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Preface to the Tenth Edition 


Eight years have elapsed since the publication of the last edition 
of Rook’s Textbook of Dermatology — “Rook”. The SARS-CoV-2 
(COVID) pandemic delayed and disrupted our plans and enforced 
some workplace changes for our publishers, Wiley, but we are 
delighted that the tenth edition of Rook is finally on the shelves 
and available online. Despite being a disrupter, COVID inevitably 
makes an appearance in several of our chapters with particular 
mention in the one on viral diseases. The book retains the format 
introduced at the time of the complete overhaul and rewrite for 
the ninth edition but with an increase in the number of chapters to 
161. We said goodbye to two of our senior editorial team Robert 
Chalmers and Daniel Creamer and thank them for their service to 
Rook. In their place we welcome Rosalind Simpson and Walayat 
Hussain who bring new perspectives and youthful dynamism to 
the team. The Associate Editor team has been refreshed and is now 
a team of 11 Section Editors with an expanded brief. The authorship 
is more international than ever before to reflect the worldwide reach 
of Rook, but at the same time retaining the book’s quintessential 
Britishness. The global nature of dermatology is reflected by a new 
chapter devoted to the topic. 

There is a long overdue recognition of the characteristics of skin 
disease morphology in skin of colour particularly for inflammatory 


dermatoses. Not only is the colour of lesions different, but in many 
instances the pattern of distribution may differ markedly from what 
is observed in white skin. Wherever possible we have updated and 
expanded our image library to capture these changes and have 
started to phase out outdated terms such as erythema. We recognise 
that this is a process, but we have at least begun the change. As pre- 
viously, watermarked Rook figures and tables are downloadable as 
PowerPoint slides for educational purposes. 

The spirit of Rook lives on as exemplified by our predecessors, 
the editors of the first edition, Arthur Rook, Darrell Wilkinson and 
John Ebling. Even in the modern age of instantly accessible facts and 
shortened attention spans, the comprehensive, thoughtful textbook 
nature of Rook still has a place in our armamentarium of dermato- 
logical knowledge. 

Our thanks go as always to the team at Wiley and to the team of 
freelancers with special mention of the indefatigable Nik Prowse. 


Chris Griffiths 
Jonathan Barker 
Tanya Bleiker 
Walayat Hussain 
Rosalind Simpson 


Preface to the First Edition 


No comprehensive reference book on dermatology has been pub- 
lished in the English language for ten years and none in England 
for over a quarter of a century. The recent literature of derma- 
tology is rich in shorter texts and in specialist monographs but 
the English-speaking dermatologist has long felt the need for a 
substantial text for regular reference and as a guide to the immense 
monographic and periodical literature. The editors have therefore 
planned the present volume primarily for the dermatologist in 
practice or in training, but have also considered the requirements of 
the specialist in other fields of medicine and of the many research 
workers interested in the skin in relation to toxicology or cosmetic 
science. 

An attempt has been made throughout the book to integrate our 
growing knowledge of the biology of skin and of fundamental 
pathological processes with practical clinical problems. Often the 
gap is still very wide but the trends of basic research at least indicate 
how it may eventually be bridged. In a clinical textbook the space 
devoted to the basic sciences must necessarily be restricted but a 
special effort has been made to ensure that the short accounts which 
open many chapters are easily understood by the physician whose 
interests and experience are exclusively clinical. 

For the benefit of the student we have encouraged our contrib- 
utors to make each chapter readable as an independent entity, 
and have accepted that this must involve the repetition of some 
material. 

The classification employed is conventional and pragmatic. Until 
our knowledge of the mechanisms of disease is more profound no 
truly scientific classification is possible. In so many clinical syn- 
dromes multiple aetiological factors are implicated. To emphasize 
one at the expense of others is often misleading. Most diseases 
are to some extent influenced by genetic factors and a large pro- 
portion of common skin reactions are modified by the emotional 
state of the patient. Our knowledge is in no way advanced by 
classifying hundreds of diseases as genodermatoses and dozens as 
psychosomatic. 

The true prevalence of a disease may throw light on its aetiology 
but reported incidence figures are often unreliable and incorrectly 
interpreted. The scientific approach to the evaluation of racial and 
environmental factors has therefore been considered in some detail. 


The effectiveness of any physician in practice must ultimately 
depend on his ability to make an accurate clinical diagnosis. Clin- 
ical descriptions are detailed and differential diagnosis is fully 
discussed. Histopathology is here considered mainly as an aid to 
diagnosis but references to fuller accounts are provided. 

The approach to treatment is critical but practical. Many empir- 
ical measures are of proven value and should not be abandoned 
merely because their efficacy cannot yet be scientifically explained. 
However, many familiar remedies old and new have been omitted 
either because properly controlled clinical trials have shown them 
to be of no value or because they have been supplanted by more 
effective and safer preparations. 

There are over nine hundred photographs but no attempt has 
been made to provide an illustration of every disease. To have 
done so would have increased the bulk and price of the book 
without increasing proportionately its practical value. The con- 
ditions selected for illustrations are those in which a photograph 
significantly enhances the verbal description. There are a few con- 
ditions we wished to illustrate, but of which we could not obtain 
unpublished photographs of satisfactory quality. 

The lists of references have been selected to provide a guide to the 
literature. Important articles now of largely historical interest have 
usually been omitted, except where a knowledge of the history of a 
disease simplifies the understanding of present concepts and termi- 
nology. Books and articles provided with a substantial bibliography 
are marked with an asterisk. 

Many of the chapters have been read and criticized by several 
members of the team and by other colleagues. Professor Wilson 
Jones, Dr R.S. Wells and Dr W.E. Parish have given valuable assis- 
tance with histopathological, genetic and immunological problems 
respectively. Many advisers, whose services are acknowledged 
in the following pages, have helped us with individual chapters. 
Any errors which have not been eliminated are, however, the 
responsibility of the editors and authors. 

The editors hope that this book will prove of value to all those 
who are interested in the skin either as physicians or as research 
workers. They will welcome readers’ criticisms and suggestions 
which may help them to make the second edition the book they 
hope to produce. 

Arthur Rook, Darrell Wilkinson and John Ebling 
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Introduction: when did dermatology history 
begin? 


Dermatology history is the story of humanity. For all species, good 
skin care improves survival. Primates groom each other to reduce 
infestation. Many animals lick wounds. For most living beings, 
including humans, healthy, well-functioning skin is more likely 
to facilitate reproduction and hence survival of genes. Caring for 
the skin and hair improves the appeal to a potential mate. Genital 
skin disorders can prevent reproduction. Since earliest times, poor 
wound care or untreated inflammation would increase the risk of 
skin infections and reduce chances of survival. 

Before the development of agriculture around 12000 years ago, 
humans lived in small hunter gatherer groups so had little to fear 
from epidemic infectious diseases. Those who know how to keep 
skin healthy are more able to nuture, feed and support children and 
so pass on knowledge of skin care to future generations. The genes 
and habits of those with good dermatological care in ancient times, 
as now, were more likely to survive. Dermatology activity, remov- 
ing parasites, applying grease to dry skin and cleaning and dressing 
wounds and burns, must have been important roles for the Shamans 
and Wise Women in primitive hominid tribal groups. 

With the onset of agriculture came more sedentary group living 
and so diseases changed. Pandemics began and have plagued 
humanity to this day. Bioarchaeologists provide evidence of dis- 
ease and early medical activity from times before the invention of 


writing. Palaeodermatologists have identified changes compatible 
with smallpox, lice and basal cell naevus syndrome in ancient 
Egyptian mummies [1,2] (Figure 1.1). Possible metastatic melanoma 
was found in 2400-year-old pre-Colombian Inca mummies [3]. 
More recently, tuberculosis, leprosy and syphilis leave changes on 
skeletons. 

Writing became essential as humans built the first cities in Africa 
(Egypt c.3100 BC), the Middle East (Mesopotamia c.3000 BC), India 
(Indus valley c.2500 BC), Europe (Crete c.1800 BC) and China 
(Shang c.1400 BC). Early texts were mainly for administrative or 
religious purposes, but medical writings soon appeared. Many of 
these related to skin disorders. 


Ancient dermatology writings 


The first medical texts 

Medical writings between c.3000 BC and 400 BC in most cultures 
had a theoretical basis founded on religious beliefs with pragmatic 
practical tips. Historians have often stated that there was an ini- 
tial age of medicine dominated by magic, followed by the growth 
of rational medicine led by Hippocrates around 400 BC. However, 
evidence and logic suggest that the reality was not so clear-cut. Expe- 
rience makes it obvious that doctors who relied solely on magic and 
religion would not have cured many patients and would have been 
rejected by people seeking out health care that worked. 
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Figure 1.1 Suspected head lice eggs on female mummified body in British Museum 
from Gebelein area of Egypt pre-dynastic period (4400-3000 BC). Reproduced from 
Leslie and Levell 2006 [2], with permission of John Wiley & Sons. 


A pharmacopoeia, written by an unknown Sumerian (Mesopo- 
tamia in the Middle East) in the third millennium BC may be the ear- 
liest medical writing [1]. It is ona clay tablet and describes a selection 
of external salves comprising cedar oil, wine and botanical, mineral 
and animal materials. Other preparations include clay mixed with 
honey, water and oil. 

Medical writing moved from clay tablets, to papyrus to paper and 
now technology has moved medical textbooks such as Rook's Text- 
book of Dermatology back to tablets of a different type. 


Ancient Egypt 

Imhotep, the Chief Vizier to the Pharaoh Zoser (2700 BC), was 
renowned as a physician and was deified by the Egyptians. Egyp- 
tian medical writings date from a millennium later. The Edwin 
Smith Papyrus (c.1600 BC) known as the ‘Book of Wounds’ men- 
tions wound dressings using fresh meat and then honey, grease and 
lint. However, the most important medical text is the Ebers Papyrus 
(1550 BC) written on over 20 metres of papyrus [2]. This describes 
700 magical formulae and 800 formulae to treat 15 diseases of the 
abdomen, 29 of the eyes and 18 of the skin. Although dermatologists 
today use topical mixtures called ‘Specials’, the ancient ingredients 
differ from modern formulae. The text includes a baldness cure: a 
drink made from black ass testicles, or vulval and penis extracts 
from a black lizard. The Ebers Papyrus also describes an effective 
treatment for the Guinea worm: wrap the emerging end of the 
worm around a stick and slowly pull it out. 


Mesopotamia 

Over 1000 clay tablets that refer to medicine, of which 40 comprise a 
medical diagnostic handbook, and written c.1000 BC, are attributed 
to Esagil-kin-apli, a Babylonian physician. The writings on skin dis- 
ease demonstrate the interplay of magic and empiricism [3]: 

e Tablet 9, line 48: ‘If his face is covered in white boils: Hand of the 
Sun God Ama, he will survive ...’. 

Tablet 9, line 49: ‘If his face is covered in black boils: Hand of the 
God I tar, he will die ...’. 

Table 14, line 128: ‘If his testicles are black he will die ... ’ (possibly 
the first description of Fournier gangrene). 


Ancient Greece 

Asclepius is thought to have practised about 1000 BC in Greece. The 
reality of his work is lost in stories around his deification. Greek 
legend confuses him with the Egyptian God/physician Imhotep 
and also describes him as a son of the God Apollo (the healer) and 
the Goddess Panacea. Asclepius is said to have been executed by the 
gods for taking gold to raise the dead, a lesson for modern clinicians 
tempted by greed or arrogance to behave unethically. Temples to 
Asclepius included healing dogs to lick wounds. His followers 
in Greece persisted for centuries and included Hippocrates and 
Aristotle. 


Ancient India 

Early Brahmana (hereditary priests) guarded the Sanskrit reli- 
gious teachings, the Veda (knowledge), from 1500 BC. Much of the 
medicine revolved around a magico-religious approach that par- 
alleled that of Mesopotamia and Egypt. Early Vedic rites involved 
animal sacrifice, but writings included information on practical 
dermatology such as the use of cautery for haemostasis. 


Growth of rational medicine 


The Silk Road: the pathway of rational medicine 

The trading route known as the Silk Road linked China, India, the 
Middle East and eastern Europe c.400 BC. At around this time, a 
growth of rational medicine appeared in Europe along with similar 
ideas in south India and China, so it seems likely that a two-way 
flow of medical ideas took place in parallel with the trade items. 
It can be debated whether knowledge flowed mainly from East 
to West or from West to East. The ‘Diagnostic Handbook’ from 
Mesopotamia, from 1000 BC, remained in print but between 600 
and 400 BC changed radically in nature to show that disease was 
subject to the forces of nature and originated from the body rather 
than being of a divine nature. 


China 

Existing texts date back to at least 200 BC, but they may have 
originated over 2000 years before. Some original formulae are 
thought to be still in use today. Although there is little relation- 
ship to what western medicine considers to be an anatomical- 
or physiological-based system, the underlying concepts were not 
based on religion or spirits. Disease is seen to be based on a loss 
of harmony of the yin/yang system upsetting the qi (energy) and 
the meridians [1]. This is a generalist approach: skin disorders are 
considered to be manifestations of an internal problem. Sections on 
skin disease exist in classic works from 652 BC. Urticaria or ‘wind 
type concealed rash’ was considered to be due to excess lesser yin 
causing fluid obstruction in the skin. The ‘Yellow Emperor’s Inner 
Canon’ describes urticaria and eczema. 


South Indian early Buddhism 

The Pali scripts date back to around 400 BC and describe the work 
of the Buddha [2]. The Girimananda Sutra described dermatology 
nursing, psychodermatology, occlusion therapy for foot eczema 
and possible early descriptions of skin diseases including leprosy, 


boils/abscesses, scrofula, ringworm, scabies, pustular eruptions, 
plethora, fistula and sexually transmitted diseases. 


The Holy Bible 

The Book of Leviticus written c.450 BC gave an account of how to 
diagnose ‘leprosy’ — although the descriptions of skin disease in 
this text could include many chronic cutaneous infections including 
tinea infection, impetigo and infected eczema. Practical tips on 
the management of contagious cutaneous disease include burning 
clothes and isolation of those afflicted. 


Greeks: the rational age 

Hippocrates (c.400 BC) was known to his contemporaries as Hip- 
pocrates the Great — an accolade indeed in the age of Plato and 
Socrates. He was an Asclepian physician and teacher on the island 
of Cos. Some great ideas attributed to him may have been written 
by his pupils at his school over later generations, who built up 
a body of medical knowledge. Hippocrates’ school moved away 
from the magical and religious approach to medicine and adopted 
a method based on logic and reason. His approach was, like the 
Chinese, to see disease in the context of the whole patient and to 
see people as physical entities subject to the same laws of nature as 
the world. He used diet and exercise as therapies and adopted an 
expectant approach, not rushing to intervene. His writings on leg 
ulcers are relevant now: ‘In the case of an ulcer, it is not expedient to 
stand; more especially if the ulcer be situated in the leg; but neither, 
also, is it proper to sit or walk. But quiet and rest are particularly 
expedient ...’. 


Roman Empire 

Galen was born in Pergamon, Turkey in 120 AD and travelled to 
Egypt to learn about African and Indian medicine prior to settling 
in Rome. He studied anatomy through the dissection of animals (not 
humans), but then set Hippocratic ideas into an incorrect anatomi- 
cal and physiological framework. This was based on four humours 
that might lead to fever if in excess: yellow bile, black bile, phlegm 
and blood. This led to an enthusiasm for blood-letting in his follow- 
ers, aiming to restore balance in those with fever or if the physician 
wished to prevent fever. 

Galen had a powerful intellect, an overbearing personality and 
a gift for self-publicity and was a prolific writer. Consequently, 
perhaps, this theoretical basis for medicine became entrenched 
in Europe and the Middle East. A period of relative intellectual 
stagnation regarding underlying disease processes persisted for 
over 1500 years. This may have been partly due to religious and 
cultural bans on human dissection until Renaissance times. 

For 500 years after Galen, a series of Greek and Roman writers 
defined diseases within this flawed model of basic science. Thera- 
peutic advances were made with various herbal and mineral reme- 
dies for skin disorders. Wood tars and coal tars were described for 
inflammatory skin disorders, presumably eczema and psoriasis [3]. 
The last of the series of Greco-Roman authors was Paul of Aegina 
(around 700 AD) who wrote a medical encyclopaedia in seven books 
of which book IV concerns skin disease [4]. This may be considered 
the earliest dermatology textbook. 


Dermatology after the fall of Rome 1.3 


Dermatology after the fall of Rome 


Early Islamic medicine and dermatology 
With the failure of the Roman Empire and the onset of the Dark 
Ages in Europe, the baton of medical knowledge in the West was 
passed back to the Middle East. Much would have been lost were it 
not for translations into Arabic by Christian and Islamic scholars at 
the Bayt al Hikma centre set up in 832 in Baghdad, the capital of the 
Islamic Empire. Hundreds of Greek, Latin and Sanskrit texts were 
translated, making Islamic culture the centre for learning. A series 
of medical compendia were produced, the first being the ‘Paradise of 
Wisdom’ (Firdaws al-bikma) by Ali ibn Rabban al-Tabari (c. 850 AD). 

The great Persian physician, Muhammad ibn Zakariya al-Razi 
(865-925; known as ‘Rhazes’ in the West) studied in Rayy near 
Tehran, before settling in Baghdad. He wrote over 200 texts and 
initially challenged many of Galen’s precepts — although ultimately 
describing himself as a Galen’s disciple. He wrote al-Jadari wa'l-hasba 
(‘Smallpox and Measles’) in which he was the first to distinguish 
between febrile exanthemas: ‘The rash of measles usually appears 
at once, but the rash of smallpox spot after spot’. Al-Razi’s work 
was renowned in the Arabic world and was translated into Latin, 
still being reprinted in the West in 1542, over 600 years after his 
death. 

The Persian writers, al-Majusi (Haly Abbas: 10th century), Ibn 
Sina (Avicenna: 980-1037) and al-Zahrawi (Albucasis: 936-1013), all 
wrote influential medical texts. 


Italy during the European Renaissance 

In the mid-16th century Europe was slowly struggling out of the 
religious superstition that characterised the Dark Ages and Middle 
Ages. A group of brilliant doctors in Padua, including Vesalius and 
Mercurialis (Geronimo Mercuriale), set up a system of learning and 
wrote medical texts that revitalised medicine in Europe. Mercurialis 
wrote De Morbis Cutaneis in 1572: this summarised work of earlier 
writers and had a focus on hair disorders, but still represents the first 
dermatology textbook in the West since the time of Paul of Aegina, 
800 years before. 


European Enlightenment 
A series of dermatology textbooks written in the 18th century pulled 
dermatology through to the beginning of the modern age. 

Daniel Turner (Figure 1.2) wrote the first English language der- 
matology textbook in 1712 [1] (Figure 1.3). This was a series of case 
reports which gives much insight into how skin disease was diag- 
nosed and treated. The book was popular, running to four editions 
over 20 years. Turner was an English surgeon, who aspired to be a 
physician, and he dedicated his book to the President of the London 
Royal College of Physicians, perhaps hoping for acceptance. He 
was awarded association to the Royal College only as a ‘Licentiate’, 
as a medical degree (then only available in England from Oxford or 
Cambridge) was required to be a full member. Turner then endowed 
a medical library at Yale University in America and was given the 
first medical degree ever awarded in America, but, even with this 
distinction, he still failed to achieve his London Royal College 
membership. 

Dermatology was linked with venereology in many European 
countries, and Jean Astruc, physician to the Parisian Court, wrote 
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Figure 1.2 Daniel Turner. Writer of first English language dermatology textbook, who 
received the first medical degree from North America. Courtesy of Nick J. Levell. 


a definitive text summarising all knowledge on syphilis. He 
described the anatomy of the skin and linked cutaneous diseases to 
the sebaceous glands. 

In Italy, Bernadino Ramazzini wrote a textbook on industrial dis- 
ease in 1700, which classified occupational dermatoses ranging from 
varicose veins in priests to syphilis in midwives and wet nurses [2]. 

Classification was in the air: following Linnaeus, clinicians across 
Europe strove to classify cutaneous disease. Joseph Jacob Plenck, a 
Viennese-born professor in Buda, wrote a classification of skin dis- 
ease in 1776 that divided skin disease into 14 categories [3]. This 
was a landmark for dermatology, being the first serious attempt to 
classify skin diseases. The following year, Antoine Charles Lorry in 
France wrote a text that considered the pathology, physiology and 
aetiology of skin diseases [4]. 


Growth of scientific dermatology 


Willan and Bateman: definition of skin diseases 

Prior to Robert Willan, terms were used loosely to describe skin 
diseases. Two doctors might use the same descriptive term to mean 
different appearances. Attempts to describe disease characteris- 
tics in classifications were ambiguous. Textbooks had no useful 
images, so there was no way to standardise terminology. Willan 
(Figure 1.4) defined precisely the terms used to describe skin dis- 
ease. He wrote a classification based on these definitions, clearly 
illustrating these, first published in Breslau from 1798 onwards [1] 
(Figure 1.5). He died before finishing his work, but it was completed 
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Figure 1.3 The first English language ane textbook i” Turner. Reproduced 
from Wellcome Library/CC BY 4.0. 


by his friend and student, Thomas Bateman in 1813. Bateman’s A 
Practical Synopsis of Cutaneous Disease was translated into the 
main European languages and it was reprinted in America. This 
remained the standard textbook across much of the world until the 
1830s [2]. 

Willan produced images of skin diseases in his textbook 
(Figure 1.6), the first dermatology atlas, that was completed in 
a larger atlas by Bateman in 1817 [3]. This atlas went through many 
editions after Bateman’s death and was still in print in 1877. 

Willan and Bateman changed the way dermatology was practised, 
with followers all around Europe: Biett and Cazenave in France, 
Chiarugi in Florence, Alfaro in Spain and Klaatch and Schreiver in 
Germany. 


L’Hépital St Louis, Paris: the first skin hospital 

The time of war in Napoleonic Europe not only produced a great 
step forward in England, but also led to the encouragement of 
science in France. In 1801 the L’H6pital St Louis became a dermatol- 
ogy hospital under the leadership of Jean-Louis Alibert (Figure 1.7). 
He had a flamboyant personality, wrote prolifically with elegant 
descriptions and produced several atlases. He introduced the 
famous ‘arbre des dermatoses’ classification (Figures 1.8 and 1.9) 
which had considerable artistic and also a little clinical merit. He 
was balanced by the scholarly Laurent Biett, his student, who 
studied under Bateman in 1816 and brought Willanism to France. 


Figure 1.4 Robert Willan. Reproduced from A.C. Cooper/Wikimedia Commons/Public 
domain. 
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Figure 1.5 Willan’s definitions. Reproduced from Wellcome Library/CC BY 4.0. 


Biett then further developed and refined this work with Cazenave, 
Rayer and Bazin, making France and L’H6pital St Louis the leading 
centre for dermatology in the early 19th century. 


Natural Sciences Hebra and the German-speaking 
Europeans 

The integration between hospitals and universities was pioneered 
by German-speaking countries in central Europe in the second 
half of the 19th century. The new sciences of bacteriology and 
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Figure 1.6 Psoriasis gyrata in Willan’s textbook. Reproduced from Wellcome Library/CC 
BY 4.0. 


Figure 1.7 Jean Louis Alibert. Reproduced from Berthon/Wikimedia Commoms/Public 
domain. 


histopathology led to the understanding of underlying disease pro- 
cesses in dermatology. This greater understanding of underlying 
mechanisms ended Galen’s ancient teachings and, together with 
the work on disease classification, marked the origin of modern 
scientific dermatology. 
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Figure 1.8 Alibert’s syphilide pustuleuse en grappe. Reproduced from Wellcome 
Library/CC BY 4.0. 


In Vienna, Austria, the Allgemeines Krankenhaus became the 
world centre for medical teaching. From a group of brilliant clin- 
icians, Ferdinand von Hebra (Figure 1.10) arose to introduce the 
new science of pathology into dermatology. He reclassified skin 
diseases using an anatomical and pathological framework, defined 
cutaneous fungal infections, and made great contributions to the 
definitions of many inflammatory disorders including eczema. 
Many great dermatologists studied under von Hebra and took his 
methods across the world. These included Filip Pick to Prague and 
Schwimmer to Budapest [4]. Moriz Kaposi and various English 
writers helped complete a popular five-volume English translation 
of von Hebra’s work. 

Heinrich Kébner, and then Oscar Simon and Albert Neisser in 
Breslau (now Wroclaw), developed the Allgemeines Krankenhaus 
as the centre for German and Polish dermatology. K6bner moved 
to Berlin in 1872 to set up the Berlin Dermatology Society. Neisser 
utilised his knowledge of histopathology, microbiology, immunol- 
ogy, X-rays and ultraviolet and by the age of 25 had discovered the 
gonococcus and worked with Hansen to stain the lepra bacillus. He 
became the pre-eminent figure in European dermatology making 
advances in many areas, including work with Wassermann in 
syphilis [5]. 


Britain in the late 19th century 

Sir Erasmus Wilson (Figure 1.11) was a famous Victorian dermatolo- 
gist. A wealthy and charismatic surgeon and anatomist, he founded 
a dermatology chair for himself at the London Royal College of 
Surgeons, paid for Cleopatra’s needle to be transported from Egypt 
to London, and founded and edited the first English dermatology 
journal in 1867. His evidence at an inquest led to the abolition of 


Figure 1.9 Alibert’s arbre des dermatoses. Reproduced from Wellcome Library/CC 
BY 4.0. 
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Figure 1.10 Ferdinand Ritter von Hebra, 1816-1880; father of dermatology in the 
German-speaking world. Courtesy of Nick J. Levell. 


flogging in the British Army. He co-founded the controversial St 
John’s Hospital for dermatology in London, with John Laws Milton. 
Another co-founder, William Tilbury Fox, became the first British 
university hospital consultant, defined impetigo and wrote an early 
text describing skin disease in India. 

Sir Jonathan Hutchinson was a polymath surgeon, ophthalmolo- 
gist, neurologist and dermatologist who described signs in syphilis 
and a host of other dermatology conditions. He often renamed these, 
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Figure 1.11 Erasmus Wilson: a cartoon from Vanity Fair. He was named ‘the Obelisk’ in 
humour because he had organised the transportation of Cleopatra’s Needle from Egypt 
to London. The obelisk was a gift to the English by the Egyptian nation after the Battle 
of the Nile. Courtesy of Nick J. Levell. 


causing confusion when diseases had previously been named by 
others, for example the recurrent summer eruption of Hutchinson, 
previously described by Bazin as hydroa vacciniforme. 


United States in the 19th century 

Henry D. Bulkley studied under Cazenave and Biett in France, and 
then returned to New York City. He set up the Broome Street Infir- 
mary for Diseases of the Skin in 1837 with John Watson. He trans- 
lated Cazenave into English and was the first President of the New 
York Dermatology Society in 1869 — the first dermatology society in 
the world. Noah Worcester was influenced by Willan and Bateman 
to write Diseases of the Skin, the first American dermatology textbook 
in 1845. 

Faneuil Weisse studied under Sir Erasmus Wilson in Britain, 
and then helped establish the New York Dermatology Society 
when working as lecturer on skin disease at the University of 
New York City from 1865. In 1871 James White, a student of von 
Hebra, was appointed to the new chair of dermatology at Harvard, 
after lecturing for 8 years at the medical school, then practising 
at Massachusetts General. White was a strong force in developing 
American dermatology and medical education at Harvard and was 
president of the Massachusetts Medical Society. 

Louis Duhring (Figure 1.12), another student of von Hebra, occu- 
pied the first chair of dermatology at the University of Pennsylvania 
from 1875 for 35 years. He had also studied in Paris and London, 
influencing his vision of dermatology as a part of general medicine. 


LOUIS A. DUHRING 


Figure 1.12 Louis Duhring. Reproduced from Hugh H. Breckenridge/Wellcome 
Collection/CC BY 4.0. 


Duhring’s book, A Practical Treatise on Diseases of the Skin, and work 
on dermatitis herpetiformis, together with his great wealth and 
benefactions to the specialty, helped establish dermatology in the 
United States. 


Development of dermatology as a global 
specialty in the 20th century 


At the beginning of the 20th century, dermatology was developing 
in most European and North American countries with fledgling 
dermatology societies and dermatology journals. The work often 
crossed national boundaries as international travel became easier. 
From this point on we can consider the development of dermatology 
as a global specialty. This coincided with the growth of subspecialty 
dermatology and science. The early 20th century saw treatments 
for infections that had ravaged humanity for centuries and the 
development of effective treatments for inflammatory diseases. 
These, together with public health initiatives, led to great increases 
in longevity. The later 20th century saw skin surgery develop to 
deal with the skin cancers that arose in an ageing population. The 
discovery of DNA in Cambridge, UK brought about the birth of 
molecular genetics that promises an even greater revolution in 
redefining diseases and predicting responses to treatment in a 
future era of personalised medicine. 


Skin infections 

Paul Ehrlich from Germany and Sarachiro Sata from Japan, work- 
ing with Paul Uhlenhuth in Frankfurt, developed arsphenamine in 
1910, Ehrlich’s silver bullet, which offered effective chemotherapy 
for syphilis. This remained a mainstay of treatment until Alexander 
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Fleming, in London, UK, by serendipity discovered penicillin in 
1928. This was produced commercially after its first synthesis 
by Florey, Heatley and Chain in Oxford and provided a cure for 
syphilis and many other cutaneous infections in the 1940s. 

Leprosy has been a misdiagnosed, stigmatising and confused 
condition since ancient times. It is likely that many cases who were 
excluded from society in all ages of mankind actually suffered from 
other skin diseases. Norwegian Gerhard Hansen, together with 
Neisser in Breslau, described the bacterium between 1873 and 1880. 
Promin, a sulfone drug, was introduced in 1941; R. G. Cochrane 
then introduced dapsone in 1950 following research in Carville, 
Louisiana, USA. Research in Malta resulted in multidrug therapy in 
the 1970s, which was then adopted by the World Health Organiza- 
tion in 1981 and since has led to the reduction or eradication of the 
disease in many countries. 

The Covid-19 pandemic, from 2020 onwards, reminded us that 
infections will evolve and adapt to be successful in the evolution- 
ary race and will likely continue to challenge us. Each new infec- 
tion brings new cutaneous presentations, keeping dermatologists as 
diagnosticians in the forefront of acute medicine. The stress imposed 
by pandemics on health care systems forces innovation in practice 
and delivery of care: Covid-19 has accelerated the adoption of new 
digital technology by dermatologists. 


Inflammatory disease and immunomodulatory 
treatments 

The discovery of corticosteroids revolutionised dermatology in the 
middle of the 20th century [1]. Further drugs that modified the 
immune system and that were introduced later in the century, such 
as azathioprine, methotrexate and ciclosporin, enabled the control 
of serious inflammatory diseases that had scourged humankind. 
Management of these disorders changed from episodic long-term 
hospital admissions to outpatient management using potentially 
toxic systemic agents requiring close monitoring. Increasing knowl- 
edge of the molecular basis for diseases has led to more targeted and 
personalised treatment, using less toxic biological agents and new 
small molecules, as dermatology moves through the 21st century. 


Dermatology surgery 
The practice of dermatology changed in the last three decades of the 
20th century in Europe and North America due to the great increase 
in skin cancer presenting mainly in white-skinned people. This was 
thought to be due to an ageing population, greater international 
travel and improved awareness and recognition. This paralleled the 
growth of dermatology surgery. Dermatologists developed the tech- 
nique of Mohs micrographic surgery and adopted plastic surgery 
procedures such as flap and graft repairs [2]. Many innovations in 
skin surgery were introduced by dermatologists as the number of 
practitioners increased. Advances in the understanding of cellu- 
lar mechanisms heralded new drugs offering medical treatments 
for previously untreatable advanced skin cancers. With increased 
complexity of cancer management came the multidisciplinary 
team involving many specialties in skin cancer and a blurring of 
boundaries between specialties. 

The adoption of skin surgical techniques by dermatologists, 
consumer demand and financial rewards have led to the growth of 
cosmetic dermatology in affluent societies since the end of the 20th 


century. Hair dyes, tattooing and other cosmetic procedures have 
been found in mummies from ancient Egypt. However, the growth 
and spending on cosmetic products to adorn and preserve the skin 
has paralleled economic growth. The spending on fillers, muscle 
relaxants, cosmetic surgery and hair transplantation has provided a 
change in direction for some dermatologists. 


Medical dermatology 

In the early 21st century, the growth of subspecialisation in derma- 
tology and the increasing complexity of diagnosis and management 
of serious illness, using new treatments including biological agents, 
led to the need for a term for those providing education and courses 
in this area. Medical dermatology quickly became established as an 
important and popular area for subspecialisation, with clinicians 
establishing multidisciplinary clinics managing diseases such as 
lupus, psoriasis and vasculitis. 


Contact dermatitis and allergy 

Industrial skin disease has been present since antiquity but patch 
testing for allergic contact eczema was developed by Jadassohn in 
Breslau in 1895 [3]. Bloch in Basel and Zurich, Bonnevie in Copen- 
hagen and Sulzberger in New York developed the technique and 
led its introduction across the world. In 1967 Niels Hjorth founded 
the International Contact Dermatitis Research Group, a group of 
clinicians from Europe and the United States (including Darrell 
Wilkinson, an original editor of this book), which standardised 
patch testing technique across the world. 


Phototherapy 

Niels Finsen’s academic studies from 1894 to 1897 on the value of 
ultraviolet light as a treatment for tuberculosis put phototherapy 
on a scientific basis [4]. However, the use of topical and oral plant 
extracts combined with sunlight was used over 3000 years ago in 
India and Egypt. Broad-band UVB was used until the development 
of psoralen and UVA (PUVA) in 1974. The initial enthusiasm for 
this treatment was tempered by caution when the first patients who 
were on maintenance treatment began to develop skin cancers. Inter- 
mittent phototherapy was introduced and the use of PUVA further 
declined when narrow-band UVB equipment became available from 
1990. Extracorporeal photophoresis for cutaneous T-cell lymphoma 
was introduced in 1987 and in the 1990s photodynamic therapy was 
developed. 


Genital dermatology 

In much of the world, dermatology and genito-urinary medicine 
developed as the same specialty, but in the USA and UK they 
have been separate specialties since the mid-20th century. In these 
countries, male and female genital dermatology developed as a 
subspecialty with the increasing awareness of the morbidity caused 
by genital disorders. 


Psychodermatology and social medicine 

Medicine and dermatology changed its focus in the latter half of the 
20th century. The paradigm moved from being a process applied by 
doctors to generally passive patients to correct disease. It became 
an engagement with active patients encouraged to express their 


needs and wishes, which the medical teams aimed to fulfil. With 
this change came an awareness of the impact and morbidity that 
all disease has on activities of daily living and on mental health. 
There was a change in perception of the definition of success in 
medicine. Disease outcome measures focused on the experience 
of individuals undergoing investigation and treatment and the 
effect of disease and treatment on the patient’s ability to function 
in their normal activities and the patients’ perception of their own 
wellbeing. Terminology changed as patients asked instead to be 
described as people with a disease. 

With greater consideration of psychological issues, some begin- 
nings in the reduction of stigma and better awareness of the 
prevalence of mental illness, the subspecialty of psychoderma- 
tology developed in the late 20th century and early 21st century, 
closely linked with psychiatrists and psychologists. 


Cosmetic dermatology 

Dermatology textbooks from the 16th century included treatments 
for male pattern alopecia. Henna was used as a dye in ancient Egypt. 
Skin disease and skin surgery often has an impact on appearance 
and so cosmetic dermatology is integrated into all parts of dermatol- 
ogy. With greater affluence of society and individuals, the demand 
increases for interventions to reduce the self-perception of flawed 
appearance. Dermatology skills are helpful in this, so cosmetic der- 
matology as a subspecialty grew through the 20th and early 21st 
century, adopting interventions such as lasers, surgery, botulinum 
toxin and fillers. 


Paediatric dermatology and genetics 

A greater understanding of molecular genetics is revolutionising 
the relatively new subspecialty of paediatric dermatology. Diseases 
that were originally described by their appearance, then by phe- 
notype, are now being defined by their genetic abnormalities. This 
understanding is allowing a reclassification of dermatology based 
on genetic abnormality, which will progress to anew understanding 
of more complex inflammatory diseases and cancers associated with 
multiple genetic abnormalities. This will result in splitting up dis- 
eases and enabling personalised treatment, maximising benefit and 
reducing the risks from new drugs targeting the precise molecular 
abnormality. 


Overcoming prejudice in dermatology, both from 
outside and within 

Dermatologists and those with skin disease are familiar with preju- 
dice: through history there has been stigma against those with skin 
diseases, often made worse by confusion in terminology. Hansen 
disease and psoriasis were given similar names in older textbooks. 
This prejudice was deeply integrated so that evil characters in pop- 
ular films or literature were often given skin diseases. 

Many historical figures described in this chapter were white and 
most are male. Most images of skin disease in textbooks and in 
educational lectures were in white skin. Photographs of European 
medical meetings and universities before the mid-20th century 
illustrate the institutionalised discrimination in societies and in 
medical organisations that had reduced opportunities in education 
and promotion for those with protected characteristics. 


Figure 1.13 Marie Curie: photograph taken of image at the Marie Curie Museum, 
Paris. Courtesy of Nick J. Levell. 


However, some exceptional women worked on science relating to 
skin disease, such as Marie Curie (Figure 1.13) from Poland, the first 
female Professor at the University of Paris, who discovered radio- 
activity and its use in cancer. Curie won the Nobel Prize for Physics 
in 1903 (in the same year, rules meant that a male had to read out 
her paper at the London Academy of Sciences) and the Nobel Prize 
for Chemistry in 1912. 

As dermatology develops as a global specialty in the 21st century, 
there is growing recognition, particularly in younger generations, 
that any organisation is weakened if it limits opportunity due to fac- 
tors other than competency, skills, ability and hard work. Those who 
offer opportunities to the best, irrespective of ethnicity, skin colour, 
gender, background, sexuality and belief, become stronger. 


Images, technology and teledermatology 

A good clinical history is essential in dermatology. However, clear 
images of skin disease facilitate education, diagnosis and manage- 
ment of skin disease. Illustrated textbooks allowed skin disease 
classification in the early 19th century. Dermatologists adopted 
photography in textbooks and produced large collections of wax 
models (moulages) to aid medical school teaching (Figure 1.14). 
The widespread use of computers in the workplace and digital 
photography began in the 1990s. This led to digitised images in 
research to measure disease severity, in education and in clinics 
to manage those who were unable to travel to hospital. However, 
change was resisted by some and the management of patients using 
digital technology, teledermatology, progressed slowly for 25 years 
[5]. Then, in 2020, the Covid-19 pandemic forced a revolution in the 
use of digital technology as social distancing minimised travel to 
hospital. Dermatology management by email, telephone and video 
consultation progressed further in a year than it had in the previous 
quarter of a century. 
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Figure 1.14 Herpes infection of the eye: moulages at the Gordon museum, Guy's 
Hospital, London, UK are still used today to teach dermatology A clear clinical image 
with relevant history can allow a diagnosis to be made and useful management advice 
to be given for many people with skin diseases. Courtesy of Nick J. Levell. 


We live in a time of great changes in science and society. Derma- 
tology has never been at a more exciting time in its history. Read on. 
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Components of normal human skin 


Skin is the largest organ in the body. In a 70 kg individual, the 
skin weighs over 5 kg and covers a surface area approaching 2 m?. 
Human skin consists of a stratified, cellular epidermis and an 
underlying dermis of connective tissue, separated by a dermal- 
epidermal basement membrane (Figure 2.1). Beneath the dermis is 
a layer of subcutaneous fat, which is separated from the rest of the 
body by a vestigial layer of striated muscle. 

The epidermis is mainly composed of keratinocytes and, for 
the living cell layers, is typically 0.05-0.1 mm in thickness. It is 
formed by the division of cells in the basal layer, which give rise 
to the spinous layer. This layer contains cells that move outwards 
and progressively differentiate, forming the granular layer and the 
stratum corneum. The cellular progression from the basal layer 
to the skin surface takes about 30 days but is accelerated in dis- 
eases such as psoriasis. The ‘brick-like’ shape of keratinocytes is 
provided by a cytoskeleton made of keratin intermediate filaments. 
As the epidermis differentiates, the keratinocytes become flattened. 
This process involves the filament-aggregating protein filagerin, a 
protein component of keratohyalin granules. Indeed, keratin and 
filaggrin comprise 80-90% of the mass of the epidermis. 


The outermost layer of the epidermis is the stratum corneum, 
where cells (now called corneocytes) have lost the nuclei and cyto- 
plasmic organelles. The corneocyte has a highly insoluble, cornified 
envelope within the plasma membrane, formed by cross-linking 
of soluble protein precursors, including involucrin and _loricrin, 
the latter contributing 70-85% to the mass of the cornified cell 
envelope. It also contains several lipids (fatty acids, sterols and 
ceramides) released from lamellar bodies within the upper, living 
epidermis. The stratum corneum can be divided into three distinct 
biochemical and functional zones — an outer absorber of solutes, a 
middle absorber of water for hydration and an inner mechanical 
defence barrier. 

Other cells in the epidermis are the melanocytes, Langerhans cells 
and Merkel cells. Melanocytes are dendritic cells that distribute 
packages of melanin pigment in melanosomes to the surrounding 
keratinocytes to give skin its colour. The number of melanocytes 
does not differ much between skin types. Rather it is the nature 
of the melanin and the size of the melanosomes that account for 
the different appearances. The Langerhans cells are also dendritic 
in nature, although these are of mesenchymal origin and originate 
from bone marrow. Langerhans cells are antigen-presenting cells, 
process antigens encountered by the skin to local lymph nodes and 
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thus have a key role in adaptive immune responses in the skin. 
Merkel cells are probably derived from keratinocytes. They have a 
role as mechanosensory receptors in response to touch. 

Human skin contains pilosebaceous follicles and sweat glands. 
The hair follicles comprise pockets of epithelium that are 
continuous with the superficial epidermis, but which also envelop 
a small papilla of dermis at their base. A bundle of smooth muscle, 
the arrector pili, extends at an angle between the surface of the 
dermis and a point in the follicle wall. Above the insertion, there 
are holocrine sebaceous glands which open into the pilary canal. In 
some sites, such as the axillae, the follicles may be associated with 
apocrine glands. Also derived from the epidermis and opening 
directly to the skin surface are the eccrine sweat glands. 

The epidermis is attached to the dermis via a complex network 
of proteins and glycoproteins that extend from inside basal 
keratinocytes into the superficial dermis. Besides adhesion, 
the dermal-epidermal junction components also contribute to 
cell migration (for example during wound healing) as well as 
epithelial-mesenchymal signalling events. Over 30 different macro- 
molecules (collagens, laminins and integrins) interact within a 
basement membrane zone that is less than 200 jm across. 

The dermis consists of a supporting matrix in which poly- 
saccharides and proteins are enmeshed to a network that provides 
resilience to the skin and has a remarkable capacity for retaining 
water. The thickness of the dermis varies from less than 0.5 mm to 
more than 5 mm depending on the skin site. There are two principal 
types of protein fibre: collagen and elastic tissue. 

Collagen is the major extracellular matrix protein, comprising 
80-85% of the dry weight of the dermis. Twenty-nine different 
collagens have been identified in vertebrate tissue (depicted by 


} Granular layer 


Spinous layer 


RL } asa layer 
No 


x Basement 
membrane 


§ Adherens junction 
Ea Hemidesmosome 
S Desmosome 

© Focal adhesion 


Figure 2.1 The skin and its appendages. 


Roman numerals in the order of their discovery, from I to XXIX), 
of which at least 12 are expressed in skin. The main interstitial 
dermal collagens are types I and III, whereas the principal basement 
membrane collagen (at the dermal-epidermal junction and around 
dermal blood vessels, nerves and appendages) is type IV collagen. 
Triple-helical collagen monomers polymerise into fibrils and fibres, 
which then become stabilised by the complex formation of both 
intra- and intermolecular cross-links. Collagen fibres are extremely 
resilient and provide skin with its tensile strength. 

In sun-protected adult skin, elastic fibres account for no more 
than 2-4% of the extracellular matrix in the dermis and consist of 
two components, elastin and elastin-associated microfibrils, which 
together give skin its elasticity and resilience. Elastic microfibrils 
are composed of several proteins, including fibrillin, which sur- 
round the elastin, and which can extend throughout the dermis in 
a web-like configuration to the junction between the dermis and 
the epidermis. The dermis also contains several non-collagenous 
glycoproteins, including fibronectins, fibulins and integrins. These 
extracellular matrix components facilitate cell adhesion and cell 
motility. 

Between the dermal collagen and elastic tissue is the ground 
substance made up of glycosaminoglycan/proteoglycan macro- 
molecules. These contribute only 0.1-0.3% of the total dry weight 
of the dermis but provide a vital role by maintaining hydration, 
mostly due to the high water-binding capacity of hyaluronic acid. 
About 60% of the total weight of the dermis is water. 

The dermis has a very rich blood supply, although no vessels 
pass through the dermal—-epidermal junction. There is a superficial 
and a deep vascular plexus. The motor innervation of the skin is 
autonomic and includes a cholinergic component to the eccrine 
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Figure 2.2 Embryonic development of the skin depends on specific signalling molecules. Relative stimulation or inhibition by these signalling molecules also determines whether 
embryonic epidermis progresses to a stratified epidermis or whether formation of skin appendages is induced. BMP, bone morphogenic protein; EGF, epidermal growth factor; FGF, 


fibroblast growth factor; Wnts, wingless and Int-1 signalling. 


sweat glands and adrenergic components to both the eccrine and 
apocrine glands, to the smooth muscle and the arterioles and to 
the arrector pili muscle. The sensory nerve endings are of several 
kinds; some are free, some terminate in hair follicles and others 
have expanded tips. 


Skin development 


The skin arises by the juxtaposition of two major embryological 
elements: the prospective epidermis that originates from a surface 
area of the early gastrula, and the prospective mesoderm that 
contacts the inner surface of the epidermis during gastrulation. The 
mesoderm not only provides the dermis but is essential for inducing 
differentiation of the epidermal structures, such as the hair follicle. 
The melanocytes are derived from the neural crest. 

After gastrulation, there is a single layer of neuroectoderm on the 
embryo surface; this layer will go on to form the nervous system or 
the skin epithelium depending on the molecular signals it receives 
(Figure 2.2). Activation of Wnt signalling will block the ability 
of the ectoderm to respond to fibroblast growth factors (FGFs). 
Without FGFs the cells express bone morphogenic proteins (BMPs) 
and progress to an epidermal lineage. Conversely, lack of Wnt 
signalling promotes a neural fate [1]. One key transcription factor 
in skin development is p63, which contributes to epidermal lineage 
commitment, epidermal differentiation, cell adhesion and basement 
membrane formation [2]. The embryonic epidermis consists of a sin- 
gle layer of multipotent epithelial cells, which is covered by a special 
layer known as periderm that is unique to mammals (Figure 2.3). 
Periderm provides some protection to the newly forming skin as 
well as exchange of material with the amniotic fluid. 

During the first trimester, the embryonic dermis is very cellular, 
and includes several immune cells or their precursors (Figure 2.4). 
These cells become less numerous and are modified during the 
second trimester, although precise functions for many of these 
immunocytes remain to be fully characterised [3]. From weeks 14 
to 21, fibroblasts are numerous and active, and perineural cells, 
pericytes, melanoblasts and Merkel cells can be individually iden- 
tified. Two distinct lineages of fibroblasts are present: one that 


Figure 2.3 Scanning electron micrograph of an 85-110 day (estimated gestation age) 
human embryo. Single globular blebs project from the periderm cells. Courtesy of 
Professor K. A. Holbrook. 


gives rise to the upper papillary dermis and hair follicle formation, 
and another that helps generate the deep reticular dermis and 
subcutaneous fat [4]. 

The various structural components of the skin that can be 
recognised postnatally start to appear at different embryonic time 
points, for example hair follicles and nails (9 weeks), sweat glands 
(9 weeks for the palms and soles, 15 weeks for other sites) and 
sebaceous glands (15 weeks). Touch pads become recognisable on 
the fingers and toes by week 6 and reach their greatest development 
at week 15. After this, they flatten and become indistinct. It is these 
areas that determine the pattern of dermatoglyphics that take their 
place. 

The mesoderm not only provides the dermis but is essential for 
inducing differentiation of the epidermal structures, such as the 
hair follicle in mammals [5]. The earliest development of the hair 
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Figure 2.4 Overview of the immune cells present in first- and second-trimester human skin. ?, unknown; DC, dendritic cell; ILC, innate lymphoid cell; LC, Langerhans cell; MEMP, 
megakaryocyte-erythroid-mast cell progenitor; Monocyte-DC, monocyte-DC hybrid; NK, natural killer. Adapted from Botting and Haniffa 2020 [3] with permission from Wiley. 


rudiments occurs at about 9 weeks in the regions of the eyebrow, 
upper lip and chin (Figure 2.5). Mesenchymal cells, derived from the 
dermomyotome, populate the skin and interact with the overlying 
epidermis to induce the formation of hair placodes [6]. Key compo- 
nents of the mesenchymal signals to produce hair follicles include 
FGFs and BMP-inhibitory factors such as Noggin; excessive BMP 
stimulation can reduce hair follicle density. The epidermal response 
to form the hair placode is generated by Wnt signals such as Wnt10b 
and sonic hedgehog (Shh), which also has a key role in the forma- 
tion of the dermal papilla [7]. After it is formed, the dermal papilla 
sends further signals to transform the placode into a hair follicle. At 
the centre of the signalling cross-talk is the bipartite transcription 
factor composed of lymphoid enhancer-binding factor 1 (LEF-1) and 
stabilised B-catenin, which is essential for hair follicle formation. 
Hair follicle development is also influenced by Smads, a group of 
signalling mediators and antagonists of the transforming growth 


factor B (TGF-B) superfamily. Smad-4 affects hair follicle differen- 
tiation by mediating BMP signalling; Smad-7 affects hair follicle 
development and differentiation by blocking TGF-B/activin/BMP 
pathways [8]. Skin development is governed by complex, balanced 
waves of gene activation and silencing; cross-talk between small 
non-coding micro-RNAs and messenger RNAs is very important 
for the coordination of signal transduction and transcriptional 
activation [9]. 

Signalling responses differ between follicular and interfollic- 
ular epidermis: BMP signalling is active in the interfollicular 
epidermis and is both an epidermis-promoting signal as well as a 
follicle-inhibiting signal; epidermal growth factor receptor (EGFR) 
signalling may have a similar role in governing follicle density. As 
hair follicles mature to form inner and outer root sheaths, several 
signalling pathways are involved, including Wnt, Notch and BMP 
receptors. There are also marked changes in certain cell adhesion 
proteins, notably E-cadherin and P-cadherin. The hair follicles 
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Figure 2.5 Embryonic stages of hair follicle morphogenesis. 


are arranged in patterns, usually in groups of three. It appears 
that the first follicles develop over the surface at fixed intervals of 
between 274 and 350 pm. As the skin grows, these first hair germs 
become separated, and new rudiments develop between them 
when a critical distance, dependent on the region of the body, has 
been reached. There is no large-scale destruction of follicles during 
postnatal development, only a decrease in actual density as the 
body surface increases; nor do any new follicles develop in adult 
skin. In interfollicular epidermis, the undersurface of the epidermis 
is smooth, but during the fourth month, at the same time as the hair 
follicle starts to develop, it becomes irregular. 

Sebaceous glands first appear as hemispherical protuberances on 
the posterior surfaces of the hair pegs. The cells contain moderate 
amounts of glycogen, but soon the cells in the centre lose this, and 
become larger and accumulate droplets of lipid. The sebaceous 
glands become differentiated at 13-15 weeks and are then large 
and functional. The sebum forms part of the vernix caseosa. At the 
end of fetal life, sebaceous glands are well developed and generally 
large. After birth, the size is rapidly reduced, and they enlarge to 
become functional again only after puberty. The molecular signals 
that induce sebaceous gland differentiation involve the c-Myc 
transcription factor as well as the adipogenic transcription factor 
peroxisome proliferator-activated receptor y (PPAR-y) [10]. 

Eccrine glands start to develop on the palms and soles at about 
3 months, but not over the rest of the body until the fifth month [11]. 
In embryos of 12 weeks, the rudiments of eccrine sweat glands are 
first identifiable as regularly spaced undulations of the developing 
epidermis. Cells that go on to form the eccrine sweat glands are 
oblong, palisading and lie closely together, but otherwise they 
do not differ from the rest of the developing basal epidermis. By 
14-15 weeks, the tips of the eccrine sweat gland rudiments have 
penetrated deeply into the dermis and have begun to form the coils. 
In the overlying epidermis, columns of cells that are destined to 
form the intraepidermal sweat ducts are recognisable. Each column 
is composed of two distinct cylindrical layers, comprising two inner 
cells that are elongated and curved so that they embrace the inner 
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cylinder. The intraepidermal duct appears to form by the coales- 
cence of groups of intracytoplasmic cavities formed within two 
adjacent inner cells. In the intradermal segment, the lumen forms 
by dissolution of the desmosomal attachment plaques between the 
cells that compose the inner core of the eccrine duct germ. 

Nails begin to develop in the third month. Key signalling events 
in nail development involve the R-spondin family of transcrip- 
tion factors [12]. In fetuses at 16-18 weeks (crown to rump length 
120-150 mm), keratinising cells from both dorsal and ventral 
matrices can be distinguished. Melanocytes take their origin from 
the neural crest. This can be identified in early human embryos, 
but the elements arising from it soon lose themselves in the mes- 
enchyme, and pigmented melanocytes cannot be identified, even 
in darker skin fetuses, before 4-6 months of gestation. However, 
dopa-positive melanocytes can be demonstrated earlier. Langer- 
hans cells are derived from the monocyte-macrophage-histiocyte 
lineage and enter the epidermis at about 12 weeks. Merkel cells 
appear in the glabrous skin of the fingertips, lips, gingiva and nail 
bed, and in several other regions, around 16 weeks. 

Although some cells of the dermis may migrate from the der- 
matome (ventrolateral part of the somite) and take part in the 
formation of the skin, most of the dermis is formed by mesenchy- 
mal cells that migrate from other mesodermal areas [13]. These 
mesenchymal cells give rise to the whole range of blood and 
connective tissue cells, including the fibroblasts and mast cells of 
the dermis and the fat cells of the subcutis. In the second month, 
the dermis and subcutis are not distinguishable from each other 
but distinct collagen fibres are evident in the dermis by the end of 
the third month. Later, the papillary and reticular layers become 
distinct and, at the fifth month, the connective tissue sheaths are 
formed around the hair follicles. Elastic fibres are first detectable at 
22 weeks. 


Epidermal and adnexal structures 


The normal epidermis is a terminally differentiated, stratified, 
squamous epithelium. The major cell type, making up 95% of the 
total, is the keratinocyte, which moves progressively from attachment 
to the epidermal basement membrane towards the skin surface, 
forming several well-defined layers during its transit [1]. Thus, 
on simple morphological grounds, the epidermis can be divided 
into four distinct layers: stratum basale or stratum germinativum, 
stratum spinosum, stratum granulosum and stratum corneum. The 
term Malpighian layer includes both the basal and spinous cells. 
Other constitutive cells within the epidermis include melanocytes, 
Langerhans cells and Merkel cells (Figure 2.6). 

The stratum basale is a continuous layer that is generally only 
one cell thick. The basal cells are small and cuboidal (10-14 pm in 
diameter) and have large, dark-staining nuclei and dense cyto- 
plasm that contains many ribosomes and dense tonofilament 
bundles. Immediately above the basal cell layer, the epibasal 
keratinocytes enlarge to form the spinous/prickle cell layer or 
stratum spinosum (Figure 2.7). 

The stratum spinosum is succeeded by the stratum granulosum 
or granular layer, which contains intracellular granules of kerato- 
hyalin. At high magnification, the dense mass of keratohyalin 
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Figure 2.6 Photomicrograph of a 1 jrm-thick plastic section of normal human skin. The 
tissue was fixed with half-strength Karnovsky medium and embedded in Epon. This 
technique allows the cellular components of the epidermis, including keratinocytes, 
melanocytes (straight arrows) and probable Langerhans cells (curved arrows), to be 
clearly resolved. Magnification 400x (basic fuchsin and methylene blue). 


granules from human epidermis has a particulate substructure, 
with particles of irregular shape, on average 2 nm in length, and 
occurring randomly in rows or lattices. The cytoplasm of cells 
of the upper, spinous layer and granular cell layer also contains 
smaller lamellated granules averaging 100-300 nm in size. These are 
known as lamellar granules or bodies, membrane-coating granules 
or Odland bodies. They are numerous within the uppermost cells 
of the spinous layer and migrate towards the periphery of the 
cells as they enter the granular cell layer (Figure 2.8). They dis- 
charge their lipid components into the intercellular space, playing 
important roles in barrier function and intercellular cohesion within 
the stratum corneum (Figure 2.9) [2,3]. 

The outermost layer of epidermis is the stratum corneum where 
cells, now known as corneocytes, have lost the nuclei and cyto- 
plasmic organelles. The cells become flattened and the keratin 
filaments align into disulphide cross-linked macrofibres, under the 


Figure 2.8 Electron micrograph showing details of the upper part of the epidermis 
including the stratum corneum (SC), stratum granulosum (SG) and most superficial cell 
layer of stratum spinosum (SS). Note the irregularly shaped keratohyalin granules (kh) 
and the small, round, lamellar granules (Ig). The latter are present in both SS and SG and 
are smaller than mitochondria (m). The inset shows details of lamellar granules. 


influence of filaggrin, the protein component of the keratohyalin 
granule. Filaggrin is responsible for keratin filament aggregation 
and is subsequently broken down into individual hygroscopic 
amino acids that form the basis of the natural moisturising factor 
within corneocytes. The key role of filaggrin in skin biology has 
been demonstrated by the discovery of common loss-of-function 
mutations in the filaggrin gene as the cause of the genetic disorder 
ichthyosis vulgaris and as a major risk factor for the development 
of atopic eczema, atopic asthma and systemic allergies [4]. The 
corneocyte has a highly insoluble, cornified envelope within the 
plasma membrane, formed by cross-linking of the soluble protein 
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Figure 2.7 The process of epidermal differentiation is associated with 
the expression of different structures, macromolecules, transcription 
factors and other signalling molecules and their receptors in the 
different keratinocyte layers. EGFR, epidermal growth factor receptor; 
IGF, insulin-like growth factor; IGFR, IGF receptor; TGF, transforming 
growth factor. 
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Figure 2.9 Assembly of the epidermal cornified cell envelope. In response to increasing intracellular calcium, an internal scaffold of desmosomal proteins is made along the plasma 
membrane. The contents of lamellar bodies (ceramides and other fatty acids, cholesterol and cholesterol esters) are released into the extracellular milieu to form a lipid membrane. The 
developing envelope is then added to and reinforced by the recruitment of various proteins, including loricrin, small proline-rich proteins (SPRs), other desmosomal remnants and 
attached keratin filaments. The resulting cornified cell envelope is durable and flexible and provides important mechanical and barrier functions. 


precursor involucrin, following the action of a specific epidermal 
transglutaminase also synthesised in the high stratum spinosum 
(Figure 2.10). Many of the proteins involved in terminal differen- 
tiation are derived from a cluster of about 25 genes located within 
a c.2 Mb region on the long arm of chromosome 1. Termed the 
epidermal differentiation complex (EDC), these coding elements 
are derived from at least three families of structurally, functionally 
and evolutionarily related genes. Together, the EDC proteins have 
roles in structural integrity, signal transduction and cell cycle pro- 
gression and may be primarily or secondarily disrupted in several 
inflammatory or neoplastic disorders. 

The process of desquamation involves degradation of the lamel- 
lated lipid in the intercellular spaces and loss of the residual 
intercellular desmosomal interconnections [5]. In palmoplantar 
skin there is an additional zone, also electron-lucent, the stratum 
lucidum, between the granulosum and corneum. These cells are still 
nucleated and may be referred to as ‘transitional’ cells. 


Keratinocytes 


The filamentous cytoskeleton of all mammalian cells, including 
epidermal keratinocytes, is composed of actin-containing micro- 
filaments approximately 7 nm in diameter; tubulin-containing 


microtubules 20-25 nm in diameter; and filaments of intermediate 
size, 7-10 nm in diameter, known as intermediate filaments. There 
are six types of intermediate filaments: keratins in epithelial cells; 
vimentin within mesenchymal cells; glial filament acidic protein 
(GFAP) in glial cells; neurofilaments in neurons; desmin in mus- 
cle cells; and peripherin in peripheral nerves. The nuclear matrix 
proteins, nuclear lamins A, B and C, are also intermediate filaments. 
The polypeptide building blocks of all intermediate filaments have 
a similar backbone structure of a classic «-helical region with heptad 
repeats, having four separate helical zones with interhelical linker 
sequences, and non-helical carboxy- and amino-terminals. There 
are 70 intermediate filament genes (including those encoding 
keratins, desmins and lamins), which are now known to be 
associated with numerous human diseases, including skin blis- 
tering, muscular dystrophy, cardiomyopathy, premature ageing 
syndromes, neurodegenerative disorders and cataract [1,2]. 

The human genome possesses 54 functional keratin genes located 
in two compact gene clusters, as well as many non-functional 
pseudogenes scattered around the genome [3]. Keratin genes are 
very specific in their expression patterns. Each one of the many 
highly specialised epithelial tissues has its own profile of keratin 
gene expression. Hair and nails express modified keratins, 
containing large amounts of cysteine which forms numerous 
chemical cross-links to further strengthen the cytoskeleton. The 
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genes encoding individual keratins fall into two families: type I 
(acidic) and type II (basic). Mapping the tissue distribution of ker- 
atins shows coexpression of partner acidic—basic pairs in a cell- and 
tissue-specific manner. Heterodimers are assembled into higher- 
order protofibrils and protofilaments by an antiparallel stagger of 
some complexity. 

Simple epithelia are characterised by the keratin pair K8/K18, 
and the stratified squamous epithelia by K5/K14 (Figure 2.11). In 
addition, stratified squamous epithelia express up to four other 
keratin pairs during epithelial differentiation. In skin, suprabasal 
keratins K1/K10 are characteristic of epidermal differentiation. In 
the stratum granulosum, release of filaggrin from the keratohyalin 
granules forms macrofibres. Retinoid levels, growth factors and 
hormones may regulate keratin gene expression. Mesenchymal 
signals may also direct or permit intrinsic patterns of keratinocyte 
differentiation. K15 is expressed in basal keratinocytes of the hair 
follicle bulge region at the site of pluripotential stem cells. K9 and 
K2 expression is site restricted in skin: K9 to the palmoplantar 
epidermis and K2 to the superficial interfollicular epidermis. Apart 
from their structural properties, keratins may also have direct roles 
in cell signalling, the stress response and apoptosis [1,4]. In epi- 
dermal hyperproliferation, as in wound healing and psoriasis, the 
expression of suprabasal keratins K6/K16/K17 is rapidly induced. 

Currently, at least 21 of the 54 known keratins (28 type I and 26 
type II) have been linked to monogenic genetic disorders, and some 
have been implicated in more complex traits such as idiopathic liver 
disease or inflammatory bowel disease [5]. The first genetic disorder 
of keratin to be described was epidermolysis bullosa simplex, which 
involves mutations in the genes encoding K5 or K14. About half 
of the 54 keratin genes are expressed in the hair follicle (trichocyte 
‘hard’ keratins), although only a minority of these have been linked 
to human genetic disorders (monilethrix, hair—nail ectodermal dys- 
plasias, pseudofolliculitis barbae and woolly hair) [6]. 


Figure 2.10 Electron micrograph showing the 
location of epidermal lipids by ruthenium oxide 
staining. (a) Extrusion of lamellar body lipids or sheets 
can be seen at the interface between the stratum 
granulosum (SG) and stratum corneum (SC). Scale 
bar 0.1 pm. (b) Sheets of lipid bilayers (arrowed) are 
present in the intercellular spaces of the SC. Some 
regions show a repetitive pattern of staining. D, 
desmosome. Scale bar 0.1 pm. Courtesy of Dr M. 
Fartasch, Department of Dermatology, University of 
Erlangen, Germany. 


Figure 2.11 Structural organisation of the keratin filament network within a 
keratinocyte. Courtesy of Professor W. H. I. McLean, University of Dundee, UK. 


Human sweat glands are generally divided into two types: apocrine 
and eccrine [1]. The eccrine gland is the primary gland responsible 
for thermoregulatory sweating in humans. Eccrine sweat glands 
are distributed over nearly the entire body surface. Sweat glands 
become identifiable in the palms and soles in the 16th fetal week, and 
in the rest of the body from the 22nd week onwards. The number 
of sweat glands in humans varies greatly, ranging from 1.6 million 


to 4.0 million. The structure of the eccrine sweat gland consists of a 
bulbous secretory coil leading to a duct. The secretory coil is sited 
in the lower dermis, and the duct extends through the dermis and 
opens directly onto the skin surface. The active sweat glands are 
present most densely on the sole, forehead and palm, somewhat 
less on the back of the hand, still less on the lumbar region and the 
lateral and extensor surfaces of the extremities, and least on 
the trunk and the flexor and medial surfaces of the extremities. 
The uncoiled dimension of the secretory portion of the gland is 
approximately 30-50 ym in diameter and 2-5 mm in length. The 
size of the adult secretory coil ranges from 1 to 8 x 10-3 mm’. 

Human perspiration is classified into two types: insensible 
perspiration and active sweating. Insensible perspiration involves 
water loss from the respiratory passages and the skin. In the skin, 
the epidermis is supplied with water originating from blood in 
the skin microcirculation and interstitial spaces so that water can 
evaporate from its dry surface. Thus, the evaporation of water from 
the skin may depend on several environmental factors such as 
ambient temperature and ambient humidity. Heat, mental stimuli 
and muscular exercise can all induce active sweating in human 
beings. Active sweating may be classified into two types: thermal 
and mental/emotional. Thermal sweating plays an important role 
in keeping the body’s temperature constant and involves the whole 
of the body’s surface [2]. Mental or emotional sweating usually 
appears on the palms and soles. The physiological features of 
mental sweating differ considerably from those of thermal sweat- 
ing. Mental sweating has a shorter latent period for its onset and 
immediately attains a certain rate of secretion that corresponds 
to the intensity of stimulation, remaining for the duration of the 
stimulation and subsiding quickly after it ends [3]. Eccrine glands 
contribute to both types of sweating. 

The secretory nerve fibres innervated in human sweat glands are 
sympathetic and seem to be cholinergic in character as sweating 
is produced by pilocarpine and stopped by atropine [4]. Vaso- 
active intestinal peptide (VIP) coexisting in the cholinergic nerve 
fibres may act as a candidate neurotransmitter to control the blood 
circulation of the sweat glands. The sudorific nervous system is 
also separated into parts for thermal and emotional sweating, each 
being controlled by its own regulatory centre in the brain that is 
associated with the sweat glands in its respective region of the skin. 
The exact neurological pathways responsible for sweating are not 
entirely understood. 

Sympathetic nerve terminals cluster mainly around the secretory 
coil of the sweat gland, but a few projections extend to the sweat 
duct. Acetylcholine is the primary neurotransmitter released from 
cholinergic sudomotor nerves and binds to muscarinic receptors 
on the eccrine sweat gland, although sweating can also occur via 
exogenous administration of a- or B-adrenergic agonists. Released 
acetylcholine is rapidly hydrolysed by acetylcholinesterase, and 
this response may be one of several mechanisms by which the rate 
of sweating is regulated. 

When acetylcholine binds to muscarinic receptors on the sweat 
gland, intracellular Ca?+ concentrations increase. This results in an 
increase in the permeability of K* and Cl” channels, which initiates 
the release of an isotonic precursor fluid from the secretory cells 
[5]. This precursor fluid is similar to plasma but is devoid of pro- 
teins. As the fluid travels up the duct towards the surface of the 
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skin, sodium and chloride are reabsorbed, resulting in sweat on the 
surface being hypotonic relative to plasma. When the rate of sweat 
production increases, however, for example during exercise or heat 
stress, ion reabsorption mechanisms can be overwhelmed due to the 
large quantity of sweat secreted into the duct, resulting in higher ion 
losses. The sodium content in sweat on the skin’s surface, therefore, 
is greatly influenced by sweat rate. 

Apart from eccrine glands, the skin also contains apocrine sweat 
glands [6]. Eccrine glands do not show cytological changes during 
secretion, whereas apocrine glands are characterised by decapita- 
tion secretion, in which part of the cell is pinched off and released 
into the lumen. Apocrine glands are located only in genital, axillary 
and mammary areas, where they are always connected to a hair 
follicle. Apocrine glands have a low secretory output and hence no 
significant role in thermoregulation. They are composed of a coiled 
secretory portion and an excretory duct. The inner layer of the 
secretory portion contains a single columnar secretory cell type 
with numerous, large, dense granules located at the apical aspect, 
which contribute to the lipid-rich secretion produced. The inner 
layer is also surrounded by a fenestrated layer of myoepithelial 
cells, but the lumen is generally larger in diameter than that present 
in eccrine tissue. The apocrine excretory duct does not have any 
known reabsorptive function and consists of a double layer of 
cuboidal cells that merge distally with the epithelium of the hair 
follicle, resulting in emptying of the secretion into the hair follicle. 
The exact role of apocrine glands in humans is unknown. A third 
type of intermediate sweat glands, the apoeccrine glands, has also 
been described in axillary skin but their existence is not universally 
accepted. 


Pilosebaceous unit 


The pilosebaceous units develop from epidermal downgrowths 
under the influence of specific mesenchymal cell condensations 
between the 10th and 14th weeks of estimated gestational age. They 
have complex groups of specialised cell layers with distinctive 
pathways of differentiation. There are four classes of pilosebaceous 
unit: terminal on the scalp and beard; apopilosebaceous in the axilla 
and groin; vellus on most skin; and sebaceous on the chest, back 
and face. The dermal papilla is located at the base of the hair follicle 
with a rich extracellular matrix. Around the papilla are germinative 
(matrix) cells that have a very high rate of division and give rise 
to spindle-shaped central cortex cells of the hair fibre, and the 
single outer layer of flattened, overlapping cuticle cells. A central 
medulla is seen in some hairs, with regularly stacked, condensed 
cells interspersed with air spaces or low-density cores. The cortical 
cells are filled with keratin intermediate filaments orientated along 
the long axis of the cell, interspersed with a dense interfilamentous 
protein matrix. 

Terminal differentiation of cortical cells is associated with the 
appearance of a contiguous, laminated, intercellular layer, which 
appears critical for filament integrity. The cuticular cells are mor- 
phologically distinct; these are flattened, outward-facing cells, 
with three layers inside the cuticle of condensed, flattened protein 
granules: endocuticle, exocuticle and ‘a’ layer [1]. Around the 
cuticle is the inner root sheath (IRS), which is composed of three 
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2.10 Chapter 2: Structure and Function of the Skin 
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Figure 2.12 There are three components to the hair cycle: anagen 
(where new hair forms and grows), followed by catagen (regressing 
phase) and telogen (resting phase), and then loss of old hair. The hair 
cycle is associated with discrete changes in hair follicle anatomy, both in 
the shape of the follicle and in the subjacent dermal papilla. IRS, inner 
root sheath; ORS, outer root sheath. 


distinct layers of cells that undergo keratinisation: the IRS cuticle, 
the Huxley layer and the outermost Henle layer [2]. Differentiation 
in the IRS involves the development of trichohyalin granules, with 
8-10 nm filaments orientated in the direction of hair growth. The 
IRS moves up the follicle, forming a support for the hair fibre, and 
degenerates above the sebaceous gland. The outermost layer is the 
outer root sheath (ORS), which is continuous with the epidermis 
and expresses epithelial keratins K5/K14, K1/K10 and K6/K16 in 
the upper ORS and K5/K14/K17 in the deeper ORS. 

Normal growth of the hair fibre is 300-400 pm/day, gener- 
ated by the high rate of proliferation of progenitor cells in the 
follicle bulb. Compartmentalisation within the bulb gives rise to 
the different layers within the follicle, with most bulb cells forming 
the IRS. There are three phases of cyclical hair growth: anagen, 
when growth occurs; catagen, a regressing phase; and telogen, a 
resting phase (Figure 2.12). The follicle re-enters anagen, and the 
old hair is replaced by a new one. 

Immediately above the basal layer in the hair bulb, cells undergo 
a secondary pathway of ‘trichocyte’ or hair differentiation, and 
express a further complex group of keratins, the hard keratins [3]. 
Two families of hair keratins, types land IL, are present in mammals, 
which have distinctive amino- and carboxy-terminals with high 
levels of cysteine residues, but lack the extended glycine residues 
of epidermal keratins. The proteins differ from epithelial keratins 
in their positions on two-dimensional gels, but they can be grouped 
into acidic and basic families; there are four major proteins in each 
of these families and several minor proteins, Ha 1-4 and Hb 1-4. 
Cloning of the hair keratin genes, which cluster on chromosomes 
12 and 17, has shown a greater number of hair keratin genes, 
HaKRT1-6 (including 3.1 and 3.2) and HbKRT1-6. Mutations in 
hair keratin genes have been found to be causative for autosomal 


dominant forms of the human disease monilethrix. In addition, 
keratin 17 null mice also demonstrate varying degrees of alopecia, 
depending on the age and strain of the mice. 

Over the last two decades, several naturally occurring, inherited 
human disorders of hair have provided fascinating insight into hair 
development and growth. These include key signalling molecules 
such as ectodysplasin, as well as transcription factors, including 
hairless, WNT10A and the vitamin D receptor, structural hair ker- 
atins, desmosomal proteins, a G protein-coupled receptor, a serine 
protease and a copper transporter [4]. More common hair variants, 
such as curly hair, may be explained by dynamic changes during 
hair growth [5]. Curvature of curly hair is programmed from the 
very basal area of the follicle and the bending process is linked to 
a lack of axial symmetry in the lower part of the bulb, affecting the 
connective tissue sheath, ORS, IRS and hair shaft cuticle. 


Nails 


The main purposes of the nail apparatus are to provide protection 
to the digit tips, enhance sensory discrimination, help increase dex- 
terity, facilitate scratching or grooming and, in some individuals, to 
function as a cosmetic accessory [1]. The earliest signs of finer nail 
development occur at 8-9 weeks’ gestation: there is an invagination 
of the primitive epidermis to form an uninterrupted groove delin- 
eating a flattened surface at the end of each digit, known as the nail 
field. A key transcription factor in nail initiation is R-spondin 4, 
mutations in which underlie congenital anonychia [2]. A group of 
cells from the proximal part of the nail fold then grows proximally 
into the digit, stopping approximately 1 mm from the phalanx 
and giving rise to the matrix primordium. This site will eventually 


contribute to the epithelium of the proximal nail fold as well as the 
distal and intermediate matrix epithelium. From the distal part of 
the nail fold, a visible mound of cells emerges on the dorsum of the 
distal tip of each digit, which is known as the distal ridge [3]. At 13 
weeks’ gestation, the proximal nail fold is formed, and the first signs 
of nail plate growth are observed from the lunula. At this stage, the 
stratum corneum and the stratum granulosum start to materialise 
from the nail field epithelium, beginning distally and advancing 
towards the proximal nail fold. At 18 weeks’ gestation, the granular 
layer recedes, and the nail bed epithelium takes on a postnatal 
appearance. Likewise, at 20 weeks’ gestation, the process of cellular 
differentiation and maturation within the matrix is like that seen in 
adult nails. By 32 weeks’ gestation, virtually all the components of 
the nail can be recognised. Toenail development is similar to that of 
fingernails but the stages occur about 4 weeks later. 

The nail unit is composed of the nail plate and four epithelial 
structures: the proximal nail fold, the matrix, the nail bed and 
the hyponychium (Figure 2.13) [4]. The nail plate is a rectangular, 
translucent and relatively inflexible structure, and contains calcium, 
phosphate, iron, zinc, manganese and copper, but it is mainly the 
sulphur within the nail matrix that is responsible for the nail plate’s 
physical qualities. The nail plate arises from beneath the proximal 
nail fold and is bordered on both sides by the lateral nail folds. 
The proximal aspect may contain white semicircular areas called 
lunulae, which are the visible portions of the distal matrix [5]. The 
dorsal surface of the nail unit appears pink in colour because of the 
enhanced vasculature of the underlying nail bed. The proximal nail 
fold has a dorsal and a ventral epithelial surface. It is a continuation 
of the skin of each digit (the dorsal surface) that folds underneath 
itself, resting above the nail matrix (the ventral surface). The dorsal 
proximal nail fold is devoid of hair follicles, sebaceous glands and 
dermatoglyphic markings and the ventral proximal nail fold also 
lacks rete ridges. At the junction between the dorsal and ventral 
surfaces is the eponychium (cuticle) which protects the matrix from 
damage. The lateral nail folds are extensions of the skin surface of 
the sides of the digits and join the nail bed medially. 

The nail matrix forms the nail plate and is divided into three 
regions: the dorsal section of the matrix contributes to the most 
superficial layers of the nail plate, whereas the intermediate region 
of the matrix forms the deeper layers. The ventral subdivision is 
the most distal part of the nail matrix. The nail bed is the area 
underneath the nail plate (between the lunula and the hypony- 
chium). It has a role in forming the deeper layers of the nail plate, 
as its thin epidermal layer represents the ventral portion of the 
nail matrix. The hyponychium is located underneath the free edge 
of the nail plate and denotes the transition of the nail bed to the 
normal epidermis of the fingers and toes. There is also part of the 
hyponychium, known as the onychodermal band, that reflects onto 
the ventral surface of the nail plate to protect the nail parenchyma 
from trauma. 

The epithelium of the matrix is composed of at least two to three 
actively dividing, basal keratinocyte layers. These cuboidal cells 
have their vertical axes aligned in a diagonal manner, which allows 
the nail plate to develop in an upward and outward direction. As 
these cells differentiate and migrate, they become flatter, losing 
their nuclei and becoming integrated into the developing nail 
plate as onychocytes, or nail plate cells. This process of cellular 
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Figure 2.13 Anatomy and structure of the human nail. 


maturation is akin to stratum corneum formation within the epi- 
dermis but does not require keratohyalin. The matrix also contains 
melanocytes, which pigment the surrounding keratinocytes and 
manifest as longitudinal bands across the nail plate; this may be a 
common racial variant in darker-skinned individuals. The nail bed is 
composed of a thin epidermal layer and a dermal layer, but there is 
no subcutaneous fat. As the epidermis is thin, the differentiation of 
keratinocytes to onychocytes occurs within one to two cell layers. 
The epidermis of the nail bed also contains parallel longitudinal 
ridges from the lunula to the hyponychium. These ridges interlock 
to provide strong binding between the nail bed and the nail plate. 
The dermal layer of the nail bed contains blood vessels to supply 
the nail unit, as well as lymphatics. Trauma to these vessels results 
in splinter haemorrhages. 


Merkel cells 


Merkel first gave the name fastzellen to certain cells that he found 
near the base of the rete peg in the snout skin of the mole. As there 
were intraepidermal neurites with expanded tips (Merkel discs) 
adjacent to them, he believed them to be transducers of physical 
stimuli. Merkel cells are postmitotic cells scattered throughout 
the epidermis of vertebrates and constitute 0.2-5% of epidermal 
cells [1]. They are located amongst basal keratinocytes and are 
mainly found in hairy skin, tactile areas of glabrous skin, taste buds, 
anal canal, labial epithelium and eccrine sweat glands, all regions 
of high tactile acuity (Figure 2.14). 

Sun-exposed skin may contain twice as many Merkel cells as 
non-sun-exposed skin. They form close connections with sensory 
nerve endings and secrete or express a number of peptides. Human 
Merkel cells express immunoreactivity for various neuropeptides 
including met-enkephalin and vasoactive intestinal polypeptide, 
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Figure 2.14 Merkel cell in human epidermis. The dermis (d) with collagen fibres is seen 
in the lower part of the picture. b, Basement membrane; de, desmosomes making 
connections with adjacent basal keratinocyte; g, spherical granules (see inset); n, nucleus 
of Merkel cell; t, tonofilaments. Courtesy of Professor A. S. Breathnach. 


in addition to neuron-specific enolase and synaptophysin-like and 
pancreastatin-like material. They also contain chromogranin A [2]. 

Merkel cells are easily identifiable on transmission electron 
microscopy. They are oval with a long axis of approximately 15 pm, 
orientated parallel to the basement membrane. They also have a 
large bilobed nucleus and clear cytoplasm, which reflects a relative 
scarcity of intracellular organelles. Merkel cells contain numerous 
neurosecretory granules, each 50-160 nm across; these are found 
opposing the junctions with the sensory nerve endings. The close 
contact between Merkel cells and nerve fibres represents a Merkel 
cell-neurite complex. Indeed, Merkel cells actively participate 
in touch reception, displaying fast, touch-evoked mechanotrans- 
duction currents, and provide evidence for a direct, functional, 
excitatory connection between epidermal cells and sensory 
neurons [3,4]. 

Human skin contains an extensive neural network that con- 
sists of cholinergic and adrenergic nerves and myelinated and 
unmyelinated sensory fibres. The skin also contains several trans- 
ducers involved in the perception of touch, pressure and vibration, 
including Ruffini organs surrounding hair follicles, Meissner 
corpuscles, Vater-Pacini corpuscles located in the deep layer of 
the dermis, and nerve endings that pass through the epidermal 
basement membrane. Some of these contain Merkel cells, which 
form the Merkel cell—neurite complex, while others are free nerve 
endings. The cell bodies for all these neurons reside in the dorsal 
root ganglion. The Merkel cell—neurite complexes are thought to 
serve as mechanoreceptors and to be responsible for the sensation 
of touch. 

In glabrous skin, the density of Merkel cells is approximately 
50 per mm”. They are clustered near unmyelinated sensory nerve 
endings, where they group and form ‘touch spots’ at the bottom of 
rete ridges. These complexes are also known as hair discs, touch 


domes, touch corpuscles or Iggo discs. The complex is innervated 
by a single, slowly adapting type 1 nerve fibre. In hairy skin, Merkel 
cells also cluster in the rete ridges and in the outer root sheath of 
the hair follicle where the arrector pili muscles attach. The function 
of Merkel cells in hair follicles is unclear, although they may be 
involved in the induction of new anagen cycles. 

There are two hypotheses for the origin of Merkel cells: one 
possibility is that they differentiate from epidermal keratinocyte-like 
cells and the other is that they arise from stem cells of neural crest 
origin that migrated during embryogenesis, in a similar fashion 
to melanocytes. A unifying view, however, could be that there is 
very early migration of the Merkel cells from the neural crest and 
population of the epidermis during the sixth or seventh embryonic 
week in humans and that these cells subsequently only undergo 
further differentiation once in the epidermis. 

Circulating autoantibodies against Merkel cells have been 
described in pemphigus and graft-versus-host disease. Merkel 
cells are absent in vitiligo lesions, in keeping with an autoimmune 
destruction or neural involvement. Merkel cell hyperplasia is a 
common histological finding and may accompany keratinocyte 
hyperproliferation as well as being frequently seen in adnexal 
tumours such as naevus sebaceus, trichoblastomas, trichoepithe- 
liomas and nodular hidradenomas [5]. Merkel cell hyperplasia 
is associated with hyperplasia of nerve endings that occurs in 
neurofibromas, neurilemmomas, nodular prurigo or neurodermati- 
tis. Merkel cell carcinoma is a highly aggressive neuroendocrine 
carcinoma, the incidence of which appears to be increasing; most 
cases are associated with the Merkel cell polyomavirus, although 
the precise disease pathophysiology remains to be elucidated [6]. 


Skin immune ecosystem 


The skin continuously encounters microbial pathogens, and to 
prevent infection, cells within the epidermis, dermis and fat 
have evolved several innate strategies. Immune surveillance and 
homeostatic regulation of skin function are governed by com- 
plex interactions between resident lymphoid and myeloid cells 
and their communications with the surrounding epithelial cells, 
fibroblasts, adipocytes and neurons to ensure barrier homeosta- 
sis. These parenchymal cells help to regulate the tissue residency, 
recruitment and activation of immune cells, while the immune 
cells produce effector cytokines as well as growth and regulatory 
factors to maintain and promote barrier function. In addition, the 
skin also harbours a community of resident microbes that have 
symbiotic relationships with host immune cells. The tissue-resident 
immune cells are highly varied and comprise af and y5 T cells, 
dendritic cells (DCs) and macrophages, as well as a population of 
an innate immune subset of lymphoid lineage cells, referred to as 
innate lymphoid cells (ILCs) [1]. ILCs produce effector cytokines 
similarly to T helper (Th) cells and have been considered as the 
innate counterpart of adaptive T lymphocytes. In contrast to T-cell 
activation, which requires T-cell receptor—major histocompatibility 
complex (MHC) class interactions, ILCs are activated by sensing 
epithelial cell-, stromal cell- or myeloid cell-derived signals such 
as alarmins, cytokines and other inflammatory mediators, which 
enable rapid responses to environmental cues [2]. There are three 
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Figure 2.15 Heterogeneous populations of innate lymphoid cells (ILCs) with distinct 
functions reside in the skin. Skin-resident CCR6+ ILCs maintain the microbiota by 
regulating sebaceous gland function. CCR10+ ILCs maintain adaptive lymphocyte 
homeostasis. Natural killer (NK) cells and ILC1s play a role in contact hypersensitivity. 
ILC2s, which are activated by thymic stromal lymphopoietin (TSLP), interleukin (IL)-33, 
IL-25, and/or IL-18, contribute to atopic inflammation by production of type 2 cytokines. 
ILC2s also promote tissue repair. ILC3s produce IL-17 and IL-22, which mediate psoriatic 
inflammation. IFN, interferon; TNF, tumour necrosis factor. Reproduced from Kobayashi 
et al. 2020 [1] with permission of Elsevier. 


main groups of ILCs which respond to different types of organisms 
and intracellular and extracellular or other triggers (Figure 2.15). 
Some ILCs traffic between the circulation and lymph nodes 
whereas others are resident within skin, with sites of residency 
governed by cross-talk between parenchymal and immune cells 
as well as their patterns of chemokine receptor expression. It is 
also evident that ILCs contribute to the pathogenesis of several skin 
diseases, including contact hypersensitivity, atopic inflammation [3] 
and psoriasis, as well as physiological processes such as wound 
healing. Still to be determined is how skin ILCs are activated and 
regulated under different contexts and how they communicate with 
microorganisms and other tissue-resident immune cells, as well 
as with the surrounding stroma. A specific immune surveillance 
complex restricted to epidermis consists of the Everl-Ever2-CIB1 
complex which provides immunity to human papillary viruses 
(HPVs). As a result of genetic mutations inactivating any of the 
three proteins in this complex, skin becomes susceptible to HPV 
infections, a disease known as epidermodysplasia verruciformis. 


Skin microbiome 


Present on the skin are thriving complex communities of bac- 
teria, fungi and viruses, with approximately 1 million bacteria 
(involving hundreds of distinct species) inhabiting each square 
centimetre of skin [1]. The bacteria mostly comprise Actinobacteria, 
Firmicutes, Bacteroidetes and Proteobacteria, with numerous sub- 
species thereof. Actinobacteria represents the largest phylum and 
includes Propionibacteria and Corynebacteria; Firmicutes includes 
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Clostridia and Bacilli, the latter including the class Staphylococcus. 
The precise composition of these organisms depends on sebaceous 
gland concentration, moisture content and temperature, as well as 
on host genetics and exogenous environmental factors, but may 
be very diverse (Figure 2.16). For example, a survey of the palm 
microbiome found 4742 distinct species in 51 healthy subjects, with 
an average of 158 species coexisting on a single palm [2]. It has 
also become clear that these organisms are not just commensals 
but play a much bigger role in immune modulation and epithe- 
lial health than previously expected. There is cross-talk between 
the skin microbiome and organisms in other tissues, such as the 
gut [3]. Understanding microbe-host interactions and discovering 
the factors that drive microbial colonisation are likely to provide 
greater insight into the pathogenesis of skin diseases, such as the 
role of staphylococci in atopic eczema, and the development of new 
promicrobial and antimicrobial therapeutics [4]. 


Langerhans cells 


Dendritic cells resembling melanocytes, but free from pigment 
and dopa-negative, were first described by Langerhans, who 
demonstrated their existence in human epidermis by staining with 
gold chloride. Subsequently, the dynamic behaviour of epidermal 
Langerhans cells has been investigated by combining time-lapse, 
intravital, confocal imaging technology and I-AB-enhanced green 
fluorescent protein (EGFP) knock-in mice in which Langerhans cells 
can be identified by EGFP-associated fluorescence. Without stimu- 
lation, some Langerhans cells exhibit a unique motion, which has 
been termed dendrite surveillance extension and retraction cycling habi- 
tude (ASEARCH) and which is characterised by rhythmic extension 
and retraction of dendritic processes between intercellular spaces. 
The topical application of an antigen such as dinitro-fluorobenzene 
leads to greater SEARCH motion, and also triggers direct cell-to- 
cell contact formation between adjacent Langerhans cells. It appears 
that, in vivo, SEARCH motion allows for a more efficient antigen 
sampling through scanning of a wide area. It is also evident that, 
under pathological stimulation, adjacent Langerhans cells may 
exchange antigens between cells (Figure 2.17) [1]. 

Langerhans cells, in combination with macrophages and dermal 
dendrocytes, represent the skin’s mononuclear phagocyte system 
[2]. Langerhans cells are capable of phagocytosis, antigen pro- 
cessing, antigen presentation and interactions with lymphocytes 
(Figure 2.18). They highly express the lipid CD1a which orchestrates 
a complex interaction between Langerhans cells, a subset of T cells, 
the skin microbiome and other lipid moieties in skin physiology 
and antigen presentation [3]. Langerhans cells are intraepidermal 
macrophages whose dendrites trap antigens among keratinocytes. 
The cells then leave the epidermis and migrate via lymphatics 
to a regional lymph node. In the paracortical region of lymph 
nodes, the Langerhans cell (or ‘interdigitating reticulum cell’ as 
it is then known) expresses protein on its surface to present to a 
T lymphocyte that can then undergo clonal proliferation. There 
may be some selectivity in whether certain antigens are presented 
to lymph nodes by Langerhans cells or by dermal dendrocytes. The 
timing of antigen presentation may also vary, with the possibility 
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Figure 2.16 The skin microbiome contains 
numerous bacteria that are variably present in 
different body regions. Adapted from Chen and 
Tsao 2013 [4]. 


that sequential presentation of skin-acquired antigens may regulate 
cell-mediated immunity. 

Langerhans cells may contribute to several skin pathologies 
including infections, inflammation and cancer, and they play a 
pivotal role in regulating the balance between immunity and 
peripheral tolerance [4]. Langerhans cells appear, however, to have 
characteristics distinct from other dendritic cells in that they are 
more likely to induce Th2 responses than the Th1 responses that are 
usually necessary for cellular immune responses against pathogens. 
It has also been shown that Langerhans cells are dispensable for 
contact hypersensitivity and that dermal dendrocytes can serve as 
antigen-presenting cells in the absence of Langerhans cells. Indeed, 
Langerhans cell-deficient mice appear to have enhanced contact 
hypersensitivity. With regard to a specific function, Langerhans 
cells, or a subset thereof, may have regulatory properties that coun- 
teract the pro-inflammatory activity of surrounding keratinocytes. 
It is plausible that under non-inflammatory steady-state conditions, 


Langerhans cells carry skin-specific components to draining lymph 
nodes to prevent immunisation and to induce peripheral tolerance 
against epidermal self-determinants [5]. It also appears that Langer- 
hans cells may indeed consist of distinct subsets, since Langerhans 
cells that repopulate the skin after inflammation have been shown 
to derive from monocyte precursors. 

Under the electron microscope, Langerhans cells share with 
melanocytes a lobulated nucleus, a relatively clear cytoplasm 
and well-developed endoplasmic reticulum, Golgi complex and 
lysosomes (Figure 2.19). They differ in lacking melanosomes or 
premelanosomes, and in possessing a characteristic granule that is 
either rod or racquet shaped. These ‘Birbeck’ granules have been 
shown to represent subdomains of the endosomal recycling com- 
partment and form at sites where the protein langerin accumulates. 
Using ultrastructural evidence of the presence of the characteristic 
granules, Langerhans cells have been identified in the outer root 
sheath of the human hair and the secretory duct of the sebaceous 


Figure 2.17 Dendritic appearance of epidermal Langerhans cells. Exposure to antigen 
provokes an increased movement of Langerhans cells as well as direct cell-cell contact 
between Langerhans cells. Courtesy of Dr R. Mohr, University of Toledo, Ohio, USA. 


gland and in the epithelium of the crypts of the human tonsil. The 
discovery of similar granules in cells in the dermis in histiocytosis 
X resulted in the renaming of this condition as Langerhans cell 
histiocytosis. 


Immune surveillance 


Besides the antigen detection and processing role of epidermal 
Langerhans cells, cutaneous immune surveillance is also carried out 
in the dermis by an array of tissue-resident T cells, macrophages and 
dendritic cells (Figure 2.20) [1]. These immune sentinel and effector 
cells can provide rapid and efficient immunological backup to 
restore tissue homeostasis should the epidermis be breached. Resi- 
dent memory T cells act as alarm-sensor cells or cytotoxic cells, often 
persisting in the skin for a long time, and can be reactivated upon 
reinfection with the same antigen. The dermis contains a very large 
number of resident T cells; remarkably, there are approximately 
2 x 10!° skin-resident T cells, which is twice the total number of T 
cells in the circulating blood [2,3]. There are several distinct popula- 
tions of dermal dendritic cells; some have potent antigen-presenting 
capacities, others have low antigen-presenting capacity but the 
potential to develop into CD1a+ and langerin-positive Langerhans 
cells, while some are pro-inflammatory. 

The cellular diversity of dermal immune sentinels is reflected in 
some flexibility or plasticity in function. For example, immature 
dendritic cells, including dermal dendritic cells, can be phagocytic, 
which is a cellular function usually attributed to macrophages [4]. 
Alternatively, macrophages, which normally are phagocytic cells, 
can also be potent antigen-presenting cells for CD8+ T cells. This 


means that tissue-resident mononuclear sentinels of the dermis are 
likely to exist in a pluripotent state. Depending on microenviron- 
mental factors and cues, they may acquire an antigen-presenting 
mode, a migratory mode or a tissue-resident phagocytic mode. 


Mast cells 


Mast cells were first described by Ehrlich in 1877, who distin- 
guished them from other connective tissue cells by their ability 
to stain metachromatically with basic aniline dyes. Mast cells are 
larger than eosinophils and basophils. They occur in most tissues, 
but are particularly numerous in the skin, bronchus, nasal mucosa 
and gut. In the skin, mast cells are distributed close to blood vessels, 
nerves and appendages, and are most numerous in the subpapillary 
dermis, in the region of the superficial dermal vascular plexus. 
There are about 7000 mast cells/mm? in normal skin. 

Dermal mast cells are ovoid or spindle shaped, mononuclear 
or occasionally binuclear, and only rarely show signs of mitosis 
in normal skin. Their major distinguishing feature is the pres- 
ence of numerous, round, cytoplasmic granules (Figures 2.21 
and 2.22). Mast cells are heterogeneous and fall into two main 
types — connective tissue and mucosal — which can be differentiated 
by their morphology, tissue distribution, histochemical charac- 
teristics and responses to degranulating agents. Solubility of the 
granules in formaldehyde and the content of neutral proteinase, 
namely tryptase and chymase (chymotryptic proteinase), will vary 
according to the type of cell. For example, human foreskin mast cells 
contain both proteinases, whereas mast cells in intestinal mucosa 
and the lung contain mainly tryptase [1]. 

Human mast cells arise from CD34+ pluripotent stem cells in the 
bone marrow. They then circulate in the blood as precursors and 
home to tissues where they mature under the influence of stem cell 
factor (SCF) and local cytokines and other factors. Mast cell growth 
and differentiation are also influenced by several other cytokines, 
including interleukin 3 (IL-3), -4, -6, -9, -10 and nerve growth fac- 
tor. Mast cells are long lived and may proliferate in association with 
immunoglobulin E (IgE)-dependent activation and in the presence 
of IL-4 [2]. 

Kit (CD117), expressed on haematopoietic stem cells and progeni- 
tor cells, is the tyrosine kinase transmembrane receptor for SCF that 
is involved in the differentiation of both myeloid and lymphoid lin- 
eages. While Kit is downregulated on other bone marrow-derived 
cells during their differentiation, Kit remains highly expressed 
on mast cells and is critical for many mast cell functions such as 
survival, differentiation, chemotaxis and enhancement of signalling 
events during mast cell activation. The importance of Kit is shown 
by the finding of activating mutations in the KIT gene in patients 
with urticaria pigmentosa [3]. 

Upon activation of mast cells via cross-linking of the high-affinity 
IgE receptor (FceRI) or non-IgE-mediated activation through 
complement receptors or Toll-like receptor (TLR) activation, mast 
cells can release histamine, serotonin and proteases as well as 
newly synthesised leukotrienes, prostaglandins, cytokines and 
chemokines. In addition to IgE-mediated activation, human mast 
cells exposed to interferon y (IFN-y) can be activated following 
IgG-mediated aggregation of FcyRI to release similar mediators. 
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Figure 2.18 When exposed to foreign antigen, the 
activity of resting Langerhans cells increases, and the 
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cells mature. Antigen is then processed and 
transported to the lymph nodes. T cells are then 


activated, and an immune response is triggered. 


Figure 2.19 Langerhans cell (L) with its characteristically indented nucleus, situated 
between keratinocytes. The inset shows Langerhans cell granules with racquet-shaped 
profiles. Courtesy of Professor A. S. Breathnach. 


Additional IgE-independent mast cell triggers have been described, 
including SCF, complement (C3a and C5a), neuropeptides (sub- 
stance P), adenosine, TLR and scavenger receptors. 

Mast cell products may both induce an immediate reaction and 
contribute to a late phase reaction. The immediate phase reaction 
occurs within minutes of FceRI cross-linking and its consequences 
are referred to as an immediate hypersensitivity reaction. Late 
phase reactions peak 6-12 h following antigen challenge and are 
associated with cytokines and chemokines from eosinophils, 
neutrophils and basophils that have been secondarily recruited. 
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Figure 2.20 Immune surveillance in normal skin is carried out by an array of skin-based 
dendritic cells, macrophages and resident T cells. iNOS, inducible nitric oxide synthase; 
TNF, tumour necrosis factor. 


Mast cell activation results in increased vascular permeability and 
smooth muscle contraction, as well as fibroblast deposition of colla- 
gen, induction of B cells to class switch to synthesise IgE, basophil 
histamine release, recruitment of neutrophils and eosinophils, and 
promotion of T cells to a Th2 phenotype. 

Mast cells play an important role in both adaptive and innate 
immunity and contribute to the skin pathology seen in contact 
dermatitis, atopic eczema (AE), immunobullous disease, sclero- 
derma and chronic graft-versus-host disease; they also have a 


Figure 2.21 Part of a human skin mast cell showing characteristic granules, some with 
scroll-like profiles (S). Arrows indicate perigranular membrane; L, lipid droplet; M, 
mitochondria; P, peripheral processes. Courtesy of Professor R. A. J. Eady, St John’s 
Institute of Dermatology, King’s College London, UK. 


role in immune regulation [4]. In AE, there is an increase in mast 
cell numbers in lesional skin. Mast cells reside in the papillary 
dermis and undergo migration through the basal lamina into the 
epidermis. Although overall levels of histamine are not increased 
in AE, tryptase and activation of proteinase-activated receptor-2 
(PAR-2) may contribute to the pruritus seen in AE, as tryptase is 
reported to be increased up to fourfold in AE patients and PAR-2 
expression is markedly enhanced on primary afferent nerve fibres 
in skin biopsies from patients with AE. Chymase may play a role in 
eliciting and maintaining chronic inflammation in AE by increasing 
spongiosis and compromising the skin barrier. Mast cell—nerve 
interactions may also play a role in promoting inflammation in 
AE. There is an increased number of contacts between mast cells 
and nerves in both lesional and non-lesional skin, which may lead 
to inflammation mediated by neuropeptides such as substance P, 
calcitonin gene-related peptide, vasoactive intestinal peptide and 
nerve growth factor. 


Figure 2.22 High-magnification views of dermal 
mast cell granules. (a) Typical scroll-like configuration 
of lamellae, some of which show a cross-banding of 
regular periodicity. (b) The substructure of this granule 
is a highly organised lattice (arrow). Courtesy of 
Professor R. A. J. Eady, St John’s Institute of 
Dermatology, King’s College London, UK. 
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Melanocytes 


Melanocytes are pigment-producing cells located in the skin, inner 
ear, choroid and iris of the eye. In skin, melanocytes are dendritic 
in shape, are mainly located at the dermal—-epidermal junction, and 
connect to the basement membrane by a dense plate structure that 
shares similarities with hemidesmosomes. Melanocytes in adult 
skin and hair develop from embryonically derived melanocyte pre- 
cursors called melanoblasts [1]. During development, melanoblasts 
emerge from a subset of neural crest cells and migrate to the inter- 
follicular skin and to developing hair follicles (Figure 2.23). In the 
hair follicle, melanocytes are divided into two distinct populations: 
differentiated melanocytes, located in the hair bulb where they 
provide melanin to the growing hair matrix, and melanocyte stem 
cells, located at the hair bulge. Melanocyte stem cells are typically 
quiescent but undergo cyclical proliferation, differentiation and 
migration. Melanocytes maintain their polarity similarly to neu- 
ronal cells, driving cellular asymmetry to control, for example, 
protrusion and spine formation, organelle transport and metastasis. 
Polarity regulators may be relevant to melanocyte architecture, 
function and quiescence and dysregulation therein may be impli- 
cated in both hypopigmentation and malignant melanoma. The 
life cycles of the follicular melanocytes and melanocyte stem cells 
are closely related to the cyclical nature of the hair follicle, and 
during anagen new melanocytes are generated from the pool of 
slow-proliferating melanocyte stem cells [2]. 

Melanin is synthesised and accumulates within the melanosome, 
an organelle within the melanocyte. In the skin and hair, two forms 
of melanin pigment are produced: brown/black eumelanin and 
yellow/red phaeomelanin (Figure 2.24). Eumelanin has photo- 
protective qualities via its ability to absorb and scatter ultraviolet 
(UV) radiation and scavenge reactive oxygen species. In contrast, 
phaeomelanin is photosensitising and produces reactive oxygen 
species when exposed to UVA. After melanin is synthesised, 
pigment-containing melanosomes are transported to keratinocytes, 
internalised and trafficked to perinuclear locations where they can 
absorb UV light and protect keratinocyte nuclei from UV-associated 
radiation damage [3]. One of the critical transcription factors 
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Figure 2.23 Melanocyte differentiation. During murine embryonic development, neural 
crest cells mostly specify via melanoblast/glial bipotent progenitors to melanoblasts. 
These then either directly differentiate to interfollicular and follicular melanocytes 
(marked by expression of MITF, Tyr, Tyrp1, Tyrp2 and a high level of cKIT) or become 
melanocyte stem cells residing in the hair follicle bulge (marked by expression of Tyrp2 
and a low level of cKIT). 


modulating melanogenesis, melanocyte survival and proliferation 
is the melanocyte-specific microphthalmia-associated transcription 
factor (m-MITF). 

Variation in skin pigmentation and tanning ability between 
individuals mainly reflects differences in melanogenesis and 
melanin distribution rather than differences in the number of 
melanocytes. Across all races, ethnicities and skin phenotypes there 
are broad similarities in the number of melanocytes. In contrast, 
darkly pigmented skin has higher constitutive activation of MITF 
and melanosome maturation. Red-haired individuals do not typi- 
cally experience skin darkening after UV exposure, with just a slight 
increase in melanocyte number following chronic UV exposure. 
The red-haired phenotype is mainly the result of polymorphic 
variants in the melanocortin 1 receptor (MC1R) on melanocytes. 
Loss-of-function variants in MC1R lead to diminished production 
of eumelanin and phaeomelanin predominance [4]. 


Desmosomes 


Desmosomes are the major adhesion complex in the epidermis, 
anchoring keratin intermediate filaments to the cell membrane, 
bridging adjacent keratinocytes and allowing cells to withstand 
trauma. Desmosomes are also found in the myocardium, meninges, 
gastrointestinal mucosa, bladder and cortex of lymph nodes. The 
desmosome has a characteristic ultrastructural appearance, in 
which the cell membrane of two adjacent cells forms a symmetrical 
junction with a central intercellular space of 30 nm containing a 
dense line (Figure 2.25). Plaques of electron-dense material run 
along the cytoplasm parallel to the junctional region, in which three 
ultrastructural bands can be distinguished: an electron-dense band 
next to the plasma membrane, a less dense band and then a fibrillar 
area [1]. 

The main components of desmosomes in the epidermis con- 
sist of the products of three gene superfamilies: the desmosomal 
cadherins, the armadillo family of nuclear and junctional pro- 
teins, and the plakins [2]. The transmembranous cadherins 
comprise mostly heterophilic associations of desmogleins and 
desmocollins. There are four main epidermis-specific desmogleins 
(Dsgli-4) and three desmocollins (Dsc1-3), all of which show 
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Figure 2.24 (a) Activation of the melanocortin 1 receptor (MC1R) promotes the 
synthesis of eumelanin at the expense of phaeomelanin. Oxidation of tyrosine by 
tyrosinase (TYR), however, is required for the synthesis of both pigment types. 
Melanosomal membrane components, including the membrane-associated transport 
protein (MATP) and the pink-eyed dilution protein (P), play a role in determining the 
amount of pigment synthesis within melanosomes. (b) In the skin of individuals of 
African, Asian and European ancestry there is a gradient of melanosome size and 
number; in addition, melanosomes in African skin are more widely dispersed. 


differentiation-specific expression. For example, Dsg1 and Dscl are 
preferentially expressed in the superficial layers of the epidermis, 
whereas Dsg3 and Dsc3 show greater expression in basal ker- 
atinocytes. The intracellular parts of these glycoproteins are attached 
to the keratin filament network via desmoplakin, plakoglobin 
and other macromolecules, including the armadillo protein 
plakophilin 1, an important stabiliser of keratinocyte adhesion 
in differentiated keratinocytes, as well as other site-specific plakin 
cell envelope proteins, such as envoplakin and periplakin [3]. The 
network of the major interactive desmosomal proteins is depicted in 
Figure 2.26. 

Further clues to the biological function and in vivo contribution 
to keratinocyte adhesion of these desmosomal components have 
arisen from various mouse models and human diseases, both 
inherited and acquired [4,5], and desmosome proteins may also 
serve as autoantigens in several immunobullous blistering skin 
diseases [6]. Antibodies to multiple desmosomal proteins may 


Figure 2.25 Electron micrograph of desmosomes in the spinous layer. These 
intercellular junctions are closely associated with tonofilaments (tf), many of which, in 
this view, are cross-sectioned. Courtesy of Professor R. A. J. Eady, St John’s Institute of 
Dermatology, King’s College London, UK. 
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Figure 2.26 Macromolecular composition of desmosomes linking adjacent 
keratinocytes. Cells are connected via transmembranous cadherin glycoproteins 
(desmogleins and desmocollins). Attachment of these molecules to the keratin filament 
cytoskeleton occurs via a network of desmosomal plaque proteins (desmoplakin, 
plakoglobin and plakophilin). The background to this figure is a transmission electron 
micrograph of a desmosome to highlight how the molecules function as an adhesive 
complex. 


develop in diseases such as paraneoplastic pemphigus, possibly 
through the phenomenon of epitope spreading [7]. Disruption of 
the extracellular domain of Dsg1 has also been demonstrated as 
the basis of staphylococcal scalded skin syndrome and bullous 
impetigo, in which this desmosomal cadherin is cleaved by the 
bacterial toxin [8]. 
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Figure 2.27 Macromolecular composition of an adherens junction in keratinocytes. 
There are two main components, nectin-afadin and the classic cadherin—catenin 
complex, which can both attach to the actin cytoskeleton. 


Adherens junctions 


Adherens junctions are electron-dense, transmembrane structures 
that engage with the actin skeleton [1]. They can associate with tight 
junctions and desmosomes or exist separately from these junction 
complexes. Adherens junctions contribute to epithelial assembly, 
adhesion, barrier formation, cell motility and changes in cell shape. 
They are characterised by two opposing membranes separated by 
approximately 20 nm and are 0.2-0.5 ym in diameter. Adherens 
junctions may also spatially coordinate signalling molecules and 
polarity cues as well as serving as docking sites for vesicle release. 
They comprise two basic adhesive units: the nectin—afadin complex 
and the classic cadherin—catenin complex (Figure 2.27) [2,3]. 

There are several different nectins and cadherins and these may 
be variably incorporated into adherens junctions; the precise com- 
position will impact on the adhesive specificity and other functions 
of the junction. The nectins form a structural link to the actin 
cytoskeleton via afadin (also known as AF-6) and may be important 
in the initial formation of adherens junctions. The cadherins form 
a complex with the catenins (a-, B- and p120 catenin) and help 
mediate adhesion and signalling. Cell signalling via B-catenin can 
activate several Wnt pathways, which implicates adherens junctions 
in coordinating morphogenetic movements with cell fate determi- 
nation. Adherens junctions are also associated with a variety of 
actin-binding molecules, suggesting multiple dynamic interactions 
with the cytoskeleton. 

The first human gene mutation reported in a component of 
adherens junctions was in plakoglobin, also a component of 
desmosomes, in individuals with Naxos disease [4]. However, 
mutations have subsequently been reported in the CDH3 gene, 
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which encodes P-cadherin; these mutations result in autosomal 
recessive hypotrichosis with juvenile macular dystrophy [5]. 
P-cadherin mutations are also found in a different disorder, ectoder- 
mal dysplasia—ectrodactyly-macular dystrophy (EEM) syndrome, 
in which there is hypotrichosis, macular degeneration, hypodontia 
and limb defects, including ectrodactyly, syndactyly and campto- 
dactyly [6]. Mutations in nectin-1 and -4 have also been reported in 
a group of ectodermal dysplasia syndromes, sometimes referred to 
as nectinopathies [7]. 


Gap junctions 


Gap junctions comprise clusters of intercellular channels, known as 
connexons, which directly form connections between the cytoplasm 
of adjacent keratinocytes (and other cells) [1]. Thirteen different 
human connexins have been described. Connexons originate fol- 
lowing the assembly of six connexin subunits within the Golgi 
network that are then transported to the plasma membrane. The 
connexins are divided into three groups (a, B and y) according to 
their gene structure, overall gene homology and specific sequence 
motifs [2]. At the plasma membrane, connexons associate with other 
connexons in the adjacent cell to form a gap junction (Figure 2.28). 

Homotypic or heterotypic connexins (formed from one or more 
than one type of connexin, respectively) can be identified, and 
the formation and stability of gap junctions can be regulated by 
protein kinase C, Src kinase, calcium concentration, calmodulin, 
cyclic adenosine 3’,5'-monophosphate (cAMP) and local pH [3]. 
Apart from the connexins, vertebrates also contain another class 
of gap junction proteins, the pannexins, which are related to the 
innexins found in non-chordate animals [4]. The function of gap 
junctions is to permit the sharing of low-molecular-mass metabo- 
lites (<1000 Da) and ion exchange between neighbouring cells, 
thus allowing intercellular coordination and uniformity to main- 
tain tissue/organ homeostasis in multicellular organisms [3]. Gap 
junction communication is essential for cell synchronisation, cell 
differentiation, cell growth and metabolic coordination of avascular 
organs, including epidermis. 

Inherited abnormalities in genes encoding four different connex- 
ins (Cx26, Cx30, Cx30.3 and Cx31) have been detected in several 
forms of keratoderma and/or hearing loss, but non-dermatological 
disorders can also arise from mutations in the higher-molecular- 
weight connexins (Cx32, Cx40, Cx43, Cx46 and Cx50). Gap junction 
proteins can regulate immune responses, cell proliferation, migra- 
tion and apoptosis [5]. Thus, alterations in gap junction profile and 
expression levels are also observed in hyperproliferative skin disor- 
ders, fibrotic disorders, wound healing, lymphatic vessel diseases, 
inflammatory lung diseases, liver injury and neoplastic disorders. 
Modulating the function or expression of connexins, such as with 
the use of synthetic mimetic peptides and small interfering RNA 
(siRNA) technology, may have therapeutic value. 


Tight junctions 


Tight junctions are the major regulators of permeability in simple 
epithelia, but they are also present in the skin, with a key role 
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Figure 2.28 Formation and structure of gap junctions in human skin. (a) In the Golgi 
network six connexin subunits assemble to form a connexon. The connexon is then 
transported to the plasma membrane. Other connexons then co-aggregate to form 
homotypic or heterotypic gap junctions. (b) The gap junction protein is a 
transmembranous molecule with intracellular, transmembranous and extracellular 
domains (here illustrated for Cx26). 


in skin barrier integrity and maintaining cell polarity [1]. Tight 
junctions regulate the paracellular flux of water-soluble molecules 
between adjacent cells [2]. In skin, they are located between the 
first and second layers of the granular cell layer. Tight junctions are 
highly dynamic structures: spatiotemporal regulation of dynamic 
tight junction replacement from cell to cell maintains skin barrier 
homeostasis, despite continuous cellular turnover [2]. 

The principal structural proteins of tight junctions are the 
claudins, of which there are approximately 24 subtypes. The 
other component transmembranous proteins are the IgG-like family 
of junctional adhesion molecules (JAMs) and the occludin group 
of proteins. Seven claudins are expressed in human epidermis, 
although the main claudins are 1 and 4. These transmembranous 
proteins do not bind to one another, but the claudins and occludins 
can bind to the intracellular zonula occudens proteins ZO-1, ZO-2 
and ZO-3. These proteins can also interact with actin, thus providing 
a direct link with the cytoskeleton [1,3]. The structural organisation 
of a tight junction is shown in Figure 2.29. 
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Figure 2.29 Structural composition of a tight junction in human skin. There are three 
transmembranous families of proteins, the junctional adhesion molecules AMs), the 
claudins and the occludins, of which the latter two bind to zonula occludens proteins 
(ZOs) and then directly to actin. MUPP1, multiple PDZ domain protein; MAGI, 
membrane-associated guanyl kinase inverted protein. 


Mutations in claudin 16 (also known as paracellin-1) result in 
familial hypomagnesaemia with hypercalciuria and nephrocalci- 
nosis; mutations in claudin 14 underlie the autosomal recessive 
deafness disorder DFNB29 leading to cochlear hair cell degenera- 
tion; mutations in claudin 19 result in renal and ocular disease [4]. 
In addition, the gene encoding the ZO-2 protein may be mutated 
in some cases of familial hypercholanaemia. With respect to skin, 
mutations in claudin 1 have been demonstrated in a few indi- 
viduals with neonatal ichthyosis sclerosing cholangitis (NISCH) 
syndrome [5]. Collectively, these human genetic disorders, all of 
which are autosomal recessive in nature, demonstrate the key role 
tight junctions play in the skin, kidney, ear, eye and liver. 


Dermal-epidermal basement membrane 


The interface between the lower part of the epidermis and the top 
layer of the dermis comprises the dermal—-epidermal basement 
membrane zone (BMZ), which consists of a number of extracellular 
matrix macromolecules (Box 2.1; Figure 2.30) [1]. Many of these 
components are glycoproteins, and the BMZ can be recognised 
histologically by positive labelling with periodic acid—Schiff (PAS) 
stain. Ultrastructural examination of the BMZ by transmission 
electron microscopy shows the presence of two distinct layers with 
different optical densities (Figure 2.31) [2]. 


Box 2.1 Molecular components of the epidermal 
basement membrane zone 


Intermediate filament (IF) components 
° Keratin 5 
° Keratin 14 


Hemidesmosomal plaque components 

¢ 230 kDa bullous pemphigoid antigen (BP230/BPAG1/epithelial 
dystonin) 

e Plectin 


Focal adhesion components 

e Actin 

¢ Talin 

¢ Kindlin-1 (fermitin family homologue-1) 
e Vinculin 


Transmembrane components 

¢ a6B4 integrin 

¢ CD151 tetraspanin 

¢ Type XVII collagen (180 kDa bullous pemphigoid antigen /BPAG2) 
* 0361 integrin 

¢ Type XIII collagen 

¢ Syndecans 1 and 4 


Lamina lucida/lamina densa components 
¢ Laminin 332 (laminin 5) 

e Laminin 311 (laminin 6) 

e¢ Laminin 511 (laminin 10) 


Lamina densa components 
¢ Type IV collagen 

e Laminin 111 (laminin 1) 
¢ Nidogen 

¢ BM-40/SPARC 

e Perlecan 


Anchoring fibril components 
¢ Type VII collagen 
¢ GDA-J/F3 antigen 


The upper layer, the lamina lucida, is a less electron-dense region 
and directly abuts the plasma membranes of the basal keratinocytes. 
Below the lamina lucida is the lamina densa, an electron-dense 
region that at the lower part interacts with the mesenchymal matrix 
of the upper dermis. The major biochemical components of the 
BMZ are type IV collagen and a number of non-collagenous glyco- 
proteins, including laminin 322. Associated with the cutaneous 
BMZ are ultrastructurally recognisable attachment structures that 
form a contiguous network extending from the intracellular milieu 
of basal keratinocytes through the plasma membrane of basal cells, 
traversing the dermal-epidermal basement membrane and extend- 
ing to the upper papillary dermis (Figure 2.30). The components 
of this network are the hemidesmosomes, anchoring filaments and 
anchoring fibrils. The biochemical components of the BMZ are 
synthesised by basal keratinocytes and dermal fibroblasts, which 
both contribute to the development and repair of the basement 
membrane. Focal adhesions at the dermal-epidermal junction 
anchor the actin microfilaments but are not visible by transmission 
electron microscopy. 
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Figure 2.30 Structural components at or close to the dermal-epidermal junction that have physiological or disease relevance to maintaining adhesion at the dermal-epidermal 


junction and signalling between the epidermis and dermis. The colours denote the component involved in the pathobiology of the different forms of the inherited blistering skin 


disease epidermolysis bullosa (EB). Adapted from Bardhan et a/. 2020 [1]. 


Figure 2.31 Transmission electron microscopy of the dermal-epidermal junction in 
human skin recognising hemidesmosomes (HD), anchoring filaments (Afl) and anchoring 
fibrils (Afb). The HD consists of an intracellular inner plaque (IP) and outer plaque (OP) as 
well as a sub-basal dense plate (SBDP) in the upper lamina lucida (LL). The anchoring 
filaments traverse the LL, appearing as thread-like structures that concentrate under the 
HDs and merge with the lamina densa (LD). Anchoring fibrils extend from the lower part 
of the LD to the upper papillary dermis where they closely associate with interstitial 
collagen fibres (Col). Keratin intermediate filaments (KIFs) associate with intracellular 
components of the HDs. Scale bar 0.25 jm. Courtesy of Professor R. A. J. Eady, St John’s 
Institute of Dermatology, King’s College London, UK. 


The critical importance of this network structure in securing the 
adherence of the epidermis to the underlying dermis is reflected 
in the group of diseases, epidermolysis bullosa, in which compo- 
nents of the hemidesmosomes, anchoring filaments or anchoring 
fibrils are genetically altered or missing. As a result, fragility at 
the dermal-epidermal junction ensues, clinically manifesting as 
erosions and blisters following minor trauma [3,4]. 


Basement membrane collagen 


The major component of the dermal—-epidermal basement mem- 
brane is type IV collagen, a heterogeneous group of macromolecules 
that are present in diverse combinations in various basement mem- 
branes (Figure 2.32) [1]. Like all collagens, each type IV collagen 
molecule consists of three polypeptide subunits, known as a-chains. 
Some collagen molecules are homopolymers, that is the three 
a-chains are genetically identical, as in the case of type I, III and 
VII collagens. Others are heteropolymers so that there are two 
or even three different kinds of polypeptides, as for example in 
type I and type VI collagens. For type IV collagen, there are six 
genetically distinct but structurally related o-chains, and the pre- 
cise composition of the «-chains varies with the tissue location of 
the basement membranes. In the case of the cutaneous BMZ, the 
major type IV collagen consists of «1 and «2 chains, with the chain 
composition [ol(IV)],«2([V), although other type IV collagen 


Figure 2.32 Immunofluorescence staining of the dermis and cutaneous basement 
membrane zone with an antibody for type IV collagen. Note positive staining at the 
dermal-epidermal basement membrane and around the dermal blood vessels. Original 
magnification 250x. 


subunit polypeptides are also present in lower quantities. The «3 
chain of type IV collagen has been shown to be the antigen recog- 
nised by circulating autoantibodies characteristic of Goodpasture 
syndrome, while structural aberrations in the «5 chain of type IV 
collagen are associated with Alport syndrome [2,3]. Autoantibodies 
against «5 and «6 chain epitopes have also been reported in patients 
with glomerulonephritis and subepidermal blistering [4]. 

The characteristic fibre structure of interstitial collagens, as 
exemplified by type I collagen, results from the lateral aggre- 
gation of individual molecules in a quarter stagger array; this 
gives rise to a 640 A cross-striation pattern when examined by 
transmission electron microscopy (Figure 2.33). In the case of type 
IV collagen, the non-collagenous globular domains at both the 
amino and carboxyl ends of the individual collagen molecules 
interact to form dimers and tetramers which then assemble into 
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Figure 2.34 Assembly of type IV and type VII collagen molecules into supramolecular 
structures. The red rectangles represent intermolecular disulphide bonds. 


lattice-like structures and associate laterally in a complex hexagonal 
arrangement (Figure 2.34). This arrangement allows the basement 
membrane structure to be highly flexible and makes interactions 
with other collagenous and non-collagenous basement membrane 
components possible [1]. 


Laminins 


Other components that contribute to the cutaneous BMZ include 
members of the laminin family of multidomain proteins. As many as 
16 different laminins have been identified thus far and at least four of 


(b) 


Figure 2.33 Demonstration of periodicity in collagen fibres of 640 A. (a) Collagen fibrils in the reticular dermis show a characteristic banding pattern after standard processing and 
staining with uranyl acetate and lead citrate for transmission electron microscopy. Scale bar 0.1 pm. (b) Transmission electron micrograph of a shadowed replica of unfixed, 
freeze-frozen and surface-sublimated rat-tail tendon collagen showing the step-like banding of the fibres. Original magnification 40 500x. Courtesy of G. A. Meek. 
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Table 2.1 Chain composition of the major laminins in the skin. 


Chain Old Distribution in 
Type composition designation basement membranes 
111 aiply1 1 Blood vessels, LD 
332 03B3y2 5 LU/LD 
311 036171 6 LU/LD 
511 a5p1y1 10 LU/LD 


LD, lamina densa; LL, lamina lucida. 


them are physiologically present in the skin in significant quantities 
(Table 2.1) [1,2]. Each laminin molecule consists of three polypep- 
tide subunits, a-, B- and y-chains, which form a cruciform structure 
with three short arms and one long arm when visualised by rotary 
shadowing electron microscopy (Figure 2.35). 

The short arms represent the N-terminal segments of the a-, 
B- and y-chains. The long arm consists of an extended rod-like 
structure of the triple-stranded, coiled-coil domain of all three 


chains. This domain serves as the site of chain assembly of the 
three subunit polypeptides. The a-chain contains an additional 
C-terminal segment that has five globular segments located at the 
tip of the long arm, known as the G domain. The major laminin 
within the cutaneous BMZ is laminin 332, previously known as 
laminin 5 (Figure 2.36). In addition, laminin 311 and laminin 511 are 
integral components of the cutaneous BMZ, while laminin 111 is 
also present in basement membranes of the blood vessels in human 
dermis [3]. 

The cell binding of laminins is mediated by integrins, a family 
of cellular receptors, each consisting of two subunit polypeptides 
(Figure 2.37). Integrins also mediate outside-in signal transduction 
elicited by laminins and regulate cell migration, proliferation, differ- 
entiation and adhesion [4]. The principal integrin in the cutaneous 
BMZ is the «664 integrin, which is critical for the adhesion of basal 
cells to the underlying BMZ. 

The cruciform structure of laminins contains both globular and 
rod-like segments that have been individually implicated in various 
functions, including interactions with other extracellular matrix 
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Figure 2.35 Different isoforms and domain organisations of laminin, each consisting of three distinct subunit polypeptides, «-, B- and y-chains. The LE modules are formed by 
approximately 60 residues each and have homology to epidermal growth factor. The LN and L4 modules are folded into globular structures located between the LE modules (domain 
IV) or at the amino terminus of each chain (domain VI). The coiled-coil central region, comprising all three polypeptides, is represented as vertical straight lines. Note the presence of a 
G domain consisting of five globular segments (LG) at the carboxy terminus of the «-chains. Adapted from Aumailley and Rouselle 1999 [8] with permission of Elsevier. 


Hemidesmosomes 5 


Figure 2.36 (a) Laminin 332 expressed in the cutaneous basement membrane zone. (b) 
Immunogold electron microscopy using an antibody to the y2 chain of laminin 332 
showing labelling at the lamina lucida-lamina densa interface below a hemidesmosome. 
Scale bar 50 nm. 


molecules, such as the hemidesmosomal components and type VII 
collagen, as well as in cell attachment and spreading, neurite out- 
growth and cellular differentiation. Collectively, the laminins play 
vital roles in the development and maintenance of the supramolec- 
ular organisation of the basement membrane [5]. The critical role 
of laminin 332 in providing integrity to the cutaneous BMZ is 
evident by observations that genetic mutations in any of the three 
polypeptide subunits — that is the LAMA3, LAMB3 or LAMC2 genes 
which encode the «3, 63 and y2 chains, respectively — can result 
in junctional forms of epidermolysis bullosa (EB) with profound 
fragility of the skin. Furthermore, mutations in the ITGA6 and 
ITGB4 genes — encoding the a6 and 64 subunit polypeptides of 
integrin, respectively — cause a form of junctional EB frequently 
associated with pyloric atresia [6]. 

Other BMZ components at the dermal—epidermal junction include 
a glycoprotein known as nidogen (previously called entactin) that 
interacts with type IV collagen either alone or as a laminin-nidogen 
complex (Figure 2.38) [7]. Nidogens are a family of highly con- 
served, sulphated glycoproteins within a spectrum of binding 
proteins. Although nidogens are an abundant component of var- 
ious basement membranes, genetic analyses have shown that 
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Figure 2.38 Model of nidogen, containing subdomains with predicted binding activities 
to type IV collagen, proteoglycans and laminin 1. EF and Ca refer to putative 
calcium-binding sites; RGD is a putative cell-binding sequence. EGF, epidermal growth 
factor. Adapted from Niessen et a/. 1994 [9] with permission of Elsevier. 


they are not required for the overall architecture of the basement 
membrane. Instead, nidogens appear to play a critical role in the 
development of basement membranes in tissues undergoing rapid 
growth or turnover. 

Another class of integral basement membrane component is that 
of the heparan sulphate proteoglycans (HSPGs). These molecules 
consist of a core protein with different numbers of covalently 
associated heparan and sulphate chains that make these molecules 
highly negatively charged and hydrophilic. These proteoglycans 
can interact with several other basement membrane components 
and are likely to contribute to the overall architecture of the base- 
ment membrane. Specific cell surface HSPGs are found also on 
the surface of epithelial cells and possibly mediate cell—matrix 
interactions. 


Hemidesmosomes 


The dermal—epidermal junction of skin is characterised by the pres- 
ence of specific structures that are critical for the functional integrity 


repeats 


Figure 2.37 Molecular composition, domain organisation and 
functions of the «6£4 integrin, the main keratinocyte integrin in 
hemidesmosomes. This integrin is important in hemidesmosome 
assembly and protein-protein interactions. FN, fibronectin. 
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of the skin. These ultrastructurally recognisable components include 
hemidesmosomes, anchoring filaments and anchoring fibrils. The 
molecular composition and the specific domain organisations of the 
component macromolecules have been largely characterised (see 
Figures 2.30 and 2.31). 

The hemidesmosomes are seen ultrastructurally as electron-dense 
attachment complexes, which extend from the intracellular 
compartment of the basal keratinocytes to the lamina lucida in 
the upper portion of the dermal-epidermal basement membrane 
[1]. The intracellular domains of hemidesmosomes within the 
basal keratinocytes attach to the keratin intermediate filament 
network, while in the extracellular space within the lamina lucida 
the hemidesmosomes are contiguous with anchoring filaments; this 
unit is termed the hemidesmosome-anchoring filament complex. 

The inner plaques of hemidesmosomes contain plectin, a large 
intracytoplasmic adhesion molecule, and the 230 kDa bullous 
pemphigoid antigen, a non-collagenous protein of the plakin fam- 
ily. The 180 kDa bullous pemphigoid antigen, a transmembrane 
collagenous protein, also known as type XVII collagen, interacts 
with «664 integrin and extends from the intracellular compart- 
ment of basal cells to the extracellular space, thus stabilising the 
association of basal keratinocytes to the underlying basement 
membrane. 

Attesting to the critical importance of the hemidesmosomes in 
providing stability to the association of basal keratinocytes with 
the underlying BMZ is the finding that mutations in the genes 
encoding hemidesmosomal proteins have been shown to result in 
different forms of EB (see Figure 2.31) [2]. The causative nature of 
the mutations in these hemidesmosomal genes has been verified 
by the development of targeted mutant (knock-out) mouse models, 
which frequently recapitulate the clinical, genetic, histological and 
ultrastructural features encountered in patients with EB [3]. 

The hemidesmosomes are complexed with anchoring filaments, 
which are thread-like structures that tend to coalesce below 
the hemidesmosomal outer plaques (see Figure 2.31). Electron 
microscopy and immunohistochemical analyses have suggested 
that laminin 332 may be the major component of the anchoring 
filaments, although the presence of additional molecules has also 
been suggested. As indicated, laminin 332 is a disulphide-bonded 
complex of «3, B3 and y2 chains that associate into a trimeric, cruci- 
form structure. After the initial assembly, the «3 and y2 chains 
are proteolytically processed, and many of the conformational 
epitopes are recognised by specific antibodies. Complete absence 
of any of the three subunit polypeptides of laminin 332, due to 
loss-of-function mutations in both alleles of the corresponding 
gene, results in severe generalised junctional EB [1]. Since laminin 
332 binds to «684 integrin in the hemidesmosomes and to type VII 
collagen in the anchoring fibrils, the severity of skin fragility in 
this form of EB apparently reflects the loss of its ability to bridge 
the hemidesmosomes and the anchoring fibrils. This results in a 
separation of the epidermis from the dermis within the lamina 
lucida as a result of minor trauma to the skin. 


Focal adhesions 


Focal adhesions, also known as focal contacts, are large multiprotein 
cell matrix adhesion complexes, which regulate multiple cellular 


functions, such as adhesion and migration [1]. They also transmit 
mechanical forces and regulatory signals between the extracellular 
matrix and an interacting cell. Found at the dermal-epidermal junc- 
tion in skin, they are also present in cell matrix interactions in other 
tissues, such as kidney and lung. Two key proteins within focal 
adhesions are talin and vinculin, which connect integrin (mainly 
the «361 integrin complex) to actomyosin networks in the cell. Both 
proteins bind to F-actin and each other, providing a foundation 
for network formation within the focal adhesion complex. The 
biological significance of focal adhesions in skin and other organs 
is underscored by two genetic disorders, Kindler epidermolysis 
bullosa and the interstitial lung disease, nephrotic syndrome and 
epidermolysis bullosa (ILNEB) syndrome, in which mutations affect 
focal adhesion proteins, fermitin-1 (kindlin-1) and the integrin «3 
subunit, respectively [2]. 


Anchoring fibrils 


Anchoring fibrils are ultrastructurally recognisable, U-shaped 
structures that extend from the lower part of the lamina densa to the 
upper reticular dermis (Figure 2.39). Type VII collagen is the major, 
if not the exclusive, component of anchoring fibrils [1]. Individual 
collagen molecules are approximately 450 nm long, consisting of 
a central, triple helical segment flanked by non-helical globular 
domains at each end of the triple helix: NC1 at the amino terminus 
and NC2 at the carboxy terminus of the molecule (see Figure 2.34). 
In addition, the triple helical segment of type VII collagen contains 
imperfections in the triple helix, including a central 39 amino acid 
non-collagenous segment. These interruptions in the glycine-X-Y 
sequence are thought to provide flexibility to the type VII collagen 
molecules. 

The gene encoding type VII collagen (COL7A1) is extremely 
complex, consisting of 118 exons on the short arm of human chro- 
mosome 3 [2]. Type VII collagen is synthesised by both dermal 
fibroblasts and epidermal keratinocytes, although the basal cell 
appears to be the major source of type VII collagen during the early 
prenatal development of skin. Upon secretion to the extracellular 


Figure 2.39 Transmission electron microscopy of the dermal-epidermal junction 
revealing wheatsheaf-shaped anchoring fibrils beneath the lamina densa. These fibrils 
help secure adhesion between the epidermal basement membrane and interstitial 
collagens within the dermis. Scale bar = 100 nm. 


Extracellular matrix 


space, two type VII collagen molecules align into an antiparallel 
dimer with overlapping NC2 domains, and after partial proteolysis 
of the NC2 domain, the dimer is stabilised by intermolecular disul- 
phide bonds. Subsequently, several type VII molecules laterally 
aggregate to form anchoring fibrils in which the NC1 domains at 
both ends attach to the basement membrane. The U-shaped loops 
then entrap, and possibly interact with, large interstitial collagen 
fibres consisting of type I, III and V collagens [3]. In addition to 
type VII collagen, anchoring fibrils have been suggested to have a 
component recognised by a monoclonal antibody GDA-J/F3 which 
was initially raised against sperm cells. While this epitope has not 
been well characterised, it has been suggested to be a type VII 
collagen-associated protein whose expression is altered in recessive 
dystrophic epidermolysis bullosa. 

The critical importance of the anchoring fibrils in securing the 
adhesion of the dermal-epidermal basement membrane to the 
underlying dermis as well as in wound healing is illustrated by 
the dystrophic forms of EB [4]. Specifically, a complete absence of 
type VII collagen results in severe forms of recessive dystrophic 
EB with fragility of the skin and mucous membranes, leading to 
mutilating scarring of the hands and feet. Missense mutations, 
particularly glycine substitution mutations, can result in somewhat 
milder, dominantly inherited dystrophic EB [5]. 


Extracellular matrix 


The major component of human skin is the dermis, demar- 
cated on the top by the lamina densa in the lower border of 
the dermal-epidermal basement membrane and at the bottom by 
the subcutis. In contrast to the epidermis, the dermis is largely acel- 
lular and consists primarily of the extracellular matrix of connective 
tissue, a complex meshwork of various macromolecules. There are 
four major classes of extracellular matrix components: (i) collagen 
fibres, which provide tensile strength to allow the skin to serve as 
a protective organ against external trauma; (ii) elastic structures, 
which provide elasticity and resilience to normal human skin; (iii) 
non-collagenous glycoproteins, such as fibrillins, fibulins and inte- 
grins, which often serve as organisers of the matrix and facilitate 
cell—matrix interactions; and (iv) proteoglycan/glycosaminoglycan 
macromolecules, which provide hydration to the skin [1]. The 
maintenance of proper quantities and appropriate interactions 
between the extracellular matrix components is a prerequisite for 
the physiological homeostasis of the dermis. 

The major extracellular matrix component in the dermis is 
collagen, which comprises a family of closely related yet genetically 
distinct proteins [1-4]. The major collagen fibres in the dermis 
provide tensile strength to the skin to serve as a protective organ 
against external trauma (Figure 2.40). A characteristic feature of 
all collagens is the triple helical conformation, which is predicated 
upon the primary amino acid sequence of the subunit polypeptides, 
a-chains, depicting a repeating glycine-X-Y sequence. The collagens 
also demonstrate non-collagenous flanking segments at the ends 
of the individual molecules. Currently, 29 distinct collagens have 
been identified in vertebrate tissues, and have been characterised to 
the extent that they are referred to by Roman numeral designation 


Figure 2.40 Transmission electron micrograph of a section of dermis from the human 
forearm showing bundles of collagen fibres, in both transverse and longitudinal 
sections. Original magnification 4900x. Courtesy of Professor A. S. Breathnach. 


Table 2.2 Genetic heterogeneity of collagens. 


Collagen Chain Supramolecular Tissue 

type composition assembly distribution? 

| o1(1)], 0r2(|) Fibrillar Dermis, bone, tendons 

Il 1 (IIl)]5 Fibrillar Blood vessels, Gl tract 

IV (val (IV)], «2(Iv)P Basement membrane Ubiquitous 

Vv a1 (V)},02(V)P Fibrillar Ubiquitous 

Vi al (Vi)a2(Vi)a3(VI)JP — Microfibrils Ubiquitous 

Vil a1 (VIl)], Anchoring fibrils Epithelial basement 
membranes 

VIII a1 (VIII), Network forming Endothelia 

XIll 1 (XIN), Transmembrane Ubiquitous, including 
epidermis 

XIV a (XIV)], FACIT Skin, cornea 

XV al (XV)]5 Basement membrane Ubiquitous 

XVII a1 (XVIII Transmembrane Hemidesmosomes 

XXIX Unknown Unknown Epidermis 


? Distribution in the skin and other major tissues is indicated; lesser amounts may be 
present in other tissues. 

> Additional a-chains have been identified. 

FACIT, fibril-associated collagens with interrupted triple helices; Gl, gastrointestinal. 


(I-XXIX) in the order of their discovery, many of them being present 
in the skin (Table 2.2). 

All collagen molecules consist of three subunit polypeptides, 
which can either be identical as homotrimers or can consist of two 
or even three genetically different polypeptides in heterotrimeric 
molecules. Since the different subunits are all distinct gene prod- 
ucts, there are over 40 different genes in the human genome that 
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encode the different subunit polypeptides, the a-chains, of these 
distinct collagens. 


Collagens 


On the basis of their fibre architecture in tissues, the genetically 
distinct collagens can be divided into different classes [1]. Types 
I, IL WL, V and IX align into large fibrils and are designated as 
fibril-forming collagens. Type IV is arranged in an interlacing 
network within the basement membranes, while type VI is a dis- 
tinct microfibril-forming collagen, and type VII collagen forms 
anchoring fibrils. FACIT collagens (fibril-associated collagens with 
interrupted triple helices) include types IX, XII, XIV, XIX, XX and 
XXI. Many of the latter collagens associate with larger collagen 
fibres and serve as molecular bridges, stabilising the organisation 
of the extracellular matrices [2]. The major collagens significantly 
contributing to skin physiology and pathology are presented in 
Table 2.2. Other collagen types, including types IL, IX, X, XI, XIX, XX 
and XXI, are not discussed in detail because they are not present in 
the skin to a significant extent or their participation in maintaining 
skin physiology is unclear. 

Type I collagen, the most abundant form, is the predominant 
collagen in human dermis, accounting for approximately 80% of 
the total collagen. Type I collagen contains two different kinds of 
a-chain with an [a1(I)],a2(I) stoichiometry. A collagen consisting 
of three identical «1(I) chains has also been identified (so-called «1(I) 
trimer), but it appears to be only a minor component of connective 
tissue in the skin. Type I collagen associates with type III collagen 
to form broad, extracellular fibres in the human dermis. Mutations 
in type I and III collagens, or in their processing enzymes, can 
result in connective tissue abnormalities in the different forms of 
Ehlers—Danlos syndrome, and mutations in the type I collagen 
gene are responsible for the fragility of bones in osteogenesis 
imperfecta [3]. 

Type II collagen accounts for about 10% of the total bulk of 
collagen found in adult human dermis. It was originally shown 
to predominate in human skin during embryonic development, 
but during the early postnatal period type I collagen synthesis 
accelerates, resulting in the ratio of type I to type III collagen in the 
adult human skin being approximately 8 : 1. Type III collagen is 
most prominent in vascular connective tissues, the gastrointestinal 
tract and the uterus. It consists of three identical a-chains, «1(IID), 
and mutations in the type III collagen gene can cause the vascular 
type of the Ehlers—Danlos syndrome [4]. 

Type IV collagen is a basement membrane collagen present 
within the dermal-epidermal junction as well as in the vascular 
basement membranes. The predominant form of type IV collagen 
in human skin is a heterotrimer of [a1(IV)],a2(IV), although occa- 
sional homopolymers from these two chains may be assembled. 
The type IV collagen molecule is characterised by the presence of 
non-collagenous interruptions within the triple helical domains, 
thus conferring flexibility to the molecule. In addition to a1(IV) 
and a2(IV) chains, four other polypeptides of type IV collagen 
have been identified [5]. Type IV collagen molecules containing 
these polypeptides are present primarily in the glomerular base- 
ment membranes, and their importance for renal physiology is 


attested by the fact that mutations in the gene encoding the «5(IV) 
polypeptide result in Alport syndrome. The «3(IV) chain harbours 
the epitopes recognised by antibodies in Goodpasture syndrome, 
and the a5 chain of type IV collagen has been shown to be a target 
of circulating autoantibodies in a novel autoimmune disease with 
subepidermal blisters and renal insufficiency. 

Type V collagen consists of interrelated collagens containing 
four different types of a-chains. Type V collagen is present in most 
connective tissues, including the dermis, where it represents less 
than 5% of the total collagen. Type V collagen is located on the 
surface of large collagen fibres in the dermis, and its function is 
to regulate the lateral growth of these fibres. Thus, in the absence 
of type V collagen, the collagen fibre diameter is variable and the 
contour of the individual fibres can appear irregular, some of them 
having ‘flower-like’ morphology in cross-section. The importance 
of type V collagen in contributing to connective tissue stability 
is attested by the fact that mutations in the type V collagen gene 
underlie most patients with classic, autosomal dominant forms of 
Ehlers—Danlos syndrome [6]. 

Type VI collagen, as originally discovered, consists of three dis- 
tinct a-chains, «1(VI), «2(VI) and 03(VI), which fold into a relatively 
short, triple helical domain and contain large globular domains 
at both ends. More recently, three additional o-chains have been 
suggested to belong to the type VI family of collagens. Type VI 
collagen is a relatively minor collagen in human dermis, where it 
assembles into thin microfibrils independent of the broad collagen 
fibres, which consist primarily of type I and type III collagens. 
The microfibrillar network has an anchoring function, stabilising 
the assembly of collagen fibres as well as basement membranes. 
Mutations in the three type VI collagen genes can lead to different 
forms of muscular dystrophy with little effect on the physiology of 
skin [7]. 

Type VII collagen, the major if not the exclusive component of 
anchoring fibrils, consists only of one type of «1 chain, «1(VII). 
This polypeptide has a characteristic modular structure, with the 
central collagenous domain being flanked by amino-terminal (NC1) 
and carboxy-terminal (NC2) collagenous domains with homol- 
ogy to known protein sequences. Type VII collagen molecules 
become organised into anchoring fibrils through the formation of 
antiparallel dimers linked through their carboxy-terminal ends 
(see Figure 2.34). The large amino-terminal, non-collagenous NC1 
domains interact with type IV collagen and laminin 332 at the 
dermal-epidermal basement membrane, forming U-shaped loops 
that entrap larger fibres in a manner that stabilises the associa- 
tion of the lower part of the lamina densa to the upper papillary 
dermis (see Figure 2.39). Consequently, altered primary struc- 
ture, reduced level of expression or changes in the molecular 
interactions of type VII collagen with other basement membrane 
components can result in skin fragility, as exemplified by the dys- 
trophic forms of EB [8]. In addition to the heritable forms of EB, 
type VII collagen serves as an autoantigen in the autoimmune 
blistering skin disease EB acquisita, with the majority of the 
antigenic epitopes residing within the NC1 domain [9]. 

Type XVII collagen was initially identified as the 180 kDa bullous 
pemphigoid antigen (BPAG2) recognised by circulating autoanti- 
bodies in the sera of patients with bullous pemphigoid or herpes 
gestationis. Subsequent characterisation of the protein and the 
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Figure 2.41 Type XVII collagen, a transmembrane protein in type 2 orientation. Note 
that the ectodomain traversing the lamina lucida contains 15 distinct triple helical 
collagenous segments (COL1-15). The non-collagenous segment between COL15 and 
the transmembrane domain, NC16A, harbours the major epitopes recognised by 
autoantibodies in bullous pemphigoid. ADAMTS, a disintegrin and metalloproteinase 
with thrombospondin motifs family of proteases, cleaves the protein at a sequence in the 
NC16A, resulting in release of the ectodomain. Adapted from Powell et a/. 2005 [12]. 


corresponding gene has indicated that BPAG2 is, in fact, a col- 
lagenous molecule consisting of 15 collagenous domains with 
characteristic Gly-X-Y repeat sequences which form triple helices 
(Figure 2.41) [10]. Type XVII collagen is a transmembrane protein 
in type 2 topography, that is the amino-terminal segment of the 
molecule is intracellular while the carboxy-terminal ectodomain, 
containing the collagenous segments, is in the extracellular space. 
In the extracellular space, just adjacent to the plasma membrane is 
a non-collagenous peptide domain, NC16A, which serves as a site 
of proteolytic cleavage leading to release of the soluble ectodomain 
(Figure 2.41). This cleavage results in the generation of neoepi- 
topes which will be recognised by circulating autoantibodies in 
bullous pemphigoid. The importance of type XVII collagen to the 
stability of the dermal—epidermal junction is attested to by the fact 
that mutations in the corresponding gene (COL17A1) result in an 
intermediate variant of junctional EB. Type XVII collagen is also 
implicated in skin ageing and hair greying [11]. 


Collagen biosynthesis 


The genetically distinct collagens demonstrate considerable tissue 
specificity and, accordingly, they are synthesised by a number of 
different cell types, including dermal fibroblasts, epidermal ker- 
atinocytes, vascular endothelial cells and smooth muscle cells. The 
individual a-chains are initially synthesised as precursor molecules, 
pro-a-chains, with non-collagenous extensions at the ends of the 
collagenous domain (Figure 2.42). 

While in the rough endoplasmic reticulum, three individual 
pro-a-chains assemble into a trimeric molecule through interactions 
of the non-collagenous sequences at the carboxy-terminal end. 
Upon completion of the prolyl hydroxylation reactions, the collage- 
nous domains of the a-chains fold into a triple helical conformation, 


and the collagen molecules are then secreted through Golgi vesi- 
cles into the extracellular milieu. In the extracellular space, in the 
pericellular milieu, parts of the non-collagenous peptide extensions 
are cleaved by specific proteases. Specifically, the amino-terminal 
propeptides are cleaved by procollagen N-proteinases, including 
ADAMTS2, -3 and -14, while the carboxy-terminal propeptide is 
removed by C-proteinases of the tolloid family. This procollagen to 
collagen conversion allows the collagen molecules then to assemble 
into their tissue-specific supramolecular organisation. For example, 
the fibrillar collagens align into a characteristic quarter-stagger 
arrangement and form fibres, the growth occurring at the tip of the 
growing fibre. The coarse collagen fibres in the mid-dermis consist 
primarily of type I and III collagens, and type V collagen associates 
with them on the surface of the fibre so as to regulate the diameter 
of the growing fibre. Type VII collagen assembles into centrosym- 
metrical anchoring fibrils within the dermal-epidermal BMZ, and 
type XVII collagen assumes a transmembrane type 2 orientation 
as a component of the hemidesmosomes. A characteristic feature 
of collagen is the presence of hydroxyproline and hydroxylysine 
residues, two amino acids that are post-translationally synthe- 
sised by hydroxylation of proline and lysine residues, respectively 
(Figure 2.43) [1]. 

These hydroxylation reactions are catalysed in the rough 
endoplasmic reticulum by prolyl and lysyl hydroxylases, respec- 
tively, enzymes that require ascorbic acid, molecular oxygen and 
ferrous iron as cofactors. The hydroxylation of prolyl residues is 
necessary for the stabilisation of the triple helical conformation at 
physiological temperatures, and hydroxylysy] residues are required 
for the formation of stable covalent cross-links. Thus, for example, 
as a result of ascorbic acid deficiency in scurvy, the hydroxylation 
reactions are suboptimal, the newly synthesised collagen is poorly 
functional, and clinically scurvy manifests with connective tissue 
weakness. Similarly, low oxygen tension in chronic ulcers and 
wounds due to poor circulation may impair collagen production, 
resulting in poor healing. Finally, deficiency in lysyl hydroxylation 
due to non-functional lysyl hydroxylase results in the kyphoscoliotic 
type of Ehlers—Danlos syndrome. 

Hydroxylation of the lysyl residues is followed by O-glycosy- 
lation, catalysed first by galactosyltransferase, which adds a galac- 
tosyl residue to the hydroxyl group of hydroxylysine, followed by 
a glucosyltransferase reaction to form glucosyl-galactosyl-hydroxy- 
lysine in O-glycosidic linkage. Additional glycosylation in N- 
glycosidic linkage will take place on the non-collagenous exten- 
sions at the end of the triple helical molecule, but the functional 
significance of these glycosylation reactions is currently unclear. 


Collagen biology 


The regulation of collagen gene expression must be tightly con- 
trolled to maintain normal amounts and ratios of genetically distinct 
collagens under physiological conditions. At the same time, regula- 
tory mechanisms need to be responsive to rapid collagen synthesis 
in repair processes, such as wound healing. On the other hand, 
uncontrolled collagen synthesis can lead to excessive accumulation 
of collagen in fibrotic diseases, as exemplified by systemic sclerosis, 
keloids and hypertrophic scars [1]. 
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Figure 2.43 Enzymatic hydroxylation of prolyl residues in the Y-position of the 
repeating Gly-X-Y amino acid sequence to form hydroxyproline, an amino acid 
characteristic of collagen. Note that the reaction requires molecular oxygen, ferrous iron, 
a-ketoglutarate («-KG) and ascorbic acid (As.Ac.) as cofactors. 


An important control mechanism is at the level of collagen mRNA 
formation through regulation of the transcriptional activity of the 
corresponding genes. In general, there is a good correlation between 
the rate of collagen biosynthesis and the corresponding procollagen 


Figure 2.42 Steps in the intracellular biosynthesis of triple helical 
type | procollagen, its secretion into the extracellular space, and 
assembly and cross-linking of mature collagen fibres in the 
extracellular space. 


mRNA levels, as demonstrated in several in vitro models, includ- 
ing cultured fibroblasts. The transcriptional regulation of collagen 
gene expression involves both cis-acting elements and trans-acting 
factors. The cis-acting elements, representing nucleotide sequences 
within the regulatory regions of the gene that serve as binding sites 
for trans-acting regulatory proteins, have been identified in most col- 
lagen gene regulatory regions. Such factors can either upregulate or 
suppress the transcriptional promoter activity. An example of such 
trans-acting factors are the retinoic acid nuclear receptors (RAR and 
RXR) that form a complex with the ligand (a retinoid), which then 
binds to the retinoic acid-responsive elements (RARE) in the target 
gene. Retinoids, such as all-trans-retinoic acid, have been shown to 
modulate collagen gene expression both in vitro and in vivo, and qui- 
escent non-proliferating cells can be stimulated by retinoic acid to 
activate type I collagen synthesis. These observations may have rel- 
evance to the elevated rate of collagen synthesis observed in photo- 
damaged dermis treated by the topical application of retinoids 
[2]. All-trans-retinoic acid has also been demonstrated to increase 
the density of anchoring fibrils along the cutaneous BMZ in adult 
human skin, suggesting that retinoids are capable of upregulating 
type VII collagen gene expression. 

Collagen gene expression can also be modulated by several 
cytokines and growth factors, and one of the most powerful 


modulators of connective tissue gene expression is TGF-f [3]. In 
general, TGF-f is profibrotic and it has been shown to upregulate the 
expression of several extracellular matrix protein genes, including 
those encoding collagen types I, III, IV, VI and VII. Elevated levels 
of TGF-B have also been demonstrated in various fibrotic lesions, 
including the skin in systemic sclerosis and keloids. The upregula- 
tory activity of TGF-B can be counteracted by other cytokines, 
including tumour necrosis factor « and interferon y, which 
antagonise the TGF-B action. These cytokines have been tested 
for their efficacy for the treatment of keloids and other fibrotic 
diseases, with variable results. 

A number of hormones clearly regulate collagen gene expression, 
as certain endocrine disorders dramatically change the amount of 
collagen found in connective tissues, including the skin. Gluco- 
corticosteroids also affect collagen biosynthesis; inhibition is 
much more pronounced with fluorinated steroids compared with 
hydrocortisone. The glucocorticosteroid inhibition of collagen 
biosynthesis occurs in lower concentrations at the transcriptional 
level through inhibition of promoter activity. In higher concentra- 
tions and with more potent glucocorticosteroids, inhibition of prolyl 
hydroxylase activity also is evident, leading to deficient hydroxyla- 
tion of collagen polypeptides and subsequently to reduced amounts 
of newly synthesised collagen. These mechanisms would explain 
the connective tissue side effects, such as dermal atrophy, associated 
with intralesional or prolonged topical application of fluorinated 
glucocorticosteroids. 


Collagen cross-linking 


The alignment of collagen molecules into their specific supramolec- 
ular organisation occurs spontaneously, but these fibre structures do 
not attain the necessary tensile strength until the molecules have 
been covalently linked together by specific intra- and intermolec- 
ular cross-links [1]. The most common forms of cross-link in type I 
collagen are derived from lysine and hydroxylysine residues, and 
in some collagens there are also cysteine-derived disulphide bonds. 
The first step in the cross-linking process is enzymatic synthesis of 
aldehyde residues from lysyl and hydroxylysyl residues by removal 
of the e-amino group of these amino acids (Figure 2.44). This oxida- 
tive deamination reaction is catalysed by the lysyl oxidases, a group 
of enzymes that require copper as a cofactor. These enzymes act pri- 
marily upon native collagen fibrils and poorly, if at all, on denatured 
collagen (gelatin) or isolated «-chains. A similar deamination reac- 
tion catalysed by lysyl oxidase occurs also in elastin. 

In addition to the classic human lysyl oxidase, four additional 
lysyl oxidase-like (LOXL1-4) genes/proteins have been identified 
[2]. These lysyl oxidase-like enzymes have been postulated to play 
a role in a number of disease processes, including susceptibility to 
exfoliation glaucoma, cancer biology and age-related changes in the 
cardiovascular system [2]. 


Collagen degradation 


Collagen fibres, once fully matured by the cross-linking pro- 
cesses, are relatively stable and can exist in tissues under normal 
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Figure 2.44 Formation of intermolecular cross-links between individual collagen 
molecules. The cross-linking is initiated by the conversion of lysine or a hydroxylysine 
residue that contains an e-amino group to a corresponding aldehyde (1). The aldehyde 
then reacts with an unmodified e-amino group in an adjacent collagen molecule (II) to 
form a Schiff base-type covalent cross-link (Ill). 


physiological conditions for long periods. However, there is con- 
tinuous, yet slow, degradation and turnover of collagen in normal 
situations, as attested by continuous urinary excretion of hydroxy- 
proline as a marker of collagen degradation. In addition, in cer- 
tain physiological situations, as exemplified by reabsorption of 
the postpartum uterus, and in pathological conditions, such as 
tissue invasion and tumour metastases, degradation of connective 
tissues and particularly collagen is accelerated. There are several 
enzymes that comprise the family of matrix metalloproteinases 
(MMPs), enzymes capable of degrading the extracellular matrix 
components. These proteinase families include the collagenases, 
gelatinases, stromelysins, matrilysins and membrane-type MMPs 
(Figure 2.45) [1,2]. 

Native collagen is resistant to non-specific proteolytic degradation 
in physiological situations because the triple helical conforma- 
tion is not readily degradable by general proteases. However, 
collagenases can degrade collagen triple helix at physiological pH 
and temperature. The vertebrate collagenase was initially isolated 
from tadpole tails which, when cultured upon reconstituted type I 
native collagen substrate, exercise proteolytic activity. Similar tech- 
niques were subsequently employed to demonstrate the presence 
of collagenase in human skin. Interstitial collagenase (MMP1) was 
initially shown to be synthesised as a proenzyme by cultured 
fibroblasts, and later different cell types, including epidermal ker- 
atinocytes, were shown to express a similar or identical enzyme. 
The ability of interstitial collagenase to digest the type I collagen 
triple helix is based on its ability to specifically cleave the «1(I) chain 
at a particular glycine—-isoleucine peptide bond, or the «2(I) chain 
at a glycine-leucine peptide bond. This initial cleavage results in 
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Figure 2.45 Structural organisation of various matrix metalloproteinases (MMPs) 

divided into different subclasses. The signal peptide, propeptide, active catalytic hinge 
and haemopexin regions are indicated. Note that MMP7 lacks the haemopexin region, 
while MMP14-17 harbour membrane-binding sequences at the carboxy-terminal end. 


two degradation products, three-quarters and one-quarter of the 
size of the original collagen molecule. These shortened triple helical 
fragments have a lower helix-to-coil transition temperature (T,,) 
than the full-length molecule. Subsequently, at a body temperature 
of 37°C the triple helix unravels, rendering the individual polypep- 
tides susceptible to general proteolytic degradation. It should be 
noted that type I collagen has several additional glycine—isoleucine 
and glycine-leucine sequences, but these are not susceptible to 
collagenase degradation in this collagen when in the native triple 
helical conformation. A similar enzyme (MMP8) has been identified 
in human neutrophils with comparable degrading characteristics. 
The neutrophil collagenase is stored in neutrophil granules and 
released upon stimulation. MMP1 and MMP8 can, in addition to 
type I collagen, degrade several other collagens, including types III 
and VII. 

Another group of extracellular proteolytic enzymes is that of the 
gelatinases, which can degrade denatured collagen (gelatin) but 
can also cleave certain native collagens, such as types IV, V and 
VIL, with certain interruptions or imperfections in their collagenous 
triple helices, thus allowing the proteolytic cleavage at these sites. 
Basement membrane collagen IV can also be degraded by MMP3 
(stromelysin-1) and MMP10 (stromelysin-2). 

In general, MMPs are synthesised and secreted as inactive pro- 
enzymes, which become activated proteolytically by removal of 
the propeptide. The MMPs are zinc metalloenzymes and require 
calcium for their activity. Consequently, the enzymes can be 
inhibited by chelators of divalent cations and, pharmacologically, 
tetracyclines have been suggested to inhibit MMP proteolytic 
activity due to their ability to bind calcium. The MMPs also have 


specific, small-molecular-weight peptide inhibitors, so-called tissue 
inhibitors of metalloproteinases (TIMPs). These proteins complex 
stoichiometrically with MMPs to prevent the degradative events. 

In normal human skin, several MMPs are synthesised and 
secreted by fibroblasts and keratinocytes. The expression of these 
enzymes is activated in various pathological situations, including 
the invasion and metastasis of cutaneous malignancies, as well 
as during dermal wound healing and epidermal regeneration [3]. 
Finally, proteolytic enzymes play a pathophysiological role in tis- 
sue separation in a number of blistering diseases, such as bullous 
pemphigoid, dermatitis herpetiformis and epidermolysis bullosa 
acquisita. 

Another metalloproteinase family has been designated as 
ADAMTS (a disintegrin and metalloproteinase with thrombo- 
spondin motifs family of proteases) [4]. The prototype, ADAMTS-1 
gene can be induced by IL-1 in vitro or by lipopolysaccharide injec- 
tion in mice and, thus, this metalloproteinase was initially associated 
with inflammatory processes. Subsequently, several ADAMTS 
genes have been identified with similar domain organisations, 
consisting of a signal sequence, a propeptide, a metalloproteinase 
domain, a disintegrin-like domain, a cysteine-rich region and a 
variable number of thrombospondin type 1 molecules (Figure 2.46). 
These molecules are zinc-dependent proteases with a high level of 
expression in fetal tissues. ADAMTS proteases also have high levels 
of expression in tumour cells and tissues, including melanoma 
and colon carcinoma. Of particular interest in the context of colla- 
gen processing is ADAMTS2, which serves as a procollagen I/II 
amino-propeptide-processing enzyme. 

Regulation of extracellular matrix turnover and collagen degrada- 
tion during postpartum involution of the uterus has been attributed 
to relaxin, a hormone initially implicated in pregnancy-related 
conditions. More recently, it has become clear that many tissues, 
including skin, can serve as targets of relaxin. These tissues con- 
tain a relaxin family peptide receptor 1 (RFPR1) that mediates the 
relaxin effects on connective tissue metabolism, contributing to the 
maintenance of tissue homeostasis. The critical role of relaxin and 
its receptor has been illustrated by targeted mutant mice in which 
the absence of relaxin leads to collagen accumulation in several 
tissues, similar to systemic sclerosis. 


Elastic fibres 


An integral component of the dermal connective tissue is the 
elastic fibre network, which provides resilience and elasticity to 
the skin [1,2]. Elastic fibres are a relatively minor component in 
normal sun-protected adult skin, being less than 2-4% of the total 
dry weight of the dermis. The elastic fibre system in the reticular 
dermis consists of horizontally orientated fibres that interconnect 
to provide a network structure. Extending from these horizon- 
tal fibres is a network of vertical extensions of relatively fine 
fibrils, which consist either of bundles of microfibrils (oxytalan 
fibres) or of small amounts of cross-linked elastin (elaunin fibres) 
(Figure 2.47). 

Elastic fibres have two principal components: (i) elastin, a 
well-characterised connective tissue protein that forms the core 
of the mature fibres; and (ii) the elastin-associated microfibrils 
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Figure 2.46 Main organisation of various ADAMTS family 
metalloproteinases. The catalytic domain is shown in red, while other ADAMTS8 
domains include the thrombospondin type | repeat sequences (green), 
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which consist of a family of proteins, some of them less defined. 
Examination of mature elastic fibres by transmission electron 
microscopy reveals an electron-pale core that consists of elastin 
(Figure 2.48). Surrounding the elastin core are distinct microfibrillar 
structures, which appear electron dense under routine electron 
microscopy staining. While elastin is the major component and 
the microfibrils are less conspicuous in fully mature elastic fibres, 
the relative proportion of these two components varies during the 
embryonic development of elastic fibres and/or connective tissue 
repair. The first elements of elastic fibres that form consist of bundles 
of microfibrils, which can be visualised by electron microscopy dur- 
ing the first trimester of gestation. These microfibrils form a scaffold, 
allowing alignment of the elastin molecules in parallel array which 
guides the growth of fibres with relatively uniform diameters. 
During the second trimester of fetal development, the elastic fibres 
remain immature, but with increasing fetal age maturation of the 
fibres occurs and the elastin component becomes more prominent. 
In fully developed elastic fibres, well over 90% of the total content 
is elastin with relatively few microfibrillar components, mostly 
confined to the outer surface of the fibres. 


Elastin 


Elastin is initially synthesised as a precursor polypeptide, ‘tropo- 
elastin’, which consists of approximately 700 amino acids with a 
molecular mass of approximately 70 kDa [1]. The amino acid compo- 
sition of tropoelastin is similar to collagen in that about one-third of 
the total amino residues consists of glycine. However, glycine is not 
evenly distributed in elastin in every third position as it is in a typical 
collagenous sequence. Instead, the tropoelastin primary sequence 
shows domains rich in glycine, valine and proline, alternating with 
lysine- and alanine-rich sequences. A characteristic sequence motif 
in the latter setting is the presence of two lysine residues separated 
by two or three alanine residues (Figure 2.49). 


The lysine residues in tropoelastin are critical for the formation 
of covalent cross-links, desmosine and its isomer, isodesmosine, 
which are unique to elastin. The first step in the formation of these 
elastin-specific cross-links is oxidative deamination of three lysine 
residues to form corresponding aldehydes, so-called allysines. Three 
of these resulting aldehydes, together with a fourth lysine residue 
containing the intact unmodified e-amino group, spontaneously 
fuse to form a stable desmosine compound that covalently links 
two of the tropoelastin polypeptides. The addition of desmosines 
to other parts of the molecule progressively converts tropoelastin 
molecules into an insoluble fibrous structure which can be stretched, 
but upon release the fibres recoil, providing resilience and elasticity 
to the skin (Figure 2.50). The content of desmosine in various elastin 
preparations is almost constant, with approximately 1.5 residues 
per 1000 amino acids, and desmosine or isodesmosine can therefore 
provide a quantitative measure of the insoluble elastin content in 
tissues. 

The human elastin gene spans approximately 45 kb of genomic 
DNA on chromosome 7 and consists of 34 exons corresponding 
to 3.5 kb of human elastin mRNA sequences. Examination of the 
gene structure reveals that the alternating cross-link domains, 
characterised by the presence of lysyl residues separated by two 
or three alanines, and the hydrophobic domains are encoded by 
individual exons. The elastin mRNAs are synthesised in several 
cell types present in elastin-rich tissues, as for example the vascular 
smooth muscle cells in arterial connective tissues. In the skin, the 
primary cell type responsible for elastin production appears to be 
the fibroblast which, under tissue culture conditions, expresses the 
elastin gene. Keratinocytes have also been suggested to express 
the elastin gene, but the level of expression is very low in compari- 
son with dermal fibroblasts and the potential significance of elastin 
in the epidermis remains unclear. 

Primary mutations in the elastin gene have been demonstrated 
in cutis laxa, a group of diseases that manifest with loss or frag- 
mentation of elastic fibres [2]. It should be noted, however, that 
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Figure 2.47 Immunofluorescence staining of type | collagen (a, d) and the elastic fibre 
network (b, e) in the dermis of human skin visualised by confocal laser scanning 
microscopy. Merging of the images (c, f) reveals that the elastic fibres assume a 
horizontal orientation in the mid-dermis while vertical extensions (oxytalan and elaunin 
fibres) reach the upper dermis, terminating just below the dermal-epidermal junction in 
normal, sun-protected areas of skin. In sun-damaged skin there is a dramatic decrease 
and disorganisation of both collagen and elastic fibres in comparison with sun-protected 
skin. Adapted from Uitto and Bernstein 1998 [3] with permission of Elsevier. 


this group of heritable diseases is highly heterogeneous, and muta- 
tions in the fibulin-4 and fibulin-5 genes have also been observed. 
Williams syndrome is a contiguous gene deletion syndrome that 
also involves the elastin gene, with clinical manifestations pre- 
dominantly in the cardiovascular system [3]. Finally, cutis laxa can 


Figure 2.48 Transmission electron microscopy of an elastic fibre in the reticular dermis. 
The central electron-pale core consists of elastin (E), while the electron-dense areas 
represent the elastin-associated microfibrillar proteins which are particularly evident at 
the periphery of the fibre (arrow). Scale bar 0.5 ym. Courtesy of Professor R. A. J. Eady, 
St John’s Institute of Dermatology, King’s College London, UK. 


develop as a postinflammatory condition, probably mediated by 
proteolytic enzymes released from the inflammatory cells. 

An interesting observation during the processing of elastin mRNA 
precursor molecules is that they undergo extensive alternative 
splicing, leading to the formation of elastin molecules of vary- 
ing primary sequences. In fact, at least six exons in the human 
elastin gene have been reported to be subject to alternative splic- 
ing, and this mechanism can provide significant variation in the 
primary sequence composition of elastin polypeptides, leading to 
different types of elastic fibres in different tissues. However, the 
physiological significance of the alternative splicing has not been 
established. 

The oxidative deamination of lysyl residues to corresponding 
aldehydes is catalysed by a group of enzymes, lysyl oxidases, 
which require copper for their activity. Thus, copper deficiency can 
lead to reduced lysyl oxidase activity and the synthesis of elastic 
fibres that are not stabilised by enough desmosines. In such a situ- 
ation, the individual tropoelastin polypeptides remain soluble and 
susceptible to non-specific proteolysis, and the elastin-rich tissues 
are fragile. Clinical manifestations of copper deficiency can vary 
depending on the level of copper and its circulating transport pro- 
tein, caeruloplasmin, as manifested by Menkes syndrome and the 
occipital horn syndrome, two allelic conditions due to mutations in 
the copper transporter protein gene ATP7A [4]. Copper deficiency 
can also occur in patients undergoing long-term treatment with 
high doses of D-penicillamine, a copper chelating agent, which can 
result in abnormalities in the elastic structures in the skin and other 
tissues. 

The metabolic turnover of elastin is slow, but a portion of elastin 
in the body is continuously degraded, as reflected by the continuous 
presence of desmosines in the urine. Thus, there may be ongoing 
turnover and repair of elastic fibres in normal tissues. In addition, 
there are some pathological states in which degradation of elastin is 
the histopathological hallmark, such as in some forms of cutis laxa 
and cutaneous ageing. Elastic fibres are degraded by elastases, a 
group of elastolytic enzymes in different tissues and with different 
cleavage specificities. The classic elastases, such as those originally 
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Figure 2.49 Assembly and cross-linking of elastic fibres. Newly synthesised elastin precursor polypeptides, tropoelastins, with alternating hydrophobic and cross-link regions are 
secreted into the extracellular milieu. Lysine residues in characteristic lys-ala-ala-lys or lys-ala-ala-ala-lys sequences in the cross-link region undergo oxidative deamination of the 
e-amino groups catalysed by lysyl oxidase, an enzyme requiring copper as a co-factor. Three resulting allysine residues fuse with an unmodified lysine residue to form desmosines, 


elastin-specific cross-link molecules. Adapted from Mahoney et a/. 2009 [5]. 
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Figure 2.50 Elastic fibres cross-linked by desmosines (red). In the relaxed state, the fibres 
assume coiled-coil conformations. When the fibres are stretched and then released, they 
return to a relaxed state, the contraction providing elasticity and resilience to the skin. 


isolated from the pancreas, are serine-proteases, and their activ- 
ity can be inhibited by serum factors such as «,-antitrypsin and 
@-macroglobulin. In addition to these classic serine-elastases, there 
are several metalloenzymes that are capable of degrading elastic 


structures, particularly the microfibrillar components. These met- 
alloelastases are present in the skin and originate from fibroblasts 
and monocyte—macrophages. 


Elastin-associated microfibrils 


Elastin-associated microfibrils consist of tubular structures approxi- 
mately 10-12 nm in diameter. Both ultrastructural evidence and 
biochemical analyses have confirmed that the microfibrils differ 
from elastin, and they may also be found in several tissues as 
individual microfibrillar structures without direct association with 
elastin. It is now known that elastin-associated microfibrils consist 
of a number of proteins, which can be divided into several different 
categories based on their molecular characteristics. Many of them 
form gene families with closely related structure and function, but 
clearly differ from other groups in their structural features. 

One of the microfibrillar protein families is that of the fibrillins, 
which are a critical part of the microfibrillar structure [1]. Two 
distinct, yet closely homologous, human genes encode fibrillin 1 
(FBN1) and fibrillin 2 (FBN2), proteins characterised by multiple 
repeats of sequence motifs previously observed in the epidermal 
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growth factor (EGF) precursor molecule, with each motif having six 
conserved cysteine residues. Electron microscopy has established 
that monomeric fibrillin molecules synthesised by fibroblasts show 
an extended flexible molecule, which is approximately 148 nm long 
and 2.2 nm wide. Multiple fibrillin molecules can then align in a 
parallel, head-to-tail fashion to form microfibrils associated with 
elastin in tissues, such as skin and the arterial connective tissues. It 
should be noted that fibrillin is also a major component of microfib- 
rils in tissues such as the ocular ciliary zonule and the periodontal 
ligament, without microscopic or immunoreactive evidence of 
elastin. The importance of fibrillin 1 is illustrated by the fact that the 
mutations in the corresponding gene (FBN1) underlie Marfan syn- 
drome, manifesting with skeletal abnormalities, aortic dilatations, 
subluxation of the lens and cutaneous laxity [2]. Fibrillin 2 (FBN2) 
mutations cause congenital contractural arachnodactyly with some 
similarities, but also differences, to Marfan syndrome. 

The latent TGF-B binding family of proteins (LTBP) has some 
structural similarities with the fibrillins, including repeating 
EGF-like domains [3]. TGF-B, a profibrotic cytokine, is secreted 
as a latent complex bound to LTBP. There are at least four distinct 
proteins in the family, with a molecular weight ranging from 125 
to 310 kD. One of the putative functions of LTBP is to facilitate 
the secretion of TGF-6 or binding of the inactive complex to the 
cell surface where activation takes place. However, LIBPs have 
also been found as free proteins associated with components of 
the extracellular matrix. LTBP1, a prototype of this subfamily of 
elastin-associated microfibrillar proteins, is clearly a component 
of the elastic fibres in human skin, and its levels are altered in solar 
elastosis. 

Another family of the elastin-associated microfibrillar proteins 
consists of fibulins, extracellular matrix glycoproteins with charac- 
teristic calcium-binding EGF-like domains. Eight distinct fibulins 
have been characterised (fibulins 1-8; FBLN-1-8), and at least four of 
them have been located within the elastic fibres in different tissues 
[4]. In addition, FBLN-5 has been shown to bind both muscle cells 
and elastin, thus apparently facilitating cell—-matrix interactions. The 
importance of FBLN-4 and FBLN-5 in skin physiology is attested 
by the demonstration of mutations in the corresponding genes in 
patients with cutis laxa, manifesting with loose and sagging skin 
and loss of recoil [5]. 

In addition to fibrillins, LTBPs and fibulins, other proteins 
have been shown to be associated with elastic fibres in the 
microfibrillar network. Several of these proteins belong to the 
families of microfibril-associated glycoproteins (MAGPs) or 
microfibril-associated proteins (MFAPs), highly acidic, relatively 
small molecules, some of which have been characterised in detail. 
Finally, interface proteins, so-called emilins, as well as lysyl oxi- 
dases critical for the cross-linking and stabilisation of elastic fibre 
structures, have been shown to be associated with elastic fibres [6]. 


Proteoglycan/glycosaminoglycans 


Proteoglycans comprise several subfamilies defined by a core 
protein to which polymers of unbranched disaccharide units, gly- 
cosaminoglycans (GAGs), are linked by an O-linkage to serine 
residues (Figure 2.51). There are a number of distinct core proteins, 


Figure 2.51 Prototypic proteoglycan in which the central core (green) is hyaluronic and 
the link proteins are represented by S-shapes, joining the protein side chains and 
carbohydrate polymers. Adapted from Stryer 1995 [6]. 


the number of attached disaccharides varies and the molecular 
mass of GAGs is highly variable. Commensurate with variability 
in structure, different proteoglycans are of different functional 
importance as critical components of cell membranes and the extra- 
cellular matrix of the skin during development, homeostasis and 
disease [1]. 

GAGs are highly charged polyanionic molecules that attach to 
the core protein. The characteristic feature of GAGs is their primary 
structure, consisting of alternating pairs of different monosaccha- 
rides, glucose or galactose, joined in 1-3 or 1-4 linkage (Figure 2.52). 
After the initial synthesis of GAGs, the polymers undergo com- 
plex post-assembly modifications catalysed by specific enzymes. 
Sulphatases catalyse replacement of N-acetyl by N-sulphate and 
epimerases convert D-glucuronic to L-iduronic acid. The linear GAG 
chains, consisting of linked disaccharide units, are highly variable 
in size, ranging from just a few to several thousands. Consequently, 
the molecular mass of naturally occurring GAGs can range from 
5 x 10° to 5 x 107 Da. 

The degree of post-assembly modifications is highly variable, and 
the control of this reaction depends on the specific characteristics of 
the GAGs, the associated core protein as well as the cell type and tis- 
sue environment (Figure 2.53). The simplest GAG, hyaluronic acid, 
is not sulphated, while other GAGs show sulphation of varying 
degrees. Within the individual GAG chains there are regions that 
show either a low or high degree of sulphation, a feature that 
may facilitate interactions of proteoglycans and GAGs with their 
numerous binding partners. 

The core proteins of proteoglycans have been increasingly 
characterised through cloning and sequencing of the corresponding 
genes. These genes are expressed in a number of different types 
of cells, including dermal fibroblasts which are the principal cell 


ADOTOLVINYAG 


JO SNOILVGNNOG -L LYWd 


2 


“asoyaejeb pue aulwesoon|b yjog Jo uoljIsod 9 ay} ye UOHeYd|ns-CE apnjdul Jey} SJUEIEA aU} aJON ‘sa}eYd|ns uljioupuosYyD 
SNOUEA (Pp) pue ajeydjns uejesay (9) ‘pine D1uOINyeAy (q) ‘UeJeday pue ULeday (e) Bulpnjdul ‘sajndajowW UeDIA|Hoaj}od Jo suleUD apis JaWAJOd ayeupAYyoJe> au} asiudwOod Jey} sajndajowW UeDA|Boulwesor|H 7gE*Z aanbi4 


(exeydjns 9’p) (ayeydins 9) (axeydjns 7) 
aulwesopeeb [Aja2e-Z-d-E-1Lg pire DJuOInpI-a aulwesoye|eb [Aja2e-\yZ-a-E-1g pide WUOININ|6-a aulwesoyeyeb |Ajade-yZ-d-E-Lq pipe JUOUNIN|H-a 


“HODHN_ 


Proteoglycan/glycosaminoglycans 


(aawiAjod Juased) a}eydjns ueze19yy pide diuoinjeApy 


aulwesoon|6 |Aja2e-NZ-d-~-Lg pine D1uoIN IN| b-a-7-1Lg | p-Lg aulwesoon|6 [Ayade-Z-d-p~-Lg pie 2JuouNpI-a-p-Lg | 


®HDODHN 
HN, “Oso, H 


ie) S 
£OSO*%HD 


FOUNDATIONS OF 


DERMATOLOGY 


PART 1 


2.38 


Chapter 2: Structure and Function of the Skin 


~650aa ~230aa 


Homologous 
~200aa 


5 
S 
any 


a 
s KS-rich 
a, region 


Repeats of 40aa 


(114aa) 


Hyaluronate 
binding region 


Link protein 
Hyaluronate 


~1100aa 


Repeats of 100aa 


N-linked 
oligosaccharide 


oligosaccharide 


Figure 2.53 Core protein aggrecan is joined by link proteins to hyaluronate, with keratan sulphate (KS, blue) and chondroitin sulphate (CS, purple) side chains. aa, amino acids. 


Adapted from Heinegard and Oldberg 1993 [7]. 


type for proteoglycan synthesis in the dermis. Newly synthesised 
core protein polypeptides are transferred to Golgi vesicles where 
the attachment of GAG chains occurs. The final product, consisting 
of a core protein with attached GAG chains, allows classification 
of the proteoglycans. It should be noted that hyaluronic acid is a 
GAG produced without synthesis of a core protein; instead, this 
macromolecule is synthesised by a complex of enzymes at the 
plasma membrane, with subsequent extrusion into the extracellular 
space. 

Known core proteins with their predominant tissue distribution 
and associated GAG components are listed in Table 2.3. The core 
proteins can be intracellular, reside on the cell surface or be part of 
the extracellular matrix. For example, serglycin shows an intracellu- 
lar core protein present in the secretory granules of haematopoietic 
cells, such as mast cells and eosinophils, associated with either hep- 
aran sulphate or chondroitin sulphate GAGs. This proteoglycan is 
found in the skin in areas infiltrated by mast cells or eosinophils, 
and, on subsequent release, serglycin is a major form of highly sul- 
phated heparan sulphate GAG in the skin. 

There are several cell surface proteoglycans that function at the 
interface between the plasma membranes and the extracellular 
matrix. The mode of attachment to the cell surface is variable. For 
example, the glypican family of proteoglycans is attached to the 
cell surface by a phospholipid anchor, while the syndecans have 
membrane-spanning core proteins. Syndecans and glypicans are 
present in many cells and tissues, including abundant expression in 
the skin. Syndecan expression varies during the development and 
maturation of tissues and, for example, syndecan-1 is particularly 
abundant in keratinocytes. The nature of the attached GAG chains, 
however, changes as keratinocytes differentiate. Syndecans-1 and 
-4 are also induced in the dermis and granulation tissue, and it has 
been shown that deletion of syndecan-4 from mice greatly decreases 


the rate of wound repair. Furthermore, there are alterations in 
syndecan-1 expression because of malignant transformation. 

The extracellular matrix contains different proteoglycans as an 
integral component of the connective tissue meshwork. In the 
dermis, fibroblasts produce large proteoglycans, as exemplified by 
versican, consisting of a core protein with attachment sites for 12-15 
GAG side chains (Figure 2.54). The GAGs in versican are primarily 
chondroitin sulphate or dermatan sulphate, but versican can also 
bind hyaluronic acid, resulting in the formation of large aggregates. 
In the skin, versican has been identified in the dermis and epidermis 
as a product of fibroblasts and keratinocytes, respectively. 

Extracellular matrix contains many small proteoglycans, exem- 
plified by the family of leucine-rich repeat motifs. The prototype of 
this family is decorin, abundantly present in the skin. The decorin 
core protein is relatively small in size and has a single dermatan 
sulphate side chain covalently bound to a serine residue at the 
amino acid position 4 of the core protein. This proteoglycan was 
designated ‘decorin’ due to the observation that it associates with 
collagen and ‘decorates’ the fibres in vivo. This binding is attributed 
to the availability of decorin core protein to bind type I collagen, 
but the single GAG chain of decorin also binds to tenascin X, 
another extracellular component with affinity for collagen fibrils. 
Consequently, these interactions contribute to the connective tissue 
organisation and architecture with functional consequences for 
normal skin physiology [2]. 

Proteoglycan-GAG complexes have a multitude of functions. 
For example, the proteoglycans containing heparan sulphate and 
dermatan sulphate can bind extracellular matrix components, 
including various collagens. In addition, these proteoglycans bind 
several growth factors, cytokines, cell adhesion molecules and 
growth factor-binding proteins and they can serve as antiproteases. 
In addition to binding to various extracellular molecules, proteo- 
glycans also play a role in the adhesion of cells to the extracellular 
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Table 2.3 Molecular characteristics and tissue distribution of selected proteoglycans (PGs). 


PG Protein (kDa) Glycosaminoglycan(s) Gene location Tissue distribution rs} 
Decorin 36 Ccs/DS 12q21-23 Connective tissue Wn 
Biglycan 38 Ccs/DS Xq28 Cell surface 2 > 
Fibromodulin 42 KS q32 Collagen matrix ° UU 
Lumican 38 KS 2q21-22 Cornea, bowel, cartilage, muscle = (o) 
Epiglycan 36 Cs/DS Epiphyseal cartilage or 
Versican 260-370 CS/DS (10-30) 5q13 Skin, blood vessel, cartilage, brain = o 
Aggrecan 220 CS (100) 5q26 Cartilage, blood vessel, brain =) <q 
Perlecan 400-470 HS/CS p36 Cartilage, bone, marrow fe) = 
Agrin 210 HS (3-6) 1q32 Cell membranes, kidneys, neuromuscular LL. o¢ 
Neurican 136 CS (3-7) Brain or 
Brevican 100 CS (1-3) Brain a 
Testican 44 HS/CS 21 Testis 
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CS, chondroitin sulphate; DS, dermatan sulphate; HS, heparan sulphate; KS, keratan sulphate. 
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Figure 2.54 Human versican gene: intron-exon organisation (top) 
and deduced functional domains of the encoded protein. CRP, 
complement regulatory protein; EGF, epidermal growth factor; GAG, 
glycosaminoglycan; HBR, hyaluronan-binding region; SP, signal 
peptide; UTR, untranslated region. Adapted from Dours-Zimmerman 
and Zimmerman 1994 [8]. 
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matrix. For example, syndecan-4, which is selectively enriched in 
dermal fibroblasts, facilitates the adherence of the cells in conjunc- 
tion with other extracellular matrix-binding molecules, such as the 
integrins. Furthermore, the formation of focal adhesions requires 
heparan sulphate and subsequent activation of protein kinase C by 
a domain in the syndecan-4 core protein cytoplasmic tail [3]. 

Proteoglycans also interact with other extracellular matrix 
molecules besides collagen. In addition to decorin, which is known 
to associate primarily with type I collagen, chondroitin sulphate 
and dermatan sulphate bind fibronectin and laminin. The largest 
extracellular GAG, hyaluronic acid, plays an important role in 
providing physicochemical properties to the skin, mediated at least 
in part by its hydrophilicity and viscosity in dilute solutions. Most 
notably, hyaluronic acid has an expansive water-binding capacity, 
providing hydration to normal skin. The expression of hyaluronan 
is developmentally regulated in the skin, and the gene required for 
its synthesis, hyaluronan synthase, has been characterised. During 
wound healing, the physicochemical properties of hyaluronan 
may serve to expand the matrix and thus aid cell movement. The 
relatively high content of hyaluronan may also explain the finding 
that wounds in fetal skin heal without scarring. Other properties 
attributed to large proteoglycan complexes, such as those formed 
with versican or basement membrane proteoglycans, include their 
ability to serve as ionic filters, to regulate salt and water balance 
and to provide an elastic cushion [4]. 

Quantitative changes in the deposition of tissue proteoglycans 
have been encountered in various pathological processes. These 
include elevated hyaluronic acid synthesis in keloids and other 
fibrotic processes, as well as in pretibial myxoedema. In other skin 


conditions, including lichen myxoedematosus, systemic sclero- 
derma and pseudoxanthoma elasticum, the lesional areas of skin 
have been reported to display abnormal amounts of proteoglycans. 
In most of these cases, the changes in proteoglycan/GAG content 
are secondary to an unrelated primary event. Finally, during innate 
cutaneous ageing in sun-protected areas of skin, the content of 
hyaluronic acid diminishes, possibly explaining the reduced turgor 
in aged skin [5]. 


Fibroblasts 


The principal cell type responsible for the synthesis of connective 
tissue in the dermis is the fibroblast, which is of mesenchymal 
origin. The term fibroblast refers to a fully differentiated, biosyn- 
thetically active cell, while the term fibrocyte refers to an inactive 
cell. Biosynthetically active fibroblasts, as detected in developing or 
regenerating tissues, have an abundant cytoplasm, well-developed 
rough endoplasmic reticulum and prominent ribosomes attached 
to the membrane surfaces — features characteristic of cells engaged 
in active synthesis and secretion of extracellular matrix macro- 
molecules (Figure 2.55). As indicated in the case of collagen, the 
newly synthesised polypeptides are first assembled in the cisternae 
of the rough endoplasmic reticulum, and the precursor polypeptides 
subsequently undergo extensive post-translational modifications. 
The polypeptides are then transferred to the Golgi vesicles and 
secreted into the extracellular milieu. Fibroblasts synthesise the 
extracellular matrix of connective tissue and play an essential role 
in maintaining the structural integrity of most tissues. 
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Figure 2.55 Transmission electron microscopy of an activated dermal fibroblast (F) in a 
healing wound. Note the prominent rough endoplasmic reticulum in the cytoplasm of 
this cell. There is an adjacent macrophage (M) with characteristic phagolysosomes, some 
of which contain ingested melanosomes. Courtesy of Professor R. A. J. Eady, St John’s 
Institute of Dermatology, King’s College London, UK. 


Human skin fibroblasts are the principal cells synthesising col- 
lagen in the dermis. While the source of elastic fibres in the skin is 
less clear, fibroblasts clearly have the capacity to synthesise elastic 
tissues in vitro, and they probably are the primary source of elastin 
within the dermis as well. Finally, fibroblasts are the primary, if not 
the exclusive, cellular source of proteoglycan/glycosaminoglycan 
macromolecules. There is, however, considerable heterogeneity 
within fibroblast populations [1]. 

The multiple functions of the stroma of vertebrate animals are 
dependent on the architecture of the extracellular matrix, which 
contains mesenchymal cells and provides a structural scaffold for 
blood and lymphatic vessels and nerves. Reciprocal interactions 
between the mesenchymal and epithelial cells are known to play 
a critical role in the development and morphogenesis of tissues, 
such as skin. More recently, the specific gene expression patterns 
in cultured fibroblasts derived from fetal and adult human skin 
at different anatomical sites have been explored [2,3]. Fibroblasts 
from different sites were shown to display distinct and char- 
acteristic transcriptional patterns, and groups of differentially 
expressed genes include some involved in extracellular matrix 
synthesis, lipid metabolism and cell signalling pathways that con- 
trol proliferation, cell migration and fate determination. Large 
differences in the gene expression programmes were also related to 
anterior—posterior, proximal-distal and dermal versus non-dermal 
anatomical divisions. 

In human skin, fibroblasts from within the papillary or reticular 
dermis show differences in rates of cell division, contraction and the 
expression of various collagens and proteoglycans. Observations in 
mouse skin have also shown that papillary fibroblasts are required 
for new hair follicle formation following wounding, whereas reticu- 
lar fibroblasts mediate the early events in wound repair and express 
so-called fibroblast activation markers such as a-smooth muscle 
actin (aSMA) [2]. In hair follicles, there are two separate populations 
of fibroblasts: hair follicle dermal papilla fibroblasts and dermal 
sheath fibroblasts. The former play a central role in the development 


of hair and the coordination of the hair cycle. The latter encapsulate 
the hair shaft external to epithelial components of the hair follicle. 
Additional populations of fibroblasts in the dermis include peri- 
cytes, preadipocytes and myofibroblasts. Pericytes are associated 
with and encircle vascular channels; preadipocytes are fibroblasts 
with the capacity to differentiate to adipocytes; myofibroblasts 
contribute to wound healing and may also transdifferentiate to 
adipocytes. Cellular identity is determined both by intrinsic mecha- 
nisms, including transcriptional regulatory networks and epigenetic 
processes, and by extrinsic factors, including cell-cell signalling, 
soluble signalling mediators or extracellular matrix components. 
Key signalling pathways include Wnt, bone morphogenic protein, 
B-catenin, Notch and TGF-f signalling [3]. Fibroblasts play a crit- 
ical role in maintaining the structural integrity of the dermis and 
can adapt and respond to mechanical stress. Implicated in these 
responses are Hippo and focal adhesion kinase signalling [4]. 

Fibroblasts can be induced to become pluripotent stem cells, 
essentially indistinguishable from embryonic stem cells [5,6]. 
Specifically, the transduction of cultured fibroblasts with four tran- 
scription factors, Oct4, Sox2, KIf4 and cMyc, generated inducible 
pluripotent stem cells, which may be used for disease modelling, 
drug and small molecule screening assays and potential cell therapy 
purposes. 


Blood vessels and lymphatics 


The arteries entering the skin form a deep plexus, the ‘fascial’ net- 
work, from which individual vessels rise to the border between the 
subcutaneous adipose tissue and the dermis to form a ‘cutaneous’ 
vessel network. These vessels then branch out towards various cuta- 
neous appendages and provide ascending arterioles to generate a 
subpapillary plexus, which forms capillary loops entering the papil- 
lary dermis between the rete ridges. From these capillaries the blood 
is drained by venules which form intermediate plexuses. Thus, the 
cutaneous vasculature is rather elaborate and limited to the dermis, 
while the epidermis has no blood vessels (Figures 2.56 and 2.57) [1]. 

In addition to providing nutrients and oxygen to the skin, the vas- 
culature plays a major role in regulating the body temperature. This 
is accomplished by controlling the blood flow through the capillar- 
ies in the upper dermis so that opening blood vessels allows dissi- 
pation of excess heat while constriction of blood vessels slows the 
blood flow to the skin and conserves the core energy. The amount of 
blood flowing through the superficial layers of the dermis can also 
be controlled by arterial-venous anastomoses, which act as shunts 
to short-circuit the flow. 

The innermost component of the blood vessels is the endothelium, 
consisting of adjoining endothelial cells that surround the lumen. 
Arterioles are characterised by a subendothelial layer of elastic tis- 
sue (Figure 2.58), while venules generally do not have elastic tissue 
in their walls (Figure 2.59). The endothelium of capillaries and small 
arterioles and venules is surrounded by pericytes, which appear 
to share certain characteristics with both endothelial and smooth 
muscle cells. Capillaries contain a single, discontinuous layer of 
pericytes, whereas venules may include more than one pericyte 
layer in their periendothelial investment. Smooth muscle cells are 
found chiefly in the walls of ascending arterioles but also within 
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Figure 2.56 The vasculature of human skin is 
composed of capillary loops, the superficial papillary 
plexus, the reticular plexus and the subcutaneous 
plexus. Reproduced from Deegan et a/. 2019 [1] with 
permission of IOP Publishing. 
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Figure 2.57 Histology of microvessels in the reticular dermis. Arterioles (A) can be 
distinguished from venules (V) by the presence of elastic lamina, which stains dark red. 
Surrounding mast cells can be distinguished by their prominent red/blue cytoplasmic 
granules. Original magnification 400x (basic fuchsin and methylene blue stain). Courtesy 
of Professor R. A. J. Eady, St John’s Institute of Dermatology, King’s College London, UK. 


the arterioles of the superficial and deep plexus and in collecting 
venules. Smooth muscle cells and pericytes are surrounded by a 
basement membrane, which also encompasses the outer surface of 
endothelial cells. Veil cells are long, thin cells with an attenuated 
cytoplasm, and they more closely resemble fibroblasts than peri- 
cytes. They do not have a basement membrane investment and are 
located outside the vessel wall. 

At the ultrastructural level, endothelial cells possess many of 
the common cellular organelles, including rough and smooth 
endoplasmic reticula, mitochondria and lysosomes; micropino- 
cytotic vesicles are also evident. Intermediate filaments containing 
vimentin are present and have been reported to be more abundant 
on the venous than on the arterial site. Dense bodies associated with 
actin-like filaments of 5-6 nm diameter are found in the endothelial 
cells of the larger arterioles, and they may have a role in endothelial 
contraction. 

Weibel—Palade bodies are endothelium-specific inclusions that 
occur more frequently in the venous side of the microvasculature 
(Figure 2.60). They are not found in dermal lymphatics but have 
been reported in larger lymph vessels. Weibel—Palade bodies contain 


Figure 2.58 Transmission electron microscopy of a cross-section through a small 
arteriole in the skin. Note the relatively smooth surface of the endothelial cell (E) 
surrounding the lumen (L) and the presence of smooth muscle (SM) with an associated 
nerve (N). There is a small amount of elastic tissue (el) adjacent to the endothelial 
basement membrane (bm). Courtesy of Professor R. A. J. Eady, St John’s Institute of 
Dermatology, King’s College London, UK. 


factor XIlII-related antigen, von Willebrand factor and GMP-140, a 
protein that was first described in platelet «-granules. 

A major feature distinguishing arterial from venous micro- 
vessels is the ultrastructural appearance of the basement mem- 
brane. Venules and venous capillaries have a multilaminated 
basement membrane, whereas arterioles possess a more homoge- 
neous matrix, lacking the electron-dense strands. Vascular basement 
membrane contains laminin 111, type IV collagen, fibronectin and 
heparan sulphate proteoglycans. It does not contain, however, 
bullous pemphigoid antigens, type VII collagen or laminin 332, 
components of the epidermal BMZ. 
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Figure 2.59 Transmission electron microscopy of a transverse section through a venule 
in the skin. The surface of the endothelial cells (E) in the lumen (L) is more convoluted 
than in its arteriolar counterpart (see Figure 2.58). The endothelial cells are surrounded 
by pericytes (P) and not smooth muscle cells, and the basement membrane (bm) 
contains dense strands (small arrows). The arrowheads indicate Weibel—Palade bodies. 
Courtesy of Professor R. A. J. Eady, St John’s Institute of Dermatology, King’s College 
London, UK. 


Figure 2.60 High-magnification view of Weibel-Palade bodies revealing tubular profiles 
in cross-section. Courtesy of Professor R. A. J. Eady, St John’s Institute of Dermatology, 
King's College London, UK. 


A number of endothelium-specific antigens have been recognised, 
and they may have a special value in studies of cutaneous pathol- 
ogy. Endothelial cells are the major source of angiotensin-converting 
enzyme as well as various cytokines and adhesion molecules. The 
microvasculature is also a rich source of enzymes that may be 
involved in cellular processes, such as endocytosis and vesicular 
transport. Acid phosphatase has been localised to lysosome-like 
structures in the endothelium, and alkaline phosphatase reactivity 


has been used extensively to map the distribution and arborisation 
of the arterial network in the upper dermis. 

The lymphatic network in the skin serves to transport particu- 
late and liquid materials, such as proteins, from the extravascular 
compartment of the dermis. Interconnecting lymphatic spaces arise 
from terminal bulbs in the papillary layer and ultimately form the 
system that drains into the lymph nodes. The vessels have a broad 
lumen surrounded by a single endothelial layer, which is discontinu- 
ous in the terminal components and rests on an often discontinuous 
basal lamina. These processes are critical for the normal function of 
skin, as altered function and development of lymphatics can lead to 
diseases, including primary and secondary lymphoedemas [2]. 


Subcutaneous fat 


Fat is a major component of the human body and approximately 
80% of fat is in the subcutis; the rest surrounds internal organs. In 
non-obese males, 10-12% of body weight is fat, while in females 
the figure is 15-20%. Fat comprises white and brown adipose 
tissue. Brown fat is more common in infants and children and is 
characterised by different mitochondrial properties and increased 
heat production [1]. The function of fat is to provide insulation, 
mechanical cushioning and an energy store. In addition, fat may 
have an endocrine function, communicating with the hypothala- 
mus via secreted molecules such as leptin to alter energy turnover 
in the body and to regulate appetite [2]. Adipocytes also have 
important signalling roles in osteogenesis and angiogenesis, and 
additional physical functions such as phagocytosis. Multipotent 
stem cells have been identified in human fat, which are capable of 
developing into adipocytes, osteoblasts, myoblasts and chondro- 
blasts. Molecular biological insights into genes, proteins, hormones 
and other molecules that influence fat deposition and distribution 
are gradually being realised, from both research on rare inherited 
disorders (such as the lipodystrophies or obesity syndromes) as 
well as population studies on more common forms of obesity [3]. 


Physiological functions of skin 


A key role of skin is to provide a mechanical barrier against 
the external environment [1]. The cornified cell envelope and 
the stratum corneum restrict water loss from the skin, while 
keratinocyte-derived endogenous antibiotics (defensins and cathe- 
licidins) provide an innate immune defence against bacteria, viruses 
and fungi [2]. The epidermis also contains a network of about 2 x 10° 
Langerhans cells, which serve as sentinel cells whose prime function 
is to survey the epidermal environment and to initiate an immune 
response against microbial threats, although they may also con- 
tribute to immune tolerance in the skin. Melanin, which is mostly 
found in basal keratinocytes, also provides some protection against 
DNA damage from UV radiation. 

An important function of skin is thermoregulation. Vasodilatation 
or vasoconstriction of the blood vessels in the deep or superficial 
plexuses helps regulate heat loss. Eccrine sweat glands are found at 
all skin sites and are present in densities of 100-600/cm/?; they play 
a role in heat control and produce approximately 1 litre of sweat 


per hour during moderate exercise. Secretions from apocrine sweat 
glands contribute to body odour (pheromones). Skin lubrication 
and waterproofing are provided by sebum secreted from sebaceous 
glands [3]. 

Subcutaneous fat has important roles in cushioning trauma as 
well as providing insulation and a calorie reserve. In non-obese 
subjects, about 80% of the body’s total fat is found in subcutaneous 
tissue. Fat also has an endocrine function, releasing the hormone 
leptin, which acts on the hypothalamus to regulate hunger and 
energy metabolism. Other functions of fat cells include tissue 
remodelling and phagocytosis. 

Nails provide protection to the ends of the fingers and toes as 
well as being important in pinching and prising objects. Hair may 
have important social and psychological value, reflecting the notion 
that the appearances of human skin and its associated structures 
have a major impact on interpersonal relationships and personal 
well-being. Skin also has a key function in synthesising various 
metabolic products, such as vitamin D. 

There are two main kinds of human skin: glabrous skin (non-hairy 
skin) and hair-bearing skin. Glabrous skin is found on the palms 
and soles and has a grooved surface with alternating ridges and 
sulci giving rise to the dermatoglyphics (fingerprints). Glabrous 
skin has a compact stratum corneum which may be up to 10 times 
thicker compared with other body sites such as the flexures, where 
the epidermis is at its thinnest. Glabrous skin also contains encap- 
sulated sense organs within the dermis, as well as a lack of hair 
follicles and sebaceous glands. In contrast, hair-bearing skin has 
both hair follicles and sebaceous glands but lacks encapsulated 
sense organs. Hair follicle size, structure and density vary between 
different body sites; the scalp has large hair follicles that may 
extend into the subcutaneous fat whereas the forehead has only 
small, vellus hair-producing follicles, although sebaceous glands 
are large [4]. The number of hair follicles remains unchanged until 
middle life, but there is a changing balance between vellus and 
terminal hairs throughout life. In certain hair-bearing sites, such 
as the axilla, there are apocrine glands in addition to the eccrine 
sweat glands. Sebaceous glands are actively functioning in the 
newborn and from puberty onwards, and the relative activity mod- 
ifies the composition of the skin surface lipids. The structure of the 
dermal-epidermal junction also shows regional variations in the 
number of hemidesmosomal-anchoring filament complexes that 
exist (more in the leg than the arm). In the dermis, the arrangement 
and size of elastic fibres vary from very large fibres in perianal 
skin to almost no fibres in the scrotum. Marked variation in the 
cutaneous blood supply is found between areas of distensible skin 
such as the eyelid and more rigid areas such as the fingertips. There 
are also regional differences in biomechanical properties which can 
affect percutaneous absorption of creams and ointments. 


Skin homeostasis 


To maintain skin homeostasis, regenerate skin appendages and 
repair itself after injury, the skin contains stem cells that reside 
in the bulge area of hair follicles, the basal layer of interfollicu- 
lar epidermis and the base of sebaceous glands (Figure 2.61) [1]. 
These stem cells generate a proliferative progeny that can undergo 
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Figure 2.61 Epithelial stem cells are found within the interfollicular epidermis, the base 
of sebaceous glands and the bulge area of hair follicles. 
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Figure 2.62 Epidermal stem cell proliferation is regulated positively by B1 integrin and 
transforming growth factor « (TGF-a) and negatively (-) by TGF-B signalling. The 
transcription factors c-Myc and p63 also promote epidermal proliferation. Notch 
signalling and the transcription factors peroxisome proliferator-activated receptor « 
(PPARa), AP2a/y and C/EBPa/B control the differentiation of epidermal cells. 


differentiation. The molecular signals involved in regulating 
epidermal stem cell proliferation and differentiation are illustrated 
in Figure 2.62. 

Stem cells are able to self-renew as well as give rise to differen- 
tiating cells [2]. In the epidermis, some basal cells can periodically 
withdraw from the cell cycle and commit to terminal differen- 
tiation. It is still not clear, however, what proportion of cells in 
the basal layer can function as a stem cell. One long-established 
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theory divides basal keratinocytes into epidermal proliferation 
units, which comprise one self-renewing stem cell and about ten 
tightly packed, transient, amplifying cells (each capable of dividing 
several times and then exiting the basal layer to undergo terminal 
differentiation) [3]. This unit gives rise to a column of larger and 
flatter cells that culminates in a single hexagonal surface. Stem cells 
within epidermal proliferation units are associated with a profile 
of particular chemical, molecular and biological characteristics. For 
example, stem cells retain labelling with injected *H-thymidine 
or 5-bromo-2-deoxyuridine after repeated cell division. In culture, 
actively growing clones present after serial passaging are consid- 
ered to indicate an origin from stem cells. Potential markers of 
interfollicular epidermal stem cells are «6 and f1 integrin as well as 
p63, whereas sebocyte stem cells express Blimp1. Markers of hair 
follicle bulge stem cells include CD34, NFATc1, vitamin D receptor, 
TCF3, Sox9 and Lhx2, although considerably more markers exist 
in this and other parts of the hair follicle, highlighting the protean 
nature of the stem cell population in being able to respond to the 
requirements of tissue homeostasis, injury or growth spurts [4]. 

In the epidermal proliferation unit concept of stem cell behaviour, 
the division of basal cells has been viewed as a symmetrical pro- 
cess in which equal daughter cells are generated; the basal cells pro- 
gressively reduce their adhesiveness to the underlying epidermal 
basement membrane, delaminate and commit to terminal differen- 
tiation (Figure 2.63). However, data also suggest that basal cells can 
undergo asymmetrical cell division, shifting their spindle orienta- 
tion from lateral to perpendicular [5]. Asymmetrical cell divisions 
provide a natural means of maintaining a proliferative daughter cell 
that retains the cell markers associated with stem cells, while the 
other daughter cell has reduced markers such as [1 integrin and 
increased expression of Notch signals, and is committed to terminal 
differentiation. Asymmetrical cell divisions, therefore, can bypass 
the need for transient amplifying cells. 


The structural and biological composition of the dermal 
epidermal junction also influences the proliferative properties 
of basal keratinocytes. Laminin 332 promotes anchorage as a ligand 
via «6B4 integrins in hemidesmosomes and signalling/migration 
via its association with «361 in focal adhesions. Signalling via «361 
integrin stimulates the mitogen-activated protein kinase (MAPK) 
pathway, turnover of focal adhesions and epidermal migration. 
The basement membrane is also a reservoir for growth factors that 
can promote epidermal proliferation (e.g. TGF-«, EGFs, insulin 
growth factors) or restrict it (e.g. TGF-6). EGFR signalling also 
enhances proliferation and migration in the epidermis, possibly by 
phosphorylating B4 integrin and promoting hemidesmosome dis- 
assembly. Thus, the control of basal keratinocyte stem cell activity 
in maintaining homeostasis and responding to injury is through the 
regulation of at least two opposing tyrosine kinase pathways and 
two integrin structures. 

A key transcription factor in regulating the self-renewal and 
long-term proliferative capacity of the stem cell is p63, a member 
of the p53 family of proto-oncogenes [6]. However, the precise role 
of p63 is not clear; it may have a direct effect on stem cell renewal 
or lineage commitment, and/or an effect on switching from prolif- 
eration to terminal differentiation. Notch signalling also appears to 
have an important gatekeeper function in the transition from basal 
to suprabasal cells; there is basal expression of Notch ligands such 
as Deltal and suprabasal expression of Notch receptors and Notch 
downstream targets such as Hes1. 

Stem cells in hair follicles are located in the lowest permanent 
part of the follicle, within the outer root sheath. These cells cycle 
more slowly than other cells and have the capacity to migrate 
(e.g. to the base of the hair follicle in follicular regeneration), as 
well as to differentiate into diverse lineages (e.g. outer root sheath, 
inner root sheath, hair shaft, sebocytes, interfollicular epidermis). 
Despite this multipotency, however, the follicle stem cells only 
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Figure 2.63 Possible mechanisms for the proliferative potential of stem cells (SC) in the basal keratinocyte layer. In the symmetrical division model, two stem cells are produced. Some 
of these cells in contact with the epidermal basement membrane are transient-amplifying cells (TA). These cells are capable of dividing four to five times before leaving the basal layer 
(delamination, small black arrows) to become a spinous layer cell (SP) and entering terminal differentiation. In the asymmetrical division model, there is preferential partitioning of 
proliferation-associated factors into the stem cell daughter cell and, conversely, preferential partitioning of differentiation-inducing components into the daughter cell that is destined 
to become an SP. Depending on the orientation of the cell spindle, the daughter cell destined for differentiation can either become an SP directly or delaminate from the basal layer to 


enter terminal differentiation. /n vivo, both mechanisms may exist. 


function in pilosebaceous unit homeostasis and do not contribute 
to interfolliclular epidermis unless the skin is wounded. 

Hair follicles undergo cycles of degeneration and regeneration 
throughout life. During the growth phase (anagen), which requires 
activation of hair follicle stem cells, matrix cells proliferate rapidly 
but then undergo sudden apoptosis (catagen). The hair bulb and 
root shrivel to form an epithelial strand which forces the dermal 
papilla to rest at the base of the non-cycling part of the hair follicle 
[7]. The hairs then enter a resting phase (telogen). At a molecular 
level, inhibition of BMP signalling and activation of Wnt signalling 
converge to regulate stem cell activation. From microarray studies, 
Sox9, Tcf3 and Lhx2 appear to be markers of follicular stem cells 
whether they are quiescent or proliferative. 

Apart from stem cells in the hair follicles and interfollicular epi- 
dermis, other cells in the dermis and subcutis may have stem cell 
properties. These include cells that have been termed skin-derived 
precursors, which can differentiate into both neural and mesoder- 
mal progeny. In addition, a subset of dermal fibroblasts can have 
adipogenic, osteogenic, chondrogenic, neurogenic and hepatogenic 
differentiation potential. Moreover, dermal fibroblasts can be repro- 
grammed into cells bearing an embryonic stem cell (pluripotent) 
phenotype by the insertion of just four key transcription factors, 
Oct4, Sox2, KIf4 and Myc [8]. 


Skin ageing 


Skin ageing represents an inevitable physiological consequence of 
getting older, but the impact on personal health and well-being 
can be significant. Considerable efforts have therefore been made 
to understand the biology and pathophysiology of skin ageing to 
try to identify new targets that might offer therapeutic intervention 
and prevention. 

For many years, attempts have been made to define and charac- 
terise the physiological and pathological changes that occur in skin 
ageing, which is often subdivided into intrinsic (chronological) skin 
ageing and photoageing (sun-exposed sites). However, it is clear 
that this distinction is somewhat arbitrary, with light microscopy 
typically showing overlapping features of loss of collagen fibres, 
elastic fibre disruption, irregular pigmentation, a reduced number 
of thin hair follicles with grey hairs and altered inflammatory cells 
in the dermis, as well as shared age-associated physical changes 
such as reduced epidermal water-retaining capacity and reduced 
skin surface acidification (Figure 2.64) [1]. The often lax appear- 
ance to aged skin, however, does not reflect changes in skin water 
content. Indeed, the amount of water may not alter in intrinsically 
aged skin. In skin ageing, there is an increase in the number of 
mast cells, mononuclear cells and neutrophils. In photoageing, 
the fibroblasts show a stellate phenotype and, ultrastructurally, 
a highly activated endoplasmic reticulum, reflecting increased 
biosynthetic activity. With age, there are increasing levels of cir- 
culating pro-inflammatory cytokines and a shift towards cellular 
senescence, sometimes referred to as ‘inflammaging’ [2]. 

Age often decreases sensory perception and increases the thresh- 
old for pain. Aged skin displays a progressive disorganisation or loss 
of some sense organs; for example, the density of Meissner corpus- 
cles in terminal digit skin falls from over 30/mm/? in young adults 
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Figure 2.64 Structural and functional changes associated with skin ageing. 


to approximately 12/mm/ by the age of 70 years. Langerhans cells 
become considerably reduced in number in elderly people, even in 
sun-protected areas. There is a reduction in the number of epider- 
mal Langerhans cells with age, coupled with a reduced ability to 
migrate from the epidermis in response to tumour necrosis factor 
a, although exogenous IL-1f can improve the impaired Langerhans 
cell migration in aged skin. 

Peripheral immune function is altered in the elderly [3]. The 
responses of both T and B cells to specific mitogens change in 
elderly skin, despite the fact that the absolute numbers of T and B 
cells do not alter significantly. Nevertheless, a decreased intensity 
in delayed hypersensitivity reactions, an increased risk of photo- 
carcinogenesis [4] and a greater susceptibility to chronic skin infec- 
tions are all consequences of the ageing of the (skin) immune system. 
Additional contributors to ageing may include endocrine factors, 
nutritional or calorie intake, mechanical stress/tissue tension or 
inflammation and electromagnetic radiation. 

Understanding why and precisely how these changes in the skin 
occur is a major challenge and one that is pivotal in trying to develop 
new and effective therapeutic agents that can delay or prevent the 
ageing skin phenotype [5]. One approach in trying to address this 
has involved the comparison of young and old skin, using various 
chemical, physical, biological and molecular techniques, and over 
the last 60 years several theories have been proposed to explain 
ageing (in general and in the skin). In the 1950s, oxidative damage, 
with an accumulation of free oxygen radicals capable of damaging 
cell proteins, lipids and nucleic acids, was considered to be an 
aetiological factor. Further cellular changes that promoted ageing 
were suggested to include the accumulation of nuclear DNA dam- 
age, misfolded proteins and increased frequency of mitochondrial 
DNA deletions, as well as alteration in the regulation of cell polar- 
ity [6]. These are not mutually exclusive contributors and indeed 
chronic inflammation, both immune and non-immune mediated, 
has been identified as another factor that can promote ageing, in a 
manner linked to oxidative damage. 

Apart from cellular damage, other factors may include telomere 
shortening, as ageing cells fail to express sufficient telomerase to 
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maintain the telomere ends that prevent replicative senescence [7]. 
Overall, it is plausible that different types of damage occur at dif- 
ferent rates in a population of individuals, with a variable impact 
(timing and extent of ageing) as thresholds for toxicity are reached. 
Indeed, studies on fibroblast cell senescence in culture have identi- 
fied the contribution of cell stress, the accumulation of intracellular 
damage and the secretion of factors that can affect the behaviour of 
other cells in their vicinity. Thus, the surrounding microenvironment 
that bathes cells may have a direct impact on cellular ageing, tissue 
integrity and the ageing phenotype. 

One other investigative approach in skin ageing has been to 
focus on differences in the severity and time course of skin ageing 
between different individuals. This has been done predominantly 
using genomics platforms facilitated by improvements in the anno- 
tation of the human genome as well as new technical advances 
for functional studies. The concept has been that key events in 
ageing might be gleaned from the analysis of cohorts of individuals 
who demonstrate traits such as shorter or longer than average 
lifespans, as well as those with phenotypically accelerated forms 
of ageing such as the progeria syndromes [8]. Such studies do not 
relate exclusively to skin ageing but, as an expression of the ageing 
process, skin provides a useful model to observe the downstream 
functional consequences of specific variations in the genome that 
might be implicated in ageing. 

From a reductionist point of view, rare genetic diseases, in which 
the pathology associated with normal ageing seems to accumu- 
late at an accelerated rate, also have the potential to improve our 
understanding of the pathophysiology of normal skin ageing. 
These conditions include diseases such as the Werner syndrome, 
Hutchinson-Gilford progeria syndrome, Cockayne syndrome 
and_ trichothiodystrophy. Collectively, molecular characterisa- 
tion of these diseases has identified particular abnormalities in 
enhanced DNA damage, defective DNA repair, genomic instability, 
susceptibility to genotoxic stress and impaired epigenetic homeosta- 
sis — processes which, when studied in specific individual disease 
models, demonstrate some overlap with ageing-related events. For 
example, fibroblasts from individuals with Hutchinson-Gilford 
progeria syndrome show similar changes to normally aged fibro- 
blasts with regard to increased reactive oxygen species accumu- 
lation, increased basal DNA damage, reduced proliferation and 
early senescence. It is plausible, although not yet proven, that more 
common coding or non-coding variants in the genes that cause 
these rare monogenic syndromes (i.e. less disruptive changes than 
the disease-associated mutations) may confer some increased or 
decreased susceptibility to ageing via similar processes that occur 
on a grander scale in the rare genetic diseases. 

With regard to photoageing, studies on the pathological changes 
following UV exposure have provided other insights into skin 
ageing mechanisms. For example, it is known that UV radiation can 
induce the synthesis of various destructive enzymes, specifically 
the MMPs [9]. Notably, there is increased expression of MMP1, 
MMP3 and MMP9. The MMP1 enzyme can cleave the major inter- 
stitial collagens type I and type III and these fragments can be 
further degraded by MMP3 and MMP%9. It has also been shown 


that different individuals can have variable activity in the MMP1 
enzyme and that some of this variability may be due to functional 
polymorphisms within the promoter of the MMP1 gene. Of note, 
at the —1607 position, there is a common polymorphic variant 
that either gives a single G nucleotide or a GG sequence. This GG 
sequence creates a binding site for ETS (E26 transformation-specific) 
transcription factors that leads to increased activity of MMP1 and a 
greater breakdown in dermal collagen. 

It is possible that this single nucleotide polymorphism in MMP1 
(or others with similar functionality) might provide some insight 
into differential rates of skin ageing: those with the GG genotype 
might be prone to accelerated or more marked visible changes of 
skin ageing. For now, however, this possibility is merely speculative. 
Nevertheless, the GG genotype in the MMP1 promoter has been 
shown to have a marked effect on contrasting skin phenotypes, 
for example in the severity of scarring in the inherited blistering 
skin disorder recessive dystrophic epidermolysis bullosa. MMP1 
activity has also been shown to be greater in the skin of smokers 
(sun-exposed and sun-protected), a finding that may partially 
explain why many smokers display greater signs of skin age- 
ing compared with age-matched non-smokers [10]. Nevertheless, 
MMP71 is just one of c.20 000 genes and it is clear that the analysis 
of single genes in isolation is not the optimal approach in trying 
to dissect out what contributes to a skin ageing phenotype in the 
general population. 

With regard to the extracellular matrix gene expression patterns, 
there is typically a markedly increased expression of elastic fibre 
components in photoaged skin, with reduced expression of some 
dermal collagens during skin ageing (particularly in intrinsically 
aged skin), although a paradoxical increase in some collagens can 
occur in both photoageing and intrinsic ageing [11]. Aside from 
different changes in extracellular matrix patterns of gene expres- 
sion, some similarities occur for markers of stress in aged skin that 
are indicative of oxidative stress. Of note, all aged skin shows a 
decreased capacity to detoxify hydrogen peroxide and other free 
radicals along with reduced antioxidant defences. 

Overall, it is evident that intrinsic ageing and photoageing clearly 
affect many of the same biological processes. Themes common to 
both types of skin ageing include abnormalities in lipid biosyn- 
thesis, epidermal differentiation and oxidative stress. Contrasting 
differences between photoaged and intrinsically aged skin mainly 
involve extracellular matrix composition. Transcriptomic analysis 
also provides clues to biomarkers of aged skin, particularly involv- 
ing abnormalities of proteases, matrix proteins and inflammation 
as well as structural protein pathology in both the epidermis and 
dermis. The challenge will be to see whether these types of data will 
generate new targets for intervention and a rationale for developing 
new agents that delay or prevent some of the pathophysiological 
changes noted at both an individual gene/protein level as well as 
in the analysis of integrated or interactive biological pathways. An 
-omics approach to dissecting the pathophysiology of skin ageing is 
insightful at a basic science level, and at least provides a platform for 
further anti-ageing research and therapies, particularly to counter 
the visible effects of skin ageing. 
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Introduction 


As well as clinical examination, microscopic examination of skin tis- 
sue is probably the single most important diagnostic ancillary tech- 
nique used by dermatologists in the management of patients with 
skin disorders. The correlation of clinical appearances with the der- 
matopathological findings is not only of direct benefit to individual 
patients, but has also led to the recognition of many new skin dis- 
orders and increased our understanding of the mechanisms of skin 
disease. The science and art of dermatopathology had its beginnings 
in early 19th century Europe with the writings of pioneers such as 
Simon, von Baerensprung and Gans. It is interesting that these indi- 
viduals were dermatologists, and this tradition of dermatologists 
writing about histopathological aspects of skin disease was carried 
on by researchers such as P. Unna, F. Pinkus, A. Civatte, J. Darier, 
H. Montgomery, H. Pinkus and W. Lever, and in the last half of the 
20th century by R.K. Winkelmann, E. Wilson-Jones and A.B. Ack- 
ermann. During the last 20 years, the definition of numerous new 
disease entities and great advances in histopathological and related 
techniques have led to a wealth of publications on the histopathol- 
ogy of skin disease. Many major reference texts are now available 
[1-3,4]. 

Close cooperation between the clinician and the diagnostic 
dermatopathologist is not only desirable, but also essential. The 
spectrum of skin disease, including rare genetic disorders, infec- 
tious diseases, neoplasms and a wide range of inflammatory 
disorders, is huge, and although in many conditions the histological 
features are relatively distinctive of a particular skin disorder, in 
others the changes may be fairly non-specific. Only by close liaison 
between the disciplines of clinical dermatology and histopathology 


can the usefulness and limitations of skin biopsy examination be 
appreciated. The clinician who reviews the histology of his or her 
own biopsies appreciates the problems of interpretation of an inad- 
equate biopsy, a biopsy from an inappropriate or unrepresentative 
lesion, and the effects of artefact caused by undue trauma at the 
time of biopsy. The pathologist in turn can learn, for instance, that 
epidermal spongiosis, exocytosis of lymphocytes and mild dermal 
inflammatory changes are the hallmark of a spongiotic process 
and that a wide variety of clinical entities may show a similar 
histological picture. Using the term ‘chronic non-specific dermati- 
tis’ to denote this picture is unhelpful and misleading. What the 
pathologist should do is to closely correlate the clinical picture with 
the histological findings and try to reach a more specific diagnosis. 
Even if this is not possible, the clinician often finds it very useful if 
a number of differential diagnoses are ruled out. 
Dermatopathology as a medical specialty continues to be an 
expanding discipline, as witnessed by the plethora of publications 
(including original papers and books), the development of many 
national societies for dermatopathology and the many international 
meetings. In the UK for more than three decades, the Diploma in 
Dermatopathology of the Royal College of Pathologists has assessed 
proficiency in dermatopathology for both pathologists and derma- 
tologists. In Europe, a similar exam has been established by the 
European Union of Medical Specialists /Sections of Dermatovenere- 
ology and of Pathology [5]. This initiative has been received enthu- 
siastically by physicians in both specialties not only throughout 
Europe but also worldwide. The exam has been so successful that it 
also takes place in Latin America and Asia under the auspices of the 
Ibero-Latin American and Asian Societies of Dermatopathology. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


FOUNDATIONS 


OF DERMATOLOGY 


PART 1 


FOUNDATIONS 


OF DERMATOLOGY 


PART 1 


3.2. Chapter 3: Histopathology of the Skin: General Principles 


Biopsy of the skin 


A thorough understanding of both the indications for skin biopsy 
and the various biopsy techniques and their limitations is essential if 
the histopathologist is to provide the maximum useful information 
from the study of biopsy sections [6-8]. In addition to light micro- 
scopic examination of paraffin-embedded tissue, material obtained 
from skin biopsy may be used for a variety of investigative proce- 
dures. These include ultrastructural examination (only very seldom 
used nowadays), immunofluorescence studies, antigen mapping in 
congenital bullous disorders, immunohistochemistry, microbiologi- 
cal studies, tissue culture and molecular biological methods such as 
in situ hybridisation (including FISH: fluorescent in situ hybridisa- 
tion), polymerase chain reaction (PCR), mainly for immunoglobulin, 
T-cell-receptor gene rearrangement studies and infectious diseases, 
comparative genomic hybridisation, SNP (single nucleotide poly- 
morphism) arrays and next generation sequencing. Molecular tech- 
niques will not be discussed in the chapter. The various investigative 
techniques often require specific specimens and transport condi- 
tions. The individual undertaking skin biopsy should have a clear 
idea, before carrying out the procedure, of the studies that are to be 
performed on the specimen obtained. It should be borne in mind 
that division of the specimen into many small portions for various 
techniques such as culture, direct immunofluorescence studies and 
light microscopy may lead to specimens being too small, too unrep- 
resentative or too traumatised to provide useful results. It is often 
better to perform two biopsies or more to guarantee enough tissue 
to maximise the amount of information from the samples obtained. 

Of the various indications for skin biopsy (Box 3.1), a diagnos- 
tic skin biopsy is frequently used to confirm a clinical diagnosis or 
to aid in the establishment of a diagnosis where a clinical diagno- 
sis is not apparent. An excisional biopsy is the method of choice in 
treatment of skin lesions, particularly malignant neoplasms. It is less 
often used to remove lesions for cosmetic reasons. 


Box 3.1 Indications for skin biopsy 


e Excision of epidermal or dermal neoplasm, whether benign or 
malignant. Clear margins are required in a malignant neoplasm 

e An incisional biopsy (shave or punch biopsy) for confirmation of 
diagnosis of a lesion too big for removal, which will be treated by 
alternative methods, e.g. more complex surgery (wide excision, 
Mohs), radiotherapy or cryotherapy. Most useful for basal cell 
carcinoma or in situ squamous cell carcinoma (Bowen disease); avoid 
in melanocytic lesions, particularly lesions suspected of melanoma 

e An incisional biopsy of a hard-to-categorise skin eruption. Most will 
be inflammatory and a punch biopsy is often performed; sometimes 
cutaneous T-cell lymphoma is suspected and more than one biopsy 
may be necessary 

e Fresh-tissue incisional skin biopsies for immunopathological study, 
especially immunofluorescence, in suspected autoimmune 
dermatoses, e.g. blistering disorders (perilesional skin) or lupus 
erythematosus (lesional skin) 

¢ Simultaneous processing of contiguous incisional biopsies for 
pathology and for culture of fresh, unfixed tissue when infection is 
suspected. The tissue can be cultured for various organisms 
including mycobacteria and deep fungi or examined for protozoa or 
filarial worms 


The type of biopsy, the selection of the site to be biopsied and the 
type of lesion to be biopsied, where there is a widespread eruption, 
are of utmost importance. Ideally, the lesion biopsied should be an 
early and untreated lesion and representative of the skin disorder as 
a whole. Avoiding secondary changes is crucial to obtain adequate 
information. Excoriated lesions and areas where secondary changes 
may obscure the primary features should be avoided. If lesions are 
present at all stages of evolution, such as may be seen in pityriasis 
lichenoides, it may be appropriate to biopsy more than one lesion. 
Multiple biopsies are also often helpful in conditions such as early 
cutaneous T-cell lymphoma (mycosis fungoides), where definite 
histopathological diagnosis is often difficult. Normal skin should 
be included with a diagnostic biopsy wherever possible, and the 
inclusion of perilesional skin is essential when submitting biopsies 
for direct immunofluorescence studies. In certain conditions, such 
as connective tissue naevi, the changes may be subtle and compari- 
son with normal neighbouring skin may be very helpful. When this 
is done the clinician should mark the area of normal skin with a 
stitch to facilitate comparison. It is equally important to ensure that 
the biopsy is deep enough. It is frustrating for the pathologist and 
clinician alike to receive a specimen with a request form suggesting 
a diagnosis of panniculitis where sections from the biopsy show 
only a portion of epidermis and superficial dermis. The general 
tendency in cases suspected of panniculitis is to perform a punch 
biopsy. However, not infrequently, the information obtained from 
this type of biopsy in the setting of panniculitis is minimal and, ide- 
ally, a large, deep incisional biopsy should be performed to obtain 
maximum yield. If lesions are widespread and there is a choice of 
biopsy sites, it is sensible to avoid areas liable to heal badly, such 
as areas over bony prominences and the lower limbs, and to avoid 
cosmetically important areas. Secondary changes in some areas 
of the body, such as changes of venous stasis in biopsies from the 
lower legs of older people, may be confusing to the inexperienced 
diagnostic dermatopathologist, and such sites are also best avoided. 

Prior to skin biopsy, written informed consent is normally 
obtained from the patient, and in all but the smallest biopsies, 
local anaesthetic — usually 1% or 2% lidocaine (lignocaine) with or 
without epinephrine (adrenaline) — is injected around the biopsy 
site. Superficial blebs resulting from injecting local anaesthetic into 
the skin itself should be avoided. Injection of too much local anaes- 
thetic into one area of the skin can cause a prominent distortion 
artefact in sections that are prepared from biopsy tissue. The effect 
of epinephrine on dermal blood vessels and mast cells has proba- 
bly been overemphasised in the past. However, when performing 
biopsies for conditions such as urticaria pigmentosa, it may be 
prudent either to avoid the biopsy site itself and inject the anaes- 
thetic in a circle around it or to use an anaesthetic not containing 
epinephrine. Epinephrine and other vasoconstrictors should not be 
used in biopsies taken from the fingers or toes, as occasional intense 
vasospasm can result in tissue necrosis. Topical anaesthetic creams 
or gels are available as an alternative to injections for removal of 
superficial skin lesions. These topical anaesthetics are particularly 
helpful for biopsies performed in children and for biopsies obtained 
from genital skin. The main topical anaesthetic used is a combina- 
tion of lignocaine and prilocaine (EMLA: eutectic mixture of local 
anaesthetics). Although this topical preparation is extremely useful, 
it is important to know that it may cause secondary histological 


changes that may alter the interpretation of the biopsy. This is due 
to an irritant contact dermatitis and seems to be associated with the 
time of exposure to the medication and is more common in samples 
taken from patients with inflammatory dermatoses [9,10]. The 
histological changes consist of vacuolar change of keratinocytes in 
the upper layers of the epidermis, clefting at the dermal—epidermal 
junction with pallor of the superficial layers of the epidermis, lysis 
of keratinocytes and granular basophilic material, papillary dermal 
oedema and congestion of small superficial blood vessels. 


Techniques of skin biopsy (Table 3.1) 


[8] 

This is one of the most commonly used diagnostic skin biopsy 
techniques. The equipment required includes scalpel, fine-toothed 
forceps, needle holder, scissors and eyeless needle with suture 
(Figure 3.1). The use of a skin hook greatly facilitates manipulation 
of the biopsy specimen and avoids undue trauma. A reasonable size 
for an elliptical biopsy is about 5mm, but smaller specimens may be 
adequate where indicated for cosmetic reasons. Small lesions may 
be totally excised, but a biopsy of a larger lesion should be at right 
angles through the margin to include adjacent normal skin. The 
long axis of the wound should, where possible, follow the natural 
crease lines of the skin. For suspicious melanocytic lesions, a simple 
excision with narrow margins is performed and this is followed by 
a wider excision on confirmation of the diagnosis. A full discussion 
of surgical techniques and suture materials is beyond the scope of 
this chapter, but there are several excellent reviews [7,8] and issues 
relating to dermatological surgery are discussed in Chapter 20. 


[11] 

The biopsy punch is a metal cylinder of variable diameter with a 
sharp cutting edge at one end, usually attached to a plastic handle 
(Figure 3.2). The punch is pushed into the skin with a downward 
twisting movement, and then removed. The tissue specimen is lifted 
and separated from the underlying tissue, and removed from the 
biopsy punch. The wound may be left to heal without suturing, the 
base of the wound being cauterised by electrocautery or some other 
haemostatic agent. Many operators, however, prefer to insert one or 
two sutures to secure haemostasis. 


Table 3.1 Skin biopsy techniques [6-8]. 


Technique Application 


Excision For removal of a single lesion; an elliptical or 
fusiform-shaped area of skin is removed 

Similar to excision, but narrower; to include fat 
in suspected panniculitis; some normal perilesional 
skin is included for comparison 

Useful if tissue available is limited, but accurate 
sampling is essential; a rapid procedure, sometimes 
useful in children 

For hyperkeratotic lesions, e.g. seborrhoeic keratoses, 
viral warts, basal cell carcinomas; usually 
accompanied by cautery 

For facial protuberant lesions, e.g. benign intradermal 
naevi 

Snip For skin tags; skin snips also for onchocerciasis 


Incision biopsy (‘wedge’) 


Punch biopsy (3-6 mm) 


Curettage 


Shave biopsy 


Figure 3.1 Instruments for skin biopsy, including scalpel, scissors, needle holder and 
skin hooks. 


Figure 3.2 Disposable punch for cutaneous biopsy. 


Punch biopsies are convenient and quick to use, but it is prefer- 
able to use at least a 3mm punch to obtain a satisfactory specimen. 
A problem with small punch biopsies is that the specimen is often 
difficult to orientate, and most pathologists greatly prefer elliptical 
excision biopsies for diagnostic interpretation. Nevertheless, punch 
biopsies play an important role in busy out-patient departments and 
office practices, particularly for the diagnosis and management of 
small cutaneous lesions and in the diagnosis of inflammatory pro- 
cesses. 


[12,13] 
The technique of curettage with a sharp-edged Volkmann spoon 
or disposable curette followed by cautery is often used for the 
treatment of small benign and malignant skin lesions, such as viral 
warts, solar and seborrhoeic keratoses, and basal cell carcinomas. 
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The resulting specimen is fragmented, and it is often impossible 
to comment on adequacy of removal. A combination of curettage 
and shave excision has been proposed to overcome this problem. 
Curettage alone is more useful as a therapeutic procedure than as a 
technique for providing ideal specimens for histopathological diag- 
nosis. It must be emphasised that all specimens should be submitted 
for histopathological examination. Haemostasis may be achieved 
by electrocautery, alginate dressings or using aluminium chloride 
hexahydrate solution on a cotton bud rolled over the wound. It is 
important to mention a further haemostatic agent, Monsel solution 
(ferric subsulphate) that is no longer widely used but may cause 
problems in the histological interpretation of re-excision specimens. 
The pigment coats the collagen bundles and induces a histiocytic 
reaction with numerous siderophages [14]. This may make the 
interpretation of biopsies very difficult, particularly in the setting of 
melanocytic lesions. 


Shave biopsy 

Certain superficial, benign papular or nodular lesions may be 
treated by shaving off the lesion flush with the surface of the 
surrounding skin. Many sorts of superficial skin lesion may be 
treated in this way, in particular melanocytic naevi. Although often 
a useful cosmetic result may be obtained, this technique has several 
drawbacks. The whole lesion is rarely removed, and recurrence 
of the lesion is sometimes a problem. In the case of melanocytic 
naevi, lesions that recur following partial excision often demon- 
strate atypical histopathological features, sometimes leading to an 
erroneous diagnosis of a malignant lesion (pseudomelanoma phe- 
nomenon) [15]. This technique is also used to confirm the diagnosis 
of non-melanoma skin cancers, namely, basal cell carcinoma and 
squamous cell carcinoma. However, its use should be discouraged 
in the latter as it is often very difficult or impossible to distinguish 
between an in situ squamous cell carcinoma and an invasive neo- 
plasm due to the superficial nature of the sample or to problems 
with orientation. As with the techniques of curettage and punch 
biopsy, the wounds resulting from the procedure of shave biopsy 
normally require some form of cauterisation or use of aluminium 
chloride hexahydrate to achieve haemostasis. 


Other biopsy techniques 

Various other ways of obtaining portions of skin tissue for diagnos- 
tic purposes have been described, including needle biopsy, similar 
to that used for tissue diagnosis of liver disease and lymph node 
pathology (see section on cytodiagnosis and Tzank smears). The 
results from such a technique are generally unsatisfactory for skin 
lesions, and in no way compare with those achieved using more 
conventional surgical procedures. Techniques for slit-skin smears 
for leprosy and skin snips for onchocerchiasis are discussed in 
Chapters 28 and 33, respectively. 


Information to be provided with the specimen 

For the clinician to obtain the optimum help from the pathologist, it 
is essential that full clinical details be provided. A fully completed 
histopathology request form should include the following details for 
each specimen. The patient should be identified by name, sex, age 
and usually a hospital reference number, or some other identifica- 
tion record number. It is useful to know the patient’s racial group, 


as prominent epidermal basal layer melanin pigmentation may be 
pathological in some situations but represents normal skin for other 
individuals. A brief clinical history of the duration of the skin con- 
dition should be provided, together with details of any treatment 
including topical and systemic therapy. Ideally, a clinical differential 
diagnosis should be provided. The site of each biopsy taken should 
be clearly identified on the request form, and accompanied by speci- 
mens in separate, individually labelled containers. Unfortunately, it 
is not uncommon to receive several biopsies from what are thought 
to be trivial lesions from the same patient in one container. Some- 
times it turns out that one of these lesions is histologically malignant 
and the others are benign and, in these circumstances, it may be 
impossible to determine the site of the malignant tumour. 

Details of previous biopsies, and where possible the histopathol- 
ogy report reference numbers, should always be included on a 
request form, and finally a suggested clinical diagnosis or list of 
differential diagnoses is helpful. Where possible, abbreviations 
should be avoided. It may be that many pathologists will recognise 
the letters PLC as standing for pityriasis lichenoides chronica, but 
perhaps there would be fewer who would immediately recognise 
the letters TMEP as representing a form of urticaria pigmentosa. 

Finally, but most importantly, the dermatologist or surgeon send- 
ing the biopsy material to the pathologist should give some clear 
indication on the request form from whom the biopsy is being sent, 
or to whom the report should be forwarded. If some of the sim- 
ple advice above were more often heeded by clinicians performing 
biopsies, it would make the life of a dermatopathologist very much 
easier. 


Care of the specimen 

Care is required throughout the biopsy procedure to avoid trauma 
to the specimen with forceps or any of the other instruments used 
during biopsy. The use of skin hooks in manipulating the speci- 
men during biopsy is helpful in this respect [16] and, in order to 
avoid trauma artefact, the division of small specimens into multiple 
smaller portions of tissue for different diagnostic purposes should 
be avoided. If a specimen is needed for four separate studies — such 
as paraffin embedding, direct immunofluorescence studies, electron 
microscopy and microbiological culture — it is often better to take 
two separate specimens and divide each of these into two portions 
than to attempt to divide one specimen into quarters. Biopsies taken 
for ultrastructural studies should be small (of the order of 1-2 mm 
cubes) to allow for adequate fixation. Skin samples for electron 
microscopy should be placed into fixative first, i.e. before other skin 
samples are put into their respective fixatives for other pathology 
studies. 

For routine diagnostic microscopy of paraffin-embedded mate- 
rial, 10% neutral buffered formalin is still the most widely used 
fixative and is satisfactory for most purposes [17]. Many other fix- 
atives and transport media such as Michel medium (Table 3.2) [17] 
are available, and these are indicated for either the study of specific 
diseases or tissue components, or for the application of specific 
diagnostic techniques such as immunofluorescence [18]. The use of 
Michel medium allows the preservation of antigens for immunoflu- 
orescence studies for up to 6 months [19]. By using Michel medium, 
specimens may be sent safely without the need for immediate 
freezing. This medium is also useful for fixation of samples used in 
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Table 3.2 Michel transport medium for fresh cutaneous tissue. 


Component of medium _ Reagents 


Ammonium sulphate 
Buffer 


55g in 100 mL buffer 

1 mol/L potassium citrate (pH 7), 2.5 mL 

0.1 mol/L magnesium sulphate, 5 mL 

0.1 mol/L ethyl maleimide, 5 mL 

Distilled water, 87.5 mL 

Mix 1: 2 with 1 mol/L potassium hydroxide to pH 7.0 


immunoelectron microscopy studies [20], seems to preserve the anti- 
gens relevant for the investigation of genetic blistering skin diseases 
[21] and may be used for short-term preservation of DNA in samples 
submitted for DNA analysis [22]. The specimen has to be washed 
thoroughly on receipt before freezing it to avoid artefacts. Sodium 
chloride 0.9% has been proposed as an alternative transport medium 
to Michel medium [23]. However, preservation of antigens only lasts 
for 24h and frequent artefacts, including hydropic degeneration of 
keratinocytes and splitting of the dermal-epidermal junction, are 
seen. Furthermore, this method is not suitable for samples obtained 
for immunoelectron microscopy or antigen mapping. Table 3.3 gives 
some details of the more important fixatives and transport media. 
Honey has also been advocated as a transport medium for direct 
immunofluorescence samples and antigen mapping, but its efficacy 
is much less than that of Michel medium after 4 weeks [24]. 


Laboratory methods 


Specimen preparation 

Frozen sections are not used routinely in dermatopathology, except 
for Mohs micrographic surgery (described in Chapter 20) and 
immunofluorescence. Most antibodies used in diagnostic der- 
matopathology work adequately in samples fixed in formalin and, 
except in the context of research, frozen sections are therefore not 
used on a regular basis for immunohistochemical studies. Frozen 


Table 3.3 Fixatives and transport media for skin biopsy specimens. 


Investigative technique Fixative/transport medium 


sections are used for the diagnosis of autoimmune blistering dis- 
orders and also for the diagnosis of blistering genetic skin diseases 
(antigen mapping, see Chapter 50). Although it has been advo- 
cated that autoimmune blistering disorders may be diagnosed with 
immunohistochemistry performed on samples fixed in formalin, 
the results are often of inferior quality and interpretation is difficult, 
leading to false negative and false positive results. This method is 
therefore not recommended. 

Careful identification and preparation of tissue specimens prior to 
processing is most important. The first requirement is that the biopsy 
specimen be placed immediately into a fixative solution. Various 
routine fixatives are employed; most contain 10% formalin. Because 
a stock solution of formalin consists of 40% formaldehyde, 10% for- 
malin is really 4% formaldehyde. A minimum of 12h fixation is rec- 
ommended for most specimens, but small specimens may only need 
6h, and larger specimens a longer period of fixation, to produce 
optimal results. After fixation, the biopsy tissue is removed from 
its container, double-checking that the specimen corresponds with 
details given on the request form, and the pathologist produces a 
macroscopic description together with details of ‘the cut up’. 

Special care should be taken where multiple fragments of tissue 
are present, for example in specimens obtained by curettage. It may 
be necessary to pass the contents of the biopsy container through a 
filter paper to ensure that all relevant portions of tissue are processed 
and examined. After orientating the specimen, a description should 
be made of the size and shape of the specimen, and a note made of 
whether subcutaneous or other tissue is included. A careful descrip- 
tion of surface changes is then made, with particular reference to 
changes of colour and surface texture, such as erosion or ulceration. 
Any obvious clinical lesion present on the gross specimen should be 
described. In some surgical specimens, an identification label, such 
as askin suture, is left in place in the biopsy specimen by the surgeon 
to enable precise orientation of the specimen. This is particularly 
important when dealing with neoplastic lesions, where clearance of 
tumour in the margins of the biopsy specimen needs to be assessed. 

Prior to sectioning a gross specimen, especially excised tumours, 
it is good practice to paint the margins of the biopsy specimen with 


Comments 


Most routine diagnostic studies on paraffin-processed 
material 


Carnoy solution (pH 2.8) 


Where rapid fixation required 
Transmission electron microscopy and some electron 


immunocytochemistry glutaraldehyde solution 


10% neutral buffered formalin solution (pH 7) 
10% aqueous formalin (unbuffered) 


Place specimen in the oven in alcohol 
Karnofsky solution or 2.5% buffered 


Most useful fixative for general use 

H&E staining generally better than with buffered preparation 
Formalin pigment a nuisance 

Good preservation of nuclear chromatin 

Haemolyses red blood cells; use small specimens 

Microwave fixation 

Small specimens required, normally no more than 1 mm cube 


Post fixation with osmium tetroxide 


Immunofluorescence and immunoenzyme techniques 


endothelial cell markers 
Transport of specimens for immunofluorescence studies Michel medium 
Microbiological studies, studies on fat tissue and some _ Fresh or frozen tissue 


immunohistological investigations 


Various; periodate lysine paraformaldehyde 
fixation and cold processing useful for some 


Various fixatives suitable depending on technique and 
antigen/substance to be identified 

Frozen tissue may be required 

Specimen must be thoroughly washed in phosphate-buffered saline 
before immersion in Michel medium 

Specimens for microbiological examination should be placed in sterile 
containers and transported to the laboratory as soon as possible 
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Figure 3.3 Blocking of elliptical skin biopsy specimens. (a) Neoplastic lesions. Multiple 
transverse blocks through the whole lesion allow for histopathological examination of 
the tumour at all levels and assessment of the narrowest excision margins. (b) Incisional 
biopsy of inflammatory lesion. Longitudinal blocking is recommended; this allows 
optimal visualisation of the affected and adjacent normal skin. 


coloured dyes that are resistant to tissue processing. Various com- 
mercial preparations are available, and one or several colours may 
be used. If the dye is visible on the final tissue section examined 
by the pathologist, this implies that no tissue has been lost in pro- 
cessing, and that the edge of the section corresponds to the gen- 
uine margin of the biopsy. After painting the biopsy margins, the 
gross specimen is then sectioned prior to the preparation of histolog- 
ical blocks. There are various techniques for cutting up a standard 
elliptical skin biopsy. The ideal method depends to some extent on 
the nature of the suspected diagnosis. A specimen from an excision 
biopsy of a benign or malignant skin tumour is better handled by 
taking transverse blocks through the specimen, so that the narrowest 
excision margins may be examined. For malignant lesions, particu- 
larly for suspected melanoma, ideally transverse blocks should be 
taken at 2mm intervals throughout the whole length of the lesion 
(Figure 3.3a) [1]. An elliptical biopsy taken, for instance, from the 
margin of a patch of an inflammatory dermatosis, is best sectioned 
longitudinally, so that both normal and abnormal skin can be visu- 
alised (Figure 3.3b). With larger specimens, examination of a selec- 
tion of transverse blocks made from various portions of the tumour 
may be adequate for diagnostic purposes. Any biopsy tissue not 
processed should be labelled and returned to the fixative in the con- 
tainer and stored. Laboratories have different policies regarding the 
retention of fixed tissue specimens. Ideally, all specimens should 
be retained, but limitations of space often mean that most routine 
specimens can be discarded after a period of a few weeks after the 
histopathological report has been approved and signed. 

In addition to a written description of the gross specimen, and 
how it has been prepared for blocking, a rough diagram of the 
specimen is very useful, particularly with larger specimens. This 
enables clear identification of the portion of the specimen from 
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Figure 3.4 Photocopy procedure for recording the preparation of blocks. (a) The 
appearance of a macroscopic specimen of melanoma. (b) Transverse blocks are taken 
from the specimen, and their exact position is recorded on a photocopy made from the 
surface of the gross specimen. 


which various blocks have been taken. An alternative approach for 
larger specimens, especially when dealing with neoplastic lesions, 
is either to photograph the specimen or to wrap the specimen in 
clear cling-wrap film and take a photocopy of the surface. This 
produces an image the same size as the gross specimen, and details 
of the blocks taken can be recorded directly on the photocopy image 
(Figure 3.4). 

Very small specimens may be blocked in their entirety after trim- 
ming. Other blocking techniques may be used for specific purposes. 
An example is the blocking of transverse sections of cylindrical 
punch biopsies (at least 4mm in diameter) of scalp disorders 
[2,3-5]. This technique is particularly useful in the assessment of 
various forms of inflammatory alopecia, and facilitates the quanti- 
tative morphometric analysis of pilosebaceous follicles and the hair 
itself. The technique also provides a useful method of studying the 
morphological details of the normal transverse anatomy of follicu- 
lar structure, including the various phases of the normal hair cycle. 


Ideally, when investigating a condition presenting with alopecia, 
two biopsies should be provided: one for vertical sectioning and one 
for horizontal sectioning. It has been shown that the interpretation 
of both horizontal and vertical sections in scalp biopsies is better 
than each method on its own to obtain a high diagnostic yield [4]. If 
immunofluorescence studies are required, the specimen for vertical 
sectioning can be divided into two portions. 

The use of ex vivo dermoscopy-guided histological sectioning of 
melanocytic lesions has been demonstrated to improve accuracy in 
diagnosis and clinicopathological correlation of these challenging 
tumours. More recently, ex vivo dermoscopy with added derm 
dotting and adapted sectioning has been advocated as a technique 
allowing better clinicopathological correlation and more accurate 
diagnosis in the evaluation not only of melanocytic lesions but 
also of non-melanoma skin cancers [6-9,10]. This technique also 
allows better evaluation of excision margins and improvement in 
turnaround reporting times. 


Routine tissue processing 

Although the skin biopsy specimen may be examined with 
various techniques, at least a portion of most skin biopsies is 
routinely processed for light microscopic evaluation of sections 
from paraffin-embedded tissue. The tissue processing is carried 
out using automated machines. Two main types of automated 
tissue-processing machine are in use: the traditional carousel type 
and the enclosed pumped fluid type. Both types of machine have the 
facility for multiple separate stages in processing. After completion 
of fixation the same basic steps of dehydration, clearing and embed- 
ding are involved. The process of dehydration removes aqueous 
fixative and any tissue water. Clearing refers to the use of a substance 
such as xylene, which is totally miscible with both the dehydrating 
agent that precedes it and the embedding agent that follows it. 

For embedding, paraffin wax at 56°C remains by far the most 
popular material. It is cheap, large numbers of tissue blocks may 
be processed in comparatively short times, and later sectioning and 
staining are straightforward. The use of vacuum impregnation in 
modern and automated tissue-processing machines considerably 
reduces the overall processing time. At the end of the embedding 
procedure, paraffin blocks are cut and stained and are then ready 
for microscopic examination. The dermatopathologist should be 
aware of relatively common potential artefacts that can cause 
confusion and misinterpretation [11]. When urgent preparation 
of tissue specimens is required, various processing steps can be 
shortened. The use of very thin portions of tissue, increasing the 
temperature of the fixative, microwave-fixation techniques [12,13] 
and shortening the time used for clearing can all facilitate rapid 
processing. Alternatively, cryostat sections can be examined. 


Routine staining techniques, including 
histochemistry 

By far the most widely used stain for sections from skin biopsies 
used in histopathology laboratories is haematoxylin and eosin 
(H&E). This staining technique gives good definition of many 
cellular and tissue structures in the skin, and is sufficient for the 
diagnosis of most skin diseases. This stain, however, does not 
clearly demonstrate certain tissue components, such as elastic 
fibres (Figure 3.5), and does not allow differentiation between 


Table 3.4 Some tinctorial stains used in dermatology. 


Special stains 


Tissue constituent 


Appearance 


Periodic acid-Schiff (PAS) Glycogen Magenta red (diastase 
sensitive) 
ucopolysaccharides Red (fungal wall red) 
Van Gieson Collagen Red 
uscle, nerve Yellow 
Congo red Amyloid Red with green birefringence 
Acid orcein—Giemsa Elastic fibre Dark brown 
Collagen Pink 
elanin Black 
Haemosiderin Green/yellow 
Amyloid Light blue 
ast cell granules Purple 
Masson trichrome Collagen Green 
uscle + fibrin Red 
Aldehyde fuchsin Elastic fibres Purple 
Gomori Reticulin Black 
Alcian blue (pH 4.5, 0.5) | Acid mucopolysaccharides Blue 


Toluidine blue 


Acid mucopolysaccharides 


Metachromatic purple 


including mast cells 


Perls Prussian blue Iron (haemosiderin) Blue 
Masson Fontana Melanin Black 
Von Kossa Calcium salts Brown/black 
Grocott Fungus wall Black 
Methenamine silver Bacteria 
Gram positive Blue/violet 
Gram negative Red/pink 
Ziehl-Neelsen/Wade-Fite  Acid-fast bacilli Red 


melanin, haemosiderin and other skin pigments. Special stains are 
required for these purposes, and also for confirming the nature of 
abnormal dermal deposits, such as calcium, mucin and amyloid. 
Another important indication for special staining techniques is the 
demonstration of microorganisms. Full details of the techniques 
and applications of special stains used in diagnostic dermatopathol- 
ogy are given in standard reference texts [14,15,16]. Examples of 
commonly used staining techniques that are useful in the diagnosis 
of specific conditions are given below and in Table 3.4. 

The periodic acid—Schiff (PAS) stain demonstrates the presence of 
carbohydrates, particularly some polysaccharides such as glycogen, 
and mucoproteins containing neutral mucopolysaccharides. These 
substances are stained reddish purple by the PAS reaction. Because 
the cell walls of fungi and yeasts contain neutral polysaccharides, 
they also stain positively with the PAS reaction (Figure 3.6). This 
is a cheap and reliable diagnostic method, and it has been advo- 
cated that a PAS stain should be routinely used in all biopsies of 
inflammatory dermatoses [17]. The reasoning for this proposal is 
based on the clinical and histological appearances of tinea often 
being non-specific. The technique is also useful in demonstrating 
blood vessel walls, basement membrane (Figure 3.7), fibrin deposi- 
tion and the presence of glycogen deposits, for instance in certain 
sweat gland and follicular tumours, such as clear cell hidrade- 
noma, trichilemmoma and some epithelial lesions of uncertain 
histogenesis, such as the clear cell acanthoma. The identification of 
glycogen can be further confirmed by removal by enzyme digestion 
with diastase in 1% aqueous solution at 37°C for 30 min. Positive 
staining after the use of diastase indicates the presence of neutral 
mucopolysaccharides. 
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Figure 3.5 (a) Connective tissue naevus. The section stained with H&E only shows focal condensation of the collagen. (b) An elastic van Gieson stain shows marked focal increase in 


the number of elastic fibres. 


Figure 3.6 Periodic acid—Schiff stain showing numerous hyphae within the hair shaft in 
an endothrix infection. 


The Alcian blue reaction produces a blue coloration in the pres- 
ence of acid mucopolysaccharides. In addition to demonstrating 
the presence of mucin in cutaneous mucinoses, the technique is also 
of value in some cases of extramammary Paget disease, and occa- 
sionally in the demonstration of goblet cells in metastatic carcinoma 
of the gut. There are small amounts of acid mucopolysaccharide 
present in the ground substance of normal dermis, and the Alcian 
blue reaction is very pH dependent. Care should therefore be 
exercised in the interpretation of a positive result. 

Acid orcein and Giemsa stain was popularised by Pinkus and 
Mehregan who recommend its use as a second routine stain [18]. 
It is a valuable technique that demonstrates, in addition to struc- 
tures normally visible with H&E stain, the presence of mast cells, 
eosinophils, metachromatic substances and elastic fibres. The rou- 
tine use of the orcein—Giemsa stain often avoids the recutting of 


Figure 3.7 Periodic acid—Schiff stain showing thickening of the basement membrane 
zone in cutaneous lupus erythematosus. 


blocks for other special stains. Orcein itself is a constituent in other 
staining methods, particularly those used to demonstrate elastic 
fibres. 

Special staining techniques are often essential to differentiate 
between epidermal and dermal deposits of melanin, haemosiderin 
and other substances. The Masson ammoniacal silver nitrate 
technique produces a densely black reaction product with melanin. 
Melanin deposits appear greenish black with the acid orcein—Giemsa 
stain. Iron, which in the context of skin biopsy material normally 
means haemosiderin pigment, is demonstrated by the Perls Prus- 
sian blue reaction, which yields a deep blue reaction product in the 
presence of ferric and ferrous iron (Figure 3.8). 

Trichrome stains can demonstrate various elements of connective 
tissue. Common examples are the van Gieson stain, in which col- 
lagen appears red and muscle and nerves yellow, and the Masson 
trichrome stain, in which collagen is green and muscle red. The latter 
stain is seldom used nowadays. 

Certain types of cells present within the skin may be difficult to 
recognise on conventional H&E-stained material. Mast cells are best 
demonstrated either by using a metachromatic staining technique, 
such as toluidine blue, or with one of the few enzyme histochemical 


Figure 3.8 (a) A prominent lymphocytic 
infiltrate which is focally lichenoid and is 
associated with extravasation of red blood cells 
in a case of lichen aureus (H&E). (b) Perls stain 
highlighting numerous haemosiderin- 
containing macrophages, a useful technique to 
confirm the diagnosis of lichen aureus. 
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Figure 3.9 Chloroacetate esterase stain. Mast cells appear red with this technique. 


methods that may be carried out on paraffin-embedded tissue, such 
as the chloroacetate esterase reaction. The use of this technique 
applied to formalin-fixed paraffin sections was described by Leder 
[19], and mast cells and myeloid white cells are easily identified 
by their bright pinkish red staining (Figure 3.9). Other histio- 
cytic and dendritic cells that are difficult to visualise on routinely 
stained material are best visualised with immunohistochemical 
methods. 

Cutaneous deposits of various naturally occurring and foreign 
substances often require special staining techniques for their demon- 
stration. The von Kossa method produces a black coloration in the 
presence of calcium salts, and amyloid deposits may be demon- 
strated using crystal violet or Congo red. With this latter technique, 
amyloid deposits stain pinkish red, and under polariscopic exam- 
ination there is a green birefringence. Another technique useful 
for the demonstration of amyloid deposits is the thioflavine T 
method, yielding green fluorescence on examination with a fluores- 
cence microscope. Unfortunately, several of the staining techniques 
recommended for the demonstration of amyloid are technically 
unreliable, and none is totally specific for amyloidosis. Some cotton 
dyes other than Congo red, such as pagoda red, have been claimed 
to be as sensitive as Congo red while being more specific [20]. It is 
recommended that more than one special stain be used if amyloid is 
suspected. Occasionally, even with the use of several special stains, 
amyloid cannot be demonstrated and then electron microscopy is 
necessary for this purpose. 

A wide range of techniques is employed for the demonstration 
of microorganisms in the skin. Reference has already been made 


to the usefulness of the PAS stain in the demonstration of yeasts 
and fungi. The silver staining technique of Grocott is also very 
helpful in the identification of fungal hyphae and yeast bodies. 
These structures stain black on a pale green background. Other 
silver techniques, including the Warthin-Starry technique, are 
useful in demonstrating spirochaetes and Bartonella henselae (the 
organism that causes bacillary angiomatosis). Bartonella may also 
be demonstrated using a Giemsa stain. The traditional Gram stain 
demonstrates coccal and bacillary organisms in the skin. Several 
techniques are available for the demonstration of acid-fast bacilli. 
The Ziehl-Neelsen method is widely used for the demonstration 
of mycobacteria, particularly Mycobacterium tuberculosis. It is based 
on the capacity of the lipid-rich cell wall of mycobacteria to take 
up strong phenol dye solutions. This dye is retained after differ- 
entiation in acid or alcohol. Mycobacteria stain magenta and the 
background is blue. Auramine-rhodamine stain is also a sensitive 
method for demonstrating mycobacteria in tissue sections. Its main 
drawback is that it requires the use of a fluorescence microscope for 
interpretation [21]. The Ziehl-Neelsen method should not be used 
for the demonstration of leprosy bacilli. The use of this technique 
often leads to a false negative result. The reason for this is that 
the leprosy bacilli are less acid- and alcohol-fast. The Wade-Fite 
stain, or a modification of this technique, is more appropriate for 
identification of leprosy bacilli and atypical mycobacteria because it 
uses minimal treatment with alcohol and acid. In fact, in cases with 
very few organisms, if Ziehl—Neelsen is used instead of Wade-Fite, 
the diagnosis may be missed. 

Even with the above techniques, sensitivity remains very low 
and the demonstration of small numbers of microorganisms in 
the skin may be very difficult and may require the examination of 
many sections. Thankfully, increasing numbers of newer tests for 
the detection of microorganisms in paraffin-embedded tissue have 
become available, simplifying the task of pathologists and der- 
matopathologists. These techniques include in situ hybridisation, 
PCR and immunohistochemistry and are used for the detection of a 
wide variety of microorganisms, including bacteria, fungi, mycobac- 
teria, viruses, rickettsia and leishmania [22-25,26,27-31,32,33-36]. 
Although PCR is a valuable diagnostic tool in infections such as 
those caused by leishmania, bartonella and rickettsia, this technique 
has important limitations in the diagnosis of fungal, mycobacterial 
and RNA viral infections due to the large number of false positive 
and negative results. PCR is useful in cases with suspicious histol- 
ogy in which special stains have been negative and in which fresh 
tissue is not available for culture. It is important to highlight that 
mycobacterial DNA has been found in cutaneous lesions of nodular 
vasculitis and papulonecrotic tuberculid [37,38]. While this confirms 
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the relationship between these two entities and tuberculosis, it does 
not necessarily mean that the finding may be interpreted as evi- 
dence of tuberculous infection in the affected sites. A polyclonal 
antibody for BCG is very useful as a screening technique for the 
presence of fungi and bacteria in tissues and this is based on the 
presence of wide cross-reactivity of this antibody between different 
species [39-41]. The antibody is, however, not useful in detecting 
viruses, leishmania or spirochaetes. A monoclonal antibody to 
Treponema pallidum is very useful and much more sensitive than 
the silver technique to demonstrate organisms in tissue sections 
[42]. Borrelia burgdorferi can be identified in tissue sections by an 
immunohistochemical method using focus floating microscopy [28]. 


Immunopathology 


There are some situations where even after careful biopsy of an 
appropriate lesion, expert tissue processing and sectioning and the 
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use of several special staining techniques, a specific histological 
diagnosis is still not possible. The use of immunological methods 
permits the identification of antigens, antibodies and various other 
cell and tissue components and has greatly facilitated our ability to 
achieve a specific diagnosis. Hybridoma monoclonal antibody tech- 
nology paved the way for the development of numerous antibodies 
to cell and tissue structures (Box 3.2). 


Immunofluorescence methods 


John Mee 


Immunofluorescence techniques were pioneered in the 1940s 
and have been widely used subsequently, both in research and clin- 
ical diagnostics. Applications include the evaluation of cells 
in suspension, cultured cells, tissue, beads and microarrays for the 
detection of specific protein(s). In this technique, antibodies are 
chemically conjugated to fluorescent dyes such as fluorescein 


Box 3.2 Immunocytochemistry panels of cell markers 


As in Undifferentiated malignancy panel plus: 


Melanocyte panel 


S-100 protein 


CD4 (T-helper /inducer lymphocytes) 

CD8 (T-cytotoxic/suppressor lymphocytes) 
UCHL (CD45Ro) (pan T-cell marker) 

BF1 (anti-T-cell-receptor B chain antibody) 


e Desmin e 

e H-caldesmon ° 

¢ Calponin ° 

e¢ Smooth muscle actin e TCR 6-chain 
e Qbend 10 (CD34) e Ber-H2 (CD30) 


« light chain d light chain (now also done by 
in situ hybridisation) 


° HMBA5 oe 
¢ Mart-1 (Melan-A) ee : 
© MIFT-1 e¢ CD10 (marker of follicle-centre cells) 
* Tyrosinase e Bcl-6 (marker of follicle-centre cells) 
« Melaneies Sockiadl ¢ Ki-67 (proliferation marker) 
* SOX10 e CD56 (natural killer cell marker) 
¢ TIA-1 (marker of cytotoxic granules) 
Small blue cell panel ¢ Granzyme (marker of cytotoxic granules) 
° Chromogranin ¢ Perforin (marker of cytotoxic granules) 
¢ Synaptophysin e MUM1 
e NSE (neuron-specific enolase) e FPOX-1 
° Cam 5.2 ¢ PD1 (marker of follicular T helper cells) 
° EMA ¢ ICOS (marker of follicular T helper cells) 
° CEA ¢ CXCL13 (marker of follicular T helper cells) 
* S-100 protein ¢ Immunoglobulins: IgG, IgM, IgD, IgM, IgG4 
¢ Cytokeratin 20 . 
¢ Human polyomavirus Teukaemma pane! 
¢ Neurofilament pecais 
° CD99 e Lysozyme 


Undifferentiated malignancy panel e FLI-1 e Myeloperoxidase 
e MNF 116 (keratin) e Desmin e CD33 

e AE1/AE3 (keratin) e Myogenin e HLA-DR 

¢ CAM 5.2 (low-molecular-weight keratin) e MYOD1 e MT1 (CD43) 
e Epithelial membrane antigen (EMA) ¢ Muscle-specific actin e KP1 

e Leukocyte common antigen (LCA) e¢ Smooth muscle actin ¢ PGM1 

e S-100 protein Lymphoma panel ¢ CD163 

°¢ SOX10 * LCA (CD45) e TDT 
eo ¢ CD20, CD79a (pan B-cell markers) * CD94 

ew ERS ° CD2, CD3, CD5, CD7, CD43 (pan T-cell * CD4 
Spindle cell panel markers) * CD56 


Langerhans cell panel 
¢ S100 protein 

e CDla 

e Langerin (CD207) 


Vascular panel 

e ERG 

¢ CD31 

° Qbend 10 (CD34) 

e FLI-1 

¢ Podoplanin (D240) (lymphatic endothelial 
cell marker) 

e HHV8 


Mast cell markers 

¢ CD117 

e Tryptase 

¢ Microphthalmia transcription factor 


Immunofluorescence labelling (frozen 
sections) 

° IgM 

e IgG 

e IgA 

¢ Complement-3 (C3) 

e Fibrinogen 


isothiocyanate (FITC) or tetramethyl rhodamine isothiocyanate 
(TRITC). These labelled antibodies bind (directly or indirectly) 
to the antigen(s) of interest in cells or tissue sections, which can be 
visualised by fluorescence or confocal microscopy and quantified 
by flow cytometry, array scanner or automated imaging instrument. 

In clinical immunodermatology, there are two basic types 
of immunofluorescence detection methods: (i) direct immunoflu- 
orescence, in which the primary antibody is labelled with a 
fluorescent dye (Figure 3.10a); and (ii) indirect immunofluorescence, 
where a secondary antibody labelled with a fluorochrome is used 
to recognise a primary (circulating) antibody (Figure 3.10b). These 
techniques are both reliable and reproducible and have allowed 
major advances in the diagnosis of autoimmune blistering diseases. 

Accuracy in the diagnosis of bullous diseases is important, 
as some of these disorders can be life threatening. Although 
some bullous diseases can have definitive clinical and histolog- 
ical features, a positive diagnosis is typically confirmed using 
immunofluorescence techniques, which are regarded as the ‘gold 
standard’ in the investigation and management of immunobullous 
diseases. In other conditions, such as connective tissue diseases 
and vasculitis, they are not diagnostic but can be helpful. 

Photobleaching or fading is a technical limitation of immunofluo- 
rescence. Prolonged or repeated examination reduces the inten- 
sity of emission, which also diminishes if preparations are 
exposed to sunlight. This fading can be reduced through storage 
of immunofluorescence slides in the dark and the use of commercial 
mountant solutions containing an antifade reagent. 

Findings from immunofluorescence techniques have enabled 
dermatologists to classify blistering diseases and to develop new 
assays utilising techniques such as immunoblotting, immunoelec- 
tron microscopy and enzyme-linked immunosorbent assays. Using 
these techniques, the principal antigens recognised by antibodies 
in autoimmune blistering diseases have been identified and char- 
acterised. Their respective genes have been cloned and used 
to produce recombinant proteins, which can be used to study 
the functional aspects of these molecules. The collective informa- 
tion obtained from the findings of these techniques is extremely 
valuable to dermatologists. 

It is important to understand that immunofluorescence is not 
a substitute for histopathology but is, in fact, complementary 
to it. Maximum diagnostic accuracy is achieved by consider- 
ing the clinical, histological and immunofluorescence findings 
together. The values of positive or negative immunofluores- 
cence findings are dependent on the experience and skill of the 
laboratory staff in performing these techniques but also on the 
knowledge and experience of the reporter. Coordination with the 
clinician, to ensure the selection of appropriate lesions for biopsy, 
is also highly desirable. Weaknesses in any of these areas may 
result in the immunofluorescence findings being unhelpful or 
misleading. 


Direct immunofluorescence 

Direct immunofluorescence (DIF) is a single step procedure used to 
identify antibodies bound to target cutaneous or mucosal antigens 
in situ and other proteins of relevance to immunobullous dis- 
eases. The most commonly used panel of fluorescently conjugated 
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antibodies detect tissue-bound IgM, IgG, IgA, the C3c subunit 
of complement and fibrinogen. The sensitivity of DIF is superior 
to that of indirect immunofluorescence, hence it is the preferred 
method for establishing a diagnosis. However, DIF provides only 
limited information on quantities of antibodies present and no 
information at all on the antigenic targets of the autoantibodies 
detected. Therefore, for maximal diagnostic utility, simultaneous 
submission of biopsy and serum specimens should be considered, 
to facilitate both direct and indirect immunofluorescence analysis. 


Specimen preparation 

Clinically, it is important to collect a biopsy for DIF analysis from 
an appropriate site(s) for the type of autoimmune bullous disease 
under investigation. Ideally, the biopsy should be taken from an 
area where blisters or lesions have recently occurred. Biopsies close 
to older blisters and inflamed sites should be avoided because 
immune deposits at these sites may be degraded and changes such 
as degeneration or secondary infection may occur. These changes, in 
turn, make the microscopy interpretation particularly challenging. 
Two further key considerations in determining the optimal biopsy 
site for meaningful DIF analysis are the suspected underlying dis- 
ease and proximity to a blister. A biopsy of normal-appearing skin 
adjacent to a lesion should be taken where immunobullous blister- 
ing conditions are suspected. However, lesional tissue is required 
for positive immunofluorescence in other conditions including 
lichen planus, connective tissue diseases, vasculitides, porphyria 
and amyloidosis (Table 3.5). For patients with suspected systemic 
lupus erythematosus, two separate biopsies should be taken if the 
lesional site is sun-exposed, because connective tissue disorder-like 
immunofluorescence findings can sometimes be detected in normal 
sun-exposed skin. 

Because intact epithelial tissue is required for optimal DIF inter- 
pretation, biopsies from suspected immunobullous patients should 
always be taken at least 1cm from an active bulla or lesion. This 
location differs from lesional areas that are typically biopsied for 
standard histopathological analysis (Figure 3.11). Additionally, 
attempting to bisect a biopsy, submitting half for histopathology 
and the other half for DIF analysis, should be avoided, because the 
shearing forces required to divide a biopsy can result in epithe- 
lial separation (especially in mucosal tissue) and damage to the 
specimen which, again, make DIF interpretation difficult. 


Table 3.5 Specimen selection for direct immunofluorescence by disease. 


Disease No. of biopsies Biopsy site 


Perilesional uninvolved 
Perilesional uninvolved 
Perilesional uninvolved 
Perilesional uninvolved 
Perilesional uninvolved 
Lesional 
Lesional and uninvolved 
(non-sun-exposed) 


Pemphigus (all forms) 
Pemphigoid (all forms) 
Epidermolysis bullosa acquisita 
Linear IgA bullous dermatosis 
Dermatitis herpetiformis 
Discoid lupus erythematosus 
Systemic lupus erythematosus 


(RD), ees cet a ee ca 


Lichen planus 1 Lesional 
Porphyria 1 Lesional 
Vasculitis 1 Lesional 
Amyloidosis 1 Lesional 
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Fluorescein-labelled 
anti-human antibody 


Fluorescein-labelled 
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Blister 


Routine 
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Figure 3.11 Biopsy site requirements for direct immunofluorescence (DIF) and routine 
histology studies of autoimmune blistering diseases. 


Ideally, a biopsy for DIF examination should be rinsed in saline, 
embedded in a freezing medium such as optimum cutting tempera- 
ture (OCT) compound and snap-frozen immediately after collection. 
In most cases, however, facilities for DIF are not available in clinical 
areas and tissue specimens will need to be transported to a labora- 
tory. In this situation, biopsies should be rinsed in distilled water 
or normal saline and placed in Michel medium, which is widely 
available commercially or can be prepared locally (Table 3.3). This 
medium comprises a buffered, saturated ammonium sulphate solu- 
tion with a proteolytic enzyme inhibitor, which prevents autolysis 
of tissue structures and immunoreactants. Washing of the tissue 
removes blood proteins and ensures maintenance of a neutral pH 
in the medium. This will facilitate immunoreactant preservation at 
ambient temperatures for up to 6 months for standard immunoflu- 
orescence [1]. Specimens in Michel medium can be posted to a 
laboratory. Unused Michel medium containers may be stored at 
room temperature for 1 year without any deterioration. 

In the laboratory, tissue specimens received in Michel medium are 
washed extensively in phosphate buffered saline (PBS) to remove 


Indirect IMF 


(two steps) 


Substrate section 
(e.g. monkey oesophagus, salt-split human skin) 


Figure 3.10 Different immunofluorescence (IMF) 
techniques in clinical immunodermatology: (a) direct 
and (b) indirect. 


ammonium salts and any residual blood proteins and are then 
snap-frozen. Typically, a small amount of OCT embedding com- 
pound is placed on a piece of cork or plastic and briefly immersed 
in a liquid nitrogen-cooled heptane bath until the peripheral OCT 
is frozen. The skin biopsy is then appropriately orientated in the 
central fluid portion, covered with further OCT and briefly returned 
to the bath. The frozen skin biopsy is then transferred either to a 
cryostat for sectioning or to a freezer at —20°C or lower, for storage 
prior to cryotomy. 


Specimen processing 

A series of frozen tissue sections of 4—6 jm thickness are cut using a 
cryostat and placed on microscope slides. These are subsequently 
dried to increase adherence and then washed in PBS, to remove 
residual OCT compound. Sections are dried again, prior to incu- 
bation at 37°C with one of a panel of FITC-conjugated antihuman 
antibodies. Sensitivity and specificity of fluorescence is maximised 
following the determination of an optimal dilution of the labelled 
antibodies. Following incubation, slides are washed in PBS to 
remove unbound antibodies, then dried, mounted in buffered glyc- 
erol and either examined immediately by fluorescence microscopy 
or stored in the dark at —20°C or lower, prior to reporting. 


Indirect immunofluorescence 

Indirect immunofluorescence (IIF) is a two-step procedure used to 
identify circulating autoantibodies to cutaneous or mucosal antigens 
in patient serum. These antibodies are most commonly of IgG or IgA 
isotypes. Although serological antibody concentrations are usually 
lower than those found in tissues of patients with immunobullous 
diseases, IIF is a useful tool, both for confirming diagnoses made 
using DIF and for facilitating further characterisation of the anti- 
body profile in patients, including titration of antibody levels, which 
can be useful in treatment monitoring. This technique can also be 
used to establish diagnosis in patients where a tissue biopsy is not 
possible or considered inappropriate. In recent years, IIF techniques 
have been performed alongside ELISA methodologies on patient 


sera, to improve detection sensitivity and provide further data on 
autoantibody specificity. 


Specimen preparation 

Serum samples are required for the detection of circulating autoanti- 
bodies by IIF procedures. Although blister fluid specimens can also 
yield successful results using this technique, serum is preferable, 
due to the superior consistency of results. Blood should be collected 
in a serum separator tube (often with a gold-coloured top) or simi- 
lar, containing a clot activator and no anticoagulant, and delivered 
to a diagnostic laboratory within 7 days of collection. It is not nec- 
essary to refrigerate sera during storage or transit. Serum is sepa- 
rated by centrifugation, transferred to sterile containers and can be 
stored at 4°C for up to 1 month, prior to analysis. Longer-term stor- 
age requires freezing of sera at —20°C or lower. Care should be taken 
to avoid haemolysis of serum samples, which can result in autoanti- 
body deterioration, and clotted blood is unsuitable for IF analysis, 
for similar reasons. Plasma samples can be used for IIF if no serum 
is available. However, they are suboptimal, due to potential interfer- 
ence to antibody binding from clotting proteins. 


Substrates for IIF 

To detect circulating autoantibodies, tissues containing the cor- 
responding antigens must be used as a substrate. Two principal 
tissue types are used for the routine detection of autoantibodies in 
immunobullous disorders by IIF. Monkey proximal oesophageal 
tissue provides a rich source of desmoglein proteins, particularly 
desmoglein-3 and is therefore the substrate of choice for the detec- 
tion of pemphigus antibodies. Microscope slides containing thin 
4—6 1m sections of monkey oesophagus prepared from frozen blocks 
of freshly prepared tissue are available from a number of commer- 
cial suppliers, are widely used in diagnostic laboratories and can be 
stored at 4°C for several months, prior to use. 

Normal human skin, ideally prepared from surgically obtained 
tissue excised from the breast or abdomen and processed into frozen 
tissue blocks within 48h, is the second most commonly used tis- 
sue for IIF studies. Skin from the scalp, face, sun-damaged sites and 
neonatal foreskin should not be used as these substrates produce a 
high rate of false positive results. 

While both tissues can be used to screen for and titrate out circu- 
lating antibodies in most immunobullous diseases, normal human 
skin offers several advantages, including greater sensitivity (with 
the exception of antibodies associated with pemphigus vulgaris) 
and antigenic localisation options unavailable when using monkey 
oesophagus. It is recommended to use a combination of monkey 
oesophagus and normal human skin substrate for IIF screening in 
pemphigus. The use of these two substrates enhances diagnostic 
sensitivity and is also helpful for disease monitoring, compared 
with the use of a single substrate. 

There are two key limitations to the use of monkey oesophagus 
substrate for IIF detection in immunobullous diseases. Firstly, this 
substrate is known to exhibit non-specific intercellular fluorescence 
of epithelial tissue in sera from a subpopulation of individuals with 
no underlying immunobullous disease, potentially resulting in false 
positive diagnoses of pemphigus. Pre-adsorption of test sera with 
soluble A/B blood group antigens, as a blocking step, may reduce 
this non-specificity [2]. Secondly, monkey oesophagus expresses 
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very low levels of BP180 protein, the most common antigen targeted 
in bullous pemphigoid and, therefore, false negative diagnosis of 
this disease is possible if monkey oesophagus is the sole substrate 
used in IIF analysis [3]. Combined use of multiple substrates, 
particularly human salt-split skin, will reduce this possibility. 

A third substrate that is used much less frequently for IIF studies 
is rat (or monkey) urinary bladder or similar tissues that contain 
transitional epithelium. Unlike the stratified squamous epithe- 
lium found in skin, transitional epithelium does not produce 
desmoglein-1 or desmoglein-3, the predominant antigens in pem- 
phigus, but expresses high levels of desmosomal plakin family 
proteins, especially envoplakin, periplakin and desmoplakins. 
Antibodies against these proteins are found in the serum of most 
patients with paraneoplastic pemphigus and intercellular IgG flu- 
orescence on this substrate is regarded as a diagnostic indicator of 
this disease, although it is not seen in 100% of these patients [4]. 


Split-skin indirect technique 

The split-skin technique is valuable in the study of most subepider- 
mal blistering disorders, enabling localisation of the antibody bind- 
ing sites to be visualised. Circulating antibasement membrane zone 
antibodies are characteristic features of subepidermal immunobul- 
lous diseases. Immunoelectron microscopy divides them into two 
groups based on their ultrastructural binding sites. In bullous pem- 
phigoid and pemphigoid gestationis, antibodies target proteins in 
the hemidesmosomes of the upper lamina lucida and are termed 
epidermal binding. In epidermolysis bullous acquisita, they target 
antigens in the sublamina densa and are termed dermal binding. 
Distinguishing between these diseases is important, especially in 
those cases where clinical and histological diagnostic features may 
overlap. 

The split-skin method is a relatively simple and reliable technique 
for distinguishing between epidermal and dermal-binding autoanti- 
bodies. The method relies on splitting human skin through the lam- 
ina lucida, such that bullous pemphigoid antigens localise to the 
epidermal side (often referred to as the ‘roof’ of the split) whereas 
components of the lamina densa, including laminin proteins and the 
epidermolysis bullous acquisita antigen, type VII collagen, localise 
to the dermal side (often referred to as the ‘base’ or ‘floor’ of the 
split). 

Various methods exist to split skin through the lamina lucida, the 
most frequently used being incubation of skin in 1 M normal saline 
for 24-48 h at 4°C [5]. Similar results can be achieved more quickly, 
with a consequent reduction in trauma to the tissue, using 20 mM 
di-sodium ethylenediaminetetraacetic acid (EDTA) for 18-24h at 
4°C. Following incubation, the epidermis can be gently teased apart 
from the underlying dermis using a fine pair of forceps. In addition 
to creating a substrate for IIF screening, this technique can also be 
used to split biopsies in DIF studies to assess basement membrane 
zone antibody distribution. 


Specimen processing 

To detect the presence of circulating autoantibodies in a patient 
with a suspected autoimmune bullous disease, microscope slides 
containing several 4-6 j1m sections of appropriate tissue substrates 
are required. Ideally, these should include monkey oesophagus and 
human skin (split and unsplit). Slides should be thoroughly washed 
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in PBS and dried immediately prior to use. Serial dilutions of patient 
serum in PBS are added to the sections and incubated at 37°C for 
optimal antibody binding. After incubation, slides are washed in 
PBS to remove unbound antibodies, dried and incubated again with 
diluted, fluorescently labelled antihuman IgG or IgA conjugates at 
37°C. They are then washed extensively again in PBS and briefly in 
distilled water, then dried prior to mounting in buffered glycerol 
and subsequent fluorescence microscopy. Results are typically 
reported either qualitatively (positive or negative for intercellular 
or basement membrane zone fluorescence) or semi-quantitatively 
(by end-point titre where fluorescence remains visible) for both IgG 
and IgA conjugates. 

Every series of IIF studies must include known negative and 
positive controls. For the negative controls, sections are primarily 
incubated with serum from individuals with no known underlying 
immunobullous disease and positive control sera for key immuno- 
bullous diseases are typically selected from previous known cases. 
These controls provide information about any non-specific binding 
of the immunglobulins to the tissue substrates and provide quality 
assurance around preparation of the fluorescent conjugates and all 
associated processing steps. 


Calcium enhancement indirect technique 

Calcium-containing buffers can enhance the sensitivity of IIF in 
some patients by two or more doubling dilutions. This is observed 
on both monkey oesophagus and human skin substrates. In cases 
where an increase in sensitivity occurs, it is likely to be seen in 
the detection of desmoglein (DSG) autoantibodies, which bind to 
calcium-sensitive conformational epitopes. Both DSG1 and DSG3 
are members of the cadherin family of calcitum-dependent adhesion 
molecules and previous studies have shown that conformational 
epitopes on DSG1 and DSG3 are calcium dependent. This technique 
will not enhance the detection of antibasement membrane zone 
antibodies in subepithelial blistering diseases [6]. 


Immunoenzyme methods 
The immunoenzyme (immunoperoxidase) methods have several 
advantages over immunofluorescence (Box 3.3) [1,2,3]. 


Box 3.3 Advantages of immunoenzyme 
(immunoperoxidase) methods over 
immunofluorescence 


¢ Standard microscopes and illumination are used 

¢ The preparations are permanent and the reaction products do not 
usually fade on repeated examination 

¢ Counterstains enable cells containing antigen to be identified with 
more certainty than using immunofluorescence with dark-ground 
illumination 

e Examination is less tiring for the microscopist 

e The preparations may be examined by electron microscopy 


Technical limitations 

Inflammatory lesions may contain endogenous peroxidase activ- 
ity and such sections have to be pre-treated to remove it [3]. 
Furthermore, it is possible for the antigen to be modified by the 
pre-treatment, with the result that it is more difficult to detect. 
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This mainly applies to examination of lesions. Normal tissues, for 
example those used as a substrate to detect antibodies in a patient’s 
serum, rarely require pre-treatment. The problem with endogenous 
peroxidase is analogous to the disadvantage of autofluorescence in 
the immunofluorescence preparations. 

There is less contrast with immunoperoxidase methods than 
in slides treated by the immunofluorescence technique and fine 
stippling or cytoskeletal structures seen by immunofluorescence 
are not quite so easily detected by immunoperoxidase. Although 
immunofluorescence may be more discriminating in detecting small 
amounts of antigen in cryostat-cut sections, the immunoperoxidase 
methods, used on paraffin-embedded tissues for antigens that are 
stable during preparation, provide more definite resolution of the 
tissue and sites of antigen. 

Immunoperoxidase methods have another advantage in being 
the preferred method to re-examine tissues stored in paraffin blocks 
after routine histology, provided that the antigens are stable in the 
fixative and dehydrating agents. Recent improvements in immu- 
noenzyme techniques have resulted in their application to many 
investigations. The reagent antibody is conjugated with an enzyme, 
usually horseradish peroxidase, and the antibody conjugate com- 
bines with the antigen in the test preparation. The site of binding is 
detected by adding a substrate for the enzyme: the degradation of 
many molecules of substrate leaves a deposit confined to the site of 
binding. Sites of peroxidase activity appear as dark brown granular 
deposits that are seen distinctly in contrast to suitable counterstains, 
for example methyl green or Mayer haemalum. 

Although the application described here is for the detection of 
antigen in tissue sections and cell suspensions or monolayers, the 
principle of the method is the same as that of ELISA. 


Chemical conjugation of peroxidase to antibody 
Antiglobulins conjugated with peroxidase, and peroxidase— 
antiperoxidase (PAP) complexes, described here, are available 
commercially. 


Use of conjugates 

The horseradish peroxidase, conjugated to antibody or to globulin, 
may be applied to sections to detect antigen by procedures similar 
to those used for immunofluorescence. There are, however, modifi- 
cations that increase the sensitivity of the method so that it is equal 
to, or possibly more sensitive than, IIF. 

The diagrammatic representation of the procedures seen in 
Figure 3.12 shows the different forms of conjugate. Antibody 
against the antigen to be detected may be conjugated directly with 
the enzyme (Figure 3.12a). This is not a very discriminating proce- 
dure. The indirect or two-stage procedure, whereby the unlabelled 
antibody bound to the antigen is detected by antiglobulin conju- 
gated to enzyme (Figure 3.12b), increases sensitivity by increasing 
the number of conjugated antibodies binding to the site, and is 
more versatile, because one conjugated antiglobulin can detect any 
antibody of that species. 

Two other procedures increase the sensitivity of the technique. 
The antibody bound to the antigen is treated with unconjugated 
antiglobulin, which in turn is treated with normal globulin of the 
same species as the first antibody (Figure 3.12c): for example, a 
sequence of rabbit antibody, goat antirabbit globulin and then 


Key @) Peroxidase ®) 
Antibody . 
r: rabbit, 
J \ g: goat 
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Modified indirect 


(a) (c) 


PAP complex 


(b) (d) 


Figure 3.12 Different immunoperoxidase techniques: (a) direct, (b) indirect, (c) modified 
indirect and (d) with peroxidase—antiperoxidase (PAP) complex. 


rabbit normal globulin conjugated with peroxidase. In the second 
modification, instead of using globulin conjugated chemically with 
enzyme in the third stage, a PAP complex is added (Figure 3.12d): 
for example, rabbit antibody to peroxidase, which gives a more dis- 
crete, intense reaction product than chemically prepared conjugates 
of normal globulin-peroxidase. This is possibly because chemical 
treatment tends to alter the antigenic determinants of the normal 
globulin, and to polymerise the peroxidase. 

The enzyme most frequently used is horseradish peroxidase, 
which forms a dark brown product from its substrate. Alkaline 
phosphatase may also be used and the reaction product with its 
substrate is red. The two enzymes may be used with appropriate 
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antibodies on the same tissue or cells to detect different anti- 
gens and to examine the relationship of one antigen to another 
(i.e. double staining). A further enzyme may be used to obtain 
a more permanent red product that is preferable in cases where 
interpretation of the results may be hampered by the presence 
of pigment (haemosiderin and, particularly, melanin). This is 
3-amino-9-ethylcarbazole [4]. 


Examination of fixed frozen sections 

There are three stages in the procedure: 

1 Preparation of the tissue sections. 

2 Treatment of the sections with the peroxidase-labelled antibody. 
3 Chemical reaction to detect the peroxidase in the tissue. 


Preparation and fixation of sections. Sections may be prepared 
from routine cryostat-cut samples or paraffin-embedded material 
and may be treated for antigen retrieval as previously described. 
Some improvement in cryostat prepared sections may be achieved 
by short-term fixation in dilute formalin. 


Treatment of the sections with antibody. Control for antibody 
specificity as described for immunofluorescence. Sections may be 
treated by the methods described above (Figure 3.12). The indirect 
method is probably the most suitable for general use, applying 
unlabelled antibody, followed by labelled antiglobulin. 


Detection of the peroxidase reaction product by staining. The 
substrate is a carcinogen and should be handled in small quantities 
with appropriate precautions. 


Controls 

It is necessary to confirm that the reaction observed reflects 
antibody-conjugated peroxidase and not endogenous peroxi- 
dase and that the antibody binding is specific for the antigen. 
One section should be stained with DAB only; another section 
with DAB-methanol-H,O,, to confirm the absence of endogenous 
peroxidase. 


Paraffin sections 

If the antigens to be detected are stable in the fixatives and dehy- 
drating agents, the immunoperoxidase methods may be applied to 
sections from paraffin-embedded tissue. The paraffin is removed 
from the sections with xylol and alcohols; the sections are subse- 
quently treated as for frozen sections. The identity of the cells and 
tissues containing the antigen is much more easily determined by 
this method than by cryostat-cut sections or by immunofluores- 
cence. Immunoglobulins and hormones may be readily detected, 
but some antigens, such as those of bacteria in vasculitic lesions, 
tend to be extracted during processing. 


Conjugates involving avidin-biotin coupling of antibody 
and enzyme 

Instead of chemical covalent binding of antibody to enzyme to pre- 
pare conjugates, the two reagents may be linked non-covalently by 
the very strong affinity between biotin (a vitamin widely distributed 
in mammalian tissues) and avidin (a glycoprotein of egg white). 
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(b) (c) ABC method 
Antibody Antigen Biotin Avidin Peroxidase 


Figure 3.13 Avidin-biotin staining methods. (a) Antibody coupled with biotin binds 
with the antigen in the tissue. Avidin coupled with peroxidase binds to the biotin on the 
antibody. Treatment with enzyme substrate reveals the bound peroxidase and therefore 
the site of antigen. (b) Antibody coupled with biotin binds with the antigen in the tissue. 
Avidin will bind the biotin-antibody complex. Biotin coupled with peroxidase will then 
bind to the free avidin-combining sites. Finally, treatment with enzyme substrate reveals 
the bound peroxidase. (c) Complexes (shown within yellow circle) are formed of biotin, 
coupled with peroxidase, incubated with a moderate excess of avidin (ensuring some 
free avidin-combining sites). Antibody coupled with biotin binds to antigen in the tissue. 
The complexes are added to the tissue and the free avidin sites bind to the biotin on the 
antibody. Finally, treatment with enzyme substrate reveals the bound peroxidase. 


Biotin is coupled to the reagent antibody through the formation of 
an intermediate biotin derivative and the avidin is coupled to the 
selected enzyme by glutaraldehyde [5]. Each biotin molecule has 
one combining site for avidin, and avidin has four sites for biotin, 
although not all of these would combine in a test system, and there 
are two main applications [5]: 

1 The antibody-biotin conjugate is incubated with and combines 
with antigen in the test section or cell. This is followed by the 
addition of peroxidase conjugated with avidin. The avidin binds 
the peroxidase to any biotin, and subsequent treatment with the 
substrate for the enzyme reveals the antigen sites (Figure 3.13a). 

2 The antibody-biotin conjugate is used as above to bind to any 
antigen. Avidin is then added, which becomes strongly linked to 
the biotin. Then biotin-labelled enzyme is added and the avidin 
bridges the biotin molecules. As the avidin has a potential four 
valencies for biotin, there is an enhancement or amplification of 
the enzyme binding, and therefore greater discrimination of the 
sites of antigen (Figure 3.13b). 

A further modification is the avidin—biotin-peroxidase complex 
(ABC) method (Figure 3.13c), similar to the PAP method already 
described. A prepared ABC follows the use of biotin-labelled 
antiglobulin (to detect unlabelled reagent antibody or tissue-bound 
antibody in the tissue). The complex binds through the avidin 
bridge to biotin on the antiglobulin. The method results in a greater 
intensity of staining. 

As in the other immunodetection techniques, it is necessary to 
ensure that there is no autologous tissue background activity that 
will cause confusion when interpreting results. In the avidin-biotin 
methods, it is necessary to eliminate the possibility of endogenous 
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peroxidase activity as in any peroxidase method. It is also necessary 
to inactivate endogenous biotin present in tissues that would bind 
the avidin-labelled reagents. However, overcoming any endogenous 
activity is a complex multistep activity and is not necessary if the 
appropriate controls (e.g. tissue treated with the avidin conjugates) 
show no binding. 


Enzyme-linked immunosorbent assay (ELISA) 

In addition to IIF techniques, circulating antibodies in serum 
from patients with autoimmune bullous diseases can be detected 
using enzyme-linked immunosorbent assay (ELISA) methodolo- 
gies. Unlike IIF, ELISA methodologies are specific for known 
autoantigens and offer higher sensitivity and a greater degree of 
quantitation, which can be particularly useful for treatment mon- 
itoring of patients. They are routinely performed using 96-well 
microtitre plates that have been pre-coated with recombinant anti- 
genic peptides. Diluted serum is added to a well and any specific 
antibodies in the serum will bind to the immobilised antigen. 
Following washing to remove unbound antibodies, a secondary 
antibody raised against human immunoglobulin and conjugated 
with an enzyme that catalyses a colorimetric reaction is added. After 
further incubation and washing steps, a substrate for the enzyme 
conjugated to the secondary antibody is added and a colour change 
occurs which is directly proportional to the quantity of specific 
antibody present in the patient serum sample. This colour change 
is quantified using spectrophotometry and compared with that 
produced from known standards in other wells on the plate to 
generate quantitative data. 

These assays are normally performed using commercial kits 
to assess the most commonly occurring autoantibodies seen in 
immunobullous diseases, ie. DSG1 and DSG3 antibodies in pem- 
phigus [6], BP180 and BP230 antibodies in pemphigoid diseases 
[7,8] and collagen VII antibodies in epidermolysis bullosa acquisita 
[9]. A limitation of these assays is that not all epitopes of a particular 
antigen will be represented in a specific ELISA, depending on the 
source and production protocol of the coating peptide used. In addi- 
tion, ELISA systems only detect antibodies against specific, known 
antigens and are, therefore, of limited value in assessing patient 
sera that contain antibodies to other, less common antigens seen in 
autoimmune bullous disorders. This technique is, therefore, most 
useful when used in combination with IIF methodologies or for 
monitoring levels of antibodies in patients with known, previously 
characterised positivity, undergoing continued treatment. 


Applications of immunopathology techniques 


John Mee 


The immunopathological methods described previously revolu- 
tionised diagnostic histopathology and have helped us to recognise, 
classify and understand the pathogenesis of a wide variety 
of cutaneous disorders [1,2,3,4]. Although there are some antigens 
of diagnostic value that are not stable following formalin fixation 
and paraffin embedding of tissue, there is a wide range of antigens 
that are stable. A few of the more important areas of diagnostic 
dermatopathology that highlight the usefulness of immunopatho- 
logical techniques are described. 


Direct immunofluorescence 

Immunopathological techniques for the diagnosis of autoimmune 
blistering diseases rely on the use of immunofluorescence methods 
[3,4]. Although some have suggested that immunoperoxidase 
methods are equally reliable in this setting, formalin fixation results 
in poor preservation of the antigens of interest and false negative 
results are frequent [5]. The histological diagnosis of the vari- 
ous cutaneous autoimmune blistering diseases should always be 
confirmed with DIF studies. Although in many non-autoimmune 
bullous diseases a diagnosis can be made based on light microscopic 
features in biopsies from formalin-fixed tissue, in immunologi- 
cal diseases, a specific diagnosis is often not possible. In these 
circumstances, immunofluorescence studies are essential. 

The results of DIF studies on skin biopsies vary considerably, 
depending on the disease being investigated and the site of 
biopsy. The distribution and type of immunoreactant deposi- 
tion is recorded. The class of immunoglobulin and the presence 
or absence of C3 and fibrinogen is noted. Immunoreactants are 
deposited in two main patterns: in the epidermal intercellular 
space and at the basement membrane zone (BMZ). Intercellular 
immunoreactants may be observed throughout the epithelium or 
restricted to certain layers. BMZ deposits may be smooth and linear, 
granular and discontinuous or a combination of the two [6]. 

A key skill in DIF reporting is differentiating specific immunoflu- 
orescence from artefactual deposits which commonly arise. In addi- 
tion, autofluorescence of proteins such as keratin and elastic fibres 
can be a significant problem and high background fluorescence is 
sometimes seen, particularly in sections exposed to anti-IgG con- 
jugates, which can partially occlude specific fluorescence patterns 
present in the tissue. 

A summary of DIF findings for the main cutaneous diseases in 
which this technique can be diagnostically informative is presented 
in Table 3.6. 


Serration pattern analysis 

Careful microscopic examination of linear IgG fluorescence at 
the dermo-epidermal junction can help to differentiate between 
different subepithelial autoimmune bullous disorders through 


Table 3.6 Direct immunofluorescence findings in cutaneous diseases. 


Disease Direct immunofluorescence findings 
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identification of two distinct serration patterns, termed n-serration 
and u-serration, within the deposits [7]. Linear fluorescence exhibit- 
ing n-serration feature a series of small arches which are closed at 
the top, resembling the letter ‘n’, whereas u-serrated linear IgG flu- 
orescence contains regions with fine, epithelial-facing protrusions 
resembling growing grass, with inverted closed arches, analogous 
to the letter ‘u’. A u-serration pattern is specific to antibody binding 
to type VII collagen, as seen in epidermolysis bullosa acquisita, 
whereas n-serration is associated with all other pemphigoid dis- 
eases. Distinct serration patterns are often focal in nature and 
require sufficiently thin sections (typically 4—6 pm), at least 400-fold 
overall magnification (without oil) and prior training for optimal 
identification. 


Pemphigus 

Direct immunofluorescence findings in pemphigus exhibit a sharp, 
‘chicken-wire’ pattern, representing intercellular deposition of IgG 
antibodies and/or C3 within the epithelium (Figure 3.14). IgA 
may also be seen with a similar distribution in a small percent- 
age of cases. Although there are differences in the expression of 
DSG1 and DSG3 between cutaneous and mucosal epithelial tissues, 
pemphigus vulgaris and pemphigus foliaceus cannot be reliably 
differentiated by DIF studies and serum is required to achieve this. 
Presence of linear IgG and/or C3 deposition at the BMZ, in addition 
to epithelial intercellular IgG raises the possibility of paraneoplastic 
pemphigus, which also requires serological follow-up for accurate 
diagnosis. 


Pemphigoid 

In contrast to the intra-epithelial fluorescence observed in pemphi- 
gus, diseases of the pemphigoid family show a linear deposition 
of IgG and/or C3 at the BMZ by DIF, due to the hemidesmosomal 
location of the antigens targeted in these diseases. IgA linear BMZ 
fluorescence is also seen in some pemphigoid patients, particularly 
those with mucous membrane pemphigoid (MMP). Salt-splitting 
of biopsies from the majority of patients with bullous pemphigoid 
and subsequent repeated processing for DIF reveals localisation 


Pemphigus (all forms) 
Bullous pemphigoid 
salt-splitting of the biopsy 
Mucous membrane pemphigoid 
following salt-splitting of the biopsy 
Pemphigoid gestationis 
Linear IgA disease 
Epidermolysis bullosa acquisita 
the biopsy 
Dermatitis herpetiformis 
Lupus erythematosus 
Lichen planus 


Epithelial intercellular deposition of IgG and/or C3 (IgA in IgA pemphigus) 
Linear deposition of IgG and/or C3 at the basement membrane zone, most commonly localising to the epithelial side, following 


Linear deposition of IgG and/or IgA and/or C3 at the basement membrane zone, most commonly localising to the epithelial side, 


Linear deposition of C3 (+ occasionally IgG) at the basement membrane zone 
Linear deposition of IgA and/or C3 (+ occasionally IgG) at the basement membrane zone 
Linear deposition of IgG and/or C3 at the basement membrane zone, localising to the subepithelial side, following salt-splitting of 


Focal, granular (occasionally fibrillary) deposition of IgA in dermal papillae 
Granular deposition of (most commonly) IgM +/— IgG, IgA, complement-3 and fibrinogen at the dermo-epidermal junction 
Coarse, ragged deposition of fibrinogen at the dermo-epidermal junction 


Amyloidosis Fluorescence of dermal amyloid deposits with thioflavin-T dye 
Porphyria Hyaline mantle formation around dermal blood vessels 
Vasculitis 


Peri- or intravascular deposition of C3 and/or fibrinogen (occasionally IgA) in dermal blood vessels (non-diagnostic) 
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Figure 3.14 Direct immunofluorescence of pemphigus showing deposition of 
intercellular IgG in the epidermis. 


Figure 3.15 Direct immunofluorescence of bullous pemphigoid showing linear 
basement membrane zone deposition of IgG. 


of the linear fluorescence pattern to the epidermal side/roof of 
the split, representing targeting of antibodies to epitopes within 
BP180 and/or BP230 proteins (Figure 3.15). Localisation of linear 
fluorescence to the dermal side/base of salt-split skin is indicative 
of a dermal-binding pemphigoid, including those that target chains 
of laminin proteins (e.g. laminin-332 and y-1 laminin/p200 pem- 
phigoid) which have a higher association with malignancy and are 
less responsive to immunosuppressive treatment. 


Linear IgA bullous dermatosis 

Similar to pemphigoid, patients with linear IgA disease, or the child- 
hood variant, chronic bullous dermatosis of childhood (CBDC), 
present a bright, linear deposition of IgA along the BMZ with 
DIF analysis (Figure 3.16). In addition, there may be weak linear 
IgG and/or C3 BMZ fluorescence in some patients. The relative 


Figure 3.16 Direct immunofluorescence of linear IgA bullous dermatosis showing linear 
basement membrane zone deposition of IgA. 


fluorescence intensities of the IgG and IgA deposits can be useful in 
differentiating linear IgA disease from MMP, when this is unclear 
from the clinical or histological presentations. 


Epidermolysis bullosa acquisita 

Direct immunofluorescence studies in epidermolysis bullosa 
acquisita (EBA) also result in linear deposition of IgG + C3 at 
the BMZ, which can be easily mistaken for pemphigoid. However, 
careful microscopic examination may indicate a slightly thicker 
band than that seen in BP, with a u-serrated, rather than the 
n-serrated pattern seen at higher magnifications. Salt-splitting of 
the biopsy and repeated DIF assay always results in localisation 
of the linear deposition to the dermal side/base of the split, due 
to targeting of autoantibodies to collagen VII (Figure 3.17). Serum 
is required to differentiate EBA from dermal-binding pemphigoid, 
through the detection of specific anticollagen VII antibodies by 
ELISA analysis in EBA patients. 


Dermatitis herpetiformis 

Patients with dermatitis herpetiformis, the predominant cutaneous 
manifestation of coeliac disease, exhibit a characteristic pattern of 
granular (sometimes fibrillar) deposition of IgA, either just beneath 
the basement membrane zone, in dermal papillae (Figure 3.18) 
or, occasionally, at the BMZ. Deposits may be subtle and easily 
missed and serology using standard IIF substrates is uninformative, 
because the target antigen in DH (epidermal transglutaminase) is 
not retained during substrate preparation. 


Lichen planus 

A thick, ‘ragged’ fibrinogen deposition is seen at the BMZ in exclu- 
sively lesional areas of cutaneous or mucosal tissue in lichen planus 
(Figure 3.19). In addition, an extensive lymphocytic infiltrate is often 
seen in the papillary dermis and colloid bodies (degenerating ker- 
atinocytes), which often fluoresce brightly with IgM, are also asso- 
ciated with this DIF pattern. 


Figure 3.17 Direct immunofluorescence of epidermolysis bullosa acquisita showing 
thick linear basement membrane zone deposition of IgG, localising to the base of 
natural clefts. 


Figure 3.19 Direct immunofluorescence of lichen planus showing ragged basement 
membrane zone deposition of fibrinogen. 


Figure 3.18 Direct immunofluorescence of dermatitis herpetiformis showing granular 
deposition of IgA in dermal papillae. 


Connective tissue diseases 

Although non-diagnostic, connective tissue diseases can present 
with positive immunofluorescence when examined by DIF. In par- 
ticular, continuous fine or coarse granular deposition of IgM at the 
BMZ, sometimes referred to as a lupus band, is observed in approx- 
imately 60% of patients with lupus erythematosus (Figure 3.20). 
A similar pattern may be observed with additional conjugates 
in different subtypes of lupus. A positive lupus band is usually 
seen in involved skin in cutaneous lupus erythematosus, but false 
positive results may be seen in sun-exposed skin from patients 
who do not have lupus [8]. Additionally, antinuclear antibody flu- 
orescence within epithelial keratinocytes, typically of IgG isotype, 
may be seen in patients with a connective tissue disease during 
DIF analysis. However, this is also non-diagnostic and is observed 
in patients with no history of an underlying connective tissue 
disorder. 


Figure 3.20 Direct immunofluorescence of lupus erythematosus showing granular 
basement membrane zone deposition of IgM. 


The combined utility of monkey oesophagus, normal human skin 
and split human skin tissue as substrates for the detection of circu- 
lating antibodies in patients with autoimmune blistering diseases 
using IIF methodologies constitutes an important tool in diagnosis 
(either through confirmation of DIF findings or, in the absence 
of a tissue biopsy, as a primary indicator) and monitoring of dis- 
ease activity. In addition, use of these techniques, in combination 
with quantitative ELISA studies for specific immunobullous anti- 
gens, facilitates disease subtyping that is not possible with DIF 
techniques and which has important therapeutic and prognostic 
implications [9]. 

Monkey oesophagus is the most sensitive and widely used sub- 
strate for detection of desmosomal binding antibodies in pemphigus 
patients. Similar to DIF analysis, a ‘chicken wire’ pattern is seen on 
this tissue with an IgG detection antibody and fluorescence may be 
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particularly bright with serum from patients with pemphigus vul- 
garis. Pemphigus foliaceus sera show a similar pattern on monkey 
oesophagus, although often at a lower intensity. Conversely, circu- 
lating antibodies from pemphigus foliaceus patients fluoresce more 
strongly on normal human skin than those from pemphigus vul- 
garis. In addition, the fluorescence seen is in suprabasal epidermal 
layers, compared with sera from pemphigus vulgaris, where fluo- 
rescence is concentrated in basal layers, as a result of the relative 
distributions of DSG1 and DSG3 within the epidermis. 

Rat transitional epithelium can be used to detect antibodies 
against plakin proteins, most commonly envoplakin and periplakin, 
in patients with the uncommon, malignancy-mediated disease, 
paraneoplastic pemphigus. Sera from these patients typically 
exhibit positive intercellular immunofluorescence for IgG on both 
monkey oesophagus and transitional epithelium substrates. 

By contrast, salt-split human skin is the substrate of choice for 
characterising subepithelial blistering diseases. The IgG linear BMZ 
depositions observed with DIF in these diseases can be subdivided 
into those localising to the ‘roof’ or the ‘base’ of the split-skin sub- 
strate. Most commonly, this is used to differentiate bullous pem- 
phigoid, in which the linear fluorescence localises to the roof in most 
patients, from epidermolysis bullosa acquisita, where fluorescence 
always localises to the base of the split, reflecting the different anti- 
gens targeted in these two diseases. It is important to note that a 
base-binding linear IgG deposition does not diagnose epidermoly- 
sis bullosa acquisita, because a subset of pemphigoid patients pro- 
duce antibodies targeting other antigens that localise to the base of 
split-skin substrate, in particular laminin proteins (eg. y-1 laminin 
chains and laminin 332). Use of a collagen VII antibody ELISA can 
be helpful in distinguishing dermal-binding pemphigoid from epi- 
dermolysis bullosa acquisita (Figure 3.21). 

IIF can also be used to detect IgA antibodies, in addition to IgG, 
in patients with linear IgA bullous dermatosis, mucous membrane 
pemphigoid and IgA pemphigus, although IgA levels are typically 
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much lower than IgG antibodies targeting the same antigens and 
in the case of mucous membrane pemphigoid, only approximately 
50% of cases can be detected with this method. 

In addition to detection, IIF can provide semiquantitative data 
on circulating autoantibody levels by serially diluting aliquots of 
patient serum and assessing fluorescence intensity, to determine the 
lowest titre at which visible fluorescence is still observed. This is a 
rather subjective assessment with a large number of variables and 
is less accurate and sensitive than ELISA. However, unlike ELISA 
methodologies, serum titration is not limited to antibodies of known 
specificity and provides a method to assess total tissue-binding 
autoantibodies in a serum sample under investigation, irrespective 
of known antigenic specificity. 


ELISA 

ELISA assessment of sera from patients with immunobullous dis- 
eases can be used alone or, more usefully, in addition to IF tech- 
niques to confirm diagnosis, establish disease subtypes and provide 
quantitative data on specific autoantibody levels (Figure 3.21). 

In patients with pemphigus, ELISA analysis of DSG1 and DSG3 
antibodies can be used to subtype the disease into either pemphigus 
vulgaris (DSG3 + DSG1 antibodies) or pemphigus foliaceus (DSG1 
antibodies alone) (Figure 3.22) and can also be used to monitor dis- 
ease activity. In pemphigus vulgaris patients with both DSG1 and 
DSG3 antibodies, DSG1 antibody levels are typically more respon- 
sive than those targeting DSG3 following successful treatment. This 
finding also facilitates early detection of possible disease flares, 
if patients are being treated with tapering immunosuppression 
therapies. 

Antibodies against BP180 (also known as BPAG2/collagen XVII) 
and/or BP230 (also known as BPAG1/dystonin) provide diagnostic 
confirmation in most cases of bullous pemphigoid and can also be 
used to monitor disease activity, although the correlation between 
ELISA values of these two autoantibodies and disease severity is 


Sub-epithelial 


Indirect immunofluorescence (IIF) Diagnosis 


Bullous or 
mucous membrane 
pemphigoid 
(BP/MMP) 


Salt-split human skin (IgG) - roof binding 


Dermal binding 
pemphigoid 


Salt-split human skin (IgG) —- base binding 


Paraneoplastic 
pemphigus 
(PNP) 


Rat transitional epithelium (IgG) 


Epidermolysis bullosa 
acquisita 
(EBA) 


Salt-split human skin (IgG) — base binding 


(a) 


Figure 3.21 Serological diagnosis of (a) intraepithelial and (b) subepithelial immunobullous disorders using indirect immunofluorescence and ELISA techniques. 


(b) 


DSG3 + DSG1 = PV 


Anti-DSG3 
antibodies 


DSG1 alone = PF 


- + 
Anti-DSG1 antibodies 
Figure 3.22 Pemphigus subtyping by desmoglein antibody profile. DSG1: 


desmoglein-1; DSG3: desmoglein-3; PV: pemphigus vulgaris; PF: pemphigus 
foliaceus. 


lower than that seen between DSG antibodies and pemphigus dis- 
ease activity. BP180 ELISA provides a highly sensitive and specific 
test for the diagnosis of pemphigoid gestationis, which commonly 
presents with low IgG antibody levels and in patients with mucous 
membrane pemphigoid, ELISA utilising these two antibodies pro- 
vides a more sensitive assay than IIF. 

ELISA analysis for anticollagen VII antibodies in sera with lin- 
ear, base-binding IgG on human split-skin substrate by IF analysis 
can be used to differentiate EBA from base-binding pemphigoids, 
because collagen VIL is the sole target antigen in EBA. Quantification 
of anticollagen VII antibodies also facilitates disease activity moni- 
toring in this disease. 


Cutaneous neoplasms [10,11,12,13] 

One of the most useful applications of immunopathology is in help- 
ing to determine the line of differentiation of poorly differentiated 
benign and malignant neoplasms that may arise from the various 
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cellular components within the skin and related tissues. All the anti- 
bodies discussed below work well in formalin-fixed paraffin embed- 
ded material. 


Keratins and other epithelial markers 

Cytokeratins represent a group of intermediate filaments, known 
as tonofilaments, of variable molecular weight that may be demon- 
strated in keratinising and non-keratinising epithelia [14,15]. They 
represent the main structural component of the cytoskeleton of 
epithelial cells. More than 50 different keratins have been demon- 
strated in humans. Their molecular weight ranges from 40 to 68 
kDa. Keratins are divided according to molecular weight and their 
charge properties into acidic (type I) and neutral-basic (type II) 
[15]. They associate as pairs of one acidic and one basic keratin 
polypeptide molecule with each epithelial cell containing at least 
one keratin pair. 

The antibodies against keratins most frequently used in der- 
matopathology include AE1/AE3, MNF116 (Figure 3.23) and CAM 
5.2. They are all cocktails containing several monoclonal antibodies 
of different molecular weight. CAM 5.2 is a low-molecular-weight 
keratin antibody, which labels most epithelia, with the exception 
of stratified squamous epithelia [16]. CAM 5.2 is usually negative 
in squamous cell carcinoma. It should therefore not be used in 
the diagnosis of poorly differentiated squamous cell carcinoma, 
as a negative result is the norm. The main use of CAM 5.2 in 
dermatopathology is in the diagnosis of Merkel cell carcinoma 
(primary cutaneous neuroendocrine carcinoma), as tumour cells in 
this lesion display a typical perinuclear dot-like positivity for this 
antibody. 

Cytokeratin 20 (CK-20), a low-molecular-weight cytokeratin 
expressed usually only in urothelium, gastrointestinal epithelium 
and Merkel cells, is also very useful in the diagnosis of Merkel cell 
carcinoma [17,18]. The staining pattern is identical to that of CAM 
5.2 (perinuclear dot-like; Figure 3.24), and a positive result strongly 


Figure 3.23 (a) Poorly differentiated tumour composed of pleomorphic spindle-shaped cells in the dermis (H&E). (b) Diffuse positivity of tumour cells for the pan-keratin marker 


MNF116, confirming that the tumour is a sarcomatoid squamous cell carcinoma. 
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suggests a primary cutaneous origin rather than a metastatic neu- 
roendocrine carcinoma originating in another organ. Only Merkel 
cell carcinoma and salivary gland small cell carcinoma tend to 
be positive for this marker, while neuroendocrine tumours from 
other organs are consistently negative. 

CK-7 is a very useful antibody for confirmation of the diagno- 
sis of mammary and extramammary Paget disease (Figure 3.25) 
[19,20]. Tumour cells in the latter stain consistently for this antibody 
while the surrounding epidermis is negative. However, staining 
for keratin 7 is not specific for mammary and extramammary 
Paget disease as positivity has been described in clonal Bowen 
disease and in rare cases of actinic keratoses [21,22]. It is important 
to remember that keratin and also epithelial membrane antigen 
(EMA) expression is commonly seen in various sarcomas, including 
epithelioid sarcoma, synovial sarcoma, epithelioid angiosarcoma 
and more rarely in other tumours such as leiomyosarcoma and 
rhabdomyosarcoma [23-26]. 

EMAs [27] are derived from human milk fat globulin membrane 
and consist of high-molecular-weight glycoproteins. Antibodies to 
EMA and related labels react with a range of normal and neoplas- 
tic epithelia, and positivity may be found in squamous and ductal 
epithelia as well as eccrine, apocrine and sebaceous glands. EMA 
tends to be at least focally positive in squamous cell carcinoma, seba- 
ceous carcinoma, perineurioma and a wide variety of adnexal car- 
cinomas. It is also positive in plasma cells, in epithelioid sarcoma, 
synovial sarcoma, epithelioid angiosarcoma, epithelioid fibrous his- 
tiocytoma and in systemic and, less commonly, primary cutaneous 
CD30+ large-cell anaplastic lymphoma [28]. 

Carcinoembryonic antigen is a protein that is normally found in 
the goblet cells of the small and large intestine. It is found in many 
adnexal carcinomas, particularly tumours displaying ductal differ- 
entiation [29]. It is also expressed in many glandular carcinomas 
arising in other organs. Its main use in dermatopathology is to high- 
light ductal differentiation in adnexal tumours. 

An antibody against adipophilin, a lipid droplet-specific marker, 
is used as an aid in the differential diagnosis of tumours with 
sebaceous differentiation [30]. The pattern of staining in the latter 
tumours is membranous vesicular, while non-sebaceous tumours 
that are positive for this marker tend to show granular staining. 
Tumour cells in squamous and basal cell carcinomas are usually 
negative for this marker but metastatic renal cell carcinoma may be 
positive. 


Figure 3.24 (a) Typical example of a Merkel cell carcinoma consisting 
of hyperchromatic cells with scanty cytoplasm. (b) Immunostaining 
with cytokeratin 20 highlighting the typical perinuclear dot-like 
positivity of tumour cells. 


(b) 


Figure 3.25 (a) Extramammary Paget disease showing prominent colonisation of the 
epidermis by numerous, atypical, rounded cells with pink cytoplasm. (b) Tumour cells 
stain diffusely for cytokeratin 7. 


BerEP4 is a monoclonal antibody that detects the EpCam antigen, 
a transmembrane epithelial glycoprotein cell adhesion molecule 
present in epithelial progenitor cells and in a number of carcinomas 
arising in different organs. This protein is expressed consistently in 
basal cell carcinomas and it is negative in squamous cell carcinoma. 


Expression in adnexal neoplasms is variable and it is therefore not 
useful in the differential diagnosis between the latter and basal cell 
carcinoma [31]. 


Neuroendocrine markers 

Besides CK-20, whose use in the diagnosis of Merkel cell carcinoma 
has been described, markers of neuroendocrine differentiation 
include neuron-specific enolase, chromogranin and synaptophysin. 
Neuron-specific enolase is an enzyme described in the brain but also 
found in neuroendocrine cells [32]. Its use in diagnostic pathology 
is very limited because of the lack of specificity. Chromogranin A is 
part of a family of calcium-binding proteins present in the secretory 
granules of neuroendocrine cells. This protein is very specific but 
poorly sensitive for neuroendocrine differentiation [33]. Synapto- 
physin is a transmembrane glycoprotein with a molecular weight 
of 38 kDa and is a specific marker of neuroendocrine differentiation 
[34]. CD56 (neural cell adhesion molecule) is expressed in neural 
tissues, natural killer cells and a subset of T cells, among other tis- 
sues [35]. Neurofilament is consistently expressed in tumour cells in 
Merkel cell carcinoma in a paranuclear dot pattern, a feature that is 
not seen in neuroendocrine carcinomas arising in other organs [36]. 
This protein is often expressed in tumours with neuroendocrine 
differentiation and is sometimes included in the immunohistochem- 
ical panel used to diagnose Merkel cell carcinoma. This marker is 
particularly useful in the setting of CK20 negative Merkel cell 
carcinoma. Other useful more recently described markers include 
SATB2 (special AT-rich sequence-binding protein 2) and Merkel cell 
polyomavirus-large T antigen [37]. 


Melanocytic markers and antibodies used in the diagnosis 
and classification of melanocytic neoplasms and in monitor- 
ing response to treatment in melanoma 

Over the years, a wide array of markers for melanocytes has been 
described including S-100 protein, HMB45, Melan-A, Mel-5, tyrosi- 
nase, MIFT-1 (microphthalmia transcription factor 1) and SOX-10. It 
is important to emphasise that no marker allows distinction between 
benign and melanocytes and that the sensitivity and specificity of 
different markers is variable. 5-100 protein is very sensitive but 
much less specific than other markers including HMB45, Melan-A 
and MIFT-1. Melanocytic markers are particularly useful as part 
of a panel in the differential diagnosis of poorly differentiated 
malignant tumours. Desmoplastic melanomas are usually positive 
for S-100 protein but negative for melanocytic markers such as 
Melan-A, HMB45 and MIFT-1. 

S-100 protein is an acidic protein, originally derived from ox 
brain, and named because of its solubility in 100% ammonium sul- 
phate. It is a sensitive marker of melanocytes (Figure 3.26) [38-40]. 
Antibodies to S-100 protein, however, also react with Schwann cells, 
glial cells, adipocytes, chondrocytes, myoepithelial cells, Langer- 
hans cells and cells of the eccrine sweat coil, and therefore tumours 
from these cells. S-100 protein also stains the cells in Rosai-Dorfman 
disease. 5-100 protein is particularly useful in the study of suspected 
melanoma, as the great majority of, but by no means all, melanomas 
are positive for this marker [41]. In this context, the technique 
is particularly valuable in the differentiation of melanoma from 
other spindle cell neoplasms, and in identifying small deposits of 
melanoma that may be present in deep dermal tissues, as in the 
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Figure 3.26 (a) Cellular blue naevus. Bland spindle-shaped cells with poor pigmentation 
and vesicular nuclei. (b) Diffuse cytoplasmic and nuclear staining for $100 protein. 


determination of accurate Breslow thickness and/or intravascular 
spread, or the evaluation of spread to sentinel lymph nodes. S-100 
protein is less reliable when used to delineate the epidermal com- 
ponent of a melanocytic lesion. The reason for this is that it also 
stains Langerhans cells. More specific markers of melanocytes such 
as Melan-A should be used for this purpose. S-100 protein is also 
often focally positive in a number of soft-tissue tumours and should 
therefore be used as part of a panel of markers in the diagnosis of 
poorly differentiated tumours. 

HMB-45 (gp100) [42-44] recognises a 10kDa antigen localised 
in premelanosomal vesicles. The antibody was developed from an 
extract of a lymph node metastasis of melanoma. This antibody 
does not stain normal adult melanocytes or intradermal naevi. It 
is a very specific antibody and is usually negative in desmoplastic 
melanoma. Around 90% of primary and metastatic melanomas are 
positive for this marker. 

Melan-A (MART-1) [45,46] is a melanocyte marker that recog- 
nises an antigen present in melanoma cells and is recognised by 
CD8+ cytotoxic T lymphocytes. It is a fairly specific marker of 
melanocytes. Melan-A stains naevi and melanomas, but it tends 
to be negative in desmoplastic melanoma, spindle cell melanoma 
and neurotised naevi. Although Melan-A is a useful melanocytic 
marker, its usefulness in distinction between in situ melanoma 
arising in sun-exposed skin and pigmented actinic keratosis has 
been challenged [47]. The reason for this is that Melan-A may also 
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occasionally stain melanocytes, probably as a result of transference 
of the protein from melanocytes to keratinocytes. 

Mel-5 is a monoclonal antibody developed against a 75 kDa gly- 
coprotein present in melanocytes, naevus cells and melanoma cells 
[48]. As for Melan-A, it does not tend to be expressed in desmoplastic 
melanoma, spindle cell melanoma and neurotised naevi. 

MIFT-1 is a nuclear protein involved in the development of 
melanocytes and in the regulation of melanin synthesis [49]. It 
stains naevi and melanomas but is usually negative in desmoplastic 
melanomas. Although it was initially regarded as fairly specific, 
it has been found to be expressed in macrophages, mast cells, 
fibroblasts, lymphocytes, Schwann cells and even smooth muscle 
cells [50]. Its utility as part of a panel for the diagnosis of difficult 
tumours has proven to be limited due to its lack of specificity. 

SOX-10 is a transcription factor that has a crucial role in the devel- 
opment of Schwann cells and melanocytes. The pattern of staining is 
nuclear and it is useful in the differential diagnosis between desmo- 
plastic melanoma and tumours that are histologically confused 
with it, including sarcomatoid carcinoma, atypical fibroxanthoma 
and various sarcomas. Malignant peripheral nerve sheath tumours 
display positivity for this marker but these tend to be focally pos- 
itive only, whereas in desmoplastic melanoma tumour cells are 
diffusely positive for this marker [51]. Because of its nuclear stain- 
ing, SOX-10 is very useful in the evaluation of the intraepithelial 
component of melanocytic proliferations (Figure 3.27). 


(b) 


Figure 3.27 (a) Melanoma in situ. Atypical melanocytes in the epidermis with focal nest 
formation. (b) SOX10 highlights the nuclei of melanocytes. 
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Cocktails consisting of a mixture of different monoclonal anti- 
bodies against melanocytes have been developed and advocated 
as being effective, particularly in the detection of low-volume 
melanoma cells in sentinel lymph node biopsies. One of the main 
cocktails used consists of a mixture of Mart-1, Melan-A and tyrosine 
(MCW) [52]. 

CDKN2A, a tumour suppressor gene located on chromosome 
9p21, is a member of the INK4 class of cell cycle inhibitors. Its prod- 
uct, a cyclin-dependent kinase inhibitor 2A or protein p16 plays a 
role in the regulation of the cell cycle. The expression of this marker 
has been proposed as a discriminant between benign and malignant 
melanocytic proliferations. However, although melanomas often 
show loss of expression of the marker in contrast with naevi which 
display diffuse positivity, there are too many exceptions for it to be 
reliably used on its own as a diagnostic tool [53,54]. Loss of staining 
in a melanocytic tumour cannot be equated with malignancy and 
loss of heterozygosity should be confirmed by molecular tests. 

Proliferation markers are useful not only in the evaluation of 
melanocytic tumours but also in other skin neoplasms including 
lymphoproliferative disorders. Antigen KI-67 is a non-histone 
nuclear protein expressed during the G1, S, G2 and M phases of 
the cell cycle and it is the main cell proliferation marker used in 
dermatopathology. The antibodies used are MIB1, a monoclonal 
antibody and anti-Ki67, a polyclonal antibody. A further less used 
proliferation marker is an antibody against phosphorylated his- 
tone H3 (pHH3). Histone H3 becomes phosphorylated between 
late anaphase and telophase and is a reliable marker of mitoses. 
Proliferation markers can be used with a cytoplasmic melanocytic 
marker as a counterstain to accurately evaluate proliferating cells 
of melanocytic lineage [55,56]. 

BRAF encodes a cytoplasmic serine/threonine kinase in the 
MAPK pathway upstream of ERK/MEK. Mutations in BRAF are not 
only found in melanoma (mainly those arising in non-chronically 
sun-exposed skin) but also in naevi. One of the most frequent 
mutations found in melanoma is BRAF V600E and although this is 
usually demonstrated by molecular testing, there is a sensitive and 
specific monoclonal antibody that can be used in paraffin embedded 
sections [57]. 

In the recent two decades, the understanding of the molecular 
mechanisms underlying an increasing number of melanocytic 
tumours has allowed a more logical classification of these chal- 
lenging neoplasms, mainly but not only restricted to Spitz lesions. 
A number of genetic abnormalities and gene fusions have been 
described and these can not only be confirmed by molecular testing 
but also by the use of immunohistochemistry. These fusions are 
usually mutually exclusive not only within the group of protein 
kinases but also in relation to other driver mutations. Antibodies 
available for testing include ALK, BRAF, NTRK1 and ROS1 [58]. 

Germline mutations in BRAC1-associated protein (BAP-1) result 
in loss of expression of the protein, BRAF mutations and are 
associated with distinctive epithelioid Spitz-like neoplasms that 
can be multiple in a hereditary setting and associated with uveal 
melanoma and other internal cancers or more commonly, sporadic 
and with no known associations [59,60]. The loss of BAP-1 can be 
demonstrated by immunohistochemistry. Nuclear expression of 
&-catenin is very useful in distinguishing between deep penetrating 
naevi/melanocytoma from other melanocytic neoplasms [61]. 


Antibodies to CTLA-4 (cytotoxic T lymphocyte antigen-4), PD-1 
(programmed cell death) and PD-L1 (programmed cell death lig- 
and) have been used in the immunohistochemical evaluation of 
melanomas and other cancers to predict response to immunother- 
apy. The main problem with this approach, however, has been the 
standardisation and reproducibility of the results. Furthermore, a 
percentage of patients that are negative for these markers show 
good response [62,63]. 

PRAME (PReferentially expressed Antigen in Melanoma) is a 
melanoma-associated antigen and its expression can be assessed 
in melanocyte tumours by a monoclonal antibody. This protein is 
usually diffusely expressed in melanomas (except the desmoplastic 
variant) and tends to be negative or minimally expressed in naevi 
and it can be used with caution, as an aid in differential diagnosis 
of melanocytic lesions [64]. It is also particularly useful in the 
evaluation of excision margins in melanoma in situ. 


Mesenchymal markers 

There are many markers of mesenchymal differentiation that are 
useful in the differential diagnosis of neoplasms, particularly those 
that are poorly differentiated. As with many of the other antibodies 
discussed so far, the specificity and sensitivity of each of these 
markers is very variable. What this means is that they should 
always be used as part of a wider panel of markers. Commonly 
used markers include vimentin, S-100 protein, desmin, smooth 
muscle actin, muscle-specific actin, calponin, h-caldesmon, CD34, 
CD10, CD31 and Fli-1. 

Vimentin has a molecular weight of 57 kDa and it is found in all 
mesenchymal cells and their tumours. It has a very low specificity 
and can be found in melanomas, lymphomas and even carcinomas. 
Its value is therefore very limited [65]. 

5-100 protein has already been described above. It is a very useful 
marker for neurofibroma and schwannoma. While the latter tumour 
tends to be uniformly positive for S-100 protein, the percentage of 
tumour cells positive for this marker varies in neurofibroma. 

Desmin is a polypeptide with a molecular weight of 53 kDa, and 
is characteristic of smooth, skeletal and cardiac muscle [66,67]. In 
skeletal muscle, desmin filaments are found in association with the 
Z-discs of the sarcomeres and the sarcolemmal attachment plaques. 
In smooth muscle cells, desmin filaments interconnect the fusiform 
dense bodies with the plasmalemmal dense bodies. Desmin is very 
specific for muscular differentiation and is a useful marker as it is 
only occasionally reported in other tumours such as cellular fibrous 
histiocytoma, schwannoma and epithelioid sarcoma [68,69]. 

Actin represents a family of intermediate filaments present in 
the cytoskeleton of eukaryotic cells. They are contractile proteins 
involved in the control of the motility of muscle cells and non- 
muscle cells. Actin proteins are classified according to their amino 
acid sequences and six major isoforms have been described. Of the 
monoclonal antibodies used in diagnostic pathology the most use- 
ful ones are HHF35 (muscle-specific actin) and 1A4 (alpha smooth 
muscle actin) [70-72]. The former reacts with skeletal and smooth 
muscle and the latter only reacts with smooth muscle. Both types of 
antibody stain myofibroblasts, pericytes, glomus cells (Figure 3.28) 
and myoepithelial cells [73]. 

Calponin is a basic troponin T-like protein that modulates the 
interaction between actin and myosin. It is a good marker of smooth 
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Figure 3.28 (a) Glomus tumour composed of uniform, round cells with pale cytoplasm 
and well-defined cytoplasmic membrane. (b) Strong cytoplasmic staining for smooth 
muscle actin in a case of glomus tumour. 


muscle and myofibroblastic differentiation [73]. It is seldom used 
due to its lack of specificity. 

H-caldesmon is a protein combined with actin and tropomyosin 
that regulates cell contraction. It is fairly specific for smooth-muscle 
differentiation and less often stains myofibroblasts [74,75]. 

CD34 is a glycosylated transmembrane protein with a molec- 
ular weight of 110kDa. It is normally present on haematopoietic 
progenitor cells and vascular endothelial cells [76,77]. This marker, 
however, is fairly non-specific and it is expressed in a wide number 
of soft-tissue tumours including dermatofibrosarcoma protuberans 
(DFSP) (Figure 3.29), neurofibroma and spindle cell lipoma. Its main 
use in dermatopathology is as an endothelial cell marker and in the 
differential diagnosis between DFSP and fibrous histiocytoma and 
its variants, particularly cellular fibrous histiocytoma. CD34 tends 
to be diffusely positive in the former and negative or only focally 
positive, mainly in the periphery of the tumour, in the latter [78,79]. 

One large group of soft-tissue tumours where useful markers 
are badly needed is the group of fibrohistiocytic tumours. These 
tumours, despite their name, do not show true histiocytic differ- 
entiation. Factor XIIla, a polyclonal antibody produced against 
the blood coagulation transglutaminase, seems to be a cell marker 
for a particular subpopulation of dermal dendritic mononuclear 
macrophage cells termed dermal dendrocytes [80]. A number of 
positive cells may be identified in very many different types of 
soft-tissue tumours. However, combined with other markers, factor 
XIIa is useful in the differential diagnosis between benign fibrous 
histiocytoma (dermatofibroma) and DFSP. The former is normally 
rich in factor XIIIa-positive cells particularly at the periphery, in 
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Figure 3.29 (a) Typical dermatofibrosarcoma protuberans composed of monotonous, 
spindle-shaped cells with hyperchromatic nuclei arranged in a prominent storiform 
pattern (H&E). (b) Diffuse staining of tumour cells for CD34. 


contrast to DFSP which is negative. A number of fibrous histiocy- 
tomas, particularly variants such as cellular fibrous histiocytoma 
(cellular dermatofibroma), display variable expression of SMA 
in a population of cells that are likely to be of myofibroblastic 
lineage. D2-40 (podoplanin) identifies a 40 kDa O-linked sialogly- 
coprotein present in lymphatic endothelium and has been reported 
to be expressed consistently in fibrous histiocytomas and not in 
dermatofibrosarcoma protuberans [81]. 

CD10, a cell membrane metallopeptidase that is present in many 
haematopoeitic neoplasms — mainly those of B cell lineage — is 
also widely expressed in mesenchymal neopasms. Its use has been 
advocated in the differential diagnosis between atypical fibroxan- 
thoma and sarcomatoid squamous cell carcinoma and spindle cell 
melanoma [82]. However, the latter two can also be positive for this 
marker, although usually in a more focal pattern. 


A wide range of endothelial markers now available are useful 
in the histological diagnosis of vascular tumours. The most useful 
of these markers are CD31, CD34, Fli-1 and more recently ERG 
(Ets-related gene). There is also an expanding range of markers of 
lymphatic endothelium, the most commonly used being podoplanin 
(D2-40). 

CD31 refers to a glycoprotein that belongs to the immunoglobu- 
lin supergene family and has a molecular weight of 130 kDa. It is 
also known as platelet-endothelial cell adhesion molecule type 1 
(PECAM-1) and it stains endothelial cells and some haematopoietic 
cells. CD31 is a sensitive but not very specific marker of endothelial 
cells [83-85]. Interpretation should be cautious as CD31 also stains 
macrophages [86]. 

Fli-1 (friend leukaemia virus integration 1) is a DNA-binding 
transcription factor member of the ETS gene family. Most cases of 
Ewing sarcoma (90%) show a translocation t(11;22) (q24;q12) indi- 
cating fusion of EWS with Fli-1. Fli-1 is also expressed in endothelial 
cells and is a useful and fairly specific marker of endothelial cell 
differentiation [87]. The positive product displays nuclear staining. 

ERG, an ETS family regulatory transcription factor, is now 
regarded as the most specific and sensitive marker of endothelial 
cells [88]. The pattern of staining is nuclear. This marker is also 
positive in a percentage of prostatic cancers and may be expressed 
by epithelioid sarcomas [89]. 

None of these endothelial cell markers allow distinction between 
lymphatic and vascular endothelium. In recent years, a number of 
antibodies have been described with claims as to their specificity 
for lymphatic endothelium. These antibodies include vascular 
endothelial growth factor receptor 3 (VEGFR-3), podoplanin, 
LYVE-1 (lymphatic vessel-endothelial hyaluronan receptor) and 
Prox-1 (a nuclear transcription factor important in lymphangio- 
genesis) [90-96]. Some of these markers are not very specific in 
lymphatic differentiation, particularly VEGFR-3. 

INI 1 (hSNF5/SMARCB1) is a putative tumour-suppressor gene 
located on chromosome 22q11.2. Immunohistochemistry for INI 1 
is consistently negative in epithelioid sarcomas and this is a very 
useful diagnostic tool as other tumours confused with the former 
tend to be positive for this marker [97]. 


Metastatic cutaneous tumours 

It is important to remember that all tumours that are present in 
the skin are not necessarily of cutaneous origin. Reference has 
already been made to several epithelial markers, many of which 
may be useful in diagnosing metastatic adenocarcinoma. Immuno- 
histochemistry, however, does not usually allow determination 
of the site of the primary tumour except in a few instances. The 
latter include prostate-specific antigen in prostatic carcinoma and 
thyroglobulin in thyroid carcinoma. Markers for oestrogen and 
progesterone receptors are not useful in the diagnosis of metastatic 
breast carcinoma, because adnexal carcinomas may also be positive 
for one or both markers. A combination of a number of markers 
may often be useful, however, in determining whether a tumour is 
primary or metastatic. Immunohistochemical markers that are not 
entirely specific but which may be used in a panel include among 
others, GATA-3 and mammaglobin (breast, but often positive in 
cutaneous adnexal neoplasms), CDX2 (colonic adenocarcinoma), 
RCC and PAX8 (renal cell carcinoma) and calretinin (mesothelioma). 
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Thyroid transcription factor 1 (TTF-1) is a 38 kDa nuclear protein 
expressed in epithelial cells of lung and thyroid. TTF-1 is therefore 
a useful marker in the diagnosis of cutaneous metastatic tumours 
[98]. p63, a homologue of the p53 gene, has been demonstrated to be 
useful in the differential diagnosis between primary and metastatic 
adenocarcinomas in the skin. Metastatic adenocarcinomas to the 
skin are usually negative for p63 while primary adnexal adenocarci- 
nomas tend to be positive for this marker [99,100]. Similar findings 
are obtained in adnexal carcinomas metastatic to other organs. 
The same finding has been recently reported with podoplanin 
as metastatic adenocarcinomas to the skin tend to be negative in 
tumour cells, while tumour cells in primary adnexal carcinomas are 
positive for this marker. ERG is useful in the diagnosis of metastatic 
prostatic carcinoma [101]. 
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Histiocytic markers 


CD68 (KP1) has been for many years the main marker used to Na tt wy, i bbe 
demonstrate histiocytic differentiation in paraffin-embedded mate- = oes ba tet A 
rial [102,103]. It is an antibody raised against a 110 kDa glycoprotein A, ae af f 4 
present in pulmonary macrophages. This antibody stains normal f : + 5 red Cimep AF 


histiocytes, granulocyte precursors, tumour cells in myelomono- 
cytic neoplasms and true histiocytic lymphomas. KP1, however, is 
not specific for histiocytic differentiation, and expression may be 5 eo. ae —} ay 
seen in many tumours, including carcinomas, melanomas, granular , ; Yaa ahs 

cell tumours and a variety of sarcomas [104-106]. A more specific 
marker of histiocytic differentiation is PG-M1, a member of the 
CD68 group of proteins, which is present only in macrophages 
and not in myeloid cells [107,108]. CD163 is a glycoprotein of the 
scavenger receptor cysteine-rich superfamily that is more specific 
than CD68 as a marker of histiocytes [109] (Figure 3.30). 


Langerhans cell markers 

The main markers of Langerhans cells are S-100 protein and CD1a. 
More recently, langerin (CD207, a Langerhans cell-specific lectin) 
has been introduced as a sensitive and specific marker of Langer- 
hans cells, as is CD1a [110,111]. S-100 protein is very sensitive but 
poorly specific, particularly as it stains melanocytes. Both the latter Figure 3.30 (a) Histiocytic-rich infiltrate with eosinophils in the background. (b) CD163 
and Langerhans cells are present in healthy and abnormal epider- 2 fi"'y specific marker of histiocytes. 

mis. Often in inflammatory conditions there is hyperplasia of the 

Langerhans cells within the epidermis and they are often arranged used as a battery. It should be remembered that histological and 
in nests. This may lead to an erroneous diagnosis of mycosis — antibody-labelling patterns of cutaneous lymphomas do not neces- 
fungoides as the nests of cells are confused with Pautrier microab- _ sarily mirror their nodal counterparts, and that very few markers 
scesses. In this setting, immunohistochemistry for Langerhans cells are absolutely specific for the cells of one lineage. Furthermore, 
(Figure 3.31) and other histological parameters are useful to make it must be realised that in the course of a disease process, many 


the distinction. lymphoid cell types may lose their antigenic determinants and 
may label in an anomalous fashion. This is particularly common 
Lymphoid markers in some forms of advanced cutaneous lymphoma. Nevertheless, 


One of the most difficult areas in diagnostic dermatopathology — with careful interpretation and the use of antibody panels, con- 
is the interpretation of heavy lymphoid infiltrates in cutaneous __ siderable information can be derived from the use of monoclonal 
biopsies. The wide range of conditions that may produce a histo- _ antibodies. 

logical picture simulating lymphoma ranges from insect bites and The rationalisation of nomenclature in relation to human leuko- 
viral infections, through syphilis, to reactive lymphoid hyperplasia, cyte antigens, the CD (or cluster of differentiation) nomenclature, 
where an aetiological factor cannot be demonstrated. Furthermore, _ has been a great advance, enabling useful comparisons of numerous 
recognition of the number of different varieties of malignant lym- _ different monoclonal antibodies developed in different laborato- 
phoproliferative disorders that may be encountered in the skin _ ries, and facilitating their classification [2,112,113]. As in other 
continues to increase. Very many different markers for lymphocytes areas of immunopathology, a further bonus for the diagnostic der- 
and their subsets are now available and are particularly useful when = matopathologist is the possibility of using many of these leukocyte 
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Figure 3.31 (a) Subacute spongiotic process (eczema) with hyperplasia of Langerhans 
cells presenting in a large nest within the epidermis mimicking a Pautrier microabscess 
(H&E). (b) Staining for CD1a highlighting the nature of the nested cells within the 
epidermis. 


antigen markers in paraffin-embedded tissue [114,115]. A full dis- 
cussion of the applications of immunopathology to the recognition 
of subsets of lymphocytes in skin biopsies is beyond the scope 
of this chapter. Useful antibodies available for use on routinely 
processed material include CD45 (leukocyte common antigen), pan 
B-cell markers such as CD20 (L26), Pax5 and CD79a, and pan T-cell 
markers such as CD3, CD2, CD5 and CD7 [116,117]. The determi- 
nation of the subset of T cells in paraffin-embedded skin biopsies 
is also possible as there are commercially available antibodies to 
CD4 (helper T cells) and CD8 (cytotoxic T cells) T cells [2,118,119]. 
Immunohistochemistry is also very useful in the determination 
of clonality, particularly in B-cell infiltrates. Antibodies against « 
and ) light chains can be used in paraffin-embedded material to 
demonstrate clonality [2,120,121]. More recently, however, in situ 
hybridisation for « and A light chains has replaced immunohisto- 
chemistry as the method of choice as the results with this procedure 
are much easier to interpret [122]. Monotypic immunoglobulin light 
chain expression is very suggestive of a B-cell lymphoma. 

Other markers of interest include determinants closely associ- 
ated with T-cell activation, such as the CD30 antigen. An example 
of an antibody to the CD30 epitope is Ber-H2, which identifies 
activated T cells, B cells and Reed-Sternberg cells. In cutaneous 
biopsies it is commonly present in examples of CD30-positive 
lymphoproliferative disorders, including lymphomatoid papulosis 


Figure 3.32 (a) Sheets of large, atypical lymphoid cells with pleomorphic nuclei and 
pink cytoplasm. (b) Positive staining of atypical cells in a case of CD30-positive, 
anaplastic, large T-cell lymphoma. Note the typical strong cytoplasmic membrane 
positivity and dot-like perinuclear staining. 


and CD30-positive anaplastic large cell lymphoma (Figure 3.32) 
[123-125]. It is also frequently and variably expressed in cutaneous 
T-cell lymphoma (mycosis fungoides) in transformation. 

Anaplastic lymphoma kinase (ALK) is a marker of the protein 
that results from translocation 2;5 between the ALK and nucleo- 
phosmin. Its usefulness resides in the fact that this protein is 
expressed in systemic large-cell anaplastic lymphoma, but it is 
usually not expressed in primary cutaneous large-cell anaplastic 
CD30+ lymphomas [126,127]. 

CD4, BCL-6, PD1, ICOS, CD10 and CXCL13 are markers of fol- 
licular helper T cells and are now used in the diagnosis of cuta- 
neous lymphoproliferative disorders of these cells including CD4+ 
small/medium-sized pleomorphic T-cell lymphoproliferative disor- 
der and cutaneous follicular helper T-cell lymphoma [128,129]. 

CD56 (neural cell adhesion molecule) is expressed in the central 
and peripheral nervous system, and is also a marker of natu- 
ral killer (NK) cells. Its main use in dermatopathology is in the 
diagnosis of cutaneous NK/T-cell lymphoma [130,131]. Some 
subcutaneous panniculitis-like T-cell lymphomas may also express 
this marker [132]. 

TIA-1, granzyme and perforin are cytotoxic proteins present in 
the cytoplasmic granules of NK and cytotoxic T cells. Expression of 


these proteins can be demonstrated in paraffin-embedded material 
and this is useful in the diagnosis of NK or cytotoxic lymphomas 
[133,134]. 

CD123 is the a-subunit of the human interleukin 3 receptor and 
is a fairly specific marker of plasmacytoid dendritic cells. It is 
useful in the diagnosis of plasmacytoid dendritic cell leukaemia/ 
lymphoma (previously known as CD4+/CD56+ haematodermic 
neoplasm) [135]. 

Markers of B follicle-centre cells such as CD10 and bcl-6, although 
not entirely specific, are useful in demonstrating the presence of 
these cells in the skin. Positive staining does not indicate that 
the cells are neoplastic but that they are of follicle-centre origin 
[136-138]. Reactive cutaneous germinal centres are positive for these 
markers. On the other hand, an infiltrate with follicle-centre cells 
that are positive for bcl-2 is very suggestive of a follicle-centre cell 
lymphoma, and usually indicates the presence of a 14;18 chromo- 
somal translocation [139]. Many primary cutaneous follicle-centre 
cell lymphomas, however, do not stain for this marker and the 
t(14;18) chromosomal translocation is often absent [140]. It is worth 
remembering that normal reactive T lymphocytes are usually bcl-2 
positive and these tend to be prominent in B-cell infiltrates. Normal 
mantle B cells are also bcl-2 positive. 

Further markers of B-cell differentiation are also used including 
MUM-1/ITRF4 (multiple myeloma 1/interferon regulatory factor 
4) and FOXP-1. MUM-1 is a protein expressed by late centro- 
cytes and post-germinal centre B cells and FOXP-1 is an essential 
transcriptional regulator of B-cell development [119]. Cutaneous 
follicle-centre cell lymphomas do not tend to express either MUM-1 
or FOXP-1, while diffuse large B-cell lymphoma leg type tend 
to be diffusely positive for both markers [141]. In cutaneous 
marginal zone lymphoma, MUM-1 is only expressed by the plasma 
cells. This pattern of staining, coupled with the other commonly 
used immunohistochemical markers, is helpful in differential 
diagnosis [142]. 

The field of immunopathology in general, and in relation to the 
study of lymphoid proliferations in particular, continues to grow 
apace. In addition to the techniques discussed here, it is likely that 
within the next few years further information of use to the diagnos- 
tic pathologist will be gained from studies of cytokines, adhesion 
molecules and similar substances. The correlation of immunophe- 
notypic studies with immunogenotyping using the latest molecular 
biological techniques is likely to contribute further to our under- 
standing of cutaneous and systemic lymphomas. 


Other diagnostic methods 


Cytodiagnosis and Tzanck smears 

Cytodiagnosis in dermatopathology should not be regarded as 
a substitute for formal biopsy. The technique has been used 
as an aid to the rapid diagnosis of numerous skin conditions, 
including epithelial tumours, Paget disease, melanoma, cutaneous 
lymphomas and skin metastases. In most of these conditions, 
a diagnostic surgical biopsy rather than fine needle biopsy is 
always preferable. The examination of cytological specimens from 
skin lesions is of most value in bullous disorders, vesicular virus 
eruptions and basal cell epithelioma. 
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In blistering disorders, a small, early, uninfected lesion should 
ideally be selected. The roof of the blister is removed with scissors, 
and the base of the blister gently scraped with a blunt scalpel so as 
not to produce bleeding. The material obtained is spread thinly ona 
glass slide. This is called a Tzanck smear. However, herpes simplex 
infections cannot be differentiated from herpes zoster infections 
using such a simple technique. For the cytodiagnosis of suspected 
basal cell epitheliomas, any surface crust should be removed from 
ulcerated tumours, and non-ulcerated tumours should be incised 
with a sharp, pointed scalpel. The incision should be superficial 
enough to avoid undue bleeding. A sample of tumour is then 
obtained with either a blunt scalpel or a small curette, and the tissue 
obtained is pressed between two glass slides. Smears from blisters 
and basal cell epitheliomas should be fixed immediately for 2 min 
in absolute alcohol, and stained with H&E. Following rinsing and 
drying, the smears are cover slipped for microscopic examination. 


Microscopic appearances 

Bullous disorders 

Cytodiagnosis is of most value in pemphigus in its various forms, 
and in Hailey—Hailey disease, because of the presence of numerous 
acantholytic keratinocytes. In pemphigus vulgaris, pemphigus 
vegetans and Hailey—Hailey disease, the cells obtained in the skin 
smear are usually rounded and more or less uniform in size, with 
a relatively large nuclear: cytoplasmic ratio. There may be a peri- 
nuclear pale halo, with the peripheral part of the cell staining more 
darkly. In the more superficial forms of pemphigus, including pem- 
phigus foliaceus and Senear-Usher pemphigus, the keratinocytes 
tend to be more cuboidal in shape, with a small nucleus and more 
prominent cytoplasm. The cells may contain keratohyalin granules 
and show evidence of keratinisation. Occasional giant cells may be 
seen, but are quite unlike virus giant cells, which show ballooning 
degeneration. In addition to the acantholytic disorders mentioned 
previously, occasional acantholytic cells may be obtained in Darier 
disease, where dyskeratosis may also be present, and in bullous 
impetigo. In this latter condition, normally in addition to acan- 
tholytic cells, there are numerous neutrophil polymorphs and 
bacteria. The usefulness of cytodiagnosis in subepidermal bullous 
eruptions is limited; the smear in most instances contains only 
inflammatory cells. Eosinophils are commonly found in bullous 
pemphigoid but may also occur in dermatitis herpetiformis. 


Viral disorders 

The cytology of herpes simplex, herpes zoster and varicella is often 
diagnostic because of the presence of characteristic multinucleated 
giant cells. Keratinocytes of varying size are seen, and as the cell 
enlarges the nucleus shows some blurring of chromatin pattern and 
loss of staining. Some of the cells may show condensation of chro- 
matin of the nuclear membrane. The multinucleate giant cells often 
contain eight or more nuclei, and these nuclei show great variation 
in size and shape (Figure 3.33). 

Eosinophilic inclusion bodies are very occasionally identified 
in the herpesvirus group of disorders, but commonly the exam- 
ination of many smears may fail to reveal any evidence of this 
change. Typical ballooning degeneration and giant cell formation as 
described above does not normally occur in vaccinia or cowpox, but 
occasionally somewhat enlarged acantholytic cells may be found, 
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Figure 3.33 An H&E-stained smear from a lesion of herpes simplex showing 
multinucleate giant cells and degenerative nuclear changes. 


and sometimes eosinophilic intracytoplasmic inclusion bodies may 
be detected. In molluscum contagiosum, characteristic molluscum 
bodies are easily identified. These are large, rounded, eosinophilic 
bodies, and may be identified without H&E stain in a potassium 
hydroxide preparation. 


Basal cell carcinoma 

In smears obtained from basal cell carcinoma, clumps of closely set, 
oval or round, deeply basophilic cells are found. The cytoplasm is 
usually very scanty and, in some cases, may not be detectable. The 
nuclei are finely granular with poorly defined nucleoli, and the cells 
in the smear are very regular in size and shape. In the presence of 
significant cytological atypia, an alternative diagnosis, such as squa- 
mous cell carcinoma or Bowen disease, should be considered. 


Electron microscopy 

Electron microscopic examination of cutaneous tissues is performed 
much less often than light microscopy and is nowadays rarely used 
in diagnostic dermatopathology. Electron microscopy has been 
replaced by antigen mapping using immunohistochemistry in 
the diagnosis of many genetic disorders, particularly those in the 
epidermolysis bullosa group. This technique and its applications 
are described in Chapter 69. Transmission and scanning electron 
microscopy have greatly increased our understanding, not only 
of the microanatomy of normal skin, but also of many disease 
processes. The use of newer embedding material has enabled 
ultrastructural examination to be carried out on single blocks of 
tissue prepared primarily for light microscopy. With care, even rou- 
tinely fixed and paraffin-embedded material may produce electron 
micrographs that provide useful diagnostic information. In recent 
years, the combination of electron microscopy with immunopatho- 
logical techniques, autoradiography and cytochemical methods has 
greatly enhanced our knowledge of tissue and cell pathophysiology. 
The contribution of ultrastructural studies to our understanding 
of the normal microanatomy of skin structures and their vari- 
ants has been referred to in Chapter 2. Below are listed some of 
the cutaneous disorders where electron microscopy may be of 
diagnostic help. 
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Bullous disorders 

The classification and subdivision of bullous disorders has been dra- 
matically advanced by electron microscopy and immunoelectron 
microscopy. With the electron microscope it is much easier to sepa- 
rate the varieties of epidermolysis bullosa. In epidermolysis bullosa 
simplex, the plane of cleavage is within the basal cells. Addition- 
ally, tonofilament clumping may be seen. Junctional epidermolysis 
bullosa has various clinical forms, and, although with the electron 
microscope there is separation in the lamina lucida zone, junctional 
epidermolysis bullosa is probably a heterogeneous group of disor- 
ders. In some forms of this condition, hemidesmosomes are reduced 
in number, and this may represent a primary defect. In other forms 
of junctional epidermolysis bullosa, however, hemidesmosomes 
may be apparently normal. In dystrophic epidermolysis bullosa, 
again, various abnormalities are observed, but in this case the split 
is below the lamina densa. Immunoelectron microscopic techniques 
provide further information in epidermolysis bullosa, and also 
in some of the other idiopathic blistering disorders. In cicatricial 
pemphigoid, for instance, immunoreactants may be identified at 
a lower level in the lamina lucida than in classic bullous pem- 
phigoid. In linear IgA disease, immunoreactants may be found 
either in the lamina lucida or below it. Sublamina densa deposits of 
immunoreactants are also seen in epidermolysis bullosa acquisita. 


Pigmentary disorders 

The quantitative and qualitative evaluation of melanocytes and 
melanosomes at ultrastructural level can be of great value in the 
examination of disorders of hyper- and hypopigmentation. In 
albinism, normal numbers of melanocytes are present, although 
melanosomes are immature. In vitiligo, a biopsy from affected 
skin shows either a complete absence or greatly diminished pop- 
ulation of melanocytes. In early stages of vitiligo, some vacuolar 
degeneration of epidermal melanocytes may be identified. 


Cellular identification 

In addition to the demonstration of melanocytes, various other cells, 
both in inflammatory and neoplastic disorders, can be identified 
clearly with the aid of the electron microscope. The shape of the 
convoluted nucleus in the peripheral blood from patients with 
Sézary syndrome is diagnostic. Annulate lamellae, large, dense 
granules and decapitation secretion are all found ultrastructurally 
in apocrine secretory cells. Other cellular substructures that may be 
of diagnostic value are the identification of desmosomes in various 
epithelia, myofilaments in tumours of muscular origin, the Birbeck 
granule characteristic of Langerhans cells, and the Weibel—Palade 
body found in the endothelial cells of blood vessels. 


Identification of dermal deposits 

Ultrastructural examination of various forms of amyloido- 
sis shows characteristic deposits of straight, non-branching, 
non-anastomosing filaments of approximately 6-7 nm in diameter. 
The apparent increased electron density at their periphery produces 
a superficial appearance of hollow cylinders. Colloid milia of both 
the adult and juvenile type may on occasion be confused with 
amyloid deposition at the light microscopic level. Ultrastructurally, 
however, the fibres of colloid milia are of a different thickness from 
those seen in amyloidosis and are wavy rather than straight. Other 


conditions where amorphous hyaline deposits may be seen with the 
light microscope, such as forms of porphyria and lipoid proteinosis, 
also have characteristic electron microscopic appearances. 


Viral disease techniques 

Many of the conventional techniques for confirmation of a diagnosis 
of virus infection, such as virus isolation and culture and the various 
serological tests, are slow and the patient has often recovered by 
the time the diagnosis is established with certainty. Conventional 
histology either from biopsy or from the scraping of the base of 
blisters, for instance in herpes simplex or zoster infections, can be 
useful in experienced hands, but there is quite a high rate of false 
negative results. Molecular biological techniques including PCR 
are more specific, especially for the identification of human papillo- 
mavirus infection, but are not widely available. Direct visualisation 
of virus particles with the electron microscope, using a negative 
staining technique, can give a positive result within half an hour of a 
lesion being sampled. This technique has become invaluable for the 
confirmation of diagnosis in disorders caused by many of the main 
families of viruses, particularly lesions such as herpes simplex and 
zoster, and hand, foot and mouth disease. Immunohistochemical 
stains are widely available for various viruses including herpesvirus 
1 and 2, varicella zoster and also for cytomegalovirus, and are quite 
useful in establishing a diagnosis in paraffin-embedded sections. 
Human herpesvirus 8 is a type of herpesvirus that can be detected 
in all tumours in patients with Kaposi sarcoma [1]. A monoclonal 
antibody raised against the nuclear latent antigen of the virus is 
very sensitive and specific. A monoclonal antibody against the 
HIV-1 p24 Gag protein is a useful diagnostic tool in the setting 
of HIV infection [2]. In situ hybridisation for the Epstein-Barr 
encoding region (EBER) has been established as the method of 
choice for the detection of Epstein-Barr virus in paraffin-embedded 
tissue [3]. In situ hybridisation (on paraffin-embedded sections) and 
immunohistochemistry may be used for the detection of human 
papillomavirus [4]. SARS-CoV-2 can be demonstrated by immuno- 
histochemistry in the chilblains-like lesions in patients with the 
virus [5]. SARS-CoV-2 has also been demonstrated by PCR in the 
macular eruption associated with the virus [6]. 


Immunogenotyping 

In most inflammatory disorders, the lymphocyte population in the 
skin tissue is normally polyclonal, containing progeny of many dif- 
ferent parent lymphocytes. In contrast, most lymphomas are mon- 
oclonal, with cells being derived from the same parent cell. With 
the development of DNA probes to detect rearrangements of genes 
encoding for immunoglobulin and T-cell receptor molecules, it is 
now a routine technique to assess clonality of T- and B-cell pop- 
ulations by immunogenotyping [1,2-4]. Refinements in technique 
mean that significant results can now be obtained from relatively 
small portions of tissue. The PCR technique is now widely used for 
the study of clonality in cutaneous lymphoid infiltrates. This subject 
is discussed in detail in Chapter 139. 


Artefacts 


The microscopic appearance of the end-product produced by pro- 
cessing a tissue specimen is in many ways an artificial representation 
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of what is going on in a complex organ at one point in time. The 
procedures of biopsy fixation and tissue processing produce signif- 
icant alterations in size, shape and structure of tissue constituents. 
We tend to think of fat cells as large, round, empty cells with periph- 
eral nuclei, because this is how we are used to visualising them 
microscopically. Cysts that normally contain lipid-rich substances, 
such as those of steatocystoma multiplex, appear relatively empty 
when sections from paraffin-embedded material are viewed. The 
clear halo often seen around melanocytes in the lower layers of the 
epidermis is at least in part an artefactual change. Some routinely 
observed tissue artefacts are useful for diagnostic purposes. The 
so-called separation artefact, where dermal connective tissue sepa- 
rates away from islands of basal cell carcinoma, aids us, for instance, 
in differentiating a basal cell carcinoma from a trichoepithelioma. In 
addition to these everyday artefacts, there are a wide range of other 
changes that may be induced accidentally or by poor processing 
technique (Box 3.4). These changes may in some instances mislead 
the diagnostic pathologist. 


Box 3.4 Potential dermatopathological artefacts 


¢ Poor orientation: cross-sectioning makes it difficult to evaluate the 
epidermis and dermis; sometimes this results in complete loss of the 
epidermis 

e Formaldehyde fixation: vacuolation of epidermis 

e Fixation in non-buffered formaldehyde: pigment deposition 

¢ Freezing artefact: prominent intracytoplasmic vacuoles in 
keratinocytes 

¢ Scratch marks across tissue due to nick in microtome knife 

¢ Tissue carry-over from microtome knife 

¢ Foreign bodies, e.g. formaldehyde pigments, suture, Alternaria, 
spores, starch 

e Polarisation of cell nuclear material by electric current in curetted 
specimen 

¢ Clumped mitoses in podophyllin-treated warts 

¢ Pyknotic prickle cells from methotrexate- or hydroxyurea-treated 
patients 


Artefacts due to poor biopsy technique 

Undue squeezing of the specimen with forceps can produce a 
marked artefact, causing the connective tissue to become amor- 
phous and basophilic. Considerable distortion of cellular infiltrates 
is also seen. Toothed forceps can produce a hole within the tissue 
specimen, which, although rarely causing diagnostic confusion, is 
aesthetically unpleasing. When a small tissue specimen is cut up 
into even smaller pieces, the pressure produced by the knife at the 
edge of the smaller biopsy portions may lead to connective tissue 
and cell distortion. It is far better to carry out several small separate 
biopsies from the same area, perhaps with a punch, than to try 
and divide a single specimen after it has been removed from the 
patient. 

Various techniques of cautery used to secure haemostasis fol- 
lowing either a shave biopsy or curettage can lead to unusual 
histological appearances. Diathermy produces a bizarre alter- 
ation of cellular and nuclear morphology, as well as producing a 
stringy eosinophilic and homogenised appearance to connective 
tissue. The haemostatic agent, Monsel solution (20% aqueous ferric 
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subsulphate), can occasionally produce extensive ferrugination of 
fibrin, dermal collagen and even striated muscle in skin biopsies [1]. 
The iron pigment deposition can be very confusing and simulate 
melanin. Particular problems are encountered where this technique 
is used following shave biopsy of melanocytic naevi. The deposition 
of this pigment could lead to an erroneous diagnosis of a melanoma 
[2]. Artefacts may occasionally be induced by local anaesthetic. The 
epinephrine contained in some local anaesthetics may result in some 
degranulation of mast cells and have minor effects on dermal blood 
vessels, but these are not normally important problems. A large 
quantity of local anaesthetic, particularly when injected directly 
into a lesion or superficially in the dermis, can cause appearances 
simulating marked tissue oedema, or in the case of a cellular naevus, 
disruption of the normal architecture of the tumour. 


Artefacts related to fixation media 

It has already been stressed that an adequate fixation of skin tissue 
biopsy specimens is needed for optimum histological interpreta- 
tion. Specimens that have been fixed for an insufficient time show 
a poor definition of cell structure and connective tissue. Cells may 
appear swollen and staining of such poorly fixed specimens often 
produces a rather smudged appearance. Similar results may be 
seen when the specimen has not been placed in the correct fixative, 
but rather in some inappropriate solution such as normal saline. 
Formalin pigment may be precipitated out into the tissues in some 
skin biopsies, particularly where the biopsies have been fixed in a 
formalin-containing fixative with an acid pH. Formalin pigment 
artefact is particularly common in biopsies from tissue containing 
large amounts of haemorrhage or tissues heavily congested with 
blood. Even in neutral buffered formal saline, a long fixation may 
increase the tendency to produce formalin pigment. There are some 
fixatives, such as Zenker fluid and Heidenhain Susa, that contain 
mercuric chloride. Tissues fixed in these media may develop a gran- 
ular, brownish black deposit. This deposit can be removed, normally 
by treatment in Lugol iodine followed by sodium thiosulphate. 


Artefacts due to blocking and sectioning 

One of the most commonly encountered problems is with the orien- 
tation of the specimen. Oblique blocking can give a very misleading 
picture — for example, suggesting that there is pseudoepithelioma- 
tous hyperplasia of the epidermis or psoriasis, when one is in fact 
dealing with normal skin. Correct and accurate vertical sectioning 
and blocking is particularly important where measurements are to 
be made, such as in the assessment of Breslow thickness and the 
Clark level of melanoma. Occasionally, fragments of a biopsy adhere 
to the microtome blade and ‘knife carry’ may occur, with the result 
that, for instance, a fragment of basal cell carcinoma may be seen just 
above the epidermis in a section from a histiocytoma. Normally this 
artefact is easy to spot, but occasionally it can give rise to confusion. 
Partial blunting of the microtome knife causes uneven thickness of 
the histological section. This can give a false impression, both of 
the density of cellular infiltrates and of the qualities of the connec- 
tive tissue. Irregularities in the microtome knife’s edge can cause an 
unaesthetic artefact known as shatter marks. In the presence of very 
hard or dense foreign material in the tissues, such as calcium, the 
foreign material may be drawn through the tissue, forming a tear in 
the resulting sections. 
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Artefacts due to staining techniques 

It should be remembered that the various staining solutions have 
a very short shelf-life once made up, and that staining solutions 
that are old produce a very unsatisfactory end result. It is also quite 
common for staining solutions to be contaminated with various 
foreign materials, such as plant hairs [3] or microorganisms, which 
may appear to be present within the biopsied tissue when viewed 
in the finished mounted preparation. 


Digital pathology 


With the use of whole slide imaging (WSI), digital pathology was 
introduced in 1999. Its introduction has been slow but steady and 
has revolutionised the world of pathology in the last few years 
[1,2,3,4,5,6,7]. The technique allows the conversion of tissue sections 
on a glass slide into high resolution virtual slides. Initial problems 
with its introduction consisted of high costs, technical problems 
with the application and use of the technique and reluctance of 
many pathologists to adapt to a new and unproven technology. 
Since then, however, the technology has been refined and sim- 
plified; and, although the costs of introducing and maintaining a 
good digital system remain high, the long-term benefits outweigh 
these shortcomings. As opposed to traditional systems of slide 
evaluation, the benefits of the system are countless. Digital images 
are easily accessed everywhere on the internet, there is no need 
for physical storage space and the images do not deteriorate and 
can be kept and accessed indefinitely. The system can be used for 
diagnostic routine use after validation, for teaching, to generate data 
for research and for quality assurance programmes. Describing the 
technique in detail is beyond the scope of this chapter, but excellent 
articles on the subject have been published [1,2,3,4,5,6,7]. 


Approach to microscopic examination 
of tissue sections 


Some understanding of the basic principles of microscopy and care- 
ful microscope maintenance are essential for optimal visualisation 
of tissue sections, and ultimately therefore for achieving a correct 
histopathological diagnosis. Knowledge of the techniques and 
applications of fluorescence microscopy, interference microscopy 
and polarised light microscopy is also recommended. 


Preparing for microscopy 

Before using the microscope, some attention should be given to var- 
ious practical points. Are all the optical surfaces clean? Greasy fin- 
gerprints and dust may seriously impair the quality of the image, 
and before using the microscope all lens surfaces should be cleaned. 
This may be done with an optical lens tissue. Petroleum spirit is rec- 
ommended by some manufacturers. The cleaning of objectives with 
a concave shape can be difficult. A recommended method is to use a 
small, freshly broken-up piece of expanded polystyrene. It is impor- 
tant that there is no trace of xylene or other organic solvent on an 
objective treated in this way, or there is a risk of a film of dissolved 
plastic being left behind. 


The microscope light source should be centred, and on most mod- 
ern microscopes this is easily achieved by a pair of centring screws 
acting against a spring, or by loosening a screw column and orien- 
tating the lamp holder. The condenser is then adjusted. The aperture 
diaphragm in the base of the microscope should be closed, and the 
condenser height adjusted, until the image of the field diaphragm is 
in focus. The diaphragm should then be centred with the adjusting 
screws. After centring, the field diaphragm should be opened until 
it just disappears from view. The aperture (substage iris diaphragm) 
is then adjusted. With experience, this can be done while viewing 
the image on the slide. Alternatively, an eyepiece can be removed, 
and while looking down the eyepiece tube the diaphragm is opened 
until it occupies approximately one-third of the field of view. In this 
position, the numerical aperture of the condenser is approximately 
that of the objective in use and optimum resolution is achieved. 

The slide to be examined should then be viewed with the naked 
eye. Is the specimen a section of solid tissue, or uniformly spread 
across the slide, like a tissue or cell smear? The size and shape of 
sections on the slide should be noted, and it may be possible with 
naked eye examination to identify several tissues. It is important 
to note the number of sections mounted on one slide and whether 
these are likely to represent sections from the same block or differ- 
ent blocks mounted together. Finally, before putting the slide on the 
microscope stage, the name or identification number carried by the 
slide should be correlated with the details on the clinical request 
form. When inserting the slide into the microscope, make sure that 
it is the right way up, otherwise it may be impossible to focus the 
image with higher power objectives. 


Microscopic interpretation 

Examination of sections 

The normal and recommended procedure is to start with lower 
power examination of the sections and gradually move up to higher 
power, detailed examination. Low-power scanning examination 
with a x2.5 or x4 objective provides a wealth of information. 
Identification of tissues is made, orientation of the specimen is 
possible and the main site of any pathological changes is often 
identified. The basic nature of the pathological changes may also be 
recognised — for example, whether the main pathology represents a 
neoplastic or inflammatory process. Low-power scanning of all the 
material on the slide makes it clear whether all sections are from the 
same block or whether they represent different portions of tissue. 
Low-power examination of biopsy material is the first step in the 
problem-solving exercise and is the key to good diagnostic der- 
matopathology. During low-power examination, the site of biopsy 
and whether this correlates with the clinical information should be 
evaluated and, secondly, some attempt at pattern diagnosis should 
be made. 

When a foreign body is suspected it is very useful to examine the 
section under polarised light. This is a quick method of confirm- 
ing the presence of foreign material within the tissue. However, it is 
important to emphasise that some endogenous substances polarise 
and that not all external particles polarise. 


Site of biopsy and normal histological variation 
Without a working knowledge of the differences in skin micro- 
anatomy in the different regions of the body, it is very easy to 
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come to a wrong diagnostic conclusion. For instance, the prominent 
sebaceous glands seen on facial skin, particularly the nose, may 
lead to a diagnosis of sebaceous hyperplasia, and the normally thick 
stratum corneum present on the palms and soles may be interpreted 
as hyperkeratosis. The following notes describe some of the more 
typical features seen in skin biopsies from specific sites. 


Skin from the palms and soles. In biopsies from these sites, there 
is a fairly thick Malpighian layer with a thickened basket-weave 
stratum corneum and a very prominent epidermal rete ridge 
pattern. Occasionally, specialised nerve endings (Meissner corpus- 
cles) may be seen in the dermal papillae. Eccrine sweat glands 
are fairly numerous, but no pilosebaceous follicles are identified. 
Vater—Pacini corpuscles are characteristically found in the subcutis. 
They are large, specialised nerve endings and have an ovoid or 
round shape with a typical onion ring appearance. 


Skin from the areola of the nipple and the scrotum. In these sites, 
papillomatosis is a common finding, and in the upper dermis there 
are often numerous small fascicles and fibres of smooth muscle. In 
biopsies from the areola and nipple, occasional lactiferous ducts may 
be identified. 


Mucous membranes. Histology of mucosal surfaces often shows 
fairly thick epithelium lacking well-defined keratinisation. Focal 
mild parakeratosis is often seen. The rete ridge pattern normally 
associated with glabrous skin is not marked, and the cells of the 
Malpighian layer are large, pale and typically vacuolated. 


Axillary skin. In skin from the axillae, papillomatosis of the skin 
surface is often marked. Abundant hair follicles are present, as are 
numerous apocrine glands, which are seen in addition to eccrine 
glands commonly present in other sites. 


Scalp skin. Biopsies from the scalp are normally readily identified 
by the presence of numerous, large hairs (terminal hair follicles) with 
the hair bulbs frequently in the subcutaneous fat. 


Facial skin. Facial skin is characterised by the presence of smaller 
hair follicles than in the scalp and, particularly in the central facial 
area, large numbers of mature sebaceous glands. The epidermis is 
very thin and melanocytes are numerous. The rete ridge pattern 
at the dermal-epidermal junction is often very poorly developed, 
which makes a distinction between papillary and reticular dermis 
often difficult to assess. Demodex organisms may be seen in the ostia 
of hair follicles and deeper within the sebaceous glands. Muscle 
may be identified relatively close to the epidermis in certain areas 
of the face, such as round the eyes or mouth. 


Truncal skin. Skin from the trunk shows no very specific histologi- 
cal hallmarks. However, it is normally quite thick, with the distance 
between the epidermis and the subcutaneous fat being much greater 
than in biopsies from other sites. Eccrine sweat glands are normally 
identified at the junction between the dermis and the subcutaneous 
fat, and may, in skin from the trunk, appear within the reticular der- 
mis itself. The skin from the back contains a very thick dermis with 
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thick collagen bundles in which the ground substance is minimal. 
This normal pattern is often confused with evidence of a sclerosing 
dermal process such as morphoea. 


Low-magnification histological pattern diagnosis 

Having attempted to recognise the site of the biopsy, and having 
correlated this with the clinical information, the next task is to inter- 
pret any abnormal findings and attempt to come to some diagnostic 
conclusions. Sometimes, the site of the abnormality in the section 
is immediately obvious on scanning magnification. This then leads 
one to examine the appropriate area in more detail. When there is 
no obvious pathology in the section, a useful approach is to exam- 
ine each identifiable cutaneous structure in turn. For instance, start- 
ing outwards with the stratum corneum and working inwards, is it 
increased or decreased in thickness? Is parakeratosis present? Is the 
pattern of keratinisation normal, producing a basket-weave pattern, 
or is the stratum corneum compacted? Examination of the epider- 
mis may reveal atrophy or acanthosis, spongiosis or cell atypicality, 
and may also reveal colonisation of the epidermis by inflammatory 
or other abnormal cells. Various forms of epidermal degeneration 
may be noted. Some variants of these are described below. A vesicle 
or bulla may be present within the epidermis or below it. 

Moving on to the dermis, is the arrangement of connective tis- 
sue fibres in the papillary and reticular dermis normal, or are the 
collagen fibres thickened and hyalinised? Is there an increase in 
interstitial oedema fluid, or is there evidence of increased amounts 
of mucin separating the collagen bundles? Is the elastic pattern nor- 
mal? Careful examination of all adnexal structures should be made, 
and then, finally, any dermal infiltrate should be assessed. The den- 
sity of the infiltrate, the pattern of the infiltrate (diffuse and intersti- 
tial and/or focal and localised) and the composition of the infiltrate 
are important. The position of the infiltrate in the dermis, whether 
it is predominantly deep or predominantly involves the epider- 
mis, is also worth noting, as is the relationship of the infiltrate to 
adnexal structures and blood vessels. The blood vessels themselves 
should also be examined carefully for evidence, for example, of any 
vasculitic change or dilatation, increased tortuosity or thickening. 
A search should be made for any abnormal deposits or pigments 
such as amyloid, calcium or tattoo pigment. When one has some 
experience in assessing the different structures in a skin biopsy, one 
soon learns to recognise certain patterns of neoplastic change and 
inflammation. Ackerman established a method of pattern diagnosis 
appropriate for the study of inflammatory diseases [1]. He suggests 
recognition of nine major patterns of inflammatory change in the 
skin, ranging from superficial perivascular dermatitis to panniculi- 
tis. Having classified the appearances in the section according to one 
of these patterns, closer examination enables one to come to a more 
precise diagnosis. Other authors have described similar schemes of 
microscopy. The system of pattern analysis can be recommended 
to those new to dermatopathology. More experienced patholo- 
gists have almost always developed their own pattern analysis 
system. 


High-magnification microscopic examination 

By the time a histological section has been examined with a x2.5 
objective, a x4 to x8 objective depending on personal preference, 
and a x10 objective, one should have some idea in most cases of a 
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differential diagnosis. High-magnification examination with a x25, 
x40 or x50 and sometimes with a x100 oil-immersion lens provides 
an opportunity to confirm the initial impressions. 

Under high-magnification examination, cells and other structures 
in the skin should be carefully examined in various specific ways. 
When dealing with neoplastic disorders, the cytology of individual 
tumour cells should be studied, with particular reference to nuclear 
detail and the variation in size and shape between cells of the same 
population. The number of mitotic figures and the number of abnor- 
mal mitoses are noted. The pattern of relationship of tumour cells 
to each other is also an important feature. Loss of polarity of ker- 
atinocytes in squamous epithelium is a characteristic feature associ- 
ated with premalignant epithelial dysplasias, such as Bowen disease 
and actinic keratoses, although it can of course also occur in invasive 
epithelial tumours. The relationship of tumour cells to neurovascu- 
lar bundles is also important and the pattern of neoplastic cells in 
relation to dermal connective tissue should also be evaluated. The 
so-called Indian filing pattern of tumour cells lining up one behind 
another, sandwiched between collagen bundles, is in some contexts 
suggestive of malignant disease. 

In inflammatory conditions under high magnification, there is an 
opportunity to try and categorise the different types of cells in the 
infiltrate. It is important to look over the whole section, as in some 
areas the infiltrate may be composed of one cell type and in other 
areas another cell type may predominate. Some infiltrates are com- 
posed of almost pure populations of, for example, lymphocytes, and 
are described as monomorphic, whereas other infiltrates are com- 
posed of plasma cells, histiocytes, lymphocytes and eosinophils, and 
are described as polymorphic. It is only with experience that one 
becomes confident in recognising the cytology of cutaneous infil- 
trates and one must remember that in some biopsy material, cells 
may be seen that are impossible to classify by conventional criteria. 
The following notes describe the more typical appearances of com- 
monly seen inflammatory and related cells, and describe some of the 
situations where they may be encountered. 


Lymphocytes 

Lymphocytes originate in the bone marrow and mature through 
a series of stages both in the bone marrow and the thymus gland, 
before being released into the peripheral blood and body tissues. 
The family of lymphocytes is a very heterogeneous one, with many 
subtypes of lymphocytes. T lymphocytes and B lymphocytes are 
indistinguishable by normal light microscopy, although on scanning 
electron microscopy in vitro B lymphocytes appear to have rather 
rougher surfaces than T lymphocytes and show villous projections. 
On light-microscopic examination of sections stained with H&E, 
lymphocytes are roughly 7-12 ym in diameter and possess small, 
round, deeply basophilic nuclei, surrounded by a thin rim of cyto- 
plasm, which is usually very difficult to visualise (Figure 3.34). 
Numerous immunohistochemical methods are available that read- 
ily distinguish T and B lymphocytes, and most of these methods can 
be carried out using paraffin-embedded sections. In the majority 
of inflammatory conditions affecting the skin where a significant 
dermal infiltrate is seen, T cells outnumber B cells. Mature T and B 
cells are, of course, not the only lymphoid cells that may be found 
in the skin. In addition to plasma cells, various follicular centre cells 
and T and B immunoblasts may be seen under certain conditions. 


Figure 3.34 Inflammatory cell infiltrate composed of numerous lymphocytes and 
histiocytes. Lymphocytes have scanty non-visible cytoplasm and a small dark round 
homogeneous nucleus (short arrow). In contrast, histiocytes are larger with ill-defined 
cytoplasm, bean-shaped vesicular nucleus and a single small nucleolus (long arrow). 


Figure 3.35 Numerous plasma cells with eccentric nuclei, clock face arrangement of the 
chromatin and abundant cytoplasm (arrows). 


Plasma cells 

Plasma cells are responsible for immunoglobulin production. They 
are a variety of B lymphocyte, approximately 10,1m in diameter, 
that have a distinct appearance in H&E-stained sections. They have 
abundant basophilic cytoplasm with a round, eccentrically placed 
nucleus (Figure 3.35). The nuclear chromatin is scattered in coarse 
clumps at the periphery of the nucleus, giving it a ‘clock face’ 
appearance. Closely adjacent to the nucleus there is a zone of pallor 
in the cytoplasm, sometimes called the perinuclear hof. This area 
corresponds to the site where the Golgi apparatus is located. Older 
plasma cells often contain homogeneous eosinophilic globules 
of varying size within their cytoplasm, known as Russell bodies. 
Plasma cells are seen in many situations in the skin, particularly 
in inflammatory conditions affecting hairy areas, near mucous 
membranes and in the late stages of some granulomas. 


Neutrophils 

Neutrophils are the most numerous of the circulating white blood 
cells, comprising in normal individuals 50-70% of the blood leuko- 
cytes. They have a multilobed nucleus (three to four), with the 
lobes connected by narrow bridges of nucleoplasm (Figure 3.36). 
The slightly basophilic cytoplasm contains many smallish granules, 
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Figure 3.36 Neutrophils. Note ill-defined non-visible cytoplasm and nuclei with three 
lobules (short arrow). In addition, palisading histiocytes with pink cytoplasm, vesicular 
nuclei and a single nucleolus (long arrow) are seen surrounding a foreign body. 
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Figure 3.37 Eosinophils. Note cytoplasm with abundant red granules and bilobed 
nucleus (arrow). 


many of which ultrastructurally correspond to membrane-bound 
lysosomes. Neutrophils function primarily as phagocytes, and are 
directed by chemotactic factors, including the complement cas- 
cade to noxious materials present in tissue. Such foreign materials 
include bacteria, fungi and tissues that have been injured. Collec- 
tions of neutrophils may be seen in the skin in various infectious 
conditions (such as impetigo and staphylococcal folliculitis), in var- 
ious inflammatory disorders of unknown cause (such as pyoderma 
gangrenosum and Sweet syndrome) and in various vasculitic dis- 
orders, including leukocytoclastic vasculitis, granuloma faciale and 
erythema elevatum diutinum. 


Eosinophils 

Eosinophils, like neutrophils, originate in the bone marrow, but are 
rather larger than neutrophils, being 12-17 ym across. The nucleus 
of the eosinophil is usually bilobed, and the cytoplasm is filled with 
eosinophilic granules that are larger than the granules found in 
neutrophil leukocytes (Figure 3.37). Eosinophils are highly phago- 
cytic, are capable of ingesting various bacteria, fungi, immune 
complexes and inert particles and, like neutrophils, they contain 
hydrolytic and proteolytic enzymes within membrane-bound gran- 
ules. Eosinophils are seen in skin biopsies in certain infections, in 
reactions to insect bites and other foreign bodies, in some drug 
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Figure 3.38 Numerous histiocytes (arrows) as described in Figure 3.34. 


reactions, and in bullous eruptions such as bullous pemphigoid 
and some forms of pemphigus. They are of major importance in 
the condition known as eosinophilic cellulitis and may also occur 
in association with proliferations of cells of the lymphoid series in 
certain cutaneous T-cell lymphomas. 


Histiocytes/monocytes/tissue macrophages 

The term histiocyte is used by different authors to mean different 
things and is an unsatisfactory term. Monocytes circulating in the 
blood may be attracted into the skin for the purposes of phago- 
cytosis. They are then called histiocytes or tissue macrophages. 
However, many other mesenchymal cells and cells of the granu- 
locyte series are also capable of phagocytosis. The appearances of 
a histiocyte vary considerably. Many of the cells are fairly large 
with a lightly staining, sometimes vesicular, elongated nucleus. 
The cytoplasm is usually pale and cell margins may be indis- 
tinct (Figure 3.38). The cells may be dendritic, spindle shaped or 
epithelioid, taking on the latter form particularly in epithelioid cell 
granulomas. Epithelioid histiocytes frequently display a palisad- 
ing arrangement (Figure 3.36). The size of histiocytes is also very 
variable, ranging from 15 to 25m. Compared with some of the 
cells described earlier, they are less easy to identify in skin biopsies, 
particularly for the novice, and immunohistological methods are 
often necessary to demonstrate histiocyte subsets. Several factor 
XIIla-positive dendritic phagocytes (dermal dendrocytes) are seen 
in close proximity to the superficial microvascular plexus. These 
cells, together with other immune cells, mast cells and endothe- 
lial cells, probably collaborate to coordinate antigen presentation, 
induction of cellular inflammation, wound healing and haemostasis 
in this microenvironment. Various histiocytes are found in a wide 
range of inflammatory and neoplastic disorders but are particu- 
larly important in the production of granulomatous inflammation, 
both in conditions such as granuloma annulare and in response to 
cutaneous infection such as mycobacteria. 


Giant cells 

Many types of giant cell may be recognised in skin tissues. The 
three best known are the Langhans giant cell, the foreign body 
giant cell (Figure 3.39) and the Touton giant cell (Figure 3.40). 
All these giant cells are derived from tissue macrophages, and 
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Figure 3.39 Foreign body giant cell. Large multinucleated cell with pink cytoplasm and 
crowding of the nuclei (arrow). 
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Figure 3.40 Touton giant cell. Note a foamy peripheral cytoplasm and a central, 
multiple nuclei with a wreath-like distribution of the nuclei (long arrow). Histiocytes with 
foamy cytoplasm and a single nucleus are also seen (short arrow). 


forms intermediate between the different characteristic types are 
sometimes seen. The size of these cells varies greatly but is usually 
of the order of between 40 and 120m. Langhans giant cells show 
a characteristic horseshoe distribution of the nuclei arranged at the 
cell periphery. They are most characteristically seen in sarcoidosis 
and tuberculosis. Foreign body giant cells contain a haphazard 
arrangement of nuclei scattered throughout the cell cytoplasm 
and may also contain foreign material. Although typically seen 
in foreign body granulomas, they are common in other forms of 
granulomatous inflammation and in situations where there is dis- 
ruption of pilosebaceous follicular structures with keratin release 
into the dermal connective tissue. Touton giant cells have a central 
ring of nuclei enclosing a layer of ground-glass cytoplasm, with 
a peripheral zone of clearer cytoplasm. They are typically seen 
in some xanthomas and juvenile xanthogranuloma. It should be 
noted that many other forms of giant cell are also seen, such as the 
fairly typical giant cell with scattered nuclei, prominent nucleoli 
and PAS-positive cytoplasm in multicentric reticulohistiocytosis. 
Not all giant cells are derived from cells of the macrophage series. 
Multinucleate cells derived from infected keratinocytes may be seen 
in various virus infections such as herpes and poxvirus infections, 
and multinucleate cells derived from melanocytes are quite typical 
of epithelioid and spindle cell (Spitz) naevi (Figure 3.41). 


Figure 3.41 Bizarre multinucleated giant cells from a Spitz naevus. 


Mast cells 

Mast cells, unlike the white blood cells and some histiocytes, all of 
which probably originate from the bone marrow, are likely to arise 
from undifferentiated mesenchymal cells. In normal skin, they are 
present around small blood vessels in the dermis. They are approx- 
imately 9-16 1m in diameter and they possess a central round to 
ovoid, dark-staining nucleus (Figure 3.42). The cytoplasm contains 
small granules that stain metachromatically with such stains as 
toluidine blue. The granules contain vasoactive substances such as 
heparin, histamine, and eosinophilic and neutrophilic chemotactic 
factors of anaphylaxis. Mast cell activation may be triggered by 
neuropeptides derived from unmyelinated axons that surround 
perivascular mast cells. This in turn triggers adhesive events 
between leukocytes and endothelial cells, resulting in angiocentric 
inflammation. 

Although in normal skin the cells tend to have a dendritic mor- 
phology, in various pathological conditions, including some forms 
of urticaria pigmentosa, the cells are larger and polygonal with a 
central, rounded nucleus. In addition to being found in increased 
numbers in the mastocytoses, they are also commonly seen in 
various benign and malignant nerve tumours, and in association 
with some melanocytic naevi. 


Figure 3.42 Mast cells. Typical ‘fried-egg’ appearance (long arrow). Another mast cell 
with a more elongated appearance is seen (short arrow). 
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Fibroblasts 

Fibroblasts are often difficult to identify on routine light microscopy. 
Their nuclei tend to be oval or spindle shaped and with moderate 
basophilic staining. They are usually found between collagen bun- 
dles and may be prominent in conditions where there is an increase 
in the production of dermal connective tissue or ground substance, 
such as morphoea and scleromyxoedema. They may also contribute 
to the histogenesis of the wide range of so-called fibrocytic tumours 
that may occur in the skin. 


Myofibroblasts 

These cells are mainly defined by their electron microscopic 
appearances and display features intermediate between those of 
fibroblasts and smooth muscle cells. They are mainly seen in reactive 
reparative processes and in neoplasms. Histologically, they have an 
indistinct cytoplasmic margin, pink pale cytoplasm and vesicular 
tapering nuclei with a single inconspicuous nucleolus. Myofibro- 
blasts can only be identified with certainty by electron microscopy. 


Smooth muscle cells 

Smooth muscle cells occur normally in the skin in the arrector pili 
muscles, in the tunica dartos of the external genitalia, in the areola of 
the nipple and in the walls of blood vessels. They are easy to iden- 
tify by recognising the normal structures in which they occur and 
also by their cytomorphology, which consists of abundant, bright, 
eosinophilic cytoplasm and vesicular nuclei with a single inconspic- 
uous nucleolus. 


Rhabdomyocyte (striated muscle cell) 

Skeletal muscle occurs in the skin of the neck and of the face. The 
constituent cells are arranged in bundles and have characteristic 
cross-striations and abundant, bright pink cytoplasm. 


Schwann cells 

Schwann cells are the main constituent cells of nerves. They envelop 
the neuroaxons and are characterised by a slender, hyperchromatic, 
thin nucleus and inconspicuous cytoplasm. 


Endothelial cells 

A single layer of endothelial cells lines all types of vascular chan- 
nels in the skin. These cells usually appear flat with inconspicuous 
cytoplasm and small histiocyte-like vesicular nuclei. However, in 
most pathological processes, they become more prominent and may 
appear somewhat hyperchromatic. This, coupled with an increase in 
mitotic activity, may lead to confusion with malignant cells, particu- 
larly in cross-section, where the normal architecture of the vascular 
channel is often not apparent. 


Pericytes 

Pericytes occur as a single layer of indistinct cells around small der- 
mal blood vessels. They are recognised by their location and by pos- 
itive staining for actin. 


Miscellaneous 
In addition to closely examining cytology under the high-power 
objective, the opportunity should also be taken to look carefully for 
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organisms, foreign bodies or deposits of foreign material such as 
amyloid. Special staining techniques will often be needed to confirm 
suspicions, and with these stains bacterial, fungal and protozoal 
organisms may be identified as well as various forms of parasite. 
The presence of viral organisms can also be inferred by the presence 
of characteristic cytopathic changes such as occur for instance 
with herpesvirus infections and infections with cytomegalovirus. 
Close examination of nerves and blood vessels should be carried 
out, particularly in relation to the presence of any organisms or 
tumour deposits. After examining adnexal structures and the 
subcutaneous tissues, it is useful to return to low-power examina- 
tion and attempt to be certain one has not missed any pathology. 
It is not uncommon to discover more than one abnormality in 
a tissue section. Patients who develop solar keratoses may also 
have seborrhoeic warts, naevi and basal cell epitheliomas. Biopsies 
from patients with AIDS often have multiple pathologies, and one 
may, for example, see a biopsy of perianal tissue in which there 
is evidence of cytomegalovirus infection in the endothelial cells, 
human papillomavirus infection of the overlying epithelium and 
the presence of Kaposi sarcoma. 

The importance of carefully assessing both the low-power pattern 
of changes in a skin section, as well as a more detailed examination 
of the cytology of the pathological changes, cannot be too strongly 
emphasised. 


How to produce a histopathology skin report 

After carefully carrying out the recommended procedure for low 
scanning power and high-power examination of a skin biopsy slide, 
the pathologist will either need more information, or will be in a 
position to provide a microscopic histopathological report to supple- 
ment the report on the gross pathological appearance of the biopsy 
specimen before processing. If there is very little obvious abnormal- 
ity, it may be appropriate to cut deeper levels from the tissue block, 
or even consider blocking any remaining wet tissue that is in storage. 
If the specimen has been blocked obliquely or, for instance, the epi- 
dermis is missing, reblocking will be necessary. Serial sections may 
be required to determine pathological features that are only focal, 
such as changes affecting pilosebaceous follicles in a biopsy from the 
scalp. Special stains may be required for the evaluation of abnormal 
dermal deposits, to detect the presence of organisms or to elucidate 
the nature of various pigments in the biopsy material. Immunohis- 
tochemical studies may also be requested in, for example, cases of 
cutaneous lymphoma or malignant spindle cell tumours. If there is 
going to be undue delay in these various extra investigations, a pre- 
liminary report should always be issued. 

Although reporting of histopathology is to some extent a sub- 
jective art, and every pathologist will have his or her own idea of 
what is an appropriate report, a description of the objective histo- 
logical changes, and either a suggested diagnosis or a differential 
diagnosis, are always desirable. In a description of the pathology, it 
is important that features that are not present are never described, 
even though they may be consistent with the correct diagnosis. The 
differential diagnosis suggested by the pathologist should fully take 
into account the clinical information supplied by the clinician. If 
the clinician suggests on the request form chronic superficial scaly 
dermatitis, it would be churlish to sign out the report as subacute 
eczema without further qualification. In addition to a description of 
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the objective pathological changes and a diagnostic suggestion, it is 
quite legitimate to add a further comment in certain situations. If 
the clinician suggests a tumour has been excised, then a comment 
on the adequacy of excision is obviously useful. Conversely, if the 
clinician states that this is a diagnostic/incisional or superficial 
biopsy, it is irritating for the clinician to receive a report stating that 
tumour extends to one margin of excision. 

In some situations where the various histopathological parame- 
ters need to be recorded repeatedly in biopsies from specific skin 
disorders, for example melanoma, especially designed forms facil- 
itate both the recording of information and subsequent computer 
analysis. 

There is some degree of disagreement as to whether it is the role of 
the histopathologist under any circumstances to make recommen- 
dations for treatment, and no general rule can be given on this. If one 
knows one’s clinical colleagues well, it is quite appropriate under 
certain circumstances to recommend a modest re-excision of the 
biopsy site, for instance in early superficial spreading melanoma. 
Some pathologists prefer to make such comments in a separate 
covering note. With some rarer conditions, particularly if they have 
serious implications for the patient, a telephone call to the clinician, 
or again a covering note, may be a reasonable approach. An offer 
from the pathologist to discuss any interesting case in more detail 
is often a good idea and is usually taken up. It is always in the best 
interests of the patient for there to be a close working relationship 
between the histopathologist and the clinician. 

Finally, it is most important always to appreciate one’s own limits 
of ability. One should never be afraid of asking for a second opinion 
from a colleague. It has been said that sections from skin biopsies 
fall into three groups. Firstly, there are those sections where the his- 
tological appearances are easy for anyone to interpret and diagnose. 
Secondly, there are sections from biopsies — for instance of a very 
poorly differentiated spindle cell tumour — where one does not know 
what the diagnosis is and that it is likely that no one else will either. 
Thirdly, there are sections where one does not know how to interpret 
the histological appearances oneself but that it is likely that some- 
one else will! Once one is able to divide histological material into 
one of these three groups, one is already on the way to becoming an 
accomplished diagnostic dermatopathologist. 


Commonly used descriptive terms 

in dermatopathology and their diagnostic 
significance 

Acantholysis 

Acantholysis is the term used to describe a loss of cohesion between 
keratinocytes due to the breakdown of intercellular bridges. It 
results in the formation of intraepidermal clefts, vesicles and bul- 
lae. It appears to be the primary pathological change in a group 
of diseases including pemphigus and its variants, Darier disease 
(Figure 3.43), transient and persistent acantholytic dermatosis and 
warty dyskeratoma. The site of acantholysis in these disorders is 
important. In pemphigus foliaceus and pemphigus erythematosus, 
acantholysis is usually confined to the upper portion of the epider- 
mis, whereas in pemphigus vulgaris the split is formed at a lower 
level in the epidermis. In benign familial pemphigus (Hailey—Hailey 
disease), although acantholysis is often focal or incomplete, where 
it does occur it tends to affect the full thickness of the epidermis. 


Figure 3.43 Biopsy from a case of Darier disease showing the histological features of 
parakeratosis, dyskeratosis and acantholysis and the formation of villi. 


Acantholysis may also be seen secondary to some other patholog- 
ical change, where there is alteration or damage to epidermal cells. 
It may occur, for example, in bullous impetigo, viral disorders, solar 
keratoses and some forms of squamous cell carcinoma. When acan- 
tholysis occurs in these disorders, the term secondary acantholysis 
is often used to distinguish the process from primary acantholysis, 
which occurs in pemphigus and related diseases. 


Acanthosis 
This term is used to describe an increase in number of cells in the 
Malpighian or prickle cell layer of the epidermis (from the Greek 
for prickle or thorn). Sometimes, a distinction is made between an 
increased thickness of the epidermis due to enlarged keratinocytes 
(pseudoacanthosis) and true acanthosis due to increased numbers 
of keratinocytes. In practice, acanthosis is commonly used to cover 
both senses. Increased thickness of the epidermis may result from 
an increased length of rete ridges, as in a psoriasiform tissue reac- 
tion, or may affect the whole epidermis, such as in lichenification. 
Acanthosis is commonly accompanied by other histological changes 
such as hypergranulosis, hyperkeratosis and papillomatosis. 

When reactive epidermal proliferation is marked, the process may 
simulate an epithelial carcinoma and in this situation is referred to 
as pseudoepitheliomatous hyperplasia. Acanthosis may be seen in 
a wide variety of inflammatory and neoplastic disorders. Some of 
the common situations where this feature may be seen include the 
following: 

1 Naevoid conditions and localised benign epidermal tumours — for 
example keratodermas, epidermal naevi and seborrhoeic kerato- 
sis. 

2 Virally induced papillomas — for example viral warts and mollus- 
cum contagiosum. 

3 Secondary to inflammatory conditions affecting the epidermis, 
particularly where chronic - for example persistent friction, 
lichenification, prurigo and chronic eczema, psoriasis and lichen 
planus. 

4 Secondary to conditions associated with loss of keratinocyte 
adhesion — for example the pemphigus group of disorders and 
Darier disease. 

5 Secondary to conditions associated with the presence of foreign 
cells within the epidermis — for example melanoma, Paget dis- 
ease, mycosis fungoides and Langerhans cell histiocytosis. 
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6 Acanthosis is commonly seen overlying a variety of abnormali- 

ties in the dermis: 

e Dermal tumours such as fibrous histiocytoma and granular cell 
tumour. 

¢ Certain forms of cutaneous infection such as lupus vulgaris 
and blastomycosis. 

¢ Overlying dermal deposits of substances such as amyloid, 
abnormal elastic tissue or in association with foreign bodies. 

e In association with chronic oedema, such as chronic lym- 
phoedema of the lower limb and myxoedema. 


Anaplasia 

This is a term used to describe variations in nuclear size, dense and 
clumped heterochromatin, and nuclear contour angulation typical 
of malignant cells, as in metastatic melanoma. 


Apoptosis 

This is a morphologically distinct type of cell degeneration and 
death, usually applied to keratinocytes that become homogeneous 
and eosinophilic and are extruded into the underlying upper 
dermis. These eosinophilic bodies (known as Civatte or colloid 
bodies), and the process of apoptosis, occur characteristically in 
lichenoid tissue reactions. A similar process may be observed in 
many other processes, for example following UV light exposure, in 
graft-versus-host disease and in cutaneous lupus erythematosus. 


Basal lamina (see Chapter 2) 

This structure, also known as the basement membrane, is a sub- 
microscopic structure approximately 40nm in thickness, which 
extends along the undersurface of the epidermal basal cells. It is 
not visible with light microscopy. The term basement membrane 
zone is sometimes applied to the area that may be visualised with 
the PAS-staining technique (Figure 3.7). The basement membrane 
is a very complex structure composed of large numbers of proteins 
with important functions in maintaining the structure of the skin. 
Many of these proteins are of great importance in genetic (epider- 
molysis bullosa) and acquired diseases (autoimmune blistering 
diseases). 


Bullae 

Bullae represent fluid-containing cavities occurring within or below 
the epidermis. Small bullae are known as vesicles. Determination 
of the site of bulla formation is most important in histological 
assessment of skin biopsies. Intraepidermal bullae may arise as 
the result of spongiosis, as in acute eczema, from reticular and 
ballooning degeneration seen in association with viral disorders or 
from acantholysis or epidermal cell necrosis. Subepidermal blisters 
usually result either from: (i) a defect in the basement membrane 
region, such as occurs in some forms of epidermolysis bullosa 
and porphyria; (ii) from a disruption of the basement membrane 
from intense liquefaction degeneration or necrosis of the basal cell 
layer, such as may occur in bullous lichen planus or bullous lupus 
erythematosus; or (iii) as a result of dermal inflammatory processes 
involving the upper dermal connective tissue and basement mem- 
brane region. In some conditions, such as erythema multiforme, 
both subepidermal and intraepidermal factors seem to be involved 
in bullae formation. 
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Colloid body 

This term, usually regarded as synonymous with the Civatte 
body, describes the homogeneous, eosinophilic, rounded body 
resulting from degeneration and death of keratinocytes, particu- 
larly in the lower layers of the epidermis. This structure is found in 
various lichenoid tissue reactions and is involved in the process of 
apoptosis. 


Crust 

This term is used to describe collections of inflammatory cells, red 
blood cells, plasma and fibrin in the superficial portion of the epider- 
mis. A crust may also contain microorganisms, and often replaces a 
partial or total loss of the epidermis itself. 


Curlicue (storiform) pattern 

This descriptive term refers to the twisting and curving of dermal 
fibrohistiocytic cells around collagen bundles, often at the margins 
of a dermal tumour. The pattern is mainly observed in dermatofi- 
brosarcoma protuberans. The pattern described by this term is the 
same as that referred to by the term storiform (Figure 3.29a). 


Degenerations 

Dermal 

Colloid degeneration. Colloid degeneration refers to the deposition 
of extracellular, homogeneous, gelatinous material of variable com- 
position. It is typically seen in colloid milium but may also be found 
in certain epithelial tumours. 


Elastotic degeneration. This describes the degenerative changes 
that develop with increasing age, particularly in the upper part of 
the dermis in sun-exposed skin. Early changes include an increase 
in the number and size of connective tissue fibres staining with 
elastic stains. In advanced stages of the condition there are masses 
of disorganised elastotic fibres occurring particularly in the upper 
third of the dermis and appearing to replace the normal collagen. 
This elastotic degeneration is normally separated from the epi- 
dermis by a narrow band of normal-staining connective tissue. In 
sections stained with H&E, the elastotic material is basophilic. 


Fibrinoid degeneration. This term describes the deposition in 
tissue of eosinophilic, granular or fibrillary material resembling 
fibrin. The composition of the eosinophilic amorphous material 
may vary in different situations, but fibrinogen, plasma pro- 
teins, immunoglobulins and dermal ground substance may be 
components of the material. It is most typically seen in forms of 
necrotising vasculitis and is also found in disorders such as lupus 
erythematosus and the collagen diseases. 


Hyaline degeneration. This term refers to the presence of homo- 
geneous, eosinophilic, degenerative material in dermal connective 
tissue or in relation to blood vessels. The material has a glassy 
and refractile appearance. Hyaline degeneration occurs in forms 
of porphyria, lipoid proteinosis and sometimes in lichenoid tissue 
reactions. Epithelial structures may also show a similar type of 
change, for instance the tumour cells of cylindroma frequently 
undergo hyaline change. 


Myxoid degeneration. This indicates the deposition or replacement 
of dermal connective tissue by amorphous, stringy, basophilic mate- 
rial. This pattern of degeneration is seen in localised myxoedema, 
papular mucinosis, scleroedema and dermatomyositis, as well as 
being seen in various neural, epithelial and adnexal neoplasms. 


Epidermal 

Ballooning degeneration. This form of degeneration of ker- 
atinocytes is associated with marked swelling and pallor of 
individual cells, with loss of intercellular bridges. A blister forms 
as a result of the consequent acantholysis. Ballooning degeneration 
along with reticular degeneration is characteristic of virus disorders 
affecting epithelia, such as herpesvirus infections. 


Hydropic degeneration. This is also known as liquefaction degen- 
eration and refers to a vacuolar change that affects the basal cell 
layer of the epidermis. Small droplets and vacuoles develop within 
and in-between basal cells. The process is commonly associated with 
pigmentary incontinence and when marked may lead to subepi- 
dermal blister formation. It occurs typically in the whole range of 
lichenoid tissue reactions, including lupus erythematosus, lichen 
planus, dermatomyositis, poikiloderma atrophicans vasculare and 
lichen sclerosus (Figure 3.44). 


Reticular degeneration. This indicates the development of large, 
multiple, intraepidermal vesicles, where there remains a ragged 
network of epidermal cell remnants. As mentioned before, reticular 
degeneration often occurs in association with ballooning degen- 
eration in acute virus infections of the herpesvirus and poxvirus 


Figure 3.44 Prominent liquefaction degeneration from a case of lichen sclerosus. 


groups. This pattern of epidermal degeneration may also sometimes 
be seen in the acute bullous reaction of contact dermatitis. 


Desmoplasia 

This term describes a pattern of fibrosis or sclerosis of dermal 
connective tissue, usually in association with an epithelial or 
melanocytic proliferative lesion. Examples of the use of this term 
are in desmoplastic trichoepithelioma and desmoplastic melanoma. 


Dyskeratosis 

This term relates to some abnormality in the process of epidermal 
cell keratinisation. The changes usually consist of nuclear pykno- 
sis and bright pink condensation of the cytoplasm of keratinocytes. 
The process occurs in two main contexts: firstly, in malignant and 
premalignant epithelial lesions, such as squamous cell carcinoma, 
Bowen disease and solar keratosis; secondly, in various forms of 
acantholytic disorder such as Darier disease. In this latter condition, 
specific types of dyskeratotic cell include corps ronds and grains 
(Figure 3.43). 


Dysplasia 

This term is a confusing one, especially when used to describe atyp- 
ical melanocytic naevi, because if communication with the clinician 
is inadequate it may be interpreted to mean different things. Its use 
normally reflects some abnormality in cell maturation, cytomor- 
phology or the relationship between cells in epithelial structures. It 
has the connotation of possible progression to neoplastic disease. 


Exocytosis 

This term describes the migration of inflammatory cells from the 
blood vessels of the dermis into the overlying epidermis. The pro- 
cess may be associated with spongiosis, as in eczema, or may occur 
in the absence of spongiosis, such as may be seen in mycosis fun- 
goides. In the latter setting, the word epidermotropism is usually 
preferred. 


Granuloma 

A granuloma describes circumscribed foci of inflammation contain- 
ing monocytes, macrophages, lymphocytes and epithelioid cells. 
Multinucleated giant cells of foreign body, Langhans or Touton type 
may also be observed. Varying degrees of epidermal hyperplasia, 
capillary proliferation and dermal fibrosis are common accom- 
panying changes. Granulomatous inflammation occurs in a wide 
variety of infectious and non-infectious conditions. Many different 
types of organism, ranging from viruses through bacteria to fungi, 
can produce a tissue granuloma. The presence of granulomas in a 
skin biopsy may indicate a systemic disease, such as sarcoidosis 
or a localised dermatosis of unknown cause, such as granuloma 
annulare or acne agminata. The precise histological appearance of 
a dermal granuloma depends not only on the underlying cause, 
but on the period over which the disease has been active and the 
immune status of the host. 


Grenz zone 

This comes from the German word for border and in dermatopathol- 
ogy is applied to a narrow zone of normal dermis between the 
epidermis and pathological changes in the underlying dermis. 
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Hypergranulosis 

This refers to an increase in thickness of the granular layer of the epi- 
dermis and is commonly accompanied by hyperkeratosis and acan- 
thosis. It is often seen in chronic lichenification and lichen planus 
and related disorders. 


Hyperkeratosis 

Hyperkeratosis refers to increased thickness of the stratum corneum 
and may be associated with acanthosis of the Malpighian layer. 
Hyperkeratosis may occur in various disorders of keratinisation, 
such as the keratodermas and some ichthyotic disorders, and 
relative hyperkeratosis is quite common in chronic discoid lupus 
erythematosus. In certain conditions, such as in Flegel disease, in 
addition to an increased thickness of the stratum corneum there 
is a change from the normal basket-weave pattern to a compact 
arrangement of the stratum corneum cells. When assessing the 
thickness of the stratum corneum, it is important to correlate the 
histological appearances with the site of the biopsy. The stratum 
corneum is normally thick on the palms and soles, and very thin, 
or even absent, around the eyelids and near mucous membrane 
junctions. 


Epidermolytic hyperkeratosis 

This particular change, also sometimes referred to as granular 
degeneration, is a peculiar and characteristic change seen in a 
number of skin disorders. There is an increase in the thickness 
of the granular layer, where keratinocytes appear to contain an 
increased number of keratohyalin granules. Perinuclear vacuolisa- 
tion occurs in this area, and the cell boundaries may be indistinct. 
The vacuolisation may be marked, in some cases appearing to lead 
to intraepidermal vesicle formation. Although this change is best 
known as the characteristic histopathological feature of bullous 
ichthyosiform erythroderma (Figure 3.45), it also occurs in many 
other inherited and acquired conditions, including a form of pal- 
moplantar keratoderma, so-called epidermolytic acanthoma and 
some forms of linear epidermal naevus. It is also occasionally seen 
as an incidental finding, either in normal skin or in association with 
a lesion, such as a naevus, a viral wart or a seborrhoeic keratosis. 


Follicular hyperkeratosis 
This describes varying degrees of hyperkeratosis and plugging of 
the ostia of hair follicles, and this change may be associated with the 


Figure 3.45 Epidermolytic hyperkeratosis seen in a biopsy from a patient with 
congenital bullous ichthyosiform erythroderma. 
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rupture of the follicular wall. It occurs in many conditions, includ- 
ing pityriasis rubra pilaris, lupus erythematosus, lichen planopilaris 
and lichen sclerosus. 


Kamino bodies (eosinophilic globules) 

This term describes the eosinophilic globules seen in the epidermis 
or in the region of the dermal—epidermal junction in spindle and 
epithelioid cell (Spitz) naevi. They are almost always found in Spitz 
naevi but may also be seen in some cases of melanoma. 


Karyorrhexis 

This refers to the fragmentation of cell nuclei and the process may 
be seen in various forms of neutrophilic dermatoses and cutaneous 
pyoderma. It is commonly seen in necrotising vasculitic processes. 
The term leukocytoclasis specifically refers to the fragmentation 
of nuclei of neutrophil polymorphonuclear leukocytes. However, 
the latter term is sometimes used to refer to fragmentation of other 
inflammatory cells such as lymphocytes. 


Lichenoid tissue reaction 

This is a pattern of changes occurring both in the epidermis and 
especially the dermis, seen in a wide variety of conditions, ranging 
from lichen planus itself to lupus erythematosus, lichen sclerosus 
and the poikilodermas. Lichenoid changes may also be seen in some 
examples of cutaneous drug eruptions. In the upper dermis, there 
is a band-like infiltrate consisting predominantly of mononuclear 
cells. This is closely related to the dermal-epidermal junction, which 
itself may have a saw-toothed pattern. Liquefaction degeneration 
of the basal cell layer is seen and colloid body formation may be 
present. There is often an increase in thickness of the overlying 
epidermis, affecting both the Malpighian layer and the stratum 
corneum (Figure 3.46). 
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Figure 3.46 Lichenoid tissue reaction. Various histopathological consequences follow 
damage to the dermal-epidermal junction. These histopathological changes are seen in 
a wide variety of lichenoid reactions, ranging from lichen planus to lupus erythematosus, 
poikiloderma atrophicans vasculare, lichen sclerosus and lichenoid drug eruptions. 
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Metaplasia 

This term is used to indicate an alteration of one type of tissue into 
another, such as the formation of bone in certain epithelial tumours, 
for example pilomatricoma. 


Necrobiosis 

Necrobiosis is an unsatisfactory term derived from words for life 
and death. It is applied to certain granulomatous disorders where 
the dermal connective tissue becomes homogenised and loses its 
normal staining characteristics, resulting in mucinous, fibrinoid 
or sclerotic alteration. The outlines of the normal architecture 
are usually still present, and the amount of inflammation varies. 
Changes of necrobiosis are normally surrounded by a palisading 
histiocytic granuloma. The condition is seen in association with 
granuloma annulare, necrobiosis lipoidica, rheumatoid nodule and 
acne agminata. 


Necrolysis 

This is used to describe the separation of tissue constituents as a 
consequence of cell death. Epidermal changes of necrolysis are seen 
in various inflammatory reactions such as erythema multiforme, 
toxic epidermal necrolysis and necrolytic migratory erythema seen 
in association with the glucagonoma syndrome. 


Necrosis 
This term describes the death of cells or tissue. 


Papilloma 

This term indicates a tumour or tumour-like proliferation exhibiting 
both papillomatosis and hyperkeratosis. Acanthosis is also present. 
Examples of skin papillomas include viral warts, seborrhoeic ker- 
atoses and some epidermal naevi. 


Papillomatosis 

This change is characterised by elongation upwards of the dermal 
papillae, giving an accentuated and sometimes irregular, undulating 
configuration to the dermal—epidermal junction. The feature is com- 
monly seen in psoriasis, and a wide variety of other inflammatory 
and neoplastic cutaneous disorders. 


Parakeratosis 

Parakeratosis can be defined as the retention of keratinocyte nuclei 
within the horny cell layer. It represents a disturbance of keratin- 
isation and is normally associated with an absence or reduction 
in thickness of the granular cell layer. The histological feature of 
parakeratosis is commonly seen in many different forms of inflam- 
matory dermatosis and is closely associated either with increased 
epidermal cell turnover or with inflammatory changes in the epider- 
mis itself. It is commonly seen in psoriasis and subacute eczematous 
reactions, and in conditions such as pityriasis lichenoides where the 
change reflects an earlier disturbance in the underlying epidermis. 
In chronic inflammatory conditions where epidermal turnover is 
unaffected, such as in lichenoid reactions, parakeratosis is rarely 
seen. Dysplastic epithelial changes, such as those occurring in 
actinic keratoses and Bowen disease, are normally accompanied by 
parakeratosis. 


Pigmentary incontinence 

This refers to the loss of melanin from cells of the basal layer of 
the epidermis, and the accumulation of melanin, both free and 
within dendritic macrophages, in the underlying dermis. It is asso- 
ciated with damage to keratinocytes of the lower epidermis and 
is commonly seen in lichenoid tissue reactions. Small amounts of 
melanin may be seen in the upper dermis in normal pigmented 
skin. 


Pleomorphism 

This describes variability in the appearance of cells and in particu- 
lar the nuclei of cells of the same type. Although it may be seen in 
malignant and premalignant conditions, pleomorphism may also be 
seen in benign lesions such as pleomorphic fibroma. 


Polymorphism 
Conventionally this is used to describe a variation in types of cells 
in a cutaneous lesion. This term is not the same as pleomorphism. 


Pustules and abscesses 

These terms are used to describe cavities within the epidermis or 
dermis formed by collections of neutrophil or eosinophil polymor- 
phonuclear cells. Occasionally, the term is used to describe collec- 
tions of other leukocytes, as in the term Pautrier microabscesses. 
Cutaneous pustules may be sterile or associated with an infectious 
microorganism. Certain specific types of microabscess and pustule 
are of diagnostic value in dermatopathology. 


Kogoj spongiform pustule. This describes the multilocular micro- 
pustules that form in the superficial portions of the epidermis in 
pustular psoriasis. They form ina similar manner to Munro microab- 
scesses but the process is more extensive. 


Munro microabscesses. These lesions are small collections of neu- 
trophil polymorphs usually found within the stratum corneum. 
They are normally seen in lesions of chronic established psoriasis 
and the other histological features of the psoriatic reaction, such 
as irregular epidermal thickening and parakeratosis, are normally 
present. 


Papillary tip microabscesses. These are small focal collections of 
neutrophil polymorphs, or occasionally eosinophils, in the tips 
of dermal papillae. Although they are characteristic of dermatitis 
herpetiformis, they may occur in other bullous eruptions such 
as epidermolysis bullosa acquisita and the bullous form of lupus 
erythematosus. 


Pautrier microabscesses. These small, intraepidermal collections 
of lymphoid cells in the absence of marked spongiosis are charac- 
teristic of mycosis fungoides. The cells within the epidermis may 
show some degree of nuclear hyperchromatism or atypia. Single 
cell colonisation of the epidermis is more commonly seen than true 
Pautrier microabscess formation in many cases of early mycosis 
fungoides. 
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Subcorneal pustules. Large, subcorneal collections of neutrophil 
polymorphs usually represent either impetigo or subcorneal 
pustular dermatosis. Sometimes, the distinction of either of these 
two conditions from pustular psoriasis may be difficult. 


Pyknosis 

This term is used to refer to hyperchromatism and shrinkage of the 
cell nucleus. It is normally associated with cell death and may be 
seen in a wide variety of conditions, including epithelial dysplasias, 
drug reactions and reactions to UV light. 


Saw-toothing 

This refers to an alteration in the pattern of the dermal-epidermal 
junction where dermal papillae are expanded and the tips of the rete 
pegs are pointed. The resulting pattern bears a superficial resem- 
blance to the teeth of a saw and the change is seen in lichen planus 
and other lichenoid reactions. 


Spongiosis 

Spongiosis is also known as intercellular oedema and describes the 
widening of intercellular spaces between keratinocytes due to fluid 
accumulation. Spongiosis is the characteristic histopathological 
change seen in acute and subacute eczematous reactions, but is 
also seen in a wide variety of other conditions; when spongiosis 
is marked it leads to intraepidermal vesiculation. Spongiosis of 
follicular epithelium may be associated with increased mucin depo- 
sition in the histopathological reaction pattern known as follicular 
mucinosis. 


Storiform patterning 

This is a pattern of proliferation commonly seen in various 
dermal and soft-tissue tumours, where strands of spindle-shaped 
tumour cells or even collagen bundles are arranged so as to resem- 
ble the pattern seen in woven cloth. The term is also sometimes 
applied to the presence of strands of spindle-shaped tumour 
cells or connective tissue cells that appear to extend radially 
from a central hub, similar to the spokes of a wheel. Cartwheel 
patterning is probably a better term to describe this particular 
appearance. Storiform and cartwheel patterning, although com- 
monly referred to in DFSP, are by no means specifically diagnostic 
(Figure 3.29a). 


Theque 

This term is derived from French and Greek words for a box (théque, 
Onkn) and is conventionally used in dermatopathology to describe 
small aggregates or nests of cells, particularly the collections of nae- 
vus cells at, and in the region of, the dermal—epidermal junction. 


Villi 

This term refers to elongated dermal papillae covered usually with 
a single layer of epidermal cells, which form the base of a blister 
cavity that has resulted from the process of suprabasal acantholysis. 
Villi are seen in the various forms of pemphigus and Darier disease 
(Figure 3.32), warty dyskeratoma and transient and persistent acan- 
tholytic dermatosis. 


FOUNDATIONS 


OF DERMATOLOGY 


PART 1 


FOUNDATIONS 


> 
U 
1°) 
_ 
2 
< 
= 
& 
Lud 
fa) 
Li. 
2) 


= 
- 
< 
3 


3.44 


Histological sections that reveal little or no 
abnormality 

It is not uncommon for the diagnostic dermatopathologist to come 
across histological sections where at first sight the appearances 
resemble normal skin. It may be that the pathological changes have 
been missed. This can be the fault of the clinician who has perhaps 
taken too superficial a biopsy from a lesion of suspected panniculi- 
tis, or it can be the fault of the pathologist who has inappropriately 
blocked the biopsy specimen or taken too few sections from the 
material. The importance of studying numerous serial sections in 
this situation cannot be overemphasised. There are a number of 
conditions, however, where subtle pathological abnormalities are 
present, but where a high index of suspicion is needed to make 
a correct diagnosis. The following list includes some of the more 
important of these. 


Epidermal lesions 

Actinic keratoses. Some flat actinic keratoses may show very little 
evidence of keratinocyte atypia, and unless a reasonable amount of 
normal skin is included the biopsy material may be signed out as 
non-diagnostic. 


Fungal infections. In the presence of patchy epidermal spongiosis 
and focal overlying parakeratosis, it is always important to exclude 
the presence of a fungal infection with a PAS stain. Occasionally, a 
few neutrophil polymorphs may be seen in the upper Malpighian 
layer of the stratum corneum and this may provide a clue to the cor- 
rect diagnosis. Pityriasis versicolor may be present in the absence of 
spongiosis and is frequently missed. 


ichthyotic disorders. The dominant form of ichthyosis vulgaris is 
usually characterised by some degree of compact hyperkeratosis 
and an absent or attenuated granular layer. If the hyperkeratosis is 
not significant, the diagnosis may be overlooked. When assessing 
the stratum corneum, it is always important to look at not only 
the thickness but also the quality of the corneocytes. An alteration 
from the normal basket-weave pattern to a compact cornified layer 
usually indicates some pathological abnormality. 


Porokeratosis. The epidermal changes, usually of atrophy, in the 
various forms of porokeratosis are often not striking, and the 
diagnostic cornoid lamella may not be seen on the first sections cut 
from the block. In diagnostic biopsies, the cornoid lamella may not 
be present or may be missed if the orientation is not correct. All 
forms of porokeratosis may be misdiagnosed, but the disseminated 
actinic form of the disorder is the most commonly overlooked. 


Pigmentary disorders 

Various disorders of epidermal pigmentation may be difficult to 
diagnose with certainty, particularly if one is not certain of the 
skin colour of the patient from whom the biopsy has been taken. 
The loss of pigment in established vitiligo is normally associated 
with the absence or reduction in number of melanocytes. However, 
in café-au-lait spots and ephelides, melanocytes are normal in 
number. A melanin stain may reveal a difference between lesional 
and adjacent skin. In post-inflammatory hypo- or hyperpigmenta- 
tion, the number of melanocytes remains normal with an increase 
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or decrease in melanin in basal cells. Often, melanophages are 
seen in the papillary dermis, particularly in postinflammatory 
hyperpigmentation. 


Dermal deposits 

The small amounts of amyloid seen in macular amyloidosis are often 
difficult to visualise with H&E stain. Special stains are indicated, but 
the presence of slightly expanded dermal papillae, together with a 
hint of lichenoid tissue reaction, may alert the pathologist to this 
possibility. A further useful clue is the presence of scattered apop- 
totic keratinocytes. The presence of iron pigment in small quantities 
in the dermis is easily missed, either in common conditions such 
as bruising or in rare situations such as idiopathic haemochromato- 
sis. A Perls stain usually highlights iron deposits that have not been 
detected in slides stained with H&E. The deposits of silver in argyria 
are often best seen around the basement membrane zone of dermal 
sweat ducts. 


Connective tissue diseases 

Scleroderma, particularly in the late stages, often shows little 
histopathological abnormality. The coarsening and hyalinisation 
of collagen bundles, with a reduction in the space between them, 
is often not prominent, particularly in the superficial form of mor- 
phoea. In the early stages of the condition, there is normally some 
increase in cellularity around the dermal blood vessels. It is always 
important to try and assess normal skin if there is some present 
in the biopsy. Similar problems may be encountered with various 
forms of connective tissue naevi and abnormalities of elastic tissue 
such as anetoderma. In atrophoderma, the elastic pattern is more or 
less normal, but there is a reduction in total thickness of the dermis, 
which may be difficult to evaluate. A solution to this problem is to 
obtain an ellipse of skin in which half of the specimen represents 
clinically normal skin. To indicate the clinically normal skin, the 
clinician marks the specimen with a stitch. 


Dermal infiltrates 

Blue naevus and related disorders. The dendritic melanocytes 
seen in the dermal melanocytoses, particularly Mongolian spots, 
are often difficult to recognise without the use of a melanocytic 
marker such as melan-A or SOX10. 5-100 protein, a very sensitive 
melanocytic marker, may be negative in some of these lesions. The 
main problem resides in the distinction between melanophages and 
melanocytes, as most dermal melanocytoses excluding blue naevus 
contain only a few scattered dermal pigmented melanocytes. The 
use of an immunohistochemical marker for melanocytes is useful, 
but the product obtained in the detection of the final peroxidase 
product is usually brown and this is very similar to melanin. This 
problem can be overcome by bleaching the slide before immunohis- 
tochemistry or by changing the diaminobenzidine for amino-ethyl 
carbazole, which results in a red product. 


Granuloma annulare. In the majority of cases this diagnosis is 
straightforward, with evidence of a dermal palisading granuloma 
with necrobiosis. However, in the disseminated form of the condi- 
tion the changes are often very slight and may be represented by 
just a few mononuclear cells dissecting bundles of collagen. 


Mast cell disorders. The adult form of urticaria pigmentosa, and 
particularly its variant telangiectasia macularis eruptiva perstans, 
frequently shows only a relatively slight increase in numbers of mast 
cells within the dermis. In these forms of urticaria pigmentosa, the 
mast cells tend to be rather dendritic or short spindle shaped. Their 
granules may not be obvious and they may resemble normal con- 
nective tissue cells such as fibroblasts. In mastocytoma and some 
juvenile forms of mastocytosis, the mast cells are larger, rounded 
cells with central nuclei and are easier to recognise. 


Urticaria. In biopsies from urticarial lesions there may be very little 
more than slight dermal oedema, which is often difficult to evalu- 
ate on processed tissue, together with a slight increase in inflam- 
matory cells around the upper dermal blood vessels. It should be 
remembered that, in normal skin, a few mononuclear cells, fibro- 
blasts and other cells are present in the dermis. A clue to the diag- 
nosis of urticaria is the presence of at least a few eosinophils. 


Scalp disorders 

Unless an adequate biopsy is available for examination, many dis- 
orders of the scalp may be difficult to evaluate. Conditions such 
as telogen effluvium and longstanding alopecia areata show very 
little sign of inflammation, and a diagnosis may have to be made 
purely on the number of pilosebaceous structures and the relative 
number of follicles in different phases of the hair cycle. The study 
of horizontally sectioned biopsies is the ideal method to study hair 
follicles with regard to their cycle, pathological alterations and num- 
bers (Chapter 87). 


Conclusions 


As mentioned at the start of this chapter, histopathological examina- 
tion of a skin biopsy taken from an appropriate lesion is a great help 
in assisting the clinician to come to a correct diagnosis and there- 
fore to come to a decision regarding management of the patient. 
Light microscopic examination of sections from skin biopsy tissue 
fixed in formalin and embedded in paraffin is likely to remain the 
single most useful diagnostic technique for the foreseeable future. 
The wide range of tissue and cytological changes that may be 
encountered within normal skin and inflammatory and neoplastic 
conditions mean that considerable experience is required for the 
dermatopathologist to contribute helpfully to patient management. 
Many excellent texts are now available on the histopathology of 
the skin, but there can be no substitute for personal study on a 
day-to-day basis of as much material as possible under the super- 
vision of an experienced guide. Feedback and communication 
between the clinician and pathologist is essential, and has been 
perhaps one of the most important factors in the advances in der- 
matopathology in the last decade. The light microscopist already 
has a very wide range of additional techniques available to assist 
in diagnosis and to study the anatomy and physiology of normal 
and diseased tissues, some of which are outlined in this chapter. 
The numerous new areas of investigation that have developed over 
the last decades, including molecular biological techniques, such 
as PCR, in situ hybridisation, comparative genomic hybridisation, 
SNP arrays and studies on biological response modifiers, cytokines 
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and adhesion molecules, continue to further major advances in our 
understanding of skin in health and disease. 
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Fundamentals of diagnosis 


Accurate and precise diagnosis of any disease is paramount in guid- 
ing prognosis, prevention and effective therapy. Skin diseases are 
usually but not always visible, and there is a preconception both 
among patients and other physicians that inspection is all that is 
required to make a diagnosis. 

As in almost all other branches of medicine, arrival at a der- 
matological diagnosis depends upon, at times, an almost forensic 
approach to history taking, inspection of the entirety of the integu- 
ment including the scalp, flexures, palms and soles, nails and 
mucous membranes, supplemented by appropriate special inves- 
tigations, including ‘low-tech’ techniques such as inspection with 
a dermoscope, Wood’s light, skin biopsy, microbiology, through 
to ‘high-tech’ investigations such as genetic testing and in vivo 
confocal microscopy. Ultimately, some patients will need intimate 
amalgamation of clinical and investigatory information to arrive 
at the best clinicopathological diagnosis [1]. Re-evaluation of all 
of these factors, and being open to a different and even novel 
diagnosis, is part of developing dermatological maturity. 

Increasingly, self-taken digital images are proffered by patients to 
aid diagnosis, and are often helpful in assessing changing, recurrent 
or evanescent eruptions (e.g. urticaria, erythema multiforme or her- 
pes simplex). 

The history, particularly the past medical and drug exposure 
history, may need to be supplemented by interrogation of all the 


available medical and general practitioner notes. Senses other than 
visual can aid diagnosis. Palpation will identify induration (such 
as in panniculitis and morphoea), quality of crusting and scaling, 
hardness (as in calcinosis) and temperature [2]. Smell can be helpful 
in the diagnosis of some disorders (such as trimethylaminuria). 


Disease definition 


Many skin diseases do not yet have an identifiable cause, so their 
definition is based on a constellation of symptoms, signs and 
histopathological features (e.g. rosacea). Additional information 
(e.g. genetic and immunopathological) may be used to refine a 
diagnosis further (e.g. linear immunoglobulin A (IgA) bullous 
dermatosis). Even when a cause for a condition is known, the 
same cause can produce a variety of reaction patterns (e.g. Borrelia 
burgdorferi can induce erythema chronicum migrans, acrodermatitis 
atrophicans and lymphocytoma cutis). Even with common diseases 
like psoriasis, there are no strict diagnostic criteria, and with the 
advent of new genetic information, different morphological types 
of psoriasis may be genetically distinct, justifying subclassification 
rather than ‘lumping’ [1]. 

For everyday clinical use, rather loose disease definition may be 
pragmatically acceptable, but in epidemiological studies and thera- 
peutic trials, strict criteria may be required for complete uniformity 
of enrolment. Such criteria exist for a number of disorders, such as 
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the American Rheumatism Association criteria for the diagnosis of 
systemic lupus erythematosus, where major and minor criteria may 
be used to define both the disease and the specificity and sensitivity 
for the diagnosis in a given individual [2]. Diagnostic criteria exist 
for several other diseases of dermatological importance, such as 
Behcet disease [3], atopic eczema [4], hidradenitis suppurativa and 
Sweet syndrome. Such criteria must not be fixed, but should take 
into account new scientific discoveries as they arise (e.g. fillagrin 
mutation in atopic disease, and the inclusion of drug-induced 
Sweet syndrome). To compound problems, for some conditions, 
more than one set of diagnostic criteria exist (e.g. the Hanifin 
and Rajka criteria and the Williams—Pembroke criteria for atopic 
eczema [5]). 

Molecular and genetic techniques are revolutionising the defi- 
nition of genodermatoses and diseases will become increasingly 
defined by their precise molecular aberration as well as their clinical 
phenotype. 

Collation of diagnostic data is driven by a variety of motives. 
It is useful for the assessment of the health needs of populations, 
and therefore the allocation of funding by both state financed and 
insurance reimbursement-based health economies. The value of 
such information is dependent upon the validity of the data and 
concerns about the accuracy of coding, costing and case mix. Some 
of the diagnostic coding systems, such as the World Health Organi- 
zation’s International Classification of Diseases (ICD) system, have 
been felt to be too general for clinical and epidemiological use in 
dermatology, and national bodies have created their own diagnostic 
indexing systems (e.g. the British Association of Dermatologists 
Dermatological Diagnostic Index System). Collection of severe drug 
reaction diagnostic information is invaluable in the identification 
of evolving culprit drugs, but the voluntary nature of collection 
may skew their interpretation, with new drugs and more severe 
reactions being more likely to be reported. 


The history 


A careful, thorough and at times directed history is of paramount 
importance to making an accurate diagnosis in dermatology 
(Box 4.1). It is likely to be relatively quick in the assessment of 
some skin tumours (e.g. a dermatofibroma), and time consuming 
in inflammatory dermatoses and occupational diseases (where the 
relationship to work, work practice, the nature of agents that the 
patient has been exposed to, the involvement of other employ- 
ees, the nature of personal protection and treatment used can 
be complex). History taking must remain an ongoing practice in 
patients where there is diagnostic uncertainty, or an unexpect- 
edly slow or suboptimal response to therapy. Open questioning 
such as ‘Do you have any ideas what may be causing this?’ may 
lead to fruitful avenues of investigation, or a valuable chance 
to allay unnecessary fears. Detailed questioning about concor- 
dance, particularly with topical therapy, may identify why there 
has been a disappointing response. Many disease guidelines 
and guidelines for the introduction of systemic therapies now 
prescribe what should exist in the history section of minimum 
datasets [1-5]. 


Box 4.1 Essential points in history taking 


Essential points in the history — rashes 

¢ Location — where did the rash start, where did it spread to? 

¢ Temporal — when did it start, does it come and go, if so, how long 
does it last? 

e Exacerbating factors - what made it worse (e.g. physical factors, 
menstrual cycle, diet, topical and oral treatments, stress, medication)? 

e Drugs and co-morbidities — was the rash there before or after drug 
(or herbal) medication was introduced? 

e Alleviating factors — physical factors, diet, treatment? 

¢ What are the predominant symptoms — itch, sleep disturbance, pain, 
disfigurement? 

¢ Occupational factors — does it get worse at work, does it improve 
away from work, is it affecting work, are others at work similarly 
affected? 

¢ Open questions — do you have any thoughts as to what has caused 
this? What do you fear most about this problem? 


Essential points in the history — lesions 

e Where is the lesion? Have others arisen since the first? 

e Was there anything there before this developed? 

¢ Was there any type of injury before it arose? 

¢ Temporal — how long has it taken to develop to this size? Is it still 
growing or is it resolving? 

e Symptoms — is it sore, tender or painful? What makes any pain 
worse? 

e Past history — have you had anything similar before? 

¢ Family history 

e Sun exposure — have you had considerable sun exposure in your 
past? 


The presenting complaint 

The following areas are likely to form part of the dermatological 
history, especially for the diagnosis of inflammatory dermatoses. 
Generic questions relevant to skin tumours and preoperative history 
taking are specified below. 


Symptoms 

Itch 

This is the cardinal dermatological symptom. Itch may be gener- 
alised or localised to a particular area and may be associated with or 
without visible rash. Scabies, for example, may cause intense gen- 
eralised itch particularly when an individual is warm, with at first 
minimal visible rash, and prior to the pathognomonic burrow and 
scabies nodules becoming apparent. Itch may be localised to where 
an inflammatory eruption exists (such as an area of tinea corporis or 
discoid eczema). Generalised itch is characteristic of atopic eczema, 
and is likely to be worse at night and result in sleep disturbance. 
Lichen planus is usually intensely itchy though rubbing of lesions 
rather than scratching may be noted. Pityriasis rosea and versicolor 
and seborrhoeic eczema may be less itchy than atopic eczema of sim- 
ilar extent. 

Intense itch localised to the lower scapular area with initially nor- 
mal appearing skin is characteristic of notalgia paraesthetica. Ulti- 
mately, scratching results in lichenification, pigmentary change and 
even localised amyloid. 


Pain 
Some dermatoses and lesions may be painful or tender on palpation. 

Herpes simplex and zoster and bacterial cellulitis are often pre- 
ceded by pain before the eruption develops. Chondrodermatitis 
nodularis helicis is painful particularly at night when the lesion 
is subjected to pressure when lain upon. Tumours such as glo- 
mangiomas may be exquisitely painful when pressure is applied 
to them, particularly those under the nail. Angiolipomas, blue 
rubber bleb naevi and eccrine spiradenomas are painful. Leiomy- 
omas may be tender when they are subject to cold stimuli. Pain 
in patients with multiple keratosis after organ transplantation is 
an early clue to lesional change and progression to squamous cell 
carcinoma. 

Urticaria, when developing on the palms and soles, and espe- 
cially pressure urticaria, can be painful rather than itchy. Erythema 
nodosum is often tender. Ischaemic ulcers caused by large vessel dis- 
ease, vasculitis and drugs (e.g. nicorandil and hydroxycarbamide) 
are painful. Acute eruptions associated with pain may indicate the 
more serious onset of skin necrosis (such as in necrotising vasculitis, 
calciphylaxis and necrotising fasciitis). 


Disfigurement 

Sometimes an eruption is itch and pain free, and the physical 
appearance of an eruption or lesion is the principal concern (such 
as with vitiligo or post-inflammatory hyperpigmentation). Fear of 
cancer and infection or infestation may require specific questioning 
and reassurance if these are not considerations. Disfigurement is 
the source of considerable psychosocial upset. 


Duration 

The onset of a lesion or an eruption is usually apparent to the 
patient, but basal cell carcinomas may have actually been present 
for months or even years but only when it begins to weep or bleed 
is it evident to the sufferer. Keratoacanthomas arise rapidly over 
weeks and spontaneously resolve by 6 months. Lesions of urticaria 
characteristically arise and resolve within 24 h although the dura- 
tion of the eruption may continue over months or years in chronic 
disease. Longer lasting lesions are likely to be those of urticarial 
vasculitis. Lesions of erythema annulare centrifugum spread out 
over a few weeks. Larva migrans tracks extend over a matter of 
days whereas the tracks of larva currens due to Strongyloides will 
elongate over minutes. Lesions that ‘go black overnight’ do so 
usually because of intralesional haemorrhage rather than becoming 
malignant. 


Evolution 

The patient’s description of the evolution of an eruption can be 
diagnostically helpful. Typical distal subungual onychomycosis 
starts at the free edge of the nail and spreads proximally, whereas 
the nail dystrophy of chronic candidal paronychia starts with bol- 
stering of the proximal nail fold, and the subsequent nail dystrophy 
spreads distally. Classical pityriasis rubra pilaris often starts in the 
scalp and spreads caudally. Cellulitis of the lower leg usually starts 
in the toe web and the erythema spreads proximally. Pityriasis 
rosea may demonstrate the characteristic herald patch preceding 
the widespread rash by days to weeks. A contact dermatitis can 
spread beyond the confines of where an allergen has been applied 


to the skin, so elucidating where the eruption first started can help 
in culprit allergen identification. 


Periodicity 
The behaviour of lesions or eruptions that recur over time in a 
stereotypic fashion may have diagnostic significance. Herpes sim- 
plex infections may be preceded by pain before the typical vesicles 
appear in the same location at each recurrence. Similarly, a fixed 
drug eruption will recur in exactly the same location often within 
hours of re-exposure to the culprit drug trigger. A relationship to the 
menstrual cycle, with an eruption resolving during the first half of 
the menstrual cycle, and recurring shortly after ovulation and reach- 
ing a crescendo just before menstruation may indicate an autoim- 
mune progesterone dermatitis. Cutaneous deposits of endometrio- 
sis (often umbilical) fluctuate in synchrony with the menses. 
Eruptions that only occur during vacations may be due to light 
exposure (e.g. polymorphic light eruption), but can be due to allergy 
to personal care products kept in the holiday wash bag, but not 
used when at home. Degradation products of some perfumes may 
be allergenic, whereas fresh undegraded products are tolerated, 
so that an identical product used frequently at home causes no 
problem, whereas the same product that has spent time opened in 
a holiday home or travel bag may be reactive. 


General history 

General medical conditions may have cutaneous features, and 
should be noted, especially in patients with rashes or generalised 
skin symptoms. Recent illnesses, even if apparently resolved, 
deserve special attention, as conditions such as urticaria, vasculitis, 
guttate psoriasis and erythema multiforme can be triggered by viral 
or bacterial infections in the weeks preceding the onset of the rash. 


Medication 

Any recent or current systemic medication should be noted, includ- 
ing regular or intermittent self-medication or that received from rel- 
atives or friends, both as a possible cause of drug eruptions and to 
avoid interactions with treatment prescribed for the skin complaint. 
It can sometimes be useful to ask an individual to describe the con- 
tents of their medicine box or cabinet to jog their memory. A new 
problem is that patients can easily forget that they are receiving a 
potent injection therapy perhaps only once every few months (such 
as ustekinumab or infliximab); such therapies are often not included 
on their medication list. 

The timing of the introduction of a drug, and the effect of 
stopping and restarting medication, is paramount in the con- 
sideration of drug eruptions. Topical therapies should also be 
considered, both in terms of their efficacy (or lack of), as well as 
because they may conceal or even cause a dermatosis. Allergies 
to medicaments or other agents (including local anaesthetics and 
skin cleaners used preoperatively) may be important, as are drugs 
that might interact with anaesthetics and vasoconstrictors (e.g. 
B-blockers and epinephrine) or cause surgical bleeding (e.g. aspirin, 
warfarin and clopidogrel). The presence of medical implants 
(e.g. pacemakers, defibrillators, dental and joint prostheses) may 
have implications for imaging, the use of haemostatics such as 
the hyfrecator, and may occasionally be responsible for specific 
dermatoses. 
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Diet 

Dietary history may be important in some individuals, especially 
those with intermittent urticaria or anaphylaxis, and in infants with 
atopic eczema. A food diary listing foods ingested and the timing 
of suspect symptoms can be helpful. However, diet is often erro- 
neously blamed for skin eruptions. 


Family history 

This may be important if a genodermatosis is suspected, in disorders 
with more complex inheritance (e.g. atopic eczema, psoriasis), and 
in some non-inherited disorders in which family contact is impor- 
tant (e.g. scabies, chickenpox). 


Occupational factors 

An occupational contact dermatitis may improve when the sufferer 
has a holiday only to recur on return to work. Hand eczema is the 
most frequent manifestation, and a painstaking history is needed to 
determine the exact work practice, and to determine potential irri- 
tants or allergens. Perusal of the health and safety data sheets will be 
required, as well as noting the personal protective equipment that 
has been used (e.g. gloves, barrier creams and after work creams 
may help but can also occasionally hinder). Specific dermatological 
problems related to different occupations are outlined in Table 4.1. 


Leisure factors 

Certain dermatoses are related to leisure and sporting activities 
(e.g. jogger’s nipples, jogger’s toenails, cyclist’s perineum, fiddler’s 
neck). DIY can lead to exacerbations of atopic eczema due to solvent 
and dust exposure. Acrylate and epoxy adhesives can be problem- 
atic in some hobbies, producing localised and an airborne pattern 
of contact eczema. Gardening can expose the skin to a variety of 
irritant, allergen, phototoxic, arthropod and actinic insults, with 
often a seasonal periodicity. 


Geographical factors 

Both recent and distant travel can extend the differential diagnosis of 
both lesions and eruptions, and should be documented. Even short 
stopovers can result in a return with an unwanted exotic souvenir. 


Ethnicity and cultural factors 

Several disorders have a predilection for specific racial groups, for 
example sarcoidosis in black people [6] and prurigo pigmentosa in 
Japanese people [7]. Some disorders are of greater severity in some 
racial groups, such as atopic eczema in Afro-Caribbean and Chinese 
people [8,9]. 

The custom of cousin marriage can increase the frequency of reces- 
sive genetic disorders such as some types of epidermolysis bullosa. 
Religious rituals can produce distinctive lesions such as prayer 
nodules on the feet and forehead, and turban wearers may develop 
chondrodermatitis on the lower pinna from garment pressure. Alter- 
native medical treatments popular in some areas and ethnic groups 
can produce unexpected appearances (e.g. marks from acupuncture 
and cupping) and should be sought in the history. Unregulated 
products may be imported and distributed illegally producing a 
variety of skin problems (e.g. super-potent topical steroids sold as 
skin lighteners, high concentration hydroquinone creams that can 


Table 4.1 Some dermatoses occurring in occupational groups. 


Activity Examples of dermatological conditions that may occur 


Agricultural rritant dermatitis (e.g. to disinfectants, physical ‘wear and tear’) 

Contact allergy (e.g. rubber chemicals in gloves or footwear) 

Hazards from animals (e.g. tinea) 

Hazards from plants (e.g. lichen allergy in forestry) 

Actinic damage 

Cold damage — chilblains and chondrodermatitis 

rritant or contact allergic dermatitis related to many plants 

Contact allergy to gloves 

Bites and stings; harvest mites, etc. 

Building trade and rritant dermatitis from cement (also causes chemical burns), 

DIY plaster, solvents, preservatives, fibreglass 

Contact allergic dermatitis, especially from chromate in cement, 
epoxy resins, formaldehyde resins, colophony in soldering flux 

Mechanical — frictional palmar dermatitis from tools; vibration 
white finger related to use of some tools 

Irritant dermatitis from solvents, paints, hand cleansers 

Contact allergic dermatitis from paints, resins, metals, rubber 
(gloves, tyres, tubing) 

Chemical leukoderma from rubber chemicals in tyre 
manufacture 

Cooking (work or Irritant dermatitis (detergents/hand washing, juices of meat, 

home) fruit and vegetables) 

Contact allergic dermatitis (or urticaria in some cases) from 
fruits, garlic, spices, meat, fish, gloves 

Physical — cuts, burns 

Irritant dermatitis from detergents 

Contact allergic dermatitis to fragrances or antimicrobials in 
detergents, polishes, etc., or to gloves 

Irritant dermatitis from cleaning agents/hand washing 

Contact allergies — latex allergy (urticaria or dermatitis), 
medicament allergies (dentists — allergy to balsam 
flavourings, mercury, resins) 

Contact urticaria and anaphylaxis from latex 

nfections and infestations, e.g. scabies, especially nursing 
homes 

rritant dermatitis from shampoos, bleaches, etc. 

Contact allergic dermatitis from perfumes, dyes, bleaches, 
lanolin, antimicrobials; contact urticaria due to henna 

rritant dermatitis from solvents, bleaches, detergents/hand 


Gardening 


Cars (trade or 
home) 


2 


Cleaning (work or 
home) 


Health workers 


Hairdressers 


Textiles (work or 


hobby) washing 
Contact allergic dermatitis — dyes, formaldehyde resins 
(finishes), mordants 
Travel Physical — photodermatoses, prickly heat 


Animals — bites, stings, seabather’s eruption, swimmer's 
eruption, other marine invertebrate hazards 

nfections — cutaneous larva migrans, tungiasis, leishmaniasis, 
tropical viral exanthems 

Contact allergy — exotic plants, phytophotodermatitis 


induce ochronosis, and unlabelled hair dyes or ‘henna’ containing 
paraphenylene diamine). Patients may also not always volunteer 
that they have had cosmetic procedures (such as filler insertion) 
and may not realise that delayed reactions can occur several years 
afterwards unless they are specifically questioned about it. 


Social and psychological factors 

The living conditions including bathing facilities, economic status 
and the standard of nutrition of the patient and access to transport 
may be relevant both as a guide to diagnosis and to ensure compli- 
ance with the treatment advised. The availability of a spouse or carer, 
and proximity to health care professionals or facilities are important 


in determining the likelihood of therapy (particularly topical or pho- 
totherapy) being practical or possible. 

Specific examples of important social factors include the strong 
association between cigarette smoking and palmoplantar pustulo- 
sis, and the multiple influences of excessive alcohol intake on the 
severity and therapeutic options in psoriasis. 

A sexual history is also required in some instances, particularly 
where there may be a suspicion that an eruption may be due to a 
specific sexually transmitted disease such as syphilis or HIV. 

It is unlikely that many skin eruptions are due entirely to ‘nerves’, 
but psychological factors can clearly be of importance in aggravating 
or perpetuating symptoms (most notably psoriasis) but may be the 
primary abnormality in some instances (see Chapter 84). 


Quality of life in dermatology patients 


The effects of skin problems on lifestyle, relationships, recreational 
activities, costs to the patient and costs to the community from 
work days lost are important, and it is helpful to know the patient’s 
main concerns. This applies particularly to chronic skin eruptions. 
Quality of life tools are readily available, generic (e.g. the Der- 
matology Life Quality Index (DLQI)), disease specific (e.g. the 
Assessment of Psychological and Social Effects of Acne, Severity 
Assessment for Hidradenitis Suppuritiva) and age specific (Chil- 
dren’s DLQJ), take only minutes for patients to complete, and 
can give important information that they may not have readily 
volunteered [1,2,3]. They are valuable adjuncts to disease assess- 
ment or severity tools (e.g. the Psoriasis Area Severity Index) in 
determining aspects of therapy efficacy. Indeed they are required 
by funding bodies prior to qualification for expensive biological 
interventions in psoriasis in many countries. However, they may 
not be exhaustive in their scope (the DLQI does not include sleep 
disturbance), and can be discriminatory to some groups (e.g. the 
effects on sport, work and sexual relations may be less relevant to 
the elderly), but nonetheless, essential data to be collected during 
history taking. 


Examination of the skin 


Many patients referred to the dermatologist have objective changes 
in the appearance or consistency of the skin. Even those who 
describe itch without rash often have dry skin or other features 
that can be elicited, such as dermographism. With the availability 
of camera phones and tablet computers, patients are increasingly 
able to bring photographs of their lesions or eruptions, which, 
provided they are of sufficient quality and well illuminated, can 
be a helpful adjunct to direct examination, particularly when a 
rash is evanescent. Most lesions and eruptions can either be diag- 
nosed fully, or at least assigned to a diagnostic category, by clinical 
examination; indeed, clinical diagnosis is more precise than lab- 
oratory tests in many disorders. The ability to elicit and interpret 
cutaneous physical signs is therefore of fundamental importance in 
dermatological training. 

The patient should always be examined in a good light, preferably 
daylight, and with magnification of lesions if necessary. Artificial 
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light can alter the appreciation of colour, and lesions like lichen 
planus can have a less easily recognised red hue. A mobile light 
on an articulated stand can be helpful in illuminating areas that 
are often in the shade from overhead lights such as the natal cleft, 
perianal and vulval areas and the mouth. 

Ideally, the entire skin should be examined in every patient, par- 
ticularly if the diagnosis is not initially obvious, as this may reveal 
lesions that are more easily identifiable and have not been modified 
by secondary changes. Adolescents and elderly people will often 
deny the existence of lesions other than those presented for exam- 
ination, the former because they are unwilling to undress and the 
latter because they have not seen them. 

In the examination of the skin, it is helpful to consider the 
morphology of individual lesions, their overall pattern and spatial 
relationship to each other, and their body site distribution. Each of 
these aspects is discussed more fully below. Specific attention to 
hair, nails and the mucous membranes is required. Careful descrip- 
tion and use of nomenclature aids the monitoring of changes during 
follow-up, and any discussion with colleagues. 

Touching the skin is important in most instances, and is discussed 
in more detail below. Gloves should be worn for examination of the 
mouth, genital/ perineal region, or in the case of infective or infected 
dermatoses. 

Additional simple aids to clinical examination include use 
of Wood’s light, diascopy, dermoscopy, starch iodine testing to 
identify sweat duct orifices and hair microscopy. 


Description of skin lesions 


It is essential to elucidate the following features in describing skin 
lesions or eruptions as they constitute the features that, with the 
aid of features of the history, are paramount in the formulation of a 
diagnosis. 


Examination of skin of colour 

Examination of pigmented skin requires a degree of practice, as the 
physical signs may be modified. Erythema is often subtle or is seen 
as a dark area, macular or diffuse. Dermal oedema lightens the skin 
and weals appear pale. Papules may be pale or dark according to 
the degree of oedema or the presence of acanthosis or hyperkerato- 
sis, which mask pigment. Purpura may be difficult to detect, but 
may appear jet-black in lighter pigmented skin. Post-inflammatory 
depigmentation and hyperpigmentation are exaggerated compared 
with paler skin — for example, after herpes zoster, syphilis, leprosy, 
lichen simplex and many other conditions. Normal pigmentary vari- 
ation between body sites is also more apparent in darker skin, and 
may cause confusion (e.g. dark crease lines on the relatively pale 
palms); pigmentary demarcation lines may also be visible (Futcher 
and Voigt lines) [1] (See Figure 4.1). 


Sites involved and their distribution 

Both dermatoses and tumours can show a predilection for affecting 
certain sites; frequently there is no known explanation for this char- 
acteristic. Their distribution may be symmetrical or asymmetrical, 
or determined by ‘special’ factors, such as following Blaschko lines, 
or confined to major or minor flexures. 
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Figure 4.1 The back of a patient with pigmented skin showing variation in clinical 
features of psoriasis. 


Known factors that determine distribution include the following. 


Blood supply, e.g. venous eczema, livedo reticularis. 

Skin appendages, e.g. acne, hidradenitis. 

Type of skin, e.g. eruptions may be localised to the glabrous skin 
of palms and soles. 

Neural, e.g. herpes zoster. 

Developmental or embryological, e.g. disorders which follow 
lines of Blaschko (see Chapter 8), dermoid cysts. 

Regional variation in the skin surface microenvironment, e.g. ery- 
thrasma is usually localised to flexures. 

Others, e.g. polychondritis is restricted to sites where there is car- 
tilage, affecting ears, nose, joints (and extracutaneous areas like 
trachea). 


Solar exposure, e.g. photosensitivity disorders, squamous cell car- 
cinoma. 

Chemical exposure, e.g. contact dermatitis. 

Infective, e.g. orf. 


Symmetrical distribution — classical psoriasis affects the elbows 
and knees symmetrically, as does dermatitis herpetiformis. 
Atopic eczema has a symmetrical predilection for the minor 
flexures of the antecubital and popliteal fossae. Syringomas are 
commonly symmetrically distributed on the lower lids. 
Asymmetrical — cutaneous T-cell lymphoma and dermatophyte 
infection, impetigo and contact dermatitis often have an asym- 
metrical distribution. 


Figure 4.2 Sparing underneath the concha of the ear in chronic actinic 
dermatitis — sometimes called Wilkinson triangle after the late Dr D. S. Wilkinson, one of 
the first editors of Rook’s Textbook of Dermatology. 


Flexural — flexural psoriasis and benign familial pemphigus 
characteristically affect the major flexural sites of the axillae and 
groins. 

Photo-distributed — dermatoses caused by light such as chronic 
actinic dermatitis affect the face, bald scalp, ‘V’ area of the 
chest and the backs of the hands with a cut-off at the point 
where sleeves cover the skin. Light-spared sites within this area 
include the upper lids, immediately behind and below the ears 
(Wilkinson triangle), under the chin, in the finger webs and below 
watch straps (Figures 4.2 and 4.3). 

Airborne distribution — this includes the face and hands, simi- 
lar to photo distribution but the light-shaded sites of the upper 
lid, Wilkinson triangle and finger webs are affected, as airborne 
allergens can reach these sites. Allergens include plants, epoxy 
resins, phosphorus sesquisulfide (the red tip match allergen) and 
wood dusts. 


The arrangement of individual lesions may create a characteristic 
pattern (Figure 4.4), such as the grouping of vesicles in herpes 
simplex — this pattern is so striking that it is applied to other lesions 
which do not share the same aetiology (e.g. herpetiform mouth 
ulcers, dermatitis herpetiformis). 


Description of skin lesions 4.7 


Figure 4.3 Sparing of the head and neck by garments in quinine-induced 
photo-lichenoid eruption. 


Useful terminology to describe patterns includes the following. 

e Agminate — clustered; used to describe lesions such as acne agmi- 
nata, where granulomatous lesions cluster around the lids, or 
agminate naevi, an unusual clustering of melanocytic naevi. 

¢ Grouped or clustered — characteristic of some infections (e.g. her- 
petic vesicles, molluscum contagiosum, plane warts), flea bites, as 
well as of endogenous lesions such as lichen planus, leiomyomas, 
lymphangioma circumscriptum. 

e Satellite - a cluster of lesions around a larger central lesion. 
May occur due to local lymphatic spread of neoplasm such 
as melanoma; may occur in chronic bullous disease of child- 
hood /linear IgA disease. 

¢ Confluent — lesions merging together, locally or widespread, e.g. 
pityriasis versicolor. 

¢ Scattered, disseminated and exanthematous — for example, many drug 
eruptions, viral exanthems, as well as some extrinsic causes. 

¢ Spared — patterns of sparing may also be diagnostically important, 
e.g. islands of sparing occur within the otherwise often confluent 
orange-red colour of pityriasis rubra pilaris, sparing within skin 
folds in papuloerythroderma of Ofuji, or areas shielded by cloth- 
ing or a wristwatch may be overtly spared in photosensitivity. 

e Erythroderma — this is defined as generalised redness often with 
scaling, affecting 90% of the skin surface. It may be a primary 


skin disease such as psoriasis, atopic or seborrhoeic eczema, drug 
induced, congenital (such as in the ichthyosiform erythrodermas), 
due to T-cell lymphoma of the skin or idiopathic. 


Linear, sporotrichoid, annular, arcuate, polycyclic, livedoid 
and discoid lesions 

The shape of each lesion and the pattern in which neighbouring 
lesions are arranged in relation to each other is often of great sig- 
nificance and may provide an easily recognisable clue to a rapid 
visual diagnosis (Figures 4.5-4.9 and 4.10). The main shapes, with 
examples, are listed in Table 4.2. The mechanism or anatomical 
factor dictating the shape can sometimes be inferred, as in the case 
of many linear lesions (see Table 4.2) or the vascular patterning 
leading to livedo (Figure 4.9); in other instances, such as many 
annular lesions (Box 4.2) and reticulate lesions, the explanation for 
the pattern is less clear. 


Box 4.2 Examples of lesions that are 
characteristically annular or often include annular 
morphology 


Infections 

e ‘Ringworm’ dermatophyte infections 
e Impetigo 

e Erythema chronicum migrans 

¢ Syphilis (secondary, tertiary) 

e Leprosy 


Inflammatory 

¢ Psoriasis 

¢ Seborrhoeic dermatitis 

e Atopic eczema (some) 

e Halo eczema (Meyerson phenomenon) 

¢ Subacute cutaneous lupus erythematosus 

¢ Lichen planus 

© Sarcoidosis 

¢ Granuloma annulare 

¢ Actinic granuloma 

e Erythema multiforme 

¢ Urticaria 

¢ Serum sickness and serum sickness-like eruption 

e Linear immunoglobulin A (IgA) disease/chronic bullous dermatosis 
of childhood 

¢ Bullous pemphigoid 

¢ Subcorneal pustular dermatosis 

e Erythema annulare centrifugum 

¢ Jessner lymphocytic infiltrate 

e Erythema marginatum rheumaticum 

¢ Pityriasis rosea (herald patch) 


Vascular 
e Purpura annularis telangiectoides 


Neoplastic 

¢ Superficial basal cell carcinoma 
¢ Mycosis fungoides 

¢ Other cutaneous lymphomas 


Keratinisation disorders 
¢ Porokeratosis 
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Figure 4.4 Characteristic grouping of lesions: (a) blisters in a ring like a ‘string of pearls’ in linear immunoglobulin A (IgA) bullous dermatosis; (b) grouped papules on the lower lid in 
syringomas; (c) grouped vesicopustules in herpes simplex on the neck; (d) pigmented papules in naevus spilus; (e) clustered lesions on the elbows in dermatitis herpetiformis. 


Figure 4.5 Examples of linear lesions: (a) ‘strimmer’ 
phytophotodermatosis; (b) linear epidermal naevus; 
(c) growth striae; and (d) lichen striatus. (b) (d) 


Figure 4.6 Grouping in a linear distribution ascending the distal limb — so-called 
sporotrichoid distribution of a Mycobacterium marinum infection. 


A specific cause of a linear lesion is the Koebner or isomorphic 
phenomenon [2]. This term is applied when localised non-specific 
trauma provokes lesions of a dermatosis which is usually spon- 
taneously present elsewhere, and usually in a relatively ‘active’ 
or eruptive phase. It is particularly characteristic of psoriasis (see 
Chapter 35) and lichen planus, but occurs in several other der- 
matoses (Table 4.3). The trauma may be mild, and is usually a 
scratch or similar, although light or heat may do the same. Occa- 
sionally, one disease may be responsible for the localisation of 
another, such as granuloma annulare developing at sites of herpes 
zoster, or psoriasis developing at sites of contact dermatitis; this 
has been termed the isotopic response [3]. Development of lesions 
of pyoderma gangrenosum or Behcet disease at sites of injection of 
serum or saline (or even just pinprick or venepuncture) is known as 
pathergy. 

Some annular shapes result from centrifugal extension of an 
infection from the point of inoculation (e.g. tinea corporis with 
dermatophyte fungi or erythema chronicum migrans in Borrelia 
burgdorferi infection). In others, a spreading neoplastic or inflam- 
matory process leaves central scarring or ulceration, for example 
superficial basal cell carcinoma and discoid lupus erythematosus. 
In eruptions in which an allergic process is probably involved, the 
annular configuration is attributed to the refractory state of the 
central area. In some conditions, annular shapes can be related to 
the vascular network. Some involve an iatrogenic component, for 
example warts recurring at the margin of a blistered cryotherapy 
site. However, in many diseases, such as lichen planus, sarcoidosis 
or psoriasis, there is no satisfactory explanation for the occurrence 
of annular lesions. In the clinical evaluation of annular lesions, it is 
particularly helpful to consider surface features such as scaling as 
an aid to identifying epidermal involvement and thus narrowing 
the differential diagnosis. 


Individual lesions - nomenclature 

The more common descriptive terms applying to cutaneous lesions 
are listed below. These definitions are broadly in agreement with 
those recommended by the Nomenclature Committee of the 
International League of Dermatological Societies [2]. However, 
it is important to note that some of these definitions have been 


(b) 


(c) 


Figure 4.7 Examples of annular lesions: (a) granuloma annulare; (b) porokeratosis; and 
(c) tinea corporis. 


(b) 


Figure 4.8 Examples of arcuate and polycyclic lesions: (a) erythema annulare 
centrifugum; (b) elastosis perforans serpiginosum — note the abnormal elastic tissue that 
is undergoing transepidermal elimination. 


challenged subsequently [3-7]. A particular problem that many 
authors have glossed over is the dynamic aspects of skin disease. 
For example, some papules (<0.5 or 1cm, depending on the source 
of the definition) are destined to grow larger and become nodules, 
whereas others (such as syringomas) rarely do so. Additionally, 
some eruptions may have essentially similar lesions but whose size 
may include both papules and nodules. Recording of actual size of 
lesions, or the range of sizes, is often a more useful clinical record. 


Alopecia Absence of hair from a normally hairy area. 
Aphtha A small ulcer of the mucosa. 


(b) 


Figure 4.9 Livedoid lesions: (a) diffuse dermal angiomatosis of the breast; (b) broken 
livedo reticularis in cutaneous polyarteritis nodosum. 


Atrophy 


Burrow 


Callus 
Cellulitis 


Comedo (pl. 
comedones) 
Crusts (scabs) 
Cyst 


Ecchymosis 
(bruise) 


A loss of tissue from one or more of the epidermis, 
dermis or subcutaneous tissues. There may be fine 
wrinkling and increased translucency if the pro- 
cess is superficial. 

A small tunnel in the skin that houses a parasite, 
such as the scabies acarus. 

A localised hyperplasia of the stratum corneum. 
An inflammation of cellular tissue, particularly 
purulent inflammation of the deep dermis and 
subcutaneous tissue. 

A plug of keratin and sebum in a dilated piloseba- 
ceous orifice. 

Crusts consist of dried serum and other exudates. 
Any closed cavity or sac (normal or abnormal) 
with an epithelial, endothelial or membranous lin- 
ing and containing fluid or semi-solid material. 

A macular area of haemorrhage more than 2mm in 
diameter. 
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(b) 


Figure 4.10 Discoid lesions: (a) discoid eczema; (b) discoid hyperpigmentation and 
unusual haemorrhagic lesions due to the practice of cupping. 


En cocarde(or A rosette pattern of concentric rings, usually 


‘cockade’) applied to naevi. 

Erosion A loss of epidermis, which heals without scarring. 
It commonly follows a blister. 

Erythema Redness of the skin produced by vascular conges- 
tion or increased perfusion. 

Excoriation Loss of skin substance, specifically produced by 
scratching. 

Exfoliation The splitting off of the epidermal keratin in scales 
or sheets. 

Fibrosis The formation of excessive fibrous tissue. 

Fissure Any linear gap or slit in the skin surface. 

Fistula An abnormal passage from a deep structure, such 
as a hollow viscus, to the skin surface or between 
two structures. It is often lined with squamous 
epithelium. 

Gangrene Death of tissue, usually due to loss of blood supply. 


Table 4.2 Main shapes of skin lesions. 


Shape 


Description 


Examples 


Discoid (nummular) 
Petaloid 


Arcuate 
Annular 
Polycyclic 


Livedo 


Reticulate 
Target 
Stellate 


Digitate 


Linear 


Serpiginous 
Whorled 


A filled circle 

Discoid lesions which have 
merged together 

Incomplete circles 

Open circles with different 
central skin compared 
with the rim 

Circles which have merged 
together 

Chicken-wire criss-cross 
pattern 


Fine lace-like pattern 
Multiple concentric rings 
Star-shaped 


Finger-shaped 


Discoid eczema, psoriasis 

Seborrhoeic dermatitis on the 
trunk 

Urticaria 

Tinea corporis, granuloma 
annulare 


Psoriasis 


Erythema ab igne, 
polyarteritis nodosa, 
microvascular occlusion 
disorders 

Oral lichen planus 

Erythema multiforme 

Lesions of meningococcal 
septicaemia 

Chronic superficial dermatosis 


Straight line Koebner reaction to a scratch 
in lichen planus or 
psoriasis 

Snake-like Cutaneous larva migrans 


Swirling pattern Epidermal naevi, late-stage 


incontinentia pigmenti 


Adapted from Lawrence and Cox 2000 [7]. Reproduced with permission from Elsevier. 


Guttate lesions 


Haematoma 
Keratoderma 
Lichenification 


Macule 


Maculopapular 
Milium 
Nodule 


Papilloma 


Papule 


Small round or oval lesions distributed as a 
‘shower’ of droplets. Usually applied to a form of 
psoriasis. 

A localised tumour-like collection of blood. 

A horny thickening of the skin. 

Thickening of the epidermis (and to some extent 
also of the dermis) in response to prolonged 
rubbing. 

A flat circumscribed non-palpable lesion that dif- 
fers in colour from the surrounding skin. It can be 
of any colour or shape. In North America, a mac- 
ule is less than 1 cm in diameter, larger lesions are 
a patch. 

Rash consisting of both macules and papules. 

A tiny white cyst containing lamellated keratin. 

A solid palpable lesion in the dermis or subcutis, 
which can be observed as an elevation or can be 
palpated. It is more than 0.5cm in diameter; some 
would define it as being greater than 1 cm. It may 
consist of fluid, other extracellular material (e.g. 
amyloid), inflammatory or neoplastic cells. 

A nipple-like mass projecting from the surface of 
the skin. 

An elevated solid lesion that is less than 1cm in 
diameter. The only distinction between a papule 
and a nodule is the size, and this is artificial; some 
lesions characteristically occur at the smaller size 
of a papule, whereas others typically enlarge from 
a papule to become a nodule. Recording a finite 
size, its topography, border and colour is useful. 


Table 4.3 Anatomical and causative factors in linear lesions. 


Determinant 
of pattern 


Blood vessels 


Lymphatics 
Dermatome 


Nerve trunks 
Developmental, 
Blaschko lines 


Skin stretching 
Infestation 
External factors 
Plants 
Allergens 
Chemical 
Thermal 
Physical 


Other 
determinants 


Examples 


Thrombophlebitis, Mondor disease (linear thrombophlebitis on the 
trunk) 

Eczema related to varicose veins 

Temporal arteritis 

Lymphangitis 

Sporotrichosis, fish tank granulomas 

Herpes zoster, zosteriform naevus, zosteriform Darier disease, 
zosteriform metastases 

Leprosy (thickened cutaneous nerves) 

Pigmentary demarcation line, linea nigra 

Epidermal naevi, incontinentia pigmenti, hypomelanosis of Ito 

Linear psoriasis, linear lichen planus, lichen striatus 

Striae due to growth spurt (on lower back) 

Scabies, larva migrans (both usually serpiginous) 


Phytophotodermatitis 

Elastoplast, nail varnish (neck), necklace, waistbands, etc. 

Caustics, e.g. phenol 

Burns 

Trauma to previously normal skin 

Keloid scar, bruising, dermatitis artefacta, amniotic constriction 
bands 

Trauma to skin with a pre-existing dermatosis 

Purpura (cryoglobulinaemia, amyloid, vasculitis) 

Blisters (epidermolysis bullosa, porphyrias) 

Koebner phenomenon 

Psoriasis, lichen planus, lichen nitidus, vitiligo, lichen sclerosus, 
pityriasis rubra pilaris 

Inoculation 

Warts, molluscum contagiosum 

Other mechanism 

Scar sarcoid 

Linear scleroderma (limb, central forehead) 

Senear—Caro ridge (on hands in psoriasis) 

Dermatomyositis (dorsum of fingers; Gottron sign) 

Interstitial granulomatous dermatitis (rope or cord sign) 

Flagellate pigmentation due to cytotoxic drugs (e.g. bleomycin) 


Adapted from Lawrence and Cox 2002 [7]. Reproduced with permission from Elsevier. 


Figure 4.11 A collarette scale surrounding an eccrine poroma. 


Petechia (pl. 
petechine) 
Plaque 


Poikiloderma 


Pustule 


Pyoderma 
Scale 


Scar 


Sclerosis 


Sinus 


Target lesions 


Tumour 


Ulcer (of skin) 


Vegetation 


Description of skin lesions 


A punctate haemorrhagic spot, approximately 
1-2 mm in diameter. 

An elevated circumscribed lesion greater than 1 cm 
diameter; its surface is usually flat. Plaques may 
form from coalesced papules. 

The association of cutaneous pigmentation, atro- 
phy and telangiectasia. 

A circumscribed lesion that contains purulent 
material. It may occur within a pilosebaceous 
follicle or a sweat duct or, less often, on glabrous 
skin. Most commonly due to infections, but some 
eruptions typically cause sterile pustules. 

Any purulent skin disease. 

A flat plate or flake of stratum corneum. A col- 
larette scale is a fine, peripherally attached and cen- 
trally detached scale at the edge of an inflamma- 
tory lesion (Figure 4.11). Annular scaling is also 
seen in porokeratosis. Furfuraceous or pityriasiform 
scales are fine and loose. Ichthyotic scales are large 
and polygonal. Scaling may accompany or follow 
many inflammatory disorders. Silvery scales are 
characteristic of processes involving parakeratosis, 
especially psoriasis. The silvery colour is due to 
reflection of light at the many air—keratin interfaces 
and can be altered by wetting the skin. 
Replacement by fibrous tissue of another tissue 
that has been destroyed by injury or disease. An 
atrophic scar is thin and wrinkled. A hypertrophic 
scar is elevated, with excessive growth of fibrous 
tissue. A cribriform scar is perforated with multiple 
small pits. 

Diffuse or circumscribed induration of the subcu- 
taneous tissues. It may also involve the dermis, 
when the overlying epidermis may be atrophic. It 
is characteristically seen in scleroderma, but may 
occur as a sequel to or in association with many 
different processes. 

A cavity or track with a blind ending. 

These are less than 3 cm in diameter and have three 
or more zones, usually a central area of dusky red- 
ness or purpura, a middle paler zone of oedema, 
and an outer ring of redness with a well-defined 
edge. 

Literally a swelling. The term is used to imply 
enlargement of the tissues by normal or patho- 
logical material, or cells that form a mass. It may 
be inflammatory or non-inflammatory, benign or 
malignant. The term should be used with care, as 
many patients believe it implies a malignancy with 
a poor prognosis. 

A loss of dermis and epidermis, often with loss of 
the underlying tissues. 

A growth of pathological tissue consisting of mul- 
tiple closely set papillary masses. 
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A vesicle is a circumscribed elevation less than 
1cm in diameter that contains fluid (clear, serous 
or haemorrhagic) and often grouped. Bullae are 
more than 1cm in diameter, and should be sub- 
divided as multilocular (due to coalesced vesicles, 
typically in eczema) or unilocular. 

A transient elevation of the skin due to der- 
mal and hypodermal oedema, often pale centrally 
with a red rim. It is the characteristic lesion of 
urticaria. 


Vesicles and 
bullae 


Weal 


Erythema 

Erythema is defined as redness that blanches on pressure, due 
to dilated capillaries. Pressure empties the capillaries, making 
the lesion or eruption temporarily paler. It should be distinguished 
from purpura, which does not fade with pressure, and telangiectasia 
where the redness is due to visible dilated blood vessels. 


Surface features 

Lesions or rashes may be smooth, uneven (due to scale), or rough 
(often appreciated by touch as well as inspection), due to the 
presence of crusts or keratin. Where crusting is present, its gen- 
tle removal may reveal important diagnostic features (such as 
telangiectasia in a basal cell carcinoma, or pigment in an ulcerated 
malignant melanoma). 


Colour 

Normal skin colour is due to melanin, phaeomelanin, haemoglobin, 
oxyhaemoglobin and carotenoids (Figure 4.12). The colour of the 
skin is greatly modified by the scatter of light, which is respon- 
sible, for example, for the whiteness of scale and the blueness of 
any melanin deep in the dermis, although colour contrast with 
surrounding skin also alters perception of the colour of skin and 
subcutaneous structures [8]. 

The range of colours that may be seen in individual skin lesions 
is enormous (Table 4.4). Although many red, scaly rashes tend 
to resemble each other, many dermatoses have their own dis- 
tinctive colour, which aids recognition — for example, the orange 
and yellow-orange palms of pityriasis rubra pilaris and carote- 
naemia, respectively. Some colours can be logically explained — for 
example, the purple of lichen planus is due to the redness of 
inflammation combined with the blue-brown of melanin within the 
dermis. 

Unusual colours can occur due to the effect of drug accumulation 
in the skin (such as with minocycline and hydroxychloroquine), and 
adherence of exogenous pigments to the skin. 


Border 

Tumours or inflammatory lesions may show clearly defined 
well-circumscribed borders. Such lesions can confidently be drawn 
around with a clear distinction between affected and non-affected 
skin. Bowen disease and superficial basal cell carcinomas have dis- 
tinct edges, as does psoriasis. Poorly defined lesions have borders 
that merge indistinctly into normal skin (such as eczema). Some 
lesions have active edges, with both increased erythema and scale 
at the periphery, and relative central clearing, such as dermatophyte 
infections. 


Shape 

Lesion shape can be a vital diagnostic sign. Round and oval lesions 
are frequently a feature of benignity. Irregularity can be an indica- 
tor of malignancy (e.g. superficial spreading malignant melanoma, 
Bowen disease). Vascular patterning may indicate and explain the 
morphology of livedo reticularis. 

Linear lesions may occur for inexplicable reasons (such as lichen 
striatus), but they may be the result of the Koebner phenomenon, 
when often minor physical, thermal and surgical trauma may 
provoke the onset of new lesions at the sites of these assaults. 
Koebner lesions tend to occur during active phases of inflammatory 
disorders, and are seen characteristically in psoriasis, lichen planus 
and vitiligo. Some conditions have a predilection for arising in 
scars (such as scar sarcoidosis and scar pigmentation with drugs, 
notably minocycline), and therefore may have a linear distribution. 
Lesions of pyoderma gangrenosum and Behcet disease may arise 
in areas of recent physical skin trauma in a phenomenon known as 
pathergy. 

Annular lesions may result from centrifugal extension of an 
infection (as in tinea corporis with dermatophyte infection or ery- 
thema chronicum migrans with Borrelia burgdorferi). In neoplastic 
conditions such as basal cell carcinoma, central regression can 
result in annular lesions. Annular lesions in discoid lupus erythe- 
matosus are the result of scarring occurring within the centre of 
a lesion, and progression peripherally. Annular warts can occur 
with viral warts overenthusiastically treated with cryotherapy, 
and warts seeding into the cryotherapy-induced peripheral blis- 
ters. In many instances, why some lesions are characteristically 
(e.g. subacute lupus erythematosus and granuloma annulare) or 
occasionally annular (e.g. sarcoid and psoriasis) is unexplained. 
Concentric circles of erythema give a bull’s eye or target-like 
appearance to the lesions of erythema multiforme (Figure 4.13). 
Irregular sigmoid lesions give an appearance like that of a snake 
(or serpiginous), as in cutaneous larva migrans (Figure 4.14). 
A net-like morphology (reticulate; Figure 4.15) is characteristic of 
some dermatoses (buccal lichen planus, confluent and reticulate 
papillomatosis). Finger-like elongated lesions may be appreciated 
in digitate dermatosis (Figure 4.16). 


Distribution of lesions 

The overall distribution of lesions in many common dermatoses may 
be so characteristic that it is of great assistance in clinical diagnosis, 
even though the mechanism in most instances is not understood. 
Examples of body site predilection of dermatoses are provided in 
Table 4.5. Some of these are explained by anatomy, sites of contact, 
and so on, but even some demarcations that presumably have an 
anatomical basis are not fully understood, for example Wallace line 
on the foot or the equivalent on the hand. Some, for example those at 
flexural sites (Table 4.6), are often modified in appearance by moist 
occlusion. Important factors in determining the distribution of der- 
matoses include the following. 


Anatomical factors 

¢ Blood supply, e.g. venous eczema. 

e Skin appendages, e.g. acne, hidradenitis. 

e Type of skin, e.g. eruptions may be localised to the glabrous skin 
of palms and soles. 


(b) 


(d) 


Figure 4.12 Colour and its variability can be diagnostically invaluable: (a) the yellow colour of xanthomas; (b) black, blue, grey and white in a malignant melanoma; (c) green 
discoloration of dressings with Pseudomonas colonisation of a wound; and (d) blue-purple colour of a venous lake on the lip. 


¢ Neural, e.g. herpes zoster. 

¢ Developmental, e.g. disorders which follow the lines of Blaschko. 

¢ Regional variation in the skin surface microenvironment, e.g. ery- 
thrasma is usually localised to flexures. 

¢ Others, e.g. polychondritis, is restricted to sites where there is car- 
tilage, affecting ears, nose, joints (and trachea). 


¢ Solar exposure, e.g. photosensitivity disorders, squamous cell car- 
cinoma. 

¢ Chemical exposure, e.g. contact dermatitis. 

e Infective, e.g. orf. 


Some eruptions can arise in a distribution that follows the distri- 
bution of the sensory neurological dermatomes. This can occur as 
an example of an isomorphic response for example pyoderma gan- 
grenosum arising in lesions initially shingles, or for less apparent 
reasons such as zosteriform lichen planus. 


Blaschko recognised in the 1900s that some naevoid (e.g. hypome- 
lanosis of Ito, incontinentia pigmenti and the atrophoderma of 
Conradi-Hunnerman disease) and inflammatory conditions (such 
as lichen planus) followed a series of lines that did not conform to 


FOUNDATIONS 


> 
U 
oO 
par 
= 
<x 
= 
& 
LL 
fa) 
Li. 
oO 


= 
- 
< 
-¥ 


4.16 


Chapter 4: Diagnosis of Skin Disease 


Table 4.4 Colours of skin lesions. 


Colour Examples 
Black Melanin, e.g. some naevi, melanoma 
Exogenous pigments, e.g. tattoos, pencil/ink 
Exogenous chemicals, e.g. silver nitrate, gold salts 
Deeply situated blood or melanin, e.g. angiomas, blue naevus 
Blue-grey Inflammatory diseases, e.g. orf 
Drug-induced pigmentation, e.g. phenothiazines, minocycline 
Dark brown Melanin near the skin surface, e.g. most melanocytic naevi 
Exogenous pigments, e.g. dithranol (anthralin) staining 
Pale brown Melanin near the skin surface, e.g. lentigo, freckles 


Muddy brown 


Melanin in the superficial dermis, e.g. post-inflammatory 
pigmentation 


Purple Vascular lesions, e.g. angiomas 
Other disorders where telangiectasia is a prominent feature, 
e.g. lupus pernio (chronic sarcoidosis), dermatomyositis 
Dusky blue Reduced amounts of oxygenated haemoglobin, e.g. poor 


Violaceous and lilac 


arterial supply, central causes of cyanosis, 
methaemoglobinaemia 

Lichen planus, edge of plaques of morphoea, connective tissue 
disorders, e.g. dermatomyositis 


Pink-red Many exanthems and common disorders, such as psoriasis 
Red-brown Inflammatory dermatoses, e.g. seborrhoeic eczema, secondary 
syphilis 
Haemosiderin, e.g. pigmented purpuric dermatoses 
Scarlet red Lesions with a strong arterial supply, e.g. pyogenic granuloma, 
spider naevus 
Altered haemoglobin, e.g. carbon monoxide poisoning 
Orange Haemosiderin, e.g. lichen aureus 


Yellow-white/ 


Yellow-orange 
Yellow-green 
Green 
White-ivory 
White (or pale 


Inflammatory disorders, e.g. pityriasis rubra pilaris 
Xanthomatous disorders 

yellow-pink 

Carotenaemia (ingested carotene, myxoedema) 

Jaundice 

Exogenous pigment, e.g. copper salts 

Lichen sclerosus et atrophicus, morphoea 

Vitiligo, naevus anaemicus, arterial insufficiency, chemical 
pink, depending depigmentation on vascularity 
on vascularity) 


Adapted from Lawrence and Cox 2002 [7]. Reproduced with permission from Elsevier. 


the distribution of any recognisable structure, such as a nerve, blood 
vessel or lymphatic (Figure 4.17). Most are regarded as a manifesta- 
tion of a condition that is demonstrating genetic mosaicism. 


Palpation of the skin 

Palpation of rashes or localised lesions imparts additional infor- 
mation about texture, consistency, thickness, tenderness and 
temperature (Figure 4.18) [9]. It has been shown, using a trained 
‘blinded’ observer, that the scaling of psoriasis and eczema can be 
distinguished by palpation alone [10]. Gentle scratching or rubbing 
alters the visibility of scaling and may elicit dermographism. The 
main ‘touch’ modalities in examining the skin are as follows. 


Simple palpation — to determine texture, etc., as above. 

Blunt pressure — e.g. to detect oedema, assess capillary refill, iden- 
tify the dermal defect that occurs in anetoderma. 

Linear or shearing pressure — to elicit dermographism, or Nikolsky 
sign in pemphigus. 

Squeezing or pinching — to determine localisation and consistency 
of lesions, e.g. a pinch of skin can be lifted up over a subcutaneous 


Figure 4.13 Target lesions in erythema multiforme. 


Figure 4.14 Serpiginous lesions on the foot in cutaneous larva migrans. 


nodule, whereas squeezing a tethered intradermal process such as 
a dermatofibroma produces dimpling. 

Stretching — may produce blanching of vascular lesions, and helps 
in visualising lesions such as ‘submarine’ comedones, the elas- 
tomas of Buschke—Ollendorf syndrome and the glassy edge of a 
superficial basal cell carcinoma. 

Rubbing — may cause release of chemicals, e.g. rubbing a mastocy- 
toma causes urtication and a flare due to histamine release (Darier 
sign), rubbing a neuroblastoma causes surrounding pallor due to 
catecholamine release. 

Scratching and picking — scratching scales in psoriasis makes the 
scale appear more silver in colour by introducing air—keratin 
interfaces; more vigorous scratching or picking off the scale 


(b) 


Figure 4.15 Reticulate lesions: (a) reticulate lichen planus on the lower lip — note also 
florid lichen planus on the fingers; and (b) erythema ab igne from resting against a 
radiator. 


produces small bleeding points (Auspitz sign). Neither of these 
is specific to psoriasis. Removal of crusts overlying nodules may 
demonstrate the extent of the lesion, and additional diagnostic 
features, more accurately. 


Additional simple clinical examination 

¢ Wetting the skin with water or mineral oil (which lasts longer) fills 
air spaces in scale and allows underlying features to become more 
visible. In some instances, this just enhances underlying redness, 
for example, in psoriasis. In other instances, diagnostic features 
may become apparent to the naked eye (such as Wickham striae 


Figure 4.16 Digitate lesions in chronic superficial scaly dermatosis. 


in lichen planus) or with the aid of additional magnification (e.g. 
use of a dermoscope to examine pigmented lesions). Soaking 
of the skin may make the lesions of pitted keratolysis more 
apparent. 

e Application of heat or cold may identify specific physical urticarias. 
Whole-body warming may confirm cholinergic urticaria. Even 
whole-body cooling has been used to identify dysarthria as being 
due to Raynaud phenomenon of the tongue. 

e Pinprick sensation may be lost in leprosy, and decreased light 
touch sensation (using specific graded monofilaments) can predict 
diabetes-related neuropathic ulceration. 

¢ Paring the skin allows distinction between a wart and a corn, 
or may confirm the presence of old blood in talon noir or a 
haematoma. 

¢ Smell may be useful - for example, in suspecting anaerobic wound 
infection, or in the diagnosis of rarities such as trimethylaminuria. 

¢ Simple microscopy may be diagnostic for hair shaft abnormalities 
and for distinguishing between hair casts and head lice egg 
cases (nits), and is used to detect cutaneous fungal disease. 
Dermoscopy, an in vivo form of magnification, is discussed in 
Chapter 145. 


Additional clinical investigations 


Most patients or a family member own a smartphone equipped with 
a high quality camera, and many now come to consultations with 
photographs outlining the pictorial history of their eruption. They 
can be helpful and diagnostic in evanescent eruptions which have 
resolved by the time of examination. The progression of conditions 
such as erythema annulare centrifugum, Jessner lymphocytic infil- 
trate and uticarial vasculitis can be appreciated by the physician and 
help diagnostically. The skin and mucosal lesions in Behcet disease 
are recurrent and transient, and image capture at their zenith by 
patients is invaluable in diagnosis. 


Pressing a glass slide or (more safely) a stiff, clear, colourless piece 
of plastic onto the skin compresses blood out of small vessels, to 
allow evaluation of other colours. Diascopy is of particular value in 
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Chapter 4: Diagnosis of Skin Disease 


Table 4.5 Some examples of disorders that have a predilection for specific body sites. 


Body site Type of disorder Examples 
Scalp Hair disorders/alopecia Alopecia areata, androgenetic alopecia 
nflammatory dermatoses Psoriasis, seborrhoeic dermatitis, lichen simplex 
Localised lesions Pilar cysts, organoid naevus, squamous cell carcinoma, atypical fibroxanthoma, cutaneous metastases 
Eyelids nflammatory dermatoses Atopic eczema, contact allergy (cosmetics, nickel), seborrhoeic blepharitis, angio-oedema, dermatomyositis 
Localised lesions Basal cell carcinoma, xanthelasma 
Ears nflammatory dermatoses Seborrhoeic dermatitis, psoriasis, atopic eczema, relapsing polychondritis 
nfection Pseudomonas (‘malignant’) otitis externa 
Localised lesions Actinic keratosis, squamous cell carcinoma, chondrodermatitis nodularis, atypical fibroxanthoma, angiolymphoid hyperplasia with 
eosinophilia, gouty tophi 
Face nflammatory dermatoses Acne, atopic eczema, seborrhoeic dermatitis, rosacea, lupus erythematosus, lupus pernio, photosensitivity 
nfections Herpes zoster, erysipelas, impetigo 
Localised lesions Naevi and freckles, actinic keratoses, basal and squamous cell carcinomas, keratoacanthoma, lentigo maligna 
Lips nflammatory dermatoses Dermatitis (atopic, contact), cheilitis (angular, actinic), angio-oedema, contact urticaria, erythema multiforme 
nfections Herpes simplex, viral warts 
Localised lesions Vascular lesions (venous lake, pyogenic granuloma), squamous cell carcinoma 
Hands nflammatory and other Dermatitis (dyshidrotic, pompholyx, contact), psoriasis and palmoplantar pustulosis, keratodermas, erythema multiforme, 
dermatoses photosensitivity (dorsal hand), collagen vascular disorders and vasculitis, granuloma annulare 
nfections Paronychias, onychomycosis, scabies (especially finger webs), viral warts 
Localised lesions Actinic keratoses, squamous cell carcinoma, subungual melanoma 
ail disorders Koilonychia, pachyonychia congenita, many others 
Limbs nflammatory and other Psoriasis (elbows, knees), atopic eczema (limb flexures), discoid eczema, venous eczema and ulceration (lower leg), asteatotic 
dermatoses eczema (lower leg), lichen simplex (lower leg), lichen planus (flexor forearms, shins), dermatitis herpetiformis (knee, elbow), 
granuloma annulare (elbows), erythema nodosum (legs), vasculitis (legs), papular urticaria/flea bites (lower leg) 
Localised lesions Bowen disease (lower leg), dermatofibroma 
Feet nflammatory and other Dermatitis (pompholyx, contact, juvenile plantar), psoriasis and palmoplantar pustulosis, vasculitis and arterial disease, 
dermatoses callosities/corns 
nfections Dermatophyte fungal infection (skin and nails), pitted keratolysis, verrucae 
Localised lesions Eccrine poroma, subungual exostosis 
Axillae (see also Inflammatory dermatoses Psoriasis, contact dermatitis, hidradenitis suppurativa, acanthosis nigricans, fibroepithelial polyps, freckles in neurofibromatosis 
Table 4.6) (Crowe sign) 
nfections Staphylococcal boils, erythrasma 
Localised lesions Apocrine hidrocystoma 
Genital nflammatory and other Psoriasis/reactive arthritis, lichen planus and lichen nitidus (penis), lichen sclerosus (penis, vulva), lichen simplex (scrotum, vulva), 
dermatoses fixed drug eruption (penis), Zoon balanitis (glans penis), plasma cell vulvitis, other vulval dermatoses 
nfections Sexually transmitted diseases, genital warts, molluscum contagiosum 
Localised lesions 


Epidermoid cysts (scrotal), squamous cell carcinoma (penis, vulva) 


detecting granulomatous nodules, which have a translucent brown- 
ish colour known as ‘apple jelly’ nodules (e.g. in lupus vulgaris). 
In naevus anaemicus, a localised area of vasoconstriction, other 
pigments are unaltered — diascopy of adjacent skin therefore reveals 
an identical colour to that of the ‘depigmented’ area. By contrast, 
diascopy of skin adjacent to vitiligo, in which there is loss of melanin, 
demonstrates that the vitiligo remains paler. Application of medium 
pressure to a spider naevus can compress radiating arterioles and 
allow visualisation of pulsatile flow in the feeding vessel. 


Wood's light 

This is a source of ultraviolet light from which virtually all visible 
rays have been excluded by a Wood’s (nickel oxide) filter. Applica- 
tions of Wood’s light are listed in Table 4.7 [1,2]. 

Variations in epidermal pigmentation are more apparent under 
Wood’s lamp than under visible light, whereas variations in dermal 
pigment are less apparent [3]. Thus, for example, it can be used 
to distinguish vitiligo from naevus anaemicus. Vitiligo is due to 
loss of epidermal melanin, and the depigmented areas are greatly 
exaggerated under Wood’s light; naevus anaemicus is due to 
localised dermal vasoconstriction with normal overlying epidermal 


pigmentation, and the pallor completely disappears under Wood’s 
light. The ash leaf macules of tuberous sclerosis are much more 
prominent under Wood’s lamp [3]. 

Many organisms produce chemicals that fluoresce under Wood’s 
light [4,5] including Propionibacterium acnes [6], and Corynebac- 
terium minutissimum, the bacterium responsible for erythrasma 
(Figure 4.19), and conversion of aminolaevulinic acid to protopor- 
phyrin occurs in several tumours and other skin lesions, leading to 
the technique of photodynamic diagnosis [7] as well as photody- 
namic therapy. Fluorescein can be added to topical agents in studies 
of their use — for example, to detect areas that are missed during 
sunscreen application [8]. Wood’s light can also be used to view ex 
vivo specimens, such as blood or urine in porphyrias [9], or even 
inanimate objects, such as clothing from patients with chromhidro- 
sis [10]. The light has been advocated for confirming the diagnosis 
of suspected dermatitis artefacta — skin adjacent to the artefact has a 
tetracycline containing cream applied, and then occluded. The pres- 
ence of fluorescence on the fingers under Wood's light is evidence 
that the dressings have been tampered with [11]. Postmenopausal 
vaginal atrophy results in a pale green fluorescence under Wood's 
light absent in the normal premenopausal individual. 


Clinical microscopy, dermoscopy and other imaging systems 


Table 4.6 Some disorders that have a predilection for flexural sites. 


Type of disorder Disorder 


Comment (all refer to major flexures unless specified) 


Inflammatory 
dermatoses 


Bullous diseases 


Psoriasis 


Seborrhoeic dermatitis 
Contact dermatitis 
Intertrigo 


Napkin rash 
Lichen planus 


Hidradenitis suppurativa 
Crohn disease 
Atopic eczema 


Pemphigus vegetans 
Hailey—Hailey disease 


Common in flexures, typically red and shiny rather than the usual white scale; may be termed the ‘inverse pattern’ if 
mainly flexural distribution 

Usually with lesions elsewhere also; central face, scalp, etc. 

Irritant or allergic; may affect the vault of the axilla (e.g. deodorants) or axillary folds (e.g. clothing dermatitis) 

Especially inframammary; may be due to simple maceration, but also secondary infection may occur (staphylococcal, 
streptococcal, candidal) 

Many causes, the commonest are irritant and candidal 


Not often mainly flexural, but may cause confusion as flexural and genital lesions are often brown in colour and/or annular 


in morphology, rather than the usual purplish plaques, and may lack the anticipated pruritus 

Affects axillae, groin, inframammary area 

Cutaneous lesions affect especially the perineum 

Affects elbow and knee flexures, uncommonly the major flexures other than in infants when the process may be 
generalised 

Rare, mainly flexural 

Inherited, variable 


Infections Dermatophytes Especially male groin; usually associated with tinea pedis 
Erythrasma Brownish colour, fluoresces under Wood's light 
Trichomycosis axillaris Coated hair shafts 
Candidosis 
Bacterial 
toe-web infections, etc. 
Scabies 


common in this pattern 
Parvovirus B19 
flexures; often purpuric 
Localised lesions Fibroepithelial polyps (skin tags) A common normal variant 
Neurofibromatosis 
Fox—-Fordyce disease 
Pseudoxanthoma elasticum 
Hyperhidrosis and other sweat 
apparatus disorders 
Acanthosis nigricans 
Acrodermatitis enteropathica/zinc 
deficiency 
Langerhans cell histiocytosis 
Mycosis fungoides 
Granular parakeratosis 
‘Inverse’ pattern of drug eruption 


Miscellaneous Mainly axillae 


Adapted from White and Cox 2000 [7]. Reproduced with permission from Elsevier. 


There are pitfalls of using Wood’s light: 

e Itis useful to diagnose tinea capitis acquired from cats or dogs, but 
most fungi do not fluoresce, so a negative test does not exclude the 
diagnosis. 

e There is some reflection of light from any scaly dermatosis, which 
may be confused with the relatively subtle colour change of pityr- 
iasis versicolor. 

¢ Optical brighteners in detergents fluoresce strongly — white shirts 
and coats may be a considerable distraction. 

e Erythrasma fluoresces pink due to porphyrins — it is a reasonably 
frequent finding that the expected fluorescence is negative if the 
affected skin has been washed prior to a clinic appointment. 


Clinical microscopy, dermoscopy and other 
imaging systems 


Microscopy is an important laboratory technique, discussed briefly 
below. However, microscopy in a clinical setting also has sev- 
eral uses. 


Especially in napkin rash or bedbound elderly adults, commoner in diabetes; satellite pustules are characteristic 
Various types — follicular infections (furuncles), perianal abscesses, secondary infection of intertrigo, Gram-negative 


Multiple itchy flexural nodules are highly suggestive of the relatively chronic nodular variant — penile lesions are also 


Often acral, but the laterothoracic type may include axillary involvement, and a bathing trunk pattern involves groin 


Axillary freckling is seen (Crowe sign) 
An apocrine occlusion dermatosis 
Inherited defect of elastic tissue, most apparent on the neck and axillae 


May be endocrine-related or paraneoplastic 

Severe napkin rash and perioral rash in an infant; acquired version in adults; necrolytic migratory erythema of 
glucagonoma syndrome may have the same pattern 

May present as severe napkin rash 

Often affects shielded sites, may be limited to main flexures + buttocks 

Rare — hyperkeratotic, mainly adult female axilla 


Dermoscopy 

This technique, also known as dermatoscopy or epiluminescence 
microscopy, is an extension of the use of simple magnification. 
Dermoscopes have built-in illumination and are applied to the skin 
surface with a film of oil on the lesion to enhance the visibility of 
subcorneal structures. The technique is mainly used in the diag- 
nosis of doubtful pigmented lesions (Chapter 145). The images 
may be viewed directly, photographed or recorded digitally for 
subsequent or sequential analysis. A structured system of analysing 
the colours and appearances of the structural elements (e.g. pig- 
ment network, globules and dots, horn cysts and pseudofollicular 
openings and the vascular patterns visualised) may increase the 
accuracy of diagnosing malignant melanoma [1,2]. Scoring systems 
such as the ABCD dermoscopy score (assessing asymmetry, border, 
colour and dermoscopic structures) [3] and a ‘seven-point check 
list’ have been devised. Non-specialists may be trained to triage 
suspect pigmented lesions to aid triage for biopsy [4]. Comput- 
erised image analysis is being developed to aid in distinguishing 
benign melanocytic lesions from melanoma [5]. Dermoscopes can 
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Figure 4.17 Blaschkoid lesions in incontinentia pigmenti. 


also be useful in distinguishing haemangiomas, angiokeratomas, 
pigmented basal cell carcinomas and seborrhoeic keratoses from 
melanocytic lesions. Inflammatory papulosquamous disorders that 
dermoscopy may help differentiate include sarcoidosis, cutaneous 
leishmaniasis, lupus vulgaris, granuloma faciale and demodi- 
cidosis, acquired keratodermas (chronic hand eczema, palmar 
psoriasis, keratoderma due to mycosis fungoides, keratoderma 
resulting from pityriasis rubra pilaris, tinea manuum, palmar 
lichen planus and aquagenic palmar keratoderma), sclero-atrophic 
dermatoses (necrobiosis lipoidica, morphea and cutaneous lichen 
sclerosus), hypopigmented macular diseases (extragenital guttate 
lichen sclerosus, achromic pityriasis versicolor, guttate vitiligo, idio- 
pathic guttate hypomelanosis, progressive macular hypomelanosis 
and _ postinflammatory hypopigmentations), hyperpigmented 
maculopapular diseases (pityriasis versicolor, lichen planus pig- 
mentosus, Gougerot—Carteaud syndrome, Dowling—Degos disease, 
erythema ab igne, macular amyloidosis, lichen amyloidosus, friction 
melanosis, terra firma-forme dermatosis, urticaria pigmentosa and 
telangiectasia macularis eruptiva perstans), itchy papulonodular 
dermatoses (hypertrophic lichen planus, prurigo nodularis, nodular 
scabies and acquired perforating dermatosis), erythrodermas (due 
to psoriasis, atopic dermatitis, mycosis fungoides, pityriasis rubra 
pilaris and scabies), non-infectious balanitis (Zoon plasma cell 
balanitis, psoriatic balanitis, seborrheic dermatitis and non-specific 
balanitis) erythroplasia of Queyrat and assess nail fold capillaries 
in scleroderma [6]. 

Trichoscopy [7] (use of the dermoscope for hair and scalp lesions) 
aids diagnostic accuracy, and is helpful in the diagnosis of inflam- 
matory cicatricial alopecias (scalp discoid lupus erythematosus, 
lichen planopilaris, frontal fibrosing alopecia and folliculitis decal- 
vans), non-scarring alopecias (alopecia areata, trichotillomania, 
androgenetic alopecia and telogen effluvium) and scaling disorders 
of the scalp (tinea capitis, scalp psoriasis). 


(b) 


(c) 


Figure 4.18 Pinching and stretching of the skin can elicit diagnostic features in some 
lesions: (a) pinching a dermatofibroma between the fingers causes it to dip deeper into 
the dermis eliciting the ‘pinch sign’; (b,c) tensing the skin on the chin by grimacing 
makes ‘submarine’ comedones in acne become more evident. 


Table 4.7 Uses of Wood's light. 


Fungal infection Tinea capitis — green fluorescence associated with 
Microspora species and favus (see also Chapter 32) 

Pityriasis versicolor — yellow 

Erythrasma, acne — coral pink (porphyrins) 

Pseudomonas pyocyanea — yellowish green (pyocyanin) 

Scabies — fluorescein solution fills the burrows and can be 
viewed with Wood's light 

Urine, faeces and occasionally blister fluid fluoresce in 
porphyria cutanea tarda; teeth in erythropoietic 
porphyria; blood in protoporphyria 

Vitiligo is accentuated, dermal pigment becomes less 
apparent 

Detection of ash leaf macules in tuberous sclerosis 

Detection in tissues, e.g. staining of teeth or sebum from 
tetracyclines and of the nails from mepacrine 

Detection of fluorescent contact or photosensitisers on the 
skin, or in cosmetics and industrial agents, e.g. ballpoint 
pen ink, eosin, furocoumarins, halogenated 
salicylanilides, pitch ingredients 

Fluorescein can be added to topical medications to 
investigate sites of application or of manipulation (e.g. in 
the investigation of dermatitis artefacta) 

Red fluorescence can occur in some malignant tumours and 
other lesions of the skin, especially squamous cell 
carcinomas 

Conversion of aminolaevulinic acid to protoporphyrin Ix 
occurs within tumours as the first step in photodynamic 
therapy and can be detected with Wood's light 

Lipofuscins in sweat from patients with chromhidrosis can 
be identified by Wood's light examination of stained 
clothing 

Research use of fluorescent ‘markers’ for the investigation 
of cutaneous penetration and epidermal turnover 

Detection of mineral oil on the skin in the assessment of 
barrier creams 


Bacterial infections 
Infestations 


Porphyrias (see also 
Chapter 58) 


Pigmentary disorders 


Drugs and chemicals 


Tumours 


Miscellaneous 


Other imaging systems for localised lesions 
Spectrophotometric image analysis of pigmented lesions (SIAo- 
scopy) allows the assessment of eight narrow-band spectrally fil- 
tered images of the skin over an area of 24 x 24mm with radiation 
ranging from 400 to 1000nm. The value of this technique as an 
adjunct to clinical examination and dermoscopy has produced 
differing opinions [1,2,3]; it has also been used in the diagnosis 
of non-melanoma skin cancers [4] and used with an algorithmic 
approach to diagnosis [5]. 

Reflectance confocal microscopy (RCM) allows for non-invasive 
imaging of the epidermis and superficial dermis to a depth of 
approximately 250,1m (Figures 4.20 and 4.21). Images are taken 
en face and there is visualisation of the skin at the cellular level. 
These images may provide an alternative to histopathology for 
diagnosis. The device uses a laser diode with a near infrared wave- 
length of 830 nm which penetrates into the skin illuminating a small 
point inside the tissue; this light is reflected back through a small 
pinhole to reach the detector. Only reflected light from the focal 
point is detected, hence the name, confocal. The detected images 
are on a greyscale and the contrast relies on the differences in 
reflectivity of the tissue. Structures with a high refractive index such 
as melanin appear bright. The examination is fast, pain free and the 
result immediate. An 8 x 8mm glass and metal ring is placed on 
the skin over the lesion and the objective lens is then attached to 


ical microscopy, dermoscopy and other imaging systems 


Figure 4.19 Wood's light illumination of erythrasma of the groins — the fluorescence is 
coral pink. 


Figure 4.20 A reflectance confocal microscope. 


this magnetically. Images are then obtained in the horizontal plane 
and fed back to the monitor. The use of RCM in dermatology is 
increasing dramatically. In skin cancer screening clinics, it is used as 
a screening tool for both melanocytic and non-melanocytic lesions 
in place of biopsy for equivocal lesions [6,7]. It can be used for the 
diagnosis of basal cell carcinoma pre-Mohs micrographic surgery 
or radiotherapy. It is particularly useful for margin assessment 
and determination of treatment in lentigo maligna and basal cell 
carcinoma [8]. It can be used in place of a biopsy in hair clinics, for 
inflammatory diseases and monitoring of mucosal disease. RCM 
can also be used on ex vivo tissue. When combined with fluorescence 
this is termed fluorescence confocal microscopy. This is particu- 
larly useful for the rapid assessment of excised tissue such as in 
Mohs micrographic surgery [8]. In this situation, the Mohs surgeon 
removes the tissue in the usual manner, acridine orange is applied to 
the excised tissue and the objective lens is placed onto the tissue. The 
images are detected within 3 min and, if tumour remains, the Mohs 
surgeon can continue to the second stage. The advantage of this 
over traditional Mohs is the speed at which sections can be read [9]. 
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Figure 4.21 Basal cell carcinoma. A comparison of standard H&E histology and reflectance confocal microscopical appearances. 


RCM can be used in combination with telecommunication with 
an expert reader at a distant location reading the images [10]. 
There has been some criticism, with punch biopsy outperforming 
RCM in diagnosing and subtyping suspected primary basal cell 
carcinomas [11]. 


Other simple microscopy procedures 

Simple light microscopy is helpful in evaluating hair shaft abnor- 
malities (this, and more complex electron microscopy, are discussed 
in Chapter 87). 

Microscopy of skin scrapings for fungi is discussed in Chapter 32. 
Scraping the base of a herpetic vesicle with simple Giemsa stain- 
ing may reveal giant cells (Tzanck smear); molluscum contagiosum 
can be identified in a similar fashion. Examination of skin pustule 
smears after fixation and H&E staining may be useful in the rapid 
diagnosis and confirmation of infantile eosinophilic folliculitis and 
incontinentia pigmenti; in both conditions, the pustules are filled 
with eosinophils. 

Microscopy can be invaluable for confirmation of infestations of 
crab, body and head lice and their empty egg cases (nits), and for 
the examination of specimens brought by those suffering from delu- 
sional parasitosis. 

Skin surface biopsies using tape-stripping or adhesive microscope 
slides pressed onto the skin allow observation of cells of the stra- 
tum corneum and of bacteria, fungi such as Pityrosporon species, and 
Demodex mites [1-3]. Plastic polymer (Silflo®) skin surface impres- 
sions may be useful for the study of eccrine gland pore size and 
numbers. 

Scabies mites can be extracted from the end of a burrow using a 
needle, with microscopy to confirm the diagnosis. The technique can 
be useful to convince sceptical sufferers of their infestation. Alter- 
natively, application of mineral oil [4] or 5% potassium hydroxide 
to an affected interdigital space, followed by light scalpel scraping, 
reveals the acarus or its eggs. The faecal pellets (scybala) of the mite 


are also diagnostic, but are dissolved by potassium hydroxide; they 
remain intact in oil. Burrows can also be removed by a very superfi- 
cial shave technique and can be made more apparent by application 
to the skin of either black ink, or fluorescein with Wood's light visu- 
alisation. Dermoscopy (see previously) can also be used — the mite 
appears as a dark triangle shape — or higher-resolution microscopy 
with a standard light microscope [5]. Outwith the scope of this 
section, scabies can also be identified using polymerase chain 
reaction to detect mite antigens [6]. 


Fine-needle aspiration of lymph nodes 


Aspiration of lymph node tissue using a 25- or 27-gauge needle 
allows cytological assessment of lymph nodes and is useful in 
the staging of metastatic malignant melanoma and squamous cell 
carcinoma of the skin. In melanoma patients with palpable and 
even impalpable but ultrasonically abnormal lymph nodes, the 
technique has been shown to have high specificity and sensitivity 
[1,2]. Combining the technique with flow cytometry can help in 
the differentiation of lymphoma from reactive and dermatopathic 
lymphadenopathy [3]. 


Radiological and imaging examinations 


These have an important role in dermatology, but less than in 
many other specialties, because the skin can so readily be seen and 
felt. Ultrasound [1,2], magnetic resonance imaging (MRI) [3-5], 
radioisotope scans and even positron emission tomography [6,7,8], 
are all used in clinical dermatological practice, mainly in relation to 
the detection of lymphadenopathy or other metastatic skin cancer, 
and in the identification of occult malignancy in paraneoplastic 


Skin testing (prick and scratch, intradermal and patch testing) 


conditions such as dermatomyositis. High-resolution ultrasound is 
increasingly important in the documentation of nodal enlargement 
and tumour infiltration, and can be used to guide biopsies, and in 
some countries is recommended in national guidelines for routine 
follow-up in melanoma with a Breslow thickness more than 1mm. 
Combining ultrasound and colour Doppler scanning may provide 
additional help in assessing metastatic lymphadenopathy. It can 
also be used to measure tumour thickness and delineate margins 
particularly of larger non-melanoma skin cancers. It may be useful 
in the preoperative assessment of cysts and lipomata, particularly 
on the forehead where they are often located subfacially. Other uses 
of ultrasound in dermatology include, for example, for the accurate 
assessment of the thickness of lesions in scleroderma, the extent of 
infection in severe forms of cellulitis (and distinction, using MRI, 
from necrotising fasciitis) and assessing the extent of cystic lesions 
of hidradenitis suppurativa. Various imaging techniques are also 
important in the management of diseases such as neurofibromato- 
sis and tuberous sclerosis, where there may be central nervous 
system involvement, or in the assessment of muscle change in 
dermatomyositis and the identification of inflammatory changes in 
eosinophilic fasciitis. With the advent of small high-resolution coils, 
MRI can be used to image digits, and may be useful in the diagnosis 
of myxoid cysts and other periungal pathology. MRI is invalu- 
able in the assessment of disorders of fat (such as lipoatrophy and 
lipoedema). Lymphoscintigraphy may be a useful functional assess- 
ment of the lymphatic system of the swollen lower limb (Chapter 
103). Doppler assessment of the peripheral lower limb arteries is 
an essential bedside technique prior to the use of high-compression 
bandaging in the management of venous leg ulcers (see Chapter 
102); the use of standard electronic sphygmomanometer systolic 
pressure measurements is not accurate in the measurement of 
peripheral arterial pressures [9]. 


Skin testing (prick and scratch, intradermal 
and patch testing) 


Substances may be introduced into the skin by a variety of tech- 
niques to study pharmacological and immunological reactions 
under controlled conditions [1]. Such tests are extremely valuable, 
but details of the type of test and the time at which it is read 
must correspond to the pathological process under consideration. 
Interpretation of the relevance of tests, either positive or negative, 
must always be correlated with the clinical picture. All too often, 
evidence adduced from tests is either meaningless or misleading. 
Absorption of many substances through the intact skin is poor 
and variable, but direct application to the surface of the skin is used 
for patch testing. The epidermal barrier may be overcome either by 
removing it or by introducing the material directly into the dermis. 
The following techniques for skin testing are most commonly used. 


Techniques for skin testing 
Epicutaneous tests — patch tests 
Patch tests are usually used to detect contact allergy of the delayed 
hypersensitivity type. They are usually read at 48-72h and again 
up to 1 week, but can also be read at 15-30min to detect con- 
tact urticaria. At times, patch testing may usefully be combined 
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with scratch testing. Details of these techniques are discussed in 
Chapter 126. 


Intradermal injection 

The injection is made into the superficial layer of the dermis through 
a fine-bore (26- or 27-gauge) needle with its bevel pointing upwards. 
The quantity that may conveniently be injected varies from 0.01 
to 0.1mL. Precise measurement of smaller quantities is difficult 
and requires syringes with especially well-fitting plungers and a 
micrometer screw gauge. For routine clinical purposes, an approxi- 
mation is sufficient — either 0.05 mL or the amount that just causes a 
visible weal (0.01-0.02 mL). 

The optimal time for reading the reaction naturally varies with 
the pharmacological agent or the type of immunological reaction. 
Most such tests are read at either 15-20 min or at 48h, but it may 
be important to read the tests at other times, for example at 4-12h 
or after 4 days. The response to be observed at 15 min (e.g. after an 
injection of histamine or after immediate-weal allergy tests) is a weal 
with a surrounding flare. The weal is a more accurate measure than 
the flare. When the test is read at 48 h (e.g. in the tuberculin reaction), 
the sizes of the indurated papule and of the erythematous reaction 
should be observed. 

The site of the test is of some importance [2,3]. In general, the 
whole skin surface is capable of responding to skin tests, but there 
are regional variations. The back and the flexor aspects of the fore- 
arms are most conveniently used. The skin on the ulnar aspect of 
the forearm is more sensitive than the radial, and the proximal more 
sensitive than the distal. These differences are not of sufficient mag- 
nitude to affect routine testing, but must be taken into account by 
using symmetrical areas for controls in any accurate quantitative 
testing. 

A test solution must always be compared with a control solution 
injected in a comparable site at the same time. A positive test may be 
taken as one that is significantly different from the control. Assess- 
ment of what is significant is difficult and varies with the enthusiasm 
of the tester. If a difference of less than 5 mm is accepted, repro- 
ducible results may not be obtained on retesting [4]. 

The measurement of a weal is usually made by diameter, although 
more sophisticated methods, such as volume measurements and 
Doppler flow, have been used [5]. If the weal is not circular, an 
approximation may be made by averaging maximum/minimum 
diameters, or more accurately the area may be calculated by the 
formula D, x D, x 2/4, where D, and D, are the maximum and 
minimum diameters [6]. For irregular weals, a tracing may be made 
on squared paper. Pseudopodia should be noted, but for measure- 
ment of diameter they are ignored. Attempts to assess the volume 
of a weal are less satisfactory for routine use. 

The size of the weal is not directly proportional to the dose of the 
active agent, but varies also with the total volume of fluid injected. 
An approximation of a linear relationship may best be achieved, 
often only over a narrow range, by plotting the response against 
the log dose. For accurate quantitative observations, weal diameters 
below 4 mm or above 15 mm cannot be relied upon. 

Antihistamines may greatly inhibit the immediate-weal tests. In 
the case of very long-acting agents, this effect may last as long as 
3 weeks. They have no appreciable effect on delayed hypersen- 
sitivity patch tests. Moderate to large doses of corticosteroids, in 
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Figure 4.22 A positive prick test to latex. 


contrast, may somewhat inhibit patch tests, although smaller doses 
(e.g. prednisolone 10 mg daily) are not necessarily a contraindica- 
tion to testing. Steroids do not greatly inhibit the immediate-weal 
tests. When a patient feels faint, any immediate-weal test may be 
completely inhibited. 


Prick test 

This is a modification of the intradermal injection. A small quan- 
tity of the test solution is placed on the skin and a prick is made 
through it with a sharp needle. This should be superficial and 
not sufficient to draw blood. The quantity has been estimated as 
3 x 10-° mL [3]. The size of the weal and flare are measured after 
15 min (Figure 4.22). This test gives reproducible results and is 
convenient for much routine allergy testing. Because of the discrep- 
ancy in the quantities injected, the testing solutions are made up 
at different strengths for prick testing and intradermal testing. The 
intradermal injection of prick-test solutions may be dangerous. 


Scratch test 

The scratch test resembles the prick test. A linear scratch about 1 cm 
long, but not sufficient to draw blood, is made through the epider- 
mis. This test gives less reproducible results than the prick test. 


Modified prick test 

Here, a drop of the test solution is placed on the skin. A needle is then 
inserted very superficially and almost horizontally into the skin and 
lifted to raise a tiny tent of epidermis. This test is slightly more sen- 
sitive than the ordinary prick test, but gives no more reproducible 
results. 


Skin-window technique 

The surface of the skin over an area a few millimetres square is 
scratched off with a scalpel, the test solution applied and the area 
covered with a coverslip [7,8]. This is removed at various intervals 
(e.g. 3 h, 6 h, 12 h, 24 h and 48 h) and immediately replaced 
by another coverslip. The cells on the coverslip are stained with 
ordinary haematological stains. The cellular response at varying 
time intervals can be assessed. 


Immediate-weal tests 

These tests are used for detecting immunoglobulin E (IgE) antibod- 
ies. The passive transfer test has been used to detect circulating IgE, 
but is now deemed hazardous and unethical because of the risk of 
serum hepatitis or HIV. These antibodies play a role in hay fever, 
asthma, atopic eczema and anaphylactic reactions. They occur espe- 
cially, but not exclusively, in patients with a personal or family back- 
ground of atopy. Positive skin tests to a wide variety of antigens are 
extremely frequent in these patients and must always be correlated 
with the history. They are principally used in the assessment of hay 
fever and asthma and have a limited place in the management of 
atopic eczema. They are disappointing in the diagnosis of urticaria. 
False positive and false negative reactions are common. 

Severe systemic reactions and, very rarely, fatalities may occur 
after correct use of standard testing solutions, and epinephrine and 
hydrocortisone injections should always be at hand when skin tests 
are performed [9,10]. 

Alternative methods of detecting and measuring circulating 
antibodies are the radioallergosorbent assay (RAST) and the 
enzyme-linked immunosorbent assay. RAST correlates well with 
skin testing [11,12]. It is particularly useful (i) in testing very young 
children; and (ii) with allergens associated with risk on prick testing 
(e.g. drugs). 

The autologous serum test is a technique used in the investigation 
of chronic idiopathic urticaria whereby the patient’s own serum is 
injected intradermally. It is regarded as being positive if at 30 min 
there is a weal 1.5 mm larger than at the saline control injection site. 
Positive reactions are indicative of functional autoantibodies against 
the high-affinity IgE receptor FceRI, or against IgE [13] (Chapter 42). 


Delayed (4-8 h) tests 

The clinical interpretation of tests that are positive at 4-8 h can be 
difficult. Sometimes, these represent an Arthus reaction, but ideally 
this should be confirmed histologically. Other such tests represent a 
delayed variant of the immediate-weal (15 min) test. 


Intradermal tests for the detection of delayed 
sensitivity to bacterial, fungal and viral antigens 
Tuberculin test 

Testing for evidence of tuberculosis has achieved new importance 
in dermatology, in part because of an increasing incidence of tuber- 
culosis associated with HIV infection, and also because screening 
is a necessary part of the work-up before the use of antitumour 
necrosis factor biological drugs (e.g. in psoriasis). A positive result 
to the standard strength (10 tuberculin units, TU) is an indication of 
previous mycobacterial infection, but not necessarily by Mycobac- 
terium tuberculosis (especially if the reaction is weak or doubtful). 
Reactions to 1TU (1/100 dilution of purified protein derivative 
(PPD)) are, however, significant. In sarcoidosis, reactions may be 
wholly negative, or only positive to 100 TU. The minimum size of a 
positive reaction is taken as 5mm. An intermediate (24 h) reaction 
sometimes occurs. 

Comparable doses of PPD may vary according to their source. 
It is being replaced by interferon y release assay (IRGA) tests such 
as the QuantiFERON-TB Gold In-Tube® test for the pre-evaluation 
for biological agents in inflammatory dermatoses. It is important to 
remember that after an immunomodulating drug, skin tuberculin 


tests may give false negative results. Tuberculin tests are discussed 
further in Chapter 27. 


Heaf test 

Used in mass testing and in children, this is roughly equivalent 
to, or perhaps slightly more sensitive than, a dilution of 1: 100 old 
tuberculin [14]. 


Candida antigen 

This is used in a similar manner to the tuberculin test. Depressed 
reactivity occurs in sarcoidosis and other immunosuppressed con- 
ditions. Negative reactions in normal subjects are, however, not 
uncommon and depend on age and locality. 


Trichophytin 
This detects past infection by Trichophyton species. Its value is 
limited. 


Lepromin test 
This is discussed in Chapter 28. 


Histoplasmin, coccidioidin 

These and similar antigenic tests are of most value in areas where 
these diseases are not endemic. The Frei test and cat scratch fever 
antigen are of some value in the UK, where the relevant diseases 
are comparatively rare. A positive reaction is then significant. Con- 
versely, Brucella antigen and toxoplasmin are of limited use in der- 
matological practice. 


Delayed-type bacterial antigen tests 

Delayed-type bacterial antigen tests [15-17] are not widely used, 
partly because their specificity and interpretation are difficult to 
assess. They consist of standard preparations of bacterial extracts, 
each probably containing a mixture of antigenic components, which 
may produce an immediate, or delayed 48 h reaction, or an even 
later reaction. The normal 48 h response is a papule showing, 
histologically, a tuberculin-type reaction of lymphocytic type. 
Occasionally, however, especially in cases of vasculitis, an acute 
leukocytoclastic reaction occurs within 6-8 h [16] and is fully 
established at 24-48 h. Sometimes, the reaction is severe enough to 
produce a sterile abscess. It is tempting to believe that these reac- 
tions may be of some significance in conditions such as erythema 
multiforme, erythema nodosum (streptococcal), allergic vasculitis 
and, perhaps, pustular psoriasis. However, the antigens presently 
in use are relatively impure and the reactions may be non-specific. 
Further careful immunological studies are required. 


Long-delayed (6-week) intradermal reactions 

These comprise the Kveim test and the Mitsuda test. They are read 
at 6 weeks, but biopsy is essential with the Kveim test. Kveim test 
antigen is no longer available in the UK. 


Pathergy and pathergy testing 

This is a test that is used as part of the diagnostic criteria for the diag- 
nosis of Behcet disease [18]. There is no standardised technique, but 
one frequently used is to puncture normal-appearing volar forearm 
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Figure 4.23 A positive pathergy test in Behcet disease at 48h after skin puncture. 


skin, which is examined 48 h later (Figure 4.23). Some feel it is impor- 
tant not to sterilise the skin with alcohol or an antiseptic before the 
puncture. The development of an inflammatory papule or pustule 
indicates a positive response. Recent studies have suggested that use 
of the patient’s own saliva increases the sensitivity of the pathergy 
test in Behcet disease. Injury of the skin in some neutrophilic dis- 
eases such as pyoderma gangrenosum and Sweet syndrome can be 
followed by the development of the eruption in the injured site; this 
is an example of the pathergic response. 


Teledermatology 


Teledermatology has been used to improve patient access to der- 
matological care particularly in geographically remote areas or 
where there is a lack of local expertise and during enforced times 
of isolation as in the Covid-19 pandemic [1]. There are two prin- 
cipal forms of teledermatology: real-time teleconsultation and 
store-and-forward technology, where images and clinical informa- 
tion are sent electronically to be reviewed at a later time. There is 
evidence to suggest that store-and-forward teledermatology consul- 
tations are longer than traditional consultations for the primary care 
physician mainly due to the need to obtain images and complete 
electronic referral forms [2]. 

Diagnostic accuracy and reliability of teledermatology is report- 
edly similar to face-to-face consultation in selected referrals with 
an acceptable level of diagnostic concordance [3]. Management 
accuracy of teledermatology for non-skin cancer is also compa- 
rable to traditional consultation [4] and high levels of patient 
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satisfaction [5,6]. However, clinic consultation has been shown to 
result in higher diagnostic accuracy in the assessment of malig- 
nant lesions, particularly malignant pigmented lesions [5,6]. Over 
recent years, teledermoscopy has been introduced in an attempt 
to improve accuracy in the diagnosis of both melanocytic and 
non-melanocytic skin lesions in store-and-forward teledermatology 
services [5] and patient satisfaction [7,8]. 

One major disadvantage of store-and-forward teledermatol- 
ogy is the inability to perform a full body skin examination. 
One study reported that over a third of melanomas detected in 
patients referred to secondary care with potential skin cancer 
were incidental findings on total skin examination; these may 
therefore have not been detected if a single image of the index 
lesion had been sent for teledermatology assessment [9,10]. The 
inability to palpate the skin in teledermatology consultations has 
also been cited as a drawback, for example in detecting small 
superficial actinic keratoses which are often more obvious on 
palpation [11]. 

In terms of economic considerations, store-and-forward consulta- 
tion is cheaper than real-time teleconsultation; however, the former 
is more likely to result in a hospital consultation, particularly since 
supplementary clinical information and images cannot necessar- 
ily be obtained [11]. Store-and-forward teledermatology may be 
used to triage referrals from primary care and therefore potentially 
reduce the number of hospital consultations required [12] and for 
inpatient referrals [13]. When compared with traditional outpatient 
consultation, real-time teledermatology may not be cost-effective 
unless patients are travelling significant distances to attend [14-16]. 
Feedback from specialists reviewing teledermatology referrals 
may also have an educational value to the referring physician 
[17]. 

Mobile phones are increasingly being used to deliver telemedicine. 
Clinical and dermoscopic images of skin lesions or inflammatory 
dermatoses with relevant clinical information can be sent via 
mobile phone for review by a dermatologist at a distant location, 
which may be in a different country or continent [18]. Similar 
diagnostic accuracy and management concordance compared with 
traditional store-and-forward teledermatology has been reported, 
although interobserver concordance may be less with mobile tele- 
dermatology than with traditional face-to-face consultation. The 
process relies on having a mobile phone with a suitable camera and 
software and a method to ensure secure transmission of clinical 
information and and some degree of technical ability by the patient 
[19,20]. 

Mobile phone-based interventions may also be employed to 
educate and motivate patients with chronic skin conditions [20]. 
Text message reminders and educational tools have shown promise 
in improving adherence and outcomes in the short term in patients 
with psoriasis. Teledermatology has also been explored as a method 
of monitoring patients on systemic therapies for side effects and 
response to treatment, thus reducing the need for hospital appoint- 
ments. Patients reported high levels of satisfaction, and it may be 
that if patients are required to submit data regularly through a tele- 
dermatology platform compliance would be improved, although 
there is limited data to support this. 

General dermatologists may also use teledermatology to consult 
national experts in so-called ‘tertiary teledermatology’, and this may 


prevent the need for patients to travel long distances for tertiary 
review. It is important to note that although some patients may find 
teledermatology services convenient, a significant proportion of 
patients prefer face-to-face consultations and may even feel unable 
to speak freely about their condition if providing information for a 
teledermatology consultation [19]. However, teledermatology has 
been shown to be equivalent to traditional face-to-face consultation, 
in terms of skin-specific quality of life outcome measures, with 
comparable patient satisfaction and preferences. 

Teledermatology is an expanding field that may be of particular 
use for triage and where there is limited access to local specialist 
care. Long-term data on the outcomes of patients managed by 
teledermatology are currently lacking and when available could 
determine the utility of more widespread use of teledermatology 
services. 


Mobile smartphone applications 


The internet has enabled patients to research medical conditions 
more easily, such that patients may present the clinician with infor- 
mation they have found online both about their diagnosis and 
treatment. Equally, clinicians often refer patients to appropriate 
sources of information and support on the internet. Smart phones 
are now also important patient resources. One recent study identi- 
fied 229 dermatology-related mobile phone applications of which 
a significant number were aimed at patients [1]. The majority of 
applications were for general dermatology reference, followed by 
applications for self-diagnosis and monitoring. Some applications 
allowed patients to upload images of their skin and receive feedback 
from dermatologists. Educational applications were also available 
for both undergraduate students and dermatology trainees, includ- 
ing examination preparation aids. Clinicians may also use smart 
phones for teledermatology and education, and assessment tools 
such as Psoriasis Area Severity Index and DLQI calculators. How- 
ever, it is important to note that applications are not necessarily 
well regulated and as yet there is little research on their safety and 
efficacy. 


Artificial intelligence and dermatology 


Artificial Intelligence (AI) is ‘the ability of a computer or computer- 
controlled robot to perform tasks commonly associated with 
intelligent beings’  (https://www.britannica.com/technology / 
artificial-intelligence, last accessed April 2022). In medicine AI 
may be used in diagnostics, monitoring and treatment protocol 
development. Visual pattern recognition is an important part of 
dermatology and there has been particular interest in the use of 
Al in analysis of images of skin conditions. In practice this may be 
used as a triage tool, to enhance face to face clinical assessment or in 
dermatopathology [1]. Convolutional neural networks are a form of 
deep learning architecture trained using multiple images and have 
been developed to classify skin conditions. 

Most studies to date have focused on lesion assessment and com- 
monly use binary classification (for example, benign versus malig- 
nant, or naevus versus melanoma) [2]. Studies have shown similar 


diagnostic accuracy to dermatologists, with dermatologists demon- 
strating improved outcomes with more clinical experience, clinical 
as well as dermoscopic images and accompanying clinical informa- 
tion [3]. Artificial intelligence-based mobile phone apps have also 
been developed to aid users in detecting melanoma, but concern has 
been raised regarding the accuracy of some such apps and further 
work is recommended [4]. There is more limited evidence to suggest 
deep learning systems can be used in the diagnosis of non-cancerous 
dermatoses, including inflammatory conditions, offering superior 
diagnostic accuracy to primary care physicians [5]. 

Future research should assess the real-world applicability of AI 
and ensure inclusion of diverse skin types. Technology should 
continue to be developed and used to improve patient pathways 
and access to services, and to support clinicians. 
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What is epidemiology and why is it relevant 
to dermatology? 


Epidemiology is the simplest and most direct method of studying the 
causes of diseases in humans and many contributions have been made 
by studies that have demanded nothing more than an ability to count, 
to think logically and to have an imaginative idea. 


(Sir Richard Doll 1987 [1]) 


Many dermatologists still think of epidemiology as just describing 
the prevalence and age, sex and geographic characteristics of a 
particular skin disease. Whilst it is true that epidemiology is often 
used in this fashion to describe the burden of disease in human pop- 
ulations, as Sir Richard Doll pointed out above, epidemiology also 
offers one of the most powerful and direct methods of evaluating 
the causes of skin diseases in human populations. One definition 
of epidemiology is therefore ‘the study of the distribution and 
causes of diseases in human populations’. In addition to describing 
the burden and causes of skin diseases in populations, clinical 
epidemiology is concerned with describing the natural history and 
prognosis of diseases and with evaluating interventions that seek 


to prevent or treat diseases [2]. The term dermatoepidemiology refers 
to the study of the epidemiology of dermatological disorders [3]. 
Because epidemiological studies are often concerned with making 
observations about highly complex natural experiments, methods 
for minimising bias or adjusting for confounding factors (see glos- 
sary at the end of this chapter) have had to be developed. Such 
methods, designed to ensure high scientific rigour when designing 
and interpreting epidemiological studies, are aspects from which 
all dermatological research can benefit. Epidemiology is therefore 
relevant to dermatology for the six reasons shown in Box 5.1. 
Although epidemiology is still sometimes perceived as a novelty 
in dermatology, the first epidemiological discoveries in dermatol- 
ogy can be traced back to 1746, when James Lind [4] concluded that 
scurvy in sailors was related to dietary factors. He then showed, 
by means of a controlled study, that the disease readily responded 
to the addition of fresh oranges and lemons in the sailors’ diet. 
The principles developed by Lind have resulted in the establish- 
ment of the virtual James Lind Library, documenting the history of 
development of fair tests in treatments in health care [5]. In 1914, 
Joseph Goldberger [6] observed that 8% of 418 patients admitted to 
the Georgia State Sanatorium developed pellagra, compared with 
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5.2. Chapter 5: Epidemiology of Skin Disease 


Box 5.1 The relevance of epidemiology to 
dermatology 


¢ To quantify the burden of skin disease in the community 

¢ To identify the causes or risk factors for skin diseases 

¢ To describe the natural history, prognosis and disease associations of 
skin diseases 

¢ To evaluate the effectiveness of prevention and treatment of skin 
disease and of the organisation of health care 

¢ To provide a methodological framework for underpinning 
evidence-based practice in dermatology 

¢ To provide appropriate methods for designing and interpreting 
clinical dermatological research 


none of the 293 Sanatorium employees. He suggested that pellagra 
was due to an absence of ‘essential vitamins’, today recognised as 
nicotinic acid, and proceeded to test his suggestion in a community 
trial. Thus, dermatoepidemiology is not such a new subject, and 
with over 2000 skin disease reaction patterns described, the scope 
of the topic is vast. This chapter will therefore not deal with the epi- 
demiology of specific skin diseases, which will be described where 
possible under the relevant disease sections. It will instead attempt 
to illustrate the relevance of modern epidemiology to dermatol- 
ogy by using specific examples. The principles of evidence-based 
dermatology, which relies heavily on methods developed from 
clinical epidemiology, are discussed in more detail in Chapter 17. 
A glossary of commonly used epidemiological terms and further 
reading sources are to be found at the end of this chapter. 


Thinking in terms of populations rather than 
individuals 


Community diagnosis and control 

One of the first hurdles to overcome when considering the epi- 
demiology of a skin disease is to think in terms of populations rather 
than individuals. Many physicians find this conceptual jump quite 
difficult as they are used to dealing with individual patients on a 
daily basis, whereas epidemiological studies refer to groups of indi- 
viduals. Just as molecules, genes and individuals exhibit various 
aggregate characteristics, entire groups or populations exhibit their 
own unique characteristics and problems that enable a community 
diagnosis to be achieved [1]. 

Interesting patterns can occur when one explores the potential 
implications of treating an entire community (the public health 
approach) rather than sick individuals who present themselves to 
doctors (the high-risk approach). Rose [2], for example, showed 
that a 10 mm lowering of blood pressure distribution in an entire 
population (e.g. from reducing salt intake) would correspond to 
about a 30% reduction in the total attributable mortality, simply 
because of the shape of the change conferred on the distribution 
curve in relation to specific ‘disease’ cut-off points. In other words, 
a little bit of benefit spread across the entire population distribution 
may result in large population benefits in absolute terms. 

During the scabies epidemics that occurred on the islands near 
Panama in the 1980s [3], it was found that even the best topical 


Table 5.1 Prevalence of scabies among 756 Kuna Indians on the island of Ticantiki, 
Panama. 


Date Community treatment status Prevalence of scabies (%) 

July 1986 Conventional treatment 33.0 

October 1986 Community control and 0.7 
surveillance instituted 

July 1987 Breakdown due to supply 3.6 
problem 

December 1988 Programme running again LS 

March 1990 US invasion of Panama 12.0 


Adapted from Taplin et a/. 1991 [3]. 


treatments when administered properly to individuals had no 
sustainable impact on the overall prevalence of scabies (which was 
very high in this population and was associated with considerable 
morbidity from secondary pyoderma). When a population approach 
was adopted, that is treating all individuals with a programme of 
continuing surveillance, the prevalence of scabies fell dramatically 
to less than 2%, as shown in Table 5.1, and was sustained at that 
level until the US invasion of Panama interrupted these efforts. 
Thus, just as individuals become ‘diseased’, entire populations can 
become sick [2]. In these situations, whether it be an infestation such 
as scabies or a disease of modern society such as obesity, tackling 
the problem based on a population diagnosis is usually beneficial, 
cost-effective and appropriate [4]. 

Population approaches are also critical to controlling infectious 
disease outbreaks. For example, there is little benefit in vaccinat- 
ing a minority of enthusiastic or privileged individuals against 
SARS-CoV-2. High population coverage is needed in order to have 
a significant impact on disease transmission to produce herd immu- 
nity — a state whereby a large proportion of the community becomes 
immune to a disease making it difficult for the virus to spread [5]. 
Whilst not everyone, such as those with weak immune responses, 
is protected through vaccination, the group as a whole is protected 
as a result of making it difficult for the infectious agent to survive 
in enough people to spread — another example of why thinking in 
terms of populations rather than individuals is essential. 


Skin diseases as ‘entities’ in the population 

The concept of considering the health of entire populations also 
applies to the classification of skin diseases. Typically, dermatol- 
ogists are preoccupied with deviants who present themselves to 
secondary and tertiary care because of troublesome symptoms 
associated with more severe or chronic disease and who are at the 
extreme end of the normal distribution curve of variations in skin 
health and disease. Such individuals usually have well-defined 
physical signs that prompt those studying them to declare them 
as discrete ‘entities’ [6,7]. Such distinctions often become blurred 
when community surveys are undertaken. In a community survey 
of atopic eczema, for instance [8], it was noticed that indeterminate 
or borderline cases who had limited areas of dry skin or a single 
patch of eczematous inflammation were quite common. In these 
circumstances, perhaps the more relevant question is not ‘Has the 
person got eczema, yes/no?’ but ‘To what extent does this person 
have eczema?’ 
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Figure 5.1 Disease prevention in a serious condition such as melanoma 
is much more sensible than treating sick individuals with expensive 
drugs at the end of a long chain of irreversible pathological events. 
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The concept of a continuum of skin disease or at least a distri- 
bution of disease severity at a population level may also be help- 
ful in evaluating different treatment policies. For example, it has 
been estimated that a small change in the treatment threshold of 
isotretinoin from severe to moderate cases of acne could result in 
a 15-fold increase in prescriptions in absolute terms, simply because 
moderate cases outnumber severe cases by so much [9]. 


Making comparisons and drawing inferences 
Epidemiological reasoning usually progresses in an ordered fashion, 
starting with a hypothesis that has been suggested by good clinical 
observations (e.g. palmoplantar psoriasis seems to be commoner in 
smokers) or descriptive studies of populations. The hypothesis (that 
smoking is a risk factor for palmoplantar psoriasis) is then tested in 
an epidemiological study, which gathers and analyses data in a sys- 
tematic fashion in relation to an appropriate comparison group to 
see if a statistical association exists. Such a study was carried out, 
which confirmed a strong association between smoking prior to the 
onset of palmoplantar psoriasis [10]. Analytical epidemiology is there- 
fore concerned with making comparisons. These comparisons rely 
upon the uneven distribution of disease and risk factors within and 
between populations to shed light on possible causes of ill health. 
Thus, previous case-control studies [11] showed that smoking was 
far more common in patients with lung cancer — a finding that led 
to more sophisticated studies to establish disease causality [12]. If 
everyone had smoked, it is unlikely that smoking would have been 
identified as a cause of lung cancer. 

In the simplest form of epidemiological study, a count is made 
of the number of cases with a particular skin disease (the numer- 
ator) within a catchment population (the denominator). The prob- 
ability or frequency of disease occurrence may then be compared 
in two or more populations — for example, one exposed to a puta- 
tive causative agent compared with another that is not. Inferences 
are then drawn based on the magnitude of the differences of disease 
frequency between the populations considering possible alternative 


explanations such as chance, bias and confounding (see glossary). If 
such associations are genuine, further evidence is usually needed to 
determine whether they are causal in nature [13]. The whole process 
brings us one step nearer to the dermatoepidemiologist’s ultimate 
goal — that of preventing skin disease, providing such causes are 
amenable to individual/public health manipulation. Prevention of 
skin disease, and hence any adverse consequences of having skin 
disease, is clearly a more desirable approach than treating a few dis- 
eased individuals who present to dermatologists after a long chain 
of pathological events (Figure 5.1). 

When referring to an epidemiological study, it is important to 
make a distinction between the study population chosen for a par- 
ticular study (e.g. those attending a hospital out-patient clinic) and 
the base population about whom one wishes to make inferences, as 
shown in Figure 5.2 [14]. 


The prevention paradox 

Interventions that confer large population health gains may not 
confer much benefit as perceived by individuals. Thus, in the 
example of scabies in Panama [3], although the population’s health 
as a whole benefited greatly, many apparently healthy individuals 
may have not appreciated being treated for scabies, as it was not 
known who would have developed scabies in the absence of the 
prevention programme. Similarly, it is difficult to say which child 
will benefit from being immunised for tuberculosis in a bacille 
Calmette—Guérin (BCG) immunisation programme, because events 
have not yet occurred. This conflict between large gains in the health 
of entire populations versus small gains in the health of individuals 
has been termed the ‘prevention paradox’ [4]. In the field of contact 
dermatitis, for example, eradication of a rare but potent contact 
sensitiser may have a great impact on affected individuals but 
little impact on the overall total burden of contact dermatitis in the 
general population. On the other hand, reduction in the amount 
of contact with formaldehyde, a less potent but far more common 
sensitiser in the general population, will result in a much larger 
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All children in the target sample 
who agreed to participate in the 
trial and in whom information 
was obtained 


STUDY SAMPLE 


«|| 


All children with atopic eczema 
seen in the dermatology out- 
patient department of one 
London teaching hospital 


TARGET SAMPLE 


=||= 


All children with atopic eczema 


STORY FOrUrAnoN attending UK hospitals 


=||= 


All children with atopic eczema 


| TARGET POPULATION ‘ahaa 


Figure 5.2 Generalising the results of a clinical trial of a new treatment for atopic 
eczema from a study of children attending one hospital department to all children with 
atopic eczema in the UK requires several jumps of inference. 


Table 5.2 The prevention paradox: a little bit of harm affecting a lot of people can add 
up to more than a lot of harm affecting a few people. 


Eradication of exposure in: 


The population The individual 


Rare: Exposure with high relative risk Small benefit 

(e.g. contact sensitisation to 
diphencyprone) 

Common: Exposure with low relative 
risk 

(e.g. smoking and psoriasis) 


Large benefit 


Large benefit Small benefit 


Reproduced from Williams 1996 [15] with permission of Karger. 


reduction in the burden of contact dermatitis in that population, 
simply because far more people are exposed to formaldehyde [15]. 
As Table 5.2 illustrates, a little bit of harm affecting a lot of people 
can therefore add up to more than a lot of harm affecting a few 
people, in population terms. The first step when considering the 
epidemiology of skin disease is therefore to think about populations 
rather than individuals. 


More than one disease? 

Many of the conditions that are considered one disease today, such 
as atopic eczema and vitiligo, may turn out to be composed of sev- 
eral different diseases over time. Whilst it is easy to divide diseases 


into subtypes as a result of combinations of tests such as the division 
of atopic eczema into four subtypes on the basis of patch tests and 
immunoglobulin E (IgE) tests [16], the key issue when considering 
a change in nomenclature is that it should increase one’s predictive 
ability - also known as progressive nosology. For example, the 
division of pemphigus, which formally referred to several diseases 
in which blistering was a feature, into pemphigus, pemphigoid, 
linear IgA disease and other variants on the basis of immunological 
discoveries, has been a key aspect to guiding the strength and 
duration of immunosuppressive therapy [17]. Techniques such as 
latent class analysis have been used with skin diseases such as 
hidradenitis suppurativa and atopic dermatitis that suggest that 
several main types may exist with different disease trajectories, 
which may require different treatment approaches [18,19]. The 
concept of stratified medicine based on exo-phenotypic features has 
been somewhat understudied and overshadowed by the concept of 
stratified or personalised medicine based on genetic or serological 
tests (the endo-phenotype). 


How much of a public health problem is skin 
disease? 


The need for a clear disease definition 
in epidemiological studies 
A glance at the dermatological journals makes it clear that the 
subject matter of most current research is defined — wholly or 
in part — by diagnostic labels or criteria. But if these criteria are 
not explicitly stated, are prone to vary from one patient to the 
next in unpredictable ways, and vary systematically from place 
to place and in time, the usefulness of such research is gravely 
impaired. Although phrases such as ‘diagnosed by experienced 
dermatologists’ or ‘all with typical symptoms’ may be appropriate 
when dealing with individual patients, they are hopelessly inad- 
equate when describing groups of individuals in epidemiological 
studies [1]. For instance, it has been shown that even experienced 
physicians are perfectly capable of disagreeing with each other over 
the classic signs of atopic eczema [2], and when two agree, a third 
is capable of disagreeing. What is regarded as ‘typical’ in London 
may be nothing of the sort in Lampeter, Lima, Lhasa or Lusaka. 
Diagnostic criteria that work well in hospital studies may perform 
poorly in community studies because of the effect of low disease 
prevalence on positive predictive value (see glossary) and an 
increase in borderline cases. The properties of good diagnostic crite- 
ria for use in epidemiological studies are summarised in Box 5.2 [3]. 
Not only is it important to use diagnostic criteria of known 
validity and repeatability in epidemiological studies, but it is some- 
times important to qualify cases identified by such criteria by some 
measure of disease severity (Box 5.3). For example, prevalence 
surveys of acne in the absence of severity measures are not very 
helpful in quantifying the disease problem, since physiological 
acne (non-inflammatory lesions) affects over 90% of adolescents [4]. 
Again, severity grading systems used in a hospital setting (which 
are usually non-linear and tend to favour severe and currently 
active disease) may not be so helpful in describing disease severity 
in milder community cases, where intermittent disease may be 
more common. 
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Box 5.2 Attributes of a good disease definition for 
use in epidemiological studies 


¢ Validity: it measures what it purports to measure by including cases 
and excluding non-cases 

¢ Repeatability: good replication of the definition between and within 
observers 

e Acceptability to the study population in order to ensure high 
response rates 

¢ Coherence with prevailing clinical concepts 

e Easy to administer by field workers 

¢ Reflects some degree of morbidity 

¢ Comprehensiveness: applicable to a range of ages, ethnic groups and 
disease severities 

¢ Comparability: they should contain elements that allow some 
comparison with previous studies 


Reproduced from Williams 1997 [3] with permission of Taylor & 
Francis. 


Box 5.3 Factors to consider when assessing skin 
disease severity at a population level 


¢ Choose an instrument that is able to discern the whole range of 
severity from severe through to very mild disease 

¢ Observers should be trained in the use of the severity examination 
methods and monitored against each other on a random selection of 
participants 

¢ Consider pre-stating a cut-off point for defining ‘significant’ disease 
if measured in ordered categories or as a continuous score. For 
example, in acne, ‘significant disease’ could be defined as ‘that 
associated with scarring’ 

¢ Consider the use of validated online or postal questionnaires; 
requiring a research nurse or doctor to examine thousands of cases is 
expensive and logistically difficult in population studies 


Impairment, disability and handicap caused 
by skin disease 
The burden of skin disease can refer to disease occurrence using 
terms such as prevalence or incidence (epidemiological burden), 
the effects of skin disease on a person’s well-being (quality of 
life burden) or the direct and indirect costs associated with skin 
disease (economic burden). A working group affiliated to the US 
National Institute of Arthritis and Musculoskeletal and Skin Dis- 
eases (NIAMS) examined such conceptual frameworks in more 
detail, supplemented by thorough reviews of current data [5]. They 
concluded that further research is needed to reach consensus on 
how skin diseases and their associated burden should be defined. 
In addition to the concept of burden, consideration of the three 
concepts of impairment, disability and handicap may be helpful 
in separating those effects that result from disordered function 
from those that are conferred on individuals by society. Impairment 
refers to the organic lesion produced by a disease, for example a 
broken limb; disability is the dysfunction that results from that 
impairment, for example not being able to walk; and handicap 
is the disadvantage that society confers upon the individual as a 
result of the impairment, for example unemployment. Handicap 


High prevalence (x) Low to moderate morbidity 


Large disease burden in absolute terms 


Figure 5.3 Skin disease is a major public health problem: in public health terms, a little 
bit of misery affecting a lot of people can add up to more than serious illnesses that 
affect only a few people. 


in skin disease may not be as explicit as that associated with a 
broken limb, but the psychological consequences of skin disease, 
which include ‘failure of display’ [6,7], may be just as important. 
The concepts of stigma, discrimination and bias in relation to 
visible skin disease have been described for a wide range of skin 
diseases from psoriasis to neglected tropical diseases [8], but have 
received less specific research focus compared with quantitative 
aspects. Interestingly, it has been shown that relatively minor skin 
complaints often cause more anguish to people than other more 
‘serious’ medical problems [6]. Also, because skin disease is so 
common, a little bit of morbidity affecting a lot of people can add 
up to far more in absolute terms at a population level than a lot 
of morbidity affecting only a few people. It is this product of high 
prevalence times moderate morbidity that makes skin disease very 
important from the public health point of view (Figure 5.3). Small 
changes in health policies for skin diseases such as changing the 
threshold for referring people to dermatologists with a pigmented 
lesion can have large financial implications and knock-on effects for 
other diseases, simply because they affect so many people. 

One population-based, cross-sectional study conducted in the 
USA on a random sample of 20 479 people examined by derma- 
tologists in 1971-74 [9] has pointed to the magnitude of disability 
and handicap from skin diseases: skin conditions were reported to 
limit activity in 10.5 per 1000 of the population aged 1-74 years, or 
9% of those persons with such skin conditions. About 10% of those 
with skin complaints considered the condition to be a handicap to 
their employment or housework, and 1% considered themselves to 
be severely handicapped. About one-third of those persons with 
skin conditions indicated that the condition(s) were a handicap 
in their social relations. The dermatological examiners rated more 
than two-thirds of those with skin complaints as disfigured to some 
extent from the condition, and about one-fifth of those were rated 
moderately or severely disfigured. More than half of those with skin 
complaints reported some overall discomfort from the condition, 
such as itching or burning. An estimated 62.8 per 1000 US civilians 
(or 56% of those with skin complaints) indicated that the conditions 
were recurrent, with 49% active in the preceding 7-12 months. 

The 1989 UK General Household Survey estimated that 16 per 
1000 persons were affected by a longstanding skin disorder suffi- 
ciently severe to limit their activities [10]. Another survey of disabil- 
ity, amongst 14 000 adults conducted in the mid-1980s, found that 
1% of complaints causing disability in private households and 2% 
in communal establishments were due to skin disease [11]. A survey 
of self-reported skin problems in 8000 adults in Uppland, Sweden, 
found that 20.5% reported skin problems [12]. Those reporting skin 


FOUNDATIONS 


OF DERMATOLOGY 


PART 1 


PART 1: FOUNDATIONS 
OF DERMATOLOGY 


5.6 Chapter 5: Epidemiology of Skin Disease 


problems scored lower on all eight dimensions of the SF-36, a generic 
quality of life instrument. 

In addition to disability and handicap, some chronic skin diseases 
such as atopic eczema also incur considerable additional direct costs 
to families, such as that needed to purchase moisturisers, special 
soaps, cotton clothing and bedding and extra laundry expenses. 
The Lothian Atopic Dermatitis Study estimated that the mean cost 
to the patient was £25.90 per 2 months, while the mean cost to the 
UK National Health Service was £16.20 in 1994 [13]. A systematic 
review of cost studies of atopic eczema in the USA found very 
wide-ranging estimates of 364 million to $3.8 billion per year, 
with very little information on indirect costs [14]. Another study 
estimated the direct cost of care for patients with psoriasis and 
psoriatic arthritis in the USA [15]. An ambitious project in the USA 
tried to estimate the direct and indirect costs of people with 22 of 
the commonest skin disease categories in 2004 and found that they 
accounted for around $29 billion in direct costs (medical care and 
products), $10 billion in lost productivity costs and a further $56 
billion for loss of quality of life [16]. The recent expansion in use of 
high-cost biologic and small molecule drugs for severe skin diseases, 
such as psoriasis and eczema, and targeted therapies for cancer, e.g. 
melanoma, mean that focusing on economic aspects of skin diseases 
and their therapies is a key priority in terms of allocating resources. 
Cost-effectiveness thresholds may need to be applied, which are 
likely to be context-specific for specific geographies and settings. 
Quantifying skin disease burden in the elderly is particularly scant 
and requires more research in order to better serve the increasingly 
ageing population in many countries [17]. The same need for better 
data applies to people with skin of colour if they are to be served 
well by policy and clinical service developers [18]. 


Global Burden of Disease study 

Estimating the global burden of skin disease in a standardised 
way remained elusive until the publication of the Global Burden 
of Disease 2010 (GBD 2010) study data [19]. Previous attempts at 
summarising world health in general had significant methodolog- 
ical shortcomings [20], many of which have been overcome by the 
GBD 2010 survey. The GBD 2010 survey (updated in various forms 
up to 2019 at the time of writing) covers all human disease and uses 
sophisticated Bayesian methods for estimating prevalence, inci- 
dence, mortality and disability for over 200 human diseases in 187 
countries, broken down by age and sex, for the period 1990-2010. 
Data on disability-adjusted life years and years lived with disability 
for all diseases and injuries have been published elsewhere [21,22]. 
We illustrate the usefulness of GBD data by referring to GBD 2010 as 
it still contains the most comprehensive description of skin data that 
have been assembled as a result of an exhaustive search for relevant 
studies. Skin data for GBD 2010 include a description of disability 
caused by 16 common non-fatal skin groups: eczema, psoriasis, 
acne, alopecia areata, pruritus, pressure ulcers, urticaria, scabies, 
fungal skin diseases, impetigo, abscess and other bacterial skin 
diseases, cellulitis, viral warts, molluscum contagiosum/warts, 
non-melanoma skin cancer and other skin problems. These are 
described by country, age and sex in 187 countries. The key mea- 
sures of disability used to describe the data include years lost due 
to disability (YLD) and the disability-adjusted life year (DALY). 
One DALY can be thought of as a year of lost healthy life, and is 


calculated by adding the sum of the years of life lost (YLL) due to 
premature mortality combined with the YLD for people living with 
the health condition or its consequences [23]. Assumptions used to 
calculate these estimates are described fully elsewhere [19]. 

Figure 5.4 shows the YLD due to the main 16 skin condition group- 
ings by region in 2010 as a proportion of total YLD and as YLD per 
100 000 of the population. Higher rates of disability due to infec- 
tious skin diseases are seen in regions such as Africa, whereas dis- 
orders such as pruritus and eczema are higher in Europe. Figure 5.5 
shows YLD for skin disease according to age, and reveals a strik- 
ing bimodal distribution with one peak in early life largely due to 
eczema and acne and a steady rise in a range of skin diseases in 
older life. Eczema as a group emerges as the commonest reason for 
YLD across the regions and over the different age groups. Figure 5.6 
attempts to show the global distribution of DALYs for skin disease 
and illustrates the disproportionate burden of skin disease mainly 
in sub-Saharan Africa and lower rates across large parts of Russia, 
Mongolia and China. 

When compared with other diseases, skin conditions in 2010 
ranked as the fourth leading cause of non-fatal burden expressed 
as YLDs and as the 18th cause of DALYs. Three skin diseases 
(fungal infections, other skin and subcutaneous diseases, and acne) 
were amongst the 10 most common diseases globally, and another 
five (eczema, pruritus, molluscum/warts, impetigo and scabies) 
appeared in the top 50. 

Karimkhani et al. have updated some aspects of GBD skin dis- 
ease data up to 2013 [24], producing useful maps of DALYs for 
15 common skin diseases according to age and 21 regions of the 
world (Figure 5.7). GBD 2013 showed that DALYs for skin and 
subcutaneous diseases ranked 18th globally and 4th for non-fatal 
disease burden. To provide some context, skin diseases ranked 
directly behind iron deficiency anaemia and tuberculosis. When 
mortality data are excluded, YLDs as a result of skin diseases (36.4 
million) are greater than those for diabetes mellitus (29.5 million). 

Others have interrogated the GBD data sets up to 2017 for 
quantifying the burden of specific skin diseases such as atopic 
dermatitis [25], psoriasis [26], leishmaniasis [27] and scabies [28], 
and have illustrated trends over time, co-morbidities and disparities 
according to age and geography. More detailed estimates of skin 
disease burden for specific countries such as Canada [29], Iran [30] 
and the USA [31] have also been produced that are helpful in health 
care planning. Skin disease data by gender and location can be inter- 
rogated freely from the GBD study using their Epi Visualization 
Hub [32]. 

Although the GBD data have limitations — such as missed stud- 
ies and sparse data from some parts of the world — it is nevertheless 
the most comprehensive attempt to collate data and model missing 
data for disfigurement and other sequelae from skin diseases using 
a robust and explicit approach. The surveys provide essential data 
for health service planning and suggest that skin disease is a pri- 
ority for most countries across the world. Some have already used 
the data, along with other sources, to come up with a World Health 
Organization list of essential medicines for skin disease [33]. 

It is important to point out that all of the above data refer to 
non-fatal skin disease, and that data on all diseases with significant 
impacts on mortality (including diseases treated by dermatologists 
such as melanoma and infectious diseases) up to 2019 have been 
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collated in other key publications [34]. Not surprisingly, infectious 
diseases such as dengue fever and measles appear as the top causes 
of mortality for skin disorders. Although the number of people 
diagnosed with melanoma increases steadily in older age, it is one 
of those cancers that seems to have a disproportionate mortality 
impact in younger, economically active people. Non-melanoma skin 
cancer, although rarely associated with mortality, shows mortality 
rates approaching melanoma, probably due to the much larger 
number of tumours (especially squamous cell carcinoma) involved. 


What determines the frequency of skin 
disease in populations? 


Risk factors, association and causation 

In the first instance, epidemiological studies seek to establish risk fac- 
tors for diseases, that is, factors that are associated with an increased 
frequency of disease. The term ‘risk factors’ can be used to describe 
factors that predict outcomes of interest (e.g. identifying who is at 
risk of a disease such as heart attack in a predictive statistical model) 
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Figure 5.5 Years lost due to disability (YLD) for skin 
disease according to age from the 2010 Global Burden 
of Disease study showing a peak in younger life and a 
steady increase in burden in later life. NMSC, 
non-melanoma skin cancer. Reproduced from Hay 

et al. 2014 [19] with permission of Elsevier. 


or explanatory factors that may help identify potential targets for 
intervention [1]. This chapter is using the term ‘risk factors’ to mean 
explanatory factors for skin diseases rather than predictors of who 
will develop skin disease. 

When associations between skin diseases and risk factors are 
discovered (e.g. by demonstrating an increased risk of palmoplan- 
tar psoriasis in smokers [2]), it should be understood that such 
associations do not necessarily imply causation. The association 
between smoking and psoriasis may simply be a chance finding 
(around 1 in 20 studies with a P value of less than 0.05 in favour 
of rejecting the null hypothesis of no association will be wrong 
due to chance alone), or it could be due to confounding (ie. a 
third factor such as alcohol or social class, which is independently 
associated with both smoking and psoriasis [3]). The association 
could be due to a bias — for example, people with psoriasis in 
hospital may be more likely to recall antecedent events or seek 


reasons for explaining their illness in comparison with healthy 
controls [4]. Further analyses or new studies are usually needed 
to establish whether risk factors are causative — for example, by 
evaluating the strength of the association, biological gradient, 
relationship in time, consistency between different studies, bio- 
logical plausibility, coherence of evidence with external sources, 
experimental evidence and specificity of findings as suggested by 
the Bradford-Hill checklist for causality [5]. Recent studies also 
incorporate additional approaches such as Mendelian randomi- 
sation to help provide additional insights into causality; in this 
technique, genetic variants are used as natural experiments in an 
effort to reduce confounding. Such an approach has recently been 
used to demonstrate evidence for causality in associations between 
psoriasis and obesity [6]. 

The causes of some skin diseases are already established — for 
example, the herpes simplex virus causes cold sores — but for most 
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Figure 5.6 Global distribution of disability-adjusted life years (DALYs) for skin disease from the 2010 Global Burden of Disease study illustrating the disproportionate burden of skin 
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disease in sub-Saharan Africa. Reproduced from Hay et a/. 2014 [19] with permission of E 
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Figure 5.7 Regional distribution of skin and 
subcutaneous disease burden from the 2013 update of 
the Global Burden of Disease survey. This figure shows 
rate of disability-adjusted life years (DALY) per 100 000 
persons from 15 skin disease categories throughout 21 Ss 
world regions. Reproduced from Karimkhani et al. 
2017 [24] with permission of American Medical 
Association/CC BY 4.0. 


dermatological conditions the causes are unknown. Nevertheless, 
epidemiological research has established many risk factors for skin 
diseases which may help to serve as pointers to specific causes. 
Direct manipulation of these risk factors may help in prevent- 
ing or reducing disease even before the specific cause is found. 
For example, in the London cholera epidemics of the 1850s, John 
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Snow [7] postulated that the disease was spread by some ‘morbid 
matter’ in the water supply and proceeded to intervene by remov- 
ing the pump handle in Broad Street. This resulted in a dramatic 
fall in incident cholera cases. All of this occurred some 20 years 
before germ theory had become established in Europe. Snow’s 
work illustrates one of the beauties of epidemiological research, 
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which is that knowledge of pathophysiology is not a prerequisite 
for determining aetiology. 

Even when a causative agent is discovered, for example Vibrio 
cholerae, exposure to this agent does not necessarily imply disease. 
Of those exposed to cholera during an outbreak, some will die from 
the disease, some will be very ill, some will be slightly unwell, some 
will be apparently healthy (but still carry the organism) and some 
will not be affected at all. The absence of disease in some individuals 
following exposure is probably due to a whole range of factors such 
as chance, infecting dose, genetic heterogeneity and other constitu- 
tional and environmental factors that interact together to produce 
the final clinical picture. This phenomenon of apparent health in the 
presence of an established harmful exposure has been exploited by 
individuals in order to avoid modifying their behaviour. One often 
hears statements such as ‘my grandfather smoked 40 cigarettes a day 
all his life and he did not get lung cancer’ in order to justify their 
habits. In order to explain such phenomena, we return to the epi- 
demiological concept of groups of people or populations and probabil- 
ity of disease [8]. On average, groups of people who smoke cigarettes 
are 10 times more likely to develop lung cancer when compared with 
those who do not smoke. 

It is also important to separate risk factors associated with dis- 
ease incidence, that is the number of new cases in a given population 
occurring over a defined period, from those that determine disease 
chronicity, that is the determinants of how long a particular disease 
will last once an individual has it, as the risk factors for each of 
these aspects may be different. Although many dermatoepidemi- 
ology surveys have measured the prevalence of skin disease when 
examining risk factors [9], prevalence is a function of incidence times 
chronicity. It is therefore often difficult to say in such studies whether 
these risk factors are important in people developing a disease for 
the first time, or if they lead to disease flares or maintain the dis- 
ease once established. Measuring risk factors and disease in preva- 
lence studies can also lead to the problem of reverse causality; for 
example, parents may remove pets from the household once eczema 
has developed in their child, resulting in a paradoxical protective 
effect of pet exposure and reduced eczema when measured at a sin- 
gle point in time [10]. 

Risk factors for skin disease may operate at many different levels. 
Some may predispose to disease (e.g. a parent with atopic eczema 
genetically predisposes their child to atopic eczema), some may 
precipitate disease (e.g. exposure to high levels of house-dust mite 
may precipitate atopic eczema for the first time) and some may be 
important in perpetuating that disease (e.g. failure to use prescribed 
treatments may worsen the course of atopic eczema). Some of the 
commonest risk factors for skin disease are discussed here. 


Genetics 

In addition to a few rare diseases such as epidermolysis bullosa, 
where specific chromosomal mutations have been closely correlated 
with different disease phenotypes, many genes may be important 
in many of the major inflammatory skin diseases. Thus, in atopic 
eczema, genes such as filaggrin mutations that play a key role in 
skin barrier function, as well as several other genes that code for 
inflammatory responses, may be important in explaining the varia- 
tion in disease phenotype [11]. Genes such as those that predispose 
for melanoma may only express their beneficial or deleterious effects 


when individuals who carry them are additionally exposed to key 
environmental risk factors such as ultraviolet (UV) light [12]. Some 
genes may be responsible for disease predisposition and some may 
be responsible for disease severity and chronicity, as exemplified by 
molecular subsets in the gene expression signatures in the skin in 
scleroderma [13]. 


Early environment 

There is evidence to suggest that the experience of the fetus in utero 
(e.g. in terms of nutrition) is critical in ‘programming’ adult diseases 
such as hypertension and diabetes [14]; in utero programming may 
well operate for many skin diseases such as atopic eczema [15]. 
Epigenetics is another interesting field whereby environmental 
exposures such as tobacco smoke or dietary factors may induce a 
persistent genetic state through gene transcription [16]. 


Later environment 

Age and sex are often included in the descriptive epidemiology 
of many skin diseases and may point to further risk factors. The 
marked female preponderance of lichen sclerosus, for example, 
suggests that hormonal factors may be important in this disease. 

Ethnic group may account for some variations in disease rates. 
Thus, it has been shown that atopic eczema is twice as common in 
black Caribbean children in comparison with similar white children 
in the UK [17]. Ethnic group, which refers to a way of life encom- 
passing a whole range of dietary and cultural factors, must be dis- 
tinguished from racial factors [18], which are often more difficult 
to define. Care also has to be taken in lumping many distinct eth- 
nic groups together — for example, combining the diverse cultures 
of black Africans and black Caribbeans into people with black skin 
may be inappropriate, both in terms of respecting the identity of the 
separate cultures and because such lumping together may obscure 
important epidemiological associations [19]. The term ‘race’ should 
not be used in epidemiological studies as it has no scientific mean- 
ing [20]. Migration itself may be an important factor in determining 
skin diseases; for example, individuals who migrated from China 
(where atopic eczema is not very common) developed much higher 
rates of disease (similar to the rates in the local population) after 
migration to Hawaii [21]. Migrants may not be totally representa- 
tive of their indigenous peoples, but they may nevertheless show 
the effect of the environment in determining the frequency of skin 
disease. 

Secular factors may reflect changes in the natural history of skin 
disease or of transient environmental exposures. Thus, the epidemic 
of melanoma skin cancer has been attributed by some to increased 
exposure to sunlight over the last 50 years. However, recent epi- 
demiological studies have suggested that some of this increase may 
relate to increased ascertainment as there is no associated increase in 
mortality rates [22,23]. There is now clear evidence from the Interna- 
tional Study of Asthma and Allergies in Childhood that the preva- 
lence of atopic eczema has increased in most countries across the 
world over a 10-year period with some evidence of plateauing in 
high-income, westernised countries, but the reasons for this change 
are less clear [24]. 

Socioeconomic factors may also be crucial in accounting for the 
distribution of skin disease. In many poorer countries where over- 
crowding and poor sanitation may occur, infectious or ectoparasitic 
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skin diseases such as secondarily infected scabies or pediculosis 
are commoner [25,26]. In wealthier countries, where such infec- 
tious dermatoses are less common, new ‘diseases’ such as concern 
regarding the cosmetic appearance of sun-damaged skin or thread 
veins may preoccupy the population in their quest for a perfect skin. 
Some skin diseases, such as atopic eczema, also demonstrate a gen- 
uine positive social class trend: that is, higher prevalences in more 
wealthy groups [9]. Some of this increase in reported eczema may 
have been due to differences in reporting between socioeconomic 
groups, but other genuine environmental factors such as hygiene, 
carpets, central heating, family size or differences in treatment and 
other health-seeking behaviours also probably play a part. 
Geography and climate are important considerations in describ- 
ing the frequency of skin disease. Thus, consideration of the marked 
latitude gradient of melanoma in white-skinned peoples has sup- 
ported the concept that exposure to sunlight is an important risk 
factor for this disease [27]. Paul [28] has drawn attention to the 
concepts of macroclimate, which in the ordinary geographic sense 
refers to temperature, rainfall and humidity, and microclimate, which 
refers to the immediate domestic and occupational environment a 
given individual finds themself in. These are discussed further by 
Marshall [29] and Canizares [30]. The combination of temperature, 
rainfall and humidity may be crucial to sustain certain infectious 
disease vectors such as the Simulium fly in onchocerciasis, and 
may for example account for seasonal fluctuations in pyoderma sec- 
ondary to scabies during the wet season in Lilongwe in Malawi [31]. 
An elegant study by Silverberg et al. merged data on the self-report 
of eczema from 91 642 children aged up to 17 years with national 
climatic data and reported a lower prevalence of eczema to be 
associated with higher outdoor humidity, high UV exposure and 
higher temperatures when analysed across the USA [32]. 
Occupational factors are occasionally a very important factor 
for skin disease. Thus, exposure to irritants and contact sensitisers 
in light and heavy industry accounts for a very large burden of 
hand dermatitis and lost revenue for both individuals and the 
state. Certain occupations, for example mining, where workers are 
constantly exposed to damp conditions, may predispose to fungal 
infections. Some diseases may occasionally occur in outbreaks from 
work-related substances, for example chloracne due to dioxins, 
vinyl chloride disease and hydroquinone-induced leukomelano- 
derma. The reader is referred to standard texts of occupational 
dermatoses and to Chapter 129 for further reading [33,34]. 
Infective agents may directly cause or be suspected to cause many 
skin diseases. Thus, for a long time it was suspected that fifth dis- 
ease was caused by an infectious agent, but it was not until 1983 
that human parvovirus B19 was identified as the causative organ- 
ism [35]. Similarly, there is reasonable circumstantial evidence to 
suggest that diseases such as pityriasis rosea are caused by infec- 
tious agents, even though no specific agents have yet been consis- 
tently isolated [36,37]. Recent reports of skin manifestations related 
to SARS-CoV-2 infection in international registry and hospital-based 
settings provide clues to Covid-19 diagnosis in asymptomatic indi- 
viduals [38], but would benefit from further assessment in a cohort 
study design with careful considerations of causality. 
Dietary factors may be crucial in some skin diseases. As the 
examples of Lind and Goldberger in the opening section of this 
chapter illustrated, vitamin deficiency states may directly cause 
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skin diseases. Other deficiency diseases with skin manifestations, 
such as acrodermatitis enteropathica, are completely reversible with 
the administration of the appropriate agent, in this case zinc. Some 
diseases, such as phenylketonuria and dermatitis herpetiformis, 
may be transformed by restricting substances that affected indi- 
viduals cannot handle — for example, phenylalanine and gluten, 
respectively. Some skin diseases, such as atopic eczema and acute 
urticaria, may be modified by the avoidance of dietary allergens 
in a proportion of affected individuals. Leisure activities such as 
gardening or habits such as smoking cigarettes and drinking alcohol 
may be important risk factors for many skin diseases including con- 
tact dermatitis, psoriasis and porphyria cutanea tarda. Medicines, 
although intended to alleviate human disease, are a very common 
cause of cutaneous eruptions, some of which (e.g. toxic epidermal 
necrolysis) can be fatal. Recent evidence from a range of interna- 
tional epidemiological studies demonstrated strong associations 
between the use of antihypertensive drugs and increased skin can- 
cer risks [39], resulting in new guidance from the Food and Drug 
Administration to increase awareness of this association amongst 
prescribers of these medicines [40]. 


Describing the natural history 
and associations of specific skin diseases 


Patients with a skin disease often ask ‘How long will it last?’ and 
‘Will it come back again?’, yet reliable answers to such questions 
are scarce. Special studies are required to answer these questions, 
which ideally involve following, over many years, individuals 
with typical and well-defined disease in terms of morphology and 
severity [1]. Such prospective studies are rare in dermatology [2]. 
Another approach is to identify people with a specific skin disease 
from old hospital records and then to trace them in order to find 
out what has happened to them since they were seen [3]. Studies on 
the natural history of disease are often difficult to interpret because 
of incomplete follow-up, the intermittent nature of many skin dis- 
eases, which can make the distinction between ‘real’ and ‘apparent’ 
clearance rates difficult [4], and because the treatment of many 
diseases can improve over time, rendering some with mild disease 
into the non-diseased category when they would previously have 
been classified as diseased. Guidelines regarding the attributes of 
what makes a good follow-up study are summarised elsewhere [5]. 
Disease associations of specific skin diseases may also give insight 
into possible causative factors. Thus, the high incidence of laryngeal 
carcinoma in psoriasis patients might be evidence for the possible 
role of cigarette smoking in psoriasis [6]. Many publications have 
emerged over the last 7 years linking psoriasis with the metabolic 
syndrome and cardiovascular events, suggesting that psoriasis 
is a systemic disease and that patients with psoriasis should be 
screened for cardiovascular risk factors [7,8]. Establishing disease 
co-occurrence, for example atopic eczema and psoriasis, may also 
shed light on shared or opposing immunopathological mechanisms 
[9-11]. Great care has to be exercised in interpreting disease asso- 
ciations generated from hospital sources because, in the absence of 
an appropriate denominator, many types of bias may occur [12]. 
Recent advances related to the increasing availability of interna- 
tional electronic health records and administrative data (collectively 
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known as routinely collected health data) have transformed 
dermatoepidemiology research. These data sources are usually 
very large, often population-based, and may have key linked 
information on hospitalisation and demographic data, sometimes 
involving the whole population of a country, for example Den- 
mark [13]. They provide unprecedented opportunities to answer 
questions that require very large sample sizes or where prolonged 
follow-up time is required, and they are an efficient method as data 
already exist; however, researchers have no opportunity to influence 
the collection of data, hence issues relating to misclassification and 
residual confounding are important to understand. Data linkage 
from large representative general practitioner databases has yielded 
valuable insights into disease associations such as an increased 
risk of stroke following chickenpox [14], a threefold increase in 
mortality for patients with pyoderma gangrenosum [15], a relative 
lack of association between atopic eczema and cancers except lym- 
phomas [16] and increased risk of attention deficit hyperactivity 
disorder in children with atopic eczema [17]. 


Health services research in dermatology 


Broadly defined, dermatological health services research is con- 
cerned with studying how dermatological health care is delivered 
with the ultimate aim of benefiting patients. Dermatological health 
services research thus covers a wide variety of service aspects, such 
as determinants of referrals to hospital departments, evaluation of 
cost-effectiveness of alternative treatment strategies, quantifying 
the dermatological needs of the community, evaluating the role 
of teledermatology and dermatological nurses and exploring eco- 
nomic aspects of screening and other prevention strategies. These 
diverse studies require a range of quantitative and qualitative 
research methods, such as focus groups, surveys, analysis of rou- 
tinely collected referral and outcome data, before and after studies, 
comparative studies, interrupted time series, action research (study- 
ing the process and outcomes of change, often involving people who 
deliver care), randomised controlled trials, decision analysis and 
health economic modelling alongside evidence syntheses. Research 
establishes which treatments or services should be used, whereas 
audit seeks to establish whether health care providers perform these 
services to a required standard [1]. As in any other branch of epi- 
demiology, health services research requires meticulous attention to 
be given to aspects of study design. A useful introduction to health 
services research in dermatology is given elsewhere [2]. 


Needs assessments in dermatology 

When evaluating dermatological health services, certain steps need 

to be followed [3]: 

1 Establish the size and nature of the dermatological need based on 
epidemiological data. 

2 Summarise the currently available supply of services for that 
problem. 

3 Appraise the evidence for effectiveness of those services. 

4 Propose models of care that best fit the epidemiological data and 
evidence of effectiveness of care within current resources. 

5 Propose outcome measures and targets that can be monitored 
after implementation. 


Table 5.3 A guide to the number of persons per 100 000 per year using dermatology 
services in the UK. 


Group Number using service 


umber with a skin complaint 

umber who will self-treat 

umber who will seek advice 
from their GP 

umber referred to dermatologist 


25 000 (at least 25% of total population) 

7500 (30% of those with skin complaint) 

14 5502(15% of total population or 19% of all 
GP consultations) 

1162 (8% of those attending their GP for skin 
problems, or 1.2% of the total population) 

24-31 (2-3% of all new dermatology referrals) 

5° (0.4% of all new dermatology referrals) 


umber admitted to hospital 
umber of deaths due to skin 
disease 


Reproduced from Williams 1997 [4] with permission of Radcliffe Group. 

* Excludes skin neoplasms, viral warts, herpes simplex and scabies. 

> Includes people dying from cellulitis, chronic ulcer of the skin and severe drug reactions 
who might not have been admitted under a dermatologist’s care. 


Such an assessment has been attempted for UK dermatological 
health services by this author [4], and a comprehensive update of 
the assessment was undertaken by Schofield et al. [5]. 


Services available for people with skin diseases 
People with skin problems obtain help from various sources, 
including self-help, increasing use of social media, advice from 
pharmacists, and advice and treatment from the primary care team 
and specialist services. Little research has been conducted to clarify 
the relative health gain and appropriateness of the various health 
care settings for different subgroups of skin disease. The estimated 
number of people using current dermatology health services in the 
UK at various entry points, for a population of 100 000 over a 1-year 
period, is summarised in Table 5.3 [6-11]. 


Self-help 

Although self-help/medication is not traditionally regarded as a 
health service, the range and availability of over-the-counter skin 
products are important elements in the equation of balancing need, 
supply and demand. Around 30% of those with a skin complaint 
decide to self-medicate, and this proportion is similar for trivial and 
for moderate to severe disease [6]. Many effective skin treatments 
are available over the counter in the UK, such as 1% hydrocortisone 
for mild eczema, topical aciclovir cream for cold sores, topical ben- 
zoyl peroxide for acne, and numerous antifungal preparations and 
wart removers. Pharmacists occupy a key role in advising the public 
on the use of these products, but whether this advice is beneficial 
or whether it simply delays appropriate medical consultation has 
not been studied adequately in the UK [12]. Self-help groups are 
often a useful source of advice and support for those with chronic 
skin diseases, with expanding recent use of social media for these 
purposes, but with much less oversight regarding the quality of 
that information, and emerging evidence that such guidance is 
frequently not coherent with standard guidance [13,14]. 


Primary care 

The majority of those with a skin complaint who seek medical help 
in the UK and some other countries such as Canada and the Nether- 
lands are treated by their family practitioner (general practitioner 


or GP). Skin conditions were the most frequent reason for people in 
England and Wales to consult their GP with a new problem in 2006, 
which equates to around 6.1% (0.8 million) of the population (12.9 
million people). The most common reasons were skin infections and 
eczema [5]. In the USA, it has been estimated that around 36.5% of 
patients attending their family practitioner over a 2-year period had 
a skin complaint [15]. The range of skin disorders seen in general 
practice is similar to that in the general population, with relatively 
few subcategories accounting for the majority of consultations. As 
one would anticipate, proportionally more incident diseases such as 
skin infections (e.g. impetigo, herpes simplex and viral exanthems) 
are seen in general practice than in secondary care [8]. 


Secondary care 

Although dermatology covers around 2000 disease-reaction pat- 
terns, over 70% of specialist activity is concerned with fewer than 
10 main disease categories, as shown in Box 5.4 [4]. Age-specific 
attendance rates are more common in female patients and also 
rise with increasing age. Around 12% of referrals were considered 
inappropriate by dermatologists in one UK study [15]. There is 
considerable variation in referral rates to specialist care within the 
UK and there is some evidence to suggest that much of the regional 
variation in referral rates may be governed by established patterns 
of care and the number of available consultants, rather than by any 
objective dermatological need [4]. Roland and Morris [16] showed 
no relationship between referral rates for dermatology services and 
medical need as suggested by standardised mortality ratios or mean 
number of prescriptions issued by GPs (standardised regression 
coefficient of 0.1). It should be emphasised, though, that mortality 
ratios are not a suitable surrogate measure for dermatological need. 
A strong relationship between dermatology referral rates and the 
number of dermatology consultants per 100 000 population was 
present, however, in their study (standardised regression coefficient 
of 0.82, P <0.001). 


Box 5.4 The nine categories of skin disease that 
account for over 70% of dermatological diagnoses 
in primary and secondary care 


e Skin cancer (including melanoma) 
Acne 

Atopic eczema 

Psoriasis 

Viral warts 

Other infective skin conditions 
Benign tumours and vascular lesions 
Leg ulceration 

Contact dermatitis and other eczemas 


Reproduced from Williams 1997 [4] with permission of Radcliffe Group. 


Digital transformations 

Digital technologies and care pathways using teledermatology are 
likely to play an increasingly important part in the delivery of spe- 
cialist care and the self-help/primary/secondary care interface in 
the future with tools for patients to assess their own disease sever- 
ity [17]. Smartphone applications that may help skin diagnosis such 
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as VisualDx and Derm Assist are already in existence, as are digi- 
tal pathology technologies [18]. Digital technologies may not be a 
substitute for all aspects of dermatological care and some technolo- 
gies may result in harm, for example algorithm-based smartphone 
apps missing cases of melanoma and delaying time-critical diagno- 
sis [19]. It is also critical that digital technologies are developed and 
tested in the populations they are intended to be used in, using the 
entire spectrum of skin colours and not just predominantly white 
skin populations, if they are to achieve equality in the populations 
that they purport to serve [20]. 


Relationship between need, supply and demand 
for dermatological care 

Unlike commerce, which aims to balance supply with demand, 
caring for sick human beings requires consideration of a third 
factor — that of medical need. Medical need may be defined as 
the ability to benefit from medical care; demand as that which 
people ask for; and supply as what the service does or could pro- 
vide [3,4]. Not all dermatological need is demanded (e.g. a person 
may be unaware that they have an early melanoma), not all that is 
demanded is needed (e.g. cosmetic removal of all moles), although 
all that is supplied is usually needed or demanded. The division 
between what constitutes reasonable need (e.g. somebody worried 
that a mole may be cancerous) and demand (e.g. somebody request- 
ing removal of an ‘ugly’ mole) is especially blurred in dermatology. 
Defining ‘need’ in dermatology is therefore quite difficult, and is a 
process that requires the participation of society so that appropriate 
policies can be set in the light of finite resources. 

Two population surveys conducted in the 1970s have produced 
useful data on the relationship between the need, supply and 
demand for dermatological care. In a study of 2180 adults in the 
London borough of Lambeth who were examined for skin dis- 
ease [7], it was shown that for those with moderate/severe skin 
disease, only 24% had made use of any medical service in the pre- 
vious 6 months. A further 30% had used self-medication. Medical 
usage was still considerable for those with trivial skin disease, with 
10% using medical services and 33% self-medicating. 

In the US HANES-1 study [21], there was a considerable mis- 
match between what the dermatologists considered to represent 
medical need and what the population were concerned about. 
Only one-third (31%) of persons with significant skin pathology 
diagnosed by the dermatologists expressed concern about these 
specific skin conditions, whereas nearly 18% of those who com- 
plained about their skin conditions were not considered to have 
serious conditions by the dermatologists. Thus, both of these pop- 
ulation studies suggest that, at any one time, around one-quarter 
to one-third of the population have a skin problem that could 
benefit from medical care, yet around 80% do not seek medical 
help. 

The relationship between need, supply and demand for derma- 
tology services in developing countries may be very different from 
that in developed countries. Many surveys have shown a high 
prevalence of need, mainly due to infectious dermatoses. There 
is marked maldistribution of care for people with skin diseases 
throughout the world, with meagre to absent dermatological ser- 
vices in many countries. Leprosy, onchocerciasis and leishmaniasis 
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are probably the commonest skin diseases worldwide, but the epi- 
demiological research afforded to these diseases is usually scanty. 
Groups such as the International Foundation for Dermatology work 
to remedy such inequalities, with the ultimate aim of a healthy 
skin for all [22]. Getting the right people to the right services is a 
major challenge. In the state of Guerrero in Mexico, for instance, 
skin complaints represent the second commonest reason for referral 
to rural clinics, resulting in a detrimental effect on other important 
activities such as vaccination programmes and antenatal care [23]. 
In addition to such opportunity costs, this study also showed how 
much family income is wasted on ineffective treatments for skin 
infections and scabies. 


Conclusions 


This chapter has demonstrated the fundamental importance of 
the discipline of epidemiology in understanding skin diseases in 
context, from the clinic to the population. Not only is epidemiology 
concerned with issues such as describing the incidence, prevalence 
and human and financial cost of skin disease, but it is also one of the 
most direct ways of finding out the causes of skin diseases. Finding 
out causes is important because it may lead to the prevention of 
skin disease on a massive scale. For example, it has been found 
through a number of epidemiological studies that atopic eczema is 
less common in large, less economically advantaged families [1,2]. 
This observation gave rise to the hygiene hypothesis, which pos- 
tulated that increased exposure to microbes and infections in early 
life might protect against atopy [1,3]. The hygiene hypothesis led 
to a full-scale, randomised controlled trial of Lactobacilli cultures 
given to pregnant mothers and infants, a study that suggested 
that around 50% of atopic eczema could be prevented by such a 
measure in infants [4]. Even though this particular study had some 
potential flaws [5], it nevertheless demonstrates the potential power 
of prevention. 

Epidemiological principles have been key to developing the 
principles of evidence-based medicine described in Chapter 17 and 
of health services research in relation to dermatology. Although tra- 
ditional epidemiology may be superseded or enhanced by genetic 
epidemiology and other new hybrids as biomedical knowledge 
develops, there will always be a need for a thorough understanding 
of the principles of assessing risk and the roles that the ‘big three’ 
factors of chance, bias and confounding may play in any study. The 
same basic epidemiological principles apply to assessing digital 
transformations in the delivery of dermatological care such as 
the use of artificial intelligence systems to detect skin cancers [6]. 
Similarly, the principles of critically appraising published literature 
using a framework derived from epidemiology are as basic to 
dermatological clinical practice as diagnosing rashes [7]. Nijsten 
and Stern nicely summarise how modern epidemiology has led to 
better understanding of skin diseases and their treatments such as in 
Lyme disease, severe cutaneous reactions, long-term safety of PUVA 
(psoralen—UVA), co-morbidities in psoriasis and teratogenicity of 
isotretinoin [8]. The importance of clear reporting of the various 
types of epidemiological studies using the STROBE (STrengthening 
the Reporting of OBservational Studies in Epidemiology) guidance 
cannot be overemphasised [9,10]. 


Glossary of epidemiological terms 


Measures of disease frequency 

e Prevalence. The proportion of people with a disease at any one 
time. Point prevalence refers to prevalence at one point in time. 
Period prevalence refers to the proportion with a disease (existing 
and new cases) over a longer period, for example 1 year. 

e Incidence. The rate of new cases developing over a specified time 
period, for example the incidence of melanoma in the USA in men 
in 1983-87 was 6.9 per 100 000 per year [1]. 


Measures of disease associations 

¢ Risk factor. A factor that increases the risk of disease. This could be 
a specific exposure, for example asbestos giving rise to mesothe- 
lioma, or an attribute such as gender or social class which is indi- 
rectly associated with an increased frequency of disease. 

e Relative risk. This is the ratio of the risk of disease occurring in 
those exposed to the agent under investigation divided by the risk 
of those not exposed. It is a measure of the strength of the risk 
factor. 

e Attributable risk. This is the difference between the incidence rate 
in those exposed to a factor and the incidence rate in those unex- 
posed. It is a measure of the absolute effect of the exposure. 

© Odds ratio. An approximation of relative risk used in case-control 
studies. It is the ratio of the odds of exposure in cases to the odds 
of exposure in controls. 

¢ Hazard ratio. This a special form of relative risk that is used in stud- 
ies that examine survival to express the relative risk of an end 
point or ‘hazard’ occurring at any given time. 


Interpreting results 

¢ Sampling error. This refers to the variation in values that a given 
sample could be expected to show by chance alone. 

e P value. When referring to the association of a disease with a par- 
ticular exposure, a P value of <0.05 means that a value as extreme 
as that obtained by the study would be expected to be observed by 
chance in fewer than 1 in 20 such studies (or <5% of the time). It is 
convention at this level of significance to reject the null hypothesis 
of no difference between the compared groups. 

© Confidence intervals. This refers to the range of plausible values 
for a main study finding. It is based on the size of the sample and 
the size of the difference between compared groups. For example, 
the 95% bounds of a relative risk of 2.0 for smoking in a sample 
of psoriasis sufferers was 1.5-2.5. If the association is a genuine 
one, this means that the reader can be 95% confident that the true 
population relative risk resides between the values of 1.5 and 2.5. 

e Bias. Bias is a systematic error resulting in an incorrect conclu- 
sion about the association between an exposure and an outcome. 
Over 30 types of bias have been described [2], but they fall into 
two main groups: (i) selection, that is the two groups to be com- 
pared are not comparable in terms of factors in addition to the 
exposure of interest; and (ii) information, that is collection of infor- 
mation about the disease and exposure in a fashion that could bias 
response, for example those evaluating a new drug were aware 
of the treatment allocation when assessing patients’ response to 
treatment. An excellent description of the main forms of bias in 
epidemiological research is to be found elsewhere [3]. 


Recommended further reading and useful dermatoepidemiology resources 


¢ Confounding. This is where the association between an exposure 
and disease is mixed up with a third factor that is independently 
associated with both the exposure and the disease, for example 
the protective effect of prolonged breastfeeding (the exposure) 
on the development of atopic eczema (the disease) may be due 
to confounding by parental atopy. The risk of atopic eczema is 
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Intervention studies. These are studies in which groups of individu- 
als are allocated to an experimental treatment prospectively. Clin- 
ical trials are the commonest examples. Occasionally, such trials 
are conducted at a community level, for example vaccine trials. 

Screening. This refers to the examination of healthy people who 
would not otherwise have sought medical help for the presence 


or absence of disease. Principles for evaluating the usefulness of 
screening are described elsewhere [7]. 


increased in children born to atopic parents, and atopic parents 
are more likely to practise prolonged breastfeeding in their infants 
because they may be more aware of a possible protective effect of 
breastfeeding. 

e Association and causation. Association between an exposure and 
disease does not necessarily imply causation. Other factors such 
as chance, bias and confounding may explain that association. 


w 
za 
° 
= 
<x 
Q 
a 
=) 
fe) 
LL 


Checklist for reading epidemiological 
studies in dermatology 


OF DERMATOLOGY 


PART 1 


This checklist represents a general approach to exploring key 
elements that should have been included in an epidemiological 
study. For recommendations on what to include when reporting 
case-control, cohort and prevalence studies, please refer to the 
STROBE checklist at www.strobe-statement.org (last accessed 
January 2022). 

1 Is there a clear objective(s)? 

2 Is the study design appropriate and efficient for the question 

posed? 
3 Have cases (numerators) been clearly defined? 


Validity and repeatability 

e Internal validity. Internal validity, for example of a diagnostic test, 
refers to the extent to which the test measures what it is meant to 
measure. This is normally measured in terms of sensitivity (pro- 
portion of true cases correctly identified) and specificity (propor- 
tion of non-cases correctly identified). 

e External validity. This refers to the extent to which findings from 
one particular study (the study population) can be generalised 


to the target population . for example, to what extent are the 4 Is there a population denominator? 

jayounanle reeulls oe ence itial to Hera te om decut for 5 Have the main hypotheses and outcome measures been stated 
children with severe atopic eczema attending hospital applicable a priori? 

2 chaldnen walnulder eee Piscomevanily? 6 Is there a rationale for the study’s sample size? 

‘ EreaCHe mae Wheat comporing the pesonmanee es q heel ae 7 Have potential confounders been considered and measured? 
diagnostic criterion with a gold standard (e.g. clmical diagnosis 8 Has the study attempted to minimise selection and information 
of melanoma against histological diagnosis), the positive pre- iawae? 
dictive value refers to the probability that someone is a genuine 9 Have the data been analysed appropriately? 


case given a positive test result. Negative predictive value refers 10 
to the probability that a person does not have that disease given 44 
a negative test result. In addition to sensitivity and specificity, 49 
predictive value is dependent on the overall prevalence of the 
disease being studied [4]. 3 

° Repeatability. This refers to the extent to which two observations — 44 
agree with each other. This may be between two observers 
(interobserver agreement) or between replicate measurements 
in one observer (within-observer agreement). Repeatability is 
measured by chance-corrected agreement measures such as the 
k Statistic [5], or by differences between two observers plotted 
against corresponding means of observations and not correlation 
coefficients [6]. 


Are the main results clearly presented with confidence intervals? 
Have subgroups or post hoc findings been treated appropriately? 
Have the authors discussed alternative explanations such as 
chance, bias and confounding? 

Are the study’s conclusions supported by the main results? 
Who sponsored the study? Could sponsorship have affected the 
choice of data and the way they were presented? 


Recommended further reading and useful 
dermatoepidemiology resources 


General epidemiology 


Gordis L. Epidemiology, 3rd edn. Philadelphia: Elsevier Saunders, 2004. 

Hennekens CH, Buring JE. Epidemiology in Medicine. Boston: Little, Brown, 1987. 

Holmes L, Jr. Concise Guide to Epidemiology and Biostatistics for Clinicians. Boston: Jones 
and Bartlett Publishers, 2011. 

Rothman KJ, Greenland S, Lash TL. Modern Epidemiology, 4th edn. London: Lippincott, 
Williams and Wilkins, 2021. 

Sackett DL, Haynes RB, Guyatt GH, Tugwell P. Clinical Epidemiology: A Basic Science 
for Clinical Medicine, 2nd edn. Boston: Little, Brown, 1991. 

Schlesselman JJ. Case Control Studies: Design, Conduct, Analysis. Oxford: Oxford Uni- 
versity Press, 1982. 


Types of epidemiological study 

© Observational or descriptive studies. These are studies where the fre- 
quency of a disorder is described in terms of its association with 
various background attributes such as age, sex and ethnicity. 

e Analytical studies. These set out to test specific hypotheses on the 
relationship between a potential exposure and disease. These may 
be cross-sectional (e.g. ‘Is atopic eczema more common in black 
Caribbean children in London compared with white children?’), 
case-control (e.g. ‘Is a history of preceding infection more com- 
mon in people with pityriasis rosea than in controls?’) or cohort 
(e.g. ‘Are people who are exposed to diesel fumes more likely to 
develop asthma than those who are not?’). 


Biostatistics 


Altman DG. Practical Statistics for Medical Research. London: Chapman and Hall, 1992. 
Gilmore SJ. Evaluating statistics in clinical trials: making the unintelligible intelligible. 
Aust J Dermatol 2008;49:177-84; quiz 185-6. 
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Kahn HA. Statistical Methods in Epidemiology. Oxford: Oxford University Press, 1989. 

Kirkwood BR. Essentials of Medical Statistics. Oxford: Blackwell Scientific Publications, 
1988. 

Spiegelhalter D. The Art of Statistics: Learning from Data. London: Penguin Random 
House, 2020. 


Systematic reviews 

Chalmers I, Altman D. Systematic Reviews. London: British Medical Journal Publishing 
Group, 1995. 

Cochrane Library: www.thecochranelibrary.com (last accessed January 2022). 

Higgins JPT, Green S, eds. Cochrane Handbook for Systematic Reviews of Inter- 
ventions, Version 5.1.0 (updated March 2011). Cochrane Collaboration, 2011. 
www.cochrane-handbook.org (last accessed January 2022). 

Reddi A, Prescott L, Doney E et al. The Cochrane Skin Group: a vanguard for develop- 
ing and promoting evidence-based dermatology. J Evid Based Med 2013;6:236—42. 


Dermatoepidemiology reports 

Barzilai DA, Mikkilineni R, Davis BR, Stevens SR, Mostow EN. Implementation 
of dermato-epidemiology curriculum at Case Western Reserve University derma- 
tology program. Dermatol Online J 2004;10:1. 

Chuang TY. Dermatoepidemiology. 1: Epidemiologic methods. Int J Dermatol 
1993;32:251-6. 

Grobb JJ, MacKie RM, Stern R, Weinstock MA. Epidemiology, Causes and Prevention 
of Skin Diseases. Oxford: Blackwell Science, 1997. 
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Nijsten T, Stern RS. How epidemiology has contributed to a better understanding 
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on ‘Core measures of the burden of skin diseases’. ] Invest Dermatol 2007;127:2701-6. 

Weinstock MA. Dermatoepidemiology. Dermatol Clin 1995;13:505-716. 

Williams H, Svensson A, Diepgen T et al.; European Dermato-Epidemiology Network 
(EDEN). Epidemiology of skin diseases in Europe. Eur J Dermatol 2006;16:212-18. 


Dermatoepidemiology textbooks 

Williams HC. Atopic Dermatitis. Cambridge: Cambridge University Press, 2000. 
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Williams HC, Strachan DP. The Challenge of Dermato-epidemiology. Boca Raton, FL: CRC 
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Epidemiology computer software 


Centers for Disease Control. Epi Info™, Version 7.2. Atlanta, GA: Centers for Disease 
Control, 2008. Available as a free download from http://www.cdc.gov/epiinfo/ 
(last accessed January 2022). 

Gardner MJ, Gardner SB, Winter PD. Confidence Interval Analysis (CIA), Version 1.2. Lon- 
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Background 


Economic burden is defined as the total amount of direct, indirect 
and intangible costs of defined diseases. Health economic evalua- 
tion of treatments and procedures to optimise resource allocation are 
necessitated by increasing life expectancy, continuous innovations 
in medicine and health care, changes in national and international 
health policies as well as limited financial resources. In dermatology, 
the past decade has been characterised by an increasing incidence 
and prevalence of many diseases leading to a rising need for health 
care and resource consumption. In several fields, such as skin cancer 
and allergies, this increase exceeds the expected rise due to the gen- 
eral ageing of the population. For example, in Australia, skin cancer 
has steadily increased in number, proportion and burden to society; 
today, it poses the greatest economic impact among all cancers [1]. In 
European countries, the incidence is also rising [2-5]. For instance, 
in the UK, the incidence of basal cell carcinoma (BCC) increased by 
12% from 134/100 000 in 1996 to 162/100 000 in 2003 [6]. In Slovakia, 
the incidence of non-melanoma skin cancer (NMSC) has risen by 
59.1% in males and 58.5% in females between 1978 and 1995, and 
in Denmark from 46.2/100000 to 121.2/100000 between 1987 and 
2007 [7,8]. The overall increase in Germany between 2003 and 2010 
was about 80% both for NMSC and for melanoma [9], meaning an 
average annual increase of about 8-10%. 

Trends of increasing prevalence are also evident for allergic 
diseases and atopic eczema (AE). For example, in England, an 
increase of AE prevalence from 9.6% in 2001 to 13.6% in 2005 in 
the general population was observed. In Denmark, it increased 
from 17.3% in 1986 to 27.3% in 2001 in children [10,11]. Contrarily, 
also in Danish children, a stable incidence was found between 
1993 and 1998 [12]. Likewise, no reliable conclusion can be drawn 
from a Swiss study which showed an increase in patient-reported 
symptoms for AE from 4.6% in 1992 to 7.6% in 2001 but a stable 


incidence in doctor-diagnosed diseases [13]. An example of an 
ageing population being responsible for an increasing burden of 
skin diseases is chronic wounds. These often occur in elderly people. 
For instance, the incidence is about 0.76/1000 in men and 1.42/1000 
in women aged 65 years or older in the UK [14]. In 1997, it was 
estimated that about 1% of the population in European countries 
was affected by chronic leg ulcers [15]. Since society is steadily 
ageing, one can expect this prevalence to be even higher and to rise 
in the future, which leads to an increase in costs and in the economic 
burden of disease. 

Changing epidemiology combined with the continuous devel- 
opment of innovations and limited financial resources create the 
need for health economic decisions based on fair resource alloca- 
tion. Here, health economic analysis can provide some support 
and guidance for decision makers in health policy, hospitals, the 
pharmaceutical industry and other areas of the health care sector. 
Moreover, dermatologists are key specialists in the proper use of 
medical resources for the management of skin diseases. 

This chapter gives an overview of health economics in general and 
its use in determining the burden of disease in dermatology. 


Introduction to methods and approaches 
in health economics 


Health economics analyses the economic aspects of health care 
[16]. It is an empirical, theoretical and interdisciplinary science, 
which focuses on the production and allocation of health services 
and their economic consequences in the health sector. It especially 
concerns the balanced use and distribution of resources such as 
personal capacity, drugs, hospital density and utilisation, supply 
of diagnostic and therapeutic procedures as well as the associated 
efficacy, effectiveness, quality and equity regarding access to health 
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services. Therefore, areas of responsibility for health economists 
include the acquisition, assessment and comparison of the costs, 
benefits, efficacy and effectiveness of different types of health care. 
The scope and methods of health economics vary depending on 
the underlying perspective and professional background of authors 
and target groups, including social policy, finance, actuarial science, 
governance or microeconomics. 

Health economic evaluation is the general term for different 
types of analyses that use economic methods to examine and assess 
medical procedures [17]. Different approaches to benefit and cost 
estimation can be chosen for the analysis, depending on the ques- 
tion, the perspective and the aim of the study. The description, 
evaluation, allocation and appropriate distribution of the available 
resources are the fundamental tasks of health economics. Therefore 
health economic evaluation can be designed to assess the costs and 
cost-benefit ratios of particular interventions, health structures and 
procedures across indications or the impact of conditions of health 
care systems on the stakeholders concerned [18]. In any case, its 
results serve as the basis to optimise the health outcome, given a 
restricted budget for health services. 


Perspectives of health economic evaluations 

Before data on costs and benefits can be assessed, the perspective of 
the health economic evaluation has to be chosen (Figure 6.1). This 
defines the point of view from which information is assessed. The 
societal perspective contains various costs, irrespective of who bears 
them. Besides direct medical costs for treatments, drugs and medical 
devices, this perspective also includes direct non-medical costs, for 
example the costs for travelling, care or child care and indirect costs 
like the loss of productivity that results from health impairment. 
From the perspective of third-party payers (e.g. health insurers) 
costs within their budget responsibility in particular are taken 
into account. Potential savings in other sectors, for example due 


to prevention of premature retirement, are either not considered 
or, if they are, are considered to be less relevant. The physician 
responsible for the patient’s care is mainly concerned with the 
direct costs arising from treatment with drugs or medical devices. 
Subsequent costs that are relevant for society and health insurers 
are not included. Like individual physicians, hospital managers are 
also concerned with costs arising from treatment, but they also have 
to take account of a wider range of direct costs, such as staff, accom- 
modation and catering. Unlike the perspectives already described, 
the patient’s perspective focuses on out-of-pocket payments and 
patient benefits of treatment. Health economic evaluations from 
the patient’s perspective are commonly not conducted indepen- 
dently, but are usually made complementary to other evaluations. 
As shown, inputs included in evaluations vary depending on the 
perspective. 

Types of recommended perspectives likewise vary between coun- 
tries. For instance, in Sweden a holistic perspective is used includ- 
ing medical, humanitarian and socioeconomic aspects; and in the 
UK the perspective derives from the National Health Service (NHS) 
and patients [19,20]. In Germany, researchers can choose between 
the perspective of statutory health insurance and the societal per- 
spective; while, in Spain, both the societal and the third-party payer 
perspective are required [21,22]. In France, the perspective depends 
on the aim of the study [23]. This is one reason why the results of 
health economic analyses from different perspectives should only 
be compared with caution. 


Types of health economic evaluation 

In the next step of an economic appraisal, the source of data has to be 
defined. If retrospective data are to be analysed, secondary research 
can be conducted. In this case, already existing data are used. 
Examples of secondary research are meta-analysis and modelling 
methods such as decision trees, Markov models or discrete event 
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Figure 6.1 Perspectives of health economic analysis. 
HRQoL, health-related quality of life. 
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simulations. Another kind of study design is based on field research, 
where data are explicitly recorded for the given research question. 
Data gained from field research are highly acceptable because of 
their increased levels of accuracy and timeliness, and therefore they 
are of greater value in health economic evaluations. Here, retrospec- 
tive or prospective analysis can be performed. Examples of field 
research include Delphi surveys and clinical or observational stud- 
ies. Furthermore, a distinction is made between the bottom-up and 
top-down approach. The bottom-up approach means the collection 
of epidemiological, medical and economic data on an individual 
level. Using this method, input and output can be traced back to a 
specific person. It is mainly used in field research. The advantage 
lies in the possibility of conducting analysis on an individual level, 
in subgroups or on a superordinate level. In contrast, the top-down 
approach uses aggregated data from bottom-up studies. Therefore 
it is mainly used in secondary research, for example by including 
secondary data from official statistics. The major advantages of 
this approach are the low cost and the easier availability of data. 
However, a disadvantage is the fact that data were collected for a 
different objective than health economic evaluation. Data can only 
be used for analysis with restrictions due to the varying quality and 
completeness of the information. 

As shown, health economic evaluations have different study 
designs using different sources of data on different levels with 
variable quality. But there is also a distinction between the types 
of studies depending on the costs and benefits data included. In 
the first step, it begins to matter whether a non-comparative or a 
comparative study should be conducted (Figure 6.2). 

Conducting a non-comparative study is the simplest way to carry 
out a health economic analysis. It can either be designed as a cost 


analysis or as a cost-of-illness study in which direct, indirect and intan- 
gible costs are determined. 

Indirect costs are the costs of those resources for which no 
payment is made, but for which there is an opportunity cost or 
foregone benefit. Typically, indirect costs are raised by disease- 
induced losses of productivity. Productivity costs include: (i) absen- 
teeism; (ii) presenteeism; and (iii) unpaid labour. Both absenteeism 
(which is the costs due to time off work) and presenteeism (which 
is the costs due to time at work with impaired productivity related 
to disease) are important results of many skin diseases. 

Indirect costs can be assessed in two different ways: either using 
the human capital or the friction cost approach. The human capital 
approach is the less conservative way to calculate productivity 
loss under the assumption of full employment for the rest of a 
life. However, the friction cost approach assumes some unemploy- 
ment and thereby values lost productivity for the period of time 
it takes to find someone who replaces the person who has fallen 
ill. The calculation of indirect costs by the human capital approach 
results in higher costs if the disease leads to long-term absence 
from work. Given a short-term absence from work, the use of the 
human capital approach is also likely to overestimate indirect costs 
because either colleagues undertake the tasks or the person who has 
fallen sick is working again after convalescence [24,25]. Intangible 
costs reflect the impairment in quality of life (QoL) and can thus 
only be assessed on a single patient level. For the evaluation of 
health-related QoL, a large number of tools have been developed 
in dermatology [26,27]. The goal of cost-of-illness studies is to 
inform about the economic burden of a disease and to compare 
the impacts of different diseases. They are used by politicians and 
management service providers such as hospitals to support their 
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decision making. Costs can be analysed on an individual level for 
each patient, in subgroups for different stages of disease or for the 
entire population of a defined area. Furthermore, specific types of 
costs can be considered separately. These types of studies do not 
deal with the effects (output) of an intervention, but exclusively 
concentrate on its costs (input). 

The objective of comparative studies is to assess costs and health 
outcomes of alternative therapies or diagnostic procedures. 
They include cost-benefit, cost—utility, cost-effectiveness and 
cost-minimisation analysis. Cost-minimisation studies deal with 
the same types of data as cost studies. The consequences are not 
analysed because the assumption is made that they were identical 
for all compared alternatives. One advantage of this study type lies 
in its feasibility. In cost-benefit analysis, in addition to the resources 
needed, the effect (output) is regarded which is assessed and 
expressed monetarily. The valuation is either based on the contribu- 
tion of the effects of increasing human capital on the willingness to 
pay (WTP) or on conjoint analysis which reflects patient preferences 
[17]. The objective of this type of study is the net benefit defined 
as monetary value, which results from the difference of the cost 
and the benefit of two or more compared alternative treatments. 
Thereby, the advantage consists in the consideration of intangible 
benefit. Difficulties for this approach are the interdependence of 
WTP and human capital on one side and the net income of respon- 
dents on the other. A cost-effectiveness analysis is performed when 
every associate (player) in health care is given a fixed budget, of 
which the maximal beneficial effect for the patient and for society 
should be generated. The output is captured as clinical outcome, 
for example the skin area affected by psoriasis and its severity, the 
stage of melanoma or as QoL. QoL can be measured in four differ- 
ent ways [28]. The first is a survey using a general health profile 
questionnaire, for example the Short Form 36 Health Survey (SF-36) 
or the EuroQol (EQ-5D); and the second is a questionnaire to detect 
preferences, for example using conjoint analysis or discrete choice 
experiments [29,30]. Both result in values for general QoL. The last 
two methods assess the disease-specific and the condition-specific 
QoL. Dermatology-specific instruments, such as the dermatology 


life quality index (DLQI) or Skindex, can be used to compare the 
cost-effectiveness within a group of different skin diseases, but not 
to others; while QoL assessed with disease-specific instruments 
can only be compared within the same disease, for example the 
psoriasis disability index [31-33]. Cost—utility analysis can be clas- 
sified as a subgroup of cost-effectiveness analysis which focuses 
on QoL as the outcome [17]. Here, utilities, precise preferences or 
values are determined by carrying out different types of survey 
[34]. It can be measured by a visual analogue scale (VAS), standard 
gamble, time trade-off (TTO) or questionnaires assessing QoL like 
EQ-5D or SF-36. VAS is a direct method and the simplest way to 
measure utility. Thereby, QoL is rated on a visual rating scale for 
defined diseases. Using standard gamble, people have to choose 
between two alternatives. The first is a defined state of health. The 
second is an uncertain condition with defined chances of living 
healthy or dying. Chances are varied until the person is indifferent 
between both alternatives. In contrast, TTO asks how much of 
the life time remaining people would give up to spend the rest 
of their life in health instead of suffering from a defined chronic 
disease. Under temporarily reduced health conditions people have 
to choose between intermediate reduced QoL for the duration 
of a disease and a worse QoL for a shorter period of time, both 
followed by perfect health. Duration of the worse QoL is varied 
until the person asked is indifferent between both the alternatives. 
These utilities can be used as weights for quality-adjusted life-years 
(QALYs) or disability-adjusted life-years (DALYs), considering not 
only life-years gained by a certain programme or therapy but also 
the QoL (Figure 6.3). A further advantage of this study design is 
the possibility of comparing interventions for different diseases, 
different outcomes and combinations of outcomes or the burden of 
different diseases. 

Conclusions drawn from comparative studies of medical treat- 
ments or procedures fulfil the criteria for effectiveness if the costs 
incurred lead to an appropriate benefit. Thereby the benefit can 
be defined as a clinical (e.g. psoriasis area and severity Index), 
monetary (e.g. cost of illness) or intangible (e.g. QoL, well-being) 
parameter. 
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Figure 6.3 Quality of life (QoL) and quality-adjusted 
life-years (QALYs). 


In health economic evaluation, it is thus of utmost importance 
to identify and include not only the therapy costs but also the 
therapeutic benefits in treatment decisions. In many cases, this 
means that a more expensive therapy is to be preferred if its benefit 
is relatively higher than that of a primarily cheaper therapy. There 
are numerous examples of such positive incremental cost-benefit 
ratios in innovative drugs for psoriasis, atopic dermatitis and other 
skin disorders. 


Implementation of health economic findings 

in decision making 

Results of these studies are used by decision makers to allocate 
resources and medical services. Therefore, consequences can be 
differentiated regarding their strength of regulation and restriction 
in prioritisation, rationalisation and scaling. Prioritisation stands for 
the development of an order of medical services according to their 
grade of medical necessity. Thereby a distinction is made between 
vertical and horizontal prioritisation [35]. While vertical prioritisa- 
tion is made through treatments for the same indication, horizontal 
prioritisation happens between treatments for different diseases. 
Prioritisation can be used as the basis for scaling in a further step if 
the objective of this procedure is the limitation of medical services. 
Scaling means the withholding of necessary medical treatments or 
procedures because of limited resources. Therefore, it is the most 
radical instrument of cost containment. However, different degrees 
of scaling exist. While in its mildest form people are allowed to 
pay for services not covered by their health insurance out of their 
own pocket, it is not possible to use services not covered by health 
insurance when scaling occurs in its strictest form. In contrast to 
scaling, the purpose of rationalisation is to increase efficiency or 
productivity by cost reduction while the quality of supply remains 
stable. Furthermore, rationalisation is part of the economic princi- 
ple that states that a defined goal should be achieved with minimal 
input or to achieve as much as possible with the given available 
means. 

As shown, for health economic evaluations a wide range of dif- 
ferent methods, approaches and study designs can be applied. In 
the following text, the burden of skin diseases and the relationship 
between costs and benefits are depicted closely. In the light of sev- 
eral thousand but individually small dermatological entities, health 
economics in dermatology can only be illustrated by a few frequent 
conditions. 


Economic burden of disease in dermatology 


The annual economic burden of disease was shown to be a rele- 
vant cost factor for society in the USA [36]. Bickers et al. analysed 
secondary data on direct, indirect and intangible costs. Total direct 
and indirect cost of the 22 dermatological indications considered 
summed up to US$39.3 billion, of which 3.5% ($1358 million) arose 
from psoriasis, 14.1% ($5555 million) from skin cancer and 30.4% 
($11 951 million) from skin ulcers and wounds. In the following text, 
the national economic burden of three skin diseases with different 
clinical courses and cost structures are presented to provide an 
overview of costs arising from dermatological diseases, how health 
economic methods are used in practice and how this can lead to 
substantial differences in the results. 


Economic burden of disease in dermatology 6.5 


Skin cancer 

Skin cancer is a life-threatening skin disease of major economic 
importance. Once a person is affected, it can lead to recurrence. 
This is more likely for NMSC than for melanoma. For instance, 
in Germany, 22/1815 (1.2%) melanomas diagnosed during a mass 
screening were recurrences while in NMSC they accounted for 
1352/14 178 (9.5%) cases [37]. Another study conducted in the USA 
found recurrence in NMCS only appeared in 21/487 cases (4.3%). 
However, this is more than three times as high when comparing 
it with melanoma [38]. Because cost-of-illness studies possess the 
most appropriate study design for the determination of economic 
burden, this is the only type of study considered here. 

The economic burden of melanoma was estimated for the US 
population aged 65 years and older (n = 15130) in a cost study of 
Seidler et al. [39]. The authors extrapolated the cost of a Medicare 
cohort with 1858 melanoma patients to the US population. Direct 
costs of office visits and consultations, surgical and pathological 
treatment, radiological interventions, laboratory tests, emergency 
department visits, hospital stays and chemotherapy as well as 
external radiation were considered from the Medicare perspec- 
tive solely. The annual expenses were differentiated by stage of 
disease instead of resources used and resulted in US$249 million 
for the entire population in 1996. They varied between $5247 and 
$23 285 per patient and year, depending on the stage of disease. The 
melanoma lifetime treatment costs which were calculated by using 
data from people who had died during the observation period of 
5 years added up to $28 210. 

Another retrospective cost evaluation from the USA dealing 
with economic costs concentrated on the productivity loss due to 
skin cancer mortality [40]. People aged 15 years and above were 
included. The average life expectancy was set as a cut-off for the 
calculation of potential life-years lost. The authors stated that, in 
2006, 8437 deaths (5474 men and 2963 women) occurred as a result 
of melanoma in the USA with an average potential life loss of 20.4 
years per person, which summed up to a total of 166 261 life-years 
lost. In order to determine the monetary value of productivity 
loss caused by mortality, the human capital approach was chosen 
by using the present value of further lifetime earnings. Average 
costs per death amounted to US$441903 for men and $401 046 for 
women, thus giving a total of $3.5 billion. 

The costs of skin cancer from a societal perspective in England 
in 2002 were taken from routine NHS data, using the top-down 
approach [41]. Costs resulting from GP consultation, out-patient 
attendance, in-patient treatment, absence from work and mortality 
were assessed. Continued payment of wages was considered if it 
was borne by the statutory sick pay system. Costs due to mortality 
were assessed by using the human capital approach. They were 
taken into account if death occurred before the age of 60 years 
for women or before the age of 65 for men according to the state 
retirement age in England at that time. Expenses for drugs were 
not included. Total costs borne by the NHS summed up to £101.6 
million for the treatment of 67571 newly diagnosed skin cancers, 
of which 6928 were malignant melanomas. They consisted of costs 
for 131 880 GP consultations (£2.6 million), 14000 in-patient admis- 
sions (£24.9 million), 49000 day cases (£13.5 million) and 907 000 
out-patient attendances (£60.5 million). Out-of-pocket expenses 
for patients come to £19.3 million. They consist of costs for GP 
consultation (£0.9 million), in-patient admission (£0.06 million), 
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day cases (£0.9 million) and out-patient attendance (£17.4 mil- 
lion). Productivity loss due to 218000 working days missed 
lead to costs of £20.9 million. Additional costs caused by death 
occurring before reaching retirement age came to £98.2 million. 
Therefore, the total cost caused by illness in the UK in 2002 was 
£240 million. 

Tinghdég et al. analysed the cost of illness in Sweden in 2005 
from the societal perspective [42]. They used a top-down approach 
for in-patient care and a bottom-up approach for out-patient and 
primary care. In this case, expenses for suspected diagnoses were 
also taken into account. Direct medical costs for 3125 in-patient 
episodes of €13.1 million, for 100982 out-patient attendances of 
€60 million and for 42 135 episodes of primary care of €6.5 million 
added up to €79.6 million. Neither drug costs nor direct non-medical 
costs were included. Indirect costs due to mortality and morbidity 
were included for persons aged 25-64 years to take account of 
periods of education and the legal retirement age. In total, 181.5 
working years were lost due to sick leave and 87.75 due to early 
retirement. This production loss resulted in indirect costs of €9.5 
million. An additional cost was the production loss caused by the 
premature deaths of 454 patients. These led to 1816 working years 
lost and the cost of €53.3 million. In total, the societal costs for skin 
cancer in Sweden amounted to €142 million in 2005. 

Chevalier et al. evaluated the economic burden of melanoma in 
France in a hospital setting from the health care perspective [43]. 
Data were obtained retrospectively from the national database of 
the Ministry of Health for 2004. A total of 42 911 hospital stays were 
recorded because of melanoma or melanoma in situ leading to costs 
of €58.95 million. The majority of patients (n = 32989) received 
out-patient treatment, which was defined as a hospital stay of less 
than 48 h. The average duration of stay varied between 1 and 14.4 
days depending on diagnosis and led to average costs between €161 
for radiotherapy and €913 for surgery per day. Treatment of 26735 
(62.3%) patients without metastasis caused costs of €32.2 million 
(54.6%) while treatment of 16176 (37.7%) patients with metastasis 
caused costs of €26.7 million (45.4%). 

Fransen et al. analysed the incidence and treatment costs for 
NMSC in Australia from a societal perspective [1]. Data from 
Medicare Australia were evaluated for the time period between 
1997 and 2010 retrospectively and extrapolated until 2015. Costs 


Table 6.1 Resources used and persons affected by skin cancer. 


for in-patient and out-patient (GP and specialist) treatment, drugs 
prescribed and pathology testing were included but not analysed 
separately. In 1997, 412493 services were performed for the diag- 
nosis and treatment of NMSC. Until 2010, total services rose by 86% 
to 767 347 with discounted total costs including private co-payments 
of AU$511 million. Extrapolating from these data, a further increase 
is predicted for 2023. 

Stang et al. evaluated the economic burden of NMSC and 
melanoma in 2003 in Germany from the perspective of statu- 
tory health insurance [44]. Cost analysis for hospitalisation was 
performed retrospectively by multiplying the number of cases 
treated for each diagnosis with diagnosis-related group (DRG) 
fees. In order to estimate the costs for out-patient treatment, data 
on ambulatory services were derived from 35 dermatologists and 
extrapolated to the entire population. In total, 159083 days were 
spent in hospital due to melanoma or melanoma in situ causing 
costs of €61.6 million. A total of 332 500 days were spent in hospitals 
due to NMSC. This led to costs of €136.9 million. In out-patient 
care, 372 850 services were used for the diagnosis and treatment of 
melanoma and 711350 for NMSC. Costs for out-patient care were 
not calculated. 

Comparing the results of these studies, consultations are the med- 
ical service most often used in skin cancer (Table 6.1). It accounts 
for 94.2% of services in England and 99.2% in Germany, causing 
66.9% and 83.5% of expenses for medical services, respectively. 
This is in accordance with earlier findings that found consulta- 
tions leading to about three-quarters of all direct medical costs 
for the treatment of skin cancer (Table 6.2) [36]. In studies that 
analysed direct and indirect medical costs, direct costs resulted in 
a slightly greater proportion of total costs: they amounted to 55.9% 
in Sweden and 50.1% in England. Additionally, studies have been 
published focusing on the cost-effectiveness of prevention pro- 
grammes. For some of these programmes, the potential to reduce 
mortality and the economic burden of skin cancer is discussed 
[45,46]. 

Krensel et al. investigated the costs for skin cancer based on a 
meta-analysis at a European level (Table 6.3; Figure 6.4) [47,48]. As 
expected, there was a wide range of costs for melanoma depending 
on the country observed and the methodology used. Adjustment 
by purchasing power and discounting led to fairly comparable 


Number of: 

Reference Country Perspective Consultations Hospitalisations Medications Population Persons LYL 
Seidler et a/. [39] USA Medicare Yes Yes - 1858 - 
Ekwueme et al. [40] USA Society - - - 8437 166 261 
Morris et al. [41] England NHS patients 1038800 63 000 - - 67571 - 
Tinghdg et al. [42] Sweden Society 143 117 3125 - - = - 
Chevalier et a/. [43] France Hospital - 42911 - - - - 
Fransen et al. [1] Australia Society: 

1997 412 493 - 18514741 - - 

2010 767 347 - 21911011 - - 

2015 938.991 - 23626 109 - - 
Stang et al. [44] Germany SHI 1 084 200 64622 - 82 500 000 - - 


SHI, statutory health insurance; LYL, life-years lost. 


Economic burden of disease in dermatology 


Table 6.2 Cost of illness of skin cancer in selected countries. 


Direct medical costs in millions 


Indirect costs in millions 


Reference Country Perspective Consultations Hospitalisations Medications Productivity lost Total costs in millions 
Seidler et a/. [39] USA Medicare Yes Yes Yes - US$249 
Ekwueme et al. [40] USA Society - - - US$3500 US$3500 
Morris et a/. [41] England NHS £63.1 £39.3 - £119.1 lez 
Patients £18.3 £1.0 - - 

Tinghdg et al. [42] Sweden Society €66.5 €13.1 €62.8 €142.4 
Chevalier et a/. [43] France Hospital - €58.95 - - €58.95 
Fransen et al. [1] Australia Society: 

1997 Yes Yes Yes = 

2010 Yes Yes Yes - US$511.0 

2015 Yes Yes Yes - US$703.0 
Stang et al. [44] Germany SHI - €198.5 - - €198.5 


SHI, statutory health insurance. 


Table 6.3  Cost-of-illness meta-analysis of malignant melanoma on a European level, converted to Euros 


and adjusted for reference year 2012 and for purchasing power parity. 


Number of: 
Country Stage Cost/case Cost/patient Hospital Hospice Out-patient GP Day cases Drugs Patient Morbidity Mortality 
UK IIIEIV - €6272 3259 2419 593 - - - - - - 
Italy IIILIV - €2972 2736 204 32 - - - - - - 
France IIILIV - €6388 6072 289 27 - - - - - - 
Italy III-IV - €5548 4703 203 31 - - - - - - 
Sweden III-IV - €17 408 x - x Xx - - - - - 
Sweden HV - €4106 x - x Xx - - - - - 
England HIV - €3261 1339 - 1401 158 363 - - - - 
England HIV - €3321 X - X Xx Xx - - - - 
Sweden HIV - - x - x Xx - - - x x 
France I-IV €1425 - x - - - - - - - - 
England HIV - €28 940 1423 - 2427 99 315 - 830 4550 20 408 
Germany HV €3365 7 Xx - - - - - - - - 
Denmark I-IV - €10460 rab il - 2370 - 269 78 - 658 - 
Sweden I-IV - €4316 417 - 440 16 - 50 - 103 3511 


Reproduced from Krensel et a/. 2019 [48] with permission of John Wiley & Sons. 
GP, general practitioner; x, cost category was assessed but not described separately. 
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Figure 6.4 Direct, mortality and morbidity costs of melanoma per patient (p.p.). (a) Direct costs derived from gross domestic product (GDP). (b) Direct costs derived from national 


health expenditure (HE). COI, cost of illness; PPP, purchasing power parity. Reproduced from Krensel et al. 


2019 [47] with permission of John Wiley & Sons. 
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outcomes and showed high cost impact especially in advanced 
stages. Sunbed use markedly contributed to the overall costs [49]. 


Psoriasis 

Psoriasis is a chronic skin disease which affects about 1.5% of the 
UK population [50], 2.5% in Germany [51] and 1.17-1.43% in Spain 
[52]. Worldwide 0.2-4.8% of all people suffer from this disease [53] 
(Chapter 35). Prevalence in children has been 0.7% in Germany [54]. 
Its economic burden is not only attributable to the high prevalence 
but also to the high prices of innovative pharmaceutical products 
like biological agents. Moreover, indirect costs due to absenteeism 
and presenteeism can be considerable. In a recent study from the 
USA, 49% of psoriasis patients missed work days regularly due to 
psoriasis [55]. In the following text, studies investigating the eco- 
nomic burden of psoriasis are discussed (Table 6.4). 

The costs of illness due to moderate to severe plaque psoriasis in 
Canada were evaluated by Levy et al. from a societal perspective 
[56]. Expenses due to physician consultations, drug prescriptions, 
over-the-counter drugs, phototherapy sessions, hospitalisation, 
laboratory tests and procedures, lost productivity at work and 
losses in leisure activity were included. Therefore, direct medical 
costs as well as indirect cost were included. The DLQI was also 
assessed, but not analysed with respect to costs. For analysis, the 
bottom-up approach was used; data were collected from 90 patients 
in three clinics and extrapolated to the entire population of Canada. 
The mean annual direct medical cost for the treatment of psoriasis 
was CDN$4557 per patient. Costs caused by lost productivity due 
to psoriasis were $2953. In this analysis, lost productivity costs 
not attributed directly to psoriasis were considered as well, which 
amounted to an additional $489. Transferring these expenses onto 
the entire population of Canada with approximately 212 500 persons 
affected by moderate to severe psoriasis, annual direct medical costs 
added up to $1 billion for direct lost productivity and $0.7 billion 
for lost productivity not directly attributed to psoriasis. 

The cost of illness of psoriasis in Switzerland was estimated 
by Navarini et al. for the year 2005 using mixed methods [57]. To 
determine out-of-pocket expenses, health-related QoL and lost pro- 
ductivity, severity of disease, prescribed drugs, and consumption 


Table 6.4 Cost of illness of psoriasis in selected countries. 


Direct medical costs per patient and year 


of diagnostic and therapeutic procedures, a patient and physician 
survey was conducted using the bottom-up approach. Utilisation 
of in-patient treatment, average length of stay per case, number of 
cases and the number of cases per patient were derived from the 
Federal Statistic Offices using the top-down approach. A total of 
383 patients returned their questionnaires and stated their annual 
out-of-pocket expenses to be CHF1185. Physicians returned 170 
questionnaires concerning their patients. Of these, average treat- 
ment costs resulted in CHF1100 for mild, CHF2500 for moderate and 
CHF9900 for severe psoriasis. Additional expenses of CHF2 154547 
arose from the treatment of severe psoriasis with biologics. Regard- 
ing in-patient care, in total 3578 cases and 3043 patients were 
treated in 2004 in Swiss hospitals with an average length of stay of 
18.3 days. Multiplied with the average day fee of CHF1070, costs 
for in-patient treatment due to psoriasis added up to CHF19 581 per 
patient and CHF59 584 983 for the entire population. Consultations 
and medications resulted in expenses of CHF929 and CHF3780, 
respectively. Extrapolated to the Swiss population with 86170 
persons affected, total direct medical costs rose to CHF458 million 
in 2005 with the assumption that 38% suffered from mild, 43% 
from moderate and 19% from severe psoriasis. The annual costs per 
person affected for medication (CHF2658), consultations (CHF779), 
hospitalisation (CHF691) and out-of-pocket expenses (CHF1193) 
added up to CHF5321. Health-related QoL and lost productivity 
were not considered in this analysis although these items were part 
of the questionnaire. 

One study evaluating the economic burden of psoriasis from a 
societal perspective in Germany retrospectively included direct 
medical and non-medical costs as well as indirect costs borne by 
patients, insurers, employers and the sickness fund [58]. Data from 
184 patients was collected by handing out questionnaires to patients 
and physicians. Fifty-two patients had 63 hospital admissions in 
total with an average length of stay of 29.8 days causing costs 
of €2299 per patient. Annual out-of-pocket expenses for patients 
were €794. Productivity loss was estimated using the friction 
cost approach by multiplying the average daily gross income of 
employed person with days of sick leave (n = 57), being out of work 
(n = 6) or having a ‘reduction in earning capacity’ (n = 44) due to 


Indirect costs 


Reference Country n Perspective Consultations Hospitalisations Medications Productivity lost Total costs 
Levy et al. [56] Canada 90 Society - CDN$4557° - CDN$2953 CDN$7510 
Navarini et a/. [57] Switzerland 170 Physicians CHF779 CHF691 CHF2658 - | CHFS5321 
383 Patients - CHF1193 - - 
Sohn et a/. [58] Germany 184 SHI Patients €204 €2299 €2014 €1310 
ij €6621 
€794' - - - 
Berger et al. [59] Germany 192 SHI Patients €350° - €513 €1441 
€2866 
€562¢ - - - 
Yu et al. [60]? USA 56528 Hospital US$720 US$111 US$847 - US$1976 
Carrascosa et al. [61] Spain 797 Society €352 €36 €503 €189 €1079 
Colombo et al. [62]? Italy 150 Society €158 €2510 €1092 €2682 €8371 


Adapted from Gutknecht et a/. 2016 [63]. 

2 Costs for other procedures are also included in total costs. 

> Total direct medical costs (consultations + hospitalisations + medications). 
© Direct medical costs for consultations + hospitalisations. 

SHI, statutory health insurance. 


psoriasis for the first 3 months of absence. Indirect costs resulted 
in €1310 per patient and year. Average out-patient and medication 
costs were €204 and €2014 per year. Thus, total average costs added 
up to €6709 per patient. Classifying patients into three groups 
regarding their type of therapy (those receiving therapy other than 
systematic therapy, those receiving conventional systemic therapy 
and those with inadequately controlled disease), out-of-pocket 
expenditures, productivity loss and risk for hospitalisation, as 
well as length of stay and therefore costs for in-patient treatment, 
increased their (unmet) medical needs from €609 to €1002, €1048 
to €1635 and €1187 to €3887, respectively. In contrast, in the ambu- 
latory setting, costs for physician consultations and medication 
were highest in the group treated with conventional systemic ther- 
apies (€224 and €3089, respectively). Nevertheless, total costs were 
highest (€6709) for patients with inadequately controlled psoriasis. 
These findings were not extrapolated to the entire population to 
estimate the national economic impact. 

Another multicentre study evaluating cost of illness in patients 
with moderate to severe psoriasis in Germany from a societal per- 
spective included direct and indirect costs [59]. Data were obtained 
from 192 patients by survey retrospectively, prospectively and by 
patients’ records; 106 patients suffered from moderate and 82 from 
severe psoriasis. Services included 7.2 physician consultations and 
0.4 days of hospitalisation leading to annual costs on average of 
€350.85 per patient. Medication was prescribed to 91.7% of the 
patients generating costs of €513.50. Therefore, direct medical costs 
for the third-party payer added up to €864.35. From the patient’s 
perspective, co-payments and expenses for non-reimbursable ther- 
apies and devices amounted to an additional €561.68. Annual 
indirect costs were calculated using the human capital approach 
including work days lost because of sick leave, early retirement, 
unemployment or inability to work due to psoriasis and this 
resulted in a €1440.20 cost per patient. Total annual costs for pso- 
riasis treatment in Germany amounted to €2866.23 per patient. 
Differentiated by the severity of disease no significant differences 
were found, but total costs for patients receiving systemic therapy 
were significantly higher (€4985) than costs for patients receiving 
other therapies (€1173). Here, findings were not extrapolated to the 
entire population to estimate the national economic impact. 

Yu et al. evaluated the annual direct costs of psoriasis in the USA 
retrospectively from the third-party payer perspective using infor- 
mation obtained from a national database [60]. They chose another 
study design comparing total expenses for health services for any 
cause of 56528 patients suffering from psoriasis with a matched 
healthy cohort. Occurrence of co-morbidities, health care utilisation 
and health care costs were significantly higher in patients with 
psoriasis. Allocating the incremental economic burden of US$1976.3 
per patient, annual costs for out-patient treatment amounted to 
$719.5, for in-patient treatment $111.4 and for drugs $846.8. Patients 
receiving systemic therapy were rated to have moderate to severe 
psoriasis. About 9.3% of all patients received systemic medica- 
tion. The treatment of patients who did not receive any systemic 
therapies generated costs of $5010.9. For patients with systemic 
medication, expenses were $10592.5. Their drug prescription as 
well as in-patient and out-patient utilisation was significantly 
higher compared with patients with other types of therapy or with- 
out therapy, resulting in adjusted direct health care costs higher by 
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$3886.4, $166.5 and $1747.7, respectively. Thus incremental costs for 
patients treated with systemic therapies compared with the patients 
without were $7517. An extrapolation to the entire population 
was not carried out. Because of the chosen perspective, neither 
out-of-pocket expenses nor indirect costs were considered. 

In Spain, a prospective observational study was conducted 
considering direct and indirect costs of psoriasis from the soci- 
etal perspective using the bottom-up approach [61]. A total 
of 797 patients were included and asked to keep a diary on 
health resource consumption which was then priced monetar- 
ily by the authors. Direct costs included expenses for prescribed 
drugs, over-the-counter drugs, diagnostic procedures, physi- 
cians’ consultations (e.g. routine visits, private dermatologists, 
out-patient hospital department visits) and in-patient treatment. 
They accounted for €890.5 (82.5%) annually on average, of which 
€502.9 (46.6%) was for drugs, €36.4 for hospitalisation and €351.4 
for consultations. Patients had to bear the costs of €154.9 for 
over-the-counter drugs on average. Indirect costs were defined 
as lost productivity because of sick leave due to psoriasis and 
amounted to €188.5. Total costs added up to €1079. Classified by 
severity of disease, treatment of severe psoriasis (€2169.3) caused 
significantly higher costs than treatment of moderate psoriasis 
(€1265.4) or mild psoriasis (€893.3). Extrapolating these findings 
onto the population of Spain, the economic burden of psoriasis is 
approximately €532 million annually. 

Colombo et al. evaluated the costs of moderate to severe pso- 
riasis in a multicentre prospective study in Italy from a societal 
perspective [62]. The study was carried out as a survey of 150 
patients and their physicians using the bottom-up approach. Direct 
costs included expenses for hospitalisation, day-hospital admis- 
sion, medical examinations, laboratory tests, phototherapy and 
medication. These costs amounted to €5690.10 of which 44% were 
caused by hospitalisation and 19% by medication only. No patient 
was treated with biologics. Indirect costs were defined as lost 
productivity because of leaving work earlier, sick leave and lost 
leisure time due to psoriasis. They were calculated by the human 
capital approach multiplying lost productivity with the average 
national gross income and resulted in a cost of €2681.51 per patient. 
Total annual costs for psoriasis added up to €8371.61. Expenses for 
patients with severe psoriasis were €11 434.4 on average and signif- 
icantly higher compared with expenses for patients with moderate 
psoriasis (€5226.04). Extrapolating these results on the population 
of Italy, national costs are approximately €2403 million per year. 
Out-of-pocket expenses were not included in this analysis. 

Besides data on the cost and budget impact of antipsoriatic drugs, 
comparative data on the cost-effectiveness of treatments are needed. 
In particular, given the high annual costs of biologics, it needs to 
be investigated whether such costs are balanced by higher benefits 
from treatment. Such cost-effectiveness studies have been started 
in many countries. Since resource utilisation and prices are very 
specific for each health system, no general conclusions from the 
data can be drawn. Nevertheless, several studies have shown that 
more expensive drugs can be the most cost-effective choices when 
the overall outcomes (e.g. proportion of responders with a lower 
psoriasis area and severity index (PASI) score, gains in QoL) are 
relatively higher compared with cheaper drugs. For example, it has 
been shown that more recent innovations like interleukin 17 (IL-17) 
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and IL-23 blockers are superior in efficiency when used as first line 
biologics compared with tumour necrosis factor-inhibitors [64,65]. 


Atopic dermatitis 

Atopic dermatitis (AD) is an equally important, very common skin 
condition which leads to substantial disease burden and has a large 
impact on the patient, family and social contacts and society [66]. 
Compared with psoriasis, pharmacological innovations have been 
delayed and thus there has been less pressure and resources to gen- 
erate epidemiological and health economic data. However, given 
the introduction of highly effective biologic drugs (in particular 
dupilumab and tralokinumab) and small molecules (the first being 
baricitinib, upadacitinib and abrocitinib), there is now an increased 
requirement for health economic data in AD. Thus several publica- 
tions indicate relevant cost burden from AD in different countries 
[67]. In a recent review, 84 articles were identified depicting costs 
of illness in AD; 30 assessed direct costs and health care resource 
use, nine assessed patient/family out-of-pocket costs, 17 assessed 
indirect costs due to work productivity impairment and 47 assessed 
humanistic burden [66]. Direct medical costs of up to €6993 per 
patient per year (PPPY) were observed for adults with uncontrolled 
moderate to severe disease, with further patient out-of-pocket costs 
of up to €927 PPPY. Work absenteeism losses were also high and 
reached €10040 PPPY in patients with moderate to severe AD in 
the Netherlands. In Italy, work productivity losses of €2604 PPPY 
were observed which comprised 60.8% of the total costs for patients 
with moderate to severe disease. The human costs associated with 
AD such as sleep disruption, depression, anxiety and impact on 
education adds further weight to the indirect cost burden. 

In conclusion, the burden of AD on patients, their families and 
society is extensive and complex, with effects continuing through- 
out patients’ lives. When all aspects of costs are considered, it is 
evident that AD is associated with substantial burden in most coun- 
tries, amounting to estimated annual direct costs of €10 billion and 
indirect costs of up to €8 billion in Europe [66]. 


Cost comparisons of atopic dermatitis 

and psoriasis 

Although the overall disease burden is substantially high in AD, the 
overall average costs of illness per capita have been shown to be 
higher in psoriasis in more recent years (Figure 6.5). For example, 
in Germany the average costs for psoriasis in 2014 were about €5500 
[68] compared with about €3500 in atopic dermatitis in 2019 [69]. The 
reason for this is the much wider use of innovative drugs in psori- 
asis. Interestingly, once innovations are available, there is a shift in 
costs for psoriasis from the hospital sector to drug costs [68]. Fur- 
ther, in parallel to higher use and resource utilisation for drugs, the 
indirect costs were reduced, thus better balancing cost and benefit. 


Critical reflection of studies on disease 
burden 


For health economic evaluations a broad range of approaches and 
study designs exist. Even if the analysis only covers the cost of 
illness, publications show a large variation of underlying assump- 
tions and methods used which results in limited comparability of 
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Figure 6.5 Comparison of costs of illness between psoriasis and atopic dermatitis in 
Germany, showing typical differences in the course of psoriasis care and between 
psoriasis and atopic dermatitis. 


findings even within countries. These inconsistencies correspond 
to the findings of a systematic review of methods used to deter- 
mine cost of illness of several diseases [70]. For instance, 78% of 
the articles analysed costs for in-patient care, 64% expenses for 
medications and 45% for lost productivity only. Further differences 
between the studies were found in the study designs (e.g. top-down 
versus bottom-up approach and total versus incremental costs). The 
assessment of indirect costs varied even if only one indication was 
considered: in some cases the friction approach was used, in others 
the human capital. When the human capital approach was used, a 
further differentiation in absenteeism and presenteeism was found. 

The cost structures of these two high-expense diseases differ sig- 
nificantly [36]. First, direct costs account for the largest proportion 
of expenses in psoriasis (91.6%), while in skin cancer it accounts for 
31.4% only. Second, the more detailed examination also showed a 
huge difference in the composition of direct costs. While the largest 
proportion of expenses was medication in psoriasis (84.6%), it was 
office visits in skin cancer (75.0%). Intangible costs, which take loss 
in QoL into account, were an additional US$56 244. 

Thus, any data on disease burden need to be critically checked for 
the methods applied, the quality of data collection, the time of study 
conduction and the framework of the health system. 


Impact for decision making in dermatology 
practice 


The economic burden of skin diseases includes the costs to the 
payers and patients, indirect costs to society and intangible costs 
to the patient and relatives. These overall costs are difficult to 
determine for an individual patient in practice. However, in routine 
care, the evaluation of the patient’s perspective, in particular their 
health-related QoL, is essential. Economically, it is the patient's 


disease burden that justifies the expenses for medical measures 
such as diagnostics and drug treatment. In practice, the explicit 
treatment goals for an individual patient should be used to define 
the cost-effectiveness of the treatment. Following health economic 
rules, the dermatologist provides the most efficient treatment if the 
treatment goals (i.e. patient benefits) are achieved with the least 
costs. Consequently, if the least costly treatment fails, a more expen- 
sive therapy is justified. Hence, among several treatment options 
having the same chances of success, the cheapest should be chosen. 
All costs following the treatment decision need to be included, not 
just medication costs. Furthermore, a long-term perspective needs 
to be used since ‘early investment’ may lead to a return of the 
disease in the long run. Within the national frameworks of social 
laws and ethics, individual decision making should favour patient 
benefits to costs. 
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What is global health? 


Global health describes an evolving concept, an approach or disci- 
pline that aims to improve people’s health worldwide through better 
health care and access to it. It embraces a focus on both individual, 
patient-based clinical care as well as intervention at the population 
level, understood as ‘public health’. 

Achieving this requires a broad range of potential areas of engage- 
ment including research, teaching and clinical practice. It requires 
addressing social and political determinants of health, and finding 
solutions while working across political boundaries. 


History of global health 


The term global health first started appearing in the English liter- 
ature in the 1990s taking over from the previous prevailing term 
‘International Health’. However, its origins can be considered to 
have developed from various predecessors such as ‘colonial’ and 
‘tropical’ medicine. These terms emerged during the 19th century 
and focused on infectious disease control, in the main driven by 
national security priorities. 

Global health continues to be seen in the context of foreign pol- 
icy and connected to international security. However, over time, 
proponents of the global health concept have acknowledged the 
opportunities of recognising the benefits of including national 
security and foreign policy considerations within their advocacy 


framework. This assists in achieving alignment with the Sustainable 
Development Goals (SDGs) drafted in 2015. The SDGs were agreed 
by 193 countries at the United Nations (UN). They aim to rid the 
world of poverty and hunger and be safe from the worst effects 
of climate change by 2030. The 17 goals and 163 targets built on 
momentum established by the Millennium Development Goals 
(MGDs) that report achieving a 50% reduction in extreme poverty 
over 15 years. 

The SDGs, which include specific global health targets, consider 
health and well-being a general human right. They necessitate 
engagement from a range of potential contributors including 
international agencies, governments, charities and individual 
philanthropists. 


Global health today 


National public health departments and health protection agencies 
work together for global health security conforming to the interna- 
tional health regulations specifically committing countries to ensure 
they have the capacity and capability to detect, assess and report 
global health threats. While current global events highlight the dan- 
gers of infectious disease, exemplified dramatically by the Covid-19 
global pandemic, other hazards such as chemical, radiation, nuclear 
and biological threats can also impact on health. 

Several universities now have departments of global health with 
many of them collaborating through networks and consortia to 
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promote sharing of good practice, rapid communication of activ- 

ities and results and pooling of resources. As yet there are only a 

very few specifically with dermatological global health departments 

within them. 
The global heath ‘approach’ may involve three themes: 

1 Equitable partnerships — incorporating principles of respect and 
trust, planned together, and carried out together with measurable 
outputs. 

2 Expanding capability — supporting the strengthening of health 
systems in low- and middle-income countries (LMIC). 

3 Sustainability — ensuring that skills and capacity generated 
remains and continues once a partnership arrangement has 
reached its conclusion. 


Global burden of disease - dermatology 


Disease burden as a concept was first devised in the 1990s to collate 
the impact of effect from death and health loss due to disease 
and injuries as well as other health hazards across all regions of 
the world. Harvard School of Public Health working with the 
World Bank and World Health Organization (WHO) used disability 
adjusted life years (DALYs) as the unit of measurement which 
collates the time lost because of premature death with the time 
spent in a health limited situation state. This combined calculation 
of the numbers of years lost due to premature mortality or dis- 
ability generate the DALYs for specific diseases. The approach of 
calculated disease burden cannot comprehensively be limited to 
DALYs as this misses the impact of stigma as well as involvement of 
robust heath economic evaluations becoming increasingly relevant 
when considering finite resources available for health care. The 
Global Burden of Diseases Study 2013 identifies skin diseases as the 
fourth most common cause of all human disease, affecting nearly 
one third of the world’s population and the 18th leading cause of 
DALYs [1]. 


Dermatology in the global health context 


The impact of skin ill health can be felt throughout life in a vari- 
ety of ways that were illustrated in an editorial review from the 
International League of Dermatological Societies, titled Global 
Challenge for Skin Health in 2015 [2]. They noted the rising 
incidence of atopic dermatitis (AD) that is affecting 165 million 
children worldwide. AD results in intrusive itching that inter- 
rupts sleep and scratching that can lead to secondary infection. 
In LMIC, infestation with scabies mite is widespread, affecting 
more than 160 million children globally. In addition to causing 
intractable itching, it is the commonest cause of bacterial pyoderma. 
Long-term sequela of pyoderma through glomerulonephritis con- 
tributes to the worldwide epidemic of lifelong hypertension [3]. 
Occupational skin diseases including hand dermatitis are reported 
to cost €5 billion each year when addressing treatment, loss of 
productivity and compensation costs [4]. Skin cancer can occur 
throughout life but is more common in the elderly. Loss of pigment 
caused by the genetic disorder oculocutaneous albinism is a major 
determinant of life-threatening skin cancer in the resource-poor 


Figure 7.1 Children with albinism playing at a workshop. 


tropics. Not only is access to prevention and treatment limited, 
but persons with albinism (PWA) are also at risk of persecu- 
tion, including violent attack and ritual murder (Figure 7.1). 
These represent just a few examples of challenges to global skin 
health. 

As can be seen in Table 7.1, in addition to the widespread preva- 
lence of common skin diseases, there is further burden from the 
so-called ‘neglected tropical diseases’ (NTDs), many of which have 
cutaneous manifestations and are known as the skin NTDs. Skin 
NTDs include those NTDs that have recognised skin manifestations 
that are either primary manifestations of the disease such as Buruli 
ulcer, leprosy, scabies and mycetoma or an associated clinical fea- 
ture such as the urticarial rash that can occur in schistosomiasis, 
soil-transmitted helminths and foodborne trematodiases, or lym- 
phoedema that occurs with podoconiosis (Figure 7.2), lymphatic 
filariasis and leprosy. 

NTDs are a diverse group of diseases most common in tropical 
and subtropical conditions that affect more than a billion peo- 
ple. They account for 62.3 million DALYs according to the 2017 
Global Burden of Disease study [1]. In addition to their impact 
on health, NTDs, often, through their highly visible cutaneous 
manifestations, contribute to stigma, disability and exacerbate 
poverty of those affected. The WHO hosts a list of priority NTDs 
that include conditions that disproportionally affect populations 
living in poverty and cause significant morbidity and mortality, 
and primarily affect communities living in tropical and subtropical 
areas. They include conditions that are generally amenable to con- 
trol, elimination or eradication and have been relatively neglected 
by research. 
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Table 7.1 The impact of common skin diseases. Reproduced from Hay, Augustin, Griffiths and Sterry 2015 [2]. 


Skin condition 


Global distribution 


Impact 


Atopic eczema RPS/AE 

Psoriasis RPS/AE 

Scabies RPS 

Pyoderma RPS 

Skin ulcers, especially leg ulcers and decubitus ulcers RPS/AE Elderly 
Pruritus, from both dermatological and non-dermatological diseases | RPS/AE 

Genetic disorders such as epidermolysis bullosa and albinism RPS/AE 

Skin cancers: both melanoma and non-melanoma ainly AE but both for 
Diseases of an ageing population: leg ulceration, pruritus RPS/AE 

The skin as initial indicator of serious medical conditions such as RPS/AE 


NTDs (RPS), e.g. leprosy, yaws, onchocerciasis etc., or 
autoimmune damage, e.g. SLE (RPS/AE) 


non-melanoma skin cancer 


Predominantly affects children. Itching leading to sleep loss, inattention 
and disruption of family life 

Mainly adults. In addition to skin disability, risk of arthritis and 
cardiovascular disease 

All ages but particularly children. High prevalence, e.g. >50% in some 
areas. Risk of nephritis and rheumatic fever 

Associated with scabies. Risk of secondary complications (see Scabies) 

Associated secondary infection and major loss of mobility 

Loss of sleep, particularly in elderly; depression and mental illness 

Risks range from severe disability and death, e.g. in epidermolysis 
bullosa, to aggressive skin cancer in albinos in Sub-Saharan Africa 

Rising mortality with melanomas in younger adults. Very high 
prevalence of SCC in the elderly (>70-80 years) 

See previously 

Risk of mortality or severe morbidity. Early recognition leads to early 
treatment and prevention of major sequelae. Failure to recognise 
signs of NTDs may compromise control programmes 


RPS, resource-poor settings; AE, advanced economies; SCC, squamous cell carcinoma; NTD, neglected tropical disease; SLE, systemic lupus erythematosus. 


Figure 7.2 Podoconiosis — a typical foot with nodular variant of non-filarial 
elephantiasis. 


While dealing with these challenges needs a multifaceted 
approach, recognition and management of common skin dis- 
eases as well as neglected diseases can be enhanced by access to 
dermatological expertise. It has been previously widely acknowl- 
edged that there is a gap in the provision of specialist dermatology 
expertise in many settings including high income countries such 
as the UK [5]. However, this gap is vast in the context of LMIC. 
Formal maps detailing the availability of dermatologists across 


the world are limited. However, a recent review estimating the 
density of dermatologists across Sub-Saharan Africa presented in 
numbers of consultants per million of the population demonstrates 
that in contrast to the USA where there are an estimated 20000 
dermatologists to 328 million population, Lesotho and The Gambia 
have no dermatologists and Eritrea and Liberia just one for the 
whole country [6]. Updated details are shown in Figure 7.3. 

Efforts required to progress the global skin health initiative can be 

divided into four key areas: 

1 Research. 

2 Education. 

3 Clinical intervention programme application through translation. 
4 Advocacy and funding. 

Dermatologists have long been involved in global health. For 
example, Castellani followed a career in tropical and infectious 
diseases predominantly affecting those in resource-limited settings 
and eventually founded the International Society of Dermatology, 
originally known as the International Society of Tropical Derma- 
tology [7]. Samuel Plumbe acknowledged the global dimensions of 
skin diseases including sections on leprosy, lymphatic filariasis and 
even the Aleppo boil (leishmaniasis) in his texts in the 1830s [8]. 
However, the formal involvement of dermatologists within global 
health agencies, academic departments or ministries of health is 
scanty. 


Climate change and the skin 


Climate change affects the social and environmental determinants 
of health such as clean air, safe drinking water, sufficient food and 
secure shelter. Over the next 30 years climate change is anticipated to 
cause around 250 000 additional deaths per year from malnutrition, 
malaria, diarrhoea and heat stress. The direct costs to health are esti- 
mated to be $2-4 billion/year by 2030. Countries with fragile health 
systems, mainly LMIC, are the least able to cope without assistance 
to prepare and respond (Figure 7.4). 
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Figure 7.3 Map of Africa showing population of countries and number of dermatologists. 


Figure 7.4 Waiting for a lift, Somaliland 2005. Courtesy of Professor Anisa Mosam. 


A survey of a group of 158 dermatologists in 2019 reported 
that the vast majority believed that climate change will alter their 
work as dermatologists, modifying the incidence of skin diseases 
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in general as well as more specifically in fungal, vector-borne 
and water-borne diseases. One third reported unusual skin condi- 
tions noted already within their communities that they attributed 
to climate change including common and atypical infections, 
ultraviolet or heat-related diseases such as skin cancers, and 
inflammatory dermatoses [9]. A detailed review of the impact 
of climate change on skin health in Africa produced by the 
International Society of Dermatology’s Climate Change Com- 
mittee classifies the effects and concludes that the continent, with 
its delicate health infrastructure, is the most susceptible to the 
negative influences of climate change and threatens to under- 
mine many of the public health accomplishments made in recent 
years [10]. 


Key stakeholders in global health 
dermatology 


United Nations (UN) 

The UN is an international organisation founded in 1945. It is 
currently made up of 193 member states. Its founding char- 
ter guides the mission and work and bestows power to enable 


the UN to take action on issues confronting humanity. These 
include peace and security, climate change, sustainable devel- 
opment, human rights, disarmament, terrorism, humanitarian 
and health emergencies, gender equality, governance and food 
production. 


World Health Organization (WHO) 

The WHO is a specialised agency of the UN headquartered in 
Geneva, Switzerland, responsible for international public health. It 
was established in 1948 and works with 194 member states across 
six regions and from more than 150 offices. The commitment of the 
WHO is to achieve ‘better health for everyone everywhere’. Their 
General Programme of Work sets the framework for the financial 
resources and expenditure every 5 years. They aim to direct and 
coordinate international health work through collaboration. The 
WHO partners with countries within the UN system, international 
organisations, civil society, foundations, and academic and research 
institutions. In order to protect its work from potential risks such as 
conflict of interest, reputational risks and undue influence the WHO 
has adopted the WHO Framework of Engagement with Non-State 
Actors [11]. 


The WHO headquarters is organised into a number of depart- 
ments, many of which include potential for skin health to be specif- 
ically considered (Figure 7.5). 


International League of Dermatological Societies 
(ILDS) 
The ILDS has been promoting skin health around the world for more 
than 80 years. The ILDS represents dermatology at the highest level 
with over 180 Member Societies from more than 80 countries, acting 
for at least 200 000 dermatologists worldwide. The ILDS is the only 
dermatology non-state actor in official relations with the WHO. It 
aims to increase awareness, cooperation and communication within 
the global dermatology community to promote high quality educa- 
tion, clinical care, research and innovation that will improve skin 
health globally. It engages with the WHO to encourage considera- 
tion of skin health and dermatological issues at several relevant and 
strategic points. These include: 
¢ Occupational disease, e.g. skin cancer in PWA in the tropics, 
working outside and occupational contact allergies. 
¢ NTDs. 
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Figure 7.5 Organogram of the World Health Organization as of 10 May 2021 (available from WHO website). 
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e Essential Medicines List. 
e International Classification of Diseases and Related Health Prob- 
lems (ICD). 


International Foundation for Dermatology (IFD) 

The IFD is a section of ILDS that specifically focuses on the needs 
of underresourced areas to enhance awareness of skin health and 
improve accessibility to dermatological care. Established in 1987 
by ILDS, the IFD works to ensure skin health services in areas of 
low resource are available, accessible and effective for all patients, 
regardless of ethnicity, disability or social background. It works by 
supporting partners in underserved parts of the world to improve 
the provision of, access to and understanding of skin health and 
skin health services. It achieves this working in three main ways: 

1 Education, training and knowledge sharing. 

2 Global health partnerships and networks. 

3 Policy influencing. 


Neglected Tropical Disease Non-Governmental 
Organisation Network (NNN) 

This is a forum for partners working together to improve health for 
the world’s poorest populations. It has over 80 non-governmental 
organisations (NGOs) as members. It works in support of WHO 
and governments of endemic countries as an innovative platform 
for shared learning and programming to generate and dissemi- 
nate evidenced-based practices. Working across diseases, between 
cross cutting issues and with governments, the NNN has devel- 
oped the ‘BEST framework’ encouraging embedding cross-sectoral 
approaches and systems in all programmes. BEST is an anagram 
for the components in the framework and includes: Behaviours, 
Environment, Social Inclusion and Treatment/care elements. Mov- 
ing away from the previously traditional methods of vertical, 
single disease programmes for managing NTDs towards integrated 
approaches, NNN has fostered identifying common themes and 
cross cutting approaches and shifts towards integration, coordina- 
tion and health system strengthening. This shift has been supported 
by funders and the WHO and reflected in emerging international 
policies. 


The Skin Related NTDs Cross Cutting Group (NNN 
Skin NTD CCG) 

This is one of several NNN cross cutting groups. It works by pro- 
moting and supporting the integrated approach to skin-related 
NTDs detailed previously, recognising the opportunities integrated 
approaches offer around raising community awareness, conducting 
epidemiological surveillance and diseases mapping, training for 
health workers and community health workers, and programme 
monitoring and evaluation initiatives directed at managing NTDs. 


GLODERM - International Alliance for Global 

Health Dermatology 

GLODERM (www.gloderm.org) is a community of health profes- 
sionals focused on global health dermatology that provides exper- 
tise to international health agencies, shares best practice, pools tech- 
nical know-how and supports trainees wishing to pursue a career in 
global health dermatology. It undertakes to advance the discipline 


of population-based medicine and public health in the practice of 
dermatology. 

Global health dermatology is rapidly expanding in the areas 
of medical education, telehealth, capacity building, task shifting, 
research, and academic career development. In order to develop a 
central organisation in which to train in best practice and seek out 
collaborations and mentorship, the alliance was launched at the 
American Academy of Dermatology with help from the IFD and 
the International Society of Dermatology as a novel entity to unite 
dermatologists, allied health professionals and trainees. It is now 
supported by the IFD. It has established a trainee committee host- 
ing monthly educational webinars free to registered dermatologists 
from anywhere in the world and is working towards developing 
a mentorship scheme to guide trainees in this new dermatology 
specialty. 


Centers for Disease Control and Prevention (CDC) 
The US Centers for Disease Control and Prevention is the national 
public health agency of the USA. It is a US federal agency, under 
the Department of Health and Human Services, and is headquar- 
tered in Atlanta, Georgia. Its role is to protect America from health 
safety and security threats both foreign and in the USA. It achieves 
this through conducting strategic scientific investigations and pro- 
vides health information to protect the USA against health threats 
and respond when they arise. 


American Society of Tropical Medicine 

and Hygiene (ASTMH) 

The ASTMH, founded in 1903, is a large international scientific 
organisation of experts dedicated to reducing the worldwide 
burden of tropical infectious diseases and improving global health. 


Royal Society of Tropical Medicine and Hygiene 
(RSTMH) 

The RSTMH is a charity and member society based in London 
striving to save lives and improve health around the world through 
increased access to and greater equity in global health care. 


Terms used in global health dermatology 


Sustainable Development Goals 

The 2030 Agenda for Sustainable Development was adopted by all 
UN member states in 2015 and provides a future-proofed scheme 
for peace and prosperity for people and the planet. It consists of 17 
SDGs which represent a call to all countries for action in a global 
partnership. The SDGs acknowledge that ending poverty and other 
deprivations must operate in tandem with strategies that improve 
health and education, reduce inequality, and spur economic growth 
while tackling climate change and working to preserve our natural 
environment. 

Sustainable Development Goal 3 of the 2030 Agenda for Sustain- 
able Development is to ‘ensure healthy lives and promoting well-being 
for all at all ages’. The associated targets aim to: reduce the global 
maternal mortality ratio; end preventable deaths of newborns and 
children; end the epidemics of AIDS, tuberculosis, malaria and other 


communicable diseases; reduce mortality from non-communicable 
diseases; strengthen the prevention and treatment of substance 
abuse; halve the number of deaths and injuries from road traffic acci- 
dents; ensure universal access to sexual and reproductive health care 
services; achieve universal health coverage; and reduce the number 
of deaths and illnesses from hazardous chemicals and pollution. 

Universal health coverage means that all people have access to the 
health services they need, when and where they need them, with- 
out financial hardship. It includes the full range of essential health 
services, from health promotion to prevention, treatment, rehabil- 
itation and palliative care. Currently, at least half of the people in 
the world do not receive the health services they need. About 100 
million people are pushed into extreme poverty each year because 
of out-of-pocket spending on health. This goal is embedded in SDG 
3 — Ensure Healthy Lives and Promote Well-being. 


Community dermatology 

Community dermatology is a term conceived to describe activities 
or interventions where the dermatologist’s role extends beyond the 
individual to the community as a whole. The approach of commu- 
nity dermatology models adopted initially in Mexico and Argentina 
(see below) aims to increase access to dermatology experts through 
education aimed at rural communities currently cut off from derma- 
tology expertise either geographically or socioeconomically, or both. 


WHO NTD RoadMap 

The WHO has launched a road map for NTDs for 2021-30 ‘ending 

the neglect to attain the sustainable development goals’. This sets 

out global targets and milestones to prevent, control, eliminate 

and eradicate a diverse set of 20 diseases. Generated through 

extensive international consultation including IFD, NNN Skin 

NTD CCG and GLODERM, and endorsed by the World Health 

Assembly in November 2020, this new roadmap concentrates on 

integrated approaches needed to achieve the published targets that 

intersect multiple diseases though cross cutting actions. There are 

three pillars described to support the global efforts for control and 

elimination: 

1 Accelerate programmatic action. 

2 Intensify cross cutting approaches. 

3 Change operating models and culture to facilitate country owner- 
ship [12]. 


Improving global skin health 


Developing capacity in global health dermatology 
We have seen the scarcity of dermatologists within Sub-Saharan 
Africa. Initiatives to address this include establishing derma- 
tology training centres in resource limited settings both within 
Sub-Saharan Africa and in other resource limited settings. 


Regional Dermatology Training Centre, Moshi, Tanzania 
(RDTC) 

The RDTC (Figure 7.6), situated on the slopes of Mount Kiliman- 
jaro in Tanzania, was established in 1992 through a collaboration 
between the Government of Tanzania Ministry of Health, the IFD 
and the Good Samaritan Foundation (NGO responsible for the 


Figure 7.6 Regional Dermatology Training Centre, Moshi, Tanzania. 


Kilimanjaro Christian Medical Centre (KCMC)). The centre is inte- 
grated within KCMC and provides dermatological services for this 
teaching hospital as well as being a dedicated training institution. 
The broad objective for the centre to prevent, treat and rehabilitate 
patients with skin diseases, leprosy and sexually transmitted infec- 
tions in Sub-Saharan Africa was initially achieved through training 
of appropriate cadres of health care workers. The first programme, 
an Advanced Diploma of Dermato-venereology, directed at clinical 
officers, has now trained more than 300 dermatology officers and 
returned them to start dermatology services in 17 African countries. 
Subsequently a 4-year residency programme has begun and trained 
42 dermato-venereology consultants for eight African countries. 
Moves towards financial sustainability include encouraging the 
sending countries ministries to demonstrate financial support for 
their candidates through robust and regular representation to the 
ECSA-HC (East, Central and Southern African Health Community). 


Botswana-UPENN Partnership 

This initiative represents a partnership between the Perelman 
School of Medicine Centre for Global Health, Botswana Ministry 
of Health and the University of Botswana to build health care and 
research capacity in Botswana. It was established in 2001. With 
about 120 full-time staff in Botswana supported by the programme, 
this initiative takes an interdisciplinary approach emphasising a 
focus on internal medicine and its subspecialties. The initial drive 
was to improve the treatment of HIV and its complications. It has 
developed postgraduate training programmes within the Univer- 
sity of Botswana, supports global health experience for Perelman 
trainees and has developed a joint research agenda guided by the 
needs of the citizens of Botswana. There is specific and successful 
dermatology involvement with this programme, focusing on local 
dermatology capacity building and teledermatology. 


Cambodia — rebuilding dermatology services after 

the Kymyer Rouge era: clinical officers training 

With support of overseas, mainly German and French donors and 
lecturers, dermato-venereology services have been strengthened in 
Cambodia through the establishment of a dermatology diploma 
course. Working with the only internationally fully certified der- 
matologist (fully trained in Germany) a 20-week course consisting 
of 2-week modules and bolstered by 320 hours of internship in 
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Figure 7.7 Local transport solutions in Cambodia. 


hospitals and laboratories was delivered. Classes of 10 students 
completed basic dermatology diagnostics and therapeutics training 
to enable identification and management of the common der- 
matoses seen in Cambodia. Between 2005 and 2013, five courses 
were completed, with roughly 50 clinicians graduating with a 
diploma in basic dermatology. Following this, full specialisation 
training commenced in 2013 that is conducted partly in Cambodia 
and partly in overseas placements. International collaboration con- 
tinues to play a significant role in supporting dermatology specialty 
development within Cambodia [13] (Figure 7.7). 


UK Ethiopia Residents Programme — moving towards 
sustainability 

Ethiopian medical education has escalated significantly since 2006, 
when there were three Ethiopian medical schools from which 
122 doctors graduated each year. All 22 dermatologists in the coun- 
try of about 80 million individuals had trained abroad. After rapid 
expansion there are now about 30 medical schools training 2700 
doctors each year. Developing the teaching faculty as well as the 
service providers to support this increase has been testing. 

In 2006, the Tropical Health and Education Trust (THET) 
approached a UK dermatologist with experience of working in 
Ethiopia to assist with teaching medical students in Gondar, North- 
ern Ethiopia. From this initial contact, the UK connection blossomed 
and a residents training programme for dermatology was born, ini- 
tially enrolling six trainees. The curriculum was devised locally by 
the Ethiopian dermatologists at the ALERT Institute in Addis Ababa 
with UK collaboration. Delivery was assisted by a team of volunteer 
UK dermatologists acting as visiting lecturers and examiners. This 
partnership has continued and there are now over 100 trained 
dermatology consultants serving a population of about 100 million 
and three new dermatology training centres. With this first phase 
of establishing a dermatology specialty within Ethiopia now com- 
plete, delivering the training of residents is now undertaken by the 
Ethiopian consultants. However, visiting dermatology specialists 
to support ongoing training remain welcome as does offering over- 
seas placements for the developing Ethiopian dermatologists. An 


Association of Ethiopian Dermatology and Venereology has been 
formed and the development of a robust programme of continuing 
professional development is in progress within the country. 


Community dermatology in Mexico and Argentina 

This model involves a regional dermatology team delivering short 

periods of training over two working days (known as ‘journadas’) 

held in various rural areas using volunteer dermatologists, residents 
and medical students. The journadas include short, targeted der- 
matology classroom-based courses for the local health care workers 

(LHCW) followed by massive, free of charge dermatology clinics 

seeing large numbers of patients but also teaching the LHCW, 

embedding the theoretical training with ‘hands on’ experience. 

As well as improving dermatology education, training of the 
LHCW and delivering dermatology clinics for the local community 
these events enable a number of other objectives to be addressed: 

e Surveying the dermatology pathologies prevalent in the rural 
populations that can then be analysed and shared to stimulate 
research activities as well as tailoring subsequent teaching to 
focus on the common diseases seen. 

e Initiate activities aimed at preventing common dermatoses. 


Training the community to prevent common dermatoses 

In Argentina the community teams noted sun-related dermatoses 
such as actinic prurigo accounted for a significant number of 
dermatoses seen in rural communities, particularly among the 
Mapuche living in the Andes. In addition to targeting training of 
the health care workers on the predominant pathologies seen, the 
Community Dermatology Argentina has developed an innovative 
approach, educating young school children under 8 years old on 
photoprotection using the input of theatre, humour and student 
participation [14]. 


One day training programmes — Mali 

Noting that skin disease training for health workers is frequently 
neglected in many settings including those of low resource, a short 
training programme for general health care workers on the man- 
agement of common skin diseases was trialled in Bamako, Mali. 
The benefit was assessed on the basis of evaluating diagnostic 
and treatment selection accuracy before and immediately after the 
training. Diagnostic accuracy increased from 42% before training to 
81% afterwards. Prescription costs fell by 25% following training. 
These improvements in knowledge and practice were recorded to 
persist for at least 18 months after the training [15]. 


Initiatives to improve access -— equity of access 

to dermatological expertise 

Teledermatology in global health 

This is now a well-established subspecialty in the medical field of 
dermatology in general and arguably the most advanced example of 
applications of telemedicine and e-health. Telecommunication tech- 
nologies are used to exchange medical information over distance 
using a combination of audio, visual and data transfer. Many der- 
matological services from high income countries (HIC) to LMIC are 
embracing the opportunities offered by this technology. Although 
different challenges apply across the world, the overarching driver 
is to improve timely access of dermatological care to patients. 


Models exist to support education and development of clinical staff 
in virtual situations, supporting clinicians in isolated localities to 
diagnose and manage dermatology patients, as well as consulting 
with patients in remote settings [16]. 


Teledermatology training in Mexico 

After 25 years of undertaking training in person within the inac- 
cessible rural communities (see the journadas section), faced with 
challenges of funding and other resources, the Dermatologica Com- 
munitaria team from Guerrero state began to shift this teaching to 
a teledermatology course in Chilpancingo Guerrero, Mexico. Since 
2010, with the support of the Guerrero State Health Secretary and 
Telemedicine Guerrero, they now deliver four basic dermatology 
courses per year reaching 22 health centres with telemedicine sys- 
tems and have contact with 11 198 health personnel. These take the 
form of lectures and short videos accompanied by a simple hard 
copy manual that is distributed to embed the learning. They also 
support the referral and management of complex patients using 
this network. 


Africa Teledermatology Project (ATP) 

A store-and-forward teledermatology consultation network was 
established in 2007 in order to assist in providing dermatology 
care to 12 countries (Botswana, Eritrea, Kenya, Lesotho, Liberia, 
Malawi, Mozambique, Nigeria, South Africa, Swaziland, Tanzania 
and Uganda). Since its inception, the project connected clinicians via 
a secure, password-protected website. This virtual collaboration is 
between African partners, the USA and Austria. Using cameras and 
laptop personal computers to capture and send images of patients 
to specialists in other African countries, Austria and the USA, it 
provides diagnostic and treatment support to local physicians, 
dermatologists and health care workers in hospitals and clinics in 
underserved areas [17]. 


Teledermatology in Kenya 

Colleagues from AMPATH (see later) have led the establishment of a 
teledermatology service in rural Kenya. The system allows clinicians 
at remote clinics to utilise an iPad to photograph patients with skin 
issues that are then transmitted by a secure platform and reviewed 
by a local Kenyan dermatologist. The team estimates that 65% of 
patients can be treated by their primary care providers without hav- 
ing to make a long and potentially expensive journey to see a special- 
ist in person. Eventually, the goal is that artificial intelligence could 
be developed to make the diagnosis based on the photos that are 
loaded into the system. 


Advocating for appropriate attention for skin diseases 
International Alliance for the Control of Scabies (IACS) 
IACS (www.controlscabies) is a global network committed to 
the control of human scabies and the promotion of health and 
well-being of all those living in affected communities. It is a 
multiprofessional group which partners with government and 
non-government organisations including the WHO. It is involved 
in producing global control measures, focusing on advocacy, global 
burden of scabies monitoring, generation of diagnostic and man- 
agement guidelines and prioritising the research gaps to achieve 
control. 


Why is scabies important? This parasitic skin infection affects 
people in every country in the world. Young children and the 
elderly are particularly vulnerable; secondary infection is common 
and may lead to severe complications such as sepsis, renal damage 
and possibly rheumatic heart disease. 

Since its launch in 2012, IACS has held annual global scabies 
control meetings, published strategic position statements and suc- 
ceeded in presenting the case of scabies to be included as a neglected 
tropical disease by the WHO in 2017. Through coordinated research 
efforts evidence has emerged to suggest that scabies is amend- 
able to population level control particularly through mass drug 
administration. In order to develop a global control programme, 
key operational research questions need to be resolved. Approaches 
to diagnosis and disease burden mapping require standardised 
approaches. Safety of treatments with ivermectin and moxidectin 
for younger children require investigation. Studies to support the 
design of optimum implementation of mass treatment including 
the threshold prevalence for intervention, as well as dosing and 
frequency, are also needed [18]. 

As a result of the success of IACS activities, an area of unmet 
health need has been exposed, and significant financial support 
has been forthcoming to initiate the World Scabies Programme. 
This organisation, an initiative of the Murdoch Children’s Research 
Institute in Australia, aims to work with government and partners 
to translate innovative research in scabies control and establish 
public health programmes that will reduce the burden of scabies 
and its complications. 

It will work to: 

e Translate research on scabies control strategies into practice. 

¢ Increase global awareness on the impact of scabies. 

¢ Support governments to put scabies control on the national health 
agenda. 

¢ Establish country programmes to implement community-wide 
control strategies. 

e Partner with communities to reduce the impact on families and 
livelihoods. 

e Strengthen health systems to manage and monitor disease. 


Footwork: the International Podoconiosis Initiative 
(www.podo.org) 

Podoconiosis, a type of elephantiasis found in subsistence farming 
communities in the tropics, is an abnormal reaction to irritant 
mineral particles found in soils of volcanic origins. This poorly 
understood and neglected disorder is estimated to affect 4 million 
people in highland tropical Africa with endemicity suggested in 
more than 15 countries worldwide. Although the disease is both 
preventable (by avoiding contact with irritant soils) (Figure 7.8) and 
treatable (through simple inexpensive foot hygiene and protection 
methods) government-backed assistance programmes have been 
lacking. Individuals with podoconiosis suffer debilitating physical 
effects including acute attacks, common to all lymphoedemas, and 
they are often ostracised from their communities because of myths 
and misconceptions about the cause of their disease. Footwork was 
established to coordinate a cross cutting programme of work to 
achieve the vision of a world free of podoconiosis within our life- 
time. By bringing together public and private partners to support 
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Figure 7.8 Ploughing barefoot in highland Ethiopia, which increases the risk of 
podoconiosis. 


prevention and treatment of and advocacy for podoconiosis Foot- 
work grouped its work in three areas of advocacy and awareness, 
research and data collection and intervention. 

Increasing advocacy for podoconiosis to be included in global 
health and NTD agendas encourages endemic countries to include 
the condition within the master plans for health. This has been 
achieved in Ethiopia. Raising awareness as to the causes and impact 
of podoconiosis within affected communities and the relative sim- 
plicity of disease prevention and treatment reduces stigma and 
the ostracisation of affected individuals. Advocating for shoes as 
‘the next bednets’ against foot-related conditions including basic 
wounds, parasitic worms, tetanus, madura foot, tungiasis and 
snake bite has the ability to prevent disease, reduce morbidity, and 
increase quality of life and economic opportunities. 

Establishing the research priorities enable targeted data collec- 
tion to clarify the global picture of podoconiosis. Accelerating the 
collection of scientific data will assist in further establishing the 
cause of podoconiosis, the most effective treatments and the means 
of preventing the disease. Supporting mapping of podoconiosis 
distribution in countries identified as having the appropriate geol- 
ogy, topography and climate has already been undertaken enabling 
care and support programmes for those affected to be rapidly 
organised. 

Footwork has succeeded in supporting the integration of 
podoconiosis intervention programmes into primary health care 
programmes. Additionally, in Ethiopia it has established a method 
of capturing, propagating and continually updating best practice 
in diagnosis, prevention and treatment of podoconiosis for use in 
national guidelines and health professional criteria through the 
Ethiopian National Podoconiosis Action network. 


Global Alliance to Eradicate Lymphatic Filariasis (GAELF) 
GAELF connects a diverse collection of public-private partners to 
support the global programme to eliminate lymphatic filariasis. Act- 
ing together, they are able to be more effective in mobilising political, 
financial and technical resources to achieve a future free of lym- 
phatic filariasis. 


International Federation of Anti-Leprosy Associations (ILEP) 
A consortium of international NGOs with a common purpose of a 
world free from leprosy. Through its 13 members working across 
62 countries, they support 1028 project locations fighting against 
leprosy. 


Intervention to support and improve skin health 

Skin cancer prevention and management in PWA in the 
tropics: Comprehensive Care Programme with Persons 
with Albinism (CCPWA) 

Occulo-cutaneous albinism, a genetic disorder affecting 1 in 18 000 
people worldwide. It is much more common in Sub-Saharan 
Africa, affecting approximately 10 times more people (1 in 1400). 
Occulo-cutaneous albinism limits the production and process of 
melanin distribution in the body, leading to a reduction or absence 
of it in the skin, eyes and hair. This results in a complex visual 
impairment, altering retinal development and neural connections, 
and eliminates natural sun protection leading, in the tropics, to skin 
cancer development early in life. However, with careful yet simple 
interventions supporting visual development and introducing sun 
protection practices and skin surveillance early in life, these health 
challenges can be mitigated, significantly improving life quality 
in PWAs. 

Starting as an initiative from the RDTC in Moshi, Tanzania with 
the aim to assist the many PWA in Tanzania with the prevention 
of cancer and treatment of complications, CCPWA has developed a 
number of key strands to its programme. 
¢ Skin cancer prevention and treatment. 

e Eye assessment and visual improvement. 

e Improving access to education. 

e Improving independence of PWA. 

¢ General public awareness of issues for PWA. 
o Stigmatisation. 
o Persecution. 

Skin cancer prevention through manufacture and provision of 
free, bespoke sunscreen accompanied by education on sun avoid- 
ance and appropriate clothing to minimise sun damage and reduce 
the development of skin cancer is provided. The educational pro- 
grammes are directed not only to the PWA beneficiaries but also to 
community leaders, health care workers, teachers and care givers 
to support the message, reduce myths and reduce stigmatisation 
(Figure 7.9). 

Skin cancer treatment is delivered through regular outreach clin- 
ics screening the PWA and identifying skin cancers or lesions that 
need cryotherapy, biopsy or excision. A key success for this model is 
partnering with others. RDTC works with Standing Voice, an inter- 
national NGO based in Tanzania, Malawi and the UK committed 
to defending the rights of PWA in Africa. Standing Voice supports 
the delivery of health, education, advocacy and community pro- 
grammes not only with the RDTC but also in Malawi. They provide 
infrastructure capacity for the outreach clinics and work with the 
RDTC to develop financial and practically sustainable services. 
Standing Voice has coordinated the development of a skin cancer 
prevention workshop programme for dermatology officers incor- 
porating classroom components, practical surgical teaching, how to 
conduct patient education workshops and sun protection education 
sessions. This is supported with a Manual of Best Practice Skin 


Figure 7.9 Health education workshop for persons with albinism in Tanzania. 


Cancer Prevention and Management for Persons with Albinism in 
Sub-Saharan Africa which is downloadable for free from the ILDS 
website. 

Additional specialist support is provided by annual weeklong 
practical dermatology surgical workshops led by members of the 
Academia Espanola de Dermatologica y Venereologia. These hone 
the surgical skills of those dermatology officers involved in PWA 
care enabling them to care for those affected locally and minimise 
the need for the patients to travel long distances for specialist 
surgical care. 

Encouraged and inspired by the Tanzania model, other PWA 
projects have been established in Fiji and Panama. 

Additional projects caring for PWAs have been established in 
Botswana and Malawi led by local dermatologists and supported 
by colleagues at the Perelman School of Medicine at the University 
of Pennsylvania and Tumaini, Austria (a charitable NGO) and 
Primary Care Dermatology Society, Ireland respectively. 


Burma Skincare Initiative (BSI) 

Founded in 2018, BSI, a charitable incorporated organisation reg- 
istered in the UK, aims to improve access to skincare in Myanmar 
in a sustainable manner working with the country’s dermatological 
and health care communities across the three domains of education, 
research and clinical services. 


Building educational capacity for dermatology 
Community Skin Health Journal (CSH) 

CSH is the official journal of the IFD and is a resource for health 
care workers in underserved areas. It provides up-to-date, practi- 
cal information for the diagnosis and management of skin disease 
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Figure 7.10 Community Skin Health Journal app. 


appropriate to resource limited settings targeted towards the needs 
of general community health care workers. There are two editions 
published each year and these are available free of charge in hard 
copy with 10000 copies sent to contacts in more than 180 countries. 
It is also available electronically as a downloadable PDF from the 
ILDS resource centre (https: //ilds.org/resource-centre/tags/cdj/) 
as well as via a fully subject searchable app on android or iOS. It 
is available in English, French, Spanish and Chinese with plans to 
widen the languages covered (Figure 7.10). 


Community dermatology teaching materials 

A manual produced by the Communitaria Dermatologia team in 
Mexico is available in hard copy for participants in the Mexican tele- 
dermatological training events. It is also available digitally and pro- 
vides dermatological teaching material appropriate for community 
health workers in resource limited settings. 


Recognising NTDs through changes on the skin -a 

training guide for frontline health workers 

This manual was published in 2018 as a freely downloadable 
resource from the WHO NTD department. It has recently been 
supplemented by the launch of an interactive app, ‘the Skin NTDs 
Guide App’ available in four languages and focuses, as does the 
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manual, on grouping the disorders around their skin signs, e.g. 
lumps, ulcers, swollen limbs and patches [19] (Figure 7.11). 


NLR SkinApp 

This is a tool to help identify common, NTD and HIV-related skin 
diseases with which patients present at the peripheral health level. 
It is designed to support diagnosis and as a source of information 
on signs, symptoms and therapies for common dermatoses [20] 
(Figure 7.12). 


Manual of Best Practice —- Skin Cancer Prevention 

and Management for Persons with Albinism 

in Sub-Saharan Africa 

This is an internationally recognised resource developed by Stand- 
ing Voice in collaboration with the IFD in 2019. It is directed at clini- 
cians to assist them in delivering effective quality care to PWA across 
the African continent and beyond. It aims to consolidate previous 
learning and drive improvements in clinical practice for profession- 
als working to promote the dermatological health of PWA. It is acces- 
sible from the ILDS website (Figure 7.13). 


Tropical Dermatology: A Syndrome-Based Approach 
This is an online course presented by the University of Minnesota 
aimed at primary care clinicians working in resource-limited 
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Figure 7.12 SkinApp from NLR — until No Leprosy Remains. 


settings and/or with mobile human populations, dermatology 
trainees including residents and fellows planning rotations abroad, 
and dermatologists planning to work in resource-limited settings. 
It is organised by presenting complaint and is designed to reflect 
how we as clinicians evaluate patients by the clinical presentation 
rather than the cause of the disease. 


Building academic capacity for global health 
AMPATH (Academic Model Providing Access to Healthcare) is a 
partnership between Moi University, Moi Teaching and Referral 
Hospital in Kenya and the AMPATH Consortium of North America 
Universities led by Indiana University. It was launched officially in 
2001. The Indiana Centre for Global Health coordinates the involve- 
ment from North America, holds the institutional relationships with 
the Kenyan partners and facilitates several full-time faculty from 
Indiana University to be present in Eldoret, Kenya year round. 


Simple needs assessments 

Understanding need is an important way to gain objective infor- 
mation on the impact of diseases in large communities. This is 
especially important prior to allocating scarce resources. Estab- 
lishing prevalence, impact and obstacles to management prior to 
planning intervention were the objectives behind a simple needs 
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assessment undertaken in Cambodia. Patients from both rural 
and urban settings completed and administered questionnaires 
and were then examined and their diseases recorded. The sur- 
vey showed that 10 diseases accounted for nearly 60% of the 
cases seen: acne, eczema and scabies were the top three. The 
majority of the participants had mild to moderate disease for 
a median duration of 12 months. More than half the patients 
had previously spent an average of $10 USD on treating their 
skin disease unsuccessfully. The survey concluded that educat- 
ing community health workers and their patients about simple 
management of common skin diseases with locally available 
treatment could significantly reduce the impact of dermatoses 
for the patient and community. Such an approach is a prag- 
matic adjunct to accompany the more formal capacity building 
of specialist dermatology units and may well serve to amplify 
access to dermatology care at an earlier stage of specialist service 
development [21]. 


Migrant health dermatology 

There are nearly 80 million refugees and internally displaced people. 
Skin diseases are highly prevalent amongst migrants, and access to 
specialised health care services is often limited. This situation has 
been further exacerbated by the Covid-19 pandemic. Diagnosing 
and managing skin diseases and understanding the context in 
which they present will contribute to alleviating and addressing 
the burden of ill health due to the skin and also contribute to the 
overall well-being of the migrant community. Skin health is global 
health. The burden of sexually transmitted infections (STIs) and 
HIV in migrant populations varies according to the prevalence 


in the country of origin, due to sexual abuse during the transit 
phase, social inequalities associated with migration, human traf- 
ficking, HIV-related stigma and discrimination, and changes in 
sexual behaviour after migration. In response to this IFD estab- 
lished a Migrant Health Dermatology Working group to coordinate 
responses to these challenges. Initiatives to develop improvements 
in skin and sexual health care for refugees, migrants and internally 
displaced people are underway. These include: 

1 Establishing a curriculum to prepare health workers in dis- 
placed persons camps (DPCs) with relevant dermatological 
expertise. 

2 Developing a dermatological formulary for DPCs. 

3 Launching locally supported teledermatological services for 
DPCs and their surrounding communities. 

Following a field visit in December 2019, The IFD Migrant Health 
Working Group has enabled the AMPATH teledermatology model 
(see previously) to be rolled out in Bangladesh. This was achieved 
following support by OBAT Helpers (USA based) and The Refugee 
Crisis Foundation (UK based) NGOs. The IFD Migrant Health Work- 
ing Group team also worked closely with the dermatologists at the 
University of Chittagong and together they have launched a sus- 
tainable system of teledermatology support to link the health care 
workers in the refugee camps with the dermatologists in Chittagong 
to provide dermatological care for the 800000 Rohingya refugees 
residing in the Kutupalong refugee camp. Identifying the common 
dermatoses in the camp is also facilitating the development of tar- 
geted training [22] (Table 7.2). 


Getting involved 

Many of the actors in global health dermatology conduct this work 
outside their remunerated job plans. In time it is hoped that for- 
mal, funded global health dermatology positions will develop. Until 
then, dermatologists continue to volunteer their time and expertise. 


Short-term field trips - medical volunteerism 

opportunities and potential hazards 

While short-term international medical service work has the poten- 
tial to advance global health by promoting patient care, education 
and health infrastructure in underserved communities, it also has 
the power to work against health equity and empowerment of 
the local health community. How is this so? Brief and intermit- 
tent visits often fail to facilitate appropriate patient follow-up to 
evaluate the safety and usefulness of the interventions. Volunteers, 
in particular trainees, may be tempted to practise beyond their 
scope of competency. Even if the volunteer covers their own travel 
and accommodation expenses, volunteer visits often consume 
host community resources in terms of time, logistical support 
and culturally mandated hospitality. The observation of ethical 
principles developed by Stoff et al., adapted from DeCamp, pro- 
vide useful guidance for the short-term medical volunteer [23] 
(Table 7.3). 

Particular care should be paid when considering the dona- 
tion of medicines. The WHO stipulate that ‘medicine donations 
are neither a long-term solution to the underfunded health 
systems nor a solution to the lack of access to medicines in poor 
countries — especially for diseases that require lifelong treatment or 
large numbers of treatments’ [24]. 
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Table 7.2 Summary of skin diseases diagnosed in the Kutupalong Refugee Camp in 
December 2019. 


ICD-10 category Patients (n) 


Infections and infestations 
Viral skin infections 3 


Fungal skin infections 


Dermatophytosis 215 
Other superficial mycoses 3 
Candidiasis > 


Chromomycosis 
Bacterial skin infections 
Impetigo 

Cellulitis 39 
Ecthyma 

Ectoparasite skin infections 
Scabies 6 
Inflammatory diseases 
Dermatitis and eczema 
Atopic dermatitis 


Seborrhoeic dermatitis 9 
Unspecified contact dermatitis 9 
Exfoliative dermatitis 

Lichen simplex chronicus 4 
Prurigo nodularis 4 
Other dermatitis 36 
Erythema intertrigo 2 
Pityriasis alba 5 
Papulosquamous disorders 

Psoriasis 

Lichen planus 5 


Oral lichen planus 

Gianotti Crosti 

Other 

Urticaria and erythema 
Disorders of skin appendages 


Acne 6 
Alopecia totalis 
Other disorders of skin appendages 2 


Congenital disorders? 
Congenital ichthyosis 
Striate keratoderma 
Pachyonychia 
Hyperhidrosis 
Fissured nipples 2 
Insect bite 

Benign neoplasms 

Diseases of the digestive tract 
Aphthous stomatitis/ulcer 


Angular cheilitis 3 
Glossitis 

Other disorders? 

Vitiligo 2 
Asteatotic eczema 4 
Other/not classified 22 
Total 457 


Adapted from Khan et a/. 2020 [22]. 

@ Congenital malformations, deformations and chromosomal abnormalities. 

> Other disorders of skin and subcutaneous tissue/not classified. |ICD-10, WHO 
International Classification of Diseases version 10. 


Sustainable educational and health care partnerships 
Tropical Health and Education Trust (THET) 

With a vision of a world where everyone has access to quality 
health care, THET works to achieve this by training and educating 
health workers in Africa and Asia. It has partnered with over 
130 UK National Health Service (NHS) trusts, royal colleges and 
academic institutions. In addition, THET has worked closely with 
the British Government and is in official relations with the WHO. 
The partnerships deliver health worker training programmes based 
on the needs of the overseas partner institutions. At the centre of 
the effort has been the UK NHS. Over the past 4 years over 100 NHS 
institutions and 2000 NHS staff have provided more than 95000 
days of their time to work with colleagues overseas. In addition 
to bringing benefit to health systems in LMIC, there is benefit to 
the NHS. Staff return home with increased knowledge, improved 
leadership skills and a greater understanding of how to innovate 
in delivering health care with limited resources. This vision of 
co-development and bilateral innovation fosters the sustainable 
relationship and mutual advantage. 


American Academy of Dermatology Resident International 
Grant Scheme 

This funds 12 US and Canadian residents each year to participate 
in international electives spending between 4 and 6 weeks at one 
of four partner sites. The competitive submission process, requir- 
ing support from the residents’ educational supervisors, includes a 
detailed application form. Comprehensive information is provided 
from each elective site and careful monitoring and evaluation pro- 
cesses are in place to support the trainees and the host organisations. 


British Association of Dermatologists (BAD) — global health 
activities 

Many UK dermatologists have been involved in supporting global 
health activities, from providing volunteer teaching assistance for 
the RDTC in Moshi to supporting the Ethiopian Dermatology train- 
ing programme to name just two. The Roger Harman Fellowship 
provides financial support for Association members to undertake 
global health dermatology activities. Recently the BAD has estab- 
lished an annual Global Health Dermatology meeting and a global 
health session within the BAD annual meeting. It has also committed 
to setting up a global health dermatology subcommittee to facilitate 
a strategic focus on the place of British dermatology within the inter- 
national health arena. 


Conclusion 


Global health dermatology is a rich and varied field of medicine 
with emerging prospects to influence the improvement in health 
and well-being of many currently neglected individuals around the 
world. With the recently articulated emphasis on the role of under- 
standing skin disease for improving universal health coverage and 
achieving control of neglected tropical disease, dermatologists have 
a significant opportunity to provide international leadership and 
expertise, making a difference for the many and not just our indi- 
vidual patients. 
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Table 7.3 Ethical principles to guide global short-term medical volunteer trips. Adapted from DeCamp 2011. Taken from Toff and McMichael (2014) [23] with permission of Elsevier. 


Guideline 


Example 


Create a statement of common purpose 
Establish a collaborative partnership 


Ensure fairness in site selection 


Commit to benefits of social value 

Engage in bidirectional educational initiatives 
targeting the local community and team 
members 

Build the capacity of and work within the limits of 
local health care infrastructure 

Evaluate programme outcomes 


Engage in frequent ethical review 


Key references 


Promotion of global health equity through an expression of mutual caring and the relief of suffering 

Formulate goals for the trip through open, mutual input from volunteers and representatives of host site well in advance of 
the trip 

Make transparent the rationale for a project at a given site and include ethically relevant features, including perceived 

medical need, efficiency of resource impact, and safety for volunteers and patients 

Allow representatives of the local community to determine the desirability and feasibility of the service work to be performed 

n collaboration with local health care providers, create a series of interactive lectures and other educational materials 
targeting local health care providers and covering commonly encountered diseases in their community 


Donate resources to establish a high-speed internet connection and telemedicine capacity at the host site 


For an educational goal, measure durable gains in knowledge; for a patient care goal, measure long-term responses to 
treatment 

After working with local health care leaders to define guiding principles and benchmarks, periodically seek external, 

independent review (e.g. from a member of a different volunteer organisation) of goals and deliverables for adherence to 

these principles 
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Advances in genetics 


Progress in the field of genetics in medicine continues rapidly. Most 
of the known single-gene inherited skin disorders have at least 
been mapped to particular chromosomal regions and the causal 
genes have been identified in ever increasing numbers [1,2]. More- 
over, the introduction of next generation sequencing technologies 
(whole genome and whole exome sequencing) has led to several 
skin disease gene discoveries and provided new insights into skin 
disease pathophysiology as well as novel diagnostic approaches for 
inherited skin diseases [3]. 

The molecular genetic basis of the more common complex skin 
disorders (e.g. psoriasis and atopic eczema) is also advancing. The 
identification of the impact of certain genes or gene variants on 
disease susceptibility, clinical manifestations, optimal therapy and 
prognosis is gradually and selectively becoming realised. One ambi- 
tion is to progress towards personalised, precision or P4 (predictive, 
personalised, preventative, participatory) medicine. For example, 
recent studies on pustular psoriasis have identified that at least 
seven genes may influence disease biology [4], with evidence that 
interleukin-36 may be a common target for both pathobiology and 
therapy. These data, when combined with pharmacogenomics and 
other factors, then start to provide a basis for improved individual 
case management in dermatological practice. 

One key issue for dermatologists is trying to work out how rele- 
vant genetics might be to the patient with a skin condition in their 
clinic. Clearly for the Mendelian genodermatoses the role of genetics 
is very evident, but what about for an inflammatory skin condition 
or another individual with a similar disorder? One relatively new 
entity addressing this issue is the polygenic risk score (PRS). A PRS, 
also known as a polygenic score, genetic risk score or genome-wide 
score, is a number that summarises the estimated effect of many 
genetic variants on an individual’s phenotype, typically calculated 
as a weighted sum of trait-associated alleles. In other words, a PRS 
estimates how likely an individual is to have a given trait based 
only on genetics, without taking environmental factors into account. 


Over the next few years, PRS data are expected to become more 
clinically relevant in health and disease prediction. 

Another important point for dermatologists is to be aware that 
genetics is still a science very much in its infancy, particularly 
regarding understanding the nuances of a patient’s skin disease. 
We are still very much in an era of information gathering to try to 
improve the interpretation of genetics. Gathering skin, blood and 
saliva from dermatology patients and control subjects is vital in 
advancing the relevance of genetics. Biobanking refers to the process 
by which samples of bodily fluid or tissue (and other information) 
are collected for research use to improve our understanding of 
health and disease. Samples may be kept for years so that long-term 
research may be carried out, and researchers may track the health of 
the participants by looking at their past and future medical records, 
if people have given them permission to do so. Projects such as the 
UK Biobank recruit large groups of healthy people from across the 
population, and then use the samples over time to see if it can be 
established why some people go on to develop certain illnesses or 
conditions while others do not. 

The Human Genome Project, launched in 1990 and completed 
in 2003, was an international effort to describe the entire human 
genetic sequence. The project has led to rich catalogues of human 
genomic variants, an improved understanding of the functional 
complexities of the human genome and the capacity to determine 
the genomic basis of thousands of human diseases. The project has 
also heralded the era of genomic medicine, converting research 
successes into health care benefits, including somatic genome anal- 
ysis for cancer (and hence targeted therapies), genomics-based tests 
for a myriad of paediatric conditions and rare disorders, and the 
option of non-invasive prenatal genetic screening [5]. To date, how- 
ever, much of genomic medicine has involved merely describing 
and comparing genomic sequences. More challenging is to begin 
to understand more about function. One project that has been 
comprehensively annotating all the functional sequences in the 
human genome is the Encyclopedia of DNA Elements (ENCODE) 
Project [6]. This project, begun in 2003, offers data pertinent to a 
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broad range of genomic analyses, facilitating insights into specific 
phenotypes as well as genome-wide properties and principles. 
Given the relative ease of phenotyping skin disorders compared 
with some other diseased organs, dermatologists may be in an 
enviable position of being able to match new data from the genome 
to specific changes in patients’ skin. This will allow the creation of 
much more refined genotype-phenotype correlations that provide 
far greater insight into genetic skin diseases and how to improve 
clinical care of patients. 

Another recent advance has been the advent of single-cell 
genomics which enables high-resolution analysis of human tissues, 
including skin. Deconstructing skin into single cells and assessing 
their gene expression has provided data on novel cell states and 
biological pathways underpinning human development, tissue 
homeostasis and disease. The Human Cell Atlas project is attempt- 
ing to identify the molecular properties of each cell that forms 
a healthy human [7]. With regard to disease, the ambition is to 
understand how individual cells interact with one another and to 
translate such knowledge into precision medicine [8]. 

Online access to genetic information, databases and tools pro- 
vides a vital support link for both clinicians and researchers. The 
internet provides useful updates on several aspects of genetic 
research and data, and several informative sites are listed below: 
e¢ Medical Research Council (MRC) Human Genetics Unit, Institute 

of Genetics and Molecular Medicine: www.hgu.mrc.ac.uk. This 

link provides access to a wide range of databases and resources 
for genetic studies. 

e National Center for Biotechnology Information (NCBI): www. 
ncbi.nlm.nih.gov/guide/. This site offers a main entry point for 
information about the Human Genome Project. 

¢ Human Gene Mutation Database, Institute of Medical Genetics 
in Cardiff: www.hgmd.cf.ac.uk/ac/index.php. This site provides 
valuable updated information about mutations that have been 
identified in various inherited disorders. 

e Leiden Open Variation Database: www.databases.lovd.nl/ 
shared/genes. This site provides a comprehensive database of 
variants in genes associated with disease. 

¢ University of California Santa Cruz (UCSC) Genomics Insti- 
tute: www.genome.ucsc.edu/. This site contains the reference 
sequence and working draft assemblies for a large collection of 
genomes. It also provides portals to several other useful genomics 
projects. 

¢ Genome Aggregation Database (gnomAD): https://gnomad 
-broadinstitute.org. This is an international resource that aggre- 
gates and harmonises both exome and genome sequencing data 
from various large-scale sequencing projects. 

e¢ Human Cell Atlas (HCA): www.humancellatlas.org. This site out- 
lines the comprehensive reference maps for all human cells to 
provide a basis for understanding human health and diagnosing, 
monitoring and treating disease. 

e ENCODE Project: www.encodeproject.org. This site offers access 
to the latest information on functional elements within the 
genome being generated by the ENCODE Project. 

e UK Biobank: www.ukbiobank.ac.uk/. This is a large-scale 
biomedical database and research resource, containing in-depth 
genetic and health information from half a million UK partic- 
ipants. The database is regularly augmented with additional 


data and is globally accessible to approved researchers under- 
taking vital research into the most common and life-threatening 
diseases. 

e Online Mendelian Inheritance in Man (OMIM): www.ncbi.nlm 
nih.gov/omim/. OMIM is a catalogue of over 12 000 known 
human Mendelian characters, and was created by the late 
Dr Victor McKusick of Johns Hopkins Hospital, Baltimore, USA. 
OMIM is an excellent starting point for acquiring up-to-date 
information on human Mendelian characters or phenotypes. Each 
character is given a six-digit MIM number, which is widely used 
to identify inherited disorders in the medical literature. The first 
digit of the MIM number indicates the mode of inheritance (his- 
torical): 1, autosomal dominant; 2, autosomal recessive; 3, X loci 
or phenotype; 4, Y loci or phenotype; 5, mitochondrial loci; and 
6, autosomal loci or phenotypes added after 1994. 

(All last accessed January 2022.) 


Nosology and principles of medical genetics 


The terms ‘familial’, ‘inherited’ and ‘congenital’ are frequently 
misunderstood and misused. Familial refers to the clustering of a 
disorder, with more close relatives affected than predicted by the 
population prevalence of the condition. Inherited disorders require 
the transmission of genetic variants from one generation to the next. 
The term congenital simply means that the character was present at 
or detectable before birth; such abnormalities may not be genetically 
determined and include developmental defects due to environmen- 
tal infectious agents (e.g. rubella) and malformations arising from 
physical injuries (e.g. amniotic bands). Only a proportion of inher- 
ited disorders reveal themselves at birth (i.e. are congenital), with 
many having their onset in later life. Such age dependence may 
result from a wide number of factors, including the maturation of 
cells or tissue-specific functions, exposure to exogenous agents or 
accumulation of a noxious substance. 

A further and important example of adult age of onset is pro- 
vided by hereditary cancer syndromes, such as neurofibromatosis 
(NF) type 2, in which a second mutation impacting upon the nor- 
mal allele of a tumour suppressor gene is required to induce tumour 
formation. Such a mutation occurs as a ‘somatic’ change. 

Of the inherited skin abnormalities, the largest group is that of the 
single-gene disorders, which require an alteration in the function of 
a gene and are known commonly as the genodermatoses [1]. There 
are four inheritance patterns for classic genodermatoses: autosomal 
dominant (Figure 8.1), autosomal recessive (Figure 8.2), X-linked 
recessive (Figure 8.3) and X-linked dominant (Figure 8.4). Predispo- 
sition to the more common skin disorders, including atopic eczema 
and psoriasis, is determined by the action of more than one gene 
(sometimes involving gene—gene interactions, known as epistasis), 
with significant evidence for further modulation by environmental 
factors. Such disorders display complex patterns of clustering in 
families and are referred to as multifactorial. Chromosomal abnor- 
malities, either in number (aneuploidy) or form (translocation, complex 
rearrangements or microdeletions) are important to the clinician, par- 
ticularly if the patient presents a range of abnormalities including 
developmental delay. However, chromosomal anomalies rarely 
present solely with dermatological problems. 
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[| Affected male Ee] Unaffected male wo Deceased 


O Affected female O Unaffected female 


acute intermittent porphyria 
epidermolysis bullosa (some forms) 
ichthyosis (some forms) 
neurofibromatosis 

tuberous sclerosis 

hereditary haemorrhagic telangiectasia 


Figure 8.1 Autosomal dominant (AD) inheritance. 


| Unaffected male il Carrier male VA Deceased 


O Unaffected female © Carrier female 


| Affected male (although female 
can be equally affected) 


epidermolysis bullosa (the more severe forms) 
ichthyosis (the more severe forms) 
acrodermatitis enteropathica 
phenylketonuria 

xeroderma pigmentosum 


Figure 8.2 Autosomal recessive (AR) inheritance. 


Inherited characteristics are transmitted from one generation 
to the next by chromosomes, composed of double helix strands 
of DNA. A gene is a sequence of bases in the DNA encoding a 
polypeptide. The precise position of the gene on a genetic map is 
known as its locus. In females, the 46 chromosomes found in most 
somatic cells present in homologous pairs; hence two copies of 
every gene exist, one maternal and the other paternal in origin. In 
males, the Y chromosome only pairs with the X chromosome at 
the pseudo-autosomal region. Meiosis is the process of cell division 


by which male and female gametes (germ cells) are produced. 
Alternative genes at a single locus are called alleles. An individual 
with two different alleles at a particular locus is heterozygous; where 
both alleles are identical, the individual is described as homozygous 
at that locus. As with all complex mammalian genomes, the human 
sequence is made up of considerable amounts of repetitive DNA 
(Figure 8.5). The total number of genes is now estimated to be 
c.20 000, with an average size, including introns, of between 10 and 
15 kb. The genome may contain multiple copies of genes, known 
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[| Affected male O Unaffected female Zw Deceased 
i Unaffected male © Obligate carrier female 


anhidrotic ectodermal dysplasia 
Fabry disease 

Menke syndrome 

ocular albinism 


Figure 8.3 X-linked recessive (XLR) inheritance. 


[] Unaffected male 
@ Affected female O Unaffected female 


a Affected male 


incontinentia pigmenti 
X-linked form of oro-facial-digital syndrome 


Figure 8.4 X-linked dominant (XLD) inheritance. 


as copy number variation. Individual genes may also show intragenic 
copy number variation, such as the FLG gene that encodes a variable 
number (either 10, 11 or 12) of filaggrin repeat units [2]. The clinical 
significance of this intragenic copy number variation in FLG is 
variability in skin dryness (10 repeats is associated with a drier skin 
phenotype). 

An allele is regarded as dominant (Figure 8.1) if it manifests 
as a phenotype when present on only one member of the chro- 
mosome pair (heterozygous state) and as recessive (Figure 8.2) if 
it must be present at both corresponding loci (homozygous or 
compound heterozygous state) before it can exert its full effect. 
Semidominant refers to the consequences of inheriting one or two 
mutant alleles resulting in a phenotype, usually the two alleles 
having more substantive clinical manifestations. An autosomal 
dominant trait may occur in more than one sibling, even though 
both parents are apparently unaffected. This phenomenon may be 
explained by gonadal mosaicism, due to the presence of a mutation 
in the germline but not somatic cells [3]. It is important to note 
that the terms ‘dominance’ and ‘recessivity’ refer to a phenotypic 
characteristic rather than a gene. 


Genes borne on chromosomes other than the sex chromosomes (X 
and Y) are known as autosomal. Characters controlled by genes borne 
on the X or Y chromosomes are termed sex-linked (Figures 8.3 and 
8.4). The Y chromosome is much smaller than the X chromosome. 
The great majority of sex-linked genes are exclusive to the X chro- 
mosome, having no active counterpart on the Y chromosome. For 
these traits the term ‘recessive’ applies to males who carry only one 
(mutant) allele. Genes on the X chromosome are not one of a pair in 
males and when such a gene is abnormal in a male, the term hemi- 
zygous is used. Females who carry X-linked mutations are typically 
heterozygous and, with rare exceptions, including markedly 
skewed X inactivation, display no clinical abnormalities. A region 
of homology sufficient for pairing between the X and Y chromo- 
somes exists on the end of the short arm of the X chromosome, 
known as the pseudo-autosomal region, enabling sex-linked transmis- 
sion comparable to autosomal traits. Genes that are Y-linked are 
primarily involved in male sex determination (e.g. the SRY gene 
controlling the testis determining factor) or spermatogenesis. 

The effects of a mutant allele are not necessarily constant. The 
degree to which the effects are variable is a measure of the expression 
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Figure 8.5 Human genome organisation. STR, short tandem repeat. 


~40% 


Unique or low 
repetition DNA 


of the character in question, and the frequency with which a gene 
produces any effect at all is a measure of its penetrance. Genetic 
heterogeneity is the term used to describe clinically similar disor- 
ders (phenotypes) that result from different genetic defects. The 
concept of genetic heterogeneity is important for several reasons: 
(i) disorders that appear the same can be due to entirely different 
molecular defects, with a different natural history and requiring 
different treatment; (ii) for accurate genetic counselling as defects 
may have different inheritance patterns; and (iii) because genetic 
heterogeneity plays a significant role in common complex disease 
states. Different alleles at the same locus (allelic) and genes at differ- 
ent loci (non-allelic) can give rise to similar phenotypes. The term 
genomic imprinting is used to describe the phenomenon whereby 
a DNA sequence derived from one parent acts in a different way 
compared with that derived from the other parent [4]. Imprinting 
(coding or non-coding) carries a signal or imprint that indicates 
to nuclear transcription machinery the parent of origin for that 
sequence. For the majority of the human genome, no distinction 
is made between paternal and maternal copies, with the exclusion 
of polymorphic variation. The molecular basis of imprinting is 
thought to be methylation, the process whereby a methyl group 
(CH;) is added to DNA nucleotides (typically cytosine). Methy- 
lation is usually associated with reduced levels of expression of 
a gene, and for certain genes is applied exclusively to either the 
paternal or maternal copies [5]. 

In addition to nuclear DNA, which accounts for 99.995% of 
the total genetic pool, mitochondria contain a circular chromo- 
some comprising 14 protein-coding regions. The mitochondrial 
DNA mostly encodes for enzymes involved in the respiratory 
chain and oxidative phosphorylation [6]. Mitochondrial disorders 
are predominantly muscular, neurological and ophthalmological 


diseases and transmission is almost exclusively from the mother. 
Alteration in the mitochondrial genome may also be implicated in 
aspects of ageing [7]. 


Mutations and disease 


Most mutations are spontaneous and unexplained; however, cer- 
tain factors such as mutagenic chemicals and ionising radiation can 
increase the rate. In the absence of such agents, the mutation rate 
is of the order of 1 base pair (bp) substitution for every 10’-10'° bp 
replicated. If a mutation occurs in a somatic cell (somatic mutation), 
only the descendants of that cell are affected and there will be 
no transmission of the abnormality to further generations. Only 
mutations occurring in the gametes or their precursors can be trans- 
mitted to offspring. Normally, the replication of DNA is accurate, 
but mutations can occur, either induced by exposure to mutagenic 
agents or spontaneously through errors in the process of DNA 
replication and repair during meiosis. Chromosomal disorders 
may be due to abnormalities of chromosome number or structure 
and may involve autosomes or sex chromosomes [1]. Somatic 
cells are diploid, with a complement of 46 chromosomes, whereas 
gametes (ova and sperm) are haploid, with only 23 chromosomes 
following reduction division in meiosis. Numerical abnormalities 
that involve the gain or loss of one or more chromosomes are 
known as aneuploidies. Structural chromosome rearrangements 
result from chromosome breakage with subsequent reunion in 
a different configuration. They may be balanced or unbalanced, 
depending on whether or not gain (or loss) of genetic material 
occurs. Approximately 7.5% of all conceptions have a chromoso- 
mal disorder, but most of these are spontaneously aborted, so the 
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birth frequency is 0.6%. Among early spontaneous abortions, the 
frequency of chromosomal disorders is 60%, whereas in late spon- 
taneous abortions and stillbirths the frequency is 5%. Chromosomal 
abnormalities generally cause multiple congenital malformations. 
Children with more than one physical abnormality, particularly 
if there is developmental delay, should undergo chromosomal 
analysis as part of their investigation. Chromosomal disorders 
are incurable but can be reliably detected by prenatal diagnostic 
techniques. 

Mutations that impinge on the function of a gene most commonly 
occur within the coding regions (exons) and may alter the amino 
acid sequence and hence structure and function of the protein 
(Figure 8.6). In addition to gross structural chromosomal changes, 
submicroscopic alterations including substitutions (replacement 
of a single nucleotide by another), deletions (loss of one or more 
nucleotides) and insertions (addition of one or more nucleotides) 
may occur. Single-base substitutions, often referred to as point 
mutations, have been most extensively characterised. These muta- 
tions alter the DNA sequence so that either a different amino acid 
is encoded (missense), or a codon (the code of three nucleotides 
specifying an amino acid) is altered to code for a stop codon, lead- 
ing to premature termination of the protein (nonsense). Deletions 
and insertions, other than in multiples of three, will lead to dis- 
ruption of the reading frame for RNA translation, resulting in a 
frameshift mutation and premature termination (Figure 8.6). Point 
mutations may also affect splicing, the process by which mature 
messenger RNA (mRNA) is produced from RNA that has been 
transcribed directly from the gene. Large genome deletions may 
involve several neighbouring genes leading to contiguous gene 
defects. Mutations exert their effects by leading to a loss or gain of 
function of the gene’s protein product. In general, loss-of-function 
mutations lead to either reduced activity or complete loss of the 
protein. Gain-of-function mutations result in either increased levels 
of expression or the acquisition of a new function of a protein. 
The term ‘mutation’ has traditionally been applied to genetic 
variation causative of a Mendelian disorder. As further studies 
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are undertaken to unravel the genetic contribution of common 
and complex disorders, understanding the subtle functional con- 
sequences of all genetic variation, including polymorphisms, will 
be increasingly important. Polymorphisms are alterations in the 
DNA sequence that are present in unrelated individuals (some are 
common (50%), some are rare (<1%)) that usually do not cause 
disease although they may modify disease expression or contribute 
to some phenotypic manifestations [2]. Polymorphisms occur in 
both non-coding and coding DNA; in the latter they may be silent 
or lead to an amino acid change. 

The phenotypic features of a disease often reflect the result of the 
interaction between a particular genotype and the environment, 
but sometimes variation can be attributed to neither, as might 
occur in monozygotic twins. These differences are referred to as 
epigenetic phenomena as they occur due to additional influences 
at the biochemical, cellular, tissue and organism levels. Epigenetic 
effects involve chemical modifications to DNA that do not alter the 
DNA sequence but do alter the probability of gene transcription, 
for example by DNA methylation [3]. DNA hypermethylation 
contributes to gene silencing by preventing the binding of acti- 
vating transcription factors and by attracting repressor complexes 
that induce the formation of inactive chromatin structures. The 
DNA methylation machinery in mammals is made up of two 
components: (i) DNA methyltransferases, which establish and 
maintain genome-wide DNA methylation patterns; and (ii) the 
methyl-CpG-binding proteins, which are involved in scanning and 
interpreting the methylation patterns. The analysis of any changes 
in these processes is known as epigenomics. Such changes may affect 
DNA accessibility to local transcriptional complexes, thus providing 
a link between genome structure and regulation of transcription. 
Epigenome analysis is now the focus of considerable attention to 
identify genome-wide methylation patterns and the profiles of all 
human genes. Over the course of any individual's lifespan, epige- 
netic mutations will occur more frequently than DNA mutations, 
and appreciating the role of epigenetic phenomena in influencing 
phenotypic variation is a key area of future research activity. 


v 


Figure 8.6 Features of a typical human gene. 


One topic that has absorbed geneticists over the years has been 
the association between human leukocyte antigens (HLAs) and 
various diseases, including multifactorial disorders in dermatology, 
as well as drug metabolism or hypersensitivity [4]. HLAs are gly- 
coproteins on the cell surface of most nucleated human cells. These 
differ in subtle ways from person to person and uniquely finger- 
print each person’s cells. These fingerprints allow an individual’s 
immune system to recognise if a given cell is its own. The impor- 
tance of the HLA system has been highlighted by the need to match 
donors and recipients in the transplantation of human tissues. The 
HLA region is located on the short arm of chromosome 6, referred to 
as the major histocompatibility complex (MHC). A person inherits 
HLAs as a set, one set (haplotype) from each parent. There are at 
least four or five genetic loci that produce HLAs, termed A, B, C, D 
and DR (in order of their discovery not their location), and their gene 
products are called HLA-A, HLA-B, HLA-C, HLA-D and HLA-DR. 
Each locus has multiple allelic determinants (polymorphism). Pre- 
vious methods to define HLA subtypes by the serotyping of cellular 
assays have now been replaced by DNA sequence approaches to 
determine sequence feature variant types. Each allele at each locus 
controls an antigen, which is identified by a number placed after 
the letter of that series, for example HLA-A1 or HLA-B5. The letter 
‘w’ in front of a number indicates that its specificity was studied 
in an international workshop, and it continues to undergo further 
definition. HLAs that code at the A, B and C loci are determined 
by serological cytotoxicity methods, whereas those occurring at 
the D locus are detected by the mixed lymphocyte reaction. The 
HLA-DR antigens are serologically determined and are similar, 
if not identical, to the D locus antigens. DNA-based methods for 
typing at all HLA loci are now available. 

The association of an HLA with a given disease means that there 
is a higher incidence of that antigen in a group of patients with 
the disease than in a group of people without the disease. There are 
various ways in which the presence of a particular HLA might be 
involved in the pathogenesis of a disease: 

1 Molecular mimicry. An infective agent may have a similar con- 
figuration to the HLA, so that the agent is then not attacked by 
the body’s defence system. Alternatively, the agent might differ 
only slightly from the HLA, so that antibodies are produced that 
attack both the infective agent and the cells containing the HLA, 
thus inducing autoimmune damage. 

2 Receptor effects. Many chemicals, including drugs and toxins, 
bind to the cell surface before they are taken into the cytoplasm. 
As HLAs are present on the cell surface, they could modify the 
binding of these potentially toxic substances, and the specificity 
for such binding may be determined, at least in part, by DNA 
variation for HLA molecules. 

3 Genetic linkage. The HLA may be close to another gene on the 
same chromosome that produces a disease, either directly (e.g. 
due to an enzyme deficiency) or indirectly due to an effect on the 
immune response, which may be abnormally enhanced, leading 
to autoimmunity, or abnormally decreased, leading to infection. 

The association between an HLA and a particular disease is rarely 
absolute. There are many possible explanations for this, including 
the role of environmental factors or triggers (such as chemicals or 
infective agents) in disease causation. Non-HLA-linked genes are 
probably also important, including some that may confer resistance 
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to disease. The relative risk is the numerical answer to the question 
‘How many times is a person with a given HLA phenotype more 
likely to develop a given disease than a person without that HLA 
phenotype?’ 

In dermatological practice, HLA testing is particularly relevant 
to drug prescribing and the enhanced risk of drug hypersensi- 
tivity in certain populations. For example, individuals carrying 
the HLA-B*1502 allele are 100-fold more likely to develop toxic 
epidermal necrolysis following treatment with the anticonvulsant 
drug carbamazepine. This allele is common in South-East Asian 
countries and pre-prescribing screening for HLA-B*1502 led to a 
decreased incidence of this adverse drug reaction [5]. 


Mosaicism, Lyonisation and the lines 
of Blaschko 


The term mosaicism can be used to describe an individual with two 
or more cell lines of different genotypes derived from the same 
zygote [1]. Indeed, any tissue that contains a mixed population 
of cells with different genetic or chromosomal contents leading 
to phenotypic diversity can be referred to as mosaic. The actual 
type of mosaicism may vary and includes single-gene (somatic), 
chromosomal, functional and revertant mosaicism [2]. Somatic 
mosaicism indicates a mutational event occurring after fertilisation. 
The earlier this occurs during development, the more downstream 
cells will be affected and the more likely it is to affect the clinical 
expression of a disease. Gonosomal mosaicism refers to involvement 
of both gonads and somatic tissue, but if the mosaicism occurs 
exclusively in gonadal tissue, this is called gonadal mosaicism. Seg- 
mental mosaicism for autosomal dominant disorders can occur in 
one of two ways, referred to as type I or type II. In type I segmental 
mosaicism either there is a postzygotic mutation in the segment with 
the skin or outside the segment, with normal genomic DNA. In type 
II segmental mosaicism there is a heterozygous genomic mutation 
in all cells that is then exacerbated by loss of heterozygosity or a 
second mutation within a segment or along the lines of Blaschko. 
Blaschko lines were first described in 1901 and originally described 
as a ‘system of lines on the human skin which the linear naevi 
and dermatoses follow’ (Figure 8.7) [3]. Many naevoid skin lesions 
display an arrangement following these lines. The lines do not cor- 
respond to any known nervous, vascular or lymphatic structures, 
but represent the developmental growth pattern within the skin [4]. 
Mosaicism following the Blaschko lines is also seen in chromoso- 
mal mosaicism and functional mosaicism (random X chromosome 
inactivation through Lyonisation). Chromosomal mosaicism results 
from non-disjunction events that occur after fertilisation. Functional 
mosaicism relates to genes on the X chromosome because during 
embryonic development in females, one of the X chromosomes, 
either the maternal or the paternal one, is inactivated. In health, all 
females exhibit functional mosaicism with regard to their X chromo- 
somes. One of the two X chromosomes in the cells of normal females 
undergoes inactivation at an early stage of embryonic development 
(12-16 days after fertilisation), a process known as Lyonisation 
[5]. The inactive X remains condensed as a densely stained mass 
of chromatin known as the Barr body. For each somatic cell it is 
random whether the paternal X or the maternal X is inactivated, 
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Figure 8.7 The lines of Blaschko as illustrated in his 1901 article ‘A system 
of lines on the surface of the human body which the linear naevi and 
dermatoses follow’. Reproduced from Blaschko 1901 [3] with permission of 
W. Braumiller/Public Domain. 


but the choice is fixed for all subsequent descendants of that cell. 
Thus, a female has a mixture of two populations of cells, some of 
which have an active paternal X chromosome and some of which 
have an active maternal X chromosome. The relative proportions 
vary from female to female (even in identical twins) due to the 
randomness of the inactivation process. As a result of Lyonisation, 
the heterozygous state of various X-linked gene defects may give 
rise to a mosaic pattern of cutaneous lesions, which conforms to the 
lines of Blaschko. 

Revertant mosaicism, also known as natural gene therapy, refers 
to genetic correction of an abnormality by multiple different phe- 
nomena including back mutations, intragenic crossovers, mitotic 
gene conversion and second site mutations [6]. Indeed, multiple 
different correcting events can occur in the same patient. The 
clinical relevance of the reversion process depends on several 
factors, including the number of cells involved, how much rever- 
sal occurs and at what stage in life the reversion occurs. The 
phenomenon of revertant mosaicism has translational potential 
for treating genetic skin disease and has been tested in patients 
using punch grafting or by culturing and grafting revertant ker- 
atinocytes to unreverted areas [7]. Revertant keratinocytes have also 
been used to generate inducible pluripotent stem cells for future 
clinical applications. These reverted cells can thereby generate 
a bank of cells for regenerative medicine that does not require 
further genomic editing of the disease causing the mutation(s) 
(Figure 8.8). 


(a) (b) 


Figure 8.8 Revertant mosaicism in (a) recessive dystrophic epidermolysis bullosa and 
(b) Kindler epidermolysis bullosa. In both cases, the area within the dashed line has 
undergone spontaneous improvement with a partial functional and biochemical 
correction due to additional somatic genetic events. 


Genome sequence and analysis of inherited 
disorders 


Completion of the human genome sequencing effort has led to 
phenomenal progress in gene mapping techniques, with thousands 


of DNA markers now available, each defined and covering all 
chromosomes. These markers have greatly facilitated linkage stud- 
ies within families with Mendelian disorders. Linkage analysis 
questions whether each DNA marker co-inherits with the disease 
more often than expected by chance. The statistical test of linkage 
is the lod (logarithm of the odds) score. A lod score of 3 or greater 
is accepted as significant evidence of linkage, whereas a score 
of —2 excludes linkage at that location. Most genetic markers are 
now detected rapidly by polymerase chain reaction (PCR)-based 
methods of analysis, exploiting an abundant class of DNA sequence 
variation known as simple tandem repeats or single nucleotide 
polymorphisms. Gene tracking is the term given to the use of a 
known linkage between a marker and a disease locus to predict the 
genotype at the disease locus in a particular family member, such as 
in asymptomatic carrier testing or prenatal diagnosis. Early linkage 
studies relied on use of a few scattered markers, often widely spaced 
throughout the genome and therefore of limited practical value. 
With the advent of human genome sequence data, however, many 
more polymorphic markers have been identified and collectively 
used in genome-wide association studies, providing more detailed 
links between genes (or groups of genes) and specific diseases. 
Examples of recent genome-wide association studies include those 
in acne vulgaris and frontal fibrosing alopecia [1,2]. 

Alleles at gene loci residing close to each other on the same chro- 
mosome remain linked in transmission so long as the chromosome 
remains intact. However, during reduction division (meiosis), such 
linkages may be disrupted if crossing over occurs. The closer two gene 
loci are situated on a chromosome, the less likely they are to be sep- 
arated by crossing over and the more likely they are to be inherited 
together. Two such gene loci are said to be linked and it is possible 
to demonstrate genetic linkage in a family using appropriate genetic 
markers. When two alleles occur together more frequently, or less 
frequently, in a population than would have been expected from 
the individual allele frequencies, they are said to be in linkage disequi- 
librium. This may arise because of a recent mutation or for a partic- 
ular combination of DNA sequences, which may have, for example, 
a selective advantage and hence achieve disequilibrium by natu- 
ral selection [3]. Linkage disequilibrium is one important cause of 
disease association. Genetic linkage is a phenomenon demonstrable 
within families. In contrast, association due to linkage disequilib- 
rium is a phenomenon demonstrated by comparing a population of 
affected individuals with a control population. 

Although DNA markers have been used for decades to track 
and identify disease traits and relevant genes, much of the elegant 
detective work has been superseded by advances in DNA sequence 
technologies. These technologies have introduced rapid and com- 
prehensive direct sequencing of the entire genome (whole genome 
sequencing) or the coding region (whole exome sequencing) [4]. Thus, 
even genome-wide association studies have now evolved to add 
in, or be replaced by, one of these next generation sequencing 
approaches, which offer a universal tool for the diagnosis and 
discovery of genetic disorders or genetic contribution to disease. As 
access to accurate and efficient next generation genetic diagnosis 
improves, the need for expensive and invasive hospital inves- 
tigations for inherited skin diseases is likely to decrease in the 
future. Given that over a 20-year period the cost of DNA sequenc- 
ing technologies has come down 100 000-fold, this is expected to 
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continue falling until it becomes affordable to most institutions. 
As this technology continues to evolve, an appreciation of its ethical 
implications is essential. Every whole genome or whole exome data 
set generated will reveal sequence alterations in several genes, and 
although the potential effect on health is currently unknown for 
most of these alterations, they will likely be well understood in the 
future. Therefore, the most pertinent ethical issues centre around the 
use of the genetic information generated. This plethora of emerging 
information raises several ethical issues, such as how much of the 
data should be disclosed to patients? Should consent from individ- 
uals be sought to allow for both diagnosis and prognosis? What 
implications will the data have on family planning? Can termina- 
tions of pregnancy be justified from the global data? Or in a broader 
context, will insurance companies determine premiums based on a 
patient’s genetic profile? Despite these ethical and social challenges, 
however, the technical advances in next generation sequencing and 
implications for clinical activity in dermatology are set to continue. 

In addition to genomic data, research tools that generate other 
-omic data sets such as transcriptomics, proteomics, metabolomics, 
lipidomics, etc. are also being incorporated into multi-omic analyses 
to help characterise disease pathobiology, discover biomarkers of 
disease activity, and help drive targeted therapies for stratified 
or personalised medicine. New technologies that assess disease 
processes at single-cell levels are also emerging that will provide 
fundamental new insights into disease aetiology, classification and 
management [5]. 

The availability of swathes of new multi-omic data highlights the 
importance of accurate genetic counselling in many areas of clinical 
genetics. Genetic counselling is defined as ‘the process of helping 
people understand and adapt to the medical, psychological and 
familial implications of genetic contributions to disease’. Such coun- 
selling should include (i) an interpretation of family and medical 
histories to assess the chance of disease occurrence or recurrence; 
(ii) education about inheritance, testing, management, preven- 
tion, resources and research; (iii) counselling to promote informed 
choice and adaptation to the risk or condition; and (iv) information 
exchange on the implications or limitations of personal genetic 
data. Genetic counselling must be based on an understanding of the 
genetic principles and usual behaviour of hereditary and congenital 
abnormalities. It is also important to be aware of the spectrum 
of clinical severity for a particular condition, the availability of 
treatment (if any) of specialist centres and the options for molecular 
investigations and prenatal testing in subsequent pregnancies at 
risk for recurrence. These principles are straightforward to apply 
to monogenic diseases, but counselling for multifactorial disorders 
such as psoriasis or atopic eczema is more difficult. 
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In most countries, sustained improvements in obstetric and 
perinatal care have meant that more children with congenital mal- 
formations survive so that congenital malformations, single-gene 
defects and chromosomal abnormalities are increasing in their 
relative importance as causes of infant mortality and morbidity. 
Up to 5% of live-born infants may be affected by congenital defects 
or hereditary disease, and approximately 20% of all infant deaths 
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Chapter 8: Genetics and the Skin 


today are the result of such disorders. Congenital defects and 
hereditary diseases can have a huge impact on individual sufferers 
and families at risk of genetic disease as well as creating substantial 
health, economic and financial burdens for health care providers 
and society in general. 

The purpose of prenatal diagnosis is the detection or exclusion 
of a hereditary disease or congenital defect in utero. The option of 
an elective abortion of affected pregnancies can help parents at risk 
of having affected children to produce normal offspring. A conse- 
quence of early prenatal diagnosis is that many pregnancies can 
proceed to term with the delivery of anormal child, instead of being 
terminated on the basis of a high risk. 

Over the last 40 years there has been considerable progress in 
developing prenatal testing for severe inherited skin disorders. In 
the late 1970s, fetal skin was examined by transmission electron 
microscopy in a limited number of conditions, including severe 
(Herlitz) junctional epidermolysis bullosa (EB) and epidermolytic 
ichthyosis (bullous congenital ichthyosiform erythroderma). The 
tests were reliant on being able to demonstrate clear structural dif- 
ferences in the fetus compared with age- and site-matched control 
skin [1]. 

The early fetal skin biopsy sampling procedures were per- 
formed using a rigid fetoscope to directly visualise the fetus. Later 
samplings were obtained using finer, more flexible devices under 
ultrasound guidance. The fetal skin biopsy samples obtained dur- 
ing the early 1980s could be examined only by light microscopy 
and transmission electron microscopy [2]. In the mid-1980s, how- 
ever, the availability of a number of monoclonal and polyclonal 
antibodies to certain basement membrane components led to the 
development of immunohistochemical tests to complement ultra- 
structural analysis in establishing accurate diagnoses. For example, 
in severe recessive dystrophic EB, transmission electron microscopy 
may reveal structural abnormalities in the anchoring fibrils and 
cleavage below the lamina densa, but reduced immunolabelling for 
type VII collagen at the dermal-epidermal junction by immuno- 
histochemistry can provide valuable diagnostic support, especially 
if no clear evidence of blistering was noted in the fetal skin [3]. 
Fetal skin biopsies for disorders such as EB are usually obtained 
at 16-17 weeks’ gestation, although for some forms of ichthyosis, 
such as harlequin ichthyosis, the diagnostic skin abnormalities 
may not be present until 20-22 weeks’ development. Fetal skin 
biopsies for oculocutaneous albinism often necessitated biopsying 
hair-bearing sites, such as the eyebrows, or subjecting the skin to an 
immunohistochemical analysis of tyrosinase enzyme activity. 

Nevertheless, since the early 1990s, as the molecular basis of an 
increasing number of inherited skin diseases has been discovered, 
fetal skin biopsies have gradually been superseded by DNA-based 
diagnostic screening using fetal DNA from chorionic villi or amni- 
otic fluid cells [4]. Chorionic villi are usually sampled at 10-12 
weeks’ gestation (i.e. at the end of the first trimester), whereas 
amniocentesis is often performed early in the mid-trimester. Chori- 
onic villi can be obtained before 10 weeks, but sampling is usually 
deferred until later because of a possible risk of inducing fetal 
limb abnormalities. The chorionic villi can be obtained through the 
cervix or through the mother’s abdomen, depending on gestation 
and location of the placenta (Figure 8.9). 

Knowing the molecular basis of an inherited skin disease has 
made it feasible to test a much broader range of genodermatoses 


Figure 8.9 Chorionic villi for DNA-based prenatal diagnosis. 


by fetal DNA analysis, provided that the molecular basis of the 
disease has been fully characterised. This information should 
include knowledge of the mutation in the previously affected child 
as well as the carrier status in both parents. Having this information 
available can exclude compounding factors, such as the occurrence 
of de novo mutations (i.e. mutations occurring for the first time 
in parental gametes), uniparental isodisomy (i.e. the previously 
affected child having inherited two copies of a gene abnormality 
from one parent only) or the finding of non-paternity [4,5]. 

More recently, advances with in vitro fertilisation and embryo 
micromanipulation have led to the feasibility of even earlier 
DNA-based assessment through preimplantation genetic diagnosis 
(PGD) (Figure 8.10) [6], an approach that has been successfully 
applied to inherited skin diseases [7]. Improvements in DNA 
markers have also refined the approaches used for PGD such that 


Figure 8.10 Biopsy of a single cell from a blastocyst (3-day-old embryo) for 
preimplantation diagnosis or haplotyping. Courtesy of Assisted Conception Unit, Guy's 
Hospital, London, UK. 
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Figure 8.11 The blood of a pregnant woman contains maternal and placental 
cells along with cell-free fetal elements (DNA, RNA and proteins) which have the 
potential to be used as biomarkers for prenatal testing and diagnosis. Adapted 
from Pos et a/. 2019 [9]. 
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preimplantation genetic haplotyping (PGH) is now performed in 
many centres, including for genodermatoses [8]. PGH technology 
means that it is not necessary to screen for the precise mutations 
in a particular gene; rather a selection of polymorphic informative 
markers in and around that gene locus will suffice. The advantage 
of PGH means that more couples can be screened more quickly 
and PGH tests for conditions such as severe junctional EB have 
been approved, licensed and used clinically. Ethically, this approach 
may be more acceptable for some couples. 

For some inherited skin disorders, alternative, less invasive meth- 
ods of testing are now also being developed, given that fetal cells, 
DNA, RNA and proteins may be detected in the maternal circula- 
tion in early pregnancy (Figure 8.11) [9]. 

Free fetal DNA is present in the maternal circulation from 
6 weeks’ gestation and is rapidly cleared from the circulation after 
delivery [10]. The challenge in diagnosing monogenic diseases, 
however, is the presence of maternal DNA. Although non-invasive 
prenatal testing has not become established for inherited skin 
diseases, combining targeted haplotyping of both parents with 
targeted sequencing of cell-free DNA extracted during pregnancy 
offers one technical way forward to clinical realisation. Likewise, 
isolating fetal cells or defining fetal epigenetic markers may also 
improve diagnostic options. Considerable ethical, legal and social 
issues, however, remain to be addressed over the introduction 
and adoption of non-invasive prenatal testing [11]. Some inherited 
skin disorders, such as harlequin ichthyosis, can also be screened 
for by three-dimensional ultrasound [12]. Given that at present 
there is no cure for any inherited skin disease, prenatal diagnosis 
offers couples at risk of having affected children options for family 
planning, although genetic counselling should also be offered as 
part of patient and family management. 

In a clinical setting, the topic of prenatal diagnosis usually 
becomes relevant to dermatologists only when a mother of a child 
with a genodermatosis wishes to discuss risk in future pregnancies. 
Less commonly, she may consult once she is already pregnant 
and at risk for another affected child. The first objective for the 
dermatologist is to establish an accurate diagnosis and pattern 
of inheritance. The next task is to see what laboratory diagnostic 
information has previously been identified in the family, or if none 
is available, the challenge is to find a diagnostic laboratory that can 
undertake the necessary testing. It is important to establish how 


quickly such information might be made available — if it is going 
to take several weeks, then this may be too late for the current 
pregnancy. Then a centre that can perform the prenatal diagnostic 
test needs to be contacted so that a specific type of test can be 
planned, and arrangements made for counselling and follow-up. In 
most cases, the detailed planning can be referred on to the clinical 
genetics services or, in some countries, tertiary referral centres that 
diagnose and care for patients with inherited skin diseases. 
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Introduction 


The skin is the largest human organ, measuring about 1.5-2 m? in 
adults and representing about 15% of body weight [1]. It forms a 
mechanical, biochemical and immunological barrier with the exter- 
nal environment, including the microbiota, and is contiguous with 
the oral and anal epithelial lining of the human body. Creating an 
exchange interface between the internal and external environment, 
the skin is vital to the maintenance of homeostasis, notably through 
regulating body temperature and water loss. 

The basic structure of the human skin comprises a stratified 
epithelial layer followed by the basement membrane and the 
dermis, moving from superficial to deep (Figure 9.1) [1]. The 
avascular epidermal layer comprises keratinocytes including stem 
cells in the basal layer, which give rise to basal keratinocytes that 
undergo progressive differentiation through the sublayers of the 
epidermis into the stratum corneum located at the most super- 
ficial epithelial layer. Keratinocyte differentiation is a dynamic 
process that forms the sublayers of the epidermis and is charac- 
terised by the production of keratin and intercellular connections 
called desmosomes (spinous layer) followed by accumulation 
of keratohyalin granules (granular epithelial layer) and cellu- 
lar compaction with loss of nuclei (stratum corneum) before the 
corneal layer desquamates (sloughs off). Terminally differentiated 
keratinocytes, known as corneocytes, are embedded in a hydropho- 
bic lipid matrix of ceramides, fatty acids and cholesterol which 
act as a waterproof barrier to maintain skin integrity. Each of 
these sublayers of the epidermis can be identified by the unique 
expression pattern of key epidermal proteins such as keratins. For 
example, K5 and K14 in the basal layer, K10 in the spinous layer 
and filaggrin and loricrin in the stratum corneum [2,3]. In addition 
to keratinocytes, the basal epidermis also contains melanocytes 


producing the pigment melanin, Merkel cells for mechanosensing 
and immune cells. Therefore, the epidermis undergoes a continu- 
ous renewal process supported by both immune and non-immune 
cells, vital to the maintenance of a homeostatic state. The complex 
network of epidermal cells and immune cells provides protec- 
tion against ultraviolet (UV) radiation, chemicals, injury and 
pathogens. 

Separated from the epidermis by the dermal-epidermal junction, 
the dermis is a collagen-rich extracellular matrix (ECM) structure 
populated by fibroblasts, endothelial cells lining blood and lym- 
phatic vessels, pericytes, neuronal cells, Schwann cells and immune 
cells [4]. The dermis provides mechanical resilience of the skin 
and has a key role in thermoregulation due to the cell populations 
present. A simple analogy of the dermis is that of jelly (the ECM) 
with fruit pieces (the cells) embedded in it. There are two broad 
dermal regions: the papillary and reticular dermis. The papillary 
dermis has invaginations (rete ridges) from the epidermis that also 
lines appendageal structures such as eccrine sweat glands and the 
pilo-sebaceous unit, the latter comprising the hair follicle and hair 
shaft, sebaceous glands and arrector pili muscles. On a cross-section 
view of the skin, the papillary dermis has vertically orientated, 
densely packed collagen bundles, in contrast to the reticular dermis 
where the collagen fibres are horizontally orientated and more 
sparsely organised. The papillary dermis has capillary loops and 
the superficial blunt-ended lymphatic vessels and is rich in immune 
cells in comparison to the reticular dermis, which contain arte- 
rioles, venules and draining lymphatics. Immune cells such as 
antigen-presenting cells and T cells form cords around the dermal 
papillary vessels and are best appreciated on en face rather than 
cross-section view [4]. The subcutis deeper to the dermis is rich in 
adipocytes and will not be discussed in detail in this chapter. 
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Figure 9.1 Anatomy of (a) the skin and (b) the epidermis. 


Immunology 


The skin is one of the major non-lymphoid barrier tissues that 
are interconnected with all organs primarily via the vascular and 
lymphatic systems. Immune cells constantly traffic into and out of 
the skin and are in dynamic equilibrium with the rest of the tissue 
compartments in the human body during health. This harmonious 
relationship allows the immune system to signal via the different 
cell types in the major organs and, therefore, when challenged can 
mediate the necessary immune response. Perturbations to the equi- 
librium occur upon exposure and response to a stimulus, which can 
result in resolving or pathological inflammation mediated by var- 
ious immune cells and molecules. The first section of this chapter 
describes the components of the human skin immune network 
during health. The second half will focus on the consequences to 
human skin when the immune network equilibrium is perturbed. 


Immune cells in human skin 

The identity of immune cells in the human skin were initially 
described based on morphology, protein and gene expression. All 
cells contain DNA, which confers individual identity. The respective 
segments of DNA transcribed by each cell into RNA is variable and 
confers cellular identity (e.g. keratinocytes, lymphocytes). Some 
of these RNAs encode proteins which are translated, determining 
cellular functions. Non-protein-coding RNAs also contribute to 
cellular function, but these have received little attention compared 
with protein-coding RNAs and proteins, which are widely used to 
assign cell identity. 

The earliest descriptions of immune cells in the skin were based on 
chemical staining, for example gold chloride for Langerhans cells or 
haematoxylin and eosin (H&E) staining performed on skin sections 
usually cut at cross-section [1]. Further advances occurred follow- 
ing the discovery of antibodies that could be used to label specific 
antigens (components of proteins) expressed by immune cells and 
visualised using chemical- or fluorescence-based imaging, which are 
currently used in clinical pathology [2,3]. While these approaches 
allow the visualisation of cells in situ, they are limited by the number 
of antigens that can be measured simultaneously. 

Alternative approaches to in situ imaging involved culturing 
skin explants ex vivo or dissociating skin to release cells into a 
suspension for further analysis. It was observed that immune cells 
such as antigen-presenting cells and lymphocytes migrated out of 


Sweat gland duct 


Stratum corneum +4 


Stratum granulosum — 


Desmosome 


Spinous spinosum + 


(b) Stratum basale + 


skin explants over 24-60 h of culture and was originally thought 
to recapitulate lymphatic migration to the lymph node [4,5]. How- 
ever, recent studies have shown that cells were not necessarily 
entering lymphatics during ex vivo migration from skin explants 
[5]. Both ex vivo migration from skin explants and skin dissociation 
(mechanical, enzymatic or both) enable cells to be collected in a 
suspension and can be analysed using technologies such as flow 
cytometry and fluorescence activated cell sorting (FACS), frequently 
used to study peripheral blood cells [5,6]. The advantage of this 
method is the greater multiplexity of antigens that can be simulta- 
neously measured. However, those analyses lack precious in situ 
spatial information, impairing our understanding of how the cells’ 
microenvironment influences their fate and functions. 

Advances in single-cell RNA sequencing (scRNA-seq), single- 
nuclei RNA sequencing (snRNA-seq) and spatial genomics (e.g. 
spatial transcriptomics, in situ hybridisation and sequencing) 
technologies leveraging next generation sequencing have provided 
unprecedented resolution in depth and breadth of analysis of 
human tissues in recent years [7]. These methods enable whole cell 
(nuclei and cytoplasm) or nuclei RNA/transcriptome profiling of 
single cells in suspension as well as near single-cell resolution in situ 
RNA profiling [8]. They can be performed at high throughput and 
applied to the analysis of small skin biopsies of 4-6 mm in diameter 
[7]. These recent studies are beginning to highlight the heterogene- 
ity of cell types and cell states in healthy human skin based on each 
cell’s RNA expression, enabling a reference atlas of human skin to 
be assembled for comparisons with skin upon perturbation and in 
disease. scRNA-seq can be combined with surface protein profiling 
and snRNA-seq can be combined with regulatory DNA analysis 
(e.g. open chromatin and methylation) [8]. This allows different 
properties of a cell to be analysed simultaneously, providing a 
multifaceted view of cell identity. 

ScRNA or snRNA sequencing requires cells to be dissociated 
from tissue into suspension, so there is loss of spatial information 
of the cells within the tissue as well as incurring potential effects 
of dissociation during data analysis. Nevertheless, as snRNA-seq 
profiles nuclear RNA extracted from frozen tissues, this overcomes 
tissue digestion effects but does not include cytoplasmic RNA 
profiling. In situ spatial genomics technologies do not require tissue 
dissociation and can be performed on frozen or chemically fixed 
skin tissues, and therefore retain spatial information of the cells and 
their neighbours. Spatial transcriptomics provides data on cells’ 


localisation relative to their cellular and tissue microanatomical 
structure, thus allowing a finer level of understanding of the dif- 
ferent cues and interactions that cells are exposed to, and therefore 
giving a better comprehension of what can influence their functions 
and fate. 

On top of providing a physical and mechanical barrier, the skin 
acts as an active immune organ, shielding the internal environment 
from any pathogen or noxious breach. As such, immune cells are 
a vital component of skin homeostasis when in a resting state but 
are also recruited during tissue repair, inflammation and allergy 
mechanisms in activated skin. 

Innate immune cells are of particular interest as they are gen- 
erated in a relatively pathogen-free embryonic environment at 
a time when organogenesis and tissue morphogenesis occur [9]. 
Whether this is to protect against maternal—fetal transmission of 
pathogens, to prepare for perinatal challenges or immune cells 
having an undervalued non-canonical role in skin morphogenesis 
is still to be determined. Several mouse studies have described a 
role for immune cells, particularly macrophages, in murine skin 
development, wound healing and tissue repair. Although in vivo 
mechanistic studies of human skin morphogenesis are logistically 
challenging, recent advances in skin organoid culture from human 
inducible pluripotent stem (iPS) and embryonic stem (ES) cells are 
beginning to facilitate these investigations [10]. 

The skin-resident immune cells are the first line of defence 
against any noxious breach of the barrier and have a sentinel func- 
tion where they continuously sample their environment in search 
of non-self-antigens [11]. Upon activation by harmful antigens, 
some skin immune cells can migrate to the lymph nodes to induce a 
targeted immune response against specific antigens [12]. In steady 
state, the skin-resident immune cells are also largely involved in the 
maintenance of homeostasis and tolerance, preventing an overacti- 
vation of immune cells or autoimmune responses. This fine balance 
between an immunogenic and tolerogenic environment is crucial 
to support skin homeostasis and to ensure an appropriate immune 
response. 


Epidermal immune cells 

In healthy skin, the epidermal immune environment is composed 
of T cells and antigen-presenting cells called Langerhans cells 
(LCs) (Figure 9.2). The mechanical and immunological functions 
of the epidermis cannot be exclusively attributed to non-immune 
and immune cells, respectively, but are the collective function of 
all epidermal cells acting in synergy. Innate immune sensing and 
acute inflammatory responses mediated by keratinocytes have been 
demonstrated by recent studies, along with their capacity to pro- 
mote immune tolerance via self-antigen presentation to T cells [13]. 
These elements further highlight the importance of the cross-talk 
between immune and non-immune cells for adequate surveillance 
of the epidermal microenvironment and maintenance of barrier 


integrity. 


Langerhans cells 

Langerhans cells are unique skin-resident immune cells that are 
thought to originate from macrophage precursors early during 
prenatal development [14]. LCs, characterised by the expression 
of CD207, major histocompatibility complex (MHC) class II and 


high CD1a molecules, are found in the basal layer but extend their 
dendrites all the way to the granular layer to constantly survey 
and probe their local environment [12]. Recent studies based on 
scRNA-seq and mass spectrometry refined the classification of 
epidermal LCs and dendritic cells (DCs) by identifying two main 
populations: LC1, excelling at antigen presentation and innate 
immune responses and LC2, specialised in adaptive responses and 
related to dermal DCs [15,16]. There are 300 LCs per 1 mm? area 
of skin [17] that form an interdigitating cellular network providing 
an immunological barrier that complements the mechanical barrier 
of the keratinocytes interdigitating via desmosomes in the spinous 
layer. 

LCs sample antigens in the epidermis and migrate into the 
dermis where they enter lymphatic vessels, enabling them to 
travel to skin-draining lymph nodes to present the antigens to 
T cells. LC migration occurs during homeostasis to maintain 
healthy skin integrity and also on antigen challenge, such as from 
pathogen/exogenous molecules, to initiate protective immune 
responses. This is done by activating CD8+ T-cell differentiation 
into cytotoxic T cells and by supporting CD4+ T-cell differenti- 
ation into primarily T helper 2 (Th2) cells. LCs are also largely 
involved in the maintenance of a tolerogenic environment during 
homeostasis. While sampling the environment, non-activated LCs 
internalise self-antigens (mainly from apoptotic keratinocytes) 
without triggering autoimmune responses but rather promoting 
the secretion of anti-inflammatory cytokines, such as interleukin 10 
(IL-10) and transforming growth factor 6B (TGF- 6), and the induc- 
tion of regulatory T-cell (Treg) survival and differentiation [12,17]. 
Therefore, LCs present both tolerogenic and immunogenic pheno- 
types and their promotion is tightly orchestrated by the antigen 
origin and environment cues they receive. LCs are also studied as a 
potential candidate for vaccination strategies to induce antitumour 
immune responses in various skin cancers [18]. 


T cells 

T cells are broadly categorised as CD8+ cytotoxic T cells, CD4+ T 
helper cells and Tregs. T cells that have yet to encounter antigen are 
called naive T cells and after activation by cognate antigen in the 
lymph node, naive T cells proliferate and differentiate into memory 
T cells [19]. Human skin is populated primarily by memory T 
cells that enter the skin from the blood circulation [18,19,20,21]. 
Some memory T cells gain long-term residency in the skin (resident 
memory T cells) and others can recirculate (circulating memory 
T cells). Epidermal T cells are skin-resident memory T lymphocytes, 
primarily cytotoxic CD8+ T cells (with some CD4-+ T cells), express- 
ing CD103. They are derived from circulating T cells that enter the 
dermis through endothelial vessels and subsequently differentiate 
into skin-resident T cells, similar to other tissue-resident memory 
T cells. These cells provide a rapid immune response to previously 
encountered antigen challenges in the skin, such as protective 
immunity to viruses (e.g. herpes simplex virus) that can cause 
cutaneous infection. Their activation can also lead to hypersensi- 
tivity reactions, an unwanted immune response to allergen, such 
as drug molecules. LCs can directly present antigens to memory 
T cells in the skin, promoting their proliferation and activation and 
allowing for a thorough screening of the environment for harmful 
substances. T-cell functions are also influenced by their interactions 
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Figure 9.2 Immune cells in skin homeostasis and disease. 


with keratinocytes. Besides cell-cell interactions, keratinocytes can 
communicate via cytokine secretion, such as IL-la and TNF-a, 
promoting the initial step of the inflammatory response along with 
immune tissue infiltration. These elements reinforce the vital role of 
immune/non-immune interactions to regulate skin homeostasis. 


Dermal immune cells 

The healthy dermis has a variety of immune cells, including dermal 
antigen-presenting cells (DCs, macrophages and monocyte-derived 
cells), T cells expressing the lymphocyte antigen receptor /T-cell 
receptor comprising of chains (af T cells) and y6 chains (a T cells), 
innate lymphoid cells (natural killer (NK) cells and innate lym- 
phoid cells (ILCs)), mast cells and plasma cells (Figure 9.2). Notably, 
neutrophils and B cells are absent in healthy skin but can be 
observed during inflammation and disease. 


Myeloid lineage cells 

Antigen presenting cells. Dendritic cells are divided into two 
broad subtypes: conventional DCs and plasmacytoid DCs. The 
classification of DC populations is constantly evolving based on 
phenotype and ontogeny studies [12]. Each DC subpopulation is 
unique and distinct from one another through their transcriptome 
and phenotype. All DC populations appear to originate from a 
common DC progenitor via the action of the growth factor FLT3-L, 
although plasmacytoid DCs may arise from lymphoid progenitors. 
The dermis is composed of several subsets of conventional DCs, 
such as DC1, DC2 and DC3. Plasmacytoid DCs are very rare/absent 
in healthy skin. Similar to the LCs in the epidermis, DCs are potent 
antigen-presenting cells at the interface between innate and adap- 
tive immunity by sensing and integrating environmental cues to 
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polarise T-cell responses appropriately. Immature DCs are effective 
at antigen capture and processing as well as environment screening 
through the pattern recognition receptors on their surface. When 
patrolling, DCs can sense danger through pathogen-associated 
molecular pattern signals leading to the release of cytokines (type I 
and III interferon (INF) and TNF-a) and to direct cytotoxicity 
(via TRAIL (TNF-related apoptosis-inducing ligand) and Fas lig- 
and interactions). Immature DCs can also internalise antigen and 
migrate into the skin lymphatics to the skin draining lymph nodes 
while maturing on their way. Once activated or mature, DCs are 
less effective at antigen capture but are potent activators of T cells. 

In the skin draining lymph nodes, DCs prime and activate T 
lymphocytes by presenting exogenous antigens bound to MHC II 
to CD4+ T cells and endogenous antigens (derived from the cell’s 
protein synthesis endoplasmic reticulum compartment) bound to 
MHC I to CD8+ T cells. All cells express MHC I molecules and 
as such can present endogenously derived antigens to CD8+ T 
cells. MHC II presentation is restricted to antigen-presenting cells 
such as DCs, but MHC II can be upregulated during inflammation 
by epithelial and stromal cells such as keratinocytes, fibroblasts 
and endothelial cells. However, DCs are unique in their ability 
to migrate to skin draining lymph nodes to activate T cells and 
coexpress many co-stimulatory molecules such as CD80, CD83 and 
CD86 to efficiently activate T cells. 

DC subsets are functionally specialised [22]. For example, 
although CD8+ T-cell activation via MHC I machinery relies on 
endogenously derived antigens, there is a DC subset that can sample 
exogenous antigen and shuttle it to MHC I molecules for efficient 
presentation to CD8+ T cells. This process, called cross-presentation, 
is efficiently performed by skin CD141+CLEC9A+XCRI1+ DC1, 


enabling CD8+ T-cell activation to phagocytosed skin cancer 
antigens and viral antigens without the DCs becoming infected by 
the virus. CD1c-expressing DC2 and DC3 specialise in exogenous 
antigen presentation on MHC II to activate CD4+ T cells [23]. 
DCs are generally short-lived and are continuously replenished by 
DCs and DC precursors in the peripheral blood and bone marrow 
haematopoietic stem cells (HSCs) via a lineage distinct from mono- 
cytes. Like their epidermal counterpart, DCs can either promote an 
immunogenic or a tolerogenic environment giving them a key role 
in skin homeostasis regulation. 

Dermal dendrocytes, which express FXIIla, are skin-resident 
macrophages and not DCs [24]. Macrophages have a broad range 
of functions that differ depending on the tissue they are found in, 
for example microglia in the brain and Kupffer cells in the liver, but 
are essentially critical for tissue maintenance, homeostasis and local 
immunity. Dermal macrophages engulf melanin granules and were 
historically also called melanophages. Macrophages are one of the 
earliest immune cells to seed the developing skin where they likely 
contribute to skin morphogenesis. Tissue-resident macrophages 
arise from several sources including prenatal yolk sac progenitors 
and HSCs in the fetal liver and bone marrow [22]. There is increas- 
ing evidence for tissue-resident macrophages contributing to tissue 
morphogenesis in several organs in murine models, and their role 
in human prenatal skin morphogenesis remains to be explored. 
Dermal-resident macrophages are long-lived, can self-renew and 
persist locally in homeostasis but can also be reconstituted by bone 
marrow-derived HSCs if required [22,24]. 

Monocytes are made in the bone marrow from HSCs and released 
into the circulation where they seed peripheral non-lymphoid 
tissues such as the skin, where they rapidly undergo differentiation 
into cells with properties of DCs or macrophages based on local 
tissue requirements. Monocytes form a pool of cells in the bone mar- 
row and peripheral blood that can be rapidly mobilised to replenish 
tissue DCs and macrophages in times of need (e.g. inflammation 
and infection). Monocyte-derived DCs can subsequently acquire 
lymph node migratory capacity like conventional DCs. Follow- 
ing inflammation, circulating monocytes replenish the dermal 
macrophage population but the longevity of monocyte-derived 
macrophages is unclear. 


Mast cells. Mast cells are tissue-resident cells that are packed with 
mast cell mediators such as histamine, tryptase, prostaglandins and 
cytokines [25]. Mast cells reside in all vascularised tissues in the 
body but are particularly abundant in tissues that are in frequent 
contact with the external environment such as the skin. This ensures 
that the mast cells are in a prime position to regulate inflamma- 
tory mediators upon infection or disease. Mast cell mediators are 
rapidly released following activation of the high affinity receptor 
FcER1, on the surface of mast cells, that recognises the Fc region of 
immunoglobulin E (IgE) molecules. IgEs are a subtype of antibody 
that are made in response to allergens. Interestingly, mast cells are 
also generated in the yolk sac and, similar to the other innate cells 
such as macrophages, NK cells and ILCs, seed the developing skin 
very early in the first trimester [9]. The role of mast cells in aller- 
gic responses is well characterised but additional homeostatic roles 
have been reported, such as angiogenesis, and remain to be better 
characterised. 


Lymphoid lineage cells 

Innate lymphoid cells. Innate lymphoid cells, such as NK cells and 
ILCs, do not express a lymphocyte antigen receptor and as such 
lack antigen-specific memory capacity [26,27]. These cells are able to 
respond rapidly via cytokine and/or cytoplasmic granule secretion 
upon stimulation in the skin. NK cells are innate counterparts of 
CD8+ T cells and recognise cells that lack self MHC I for destruc- 
tion through granzyme and perforin release. ILCs are the innate 
counterparts of CD4+ Th cells with similar cytokine-producing sub- 
sets including ILC1 (IFN-y), ILC2 (IL-4/IL-13) and ILC3 (IL-17). NK 
cells and ILCs are generated in the yolk sac and fetal liver prior to the 
formation of the thymus and are also found in the fetal bone marrow. 
These cells seed the human skin very early in the first trimester but 
can be replenished by bone marrow-derived progenitors in postna- 
tal life. 


Mucosal associated invariant T (MAIT) cells. MAIT cells are evolu- 
tionary conserved, innate-like T cells that present a semi-invariant T 
receptor restricted to MHC class I molecules [28]. They specifically 
recognise riboflavin metabolites of bacterial origin presented on 
MR1 (MHC class I related) and therefore defend the body in the 
event of a microbial insult. These cells are especially enriched in 
the blood and liver but they are also found to populate tissues 
in contact with the external environment. In the skin, MAIT cells 
are mainly located in the basal membrane where they interact 
with the microbiota and actively participate in the maintenance 
of barrier integrity. Skin-resident MAIT cells show an effector 
memory phenotype and can be activated either in a T-cell receptor 
(TCR)-dependent or -independent manner through cytokines such 
as IL-7 and IL-12. Upon stimulation, MAIT cells produce a variety 
of cytokines depending on their polarisation. In mice, skin-resident 
MAIT cells seem to be skewed towards a Th17 profile, supporting 
epithelial survival. Recently, studies of MAIT cells’ genome revealed 
their involvement in tissue repair in addition to canonical immune 
functions. 


T lymphocytes. T cells form the adaptive arm of the immune 
response and have the capacity for immune memory through their 
lymphocyte antigen receptor /T-cell receptor. af T cells are CD4+ or 
CD8+ and conventionally recognise exogenous peptides presented 
by MHC II (usually on antigen-presenting cells) or endogenous 
peptides on MHC I (any cells), respectively [29]. The vast majority 
of T cells in the skin are memory T cells that are recruited via 
dermal capillaries into the skin following cognate antigen pre- 
sentation by DCs in skin-draining lymph nodes [19,20]. Central 
memory T cells retain the capacity to recirculate but effector mem- 
ory T cells are generally skin-resident. Differentiation of memory 
T cells into long-lived skin-resident memory T cells (characterised 
by the expression of CD69, CD103 and CD49a) is thought to be 
antigen-specific and locally mediated [20]. 

CD4-+ T cells in the skin can be IFN-y-producing T helper (Th1), 
IL-4/IL-13-producing T helper (Th2) and IL-17-producing T helper 
(Th17) cells. In addition, human skin also contains CD4+ Tregs, 
which have been shown to confer an immune privilege in the hair 
follicle bulge where they protect stem cells. During the hair follicle 
anagen phase, Tregs support an immune permissive environment 
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allowing high levels of proliferation and differentiation to pro- 
mote hair follicle regeneration. Bulge immune privilege is also 
achieved through the downregulation of MHC I-mediated antigen 
processing and presentation. y5 T cells are also found in the dermis 
but their precise role in homeostasis and disease is still unclear. 
Recent studies have demonstrated the presence of unconventional 
af T cells in human blood and tissues, including in the skin, that 
recognise lipids presented by CD1a on antigen-presenting cells 
such as LCs and dermal DCs. In addition, some af T cells may not 
express CD4 or CD8 and recognise glycolipids presented by CD1d. 
Both CD1a and MRI (presents riboflavin metabolite to MAIT cells) 
are also expressed by LCs and dermal DCs. In humans, adaptive 
T cells begin to seed human skin at the start of the second trimester 
following their differentiation in the thymus. 


Plasma cells and B cells. B cells also have a similar innate and 
adaptive cellular equivalent to ILCs and T cells. Innate-like B 
cells (B1 cells) spontaneously secrete IgM but the adaptive B cells 
undergo antigen-specific somatic hypermutation and differentia- 
tion into memory B cells and long-lived plasma cells specialised 
in antibody secretion and antibody class switching (IgM, IgG). B1 
cells have been described in mouse tissues but their presence in 
human tissues has been debated. Recently, putative human B1 cells 
were described in prenatal tissues but not in adult tissues [30]. 
Plasma cells reside in the healthy dermis, but B cells are rare [31]. 
Skin-associated B lineage cells are a heterogeneous population, 
different from the lymph node-associated B lineage cells, and are 
able to recirculate through the healthy dermis via CCR6-CCL20 
interaction [31]. Their precise role in health and disease is still 
unclear but B cells are also known to be involved in autoimmune- 
mediated skin disorders (e.g. pemphigus vulgaris), infection (e.g. 
leprosy) and skin cancers (e.g. cutaneous B-cell lymphoma). 


Immune surveillance: peripheral blood and skin draining 
lymph node 

The skin vascular and lymphatic vessels as well as nervous system 
facilitates the coordination of local and body-wide homeostasis and 
responses when required. Immune cells are mobile and can travel 
around the body mediating homeostatic equilibrium and physio- 
logical and pathological responses. Immune cells differentiate from 
HSCs in the bone marrow in postnatal life and egress from the 
bone marrow to enter the peripheral blood circulation where they 
can travel to various tissues in the human body. Cells destined to 
peripheral tissues often express specific surface adhesion proteins 
that act as tissue-homing receptors, for instance T cells expressing 
cutaneous lymphocyte adhesions, addressins that can act as post- 
codes for traffic to the various tissues including skin during both 
homeostasis and inflammation or disease. 

Immune cells seed the human skin as early as the first trimester 
of gestation [9]. The earliest cells found in prenatal skin are innate 
cells including macrophages, mast cells and ILCs. T and B lympho- 
cytes are seeded in the skin from the onset of the second trimester 
of gestation (about 12 postconception weeks) following the devel- 
opment of the thymus, where T cells differentiate, and the onset of 
bone marrow haematopoiesis, when B-cell differentiation scales up. 

There is one major travel route for immune cells into the skin 
via blood vessels but two exit routes from the skin via the blood 


and lymphatic vessels. Myeloid and lymphoid cells enter the 
skin through vascular endothelial cells, primarily through post- 
capillary high endothelial venule-like structures in the papillary 
dermis. Lymphocytes (e.g. central or effector memory T cells) can 
re-enter the peripheral blood through these postcapillary vessels 
and circulate around the body. Some lymphocytes that enter the 
skin differentiate into skin-resident T cells (characterised by 
the expression of CD103 and CD62L) and are primarily found 
in the epidermis. 

DCs and monocytes enter the skin through the circulation. 
Monocytes can differentiate into tissue DCs or macrophages. 
Macrophages are resident in the skin and are often long-lived [24]. 
DCs in the skin and other peripheral non-lymphoid tissues express 
the chemokine receptor CCR7 which enables their traffic from the 
skin to skin-draining lymph nodes via lymphatic vessels, the second 
exit route from skin. 


Resetting skin homeostasis: healing and repair 

Skin homeostasis can be altered in many ways following phys- 
ical, environmental and microbial stimulation or perturbation 
[32]. Homeostasis needs to be reset following perturbation and a 
classic response is following skin wounding resulting in repair. 
Wound healing has been extensively studied in murine skin and is a 
tightly regulated multifactorial programme of phases that involves 
haemostasis, inflammation, proliferation and remodelling at the 
injured site. The different phases of wound healing are overlapping 
and occur in a synchronised fashion throughout the process. Wound 
healing in the skin relies on many different cells working together 
such as the resident hair follicles and dermal fibroblasts, along with 
epithelial-mesenchymal cross-talk signals, for cell migration and 
epidermal regeneration to take place [33]. The role of macrophages 
in regulating repair has been described and is in keeping with obser- 
vations of poor wound healing in an immunodeficiency context 
and with immunosuppressive treatments, which are used in organ 
transplant and skin inflammation. This highlights the crucial role 
of immune cells as orchestrators of the wound healing and tissue 
repair processes. 

Haemostasis is the first step of the wound healing process and 
starts rapidly after the injury. Transient vascular constriction is 
induced and the extravascular collagen produced by the injury 
activates platelets and ensures their recruitment to initiate fibrin 
clot formation at the site of injury, preventing further blood loss. 
The fibrin clot acts as a provisional matrix supporting the wound 
healing process and is replaced by a definitive matrix in the fol- 
lowing phases. During haemostasis, the clots and the surrounding 
cells secrete pro-inflammatory cytokines and chemokines such as 
TGF- £, platelet-derived growth factor and epidermal growth factor 
to promote vascular dilatation and therefore allow immune cell 
recruitment and extravasation. The products of the injury also act 
as chemoattractants for immune cells. 

The inflammatory stage starts as soon as the immune cells are 
recruited at the injured site. Neutrophils are the first to arrive and 
their main role is to decontaminate the wound by phagocytosing 
any microbial particles and cellular debris. They also release elastase 
and collagenase to eliminate the components of the skin that were 
damaged by the injury. Once the site of injury is thoroughly cleaned, 


neutrophils die by apoptosis. About 24 h after the injury, mono- 
cytes migrate to the relevant site and differentiate to macrophages 
in response to the chemokines secreted by the cells surrounding 
the site of injury and the products of the injury themselves (ie. 
degraded collagen). Once at the site of injury, macrophages secrete 
cytokines to support the wound healing process. Macrophages 
likely play a role in re-establishing vascular and neuronal networks 
as well as keratinocyte migration during wound healing and repair. 

The proliferative phase mainly consists of epithelial cell migration 


to the injured site and proliferation, a process called re-epithelisation. 


The fibroblasts in the injury bed secret collagen and other ECM com- 
ponents to help rebuild the wounded tissue. This high level of cell 
activity implies a high demand in oxygen, which triggers angiogen- 
esis via the secretion of TGF-a, basic fibroblast growth factor (bFGF) 
and vascular endothelial growth factor (VEGF) by endothelial cells 
activated during haemostasis. The remodelling phase is the final 
step of the wound healing process and usually starts 21 days after 
the initial injury. It is characterised by the full closure of the wound 
and ECM remodelling. The initial ECM laid out by fibroblasts 
during the proliferation phase is disorganised and weak. 

Wound healing is accompanied by fibroblasts that secrete col- 
lagen and ECM that is organised in an abnormal lattice network 
forming scar tissue. Immune cells such as macrophages also con- 
tribute to scar tissue formation. The destruction of hair follicles and 
their stem cells in the injured skin results in hair loss within the 
scar tissue. Interestingly, human prenatal first trimester skin heals 
without scar formation. The precise differences between prenatal 
and postnatal human skin that results in scarless healing during 
development remains unclear and are likely mediated by multiple 
factors involving cross-talk between immune and non-immune 
cells. 


Skin immune network in humans and mice 
Murine models are widely used to study skin and have con- 
tributed to furthering our understanding of cutaneous biology. 
Therefore, it is important to understand the shared and distinct 
properties of the immune network in human and mouse skin to 
fully appreciate the lessons learned from animal models and how 
these findings can be extrapolated into clinical settings [22]. The 
extrapolation of findings in mouse studies to human biological 
relevance needs to consider three key factors. The first is the dif- 
ference between the often-studied young mice and adult human 
skin, leading to comparisons between two different corresponding 
biological ages between species. The second is the general use of a 
specific pathogen-free environment to house mice for experimental 
studies that contrasts with the natural environment human skin is 
exposed to immediately after birth. The third is the hair-bearing 
nature of mice skin and although studies are often done on mouse 
ear skin that lacks hair, its architecture is very different from human 
trunk and limb skin. Nevertheless, animal models do provide 
the advantage of undertaking perturbational mechanistic stud- 
ies that are often not possible to perform in humans in vivo, but 
careful consideration of their implications to human biology is 
required. 

The composition of skin immune cells in both species are broadly 
similar but with the notable absence of dendritic epidermal T cells 
(DETCs) in the human epidermis [34]. DETCs are from the family 


of intraepithelial lymphocytes that are also seen in other epithelial 
tissues such as the gut. DETCs express y5 TCR and are abundant in 
the mouse epidermis, forming a similar interconnected network to 
epidermal LCs in mouse and human skin. In mice, DETCs have been 
shown to be vital for tissue repair. It has been proposed that DETCs 
are linked to the presence of hair follicles in murine skin tissue after 
wounding, which are absent in human scar tissue. 

The role of macrophages in tissue homeostasis and regeneration 
has been well described in mice, including in cardiac repair fol- 
lowing injury, iron recycling and the regulation of body heat and 
peristalsis. Notably, Csflop/op mice and humans with homozy- 
gous CSFI1R deficiency lacking macrophage populations suffer 
developmental abnormalities including defects of tissue pattern- 
ing, branching morphogenesis and embryonic HSC differentiation 
[35]. Human maternal NK cells regulate angiogenesis and fetal 
trophoblast invasion and mouse Tregs promote hair follicle growth 
and lung tissue repair [35-37]. Also, although the cellular compo- 
sition of the skin immune network is similar between humans and 
mice, there are differences in the abundance and molecular features 
of these cells across species. For example, dendritic epidermal 
T cells prominent in the murine epidermis are not present in human 
skin. In healthy murine skin, antibody-secreting B cells are seen 
after 8 weeks of age and constitutively secrete IgM in the absence of 
antigen challenge, showing a role in skin homeostasis and defence. 
Furthermore, inflammation positively influences antibody-secreting 
cells leading to their accumulation in the skin. 


Skin microbiota and the immune system 

In addition to human skin cells, a rich community of microor- 
ganisms colonise the human skin that through host—microbiota 
interactions contribute to homeostasis and barrier integrity and 
tune immune responses to pathogens and perturbations and in 
disease [38,39]. The use of 16s ribosomal RNA sequencing or shot- 
gun metagenomic sequencing has enabled the identification of a 
diverse species of microbiota beyond traditional culture-dependent 
methods. Commonly found healthy skin microbiota include Staphy- 
lococcus, Corynebacterium and Cutibacterium (predominates in the 
pilosebaceous unit) bacterial species, eukaryotic viruses in low num- 
bers, the fungal Malassezia species and the arachnid genus Demodex 
that resides in the hair follicles. There are many external factors that 
can influence the composition of the skin microbiota including local 
(e.g. electrolytes, sebum) and systemic (age, hormones) host factors, 
and environmental (e.g. UV radiation, pollution) and lifestyle (e.g. 
skin products) factors. 

Recent research has illustrated the influence of skin microbiota 
particularly Staphylococcus epidermidis, a common commensal, on 
local tissue and systemic immune responses [11]. These studies have 
primarily been done on mice housed in germ-free facilities with 
regulated introduction of microbiota at birth. The host—microbiota 
interactions involve direct and indirect interactions with skin 
immune cells such as S. epidermidis triggering Treg influx in 
infant mouse skin and antimicrobial and immunomodulatory 
molecule production by keratinocytes. In short, mice that do not 
encounter skin microbiota have impaired local immune responses 
to pathogenic bacterial strains and are more vulnerable to infection 
and inflammation. The skin host—microbiota interactions can also 
affect distant organs (e.g. gut microbiota) affecting skin immunity, 
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or mediate a systemic response (e.g. toxin activating a systemic 
pain response). Skin microbiota has also been shown to promote the 
expression of host-specific endogenous retroviruses as a means of 
communication between host and exogenous microbiota to control 
homeostasis and inflammation. 

The composition of skin microbiota is altered in skin disease 
suggesting a role for microbiota in their pathogenesis. However, 
research in this field has struggled with the ‘chicken or egg’ conun- 
drum of whether the change in microbiota drives disease or is a 
consequence of disease. The microbiota in atopic dermatitis (AD) is 
enriched for Staphylococcus species, which is known to exacerbate 
AD, but there is little change to the microbiota in psoriasis skin. 
Although it is hard to know if skin microbiota alterations cause or 
are a consequence of skin disease, there is evidence in mice that skin 
inflammation can be dampened by modulating the skin microbiota. 
Further studies are required to better understand how complex skin 
microbial colonies modulate regional immunity and how to harness 
these functions for clinical therapy. 


Inflammation 


Inflammation is a cellular and molecular response that was con- 
ventionally characterised by tissue redness (Latin rubor), swelling 
(tumor), heat (calor) and pain (dolor). These signs and symptoms of 
inflammation, mediated by immune infiltration and tissue oedema, 
are generally viewed as a pathological tissue response in contrast 
to steady-state tissue homeostasis. Inflammation is mediated by 
different types of immune infiltrates into the skin including lympho- 
histiocytic (primarily lymphocytes and mononuclear phagocytes) 
and granulocytic (e.g. neutrophilic and eosinophilic), and are 
accompanied by extravascular fluid extravasation. Inflammation 
can be triggered by many causes such as pathogens, UV radiation 
and mechanical injury. 

However, there is increasing evidence that the cellular and 
molecular processes involved in inflammation are also shared by 
a range of other non-pathological biological processes including 
tissue remodelling and morphogenesis [1]. This has been observed 
during wound healing and in early human development. As such, 
some researchers have proposed a reinterpretation of the conven- 
tional viewpoint of inflammation as purely reflecting a response 
mediating disease. 

A recent perspective put forward is of inflammation as a 
molecular response that arises from loss of tissue structure, cell 
loss or loss of homeostatic control mediated by a diverse range of 
triggers. The corollary would also support inflammation as a pro- 
cess critical for tissue development and homeostasis which occurs 
during embryogenesis and regeneration. This perspective is helpful 
in contextualising inflammation as a process that has enormous 
benefits in normal physiology as well as potentially causing damage 
or pathology to the organism. 

In this context, the human skin, as an accessible organ that 
regularly undergoes tissue structure changes, wounds, repairs and 
heals, is an ideal tissue to interrogate the cellular and molecular 
mechanisms of inflammation. The same shared molecular processes 
are also implicated in a range of skin diseases that are described in 
other chapters of this textbook. 


Pathological skin inflammation 

Inflammation that does not result in re-establishing homeostasis can 
result in a range of skin diseases, including inflammatory skin dis- 
ease, chronic ulceration and neoplasia. Inflammatory skin disease 
is common and affects all age groups [2]. Common inflammatory 
skin diseases include AD, psoriasis, hidradenitis suppurativa and 
lichenoid disorders. These skin disorders cause a huge burden on 
the quality of life in patients and traditionally treatment focused on 
controlling symptoms rather than necessarily addressing the cause 
of the inflammatory response. Inflammatory skin disorders such as 
psoriasis and AD are often characterised by visible erythematous 
(red) skin eruptions during disease flares which can subside during 
remission. The red skin rash accompanies the infiltration of immune 
cells into the skin, including T cells and myeloid cells that induce 
epidermal hyperplasia/hyperproliferation, and the secretion of 
cytokines that creates the characteristic well-defined scaly plaques 
of psoriasis and ill-defined reddish papules and plaques of AD [3]. 

These two common inflammatory skin disorders are characterised 
by a preponderance of unique cytokines secreted by primarily 
immune cells in the local skin milieu. In psoriasis, there is activation 
of the IL-23/IL-17 axis whereby IL-23-induced stimulation of IL-17+ 
T cells leads to phosphorylation in the JAK (Janus kinase)/STAT 
(signal transducers and activators of transcription) pathway, which 
then induces the expression of IL-17 [4]. IL-17+ T cells target the 
epidermal keratinocytes which secrete chemokines such as CCL20 
and CXCL8, subsequently attracting infiltration of more T cells 
and neutrophils, resulting in psoriatic skin and inducing further 
disease activity. LCs and dermal myeloid cells are sources of IL-23 
in psoriasis. Psoriasis-like skin in murine models can be induced 
by topical application of imiquimod (a Toll-like receptor 7 agonist). 
Reducing LC secretion of IL-23 reduces T-cell interactions and IL-17 
secretion, which improves psoriasis-like symptoms in these murine 
models. Notably, overexpression of CD1a in murine LCs aggravates 
psoriasis. In humans, anti-CD1a antibodies have been shown to 
reduce the amount of cytokines in the skin such as TNF, IL-1 and 
IL-17 and to alleviate inflammation. 

AD has a multifactorial pathogenesis that incorporates barrier 
defects, bacterial overload and Th2-biased immune responses. 
The enhanced colonisation of skin with S. aureus is shown to fur- 
ther exaggerate the Th2 microenvironment, exacerbating disease. 
Mutation and aberrant expression of filaggrin, a major protein 
of the cornified layer in the epidermis, was described as a major 
predisposing genetic factor. However, more recently, dysregulation 
of the Th2 immune response, an imbalance in the skin commen- 
sals of the microbiome and increased colonisation of skin with 
S. aureus have been shown to underpin AD. It is thought that the 
dysregulated Th2 response is further exacerbated by a defective 
epidermal barrier integrity, increased secretion of factors such as 
thymic stromal lymphopoietin and IL-33 by keratinocytes and 
S. aureus colonisation. Activation of Th2 cells to release IL-4 and 
IL-13 further induces B cells to produce IgE, resulting in a vicious 
loop of Th2 cytokine-mediated inflammation. 

The cytokines and inflammatory mediators in both psoriasis and 
AD also mediate cross-talk between immune cells and neurons in 
the skin. These interactions mediate itch and pain as well as modu- 
lating skin inflammation. As such, therapies targeting psoriasis- and 
AD-associated cytokines using biologics (e.g. anti-TNF, anti-IL-17 


for psoriasis and anti-IL-4/IL-13) and reducing S. aureus burden in 
the context of AD have proven to be highly effective in dampening 
inflammation, improving symptoms such as itch and enhancing the 
quality of life of patients [5]. 


Inflammatory memory 

Immune memory is the ability of cells to respond more effectively 
and efficiently upon reinfection or re-exposure to an inflammatory 
stimulus. Conventionally this has been attributed to adaptive T 
and B lymphocytes and mediated by the selection of highly specific 
TCR and B-cell receptor (BCR) for the specific immune response 
causing the inflammatory process. However, it is becoming a more 
widely accepted concept that immunological/inflammatory mem- 
ory can also be retained by long-lived innate immune cells such as 
macrophages and non-immune cells such as epithelial stem cells [6]. 
Inflammatory memory can contribute to the tissue-wide immune 
response and exert its effect well after the initial inflammatory 
process. 

Researchers studying the epithelial barrier, tissues that are more 
routinely exposed to injury or pathogenic infection, noted that the 
response to injury is enhanced with repeated episodes of trauma. 
Investigation into the IL-17-mediated inflammatory response such 
as psoriasis demonstrated that the same area of lesional skin 
can undergo re-epithelialisation more quickly. The mechanism of 
inflammatory memory in epithelial stem cells is thought to be epi- 
genetically encoded. Epithelial stem cells retain memory of wound 
healing through altered chromatin accessibility, which remains 
open long after the inflammatory resolution, and is then recalled 
following a secondary insult resulting in a rapid reactivation of 
relevant gene expression and a quicker molecular response. In 
addition to this, an interesting discovery is that epithelial stem cells 
can also retain memory of their previous microenvironments and 
cellular functions. This was elegantly demonstrated in stem cells 
responsible for regenerating hair follicles to retain memory of their 
origin and the capacity to make hair even after moving out of the 
hair follicle niche into a new environment, which aided epithelial 
barrier repair following trauma. 

The mechanism of inflammatory memory lies in the specific 
epigenetic landmarks left after injury or infection. In response 
to inflammation, cells undergo histone and chromatin accessi- 
bility modifications to activate transcription of genes associated 
with inflammation or the stress response. Usually, these genes are 
returned to baseline after a period of resolution but epithelial stem 
cells can remain poised in a primed state for rapid gene expression 
upon further insult. Recent studies have begun to provide some 
answers to this. One layer to this is the idea of inflammation-sensing 
transcription factors that are activated upon cytokine or microbial 
exposure such as the activation of STAT3 in skin during the IL-17 
cytokine response which is essential for establishing epigenetic 
memory in epithelial stem cells. However, other researchers have 
highlighted that these transcription factors, such as STATs, alone 
are not enough. In addition to a stimulus-specific factor, establish- 
ing memory requires the general stress-responsive transcription 
factor FOS and one of its associated factors, such as JUN, to gain 
chromatin access for remodelling. This then allows for prolonged 
binding of transcription factors long after the inflammation or 
stress is removed and allows reactivation of inflammatory memory 


via various cellular stresses that trigger FOS. Despite the recent 
advances in understanding the mechanisms of inflammatory mem- 
ory, some questions remain unanswered: how does a cell decide 
whether to retain epigenetic memory of inflammation, how is 
memory retained during normal cellular processes such as cell divi- 
sion and differentiation and whether there is variation in the way 
different cell lineages acquire and retain inflammatory memory. 
Inflammatory memory is an exciting conceptual development in 
skin biology and has the potential to better understand skin dis- 
eases, including cancers, where immune memory can be hijacked or 
exploited mediating disease. Precise manipulation of inflammatory 
memory, well beyond the active skin flare during disease, promises 
to open exciting new therapeutic avenues and also to potentially 
facilitate therapeutic cure of common inflammatory skin diseases. 


Allergy 


Allergy is a type of abnormal inflammatory response triggered by 
sensitivity to an otherwise harmless substance such as food, pollen 
or animal fur. Skin allergies can be classified more specifically by 
the type of hypersensitive reaction triggered. Skin allergies mani- 
fest due to type I hypersensitivity, characterised by hives in acute 
or chronic urticaria, or type IV hypersensitivity reactions, such 
as contact allergic dermatitis following contact with allergen. A 
type I hypersensitivity reaction is immediate (within c.24 h) and 
is mediated by an IgE response to the allergen causing mast cell 
degranulation. This releases histamine, prostaglandin and other 
vasoactive molecules resulting in oedema, itch and redness. In 
contrast, a type IV hypersensitivity reaction occurs c.48-72 h later 
and is T-cell mediated. Allergen-specific T cells are activated by 
DCs in the skin draining lymph nodes. 


Mast cell and IgE-related type | skin 
hypersensitivity 

One of the main players in the skin allergic-type response is the mast 
cells. Mast cells are an important immune cell type that produce 
mediators that can actively enhance inflammation and promote 
wound healing through re-epithelialisation and scarring. In terms 
of allergy, mast cells are vital to skin immunity as they reside in 
the tissue available to rapidly mediate regulatory response to any 
infection or disease. Mature mast cells contain various mediators, 
cytokines and proteoglycans that are released upon activation of 
mast cell surface receptors. IgE binding to FCER1 on mast cells trig- 
gers the release of histamine and other mediators in defence against 
potentially harmful molecules. However, in certain individuals, the 
inappropriate activation of mast cells to allergens results in urticaria 
[1]. Urticaria, characterised by the appearance of wheals/hives 
on the skin, can be triggered by a range of stimuli and is named 
depending on the inducible factor, such as solar urticaria caused 
by sensitivity to UV light and cold urticaria caused by exposure to 
cold. When the trigger is unknown, the rash is labelled spontaneous 
urticaria. Histamine and other mediators released by degranulating 
mast cells are associated with the pathogenesis of urticaria, and 
mast cell degranulation can be observed at the sites of wheals in the 
skin. The first evidence of the immunological mechanisms underly- 
ing chronic spontaneous urticaria demonstrated that IgG antibodies 
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against the patient’s own IgE were instrumental in causing wheal 
formation. It has also been shown that in patients with chronic spon- 
taneous urticaria, there were more than 200 IgE autoantigens in the 
serum that are not observed in healthy controls, suggesting that 
IgE-dependent mechanisms underlie forms of urticaria. Therefore, 
the development of novel anti-IgE therapies such as omalizumab 
changed the landscape for many urticaria patients [2]. However, 
there is now an appreciation of an alternative pathogenesis of 
chronic spontaneous urticaria that is IgE independent, where some 
patients do not respond [3]. 


Allergic contact dermatitis 

Allergic contact dermatitis is a common T-cell-mediated, delayed- 
type hypersensitivity response to often relatively mild sensitising 
antigens that come into contact with the skin [4]. Clinically, it 
presents as an eczematous red rash with itch within 72 h. It has 
recently been shown that different allergens have unique molecular 
patterns, for example nickel-induced contact dermatitis promotes 
a Th1/Th17 axis whereas fragrance demonstrates a Th2/Th22 
response. This was missed in previous work in mouse models using 
strong sensitisers that suggested a more consistent response despite 
the different allergens. 

Contact allergy response involves both innate and adaptive 
immune pathways in three stages. Initially, sensitisation takes place 
in which exposure to the allergen is taken up by LCs and dermal 
DCs, which are activated by the cytokine secretion of epidermal 
keratinocytes [4,5]. DCs then migrate and present the antigen to 
naive T cells which are activated and generate effector T cells. The 
effector stage is antigen non-specific and then antigen-specific. 
With antigen non-specific inflammation, the antigen stimulates 
keratinocytes to secrete pro-inflammatory cytokines such as IL-1 
and TNF-« and mast cells to release histamines. Together this acti- 
vates the endothelial cells to guide T cells in the blood to migrate 
and increase vascular permeability, triggering the neutrophils and 
CD8+ T cells to infiltrate, respectively. Antigen-specific inflamma- 
tion then begins once T cells have migrated and are activated by the 
production of IFN-y and IL-17. This leads to further T-cell recruit- 
ment and intensifies the response. The response in the effector stage 
can be elicited following antigen re-exposure and the recruitment 
of primed T cells, which is visible as inflamed redness and pruri- 
tus. Finally, resolution begins in which residing regulatory T cells 
control the expansion of cytotoxic T cells and dampen the immune 
response through the release of anti-inflammatory cytokines (IL-10) 
and deactivation of effector cells via cell-to-cell contact in the skin. 
Regulatory T cells can also impart suppressor activity by affecting 
the functions of antigen-presenting cells and negatively regulating 
mast cell degranulation in the allergy response. It has been shown 
that regulatory T cells, especially those expressing high FOXP3, are 
instrumental in maintaining cutaneous memory and self-tolerance 
[3,6,7]. 

Some researchers have begun to demonstrate an appreciation that 
AD is actually a risk factor for developing irritant or allergic con- 
tact dermatitis. This is in part due to the recruitment of eosinophils 
into the skin, defective barrier integrity and increased production of 
IL-4 and IL-13, which promote IgE and increase the susceptibility 
to IgE-mediated allergic reactions and more broadly other autoim- 
mune responses. In AD, this again becomes a loop of disease activity. 


It is now appreciated that in AD the defective barrier is a secondary 
response to Th2 and Th22 signalling; these epidermal changes are 
perpetuated by epicutaneous antigen exposure that in turn prolongs 
inflammation and immune-related changes to the epidermal bar- 
rier, in a similar mechanism to that in AD. One such example of 
this is the propensity for chemical sensitisation of non-lesional AD 
skin regardless of filaggrin (FLG) mutation status compared with 
healthy individuals. Interestingly, it has been noted that although 
there is a heightened sensitivity to allergic responses in AD patients, 
these immune responses are resolved in these patients compared 
with healthy controls. This is potentially due to the skin and residing 
immune cells being readily active at the site of disease. 


Summary 


The skin is a rich immune organ where complex interactions 
between immune and non-immune cells maintain homeostasis 
in health. Skin immune cells are in dynamic equilibrium with 
peripheral blood, the lymphatic system including skin draining 
lymph nodes and the skin microbiota. In this chapter we also dis- 
cussed the observation of many cellular and molecular responses 
characteristic of inflammation in a variety of physiological and 
pathological processes, which can leave epigenetic memory in 
immune and non-immune cells. Allergic inflammation is one form 
of inflammation that results from the response to allergen and can 
trigger two different types of skin hypersensitivity reactions. An 
in-depth understanding of the skin immune system in health and 
disease will facilitate a greater understanding of skin diseases and 
new avenues for therapeutic strategies for patient benefit. 
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Basic principles 


Photobiology is the study of the effects of ultraviolet (UV) and 
visible radiation on life but may also include the effects of infrared 
radiation (IR). This chapter focuses on UV photobiology of normal 
skin. This is important because the skin is the body’s interface with 
the environment, and solar ultraviolet radiation (UVR) is probably 
our most important natural environmental hazard. Many people 
also expose themselves to artificially generated UVR for cosmetic 
tanning. Solar UVR exposure has many detrimental effects on 
skin that can be minimised by photoprotection strategies. How- 
ever, solar UVR is also necessary for vitamin D production, and 
there is increasing evidence of other beneficial effects [1] such as 
a reduction of blood pressure. UV and visible radiation may be 
exploited in photo(chemo)therapy and photodynamic therapy for 
the treatment of skin disorders (Chapters 21 and 22), and indeed 
for internal diseases. Furthermore, many people have disorders 
that render their skins abnormally sensitive to UV and visible 
radiation. These aspects of photodermatology are discussed in 
Chapter 126. 


UVR and its production and sources 

Ultraviolet and visible radiation, which comprises a very small part 
of the electromagnetic radiation spectrum (Figure 10.1), is energy 
released during the transition of a molecular electron from a higher- 
energy outer molecular orbital to a less energetic inner one. Each 
such emission, known as a photon, is a discrete oscillating electro- 
magnetic pulse of energy E (joules, J), wavelength 4 (nanometres, 
nm, 10? m) and velocity through space c (3 x 10° m/s), such that 
E = ho = hc/A, where h = 6.63 xX 10“ J/s (Planck’s constant) and 
v = photon frequency (Figure 10.2). Thus, a 300 nm photon has 
energy of 6.63 x 10-!? J, where 1 J is defined as the work required to 
accelerate 1 kg over 1 min 1s toa velocity of 1 m/s ina frictionless 
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Figure 10.1 The electromagnetic spectrum. 


Figure 10.2 Schematic representation of an electromagnetic wave. 
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10.2. Chapter 10: Photobiology 


environment. Repeated molecular emissions from a point source 
lead to multiple spherical radiation wave fronts, each of total energy 
equal to the sum of the individual photon energies, but diverging 
with gradually diminishing intensity per unit surface area. UVR 
can be defined in terms of photons (i.e. particles) or waveform. 

Ultraviolet radiation is, by convention, divided into three subcat- 
egories officially designated by the Commission Internationale de 
l’Eclairage (CIE): 
¢ UVC (200-280 nm). 
¢ UVB (280-315 nm). 

e UVA (315-400 nm). 

However, a UVB/UVA boundary of 320 nm is very widely used 
in photodermatology. Furthermore, UVA is often subdivided into 
UVA1/I (340-400 nm) and UVA2/II (315/320-340 nm). This sub- 
division of UVA is based on different molecular mechanisms within 
the UVA spectral region. In general, UVA2/II is thought to act more 
like UVB in the ways that it exerts its molecular and biological 
effects. 


Measurement of UVR 

Accurate measurement of UVR is important for all aspects of photo- 
biology. Such measurement is called dosimetry, which can be 
approached physically [2] or biologically. 


Physical dosimetry 

Physical dosimeters contain sensors, typically photodiodes that 
respond to particular wavebands. The amount of such energy 
incident on a surface is known as the radiant exposure, exposure 
dose or fluence (J/m? or mJ/cm?), and the rate of incidence as 
the irradiance, dose rate or intensity (W/m? or mW/cm’), where 
1W = 1 Watt = 1J/s. 

In practice, exposure dose to the skin, measured as J/m7, is the 
product of W/m? x time (s). Most modern phototherapy cabinets 
have built-in dosimeters that can be programmed to calculate expo- 
sure time for a prescribed dose. However, it is wise to have these 
independently verified, and phototherapy and research depart- 
ments will benefit considerably from close links to physicists with 
expertise in UVR measurement. 

The spectral responsivities of different photodiodes in hand-held 
dosimeters vary considerably and typically have a bell shape. This 
means, for example, that a designated UVB sensor may also have 
some sensitivity in the UVA region or vice versa. This can result in 
false measurements when measuring UVB irradiance with a source 
that contains UVA or vice versa, and indeed there are many errors 
of UVR measurement in published literature because this has not 
been appreciated. Such errors can also give rise to false conclusions 
about the spectral dependence of biological outcomes. Thus, a given 
UVR dosimeter must be calibrated for a given UVR source and such 
a calibration is only valid for the given source. Calibration is widely 
done with a spectroradiometer that measures the irradiance of a 
given UVR spectrum on a wavelength by wavelength basis. Such 
measurement provides the emission spectrum of a given source. 
A good spectroradiometer will have a dynamic range of about 
six orders of magnitude. This is very important because even low 
levels (<1.0%) of a given waveband (usually UVB) may have very 
important biological effects. Spectroradiometers are themselves 
calibrated against national standard lamps. 


Biological dosimetry 

In biological dosimetry, the skin is the sensor and the most widely 
used measurement outcome is the minimal erythema dose (MED), 
which is typically assessed c.24 h after UVR exposure. The MED 
is determined by exposing small areas of skin (e.g. 1 cm?) to a 
geometrically increasing series (e.g. x 1.25 or x 1/2) of UVR doses 
and determining the lowest dose that results in either just percep- 
tible redness or redness with definite borders. The MED is widely 
used as a measure of exposure in experimental photobiology and 
phototherapy. It is also used in the diagnosis of photodermatoses 
(Chapter 126). A threshold assessment by eye, such as the MED, is 
subjective but is reproducible and reliable if performed carefully [2] 
with standardised lighting. The MED is a measure of individual 
sensitivity to UVR of a given spectrum, but it should be noted that it 
varies with body site [3], especially when comparing regions that are 
habitually sun exposed with those that are normally sun protected. 
There is increasing use of the standard erythema dose (SED) [4], 
especially in research and epidemiology, which is a mathematical 
construct. One SED is equivalent to an erythemally effective radiant 
exposure of 100 J/m?. This is obtained by weighting a spectro- 
radiometric measurement with the CIE action spectrum for ery- 
thema (see the section on action spectroscopy later in this chapter). 
One great advantage of the SED is that, in contrast to the MED, 
it is independent of personal UVR sensitivity and the emission 
spectrum of the UVR source. 


Terrestrial UVR 

The spectrum of terrestrial solar UVR is modified by several fac- 
tors including the absorption of UVC and UVB by oxygen (O,) 
and stratospheric ozone (O3). Thus, the stratospheric ozone layer 
absorbs all UVC and attenuates UVB but has very little effect on 
UVA. The UVR spectral profile of terrestrial sunlight is strongly 
influenced by the height of the sun, which is dependent on latitude, 
season and time of day. Particulate and gaseous (e.g. O3, NO,, SO,) 
pollution in the troposphere (0-10 km above sea level) can also 
influence the UVR spectrum. UVB is at its most intense when the 
sun is directly overhead, for example at solar noon on the equator. 
This is because the pathway through the stratosphere is shorter 
(i.e. less attenuation of UVB) than when the sun is low in the sky 
(Figure 10.3). This means that the ratio of UVB to UVA varies with 
the height of the sun (e.g. time of day and time of year) [5], especially 
at higher latitudes, because there is more seasonal fluctuation of 
UVB irradiance compared with UVA. However, even when the sun 
is directly above (e.g. on the equator at noon at sea level) the vast 
majority of solar UVR is UVA (>90%). Examples of solar spectra are 
given in Figure 10.4, in which UVB content is about 5% when the 
sun is high in the sky. Thus, it can be said that the sun is primarily 
a UVA source, especially UVA1 (>70%). It should be noted that 
solar irradiance increases with altitude, for instance on mountains. 
For example, in an Alpine region in summer, total UVR and UVA 
irradiance increases by about 8-9%/1000 m. When total irradiance 
is erythemally weighted (see the section on action spectroscopy 
later in this chapter) this increases to 18%/1000 m [6]. 


Artificial sources of UVR 
There are many man-made sources of UVR, but the most common is 
the fluorescent tube, which is widely used in photo(chemo)therapy 


Figure 10.3 Ultraviolet radiation path lengths for differing solar elevations. 


and by the tanning industry. This is a sealed glass tube that contains 
mercury and an inert gas, typically argon. The inner lining of the 
tube is coated with a phosphor powder. The mercury is excited 
when an electric current is passed though the tube and releases 
UVR photons, which interact with the phosphor. UV and visible 
radiation are released by this interaction, the emission spectra of 
which can be tailored by the composition of the phosphor. The tubes 
widely used in phototherapy typically emit narrow-band, more or 
less monochromatic, UVB (c.313 nm), broad-band UVB and UVA. 
Cosmetic tanning tubes generally contain primarily UVA1 with a 
small amount of UVA2 and UVB. See examples of phototherapy 
tube emission spectra in Figure 10.4. 

Some UVR sources are based on the xenon (Xe) arc, which emits 
a very broad UV and visible spectrum that can be modified by 
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suitable optics. Solar simulating radiation (SSR) (Figure 10.4) can 
be generated with suitable glass filters, and is used in research, 
clinical phototesting and the assessment of sunscreens. The Xe arc 
can also be coupled with a monochromator to generate ‘monochro- 
matic’ radiation that is required to determine action spectra (see 
later section). However, it should be noted that in reality this is 
narrow-band polychromatic radiation with a bell shape. Such 
monochromatic spectra are characterised by their spectral band- 
width at full width at half maximum (FWHM), which is defined as 
the width of the spectral band at 50% of the peak maximum. For 
example, monochromatic radiation at 300 nm might have a FWHM 
of 5 nm. 

Metal halide lamps are used to generate high-output UVA1 that 
is used in high-dose UVA1 phototherapy in which exposures are 
more than 60 J/cm. A more recent development with promise 
in phototherapy and photobiology is the light-emitting diode 
(LED) [7]. 


Interaction of UVR with the skin (physicochemical 
aspects) 

Radiation incident on a surface is either reflected, or transmitted 
and scattered within the medium beneath, particularly at short 
wavelengths (Figure 10.5). It then eventually exits, unless it first col- 
lides with and is absorbed by an appropriately structured molecular 
moiety, known as a chromophore. In the skin these include DNA, 
trans-urocanic acid (tUCA), proteins with aromatic amino acids, 
melanins, metabolites of melanogenesis, flavins and porphyrins [8]. 
A broad range of contiguous wavelengths may be absorbed, with 
slightly differing probabilities, resulting in a highly characteristic 
absorption spectrum (Figure 10.6) for a given chromophore; for 
example, naked DNA has an absorption maximum at c.260 nm. 
This results in electronic excitation to an outer higher-energy molec- 
ular orbital (Figure 10.7), enabling chemical reactions to occur 
which can lead to molecular, cellular and clinical outcomes. Thus, 
the basis of all skin photobiology, whether acute or long term, is 
photochemistry. 
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Figure 10.4 Approximate emission spectra of typical sources 0.01 
encountered in dermatological photobiology and elsewhere, with the 280 
action spectrum for human cutaneous erythema for comparison. PUVA, 
psoralen and UVA; UV, ultraviolet. 
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Figure 10.5 Interaction of ultraviolet radiation with physical matter. 


= 
ul 


ul 


Reflective effectiveness 
eg 
oO 


220 240 260 280 300 
Wavelength (nm) 


Figure 10.6 Typical appearance of wavelength probability curve for excitation of 
orbiting electron to outer electronic orbital (absorption spectrum). 


The penetration (transmission) of UVR through the skin is a major 
determinant of the location of photobiological outcome. Transmis- 
sion studies of UVR have usually been done on isolated mouse 
and human epidermis and have shown much greater transmission 
of UVA than UVB. This is to be expected as some of the major 
chromophores in skin attenuate UVB as it passes to the basal layer 
and the dermis. For example, the stratum corneum is very rich in 
tUCA. Another approach to assess UVR penetration of the skin is 
to measure molecular markers of photodamage after in vivo irradi- 
ation. Such studies, using a marker of DNA damage, confirm that 
UVA penetrates better than UVB, but also suggest more scattering 
of UVA [9,10]. 

Chromophores may undergo structural change when they absorb 
UV or visible radiation energy. For example, dipyrimidine lesions 
are formed in DNA and tUCA isomerises to the cis form. The 
above examples are referred to as direct responses because the 
chromophore is also the target molecule that initiates the photo- 
biological response. Indirect responses also occur, in which the 
chromophore is not the molecule that causes the photobiological 
response per se. For example, a chromophore may absorb UV or 
visible radiation energy and transfer this energy to oxygen, which 


Figure 10.7 Schematic representation of photon absorption, leading to excitation of an 
orbiting electron to outer electronic orbital. The green arrow, hy, is the energy of a 
photon. 


results in the generation of reactive oxygen species (ROS) that can 
then damage cellular targets such as DNA and membranes. As a 
rule of thumb, UVB and UVA2 cause direct effects in normal skin 
whereas UVA1 causes indirect effects, but there are many excep- 
tions. It should be noted that this rule of thumb is largely based on 
in vitro work. 


Action spectroscopy 
An action spectrum (wavelength dependence) determines the rela- 
tionship between wavelength (A) and photobiological outcome, 
usually expressed on a logarithmic scale because of the very large 
differences between different spectral regions for many biological 
outcomes. Figure 10.8 shows the CIE action spectrum for erythema 
in normal human skin and demonstrates that UVB is orders of 
magnitude more erythemogenic than UVA for a given UVR dose 
(J/m?). The relative difference between UVB and UVA for erythema 
will depend on the exact wavelengths being compared, but a rule of 
thumb for broad UVB and UVA spectra is that the former is about 
1000 times more erythemogenic than the latter. 

Action spectroscopy has two main purposes. The first is the 
identification of the chromophore that is responsible for the biolog- 
ical response, and this is critical for the understanding of a given 
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Figure 10.8 Action spectrum for the induction of erythema in human skin. UV, 
ultraviolet. 


photobiological mechanism. Under ideal conditions, an action 
spectrum of a given biological response can be superimposed on 
the absorption spectrum of the chromophore that initiates the 
response. A good non-dermatological example is similarity of the 
action spectrum for photosynthesis and the absorption spectrum 
of chlorophyll. However, in more complex structures like human 
skin, such a match is much less likely because of competing chro- 
mophores and the scattering of UVR that modify skin optics. The 
second and more important practical purpose of action spectra is 
their use as biological weighting functions for given UVR emis- 
sion spectra. Biological weighting is the process whereby a given 
emission spectrum (e.g. solar UVR) is multiplied, wavelength 
by wavelength, by a given action spectrum to generate a third 
curve to define biologically effective energy. As described in the 
section on terrestrial UVR, the sun is primarily a UVA1 source; 
however, it is the small UVB (typically <5%) content that is pri- 
marily (>80%) responsible for sunburn. One practical consequence 
of this is that sunscreens would be ineffective without good UVB 
filtering. Biological weighting with action spectra can often give 
surprising results, such that <1% of a given emission spectrum may 
be responsible for the vast majority of a given biological or clinical 
response [11]. The determination of good action spectra for human 
skin is technically demanding and very time consuming. Reliable 
biological weighting requires very high-quality spectroradiometric 
measurements. The action spectrum for normal erythema can be 
altered by the administration of an exogenous chromophore. For 
example, the addition of 8-methoxypsoralen (8-MOP) to the skin, 
orally or topically, will result in an erythema action spectrum with 
a peak in the UVA region of about 330-340 nm [12]. 
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Molecular and cellular effects 

The epidermis is rich in UVR-absorbing chromophores [8] and is 
therefore very vulnerable to photobiological effects. A summary of 
the main molecular and cellular effects is given in Table 10.1. The 
most important chromophore is probably nuclear DNA that, upon 
absorption of UVR, can give rise to varying DNA photolesions [13]. 
Pyrimidine dimers (also known as dipyrimidine lesions) form after 
the absorption of photon energy that splits the Cs=C6 double bonds 
of two adjacent pyrimidine bases and forms new covalent bonds 
linking the two pyrimidines at the C5 and C6 positions. A 4-carbon 
cyclobutane ring is produced, giving the dimer its characteristic 
name — the cyclobutane pyrimidine dimer (CPD). Another lesion is 
the 6-4 pyrimidine-pyrimidone (6-4PP), in which the C5=C6 double 
bonds break and the surplus energy results in the rotation of one 
of the pyrimidine rings, which offers its C4 to form a new bond 
with the C6 of the adjacent pyrimidine. In this case, only one new 
covalent bond is formed. CPD and 6-4PP can be readily detected 
in skin in vivo after suberythemal exposure of UVB and SSR. The 
6-4PP is also induced by UVB but not by UVA1 [9]. The CPD is 
the most important DNA photolesion. Immunostaining of CPD 
and 6-4PP by UVB (300 nm) and UVA1 in human skin is shown in 
Figure 10.9. A new phenomenon of delayed or dark CPD (dCPD) 
has been described in human skin after long-wave UVA radiation 
(385 nm) [14] and in black and white skin after exposure to SSR [15]. 


Normal effects of UVR on the skin 10.5 


Table 10.1 Summary of the main normal effects of ultraviolet radiation on the skin. 
Clinical 
Chronic 


Molecular/cellular Acute 


Skin cancer 
Photoageing 


DNA photodamage (and its repair) 
and mutation 
Melanogenesis 


Erythema 
Delayed tanning 
Immediate pigment 


Inflammatory infiltrate, hyperplasia darkening 

and stratum corneum thickening Persistent pigment 
Reactive oxygen species that damage darkening 

DNA and cell membranes Suppression of acquired 
Apoptosis (sunburn cells) immunity 
Langerhans cell depletion Enhancement of innate 
Gene and protein expression immunity 


Vitamin D photosynthesis Reduction of blood pressure 


Conventional CPDs are formed within pico (10°!) seconds, during 
the UVR exposure, whereas dCPDs occur hours after exposure by 
photosensitising mechanisms [16,17]. The biological significance of 
these lesions is not known. 

Oxidative stress (a state in which the cellular antioxidant sys- 
tem is overwhelmed by ROS) induces modification of cellular 
biomolecules such as lipids, proteins and DNA. Deoxyguanine 
(dG) has a low threshold for oxidation, and many different 
types of potentially mutagenic oxidatively induced DNA dam- 
age occur, such as 8-oxo-7,8-dihydroguanine (80xoGua) [18] and 
8-oxo-7,8-dihydro-2'-deoxguanosine (80xodG) [19]. These can be 
induced by UVA and UVB, although it is widely reported that UVA 
produces relatively more oxidative damage than UVB. 


Repair of DNA damage 

DNA photodamage is ubiquitous in life and most organisms have 
elaborate DNA repair mechanisms. The basic principle of DNA 
repair in skin is the recognition of the photolesion to be removed 
and replaced with a new base(s) followed by ligation to give intact 
DNA. Faithful DNA repair is critical for genomic integrity. The 
insertion of an incorrect base in proliferating epidermal cells may 
result in mutations that give rise to skin cancer. 


Nucleotide excision repair 

The most important repair process in human skin is nucleotide 
excision repair (NER). This process is dependent on a large group 
of enzymes with specific roles in the recognition and excision of 
DNA photolesions, and their repair using the opposite strand as a 
template. NER is triggered by the activation of p53 protein which 
occurs in response to cellular stress including DNA damage, onco- 
genic stimulation and hypoxia. This triggers a G1/S cell cycle arrest 
and transcriptional activation of NER genes. NER is also called 
unscheduled DNA synthesis (UDS), as opposed to the scheduled 
DNA synthesis that is observed in cells undergoing mitosis. Failure 
to repair DNA through the lack of one or more repair proteins 
may have catastrophic consequences, as exemplified by patients 
with xeroderma pigmentosum (XP) who are extremely prone to 
skin cancer [20,21] (Chapter 76). Studies on cell cultures from XP 
patients have greatly increased our understanding of DNA repair 
and indeed many of the DNA repair proteins are described by the 
XP prefix. 
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NER has two subpathways: global genome repair (GGR) and 
transcription coupled repair (TCR) in which repair is selectively 
directed at the actively transcribing strand [22]. In GGR damage is 
recognised by XPE and/or XPC, whilst in TCR the photoproducts 
cause RNA polymerase II to stall and damage recognition is done 
by Cockayne syndrome protein A (CSA) and CSB. Thereafter, both 
processes follow a common pathway that requires multiple proteins 
in human cells. Assessment of GGR in human epidermis in vivo 
shows that the repair of 6-4PP is relatively rapid and typically 
complete within 6 h. In contrast, the half-life for the removal of the 
CPD is about 30 h [23]. This difference may be because the 6-4PP 
causes a more significant distortion in the double helix than the 
CPD, which may result in more rapid recognition and repair. 

It should be noted that there is in vitro evidence that UVA inhibits 
NER, possibly due to the oxidation of NER proteins which results in 
loss of function [24,25]. 


Base excision repair 

Base excision repair (BER) mends damage to non-distorting single 
base modifications caused by oxidation [19], for example 80xodG, 
2,6-diamino-4-hydroxy-5-formamidopyrimidine (FapyG), 4,6- 
diamino-5-formamidopyrimidine (FapyA), alkylation (3-methyla- 
denine, 7-methylguanine), hydrolysis or deamination (hypoxan- 
thine from deaminated adenine or xanthine from deaminated 
guanine). BER is initiated by DNA glycosylases that recognise 
and remove specific damaged or inappropriate bases. This leaves 
an apurinic/apyrimidic site or naked sugar phosphate backbone 
commonly referred to as an AP site. Once cleaved by an AP endo- 
nuclease, the resulting single-strand break can then be processed 
by either short-patch BER (where a single nucleotide is replaced) 
or long-patch BER (where between 2 and 10 new nucleotides 


Figure 10.9 Cyclobutane pyrimidine dimer (CPD) and 
6-4 pyrimidine-pyrimidone (6-4PP) in skin immediately 
after ultraviolet B (UVB) (300 nm) and UVA1 exposure. 
Note the UVR dose response, damage to dermal cells 
and lack of 6-4PP with UVA1. This damage is potentially 
mutagenic and is removed by nucleotide excision repair. 
DAPI (4’,6-diamidino-2-phenylindole) stain identifies the 
nuclei. MED, minimal erythema dose. DNA damage 
images courtesy of Dr Angela Tewari, with permission. 


are synthesised). One of the most well-described glycosylases is 
human 8-oxoguanine glycosylase (hOGG1) which repairs 80xodG 
and is poorly expressed in the basal layer [26]. Consequently, 
UVA-induced 80xodG is repaired more slowly in the basal layer 
than upper layers of the human epidermis in which lesions can be 
repaired within 2h of UVA exposure [27]. 


Cellular effects 
Ultraviolet radiation exposure of the skin results in a wide range 
of cellular effects. One of the most striking is the formation of epi- 
dermal sunburn cells (SBCs) with pycnotic nuclei and eosinophilic 
cytoplasm [28]. SBCs are apoptotic keratinocytes that are readily 
induced by SSR and UVB but not by UVA1. Their formation is 
regulated by p53 which can be readily demonstrated by immuno- 
staining. The role of p53 in UVR-induced apoptosis is clear from 
mouse studies [29,30] in which UVR irradiation of p53 wild-type 
mice induced the formation of SBCs, whilst p53-null mice were 
resistant to such apoptosis and accumulated CPD and skin cancers. 
Multiple factors lead to SBC formation in which p53 upregulates 
intrinsic and extrinsic apoptotic signalling that initiates keratinocyte 
death through a caspase-associated pathway. Thus, potentially 
carcinogenic cells, with high levels of DNA damage, are eliminated. 
The loss of Langerhans cell dendricity and number is also seen. 
These changes may be accompanied by epidermal spongiosis along 
with dermal vasodilatation and neutrophil and CD3+ lymphocyte 
infiltration. Skin hyperplasia develops over hours to days after 
UVB or SSR (but generally not UVA) exposure, and results from a 
marked increase in cell mitosis, DNA, RNA and protein synthesis 
rates, after some hours of early inactivity. This is followed by a 
thickening of the epidermis, particularly the stratum corneum. 
This thickening, along with pigmentation, may play a role in 
photoadaptation [31,32]. 
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Table 10.2 Summary of skin types based on the Fitzpatrick classification. There is a relationship between the acute and carcinogenic effects of ultraviolet radiation, the basis of which 
is poorly understood. 


4 Data on skin types V/VI are less reliable because melanin masks sunburn. 
MED, minimal erythema dose, SED, standard erythema dose. 
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Clinical effects of UVR 

It has been generally assumed that the effects of UVR on human 
health are mediated through the skin, and indeed exposure of 
human skin in vivo to UVR upregulates a large number of genes [33], 
but studies also show that UVR can have a direct effect on the blood 
transcriptome [34]; UVR has considerable impact on immune cells 
in human blood [35]. The acute and chronic effects of UVR depend 
on skin type, which is usually a phenotypic assessment of skin 
colour (melanin pigmentation) coupled with self-reported acute 
responses to solar UVR [36]. A summary of skin type, known 
as Fitzpatrick skin type (FST), and associated risks is shown in 
Table 10.2. Fair-skinned FST I and II are at greatest risk from the 
acute and long-term effects of solar UVR. In general, MED on 
previously unexposed buttock skin increases with FST [37], but 
there is considerable overlap and MED cannot be used to predict 
skin type or vice versa. The genetic basis of human pigmentation is 
increasingly understood [38]. 


Acute effects 
The acute clinical effects of UVR are those that occur within seconds 
to weeks after a single UVR exposure. 


Erythema 

The most obvious acute clinical effect is erythema, which is 
UVR-induced skin inflammation. Typically, with SSR/UVB, this 
is apparent after about 6 h and peaks at about 24 h and gradually 
resolves over a few days. Erythema may be associated with pain, 
warmth and oedema (blanching) in severe cases. It is also associated 
with increased sensitivity to pain from mechanical and thermal 
stimuli, resulting in the skin feeling tender after sunburn [39]. 
Repeated daily suberythemal (0.65 MED) exposure in skin type 
FST II has a cumulative effect resulting in frank erythema after a 
few days, which is not the case in skin type IV [40], even though the 
latter received twice the physical dose because of its higher MED. 
This suggests that those with fair skin resolve erythema less well 
than those who tan readily. 

Erythema action spectra have been studied for over 90 years 
and a library of such spectra has been compiled [41]. A standard 
CIE action spectrum for erythema [42] is shown in Figure 10.8. 
Typically, the MED is around 500 J/m? for the UVC-UVB boundary 
(280 nm), 250 J/m? for UVB (300 nm) and 320 kJ/m? for UVA 
(360 nm). The CIE erythema action spectrum is similar to that for 
CPD induction in human skin in vivo in the solar UVB and UVA 


range and provides indirect evidence that the CPD initiates the 
erythemal response [43]: wavelengths around 300 nm are the most 
DNA damaging and erythemogenic. A role for DNA in erythema 
is also supported by some animal studies. However, it is likely 
that other unknown non-DNA chromophores/mechanisms con- 
tribute to erythema, especially in the UVA1 region. For example, a 
human erythema action spectrum determined with lasers showed 
a main UVB peak at 298.5 nm and a smaller peak at 362 nm [44], 
suggesting a UVA1-absorbing chromophore. Furthermore, it has 
been shown that UVA erythema is oxygen dependent which is 
not the case for UVB [45]. This is supported by studies that show 
a lack of correlation between UVB and UVA1 MED in the same 
individuals, suggesting different independent mechanisms [9]. The 
pharmacology of UVR-induced erythema is incompletely under- 
stood but there is evidence that it occurs via mediators [46] such as 
prostaglandins and nitric oxide [47]. 


Pigmentation and tanning 

Skin colour is largely dependent on the quantity and quality of 
melanin. Constitutive pigmentation is indicative of pigmentation 
in typically non-habitually UVR-exposed body sites such as the 
buttock; skin types V and VI have high levels of constitutive pig- 
mentation. Irrespective of skin type, there is a melanin gradient 
in the epidermis with the highest concentration in the basal layer. 
Facultative pigmentation (i.e. tanning) is the response to exposure 
to UVR. There are three types with different action spectra [41]: 

¢ Immediate pigment darkening. 

¢ Persistent pigment darkening. 

¢ Melanogenesis or delayed tanning. 


Immediate and persistent pigment darkening. Immediate pig- 
ment darkening (IPD) presents as a transient grey colour which is 
thought to be due to immediate photo-oxidation of existing colour- 
less melanin precursors after exposure to UVA (action spectrum 
peak at 340 nm) and visible (400-500 nm) radiation. IPD, which 
fades within 15 min, is induced at low UVA doses (1-4 J/cm’). 
It is almost undetectable in fair-skinned individuals but is easily 
observed in skin type IV or darker. IPD is not protective against 
sunburn and its biological significance is unclear, although it has 
been suggested that its oxidised products absorb in the visible 
wavebands and thus prevent photodamage by visible radiation to 
other important molecules such as folate (5-methyltetrahydrofolate 
(SMTHF)) in the blood [48]. 5MTHF deficiency may increase the 
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risk of cardiovascular diseases, colorectal carcinoma, megaloblas- 
tic anaemia, depression and dementia. Interestingly, serum folate 
shows seasonal variation with lower concentrations in summer [49]. 

Persistent pigment darkening (PPD) is a brown colour in response 
to higher UVA doses (>10 J/cm?) peaking 2h post-irradiation and 
lasting for up to 20 days in a range of FSTs [50]. IPD and PPD are 
not thought to be due to new melanin synthesis but rather to a more 
persistent oxidation of melanin precursors. PPD is an end point that 
is used to assess UVA protection of sunscreens. 


Melanogenesis. Delayed tanning (DT) is due to stimulation of 
new melanin synthesis by basal epidermal melanocytes, which 
is then transported via dendrites to adjacent keratinocytes and 
redistributed towards the surface of the skin [51]. The ability to 
tan depends on skin type as described in Table 10.2. The density 
of melanin varies with body site and declines with age. Melanin 
is synthesised either as dark-coloured brown-black insoluble 
eumelanin or light-coloured red-yellow, alkali-soluble, sulphur- 
containing phaeomelanin. Eumelanin is thought to be the major 
factor in the photoprotective properties of melanin, which when 
induced in white skin types results in a protection factor of about 
2-4 against DNA photodamage and sunburn as well as a visible 
tan [31]. There is in vitro and animal evidence that products relating 
to melanogenesis, particularly phaeomelanin, may have photosen- 
sitising properties contributing to the skin cancer susceptibility of 
people with red hair. New melanin is redistributed with the transit 
of keratinocytes through the epidermis and is typically evident c.3 
days post-irradiation. The tan fades when the stratum corneum is 
shed over several weeks. 

UVR-induced DT results from an increase in tyrosinase activ- 
ity stimulating the oxidation of tyrosine to dopaquinone (DQ) 
which is the rate-limiting step. Other precursors for eume- 
lanin derived from DQ include 5,6-dihydroxyindole (DHI) and 
5,6-dihydroxyindole-2-carboxylic acid (DHICA). DQ is also the 
starting point for phaeomelanin that is synthesised via a different 
cysteine-dependent pathway. 

Tyrosinase activity can be stimulated directly by UVR on 
melanocytes and by indirect activation by keratinocytes, whereby 
UVR induces the release of membrane-associated diacylglycerol 
(DAG) from plasma membranes, which activates protein kinase 
C-f and in turn activates tyrosinase. A study of gene expression 
after multiple UVR doses in vivo in humans showed that UVB is 
a strong stimulator of various pigment-related genes, such as the 
tyrosinase (TYR) gene, tyrosinase-related protein 1 (TRP1) and 
dopachrome tautomerase (DCT), as well as the transcription factor 
microphthalmia-associated transcription factor (MITF) [52]. SSR 
is more effective in eliciting these effects than UVB, suggesting 
a synergistic effect on melanogenesis when UVA and UVB are 
combined. UVA alone did not induce such upregulation of pig- 
ment cell-specific genes, suggesting UVA-induced pigmentation 
likely occurs via a distinct mechanism [53]. Melanogenesis is also 
mediated via DNA photodamage, which is indicated by its action 
spectrum. In vitro experiments show that the topical DNA repair 
enzyme (T4N5) treatment of murine 591 melanoma cells and human 
melanocytes exposed to SSR demonstrated greater melanogenesis 
than when treated with heat-inactivated enzyme [54] and that accel- 
erated and/or more extensive excision of CPD enhances tanning. 


The release of single-stranded DNA fragments during CPD repair 
may stimulate melanogenesis by increasing tyrosinase activity, 
leading to an increase in tyrosinase protein and downstream new 
melanin formation [55]. 

UVR-induced DNA damage activates p53 protein [56,57], which 
is also a mediator of melanogenesis. It causes an upregulation of 
pro-opiomelanocortin (POMC), which is then processed to adreno- 
corticotrophic hormone (ACTH) and a-melanocyte stimulating 
hormone (a-MSH). Secreted a-MSH binds to the melanocortin 1 
receptor (MC1R) on melanocytes and via an increase in cyclic adeno- 
sine monophosphate (cAMP) increases the activity of tyrosinase. 

Recent studies suggest that pigmentation may also be activated 
via skin opsins that belong to the photosensitive G protein-coupled 
receptor (GPCR) super family, which are expressed in human ker- 
atinocytes and melanocytes [58]. One study has reported that blue 
light induces pigmentation in melanocytes via opsin-3 [59]. Another 
study shows a role for opsin-5 when melanogenesis is induced by 
broad spectrum UVR [60]. 


Immunomodulation 

The skin is an important arm of the innate and acquired immune 
system (Chapter 9) and the epidermis is rich in antigen-presenting 
Langerhans cells. UVR has profound effects on skin immu- 
nity [61,62] and, for example, readily depletes the epidermis of 
Langerhans cells. Classic experiments in the 1970s showed that 
UVR-induced immunosuppression in the mouse played a major 
role in the development of UVR-induced squamous cell carcinoma 
(SCC). A similar role is likely to occur for humans, although this 
is impossible to test experimentally. An intact immune system 
is important for skin cancer surveillance and tumour rejection 
because organ transplant patients, maintained on immunosup- 
pressive drugs, have a high incidence of all types of skin cancer, 
especially on sun-exposed sites. A major difference between 
drug-induced immunosuppression and photoimmunosuppression 
is that the latter is antigen specific. This can be demonstrated using 
the contact hypersensitivity (CHS) model of acquired immunity 
in mice and humans. This model is widely used to represent the 
photoimmunological events in skin cancer. Skin can be sensitised 
to a universal sensitiser such as dinitrochlorobenzene (DNCB) and 
shows a typical CHS response when subsequently challenged on 
a distal site with DNCB. However, the CHS response to DNCB 
is reduced or inhibited if the sensitisation site is pre-exposed to 
UVR. Such animals could not be subsequently resensitised with 
DNCB but could be sensitised with another antigen. Mechanistic 
studies in mouse skin show that suppression of the CHS response is 
mediated by the generation of antigen-specific T-regs which results 
in ‘immunotolerance’. 

Suppression of the CHS response can readily occur in humans 
with suberythemal exposure [63]. There is good evidence that DNA 
[64] and tUCA [65] are chromophores for CHS suppression. It is 
likely that antigen-specific photoimmunosuppression evolved to 
prevent chronic allergic reactions to new antigens that arise from 
UVR-induced alterations to skin molecules that result in the gen- 
eration of photoantigens. There is some evidence to suggest that 
polymorphic light eruption (PLE) is a consequence of the failure to 
suppress the CHS response to unspecified photoantigens [66-68]. 
The downside of the suppression of photoimmunosuppression is 


the failure of the immune system to reject potentially carcinogenic 
clones of keratinocytes and melanocytes. Selection pressure is likely 
to have preferred the prevention of allergic reactions, given that 
skin cancer typically occurs well past the age of reproduction and 
child rearing. Interestingly, there is evidence to suggest that PLE 
patients are less prone to skin cancer [69]. 

Mouse studies have shown that UVR can suppress acquired 
immunity to a range of pathogens and this has raised concerns 
about a possible role of UVR in human vaccination programmes. 
However, to date, there is some circumstantial but no definitive 
evidence that supports these concerns [70]. 

This discussion has focused on the effects of UVR on the sensiti- 
sation (primary) arm of the CHS response. However, UVR can also 
suppress the elicitation (memory) arm of the CHS response, which 
can be demonstrated by irradiating skin prior to challenge with 
recall antigens. The significance of this is not known. 

UVR suppresses acquired and recall immunity, but studies have 
also shown that it enhances innate immunity through the induction 
of antimicrobial peptides such as B-defensin, especially in the upper 
layers of the epidermis [61]. 

In summary, UVR inhibits acquired immunity with antigen speci- 
ficity. This has probably evolved to prevent CHS reactions to photo- 
chemically induced antigens in the skin. However, its long-term 
consequences are increased susceptibility to skin cancer. In contrast, 
it appears that innate immunity is enhanced by UVR, which may 
give better protection against microbial infection. 


Vitamin D 

The production of vitamin D is an established benefit of solar UVR 
exposure. Vitamin D has long been known to be important for 
skeletal health, but there is considerable and often controversial 
evidence that vitamin D is important for a wide range of health 
outcomes [71,72]. The skin (mostly epidermal) chromophore for 
vitamin D synthesis is 7-dehydrocholesterol (7DHC), also known 
as provitamin D. It is converted to previtamin D by solar UVB, with 
an action spectrum that is like that for erythema in the UVB region. 
There is no evidence that UVA is involved in vitamin D production, 
but there is evidence that it may induce photodegradation. Pre- 
vitamin D is converted to the final biologically active vitamin D (in 
fact a hormone) by thermal and enzymatic steps. Vitamin D status 
is usually assessed by measuring serum 25-hydroxy vitamin D 
(25(OH)D). Several studies have estimated that the sun is the most 
important source of vitamin D for most people, mainly because 
relatively few components of typical diets are rich in vitamin D 
(found, for example, in oily fish). In temperate climates, vitamin D 
status is seasonal. 

Studies have shown that people with darker skin types have 
poorer vitamin D status at a given latitude [73], and such obser- 
vations have been often attributed to photoprotection by melanin. 
Indeed, it has been argued that melanin as humans migrated from 
Africa was due to selection pressure to maintain vitamin D sta- 
tus [74], but some authors have proposed other explanations [75]. 
The role of melanin in vitamin D synthesis has been addressed in 
a few laboratory studies with conflicting results. A recent study 
has demonstrated that skin pigment has a very modest effect on 
vitamin D status [76]. This may be because 7DHC is in sufficient 
quantity above the heavily melanised basal layer. 
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Cardiovascular disease 

Several studies have postulated a relationship between blood 
pressure and cardiovascular disease and solar UVR exposure. 
This has been attributed to vitamin D (i.e. a UVB effect) but has 
not been supported by intervention studies. A vitamin D effect 
was also eliminated in a study in which a single suberythemal 
dose (2 SED) of UVA (320-400 nm) lowered blood pressure via 
the release of nitric oxide from the skin into the systemic circula- 
tion [77]. A 3-year study of 342 459 haemodialysis patients showed 
an inverse relationship between systolic blood pressure and UVB 
and UVA radiation [78]. These findings are important with impli- 
cations for other diseases that have latitude gradients. It will be 
important to confirm and expand on these data because they have 
very significant public health implications and may also impact on 
photoprotection strategies. 


Chronic effects 

Subject to ethical approval, it is relatively easy to study the acute 
effects of UVR on human skin in the laboratory. However, this 
cannot be done for chronic effects for which an epidemiological 
approach is necessary. There has been extensive epidemiological 
research on skin cancer, including molecular epidemiology, that 
has been supported by animal and in vitro studies. In contrast, there 
has been very little epidemiological work on photoageing, almost 
certainly because it has been traditionally viewed as a cosmetic 
rather than a health problem. Most of our understanding of photo- 
ageing has come from chronic animal studies and the use of acute 
molecular surrogates in human skin. 


Skin cancer 

Epidemiological data and body site studies have long supported 
an association between solar radiation exposure and skin can- 
cer, including basal cell carcinoma (BCC) (Chapter 140) and SCC 
(Chapter 141), which are keratinocyte cancers, and malignant 
melanoma (MM) (Chapters 142-144), which is a cancer of the 
melanocyte. Solar UVR exposure is also associated with actinic 
keratoses that are indicative of SCC risk. The risk of skin cancer 
is very dependent on skin type (see Table 10.2). For example, the 
risk factors for MM include self-reported higher levels of sunburn, 
and genetically determined phenotypic characteristics associated 
with greater sensitivity to UVR, including fair skin, light hair and 
eye colour, poor ability to tan, freckling and multiple naevi. The 
following text summarises some important trends from two recent 
reviews [79,80]. 

The incidence of MM has steadily increased in many countries 
from 1982 to 2015 although there has been some evidence of a 
decline in New Zealand and Denmark. A study based on 18 Euro- 
pean cancer registries over 1995-2012 showed an average annual 
percent (AAPC), increase in invasive melanoma of 4.0% and 3.0% 
for men and women, respectively. In the USA, MM incidence 
increased in all ethnicities in those aged 40 or older between 2001 
and 2015 with an AAPC change of 1.8%. However, there was a 
decline in AAPC in younger populations. It is likely that public 
health sun protection campaigns, beginning in the 1980s, have 
contributed to the decrease in new cases in younger age groups. 
It is estimated that MM represents only about 4% of cases of skin 
cancer. However, it accounts for about 80% of skin cancer deaths. 
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Data spanning 1985-2015 from 31 countries taken from the World 
Health Organization Mortality Database showed an overall increase 
in mortality in men, but stable rates or a decline in women. 

There is considerable evidence that the incidence of keratinocyte 
cancers is increasing, even though it is very difficult to obtain 
accurate incidence rates for a variety of reasons including the 
widespread lack of mandatory reporting of keratinocyte cancers to 
cancer registries, and because population-based studies are rare. 
Data from South Australia show a 59% increase in age-standardised 
incidence rates of keratinocyte cancers between 2000 and 2015. A 
study in Iceland based on registry data showed that from 1981 to 
2017, there were 2.3- and 3.7-fold increases in BCC incidence in 
men and women, respectively. Given low levels of ambient UVR in 
Iceland, it is probable that these increases reflect more sun holidays 
and/or greater use of tanning beds. 


Experimental evidence for UVR as a carcinogen. The associa- 
tion between skin cancer and solar range UVR (c.295-400 nm) 
component has been extensively confirmed with animal studies, 
especially with hairless mice that readily develop SCC with chronic 
UVR exposure, including SSR. Murine models have also shown a 
relationship between UVR and MM [81-83]. Mouse studies have 
generated an action spectrum for SCC, which has been used to 
produce an action spectrum for human SCC after correcting for 
differences in the UVR transmission optics in human and mouse 
skin [84]. This shows that UVB is the main cause of SCC. The human 
SCC action spectrum is comparable with those for human erythema 
and epidermal CPD, which implicates DNA as a chromophore. 
This has been supported by a direct molecular link with UVR in 
actinic keratoses, BCC and SCC. UVR results in specific ‘finger- 
print’ mutations (T > C and TT = CC transitions) that have been 
found at high frequencies in these lesions. For example, the TP53 
gene shows UVR fingerprint mutations in up to 90% of SCC, and 
over 60% of BCC TP53 UVR mutations were at nine hotspots [85]. 
UVR-induced C > T mutations have been found in 80% of TP53 
mutations in actinic keratoses [86] and 63% of TP53 mutations in 
Bowen disease [87]. An analysis of mutations in SCC and BCC 
combined in XP patients showed that 90% were G:C to A:T [88,89]. 
Mutations in TP53 inhibit cellular arrest and DNA repair, which 
results in their incorporation into daughter cells. UVR fingerprint 
mutations in TP53 have been reported in melanoma, but also in 
other genes that are known drivers of melanomagenesis such as 
CDKN2A, BRAF and NRAS [90]. 


Effect of different patterns of UVR exposure on skin cancer. 
Patterns of UVR exposure seem to be important in the genesis of 
skin cancer [91]. SCC is associated with low-dose chronic exposure 
whereas MM and probably BCC are associated with intermittent 
high-dose sunburning exposure [92]. Studies show that childhood 
sun exposure may be particularly important, with studies showing 
that migration from countries of low insolation (e.g. Scotland) to 
those of high insolation (e.g. Australia) after the age of 10 years is 
associated with a markedly lower risk of MM development in later 
life compared with migration before the age of 10 years. Interest- 
ingly, a mouse model for MM will only develop lesions if exposure 
is done within a few days of birth [83]. 


Table 10.3 Summary of the main histological features of chronological ageing and 
photoageing. 


Location Chronological ageing Photoageing 
Epidermis Flattened dermal-epidermal Flattened dermal-epidermal 
junction junction 
Variable keratinocyte size and Epidermal thickening and atrophy 
epidermal thickness Variable keratinocyte size, with 
Loss of melanocytes increase in melanocytes (often 
atypical) and melanin content 
Dermis Atrophy with reduction of Elastosis (elastin degradation) and 
collagen, elastic fibres and collagen degeneration 
proteoglycans 
Loss of vascularity Increased proteoglycans 


Low-grade perivascular 
inflammation 
Thickening of vascular walls 


Adapted from Herschenfeld and Gilchrest 1999 [93]. 


Photoageing 

Skin ageing occurs as two distinct phenomena: intrinsic chronolog- 
ical ageing (Chapter 156) in which changes are attributable to the 
passage of time, and photoageing that is the superimposition of 
structural and functional changes caused by chronic UVR exposure. 
This may be seen as a deterministic (i.e. inevitable) process in con- 
trast to skin cancer which is stochastic. The main clinical features 
of photoageing are fine and course wrinkling, dryness, coarseness, 
telangiectasia, yellowness and irregular patchy pigmentation. Skin 
also loses its mechanical properties. Table 10.3 summarises the main 
histological differences between photoageing and chronological 
skin ageing. The mechanical and elastic properties of the skin 
derive from the extracellular matrix (ECM) of the dermis of which 
the major proteins are collagen, and elastin to a lesser extent. The 
degradation of elastin, known as elastosis, is a typical histological 
feature of skin that has been chronically exposed to solar UVR. 
Elastosis is often observed close to SSC, which is associated with 
chronic low-level UVR exposure. 


Collagen and elastin degradation. Collagens and elastin are subject 
to degradation by matrix metalloproteinases (MMP) that have low 
levels of expression in sun-protected skin. MMP are a large family 
of proteases that share common structural and functional elements. 
They contain a zinc-containing binding site that is found in their 
catalytic domain. MMP are released as proenzymes where a block- 
ing cysteine residue must be removed to activate enzyme activity. 
This is largely in order to ensure MMP activity is focused on target 
sites. Their main physiological function is ascribed to the modula- 
tion and regulation of ECM turnover by direct proteolytic degra- 
dation of dermal ECM proteins and non-matrix proteins, as well 
as the liberation of biologically active cytokine growth factors and 
chemokines from their membrane anchored preforms. MMP upreg- 
ulation forms part of normal physiological processes such as wound 
healing and angiogenesis. However, MMP also play an important 
role in cancer invasion. 

Both UVB and UVA1 have been shown to induce a range of MMP 
at the gene, protein and protein activity level [94,95]. Most studies 
have focused on MMP1, which is a collagenase. Tissue inhibitors 
of MMP (TIMP), the expression of which is much less responsive 


to UVR exposure, regulate MMP activity [96]. Thus, photoageing 
appears to be the consequence of an imbalance between MMP and 
TIMP activity and possibly the consequence of imperfect repair 
when new extracellular proteins are synthesised in response to 
MMP-induced degradation [97]. Most laboratory studies on UVR 
induction of MMP protein and its activity have shown much greater 
expression/activity of MMP in the epidermis [98] than the dermis. 
This conundrum has yet to be explained, but it has been suggested 
that MMP may migrate from the epidermis to the dermis. It should 
also be noted that laboratory studies are typically acute and that 
photoageing is a long-term process. 

Several studies have indicated that ROS initiate MMP production. 
Research has also shown that UVR can have a direct non-enzymatic 
effect on ECM and that this may be mediated by ROS [99]. Fur- 
thermore, UVR-damaged ECM may be more susceptible to MMP 
degradation. However, there are data to suggest that the CPD may 
be a trigger, at least for the induction of MMP1 [100]. A recent study 
of UVA exposure to cultured human dermal fibroblasts showed 
that opsin 3 upregulates several MMP via the calcium-dependent G 
protein-coupled signalling pathway [101]. Overall, the data suggest 
that MMP can be induced via multiple pathways. 


Role of damage to mitochondria. Genetic damage and instability 
outside the nuclear genome have been suggested to contribute to 
photoageing [102]. Cellular mitochondria generate energy (adeno- 
sine triphosphate) via a series of redox reactions mediated through 
the electron transport chain and antioxidants (nicotinamide ade- 
nine dinucleotide, flavin adenine dinucleotide 2 and coenzyme Q). 
Despite these constitutive enzymes and mitochondrial base excision 
repair, mitochondrial DNA (mtDNA) is sensitive to ROS-induced 
damage, and the mutation incidence for mtDNA is much greater 
than for nuclear DNA. Photodamaged skin has a higher mtDNA 
mutation frequency when compared with sun-protected skin, which 
also correlates with higher MMP1 levels [103]. It has been suggested 
that mitochondrial dysregulation may lead to increased oxidative 
stress which in turn activates MMP production. 


Spectral dependence. It is often stated that UVA is the main cause 
of photoageing on the basis that it penetrates deeper into the dermis. 
Furthermore, there have been a few case reports of photoageing 
on one side of the face that has been habitually exposed to solar 
UVR through glass (which attenuates UVB). However, an action 
spectrum for elastosis in the hairless mouse is very similar to that 
for human erythema [104], which supports UVB as the major cause. 
Other mouse studies for different photoageing end points also 
reported UVB as the major cause apart from skin sagging [105], 
which was primarily a UVA effect. Erythemal responses to different 
spectra, including UVA1, have been shown to predict the expres- 
sion of MMP1 mRNA in human skin [106], also implicating UVB. 
However, it seems likely that many MMP play a role in photoageing 
and that different MMP may have different spectral dependencies 
[94]. Overall, the data suggest that in a solar environmental context, 
UVB is the major cause of photoageing, but UVA certainly plays 
a role. 


Relationship between photoageing and skin cancer. Finally, it 
should be noted that photocarcinogenesis and photoageing have 


usually been treated as separate phenomena, when it is very likely 
that they are closely related. This has been demonstrated in hairless 
mouse studies in which a neutrophil elastase-deficient strain was 
resistant to UVR-induced SCC [107] and photoageing [108]. 


Photoprotection 


Photoprotection reduces the molecular and clinical damage caused 
by solar UVR. This may occur by constitutive or facultative pigmen- 
tation or by behavioural strategies such as the use of sunscreens 
and clothing. A good rule of thumb is that behavioural photopro- 
tection is necessary when your shadow is shorter than you, because 
this is indicative of high levels of UVB. This is especially important 
for FST I and II but, depending on circumstances, it may also be 
advisable for more sun-resistant skin types. 


Melanin 

Tanning in skin types II-IV offers some protection against sunburn 
and DNA damage, but the level of protection is modest [109]. 
Melanin in black skin is more protective. Studies comparing 
black and white skins show that melanin affords a protection fac- 
tor of about 7 for sunburn [110]. The protection factor for DNA 
damage varies with epidermal location but is about 60 in the 
melanin-rich basal layer (containing keratinocyte stem cells and 
melanocytes) [111]. This may explain the large difference in skin 
cancer incidence in black and white skins. 


Sunscreens 

Sunscreens are topical formulations that contain agents that filter 
and/or scatter UVR [112]. In effect, UVR-absorbing molecules are 
exogenous chromophores applied to the skin. A typical product 
contains a mix of organic filters with different absorption spectra as 
well as micropigments that may be physical (e.g. titanium dioxide) 
or organic. In Europe sunscreens are regulated as cosmetics, but 
they are regarded as drugs in the USA. Sunscreens are designed 
and tested to prevent sunburn and their main index of protection is 
the sun protection factor (SPF). The SPF is calculated by the formula 
SPF = [24 h MED on protected skin]/[24 h MED on unprotected 
skin], according to strict protocols prescribed by regulatory bodies. 
Included in these protocols is a sunscreen application density of 2 
mg/cm? on skin and the use of well-defined SSR. In theory, an SPF 
of 15 if used correctly will reduce erythemal exposure to 1/15th of 
that which would otherwise have been received for a given time 
in the sun. However, there have been recent concerns that SSR 
overestimates protection compared with solar UVR [113]. 

The action spectrum for erythema in Figure 10.8 shows that no 
sunscreen could be effective without good UVB protection, but there 
has been an increasing trend for better UVA protection resulting 
in broad spectrum coverage, and this is now required by regula- 
tory bodies [114] although the indices of UVA protection may vary 
with regulatory body. These indices may be based on the ability 
to prevent PPD (of unknown biological significance) or the UVR 
transmission properties of the sunscreen. Labelling of sunscreens 
within the European Union (EU) is divided into low (SPF 6-10), 
medium (SPF 15-25), high (SPF 30-50) and very high (SPF 50+) pro- 
tection, with the level of UVA protection at least one-third of the SPF. 
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One de facto consequence of better UVA protection for a given SPF is 
reduced UVB protection. However, the UVA protection index must 
be regarded as secondary to the prevention of sunburn as indicated 
by the SPF. The long-term benefits of improved UVA protection have 
yet to be determined. 

Assuming beach use, a typical person should use about 
100 mL/day, assuming three whole-body applications, to achieve 
the labelled SPF. In practice, people apply sunscreen much less 
thickly than SPF test conditions [115,116] which results in much less 
protection than indicated by the labelled SPF. This means that peo- 
ple may overestimate their degree of protection. Thus, the typical 
use of a labelled SPF 15 product may result in a considerably lower 
SPF. However, if sunscreens are used optimally, they offer excel- 
lent protection against sunburn, even under very high UV index 
conditions [117]. Overall, people are probably getting much less 
photoprotection than they think from sunscreens, especially with 
intentional solar exposure. This is a public health issue that must be 
addressed either by encouraging people to use more sunscreen or 
to use a higher SPF to compensate for inadequate application. 


Effects of sunscreens on non-erythema end points 

Protection against sunburn does not necessarily mean protection 
against other types of photodamage that may occur with suberythe- 
mal exposure. For example, suppression of the induction phase of 
the CHS reaction in skin types I/II occurs with doses of <0.5 MED 
[63]. There are few data on the ability of sunscreens to prevent 
molecular damage to the skin that may result in skin cancer or 
photoageing, but there is evidence that sunscreens are effective in 
the prevention of SSR-induced CPD in human skin in vivo [118,119]. 
Intervention studies suggest that regular sunscreen use may be 
beneficial in the inhibition of actinic keratoses [120,121] and SSC but 
not BCC [122]. However, a large population-based study in Norwe- 
gian woman found no difference in SCC when comparing use of 
SPF <15 versus SPF >15 sunscreens [123]. There are sunscreen inter- 
vention data for a beneficial effect against melanoma [124] and the 
population-based study in Norway, just referred to, reported that 
SPF >15 versus SPF <15 reduced melanoma incidence by 18% 
[125]. The role of sunscreens in skin cancer prevention is controver- 
sial with authors of recent reviews reaching opposite conclusions 
[126,127]. There are also studies that indicate that regular sunscreen 
use may inhibit photoageing [128]. 

Concerns about the possible adverse effect of sunscreen use on 
vitamin D synthesis have been addressed by two reviews that 
concluded that such use has little or no impact on vitamin D status 
[129,130], possibly because of inadequate application. However, 
an intervention study in which sunscreens (SPF = 15) were used 
optimally during a sun holiday has also shown excellent vitamin 
synthesis in the absence of sunburn [131]. The most likely expla- 
nation for this observation is that the threshold dose for vitamin D 
synthesis is much lower than that for sunburn. It should be noted 
that we lack data on the effect of high SPF sunscreens on vitamin D 
status [132,133]. 

Traditional topical sunscreens depend on the filtering or scat- 
tering of UVR and may be described as ‘passive’ photoprotection. 
There has, however, been a trend for ‘active’ photoprotection at a 
topical and systemic level. These include topical products with nat- 
ural antioxidants, and liposome-containing DNA repair enzymes 


[134,135]. Another approach is the delivery of a-MSH analogues 
and other strategies that stimulate melanogenesis [136]. 


Clothing and shade 

It should be remembered that sunscreen use is not the only option 
for photoprotection. Clothing reduces the skin surface area exposed 
to solar UVR. It offers good protection against sunburn that is depen- 
dent on fabric properties such as colour, weave, wetness, etc. Some 
clothing is designed and tested for photoprotection, and the level 
of protection is expressed by the UV protection factor (UVP) [137] 
that can be seen as equivalent to the SPF of a sunscreen. Clothing can 
be very effective as witnessed by the poor vitamin D status that is 
common in the Middle East and North Africa, especially in women 
[138]. Vitamin D supplementation is necessary when the body is 
typically fully clothed, even in sunny countries. 

Shade seeking is a well-recognised and very effective way of 
reducing solar UVR exposure, especially when the sun is high. The 
construction of shaded areas [139] should be explored as a means 
of reducing UVR burden. 


Personal and population exposure to UVR 


The sun 

The sun is the most important source of UVR exposure for most 
people and the degree of exposure is primarily dependent on 
behaviour. In people with indoor jobs, exposure may be adventi- 
tious (e.g. taking a lunch break) or from deliberate sun seeking, 
as with sunbathing and beach holidays. Occupational exposure 
will occur in those with outdoor work such as farmers. There are 
different ways to assess personal exposure, but the most reliable 
is with personal dosimetry, in which people wear the dosime- 
ter on a specified part of the body. There are two basic types of 
personal dosimeter. The first is an integrating device, such as the 
polysulphone film badge, which records total exposure over a fixed 
period. The second is a time-stamped electronic device that records 
the exposure in real time. The latter are much more expensive 
and technically demanding but provide important information 
on behaviour. Such data are very important because behavioural 
knowledge provides a better basis for informed public health inter- 
ventions. For example, one study with time-stamped dosimeters 
showed that Danes on holiday in Tenerife received most of their 
UVR round about noon (88% of time outdoors was between 12.00 
and 15.00) [140], despite widespread advice to an educated popula- 
tion to avoid this period. Time-stamped dosimeters can also show 
how solar UVR exposure varies on different parts of the body with 
orientation and movement [141]. 

Several studies have been done in which personal UVR exposure 
has been measured over extended periods in different popula- 
tions in spring/summer in Copenhagen, Denmark (56°N), using 
time-stamped personal electronic dosimeters. In people working 
indoors without ‘risk, or sun-seeking, behaviour’ the median daily 
dose was 0.3 SED (range 0-3.9) on working days and 0.6 SED 
(range 0.1-3.5) on days off [142]. It has been estimated that indoor 
workers in northern Europe receive about 150-200 SED/year, 
which is approximately 5% of the total available ambient UVR. 
Outdoor workers are exposed to more UVR, perhaps up to 400-600 


SED/year. Children spend more time outdoors and it has been 
previously estimated that those in the UK receive an annual dose 
of about 300 SED [143]; however, this may be less now because 
of increasing levels of indoor activity. A very high proportion of 
annual exposure may be received during holidays. It has been 
estimated that about a third of annual UVR exposure to the face in 
northern Europe is received during a 2-week summer vacation at 
home [144]. A study of Danish holidaymakers showed that they 
obtained 43% of their annual sunburning UVR exposure in just 
6 days in Tenerife in March [140]. This was associated with high 
levels of sunburn, despite the use of sunscreens. 

Unsurprisingly, higher daily exposures have been measured, 
using polysulphone badges, in Queensland, Australia, with for 
example Brisbane (27.4°S) home workers having weekday shoul- 
der exposure medians of 2.0-8.00 SED depending on the time of 
year [145]. Outdoor workers at the same latitude showed values 
of 3.0-10.0 SED. It has been estimated that an average American is 
exposed to about 250 SED per working year, mostly in the spring 
and summer [146]. This can be increased by 78 SED (i.e. about 30%) 
with a 3-week vacation (i.e. by 3.7 SED/day) when sunscreens are 
more likely to be worn. Behaviour is a major determinant of UVR 
exposure, such that it is possible for children in the UK to have 
higher solar exposure levels than in Queensland, Australia [147]. 

Personal UVR measurements are only possible with limited 
participants and duration of study, however modelling is possible 
to estimate UVR exposure given to larger well-defined populations 
and specific body sites [148,149]. 


UV index 

The UV index (UVI) is increasingly used to inform the public about 
ambient sunburning UVR at a given location [150]. Such informa- 
tion can help guide sun exposure behaviour and the need for pho- 
toprotection. The UVI is readily available and is often presented in 
weather forecasts and can be easily found online for a particular geo- 
graphical location. In reporting the UVI, most emphasis is placed on 
the maximum UVR level on a given day, which is at solar noon + 2h. 
The UVI ranges from 1 to 11+, the latter being classed as extreme. 
Photoprotection for fair-skinned people is recommended once the 
UVI reaches 3 [151]. 

It could be argued that there is a need for cheap, reliable, personal, 
user-friendly dosimeters so that people can measure their own UVR 
exposure based on UVI that would allow them to modify their 
UVR exposure. In addition, there are smartphone applications for 
this purpose. One possible disadvantage of these devices is that 
they would encourage maximal exposure, especially in cases where 
typically there is inadequate sunscreen application. 


Non-solar sources with emphasis on sunbeds 

People may be exposed to UVR from a range of artificial sources: 
some indoor workers are significantly irradiated by, for example, 
arc welding devices and, possibly, from hospital phototherapy 
equipment if due care is not taken. Office workers and home 
dwellers may be at risk from low-intensity UVR from fluorescent or, 
more importantly, quartz halogen lamps used for indoor lighting. 
The increased use of LED lighting decreases this risk. The most 
common artificial source of UVR exposure is sunbed use. A study 
in 30 European countries showed variation in prevalence of sunbed 


use ranging from 0.5% in Malta to 26.5% in Belgium [152]. There 
was a Significant correlation with latitude and a negative correlation 
with hours of local sunshine. 

Sunbeds are designed to induce tanning (melanogenesis), the 
action spectrum of which is similar to that for erythema, with a 
peak in the UVB region at about 300 nm in the solar UVR range [41]. 
Generally, the emission spectra of tanning devices are primarily in 
the UVAI region (c.80%), with a small amount of UVB (2-3%). This 
UVB will be responsible for most of the tanning based on the action 
spectrum for melanogenesis. The EU standard is that the erythe- 
mally weighted irradiance of sunbeds should not exceed 0.3 W/m/?, 
and that levels above that are unsafe. A survey in England showed 
that more than 90% of more than 400 sunbeds studied exceeded 
this limit [153] with an average erythemally weighted irradiance 
of almost twice the EU limit. When the emission spectra of these 
sources were weighted with an action spectrum for keratinocyte 
cancer, the average irradiance was over twice that of Mediterranean 
noon sun. That is, the average carcinogenic risk per minute of expo- 
sure was 2.3 times greater than intense solar exposure. These data 
show that small errors in sunbed dosimetry /timing of exposure can 
easily result in sunburn and give cause for concern, especially as 
sunbed operators are unlikely to have much technical knowledge. 
They also show that regulations are not being enforced. 

There is considerable evidence that sunbed use increases the risk 
of melanoma and BCC and that this risk is greater when sunbed use 
started at an early age [154]. Sunbed use has also been shown to 
increase the risk factors associated with melanoma such as atypi- 
cal naevi [155]. Some authors consider that the relationship between 
sunbed use and melanoma has been unequivocally established [156] 
while others disagree [157]. Many national and international organ- 
isations have issued guidelines/laws to restrict sunbed use, espe- 
cially in those under 18 years of age. Some countries have banned 
sunbed use. 


Risks versus benefits of population UVR exposure 

The long-term risks of UVR exposure are well established with 
damage to epidermal DNA leading to mutation and skin cancer. 
Chronic UVR exposure also results in photoageing. In the context 
of terrestrial UVR (with no UVC), most action spectrum studies, 
whether in vitro, or in animal or human skin in vivo, have shown 
that these effects are primarily caused by UVB. The only universally 
accepted benefit of solar UVR exposure is vitamin D production, 
which is also caused by UVB, but other benefits, of yet unknown 
wavelength dependence, are being investigated. Field studies have 
shown that vitamin D production and DNA damage are related to 
the product of skin area exposed and solar UVB dose over a wide 
dose range [158]. Thus, benefit is always associated with some risk, 
which will be influenced by skin type. More recently, it has been 
argued that exposure to solar UVA and UVB is beneficial because 
it reduces blood pressure, and this would have major health ben- 
efits at a population level [78,159]. Any proposal to increase solar 
exposure would be controversial, especially in the dermatology 
community. Until recently, most emphasis on the immunological 
effects of UVR on the skin has been focused on its suppression 
of acquired immunity, but it is recognised that UVR can enhance 
innate immunity. At present, we lack the information to prescribe 
solar UVR exposure to obtain the best risk—benefit outcome for 
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health. As such, it is probably best to advise that daily exposure be 
restricted to suberythemal doses (e.g., about 2 SED for light-skinned 
individuals), whether through sunscreen or not, which are sufficient 
for vitamin D synthesis. There is, however, no case for additional 
UVR exposure from tanning beds, which significantly adds to MM 
risk. Sunbed use, popular with the young, is often unregulated and 
the non-cosmetic beneficial effects can be readily obtained from the 
sun or vitamin D supplementation. 
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Introduction 


Skin, the largest organ in the body, is vital for humans and ani- 
mals to protect against dehydration, bleeding and environmental 
microorganisms. Humans and animals have evolved a sophisti- 
cated mechanism of wound healing to plug any gap in skin integrity 
quickly, re-epithelialise over the defect and rapidly replace the lost 
dermis with new matrix. The final product is not normal skin, for 
adult human skin does not regenerate, but rather is a repair in the 
form of a scar, which is visible on the skin surface. 

Adult wound repair consists of a series of overlapping stages [1], 
beginning with aggregation and degranulation of platelets, blood 
clotting and the formation of a fibrin plug (eschar), which initially 
fills the wound (Figure 11.1). This is followed by the inflamma- 
tory phase, where initially polymorphonuclear leukocytes appear, 
which stimulate the recruitment of monocytes, macrophages and 
lymphocytes that kill microorganisms and secrete a wide variety 
of growth factors and cytokines, which modulate the remain- 
ing wound healing response. These immune cells invade the 
fibrin-filled wound space and, together with fibroblasts and blood 
vessels from the deep fascia and surrounding dermis, begin to lay 
down a temporary matrix of granulation tissue consisting initially 
of a proteoglycan- and fibronectin-rich tissue, which serves as 
a guiding substratum for the migrating and proliferating cells. 
Cellular behaviour and coordination of the wound response is 
controlled during this granulation phase by a wide range of growth 
factors, extracellular matrix molecules and their receptors. There 
are extensive cell-cell and cell—-matrix interactions. Epidermal cells 
proliferate and move down the edge of the wound until they reach 
the new granulation tissue, where they dissect between the overly- 
ing fibrinous eschar and the underlying granulation tissue to close 
the wound. At the same time, the wound contracts predominantly 


by forces exerted by contractile elements contained within the 
myofibroblasts. The transitory granulation tissue phase ends as 
immune cells, fibroblasts and endothelial cells undergo apoptosis, 
while the remaining fibroblasts lay down collagen (mostly types 
I and III), a process that continues for several months In the final 
remodelling stage of wound healing, the matrix is remodelled with 
a decrease in the relative levels of fibronectin, proteoglycans and 
type III collagen and an increase in the levels of predominantly type 
I collagen, which is organised into thick bundles and extensively 
cross-linked to form the mature scar. 
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Figure 11.1 Wound inflammatory cells during the first 2 weeks of wound healing 
showing the stages of acute wound healing and the inflammatory infiltrate present in 
the wound bed. 
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Acute wound healing proceeds quickly and with few problems 
in the vast majority of cases. Clearly, the speed of wound heal- 
ing depends upon many factors, including the size of the wound 
(incisional or excisional), blood supply to the area, presence of 
foreign bodies and microorganisms, age and health of the patient, 
nutritional status of the patient, drugs that the patient may be taking 
and a variety of systemic diseases. Oxygen plays a critical part in 
wound healing [2,3], as does nitric oxide [4]. Leptin may be another 
regulator of wound healing [5]. Wound healing is subject to regu- 
lation by a large number of different cytokines and growth factors 
[6,7]. Oestrogens promote wound healing, while androgens inhibit 
it [8-11]. Opioid peptides may also favour wound healing [12]. 
Circadian timekeeping can also influence wound healing via regu- 
lation of the actin cytoskeleton resulting in better healing of daytime 
wounds [13]. 

Sometimes, the wound healing process does not proceed nor- 
mally and chronic wounds result. The most common forms of 
chronic wounds in humans include venous ulcers, diabetic ulcers 
and pressure sores. In each of these cases there is normally an 
underlying pathology, such as venous insufficiency in the case 
of venous ulcers, or abnormal microvasculature and high blood 
sugar levels in diabetic ulcers. These underlying pathologies create 
a situation where the wound healing response is impaired. Thus, 
for example, in the case of venous stasis ulcers, there is often a 
chronic ischaemia—reperfusion injury resulting in high levels of 
local cytokines, complex cuffs forming around the blood vessels 
and increased levels of wound proteases, particularly matrix metal- 
loproteinase 8 (MMP-8), MMP-26 and elastase, and decreased levels 
of protease inhibitors such as tissue inhibitor of matrix metallopro- 
teinase 2 (TIMP-2) [14,15]. In the case of diabetic ulcers, there are 
often extensive abnormalities in the microcirculation, thickening 
of the blood vessel wall, thrombi and areas of focal necrosis [16]. 
In such chronic wounds, it is necessary to treat the underlying 
pathology if long-term non-recurrent healing of the ulcer is to 
be achieved. Understanding the molecular pathogenesis of these 
chronic wound healing states can lead to novel therapeutic targets 
for pharmacological intervention (e.g. the application of dress- 
ings containing protease inhibitors or ‘smart matrix’). MicroRNA 
regulation of wound healing is a growing area of interest [17]. 
The wound healing response can also be disrupted by excessive 
healing (adverse scarring), which is represented at the extremes 
by hypertrophic scars or keloids. These excessive wound healing 
states result from the abnormal deposition of connective tissue 
within the healing wound, such that the scar is elevated and may 
extend beyond the boundaries of the original wound. Excessive 
scarring shows a clear genetic basis with racial tendencies (e.g. it 
is more common in Black and Oriental people than it is in White 
people). 

Finally, the acute wound healing response varies with the age of 
the individual. Wounds made on very early embryos heal by com- 
plete regeneration, while wounds made on later embryos or early 
fetuses (in the middle trimester of pregnancy) display scar-free 
healing but the absence of regeneration of dermal appendages. 
Embryonic wounds exhibit a markedly reduced inflammatory 
response and alterations in cellular mediators, cytokines, growth 
factors, extracellular matrix modulators, tyrosine phosphorylation 
patterns and homeobox gene expression [18]. Wounds in children 
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and young adults often heal quickly with excessive scarring, while 
elderly patients show specific disruptions in the wound healing 
cascade, such as elevated levels of proteases, altered ratios of growth 
factors and their receptors and a slower rate of healing but often 
with enhanced quality (reduced scarring). Age-related changes in 
the inflammatory response to wounding have been reported [19]. 
Wound healing is impaired by stress, possibly due to increased 
serum cortisol [20]. 

Despite the fact that the various phases of wound healing over- 
lap, it is convenient to consider the principal cellular and molecular 
mechanisms regulating the basic biology of wound healing in three 
phases: inflammation and the immune response, re-epithelialisation 
and matrix remodelling. 


Inflammation and the immune response 


Following wounding, there is an almost immediate release of 
inflammatory mediators from damaged cells, degranulating plate- 
lets or resident tissue macrophages and mast cells. Furthermore, 
wounding causes a transient permeabilisation of cells near the 
wound margin, with the rapid exchange of extracellular and intra- 
cellular ions, resulting in the switching on of early response genes 
in such cells within seconds following wounding. These mediators 
initially cause arteriole dilatation, resulting in an increased blood 
flow into the wound area. This process is further aided by growth 
factors such as vascular endothelial growth factor (VEGF), which 
causes hyperpermeability of endothelial cells [1]. This results in an 
influx of fluid and plasma components into the wound space, while 
inflammatory cells adhere to the vascular endothelium and migrate 
through the vascular wall into the wound. 


Neutrophils and platelets 

Neutrophils are the predominant, initial inflammatory cells 
recruited to the wound, which together with platelets release a 
complex mixture of cytokines and growth factors. These amplify 
the inflammatory response, resulting in an influx of monocytes 
and lymphocytes, the proliferation of monocyte precursors within 
the wound and their differentiation into mature macrophages [2]. 
The use of knock-out mouse models to dissect the contribution of 
individual cytokines to wound repair revealed important roles for 
tumour necrosis factor a (TNF-a), interleukin 1 (IL-1) signalling, 
chemokine (C-X-C motif) receptor 2 (CXCR2), chemokine (C-X-C 
motif) ligand 10 (CXCL10), IP-10, Smad3 and secretory leukocyte 
protease inhibitor in inflammatory cell recruitment in acute wound 
healing [2,3]. Stress-induced catecholamines can increase neutrophil 
recruitment resulting in delayed wound healing [4]. 

Platelets respond very quickly, and when they reach the wound 
they adhere through selectin and integrin receptors [5], degran- 
ulate and release a variety of factors, including thromboxanes, 
prostaglandins, 12-lipoxygenase products, serotonin, adhesive gly- 
coproteins (including fibrinogen, Von Willebrand factor, fibronectin 
and thrombospondin) and growth factors (including platelet-derived 
growth factor (PDGF), epidermal growth factor (EGF) and trans- 
forming growth factor p1 (TGF-B1)). These factors contribute to 
the initial fibrin plug that closes the wound and also modulate 
subsequent cellular behaviour, including attachment, migration, 
proliferation and matrix deposition. However, wound closure, 


angiogenesis and collagen synthesis are not significantly impaired 
in thrombocytopenic mice [6]. 

These signals from the wound site, together with changes in 
vascular permeability, cause leukocytes to pavement in the blood 
vessels, and undergo rolling and attachment to activated endothe- 
lial P- and E-selectins and integrins, for example heterodimers 
of CD18 ($2 integrin) and variable « subunits [7]. Neutrophils, 
recruited early in wound healing, are responsible for destroying 
invading bacteria by phagocytosis and the release of reactive oxygen 
species, eicosanoids and proteolytic enzymes (elastase, cathepsin G, 
urokinase-type plasminogen activator), which may cause further 
tissue damage and inflammation. Once in the wound, neutrophils 
may be activated by cytokines such as granulocyte-macrophage 
colony-stimulating factor (GM-CSF) and TNF-a, complement, 
or proteases such as thrombin. Unless stimuli for neutrophil 
recruitment persist, after a few days neutrophils are eliminated by 
macrophage phagocytosis or apoptotic cell death. 


Macrophages 
Monocytes and macrophages are recruited in large numbers to the 
healing wound as neutrophil numbers begin to decline. Classic 
studies by Leibovich and Ross [8] demonstrated the importance 
of these cells in wound healing; experimental depletion of wound 
macrophages resulted in prolonged inflammation and delays in 
fibroblast proliferation, matrix deposition and subsequent wound 
closure. The transition from a resting to an active state in mono- 
cytes and macrophages is controlled by cytokines including TNF-a 
and interferon y (IFN-y), as well as bacterial products such as 
lipopolysaccharide. Monocytes and macrophages produce a range 
of cytokines in response to pro-inflammatory signals, includ- 
ing TGF-B and TGF-a, basic fibroblast growth factor, VEGF and 
PDGF. The interactions between these growth factors and mono- 
cyte/macrophage differentiation/activation are complex and often 
self-regulatory. Thus, TGF-B1 acts as a pro-inflammatory cytokine 
early in the wound healing phase, as it is chemotactic to immature 
monocytes, which are recruited to the wound site and synthesise 
and secrete more TGF-B1, due to a self-inducing response element 
in the TGF-B1 promoter. However, TGF-f1 is anti-inflammatory to 
mature or activated monocytes/macrophages, because it inhibits 
their activation and modulates receptor expression. Although 
wound healing is initially normal in the TGF-B1 knock-out mouse, 
the accumulation of inflammatory cells and reduction in angiogen- 
esis and collagen deposition lead to delayed epithelial closure [9]. 
In addition to the production of cytokines, wound macrophages 
also produce a range of extracellular matrix molecules, which — 
together with fibrinogen and fibrin from the blood clot, matrix 
molecules from degranulating platelets, recruited fibroblasts and 
endothelial cells — form the granulation tissue or provisional matrix. 
This provisional matrix is rich in molecules, such as fibronectin, 
vitronectin, thrombospondin, SPARC (secreted protein, acidic, 
cysteine-rich; also known as osteonectin), tenascin and proteogly- 
cans such as dermatan, chondroitin and heparan sulphate. It acts 
as an early scaffold for the re-establishment of the dermis and for 
the migration of epidermis as it promotes both cell migration and 
proliferation. Regulation of this provisional matrix is complex and 
achieved partially through control at the transcriptional level, for 
example with alternative splicing of the primary transcript for 
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Inflammation and the immune response 


fibronectin resulting in embryonic-like cellular fibronectins being 
deposited within the wound space, which better facilitate cell 
migration and proliferation [10]. 


Lymphocytes 

Pro-inflammatory cytokines such as TNF-a and IFN-y can stimulate 
the production of chemokines by endothelial cells [11]. Endothelial 
and macrophage chemokines (e.g. IL-8, CXCL10, platelet factor 4 
(PF-4), chemokine (C-C motif) ligand 3 (CCL3), CCL4, CCL5 and 
CCL2) attract lymphocytes to the wound area, and may have a 
role in the progression of healing to fibrosis [3]. These lymphocytes 
include both B and T lymphocytes, and there is growing evidence 
that the particular type of T-lymphocyte response (Th1 or Th2), 
each characterised by a different profile of cytokine secretion, 
may be one of the factors underlying abnormal fibrosis and scar- 
ring [12]. Early life exposure to microbes induces development of 
mucosal-associated invariant T (MAIT) cells. In adults, cutaneous 
MAIT cells are a dominant population of interleukin-17A-producing 
lymphocytes, which display a distinct transcriptional signature and 
respond to skin commensals and promote wound repair [13]. 
Interleukin-33, a member of the IL-1 family, facilitates the devel- 
opment of alternatively activated macrophages (M2) with the 
resolution of inflammation, increased fibronectin and type III 
collagen deposition and improved wound repair [14]. 

Human y/5 T lymphocytes express and synthesise connective 
tissue growth factor (CTGF), known to regulate fibrogenesis and 
wound healing, as well as fibroblast growth factor 7 (FGF-7), FGF-10 
and insulin-like growth factor 1 (IGF-1) regulating keratinocyte dif- 
ferentiation and proliferation and FGF-9 linked to hair follicle 
neogenesis [15,16]. In addition, this T-cell subgroup regulates ker- 
atinocyte hyaluronic acid deposition in the provisional matrix, and 
subsequent macrophage infiltration into the wound [17]. The type 
of T-lymphocyte response itself may be determined by the profile 
of growth factors in the early wound. Thus, for example, natural 
killer (NK) cell migration out of blood vessels is promoted by VEGF 
but inhibited by FGF-2 [18]. IL-6 also has a crucial role in wound 
healing, probably by regulating early leukocyte infiltration and 
tissue remodelling in the later stages of wound repair [19]. Recent 
in vivo functional studies reveal the roles of different transcriptional 
regulators in wound repair. Mice deficient for PU.1 transcription 
factor, that lack macrophages and functional neutrophils, surpris- 
ingly showed normal scar-free healing of incisional wounds [20]. 
Mice deficient in Nrf2, a leucine zipper transcription factor involved 
in the detoxification of reactive oxygen species, have increased and 
prolonged macrophage infiltration in wounds, suggesting that 
Nrf2 regulates the resolution of inflammation [21]. Components 
of the innate immune system, such as Toll-like receptor 4, are also 
important regulators of wound inflammation [22]. 

These early inflammatory responses clear the wound of foreign 
antigens such as bacteria and supply combinations of growth 
factors (Table 11.1) and extracellular matrix molecules, which 
orchestrate the subsequent healing of the provisional matrix by 
providing the signals and scaffold for fibroblast, endothelial and 
keratinocyte influx. Inflammatory cells such as monocytes and 
macrophages decrease towards the end of the inflammatory phase, 
largely through apoptosis resulting from a reduction in the levels of 
survival factors (e.g. specific cytokines and matrix molecules). 
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Table 11.1 Main source of growth factors/cytokines during wound healing. 
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Platelet Macrophage Lymphocyte Keratinocyte Fibroblast Endothelial cells 
PDGF Xx x x Xx xX 
VEGF Xx x x Xx Xx 
EGF Xx Xx 
FGF-1/2 Xx Xx Xx 
FGF-7 Xx 
CTGF Xx x 
IGF-1 Xx x 
HGF Xx Xx 
TNF-c x Xx x Xx 
TGF-a Xx x x 
TGF-B Xx Xx Xx Xx Xx 
GM-CSF Xx 
IFN-y x x 
IL-1p x Xx x 
IL-2 x Xx x 
IL-6 Xx Xx Xx 
IL-8 Xx Xx Xx 


CTGF, connective tissue growth factor; EGF, epidermal growth factor; FGF, fibroblast growth factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; HGF, hepatocyte 
growth factor; IFN, interferon; IGF, insulin-like growth factor; IL, interleukin; PDGF, platelet-derived growth factor; TGF, transforming growth factor; TNF, tumour necrosis factor; VEGF, 


vascular endothelial growth factor. 


Re-epithelialisation 


The process of re-epithelialisation commences about 24h after 
wounding when keratinocytes migrate from the wound edge or 
hair follicles, across the provisional wound matrix to invade the 
wound bed, where they proliferate to form new epidermis [1]. 
Keratinocyte injury alters the ratio of magnesium and calcium 
ions, which induces keratinocytes to adopt a migratory pheno- 
type [2]. The migrating keratinocyte flattens and elongates with 
the formation of lamellipodia to aid cell movement, loss of cell-cell 
(desmosomes) and cell—-matrix contacts and rearrangement of the 
actin filament network. The K1 and K10 suprabasal cytokeratin fil- 
aments are replaced by the flexible cytokeratins K6 and K16, whose 
expression is regulated by growth factors such as EGF, TGF-a and 
TGF-B present at high levels within the provisional matrix, as well 
as the rhomboid protease, iRhom2 [3]. 

Following wounding, signals from the matrix and growth 
factors induce phosphorylation of numerous keratinocyte pro- 
teins, including focal adhesion kinase, c-Met, the small guanine 
triphosphatase, Rac, extracellular signal-regulated kinases 1/2, 
phosphatidylinositol-3-kinase, mitogen-activated protein kinases 
(MAPKs), and the AP-1, Stat3 and Tcf3 families of transcription 
factors. These transcription factors regulate many of the genes 
involved in keratinocyte migration, for example integrins, MMPs 
and growth factors [4-10]. TNF-o stimulates transcription of the 
PPARB/5 (peroxisome-proliferator-activated receptor B/5) gene, 
also via an AP-1 site in its promoter, with subsequent upregulation 
of the expression of integrin-linked kinase and 3-phosphoinositide- 
dependent kinase 1, which activates the anti-apoptotic protein, 
Akt [11]. Keratinocytes in the basal layer some 300-400 cell diam- 
eters away from the wound margin proliferate extensively; such 
proliferation peaks within 1-2 days post-wounding and then falls 
back again to reach basal levels about 14 days post-wounding. The 
transcription factor, c-Myc, is a potent regulator of keratinocyte 


proliferation during wound healing [12]. Suprabasal cells derived 
from this extensive proliferation roll over the attached basal cells to 
form new basal cells at the wound margin, a process repeated by 
successive basal cells until re-epithelialisation is complete. 

To reach the wound bed, migrating keratinocytes express MMPs 
(enzymes that degrade basement membrane components and 
interstitial collagens) (Figure 11.2) and urokinase-type plasminogen 
activator, an enzyme that activates plasmin for fibrinolysis of fibrin 
[13,14]. Upregulation of MMP-9 and urokinase plasminogen activa- 
tor, induced by hypoxia, results in increased keratinocyte migration 
[15,16]. This upregulation is mirrored by the concurrent upreg- 
ulation of plasminogen-activator inhibitors (Figure 11.3), which 
control the extent of plasminogen activation [16]. This suggests a 
key role for the plasmin—plasminogen system in wound healing, 
an assertion given experimental weight by wound healing studies 
on mice with targeted disruption of the plasminogen gene [17]. 
These mice showed substantial delays in wound re-epithelialisation 
and the aberrant persistence of fibrin within the wound matrix, 
demonstrating the importance of the plasminogen-plasmin sys- 
tem for fibrin removal during wound healing. Syndecan-1 is a 
cell-surface proteoglycan that enhances keratinocyte proliferation 
and re-epithelialisation [18]. 

During wound healing, the migrating keratinocytes come into 
contact with dermal collagens and the fibrin clot constituents fib- 
rin, fibronectin and vitronectin. Thus, «5, B1, «V and £5 integrin 
subunits, the primary keratinocyte receptors for fibronectin and 
vitronectin, are upregulated in migrating keratinocytes during 
re-epithelialisation (Figure 11.3) [19]. Expression of these integrins 
may be induced by TGF-f1 [20]. Once re-epithelialisation is com- 
plete, the keratinocytes switch from the vitronectin/fibronectin 
receptor (a#VB5) to the tenascin/fibronectin receptor (aVB6). This 
switch may be involved in the redifferentiation of the epidermis 
as the 66 integrin subunit has been associated with epithelial 
remodelling during development and tumorigenesis [21]. Because 
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Figure 11.2 Matrix metalloproteinases (MMPs) and tissue inhibitor of matrix 
metalloproteinases (TIMPs) in wound healing showing the expression and cellular 
source of MMPs and TIMPs in cutaneous wound healing. Keratinocytes (KC) change 
their phenotype as they lose their hemidesmosomes (HD), which attach them to the 
underlying basement membrane zone (BMZ), thus coming in contact with a provisional 
wound matrix made of fibronectin and fibrin (in orange). Below the basement 
membrane lies the interstitial matrix composed mainly of type | collagen (in grey). 

A differential pattern of expression of MMPs and their inhibitors seems to be critical for 
wound healing, with some MMPs being expressed by migrating keratinocytes at the 
leading edge of the wound, while others are only expressed by the proliferating 
population of keratinocytes adjacent to the wound edge. MMPs expressed by fibroblasts 
and inflammatory cells such as neutrophils and macrophages also contribute to 
regulating the wound healing process. Reproduced from [35] with permission from 
Springer Nature. 


keratinocytes do not express the fibrin-specific integrin aVB3, 
instead of invading the fibrin clot, the migrating cells dissect the 
fibrin clot from the wound bed [22]. 

A number of growth factors secreted by keratinocytes, fibro- 
blasts or inflammatory cells promote keratinocyte proliferation and 
migration (see Tables 11.1 and 11.2 and [23—26]). Fibroblast growth 
factor 7 (FGF-7/KGF) stimulates hyaluronan synthesis, which also 
promotes keratinocyte migration [27]. The anti-microbial peptides, 
human -defensins, stimulate epidermal keratinocyte migration, 
proliferation and production of pro-inflammatory cytokines [28]. 
Secreted heat shock protein 90a induced by TGF-«, promotes both 
epidermal and dermal cell migration [29]. Keratinocytes can stim- 
ulate FGF-7 production by underlying dermal cells, which then 
acts specifically on the overlying epidermal cells expressing the 
FGF-7 receptor [30]. During wounding, cells come into contact with 
human serum, which promotes keratinocyte motility via p38 MAPK 
and the induction of epidermal MMP expression [31]. 

In normal skin, the basement membrane separates the epidermis 
from the dermis. Following wounding, this dermal—epidermal 
junction must be reconstituted as part of the re-epithelialisation 
process. Basement membrane components are synthesised and 
deposited into the dermal—epidermal junction by both the fibroblasts 
and the keratinocytes, and a scanty basement membrane is usu- 
ally present by 7-9 days after wounding [32,33]. Maturation of 
anchoring fibrils may take up to 3 years [34]. 
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Figure 11.3 Mechanisms involved in matrix degradation during keratinocyte migration. 
Physiological control of pericellular proteolysis occurs primarily through the regulation of 
plasminogen activation at the cell surface, which in turn contributes to downstream 
matrix metalloproteinase (MMP) activity. Focal proteolysis disrupts extracellular matrix 
(ECM) architecture, breaking cell-matrix interactions with receptors, such as integrins, 
and releasing bioactive fragments of ECM molecules, as well as growth factors that 
stimulate migratory behaviour. Plasminogen activator inhibitor type 1 (PAI-1), through its 
ability to inhibit urokinase-type plasminogen activator (uPA) dependent activation of 
plasmin, titres this process maintaining the scaffolding necessary to facilitate cell 
migration. uPAR, uPA receptor; GF, growth factor; LRP1, low-density lipoprotein 
receptor-related protein 1; HSP90«, heat shock protein 90a (ligand for LRP1 and a 
potent regulator of keratinocyte migration). Reproduced from [36]/Hindawi/CC by 3.0. 


Table 11.2 Function of cytokines/growth factors in acute wounds. 


Leukocyte Wound 
chemotaxis Re-epithelialisation Angiogenesis remodelling 
PDGF + ++ ++ ++ 
VEGF + 
EGF + +++ + + 
FGF-1/2 + ++ + 
FGF-7 +44 + 
HGF + +44 ++ + 
IGF-1 ++ 
TNF-a ++ 
TGF-o ++ ++ 
TGF-B + + 
GM-CSF + 
IFN-y + 
IL-1B +++ + ++ 
IL-6 + 
IL-8 ++ ++ ++ 


EGF, epidermal growth factor; FGF, fibroblast growth; GM-CSF, 
granulocyte-macrophage colony-stimulating factor; HGF, hepatocyte growth factor; IGF, 
insulin-like growth factor; PDGF, platelet-derived growth factor; TGF, transforming 
growth factor; TNF, tumour necrosis factor; VEGF, vascular endothelial growth factor. 


Angiogenesis 


Formation of new blood vessels within the provisional matrix is 
stimulated by day 2 of the inflammatory stage of wound healing. 
Immediately following injury, angiogenic factors including VEGF, 
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PDGF, FGFs, TGF-B and complement 1q (Clq) are secreted by 
platelets, fibroblasts, wounded keratinocytes and macrophages 
[1,2]. VEGF induces endothelial cell proliferation and migration 
through three receptors, VEGFR-1/Flt1, VEGFR-2 and neuropilin-1 
[3,4]. Periostin, a known inducer of VEGFR-2 expression which 
plays a role in regulating vascular smooth muscle cell migration, 
is up to 100-fold upregulated in wound vessels compared with 
normal blood vessels [5]. The sprouting endothelial cells partic- 
ipate in granulation tissue formation (the capillary loops within 
the provisional matrix give granulation tissue its red granular 
appearance). Hypoxia and reactive oxygen species also regulate 
VEGF expression via the activation of hypoxia-inducible factor la, 
which is strongly expressed by keratinocytes at the wound edge, 
and the Sp1 transcription factor, respectively [6,7]. Endothelial 
cells from nearby blood vessels and, in larger wounds, endothe- 
lial progenitor cells from bone marrow, activated by VEGF and 
mobilised by the CXCR4 ligand, stromal cell-derived factor 1 
(SDF-1), move to the wound bed [8]. Macrophages also posi- 
tively influence wound angiogenesis by reducing antiangiogenic 
wound neutrophils and secreting VEGF to drive vessel sprout- 
ing [9]. Subsequently, macrophages also play a role in blood vessel 
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regression during the resolution phase of wound repair, and their 
absence, or shifted activation state, impairs appropriate vessel 
clearance. 

Laminin 411 (previously laminin 8) and laminin 511 (previously 
laminin 10) are the major laminin isoforms in the basement mem- 
brane of dermal microvascular endothelial cells [10]. Laminin 
411 promotes endothelial cell attachment, migration and tubule 
formation. Endothelial cells use both $1-containing and aVB3 
integrins in their interactions with the G1-3 domains of the 
a4 chain of laminin 441 [11]. Proteolytic enzymes, for example 
MMPs, are released at the growing tips of capillaries, degrad- 
ing the extracellular matrix for forward movement [12]. Ephrin 
ligand-receptor interactions guide the patterning of vascular loops 
and tubes [13]. 

Adequate revascularisation of the wound is essential for healing 
(Figure 11.4); ineffective angiogenesis results in impaired wound 
healing [14]. At the end of the provisional matrix phase, the 
numbers of blood vessels within the healing wound decrease by a 
process of apoptosis, probably induced by the depletion of vascular 
survival factors, such as VEGF, and the appearance of pro-apoptotic 
factors such as TGF-f [15]. 
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Figure 11.4 Molecular and cellular factors required for angiogenesis in order to promote endothelial cell migration, proliferation and tubule formation. After wounding, 
angiogenesis functions to re-establish normoxia and nutrient delivery to damaged and regenerating tissue. Existing capillaries in the wound margin become dilated with increased 
permeability secondary to the influence of inflammatory mediators including nitric oxide (NO), histamine, angiopoietin 1 (Ang-1), prostacyclin and vascular endothelial growth factor 
(VEGF). This facilitates endothelial cell extravasation and migration into the perivascular space. The process is further encouraged by platelet-derived factors, extracellular matrix 
components (heparan sulphate (HEP-S) and fibronectin), platelet-derived growth factor (PDGF), interleukin 8 (IL-8) and fibroblast growth factor 2 (FGF-2), which may be fibrin or 
fibrinogen bound. FGF-2-induced integrin expression facilitates matrix metalloproteinase 2 (MMP-2) localisation, resulting in collagen degradation and thereby facilitating endothelial 
cell migration. Once present in the wound bed, endothelial cells proliferate and form new capillary tubules contributing to granulation tissue formation and restoration of circulatory 
integrity. VEGF replaces FGF-2 as the predominant stimulant of this process after 7 days and is secreted by a range of cellular mediators including macrophages, neutrophils, 
endothelial cells, keratinocytes and fibroblasts. Other important proliferative factors include tissue hypoxia, NO, tumour necrosis factor o (TNF-«) and Ang-1-4. Reproduced from [3], 


with permission from Elsevier. 


Fibroblast recruitment, matrix synthesis 
and scarring 


The fibroblasts migrate into, and proliferate within, the provisional 
wound matrix, depositing additional extracellular matrix molecules. 
Most wound fibroblasts are derived from proliferation of fibroblast 
progenitor cells in the lower dermis and the septae of the under- 
lying fat; in mouse models adipocytes are necessary for fibroblast 
recruitment during wound healing [1]. Fibroblast precursors in the 
upper dermis of murine wounds form new hair follicles, stimulated 
by epidermal f-catenin signalling, explaining why re-epithelialising 
wounds lack hair follicles initially [2]. Single cell transcriptomic 
profiling of human dermis has revealed there are at least four 
subpopulations of fibroblasts with different functions including 
skin regeneration [3]. Like the keratinocytes, fibroblasts alter their 
integrin profile, expressing receptors for fibronectin, fibrin and vit- 
ronectin and downregulating receptors for collagen during the early 
phases of migration. During the early stages of provisional matrix 
deposition, collagen synthesis in the surrounding unwounded 
skin is suppressed, while fibronectin synthesis is enhanced [4]. 
Fibroblasts within the provisional matrix secrete and assemble a 
complex extracellular matrix. Initially, this consists predominantly 
of fibronectin and proteoglycans, but later consists of mature type I 
collagen bundles. The ratio of collagen types during wound healing 
varies, the early wound being characterised by elevated levels of 
type III collagen, whereas later in wound healing type I collagen 
predominates. Minor collagens, such as types XII and XIV, as well 
as proteoglycans such as decorin, are also present in the early 
healing wound and play a key part in collagen fibril organisa- 
tion. The degree of collagenous cross-linking also varies with time 
after wounding: the early wound has fewer and more immature 
cross-links compared with the later wound, which has extensive 
mature cross-links, resulting in a more insoluble collagenous matrix. 
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Fibroblast recruitment, matrix synthesis and scarring 


Both mesenchymal and epidermal secreted factors stimulate fibro- 
blast proliferation and migration and extracellular matrix synthesis 
in a paracrine and autocrine fashion, including the TGF-B fam- 
ily, IGF-1, PDGF, CTGF and hypoxia-induced heat shock protein 
90 [5,6]. There is extensive cross-talk between the extracellular 
matrix-derived signals and growth factor signalling in this process. 
Thus, for example, clustering of integrin receptors on the fibro- 
blast leading edge leads to associated clustering of growth factor 
receptors, which then interact with the growth factors bound to the 
matrix. 

The early granulation tissue is characterised by transformed 
wound fibroblasts called myofibroblasts, which show elevated 
levels of a-smooth muscle actin and are morphologically and func- 
tionally intermediate between fibroblasts and smooth muscle cells. 
Differentiation into myofibroblasts is induced by growth factors 
such as TGF-$1 and IL-6, coagulation protease factor (F)Xa, extra- 
cellular matrix proteins such as the fibronectin splice variant EDA 
FN (extra domain A fibronectin) and tenascin, and the mechani- 
cal microenvironment [7,8]. Myofibroblasts may contribute to the 
contractile forces involved in wound contraction (Figure 11.5). In 
murine models, in early wound healing myofibroblasts can be 
reprogrammed into adipocytes aiding tissue regeneration [9]. They 
are preferentially eliminated during the apoptopic phase of wound 
healing, which may be induced by wound relaxation [7]. The 
Smad family of proteins mediates signal transduction of the TGF-B 
superfamily including the induction of CTGF expression and the 
synthesis of collagens and TIMP-1, and TGF-f induces the fibroblast 
contraction necessary for efficient wound healing [10]. Turnover 
of the extracellular matrix is facilitated by a range of proteases 
and protease inhibitors, including plasmin, MMPs, hyaluronidase 
and elastase [11]. Levels of these active proteases are carefully and 
focally controlled both by growth factors, for example IL-6, and by 
proteolytic inhibitors such as TIMP and syndecans [12,13]. IL-10 


Figure 11.5 Wound contraction to initiate scarring. 
Macrophage-derived platelet-derived growth factor (PDGF), 
transforming growth factor-f (TGF-B) and fibroblast growth factor 2 
(FGF-2) result in the migration of fibroblasts from surrounding healthy 
tissue to the wound site where they begin the process of fibroplasia. 
TGF-B1 can also induce bone-marrow-derived fibrocyte differentiation 
into fibroblasts, proto-myofibroblasts and myofibroblasts. Later in the 
proliferative phase fibroblasts convert to proto-myofibroblasts in 
response to increased tissue tension and TGF-f. A positive feedback 
loop is created where tension facilitates further TGF-6 release and 
final maturation into myofibroblasts, which generate the majority of 
contractile forces in the wound. Myofibroblasts are recognised by 
increased expression of a-smooth muscle actin (aSMA), collagen | and 
Ill, extra domain A fibronectin (EDA-FN) and CD34+ cells. ECM, 
extracellular matrix. Reproduced from [31], with permission from 
Elsevier. 
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and FGF-2 both regulate remodelling of the extracellular matrix 
during wound healing [14,15]. 

As healing proceeds, the numbers of fibroblasts and endothelial 
and inflammatory cells decrease, and the predominantly col- 
lagenous matrix becomes organised into thicker, more heavily 
cross-linked bundles. This marks the establishment of the mature 
scar. Scars continue to remodel for a long time after wounding 
and cannot be considered to be in a steady state condition until 
at least 2 years postwounding. Cutaneous scarring is defined as a 
macroscopic disturbance of the normal structure and function of 
the skin architecture, resulting from the end-product of a healed 
wound [16]. Scarring may manifest itself as an elevated or depressed 
site, with an alteration of skin texture (e.g. hard), colour (e.g. hyper- 
pigmentation or redness), vascularity, nerve supply, reflectance and 
biomechanical properties (e.g. elasticity). Histologically, dermal 
scars are characterised by thickened epidermis with a flattened 
dermal-epidermal junction, and an abnormal organisation of the 
dermal matrix into parallel bundles of scar tissue collagen, as 
opposed to the normal basket-weave appearance of dermal colla- 
gen. The scar collagen fibres are usually smaller and more densely 
packed and often have higher proportions of type III collagen and 
fibronectin compared with the surrounding normal skin. Elastin 
appears early in the wound healing process but then disappears 
(presumably because of the activity of elastase) to reappear again 
later in the scar [17]. However, the elastin is abnormally organ- 
ised into fragmented and chaotic structures, as opposed to the 
normal elastin fibre arcades that characterise normal dermis [17]. 
Epidermal appendages such as hair follicles and sebaceous glands 
do not regenerate in scars, although the experimental addition 
of dermal papilla fibroblasts to a wound can induce hair follicle 
formation [18]. In a mouse model, wounding in association with 
Wnt signalling can induce hair follicles from epidermal progenitor 
cells [19]. Proliferative scarring or chronic wounds may result from 
overexpression or dysregulated activity of the fibrogenic isoforms of 
TGF-B (1 and 2) [20]. All three isoforms of TGF-f, and its receptors, 
are strongly expressed in adult wounds but not in fetal wounds, 
which do not scar [21]. Activin-A, a member of the TGF-f family, 
also contributes to fibrosis [22]. 

The severity of scarring can be assessed clinically using visual 
analogue scales and the severity of macroscopic scarring correlates 
with histological abnormalities predominantly in the epidermis 
and papillary dermis [23]. Scar redness lasts on average for about 
7 months after excisional wounding [24]. The initial inflammatory 
phase of wounding is thought to be critical to the morphology 
and severity of scarring. The application of antiscarring therapies, 
such as neutralising antibodies to the profibrotic TGF-B isoforms, 
TGF-B1 or TGF-B2, or exogenous TGF-B3, which is elevated in 
non-scarring fetal epidermis, is necessary at the time of, or shortly 
after, wounding to achieve maximum antiscarring effect [25]. 
Smad3 is a key mediator of the TGF-B pathway and the Smad3 null 
mouse exhibits impaired wound healing, suggesting that inhibition 
of TGF-B may not always have beneficial effects [26]. Translating 
preclinical studies into human wound healing clinical trials will 
require further knowledge of the biology of this complex pathway 
in skin [27]. 
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Gap junctions — intercellular communication channels composed 
of connexin isoforms — are present in epidermis. The application 
of connexin 43 (Cx43) antisense oligonucleotides reduced the 
inflammatory cell infiltrate with accelerated healing in murine 
wounds and reduced scarring after cutaneous thermal injury 
[28,29]. Short bioengineered peptides derived from the Cx43 
carboxyl terminus accelerated wound healing and reduced scar- 
ring [30]. Scarring of skin is a major clinical problem resulting in 
adverse cosmesis, loss of function (particularly if over joints) and 
interference with growth in children. Strategies to reduce scarring 
in the skin may also be beneficial in the eye, the central nervous 
system and other organs where cytokine secretion or gap junction 
communication play a role in fibrosis. 


Abnormal wound healing and scarring 


Chronic wounds 

The series of biological events that close any defect in the skin may 
be impaired by factors interfering with inflammation, angiogene- 
sis, re-epithelialisation and wound remodelling. Most wounds will 
have a tendency to heal, however longstanding, but this process 
may be very slow. Recurrent injury over a previous scar, as in a 
leg ulcer or pressure sore, and recurrent breakdown following heal- 
ing, can give rise to chronic skin wounds or ulcers that appear to 
have lost the capacity to heal (see Chapter 102). Although the mech- 
anisms of skin ulceration are understood, the biological profile of 
the chronic wound is still not fully understood. 

The chronic wound environment may be deficient in the stim- 
ulatory growth factors, growth factor receptors or proteolytic 
enzymes required for growth factor activation or may be over- 
producing any of these factors [1,2]. A mouse model lacking TNF 
superfamily member 4 has many features of chronic wounds 
including excessive production of chemokines, defective basement 
membrane and granulation tissue with high levels of type III colla- 
gen [3]. Resolution of inflammation is important for wound closure. 
Continued wound inflammation from inflammatory macrophages 
(M1) results in tissue damage and impaired wound healing [4]. 
Chronic wound fluid has been shown to decrease the prolifer- 
ation of fibroblasts, endothelial cells and keratinocytes, in part 
mediated through Ras- and MAPK-signalling pathways [5-8]. In 
contrast, acute wound fluid stimulates growth of these cells [9]. 
Fibrin accumulates in chronic wounds (unlike acute wounds) 
and forms complexes that may bind or inactivate other molecules 
such as growth factors. A proteomic study showed increased 
levels of the y- and f-chains of fibrinogen as well as vitronectin, 
fibronectin, lumican and «2-HS-glycoprotein in non-healing wound 
exudates. Olfactomedin-4, a matrix protein possibly important 
in developmental biology, was found exclusively in non-healing 
wounds [10]. 

The MMPs are proenzymes requiring activation [11]. Three 
classes of MMPs are collagenases, gelatinases and stromelysins 
(Table 11.3) — single-chain proteins, the production of which is 
stimulated by soluble factors and matrix proteins and inhibited 
by TIMP [12]. Chronic wounds have excess proteases, including 
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Table 11.3 Metalloproteinases (MMPs) involved in wound repair. Table 11.4 Differences between hypertrophic and keloid scars. 
Enzyme Substrate Hypertrophic scar Keloid scar 
MMP-1 (collagenase 1) Collagens |, Il, Ill, Vil and X, aggrecan, serpins Site of injury Localised to injury site Grows beyond injury site 
MMP-8 (collagenase 2) Collagens |, Il and Ill, aggrecan, serpins Progression Stabilises Increases in size 
MMP-13 (collagenase 3) Collagens |, Il, Ill, IV, IX, X and XIV, gelatin, fibronectin, Sites of excessive Yes Yes 
aminin, tenascin wound tension 
MMP-2 (gelatinase A) Gelatin, collagens |, IV, V, Vl and X, laminin, aggrecan, Genetic predisposition No Yes 
ibronectin, tenascin Ethnic predisposition No Increased in type V and VI skin 
MMP-9 (gelatinase B) Gelatin, collagens |, Ill, IV, V and VII, aggrecan, elastin, 
ibrillin 
MMP-3 (stromelysin 1) Collagens IV, V, IX and X, fibronectin, elastin, gelatin, 
aggrecan, nidogen, fibrillin : . . 4, 
MMP-10 (stromelysin 2) Col rae IV, V, li X, fibronectin, elastin, gelatin, fibroblasts and endothelial cells [22]. Laminin heparin-binding 
aminin peptides bind to growth factors and also improve murine diabetic 
MMP-11 (stromelysin 3) Serine protease inhibitors wound healing [23]. 


MMP-7 (matrilysin) Elastin, fibronectin, laminin, nidogen, collagen IV, 
enascin, versican 
MMP-12 (metalloelastase) Collagen IV, gelatin, fibronectin, laminin, vitronectin, 


elastin, fibrillin 


MMP-14 (MT1-MMP) Collagens |, ll and Ill, gelatin, fibronectin, laminin, 
vitronectin, aggrecan, tenascin, nidogen, perlecan, 
ibrillin 


MMP-1, MMP-8 and MMP-9 [10-13]. Keratinocytes in chronic 
wounds fail to migrate across a wound bed despite a hyperplastic 
epithelium and may lack specific matrix proteins in the wound bed 
to permit cell movement. Keratinocytes migrate most effectively on 
fibronectin, usually present in the wound bed, and on type I and IV 
collagens, but not on laminin [14]. Keratinocyte mesenchymal inter- 
actions therefore require a vascularised appropriate matrix and this 
is impaired in chronic persistent wounds. Microbial colonisation 
of wounds also impairs chronic wound healing by causing exces- 
sive inflammation and amplifying the innate immune response [15]. 
Mast cells seem to be critical in regulating bacterial load and healing 
of infected wounds [16]. 


Diabetes (Chapter 150) 

Peripheral neuropathy and micro- or macrovascular disease, caus- 
ing tissue ischaemia and hypoxia, render the diabetic foot more 
susceptible to skin wounding and ulceration, particularly in vulner- 
able areas like the lower limbs. Hyperglycaemia also has a negative 
effect on wound healing through the production of advanced 
glycation end-products that induce inflammation and impair col- 
lagen turnover [17]. High glucose levels also affect keratinocyte 
differentiation and proliferation. Changes in growth factors, ele- 
vated levels of MMPs and reduced levels of TIMPs and increased 
cell death also contribute to chronic wounding in diabetes [18]. 
Diabetic wounds have increased chronic inflammation, which 
is detrimental to wound repair with an increase in the ratio of 
pro-inflammatory (M1) to anti-inflammatory (M2) macrophages 
and decreased neutrophil recruitment, mediated by the transcrip- 
tion factor, FOXM1 [19]. Hyperglycaemia and chronic inflammation 
cause impaired endothelial progenitor cell recruitment from the 
bone marrow in diabetes resulting in defective angiogenesis [20]. 
Dysregulated neuropeptide signalling may also play a role as 
peripheral nerve fibres of the skin are stimulated immediately after 
injury [21]. A fragment of secreted heat shock protein 90a, called 
F5, promotes diabetic wound healing by stimulating keratinocytes, 


Hypertrophic and keloid scarring (Chapter 94) 

Keloids and hypertrophic scars are abnormal fibrous reactions to 
trauma, inflammation, surgery or burns in predisposed individu- 
als, particularly in Afro-Caribbean skin, and most occur between 
the ages of 10 and 30 years. Hypertrophic scars remain restricted to 
the original wound, but keloids extend beyond the original wound 
and rarely regress. Most keloids commence within a year of trauma 
in areas of highest skin tension: on the upper back, shoulders, 
anterior chest and upper arms. Reducing wound tension by orien- 
tating the wound along lines of relaxed tension may reduce scar 
formation. A genetic predisposition to keloid formation is suggested 
by reports of dominant and rarely recessive inheritance. Linkage 
and genome-wide association studies have identified susceptibility 
loci for keloids on chromosomes 1-3, 7 and 15 in Japanese families 
with autosomal dominant inheritance and a case-control study, 
respectively [24,25]. 

Hypertrophic scars are distinguished from keloids by growth, 
course and outcome (Table 11.4). They occur soon after the trauma 
or inflammation, are limited to the site of the wound and regress 
in months to years, but may be difficult to distinguish from keloids 
in their early actively growing phase. Pathological distinction is 
not easy. Normal healing involves fibroplasia following the inflam- 
matory phase. In keloids, this is progressive and forms nodular 
vascular proliferations surrounded by fibroblasts. These nodules 
transform into avascular collagenous bundles with persistent swirls 
of fibroblasts; myofibroblasts are prevalent in active keloids. The 
collagen bundles are randomly aligned and not orientated to the 
skin surface, whereas in normal scars the bundles lie parallel to the 
epithelial surface. There are suggestions from in vitro studies with 
keloid fibroblasts that abnormal collagen cross-linking, degrada- 
tion or regulation by TGF-B may be involved in the pathogenesis 
[26,27]. Other cellular changes identified include alterations in «161 
integrin collagen receptor expression [28] and in the regulation 
of fibroblast apoptosis [29]. In vitro studies suggest that keloid 
keratinocytes influence keloid fibroblasts (and normal fibroblasts) 
to increase procollagen I and III gene and protein expression [30]. 
Gene expression arrays demonstrate that keloid keratinocytes 
exhibit an elevated expression of genes involved in wound healing, 
cell motility and angiogenesis, including VEGF [31]. Keloid tissue 
has increased M2 macrophages, mast cells and ‘keloid-associated 
lymphoid tissue’, suggesting that chronic inflammation perpetuates 
keloid growth [32]. 
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Age-related changes in wound healing 


Wounds even of a very substantial size created in certain lower 
vertebrates (e.g. amphibians) heal by complete regeneration. Simi- 
larly, wounds made in early (first trimester) embryos also heal by 
complete regeneration [1]. However, for wounds to heal in this way 
they tend to be made before the skin has established even a simple 
differentiated structure. During the second trimester, experimen- 
tal studies in numerous animals have shown that late embryonic 
and early fetal dermal wounds heal with the absence of scarring, 
but without the regeneration of dermal appendages such as hair 
follicles or sebaceous glands [2]. This scar-free embryonic wound 
healing then gradually turns into a scarring healing phenotype dur- 
ing the last trimester and after birth. Scar-free embryonic wounds 
lack fibrin clots and platelet degranulation, have altered matrix 
components (including increased tenascin C and hyaluronic acid) 
and have a sparse, poorly differentiated inflammatory response 
with less dermal mast cells [3,4]. Consequently, the growth factor 
profile at the embryonic wound site is different, with reduced 
levels, for example, of TGF-B1 and TGF-f2, but increased levels of 
TGF-83 [5]. These observations of scar-free fetal healing have led 
to experimental studies to manipulate TGF-f isoforms to try and 
mimic the fetal situation with good results [6]. A highly conserved 
RNA-binding protein, Lin26, which is expressed during embryoge- 
nesis, has been shown to promote the tissue repair of adult tissue 
by reprogramming cellular metabolism [7]. 

Interestingly, ageing during adult life also brings alterations to 
the wound healing process [8]. Many studies of human age-related 
changes in the wound healing profile are methodologically flawed 
because of failure to control for concurrent morbidity and disease. 
However, experimental investigations on health status in defined 
human subjects of varying ages have shown profound alterations 
in the wound healing process with age [8]. Wounds in elderly 
subjects heal more slowly, with a reduced inflammatory response, 
an altered cytokine profile and an increased level of active proteases 
[8-10]. Of major interest is the observation that, in normal ageing 
skin, the levels of proteases such as MMPs and elastase increase, 
while the levels of proteolytic inhibitors (e.g. TIMP) decrease, 
tipping the balance towards proteolytic digestion of the dermis 
[11]. This may account for some of the age-related changes seen in 
normal skin structure. It may also predispose certain individuals 
to ulcer formation, as chronic venous ulcers are characterised by 
an excessive proteolytic profile. By contrast, the quality of wound 
healing in elderly subjects is markedly improved with reduced 
scarring. In part, this correlates with the altered inflammatory and 
growth factor response, which to some extent mimics that seen in 
embryonic skin [8]. These ageing studies have also shown marked 
differences between how males and females heal their wounds, and 
between the healing of pre- and postmenopausal females [12,13]. 
In general, postmenopausal women heal more slowly but with a 
better scar quality than premenopausal women. The exogenous 
therapeutic addition of topical oestrogen to the healing wounds of 
postmenopausal women causes a marked acceleration of wound 
healing and reverses the age-related changes in speed and quality 
[14]. Selective oestrogen receptor modulators, such as tamoxifen, 
appear to act as oestrogen receptor agonists in the skin, accelerating 
cutaneous wound healing in a murine model [15]. Inhibition of 
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microRNA-7 reverses an age-associated loss of EGF receptor and 
hyaluronan-dependent differentiation in fibroblasts [16]. These 
results have significant implications for the treatment of wounds in 
older individuals. 


Physiological basis of the treatment 
of wounds 


Healing by primary intention refers to wounds where the edges 
have been brought into apposition by sutures, which is possible 
when there is a good blood supply and no contamination or necrotic 
debris. Optimal healing requires the wound edges to be everted, 
carefully aligned and free from tension. Epidermis will cross the 
gap by 24h, but by 5 days the tensile strength is only about 5% 
that of normal skin [1]. Thus, sutures help to take some tension off 
the wound. Buried absorbable sutures are helpful in reducing dead 
space and supporting the wound for longer, as the tensile strength 
is still only about 20% that of normal skin at 3 weeks. Staples or 
clips may be used for primary wound closure, especially postopera- 
tively, and have the advantage of producing a good cosmetic result. 
Tissue adhesives and sterile skin closure strips may also be used, 
particularly for traumatic lacerations where sutures would increase 
tissue tension and threaten viability, and have the advantage of not 
requiring suture removal. See Chapter 20 for further detail about 
skin surgery. 

Healing by secondary intention occurs when a wound is allowed 
to heal from the edge without surgical closure, so re-epithelialisation 
is a crucial process. This technique is often used when there is wound 
contamination and a risk of infection. The depth of the wound is crit- 
ical to the manner of healing. In a partial-thickness wound, not only 
will part of the dermis remain intact, but retention of critical regions 
of hair follicles and other skin appendages will also provide a rapid 
source of epidermal regeneration. The density of skin appendages 
therefore influences the rate of healing. In contrast, full-thickness 
wounds will have lost dermal and appendageal components and 
can only be healed from the wound edge, requiring a stimulation 
of granulation tissue — a mixture of proliferating microvasculature, 
fibroblasts and the deposition of matrix components. Recent lineage 
studies demonstrated that there are two distinct mesenchymal 
fibroblast precursors in the skin during wound healing: the lower 
dermal lineage forming the reticular dermal fibroblasts, fibrillar 
matrix and adipocytes, and the upper dermal lineage forming 
the hair follicle, stimulated by epidermal B-catenin [2]. Wound 
contraction occurs after 1-2 weeks via activated fibroblasts or 
myofibroblasts, which decreases the surface area to be closed. Dif- 
ferent body sites vary in the results of secondary intention healing, 
concave surfaces being better than convex, and the face being better 
than extremities. Tertiary intention healing refers to wounds that are 
closed to allow primary intention healing, but wound dehiscence 
occurs and the wound then heals by secondary intention. 

In open wounds, the normal water-retaining properties of the skin 
are lost, and the inflammatory exudate on the surface dries to form 
a crust or scab. This acts as a barrier to external infection, but it 
prevents epidermal migration across the surface of the wound. A 
wound that is kept moist by an appropriate dressing will epithe- 
lialise faster than a wound that has been allowed to form a crust. 


Accelerated epithelial healing under an occlusive, non-permeable 
dressing is associated with a gelatinous coagulum containing fibrin 
and fibronectin, which provides a suitable matrix for epidermal cell 
migration [3]. 

Chronic wounds are often caused by systemic diseases, includ- 
ing vascular disorders (e.g. congestive cardiac failure, hypertension, 
atherosclerosis, venous insufficiency or lymphoedema), as well as 
metabolic disorders (e.g. chronic renal failure, chronic liver disease 
or diabetes). Poor nutritional status, infection, mechanical pressure 
and drugs may also play a detrimental role in wound healing. Many 
of these factors are more likely to be present in the elderly. 


Novel therapies for wound healing 


Growth factors to augment wound healing 

All cells involved in the wound healing process (inflammatory 
cells, epidermal keratinocytes and mesenchymal cells) can synthe- 
sise a wide range of membrane-bound and free growth factors, 
whose effects are mediated by specific growth factor receptors for 
each family of growth factor. Growth factors are multifunctional 
and have differing effects on different cell types, and can induce 
expression of other cytokines and their receptors in an autocrine 
and paracrine fashion. Growth factor activity can also be regulated 
via extracellular matrix components and proteolytic activation. 
The addition of exogenous growth factors in pharmacological 
amounts may have measurable effects in wound healing models 
but can be disappointing in the clinical arena [1-3]. Furthermore, 
elevated MMPs and bacterial superinfection of wounds may com- 
pletely obliterate any possibility of a useful therapeutic response 
from exogenous growth factors because of rapid degradation of 
the recombinant protein [4]. Bioengineering of protease-resistant 
growth factors is a possible solution to this problem [5]. 

In animal models, a number of growth factors have positive 
effects on granulation tissue formation and angiogenesis, includ- 
ing PDGF, FGFs and TGF-f [6,7]. EGF family members appear 
to enhance re-epithelialisation, as well as having mesenchymal 
effects [8-10]. Repifermin, a truncated form of recombinant KGF-2 
(FGF-10), showed promise in a phase IIA randomised clinical trial 
on venous ulcers, but in a subsequent trial failed to meet its pri- 
mary end-point [11]. PDGF-BB (becaplermin gel) is currently the 
only licensed recombinant growth factor for treating recalcitrant 
wounds and its usefulness in the management of chronic neuro- 
pathic diabetic ulcers has been demonstrated in clinical trials [12]. 
However, use of becaplermin is limited by cost and the require- 
ment for daily application, and controversy about an increased 
risk of cancer. A recent matched cohort study showed no evidence 
of increased cancer mortality in patients using becaplermin gel 
compared with matched controls [13]. A 115 amino acid fragment, 
F5, of the secreted heat shock protein 90a has a greater effect than 
becaplermin gel on re-epithelialisation of wounds in the db/db 
mouse model of diabetes through its effect on keratinocytes, fibro- 
blasts and endothelial cells suggesting this may be a promising 
drug for wound healing (Figure 11.6) [14]. 


Stem cell therapy 
Recent advances in stem cell biology provide promise for new 
therapeutic strategies for wound healing. Several types of stem 
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Figure 11.6 Model of how secreted heat shock protein 90a (HSP-90«) promotes wound 
repair. Injury to the skin triggers the release of transforming growth factor 6 (TGF-B) 
from several sources, and keratinocytes become more motile and release conventional 
growth factors. However, the growth factors will not be able to recruit the dermal cells 
at the wound edge to the wound bed due to the presence of TGF-B. When the 
keratinocytes are migrating, they release/secrete HSP-90a. When the secreted HSP-90a 
reaches a concentration of >0.1 pmol/L, it will drive migration of fibroblasts and 
endothelial cells into the wound. 


cells have been studied in preclinical and clinical settings including 
bone-marrow-derived stem cells, adipose tissue-derived stem cells, 
endothelial progenitor cells and keratinocyte and fibroblast stem 
cells [1,2]. Strategies to mobilise bone marrow stem cells (such 
as high mobility group box 1 (HMGB1)) as well as direct topical 
application are the subject of intense preclinical research [3]. Bone 
marrow transplantation improved wound healing dramatically in 
the rare skin disease recessive dystrophic epidermolysis bullosa, 
most likely due to bone marrow stem cells [4]. A single topical 
application of a direct antagonist of C-X-C chemokine receptor type 
4, AMD3100, has been shown to increase wound healing in diabetic 
mice. This was associated with increased numbers of bone marrow 
endothelial precursor cells, increased cytokine production and 
increased activity of fibroblasts and macrophages [5]. Combining 
AMD3100 with low-dose topical tacrolimus had a synergistic effect 
resulting in more rapid wound repair of full-thickness wounds 
(Figure 11.7) [6,7]. 


Tissue engineering 

For pinch grafts, small (2-3mm7) pieces of partial-thickness skin 
can be removed under local anaesthetic, as an out-patient proce- 
dure or by a specialist nurse within the home, and planted across 
the wound bed to form islands for re-epithelialisation with greatly 
increased healing. The time-consuming nature of the procedure is 
the major problem, but repeated grafts can be performed, and the 
donor sites heal very rapidly. The approach may benefit both arterial 
and venous leg ulcers and its suitability for primary care settings has 
been demonstrated [1]. For split-thickness skin grafts, a large sheet 
of partial-thickness skin is removed using a dermatome. The plane 
of cleavage may be variable, either within the papillary or reticular 
dermis. The graft is usually meshed before application as this tends 
to reduce the chances of the graft subsequently detaching as a result 
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Figure 11.7 Better and faster skin wound healing is achieved by the combined action 
of AMD3100 and tacrolimus. AMD3100 interferes with the interaction of the CXC 
chemokine receptor 4 (CXCR4) and its ligand CXC motif chemokine 12 (CXCL12) and 
releases bone marrow cells into the peripheral blood. Tacrolimus inhibits 
calcium-dependent T-cell activation and expansion. This novel approach for boosting 
innate healing potential, in which blood cells are mobilised and engaged in productive 
skin repair, is further evidence of systemically administered bone marrow cells migrating 
to injured skin and contributing to its repair. Adapted from Tolar and McGrath 2014 [7]. 


of the wound exudate. Split-thickness skin graft donor sites are often 
painful. 

The feasibility of growing human keratinocytes in culture was 
first established in 1975 [2] and the possibility of expanding a small 
donor site up to 10 000-fold led to the application of cultured ker- 
atinocytes for grafting [3]. Use of Rho kinase inhibitors can allow 
further expansion of keratinocyte cultures [4]. Grafts established 
from the patient’s own skin (autografts) or from allogeneic donors 
(allografts) have subsequently been formulated for clinical use. 

The earliest clinical use was to treat major burns patients, and 
the translucent sheets became a permanent stable epidermis, 


(b) 
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visible after 12-14 days [5]. The resulting graft remained fragile 
and remodelling of the dermis occurred slowly [6]. Without a 
well-vascularised dermis, cultured keratinocytes alone are of lim- 
ited use, and provision of a dermal equivalent in the graft on the 
wound bed appears to enhance graft take [7]. Cultured epider- 
mal autografts have also been used to treat epidermolysis bullosa 
wounds [8], wound beds of congenital naevi [9] and chronic leg 
ulcers [10], where repeated grafting from passaged cultures is a 
major advantage. Preparation of a cultured keratinocyte sheet can 
take 2-3 weeks (Figure 11.8). Keratinocytes can also be suspended 
in fibrin and sprayed onto wounds or delivered on polymer carrier 
systems, such as hyaluronate membranes, allowing earlier grafting 
than previously possible [11,12]. Allografts of cultured keratinocytes 
do not survive long term [13,14], but have been shown to have a 
wound healing effect in chronic leg ulcers [15], probably because 
of the production of appropriate growth factors and extracellular 
matrix proteins. 

The field of tissue engineering to generate skin in the laboratory 
using keratinocytes, fibroblasts, growth factors and biomaterials has 
advanced considerably [16]. Available products can be categorised 
into three groups: (i) epidermal substitutes; (ii) dermal substitutes; 
and (iii) combined epidermal and dermal substitutes (Figure 11.9). 
Full-thickness wounds require the replacement of both the epider- 
mis and dermis. Current skin substitutes lack a vascular plexus or 
appendageal structures. Pluripotent stem cells, such as mesenchy- 
mal cells from bone marrow and adipose tissue, are recruited into 
the dermis during wound healing [17,18]. Gene-corrected autolo- 
gous keratinocyte skin grafts were used to successfully restore large 
areas of skin in junctional epidermolysis bullosa and are stable at 
5 year follow-up [19]. Human pluripotent stem cells can now be 
manipulated to produce a skin organoid containing hair follicles 
and nerves, producing hope for complete skin regeneration in the 
future [20]. 

Topical application of the basement membrane component, 
type VII collagen, increases re-epithelialisation in mouse wounds 
[21]. The development of synthetic polymers with incorporated 
matrix and cells should be possible in the future. Micropatterning 


Figure 11.8 Keratinocyte grafting. (a) Sheet of 
cultured keratinocytes for grafting (b) Ultrastructure 
of keratinocyte graft. Scale bar 1 pm. Courtesy of 
Professor John McGrath, King’s College London, UK. 
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Figure 11.9 Examples of biological skin substitutes. 


of polymers may also enhance re-epithelialisation by enhancing 
regeneration from stem cells and promoting keratinocyte and 
fibroblast migration [22]. 
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Introduction: skin barrier function 


The delivery of drugs to dermatological targets in the skin is in 
large part controlled, and indeed limited, by the barrier function of 
the stratum corneum (SC). The ability of a topical drug formulation 
designed to alleviate skin disease is therefore directly dependent 
on the composition and structural organisation of the SC and the 
physical chemical mechanisms involved in the uptake of the active 
compound from the vehicle and its subsequent diffusion to the 
site(s) of action. 

The SC impedes molecular transport either from the ‘inside-out’, 
as in the case of water, or from the ‘outside-in’ with respect to topi- 
cally contacting drugs or other foreign substances. Microscopically, 
the SC is often compared with a ‘brick wall’, with the corneocytes 
representing the bricks and the intercellular lipids the cement 
(Figure 12.1) [1,2,3]. Corneo-desmosomes act as bridges holding 
corneocytes together until their controlled enzymatic degradation 
towards the SC surface provokes (the roughly daily) desquamation 
of the outer cell layer. The effectiveness of the SC to limit transepi- 
dermal water loss (TEWL) is demonstrated easily by measuring 
the rate of water ‘escape’ across the skin as the outer layers of 
corneocytes are progressively removed by adhesive tape stripping, 
with TEWL increasing by about an order of magnitude once the 
barrier has been fully deranged [4]. 

Similar tape stripping experiments have also shown that the SC 
presents the principal barrier to drug penetration following topical 
application. Exceptions to this general rule are limited to very 
lipophilic compounds which, although taken up into the SC quite 
easily, are then limited in their entry into the underlying, viable 
epidermal tissue by their unfavourable partitioning and very low 
solubility in this predominantly aqueous environment. 


Penetration pathways: mechanisms 
of percutaneous absorption 


The ‘brick and mortar’ model of the SC offers two obvious, poten- 
tial pathways for penetration across the barrier (Figure 12.1) [5,6]: 
(a) transcellularly, involving the most direct route and multiple 
transfers of the permeant between corneocytes and interstitial 
lipids, and (b) intercellularly, a tortuous route constraining trans- 
port uniquely to the lipid ‘cement’ between the bricks. In addition, 
the opportunity for topically contacting chemicals to access appar- 
ent ‘shunt’ paths, involving the skin appendages (and, in particular, 
the follicles), represents a further alternative. 

As no active transport mechanism across the SC has been identi- 
fied, and accepting therefore that percutaneous absorption involves 
passive diffusion, molecules must follow the path of least resistance 
across the barrier. At face value, the transcellular route appears 
most likely: it has the largest surface area and volume available 
for transport and the path length is short (c.0.01 mm). In contrast, 
the intercellular lipid domains comprise only about 15% of the SC 
volume and, given the flattened corneocyte dimensions, the path 
length around the cells is closer to 0.5mm (i.e. 50 times longer than 
transcellularly). 

However, a combination of elegant analytical chemistry, electron 
microscopy and biophysical research in the 1980s and early 1990s 
has led to a consensus that the intercellular route is, in fact, the 
dominant pathway. Unravelling the composition and arrangement 
of the SC intercellular lipids was a key first step in reaching this 
conclusion [1,2,3]. The absence of phospholipids and the presence 
of an array of ceramides were important and noteworthy features 
and their precise organisation, with the approximately equimolar 
quantities of fatty acids and cholesterol, into two distinct lamellar 
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Figure 12.1 (a) A schematic representation of the stratum corneum (SC) as a brick wall. (b) Potential penetration pathways across the SC. Adapted from [5,6]. 


phases immediately suggested a more important role for these 
domains than that of a simple ‘filler’ in between the bricks. It 
was then noted, in an attempt to visualise chemical penetration 
across the SC in situ, that the permeating molecules were indeed 
localised to the intercellular spaces, reinforcing the impression that 
transport might be constrained to these lipid-rich regions. This 
led to a defining and confirmatory study that demonstrated that 
water permeability through the SC was highly correlated with the 
conformational order of the intercellular lipid domains: as the lipids 
became progressively disordered by increasing temperature, the 
permeation of water increased concomitantly. In addition, even as 
the lipids went through a phase transition (and became markedly 
more disordered), the permeation of water was enhanced in a corre- 
spondingly discontinuous way (Figure 12.2) [7,8]. The inescapable 
conclusion from these data was that the path of diffusion for water 
through the SC was via the intercellular lipids. This deduction was 
reinforced in a further series of experiments that independently 
assessed the path length of transport to be more than 50-fold greater 
than the SC thickness. 
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Figure 12.2 Correlation between the permeability coefficient (k,) of water across the 
stratum corneum (SC) with the conformational order of the SC intercellular lipid 
domains (as measured by the frequency of the asymmetrical methylene group vibration 
(vCH,)) as a function of increasing temperature. Adapted from [7,8]. 


In terms of appendageal transport, a variety of experimental 
data point to two common features: (i) the hair follicles, in partic- 
ular, appear to offer more rapid, ‘shunt’ pathways circumventing 
the SC barrier; and (ii) the capacity of the pathway is limited by the 
low density of follicles on most body sites. As a result, although the 
first molecules reaching the viable skin layers after the application 
of a topical drug formulation, for example, may well have diffused 
via the available hair follicles [1,2,3], the overall contribution to 
delivery at a ‘steady state’ (when transport across the SC will have 
caught up, so to speak) is small. 


The relationship between drug 
structure/properties and skin permeation 


The absorption of a chemical into the skin depends upon its physico- 
chemical properties, its presentation to the skin (i.e. the ‘vehicle’ 
in which it is applied), the skin ‘environment’ (i.e. skin condition, 
disease state, etc.) and the duration of exposure. 
The permeation of a specific molecule may be expressed in terms 
of its flux (J) across the SC [9], defined as: 
J=k,xC, = (DX Kgjp/h) x C, (eqn 12.1) 
where C, is the concentration of the compound in the vehicle in 
which it is applied, and k, is its permeability coefficient across the 
skin when it is applied in that vehicle. The units of J are amount 
per unit area per unit time (e.g. pg/cm*/h). k, has units of veloc- 
ity (e.g. cm/h) and depends on the chemical’s diffusivity (D) across 
the SC, its partition coefficient between the SC lipids and the vehicle 
in which it is applied (K,,,,) and its path length of diffusion across 
the SC (h). If the vehicle does not interact with the skin in any way 
(for example, to alter its structure or composition), and does not 
change the drug’s solubility in the SC, then the maximum flux of 
the compound (J,,,,,) is achieved when it is applied at a concentration 


max 
equal to its saturation solubility in the formulation (C,, 1): 


= k, XC (eqn 12.2) 


J max v,sat 


The permeability coefficients of a large number of drugs and other 
chemicals from water have been determined experimentally and 
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this has permitted a simple algorithm to estimate k, (in units of 
cm/h) from water to be derived [9] and validated: 

log k, = -2.7 + 0.71 x log P—0.0061 x MW (eqn 12.3) 
where P is the octanol—water partition coefficient of the chemical and 
MW isits molecular weight (in Daltons). The log P and MW are read- 
ily available physicochemical parameters of the permeant, the first 
defining its lipophilicity (a very commonly used metric in pharma- 
ceutical development to assess a molecule’s ability to be absorbed 
across lipid barriers), the second describing its size, and hence the 
rate at which it is able to diffuse. 

Equation 12.3 assumes (as is typically the case) that the SC is the 
rate-determining barrier for percutaneous absorption. However, 
as noted earlier, for very lipophilic compounds penetration is con- 
trolled by their ability to partition/dissolve into the viable skin 
layers. In this case, the value of k, predicted by equation 12.3 must 
be corrected [9]: 


ky corr = kp/(A + (ky X MW1/2)/2.6) (eqn 12.4) 


p.corr 
Anestimate of J, for a chemical is now possible using equation 12.2, 
with k,, .,, determined from equations 12.3 and 12.4 and its water 
solubility (ie. Cyrater sat): The latter is frequently determined in the 
course of drug development, or (like log P, in fact) can be calculated 
using any one of a number of available algorithms. 

Estimated J,,,,~ values for the 91 drugs currently approved for 
topical and transdermal administration, in either Europe or the 
USA (or both), are presented in Figure 12.3 as a function of MW. As 
anticipated by equation 12.3, drug flux is inversely dependent upon 
MW; furthermore, within a group of compounds of approximately 
similar MW, J,,,, increases with increasing lipophilicity (log P). 
Notably, the majority of topical and transdermal drugs manifest 
rather modest maximum flux rates across the skin (the dotted 
horizontal line in Figure 12.3 signifying a Jj, of only 1 pg cm~? h-4), 
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Figure 12.3 Estimated maximum flux (/,,,,,) values for approved topical and transdermal 
drugs as a function of their size (molecular weight). 
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and attest to the considerable pharmacological potency of these 
compounds. 


Topical drug formulations used to treat 
dermatological disease 


Broadly speaking, current topical formulations can be categorised as 

follows [10,11]: 

1 Hydrocarbon-based formulations. For chronic skin disease, these 
formulations are preferred for their occlusive and protective 
properties. However, while useful as emollients, the value of 
these vehicles as topical release systems is limited by poor drug 
solubility. The latter can be enhanced by using a formulation 
with hydrocarbon-miscible solvents such as isopropyl myristate 
or propylene glycol. For example, high potency 0.05% clobetasol 
propionate ointment contains the partition coefficient enhancer 
propylene glycol dispersed in a liquid paraffin base. These anhy- 
drous formulations are usually rather inelegant, sticky, greasy, 
white or off-white ointments, providing high occlusion of the 
skin. They are typically used to treat psoriasis, chronic eczema 
and mycosis, involving small areas of application to dry or very 
dry skin. 

2 Polar gel formulations. These are more elegant single-phase sys- 
tems. They are usually water- and/or alcohol-based (hydrogel, 
hydro-alcoholic gel) with low or no lipid content. Fluocinolone 
acetonide gel, 0.025%, contains the active ingredient dissolved in 
a propylene glycol/ethanol/water co-solvent system gelled with 
a carbomer carboxy-vinyl polymer. Physically, the gels are trans- 
parent to opaque semi-solid gels, rapidly absorbed, non-greasy, 
non-occlusive and may elicit a skin ‘cooling’ effect upon applica- 
tion. These gels are used to treat acne, acute eczema, rosacea and 
allergic skin conditions (but are not favoured for psoriasis and 
chronic eczema) and are applied to small areas of oily or inflamed 
skin (e.g. on the face). There is a variety of gelling agents available 
(such as cellulose derivatives, polysaccharide gums and acrylate 
polymers, such as carbomers) allowing the creation of diverse 
formulations. Variations of this vehicle class include hydrogels 
containing a dispersed lipid phase, a so-called emulsion gel or 
emulgel, and suspensions of water-insoluble drugs in hydrogels 
(suspension gel). 

3 Creams. Creams are dispersed systems — that is, emulsions — and 
represent the majority of aqueous-based topical formulations. 
Cream formulations of corticosteroids include those containing 
clobetasol propionate, betamethasone valerate, fluocinolone 
acetonide, fluticasone propionate and mometasone furoate. The 
readily adjustable properties of these vehicles have led to their 
wide application in dermatological therapy. Creams require 
‘emulsifiers’ (i.e. surfactants) to stabilise the mixture of oil and 
water phases; the dispersion of oil droplets in water or water 
droplets in oil is complicated and the arrangement of emulsifier 
films at the oil—water interface determines the internal structure 
(crystalline or liquid-crystalline regions, hexagonal or lamel- 
lar structures, etc.) of these formulations. Water acts as either 
the outer, continuous phase (oil-in-water, o/w emulsion) or the 
inner, discontinuous phase (water-in-oil, w/o emulsion). The 
latter blends easily with SC lipids, improving the bioavailability 
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of lipid-soluble drugs and moisturising the skin via a modest 
occlusive effect. The continuous lipid phase typically comprises 
triglycerides or waxes. These white to off-white emulsions have 
a high lipid-replenishing effect and are applied to broad areas of 
normal to dry skin, treating diseases such as psoriasis, chronic 
eczema and mycosis. The former (0/w emulsions) are more cos- 
metically appealing (less sticky and greasy) as the lipids therein 
are finely dispersed and contact of the outer aqueous phase 
with the skin increases water evaporation, producing a cooling 
effect after application (however, it should also be noted that 
the surfactant-like emulsifiers in o/w emulsions can withdraw 
moisture from the skin and facilitate both SC lipid extraction and 
perturbation). These formulations are hydrating, milky white, 
spreadable emulsions, suitable for application to large skin areas 
(both normal, slightly dry and inflamed) affected by acne and 
acute and subacute eczema. 

4 Other dispersed systems for specific applications. These more complex 
formulations include (i) those that are created with vesicular 
structures, such as liposomes or niosomes, based on phospho- 
lipids and non-ionic surfactants, respectively; (ii) multiple, nano- 
and microemulsions, which require relatively high levels of 
surfactant to maintain their stability; and (iii) sprays, foams and 
lacquers, the latter being most typically used in treating diseases 
of the nail. 


Efficiency of topical drug delivery - what 
fraction of the ‘dose’ is absorbed? 


The amount of drug in a topical dermatological product is usually 
described as the percentage concentration of the active ingredient in 
the formulation. As formulations are applied, typically, in milligram 
amounts per cm? of skin, a 1% hydrocortisone cream might be better 
described from a clinical perspective as containing 0.01 mg of drug 
per mg of the formulation. Of course, the dose applied is both a 
function of the concentration of drug in the formulation and of the 
amount of formulation applied per unit area of skin. Application 
of 5% acyclovir cream at 2.5mg of cream per cm? of skin therefore 
equates to a drug dose of 0.125mg/cm? of skin (= 0.05mg/mg x 
2.5mg/cm?). 

As discussed previously, drug delivery across the skin is quanti- 
fied in terms of flux, which is measured, for example, in units of pg 
cm~ h7!. It follows that a more transparent assessment of topical 
bioavailability is made on the basis of both the dose applied and 
the dose absorbed over time. In the case of aciclovir permeating 
human skin after application of several 5% creams, fluxes in the 
range of 0.01-0.05 pg cm~? h7! have been reported [12]. Assuming 
that such fluxes were sustained over 12h, then the drug absorbed 
following administration of 2.5mg of a 5% cream per cm? of skin 
would be 0.12-0.60pg cm7?; that is, only about 0.1-0.6% of the 
applied dose. This observation is at the lower end of reported abso- 
lute bioavailabilities, which are typically 1-2% and rarely much 
higher. As a result, most of the applied drug is ‘wasted’ [13] and 
often the amount absorbed is poorly correlated with that applied. 
To make matters worse, dosing intervals are typically based on 
consumer habits/convenience and derived from oral drug usage 
and, generally, have little or no basis in science. 


Although, as described in the next section, formulation can have 
significant effects in clinical practice, the skin, and not the formula- 
tion, controls the dose absorbed for the majority of topical formula- 
tions. This lack of formulation control means that skin site and skin 
condition are the major factors which determine the potential risk 
of local and systemic adverse effects. For example, the use of topical 
corticosteroids on the face and anogenital regions is contraindicated 
because local adverse effects are much more common at these 
permeable skin sites. Similarly, topical corticosteroid application in 
children with extensive, severe eczema, where the skin barrier 
is damaged, can lead to systemic adverse effects on adrenal 
function [14]. 

The poor efficiency of topical drug delivery is a far from novel 
observation, of course. It has been recognised for some time that, 
as the amount of drug applied is increased — by increasing either 
drug concentration or the amount of formulation applied — it is 
common for the amount of drug absorbed to remain relatively 
constant. As a result, dose titration, which is essential to optimise 
clinical response when there is large variation between subjects 
in skin pharmacodynamics and/or skin pharmacokinetics, may 
be difficult or impossible. The need to address this issue (and 
driven by the recognised side effects of topical steroids highlighted 
previously) was recognised over 50 years ago and there have 
been repeated calls for dosing rationalisation to stipulate suitable 
therapeutic regimens involving minimally effective doses at the 
skin target without local and/or systemic adverse effects. A telling 
observation from 1974 was that ‘concentrations of active substances 
in practically all topicals are in the range 1 to 3% suggesting the 
influence of fashion rather than of a rigorous appraisal’ [15]. More 
recently, it has been argued that [16] ‘The arbitrary and empirical 
selection of antimicrobial concentration would be unacceptable for 
systemically administered drugs and should also be so for topical 
therapies’. Yet, still today, irrational dosing is the norm and clinical 
performance is adversely affected. 


Patient-centred optimisation of topical 
dermatological products 


Adherence to the use of topical dermatological products is 
disappointingly low [17] and is the result of a number of factors, 
namely: 

e Those relating to the patient (social, economic, psychological). 

e Those associated with the health care system and with interac- 
tions between the patient and health care professionals. 

e Disease-related factors. 

e Those pertaining to formulation design, specifically dissatisfac- 
tion with efficacy or onset of efficacy, local and systemic adverse 
effects (or fear of these), posology and consumer experience in 
use. 

With respect to formulation design, the first three factors relate to 
drug delivery and biopharmaceuticals, areas that are underpinned 
by design skills in the pharmaceutical industry; the fourth repre- 
sents essentially the domain of cosmetic sciences and emphasises 
its crucial role, when integrated with ‘medicines design’, in the 
improvement of patient adherence to topical dosing regimens. 


Patient-centred optimisation of topical dermatological products 


Formulation design and choosing the right dose 
Assume, for clinical efficacy, that the concentration of drug at the 
target site in the viable skin must reach a threshold, effective level of 
C*. This may be equal, for example, to an ICs) or ICog concentration 
determined in preclinical development. If the drug product is for- 
mulated correctly and dosed repeatedly to the skin, then it should 
be possible to deliver a fairly steady average flux (J*) that satisfies 
the relationship 


Po =PpxC (eqn 12.5) 
where Pp is a measure of the ‘clearance’ of drug from its site of 
action and can be equated to the ratio of its diffusivity in the viable 
skin (D,) to the distance (i) it must travel before encountering, and 
being removed by, the dermal microcirculation [18]. 

This concept has been validated [18] using aciclovir and extended 
to a wide range of drug classes and to different targets in the 
skin [19]. For antiviral activity, the required J* for aciclovir has been 
estimated to be about 1.25pg cm~ he! (or 30pg cm? day~') but 
typical, measured fluxes of the drug across human skin from vari- 
ous 5% creams are at best only 0.01-0.05 pg cm~? ho! [12], a result 
consistent with observed (poor) clinical outcomes. Equally pertinent 
is the simple calculation from the required J* that the twice-daily 
application of aciclovir should deliver 15g cm~?. Assuming that 
this is achieved by the normal application of 2.5 mg of cream, then 
it is simple to calculate the minimum dose of aciclovir required in 
the cream to sustain C* at the target level, ie. (0.015 mg/2.5 mg) 
x 100% = 0.6%, indicating - as is well-known — that a substantial 
amount of drug in existing formulations is completely wasted (and 
unnecessary). 


Optimisation of dermatological drug 

delivery - options available 

To optimise the use of dermatological medicines (ie. drug plus 
delivery system) [10,11], a useful starting point is to revisit the 
earlier discussion of a drug’s flux (J) across the skin. Equation 
12.1 shows that J is directly dependent upon the product of the 
compound’s SC/vehicle partition coefficient (K,,,,) and its concen- 
tration in the vehicle (C,,). The partition coefficient, of course, is a 
measure of the drug’s relative affinity for the SC as compared with 
that for the vehicle and, as such, can be expressed as the ratio of its 
solubilities in these two phases, that is: 


Keep = Cx cat |Cosnt (eqn 12.6) 
Substitution of equation 12.6 into equation 12.1 and re-arranging 
yields: 

J = DS X Coo sa X (D/h) (eqn 12.7) 
where DS = C,,/C,,,;, the degree of saturation of the drug in the vehi- 
cle. The form of equation 12.7 reveals three formulation options for 
improving drug delivery into the skin: 

* Increase DS to as close to 1 as possible (i.e. aim to make C, = C,, ,,;)- 

e Introduce an excipient, which itself partitions into the SC, and per- 
mits C,,. to be increased. 

e Add a penetration enhancer that increases drug diffusivity (D) 
across the SC. 
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Figure 12.4 Dose—vasoconstriction response profiles for betamethasone 17-benzoate 


following application in vehicles comprising 10:90 (red) and 85: 15 (blue) v/v mixtures 
of neutral oil and mineral oil. Data redrawn from [21]. 


Option 1 — use of simple saturated solutions 

From a thermodynamic, drug delivery point of view, this strategy 
is straightforward in concept. However, to sustain a target flux is 
impossible when C,,,, is very small. To solve this problem, combi- 
nations of solvents, in one of which the drug is significantly more 
soluble than the other, have been used [20] and the approach has 
been particularly applied to the formulation of corticosteroids. 
Figure 12.4 illustrates the idea and shows the vasoconstriction 
response to betamethasone 17-benzoate as a function of the drug 
concentration in two formulations comprising neutral oil and min- 
eral oil in ratios (v/v) of either 10:90 or 85:15, respectively [21]. 
The drug’s solubility in the 10:90 vehicle is 2.8 mg/100 g; that in 
the 85:15 mixture is 150 mg/100 g. 

When the drug concentrations are below the solubilities in the two 
vehicles (i.e. to the left of the dashed vertical lines in Figure 12.4), 
there is an evident and essentially linear dose-response behaviour. 
However, for the 10:90 formulation, as the drug concentration is 
increased beyond the saturation solubility, there is no significant fur- 
ther change in vasoconstriction response to the six suspensions con- 
taining 5-100 mg/100 mg. This makes sense, of course, because — as 
indicated in equation 12.7 — the degree of saturation (DS) of the drug 
is the same (and equal to 1) in all suspensions; the presence of excess 
solid makes no significant contribution to drug delivery. It follows 
that understanding dose-response is an imperative for optimal der- 
matological therapy. 

A further teaching of equation 12.7, at least in theory, is that for- 
mulations in which C,/C,,..; (= DS) is greater than 1 would enable 
drug delivery rates in excess of J,,,,- Such so-called supersaturated 
systems can be prepared under controlled conditions and (as dis- 
cussed later) can be formed extemporaneously during application 
of a formulation but suffer from inherent instability. Approaches 
by which DS may be maintained above 1 for more than a transient 
period have been, and continue to be, explored. 


Option 2 - use of saturated solutions containing 
partitioning enhancers 

Propylene glycol (PG) is a co-solvent excipient that is frequently 
present in topical formulations at quite high levels. When the 
vehicle is applied, the co-solvent not only influences the drug’s 
solubility and its partitioning into the SC, it also transfers itself 
from the administered delivery system into the skin. The physico- 
chemical properties of co-solvents are such that they are typically 
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Figure 12.5 Flux of ibuprofen into human stratum corneum in vivo from three 
formulations in which the drug was present at its saturation concentration. PG, 
propylene glycol. Adapted from [22]. 


well absorbed into the SC. Having done so, they are then capable 
of changing the drug’s solubility in this outer layer of the skin [22]; 
that is, one key principle, upon which equation 12.7 was derived 
(i.e. the assumption that the vehicle has no impact on the drug’s 
solubility in the SC), is violated and drug delivery can therefore 
be increased. Figure 12.5 illustrates this point for the delivery 
of ibuprofen into human SC in vivo from three formulations in 
which the drug was saturated: 50:50 v/v PG: water, 75 : 25 v/v 
PG: water and PG alone [22]. The ideal analysis developed math- 
ematically earlier predicts that drug flux from the three vehicles 
should have been identical. In fact, with increasing PG, ibuprofen 
availability increased, relative to the 50:50 PG: water formulation, 
by about 2- and 6.5-fold, respectively, for 75:25 PG: water and PG 
alone. 


Option 3 - use of saturated solutions containing 
partitioning and diffusion enhancers 

The other assumption inherent in the derivation of equation 12.7 is 
that the formulation composition has no effect on drug diffusivity 
(D) across the SC. However, the transfer of co-solvent(s) (such as 
PG) into the SC will also facilitate the uptake of other excipients, e.g. 
surfactants or emulsifiers, from the vehicle. These compounds, and 
others, have been shown capable of structurally perturbing and/or 
extracting SC intercellular lipids and thereby compromising barrier 
function to some extent. Such penetration enhancers may there- 
fore impact upon both the SC/vehicle partition coefficient of the 
drug and its diffusivity across the skin. This combined partitioning 
and diffusion enhancement strategy is already used in marketed, 
topical drug products, including Elidel® (pimecrolimus) cream 
and Voltarol™ 12-hour Emulgel (diclofenac), which both contain 
PG and oleyl alcohol, and Xerese™ (aciclovir and hydrocortisone 
combination) cream, with PG and isopropyl myristate. 


Formulation ‘metamorphosis’ and design of the 
non-volatile residual phase 

The discussion so far has been silent on the fact that the majority 
of dermatological formulations contain volatile solvents (water, 
ethanol, isopropyl alcohol). The incorporation of a volatile solvent 
is a useful means by which to solubilise a poorly soluble drug in 


the vehicle (i.e. the volatile excipient is also acting as a co-solvent). 
Upon administration, such a solvent will itself rapidly partition into 
the SC and assist in transferring the drug quickly from the formu- 
lation into the barrier. In parallel, the solvent will be evaporating, 
causing the drug, which has been up to this point solubilised — at 
least in part — by the solvent’s presence, to concentrate in the vehicle 
and hence increase the driving force for its diffusion across the 
SC. From a thermodynamic point of view, the loss (by evaporation 
and SC uptake) of the volatile will eventually reach the point at 
which the amount of drug remaining at the skin surface may no 
longer be fully solubilised and its precipitation might occur - a 
step which will significantly impede any further transfer into the 
SC. However, as mentioned previously, because this change in the 
formulation can occur quite quickly, it is possible that there will be 
a transient, supersaturation [23] of drug in the vehicle providing a 
period during which the active compound may be delivered into 
the skin at a rate greater than J,,,,. The duration of supersaturation 
may be prolonged by (for example) certain polymers, such as those 
used to gel the vehicle or to adjust its viscosity. 

This ‘metamorphosis’ of the formulation [23] has attracted the 
attention of regulatory bodies with a particular interest in under- 
standing how the loss of volatile vehicle components affects the 
solubility and partitioning of the drug and functional excipients 
(e.g. penetration enhancers) into the skin that, in turn, potentially 
impacts upon therapeutic outcome. Equally, developers of topical 
drug products are increasingly focused on not only the form of the 
manufactured product but also on that of the non-volatile resid- 
ual phase that remains postapplication and transformation of the 
original formulation. 

As a result, a quality-by-design process is now being followed 
to optimise the non-volatile residual phase [19]. The procedure 
begins by first estimating the required drug concentration in 
the formulation and then determining the ratio of the volatile 
phase to that of the non-volatile residual phase. Using aciclovir as 
an example, it was previously shown that a sensible minimum dose 
is approximately 0.6% w/w; it follows that if the ratio of volatile 
to non-volatile components of the formation is 1:1, then the drug’s 
solubility in the non-volatile residual phase should be ~1.2% w/w. 

The further design requirements mirror those identified previ- 
ously but are now specifically applied to the non-volatile residual 
phase: (i) the drug should be in solution, approximately at or above 
saturation; (ii) an effective amount of a partitioning enhancer should 
be present (recognising that an additional, miscible co-solvent may 
be needed to satisfy criterion (i)); and (iii) an effective amount of a 
diffusion, or penetration, enhancer should be present and, like the 
drug, approximately at or above saturation. 

In this way, for example, gels may be formulated by the addition 
of volatile solvents (typically, ethanol and water) and acrylate or 
cellulose polymers to the non-volatile residual phase. Upon appli- 
cation to the skin as a thin film, the volatiles are lost by evaporation 
and the optimised residual phase is formed. When the objective is 
to formulate a cream, a particular challenge is incorporation of a 
diffusion enhancer at or above saturation in the residual phase. This 
is because the hydrocarbon ester emollients often used in creams 
are exceptionally good solvents for typical diffusion enhancers, 
very large (and unfeasible) concentrations of which are therefore 
needed to achieve saturation. The problem can be circumvented 


by borrowing technology from the cosmetic industry and using 
silicone-based volatile fluids, emollients and elastomers. The result 
is efficient drug delivery and an exceptional consumer experience 
in use. 


Assessment of topical drug bioavailability 
and bioequivalence between formulations 


Bioavailability (BA) may be defined as the ‘rate and extent to which 
the drug is absorbed from the formulation and becomes available 
at the site of action’. Bioequivalence (BE) is ‘the absence of a signif- 
icant difference in the rate and extent to which the active ingredi- 
ent or active moiety in pharmaceutical equivalents or pharmaceu- 
tical alternatives become available at the site of drug action when 
administered at the same molar dose under similar conditions in 
an appropriately designed study’. For new chemical entities, their 
approval as drug products requires the successful demonstration 
of safety and efficacy in a series of increasingly detailed clinical tri- 
als. With respect to the commercialisation of bioequivalent, generic 
drug products for oral delivery, the accepted approach is relatively 
straightforward and is principally based on matching blood level 
profiles (rate and extent of absorption). For topical drug products, 
in contrast, other than the corticosteroids, a clinical trial has been 
and remains the primary route for the approval of a generic prod- 
uct or for the replacement of an already approved dermatological 
product that has appreciable compositional changes. Comparative 
clinical trials are relatively insensitive, time consuming and costly; to 
gain the adequate statistical power needed to clearly evaluate bioe- 
quivalence can require a very large number (i.e. hundreds or more) 
of subjects. 

Methods for the determination of topical BA and BE are sum- 
marised in Figure 12.6 and separated into in vitro and in vivo 
approaches [24]. The methods in italics have not yet been accepted 
as independent means with which to evaluate topical BA/BE; 
the others have each, to some extent, been employed to compare 
different topical drug products. 


In vitro methods 

The US Food and Drug Administration (FDA) has described a 
method to assure consistent release kinetics of the active com- 
ponent(s) from semi-solid formulations typical of those found in 
topical products [25]. The technique measures the delivery of the 
active pharmaceutical ingredient (API) from the product across 
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an artificial (e.g. polymeric) porous membrane and serves as a 
valuable quality control measurement of a number of important 
product characteristics, such as solubility and particle size of the 
API and its rheological properties. Thus, in many cases, the in vitro 
release rate is a useful test to assess product sameness when minor 
formulation changes are made. However, the in vitro release test for 
semi-solid dosage forms is not a surrogate test for in vivo BA or BE 
(as is often the case for the in vitro dissolution of solid oral dosage 
forms). 

The use of ex vivo human skin to study the process of percu- 
taneous absorption is widespread and has applications within 
multiple areas of the drug development process as well as in the 
field of toxicology [24]. Though substantial literature has emerged 
utilising this model system, the degree to which it mimics the living 
state and, therefore, the extent to which the data can be extrapolated 
with confidence must be critically examined. While not a perfect 
model, perhaps, the weight of evidence accumulated over more 
than 40 years suggests that, when a consistent and robust protocol is 
employed, the data are reliable and correlated with those obtained 
from living subjects. Despite having carefully examined the princi- 
ples and practice of in vitro percutaneous absorption studies, and 
their relevance to BA/BE, the regulatory authorities have yet to 
formally embrace this approach. In the interim, however, it is clear 
that in vitro skin penetration studies are in routine use in manifold 
applications, including the screening and optimisation of transder- 
mal, topical, cosmetic and personal care formulations, and in the 
assessment of risk associated with dermal exposure to potentially 
harmful chemicals in the home, workplace and environment. 


In vivo approaches 

Clinical end point studies 

A number of important issues have been identified with respect 
to the use of this approach for the assessment of topical BA/BE, 
including (i) when the reference listed drug (RLD) has low efficacy it 
is difficult to demonstrate that the test product and RLD are active, 
and that the study is sufficiently sensitive to detect differences 
between products; (ii) when the RLD is indicated for a relatively 
small patient population; (iii) the typically high variability of clinical 
end points means that BE can only be proven when the products are 
tested in very large patient populations — given the costs of clinical 
trials, this makes evaluation prohibitively expensive; and (iv) the 
creation of a potential barrier to postapproval changes to improve 
quality. 


In vivo 
approaches 
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Figure 12.6 Methods, both accepted and under approaches 
consideration by the regulatory authorities (see text 
for details), for the determination of topical —l_ 
bioavailability (BA) and bioequivalence (BE). 
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‘Classic’ pharmacokinetic approach 

Measurement of blood or plasma levels of drug as a function of 
time postapplication for the evaluation of topical BA/BE has been 
largely ignored because, in general, the amount of API that can 
be found in the blood is small and difficult to quantify, and the 
levels present are typically considered (but rarely, if ever, proven) 
to be irrelevant to therapeutic activity at the site of action within 
the skin. Two key facts, however, are worthy of consideration. 
First, for a large fraction of all topically applied drugs (and this 
includes those used in dermatology, drugs to treat local, sub- 
cutaneous pain and inflammation, and transdermal drugs for 
systemic effect), the principal barrier to their absorption to the 
site of action — whether within the skin, beneath the skin at the 
application site, or in the central compartment — is the SC. Once 
the SC is breached, transport within the viable skin and uptake 
by the microcirculation proceed relatively quickly, such that it is 
reasonable to hypothesise that drug levels in the sub-SC compart- 
ments (epidermis/dermis, subcutaneous tissue, blood/plasma) 
will be proportional to one another, albeit progressively smaller 
with increasing distance from the skin surface. If true, then a con- 
ventional plasma concentration (C,) versus time profile may well 
reflect the fluctuation of drug levels at the target site in the skin, 
and a comparison of classic pharmacokinetic metrics for two topical 
drug products would then allow an assessment of local BE to be 
performed. Second, the recent and rapid development and evo- 
lution of coupled liquid chromatography and mass spectrometry 
(LC-MS) technology means that the very low levels of API in the 
blood postadministration of conventional topical dosage forms 
are now quantifiable with an accuracy and precision sufficient to 
allow pharmacokinetic studies to be performed. Of course, there 
are potential exceptions to the use of this approach, for which 
it makes little sense (e.g. for the evaluation of a topical antifun- 
gal, or for a drug with a specific action within a hair follicle). In 
contrast, for drugs acting in subcutaneous compartments, such 
as non-steroidal anti-inflammatory drugs in muscle, joints, etc., 
a sensitive comparison of C,-time profiles may offer a far more 
sensitive approach to local BE assessment than currently available 
alternatives. 


The vasoconstriction assay 

Corticosteroids, after permeation through the epidermal bar- 
rier, exert a quantifiable blanching effect on the skin, caused by 
vasoconstriction of the dermal microvasculature. This pharmaco- 
dynamic effect has been adopted as an acceptable method for assess- 
ing the BA/BE of topical corticosteroids [26]. While the approach 
is non-invasive and much less onerous than a clinical trial, refining 
the rather complicated protocol of subject selection, assessment 
of blanching (visual versus chromameter) and the determination 
of dose duration has not reduced the significant variability asso- 
ciated with the assay. As a surrogate tool for comparing topical 
dosage forms, therefore, the vasoconstriction assay is of limited 
value: on the one hand, being applicable only to the steroids that 
elicit the requisite pharmacological response (which, it should be 
added, is not related to the actual mechanism of action of these 
drugs); on the other, leaving the relevant skin pharmacokinetics as 
a black box. 


Stratum corneum sampling by tape stripping 

This so-called dermato-pharmacokinetic (DPK) method to assess 
the BE of topical products for application to the skin has been 
examined carefully over the past 20 years. A draft FDA Guidance, 
which was subsequently withdrawn, required quantification of the 
amount of drug in the SC as a function of time, akin to the typical 
C,-time profiles of traditional pharmacokinetic studies using blood 
sampling. However, the inconsistent results of a pivotal study, 
which compared tretinoin gel formulations, prompted concern 
about both the reproducibility and the adequacy of this method 
to assess drugs whose target site is beyond the SC. Considerable 
subsequent effort has been directed at the identification of prob- 
lems/limitations of the original DPK protocol and the development 
of an improved procedure to generate data of much higher quality 
and reproducibility. The end product of this research is a relatively 
straightforward method that examines only one uptake and one 
elimination time per formulation [27]. The total amount of drug in 
the SC is measured for each site, and the ratios of these quantities 
for RLD and test formulations can then be compared to assess 
(in)equivalence. The method has been successively applied retro- 
spectively to the comparison of retinoid gels and prospectively to 
the analysis of DPK data obtained for econazole creams consistent 
with clinical outcome. 


Microdialysis 

This technique samples free drug concentrations in the subcu- 
taneous or intradermal extracellular fluid [24]. A thin dialysis 
membrane tube is inserted into the skin and perfused with a 
site-compatible physiological solution. Molecules of interest diffuse 
across the membrane, allowing the percutaneously absorbed drug 
content of the extracellular fluid of the dermis to be continuously 
sampled and measured over a period of hours. The successful mon- 
itoring of the skin penetration of several drugs has been reported. 
However, the technically demanding procedure remains a research 
tool, with challenges related to tissue reactions as the probe is 
inserted, the need for highly sensitive analytical tools to detect very 
low amounts of the permeating drug (especially those that do not 
cross the SC rapidly) and the length of time (c.6h) that subjects 
can be comfortably immobilised with dialysis probes in place. Inter- 
and intraindividual variability is relatively large, with coefficients 
of variation as large as 100%. 

In sum, it is evident that topical BA/BE can be assessed using 
appropriately selected in vitro and/or in vivo surrogate tests. All 
surrogate tests have some, but different, limitations, meaning 
that results from distinct approaches can be complementary and 
increase confidence in the outcome of (in)equivalence deduced. 
The adoption of alternative methodologies to facilitate the approval 
of topical drug products can be anticipated in the not-too-distant 
future. 


Conclusion 


Skin barrier function is principally determined by the SC, a remark- 
able feat of bioengineering that provides an extremely efficient 
means to retard water loss from the ‘inside-out’ and to the penetra- 
tion of xenobiotics from the ‘outside-in’. While there are multiple 


potential pathways for drug diffusion across the SC, it appears that 
most compounds are constrained to transport via the lipid-filled 
intercellular domain of the barrier, significantly extending the dis- 
tance that must be travelled from one side of the barrier to the 
other (and hence substantially lowering the permeability of the 
membrane). 

Analysis of the substantial percutaneous absorption literature 
reveals unequivocally that molecular penetration of the barrier 
depends upon the drug’s lipophilicity (consistent with the principal 
permeation pathway), its size and its solubility properties. Key 
physicochemical parameters that ultimately determine a drug’s 
maximum flux across the SC are hence its octanol—water partition 
coefficient (P), molecular weight (MW) and aqueous solubility 
(Copatersat)s Compounds with extreme values of lipophilicity (e.g. log 
P > 5), MW of >400-500 and low Crate; sat (less than about 1 mg/mL) 
are unlikely to penetrate the skin well. 

A variety of topical drug formulations has been developed to 
treat dermatological disease and many potent drugs are successfully 
used to resolve diverse skin problems. The efficiency of most drug 
products approved for therapeutic use is, however, rather poor. 
Typically, only a few per cent of the applied drug dose actually 
becomes available at the site of action. Because of this disappointing 
performance, it is not surprising that drug treatment of skin disease 
is associated with large variability and that the demonstration of 
safety and efficacy (and indeed the bioequivalence between formu- 
lations of the same drug) currently requires clinical trials with very 
large patient numbers. 

To improve the quality of topical dermatological therapy, two 
substantial challenges, which have been addressed in some detail in 
this chapter, must be overcome. First, it is essential to create better 
formulations that contain lower drug loads, but which deliver a 
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greater proportion of that load. At present, a substantial fraction 
of the applied drug is probably ‘stranded’ on the skin surface 
in the solid state following the loss of co-solvent excipients (by 
volatilisation and skin permeation) during the application process 
(i.e. massage of the formulation into the skin). Greater attention 
needs to be paid to the nature of the residual formulation after this 
metamorphosis of the vehicle to ensure that the drug remains in a 
molecularly absorbable form from the residual film. Second, addi- 
tional research is required to evolve validated, surrogate tests with 
which to objectively, rapidly and economically evaluate DPKs — that 
is, the bioavailability of topically applied drugs and the bioequiva- 
lence between different formulations containing the same drug that 
are designed to achieve the same clinical end point. 
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Introduction 


Drug therapy offers a real opportunity to dramatically improve the 
lives of people suffering from skin disease. In dermatology, there has 
been a transformative change over the last 20 years in terms of treat- 
ment options available. An abiding principle in medicine is ‘to help, 
or at least to do no harm’ (Hippocrates) and it is a sobering fact that 
an estimated 3-6% of hospital admissions are due to adverse drug 
reactions [1,2] and, of these, over half could have potentially been 
avoided [3,4]. Clinical pharmacology deals with the actions, mech- 
anisms of action, uses, adverse effects and fate of drugs in humans, 
and underpins all aspects of drug therapy from novel drug devel- 
opment through to safe, effective prescribing. 


Types of drugs and terminology 


Traditional pharmaceutical agents are typically small (<500 kDa), 
organic molecules (small-molecule drugs) and have, until recently, 
dominated medicine. With the advent of recombinant DNA tech- 
nology and advances in biotechnology manufacturing, the design 
and large-scale production of proteins became possible and conse- 
quently brought in the era of biological medicines (in this context 
‘large-molecule’ drugs) [1]. The nomenclature around this group 
of medicines is somewhat confusing in the literature, with biolog- 
ical products, biotherapeutics, biopharmaceuticals and biological 
medicinal products all being used interchangeably. From a regula- 
tory perspective the European Medicines Agency (EMA) describes 
a biological medicine as a ‘medicine whose active substance is made 
by a living organism’ and can be used to describe therapeutic agents 
that are produced by or extracted from a biological source [2]. In 
the broadest sense, these include recombinant proteins, mono- 
clonal antibodies, fusion proteins, blood products, immunological 


medicinal products such as sera and vaccines, allergens and 
advanced technology medicinal products such as gene and cell 
therapies. In practice (and in this chapter unless otherwise stated), 
the term biologics (or biologicals) usually references monoclonal 
antibodies and related protein-based therapeutics which are very 
widely used, powerful agents that have revolutionised the man- 
agement of skin disease. The principles of clinical pharmacology 
apply to all types of intervention, but due to the size and complexity 
of biologics, the pharmacokinetics and pharmacodynamics often 
differ from small-molecule drugs, as does the ethical and regulatory 
framework around their development and licensing. 


Pharmacokinetics 


Pharmacokinetics describes the processes involved in drug absorp- 
tion, distribution, metabolism (biotransformation) and elimination, 
and is often referred to by the acronym ADME (i.e. what the body 
does to the drug) (Table 13.1) [1]. Understanding these principles 
is fundamental to safe, effective prescribing as it dictates how, 
and when, a drug will be delivered to the main site(s) of action. 
Clinical pharmacokinetics aims to describe and quantify the rela- 
tionship between a given dose of drug and the pharmacological 
effect, be it therapeutic, toxic or ‘off target’ (ie. unrelated to the 
known therapeutic efficacy or toxicity), and assumes that the con- 
centration of drug measured in the central compartment (usually 
blood or plasma) can be related to the concentration at the site of 
pharmacological action. In general, for most small-molecule drugs 
administered within the therapeutic dose range, this relationship 
is linear (first order kinetics) because the systems in place for drug 
elimination such as metabolising enzymes and transporters are 
not saturated. In contrast, biologics are generally characterised 
by non-linear pharmacokinetics due to saturation of binding, 
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Table 13.1 Common terms used in clinical pharmacology. 


Term Meaning 


Pharmacokinetics 
Pharmacodynamics 
Drug disposition 
Bioavailability 

Volume of distribution 


The rates of process related to drug absorption, distribution, metabolism (biotransformation) and elimination 

The study of the biochemical and physiological effects of drugs and their mechanisms of actions (i.e. what the drug does to the body) 
A collective term to describe the absorption, distribution, metabolism and elimination of a drug 

The fraction of a drug absorbed into the systemic circulation (where intravenous administration describes 100% bioavailability) 

A measure of the apparent space in the body available to contain a drug calculated according to the amount of drug given, and the 


concentration found in the systemic circulation (a proportionality constant that reflects the degree to which a drug is distributed in body 


tissue relative to the plasma) 
Clearance 


Elimination half-life 
from the blood (plasma)) 

Equilibrium dissociation constant (K,) 

Half maximally effective 
concentration (EC.9) 

Median effective dose (MD,9) 

Lethal effective dose (LD.9) 

Therapeutic window 


Adapted from Buxton 2018 [1]. 


distribution and/or elimination pathways as well as the develop- 
ment of antidrug antibodies [2,3]. Target-mediated drug disposition, 
which refers to the situation where a significant proportion of a drug 
(relative to dose) is bound with high affinity to a pharmacological 
target, such that this interaction is reflected in the pharmacokinetic 
properties of the drug, is commonly reported with therapeutic 
monoclonal antibodies. Complex, multiple compartment pharma- 
cokinetic modelling is frequently required to adequately describe 
biologic drug disposition and is an area of ongoing development 
and challenge [2]. Even so, for many biologic drugs, the central 
premise that drug level concentration in the central compartment is 
related to the therapeutic effect remains true. 


Absorption 

Absorption describes the movement of a drug from its site of admin- 
istration to the central compartment, and is critically dependent on 
the route of administration used. 


Topical. Inskin disease, a topical approach to treatment (Chapter 12) 
is often preferred as it allows direct application of the drug to the site 
of pathology (skin disease), potentially limiting ‘off target’ effects 
and systemic exposure. The active agent (drug) can be applied to the 
skin in a variety of vehicles, including creams, foams, gels, lotions 
and ointments. Many vehicles are lipid based to facilitate drug pen- 
etration of the stratum corneum of the epidermis. Not all drugs can 
be effectively delivered in a topical form. The decision as to whether 
a topical or systemic approach is required will depend on the nature, 
extent, site and severity of disease, practicability and patient choice. 
Where topical therapy alone is insufficient, a combined topical and 
systemic approach may minimise the dose requirement of poten- 
tially more toxic systemic drug therapy. 


Oral. Oral drug administration is convenient for patients, but 
bioavailability is highly variable and dependent on drug character- 
istics (e.g. lipophilicity, pH), patient characteristics (e.g. variation in 
molecular/transmembrane transporter mechanisms, rate of gastric 


A measure of the body's efficiency in eliminating a drug from the systemic circulation (the volume of blood or plasma from which a given 
drug is completely removed per unit of time) 
A measure of the rate of removal of a drug from the systemic circulation (the amount of time required for 50% of the drug to be removed 


A measure of drug/receptor binding affinity (a drug with high affinity binding will have a low K,) 
A measure of drug potency (concentration of a drug required to induce 50% of the therapeutic effect) 


Dose of drug required to produce a specified effect in 50% of the population 
Dose of drug required to cause death in 50% of experimental animals (preclinical) 
Range of steady-state drug concentration required to produce the desired clinical effect with minimal toxicity 


emptying) and concomitant food intake (e.g. chelation of tetra- 
cyclines by calcium in milk). Drug formulation is also important 
[1]. Enteric-coated preparations are useful for drugs that cause 
significant gastric irritation, such as prednisolone, but may be 
incompletely dissolved and absorbed. Similarly, controlled release 
preparations have relevance where the half-life of the drug is short 
(<4 h) but are associated with wide interpatient variation and risk 
of ‘dose dumping’ when the dosage form fails. 


Parenteral administration. Parenteral administration (intravenous, 
intramuscular, subcutaneous) circumvents the gastrointestinal tract 
with consequent improved drug bioavailability. Therapeutic pro- 
teins (biologics) have very limited oral bioavailability due to 
intestinal enzymes and poor permeability across the intestinal 
mucosal membrane barrier, and are almost exclusively adminis- 
tered via parenteral routes, either as an intravenous infusion (e.g. 
rituximab or infliximab) or, more conveniently, subcutaneously (the 
route used for most biologics used to treat skin disease). Following 
subcutaneous administration, a drug is absorbed via the lymphatic 
and/or capillary networks into the systemic circulation at vary- 
ing rates that are determined, at least in part, by molecular size, 
with most molecules larger than 20 kDa absorbed completely by 
lymphatics [4]. For example, the maximum systemic concentration 
(Tinax) occurs 3-7 h after subcutaneous administration of anakinra 
(molecular weight 17.3 kDa) as compared with 5 days for the mono- 
clonal antibody adalimumab (molecular weight 148 kDa). Factors 
operating to influence absorption, and consequent drug bioavail- 
ability following subcutaneous administration, include patient 
characteristics (e.g. age), local factors at the injection site (e.g. 
subcutaneous blood flow, local adiposity) and injection technique, 
drug-specific factors (e.g. formulation, volume, dose, concentration, 
presence of an Fc receptor, degree of glycosylation) and degree of 
presystemic elimination (influenced in turn by multiple factors; 
see ‘Elimination’ later in this chapter) [4]. The reported range of 
bioavailabilities for different biologics thus ranges from 25% to 95%, 
with significant interpatient variation for any single agent. 


Novel methods of drug delivery aim to limit systemic drug 
exposure (and therefore potential toxicity) and/or optimise 
bioavailability, particularly for large-molecule drugs (including 
DNA and proteins). These include facilitating access to the sys- 
temic circulation through traditional routes (skin, lung, gut) or 
harnessing the specificity of the immune system to target drug 
action once inside the body. Advances in transdermal drug delivery 
systems [5,6] include the use of chemical enhancers, iontophore- 
sis, electroporation (where short, high-voltage pulses disrupt 
the lipid bilayer of the skin), cavitational ultrasound (already 
approved for optimising the delivery of topical lignocaine), 
microneedles (painless, spontaneous dissolution), laser-assisted 
drug delivery (ablative fractional lasers such as carbon dioxide or 
erbium:yttrium-aluminium-garnet (Er:YAG) lasers, which perforate 
the epidermis) and thermal ablation. Inhalation also offers potential 
for rapid systemic delivery of small-molecule drugs and can confer 
better bioavailability than oral ingestion given the much lower 
concentrations of drug-metabolising enzymes in the lungs com- 
pared with the gastrointestinal tract. Oral drug delivery systems for 
oral peptides include permeation enhancers, gut enzyme inhibitors 
and co-formulating therapeutic peptides with mucolytic or cell 
penetrating functions [7]. Antibody-drug conjugates comprise a 
monoclonal antibody tethered to a cytoxic drug (known as the 
payload). These antibody—drug conjugates offer the possibility of 
delivering a toxic payload directly to cancer cells, while minimis- 
ing off target exposure. As an example, brentuximab vedotin, the 
anti-CD30 (cluster of differentiation 30) antibody has been cova- 
lently linked to monomethy] auristatin E (cytoxic) and is approved 
for the treatment of CD30+ lymphoproliferative disorders [8]. 


Distribution 

The volume of distribution of a drug is mainly determined by 
its physicochemical properties (such as charge and lipophilicity), 
protein-binding capacity and the degree to which it is subject to 
active transport mechanisms. Small-molecule drugs are distributed 
into interstitial and intracellular fluids with well-perfused organs 
such as the liver, kidney and brain receiving most of the drug ini- 
tially, and skin and fat levels accumulating more slowly. The degree 
to which a drug is bound to plasma proteins and tissues determines 
blood-tissue partitioning, which in turn can be affected by disease 
states. Preferential accumulation of drugs in certain tissues may also 
be of clinical relevance. For example, retinoids tend to preferentially 
accumulate in adipose tissue so that dosing may need alteration in 
obese patients. Albumin is a major carrier for acidic drugs, which 
when reduced by liver, renal or malnutritional disease can lead to 
elevated levels of unbound drug and increased clearance. On the 
other hand, a,-acid glycoprotein binds basic drugs and so if it is 
increased in acute inflammatory states, unbound drug levels may 
be correspondingly reduced. 

For most therapeutic proteins, in contrast to small-molecule 
drugs, distribution is limited by their large mass and hydrophilic 
properties, so that the measured volume of distribution is close to 
the plasma volume and increases with increasing body size (weight) 
[2]. Measured drug concentrations in tissue are generally a frac- 
tion of those present in plasma. The specific, high-affinity binding 
properties of therapeutic proteins mean that these very low con- 
centrations of drug are still able to effect marked pharmacological 
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action within the target tissue. The distribution of a drug may 
also be influenced by the distribution and concentration of the 
target antigen, as exemplified by monoclonal antibodies, which in 
turn may be affected by disease activity. This phenomenon is also 
referred to as ‘antigen sink’ (part of target-mediated disposition) 
and can further contribute to non-linear pharmacokinetics [2]. 


Metabolism 
Drug metabolism is traditionally described as occurring in two 
phases [1]. Phase I reactions are catalysed by cytochrome P450s 
(CYPs), flavin-containing mono-oxgenases and epoxide hydrolases, 
and lead to oxidation, reduction or hydrolysis of the drug. Usually 
this results in a loss of drug function, but for some drugs (so-called 
prodrugs), it results in drug activation (e.g. mycophenolate mofetil 
is an ester prodrug, which is hydrolysed to biologically active 
mycophenolic acid by plasma esterases). Of the large CYP super- 
family, subfamilies CYP2C, CYP2D and CYP3A account for the 
majority of drug-metabolising activity, and CYP3A4, specifically, 
metabolises over half of all small-molecule drugs in clinical use. 
These CYPs demonstrate significant overlapping substrate speci- 
ficity and can also metabolise a single compound at different 
positions, which explains their significant role in the context of drug 
interactions (see later in this chapter). 

Phase II reactions catalyse conjugation of the phase I product with 
a second molecule (sulphate, glucuronic acid, glutathione, acetyl 
group, methyl group). This inactivates potentially toxic phase I 
metabolites, and also facilitates drug elimination as a consequence 
of improved water solubility and increased molecular weight. 
Drug-metabolising enzymes are found in most tissues in the body, 
including the skin, but are found in the greatest quantity in the gas- 
trointestinal tract (liver, small and large intestine). Thus when a drug 
is given orally, substantial metabolism and clearance may occur 
before it reaches the systemic circulation, firstly by metabolising 
enzymes within the gastrointestinal epithelium, and subsequently 
following absorption into the portal vein, within the liver (so-called 
first pass effect). Liver disease (as well as bowel disease or resection) 
may therefore have a clinically relevant impact on drug metabolism 
and subsequent drug concentration in the systemic circulation; 
however, the degree to which this occurs is unpredictable and 
standard measures of liver function are not especially helpful. 


Elimination 
Drugs are eliminated (excreted) from the body either unchanged 
or as drug metabolites. The most important excretory organs are 
the kidney and liver, with drugs eliminated in urine or bile, respec- 
tively; however, drugs can also be excreted in sweat, saliva, tears 
and milk. Within the kidney, drug and drug metabolite elimination 
depends on glomerular filtration, active tubular secretion and pas- 
sive tubular absorption. Renal function is therefore a critical factor 
in determining drug bioavailability and potential toxicity, and 
when reduced due to age, kidney disease or concomitant therapy 
(e.g. non-steroidal anti-inflammatory drugs (NSAIDs), diuretics) 
becomes a very common source of adverse drug reactions. 
Therapeutic proteins are eliminated (commonly described as 
cleared) from the circulation and interstitial tissue fluids in a variety 
of ways, including: (i) target-mediated clearance, where a drug is 
taken up intracellularly following antigen binding; (ii) non-specific 
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endocytosis; and (iii) formation of circulating immune complexes 
[2,9]. Once inside cells, whether prior to systemic absorption (fol- 
lowing subcutaneous administration), in the circulation or target 
tissue, proteins are broken down into peptide fragments and/or 
amino acids. These protein degradation products, as well as bio- 
logics of low molecular weight (<30 kDa, for example anakinra), 
are then cleared by renal excretion. How, and to what extent, 
these various elimination mechanisms operate for any particu- 
lar drug, and in different diseases, is only partially understood. 
Target-mediated clearance depends on antigen mass — so that high 
tumour burden or inflammatory disease activity can correspond- 
ingly lead to increased clearance. Molecules with an Fc domain 
such as monoclonal antibodies and fusion proteins are actively 
protected from this intracellular proteolytic degradation via the 
FcRn present in endothelial cell endosomes. This FcRn/Fc complex 
is then transported back to the cell surface where it dissociates, 
releasing the active drug back into the circulation. This is why 
albumin levels are inversely correlated with monoclonal antibody 
clearance since both are recycled via FcRn (i.e. high albumin corre- 
sponds to low antibody clearance). At low levels of albumin, factors 
other than FcRn may influence this inverse relationship, since 
(for example) low albumin can be driven by high inflammatory 
disease burden and increased target-mediated elimination. This 
FcRn-mediated salvage pathway, which presumably evolved to 
maintain levels of endogenous immunoglobulin G (IgG) for health 
reasons, results in a therapeutically helpful long half-life (around 
4 weeks) for most monoclonal antibodies. This is also relevant when 
using these agents during pregnancy as antibodies cross the pla- 
centa via FcRn-mediated mechanisms (see ‘Conception, pregnancy 
and lactation’ later in this chapter). The development of antidrug 


Table 13.2 Major mechanisms underlying drug actions. 


Structural family Functional family Physiological ligands 


antibodies is most commonly reported in association with tumour 
necrosis factor (TNF) inhibitor monoclonal antibodies, and can lead 
to enhanced drug clearance (and correspondingly reduced drug 
exposure) through the development of antidrug antibody—drug 
complexes. 


Pharmacodynamics 


Pharmacodynamics is the study of the biochemical and physio- 
logical effects of drugs and their mechanisms of actions (i.e. what 
the drug does to the body) [1]. The term encompasses desired 
therapeutic effects as well as unwanted toxic effects. Most drugs 
work by interacting with a specific cellular macromolecule (drug 
target or drug receptor). This drug-receptor interaction is the ini- 
tiating event in a multistep process that ultimately alters tissue 
function and depends on two key principles: (i) the affinity and 
specificity of drug/receptor binding; and (ii) the intrinsic activity of 
a receptor-bound drug to activate the receptor. The intrinsic activ- 
ity of a drug describes whether binding to a receptor completely 
mimics the effect of the endogenous ligand (an agonist), prevents 
or blocks this response (an antagonist) or is somewhere in between 
(partial agonists). Many receptors exhibit constitutive activity in the 
absence of endogenous ligand binding; inverse agonists inhibit this 
activity by binding to and stabilising the receptor in an inactive 
form. Drugs may bind to the same recognition site as the endoge- 
nous ligand (syntopic binding) or to a different region (allosteric 
or allotopic binding), and this may be reversible or irreversible, 
competitive or non-competitive. All of these variables ultimately 
determine the potency of the drug (Table 13.2). 


Effectors and transducers Example drugs 


Transmembrane transduction mechanisms 


G, and G,; adenyl cyclase, ion channels, Botulinum toxin 


phospholipase 


G-protein-coupled Muscarinic cholinergic receptors ACh 
receptors 
Eicosanoid receptors Prostaglandins, leukotrienes, 
thromboxanes 
Histamine receptors (1-4) Histamine 
lon channels Ligand gated ACh, GABA, 5-HT 
Voltage gated None (activated by membrane 
polarisation) 
Transmembrane Receptor tyrosine kinases Insulin, PDGF, EGF, VEGF, growth 
enzymes factors 
Transmembrane Cytokine receptors Interleukins and other cytokines 


non-enzymes Toll-like receptors 


Intracellular transduction mechanisms 
Nuclear receptors Steroid receptors (includes 
retinoic acid receptors, 
retinoid X receptors) 
PAR-Y 
Intracellular Cyclic phosphodiesterases 


enzymes 


Adapted from Blumenthal and Garrison 2018 [1]. 


LPS, bacterial products 


Oestrogen, testosterone 


PAR-Y 
Cyclic GMP, cAMP 


G,, G, and G, proteins 


Gants G,, Gino 
Nat, Ca2t, Kt, Cl> 
Nat, Ca2+, Kt, other ions 


SH2 and phosphotyrosine-binding 
domain containing proteins 
JAK/STAT, soluble tyrosine kinases 

NF«B, MyD88, IRAKs 


Co-activators 
Protein kinase A, exchange proteins 


activated by cAMP, cAMP responsive 
element binding protein 


Montelukast 


Fexofenadine, ranitidine 
Nicotine, gabapentin 
Lignocaine 


Herceptin, imatinib, 
vemurafenib 

Janus kinase inhibitors 

Imiquimod 


Corticosteroids, alitretinoin, 
bexarotene 


Thiazolidinediones, clofibrate 

Vasodilators, 
anti-inflammatory agents 
(apremilast, rofluminast) 


ACh, acetylcholine; cAMP, cyclic adenosine monophosphate; EGF, epidermal growth factor; GABA, y-aminobutyric acid; GMP, guanosine monophosphate; 5-HT, 5-hydroxytryptamine; 
IRAKs, interleukin-associated kinases; JAK, Janus kinase; LPS, lipopolysaccharide; MyD88, myeloid differentiation primary response 88; NF«B, nuclear factor «B; PAR-Y, proteinase 
activated receptor Y; PDGF, platelet-derived growth factor; SH2, Src homology 2; STAT, signal transducers and activators of transcription; VEGF, vascular endothelial growth factor. 


Molecular mechanisms underlying drug action 

Initial drug/receptor coupling may result in a direct effect on the 
cellular function, or convey a message to intermediary cellular 
signalling molecules (transducers). The receptor, its cellular target 
and any intermediary molecules are termed the receptor—effector 
system or signal transduction pathway. Often, the transducer proteins 
mediate the actual physiological effect via generating, moving or 
degrading small molecules known as second messengers (e.g. nitric 
oxide or cyclic adenosine monophosphate (cAMP)). This system 
allows the cell to coordinate, and to amplify, signals from multiple 
ligands, and explains how tiny amounts of drug at a particular 
receptor result in a significant biological effect. This complexity can 
also underpin unintended or unexpected ‘off target’ drug effects. 
The site of drug/receptor coupling and associated underlying 
mechanism can be outside the cell, at the cell membrane or within 
the cell. In dermatology, as in other areas of medicine, for many 
established drugs in clinical use the site of drug action is unknown, 
having been introduced either by serendipity, trial and error, or 
following traditional drug development where drugs were selected 
for development based on their effects at a whole organism rather 
than molecular level. However, this is changing as we have a greater 
understanding of molecular and cellular biology in both health and 
disease, and particularly the identification of ‘druggable’ path- 
ways/processes that are dysregulated in disease. This increased 
understanding has, in great part, been achieved through the eluci- 
dation of genetic determinants of disease; indeed, drug targets with 
genetic support are more likely to be therapeutically valid [2,3]. 


Extracellular mechanisms 

A number of drugs act outside the cell to affect cellular function, 
typically in one of two ways. The first is to alter the activity of 
extracellular enzymes involved in the synthesis or degradation 
of endogenous signalling molecules (e.g. angiotensin-converting 
enzyme (ACE) inhibitors). The second is by directly interacting 
with the endogenous ligand to prevent binding to its site of action 
(e.g. monoclonal antibodies, such as TNF antagonists adalimumab 
or infliximab). 


Transmembrane mechanisms 

Hydrophilic drugs (and their physiological counterparts) cannot 

easily access the cell and so rely on membrane-bound receptors to 

exert their action (see Table 13.2 for further details and examples 

of drugs that exploit these receptors). These fall into five broad 

categories. 

1 G-protein-coupled receptors (GPCRs) couple to a family of het- 
erotrimeric guanosine triphosphate (GTP) binding regulatory 
G proteins. Following ligand binding, G proteins signal to vari- 
ous effector proteins including enzymes such as adenyl cyclase 
phospholipase C and cyclic guanosine monophosphate (cGMP), 
which then leads to a cascade of intracellular events via second 
messenger systems and ultimately a drug effect. G proteins exist 
in as many as 23 isoforms coupled to different signalling paths 
and it is the type(s) of G protein coupled to the receptor that 
determines the response to receptor activation. 

2 Receptors linked to intracellular enzymes have an extracellular 
binding domain directly coupled in some way to enzymatic 
activity within the cell so that, on ligand binding, the consequent 


13.5 


Pharmacodynamics 


enzymatic activity initiates and amplifies the intracellular signals 
and feedback responses by changing the phosphorylation status 
of the cellular proteins. The types of receptor described include: 
(i) receptor tyrosine kinases (RTKs), where the tyrosine kinase is 
part of the transmembrane receptor; (ii) transmembrane recep- 
tors that recruit cytoplasmic tyrosine Janus kinases (JAKs), which 
then phosphorylate STAT (signal transducers and activators of 
transcription) proteins that translocate to the nucleus and reg- 
ulate transcription; and (iii) receptor serine/threonine kinases, 
analogous to the RTKs except they have a serine/threonine 
cytoplasmic domain. 

3 Transmembrane receptors without enzyme-linked activity include 
Toll-like receptors, fundamental components of innate immune 
signalling, which on ligand binding ultimately recruit interleukin- 
associated kinases and downstream pathway signalling via the 
nuclear factor kB (NFKB) pathway. TNF-a receptor signalling 
operates in a very similar way to that of Toll-like receptors in 
that it has a transmembrane domain with a non-enzymatic cyto- 
plasmic domain (death domain) that on ligand binding triggers 
a cascade of intracellular events. 

4 Ion channels facilitate the flux of cations and anions across the 
impermeable plasma cell membrane to maintain electrochemical 
gradients critical to excitable cells such as nerves and mus- 
cles as well as non-excitable cells, to trigger biochemical and 
secretory cell function. These channels may be open, closed 
or inactive and drugs may affect their function by directly 
opening or closing the channel (ligand-gated channels), by influ- 
encing the voltage-dependent characteristics of the channels 
(voltage-gated channels) and by the amount of time the channel 
spends in a given state, or by generating second messengers 
that subsequently open or close the channel (second messenger 
gated). 

5 Membrane-bound transporters play a key role in drug pharmacoki- 
netics as they determine drug entry to and elimination from cells, 
but are also drug targets, particularly those used in neuropsychi- 
atric disorders (e.g. the transporter SERT (SLC6A4) is responsible 
for the uptake and clearance of serotonin in the brain, and the 
target for selective serotonin reuptake inhibitors). 


Intracellular mechanisms 

Some small-molecule drugs diffuse or are actively transported 
into the cell to access intracellular drug targets. There are two main 
types. 

1 Nuclear hormone receptors comprise a superfamily of receptors that 
act as ligand-activated transcription factors able to interact with 
specific DNA sequences and directly regulate gene expression 
following ligand binding. Classic family members are hormonal 
ligands, including sex hormones, cortisol, thyroid hormones and 
vitamin D receptors. 

2 Intracellular enzymes may be targeted directly by drugs. Identi- 
fying such enzymes that are relevant to processes dysregulated 
in disease is an area of active drug development. For example, 
cyclic nucleotide phosphodiesterases (PDEs) are a major family 
of cytoplasmic enzymes important in cell signalling as they 
hydrolyse cAMP and cGMP. The specificity of PDEs varies, with 
some able to hydrolyse cAMP, cGMP or both. Inhibitors of PDE3 
are drug targets for the treatment of asthma and cardiovascular 
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disease, while the PDE4 inhibitors (e.g. apremilast, crisaborole) 
have been developed for the treatment of psoriasis and atopic 
dermatitis. Other examples of dermatological drugs that tar- 
get intracellular enzymes are calcineurin inhibitors, such as 
ciclosporin, tacrolimus and pimecrolimus, which act as antag- 
onists of calcineurin, a cytoplasmic phosphatase enzyme. This 
prevents dephosphorylation of the cytoplasmic nuclear factor of 
activated T cells (NFAT) and its translocation to the nucleus. 


Drug toxicity and adverse effects 

An ideal drug would only mediate a desired therapeutic effect. 

However, few drugs are sufficiently specific, so unwanted effects 

are part of therapeutics. Drug toxicities can be classified in five, 

somewhat overlapping, broad categories based on the underlying 
mechanism. 

1 On target drug toxicity can be defined as drug toxicity following 
modulation of the primary, pharmacological target (e.g. receptor 
or enzyme). This may arise due to altered drug exposure at the 
target site, leading to an exaggerated pharmacological response. 
Sources of this type of event include deliberate or accidental 
dosing error, alterations in the pharmacokinetics of the drug 
(e.g. due to liver or kidney disease or to interactions with other 
drugs) or changes in the pharmacodynamics of the drug—receptor 
interaction that alter the pharmacological response (e.g. changes 
in receptor number). Activation of the drug target in an unin- 
tended tissue is another example of on target toxicity (e.g. 
osteoporosis secondary to corticosteroid use, myositis with statin 
therapy). 

2 Off target toxicity results from the interaction of a drug with tar- 
gets other than the intended therapeutic targets, for example the 
H,-receptor antagonist terfenadine also inhibits a cardiac potas- 
sium channel (Kv11.1 encoded by the gene HERG) which led to 
fatal cardiac arrhythmias and ultimately drug withdrawal. 

3 Biological activation of drugs to toxic metabolites capable of bind- 
ing to proteins, DNA and small molecules such as glutathione 


(GSH) is an increasingly recognised mechanism of drug toxicity. 
Paracetamol-induced hepatic necrosis is a classic example of this, 
due to GSH binding (and depletion) by the active intermediate 
metabolite N-acetyl-p-benzoquineimine. 

4 Allergic reactions (hypersensitivity) to drugs are due to an enhanced 
immunological or inflammatory response to the medication and 
extend from type I to type IV reactions. These are not dose related 
and are generally unpredictable. 

5 Idiosyncratic drug reactions are very rare (e.g. toxic epidermal 
necrolysis), and typically no obvious mechanism is apparent. 
Pharmacogenetics offers an opportunity to interrogate the 
molecular mechanisms underlying many of these reactions. 
For example, severe, life-threatening fluoropyrimidine toxicity 
(which can include hand-foot syndrome) is now known to 
be mediated by genetic variants in the gene encoding dihy- 
dropyrimidine dehydrogenase, with homozygotes having a 
complete absence of the enzyme. Such reactions are thus no 
longer ‘idiosyncratic’ but, instead, predictable — and avoidable 
with genetic screening [4]. 


Assessing the potential for a drug to produce adverse effects 
begins at the earliest stage of drug development right through to 
postmarketing surveillance mechanisms (Table 13.3). In general, 
clinical trials are powered for efficacy rather than safety and are 
performed in patient populations that are not necessarily general- 
isable to those in whom the drug will be used in clinical practice. 
So although common adverse effects are likely to be picked up 
prior to drug marketing, rare (<1 : 10 000) idiosyncratic events (e.g. 
cases of progressive multifocal leukoencephalopathy observed with 
efalizumab), events with a long latency period (e.g. skin cancer 
secondary to psoralen and ultraviolet A) or problems using a drug 
in the context of other morbidities, may take many years to estab- 
lish. This is particularly relevant to drugs that may be used over 
very prolonged periods for chronic conditions. Pharmacovigilance 
registries are critical to evaluate these longer term safety issues, 
especially those with a longer latency period. 


Table 13.3 Methods used to identify drug-related adverse events and their respective roles within the lifetime of a drug, from drug development through to post-licensing 


pharmacovigilance. 


Method Benefits 


Problems 


Preclinical studies (in vitro or in vivo (animal)) Controlled 


May not be able to directly extrapolate to human responses 


Clinical trials (phase I-IV) 


Spontaneous reporting 


Registries/electronic health records 


Can establish potential therapeutic and toxic dose ranges 

Identifies new/unexpected adverse events and drug—drug 
interactions before human exposure to drug 

Can study high-risk situations, such as drug effect on 
pregnancy/fetal development 

Controlled 

Rigorous collection of high-quality data 

Will identify common, short-term side effects 


Identifies new/rare/unexpected adverse events and drug—drug 
interactions 


Reflects real-life clinical practice 

Population based 

May allow relative risk-benefit analysis 

Allows collection of adverse effects with longer latency period 


to drug 
Short-term exposure 
Ethical considerations 


Short term 
Powered for efficacy not safety 
Data may not be relevant to clinical practice 
Will miss effects with long latency period 
Relies on voluntary reporting 
ay overestimate the risk (no denominator) 
ay miss commoni/less severe morbidity 
ncomplete data sets 
Observational; multiple confounders 
ay lack control group 


Factors that affect therapeutic outcome 


Drug choice and medical decision making 

Before initiating any therapy, a comprehensive and holistic assess- 
ment of the patient is essential, considering the diagnosis, the 
natural history of the condition if not treated, available treatment 
options, the wider context of the whole patient, the patient’s atti- 
tudes and beliefs and shared treatment goals. The evidence base 
for a therapeutic intervention enables the clinician to define and 
communicate the probability of certain outcomes, such as disease 
remission or an adverse effect. When starting an intervention in 
an individual patient it can also be considered a trial (of n = 1) for 
that patient requiring appropriately defined ‘outcome measures’ 
and timelines for judging success or failure. This is perhaps espe- 
cially important in dermatological practice. The rarity of many 
skin diseases and historic lack of investment in drug development 
means that robust evidence to guide treatment choice and optimise 
drug use is often unavailable. In addition, many drugs are used 
for unlicensed dermatological indications so clear documentation 
of benefit (or harm) is also important. Continuing an ineffective or 
insufficiently effective treatment exposes patients to the ongoing 
risk of adverse events and suboptimal management of their skin 
disease. 

Multiple factors determine the relationship between the dose 
of any particular drug and outcome (Figure 13.1). Therapy needs 
to be carefully and precisely tailored to the needs and clinical 
circumstance of each patient. This can be a highly complex, dynamic 
process that requires constant re-evaluation and refinement during 
the course of treatment. 
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Clinical factors that affect drug pharmacokinetics 
and pharmacodynamics 

Age 

Drug pharmacokinetics and pharmacodynamics are altered in the 
very young and in older people, and available drug-specific infor- 
mation is often limited as these groups are often excluded from clini- 
cal trials. There are also age-specific considerations that are pertinent 
to medical errors, adherence to treatment and co-therapy. 

Growth and development during childhood is associated with 
marked physiological change, especially during infancy and 
puberty, with consequent non-linear changes in drug disposition 
such that dose adaptation is required for most drugs [1,2]. Spe- 
cific (additional) considerations are relevant in preterm neonates. 
Systemic exposure to topically applied therapies is more likely in 
infants and children compared with adults. During infancy, this 
relates in part to the presence of a thinner stratum corneum and, 
during childhood, to increased cutaneous perfusion and hydration 
of the epidermis compared with adults. The ratio of total body sur- 
face area to body mass in infants and young children also far exceeds 
that in adults. With maturation, increases in weight, drug-binding 
proteins such as albumin (during the first 1-3 years) and fraction of 
fat mass (and corresponding fall in total body water) all influence 
drug distribution. The impact on drug metabolism is highest in 
the first few years of life. Most hepatic drug-metabolising enzymes 
are expressed at very low levels at birth, increasing to adult levels 
during the first few months of life. For many metabolised drugs, 
clearance is increased in infants and toddlers with consequent 
reduction in drug exposure due to an overall increase in metabolic 
capacity due to the large size of the liver at this age. The glomerular 


Figure 13.1 An overview of the relationship between the 
dose of any particular drug and therapeutic outcome. 
Multiple, often interdependent, factors impact at critical 
points (orange circles) along the pharmacological pathway, 
some of which are relevant throughout (blue arrow). 
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filtration rate increases rapidly to achieve full maturity before 
2 years; less is known about tubular function but tubules appear to 
mature more slowly [2]. With respect to biologics, in general, the 
elimination of monoclonals seems to be faster in children compared 
with adults although the precise mechanisms are unclear [3]. 
Ageing is associated with a number of progressive physiological 
changes including cutaneous atrophy, reduction in lean body mass, 
40% reduction in hepatic blood flow, reduced activity of hepatic 
enzyme activity (especially CYP phase I) and reduced renal func- 
tion. The decline in glomerular filtration rate has been estimated to 
be around 1 mL/min/year (or less) after middle age and is a critical 
determinant of disposition for many drugs. The high prevalence of 
co-morbidities such as hypertension, diabetes and ischaemic heart 
disease, together with widespread use of nephrotoxic therapies such 
as diuretics and NSAIDs, contribute to this decline. In completely 
healthy older people, renal function may not necessarily be reduced 
significantly. Collectively, physiological and pathological changes 
in older people tend to increase drug bioavailability and reduce 
drug metabolism and elimination (for a comprehensive review 
see [4]), so accounting for the general advice to start drug therapy at 
the lowest possible dose and increase the dose slowly. Pharmacody- 
namic responses to drugs may also change with age — the increased 
effect of drugs that depress the central nervous system is a good 
example — and the pathophysiology of the disease itself may be 
different from that in younger people, as in the case of psoriasis 
where genetic susceptibility loci are distinct in late-onset disease. 
Polypharmacy is common with 20-40% of older people taking 
five or more medications, with consequent impact on medicine 
adherence and risk of drug interactions. All these factors lead to 
increased variability in drug response with age. Adverse drug 
reactions are also more common, and tend to be more severe and 
less likely to be recognised or reported by the patient [5,6]. The 
elderly also have both increased risk of and severity of infections, 
in part due to the prevalence of co-morbidities, variation in drug 
responses and immunosenescence (dysregulated immune function) 
with ageing. This should be a consideration when starting certain 
drugs that affect (reduce) the immune system, such as systemic 
immunosuppression to treat inflammatory skin disease. 


Conception, pregnancy and lactation 

Any drug exposure prior to, during or after conception can result 
in an adverse fetal outcome or risk to the mother. This risk, which 
is closely related to drug dose and duration, should always be con- 
sidered when prescribing in women of child-bearing potential and 
the patient should be fully informed of the potential hazard. The 
pre-implantation period (fertilisation to implantation) is considered 
the ‘all or nothing’ period since injury will result either in embryonic 
loss or, if only a small number of cells are affected, embryo survival, 
as the remaining cells are not yet committed to a particular path 
of development and can therefore compensate for the loss. Drug 
exposure during the embryonic period (week 2 to week 9) carries 
the greatest risk of fetal malformation as this is when organogenesis 
occurs. Nevertheless, maternal drug exposure at any period may be 
associated with longer term functional or developmental changes 
that are not immediately apparent. For example, in a cohort of 31 
children born to mothers exposed to isotretinoin, nearly half had 
evidence of developmental delay, regardless of whether the children 


had structural malformations at birth [7]. Drugs given just before 
term or during labour can have adverse effects on labour or the 
neonate (e.g. sedative antihistamines) as well as the mother (e.g. 
risk of postpartum infection with certain types of immunosuppres- 
sion); ongoing maternal drug use post-pregnancy may be secreted 
in breast milk. 

Thalidomide, acitretin and isotretinoin are notable examples of 
drugs with specific, known risks of teratogenicity, and all of these 
are used in dermatology with rigorous pregnancy prevention plans 
attached. Additional drugs are also commonly used in dermatol- 
ogy with known risk of teratogenicity, such as methotrexate and 
mycophenolate mofetil. However, for the majority of drugs, there is 
insufficient evidence to properly categorise the level of risk and so 
in general, where possible, drug exposure is avoided or minimised 
in women planning conception or who are pregnant. Nevertheless, 
very many women with skin disease will require treatment, and 
often the benefit of any intervention — the health and well-being 
of the woman — will outweigh poorly described or uncertain risks. 
Referencing up-to-date information on risks (for example the sum- 
mary of product characteristics) and regular review (to ensure 
effectiveness and/or continuing need for treatment) will contribute 
to optimal treatment selection and outcome. Topical therapy is 
generally considered the safest route of drug use for skin disease 
during pregnancy since systemic, and therefore fetal, exposure is 
minimised. Large volumes applied to extensive, inflammatory skin 
disease may still result in systemic drug exposure so risk is not com- 
pletely avoided. For example, there is some evidence suggesting an 
increased risk of low birth weight with the use of very significant 
amounts of potent or very potent corticosteroids during pregnancy 
[8] but even here, depending on the clinical circumstances, such 
risks may be less than that associated with other interventions — for 
example oral corticosteroids — or leaving disease untreated. 

Drug disposition can alter significantly during pregnancy [9] 
with most of the changes beginning during the first trimester and 
peaking during the second trimester. Overall these physiological 
changes tend to increase the volume of drug distribution, reduce 
the amount of albumin-bound drug, and increase hepatic and renal 
clearance, with consequent variable effects on drug concentration 
depending on the drug. The use of therapeutic monoclonal antibod- 
ies and therapeutic peptides during pregnancy requires particular 
care since maternal antibodies are actively transported across the 
placenta from around the 14th week of pregnancy, via the Fc recep- 
tor expressed on trophoblasts, rapidly increasing over the second 
and third trimesters. Data on the use of anti-TNF monoclonal anti- 
bodies during pregnancy suggest that therapeutic antibodies are 
handled in the same way as naturally occurring antibodies, with 
drug levels of infliximab and adalimumab in infants at birth being at 
least equivalent to those of the mother. Interestingly, transplacental 
transfer of certolizumab pegol, a pegylated humanised antibody 
Fab’ fragment against TNE, appears to be very low or absent because 
it lacks an Fc receptor. Maternal immunoglobulins (predominantly 
IgA) are present in breast milk, so therapeutic antibodies might also 
be predicted in breast milk. Limited human data indicate that drug 
levels in breast milk are only a fraction of those in the mother, with 
infant drug levels falling over time despite continuation of breast 
feeding. This suggests that the infant intestinal mucosal barrier and 


enzymatic digestion limit the bioavailability of any drug present in 
breast milk. 

In men, drugs may affect fertility and/or spermatogenesis, 
although reliable information on absolute risk is scarce. Drugs that 
directly interact with DNA (e.g. methotrexate, azathioprine, cyto- 
toxics) theoretically carry particular risk although recent studies are 
reassuring [10,11]. 


Drug interactions 

A drug’s effect may be significantly altered by the co-administration 
of another drug with a consequent impact on efficacy and/or 
induction of toxicity. The principal mechanisms underlying 
most drug interactions relate to drug-metabolising enzymes and 
transporters. 

Whereas all major drug-metabolising enzymes have been asso- 
ciated with drug-drug interactions, cytochrome P40 enzymes are 
the major contributors to clinically relevant drug interactions, 
with CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 
and CYP3A being commonly implicated. For example, ciclosporin 
is extensively metabolised by CYP3A isoforms. Co-therapy with 
erythromycin or itraconazole, both potent inhibitors of CYP3A, can 
therefore lead to significantly increased levels of ciclosporin, 
whereas phenytoin, a potent inducer of CYP3A, may reduce ciclos- 
porin levels. Alternative remedies are also relevant here. St John’s 
wort contains a potent inducer of CYP3A (hyperforin), for example, 
and has been reported in association with reduced levels of 
ciclosporin, while echinacea variously inhibits intestinal CYP1A2 
and CYP3A and induces hepatic CYP3A activities. 

Drug-transporter interactions arise either due to a change in activ- 
ity (increased or decreased) or competition at the transporter site. 
For example, the activity of the efflux transporter P-glycoprotein, 
which normally acts to reduce gastrointestinal absorption and 
increase biliary excretion of drugs, is inhibited by intraconazole 
and ciclosporin, with a resultant increase in relevant drug substrate 
levels (e.g. fexofenadine). 

Aside from these pharmacokinetic mechanisms, drugs may inter- 
act at a pharmacodynamic level. This may be used to therapeutic 
advantage — prednisolone is often combined with azathioprine 
or mycophenolate mofetil in order to achieve the same level of 
immunosuppressant effect, while reducing the toxicity of higher 
dose steroid monotherapy, for example. 

From a pharmacokinetic perspective, in contrast to small mole- 
cules, there are few clinically relevant drug interactions reported 
in relation to protein-based therapeutics, specifically monoclonal 
antibodies. For individuals who are receiving two therapeutic 
monoclonal antibodies, competition for the FcRn-mediated salvage 
pathway can potentially influence bioavailability. 


Patient adherence to treatment 

The extent to which patients follow the instructions they are 
given for a prescribed medication (i.e. adherence) varies enor- 
mously, from missing an occasional dose to completely stopping 
treatment. The corresponding impact on treatment outcome is 
therefore variable. The science of quantifying the three measurable 
phases of adherence - initiation, implementation and _persis- 
tence/discontinuation — and their respective contribution to drug 
outcome is known as pharmionics [12]. Non-adherence is very 
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common and the underpinning reasons are multiple and complex. 
The COM-B framework (that is, capability, opportunity and motiva- 
tion), which is a conceptual framework widely used to understand 
behaviours and, crucially, influence change, has recently been 
advocated as a better framework for investigating and manag- 
ing adherence than the two-category unintentional and intentional 
approach. Here, capability relates to psychological (e.g. memory, 
poor comprehension or recall of the details of the prescribed 
therapeutic regimen) and/or physical (e.g. dexterity, difficulty 
applying topicals/injecting treatments) factors. Motivation relates 
to any brain processes that energise and direct behaviour whether 
reflective (such as beliefs about treatment) or automatic (e.g. mood, 
anticipatory nausea with methotrexate). Opportunity encompasses 
anything that lies outside the individual, whether these are physical 
factors (such as ability to pay, lack of access, complexity of the 
treatment schedule) or the social/cultural environment (e.g. stigma 
around skin disease, religious beliefs). Helpfully, this framework 
explicitly acknowledges interactions between the three themes, for 
example poor adherence being explained by low mood (motiva- 
tion) which also influences ability to plan (psychological) [13]. Few 
patients will voluntarily declare non-adherence to health care pro- 
fessionals and assessment is best approached in a non-judgemental 
way. In general, patients wish to minimise drug exposure and/or 
the number of medicines they take, and where multiple treatments 
have been recommended may prioritise one over the other. They 
will evaluate for themselves the side effects and effectiveness of any 
given treatment — and, of course, the effectiveness of treatment in 
skin disease is manifestly obvious. Some may stop therapy to see 
the outcome. Overall, adherence to prescribed therapy, especially 
for chronic conditions, is poor, with no major change in rates over 
the last 50 years. 

Strategies to improve adherence need to take into account these 
multiple and complex drivers to non-adherence, and inevitably 
evidence for benefit is inconsistent [14]. Adherence rates may 
improve when patients are empowered with knowledge, skills and 
confidence to manage their own health [15]. Key practical aspects 
to this ambition include clear written and verbal communication 
about how, why and when the treatment needs to be taken, always 
prescribing the simplest dosing schedule possible and using a route 
of administration that is acceptable and practical. Techniques to 
remind and support patients in different situations (e.g. telephone 
reminders, dosette boxes) are part of this [14]. Dermatology nurse 
specialists and pharmacists also play a role with education and 
support, practical demonstration of where and how to apply topical 
treatments and, in some instances, application of treatments in 
formal out-patient settings. 


Medication errors 

Some drug-related adverse events are accepted risks of treatment 
as characterised at different stages of drug development and phar- 
macovigilance (Table 13.3) [16]. Although these may be minimised 
with careful prescribing and medicine use, some are unavoidable. 
In contrast, medication errors and any associated harm are avoid- 
able, and have been described as any preventable event that may 
cause or lead to inappropriate medication use or patient harm while 
the medication is in the control of the health care professional, 
patient or consumer [17]. The steps involved between writing a 
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Figure 13.2 Swiss cheese model to illustrate the cumulative effect of multiple failures (holes) in defence mechanisms that ultimately translate drug hazard into actual, drug-related 
patient harm. The ‘holes’ in the defence may be latent such as organisational flaws (e.g. no supervisor being present) or active (e.g. the prescriber actively overruling an automated 
alert). Understanding the origin of near misses and/or actual drug-related adverse events is a crucial step towards safer prescribing and the avoidance of preventable drug harm. 


prescription and the patient receiving the medicine are multiple, 
and each is subject to potential error. Medication errors that lead 
to serious or fatal adverse events invariably occur due to a series 
of events, and reflect human error (active failure) arising in the 
context of certain predisposing environmental or system factors 
(latent failures), the so-called ‘Swiss cheese model’ (Figure 13.2). 

Reasons are multiple, and include inadequate knowledge of 
the patient (for example their clinical condition, drug history and 
known allergies) or the drug being prescribed, drug dose calculation 
errors, errors relating to communication such as illegible handwrit- 
ing, confusing drug names and/or product labelling, errors in 
dispensing and administration, and failure to monitor adequately 
and thus minimise the impact of adverse reactions (for example 
interrupting methotrexate therapy if bone marrow depression 
occurs) [16,18]. 

One of the commonest sources of error is in the prescription itself. 
In hospital, often the most junior member of the team with the least 
knowledge and experience is tasked with prescribing; this in itself 
is a risk, but also fails to create a culture where prescribing is per- 
ceived to be important [19]. Additional factors that predispose to 
errors include repeated interruptions when writing a prescription 
and depression in the prescriber. 

Poor communication among clinicians, particularly where care 
crosses or is transferred from one clinical setting (e.g. hospital) to 
another (e.g. primary care), is also a significant source of error. This 
is both in relation to the dose and type of medication to be used, 


and also, as importantly, review and monitoring of the treatment. 
In this situation, a disconnect can arise between the prescriber who 
initiated the treatment and the clinician responsible for ongoing 
care, so the necessary adjustments in drug therapy and monitoring 
fail to occur and/or drug errors remain unchecked for prolonged 
periods of time, with sometimes catastrophic results. This was 
specifically identified as a major contributory factor in a review of 
137 adverse events arising in relation to methotrexate, which 
included 25 deaths and 26 serious incidents requiring hospital 
admission in the UK. It was also the commonest reason in ambula- 
tory care for adverse drug reactions leading to hospital admission. 
Certain types of medication are subject to frequent medication 
errors: (i) drugs with a narrow therapeutic index and/or where the 
therapeutic dose is close to the toxic dose (e.g. chemotherapeutic 
agents, anticoagulants, narcotics); (ii) drugs with an unusual dos- 
ing schedule that patients may easily confuse (e.g. once-weekly 
methotrexate); or (iii) drugs requiring intravenous administration 
where the speed of infusion or extravasation of drug into tissue 
can lead to problems (e.g. rapid immunoglobulin infusion and the 
risk of thromboembolic events, cytotoxic drugs). The drug groups 
most frequently associated with preventable, drug-related hospital 
admissions are anticoagulants, antiplatelet agents, diuretics and 
NSAIDs, with around a third due to problems with prescribing, a 
third due to adherence issues and a third due to inadequate monitor- 
ing [20-22]. Patient groups vulnerable to medication error include 
infants and children, where complex dose calculations are required 


using drugs that may not be licensed for use in children, and older 
patients due to communication difficulties, multimorbidity, and 
related to this, polypharmacy. 

While something is known about the cause and prevalence of 
medication errors, there is relatively little good evidence to indicate 
which interventions effectively reduce error [23,24]. Prescribing is 
no longer the sole remit of doctors and extends to nurses, pharma- 
cists and physiotherapists, all of whom need to take professional 
responsibility for their prescribing practice. Prescribers need to 
be supported by appropriate training in clinical pharmacology 
and the practicalities of prescribing with ready access to clear 
guidelines and protocols on the use of drugs. Clearly defined ‘care 
pathways’ can also provide clarity over where responsibility lies 
for prescribing and monitoring, as has been implemented as part of 
the National Patient Safety Agency alert on methotrexate in the UK. 
However, all humans are subject to errors and lapses so additional, 
multiple checks need to be in place. Pharmacists play a critical role 
in cross-checking prescriptions (although paradoxically knowing 
that this safeguard is in place has been identified as a source of 
inaccurate prescription writing in clinical practice). Numerous and 
varied information technology initiatives focusing on all aspects of 
the prescribing pathway have been developed, although not all are 
necessarily associated with a reduction in error risk. For example, 
electronic prescribing has been shown to reduce the incidence of 
illegible scripts and adverse drug reactions [25] but automated 
alerts about potential drug interactions and dose errors may over- 
whelm the prescriber or be ignored. Electronic prescribing also has 
the benefit of standardising the use of medicines and can be used 
to align drug choices to local formularies or guidelines. It seems 
likely, though, that further refinement of existing systems and new 
developments in this area will yield substantial benefit. 

Legislation from the UK Medicines and Healthcare Products 
Regulatory Agency on standards for product labelling should help 
to reduce confusion and thus minimise dispensing errors. Perhaps 
most important of all, ensuring the patient is fully informed about 
the treatment plan can allow patients themselves to understand the 
intervention and potentially identify and/or correct mistakes. 


Personalised medicine and pharmacogenomics 
Personalised medicine aims to provide the right drug to the right 
patient at the right time [26]. Pharmacogenomics describes the 
intersection between genomic medicine and pharmacology, focus- 
ing on the identification of genome variants that influence drug 
effects via alterations in a drug’s pharmacokinetics or via modula- 
tion of a drug’s pharmacodynamics [27,28]. Genome variations of 
clinical relevance are primarily in the germline DNA; however, in 
cancer therapeutics, important somatically acquired mutations also 
influence response, and for infectious disease genomic variation in 
the infecting vector itself may alter their sensitivity to antimicrobial 
agents. 

Historically, work to identify genetic determinants of variation 
in response has largely focused on drug pharmacokinetics. The 
well-described phenotypic subtypes fast and slow ‘acetylators’ 
and ‘slow metabolisers’ for example, have been found to origi- 
nate from specific genetic polymorphisms in NAT2 and CYP2D6, 
respectively. Deficiencies in enzymes metabolising azathioprine and 
6-mercaptopurine are also established pharmacokinetic phenotypes 


determined by genetic variation, and account for at least some of the 
rare but severe drug-related myelotoxicity. Specifically, thiopurine 
S-methyltransferase deficiency is caused by homozygous or com- 
pound heterozygotes in TPMT*3C, TPMT*3A TPMT*2 and nudix 
hydrolase deficiency, caused by NUDT15 polymorphisms especially 
in Asian populations where the frequency of TMPT deficiency is 
low [29]. More recently, with the advent of the Human Genome 
Project, genome-wide investigation of genetic variation and the 
falling cost of sequencing, pharmacogenetic discovery has accel- 
erated. More than 80 actionable germline gene—drug relationships 
have been identified —- in other words where genetic information 
should be used to change prescribing of the affected drug. However, 
with the exception of azathioprine and mercaptopurine, these are 
not for interventions routinely used in dermatology [30]. In cancer, 
targeting certain somatically acquired gene mutations has driven 
both drug development and precision medicine. This is exemplified 
in melanoma, where the identification of activating mutations in 
BRAF (encoding protein kinase B-raf) led to the rapid development 
of highly specific oral BRAF inhibitors such as vemurafenib and 
improved progression-free survival in patients with advanced 
melanoma. 

Bringing findings into practice is, however, challenging. Genetic 
(or other biomarker) assessment of treatment outcome may fail to 
move into the clinic because when evaluated in real life they fail to 
demonstrate added value over and above more traditional ‘clinical’ 
indicators of treatment response. This may be for a variety of rea- 
sons, including ethnic diversity, and the fact that other influences 
are in play (such as adherence). The transition from a research envi- 
ronment into clinical practice also requires capacity: clinical research 
capacity to validate and test, capacity for clinicians to take up new 
investigative tools and understand their meaning in the context of 
the patient in front of them, the capacity of laboratories to process 
new tests, and financial capacity within health care systems [28,29]. 


Drug development and licensing procedures 


The process of developing a drug that meets statutory efficacy and 
safety requirements for use in patients is long, complex and expen- 
sive (Figure 13.3). Very substantial investment in drug research and 
development over the past few decades across medicine and specif- 
ically within dermatology, together with the genomics era and tech- 
nological advances, have brought many new and ‘game changing’ 
interventions. 


Preclinical drug identification 

The two principal approaches used to identify potential candidate 
drugs are phenotypic screening and target-based screening. Phenotypic 
screening investigates the effects, or phenotypes, that a compound 
induces in cells, tissues or whole organisms and historically was the 
primary method of new drug identification. However, phenotypic 
screens have been largely replaced with a target-based approach 
due to huge developments in medicine (including technology and 
computing) and our increased understanding of disease mechanism 
through molecular biology and genomics. The identification of a 
candidate target requires a detailed understanding of the molecular 
basis of a particular disease or pathogenic pathway and such data 


Drug development and licensing procedures 13.11 


LL 
Lo) 
Ww 
z 
° 
= 
<x 
Q 
2 
=) 
fe) 
LL, 


DERMATOLOGY 


PART 1 


FOUNDATIONS OF 


PART 1 


DERMATOLOGY 


-12. Chapter 13: Clinical Pharmacology 


MEDICINAL 
£ CANDIDATES 


Preclinical 


© Pharmacokinetic studies 


Phase II 
n= 100- 
500 


© Comparative efficacy, safety 
¢ Randomised, controlled 
¢ Provides critical data for marketing authorisation (often source of the SPC) 


Phase III 
n= 1000- 
5000 


approval 


Phase IV 


¢ Drug discovery: target- or phenotype-based screening 
¢ Hits to leads; validation; medicinal chemistry; safety testing (animal, cell based) 


e¢ First in humans, primarily focused on safety 


¢ Healthy volunteers or severely ill patients (e.g. cancer medicines) 


¢ Phase lla: evaluate efficacy (and safety) in selected patient populations, e.g. to investigate dose/response, dosing frequency 
¢ Phase IIb: rigorously controlled trial to establish efficacy in target disease (pivotal trial, proof of concept) 


e Marketing approval for licensing by the EMA (Europe) or the FDA (USA) 
ice[ elegy ° Collation of all efficacy and safety data according to specific requirements set out by the EMA/FDA 


¢ Phase IV studies to further evaluate safety or efficacy in the disease for which the drug is already licensed (e.g. to investigate 
different doses, duration, efficacy compared with other interventions, specific safety aspects) 
¢ Postmarketing surveillance studies, often focused on safety (i.e. pharmacovigilance) 


Figure 13.3 An overview of the phases of drug development from discovery through to licensing and postmarketing surveillance (phase IV). Toxicity, failed efficacy and commercial 
reasons contribute to the slow attrition in numbers of promising candidate drugs that successfully progress along this pathway. The parallel, almost exponential, increase in the cost 
of delivering each phase of drug development means that for each drug that reaches the market, the investment is substantial. EMA, European Medicines Agency; FDA, US Food 


and Drug Administration; SPC, summary of product characteristics. 


can come from a variety of sources, including academic and clinical 
research and from the commercial (pharmaceutical) sector. Potential 
candidate medicines are then screened for their ability to alter a 
specific biologically critical target within that pathway (usually a 
protein). Structure-based techniques, which are increasingly done 
using computational modelling (in silico), enable precise delineation 
of the target. Libraries of ‘small-molecule’ compounds that interact 
with these targets can be rapidly screened using high throughput 
technology (in silico and/or in vitro), and subsequently tailored 
to optimise target binding (reiterative redirected compound syn- 
thesis). The development of biological therapy similarly employs 
a target-based approach, with the design and development of 
large-molecule protein-based drugs (often monoclonal antibo- 
dies) that aim to modulate endogenous pathways known to be 
pathogenically relevant. 

These two approaches can be very effectively combined, capital- 
ising on the benefit of knowing that candidate molecules identified 
in a phenotypic screen show pharmacological activity in a complex, 
biologically relevant system, and then using all the -omics technol- 
ogy to identify the underlying molecular mechanism of action and 
tailor the drug accordingly. 


Drug development 
Once candidate drugs are identified, further optimisation, pharma- 
cokinetic and pharmacodynamics studies and preclinical testing 


are completed in a variety of in silico, in vitro (including cellular 
or organotypic assays) and animal models. The technology and 
platform depend on the therapeutic target. Animal testing is kept 
to an absolute minimum (as mandated by the recent European 
‘3 Rs’ directive: reduce, replace and refine) but remains an essential 
component of drug development prior to the first human trials 
in order to establish drug pharmacokinetics and to give an indi- 
cation of early safety (e.g. genotoxicity, mutagenicity, unexpected 
toxicity). Phase I trials investigate the use of the drug in humans 
for the first time (Figure 13.3). These studies usually involve a 
small number of healthy volunteers but may, particularly in cancer 
medicine, involve patients with advanced disease and poor prog- 
nosis or limited treatment options. Because the drug effects can be 
unpredictable and, rarely, catastrophic, these studies are always 
completed in a highly supervised, clinical research environment [1]. 
Phase I studies intensively assess safety and pharmacokinetics, 
often in a staggered programme of drug exposure that starts with 
minimal drug exposure, up-titrating to a modelled or predicted 
therapeutic dose range, with the trial only progressing through 
each stage of escalated dosing if all safety parameters are met. If the 
phase I studies reveal no untoward findings and are consistent with 
the known pharmacology of the drug, phase II trials proceed in the 
target disease with the aim of establishing drug efficacy. Phase III 
trials follow, with at least two independent, large, randomised, 
comparative trials generally required for regulatory approval. 


Throughout the phase II and phase II] trial programme the compar- 
ative control populations are exposed to a placebo and/or another 
medical intervention (often current standard care). 

New drug applications for regulatory approval are made to 
national or regional agencies such as the Medicines and Health- 
care products Regulatory Agency (MHRA) (UK), the European 
Medicines Agency (EMA) (European Union) and the Food and 
Drug Administration (FDA) (USA) on submission of a detailed 
dossier of requisite information. This includes all preclinical testing, 
data from the phase I-III trials, technical information on drug 
manufacturing processes, proposed labelling, directions for use, 
safety updates, overdose information, additional studies outside of 
the regulatory region, patent information and plans for postmar- 
keting pharmacoviligance (see ‘Drug toxicity and adverse effects’ 
earlier in this chapter). Drugs can be assigned ‘orphan’ status when 
indicated for rare diseases (‘orphan’ diseases) where the feasibility 
of large-scale trials as well as cost (in terms of likely market return) 
will probably be prohibitive. Here regulatory requirements are 
adjusted to encourage industry investment (e.g. early access and 
marketing of drugs prior to the completion of formal approval) 
in order to maintain focus and investment on what are often very 
high-need groups. 


Ethics and trial reporting 

The International Conference on Harmonisation Good Clinical 
Practice (ICH-GCP) guideline has established an internationally 
agreed ethical and scientific quality standard for the design, con- 
duct, recording and reporting of drug intervention trials involving 
human subjects.. This aims to: (i) ensure that the rights, safety and 
well-being of trial subjects are protected, consistent with principles 
that have their origin in the Declaration of Helsinki; (ii) ensure 
that the clinical trial data are credible; and (iii) facilitate mutual 
acceptance of clinical data by the different regulatory authorities. 
All trials conducted on human subjects are mandated to adhere to 
ICH-GCP standards. 

The reporting of trials and trial results has been subject to much 
debate, with concern over lack of transparency and significant 
reporting bias with large tracts of trial data remaining with either 
regulators or unpublished. Collectively, this all contributes to clin- 
icians having an incomplete picture of a drug’s efficacy and safety, 
and thus limits their ability to achieve optimal outcomes. A num- 
ber of strategies have been put in place to improve this situation 
with some evidence for benefit [2]. First, investigators are strongly 
encouraged to register trials on publicly available databases such 
as ClinicalTrials.gov with protocol details, recruitment progress 
and eventually the trial results. This strategy has been strongly 
endorsed by the International Committee of Medical Journal Edi- 
tors who agreed to make this a requirement for journal publication. 
Second, standards have been developed to improve the quality 
of trial reporting by the EQUATOR Network and many journals 
subscribe to adherence to these standards for trial reports submitted 
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for publication. Third, within the biopharmaceutical industry, the 
European Federation of Pharmaceutical Industries and Associations 
(EFPIA) and the Pharmaceutical Research and Manufacturers of 
America (PhRMA), have developed joint ‘Principles for responsi- 
ble clinical trial data sharing’. The EMA, as well as a number of 
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previously unpublished data. 
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Introduction 


Many drugs are designed carefully to avoid interaction with the 
immune system. However, some such as imiquimod are designed 
to induce ‘on-target’ immunological effects through direct induc- 
tion of immune responses via binding of immunostimulatory 
receptors such as TLR7 [1]. ‘Off-target’ induction of an immune 
system-mediated reaction is an adverse immunological reac- 
tion. A hypersensitivity reaction is an adverse immunological 
reaction that involves antigen-specific recognition but does not 
include induction of inflammatory responses via activatory recep- 
tors. Consequently, hypersensitivity reactions are mediated by 
antibodies and T cells and demonstrate immunological mem- 
ory. The cellular machinery of the immune system that may be 
involved in a drug hypersensitivity reaction is the same as that 
involved in immune-mediated host defence against infection. Con- 
sequently, many overlapping clinical, biochemical, molecular and 
immunological features exist between drug hypersensitivity and 
infection. One important difference between the two states is that 
drug hypersensitivity reactions frequently only involve the skin, 
although the precise reasons for cutaneous restriction of inflam- 
mation secondary to a drug that has wide bioavailability remain 
unclear. However, drug hypersensitivity-mediated multiorgan 
involvement must be considered in all reactions. 

The four main types of immune reaction were originally defined 
by Coombs and Gell (Table 14.1) [2] and modified by Pichler 
(Table 14.2) [3]. Hypersensitivity reactions types 1-3 are antibody 
mediated while type 4 processes are mediated by T cells, but there 
are many different overlapping clinical syndromes that can be 
produced. 


IgE-mediated drug hypersensitivity 


Antibodies recognise antigen in the soluble form and do not require 
antigenic processing. Thus, the recognition/binding repertoire of 


antibodies is significantly greater than that of T cells. The role of 
immunoglobulin E (IgE) is convincing and has been demonstrated 
in organ transplants from allergic donors to non-allergic recipi- 
ents, with subsequent confirmation of transfer of drug-specific IgE 
producing B cells and clinical drug allergy [4]. IgE-mediated drug 
reactions including urticaria, angioedema and anaphylaxis are type 
1 hypersensitivity reactions and involve drug-specific IgE bound to 
the high-affinity IgE receptor (FceR1) on the surface of mast cells 
and basophils. IgE binding to a multivalent allergen (drug) induces 
receptor aggregation and leads to cellular activation, followed by 
degranulation and release of inflammatory mediators including 
histamine. The mediators are divided into three groups: (i) those 
that are preformed on granules; (ii) newly synthesised lipid medi- 
ators; and (iii) cytokines and chemokines. In the skin, the release 
of histamine, leukotriene C4 (LTC4), prostaglandin D2 (PGD2) and 
proteases contributes to early vasodilatation and increased vas- 
cular permeability, which induce redness and oedema associated 
with weal and flare (urticaria and sometimes angioedema). The 
effects of histamine and mast cell chymase on smooth muscle in the 
lungs or gastrointestinal tract result in bronchoconstriction (asthma) 
or intestinal cramps and diarrhoea [5]. LTC4 and cytokine release 
induces an eosinophil (interleukin 5 (IL-5)) and neutrophil (IL-8 and 
tumour necrosis factor « (TNF-a)) influx which contributes towards 
a late phase reaction [5]. If the vasodilatory effect is sufficient to 
cause hypotension, anaphylactic shock can follow with cardiac 
decompensation and ultimately death if untreated. 

Whilst histamine can induce all the features of anaphylaxis, it is 
likely that other factors are involved. Good evidence points to an 
early role for platelet-activating factor (PAF) in disease pathogenesis 
[6,7]. PAF is a phospholipid synthesised and secreted by mast cells 
as well as monocytes and macrophages. Its role has been supported 
by injection into humans causing grade 1 anaphylaxis symptoms [8], 
and levels correlate better with severity of anaphylaxis [7]. 

Although drug-specific IgE is identifiable in most cases of 
drug-induced anaphylaxis, it is not detectable in all. These latter are 
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Chapter 14: Adverse Immunological Reactions to Drugs 


Table 14.1 Types of hypersensitivity reaction, mechanisms and clinical correlations. 


Type of hypersensitivity Immune effector mechanisms 
Type 1: immediate or anaphylactic 


Type 2: cytotoxic 


Type 3: immune complex 


tissues 


Type 4: delayed type, T-cell mediated 
cytokines and/or cytotoxic factors 


Adapted from Coombs and Gell 1968 [2]. 
NK, natural killer. 


Table 14.2 Types of type 4 hypersensitivity reaction, mechanisms and clinical 
correlations. 


Inflammation 


Immune mediators characterised by Clinical pattern 


Type 4a Th1/Tc1 cells: IFN-y, T cells, Contact dermatitis, 
TNF-a macrophages tuberculin reaction 
Type 4b Th2 cells: IL-4/-13, IL-5. Eosinophils Maculopapular rash, 
exanthemata with 
eosinophilia 
Type 4c Cytotoxic T/NK/NKT T cells Contact dermatitis, 
cells: granulysin Keratinocyte maculopapular 
perforin, apoptosis rash, drug-induced 
granzyme B exanthemata, 
bullous eruptions 
(SJS/TEN) 
Type 4d T cells: IL-8, CXCL8, Neutrophils Acute generalised 
GM-CSF exanthematous 
pustulosis 


Adapted from Pichler 2007 [3]. 

GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, interferon; IL, 
interleukin; NK, natural killer; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal 
necrolysis; TNF, tumour necrosis factor. 


termed idiopathic anaphylaxis or anaphylactoid reactions. In such 
cases, drug-specific IgG has been identified in numerous cases [9] 
and it has been proposed that activation of neutrophils and other 
FcyR-bearing cells may be implicated in disease pathogenesis, and 
that these cells contribute to the expression of PAF [10]. The role 
of PAF has been proposed for many years, while supporting evi- 
dence has increased and the mechanism has become more widely 
acknowledged; this understanding has increased the interest in PAF 
inhibitors as therapeutic targets. 

The current understanding of the genetic factors driving individ- 
ual susceptibility to type 1 hypersensitivity drug allergy is less well 
understood than that for type 4. The regulation of B-cell IgE produc- 
tion is dependent upon antigen-specific Th2 signalling in the lymph 
node and therefore, to some degree, the two systems are linked. 
Thus despite the disparate clinical phenotypes, the activation of 
drug-specific T cells is critical for type 1 hypersensitivity. In view 
of this, the reported associations between type 1 hypersensitivities 
and human leukocyte antigen (HLA) alleles are surprisingly weak. 


IgE is bound to the surface of mast cells or basophils. Antigen binding causes mast cell 
degranulation and the release of histamine and other mediators 

Antigenic determinants on cell surfaces are targets for antibodies — may be IgG or 
IgM. The antibodies damage cells/tissues by activating complement, or by binding 
to cells through Fcy receptors they activate cytotoxic killing, e.g. by NK cells 

Circulating immune complexes are deposited in vascular beds or on tissue surfaces. 
Complement is activated, neutrophils are attracted and their products damage 


Effector T lymphocytes, which may be CD4+ or CD8+, produce different patterns of 


Clinical manifestations relevant to 
drug hypersensitivity 


Urticaria, asthma, anaphylaxis 


Pemphigus 

Blood cell penias: haemolytic anaemia, 
neutropenia, thrombocytopenia 

Vasculitis — hypersensitivity vasculitis, 
Henoch-Schonlein purpura 


There are many clinical patterns that are 
subcategorised in Table 14.2 


Previous work has associated the risk of IgE-mediated penicillin 
allergy with atopy, IL-13, IL-18, IL-10 promoter, IL-4Ra and FceR1 
polymorphisms [11-16]. Similarly, STAT6 polymorphisms have 
been reported to specifically predispose to penicillin allergy but not 
atopy [17]. Interesting work has recently identified polymorphisms 
in FceR1 associated with non-steroidal anti-inflammatory drug 
(NSAID) hypersensitivity [18]. Although mostly of weak predictive 
value, the association between penicillin allergy and IL-4Ra poly- 
morphisms has been shown to be the most replicated of the genetic 
associations. 

Further insights into the relationship between environmental 
exposures and subsequent IgE allergic responses have been gained 
from studies of populations at risk of tick bites in North America. 
Ticks of the genus Amblyomma are recognised to mainly interact 
with animals but bite humans incidentally. Individuals who have 
suffered a tick bite have shown increased risk of inducing a spe- 
cific IgE against a mammalian epitope (galactose-a-1,3-galactose 
or alpha-gal) which is a blood group substance of non-primate 
mammals. This specific IgE is associated with clinical allergy to 
non-primate meat including beef, pork and lamb, presumably 
through recognition of the animal blood group antigen. However, 
interestingly, the alpha-gal-specific IgE also recognises a structurally 
similar glycosylation site on the anticancer monoclonal antibody 
cetuximab produced in murine cells. This explains why individuals 
who have suffered a tick bite are at increased risk of immediate 
anaphylactic reactions at first exposure to cetuximab [19]. Thus 
environmental sensitisations can be relevant to subsequent allergic 
reactions to drugs. 


Pseudoallergic reactions 


Activation of immune cells independent of unique antigen recog- 
nition, for example by direct binding of drug to a cell surface 
receptor, is termed ‘pseudoallergic’, although this term is most 
commonly applied to non-specific activation of mast cells. In these 
cases, the drug directly induces mast cell degranulation or release 
of inflammatory mediators such as leukotrienes which produce 
clinical syndromes such as urticaria, asthma or anaphylaxis that 
can be indistinguishable from true immunological hypersensi- 
tivities. Until recently, these reactions were thought to be largely 


idiosyncratic. However, recent work identifying the Mas-related 
G protein-coupled receptor member X2 (MRGPRX2) [20] has 
shone a light on previously unexplainable reactions. MRGPRX2 
is expressed on human skin mast cells and binds many different 
drugs including morphine, contrast agents, anaesthetic agents and 
ciprofloxacin, which induces mast cell degranulation and causes 
anaphylaxis. Other areas of interest include other cascades such 
as those triggered by factor XII (FXII) associated with penicillin 
allergy [21]. 


T-cell-mediated drug hypersensitivity 


Drug reactions including acute generalised exanthematous pus- 
tulosis (AGEP), Stevens-Johnson syndrome (SJS), toxic epidermal 
necrolysis (TEN) and drug reaction with eosinophilia and systemic 
symptoms (DRESS) are severe cutaneous adverse reactions to drugs 
which are quite heterogeneous in their presentation [22]. These 
are acknowledged to be dominantly T-cell mediated [23]. This is 
shown by the detection of activated cytotoxic T cells in the skin of 
people with acute reactions and drug-specific T cells in vitro [24,25]. 
T-cell or type IV hypersensitivity reactions are classically referred 
to as ‘delayed type’ because they develop over many hours. How- 
ever, the clinical phenotype is likely to correspond to differences in 
immuno-phenotype, as recently expanded with relevance to drug 
hypersensitivity by Pichler (see Table 14.2) [3]. 


Stevens-Johnson syndrome and toxic epidermal 
necrolysis 

Stevens—Johnson syndrome and TEN form a clinical spectrum char- 
acterised by widespread skin and mucous membrane blistering in 
association with histological evidence of full-thickness epidermal 
necrosis (keratinocyte apoptosis and/or necroptosis). In most cases 
a drug cause is identified although some cases have been identified 
in association with infection, especially with Mycoplasma pneumo- 
niae. Evidence that drug-specific T cells are evident in blisters of 
TEN [26] favours a critical role for a T-cell-mediated pathogenesis. 
This is supported by evidence of immunological memory responses 
(TEN onset is faster on accidental re-exposure to the causative drug 
[27]) and genetic associations with molecular structures critical to 
T-cell activation (strong drug-specific association between certain 
HLA class I alleles and risk of TEN [24]). In addition to classic T cells, 
natural killer (NK) T cells and NK cells have also been implicated 
in SJS/TEN [28]. However, the precise mechanism for keratinocyte 
apoptosis is still not completely understood. 

Fas is a death receptor and its activation initiates an apoptotic sig- 
nalling cascade resulting in cell death. Keratinocytes constitutively 
express Fas receptors and apoptosis can be induced by contact with 
another cell bearing the ligand FasL. Therefore, much attention 
has been given to the observation that keratinocytes themselves 
upregulate surface FasL during TEN [29]. FasL is thought to be 
maintained intracellular in keratinocytes in non-inflammatory 
conditions, to prevent initiation of apoptosis. Following exposure 
to drug-activated T-cell cytokines TNF-a and interferon y (IFN-y), 
keratinocytes induce nitric oxide expression which then signals the 
increased expression of FasL at the surface [30]. FasL can also be 
released in soluble form (sFasL) and high levels have been found 
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in blister fluid [31], but sFasL is thought to be unable to trigger 
apoptosis and so is unlikely to be the primary mediator. Subse- 
quently, higher levels of FasL expression on TEN keratinocytes 
have not been detected by all groups, therefore it remains unclear 
how important this pathway is [32-35]. Furthermore, the initial 
demonstration that intravenous immunoglobulin (IVIg) contained 
blocking anti-Fas antibodies led to the widespread introduction of 
this treatment in TEN [29], but its effectiveness in TEN has since 
been questioned and remains controversial. 

The induction of keratinocyte apoptosis by blister lymphocytes 
from cases of TEN but not controls, and apoptosis mediated by 
blister fluid alone, suggests a key role for a lymphocyte-released 
soluble mediator. Molecular and immunohistochemical evidence 
of lymphocyte (including CD8+, NK and NKT cells) production 
of granulysin is significantly upregulated in TEN [36]. Granulysin 
can initiate cell death by triggering cytolysis and a cascade of 
signalling which dysregulates membrane ion channels, damages 
mitochondria and ultimately initiates apoptosis. Thus, a strong 
case for the role of granulysin has been made in the initiation of 
TEN. Injection of this molecule into the skin induced widespread 
epidermal necrosis in a mouse model [37]. Interestingly, a similar 
clinical and immunological phenotype is recognised in severe cases 
of cutaneous graft-versus-host disease [37]. However, granulysin 
is important beyond TEN because it plays an important role in 
host defence against a variety of cancers [38] and microbes includ- 
ing skin infections such as leprosy [39], which could potentially 
account for infection-triggered SJS/TEN. Therefore, further work to 
understand the regulation expression of granulysin in the skin is of 
central importance to further understanding of this disease. 

Others pathways and altered drug metabolism [40] have also been 
implicated in TEN pathogenesis including CD40/CD40L activation 
[41,42]. Studies of CD8+ cytotoxicity have suggested a role for 
perforin and granzyme in cytotoxic killing of keratinocytes in TEN 
which was inhibited in vitro by inhibition of perforin/granzyme 
but not by anti-Fas antibodies [26,43]. TNF-a has also been found 
at higher levels in TEN blister fluid and skin as compared with 
blistering burns [31,44] and activates apoptotic pathways through 
the death receptor TNF-R1. The only randomised controlled trial 
in the management of TEN was conducted on the basis of TNF-a 
inhibition with thalidomide, but had to be stopped early because of 
increased mortality in the treatment arm [45]. Some authors have 
concluded that this supported a bystander role for TNF-a [31], 
but, of note, levels of the cytokine were not reduced in blisters 
of thalidomide-treated patients. Furthermore, a number of case 
reports have suggested a benefit from monoclonal antibody TNF 
inhibitor therapy in TEN [46-49]. 


Drug reaction with eosinophilia and systemic 
symptoms 

Synonyms of DRESS include drug-induced hypersensitivity syn- 
drome (DIHS) and hypersensitivity syndrome (HSS). In contrast to 
SJS/TEN, both CD4+ and CD8+ T cells are implicated in DRESS 
pathogenesis. In addition, as implied in the name, eosinophil infil- 
trations in affected organs contribute to inflammation [50] and 
are recruited by IL-5 from Th2 polarised CD4+ cells [51]. How- 
ever, the other Th2 cytokines, including IL-4 and IL-13, are also 
important in mediating tissue inflammation [52,53]. Recruitment 


PART 1: FOUNDATIONS 
OF DERMATOLOGY 


PART 1: FOUNDATIONS 
OF DERMATOLOGY 


14.4 


of Th2 cells to tissues is mediated by chemokines including CCL17 
(thymus and activation-regulated chemokine or TARC), and TARC 
levels in DRESS have been found to be higher than in other drug 
hypersensitivity reactions affecting the skin such as SJS/TEN 
or exanthems [54]. As a consequence of this understanding, 
anti-Th2 therapies including mepolizumab (anti-IL-5) [55] and 
Janus-activating kinase (JAK) inhibition have been proposed [53] as 
therapeutic options. 

The cardinal features of DRESS include the rash (an exanthem-like 
eruption often with oedema) and systemic inflammation (includ- 
ing fever, organ dysfunction, haematological abnormalities and 
lymphadenopathy), which are reflected in diagnostic criteria from 
Europe [56] and Japan [57]. The similarity to viral infection is well 
recognised and sometimes difficult to distinguish. The pathogen- 
esis of DRESS is thought to be the prototypical T-cell-mediated 
hypersensitivity reaction as suggested by in vitro demonstration of 
drug-specific T cells [58-60]. 

The association between human herpesvirus (HHV) and drug 
exanthems has been recognised for many years, most commonly 
in the association of an ampicillin-induced exanthem arising in 
80% of those with acute Epstein-Barr virus (EBV) infection versus 
approximately 5% of controls. However, in DRESS, the finding that 
reactivation of long-lived viruses occurs in approximately 75% of 
cases suggests a more complicated pathogenesis than drug-specific 
T cells alone. 

Reactivation of herpesviruses, especially EBV, HHV-6 and 
HHV-7, is a common finding and proposed as an explanation for 
flares in disease despite withdrawal of the culprit drug [61-65]. 
Indeed some authors have suggested that the detection of viral 
reactivation is a useful diagnostic marker of DRESS [66]. 

Although no clear consensus has emerged, several hypotheses 
have been suggested to explain the association between drug and 
virus reactivation. One suggestion is that the Th2 environment 
during DRESS may predispose towards induction of regulatory 
T cells. This impairs host virus control and results in viral reac- 
tivation followed by a surge in anti-viral CD8+ T cells, which 
cause a secondary flare in the skin eruption [67,68]. An alternative 
hypothesis has been derived from work showing that in DRESS a 
large proportion of proliferating CD8+ T cells from the skin, blood 
or other organs are virus-specific, and that causative drugs specifi- 
cally enhanced viral replication and production in patients’ B cells. 
This suggests that the induction of virus replication rather than 
drug-specific immune responses may be the principal pathogenic 
feature of this condition [65]. In accordance with this, T-cell receptor 
(TCR) sequencing has demonstrated a diverse TCR usage in DRESS 
T cells and that HHV-6b DNA was detected at higher levels in 
these cells [53]. Interestingly, in vitro studies of drug-induced T-cell 
activation from a patient with sulfamethoxazole-induced DRESS 
showed evidence that anti-HHV-6 therapies block drug-induced 
proliferation [53], thus suggesting a direct role of viral reactivation 
in DRESS pathogenesis. 


Other types of drug hypersensitivity 

Acute generalised exanthematous pustulosis is a rare type of 
drug hypersensitivity that has not been well characterised at an 
immunological level. As with other delayed drug hypersensitivity 
reactions, drug-specific CD4 and CD8 T cells have been implicated 
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[69-72] and the neutrophil chemoattractant IL-8 is thought to be 
central to manifesting the pustulosis [72]. Although drug-specific 
T-cell production of IL-8 has largely been considered to be the 
source of the cytokine, recent work has suggested that increased 
frequencies of Th17 cells in AGEP and consequent high levels of 
circulating IL-22 may be central to disease pathogenesis by causing 
upregulation of keratinocyte IL-8 production [73]. 

Fixed drug eruptions (FDEs) are incompletely understood, but 
show immunophenotypic similarity to SJS/TEN, with a demon- 
stration that effector memory CD8 T cells predominate early in 
skin lesions [74] and these cells show cytolytic activity against ker- 
atinocytes [75]. An interesting phenomenon is the finding that patch 
test elicitation of an FDE is most likely to be positive in lesional skin 
and not in unaffected skin. Resident memory cells in the skin reside 
in tissue and are non-recirculating and the best characterised show 
a phenotype of CD8+, CD103+ and CD69+ [76,77]. The finding that 
in FDEs T cells share this phenotype neatly explains the reason for 
repeated inflammation at precisely the same skin site in an FDE, 
and also why patch test investigation needs to be undertaken at the 
affected site. 

A variant of FDEs named generalised bullous fixed drug eruption 
(GBFDE) causes widespread epidermal detachment but is reported 
not to progress to TEN [78,79]. GBFDE tends to affect an older 
population but shows a better prognosis than SJS or TEN [80]. 
Individuals with GBFDE tend to show fewer systemic features 
of inflammation with minimal evidence of fever. Additionally, 
the involvement of mucosal surfaces is less. Ocular surfaces are 
generally not affected, but oral and genital surfaces may be affected. 

Type 2 hypersensitivity reactions are mediated by cell surface 
antigens (modified by drugs) which are recognised by antibodies 
(usually IgG). A variety of cell types are recognised targets of 
such hypersensitivity reactions including platelets in drug-induced 
thrombocytopenia; although skin cells can be involved, these are less 
common cutaneous reactions. In some drug-induced type 2 hyper- 
sensitivities the drug is part of the antigen [81], whereas in others, 
such as pemphigus foliaceous, autoantibodies target self-proteins 
and the precise role of the drug is unclear. Type 3 hypersensitivity 
reactions result in IgG—antigen complexes in the circulation. Whilst 
they are relatively low-affinity interactions, adherence to endothe- 
lial surfaces results in complement fixation and accumulation and 
activation of neutrophils. This causes damage to the endothelium 
sufficient to allow extravasation of erythrocytes and the clinical 
syndrome of allergic or hypersensitivity vasculitis with purpuric 
lesions in skin. 


T-cell recognition of drugs 


Activation of the T cell via its receptor (TCR) is constrained by 
the requirement for antigen recognition in the context of the major 
histocompatibility complex (MHC) molecule. Therefore, drugs 
in solution do not activate T cells. Instead, it is necessary for 
drug-specific T-cell activation to arise because of drug modification 
of the MHC-peptide-TCR interaction. Three non-mutually exclu- 
sive models for T-cell interaction with drugs have been proposed 
(Figure 14.1). 
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Figure 14.1 Three proposed models of T-cell recognition of drugs. (a) The hapten/pro-hapten model suggests that drugs or metabolite directly bind self-peptides (sp) in the 
intracellular antigen-processing pathway and result in presentation of the drug—peptide complex at the cell surface in the antigenic groove of the major histocompatibility complex 
(MHC) molecule. The example shown is that of penicillin haptenated to a self-peptide for presentation. (b) The p-i model suggests that the drug can act to stabilise T-cell receptor 
(TCR)-MHC interactions by providing weak non-covalent binding in an antigen-independent manner. (c) Direct binding of the drug in the antigenic groove of the MHC results in 
conformational changes in the groove to facilitate the binding of self-peptides which would ordinarily not be presented by that particular MHC and are therefore recognised as 


non-self. The example shown is that of abacavir (a) binding into the HLA-B*5701 molecule. 


Hapten/pro-hapten model 

The precise reason for a drug hypersensitivity reaction in any 
individual is the product of drug factors and individual factors. 
Drugs with a low molecular weight which would ordinarily be 
too small for direct immune recognition (less than 1000 Da) may 
become ‘haptens’ by binding to a self-protein carrier (haptenation). 
Such haptenated self-proteins are then processed as normal by 
antigen-presenting cells and the hapten-modified carrier protein is 
degraded to peptides that are individually loaded into the molec- 
ular groove of an MHC molecule in the classic way. Evidence for 
this model has been shown recently using a mass spectrometry 
peptidomics approach to analyse every MHC-presented pep- 
tide on the cell surface after keratinocyte exposure to a contact 
allergen. This work confirmed the presence of drug-altered pep- 
tides at the cell surface and demonstrated T-cell-specific immune 
responses in allergic patients targeting these antigens [82]. The 
hapten—peptide-MHC complex is then displayed on the cell sur- 
face and may be recognised by T cells as non-self. The intrinsic 
capacity of drugs to bind self-proteins depends on the formation 
of molecular bonds. Whilst multiple interactions with low-energy 
bonds such as hydrogen bonds may possibly be sufficiently stable 
to survive the antigen-processing pathway, it is thought that stable 
high-energy covalent bonds are most likely to determine the poten- 
tial for neoantigen formation through haptenation. Many native 
drug molecules are not intrinsically protein-reactive, although 


some, including penicillins, cephalosporins and captopril, can bind 
directly to serum or cellular proteins [83,84]. Once the drug—peptide 
complex is presented in the context of MHC class I or IL, the limiting 
factor is the presence of T cells expressing a T-cell receptor with 
sufficient functional avidity to induce T-cell activation. The random 
somatic recombination critical in defining the TCR repertoire in 
humans has been predicted to provide 10’ potential receptors of 
different specificities, yet adult humans are thought to have only 107 
of these in circulation [85,86]. Therefore, it is entirely possible that 
drug sensitivity may also be reflected by whether certain individu- 
als possess T cells with specific receptors for that drug. Pre-clinical 
drug development pathways are now very efficient at screening for 
protein-reactive drugs and these generally do not make it through 
to clinical testing. 

However, inert drugs that are unable to bind self-proteins directly 
may become reactive following metabolism during biodegradation 
and detoxification. For example, after phase 1 metabolism by the 
cytochrome P450 superfamily of enzymes, the potentially reactive 
intermediates are not fully detoxified by phase 2 metabolism. Such 
reactive intermediates are then capable of binding ‘self’ cellular 
proteins which can be processed through the classic antigen- 
presenting cell pathways leading to display of the metabolite— 
protein-MHC complex to T cells. Such drugs are therefore known 
as ‘pro-haptens’. Investigators have attempted to identify carrier 
proteins in this process without much success. However, some 
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studies have implicated CYP450 enzymes, such as drug-induced 
hepatitis from halothane, where the metabolite of halothane, triflu- 
oroacetyl halide, becomes bound to the cytochrome P450 enzyme 
(CYP2E1). This is thought to inhibit the enzyme function and result 
in drug metabolite/CYP2E1 proteolytic degradation and antigen 
formation that can be recognised by antibodies [87,88]. Similarly, 
antibodies targeting CYP450 enzymes have been reported in anti- 
convulsant hypersensitivity reactions [89]. Susceptibility to drug 
hypersensitivity reactions through such a pro-hapten concept may 
be dependent upon altered metabolic pathways as a consequence 
of enzymatic polymorphisms and mutations. However, efforts 
to demonstrate inadequate or defective phase 2 metabolism in 
drug-allergic individuals have been generally unsuccessful. 

As the immune system is intrinsically unable to differentiate 
between a foreign protein from a benign source and one from 
a pathogen, a system to sense ‘danger’ has evolved [90]. This 
signalling is critical to host defence against infection. It has been 
suggested that innate immune activation as a danger signal may 
be critical for the initiation of immune responses against drugs. 
This may provide an explanation for the role of the environment 
in drug hypersensitivity reactions that could explain individual 
susceptibility. Bacterial, viral and fungal molecules provide classic 
danger signals that are sensed by pattern recognition receptors 
resulting in enhanced antigen-presenting cell priming of T-cell 
responses. A possible mechanism for the initiation of drug immune 
responses may be coexistent infection-related danger signals, 
which are inevitably associated during exposure to antibiotics 
and may explain why this class of drugs most frequently cause 
hypersensitivity reactions [91]. 

Interestingly, some drugs have been reported to deliver danger 
signals themselves. One of the likely mechanisms for this is the 
oxidative stress that occurs during drug metabolism. The genera- 
tion of reactive oxygen species depletes intracellular antioxidant 
defences and induces activation of transcription factors including 
activator protein 1 (AP-1) [92], nuclear factor kB (NF-KB) [93,94] 
and nuclear factor erythroid 2-related factor 2 (NRF2) [95,96]. These 
in turn induce innate immune responses resulting in the release 
of cytokines and chemokines. It seems likely that endogenous 
antioxidant reserves and defences may be crucial in determining 
whether a particular drug generates danger signals in an individual 
that can result in an active immune response. 


Pharmacological interaction (p-i) model 

Despite the extensive data to support the hapten and pro-hapten 
concepts, evidence suggests that some drugs are antigenic in their 
native, non-reactive state; some do not require antigen processing; 
and some involve reversible rather than covalent binding for anti- 
gen presentation. These observations are considered to support the 
concept that drugs may facilitate T cell-MHC interaction by exter- 
nally binding the MHC, stabilisation of low-affinity interactions or 
direct TCR binding. The concept that drugs may activate immune 
responses without forming a hapten yet in an HLA-dependent 
manner is known as the ‘pharmacological interaction with immune 
receptors’ (p-i) concept [97]. The p-i concept is therefore also pro- 
cessing and metabolism independent. It has been suggested that 
the T cells involved in p-i reactions may arise from the circulating 
memory T-cell pool [98]. 
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Table 14.3 HLA associations with severe cutaneous adverse reactions caused by drugs. 


Drug HLA allele Studied populations Phenotype OR 

Abacavir B*5701 Australian, European, DRESS 960 
African 

Allopurinol B*5801 Han Chinese, Thai, SJS/TEN/DIHS/ >800 
Japanese, Koreans DRESS/MPE 

Carbamazepine A*3101 Europeans, Japanese, DRESS 9.5 
Koreans, Han Chinese 

Carbamazepine B*1502 Han Chinese, Indians, Thai SJS/TEN >1000 

Carbamazepine B*1511 Japanese, Koreans SJS/TEN 16-18 

Dapsone B*1301 Chinese, Papuans, DRESS 20 
Aboriginals, Japanese 

Lamotrigine B*1502 Chinese SJS/TEN 

Nivirapine C*0401 Thai DRESS 3-7 

Vancomycin A*3201 North American DRESS 


Adapted from Redwood et a/. 2018 [24] and Kaniwar and Saito 2013 [107]. 

DIHS, drug-induced hypersensitivity syndrome; DRESS, drug reaction with eosinophilia 
and systemic symptoms; HLA, human leukocyte antigen; MPE, maculopapular exanthem; 
OR, odds ratio; SJS, StevensJohnson syndrome; TEN, toxic epidermal necrolysis. 


Altered peptide repertoire model 

The association of drug-induced adverse reactions with particular 
HLA phenotypes is increasingly well recognised (Table 14.3). For 
example, in some cohorts, abacavir induces a hypersensitivity 
reaction in HLA-B*5701 individuals with an odds ratio (OR) of 
1945 (95% confidence interval (CI) 110 to 34 352) [99], allopurinol 
in HLA-B*5801 individuals up to OR 580 (95%CI 34 to 9780) [100] 
and in Han Chinese populations carbamazepine hypersensitivity 
is predicted by HLA-B*1502 (OR 1357; 95%CI 193 to 8838) [101]. 
As a result of the discovery of such strong HLA associations, most 
regulatory agencies including those in the USA and UK suggest 
pre-screening for at-risk HLA alleles prior to the initiation of aba- 
cavir and for carbamazepine use in individuals with Chinese or 
Thai ancestry. 

The nature of the interaction between these drug molecules 
and the MHC-associated peptides has recently been further char- 
acterised. Studies using X-ray crystallography data confirmed 
that abacavir non-covalently binds directly into the MHC pep- 
tide binding cleft of HLA-B*5701 during its synthesis [102,103]. 
The abacavir-altered MHC allele is then capable of presenting a 
different repertoire of self-peptides as compared with untreated 
HLA-B*5701. Thus, in the context of abacavir/HLA-B*5701, the 
non-classic self-peptides in this allele represent neoantigens and 
result in a polyclonal T-cell response. It is as yet unclear how many 
other drug—HLA associations reflect a similar mechanism. 


Understanding the clinical phenotype 


Despite the detailed understanding of molecular mechanisms 
involved in adverse immunological reactions to drugs as outlined 
earlier, the link between drug and individual and hypersensi- 
tivity phenotype is still poorly understood. A major clue to the 
complexity of these pathways is derived from understanding 
hypersensitivity reactions to drugs that are very strongly associated 
with risk HLA alleles. However, despite great interest in this area, 
strong associations between HLA alleles and drug-induced severe 


cutaneous adverse reactions are so far limited to a small number 
of drugs (see Table 14.3) and it remains unclear what proportion 
of hypersensitivity reactions will eventually be deemed truly HLA 
dependent. 

The strongest association and best described of these is that of 
abacavir and HLA-B*5701. In those exposed to abacavir, 5% suffer 
clinically diagnosed adverse drug reactions. Of these, approxi- 
mately 50% are HLA-B*5701-positive individuals. Interestingly, as 
has been shown in multiple studies, following a hypersensitivity 
reaction, positive abacavir patch tests arise only in HLA-B*5701- 
positive individuals [104]. Ninety-four per cent of all abacavir 
reactions arise within 6 weeks (median 10-11 days) and have been 
reported up to 318 days after initiation of therapy [105], and death 
can result on rechallenge [106]. Typically, the abacavir hypersen- 
sitivity reaction begins with fever followed by organ involvement 
including the skin. Whilst abacavir hypersensitivity syndrome is 
considered an exemplar of systemic drug hypersensitivity paral- 
leling DRESS, there are some important differences. In contrast 
to classic DRESS, the rash arises in only 66% of cases and is gen- 
erally mild or moderate in severity (urticarial or maculopapular) 
[105,106]. Gastrointestinal symptoms of nausea, vomiting and 
diarrhoea are the next most frequent (approximately 38%) followed 
by respiratory involvement [105]; hypotension is a common finding. 
Investigations show that eosinophilia is not common and deranged 
liver biochemistry, renal function and haematological abnormalities 
arise in 5~9% [105]. Thus, there are clear and important differences 
between abacavir hypersensitivity and our current understanding 
of DRESS, which suggests that the dominant skin phenotype of 
DRESS may be a distinct subset of T-cell-mediated drug hypersen- 
sitivity reactions. Furthermore, of HLA-B*5701 positive individuals, 
only 61% demonstrated hypersensitivity reactions on exposure 
to the drug for 6 weeks [104] and some individuals tolerant of 
abacavir are HLA-B*5701 positive. These observations suggest 
that there is an additional layer of complexity to the induction of 
classic drug hypersensitivity phenotypes beyond HLA-restricted 
immunological responses. 

Carbamazepine hypersensitivity has also been closely studied and 
as described previously shows a strong association to HLA-B*1502 
in Han Chinese populations. However, despite the well-recognised 
potential for carbamazepine induction of other types of hypersen- 
sitivity reaction, in the context of HLA-B*1502 association is only 
seen with SJS/TEN and not with exanthems or DRESS [101]. This 
could suggest that HLA associations are determinant of the T-cell 
phenotype and thus clinical reaction pattern. However, this theory 
is challenged by the simultaneous association of HLA-A*3101 with 
carbamazepine-induced SJS/TEN, DRESS and drug exanthems 
[107]. Similarly allopurinol-associated HLA-B*5801 is associated 
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with both SJS/TEN and DRESS [107]. Furthermore, aligning the 
strong HLA genetic associations against the data to suggest a role 
for viral reactivation in DRESS makes a confusing and incompletely 
understood picture. Thus it seems that although in some circum- 
stances the exposure of an individual with a specific HLA allele to a 
drug is necessary to induce a restricted clinical phenotype, this is not 
sufficient by itself to determine the type of clinical reaction in many 
cases. It is possible that as yet undefined haploinsufficiencies with 
the HLA alleles could explain the phenotype. Indeed, although not 
yet replicated, an early report of the association between abacavir 
and HLA-B*5701 showed co-segregation with a heat shock protein 
(Hsp70-Hom) variant, suggesting a role for Hsp70 in mediating the 
hypersensitivity response [108]. 


Conclusions 


In conclusion, hypersensitivity reactions to drugs are common 
and the clinical presentations are diverse. Although the hap- 
ten hypothesis has dominated understanding of T-cell-mediated 
hypersensitivity pathogenesis over the last 20 years, recent work 
identifying direct interaction between the drug and host immune 
receptors suggests the exciting possibility that it will be possible to 
predict many adverse cutaneous immunological reactions to drugs 
based upon HLA testing. 
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Introduction 


Psychological factors such as stress, coping and personality play 
a pivotal role in health and illness. Living with a long-term skin 
condition can be life altering or even life ruining [1]. Skin conditions 
cause visible difference and can lead to stigmatisation [2-4], low 
self-esteem, negative body image [5-7], distress [8,9] and adoption 
of unhelpful coping behaviours [10,11]. Stress and distress may 
affect treatment outcomes [12], trigger flares of skin disease [12,13] 
and affect adherence [14], suggesting a need to address the psycho- 
logical as well as physical needs of patients. Clinicians working in 
dermatology are well placed to identify patients in need of psycho- 
logical support [15]. Recognising the individual needs and beliefs 
of patients enables a holistic approach to care. In this chapter we 
aim to provide an overview of challenges posed by living with a 
long-term skin condition, discuss the need for a holistic approach to 
care and describe some key consultation skills useful in busy clinics. 


The psychological and social impact 
of long-term dermatological conditions 


Appearance and society 
The appearance of skin is fundamental to the evaluation of attrac- 
tiveness. Smooth, unblemished skin is associated with youth, 
health and fertility — attributes likely to confer an evolutionary 
advantage and valued across cultures for centuries [16]. Today, 
social media and the use of ‘beauty filters’ on photographs add to 
pressure to conform to a narrow, unrealistic image of beauty. 
Beauty is commonly (and wrongly) associated with positive 
character traits such as honesty, kindness and intelligence. This 


bias, termed the ‘halo effect’, leads to attractive people being treated 
favourably, receiving greater rewards and less punishment than 
less attractive people [17]. Conversely, visibly different faces trigger 
decreased activity in areas of the brain associated with empathy and 
understanding [18] and increased activity in areas associated with 
disgust [19]. Filmmakers exploit this phenomenon by using visible 
difference, often in the form of a skin condition, to dehumanise 
villains [20], adding to prejudice associated with skin conditions. 


Body image, self-esteem and social inclusion 

Body image is a key concept in dermatology. Body image refers 
to an internalised view of appearance, it refers to how we think 
others perceive us [16] and is developed through seeing our own 
image and from feedback from others. Negative body image is an 
obstacle to forming and sustaining relationships and can lead to 
low self-esteem. 

Self-esteem represents a sense of worth and value. Low self-esteem 
is associated with feelings of shame, inferiority and worthlessness, 
leading to self-disgust, avoidance behaviours and social isolation. 

Social inclusion is a fundamental evolutionary need, generating 
a powerful drive for acceptance and inclusion. The experience 
of being socially excluded causes considerable hurt [21,22], lead- 
ing dermatology patients to conceal their skin disease and avoid 
situations that may result in rejection. 


The relationship between emotion, behaviour 

and beliefs 

Aaron T. Beck pioneered cognitive behavioural therapy (CBT). His 
‘cognitive model’ [23] describes beliefs, behaviours, and emotions 
as being linked. For example, if someone believes a medication 
will not be effective or side effects to be dangerous they might feel 
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anxious or fearful of taking the medication and the resulting 
behaviour may be non-adherence. 

Beck’s cognitive model is relevant to understanding and man- 
aging patients with skin conditions. Observing beliefs, behaviours 
and emotional reactions gives an indication of possible underly- 
ing issues of coping and adjustment. Importantly, behaviours or 
emotions are all amenable to change. Professionals working in 
dermatology have a unique opportunity to enable their patients 
to develop constructive attitudes and beliefs about their skin con- 
dition. Education and therapeutic recommendations can change 
unproductive coping strategies and reduce emotional distress. 


Emotions 

Long-term skin conditions are associated with high rates of dis- 
tress [9]. Psychological distress is defined as a state of emotional 
discomfort connected with burdens and demands that are diffi- 
cult to cope with. In dermatology patients, distress is typically 
manifested by the emotions of stress, anxiety, depression and/or 
anger. 

Anxiety is the feeling when worried, tense or afraid, particularly 
about future events, and is characterised by persistent, excessive 
worries that do not go away even without an external trigger. 
Anxiety evolved from a need to escape danger — the ‘flight, fright, 
freeze’ response and becomes a mental health problem when it 
impacts on the ability to live life fully. 

Depression is a mood disorder characterised by a persistent feeling 
of sadness and loss of interest. A key symptom is anhedonia — an 
inability to feel pleasure in normally pleasurable activities. 

Anger is an intense emotional state associated with poor psycho- 
logical adjustment [24] and feelings of rejection [25] and can be a 
sign of underlying anxiety or depression [26]. Evolutionarily, anger 
is an empowering emotion providing energy and drive for change, 
so in a clinic situation understanding the grounds for anger can be 
enlightening and benefit both patient and clinician. 

Shame is a strong, all encompassing, self-conscious emotion asso- 
ciated with powerful feelings of humiliation and worthlessness. It is 
a consequence of negative evaluation (either by oneself or others) 
in relation to what is perceived as normal or expected in society. 
Shame plays a major role in psychological problems or disorders 
such as anxiety, depression, obsessive-compulsive and eating dis- 
orders, risky behaviours and addictions [27]. 

Psychological stress occurs when events exceed an individual’s 
perceived ability to cope [28] and has been linked to the develop- 
ment or evolution of several long-term skin conditions including 
acne [29], vitiligo [30], alopecia areata [31], chronic urticaria [32] 
and psoriasis [33]. Symptoms can be psychological and physical 
including irritability, anger, fatigue and difficulty sleeping. Stress 
and anxiety have similar symptoms but stress resolves with the 
absence of a trigger. 

The physiological response to stress acts via three main pathways: 
(i) the release of nerve-related factors from peripheral sensory 
nerves, (ii) the hypothalamic—pituitary—adrenal (HPA) axis and 
(iii) the sympathetic nervous system (SNS) [34]. 

The ‘brain-skin axis’ is a concept used to describe the interaction 
between the psyche, the immune system and cutaneous inflamma- 
tion [12]. The brain and the skin share an embryological origin and 
are intrinsically linked; the skin has a fully functional peripheral 
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HPA axis equivalent to the brain stress axis [35] and most immune 
cells in the skin express receptors for stress-related mediators [36]. 
Hence, the skin responds to psychological stress [37,38] and the rela- 
tionship appears bidirectional with peripheral inflammation associ- 
ated with changes in the brain observed with depression [39] and 
stress [40]. 

Skin function is affected by stress. Delayed wound healing is 
observed in people in hostile relationships [41] and during exam 
stress [42], but can be improved with positive lifestyle behaviours 
such as regular exercise [43]. Skin barrier function is disrupted 
during periods of stress [44] and enhanced by having a positive 
affect (optimistic personality) [45]. 


Behaviour 

Behaviour is an individual’s activity in response to external or inter- 
nal stimuli. Behaviours are linked with (or guided by) emotions 
and beliefs and provide insight into patients’ thoughts and/or feel- 
ings. Recognition of unhelpful behaviours facilitates introduction 
of helpful coping and adjustment strategies. 

People living with long-term skin conditions may develop com- 
plex avoidant strategies. Social avoidance, abstaining from activities 
that expose the skin, concealment of skin with clothing, excessive 
alcohol/drug intake etc. are all methods to protect from rejection 
or humiliation [2,46]. Forming relationships, seeking intimacy 
and sexual interactions are avoided due to insecurities about 
appearance and desirability. Compensatory behaviours, to manage 
distress, may involve overeating [46], obsessive skin checking, 
hair-pulling and elaborate personal hygiene regimens. 

In an ideal world all patients would take their medications as 
they are prescribed, but patients’ behaviour varies. Medication 
adherence is defined as the ‘extent to which the patients’ behaviour 
matches agreed recommendations from the prescriber’ [47]. Non- 
adherence is an avoidable cause of treatment failure, increased use 
of healthcare services and unnecessary escalation of treatment. 

Intentional non-adherence describes a deliberate decision not 
to take or alter the regimen of their prescribed medication. 
Patients’ beliefs about their condition, their need for medication 
and potential side effects [48] are common drivers of intentional 
non-adherence. Beliefs, however, are modifiable [49] and explo- 
ration of patients’ medication beliefs [50] can improve intentional 
non-adherence. 

Unintentional non-adherence, such as forgetting a medication, is 
influenced by strength of routine or habit [50] and low mood [14] in 
long-term conditions. Habit-based interventions can be effective. 

General strategies to improve treatment adherence are using 
shared decision-making skills [51] (as recommended by NICE [52] 
and the GMC [53]), simplifying treatment regimens, empow- 
ering patients to take responsibility for their treatment, raising 
awareness of poor adherence and helping patients build a solid 
medication-taking habit [54,55]. 


Beliefs 

Beliefs are fundamentally linked to emotions and behaviour [23] 
and provide an insight and explanation for patients’ feelings 
and behaviours. Beliefs concerning the causes of a skin condition, 
exacerbating factors and treatments are particularly relevant to 
adherence. 


‘The psychological and social impact of long-term dermatological conditions 


Beliefs, behaviours and emotions are all influenced by personal- 
ity. Personality traits develop early and persist over a lifetime [56]. 
Personality is a substantial factor in explaining the variability in 
psychological and emotional response (adjustment) to living with 
a skin condition. Adjustment is predicted by individual perception 
and interpretation of experiences, rather than disease severity. 
For example, an individual’s response to rejection depends on the 
interpretation of motives behind the rejection. Two key personality 
traits are optimism and alexithymia. 

Optimism is crucial in adjustment to long-term health condi- 
tions including psoriasis [57] and vitiligo [58]. Optimism confers 
resilience, protects against mental health issues and is associated 
with better socioeconomic status and social integration [59]. Opti- 
mism can be developed using CBT techniques [59], which have 
been used in long-term skin conditions [60]. 

Alexithymia is a personality trait associated with difficulty in 
identifying, describing and communicating emotions. A high 
prevalence of alexithymia has been identified in patients with 
hidradenitis suppurativa [61], urticaria [62] psoriasis [63], alopecia 
areata [64], and vitiligo [65]. Alexithymia is related to unhelpful 
coping strategies such as unhealthy eating and alcohol/drug use 
and anxiety and depression in dermatology patients [66]. People 
with alexithymia have fewer close relationships, fewer social skills 
and less social support, with consequent adverse impact on health 
and well-being [67]. In a clinic situation, patients with alexithymia 
will have difficulty answering the question ‘How do you feel?’ yet 
can recount trivial life events in detail. 

Identifying people with alexithymia is important, as their dis- 
tress is often not readily apparent, yet they may benefit most from 
effective treatment. Sampogna et al. [68] found effective treatment 
of psoriasis also reduced levels of alexithymia. Participants who 
were alexithymic at baseline experienced the largest improvement 
in anxiety, depression and Dermatology Life Quality Index (DLQI) 
and (perhaps) consequent reduction in alcohol consumption. 


Cumulative life course impairment 

Cumulative life course impairment (CLCI) describes the impact 
of a long-term health condition over time. This contrasts with 
the cross-sectional analysis provided by the DLOI. The lifetime 
consequences (life course impairment) of living with a long-term 
skin condition can be physical, psychological, social and/or eco- 
nomic [69]. A key concept in life course impairment is accumulation 
of risk — over time the risk of significant life impairment increases 
with ongoing or repeated episodes of skin disease. Identifying peo- 
ple at risk early in the course of their skin condition may prevent 
life impairment. 

Life impairment is not only dependent on the nature and severity 
of a skin condition — protective factors such as resilience, person- 
ality, social support and positive coping skills play a role [69]. 
Other considerations are stigmatisation, mood, coexistent health 
conditions and age. 


Childhood and adolescence 

During early infancy until 3 years of age, self-image is shaped by 
attachment with caregivers [70]. Attachment is, in turn, affected 
by the emotions of carers towards their child. Relationships with 
peers become important from 2 to 10 years of age [70] and, by 7 
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years, children recognise visual differences between themselves 
and peers, which can influence self-esteem and bullying may be 
encountered. 

Entering teenage years, children generally have lower self-esteem 
and are more pessimistic and self-critical, which can affect moti- 
vation, confidence and resilience. Adolescents become more self- 
conscious and experience pressure to fit in [16] and visible difference 
can be an easy target for bullies. Skin conditions can lead to missing 
out on sporting and social activities and education. 

Adolescence is a time when young people formulate ambitions 
and make key decisions about their future. Given the right support, 
they can build resilience and helpful coping strategies to enable 
them to achieve their aspirations. It is, however, also a time when 
unhelpful coping strategies and lifelong mental health burdens may 
develop. Early psychological intervention in children can prevent 
escalation of problems and have major societal benefits [71]. 

Having a child with a skin condition presents a considerable bur- 
den to families [72]. Treatments take up time and detract from other 
family members, loss of sleep can affect the whole family, differing 
opinions as to how the condition should be managed may lead to 
conflict and the skin condition may restrict family activities [73]. 


Adulthood 

Early adulthood is a period of completing education, starting careers 
and forming relationships. There is a relatively short period, par- 
ticularly for women, when childbearing is possible and optimal. 
Compatibility of treatment strategies with family planning needs to 
be considered and discussed with both men and women. Planning 
ahead, regularly discussing family planning and responding to 
changing needs is key to management during this period. 

Middle age brings challenges and opportunities. Medications can 
be changed if childbearing is no longer an issue. Attendance at hos- 
pital may be easier after retirement or other health issues may start 
to be a problem. It is a time of change, which can be reflected in 
management plans. 

Older age brings medical and physical complexity. For some 
individuals there may be a change of importance, with less concern 
about appearance and more emphasis on safety and independence. 
For others this may not be the case. Beliefs are individual and 
require individual exploration. 


Psychological factors relevant to specific skin 
conditions 

Not only does each individual patient have a unique experience of, 
and response to, living with a skin condition, individual skin condi- 
tions present a varied array of challenges to patients. 


Acne 

Although acne is often seen as a teenage issue, it can have a pro- 
tracted course and be resistant to treatment [74]. Acne is associated 
with low attachment to friends, not thriving at school, never having 
romantic relationships and never having sexual intercourse [75,76]. 
Acne itself appears to be a risk factor for suicide, with attempted 
suicide progressively escalating in the years prior to isotretinoin 
medication [76]. There have also been suggested links between 
isotretinoin and mental health issues [77-79]. Scarring, as a conse- 
quence of untreated acne, can also have an enduring psychological 
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and social impact. Ultimately both acne and depression require 
effective treatment. 


Atopic dermatitis 

Childhood eczema has a considerable impact on both the child and 
their family [3,80,81]. The impairment in quality of life for children 
with eczema is equivalent to that found in children with cystic fibro- 
sis and renal disease [82] and the effect on education and socialisa- 
tion can lead to difficulties in adulthood [83]. 

Atopic dermatitis in adulthood is associated with anxiety, depres- 
sion, sleep disorders, work absenteeism, activity impairment [84] 
and significantly higher levels of suicidal ideation [85]. It can be 
triggered or exacerbated by stress [86] and also causes consider- 
able stress [87]. Career choice is important in patients with atopic 
dermatitis, further influencing life course [88,89]. 

Atopic eczema is a risk factor for hand eczema. Severe occupa- 
tional hand eczema can lead to job loss and in one study almost a 
quarter of people with severe hand eczema had lost their job within 
the last year [90] and in another hand eczema was mostly within 
service occupations such as hairdressing [91]. 


Urticaria 

There are multiple reports of a relationship between stress and 
urticaria and adrenergic urticaria invariably follows acute stressful 
events [92]. An additional difficult factor for patients with chronic 
urticaria is that for 80-90% a specific trigger cannot be identified, 
which can lead to extensive lifestyle restrictions [93]. Pruritus 
causes sleep deprivation, negatively affecting work, social life and 
mood [94]. 


Hidradenitis suppurativa 

Hidradenitis suppurativa (HS) has profound consequences for 
patients [95] with symptoms including pain, fatigue, malodour, 
exudate and scarring and affects body sites important in intimate 
and sexual relationships. Diagnosis is often delayed by many years, 
treatments are incompletely effective and the course of the disease 
is unpredictable and protracted. Unsurprisingly the condition has 
a profound effect on the emotional, social, working and economic 
lives of patients and is associated with significant psychological 
morbidity [96] and a greater than twice the risk of completed 
suicide [97]. 


Psoriasis 

Many studies have described the potentially life-ruining impact of 
psoriasis, including social, emotional, economic and sexual aspects 
[69]. Much has been written about the link between stress and 
psoriasis, with emotional stressors preceding the onset of psoriasis 
[33] and triggering flares [98,99]. Yet, despite the availability of 
effective treatment for many patients, there is considerable delay 
to receiving effective treatment [100], high treatment dissatisfaction 
and ‘doctor shopping’ remains. Patients feel others (including clini- 
cians) do not understand their lived experience and the ‘incurable’ 
nature of psoriasis is frequently interpreted as there are no effec- 
tive treatments [101]. Psychological and social interventions have 
been shown to improve outcomes for patients living with psoriasis 
[102-104] but are not readily available. 
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Vitiligo 

Stressful events have been associated with the onset of vitiligo [105], 
but this is not consistent [106]. Vitiligo is associated with high levels 
of alexithymia and lower social support and higher attachment- 
related problems than controls [58]. Depending on the background 
skin colour, it can be very visible and frequently affects high impact 
sites such as the hands and face. In some communities, vitiligo can 
carry considerable stigmatisation and attract discrimination, being 
associated with leprosy and a reason for divorce [107]. The psycho- 
logical burden of vitiligo [108] is exacerbated by a lack of effective 
treatment, unpredictable prognosis and individual perception of 
disease severity [109]. CBT benefits coping with the condition and 
may have a beneficial effect on disease progression [110]. 


Hair loss 

Hair possesses great psychological and social importance. Conse- 
quently, hair loss is a major source of distress. The psychological and 
social effects of hair loss are more profound than the biological sig- 
nificance of losing hair [111]. Stress has been linked causally with 
some forms of hair loss — telogen effluvium [112], alopecia areata 
[113] and female and male pattern alopecia [114,115] are all reported 
to be caused or exacerbated by stress. Alopecia areata is associated 
with higher rates of psychiatric disorder [116,117]. A corollary of 
this is that psychological intervention and coping strategies may be 
helpful in the management of people with hair loss, particularly as 
medical interventions tend to be incompletely effective. 


Skin cancer 

Cancer, including skin cancer, is increasingly becoming a long-term 
condition. Although most skin cancers have a low mortality risk, 
almost all patients with skin cancer experience some worry [118] 
and the potential for recurrence or further spread can cause distress 
[119]. Protective factors for melanoma-associated worry are being 
male with a partner (as opposed to female with a partner), increas- 
ing age, lower stage of melanoma (IB-IIC), being in employment 
and receiving emotional support from health care workers [119]. 
A mindfulness-based intervention [120] reduced fear of melanoma 
recurrence and a telephone administered psycho-educational inter- 
vention was ‘beneficial’ [121]. Understanding patients’ concerns 
about skin cancer is key to alleviating unnecessary worry and 
providing support where appropriate. 


Principles of holistic management of skin 
disease 


Holistic care is an approach in which the whole person (physical, 
psychological, social and spiritual) is considered in management 
decisions, as opposed to focusing on diagnosis and treatment. 


Physical considerations 

Accurate diagnosis and effective treatment (if possible) are clearly 
fundamental to the management of patients with skin conditions. 
In the treatment of psoriasis, achieving completely clear or almost 
clear skin (Psoriasis Area and Severity Index (PASI) 90-100) is asso- 
ciated with a significantly greater proportion of patients reporting 
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Table 15.1 Psychological care: a stepped approach. See end of chapter for online resources. 


Level of care Facilitators Access Examples 

Level 0 Self-help Patient Signposting Patient support websites 

Dermatology clinicians Self access Patient organisations 
Self-referral Professional associations 

Level 1 Primary care Psychological well-being practitioners Self-referral Community mental health services 
Psychologists Referral by GP Online mental health services 

Level 2 Secondary care Dermatology clinicians Referral by dermatology clinician Multidisciplinary meetings with dermatology 
Psychologist clinicians, psychologists and psychiatrists 
Liaison Psychiatrist 

Level 3 Tertiary care Specialist Dermatologist, Dermatology Referral to (usually) regional clinic by Dedicated psychodermatology clinic 


and/or Psychiatric Nurse 
Specialist Psychiatrist 


dermatology clinician 


Specialist Psychologist 


their quality of life not being affected (DLQI 0/1) by psoriasis, than 
those with a 75% (PASI 75-89) improvement [122]. 

Lifestyle interventions, such as weight reduction, can be beneficial 
in long-term conditions such as hidradenitis suppurativa and pso- 
riasis, which are associated with obesity, smoking and/or excessive 
alcohol [123,124]. 

Maintaining a healthy weight, a healthy diet and regular exercise 
will clearly have a beneficial impact on health and well-being for all 
patients. Addressing unhelpful coping strategies such as smoking 
and alcohol excess offers potential benefit. 

A pragmatic, time sensitive and responsible approach to lifestyle 
issues is to identify patients at need of intervention and to sen- 
sitively signpost towards available support from allied services. 
Motivational interview techniques can be readily learned and 
practised by clinicians [125]. 


Psychological considerations 

Most psychological difficulties affecting dermatology patients 
relate to the impact of living with a long-term condition that is 
often incurable, unpredictable, appearance-altering and stigmatis- 
ing [126]. Stress, either resulting from the skin condition or as an 
exacerbating factor, is an issue for many. 

Identifying patients in need of psychological support is the first step to 
improving mental health. Dermatology clinicians are often the only 
health care professionals who regularly see patients with long-term 
skin conditions and are therefore ideally placed to identify those 
who may benefit from psychological input. 

Questionnaires such as the Hospital Anxiety Depression Scale 
(HADS) [127], Generalised Anxiety Disorder Assessment (GAD-7) 
[128] and Patient Health Questionnaire (PHQ-9) [129] are useful 
screening tools for anxiety and depression. 

A yes’ response to one of the two questions below has high speci- 
ficity but low sensitivity for depression [130]. 

1 ‘During the past month have you often been bothered by feeling 
down, depressed, or hopeless?’ 

2 ‘During the past month have you often been bothered by little 
interest or pleasure in doing things?’ 

The DLQI [131] is a measure of quality of life, not distress. 

Questionnaires should be used in conjunction with careful ques- 
tioning and insightful observation of behaviour as a means of iden- 
tifying patients in need of support. 


The importance of identifying patients experiencing stress 
and/or distress is that mood directly affects effective management 
of the skin condition. Examples include: 
¢ Worry is a major determinant of outcome for people with psoria- 

sis treated with photochemotherapy [12]. 

e Depression affects adherence [14]. 
¢ Stress is a trigger or exacerbating factor of several long-term skin 

conditions [29-33,132]. 

Psychological and educational interventions as an adjunct to 
standard medical treatment are shown to improve both physical 
and psychological well-being in dermatology patients [60]. 

A stepped approach for psychological care of people with skin con- 
ditions is recommended [133] [1] (Table 15.1) and is manageable 
for all dermatology clinicians. Simple skills, such as active listen- 
ing, demonstrating professional curiosity, optimism and effective 
signposting, can fulfil the needs of most patients. 

Where there is a moderately severe psychiatric disorder it may be 
necessary to refer the patient to allied services such as psychology, 
psychiatry or their family practitioner for further support. 


Social considerations 

People living with skin conditions frequently experience discrim- 
ination, stigmatisation and social isolation [134,135]. Social rela- 
tionships are robust predictors of physical health outcomes. Social 
support is linked to better adjustment to conditions including psori- 
asis [136] and vitiligo [106] and lower levels of inflammation [137]. 
Belonging to a social network and perceptions of support are 
protective for mental health, well-being and adjustment to health 
conditions that affect appearance [138] and a reduction in mor- 
tality rate comparable to not smoking and undertaking physical 
activity. 

Being aware of an individual patient’s support network is an 
important part of a holistic approach to care. Signposting to local 
patient groups (if available) and patient organisations and online 
support groups [139] can be beneficial. 


Spiritual considerations 

An individual’s spirituality extends beyond religious or cultural 
beliefs — it refers to the essence of what is fundamentally important 
to a person. Individual beliefs and attitudes towards factors relating 
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Table 15.2 Key skills to use in busy clinics in order to facilitate patient-centred, holistic care. 


Skill 


What is this? 


How to... 


Tips 


Active listening 


Making a conscious effort to hear a patient and 
understand the complete message being 


Ask open questions 
Adopt behaviours that indicate listening 


Don't interrupt — most patients will speak for 
<2 minutes 


communicated 

Demonstrating interest Showing professional curiosity, exploring further 
what the patient has said 

Providing optimism The importance of providing optimism cannot be 
overestimated 

Optimism gives cause to continue — the opposite of 
hopelessness 

Feeling someone's distress and being motivated to 
relieve their pain 


Demonstrating compassion 


Signposting Directing patients to sources of support and 


information 


Empowering patients to take ownership of their care 
and actively engage in shared decision-making 
processes 


to health are at the core of a holistic approach to care. For example, 
a Muslim patient may feel very strongly that they do not wish 
to take oral medication during Ramadan, when another may feel 
totally comfortable doing so. 


Effective communication 

Effective communication is key to the successful management of 
patients with long-term conditions [140]. Dermatology patients, 
however, report a lack of understanding of their experience, minimi- 
sation of their concerns and lack of timely individualised treatment. 
They want clinicians to demonstrate an appreciation of their suf- 
fering, provide hope of disease control, listen, show compassion 
and give patient-centred, individualised recommendations and 
information using simple to understand language [101,141,142]. 
There are some important principles that are fundamental to 
effective communication. 

Preserving dignity is crucial for dermatology patients who fre- 
quently feel shame, embarrassment and anxiety, particularly 
around physical examination. Ensuring patients feel safe, asking 
permission to examine and explaining in advance what will happen 
are key to preserving dignity. 

Privacy is essential for communication of private information. 
Patients may feel uncomfortable speaking openly in the presence 
of other people, such as students and visiting clinicians. Seeking 
permission for their attendance is usually routine. 

Honesty is fundamental to effective communication. Mutual trust 
is needed for effective communication and honesty, and respect 
facilitates collaboration. 

Clinicians will need to make allowance for distress. Demanding, 
challenging, unreasonable or difficult behaviours can result from 
patients being fearful, anxious, angry or ashamed of their skin 
condition. Curiosity regarding the origin of the behaviour is often a 
fruitful and pacifying endeavour. 


‘How’, ‘When’, ‘What’, ‘Where’ are all 


Focus on the possible, give hope and 


Showing empathy, acting appropriately to 


Providing management aligned to the 


Education and support can be in several 


and attention Paraphrase and reflect back to the patient 
your understanding of what has been said 

Be authentic and use a conversational style 

good words to start ‘demonstrating 

interest’ questions 

Even when no treatment is available, hope of 
support and improved coping skills can be 


beneficial and appreciated 


dispel unreasonable fears 


Highly relevant to dermatology where levels 
of distress may not be linked to disease 
severity [1] 


what has been heard 


needs of the patient 

Dermatology clinicians cannot, and need 
not, solve every problem presented. 
Signposting is often sufficient 


forms — directly from the clinician, or 
via sources of reliable 

information, patient organisations and 
patient decision aids if available [2] 


Key practical skills for use in busy clinics 

Active listening, demonstrating interest and compassion, providing opti- 

mism and signposting are all easily assimilated skills that are 

practical to use in busy clinics and essential to the provision of 

patient-centred, holistic care (Table 15.2). 

Shared decision making is a move away from ‘the doctor knows 
best’ paradigm to clinicians working in partnership with patients 
to manage their health. It is ‘a process in which clinicians and 
patients work together to select tests, treatments, management 
or support packages, based on clinical evidence and the patient’s 
informed preferences’ [143]. Shared decision making involves both 
provision of information and assessment of what patients need to 
make a decision. 

The process of shared decision making involves three steps 
[144] (see Figure 15.1): 

1 Team talk - information is shared between clinician and patient. 
The patient (the expert on themselves and their condition) pro- 
vides information on their experience of their illness, social 
circumstances, attitude to risk, values and preferences. This pro- 
cess involves the clinician demonstrating active listening skills, 
professional curiosity and compassion. The clinician provides 
information on the diagnosis, disease aetiology, prognosis, treat- 
ment options and outcome probabilities. Effective signposting is 
key to this process. 

2 Option talk — involves discussing treatment options available once 
patient factors and disease factors have been considered. This 
may involve discussing two or three options only, including not 
treating a condition. Discussion will include risk and potential 
outcomes. Decision aids can be helpful at this stage. 

3 Decision Talk —- making preference-based decisions with the 
patient including practicalities of implementation. Agreeing 
management goals, including those of self-care, is part of this 
process. 
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Team Talk Option Talk 


Patient 


Experience of 
living with illness 


Clinician 


Diagnosis 


Decision Talk 


Decision 


Together Commitment 


Practicalities of 
enacting plans 


Discuss relevant 
treatment options 


Agree shared 
decision 


Disease aetiology 


Social 
circumstances 


Values and 


Figure 15.1 Shared decision making. Adapted from preferences 


Elwyn et al. 2017 [144]. 


Conclusion 


Living with a long-term skin condition can be life altering or even 
life ruining. No two patients with the same condition present in 
the same way or have the same experience. Skin conditions are 
typically visible to others, and patients often encounter stigma 
as part of their journey. Effective management of people living 
with long-term skin conditions involves a holistic approach. An 
approach that extends beyond diagnosis and treatment [15] and 
includes the physical, psychological, social and spiritual aspects of 
care. Understanding patients’ beliefs and needs and empowering 
them to be active participants in their management through shared 
decision making leads to improved physical and psychological 
outcomes. Recognising and involving the person behind the skin 
condition is enriching and beneficial for both patients and clinicians. 


Resources 


Dermatology information sites 

www.bad.org.uk. The British Association of Dermatologists website. 
www.dermnetnz.org. This is a New Zealand-based website. 
www.aad.org/dermatology-a-to-z. American Academy of Dermatology website 


Patient support sites 

The British Association of Dermatologists provides details of support groups for a 
wide range of skin conditions: https: / /www.bad.org.uk/patient-support-groups. 

http://www.skinsupport.org.uk/ provides information to support people in psycho- 
logical distress due to skin conditions (last accessed March 2022). 
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Measurement of skin disease severity 


Why measure skin disease severity? 

When general physicians manage chronic disease, they have long 
used reproducible measurements such as blood pressure, glyco- 
sylated haemoglobin or forced expiratory volume to follow their 
patients’ progress. In contrast, dermatologists have only recently 
embraced methods of recording the course of their patients’ chronic 
diseases. Skin disease is so visible that the drive to develop methods 
for assessing its activity has been slow [1]. Dermatologists still 
continue to record the success of their interventions using imprecise 
terms such as ‘nearly clear’, ‘a bit better’, ‘slightly improved’, ‘sta- 
ble’, ‘worse’ or ‘flaring’. If a new therapy has been started, they may 
be biased to record ‘slightly better’ rather than ‘no change’. Wishful 
thinking of this kind is understandable but may lead to delays in 
changing to more effective therapy. 

Even where dermatologists are able to keep patients requiring 
long-term review under their sole care, it is difficult to remember 
precisely how that patient’s skin was 3 months earlier and the physi- 
cian may have to rely on the patient’s own assessment. If different 
doctors review a patient, it is even more difficult to make a valid 
assessment of change between patient visits without reproducible 
methods of recording disease activity or severity. 


The introduction of powerful but expensive new therapies for 
inflammatory skin disease, and the need to demonstrate whether 
their cost can be justified by the benefit obtained, provided a spur 
to the development of methods to measure skin disease severity. 

Assessment of skin disease severity has a major influence on clin- 
ical decision making and it is thus important to incorporate it into 
routine clinical practice. Formal assessment is, of course, an essential 
and well-established component of clinical research for comparing 
disease severity before and after intervention. 


What should be measured? 
There are many aspects of disease that can be measured but it is 
important to be sure that what is measured is relevant. The require- 
ments for a proof-of-concept study of anovel pharmacological agent 
are completely different from those required in a routine clinic for 
monitoring a patient being treated for severe acne or psoriasis. Fur- 
thermore, there are objective measurements which can be made with 
some precision (e.g. transepidermal water loss or epidermal thick- 
ness) but they may have little relevance to a patient’s perception of 
disease activity. 

It is important to engage patients in discussions of what should 
be measured, as their concerns are frequently not fully appreciated 
by the professionals looking after them. What is easiest to measure 
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is not always what patients feel is the aspect of their disease which 
has the greatest impact. 

Fortunately, there is now a range of validated tools to measure the 
impact of skin disease. Some of these are specific to skin diseases in 
general and some are specific to a particular disease. Many of the 
‘objective’ tools for assessing disease severity correlate poorly with 
patients’ own perceptions of their disease. It is thus important to 
consider not only a disease itself but also its impact on the patients 
and their wider circle including family and employment. 


Who should do the measuring? 

Until recently, patients have not been engaged in making formal 
assessments of the state of their disease. In chronic disease, however, 
there are major advantages in involving patients. They are generally 
better able to judge how much a disease affects their daily lives than 
can an observer merely measuring visible signs. There is a place both 
for ‘objective’ assessments and for self-assessment by patients. 

The move towards more patient engagement in assessing 
their progress is to be welcomed and a wide range of patient 
self-assessment tools has been developed. Many of these have been 
termed ‘Patient-Reported Outcome Measures’ (PROMs). 


What can be measured? 

The clinician considers key aspects of the patient’s history, current 
symptoms, clinical signs and the impact of the disease that the 
patient is experiencing. All of these may be measured, either by 
subjective or by objective methods. The most widely used methods 
record clinical signs, using semi-objective approaches. 

Before choosing or designing a specific method, it is essential to be 
clear about what aspect of disease requires measuring. For example, 
methods used in the long-term monitoring of individual patients 
may be different from those needed to compare patients in a short 
intervention study. A variety of measurement methods are required 
to assess different aspects of skin disease. The huge variety of clin- 
ical features of skin diseases calls for many diverse methods, but 
currently there are specific techniques available only for the most 
common skin conditions. 


Electronic delivery of outcome measures 

There is increasing preference to use computer-based assessments 
(CBAs) of measures of clinical severity and patient-reported out- 
comes rather than paper and pencil versions. This change in practice 
may be attributed to the inherent benefits of digital delivery of mea- 
sures including reduced error rates, increased reliability of data, 
and better patient compliance [2,3]. There are some disadvantages 
of traditional paper-based completion including missing values 
and costs associated with storing large volumes of physical data. 
Research data are often manually transferred from paper to comput- 
ers or electronic portals, which is time consuming and also has the 
capacity to introduce transcription errors [4,5], potentially reducing 
reliability of the data. These issues may be avoided by the use of 
CBAs of clinical outcome measures and PROMs. As a result, there 
is a concerted effort to validate measures electronically at the time 
of creating the measure, or alongside paper counterparts in order to 
benefit from reduced administrative costs and more efficient data 
analysis [6,7]. The International Society for Pharmacoeconomics 
and Outcomes Research (ISPOR) has issued recommendations for 
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the migration of PROMs to electronic formats [8] and detailed 
reviews have been published on equivalence studies between paper 
and electronic formats [3,9]. 

However, CBAs also have limitations [10,11]. There may be a 
learning curve associated with the use of electronic applications, 
particularly in older users [12,13], with the requirement of consid- 
erable investment of resources. Although the degree of smartphone 
technology use amongst the elderly population remains unclear, it 
is likely that even this age group may embrace the new technology 
in the near future. Furthermore, the lack of consistent internet con- 
nectivity may pose challenges particularly where the infrastructure 
is not optimally supported [14]. In order to prevent cyber-attacks or 
exposure to computer viruses, data confidentiality and protection 
require much thought. Sensitive patient information may need reg- 
ular backing up within a digital framework [15], and should always 
be collected in strict accordance with the principles of information 
governance and laws relating to data protection. 

There is a technological revolution within medicine; more and 
more people are using smartphones in their daily lives [16]. 
User-controlled monitoring of health is a rapidly increasing market, 
with innovations such as ‘wearable technology’ becoming increas- 
ingly popular [17]. Within dermatology, for example, while the 
Psoriasis Area and Severity Index (PASI) has been electronically 
validated [18], computer-guided PASI measurements have been 
shown to have similar precision and better reproducibility com- 
pared with trained physicians [19]. Health care services will have 
to balance the challenges of financial constraints (e.g. purchasing 10 
tablets versus 1000 printouts), but the capacity of such technology 
to improve health care in the near future remains considerable. 
Patients being able to record and monitor health-related data on a 
single device has the potential to develop into an integrated system 
that could streamline health care delivery. 


Validation of measurement methods 
Many methods for measuring skin disease have been introduced 
with little more than a description of the methodology. However, 
it is necessary to know whether a measurement method actually 
measures what it purports to measure, and how reliable it is. There 
are several aspects of validation that are considered desirable. These 
include: 

e Internal consistency: this checks how well individual items in the 
measurement method that would be expected to correspond, do 
so. It is usually measured using the Cronbach « coefficient. 

e Test-retest reliability: this measures the stability of a scale when 
used repeatedly under the same conditions. 

¢ Construct validity: this explores how well an instrument mea- 
sures what it is intended to measure. It is often checked by cor- 
relating with a similar existing instrument. 

¢ Sensitivity to change: this examines whether an instrument 
detects change appropriately. 

In the development of patient-reported assessment and outcome 
measures, both factor analysis and Rasch analysis are used to deter- 
mine the most appropriate items to use. Application of these tech- 
niques ensures removal of redundant items that measure the same 
thing and tests whether it is appropriate for scores to be combined 
in an overall score. 


The COnsensus-based Standards for the selection of health Mea- 
surement INstruments (COSMIN) checklist contains standards for 
evaluating the methodological quality of studies of health measure- 
ment instruments [20]. This checklist is a good starting point to learn 
more about measurement properties. 


Core outcome measures 

The ability to compare data and conclusions between studies is 
severely limited if different measurement methods are used. This 
has been a particular problem in acne and atopic dermatitis; in 
contrast, most studies in psoriasis use PASI and the DLQI. To 
address this, methodology to identify core outcome measures has 
been developed [21]. 

International groups, such as Harmonising Outcome Measures 
for Eczema (HOME) [22], International Dermatology Outcome 
Measures (IDEOM) [23], Acne Core Outcomes Research Network 
(ACORN) [24] and HIdradenitis SuppuraTiva cORe outcomes set 
International Collaboration (HISTORIC) [25] identify, develop and 
encourage use of core outcome measures in every clinical study of 
a particular condition, such as for eczema (Box 16.1). Additional 
measures can still be used as well as the core ones. If research 
groups internationally cooperate with these voluntary suggestions, 
within a few years data comparison and combination will be much 
enhanced, thereby enriching research quality. 


Box 16.1 Core outcome measures for clinical 
studies of eczema, suggested by Harmonising 
Outcome Measures for Eczema (HOME) [22] 


Core Outcome Set (COS) and core outcome instruments (for clinical 

trials) 

1 Clinical signs: Eczema Area and Severity Index (EASI) 

2 Patient-reported symptoms: Patient-Oriented Eczema Measure 
(POEM) and NRS-11 for peak itch over past 24 hours 

3 Long-term control: Recap of Atopic Eczema (RECAP) or Atopic 
Dermatitis Control Test (ADCT) 

4 Quality of life: DLQI (adults), CDLQI (children), IDQoL (infants) 


Assessment tools 


The following section discusses a number of tools available to assess 
common chronic inflammatory skin diseases. 


Inflammatory disease 

The Dermatology Index of Disease Severity (DIDS) [26] can be used 
across all inflammatory skin diseases and is responsive to change 
[27]. It assesses functional impairment and percentage of body 
surface area involvement, categorising each patient into one of five 
severity grades. 


Psoriasis (Chapter 35) 

Methods for psoriasis measurement are listed in Box 16.2. The PASI 
was introduced for a clinical trial [28] but with no supporting val- 
idation [29]. PASI requires the observer to give separate scores for 
erythema, infiltration and desquamation [28] for four body areas. 
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The percentage area involvement in each area is estimated and a 
formula gives an overall score from 0 to 72. Most patients with pso- 
riasis score less than 10. The scoring of PASI is equivalent, whether 
signs are recorded using an application (app) or on paper [18]. A 
patient-administered method, the Self-Administered PASI (SAPASI) 
[30], facilitates measurement in large surveys [31]. Modifications of 
PASI [32] have not gained widespread acceptance. The PASI system, 
although flawed because of problems measuring area, is used so 
widely that researchers seldom consider using alternative methods. 


Box 16.2 Methods of psoriasis measurement 


¢ Psoriasis Area and Severity Index (PASI) [28] 
Self-Administered PASI [30] 

Physician’s Global Assessment [33] 

Lattice System Global Assessment [35] 

Simplified Psoriasis Index [38,39] 

Photographs 

Nail Assessment in Psoriasis and Psoriatic Arthritis [43] 


The simplest scoring system is the Physicians Global Assessment 
(PGA) [33]; the PGA can be combined with body surface area 
[34]. The Lattice System Global Assessment [35] is an alternative 
better-validated measure [36]: body surface area and average 
plaque thickness, erythema and scale are combined to reach an 
overall descriptor [35]. Another proposal is the Copenhagen Psoriasis 
Severity Index [37] in which erythema, plaque thickness and scaling 
are each assessed at 10 sites, giving a score range of 0-90. The 
inherent inaccuracies of area assessment are avoided. 

The Simplified Psoriasis Index (SPI) [38,39] includes three separate 
scores for clinical severity, psychological impact (a simple overall 
score) and the history of the psoriasis, including history of previ- 
ous treatment. The SPI is well suited to describing, categorising and 
monitoring patients. 

There are special considerations in sites such as the scalp, or 
presentations such as localised pustular psoriasis. The Nail Psoriasis 
Severity Index (NAPSI) [40] and a simpler variant [41] have been 
reviewed [42]. A three-component tool has been described, the Nail 
Assessment in Psoriasis and Psoriatic Arthritis (NAPPA) [43]. 

Up to 30% of patients with psoriasis may also suffer with psoriatic 
arthritis (PsA) [44], a progressive joint disease that may cause con- 
siderable chronic disability. Though several screening tools exist for 
the identification of clinical signs of PsA, the Psoriasis Epidemiology 
Screening (PEST) is a validated tool with high sensitivity and speci- 
ficity [45] that is also recommended in psoriasis biological guide- 
lines [46]. The PEST tool consists of five simple questions alongside 
a manikin to help the clinician immediately identify problematic 
joints. A score of 1 is allocated to each question answered in the 
affirmative, with a total score of 3 or more indicative of a potential 
diagnosis of PsA, warranting a rheumatology referral [45]. 


Atopic eczema (Chapter 41) 

Core outcome domains for clinical use and trials should include 
symptoms, clinician-assessed signs and measurement of long-term 
flares [47]. Systematic reviews concluded that only SCORAD 
(SCORing Atopic Dermatitis) [48], Eczema Area and Severity Index 
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(EASI) and Patient-Oriented Eczema Measure (POEM) perform ade- 
quately [49] (Box 16.3) and that the EASI and SCORAD are the best 
instruments to assess the clinical signs of atopic eczema (atopic 
dermatitis) [50]. However, the original Rajka and Langeland system 
to grade AD severity [51] has been demonstrated to have good con- 
struct validity, reliability, internal consistency and responsiveness in 
adults and children [52]. Assessment methods have been reviewed 
as part of American Academy of Dermatology guidelines [53]. The 
minimal clinically important score difference for SCORAD is 8.7, 
objective SCORAD 8.2 and for POEM is 3.4 [54]. 


Box 16.3 Methods of atopic eczema measurement 


Rajka Langeland severity classification [66] 

Nottingham Eczema Severity Score (NESS) [67] 

SCORing Atopic Dermatitis (GSCORAD) [48] 

Eczema Area and Severity Index (EAST) [59] 

Six Area Six Sign Atopic Dermatitis severity score (SASSAD) [68] 
Patient-Orientated Eczema Measure (POEM) [69] 

Three Item Severity Score (TIS) [70] 

Objective Severity Assessment Atopic Dermatitis (OSAAD) [72] 


SCORAD was created in 1993 [48], with guidelines [55] and fur- 
ther guidance [56,57]. SCORAD combines scores for clinical signs, 
disease extent and patient symptoms, including sleep. However, a 
modified objective SCORAD which omits pruritus and sleep may be 
more accurate [55]. ‘“SCORAD 75’ has been defined as a 75% reduc- 
tion in SCORAD following therapy [58]. 

The EASI is reliable in the clinical trial setting [59]: there is expe- 
rience of its use in a large study [60]. A self-administered version of 
EASI has been validated [61]. 

The POEM [62], completed by patients, incorporates seven fea- 
tures: itchiness, sleep, bleeding, weeping or oozing clear fluid, 
cracked skin, flaking, dry or rough. The POEM score correlates well 
with quality of life (QoL) scores [62]. 

One aspect of measurement that has not been addressed previ- 
ously in dermatology is the level of control of a chronic disease. In 
eczema there has been no consensus on what constitutes a ‘flare’ 
[63]. Recap of atopic eczema (RECAP) is a seven-item questionnaire 
to capture the experience of eczema control in all ages and eczema 
severities [64]. There are two versions: a self-reported version for 
adults and older children with eczema, and a caregiver-reported 
version for younger children with eczema. Another approach has 
been the Atopic Dermatitis Control Tool, consisting of six items 
with a seven-day recall period [65]. A method to differentiate 
between mild, moderate and severe atopic eczema [66] was refined 
as the Nottingham Eczema Severity Score (NESS) [67]. The Six Area 
Six Sign Atopic Dermatitis (SASSAD) severity score [68,69] has the 
advantage of not incorporating area estimation, as there is often no 
clear delineation between normal and abnormal skin. A very simple 
Three Item Severity Score [70], measuring excoriations, erythema and 
oedema/papulation may provide as much information as more 
detailed techniques [71]. 

Observer variation of scoring has spurred instrument-based 
and other objective approaches. The Objective Severity Assessment of 
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Atopic Dermatitis (OSAAD) score incorporates measurements of stra- 
tum corneum barrier function and hydration with computer-assisted 
measurements of disease extent [72]. OSAAD scores correlate 
with SCORAD and with serum levels of interleukin-16 [73]. 
Interleukin-31 levels correlate with severity scoring [74]. 


Acne (Chapter 88) 

Such a wide range of tools is used to assess acne severity that it is not 
possible to undertake secondary analysis of trial data [75]. Methods 
range from global assessments to lesion counting [76]. 

The revised Leeds Acne Grading System [77] involves direct count- 
ing of non-inflamed and inflamed lesions and includes grading 
systems for the back and chest and for the face. The original Leeds 
photographic grading technique [78] is rarely used as few patients 
now have persisting severe acne: a simpler photographic-based 
grading method with a 0-8 scale was used in several clinical 
trials [79]. Parallel-polarised and cross-polarised photography, 
video microscopy and fluorescence photography have also been 
described [80]. 

The Echelle de Cotation des Lésions d’Acné (ECLA) or ‘Acne Lesion 
Score Scale’ system has demonstrated good reliability [81] and may 
correlate with QoL scores [82,83]. 

Methods to measure post-acne scarring are needed: a global scar- 
ring grading system has been proposed with four grades of scarring 
described [84]. The Echelle d’évaluation Clinique des Cicatrice d’Acné 
(ECCA) [85] consists of recording the number of each of six types of 
acne scars: this has been used to assess laser therapy [86]. There are 
two other patient-reported outcome measures, both specific to facial 
atrophic acne scarring, the self-assessment of clinical acne-related 
scars (SCARS) and the facial acne scar quality of life (FASQoL) tools. 
These tools focus on symptoms (SCARS) and psychological and 
social well-being (FASQoL) [87]. 


Hidradenitis suppurativa (Chapter 90) 

There is a lack of efficient and sensitive outcome measures for 
hidradenitis suppurativa (HS), with up to 30 instruments described 
in literature [88]. The Hurley staging system, based on the degree of 
sinus and scar formation, was the first severity assessment measure 
to be utilised by classifying patients into three categories: (i) mild, 
(ii) moderate and (iii) severe. However, as scarring is irreversible, 
this method of scoring is not entirely sensitive to change when 
monitoring treatment response [89]. The HS Physician’s Global 
Assessment (HS-PGA) is relatively easy to use. It consists of a 6-point 
scale ranging from ‘clear’ (score = 0) to ‘very severe’ (score = 5), 
taking into account the number of inflammatory nodules, abscesses 
and draining fistulae. However, there is concern around the het- 
erogeneity of patients at the severe end of the scale and its clinical 
discriminatory power [90]. 

The Sartorius Score, developed in 2003, incorporates lesion, region 
and inflammatory count as well as body surface area [91] and has 
subsequently been modified, resulting in the ‘modified HS Score’, 
‘modified Sartorius Score’ (MSS) and ‘HS lesion, area, and severity index’ 
(HS-LASI) [88,92]. These various versions have different items and 
despite some conceptual overlap, the scores cannot be directly 
compared. 

Newer measures include the Hidradenitis Suppurativa Clinical 
Response (HiSCR) and the Acne Inversa Severity Index (AISI). The 


HiSCR was created retrospectively from a randomised controlled 
trial and captures the acute phase of HS disease activity by incorpo- 
rating total inflammatory lesion count (abscesses and inflammatory 
nodules) and is also responsive to treatment effects [90]. AISI is a 
composite instrument that incorporates a physician-rated assess- 
ment and a patient-rated visual analogue scale (VAS) pain and 
disability scale. The physician-rated element considers body sites as 
well as the nature of the type of lesions in its score calculation [93]. 
At present there are limited validation studies of HiSCR and AISI. 

To address concerns around validation, the European Hidradeni- 
tis Suppurativa Foundation (EHSF) developed a novel validated 
tool: the ‘International Hidradenitis Suppurativa Severity Score System’ 
(IHS4), based on the number of nodules, abscesses and draining 
tunnels [94]. It correlates well with several other existing clinical 
and patient-reported measures and is therefore suitable for use in 
real-life as well as clinical trial settings. Similarly, the ‘Severity and 
Area Score for Hidradenitis’ (SASH) is a valid and reliable outcome 
measure that incorporates body surface area, induration, ulceration 
and inflammatory skin colour change (e.g. erythema) [95]. However, 
despite assessment of its psychometric properties, the instrument 
has only been designed to be utilised in a clinical trial setting and 
its responsiveness has yet to be formally established. 


Urticaria (Chapter 42) 

The current gold standard for measuring disease activity in chronic 
spontaneous urticaria (CSU) is the urticarial activity score (UAS) 
[96]. Due to the variable nature of urticaria, the UAS measure 
encourages patients to self-record disease activity over a 24-hour 
period for a total of 7 consecutive days, following which an aggre- 
gate score is calculated. There are two versions of this measure 
widely used in practice, UAS7 and UAS;p. Both versions incorpo- 
rate wheal count as well as itch severity with an overall weekly 
score range of 0-42. The main difference between these versions 
concerns the wheal score categories: whereas the UAS7 is scored 
once daily, the UAS,p is scored twice daily. Though both tools 
produce comparable results [97], the UAS7 is the preferred tool 
in guidelines due to its simplicity of completion, discriminatory 
power and lower burden of completion for patients and physicians 
[98,99]. 

A separate measure has also been created to assess disease control 
in all forms of urticaria: the urticaria control test (UCT) [100]. This is a 
simple four-item questionnaire with a 4-week recall period, scoring 
disease activity from ‘poorly controlled’ to ‘well-controlled’. 

In a subset of patients who also experience symptoms of 
angioedema, the angioedema activity score (AAS) is a validated 
adjunct severity assessment tool [101]. 


Symptoms 

Itch is usually measured using a single global question or VAS, either 
alone or as part of other standard tools such as SCORAD or DLOL 
VAS should be combined with scratch activity scales [102] and QoL 
or patient-benefit scales [103]. The Itch Severity Scale records itch fre- 
quency and specific sensations during the day [104]. Efforts con- 
tinue to improve itch assessment [105]. Psoriasis symptoms can be 
measured using the validated eight-item Psoriasis Symptom Inventory 
(PSI) [106,107]. 


16.5 


Measurement of the impact of skin disease 


Therapy benefit 

The Patient Benefit Index (PBI) is the first validated measure to assess 
the patient’s perspective of benefit from drugs and therapeutic pro- 
cedures [108]. It has been used in lichen sclerosus, chronic wounds 
and psoriasis [109]. 


Objective methods for measuring skin 
properties 


There are many objective ways to measure the physical properties of 
skin [110]. Few of them have, however, found their way into routine 
use either in the clinic or in clinical trials. 

Ultrasound [111] can be used to measure psoriatic plaque thick- 
ness [112,113]. Stratum corneum hydration can be measured by 
assessing surface electrical properties [114,115], and barrier function 
of the skin is assessed in vivo by measuring transepidermal water 
loss (TEWL) [116]. Optical coherence tomography has been used to 
measure epidermal thickness [117]. 

There are guidelines for the standardisation of procedures to mea- 
sure skin colour [118]. It is important to recognise that ‘objective’ 
properties may be influenced by factors such as ambient light con- 
ditions and the effect of melanin on erythema assessment and vice 
versa. Simple to use devices may aid clinical work [119]. A variety 
of techniques have been used to measure skin pigmentation [120], 
including diffuse reflectance spectroscopy [121]. 

Elasticity [122] and surface roughness and microcontours [123] 
can be measured, though not easily in the clinic. 

Accurate measurement of skin disease extent is difficult. Pho- 
tographs may be used to record psoriasis, but body contour 
distortion and difficulty in defining edges are problems in image 
analysis. Where an expert panel assesses photographs there is 
accurate global assessment [124]: enhanced imaging methods can 
improve PASI area estimation accuracy [125]. Computer-aided 
analysis of manual outlines of lesions on photographs [126] may 
enhance area estimation accuracy, but ‘old-fashioned’ point count- 
ing of photographs is still reliable in assessing vitiligo [127]. 

Artificial intelligence (AI) techniques [128] are likely to pro- 
foundly influence the ability to measure skin diseases accurately. 
They have been used to measure ulcers, using image recognition to 
measure precise wound boundaries [129,130]. In psoriasis AI has 
been used to measure and classify psoriatic plaques [131], and, in 
a window to the future of our specialty, giving predictions over 
response to biologic therapy from initial basic clinical criteria [132]. 


Measurement of the impact of skin disease 
(Chapter 15) 


Quality of life assessment in patients with skin 
disease 

What does quality of life mean? 

It is essential to assess the impact of skin disease in order to address 
the real needs of patients [133]. The importance of QoL in derma- 
tology has been emphasised by the suggestion of a new word to 
describe quality of life impairment, ‘quimp’ [134]. However, defin- 
ing QoL and the narrower concept of Health-Related Quality of 
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Life (HRQoL) is not easy [135-137]. Information about the absolute 
meaning of QoL scores is required, together with the interpretation 
of change in scores. 


Why measure quality of life? 

The most important use of QoL measurement is in the clinic, to 
inform clinical decisions, to improve clinician—patient communi- 
cation, and to make clinicians more aware of skin disease burden 
[138]. QoL data may be useful to triage the urgency of referrals 
[139]. 

Measurement is also helpful for clinical therapeutic research, 
health service research, audit of effectiveness of services, use in 
patient registries [140] and research into psychological aspects of 
dermatology and patient behaviour. Skin disease burden data may 
strengthen arguments for appropriate funding of dermatology 
services and for education about skin diseases [141,142]. Generic 
HRQoL measures can be used to demonstrate the importance of 
skin disease in comparison to diseases of other organs [143,144]. 


Informing clinical decisions 
The assumptions that clinicians make concerning the impact that 
diseases have on their patients’ lives influence their clinical deci- 
sions, but these assumptions may not be accurate [145-147]. HROQoL 
measures with meaningful scores may give clinicians a more accu- 
rate assessment of disease impact, enabling them to make better 
judgements on the choice of therapy for the individual patient [148]. 
Current severe psoriasis can be defined by using a combination of 
physical and QoL descriptors [149]. The Rule of Tens is as follows: 


current severe psoriasis = body surface area involved 


> 10% or PASI > 10 or DLQI score > 10 


If this is met, more active therapy should be considered [149]. The 
British Association of Dermatologists’ guidelines [150] for the use 
of biologics use a variation on this concept, as do other national 
and international guidelines [151-153]. The International Psoriasis 
Council has suggested that patients with psoriasis should be clas- 
sified as either candidates for topical therapy or candidates for sys- 
temic therapy; the latter are patients who meet at least one of the 
following criteria: body surface area >10%, disease involving special 
areas, and failure of topical therapy [154]. 


Methods of measuring quality of life in dermatology 
There are at least 40 health status QoL measurement instruments 
for skin disease [155]: a European Academy of Dermatology and 
Venereology (EADV) Task Force has summarised the techniques 
available [156]. There is guidance over general principles con- 
cerning how to choose which to use [157,158]. A critical review 
recommended the use of a combination of the SF-36 and Skindex-29 
for research studies [159]; however, in the busy clinical environment 
it is more practical to use a single simple short questionnaire. 
There are comparisons of assessment of QoL in cutaneous disease 
[160] and in psoriasis [161], and there is advice about understanding 
QoL research [162] and QoL research methodology [163]. Minimum 
criteria to create and establish new instruments have been suggested 
[164] and there are techniques to address whether instruments are 
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uni-dimensional [165,166]. Once QoL measures have been pub- 
lished, for them to become useful in the research or clinical arena, a 
long-term supportive framework is required to ensure continuing 
integrity of the measure, for example to validate and maintain 
quality of translations [167]. 

HRQoL measures usually assess the impact of skin disease ‘at 
present’ or over a fixed time (e.g. ‘the last week’), allowing data 
comparison before and after intervention. However, the long-term 
impact on a patient’s life may not be captured by these indices. 

There are advantages in administering QoL measures electroni- 
cally, which is now the preferred mode. As many QoL measures 
were designed and validated using paper, it is reassuring that equiv- 
alence has been confirmed between paper and electronic administra- 
tion for the DLQI [168,169]. 


What do quality of life scores mean? 

Descriptive bands to interpret scores, such as for the DLQI 
[170-172], can transform questionnaires to be useful in routine 
clinical practice. There also needs to be information about the 
minimal clinically important difference (MCID) of score that is of 
relevance to patients. It may be that other standard differences, such 
as the concept of 2MCID [173], could be calculated to provide more 
understanding of the meaning of change. 

Where HRQoL measures are used in international studies, cul- 
turally validated translations should be used. However, psoriasis 
patients from different countries respond differently to items from 
both the DLQI and Skindex, despite having the same underlying 
HRQoL impairment [174]. 


Quality of life measures used 
in dermatology 


General health measures 

General health measures can be used across a wide range of dis- 
eases and are needed to compare the impact of skin diseases with 
diseases of other systems. Examples include the UK Sickness Impact 
Profile [143,175-177], the SF-36 [178-180] and WHOQOL-26 and -100 
[181,182]. For the Patient-Generated Index, a subject identifies key 
ways in which their life is affected, and ranks and assigns impor- 
tance to each aspect [183]. This method gains insight into individual 
patients’ problems, but is unsuitable for large surveys. The EuroQol 
EQ-5D [184] is used by European drug licensing authorities as a 
basis for utility analysis [185,186]. There is growing experience of 
its use in dermatology [187,188], and a mapping study now allows 
DLQI data to be converted to EQ5D data [189]. 

The General Health Questionnaire is designed to detect psychiatric 
disorder and is reliable in dermatology patients [190]. Depression 
can be detected using the Mini International Neuropsychiatric Inter- 
view questionnaire [191]. Psychiatric co-morbidity and QoL impair- 
ment are closely related [192]. 


Dermatology-specific measures 

Dermatology-specific measures are used to compare the impact 
of different skin diseases, and to measure change before or after 
intervention. Having a single simple measure for use across all 
skin disease is of great practical advantage. The DLQI [193] and 


Skindex [194] are the most widely used. Other measures include 
the Dermatology Quality of Life Scales [195], the Dermatology-specific 
Quality of Life instrument [196], the German DIELH [197], the French 
VQ-Dermatol [198] and a Turkish measure [199]. The Freiburg Life 
Quality Assessment (FLQA) questionnaires combine a common 
core module with a disease-specific module [200]. The Pictorial 
Representation of Illness and Self Measure (PRISM) is a pictorial QoL 
instrument [201]. 

The DLQI and Skindex measure mainly physical, psychological 
and social functioning. A broader instrument, the Impact of Chronic 
Skin Disease on Daily Life (ISDL) [202], has five categories, good 
reliability and validity, but has over 72 items and takes 20 min to 
complete. 


The Dermatology Life Quality Index 

The DLQI has 10 questions (Box 16.4), each is answered by a simple 
tick-box method and scored 0-3 [193]. DLOI completion takes on 
average 2 min [203]. 


Box 16.4 The Dermatology Life Quality Index 


The aim of this questionnaire is to measure how much your skin 

problem has affected your life OVER THE LAST WEEK. Please tick 

one box for each question. 

1 Over the last week, how itchy, sore, painful or stinging has your 
skin been? 

2 Over the last week, how embarrassed or self-conscious have you 
been because of your skin? 

3 Over the last week, how much has your skin interfered with you 
going shopping or looking after your home or garden? 

4 Over the last week, how much has your skin influenced the clothes 
you wear? 

5 Over the last week, how much has your skin affected any social or 
leisure activities? 

6 Over the last week, how much has your skin made it difficult for you 
to do any sport? 

7 Over the last week, has your skin prevented you from working or 
studying? 
If ‘no’, over the last week how much has your skin been a problem at 
work or studying? 

8 Over the last week, how much has your skin created problems with 
your partner or any of your close friends or relatives? 

9 Over the last week, how much has your skin caused any sexual 
difficulties? 

10 Over the last week, how much of a problem has the treatment for 
your skin been, for example by making your home messy, or by 
taking up time? 

Please check you have answered every question. Thank you. 

Each question is answered either “Very much’ (score 3), ‘A lot’ (score 
2), ‘A little’ (score 1) or ‘Not at all’ (score 0). Questions 3-10 also have 
the option ‘Not relevant’ (score 0). The first part of question 7 has the 
choices ‘Yes’ (score 3),’No’, or ‘Not relevant’. The second part of 
question 7 has the choices ‘A lot’, ’A little’ or ‘Not at all’. The maximum 
score (indicating highest possible impairment of quality of life) is 30 
and the minimum 0. For further information [205] see https://www 
.cardiff.ac.uk/medicine/resources /quality-of-life- questionnaires / 
dermatology-life-quality-index (last accessed January 2022). 


Reproduced from Finlay and Khan 1994 [193]. © A.Y. Finlay and G.K. 
Khan April 1992. 


16.7 


Quality of life measures used in dermatology 


By 2021, there were over 1500 articles describing the use of the 
DLQI in over 120 translations [204,205]. The DLQI is now used in 
guidelines and national disease registries in over 45 countries [206]. 

Validation studies have been carried out in the UK, in secondary 
[193] and primary [207] care, and in over 32 countries [208-218]. 
When illustrations are added, the questionnaire is completed more 
rapidly but answers are influenced [203]. Descriptive score bandings 
for the DLQI are given in Box 16.5. In psoriasis [219] and urticaria 
[220], a score change of at least 3 is needed for a patient to expe- 
rience a minimum clinically important change in HRQoL. A score 
change of at least 4 (the MCID) is required to indicate an equiva- 
lent change in HRQoL if the DLQI is used to assess patients with 
a diverse range of inflammatory skin diseases rather than a spe- 
cific dermatosis [221]. Although criticised [222], the DLQI has con- 
tributed to a paradigm shift to patient-centred outcomes [223]. A 
mapping technique now allows EQ-5D population data to be cal- 
culated from DLQI scores [189]. 


Box 16.5 Descriptive score bandings for the 
Dermatology Life Quality Index 


Score Meaning 

0-1 No effect on patient's life 

2-5 Small effect on patient's life 

6-10 Moderate effect on patient’s life 

11-20 Very large effect on patient’s life 
21-30 Extremely large effect on patient's life 


Adapted from Hongbo et al. 2005 [170]. 


Although the DLQI is copyright, clinicians may freely use the 
DLQI in routine clinical practice without seeking permission and 
without charge [205]. 


Skindex 

Skindex has been developed and extensively validated in four 
versions with 61 [194], 29 [224], 16 [225] or 17 [226] questions. Fur- 
ther validation studies have been carried out in several countries 
[227-234]. There is extensive experience of the use of this measure in 
a wide range of languages, countries and dermatological diseases. 
The appropriateness of using Skindex in psoriasis along with the 
generic SF-29 has been emphasised [161]. Skindex-29 scores have 
been categorised into four levels to aid interpretation of scores 
[171,172]. 


Disease-specific quality of life measures 
Disease-specific measures may be the most sensitive to change 
and are suitable for comparing outcomes of patients with the same 
disease. However, most skin conditions affect patients’ lives in 
broadly similar ways, so dermatology-specific measures can also 
be used. From a practical clinical perspective there is no need for a 
disease-specific measure for every skin disease. 


Psoriasis 
A systematic review of QoL assessment of psoriasis identified 
21 questionnaires [235]. Psoriasis-specific measures have been 
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described [236] and critically reviewed [237]. A systematic review 
of the use of QoL instruments in RCTs in psoriasis found that 
the DLQI was the most commonly used QoL instrument (83% of 
studies), followed by the SF-36 (31%), EQ-5D (15%) and the PDI 
(14%) [238]. 

The 15-item Psoriasis Disability Index (PDI) [239,240] was the first 
dermatology disease-specific QoL measure. It has been extensively 
used [241-243] in over 23 languages [204]. Some aspects of its vali- 
dation have been criticised [244]. 

The stigmatising effects of psoriasis can be recorded using a 
33-item questionnaire [245]. A technique for measuring stigma 
across all dermatology patients, the Questionnaire on Experience with 
Skin complaints (QES) [246], has been used in psoriasis [247]. Stress 
caused by psoriasis can be measured using the 15-item version of 
the Psoriasis Life Stress Inventory [248,249]. 

The 11-item version Impact of Psoriasis Questionnaire (IPSO) 
[250,251] has good internal consistency [251]. The IPSO was used to 
assess changes in a cohort of psoriasis patients over 11 years [252]. 

The SPI (see earlier) consists of three independent scores describ- 
ing Signs (disease activity), Psychosocial disability and history of 
Interventions [38,39]. 

PSORIQOoL is a 25-item questionnaire that assesses the impact of 
impairment and disability from psoriasis on the patient’s percep- 
tion of QoL [253]: a US version has been validated [254]. Another 
questionnaire, the 12-item PQoL-12 [255], has been incorporated ina 
psoriasis severity assessment tool, the Koo—Menter Psoriasis Instru- 
ment [256]. CALIPSO is a 30-item psoriasis-specific QoL question- 
naire, based on five other questionnaires [257]. 


Atopic eczema 

The Children’s Dermatology Life Quality Index (CDLQI) and the Der- 
matology Life Quality Index (DLQI) have been frequently used in 
the monitoring of patients with atopic eczema as well as several 
disease-specific QoL measures. Patient-assessed severity of atopic 
eczema was more closely correlated with the DLQI and CDLQI 
than provider-assessed severity [258]. Assessment of the burden of 
atopic eczema has been reviewed [259]. 

The Psychosomatic Scale for Atopic Dermatitis (PSS-AD) is a sim- 
ple 12-item scale to measure the ‘psychosomatic pathology’ of adult 
atopic eczema [260]. It may help identify patients who would bene- 
fit from psychological intervention. In adults, perceived stigma and 
atopic eczema severity are both strong predictors of QoL impair- 
ment [261]. 

The 45-item Childhood Atopic Dermatitis Impact Scale (CADIS) 
assesses the impact on the QoL of affected young children and on 
their families [262], two separate concepts. CADIS scores correlate 
with SCORAD [263] and with Infant’s Dermatitis Quality of Life Index 
(IDQoL), CDLQI and Dermatitis Family Impact questionnaire (DFI) 
[264]. 

The Parents’ Index of Quality of Life in Atopic Dermatitis (PIQoL-AD) 
[265] measures the parent’s assessment of the impact of the atopic 
eczema on the affected child (not the secondary impact on the par- 
ent). The minimum meaningful score difference is estimated to be 2 
to 3 points [266]. In contrast, the DFI measures the impact of having 
a child with atopic eczema on the QoL of the family [267]. 


The lives of infants with atopic eczema may be severely disrupted: 
the IDQoL [268,269], completed by the parents, measures this impact 
on infants (see later). 


Acne 

QoL measures for use in acne have been reviewed [270]. The 
five-question Cardiff Acne Disability Index [271-273] has demon- 
strated reliability [274] and been validated in French [275], Persian 
[276] and Serbian [277]. The CADI and the CDLQI correlate well 
[278]. The Assessments of the Psychological and Social Effects of Acne 
(APSEA) questionnaire [279,280] has 15 questions, some of which 
relate to the overall impact and some to the recent past. 

The Acne Quality of Life Scale (AQOL) [281] has nine questions 
that relate specifically to the social impact of acne. The Acne-specific 
Quality of Life Questionnaire (Acne-QoL) [282] was designed for 
use in clinical trials. A four-question condensed version of this, 
the Acne-Q4, is more practical to use [283,284]. The Acne Symptom 
and Impact Scale (ASIS) was developed for adults and adolescents 
specifically with facial acne [285]. 


Hidradenitis suppurativa 

The DLQI is the most commonly used QoL measure in HS, followed 
by another dermatology-specific questionnaire, the Skindex-29 
[286]. Only a few HS-specific QoL measures are described in the 
literature, though given the considerable impact of the disease, this 
is a fast-evolving area of interest. 

A non-validated untitled measure was adapted from an instru- 
ment used for Crohn’s disease with a focus on severe perianal 
disease, but has only had limited use in HS [287]. The Hidradenitis 
Suppurativa Quality of Life instrument (HS-QoL) is a 7-subscale 
measure consisting of 44 items that covers various QoL aspects as 
well as mental health and life satisfaction [288]. It has been shown to 
be reliable with strong evidence of validity [289]. Another measure, 
the Hidradenitis Suppurativa Burden of Disease (HSBOD), is based 
on interviews with dermatologists and patients and consists of 
19 items that are self-administered using a visual analogue scale 
(0, no complaints, to 10, worst complaints) [290]. The instrument has 
two recall segments: ‘4 weeks’ and ‘total duration of HS disease’, 
with various domains including ‘symptoms and feelings’, ‘daily 
activities’, ‘leisure’, ‘work/school’ and ‘personal relationships’. The 
measure demonstrates internal reliability and correlates well with 
the DLOI. 

The Hidradenitis Suppurativa Symptom Assessment (HSSA), 
consisting of 9 items, and the Hidradenitis Suppurativa Impact 
Assessment (HSIA), consisting of 17 items, were developed at the 
same time to assess HS symptoms and signs in a research setting. 
While both measures demonstrate construct validity, they do not 
have full psychometric evaluation [291]. 

To address the gaps in HS QoL measurement, the HIdradenitis 
SuppuraTiva cORe outcomes set International Collaboration (HIS- 
TORIC) [292,293] paved the way for another validated QoL tool 
for HS severity measurement in clinical trials: the Hidradenitis 
Suppurativa Quality of Life (HiSQOL) [294]. This is a 17-item ques- 
tionnaire, with a 7-day recall period, and incorporates aspects such 
as odour and drainage. It correlates strongly with the DLQI and, 
unlike the majority of existing HS PROMs, has full psychometric 
evaluation. 


Urticaria 
Changes in clinical symptoms and signs correlate well with simulta- 
neous impact on HRQoL for patients suffering with urticaria [295]. 
The Chronic Urticaria Quality of Life Questionnaire (CU-Q,0L) is the 
first reliable and validated urticaria-specific measure to be devel- 
oped [296] and is a recommended QoL measure for use in urticaria 
[297]. It has a recall period of 2 weeks and consists of 23 items across 
six domains: pruritus, impact on daily activities, sleep problems, 
limitations, look and swelling. The total score ranges from 0 to 100 
(100 = worst HRQoL impairment) with a proposed MCID of 15 [298]. 
The HRQoL of patients with various types of angioedema may be 
assessed with the Angioedema Quality of Life Questionnaire (AE-QoL), 
a validated tool with a 4-week recall period. It consists of 17 
items, categorised into four domains: functioning, fatigue/mood, 
fears/shame, and food [299]. It has an MCID of 6 [300] and has 
been widely used, demonstrating good evidence of reliability and 
validity [301]. 


Skin cancer 

Skin cancer-specific questionnaires are more sensitive and respon- 
sive to HRQoL change than generic measures [302], such as the 
EQ-5D or SF-36 which are both commonly used [303]. However, 
the European TaskForce review also recommends the simulta- 
neous use of dermatology-specific measures, such as DLQI or 
Skindex-29, to fully capture skin-related problems associated with 
skin cancer [303]. 

The European Organisation for Research and Treatment of Cancer 
Core Questionnaire (EORTC QLQ-C30) is a 30-item cancer-specific 
questionnaire with five functional scales: physical, role, cognitive, 
emotional and social functioning. It has been extensively validated 
[303,304] and has an 11-item melanoma module targeted at patients 
with advanced disease [305]. 

The Functional Assessment of Cancer Therapy-Melanoma (FACT-M) 
is amelanoma-specific measure with 51 items that also incorporates 
the impact of lymphoedema and surgical scarring. It consists of 
three QoL domains: physical well-being, emotional well-being and 
social well-being. It has been validated demonstrating internal 
consistency, reliability and responsiveness [306,307]. 

The Skin Cancer Index (SCI) is a 15-item skin cancer-specific mea- 
sure with a focus on cervicofacial non-melanoma skin cancer and 
has three subscales: emotion, social and appearance [308]. The score 
ranges from 0 to 100 with higher scores reflecting a better QoL. It is 
clinically responsive and has also been extensively validated [309]. 


Patient-specific and utility measures 
The Patient Generated Index [310] asks patients to identify five ways 
in which their lives are most affected and then assign them compara- 
tive values [311], providing insight into a specific patient’s concerns. 

Utility measures assess the hypothetical value placed by people 
on their health. The Willingness To Pay (WTP) method asks how 
much patients would be prepared to pay for a hypothetical cure, 
in acne [272], psoriasis [240,312,313] and atopic eczema [312,314]. 
WTP data showed strong test-retest reliability in an onychomycosis 
study [315]. 

In the Time Trade-Off (TTO) method, patients are asked how much 
time they would be prepared to give up for the sake of a cure. 
These ‘trade-off’ questions can be related to years of shortening of 
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life, as in the Quality-Adjusted Life Year (QALY), or related to daily 
hours. The TTO method has been described in psoriasis [240,313], 
atopic eczema [314] and melasma [316]. Patients would choose a 
40% shorter life expectancy in order to avoid uncontrolled eczema 
or psoriasis [317]. TTO questions have been used to calculate com- 
parative mean utilities across a range of skin diseases [318], which 
can be compared with non-dermatological diseases. 


Quality-adjusted and disability-adjusted life years (QALYs 
and DALYs) 

Quality of life data, in particular EQ-5D score data, is used to cal- 
culate QALYs. The ability of new interventions to improve a skin 
condition can be expressed in terms of improvement in QALYs, and 
so the cost per QALY can be calculated. This information is used 
to compare the efficiency of different drugs and, by setting a cut-off 
level for cost per QALY gained, can assist health technology apprais- 
ers such as the National Institute for Health and Care Excellence 
(NICE) to decide whether or not to recommend drugs for use in 
health care systems. 

The QALY method was first applied in dermatology in acne [319]. 
The advent of biologic drugs for psoriasis resulted in considerable 
attention being given to the concept [320]. The resulting QALY infor- 
mation has played a key role in influencing criteria for the use of 
these drugs. QALY calculations may use standard HRQoL informa- 
tion, such as EQ-5D or DLQI data, to compare the cost-effectiveness 
of different drug regimens [186,321]. 

Health state descriptors and the standard gamble technique have 
been combined for the calculation of QALYs [322] in atopic eczema. 
Such cost-utility and cost-effectiveness analyses, sometimes includ- 
ing QoL data [323,324], may demonstrate whether particular inter- 
ventions can be economically justified. 

More broadly, there have been huge challenges in meeting the 
need to measure the overall burden of skin disease [325,326]. The 
concept of disability-adjusted life year (DALY) has been used to pro- 
vide comparative data. DALY data brings together the time spent 
with a skin condition that limits health, along with time lost because 
of early death. However, to appreciate the wider burden of skin dis- 
ease, disease prevalence, QoL data and health care costs must also 
be taken into account [327], as well as the burden on partners and 
other family members and the wider societal impact. 


Measuring the impact of skin disease in children 
and adolescents 

Children 

The assessment of QoL impairment in children is challenging 
because of communication, change in lifestyle with age and dif- 
fering rates of maturing. General measures and disease-specific 
measures have been systematically reviewed [328,329]. 

The CDLQI [330] is for use from 4 to 16 years. Older children com- 
plete it unaided but parents can help younger children as necessary. 
Key question areas are given in Box 16.6. The illustrated cartoon ver- 
sion, using the same text, has been validated [331]. The CDLQI has 
been used in 28 countries in 102 clinical studies and is available in 44 
languages, including six cultural adaptations [332]. It has been used 
in 14skin conditions and in the assessment of 11 topical drugs, 9 sys- 
temic drugs, 13 therapeutic interventions and 2 epidemiological and 
other studies [333]. There is evidence of high internal consistency, 
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test-retest reliability, responsiveness to change, and significant cor- 
relation with other subjective and objective measures. 


Box 16.6 The Children’s Dermatology Life Quality 
Index: aspects covered in 10 questions 


1 Symptoms 

2 Embarrassment 

3 Friendships 

4 Clothes 

5 Playing 

6 Sports 

7 School/holiday activities 
8 Teasing 

9 Sleep 

10 Treatment 


Adapted from Lewis-Jones and Finlay 1995 [330]. 


The difficulties in measuring life quality changes in children are 
even greater in the very young. The IDQoL is completed by a par- 
ent and records the impact of atopic eczema on infants [268]. The 
IDQoL has been translated into 21 languages and used in 18 coun- 
tries, including two multinational studies [287]. Thirty-one studies 
demonstrated its psychometric properties, such as test-retest reli- 
ability, internal consistency, validity, responsiveness to change and 
interpretability. Eight studies used the IDQoL to assess the effective- 
ness of therapeutic interventions such as education programmes, 
consultations and wet-wrap therapy, while seven studies described 
the use of IDQoL in topical interventions. 

The Infants and Toddlers Quality of Life instrument (InToDermQoL) 
was created as a dermatology-specific proxy instrument for HROQoL 
assessment in children from birth to age 4 years [334]. Created across 
seven countries, there are three age-specific versions with 10, 12 and 
15 items. An epidermolysis bullosa-specific module has been devel- 
oped [335]. 

The Pediatric Symptom Checklist [336], which consists of 35 ques- 
tions answered by the parent, has been used for psychosocial screen- 
ing in paediatric dermatology clinics. 


Adolescents 

Skin disease may profoundly affect adolescents in several ways, 
including psychological, social, lifestyle, education and employ- 
ment [337]. Although the CDLQI and the DLQI are widely used in 
teenagers, and there is some overlap [338], there are special aspects 
of life quality impairment experienced by adolescents that may 
be captured by specific teenage measures. Skindex-Teen [339] is a 
21-item questionnaire assessing physical symptoms and psycho- 
social functioning: the questions originated from experts but were 
validated on patients. The questions of the Teenagers’ Quality of Life 
Index (T-QoL©) [340] were based on the results of a qualitative study 
of teenage patients with skin disease [337]. T-QoL has 18 questions 
covering three domains: ‘self image’, ‘physical well-being and 
future aspirations’ and ‘psychological impact and relationships’. 
T-QoL has been used to assess the benefit of a specialised teenage 
and young adult dermatology clinic [341]. 


Measuring the impact of skin disease on partners 
and the family 

‘The Greater Patient’ 

The concept of ‘the Greater Patient’ describes the wider family unit, 
including the partner or close relatives. The lives of all of these may 
be affected by an individual within the family unit having skin dis- 
ease [342]. The variety of methods used to measure the family impact 
of skin disease using dermatology-specific instruments have been 
reviewed [343]. 

This impact on the family has been assessed in atopic eczema, 
for example in causing parental sleep disturbance [344]. Two 
disease-specific methods [267,345] measure this secondary impact, 
and another questionnaire records the impact both on an affected 
child and on the parents [262]. The Dermatitis Family Impact ques- 
tionnaire (DFI) [267,346] has been used in 50 studies in 16 countries 
to assess the impact of therapy and of different care interventions, 
and to demonstrate the relationship of childhood dermatitis sever- 
ity to family life quality [347]. Support groups for children with 
atopic eczema and their families [348] may help to address some 
of these Greater Patient issues. The families of adults with atopic 
eczema also experience a secondary impact: for example, the sex 
life of 36% of partners of adult patients with atopic eczema was 
affected, as measured by a questionnaire designed to assess sexual 
functioning [349]. 

The 10-item Family Dermatology Life Quality Index (FDLQI) can 
be used across all skin diseases [350,351]. Key areas affected and 
enquired about are shown in Box 16.7. The FDLQI allows compar- 
ison between the family impact of different skin diseases and it 
has been used in psoriasis, atopic eczema, acne, chronic wounds, 
hidradenitis suppurativa, vitiligo, pemphigus and epidermolysis 
bullosa. It can also be used to demonstrate change in family QoL 
after therapeutic intervention, such as following biologic therapy 
for psoriasis [352]. 


Box 16.7 The Family Dermatology Life Quality 
Index: aspects covered in 10 questions 


Emotional distress 

Physical well-being 
Personal relationships 
Other people’s reactions 
Social life 
Recreation/leisure activities 
Time assisting therapy 
Housework 

Work/study 

Expenditure 
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Adapted from Basra, Sue-Ho and Finlay 2007 [350]. 


It is important to understand the attitudes and beliefs held by 
patients with psoriasis and their partners [353]. The Psoriasis Family 
Impact [354,355] and FamilyPso [356] questionnaires can assess the 
psoriasis-specific issues. 

New ways are needed to develop interventions to address these 
impacts on family members and to assess outcomes [357]. 
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The Family Reported Outcome Measure (FROM-16) is a 16-item 
questionnaire that can be used across all of medicine to measure the 
impact of disease on the partner or the family members of patients 
[358]. It was based on interviews with over 130 family members 
of patients from 26 specialties [359]. It is primarily an assessment 
tool that enables comparison of the secondary impact caused by 
skin disease with that caused by other diseases. It could, however, 
also be used to explore whether an intervention with a beneficial 
outcome for the patient has a corresponding beneficial effect on the 
patient’s partner and family. FROM-16 has been used to measure 
the family impact of cancer, urinary stones, myalgic encephalitis 
[360] and Covid-19 [361], as well as a variety of systemic diseases: 
its use in dermatology [362] will therefore allow comparisons with 
the impact of non-dermatological disease. 


Assessing life course impairment resulting from 
skin disease 

One of the three key dimensions [363] of burden of skin disease 
(the others are impact now and impact on the family) is life course 
impairment [364]. Skin diseases influence many major life-changing 
decisions, such as career choice or choice of partner [365,366]. The 
magnitude of this influence can be recorded using the Major Life 
Changing Decision Profile (MLCDP) [367]. Having psoriasis leads to 
long-term cumulative life changes [364]. It has been postulated that 
the impact of psoriasis on life course is likely to be more signifi- 
cant during young adulthood because it is a sensitive and critical 
period in a patient's life [368]. Life course impairment has also been 
assessed in vitiligo [369], skin cancer [370], alopecia [371] and several 
other skin diseases [372,373]. 

The cumulative and ongoing burden of disease may result in the 
failure of patients to reach ‘full life potential’, a process that has 
been termed ‘cumulative life course impairment’ (CLCI) [364]. This 
impairment may also be assessed by examining milestones, such as 
in psychosocial and psychosexual development [374]. The Course of 
Life Questionnaire (CoLQ) was designed to measure such domains in 
young adults who have grown up with chronic disease [375]. 

While it may be argued that some aspects of CLCI are irreversible, 
formal assessment of life course impairment may assist clinicians to 
identify risk factors at an earlier stage, allowing more tailored and 
individualised intervention [376]. 


Practical clinical use of quality of life measures: 
a vital sign? 
Clinicians use a subjective view of the QoL of their patients to 
inform many decisions. A better understanding of this impact 
has led to a focus on ‘patient-centred care’ [377] or ‘patient-based 
medicine’ [378]. In psoriasis, there is a relationship between the 
type of management decision taken and patient-rated HRQoL 
[379]. However, there is a lack of HRQoL discussion during der- 
matology out-patient consultations [380]. Where DLQI information 
was routinely available in a general dermatology clinic, treatment 
decisions were influenced in 9% of consultations, mainly in patients 
in whom there was high HRQoL impairment [381]. 
Patient-generated information, as assessed by HRQoL outcome 
measures, is essential for understanding the impact of skin disease 
on the individual patient and thus for influencing management 
decisions [382]. Challenges remain in the capturing and use of 


HRQoL data: QoL assessment adds to but cannot replace effective 
patient-physician communication [383]. A further challenge to 
dermatologists is to identify the full range of interventions, beyond 
drugs, that may be of benefit in improving impaired QoL [384]. 


Psychological impact measures (Chapter 15) 


The psychological impact of skin disease is considerable and 
patients may experience depression, anxiety and suicidal ideation 
[385-387]. Psychiatric morbidity can range from 25% to 40% in 
dermatological patients, with higher rates in pruritic conditions, 
skin infections and alopecia [388,389]. A multicentre European 
review of psychological burden of skin disease highlights chronic 
leg ulcers as the leading cause of depression, often due to feelings of 
isolation [385], and is supported by previous findings [390]. Certain 
subsets of eczema have a higher incidence of depression [385,391], 
while anxiety is more common in conditions such as psoriasis 
and acne [385]. Nevertheless, psoriasis is also strongly associated 
with depression and suicidal ideation [392]. Psychological stress 
may depend on attachment styles of dermatological patients and 
may consequently play a further role in exacerbating chronic skin 
diseases [393,394]. However, dermatologists often underdiagnose 
mood disorders and further clinical training may be necessary 
to address these concerns [395]. Though routine QoL assessment 
may capture elements of depression [396], the formal identification 
and assessment of psychological disorders associated with derma- 
tological conditions are crucial to ameliorate patient health care. 
The involvement of a psychodermatology team is important when 
managing patients with psychocutaneous disease [393]. 

Two psychiatric measures commonly used alongside QoL assess- 
ment include the Hospital Anxiety and Depression Scale (HADS) and 
Beck Depression Inventory (BDI) [396]. 

The HADS scale, developed in 1983 [397], is a screening tool 
composed of 14 items, with a score range 0-21. The questions are 
categorised into two domains: anxiety (HADS-A) and depression 
(HADS-D). Each domain has seven questions with a four-level 
response scale. Total scores are banded from 0 to 7 (‘normal’), 8 to 
10 (‘borderline abnormal’) and 11 to 21 (‘abnormal’), which would 
warrant further investigation or management. HADS has good psy- 
chometric properties and is a well-validated instrument [397-399] 
with good correlation with other outcome measures [396,400]. 

The BDI was originally published in 1961 [401]. It is a 21-item 
patient-reported outcome measure with a score range 0-63 and is 
routinely used to assess the severity of depression in clinical studies 
[248,396,402]. The BDI covers various aspects of mental health, as 
well as physical and behavioural manifestations of ill health. 

The Brief Symptom Inventory (BSI) is a 53-item instrument that 
measures psychological symptoms across nine subscales: somatisa- 
tion, compulsive symptoms, interpersonal sensibility, depression, 
anxiety, hostility, phobia, paranoia and psychoticism (a personality 
pattern typified by aggressiveness and interpersonal hostility) [403]. 

Another measure often used for screening psychiatric conditions 
is the 12-item General Health Questionnaire (GHQ-12) [404]. This is a 
self-administered questionnaire which is scored either by a binary 
method or by using a Likert method, which has been shown to be a 
valid way to assess psychological distress in dermatological patients 
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[405]. However, it does not specifically measure anxiety and depres- 
sion [385]. 

Though several other measures exist, further studies are required 
for identifying the optimal way to measure psychiatric morbidity in 
patients with skin disease. 


Sexual functioning measures 


The sexual life of patients suffering from skin disease is an important 
consideration when assessing their overall psychological, emotional 
and physical well-being. Patients’ sexual life may be affected due to 
localised genital involvement [406,407] or due to chronic generalised 
conditions including hidradenitis suppurativa, psoriasis, eczema, 
urticaria and blistering disorders [408]. Sexual impairment may 
manifest as decreased sexual functioning [409], decreased sexual 
desire [410], difficulties with achieving arousal or orgasm [411] or 
physical discomfort. Given the sensitive nature of these issues, they 
are usually ignored and not discussed or addressed in up to 96% of 
patients [412]. They may be associated with anxiety, depression or 
suicidal ideation [408]. Therefore, the use of specific self-assessment 
questionnaires as well as certain aspects of QoL measures may be 
valuable in allowing these concerns to be addressed. 

There are numerous sexual functioning-specific questionnaires 
that cover a wide range of relevant domains including satisfac- 
tion, interest, frequency, importance, performance, desire, worry, 
arousal, current behaviour, orgasmic capacity, libido, urological 
problems and feelings of femininity and masculinity. At least 45 
sexual-specific questionnaires have been described, though not all 
are validated for different sexual orientations [413]. Ermertcan [414] 
evaluated sexual dysfunction in dermatological diseases and iden- 
tified several measures suitable for assessing sexual dysfunction 
according to gender, systemic disease or dermatological condition. 
The Female Sexual Function Index (FSFI) for females and International 
Index of Erectile Dysfunction (IIEF) for males were recommended for 
use in skin disease. 

The FSFI is a 19-item questionnaire assessing six domains of 
female sexuality: sexual desire, arousal, lubrication, orgasm, satis- 
faction and pain. The score range is 2-36, with scores less than or 
equal to 26.6 indicating sexual dysfunction [415]. 

The IIEF is a 15-item measure that incorporates five domains of 
male sexuality: erectile function, orgasmic function, sexual desire, 
intercourse and overall satisfaction. The score range is 5-75 with 
higher scores indicative of better sexual function [416]. Sexual dys- 
function is indicated with erectile function domain scores less than, 
or equal to, 25 [417]. 

Cuenca-Barrales et al. [418] have identified several sexual-function 
measures utilised in hidradenitis suppurativa studies including the 
Arizona Sexual Experience Scale (ASEX) [419], Sexual Quality of Life 
Questionnaire for Use in Men (SQoLM) [420], Frankfurt Self-Concept 
Scale for Sexuality (FKKS SEX) [421] and the original and revised 
version of the Female Sexual Distress Scale (FSDS and FSDS-R, respec- 
tively) [422,423]. 

Generic, dermatology and disease-specific outcome measures 
may also capture elements of sexual impairment. For example, item 
9 of the DLQI asks about ‘sexual difficulties’. The Skindex-29, PDI 
and Impact of Psoriasis on Quality of Life Questionnaire measures 
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have also been utilised to assess impact on sexual life in psoriasis 
sufferers [424]. 


Work impact measures 


Occupational skin disease 

Within Europe, work-related skin problems may represent up to 
40% of recognised occupational health diseases [425]. Allergic 
contact dermatitis (ACD) accounts for a majority of occupational 
skin diseases, with a prevalence range of 70-90% [426], followed by 
irritant contact dermatitis (ICD). Both ACD and ICD may impact a 
wide range of professions from health care workers, aestheticians 
and hairdressers to construction workers. Increasingly, skin can- 
cer is also being recognised as an occupational hazard leading to 
compensation claims and an increased drive for secondary targeted 
insurance schemes [427,428]. Preventative measures at an early 
stage are crucial to avoid occupational skin diseases from becoming 
chronic, which may consequently have significant implications for 
future employment and disability [429,430]. The consequences of 
occupational skin disease may not be limited to the workplace, but 
potentially have a wider effect on patient QoL. Although clinical 
outcome measures are useful tools, it is equally important to con- 
sider work-specific outcome measures to fully assess the impact of 
changes in occupation on patient well-being. 

A European review of QoL measurement of occupational skin dis- 
ease highlights the DLQI as the most commonly used measure, fol- 
lowed by the generic SF-36 and The Life Quality Index Occupational 
Dermatoses (LIOD) [431]. Skindex-16, Skindex-29 and PDI have also 
been utilised, though less frequently and in some cases as modified 
versions [427]. 

The LIOD has been designed specifically for occupational skin dis- 
eases, but due to a 3-month recall period, there are concerns around 
recall bias, routine use and applicability in clinical trials [427]. 

The DLQI has one item regarding the impact of skin disease 
on work and, along with the SF-36 and Skindex measures, is a 
well-validated tool. However, it is recommended that non-validated 
modified versions of QoL instruments should be avoided [432-434]. 


Work productivity 
Chronic skin disease may have a considerable impact on work 
productivity but is often overlooked by policy makers and the 
general public due to the perception that skin disease is usually 
non-life-threatening. However, skin disease burden may be com- 
parable to other chronic medical conditions [435]. Psoriasis and 
eczema are examples of chronic skin conditions whereby the psy- 
chological, physical and social burden of disease may contribute 
to decreased work productivity. This may manifest as absenteeism 
(physically too disabled to work) or presenteeism (compromised 
work productivity). For example, 30% of patients not in work 
attribute their employment status to their psoriasis [240], whereas 
patients suffering with atopic dermatitis experience an increased 
number of sick days [436]. Furthermore, parents may need to take 
time off work to care for children with atopic dermatitis [437]. 
Measures already listed in this chapter, such as the DLOL, capture 
elements of work impairment. Clinical outcome measures such 
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as the PASI correlate moderately at best with DLQI scores, sug- 
gesting the influence of other factors impacting patient well-being 
[438,439]. It is therefore important to consider work-productivity 
measurement as part of routine patient assessment. 

The Work Productivity and Activity Impairment: General Health 
(WPALGH), developed in 1993, is a six-item instrument to evaluate 
the impact of health problems on the subject’s productivity, and 
‘Specific Health Problem’ (SHP) versions also exist for use in particular 
conditions [440]. It has a 7-day recall period. The instrument screens 
for impairment in both unpaid and paid work by yielding four 
scores: (i) absenteeism, (ii) presenteeism, (iii) total work produc- 
tivity impairment (TWPI) (% overall work impairment, including 
absenteeism /presenteeism) and (iv) total activity impairment (TAI) 
(% total impairment in non-work daily activities, e.g. housework). 

The WPAI:SHP version has been used to assess work impairment 
in hidradenitis suppurativa [441]. The WPAI—Psoriasis version is sen- 
sitive to change and has been utilised in comparing intervention effi- 
cacy on work impairment in psoriatic patients [442,443]. The WPAI 
has also been used in the relevant specific form for studies in atopic 
dermatitis [444], chronic hand dermatitis [445] and urticaria [446]. 

The combination of clinical outcome, HRQoL and work impair- 
ment measures can help provide physicians and health authorities 
with important information about the clinical course of disease and 
overall disease burden as well as financial and real-life impact of a 
chronic skin condition. 


Conclusion 


Although dermatology has taken longer than some other specialties 
to focus on the importance of measurement of disease, there is now 
a major interest in the creation of new measurement methods for 
use across all of the common skin diseases. However, the recent 
profusion of new techniques leaves unanswered the question as 
to how many of these newly proposed methods will improve the 
standard of care of patients, in contrast to their more immediately 
obvious use in clinical research. The challenge for researchers is 
to demonstrate the specific scenarios where measurement can be 
of value, and to develop validated methods that can be translated 
for clinical use, to enhance the quality of dermatology care. In the 
meantime, dermatologists can take advantage of those few methods 
where such validation has been established. 
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Evidence-based medicine 


What is evidence-based medicine? 


Evidence-based medicine (EBM) is the integration of best research 
evidence with clinical expertise and patient values. [1] 


The need for evidence-based medicine 

Distinguishing effective treatments from those that are 
ineffective or harmful 

Distinguishing effective treatments from those that are ineffective 
or harmful has been a problem facing medical practitioners since 
medicine has been practised [2]. Prior to the 1940s, determination 
of treatment efficacy was based on expert opinion, trial and error, 
uncontrolled observation and small case series. The only treatments 
that could be distinguished as effective were those that produced 
dramatic increases in survival such as streptomycin for tuberculous 
meningitis [2]. The publication of the randomised controlled clinical 
trial (RCT) that demonstrated that streptomycin was effective in 
the treatment of pulmonary tuberculosis was a landmark event in 
determining treatment efficacy [3]. Since then, the RCT has become 
the gold standard for determining the efficacy of therapeutic 
interventions. Hundreds of RCTs were conducted between 1950 
and 1980. However, their results were not catalogued or used 
systematically to inform medical decision making. 

Evidence-based medicine is a framework designed to help practitioners 
distinguish interventions that are effective from those that are ineffective or 
harmful. The origin of evidence-based medicine is most often traced 
to Pierre Charles Alexander Louis who introduced the teaching of 


statistical methods into the study of medicine in post-revolutionary 
France. However, a strong case can be made that its modern origi- 
nator was Archie Cochrane, a British epidemiologist and physician, 
who in 1971 published his response to being asked to evaluate the 
effectiveness of the British National Health Service in delivering 
health care to the population of the UK. In his analysis he concluded 
that medical science was poor at distinguishing interventions that 
were effective from those that were not and that physicians were 
not using available evidence from clinical research to inform their 
decision making [2,4]. 

Like-minded epidemiologists and physicians responded to Archie 
Cochrane’s challenge by examining the methods by which medical 
decisions and conclusions were reached and proposed an alterna- 
tive method of summarising evidence based on finding, appraising 
and utilising available data from clinical research performed on 
patients. In 1985 Sackett, Haynes, Guyatt and Tugwell published 
a landmark book entitled Clinical Epidemiology: A Basic Science for 
Clinical Medicine that detailed the rationale and techniques of this 
evidence-based approach [5]. These authors and others reduced 
the rules of evidence to a small subset of principles that were 
easier to teach and to understand and reintroduced the concept in 
1992. They named this technique ‘evidence-based medicine’. It was 
defined as ‘the conscientious, explicit and judicious use of the best 
current evidence in making decisions about the care of individual 
patients’ [6]. The definition was expanded to include the integration 
of independent clinical expertise, best available external clinical 
evidence from systematic research, and patients’ values and expec- 
tations [7]. Others like Iain Chalmers were instrumental in setting 
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up the Cochrane Collaboration, a global network of mainly volun- 
teers tasked with preparing and maintaining unbiased systematic 
reviews of all RCTs, organised according to specialty [8]. Whereas 
making a decision about therapy has been the primary focus of 
EBM, its principles have been extended to diagnosis, prognosis, 
harmful effects of interventions and economic analyses [2]. 

It has been estimated that physicians need evidence (e.g. about 
the accuracy of diagnostic tests, the power of prognostic markers, 
the comparative efficacy and safety of interventions) about twice for 
every three out-patients seen (and five times for every in-patient). 
They get less than a third of this evidence because they do not look 
for it, cannot find it or it does not exist [2,9,10]. 


Keeping up with the literature 

The best external evidence that informs patient care comes from 
clinical research involving patients. It has a short doubling-time 
(10 years) and replaces currently accepted diagnostic tests and 
treatments with new ones that are more powerful, more accurate, 
more efficacious and safer [2]. 

In the field of medicine the amount of data published far exceeds 
our ability to read it. Keeping up by reading the literature is an 
impossible task for most practising physicians. It would require 
reading around 19 articles a day, 365 days a year. The average 
practising physician spends 30 min per week reading the medical 
literature related to the patients he or she sees (Figure 17.1) [2,7,9]. 
The burden of literature for dermatologists is no less daunting 
since there are now more than 300 journals devoted to dermatology 
worldwide [2,11,12]. Such expansion in the biomedical literature 
has been one of the main reasons for developing secondary research 
synthesis summaries (systematic reviews) of all available evidence, 
so that the busy physician can go to just one place for an up-to-date 
summaty. 

The expansion of the biomedical literature and the increases in 
demand on physicians’ time (e.g. for seeing more patients and 
interacting with electronic health records) fuelled the development, 
proliferation and use of point-of-service products. These products 
provide frequently updated reviews and recommendations for 
most diseases written by chosen authors many of whom may be 
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Figure 17.1 Relationship between reading and years from graduation from medical 
school. Adapted from Sackett 1997 [26]. Reproduced with permission of Elsevier. 


recognised as experts in their respective fields. The products vary 
in cost, features, editorial quality, evidence-based methodology and 
breadth of coverage [13]. 

Even if he or she had the time, the best clinical evidence published 
in journals is often inaccessible to the average practising physician. 
Most are not adequately trained in clinical decision making, clinical 
research, epidemiology or statistics to read many articles published 
in the primary medical literature. Commonly used techniques and 
concepts such as odds ratio, confidence interval, Bayesian credibility 
intervals, utility, Yates correction or fixed effects model, as examples, 
are inadequately understood. EBM provides a systematic method 
to evaluate the medical literature that allows the average practising 
physician to understand the medical literature and to apply it to the 
care of individual patients. 


Practising evidence-based medicine 

Practising EBM consists of five steps (Box 17.1) that are explained 
in detail in the following sections of this chapter. Once learned, the 
techniques of EBM can be performed rapidly and efficiently to use 
available external evidence from the medical literature with clinical 
experience and patient preferences to make clinical decisions. 


Box 17.1 The five steps of practising 
evidence-based medicine 


1 Formulating a well-built clinical question generated from a patient 
encounter 

2 Searching for valid external evidence 

3 Critically appraising that evidence for relevance and validity 

4 Applying the results of that appraisal of evidence back to the patient 

5 Recording the information for future use 


Limitations of evidence-based medicine 

Practising EBM is limited by several inherent weaknesses predom- 
inately resulting from having to rely on evidence published in the 
medical literature (Box 17.2). Publication bias results from allowing 
factors other than quality of the research to influence its acceptability 
for publication (e.g. sample size, statistical significance or investiga- 
tors’ or editors’ perception of whether the results are ‘interesting’) 
[2,14]. There is a strong bias favouring studies with positive results 
even if they have methodological weaknesses and small sample size. 
Negative studies with small sample size are much less likely to be 
published. Even studies with large sample sizes and negative results 
may go unpublished: for example two RCTs that demonstrated that 
topical imiquimod was ineffective in the treatment of molluscum 
contagiosum have not yet been published [15]. 


Box 17.2 Limitations of evidence-based medicine 


¢ Publication bias 

¢ Poor quality of many trials 

¢ Lack of evidence in some areas 

¢ Use of summary statistics in reporting results 


As a result of publication bias, easy to locate studies are more 
likely to show ‘positive’ effects [2,14]. In many areas, the primary 
studies published are dominated by company-sponsored trials of 
new, expensive treatments. Treatment is often only compared with 
placebo in these studies, making it difficult for practising clinicians 
to decide how the new treatment compares with existing therapies. 

Many trials published in the dermatological literature (and in the 
medical literature generally) are of poor methodological quality. 
Surveys of clinical trials published in the dermatological liter- 
ature list the features of trials most important in limiting the 
risk of bias (e.g. adequate randomisation, concealed allocation, 
intention-to-treat analysis and masking). These features were 
reported less than 50% of the time [16,17]. Reporting has improved 
over time. In a study of quality of reporting of controlled trials 
in dermatology published in 2018, method of randomisation and 
concealed allocation were reported 70% and 58% respectively [18]. 

Sufficient evidence is lacking in many areas in dermatology 
(and in medicine in general). An analysis of systematic reviews of 
dermatological topics found insufficient evidence to inform prac- 
tice in 60% (63/105) [19]. Many dermatological diseases are very 
uncommon and have not been studied in controlled clinical trials. 
Case series, case reports and expert opinion based on experience 
are still legitimate evidence for rare skin diseases where no clinical 
trials or systematic reviews are available. 

‘All or none’ clinical observations such as the use of streptomycin 
for tuberculous meningitis and insulin for diabetes provide strong 
evidence of treatment efficacy and obviate the need for expensive 
and time-consuming clinical trials [20]. The use of dapsone for 
dermatitis herpetiformis and pulsed tunable dye laser for vascu- 
lar malformations may serve as examples of ‘all or none’ clinical 
observations in dermatology. 

Results in published clinical trials are almost always expressed 
in summary statistics that refer to the groups treated in the study. 
Summary statistics refer to groups not individuals (e.g. PASI-75 
(psoriasis area and severity index) or proportions who cleared). 
Some participants may respond a lot and others very little, whereas 
only the average response is reported. Ideally, in addition to group 
data, the raw data of individual treatment responses should be 
presented or made available to determine whether it is possible 
to identify factors that make it more or less likely that a patient 
will respond to treatment. These data are rarely provided. Unfortu- 
nately in dermatology, most trials are relatively small and of short 
duration. As a result, they are underpowered to identify predictors 
of response that could help to identify those groups of people who 
might respond better or worse to a particular treatment. Small 
studies are also at risk of falsely concluding no treatment benefit 
when in fact the study was underpowered to detect even moderate 
benefits [21]. 


Threats to evidence-based medicine 

The practice of EBM faces threats from several entities that seek to 
exploit it for gain (Box 17.3). Some authors approach systematic 
reviews and meta-analyses as a quick way to get published. A 
common practice is to look into the literature for areas in which 
many trials have been published and write a data-driven systematic 
review. These reviews tend to include many company-sponsored 
trials of new and expensive treatments compared with placebo that 
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do not necessarily address important clinical questions raised in 
clinical practice. 


Box 17.3 Threats to evidence-based medicine 


e Data-driven systematic reviews 

¢ Sponsored systematic reviews 

¢ Selective outcome reporting bias 

¢ Failure to publish trials with negative results 

¢ Spinning of trial results 

¢ Ghost writing of research papers and reviews 

e Expansion of drug indications through selective reporting of trials 
with positive results 


Many published therapeutic trials are company-sponsored trials 
of new treatments. These trials are more likely to have results 
favourable to the sponsor [22]. Compared with trials funded by 
other sources, company-sponsored trials that are pre-registered with 
government registration sites (e.g. https://clinicaltrials.gov/ and 
https://www.clinicaltrialsregister.eu/; both last accessed Febru- 
ary 2022) are less likely to be published, perhaps indicating that 
trials with negative results are intentionally not finished or pub- 
lished [22]. 

Trials with negative results for the primary outcome are often 
‘spun’ to give the appearance that the treatment is effective [23]. 
This objective is accomplished by de-emphasising the primary out- 
come and selectively reporting or emphasising results in secondary 
outcomes, subgroup analyses, within-group analyses or post hoc 
analyses. In a representative sample of RCTs published in 2006 
with statistically non-significant primary outcomes, the reporting 
and interpretation of findings was frequently inconsistent with 
the results [24]. Selective outcome reporting bias can be partially 
overcome by systematic reviews stipulating the preferred clini- 
cally important outcomes and by those conducting clinical trials to 
register their protocol and to state their primary outcome measures 
of success in publicly accessible trial registers before recruitment 
starts [25]. 


Formulating questions and finding evidence 


Formulating well-built clinical questions 
Practising EBM centres on trying to find answers to clinically 
relevant questions that arise in caring for individual patients. Ask- 
ing well-built clinical questions may be the most important step in 
practising EBM [1]. A well-built clinical question has four elements: 
a patient or problem, an intervention, a comparison intervention 
(if necessary) and an outcome. One easy way of remembering 
these key components is the acronym PICO (patient, intervention, 
comparator and outcome). A fifth element, time frame (i.e. the time 
it takes for the intervention to achieve the outcome or how long 
participants in a study are observed), has been suggested as an 
additional component for the well-built clinical question yielding 
the acronym PICOT (Figure 17.2) [2,3]. 

Well-built clinical questions about individual patients can be 
grouped into several categories: aetiology, diagnosis, therapy, 
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Figure 17.2 The PICOT format. 


prevention, prognosis and harm. An example of a well-built 
question about diagnosis is ‘In patients with dystrophic toenails 
due to onychomycosis [P], would a fungal culture [I] or a peri- 
odic acid—Schiff stain (PAS) of a nail clipping [C] be more likely 
to establish a diagnosis of onychomycosis [O]?’ An example of a 
well-built question about therapy is ‘In immunocompetent children 
with cutaneous warts [P], would treatment with imiquimod [I] or 
vehicle [C] result in clearance of all lesions [O] after 2 months of 
treatment [T]?’ An example of a well-built question about harm is 
‘What is the likelihood that a patient with severe nodular acne [P] 
treated with isotretinoin [I] or not exposed to isotretinoin [C] will 
develop ulcerative colitis [O] within 12 months after completing a 
course of treatment [T]?’ 

A well-formed clinical question has two strong advantages. 
Firstly, a major benefit of careful and thoughtful question form- 
ing is that it makes the search for, and the critical appraisal of, 
the evidence easier. The well-formed question makes it relatively 
straightforward to elicit and combine the appropriate terms needed 
to tailor the search strategies for the database(s) you choose 
(e.g. MEDLINE, EMBASE, Cochrane Library). Secondly, having to 
formulate well-built clinical questions will also train you to define 
your patient clearly, be specific about the interventions used and 
choose carefully the outcomes that would make a difference to your 
patient and you. 


What is the ‘best evidence’? 

Practising EBM is predicated on finding and utilising the best 
evidence [4]. Potential sources of evidence include empirical rea- 
soning based on the aetiology and pathophysiology of disease, 
personal experience, colleagues or experts, textbooks, articles 
published in journals, and systematic reviews and guidelines. An 
important principle of EBM is that the quality (strength) of evi- 
dence is based on a hierarchy of evidence (Figure 17.3). The order 
of the hierarchy of evidence is dependent on the type of question 
being asked (Table 17.1). The hierarchy of evidence for evidence 
of treatment benefits typically starts with the combined results 
of well-designed experimental studies such as RCTs (especially if 
the studies have results of similar magnitude and direction, and 
if there is homogeneity among studies), results of observational 
studies such as case series, expert opinion and personal experience, 
in descending order. The hierarchy was created to encourage the 
use of the evidence that is most likely to be true and useful in 
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Figure 17.3 The hierarchy of evidence. 


clinical decision making. The ordering of this hierarchy has been 
widely discussed, actively debated and sometimes hotly contested 
[5]. It is important to consider study quality when referring to the 
evidence hierarchy. For example, a well-designed cohort study may 
provide more reliable evidence than a small, poorly conducted RCT 
(even though the RCT hypothetically offers a stronger design for 
minimising bias). 

A systematic review is an overview of available evidence that 
answers a specific clinical question, contains a thorough, unbiased 
search of the relevant literature, explicit criteria for assessing studies 
and structured presentation of the results. When there are similar 
studies in a systematic review (i.e. RCTs using the same interven- 
tions and outcomes), the authors of a systematic review may use a 
statistical technique called meta-analysis to combine quantitative 
data from several studies in order to provide a more precise and 
informative overall estimate of treatment effects. 

Meta-analysis is credited with allowing recognition of impor- 
tant treatment effects by combining the results of small trials that 
individually lacked the power to demonstrate differences among 
treatments. For example, the benefits of intravenous streptokinase 
in acute myocardial infarction were recognised by the results of a 
cumulative meta-analysis of smaller trials at least a decade before 
it was recommended by experts and before it was demonstrated 
to be efficacious in large clinical trials [6]. Meta-analysis has been 
criticised for the discrepancies between the results of meta-analysis 
and the results of large clinical trials [7]. For example, results of a 
meta-analysis of 14 small studies of calcium to treat pre-eclampsia 
showed benefit of treatment but a large trial failed to show a 
treatment effect [8]. The frequency of discrepancies ranges from 
10% to 23% [8]. Discrepancies can often be explained by differ- 
ences in treatment protocols, heterogeneity of study populations 
or changes that occur over time [8]. Unfortunately, with the excep- 
tion of Cochrane systematic reviews and a few notable others, 
the quality of dermatology systematic reviews is generally poor, 
with around 90% assessed as being low quality in a recent study 
[9]. Systematic reviews have become a very popular publication 
type in the dermatological literature, yet they are subject to abuse 
such as addressing topics of limited interest, salami publication, 
selective reporting of ‘interesting’ outcomes, duplicate publication 
and errors such as including the same primary study more than 
once in a meta-analysis [10]. 


Table 17.1 Levels of evidence. 
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Level of evidence Therapy/harm Diagnosis 

la Multiple randomised controlled trials (RCTs) with homogeneity? Multiple level 1b (see 1b entry) diagnostic studies with homogeneity; or 
clinical decision rules? with 1b studies from different clinical centres 

1b Individual RCT (with narrow confidence intervals) Independent blind comparison of an appropriate spectrum of consecutive 
patients, all of who have undergone both the diagnostic test and the 
reference standard 

iKe All or none’ Very high sensitivity or specificity4 

2a Cohort studies with homogeneity Multiple level >2 (see entries below) diagnostic studies with homogeneity 

2b Individual cohort study (including low-quality RCT; e.g. <80% follow-up) Independent blind comparison but either in non-consecutive patients, or 
confined to a narrow spectrum of study individuals (or both), all of 
whom have undergone both the diagnostic test and the reference 
standard; or a diagnostic clinical decision rule (CDR) not validated in a 
test set 

2c ‘Outcomes’ research® 

3a Case-control studies with homogeneity Multiple level 3b and better studies (see below) with homogeneity. 

3b Individual case-control study Independent blind comparison of an appropriate spectrum, but the 
reference standard was not applied to all study patients 

4 Case series (and poor quality cohort and case-control studies) Reference standard was not applied independently or not applied blindly 

5 Expert opinion without explicit critical appraisal, or based on physiology, 


bench research or logical deduction 


Adapted from NHS R&D Centre for Evidence-Based Medicine (https://www.cebm.ox.ac.uk/resources/levels- of-evidence/oxford-centre-for-evidence-based-medicine-levels-of- 


evidence-march-2009, last accessed February 2022). 


@ Homogeneity means lacking variation in the direction and magnitude of results of individual studies. 

5 Clinical decision rules are algorithms or scoring systems that lead to a prognostic estimation or a diagnostic category. 

All or none — these are interventions that produced dramatic increases in survival or outcome such as streptomycin for tuberculous meningitis. 

4 A diagnostic finding whose specificity is so high that a positive result rules in the diagnosis or a diagnostic finding whose sensitivity is so high that a negative result rules out the 


diagnosis. 
® Outcomes research includes cost-benefit, cost-effectiveness and cost-utility analysis. 


Network meta-analyses are being increasing published and 
utilised to compare treatments in situations where direct head-to- 
head trials are few or lacking. Network meta-analysis (NMA) is a 
technique for comparing multiple treatments in a single analysis by 
combining direct evidence (from head-to-head trials) and indirect 
evidence (from trials of different treatments against placebo or a 
third treatment) in a network of RCTs. NMA allows for comparing 
treatment effects between any pair of interventions. It also allows 
for ranking of the effectiveness of the included interventions. To 
be valid, there should be no systematic differences between the 
comparisons included in a NMA other than the treatments being 
considered [11]. Despite their appeal, NMA are also prone to 
some of the same problems as those associated with conventional 
systematic review such as duplicate publications, e.g. there are 
over 21 NMAs of systemic treatments for psoriasis at the time of 
writing. Living systematic reviews denote that reviews that are 
updated frequently as new evidence become available in real time, 
and individual patient data (IPD) meta-analysis refers to the use of 
IPD from each contributing trial as opposed to aggregate summary 
data. An example of a living IPD review in the prevention of atopic 
dermatitis can be found here [12]. 

The type of question being asked determines the type of clinical 
study that constitutes the best evidence. Questions about therapy 
and interventions for disease prevention are best addressed by 
RCTs. Questions about diagnosis are best addressed by cohort 
studies. RCTs are usually a good source of evidence for the harmful 
effects of interventions for adverse events that occur frequently, but 
not for rare but potentially important adverse events. For adverse 
effects that occur infrequently, cohort studies, case-control studies, 
postmarketing surveillance, pharmacovigilance and large database 


studies are best. Case reports are often the first line of evidence for 
very rare adverse events and sometimes they are the only evidence. 

Over 1.7 million RCTs have been conducted in medicine. Studies 
have demonstrated that failure to use randomisation or adequate 
concealment of allocation results in larger estimates of treat- 
ment effects, predominantly caused by a poorer prognosis in 
non-randomly selected control groups compared with randomly 
selected control groups [13]. However, studies comparing RCTs and 
non-RCTs of the same interventions have reached disparate and 
controversial results [14,15]. Some found that observational studies 
find stronger treatment effects than RCTs [13]. Others found that 
the results of well-designed observational studies (with either a 
cohort or case-control design) do not systematically overestimate 
the magnitude of the effects of treatment as compared with RCTs on 
the same topic [14,15]. Sifting through the controversy leads to the 
following limited conclusions: trials using historical controls result 
in larger estimates of treatment effects compared with RCTs. Large, 
inclusive, fully masked controlled trials that generate and conceal 
the randomisation sequence properly and include all those who 
are originally allocated to the treatment groups (intention-to-treat 
analysis) are likely to provide the best evidence about effectiveness 
[5]. RCTs and systematic reviews of well-designed clinical studies 
have informed the care of dermatological patients [16]. 

Whereas personal experience is an invaluable part of becoming a 
competent physician, the pitfalls of relying too heavily on personal 
experience have been widely documented. Nisbett and Ross exten- 
sively reviewed people’s ability to draw inferences from personal 
experience and document several pitfalls [17]. They include: 
¢ Overemphasis on vivid, anecdotal occurrences and underempha- 

sis on significant statistically strong evidence. 
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e Bias in recognising, remembering and recalling evidence that 
supports pre-existing knowledge structures (e.g. ideas about dis- 
ease aetiology and pathogenesis) and parallel failure to recognise, 
remember and recall evidence that is more valid. 

e Failure to characterise population data accurately because of 
ignorance of statistical principles including sample size, sample 
selection bias and regression to the mean. 

e Inability to detect and distinguish statistical association and 
causality. 

e Persistence of beliefs in spite of overwhelming contrary evidence. 
Nisbett and Ross provide numerous examples of problems 

associated with recall from controlled clinical research. Physicians 
may remember patients who improved, often assume that patients 
who did not return for follow-up improved and conveniently forget 
the patients who did not improve. A patient treated with a given 
medication may develop a severe life-threatening reaction. On the 
basis of this single undesirable experience, the physician may avoid 
using that medication for many future patients, even though, on 
average, it may be more efficacious and less toxic than the alternative 
treatments that the physician chooses. 

Few physicians keep adequate, easily retrievable records to cod- 
ify results of treatments with a particular agent or of a particular 
disease; and even fewer actually carry out analyses. Similarly, few 
physicians make provisions for tracking those patients who are 
lost to follow-up. Therefore, statements made about a physician’s 
‘clinical experience’ may be biased. Finally, for many conditions, 
a single physician sees far too few patients to enable reasonably 
firm conclusions to be drawn about the response to treatments. 
For example, suppose a physician treated 20 patients with lichen 
planus with tretinoin and found that 12 (60%) had an excellent 
response. The confidence interval for this response rate (i.e. the true 
response rate for this treatment in the larger population from which 
this physician’s sample was obtained) ranges from 36% to 81% 
(http://statpages.org/confint.html; last accessed February 2022). 
Thus the true overall response rate might well be substantially less 
(or more) than the physician concludes from personal experience. 

Expert opinion can be valuable, particularly for rare conditions in 
which the expert has the most experience, or when other forms of 
evidence are not available. However, several studies have demon- 
strated that expert opinion often lags significantly behind conclusive 
evidence. Experts may rely too heavily on bench research, 
pathophysiology and treatments based on logical deduction from 
pathophysiology, and from the same pitfalls noted for relying on 
personal experience. 

It is widely believed that clinical decisions can be made on 
the basis of understanding the aetiology and pathophysiology 
of disease and logic [18]. This paradigm is problematic since the 
accepted hypothesis for the aetiology and pathogenesis of disease 
changes over time. For example, in the last 20 years, hypotheses 
about the aetiology of psoriasis have shifted from a disorder of 
keratinocyte proliferation and homeostasis, to abnormal signalling 
of cyclic adenosine monophosphate, to aberrant arachidonic acid 
metabolism, to aberrant vitamin D metabolism, to the current 
favourite, a T-cell-mediated autoimmune disease. Each of these 
hypotheses spawned logically deduced treatments. The efficacy 
of many of these treatments has been substantiated by rigorous 
controlled clinical trials, whereas others are used even in the 


absence of systematically collected observations. Therefore, many 
options are available for treating patients with severe psoriasis (e.g. 
UVB, narrow-band UVB, the Goeckerman regimen, psoralen-UVA 
(PUVA), methotrexate, ciclosporin, tumour necrosis factor (TNF) 
inhibitors, IL-12/23 or IL-17 inhibitors) and mild to moderate 
psoriasis (e.g. anthralin, topical corticosteroids, calcipotriol and 
tazarotene). However, a clear sense of what is best, in what order 
they should be used, or in what combinations, is still lacking. 

Treatments based on logical deduction from pathophysiology 
may have unexpected consequences. For example, it was pos- 
tulated that thalidomide might be a useful treatment for toxic 
epidermal necrolysis, based on the observation that thalidomide 
showed anti-TNF-a properties. However, an RCT of thalido- 
mide was stopped early because it was found that mortality was 
significantly higher in the thalidomide group than in the placebo 
group [19]. 

Textbooks can be valuable, particularly for rare conditions and 
for conditions for which the evidence does not change rapidly over 
time. However, textbooks have several well-documented shortcom- 
ings. They tend to reflect the biases and shortcomings of the authors 
who write them. By virtue of how they are written, produced and 
distributed, most are at least 2 years out of date at the time of 
publication. Most textbook chapters are narrative reviews that do 
not systematically search for all available evidence and appraise the 
quality of the evidence reported. 


Finding the best evidence 

The ability to find the best evidence to answer clinical questions 
is crucial for practising EBM [2]. Finding evidence requires access 
to electronic searching, searching skills and available resources. 
Evidence about therapy is the easiest to find. The best sources for 
finding the best evidence about treatment include: 

e The Cochrane Library. 

e Searching the Medline and EMBASE databases. 

e Point-of-service products. 

e Primary journals. 

¢ Secondary sources that summarise important new research. 

e Evidence-based dermatology and EBM books. 

e The National Guideline Clearinghouse (https://www.ahrq.gov / 

gam/index.html; last accessed February 2022). 
¢ The National Institute for Health and Care Excellence (NICE) 

(www.nice.org.uk; last accessed February 2022). 

The Cochrane Collaboration formed in response to Archie 
Cochrane’s challenge to organise a critical summary, by specialty 
or subspecialty, adapted periodically, of all relevant RCTs. The 
Cochrane Library contains the Cochrane Database of System- 
atic Reviews, the Cochrane Central Register of Controlled Trials 
(Central) and the Health Systems Evidence (HSE) database. The 
Cochrane Library is the most complete and well-indexed database of 
systematic reviews of therapy, RCTs and controlled clinical trials and 
is the best and most efficient place to find evidence about therapy. 

The Cochrane Database of Systematic Reviews is the most 
comprehensive collection of high-quality systematic reviews 
available. Volunteers, according to strict guidelines developed 
by the Cochrane Collaboration, write the systematic reviews in 
the Cochrane Library. Systematic reviews conducted within the 
Cochrane Collaboration are rated among the best [20]. The last issue 


of the Cochrane Library (2021, Issue 3, accessed March 2021) con- 
tained 8546 completed systematic reviews. The number of reviews 
identified as skin disorders is 255. 

CENTRAL is a database of over 1.76 million controlled clinical 
trials (https://www.cochranelibrary.com/central/about-central; 
last accessed February 2022). It is compiled by searching several 
databases including Medline, EMBASE and Literatura Latino Amer- 
icana em Ciéncias da Saude (LILACS), and hand-searching many 
journals. Hand-searching journals to identify controlled clinical 
trials and RCTs was undertaken because members of the Cochrane 
Collaboration noticed that many published trials were incorrectly 
classified in the Medline database. As an example, Adetugbo et al. 
hand-searched the Archives of Dermatology from 1990 through 1998 
and identified 99 controlled clinical trials. Nineteen of the trials 
were not classified as controlled clinical trials in Medline and 11 
trials that were not controlled clinical trials were misclassified as 
controlled clinical trials in Medline [21]. 

HSE consists of completed and ongoing health systems assess- 
ments (studies of the medical, social, ethical and economic implica- 
tions of health care interventions) from around the world. The aim 
of the database is to improve the quality and cost-effectiveness of 
health care. The latest issue of the Cochrane Library contained 14354 
HSE reviews (2021, Issue 3, last accessed March 2021). 

The Cochrane Library is the best source for evidence about 
treatment. It can be easily searched using simple Boolean combina- 
tions of search terms and by more sophisticated search strategies. 
The Cochrane Database of Systematic Reviews, CENTRAL and 
HSE can be searched simultaneously. The Cochrane Library is 
available on a personal or institutional subscription basis on the 
World Wide Web from the Cochrane Collaboration (https:// 
www.cochranelibrary.com/help/how-to-order; last accessed 
February 2022). The Cochrane Library is offered free of charge 
in many countries such as the UK by national provision, and to 
faculty and students by many medical schools in the USA. It is 
also available free to those in developing countries through a 
programme called Health InterNetwork Access to Research Initia- 
tive (HINARI). Daily pay-per-view access is also available. 

Epistemonikos has emerged as a useful source to identify system- 
atic reviews that are relevant to health care decision making, with 10 
databases (including the Cochrane Library) searched and updated 
regularly (https://www.epistemonikos.org/en/; last accessed 
February 2022). Epistemonikos is free and has retrieved 1613996 
references from different databases and other sources, which in 
turn have been sorted by human screeners and a machine learning 
algorithm, leading to a total of 371499 systematic reviews at the 
time of writing. 

DARE is a database of abstracts of systematic reviews pub- 
lished in the medical literature (https://www.crd.york.ac.uk/ 
CRDWeb/HomePage.asp; last accessed February 2022). It con- 
tains abstracts and bibliographic details on over 35000 published 
systematic reviews. DARE is the only database to contain abstracts 
of systematic reviews that have been quality assessed. 

The second best method for finding evidence about treatment 
and the best source for finding most other types of best evidence 
in dermatology is by searching the Medline or EMBASE databases 
by computer. MEDLINE is the National Library of Medicine’s 
bibliographic database covering the fields of medicine, nursing, 
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dentistry, veterinary medicine, the health care system and the pre- 
clinical sciences. The MEDLINE file contains bibliographic citations 
and author abstracts from approximately 5200 current biomedical 
journals published in the USA and 80 other countries. The file 
contains approximately 32 million records dating back to 1948. The 
new PubMed interface was introduced in September 2019. It has 
enhancements for searches. Users would benefit from examining 
the Users Guide and FAQs (https://pubmed.ncbi.nlm.nih.gov/ 
help/; last accessed February 2022). 

Medline searches have inherent limitations that make their reli- 
ability less than ideal [4]. For example, Spuls et al. conducted a 
systematic review of systemic treatments of psoriasis [22]. Treat- 
ments analysed included UVB, PUVA, methotrexate, ciclosporin 
and retinoids. The authors used an exhaustive strategy to find 
relevant references including Medline searches, contacting pharma- 
ceutical companies, polling leading authorities, reviewing abstract 
books of symposia and congresses, and reviewing textbooks, 
reviews, editorials, guideline articles and the reference lists of all 
papers identified. Of 665 studies found, 356 (54%) were identified by 
Medline search (range 30-70% for different treatment modalities). 
The 17 of 23 authorities who responded provided no references 
beyond those identified by Medline searching. 

Specific search strategies, ‘filters’, have been developed to help 
find relevant references and exclude irrelevant references for 
systematic reviews, and for the best evidence about aetiology, diag- 
nosis, therapy and prevention, prognosis and clinical prediction 
guides (https://pubmed.ncbi.nlm.nih.gov/clinical/, last accessed 
February 2022). PubMed Clinical Queries is the preferred method 
for searching the Medline database for the best, clinically relevant 
evidence. It can be freely used by anyone with Internet access. 

EMBASE is Elsevier’s database covering drugs, pharmacol- 
ogy and biomedical specialties. EMBASE contains bibliographic 
citations and author abstracts from approximately 8500 current 
biomedical journals published in 95 countries, with a focus on 
drugs and pharmacology, medical devices, clinical medicine and 
basic science relevant to clinical medicine. The file contains over 32 
million records dating back to 1947. EMBASE has a better coverage 
of European and non-English language sources and may be more up 
to date than Medline [23]. EMBASE includes all records indexed by 
Medline. EMBASE is available online (https: //www.embase.com; 
last accessed February 2022). Personal and institutional subscrip- 
tions are available. EMBASE performs simultaneous searches of 
EMBASE and Medline databases and eliminates duplicate records. 
EMBASE has special search features such as PICO searches for sys- 
tematic reviews and searches for adverse drug reactions, medical 
devices, drugs and diseases. 

Clinicians are increasingly using general Internet search engines 
such as Google and Google Scholar to search for medical evidence. 
In a comparison of searches in three areas in respiratory medicine, 
PubMed Clinical Queries had better precision (positive predic- 
tive value) than Google Scholar for both overall search results 
(13% versus 0.07%, P <0.001) and full-text results (8% versus 0.05%, 
P <0.001). PubMed Clinical Queries and Google Scholar had similar 
recall (sensitivity) for both overall search results (71% versus 69%) 
and full-text results (43% versus 51%) [24]. In contrast to Clinical 
Queries searches, general searches of Medline are not consistently 
better than Google Scholar searches and are considerably worse 
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in some studies [25,26]. SumSearch (http://sumsearch.org; last 
accessed February 2022) is a free search tool for searching the 
medical literature for clinically relevant evidence. It was the strat- 
egy that had the highest precision defined as the proportion of 
relevant, high quality citations among the first 50 citations retrieved 
when compared with PubMed Clinical Queries narrow and Google 
Scholar. It was also the most likely to find at least one high quality 
citation (73% of searches; 95% CI 68%-78%) [27]. 

The UK NICE produces guidance on public health, health tech- 
nologies and clinical practice based on the best available evidence. 
It is accessible online at https://www.nice.org.uk (last accessed 
February 2022) and, for example, includes guidance for treating 
atopic eczema in children, the use of calcineurin inhibitors for atopic 
eczema, the use of biologicals for psoriasis and alitretinoin for hand 
eczema, and a full set of guidelines for skin cancers including 
melanoma. 

The Centre of Evidence Based Dermatology (http://www. 
nottingham.ac.uk / research / groups / cebd / resources /index.aspx; 
last accessed February 2022), includes clinical tools, outcome 
measure and collections of evidence specifically relevant to skin 
diseases. 


Critically appraising evidence and applying 
it to individual patients 


Critically appraising the evidence 

After finding evidence, the next step in practising EBM involves 
critically appraising the evidence [1,2]. Key questions that can be used 
to critically appraise systematic reviews and papers about treatment, 
diagnostic tests and harmful effects of exposures are described in 
Boxes 17.4, 17.5, 17.6 and 17.7. Papers that meet these criteria are 
more likely to provide information that is true and useful in the 
care of patients. Detailed explanation of each criterion and examples 
using a patient with a dermatological complaint are available [1]. 

Critically appraising evidence consists of three steps to determine 

whether the results are: 

1 Valid (i.e. as unbiased as possible). 

2 Clinically important. 

3 Applicable to the specific patient being seen. 

Determining the validity of evidence centres on ascertaining 
whether the evidence was produced in a manner most likely 
to eliminate and avoid bias. Clinical importance is determined 
by looking at the magnitude of the effect of the intervention 
(e.g. response difference and number needed to treat for therapy, 
likelihood ratio for diagnostic studies and relative risk, odds ratios 
or number needed to harm for studies of harm) and its correspond- 
ing precision (usually expressed as the 95% confidence interval). To 
determine whether the evidence is applicable to a specific patient 
requires physician expertise, knowledge of the patient’s prefer- 
ences and an evaluation of the availability, risks and benefits of the 
intervention. 


Critically appraising systematic reviews 

Not all systematic reviews and meta-analyses are equal. A sys- 
tematic review should be conducted in a manner that will include 
all of the relevant trials, minimise the introduction of bias, and 


synthesise the results to be as truthful and useful to clinicians 
as possible [1,2]. Criteria for reporting systematic reviews were 
developed by a consensus panel first published as Quality of 
Reporting of Meta-analyses (QUOROM) and later refined as Pre- 
ferred Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) (http://www.prisma-statement.org/; last accessed 
February 2022). This detailed, 27-item checklist contains the items 
that should be included and reported in high-quality systematic 
reviews and meta-analyses [3]. Several PRISMA extensions for 
special types of systematic reviews such as network meta-analyses 
and IPD meta-analyses are also available and should be used when 
reporting such studies. 

All systematic reviews should follow a planned protocol that 
should be published in the public domain before the review is 
carried out in order to avoid duplication of effort and in order to 
minimise selective outcome reporting bias (i.e. emphasising the out- 
comes that turn out to be statistically significant). The international 
Prospective Register of Systematic Reviews (PROSPERO) now 
exists for this purpose (http://www.crd.york.ac.uk/PROSPERO/; 
last accessed February 2022). 


Are the results of the systematic review valid? 

The items that strengthen the validity of a systematic review 
include having clear objectives, explicit criteria for study selection, 
an explicit and thorough search of the literature, an assessment 
of the quality of included studies, criteria for which studies can 
be combined, and appropriate analysis and presentation of results 
(Box 17.4). Meta-analysis is only appropriate if the included studies 
are conceptually similar. Meta-analyses should be conducted only 
within the context of a systematic review [1,4]. 


Box 17.4 Critical appraisal of a systematic review 


Are the results of this systematic review valid? 

¢ Did the review address a focused clinical question?* 

e Were the criteria used to select articles for inclusion appropriate?* 
¢ Is it unlikely that important, relevant studies were missed?> 

e Was the validity of the included studies appraised?> 

° Were assessments of studies reproducible?> 

¢ Were the results similar from study to study?> 


Are the valid results of this systematic review important? 
e What are the overall results of the review? 
¢ How precise were the results? 


Can you apply this valid, important evidence in caring for your 
patient? 

¢ Can the results be applied to your patient’s care? 

¢ Were all clinically important outcomes considered? 

e Are the benefits worth the harms and costs? 


Adapted from 

https: //www.cebm.ox.ac.uk/resources /ebm-tools/critical-appraisal- 
tools?0=1157 (last accessed February 2022). 

* Primary guides. 

» Secondary guides. 
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Table 17.2 Other sources for data on adverse reactions to drugs. 
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Resource Source Comments 
Side Effects of Drugs Annuals https://www.elsevier.com/search-results?labels= Data 1-2 years old 
books&book-series=Side % 20Effects %200f % 
20Drugs%20Annual 
Reactions Weekly https://www.springer.com/journal/40278 Requires registration and fee 
Drug Safety Update https:/Awww.gov.uk/drug-safety-update Drug safety bulletin of the Medicines and Healthcare Products Regulatory 
Agency (MHRA); issues freely searchable 
Medicines Safety Update https:/Awww.tga.gov.au/publication/medicines- Back issues and free email subscription available 
safety-update#.Ur3Yx2RDt0o 
MedWatch http:/Awww.fdable.com/ Searchable database of spontaneous reports of adverse reactions to drugs 
maintained by the US Food and Drug Administration 
All websites last accessed February 2022. 


A systematic review should have clear, focused clinical objec- 
tives. Like the well-built clinical question for individual studies, a 
focused clinical question for a systematic review should contain four 
elements: (i) a patient, group of patients or problem; (ii) an inter- 
vention; (iii) comparison intervention(s); and (iv) specific outcomes. 
The patient populations should be similar to patients seen in the 
population to which one wishes to apply the results of the system- 
atic review. The interventions studied should be those commonly 
available in practice. Outcomes reported should be those that are 
most relevant to physicians and patients. 

A sound systematic review can be performed only if most or 
all of the available data are examined. An explicit and thorough 
search of the literature should be performed. It should include 
searching several electronic bibliographic databases including the 
Cochrane Controlled Trials Registry (CCTR), Medline, EMBASE 
and LILACS. Bibliographies of retrieved studies, review articles 
and textbooks should be examined further for studies fitting 
the inclusion criteria. There should be no language restrictions. 
Additional sources of data include scrutiny of citation lists in 
retrieved articles, hand-searching for conference reports, prospec- 
tive trial registers (e.g. http://clinicaltrials.gov for the USA and 
www.clinicaltrialsregister.eu for the European Union; both last 
accessed February 2022) and contacting key researchers, authors 
and drug companies [1,5]. Regulatory agencies such as the EMA 
and FDA are also important sources for additional data that may 
not appear in trial reports [6]. 

The overwhelming majority of systematic reviews involve 
therapy. Because of their ability to minimise bias, RCTs should 
be used as the preferred study design for inclusion in systematic 
reviews of therapy if they are available. The criteria commonly used 
to assess the quality of included trials are described in the Cochrane 
Collaboration risk of bias tool and include: concealed, random allo- 
cation, groups similar in terms of known prognostic factors, equal 
treatment of groups, masked (also known as blinded) evaluation of 
treatment outcomes and accounting for all patients entered into the 
trial in analysing results (intention-to-treat design) [7,8]. 

Systematic reviews of treatment efficacy should always include a 
thorough assessment of common and serious adverse events as well 
as efficacy in order to come to an informed and balanced decision 
about the utility of a treatment. A thorough assessment of adverse 


events should include data from RCTs, case-control and postmar- 
keting surveillance studies and some of the other sources shown in 
Table 17.2. 

Publication bias (i.e. the tendency that studies that are easy to 
locate are more likely to show ‘positive’ effects) is an important 
concern for systematic reviews [9]. It results from allowing factors 
other than the quality of the study to influence its acceptability 
for publication. Several studies have shown that factors such as 
sample size, direction and statistical significance of findings, or 
investigators’ perception of whether the findings are ‘interesting’, 
are related to the likelihood of publication [10]. 

Language bias may also be a problem, that is, the tendency for 
studies that are ‘positive’ to be published in an English language 
journal and also more quickly than inconclusive or ‘negative’ stud- 
ies. A thorough systematic review should therefore include a search 
for high-quality, unpublished trials and not be restricted to journals 
written in English. 

Studies are less likely to be published if they have negative 
results, especially if they have small sample size. By emphasising 
only those studies that are positive, this type of publication bias 
jeopardises one of the main goals of meta-analysis (i.e. an increase 
in power when pooling the results of small studies). The creation 
of study registers (e.g. http://clinicaltrials.gov/, https://www. 
clinicaltrialsregister.eu or http://www.anzctr.org.au; all last 
accessed February 2022) and advance publication of research 
designs have been proposed as ways to prevent publication bias. 

For many diseases, published clinical trials are dominated by drug 
company-sponsored trials of new, expensive treatments, and in the 
absence of legislation that mandates publication of all clinical tri- 
als, many trials remain unpublished [11,12]. This bias in publica- 
tion can result in data-driven systematic reviews that draw more 
attention to those medicines. This problem underlies the need to 
develop and publish a protocol for a systematic review before the 
data are explored, as is the current practice with Cochrane reviews 
and those systematic reviews that are registered with PROSPERO. 
Question-driven systematic reviews answer the clinical questions of 
most concern to practitioners. In many cases, studies that are of most 
relevance to doctors and patients have not been done in the field of 
dermatology due to inadequate sources of independent funding. 

Systematic reviews that have been sponsored directly or indirectly 
by industry are prone to bias by the overinclusion of unpublished 
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positive studies that are kept ‘on file’ by that company and the exclu- 
sion of negative trials that are not published [11,13]. Until it becomes 
mandatory to register all clinical trials conducted on human beings 
in a central register and to make all of the results available in the 
public domain, distortions may occur due to selective withholding 
or release of data. 

Generally, reviews that have been conducted by volunteers in the 
Cochrane Collaboration are of better quality than non-Cochrane 
reviews [14]. However, potentially serious errors have even been 
noted in up to a third of Cochrane reviews [15]. 

In general, the studies included in systematic reviews are analysed 
by at least two individuals. Data, such as numbers of people entered 
into studies, numbers lost to follow-up, effect sizes and quality 
criteria, are recorded on pre-designed data abstraction forms. Any 
differences between reviewers are usually settled by consensus 
or by an arbitrator. A systematic review in which there are large 
areas of disagreement among reviewers should lead the reader to 
question the validity of the review. 

Various frameworks for assessing the quality of systematic 
reviews are available, the most notable of which is the AMSTAR2 
tool [16]. It contains 16 items, is easy to use and can be applied to 
systematic reviews that contain non-randomised studies as well 
as RCTs. 


Are the results of the systematic review important? 

Results in the individual clinical trials that make up a systematic 
review may be similar in magnitude and direction (e.g. they may 
all indicate that a treatment is superior to its comparator by a 
similar magnitude). Assuming that publication bias can be 
excluded, systematic reviews with studies that have results that are 
similar in magnitude and direction provide results that are most 
likely to be true and useful. It may be impossible to draw firm 
conclusions from systematic reviews in which studies have results 
of widely different magnitude and direction. 

The key principle when considering combining results from 
several studies is that they should have conceptual homogeneity. 
Results of several different studies should not be combined if it 
does not make sense to combine them (e.g. if the patient groups or 
interventions studied are not sufficiently similar to each other). The 
trials should involve similar patient populations, have used similar 
treatments and have measured results in a similar fashion at a simi- 
lar point in time. Although what constitutes ‘sufficiently similar’ is 
a matter of judgement, the important thing is to be explicit about 
one’s decision to combine or not combine different studies and to 
consider conducting sensitivity analyses by excluding studies with 
certain features to see how the effect estimate alters. 

There are two main statistical methods by which results are 
combined: random-effects models (e.g. DerSimonian and Laird) 
and fixed-effects models (e.g. Peto or Manzel-Haenszel) [17]. 
Random-effects models assume that the results of different studies 
may come from different populations with varying responses to 
treatment. Fixed-effects models assume that each trial represents 
a random sample of a single population with a single response to 
treatment (Figure 17.4). In general, random-effects models are more 
conservative (ie. random-effects models are less likely to show 
statistically significant results than fixed-effects models). When the 


(b) 


Figure 17.4 (a) Fixed-effects models assume that each trial represents a random sample 
(coloured curves) of a single population with a single response to treatment. (b) 
Random-effects models assume that the results of different trials (coloured curves) may 
come from different populations with varying responses to treatment. 


combined studies have statistical homogeneity (i.e. when the stud- 
ies are reasonably similar in direction, magnitude and variability), 
random-effects and fixed-effects models give similar results. 

The point estimates and confidence intervals of the individual tri- 
als and the synthesis of all trials in a meta-analysis are typically dis- 
played graphically in a forest plot [18] (Figure 17.5). Results are most 
commonly expressed as the odds ratio of the treatment effect (i.e. the 
odds of achieving a good outcome in the treated group divided by 
the odds of achieving a good result in the control group), but can be 
expressed as risk differences (i.e. difference in response rate) or rel- 
ative risk or risk ratio (probability of achieving a good outcome in 
the treated group divided by the probability in the control group). 
An odds ratio of 1 (null) indicates no difference between treatment 
and control and is usually represented by a vertical line passing 
through 1 on the x-axis. An odds ratio of greater or less than 1 implies 
that the treatment is superior or inferior to the control respectively. 
Risk ratios rather than odds ratios should be used for summarising 
systematic reviews of common events because of the tendency of 
odds ratio to overestimate true risk in such conditions [19]. 

The point estimate of individual trials is indicated by a square 
whose size is proportional to the size of the trial (ie. number of 
patients analysed). The precision of the trial is represented by the 
95% confidence interval that appears in forest plots as the brack- 
ets surrounding the point estimate. If the 95% confidence interval 
(brackets) does not cross null (odds ratio of 1), then the individual 
trial is statistically significant at the level of P = 0.05. 
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Study identification: author and Results of studies For each study, the value of the square is Weight Risk ratio and 
reference number indicating number of the risk ratio and the size of the square of each 95% Cl of 
events/number of reflects its weight in the analysis. The study in each study and 
participants for length of the lines is the 95% the the result of 
treated and confidence interval (Cl) analysis the meta-analysis 
control groups 
Tacrolimus 0.1% vs vehicle at 12 weeks : 
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Subtotal (95% Cl) 327 328 i a> 100.00 5.62 (3.67-8.61) 
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Figure 17.5 Typical forest plot showing the results of a meta-analysis of trials of tacrolimus 0.1% ointment versus vehicle in the management of moderate to severe atopic eczema. 
The x-axis represents the rate ratio of the investigator global assessment of response. Adapted from Ashcroft et a/. 2005 [47]. 


The summary value for all trials is shown graphically as a 
parallelogram whose size is proportional to the total number of 
patients analysed from all trials. The lateral tips of the parallelo- 
gram represent the 95% confidence interval and if they do not cross 
null (odds ratio of 1), then the summary value of the meta-analysis 
is statistically significant at the P=0.05 level. Odds ratios can be 
converted to risk differences and the number needed to treat (NNT) 
if the event rate in the control group is known (Table 17.3) [20]. 

The most easily understood measures of the magnitude of the 
treatment effect are the difference in response rate and its recipro- 
cal, the NNT [1,2,21]. The NNT represents the number of patients 
one would need to treat on average to achieve one additional cure. 
Whereas the interpretation of NNT might be straightforward within 
one trial, the interpretation of NNT requires some caution within 
a systematic review as this statistic is highly sensitive to baseline 
event rates. For example, if treatment A is 30% more effective than 
treatment B for clearing psoriasis, and 50% of people on treatment 
B are cleared with therapy, then 65% will clear with treatment A. 
These results correspond to a rate difference of 15% (65-50) and 
an NNT of 7 (1/0.15). This difference sounds quite worthwhile 
clinically. However, if the baseline clearance rate for treatment B in 
another trial or setting is only 30%, the rate difference will be only 
9% and the NNT now becomes 11; and if the baseline clearance 
rate is 10%, then the NNT for treatment A will be 33, which is 
perhaps less worthwhile. In other words, it does not make sense to 
provide one NNT summary measure within a systematic review 
if ‘control’ or baseline events rates differ considerably between 
studies. Instead, a range of NNTs for a range of plausible control 
event rates that occur in different clinical settings should be given, 
along with their 95% confidence intervals. 

The data used in a meta-analysis can be tested for statistical het- 
erogeneity by methods including the y” and I? [2,13,22]. When there 
is evidence of statistical heterogeneity, reasons for heterogeneity 
between studies — such as different disease subgroups, intervention 
dosage or study quality — should be sought [13]. Detecting the 
source of heterogeneity generally requires subgroup analysis that 
is only possible when data from many or large trials are available 
[1,2]. Tests for statistical heterogeneity are typically of low power, 


so that failure to detect statistical heterogeneity does not ensure 
homogeneity. 

Publication bias can be detected by using a simple graphic test 
(funnel plot), by calculating the ‘fail-safe’ N, or using the Begg 
rank correlation method, Egger regression method and others [23]. 
These techniques are of limited value when fewer than 10 RCTs are 
included. Testing for publication bias is almost never possible in 
systematic reviews of skin diseases because of the limited number 
and sizes of trials. 

Sometimes, the robustness of an overall meta-analysis is tested 
further by means of a sensitivity analysis. In a sensitivity analysis 
the data are re-analysed excluding those studies that are suspect 
because of quality or patient factors, to see whether their exclusion 
makes a substantial difference in the direction or magnitude of 
the main original results. In some systematic reviews in which a 
large number of trials have been included, it is possible to evaluate 
whether certain subgroups (e.g. children versus adults) are more 
likely to benefit than others. Subgroup analysis is rarely possible in 
dermatology because few trials are available. 

The conclusions in the discussion section of a systematic review 
should closely reflect the data that have been presented within that 
review. The authors should make it clear which of the treatment 
recommendations are based on the review data and which reflect 
their own judgements. The approach developed by the Grading 
of Recommendations, Assessment, Development and Evaluations 
(GRADE) working group (https://gradepro.org/last accessed 
February 2022) links the quality of evidence to clinical recommen- 
dations by means of summary of findings tables that are used in 
Cochrane reviews. The GRADE approach assesses methodological 
flaws of included studies, the consistency of study results, how 
generalisable the results are to a broader group of patients, and the 
magnitude of effect of treatment. 

Many reviews in dermatology find little evidence to address the 
questions posed. The review may still be of value, especially if the 
question addressed is an important one [1,24]. For example, the sys- 
tematic review may provide the authors with the opportunity to call 
for primary research in an area, and to make recommendations on 
study design and outcomes that might help future researchers [25]. 
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Table 17.3 Deriving numbers needed to treat (NNTs) from a treatment’s odds ratio (OR)? and the observed or expected event rates of the control group. 


Odds ratio 
1.5 2 2.5 3 She) 4 4.5 5 10 
Number needed to treat 
= 0.05 43 22 15 12 9 8 7 6 3 
2 0.1 23 12 9 7 6 5 4 4 2 
Ww CER or PEER O2 14 8 b) 4 4 3 3 3 2 
= 0.3 11 6 5 4 3 3 3 3 2 
Ww 0.4 10 6 4 4 3 3 3 3 2 
UO 0.5 10 6 5 4 4 3 3 3 2 
ft 0.7 13 8 7 6 5 5 5 5 4 
= 0.9 32 21 17 16 14 14 13 13 11 
= Data from https:/Avww.cebm.ox.ac.uk/resources/ebm-tools/number-needed-to-treat-nnt (last accessed February 2022). 
MB =? The formula for converting ORs to NNTs is: 
te) NNT=[{PEER*(OR — 1)} + 1] / [PEER*(OR — 1)*(1 — PEER)] 
= CER, control event rate (the rate of good events or outcomes in the control group); PEER, patient expected event rate (the rate of good events or outcomes in your patient or the 
az population in which you are interested). 
& 
Can the results of the systematic review be applied 2 Were participants and study assessors masked to the interven- 
to your specific patient? tion? 
Applying external evidence to the patient in front of you is one of 3 Were all those who originally entered the study accounted for 
the most difficult steps of EBM. Having identified some relevant and in the results and analysis (i.e. was an intention-to-treat analysis 
valid information from a systematic review in relation to a clinical performed)? 


question generated by a patient encounter, three questions now need 
to be asked in order to guide the application of such information to 
that patient (Box 17.4). 

Firstly, physicians should ask themselves whether there are any 
compelling reasons that the results should not be applied to the 
patient, rather than expecting a perfect match of the study par- 
ticipants and patient. Only if the answer is ‘yes’ are the study’s 
results not applicable to the patient. Participants in clinical trials 
may be different from the patient who originally prompted you to 
ask an evidence-based question in obvious biological ways such 


Box 17.5 Critical appraisal of a paper about therapy 


Are the results of this single preventative or therapeutic trial valid? 

¢ Was the assignment of patients to treatments randomised? And was 
the randomisation list concealed? 

¢ Were all patients who entered the trial accounted for at its 
conclusion? And were they analysed in the groups to which they 
were randomised? 


as age, sex and clinical disease type, but in most circumstances ¢ Were patients and clinicians kept ‘blind’ to which treatment was 
these differences do not prevent you from making some useful being received? 

generalisations from the literature. Perhaps one of the most fre- e Aside from the experimental treatment, were the groups treated 
quent problems encountered is that of having to generalise trials equally? 

of adult therapy to children, in whom RCTs are rarely performed. ¢ Were the groups similar at the start of the trial? 


Yet children can suffer almost all of the ‘adult’ skin diseases, and 
practitioners frequently have no choice but to use adult-based data 
as a means of informing treatment decisions. 

Secondly, the outcomes desired by the patient should have been 
‘ : F ‘ Intervention response rate IRR 
included in or be deducible from the outcomes of the systematic C ee : CRR 

i inally, the benefits of the intervention should outweigh the ee ee 

BONEN Fitia y; : ° 8 Difference in response rates DRR (IRR — CRR) 
risks and the intervention should be available and affordable. Nutnber-néeded to treat NNT (1/DRR) 


Are the valid results of this trial important? 
¢ Calculations: 


Critically appraising individual clinical trials 
[1,2,26,27] ¢ What is the 95% confidence interval of the difference in response 


rates (DRR)??* 


oT ee ee ee eT ¢ What is the 95% confidence interval of the NNT?° 


To determine whether an individual clinical trial is valid, pay par- 
ticular attention to the features that strengthen clinical trials and 
help validate their conclusions (Box 17.5). The ‘big three’ that should 
always be assessed are: cannot help you? 
1 Is the method of generating the randomisation sequence and ¢ How great would the potential benefit of therapy actually be for 
subsequent concealment of allocation of participants clearly your individual patient? 
described and appropriate? 


Can you apply this valid, important evidence in caring for your 
patient? 
¢ Do these results apply to your patient? 

¢ Is your patient so different from those in the trial that its results 


Critically appraising evidence and applying it to individual patients 


¢ Does the regimen and its consequences satisfy your patient’s values 
and preferences? 
¢ Do your patient and you have a clear assessment of your values 
and preferences? 
¢ Do this regimen and its consequences meet them? 


Adapted from https://www.cebm.ox.ac.uk/ files /ebm-tools/rct.pdf 

(last accessed February 2022). 

@ The 95% confidence interval of the difference in response rates (DRR) 
is from: 


DRR — 1.96 x SE to DRR + 1.96 x SE where SE 


IRR(1 — IRR) 


_ CRR(1 — CRR) 
~ \ No.intervention patients 


No.comparison patients 


> The 95% confidence interval of the NNT = 1/limits on the confidence 
interval of its DRR. 


Ideally, patients should be randomly assigned to treatment 
groups to avoid the introduction of biases and to distribute intrinsic 
prognostic factors equally among treatment groups. Randomisation 
controls patient selection and evaluation bias by physicians and 
study personnel. Non-randomised studies have limited value in 
distinguishing useful from useless or even harmful therapy. When 
compared with RCTs, studies in which patients are not allocated 
randomly more commonly show larger effects, many of which are 
false positive. For example, the belief that azathioprine reduces 
the dose of corticosteroids necessary to treat bullous pemphigoid 
was suggested by several uncontrolled or non-randomised studies. 
However, a randomised trial of the effects of azathioprine on corti- 
costeroid dose in patients with bullous pemphigoid and a systematic 
review of interventions for bullous pemphigoid indicated that 
azathioprine had no or negligible effect on remission or 
corticosteroid doses [28,29]. 

Randomisation has the disadvantage of depending on chance for 
an equal statistical distribution of prognostic factors among groups. 
Therefore, it is always important to identify known prognostic 
factors such as disease severity and compare their distribution 
among treatment groups at baseline. The common practice of 
assigning P values to differences in characteristics at baseline is 
inappropriate. Demographic and known prognostic factors may 
not be equally distributed among treatment groups when patients 
are randomly assigned to them. However, the impact of the unequal 
distribution of prognostic factors on treatment results should be 
assessed by performing adjusted statistical analyses. Inequality of 
groups is a more significant problem in studies with few patients. 

When patients are assigned randomly, the method used to ran- 
domise should be reported. The most widely accepted and unbiased 
methods are to use sealed random numbers obtained from tables or 
random numbers generated by computers. In this method, patients 
are assigned a random number after they are admitted to a trial. 
That number has been previously assigned to a treatment group 
and the assignment is unknown to the patient and the investiga- 
tor. Randomisation or concealment of assignment is often not done 
in published studies, and the methods of randomisation are often 
not reported adequately. Many commonly encountered methods of 
randomisation (e.g. on the basis of the admitting team, alternative 
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assignment, odd or even days of entry, birth dates, social security 
numbers or day of the week) can lead to significant introduction 
of selection bias. For example, a physician who would like a new 
treatment to be shown to be superior in efficacy to an older treatment 
may be able to enter patients most likely to respond to treatment 
on even days and patients least likely to respond on odd days, if 
he or she can foretell the allocation sequence according to odd or 
even days. 

Concealment of treatment allocation refers to the steps taken by 
the trialists to conceal the allocation of participants to the interven- 
tion groups from those recruiting trial participants, and is a crucial 
step in the construct of an RCT. Concealing the sequence from 
recruiters is adequate if investigators and patients cannot foresee 
the assignment to intervention groups (e.g. numbered and coded 
identical sealed boxes prepared by a central pharmacy or sealed 
opaque envelopes). It is inadequate if the allocation schedule is 
open for the recruiting physician to view beforehand (e.g. unsealed 
envelopes). 

The randomisation list should be kept away from enrolment sites 
(e.g. by a central clinical trials office or pharmacy). Internet randomi- 
sation by a third party, whereby details of a new, potentially eligible 
trial participant are entered irrevocably onto a trial database before 
an allocation code is offered, is another very secure way of conceal- 
ing allocation. 

It is important to make the evaluation of the outcome of a 
trial as masked as possible to avoid the introduction of informa- 
tion/detection bias. Masking can refer to at least four groups of 
people: those recruiting patients, the study participants them- 
selves, those assessing the outcomes in study participants, and 
those analysing the results, so it is important that trials report who 
is masked rather than just using the phrase ‘double-blind’. The 
masking of physicians and patients is especially important when 
subjective outcomes such as pain are being measured. The masking 
of patients and evaluators also ensures that ancillary therapies and 
outcome evaluations are applied equally, thus minimising perfor- 
mance bias. A patient who is known to be receiving a new treatment 
may be observed more closely, may receive better ancillary care and 
may have different expectations than a control patient. Changes in 
disease status may receive greater (or lesser) emphasis and adverse 
events may similarly receive more (or less) attention. Masking is less 
of an issue for some studies that use very objective outcomes such 
as death, since the risk of detection bias is low for such an outcome. 

Sometimes masking is not possible. Many treatments produce 
skin changes that make it apparent what treatment is being used. 
For example, the drying effects of topical and systemic retinoids and 
the tanning effects of UVB therapy make the recipients of those ther- 
apies readily apparent. An unmasked study may still be valid, but 
the designers of an unmasked study must make allowances for the 
possibility that bias may have been introduced and should increase 
the statistical rigour for demonstrating differences and consider 
objective outcome measures measured by masked third parties. 

The whole purpose of randomisation is to create two or more 
groups that are as similar to each other as possible, the only differ- 
ence being the intervention under study. In this way, the additional 
effects of the intervention can be assessed. A potentially serious 
violation of this principle is the failure to take into account all those 
who were randomised when conducting the final main analysis, 
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for example participants who deviate from the study protocol, those 
who do not adhere to the interventions and those who subsequently 
drop out for other reasons. People who drop out of trials tend to 
differ from those who remain in them in several ways. People may 
drop out because they encounter adverse events, get worse (or no 
better) or simply because the proposed regimen is too complicated 
for them to follow. They may also drop out because the treatment 
is working so well. Ignoring participants who have dropped out 
in the analysis is not acceptable as their very reason for dropping 
out is likely to be related in some direct or indirect way to the 
study intervention. Excluding participants who drop out after ran- 
domisation potentially biases the results. One way to reduce bias 
is to perform an intention to treat (ITT) analysis, in which all those 
initially randomised are included in the final analysis. 

Unless one has detailed information on why participants dropped 
out of a study, it cannot be assumed that analyses of those remaining 
in the study to the end are representative of those randomised to 
the groups at the beginning. Failure to perform an ITT analysis may 
inflate or deflate estimates of treatment effect. Performing an ITT 
analysis is regarded as a major criterion by which the quality of an 
RCT is assessed. 

It may be entirely appropriate to conduct an analysis of all those 
who remained at the end of a study (a ‘per protocol’ analysis) 
alongside the ITT analysis, especially in early efficacy studies and 
in equivalence or non-inferiority studies. Discrepancies between 
results of ITT and per protocol analyses may indicate the potential 
benefit of the intervention under ideal compliance conditions and 
the need to explore ways of reformulating the intervention so that 
fewer participants drop out of the trial. Discrepancies may also 
indicate serious flaws in the study design [30]. 

A considerable degree of detail needs to be provided in the 
methodology section of a published clinical trial. This need has 
led to the development of reporting guidelines, for example the 
Consolidated Standards of Reporting Trials (CONSORT) and its 
various extensions (http://www.consort-statement.org/; last 
accessed February 2022). Most of the top dermatology journals 
now insist that all RCT submissions are reported according to the 
CONSORT checklist. 


Other features that strengthen the validity of trials 
[1,2,3,22,23] 
In evaluating a clinical trial in dermatology, look for clinical 
outcome measures that are clear cut and clinically meaningful 
to you and your patients. For example, in a study of a systemic 
treatment for warts, the complete disappearance of warts is a mean- 
ingful outcome, whereas a decrease in the volume of warts is not. 
Historically, three principal methods are used to determine patient 
outcomes in dermatological clinical trials. The first involves exam- 
ining patients before, during and at the conclusion of treatment, and 
reporting how the patients appear at the various time points. The 
second involves determining the degree of improvement during 
treatment [31]. A third method, determining the impact of therapy 
on the quality of the patient’s life, is being increasingly used in 
dermatological trials. 

An example of the first method is commonly encountered in 
therapeutic trials of psoriasis. A common practice is to assign 
numerical values to the amount of redness, scaling and degree of 
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infiltration, to determine the area of the body surface involved, and 
to formulate an ‘index’ by calculating a derivative of some product 
of these four numbers. The overall condition of the patient can then 
be represented by this index. A common example is the psoriasis 
area and severity index (PASI) that ranges from 0 to 72 [32]. 

The major problem with indices is that they confound area of 
involvement with severity of disease. For example, a patient with 
thick plaque-type psoriasis of the knees, elbows and scalp may have 
the same index as a patient with diffuse but minimal psoriasis of the 
trunk and arms. Whereas the former patient is notoriously difficult 
to treat, the latter will generally respond rapidly and easily to many 
forms of therapy. The second problem with indices is that they 
lend an air of spurious precision to the analysis and presentation 
of data that is not warranted. For example, Tiling-Grosse and Rees 
demonstrated that physicians and medical students were poor at 
estimating the area of skin disease, and, therefore, some of the 
components that make up indices may be inaccurate [33]. Finally, 
calculating the means, differences in means and percentages of 
change in indices in response to treatment often do not convey an 
accurate clinical picture of the changes that have occurred. 

The second method of assessment groups patients according to 
their degree of improvement such as investigator global improve- 
ment. Treatments are then compared by their ability to move 
patients to higher degrees of improvement. There are two major 
problems with this form of assessment. The first is that the categories 
of improvement are often not well defined. The second problem is 
that the categories are not additive. That is, 60-80% improvement 
is often assumed to be twice as good as 20-40%, although no such 
numerical relationship exists between these subjectively defined 
categories. 

To be most useful, the outcome variables to measure must be 
clearly defined, be as objective as possible, and have clinical and 
biological significance. The best indices and scales are those that 
accurately reflect the state of the disease and the patient’s view of 
treatment and quality of life. The development of scales and indices 
for cutaneous diseases, and testing their validity, reproducibility 
and responsiveness has been inadequate. Therefore, a lack of clearly 
defined and useful outcome variables remains a major problem in 
interpreting dermatological clinical trials. 

Several groups in medicine are now developing the concept of 
core outcome measures, a set of which should always be included 
in clinical trials (http://www.comet-initiative.org/; last accessed 
February 2022). The measures are designed to ensure that the key 
features or domains of a disease are included and that the best 
instrument for measuring that domain is used. The best known 
core outcome sets are for arthritis. Similar groups, such as the Har- 
monising Outcome Measures for Eczema (HOME) (http://www. 
homeforeczema.org /index.aspx; last accessed February 2022), have 
developed a complete core outcome set for atopic dermatitis. The 
HOME initiative led to the development of the Cochrane Skin 
Core Outcomes Initiative (CS-COUSIN) (http://cs-cousin.org/; 
last accessed February 2022) and at least 12 other groups in der- 
matology are now developing core outcome sets for common skin 
diseases such as acne and skin cancer [34]. 

Until better scales and more core outcome sets are developed, 
trials with the simplest and most objective outcome variables are 
the best. They lead to the least amount of confusion and have the 
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strongest conclusions. Thus, trials in which a comparison is made 
between death and survival, patients with recurrence of disease 
and those without recurrence, or patients who are cured and those 
who are not cured are studies whose outcome variables are easily 
understood and verified. For trials in which the outcomes are less 
clear-cut and more subjective in nature, a simple ordinal scale is 
probably the best choice. The best ordinal scales involve a minimum 
of human judgement, have a precision that is much smaller than 
the differences being sought and are sufficiently standardised that 
they can be used by others and produce similar results. 

In addition to being clearly defined, outcome variables should 
have clinical and biological significance. For example, in a thera- 
peutic trial of patients with severe acne, treatment was associated 
with a decrease in lesion count from a mean of 400 to a mean of 
350. This numerical difference may be of statistical significance, 
but it does not convey the clinical significance. This aggregate 
nature of the result may mean that some patients with severe acne 
cleared completely whereas other patients remained the same or 
got worse. It could also mean that most patients got slightly better. 
Furthermore, does an individual patient look better when their 
lesion number has been reduced from 400 to 350? Are scarring and 
complications less? 

To strengthen clinical trials and help validate their conclusions, 
the outcome variables should be few in number and should be 
chosen before initiation of the study. Having many outcome vari- 
ables increases the likelihood that spurious, chance differences 
will be detected that may be highlighted in the abstract. Such 
selective reporting outcome bias can be overcome by prospectively 
registering clinical trials in clinical trial registers such as https:// 
clinicaltrials.gov/. An ineffective treatment may be claimed to be 
efficacious when tested using poorly designed outcome assessment 
tools. Conversely, an effective therapy may be found ineffective by 
an insensitive scale. 

Special precautions are recommended when dealing with 
‘substitute or surrogate end points’, especially when no differ- 
ences are detected in clinically important outcomes. Examples of 
such end points include CD4:CD8 ratios instead of survival in 
studies of treatments of AIDS; antinuclear antibody levels or sed- 
imentation rates instead of clinical measures of disease activity in 
lupus erythematosus; and transepidermal water loss for atopic der- 
matitis instead of proportion of patients cleared. Carefully chosen 
and validated surrogate end points often allow studies to provide 
answers to questions that would typically require much larger or 
longer trials if the targeted clinical end points were utilised. For 
example, a well-designed, short clinical trial may be sufficient to 
demonstrate that a new drug effectively lowers serum cholesterol 
or that another drug is effective in controlling hypertension. In both 
cases much longer and larger studies would be required to demon- 
strate that the cholesterol-lowering drug and the antihypertensive 
drug reduced morbidity and mortality from atherosclerotic and 
hypertensive cardiovascular diseases, respectively. Surrogate end 
points must, however, correlate with clinical outcomes and their 
validity must be demonstrable in prior studies. 


Are the results of the clinical trial important? [1,2,22,23] 
Once sound, clinically relevant outcome measures are chosen, 
the magnitude of the difference between the treatment groups in 
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achieving these meaningful outcomes, the NNT and the precision 
of these estimates should be determined. 

Examples of the application of the concepts of NNT and confi- 
dence intervals are found in a trial comparing placebo, aciclovir, 
prednisolone and aciclovir—prednisolone in the treatment of herpes 
zoster [35]. At day 30 of the trial, 48 of 52 patients treated with 
aciclovir were totally healed compared with 22 of 52 patients who 
received placebo. The response rates for aciclovir and placebo 
were 0.92 and 0.42, respectively, and the difference in response 
rates was 0.5. The NNT was 2 (1/0.5). This result means that for 
every two patients treated with aciclovir instead of placebo, one 
additional patient would be totally healed by day 30. The 95% 
confidence interval for the difference in response rates is from 
0.35 to 0.65, and the 95% confidence interval for the NNT is from 
2 to 3. 

Misinterpreting trials that fail to show statistically significant 
differences among treatments is a common error of interpretation in 
clinical trials in dermatology. It is important to remember that ‘not 
statistically significant’ means that a difference has a reasonably 
high probability of having been due to chance; it does not mean that 
there is no difference or that treatment is necessarily ineffective. 
Significant differences in treatment effects in comparison trials 
may be missed if the number of study participants is small. For 
example, in a 1978 survey of 71 published trials with negative 
results, Freiman et al. found that a 25% or 50% improvement in 
outcome might have been missed in 57 (80%) and 34 (48%) of the 
studies, respectively [36]. A follow-up study conducted by Moher 
et al. in 1994 indicated that 25% or 50% improvements in outcome 
might have been missed in 84% and 64% of 102 negative studies, 
respectively [37]. The sample sizes of many dermatological trials 
are often inadequate to detect clinically important differences. For 
example, 58 clinical trials with negative conclusions, published in 
three British dermatological journals over 4 years, were reviewed to 
determine the risk of their having missed an effective treatment. All 
but one of the 44 evaluable trials had a greater than one in 10 risk of 
missing a 25% relative treatment difference (median risk 81%), and 
31 of the trials (70%) were so small that they had a greater than one 
in 10 risk of missing a 50% relative treatment difference (median 
risk 42%) [38]. 


Can the results of the trial be applied to your specific 
patient? 

Applying evidence from a clinical trial to specific patients is similar 
to the process used to apply the results of a systematic review to 
specific patients (see previous section). Four questions now need to 
be asked in order to guide the application of such information to that 
patient (see Box 17.5). 


Critically appraising a study about a diagnostic 
test [1,2,3] 

Are the results valid? 

To be valid, studies about diagnostic tests should include masked 
comparison with a criterion (‘gold’) standard, evaluation in an 
appropriate spectrum of patients and consistent application of the 
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criterion standard (Box 17.6). Few studies in dermatology meet 
this standard [39,40] when judged against the QUADAS-2 quality 
assessment instrument for diagnostic test accuracy studies. 


Box 17.6 Critical appraisal of a paper about a 
diagnostic test 


Are the results of this diagnostic study valid? 

e Was there an independent, blind comparison with a reference (‘gold’) 
standard of diagnosis? 

e Was the diagnostic test evaluated in an appropriate spectrum of 
patients (like those in whom it would be used in practice)? 

e Was the reference standard applied regardless of the diagnostic test 
result? 


Are the valid results of this diagnostic study important 
e Calculations: 


Target disorder 

Present Absent 
Diagnostic Positive a b 
test result Negative c d 


Sensitivity =a/(a+c) 
Specificity =d/(b +d) 
Likelihood ratio for a positive test 
result =[a/(a+c)]/[b/(b + d)] = sensitivity /(1 — specificity) 
Likelihood ratio for a negative test 
result =[c/(a+c)]/[d/(b+ d)] = (1 - sensitivity) /specificity 


Can you apply this valid, important evidence about a diagnostic test 

in caring for your patient? 

e Is the diagnostic test available, affordable, accurate and precise in 
your setting? 

¢ Can you generate a clinically sensible estimate of your patient's 
pre-test probability (from practice data, from personal experience, 
from the report itself or from clinical speculation)? 

e Will the resulting post-test probabilities affect your management 
and help your patient? (Could it move you across a test treatment 
threshold? Would your patient be a willing partner in carrying 
it out?) 

¢ Would the consequences of the test help your patient? 


Adapted from https: //www.cebm.ox.ac.uk/files /ebm-tools/ 
diagnostic-accuracy-studies.pdf (last accessed February 2022). 


Are the results important? 

Important terms and concepts that must be understood to deter- 
mine whether the results of a paper about a diagnostic test are 
clinically important include the likelihood ratio, pre-test probabil- 
ity, post-test probability and threshold for action. The likelihood ratio 
is the percentage of people with the disease who have a positive 
test divided by the percentage of people who do not have the 
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disease who have a positive test. The likelihood ratio is traditionally 
taught as being the sensitivity divided by 1 minus the specificity: 
it provides an estimation of how much higher the likelihood of the 
disease is, given a positive test (post-test probability), compared 
with the probability before the test is done (pre-test probability). 
An ideal test is one that will almost always be positive when the 
disease is present and negative when the disease is absent, i.e. a test 
with a high sensitivity and specificity. Such a test would have a very 
high likelihood ratio. 

In order for the likelihood ratio to be useful, one has to have an 
idea of how likely the disease is to be present before the test is done 
(i.e. the pre-test probability) and a sense of how certain one needs 
to be to conclude that the patient has the disease and to act on it 
(i.e. the threshold for action) [41]. The pre-test probability is deter- 
mined from available published data or based on physician expe- 
rience and judgement. Once the pre-test probability is known or 
estimated and the likelihood ratio determined, a nomogram can be 
used to estimate the post-test probability (Figure 17.6). 

If the nomogram is not available, the calculations can be done 
manually after conversion of probabilities to odds. The odds of dis- 
ease is defined as the probability of disease divided by 1 minus the 
probability (odds = probability /1—- probability). For a defined group 
of individuals or patients, it can also be calculated as the ratio of the 
number of those with disease to those without disease. Thus, if the 
probability of (proportion with) a disease is 0.20 (20%), the odds of 
that disease are 0.20/1 — 0.20, or 0.20/0.80, or 1:4. This result means 
that for every person with the disease, there are four people without 
the disease. The post-test odds are equal to the pre-test odds times 
the likelihood ratio (post-test odds = pre-test odds x LR). The for- 
mula (probability = odds/odds + 1) is used to convert odds back to 
probability. 

For example, suppose that, based on clinical judgement, the 
estimated probability that a patient with a cluster of vesicles on 
his cheek has herpes zoster is 0.6 (60%), then his odds of having 
herpes zoster are 1.5:1 (0.6/1 — 0.6). Assume, for this example, that 
the sensitivity and specificity of a direct fluorescent antibody (DFA) 
test for herpes zoster are 80% and 96%, respectively. Therefore, 
the likelihood ratio for a positive DFA is 20 (0.80/1 — 0.96). If this 
patient’s DFA test is positive, his post-test odds are 30 (1.5 x 20) and 
the post-test probability of herpes zoster is 0.97 (97%) (30/30 + 1). 
This probability is certainly high enough to act upon. 

Whether formally or informally, physicians develop thresholds 
of certainty at or above which they are comfortable with establish- 
ing a diagnosis and acting on the diagnoses. Action may take the 
form of communicating the diagnosis or prognosis to the patient, 
prescribing treatment or referring the patient. When historical and 
physical evidence leads a clinician to suspect a diagnosis, but the 
degree of certainty does not exceed the threshold for establish- 
ing a diagnosis, a test is done to increase the probability that the 
disease is present above the clinician’s threshold for action [34]. 
Diagnostic studies should always be interpreted in the context 
of specific clinical encounters so that the diagnostic value of the 
test can be assessed [42,43]. Studies reporting diagnostic tests in 
dermatology should adhere to established international reporting 
standards [44]. 


Critically appraising evidence and applying it to individual patients 


Figure 17.6 Nomogram for determining the post-test probability. To determine the 
post-test probability, draw a straight line through the pre-test probability and the 
likelihood ratio and read the post-test probability on the right. 


Can the results of the diagnostic study be applied to your 
specific patient? 

The key questions to ask to determine whether the results of a 
diagnostic study can be applied to a specific patient are shown in 
Box 17.6. 


Critically appraising a study about adverse events 
(case-control and cohort studies) [1,2] 

Are the results valid? 

To be valid, studies about the harmful effects of exposures should 
include cohorts with comparable groups of exposed and unexposed 
individuals, or cases and controls, objective outcome measures and 
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adequate follow-up. The effects of selection bias when choosing 
cases and controls need particular consideration in the absence of 
randomisation. In addition, the results should make clinical and 
biological sense (Box 17.7). 


Box 17.7 Critical appraisal of a paper about harm 


Are the results of this harm study valid? 

¢ Were there clearly defined groups of patients, similar in all important 
ways other than exposure to the treatment or other cause? 

e Were treatment exposures and clinical outcomes measured the same 
ways in both groups (e.g. was the assessment of outcomes either 
objective (e.g. death) or blinded to exposure)? 

¢ Was the follow-up of study patients complete and long enough? 

¢ Do the results satisfy some ‘diagnostic tests for causation’? 

¢ Is it clear that the exposure preceded the onset of the outcome? 

e Is there a dose-response gradient? 

e Is there positive evidence from a ‘de-challenge-re-challenge’ study? 

e¢ Is the association consistent from study to study? 

¢ Does the association make biological sense? 


Are the valid results from this harm study important? 
¢ Calculations: 


Adverse outcome 


Present (case) Absent (control) 
Exposed to _-Yes (cohort) a b 
treatment 
No (cohort) e d 


In a randomised trial or cohort study: 
relative risk = [a/(a+b)]/[c/(c+4)] 


In a case-control study: odds ratio (or relative odds) =ad/bc 


Should these valid, potentially important results of a critical appraisal 

about a harmful treatment change the treatment of your patient? 

¢ Can the study results be extrapolated to your patient? 

¢ What are your patient’s risks of the adverse outcome? 

¢ What are your patient’s preferences, concerns and expectations from 
this treatment? 

¢ What alternative treatments are available? 
From Sackett et al. 1996 [48]. Reproduced with permission of Elsevier. 


Are the results important? [1,2,3,34] 

Important terms and concepts that must be understood to determine 
whether the results of a paper about harmful effects of exposures 
are clinically important include case-control and cohort studies, 
relative risk and odds ratios. In a cohort study a group of individuals 
who are exposed to an agent is compared with an appropriately 
selected unexposed control group and both groups are followed 
until an event of interest occurs or for a pre-specified length of time. 
The association of exposure to the harmful outcome is expressed as 
the relative risk (Box 17.7). A relative risk of 1 implies no association. 
If the relative risk is greater than 1, then the result implies a positive 
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association between exposure and the harmful outcome. If it is less 
than 1, then the implication is of an inverse association. However, in 
order to infer a causal association reflected by either an increase in 
risk (relative risk of more than 1) or a protective effect (relative risk 
less than 1), it is important to evaluate the validity and precision 
of the relative risk estimate. The precision can be readily assessed 
by means of the 95% confidence interval. A confidence interval that 
does not include 1.0 denotes a statistically significant association. 
Because the most likely result of a study is the point estimate 
(i.e. the reported result), the observed association (expressed by 
the point estimate) may be causal, even if the confidence interval 
includes 1.0 as a result of a small sample size. Other criteria such 
as dose-response effect, consistency, biological plausibility and 
specificity need to be considered when inferring causality from 
observational data [45]. 

Case-control studies can be used when the undesirable outcome 
(e.g. lymphoma) is recognised and the causative agent not yet 
discovered. They are also used when there is a very long time lag 
between exposure and outcome or when the frequency of adverse 
events is very small. In a case-control study, patients with a disease 
of interest are compared with appropriately selected controls. The 
odds of exposure to suspected aetiological agents are ascertained 
in the cases and controls (Box 17.7). The odds of an event are the 
ratio of the number of events to the number of non-events. Events 
are exposures to potentially harmful risk factors in case-control 
studies. The odds of exposure of cases are divided by the odds 
of exposure among controls to derive the odds ratio, which is a 
good estimate of the relative risk when the outcome (e.g. disease, 
death) is relatively rare (i.e. when it is less than 5% in exposed 
subjects). An odds ratio of 1 implies no association. If the odds 
ratio is greater than 1, then the result implies a positive association 
between exposure and the harmful outcome. If the odds ratio is less 
than 1, then the result implies a protective effect of the exposure. 
As noted above, it is important to evaluate the validity and preci- 
sion of the odds ratio estimate by examining the 95% confidence 
interval. 

For example, suppose a case-control study was performed to 
study the relationship between limb deformity and exposure to 
thalidomide. The results of the study indicated that patients with 
limb deformities were more likely than controls to have been 
exposed to thalidomide in utero. The odds ratio for thalidomide 
exposure was 3.5 and the confidence interval was from 1.8 to 6.6. 
Thus the odds that patients with limb deformities were exposed 
to thalidomide in utero were 3.5 times the odds of thalidomide 
exposure in controls. Since the odds ratio is greater than 1, and its 
95% confidence interval does not include 1, the result implies the 
positive association between thalidomide use and limb deformi- 
ties was not likely to have been due to chance. These results (an 
odds ratio of 3.5 and confidence interval of 1.8-6.6) were actually 
the results of a study by Wolf et al. who studied the relationship 
between sunscreen use and melanoma in a case-control study in 
Austria [46]. Their results indicated that patients with melanoma 
were more likely than controls to report having used sunscreen 
often. In order to infer causality it is important to assess whether 
the data could have resulted from confounding (i.e. the association 
between exposure and outcome can be explained by other factors 
such as age, sex or bias (e.g. people with melanoma may be more 
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likely to recall sun protective behaviour)) and that the results are 
biologically plausible. 

To add confusion to an already difficult area, clinical researchers 
will often report results of meta-analyses, cohort studies and RCTs 
using odds ratios. Odds ratios are used because they have stronger 
statistical properties than other measures [34]. For example, odds 
ratios can take any value between zero and infinity, are symmetrical 
in a log scale and can be used to make adjustments for confounding 
factors using multiple regression. Unfortunately, they are the mea- 
sure of association least intuitively understood. If a meta-analysis, 
controlled trial or cohort study is reported using odds ratios, the 
relative risk, difference in response rates or NNT can often be cal- 
culated if the primary data are provided. Alternatively, these more 
readily understandable measures can be derived if the number of 
subjects in each group, odds ratio and overall event rate are pro- 
vided (https: / /www.cebm.ox.ac.uk/resources /ebm-tools /number- 
needed-to-treat-nnt; last accessed April 2021). 


Applying the evidence to individual patients 

Can the results be applied to your specific patient? 

The key questions to ask to determine whether the results of a study 
of adverse events (usually a case-control or cohort study) can be 
applied to a specific patient are shown in Box 17.7. 


Conclusions 

EBM is the use of the best current evidence in making decisions 
about the care of individual patients. It is predicated on asking 
structured clinical questions, finding the best evidence to answer 
the questions, critically appraising the evidence, applying the 
evidence to specific patients and saving the critically appraised 
evidence. The EBM approach is most appropriate for common, 
frequently encountered conditions. 

Results from well-designed clinical studies on patients are 
near the top of the hierarchy of evidence used to practise EBM. 
Recommendations about treatment, diagnosis and harm made in 
this textbook and in other sources should take into account the 
validity, magnitude, precision and applicability of the evidence 
upon which it is based. 


Evaluating the data in clinical research 
papers and a shortcut method for reading 
clinical research papers 


Evaluating the data in clinical research papers [1] 
Are the data adequately reported? 

The authors of a study should present their results in sufficient 
detail to allow the reader to perform his or her own preferred 
analysis of the data. At a minimum, the presentation of interval 
data (i.e. discrete or continuous data such as lesion counts or area 
of involvement) should include a summary measure of the cen- 
tre of the data for each group and a measure of the variability 
of the data. The mean and median are most commonly used to 
indicate the centre of the data. The mean is simply calculated as 
the sum of the data points divided by the total number of data 
points. The mean is the most appropriate choice for normally 
distributed data (ie. data that are distributed in the shape of 
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the bell curve). The median is a better choice for data that are 
skewed or contain outliers (Figure 17.7a, b). The median for an 
odd number of data points is the value in the middle when the 
data are ordered from lowest to highest. The median for an even 
number of data points is determined by taking the mean of the 
two numbers in the middle when the data points are ordered 


from lowest to highest. Half the data points fall above and half 
fall below the median. The magnitude of the difference between 
the mean and the median is a crude indicator of the degree of 
skewing. If the difference is none or small, the data are or approach 
normal (i.e. are symmetrical); if the difference is large the data are 
skewed. 
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The standard deviation, range, interquartile range and 95% con- 
fidence intervals are commonly used to indicate the variability or 
spread of the data (Figure 17.7c-f). The standard deviation (SD) is 
the square root of the average squared deviation of values from the 


mean. That is: 
SD = VX(X- X2/(n-1) 


The standard deviation is an important summary statistic for 
normally distributed data only. For normally distributed data, 
approximately 68% of the data points will lie within the range from 
the mean minus 1 SD to the mean plus 1 SD; and 95% of the data 
points will lie within the range from the mean minus two times 
the SD to the mean plus two times the SD. These relationships do 
not apply to skewed data or small data sets that contain outliers. 
Note in Figure 17.7c that the mean and standard deviation do not 
adequately describe the centre of the data or its distribution for 
skewed data or data with outliers (treatments Y and Z). 

The range is the interval from the highest to the lowest data 
points. The range may be a good indicator of variability for data 
that are tightly arranged around the mean and for small data sets. 
The range is greatly influenced by outliers and may not give an 
adequate indication of skewed data. Therefore the range is not 
a good descriptive statistic for skewed data sets or for data with 
outliers (Figure 17.7a, b). 

The interquartile range is the interval that contains the middle 
50% of the data points. It excludes the highest 25% of the data 
points and the lowest 25%. The interquartile range is a reasonable 
descriptive statistic to describe skewed data and data with outliers 
(Figure 17.7e). 

Confidence intervals are the best way to present the degree of 
uncertainty of normally distributed data as well as skewed data 
or data with outliers (see discussion of confidence intervals later). 
The 95% confidence interval around the mean can be calculated for 
normally distributed data using the sample mean, standard error 
and the ¢ distribution. For skewed data, the confidence interval 
around the median should be used (Figure 17.7f). 

The standard error (SE) is the standard deviation divided by 
the square root of the number of data points (SE=SD/ /n). 
Unfortunately, the standard error is commonly but incorrectly 
used to summarise the variability of data. This choice is made 
because of tradition and because the SE is always smaller than 
the SD and 95% confidence interval and, therefore, looks better 
(Figure 17.7c, d, f). The standard error is correctly used to analyse 
normally distributed data in inferential statistics (see discussion of 
the t-test later). The common practice of reporting the mean + SE is 
firmly ingrained in the medical and scientific literature but is often 
misleading and inappropriate, and should be discouraged. The 
standard error is an important and useful statistic only for normally 
distributed data sets. It is used to make predictions or inferences 
about the population from which the sample is chosen. That is, 
for large, normally distributed data sets, the chance that the true 
or population mean (from which the sample was drawn) will lie 
outside the range from the sample mean minus two times the SE to 
the sample mean plus two times the SE is only 5%. The relationship 
between the sample mean, the population mean and the standard 
error does not apply to skewed data or small data sets that contain 
outliers. 
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Descriptive statistics are at best incomplete summaries of the 
data; considerably more information may be conveyed by graphic 
displays (Figure 17.7) [2]. Figures that show individual observations 
are an excellent tool for presenting small data sets, and data that 
are skewed or have outliers (Figure 17.7a) [2]. Unfortunately, such 
diagrams are underutilised in the scientific and medical literature. 
Graphic displays of data using ‘error bars’ showing 1 SD or 1 
SE depict at best 68% of the sample or 68% confidence intervals, 
respectively, and are therefore misleading and should be avoided 
or approached with scepticism (Figure 17.7c, d). 

Categorical data are preferably presented in tables in which the 
treatments and outcomes are represented in rows and columns. 
Examples of categorical outcomes include cured and not cured, sur- 
vived and died, and minimal, moderate and marked improvement. 
Categorical outcomes should be clearly defined, limited in number, 
clinically important and declared before the trial is begun. 


Are the data subjected to statistical testing and are 

the tests used correctly? 

Observed differences in outcome in clinical trials may be due to 
chance alone. It is therefore imperative that statistical analyses be 
performed to verify that the results are from treatment and not from 
chance. This admonition is especially true for trials containing few 
patients, as is the case for many published dermatological trials. 


Statistical methods 

Understanding P 

Understanding the meaning of P is fundamental to understand- 
ing and interpreting statistical testing. In the simplest terms, all 
clinical trials begin with the null hypothesis — that the effects of 
each treatment are the same. If the results of the trial indicate that 
the outcomes of treatment are different, then a statistical test is 
performed to determine the probability that a difference as large 
or larger than the observed difference could be observed if the 
treatment effects were the same. If the probability is sufficiently 
small, the null hypothesis that the outcomes of each treatment are 
the same is rejected. 

The error of believing that a difference in treatment outcomes 
exists, when in fact there is no difference is referred to as a Type I 
or « error. The statement that ‘the difference was statistically signif- 
icant (P = 0.05)’ means that the probability that a difference as large 
as the observed difference might arise if the treatment effects were 
the same is one in 20 and that the author will accept this degree of 
chance as being sufficiently unlikely that the null hypothesis (that 
the treatment outcomes are the same) can be rejected. Conversely, 
the statement that ‘the difference was not statistically significant 
(P =0.10)’ means that the probability that a difference as large as 
the observed difference might arise if the treatment effects were the 
same was one in 10 and that the author will not accept this degree of 
chance as being sufficiently unlikely that the null hypothesis (that 
the treatment outcomes are the same) can be rejected. It is important 
to remember that ‘not significant’ means that a difference is not 
proven; it does not mean that there is no difference. 

The acceptance of a significance level of 0.05 as the cut-off for 
rejecting the null hypothesis is a tradition based on the history 
of hypothesis testing and is not an absolute truth [3]. In 2016 the 
American Statistical Association issued a statement decrying the 


use of P less than 0.05 as the gatekeeper for determining the signif- 
icance and worthiness for publication of scientific research. Their 
statement’s six principles are shown in Box 17.8. 


Box 17.8 Interpreting P-values 


From the ASA statement of P-values: Context, Process, and Purpose: 

1 P-values can indicate how incompatible the data are with a specified 
statistical model 

2 P-values do not measure the probability that the studied hypothesis 
is true or the probability that the data were produced by random 
chance alone 

3 Scientific conclusions and business or policy decisions should not be 
based only on whether a P-value passes a specific threshold 

4 Proper inference requires full reporting and transparency 

5 A P-value, or statistical significance, does not measure the size of an 
effect or the importance of a result. 

6 By itself, a P-value does not provide a good measure of evidence 
regarding a model or hypothesis 


Tests that do not meet the P=0.05 standard sometimes may 
be significant. For example, a trial of a new chemotherapeutic 
agent involving 30 randomised patients with metastatic melanoma 
produced a 5-year survival of seven of 15 patients treated with 
the new agent, and three out of 15 in control patients treated with 
conventional surgery, chemotherapy and radiation. Whereas the 
result does not achieve statistical significance when compared by 
x? testing (see later section) (Yates corrected y?=1.35; P=0.25), 
the result is, nonetheless, potentially significant. If the therapy is 
beneficial and the estimated difference in response rates is the true 
difference in response rates, it may result in the saving of 2528 
lives annually in the USA (based on 9480 deaths from melanoma 
annually and the improvement in survival in this hypothetical 
example). Because of the biological and clinical importance of the 
results suggested by the study, the treatment should be subjected 
to study in a larger patient population with more power to detect a 
difference, if one exists (see discussion of power later). Others might 
argue that the adherence to the 95% standard (P=0.05) should be 
relaxed in cases like this one. The potential benefit of the treatment 
may be revealed by the use of confidence intervals (see discussion 
of confidence intervals later). 

Investigators should indicate what statistical procedures were 
utilised to compare results. Simply stating that the difference was 
statistically significant (P<0.05) does not constitute an adequate 
description of the statistics used. The exact procedure used (e.g. 
t-test or y*) and the results obtained must be specified. The t-test 
and the analysis of contingency tables (e.g. y* and Fisher exact 
test) are the most commonly employed procedures and should be 
understood by all physicians. 


The t-test 

The t-test is the most commonly used statistical test in the biomed- 
ical literature. It is used to determine whether the difference in the 
means of two samples is from chance (sampling variation) alone. It 
should be emphasised that the t-test at a significance level of 0.05 
is designed to compare the difference in the means of only two 
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samples or populations. The t-test has additional important 
restrictions. It should be used to compare the means of interval 
data that are normally distributed. The data analysed by the t-test 
should be sufficiently large, should not contain outliers, should be 
statistically independent and the variability of the two treatment 
groups should be similar. In most instances a two-sided t-test is 
appropriate. When a one-sided t-test is performed the reasons 
should be specified. A two-sided test should be used when either 
treatment may be superior. A one-sided test is used when the 
authors are only interested in whether one treatment is better than 
the comparator [4]. 

The unpaired t-test should be used to analyse two different 
groups (e.g. patients receiving alternative treatments). The paired 
t-test should be used to analyse the effects of two different treat- 
ments on the same patients (e.g. in a cross-over or left-right 
comparison study). 

Statistical analysis using the t-test can be illustrated using data 
from a study comparing calcipotriol and betamethasone ointments 
in the treatment of stable plaque psoriasis [5]. In this multicentre 
RCT, 201 and 200 patients were randomised to treatment with 
calcipotriol and betamethasone, respectively. Outcomes were mea- 
sured by changes in PASI scores. At the end of 6 weeks of treatment 
the improvement (decrease) in PASI scores were 5.50 and 5.32 for 
calcipotriol and betamethasone, respectively. The statistical sig- 
nificance of the small difference in the change in PASI scores was 
evaluated using an unpaired t-test. The t value and corresponding 
significance level can be determined using computer programs 
or calculated using a ¢ distribution table and the formula. Not 
surprisingly, the result indicated that the difference was not statis- 
tically significant (P =0.76). Thus, the trial failed to demonstrate a 
difference between the two treatments. 

Misuse of the t-test was one of the most commonly encountered 
errors in the use of statistics found by Gore et al. in their review of 
the use of statistical methods in the British Medical Journal [6]. They 
found that 52% (32/62) of analytical reports that utilised statistical 
analyses contained at least one error in the use of statistics. Eleven 
of the errors were misuse of the t-test. The errors included using 
the t-test to analyse data that were not normally distributed or had 
different variability, and using an unpaired t-test to analyse paired 
data. Another commonly encountered error in the use of the t-test is 
its use to compare the means of more than two samples. This error 
in the use of the t-test occurred in 61% and 44%, respectively, of arti- 
cles that used statistical analyses published in Circulation Research 
and Circulation in 1977 [7]. 

The t-test should not be used to analyse data that are skewed, or 
data in which the variability (standard deviation) is very different 
between treatment groups. Nor should it be used to analyse small 
data sets because it is impossible to verify that small data sets 
are normally distributed. In these situations, the Mann-Whitney 
U test, the distribution-free equivalent of the t-test, may be used 
for unpaired data, and the Wilcoxon test can be used for paired 
data. The t-test also should not be used to compare more than two 
groups because it ignores possible associations among groups and 
it increases the likelihood that spurious results will be obtained. 
Testing of the means of more than two groups can be performed 
with different forms of analysis of variance. 
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Table 17.4 Format of a four-fold contingency table. 


Good response No or poor response Total 
Treatment A a b H1 
Treatment B c d H2 
Total V1 V2 N 


The y* for unpaired data is calculated using the formulae: 


ja*d — b*c|2N 


x? (uncorrected) = ——______ 
H1*H2*V1*V2 


(latd — b*c| — 0.5"N)2N 
H1*H2*V1°V2 


x’ (Yates corrected) 


in which |a*d — b*c| indicates the absolute value of a*d — b*c. 


Contingency tables 

Chi-square is the most commonly used test to determine whether 
the categorical data in contingency tables differ because of chance 
alone. The format of a typical four-fold (2 x 2) contingency table 
is shown in Table 17.4. The numbers in the table (indicated by a, b, 
c and d) are the numbers of patients in each treatment group that 
fall into each outcome category. The assumption made to formulate 
the null hypothesis that the treatment outcomes are the same is 
that the overall response rate (i.e. the total number of patients with 
good responses divided by the total number of patients; V1/N in 
Table 17.4) is the same for both treatments. Chi-square is then used 
to determine how likely it is that the actual numbers observed could 
be obtained by chance or sampling variation if the response rate for 
the two treatments were the same. A continuity correction in the 
x? is recommended to analyse smaller data sets (20-40 patients). 
This correction is used to account for the use of continuous curves 
to approximate the discrete frequencies in contingency tables. The 
Yates correction is most commonly used (Table 17.4). Chi-square 
should not be used to analyse small trials (trials with fewer than 
20 patients) or when the predicted number of patients in any cell 
(positions a, b, c or d in Table 17.4) is fewer than five. In those cir- 
cumstances, the Fisher exact test should be performed. Chi-square 
is used to analyse unpaired data and the McNemar test is used 
to analyse paired contingency table data. Contingency table anal- 
yses can be easily modified and used to compare more than two 
treatments and more than two outcomes. 

Like the t-test, the x? test is frequently used incorrectly in 
published clinical trials. In their analysis of the use of statistics in 
medical papers published in the British Medical Journal, Gore et al. 
found that y? was used incorrectly in 12 of 62 published papers 
[6]. The errors included omission of the continuity correction for 
studies with few patients, omission of clearly stated hypotheses to 
be tested, lack of consideration of degrees of freedom and misuse of 
the test to study paired data. 


Confidence intervals 

Standard statistical hypothesis testing generally results in a deter- 
mination of a P value that is the probability that a difference as large 
as the observed difference might arise by chance. If this probability 
is equal to or less than a predetermined ‘critical value’ (usually 
0.05), the null hypothesis is rejected and the difference is considered 
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statistically significant. If the P value exceeds the predetermined 
value, the null hypothesis is not rejected and the difference is con- 
sidered not statistically significant. This dichotomous treatment of 
the results of clinical trials as being significant or not significant 
sometimes may be misleading and may hide meaningful estimates 
in the differences between the treatments. What matters most in a 
therapeutic trial is whether investigators have been able to detect 
a medically significant difference in treatments and how large the 
difference is likely to be. The conventional significance levels are 
useful guides to the interpretation of trial results but they should 
not be considered strict rules. The absurdity of the dichotomous 
significance testing approach is best appreciated by considering 
two trials, one of which has a P value of 0.05 and the other a P value 
of 0.06. The difference in the level of significance is very small, yet 
the former is considered statistically significant and the latter is not. 

Reporting results with confidence intervals is an alternative or 
complementary way to present the results of clinical trials. Many 
believe it is far preferable. In simple terms, the reported result 
provides the best estimate of the treatment effect and the confidence 
interval provides a range of values in which the ‘population’ or 
true response to treatment lies. If the trial is repeated many times, 
95% of the confidence intervals produced will contain the true or 
population mean response to treatment. The population or true 
mean has only a one in 20 chance of falling outside the 95% confi- 
dence interval. The true response rate will most probably lie near 
the middle of the confidence interval and will rarely be found at or 
near the ends of the interval. If the 95% confidence intervals around 
two means or medians do not overlap, you can be confident at the 
95% level that the two population means or medians, from which 
the samples were drawn, are different. 

The confidence interval provides a direct, numerical measurement 
of the imprecision of the estimate of the response to treatment that 
is due to sampling variability. The width of the confidence interval 
is determined by the sample size (the larger the sample, the nar- 
rower the interval), the variability of the response being measured 
(the larger the variability, the wider the interval) and the degree of 
confidence desired (the higher the confidence desired, the wider 
the interval) (Figure 17.8). Confidence intervals can be determined 
for means and their differences, and for proportions and their 
differences by looking them up in tables, by calculating them with 
formulae or by using computer software. In comparative studies, 
confidence intervals should be reported for the differences between 
groups, not for the results of each group separately. 

There is a close relationship between the results of a test of a 
hypothesis and the associated confidence interval; if the difference 
between treatments is significant at the 5% level, then the associated 
95% confidence interval excludes the zero difference. The advantage 
of using confidence intervals instead of, or in addition to, P values 
is that confidence intervals provide an indication of the size of the 
differences in treatments and give numerical measurements of the 
inexactness in our knowledge of the real differences in treatments. 

Confidence intervals can be valuable in interpreting data from 
trials in which the difference is not statistically significant (ie. the 
P value is greater than 0.05). To determine whether a treatment 
effect may have been missed in a study reporting negative results 
one should look at the upper boundary of the 95% confidence 
interval. If this value would be clinically important if it were the 
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Figure 17.8 The effects of (a) sample size, (b) variability and (c) desired confidence level 
on confidence intervals (Cls). (a) The mean change in psoriasis area and severity index 


(PASI) score was 3.1 with a standard deviation (SD) of 2.9. The 95% Cl is shown and 
narrows as the number of patients studied increases from 20 to 200. (b) The mean 
change in the PASI score of 20 patients was 3.1. The 95% Cl is shown and widens as 
the sample variability (SD) increases. (c) The mean change in the PASI score of 20 
patients was 3.1 with an SD of 2.9. The Cl widens as the degree of confidence desired 
increases from 90% to 99%. 


true response, then an important treatment effect may have been 
missed in the study. In the calcipotriol and betamethasone trial as an 
example, the upper boundary of the difference in PASI scores was 
0.78. This difference in PASI scores would be unlikely to have much 
clinical significance and therefore it is unlikely that a significant 
treatment advantage for calcipotriol was missed in this study. 

In contrast, consider our hypothetical new treatment for 
metastatic melanoma that had a cure rate of 7/15 versus 3/15 
for conventional treatment. The cure rate for the new treatment and 
conventional treatment were 47% and 20% respectively, and the 
difference between them was 27%. The 95% interval for the differ- 
ence in proportions was —10% to 51%. The upper boundary of the 
difference in cure rates was 51%. This difference would clearly have 
a significant impact on the treatment of patients with metastatic 
melanoma and, therefore, a significant treatment advance may 
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have been missed in this study. Also note that the 95% confidence 
interval of the difference in proportions does not exclude the zero 
difference; therefore, we cannot be 95% certain that the response 
rates of the two treatments are different. 

Confidence intervals may also be useful in interpreting the 
response to a single treatment. Ninety-five per cent confidence 
intervals for the response rate of a single treatment can be deter- 
mined using formulae, tables, nomograms and computer programs. 
For example, suppose a physician treated 20 patients with lichen 
planus with metronidazole and found that 12 (60%) had an excellent 
response. The confidence interval for this response rate ranges from 
36% to 81%. Thus the true overall response rate might well be sub- 
stantially less (or more) than the physician concludes from personal 
experience. An important point can be made from determining 
the confidence interval of a single proportion. There is a degree 
of uncertainty in reported response rates that can be expressed in 
exact numerical terms by determining the confidence interval. 

Confidence intervals may also be useful in interpreting the rate 
of side effects observed in a clinical trial. For example, in the cal- 
cipotriol study 40 out of 201 patients (20%) treated with calcipotriol 
developed lesional or perilesional irritation. The 95% confidence 
interval for this adverse reaction would be 14-26%. Thus a high rate 
of local irritation can be anticipated with calcipotriol and the rate 
may be as high as 26%. If no untoward reactions occur in a study, it 
is still possible to determine the 95% confidence interval of adverse 
reactions. Accurate upper 95% limits of the reaction rate can be 
obtained by referring to available tables. If the number exposed is 
at least 30, a reasonable approximation of the 95% confidence limit 
of the rate of adverse reactions can be obtained by dividing three by 
the number of patients that were exposed to the studied treatment. 
For example if no events occur in 100 exposed patients, the upper 
95% confidence interval is 3/100 or 0.03 [8]. 


Power 
Significant differences in treatment effects in comparison trials may 
be missed if the number of subjects tested is small. For example, in 
a 1978 survey of 71 published trials with negative results, Freiman 
et al. found that a 25% or 50% improvement in outcome might have 
been missed in 57 (80%) and 34 (48%) of the studies, respectively [9]. 
The importance of this observation and the importance of determin- 
ing the power of studies to detect clinically significant differences in 
treatments are illustrated by the fact that this study has been cited 
more than 700 times. In spite of the recognition of the importance 
of power, a follow-up study conducted by Moher et al. in 1994 indi- 
cated that 25% or 50% improvements in outcome might have been 
missed in 84% and 64% of 102 negative studies, respectively [10]. 
Power is an expression of the ability of a trial to detect a 
difference in treatments if one exists. The investigators in a 
well-designed clinical trial should have an estimate or prediction of 
the anticipated differences between treatments, and a knowledge 
of the magnitude of differences that would be clinically important. 
The trial should then be designed to enrol a sufficient number of 
patients to ensure with reasonable certainty that a statistically sig- 
nificant difference would be obtained if the anticipated or clinically 
important differences between the treatments existed. The error of 
believing that there are no differences between treatments, when in 
fact there are differences, is a Type II or f error. 
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The power of a trial to detect a significant difference is determined 
by the response rates of the treatments, the significance level desired 
by the investigators and the number of patients treated. The power 
of a trial to detect differences between treatments can be calculated 
using formulae, nomograms, programmable calculators or com- 
puter software. Conventionally, a power of 80% with a significance 
level of 0.05 is considered adequate. The choice of a power of 80% 
means that, if the anticipated or clinically important difference 
in treatments really exists, four of five trials with the specified 
number of patients in the treatment groups will show a statistically 
significant difference. However, a higher power sometimes may be 
desirable. For example, increasing the power to 90% means that 
nine out of 10 trials would detect a statistically significant difference 
between treatments if the difference really exists. The power of a 
study design to detect clinically significant differences in treatments 
is best considered before the trial is initiated. However, studies 
that fail to demonstrate statistically significant differences among 
treatments should always include a discussion of power. 

The sample size needed to detect a difference is small when the 
difference in treatments is large. Conversely, the sample size needed 
to detect differences is large when the difference in treatments is 
small or when the response rate of the comparison treatment is high. 

As noted by Moher et al. [10] 


Tf a trial with negative results has a sufficient sample size to detect 
a clinically important effect, then the negative results are inter- 
pretable — the treatment did not have an effect at least as large as 
the effect considered to be clinically relevant. If a trial with negative 
results has insufficient power, a clinically important but statistically 
insignificant effect is usually ignored or, worse, is taken to mean 
that the treatment under study made no difference. Thus, there 
are important scientific reasons to report sample size and/or power 
calculations. 


The importance of statistical analyses must be kept in proper 
perspective. Statistics are a tool for trying to ensure that results of 
clinical trials are not due to chance or sampling variation alone. 
The combination of hypothesis testing and the use of confidence 
intervals give a measure of the likelihood that results of a trial 
are due to chance and the precision of the estimated difference 
in treatments, respectively. Statistical analyses cannot tell you the 
medical significance of differences in treatments. In other words, 
statistically significant should not, and cannot, be equated with 
medically significant. Conversely, a trial whose results indicate that 
the difference in treatments was not statistically significant does not 
necessarily mean that there is not a medically important difference 
between treatments. It may simply mean that too few patients were 
used to detect the difference that does exist. 


Shortcut method for appraising clinical research 
papers 

The EBM criteria for appraising evidence represent subsets of 
other schemes for appraising the quality of clinical research [1]. 
These methods include reporting guidelines and their extensions 
such as CONSORT for clinical trials [11], PRISMA for systematic 
reviews, STARD for diagnostic test accuracy studies and STROBE 
for observational studies all of which are available and updated 
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Table 17.5 Shortcut method for evaluating clinical research papers. 


Step Comments 


Read title 

Read abstract 

Look at the figures 
and tables 


If interesting, continue 

If still worthy of your time, continue 

Find the most important data. Are the data adequately 
reported? Is there a control group? Are the outcomes 
clinically important? Are the data subjected to 
statistical testing and are the tests used correctly? If 
still worthy of your time, continue 

Are complications reported? Are compliance and lost 
patients considered? Ask yourself ‘If everything the 
authors say is true, is it important for my patients, my 
practice or for the field of dermatology?’ If ‘no’, stop 
reading; if ‘yes or possibly’, continue 

How were the patients chosen and allocated? Are the 
outcomes clearly defined and assessed blindly? Are 
the conclusions valid? If yes, continue 

Note the authors, citation and conclusions of the study 
for easy retrieval later 


Read the results 


Read the methods 


Record the citation 


Read the If you have time 
discussion 
Read the The last sentence in the introduction should contain a 


introduction clear statement on why the study was needed 


on the EQUATOR (Enhancing the QUAIity and Transparency Of 
health Research website (https: //www.equator-network.org/; last 
accessed February 2022). Other specific tools for assessing study 
quality such as AMSTAR for systematic reviews and QUADAS 
for diagnostic test accuracy studies have already been mentioned. 
What is common to all of these methods is that they require the 
entire paper to be read, especially the methods section. Doing so 
is often not possible for busy clinicians trying to find answers to 
specific problems. Nor is it the most efficient use of his or her time. 
Instead, a shortcut method for evaluating the literature is available 
(Table 17.5). A shortcut method to evaluate clinical trials will enable 
you to use your time efficiently. It allows you to decide not to read 
the majority of poorly conceived, designed, executed or reported 
trials and those trials with insignificant results. After each step you 
should re-ask the questions, ‘Am I still interested in this trial?’ and 
‘Is it worth spending my valuable time on it?’ 

First read the title. If the title holds interest for you, read the 
abstract. If after reading the abstract you still feel that the article 
is worthy of your time, look at the figures and tables. Authors 
generally display their best or most convincing data in these. In a 
well-written study, you should be able see the important results 
in summary figures and tables. Try to pick out the one or two 
figures or tables that hold the most important data. Look at the 
data to see whether they are summarised and displayed correctly. 
Determine whether there is an appropriate control group, whether 
the outcomes are clinically and biologically important, whether the 
data are subjected to statistical analysis and whether the correct 
statistical methods were used. It is important that you examine and 
assess the data yourself. If you are still convinced that the article is 
worthy of your time, read the results. Determine whether complica- 
tions are reported, and whether compliance and lost patients were 
considered. After reading the results, ask yourself the question, ‘If 
everything the authors say is true, is it important for my patients, 
for my practice or for dermatology as a whole?’ If the answer is 
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Introduction be specified. In order to improve both compliance and efficacy, the 


Dermatologists have the good fortune to work on the most accessi- 
ble organ of the body. This greatly facilitates not only the diagnosis 
but also the treatment of skin disease. Whilst systemic administra- 
tion of drugs is often necessary in dermatology, many inflammatory 
and neoplastic conditions can be effectively managed using the 
wide range of locally applied physical or pharmacological modal- 
ities that are available. The latter are the subject of this chapter, 
which reviews the pharmacological treatments used topically, that 
is, by application to the surface of the skin. Some of these are 
time-honoured treatments that have been used for a century or 
more, whilst others belong to the ever-expanding range of newer 
and increasingly sophisticated agents constantly being developed 
and formulated for topical use. 

Topical treatment offers the potential to achieve high concentra- 
tions of a drug in the skin with minimal exposure of other organs. 
This can greatly increase efficacy and also safety relative to systemic 
administration. When side effects do occur, they are most likely to 
take the form of localised reactions. 


Prescribing topical treatment 


Prescribing topical medication requires careful consideration of 
several factors if optimal results are to be achieved. The concentra- 
tion of the drug, the vehicle and the frequency of application must 


patient requires advice on the quantity to be used, precisely where it 
should be applied and often further explanation about precise tim- 
ing of application in relation to bathing and other treatments. The 
prescriber needs to be aware of the hazards associated with a topical 
treatment, particularly the likelihood of the medication inducing 
irritant or allergic reactions. It is also important to understand the 
factors that influence systemic absorption. 


Drug concentration 

The most used conventions for defining the concentration of a drug 

in a topical formulation are as follows: 

¢ The concentration is usually written as a percentage representing 
the proportion of the formulation, by weight, that is the active 
constituent. A concentration of 1% indicates that 1 g of drug 
will be contained in 100 g of the formulation. For example, an 
over-the-counter treatment for plantar warts contains 50% sali- 
cylic acid, whereas calcitriol ointment is used at a concentration 
of 0.0003% in the treatment of psoriasis. A very low concentration 
such as this is more often written as 3 g/g. 

e A frequently used alternative, especially for liquid preparations, 
is to express the percentage of the drug as a proportion of the vol- 
ume of the formulation, thus a 1% solution contains 1 g of drug 
in 100 mL of the formulation. The abbreviations w/w (weight in 
weight) and w/v (weight in volume) are often employed to indi- 
cate which convention is being used. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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¢ The concentration of a drug in solution is often denoted in ‘parts’, 
thus a 1 part in 10 000 solution of potassium permanganate 
contains 0.1 g in 1 L of solution, which could be expressed as 

0.01% (w/v), equivalent to a 400 mg potassium permanganate 

tablet dissolved in 4 L of water, a treatment used frequently as a 

soak for malodorous leg ulcers. 

The efficacy of a topically applied drug may not always be pro- 
portionate to the concentration, as the site of application, patient’s 
age, skin thickness, volumes used, frequency of application, use of 
occlusion and the nature of the skin disease will all influence efficacy. 


Choice of vehicle 

Topical medication must be applied to the skin in a suitable vehi- 
cle. This term encompasses all the constituents of the formulation 
apart from the active pharmaceutical agent. The choice of vehicle 
depends on the anatomical site to be treated and the condition of 
the skin. As a rule, acutely inflamed skin is best treated with fairly 
bland preparations that are least likely to irritate. Moist or exudative 
eruptions are conventionally treated with ‘wet’ medications such 
as lotions or creams, whilst dry skin responds well to the occlusive 
action of ointments. Hair-bearing skin, especially the scalp, can be 
treated with medicaments formulated into shampoos, lotions, gels 
or mousses. The cosmetic properties of the vehicle assume particu- 
lar importance when treating the face. Oily skin affected by acne is 
often best treated with lotions or gels, whilst the more sensitive skin 
affected by rosacea may benefit from the emollient effect of a cream. 
The physical properties of some types of vehicle are summarised 
here. Examples given are of non-proprietary preparations, but the 
principles discussed apply equally to proprietary products, to the 
formulation of which manufacturers will often devote considerable 
developmental effort. 


Ointments. Ointments are semi-solid vehicles composed of lipid, 
such as white soft paraffin BP (petrolatum). They have useful occlu- 
sive and emollient properties. Some ointments contain emulsifying 
agents such as polyhydric alcohols (macrogols, polyethylene glycol) 
or cetostearyl (cetearyl) alcohol (e.g. emulsifying ointment BP). The 
latter have the advantage of being less greasy, with good solvent 
properties, and they are easily washed off. Ointments require fewer 
preservatives than other vehicles since they contain no water and do 
not sustain the growth of microorganisms. 


Creams. These are semi-solid emulsions (i.e. suspensions), either of 
lipid droplets in water or water droplets in lipid. Aqueous creams, 
for example aqueous cream BP, are suspensions of lipid droplets in 
water. These are water miscible, cooling and soothing, and are well 
absorbed into the skin. Water-in-oil creams, for example oily cream 
BP, are suspensions of water droplets in lipid. These are immisci- 
ble with water and more difficult to wash off. They are emollient, 
lubricant and mildly occlusive (but less so than ointments). 


Pastes. Pastes are semi-solid preparations containing a high pro- 
portion of finely powdered material such as zinc oxide or starch. 
Protective (fatty) pastes are greasy and therefore messy and water 
insoluble. They are difficult to apply and remove, but their stiff- 
ness permits accurate localisation of the paste and any constituent 
medication. They are occlusive, protective and hydrating. The 


consistency of these pastes can be ‘softened’ by adding oils or ‘hard- 
ened’ with hard paraffin. Dithranol is prepared in Lassar paste (zinc 
oxide 24%, salicylic acid 2%, starch 24%, white soft paraffin 50%) at 
specialist manufacturing pharmacy units at various concentrations 
to localise dithranol on plaques of psoriasis and avoid getting it on 
unaffected skin. Drying pastes, also called cooling pastes, are mix- 
tures of powder with liquid. These are non-greasy, water miscible 
and easy to apply and remove. They are drying and soothing, and 
can be used in conjunction with dressings as paste bandages or as 
vehicles for active medicaments. Bandages impregnated with 10% 
zinc oxide paste mixed with glycerol, oil and water are commonly 
used on the limbs for the treatment of atopic prurigo and stasis 
dermatitis. 


Lotions. These are liquid formulations that are usually simple 
suspensions or solutions of medication in water, alcohol or other 
liquids. Those containing alcohol often sting, especially when 
applied to broken skin. When left on the skin, the liquid will evapo- 
rate, leaving a film of medication on the surface. Lotions are a useful 
way of delivering topical steroid to scalp skin or to very hirsute skin 
on the trunk and limbs. 


Gels. Gels can be regarded as thickened lotions. They are semi-solid 
preparations containing high-molecular-weight polymers, such as 
carboxypolymethylene (carbomer BP) or methylcellulose. Gels are 
also especially suitable for treating the scalp and other hairy areas 
of skin. Like lotions, gels tend to dry when left on the skin. Gels 
are particularly useful for frequent application during the working 
day in hand dermatitis, where compliance is greatly aided by their 
non-greasy texture. 


Powders. Those applied directly to the skin are also known as dust- 
ing powders. They can reduce friction (talc) or excessive moisture 
(starch). They are occasionally used to deliver drugs such as anti- 
fungal agents applied to the feet. 


Paints. Paints are liquid preparations, either aqueous, hydro- 
alcoholic or alcoholic (tinctures), which are usually applied with 
a brush to the skin or mucous membranes and then evaporate. 
Collodion preparations are also sometimes referred to as paints. 


Collodions. Collodions, for example flexible collodion BP, are liquid 
preparations consisting of cellulose nitrate in organic solvent. They 
evaporate rapidly to leave a flexible film that can hold medicaments 
in contact with the skin. They are most frequently used to apply 
salicylic and lactic acids to warts. Another example is a topical 
preparation used for actinic keratoses containing 5 mg/g of flu- 
orouracil and 100 mg/g of salicylic acid. Collodions may also be 
used as protectives to seal minor cuts and abrasions. They are easy 
to apply and water repellent, but inflammable. 


Microsponges. These use porous beads, typically 10-25 pm in 
diameter, to form a reservoir loaded with the drug, enhancing 
drug penetration, sustaining its release, reducing irritation and 
prolonging shelf-life without requiring the use of preservatives. 
This approach has been used for cosmetics and sunscreens as well 


as topical medications such as benzoyl peroxide, imidazole anti- 
fungals, terbinafine, mupirocin, mometasone furoate, aciclovir and 
hydroquinone/retinoid combinations [1]. 


Liposomes. Liposomes are structures comprising an aqueous phase 
surrounded by a lipid capsule, ranging widely in diameter from 
several nanometers to several microns. They may contain several 
lipid layers so that the structure can be likened to that of an onion. 
Liposomes can be used to encapsulate a wide range of active 
pharmaceuticals. Used in this way, liposomes may be regarded as 
‘penetration-enhancing agents’. This technology is used in cosmet- 
ics more frequently than in dermatological treatment. However, 
liposomes can be useful for reducing irritation from topical use of 
agents including imidazole antifungals, can increase the penetration 
of topical steroids in atopic eczema and can improve delivery of 
topical minoxidil to scalp hair follicles [2]. 


Frequency of application. The frequency of application must be 
specified in order to maximise the response whilst avoiding side 
effects such as irritation. Excessive frequency of application may also 
result in unnecessary systemic exposure to the drug. Active prepa- 
rations are usually applied just once or twice a day. As a general 
rule, twice-daily application of drugs such as corticosteroids is only 
marginally more effective than once-daily application, whilst requir- 
ing double the amount of medication and increasing both systemic 
exposure to the drug and cost. The pharmacological actions of a drug 
may persist long after it has left the surface of the skin. Thus the abil- 
ity of a potent topical corticosteroid to inhibit flares of atopic eczema 
when applied just twice weekly [3] seems unlikely to be explained 
simply by the persistence of a reservoir of the drug. Increasing the 
interval between applications can be a useful method of gradually 
reducing the intensity of a treatment, especially when it is diffi- 
cult to do so by using a lower concentration or less potent agent. 
Emollients should be applied frequently enough to maintain their 
physical effect. This may require several applications daily, some- 
thing which must be clearly explained to patients. Patient use of 
emollients is often far less than recommended by the prescriber [4]. 


Quantity to be applied 

The total quantity to be dispensed should be specified when pre- 
scribing, and it is helpful to inform the patient how long the pre- 
scribed quantity is expected to last. Patients routinely overinterpret 
the advice on the package inserts provided with their medication 
to apply topical steroids ‘sparingly’. Minute quantities are rarely 
effective. Conversely, inappropriate use of active medicaments as 
emollients is not only wasteful but often hazardous. The potential 


Table 18.2 Quantities of medication required for twice-daily topical application of cream 


18.3 


Prescribing topical treatment 


for systemic absorption must be taken into account when prescrib- 
ing, for example, topical corticosteroids or salicylic acid. 

The quantity of cream or ointment required for 1 week of 
once-daily application to the whole body is approximately 140 g for 
males and 120 g for females, and for twice-daily application male 
and female patients require 280 g and 240 g per week, respectively. 

Table 18.1 provides the approximate quantities required for sin- 
gle applications to specific anatomical regions. Table 18.2 provides a 
guide to total quantities required for a week of twice-daily total body 
treatment for children of various ages. All these guidelines can only 
be approximate and should be interpreted very flexibly. In addition 
to the obvious large differences between individuals of any age in 
body surface area, the condition of the skin may influence how far 
the medication will spread. Creams and ointments seem to cover a 
very similar area per unit of weight [5]. 

Simple, approximate, but practical guides to the quantity of a top- 
ical medication to apply are provided by the fingertip unit and the 
rule of hand: 
¢ Fingertip unit [6]. An approximate but practical measure of topical 

medication is the quantity of ointment or cream, extruded from a 

tube with a nozzle of 5 mm diameter (note that nozzles do vary 

somewhat), extending from the distal crease of the forefinger to 
the ventral aspect of the fingertip (Figure 18.1). This unit weighs 
approximately 0.49 g in males and 0.43 g in females [7] and cov- 
ers, on average, an area of approximately 300 cm?. The number of 
units required for a single treatment of each anatomical region in 

adults and children of various ages is given in Table 18.3. 
¢ The rule of hand states that an area of the size that can be covered 

by four adult hands (including the digits) can be treated by 1 g of 

ointment or 2 fingertip units [8]. 

The figures discussed are all based on the application of active 
medicaments. Emollients are applied for their physical properties 


Table 18.1 Approximate quantities required for one topical application of cream or 
ointment medication to different anatomical regions. 


Quantity of medication (g) 


Region Males Females 
Trunk (including buttocks) 6.6 5.8 
One leg (groin to ankle) 2.9 25 
One foot 0.9 0.7 
One arm and forearm 7 13 
One hand 0.6 0.5 
Face, neck and ears 1.3 0.9 
Whole body 20 17 


Adapted from Long and Finlay 1991 [6] with permission of John Wiley & Sons. 


or ointment to the entire body at various ages in childhood. 


Age 
3months 6months 12months 18months 2years 3 years 4 years 5 years 7 years 10 years 12 years 
Daily requirement (g) 8 10 12 13 14 16 19 20 25 30 37 
Weekly requirement (g) 56 67 84 93 95 112 135 140 172 210 256 


Adapted from Long et a/. 1998 [9] with permission of John Wiley & Sons. 
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Figure 18.1 The fingertip unit. 


rather than for the delivery of a drug, and are generally used much 
more liberally. Emollient treatment of the whole body may require 
100 g daily when the skin is very dry. 


Advice to patients 

Detailed instructions are often required as to the timing of applica- 
tions. In many cases it is most convenient to apply the medication 
immediately after bathing. If other topical treatments are in use it is 
important to explain how the applications should be timed relative 
to each other. For example, the application of an emollient immedi- 
ately after the application of an active agent may dilute the active 
medication and might spread it over areas of skin where it is not 
required. In practice, for topical corticosteroids, this does not appear 
to cause any loss of efficacy. For medications with a tendency to 
induce irritation it is helpful to warn patients about this in advance. 


If it is planned to use any form of occlusion, bandaging or other 
dressing with topically applied medication, detailed instruction is 
required and this should ideally take the form of a demonstration 
by a trained nurse, or by watching a training video. The simplest 
method of occlusion is the use of polythene gloves on the hands 
or plastic food-wrapping film (cling film) on the feet or limbs. 
Self-adhesive hydrocolloid dressings can be very useful for limited 
areas on the limbs or trunk. ‘Wet wrap’ bandaging is described in 
the treatment of atopic eczema (Chapter 41). Various additional 
types of bandaging (e.g. paste bandages) can be used to increase 
the penetration of topical medication and have the added benefit of 
protection from scratching. 

When self-treatment fails, the efficacy of topical therapy can 
almost invariably be improved if the treatment can be applied 
by specialist nurses in an out-patient clinic. Many dermatology 
departments are able to provide this service for patients with severe 
skin disease who are able to attend on a daily basis. The response 
to treatment is improved even further by admission to hospital for 
a period of rest and regular, supervised treatment. 


Hazards associated with topical treatment 


The most frequent adverse effects associated with topical medi- 
cation are localised irritant or allergic reactions. Irritant reactions, 
most commonly seen with antiacne preparations such as retinoids 
and benzoyl peroxide, can be minimised by applying treatment at 
the optimal concentration and treatment intervals and by selection 
of the correct vehicle. Irritation is frequent when topical emollient 
lotions containing antiseptics such as benzalkonium chloride and 
chlorhexidine are used as a leave-on product at flexural sites, par- 
ticularly in elderly patients. Many photodamaged elderly patients 
develop irritant reactions to topical diclofenac gel used for actinic 
keratoses. 


Table 18.3 Fingertip units required for a single treatment of various regions in children and adults. Note that the unit is measured using an adult finger. 


Age Face and neck One upper limb One lower limb Trunk (including buttocks) Whole body 
3-6 months 1 1 15 2.5 8.5 

1-2 years Vs 1.5 2 5 13.5 

3-5 years 1.5 2 3 6.5 18 

6-10 years 2 25 4.5 8.5 24.5 
Adult 25 4.5 7.6 13.5 40 


Adapted from Long and Finlay 1991 [6] and Long et a/. 1998 [9] with permission of John Wiley & Sons. 


Allergic sensitisation is more difficult to anticipate and to pre- 
vent. Contact allergy can develop not only to the active medicament 
(e.g. corticosteroid molecules or antibiotics) but also to preser- 
vatives, added fragrances or constituents of the vehicle. Almost 
any component may sensitise and notable examples include cor- 
ticosteroids [1], antibiotics [2], topical anaesthetics [3], cetearyl 
alcohol [4], Myroxylon pereirae (balsam of Peru) [4], lanolin [4], 
colophonium [4], fragrances [5,6] and historically ethylenediamine 
(Tri-Adcortyl®/Mycolog® have now been withdrawn from the 
market in the UK/USA, respectively) [7] and isothiazolinones 
(now banned in leave-on preparations in the UK and the Euro- 
pean Union) [8]. Patients with chronic otitis externa, ano-genital 
dermatoses, venous eczema or leg ulcers seem to be particularly 
susceptible [3,4,9-11]. The elderly appear to be more likely to 
develop multiple sensitivities [10]. Atopic dermatitis patients have 
higher rates of sensitisation to ingredients in their topical medica- 
ments, relevance is established in most cases, and polysensitisation 
is frequent [12]. Sensitivity to topical medication is often overlooked 
as the symptoms tend to be attributed to the disease being treated. 

Systemic side effects from topically applied medication are rela- 
tively rare. Nonetheless, all topically applied drugs are absorbed to 
some degree and on occasions unexpected systemic toxicity occurs. 
One of the best recognised risks is salicylism, resulting from exces- 
sive topical use of salicylic acid. It has been estimated that toxicity 
can occur with twice-daily application of 6% salicylic acid to 40% of 
the body surface, and at least four deaths have been attributed to 
topical salicylic acid [13]. Systemic effects from super-potent topi- 
cal corticosteroids appear rare even with continuous use if amounts 
greater than 50 g per week are avoided [14]. 

Absorption varies very considerably depending on the region 
of skin being treated (Table 18.4) [15]. Occlusion greatly enhances 
drug penetration [16,17]. The mechanism of this effect is not fully 
understood but seems to be partly the result of retaining a reservoir 
of the medication on the surface of the skin, and partly the effect of 
increased hydration of the stratum corneum. Systemic exposure can 
be greater than expected in children due to their relatively high ratio 
of skin surface to body mass. Infants are particularly prone to sys- 
temic effects from topical steroids or salicylic acid [18]. In the elderly, 
penetration of drugs may be increased as a result of changes in the 
structure of the skin; this effect is most pronounced in those drugs 
that are most hydrophilic [19]. Inflammation of the skin impairs 
barrier function and significantly increases drug absorption. This is 
especially significant in the erythrodermic patient [20,21]. 


Table 18.4 Relative levels of absorption of hydrocortisone 
applied at various sites. 


Site Relative absorption 
Forearm 1 

Sole 0.1 

Ankle 0.4 

Palm 0.8 

Back led 

Scalp 35 

Axilla 3.6 
Forehead 6 

Scrotum 42 


Adapted from Feldmann and Maibach 1967 [15]. 
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Formulation of topical medicaments 


The formulation of the vehicle in which a drug is delivered topically 
to the skin is critical in obtaining effective and consistent results. The 
vehicle plays many roles. It must provide rapid delivery of the drug 
to the stratum corneum and into the viable layers of the skin, be 
soothing and comfortable to use, cosmetically acceptable, and pro- 
vide a chemical environment in which the drug remains sufficiently 
stable prior to use to have a practical shelf-life. The simplest role of 
a vehicle is dilution of an active drug to the desired concentration. 
Agents such as beeswax, liquid paraffin, polyethylene glycol and 
powders are often added for their physical properties to adjust the 
thickness or texture of the medication. In addition to this, various 
constituents act as emollients, emulsifiers, humectants, penetration 
enhancers, preservatives, antioxidants, solvents or fragrances. Some 
of the constituents most often employed are listed in Box 18.1 and 
some are discussed further here. A single constituent often serves 
more than one function. 


Box 18.1 Frequently employed constituents of 
vehicles 


Lipids (emollients) 

e Beeswax (cera alba) 
¢ Castor oil 

¢ Cetyl alcohol 

¢ Cocoa butter 

¢ Isopropyl myristate 
¢ Isopropyl palmitate 
e Lanolin 

¢ Liquid paraffin 

¢ Stearic acid 

¢ Stearyl alcohol 

e White soft paraffin (petrolatum) 


Emulsifiers 

e Alkyl sulphates and sulphonates 

¢ Glyceryl monostearate 

¢ Lanolin and derivatives 

¢ Phosphoric acid esters 

¢ Polyethylene glycols 

¢ Polyvalent metallic soaps 

¢ Propylene glycol fatty acid esters 

¢ Quaternary ammonium cationic compounds 
¢ Sorbitan monolaurate, monopalmitate and mono-oleate 
¢ Triethanolamine oleate 


Humectants 

° Gelatin 

¢ Glycerin 

¢ Propylene glycol 

¢ Pyrrolidone carboxylic acid 
¢ Sorbitol 

e Urea 


Penetration enhancers 
e Azone 

¢ Dimethyl sulfoxide 
¢ Propylene glycol 

¢ Salicylic acid 

e Urea 
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Preservatives 

¢ Benzyl alcohol (also acts as a fragrance) 
¢ Chlorocresol 

e Edetic acid/disodium edetate 

e Hydroxybenzoates (parabens) 

¢ Propylene glycol 

¢ Sodium metabisulphite 

° Sorbic acid/sorbates 

¢ Phenoxyethanol 


Antioxidants 

¢ Butylated hydroxyanisole 
¢ Butylated hydroxytoluene 
° Octyl gallate 

¢ Dodecy]l gallate 

¢ Propyl gallate 

e Vitamin E (tocopherol) 

e Vitamin C 


Solvents 

e Acetone 

¢ Chloroform 

e Ethanol 

e Ether 

¢ Glycerin 

¢ Isopropyl alcohol 
¢ Methanol 

¢ Propylene glycol 
e Water 


Most topical medicaments are now commercially formulated in 
vehicles that have been carefully designed for optimal results. An 
understanding of the roles played by the various constituents of 
vehicles is important [1]. Only the most frequently used components 
are reviewed here. Extemporaneous or personalised formulations of 
medicaments (known as ‘specials’) had been widely used in derma- 
tological practice, with enormous benefit to patients. Stricter finan- 
cial, legislative and safety controls in recent years have made many 
pharmacists reluctant to prepare or dispense them. In the UK, a lim- 
ited range of specials is recommended by the British Association of 
Dermatologists (BAD) [2]. 


Lipids 

Lipids incorporated into vehicles can act as diluents and solvents but 
are especially valuable as emollients, that is they have the ability to 
form a coating on the surface of the stratum corneum that inhibits 
the evaporation of water, thus providing a softening and moisturis- 
ing effect. Generally speaking, the greater the proportion of lipid in 
the formulation, the greater will be the emollient action. Ointments 
are therefore more emollient than oily creams, which are more so 
than aqueous creams, whilst most lotions have no emollient effect. 
Lipids from a variety of sources are incorporated into topical treat- 
ments for skin disease. 


Vegetable oils 
Oils can be obtained from numerous vegetable sources by press- 
ing or by solvent extraction. Vegetable oils are largely composed of 


triglycerides which tend to contain high proportions of unsaturated 
fatty acids such as oleic acid and linoleic acid. These are vulnerable 
to oxidation, with resulting rancidity manifesting as an unpleasant 
odour, hence the use of antioxidants to delay the process. 

Arachis oil, derived from the ground nut (peanut), has been the 
subject of some concern over possible contamination with allergens 
that could cause hypersensitivity reactions in peanut-sensitive 
individuals, including primary sensitisation to peanuts in infants 
with impaired skin barrier function who have never eaten peanut 
[3]. Cocoa butter, also known as theobroma oil, is a product of the 
cocoa bean and consists chiefly of the triglycerides of palmitic, 
stearic and oleic acids. It also contains antioxidants, which make it 
remarkably stable for a vegetable oil and it can even help to pre- 
serve other constituents with which it is compounded. It is brittle 
at room temperature but melts at between 30 and 35°C. Castor 
oil, obtained from the castor bean Ricinus communis, is composed 
almost entirely of triglycerides of the 18-carbon long-chain fatty 
acid ricinoleic acid. Olive oil contains a large proportion of oleic 
acid. Shea butter is extracted from the fruit of the shea tree, Vitellaria 
paradoxa. This is a useful emollient, containing somewhat variable 
proportions of palmitic, stearic, oleic and other fatty acids as well as 
cinnamates. The latter constituent can provide a modest degree of 
photoprotection. 


Mineral oils and greases 

Vaseline® was first patented in the USA in 1872 and extracts of crude 
oil (petroleum) have been widely used since then for the treatment 
of skin disease. 

Emollient products extracted from crude oil can be produced 
as fluids, semi-solids or solids and include liquid paraffin BP, 
mineral oil USP, yellow and white soft paraffin BP, petrolatum 
USP, etc. The extraction process involves treatments to remove 
elements other than hydrogen and carbon. Aromatic and unsat- 
urated compounds are also eliminated, leaving a diverse range 
of hydrocarbon molecules, some straight chained, some branched 
and some polycyclic [4]. As a result of their fully saturated nature, 
these hydrocarbons are far more stable than the constituents of 
vegetable oils. They are remarkably inert and not vulnerable to 
oxidation or rancidity. For this reason, mineral oils are favoured 
as the lipids used in emollients and topical treatments. The inert 
nature of petrolatum makes it the ideal diluent for the majority of 
patch test materials. 


Lanolin 

The use of wool extracts for cosmetic and medicinal purposes dates 
back at least as far as ancient Greece. Lanolin (wool fat) is extracted 
from wool and is essentially the product of the sheep sebaceous 
gland. It is available in abundance and, since its natural purpose is 
to protect the skin and wool of the sheep, it is perhaps an obvious 
choice of lipid material for use as an emollient. There are occasional 
patients who may wish to avoid lanolin for cultural reasons, e.g. 
vegans. 

Lanolin comprises a complex mixture of higher fatty acids esteri- 
fied with mono and dihydric alcohols, including aliphatic alcohols 
and cholesterol and related sterols. Its precise composition varies 
qualitatively and quantitatively with humidity, temperature and 


method of collection. It is prone to auto-oxidation and is therefore 
often formulated with the antioxidant butylated hydroxytoluene. 
Lanolin is miscible with water and is a useful emulsifying agent 
when mixed with other lipids. 

Lanolin has gained a largely undeserved reputation as a frequent 
contact sensitiser, but sensitisation still occurs and is slightly more 
frequent in those with atopic dermatitis [5]. Irritant patch test 
reactions to lanolin are often incorrectly interpreted as a positive 
patch test, and patients themselves may confuse the irritant effect 
of fibres in a woollen garment touching atopic skin with lanolin 
allergy. 

Partly because of its reputation as a sensitiser, numerous lano- 
lin extracts and derivatives are often used instead of the natural 
material. These are produced by a range of processes including 
hydrolysis to yield the constituent acids and alcohols, acetyla- 
tion, ethoxylation and solvent fractionation. Wool alcohols BP is 
the wool alcohol fraction of wool fat, and contains cholesterol 
and isocholesterol. It is mixed with liquid, soft and hard paraf- 
fin to form ointment of wool alcohols BP, which, on the addition 
of water, produces hydrous ointment BP, a vehicle for many 
water-in-oil creams (see the section on emulsifiers later in this 
chapter). 


Fatty acids and alcohols 

Long-chain fatty acids (e.g. palmitic and stearic acids and their 
alcohols, cetyl alcohol and stearyl alcohol) are very frequently 
used as emollients and also serve as emulsifiers for cream prepa- 
rations. Cetostearyl (cetearyl) alcohol is a frequently used mixture 
of cetyl and stearyl alcohols. These can be obtained by hydrolysis 
of triglycerides from many different animal and vegetable fats 
and oils. 


Waxes 
Beeswax is secreted by worker bees to make the cell walls of the 
honeycomb. It has a melting point of around 60°C and is composed 
mainly of free cerotic acid and myricyl palmitate. It is used as a thick- 
ening agent for creams, ointments and lip salves. Occasional cases 
of sensitisation occur, due either to components of the wax or con- 
tamination with plant-derived materials such as propolis [6]. 
Emulsifying wax comprises cetostearyl (cetearyl) alcohol, sodium 
lauryl sulphate and water. This is a constituent of emulsifying oint- 
ment BP. 


Polyethylene glycols 

Polyethylene glycols, also known as PEGs or macrogols, are dihy- 
dric alcohols. They are polymers of ethylene glycol linked by ether 
bonds with the general formula H(O-CH,-CH,),,-OH in which n 
may range from 2 to 90 000. PEGs can be designated by a number 
indicating the average molecular weight. At low molecular weights, 
up to 2000, they are hygroscopic. They variously serve as emollients, 
emulsifiers or thickeners and can also be used to impart a pleasant 
feel or texture to a formulation. Rarely, they can cause immediate 
(type 1) hypersensitivity reactions; a suggestive history would be 
immediate allergic reactions to a wide range of systemic drugs, 
some vaccines and to cosmetics and topical medicaments. 
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Cetomacrogols are cetyl ethers of PEGs, for example cetomacro- 
gol 1000 is the monocetyl ether of PEGs with an average molecular 
weight of 1000. It is useful as a non-ionic emulsifying agent. 


Emulsifiers 

An emulsion is a two-phase system consisting of two immiscible 
components, one (the dispersed or inner phase) being suspended 
in the other (the continuous or outer phase) as small droplets. One 
phase is aqueous, the other oily. Stable emulsions remain in this 
form; unstable emulsions, with a large droplet size, tend to separate 
as cream does from milk. The production of a stable emulsion 
requires the presence of an emulsifier, which is a large molecule 
with both strongly polar (i.e. water soluble) and non-polar (i.e. oil 
soluble) groups allowing it to bridge the gap between polar and 
non-polar substances. A large and chemically diverse range of com- 
pounds can be used for this purpose and some examples are given in 
Box 18.1. 

Water in oil (abbreviated by pharmacists to W/O) systems result 
from the dispersion of an aqueous phase in an oily phase, as in oily 
cream BP. Oil in water (O/W) systems have a less greasy texture 
and are formed when oil is the dispersed phase and water the con- 
tinuous phase, as in aqueous cream BP. It is sometimes possible to 
produce both types of emulsion in the same system [7]: these are 
called ambiphilic creams. 


Humectants 

These are compounds with a high affinity for water (hygroscop- 
icity). They draw water into the stratum corneum and therefore 
have an emollient effect on dry skin. However, most of the water is 
drawn out from within the skin, and in dry atmospheric conditions 
water loss from the skin surface may be increased by the presence 
of humectants. Some patients, for religious or cultural reasons, may 
wish to avoid the humectant gelatin because of its bovine or porcine 
origin. Commonly used humectants are listed in Box 18.1. 


Penetration enhancers 

Agents that have been shown to enhance the penetration of drugs 
through the skin include propylene glycol [8], azone [9], urea 
[10] and dimethyl sulfoxide (DMSO) [11]. Mechanisms for this 
effect include hydration of the stratum corneum and keratolytic 
actions. The effect of salicylic acid as a penetration-enhancing 
agent seems to be variable. In vitro studies have suggested that 
the penetration of drugs is enhanced but this effect was not 
observed during in vivo studies of steroid penetration through 
normal skin [12,13]. However, in treatment of psoriasis, the addi- 
tion of salicylic acid does seem to improve the response to topical 
corticosteroids [14]. 

DMSO is a highly polar, stable substance with exceptional solvent 
properties. It releases histamine in vivo and may induce weals when 
applied topically. It reacts with water, liberating heat. The stratum 
corneum retains significant amounts of DMSO and, as most drugs 
are more soluble in DMSO than water, this tends to promote per- 
cutaneous absorption. Toxicological considerations have precluded 
its more widespread use, but 50% DMSO cream is sometimes pre- 
scribed for complex regional pain syndrome. 
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The use of liposomes incorporated into topical formulations such 
as creams and gels to enhance penetration is a subject of much ongo- 
ing research [15]. A wide range of large and small molecules can 
be encapsulated in liposomes. Under certain conditions liposomes 
can release their contents close to a target cell, fuse with the cell 
membrane or be endocytosed by the cell. Liposomes do not appear 
to penetrate intact into the intracellular compartment of the epi- 
dermis, although an in vitro study using reconstructed human skin 
has suggested that liposomal lipids can be incorporated into the 
intercellular lipids of the stratum corneum and cell membranes in 
the uppermost viable layers of the epidermis [16]. Numerous drugs 
including topical minoxidil have been shown to have increased 
penetration in a liposomal formulation [17]. 

Transferosomes and ethosomes are liposome variants with more 
flexible structures that may further enhance penetration of the 
skin [15]. 


Powders 

Inorganic powders are an important component of many derma- 
tological treatments and include zinc oxide, titanium dioxide, talc, 
bentonite and calamine. Organic powders include various starches 
and zinc stearate. 

Zinc oxide is widely used as a component of many dusting pow- 
ders, shake lotions and pastes. It has covering and protective prop- 
erties, gives consistency to creams and pastes, and is said to have 
cooling and slightly astringent properties. 

Titanium dioxide is chemically very inert and for this reason it can 
be used instead of zinc oxide in pastes containing salicylic acid. Like 
zinc oxide, it has useful ultraviolet (UV)-reflecting properties, and is 
an alternative sunscreen ingredient in patients sensitised to chemical 
UV blockers. 

Talc is inert magnesium polysilicate, with a very low specific 
gravity. It contributes ‘slip’ and has a cooling effect. 

Calamine may be either zinc carbonate or zinc oxide, coloured 
with a little ferric oxide, and has bland, soothing and antipruritic 
properties. 

Starch is more absorbent than inorganic powders, but tends to 
deteriorate and is prone to microbiological decomposition. Some 
powders, for example bentonite (colloidal hydrated aluminium sil- 
icate), aluminium magnesium silicate, tragacanth, methylcellulose 
and carbomer, are used in gels or as stabilisers in shake lotions. 


Preservatives 

Ointments and creams with oil as the continuous phase do not 
usually require preservatives. Lotions, oil-in-water creams and 
gels, however, because they contain accessible water, are easily 
contaminated by moulds or bacteria. The ideal preservative should 
be non-toxic, non-irritant, non-sensitising, odourless, colourless 
and effective even at very low concentrations and under conditions 
of normal usage. In addition, it must be chemically compatible with 
both the vehicle and the active ingredients. 

Hydroxybenzoates (parabens), esters of parahydroxybenzoic 
acid, are effective and widely used preservatives. Commonly used 
esters are methyl, ethyl and propyl (respectively methylparaben, 
ethylparaben and propylparaben). Because, individually, they are 
only sparingly water soluble, and as their effects are additive, 


mixtures are usually preferred. This also increases their spectrum of 
activity and lowers the risk of sensitisation, as lower concentrations 
can be used. Despite public concern about parabens in cosmetics, 
and their widespread use, their sensitising potential appears to 
be low. 

Chlorocresol is a preservative used especially in the UK. It is more 
effective in acid than in alkaline solution. It has a low sensitising 
potential and is used in several corticosteroid and emollient creams. 

Sorbic acid (2,4-hexadienoic acid) is also a good preservative, 
which maintains its activity in the presence of non-ionic deter- 
gents. It also has a low sensitisation index. It can only be used, 
however, in preparations with a pH of less than 6.5 and can cause 
non-immunological contact urticaria. 

Propylene glycol can inhibit the growth of moulds and fungi, and 
can therefore be used as a preservative, as well as a humectant and 
a penetration enhancer. 

Organic mercurials such as thimerosal are now rarely used as 
preservatives, but historically were present in some ophthalmic 
preparations, vaccines and prick test solutions; they are occa- 
sionally incorporated into topical skin preparations. Thiomersal 
was removed from UK vaccines by 2005, but was included in 
the swine flu vaccine used between 2009 and 2011 [18]. Ethylene- 
diaminetetraacetate is a widely used preservative in ear, nose and 
eye drops. 

Isothiazolinones are significant contact allergens and were widely 
used as antimicrobial preservatives in cosmetics, but have been 
banned in leave-on cosmetic products in the European Union. They 
are generally not present in topical medicaments, but occasionally 
may be found in medical products such as ultrasound gel [19]. 


Antioxidants 

Animal and vegetable oils, unless protected from oxidation, tend 
to become rancid and malodorous. Antioxidants such as butylhy- 
droxyanisole, butylhydroxytoluene, vitamin E (tocopherol), vita- 
min C, and octyl, propyl and dodecyl gallate are used to prevent 
rancidity in oily and fatty preparations. 


Topical treatments used in the management 
of skin disease 


Emollients 

These agents form a fundamental component of dermatological 
therapy in any condition where discomfort is caused by the skin 
feeling dry. 

The word emollient is derived from the Latin verb mollire, to 
soften, and reflects the use of these agents to soften and moisturise 
the surface of the skin via their protecting, lubricating and mois- 
turising effects. Emollients include creams, ointments, gels, bath 
oils and soap substitutes. These are largely formulated using the 
various materials described as ‘constituents of vehicles’, especially 
lipids. The efficacy of an emollient is not related to its cost, but 
efficacy is closely related to compliance with its use. Cosmetic 
acceptability aids compliance; while the most effective emollient 
is probably white soft paraffin (petrolatum), many patients find 
this unacceptable to use on extensive areas of the skin because of 
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its messiness. A compromise that may be more acceptable is to 
use a cream or gel formulation in the morning and an ointment 
at night. Recent evidence suggests that where adults and children 
are prescribed emollients in primary care, there is an accompanying 
reduction in the use of topical steroids and antimicrobials, and in 
the frequency of general practitioner (GP, family doctor, primary 
care physician) visits. This study suggested an overall reduction in 
health care costs. Savings were most marked in those prescribed 
a cosmetically acceptable colloidal oatmeal preparation ab initio 
rather than at a delayed stage [1]. 

Bath oils have been widely used in the UK. Most contain lipids 
such as liquid paraffin, which probably helps reduce the drying 
effect of bathing by protecting the stratum corneum with a layer of 
lipid. Some also contain antiseptics and antipruritic compounds. 
Recently, questions have arisen about the additional benefit of using 
bath emollients to treat atopic eczema in children versus using their 
leave-on emollient additionally as a soap substitute [2]. 

The use of soaps on inflamed skin, especially in atopic eczema, 
is generally considered harmful and likely to exacerbate damage 
to the stratum corneum [3]. Compounds used as soap substitutes 
are lipid materials containing emulsifiers; most emollients can be 
used in this way, including aqueous cream BP, ointments and gels. 
These can effectively remove lipid-soluble dirt and contamination 
from the skin surface whilst reducing damage done to the stratum 
corneum by surfactants. Patients with dry skin conditions generally 
report that soap substitutes improve the condition of the skin [4]. 
Aqueous cream has fallen out of favour as a leave-on emollient due 
to a high frequency of irritant reactions (burning, stinging, etc.). In 
experimental studies it caused a significant increase in transepider- 
mal water loss [5,6]. 

Attempts at primary prevention of atopic eczema in high-risk 
infants treated for the first year of life with daily emollient have 
been unsuccessful to date [7]. 

Emollient-soaked clothing can present a fire hazard, particu- 
larly with emollients with a high paraffin content in the presence of 
oxygen and a naked flame or cigarette [8]; the Medicines and Health 
care products Regulatory Authority issued an alert in the UK in 
2016 to this effect. Bath oils may be hazardous for elderly patients 
as they tend to make the bath slippery. 


Astringents 

Astringents are compounds used to reduce exudation by precip- 
itation of protein. Those most frequently employed are aqueous 
solutions of potassium permanganate, aluminium acetate and silver 
nitrate. 


Potassium permanganate (KMnO,) 

This is an oxidising agent with antiseptic and fungicidal activity 
which is invaluable in the treatment of very acute exudative eczema- 
tous dermatoses. It is highly effective for removing malodour in leg 
ulcers and drying up weeping skin lesions. It is most commonly 
used at concentrations of 1 : 10 000 to 1 : 12 000; the solution may 
be diluted further, to achieve a pale pink colour. It can be applied as 
a wet dressing on gauze (for example to weeping flexures), a soak 
(for example to malodorous leg ulcers) or a bath (for widespread 
weeping or blistering eruptions). A bucketful of KMnO, 1 : 10 000 
may be prepared by adding 1 x 400 mg tablet to 4 L water, and a bath 


18.9 


containing KMnO, 1 : 25 000 by adding 2 g (5 x 400 mg tablets) to 
each 50 L of water. Potassium permanganate stains with a brownish 
colour the skin, toenails and fingernails, bucket, bath, sink, towels 
and other materials. Fingernails and toenails may be protected with 
petroleum jelly prior to soaking to prevent staining. It is important 
to ensure that KMnO, tablets are fully dissolved before the patient 
(or patient’s leg) is immersed in the solution. 


Aluminium acetate 

Also known as Burow solution, this astringent is mildly antiseptic 
and has the advantage of not causing the staining associated with 
potassium permanganate. The solution contains 5% aluminium 
acetate and is diluted 1: 10 to 1 : 40 in water for use in soaks, rinses 
or wet dressings. Aluminium acetate 8% ear drops are used for 
weeping otitis externa. 


Aluminium chloride hexahydrate 

Aluminium chloride hexahydrate 20% solution is an astringent used 
for hyperhidrosis of the axillae, hands and feet. It is highly irritant 
in the axillae. It may be used as a chemical cauterising agent after 
shave or curette excision of benign skin lesions. 


Silver nitrate 

In concentrations of 0.1-0.5% silver nitrate is an effective astringent 
and antiseptic used in the management of leg ulcers and burns. 
Higher concentrations may cause pain. Silver nitrate causes staining 
of the skin and most other materials. Silver nitrate sticks may be 
used to cauterise bleeding granulation tissue, for example hyper- 
granulation around a stoma, or a recurrent histogically confirmed 
pyogenic granuloma. 


Antiseptics 

This term is used for a very wide variety of topical agents applied 
to the skin for cleansing and treatment of infection, as opposed 
to the term ‘disinfectants’, used to describe agents employed to 
clean and sterilise inanimate materials, surfaces, instruments, 
etc. Some antiseptics are also astringents. Antiseptics, by their 
nature, exhibit broad spectrum antimicrobial efficacy, but some 
organisms tend to be more sensitive than others. Gram-positive 
bacteria such as Staphylococcus aureus tend to be more sensitive than 
Gram-negative bacteria. Pseudomonas aeruginosa is one of the most 
resistant Gram-negative organisms. Bacterial spores (e.g. those 
of Clostridium difficile) are relatively protected from antiseptics, 
explaining the importance of handwashing with soap and water in 
outbreaks of C. difficile infection, which is more effective than the use 
of alcohol-based hand gel alone. Viruses, fungi and mycobacteria 
often require higher concentrations of antiseptics, and prions are 
extremely resistant to them. 


Alcohols 

Isopropyl alcohol, ethanol and n-propanol are widely used for skin 
cleansing. These are rapidly acting agents with a broad spectrum 
of antimicrobial activity that denature cell membranes and proteins, 
hence the use of high-concentration alcohols in hand gels used to 
prevent the spread of the SARS-CoV-2 virus during the global pan- 
demic which began in late 2019. 
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Aldehydes 

Formaldehyde and glutaraldehyde are broad spectrum antimicro- 
bials used more often for sterilising equipment than for treatment 
of the skin as they are potential contact sensitisers. Soaks with 3% 
formaldehyde may be used for pitted keratolysis associated with 
plantar hyperhidrosis. 


Cetrimide and benzalkonium chloride 

These are quaternary ammonium, cationic surfactants with a wide 
spectrum of activity against bacteria and fungi. They have many 
applications, including use in proprietary antiseptic creams and as 
a constituent of shampoos for treating seborrhoeic dermatitis. 


Chlorhexidine 

This is one of the most frequently used antiseptics, especially in 
antiseptic creams, hand cleansing products and as a skin cleanser 
prior to surgery. The ability of chlorhexidine to persist and remain 
active in the skin makes it especially useful for these purposes. It is 
most active at a neutral or alkaline pH. It exhibits a wide spectrum of 
antibacterial activity by multiple mechanisms including disruption 
of membrane structure and function. Activity against mycobacteria 
and viruses is rather limited. Allergy to chlorhexidine may cause 
both eczematous and anaphylactic reactions [1]. Irritant reactions 
readily occur when combined emollient preparations containing 
chlorhexidine and benzalkonium chloride are used as leave-on 
products, particularly in the flexures [2]. 


Chlorine-releasing agents 

Sodium hypochlorite (domestic bleach) has a broad spectrum of 
action but is used mainly as a disinfectant. Dilute bleach baths or a 
bleach wash may reduce skin colonisation by Staphylococcus aureus 
in children with atopic eczema [3] (Chapter 41). 


Chloroxylenol 

Chloroxylenol (4-chloro-3,5-dimethylphenol) is a bactericidal com- 
pound that has been used as a domestic antiseptic and disinfectant 
for many years. It is not effective against Pseudomonas aeruginosa. 


Hydrogen peroxide 

Hydrogen peroxide (H,O,) is a colourless liquid available in var- 
ious concentrations, also sold as a 1% antiseptic cream over the 
counter in the UK. H,O, demonstrates broad spectrum efficacy 
against bacteria, viruses and yeasts, with somewhat greater activity 
against Gram-positive than Gram-negative bacteria. H,O, acts as 
an oxidant by producing hydroxy] free radicals (*OH) that damage 
various cell components, including lipids, proteins and DNA. 


lodine 

Iodine and iodine-releasing agents are rapidly acting, broad spec- 
trum antimicrobial agents demonstrating cidal activity against 
Gram-positive and Gram-negative bacteria, mycobacteria, viruses, 
fungi and yeasts. Iodine is available in a range of aqueous and 
alcoholic solutions (tinctures). Free molecular iodine (I,) is the most 
potent and rapidly acting microbicide. To reduce the irritancy, stain- 
ing and risk of toxicity, formulations containing ‘iodine-releasing’ 
compounds (iodophores) have been developed, which are widely 


used (such as povidone iodine, cadexomer iodine and poloxamer 
iodine), but are less potent antimicrobials. 

Iodine toxicity seems to be unusual when iodine-releasing com- 
pounds are used, but hypothyroidism, hyperthyroidism, renal fail- 
ure and metabolic acidosis have occasionally been reported with 
use of topical povidone iodine [4]. Systemic exposure is related to 
the area treated, so patients with extensive burns are at particular 
risk. Iodine is excreted largely by the kidneys and the risk of accu- 
mulation is higher in the presence of renal impairment. Prolonged 
treatment is not recommended for patients with thyroid dysfunc- 
tion, including endemic goitre. Hypersensitivity reactions, irritant 
reactions and allergic contact dermatitis can also occur. 


Proflavine 

Proflavine is most frequently used for inflammatory conditions of 
the skin of the external ear where Pseudomonas infection is suspected. 
It stains the skin and clothing yellow. 


Triclosan, triclocarban and hexachlorophene 
(hexachlorophane) 

These are bisphenol compounds widely used in personal hygiene 
products such as deodorants and toothpastes. They are most active 
against Gram-positive bacteria and probably act mainly by impair- 
ing the cytoplasmic membrane. 


Antibiotics 

Topical antibiotics are most frequently used in the treatment of 
superficial infections such as impetigo, superficially infected surgi- 
cal wounds, infected leg ulcers and infected eczema. They are also 
widely used for acne and rosacea. In view of the increasing concerns 
over the global spread of antibiotic resistance, it is important to limit 
topical use of those antibiotics that are important for treating sys- 
temic infections. When treating infected skin the option of using an 
antiseptic rather than, or in addition to, a topical antibiotic should 
therefore always be considered; an additional advantage is that 
antiseptics cover a wider spectrum of organisms. 

The value of antibiotics such as neomycin, framycetin and clio- 
quinol is limited by their tendency to sensitise when used topically. 
Erythromycin and clindamycin are the antibiotics most used for 
acne and topical metronidazole for rosacea. Because of concerns 
over antibiotic resistance there is a trend away from the use of 
topical antibiotics for these disorders [1]. 


Bacitracin 

This is an antibiotic that is too toxic for systemic use. Its antibacterial 
action is principally against Gram-positive organisms, so it is gen- 
erally used topically in combination with other antibiotics such as 
neomycin or polymyxin B. In leg ulcer patients it was reported to be 
the most potent sensitiser of all the topical antibiotics tested [2], and 
products containing it are no longer marketed in the UK. 


Clindamycin 

This has been used for many years as a topical treatment for 
acne vulgaris but, in common with other topical antibiotics, has 
become less popular as monotherapy due to the emergence of 
antibiotic-resistant strains of Propionobacterium acnes. The risk of 
resistance may be lessened by combining it with benzoyl peroxide 
or tretinoin. 
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Dapsone 

Dapsone 7.5% gel is an effective treatment for mild to moderate acne, 
particularly in females [3], but is not licensed for use in all coun- 
tries. There are also isolated reports of the successful use of topical 
dapsone in cases of pyoderma gangrenosum [4], erosive pustular 
dermatosis of the scalp [5], erythema elevatum diutinum [6], granu- 
loma faciale [7], subcorneal pustular dermatosis [8], leukocytoclas- 
tic vasculitis [9], granuloma annulare [10] and, in combination with 
topical tacrolimus, circinate balanitis [11]. Excessive use, for example 
in widespread facial and truncal acne, can lead to methaemoglobi- 
naemia [12]. 


Erythromycin 

Lipid-soluble forms of erythromycin, for example the base, propi- 
onate or stearate, have been widely used in topical preparations for 
acne vulgaris. As with clindamycin, combination with benzoyl per- 
oxide may reduce the risk of antibiotic resistance (Chapter 88). In the 
UK, topical erythromycin is available as combination preparations 
containing zinc or tretinoin. 


Fusidic acid 

Derived from the fungus Fusidium coccineum, fusidic acid is active 
against staphylococcal infections and effective in erythrasma [13] 
and pitted keratolysis [14]. It is available in combination with topical 
corticosteroids for the treatment of infected eczema. 

Sensitisation may complicate its use [15,16]; bacterial resistance 
following topical use in atopic dermatitis is common [17]. This is of 
potential public health relevance because of the value of systemic 
fusidic acid for the treatment of meticillin-resistant Staphylococcus 
aureus (MRSA) infection. 


Gentamicin 

The particular dermatological value of gentamicin lies in its broad 
spectrum of activity, including against Pseudomonas aeruginosa. Con- 
tact allergy is fairly frequent in patients with chronic otitis externa 
[18] and, compared with other agents, it remains a common sen- 
sitiser [19]. Cross-sensitivity can develop with other aminoglyco- 
sides [20]. 


Metronidazole 

Metronidazole 0.75-1% has been shown to be a safe and effective 
treatment for rosacea (Chapter 89) [21]. Topical metronidazole has 
also been used with some success in patients with stasis and pres- 
sure ulcers, rapidly eliminating malodour [22]. 


Mupirocin 

This topical antibiotic is derived from Pseudomonas fluorescens [23] 
and is chemically unrelated to other antibiotics. It acts by arrest- 
ing bacterial protein synthesis and is active against a wide range 
of Gram-positive and some Gram-negative organisms. Naturally, it 
is not active against Pseudomonas and may allow overgrowth of this 
organism. It can be highly effective for cutaneous bacterial infections 
[24,25]. It has also proved useful in the elimination of nasal carriage 
of staphylococci [26], including multiply resistant organisms, but 
strains resistant to mupirocin are now an increasing problem [27]. 
It is available as a 2% cream or ointment in the UK. 
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Neomycin and framycetin 

These are highly effective aminoglycoside antibiotics with a broad 
spectrum of action against Gram-positive and Gram-negative 
organisms. Both are considered too toxic for systemic use. Many 
preparations containing one or other of these are available, although 
less commonly used than in the past because of the risk of sensi- 
tisation. Contact dermatitis is particularly associated with use 
under occlusion, around leg ulcers, or in patients with chronic otitis 
externa, pruritus ani/vulvae or recurrent eye infections [28]. Simul- 
taneous contact allergy to neomycin, bacitracin and polymyxin 
has been reported [29]. There has been a reduction in sensitisation 
to neomycin in recent years [30], likely related to a reduction in 
its use, but it is still present in ear drops, eye drops, creams and 
ointments, combined with topical steroids and other antimicrobial 
agents. 


Ozenoxacin 

Ozenoxacin 1% cream is an effective treatment for impetigo in adults 
and children from the age of 2 months. It has a low probability of 
selecting spontaneous resistant mutants in quinolone-susceptible 
or quinolone-resistant bacterial strains and has shown to be active 
against MRSA isolates [31,32]. 


Polymyxin B 

This antibiotic is a cyclic peptide derived from a Gram-positive 
bacterium (Bacillus polymyxa) and has valuable activity against 
Gram-negative organisms including Pseudomonas aeruginosa. It is 
used in several proprietary topical formulations for application to 
the skin, eyes and ears, usually combined with other antibiotics. 
In the UK is it still present in licensed ear drops and eye drops, 
combined with topical corticosteroids and other antimicrobial 
agents. 


Retapamulin 

This is a member of a novel class of antibiotics known as pleuro- 
mutilins, derived from Clitophilus scyphoides, an edible mushroom, 
which exert antimicrobial activity by the inhibition of bacterial 
protein synthesis following interaction with the peptidyltransferase 
centre of the 50S subunit of bacterial ribosomes [33]. Retapamulin 
was licensed in the USA in 2007 and is available as a 1% ointment 
for the treatment of impetigo from the age of 9 months. Retapa- 
mulin is effective in vitro against Staphylococcus aureus (including 
meticillin-resistant strains) and Streptococcus pyogenes (including 
macrolide-resistant strains) [34], and against a diverse range of 
anaerobic organisms including Clostridium species, anaerobic cocci 
and Propionibacterium acnes [35,36]. In clinical trials, retapamulin 
has shown efficacy comparable with topical fusidic acid in the 
treatment of impetigo and appeared effective in treating infections 
caused by strains of S. aureus resistant to other antibiotics [37,38]. 
Efficacy was comparable with oral cephalexin in the treatment 
of infected wounds [39] and infected dermatitis [40]. Resistance 
to retapamulin has been reported [41,42]. It is not licensed in 
the UK. 


Silver sulfadiazine 
First introduced in the 1970s [43], silver sulfadiazine 1% cream has 
become established as a safe and convenient preparation for burns, 
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although a recent systematic review suggested that healing may be 
faster with alternative dressings [44]. Bacterial resistance can occur. 
Even when applied over wide areas, systemic absorption is mini- 
mal and the risk of renal damage is thought to be slight [45]. How- 
ever, caution should still be exercised when applied over very large 
areas due to the risk, albeit low, of systemic argyria. In the man- 
agement of leg ulcers it provides good prophylaxis against S. aureus 
and some Gram-negative organisms. It is frequently used as a top- 
ical treatment for blisters including those in autoimmune bullous 
diseases. 


Tetracyclines 

Tetracyclines were discovered in the 1940s and have a wide range 
of activity against Gram-positive and Gram-negative bacteria, 
chlamydia, mycoplasma, rickettsiae and protozoan parasites. In the 
USA, 3% tetracycline hydrochloride ointment is available without 
prescription for minor skin lesions. In the UK, topical oxytetracy- 
cline is prescribable in mild and moderate potency topical cortico- 
steroid/antimicrobial combination preparations. Bacterial resis- 
tance is common, especially in S. aureus infections. Tetracyclines 
also tend to stain skin and clothing yellow. 


Antifungal agents 

Topical application of antifungal agents is used by dermatologists 
mainly for the treatment of mild dermatophyte and yeast infections. 
Infections of the hair and nails and severe and extensive infections 
are usually treated systemically. The most frequently prescribed top- 
ical antifungal agents are the allylamines, imidazoles, morpholines 
and polyenes. Older compounds such as tolnaftate and undecenoic 
acid are sold mainly over the counter. A Cochrane review of top- 
ical therapies for dermatophytosis provides support for the use of 
allylamines and imidazoles in tinea pedis [1]. 


Allylamines 

These inhibit the fungal synthesis of ergosterol, an essential com- 
ponent of fungal cell membranes, by inhibiting squalene epoxidase 
with a resultant toxic accumulation of the fungicidal hydrocar- 
bon squalene within the organism. This class includes naftifine, 
butenafine and terbinafine. The fungicidal nature of these com- 
pounds results in a rapid response of dermatophyte infection 
to topical application [1]. Naftifine and butenafine also possess 
anti-inflammatory activity. Terbinafine is also active topically 
against Malassezia yeasts and is effective in treating pityriasis ver- 
sicolor. Trichophyton clinical isolates resistant to terbinafine have 
been reported in about 1% of samples [2]. Topical terbinafine is also 
licensed for the treatment of cutaneous candidiasis. 


Ciclopirox olamine 

This hydroxypyridone compound has a different mode of action to 
most other antifungal agents and does not directly inhibit sterol syn- 
thesis [3]. It binds with high affinity to trivalent cations such as Fe*+ 
that are essential for the functioning of numerous enzymes includ- 
ing cytochromes. Several metabolic pathways are likely to be dis- 
rupted by this process including mitochondrial electron transport. It 
demonstrates activity against a broad spectrum of dermatophytes, 
yeasts and moulds including Scytalidium and Scopulariopsis species 


and is also effective against Gram-positive and Gram-negative bac- 
teria, including MRSA. Ciclopirox is commercially formulated in a 
variety of creams, lotions, powders, nail lacquers and shampoos, 
available over the counter in the UK. 


imidazoles 

This is a large group of compounds that includes bifonazole, 
clotrimazole, econazole, fenticonazole, isoconazole, ketoconazole, 
miconazole, oxiconazole, sertaconazole, sulconazole, terconazole, 
tioconazole and others. These have largely similar properties and 
act by inhibiting the synthesis of ergosterol. They are fungistatic. 
They are active against a wide range of fungal organisms including 
Candida and Malassezia yeasts as well as dermatophytes. The range 
of available formulations includes creams, powders, sprays, sham- 
poos, suspensions and nail lacquer. Many are available without 
prescription. In the treatment of seborrhoeic dermatitis, keto- 
conazole is as effective as topical corticosteroid with fewer side 
effects [4]. 

There are also combined formulations available that contain 
imidazoles and corticosteroids. The precise role of these combined 
formulations is controversial. They can occasionally be useful to 
accelerate the resolution of symptoms when infected skin is very 
inflamed and pruritic, for example in skin flexures. However, it is 
also possible that they may impair the response to the antifungal 
agent [5] and the familiar hazards of topical corticosteroids include 
the potential to mask a persisting infection. 


Morpholines 

Amorolfine inhibits two separate stages in the synthesis of ergo- 
sterol and is fungicidal. It is marketed as a nail lacquer containing 5% 
amorolfine for treatment of onychomycosis, and is available with- 
out prescription. It may need to be applied for 12 months or more 
and is of value only for limited nail infections [1]. An advantage of 
amorolfine in this application is that, in addition to efficacy against 
dermatophytes, it is also active against other filamentous fungi that 
cause onychomycosis, such as Neoscytalidium species and Scopulari- 
opsis species (Chapter 32). 


Polyenes 

The important member of this group is nystatin — one of the earliest 
antifungal agents developed. Nystatin is a fungal metabolite with 
activity against Candida albicans and several other Candida species. It 
damages the fungal cell membrane by binding irreversibly to ergo- 
sterol, an action that is fungistatic at low concentrations and fungici- 
dal at high concentrations. It is not effective against dermatophytes. 
It is a safe and well-tolerated compound which is not significantly 
absorbed when taken orally or when used topically on skin and 
mucous membranes. Nystatin is available in a range of formulations 
including cream, ointment, oral suspension, lozenges and pessaries. 
There is also a range of creams and ointments containing combina- 
tions of nystatin with antiseptics such as chlorhexidine, antibiotics 
and various potencies of corticosteroids. 


Tolnaftate 

This compound is available in a variety of formulations (creams, 
lotions, powder) generally sold over the counter for topical treat- 
ment of dermatophyte infections. It is a thiocarbamate derivative, 
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chemically unrelated to other antifungal drugs, and an inhibitor of 
squalene epoxidase. It is considered less effective than more recently 
developed agents but is superior to placebo [6]. 


Undecenoic acid 

Undecenoic acid, a monounsaturated fatty acid, is largely used as 
an over-the-counter topical treatment for tinea pedis. In addition to 
its fungistatic activity it has antiseptic and antiviral properties. Var- 
ious formulations are produced including cream, ointment, paint, 
spray and powder. It is probably less effective than terbinafine [7]. 
Occasional cases of sensitisation are reported. 


Other topical antifungal agents 

Whitfield ointment, a combination of 6% benzoic acid and 3% sali- 
cylic acid in a petrolatum base, is effective in the treatment of superfi- 
cial dermatophyte infections. Studies in the tropics suggest that cure 
rates are quite acceptable when very low cost is a priority [8]. How- 
ever this formulation is not very cosmetically acceptable. In some 
countries it has to be prepared as a ‘special’ (extemporaneously 
prepared unlicensed) product, making it a potentially expensive 
treatment. 

The antiseptic properties of benzoyl peroxide have been put to 
use in the treatment of dermatophyte infection and pityriasis versi- 
color; it is, however, irritant and bleaches clothing, so some caution 
is required [9]. 

Zinc pyrithione 1% and selenium sulphide 2.5% are used in sham- 
poos to treat dandruff and seborrhoeic dermatitis. Both compounds 
have also been shown in placebo-controlled trials to be effective in 
the treatment of pityriasis versicolor at these concentrations [10]. 
Zinc pyrithione shampoo can be lathered over the affected skin for 
5 min and then rinsed off, every day for 2 weeks. Selenium sulphide 
has been shown to be effective, used in the same way, but applied 
for 10 min daily for 7 days. Some irritation may develop. 

Griseofulvin 1% spray is available over the counter for the treat- 
ment of tinea pedis. 

Resorcinol (1,3-dihydroxybenzene) is an antiseptic agent and 
preservative that is also added to some shampoos to suppress 
dandruff by inhibition of Malassezia yeasts. 

Azelaic acid demonstrates antifungal properties and is discussed 
in the section on depigmenting agents later in this chapter. 


Antiviral agents 

There are few topical agents available with specific antiviral activity 
although many antiseptics, especially povidone iodine [1], are 
known to inactivate viruses. Although their action is not specific to 
viruses, alcohol gels have been a cornerstone in hand disinfection 
during the SARS-CoV-2 pandemic by disrupting the envelope 
of the coronavirus [2]. The use of imiquimod, 5-fluorouracil and 
podophyllin in the treatment of viral warts is discussed elsewhere 
in this chapter. Aciclovir, penciclovir and idoxuridine are used 
topically in the management of herpes simplex and the latter is also 
used for herpes zoster. 


Aciclovir and penciclovir 

Topical aciclovir is used in the treatment of primary and recurrent 
herpes simplex types I and II [3]. The drug is a nucleoside analogue 
and is phosphorylated by a viral thymidine kinase to an active form 
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that inhibits effective replication of viral DNA. A recommended reg- 
imen is the application of 5% aciclovir cream every 4h for 5-10 days. 
Both labial and genital lesions may respond. Severe episodes are 
best treated systemically. Unlike oral aciclovir, regular prophylac- 
tic application of aciclovir cream has little effect in the prevention 
of recurrent herpes labialis [4]. Penciclovir is applied as a 1% cream 
every 2 h for 4 days and has a similar mechanism of action to aci- 
clovir. Both of these agents should be applied as early as possible in 
the course of the episode of infection. 


Idoxuridine 

Idoxuridine was the first agent to become available for topical 
treatment of herpes infections. It is a thymidine analogue that 
inhibits viral DNA replication. Topical idoxuridine is now only 
rarely used for cutaneous herpes simplex and zoster infection. 
In the USA, idoxuridine eye ointment is used for herpes simplex 
keratitis; however aciclovir 3% ointment has been shown to be more 
effective [5]. 


Podophyllin and podophyllotoxin 

Podophyllin (podophyllum) is a plant extract traditionally used 
to treat genital warts [6]. Podophyllotoxin, the most active con- 
stituent, is an antimitotic agent that arrests cells in metaphase 
by binding to tubulin and is available in standardised formu- 
lations free of the unwanted constituents of the extracted resin. 
Podophyllin is known to be highly mutagenic, and although 
podophyllotoxin may be less hazardous, both of these treatments 
should be avoided in pregnancy. Podophyllotoxin is available as 
a 0.15% cream and a 0.5% ethanolic solution. It is recommended 
for soft non-keratinised external ano-genital warts, applied twice 
daily for 3 days, with weekly repeat courses for 4-8 weeks. Irri- 
tant reactions are common and severe necrosis may rarely occur. 
Podophyllotoxin 0.5% solution is twice as effective as 5% imiquimod 
cream in the clearance of external genital warts, but has a higher 
rate of adverse events [6]. No added benefit was found when 
podophyllotoxin cream was combined with weekly liquid nitrogen 
cryotherapy [7]. 


Other antiviral agents 
Agents with broader ranges of indications, including bleomycin, flu- 
orouracil, imiquimod and retinoids, which can be used for human 
papillomavirus infections, are discussed elsewhere in this chapter. 
Cidofovir is a nucleotide analogue of deoxycytidine monophos- 
phate, with broad spectrum anti-DNA virus activity. Although it is 
not commercially marketed in a topical application, there are inter- 
esting reports of the use of variously formulated creams, gels and 
lotions containing 1-3% cidofovir. Responses have been reported 
in refractory molluscum contagiosum [8], viral warts [8-10], genital 
warts [6] and herpes simplex [11]. 


Antiparasitic agents 

The principles of treatment of lice infestations and scabies are dis- 
cussed in Chapter 34. Insecticide resistance has emerged as a signif- 
icant problem in the treatment of head lice [1] and may necessitate 
treatment with a second agent or the use of non-pharmacological 
approaches. 
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Pyrethroids 

Pyrethroids are highly effective [2] and are now probably the most 
widely used agents. They are insecticides that are neurotoxic to par- 
asites. Permethrin 5% cream is a first line treatment for scabies [3] 
and for pubic lice. It is licensed for use in scabies from the age of 2 
months. Permethrin 5% is also available as a creme rinse for treating 
head lice. It is important to use the correct formulation according to 
the type of infestation [3,4]. Phenothrin is another pyrethroid avail- 
able for eradicating head and pubic louse infestations. 


Malathion 

Malathion is an organophosphorus cholinesterase inhibitor that 
paralyses parasites. It is used for scabies [3], head lice and pubic 
lice, commonly as a 0.5% solution, and is licensed for use from the 
age of 6 months. 


Dimeticone 

Dimeticone is licensed for the treatment of head lice from the age 
of 6 months, available as a 4% lotion or spray [5]. Two applications 
a week apart are recommended. Dimeticone is silicone based and 
coats lice, possibly killing them by preventing them from excreting 
excess water. It has little activity against the eggs (nits), hence the 
need for a second treatment. As it is not an insecticidal chemical, 
resistance should not be a problem. 


Ivermectin 

This is an important agent that has been used systemically in the 
treatment of filariases, notably onchocerciasis, for over 30 years [6]. 
Both topical and oral ivermectin have been successfully used for sca- 
bies and head lice [2,3,6]. A 1% solution in propylene glycol applied 
twice with a 1-week interval has proved highly effective in scabies 
[6] as has a 0.5% lotion for head lice [7]. Its activity against Demodex 
mites has made it an important and effective new topical treatment 
for rosacea [8], including ocular disease [9], and superior to topical 
metronidazole [10,11] (Chapter 89). 


Other antiparasitic agents 

Benzyl benzoate is believed to be neurotoxic to parasites. It can 
be used as a scabicide in a 25% lotion applied daily for 3 days 
but is somewhat irritant, and is no longer available as a licensed 
preparation in the UK. It is recommended as a first line treatment 
in European guidelines [3] and a recent toxicological assessment 
found it to be safe in the concentrations used [12]. Carbaryl is 
another organophosphorus insecticide that can be used for head 
and pubic lice. It is available as 1% aqueous and 0.5% alcoholic 
lotions which are usually left on the skin for 12 h. A single appli- 
cation may be effective, but a second application after 7 days 
is often recommended. Resistance to carbaryl means that it is 
not recommended as a first line treatment [13]. Gamma benzene 
hexachloride (lindane), used as a 1% lotion, is an effective scabicide 
but was withdrawn in the UK as a result of concern over systemic 
absorption and possible neurotoxicity [14]. The risks are relatively 
greater in infants and young children, and if multiple applications 
are used. Permethrin is more effective [15]. Crotamiton has weak 
scabicidal activity and is an antipruritic. It is often used in a cream 
preparation as a follow-up to other therapies. 


Topical glucocorticoids 

Topical glucocorticoids, more commonly known by dermatologists 
and generally referred to in this book as topical corticosteroids, have 
been in use for treating skin disease since the introduction of ‘com- 
pound F’ or hydrocortisone (cortisol) in 1952 [1]. Their impact has 
been immense. In addition to becoming the mainstay of treatment 
in eczematous dermatoses, they are used either regularly or occa- 
sionally in the management of most inflammatory skin diseases. 

All other topical corticosteroid molecules are derived from 
hydrocortisone. The basic structure of the steroid moiety is shown 
in Figure 18.2. Modifications to both the ring structure and the side 
chains have increased the specificity of action, increased penetra- 
tion, dramatically increased potency and, to some degree, reduced 
side effects. 

Hydrocortisone’s considerable mineralocorticoid activity can be 
reduced by methylation or hydroxylation at position 16; its lipid 
solubility and stratum corneum penetration increased by esterifica- 
tion at positions 16, 17 and 21 (e.g. betamethasone dipropionate and 
triamcinolone acetonide). Its glucocorticoid activity is enhanced by 
fluorination of the 9a position, the introduction of an unsaturated 
bond between the first two carbon atoms and changes in the nature 
of the side chains, particularly in the 21 position [2]. Fluticasone pro- 
pionate, available as a 0.5% cream and ointment, a nasal spray for 
allergic rhinitis and an inhaler for asthma, has a fluoride thioester 
carbothiate at C21, a propionate ester at C17 and a methyl group 
at C16; this molecule is inactivated rapidly on first passage through 
the liver, conferring greater systemic safety. Similar properties are 
demonstrated by methylprednisolone aceponate and mometasone 
furoate, whilst systemic exposure to prednicarbate is minimised by 
metabolism within the skin. 

In view of the great differences in potency between different cor- 
ticosteroids it is essential for the dermatologist to be able to rank or 
classify them by potency in order to predict the response and possi- 
ble adverse effects. This classification ideally needs to take account 
not only the relative potency of the molecules, but also factors such 
as the concentration and nature of the vehicle, which can signifi- 
cantly alter penetration. 

Many different approaches have therefore been developed to 
compare potencies of topical corticosteroids. The most widely used 
approach has been the vasoconstrictor assay in human healthy 
volunteers, assessing pallor of the skin from corticosteroid-induced 


Figure 18.2 Configuration of the basic corticosteroid structure. 
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vasoconstriction visually, or measuring it instrumentally. This eval- 
uates not only the intrinsic potency of the molecule but also its 
ability to penetrate the stratum corneum from a specific vehicle 
and even takes into account certain aspects of the removal and 
metabolism of the drug. The degree of pallor produced following 
the application of a compound to the skin seems to correlate fairly 
well with clinical potency and with the potential for side effects 
such as atrophy. Typically, pallor reaches a peak at around 9-12 h 
after application and then falls, initially fairly rapidly over the 
next 10 h, then more slowly [3]. The total duration of action varies 
considerably between different compounds. 

The various classifications adopted to provide a guide to the rel- 
ative potencies of different compounds are substantially based on 
the vasoconstrictor assay but also take into account other evidence 
such as comparative clinical trials. The British National Formulary 
(BNF) employs a four-category scale: mild, moderate, potent and 
very potent. In the USA, topical corticosteroids are ranked using 
a scale ranging from class 1 (super potent) to class 7 (mild). There 
is some discordance between international classifications of topical 
corticosteroid potency. For example, the American Society of Health 
System Pharmacists (ASHP) classifies betamethasone dipropionate 
0.05% as ‘moderate’ potency if prescribed as a lotion and ‘ultra-high’ 
potency if prescribed as a cream or ointment in an optimised vehicle. 
The World Health Organization (WHO) and the BNF classify both 
betamethasone dipropionate 0.05% cream and ointment as ‘high’ 
potency or ‘potent’ (Table 18.5) [4]. 


Indications 

The anti-inflammatory, immunosuppressant and antiproliferative 
properties of corticosteroids find numerous applications in derma- 
tology, which are considered in more detail in the relevant sections 
of this text. Table 18.6 lists some of these applications together with 
the potencies of compounds that are most often used and the level 
of evidence available to support their efficacy [5]. 


Mechanism of action 

Corticosteroids diffuse through the stratum corneum barrier and 
through cell membranes to reach the cytoplasm of keratinocytes and 
other cells present in the epidermis and dermis. Diffusion through 
the stratum corneum is generally considered to be the rate-limiting 
step in delivery of the drug. In the cytoplasm they bind to a specific 
receptor, glucocorticoid receptor « (GRa). Clinical potency of corti- 
costeroids seems to be strongly related to receptor-binding affinity, 
which is very sensitive to certain structural changes in the steroid. 
For example, the introduction of a double bond in the A ring, ester- 
ification in the 17« position and fluorination at position 9a increase 
binding affinity, whereas esterification in the 21 position reduces 
binding affinity (Figure 18.2). 

GRa, a protein of molecular weight 330 kD, is a member of the 
same receptor superfamily as receptors for other classes of steroid, 
thyroid hormone, calcitriol, etc. When not associated with a steroid 
ligand this receptor is found in the cytoplasm, as a component of a 
heterotetrameric structure containing two molecules of the 90 kD 
heat shock protein hsp90, and a 59 kD protein p59 (a member of 
the family of immunophilins that interact with other immunosup- 
pressant drugs). The binding of the receptor to its ligand results 
in its activation and dissociation from the other components of 
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the tetrameric complex [6]. The ligand-bound receptor then enters 
the nuclear compartment and interacts with specific response ele- 
ments on the genome, glucocorticoid response elements (GREs). 
This modulates transcription of numerous genes. In addition, the 
ligand-bound receptor can inhibit, directly or indirectly, the activity 
of other transcription factors including nuclear factor kB (NF-«B), 
AP-1 and nuclear factor of activated T cells (NFAT) [7]. These 
interactions lead to changes in the expression of a wide range of 
genes, resulting in diverse cellular effects that include suppression 
of the production of inflammatory cytokines, inhibition of T-cell 
activation, changes in the function of endothelial cells, granulocytes, 
mast cells and fibroblasts, and inhibition of proliferation. Part of 
the anti-inflammatory activity of corticosteroids may be explained 
by their ability to induce the synthesis of lipocortin [8], a family of 
glycoproteins that regulates the activity of phospholipase A, This 
enzyme effects the production of arachidonic acid, the precursor for 
leukotrienes and prostaglandins. 

The transcriptional activity of the steroid receptor seems likely to 
be regulated by an alternative isoform of the receptor known as glu- 
cocorticoid receptor B (GR), formed by alternative splicing. GR 
is an endogenous inhibitor of glucocorticoid action that does not 
bind steroid ligands but competes with ligand-bound receptor for 
binding to GREs [9]. Staphylococcal superantigen can upregulate 
expression of GRP [10], providing a potential mechanism by which 
these bacteria might induce corticosteroid resistance. 


Side effects 

The potential side effects of topical corticosteroids are significant 
but must be kept in proportion. When these compounds are pre- 
scribed appropriately they can be of enormous benefit and clinically 
significant side effects are rare, especially in the short term (over 
a few days or weeks) (Table 18.7). Pharmacists, general practition- 
ers and the public are very aware of (and frequently overestimate) 
the hazards. Patients are routinely encountered whose dermatosis 
requires potent corticosteroids but who are denied effective treat- 
ment by the inappropriate prescription of hydrocortisone or simple 
emollients. Others apply the medication so ‘sparingly’ that it is com- 
pletely ineffective, or stop the treatment almost immediately, lead- 
ing to rapid relapse. The fear of using topical corticosteroids can be 
quite out of proportion to the likelihood of side effects developing. 
Among patients with atopic dermatitis and their carers, a system- 
atic review showed 21-83.7% to have ‘steroid phobia’, which was 
strongly linked to non-adherence to treatment [11]. 

With the exception of structural changes introduced to minimise 
systemic exposure to topical corticosteroids, it has proved difficult 
to separate the various unwanted actions of these compounds from 
those that are so desirable. The side effects of topical steroids are 
directly related to their potencies, as well as to the patient’s age, body 
site treated and the quantity and duration of use. It is often appro- 
priate to use more than one compound simultaneously, so that mild 
or moderate steroids are used on areas such as the face and flexures, 
whilst the more potent preparations are used only where they are 
required, such as the trunk and limbs. 


Local effects 
The most common side effects are localised to application sites. 
Cutaneous atrophy, skin fragility and purpura may be seen in 
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Table 18.5 Comparison of different classifications of topical corticosteroid potency. 


WHO model prescribing 
information classification [4] 


Class VII Low 

Dexamethasone sodium phosphate 0.1% 
cream 

Hydrocortisone acetate 1% cream 

ethylprednisolone acetate 0.25% cream 

Class VI Low 

Betamethasone valerate 0.05% lotion 

Desonide 0.05% cream 

Fluocinolone acetonide 0.01% solution 

Class V Moderate 

Betamethasone dipropionate 0.02% lotion 

Betamethasone valerate 0.1% cream 

Fluocinolone acetonide 0.025% cream 

Fludroxycortide 0.05% cream 

Hydrocortisone butyrate 0.1% cream 

Hydrocortisone valerate 0.2% cream 

Triamcinolone acetonide 0.1% lotion 


Class IV Moderate 

Desoximetasone 0.05% cream 
Fluocinolone acetonide 0.025% ointment 
Fludroxycortide 0.05% ointment 
Hydrocortisone valerate 0.2% ointment 
Triamcinolone acetonide 0.1% cream 
Class Ill High 

Betamethasone dipropionate 0.05% cream 
Betamethasone valerate 0.1% ointment 
Diflorasone diacetate 0.05% cream 
Triamcinolone acetonide 0.1% ointment 


Class Il High 

Amcinonide 0.1% ointment 

Betamethasone dipropionate 0.05% 
ointment 

Desoximetasone 0.025% cream or ointment 

Fluocinolide 0.05% cream, ointment or gel 

Halcinonide 0.1% cream 


Class | Ultra-high 
Clobetasol propionate 0.05% cream 
Diflorasone diacetate 0.05% ointment 
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WHO anatomical therapeutic 
chemical classification [4] 


Group | Weak 
Methylprednisolone 
Hydrocortisone 
Prednisolone 


Group II Moderate 
Clobetasone 
Hydrocortisone butyrate 
Flumetasone 

Fluocortin 

Fluperolone 
Fluoromethalone 
Fluprednidene 

Desonide 

Triamcinolone 
Alclometasone 
Hydrocortisone buteprate 
Dexamethasone 
Clocortolone 
Combinations of corticosteroids 


Group III Potent 
Betamethasone 
Fluclorolone 
Desoximetasone 
Fluocinolone acetonide 
Fluocortolone 
Diflucortolone 
Fludroxycortide 
Fluocinonide 
Budesonide 
Diflorasone 
Amcinonide 
Halometasone 
Mometasone 
Methylprednisolone aceponate 
Beclometasone 
Hydrocortisone aceponate 
Fluticasone 
Prednicarbate 
Difluprednate 
Ulobetasol 

Class IV Very potent 
Clobetasol 

Halcinonide 


ASHP classification [4] 


Class VI Low 

Alclometasone dipropionate 0.05% cream or 
ointment 

Desonide 0.05% cream 

Fluocinolone acetonide 0.01% solution 


Class V Medium 

Betamethasone benzoate 0.025% cream 

Betamethasone dipropionate 0.05% lotion 

Betamethasone valerate 0.1% cream and 
lotion 

Fluocinolone acetonide 0.025% cream 

Flurandrenolide 0.05% cream 

Hydrocortisone butyrate 0.1% cream 

Hydrocortisone valerate 0.2% cream 

Prednicarbate 0.1% cream 

Triamcinolone acetonide 0.1% cream and 
lotion 


Class IV Medium 

Desoximetasone 0.05% cream 

Fluocinolone acetonide 0.2% cream or 
0.025% ointment 

Flurandrenolide 0.05% ointment 

Triamcinolone acetonide 0.1% ointment 

Class Ill Medium to high 

Betamethasone benzoate 0.025% gel 

Betamethasone dipropionate 0.05% cream 

Betamethasone valerate 0.1% ointment 

Diflorasone diacetate 0.05% cream 

Mometasone furoate 0.1% ointment 

Triamcinolone acetonide 0.5% cream 

Class Il High 

Amcinonide 0.1% ointment 

Betamethasone dipropionate 0.05% 
ointment 

Desoximetasone 0.25% cream or ointment 
and 0.05% gel 

Diflorasone diacetate 0.05% ointment 

Fluocinonide 0.05% cream, gel or ointment 

Halcinonide 0.1% cream 


Class | Ultra-high 

Betamethasone dipropionate optimised 
vehicle 0.05% cream or ointment 

Clobetasol propionate 0.05% in any vehicle 

Diflorasone diacetate optimised vehicle 
0.05% ointment 


ASHP, American Society of Health System Pharmacists; BNF, British National Formulary; WHO, World Health Organization. 


BNF scale 


Mild 

Hydrocortisone 0.1-2.5% cream or 
ointment 

Fluocinolone acetonide 0.0025% cream 


Moderate 

Alclometasone dipropionate 0.05% 
cream 

Betamethasone valerate 0.025% cream 
and ointment 

Clobetasone butyrate 0.05% cream and 
ointment 

Fludroxycortide 0.0125% cream and 
ointment 

Fluocinolone acetonide 0.00625% cream 
and ointment 


Potent 

Beclomethasone dipropionate 0.025% 
cream and ointment 

Betamethasone valerate 0.1% cream, 
ointment, foam, scalp application and 
lotion 

Betamethasone dipropionate 0.05% 
cream, ointment and lotion 

Diflucortolone valerate 0.1% cream and 
ointment 

Fluocinolone acetonide 0.025% cream, 
ointment and gel 

Fluocinonide 0.05% cream and ointment 

Fluticasone propionate 0.05% cream and 
0.005% ointment 

Hydrocortisone butyrate 0.1% cream, 
ointment and lotion 
ometasone furoate 0.1% cream, 
ointment and scalp lotion 


Very potent 

Clobetasol propionate 0.05% cream, 
ointment, foam, scalp application and 
shampoo 

Diflucortolone valerate 0.3% cream and 
ointment 


Table 18.6 Indications for topical corticosteroids, potency of preparations generally 
employed and level of evidence available for efficacy [5]. Occlusion and intralesional 
injection indicate that these approaches have been reported to be useful in selected 


cases. 
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Table 18.7 Side effects of topical corticosteroids. 


Local side effects 


Systemic side effects (rare) 


Cutaneous atrophy 
Skin fragility 


Adrenal suppression 
Cushingoid features 


Evidence Occlusion and 

Indication Potency? grade» intralesional use 
Actinic prurigo PVP C 
Allergic contact dermatitis Mod, P B 
Alopecia areata PVP B Ocl, VL 
Aphthous stomatitis P A 
Atopic eczema M, Mod, P A 
Bullous pemphigoid PVP B 
Chronic actinic dermatitis Mod, P Cc 
Cutaneous T-cell Mod, P B 

lymphoma 
Discoid eczema P VP c 
Discoid lupus P VP B VL 

erythematosus 
Geographic tongue P @ 
Granuloma annulare P VP E Ocl, I/L 
Granuloma faciale Mod, P E Ocl, VL 
Grover disease P D 
Hailey—Hailey disease M, Mod, P Cc 
nfantile haemangioma VP D VL 
rritant contact dermatitis M, Mod, P, VP Cc 
Juvenile plantar Mod, P Cc 

dermatosis 
Lichen nitidus P E 
Lichen planopilaris PVP D VL 
Lichen planus P VP Cc Ocl, VL 
Lichen sclerosus P VP A 
Lichen simplex PVP A Ocl, VL 
Lymphocytoma cutis P E VL 
Lymphomatoid papulosis PVP E 
Morphoea P. E VL 
Mucous membrane P VP Cc 

pemphigoid 
Necrobiosis lipoidica P D Ocl, VL 
Nodular prurigo PVP D Od, IL 
Pemphigoid gestationis PVP Cc 
Pityriasis rosea Mod, P E 
Pompholyx PVP A Ocl 
Polymorphic eruption of P. B 

pregnancy 
Pretibial myxoedema P ie Ocl 
Pruritus ani M, Mod A VL 
Pruritus vulvae Mod, P B VL 
Psoriasis M, Mod, P, VP A Ocl 
Pyoderma gangrenosum P, VP D 
Sarcoidosis P VP Cc Ocl, IL 
Scleromyxoedema P E Ocl, VL 
Seborrhoeic eczema M, Mod A 
Subacute cutaneous lupus Mod, P E 

erythematosus 
Subcorneal pustular Mod, P D 

dermatosis 
Sweet syndrome P C VL 
Urticaria pigmentosa PVP C Ocl 
Vitiligo P VP A 


* Potency: M, mild; Mod, moderate; P, potent; VP, very potent. 
5 Evidence grade: A, double-blind trial; B, clinical trial; C, small trial or >20 cases 


reported; D, at least 5 cases reported to respond; E, fewer than 5 cases reported. 


Purpura Hypertension 
Striae Hyperglycaemia 
Telangiectasia (vasodilatation) Low birth weight (with super-potent topical 
Perioral/periocular dermatitis corticosteroids) 
Acneiform/rosaceiform eruptions 
Tachyphylaxis 
Rebound 
Contact allergy 
Promotion of infection (herpes simplex, 
dermatophyte, candida) 
Cataracts 
Glaucoma 
Impaired wound healing 
Hypertrichosis 
Pigment alteration 


elderly patients using large quantities of potent or super-potent 
topical corticosteroid on the dorsal forearms, where the ageing 
photodamaged skin is already atrophic. Striae are most frequent on 
the inner arms (Figure 18.3) and inner thighs. Perioral/periorbital 
dermatitis, and acneiform or rosaceiform eruptions of the face, 
may occur with regular use of moderately potent or potent topical 
corticosteroids. Other problems include the development of contact 
allergy (uncommon, but difficult to detect as the anti-inflammatory 
effect of the topical corticosteroid can mute the delayed hypersensi- 
tivity response) and the risk of promoting infection, such as fungal 
infection. 

Atrophic changes affect both the epidermis and the dermis. 
The epidermis becomes thinner. This is initially due to a diminu- 
tion in the size of epidermal cells, which reflects a reduction in 
metabolic activity [12]. After intense or prolonged steroid expo- 
sure the number of cell layers is reduced, the stratum granulosum 
disappears and the stratum corneum is thinned [13-16]. There 
is suppression of many aspects of cell metabolism, including the 
synthesis of stratum corneum lipids, the synthesis of keratohyalin 
granules and the formation of corneodesmosomes required for 
structural integrity of the stratum corneum [17]. Inhibition of 
melanocyte function may develop, giving rise to localised hypopig- 
mentation. This complication is most likely to occur with steroids 
applied under occlusion or with intracutaneous steroid injections 
[18,19]. 

In the dermis, topical corticosteroids induce resorption of 
mucopolysaccharide ground substance. This is likely to explain 
the rapid development of skin thinning which amounts to an 
approximately 15% reduction in thickness after 3 weeks of treat- 
ment under occlusion with 0.1% betamethasone valerate [20]. 
Collagen synthesis is suppressed within 3 days of treatment with 
betamethasone valerate [21]. Even mild corticosteroids such as 
hydrocortisone have been shown to inhibit collagen synthesis 
[22,23]. In a study in which betamethasone valerate was applied 
for 3 days only, there was still significant inhibition of collagen 
synthesis 2 weeks after treatment was discontinued [24]. 
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(a) 


(b) 


Figure 18.3 (a, b) Permanent striae induced by repeated use of clobetasol propionate for psoriasis. 


When steroid exposure is prolonged, thinning becomes clinically 
evident and fragility and striae may develop. The loss of connec- 
tive tissue support for the dermal vasculature results in redness, 
telangiectasia and purpura. With long-term use of potent prepa- 
rations these atrophic changes can become irreversible. The areas 
most vulnerable to developing atrophy are those where the skin 
is already relatively thin, including the flexures and especially the 
face. In general, potent steroids should be used on the face only 
when treating recalcitrant dermatoses such as chronic discoid lupus 
erythematosus. 

Contact allergy to corticosteroids is probably often missed, as 
symptoms may be attributed to the disease being treated. Sensitiv- 
ity to hydrocortisone was first reported in 1959 but was initially 
considered a rare problem [25]. Rates of sensitivity to topical cor- 
ticosteroids of 0.2-5.0% of patch tested patients are reported [26]. 
Tixocortol pivalate and budesonide are considered the best patch 
test reagents for screening, with rates of 1.2% and 1.6% respectively 
in consecutively patch tested patients [27], and are used in baseline 
(screening) patch test series internationally. Cross-reactions between 
topical corticosteroids are common. Chemical groupings have been 
identified within which, it has been proposed, cross-reactivity is 
most likely to occur, and these groupings have been updated and 
rationalised from four to three (Box 18.2) [26] (Chapter 127), replac- 
ing previous classifications [28,29]. Two patterns of cross-reactivity 
occur: either within group 1 only, or a patient being potentially 
allergic to all corticosteroid molecules with cross-reactivity to group 
2 and/or group 3 molecules [26]. Air-borne exposure to inhaled 
corticosteroids, including those used nearby by others, can sensitise, 
as can exposure to mucosal surfaces such as the nasal, conjuncti- 
val or respiratory mucosa [26]. Systemic exposure is unlikely to 
induce cutaneous sensitisation. Reactivation of allergic contact 
dermatitis at previously affected cutaneous sites after inhalation of 
a corticosteroid may occur [30], and generalised eruptions follow- 
ing systemic administration of corticosteroids have been reported 
(systemic allergic contact dermatitis) [26]. Immediate hypersensi- 
tivity reactions are not a concern in patients sensitised by topical 
application of corticosteroids, although type 1 hypersensitivity can 
(rarely) occur as an independent phenomenon, most frequently 
with intravenous hydrocortisone and methylprednisolone [26]. 


Box 18.2 Groups of topical corticosteroids within 
which cross-sensitisation is most likely to occur 


Group 1 

e Budesonide (S-isomer) 

¢ Cloprednol 

¢ Cortisone 

¢ Cortisone acetate 

e Fludrocortisone acetate 

e Fluoromethalone 

e Hydrocortisone 

¢ Hydrocortisone acetate 

¢ Hydrocortisone-17-butyrate 
¢ Methylprednisolone acetate 
e Prednisolone 

e Prednisolone acetate 

¢ Tixocortol pivalate 

e Triamcinolone 


Group 2 

e Amcinonide 

e Budesonide (R-isomer) 

¢ Desonide 

e Flunisolide 

e Fluocinolone acetonide 

e Fluocinonide 

e Halcinonide 

e Triamcinolone acetonide 
e Triamcinolone diacetate 


Group 3 


Alclometasone dipropionate 
Beclomethasone dipropionate 
Betamethasone 
Betamethasone dipropionate 
Betamethasone sodium 
phosphate 
Betamethasone-17-valerate 
Clobetasol-17-propionate 
Clobetasone-17-butyrate 
Dexamethasone 
Dexamethasone sodium 
phosphate 

Diflucortolone valerate 
Diflorasone diacetate 
Flumethasone pivalate 
Fluocortolone 

Fluocortolone caprylate 
Fluocortolone pivalate 
Fluprednidene acetate 
Fluticasone propionate 
Mometasone furoate 


Adapted from Baeck and Goossens 2012 [26]. 


Infections may be exacerbated by topical corticosteroids. Obvious 
bacterial superinfection of eczema is usually treated specifically 
with topical or oral antimicrobial agents, concurrently with the use 
of topical corticosteroids. There is evidence that colonisation with 
Staphylococcus aureus is reduced if the condition of the skin can be 
improved by use of potent or very potent topical corticosteroids 
[31,32]. It is traditionally advised that the use of topical cortico- 
steroids should be avoided, whenever possible, in the presence 


of active viral infection including herpes simplex, viral warts or 
molluscum contagiosum. However, evidence for this approach is 
lacking; a recent systematic review of randomised clinical trials 
comparing topical corticosteroid combined with a topical antiviral 
agent in the treatment of recurrent herpes simplex labialis versus 
topical antiviral alone or placebo found increased efficacy when the 
combined preparation was used, with a reduced rate of recurrence 
[33]. When dermatophyte infections are not recognised and are 
inappropriately treated with a potent topical corticosteroid, the 
symptoms and signs may transiently improve but the infection 
continues to spread, a phenomenon known as tinea incognita 
(unrecognised tinea) (Figure 18.4). Scabies presents a similar trap, 
as the pruritus can be improved by topical corticosteroids whilst 
the infestation persists unless a scabicidal treatment is also applied. 
Topical corticosteroids are, however, invaluable for treating the 
eczema associated with scabies, between applications of scabicidal 
treatments. Nodular granulomatous candidiasis of the napkin area 
(infantile gluteal granuloma) (Chapter 32) is found only in infants 
who wear nappies (diapers) and is often associated with the use 
of topical corticosteroids. Impairment of the immune response to 
Candida by the steroids has been suggested as the cause [34]. It has 
become much less common in recent decades. 

The use of topical corticosteroids on the face can result in the 
development or exacerbation of rosacea and perioral dermatitis 
(Chapter 89). A similar eruption of inflammatory papules which 
may develop from using corticosteroids around the eyes has been 
termed periocular dermatitis (Figure 18.5) [35]. The term peri- 
orificial dermatitis has been proposed as a unifying term. In other 
individuals acne may be triggered, with the development of come- 
dones, inflammatory papules and pustules on treated areas of skin, 
usually on the face or upper trunk. Comedones have also been 
induced in perianal skin by the application of potent corticosteroids 
[36]. The mechanisms involved in these eruptions are not well 
understood. 

It is possible that the use of topical corticosteroids on the eyelids 
and periorbital skin may result in some exposure of the eye to 
the steroid. The use of corticosteroid eye drops is known to raise 
intraocular pressure, increase the risk of cataract formation and 
aggravate infections, especially herpes simplex. There have been 
only occasional reports of such ocular complications arising from 
the use of topical steroids applied around the eyes to treat skin 
disease [37-39]. Glaucoma has also been reported in a patient reg- 
ularly treating hand eczema with betamethasone valerate at night 
with the presumption that inadvertent contamination of the eyes 
with the steroid was responsible [40]. These few reports, mainly 
historical, should be offset against the benefit of treating periocular 
skin disease, especially atopic eczema, which is associated with 
keratoconus, probably as a result of frequent rubbing around the 
eyes [41]. 

Wound healing and re-epithelialisation have been shown to be 
impaired by locally applied corticosteroids in a variety of animal 
and human models [42-44]. 

Vascular effects of corticosteroids include prompt vasoconstric- 
tion of the superficial small vessels, followed by a phase of rebound 
vasodilatation. After prolonged treatment the vasodilatation may 
become fixed and more conspicuous as a result of dermal and epi- 
dermal atrophy [45]. 


(b) 


Figure 18.4 Tinea incognita. (a) Signs of tinea manuum are partly suppressed by 
treatment with a potent topical steroid. (b) Rash on a foot extending progressively for 5 
months whilst applying clobetasol propionate cream (note the characteristic 
well-defined raised edge of the eruption with papulopustules and minimal scale). 
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Figure 18.5 Periocular dermatitis. 


Systemic effects 

Inhibition of the pituitary—adrenal axis by excessive application 
of moderately potent topical steroids or by relatively modest use 
of stronger steroids is well documented [46]. Eight of 40 sub- 
jects developed temporary reversible adrenal suppression after 
applying 98 g of a super-potent corticosteroid preparation over 
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2 weeks [47]; similar results were seen in two further studies [48,49]. 
Significant suppression was reported in three patients using less 
than 50 g/week [50]. It is recommended that patients should use no 
more than 50 g of a super-potent steroid or 100 g of a potent steroid 
preparation per week and that prolonged usage at this high rate 
should be avoided. Children and babies have a high ratio of surface 
area to body volume and are more vulnerable to pituitary—adrenal 
suppression as a result of systemic absorption. Even hydrocorti- 
sone applied topically may (rarely) suppress the adrenocortical 
response in some children [51]. Cushingoid features may be seen in 
inappropriately treated infants and children [52,53]. Severe clinical 
problems are fortunately rare, even in the presence of abnormal 
biochemical parameters. 

Excessive concern about adverse effects of topical steroids has 
caused a trend amongst patients to seek ‘alternative’ therapies 
such as topical and oral Chinese herbal treatments, which are 
perceived to be safer. In many cases such ‘herbal’ creams may be 
adulterated with super-potent topical steroids, and ‘herbal’ teas 
adulterated with oral steroids, leading to predictable cutaneous 
and systemic side effects including striae and Cushing syndrome 
[54-57]. A herbal ‘Good Night Tea’ containing Glycyrrhiza glabra 
(a potent inhibitor of the CYP3A4 cascade, hence inhibiting the 
metabolism of topical corticosteroids) triggered Cushing syndrome 
in a patient with atopic eczema using modest amounts of medium 
to high potency topical corticosteroids, although the tea itself did 
not contain corticosteroids [58]. Potent topical corticosteroids may 
be concealed in cosmetics sold openly, but illegally, on the high 
street and in markets, such as a product being used on the face of a 
2-year-old girl and her mother, purchased in the UK in a Nigerian 
hair and beauty shop (Figure 18.6). 

The use of very potent topical corticosteroids in pregnancy may be 
associated with a low birth weight, but there is no association with 
congenital abnormality, preterm delivery or stillbirth [59]. 


Tachyphylaxis and rebound phenomena 

The question of whether tachyphylaxis develops during continued 
treatment with corticosteroids remains controversial. It is very com- 
mon for patients to report that a topical corticosteroid which was 
highly effective during the first few days of application has subse- 
quently lost efficacy. On occasions, withdrawal of corticosteroids is 
followed by a flare of disease. The hypothesis that these phenomena 
are due to tachyphylaxis is supported by data from vasoconstrictor 
assays showing that successive applications of topical cortico- 
steroids are associated with a decreasing response [60]. Further- 
more, inhibitory effects on epidermal cell proliferation decreased 
during repeated administration of topical corticosteroids to hairless 
mice [61]. However, tachyphylaxis has not been shown to occur 
in clinical trials of corticosteroids in treatment of atopic eczema or 
psoriasis. 

It has been proposed that patients report that the effect of the 
corticosteroid is diminishing when the underlying disease activity 
is increasing. Physicians observing patients intermittently may 
mistake stable disease activity for a failure to improve, even when 
there has been improvement from baseline, and may interpret this 
as tachyphylaxis. In a survey of dermatologists with 70 respon- 
dents, 57% believed that tachyphylaxis occurred within 8 weeks 
of initiating treatment of chronic plaque psoriasis with a potent 
corticosteroid. When this was put to the test in a clinical trial of 
12 weeks’ treatment duration, tachyphylaxis was not observed 
[62]. Some patients with eczema believe that they are suffering 
from ‘steroid withdrawal syndrome’ if they abruptly stop treat- 
ment and their disease predictably flares up due to the absence of 
anti-inflammatory treatment. There has been confusion between 
the predictable effects of long-term excessive use of potent topical 
steroids on facial or genital sites, resulting in burning, stinging and 
redness on withdrawal, and a poorly defined entity labelled as 
‘steroid withdrawal syndrome’ or ‘steroid addiction’ [63]. 


Figure 18.6 Cosmetic lotion containing potent 
topical corticosteroid purchased for use on the face 
of a toddler. Courtesy of Heulwen Wyatt, paediatric 
clinical nurse specialist, Newport, Gwent, UK. 
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Rebound phenomena when topical corticosteroids are withdrawn 
have principally been of concern in the management of psoriasis. In 
several cases, withdrawal of treatment with potent or very potent 
corticosteroids has been followed by the eruption of severe gener- 
alised pustular psoriasis. This seems to have been especially likely 
to happen after potent or very potent corticosteroids have been used 
in large quantities or applied under occlusion [64]. In these cases, 
it is likely that significant systemic exposure to the steroid was 
occurring and this was consequently withdrawn at the same time. 
The risk of this happening when unoccluded treatment with topi- 
cal corticosteroids is used for chronic plaque psoriasis of moderate 
severity and disease extent is clearly very small as this treatment has 
been so widely used, especially in the USA, and generalised pustular 
psoriasis remains rare. There has been a general reluctance of der- 
matologists in the UK to rely on topical steroids for the treatment of 
psoriasis vulgaris, which has had the undoubted benefit of sparing 
patients other side effects such as cutaneous atrophy. Potent topical 
corticosteroids should only be used for the treatment of psoriasis 
when they are really necessary and/or there is no alternative, and 
only in the short term, except at thick skin sites such as the palms 
and soles. The advent of combined calcipotriol/betamethasone 
dipropionate preparations, which are now very widely prescribed 
globally for psoriasis, has been associated with cutaneous atrophy, 
rebound and tachyphylaxis in long-term users [65]. 


Vehicles and formulations 

There is a large range of topical formulations of corticosteroids on 
the market. At first glance this may seem more than necessary, but 
it is undoubtedly helpful to have a variety of compounds available 
in a range of formulations. It is clearly important to be able to 
adjust the potency of the steroid being used so that the least potent 
compound that is effective can be employed at each site and at each 
stage in the course of the dermatosis. Generic formulations of a 
licensed topical corticosteroid may have different relative potencies 
and cosmetic features to the branded alternative, often remarked 
upon by patients [4]. It is necessary to be able to avoid cortico- 
steroids to which patients are known or suspected to be sensitised. 
It is also helpful to have a range of formulations for each com- 
pound. Ointments are helpful when eczema is dry, whilst creams 
are more effective if the eruption is moist or exudative. Lotions, 
gels, mousses, foams and shampoos are useful for the scalp. The 
concentration (and hence the potency) of topical corticosteroid 
in a foam increases as the volatile ingredients evaporate on the 
skin [4]. When the distribution of the dermatosis is limited, as is 
often the case in lichen simplex chronicus or prurigo, the use of a 
steroid-impregnated tape will simultaneously prevent scratching 
and increase drug penetration by effective occlusion [66]. 

Several antimicrobial agents are commercially formulated in com- 
bination with topical steroids including clioquinol, clotrimazole, 
fusidic acid, miconazole, neomycin and nystatin. These compound 
formulations are the subject of some controversy. They can be 
helpful when there is a clear indication for each constituent, but 
are probably used more often when the diagnosis is unclear in 
the hope of ‘covering all possibilities’. The latter approach is not 
recommended. Disadvantages include the risks of obscuring the 
diagnosis, promoting development of microbial resistance to anti- 
biotics and sensitisation of patients to antimicrobial agents which 
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may then be impossible to use topically or systemically in future. 
The aminoglycosides, including neomycin, carry a significant risk 
of sensitisation [67]. 

Some cases of atopic eczema are exacerbated by the presence of 
Staphylococcus aureus on the skin. Superantigen production by S. 
aureus may play a role in the exacerbation of atopic eczema [68] and 
may also have the effect of reducing sensitivity to corticosteroids 
[10]. The use of topical steroid/antibiotic combinations in both 
clinically infected and uninfected eczema may be slightly more 
effective than topical corticosteroids alone, but the level of evidence 
remains poor [69]. The case for the use of combination preparations 
is much stronger in the treatment of eczema with clear clinical or 
microbiological evidence of secondary infection, although many 
dermatologists still prefer to give an antibiotic systemically. 

There are also commercially developed formulations combining 
corticosteroids with other active constituents. Mixtures containing 
tar, salicylic acid or calcipotriol can be useful in the treatment of pso- 
riasis, although the range of licensed tar-containing products has 
dramatically lessened due to a combination of a reduction in pre- 
scribing and global shortages of raw ingredients. 

Traditionally, many dermatologists found it useful to create their 
own formulations by dilution of proprietary steroid products or 
addition of other medicaments such as tar and salicylic acid. In 
the modern era, the use of such unlicensed preparations is often 
discouraged, and it can be difficult to persuade small pharmacies 
to manufacture them, even when no licensed alternative exists. The 
stability of a steroid in a novel formulation is unpredictable [4,70], 
and changes in the vehicle may also alter levels of steroid pene- 
tration into the skin and systemic absorption [71]. In the UK, the 
British Association of Dermatologists publishes a regularly updated 
recommended list of a restricted number of extemporaneously pre- 
pared topical treatments (‘specials’), in an attempt to standardise 
the manufacture of such unlicensed topical agents [72]. 


Occlusion and topical steroids 

The penetration of a topical corticosteroid can be greatly increased 
by occlusion using polythene film or gloves, or by using hydrocol- 
loid dressings [73]. Polythene gloves are most easily used overnight, 
although they are uncomfortable, especially in warm weather. Wet 
cotton gloves worn over a potent or super-potent topical cortico- 
steroid and an emollient, for a 30 min period twice daily, are an 
effective treatment for severe, acute weeping hand dermatitis. 
A similar occlusive effect is obtained when a steroid is covered 
by paste bandages and by the use of wet wrap bandaging in the 
treatment of atopic eczema. Using corticosteroids in this way can 
undoubtedly increase adverse as well as beneficial effects. How- 
ever, judicious use of occlusion can be an invaluable strategy in the 
management of pompholyx, of a refractory plaque of psoriasis on 
the leg, or a patch of lichen simplex. The incorporation of a corticos- 
teroid such as fludroxycortide (flurandrenolone) into the adhesive 
of a plastic tape provides another effective method of using occlu- 
sion. Whole body occlusion of corticosteroids was formerly used, 
but adverse effects were common, so this has fallen out of favour. 


Intralesional steroids 
Recalcitrant dermatoses (e.g. alopecia areata, keloid scars, lichen 
simplex, nodular prurigo) may respond to injection of steroid into 
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the lesions. Triamcinolone acetonide 2.5-40 mg/mL is often used; 
dermal atrophy and leukoderma may occur at higher concen- 
trations, so diluted strengths are often used for alopecia areata, 
especially of the eyebrows. 


Calcineurin inhibitors 

Topical formulations of tacrolimus and pimecrolimus (first licensed 
in the USA in 1994 and 2001, respectively) were developed for 
topical treatment of atopic eczema, and have found numerous 
additional applications. Their mechanism of action is similar 
to that of ciclosporin. Lymphocyte activation is suppressed by 
inhibition of the cytoplasmic enzyme calcineurin, a calcium- 
and calmodulin-dependent serine/threonine phosphatase, which 
activates NFAT, a transcription factor regulating numerous lym- 
phokines in both Thl and Th2 lymphocyte subsets, and which 
constitutes an important link in signal transduction from the T-cell 
receptor to the nucleus [1]. Similar mechanisms operating in other 
cell types, including mast cells [2,3], antigen-presenting cells [4] and 
keratinocytes [5], may provide additional targets for these drugs. 
In contrast to ciclosporin, tacrolimus and pimecrolimus have suf- 
ficiently low molecular weight to penetrate the stratum corneum, 
at least when barrier function is impaired, as is the case in atopic 
eczema. They are therefore active when applied topically. A notable 
advantage of these agents is that they do not induce cutaneous 
atrophy [6,7], even with long-term regular application [8,9,10,11]. 
It is therefore possible to apply them to facial and flexural areas 
where prolonged use of topical corticosteroids would cause con- 
cern. Theoretically, the local immunosuppression related to these 
compounds could increase the risks of infections and neoplasia. 
In practice, these risks have not proved problematic, and the ini- 
tial hypothetical concerns about risk of neoplasia have shown no 
justification after more than two decades of use [11]. 


Tacrolimus 

Tacrolimus (an abbreviation of tsukuba macrolide immunosup- 
pressant, also known as FK-506), is a macrolide lactam antibiotic 
(macrolactam) discovered in Japan, where it was first isolated from 
a soil fungus Streptomyces tsukubaensis. It has been used systemically 


in transplantation since 1994 and is known to be an effective sys- 
temic treatment for psoriasis [12]. It has a molecular weight of 
822 Da and a complex structure (Figure 18.7). 

The efficacy of 0.1% topical tacrolimus in atopic eczema has been 
demonstrated in several placebo-controlled trials in both adults 
[13,14] and children [15,16] and found to be comparable in efficacy 
to potent topical corticosteroids [16-19] (Chapter 41). A lower 
concentration of 0.03% tacrolimus has been shown to be nearly 
as effective as 0.1% in children [15,16] but this does not apply for 
adults [17,20]. 

The most frequently encountered side effect is a burning sensa- 
tion lasting for a few minutes after application. This appears to be 
related to the ability of tacrolimus to induce substance P release 
and cause phosphorylation of TRPV1 (transient receptor potential 
subtype vanilloid 1), which plays a role in the induction of pain [21]. 
The burning tends to resolve after a few days and is rarely of suf- 
ficient severity to require withdrawal of the treatment. Systemic 
exposure is low and drug levels in the blood are usually too low 
to measure [11,15,22]. Using data obtained from the application 
of 0.3% tacrolimus ointment, systemic bioavailability has been 
estimated at 0.5% of that obtained by intravenous administration 
[22]. It is therefore unlikely that topical application of tacrolimus 
will have systemic activity. Percutaneous absorption appears to fall 
further as eczema improves and barrier function is restored [23]. 
Rarely, a rosacea-like eruption has been reported [24]. 

Additional indications for topical tacrolimus have to date been 
less formally investigated. It should be noted, in particular, that 
extensive safety data relating to systemic exposure are available 
only for atopic eczema. The use of topical tacrolimus in Netherton 
syndrome (ichthyosis linearis circumflexa) has been reported to 
result in clinically significant systemic exposure to the drug [25], 
indicating that some care is required. 

Tacrolimus does not appear to penetrate sufficiently to be effective 
in chronic plaque psoriasis but is of value for facial and intertrig- 
inous psoriasis [26]. There are many reports of the successful use 
of topical tacrolimus in a wide range of other inflammatory skin 
diseases (Table 18.8), with high-quality evidence for its use in sebor- 
rhoeic dermatitis and oral lichen planus [27,28]. 


Figure 18.7 Structures of tacrolimus and pimecrolimus. 
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Table 18.8 Summary of the reported use of tacrolimus and pimecrolimus in unlicensed 
indications and levels of evidence for efficacy [25,37-51]. 


Evidence grade? 


Dermatoses Tacrolimus Pimecrolimus 


Eczematous dermatoses 

Allergic contact dermatitis 

Chronic actinic dermatitis 

Eyelid dermatitis 

Lichen simplex 

Pompholyx 

Prurigo nodularis 

Seborrhoeic dermatitis 

Other dermatoses 

Amyloidosis E 

Angiolymphoid hyperplasia with eosinophilia E 

Balanitis B A 

Behcet disease (genital ulceration) A 

Crohn disease (oral and perineal lesions) D 

Darier disease E 

Dermatomyositis D 
B 
E 
E 
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Discoid lupus erythematosus 

Eosinophilic pustular folliculitis 

Epithelioid haemangioma (angiolymphoid 

hyperplasia with eosinophilia) 

Erosive pustular dermatosis of the legs 

Erosive pustular dermatosis of the scalp 

Erythema annulare centrifugum 

Follicular mucinosis 

Folliculitis decalvans 

Fox-Fordyce disease D 

Geographic tongue 

Graft-versus-host disease 

Granuloma annulare (generalised) 

Granuloma faciale 

Hailey—Hailey disease 

Jellyfish stings 

Jessner’s lymphocytic infiltrate 

Juvenile plantar dermatosis 

Keratosis pilaris 

Leprosy (type 1 reversal reaction) 

Lichen myxoedematosus 

Lichen nitidus 

Lichen planus 

Lichen planus (oral) 

Lichen sclerosus 

Lupus erythematosus (cutaneous) 

Lymphocytoma cutis 

Mastocytosis 

Morphoea C 

Mucous membrane pemphigoid E 

Necrobiosis lipoidica E 
E 
C 
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(occluded) 


Netherton syndrome 
Paronychia 

Perioral dermatitis A 
Pityriasis lichenoides chronica E 

Pruritus ani A 

Pruritus vulvae C 
Psoriasis (facial and flexural) 
Pyoderma gangrenosum 
Rheumatoid leg ulceration 
Rosacea 

Sarcoidosis 

Steroid-induced rosacea 
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Table 18.8 (continued) 


Evidence grade? 


Dermatoses Tacrolimus Pimecrolimus 
Uraemic pruritus E 

Vitiligo B B 

Wells syndrome E 


* Evidence grade: A, double-blind trial; B, clinical trial; C, small trial or >20 cases 
reported; D, at least 5 cases reported to respond; E, fewer than 5 cases reported. 


Pimecrolimus 

Pimecrolimus (SDZ ASM 981) is a macrolactam similar in molecu- 
lar structure to tacrolimus (Figure 18.7), compared with which it is 
more lipophilic but less potent. Most of the initial clinical research 
on this compound was in atopic eczema. Placebo-controlled trials of 
a 1% cream demonstrated efficacy and safety in adults [29-31] and 
children from age 3 months upwards [32,33], although it is less effec- 
tive than betamethasone valerate 0.1% cream [30]. Used in long-term 
studies, pimecrolimus has effectively inhibited flares of the disease 
and reduced the requirement for topical corticosteroids [11,31,33]. 
Systemic exposure to pimecrolimus has been found to be low and 
usually undetectable [34]. Pimecrolimus cream is usually well tol- 
erated but may initially produce a burning sensation, which typi- 
cally resolves after a few days. Infections have not been increased 
and there has been no evidence of increased neoplasia [35]. Para- 
doxical rosacea is a rare side effect [36]. As with tacrolimus, topical 
pimecrolimus has been reported to be effective in a diverse range of 
off-licence indications (Table 18.8). 


Ciclosporin 

The high molecular weight of ciclosporin (1202 Da) and its con- 
sequent poor penetration through the stratum corneum probably 
explain why topical preparations have not been found to be effective 
for skin disease. Early reports of efficacy in oral lichen planus were 
encouraging, but controlled studies using triamcinolone as com- 
parator have been disappointing and generally found no difference 
between the treatments [52,53]. 

Ophthalmic formulations of ciclosporin have been used success- 
fully for a range of indications, including ocular rosacea [54] and 
atopic keratoconjunctivitis [55]. Recent reviews have found it effec- 
tive for Sj6gren syndrome but not for dry eye syndrome [56,57]. Top- 
ical ciclosporin drops are irritant. 


Retinoids 

The retinoids can be defined either as compounds related struc- 
turally to retinol (vitamin A) (e.g. tretinoin (retinoic acid) and 
isotretinoin (13-cis retinoic acid)), or as compounds that are able to 
interact with retinoid receptors (e.g. the synthetic retinoids adapa- 
lene, tazarotene and bexarotene) (Figure 18.8). All three synthetic 
retinoids are effectively absorbed into the epidermis when applied 
topically [1]. 

Retinol (the alcohol, also known as vitamin A) and retinoic acid 
(the acid, also known as tretinoin) are both produced from retinal 
(the aldehyde) in most cells, including keratinocytes. Retinal, a chro- 
mophore which binds to the protein opsins and is the chemical basis 
of animal vision, is ingested directly from meat or produced from 
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Figure 18.8 Structures of retinoid molecules used topically. 


dietary plant carotenoids and xanthophylls. Retinoic acid can iso- 
merise to 13-cis and 9-cis retinoic acid, a process that occurs readily 
in the presence of visible light. The level of free retinoic acid is tightly 
controlled. Topical retinoic acid (tretinoin) has been used in the treat- 
ment of acne vulgaris for over three decades. Retinoids are now used 
for many indications including psoriasis, photoageing and numer- 
ous disorders of keratinisation, as well as for the suppression of dys- 
plasia and malignancy. 

Endogenous retinoids regulate cell differentiation and prolifera- 
tion, and their activity within the cell is regulated by binding pro- 
teins known as cellular retinol-binding proteins (CRBP-I and -II) and 
cellular retinoic acid-binding proteins (CRABP-I and -II). These pro- 
teins are widely distributed throughout the body in many cell types. 
CRABP-II predominates in skin, and is found in keratinocytes and 
fibroblasts [2]. This protein is upregulated by tretinoin [3] and other 
compounds demonstrating retinoid activity, and is believed to play 
a role in regulating the availability of free tretinoin within the cell. 

Within the nucleus, retinoids bind to specific receptors, retinoic 
acid receptors (RAR-«, -B and -y) and retinoid X receptors (RXR-«, -B 
and -y). Alternative splicing of each of these receptors generates fur- 
ther diversity (the subtypes being known as RAR-o1, RAR-«2, etc.) 
[4]. All-trans retinoic acid is the endogenous ligand for the RARs 
whilst 9-cis retinoic acid is the endogenous ligand for the RXRs. The 
receptors most abundantly expressed in the epidermis are RAR-y 
and RXR-«. They bind to ‘response elements’, specific regions of 
DNA within the regulatory regions of numerous genes, increasing 
or decreasing transcription of the gene. RXRs can dimerise with 
several other similar receptors such as the vitamin D receptor, the 
thyroid receptor and orphan receptors (which have no established 
endogenous ligand). This range of different receptors and their 
dimers, the various possible states of binding with different ligands, 
and the wide range of different response elements allow for the 
highly diverse and complex signalling required to regulate cellular 


metabolism, and the ability of retinoids to normalise keratinocyte 
differentiation in diverse circumstances where this is disturbed. 

Metabolism of retinoids can take place within keratinocytes. The 
initial step is usually 4-hydroxylation by cytochrome P450 enzyme 
systems, such as CYP2S1 and CYP26, which can be induced by their 
substrate and may show considerable interindividual variation [5]. 
This variation may explain some of the variability between individ- 
uals in responses to topical retinoids. 

Systemic retinoids are known to be highly teratogenic. Systemic 
exposure to retinoids applied topically seems to be minimal [6,7], but 
it is recommended that topical use of retinoids should be avoided 
during pregnancy to avoid any hypothetical risk of teratogenicity. 

The retinoids currently used in the topical treatment of skin dis- 
ease are retinol, retinal, retinoic acid (tretinoin), isotretinoin and the 
synthetic retinoids adapalene, bexarotene and tazarotene. 


Retinol 

Retinol is widely used in cosmetics. Retinal appears to be more irri- 
tant than retinol and is marketed as a faster way to reduce wrinkling 
[1]. Topical retinol exhibits many of the pharmacological properties 
of tretinoin, increasing levels of retinyl esters within the epidermis 
[8]; these long-chain fatty acids constitute an intracellular reservoir 
of inactive vitamin A, an autoregulatory mechanism that inhibits 
excess synthesis of retinoic acid [8]. In addition, topically applied 
retinol induces 4-hydroxylase activity, increasing metabolism and 
inactivation of tretinoin [9]; higher levels of CRABP-II and CRBP are 
also induced by the topical application of retinol [7]. Tretinoin is also 
much more irritating than retinol, although both increase epidermal 
thickness in a similar manner [7,10]. 

Retinol 10% gel has been used as a component of a depigmenting 
regimen with results considered comparable to those obtained 
from tretinoin. However, this high concentration of retinol was 
irritant [11]. 
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Retinoic acid (tretinoin) 

Retinoic acid is also known as tretinoin, all-trans retinoic acid and 
vitamin A acid. It is well absorbed into the skin when applied top- 
ically, exerts potent local effects on cellular metabolism, and is the 
endogenous ligand for the retinoic acid receptors. Isomerisation of 
tretinoin (accelerated in visible light) results in formation of 13-cis 
and 9-cis retinoic acid [12], the latter being the naturally occurring 
ligand for the RXRs. 

Tretinoin is used in the treatment of acne vulgaris, particularly 
comedonal acne (Chapter 88). It is normally applied once or twice 
daily at a concentration of 0.01-0.025% in a lotion, cream or gel, and 
often used as a combination treatment with 1% clindamycin or 4% 
erythromycin [13,14], although erythromycin may be more effective 
if combined with benzoyl peroxide. It is most frequently applied as 
a nighttime treatment. Tolerance of irritancy can be improved by ini- 
tially using it on alternate nights. 

Topical tretinoin improves several features of photoageing 
including fine and coarse wrinkling and dyspigmentation [15] 
(Chapter 156). 

Tretinoin has both a therapeutic and prophylactic effect on chem- 
ically induced skin tumours. Clinically, it exhibits an antineoplastic 
effect, and may be used to treat small actinic keratoses either alone 
[16] or in combination with 5% 5-fluorouracil cream [17] (Chapter 
141). It also has a ‘normalising’ effect on the histological appearance 
of dysplastic naevi [18]. 

Tretinoin can help to reduce various forms of hyperpigmentation 
(see the section on depigmenting agents in this chapter). 

Tretinoin has been shown to accelerate wound healing if it is 
applied for several weeks before wounding [19] and has been 
claimed to improve results after chemical peeling [20] and derm- 
abrasion [21]. Its usefulness in this context is limited by its irritancy, 
a major drawback of topical tretinoin. A new lotion formulation of 
tretinoin is less irritant than the gel [22]. 

Topical tretinoin has been advocated for a wide range of other 
conditions including senile comedones [23], comedo naevus, verru- 
cous epidermal naevus, plane warts, reactive perforating collageno- 
sis, localised mild Darier disease [24], keratosis pilaris [25], lamel- 
lar ichthyosis, ichthyosis vulgaris [26], oral lichen planus [27], geo- 
graphic tongue [28], Fox—Fordyce disease (apocrine miliaria) [29,30] 
and hypertrophic scars and keloids [31,32]. It has not found a role in 
the treatment of psoriasis. 

Although sensitisation to tretinoin has been reported this seems 
to be a rare event [33]. 


Isotretinoin 
Isotretinoin (13-cis retinoic acid) is readily isomerised to tretinoin 
and vice versa. It therefore exhibits a similar receptor specificity to 
tretinoin, interacting with RARs. Isotretinoin is used both topically 
and systemically for the treatment of acne vulgaris (Chapter 88). 
When used topically it is considered somewhat less irritant than 
tretinoin but may be more irritant than adapalene [34]. Topical 
isotretinoin is believed to work mainly by inhibiting comedogene- 
sis, although it is also known to penetrate into sebaceous glands [35] 
and may reduce sebum secretion [36]. A combination preparation 
with erythromycin is also available. 

Like tretinoin, it has been advocated for the treatment of photo- 
ageing [37,38] and actinic keratoses [39]. Benefit has been claimed 
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in isolated reports for dissecting cellulitis [40], oral leukoplakia 
[41], squamous cell hyperplasia of the vulva (leukoplakia) [42], 
oral lichen planus [43], hyperkeratosis of the nipple [44], actinic 
granuloma [45] and limited Darier disease [46,47]. 


Alitretinoin 

A 0.1% gel preparation of alitretinoin (9-cis retinoic acid), which is 
used systemically for chronic hand dermatitis, has been approved 
by the US Food and Drug Administration (FDA) in 1999 as a twice- 
to four-times daily treatment for human immunodeficiency virus 
(HIV) related Kaposi sarcoma [48,49] and has also shown promise 
in the treatment of photodamage, seborrhoeic keratoses, actinic ker- 
atoses and pyogenic granuloma [49]. 


Adapalene 

Adapalene is a synthetic retinoid used for the treatment of acne 
vulgaris. In randomised comparative trials, adapalene gel 0.1% 
has proved at least as effective as, but less irritant than, retinoic 
acid gel 0.025% [34] and isotretinoin gel 0.05% [50,51]. Adapalene 
appears to retain comedolytic activity whilst showing less potential 
for irritancy than other topical retinoids, and improved tolerance 
with similar efficacy [52]. It exhibits specificity for RAR-B and -y 
receptors with low affinity for RAR-a relative to retinoic acid [53]. 
It is highly lipophilic, a property likely to enhance efficacy by 
increasing penetration into the hair follicle. In addition, adapalene 
has anti-inflammatory properties that may improve both efficacy 
and tolerability [53]. Formulations available are cream, aqueous 
gel, lotion and single use pledgets, all containing 0.1% adapalene. 
A combination treatment containing 0.1% adapalene and 2.5% 
benzoyl peroxide in gel form is effective for acne in patients 12 
years and over, is more effective than either constituent used alone 
and has a more rapid onset of efficacy [54]. A higher concentration 
of 0.3% adapalene with 2.5% benzoyl peroxide may help prevent 
and reduce atrophic acne scars [55]. Adapalene has no benefit in the 
prophylaxis of the acne-like rash induced by anti-epidermal growth 
factor receptor agents [56]. 


Bexarotene 

Bexarotene is a novel synthetic retinoid with specificity for RXRs 
(rexinoids). In addition to its systemic use for cutaneous T-cell lym- 
phoma, it is approved by the FDA as a 1% gel for early (plaque 
stage) mycosis fungoides [57,58], with a complete or partial response 
observed in 21% and 42% of patients, respectively [57]. 


Tazarotene 

Tazarotene is a synthetic retinoid prodrug that is rapidly hydrol- 
ysed to its active form, tazarotenic acid. The molecule has a rigid 
structure that can undergo conformational changes, in contrast to 
that of tretinoin. Tazarotene exhibits a degree of receptor specificity, 
interacting with RARs a, B and y. The latter receptor is likely to be 
most important in the epidermis. Tazarotene does not bind to RXRs 
and, unlike tretinoin, it is not susceptible to isomerisation into a con- 
formation which might do so [59]. It was developed mainly for the 
treatment of psoriasis and acne vulgaris and is available in gel and 
cream formulations at concentrations of 0.1% and 0.05%. The higher 
concentration appears more effective in psoriasis, but also more irri- 
tant. In the treatment of acne, the higher concentration is used most 
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frequently. It is also known to be active in the treatment of psoriasis 
when administered orally. 

A 0.1% gel formulation of tazarotene is marketed for psoriasis. 
Although psoriasis has been shown to respond, with 65% of patients 
showing 50% or greater improvement at 12 weeks [60], its value is 
limited by irritancy. Tazarotene lotion appears to be less irritant than 
cream [22]. Improvement of nail psoriasis was reported in a small 
controlled trial [61]. There are isolated reports of severe genital ulcer- 
ation [62] and pyogenic granuloma, a well-recognised side effect of 
systemic retinoid therapy, developing during topical treatment of 
psoriasis with tazarotene [63]. 

Tazarotene 0.1% gel has also been advocated for acne vulgaris 
[64-66], photoageing [67], oral lichen planus [68], lamellar ichthyosis 
[69,70], X-linked ichthyosis and ichthyosis vulgaris [71], confluent 
and reticulate papillomatosis [72], elastosis perforans serpiginosa 
[73], Darier disease [74,75], warty dyskeratoma [76], benign acan- 
thosis nigricans [77], spiny keratoderma [78], keratoderma blenor- 
rhagicum [79] and discoid lupus erythematosus [80]. As an O/W 
emulsion, 0.01% tazarotene has also been claimed to be beneficial 
for keratosis pilaris [81]. Ectropion in ichthyosis has been reported 
to respond to tazarotene [82]. Its usefulness in the treatment of ony- 
chomycosis has been reported [83], but tazarotene has no benefit in 
the prevention of basal cell carcinomas in basal cell naevus (Gorlin) 
syndrome [84]. 


Trifarotene 
Trifarotene, a fourth-generation tretinoin, has selective agonist 
activity for RAR-y and has increased stability in keratinocytes, 


whilst being rapidly metabolised in hepatic microsomes, indicating 
a potentially more favourable safety profile when compared with 
first- and third-generation tretinoins. It was developed to reduce 
the incidence of common retinoid-associated side effects such 
as burning, redness and peeling, but to date there have been no 
head-to-head investigations comparing trifarotene with existing 
topical retinoids [22,85,86]. 


Vitamin D analogues (deltanoids, secosteroids) 
The term vitamin D refers to a group of fat-soluble secosteroids 
(compounds with a break in the steroid nucleus) which increase 
intestinal absorption of calcium, magnesium and phosphate. The 
most important members of this group in humans are cholecalcif- 
erol (vitamin D3) and ergocalciferol (vitamin D,). The therapeutic 
potential of vitamin D in psoriasis has been recognised for many 
years. The doses required for it to be effective as a systemic agent 
risk the development of hypervitaminosis D and hypercalcaemia. 
Topical use, however, permits considerable efficacy with a wide 
safety margin. Calcipotriol was the first vitamin D analogue to be 
developed and evaluated for treating psoriasis; since then calcitriol, 
tacalcitol and maxacalcitol have been developed (Figure 18.9). 
Vitamin D is not strictly a vitamin, because an exogenous source 
is not essential. Photochemical cleavage of 7-dehydrocholesterol 
(the physiological precursor located in the membranes of basal 
and spinous layer keratinocytes) by UVB reaching the skin is 
required to form the hormonally inactive precursor of vitamin 
D, cholecalciferol. Fairly limited exposure to UVB is sufficient to 
permit physiological quantities of cholecalciferol to be synthesised. 


Figure 18.9 Structures of calcitriol, tacalcitol, calcipotriol and maxacalcitol. 
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Figure 18.10 The vitamin D, receptor (VDR) is present in the cytoplasm and nucleus of 
most cells. 1,25(OH),D binds to the VDR and facilitates the interaction of VDR with the 
retinoic acid receptor/retinoid X receptor (RXR). This heterodimer of VDR:RXR with 
bound vitamin D translocates to the nucleus. The 1,25(OH),D-VDR-RXR complex 
interacts with specific vitamin D response elements (VDREs) in vitamin D-responsive 
genes. Various coregulating proteins may also be recruited to this site. VDREs may be 
within the promoter region, within introns or far distal from the transcription start site. 
VDR activation upregulates some genes and downregulates others. For example, 
parathyroid hormone (PTH) mRNA is downregulated by activation of VDR. Reproduced 
from DiMeglio and Ime! 2014 [84] with permission of Elsevier. 


Cholecalciferol requires two hydroxylations for activation. The first 
step is 25-hydroxylation, to produce 25-hydroxycholecalciferol, 
which occurs mainly in the liver and is not tightly controlled [1]. 
25-Hydroxycholecalciferol is the main storage form of vitamin 
D within the body. This is converted to the hormonally active 
form, 1a-25-dihydroxycholecalciferol, by a very tightly regulated 
hydroxylation, which takes place mainly in the kidney [2,3]. 
1a-25-Dihydroxycholecalciferol has three hydroxyl groups and is 
also known as calcitriol (Figure 18.9). It regulates calcium absorption 
from the gut. 

The receptor for calcitriol (the vitamin D receptor complex) is 
expressed in virtually all types of cell, and is of fundamental impor- 
tance in the regulation of differentiation and proliferation. It is a 
phosphopeptide with molecular weight of around 60 kD that is 
able to move freely between the cytoplasm and the nucleus. The 
complex is a member of the steroid receptor superfamily, being 
similar in structure to the retinoid receptors, the thyroid hormone 
(T3) receptor and receptors for other classes of steroid hormone. It 
is active mainly as a heterodimer in combination with the retinoid 
X receptor (RXR) [4]. It regulates transcription of numerous genes 
by binding to regulatory regions of DNA, vitamin D response ele- 
ments (VDREs), specific but heterogeneous regions of DNA that are 
generally situated upstream of regulated genes (Figure 18.10) [4]. 
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Calcitriol and its receptor regulate the differentiation and prolif- 
eration of keratinocytes, the balance of the cutaneous immune sys- 
tem and the process of apoptosis. Proliferation of keratinocytes is 
reduced, upregulation of S100A7 levels in psoriatic skin induced 
by interleukin 22 (IL-22) is reduced, and the synthesis of keratins 
(K1 and K10), involucrin, transglutaminase, loricrin and filaggrin 
in the stratum spinosum is increased [1]. The synthesis of glyco- 
sylceramides required for barrier integrity and permeability in the 
stratum corneum is also regulated. Induction of the calcium receptor 
and the phospholipase C enzymes by calcitriol regulate intracellular 
calcium level. Conversely, a deficiency in calcitriol, or a loss of func- 
tion of its receptor, has been shown to disrupt the differentiation of 
the epidermis, with reduced levels of involucrin and loricrin and the 
loss of keratohyalin granules, resulting in hyperproliferation of the 
basal layer [1]. 

The increase in calcium absorption from the bowel stimulated 
by vitamin D, especially in activated (la-hydroxylated) forms, 
is normally compensated for by increased calcium excretion in 
urine, but with high levels of exposure serum calcium rises. All 
the analogues currently used in the treatment of psoriasis are 
la-hydroxylated compounds, which effectively bypass the reg- 
ulatory step of lo-hydroxylation and can thus potentially cause 
hypercalcaemia in overdose, although vitamin D analogues are 
otherwise very safe. The goal of secosteroid research is to develop 
an analogue that would normalise proliferation and differentiation 
without influencing calcium metabolism. 

In comparison with traditional treatments for psoriasis, vitamin 
D analogues have many advantages. They are more cosmetically 
acceptable than tar or dithranol, are odourless, do not stain skin or 
clothing and (when used as monotherapy) do not cause cutaneous 
atrophy, so are ideal preparations to use as monotherapy for a 
lifelong disease. However, they can all cause irritant reactions, 
which are concentration dependent [5]. Sensitisation can also occur 
but seems to be rare [6]. A characteristic pattern of circumlesional 
scaling appears around psoriatic lesions treated with vitamin 
D analogues (Figure 18.11), which gives a guide to compliance 
almost as reliable as the staining produced by dithranol [7]. It is 


Figure 18.11 Circumlesional scaling characteristic of psoriasis lesions treated with 
vitamin D analogues. 
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not clear whether this is a manifestation of irritancy or a specific 
pharmacological effect. 


Tacalcitol 

Tacalcitol (1,24-dihydroxycholecalciferol) has been used for topical 
treatment of psoriasis for many years in Japan [8]. In Europe tacal- 
citol is normally used once daily at a concentration of 4 g/g. Effi- 
cacy of this regimen has been demonstrated in placebo-controlled 
and dose-ranging studies [9,10]. Once-daily application of tacalci- 
tol 4 ng/g is less effective than twice-daily calcipotriol at 50 pg/g 
[11] but is less irritant. It is therefore useful for treating facial or flex- 
ural psoriasis [12]. A long-term trial has indicated that in patients 
who have responded well the benefit can be maintained for up to 18 
months, although only 64 of 299 subjects continued treatment for the 
full duration of this trial [13]. Tacalcitol has been used in conjunction 
with both UVB [14] and psoralen and UVA (PUVA) [15] and accel- 
erates the response to these treatments, potentially reducing the UV 
exposure required. 

Currently, the recommended maximum dose of tacalcitol 4 ng/g 
is 10 g daily. However, no significant increase in serum or urine cal- 
cium was observed with daily doses of 15-20 g for up to 26 days 
[16]. It also appears safe to use tacalcitol at the higher concentration 
of 20 ng/g [8]. Hypercalcaemia has not yet been reported but sen- 
sitisation may rarely occur [6]. Other indications for which topical 
tacalcitol has been employed with reported success include Nekam 
disease [17], confluent and reticulate papillomatosis [18], Grover dis- 
ease [19], subcorneal pustular dermatosis [20], Hailey—Hailey dis- 
ease [21], disseminated superficial actinic porokeratosis [22], prurigo 
[23], acquired perforating collagenosis [24] and generalised pustular 
psoriasis [25]. 


Calcitriol 

Calcitriol (1a-25-dihydroxycholecalciferol) is the naturally occurring 
form of activated vitamin D, which is known to be active both top- 
ically and systemically in the treatment of psoriasis [26,27]. It is not 
used systemically because of the need to monitor serum calcium to 
exclude any risk of hypercalcaemia. 

Calcitriol has been used topically at various concentrations rang- 
ing from 0.3 to 15 pg/g [28,29]. At the higher end of this range, 
changes are seen in urine and/or serum calcium levels, especially 
when large areas of skin are treated. At the lower end, efficacy is 
very limited. When applied twice daily at a concentration of 3 pg/g, 
controlled trials have demonstrated that a degree of efficacy can be 
maintained with minimal risk of effects on calcium homeostasis [30]. 
Calcitriol ointment 3 g/g seems to have very little potential for irri- 
tancy or sensitisation [31], and has the significant advantage that it 
can be used for facial psoriasis. 


Calcipotriol 

Calcipotriol (calcipotriene) has been more intensively investigated 
than any other secosteroid for the treatment of psoriasis. The 
molecule has a cyclopropane group at the end of the side chain, 
which facilitates rapid metabolism (see Figure 18.9). It is therefore 
ideal for topical administration and can be safely used in higher 
concentrations than calcitriol or tacalcitol [32]. Placebo-controlled 
and dose-ranging trials demonstrated maximal response at the 


concentration of 50 pg/g [33,34] and this is the concentration used 
in clinical practice. 

Efficacy and safety of calcipotriol in childhood psoriasis have 
been confirmed in trials on children aged from 2 years upwards 
[35,36] and satisfactory response in an infant has been reported 
[37]. Although topical calcipotriol may benefit generalised pustular 
psoriasis [38] and erythrodermic psoriasis [39,40], absorption of the 
drug may be significantly increased and for severe generalised pso- 
riasis systemic therapy is generally preferred. Generalised pustular 
psoriasis was thought to have been precipitated by calcipotriol in 
one reported case [41]. Some patients with acropustulosis of Hallo- 
peau [42] or nail psoriasis [43,44] have been reported to respond, 
although the results are not consistent. 

In comparative studies calcipotriol 50 ng/g generally compares 
well against other topical treatments for psoriasis, being at least 
as effective as coal tar and short-contact dithranol, although with 
more irritant potential than potent topical corticosteroids [45]. It 
has shown efficacy similar to potent topical corticosteroids such 
as betamethasone-17-valerate and to tacalcitol 4 pg/g [11] and 
calcitriol 3 g/g [30]. The response has been relatively well sus- 
tained over time in long-term trials [46,47]. Continuous long-term 
treatment is generally required. New formulations with improved 
efficacy are being developed [48]. 

Calcipotriol has also been investigated in a wide range of com- 
binations with other antipsoriatic medication. Combination with 
a moderately potent or potent topical corticosteroid preparation 
may increase efficacy and reduce irritation. When each prepara- 
tion is applied once daily, the combination reduces irritation and, 
in the case of a potent corticosteroid, increases efficacy relative to 
twice-daily calcipotriol alone [49]. A combined formulation contain- 
ing betamethasone dipropionate 0.05% and calcipotriol 50 ng/g has 
proved more effective and less irritant than twice-daily application 
of calcipotriol alone, and is now widely used worldwide in primary 
care as a first line treatment for chronic plaque psoriasis [50]. The 
continuous long-term use of calcipotriol with potent steroids carries 
the risk of skin atrophy (Figure 18.12), which does not apply to 
the use of calcipotriol alone. Despite publications suggesting that 
calcipotriol counteracts the betamethasone-induced decrease in 
extracellular matrix component related to skin atrophy [51], in 
practice long-term use is associated with atrophy and the other 
side effects that potent topical corticosteroids are well known to 
induce [52]. New foam preparations are even more potent in efficacy 
and the induction of steroid-induced vasoconstriction [53,54]. It is 
important that all those prescribed a combination of calcipotriol 
with betamethasone dipropionate recognise that it does contain a 
potent corticosteroid. 

There is increasing evidence for the use of calcipotriol in combina- 
tion with 5-fluorouracil both in the treatment of actinic keratoses and 
the prevention of cutaneous squamous cell carcinoma [55,56]. The 
combination has also been used for palliative treatment of refractory 
extramammary Paget disease [57]. 

Calcipotriol not uncommonly induces irritant reactions, especially 
when applied to the face. Sensitisation can also rarely occur [58-60]. 
In one case propylene glycol in the base was responsible for the reac- 
tion [61]. 

The maximum recommended dose is 100 g of ointment per week. 
Exceeding this can induce hypercalcaemia, although serious harm 
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Figure 18.12 Cutaneous atrophy and striae in a 21-year-old man from the 
unsupervised use of calcipotriol and betamethasone ointment 60 g weekly for 2 years. 


appears to be unlikely if serum calcium concentration and urinary 
calcium excretion are monitored. Efficacy in psoriasis can, how- 
ever, be improved by using higher doses [62] and in this situation, 
or when calcipotriol is used for indications other than psoriasis 
vulgaris, monitoring is advisable, especially if large areas of skin 
are treated. Obtaining serum calcium levels presents little difficulty 
but measurement of urine calcium excretion depends on obtaining 
accurate 24 h urine collections. 

There is now a wide range of dermatoses in addition to psoria- 
sis that have been reported to respond to calcipotriol, although the 
evidence is largely anecdotal. These include confluent and reticu- 
late papillomatosis [63], disseminated superficial actinic poroker- 
atosis [64], erythema annulare centrifugum [65], extragenital lichen 
sclerosus [66], Flegel disease [67], Grover disease [68,69], inflamma- 
tory linear verrucous epidermal naevus [70], keratosis lichenoides 
chronica [71], lichen amyloidosus [72], lichen planus [73], nodular 
prurigo [74], naevoid hyperkeratosis of the nipple [75], morphoea 
[76], pityriasis rubra pilaris [64], Reiter syndrome [64], ichthyoses 
[77,78], vitiligo [79], epidermolytic palmoplantar keratoderma [80] 
and alopecia areata [81]. 

Calcipotriol has not proved beneficial in trials for Darier disease 
[77], hereditary palmoplantar keratoderma [77], keratosis pilaris 
[77] or seborrhoeic dermatitis [82]. 


Maxacalcitol 

Maxacalcitol (22-oxa-calcitriol) is another analogue with efficacy in 
psoriasis similar to calcipotriol [83]. Itis used in Japan and elsewhere 
but is not marketed in the UK. 


Cytotoxic and antineoplastic agents 
5-Fluorouracil 
This pyrimidine analogue is an antimetabolite that inhibits pyrimi- 
dine metabolism and DNA synthesis. 

5-Fluorouracil (5-FU) 5% cream is a very effective treatment for 
actinic keratoses [1] and for selected patients with Bowen disease 
or superficial basal cell carcinoma. Its use for these indications 
is fully described in Chapter 141. Lesions on the scalp and face 
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respond more readily than lesions on the limbs. A commonly used 
regimen is twice-daily application for 2 weeks, but there are many 
variations on this which are used to improve tolerability: examples 
include once-daily application for 4 weeks, twice-daily application 
for a week on alternate weeks for 4 weeks, or twice-daily appli- 
cation 5 days a week for 4 weeks. A brisk inflammatory response 
should occur within the keratoses, otherwise clearing is likely to 
be incomplete; some patients require longer periods of treatment 
or polythene film occlusion to achieve clearance. Severe ulcerative 
reactions may occur but will heal within a few weeks once treatment 
is discontinued; the therapeutic outcome is generally good after a 
significant inflammatory response. Allergic contact dermatitis to 
excipients in the cream may be mistaken for a severe inflammatory 
response [2]. Combination with a potent topical corticosteroid has 
been shown to limit the intensity of the inflammatory response 
without reducing efficacy [3]. Seborrhoeic dermatitis-like eruptions 
can rarely occur at sites distant to the sites of application [4]. Com- 
bination with oral isotretinoin 20 mg daily proved to be highly 
effective in a series of cases with disseminated actinic keratoses [5]. 
Actinic cheilitis and labial keratoses may also respond [6]. When 
applied as a 5% cream to the head and neck twice daily for 2-4 
weeks, the risk of squamous cell carcinoma is significantly reduced 
for at least 12 months [7]. It may be marginally more effective 
than imiquimod in the prevention of keratinocyte carcinoma [1]. It 
produces no reduction in the signs of photoageing, such as wrin- 
kling [8]. In the treatment of actinic keratoses, the combination of 
5-FU 5% cream and calcipotriol applied twice daily for 4 days can 
greatly shorten treatment duration while preserving efficacy [9]. 
This combination has also been shown to reduce the incidence of 
progression of actinic keratoses to squamous cell carcinoma [10] 
and may be effective in the palliative treatment of extramammary 
Paget disease [11]. 

5-FU as monotherapy has also been used for a range of other 
indications including genital warts in females [12] and males [13] 
and, applied under adhesive plasters, for common warts [14], extra- 
mammary Paget disease [15], naevoid keratotic disorders including 
Darier disease [16], disseminated superficial actinic porokeratosis 
[17] and erythroplasia of Queyrat [18]. It has not found a standard 
place in the therapy of any of these conditions. In combination with 
imiquimod and tretinoin it has been recently used as a treatment 
for melanoma in situ, when excision was not possible [19]. 

Dihydropyrimidine dehydrogenase is the most important enzy- 
matic pathway for metabolism and inactivation of 5-FU. Genetic 
variation in the activity of this enzyme seems likely to account 
for some of the variability in inflammatory responses observed 
when this treatment is used topically. Systemic toxicity, including 
abdominal pain, fever, diarrhoea, mucositis and myelosuppression, 
has been reported from topical application of 5-FU in a patient with 
very low activity of this enzyme [20]. 


Bleomycin 

Bleomycin is a cytotoxic agent with antitumour, antibacterial and 
antiviral activity. It binds to DNA, causing strand scission and 
elimination of pyrimidine and purine bases. It has been used intra- 
lesionally for the treatment of recalcitrant viral warts for over three 
decades [21]. The mechanism of action in warts is not known. The 
results from two large, double-blind, placebo-controlled trials were 
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similar and showed that 75-95% of warts on the hands and 60% 
of plantar warts cleared following one to three injections of 0.1% 
bleomycin. This compared with 10% and 0% clearance in controls 
[22,23]. Pre-treatment of recalcitrant warts under local anaesthesia 
with a pulsed dye laser to induce haemorrhagic blistering before 
the injection of bleomycin has been reported to produce 60% and 
15% complete and partial response rates, respectively, at a mean of 
24 months after treatment [24]. 

The small volumes used do not cause systemic toxicity but local 
pain at the time of injection is very significant. Treatment of a periun- 
gual wart has resulted in permanent nail dystrophy [25]. The injec- 
tion pain may be better tolerated by patients who have previously 
received many unsuccessful treatments. Bleomycin must be handled 
with care, and in some countries it is no longer commonly used due 
to concerns about handling and disposal issues. 

Bleomycin has also been used in the treatment of oral leukoplakia: 
a 1% solution of bleomycin in dimethy! sulfoxide applied for 5 min 
daily for 14 consecutive days was reported to reduce lesion size and 
histological dysplasia [26]. 


Diclofenac 
This compound is a non-steroidal anti-inflammatory drug that 
has been developed in a gel formulation containing 3% diclofenac 
and 2.5% hyaluronic acid for the treatment of actinic keratosis. 
The mechanism of action remains uncertain, although it has been 
proposed that inhibition of cyclo-oxygenase may be involved [27]. 
In an open-label study in which the gel was applied twice daily 
until patients were clinically clear, for up to 180 days, 22 of 27 
patients who completed the study and were assessed 30 days after 
treatment was discontinued were judged to have had a complete 
response and another 4 (15%) showed marked improvement [28]. 
These results have been supported by double-blind trials in which 
3% diclofenac gel has been applied twice daily for 30-90 days and 
proved superior to vehicle in clearing solar keratoses [27,29,30]. 
Consistently, the largest and most statistically significant difference 
between diclofenac and vehicle has been observed at follow-up 30 
days after treatment has been discontinued. This has occurred even 
when the difference has not been significant at the end of treatment 
[30]. As assessed at this follow-up visit, the proportions of patients 
completely cleared were approximately 16% when treatment dura- 
tion was 30 days, 31% when this was 60 days, 38% for 12 weeks and 
47% for 90 days; hence the clearance rate may continue to increase 
with increasing treatment duration [30]. 

The treatment seems to be well tolerated, although pruritus is a 
potential side effect, severe irritant dermatitis is not infrequent and 
allergic contact dermatitis to topical diclofenac may occur [31]. 


Imiquimod 

Imiquimod is an imidazoquinolone that interacts with the Toll-like 
receptor 7 (TLR-7), a cell surface receptor found on cells of monocyte 
lineage [32]. The naturally occurring ligands for Toll-like receptors 
are evolutionally highly conserved microbial molecules. Interaction 
of TLR-7 with these ligands stimulates the innate immune response 
by activating a signalling pathway that results in the release of 
large amounts of interferon-«, IL-12, tumour necrosis factor a and 
other potent cytokines, which in turn promote the development of 
antigen-specific, cell-mediated immune responses. 


The first clinical application in which imiquimod proved useful 
was for treatment of genital warts. In large placebo-controlled [33] 
and open-label [34] trials, imiquimod 5% cream applied three times 
weekly for 16 weeks produced complete clearance in 35-75% of 
treated patients [33-35], although with recorded relapse rates by 3 
and 6 months of 13% [33] and 23% [34], respectively. Long-lasting 
or therapy-resistant common warts [36-38] and stucco keratoses 
[39] have also been reported to respond. Clearance rates of warts in 
children [37] may be higher than those in adults [36], though how 
imiquimod compares with rates of natural resolution has not been 
adequately studied. In the treatment of molluscum contagiosum, 
imiquimod appears to be no more effective than placebo [40]. 

Imiquimod is also effective in the treatment of actinic keratoses 
and in situ malignancy. In a placebo-controlled trial, actinic ker- 
atoses cleared in 84% of patients who applied imiquimod three 
times weekly for up to 12 weeks, but in none applying the vehicle 
control [41]. Fourteen of 15 patients with Bowen disease had no 
residual lesion after daily application for up to 16 weeks [42]. Local 
skin reactions were common, but these are thought to reflect the 
immune response to the tumour. In a series of similar size, actinic 
cheilitis responded well to imiquimod applied three times weekly 
for up to 6 weeks [43]. Partial and complete responses have been 
observed in the treatment of cervical, vaginal, vulval and penile 
intraepithelial neoplasia and Bowenoid papulosis, although results 
have not been consistent [44-46]. 

Trials on superficial basal cell carcinoma (BCC) have demon- 
strated unequivocal efficacy in dose-ranging and placebo-controlled 
studies. In superficial BCCs, resolution occurred in 81-88% of lesions 
treated daily, or treated on 5 days per week, for 6 or 12 weeks [47,48] 
with no obvious advantage of continuing to 12 weeks. Applying 
imiquimod for 6 weeks on only 3 days per week produced cure rates 
of 76%, or 87% when occluded [49]. Cure rates for nodular BCCs 
are lower, even with occlusion, and imiquimod is generally not rec- 
ommended for them [49,50], although it can be useful for periocular 
nodular BCC where excision (the gold standard treatment) is not 
possible [51]. 

Response to imiquimod has also been reported in extramammary 
[52] and vulval [53] Paget disease and in one case of porokeratosis 
of Mibelli [54]. Apparent complete clinical resolution of lentigo 
maligna has been reported [55] with a low recurrence rate [56], 
but the subsequent development of nodular melanoma has also 
been observed [57], so imiquimod is best considered as a potential 
palliative treatment for the frail or elderly, or where surgery is 
impracticable [19]; long-term monitoring is required in such cases. 
Complete [58] and partial [59,60] responses have been observed in 
cutaneous metastatic melanoma, although this does not, of course, 
prevent metastases developing elsewhere [61]. Imiquimod has also 
been reported helpful, in isolated case reports and in case series, in 
the suppression of recurrent keloids following surgery [62] and in 
discoid lupus erythematosus [63]. 


Ingenol mebutate 

This compound, a plant extract from Euphorbia peplus, is effective 
in the treatment of actinic keratoses, with the advantage of a short 
duration of treatment. The proposed mechanism of action includes 
prompt induction of cell necrosis, disruption of mitochondria, brisk 
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neutrophil infiltration and a tumour-specific immune response 
[64,65]. 

Ingenol mebutate was permanently withdrawn from the world 
market in 2020 due to concerns about the potential development of 
cutaneous squamous cell carcinoma during its use [66]. 


Mechlorethamine 

Mechlorethamine (mustine, nitrogen mustard) is a cytotoxic drug 
that is highly active when applied topically. It is an alkylating 
agent and acts by binding covalently to DNA and thus inhibiting 
replication. Its use is constrained by its marked tendency to induce 
contact allergic dermatitis, and by concerns in some countries’ 
health systems about safe disposal following topical use. Imme- 
diate hypersensitivity reactions can occur but are uncommon. It 
is also potentially carcinogenic, although the precise level of risk 
is difficult to establish, as many groups of treated patients have 
received additional carcinogenic treatments. Mechlorethamine has 
a number of dermatological applications. 

The most frequent use is in the treatment of cutaneous T-cell lym- 
phoma, once daily at concentrations of 0.01-0.02% [67]. Aqueous 
solutions and ointment formulations are highly effective. The latter 
seem to carry a lower risk of sensitisation, although irritant reactions 
still occur. In a large series, 137 patients with stage T1 or T2 dis- 
ease were treated with topical mechlorethamine alone for a median 
period of 5 years. Complete remission was achieved in the majority 
and only four progressed to a more advanced stage [67]. A new gel 
formulation appears to reduce the rate of allergic contact dermatitis, 
but increases irritancy and is less effective [68]. Topical carmustine 
is used in some centres. 

Topical mechlorethamine 0.02% can be highly effective and seems 
to be well tolerated in children with Langerhans cell histiocytosis 
[69]. In this series treatment was initially applied daily to affected 
areas of skin and the children were bathed to remove excess med- 
ication 10 min after the application was completed. The frequency 
of application was later reduced to every second or third day as the 
skin improved. Only 2 out of 20 children treated developed an irri- 
tant dermatitis [70]. 

Topical mechlorethamine has been recognised as an effective treat- 
ment for psoriasis since a placebo-controlled trial was published in 
1970, but its use is now largely historical [71]. Ulcerating lesions of 
chronic granulocytic leukaemia have been reported to respond to 
topical mechlorethamine [72]. 


Methotrexate 

Topical methotrexate has been used in psoriasis, but it is unlikely to 
become a licensed treatment and, although generally well tolerated 
and superior to placebo, results have been inconsistent [73-76]. 


Depigmenting agents 

Depigmenting agents are most frequently used by dermatologists in 
the treatment of disorders of hyperpigmentation such as melasma 
(Chapter 86). Conversely, in skin diseases associated with extensive 
depigmentation, such agents can improve the appearance of the 
skin by removing the residual patches of normal pigmentation. 
There is also high demand among populations with darker skin 
types for agents to reduce the intensity of pigmentation for cosmetic 
purposes. In parts of Africa, treatments marketed for this purpose 
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include very potent topical corticosteroids, mercury compounds 
and high concentrations of hydroquinone, up to 18%, sometimes 
labelled as dioxybenzene [1-3]. 

For melasma, hydroquinone is widely used, usually at a 2-5% 
concentration, and often combined with tretinoin 0.025-0.1%, and 
a weak topical corticosteroid such as 1% hydrocortisone, the combi- 
nation being significantly more effective at lightening melasma than 
hydroquinone alone [4]. 


Hydroquinone 

Hydroquinone (1,4-dihydroxybenzene) is widely used as a depig- 
menting agent in both clinical and cosmetic contexts. It is sold glob- 
ally over the counter in skin lightening creams at a concentration of 
2%. It probably reduces pigmentation at least partly as a result of 
inhibition of melanin synthesis, since it is known to inhibit tyrosi- 
nase. It has also been proposed that its action may be partly medi- 
ated by the release of free radicals. In animal models, the effect of the 
drug is potentiated by the use of buthionine sulphoximine or cys- 
tamine to inhibit synthesis of the protective free radical scavenger 
glutathione [5]. Its use is discussed in detail in Chapter 86. 

Epidemiological studies indicate that a very large proportion of 
the African population (perhaps the majority of women), a signif- 
icant number in India and a much smaller number in China have 
used hydroquinone cosmetically as a skin lightening agent [1-3,4,6]. 
This practice, often not disclosed to the clinician, has been strongly 
associated with the development of exogenous ochronosis [1-3,6-8]. 

The pigment in exogenous ochronosis strongly resembles that 
in the endogenous form and may result from the inhibition of 
homogentisic acid oxidase by hydroquinone. Milder cases show 
only macular ‘sooty’ pigmentation, whilst more advanced cases 
develop irregular stippling, papulation and pigmented colloid milia 
[8,9]. These features tend to be most prominent over the areas of 
skin most intensely exposed to the sun. Histologically, deposits 
of pigment are observed in the papillary and reticular dermis 
and probably represent accumulations of the pigment in associa- 
tion with degenerated collagen [9,10]. Characteristic dermoscopic 
findings of distinctive blue-grey dots and globules, obliterating 
follicular openings, are reported [6]. 

In many countries, the concentration of hydroquinone in cosmetic 
products has been legally restricted to 2%, with the aim of reducing 
the risk of ochronosis. However, it is not established that this risk is 
dependent on the concentration, and prolonged use, even of a 2% 
concentration, may be equally relevant [6,11]. Use of hydroquinone 
should be limited to 6 months to minimise the risk of ochronosis, and 
concomitant photoprotection is important. Higher concentrations of 
hydroquinone may cause more irritancy [4]. Hydroquinone should 
be avoided in pregnancy, although over-the-counter products are 
often not labelled to advise avoidance of use during pregnancy [12]. 

In striking contrast to Africa, exogenous ochronosis seems to be 
rare in the USA, even though hydroquinone-containing compounds 
are widely used there [13-15]. Possible explanations put forward for 
this paradox in the USA include concomitant use of sunscreens, rel- 
atively cautious use of these compounds and underreporting, and in 
Africa the use of different formulations (especially hydro-alcoholic 
solutions), combined use with other compounds and intense solar 
irradiation. 
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Exogenous ochronosis occurs mainly in black skin, although occa- 
sional cases have occurred in Hispanics, Chinese and people with 
white skin [6,15]. The relatively high levels of enzyme activity asso- 
ciated with melanin synthesis in black skin, and additional stimula- 
tion of these pathways by intense sun exposure, seem to be required 
for ochronosis to develop. 

Ochronosis is very difficult to treat, but Q-switched lasers with 
long wavelength may be helpful [16]. 


Kligman cream 

This formulation comprises 5% hydroquinone, 0.1% tretinoin 
and 0.1% dexamethasone in hydrophilic ointment [17]. It has 
been widely used as a depigmenting treatment, especially for 
melasma. Variations on this preparation are widely used globally; 
when a potent topical steroid such as mometasone furoate 0.1% is 
substituted, predictable corticosteroid side effects occur [4]. 


Monobenzyl ether of hydroquinone 
Skin bleaching with 20% monobenzyl ether of hydroquinone 
(monobenzone) is generally reserved for the treatment of carefully 
selected cases of vitiligo. The resulting depigmentation may be per- 
manent, so this treatment is only suitable for those with extensive 
disease, in whom the appearance of the skin would be improved 
by removing the residual pigment. Patients should be warned that 
results are unpredictable. Treatment may need to be prolonged 
and is not always successful [18]. Depigmentation may occur at 
sites other than those being treated. Spontaneous repigmentation 
may occur unexpectedly after cessation of the treatment, slowly or 
rapidly, at both treated and untreated sites [19]. Contact dermatitis 
can develop [18,20]. It has also been reported that this treatment 
may cause corneal and conjunctival pigmentation [21]. 

The addition of monobenzyl ether of hydroquinone to cosmetic 
skin lightening preparations caused an epidemic of leukomelano- 
derma in South Africa during the early 1970s [9]. 


Additional phenol derivatives 

Mequinol (4-hydroxyanisole, 4-methoxyphenol) is another phenol 
derivative with depigmenting properties. It is a constituent of a com- 
mercially formulated solution containing 2% mequinol and 0.01% 
tretinoin, marketed for the treatment of solar lentiginosis. In trials 
with a treatment duration of 24 weeks, this combination appeared to 
be more effective than either of the constituents used alone, or than 
placebo [22]. Mequinol has also been used with benefit in the treat- 
ment of melasma, but there is insufficient evidence to date to recom- 
mend its use [4]. Mequinol 20% cream has been successfully used to 
remove residual pigmentation in severe vitiligo, with efficacy con- 
sidered comparable with monobenzy] ether of hydroquinone [23]. 


Retinoic acid 

Retinoic acid (tretinoin) has been successfully used to reduce pig- 
mentation in a variety of disorders including melasma [24], actinic 
lentiginosis [25,26] and post-inflammatory hyperpigmentation [27]. 
In most trials, tretinoin 0.1% cream has been used for 40 weeks. 
Retinoid dermatitis is a common side effect and may result in 
postinflammatory hyperpigmentation. Some mild reduction of 
pigment may occur in normal skin surrounding the treated areas. 
The mechanism of action is not fully understood, but may be at 


least partly explained by a reduction in melanogenesis consequent 
upon reduction of tyrosinase activity [28]. 

Attempts have been made to use other retinoids for this purpose, 
with variable results; 10% all-trans retinol gel proved effective, 
although irritant, in a Japanese study [29]. A study on the use of 
topical 0.05% isotretinoin in melasma showed no difference from 
placebo after 40 weeks [30]. 


Azelaic acid 

This non-phenolic dicarboxylic acid is a relatively safe, although 
mildly irritant, agent with several roles to play in dermatology. As 
a depigmenting agent, azelaic acid is moderately effective in the 
treatment of melasma. The proposed mechanism is direct or indirect 
inhibition of tyrosinase [31]. Azelaic acid 20% cream proved more 
effective than 2% hydroquinone cream after 24 weeks of treatment 
[32]. In two other studies with the same treatment duration, 20% 
azelaic acid proved equivalent in efficacy to 4% hydroquinone 
cream [33,34]. Another study on facial hyperpigmentation in darker 
skinned individuals compared a combination of azelaic acid 20% 
cream and glycolic acid 15% or 20% lotion, with 4% hydroquinone 
cream; similar efficacy was observed from the two regimens [35]. 
Azelaic acid has also proved effective in the treatment of Kitamura 
reticulate acropigmentation [36]. 

Azelaic acid has antineoplastic properties, inhibiting mitochon- 
drial enzymes and DNA synthesis [4,37], and has been used as 
a palliative treatment for lentigo maligna and melanoma [38,39], 
although some cases of lentigo maligna have progressed to invasive 
melanoma whilst using this treatment [39]. 

Azelaic acid 20% cream is effective in the treatment of acne and 
rosacea [40,41]. This is likely to be due to a combination of anti- 
microbial and anti-inflammatory properties. It inhibits the growth 
of Propionobacterium acnes and Staphylococcus epidermidis, the produc- 
tion of free radicals by polymorphonuclear leukocytes [42], and the 
growth of dermatophytes [43] and antibiotic-resistant Staphylococcus 
aureus [44]. 


Kojic acid 

This is a fungal metabolite known to inhibit tyrosinase by chelating 
copper at the active site of the enzyme [4,45]. Used at 14%, it is a 
constituent of over-the-counter depigmenting creams sold globally. 
In the treatment of melasma, 1% kojic acid proved of equal efficacy to 
2% hydroquinone when each was used in combination with glycolic 
acid [46,47], but it is less effective when used as monotherapy [4]. 


Liquiritin 

This compound, which can be extracted from liquorice (Glycyrrhiza 
glabra) and other herbal sources, has been reported to be effective in 
reducing the pigmentation of melasma in a double-blind trial [48]. 


Arbutin 

Arbutin is a derivative of D-glucopyranoside that competitively 
inhibits tyrosinase and is cytotoxic to melanocytes [4,49]. A 3% 
preparation in combination with 4% nicotinamide and 1% bis- 
abolol and 0.05% retinal has resulted in improvement in melasma 
and it has also been used successfully in combination with the 
neodymium:yttrium-aluminium-garnet (Nd:YAG) laser [4]. 
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Ascorbic acid (vitamin C) 

Ascorbic acid acts as a reducing agent at various oxidative steps in 
melanin synthesis, but preparations can be unstable due to rapid 
oxidation. Ascorbic acid 5% has less adverse effects than 4% hydro- 
quinone, but is less effective [4]. 


Niacinamide 

Niacinamide, the active amide of vitamin B3, inhibits the transfer of 
melanosomes to keratinocytes. A 4% cream is better tolerated than 
4% hydroquinone, but is slightly less effective [4]. 


Resveratrol 

Resveratrol, a polyphenol found in many edible plants, including 
grape skin, inhibits tyrosinase and has potent antioxidant effects. It 
is unstable in cosmetics and is acetylated to resveratryl triacetate to 
improve stability. At a concentration of 0.8% it reduces skin pigmen- 
tation in human volunteers exposed to UV light, and resveratry]l tri- 
acetate 0.4% in combination with glycolic acid reduces UV-induced 
tanning in human volunteers [50]. 


Other agents 

Topical tranexamic acid, 4-n-butyl resorcinol, flutamide 1% cream 
and glycolic acid 5-10% (used as an exfoliator to brighten the skin) 
are other agents that may be effective in lightening skin pigmenta- 
tion [4,51-53]. 


Depilatories 

Depilation can be defined as temporary removal of hair, whilst epila- 
tion denotes permanent destruction of the follicle. Epilation requires 
physical methods of destruction of the follicle such as electrolysis, 
lasers and intense pulsed light (IPL). Depilation can be achieved by 
shaving, waxing, plucking, threading and by use of topical depila- 
tory creams. Systemic androgen antagonists have a role to play in 
some cases; only topical treatments are discussed here. 

Traditional depilatory creams depend upon breaking the disul- 
phide bonds in hair. Three main classes are used. The oldest are 
various sulphides (e.g. 20% strontium or barium sulphide), which 
have a powerful effect but may irritate, and in the presence of water 
generate malodorous hydrogen sulphide. They are effective on ter- 
minal hair in the axillae. Thioglycolates are being used more fre- 
quently, but they are slower to work than sulphides. Concentrations 
of 2.5-4% produce an effect in 5-15 min. Substituted mercaptans 
(thioalcohols) are those most widely used. They work slowly, but are 
suitable for use on the face. The hair shafts are only removed down 
to skin surface level, so the reduction in hair is of short duration. 
Irritant dermatitis may occur. 

Eflornithine hydrochloride is an irreversible inhibitor of ornithine 
decarboxylase, an enzyme required for hair growth. This is mar- 
keted as an 11.5% cream, applied twice daily, that can slow the 
growth of facial hair, and was approved by the US FDA for topical 
treatment of hirsutism in 2000. A response takes 4-8 weeks to 
develop and the effect wears off over a similar period when the 
treatment is discontinued, so treatment needs to be ongoing [1]. The 
benefit seems to be rather modest in many cases, with only 32% of 
patients reporting marked improvement [1-3]. Some irritation may 
occur, but contact sensitisation is rare. In a prospective randomised 
clinical trial, the combination of IPL and eflornithine was much 
more effective than IPL alone [4]. 
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Sensitising agents 

These chemicals are known as universal sensitisers. The princi- 
pal ones used clinically have been dinitrochlorobenzene (DNCB), 
squaric acid dibutyl ester (SADBE) and diphencyprone (diphenyl- 
cyclopropenone, DCP). Almost every individual will develop 
allergic dermatitis after repeated skin contact with these substances, 
usually after the first exposure. Animals are also readily sensitised. 

For many years dermatologists have tried to utilise the induction 
of contact sensitisation, using these and other allergens to manip- 
ulate immune responses to advantage in a wide variety of benign 
and malignant skin diseases [1]. Numerous attempts have been 
made, with some reported success, to use sensitisers to stimulate 
an immune response to malignancies including melanoma [1,2]; 
for example, there are isolated reports showing benefit in cuta- 
neous melanoma metastases not responding to immune checkpoint 
inhibitor treatment alone [3]. Currently, topical sensitisers have 
found two main roles in dermatology: for alopecia areata and for 
viral warts [1]. 

The sensitisers that have been most intensively investigated are 
DNCB, SADBE and DCP. The earliest of these to be used was DNCB, 
which was subsequently found to be mutagenic, and is no longer 
routinely used in clinical practice. The use of SADBE or DCP avoids 
this hazard, and DCP has the advantage of a practical shelf-life. The 
latter has therefore become the most widely used sensitiser for the 
treatment of alopecia areata and warts. DCP does not cross-sensitise 
patients to any other household or medicinal substances. An addi- 
tional advantage is that it is photochemically unstable and degrades 
in the presence of visible light. Accidental spills will therefore not 
result in longlasting environmental contamination. Because of this 
property, DCP must be stored in the dark, and is dispensed in dark 
brown bottles. 

The precise mechanisms by which induction of contact allergy can 
induce hair regrowth in alopecia areata have not been established. It 
seems likely that regulatory mechanisms activated to modulate the 
contact allergic reaction also downregulate the autoimmune reac- 
tion responsible for the alopecia. Increased production of IL-10 may 
explain this effect [4]. DNCB [5], SADBE [6] and DCP [7] have all 
been shown to stimulate hair regrowth on treated areas of the scalp 
in studies using untreated areas as a control. The same effect has 
been achieved, in sensitised individuals, by use of Primula leaves [8] 
and nickel patch test reagent [9]. 

Hair regrowth on one side of the scalp that has been treated with 
allergen, whilst there is none on the other side, has been clearly 
demonstrated in innumerable studies, and constitutes part of the 
treatment regimen in many protocols. Sensitisation can usually be 
achieved by the application of 2% concentration of DCP to the skin 
of a small area of the scalp or upper arm, repeated after 1-2 weeks 
if there is no reaction. Subsequent treatment can begin with a 0.01% 
solution and usually continues on a weekly basis, adjusting the 
concentration as required to maintain mild dermatitis. Attempts 
have been made to achieve the same effect by the use of a simple 
inflammatory response induced by contact irritants. Phenolics, 
cantharides, camphor and other irritants have been used for many 
years, mostly without controlled trials [10]. Trials using croton oil 
and retinoic acid have not confirmed a response to these irritants 
[10,11]. With the possible exception of dithranol [12], it has proved 
difficult to establish the efficacy of irritants. 
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The effect of contact sensitisation in alopecia areata is of value 
to patients who are particularly distressed by the condition. In 
a meta-analysis, complete regrowth was observed in 24.9% of 
patients with alopecia totalis/universalis. However, recurrence 
rates are high, occurring in 38.3% of patients receiving maintenance 
treatment and 49.0% of those not receiving maintenance treatment. 
Disease extent of 50% or greater, atopic history and nail involvement 
were associated with poorer therapeutic outcomes [13]. In children 
with alopecia areata, the efficacy of satisfactory hair regrowth has 
been reported to range from 11% to 33% [14]. 

In the treatment of warts with topical sensitisers, most published 
efficacy data are retrospective, and published controlled trials 
have been small and inconclusive [1,15]. A Cochrane review found 
two controlled trials showing that DNCB was more than twice 
as effective as placebo [16]. Uncontrolled data are convincing but 
inconsistent, perhaps because treatment regimens have also been 
variable [1]. The best results with DCP have been obtained by 
first sensitising patients at a site remote from the warts and then 
applying DCP 0.01-6% to the lesions at intervals of 1-4 weeks. 
Complete clearance was reported in 70-85% of patients with this 
method [17,18]. Again, the mechanism of action has not been fully 
clarified but it is likely that the induction of an inflammatory reac- 
tion within the wart induces an influx of immunocompetent cells, 
which can then promote an appropriate immune response to the 
infecting human papillomavirus. The reaction is non-specific, and 
allergic contact dermatitis to alkyl bromide has also resulted in the 
contemporaneous clearance of longstanding viral warts [19]. A com- 
bination of DCP and acitretin may improve efficacy in resistant viral 
warts [20]. DCP can clear recalcitrant viral warts in immunosup- 
pressed patients, including patients on biologic treatment, but 
with a lower rate of efficacy than in the immunocompetent, with a 
requirement for more prolonged treatment [21]. 

Topical contact sensitisers have been used with success in the 
treatment of ano-genital warts in children [22], molluscum conta- 
giosum [23], including recalcitrant molluscum contagiosum in the 
context of HIV infection where antiretroviral treatment alone was 
ineffective [24], and in the prevention of recurrent herpes simplex 
labialis [25,26]. 

Adverse effects of topical contact sensitisers include hypopigmen- 
tation and/or hyperpigmentation at the sensitisation and/or treat- 
ment sites in darker skin types, regional lymphadenopathy during 
treatment (particularly in the treatment of alopecia areata), persis- 
tent dermatitis, bullous reactions, (rarely) urticaria and (very rarely) 
anaphylaxis [1,27]. 


Sunscreens 

It is likely that in the early evolution of Homo sapiens, pigmentation of 
the skin developed primarily as protection from the risk of sunburn. 
Subsequent migration away from our equatorial origins reduced the 
risk of sunburn, and skin pigmentation was lost in order to facili- 
tate adequate penetration of UVB into the skin for photochemical 
synthesis of vitamin D. Unlike vitamin D deficiency, the adverse 
consequences of this loss of endogenous sunscreen may not have 
reduced genetic fitness, since they tend to occur mainly in later life. 
However, individuals with white skin are clearly at greater risk from 
melanoma and non-melanoma skin cancer as well as photoageing. 


Sunscreens, if applied correctly, reduce UV penetration into the 
skin. This may enable those with fair skin, who would normally 
burn with any significant sun exposure, to expose themselves to 
intense sunlight for prolonged periods, thus achieving a signifi- 
cantly greater cumulative UV irradiation than would otherwise 
have been possible. This is especially likely to happen if sunscreens 
with low protection against UVA are used. The ideal sunscreen 
should block completely the transmission of both UVB (280-320 nm) 
and UVA (320-400 nm), whilst at the same time be cosmetically 
acceptable (for example, not stain clothing) and pleasant to use. 
Additional desirable properties are durability on the surface of the 
skin, including photostability and water resistance. The latter is 
especially important if the sunscreen is to be used when swimming. 
Sunscreens are generally more effective in blocking UVB than UVA 
but effective filtration of UVA is as important. Recent studies have 
shown that, although UVB causes much more DNA damage than 
UVA to cells near the epidermal surface, the epidermal basal layer 
is particularly sensitive to UVA, which is able to penetrate easily 
through the epidermis to inflict DNA damage (as measured by 
cyclobutane pyrimidine dimer formation) at the level at which both 
melanocytes and basal keratinocytes are located [1,2]. It is now 
thought that UVA exposure is a signicant contributor to carcinogen- 
esis [3-5] as well as to photoageing [6,7]. UVA has also been shown 
to induce local immunosuppression [8,9], can play a central role 
in photodermatoses such as polymorphic light eruption [10] and 
drug-induced photosensitivity [11], and penetrates window glass. 

No single compound can achieve all the desired aims, so most 
commercial formulations contain a mixture of active constituents. 
These fall into two broad categories: physical sunscreens that act 
by reflecting and scattering UV light, and chemical agents that 
absorb UV light [7,12-14]. Frequently used compounds are listed in 
Table 18.9. 

Physical agents such as titanium dioxide and zinc oxide can block 
a broad spectrum of UVB, UVA and visible light; the latter property 
may be important in some photodermatoses in which there is sen- 
sitivity to visible light. Their efficacy against UVA and visible light 
depends on particle size. Larger particle size results in superior effi- 
cacy but reduced cosmetic acceptability due to the increased whiten- 
ing of the skin (which is, of course, reflection of visible light). There 
has been some concern over the potential for UV light to interact 
with zinc and titanium oxides and release free radicals [15]. For- 
tunately, the oxide particles do not seem to penetrate the stratum 
corneum and the risk would appear to be very limited [16]. The US 
FDA deems physical sunscreens to be very safe [17]. 

Chemical agents vary in their absorption of UV radiation, with 
some blocking predominantly UVB whilst others absorb UVA. Rel- 
atively few absorb longwave UVA (UVA1: 340-400 nm), exceptions 
being butylmethoxydibenzoylmethane, which has an absorption 
spectrum of 320-400 nm, and terephthalylidene dicamphor sulfonic 
acid, with an absorption spectrum of 290-400 nm. Some, such as 
butylmethoxydibenzoyl methane, become unstable when exposed 
to UV light, and hence potentially less effective in products exposed 
to UV over time, but this can be counteracted by combining it 
with other sunscreens such as benzophenone-3 [7]. Chemical UV 
blockers may cause irritant, allergic, phototoxic or photoallergic 
reactions. Benzophenones are probably the commonest sensitisers, 
whilst dibenzoylmethanes, para-aminobenzoic acid (PABA) and 
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Table 18.9 Compounds used as active constituents of sunscreens. 


Type of UV light protected against 


Physical agents 
Titanium dioxide 
Zinc oxide 

Ferrous (iron) oxide 
Mica (talc) 
Calamine 
Ichthammol 

Kaolin 


VA, UVB, visible 
VA, UVB, visible 
VA, UVB, visible 
, UVB 
VA, UVB 
VA, UVB 
VA, UVB 
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Chemical agents 
Anthranilates (e.g. methyl UVA 
anthranilate) 
Methoxybenzenes (e.g. UVA, UVB 
bis-ethylhexyloxyphenol 
methoxyphenyl 
triazine/bemotrizinol/Tinosorb® S) 
Camphor derivatives (e.g. UVA, UVB 
terephthalylidene dicamphor 
sulfonic acid/ecamsule/Mexoryl® 
SX and 3,4-methylbenzylidene 
camphor/enzacamene/Eusolex® 
6300) 
Benzophenones (e.g. UVA, UVB 
benzophenone-3/oxybenzone) 
Benzotriazoles (e.g. methylene UVA, UVB 
bis-benzotriazolyl 
tetramethylbutylphenol/ 
bisoctrizole/Tinosorb M and 
drometrizole 
trisiloxane/silatriazole/Mexoryl XL) 
Cinnamates (e.g. octyl methoxy UVB 
cinnamate/octinoxate) 
Dibenzoylmethanes (e.g. UVA 
butylmethoxydibenzoyl 
methane/avobenzone/Parsol® 
1789 and 4-isopropyl- 
dibenzoylmethane) 
Octocrylene UVB 
Para-aminobenzoic acid (PABA) and UVB 
derivatives (e.g. ethylhexyl 
dimethyl PABA/padimate O) 
Phenylbenzimidazole sulfonic acid UVB 
Salicylates (e.g. benzyl salicylate, UVB 
ethyl hexyl salicylate/octisalate 
and homomenthyl 
salicylate/homosalate) 


cinnamates may cause photoallergic dermatitis [18,19]. Allergy may 
also be due to other constituents such as fragrances and stabilisers. 

Sunscreens are frequently added to cosmetics; 60% of leave-on 
haircare products contain sunscreens [20]. Benzyl salicylate, a 
chemical sunscreen, has been linked with the development of 
frontal fibrosing alopecia in males and females, either by induction 
of allergic contact dermatitis or through endocrine or enzymatic 
pathways [20,21]. It is present in 46% of leave-on hair products, 61% 
of fine fragrances, 26% of cosmetic and hygiene products sold in 
supermarkets, and in 8% of domestic cleaning products [21]. 

Sun protection factor (SPF) labelling was introduced to help con- 
sumers evaluate the level of protection from UVB and the risk of 
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sunburn. Unfortunately, different systems of assay are used in dif- 
ferent countries, making direct comparisons very misleading. How- 
ever, all depend on deriving a ratio of the time or the amount of 
energy to reach a given end point (such as minimal redness) when 
using the sunscreen, to that required without using the sunscreen: 


Dose of UVB radiation producing minimal 


eee erythema with sunscreen 
~ Dose of UVB radiation producing minimal erythema 


without sunscreen 


It should be noted that the SPF is based on the presumption that 
sunscreen is applied in a sufficient quantity to produce a specified 
thickness on the skin, usually 2 mg/cm”. This is more than is used 
by most people. In a prospective study measuring actual usage 
of sunscreen by young adults on holiday, the median thickness of 
sunscreen applied was calculated to be less than 0.4 mg/cm? [22]. 
It is generally accepted that the thickness of sunscreen application 
on which SPF calculation is normally based is far greater than 
that which is generally used — which is usually taken as around 
0.5 mg/ cm? [23]. There is an exponential reduction in SPF with 
decreasing thickness of application so that sunscreens declared to 
provide SPFs of 4, 8 and 16 would in fact result in SPFs of only 1.4, 
1.7 and 2.0 with such typical usage [23]. Nowadays many higher 
SPF sunscreens (SPF >50) are available and should provide an SPF 
of 15 or more in typical conditions [24]. The UV radiation dose 
reaching the skin is doubled between SPF 60 and 30 (1.7% versus 
3.3%) and again between SPF 30 and 15 (3.3% versus 6.7%) [25]. 
There has been some debate as to whether increasing SPF beyond 
50 provides any additional benefit. This has, however, been demon- 
strated in vivo in a blinded study in which there was a significantly 
greater protection from sunburn provided by an SPF 85 sunscreen 
compared with an SPF 50 preparation [24]. 

It is important that a sunscreen also provides adequate protection 
from UVA. A star system from 1 to 5 is often used in the assessment 
of protection against UVA [7]. Most modern sunscreens provide pro- 
tection against UVA as well as UVB. Measurement of resistance to 
water has also not been standardised and can be assessed by several 
methods [26]. 

Whilst it would seem likely that correct use of sunscreens reduces 
the risk of malignancy, this has not been easy to confirm, espe- 
cially in retrospective studies. Part of the difficulty is the presumed 
association between the use of a sunblock and a desire for sun 
exposure. Sunscreens have been shown to reduce UV-induced 
immunosuppression, which is considered to play a role in cuta- 
neous carcinogenesis. Both the sensitisation [27] and elicitation 
[8] phases of immune responses can be preserved by the use of 
sunscreens. In a hairless mouse model, sunscreen combinations that 
block both UVA and UVB prevent cutaneous keratinocyte carcino- 
genesis, but individual sunscreen components that claim to block 
both UVA and UVB will not always prevent carcinogenesis [28]. 

Ina placebo-controlled trial in a high-risk population, appropriate- 
strength sunscreens were shown to be effective in reducing the 
incidence of actinic keratoses [29]. In an Australian prospective 
controlled study, regular use of sunscreen reduced the incidence 
of new squamous cell but not basal cell carcinomas [30], although 
a Cochrane review found the evidence in this trial to be of low 
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quality [31]. A study of BCCs indicated that there were fewer 
p93 mutations in those that developed in patients who had used 
sunscreen. This might be indicative of effective protection against 
UV-induced DNA mutations [32], but these are not the only fac- 
tors involved in the development of BCCs. Another important 
population who require protection with sunscreens are patients 
who are immunosuppressed such as organ transplant recipients, 
patients taking azathioprine, ciclosporin or biologic agents, and 
patients with haematological disease. The use of sunscreen in trans- 
plant patients is increased by an intense educational programme, 
although the use of protective clothing increases more [33]. A recent 
reduction in the incidence of keratinocyte cancer in transplant 
patients may be related to changes in immunosuppressive regimens 
as well as sun protective behaviour [34]. 

Whether the risk of melanoma is reduced by the use of sunscreens 
is also a difficult question to answer. Two case-control studies have 
linked sunscreen usage to an increased incidence of melanoma, 
especially if sunscreens with an SPF below 10 are used [35,36]. 
These findings may possibly be explained in part by the proba- 
bility that the subjects studied had previously used sunscreens 
that provided protection against UVB radiation alone, and were 
thus able to expose themselves to higher doses of solar radiation 
than those who did not use sunscreen. A randomised controlled 
trial showed a significant decrease in the development of invasive 
melanomas with regular use of sunscreen, but did not show a 
statistically significant decrease in the total number of melanomas 
[37]. Other studies have examined the development of naevi as 
a marker for risk of melanoma. A retrospective epidemiological 
study from Israel found that use of sunscreen was associated with 
a higher number of naevi [38]. Conversely, a prospective controlled 
trial from Vancouver demonstrated a reduced rate of development 
of naevi over a 3-year period in children provided with sunblock 
and instructed on its use. The effect was especially evident in those 
children who were freckled [39]. 

In addition to the protection of healthy skin, sunscreens have 
an important role in the management of patients with photoder- 
matoses. The commonest of these, polymorphic light eruption, 
often seems to show rather limited benefit from sunscreens but may 
respond well to formulations that block a broad spectrum of UVA 
including longer wavelengths [40]. Sunscreens effective in blocking 
the offending wavelengths of UV light can also be helpful in the 
management of less common photodermatoses including actinic 
prurigo, chronic actinic dermatitis, hydroa vacciniforme, lupus 
erythematosus [41], porphyrias and solar urticaria (Chapter 126). 

Whether sunscreens are applied to prevent solar damage to 
healthy skin or to manage a photodermatosis, it is important that 
these should not be regarded as the only means of limiting sun 
exposure. Staying indoors during the hours of peak sunlight inten- 
sity, and covering the skin with suitable clothing and headwear 
when outdoors, constitute more effective strategies than using 
sunscreens. 


Tars 

Tars are distillation products of organic material. Tars derived from 
wood have been used in the topical treatment of skin disease for 
millennia, including by the ancient Greeks; tars derived from shale, 
and especially coal, more recently [1]. By their nature, these products 


contain vast numbers of chemical constituents, and are difficult to 
standardise. 


Wood tars 

Oils of cade (juniper), pine, beech and birch are used for treating 
eczema and psoriasis. Oil of cade is particularly used in scalp 
preparations or when tar preparations are needed on the face. 
Wood tars are normally applied in 1-10% strength in various for- 
mulations including ointments, pastes, paints and shampoos. Pine 
tar has antipruritic, anti-inflammatory, antibacterial and antifungal 
effects. It is thought to reduce DNA synthesis and mitotic activity, 
which promotes a return to normal keratinisation. Bathing in pine 
tar improves atopic dermatitis in children, whereas bathing in 
tea does not [2]. Pine tar and topical triamcinolone have a similar 
suppressive effect on inflammation [1]. Irritation from wood tars is 
uncommon, especially with pine tar, but may occur when treating 
unstable, facial or flexural psoriasis. Wash-off pine tar products 
may be better tolerated [1]. Folliculitis occurs occasionally. Wood 
tars do not photosensitise and have an excellent safety profile, but 
may occasionally induce allergic sensitisation, for example pine tar 
contains terpenes related to colophonium, turpentine and linalool. 


Shale tars (bitumen) 

Ichthammol (ichthyol) is shale tar. It contains a very high proportion 
of organic sulphur. Shale tars have antiseptic and anti-inflammatory 
properties that can be useful in the management of eczematous der- 
matoses, but they are generally less effective than coal tars. They are 
not photosensitisers. Ichthammol is often used in paste bandages for 
treating atopic eczema. 


Coal tar 

Coal tar is a black, viscous fluid with a potent characteristic smell, 
a product of various distillates of heated coal. The precise chemical 
composition of the tar depends on the source of the coal and the 
temperature of the distillation, as well as any subsequent processing. 

Coal tar has been used for decades to treat psoriasis and other 
inflammatory skin diseases. It is still used in the treatment of psori- 
asis, either alone or in combination with UVB, and is the basis of the 
Goeckerman regimen combining tar and UVB [3] (Chapter 35). This 
regimen is still used in many countries, including the USA. Crude 
coal tar (black tar) 2-10% or liquor picis detergens 20% preparations 
are used, in combination with broad- or narrow-band UVB. The 
Goeckerman regimen has the advantage of an excellent safety 
profile, including in pregnancy, and can induce remission periods 
of more than a year. An adapted version may also be used to treat 
atopic eczema [4]. The time commitment of 4-5 hours’ treatment 
per day at a hospital out-patient unit, 5 days per week for 6 weeks, 
is a potential disincentive for patients. Purified coal tar 3% with 
salicylic acid 6% once daily for 12 weeks applied to chronic plaque 
psoriasis is as effective as calcipotriol/betamethasone dipropionate 
ointment, although the onset of efficacy is slightly slower [5]. Coal 
tar is superior in efficacy to vehicle [6] and 5% is superior to 1% 
crude coal tar [7]. 

Randomised controlled trials support the use of coal tar products 
in terms of efficacy, cost and their low side effect profile in the treat- 
ment of both psoriasis and atopic dermatitis [8]. Prior to the advent 
of topical corticosteroids, coal tar was widely used in the treatment 
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Figure 18.13 Crude coal tar in white soft paraffin being applied to chronic plaque 
psoriasis. 


of eczematous dermatoses and it remains useful as an alternative 
to steroids, as a steroid-sparing agent and as an antipruritic. Coal 
tar can be added to paste bandages, although ichthammol is often 
preferred. 

The disadvantages of coal tar include the smell, messiness 
(Figure 18.13), staining of clothing, potential for irritancy, pho- 
totoxicity (from both UVA and visible light) and rarely allergic 
sensitisation [9]. There may be cross-sensitisation with wood tars 
[10]. Prolonged contact is usually required for good results. Over 
the years, a wide range of more ‘acceptable’ formulations of tar 
have been developed, as creams, ointments, pastes, bath additives 
and shampoos, with a view to improving acceptability. None of 
these completely removes the odour or the risk of staining clothing. 
A study comparing 5% liquor carbonis detergens (an alcoholic 
solution of crude coal tar) with calcipotriol 0.005% cream found 
significantly better results with coal tar, with less relapse on with- 
drawal [11]. Many dermatologists believe that the more ‘acceptable’ 
tar extracts have tended to be less effective than crude coal tar, 
but only extracts are now commercially available. The range of 
proprietary products has also diminished in recent years, due to 
reduced uptake by patients, a reduction in the provision of nurse 
day treatment and in-patient beds, deskilling of doctors and nurses 
in the use of tar, shortages of raw ingredient materials for manufac- 
turing tar preparations, concerns over possible carcinogenicity and, 
in particular, increased use of systemic immunosuppressants and 
monoclonal antibody treatments. 

The active constituents, and the mechanisms by which tar exerts 
its effects, remain uncertain. Tar plus UV light reduces epidermal 
DNA synthesis [12,13]. This may be related to the formation of 
cross-links between opposite strands on the DNA double helix [14]. 
A cytostatic effect of crude coal tar has also been postulated [15], 
following the finding that prolonged application to normal skin pro- 
duces epidermal thinning associated with retention hyperkeratosis. 
In the treatment of atopic eczema, coal tar may promote restoration 
of skin barrier function, upregulating the expression of key barrier 
proteins such as filaggrin, and exert anti-inflammatory activity 
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through interaction with the aryl hydrocarbon receptor, increas- 
ing epidermal differentiation and suppressing the Th2 cytokine 
response [16]. 

The well-established carcinogenicity of pitch and heavy tar frac- 
tions, which contain large quantities of polycyclic aromatic hydro- 
carbons, has given rise to concerns about potential carcinogenicity 
of tar preparations intended for use on human skin [17,18]. Reports 
of malignant tumours in humans in relation to tar therapy are his- 
torical and rare. Rook et al. reported five cases [19] and Greither et al. 
13 cases [20]; most had genital or groin involvement, but these are 
nowadays unlikely sites for tar application. Several large, long-term, 
follow-up studies have shown no increase in the incidence of skin or 
bladder tumours [21,22-25]. 


Antihistamines 

Topical antihistamines (e.g. diphenhydramine, mepyramine 
maleate, promethazine) are widely employed in non-prescription 
preparations as antipruritic agents. The efficacy of such preparations 
is questionable. Limited efficacy, combined with the marked poten- 
tial for many antihistamines to sensitise when applied topically, has 
tended to deter dermatologists from advocating them. 

Topical application of doxepin, a potent H,- and H,-receptor 
antagonist and anticholinergic agent, reduced the pruritus asso- 
ciated with atopic eczema [1] and other eczematous dermatoses 
such as lichen simplex [2], in placebo-controlled trials. Doxepin 
mouthwash reduces pain from radiation-induced mucositis signif- 
icantly more than placebo [3]. Like other topical antihistamines, 
this compound may sensitise [4,5]. Systemic absorption may be 
significant, especially in children, and may give rise to sedation 
[1,2,6]. 


Antiperspirants 

Most antiperspirants marketed for cosmetic purposes contain alu- 
minium chloride hexahydrate. In contemporary products, refined 
formulations of aluminium chlorohydrates (or aluminium zir- 
conium complexes) are often used to maximise precipitation of 
aluminium hydroxide within the sweat duct [1]. Cosmetic antiper- 
spirants are often combined with antimicrobial agents that reduce 
axillary odour by inhibiting the action of bacterial metabolism 
on various components of apocrine sweat. Fragrances are often 
added to mask or adjust the odour in various ways, around eight 
individual fragrances being labelled in the average product [2], 
and 91% of products containing fragrances [3]. Hence sensitisation 
may occur; axillary dermatitis is a frequent presenting symptom of 
fragrance allergy. The management of hyperhidrosis is discussed in 
Chapter 92. 

In treatment of hyperhidrosis of the axillae, palms and soles, 
higher concentrations of aluminium chloride hexahydrate (e.g. 
20-25% in ethanol) are generally used as first line treatment. These 
are more effective, more irritant and more likely to damage clothing 
than cosmetic formulations. Blockage of the sweat duct is regarded 
as the principal mechanism of action [1,4], although secondary 
degeneration of the secretory cells may develop after long-term use, 
as a result of the increased pressure in the duct [5]. For maximal 
efficacy the treatment should be applied when the skin is dry and 
sweating is minimal. Drying the axilla with a hairdryer ona low heat 
before application may be beneficial. Application at night is often 
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recommended and this also helps minimise damage to clothing. 
Polythene occlusion may enhance efficacy and irritancy. Irritation 
often limits the use of this treatment but may settle with reduced 
frequency of application and the use of a mild or moderately potent 
topical steroid. 

Traditional remedies that have fallen out of favour include the 
aldehydes. These are believed to work by a similar mechanism to 
aluminium salts. Aqueous glutaraldehyde solution (up to 10%) can 
be applied on a swab to the soles of the feet [6,7]. The keratin stains 
orange-brown when higher concentrations are used. Formaldehyde 
solution BP (1-3%) used as a twice-daily soak also helps mild cases. 
Both compounds are potential sensitisers and are therefore not ideal 
for prolonged use. 

Anticholinergic agents inhibit the anomalous sympathetic (cholin- 
ergic) innervation of the sweat glands and can be applied topically 
to minimise the side effects associated with systemic administra- 
tion. Topical glycopyrronium swabs have been recently licensed 
in the USA for the treatment of primary axillary hyperhidrosis in 
adults and in children from the age of 9 years [8,9]. Glycopyrrolate 
2% cream or lotion has been used with success in patients suffering 
from severe facial hyperhidrosis or gustatory sweating following 
parotidectomy [10,11]. Glycopyrronium bromide can also be very 
effective when administered by iontophoresis [12]. Dry mouth is 
common and visual accommodation may be disturbed for 24-48 h 
following treatment. Iontophoresis with tap water is also effective, 
by an unknown mechanism [13,14], and avoids these side effects. 

Surgical treatments and injection of botulinum toxin are consid- 
ered in Chapter 92. 


Dyes 

Gentian (crystal) violet 

This is a triphenylmethane dye that has antiseptic properties 
against bacteria (e.g. Staphylococcus and Streptococcus) and yeasts 
(e.g. Candida albicans). Gentian violet (hexamethyl pararosaniline) 
irreversibly fixes Gram-positive bacteria, leading to the develop- 
ment of the Gram stain by Hans Gram in 1884, using gentian violet. 
It is effective in the treatment of Staphylococcus aureus-colonised 
atopic eczema and eradicates MRSA from infected leg ulcers [1]. 
Employed for many years as a topical treatment for bacterial and 
fungal skin infections in the pre-antibiotic and antifungal era, its 
use was greatly reduced after experimental studies demonstrated 
that it interacted with the DNA of living cells [2]. Long-term high 
oral doses in animals have been associated with tumours of internal 
organs, but no malignancies have been seen with over a century of 
external use in humans. The main adverse effect is reversible skin 
staining, and permanent staining of clothing. If applied to ulcers, it 
can cause permanent tattooing of the skin. It is available over the 
counter in many countries as a 1% and 2% solution for application 
to unbroken skin. It has the advantages of being cheap, easy to 
prepare, is chemically stable at room temperature for years and 
does not have the risk of antimicrobial resistance. 


Brilliant green 

This is also a triphenylmethane dye and has properties similar to 
gentian violet. It was often used in combination with the latter but 
does not seem to increase the spectrum of activity [3]. It has suffered 


similar restrictions in usage, as have other members of the group, 
such as malachite green. 


Magenta (basic fuchsin) 

An active component of Castellani paint (also containing acetone, 
boric acid, ethanol, phenol, resorcinol and water), magenta is known 
to have activity against Gram-positive bacteria and fungi, but is no 
longer used because of potential carcinogenicity. Colourless Castel- 
lani paint (the same formula without the magenta) has been used 
to reduce secondary bacterial contamination in onycholysis and in 
chronic paronychia. 


Eosin 

Eosin is a red dye that has astringent and antiseptic properties. A 
2% solution is used for ulcerative, erosive or weeping wounds, or 
inflammatory skin disease, including around stomas, applied when 
the dressing or device is changed. In the past it was used in some 
centres to reduce inflammation in severe inflammatory dermatoses, 
in particular erythrodermic psoriasis. 


Other traditional remedies 

Camphor 

Camphor is an extract from the camphor laurel Cinnamonum cam- 
phora, best known as a moth repellent. It is sometimes added to 
lotions for its antipruritic and cooling effects. It is widely used in 
proprietary chilblain preparations. 


Honey 

Honey inhibits bacterial growth and has been in use since ancient 
times for dressing wounds. Potential indications include decubitus 
ulcers, venous ulcers, surgical wounds, anal fissures, seborrhoeic 
dermatitis and tinea pedis [1]. A range of commercially formulated 
products is available. Manuka honey, made from nectar collected 
from the manuka bush (a native shrub of New Zealand), has been 
popular recently, and has a higher content of the therapeutically 
active components methylglyoxal and hydrogen peroxide [1]. The 
use of honey on surgical wounds can result in a finer scar than stan- 
dard wound dressings [2] and published results of manuka honey 
in the treatment of venous ulcers appear to be satisfactory [3]. 


Menthol 

Menthol is still extracted mainly from the Japanese mint (Mentha 
arvensis), although synthetic sources are now available. It is added 
to calamine and other lotions and creams to induce a cooling sensa- 
tion and relieve pruritus. At concentrations of 0.5-5% (usually 1%) 
in aqueous cream BP, it is a very useful and safe treatment for severe 
pruritus, particularly in the elderly. 


Thymol 

This compound is found in plants of the genus Thymus and con- 
tributes much of the characteristic flavour to thyme (Thymus 
vulgaris). It is a traditional and potent antibacterial and antifungal 
agent. It has limited solubility in water and is therefore most often 
used as a solution in chloroform or absolute alcohol. A traditional 
formulation is 4% thymol in chloroform. This has been used for 
paronychia and fungal nail infections and should be applied two or 
three times daily. 


Topical treatments used in the management of skin disease 


Miscellaneous agents 

Becaplermin 

Becaplermin (recombinant human platelet-derived growth factor 
(PDGF) BB) is a dimeric glycoprotein. Whilst PDGF occurs naturally 
as homodimers or heterodimers of A and B chains, becaplermin 
comprises only the BB homodimer. Amongst other properties, 
this cytokine is known to stimulate fibroblast proliferation and 
angiogenesis. 

A gel containing becaplermin 0.01% has been demonstrated 
to accelerate healing of deep diabetic ulcers [1]. Pressure ulcers 
have also been reported to respond [2] and there are isolated case 
reports of its use as adjunctive treatment in severe ulceration due 
to pyoderma gangrenosum and calciphylaxis [3]. The gel is applied 
directly to the wound for 12 h daily. 

There has been concern that the properties of this cytokine may 
promote the growth of a pre-existing malignancy. A post-marketing 
survey of a cohort of 1622 patients who had used three or more tubes 
of becaplermin revealed increased cancer mortality relative to con- 
trols [4], although the incidence of malignancy was not increased. A 
black box warning has been issued by the US FDA. This product is 
not currently marketed in Europe, but it is licensed in the USA. 


Bimatoprost 

This drug is a prostaglandin analogue and an agonist of the 
prostamide a-F, receptor, used in the treatment of glaucoma. It 
was incidentally observed to induce eyelash hypertrichosis, and 
licensed in the USA in 2008 as a 0.03% preparation to treat eye- 
lash hypotrichosis. It also stimulates eyebrow growth [1] and in a 
randomised study was more effective, and better tolerated, than 
mometasone furoate in the treatment of patchy alopecia areata 
[2]. When used intraocularly in the treatment of glaucoma, it can 
cause iris hyperpigmentation, periorbital hyperpigmentation and 
loss of periorbital fat [1]; when used in the treatment of eyelash 
hypotrichosis, iris hyperpigmentation and loss of periorbital fat do 
not occur. 


Brimonidine 

This drug, related to clonidine, is an «)-adrenoceptor agonist widely 
used in the topical treatment of glaucoma. It was observed that the 
eye drops caused cutaneous vasoconstriction when they contam- 
inated facial skin. Brimonidine tartrate gel 0.5% was developed 
specifically for the treatment of rosacea and licensed in 2014. It 
proved significantly effective in vehicle-controlled trials in the treat- 
ment of moderate to severe redness in rosacea [1]. Onset of effect is 
rapid, within 30 min, and duration of action is at least 12 h. Marked 
rebound redness and worsening of rosacea may occur [2]; systemic 
side effects such as bradycardia, hypotension and dizziness may 
uncommonly occur after topical application. Sensitisation has been 
reported [3]. 


Caffeine 

Caffeine is a relatively small molecule with the potential for ade- 

quate penetration when applied topically. It is a phosphodiesterase 

inhibitor with potential anti-inflammatory activity mediated by 

changes in cyclic adenosine monophosphate levels in the epidermis. 
In mice, caffeine has been shown to enhance UVB-induced apop- 

tosis and to inhibit UVB-induced carcinogenesis [1]. 
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In a study using ex vivo cultured human hair follicles, caf- 
feine increased the rate of hair growth [2] and counteracted 
testosterone-related reduction in hair growth. An open randomised 
study showed 0.2% caffeine solution to be non-inferior to 5% 
minoxidil in the treatment of androgenetic alopecia in males [3]. 
Shampoos and hair tonics have been developed incorporating 
caffeine as a putative method of retarding androgenetic alopecia. 


Capsaicin 

Capsaicin is a remarkably potent compound extracted from chilli 
peppers and is responsible for the gustatory discomfort they induce. 
Itis a very stable alkaloid, probably produced by these plants to pre- 
vent the seeds being eaten by animals (but not by birds, which lack 
the receptor required for its effects). Capsaicin stimulates the release 
of substance P, which is subsequently depleted in sensory neurons 
[1]. It also activates transient receptor potential vanilloid 1 (TRPV1), 
a Ca?*-permeable ion channel in nociceptors [2], causing reversible 
ablation of nociceptor terminals and temporary hypoalgesia. 

The first application established for this drug was in the treatment 
of postherpetic neuralgia [3]. However, an increasing range of condi- 
tions has been reported to benefit including diabetic neuropathy [4], 
burning mouth syndrome [5], nodular prurigo [6], notalgia paraes- 
thetica [7], pruritus ani [8], pruritus caused by pityriasis rubra pilaris 
[9], psoriasis [10,11], PUVA itch [12] and uraemic pruritus [13]. 


Cromoglicate 

Sodium cromoglicate is a member of the chromone group of drugs 
that also contains nedocromil sodium. These remarkably safe com- 
pounds inhibit the release of inflammatory mediators from mast 
cells and may also inhibit sensory nerve activation in response to 
histamine [1]. They are used topically in the treatment of asthma, 
rhinitis and conjunctivitis; systemic absorption is minimal. Oral 
cromoglicate is used for mast cell disorders. 

The results from trials of topical sodium cromoglicate in the 
treatment of atopic eczema have been inconsistent, but a 4% 
lotion appears to have a modest effect on disease severity and a 
steroid-sparing action [2,3]. A 4% emulsion has been successfully 
used in combination with oral sodium cromoglicate in an infant 
with diffuse cutaneous mastocytosis [4]. 


Dihydroxyacetone 

Dihydroxyacetone (DHA) reacts with amino acids in the stratum 
corneum to form a brown pigment, hence its widespread use in 
self-tanning creams, lotions and sprays. It is also incorporated into 
sunscreen products; the ‘tan’ itself offers little photoprotection. 
Some sufferers from vitiligo and other disorders of hypopigmen- 
tation find the use of DHA helpful as a cosmetic camouflage [1]. 
The hands must be washed after application to other body sites, or 
temporary staining of the palms and flexor aspect of the fingers will 
result. DHA appears to be remarkably safe. 


Dithranol 

Dithranol (anthralin, dihydroxyanthranol) is a time-honoured top- 
ical treatment for psoriasis [1], similar in its irritating and staining 
properties to chrysarobin, which it supplanted in the early 20th cen- 
tury, but more effective. It has been used in ointments, pastes and 
creams and as a pomade for use on the scalp. Historically, it was used 
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Figure 18.14 Structure of dithranol. 


for chronic plaque psoriasis as part of the Ingram regime, where 
gradually increasing concentrations of dithranol were applied to the 
plaques in an in-patient setting in combination with UVB irradia- 
tion, resulting in prolonged psoriasis remission times. Its structure 
is shown in Figure 18.14. 

The mechanism of action of dithranol is still uncertain. In the early 
response to dithranol in human psoriatic skin, the genes for ker- 
atinocyte and epidermal differentiation pathways and IL-1 family 
members (i.e. IL36RN) are differentially expressed, but elements of 
the IL-17/IL-23 axis are not. There is a rapid decrease in expression 
of keratinocyte differentiation regulators (e.g. involucrin), anti- 
microbial peptides (e.g. {-defensins and S100 proteins) and 
chemotactic factors for neutrophils (e.g. CXCL5, CXCL8). Initial 
neutrophilic infiltration is later followed by a reduction in T-cell 
infiltration [2]. In healthy mouse skin, topical dithranol leads to 
a strong increase in mRNA expression of antimicrobial peptides, 
keratinocyte differentiation markers and inflammatory cytokines 
[3]. Dithranol induces a marked antiproliferative effect [4]. 

The use of dithranol has proved remarkably safe, although stain- 
ing of skin, clothing and baths is a drawback (Figure 18.15a). Local 
reactions are common and temporary irritation of normal skin acci- 
dentally contaminated with dithranol can be severe (Figure 18.15b). 
Any irritation can be readily resolved by interrupting treatment for 
a couple of days and (if necessary) applying a moderate strength 
topical corticosteroid. There is no evidence of systemic toxicity with 
dithranol and it is not considered to be carcinogenic. 

Dithranol, especially when incorporated in zinc oxide, is slowly 
oxidised by alkaline impurities to an inactive pink anthrone [5]. 
The effect of salicylic acid in preventing this has been known for a 
long time [6]. Salicylic acid neutralises hydroxyl ions in an alkaline 
medium, and perhaps reacts with free zinc ions to form an inactive 
zinc—dithranol complex. The combination of tar with dithranol is 
said to reduce dithranol irritancy without inhibiting its therapeutic 
effect [7]. The use of a water-soluble antioxidant, ascorbic acid, has 
allowed the production of stable dithranol cream preparations [5]. 
These are not as therapeutically potent as equivalent strengths of 
pastes or ointments but show much greater patient acceptability for 
home usage [8]. The development of a lipid-encapsulated cream 
formulation may increase acceptability by further reducing staining 
and irritation [9], but traditional preparations in zinc oxide paste 
appear more effective. 

The introduction of new systemic therapies such as biologic 
agents, and the concomitant reduction in the availability of 
in-patient and out-patient facilities for intensive dermatology 
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Figure 18.15 (a) Staining of the skin due to dithranol treatment. (b) An irritant reaction 
following accidental contamination of normal skin with dithranol. 


treatment, have greatly reduced the use of dithranol for extensive 
psoriasis. In recent years, it has become difficult for manufacturers 
to source dithranol as a raw ingredient, leading to a reduction in 
availability of both licensed and unlicensed preparations containing 
it. Dithranol still has a useful place in the treatment of more limited 
stable chronic plaque psoriasis, with the advantages of a potential 
induction of disease remission, often lasting many months, and no 
toxicity with long-term regular or intermittent use. Short-contact 
applications of strong dithranol pastes or creams are known to be 
almost as effective as prolonged contact use and facilitate treatment 
on an out-patient basis and self-treatment at home [10]. 


Topical treatments used in the management of skin disease 


Dithranol has also been used to stimulate an inflammatory 
response and regrowth of hair in patients with alopecia areata [11], 
and for the treatment of warts [12]. 


Glycyrrhetinic acid 

Glycyrrhetinic acid is extracted from the root of the liquorice plant 
Glycyrrhiza glabra. This compound has anti-inflammatory proper- 
ties that may be partly related to inhibition of cortisol metabolism 
by 11B-hydroxysteroid hydrogenase. It has been incorporated into 
topical preparations for the treatment of atopic eczema, being more 
effective than its vehicle in controlled trials in children and adults 
[1,2]. A Cochrane review showed moderate evidence for improved 
disease severity, a reduction in itch, lower eczema area and severity 
index (EASI) scores, fewer flares and increased patient satisfaction 
versus vehicle. However, the effects reported by patients were more 
prominent than those noted by investigators [3]. 


Minoxidil 

This vasodilating agent was initially introduced as a systemic treat- 
ment for hypertension and was found to cause hypertrichosis [1]. 
A 2% minoxidil solution was marketed in 1986 and a 5% solution 
in 1993; these concentrations are approved by the US FDA for the 
treatment of androgenetic alopecia. The 2% solution is preferred in 
female-pattern baldness due to the risk of hypertrichosis [1,2]. Treat- 
ment results are usually modest [3]. Minoxidil can also accelerate 
hair regrowth after chemotherapy [4] or irradiation [5], and there is 
possibly some modest benefit in patients with alopecia areata and 
other types of alopecia [1]. Contact sensitisation to topical minoxi- 
dil, or to its propylene glycol excipient, may occur [6]. The use of 
minoxidil is discussed in detail in Chapter 87. 


Morphine 

Topical administration of opioids is potentially advantageous as a 
means of avoiding the central nervous system side effects associated 
with systemic administration of these drugs. 

Alleviation of pain by using varied formulations of topically 
applied morphine has been reported in a range of conditions 
including pressure ulcers [1], sickle cell ulceration [2] and ulcerated 
scleroderma [3]. Results from small controlled trials in patients 
with leg ulcers of varied aetiology have yielded less consistent 
results [4,5], perhaps reflecting the size and other limitations of 
these trials. In oncology patients with ulcerated skin and mucosal 
lesions, 0.2% morphine ointment and gel, respectively, had very 
significant and sustained effects in relieving pain when used as a 
palliative treatment [6]. 


Nicotinamide and nicotinic acid 

The marked anti-inflammatory properties of nicotinamide, the 
amide derivative of vitamin B, (niacin, nicotinic acid), have been 
used in the topical treatment of acne vulgaris. In a multicentre trial, 
a 4% alcoholic gel used for 8 weeks gave a global reduction in acne 
of 82%, compared with 68% for 1% clindamycin gel [1]. A Cochrane 
review found low-quality evidence that nicotinamide compared 
with clindamycin or erythromycin had similar withdrawal rates, 
but patient global assessment was not measured [2]. A potential 
advantage of nicotinamide is that the risk of antibiotic resistance is 
avoided. 
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Unlike nicotinamide, topical nicotinic acid causes vasodilatation, 
and it has been used to increase the diameter of cutaneous capillaries 
to facilitate the treatment of flushing and telangiectasia with lasers 
or intense pulsed light [3]. 


Nitrite, nitric oxide and glyceryl trinitrate 

Nitric oxide (NO) is a short-lived gaseous free radical. Its synthe- 
sis by endothelial cells regulates vascular smooth muscle contrac- 
tion. Macrophages and neutrophils also synthesise NO, which exerts 
potent antimicrobial activity against a wide range of organisms. 

Acidification allows the gas NO to be applied to the skin as 
sodium nitrite in a cream, together with ascorbic or acetic acid. 
The mixture generates NO at the site of application, which can 
permeate the stratum corneum and nails. NO-releasing prepara- 
tions are being investigated as potential topical agents to accelerate 
wound healing via vasodilatation [1]. The antimicrobial properties 
of NO generated from acidified nitrite have been exploited to treat 
dermatophyte infections of skin and nails [2], and an NO-releasing 
gel SB206 (berdazimer 12%) shows a modest effect in the treatment 
of molluscum contagiosum [3]. 

Glyceryl trinitrate (GTN) is another source of NO. Topical appli- 
cation of GTN increases blood flow in normal skin, and is used as 
a 0.1-0.4% ointment for the treatment of anal fissure [4]. It induces 
relaxation of the anal sphincter, increases blood flow and appears to 
be as effective as botulinum toxin [4]. Diltiazem 2% (as gel, cream or 
ointment) is used as an alternative for this purpose, and is less likely 
to cause headache as a side effect [5]. Allergic contact dermatitis to 
topical GIN may occur [6]. 


Salbutamol 

Salbutamol acts on the £,-adrenoceptor, which is present on 
immunocytes including CD4 lymphocytes and Langerhans cells. 
Salbutamol therefore has potential as a topical immunosuppressant 
and anti-inflammatory agent. 

An uncontrolled trial suggested that both discoid and subacute 
lupus erythematosus may respond to salbutamol 0.5% cream [1]. 
A placebo-controlled trial in 37 patients with discoid lupus using 
R-salbutamol 0.5% cream twice daily for 8 weeks showed a sig- 
nificant improvement in symptoms (itching and pain), signs and 
patients’ global assessments compared with placebo [2,3]. 


Silicone 
A range of silicone gels and sheet dressings is marketed for the pre- 
vention and treatment of hypertrophic and keloid scars; they appear 
to be safe and well tolerated. The most likely mechanism of action 
is the effect of occlusion on keratinocyte hydration, which could 
alter epidermal cytokine signalling directed to dermal fibroblasts 
[1]. There is weak evidence of the benefit of silicone gel sheeting 
in the prevention of abnormal scarring in high-risk individuals, 
but the poor quality of research means a great deal of uncertainty 
prevails [2]. Trials evaluating silicone gel sheeting as a treatment 
for hypertrophic and keloid scarring showed improvements in 
scar thickness and scar colour, but are of poor quality and highly 
susceptible to bias [2]. 

In high-risk intensive care patients, silicone dressings applied to 
the sacrum and heels reduce the incidence of pressure ulcers [3]. 
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Introduction 


General aspects 

Drugs can target the skin by either topical, intralesional (for certain 
localised conditions) or systemic routes. The topical route is often the 
default approach in skin disease since it allows direct application of 
the drug to the site of pathology and potentially limits ‘off target’ 
effects and systemic exposure. When the bioavailability of topically 
applied drugs is insufficient, impractical to achieve and/or associ- 
ated with unacceptable risks of local toxicity, systemic drug delivery 
is indicated. Drugs may also be used systemically if a topical formu- 
lation is not available. Systemic therapy is commonly combined with 
topical therapy to improve overall disease management and/or to 
minimise systemic drug exposure where this is a concern. 


Risk reduction 

As is the case when starting any therapeutic intervention (Chapter 
13, and see section on patient education later in this chapter), it is 
important that the clinician ensures that the patient is fully informed 
about the benefits and harms of the proposed option, reasonable 
alternatives and the option to take no action. This includes use of 
a drug outside the licensed indication either for a disease not spec- 
ified or at an unlicensed dose. It is the responsibility of the clini- 
cian prescribing a medication to maintain the safety of the individ- 
ual patient on that drug, as well as to report any adverse events 
through relevant pharmacovigilance channels such as the UK Yel- 
low Card Scheme (https://yellowcard.mhra.gov.uk/; last accessed 
August 2023) (Chapter 13 has further detail). 


Standards of care 

A wide range of clinical guidelines and patient pathways exist to 
help standardise clinical care with the overall aim of maintain- 
ing good clinical outcomes and patient safety. Specific guideline 
methodology provides a transparent framework for summarising 
evidence through to a systematised, unbiased, approach to recom- 
mendations [1]. Example organisations that develop guidelines for 
use in dermatology include the National Institute for Health and 
Care Excellence (NICE), the British Association of Dermatologists, 
the European Academy of Dermatology and Venereology and 
the American Academy of Dermatology. In addition, for specific 
medications with well-characterised risk(s) there may be spe- 
cific processes to maintain patient safety, such as the pregnancy 
prevention plan and iPLEDGE for oral isotretinoin. 


Patient selection 

In the context of inflammatory skin disease, systemic therapy is 
offered to those individuals with more extensive body surface 
involvement, where topical approaches are ineffective or imprac- 
tical. Less extensive disease that has failed to respond to topical 
therapy may also justify systemic therapy if there is associated 
significant functional impairment and/or high levels of distress, 
for example involvement of high-impact body sites, such as the 
face or hands/feet. Disease pathology may be deep in the der- 
mis/subcutis or ‘systemic’, also necessitating systemic therapies, 
for example lupus profundus, panniculitis and vasculitides. Vali- 
dated quality-of-life assessments and tools to measure/score clinical 
severity can be helpful in making therapeutic decisions. As with 
any shared clinical decision making that requires patient consent for 
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an intervention, the treatment approach to a skin condition is tai- 
lored to the needs and clinical circumstance of each patient. In this 
context, the decision as to whether a topical or systemic approach is 
required will depend on disease factors (such as the nature, extent, 
site and severity), patient factors (such as age, co-morbidities, 
views on administration route and likelihood of adherence to 
treatment) and drug factors (such as efficacy, side effect profile, 
cautions/contraindications, potential drug interactions, monitoring 
requirements and cost). 


Patient education 

Active participation of the patient (the ‘therapeutic partnership’) in 
the decision-making process of treatment choice (shared decision 
making) is important as a means of enabling informed consent, 
empowering the patient to manage their own condition and 
reducing the risk of dissatisfaction with the outcome. This may 
include relatives and/or the patient’s primary care doctor. Being 
transparent about the goal of therapy, from both the patient’s and 
clincian’s perspectives, and the likelihood of this being achieved, 
is a crucial component of this process. With many newer systemic 
treatments for common skin conditions, high-quality clinical trial 
and real-world data have been translated into decision aids [2] and 
online tools [3] to support these discussions. Organisations such as 
the British Association of Dermatologists provide publicly available 
patient-facing resources, such as information leaflets about skin 
conditions and treatments, which are specifically designed for a lay 
audience (https://www.bad.org.uk/patient-information-leaflets /; 
last accessed August 2023). Drug-specific information will also be 
provided by the manufacturer or other patient groups. In educating 
patients about their condition/treatment it is important to also 
allow them adequate time to consider such information in making 
an informed decision. This may vary from patient to patient, and for 
a chronic low-acuity medical issue there may not be an immediate 
need to start an intervention. 

Once a decision on treatment has been made, patients should 
again be instructed about the practicalities in how and when to 
take the medication, potential relevant severe side effects and 
the importance of any required monitoring tests. They should be 
instructed how to seek medical advice if there is a query or problem 
associated with the treatment. If a patient is on a systemic medi- 
cation that may have an impact on other medical care, such as an 
immunosuppressive medication, it is important that the patient 
is made aware of this and the importance of telling other care 
providers of their treatment. Mechanisms of doing this include 
the provision of a steroid card for someone on long-term systemic 
corticosteroid therapy to reduce the risk of adrenal insufficiency 
caused by medication being stopped abruptly. Patients may also 
consider wearing a MedicAlert® bracelet or necklace with their 
medical information inscribed. 


Pre-treatment screening and monitoring tests 

To minimise predictable risks of systemic drug therapy, certain 
clinical and investigational assessments may be indicated prior 
to and during therapy. These may be part of the licensed use of 
a drug — for example full blood count (FBC) monitoring during 
methotrexate use — or, more commonly, have evolved as part of the 
standard of care. Assessment requirements will need to be adapted 


to the individual needs of each patient, according to their clinical 
characteristics and risk profile including age, underlying disease, 
coexisting morbidities and co-therapies. 


Drug interactions 

Clinicians are strongly advised, when they recommend a systemic 
treatment, to check potential interactions with the patient’s exist- 
ing medications and to highlight common drugs that may interact 
with the new drug. In this context, the hospital pharmacist, utilising 
the local drug information service, also becomes part of the thera- 
peutic partnership. Drug interactions listed in this chapter are not 
exhaustive. 


Record keeping 

Good clinical documentation is essential for risk management. 
When systemic medications are started by a specialist in secondary 
care it is important that the patient’s primary care provider is 
informed. The discussion with the patient regarding the decision to 
start a systemic treatment, including potential benefits and harms 
of the intervention, should be documented. Copy letters sent to the 
patient can improve this communication and empower the patient 
regarding certain aspects of their care, such as the need for certain 
monitoring investigations. 


Prescribing and monitoring practice 

Every effort has been made in this chapter to provide the clinician 
with sufficient knowledge of the pharmacology, potential adverse 
effects, interactions and monitoring requirements for a comprehen- 
sive list of systemic treatments used in dermatology outside cancer. 
Nevertheless, clinicians are strongly advised to also reference 
local practices, national guidelines and the summary of product 
characteristics (SmPC) to optimise benefit and minimise harm. The 
authors make no claim to complete comprehensiveness. Further- 
more, in recognising that practices may vary between individual 
dermatologists depending on personal experience, local factors and 
international differences, our suggestions for drug usage should 
not be considered prescriptive. 

This chapter focuses on therapeutics for cutaneous inflammation 
and infection, the systemic therapies most commonly prescribed 
by dermatologists. For an update on novel therapeutics in other 
specialist areas, for example melanoma and cutaneous lymphoma, 
please see the respective chapters in this book. 


Anti-inflammatory and immunomodulatory 
drugs 


The terminology around drugs that affect the immune system — 
referred to in this chapter as immunomodulatory drugs — is evolv- 
ing [1]. Therapeutic immunosuppression was originally used in 
the context of transplantation, where drugs such as tacrolimus, 
mycophenolate and sometimes corticosteroids are used to sup- 
press organ rejection. This strategy comes with an important risk 
of infection and cancer because each of these drugs influences 
multiple immune pathways and they are generally used in com- 
bination and over long periods of time. Thus, the overall burden 


of immunosuppression is high and broad-based. When used to 
manage immune-mediated skin conditions, the prescribing pattern 
and thus associated risk are different: standard (also referred to as 
conventional) immunosuppressants are generally (but not always) 
used as monotherapy and/or at low doses. The advent of tar- 
geted therapies with selected action on specific immune pathways 
may further modify drug-related risks, although this depends 
on the drug. Words matter. The term immunosuppressant carries 
negative attributions for both prescribers and patients and the 
term immunomodulatory (defined by the European Medicines 
Agency (EMA) as a substance that changes the activity of the 
body’s defences [2]) is increasingly used especially in the context of 
targeted therapies. The risks associated with drugs that affect the 
immune system will be determined by the drug’s mechanism of 
action, how the drug is being prescribed (dose, duration, concomi- 
tant therapies) and the risk profile of the individual being treated 
(for example, older age and co-morbidity burden increase the risk 
of serious infection with tumour necrosis factor (TNF) antagonists). 
Broad areas to consider are listed in Box 19.1, with close reference 
to the relevant guidelines, and the SmPC (see also Chapter 13 for 
important principles underpinning safe, effective prescribing). 


Box 19.1 Suggested checklist to consider before 
and during the use of immunomodulatory drugs 


e Drug-specific risks and overall likely burden of therapeutic 
immunosuppression: 
¢ Guidelines 
e Summary of product characteristics (6mPC) 
¢ Individual susceptibility to or pre-existing factors: 
¢ Infection 
¢ Bone marrow suppression 
¢ Malignancy including skin cancer 
¢ Risk mitigation: 
¢ Vaccination status including travel plans 
¢ Concordance with routine cancer screening programmes 
¢ Conception-related risk 
¢ Monitoring schedule (clinical review, investigations) 
¢ Patient communication and education: 
¢ Drug information leaflet 
¢ How and when to seek advice 
¢ Risk reduction strategies (e.g. sun protection) 
See individual sections for further drug-specific considerations. 


The use of immunomodulatory therapy can lead to reactivation 
of asymptomatic or ‘dormant’ infection which, in some cases, can 
be associated with serious morbidity and mortality. The clinical pre- 
sentation of infections in this setting may be atypical. Some risks 
are drug-specific — for example reactivation of latent tuberculosis is 
particularly associated with TNF antagonists and Janus kinase (JAK) 
inhibitors. Screening for latent blood-borne viruses such as hepatitis 
Band C and human immunodeficiency virus (HIV), checking vacci- 
nation schedules are up to date, and advice to have flu, Covid-19 and 
pneumoccoal vaccines have become routine practice. This screening 
and vaccination strategy needs to be optimised in line with the indi- 
vidual’s likely exposure to infections (e.g. working in high-risk envi- 
ronments for tuberculosis, absent history of chickenpox and need to 
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consider screening for varicella immune status) and the local and/or 
national public health vaccination policies. 


Antihistamines 

Histamine is synthesised by and stored in mast cells and basophils, 
together with a variety of other pro-inflammatory mediators, and 
its release results in inflammation, which contributes to a variety of 
cutaneous disorders, particularly urticaria. Histamine receptors are 
expressed in skin on endothelial cells, neurons and T lymphocytes. 
Specifically, histamine-induced itch, vasodilatation and increased 
vascular permeability are mediated by H, receptors; H, receptors 
do not participate in the aetiology of itch [1], but contribute to 
vasodilatation and vascular permeability. The role of H3; and Hy, 
receptors in cutaneous inflammation remains to be fully defined. 
In theory, supressing the inflammatory actions of histamine may 
result from inhibiting its synthesis in mast cells, reducing its release 
(e.g. with ketotifen, a mast cell stabiliser) and accelerating its degra- 
dation in tissues, but in clinical practice the only effective way 
of minimising histamine-mediated inflammation is by the use of 
antihistamines, primarily those that act on H, receptors [1]. 

The first generation of antihistamines (represented by alime- 
mazine, chlorphenamine, clemastine, cyproheptadine, hydroxyzine 
and promethazine) are able easily to cross the blood-brain bar- 
rier, interfering with the neurotransmitter function of histamine, 
thus causing sedation and impairing cognitive function. The 
second-generation antihistamines (such as acrivastine, bilastine, 
cetirizine, levocetirizine, loratadine, desloratadine, fexofenadine, 
mizolastine and rupatadine) are, in contrast, minimally sedating. 


Dermatological uses (Chapters 42, 44 and 46) 

H, antihistamines are the mainstay of treatment for chronic urticaria 
and angioedema, and may be symptomatically beneficial in the 
physical urticarias [2], urticarial vasculitis, cutaneous mastocytosis, 
insect bite reactions, anaphylaxis and allergic reactions to drugs. H, 
antihistamines have a very limited role in atopic eczema, although 
short-term intermittent use of sedating H, antihistamines may 
be useful in the setting of sleep loss secondary to itch [3]. The 
combination of H, and H, antihistamines (off-licence) has been 
advocated for the treatment of urticaria, although the quality of 
evidence is low and generally superseded by other strategies such 
as the use of omalizumab [2]. The H, antihistamine ranitidine was 
taken off the market in 2019 due to the presence of low levels of 
an impurity called N-nitrosodimethylamine (NDMA), a probable 
human carcinogen. An alternative, famotidine, is now available. 


Pharmacological properties 

Formula and structure 

H, antihistamines differ markedly in structure, with six struc- 
tural classes: alkylamines, ethanolamines, ethylenediamines, phe- 
nothiazines, piperidines and piperazines. The first generation of 
antihistamines have representatives in each structural group, but 
the majority of second-generation antihistamines are piperidines 
and piperazines. Doxepin is a tricyclic antidepressant with antihis- 
tamine activity. 


Pharmacokinetics 
Just as H, antihistamines differ in structure so they differ in 
their pharmacokinetic characteristics. In general, they are readily 
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absorbed from the gastrointestinal tract, reaching peak plasma 
levels within 2-3 h, and are substantially protein bound [1]. The 
lipophilicity of the first-generation antihistamines determines 
their ability to cross the blood-brain barrier, in contrast to the 
second-generation antihistamines. The first-generation drugs are 
metabolised by the hepatic cytochrome P450 system, usually 
followed by predominantly renal excretion. A number of the 
second-generation antihistamines, some of which are derived from 
a prodrug or are active metabolites of other antihistamines, may be 
excreted unchanged into the gut (fexofenadine) or urine (cetirizine 
and levocetirizine). 


Pharmacodynamics 
Traditionally, antihistamines have been thought of as reversible 
competitive inhibitors of histamine. However, molecular charac- 
terisation has suggested that histamine receptors have an intrinsic 
level of activity, and that H, and H, antihistamines are now best 
regarded as inverse agonists, not just blocking the interaction of his- 
tamine with its receptors but inducing an opposite pharmacological 
response by decreasing the constitutive activity of the receptors [1]. 
Additionally, it is thought possible that H, antihistamines, espe- 
cially the second-generation compounds, may have H, receptor- 
independent anti-inflammatory effects, including inhibiting the 
release of histamine from mast cells and basophils, inhibiting the 
tissue activation and accumulation of inflammatory cells such 
as eosinophils, and directly inhibiting pro-inflammatory media- 
tors such as bradykinin [4]. However, the experimental data are 
inconclusive and the potential clinical relevance is questionable [4]. 
The first-generation antihistamines, in contrast to the highly spe- 
cific actions of the second generation, generally tend to have a high 
affinity for muscarinic cholinergic receptors, thereby inducing anti- 
cholinergic side effects [1]. 


Potential adverse effects 

The first-generation antihistamines tend to cause sedation, impaired 
cognitive function, paradoxical excitability (especially in children 
and the elderly when given in high doses), anticholinergic effects 
(blurred vision, dry mouth, micturition difficulties and constipa- 
tion) and weight gain. The second-generation antihistamines are 
relatively free from such adverse effects and have a high therapeutic 
index. Rarely, antihistamines may cause headaches, hypotension, 
palpitations, arrhythmias, sleep disturbances, dizziness, confu- 
sion, extrapyramidal effects, tremor, convulsions, depression and 
hypersensitivity reactions (see relevant SmPC). The potentially car- 
diotoxic antihistamines terfenadine and astemizole are not available 
in most countries and should no longer be prescribed. 


Contraindications 
Antihistamines are contraindicated in those rare instances of 
hypersensitivity to them [5]. 


Cautions 

Although the available data do not suggest that H, antihistamines 
pose a significant risk to fetal well-being, it is generally recom- 
mended that they be avoided during pregnancy and lactation unless 
there is a clearly favourable risk—benefit ratio (see relevant SmPC 


for individual drug information). Avoid sedating antihistamines 
near term due to risk of sedation in the infant post-delivery. 

The first-generation antihistamines in particular, because of their 
sedating and anticholinergic actions, should be used with caution 
in patients with epilepsy, glaucoma and prostatic hypertrophy [6]. 
Advice should be given regarding concurrent alcohol consumption, 
driving and operating dangerous machinery in view of the possibil- 
ity of impaired judgement or dexterity [6]. 

In general, caution should be exercised if there is severe hepatic 
or renal impairment, severe hypertension, respiratory problems, 
porphyria or a predisposition to cardiac arrhythmias [6]. 


Drug—drug interactions 
See Box 19.2. 


Box 19.2 Antihistamines: drug-drug interactions 


¢ CYP3A4 inhibitors, such as macrolide antibiotics, azole antifungal 
agents, HIV-1 protease inhibitors and grapefruit juice, may inhibit 
the metabolism and increase the serum levels of those antihistamines 
that are metabolised in the liver and may cause an increase in 
adverse events 

e Alcohol, anxiolytic and hypnotic drugs may exacerbate the sedative 
effects of first-generation antihistamines 

e Antacids reduce the absorption of fexofenadine 

e Antidepressant drugs (tricyclics and monoamine oxidase inhibitors 
(MAOIs)) may increase the sedative and antimuscarinic effects of 
antihistamines 


Dose and regimens 

In the context of urticaria, if the recommended dose of individual 
antihistamines [6] is not clinically effective, it is common clinical 
practice to prescribe second-generation antihistamines up to four 
times the licensed doses, although there is a limited evidence base 
for the efficacy and safety of this [1,2,7]. 


Antimalarial agents 

Quinine, a natural anti-inflammatory alkaloid derived from the 
bark of the South American Cinchona tree, has medicinal properties 
that have been utilised since the 17th century. It was the treatment of 
choice for malaria until synthetic derivatives with fewer side effects 
were developed in the 1930s and 1940s. Of these, mepacrine (known 
in the USA as quinacrine), chloroquine and hydroxychloroquine 
have been employed as anti-inflammatory agents in various clinical 
settings, primarily dermatological and rheumatological. Mepacrine 
is now relatively little used, and in the UK is available only from 
‘special order’ manufacturers or specialist importing companies 
[1], but both chloroquine and the more commonly prescribed 
hydroxychloroquine have product licences in the UK for chronic 
cutaneous (discoid) and systemic lupus erythematosus as well 
as for rheumatoid arthritis. Additionally, the product licence for 
hydroxychloroquine extends to dermatological conditions caused 
or aggravated by sunlight [1]. Hydroxychloroquine appears less 
toxic but also less effective than chloroquine [2,3]. 


Dermatological uses (Chapters 51, 58, 95, 96, 97 and 126) 
The dermatological licensed indications include cutaneous forms of 
lupus erythematosus and photodermatoses (including polymorphic 


light eruption, solar urticaria and porphyria cutanea tarda), but, 
off-label, antimalarials are used in granulomatous dermatoses 
(cutaneous sarcoidosis and granuloma annulare), panniculitides 
(lupus panniculitis, chronic erythema nodosum, idiopathic pan- 
niculitis) and a miscellany of other conditions (including Jessner 
lymphocytic infiltrate, oral lichen planus, urticarial vasculitis and 
reticular erythematous mucinosis) [3]. 


Pharmacological properties 

Formula and structure 

Hydroxychloroquine (empirical formula: C,;3H,,CIN3O; systematic 
name: (RS)-2-[{4-[(7-chloroquinolin-4-yl)amino]penty]}(ethyljamino] 
ethanol) is a substituted 4-aminoquinoline, differing from chloro- 
quine only by the presence of a hydroxyl group in a B position at 
the end of the ethyl side chain. 

Mepacrine (empirical formula: C,;H3 9CIN3O; systematic name: 
(RS)-N’-(6-chloro-2-methoxy-acridin-9-yl)-N,N-diethyl-pentane- 
1,4-diamine) differs from the 4-aminoquinolines in having a third 
benzene ring. 


Administration 

Hydroxychloroquine sulphate, chloroquine phosphate or sulphate 
and mepacrine hydrochloride are administered orally, in tablet 
form [1]. 


Pharmacokinetics 
The pharmacokinetic characteristics of the antimalarials are 
complex, and there is great variability between individuals. 
Hydroxychloroquine and chloroquine are water soluble and readily 
absorbed from the gastrointestinal tract, with peak plasma concen- 
tration within 8-12 h and approximately 60% binding to plasma 
proteins [3]. They are widely distributed to the tissues, and accumu- 
late in the liver, spleen, kidney, lung, leukocytes and within melanin- 
containing cells of the skin and retina [3]. The 4-aminoquinolines 
are metabolised in the liver by enzymes of the cytochrome P450 
(CYP) group (CYP2D6, -2C8, -3A4 and -3A5) to active metabo- 
lites, hydroxychloroquine into N-desethylhydroxychloroquine, 
and chloroquine into desethylchloroquine and bisdesethylchloro- 
quine [3]. Excretion is largely in the urine, but also in the bile, sweat 
and saliva. Elimination is slow, because of tissue accumulation, 
with a terminal half-life of 30-60 days [3], and maximum clinical 
efficacy may take up to 3-6 months. 

The pharmacokinetics of mepacrine is similar to the 4-amino- 
quinolines [3]. 


Pharmacodynamics 

Despite recent advances, the mechanisms underlying the anti- 
inflammatory properties of the antimalarials are still incompletely 
understood. The traditional explanation centres on antimalarials, 
which are lipophilic weak bases, being ‘lysosomotropic’, pene- 
trating cellular membranes and preferentially accumulating in 
lysosomes [3]. The resultant rise in lysosomal pH results in the 
inhibition of proteases and consequent dysfunctional protein pro- 
cessing. In immunologically competent cells, this causes disruption 
of protein secretion, receptor recycling and reduced production 
of pro-inflammatory cytokines and other immunological media- 
tors (such as TNF-a, interleukin 6 (IL-6) and interferon y (IFN-y)). 


19.5 


Anti-inflammatory and inmunomodulatory drugs 


The effects of this include reduced antibody production and 
cell-mediated cytotoxicity by lymphocytes, reduced natural killer 
(NK) cell activity, impaired antigen presentation by monocytes, 
macrophages and dendritic cells to CD4 T cells, and decreased 
chemotaxis, phagocytosis and superoxide production by neu- 
trophils [3,4], thereby downregulating immune responsiveness. 

More recently, the 4-aminoquinolines have been demonstrated 
to have a potent and important inhibitory effect on intracellular 
Toll-like receptor (TLR) signalling, which may be their principal 
mode of action [3]. The lysosomotropic nature of antimalarials 
appears to prevent the proper functioning of endosomal TLRs, par- 
ticularly TLR9, primarily within antigen-presenting cells, thereby 
inhibiting the activation of the innate immune system that would 
otherwise result from the recognition by TLRs of self nucleic acid 
components, including immune complexes, found in connective 
tissue disorders [4]. 

Antimalarials also exert other complex immunological and 
anti-inflammatory effects, including inhibition of phospholipase 
A2, thereby reducing prostaglandin formation, and photoprotection 
by virtue of being able to absorb ultraviolet (UV) light [3]. 

Furthermore, antimalarials have anticoagulant, lipid-lowering 
and hypoglycaemic properties [3]. Hydroxychloroquine has been 
demonstrated to restore the binding of annexin A5 (a potent natural 
antithrombotic agent) to intravascular surfaces in the presence of 
antiphospholipid antibodies [5], thus reducing thrombotic events 
in the antiphospholipid antibody syndrome. Antimalarials have 
a beneficial effect on cholesterol, triglyceride and low-density 
lipoprotein (LDL) levels [3,6], and thus on the development of 
atherosclerosis via effects on cholesterol synthesis and inhibition of 
a TLR9-mediated accumulation of lipids in macrophages [7]. Anti- 
malarials also influence glucose metabolism, decreasing insulin 
degradation [3] and reducing the risk of diabetes [4], possibly also 
involving blockade of TLR9 [8]. The relevance, if any, of these 
interesting antimalarial properties to cutaneous disorders is as yet 
unclear. 


Pharmacogenetics 

The majority of patients respond to hydroxychloroquine and 
chloroquine, although a significant proportion do not or cannot tol- 
erate them. Haemolysis has been reported in glucose-6-phosphate 
dehydrogenase (G6PD)-deficient individuals with malaria treated 
with chloroquine; recently this has been attributed to the underlying 
disease rather than the drug [9,10]. 


Potential adverse effects 

Pharmacological 

Myelotoxicity. Although very uncommon, all the antimalarials 
(but particularly chloroquine and mepacrine) can suppress bone 
marrow function [3] and leukopenia is thus a risk; agranulocytosis 
and aplastic anaemia have been recorded. Antimalarials may cause 
haemolysis in G6PD-deficient individuals [3]. 


Cutaneous toxicity. It is generally considered that antimalarials, 
especially chloroquine and mepacrine, may result in exacerbation 
of psoriasis, and it is reasonable to warn patients regarding this, 
although a systematic review has concluded that the evidence for 


MANAGEMENT 


N 
- 
< 
a 


MANAGEMENT 


N 
- 
< 
3 


19.6 


Chapter 19: Principles of Systemic Therapy 


this is equivocal [11]. Mepacrine can give the skin a yellow colour 
and the 4-aminoquinolines may impart a blue-grey discoloration 
[12]. Antimalarials have also been associated with bleaching of 
hair and transverse bands affecting the nails [3]. A miscellany of 
adverse cutaneous reactions has been reported with antimalarials, 
including pruritus, erythroderma, urticaria, lichenoid eruptions, 
photosensitivity and alopecia [13]. 


Idiosyncratic 

Oculotoxicity. Antimalarial-induced retinopathy is an important 
vision-threatening side effect with hydroxychloroquine and chloro- 
quine [14], but is not associated with mepacrine [15]. This manifests 
with damaged photoreceptors, degeneration of the retinal pigment 
epithelium and insidious ‘bull’s eye maculopathy’. The subsequent 
loss of central vision commonly presents with difficulty reading 
[16]. If allowed to progress, the typical ‘bull’s eye’ macular changes 
become visible on fundoscopy. Once developed, the maculopathy 
may be permanent and may even progress despite stopping therapy 
[16,17]; there is no effective treatment. Prevalence estimates vary but 
increase with time, with the risk of toxicity up to 5 years under 1% 
and increasing to almost 20% by 20 years. Additional risk factors 
include those on more than 5 mg/kg/day, taking concomitant 
tamoxifen and with renal impairment. Hydroxychloroquine is also 
deposited in the cornea: it is usually asymptomatic, but may cause 
visual haloes. These corneal deposits are reversible on stopping the 
drug, are not related to retinal toxicity and are not a contraindication 
to continuing treatment. 

Given that there is no treatment for established retinopathy, early 
detection at a reversible stage before there are changes in the retinal 
pigment epithelium is critical. Recently issued guidelines (2020) 
from the UK Royal College of Ophthalmologists in collaboration 
with the British Association of Dermatologists recommend annual 
monitoring with both spectral domain optical coherence tomo- 
graphy and, ideally, wide-field fundus autofluorescence imaging. 
The risk of retinopathy is greater with chloroquine than hydroxy- 
chloroquine, so screening with these tests is recommended after 
1 year of therapy for everyone taking chloroquine, and after 5 years 
for those on hydroxychloroquine. The exception to this is for 
those on high-dose hydroxychloroquine, tamoxifen or with renal 
impairment when screening should start after 1 year. Updated US 
guidelines (2016) provide comparable recommendations, empha- 
sising the importance of looking beyond the macula in people of 
Asian heritage where early damage can occur with a peripheral 
pattern [18]. 


Neuromuscular toxicity. Rarely, antimalarials can induce myalgia, 
fatigue and myopathy [19] and they have been associated with 
headaches, dizziness, tinnitus, hearing loss, nightmares, irritability, 
seizures and psychosis [21]. 


Cardiotoxicity. Both hydroxychloroquine and chloroquine are 
rarely reported as being associated with corrected QT interval 
(QTc) prolongation by directly affecting cardiac repolarisation, and 
in the long term with cardiomyopathy and heart failure [21]. A 
pre-treatment electrocardiogram (ECG) has been recommended 
to exclude pre-existing QTc prolongation or other conduction 
defects [13]. 


Gastrointestinal toxicity. Hydroxychloroquine is the least likely of 
the antimalarials to cause gastrointestinal symptoms which include 
nausea, vomiting, diarrhoea, anorexia and heartburn. Abnormal 
liver function tests are uncommon and routine monitoring is not 
generally recommended [13], although chloroquine and hydroxy- 
chloroquine should be used with caution in moderate to severe 
hepatic impairment [22]. 


Contraindications 
Hypersensitivity reactions to antimalarials are a contraindication to 
their use. The 4-aminoquinolines and mepacrine do not cross-react, 
and so an adverse reaction to one does not preclude the use of the 
other [3]. 

Should a patient develop retinopathy on a 4-aminoquinoline, its 
continued use is contraindicated. 


Cautions 

The 4-aminoquinolines readily cross the placenta and are also 
excreted into breast milk. Data concerning 4-aminoquinolines dur- 
ing pregnancy and lactation are limited (see relevant SmPC) and 
the licence states these drugs should be avoided [22]. Neverthe- 
less, recent European rheumatology guidelines found no evidence 
for congenital malformations with either hydroxychloroquine or 
chloroquine, and the group reached broad consensus that where 
clinically required these drugs could be continued during preg- 
nancy and lactation [23]. Mepacrine, on the other hand, should be 
avoided. 

Antimalarials should be used with caution in patients with a neu- 
romuscular disease or a psychotic condition. Antimalarials should 
be given in low dosage when used to treat porphyria cutanea tarda 
(PCT) in view of the risk of causing hepatitis. 


Drug-drug interactions 
See Box 19.3. 


Box 19.3 Antimalarial agents: drug-drug 
interactions 


The most clinically important interactions involving antimalarials 

include the following: 

e Antacids and kaolin may impair absorption of antimalarials (a 4h 
interval between the drugs should be allowed) 

¢ Cimetidine may increase serum antimalarial levels 

e 4-Aminoquinolines may increase plasma digoxin levels 

e Antimalarials may enhance the effects of hypoglycaemic therapy 

e Risk of ventricular arrhythmias may increase with amiodarone, 
droperidol and moxifloxacin 

e Aminoglycoside antibiotics may exacerbate neuromuscular adverse 
effects 

¢ Possible risk of convulsions when given with antiepileptics 

e 4-Aminoquinolines may increase plasma concentrations of 
ciclosporin 

e May diminish effect of neostigmine and pyridostigmine 

¢ Concomitant administration of antimalarials may prevent successful 
immunisation with oral typhoid vaccine [1] and human diploid cell 
rabies vaccine [22] 


Pre-treatment screening 
Pre-treatment checks include an FBC and liver and renal func- 
tion tests; consider G6PD testing depending on the country and 
label [24]. 

Counsel patients about the risk of visual damage and the impor- 
tance of screening, alongside written information. 


Dose and regimens 
The standard dose of hydroxychloroquine for adults is 200-400 mg 
daily, and of chloroquine is 2.5 mg daily. Dose according to real, 
rather than ideal, body weight and avoid doses >5 mg/kg to mini- 
mise the risks of eye toxicity. Mepacrine doses may be effective on 
as little as 50 mg three times each week and up to 100 mg three times 
daily [25]. 

Although there is only limited published evidence, combina- 
tion therapy of hydroxychloroquine or chloroquine with mepacrine 
(quinacrine) may result in an enhanced therapeutic response [26,27]. 


Monitoring 

Consider checking the FBC and liver function tests every 3 months 
during the first year, and then every 4-6 months while on treatment 
[3]. Patients should undergo ophthalmology assessment as stated in 
the ocular toxicity section. 


Apremilast 
Apremilast is an immunomodulatory small-molecule inhibitor of 
phosphodiesterase 4 (PDE4). 


Dermatological uses 
Apremilast is widely approved for the treatment of psoriasis, psori- 
atic arthritis and Bechet disease in adults. 


Pharmacological properties 

Formula and structure 

Apremilast (empirical formula: C,,H,,N,O,S; systematic name: 
N-[2-[(1S)-1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]- 
1,3-dioxoisoindol-4-yllacetamide) is a small-molecule inhibitor 
of PDE4. 


Administration 
Apremilast is available as oral tablets (10, 20 and 30 mg). 


Pharmacokinetics 

Apremilast is readily absorbed from the gastrointestinal tract with 
an oral bioavailability of 73% [1]. The peak plasma concentration 
occurs 2.5 h after an oral dose, with a terminal elimination half-life 
of 9 h. Apremilast is extensively metabolised by both CYP- and 
non-CYP-mediated pathways with only a fraction of the parent 
compound eliminated unchanged by the kidneys and gastroin- 
testinal tract. Strong inducers of CYP3A4 such as rifampycin may 
reduce apremilast efficacy. 


Pharmacodynamics 

Phosphodiesterase 4 is the dominant PDE in inflammatory 
cells. Inhibition of PDE4 by apremilast increases intracellular 
cyclic adenosine monophosphate (cAMP), which downregu- 
lates the inflammatory response by modulating the expression of 
pro-inflammatory signals such as TNF-a, IL-23 and IL-17 and 
anti-inflammatory cytokines such as IL-10. 
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Potential adverse effects 

Pharmacological [1] 

Gastrointestinal. Tolerability issues with apremilast are common 
and often relate to gastrointestinal disturbance. These include 
upper abdominal pain, dyspepsia, nausea, vomiting, diarrhea and 
reduced appetite. These are often more prominent at initiation and 
can improve with time. 


Headache. Headache or tension headache is common. 


Weight loss. Apremilast can be associated with weight loss, which 
can be helpful in the context of psoriasis. 


Infections. Upper respiratory tract infection, bronchitis and naso- 
pharyngitis were reported in patients on trial but serious infection 
is rare in practice. 


Depression and suicide. Depression and suicidal ideation have 
been reported, irrespective of a background of low mood. These 
problems are prevalent in the psoriasis population. The label states 
that suicidal ideation is rare and the exposure-adjusted incidence 
rate over the first 3 years of exposure has been reported as 0.1/100 
patient-years [1]. 


Other side effects. Other reported side effects include cough, 
insomnia and fatigue. Hypersensitivity, angioedema and urticaria 
are uncommon. 


Contraindications 

Apremilast is contraindicated in individuals with hypersensitivity 
to the medicine or any of its ingredients as well as in pregnancy and 
breastfeeding. 


Cautions 
Severe renal impairment. The dose should be halved (30 mg once 
daily as opposed to twice daily). 


Psychiatric disorders. Given reports of low mood and suicidal 
ideation on apremilast it is important to risk-assess patients and 
discuss this with them prior to initiating therapy. Patients and 
caregivers should be notified to inform prescribers of any change in 
mood or suicidal ideation and stop treatment. 


Lactose intolerance. Apremilast should be avoided in patients with 
total lactase deficiency, galactose intolerance or glucose-galactose 
malabsorption. 


Pre-treatment screening 

No routine screening is stipulated as part of the licence, however 
European guidelines recommend a pre-treatment check of FBC, 
serum creatinine and liver function [2]. 


Dose and regimens 

Apremilast is taken as oral tablets, 30 mg twice daily, ideally 12 h 
apart, with or without food. Gradual uptitration of dose is recom- 
mended over the first 6 days increasing by 10 mg each day. A final 
dose of 30 mg once daily is advised for those with renal impairment. 
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Monitoring 

Routine monitoring is not required as part of the licence; depend- 
ing on the patient characteristics, symptoms and signs, additional 
monitoring with FBC and renal and liver function may be indicated 
every 4-6 months. 


Azathioprine 

Azathioprine (AZA) is a potent immunosuppressive, anti- 
inflammatory and antiproliferative drug that has been used over the 
last six decades to prevent graft rejection and to treat haematologi- 
cal malignancies and a variety of rheumatological, gastrointestinal, 
neurological and dermatological inflammatory disorders. 


Dermatological uses (Chapters 30, 41, 51,52 and 126) 

AZA is licensed in Europe for the treatment of systemic lupus ery- 
thematosus, dermatomyositis, Behcet disease, pemphigus vulgaris 
and bullous pemphigoid. It has been used off-label for a range of 
skin conditions, notably atopic eczema, chronic actinic dermatitis, 
lichen planus, leukocytoclastic vasculitis and pyoderma gangreno- 
sum. It is often used as an adjunct to other immunosuppressive 
agents such as prednisolone and may exert a steroid-sparing 
effect, thereby minimising the adverse effects associated with the 
prolonged high-dose use of systemic corticosteroids. The now 
well-established link between the use of AZA and increased risk 
of keratinocyte malignancy means that where possible alternative 
agents are used [1]. 


Pharmacological properties 

Formula and structure 

Azathioprine (empirical formula: C,H,N,O,S; systematic name: 
6-[(1-methyl-4-nitro-1H-imidazol-5-yl)sulfanyl]-7H-purine) is a 
thiopurine with a molecular structure consisting of imidazole and 
mercaptopurine moieties. 


Administration 
AZA is commonly available as oral (25 and 50 mg tablets) and intra- 
venous preparations. 


Pharmacokinetics 

AZA is readily absorbed from the gastrointestinal tract, the peak 
plasma concentration occurring 1-2 h after an oral dose, and it is 
distributed rapidly throughout the body. The plasma half-life is 
3-5 h with up to 30% bound to plasma proteins [2,3]. 

AZA is a prodrug that is rapidly transformed in vivo into 
6-mercaptopurine (6-MP) by non-enzymatic cleavage of the 
imidazole ring, facilitated by glutathione. Further metabolism 
of 6-MP continues by three metabolic pathways: (i) methylation 
of 6-MP to 6-methyl-mercaptopurine (6-MMP), which is biologi- 
cally inactive, catalysed by thiopurine methyl transferase (TPMT); 
(ii) oxidation of 6-MP to thiouric acid, also biologically inactive, 
catalysed by xanthine oxidase (XO); and (iii) conversion of 6-MP 
by a number of enzymatic steps, via 6-thioinosine monophosphate 
(6-TIMP) and 6-thioguanine monophosphate (6-TGMP) to a variety 
of 6-thioguanine nucleotides (6-TGNs), which are considered to be 
the active metabolites (Figure 19.1). 

AZA and its metabolites are excreted via the kidneys and gastroin- 
testinal tract. There is no enterohepatic circulation. A lowered dose 
in cases of reduced renal function may be necessary [3]. 


6-thiouric acid MeTIMP 
xO | ree 
AZA—> 6-MP ——> 6-TIMP ——> 6-TGMP —~» 6-TGNs ——~ DNA/RNA 
ee | TPMT 
6-MMP MeTGMP 


Figure 19.1 A simplified diagram of thiopurine metabolism (see text for abbreviations). 


Despite the rapid absorption, metabolism and excretion of AZA, 
its active metabolites only slowly accumulate in tissues, and thus 
the therapeutic immunosuppressive effects of AZA may take 6-12 
weeks to develop. 


Pharmacodynamics 

Despite over five decades of clinical use, the precise mecha- 
nism of action of AZA remains uncertain. AZA is a purine 
analogue and the accepted theory has been that its antiprolifer- 
ative, anti-inflammatory and immunosuppressant properties are 
the result of the incorporation of 6-TGNs into DNA, thus interfering 
with its replication [4], and are perhaps also due to the suppres- 
sion of purine synthesis, as methylthioinosine monophosphate 
(MeTIMP) is an in vitro inhibitor of de novo endogenous purine 
synthesis [5]. The relative specificity of its action on lymphocytes, 
with the consequence of altered T-cell and B-cell function, can be 
explained by the lack of a purine salvage pathway in lymphocytes 
[9]. However, it appears that AZA may additionally induce lym- 
phocyte apoptosis and T-cell anergy, possibly by the modification of 
CD28 signalling [6], and thus the immunosuppressive effect of AZA 
may be due to a combination of antimetabolic and pro-apoptopic 
actions [7]. 


Pharmacogenetics 

There are a number of allelic variants of TPMT and this polymor- 
phism results in clinically important phenotypes in Europeans. 
Approximately 90% of individuals have normal TPMT activity 
(homozygous for the wild-type allele), 10% intermediate (het- 
erozygous) and less than 1% low (homozygous or compound 
heterozygous for a mutant allele) TPMT activity [7]. TPMT is an 
important enzyme in the metabolic pathway of AZA. Not only does 
it catalyse the conversion of 6-MP to inactive 6-MMP, but it also 
inactivates 6-TIMP and 6-thioguanine by methylation. Therefore, in 
those individuals with inherited TPMT deficiency, the metabolism 
of AZA is shunted in the direction of excessive production and 
toxic accumulation of 6-TGNs (Figure 19.1); standard dosages of 
AZA in such individuals risk causing severe bone marrow sup- 
pression and consequent pancytopenia. In South and East Asians, 
Hispanic and American Indian populations, variants in NUDT15 
are more commonly responsible for thiopurine toxicity. NUDT15 
encodes the nucleoside diphosphatase nudix hydrolase 15, and 
deficiency of this protein leads to the excessive incorporation of 
toxic thiopurine nucleotides into DNA [8]. Pre-treatment testing 
for TPMT variants and additionally NUDT15 variants (particularly 
in Asian populations) with appropriate dose adjustment (or in the 


case of absent TMPT, complete avoidance) is now recommended [9]. 
For indeterminate genotypes, TPMT activity can also be measured 
in erythrocytes to support dosing strategies. 


Potential adverse effects 

Pharmacological 

Myelosuppression. Bone marrow suppression is more likely with 
intermediate TPMT levels, and increasingly likely in individuals 
with low TPMT activity. However, a normal TPMT level with low 
6-TGN production does not negate the possibility of myelotoxicity. 
Haematological monitoring is therefore required throughout the 
duration of treatment with AZA, independent of the TPMT status 
[2]. Leukopenia is the most common haematological side effect, but 
anaemia, thrombocytopenia and pancytopenia can occur. Patients 
should be warned to report infection, bruising, mouth ulcers and 
sore throat, which might be indicative of myelotoxicity. 


Carcinogenesis. There is strong epidemiological evidence for an 
association between AZA use and an increased risk of cutaneous 
squamous cell carcinoma that increases with age, cumulative dose 
and duration of AZA use. Recently, whole exome sequencing has 
identified a novel, AZA ‘mutational footprint’ (designated signa- 
ture 32) providing mechanistic evidence that this association is 
causal [10]. Replacement of DNA guanine with the AZA metabolite 
6-thioguanine causes UVA photosensitivity, and this alongside 
increased UVB mutagenicity through the impaired DNA repair is 
likely to drive skin cancer risk [11]. 

Rarely, myeloid malignancies (myelodysplastic syndrome and 
amyeloid leukaemia) and lymphoma have also been associated 
with the use of AZA in autoimmune diseases [12]. 

These risks, although real, are rare and in the case of skin cancer 
can be mitigated, and need to be balanced with likely therapeutic 
benefit alongside the benefits and risks of alternative strategies. 


Infection. AZA therapy is associated with an increased risk of 
infection, in particular by disseminated herpes simplex, varicella- 
zoster virus and human papillomavirus [2]. However, true oppor- 
tunistic infections are uncommon in patients treated with AZA for 
dermatological conditions. 


Gastrointestinal. Nausea, vomiting and diarrhoea are common side 
effects of AZA and can be minimised by dose reduction, dose divi- 
sion and taking AZA with food [2]. Pancreatitis has been reported 
with AZA therapy [2]. 


Hepatic. Although generally well tolerated, mild derangement 
of liver function tests is not uncommon and may not require 
alteration of dosage [13]. However, AZA can rarely cause severe, 
occasionally life-threatening hepatitis. The mechanism is uncertain 
but may involve oxidative stress [14]. Furthermore, AZA, in the 
context of treating inflammatory bowel disease, has been associ- 
ated with nodular regenerative hyperplasia of the liver [15] with 
resultant portal hypertension presenting with thrombocytopenia 
and splenomegaly. Liver function should be monitored throughout 
treatment with AZA [2]. 
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Idiosyncratic 

Hypersensitivity syndrome. AZA hypersensitivity syndrome is a 
rare but potentially fatal adverse effect. It occurs in approximately 
2% of patients treated with AZA and typically develops early in 
the course of treatment, usually within the first month. It may be 
easily overlooked as it can mimic infection or disease exacerbation 
[16-19]. The syndrome is characterised by fever, malaise, arthral- 
gia, myalgia, nausea, vomiting and diarrhoea, with occasional renal 
and liver dysfunction, pancreatitis, hypotension, cardiogenic shock 
and leukocytosis [16,18]. In about 50% of cases it has a cutaneous 
component, which may assist in its recognition [16,17]. In the major- 
ity of cases in which rash is a feature, the clinical and histological 
features are of a neutrophilic dermatosis and, although the erup- 
tion can be non-specific in appearance, it may resemble Sweet syn- 
drome, erythema nodosum, acute generalised exanthematous pus- 
tulosis or leukocytoclastic vasculitis [16]. The symptoms and signs of 
hypersensitivity syndrome settle within days of discontinuing AZA; 
rechallenge with AZA should not be undertaken for fear of causing 
a life-threatening shock reaction [16,17]. 


Contraindications 

Azathioprine is contraindicated (i) in those with high pharmacoge- 
nomic risk (homozygous, compound heterozygous or heterozygous 
diplotypes with any two variants of TPMT*3A, -3C or -*2 or 
NUDT15*2, -*3 or -*9); (ii) if there is a history of hypersensitivity 
to AZA; (iii) in the presence of severe infection, severely impaired 
hepatic or bone marrow function or pancreatitis; and with concomi- 
tant administration of live attenuated vaccines; and (iv) in women 
who are pregnant or considering conception (unless the benefits to 
the patient outweigh the potential risks) [13]. 


Cautions 

Lactation and conception. Available data do not demonstrate 
that AZA exposure during early pregnancy increases the risk of 
congenital malformation, preterm delivery or adversely affects fetal 
growth. Data on longer-term outcomes are sparse. AZA is thus not 
recommended in men or women planning conception, or during 
pregnancy without careful evaluation of the risks and the need 
for treatment [3,13,20]. Recent European rheumatology guidelines 
indicate that where needed to maintain the health of the mother, 
AZA may be used [21]. 


Drug-drug interactions 
See Box 19.4. 


Box 19.4 Azathioprine: drug-drug interactions 


e Allopurinol and febuxostat, by inhibiting XO and thus shunting the 
metabolism of AZA to increased production of 6-TGNs (Figure 19.1), 
enhance the effect and increase the toxicity of AZA 

e Angiotensin-converting enzyme inhibitors (such as captopril and 
enalapril) increase the risk of myelosuppression with AZA 

e AZA possibly reduces the anticoagulant effect of coumarins 

¢ Both sulfamethoxazole and trimethoprim may increase the 
myelotoxicity of AZA 

e Aminosalicylates may also increase the myelotoxicity of AZA 

¢ Ribovirin, an antiviral guanosine analogue, may enhance the 
myelosuppressive effect of AZA 


MANAGEMENT 


N 
- 
< 
3 


MANAGEMENT 


PART 2 


19.10 


Chapter 19: Principles of Systemic Therapy 


Pre-treatment screening [13] 
As AZA has significant immunosuppressive activity, pre-treatment 
screening should incorporate all the aspects of Box 19.1. An FBC, 
including white cell differential, kidney function and liver function, 
should be determined at baseline. Renal impairment may require a 
dose reduction [22], and hepatic dysfunction will necessitate close 
supervision of haematological and liver parameters. 

The pre-treatment assessment of TPMT (and NUDT15) genotypic 
or phenotypic status is recommended in order to minimise the risk 
of potentially life-threatening myelosuppression [9]. 


Dose and regimens 

For individuals with low pharmacogenomic risk and/or normal 
TPMT activity use the standard daily dose of AZA of 2-3 mg/kg 
[8]. For those with some risk of myelotoxicity (e.g. heterozygous or 
with any one variant of TPMT*3A, -*3C or -*2 or NUDT15*2, -*3 or 
-*9) and/or measureable TPMT activity in the intermediate range 
consider giving 50% of the recommended daily dose, 1-1.5 mg/kg 
[8]. Avoid AZA with very high-risk pharmacogenomic variants 
and/or low/absent TPMT activity [8]. 


Monitoring 

Patients taking AZA should be monitored regularly irrespective of 
genotypic status/TMPT activity for signs of toxicity, in particular 
hepatotoxicity and myelosuppression. Liver function tests and FBC 
should be checked weekly for 4-8 weeks after initiating therapy 
and after any dose increment, and, once the dose is stable, at least 
2-3-monthly thereafter. Macrocytosis is a common unremarkable 
feature of AZA therapy. 

It is not yet routine clinical practice to measure levels of 6-TGNs 
and other AZA metabolites (such as 6-MMP), but such monitoring 
may prove to assist in the determination of the dose required to opti- 
mise efficacy and minimise adverse effects. 


Ciclosporin 

Ciclosporin is a highly effective and rapidly acting potent inhibitor 
of T-cell function [1]. It has remained of central importance in the 
management of severe inflammatory skin disease since the early 
1990s. 


Dermatological uses (Chapters 35, 41, 42 and 47) 

Ciclosporin is licensed for use in psoriasis (plaque type) and atopic 
eczema. Common off-label uses include chronic urticaria, pyoderma 
gangrenosum, hand eczema and palmoplantar pustulosis. It is also 
used sporadically for a variety of other inflammatory conditions 
including Behcet disease, lichen planus, prurigo nodularis, chronic 
actinic dermatitis and toxic epidermal necrolysis. 


Pharmacological properties 

Formula and structure 

Ciclosporin (originally named cyclosporine A) is a neutral, strongly 
hydrophobic, cyclic undecapeptide (hence the prefix ‘cyclo’ or 
‘ciclo’) of 11 amino acids that was first detected in the early 1970s 
in the spores (hence the suffix ‘sporin’) of the fungus Tolypocladium 
inflatum Gams. A hydrophilic, microemulsion formulation was 
developed to circumvent problems with variable bioavailability, 
and there are a number of different generic formulations now 
available. 


Administration 
Ciclosporin is given orally, in the dose range 2.5-5 mg/kg daily, in 
two divided daily doses. 


Pharmacokinetics [1,2] 

The absorption of ciclosporin from the gastrointestinal tract is 
incomplete and variable, and depends on the individual patient, 
the patient population and the formulation. The absolute bioavail- 
ability is poor (around 25% of the total administered dose) due 
to extensive first-pass metabolism as well as active transport of 
absorbed drug back into the intestinal lumen by the efflux trans- 
porter P-glycoprotein (encoded for by the ABCB1 gene), which is 
present at high concentrations in the villus tip of enterocytes of 
the small intestine. If taken with a high-fat meal, bioavailability 
may be further reduced. There may be differences in bioavailability 
between different formulations of ciclosporin (including generics 
which are licensed on the basis of bioequivalence) that may be clin- 
ically important in certain circumstances and so, in general, when 
switching from one formulation to another, additional monitoring 
and careful review are advised, specifying which particular brand 
of ciclosporin is to be dispensed. 

Ciclosporin is highly lipophilic, readily absorbed through cell 
membranes and distributed widely throughout the body. The 
average apparent distribution volume is 3.5 L/kg. It is highly 
protein bound in circulating blood. 

Ciclosporin undergoes extensive metabolism, mainly in the liver 
via CYP3A4, which gives rise to a number of important drug inter- 
actions. The main pathways of metabolism consist of mono- and 
dihydroxylation and N-demethylation at various positions in the 
molecule. All metabolites (up to 25) identified so far retain the intact 
peptide structure of the parent compound; some possess weak 
immunosuppressive activity (up to one-tenth that of the unchanged 
drug). 

Excretion is primarily biliary; of the total oral dose, only around 
6% is detected in the urine (a fraction of which is unchanged). Renal 
impairment thus has only minimal impact on the pharmacokinetics 
of ciclosporin. There is a high variability in the data reported on the 
terminal half-life of ciclosporin depending on the assay applied and 
on the target population, ranging from 6.3 h in healthy volunteers to 
20.4 h in patients with severe liver disease. 


Pharmacodynamics 

Ciclosporin is a prodrug that becomes active only after form- 
ing a complex with an intracytoplasmic immunophilin (protein) 
known as cycliphilin. This ciclosporin-cycliphilin complex inhibits 
calcineurin phosphatase, an enzyme catalysing dephosphoryla- 
tion of the cytoplasmic protein nuclear factor of activated T cells 
(NF-ATc). Ordinarily, dephosphorylation of NF-ATc allows it to 
translocate to the nucleus, where it enables transcription of a 
number of pro-inflammatory cytokines including IL-2, IL-4, IFN-y, 
transforming growth factor B and upregulation of receptors such 
as IL-2R (CD25). Inhibition of calcineurin phosphatase, and pos- 
sibly also the JNK (MAPK8) and p38 (MAPK14) pathways, thus 
suppresses production of IL-2 and IL-2 receptor expression, key 
regulators of T-cell activation. Additional actions of therapeutic 
relevance include reduced histamine release and downregulation 


of high-affinity immunoglobulin E (IgE) receptors on mast cells and 
basophils. 


Pharmacogenetics 

CYP3A4, CYP3A5 and ABCB1 genes code for enzymes and 
transporters that play a central role in ciclosporin disposition. 
All three genes are highly polymorphic, with marked differences 
in population prevalence depending on ethnicity. These genetic 
variants are likely to be major contributors to the wide interpa- 
tient variation in drug pharmacokinetics and have been subject to 
intensive investigation, predominantly in the transplant field. For 
example, in one large renal cohort, variation in liver CYP3A4 and 
enterocyte P-glycoprotein activity explained up to 75% of the vari- 
ation in ciclosporin clearance. The clinical utility of these genetic 
variants (as well as others) to individualise ciclosporin dosing 
remains to be established [3]. 


Potential adverse effects 

There are a large number of potential adverse effects reported 
with ciclosporin [1,2], with hypertension, nephrotoxicity, hyperlipi- 
daemia, myalgia and headache being the most common. Others 
include gingival hyperplasia, fatigue, gastrointestinal disturbances, 
tremor and paraesthesiae in the hands and feet, and a variety of 
metabolic abnormalities (hyperbilirubinaemia, hypercalcaemia, 
hypomagnesaemia, hyperuricaemia). 

Most are dose related and respond rapidly to dose reduction or, 
if necessary, treatment cessation. In general, though, ciclosporin is a 
very well-tolerated drug when used in the short term (6-12 months), 
whereas longer-term use carries significant, predictable risk, partic- 
ularly of nephrotoxicity, and is generally not recommended if other 
interventions can be used. 


Nephrotoxicity 

Acute nephrotoxicity can occur within weeks of treatment initiation, 
is reversible and arises due to dose-dependent vascular dysfunc- 
tion involving afferent arteriolar constriction, which results in 
increased vascular resistance and a decrease in glomerular filtration 
rate. Tubular dysfunction may also occur and is characterised by 
decreased magnesium reabsorption, decreased uric acid excre- 
tion, decreased potassium and hydrogen ion secretion and distal 
tubular acidosis. Chronic nephrotoxicity [4,5] is largely irreversible 
and is characterised by progressive arteriolar hyalinosis, intersti- 
tial fibrosis, tubular atrophy and glomerular sclerosis. Chronic 
nephrotoxicity is more likely to occur with higher daily doses, 
larger cumulative doses and long-term therapy (more than 1-2 
years); particular risk factors include age over 50 years, pre-existing 
hypertension and/or renal impairment and concomitant treatment 
with non-steroidal anti-inflammatory drugs (NSAIDs) and other 
nephrotoxic drugs. Intermittent rather than continuous therapy is 
widely cited as a sensible, dose-minimising strategy. However, with 
each treatment course, the time taken for creatinine levels to rise 
tends to become shorter. Change in serum creatinine from baseline 
is the single most important indicator of nephrotoxicity and thus is 
a critical component of monitoring. 


Hyperlipidaemia 
Triglycerides and, less commonly, cholesterol levels may become 
elevated within 2 weeks of treatment initiation, usually returning to 
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normal on withdrawal of therapy. If hyperlipidaemia does require 
active intervention, management requires care due to an increased 
risk of statin-induced myopathy; fibrates may be a preferred 
treatment option (see drug—drug interactions). 


Malignancy 

Long-term use of immunosuppressants, such as ciclosporin, is 
associated with a potential increase in the risk for developing 
certain types of malignancy, particularly cancers of the skin and 
lymphoid system. This risk has been identified in organ transplant 
populations where the burden of immunosuppression and duration 
of therapy are likely to be greater than in those being treated for 
skin disease. Data from psoriasis cohorts indicate that the inci- 
dence of non-melanoma skin cancer (principally squamous cell 
carcinoma) is significantly increased with use of ciclosporin [6,7], 
predominantly in those who have previously received psoralen and 
ultraviolet A (PUVA), for whom the increased risk of squamous cell 
carcinoma following exposure to ciclosporin approaches that asso- 
ciated with 200 PUVA treatments [6]. The absolute risk of systemic 
malignancy is unclear, with the studies that do exist often being 
underpowered and/or not controlling for important confounders 
and any background disease-associated cancer risk, such as is the 
case in psoriasis [7]. 


Contraindications 

Ciclosporin is contraindicated in uncontrolled hypertension, renal 
disease, serious infections and in those with a previous history of 
malignancy (excluding basal cell carcinoma) or a high cumulative 
dose of PUVA. 


Cautions 

In women planning conception and during pregnancy, ciclosporin 
has a relatively favourable risk—benefit profile, and in contrast to 
agents such as methotrexate (MTX) and retinoids is not teratogenic. 
However, data from use in the transplant population indicate 
an increased risk of pregnancy-associated complications such as 
pre-eclampsia and low birth weight and so it should only be used 
where the benefits of use outweigh risk to the fetus. Small amounts 
of ciclosporin are excreted in breast milk; most formulations also 
contain ethanol and the licence indicates that breastfeeding should 
be avoided (or the drug stopped). However, limited data report no 
side effects for breastfed children exposed to ciclosporin and recent 
guidance for the rheumatology community suggests maternal 
ciclosporin may be ‘compatible’ with breastfeeding [8]. 


Drug-drug interactions 

Ciclosporin interacts with multiple drugs, many of which have 
important clinical implications. First, drugs may inhibit or induce 
enzymes involved in the metabolism of ciclosporin, in particular 
CYP3A4. For example, co-therapy with rifampicin or St John’s wort, 
both potent CYP3A4 inducers, increases ciclosporin metabolism 
and so reduces efficacy; conversely, erythromycin inhibits CYP3A4 
and thus increases ciclosporin levels by up to sevenfold with con- 
sequent risk of toxicity [2]. Second, ciclosporin itself is an inhibitor 
of CYP3A4, the multidrug efflux transporter P-glycoprotein and 
organic anion transporter proteins, and may therefore increase 
plasma levels of co-medications that are substrates of this enzyme 
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and/or transporters. Statins, for example, are oxidised via CYP3A4, 
and so ciclosporin-mediated inhibition of statin metabolism is the 
likely mechanism underlying the risk of rhabdomyolysis associated 
with concomitant ciclosporin therapy. Certain statins (rosuvastatin 
and simvastatin) should be avoided completely whereas others may 
be used but at a reduced dose (e.g. a maximum dose of atorvastatin 
10 mg or fluvastatin 20 mg) with monitoring of creatine kinase. 
Grapefruit juice increases ciclosporin bioavailability via inhibition 
of intestinal CYP3A4 [9]. 


Pre-treatment screening 

Routine recommended clinical and investigational assessments aim 
to identify those at risk of the principal adverse effects (nephro- 
toxicity, hypertension), altered pharmacokinetics (liver disease, 
drug—drug interactions) and to minimise the risks of immunosup- 
pression. Prior to commencing ciclosporin, screening as outlined in 
Box 19.1 should be undertaken. 

A full history and examination should focus on past or current 
infection, malignancy (including a full skin check and counselling 
to ensure patients are up to date with national screening pro- 
grammes), renal disease, liver disease, excess alcohol intake and 
previous phototherapy, especially PUVA. 

Investigations include FBC, fasting lipids, alanine amino- 
transferase (ALT), aspartate aminotransferase (AST), y-glutamyl 
transferase (y-GT) and bilirubin as well as a comprehensive renal 
assessment (urinalysis, urine protein : creatinine ratio, baseline 
creatinine ideally calculated from the mean of two serum creatinine 
measurements, urea and electrolytes, including potassium and 
magnesium, and a urate level). In patients over 60 years, in those 
with suspected renal impairment or where therapy is likely to be 
required long term, an accurate assessment of renal capacity can be 
helpful (ethylenediaminetetraacetic acid (EDTA) clearance). 

As with all immunosuppressive agents, ciclosporin may enhance 
the adverse and toxic effect of live attenuated vaccines (i.e. vacci- 
nal infections), and in addition may diminish the therapeutic effects 
of vaccines, so that appropriate counselling about avoidance of live 
vaccination and a review of planned travel are important [10]. 


Dose and regimens 

Generally, patients start treatment in the lower dose range (2.5 
mg/kg/day), escalating to higher doses (up to 5 mg/kg/day) after 
a month of therapy in the event of a poor response. In circumstances 
where disease is acute, severe and/or unstable, treatment may be 
started at 5 mg/kg/day, but this carries an increased risk of side 
effects. The lowest possible therapeutic dose should be used to 
maintain remission and, ideally, a treatment course should last no 
more than 1 year. In obese patients, dosing per actual body weight 
may lead to toxicity as, although highly lipophilic, observations 
suggest that distribution of the drug is limited primarily to lean 
body mass. 


Monitoring 

In transplant medicine, in view of the narrow therapeutic index, 
requirement for long-term (lifelong) treatment and the critical 
importance of maintaining adequate immunosuppression to ensure 
organ viability, therapeutic drug monitoring with either serum 
trough and/or 2 h post-dose measurement of ciclosporin is part 


of routine practice. In dermatology, routine measurement of drug 
levels offers no specific advantage in terms of optimising effi- 
cacy, although the measurement of trough levels to predict risk 
of nephrotoxicity may be helpful in patients who cannot avoid 
long-term treatment. Blood pressure, FBC, liver function tests and 
renal function are generally checked every 2 weeks for 3 months 
after initiation and after any subsequent dose increase; once estab- 
lished on therapy, they should be checked at 8-12-weekly intervals, 
although fasting lipids may be monitored less frequently. If the cre- 
atinine level rises by more than 30% above baseline, the dose should 
be reduced; if it fails to normalise, the drug should be stopped. 

Drug-induced hypertension should be managed as for ordinary 
hypertension; calcium-channel blockers are often the preferred 
first line agents due to their vasodilatory effect on the afferent renal 
arteriole, which is thought to protect against nephropathy. All drugs 
of this class are associated with gum hypertrophy (in common with 
ciclosporin). However, amlodipine has no impact on ciclosporin 
drug levels, in contrast to nifedipine and diltiazem, and so is often 
considered the preferred agent. 

Angiotensin-converting enzyme inhibitors may be used although 
they lead to a rise in serum creatinine that, although not patholog- 
ical, may be difficult to distinguish from changes attributable to 
ciclosporin. Potassium-sparing diuretics should be avoided since 
ciclosporin tends to increase serum potassium levels, and, where 
psoriasis is the indication for use, B-blockers should also be avoided. 


Summary 

Ciclosporin remains an extremely useful, predictably effective and 
generally well-tolerated drug for short-term use. Long-term use is 
complicated by nephrotoxicity, as well as risks associated with ongo- 
ing potent immunosuppression. 


Colchicine 

Colchicine is an ancient drug, originally derived from the roots and 
seeds of plants of the genus Colchicum, particularly C. autumnale (the 
autumn crocus). In the UK, it is licensed only for the treatment of 
acute gout, but it has recognised benefit in familial Mediterranean 
fever, Behcet disease and recurrent pericarditis [1]. 


Dermatological uses (Chapters 35, 49, 50, 52, 54, 100 and 108) 
Colchicine has been used off-label for a wide variety of dermatolog- 
ical conditions, particularly those characterised by a neutrophilic 
inflammatory infiltrate, including neutrophilic dermatoses (Sweet 
syndrome, recurrent aphthous stomatitis), cutaneous vasculitis, 
autoimmune bullous disorders (dermatitis herpetiformis, epi- 
dermolysis bullosa acquisita, linear IgA disease), autoimmune 
connective tissue diseases (Behcet disease, dermatomyositis, scle- 
roderma) and papulosquamous disorders (psoriasis), with variable 
efficacy [2]. 


Pharmacological properties 

Formula and structure 

Colchicine (empirical formula: C,,H,;NO,; systematic name: 
N-[(7S)-1,2,3,10-tetramethoxy-9-0xo-5,6,7,9-tetrahydrobenzo[a] 
heptalen-7-yl] acetamide) is a tricyclic alkaloid consisting of two 
seven-member and one six-member carbon rings, with nitrogen in 
the side chain (a protoalkaloid). 


Administration 
Colchicine is administered orally; parenteral use has given rise to 
serious safety concerns [1]. 


Pharmacokinetics 

Colchicine is lipophilic and is absorbed in the small intestine. 
There is a wide interindividual variation in bioavailability. The 
peak plasma concentration after oral administration is reached 
at 30-90 min, with a second peak at approximately 6 h [1]. Pro- 
tein binding is between 10% and 30% and the terminal half-life 
is about 10 h. It is metabolised in the liver, with deacetylation via 
the CYP3A4 system, and excretion is predominantly into bile, with 
10-20% eliminated unchanged in urine [2]. Colchicine is widely 
distributed in tissues but accumulates preferentially in neutrophils, 
where the concentration may exceed 16 times the peak plasma 
concentration [1]. 


Pharmacodynamics 

Colchicine is both antimitotic and anti-inflammatory, but its precise 
mechanism of action is uncertain. By binding to B-tubulin it 
appears to interfere with the assembly of microtubules, thereby 
causing mitotic arrest in metaphase and inhibiting cellular chemo- 
taxis. Its anti-inflammatory action results from the modulation 
of pro-inflammatory molecule production and the reduction of 
neutrophil degranulation, chemotaxis and phagocytosis [1,3]. 


Potential adverse effects 

Gastrointestinal 

Colchicine commonly causes watery diarrhoea, vomiting, abdomi- 
nal pain, bloatedness and hyperperistalsis [1,2]. 


Toxicity and poisoning 

Acute overdosage with colchicine commences within hours 
with burning sensations in the mouth and throat, and severe 
gastroenteritis-like symptoms. After 24-72 h, signs of multiorgan 
dysfunction and sepsis may develop: bone marrow failure, renal 
and hepatic damage, respiratory distress, muscle weakness, cen- 
tral nervous system toxicity, myocardial damage, disseminated 
intravascular coagulation, metabolic acidosis, electrolyte distur- 
bances and hypovolaemic shock may supervene, and are potentially 
fatal consequences [1,4]. 


Contraindications 
Colchicine is contraindicated if there is known hypersensitivity to it, 
and in the presence of blood dyscrasias [2]. 


Cautions 
Colchicine should be used with caution if there is renal or hepatic 
dysfunction, and should be avoided during pregnancy [5]. 


Drug-drug interactions 

Drugs that inhibit the CYP3A4 and P-glycoprotein systems may 
increase colchicine levels and toxicity: they include ciclosporin, 
erythromycin, clarithromycin, ketoconazole, itraconazole, antiviral 
drugs and verapamil; grapefruit juice has a similar action [1,4,5]. 
Co-administration with statins may increase the risk of myopathy 
[14,5]. 
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Pre-treatment screening 
Full blood count, renal and hepatic biochemistry, urinalysis and, if 
appropriate, a pregnancy test should be undertaken. 


Dose and regimens 

A starting dose of 0.5 mg/day, increasing to 0.5 mg twice or three 
times daily over several weeks, may enhance tolerability [2]. The 
dose can be subsequently tapered as disease activity allows [2]. 


Monitoring 
Full blood count, renal and hepatic biochemistry and urinalysis 
should be checked monthly for several months, then 3-monthly 
thereafter [2]. 


Summary 

Oral colchicine is a safe drug in the long term when used appropri- 
ately [1], but it has a narrow therapeutic range [1,3], and care should 
be taken to avoid overdosage. 


Dapsone 

The synthesis of dapsone in 1908 developed out of research on 
azo dyes and it was subsequently discovered in the 1930s to have 
beneficial anti-infective properties like other sulphones [1,2]. It still 
retains important roles in the treatment of leprosy and the prophy- 
laxis of malaria and pneumocystis pneumonia, and has recently 
been shown to have antiepileptic activity [3]. It was, however, the 
realisation in the 1950s that dapsone is a potent anti-inflammatory 
agent that paved the way for its use in a wide variety of primarily 
dermatological inflammatory disorders. The related drugs, sul- 
fapyridine and sulfamethoxypyridazine, have been used in the 
treatment of dermatological disorders, but are now only rarely 
prescribed. 


Dermatological uses (Chapters 49, 50 and 100) 

In the UK, dapsone is licensed for the treatment of dermatitis 

herpetiformis and the rapidity of its action (usually between 1 

and 3 days) has been used as a diagnostic test for this condition. 

Dapsone is also predictably beneficial for the treatment of linear 

IgA disease, chronic bullous disease of childhood, bullous lupus 

erythematosus, erythema elevatum diutinum, IgA pemphigus and 

subcorneal pustular dermatosis. It has been widely used off-licence 

in many other inflammatory dermatoses, although its efficacy tends 

to be unpredictable. These dermatoses include: 

e Autoimmune blistering disorders (bullous and _ cicatricial 
pemphigoid, pemphigus and epidermolysis bullosa acquisita). 

e Vasculitis (leukocytoclastic vasculitis, urticarial vasculitis, 
granuloma faciale and Behcet disease). 

¢ Neutrophilic dermatoses (Sweet syndrome and pyoderma 
gangrenosum). 

e Miscellaneous other conditions (lupus erythematosus, panniculi- 
tis, acne vulgaris, hidradenitis suppurativa, pustular psoriasis, 
delayed pressure urticaria and relapsing polychondritis) [1,5]. 


Pharmacological properties 

Formula and structure 

Dapsone (4,4’-diaminodiphenylsulphone) is a sulphone with a 
simple structure consisting of an atom of sulphur linking two 
aromatic amine rings. 
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Administration 

Dapsone is taken orally in tablet form: 50 and 100 mg tablets are 
available in the UK. A topical preparation, dapsone 5% gel, is 
available in the USA and Canada as a treatment for acne. 


Pharmacokinetics [1,5] 

Dapsone is lipid soluble and water insoluble. Orally, it is absorbed 
very efficiently from the gastrointestinal tract and appears to have 
a significant enterohepatic circulation. The peak plasma concentra- 
tion occurs 2-6 h after ingestion and in the circulation it is approx- 
imately 70% protein bound. It is widely distributed, crossing the 
placenta and passing into breast milk. Dapsone is metabolised in the 
liver along two pathways: acetylation (by an N-acetyltransferase) 
and hydroxylation (by an N-hydroxylase). Acetylation results in the 
non-toxic metabolites monoacetyl dapsone and diacetyl dapsone. 
Hydroxylation yields the potentially toxic dapsone hydroxylamine. 
Metabolites are subsequently glucuronidated and excreted in the 
urine, and a small percentage is excreted in bile. Dapsone has a rel- 
atively long elimination half-life of 1-2 days, with wide individual 
variation. 


Pharmacodynamics 

Dapsone affects the folic acid metabolic pathway, an important 
process in DNA synthesis. It is selectively toxic to bacterial cells 
as it inhibits bacterial synthesis of dihydrofolate (DHF) by com- 
peting with para-aminobenzoic acid for the catalytic activity of 
dihydropteroate synthetase [5]. While this explains its antibiotic 
activity, the mechanisms underpinning the anti-inflammatory 
effects of dapsone are still poorly understood. The fact that dap- 
sone seems to be particularly effective in inflammatory reactions 
characterised by a polymorph response has resulted in mech- 
anistic theories centred on neutrophil function. Dapsone has 
inhibitory actions on neutrophil and eosinophil myeloperoxidase: 
the former, as part of the neutrophil ‘respiratory burst’, is an impor- 
tant element in tissue damage. It also inhibits neutrophil chemotaxis 
by inhibiting IL-8 release and function [6]. Further actions include 
stabilisation of neutrophil lysosomes, inhibition of neutrophil lyso- 
somal enzymes and suppression of integrin-mediated neutrophil 
adhesion and neutrophil recruitment [1,5]. 


Pharmacogenetics 

Dapsone hydroxylamine has strong oxidising properties, with the 
potential to induce a state of oxidative stress sufficient to cause 
severe haemolysis and methaemoglobinaemia in individuals with 
G6PD deficiency, the result of a number of polymorphisms of 
the G6PD gene on the X chromosome. G6PD is the rate-limiting 
enzyme in the pentose phosphate metabolic pathway, one of the 
main functions of which is the generation of nicotinamide adenine 
dinucleotide phosphate (NADPH), which is integral in maintain- 
ing the intracellular supply of reduced glutathione that prevents 
accumulation of free radicals that would otherwise cause oxida- 
tive damage to proteins. The pentose phosphate pathway is the 
only source of reduced glutathione in red blood cells, which are 
therefore at particular risk of damage to their cell membranes and 
haemoglobin by a variety of oxidants, including dapsone hydroxy- 
lamine, if G6PD is deficient. If this defence against oxidative stress 
is overwhelmed, consequent damage to the erythrocyte plasma 


membrane results in haemolysis or phagocytosis, and the ferrous 
ion of the haemoglobin molecule is oxidised to the ferric state 
(methaemoglobin), with a decreased oxygen-carrying capacity. 
Therefore, it is prudent to screen for functional G6PD deficiency 
prior to commencing dapsone therapy [1]. 


Potential adverse effects 

Pharmacological 

Haemolysis and methaemoglobinaemia. Haemolytic anaemia and 
methaemoglobinaemia are dose-dependent side effects, occurring 
to some degree in all dapsone-treated patients, but showing great 
individual variability [4]. Methaemoglobinaemia is manifest by 
lethargy and headache, and a cyanotic hue to the skin and mucous 
membranes. The decreased oxygen-carrying capacity of the blood 
consequent on haemolysis or methaemoglobinaemia may exac- 
erbate pre-existing cardiac and pulmonary insufficiency. Mild 
or moderate degrees of methaemoglobinaemia may be treated 
with cimetidine (400 mg three times daily), which reduces dap- 
sone hydroxylamine formation by inhibiting the cytochrome P450 
system of enzymes [7], although this effect declines after several 
months, possibly because of cytochrome P450 enzyme induction 
[8]. Vitamin E and ascorbic acid (vitamin C) have also been used 
to counter methaemoglobinaemia [1], and lipoic acid, as a dietary 
supplement, may prove to be a useful adjunct to cimetidine in 
improving patient tolerance of dapsone [9]. 


Idiosyncratic 

Agranulocytosis. Agranulocytosis is a rare unpredictable idiosyn- 
cratic adverse effect of dapsone that is potentially life threatening 
and for which the mechanism is unknown. Dapsone-induced agran- 
ulocytosis is more common in older individuals (>60 years) and 
those of non-white descent, and represents a particular risk in the 
treatment of dermatitis herpetiformis (compared with a negligible 
risk when used in leprosy and as prophylaxis for malaria) [10]. 
Agranulocytosis may present with fever, sore throat and signs of 
infection and usually manifests within 3 weeks to 3 months of 
treatment being commenced. Recovery of the neutrophil count 
tends to occur within 7-14 days of withdrawing the drug, although 
there is a mortality rate of 14-33% [4]. 


Peripheral neuropathy. Rarely, dapsone may cause peripheral 
neuropathy, which is more commonly motor than sensory [4]. The 
onset of distal neuropathy is often subtle and slowly progressive. 
Symptoms may persist long after dapsone therapy is terminated 
(sometimes as long as 1-3 years) [11,12], although recovery usually 
occurs eventually. It typically presents with weakness of the hands 
or legs, loss of fine motor skills, gait disturbance, foot drop, glove 
and stocking loss of sensation and wasting of the hand muscles 
[11]. Typically dapsone-induced peripheral neuropathy develops 
after several years of treatment, although it may occur as quickly as 
within 6 weeks [11,12]. Electrophysiological studies have demon- 
strated axonal degeneration, although the mechanism is unknown 
[4,11]. 


Ocular. Dapsone therapy may also very rarely be associated with 
ophthalmic side effects including optic neuritis, optic atrophy 
and macular infarction, potentially resulting in severe visual 


impairment. Diabetes, hypertension, hypercholesterolaemia and 
coagulopathy are contributory risk factors [13]. 


Dapsone hypersensitivity syndrome. Dapsone hypersensitivity 
syndrome is an idiosyncratic adverse reaction of unknown mech- 
anism, usually occurring in the first 3-5 weeks of commencement 
of dapsone. It comprises at least two of four signs: fever, lym- 
phadenopathy, generalised rash and hepatitis [14]; it resembles 
DRESS syndrome (drug rash with eosinophilia and systemic symp- 
toms) [15]. The prevalence is 1.4% and the fatality rate 9.9% [14], 
with liver failure the most frequent cause of death. Mucosal involve- 
ment, rash (which ranges from a maculopapular eruption to toxic 
epidermal necrolysis [4]) and delayed cessation of dapsone therapy 
are associated with an increased risk of a fatal outcome [14]. Nausea 
and vomiting are common, as are eosinophilia and leukocytosis. 
Other internal organs (kidneys, heart, lungs, pancreas) may be 
affected. 

The presence of HLA-B*13:01 has been shown to be associated 
with the development of dapsone hypersensitivity syndrome [6]. 

Systemic glucocorticoid (GC) therapy appears to be beneficial 
when there is internal organ or mucosal involvement: it should be 
tapered over 1 month [14]. The cautious reintroduction of dapsone 
without recurrence of dapsone hypersensitivity syndrome has been 
reported [17,18]. 


Other side effects. Dapsone is generally well tolerated at the doses 
normally used for dermatological conditions. However, it may cause 
gastrointestinal upset and anorexia, hepatitis, hypoalbuminaemia, 
headache, insomnia, rashes (varying from a morbilliform eruption 
and exfoliation to erythroderma and toxic epidermal necrolysis) 
and, rarely, acute psychosis or photosensitivity [4]. 


Contraindications 

Dapsone is contraindicated for patients with known hypersen- 
sitivity to it, and is relatively contraindicated in severe G6PD 
deficiency and in advanced cardiovascular or pulmonary disease 
that may be exacerbated by dapsone-induced haemolytic anaemia 
and methaemoglobinaemia [4]. 


Cautions 
When its use during pregnancy is unavoidable, it is generally 
considered that dapsone is moderately safe [4,19], although 
haemolysis and methaemoglobinaemia may develop in utero 
and breastfeeding infants, especially if the child is G6PD deficient 
[4,20]. Folic acid (5 mg daily) for the mother is advised during 
pregnancy [7,19]. 

Dapsone should be used with caution when there is G6PD defi- 
ciency, significant cardiopulmonary disease, severe hepatic and 
renal impairment and pre-existing peripheral neuropathy [4]. 


Drug-drug interactions 

Drug interactions are relatively uncommon with dapsone [4], 
although the plasma concentration of dapsone may be reduced by 
rifamycins, carbamazepine, phenytoin, griseofulvin, proton pump 
inhibitors, calcium and H, antihistamines, and be increased by 
probenecid. MTX, sulphonamides, trimethoprim and hydroxy- 
chloroquine may increase the risk from the haematological side 
effects of dapsone. 
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Pre-treatment screening 

It is important to establish whether the patient has pre-existing 
conditions that may increase the risk of toxicity from dapsone, such 
as cardiopulmonary, renal, hepatic or neurological disease. There 
should be a baseline clinical examination of peripheral motor and 
sensory function. An FBC and liver and renal function tests should 
be undertaken, and the G6PD level determined. 


Dose and regimens 

It is usual to commence dapsone ina single daily dose of 50-100 mg, 
depending on the pre-treatment screening, subsequently increas- 
ing to 100-200 mg/day. Once adequate disease control has been 
attained, the dose should be gradually tapered to the lowest effective 
level in order to minimise dapsone toxicity. 


Monitoring 

An FBC with differential white cell count should be checked every 
week for the first 4 weeks, and then fortnightly for the next 8 weeks, 
to monitor for agranulocytosis. Patients should, of course, also be 
warned to discontinue the medication immediately in the event of 
fever, chills and sore throat occurring within 3 months of commenc- 
ing dapsone. 

An FBC with reticulocytes should be checked 3-4 monthly: signs 
of haemolysis (such as raised reticulocytes and bilirubin) should 
prompt requests for a blood film (Heinz bodies within red blood 
cells in G6PD-induced haemolysis), lactate dehydrogenase (elevated 
in haemolysis) and a haptoglobin level (decreased in haemolysis). 
Methaemoglobin levels should be checked if there are signs or 
symptoms to suggest methaemoglobinaemia. It is prudent to check 
the liver function tests fortnightly for the first 3 months; thereafter 
liver and renal function tests should be performed with the FBC 
every 3-4 months. 

Ateach follow-up appointment, the peripheral motor and sensory 
nervous system should be assessed. 


Fumarates 

Common fumitory (Fumaria officinalis) is a plant rich in fumaric 
acid that is known to have been in use for the treatment of skin 
complaints, including leprosy, as early as the 17th century when 
Nicholas Culpeper claimed it to be ‘very effectual for ... clarifying 
the blood from saltish, choleric humours which cause leprosy, scabs, 
tetters, and itches, and such like breakings-out of the skin’ [1]. Its 
use at this time may represent an early example of systemic therapy 
for psoriasis, as it was not until the 19th century that psoriasis 
was clearly differentiated from leprosy. The beneficial properties 
of fumaric acid in psoriasis were first reported by Schweckendiek 
in 1959: both a chemist and a psoriasis sufferer, he found through 
self-experimentation a combination of esters of fumaric acid that 
was both tolerable and effective in improving his psoriasis. Recently, 
there has been renewed interest in fumarates with the development 
and licensing of dimethyl fumarate for the treatment of psoriasis 
and multiple sclerosis. 


Dermatological uses 

Dimethylfumarate is licensed in Europe, and a mixture of fumarates 
(under the brand name Fumaderm®) is licensed (only) in Germany, 
for moderate to severe plaque psoriasis. 
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Pharmacological properties 

Formula and structure 

Dimethylfumarate (DMF) is an a,b-unsaturated carboxylic acid 
ester. Fumaderm also contains three monoethyl hydrogen fumarates 
(calcium, magnesium and zinc salts). 


Administration 
Fumarates are taken orally in three divided doses each day, ideally 
before meals. 


Pharmacokinetics 

Following oral ingestion, DMF is absorbed from the small intestine 
in the preportal circulation and rapidly hydrolysed by ubiquitous 
esterases to the active metabolite, monomethylfumarate. Only 
monomethylfumarate is detectable in serum, reaching maximum 
levels by around 4 h [2]. Food intake may significantly delay or 
reduce absorption, and fumarates should therefore be taken before 
meals [2]. There is no evidence for a CYP-dependent metabolism 
in the liver. The half-life of monomethylfumarate is approximately 
2h [3-5]. 


Pharmacodynamics 

Fumarates, and specifically monomethylfumarate, appear to 
modulate T-helper cell differentiation away from Th1/Th17 devel- 
opment in favour of Th2, which may explain therapeutic efficacy 
in Th1-mediated disease and the eosinophilia and elevated IgE that 
can occur with therapy. The molecular mechanisms underlying this 
are incompletely understood, but data from studies on FAEs in the 
dermatology literature and data on experimental animal models of 
multiple sclerosis indicate that both DMF and monomethylfumarate 
modulate oxidative stress response pathways by binding both to 
glutathione [6,7] and to KEAP-1 (kelch-like ECH-associated protein 
1) [8]. Glutathione is the most important intracellular scavenger 
of reactive oxygen species and leads to impaired IL-12 and IL-23 
production with consequent induction of type II dentritic cells [9]. 
KEAP-1 is an inhibitor of NFE2L2 (nuclear factor erythroid 2-like 
2 or Nrf2), which promotes the synthesis of antioxidant proteins 
protective against oxidative tissue injury [8]. 


Potential adverse effects 

Two-thirds of patients experience gastrointestinal symptoms, such 
as nausea, cramps and diarrhoea, and one-third report episodic 
flushing lasting minutes to hours, with or without headache. These 
symptoms may settle with time and/or dose reduction but often 
lead to treatment discontinuation. Transient eosinophilia occurs 
between weeks 4 and 10, and lasts 1-2 months. A fall in lympho- 
cyte count seen in nearly all patients is not usually of any clinical 
significance and may correlate with treatment response; in about 
10% of patients, the fall is greater than a 50% reduction below 
baseline values. Rare cases of confirmed progressive multifocal 
leukoencephalopathy [10,11,12] have been reported in patients tak- 
ing fumarates, all of which were associated with profound lengthy 
lymphopenia, as well as with other potentially relevant factors 
(cancer and other immunosuppressive therapies); this highlights 
the importance of monitoring for and avoiding lymphocyte counts 
below 0.7 x 10°/L. With long-term use, proteinuria with associated 
renal impairment may rarely develop, with a risk of acute renal 
failure [4]. 


Contraindications 

Toxicology studies have shown that fumarates have neither terato- 
genic nor mutagenic potential; nonetheless, conception (for men 
and women), pregnancy and breastfeeding are contraindicated. 
Severe hepatic or renal disease, severe gastrointestinal disease (such 
as untreated peptic ulceration) and significant leukopenia are also 
contraindications. 


Cautions 

Recent guidelines suggest caution when fumarates are used with 
MTX, retinoids, psoralens, ciclosporin, immunosuppressants, 
cytostatics and any drugs with known nephrotoxicity [13]. Live 
vaccines or live attenuated vaccines should be avoided during 
fumarate therapy. 


Drug-drug interactions 

There are no reported interactions of fumarate with other drugs; 
limited data are available so a high index of suspicion should remain 
for potential drug interactions. 


Pre-treatment screening 

Routine baseline blood tests (FBC, liver function tests, renal 
function), lipids and accurate assessment of urinary protein, ideally 
with measurement of the albumin to creatine ratio, are needed 
[13,14,15]. 


Dose and regimens 

Fumarates are available as DMF tablets (30 and 60 mg) and as 
fumarate mixture low strength (Fumaderm initial®; 30 mg DMEF, 
67 mg monoethylfumarate calcium salt, 5 mg monoethylfumarate 
magnesium salt, 3 mg monoethylfumarate zinc salt) and high 
strength (Fumaderm®; 120 mg DMEF, 87 mg monoethylfumarate 
calcium salt, 5 mg monoethylfumarate magnesium salt, 3 mg 
monoethylfumarate zinc salt). Typically, treatment is initiated with 
one tablet (equivalent to 30 mg DMF), increasing each week, as 
tolerated, over 9 weeks (Table 19.1) up to the maximum dose of 
six tablets of high-strength (equivalent to a daily dose of 720 mg of 
DME). Treatment at this dose can be continued as long as there is a 
clinical need and provided monitoring is satisfactory. 


Monitoring 
Full blood counts, renal and liver function tests and albumin to 
creatinine ratios should be checked at monthly intervals during 


Table 19.1 Dosage of fumarates (number of tablets). 


Fumarate formulation 


Week Morning Noon Evening (dose of dimethylfumarate) 


Low strength (30 mg) 
Low strength (30 mg) 
Low strength (30 mg) 
High strength (120 mg 
High strength (120 mg 
High strength (120 mg 
High strength (120 mg 
High strength (120 mg 
High strength (120 mg 
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dose escalation and then every 3 months once a therapeutic dose is 
established. If the lymphocyte count falls below 1.0 x 10°/L but is 
20.7 x 10°/L, blood monitoring should be performed monthly until 
levels return to 1.0 x 10°/L or higher for two consecutive blood tests 
at which point monitoring can again be performed every 3 months. 
If the lymphocyte count falls below 0.7 x 10°/L, the blood test must 
be repeated and if the levels are confirmed to be below 0.7 x 10°/L, 
then treatment must be stopped immediately. 


Summary 

For those patients who tolerate fumarates, the therapy is straight- 
forward to manage. Licensing of DMF for psoriasis and multiple 
sclerosis has improved availability and will provide important addi- 
tional safety data, particularly in relation to rare serious adverse 
effects. 


Systemic glucocorticoids 

The glucocorticoids (GCs) are a family of steroid hormones that 
have vital immunomodulatory and metabolic functions and are the 
most frequently used and consistently effective anti-inflammatory 
agents for dermatological conditions. The term glucocorticoid is often 
used synonymously with corticosteroid, although, strictly, the latter 
includes both GCs and mineralocorticoids, both produced within 
the adrenal cortex. The principal naturally occurring GC is cortisol 
(hydrocortisone), possessing modest GC potency; there are also a 
number of synthetic systemic GCs with intermediate (prednisolone, 
methylprednisolone, triamcinolone) and high (betamethasone, 
dexamethasone) GC potency. 


Dermatological uses: licensed indications and off-label 
usage (Chapters 35, 36, 37, 39, 40, 41, 42, 49-55, 96 and 100) 
Glucocorticoids are used in a very wide variety of dermatological 
inflammatory conditions [1], including bullous dermatoses, connec- 
tive tissue diseases, vasculitides, neutrophilic dermatoses, eczema- 
tous and papulosquamous disorders and miscellaneous conditions 
such as severe urticaria and sarcoidosis. Low-dose dexamethasone 
has also been used in androgen excess syndromes [1]. 


Pharmacological properties 

Formula and structure 

The basic ring structure of all GCs is the cyclopentanoperhydro- 
phenanthrene nucleus, consisting of three hexane rings and one 
pentane ring. GCs with increased anti-inflammatory potency are 
formed by modifications of the hydrocortisone molecule: intro- 
ducing a 1,2 double bond (prednisolone); a 1,2 double bond and 
a 6-methyl group (methylprednisolone); a 1,2 double bond and 
fluorine at the 9a position, with a 16a hydroxyl group (triamci- 
nolone); a 16a methyl group (dexamethasone); or a 166 methyl 
group (betamethasone). 


Administration 

Although GCs are usually administered orally, there are occa- 
sional indications for intramuscular, intravenous and intralesional 
administration. 

Oral GCs are ideally given in the early morning to conform to 
the natural circadian rhythm of endogenous GC production. Tra- 
ditionally, prednisolone (the biologically active metabolite of pred- 
nisone) is the favoured oral GC for dermatological use in the UK, 
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although betamethasone, deflazacort, dexamethasone, hydrocorti- 
sone and methylprednisolone can be given orally [2]. 

Intramuscular administration of GCs has the advantages of guar- 
anteeing that a possibly unreliable patient receives treatment and 
also avoids the potential gastrointestinal side effects of oral GCs. 
However, intramuscular GCs may cause fat atrophy and occasional 
abscess formation at the injection site, as well as being more likely 
than oral GCs to induce menstrual irregularities in women [1], 
possibly because the intramuscular route results in constant levels 
of circulating GCs without diurnal variation, thereby suppressing 
gonadotropin release. Traditionally, triamcinolone acetonide has 
been favoured for intramuscular use [3]. 

Intravenous administration of GCs, usually given in ‘pulses’ 
on an in-patient basis, is generally only used in situations where 
it is desirable to bring very serious steroid-responsive conditions 
under rapid control. Methylprednisolone is the usual intravenous 
GC of choice. The risks particularly associated with intravenous 
pulsed GCs include sudden death of presumed cardiac origin sec- 
ondary to acute electrolyte shifts, cardiac arrhythmias, potentially 
life-threatening anaphylaxis, gastric erosions and sepsis [1]. Serious 
cardiovascular adverse effects are rare, tending to occur in patients 
with heart or kidney disease [4], and pulsed intravenous GC ther- 
apy is considered to have an acceptable risk—benefit profile, in the 
appropriate clinical context [5]. 

Formerly, corticotropin (adrenocorticotropic hormone) and its 
analogue, tetracosactide, were used as an alternative to GCs but 
had the disadvantages of variable and unpredictable therapeutic 
responses and a gradual waning of effect [2]. 


Pharmacokinetics 

The synthetic GCs are readily absorbed from the small bowel after 
oral administration and peak plasma concentrations occur after 
1-2 h. They are significantly protein bound in the circulation to 
cortisol-binding globulin (transcortin) and corticosteroid-binding 
albumin, become widely distributed in body tissues and also cross 
the placenta. 

They are metabolised predominantly in the liver and the metabo- 
lites are then conjugated with sulphate or glucuronic acid to 
make them water soluble, before being excreted in the urine. 
Inactivation is mainly by reduction of both the 3-keto group (by 
3a-hydroxysteroid dehydrogenase) and the 4,5 double bond in the 
steroid A ring (by 5a-reductase and 5p-reductase). 

The biological half-life of GCs varies from 8 to 12 h for the short- 
acting GCs (hydrocortisone, cortisone), 24-36 h for the intermediate- 
acting GCs (prednisolone, methylprednisolone, triamcinolone) and 
36-54 h for the long-acting GCs (betamethasone, dexametha- 
sone) [1]. 


Pharmacodynamics 
Endogenous GC (cortisol) plays vital physiological roles in 
anti-inflammatory homeostasis and in certain metabolic processes, 
including gluconeogenesis and fluid/electrolyte regulation. The 
synthetic GCs have been developed primarily as anti-inflammatory 
agents for the treatment of conditions unresponsive to natural 
anti-inflammatory processes. 

The intracellular mechanisms of action of GCs are complex and 
still incompletely understood [6]. They are known to act within the 
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nucleus at a genomic level but also to have non-genomic effects [7]. 
Being lipophilic, GCs cross plasma membranes into the cytoplasm 
of cells with ease, where they bind to cytosolic GC receptor (cGCR) 
encoded by the NR3C1 (nuclear receptor subfamily 3, group C, 
member 1) gene. 

Unactivated cGCR, which is ubiquitous in vertebrate cells, is a 
94 kDa protein present in the cytoplasm as a complex with various 
other proteins (chaperones), including heat-shock proteins and 
several kinases of the mitogen-activated protein kinase (MAPK) 
signalling system that are thought to be important in maintain- 
ing the conformational state of the cGCR to enable high-affinity 
binding with GCs. It has a complex structure that includes specific 
domains for binding GCs and DNA and for undertaking transcrip- 
tion functions. On binding to GC (endogenous or synthetic), the 
cGCR rapidly dissociates from its protein chaperones, enabling the 
GC/cGCR complex to pass into the nucleus. There, the GC/cGCR 
complex binds to specific DNA binding sites (GC response ele- 
ments) within the promoter regions of GC-inducible genes, from 
where it modifies the transcription of those genes. Depending on 
the target gene, transcription is either activated (‘transactivation’) 
or inhibited [7,8]. Numerous genes are targeted by the GC/cGCR 
complex, many of which produce proteins that regulate the inflam- 
matory process and apoptosis and others which regulate metabolic 
functions: it is estimated that GCs influence the expression of 
approximately 1% of the entire genome [7]. 

In addition to their DNA binding effects on transcription, 
GC/cGCR complexes also prevent the binding to their target genes 
of a variety of natural transcription factors (such as activator protein 
1, NF-ATc and nuclear factor kB (NF«B)), resulting in the reduced 
expression of many immunoregulatory and pro-inflammatory pro- 
teins (‘transrepression’) [7,8]. Furthermore, GCs also seem to have 
post-transcriptional and post-translational effects [7]. 

GCs have several non-genomically mediated actions still to be pre- 
cisely defined. These include the release of the protein chaperones 
when the GC/cGCR complex is formed, which may have impor- 
tant signalling effects, such as those involving the T-cell receptor 
(TCR). Via this mechanism, GCs impair TCR signalling and conse- 
quently T-cell cytokine production, proliferation and differentiation 
[9]. There may also be an important non-specific non-genomic mech- 
anism of GC action involving intercalation of GC molecules in cell 
plasma membranes, resulting in altered cation transport, which in 
the case of immune-competent cells is considered to contribute to 
immunosuppressive and anti-inflammatory actions [7]. Finally, GCs 
may also cause specific non-genomic actions, mediated through a 
cell surface membrane-bound GCR known to be present on the cell 
surfaces of human monocytes and B lymphocytes [7]. 

This is a very simplified summary of the complex mechanisms 
that in combination are thought to regulate GC-induced immune 
modulation and apoptosis of immune-competent cells. In addition 
to these desirable anti-inflammatory properties in the context of 
treating disease states, the enhanced effect compared with that of 
endogenous cortisol of the synthetic GCs on gene transcription 
results in a number of undesirable metabolic consequences. These 
include important effects on gluconeogenesis, causing increased 
carbohydrate production by the enhanced metabolism of endoge- 
nous protein (from bone, muscle, skin and blood vessels) and on fat 
metabolism with associated peripheral insulin resistance; the less 


potent GCs also have important mineralocorticoid actions. It has 
long been assumed that the unwanted effects of prolonged treat- 
ment with GCs are largely the result of transactivation, while the 
beneficial anti-inflammatory effects are the result of transrepression 
[7,8], but doubt has been cast on this hypothesis [10,11]. 


Pharmacogenetics 

The pharmacogenetic factors of clinical relevance to dermatologists 
are still to be established. However, GCR polymorphisms may 
explain in part the wide individual variation in response to GCs 
[12-14] and may influence GC-induced bone mineral density [13] 
and metabolic [15] changes. GCR polymorphisms have also been 
associated with depression and bipolar disorder [16-18] and may 
therefore possibly be relevant to the mood disturbances that may 
complicate GC therapy. 


Potential adverse effects 

Glucocorticoids have the potential for a wide variety of side effects, 
particularly when used in high (supraphysiological) doses and in 
long-term regimens (Figure 19.2). Short courses (2-3 weeks) of GCs 
are generally relatively safe [1]. 

Hydrocortisone has a significant mineralocorticoid action, but 
with increasing potency the mineralocorticoid effect of GCs dimin- 
ishes: GCs of intermediate potency (prednisolone, methylpred- 
nisolone, triamcinolone) have some mineralocorticoid action and 
the high-potency GCs (betamethasone, dexamethasone) negligible 
action [2]. 


Malignancy 

The development of immunosuppression-related malignancies, 
such as lymphoma, squamous cell carcinoma and Kaposi sarcoma, 
is very uncommon when GCs are used in isolation [1]. 


Steroid withdrawal syndrome 

The withdrawal of GCs may be occasionally and apparently 
idiosyncratically associated with signs and symptoms of variable 
degree resembling adrenal insufficiency [19]. Steroid withdrawal 
syndrome may occur when the dose of GC is still supraphysiological 
or even after complete withdrawal without biochemical evidence 
of subnormal hypothalamopituitary—adrenal (HPA) axis integrity. 
Symptoms include fever, anorexia, nausea, vomiting, lethargy, 
fatigue, weakness, malaise, emotional lability, depression, myalgia, 
arthralgia, headache, abdominal pain, skin peeling, influenza-like 
symptoms and weight loss. Signs include postural hypotension, 
hyponatraemia and hyperkalaemia [19]. 

The precise mechanism underlying the steroid withdrawal syn- 
drome is unknown, although it is possible that the symptoms 
are mediated by increased circulatory levels of pro-inflammatory 
cytokines such as IL-6, TNF-a and IL-18 consequent on the reduction 
of GCs [20]. Its treatment is to reinstitute or increase GC therapy, 
followed by more gradual tapering of the dose [20]. 


Contraindications 

Glucocorticoids are relatively contraindicated if there is systemic 
infection unless specific therapy is being given [2]. Vaccination with 
live virus should be avoided in patients taking GCs. 


OCULAR 


Ocular hypertension and glaucoma 

e Cataracts - posterior subcapsular 

e Central serous chorioretinopathy 

Ocular infections, including herpes simplex 


INFECTION 


— 
¢ Tuberculosis reactivation 
¢ Opportunistic infections 


MINERALOCORTICOID 


e ~Hypernatraemia and water retention 
e Hypertension and weight gain 
e Hypokalaemia, hypocalcaemia 


GLUCOCORTICOID 

e Hyperglycaemia, development of diabetes 

e Deterioration of diabetic control 

e Dyslipidaemia — hypertriglyceridaemia, 
hypercholesterolaemia 

e Increased appetite, weight gain 

e Menstrual irregularities 

e¢ Cushingoid features (lipodystrophy) — moon 

face, ‘buffalo hump’, central obesity (thin 

limbs, plump trunk) 


A BONE 
Osteoporosis 


e Osteonecrosis (avascular necrosis) 
¢ Growth impairment in children 


Figure 19.2 Potential side effects of glucocorticoids. 


Cautions 

Adrenal suppression 

Endogenous cortisol production in the physiological state is 
regulated by a negative feedback homeostatic mechanism on 
corticotropin-releasing factor secretion from the hypothalamus 
and adrenocorticotropic hormone release from the pituitary — the 
HPA axis. Synthetic GCs also suppress the hypothalamopituitary 
drive of the adrenal glands and will abolish endogenous cortisol 
production by the adrenals if the dose and duration of treatment 
are sufficient, resulting in the potential, albeit rare, for acute adrenal 
insufficiency (Addisonian crisis) if the GC is stopped abruptly. It 
can take very many months for the normal adrenocortical response 
to fully recover, and vulnerability to stress may last for a year or 
more [1]. 

There is significant individual variation in susceptibility to 
GC-induced adrenal suppression [1]. GCs given in divided doses 
or at times other than the morning are more likely to induce HPA 
axis suppression. Alternate day GC therapy reduces the risk of HPA 
axis suppression [1]. 

The early morning cortisol level and 24 h urinary cortisol level 
both provide a measure of basal HPA axis function for a patient on 
GCs, and the short synacthen stimulation test is a measure of the 
stress responsiveness of the adrenal: these are an option for assessing 
adrenal reserve towards the end of long-term GC therapy. 
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(=> PSYCHIATRIC 
Psychosis 

Euphoria, depression, agitation 
Suicidal ideation 

Insomnia, nightmares 
Irritability, mood lability 


ra CUTANEOUS 


e Purpura, bruising, striae, dermal and epidermal 
atrophy, telangiectasia 
‘Steroid acne’, rosacea-like syndrome 
Impaired wound healing 
Hirsutism 
Fat atrophy with injected GCs 
Cutaneous infections — staphylococcal and herpetic 
Hyperhidrosis 


GASTROINTESTINAL 
Peptic ulceration 
Bowel perforation (particular risk with active 
diverticulitis and recent bowel anastomosis) 
Pancreatitis 
Fatty liver 
Gastro-oesophageal reflux 
Candidiasis 


Y NEUROMUSCULAR 
e Muscle weakness (proximal myopathy) 


e Intracranial hypertension (pseudotumor cerebri) 
e Spinal epidural lipomatosis 


GCs taken in a daily dose of more than 40 mg for more than 1 
week (or a lesser dose for more than 3 weeks) should be tapered 
gradually [2]. Intercurrent illness, infection, surgical procedure or 
trauma requires a temporary increase in GC dose or, if a prolonged 
GC course has recently been completed, a temporary reintroduc- 
tion of GC to compensate for a diminished adrenal response. Anaes- 
thetists must know if their patient is taking or has been taking a GC 
within 3 months of surgery [2]. Patients on long-term GC therapy 
should carry a steroid treatment card with them at all times. 


Acquired resistance (tachyphylaxis) 

The therapeutic response to GCs in chronic inflammatory disorders 
may be compromised by the development of an acquired resistance 
or insensitivity to GCs [21,22]. The precise mechanisms for this phe- 
nomenon are not fully elucidated but are thought to include down- 
regulation of GCR expression and inhibition of GCR translocation 
by pro-inflammatory cytokines, oxidative stress and hypoxia in the 
cellular microenvironment occurring over time [22]. The consequent 
higher doses of GCs that are necessary to maintain disease control 
increase the risk of adverse effects. 


Infections 

Prolonged courses of GCs increase susceptibility to infection and 
may modify and perhaps mask signs of infection, especially septi- 
caemia and tuberculosis [2]. GCs predispose to severe chickenpox 
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and measles if the patient is not already immune to these infec- 
tions: exposure to them requires passive immunisation. Fungal or 
viral ocular infections may be exacerbated, as may amoebiasis and 
strongyloidiasis [2]. 


Bone protection 

Glucocorticoid-induced osteoporotic fractures are a real risk with 
long-term therapy, even in low dosage, and monitoring with bone 
mineral density measurements (dual-energy X-ray absorptiometry 
(DEXA) scans) is advisable in patients on long-term GC therapy. 
Preventative measures, such as calcium/vitamin D supplements 
and biphosphonate therapy, together with lifestyle advice including 
weight-bearing exercise, smoking cessation and avoiding exces- 
sive alcohol intake, should be considered early when initiating 
long-term GC therapy to limit the likelihood of osteoporosis. 


Gastrointestinal protection 

Although controversial, the prophylactic administration of a pro- 
ton pump inhibitor or an H, antagonist should be considered 
in high-dose GC therapy, particularly for high-risk groups (e.g. 
anticoagulation therapy or a history of peptic ulcer disease) [1]. 


Psychiatric reactions 
Glucocorticoids should be prescribed with caution for patients with 
a personal or family history of psychiatric disorders. 


Pregnancy 
Glucocorticoids may increase the risks of spontaneous abortion 
and stillbirth, and the possibility of fetal HPA axis suppression 
should be considered when GCs are given to the mother close to 
delivery [1]. 


General cautions 

Care should be taken when prescribing GCs for children, the elderly, 
pregnant women or patients with diabetes, hypertension, osteo- 
porosis, raised intraocular pressure, a history of peptic ulceration, 
diverticulitis, recent bowel anastomosis or tuberculosis, or if there 
is hepatic or renal impairment. 


Contraindications 

Glucocorticoids are relatively contraindicated if there is systemic 
infection unless specific therapy is being given [2]. Vaccination with 
live virus should be avoided in patients taking GCs. 


Drug-drug interactions 

There are a large number of potential interactions between systemic 
GCs and other drugs (see British National Formulary for complete 
list), although only a small number are potentially serious, with only 
very few of these involving prednisolone (Box 19.5) [1]. 


Pre-treatment screening 

If a short course (up to 3 weeks) of GC therapy is envisaged, it is 
reasonable to establish whether there are coexisting conditions that 
might be influenced by GCs (such as diabetes, psychosis, glaucoma, 
infections, peptic ulcer disease, active diverticulitis and recent 


Box 19.5 Glucocorticoids: drug-drug interactions 


¢ Glucocorticoids (GCs) antagonise the hypotensive effects of 
angiotensin-converting enzyme inhibitors, a-blockers, angiotensin-II 
receptor antagonists, B-blockers, calctum-channel blockers and 
clonidine 

¢ GCs increase the risk of gastrointestinal bleeding when given 
synchronously with non-steroidal anti-inflammatory drugs 

e Anticonvulsants reduce plasma levels of GCs 

¢ GCs have a variable effect on the anticoagulant action of coumarins 

¢ GCs antagonise the oral hypoglycaemics 

¢ GCs antagonise diuretics and increase risk of hypokalaemia 

¢ Oestrogen-containing oral contraceptives increase plasma 
concentrations of GCs 

¢ GCs may impair immune response to vaccines 


surgery), to enquire about medications that might influence or be 
influenced by GCs and to monitor for rising blood pressure and 
glycosuria. 

If extended treatment is anticipated, baseline assessment of blood 
pressure, weight, height (in children), serum electrolytes, fasting 
glucose and fasting lipids should be undertaken. Consideration 
should be given to screening for active and latent tuberculosis, 
especially in those considered to be at particular risk, by means of a 
Mantoux test followed if positive by an IFN-y test and chest X-ray 
[23]. Baseline ophthalmic examination for cataracts and ocular 
hypertension should also be considered. 

Prior to initiating GC therapy, the patient and family members 
should receive appropriate education, in particular about the poten- 
tial adverse effects and the monitoring details. A steroid treatment 
card should be provided and the information on it kept up to date. 


Dose and regimens 

Oral administration 

Depending on the clinical diagnosis, its severity and the presence 
or otherwise of cautionary factors, it is reasonable to consider com- 
mencing prednisolone at a starting dose of up to 1 mg/kg body 
weight daily, ideally given as a single dose in the morning. A single 
daily dose is less likely than a divided dose to cause adverse effects, 
and a morning dose less likely to result in HPA axis suppression than 
when given at other times of day [1]. In some circumstances, higher 
doses may be considered [1]. 


Intramuscular administration 
A typical regimen for intramuscular triamcinolone is 80 mg two or 
three times a year [1]. 


Pulsed intravenous administration 

A typical regimen for in-patient-based pulsed intravenous methyl- 
prednisolone is 500-1000 mg (approximately 10-15 mg/kg) daily, 
given over at least 60 min, for 3-5 consecutive days, with continuous 
cardiac monitoring and daily measurement of electrolytes and 
glucose levels recommended [1]. Thereafter, oral prednisolone 
and/or a non-steroidal immunosuppressive may be required to 
maintain the therapeutic effect of pulsed intravenous therapy. 


Tapering steroid dose 

Generally, as soon as there is adequate disease control, consider- 
ation should be given to tapering long-term GCs to the minimal 
effective dose in order to minimise the risk of side effects, although, 
despite their use over many decades, the optimal regimen has yet 
to be determined. The rate of dose reduction is determined by dis- 
ease activity, assessed by clinical features and laboratory parame- 
ters. When withdrawing GCs, it is reasonable to attempt to reduce 
the dose rapidly to a physiological level (7.5 mg prednisolone daily 
or equivalent [2]), followed thereafter by a more gradual reduction. 
If a patient has been on steroids for more than 3 weeks or on >40 
mg for more than 1 week then it is advisable to check a 9 am corti- 
sol (and short synacthen test if low) prior to reducing below 7.5 mg. 
Endocrine advice should be sought prior to further weaning if there 
is evidence of HPA axis suppression. If supraphysiological doses of 
GCs are required in the long term, adjusting to an alternating day 
regimen may ultimately allow recovery of the HPA axis and cause 
less metabolic disruption than continuing to give GCs in a daily 
dose [1]. 


Monitoring 

A reasonable follow-up frequency for patients on oral GC treatment 
is at 1 month and then every 2-3 months [1]. At each visit specific 
enquiries should be made for side effects, blood pressure and weight 
(and height in children) should be recorded, and serum electrolytes, 
fasting glucose and lipids measured [1]. An ophthalmic examination 
every 6-12 months is recommended [1]. 

A neutrophilia frequently occurs with GC therapy. This should 
not be assumed to be necessarily the result of infection as it is often 
innocent, resulting from a shift of neutrophils from the marginated 
to the circulating pool, with a minor contribution from an increased 
release from bone marrow [24]. 

Depending on therapeutic response and the likely duration 
of therapy with GCs, active consideration should be given to 
steroid-sparing strategies. 


Summary 

Glucocorticoids have a very important place in the dermatological 
therapeutic armamentarium and their prudent use and monitoring 
will minimise, although not obviate, adverse effects. For the future, 
enhancement of the risk—benefit ratio of GCs may be possible by 
the targeted delivery of GCs (long-circulating liposomal GCs), by 
combining GCs with synergistic anti-inflammatory moieties (such 
as nitric oxide) or by the modified release of GC to conform to 
circadian rhythms (chronotherapy) [25]. Novel non-steroidal drugs 
such as SEGRAs (selective GCR agonists) and SGRMs (selective 
GCR modulators) may have the anti-inflammatory properties of 
conventional GCs with fewer side effects [25]. 


Hydroxycarbamide 

Hydroxycarbamide (formerly known as hydroxyurea) is an 
antimetabolite cytotoxic drug that is used primarily in the treat- 
ment of chronic myeloid leukaemia and certain solid malignancies, 
for conditions with a high risk of thromboembolic complications 
(including polycythaemia rubra vera and essential thrombo- 
cythaemia) and for reducing the crises of sickle cell disease [1]. 
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Dermatological uses 

Off-label, the primary dermatological indication for hydroxycar- 
bamide has been for the treatment of recalcitrant chronic plaque 
psoriasis [2]. The advent of novel targeted therapies means that 
where these are available, hydroxycarbamide is rarely used. It has 
also been used for the treatment of Sweet syndrome, erythromelal- 
gia and hypereosinophilic syndrome [3]. 


Pharmacological properties 

Formula and structure 

Hydroxycarbamide (empirical formula: CH,N,O,; systematic 
name: hydroxyurea) is a simple organic molecule consisting of a car- 
bonyl functional group attached to single amine and hydroxylamine 
functional groups. It was first synthesised in 1869. 


Administration 
Hydroxycarbamide is administered orally and is available in the UK 
as 100, 500 and 1000 mg tablets [1]. 


Pharmacokinetics 

Hydroxycarbamide has excellent oral bioavailability, with max- 
imum plasma concentrations reached between 0.5 and 2 h [1,4]. 
Despite therapeutic use over many years, there is still only a 
limited understanding of hydroxycarbamide absorption, distri- 
bution, metabolism and clearance [4]. The metabolic pathways 
include saturable hepatic metabolism and also degradation by 
urease-producing intestinal bacteria [1]. It is cleared relatively 
rapidly, mainly via the kidneys, with a plasma half-life of 2-4 h [1]. 


Pharmacodynamics 

Hydroxycarbamide is thought to act by inhibiting the ribonucleotide 
reductase system, thus blocking the formation of deoxyribonu- 
cleotides and thereby inhibiting DNA synthesis [1]. 


Potential adverse effects 

Myelosuppression 

Dose-related bone marrow toxicity, causing anaemia, leukopenia or 
thrombocytopenia, is the most common adverse effect of hydroxy- 
carbamide, although clinically significant complications are rare 
provided that there is close haematological monitoring [2]. Mild 
megaloblastic changes, which are common and of little significance 
[3], are unrelated to vitamin B,, or folate deficiency [1] and are a 
good indicator of adherence [2]. 


Gastrointestinal 

Diarrhoea, constipation, nausea, vomiting and stomatitis may occur 
[1]. Upper gastrointestinal symptoms may be reduced by adminis- 
tration of hydroxycarbamide with food, milk or antacids [3]. 


Cutaneous 
Hydroxycarbamide is associated with a number of cutaneous side 
effects including painful leg ulceration [5], a dermatomyositis-like 
eruption [6-8], a lichen planus-like rash [9], alopecia [3], lupus 
erythematosus [10], photosensitivity [3], radiation recall [3] and 
hyperpigmentation of the skin and nails [11-13]. 

The mutagenic potential of hydroxycarbamide and its impair- 
ment of DNA repair mechanisms may increase the long-term risk 
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of non-melanoma cutaneous malignancy [14-17], particularly in 
patients being treated for myeloproliferative disorders. Although 
it is prudent to offer standard advice regarding sun protection, 
the risk to patients being treated for dermatological conditions 
appears to be low [2,3,18]. Similarly, although hydroxycarbamide 
has been associated with the development of leukaemic change 
when used in myeloproliferative disorders, myelodysplasia has 
not been established as a long-term concern in dermatological 
usage [2,5]. 


Other side effects 

Rarely, hydroxycarbamide has been associated with acute pul- 
monary inflammation, abnormal liver function, neurological 
symptoms, pyrexia, hypersensitivity and hallucinations. 


Contraindications 

Hydroxycarbamide is contraindicated if there is significant pre- 
existing bone marrow dysfunction, or if there is known sensitivity 
to the drug. 


Cautions 

Hydroxycarbamide should be avoided during pregnancy and 
breastfeeding, and men should be advised to avoid conception 
during treatment and for 3 months after its discontinuation [1]. 


Drug-drug interactions 

Hydroxycarbamide is associated with few drug interactions likely 
to be of clinical relevance when used for dermatological indications 
[2]. Other myelosuppressive and antineoplastic drugs should be 
avoided. Hydroxycarbamide may enhance the potential side effects 
of nucleoside reverse transcriptase inhibitors such as didanosine 
and stavudine. 


Pre-treatment screening 
Prior to commencing hydroxycarbamide, screening as outlined in 
Box 19.1 should be undertaken. 


Dose and regimens 

When used for cutaneous disorders, an initial dose of 1 g once daily 
is recommended [2]. Depending on clinical response and haemato- 
logical parameters, this can be gradually increased to 2 g daily ina 
divided dose. In the elderly and those with renal impairment, con- 
sider a starting dose of 500 mg daily [2]. 


Monitoring 

It is reasonable for the FBC to be checked weekly for the first 
month, then fortnightly for the next 3 months, monthly for a fur- 
ther 3 months, then quarterly thereafter [3]. Dose adjustment or 
temporary cessation of therapy should be considered if significant 
myelosuppression occurs [2]. Monthly electrolyte, creatinine and 
liver function tests, reducing to every 3-6 months if stable, are also 
reasonable [3]. 


Janus kinase inhibitors 

Janus kinase inhibitors (JAKi) are small-molecule inhibitors of 
intracellular JAK activity. JAKs are a family of intracellular tyro- 
sine kinases that transduce cytokine-mediated signals via the 


JAK/STAT (signal transducers and activators of transcription) 
pathway, comprising four members, JAK1, JAK2, JAK3 and TYK2. 
These recently introduced immunomodulatory agents are effective 
at treating multiple inflammatory conditions. There are multiple 
JAKi in use/development, all of which target specific members of 
the JAK family to different extents. JAKi licensed for dermatological 
indications currently comprise abrocitinib and upadacitinib, both 
more specific to JAK1, and baricitinib, more specific to JAK1 and 
JAK2 [1-3]. 


Dermatological uses 

Abrocitinib, baricitinib and upadacitinib are all licensed for the 
treatment of moderate to severe atopic dermatitis in adults [1-3]. 
Trials have shown additional promising effect of JAK inhibition 
in autoimmune hair loss, vitiligo and psoriasis (TYK2 targeting 
agents specifically). Outside of dermatology, other inflammatory 
indications include psoriatic arthritis (tofacitinib and upadacitinib), 
rheumatoid arthritis (tofacitinib and upadacitinib), ulcerative colitis 
(tofactitinib) and ankylosing spondylitis (upadacitinib). 


Pharmacological properties 

Formula and structure 

e Abrocitinib: empirical formula: C,,H,,N;O,5S; systematic name: 
N-[3-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino]cyclobuty]] 
propane-1-sulfonamide. 

Baricitinib: empirical formula: C,,H,7;N7O,5; systematic name: 
2-[1-ethylsulfonyl-3-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl) 
pyrazol-1-yllazetidin-3-yl]acetonitrile. 

Upadacitinib: empirical formula: C,,H,)F;N,O,; systematic 
name: (3S,4R)-3-ethyl-4-(1,5,7,10-tetrazatricyclo[7.3.0.07* ]dodeca- 
2(6),3,7,9,11-pentaen-12-yl)-N-(2,2,2-trifluoroethyl)pyrrolidine-1- 
carboxamide. 


Administration 

Abrocitinib, baricitinib and upadacitinib are available in the UK as 
oral tablets (100/200 mg tablets, 2/4 mg tablets, 15/30 mg tablets, 
respectively). 


Pharmacokinetics 

Abrocitinib, baricitinib and upadactinib are well absorbed with 
absolute oral bioavailabilities of between 60% and 79%. Peak 
plasma concentrations are achieved within 1-4 h. Abrocitinib is 
metabolised by CYP2C19, CYP2C9 and CYP3A4. Baricitinib and 
upadactinib are primarily metabolised by CYP3A4. Abrocitinib 
and baricitinib are primarily renally excreted, while upadacitinib 
is excreted via urine and faeces. The half-lives of abrocitinib, 
baricitinib and upadacitinib are 5, 12.5 and 8-14 h, respectively. 


Pharmacodynamics 

Cytokines are extracellular and once they associate with their 
receptors many exert their downstream intracellular effects via 
JAK-STAT signalling (Figure 19.3). When these cytokines (including 
key inflammatory cytokines such as IL-4, IL-13 and IL-31 relevant 
to atopic dermatitis, and IL-12 and IL-23 relevant to psoriasis) 
bind to their receptor, the two arms of the receptor come together. 
Attached to each arm is a JAKi, and every cytokine receptor has 
a specific combination of JAKi attached to each arm. These can be 
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IL-2, IL-4, IL-7, IL-12 IFNa, No IL-10, IL-19, EPO, TPO, G-CSF, IL-6, IL-11 
IL-9, IL-15 and IFNB and activated IL-20, IL-22 GM-CSF, GH, leptin, IL-13, OSM 
and IL-21 IL-23 IFNy receptor and IL-26 IL-3 and IL-5 and ILF 
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Figure 19.3 Extracellular signals involving the JAK/STAT pathway and their respective downstream functions. JAKs (Janus kinases) are intracellular tyrosine kinases that transduce 
cytokine-mediated signals. The combination of JAKs required on the respective arms of a receptor varies depending on the signal, for example IL-4 requires both JAK1 and JAK2 
function. On stimulation, JAKs phosphorylate STATs (signal transducers and activators of transcription) which results in dimerisation and translocation of STATs to the nucleus to 
modulate target gene expression and downstream effects. GM-CSF, granulocyte-macrophage colony-stimulating factor; EPO, erythropoietin; G-CSF, granulocyte colony-stimulating 
factor; GH, growth hormone; IFN, interferon; IL, interleukin; LIF, leukemia inhibitory factor; OSM, oncostatin; P autophosphorylation and/or transphosphorylation; TPO, 


thrombopoietin; Y, tyrosine residues. Reproduced from Salas et a/. 2020 [10]. 


homodimers (e.g. JAK1 on both arms, JAKI1/JAK1) or heterodimers 
(e.g. JAK1/JAK2, JAK1/JAK3, JAK1/TYK2, etc.). Specific examples 
include IL-4 which requires JAK1 and JAK3, and IL-23 which 
requires JAK1 and TYK2. When the two arms come together the 
JAKs cross-phosphorylate one another and then phosphorylate the 
tyrosine residues on the arms themselves in turn facilitating STAT 
binding, phosphorylation detachment and downstream activity on 
gene transcription in the nucleus. 

Cytokines that are integral to atopic dermatitis, such as IL-4, IL-13 
and IL-31, all require JAK1 (Figure 19.3). Relative JAK1 inhibition 
via abrocitinib, baricitinib and upadacitinib can therefore modulate 
the effects of these signals and has proven effective at improving 
the severity of atopic dermatitis [4-6]. JAKi have a very rapid onset 
of action in atopic dermatitis with itch improvement noticed within 
a week and clinical improvement within 4 weeks. Cytokines inte- 
gral to psoriasis, such as IL-23, requiring TYK2 and TYK2 inhibition 
can therefore modify that signal, and there is emerging evidence to 
support TYK2 inhibition in that context [7]. 

In addition to this, JAK signalling is an important component 
for multiple other signalling pathways including interferons, 
EPO, TPO, G-CSF, GM-CSF, GH and leptin (Figure 19.3, with 


abbreviations in full). Inhibiting JAK function can therefore impact 
on wide-ranging biological pathways including haematopoiesis, 
lipid metabolism, growth and defence against infection. The relative 
specificity of JAKi is therefore important in terms of the tolerability 
of the individual agents. 


Potential adverse effects 

There are broad tolerability issues relevant to all three JAKi [1-3]. 
Common side effects include infection (including herpes sim- 
plex and herpes zoster), gastrointestinal upset (nausea, vomiting, 
abdominal pain), acne, headache and a rise in creatinine kinase. 
There is variability in the relative frequency of these side effects 
across the agents with, for example, nausea and vomiting more 
common on abrocitinib and acne more common on upadactinib. 
Uncommon side effects include hyperlipidaemia and venous 
thrombotic events, including pulmonary embolism and deep 
vein thrombosis. Drug-specific effects include thrombocytopenia 
(abrocitinib), thrombocytosis (baricitinib), anaemia (upadacitinib), 
neutropenia (baricitinib and upadacitinib), diverticulitis (baricitinib 
and upadacitinib) and transaminitis (baricitinib and upadacitinib). 
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A safety trial comparing tofacitinib and anti-TNF therapy for 
rheumatoid arthritis in a trial population enriched for cardiovas- 
cular risk showed risks of major adverse cardiovascular events 
and cancers were higher in the tofacitinib arm [8]. This has led the 
US Food and Drug Administration (FDA) to issue a warning for 
all medicines in this class (pending further information) about an 
increased risk of serious heart-related events, cancer, blood clots and 
death [9]. The UK Medicines and Healthcare products Regulatory 
Agency (MHRA) has issued similar guidance. 


Contraindications 
Abrocitinib and upadacitinib are contraindicated in people with a 
hypersensitivity to the active substance or excipients, active tubercu- 
losis or serious infection, severe hepatic impairment, pregnancy or 
breastfeeding. Baricitinib is contraindicated in people with a hyper- 
sensitivity to the active substance or excipients and pregnancy. 
Live vaccination should be avoided within 2 weeks of initiation, 
while on therapy and for 6 months (or longer dependent on local 
guidance) post-treatment cessation. 


Cautions 

Infection 

Risks and benefits should be considered in the context of recur- 
rent infection, exposure to tuberculosis (or risk thereof), history 
of serious or opportunistic infection or underlying conditions that 
may predispose to infection. 

Viral reactivation is reported with these agents; considera- 
tion should be given to risk from herpes simplex virus (HSV), 
varicella-zoster virus (VZV) and the potential merits of vaccination 
where available/recommended. 


Thrombotic events 

Janus kinase inhibitors should be used with caution in those with 
risk factors for deep-vein thrombosis or pulmonary embolism. 
These might include older age, obesity, previous history, prothrom- 
botic disorder, combined oral contraceptives, hormone replacement 
therapy, planned major surgery or immobility. 


Malignancy 

The risks and benefits of JAKi therapy should be carefully consid- 
ered in patients with a history of previous or current malignancy. 
There are no long-term data available for abrocitinib and upadac- 
tinib but the incidence of cancer for patients on_baricitinib 
for rheumatoid arthritis was 0.9/100 patient-years (excluding 
non-melanoma skin cancer). 


Haematological abnormalities 

Janus kinase inhibitors should not be commenced if platelets are 
<150 x 10°/mm3, lymphocyte count <.5 x 103/mm%, neutrophil 
count <1 x 10°?/mm? and haemoglobin <8 g/dL. 


Renal impairment 

A dose reduction is required for those with a creatinine clearance 
of 30-60 mL/min and treatment is contraindicated in those with a 
creatinine clearance of <30 mL/min. 


Table 19.2 Dosage for Janus kinase inhibitors. 


Drug Lower dose Upper dose 
Abrocitinib 100 mg (50 mg available) 200 mg 
Baricitinib 2mg 4mg 
Upadacitinib 15 mg 30mg 


Hepatic impairment 

No dose reduction is required with mild to moderate hepatic 
impairment, and treatment is not recommended with severe 
hepatic impairment. 


Age 

A greater proportion of older people (>65 years) in trials discontin- 
ued therapy, experienced serious adverse events, developed haema- 
tological abnormalities or experienced HSV/VZV. Lower-dose 
therapy is recommended for older people. 


Pre-treatment screening 
As JAKi have significant immunosuppressant activity, pre- 
treatment screening should incorporate all the aspects of Box 19.1. 
Check the FBC, including white cell differential, kidney func- 
tion, liver function and lipids, and screen for latent tuberculosis, 
hepatitis B and C and HIV. 


Dose and regimens 

The doses for abrocitinib, baricitinib and upadacitinib are 100-200 
mg once daily, 2-4 mg once daily or 15-30 mg once daily, respec- 
tively (Table 19.2). The lower dose is recommended for those with 
a creatinine clearance between 30 and 60 mL/min (treatment is not 
recommended for those with a creatinine clearance of <30 mL/min) 
and for the elderly (>65 years). 


Monitoring 

Only abrocitinib and baricitinib require blood monitoring as per 
licence; abrocitinib requires 4-week blood counts and lipids, and 
baricitinib requires 12-week lipids. While these requirements were 
derived from trial data (thromobocytopenia on abrocitinib and lipid 
derangement on abrocitinib and baricitinib), given the potential side 
effects of all three agents, one might consider monitoring a blood 
count and then renal and hepatic function at 4 weeks, 4 months and 
then 4-6 monthly thereafter on all of them. 


Methotrexate 

Methotrexate is an antimetabolite that has been used as a chemother- 
apeutic agent since the early 1950s. It also has immunosuppressive 
and anti-inflammatory effects and is used therapeutically in a vari- 
ety of rheumatological, gastrointestinal, neurological and dermato- 
logical inflammatory disorders. It has been used as an abortifacient. 


Dermatological uses (Chapters 35, 41, 42, 49, 50, 52, 53, 54, 55, 

95, 100 and 139) 

In the UK, MTX is licensed for and effective in the treatment of severe 
psoriasis. Off-label MTX is used (often as a steroid-sparing measure) 
to treat multiple inflammatory dermatoses, including: 


e Atopic dermatitis. 

¢ Connective tissue diseases (dermatomyositis, lupus erythemato- 
sus and scleroderma). 

e Vasculitides. 

¢ Immunobullous disorders (pemphigus, bullous pemphigoid, 
cicatricial pemphigoid and epidermolysis bullosa acquisita). 

¢ Neutrophilic dermatoses (pyoderma gangrenosum and Sweet 
syndrome). 

e Lymphoproliferative cutaneous disorders (lymphomatoid papu- 
losis, mycosis fungoides and Sézary syndrome). 

¢ Miscellaneous other inflammatory dermatoses (such as sarcoido- 
sis, cutaneous Crohn disease, chronic spontaneous urticaria, 
pityriasis lichenoides and pityriasis rubra pilaris) [1]. 


Pharmacological properties 

Formula and structure 

Methotrexate (empirical formula: C,,H,.N,O;; systematic name: 
(2S)-2-[(4-{[(2,4-diaminopteridin-6-yl)methy]](methyl)amino} 
benzoyl) amino]pentanedioic acid, abbreviated to 4-amino-N!°- 
methyl folic acid) is a weak organic acid with a very similar 
structure to folic acid (pteroylglutamic acid). 


Administration 

In dermatological usage, MTX is usually taken orally in weekly (not 
daily) doses. Prescribing 2.5 mg tablets (only) is strongly encour- 
aged to avoid confusion with the also available 10 mg tablets. It 
can also be administered by subcutaneous or intramuscular routes. 
Intravenous administration is only for oncology indicatations (i.e. 
not in skin disease). 


Pharmacokinetics 

MTX is absorbed from the gastrointestinal tract rapidly and 
efficiently, actively transported by a carrier-mediated uptake 
system, reduced folate carrier 1 (RFC1). RFC1 is a saturable protein 
transporter and therefore the bioavailability of oral MTX (which 
demonstrates considerable interindividual variation) declines with 
higher doses [2]. Bioavailability can be improved with parenteral 
administration. 

MTX is widely distributed in body tissues, although penetration 
of the blood-brain barrier is poor. In the circulation it is approxi- 
mately 50% protein bound and, if displaced from protein by other 
drugs (such as aspirin, NSAIDs or sulphonamides), the increase in 
the level of active (non-bound) MTX will increase the risk of signifi- 
cant side effects, such as pancytopenia. Furthermore, alterations in 
circulating albumin levels (e.g. as the result of severe liver or kidney 
disease) may necessitate an adjustment of dosage. 

MIX is actively transported into cells by RFC1. Contrary to 
the historical perception that it is not metabolised to a sig- 
nificant degree, approximately 10% of MTX is converted to 
7-hydroxymethotrexate in the liver and in all cells a proportion 
of MTX and 7-hydroxymethotrexate is transformed by y-glutamyl 
hydrolase to pharmacologically active polyglutamate derivatives 
[2]; this process may delay cellular clearance and contribute to MTX 
toxicity [3]. 

MTX and 7-hydroxymethotrexate are excreted mainly through the 
kidneys via glomerular filtration and active transport, although a 
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Figure 19.4 Methotrexate interaction with the folate metabolic pathway (see text for 
abbreviations). 


small proportion is excreted into the bile. If renal function is compro- 
mised, a reduced dosage may be necessary to prevent accumulation 
and minimise adverse effects. Other weak acids, such as salicylates, 
probenecid and sulphonamides, may interact with MTX at this level. 

The serum half-life of MTX is approximately 6-8 h and the drug 
is undetectable in the serum after 24 h, although intracellular accu- 
mulation is of long duration. 


Pharmacodynamics 

The mechanisms of action of MTX are complex. It inhibits a number 
of key enzyme systems. By virtue of it being a structural analogue of 
folic acid, MTX blocks the metabolism of folic acid through compet- 
itive inhibition of dihydrofolate reductase (DHFR), which catalyses 
the conversion of DHF to tetrahydrofolate (THF), a single-carbon 
transfer source essential to the generation of purine and pyrimidine 
nucleotides and therefore for nucleic acid and protein synthesis 
(Figure 19.4). It also inhibits thymidylate synthase (TS), which 
converts deoxyuridine monophosphate by methylation to the 
nucleotide thymidine monophosphate (dTMP), which is essen- 
tial for normal DNA replication. Additionally, MTX inhibits the 
enzyme methylenetetrahydrofolate reductase (MTHFR), reducing 
the conversion of methylenetetrahydrofolate (methylene-THF) to 
methyltetrahydrofolate (methyl-THF), which is the methyl donor 
for the recycling of homocysteine to methionine. By inhibiting this 
recycling, MTX may prevent the accumulation of polyamines that 
contribute to inflammatory injury [4]. MTX also inhibits the enzyme 
5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) trans- 
formylase (ATIC), which plays important roles in de novo purine 
metabolism (by catalysing the reversible conversion of 10-formyl 
THF to THF) and inflammatory regulation. 

While the suppression of transmethylation reactions and the 
reduction of purine and pyrimidine synthesis by the inhibition 
of folate-dependent enzymes may play important roles in the 
antiproliferative and immunosuppressive properties of MTX, par- 
ticularly in relation to lymphocytes which are dependent on de novo 
synthesis of nucleotides, there is a growing body of evidence 
supporting adenosine as a key mediator of the anti-inflammatory 
action of MTX through the potent inhibition of ATIC [5]. Inhi- 
bition of ATIC by MTX and hydroxymethotrexate results in an 
intracellular accumulation of AICAR which inhibits adenosine 
monophosphate (AMP) deaminase. This in turn causes the release 
of intracellular adenine nucleotides into the extracellular space, 
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where they are dephosphorylated to adenosine, an endogenous 
purine nucleoside and an important signalling molecule mediat- 
ing cytokine secretion and expression of adhesion molecules in 
immunologically competent cells. In the peripheral circulation 
and in inflammatory exudates, adenosine binds to specific cell 
surface receptors (belonging to the family of G-protein-coupled 
receptors), where it modulates a wide variety of physiological 
functions: these include the regulation of acute and chronic inflam- 
matory processes [5]. In vitro and in vivo models also demonstrate 
MTX modulating JAK/STAT, NF«B and p38 MAPK intrasignalling 
pathways (recently comprehensively detailed in [6)). 


Pharmacogenetics 

There are multiple functionally relevant polymorphisms in genes 
relevant to MTX pharmacology which might be expected to 
contribute to the observed interindividual variation in MTX 
effectiveness and safetly. Many, including those encoding ele- 
ments of the folate metabolic pathway including MTHR, SLC19A1, 
SLCO1B1, ABCB1 and ABCC2, have been very extensively investi- 
gated but studies are small and/or conflicting. To date none of the 
pharmacogenomic variants associated with safety or effectiveness 
has been validated for clinical use [7]. 


Potential adverse effects 

Myelotoxicity 

Most cases of dose-dependent MTX-induced bone marrow suppres- 
sion occur during the first 2 months of treatment, although this can 
occur at any time during therapy and may result in pancytopenia 
or any combination of anaemia, leukopenia or thrombocytopenia, 
with potentially lethal consequences. Folate supplementation pro- 
vides some protection. Particular risk factors include poor kidney 
function, older age, displacement of MTX from protein-binding 
sites (particularly by NSAIDs or sulphonamides) and hypoal- 
buminaemia. Inadvertent daily (rather than weekly) MTX dosing 
greatly increases the risk of pancytopenia. Should significant myelo- 
suppression occur during MTX therapy, prompt folinic acid rescue 
should be considered [1,5]. 


Hepatotoxicity 

Methotrexate may be associated with an acute transaminitis or, in 
the long term, liver fibrosis [8]. Co-morbidities, such as obesity, 
diabetes, high alcohol intake and previous hepatic problems, may 
be significant aggravating or confounding factors. The extent to 
which MTX is causally related to the liver fibrosis reported in many 
(predominantly psoriasis) cohorts has been unclear, given that 
other drivers to liver fibrosis, particularly fatty liver disease and 
metabolic syndrome, are also prevalent in these populations [9]. 
However, a (secondary) analysis of a large randomised controlled 
trial (RCT) in a population with known cardiovascular disease and 
diabetes or metabolic syndrome suggests that MTX itself confers 
risk of fibrosis [10]. 


Gastrointestinal toxicity 

Methotrexate commonly causes nausea and anorexia: vomiting, 
diarrhoea and stomatitis are occasionally encountered. Folate 
supplementation and/or administration of MTX parenterally can 
reduce gastrointestinal side effects. 


Nephrotoxicity 

Although high-dose MTX as used in the treatment of malignant 
conditions may cause renal damage from precipitation in the renal 
tubules, this is an unlikely consequence of low-dose therapy. 


Reproductive toxicity 

Methotrexate is teratogenic and an abortifacient. MTX has also been 
reported to cause oligospermia, menstrual dysfunction and amen- 
orrhoea in humans, during and for a short period after cessation of 
therapy, and to cause impaired fertility, affecting spermatogenesis 
and oogenesis during the period of its administration — effects 
that appear to be reversible on discontinuing therapy. It is thus 
crucial that women avoid MTX during conception and pregnancy. 
Recent data on pregnancy outcomes following paternal MTX expo- 
sure within 3 months of conception are nevertheless reassuring 
[11,12], with no increase in congenital abnormalities, preterm birth 
and small for gestational age, or (in the longer term) no increase 
in autism, schizophrenia or attention deficit disorder. Updated 
guidance from the EMA nevertheless recommends both men and 
women avoid MTX for 6 months before conception, as well as 
throughout pregnancy. It is excreted in breast milk and should thus 
be avoided by breastfeeding women [13]. 


Pulmonary toxicity 

Methotrexate-induced pulmonary toxicity, although well recog- 
nised in rheumatoid arthritis, is uncommon in psoriatic patients. 
However, pneumonitis or pulmonary fibrosis can occur with low 
doses of MTX and is a serious, unpredictable and potentially fatal 
adverse reaction. It may develop shortly after initiating MTX [14,15] 
or after many years [16]. The development of cough and dysp- 
noea should prompt immediate cessation of MTX and appropriate 
investigation and treatment. 


Malignancy 

Lymphoma, and other lymphoproliferative disorders, in some cases 
associated with Epstein-Barr virus, have been reported in patients 
on MTX. MTX may also be associated with an increased risk of ker- 
atinocyte cancer [17]. As with immunosuppressants more generally, 
risks are likely to relate to MTX duration and dose as well as the 
context in which it is being used. 


Other side effects 

Other adverse effects of MTX include fatigue, headaches, dizziness, 
alopecia, phototoxicity, ‘recall’ reactions at sites of sunburn or 
radiotherapy, anaphylaxis, acral redness, vasculitis and cutaneous 
ulceration [1]. 


Contraindications 

MTX is contraindicated in the treatment of pregnant or breast- 
feeding women and if there is known MTX hypersensitivity. 
Significant impairment of hepatic and renal function, pre-existing 
blood dyscrasias, immunodeficiency and latent infection (such 
as tuberculosis, viral hepatitis B and C) are relative contraindica- 
tions, as are excess alcohol consumption and concern regarding 
the reliability of the patient to conform to necessary monitoring 
procedures [1]. 


Cautions 

Where, as in the UK, there are two strengths of tablet (2.5 and 10 mg) 
available, confusion regarding dosage can easily occur. It is recom- 
mended that only one strength, usually 2.5 mg, is prescribed. 


Drug-drug interactions 
See Box 19.6. 


Box 19.6 Methotrexate: drug-drug interactions 


The interaction of methotrexate (MTX) with other drugs can occur via a 

number of mechanisms: 

¢ Reduced absorption from gut: digoxin (absorption reduced by MTX), 
neomycin 

¢ Displacement from plasma proteins: non-steroidal anti-inflammatory 
drugs (NSAIDs) (aspirin, diclofenac, ibuprofen, indometacin, 
ketoprofen, meloxicam, naproxen), sulphonamides 

e Added antifolate effect: nitrous oxide, trimethoprim, sulphonamides, 
dapsone, phenytoin, pyrimethamine 

e Diminished renal excretion: ciprofloxacin, NSAIDs, omeprazole, 
penicillins, probenecid, sulphonamides 

e Increased renal excretion: acetazolamide 

¢ Cumulative toxicity: tetracyclines, acitretin, clozapine, ciclosporin, 
cisplatin, leflunomide, alcohol 

¢ Other: theophylline (plasma levels increased by MTX) 


Folate supplementation 

Low-dose MTX is generally well tolerated. However, a number of 
toxic adverse reactions that appear to result from the inhibitory 
effect of MTX on purine and pyrimidine synthesis, such as myelo- 
toxicity, hepatotoxicity and stomatitis, may limit its long-term use. 
Folate supplementation, which has as its rationale that folic acid 
competes with MTX for DHFR, has been shown in a number of 
principally rheumatological studies to reduce the adverse reactions 
to MTX, particularly those related to the gastrointestinal tract, liver 
and bone marrow, thus enabling MTX to be better tolerated without 
impairing its clinical efficacy [4,18]. Two recent dermatological 
studies, however, have suggested a detrimental effect of folate 
supplementation on MTX efficacy [19,20] and so the issue remains 
contentious. However, the balance of evidence favours supple- 
mentation [18], although the optimal dosage regimen remains 
uncertain. 

Folinic acid (leucovorin, N°-formyl-THF) is as effective as folic 
acid in reducing MTX toxicity [18]. By direct conversion to THF it 
bypasses the step catalysed by DHFR, thus allowing some purine 
and pyrimidine synthesis despite DHFR inhibition by MTX. Addi- 
tionally, folinic acid competes with MTX for RFC1 intracellular 
transportation. Folinic acid is particularly useful in the ‘rescue’ 
of bone marrow and gastrointestinal cells from MTX toxicity and 
acute MTX overdose. To avoid impairing intracellular uptake of 
MTX, folinic acid should not be taken within 12 h of the weekly 
MTX dose. 

Furthermore, both folic acid and folinic acid reduce plasma homo- 
cysteine levels during MTX therapy and therefore theoretically 
may benefit those patients at risk of cardiovascular disease [18]. 
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Pre-treatment screening 

Potential recipients of MTX should be counselled about the risks 
of immunosuppressive therapy, provided with written details of 
the medication and warned about drug—drug interactions. Prior 
to commencing MTX, screening as outlined in Box 19.1 should be 
undertaken. 

Pregnancy should be excluded before initiating treatment and 
contraception (ideally employing two methods) carefully discussed. 
A pre-treatment chest X-ray is probably not necessary unless the 
patient is at increased risk of tuberculosis, as in some ethnic com- 
munities or immigrants from countries with a high prevalence of 
tuberculosis. 


Dose and regimens 

For the treatment of dermatological conditions, the administration 
of MTX once weekly is standard practice. While splitting the dose 
over the week (e.g. twice or three times weekly) to improve tolerabil- 
ity has been historically advocated, recently updated EMA guidance 
strongly recommends against this, given the risks of dosing error 
and toxicity. MTX is now widely available in a self-administered 
subcutaneous formulation, and this can be useful where bioavail- 
ability is poor or where gastrointestinal side effects are a problem. 

For most individuals, MTX can be initiated at 10 or 15 mg weekly. 
Individuals at greater risk of MTX toxicity (e.g. older people, those 
with renal impairment or underlying bone marrow disease) or 
where there is concern about potential tolerability issues, a lower 
starting dose may be prudent. Common practice involves checking 
an FBC and liver function tests 1 week later, and then an FBC 
weekly until the dose (and monitoring results) have stabilised. The 
dose can be gradually increased by 2.5-5 mg/week until there is 
a satisfactory response without significant toxicity. Ordinarily, the 
dose should not exceed 25 mg weekly and, in view of the reduced 
bioavailability of oral MTX at higher doses, consideration should 
be given to switching to a subcutaneous route of administration 
if response remains poor. Once an optimal response has been 
achieved, the dose of MTX can be tapered by 2.5 mg each week to 
determine the lowest dose necessary to maintain clinical benefit. 

It is also standard practice to administer oral folic acid, an example 
regimen being 5 mg once weekly, usually on the day following MTX, 
although the timing is not crucial [21]. 

Oral folinic acid, three doses of 5 mg at 12 h intervals commencing 
24 h after the weekly MTX dose, should be considered if folic acid is 
not improving gastrointestinal symptoms or correcting abnormali- 
ties of the liver enzymes or macrocytosis. 


Monitoring 
Close monitoring is required until MTX dosage has been stabilised, 
particularly for elderly patients and those with renal impairment. 
Initially, the FBC, liver function tests and creatinine should be 
checked every 1-2 weeks for 4-8 weeks following the last dose 
escalation; thereafter the frequency of blood tests can be gradually 
reduced to 2-3 monthly. Deterioration in blood parameters or an 
intercurrent illness requires resumption of closer monitoring and 
consideration of dose reduction. Macrocytic red blood cell indices 
are common during MTX therapy. 

During the early months of treatment, the opportunity should 
be taken at clinic attendances to reinforce warnings regarding 
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symptoms of bone marrow suppression (bruising, sore throat, 
mouth ulcers), the importance of contraception and the avoidance 
of drugs that might interact with MTX. 

The development of abnormal liver function tests can be a sign of 
MTX damage, but liver enzyme levels may be normal despite the 
presence of significant hepatic fibrosis. Elevation of liver transam- 
inases to double the upper limit of the normal range necessitates 
discontinuation or dose reduction of MTX. Routine liver biopsy 
for the histological assessment of hepatic structure was for many 
years considered an integral part of MTX usage to identify liver 
fibrosis but is no longer justified given the attendant risks of the 
procedure and the low absolute risk of significant fibrosis. Recent 
advances in non-invasive assessment for liver fibrosis (whatever 
the cause) include scoring systems combining clinical and con- 
ventional laboratory parameters for use as screening tools, direct 
serum biomarkers of fibrogenesis and tissue elastography using 
both ultrasound (FibroScan®) and magnetic resonance (reviewed in 
[22]). These can be useful adjuncts to monitoring for MTX-associated 
liver fibrosis, and selection of those needing onward referral for 
consideration of liver biopsy, ideally in close collaboration with 
hepatology colleagues. 


Mycophenolate mofetil 

Mycophenolate mofetil (MMF) is a potent immunosuppressant 
prodrug of mycophenolic acid (MPA), used primarily to prevent 
solid-organ graft rejection, but it is used off-label in the treatment of 
a variety of immunologically mediated dermatological conditions 
as a single agent or as a steroid-sparing drug. 


Dermatological uses 

Mycophenolate mofetil has a predictably beneficial effect in the 
treatment of immunobullous disorders (in particular pemphigus 
and pemphigoid), and a less consistent effect in psoriasis, atopic 
eczema, connective tissue disorders and vasculitides [1,2,3,4]. 


Pharmacological properties 

Formula and structure 

Mycophenolate mofetil (empirical formula: C,,H;, NO,; systematic 
name: 2- morpholinoethyl (E)-6-(1,3-dihydro-4-hydroxy-6-methoxy- 
7-methy1-3-oxo-5-isobenzofuranyl)-4-methyl-4-hexenoate) is the 
2-morpholinoethyl ester of MPA. 


Administration 

When given for dermatological reasons, MMF is usually admin- 
istered orally, although there is an intravenous preparation. An 
enteric-coated form of MPA is also available (720 mg of enteric- 
coated MPA is therapeutically equivalent to 1000 mg of MMF). 


Pharmacokinetics [1,5] 

Mycophenolate mofetil is absorbed efficiently and completely from 
the gastrointestinal tract and is rapidly converted to its active 
metabolite, MPA, which is 97% bound to plasma albumin. The 
half-life of MPA is approximately 16h. The peak plasma level 
occurs at about 1h, followed by a second peak at 6-12h that is the 
result of enterohepatic recirculation. 


MPA is metabolised predominantly in the liver by uridine diphos- 
phate glucuronosy] transferase to its phenolic glucuronide (MPAG), 
which is pharmacologically inactive but which can be converted 
back to MPA by B-glucuronidase, especially in the epidermis and 
gastrointestinal tract. 

Biliary excretion of MPA/MPAG involves several transporters 
including organic anion transporting polypeptides and multidrug- 
resistant protein 2 (MRP-2). More than 90% of the administered dose 
of MMF is excreted in the urine, mainly as MPAG (and involving, at 
least in part, MRP-2), with the remainder eliminated in the faeces. 

The pharmacokinetics of MPA are complex and there is substantial 
intersubject variation [6]. 


Pharmacodynamics 

Like AZA, the mechanism underlying the immunosuppressive 
action of MMF involves purine biosynthesis. Purine nucleotides are 
either formed by a complex de novo pathway or are recycled by a 
salvage pathway (in which bases and nucleosides released in the 
breakdown of nucleic acids are recovered and converted back into 
nucleotides). 

Adenine and guanine, the purine nucleobases, are both derived 
from the nucleotide inosine-5’-monophosphate (IMP), which is 
the first compound in the de novo pathway of purine synthesis to 
have a completely formed purine ring. MPA interferes with this 
process by inhibiting the action of IMP dehydrogenase (IMPDH) in 
catalysing the conversion of IMP to xanthine monophosphate, the 
rate-limiting step to the de novo formation of guanine nucleotides 
(guanosine mono-, di- and triphosphates), which have important 
roles in a variety of biological processes including the synthesis of 
DNA and RNA. 

This effect of MMF is specifically targeted towards T and B lym- 
phocytes as, in contrast to other nucleated cells, they lack the ability 
to produce purines via a salvage mechanism and are thus critically 
dependent for their DNA/RNA synthesis, growth and proliferation 
on the de novo synthesis of purines. Interruption of the de novo 
pathway by MMF therefore results in a relatively selective immuno- 
suppressive effect on lymphocytes which, among other immuno- 
logical effects, includes the suppression of cell-mediated immune 
responses and the inhibition of antibody production by activated 
lymphocytes. 

Additionally, humans have two IMPDH genes, encoding hIM- 
PDH1 and hIMPDH2 isoenzymes, which have similar structural 
and kinetic properties [7]. MPA has a fivefold greater inhibitory 
effect on the type 2 isoform of IMPDH, which is expressed in 
activated lymphocytes, than the type 1 isoform, which is expressed 
preferentially in other cell types, thereby exerting a more potent 
cytostatic effect on lymphocytes than other cell types [8]. 

Furthermore, several other factors may contribute to the 
anti-inflammatory effects of MPA. MPA can induce apoptosis 
of activated T lymphocytes; it can inhibit the presentation of anti- 
gen to T lymphocytes by dendritic cells; by depleting guanosine 
nucleotides, it can suppress glycosylation and the expression of 
certain adhesion molecules, thereby decreasing lymphocyte and 
monocyte recruitment in sites of inflammation; and also, by deplet- 
ing guanosine nucleotides, MPA depletes tetrahydrobiopterin, thus 
suppressing the production of nitric oxide by the inducible form of 


nitric oxide synthase and consequent tissue damage mediated by 
peroxynitrite [8-11]. 

Clinical response to MMF is slow and typically takes 6-8 
weeks [1]. 


Potential adverse effects 

Gastrointestinal toxicity 

The most common side effects of MMF are gastrointestinal and dose 
dependent [2]. Nausea, vomiting, abdominal pain, diarrhoea and 
constipation occur in up to 20% of patients [2]. These are usually 
mild and tend to improve with time. Administration with food 
and the use of enteric-coated MPA may help to ameliorate these 
adverse effects [1]. MMF is not considered to be hepatotoxic [1]. 
Gastrointestinal ulceration and cytomegalovirus-associated colitis 
may rarely occur [1]. 


Haematological toxicity 

Anaemia, neutropenia and thrombocytopenia are not uncommon, 
and are usually mild, dose related and reversible with discon- 
tinuation of therapy or dose reduction [2]. MMF has also been 
associated with pseudo-Pelger-Huét anomaly, a form of neu- 
trophil dysplasia in which the nuclei tend to be bilobed rather than 
hypersegmented [13]. 


Infections 

Mycophenolate mofetil, by dampening the normal immune 
response, appears to increase susceptibility to opportunistic infec- 
tions, particularly in organ transplant recipients and specifically 
to cytomegalovirus and BK virus [14], although other herpesvirus 
infections (varicella-zoster and herpes simplex), bacterial sepsis, 
atypical mycobacterial and fungal infections have been reported 
in the dermatological literature [1]. Systemic immunosuppression 
carries with it the risk of reactivation of other latent virus infections, 
such as hepatitis B, hepatitis C and JC virus (associated with pro- 
gressive multifocal leukoencephalopathy), as well as reactivation 
of dormant tuberculosis [1]. Conversely, MMF has antimicrobial 
activity against certain pathogens, including hepatitis C, HIV and 
Pneumocystis jirovecti [14]. Mucocutaneous candidosis, urinary tract 
infections and pneumonia are commonly associated with MMF 
therapy [5]. 


Carcinogenicity 
The magnitude of the potential for MMF specifically to cause 
lymphoproliferative malignancy is uncertain, and much of the 
available evidence relates to the transplant population receiv- 
ing combinations of immunosuppressive agents [5]. However, 
the development of Epstein-Barr virus-related B-cell lymphoma 
involving the central nervous system has been recorded with MMF 
used to treat autoimmune conditions [1,15]. 

There is no clear evidence base for an association between MMF 
and non-melanoma cutaneous malignancy [1], but it would appear 
prudent to offer sun protection advice [5]. 


Teratogenicity 

Mycophenolate mofetil appears to be teratogenic when given in 
early pregnancy, being particularly associated with early miscar- 
riage and with cranio-facial and cardiac malformations [16-19]. 
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Appropriate measures should be taken to minimise the risk of preg- 
nancy in women of child-bearing potential [20]. There is limited 
clinical evidence relating to paternal exposure so men are advised 
to use reliable contraception while on treatment and for 3 months 
post-cessation [21]. 


Other side effects 

Genito-urinary symptoms, including frequency, dysuria, urgency, 
haematuria and sterile pyuria, may occur during the first year of 
treatment [2]. Tremor, dizziness, anxiety, depression, confusional 
states, dysgeusia, headache, electrolyte abnormalities, hypercholes- 
terolaemia, rashes (urticaria, hand dermatitis, alopecia), hypo- and 
hypertension, dyspnoea, cough, interstitial lung disease, pulmonary 
fibrosis, arthralgia and pyrexia are also recorded [5]. 


Drug-drug interactions 
See Box 19.7. 


Box 19.7 Mycophenolate mofetil: drug—-drug 
interactions 


e Antacids and proton pump inhibitors reduce absorption of 
mycophenolate mofetil (MMF) 

¢ Iron and calcium supplementation reduces the absorption of MMF [1] 

¢ Antibiotics: certain antibiotics, including metronidazole, 
cephalosporins, penicillins, sulphonamides and macrolides, may 
reduce serum levels of mycophenolic acid (MPA) by a reduction in 
enterohepatic circulation [1] 

¢ Lipid-regulating drugs: cholestyramine also reduces enterohepatic 
circulation of MPA, and therefore the efficacy of MMF 

e Antivirals: the serum levels of aciclovir and ganciclovir are increased 
by MMF 

¢ Salicylates, phenytoin and xanthine bronchodilators may increase the 
free fraction of circulating MPA by displacement from 
plasma-binding proteins 

e Probenecid may increase the serum levels of MPA by interfering with 
its renal tubular secretion 


Contraindications 
Mycophenolate mofetil is contraindicated in pregnancy, breastfeed- 
ing women and in those with a history of hypersensitivity to it [5]. 


Cautions 

Mycophenolate mofetil should be used with caution in patients with 
active gastrointestinal disease, and live attenuated vaccines should 
be avoided. 


Pre-treatment screening 

Before commencing treatment with MMF, the items listed in 
Box 19.1 should be addressed. MMF is teratogenic so prescribing 
clinicians must ensure women are adequately counselled on this 
risk, alongside access to relevant pregnancy prevention strategies. 
Pregnancy testing is advised prior to and 1 week after treatment 
initiation. Although there is no evidence to date of malformations 
or miscarriage following paternal conception, nevertheless, in line 
with the licence, men should be advised to avoid conception during 
and for 3 months after stopping MMF. 
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Dose and regimens 

Twice-daily dosing is recommended, and a reasonable starting dose 
for dermatological indications is 250 mg twice daily for the first 
week, then 500 mg twice daily, increasing thereafter if tolerated 
by 500 mg daily or twice daily every 4 weeks until a maximum of 
1.5 g twice daily is reached. Dosage should be tailored to individual 
tolerance and response. Patents should be reminded that the clinical 
response is slow. 


Monitoring 

The FBC should be monitored regularly during initiation, for 
example checked weekly for the first month, then fortnightly for 2 
months [22]. This can then be monitored less frequently (e.g. every 
3 months) once established on therapy. Electrolytes, creatinine and 
liver function tests should be monitored every 2-4 weeks following 
dose escalation, then every 2-3 months [1]. 


Potassium iodide 

Medicinally, potassium iodide is used principally as an emergency 
treatment for hyperthyroidism, and for thyroid protection during 
treatment with radiopharmaceuticals and following exposure to 
nuclear radiation. 


Dermatological uses (Chapters 32, 47, 48 and 97) 

Potassium iodide is a traditional and inexpensive off-label option 
advocated historically in a variety of cutaneous disorders, including 
cutaneous sporotrichosis, erythema nodosum, subacute nodular 
migratory panniculitis, nodular vasculitis, Sweet syndrome, Behcet 
syndrome, pyoderma gangrenosum and erythema multiforme 
[1,2,3]. With the advent of newer therapies, the use of potassium 
iodide has substantially reduced or stopped. 


Pharmacological properties 

Formula and structure 

Potassium iodide is an inorganic ionic compound, with chemical for- 
mula K*T. 


Administration 

Potassium iodide can be given as drops of a saturated solution of 
potassium iodide, but in the management of dermatological condi- 
tions it is most conveniently given in tablet form. 


Pharmacokinetics 

Potassium iodide is well absorbed orally, and is distributed to the 
thyroid and, toa lesser extent, to the salivary glands, breasts, choroid 
plexus and gastric mucosa [2]. It crosses the placenta and is found 
in breast milk [2]. It is excreted predominantly in urine, with small 
amounts excreted in sweat and faeces [2]. 


Pharmacodynamics 

The mechanism by which potassium iodide exerts its anti- 
inflammatory effects is unknown, although there is evidence that 
it has a detrimental effect on neutrophil chemotaxis and the gen- 
eration by neutrophils of pro-inflammatory oxygen intermediates 
[1,2,3]. 


Potential adverse effects 

Wolff-Chaikoff effect 

Potassium iodide can induce the Wolff—Chaikoff effect, which is the 
inhibition of organic binding of iodide in the normal thyroid gland 
by excess iodide. This is a protective mechanism, blocking thyroid 
hormone synthesis, and predisposing to temporary hypothyroidism 
[4,5]. Resolution usually occurs within several weeks, although 
thyroid replacement therapy may need to be considered [1]. 


Jod-Basedow phenomenon 

There is a risk that the therapeutic administration of potassium 
iodide to a person with thyroid dysfunction lacking pituitary con- 
trol, such as Graves disease or a multinodular goitre, may cause a 
significant exacerbation of hyperthyroidism [2,5]. 


Potassium toxicity 

Rarely, potassium iodide may cause symptoms of hyperkalaemia, 
including fatigue, confusion, palpitations, muscle weakness and 
numbness and tingling of the extremities. 


Other adverse effects (iodism) 

¢ Sialadenitis (in particular parotid and submaxillary glands). 
¢ Hypersalivation. 

¢ Metallic taste, halitosis, burning sensation in the mouth. 

¢ Coryzal symptoms, headache. 

¢ Gastric irritation, diarrhoea, nausea. 

¢ Urticaria/angioedema, acneform pustulation, iododerma. 


Contraindications 

Potassium iodide is contraindicated in pregnancy and if there is 
known hypersensitivity to iodine. It has been associated with fetal 
malformations [6] and may cause hypothyroidism in the fetus [1]. 


Cautions 

Potassium iodide should be used with caution in patients with thy- 
roid and cardiac disorders, with conditions associated with hyper- 
kalaemia, or with active tuberculosis [3]. It may exacerbate dermati- 
tis herpetiformis, pustular psoriasis [1] and hypocomplementaemic 
vasculitis [3]. 


Drug-drug interactions 

Potassium iodide may interact with antithyroid drugs, lithium, 
amiodarone and sulphonamides to cause hypothyroidism, and 
with potassium-sparing diuretics and angiotensin-converting 
enzyme inhibitors to cause hyperkalaemia [2]. 


Pre-treatment screening 

Specific enquiries should be made regarding a history of thyroid dis- 
ease and the use of medications that might interfere with thyroid 
function. Suspicion of thyroid disease should prompt the checking 
of thyroid function (T,, thyroid-stimulating hormone (TSH) and cir- 
culating thyroid antibody). A baseline check of electrolyte and urea 
levels should be undertaken. 


Dose and regimens 

For dermatological conditions, a reasonable initial dose is 300 mg 
daily, increasing to 900 mg daily depending on disease activity and 
tolerability. 


Monospecific 
(conventional) 
monoclonal Ab. Both 
fragment antigen- 
binding (Fab’) domains 
recognise the same 
antigen (e.g. 
adalimumab targeting 
tumour necrosis 
factor) 


Bispecific 

monoclonal Ab with 
two different 
fragment antigen- 
binding domains 

(e.g. mosunetuzumab) 


Fragment antigen- 
binding domain 
conjugated with 
polyethylene glycol 
(PEGylation) to delay 
systemic elimination 
(e.g. certolizumab) 


19.31 


Anti-inflammatory and immunomodulatory drugs 


Fab 
fragment 


PEG 


Le 


ADC 
Payload 


ADC. Monoclonal Ab 
tethered to acytoxic 
drug (ADC payload) 
(e.g. brentuximab 
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Figure 19.5 Example structures of therapeutic proteins (biologics). Developments in bioengineering have enabled the production of therapeutic proteins with divergent structures and 
enhanced function. To date, bispecific antibodies (Abs) and antibody—drug conjugates (ADCs) are predominantly in development or licensed for use in cancer. Created with 


BioRender.com. 


Monitoring 

The TSH level should be checked 1 month after initiation of ther- 
apy to exclude iodide-induced hypothyroidism [2] and, if abnor- 
mal, it would be prudent to monitor thyroid function thereafter. It is 
reasonable to monitor potassium levels. 


Biologic therapies (protein therapeutics) 
Biologic therapy (also known as protein therapeutics) is a term that 
encompasses, in its broadest sense, a group of pharmacologically 
active protein (or peptide)-based molecules produced by living 
organisms that are designed to alleviate disease by inhibiting or 
imitating the actions of naturally occurring proteins in the body. 
Insulin could be considered the very first ‘biologic’ therapy, puri- 
fied from bovine and porcine pancreas in 1922 to treat diabetes, 
while pooled intravenous immunoglobulins (IVIgs), introduced 
in the 1980s, remain an important intervention for a number of 
dermatological diseases. However, the advent of recombinant DNA 
technology, which allows the large-scale production of recombinant 
proteins with highly specific structure and function, together with 
a better understanding of the complex role of endogenous proteins 
in health and disease (including enzymes, receptors, membrane 
channels and molecule ‘transporters’), has led to an exponential 
increase in drug development in the field of biologic therapy. 
Biologic therapies include those that are identical to an endoge- 
nous protein and function either to replenish or to enhance an 
endogenous supply (e.g. interferons, pooled immunoglobulins; and 
those proteins that target a specific pathway) or those that use the 
specificity of the antigen-recognition site of immunoglobulins or 
the receptor-binding domains of native protein ligands to guide the 
immune system to destroy the relevant molecule or cell. 
Monoclonal antibodies (mAbs) are the largest class of biologic 
products in clinical use. They comprise a large variety of different 
structures, from small fragments to intact, modified or unmodi- 
fied immunoglobulins, all of which contain an antigen-binding 
domain (Figure 19.5). Until recently, all mAb-based drugs were 


recognised by the suffix -mab, preceded by a source infix such as 
-xi- (chimeric), -zu- (humanised) or -u- (human) designating the 
species from which the antibody was derived. In 2021, the World 
Health Organization (WHO) International Nonproprietary Names 
(INN) Programme issued a revised naming system to better reflect 
the diversity of therapeutic antibodies and to provide capacity 
to meet the demand for distinct names (Table 19.3). In this new 
scheme, as before, the naming system infers both the structure 
and function. This comprises (i) a prefix, which is random, and 
is only required to give the molecule a distinctive name; (ii) an 
infix, which indicates the proposed mode of action/target (e.g. -ki 
cytokine or cytokine receptor; -ta tumour); and (iii) a suffix, groups 
1-4, depending on the structure. Immunoglobulin fusions are only 
included in the mAb nomenclature scheme if both domains have 
immunoglobulin-derived variable domains (e.g. mAb fused with a 
cytokine is under the -fusp nomenclature scheme). The stem -mab 
has been dropped and four new groups have been assigned to mAb 
with a variable domain. Already licensed agents will retain their 
original name. 

This therapeutic field confers many potential advantages over 
small-molecule pharmacology. A high degree of functional speci- 
ficity and extracellular binding should result in fewer ‘off-target’ 
actions compared with small molecules, which often have direct 
intracellular effects with consequent hepatoxicity and other toxic 
effects. However, this does not necessarily translate to safer drugs, 
since the complexities of biological systems are such that interrup- 
tion of a particular pathway may nevertheless result in undesired 
pharmacodynamic effects. Reactivation of latent tuberculosis with 
TNF antagonist therapy for psoriasis is one such example, as was 
the catastrophic trial of the CD28 agonist which invoked a ‘cytokine 
storm’ in the six volunteers involved [1]. Further disadvantages 
include the fact that, since these drugs are proteins, all those cur- 
rently available for dermatological conditions (and, at present, also 
for the majority of other indications) have to be given parenterally, 
and also that immunogenicity remains a significant problem, even 
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Table 19.3 World Health Organization International Nonproprietary Names scheme for all substances that contain an immunoglobulin variable domain.? 


Group 1 Group 2 Group 3 Group 4 
Suffix -tug -bart -mig -ment 
unmodified immunoglobulin antibody artificial multi-immunoglobulin fragment 


Structure Monospecific full length and Fc 
unmodified immunoglobulins of 
any class. Molecules which might 


occur as such in the immune 


Monospecific full length 
immunoglobulins with 
engineered constant 
domains (CH1/2/3) 


Bi- and multispecific 
immunoglobulins 
regardless of the format, 
type or shape (full length, 


All monospecific domains, 
fragments of any kind, 
derived from an immunoglobulin 
variable domain (all monospecific 
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full length plus, fragments) 


4 Antibody—drug conjugates (ADCs) also follow this new monoclonal antibody (mAb) nomenclature scheme. 


in the context of ‘fully human’ monoclonal antibodies such as 
adalimumab. 

The number of biologic therapies available for use is rapidly 
increasing and the disease indications are constantly changing; 
drug acquisition costs are high, and so use is generally limited to 
severe recalcitrant disease. Access may however improve with the 
recent introduction of ‘biosimilars’ (a biologic medicine that is sim- 
ilar to another biologic medicine that has already been authorised 
for use, without any meaningful differences in terms of quality, 
safety or efficacy). Treatment with biologic therapies should always 
be supervised by clinicians who are experienced in their use, and, 
because these are (generally) novel treatments, participation in 
long-term pharmacovigilance registries is actively encouraged. 
Brief detail is provided here on a number of biologic therapies with 
a focus on those agents that are licensed for use in skin disease; 
however, the list is not comprehensive and additional information 
is available in the relevant disease chapters. 


Biologic therapies directed against cytokines 

Cytokines are potent regulators of inflammation, and their neutral- 
isation by antibodies or receptor antagonists can be an extremely 
effective therapeutic strategy as well as a major contributor to 
understanding the underlying disease pathogenesis. 


Tumour necrosis factor antagonists 

Tumour necrosis factor is a pro-inflammatory cytokine produced 
by a wide variety of cell types including keratinocytes. It plays a 
complex role in innate immunity and host defence, particularly 
against mycobacterial infection, and can both enhance and suppress 
adaptive immunity. Over the last 20 years, it has been shown to 
play a central role in the pathogenesis of a number of chronic 
inflammatory disease states, evidenced in large part by the striking 
clinical efficacy of TNF antagonists in disorders such as psoriasis, 
rheumatoid arthritis and Crohn disease. There are currently two 
types of biologic agents that target TNF: the first binds directly to 
TNF and is represented by the monoclonal antibodies adalimumab, 
certolizumab, golimumab and infliximab; the second, represented 
by the fusion protein etanercept, a soluble TNF receptor, competi- 
tively inhibits the binding of TNF to TNF receptors so inhibiting the 
biological activity of TNF. 


Dermatological uses 
Licensed indications (Chapters 35 and 90). Adalimumab, certo- 
lizumab, etanercept and infliximab have all been shown to be very 


effective in psoriasis in large-scale RCTs. These interventions now 
form a standard part of the treatment approach for severe psori- 
asis (and also psoriatic arthritis). Golimumab is only licensed for 
psoriatic arthritis. Adalimumab is also licensed for use in hidradeni- 
tis suppuritiva (infliximab is extensively used off-licence for this 
indication too). 


Off-label uses (Chapters 47, 48, 90 and 96). TNF antagonists are 
used in a wide spectrum of inflammatory skin conditions, largely 
based on observational data and/or small trials. These include 
skin diseases associated with inflammatory bowel disease and 
rheumatoid arthritis where TNF antagonists are of proven efficacy. 
Examples include pyoderma gangrenosum, Sweet syndrome and 
Behcet disease. Severe treatment-resistant cutaneous sarcoidosis 
has also been reported to benefit from infliximab and adalimumab 
[2,3], whereas etanercept is of no benefit (and possibly harmful). 
Case reports of positive treatment responses to TNF antagonists 
(mainly infliximab) exist for an even wider spectrum of diseases 
[4], but require further study. Proper assessment of the risk—benefit 
ratio in all these ‘off-label’ indications is hampered by a lack of con- 
trolled trial data, poorly defined treatment outcomes and limited 
follow-up. 


Pharmacological properties 

Formula and structure. Infliximab is a chimeric human-—murine 
mAB (c.25% mouse-derived protein), whereas golimumab and 
adalimumab are fully human IgG1 antibodies. Etanercept is a 
fusion protein composed of a dimer of the extracellular portions of 
human TNFR2 (p75) fused to the Fc domain of human IgGl. Cer- 
tolizumab pegol is a humanised anti-TNF Fab’ fragment conjugated 
to a polyethylene glycol that increases the half-life of the attached 
molecule. 


Administration. All TNF antagonists are given parenterally and, 
with the exception of infliximab, can be self-administered subcuta- 
neously (Table 19.4). 


Pharmacokinetics. Following subcutaneous administration the 
drugs are slowly absorbed, probably predominantly via lymphatics, 
to reach peak plasma concentrations after 2-4 days. The disposi- 
tion of TNF antagonists, as with other mAbs and protein-based 
molecules, is complex and incompletely understood (Chapter 13) [5]. 
It is affected by multiple interrelated factors including body weight 


Table 19.4 Dose and regimens of some tumour necrosis factor antagonists. 
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Infliximab? Adalimumab? Certolizumab Etanercept® 
Route IV, over 2h Sc Sc SC 
Dose? 5 mg/kg week 0, 2, 6 and 80 mg (week 0), 40 mg week 1 and 400 mg (week 0, 2 and 4) and then 50 mg weekly 
then 8 weekly then 40 mg every other week 200 or 400 mg every other week 
Bioavailability [100%] 64% 80% 76% 


4 Biosimilar available. 
>For psoriasis, licensed indication. 


(which is associated with more rapid clearance of adalimumab), 
the degree of drug binding to TNF within target tissues such as the 
skin and synovium (so-called target-mediated drug disposition) 
and drug immunogenicity (see later). Circulating drug levels do, 
however, correlate with treatment efficacy and explain some of the 
variability in treatment response. In contrast to small molecules, 
renal filtration and biliary secretion are not relevant to drug elimi- 
nation, so dose adjustment is not required in the event of impaired 
renal or hepatic function. 


Drug immunogenicity. In common with biologic agents in gen- 
eral, all TNF antagonists can generate an immune response with 
consequent development of antidrug antibodies [6,7]. These are 
increasingly recognised as an important mechanism underlying 
treatment failure either by competing with endogenous ligand 
(TNF) and preventing the neutralising effect of the TNF antagonist 
or through formation of drug/antidrug antibody complexes and 
accelerated drug clearance. These mechanisms may coexist and 
may also contribute to the adverse event profile. While the majority 
of patients develop antidrug antibodies, typically within the first 
6 months of therapy, not all lose treatment efficacy, as antibodies 
may be transient or at a low level. This interindividual variability in 
development and amplification (or tolerance) of immune response 
appears to relate to multiple factors, including route and dosing 
schedule (e.g. an initial high dose and continuous dosing may 
confer a reduced risk), route of administration, patient factors (e.g. 
genetic factors, level of disease activity) as well as drug-specific 
considerations. Notably, methotrexate [6,8] (and possibly other 
immunosuppressants) significantly reduces the risk of develop- 
ment of antidrug antibodies and is often co-prescribed with TNF 
antagonists. The clinical utility of drug and antidrug antibody level 
evaluation to optimise drug dosing and strategies to minimise or 
avoid antibody formation is subject to ongoing research [9-11]. 


Pharmacodynamics. TNF is released from a wide variety of cells 
including keratinocytes as a soluble cytokine (sTNF) following 
cleavage from its cell surface-bound precursor (tmTNF). Both 
sTNF and tmTNF are biologically active and bind to either of 
two distinct receptors [9]: TNF receptor 1 (TNFR1, p55) and TNF 
receptor 2 (TNFR2, p75). This leads to NF«B activation (which 
promotes inflammation) and/or cell apoptosis. In addition, tmTNF 
can itself act as a ligand via a process of reverse signalling to 
induce cell activation, cytokine suppression or apoptosis of the 
tmTNF-bearing cell. 

All TNF antagonist biologic agents specifically bind both 
soluble and transmembrane forms of TNF and act by (i) block- 
ing TNFR-mediated mechanisms; and (ii) inducing tmTNF 


(reverse-signalling) events. Etanercept also binds members of 
the lymphotoxin family (LTa3 (also known as TNF-f) and LT«261), 
whereas certolizumab, because it lacks an Fc’ portion, cannot bind 
complement or cause antibody-dependent cell-mediated cytotox- 
icity (in vitro). Whether these differences in function account for 
differences in overall efficacy and/or safety in clinical practice is 
unclear. 


Potential adverse effects. Principal side effects include injection 
site reactions, infusion reactions (infliximab) and infection. Reacti- 
vation of tuberculosis is a particular risk, given the role of TNF in 
host defence against mycobacterial infection and granuloma forma- 
tion, and frequently presents with extrapulmonary or other atypical 
site involvement. Heart failure (both new onset and worsening of 
pre-existing heart disease) and demyelinating disorders have also 
been reported. Paradoxically, new-onset psoriasis (including pal- 
moplantar pustulosis) and sarcoidosis have developed in patients 
on TNF antagonists, particularly when given for rheumatological 
indications or Crohn disease, illustrating that the impact of TNF 
blockade on what is a highly complex cytokine network is not 
always predictable. Idiosyncratic hepatitis reactions, autoimmune 
hepatitis, cytopenias, pancytopenias and serious opportunistic 
infections are also rarely reported. Historically, there has been 
concern that TNF antagonists may confer an increased risk of 
malignancy, particularly in relation to lymphoma and skin cancer. 
However, to date, data are reassuring [1,13]. 


Contraindications. Contraindications include the presence of 
severe cardiac failure (New York Heart Association class III/IV), 
a personal history of demyelinating disease, active infection or 
untreated latent tuberculosis. Live and live attenuated vaccina- 
tions may potentially lead to severe or fatal infections and must 
be avoided during therapy. Check for up-to-date vaccine-specific 
advice in the relevant SmPC and in national guidelines, for example 
in the UK the so-called ‘Green Book’ [14]. A current or recent past 
history of malignancy (unless the malignancy has been diagnosed 
and treated more than 5 years previously, and /or where the like- 
lihood of cure is high, e.g. adequately treated non-melanoma skin 
cancer) is also generally considered a contraindication although 
there may be instances where the treatment may be used due to the 
severity of the underlying disease and/or the absence of alternative 
therapeutic options. In these circumstances, prescribers are strongly 
encouraged to consult with the relevant multidisciplinary team 
members. 


Cautions. Patients with multiple co-morbidities, who are older or 
have a history of cancer may be at increased risk of serious adverse 
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events and should be carefully reviewed and monitored [15]. 
Caution is also required when considering use in patients with 
chronic viral infections including hepatitis B and C and HIV due 
to risks of reactivation and/or progression and lack of information 
on safety. IgG is actively transported from mother to fetus via the 
neonatal Fc receptor (FcRN) from around 14 weeks, so that all the 
TNF antagonists with the exception of certolizumab, which lacks 
an Fe portion, would be expected to cross the placenta during the 
second and third trimesters. Measurable drug levels in infants born 
to mothers on infliximab and etanercept have been reported [16]. 
Use during pregnancy, especially in the second and third trimesters, 
thus needs careful consideration. Live vaccinations must be avoided 
in infants (up to 6 months of age) whose mothers have received 
biologic therapy beyond 16 weeks’ gestation [17]. Maternal use of 
TNF antagonists is compatible with breastfeeding since although 
TNF antagonists are excreted in breast milk, the concentrations are 
very low and bioavailability in the infant is poor due to intestinal 
proteolysis [18]. Surgery while on TNF therapy is associated with 
an increased risk of postoperative infection. In all these instances, 
specialist advice and consideration on a case-by-case basis with 
reference to relevant clinical guidelines are strongly recommended. 


Drug-drug interactions. There are no clinically important inter- 
actions between TNF antagonists and small-molecule drugs. 
With the exception of methotrexate, co-administration with other 
immunomodulatory agents including biologic therapies is, in 
general, avoided due to the potential for increased risk of infection. 


Pre-treatment screening. All patients should have a compre- 
hensive history taken and a thorough clinical examination and 
appropiate investigations performed to identify contraindications 
to or cautions for therapy, with particular focus on the presence or 
risks of infection, including active tuberculosis, demyelination or 
cancer. Planned conception, pregnancy and travel, given the risk 
of tuberculosis and possible vaccination requirements, should be 
discussed. Screening for latent tuberculosis should include a chest 
X-ray and a tuberculin skin test. In instances where this is unreli- 
able, however, as in bacille Calmette—Guérin-vaccinated individuals 
or those on immunosuppressants, an in vitro IFN-y release assay 
(IGRA) test (QuantiFERON®-TB Gold In-Tube, Cellestis, Australia, 
and T-Spot®.TB, Oxford Immunotec, UK) should be performed 
[19]. In patients with investigations supportive of a diagnosis of 
latent tuberculosis, treatment with antituberculous therapy may 
be indicated, although it is worth noting that this only reduces the 
risk of reactivation of latent tuberculosis during subsequent TNF 
antagonist therapy by 50%, so a high index of suspicion should 
remain during therapy. Relevant national guidelines [20] are help- 
ful since specific details on recommended pre-treatment screening 
and treatment for latent tuberculosis [19] will vary depending on 
population and individual patient risk profiles. Where available, 
patients should be encouraged to participate in national long-term 
safety registries. 


Monitoring. Careful clinical review and advice to patients to seek 
early medical review in the event of new symptomatology, as well 
as routine blood investigations (FBC, renal and liver function tests), 
are part of the routine monitoring of patients on TNF therapy. 


Annual IGRA testing (for those who are negative at treatment 
outset) may be useful in those at especially high risk of tuberculosis 
(e.g. people who work or live in high-risk settings, or who travel to 
high-prevalence countries). 


Other cytokine antagonists 

IL-23/IL-17 antagonists. Drugs that target IL-23 and IL-17 include 
the anti-p40 mAb ustekinumab, anti-IL-23 mAbs guselkumab, 
risankizumab and tildrakizumab [17] and the IL-17 antagonists 
bimekizumab, brodalumab, ixekizumab and secukinumab. The 
striking efficacy of all of these agents in psoriasis [21] underpins 
the critical importance of the IL-23/Th17 axis in the disease patho- 
genesis; in time, their clinical utility may well extend to other 
immune-mediated skin diseases. 

Preassessment screening, cautions, contraindications and moni- 
toring recommendations are broadly in line with those discussed in 
relation to the TNF antagonists. Class- and/or drug-specific recom- 
mendations are detailed here. 


Ustekinumab. Ustekinumab is licensed for use in plaque psoria- 
sis (and also psoriatic arthritis). There have also been recent reports 
of its value for treating pityriasis rubra pilaris but formal studies 
have yet to be undertaken (Chapter 36). 
¢ Pharmacological properties: 
¢ Formula and structure. Ustekinumab is a fully human IgG1« 
monoclonal antibody that binds with specificity to the shared 
p40 protein subunit of human cytokines IL-12 and IL-23. 
¢ Administration. It is given by self-administered subcutaneous 
injection. 
¢ Pharmacokinetics. The estimated bioavailability of ustekinumab 
is 57% following a single subcutaneous injection, with a 
median half-life of approximately 3 weeks (range 15-32 days). 
Enhanced drug clearance occurs with increasing body weight 
and the presence of ustekinumab antidrug antibodies [22]. 
¢ Pharmacodynamics. 1L-12 and IL-23 are heterodimeric cytokines 
secreted by activated antigen-presenting cells and share a com- 
mon protein subunit, p40. IL-12 activates CD4 and NK cells to 
induce expression of type 1 cytokines (TNF and IFN-y), while 
IL-23 stimulates survival and proliferation of a subset of T cells 
that produce IL-17 (Th17 cells). Ustekinumab binds specifically 
to the p40 protein subunit thereby preventing IL-12 and IL-23 
from binding to the IL-12R$1 receptor protein expressed on 
the surface of T cells, NK cells and antigen-presenting cells. 
The marked efficacy of ustekinumab in psoriasis is likely to 
be mainly attributable to the inhibition of IL-23, given the 
central role for the IL-23/IL-17 pathway in the pathogenesis of 
psoriasis. 
¢ Potential adverse effects. Ustekinumab is generally well toler- 
ated, with nasopharyngitis, headache, upper respiratory tract 
infection and injection site reactions being the most commonly 
reported adverse effects in clinical trials. Rarely, serious infec- 
tions may also occur. IL-12 and IL-23 have been implicated in 
atherogenesis, and there has been a reported possible excess of 
major adverse cardiovascular events in RCTs involving the use 
of ustekinumab and another mAb, briakinumab, with specificity 
for the p40 subunit. The latter was subsequently withdrawn from 
clinical development [23]. 


¢ Contraindications. These are as for TNF antagonists and include 
active infection or untreated latent tuberculosis, a current or 
recent past history of malignancy (unless the malignancy has 
been diagnosed and treated more than 5 years previously and/or 
where the likelihood of cure is high, e.g. adequately treated 
non-melanoma skin cancer) and live vaccination within 2 weeks 
preceding the first injection or within 15 weeks after the last 
injection. Ustekinumab has an Fc portion, and so will cross the 
placenta via the FcRN from 16 weeks, and will be excreted in 
breast milk. Advice to women planning conception or who are 
pregnant is as for the TNF antagonists. 

¢ Drug—drug interactions. There are no known specific drug inter- 
actions. Co-therapy with other immunosuppressant drugs should 
generally be avoided due to the risk of excess immunosuppres- 
sion and limited data on the safety of such combinations. 

¢ Pre-treatment screening. The recommended pre-treatment 
assessment for ustekinumab is comparable to that for TNF 
antagonists [17,24]. 

¢ Dose and regimens. The standard licensed dosing regimen is as 
a fixed dose according to body weight (<100 kg, 45 mg; >100 kg, 
90 mg) at weeks 0 and 4 and then at 12-weekly intervals thereafter. 
Off-label use of escalated dosing schedules is occasionally used 
in poor responders, for example increasing the dose from 45 to 
90 mg (in those who are <100 kg) or increasing the frequency of 
injections (45 or 90 mg) to 8 weekly. 

¢ Monitoring. This is as for TNF antagonists [17,24]. 


IL-23 antagonists. Guselkumab, risankizumab and tildrakizumab 
are all licensed for use in plaque psoriasis. (Mirikizumab although 
established as effective for psoriasis is only being developed for 
regulatory approval in inflammatory bowel disease.) 
¢ Pharmacological properties: 
¢ Formula and structure. All three agents selectively bind with 
high affinity to the p19 subunit of human IL-23. Guselkumab 
is a human IgG1\ mAb; risankizumab and tildrakizumab are 
humanised IgG1 mAbs. 
¢ Administration. This is given as a self-administered subcuta- 
neous injection, with differing loading schedules. Maintenance 
injections are given at 8-weekly (guselkumab) or 12-weekly 
(risankizumab, tildrakizumab) intervals. 
¢ Pharmacokinetics. The estimated bioavailability ranges from 
49% (guselkumab) to 89% (risankizumab). Enhanced drug 
clearance occurs with increasing body weight; antidrug anti- 
bodies (including neutralising antibodies) to all three agents 
have been detected. While making cross-drug comparisons is 
difficult given different assays, in general the p19 monoclonal 
antibodies are less immunogenic than TNF antagonists. 
¢ Pharmacodynamics. All three agents prevent IL-23 from inter- 
acting wih the IL-23 receptor complex and thus inhibit 
IL-23-dependent cell signalling and the release of pro- 
inflammatory cytokines. In particular, IL-23 plays a key role 
driving pathogenic Th17, yST and group 3 innate lymphoid 
cells to produce high levels of IL-17, hence accounting for the 
marked efficacy of IL-23 blockade in psoriasis. 
¢ Potential adverse effects. These agents are generally well 
tolerated, with upper respiratory infection, headaches and 
arthralgia being the most commonly reported problems in trials. 
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Serious adverse events are rare (estimated at <0.02% in a recent 
meta-analysis in psoriasis) [21]. 

¢ Contraindications. These include active infection or untreated 
latent tuberculosis, a current or recent past history of malignancy 
(unless the malignancy has been diagnosed and treated more 
than 5 years previously, and/or where the likelihood of cure is 
high, e.g. adequately treated non-melanoma skin cancer) and 
live vaccination within 4 weeks preceding the first injection or 
12-21 weeks (depending on the drug) after the last injection. All 
IL-23 antagonist mAbs have an Fc portion, and so will cross the 
placenta via the FcRN from 16 weeks and be excreted in breast 
milk. Advice to women planning conception or who are pregnant 
is as for the TNF antagonists. 

¢ Drug-—drug interactions. There are no known specific drug 
interactions. Co-therapy with other immunosuppressant drugs 
should generally be avoided due to the risk of excess immuno- 
suppression and limited data on the safety of such combinations. 

¢ Pre-treatment screening. The recommended pre-treatment 
assessment for IL-23 antagonists is comparable to that for TNF 
antagonists [17,24]. 

¢ Monitoring. This is as for TNF antagonists [17,24]. 


IL-17 antagonists. Bimekizumab, brodalumab, ixekizumab and 
secukinumab are all licensed for use in plaque psoriasis [25]. 
¢ Pharmacological properties: 

¢ Formula and structure. Bimekizumab is a humanised IgG1/« 
mAb with divalent specificity for both IL-17A and IL-17F. 
Brodalumab is a human IgG2 mAb that binds to the IL-17 
receptor. Secukinumab is a human IgG1/« mAb that binds to 
IL-17A. Ixekizumab is a humanised IgG4 mAb, also binding to 
IL-17A. 

¢ Administration. This is given as a self-administered subcuta- 
neous injection, with differing loading schedules. Maintenance 
injections are given at 2-weekly (brodalumab), 4-weekly 
(ixekizumab, secukinumab) or 8-weekly (bimekizumab) 
intervals. 

¢ Pharmacokinetics. The estimated bioavailability ranges from 
55% (brodalumab) to 90% (ixekizumab) depending on the 
drug and study. Enhanced drug clearance occurs with increas- 
ing body weight; antidrug antibodies (including neutralising 
antibodies) to all IL-17 antagonists have been reported. While 
making cross-drug comparisons is difficult given different 
assays, in general the IL-17 monoclonal antibodies are less 
immunogenic than TNF antagonists. 

e Pharmacodynamics. IL-17A and IL-17F are Th17 cell ‘signa- 
ture’ cytokines, as well as being produced by innate immune 
cells resident in the skin, gut and lung, playing key roles in 
immune responses to fungal and bacterial infections at the 
mucosal and skin barrier, and in driving inflammation in 
diseases such as psoriasis, psoriatic arthritis and rheumatoid 
arthritis. Secukinumab and ixekizumab both bind IL-17A, 
whereas brodalumab, through binding of the IL-17A receptor, 
disrupts signalling of IL-17A, IL-17C, IL-17F and IL-17A/F 
heterodimers. Bimekizumab exerts bivalent specificity for both 
IL-17A and IL-17F. 

¢ Potential adverse effects. These agents are generally well tol- 
erated. Nasopharyngitis, upper respiratory infections, transient 
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neutropenia and injection site reactions are common. Mucocu- 
taneous candidiasis is a problem specific to IIl-17 blockade, is 
usually mild or moderate and is estimated to affect around 4% 
of patients. IL-17 antagonists may trigger or worsen pre-existing 
inflammatory bowel disease. Serious adverse events are rare 
(estimated at <0.03% in a recent meta-analysis in psoriasis) [21]. 

¢ Contraindications. These include active infection or untreated 
latent tuberculosis, inflammatory bowel disease, recurrent can- 
didiasis, live vaccination within 4 weeks preceding the first 
injection or 6-12 months (depending on the drug) after the last 
injection. All IL-23 antagonist mAbs have an Fc portion, and 
so will cross the placenta via the FcRN from 16 weeks and be 
excreted in breast milk. Advice to women planning conception 
or who are pregnant is as for the TNF antagonists. 

e Drug-drug interactions. There are no known specific drug inter- 
actions. Co-therapy with other immunosuppressant drugs should 
generally be avoided due to risk of excess immunosuppression 
and limited data on the safety of such combinations. 

e Pre-treatment screening. The recommended pre-treatment 
assessment for IL-17 antagonists is comparable to that for TNF 
antagonists [17]. In addition, take a focused history and, if indi- 
cated, investigate to rule out inflammatory bowel disease and/or 
significant candidiasis. 

¢ Monitoring. This is as for TNF antagonists [17,24]. 


IL-4/IL-13 antagonists. Drugs that target IL-4 and IL-13 include the 
anti-IL-4 receptor « mAb dupilumab and the anti-[L-13 mAb tralok- 
inumab. Lebrikizumab is a further anti-IL-13 mAb in the late stages 
of clinical development. All of them have proven effective in treat- 
ing atopic dermatitis [26-28]. Dupilumab confers additional benefit 
in other atopic diseases including asthma, allergic rhinitis and nasal 


polyps. 


Dupilumab. Dupilumab is licensed for use in adults with moderate 
to severe atopic dermatitis, severe asthma with type 2 inflammation 
and severe chronic rhinosinusitis with nasal polyps. It is licensed for 
use in children >5 years of age for atopic dermatitis and adolescents 
>11 years of age for asthma. 
¢ Pharmacological properties: 
¢ Formula and structure. Dupilumab is a fully human IgG mAb. 
Dupilumab binds with specificity to the shared IL-4 receptor a 
subunit of the IL-4 and IL-13 cytokine receptors. 
¢ Administration. This is given by a self-administered subcuta- 
neous injection. 
¢ Pharmacokinetics. The estimated bioavailability of dupilumab 
is 61-64% following a single subcutaneous injection [29]. Drug 
elimination is mediated by parallel linear and non-linear path- 
ways. After the last steady-state dose, the median time for drug 
levels to reduce below the lower limit of detection is 10-11 
weeks on a 300 mg every 2 weeks regimen. Enhanced drug 
clearance occurs with increasing body weight. Approximately 
5% of patients on trials developed antidrug antibodies, 2% of 
which were neutralising. 
© Pharmacodynamics. IL-4 and IL-13 are major drivers of human 
type 2 inflammatory disease including atopic dermatitis and 
asthma. IL-4 induces differentiation of naive helper T cells 
to Th2 cells, which in turn produce further IL-4 to create a 


positive feedback loop. Th2 cells also produce IL-13 which is 
a mediator of allergic inflammation affecting the skin barrier, 
pathogen defence, fibrosis and neuronal sensitisation within 
the skin [30]. They share a common receptor subunit, IL-4 
receptor a. By binding to that subunit, dupilumab inhibits IL-4 
signalling through the type I receptor (IL-4Ra/yc) and IL-4 and 
IL-13 signalling through the type II receptor (IL4Ra/IL-13Ra). 
¢ Potential adverse effects. Dupilumab is generally well tolerated. 
Conjunctivitis (termed dupilumab-induced ocular surface dis- 
ease in some reports) is the most common side effect, affecting 
up to 20% of participants in trials and up to 60% of patients in 
real-world practice [31,32]. This generally arises in the first 4 
months of therapy and is managed topically [32]. Some patients 
require specialist ophthalmology care and strong topical treat- 
ment including tacrolimus ointment, ciclosporin eye drops or 
steroid eye drops. Few patients have to stop dupilumab because 
of eye symptoms. Other side effects include eosinophilia, which 
is usually transient and improves over the first 4 months, oral 
herpes and injection site reactions. Rarer side effects include 
blepharitis, keratitis, athralgia (including arthritis and enthesi- 
tis), psoriasiform skin rashes, facial eczema flares, anaphylaxis, 
angioedema, serum sickness reactions and serum sickness-like 
reactions. 

¢ Contraindications. These include previous hypersensitivity to 
the drug or constituents or live vaccination within 2 weeks pre- 
ceding the first injection. Live vaccination should be avoided 
while on treatment and for at least 6 months (following relevant 
national guidance) post-treatment cessation. It is recommended 
that active helminth infections are treated prior to initiation of 
therapy (due to the role of IL-4/IL-13 in helminth defence). 

¢ Drug—drug interactions. There are no known specific drug inter- 
actions. Co-therapy with other immunosuppressant drugs should 
generally be avoided due to the risk of excess immunosuppres- 
sion and limited data on the safety of such combinations. 

e Pre-treatment screening. No routine blood tests are recom- 
mended but clinicians may consider a blood count, renal and 
hepatic function. 

¢ Dose and regimens. The standard licensed dosing regimen for 
adults with atopic dermatitis is 600 mg loading followed by 300 
mg every other week. Children aged between 12 and 17 years with 
a body weight of <60 kg should receive 400 mg loading and then 
200 mg on alternate weeks; those >60 kg should receive the stan- 
dard dose. Children aged 6-11 years weighing 15-60 kg should 
receive 300 mg loading, 300 mg 2 weeks later and then 300 mg 
every 4 weeks; those >60 kg should receive the standard dose. 

¢ Monitoring. No routine blood monitoring is recommended 
but clinicians may consider a blood count and renal and liver 
function at 1 month, 4 months and then annually as they deem 
appropriate. 


Tralokinumab. Tralokinumab is licensed for use in adults with 
moderate to severe atopic dermatitis [33]. 
e¢ Pharmacological properties: 
¢ Formulaand structure. Tralokinumab is a fully human IgG4 mAb 
that binds to type 2 cytokine IL-13. 
e Administration. It is given by self-administered subcutaneous 
injection. 
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¢ Pharmacokinetics. The estimated bioavailability of tralokinumab 
is 76% following a single subcutaneous injection with a half-life 
of 22 days. Enhanced drug clearance occurs with increasing 
body weight. 

© Pharmacodynamics. IL-13 is a driver of human type 2 inflamma- 
tory disease including atopic dermatitis. IL-13 is a mediator of 
allergic inflammation directly affecting the functional integrity 
of the skin barrier, pathogen defence, fibrosis and neuronal sen- 
sitisation within the skin. By binding to IL-13, tralokinumab 
prevents binding to IL-13 receptors. 

¢ Potential adverse effects. Tralokinumab is generally well toler- 
ated. Conjunctivitis (termed dupilumab-induced ocular surface 
disease in some reports), eosinophilia, upper respiratory tract 
infections and injection site reactions are common; keratitis is 
rare. The real-world frequency and severity of conjunctivitis are 
yet to be established but cases reported in trials were generally 
mild and did not require treatment cessation [34]. 

¢ Contraindications. These include previous hypersensitivity to 
the drug or constituents or live vaccination within 2 weeks pre- 
ceding the first injection. Live vaccination should be avoided 
while on treatment and for at least 6 months (following relevant 
national guidance) post-treatment cessation. It is recommended 
that active helminth infections are treated prior to initiation of 
therapy (due to the role of IL-13 in helminth defence). 

¢ Drug—drug interactions. There are no known specific drug inter- 
actions. Co-therapy with other immunosuppressant drugs should 
generally be avoided due to the risk of excess immunosuppres- 
sion and limited data on the safety of such combinations. 

e Pre-treatment screening. No routine blood tests are recom- 
mended but clinicians may consider a blood count and renal and 
hepatic function. 

¢ Dose and regimens. The standard licensed dosing regimen for 
adults with atopic dermatitis is 600 mg loading followed by 300 
mg every other week. 

¢ Monitoring. No routine blood monitoring is recommended but 
clinicians may consider a blood count and renal and liver function 
at 1 month, 4 months and then annually as they deem appropriate. 


IL-1 antagonists. IL-1 plays a central role in a wide range of 
inflammatory conditions, and there are a number of novel biologic 
agents targeting IL-1, both approved and in development, that 
may be of potential therapeutic benefit in pustular skin diseases 
such as autoinflammatory disorders, Behcet syndrome and SAPHO 
syndrome (synovitis, acne, pustulosis, hyperostosis and osteitis) 
[35-37]. All three agents detailed here are licensed for use in the 
‘orphan indication’ cryopyrin-associated autoinflammatory syn- 
dromes that include familial cold autoinflammatory syndrome 
(FCAS) and Muckle—Wells syndrome. 

Anakinra is a recombinant IL-1 receptor antagonist and acts to 
competitively inhibit both IL-la and IL-1f binding to the IL-1 
receptor. It is administered as a single daily self-administered 
subcutaneous injection (100 mg/day in adults or 1-2 mg/kg/day). 
Bioavailability is 95%, with rapid renal clearance (median half-life 
4-6h). Adverse effects include injection site reactions (very 
common), allergic reactions, anaphylaxis (rare), infection includ- 
ing serious infections, neutropenia and raised liver enzymes 
[38,39]. 


Anti-inflammatory and immunomodulatory drugs 


Canakinumab is a human IgGl«x anti-IL-1B mAb that acts by 
binding to endogenous IL-1f and thus prevents interaction with 
IL-1 receptors. It is administered as a single dose (initially 150 mg or 
2mg/kg escalating as indicated by clinical response) with mainte- 
nance therapy at 8-weekly intervals [40]. The bioavailability is 66% 
with a mean half-life of 26 days (comparable with other therapeutic 
mAbs). The adverse event profile is similar to anakinra [41]. 

Rilonacept (IL-1 trap) is a dimeric fusion protein that contains in a 
single chain the extracellular domains of IL-receptor type 1 and IL-1 
receptor accessory protein fused to the human Fc portion of IgG. It 
acts as a soluble decoy receptor to block primarily IL-1B signalling 
and, to a lesser extent, IL-1la and endogenous IL-1 receptor antago- 
nist (IL-1ra) signalling. It is available only in the USA. 
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B-cell directed biologic therapies 

Available B-cell directed therapy has until recently been limited 
to rituximab, a potent B-cell-depleting anti-CD20 mAb that was 
originally developed for the treatment of a wide range of B-cell 
malignancies including cutaneous B-cell lymphoma. However, 
belimumab, now licensed for use in systemic lupus erythemato- 
sus, is one of a number of new recombinant antibodies targeting 
surface-bound proteins on B cells [42,43] that may have clinical 
utility in autoimmune/inflammatory skin disease (Figure 19.6). 
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Figure 19.6 B-cell directed biologic therapies. In common with rituximab, ofatumumab 
and ocrelizumab both target CD20 but with enhanced complement- and 
antibody-dependent cell-mediated cytoxicity [43]. Belimumab binds to B-cell activating 
factor of the tumour necrosis factor (TNF) family (BAFF; also known as B-lymphocyte 
stimulator (BLyS), a crucial soluble B-cell survival factor, to prevent activation of TNF 
receptor superfamily member 13C (BAFF receptor (BAFF-R) or BLyS receptor 3 (BR3)), 
TNF receptor superfamily member 17 (B-cell maturation antigen (BCMA)) and TNF 
receptor superfamily member 13B (transmembrane activator and cyclophilin ligand 
interactor (TACI)). Atacicept is a fusion protein containing the extracellular, 
ligand-binding portion of TAC! and the modified Fc portion of human immunoglobulin 
G (IgG): it binds and neutralises both BAFF and a second soluble B-cell activating factor 
known as a proliferation-inducing ligand (APRIL). Both belimumab and atacicept show 
efficacy in systemic lupus erythematosus and have potential applications in autoimmune 
skin disease [43,47,48]. Drugs given in italics are in clinical development. Adapted from 
Faurschou and Jayne 2014 [43] and Vincent et a/. 2014 [47]. 
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Rituximab 

Dermatological uses (Chapters 50-53 and 100). Rituximab is 
licensed for use, in combination with GCs, for the induction of 
remission in adults with antineutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis (granulomatosis with polyangi- 
itis and microscopic polyangiitis) [43,44]. It is used off-label in a 
wide spectrum of severe autoimmune and chronic inflammatory 
diseases including vasculitis, pemphigus, systemic lupus erythe- 
matosus, dermatomyositis and primary Sjogren syndrome, usually 
in combination with other immunomodulatory agents [43,45]. 


Pharmacological properties 
Formula and structure. Rituximab is an IgG1, chimaeric mouse/ 
human anti-CD20 mAb. 


Administration. Rituximab is given as a slow intravenous infusion. 
Premedication with an analgesic/antipyretic (e.g. paracetamol), 
an antihistaminic drug (e.g. chlorphenamine) and a GC (e.g. 
methylprednisolone) is given to reduce or avoid infusion reactions. 


Pharmacokinetics. In non-malignant conditions, the mean terminal 
half-life following IV infusion is around 20 days (range 9-35 days 
depending also to some extent on the dose), with metabolism and 
elimination as for IgG in general (Chapter 13). Population pharma- 
cokinetic modelling indicates that body surface area and sex (men 
have a larger volume of distribution and clearance) are the most 
significant covariates to explain interindividual variability in phar- 
macokinetic parameters, although sex differences are not considered 
clinically relevant. 


Pharmacodynamics. CD20 is a four-transmembrane phospho- 
protein that is specifically expressed on the cell surface of B cells 
and is regulated by differentiation. It is expressed during the transi- 
tion from pre-B to immature cell in the bone marrow, and on naive, 
activated and memory B cells in the circulation and tissue, but is 
lost on differentiation into plasma cells. Following binding of the 
rituximab Fab fragment to CD20, B-cell lysis occurs, primarily via 
antibody-dependent cellular cytotoxicity mediated by one or more 
of the Fcy receptors on the surface of granulocytes, macrophages and 
NK cells, although other mechanisms have also been implicated. 
Naive B cells disappear rapidly from peripheral blood circulation 
and also, to a more variable extent, from tissues, depending on 
the pathology and setting. Circulating B-cell populations recover 
to normal over the ensuing 3-6 months. Since the CD20 antigen is 
not expressed by pro- or pre-B cells or by terminally differentiated 
plasma cells, rituximab does not prevent regeneration of CD20+ 
B cells from precursor cells and does not directly interfere with 
the production of immunoglobulins. Demonstration of efficacy in 
diseases where autoantibodies per se have not historically been 
considered to be of direct pathogenic significance (e.g. rheuma- 
toid arthritis, dermatomyositis and systemic sclerosis) reflects the 
increasingly recognised, highly diverse nature of B-cell function 
including antigen presentation, cytokine production, lymphoid 
organ remodelling and immune cell regulation (by regulatory B 
cells) [46]. 


Potential adverse effects. Infusion reactions are common and 
occur in up to 25% of patients following the first infusion; most are 
mild to moderate in degree and decrease in severity with subse- 
quent infusions. There is a predisposition to infection, including 
serious and opportunistic infections, herpes zoster and candidosis 
(rate of clinically significant infection in rheumatoid arthritis trials 
0.05 per patient-year). Progressive multifocal leukoencephalopa- 
thy has been reported in patients treated for lymphoproliferative 
disease and, very rarely, for systemic lupus erythematosus [47,48]. 
Cytopenias including neutropenia may occur months after treat- 
ment. The cohort of patients receiving rituximab tend to have 
severe recalcitrant disease and have therefore necessarily received 
significant, often very long-term immunosuppression prior to 
treatment, which probably further increases the risks of infection. 
Human antichimaeric antibodies develop in about 25% of patients 
treated and can be associated with worsening of infusion or allergic 
reactions and failure to deplete B cells, although not predictably so. 


Contraindications. These include those with active infection; 
severely immunocompromised patients (e.g. with hypogamma- 
globulinaemia or where levels of CD4 or CD8 are very low); 
uncontrolled heart disease or heart failure (New York Heart Asso- 
ciation grade IV); and live vaccination within 4 weeks of infusion 
and/or while B-cell depleted. 


Cautions. Patients with pre-existing heart disease should be closely 
monitored as a variety of cardiac events have been reported during 
infusions (e.g. angina, cardiac arrhythmias) and infusion reactions 
may be poorly tolerated. Caution should be exercised when consid- 
ering the use of rituximab in patients with a history of recurring or 
chronic infections or with underlying conditions that may further 
predispose patients to serious infection [49]. 


Drug-drug 
interactions. 


interactions. There are no known specific drug 


Pre-treatment screening. To minimise risk, rituximab should be 
instigated only by clinicians experienced in its use, in a multidis- 
ciplinary environment and where a comprehensive pre-treatment 
history, clinical and investigation protocol is in place. Screening 
prior to rituximab should aim to identify in particular those with 
cardiac disease and any current or past infection at risk of progres- 
sion or reactivation. This includes a past history of tuberculosis, 
risk factors for or presence of active infection, together with rele- 
vant screening tests for latent tuberculosis and blood-borne viral 
infections (HIV, hepatitis B and C) [49,50]. Fulminant hepatic fail- 
ure following hepatitis B reactivation is well documented in the 
oncology literature, although rituximab may not be absolutely 
contraindicated in the presence of positive hepatitis B or C serol- 
ogy, given appropriate antiviral prophylaxis (for hepatitis B) 
and relevant expert hepatology advice [49]. Vaccination sta- 
tus against Pneumococcus and influenza as well as any travel 
plans likely to require live vaccination should be checked. The 
importance of avoidance of pregnancy during and for 12 months 
post-infusion should be emphasised. Commonly recommended 
additional investigations include FBC, renal and liver function, 
serum immunoglobulins and lymphocyte subsets. 


Dose and regimens. Dosing schedules have varied in different clin- 
ical trials and according to the disease being treated. For most der- 
matological conditions, a single cycle of treatment is given (usually 
375 mg/m? or 1 g total dose, weekly for 2-4 weeks) in the context 
of concomitant immunosuppressant agents such as corticosteroids. 
Subsequent cycles may be given on disease relapse if necessary, but 
not usually until 6 months have elapsed. 


Monitoring. Ongoing monitoring is necessary for signs of infec- 
tion and neurological disturbance. Routine blood investigations 
(FBC and renal and liver function tests) should be carried out at 
regular intervals (e.g. monthly) or more frequently in the event of 
abnormalities. Immunoglobulins and lymphocyte subsets should 
be checked prior to any subsequent infusions. 


Miscellaneous biologic therapies 

Omalizumab 

Omalizumab was first licensed for use in severe allergic (IgE- 
mediated) asthma and is effective in treating chronic urticaria. Fur- 
ther mAbs, such as ligelizumab (also targeting IgE), are in late-stage 
development. 


Dermatological uses. It is licensed for use as an add-on therapy 
for the treatment of chronic spontaneous urticaria in adults and 
adolescents (12 years and above) with inadequate response to 
H, antihistamine treatment. Off-label, it is used in other forms of 
urticaria [51] and treatment-resistant atopic eczema, although with 
variable outcomes [52,53]. 


Pharmacological properties 
Formula and structure. Omalizumab is a recombinant humanised 
mAb (IgG1k) against the Ce3 domain of IgE. 


Administration. It is given by subcutaneous injection. 


Pharmacokinetics. Following injection, the absolute bioavailability 
is 62%, reaching peak serum concentrations after an average of 6-8 
days. Metabolism and elimination are as for IgG in general (Chapter 
13) via the reticuloendothelial system and by targeted binding 
(omalizumab-IgE complex formation), with a mean elimination 
half-life of 24 days. 


Pharmacodynamics. Omalizumab binds specifically to free IgE 
only, since Ce3, the IgE antigenic determinant recognised by 
omalizumab, constitutes part of the high-affinity IgE receptor 
(FceR) binding site. This results in lower serum levels of free 
IgE, prevention of IgE binding to FceRI and subsequent down- 
regulation of FceRI expression on basophils, mast cells and 
dendritic cells. Omalizumab-IgE immune complexes may also 
sequester allergens/autoantigens and, through downregulation 
of IgE-expressing B lymphoblasts and memory B cells, reduce the 
number of IgE-secreting plasma cells. These mechanisms clearly 
play a key role in the treatment effect where urticaria is caused by 
autoreactive IgG antibodies against FceRI and/or IgE or autoreac- 
tive IgE antibodies against autoallergens. In other forms of urticaria 
the precise mechanism of action is unclear, although its effectiveness 
points to the IgE-mast cell axis being central to all forms of urticaria. 
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Potential adverse effects. The most common adverse effects 
include headache, sinusitis, joint pain, upper respiratory tract 
infection and injection site reactions. Reported adverse events that 
will require longer-term, larger-scale pharmacovigilance studies 
that properly control for confounders to evaluate true risk include 
arterial thromboembolic events (such as stroke, transient ischaemic 
attack, myocardial infarction), anaphylaxis, theoretical concerns 
around immune complex-mediated pathology and abnormal 
immune responses to parasitic infections [54]. 


Contraindications. These include hypersensivity reactions to oma- 
lizumab or injection excipients. 


Cautions. Type 1 allergic reactions including anaphylaxis have been 
reported following omalizumab, usually within 2 h of injection but 
occasionally up to 24 h post-injection. Patients should be warned 
about this possibility and injections always given under medical 
supervision (see monitoring). Omalizumab may present particular 
risk to patients with a susceptibility to helminthic/other parasitic 
infections in endemic areas. 


Drug-drug interactions. No specific drug interactions have been 
reported. 


Pre-treatment screening. This should include routine history, clin- 
ical assessment and blood tests (FBC, liver and renal function tests). 
Dosing for asthma (only) is based on serum IgE. 


Dose and regimens. The licensed dosing for chronic urticaria is 300 
mg subcutaneously every 4 weeks. Injections should be given under 
supervision with post-treatment monitoring for allergic reactions for 
12h. 


Monitoring. Routine bloods investigations should be undertaken, 
in particular to exclude thrombocytopenia [52]. 


C1-esterase inhibitor replacement therapy 

Three forms of Cl-esterase inhibitor (CLINH) replacement therapy 
are approved for use in hereditary angioedema (type 1 and 2): 
Cinryze® and Berinert®, both of which are derived from human 
plasma, pasteurised and nanofiltered to reduce the risk of infec- 
tion transmission; and Rhucin®, which is a recombinant human 
C1INH concentrate purified from rabbit breast milk [55,56]. CINH 
replacement therapy is given as an intravenous infusion, either as 
short-term prophylaxis prior to procedures at high risk of triggering 
an attack (e.g. surgery, extensive dental work) or as an emergency 
intervention during an acute attack. Cinryze is also licensed for 
the ‘routine’ prevention of recurrent hereditary angioedema (e.g. 
1000 IU every 3-4 days). Acute anaphylaxis (rarely) and the theo- 
retical transmission of as yet unidentified infectious agents are the 
principal adverse effects. 
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Intravenous immunoglobulin therapy 

Intravenous immunoglobulin refers to the intravenous infusion of 
high doses of human IgG pooled from the plasma of thousands of 
healthy donors. As well as its use as replacement therapy in pri- 
mary and secondary immunodeficiency syndromes with impaired 
antibody production, IVIg has immunomodulatory actions and is 
licensed in the UK for use in primary immune thrombocytopenia, 
Guillain-Barré syndrome and Kawasaki disease [1]. 


Dermatological uses (Chapters 38, 42, 50-54 and 57) 

Off-label, IVIg, either as monotherapy or in combination with 
other immunomodulating drugs, has been utilised in a variety of 
autoimmune and inflammatory dermatoses including autoimmune 
bullous disorders (pemphigus, pemphigoid, epidermolysis bul- 
losa acquisita, linear IgA disease), autoimmune connective tissue 
disorders (dermatomyositis, systemic sclerosis, systemic lupus ery- 
thematosus) and miscellaneous other conditions including chronic 
autoimmune urticaria, graft-versus-host disease, scleromyxoedema 
and Stevens—Johnson syndrome/ toxic epidermal necrolysis [2]. 


Pharmacological properties 

Formula and structure 

The IgG antibodies present in IVIg preparations reflect those present 
in the normal population, with the proportions of its four subclasses 
approximating to the in vivo state [1]. 


Administration 

It is given intravenously and should be administered in accord 
with the infusion rate recommended for the particular brand being 
used. Adequate hydration of the patient should be established prior 
to use [1]. 


Pharmacokinetics 

Following infusion, IVIg is distributed relatively rapidly between 
intra- and extravascular compartments, with equilibrium after 
3-5 days [1]. IVIg crosses the placenta and may be excreted into 
breast milk [2]. The half-life of the immunoglobulins, which are 
gradually degraded by cells of the reticuloendothelial system, is 
approximately 4 weeks [1]. 


Pharmacodynamics 

The mechanisms underlying the immunomodulatory actions of 
IVIg remain poorly understood, and in particular the apparent 
contradiction between the well-established pro-inflammatory 
properties of IgG antibodies and the anti-inflammatory activity 
of high-dose pooled IgG has yet to be reconciled. Suffice to say 
that IVIg has complex effects on both the innate and adaptive 
components of the immune system that act in the direction of 
immune homeostasis. These include (i) the blockade of Fc receptors 
on B lymphocytes by ‘natural’ antibodies, resulting in a reduction 
of pathogenic autoantibody and cytokine production, and B-cell 
apoptosis; (ii) blocking of Fc receptors on macrophages (particularly 
by IgG in IVIg with sialylated Fc, thereby inhibiting the secretion of 
pro-inflammatory cytokines) and on granulocytes, thus inhibiting 
degranulation; (iii) saturation of Fc receptors leading to increased 
clearance of pathogenic antibodies; (iv) anti-idiotypic antibodies in 
IVIg neutralising the effect of pathogenic antibodies; (v) inhibition 


by natural antibodies of complement-mediated cellular damage, 
including interference with the formation of the membrane attack 
complex; (vi) inhibition by natural antibodies of certain cytokines 
(including TNF-a and IFN-y); (vii) inhibition of the maturation and 
function of dendritic cells, imposing on them a tolerogenic pheno- 
type; and (viii) expansion of the population of regulatory T cells 
(T-regs) and enhancement of their suppressive functions [3-13]. 
However, the precise mechanistic process for the anti-inflammatory 
action of IVIg remains to be definitively established. 


Pharmacogenetics 

Little is known about the pharmacogenetic aspects of IVIg therapy, 
although there is some evidence that genetic factors may influence 
clinical response to IVIg in Kawasaki syndrome [14]. 


Potential adverse effects 

In general IVIg is considered to have a good safety profile, with side 
effects tending to be mild and transient and with a low incidence 
of serious adverse effects [15-18]. However, older patients tend 
to be at greater risk of acute renal failure and venous and arterial 
thrombosis [18]. 


General infusion-related effects 

Symptoms, usually mild, may occur during the course of the 
infusion of IVIg and include fatigue, malaise, shivering, raised tem- 
perature, flushing, headache, myalgia, arthralgia, back pain, chest 
tightness, dyspnoea, nausea, vomiting, diarrhoea, rashes, blood 
pressure variation and tachycardia [1,15]. These side effects usually 
settle if the infusion rate is slowed or temporarily discontinued 
and may be pre-empted in susceptible individuals by pre-treatment 
with analgesia, antihistamines, NSAIDs or low-dose intravenous 
corticosteroid [2]. 


Acute kidney injury 

Rarely, IVIg may cause renal dysfunction by inducing osmotic 
nephrosis, in which cells of the proximal renal tubules are damaged 
[19-22]. Risk factors for osmotic nephrosis include age (>65 years), 
diabetes, pre-existing renal impairment, dehydration, concomitant 
administration of other nephrotoxic drugs [21] and the use of a 
sucrose-stabilised brand of IVIg [20,21]. Circulating rheumatoid 
factor and cryoglobulins may also be risk factors [2]. Gradual 
recovery of renal function is the rule [21], although there is a risk of 
fatal outcome [19]. If any risk factors are present, diuretics should 
be avoided for the period around the transfusion, hydration of 
the patient should be monitored and the infusion rate should be 
reduced [21]. 


Haemolysis 

Haemolytic transfusion reactions with IVIg are uncommon, 
although non-O blood group recipients with an underlying inflam- 
matory disorder appear at particular risk [23]. They have been 
linked to the presence of anti-A and anti-B haemagglutinins in the 
IVIg preparation and may be both IgG and complement mediated 
[23]. Haemolysis is manifest by a drop in haemoglobin following 
IVIg transfusion, elevated unconjugated bilirubin, elevated lactate 
dehydrogenase, a positive direct antiglobulin (Coombs) test and 


evidence of spherocytes and polychromasia on a peripheral blood 
film [23]. 

The immediate management of IVIg-related haemolysis is to stop 
the transfusion and, if red cell replacement is required, group O cells 
should be given [23]. To minimise the risk of further haemolytic 
transfusion reaction for a particular individual, a different IVIg 
product containing a lower titre of ABO haemagglutinins may 
be considered, together with cross-matching between the IVIg 
preparation and the recipient [23]. 


Thrombotic events 

By increasing blood viscosity and thereby altering the rheological 
properties of the blood and decreasing its flow, IVIg is associated 
with an increased risk of venous and arterial thrombosis and sub- 
sequent embolic complications, including deep-vein thrombosis, 
pulmonary embolism, myocardial infarction and cerebrovascular 
accidents [24-28]. In 50% of cases such thrombotic events may be 
manifest during the IVIg infusion, although detection may not 
occur until later [29], with arterial thrombosis tending to be evident 
before venous thrombosis [24]. [VIg-related thrombosis, especially 
arterial, is associated with significant mortality, with the risk factors 
being older age, arterial hypertension, atherosclerosis, obesity, 
immobility, dehydration, diabetes, history of thrombosis, hypervis- 
cosity syndromes and hypercholesterolaemia [1,24,25]. The risk of 
thrombotic events may be reduced in those considered to be par- 
ticularly vulnerable by administering IVIg at a slow rate, giving a 
lower dose and using prophylactic aspirin or low-molecular-weight 
heparin [26]. 


IgA-mediated anaphylaxis and hypersensitivity reactions 
The presence of trace amounts of IgA in IVIg preparations may 
induce allergic reactions and even anaphylaxis in otherwise 
symptomless IgA-deficient recipients with circulating anti-IgA 
antibodies of IgG or IgE class [29]. However, such IgA-dependent 
transfusion reactions are rare. Strategies have been developed 
to prevent IgA-related anaphylaxis in patients with a history of 
hypersensitivity [29]. 


Aseptic meningitis 

Aseptic meningitis, presenting with headache, fever, photophobia, 
neck stiffness and vomiting, is a rare adverse reaction to IVIg, 
tending to occur within 48 h of the infusion [30]. Patients with 
pre-existing migraine may be more susceptible [30]. Examination 
and culture of cerebrospinal fluid are usually necessary to exclude 
bacterial meningitis. The prognosis for aseptic meningitis is good, 
and usually symptomatic treatment is all that is required. Ensuring 
adequate pre-treatment hydration, pre-medication analgesia or 
antihistamine and using a slow rate of infusion may enable con- 
tinuation of IVIg therapy in patients who have experienced aseptic 
meningitis [30]. 


Infection risk 

As a biological product derived from pooled human plasma, IVIg 
carries the potential risk of transmission of pathogens, which is 
minimised by the use of donor selection, screening of donations 
and plasma pools for specific markers of infection, scrupulous 
preparation hygiene and validated techniques for the removal or 
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inactivation of infectious agents [1,31]. Nonetheless, the possibility 
of transmitting infection with known and unknown organisms can- 
not be totally excluded [1] and for medicolegal reasons it has been 
suggested that a pre-treatment serum sample from the recipient be 
stored [2], although this does not appear to be a general view. 


Contraindications 

Severe anaphylaxis resulting from a previous infusion is a con- 
traindication to further use. The presence of risk factors for acute 
kidney injury and thrombosis are relative contraindications. 


Cautions 

The recommended infusion rate should not be exceeded. IVIg 
administration may impair the efficacy of live attenuated virus 
vaccines for up to 3 months (1 year in the case of measles) [1]. 


Drug-drug interactions 
For the period immediately before and after IVIg infusions, the 
administration of loop diuretics should be avoided [1]. 


Pre-treatment screening 
When assessing the risk—benefit ratio of a course of IVIg, factors 
predisposing that individual to acute kidney injury and thrombo- 
sis should be assessed. It is reasonable to consider measuring serum 
IgA and undertaking a thrombophilia screen. 

Before each cycle of IVIg, an FBC, creatinine level and liver func- 
tion tests should be checked. The hydration of the patient should be 
optimised, especially for the older person [18]. 


Dose and regimens 

The standard regimen for high-dose IVIg for the treatment of der- 
matological conditions is 2 g/kg/cycle, based on the ideal weight 
of the patient, in divided doses over 2-5 days [1]. The rate of infu- 
sion should not exceed that recommended by the supplier. Cycles 
are repeated at approximately monthly intervals until effective dis- 
ease control is obtained, after which the interval between cycles is 
gradually increased empirically up to 16 weeks, when IVIg can be 
discontinued if remission continues [2]. 

Fluid intake should be encouraged during and after the infusion. 
Consider paracetamol, with or without codeine, an NSAID or an 
antihistamine as a pre-medication if infusion-related symptoms 
have previously occurred. In those patients considered suscepti- 
ble to thrombosis, aspirin or low-molecular-weight heparin are 
prophylactic options [26]. 


Monitoring 

During and immediately after IVIg infusions, the vital signs, hydra- 
tion status (to exclude both fluid overload and dehydration) and 
urine output should be monitored. Post-transfusion, an FBC with 
film and bilirubin level will screen for the possibility of haemolysis. 
Mobility should be encouraged in all patients to minimise the risk 
of thrombosis. 


Systemic retinoids 

The synthetic retinoids are a class of organic molecules derived 
from and with similar biological activity to the naturally occurring 
vitamin A group of retinoids, which includes retinol, retinal and 
retinoic acid. 
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While the naturally occurring retinoids are involved in the reg- 
ulation of diverse and important biological processes, not least 
cell signalling in embryogenesis, the synthetic retinoids exert their 
medicinal properties principally via their specific effects at the 
genome level on epidermal cell proliferation, differentiation and 
apoptosis, tumour suppressor gene expression and immune func- 
tion [1-4,5]. Their development over the last seven decades was 
initially prompted by the observed cutaneous effects of vitamin A 
deficiency, although their medical significance has subsequently 
extended far beyond the dermatological sphere. They are showing 
great potential in a number of different fields, including chemother- 
apeutic and chemoprotective use in a variety of haematological and 
solid malignancies; in metabolic diseases, as regulators of adipo- 
genesis and as antidiabetic agents; in the prevention or treatment 
of neurodegenerative conditions; in certain renal disorders; and in 
stem cell-based regenerative medicine [6]. 

This section concerns those synthetic retinoids administered 
systemically for dermatological conditions, rather than the topical 
retinoid preparations. There are three generations of dermatolog- 
ically useful systemic retinoids: first, the non-aromatic retinoids, 
represented by isotretinoin (13-cis retinoic acid) and alitretinoin 
(9-cis retinoic acid); second, the monoaromatic retinoids, including 
acitretin, a metabolite of etretinate, which it has now replaced; and 
third, the polyaromatic group, which includes bexarotene. 


Dermatological uses (Chapters 88, 89 and 90) 

Isotretinoin is licensed for the treatment of severe acne resistant to 
adequate courses of standard therapy, although off-label it has been 
used in rosacea, hidradenitis suppurativa and dissecting cellulitis of 
the scalp. 

Alitretinoin has a product licence to treat severe chronic hand 
eczema (and has also been approved by the US FDA for the topical 
treatment of the cutaneous lesions of Kaposi sarcoma). 

Acitretin is licensed in the UK for the treatment of severe pso- 
riasis resistant to standard therapies, palmoplantar pustulosis, 
inherited ichthyoses and Darier disease. Off-licence, it has been 
used as chemoprophylaxis to reduce the risk of actinically induced 
non-melanoma cutaneous malignancy [5,7]. 

Bexarotene is indicated for the treatment of the cutaneous mani- 
festations of advanced cutaneous T-cell lymphoma [8]. 

Retinoids have also been used off-licence to treat pityriasis rubra 
pilaris, lupus erythematosus and lichen planus. 


Pharmacological properties 

Formula and structure 

The basic structure of a retinoid has three parts: a hydrophobic 
trimethylated cyclohexene ring; a conjugated polyene linker side 
chain; and a hydrophilic polar moiety [6]. 

Isotretinoin (systematic name: 13-cis retinoic acid), acitretin (sys- 
tematic name: (2E,4E,6E,8E)-9-(4-methoxy-2,3,6-trimethyl-phenyl)- 
3,7-dimethylnona-2,4,6,8-tetraenoic acid), alitretinoin (systematic 
name: (2E,4E,6Z,8E)-3,7-dimethy1-9-(2,6,6-trimethy]-1-cyclohexeny]) 
nona-2,4,6,8-tetraenoic acid) and bexarotene (systematic name: 
4-[1-(3,5,5,8,8-pentamethyltetralin-2-yl)ethenyl] benzoic acid) are 
the four principal retinoids currently used in dermatological 
therapy. 


Administration 
All the systemic retinoids are administered orally. 


Pharmacokinetics 

The pharmacokinetics of retinoids are complex. The broad prin- 
ciples are absorption from the gut into intestinal mucosal cells, 
chylomicron-borne passage to the liver, intracellular processing 
by hepatocytes, secretion into blood (where they are bound to 
albumin) and finally uptake by and transport to the nucleus 
of the target cells [6]. This involves a sequence of intracellular 
transporter proteins that include cellular retinol-binding proteins, 
plasma retinol-binding proteins and cellular retinoic acid-binding 
proteins [6]. 

Being taken with food or milk enhances their bioavailability. In the 
circulation, they are bound to albumin, and are widely distributed; 
they cross the placenta and are secreted into breast milk. 

Retinoids are metabolised via isomerisation and oxidation by 
enzymes of the CYP system, followed by glucuronidation into 
inactive water-soluble forms [5,8] and biliary or renal elimination. 

The elimination half-lives of the retinoids vary, with that of 
alitretinoin up to 10 h, isotretinoin approximately 20 h and 
acitretin 50-60 h. Isotretinoin and alitretinoin are endogenous 
retinoids and after cessation of treatment normal physiological 
levels are reached within 2 weeks for isotretinoin and a few days 
for alitretinoin [8]. Bexarotene has a clearance profile similar to 
isotretinoin [5]. 

Acitretin is cleared from the body within 1 month of stopping ther- 
apy [5]. However, because alcohol ingestion by patients on acitretin 
results in re-esterification to etretinate, which has a comparatively 
long half-life of 80-160 days, adequate contraceptive precautions are 
necessary for 2 years [5,8]. 


Pharmacodynamics 

In the target cells, retinoids enter the nucleus to regulate the 
transcription of a variety of target genes. The complex process of 
retinoid signalling involves two families of retinoid nuclear recep- 
tor, the retinoic acid receptors (RARs) and the retinoid X receptors 
(RXRs) [9]. Each family has three isotypes (a, B and y) and each 
isotype several isoforms [4,6]. Each receptor has a DNA-binding 
domain and a ligand-binding domain. In order to regulate the 
expression of target genes, the receptors form dimers, each contain- 
ing an obligatory RXR and either a second RXR (RXR-RXR) or an 
RAR (RAR-RXR). The receptor dimers bind to specific sequences 
of DNA (retinoic acid response elements) within the promoter 
regions of the target genes, and it is the conformational change in 
the receptor consequent to binding of the ligand that promotes the 
transcription process, resulting in mRNA and then protein forma- 
tion. Isotretinoin and acitretin act as ligands for RAR, bexarotene is 
a ligand for RXR, and alitretinoin is a panagonist, binding to both 
RAR and RXR [4]. 

Details regarding the genes targeted by retinoids and the mecha- 
nistic processes by which their protein products influence epidermal 
cell and immune cell function remain to be fully elucidated. 

In addition to this genomic action, retinoids also have non- 
genomic effects, in particular retinoylation, a post-translational 
modification of certain proteins, including cytokeratins [6]. 


Potential adverse effects 
Teratogenicity 
Natural retinoids, in particular retinoic acid, play a fundamental role 
in embryonic patterning, growth and organogenesis, and perplex- 
ingly excess retinoid activity results in many of the same embryonic 
developmental defects as vitamin A deficiency [6]. Fetal exposure to 
retinoids in early pregnancy puts at risk normal neurological, ocular, 
cardiovascular and renal development, as well as that of the pul- 
monary system, skeleton, pancreas and limbs [6]. Administration 
of retinoids to women during the first trimester of pregnancy may 
cause cranio-facial deformities (including cleft palate and external 
ear malformations), central nervous system abnormalities (such as 
hydrocephalus, microcephaly and cerebellar malformation), heart 
defects (tetralogy of Fallot, transposition of the great vessels and 
septal defects) and abnormalities of the thymus and parathyroid 
glands in up to 50% of pregnancies, with increased numbers of early 
and late stillbirths [5,6]. 

There appears to be negligible risk of retinoid-induced embryopa- 
thy in fetuses fathered by men taking systemic retinoids [5]. 


Psychiatric 

The SmPC for all licensed retinoids carries a warning about a 
potential relationship between psychiatric disorders and systemic 
retinoids. These drugs are often prescribed for conditions where 
psychiatric problems such as depression and anxiety are preva- 
lent, causing concern to both prescribers and patients. Retinoids 
cross the blood-brain barrier, and there are biologically plausible 
mechanisms by which they may influence mood. Much of the 
evidence relates to isotreinoin where findings are mixed and often 
inconclusive. Recently published, large, population-based studies 
are however reassuring, and do not suggest that isotretinoin is 
independently associated with adverse psychiatric adverse events 
at a population level [10,11]. Nevertheless, it would seem prudent 
to advise patients and members of their families to be watch- 
ful for signs and symptoms of depression and to make specific 
enquiries relating to mood and suicidal thoughts [12] at each review 
consultation. Severe or frequent headaches may be a warning of 
retinoid-induced depression [13]. It is not clear whether patients 
with a pre-existing history of psychiatric problems are at increased 
risk [5,14], but oral isotretinoin therapy should not automatically 
be refused to such individuals [12,15,16]. Rather joint management 
with a psychiatric colleague should be undertaken, with measures 
in place to ensure that any deterioration in mental state is recog- 
nised at an early stage (including the use of a validated rating scale 
for anxiety and depression). 


Ocular 
Dry irritated eyes caused by blepharoconjunctivitis, occasionally 
complicated by bacterial infection, result from retinoid-induced 
alterations in conjunctival epithelium [17] and decreased mei- 
bomium gland secretion [18]. These problems can be alleviated 
by artificial tears, and affected individuals should be advised to 
temporarily discontinue contact lens use. 

Asymptomatic corneal opacities may occur with retinoid therapy 
but these do not adversely affect vision [5]. 

Retinal toxicity causing impaired night vision is a potential 
adverse effect of retinoids which may persist for a number of years 
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[19,20]. The possibility of this may justify electrophysiological 
screening in those individuals who have occupations that are 
dependent on satisfactory night vision. 


Gastrointestinal 

Of the retinoids, isotretinoin in particular has been implicated as 
a cause of inflammatory bowel disease, both ulcerative colitis and 
Crohn disease [5]. However, the evidence is conflicting [21] and, if 
indeed isotretinoin does predispose to inflammatory bowel disease, 
the overall risk is likely to be very low [21]. Patients with inflam- 
matory bowel disease that require isotretinoin should be managed 
jointly with their gastroenterologist. Mild gastrointestinal upset is 
relatively common. 


Musculoskeletal 
Vitamin A toxicity may result in hyperostosis (in particular diffuse 
interstitial skeletal hyperostosis), premature epiphyseal closure, 
calcification of tendons and ligaments and lowered bone mineral 
density [5]. However, under the clinical conditions that retinoids are 
normally used in the treatment of acne and keratinisation disorders, 
there appears to be only a very low risk of these complications 
[5,22-24]. The possibility, albeit rare, of premature epiphyseal 
closure should be considered in preadolescent children. 

Myalgia is a common side effect, particularly in physically active 
patients on isotretinoin, and may be accompanied by elevated crea- 
tine phosphokinase levels [5]. 


Mucocutaneous 

Dryness of the skin (particularly in atopic patients) and mucous 
membranes (especially the nasal lining, vermilion of the lips and 
conjunctivae) is very common and dose related. It may be asso- 
ciated with pruritus, facial redness, impetiginisation, asteatotic 
eczema and skin fragility. Epistaxis can be troublesome. Patients on 
acitretin occasionally complain of ‘sticky skin’. Emollient therapy is 
usually effective: a non-comedogenic preparation is recommended 
for acne-prone areas. 

A temporary deterioration in acne frequently occurs when 
isotretinoin therapy is initiated but this does not normally require 
dose adjustment; very rarely, acne fulminans may develop [25]. 
Telogen effluvium, nail fragility, onycholysis and photosensitivity 
are occasional complications [5]. Isotretinoin-induced pyogenic 
granuloma-like lesions can arise in association with acne lesions 
and over nail folds: they tend to resolve on discontinuation of 
treatment [26]. There are rare postmarketing reports of severe 
skin reactions (Stevens-Johnson syndrome and toxic epidermal 
necrolysis) associated with isotretinoin therapy [27]. 


Neurological 

Transient headaches are a common side effect, but very occasion- 
ally oral retinoids may cause benign intracranial hypertension 
(pseudotumor cerebri) with associated nausea, vomiting and visual 
disturbances, potentially with loss of vision [28], especially when 
isotretinoin is used concomitantly with an oral tetracycline. 


Hyperlipidaemia 

Dyslipidaemia, especially hypertriglyceridaemia but also hyper- 
cholesterolaemia, is a common consequence of retinoid therapy, 
particularly with bexarotene, and requires monitoring during 
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retinoid therapy. The management of modest dyslipidaemia 
involves dietary modification, increased physical activity and 
weight control to reduce cardiovascular risk, with more severe 
impairment of lipid levels necessitating pharmacological inter- 
vention to minimise the risk of pancreatitis [29]. Retinoid-induced 
hyperlipidaemia is reversible on discontinuation of treatment [5]. 


Hepatotoxicity 

Retinoid-induced elevations of liver transaminases are common, 
and, although usually of little clinical significance, require monitor- 
ing [5]. Severe hepatitis is rare and probably idiosyncratic. 


Haematological 

Neutropenia is a common laboratory observation with isotretinoin 
and bexarotene, and isotretinoin may result in platelet abnormalities 
and anaemia [8]. 


Endocrinological 
Bexarotene [30] and alitretinoin [8] may both cause central hypothy- 
roidism, and monitoring for this adverse effect is necessary. 


Contraindications 

The oral retinoids are contraindicated in (i) women who are preg- 
nant or breastfeeding; (ii) women of child-bearing potential unless 
all the conditions of a retinoid pregnancy prevention plan are 
met; (iii) patients who are receiving concomitant treatment with 
a tetracycline; and (iv) patients who are hypersensitive to the 
retinoid or an excipient (in particular soya and peanuts). Relative 
contraindications include renal and hepatic insufficiency and severe 
hyperlipidaemia. 


Cautions 

Patients should not donate blood during treatment or for at least 
1 month thereafter in the case of isotretinoin and alitretinoin, and 
6 months thereafter for acitretin, because of the potential risk to the 
fetus of a pregnant transfusion recipient [8]. Exposure to intense 
sunlight should be avoided and sun-protection measures used. Wax 
depilation should be discouraged for 6 months following retinoid 
treatment for fear of epidermal stripping, and dermabrasion or laser 
resurfacing should be postponed for at least 6 months because of 
the risk of hypertrophic scarring and dyspigmentation [8]. Retinoids 
may affect blood glucose control in diabetics. 


Drug-drug interactions 
See Box 19.8 [31]. 


Box 19.8 Systemic retinoids: drug-drug interactions 


¢ Tetracyclines increase the risk of benign intracranial hypertension 

e Alcohol induces acitretin re-esterification to etretinate 

e Effects of coumarin anticoagulants and simvastatin are possibly 
reduced by acitretin 

¢ Carbamazepine plasma concentrations are possibly reduced by 
isotretinoin 

¢ Ketoconazole increases plasma concentrations of alitretinoin 

¢ Possible methotrexate toxicity with acitretin 

¢ Gemfibrozil increase bexarotene plasma levels 

¢ Concomitant vitamin A may induce hypervitaminosis A 


Pre-treatment screening 

Women of child-bearing potential should receive explicit coun- 
selling on the teratogenicity of retinoids and prescribing clinicians 
must ensure women have access to relevant pregnancy prevention 
strategies. Pregnancy should be excluded prior to commencing 
retinoid therapy, and pregnancy avoided for the duration of ther- 
apy and for an appropriate time thereafter (1 month for isotretinoin, 
alitretinoin and bexarotene, and 2 years for acitretin). Pregnancy 
prevention plans in place for isotretinoin can be adapted for the 
other retinoids. 

Pre-treatment laboratory tests should include an FBC, liver 
function tests, renal function tests and a full fasting lipid profile. 
Alitretinoin and bexarotene treatments necessitate monitoring of 
thyroid function. 


Dose and regimens 
There are standard dosage regimens for each of the retinoids 
[8,31,32,33,34]. 


Monitoring 

A reasonable follow-up regimen is monthly clinical evaluation and 
blood tests (liver function tests and fasting lipid profile, with occa- 
sional renal function tests and FBC) for 3-6 months, then 3-monthly 
reviews with blood tests [5]. Thyroid function should be monitored 
in patients receiving alitretinoin and bexarotene. 

Serum or urinary pregnancy tests are required monthly for 
women of child-bearing potential, and again 5 weeks after the drug 
is discontinued. 

Specifically enquire about adverse effects, particularly those 
relating to mood and vision. Asymptomatic patients do not require 
routine monitoring for skeletal toxicity or osteoporosis [5] but if a 
patient reports restricted mobility and bone pain consideration they 
should be given to relevant radiological examination. 


Thalidomide 

Thalidomide acquired pharmacological notoriety in the early 1960s 
when it became clear that its use as a sedative and antiemetic 
for pregnant women could cause limb defects (phocomelia) and 
internal deformities in their children. Its subsequent reinvention 
as a useful therapeutic agent with potent immunomodulatory, 
anti-inflammatory, antiangiogenic and antineoplastic properties 
has seen it licensed as a component of first line treatment for 
myeloma and, in the USA, for erythema nodosum leprosum. 


Dermatological uses (Chapters 31, 48, 51, 81, 126 and 135) 
Thalidomide has also been used off-licence in a wide variety of 
dermatoses, including nodular prurigo, actinic prurigo, cutaneous 
lupus erythematosus, aphthous stomatitis, Behcet disease, sar- 
coidosis, graft-versus-host disease, Langerhans cell histiocytosis, 
cutaneous manifestations of advanced HIV infection and Kaposi 
sarcoma [1,2-10]. 


Pharmacological properties 

Formula and structure 

Thalidomide (empirical formula: C,3;H;)N,O,; systematic name: 
(RS)-2-(2,6-dioxopiperidin-3-yl)-1H-isoindole-1,3(2H)-dione) is a 


piperidiny] isoindole, consisting of a phthaloyl ring and a glutarim- 
ide ring. It has a chiral centre and exists as a racemic mixture of left- 
and right-handed enantiomers [2]. 


Administration 
Thalidomide Celgene® is available in the UK as capsules containing 
50 mg of thalidomide [11]. 


Pharmacokinetics 

Absorption following oral administration is slow with peak plasma 
levels being reached within 1-5 h [12]. It appears to be degraded by 
non-enzymatic hydrolysis, with liver or kidney impairment having 
no appreciable impact on thalidomide pharmacokinetics. The mean 
elimination half-life after a single oral dose is 5.5-7.3 h, with a lin- 
ear relationship between body weight and thalidomide clearance. It 
readily crosses the placenta. 


Pharmacodynamics 

In vitro and in vivo, thalidomide exerts a wide range of anti- 
inflammatory, immune-modulatory and antineoplastic activi- 
ties. Cereblon has been identified as a key molecular target for 
thalidomide. This receptor forms part of the cullin-ring ligase 4 
E3 ubiquitin ligase complex, binding substrates for ubiquitination 
and proteasomal degradation. On binding to cereblon, thalidomide 
causes an allosteric modification of this complex, with down- 
stream effects dependent on the proteins that are subsequently 
ubiquinated. These include cytoxic, antiapoptic and teratogenic 
effects [13]. 


Potential adverse effects 

Teratogenicity 

In addition to phocomelia, thalidomide has been associated with 
congenital heart disease, ocular and aural malformations, urologi- 
cal abnormalities, autism and intellectual disability [14]. The criti- 
cal exposure period during which it appears to exert its devastating 
embryopathic effects is between 20 and 36 days after conception 
[14-16]. 


Peripheral neuropathy 

Peripheral neuropathy is a very significant adverse effect of thalido- 
mide, and the predominant factor limiting its use. It occurs in 
20-55% of patients, with women and the elderly at greatest risk. The 
peak incidence is in the first year of treatment [17,18]. The precise 
neurotoxic mechanism is not known but it seems likely that affected 
individuals may have a genetic susceptibility [19]. This results in 
a symmetrical, mainly sensory, length-dependent axonal polyneu- 
ropathy, with reduced sensory nerve action potential (SNAP) 
amplitudes and relative conservation of nerve conduction velocities 
[20-22]. It presents clinically as symmetrical painful parasthesiae of 
the hands and feet, sensory loss and, occasionally, muscle weakness 
or cramps, signs of pyramidal tract involvement and carpal tunnel 
syndrome [2]. Recovery tends to be slow and often incomplete, and 
neurotoxicity may even be progressive after thalidomide therapy is 
withdrawn [2]. 


Other adverse effects 
See Box 19.9. 
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Box 19.9 Other adverse effects of thalidomide [2,11] 


¢ Venous and arterial thrombosis 

¢ Endocrine effects — hypothyroidism, hypo- and hyperglycaemia, 
hypocalcaemia 

e Anaemia, neutropenia, lymphopenia, thrombocytopenia 

e Erythroderma, Stevens—Johnson syndrome/toxic epidermal 
necrolysis 

e Hypersensitivity reaction 

¢ Drowsiness, dizziness, depression, confusion, anxiety, agitation, 
anorexia 

¢ Intestinal obstruction and perforation 

e Dry mouth, constipation, nausea 

¢ Bradycardia, peripheral oedema, dyspnoea, cardiac failure 

¢ Decreased libido 

¢ Xerosis, pruritus 


Contraindications 

Thalidomide is absolutely contraindicated during pregnancy and 
for those individuals with a known sensitivity to it [1]. It should be 
avoided in breastfeeding mothers [11]. 


Cautions 

Women of child-bearing potential receiving thalidomide must prac- 
tise strict contraception. Men with sexual partners who are women 
of child-bearing potential are advised to use condoms as thalido- 
mide is found in seminal fluid at concentrations comparable to those 
in the plasma. 

Thalidomide is relatively contraindicated in patients with an exist- 
ing peripheral neuropathy or other neurological disorder, or if there 
is significant renal or hepatic impairment, congestive heart failure, 
hypertension, hypothyroidism, gastrointestinal disease or increased 
risk of thrombosis [1,11]. 

When used in the treatment of myeloma, anticoagulation as 
prophylaxis for thrombosis is recommended for at least the first 
5 months of treatment, particularly if there are specific risk factors 
such as smoking, hypertension or hyperlipidaemia [11]. 


Drug-drug interactions 

Thalidomide may potentiate the effects of drugs that cause sedation, 
bradycardia or peripheral neuropathy. In women of child-bearing 
potential requiring oral contraception because of thalidomide ther- 
apy, the possibility of drug interactions involving the contraceptive 
preparation should be considered [1]. Furthermore, the combined 
oral contraceptive is not recommended because of the possible 
increased risk of thrombosis with thalidomide. 


Pre-treatment screening 
Thalidomide is licensed by the EMA [23] and FDA [24] and can only 
be prescribed and dispensed following formal registration with the 
aligned pregnancy prevention plan by the physician, pharmacist 
and patient, and fully informed consent from the patient. 

Careful counselling and education of patients are necessary, 
alongside detailed written information. 

Patients should be assessed regarding risk of thrombosis and, 
if considered necessary, anticoagulation commenced. A clinical 
neurological examination should be undertaken and _ baseline 
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electrophysiological testing (measurement of SNAP amplitudes) 
should be considered. 

In women of child-bearing potential, two reliable methods of con- 
traception must be employed, commencing at least 1 month before 
therapy is started, throughout treatment and for 1 month after 
stopping. Pregnancy must be excluded before initiating treatment. 

An FBC and renal and liver function tests should be checked. 


Dose and regimens 
The dose range for dermatological conditions is 50-300 mg/day, 
taken as a single dose at bedtime to reduce the impact of sedation. 


Monitoring 

Peripheral neuropathy 

It is recommended that patients are examined at monthly intervals 
for the first 3 months of thalidomide therapy and periodically (1-6 
monthly as indicated [1]) thereafter for signs or symptoms of periph- 
eral neuropathy. Electrophysiological testing should be considered 
every 6 months to detect subclinical neuropathy. 


Laboratory tests 

Pregnancy testing should be performed monthly for women of 
child-bearing age, and again 4 weeks following cessation of treat- 
ment. An FBC and liver function tests should be performed monthly 
until the dose of thalidomide is stable, then every 2-3 months. 


Antimicrobial therapies 


Systemic antibiotics and antiviral, antifungal and antiparasitic drugs 
constitute a very significant proportion of medications prescribed 
by dermatologists. While the majority of antimicrobial agents are 
for infectious conditions, certain antibiotics, such as the tetracycline 
and macrolide groups, are also utilised for their anti-inflammatory 
properties, particularly in the treatment of acne vulgaris, rosacea, 
immunobullous disorders, pyoderma gangrenosum, palmoplantar 
pustulosis and sarcoidosis [1]. 

Constraints of space prevent detailed descriptions of individ- 
ual antimicrobial drugs, and the reader is referred to excellent 
overviews [1-4]. 


Systemic antibiotics 

There is a wide variety of orally administered antibiotics that are 
effective in the treatment of skin and soft-tissue infections, including 
penicillins, cephalosporins, macrolides, tetracyclines, fluoro- 
quinolones, glycopeptide and lipopeptide antibiotics, rifamycins, 
folate synthesis inhibitors, lincosamides and oxazolidinones [5]. 


Penicillins 
Penicillins are B-lactam antibiotics, with a B-lactam ring attached to 
a thiazolidine ring. They prevent stable bacterial cell wall forma- 
tion by inhibiting the enzyme DD-transpeptidase, which normally 
catalyses peptidoglycan cross-linkage, thus weakening the struc- 
tural integrity of the cell wall and resulting in cell death. 

The natural first-generation penicillins were benzylpenicillin 
(penicillin G) and phenoxymethylpenicillin (penicillin V), active 
against Gram-positive cocci and bacilli, Gram-negative cocci and 


anaerobes. These were followed by a variety of semi-synthetic 
penicillins: (i) penicillinase (f-lactamase)-resistant penicillins, 
including flucloxacillin and dicloxacillin, active against penicillinase- 
producing staphylococci, and temocillin, active against Gram- 
negative bacteria (but not Pseudomonas aeruginosa or Acinetobacter 
spp.); (ii) broad spectrum penicillins, such as ampicillin and amoxi- 
cillin, which extend the activity spectrum to include Gram-negative 
bacilli but which are inactivated by penicillinases; (iii) extended 
spectrum penicillins, such as pivmecillinam, active against many 
Gram-negative bacteria, including Escherichia coli and Klebsiella, 
Enterobacter and Salmonella spp.; and (iv) antipseudomonal 
penicillins, including piperacillin and ticarcillin, both having a 
broad spectrum of activity against a range of Gram-positive and 
Gram-negative bacteria and anaerobes, and both available in the 
UK only in combination with a B-lactamase inhibitor [1,5]. 
Hypersensitivity is the most important adverse effect of the peni- 
cillins. Allergic reactions occur in 1-10% of exposed individuals, 
with anaphylaxis occurring in less than 0.05% [5]. Penicillin-allergic 
patients may also react to cephalosporins and other p-lactam 
antibiotics [5]. An ampicillin-induced pruritic maculopapular 
eruption in patients with infectious mononucleosis, lymphocytic 
leukaemia or receiving allopurinol is not truly allergic and is not a 
contraindication to future treatment with penicillins [1]. 


Cephalosporins 

Cephalosporins are also B-lactam antibiotics and have the same 
mode of antibacterial action as the penicillins. The fusion of the 
B-lactam ring with a dihydrothiazine ring in cephalosporins confers 
a relative protection against penicillinases. There are currently five 
generations of cephalosporins, with the first generation having most 
activity against Gram-positive cocci, and subsequent generations 
having greater action against Gram-negative organisms and lesser 
action against Gram-positive bacteria. 

The orally active first-generation (cefalexin, cefradine, cefadroxil), 
second-generation (cefaclor, cefuroxime axetil) and third-generation 
(cefpodoxime proxetil) cephalosporins are licensed for the treatment 
of skin and soft-tissue infections [5,6]. 

Hypersensitivity reactions are the principal adverse effect of 
cephalosporins [5,6]. About 0.5-6.5% of penicillin-allergic individ- 
uals will also be allergic to cephalosporins [6] and cephalosporins 
should be avoided if possible in patients with a history of penicillin 
allergy. 


Carbapenems 

Carbapenems are also f-lactam antibiotics, sharing the mode of 
action of penicillins. Like cephalosporins, they too can remain 
stable in the presence of penicillinases, but additionally in the 
presence of cephalosporinase. They therefore have a broad spec- 
trum of activity against aerobic, anaerobic, Gram-positive and 
Gram-negative bacteria (including Pseudomonas aeruginosia and 
Enterococcus). They are often used to treat multidrug-resistant bac- 
terial infections, however the evolution of carbapenemases has 
resulted in developing resistance. Carbapenems include imipenem, 
meropenem, ertapenem, doripenem, panipenem, biapenem and 
tebipenem. Cross-reactivity rates in those with penicillin allergy 
are high so, where possible, they should be avoided in those with a 
known penicillin allergy. 


Macrolides 

The macrolide group of antibiotics (with the azalide and ketolide 
subclasses) includes erythromycin, clarithromycin, azithromycin 
and telithromycin, with a structure that includes a macrocyclic 
lactone ring. They exert a bacteriostatic action by binding reversibly 
to the 50S subunit of the bacterial ribosome, thus inhibiting bacterial 
protein synthesis [1]. Macrolides also have anti-inflammatory prop- 
erties unrelated to their antibiotic action. They have an antibacterial 
spectrum that is similar to penicillin, and so erythromycin has 
traditionally been an alternative in penicillin-allergic patients [5]. 
The emergence of resistant strains of Staphylococcus aureus and 
streptococci (as well as Propionibacterium acnes), together with its 
gastrointestinal side effects and CYP inhibition (resulting in a 
number of potential drug interactions), has limited the clinical 
usefulness of erythromycin [1,5]. QT interval prolongation and 
cardiac arrhythmias are rare adverse effects. 


Tetracyclines 
The tetracycline class of antibiotics is broad spectrum and bacte- 
riostatic, and includes tetracycline, oxytetracycline, doxycycline, 
lymecycline, minocycline and demeclocycline. They have a basic 
four-hydrocarbon ring structure and inhibit bacterial protein syn- 
thesis by binding to the 30S ribosomal subunit [1]. Their clinical 
usefulness has lessened with increasing bacterial resistance [5], but 
they are the most common antibiotics prescribed by dermatologists 
[1], usually for their anti-inflammatory properties but also for the 
treatment of Lyme disease and atypical mycobacterial infections. 
Modified-release (subantimicrobial) preparations of doxycycline 
and minocycline appear to minimise the development of antibi- 
otic resistance without loss of anti-inflammatory effect [1]. They 
are contraindicated in children and in pregnant or breastfeeding 
women as they are incorporated in growing bones and teeth. With 
the exception of doxycycline and minocycline, tetracyclines may 
exacerbate renal impairment [5]. Photosensitivity, hypersensitivity 
reactions, dyspigmentation and benign intracranial hypertension 
are potential side effects [5]. Minocycline may induce a lupus-like 
syndrome and vasculitis. 

Tigecycline is a glycylcycline, structurally similar to the tetracy- 
clines with a similar mechanism of action, used in the treatment of 
complicated skin and soft-tissue infections [5]. 


Fluoroquinolones 

The quinolones are a family of synthetic broad spectrum antibiotics, 
with a structure based on a quinoline ring system. Their antibiotic 
effect results from the inhibition of topoisomerases, which prevents 
bacterial DNA from unwinding and replicating. Ciprofloxacin, lev- 
ofloxacin, moxifloxacin and ofloxacin are licensed for the treatment 
of skin and soft-tissue infections, although staphylococcal resistance 
to the quinolones is common [5]; their use should be avoided in 
meticillin-resistant Staphylococcus aureus (MRSA) infections. They 
are effective against most Gram-negative organisms, including 
Pseudomonas aeruginosa, and are also active against mycobacteria 
and in anthrax [1]. Tendon damage may occur with quinoline 
therapy [5]. 


Glycopeptides 
Vancomycin and teicoplanin are glycopeptide antibiotics that work 
by inhibiting synthesis and cross-binding of peptides in the cell 
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wall of Gram-positive bacteria via a mechanism different to the 
B-lactams. They have bactericidal activity against Gram-positive 
bacteria, including multiresistant staphylococci (such as MRSA) 
and Clostridium difficile. Because of poor gastrointestinal absorption, 
vancomycin and teicoplanin are administered parenterally but can 
be given orally in the treatment of C. difficile. Monitoring of the 
plasma concentrations of vancomycin (and teicoplanin, in certain 
circumstances) is required [5]. 


Daptomycin 

Daptomycin is a lipopeptide antibiotic with a spectrum of activity 
similar to vancomycin. Its mechanism of action involves depolar- 
isation of bacterial cell membranes, which results in inhibition of 
protein and nucleic acid synthesis and subsequent cell death. It is 
given intravenously and should be reserved for complicated skin 
and soft-tissue infections caused by resistant Gram-positive bacte- 
ria, including MRSA [5,6]. 


Rifamycins 

The rifamycins include rifampicin and rifabutin. Their antibacterial 
action is the result of binding to bacterial RNA polymerase, causing 
‘steric occlusion’ which prevents RNA transcription. Rifampicin 
has a broad spectrum of activity including mycobacteria, staphy- 
lococci and Neisseria and is the rifamycin most commonly used by 
dermatologists worldwide, mainly for the treatment of cutaneous 
tuberculosis, atypical mycobacterial infection, leprosy, leishmania- 
sis and S. aureus infections [1]. In combination with clindamycin it 
is frequently used to treat such chronic inflammatory dermatoses 
as hidradenitis suppurativa, folliculitis decalvans and dissecting 
cellulitis. The rapid development of bacterial resistance to the 
rifamycins is the reason why they are usually used in combination 
with other antibiotics, rather than as monotherapy. Rifampicin is a 
potent inducer of the CYP system and this may result in reduced 
blood concentrations of a wide range of concomitantly administered 
drugs. 


Folate synthesis inhibitors 

Sulfonamides inhibit dihydropteroate synthetase and trimethoprim 
inhibits DHFR. In combination, sulfamethoxazole and trimethoprim 
(co-trimoxazole) act synergistically to inhibit production of tetrahy- 
drofolic acid, an essential component of thymidine synthesis, lack 
of which interferes with bacterial DNA formation. Folate synthe- 
sis inhibitors are bacteriostatic against a variety of Gram-positive 
aerobic cocci and certain Gram-negative organisms and protozoa 
[1]. Co-trimoxazole, as well as having significant antibiotic uses, is 
also an unlicensed alternative treatment for acne (as is trimethoprim 
alone) and hidradenitis suppurativa [1]. The major side effects are 
Stevens—Johnson syndrome and blood dyscrasias. 


Lincosamides 

Clindamycin is a semi-synthetic derivative of lincomycin, with a 
similar mechanism of action to the macrolides. It is bacteriostatic 
to Gram-positive cocci and against many anaerobes [5], including 
P. acnes. It is an alternative to the macrolides in the treatment of 
erysipelas or cellulitis in penicillin-allergic patients [5]. Clindamycin 
can also be useful in MRSA infections so long as lincosamide resis- 
tance has not developed. Potentially fatal antibiotic-associated 
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colitis is perhaps the most concerning side effect, and treatment 
with clindamycin should be stopped immediately should diarrhoea 
develop. 


Oxazolidinones 

Linezolid has an oxazolidinone core and is a protein synthesis 
inhibitor, consequent to binding to the 23S portion of the 505 
bacterial ribosomal subunit [1]. It is active against Gram-positive 
bacteria including MRSA and vancomycin-resistant enterococci [5]. 
Haematopoietic disorders and severe optic neuropathy are the main 
adverse effects [5]. 


Anti-inflammatory effects of antibiotics 

The mechanisms by which the tetracyclines and erythromycin exert 
anti-inflammatory effects are incompletely understood. However, 
their beneficial effects in acne may be based on inhibition of the 
fibroblast growth factor receptor 2 (FGFR2) signalling cascade, 
which is thought to play a role in sebaceous gland function and 
follicular hyperkeratinisation in that condition [7]. Tetracyclines 
may inhibit FGFR2b-mediated overexpression of matrix metallo- 
proteinases, and erythromycin may attenuate FGFR2 signalling via 
an inhibitory effect on CYP and consequent interference of endoge- 
nous retinoid catabolism and amplification of endogenous retinoid 
signalling [7,8]. Furthermore, decreased nuclear levels of the tran- 
scription factor Fox01 and increased activity of the protein synthesis 
regulator mTORC1 have been implicated in the pathogenesis of 
acne [9,10]: it has been shown that tetracyclines and erythromycin 
may enhance nuclear Fox01 activity and inhibit mTORC1 [10,11]. 


Antifungal drugs 

The medically important systemic antifungal drugs can be broadly 
classified by their mechanistic properties into those that act on the 
fungal wall or cell membrane and those that act intracellularly. 

The fungal wall/cell membrane agents are subdivided into those 
that inhibit ergosterol (a molecule unique to fungi and an integral 
part of the fungal cell membrane) function and those that inhibit 
B-glucan synthase. 

The ergosterol inhibitors are categorised into the azoles (inhibitors 
of lanosterol 14« demethylase, essential for the synthesis of ergo- 
sterol), allylamines (inhibitors of squalene epoxidase, also essential 
in ergosterol synthesis, such as terbinafine) and polyene antifungals 
(such as nystatin and amphotericin, which bind to ergosterol and 
thereby interfere with the integrity of the fungal cell membrane). 

The systemically active azoles are further subdivided into the imi- 
dazoles (based on a five-membered aromatic ring with two nitrogen 
and three carbon atoms, and including ketoconazole) and triazoles 
(based on a five-membered ring with three nitrogen and two car- 
bon atoms, and including fluconazole, itraconazole, posaconazole and 
voriconazole). Lanosterol 140 demethylase is CYP dependent and the 
imidazoles and triazoles have different inhibitory effects on CYP. 

The f-glucan synthase inhibitors interfere with the synthesis of 
glucan, an important component of the fungal cell wall, and are rep- 
resented by the echinocandin antifungals (anidulafungin, caspofungin 
and micafungin). 

The antifungal drugs that have intracellular mechanisms of action 
include flucytosine, a pyrimidine analogue that inhibits fungal DNA 
and RNA synthesis, and griseofulvin, a spiro-benzo[b] furan [2] that 


inhibits fungal mitosis by binding to tubulin and thereby disrupting 
microtubule function. 


Dermatological uses 

Triazole antifungals 

Fluconazole is well absorbed orally, and its dermatological uses 
include dermatophyte infections (tinea), pityriasis versicolor and 
mucocutaneous candidosis [5]. It should be used with caution in 
those at risk of cardiac arrythmias [2]. 

Itraconazole is indicated for dermatophytosis, onychomycosis, 
pityriasis versicolor, mucosal candidosis, aspergillosis, histoplas- 
mosis and cryptococcosis. Rarely it may cause severe hepatotoxicity, 
and liver function should be monitored if it is used for longer than 
1 month [5]. It has been associated with heart failure and cardiac 
arrhythmias in those at risk [5]. Itraconazole can be used to treat 
onychomycosis in a ‘pulsed’ fashion (treatment for 1 week, repeated 
after an interval of 3 weeks; two courses for fingernails and three 
courses for toenails) [5]. 

Posaconazole and voriconazole are rarely used for dermatological 
reasons. 


Imidazole antifungals 

Oral ketoconazole has a place as second line treatment for dermato- 
phytoses, mucocutaneous candidosis and Malassezia (pityrosporum) 
folliculitis when the oral triazoles and terbinafine are ineffective 
or poorly tolerated. Potentially life-threatening hepatotoxicity can 
rarely occur and liver function should be monitored [5]. 


Allylamine antifungals 

Oral terbinafine is indicated for dermatophyte infections of the skin 
and nails. Although it is not licensed for use in children, it has been 
widely used off-label in this group of patients. Hepatotoxicity and a 
lupus erythematosus-like condition have been reported. 


Polyene antifungals 

Neither nystatin nor amphotericin is absorbed from the gastroin- 

testinal tract. Nystatin is effective against Candida, and can be used 

orally to treat oesophageal and genital Candida infections and to 

prevent fungal infections in immunocompromised patients. 
Amphotericin is active against most fungi and yeasts and can be 

given parenterally for severe systemic and deep mycoses [5]. 


Echinocandin antifungals 

The echinocandin antifungals are active only against Aspergillus 
spp. and Candida spp., and are rarely used for dermatological 
indications [5]. 


Flucytosine 

Flucytosine is used intravenously for systemic fungal (includ- 
ing yeast) infections, such as cryptococcal meningitis and severe 
systemic candidosis, but not for cutaneous disorders [5]. 


Griseofulvin 

Griseofulvin is indicated for dermatophyte infections of the skin and 
nails, although it has been largely superseded by the newer azole 
and allylamine antifungals [2,5]. In contrast to terbinafine it has a 
product licence for use in children. It can be hepatotoxic and may 
exacerbate lupus erythematosus and the acute porphyrias [5]. 
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Antiviral drugs 

Dermatological uses 

The systemic antiviral drugs of most relevance to dermatological 
practice are those used to treat herpesvirus infections, in particular 
HSV and VZV. 


Guanosine analogues 

The three main drugs are aciclovir, valaciclovir (a prodrug of 
aciclovir) and famciclovir (a prodrug of penciclovir). Foscarnet 
is indicated for mucocutaneous HSV infection unresponsive to 
aciclovir in immunocompromised individuals. Inosine pranobex is 
also licensed for herpes simplex infections, although it is not widely 
used [12]. 

Aciclovir (chemical name: acycloguanosine) is a guanosine 
analogue. It is phosphorylated by viral thymidine kinase to aci- 
clovir monophosphate and then enzymes in the host cell convert it 
to aciclovir triphosphate, which inactivates viral DNA polymerase, 
preventing viral DNA synthesis and thus replication [3]. Valaci- 
clovir, an ester of aciclovir, has a much greater oral bioavailability 
than aciclovir; it is de-esterified in vivo to aciclovir. Famciclovir is 
converted to penciclovir which, after phosphorylation to penci- 
clovir triphosphate, inhibits viral DNA polymerase in the same way 
as aciclovir, although penciclovir triphosphate has a much longer 
intracellular half-life in herpesvirus-infected cells than aciclovir 
triphosphate [3]. 

These drugs are indicated in the treatment of severe herpes 
simplex infections, suppression of recurrent herpes simplex 
infections, herpes zoster, herpes simplex and varicella-zoster in 
immunocompromised patients, eczema herpeticum and recurrent 
erythema multiforme. 
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Introduction 


Head and neck 


Blood vessels of the face 


The acquisition of dermatological surgery skills is an integral 
component of dermatological training. Indeed, the increasing bur- 
den of skin cancer has resulted in competence in dermatological 
surgery being a mandatory requirement for all dermatologists. 
This chapter provides an overview of the fundamental basics of 
skin surgery and provides an introduction to more advanced sur- 
gical techniques, including Mohs micrographic surgery (MMS). 
For more in-depth coverage a selection of introductory [1,2,3] and 
intermediate textbooks [4,5,6] are be recommended. 


Critical anatomical considerations 


A knowledge of critical anatomy is essential for efficient and safe 
surgery [1,2-7,8,9]. This section outlines critical anatomic structures 
and relationships. 


The external carotid artery and its branches supply most of the 
soft tissue of the head and neck. The two major branches of the 
external carotid artery are the superficial temporal and facial arteries 
(Figure 20.1). The veins of the face generally accompany the arteries. 
A notable exception is the angular vein, which runs laterally and 
independently to the angular artery. 

The superficial temporal artery, the terminal branch of the external 
carotid artery, supplies the soft tissue of the lateral cheek, temple, 
forehead and scalp. Its pulse can first be palpated as it emerges 
anterior to the tragus between the condyle of the mandible and the 
external auditory meatus. The superficial temporal artery travels 
superiorly anterior to the ear then divides into the temporal and 
parietal branches approximately 2 cm superior to the zygomatic 
arch. The temporal branch of the superficial temporal artery is 
often visible through the skin immediately anterior to the temporal 
hairline. It anastomoses at the lateral forehead with branches of the 
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to the masseter muscle 
insertion 
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anterior to the top half 


External carotid artery 


Figure 20.1 Arteries of the head and neck encountered in skin surgery. 
The labial artery lies on the inside (mucosal) surface of the lip 
approximately 5 mm from the visible vermilion border. (---) Arteries that 
are rarely encountered are indicated with dashed lines and arteries that 
are frequently identified during superficial skin surgery on the face are 
given as solid red lines. 


ipsilateral supraorbital artery from the internal carotid system. The 
parietal branch may be palpated along its course over the temporal 
and parietal scalp. The superficial temporal artery and its branches 
run in the deep subcutaneous fat immediately superficial to the 
superficial fascia (superficial temporal fascia on the temple; galea 
aponeurotica on the scalp). Local anaesthesia may be injected to 
hydrodissect the fat from the superficial fascia, making it easier to 
preserve the arteries during excision and reconstruction. 

The facial artery (Figure 20.1) supplies blood to the soft tissues of 
the medial cheek, lips, chin and lateral nose. Its pulse can first be pal- 
pated along the margin of the mandible immediately anterior to the 
masseter muscle. As it travels superomedially along the naso-labial 
fold, it sends named branches to the chin, lips, and nose. It continues 
in the naso-facial sulcus as the angular artery and anastomoses with 
the internal carotid system at the medial canthus. 

The internal carotid artery supplies blood to a mask-like region of 
the central face, including the central forehead and upper two-thirds 
of the central nose. The central forehead is supplied by the supraor- 
bital and supratrochlear arteries after they emerge from the orbit. 
The upper two-thirds of the central nose is supplied by the external 
nasal artery. Inadvertent injection of filler into the branches of the 
internal carotid artery can cause blindness if filler travels retrograde 
to occlude the central artery of the retina. 


Lymphatics of the face 

The lymphatic system produces lymphocytes, drains fluid from the 
extracellular space back into the bloodstream and defends the body 
from infection and cancer. Cancer spreads to lymph nodes along 
routes of lymphatic drainage, therefore surgeons must know which 
parts of the body drain to which lymph node basins. Lymphat- 
ics of the face generally follow the venous drainage and course 
inferiorly and posteriorly. Midfacial lymphatics drain into the 
facial, submental and submandibular lymph nodes. The lateral 
face and frontotemporal scalp lymphatics drain into the parotid 
lymph nodes. The parietal scalp drains to the parotid lymph nodes 
anteriorly and the retroauricular (mastoid) nodes posteriorly. The 
occipital scalp drains posteriorly into the occipital lymph nodes. 


Sensory nerves of the face 

Sensation to the face is supplied by the trigeminal cranial nerve 
(CN V). Since the target organ of the sensory nerves is the skin, 
skin surgery may transect nerve branches and cause temporary 
or permanent anaesthesia. If the proximal nerve has not been 
transected, sensation may gradually return over approximately 12 
months. During preoperative consent, patients should be advised 
of the possibility of sensory damage. 

CN V has three divisions: the ophthalmic (V1), maxillary (V2) and 
mandibular (V3). For precise injections of anaesthesia, it is important 
to know the distribution of each division and the location of the main 
nerve branches (Figure 20.2). 

The ophthalmic division supplies sensation to the forehead, 
anterior scalp and nasal dorsum. Its largest branches are the supra- 
trochlear and supraorbital nerves. The maxillary division supplies 
sensation to the cheek, the conjunctiva and skin of the lower eyelid, 
the side of the nose and the nasal vestibule, and the skin of the 
upper lip. Its largest cutaneous branch is the infraorbital nerve. The 
mandibular division supplies sensation to the chin, lower lip, beard 
distribution of the cheek and the upper third of the auricle. Its most 
accessible cutaneous branches are the mental and auriculotemporal 
nerves. 

The supraorbital, infraorbital and mental nerves emerge from the 
skull via the palpable foramina, and all lie in the same plane, just 
medial to a mid-pupillary vertical line [10]. Targeted nerve blocks at 
the foramina block the skin supplied by each branch. 

Sensation to the neck and posterior scalp is supplied by the 
cervical nerves CN II-IV. Large areas of the posterior scalp, neck 
and lower ear can be anaesthetised by injecting local anaesthesia 
along the posterior border of the middle third of the sternoclei- 
domastoid muscle approximately 10-20 mm above and below 
the Erb point, where the great auricular, transverse cervical and 
lesser occipital nerves emerge [11]. The Erb point is located where a 
plumb line from the midpoint of a line drawn between the mastoid 
process and the angle of the jaw intersects with the posterior border 
of the sternocleidomastoid muscle. The spinal accessory nerve 
(CN XI) also emerges from behind the sternocleidomastoid muscle 


Critical anatomical considerations 


Figure 20.2 Sensory nerves on the face used in nerve block anaesthesia. 
Sensation on the face is served by the three main divisions of the 
trigeminal nerve: the ophthalmic, maxillary and mandibular divisions. 
Three important branches of these nerves — the supraorbital, infraorbital 
and mental nerves — emerge in the same plane along a vertical line 
running through the pupil. 
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Figure 20.3 Motor branches of the facial nerve vulnerable in skin 
surgery. (---) Nerves that are rarely encountered are indicated with dashed 
lines and nerves at risk during superficial skin surgery on the face are 
given as solid green lines. 
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near the Erb point, but this motor nerve is rarely affected by the 
local anaesthesia, as it lies deep to the superficial layer of the deep 
cervical fascia [12]. 


Motor nerves of the head and neck 
The facial nerve (CN VII) provides motor innervation to the muscles 
of facial expression. The main trunk of the facial nerve exits the 
stylomastoid foramen approximately 6-8 mm medial (deep) to 
the trypanomastoid suture line. The main trunk immediately enters 
the parotid gland before dividing into its five main branches: tem- 
poral, zygomatic, buccal, marginal mandibular and cervical. The 
branches emerge from the parotid and innervate the muscles of 
facial expression from their lateral undersurface, except for three 
deep muscles (buccinator, levator anguli oris and mentalis), which 
are innervated at their superficial surface. 

The temporal and marginal mandibular nerves are the branches 
at greatest risk for injury during skin surgery (Figure 20.3). 


The temporal branch of the facial nerve innervates the frontalis, 
corrugator supercilii and superior portion of the orbicularis oculi 
muscles. After exiting the parotid gland, it runs deep to the 
superficial fascia approximately along a line connecting a point 0.5 
cm inferior to the tragus and a point 1.5 cm superior to the lateral 
eyebrow. Transecting the nerve makes the patient unable to wrinkle 
the ipsilateral forehead or raise the ipsilateral brow (Figure 20.4). 

The marginal mandibular nerve innervates the lip depressors. 
The marginal mandibular branch of the facial nerve exits from 
the anteroinferior portion of parotid gland near the angle of the 
mandible. The nerve travels medially toward the chin either slightly 
above or up to 3 cm inferior to the lower border of the mandible. 
When the nerve crosses over the facial artery (its pulse may be 
palpated at the anterior border of the masseter muscle along the 
margin of the mandible), it courses superior to the border of the 
mandible before entering the lateral undersurface of the lip depres- 
sors. The nerve is always deep to the platysma muscle. Transecting 
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Figure 20.4 Nerve damage: transection of the temporal branch of the facial nerve 
resulting in ipsilateral paralysis of the frontalis muscle. 


the nerve renders the patient unable to depress the ipsilateral lower 
lip, resulting in drooling and asymmetry of the mouth when smiling 
or grimacing. 

The spinal accessory nerve (CN XI) provides motor innervation 
to the sternocleidomastoid and trapezius muscles. The nerve is 
vulnerable to transection in the posterior triangle of the neck, where 
it runs immediately deep to the superficial layer of the deep cervical 
fascia (Figure 20.5). To approximate the course of the nerve in 
the posterior triangle, divide the sternocleidomastoid muscle into 
thirds. CN XI enters the posterior triangle at the posterior border 
of the sternocleidomastoid muscle near the junction of its upper 
and middle thirds. It courses posteroinferiorly until it enters the 
trapezius at a horizontal angle from the junction of the middle and 
inferior thirds of the sternocleidomastoid muscle. Transecting CN 
XI causes weakness and wasting of the ipsilateral trapezius, result- 
ing in drooping and chronic aching of the ipsilateral shoulder as 
well as difficulty abducting the arm superior to horizontal. Lateral 
winging of the scapula may be elicited on examination by asking 
the patient to push against a wall with their arms horizontally 
extended. 


Limbs 

The only superficial motor nerve on the limbs is on the lateral aspect 
of the knee, where the common peroneal nerve (lateral popliteal) can 
be palpated against the bone as it winds round the neck of the fibula. 


Injury to the nerve at this site will produce a foot drop resulting from 
paralysis of the foot dorsiflexors and elevators. 

The sensory innervation of the hand is supplied by branches of the 
radial, ulnar and median nerves. Digital sensory nerves and arteries 
run together in a neurovascular bundle along the lateral aspects of 
the fingers. Care should be taken when obtaining haemostasis on 
the lateral finger to avoid damage to the associated nerve. Loss of 
sensation can occur distal to the site of injury. 

Postoperative lymphatic leakage sometimes occurs after lower 
limb or axillary excision. This resolves spontaneously with conser- 
vative management. 


Ideal tissue planes for excising and undermining 
When excising or undermining tissue, the preferred anatomical 
plane should protect the motor nerves and minimise bleeding 
(Table 20.1). 


Presurgical equipment, local anaesthetic and 
biopsy techniques 


Equipment and sterilisation 

Although most dermatological surgical procedures can be safely 
performed in well-lit, dedicated out-patient units using relatively 
simple equipment and surgical instruments [1,2,3], the absence 
of a need for either expensive equipment or a completely sterile 
environment does not justify the use of inadequate facilities or 
inappropriate equipment. 

Dermatological surgery ranges from superficial tissue destruction 
and removal to complex surgical excision and repair. A range of 
basic surgical instruments for commonly performed procedures 
should be available to all dermatologists. The basic equipment, with 
optional items that should be available for those who undertake 
more specialised procedures, is shown in Box 20.1. Advanced skin 
surgery (e.g. excision with or without margin control and complex 
repair for extensive tumours) requires both dedicated facilities and 
specialised surgical instruments to achieve the best results. 


Sensory branches of 
supratrochlear and 
supraorbital nerves may be 


Damage to temporal branch 
of facial nerve may cause 
paralysis of frontalis muscle 
and a droopy eyebrow 


Temporal branch of facial 


divided during full-thickness 
excisions of forehead 
resulting in scalp numbness 


Marginal mandibular branch 


nerve also vulnerable as it 
crosses the zygoma 


Sternocleidomastoid muscle 


of facial nerve vulnerable. 
Damage causes loss of oral 
continence 


Spinal accessory nerve crosses 


posterior triangle of the neck starting 
at midpoint of sternocleidomastoid 
muscle. Damage causes loss of trapezius 
action and a dropped shoulder 


Figure 20.5 Potential surgical hazard sites to nerves during skin surgery on the head. Reproduced from Lawrence 2002 [13] with permission of Elsevier. 
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Table 20.1 Undermining levels in surgical procedures. 


Anatomical location Preferred anatomic plane Comments and critical structures to consider 


Trunk and Junction of subcutaneous fat and In areas on the trunk and proximal extremities, with a thicker layer of subcutaneous fat, the ideal 
extremities deep fascia surgical plane is the junction between the tightly organised, compact, columnar fat lobules 
adherent to the underside of the dermis and the underlying, looser, larger and more 
disorganised fat lobules that invest and obscure the fascia = 
Lateral face and Junction of subcutaneous fat and The motor branches from the facial nerve always lie deep to the superficial fascia. Excision at the a 
neck superficial fascia junction of the subcutaneous fat and superficial fascia will always protect the motor nerves Lu 
Central third of Junction of subcutaneous fat and Because the branches of the facial nerve have arborised before reaching the central third of the = 
face and scalp superficial fascia face, excision deep to the muscles of facial expression in the central face is less likely to cause uu 
or motor deficits (e.g. excision of the midline and paramedian frontalis muscle does not leave a 0 
Deep to the muscles of superficial motor deficit on the forehead). On the midline nose, forehead and scalp, undermining deep to = 
fascia or galea (on scalp) the superficial fascia is frequently desirable < 
= 
Box 20.1 Essential surgical equipment * Self-adherent elastic (e.g. Coban®) = 
e Paraffi d i © Ms e 
araffin gauze dressing (e.g. Jelonet™, Xeroform”) 4 
Equipment a 
e Examination couch accessible from both sides with adjustable Histopathology 
backrest ¢ Specimen pots 


¢ Stool for surgeon 
¢ Good-quality manoeuvrable lighting source 
e Electrosurgical unit (e.g. hyfrecator): 
e Handpieces for both monopolar and bipolar electrosurgery (or 
electrocautery) 
e Electrocautery device (pen or unit) 
¢ Sharps container 
e Autoclave or other mechanism for instrument sterilisation and 


Preoperative 

related packaging ¢ Surgical hand scrub 
° Cryosurgery gun e Sterile disposable surgical gloves (latex-free preferred) 
¢ Optional: 


¢ Operating theatre table, adjustable back-, head-, arm- and footrest 
¢ Overhead theatre lights 

e Additional seating 

e Hand mirrors 


Disposables api atapes 

General Anaesthesia 

¢ Clean, non-sterile disposable examination gloves (latex-free ¢ Disposable syringes 1 or 2 mL and 5 mL (Luer lock if available) 
preferred) ¢ Needles (18 and 25, 27 or 30 gauge) 


e Alcohol-based hand sanitiser 

e Alcohol prep pads 

¢ Non-sterile clean examination gloves 

e Skin markers 

e Eye and face protection 

¢ Cotton-tipped applicators/gauze swabs 


Haemostasis 
¢ 30-50% aluminium chloride in alcohol 
¢ Silver nitrate sticks or Monsel (ferric subsulphate) solution 


; e No. 15,10 
Dressings ¢ Optional: no. 11, 22 
¢ Sterile skin closure strips (e.g. steri-strips) ° Forceps: 


¢ Transparent waterproof film dressing (e.g. Opsite®) 
¢ Compound benzoin tincture (Friar balsam) 
¢ Gauzepads 
¢ Bandages: 
e Adhesive (e.g. Elastoplast®) 
* Gauze (e.g. Kerlix®) 
¢ Surgical tape (e.g. Transpore® and Micropore®) 
¢ Non-woven fabric sheet (e.g. Hypafix®) 


e Fixatives: 

¢ 10% buffered formalin (standard processing) 

¢ Michel medium (immunofluorescence staining) 
¢ Tissue culture pots and swabs 


Cryosurgery 
¢ Supply of liquid nitrogen 


¢ Skin preparation solution: 
¢ Chlorhexidine gluconate, iodophors or alcohol-containing 
products 
¢ Sterile draping towels: 
¢ Autoclavable cloth or disposable paper drapes or autoclavable 


¢ Lidocaine (lignocaine) at 1:100 000 or 1:200 000 dilutions: 
¢ 1% and/or 2% plain 
¢ 1% and/or 2% with epinephrine (adrenaline) 
¢ Optional: 
¢ Longer acting local anaesthetic (e.g. bupivacaine) 
¢ Methylparaben-free plain lidocaine 


Instruments 
¢ Scalpel handles — autoclavable or disposable 
¢ Scalpel blades: 


e Fine-toothed or 1 x 2: 
o Large (e.g. Adson or Adson—Brown) 
e Small (e.g. Bishop-Harmon) 
¢ Non-toothed and/or serrated 
e Skin hook(s) 
° Scissors: 
¢ Tissue, undermining, suture and bandage-cutting 
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¢ Needle-holders: 

¢ Small for smaller needles 

¢ Medium for larger needles 
¢ Haemostats: 

¢ Straight and curved 
¢ Sutures with attached needles: 

e Absorbable (2/0-5/0) 

¢ Non-absorbable (3/0-6/0) 
¢ Punch biopsies — disposable or autoclavable (3-6 mm) 
e Ring curettes — disposable or autoclavable (2-10 mm) 
¢ Nail surgery: 

¢ Periosteal elevator 

e English anvil nail splitter 


Wound infection, an uncommon complication of dermatologi- 
cal surgery, is more commonly related to poor surgical technique 
than inadequate instrument sterilisation or intraoperative clean- 
liness. However, correct hand-washing techniques are vital to 
the prevention of cross-infection [4]. The tradition of protracted 
‘scrubbing up’ is not essential prior to most dermatological sur- 
gical procedures — two washes in warm running water using 4% 
chlorhexidine or 10% povidine—iodine solution are sufficient. 

Hand hygiene in UK National Health Service (NHS) hospitals 
has been the subject of much publicity and concern. The routine 
use of alcohol-based hand rubs [5] has been recommended to help 
prevent the spread of hospital-acquired infections, particularly 
meticillin-resistant Staphylococcus aureus (MRSA). Hand disinfec- 
tion using such alcohol-based hand rubs is associated with less skin 
irritation [6] and less skin barrier disruption [7] than hand washing 
using soap or detergent-based products. 

During surgery, the use of either clean non-sterile or sterile 
surgical gloves is mandatory, and the wearing of eye protection and 
a face mask is strongly recommended [8]. 

The sterilisation of non-disposable medical and surgical instru- 
ments is an important factor in reducing the risk of infection. Many 
surgical departments are now utilising single-use instruments to 
avoid the need for robust sterilisation. For reuseable instruments, 
individual manufacturers often provide specific information and 
requirements for sterilisation of their equipment. Three levels of 
importance have been described in this area [9]: (i) non-critical items 
(e.g. dermatoscopes, which normally come into contact with intact 
skin) require only simple disinfection between patients; (ii) semi- 
critical items (e.g. endoscopes, which contact mucous membranes) 
require high-level disinfection between patients; and (iii) critical 
items (e.g. surgical instruments, which come into contact with sterile 
tissues) require sterilisation between patients. Both high-level disin- 
fection and sterilisation should be preceded by manual or ultrasonic 
cleaning in order to remove any dried tissue, pus or blood [9,10,11]. 
Older methods of sterilisation, for example boiling in water at 
atmospheric pressure and the use of various chemical agents (e.g. 
glutaraldehyde, phenolic agents) are no longer recommended [3]. 
The new variant Creutzfeldt-Jakob disease (vCJD) prion cannot 
be destroyed by sterilisation, and equipment suspected of being 
contaminated must be quarantined. If contact is confirmed, the 
equipment must be destroyed. 


Safety aspects 

Certain basic safety measures and protocols are essential within 
a dermatological surgery unit in order to minimise the risks of 
infection and accidental injury to both patients and staff [1]. 

The routine use of aseptic technique minimises the risk of bacterial 
colonisation at the operation site, and prevents contamination from 
adjacent sites. Antisepsis and equipment sterilisation are discussed 
earlier in this chapter. Control of blood-borne infections, especially 
human immunodeficiency virus (HIV) and hepatitis viruses, should 
focus on the prevention of transmission from patient to patient and 
protection of the surgical team. It is now mandatory for all British 
medical and nursing staff to be adequately vaccinated against 
hepatitis B, and for hospitals to have both dedicated infection con- 
trol staff and protocols to ensure instrument sterility. One approach 
suggested by the US Centers for Disease Control and Prevention 
(CDC) is to treat all patients as if they were infected with HIV, 
hepatitis B or other blood-borne pathogens and to adopt ‘universal 
precautions’ [1,2]. 

Needle-stick injuries and other sharp instrument cuts are partic- 
ularly important, and all members of the surgical team should take 
extreme care with the use and disposal of sharps. It is extremely 
dangerous either to leave uncapped needles on the instrument 
tray or to attempt needle recapping by the two-handed method. 
Ideally, the surgeon should make a habit of both disposing of used 
needles and syringes immediately after use and removing all sharp 
disposable instruments (e.g. needles, scalpel blades) from the tray 
after the operation, placing these directly into a sharps disposal box. 
All relatives and those theatre personnel not directly concerned 
with the procedure should be excluded from the operating room. 
Clothing should be specific for surgery — apart from potentially 
introducing a variety of organisms to the procedure room, clothes 
may become contaminated [3]. 

At the preoperative consultation, a careful history may identify 
certain potential problems (e.g. diabetes, epilepsy) or the presence 
of cardiac pacemakers, implantable defibrillators and cochlear 
implants [4,5]. A full drug history including any potential allergies 
(both prescribed and over the counter) is important — aspirin, 
clopidogrel, ticlopidine, anticoagulants (both coumarin and 
non-coumarin) and herbal preparations and supplements such 
as St John’s wort, ginseng, glucosamine and Gingko biloba promote 
bleeding. Non-selective B-blockers (e.g. propranolol) may rarely 
interact with epinephrine (adrenaline) in local anaesthetics, result- 
ing in malignant hypertension. On direct questioning, some people 
may admit to a tendency to faint very easily, and some patients with 
epilepsy may have a history of fits triggered by surgery or dental 
procedures. As there is always a risk of patient collapse in operating 
rooms, there must be adequate space available for an emergency 
resuscitation to be performed. Resuscitation drugs and equipment, 
together with both suction and an oxygen supply, should be readily 
available. All theatre personnel should ideally be trained in basic 
life support and resuscitation techniques. A modern computerised 
portable automated external defibrillator (AED) should be locally 
available and its location known to all staff within the department. 


Covid-19 and skin surgery 
The SARS-CoV-2 global pandemic focused the minds of all 
practitioners regarding the potential risk posed by the virus in the 
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context of dermatological surgery. Many institutions still require 
patients to wear face masks where feasible during a procedure as 
well as subjecting patients to appropriate screening measures prior 
to any intervention. Additionally, although local anaesthetic proce- 
dures are not aerosol generating, dermatologists and allied health 
professionals frequently perform procedures using electrosurgical 
and ablative laser devices, generating surgical smoke (plume), 
which may pose harm to both patients and staff. Although no 
reported cases of Covid-19 transmission via surgical plumes have 
been reported, the small size of the coronavirus virions makes the 
possibility of the virus existing in inhaled surgical plumes plausible 
[6,7]. Appropriate safety measures for surgical plumes including 
masks, eyewear, smoke evacuation, ventilation and suction are 
therefore highly recommended. 


Local anaesthetics 

Principles and types 

Local anaesthetics work by blocking the conduction of nerve 
impulses within the peripheral nerves. They do so by reversibly 
binding sodium-specific ion channels, inhibiting the influx of 
sodium and thus preventing the action potential necessary for 
signal conduction. Based on chemical structure, there are two 
classes of local anaesthetics: amide type and ester type. 

An ideal local anaesthetic agent would be non-toxic, painless on 
injection, rapid in onset, highly effective and carry a low risk of 
sensitisation. The best compromise is found in 0.5-2% lidocaine 
hydrochloride (lignocaine), an amide-type local anaesthetic, which 
is the agent of choice for most dermatological surgery. Other 
amide-type local anaesthetic agents include mepivacaine, bupi- 
vacaine and ropivacaine, which have a slower onset but more 
sustained duration of action than lidocaine [1]. Local anaesthetics 
in ‘multiuse’ bottles generally contain parabens preservative, but 
those supplied in glass ampoules are often preservative-free. Special 
care should be taken when using multidose bottles of lidocaine. It is 
all too easy to inadvertently contaminate the contents of a bottle by 
extracting lidocaine using a needle that has already been used for a 
patient. Subsequent users of the bottle may be unaware that the con- 
tents are contaminated. The only safe way to use multidose bottles 
of lidocaine is for their contents to be completely extracted into one 
or several syringes as soon as the seal is removed. It is not accept- 
able practice to take lidocaine from a previously opened multidose 
bottle. Multidose vials are prohibited in some countries because of 
the risk of cross-contamination when used between patients. 

Ester-type local anaesthetics, for example procaine (ester of 
p-aminobenzoic acid (PABA)), are seldom used by dermatologists. 

Epinephrine 1 : 80 000 to 1 : 200 000, when added to local anaes- 
thetic solutions, prolongs the duration of anaesthesia and produces 
local vasoconstriction, thereby reducing bleeding into the operative 
field. By reducing absorption, it may also reduce the risk of systemic 
lidocaine toxicity. Buffering the pH of the lidocaine solution with 
sodium bicarbonate can reduce the pain associated with infiltration 
and increase its duration of action. The pH of plain lidocaine is about 
6.3-6.4, but the addition of sodium bicarbonate converts about 50% 
of the drug to the free base, at a pH of about 8.0. This increases the 
rate of penetration of the anaesthetic into nerve cells, decreases the 
burning sensation of infiltration and speeds up the onset of anaes- 
thesia. 
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Tumescent anaesthesia describes the practice of injecting a very 
dilute solution of local anaesthetic combined with epinephrine (and 
sodium bicarbonate) into tissue until it becomes firm and tense 
(tumescent). Although initially described in the field of liposuction 
it is now widely used in both hospital- and office-based environ- 
ments and enables dermatological surgeons to perform large flaps 
and excisions entirely under local anaesthesia in an out-patient 
setting. 

Other anaesthetic agents include the following: 

1 Ethyl chloride (which is highly flammable) and liquid nitrogen 
spray give short-lived periods of anaesthesia by skin refrigera- 
tion. This may be sufficient for quick, superficial procedures such 
as the incision of small cysts and milia, abscesses, removal of skin 
tags or the curettage of multiple small warts. In many depart- 
ments, machines that produce a variable flow of cold air are now 
used in preference for simple topical cryoanaesthesia. 

2 The anaesthetic effect of antihistamines (e.g. 1% diphenhy- 
dramine hydrochloride solution) can be used when hypersensi- 
tivity to other agents is present or strongly suspected. 

3 The intradermal injection of normal saline produces a brief 
anaesthetic effect [2]. 

4 Hypnosis and acupuncture may be useful when performed by an 
experienced practitioner and in a suitable subject. 

5 General anaesthesia is rarely used in dermatological surgery. 
Patients requiring a general anaesthetic (e.g. children requiring 
treatment of large facial birthmarks) are best admitted to hospital 
either as a day case or overnight. 


Toxic reactions 

Toxic reactions to lidocaine are rare, and more likely to occur 
with the use of high volumes of high-concentration solutions or if 
accidental intravascular injection occurs. Lidocaine toxicity usually 
presents as a sensation of numbness or tingling. Systemic reactions 
include vasodilatation, cardiac or respiratory depression, or cen- 
tral nervous system manifestations such as dizziness, drowsiness, 
tinnitus, slurring of speech, muscle twitching and seizures. These 
side effects are, to some extent, reversible with diazepam but full 
resuscitation measures may be required. 

Ester-type local anaesthetics should be used with caution in 
patients with renal impairment. They also cross-react with a 
number of drugs of the PABA ester type (e.g. sulphonamides, 
paraphenylenediamine) [3,4]. Amide-type anaesthetics should be 
used with care in patients with hepatic impairment. 

The maximum recommended dosage for lidocaine with 
epinephrine is 7 mg/kg or approximately 50 mL of a 1% lido- 
caine solution for an average adult. In practice, most dermatological 
procedures require substantially lower anaesthetic doses. In order 
to minimise the risk of accidental intravascular injection, it is a wise 
precaution either to aspirate prior to infiltration or, if using very 
fine (e.g. 30 gauge) needles which will not aspirate blood, to keep 
moving the needle about in the skin while slowly infiltrating small 
volumes. 

Systemic absorption of epinephrine may be associated with mild 
tachycardia and an excited state. More serious reactions are rare but, 
as with lidocaine toxicity, are more likely to occur with the use of 
high-volume high-concentration solutions or following accidental 
intravascular injection. The use of epinephrine in local anaesthetics 
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should be avoided, or it should be used with caution, during 
pregnancy, in combination with inhalation anaesthesia or in patients 
suffering from severe narrow-angle glaucoma [5]. Interaction with 
non-selective B-blockers (e.g. propranolol) may rarely cause malig- 
nant hypertension [2], but this is not a risk with ‘cardioselective’ 
B-blockers (e.g. atenolol). 

Patients should always be asked if they have had any untoward 
reactions to local anaesthetics (e.g. in dental procedures). These may 
have been nothing more than fainting, as vasovagal attacks are com- 
monly associated with local anaesthesia, and should not be confused 
with serious toxic reactions. In cases of serious doubt, alternative 
methods of anaesthesia are necessary. 

True immunoglobulin E (IgE) mediated reactions to local anaes- 
thetics are exceedingly rare. They occur more commonly with 
ester-type local anaesthetics as their break-down products include 
PABA. Metabolism of amide-type local anaesthetics does not pro- 
duce PABA. However, methyl paraben, which is often added to 
multidose vials of local anaesthetics, is structurally similar to PABA 
and could cross-react. 

When a patient reports an ‘allergy’ to a local anaesthetic it is 
important to elicit a history regarding the nature of the reaction. 
If true allergy is suspected, using an alternative anaesthetic in the 
other class and also using a methyl paraben-free (MFP) formulation 
should be considered. Referral for specialist evaluation can also be 
valuable for future procedures. 


Injection techniques 

To minimise discomfort when injecting a local anaesthetic, 
consideration should be given to using a fine needle, injecting 
slowly and using both verbal and tactile distraction techniques. 
Injecting into the subcutaneous fat is less painful than intradermal 
infiltration, although it does take longer for the skin surface to 
become anaesthetised. Whenever possible, anaesthetic solutions 
should be at room temperature. Pain on injection is less when lido- 
caine solutions are buffered with sodium bicarbonate immediately 
prior to use [6]. Plain 0.5% lidocaine without epinephrine is an ideal 
agent to initiate local anaesthesia in children and very nervous 
patients [7]. It causes no discomfort but the duration of action is 
brief and so it is usually necessary to top up with a second injection 
of lidocaine with epinephrine. For most dermatological procedures, 
lidocaine with epinephrine is beneficial. 

Topical anaesthetics include lidocaine cream (LMX4®), tetracaine 
(amethocaine) cream (Ametop®) or a eutectic lidocaine-prilocaine 
cream (EMLA®) [4]. LMX4 can be simply applied to the skin; EMLA 
and Ametop are applied under occlusion before the procedure. The 
duration of application required varies according to the product 
used. Ametop is the fastest acting, working within 20 min, but if left 
for significantly longer periods may cause urticaria and even super- 
ficial blistering of the skin. LMX4 generally achieves satisfactory 
anaesthesia in 30 min. It usually takes at least 60 min for adequate 
anaesthesia to be achieved with EMLA: the depth of anaesthesia can 
be increased by leaving the cream in place for longer. The treated 
skin is vasoconstricted following EMLA application. 

Conjunctival anaesthesia is best achieved using proxymetacaine 
eye drops, which sting much less than tetracaine. The lower eyelid 
should be gently retracted and 2-3 drops of local anaesthetic placed 
in the inferior fornix. Reflex tear formation washes away some of the 


anaesthetic and so further drops should be instilled after a minute or 
so. Tetracaine is useful for more prolonged and intensive anaesthesia 
and may be instilled after proxymetacaine. 

Other methods of anaesthesia include field block and nerve block 
anaesthesia [3,5], which produce temporary blockade of sensory 
nerve function in a given area. Field block involves infiltration of 
local anaesthetic at several points around surgical sites such as the 
nose and ear [2], and nerve block anaesthesia involves blockade of 
one or more major sensory nerves. The most useful nerve blocks 
on the face in dermatological surgery involve branches of the 
trigeminal cranial nerve (CN V) (see Figure 20.2) — the supraorbital 
(forehead), supratrochlear (glabella), infraorbital (lower eyelid, 
nasal side wall, upper lip) and mental (lower lip) nerves [4,5]. 
The choice of local anaesthetic method depends upon a number 
of factors, including the procedure itself, the anatomical site and 
expected duration of the operation. 

Historically, there was controversy surrounding the use of 
epinephrine in digital nerve block (‘ring block’) anaesthesia because 
of a real or perceived theoretical risk of digital ischaemia. Some 
believe it is absolutely contraindicated [8], whereas others describe 
routine use without incident [9,10]. Careful review of the litera- 
ture and current experience has shown that the combination of 
lidocaine and epinephrine is safe both for ring block anaesthesia 
and for direct infiltration into the digits (where the addition of 
epinephrine will reduce bleeding and prolong anaesthesia). The use 
of epinephrine-containing local anaesthetics should not therefore 
be considered contraindicated in anaesthetising the digits, penis, 
nose or ears (as is often mistakenly promulgated). 


Biopsy techniques 

Incisional and excisional elliptical biopsy 

The elliptical excision biopsy is used for the removal of tumours 
or suspect moles and is the ‘workhorse’ surgical procedure per- 
formed by dermatologists (Figure 20.6). An incisional biopsy is 
used to take diagnostic biopsies of rashes and tumours before 
treatment is started. The technique has the advantage that the entire 
thickness of skin down to the fat is excised, which provides the 
dermatopathologist with an optimal amount of tissue to provide 
accurate histological assessment. An appropriate margin can be 
selected if required and the incision line placed in the optimal 
direction [1]. 


Planning the biopsy 

For lesions on the face, orientate the ellipse so that the scar runs 
parallel to or within an existing skin crease (wrinkle), or follows a 
boundary line between two adjacent cosmetic units (Figure 20.7). 
Excision direction is best assessed with the patient standing or 
seated upright rather than lying flat, to allow for the effect of grav- 
ity on the skin crease lines. Wrinkle or smile lines can be exaggerated 
by asking the patient to grimace or smile, or by manipulating the 
skin [2]. In an excisional biopsy, measure the margin to be excised 
and mark the optimal line of closure before injecting the anaes- 
thetic. When drawing on the skin, use a recognised skin marker pen 
as other inks may permanently tattoo the skin when performing 
the excision or repair. The length of the wound should be at least 
three times its breadth (the angles at the ends of the ellipse should 
ideally not exceed 30° to minimise the size of any ‘dog ears’ at the 
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Figure 20.6 Principles of elliptical excision. The ellipse is designed to follow skin-crease 
lines (a), and should be approximately three times as long as it is wide (b). (b) Ensure that 
an appropriate margin of normal skin is also excised. (c) At the ends of the ellipse, hold 
the blade vertically so that the incision lines do not cross over. The blade should be held 
at 90° to the skin when cutting the ellipse so that the wound has vertical sides down to 
fat. (d) Do not bevel the blade towards the specimen as this makes the wound more 
difficult to close and may cut into the dermal component of the lesion. Reproduced from 
Lawrence 2020 [3] with permission of Elsevier. 


apices), taking care not to allow the incisions to cross each other 
(‘fishtailing’) at either end [3]. A larger angle may be acceptable at 
some sites or in older people [4]. 


Performing the biopsy 

The incision should be made as a smooth, single, continuous 
movement rather than a series of small nicks. The scalpel blade 
should be aligned at 90° to the skin, not angled inwards, so that 
the ellipse sides are vertical [5]. The incision lines should meet 
neatly without crossing over at the tip by starting and finishing 
each sweep with the blade held vertically. Incisions should be down 
to the fat. When the ellipse sides and tips have been completely 
separated from the surrounding skin, the ellipse should be sitting 
on a bed of fat. The fat under the ellipse should be separated using 
sharp and blunt dissection using curved tissue dissection scissors, 
while the ellipse is gently pulled away from the skin using a skin 
hook or fine-toothed forceps [6]. Undermining of the edges at the 
appropriate level is required to enable tension-free wound closure 
and allow optimal wound edge eversion. The wound should be 


(b) 


(c) 


Figure 20.7 Scar orientation. (a) A surgical defect on the central forehead. (b) Having 
marked out the forehead skin rhytids, the defect is closed primarily ensuring the rhytids 
are aligned on wound approximation. (c) The result, even at 4-week review, is pleasing. 


closed in a layered fashion utilising both subcutaneous and surface 
sutures if necessary, using the correct suture technique to maximise 
wound edge eversion. 


A punch biopsy produces a core of skin down to the fat. It is 
quick and easy to perform, and leaves only a small wound. The 
disadvantages include: (i) the potential for sampling error; (ii) with 


skin tumours there is a risk associated with breaching the dermis 
and the potential for tumour implantation; (iii) depth control in 
critical sites in less experienced hands; and (iv) the difficulty in 
stopping bleeding if a small arteriole is punctured at the base of 
the wound — although in practice, given the small wound size, 
firm constant pressure for 10-15 min will deal with this. Punch 
biopsies can also be used to excise naevi on the trunk. Punch biopsy 
wounds may sometimes be allowed to heal by second intention, 
with acceptable cosmetic results [7]. Subcutaneous tissue lesions 
can be sampled using a punch biopsy by pinching up a fold of skin 
to include the subcutaneous tissue before the biopsy is taken [8]. 

Disposable and reusable 2-8 mm diameter punches are available. 
When the skin is numb, the circular punch biopsy blade should 
be ‘drilled’ down to the fat with gentle downward pressure and a 
rotating /twisting motion [5]. To minimise the scar size, stretching 
the skin at right angles to the relaxed skin tension lines (RSTLs) 
while taking the biopsy creates an oval rather than a round wound, 
with its long axis parallel to the RSTL [6]. The skin core may pop up 
when the surrounding skin is pressed down, or it may be hooked 
out using a needle. Cutting through the fat at the base with scissors 
releases the specimen, which should then be carefully removed to 
avoid crush artefact during tissue processing. The wound can be 
sutured or allowed to granulate; the latter produces an acceptable 
small round or oval scar. If the wound is to be allowed to heal by 
second intention, stopping bleeding using a collagen matrix dress- 
ing results in a better cosmetic result than using Monsel solution 
(ferric subsulphate), which may tattoo the skin [9]. 


Shave excision is a simple, rapid and effective method for remov- 
ing benign superficial lesions and obtaining tissue samples from 
protuberant nodular skin tumours. Shave biopsy of dermatoses 
affecting the epidermis or high dermis provides adequate tissue 
for diagnosis, and the subsequent re-epithelialisation from follic- 
ular epithelium produces a good cosmetic result. The use of card 
upon which to place the specimen prevents it curling up during 
histopathological processing, thus allowing adequacy of margins to 
be assessed [10]. 

Shave biopsy of a solid tumour is faster and easier than an 
incisional biopsy, which needs to be sutured. A fragment can be 
shaved off to confirm the diagnosis prior to definitive treatment. 
This biopsy technique is unsuitable if histological examination of 
the deep margin or edge of a tumour is required to confirm the diag- 
nosis. If melanoma is therefore suspected clinically, a full-thickness 
excisional biopsy is preferred. Bleeding can be stopped using 
silver nitrate stick coagulation, as the cosmetic outcome will be 
determined by the subsequent treatment. 

Benign naevi may be shave excised using a number 15 blade 
held horizontally or using a flexible safety razor blade or commer- 
cial equivalent (Dermablade®) [11]. This allows the naevus to be 
shaved off flush with the skin. Haemostasis should be obtained 
using cautery, electrodesiccation or a chemical haemostatic agent. 
Any remaining wound edge tissue fragments may be destroyed 
using cautery or electrodesiccation. On average, such wounds take 
2-3 weeks to heal. In approximately 45% of head and neck and 
30% of truncal naevi, no visible scar remains (Figure 20.8). In the 
remainder, the scar is smaller than the original naevus on the head, 


(b) 


Be 
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Figure 20.8 Shave biopsy of benign papular naevi. (a) This patient had a benign 
tan-coloured naevus on the face that was removed by shave excision followed by 
cautery (b), resulting in a good cosmetic result 6 months later (c). 
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neck and limb sites and a little larger than the naevus on truncal 
sites. Pigmentation at the scar edge or centre remains in approx- 
imately 25% of initially pigmented naevi after shave excision — it 
is therefore important to forewarn patients about this possibility; 
non-pigmented naevi rarely, if ever, leave a pigmented scar [12]. 
Persistent pigmentation is even more common when aluminium 
chloride haemostasis is used rather than cautery [13]. Recurrent or 
retained pigment does not need to be excised. If a further specimen 
is sent, the pathologist must be given the full history in order that 
the changes may be correctly interpreted. Hairs remain in 25% 
of initially hairy naevi; these can be destroyed by electrolysis if 
necessary. 


Preoperative preparation 

Surgeon preparation 

Dermatologists should be confident that they are competent to 
perform the proposed procedure and to manage any possible com- 
plications. If not, they should ask for a second opinion. The surgeon 
should be fully immunised against hepatitis B, and should observe 
safe practices with regard to handling sharps and tissue specimens. 
Surgical gloves should always be worn and face and eye protection 
is strongly recommended. 


Patient preparation and consent 

Patients should be fully aware of the significant risks, benefits and 
possible complications associated with the planned procedure. 
Informed consent [1] should be obtained, both verbally and in 
writing, for all invasive procedures. In the UK, the regulatory body 
(General Medical Council) has recently updated its guidance on 
‘shared decision making and consent’. This information is readily 
available on its website (www.gmc-uk.org; last accessed August 
2023). Usually, consent should be obtained from the parent or 
guardian in the case of minors, although some adolescents may be 
fully capable of both giving and withholding consent. Most patients 
about to undergo surgery are anxious and usually respond posi- 
tively to appropriate reassurance as well as a calm and professional 
manner displayed by all members of the surgical team. 

The use of a surgical checklist is helpful in minimising risks 
during skin surgery. Such checklists confirm the patient’s identity, 
highlight relevant medication (e.g. warfarin) and raise awareness of 
implanted devices (e.g. pacemakers) and allow all members of the 
team to ensure the correct patient is attending to have the correct 
lesion treated by an agreed surgical modality. Wrong site surgery 
is an increasing cause of litigation in dermatological surgery and 
various strategies have been suggested to minimise the risk of its 
occurrence [2,3]. 


Preoperative planning and preparation 

It is important to consider which method of biopsy or skin lesion 
removal is most appropriate in each individual circumstance. Often 
techniques other than elliptical excision are preferable, many of 
which (e.g. curettage, shave biopsy) do not result in a linear scar. 
Consequently, the decision on which surgical technique to use 
should balance the possible cosmetic advantages of these other 
techniques (e.g. epidermal lesions and benign facial naevi) against 
the need to provide a full-thickness tissue specimen for histological 


examination (e.g. possible melanoma) by performing a formal 
surgical excision. 

Examination and palpation of skin lesions will help to estimate 
their extent, depth and proximity to large blood vessels, nerves or 
other important structures. Langer lines of skin tension [4] were 
previously used as a guide to incision, but the best cosmetic results 
are usually obtained by following the RSTL [5,6], which on the face 
tend to lie perpendicular to the major underlying muscles. Langer 
lines and RSTLs often coincide, as on the neck. When they do not, 
as on the limbs, the choice depends on other factors. Excisions on 
the lower leg, for instance, close more easily along the long axis of 
the limb, rather than transversely. Testing for skin laxity by manip- 
ulating the skin usually clarifies the best direction in which to plan 
an excision. The size and type of excision made will also depend 
upon many factors, including the site and nature of the lesion to be 
excised and the nature of the planned skin closure. 

The skin surface should be cleaned prior to operation with a 
detergent-antibacterial combination, most commonly containing 
either chlorhexidine [7] or povidone—iodine [8]. This helps to reduce 
the risk of wound infection by removing pathogens and reducing 
the resident cutaneous bacterial flora [9]. 


Surgical procedures and techniques 


Simple excision, suture technique and wound 
closure 

Elliptical excision: general technique [1-3] 

It is recommended that the planned excision lines are marked prior 
to cleansing the skin surface and infiltrating local anaesthetic. A 
reasonable period of time should be allowed for the anaesthetic 
and epinephrine, if used, to take full effect (ideally a minimum of 
5 min). 

A number 15 blade is most commonly used to make two 
hemielliptical incisions perpendicularly through the skin into 
the subcutaneous tissues (see Figure 20.6). Once incised, the ellipse 
of tissue is held firmly but gently with either fine-toothed Adson 
forceps or a skin hook, and separated from its base ideally using 
sharp and blunt dissection with curved tissue scissors. For both 
histological purposes and to facilitate wound closure, the excised 
specimen should contain subcutaneous fat. 

For standard histological processing, the specimen should be 
placed in a formaldehyde-saline specimen bottle, clearly labelled 
with the patient’s details. As with a shave excision specimen, to 
prevent curling of small biopsy or excision samples, these may 
be placed on small squares of filter paper and floated into the 
formalin solution. With any potentially malignant skin lesion, a 
marker suture (e.g. at the 12 o’clock position) should be placed to 
enable specimen orientation during histopathological processing. 
Blunting of one end of the specimen, away from the main lesion, 
will also allow orientation without the need for a marker suture [4]. 
For immunofluorescence studies, specimens are placed in Michel 
medium, a tissue transport medium that preserves tissue well for 
up to 5 days at room temperature. 

Intraoperative bleeding is controlled by a combination of 
pressure, electrosurgery, clamping and ligation of vessels. Bleeding 
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from superficial wounds may be controlled with topical agents such 
as aluminium chloride. 

Depending upon the size of the defect and the body site, a 
variable degree of undermining of the wound edges will be nec- 
essary to facilitate the placing of subcutaneous absorbable sutures 
and to reduce wound tension. Finally, non-absorbable or absorbable 
surface sutures are used to neatly appose and evert the wound 
edges [1,2]. 

The timing of suture removal depends upon the site and the 
amount of tension across the wound. With appropriate surgical 
technique and use of buried vertical mattress sutures all cutaneous 
sutures may be removed at 7 days. Where there is a history of skin 
reactivity, sutures on the face may be removed after 4-5 days. When 
the wound is expected to heal slowly (e.g. on the lower leg), is under 
greater than usual tension due to its size or location, occurs at a site 
difficult for the patient to immobilise or lacks the support of buried 
sutures, then it is sensible to leave the surface sutures in place for 
10-14 days or even up to 21 days. Note that after 14 days, the wound 
may only possess approximately 15% of its final wound strength. 
Postoperative instructions should include decreased activity and 
recommend a gradual increase after sutures are removed. 


Surgical needles and suture materials 

An ideal suture material would have high tensile strength, handle 
easily, provide good knot security and cause no tissue reaction. Skin 
sutures are of two main types: absorbable, which are generally used 
beneath the skin, and non-absorbable, which are generally used in 
the skin surface. The gauges normally used for skin surgery range 
from 3/0 (strong) to 6/0 (fine), with suture selection depending on 
the wound size, anatomical site and surgeon preference. 

Monofilament sutures are less likely to become bacterially 
contaminated but are harder to knot and stiff to work with com- 
pared with braided sutures. Absorbable sutures such as Vicryl®, 
which is braided (Vicryl polyglactin 910), and polydioxanone (PDS), 
which is a monofilament (PDS II® polydioxanone), are designed to 
be used as buried sutures. They lose their strength and are resorbed 
over several weeks (PDS lasts longer than Vicryl and is stronger 
and better for large wounds, especially on the trunk). Fine-gauge 
Vicryl can be used as a surface suture for eyelids and mucosal sur- 
faces when a soft flexible suture is required. It has been previously 
believed that it should not normally be used as a surface suture as 
it carries a higher risk of creating suture marks on the skin although 
clinical practice and evidence from scar evaluation studies suggests 
this may not in fact be the case. 

Non-absorbable sutures are of monofilament construction and 
may be of polyamide 6 (e.g. Ethilon®) or polypropylene (e.g, 
Prolene®). 

Both types of suture are suitable for surface use, but polypropy- 
lene is completely non-reactive and suitable for use as a permanent 
buried suture when this is required. 

Most skin sutures use a 3/8th curved needle, which is generally 
the most useful shape, although a compound bicurved needle can 
be easier to use when placing buried sutures in small wounds. 
Many are ‘prime’ quality —- these maintain their sharpness for 
longer — which is important when multiple needle punctures 
are being made with the suture. Most needles have a ‘cutting’ 
edge — without this it would be very difficult to penetrate the 
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Figure 20.9 (a) Reverse cutting needle. (b) Cross-section of the reverse cutting needle. 


skin — and many are ‘reverse cutting’ which means the triangular 
shape of the needle is orientated with the base of the triangle to the 
inside of the curve and the sharp apex on the outside (Figure 20.9). 
The reverse cutting needle is less likely to ‘cut out’ of the skin edge if 
any tension is applied when the needle is inserted into the skin and 
the suture is less likely to pull through if tension is applied to the 
sutured wound. It is better for tougher, more difficult to penetrate 
tissues. The conventional cutting needle has the sharp edge in the 
inside of the curve and there is a risk that slight tension applied 
with the needle in the skin will result in an extended cut through 
the skin surface. In addition, tension on the sutured wound may 
pull the suture through the hole more easily. 

The front two-thirds of the needle is hardened metal with a sharp 
triangular tip with a more squared or flattened body. The final third 
or swage is soft metal into which the suture is crimped. Quality and 
durability of the needle depend on the alloy of metal, geometry and 
coating which in turn affect cost. The needle should be gripped in the 
tip of the needle-holder at the junction between the middle and end 
thirds, not on the swage which is easily bent. Needle-holders should 
be fine enough not to distort the needle but should hold it firmly. The 
suture material should not be gripped in its working length with 
the needle-holder as the jaws may damage the material and lead to 
premature rupture. 

Suture and needle size generally relate to the tension across 
the wound, for example low tension closures may require a small 
needle and a fine suture, and vice versa. A small ‘bite’ taken with a 
large diameter suture may under tension result in the suture simply 
pulling through the dermis. 


Surgical knots 
The ideal surgical knot should allow precise adjustment of ten- 
sion on the wound and then tie securely without risk of slipping. 


No single knot will be ideal in all circumstances and it is helpful to 
be familiar with the principles of creating a knot and several varia- 
tions of it. Knots are usually tied using the needle-holder, which is 
the most efficient method and saves time and suture material, but 
there are occasions where tying the knots by hand is preferable. 

Modern suture materials require careful handling and knot cre- 
ation, and incorrectly tied knots are all too common. It is simple to 
test the security of a knot by stretching the tied suture until it breaks 
or, if the knot is poor, the knot slips. 

A tied suture has several components: 
¢ The loop of suture material that holds the tissue together. 

e The knot that is composed of a number of throws snuggled 
against each other. 
e The suture ends or ‘ears’. 

A throw is a wrapping of one strand around another. When two 
throws in opposite directions are pulled to form a knot, depending 
on the direction of ‘twist’ of the throws, the ends may emerge par- 
allel to each other on one side of the loop — a ‘square’ knot — or on 
opposite sides — a ‘granny’ knot. The granny knot is less secure and 
more easily comes undone. 

The ideal surgical knot should hold its initial position after the first 
throws while still being adjustable by the surgeon who makes sure 
the tissues are correctly apposed and completes the knot with fur- 
ther throws to make it secure and resistant to slipping. The ends of 
the suture should be about 3 mm long to allow for a little stretching 
of the suture material without the knot coming undone. With buried 
knots, the ends may be cut short and security obtained by putting 
an additional throw on the knot. 


Tying knots with the needle-holder 

For simplicity, we have assumed the surgeon is right-handed and 
places the suture through the tissues of the wound with a forehand 
movement — from right to left. The short end of suture material will 
be on the surgeon’s right and the long end, with the needle attached, 
on the left. 

In the first move, the surgeon places the needle-holder between 
the short and long ends, wraps the long end twice around the tips of 
the needle-holder in a clockwise direction, creating two full loops of 
suture around the needle-holder. The short end of the suture is then 
grasped in the tips of the needle-holder and pulled back towards 
the left side, while the left hand still holding the main length of 
suture is taken over to the right side. This creates a simple, double 
wrap throw, which has greater friction and less slippage than a sin- 
gle throw. In many cases, the edges of the wound can be apposed 
with this first throw (Figure 20.10). It is important to pull in a direc- 
tion perpendicular to the wound edge and in the plane of the skin. 

The next step is to secure the knot by applying a square knot on 
top of the initial double throw. The needle-holder is again placed 
between the long and short ends of the suture and the long end 
of the suture is wrapped once around the needle-holder in the 
opposite direction (anticlockwise as viewed from the handle of 
the needle-holder). The short end is once again grasped with the 
needle-holder and pulled to the opposite (right) side, while the 
left hand takes the long end of the suture to the left side. The knot 
should be pulled perpendicular to the wound edge and flat, in the 
plane of the skin. At this stage, the knot is called a surgeon’s friction 
knot (Figure 20.11) — but it is insufficiently secure for modern suture 
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Figure 20.10 (a—c) Tying knots with the needle-holder. 


material at this point. Taking one final throw, the needle-holder 
is positioned between the long and short ends, the long end is 
wrapped clockwise around the needle-holder, the short end is 
grasped and the ends are pulled to opposite sides of the wound 
(Figure 20.12). The knot is then placed on one side of the wound 
(usually placing the knot on the side which is marginally more 
depressed to correct any minor depression). It is essential that the 
suture ends are pulled in opposite directions after each throw and 
the final throw is pulled tightly to secure the knot. 

Sometimes the elasticity of the skin pulls the first double wrap of 
the knot apart and the edges are not held in apposition. A simple 
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Figure 20.11 Surgeon’s friction knot. 


way of reducing slippage is to pull the short suture end back to the 
original side, prior to the second throw, converting the intertwining 
throw into two loops around the short suture end. The two loops 
have a tightening action on the suture and hold it in place, but if 
the alignment of the suture ends is disturbed it will loosen its grip. 
The knot can then be secured with a conventional square knot. An 
alternative is to use a triple wrap on the first throw. 

If this manoeuvre is not sufficient, it can be helpful to create a 
more powerful ‘slipping’ knot. This can be done using two conven- 
tional alternate throws, but instead of pulling the suture ends in 
alternate directions, the short end of the suture is kept on its original 
side. This creates a series of loops around the short suture end. The 
short end is then grasped with the needle-holder and gently pulled, 
while gently ‘easing down’ the knot of loops. When the desired 
apposition has been achieved, the ‘slipping’ knot is secured with a 
conventional square knot on top. This slipping knot is particularly 
useful for buried dermal sutures but also clearly demonstrates 
the importance of pulling the suture ends in opposite directions 
to create a secure knot and the ease with which this becomes a 
slipping knot if the directions of pull are not reversed between 
throws. 


It is also helpful to be familiar with tying knots by hand - 
particularly for buried sutures. Although hand tying is more waste- 
ful of suture material, the tension on the suture ends is more evenly 
distributed and makes it easier to create a knot where the suture is 
under tension. 

One of the problems with instrument-tied knots is that the tension 
of the throws is unevenly distributed, which may generate sufficient 
frictional heat to break the suture as it is tightened. 


Suture technique 

The ability to employ several different suture techniques is one of 
the skills needed in order to become proficient in dermatological 
surgery. The dermatological surgeon should be proficient at tech- 
niques for both superficial and deep or buried sutures [1,2-4]. 

The simple interrupted suture is the mainstay of superficial skin 
closure. They are normally 4/0-6/0 gauge, and are placed close to 
the skin edge for fine approximation. Useful superficial stitches to 
be familiar with include: simple interrupted, simple running, hori- 
zontal and vertical mattress, tip and running interlocking stitches. 

The horizontal mattress suture (with or without bolsters) is useful 
for wounds under tension and can also be used to approximate long 
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Figure 20.12 Final throw. 


wounds. Vertical mattress sutures are useful for wound eversion, the 
tip stitch, also termed the half-buried mattress, is useful as a corner 
stitch when insetting the tips of flaps and the running interlocking 
stitch is useful for haemostasis at the wound edge. 

Deep or buried sutures are used to close off ‘dead space’ in a deep 
wound and to relieve tension across the wound. They are typically 
performed using dissolving sutures and optimally placed as a heart 
shape to give the wound eversion and to take advantage of the ten- 
sile strength of the dermis by following a longer course within the 
dermis. 

Prior to closure, wound tension can be decreased by undermin- 
ing. Meticulous haemostasis prior to closure and good surgical tech- 
nique can minimise the risk of complications. 

Excess tension on superficial stitches will increase the risks of 
infection and wound dehiscence, and often leaves permanent 
unsightly, papular or linear suture marks known as ‘train tracks’. 

To minimise tension across the wound, tape closure materials such 
as sterile adhesive tapes can be used in conjunction. The running 
intradermal (subcuticular) suture, although difficult to learn, is an 
elegant suture technique, and it can be left in place for long periods, 
leaving only two suture marks. Cyanoacrylate glue (Dermabond®) 


can also be used for superficial wound closure for wounds that are 
well approximated and under little tension. 


Simple interrupted suture 

The simple interrupted suture penetrates the skin surface on one 
side of the wound, passes under the dermis of both sides and exits 
on the other side and is tied securely with a surgical knot. It is impor- 
tant that the tension within the suture is sufficient to hold the wound 
edges together but not so tight as to impair the microcirculation in 
the area; allowance should be made for postoperative swelling that 
may increase tension in the suture. The edges of a wound naturally 
contract and invert, this tendency should be countered by careful 
insertion of the needle through the skin in a way that creates a stitch 
with a wider base; this encourages wound eversion (Figure 20.13). 
The skin sutures should puncture the skin typically 1-3 mm from 
the edge, depending on skin thickness; the distance from the edge 
should match the thickness of the skin. Greater distances can lead 
to a loss of control of the skin edges with a risk of overlapping. The 
sutures should be placed at intervals equal to the span of the suture, 
creating a ‘square’ or ‘cuboidal’ relationship between the track of the 
suture and the thickness of the skin. In general, the distance from the 
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Figure 20.13 (a, b) Simple interrupted suture. 
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Figure 20.14 (a, b) Simple running sutures. 
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Figure 20.15 (a, b) Running locked sutures. 


wound edge should be proportional to the depth of the stitch below 
the surface. 

A number of simple interrupted sutures may be used as 
superficial closure. With experience, running simple or running 
locked sutures are often preferred for speed and economy of suture 
material (Figures 20.14 and 20.15). 

In general, buried dermal sutures promote healing and improve 
scarring. Their primary roles are to reduce tension and to aid in 
alignment and eversion of the wound edges but they also reduce 
dead space and assist in haemostasis via tamponade. Most skin 
wounds will benefit if one or more buried dermal sutures are used. 
The buried dermal suture enters the dermis from below, courses 
within the dermis and exits. It then passes across the wound, enters 
the opposite side and its course is mirrored. The entire length of the 
suture and knot are buried beneath the skin surface (Figure 20.16). 


Slowly absorbable suture is typically used, providing support for 
the wound for several weeks while the wound regains its strength. 

When the buried stitch is tied, the vertical cut edges of the wound 
should be in direct, gentle but firm apposition (without strangula- 
tion) and the epidermis aligned with slight eversion and no step- 
ping. Direct contact between the cut vertical edges facilitates dermal 
healing. Good alignment of the epidermis assists in superficial heal- 
ing and top sutures are often used for final fine alignment. 

In an ideal stitch, the needle enters and exits in a single vertical 
plane within the vertical cut edge of the incision and follows 
a heart-shaped course. When tightened, tension ‘ovalises’ the 
suture’s course, the wound everts and the knot is tied. Tissue within 
the loop is directly apposed and neighboring tissue is stabilised. 
The dermis provides the majority of tensile strength, and therefore 
the more dermis contained within the loop, the more tension that 
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Figure 20.16 (a, b) Buried dermal (vertical 
mattress) suture. 


can be applied to close the defect. In areas of thick dermis or in 
closures that require higher tension, a larger needle resulting in a 
larger bite and/or stronger suture may be helpful. To facilitate the 
heart-shaped course, one may visualise the needle pointing slightly 
downward as it exits the dermis and pointing slightly upward as it 
enters the dermis on the opposite side. 

Optimally, in the first part of the buried stitch, the needle enters 
and exits in a single vertical plane within the vertical cut edge of 
the incision. In practice, however, the needle may need to enter on 
the underside of the flap a short distance back, away from the ver- 
tical cut edge. This is usually inconsequential, however, when the 
entrance and exit points occur in different (horizontal and vertical) 
planes (and are mirrored on the other side), tightening leads to 
greater pressure at the corners where the planes meet; they are more 
compressed within the loop. If the bite size is held constant, the 
further back from the vertical cut edge the needle enters, the greater 
the compression at the corners and the greater eversion but less 
apposition of the vertical cut edges. If both entrance and exit points 
occur in the underside of the flap, tension will bring the undersides 
of the wound together, exaggerating eversion but giving little direct 
apposition of the vertical cut edges. The compressed corners may 
even act as a fulcrum, separating the epidermal edges. 

The surgeon should carefully assess the entrance and exit points 
of buried sutures in regard to distance ‘back’ from the vertical 
cut edge and distance ‘up’ the vertical cut edge. Factors involved 
include depth of undermining, thickness of dermis, elasticity of 
skin, size of bite, tension required, bevel, etc. 

The first buried suture is usually placed in the middle of the 
wound. Subsequent buried sutures are placed at the midpoint of 
the resulting two segments and so on - the so-called rule of halves. 
If the wound is under high tension and closure in the middle of the 
wound is difficult, the following may help. 

1 Evaluate the undermining. Attachment to underlying tissues limits 
movement. However, undermining can only help so much and 
increased undermining increases the risk of bleeding. 

2 Consider repositioning the patient. This is especially helpful for 
patients undergoing surgery on the back as they tend to raise 
their arms above their head, increasing tension across and/or 
distorting some wounds. For wounds near the pretibia, raising 
and supporting the knee can help off-load forces on the calf 
and wound. Forearm sites can be affected by supination and 
pronation, etc. 


3 Lengthen the incision. This tends to distribute the tension along a 
greater distance. 

4 Use a temporary top stitch in the middle of the defect to close the wound 
initially and then proceed with deep suture placement. A simple inter- 
rupted suture may suffice but, if more force is needed, consider a 
horizontal mattress, a pulley or even a tandem pulley stitch. After 
multiple deep sutures have been placed, remove the temporary 
top suture and close as normal. 

5 Use a force multiplying deep stitch as an initial suture. 

6 Use a plicating suture. These buried sutures are placed in deep tis- 
sues below the undermined plane and partially close the defect 
prior to more superficial deep sutures. 

7 If all else fails, most wounds can be at least be partially closed with 
large top stitches only. If closure is performed without buried 
deep sutures, consider leaving them in place longer than usual. 
Partial closure requires some healing by second intention. 

Although perfectly regularly spaced and placed sutures look attrac- 
tive, there is a disadvantage to being too uniform in suture place- 
ment, particularly with running sutures. If all the sutures have the 
same line of entry and the skin can move on one axis, it is possi- 
ble that the wound edges may ‘slip’ relative to one another allowing 
overlap to occur. This can be avoided by slight variation in the width 
and depth of the suture placement along the wound. 


Vertical mattress suture 

The vertical mattress suture (Figure 20.17) is particularly useful in 
everting the wound edges and in areas where the skin has to be 
closed under some tension, or where it is very thin and fragile and a 
greater amount of tissue is necessary to hold the needle without tear- 
ing through (if a large bite were taken as a simple suture the outer 
edges would tend to invert). 


Horizontal mattress suture 

The horizontal mattress suture is the most everting suture of all. It 
is useful in areas requiring high tension as the force of the stitch is 
distributed across two transverse stitches and the tissue included 
between them. The needle is inserted through the skin on one side 
of the wound at a distance from the edge, it passes underneath to 
the opposite side, emerges and is reinserted a little further later- 
ally and passes back, under the wound to emerge on the opposite 
side. This suture takes a wide bite of skin, but passes entirely under 
the wound, thus preventing any tendency to invert the edges and 
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Figure 20.17 (a, b) Vertical mattress suture. 


Figure 20.18 (a, b) Horizontal mattress suture. 
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Figure 20.19 (a, b) Pulley suture. 


ensuring maximum eversion. It is usually used in combination with 
simple or running sutures at the wound edge (Figure 20.18). 


Pulley suture 

There are times in closing a wound under tension when it is clear 
from moving the skin with finger pressure that the edges could 
come together but attempts to persuade this to happen with a 
simple suture fail — either because the suture breaks, or the tension 
results in it cutting through the skin. Under these circumstances, 
a pulley suture is most useful and perhaps most often used on 
scalp wounds. In the simple pulley suture, the needle takes a 
large bite from the skin of one side of the wound, passes to take 
a small bite from the opposite side, returns to take a small bite 
from the original side and then passes to take a large bite from the 
opposite side before being tied (far, near — near, far). This creates 
a powerful suture that has twice as many points of contact in the 


skin and twice as many suture strands as a simple suture. The 
double loop creates a pulley action that will pull the edges together 
and may be used in a tandem fashion so as to combine a pulley 
stitch and a horizontal mattress. Pulley stitches are perhaps best 
used to initially take tension off a wound allowing easier place- 
ment of buried sutures and then removed prior to final closure 
(Figure 20.19). 

There is a slight risk of compromising the vascular circulation if 
the pulley loops overlap, this can be countered by slightly staggering 
the loops along the wound. This suture should not be used when a 
wound does not close with reasonable finger pressure — if excessive 
pressure is used to close a wound it will become avascular and 
necrosis will result. If the wound edges are white when the edges 
are closed, the wound is too tight. Pulley stitches can be used to 
initially take tension off a wound allowing easier placement of 
buried sutures and then removed prior to final closure. 
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Figure 20.20 (a, b) Purse string suture. 


(b) 


Purse string suture 

This is a very useful way of reducing the size of a wound, which 
will then heal by second intention. It is particularly useful for large 
tumours that are necrotic or infected or where the exact nature 
of the tumour or the adequacy of excision is in question. Having 
excised the lesion with a suitable margin, a running monofilament 
absorbable PDS intradermal suture is then run around the margin, 
taking bites into the edge of the dermis. The suture is tightened 
drawing the edges together. This causes some distortion of the 
skin surface but the distortion disappears as the wound heals. The 
suture should be left in place for at least 6 weeks or until the wound 
has healed. Absorbable sutures do not need to be removed unless 
they are causing irritation (Figure 20.20). 


Running intradermal (subcuticular) suture 

This suture technique may be employed where sutures are to remain 
in the skin for prolonged periods of time and when it is desirable 
to avoid visible sutures or the necessity for their removal. It is quite 
commonly employed to close incisional wounds in various branches 
of surgery and when used in combination with a soluble monofila- 
ment suture such as polydioxanone can obviate the need for suture 
removal, although the placement of the running suture is often com- 
bined with external placement of the ends of the suture at either end 
of the wound. 

The subcuticular suture is confined to the dermis and passes 
from one side of the wound to the opposite side like the rungs of 
a ladder. Before placing a subcuticular suture, the wound should 
be apposed with buried dermal sutures. Care should be taken to 
ensure that needle insertion is of equal depth on both sides of the 
wound and the needle should cross the wound perpendicularly. 
It may be preferable to start by placing a buried dermal suture at 
what will become the final end of the wound, leaving a free suture 
end to secure to the end of the subcuticular suture. The subcuticular 
suture then starts at the opposite end of the wound with a buried 
suture and proceeds in a ladder-like manner, along the length of the 
wound before being finally secured to the first-placed buried suture 


at that end. It is the authors’ preference to use monofilament soluble 
sutures such as polydioxanone which do not require removal. 
This suture technique is commonly employed following wide local 
excision of lesions on areas of mobility such as the limbs or the back 
where wound stretch often occurs. 


Reconstruction 

Reliable outcomes after surgery depend on adhering to fundamental 
principles of reconstruction and understanding tissue biomechan- 
ics. Disregarding these fundamental principles leads to inconsistent 
outcomes or noticeable scars. This section reviews basic principles 
for designing reconstructions, and then highlights the key features 
of secondary intention healing, linear closures, flaps and grafts. 


Principles of surgical design 

In descending order of importance, the fundamental principles of 
reconstructive design are: (i) to preserve and restore free margins 
and contour; (ii) to hide scars in cosmetic subunit junctions and 
relaxed skin tension lines; and (iii) to optimise colour and texture 
match with imported tissue. 


Free margins. The eyelids, distal nose, lips and helical rim are ‘free 
margins’ because they are unsupported on one side. Preserving and 
restoring the free margins of the eyelids, distal nose, lips and helical 
rim is a top priority in maintaining symmetry during reconstructive 
surgery (Figure 20.21). Tension from reconstructive surgery or sub- 
sequent contraction from resulting scars can change the position of 
these delicate structures and create noticeable changes in contour 
and symmetry. Strategies to preserve free margin position include: 
orientating tension vectors parallel to the free margins; transferring 
tension to tissue reservoirs remote from the free margins; or tacking 
tissue to immobile deep structures so that dermal sutures near the 
free margins are tension-free. 


Contour. Contour determines how light reflects off our faces. 
Concavities (alar groove, medial canthus, philtrum) cast shadows; 
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Figure 20.21 Free margin approximation. (a) The vermilion border and melo-labial crease have been marked prior to closure of the Mohs surgical defect. (b) The surgical defect is 
closed in a linear fashion ensuring the vermilion border is meticulously aligned to prevent unsightly asymmetry and notching. (c) Eight week outcome showing a pleasing alignment of 


the vermilion border with no distortion of this free margin. 


convexities (zygoma, tip of nose) reflect shiny light; and planar 
surfaces (cheek, forehead) reflect a subtle, even light. Unnatural 
contours draw attention by interrupting the expected shadows and 
reflections. A top priority of reconstructive surgery is to recreate 
scars with natural contours. 
Cosmetic subunit junctic . Cosmetic subunit junction lines 
ereate makita Shadawe and fellecions at transitions between facial 
structures. For example, around the mouth, the vermilion cutaneous 


junction divides the shiny red vermilion from the textured skin of 
the cutaneous lip, and the naso-labial fold separates the lip from the 
cheek. Scars are less noticeable when they fall in cosmetic subunit 
boundaries. Crossing such boundaries may lead to suboptimal aes- 
thetic outcomes (Figure 20.22). 


‘nsion lines. Relaxed skin tension lines are natural 
lines of tension on the skin. In general, wounds that are parallel to 
RSTLs close with less tension. On the face, these lines are obvious, 
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Figure 20.22 Cosmetic unit bridging. A poorly designed and executed transposition 
flap has effaced the aesthetically important alar-cheek sulcus and also blunted the 
apical triangle of the upper cutaneous lip. 


because they are accentuated with animation of the muscles of facial 
expression, such as crow’s feet lines while squinting the eyes. On the 
trunk and extremities, these lines can be accentuated by pinching 
the skin. As a rule, the lines of tension should be determined with 
the patient upright with the arms by the side and the hands facing 
forward. Placing scars in relaxed skin tension lines should not vio- 
late higher priority reconstruction principles. For example, if a hor- 
izontal closure on the forehead would cause an asymmetrical lift of 
the eyebrow, it is better to perform a vertical closure that crosses 
RSTLs but preserves brow position. 


Colour and texture. Mismatches in colour and texture can make 
scars more noticeable. Reconstructive surgery ideally creates thin 
scars surrounded by skin of similar colour and texture. When it is 
impossible to reconstruct with skin of similar colour and texture, 
conforming to higher priority reconstruction principles (free mar- 
gins, contour, cosmetic subunit junction lines, RSTLs) often makes 
these differences acceptable. 


Figure 20.23 (a) Defect on the scalp after Mohs surgery 
for an undifferentiated pleomorphic sarcoma and adjacent 
squamous cell cancers. The wound was left to heal by 
secondary intention. (b) At 4 months after surgery, the 
central wound has filled with healthy granulation tissue 
and the periphery of the wound has begun to 
re-epithelialise with healthy epidermis. (c) By 6 months 
after surgery, the wound has re-epithelialised except for 
small crusts in the centre of the scar. The re-epithelialised 
skin of large secondary intention scars is more fragile than 
native skin, and scabbing from trauma is common. 


Secondary intention healing 

Cutaneous wounds may be left to heal by secondary intention 
(Figures 20.23 and 20.24) [1,6-8]. Second intention scars contract 
and have a shiny texture. The shiny scars from secondary intention 
healing are less noticeable in naturally shiny skin, such as a bald 
scalp, upper forehead, ear and nasal dorsum or proximal sidewall. 
Since secondary intention wounds contract, they can pull on nearby 
free margins and cause webbing of adjacent, loose skin, such as the 
eyelid. The ideal defect to minimise distortion from second intention 
healing is shallow and is surrounded by stiff skin. Occipital scalp 
wounds after excision of acne keloidalis nuchae [7] or axillary and 
inguinal wounds after excision of hidradenitis suppurativa [8] may 
heal by secondary intention with excellent results. 


Linear closure 
Linear closure is the side-to-side approximation of the edges of 
a fusiform wound. Tension lies along a single vector running 
perpendicular to the long axis of the fusiform wound and is greatest 
at the centre of the wound. To avoid standing cones and to maintain 
normal contour, the ideal angles at the apices of a fusiform excision 
are <30°, which requires a length:width ratio of 3: 1 or greater. 
Primary linear closure is the most common reconstruction and 
ideally aligns with cosmetic subunit junctions or RSTLs (see 
Figure 20.7), unless the orientation must be modified to preserve 
free margin position. 


M-plasty [1,2] 

M-plasty is a useful technique to shorten an elliptical excision 
and avoid crossing an important anatomical or cosmetic line 
(Figure 20.25). The angle at the apex of a fusiform excision is 
divided into two adjacent 30° apical angles that are half the length 
of a single apex. The appearance of these neighbouring triangles 
mimics the letter ‘M’. 


S-plasty 

Elliptical excision over convex surfaces may cause an inverted scar. 
To avoid inversion of scars from fusiform excisions over convex 
surfaces, a straight fusiform design may be converted to a ‘lazy-S’ 
shape. As the scar contracts, the ‘lazy-S’ shape usually straightens, 
but the extra length gained from the curved design reduces the 
risk of scar inversion. The ‘lazy-S’ design is most common over the 
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(a) 
Figure 20.25 (a, b) An M-plasty design in this case prevents the scar extending onto the eyelid skin. 


convexities of the premaxillary cheek, chin and dorsal forearms and 
hands (Figure 20.26). 


Wedge excision: lip, eyelid and ear 

Defects on the eyelid, lip and ear can be closed by removing a wedge 
of tissue, and then suturing the different layers of the defect in a 
straight line. Wedge closures are easiest on the relatively elastic lip 
and eyelid. However, the unyielding ear cartilage can buckle during 
a wedge repair [3]. 


‘Dog ear’ repair 
There are several synonyms of the ‘dog ear’ repair: tricone repair, 
standing cutaneous deformity repair and standing cone [4]. ‘Dog 
ears’ tend to occur when the length to width ratio of an excision is 
insufficient to prevent the skin at the apices from bulging outwards 
when the opposing skin edges are brought together. ‘Dog ears’ form 
most commonly when fusiform excisions are designed with apical 
angles >30°. ‘Pseudo-dog ears’ may form if the excision plane of a 
fusiform excision is shallower at the apices compared with the centre 
of the wound. 
There are several ways to correct a ‘dog ear’ [5]: 
1 The excision can be extended and the redundant overlapping skin 
excised. 


Figure 20.24 (a) Exophytic squamous cell cancer of the 
lower vermilion lip. (b) Superficial defect of the lower lip 
after obtaining clear microscopic margins with Mohs 
surgery. The wound was left to heal by secondary 
intention. (c) Appearance of the scar 8 months after 
surgery. 


(b) 


2 One side of the pucker can be cut back flush with the skin and the 
excess skin from the other side identified by drawing it across the 
wound, this can then be cut off (Figure 20.27). 

3 The excess skin of the ‘dog ear’ can be removed by converting it 
into a T-plasty or an M-plasty. This is a useful technique when the 
length of the wound cannot be extended [6]. 


A mucosal advancement may be used to repair defects after ver- 
milionectomy, usually of the lower lip [1-3]. The labial mucosa 
may be pulled outward and sutured to the skin edge to recreate 
a vermilion—cutaneous junction. The exposed mucosa often scales 
and has a bright red colour. 


(Table 20.2) 
A flap is defined as skin, fascia or muscle that is moved from one area 
of the body to cover a tissue defect [1]. The most common types of 
flaps performed by dermatological surgeons are ‘local’ flaps, which 
are loosely defined by donor tissue that lies close to the tissue defect. 
A local flap is comprised of elevated tissue (skin with or without 
fascia or muscle) with a pedicle that remains attached to a blood 
supply at the flap’s base. The pedicle may have either a random pat- 
tern blood supply from subdermal and subcutaneous plexuses or 


Figure 20.26 (a) An S-plasty is designed to repair this wound on 
the ulnar aspect of the dorsal forearm. (b) Appearance 
immediately after surgery. The S-shaped curve of the scar can 
prevent inversion as the wound contracts. (a) 


(b) 


Figure 20.27 (a) A standing cone, or ‘dog ear’ (arrow), 
has formed at the inferior apex of this rotation flap. (b) The 
leading edge at the base of the standing cone is incised, 
and the skin is undermined. (c) The undermined skin now 
drapes flat against the cheek (arrow). (d) The trailing edge 
of the standing cone is incised to match the incision along 
the leading edge. (e) The standing cone is cut, and the skin 
edges now align with good contour. (f) Appearance after 
layered closure of the standing cone. (d) 


an axial pattern blood supply from a named artery (e.g. the supra- 
trochlear artery for a paramedian forehead flap). 

Local flaps may be further classified based on various character- 
istics, such as vascular supply (e.g. random pattern versus axial) or 
primary motion (e.g. advancement versus rotation versus transpo- 
sition). However, overlapping features of these classifications can 
cause confusion. For simplicity, this chapter classifies flaps as either 
sliding or lifting. 

Sliding flaps move adjacent tissue directly into a defect without 
‘jumping’ over interposed tissue. The greatest point of tension is at 
the primary defect. Sliding flaps include advancement, rotation and 
island pedicle flaps. 

Lifting flaps move tissue into a defect by ‘jumping’ over inter- 
posed tissue. Lifting flaps transfer the greatest tension away from the 
primary defect to the donor site. Lifting flaps include transposition 


(e.g. rhombic, bilobed, trilobed) and interpolation flaps (e.g. 
forehead flap). 


Sliding flaps 
Advancement flaps are useful for wounds 
that could be closed with a fusiform excision, except one of the 
standing cones would encroach on a free margin (e.g. eyelid, lip, 
distal nose, helical rim) or cosmetic subunit junction (e.g. eyebrow, 
vermilion—cutaneous junction, alar groove). Like fusiform closures, 
advancement flaps maintain tension along a single vector, but 
they displace one or both of the standing cones to preserve a free 
margin or hide the scar in a cosmetic subunit junction line or RSTL 
(Video 20.1). 
Common locations for advancement flaps are near free margins 
on the face, such as the upper and lower cutaneous lip, the nasal 
sidewall, the infraorbital cheek and lower eyelid, the forehead and 
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Table 20.2 Common flap type and uses [1,2—7,8,9-13,14,15,16,17,18,19,20-26,27-31,32,33]. 


Random pattern flap 


Flap type (synonym/s) Uses Comments 
5 Advancement [1] Crescentic Cheek/nose In effect a side-to-side closure with special 
Ww advancement flap Cheek/apical lip attention to cosmetic boundaries; a 
= useful technique 
Ww Be, Single advancement Cheek May employ a degree of rotation. A Burow 
U Ween nance (U-plasty) Temple unilateral advancement often produces 
<q Unilateral ae Forehead superior aesthetic results 
za poe ee Upper lip 
< . Double (bilateral) Forehead Propagated in all surgical texts but the 
= Lene “ peplasty advancement Eyebrow H-shaped scar is aesthetically suboptimal 
j Bilateral ——> << (H-plasty) 
oe ee eee i O-T plasty (A-T plasty, | Upper lip Unless the defect is centrally located, the 
: ho ss Sh, V-T plasty) Supra-eyebrow forehead majority of flap movement is in a 
Glabellar/nasal root unilateral direction 
Temple 
Single advancement Upper lip Workhorse flap for temple, preauricular, 
(unilateral Burow Temple/forehead upper cutaneous lip and helical rim 
wedge flap) Preauricular cheek defects. Enables excellent concealment of 
Helical rim incision lines 
Island pedicle V to Y (island pedicle Upper lip Efficient flap in terms of tissue dissection. 
flap) Cheek May be elevated in a number of ways to 
Lower cutaneous eyelid facilitate movement. Triangular-shaped 
Medial canthus scar however is often very noticeable 
Nasal sidewall 
ay Rotating/lenticular Temple Combines motions of advancement and 
V-to-Y a! wig island pedicle flap © Cheek rotation. Provides favourable aesthetic 
Lower cutaneous eyelid results as it enables scar lines to run 
“ Naso-jugal fold parallel with relaxed skin tension lines 
5 Rotating 
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Transposition 


Single rotation (nasal 
sidewall rotation, 
Tenzel rotation, 
Mustardé flap) 


Single rotation with a 
back-cut (hatchet 
flap) 


Single rotation with 
advancement 
(AIRNS flap, Rieger 
flap) 


Double rotation (O to 
Z plasty) 

Double rotation (O to 
W plasty — Peng 
flap) 

Standard (Limberg) 
transposition 


Nasal tip 

Lower eyelid 

Naso-jugal fold/lower 
eyelid 


Apical lip 
Nasal root 
Medial canthus 


Nasal tip 
Lower nasal dorsum 


Scalp 
Chin 
Nasal tip and dorsum 


Cheek 

Temple 

Medial canthus 
Nose 


Larger flaps necessitate meticulous dissection 
and haemostasis. Utilised around free 
margins and if executed correctly 
produce favourable aesthetic and 
functional results 


Useful for small defects and enables principle 
of cosmetic subunit repair to be respected 


Subnasalis tissue dissection provides a robust 
vascular supply for these flaps. Utilise 
secondary tissue movement of the cheek 
and glabella to enable tension-free 
closure 

Best results produced in scalp repair. Requires 
significant subgaleal tissue dissection 

Has a pinch effect on nasal contour: useful 
when a slight reduction in nasal width is 
desirable 

Most commonly used flap in cutaneous facial 
reconstruction. Frequently designed as a 
‘square peg to fit a round hole’. A Z-plasty 
modification enhances flap mobility 


(continued) 


Table 20.2 (continued) 
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Random pattern flap 


Flap type 

Single (Limberg) id f 4 
A 
. Vrs 

Double (bilobed) ot) 


(synonym/s) Uses 


Comments 


Naso-labial transposition is 
frequently performed to 
resurface alar and nasal 
sidewall defects. However, 
without meticulous planning 
and execution it may blunt the 
alar crease and tent across the 
apical triangle of the upper lip 


Webster 30° variant asal dorsum Versatile flap. May be bilateral 
Lateral canthus 

Dufourmental variant Cheek Alteration in flap design allows 
Temple scars to be concealed at 


edial canthus 
jose 


junction of cosmetic units 


Bilobed flap Nasal tip, sidewall and ala Two transposition flaps in 
Temple continuity. The most frequent 
Cheek flap in distal nose 
edial canthus reconstruction but requires 
careful planning and execution 
Trilobed flap Nasal tip Three transposition flaps in 
continuity 
Median or asal dorsum Two or three staged procedure. 
paramedian Nasal tip Reliable flap based on the 


temple (Figure 20.28), the preauricular cheek (Figure 20.29) and 
the helical rim. For defects of the midline face, the primary tissue 
motion of advancement flaps is usually lateral to medial so the 
tension vector parallels the free margins of the eyelids, nose and 
lips. For defects of the lateral face, the primary motion is usually 
inferior to superior. 

Variations of advancement flaps include the Burow advancement 
flap, U-plasty, H-plasty and O-T flap. 


Rotation flaps. The hallmark of a rotation flap is the arciform 
incision used to mobilise the surrounding skin (Figure 20.30). Rotat- 
ing the flap into the primary defect creates a secondary defect along 
the arciform incision. The secondary defect enlarges as the arc of 
rotation increases, and surgeons must plan for closure of both the 
primary and secondary defects. In contrast to the single tension 
vector of advancement flaps, rotation flaps distribute tension across 
multiple vectors along both the primary and secondary defects. 

A simple test to choose between a rotation and advancement flap 
is to push the wound edges together. If there is a clearly preferred 
tension vector at the primary wound but the standing cone of a 
linear closure would impinge on adjacent free margins, then an 
advancement flap will work. If there is no clearly dominant tension 


forehead flap 


Auricular interpolation 
flap defects 


Full-thickness defects of 
lower third of nose 


supratrochlear artery 


including ala 
Cheek interpolation asal tip Care should be taken in males to 
flap Nasal ala ensure hair is not transposed 


from the cheek onto the nose 


Ear, especially helical rim Allows height of ear to be 


maintained 


vector, but the wound edges nearly approximate by pushing in 
multiple directions, then a rotation flap may be ideal to distribute 
tension across multiple vectors at the primary defect. The scalp is a 
classic location for rotation flaps to repair wounds that do not have 
a preferred tension vector (Figure 20.31). 

Rotation flaps on the face are most commonly used to repair 
medial cheek defects (Video 20.2) that recruit skin from the lateral 
cheek and neck; lateral forehead defects that recruit from the temple; 
and nasal tip defects that recruit skin from the nasal sidewall and 
glabella (Figure 20.32). 


Island pedicle flaps. Island pedicle advancement flaps differ from 
the other sliding flaps (i.e. advancement and rotation) in that their 
entire blood supply comes from a pedicle on the flap’s undersurface. 
Island pedicle flaps can have numerous shapes, such as a triangu- 
lar V to Y flap or a rhomboid-shaped keystone flap. Regardless of 
the shape, the island pedicle flap is defined by incising through the 
skin around its periphery, creating the ‘island’ that gives the flap its 
name (Video 20.3). A key suture advances the leading edge of the 
flap toward the primary defect, where the greatest amount of ten- 
sion resides. A secondary defect must be closed at the trailing edges 
of the flap. 


MANAGEMENT 


N 
- 
< 
a 


Figure 20.28 (a) Proposed margins for Mohs surgery 
with MART-1 immunostains of an atypical epidermal 
melanocytic proliferation. An advancement flap is 
designed. A vertical standing cone will be excised at the 
superior aspect of the defect. To avoid cutting through 
the eyebrow, a horizontal incision will be made along the 
superior brow, and the inferior standing cone will be 
shifted to fall within the crow’s feet at the lateral brow. 
(b) Appearance of the advancement flap immediately 
after surgery. (c) Appearance of the scar 4 years after 
surgery. 


Figure 20.29 (a) Defect after Mohs surgery with MART-1 
immunostains to clear a melanoma of the left preauricular 
cheek. An advancement flap is designed with a standing 
cone extending toward the lateral canthus. The posterior 
defect will be extended to the crus of the helix. A vertical 
incision will be made along the anterior margin of the ear, 
and the posterior standing cone will be shifted to hide 
under the earlobe. (b) Appearance of the advancement 
flap immediately after surgery. (c) Appearance of the scar 
11 months after surgery. 


(d) (e) 


Figure 20.30 (a) Defect after Mohs surgery for an infiltrative basal cell carcinoma of the zygomatic cheek. A rotation flap is designed. The shaded areas on the flap represent the 
anticipated extent of undermining. (b) Intraoperative photo with the arcs of the rotation flap incised on the superficial fascia. Note the secondary defect along the arc of the rotation 
flap. (c) Intraoperative photo with the flap elevated in the immediately superficial to superficial fascia. (d) Appearance of the rotation flap immediately after surgery. A standing cone 
was excised at the preauricular cheek along the outer edge of the arch of the rotation flap. (e) Appearance of the scar several months after surgery. The circled lesion indicates the site 


for a biopsy of an unrelated lesion. 


Acommon example of an island pedicle flap is a V-Y advancement 
flap for lateral upper cutaneous lip defects (Figure 20.33). 


ae flaps 
ansposition flaps. As opposed to sliding flaps, which have the 
pretest tension at the primary defect, transposition flaps displace 
the greatest tension to the final donor site (i.e. secondary defect of a 
rhombic flap; tertiary defect of a bilobed flap; and quaternary defect 
of a trilobed flap). Closing the terminal donor site allows rotation of 
the flap into the primary defect with minimal tension. Transposition 
flaps are useful to transfer tension away from the primary defect to 


a more generous tissue reservoir. Three common transposition flaps 


include the (single-lobed) rhombic flap (Figures 20.34 and 20.35) 
(Video 20.4), bilobed flap (Figures 20.36 and 20.37) and trilobed flap 
(Figures 20.38 and 20.39) (Video 20.5). Adding lobes to transposition 
flaps recruits tissue from reservoirs increasingly remote from the 
primary defect and displaces tension to more favourable vectors. 

Because they transfer key tension vectors away from the primary 
defect, transposition flaps are especially useful to repair facial 
defects near the free margins of the nose, eyelids and lips. 


Z-plasty. A Z-plasty is a double transposition flap used to reorien- 
tate the scar direction or to lengthen a webbed scar over a concavity 
[2]. The central limb of the Z-plasty has a greater increase in length 


Figure 20.31 (a) Defect after Mohs surgery 
for a squamous cell cancer of the vertex of the 
scalp. Bilateral rotation flaps (O to Z) are 
designed. (b) Intraoperative photo with the 
arcs of each rotation flap incised through the 
galea aponeurotica. Note the secondary 
defects along the arcs of each rotation flap. (c) 
Intraoperative photo with the flaps elevated in 
the loose areolar connective tissue deep to the 
galea aponeurotica. The arteries on the scalp 
run superficial to the galea aponeurotica. (d) 
Appearance of the rotation flaps immediately 
after surgery. Standing cones were excised in 
the midline along the arc for each rotation 
flap. (e) Appearance of the scar 5 months after 
surgery. (d) 


Figure 20.32 (a) Defect after Mohs 
surgery for a basal cell carcinoma of the 
nasal tip. A dorsal nasal rotation flap is 
designed. (b) Intraoperative photo with 
the flap elevated at the perichondrial 
plane, deep to the nasalis muscle. The 
blood supply to the flap pedicle comes 
from the right dorsal nasal artery, which 
runs superficial to the nasalis muscle. (c) 
Appearance of the rotation flap 
immediately after surgery. (d) Appearance 
of the scar 4 years after surgery. (a) 


as the angles at the apices of each flap widen (Figures 20.40, 20.41 
and 20.42). 


Interpolation flaps transfer skin from remote 
reservoirs with a pedicle that bridges an isthmus of skin between the 
primary defect and the donor site. After approximately 3-4 weeks, 
the flap integrates with the blood vessels at the recipient site and 
the pedicle is divided in a second surgical procedure. The pedicle 
of interpolation flaps may or may not contain a named artery. For 
example, the pedicle of a paramedian forehead flap includes the 


(b) 


supratrochlear artery, but the pedicle of the naso-labial interpolation 
flap relies on perforators from the angular artery. 

Interpolation flaps are ideal for defects at or near free margins of 
the face. The paramedian forehead flap (Figure 20.43) (Videos 20.6 
and 20.7) and naso-labial interpolation flap (Figure 20.44) repair 
distal nasal defects; the retroauricular interpolation flap repairs 
helical rim defects (Figure 20.45) (Video 20.8); the Abbe flap repairs 
large defects of the lip margin (Video 20.9); and the Hughes and 
Cutler—Beard flaps repair defects of the eyelid margin. All of these 
flaps transfer tension away from the primary defect and help to 
preserve and restore free margins. 


(a) (b) (Q) (d) 


Figure 20.33 (a) Defect after Mohs surgery for a basal cell carcinoma of the right upper cutaneous lip. A V-Y island pedicle flap is designed. (b) Intraoperative photo with the defect 
enlarged to form a column from the vermilion cutaneous junction to the naso-labial fold. The lateral incisions of the triangular flap hide in the cosmetic subunit junctions of the 
vermilion—cutaneous junction and naso-labial fold. (c) Appearance of the island pedicle flap immediately after surgery. (d) Appearance of the scar 2 months after surgery. 


Figure 20.34 (a) Defect after Mohs surgery with MART-1 
immunostains for a melanoma of the right preauricular 
cheek. A rhombic flap (single-lobed transposition flap) is 
designed to recruit skin from the preauricular cheek. The 
inverted triangle at the inferior border of the defect 
represents the anticipated standing cone after transposing 
the flap into the primary defect. (b) Appearance of the 
rhombic flap immediately after surgery. (c) Appearance of 
(a) (b) (.) the scar 10 months after surgery. 


Figure 20.35 (a) Defect after Mohs surgery with MART-1 
immunostains for a melanoma in situ of the right 
mandibular cheek and neck. A rhombic flap (single-lobed 
transposition flap) is designed to recruit skin from the 
contralateral neck. The inverted triangle at the inferior 
border of the defect represents the anticipated standing 
cone after transposing the flap into the primary defect. 
(b) Appearance of the rhombic flap immediately after 
surgery. (c) Appearance of the scar 13 months after 


surgery. 


Figure 20.36 (a) Defect after Mohs surgery for a basal cell 
carcinoma of the nasal tip. A bilobed flap is designed to 
recruit skin from the dorsum of the nose. (b) Appearance 
of the bilobed flap immediately after surgery. 

(c) Appearance of the scar 8 months after surgery. 


Figure 20.37 Bilobed flap repair on the nose. (a) A 
Mohs surgical defect of the right lower nasal 
sidewall and alar. To prevent effacement of the 
aesthetically critical alar-cheek sulcus, a medially 
based flap was designed. (b) Immediately at closure. 
(Q) A satisfactory outcome at the 3-month review. 


Figure 20.38 (a) Defect after Mohs 
surgery for basal cell carcinoma of the 
distal lateral nasal tip. The third lobe of 
the trilobed flap was necessary to 
recruit skin from the dorsum of the 
nose. (b) Appearance of the trilobed 
flap immediately after surgery. (c, d) 
Appearance of the scar 18 months after 
surgery. 


Figure 20.39 (a) Defect after Mohs 
surgery with MART-1 immunostains for 
a melanoma of the temple and lateral 
canthus. A trilobed flap is designed to 
recruit skin from the lateral neck. 

(b) Intraoperative photo with the flap 
elevated immediately superficial to the 
superficial fascia. (c) Appearance of the 
trilobed flap immediately after surgery. 
(d) Appearance of the scar 11 months 
after surgery. 


Flap complications 

Complications from flap reconstruction may include necrosis 
(Figure 20.46) or distortion of the free margins. Both complications 
can be avoided with careful flap design and selection. Flap necrosis 
can be prevented by minimising tension along the flap’s leading 
edge and by ensuring adequate blood supply at the flap’s pedicle. 
Stopping cigarette smoking 2 days before and 7 days after surgery 
may also decrease the risk for flap necrosis [3]. Free margin distor- 
tion can be avoided by keeping tension vectors parallel to the free 
margins or by using lifting flaps that transfer tension away from 


(d) 


primary defects near the margins of the eyelids, nose, lips and ears. 
Scar revisions or staged reconstruction may be necessary to address 
unaesthetic scarring from necrosis or free margin distortion [4]. 


Grafts are comprised of tissue that has been completely separated 
from its blood supply, and their survival depends on developing 
new attachments to the blood vessels at the recipient site [1,2,3]. 
While grafts are useful to repair defects that are too large for local 
flaps, they may be conspicuous if the colour, texture or thickness 
differs between the donor and recipient sites. 
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Figure 20.40 Technique of Z-plasty. Reproduced from Eedy et a/. 1996 [30] with permission of John Wiley & Sons. 
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Figure 20.41 Single and multiple Z-plasty. (a, b) Single Z-plasty. (c, d) Multiple Z-plasty. 
Note breaking up of the zone of lateral tension (shaded areas) with multiple Z-plasty. 
Reproduced from Eedy et a/. 1996 [30] with permission of John Wiley & Sons. 


Grafts are classified by what tissue they contain. Split-thickness 
skin grafts contain the epidermis and a ‘split’ superficial portion 
of the dermis. Full-thickness skin grafts contain the epidermis and 
the ‘full’ dermis. Composite grafts contain skin and deeper tissues, 
usually cartilage for a dermatological surgery. Thicker grafts have 
increased metabolic demand and increased risk for necrosis. 


Split-thickness skin grafts 

Split-thickness skin grafts are useful to cover large defects 
(Figure 20.47). They are usually harvested from the thigh or buttock 
with a hand-held knife or mechanical dermatome (Figure 20.48). 
Split-thickness skin grafts may include variable amounts of dermis, 
but they generally lack adnexal structures and therefore do not 
grow hair or produce sweat or sebum. Thicker grafts may worsen 
scarring at the donor site, which is left to heal by second intention. 
If a split-thickness skin graft is smaller than the recipient site, it can 
be enlarged by meshing, or cutting multiple parallel slits that allow 
the graft to stretch like a fishnet stocking (Figure 20.49). The meshes 
also allow serous fluid (e.g. on the leg) to drain without collecting 
under the graft. 

While split-thickness skin grafts are quick to harvest and cover 
large surface areas, the colour, texture or thickness often contrasts 
with the recipient site. They are also more fragile and prone to shear- 
ing from trauma, especially on the scalp [4]. 


Full-thickness skin grafts 

A full-thickness skin graft (Video 20.10) is used when a donor 
reservoir is generous enough to suture the defect after harvesting 
the graft. The donor site may be selected based on the size of the 
graft. For smaller grafts for facial defects, common donor sites 
include the periauricular skin, naso-labial fold and upper preseptal 
eyelid. For larger grafts, common donor sites include the upper 
inner arm, periclavicular skin or lower abdomen. Full-thickness 
grafts include adnexa so they retain hair follicles and sweat glands. 
Ideally, the donor and recipient sites have similar colour, thickness 
and density of sebaceous glands and hair follicles. The donor site 
is usually closed with layered sutures, but hidden donor sites (e.g. 
postauricular sulcus) may be left to heal by second intention. 

The graft is harvested by using a scalpel to separate the dermis 
from the subdermal fat. Residual fat on the graft may be trimmed 
with sharp tissue scissors. The graft is secured to the recipient 
site with a combination of peripheral and quilting sutures. The 
quilting sutures secure the graft to the base of the primary defect 
and close dead space to prevent the collection of blood or serous 
fluid (Figure 20.50). A bolster dressing is usually tied over the 
graft to push it against the base of the wound and to prevent 
shearing. The bolster dressing is usually removed 1 week after 
surgery. 

Grafts are more likely to survive when the base of the primary 
defect has a good blood supply. Necrosis and infection are more 
likely if the recipient site has a poor blood supply, such as exposed 
bone or cartilage, or if the recipient site develops oedema, such 
as on the lower leg. If the primary defect is deep or has a poor 
blood supply, grafting may be delayed until granulation tissue 
fills the wound bed to allow increased survival and improved 
contour [5]. 


Composite grafts 

Composite grafts contain skin and deeper tissue, usually cartilage. 
Composite grafts are typically harvested from the ear [6] to repair 
small full-thickness defects of the alar rim or from the contralat- 
eral eyelid to repair eyelid margin defects. Large or thick composite 
grafts have an increased risk for necrosis, so composite grafts are 
ideally small (<1 cm) and should approximate as much surface area 
of the primary defects as possible. 


Mohs micrographic surgery 

Definition 

Mohs micrographic surgery (MMS) is a specialised treatment 
for skin cancer that offers extremely high cure rates and max- 
imal preservation of healthy tissue. Intraoperative microscopic 
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Figure 20.42 (a) Webbed scar of the skin of the medial canthus. The webbed scar is more noticeable with the eyebrow raised. (b) A double Z-plasty is designed to lengthen the 
webbed scar so it conforms to the concavity. The inverted scar at the medial brow will also be excised and resutured. (c) Appearance of the double Z-plasty immediately after surgery. 


(d) Appearance of the scar 4 years after surgery. 


Figure 20.43 (a) Defect after Mohs surgery with 
MART-1 immunostains for a melanoma in situ of 
the left ala. A template of the defect was 
transferred to the upper forehead, immediately 
inferior to the hairline (delineated with a 
tangential line on the upper forehead). The path 
of the supratrochlear artery was mapped with a 
Doppler and is represented by the vertical line in 
the centre of the flap. (b) Appearance of the flap 
immediately after the first stage of surgery. The 
templated portion of the flap has been secured 
to the ala with layered sutures, and the donor site 
along the forehead has been closed linearly with 
layered sutures. (c) The patient returns for division 
and inset of the pedicle 3-4 weeks after the first 
stage. The templated portion of the flap has 
integrated into the blood supply on the ala. (d) 
Appearance immediately after division and inset. 
(e) Appearance 4 months after division and inset. 


(c) 


examination of the entire surgical margin by the surgeon allows 
accurate and dependable identification and removal of all residual 
invasive tumour while preserving adjacent uninvolved skin. MMS 
is most often used to treat the most challenging forms of facial 
basal and cutaneous squamous cell carcinoma, where it is rightly 
considered the gold standard. There is, however, a growing body of 
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literature supporting its use in non-facial sites for recurrent disease 
and/or particularly large or aggressive tumours. 


The technique evolved from the pioneering work of Frederic E. 
Mohs while working as a cancer research assistant at the University 


(a) (b) (Q) 
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Figure 20.44 (a) Defect after Mohs surgery with MART-1 
immunostains for a melanoma in situ of the right ala. A 
template of the defect was transferred to the naso-labial 
fold, and a naso-labial interpolation flap is designed. The 
dots at the base of the flap pedicle represent angular artery 
perforators, which were mapped with a Doppler device. 
(b) Intraoperative photo showing the planes of 
undermining. The templated portion of the flap is elevated 
immediately superficial to the naso-labial fat pad. The base 
of pedicle includes the naso-labial fat pad and the angular 
artery perforators. An auricular free cartilage batten graft 
has been placed to secure the alar margin. (c) Appearance 
of the flap immediately after the first stage of surgery. The 
templated portion of the flap has been secured to the ala 
with layered sutures, and the donor site along the 
naso-labial fold has been closed linearly with layered 
sutures. (d) The patient returns for division and inset of the 
pedicle 3-4 weeks after the first stage. The templated 
portion of the flap has integrated into the blood supply on 
the ala. An elliptical excision is planned at the base of the 
flap pedicle at the naso-labial fold. (e) Appearance 
immediately after division and inset. (f) Appearance 9 
months after division and inset. 


Figure 20.45 (a) Defect after Mohs 
surgery with MART-1 immunostains for a 
melanoma in situ of the right helical rim. 
(b) A staged retroauricular interpolation 
flap is designed. (c) Appearance of the 
retroauricular interpolation flap 
immediately after surgery. The 
cotton-tipped applicator is placed in the 
space between the flap pedicle and the 
mastoid scalp. (d) The patient returns 3-4 
weeks after surgery for division and inset. 
The template portion of the flap has 
integrated with the blood vessels on the 
helical rim. (e) Appearance of the ear 
immediately after division and inset. (f) The 
donor site of the flap is left to heal by 
secondary intention. (g) Appearance of the 
ear 1 month after division and inset. 


Figure 20.46 Flap complications: necrosis. A large modified rhombic transposition flap 
on the left anterior thigh of a heavy smoker that has undergone a degree of tip necrosis. 
This area will subsequently healed by secondary intention. 


of Wisconsin, USA, in the early 1930s. Initially called chemo- 
surgery, the original technique involved the overnight application 
of zinc chloride paste, with subsequent excision of the devitalised 
preserved tissues, and microscopic examination of histological 
tissue sections. Consequently, the wounds created had to be 
allowed to heal by secondary intention. Mohs introduced three 
features that remain fundamental to the success of the modern 
technique: 

1 Tissues were sectioned and examined in a horizontal plane. 

2 Excised specimens were marked and colour coded using a novel 
technique. 

3 A mapping process was used to accurately identify the location 
of any residual tumour that could then be excised with further 
cycles of treatment. 

As experience with the technique grew, the combination of 
consistently high cure rates for large and extremely destructive 
tumours, and the surprisingly acceptable results of wound healing 
by secondary intention [1], resulted in a gradual acceptance of the 
technique by the medical community. 

Mohs first published his results in the general surgical literature 
[2], but as the main interest in his work was among dermatol- 
ogists he subsequently began to publish in the dermatological 
literature [3]. Practical use of chemosurgery spread slowly among 


Figure 20.47 (a) Large defect after Mohs surgery 
with MART-1 immunostains for a melanoma of the 
forehead and temple. (b) Appearance immediately 
after covering the wound with split-thickness skin 
grafts. A mechanical dermatome was used to 
harvest the split-thickness skin grafts from the 
thigh. (c) Appearance of the of the split-thickness 
skin grafts 14 months after surgery. (d) Defect on 
the thigh immediately after harvesting the 
split-thickness skin grafts with a dermatome. 


Figure 20.48 A split-skin graft can be harvested from the thigh skin using a power 
dermatome. 


Figure 20.49 In a split-skin graft the harvested skin is meshed on a mesher, and the 
meshed graft applied to the defect. 


dermatologists, and nearly 30 years passed before there were 
enough ‘chemo-surgeons’ to form a society; the original 23 mem- 
bers of the American College of Chemosurgery (ACC) first met in 
1967 [4]. 
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The evolution of chemosurgery into the technique that is now 
widely practised worldwide began at the 1970 meeting of the 
ACC when Tromovitch reported no recurrences in 99 (97%) of 
102 patients following excision of basal cell carcinomas using the 
Mohs technique but omitting the use of zinc chloride paste and 
simply excising living tissue under a local anaesthetic [5,6]. This 
‘fresh tissue’ technique had first been used by Mohs himself in 
1953 and had become his preferred technique for the removal of 
periorbital tumours, a site where the use of zinc chloride paste led 
to particularly severe inflammation, swelling and morbidity [7]. 

As confidence in chemosurgery grew, it became increasingly 
clear that the success of the procedure was fundamentally linked 
to the comprehensive microscopic control of resection margins, 
rather than in situ tissue fixation. Consequently, there began a 
gradual move away from the use of chemosurgery and an increased 
adoption of the fresh tissue technique of Mohs surgery, most com- 
monly using rapidly prepared frozen tissue sections. As a result, 
a painful prolonged technique, producing sloughy granulating 
wounds, was replaced by a procedure that could be performed 
comfortably under local anaesthesia, lasting hours rather than days, 
and resulting in defects that could be immediately reconstructed 
when necessary [8]. 


Treatment of skin cancer 

Skin cancer can be treated with a variety of techniques includ- 

ing topical therapy, destructive procedures, surgical excision and 

radiotherapy. However, only surgical excision and MMS provide 

tissue suitable for histological examination of the surgical margins. 

The following are the fundamental differences between traditional 

surgical excision and MMS: 

¢ Traditional surgical excision involves removing a predetermined 
margin of clinically normal skin from around and underneath the 
cancer; generally, wider and deeper margins are recommended 
for more advanced, difficult and recurrent tumours. MMS does 
not rely upon clinical estimation as the true extent of the cancer is 
revealed as the technique proceeds through the number of stages 
required to clear the tumour (Figure 20.51). 

¢ Traditional surgical excision is generally followed by immediate 
reconstruction of the wound, with histological examination of 
the surgical margins occurring days later. MMS uses intraop- 
erative histological examination to establish complete tumour 


Figure 20.50 (a) Superficial defect after Mohs surgery for a 
basal cell cancer of the nasal tip. The defect was enlarged 
to include the entire nasal tip cosmetic subunit, and a 
full-thickness skin graft was harvested from the clavicle. 

(b) Appearance of the full-thickness skin graft immediately 
after surgery. Quilting sutures were placed to affix the graft 
to the base of the wound and a bolster dressing was placed 
for 1 week. (c) Appearance of the scar 8 months after 
surgery. 


Figure 20.51 Defects following Mohs micrographic surgery (MMS) for ‘high risk’ facial 
basal cell carcinoma (BCC) illustrating significant tumour extension beyond the apparent 
clinical margins medially into the eyebrow. 


removal on the day of surgery. Consequently, traditional surgery 
may result in incomplete excision of the cancer, and difficult 
management decisions as the wound has already been repaired. 
In contrast, MMS confirms complete tumour resection prior to 
wound reconstruction. 

¢ Traditional surgical excision generally relies upon histologi- 
cal evaluation of the surgical margins using vertically orientated 
tissue sections (‘bread-loafing’), which has been estimated to have 
a sensitivity no greater than 44% [9] as it involves assessment of 
<1% of the entire surgical margin. In contrast, the horizontally 
orientated tissue sections used in MMS are designed to allow 
microscopic examination of theoretically nearly 100% of the true 
surgical margin. 

e Traditional surgical excision involves the surgeon, pathologist 
and possibly an anaesthetist. MMS is performed by the Mohs 
surgeon who also acts as anaesthetist, pathologist and in the vast 
majority of cases as the reconstructive surgeon. 


Procedure 
The practical aspects of modern fresh tissue MMS have been well 
described [8,10]. The technique involves sequential cycles of local 
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anaesthetic surgery and pathological investigation. The visible skin 
cancer is initially excised as a flat layer with bevelled edges, which is 
accurately orientated, colour coded, mapped, horizontally sectioned 
and examined microscopically (Figure 20.52). 

Any residual tumour identified at any part of the surgical margin 
is marked on the Mohs map, which accurately guides the Mohs 
surgeon in the re-excision of all residual tumour-involved areas 
(Figure 20.53). This meticulous and extremely methodical use of 
highly accurate, staged excisions underpins the very high cure rates 


associated with the technique. In contrast, those areas of the wound 
that do not contain tumour are not excised further, thus providing 
the maximal tissue preservation associated with the technique. 
Each tissue layer is examined microscopically and, if there is still 
residual cancer, the process continues, layer by layer, until the 
cancer has been completely removed. Frozen section histology is 
the preferred option for most experienced Mohs surgeons excising 
basal and squamous cell carcinoma [11], but permanent section 
histology is used by some, and this means that the wounds cannot 
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Figure 20.52 The stages of Mohs micrographic surgery. 


Figure 20.53 Intraoperative picture during Mohs 
micrographic surgery illustrating the role of the 
Mohs map in identifying the location of residual 
tumour. (a) Poorly defined basal cell carcinoma of 
the left temple, recurrent following excision. 

(b) Intraoperative picture showing correlation 
between residual tumour (blue areas on Mohs map) 
and the Mohs defect. 


(b) 


MANAGEMENT 


N 
- 
< 
3 


20.36 


Chapter 20: Principles of Skin Surgery 


be repaired on the same day [12]. Mohs surgeons who routinely use 
frozen section histology may occasionally use permanent section 
histology when treating highly infiltrative or uncommon tumours 
such as dermatofibrosarcoma protuberans [13,14]. 

In a feature unique to MMS, the final decision on the exact mode 
of wound repair is made only after the cancer has been completely 
removed, although likely wound repair options in a particular 
anatomical area can be discussed in advance. All wounds resulting 
from the old chemosurgical technique had to heal by secondary 
intention, but wounds following MMS are suitable for immedi- 
ate reconstruction or secondary intention healing, whichever is 
most likely to result in the best cosmetic and functional outcome. 
In selected cases, other surgical specialists may perform reconstruc- 
tion of the Mohs defect as part of a multidisciplinary approach to 
the management of aggressive facial skin cancer. In many major 
Mohs units, Mohs surgery is frequently performed in collabo- 
ration with plastic [15], maxillofacial, otorhinolaryngeal [16] or 
oculoplastic [17] colleagues. 


Results 

With MMS, a 98-99% 5-year cure rate for basal cell carcinoma 
and a 94.4% 5-year cure rate for squamous cell carcinomas was 
reported by Mohs himself [18]. There is considerable evidence 
supporting the use of MMS to treat the most difficult cases of basal 
cell carcinoma. A review of studies published since the mid-1940s 
suggested an overall 5-year cure rate of 99% following MMS for 
primary basal cell carcinoma [19] and 94.4% for recurrent disease 
[20]. Two prospective studies have been reported from Australia; in 
one, 5-year cure rates of 100% and 92.2% for primary and recurrent 
tumours were reported in 819 patients with periocular basal cell 
carcinoma [21]. In another study of 3370 basal cell carcinomas on 
the head and neck treated with MMS there were 5-year cure rates 
of 98.6% for primary basal cell carcinoma and 96% for recurrent 
disease [22]. A retrospective review of 620 patients with 720 lesions 
gave estimated 5-year cure rates of 98.8% for primary basal cell 
carcinoma and 93.3% for recurrent disease (Box 20.2 and Table 20.3) 
[23,24]. 


Box 20.2 Types of basal cell carcinoma (BCC) that 
should not be treated by curettage 


e Large tumours (>2 cm diameter) 

¢ Tumours at sites where the appearance of the scar produced by 
curettage is cosmetically unacceptable to the patient or where 
recurrence of the tumour has an unacceptable risk of further 
morbidity 

¢ Morphoeic, infiltrating or basosquamous BCCs 

e Recurrent tumours 

e Ill-defined tumours 

¢ Tumours penetrating muscle, fat, bone, etc. 


Cutaneous squamous cell carcinoma can also be successfully 
treated by MMS [18,25,26]. In an Australian multicentre study of 
1263 cases (38.9% were recurrent lesions) treated over a 10-year 
period, there was an overall 5-year cure rate of 96.1% (97.4% for 
primary and 94.1% for recurrent disease) [27]. 


Table 20.3 Sites to avoid curettage and cautery of basal cell carcinomas. 


Sites with a high Sites where curettage Sites associated 


recurrence rate after is technically with poor cosmesis 
all treatment modalities difficult after curettage 
Nose Lips Vermilion border 
Naso-labial fold Eyelid Alar rim 

Around the eye Hair-bearing scalp Nose tip 

Around the ear Chin 


Scalp 


MMS with melanocytic immunohistochemical stains treats 
specialty site and recurrent primary melanomas in situ and invasive 
melanomas with a <1% local recurrence rate [28-30]. Melanocytic 
immunohistochemical stains have proven to be accurate to detect 
the presence or absence of melanoma on frozen sections [31]. By 
comparison, conventional wide local excision of specialty site 
melanomas has local recurrence rates of approximately 10% [32]. 
As a result of the improved outcomes, MMS in the USA has grown 
304% from 2001 (2.6% of melanomas) to 2016 (7.9% of melanomas) 
[33]. In its latest guidelines for cutaneous melanoma, the National 
Comprehensive Cancer Network indicates that comprehensive 
histological assessment of margins with MMS or staged excision 
should be considered ‘for large and/or poorly defined’ in situ or 
minimally invasive melanomas (<0.8 mm) associated with high 
cumulative sun damage [34]. 

The cost of MMS has been compared with traditional manage- 
ment [24,35-37]. The procedure (to produce tumour-free margins) 
has a similar cost to traditional excision [35] but is less expen- 
sive than excision using intraoperative frozen section control [36]. 
A study from the Netherlands found MMS was more expensive 
than traditional surgery [37], but as MMS is likely to produce 
higher cure rates than standard excision in selected cases it remains 
intuitively cost-effective compared with the resources required 
to treat difficult recurrent disease. The only study to date that 
tried to compare cure rates following standard excision and MMS 
[38] appeared to show little difference between the two treatment 
modalities. However, a failure to adhere to the study design (with 
24 of 301 patients randomised to have standard surgical excision 
being moved into the MMS treatment group) raises concerns about 
the conclusions of this study [39]. 


Practical aspects and indications 
Mohs micrographic surgery is a remarkably safe procedure when 
performed under local anaesthesia on a day-case basis [40-42]. 
The complete surgical margin control achieved by MMS lends 
itself ideally to the excision of tumours that grow in a contiguous 
fashion (all parts of the tumour are directly connected to all other 
parts), and whereas the two most common tumours treated by 
MMS are basal cell carcinoma and squamous cell carcinoma, many 
less common cutaneous tumours can be excised by experienced 
clinicians working in a multidisciplinary fashion and using either 
standard or modified forms of MMS (Box 20.3). 

The success of MMS has led to the development of other surgical / 
pathological techniques offering more comprehensive surgical 
margin control than is available using standard histology techniques. 
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Techniques such as ‘peripheral in-continuity tissue examination’ 
[43] and ‘three-dimensional histology’ [44] all have their merits, but 
none has gained widespread popularity. 


Box 20.3 Tumours treated by Mohs micrographic 
surgery 


Common 
¢ Basal cell carcinoma and squamous cell carcinoma 


Less common 

¢ Melanoma, melanoma in situ/lentigo maligna [47] 
¢ Dermatofibromasarcoma protuberans [25,48] 

e Microcystic adnexal carcinoma [25,49] 

e Sebaceous carcinoma [25] 

e Extramammary Paget disease [25] 


Basal cell carcinoma and squamous cell carcinoma can often be 
adequately managed without the use of MMS, and the technique 
is generally reserved for ‘high-risk lesions’ (Figure 20.54) [45,46], 
which can be defined by various criteria, including those listed in 
Box 20.4. 


Box 20.4 Criteria for high-risk lesions that 
preferably should be managed with the use of 
Mohs micrographic surgery 


e Size (especially larger (>2 cm) lesions) (Figure 20.54a) 

e Site (especially the perioral, periorbital, perinasal and periauricular 
areas where a combination of a high cure rate and maximal 
preservation of normal tissues and structures is vital) (Figure 20.54c) 

¢ Lesions with very poorly defined clinical borders (where it is difficult 
to accurately identify appropriate surgical resection margins) 

e Failure of previous treatment (recurrent disease) (Figure 20.54b) 

e Histologically incompletely excised lesions 

¢ Histological features (aggressive growth patterns, perineural spread) 


As the use of MMS became widespread, the ACC first changed 
its name to the American College of Mohs Micrographic Surgery 
and Cutaneous Oncology (ACMMSCO), and is now the Ameri- 
can College of Mohs Surgery (ACMS), with over 2000 members 
worldwide. For many years, the college and its members have 
undertaken a long-term policy of improvement of the specialty, 
through scientific and technical development and through the 
formalisation of training for new Mohs surgeons with minimum 
12-month, college-approved fellowships. Successful graduates from 
fellowship training, and others trained outside the college training 
schemes, should not only be proficient in the technique, but also be 
expert in cutaneous oncology and highly competent reconstructive 
surgeons. The continuing success and development of MMS as a 
recognised specialty is dependent upon a consistent demonstration 
of high cure rates, maximal tissue conservation and good aesthetic 
outcomes of the technique, which can only result from appropriate 
training and experience. 


In the UK, the British Society for Dermatological Surgery has also 
created training standards for MMS with postgraduate fellowship 
training programmes, which have been ratified by the relevant 
postgraduate training authorities. In the USA, many of the criteria 
for postgraduate training have been adopted by the Accredita- 
tion Council for Graduate Medical Education (ACGME) under 
the recently renamed Fellowship in Micrographic Surgery and 
Dermatologic Oncology. In addition to training in MMS and skin 
oncology, this fellowship includes training in aesthetic procedures 
including lasers and injectables such as fillers and Botox®. 


Dressings and postoperative care 

Although perhaps not strictly necessary, a dressing following a 

cutaneous surgical procedure is likely to produce a better final result 

and, furthermore, conform to the expectations of most patients. 
An ideal dressing should have the following characteristics: 

e Itshould soak up excess exudate from the wound surface, thereby 
reducing the risk of bacterial penetration. 

e It should maintain a moist wound-dressing interface to encour- 
age migration of epidermal cells over the granulating tissue. 
Partial-thickness wounds heal faster if they are covered than if 
they are left to dry [1]. A scab is a poor barrier against loss of 
moisture from the dermal surface because it allows the surface to 
dry out, thus forcing the epidermis to grow under the dry wound 
surface. As the epidermal cells migrate, they secrete a proteolytic 
enzyme which dissolves the base of the scab; migration ceases 
when cell-cell contact occurs [2]. 

¢ It should not contain organisms or fibres that may contaminate 
the wound. Cellulose-derived dressings may shed fibre fragments 
into the wound [3], causing a foreign-body reaction and leading 
to increased risk of infection. 

¢ It should be impermeable to bacteria. 

¢ It should cause minimal injury to healing tissue when removed. 

It is often claimed that a dressing that permits increased oxygen 

permeability aids wound healing. Such dressings do aid healing in 

partial-thickness wounds [4]. However, in full-thickness wounds, 
the same synthetic wound dressings create hypoxic conditions at the 
healing surface [5]. Paradoxically, tissue hypoxia in full-thickness 
wounds appears to stimulate rather than retard granulation tissue 
formation [6]. 


Basic dressings 

This includes contact, absorbent and outer layers [7]. The layer in 
contact with the wound is non-adherent, either because it contains 
a greasy ointment (e.g. paraffin gauze) or because it is made from a 
specially designed, low-adherence material (e.g. polyethylene) [8]. 
The absorbent layer soaks up the excess wound exudate and cush- 
ions the wound. The outer layer (e.g. tubular bandage, elasticated 
tape) holds the other two layers in place and applies slight pressure. 
The basic dressing may be left in place until suture removal, but 
should be changed if it becomes wet or is saturated with exudate, as 
this greatly increases bacterial penetration. Many proprietary dress- 
ings combine two or all three components (e.g. Melolin® contains a 
polyethylene non-adherent layer attached to an absorbent cellulose 
component). 
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These are typically placed over the basic dressing and are useful in 
the immediate postoperative period to assist with haemostasis. Most 
commonly, and on suitable sites, a piece of compressible padded 
dressing (e.g. cotton-wool, dental roll, sponge, eye pad) is pressed 
down onto the wound with an elasticated or crepe bandage for 
24-48 h. Where bandage application is difficult, adhesive tape can 
be used. A tie-over pressure dressing is commonly applied over skin 
grafts, but can be used on any wound. Paired sutures are placed 
around the wound and tied together to hold down a three-layered 
contact, absorbent and compression dressing, so that the graft is 
held down onto the recipient site to stabilise the graft and prevent 
a haematoma forming beneath it; alternatively skin staples may 
be used in this setting. Aquaplast®, a conforming thermoplastic 
material, may also be used to tie over skin grafts [9]. 


Figure 20.54 ‘High-risk’ facial basal cell carcinoma (BCC) 
suitable for Mohs micrographic surgery (MMS). 

(a) Extensive nasal BCC. (b) Extensive lower eyelid BCC, 
recurrent following radiotherapy. (c) Infiltrative medial 
canthal BCC involving medial portions of both eyelids. 


After surgery, an initial contact dressing is applied, and cov- 
ered by a pressure dressing for 24-48 h. Thereafter, the dressing 
can be changed at 2-4-day intervals, depending on the amount 
of exudate. At each dressing change, the wound is cleaned to 
remove crust or debris and a greasy ointment (e.g. petrolatum 
jelly) and non-adherent dressing are applied [10]. On average, a 
25 mm diameter head and neck wound takes approximately 35 
days to heal [5]. These wounds are pain-free during the healing 
process. Bacterial contamination may occur, but tissue infection 
is rare. The patient should be made aware of the predicted time 
course for healing and that even a successfully healing wound 
will develop a somewhat reddened, elevated margin. A yellow 
exudate is common in the first few days. Before granulation tis- 
sue appears, a yellowish fibrin clot covers the wound. Exposed 


Figure 20.55 (a) This man had a basal cell 
carcinoma on the side of the nose; (b) this was 
excised and the wound was allowed to heal by 
second intention. (c) The cosmetic result 4 months 
later was good. 


(b) (Q 


(d) 


Figure 20.56 (a) This man had a basal cell carcinoma on the temple which was excised (b). (c) Three months later, the wound had healed but the scar was thick and red; (d) 15 


months later this scar had become considerably less conspicuous. 


periosteum and perichondrium must be kept moist and viable by 
using petrolatum jelly plus a moistened alginate dressing. This 
encourages granulation tissue to migrate over the exposed area 
and also reduces the risk of bone or cartilage desiccation and 
necrosis [6]. If the periosteum has been stripped off, the exposed 
bone can be fenestrated or abraded to encourage the formation 


of granulation tissue and hence enhance re-epithelialisation [7]. 
When the wound first heals, the scar often contains large looped 
vessels, which slowly disappear as the scar thickens. A slightly 
elevated red hypertrophic scar is then present, and the cosmetic 
result is not optimal until approximately 1 year (Figures 20.55 and 
20.56). 
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Figure 20.57 ‘Railroad’ track marks arising as a consequence of skin sutures being left 
in place under tension and for too long. 


Removal of sutures 

The timing of removal of surface sutures varies according to the 
anatomical site of the surgery, wound tension and the surgeon’s 
preference. In general, facial skin sutures may be removed on days 
4 to 7; on the trunk and limbs between 7 and 10 days. The longer 
surface sutures remain in place, the greater the risk of cosmetically 
unsatisfactory surface ‘track marks’ occurring (Figure 20.57). 


Complications 

All dermatological surgical procedures may result in complications 
[1], most commonly bleeding, infection and poor wound healing 
(Table 20.4). Although complications inevitably occur, most may be 
prevented by a combination of thorough preoperative preparation 
and good surgical technique. 

The incidence of complications following general dermatolog- 
ical surgery and MMS is in the main very low. In a prospective, 
multicentre study published in 2005, 84 French dermatologists per- 
formed 3788 out-patient dermatological surgical procedures under 
local anaesthesia. These included excision of benign and malignant 
tumours (excluding ‘sebaceous’ cysts and pyodermas) [2]. There 
were 236 recorded complications occurring in 213 (6%) procedures. 
Excessive bleeding (3%), vasovagal syncope (1.4%) and wound 
infection (2%) were the main complications. Infection was super- 
ficial in 92% of cases, with only one case of systemic infection. 
Antibiotic therapy or further surgery was required in 1%; haemor- 
rhagic complications appeared to be independently associated with 
the risk of wound infection. In 2007, the same authors reported an 
almost identical study (73 dermatologists performed 3491 proce- 
dures) [3]. Overall, 67 (1.9%) patients developed wound infections, 
with a higher rate (4.3%) of infection following complex wound 
repair. Again, haemorrhagic complications were independently 
associated with the risk of development of wound infection. 

MMS is also a safe procedure associated with a low risk of 
complications. An overall infection rate of 2.3% was reported follow- 
ing 530 Mohs procedures and 517 non-Mohs excisions performed 
on out-patients [4]. One US Mohs unit reported its complication rate 
to be equal to or lower than the published complication rates from 
specialists in other surgical disciplines [5]. The common practice 


of using clean but non-sterile gloves during Mohs tumour excision 
stages appears to be both safe and cost-effective. A retrospective 
case note review of 1239 Mohs patients (1400 Mohs procedures) 
revealed 25 cases of wound infection, with no significant difference 
in infection rates seen between those treated with either sterile or 
non-sterile gloves in the Mohs excision stages [6]. A more recent 
prospective study from Perth, Western Australia looked at 2370 
dermatological surgery procedures including 934 Mohs surgery 
cases. The rate of complications of bleeding and infection were 
extremely low: 0.2% and 0.5%, respectively [7]. 


Bleeding (Figure 20.58) 

Warfarin and other novel oral anticoagulant agents such as rivarox- 
aban pose a significant risk of postoperative bleeding complications. 
In a prospective study of 102 patients undergoing minor plastic 
surgery (37 regularly taking aspirin, 21 taking warfarin and 44 on 
neither drug), 57% of the patients taking warfarin developed com- 
plications, significantly more than the control and aspirin-taking 
groups [8]. 

Similarly, antiplatelet drugs (e.g. aspirin, clopidogrel, ticlopidine) 
potentially increase the risks of bleeding complications. In one 
study of patients undergoing minor plastic surgery, no signifi- 
cant difference in bleeding complication rates was seen between 
aspirin-taking and control groups [8]. However, other reports 
have found a link between aspirin therapy and a small but signi- 
ficant increased risk of postoperative bleeding following excision 
of cutaneous head and neck lesions [9], the risk being particu- 
larly pronounced in patients undergoing local flap wound repair. 
Current opinion favours continuing anticoagulation therapy in all 
its forms for patients undergoing dermatological surgery proce- 
dures. The increased risks of bleeding should be explained to the 
patient, and the surgeon should take measures to accommodate 
this — these include meticulous haemostasis, minimising tissue 
undermining, using pressure dressings, perforating grafts and 
even using small suction drains where indicated. It is important to 
make sure that patients taking warfarin do not have an excessively 
prolonged international normalised ratio (INR) and it is reasonable 
to check this prior to surgery, especially if they have a history 
of widely fluctuating INR readings. The preoperative evaluation 
is thus critical in identifying whether the patient has a history 
of a bleeding disorder or possible platelet dysfunction such as 
thrombocytopenia. Individual surgical units and hospital depart- 
ments will have guidance and protocols pertaining to surgery and 
anticoagulation medication. It is recommended to be familiar with 
such guidance. National organisations such as the British Society 
for Dermatological Surgery have published their recommendations 
and guidance on antithrombotics and skin surgery on their websites 
(e.g. www.bsds.org.uk, last accessed October 2023). 

New oral anticoagulants such as dabigatran, rivaroxaban and 
apixaban target key coagulation factors rather than vitamin K. 
Compared with warfarin, they have more rapid onset of action, 
stable pharmacokinetic properties and lack significant drug inter- 
actions. They do not require coagulation monitoring. Like warfarin, 
their use can result in postoperative complications. Perioperative 
management of new oral anticoagulants should balance the risk of 
bleeding with the risk of thrombosis. Comprehensive reviews on 
the topic have been published [10,11]. 
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Table 20.4 Complications in wound healing. 


Complications Predisposing factors 


Prevention 


Infected lesions 

Poor sterility 

Steroids 

Adjacent infectious source 

Occlusive dressings 

Poor blood supply 

Fat, haematoma and foreign material 
Sutures 

Poor technique 


Infection (Figure 20.59) 


Careful preoperative and operative techniques 

Sutureless closure 

Antibiotic sprays 

Prophylactic antibiotics for infected or potentially infected wounds 


Excessive devitalised tissue from careless handling or 


electrocoagulation 
Poor blood supply 
Excess movement 
nfection 
Tension 
Steroids 
Debilitated patient 
Poor nutritional status 
nadequate apposition 
Dermal instability 
Excess movement 
nfection 
Tension 
Feet and fingers especially 


Delay in closure 


‘Gaping scar’ 


Painful scars 


Hypertrophic scars Site 
Tension 


Reaction to embedded material 
Trauma 

Individual susceptibility 

Previous history 

Fitzpatrick skin types V and VI 

Upper half of body 

Tension 

Skin sutures under too much tension 


Keloids 


‘Railroad tracks’ (Figure 20.58) 


Stitch marks ‘abscess’ 
Wound edge inversion 


Sutures left in too long 
Poor technique 


Bleeding and/or haematoma 
formation (Figure 20.58) 


Bleeding tendency 


Aspirin 
Clopidogrel 
Ticlopidine 
Eptifibatide 
Tirofiban 
Coumarin 
Dabigatran 
Rivaroxaban 
Apixaban 
Edoxaban 


The use of epinephrine-containing local anaesthetics results 
in vasoconstriction and prolongs the duration of anaesthesia. 
Intraoperatively, bleeding can be controlled by a combination of 
electrosurgery, pressure and ligation. Postoperatively, the use of 
appropriate wound dressings is important, ranging from sim- 
ple dressings for superficial wounds to layered dressings with 
pressure pads for larger wounds where there is a significant risk 
of haematoma formation (e.g. following cyst or lipoma excision, 


Layered closure 

Gentle tissue handling 

Minimise devitalisation of tissues 
Care in decision to operate 
Warmth 

Careful postoperative dressings 


Careful apposition 
Subcutaneous or subcuticular sutures 
Adequate postoperative support (e.g. antitension dressings) 


Avoid pressure sites if possible 

Dressings to reduce subsequent pressure and/or movement 

Careful apposition 

Avoid ‘cape’ area if possible 

Good surgical technique including undermining of edges where 
necessary 


Avoid surgery where possible 
Antitension measures for 3 weeks 
Watch and prepare to treat 


Good suture technique 

Use of ‘non-reactive’ suture material 
Early suture removal 

Good surgical technique 

Occlusive or semiocclusive dressings 
Preoperative screening 


Good haemostasis 
Use of epinephrine (adrenaline) in local anaesthetic 


or with widely undermined wounds). This is largely a matter of 
personal surgical preference with no data showing the ‘superiority’ 
of one type of dressing over another. All patients should be given 
verbal and written information regarding wound care and how to 
contact the surgical unit if problems arise. Haematoma formation 
may occur at various times after surgery and usually results in acute 
pain and swelling. The clinical appearances, together with the age 
and size of the haematoma, will dictate whether to open the wound, 
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Figure 20.58 Postoperative swelling and haematoma formation. 


evacuate the haematoma and obtain haemostasis, or to manage the 
complication conservatively. 


fection (Figure 20.59) 

Wound infection is a major concern, but is fortunately relatively 
uncommon following skin surgery of all types [2,3,4]. Antibi- 
otic therapy may be appropriate for operations on ulcerated skin 
tumours: these are commonly colonised with Staphylococcus aureus, 
which considerably increases the risk of postoperative wound infec- 
tion. Antibiotics may also be used prophylactically for wounds that 
are repaired with skin flaps or skin grafts or for wounds in the groin 
or on the lower leg. If the risk of infection is higher than normal 
(e.g. following excision of an ulcerated tumour from a flexural site), 
prophylactic antibiotic therapy may be appropriate. Postoperative 
infection usually presents as redness, pain and swelling in and 
around the wound, 4-8 days after the procedure. Depending upon 
the clinical appearances, management will range from wound care, 
topical and systemic antibiotics, through to incision and drainage 
of a frank wound abscess. 


Unsatisfactory outcom 
Other significant problems relate both to the adequacy of excisional 
surgery and to the cosmetic and functional outcome. 


Figure 20.59 Postoperative infection characterised by redness, crusting and wound 
swelling and tenderness. 


Incomplete excision 

Incomplete excision of malignant and benign skin lesions may 
occur either because of poor technique or, even with judicious 
clinical assessment of margins, due to subclinical tumour extension. 
Patients should be forewarned about these risks and the potential 
need for further surgery. 


Unsatisfactory scars 

The risk of abnormal or greater than predicted scarring must be 
carefully explained prior to surgery, with special attention to the 
possibility of distortion of free margins and unsightly hypertrophic 
scars in high-risk body sites (e.g. upper arm, shoulders, chest). 
Altered pigmentation in and around the wound is an additional 
cosmetic risk in those with Fitzpatrick darker skin types V and VI. 


Nerve damage 

Nerve damage is a significant concern, as both sensory and motor 
nerves may be damaged during dermatological surgery, particularly 
at certain ‘high-risk’ anatomical sites (see Figures 20.2 and 20.3). 


Electrocautery 

Cautery is the application of heat to living tissue. Heat causes 
tissue coagulation but if excessive can lead to unsightly scarring. 
In electrocautery, a thin metal element is heated by resistance to 
the flow of electricity and applied to the skin. No electricity passes 


through the patient so it is safe in patients with implanted cardiac 
or other electrical devices. However, due to the high temperature of 
the heated element, electrocautery may ignite inflammable liquids, 
vapours and gases and even dry cotton gauze so care must be taken 
to exclude these from the operative field [1-4]. 

Electrocautery units vary in size from small disposable pen size 
units that are popular for eyelid surgery to portable battery and 
mains-powered units. The more powerful units tend to have more 
rugged elements that last longer. It is common to heat the element 
until red-hot to sterilise the tip before use, but the tip should be 
allowed to cool before applying to the skin and only the lowest tem- 
perature for the shortest time should be used to achieve the desired 
effect. 

Electrocautery may be used on its own or in combination with 
curettage to destroy a wide range of superficial skin lesions such as 
seborrhoeic keratoses or sebaceous hyperplasia. It can also be used 
for haemostasis after simple shave excisions. The most effective tech- 
nique is to apply the element to the skin surface and move it around 
in a rotating motion while triggering the current and watching care- 
fully for the first indication of tissue coagulation. 

While heating the element may sterilise the tip, the body of the 
element remains cooler and may carry a risk of cross-contamination 
from patient to patient. It is therefore desirable to use a newly 
sterilised or sterile disposable element for each new patient. 


Electrosurgery 

Characteristics 

Electrosurgery, also known as radiosurgery, radiofrequency surgery 
or surgical diathermy, uses high-frequency alternating current to 
heat the tissue. The frequencies used (0.3-5.0 MHz) fall within the 
radiofrequency band of electromagnetic radiation. Electrosurgi- 
cal units (ESUs) and their output is seen on an oscilloscope as a 
continuous sine wave. 

Low-frequency alternating currents such as the 230 volt 50 Hz or 
110 volt 60 Hz currents as in domestic mains are hazardous to health 
because they stimulate muscle tissue and can cause cardiac ventricu- 
lar fibrillation. The higher frequencies used in electrosurgery do not 
stimulate muscle and fibrillation does not occur. 

In the most commonly used forms of electrosurgery, the surgeon 
holds a single active electrode (pole) to apply the energy to the 
patient. For current to flow, there must be a ground or sink to accept 
the electrons. At low energy levels, the patient’s capacitance is 
sufficient to act as a ground and the current can flow without the 
use of a return pad. At higher energy levels, current cannot flow to 
the patient unless a return pad is used. The return allows current 
to flow back to the ESU and then to ground. In this case, charge 
enters from the active pole, travels through the patient, collects at 
the return pad, flows to the ESU and to ground. The return pad is 
also called a dispersive, collector, grounding pad/plate or passive 
electrode. 

In both cases, energy flows through the patient and care should 
be taken in those with implanted electrical devices. 


Terminology 

Most commonly, the surgeon holds a single active electrode (pole) 
to apply the radiofrequency energy to the patient. This is termed 
monopolar electrosurgery. Conversely, if the surgeon holds both the 


active and passive electrodes in their hand, this is termed bipolar elec- 
trosurgery. 

When energy is returned to the ESU (such as via a grounding 
pad or specialised forceps), the ESU is labelled as biterminal. When 
energy is not returned to the ESU, the unit is monoterminal. 

The hyfrecator is a low-power unit and does not require a return 
of energy to the ESU. Thus, the hyfrecator as typically used is a 
monopolar, monoterminal device. Higher energy ESUs require 
a return (grounding pad) and as typically used are monopolar, 
biterminal devices. 

Return or no return, electricity does pass to the patient during 
monopolar electrosurgery and due to possible interference, care 
should be taken in those with implanted electrical devices. 

In contrast, current does not pass through the patient in bipolar 
electrosurgery. Bipolar electrosurgery appears similar to monopolar 
surgery as the surgeon holds only a single instrument. However, 
instead of holding only the single, active electrode, the surgeon 
holds both the active and passive electrodes in the form of elec- 
trically isolated forceps. Current travels to the patient down one 
(active) blade of the forceps and returns in the other (passive) blade. 
Only the tissue held between the two blades is affected and no 
charge enters the patient. Bipolar electrosurgery can therefore be 
used without regard to implanted electrical devices. As there is a 
return of energy to the ESU, bipolar electrosurgery is biterminal. 


Electrosurgical units 

Hyfrecator 

Most dermatologists today primarily use a hyfrecator (named as a 
portmanteau of ‘high frequency eradicator’) in monopolar mode. 
The hyfrecator does not require an electrical return. However, if 
an alternate ground is present, for example if the surgeon touches 
the patient or if the patient touches metal on the surgical table, 
an electrical shock can be felt. Hyfrecators are only safe to use in 
conscious patients able to alert staff to inadvertent alternate site 
grounding. 

With the hyfrecator, current enters the patient’s body and care 
should be taken in those with implanted electrical devices such as 
pacemakers, deep brain stimulators and cochlear implants. As with 
any electrosurgical device, sparking can ignite inflammable liquids, 
vapours and gases and care must be taken to exclude these from the 
operative field. Supplemental oxygen should be discontinued dur- 
ing use if tolerated. 

Most hyfrecators are configurable to be used in either mono- or 
bipolar modes. 


Higher power electrosurgical units 

Higher power ESUs require a return (dispersive) pad and are 
therefore biterminal. With these units, current will not travel to the 
patient unless connected to a return. As with the hyfrecator, the sur- 
geon typically manipulates a single active electrode in a monopolar 
manner. Current enters the patient’s body and care should be taken 
in patients with implanted electrical devices. 

These units often have cutting, coagulating and blended settings. 
In ‘cut’, a continuous sine wave of energy is produced (similar to the 
hyfrecator but at higher power). In ‘coag’, the sinusoidal waveform 
is not altered but is only ‘on’ approximately 5% of the time. This 
results in slower heating — coagulating and desiccating the tissue 
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rather than vapourising and cutting it. In blended settings, the 
on/off percentages are modified but the sinusoidal waveform 
remains. To maintain set power levels, the amplitude of the wave- 
form (voltage) is automatically increased in these discontinuous or 
intermittent modes. 

Return pads may be conductive (placed in direct contact with 
the skin) or capacitive (placed next to the skin). Conductive pads 
must make good electrical contact with the patient. Capacitive pads 
work through capacitive coupling and do not need to make direct 
electrical contact with the skin. Capacitive pads are less safe than 
conductive pads but are more convenient in the clinical setting on 
conscious patients. Many ESUs will alarm if contact between the 
patient and the return pad is broken. 

Most high-power ESUs are also configurable to be used in either 
mono- or bipolar modes. 


Electrosurgical effects 

Monopolar electrosurgery can be used to produce a spectrum of 
effects with cutting at one end and coagulation/desiccation at the 
other. The ultimate result is influenced by the power setting, the 
tip of the electrode, the type of tissue and the surgeon’s technique. 
Focused, high-energy results in rapid heating and vapourisation 
which cuts the tissue. More broadly distributed, low energy, over 
a greater area, results in slower gentler heating which coagulates 
blood and desiccates tissue. Both effects can be obtained by adjusting 
technique only. 

In monopolar electrosurgery, radiofrequency energy is delivered 
to the patient at the tip of the electrode. When the tip is held above 
the skin, the charge ‘jumps’ and is dispersed to patient in a conical 
shape. This results in more superficial heating and charring. As the 
tip moves closer to the skin, the area of distribution (base of the cone) 
becomes smaller and smaller until the tip touches the skin. When the 
tip is held in direct contact with the skin, the charge density is greater 
and the tissue is heated more deeply. 


Electrocoagulation (haemostasis) 

Electrosurgery is extremely useful for haemostasis during derma- 
tological surgery. For best results, place the electrode tip on or very 
near to the bleeding vessel. Use the lowest effective power setting 
and accurately place the tip as close as possible to the opening 
of the bleeding vessel. Frank blood should be removed prior to 
haemostasis to maximise energy transfer to the open vessel and 
to minimise energy wasted by simply charring and boiling the 
blood. 


Electrodesiccation 

Electrodesiccation refers to the technique where the tip of the 
monopolar electrode is in direct contact with the skin (Figure 20.60). 
It also describes the use of electrosurgery to coagulate and dehy- 
drate (desiccate) the tissue. Tissues are fixed rather than vapourised. 
Lower power settings, intermittent waveforms and broader tips can 
result in more desiccation than cutting of tissue. 


Electrofulguration 

The term fulguration (‘fulgur’ = lightning) refers to the technique 
where the tip of a monopolar electrode is held above the skin and 
a train of sparks strikes the surface (Figure 20.61). This results in 
superficial heating and a blackened, non-conductive char. Due to 
the area of its conical base and shallow effect, fulguration is used for 
superficial haemostasis over a larger area such as after shave exci- 
sions and curettage. 


Electrosection (cutting) 

Focused high energy is used to cut the tissue. Optimally, a fine 
tip is utilised and the tip is held very near if not in direct contact 
with the tissue. Some tension on the tissue helps to separate the 
two sides. Much has been made of the possibility of cutting tissue 
without causing bleeding, but this is only possible if a degree of 


(a) 


(b) 


Figure 20.60 (a, b) Electrodesiccation. Focused coagulation, for example of bleeding points, can be achieved with a monopolar unit using a fine-tipped needle to deliver more 


concentrated energy to a focal point. 


Figure 20.61 (a, b) Electrofulguration. 
Diffuse superficial coagulation can be 
achieved by passing the electrode of a 
monopolar electrosurgical unit over the 
skin without touching it. Energy is 
dispersed over a wide area by the spark 
which jumps from the needle to 

the skin. 


(c) 


Figure 20.62 Shave excision and electrosurgery of a rhinophyma. (a) This disfiguring rhinophyma was reduced in size, and (b) the nose shape recreated by shave excision and 
electrodesiccation of the bleeding surface under local anaesthetic, (c) resulting in an acceptable cosmetic result at 4 months. 


lateral tissue coagulation occurs. With the hyfrecator, electrosection 
can be used to undermine. In higher power ESUs, electrosection 
can be used with a loop tip to remove excess tissue in rhinophyma 
(Figure 20.62) although some coagulation also occurs. When using 
electrosurgery to treat rhinophyma especially, smoke and tissue 
fluid splatter will occur and a suitable smoke evacuator should be 
used; appropriate surgical masks and eye protection should also be 
worn by medical staff. 


Surgical smoke 

Electrosurgical procedures result in a plume of smoke and steam 
that can contain particulates, formaldehyde, toluene, acetaldehyde 
and a variety of trace toxic gases. These substances can produce 
upper respiratory irritation and have in vitro mutagenic potential. 
The potential for generating infectious viral fragments, particularly 
following the treatment of verrucae, may exist. An effective smoke 
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evacuation or ventilation system should be considered to prevent 
the inhalation of noxious smoke and vapours produced during 
electrosurgical operations. 


Fire 

Electrosurgery may ignite inflammable liquids, vapours and gases. 
Particular care should be taken with alcoholic skin cleansers 
which may pool in anatomical recesses such as the conchal bowl 
or umbilicus and create a fire risk. Supplemental oxygen can 
also accumulate and removing or shutting off the supply during 
electrosurgery should be considered. 


Electrical safety 

Electrical safety may be considered from two perspectives: the safe 
use of any electrical equipment in the operating room, and the 
specific risks associated with electrosurgical current. As with any 
electrical equipment, electrosurgical equipment should be tested 
regularly and handled carefully; in particular, there should be 
no liquids in proximity to the equipment. Many electrosurgical 
machines have in-built safety features and will not work unless 
correctly set up and with a patient return electrode attached to the 
patient when this is required. It is important to be familiar with the 
individual machine. 

Current passes from the active electrode to the patient return 
electrode and so the position of the patient return electrode, relative 
to the operative site, will determine the direction of current flow. 
This should generally be positioned to avoid any metal prosthetic 
joints and to avoid the chest in patients with implanted cardiac 
devices. 

In general, most implanted cardiac devices will resist interference 
from electrosurgery but it is sensible to seek advice from the cardiac 
electrophysiologist responsible for the device if there are concerns 
or doubts. 


Cryosurgery 


Various methods of freezing skin lesions have been described [1]. 
Liquid nitrogen is the most effective and most studied cryogen 
and the only one that will be considered in further detail here. 
Nitrous oxide may be used with a cryotherapy gun — particularly 
for treating genital warts. Volatile (and highly flammable) ether and 
propane mixture sprays are sold in pharmacies for home treatment 
of warts. Neither of these achieve the same depth of freeze as liquid 
nitrogen, but can be effective for treating viral warts and benign 
skin lesions. 
Cryotherapy is believed to cause cell death in four ways: 

1 Ice crystals formed in the cell damage cellular components [2]. 

2 Uneven intracellular ice formation during freezing leads to 
osmotic differences arising during thawing, which in turn causes 
cell disruption. 

3 Cold injury to small blood vessels results in ischaemic damage. 

4 Immunological stimulation produced by the release of antigenic 
components results in cell damage. 

The extent of injury is determined by the rate of freezing, the coldest 
temperature reached, freeze time and rate of thawing. Maximum 
damage is produced by rapid freezing and slow thawing. Repeating 


the freeze-thaw cycle produces much greater tissue damage than 
a single freeze because the greater conductivity of the previously 
frozen skin and the already impaired circulation both allow a 
greater and faster depth of cold penetration. It is suggested that a 
temperature of —30°C is required to produce cell death. In practice, 
tissue temperatures achieved during cryotherapy do not need to be 
measured because clinical studies have determined the duration of 
liquid nitrogen spray freeze times for common skin conditions. 


Clinical methods 

Liquid nitrogen is best stored in a pressurised container to reduce 
evaporative loss and the canister kept in a secure ventilated outside 
area. One litre of liquid nitrogen held in an unsealed vacuum 
flask will last approximately 6 h. Liquid nitrogen can be applied 
using cotton-wool swabs dipped into the liquid. However, a liquid 
nitrogen spray can is easier to direct accurately, faster and more 
convenient. 


Clinical uses 

Liquid nitrogen cryotherapy has been used to treat a wide range 
of skin lesions [3]. The simplicity and speed of cryosurgery treat- 
ment is both a strength and a weakness. Cryotherapy can easily be 
done incorrectly and ineffectively. The correct technique and freeze 
times are required to produce results similar to those described 
in published studies. It is important to recognise fundamental 
differences in the descriptions of cryotherapy techniques between 
British literature, which describes ‘freeze’ times, and American 
literature, where ‘thaw’ times are recorded. The development 
of post-cryotherapy complications also remains one of the most 
frequent sources of litigation for dermatologists [4]. 

Cryosurgical treatment of basal cell carcinomas gives cure rates 
that compare favourably with other modes of therapy [5-7] pro- 
vided the correct technique is used and the treatment limited 
to small (<20 mm), well-defined, previously untreated tumours, 
avoiding basal cell carcinomas on the inner canthus of the eye, 
naso-labial and retroauricular folds and the hair-bearing scalp. The 
temperature reached and the number of freeze-thaw cycles are also 
critical. Debulking the tumour using curettage or electrosurgery 
prior to cryotherapy is advocated by some authors [8,9] although 
this is not routinely performed. 


Side effects 

Cryotherapy pain is significant but usually transient, and tissue 
swelling is common [1]. Inflammation can be reduced with potent 
topical corticosteroid applications [10]. Haemorrhagic blisters may 
occur but blister formation is not necessary for the cure of lesions 
such as viral warts. Sun-damaged and senile atrophic skin, and 
areas previously treated with topical steroids or radiotherapy, 
are more likely to blister or become necrotic after freezing. Skin 
necrosis is a desirable part of the treatment of neoplastic and many 
pre-neoplastic lesions, and several weeks may elapse before healing 
is complete. Hypopigmentation is common after liquid nitrogen 
cryosurgery, is particularly noticeable in dark-skinned patients 
and may be permanent [2,11]. Temporary postinflammatory hyper- 
pigmentation is to be expected following less intense freezing. 
Nerve damage resulting in paraesthesiae, distal anaesthesia and 
motor paralysis occasionally occur [12]. Similarly, deep freezing 


over the lacrimal ducts may, very rarely, lead to permanent ductal 
obstruction [1]. 


Caustics 


In experienced hands, caustics provide a simple and readily 
available means of destroying many superficial skin lesions. The 
operator should be well acquainted with the action and degree of 
penetration of individual caustics, and the toxic effects that may 
result from absorption, especially if they are to be used on large 
areas and particularly when applied to the face [1-3]. In treating 
individual lesions, caustics are usually applied by means of a 
cotton-bud applicator or a wool-tipped orange stick, pointed if 
necessary. 


Aluminium chloride hexahydrate. A 20% solution (Driclor®, 
Anhydrol Forte®), usually applied on a cotton-bud, is a very useful 
styptic for superficial wounds such as those following shave exci- 
sion. Ferric subsulphate (Monsel solution) is widely used but may 
leave a pigmented scar. 


Silver nitrate [4]. This is used in the form of a pencil or as a strong 
solution to suppress exuberant granulation. It is haemostatic and 
may be used to arrest bleeding after curettage. Repeated use tends 
to lead to unsightly staining of the skin. 


Trichloroacetic acid. This is an effective haemostatic caustic with 
many uses. The 30-50% concentration can be used as a styptic, 
and may be employed in conjunction with superficial curettage in 
the treatment of solar keratoses, seborrhoeic warts, etc. 

The supersaturated solution can also be used on its own to treat 
many benign and dysplastic skin lesions. Trichloracetic acid 35% 
is used for its destructive effect on the epidermis and may be a 
useful treatment for xanthelasmas and actinic lentigines. It must be 
applied with great care, however, especially around the eyes. Its 
action is rapid, and a white ‘frosting’ occurs within a few seconds 
of application. The caustic action can be partially neutralised by 
applying alcohol, water or sodium bicarbonate-soaked gauze, but 
this is unlikely to have any effect once the acid has penetrated 
the skin. 

Excess sebum should first be removed using detergent or iso- 
propyl alcohol. Trichloroacetic acid should then be applied with an 
‘almost dry’ cotton applicator. The concentration to be used will 
vary according to the site, the condition to be treated and whether 
the trichloroacetic acid is being used as a styptic or a superficial 
skin caustic. Weaker solutions of trichloroacetic acid are sometimes 
used. Xanthelasma can also be treated using the blunt end of an 
orange stick, dampened with trichloroacetic acid and dabbed onto 
the affected area. 


Intralesional corticosteroid therapy [1] 


Aqueous suspensions of triamcinolone acetonide (10 mg/mL 
(Adcortyl®) and 40 mg/mL (Kenalog®)) are available and can 
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be diluted with saline or lidocaine. Intralesional hydrocortisone 
acetate (25 mg/mL) can also be used. Triamcinolone acetonide 10 
mg/mL is sufficient for all conditions except keloids, for which the 
more potent preparation is required in order to achieve the desired 
degree of collagen resorption. 

The amount injected normally ranges from 0.1 to 0.5 mL of 10 
mg/mL solution, depending on the size and nature of the lesion. 
The injection should be given using a 27-30 gauge needle deep in 
the dermis when possible to minimise the risk of collagen atrophy. 
The manufacturers recommend that no more than 30 mg of triamci- 
nolone acetonide should be given in one session, with a maximum 
of 5 mg at any one site. (Steroid equivalence: 5 mg prednisolone = 4 
mg triamcinolone = 20 mg hydrocortisone.) 

It is important to note that triamcinolone acetonide is particulate 
in nature and serious adverse effects may result from inadvertent 
intravascular injection. The avoidance of intravascular injection 
is especially important when injecting lesions around the fore- 
head — where accidental intra-arterial injection and retrograde flow 
of a bolus of particles may result in retinal artery occlusion and 
blindness. In this location, counter pressure should be applied 
around the injection site at the time of injection to avoid this 
disastrous complication. 

Plasma cortisol levels are suppressed for a few days by 20 mg 
of intralesional triamcinolone acetonide given into various sites; 
higher doses suppress cortisol levels for longer [2]. Cushing syn- 
drome has occurred in a child 2-3 weeks after a single treatment 
with 40 mg triamcinolone acetonide injected into keloids [3]. 
Local side effects include collagen atrophy with localised inden- 
tation of the skin [4], hypopigmentation [5], skin necrosis [5], 
perilymphatic linear depigmented and atrophic streaks [6,7] and 
telangiectasia [8]. 


Surgical indications 

Intralesional triamcinolone therapy may be used for keloid scars, 
acne and pilar cysts, chondrodermatitis nodularis helicis, alopecia 
areata and many other steroid-responsive conditions [9]. 


Intralesional therapies for skin malignancies 


Surgical excision is the treatment of choice for skin malignancy, but 
in exceptional circumstances, on a case-by-case basis, intralesional 
chemo- or immunotherapy may be considered. The agents that 
have been used most frequently are methotrexate, 5-fluorouracil, 
bleomycin and various forms of interferon. High cure rates have 
been reported, but most of the published literature consists of case 
reports and lacks long-term follow-up. 

Intralesional therapy has been mainly used for keratoacanthomas 
and it is easy to appreciate the desire to control this rapidly grow- 
ing but spontaneously resolving tumour by non-surgical means. 
Intralesional methotrexate or fluorouracil have been used most com- 
monly. Bleomycin and interferon cost about 10 times as much as 
methotrexate and fluorouracil. Intralesional injections of methotrex- 
ate and interferon are painless, whereas bleomycin and fluorouracil 
cause severe pain and require concurrent use of local anaesthesia. 
A useful practical review of intralesional chemotherapy has been 
published [1]. 
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In addition to keratoacanthomas, intralesional therapies have 
been used for basal and squamous cell carcinomas and for bowenoid 
papulosis. 

Intralesional bleomycin followed by electrical stimulation 
(electrochemotherapy) has been used for a range of skin tumours 
and has a place in the management of multiple cutaneous 
metastases [2,3]. 


Curettage 

Curettage can be used to treat benign lesions as well as small, 
lower risk squamous cell carcinoma in situ (Bowen disease), basal 
cell carcinoma (Figure 20.63a) and small, low-risk, well-defined 
squamous cell carcinoma. The technique relies on the principle that 
the curetted material is more fragile than normal skin (e.g. basal cell 
carcinoma) or there is a natural cleavage plane between the lesion 
and the surrounding skin (e.g. seborrhoeic wart). Disposable ring 
curettes are now the most commonly employed in practice. They 
come in ring sizes ranging from 2 to 7 mm and contain a sharp 
(cutting) edge on one side enabling a clean plane of cleavage. 

On mobile or fragile skin areas, a starting point for curettage 
can be made by fulgurating the rim of the lesion using an elec- 
trosurgery machine or scoring the skin with a size 15 blade or the 
sharp side of a disposable curette. Haemostasis is achieved using 
either a chemical haemostatic agent (e.g. aluminium chloride 20% 
in isopropyl alcohol), cautery or electrosurgery (Figure 20.63b). 
Alcohol-based skin-cleansing solutions should not be used for the 
latter because of the fire risk. The resulting partial-thickness wound 
heals by re-epithelialisation from the retained adnexal epithelium. 


(a) i (b) 


Performing the curettage in a direction away from the operator 
ensures the creation of a shallow, superficial wound that usually 
heals excellently by secondary intention (Figure 20.63c) [1]. 


Haemostasis for open wounds 

Bleeding from open wounds can be stopped readily using an 
absorbable haemostatic dressing such as Surgicel® (glucosic copoly- 
mer) although the mechanism of action is poorly understood. These 
materials may behave like a foreign body while dissolving in the 
wound and thus increase the risk of infection; large pieces should 
be removed before wound closure. 

Chemical haemostatic agents [1,2] are effective on oozing skin 
wounds, for example after curettage and shave excision, but are 
ineffective in the presence of arterial or arteriolar bleeding and 
should not be used in sutured wounds as they cause cell death, 
which predisposes to infection. Application should be followed 
by pressure on the wound for 2-3 min to allow haemostasis to 
occur without the chemical being washed away. Ferric subsulphate 
(Monsel solution) solution carries the risk of iron tattooing [3]. 
Silver nitrate sticks are effective but caustic and may leave scars. 
Aluminium chloride 20% is effective: occasionally, and causes 
histiocytic reactions in treated skin [4]. 


Snip excision 

Small tags can be snipped off with a pair of sharp scissors without 
the need for local anaesthetic. The tag should be pulled away 
from the skin with dissecting forceps and snipped off at its base: 
bleeding, if any, usually stops spontaneously. Haemostasis may 
be a problem with larger polyps with a well-developed blood 
supply; hence, an anaesthetic will be required. The wounds 
can be left to heal by second intention, with excellent cosmetic 
results. 


(c) 


Figure 20.63 Ring curette. (a) Curettage of a small nodular basal cell carcinoma (BCC) on the forehead using a ring curette. (b) Haemostasis with bipolar diathermy. (c) Wound bed 
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Epidermoid cysts (Chapter 133) 

Epidermoid cysts (erroneously called sebaceous cysts) are lined by 
a keratinising epithelium, which produces the cheesy keratinous 
contents. Patients may request excision if they are disfiguring, cause 
discomfort or are repeatedly infected. 

The inflamed tissue around an infected epidermoid cyst is fri- 
able, making it difficult to excise without fragmenting the cyst 
wall. An infected cyst should therefore be drained, and the patient 
treated with an appropriate antibiotic. When the inflammation 
settles, the cyst can be excised. Cysts inflamed as a result of a 
foreign-body giant cell reaction to released keratin are best treated 
by triamcinolone injection followed by subsequent removal. 

Freely mobile cysts can be easily shelled out through the smooth 
tissue plane that separates the very thin cyst wall from the surround- 
ing tissue, although at this plane the cyst wall is easily punctured 
and must be handled gently. In all cases, the entire cyst wall and 
punctum should be removed, the latter at the centre of a small 
skin ellipse, which can also be used to manipulate the cyst during 
removal. If the cyst ruptures during extraction (a not infrequent 
occurrence), every effort should be made to remove residual wall 
fragments to prevent recurrence. Irrigation of the wound prior 
to closure will help remove residual cyst contents which might 
otherwise cause a granulomatous tissue reaction. 

To avoid long scars, very large cysts can be decompressed via a 4 
mm punch biopsy before excision. The wound is either left to heal 
for 4-6 weeks before definitive removal of the shrunken cyst or an 
attempt can be made to pull the cyst inside out through the circu- 
lar wound using artery forceps. Immobile cysts are surrounded by 
extensive scar tissue and usually have to be excised with the sur- 
rounding fibrotic tissue and overlying skin. Excision of large skin 
cysts leaves subcutaneous dead space, which must be obliterated 
with deep sutures to minimise the risks of haematoma formation, 
infection and wound dehiscence. 


Lipomas (Chapter 136) 

Simple skin incision and lipoma excision ensures complete removal 
but produces a large scar. Scar size can be minimised by break- 
ing up the lipoma into smaller fragments using blunt-ended 
forceps or a needle-holder inserted via a 4-6 mm punch biopsy 
wound made over the centre of the lipoma. The fragmented con- 
tents can then be squeezed out through the small wound. The 
fat can also be removed using liposuction. A subfrontalis lipoma 
(Figure 20.64) must be distinguished from a forehead epidermoid 
cyst. The former can be particularly difficult to remove because 
of its site beneath the frontalis muscle of the forehead, and care 
must be taken to divide the frontalis muscle vertically to min- 
imise the risk of damage to the sensory nerves that lie on its 
surface or, more laterally, to the temporal branch of the facial nerve 
(damage to which will cause ipsilateral paralysis of the frontalis 
muscle). 


Hidradenitis suppurativa 
The surgical management of hidradenitis suppurativa is fully 
discussed in Chapter 90. 


Figure 20.64 Subfrontalis lipoma. This lipoma lies beneath the frontalis muscle. The 
muscle has been split vertically and is held back with forceps to reveal the lipoma. 


Chondrodermatitis nodularis 
The surgical management of hidradenitis suppurativa is fully 
discussed in Chapter 106. 


Digital myxoid cysts 
The surgical management of digital myxoid cysts is fully discussed 
in Chapter 93. 


Axillary and palmar hyperhidrosis 

The use of surgical techniques for hyperhidrosis, including injec- 
tion of botulinum toxin and sympathectomy, is fully discussed in 
Chapter 92. 


Hypertrophic scars and keloids 
The topic is fully discussed in Chapter 94. 


Lesions on the shoulder, upper back and sternum 
Surgical excision on the shoulders, upper back and sternum fre- 
quently produce poor cosmetic results, with the formation of 
stretched and frequently hypertrophic scars. Although meticulous 
surgical technique, appropriate undermining and careful suture 
technique may minimise these problems, patients should be care- 
fully counselled and only offered surgical excision in these areas 
when it is absolutely necessary. 


Benign naevi 

Surgical excision, even by experts, leaves scars and consequently 
benign naevi are best either left alone or removed by shave excision 
when possible. See also Chapter 130. 


Non-melanoma skin cancer: basal cell 
and squamous cell carcinomas 
The management of these is fully discussed in Chapters 140 and 141. 


Lesions of the mucous membranes 
For management see Chapters 108, 109 and 110. 
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Chapter 20: Principles of Skin Surgery 


Keratoacanthoma 

This is often difficult to differentiate, both clinically and histologi- 
cally, from a well-differentiated squamous cell carcinoma. Manage- 
ment is fully discussed in Chapter 141. In general, it is best to remove 
these lesions surgically without delay. 


Pigmented lesions (Chapters 131, 142-145) 

The diagnosis and management of pigmented lesions is a key 
component of clinical dermatology and forms an important part of 
the multidisciplinary treatment of malignant melanoma, which also 
involves pathology, plastic surgery, clinical oncology, radiology and 
specialist skin cancer nurses. 

Common and blue melanocytic naevi, pigmented basal cell car- 
cinomas, seborrhoeic keratoses and dermatofibromas are usually 
easily recognisable to the trained eye, although diagnostic diffi- 
culties occasionally occur. Dermoscopy can provide a valuable 
non-invasive diagnostic adjunct (Chapter 145). When diagnostic 
doubt persists, and especially when malignancy is suspected, 
the lesion should be excised and submitted for histopathological 
examination. 

When the lesion is too large to excise and repair directly, an 
incisional biopsy may be indicated (e.g. possible malignant change 
in a large congenital naevus or facial lentigo). In these cases, if 
malignant melanoma is proven on biopsy, a second procedure, 
possibly involving complex wound reconstruction, will often be 
necessary. The determination of key prognostic features (e.g. growth 
phase, depth of invasion, mitotic count, presence of vascular inva- 
sion) can only be made accurately from examination of the full 
excision specimen. For this reason, excision rather than biopsy of a 
pigmented lesion is recommended whenever possible. 


Minor skin lesions: mollusca, milia 

and comedones 

An orange stick can be used to apply small quantities of a caustic 
agent precisely to a skin lesion. When 90% liquid phenol is used to 
treat mollusca contagiosa or small cysts, the orange stick tip may 
need to be sharpened so that it just fits the cavity being treated. 

Mollusca can be squeezed to express the cellular debris from the 
centre of the lesion before phenol application. The tip of the orange 
stick is dipped into the phenol, any excess wiped off and the stick 
is then placed in the centre of the lesion and gently twisted. The 
solution does not need to be neutralised. After initial whitening, 
the molluscum becomes inflamed and then resolves 7-10 days later. 
Treatment is painful and not usually tolerated by small children. 
The use of hydrogen peroxide cream has also been reported to clear 
molluscum. 

Multiple small facial epidermoid or acne cysts can be treated using 
the blunt end of an orange stick, dampened with trichloroacetic 
acid or phenol. The cyst is incised, the contents expressed and 
trichloroacetic acid or phenol carefully applied to the cyst lining 
using an orange stick. No dressing is required, but a local anaes- 
thetic is necessary. The same technique may be employed without 
the need for a specific caustic agent. 

Milia are tiny, keratin-filled, epithelial-lined cysts with no 
connection to the overlying skin. They can be removed via a 
small skin incision made with a sterile venesection needle. No 
anaesthetic is required. Prick the needle tip into the skin and, by 


pulling the cutting edge upwards, incise the skin overlying the 
milium. Hook or squeeze out the cyst through the skin incision. 

Comedones may be emptied using a comedo expressor, a metal 
instrument with a small cup-shaped end in the centre of which is a 
small hole. 
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Video legends 
Videos for this chapter are available on the companion website 
(https: //www.wiley.com/rooksdermatology10e). 


Video 20.1 O-to-T advancement flap for a forehead, brow and eyelid 
defect. 


Video 20.2 Rotation flap for a cheek defect. 


Video 20.3 Two-staged ‘pacman’ island pedicle advancement for 
large cheek, nose and eyelid defect. 


Video 20.4 Rhombic transposition flap for a cheek defect. 

Video 20.5 Trilobed transposition flap for a cheek defect. 

Video 20.6 Paramedian forehead flap for a large defect of the nose. 
Video 20.7 Paramedian forehead flap: pedicle division and inset. 
Video 20.8 Retroauricular interpolation flap for a helical rim defect. 
Video 20.9 Abbe flap for a lower lip defect. 

Video 20.10 Full-thickness skin graft for a helical rim defect. 
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Introduction 


Phototherapy (or ‘light therapy’) is a form of treatment for skin 
conditions involving the controlled administration of non-ionising 
radiation (most commonly within the ultraviolet (UV) part of 
the electromagnetic spectrum). A wide variety of dermatoses are 
responsive to phototherapy, which is used most commonly for pso- 
riasis and eczema. Photodynamic therapy and laser therapies are 
distinct types of visible light-based treatments, which are discussed 
elsewhere (Chapters 22 and 23). Extracorporeal photochemotherapy 
(ECP), in which the target is white blood cells rather than skin, is, 
however, included in this chapter as it involves UV irradiation. 

The UVB part of the spectrum is usually defined as that between 
280 and 320 nm (although the International Commission on Ilumi- 
nation (CIE) has set the upper limit of the range at 315 nm). It can 
be delivered with the ‘full spectrum’ (broad-band UVB (BB-UVB) 
lamps 270-350 nm, which also include shorter UVA wavelengths) 
or with just a narrow part of the UVB spectrum (narrow-band 
UVB (NB-UVB) lamps 311-313 nm) (Figure 21.1). Since the 1980s, 
NB-UVB has largely replaced the use of BB-UVB [1,2,3]. 

The UVA spectrum is commonly defined as that between 320 
and 400 nm and is typically used in combination with a psoralen 
photosensitiser, either orally or topically. This UVA activation of 
psoralen is known as photochemotherapy (PUVA) [4,5,6]. Skin 


diseases responsive to PUVA are similar to those responsive to 
UVB phototherapy, particularly psoriasis and eczema. ECP (photo- 
pheresis) involves the addition of psoralen to the patient’s white 
blood cells after they have been separated from whole blood ex 
vivo. The photoactivated white blood cells are then irradiated with 
UVA and reinfused back into the patient. Photopheresis is used 
to treat the erythrodermic stage of cutaneous T-cell lymphoma, 
graft-versus-host disease (GVHD) and other conditions [7,8,9]. The 
longer wavelengths of UVA are known as UVA-1 (340-400 nm) 
and these have been shown to be beneficial in a number of chronic 
dermatoses including atopic eczema and sclerosing skin disorders 
[10,11,12,13]. 

UVB phototherapy has anti-inflammatory, immunosuppressive 
and cytotoxic properties. The mechanisms of its action are unclear, 
but include the induction of cis-urocanic acid, Langerhans cell 
depletion, altered antigen presentation, decreased activity of natu- 
ral killer (NK) cells, increased activation of regulatory T cells and 
apoptosis of T lymphocytes and keratinocytes [14-17]. 

The mechanisms of action of PUVA include the cross-linking 
of DNA by psoralen photoadducts, the inhibition of DNA repli- 
cation, Langerhans cell depletion, immunosuppressive effects 
on T-lymphocyte function and migration and the restoration of 
Th17/regulatory T-cell imbalance in psoriasis [18-20]. Photo- 
pheresis results in dendritic cells acquiring antigen from apoptotic 
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Figure 21.1 Spectra of narrow-band ultraviolet B (NB-UVB), broad-band UVA (BB-UVA) 
and UVA-1. PUVA, psoralen and UVA. 


lymphocytes, which elicit a specific immune response without caus- 
ing systemic immunosuppression [21-23]. UVA-1 phototherapy 
penetrates deeper into the dermis and induces interstitial colla- 
genase and several cytokines, resulting in a softening of sclerotic 
skin [24,25]. In addition, UVA-1 phototherapy causes a reduction in 
tumour necrosis factor « (TNF-a) in the skin, among other mediator 
effects; it is also cytotoxic with T-cell apoptosis being a prominent 
feature [26]. 


History and background 


The beneficial effects of sunlight or heliotherapy on the skin have 
been known since antiquity. The treatment of vitiligo with psoralen 
extract from seeds in combination with sunlight is recorded in 
ancient Egyptian, Indian and Chinese manuscripts [4,27,28]. The 
primary therapeutic component of sunlight, ultraviolet radiation 
(UVR), would not be discovered until 1801 by Johann Ritter [29]. 
The lethality of UVR to bacteria was demonstrated by Downes and 
Blunt in 1877. The father of modern phototherapy, Niels Finsen, 
demonstrated the effectiveness of UV therapy for lupus vulgaris at 
the end of the 19th century [30,31]. Finsen went on to be awarded 
the Nobel Prize for his work in 1903. 

It was suggested by Alderson in 1923 that a mercury quartz lamp 
be used to treat psoriasis [32]. The combination of tar and UVB 
therapy for psoriasis was promoted by Goeckerman in the USA 
in 1925, and the combination of UVB and dithranol (anthralin) 
for the same by Ingram in England in 1953 [33,34]. A broad-band 
fluorescent UVB system for the treatment of psoriasis was devel- 
oped by Wiskemann in the 1960s. These lamps had a much higher 
output than the mercury quartz lamp. The action spectrum for the 
clearance of psoriasis with a peak at 313 nm was defined in 1976 
by Parrish and Jaenicke in the USA [35]. This work paved the way 
for the development of the more specific and efficient narrow-band 
UVB phototherapy for psoriasis in the 1980s [36,37]. 

Photochemotherapy was revived in 1947 with the isolation of 
8-methoxypsoralen and 5-methoxypsoralen from plant extracts 
[38,39]. El Mofty et al. demonstrated the clinical benefit of these 


psoralens with natural sunlight or with UV lamps for the treatment 
of vitiligo [40]. Photochemotherapy or PUVA was revolutionised 
by Parrish et al. in 1974 with the introduction of a high-intensity 
fluorescent UVA tube for the treatment of psoriasis [41]. A decade 
later, ECP or photopheresis was introduced by Edelson for the 
treatment of cutaneous T-cell lymphoma (CTCL) [7]. ECP is recom- 
mended as first line treatment for erythrodermic CTCL. In 1981, 
Mutzhas and colleagues first reported the development of an irradi- 
ation device that emitted long-wave UV radiation (UVA-1; 340-400 
nm) [42]. It was noted that it readily provoked pigmentation and 
polymorphic light eruption (PLE). It was thus initially used for PLE 
provocation testing. The therapeutic potential of UVA-1 was not 
to be recognised until the early 1990s when it was reported to be 
beneficial for atopic eczema [10]. 


Ultraviolet radiation 


What is ultraviolet radiation? 

Ultraviolet radiation is that part of the solar electromagnetic 
spectrum that lies between X-rays and visible light. UVR is nor- 
mally defined as UVA (320-400 nm), UVB (280-320 nm) and UVC 
(<280 nm), although the International Commission on I/umination 
uses 315 nm rather than 320 nm as the boundary between UVA and 
UVB [43,44]. 

UVC radiation is absorbed by the earth’s atmosphere before it 
reaches the surface of the earth. UVB radiation is significantly more 
effective (100-1000 times more potent) than UVA at producing 
erythema, cellular effects and DNA damage. UVA radiation is less 
energetic but penetrates more deeply into the skin, particularly the 
longer UVA-1 wavelengths, and as such has been implicated in 
chronic skin photoageing [45]. 


Artificial sources 

The most common means of producing UVR artificially is by the 
passage of an electric current through mercury vapour enclosed ina 
fluorescent tube. The excited electrons of the mercury are absorbed 
by a phosphor coating on the inside of the tube, which results in 
re-emission of radiation of longer wavelengths by the process of 
fluorescence (Figure 21.2). By changing the phosphors used, a vari- 
ety of different spectra in the UVA or UVB regions can be produced 
[46]. Tubes commonly used for PUVA lamps include NB-UVB: 
TL-01 (Waldmann/Cosmedico/Hybec/Lumenis); BB-UVB: TL-12 
(Philips) or the more selective UV-6 (Sylvania); and UVA: TL-09 
(Philips). UVA-1 can be produced either by low output fluorescent 
tubes, such as the TL-10 (Philips), or by the higher output metal 
halide UVA-1 sources (Sellamed, Dr Hénle, Dermalight), which 
require significant cooling [12]. 


Equipment for the delivery of phototherapy 

A wide variety of NB-UVB (TL-01) units are available, including 
whole body cabins, whole body panels, small panel irradiators 
and point sources (Figure 21.3) [1,3]. Whole body cabins contain 
1800 mm long fluorescent tubes that line the walls in front of 
reflective metal surfaces which enable greater dose uniformity and 
greater treatment efficiency to be achieved. Whole body panels 
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necessitate rotation of the patient to provide uniform irradiation: 
careful attention to position and posture is required to avoid under- 
or overdosing. Furthermore, these units are a significant UV hazard 
to others, who must avoid passing in front of the panel. They may, 
however, be useful for home phototherapy. Small panel irradiators 
are used for the treatment of palmar and plantar skin. Point source 
devices avoid unnecessary irradiation of unaffected skin but care is 
needed to avoid under- or overdosing at overlap areas. 

PUVA units are either whole body cabins or small panel irradia- 
tors for the treatment of the hands and feet or other localised areas 
of the body, such as the lower legs or scalp [43,44]. 

Space and expense may be saved by using a cabin with a combi- 
nation of UVB and UVA tubes. However, as only half the number 
of tubes of each type can be accommodated, longer treatment times 
are required. They also pose a significant hazard if the wrong tubes 
are selected and so in general are not recommended. 
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Ultraviolet calibration and dosimetry 

To provide consistency and repeatability of treatment doses it is 
essential that the irradiance of the UV unit being used is determined 
at regular intervals. The dose is calculated from the formula: 


Dose (mJ/cm?) = irradiance (mW/cm’) x time (seconds) 


It is important that this is performed using calibrated radiometers 
Figure 21.2 Whole body narrow-band UVB cabinet. that are traceable back to a national reference. This ensures that treat- 
ment delivered at one phototherapy centre is the same as that given 
at any other phototherapy centre. Some whole body cabins have 
built-in radiometers, but these are unreliable. They may give inac- 
curate readings when the tubes are changed if the radiometer is not 
cleaned or if shielding occurs with very obese patients. 

To determine the mean UV irradiance to which a patient will be 
exposed in a whole body cabin, a designated patient irradiance (DPI) is 
determined [43,44]. This is for a subject of average height and build 
at chest, waist and knee levels. The irradiance should be measured 
at the anterior, posterior and both lateral positions, that is, at 12 body 
sites. This can be determined in one of two ways, the direct or the 
indirect methods. In the direct method the irradiance at the speci- 
fied sites must be measured while the investigator (usually from the 
nearest medical physics department) is standing in the unit. The skin 
and eyes must be protected with suitable protective clothing and 
goggles. In the indirect method the irradiance is measured while the 
unit is unoccupied. This can be done with the radiometer clamped 
to a stand whose position can be adjusted up or down (Figure 21.4). 
The mean value of the DPI is multiplied by a correction factor (typi- 
cally 0.8-0.9) to take into account the occupancy effect of the patient 
in the cabin. 
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Indications for phototherapy 


UVB phototherapy and PUVA 

Psoriasis 

Psoriasis is the most frequent indication for both UVB and PUVA 
[2,6,47,48,49]. NB-UVA (TL-01) can be used to treat all variants 
except generalised pustular and erythrodermic psoriasis, for which 
Figure 21.3 Narrow-band UVB unit for the treatment of hands and feet. PUVA can, however, be considered [50]. NB-UVB is more effective 
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Figure 21.4 Irradiance of UV tubes being measured by a radiometer clamped in 
position at a fixed distance. 


than BB-UVB and is on average of similar efficacy to PUVA for 
the treatment of psoriasis (Figure 21.5). Thin plaques as seen in 
guttate and seborrhoeic psoriasis respond readily to UVB therapy. 
NB-UVB has been shown to be a cost-effective treatment modality 
for psoriasis [51,52]. UVB is generally used in preference to PUVA: 
it has a lesser skin cancer risk than PUVA, is easier to administer 
and, with its shorter exposure times, facilitates a greater throughput 
of patients. PUVA should be considered in those patients who have 
failed to respond to UVB or whose duration of remission following 
UVB is consistently of short duration. 


Atopic eczema 

Atopic eczema has been treated effectively with BB-UVB [53], com- 
bined UVB and UVA [54], UVA-1 [10], NB-UVB (Figure 21.6) [1,3,55] 
and PUVA [56,57]. It is commonly stated that it is preferable that 
UVA-1, if available, should be used for acute flares and NB-UVB 
should be used for chronic disease, although there is no evidence 


to support this. Recent evidence confirms the efficacy of NB-UVB 
for atopic eczema, with 70% of patients requiring less topical steroid 
prescribing for at least a year after phototherapy [58]. A flare of dis- 
ease is often seen in the early stages of phototherapy, usually due 
to the heat generated in the cabinets. Lower dose increments and 
more prolonged treatment courses than used for psoriasis are often 
required [59]. The clinical impression is that relapse also tends to be 
more frequent than in psoriasis, although there is no firm objective 
evidence for this. PUVA may be effective if UVB has failed. 


Cutaneous T-cell lymphoma 

Narrow-band UVB and PUVA have been used effectively for the 
treatment of CTCL (mycosis fungoides) [60-62]. UVB is particularly 
useful for patch stage CTCL, but PUVA is preferable for the plaque 
stage. Increased inflammation may be seen in the early stages of 
treatment but this usually settles without stopping therapy. ‘Sanctu- 
ary sites’ such as the flexures, which are less accessible to photother- 
apy, may be areas where disease persists. The use of maintenance 
therapy PUVA after initial clearance of mycosis fungoides remains 
unproven and controversial [9,63]. It has been suggested that main- 
tenance therapy may be considered to prevent relapse in rapidly 
recurrent disease [6]. 


Vitiligo 

Vitiligo may respond both to NB-UVB and to PUVA [64-66]. 
NB-UVB is more effective than PUVA but response is variable and 
treatment usually has to be prolonged, often over many months to 
a year or more. Affected areas that tend to be more photoresponsive 
include those on the face and those of recent onset, of limited extent, 
containing pigmented hairs or involving non-acral sites [67,68]. 
Acral areas typically respond less well but are often the sites that 
bother the patient most. Tanning of normal skin, which exaggerates 
the contrast with vitiliginous skin, is more obvious in patients with 
darker skin types. Patients of skin types I and II are more at risk 
of burning. Patients should be carefully selected and the risks and 
benefits clearly discussed. 


Figure 21.5 Psoriasis affecting a patient's back (a) before 
and (b) after narrow-band UVB (TL-01) therapy, showing the 
effectiveness of the treatment. Reproduced with permission 
of British Dermatological Nursing Group. 
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Figure 21.6 Atopic eczema affecting a patient's 
legs (a) before and (b) after narrow-band UVB 
therapy. 


Polymorphic light eruption 

Narrow-band UVB and PUVA are equally effective for the desensi- 
tisation of PLE but the former is used more frequently nowadays 
as it has a better side effect profile [69,70]. It is usually adminis- 
tered in spring time or before travel to sunny locations. Provocation 
of the rash, which occurs in approximately 50% of patients, can be 
managed with topical corticosteroid creams and reduction of dose. 
Patients are typically given 15 treatments (three times per week for 
5 weeks) for three consecutive years prior to a year without treat- 
ment to assess whether there is any change in disease expression. 
Evidence as to the optimal regimen to use is lacking. 


Other conditions 

Many other skin conditions have been treated with UVB and PUVA 
therapy with variable efficacy. Representative examples of such con- 
ditions are listed in Table 21.1. 


Choice of phototherapy modality: UVB versus 

PUVA 

Narrow-band UVB therapy is much more widely used than PUVA. 
This is primarily due to the well-documented cumulative risk of 
skin cancer associated with PUVA [99,100]. In addition, many stud- 
ies have shown the efficacy of NB-UVB for psoriasis and other der- 
matoses to be comparable with that of PUVA [1,3]. It should not be 
forgotten that PUVA penetrates more deeply into the skin than UVB 
radiation and is thus better suited for thick plaque disease and for 
treating the palms and soles (Box 21.1). The relapse rate of psoriasis 
following PUVA therapy is less than that of NB-UVB therapy. PUVA 
can also be highly effective for generalised pustular or erythroder- 
mic psoriasis [6]. 
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Table 21.1 Other conditions that may respond to ultraviolet B (UVB) phototherapy or 


psoralen and UVA (PUVA). 


Condition (and reference) 


Comment 


Alopecia areata [71,72] 
Graft-versus-host disease [73,74] 


Granuloma annulare [75] 
Lichen planus [76,77] 


Necrobiosis lipoidica [78] 


Nodular prurigo [79,80] 
Other photodermatoses (actinic 


prurigo, chronic actinic dermatitis, 


erythropoietic protoporphyria, 

solar urticaria) [81-83] 
Palmoplantar pustulosis [84] 
Pityriasis lichenoides chronica [85] 
Pityriasis rosea [86] 


Pityriasis rubra pilaris [87,88] 
Pompholyx eczema [89,90] 
Pruritus [91,92] 


Seborrhoeic dermatitis [93] 


Subcorneal pustular dermatosis 
[94,95] 

Systemic sclerosis/morphoea [96] 

Urticaria [97] 

Urticaria pigmentosa [98] 


Efficacy of PUVA is not clearly 
established; relapse is common 

PUVA is helpful in extensive lichenoid 
disease 

Can be beneficial 

Response is variable; PUVA is useful for 
palmar disease 

PUVA can be beneficial — in ulcer healing 
and camouflage effect 

Can be beneficial; relapse is common 

Can be effective but close supervision is 
required; consider referral to a centre 
with special interest 


PUVA is more effective 

Can be beneficial 

Rarely needed; used in severe 
symptomatic disease 

PUVA only 

PUVA is more effective 

Can be beneficial; UVB is effective for 
itch of renal failure or liver disease 

Responsive to UVB but rapid relapse is 
common 

Can be beneficial 


PUVA is beneficial 
Good evidence to support a role for UVB 
Can be beneficial; relapse is common 
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Box 21.1 Ultraviolet B (UVB) and psoralen and UVA 
(PUVA) compared 


Factors favouring the use of UVB 

¢ Convenience — there is no need for oral medication or protective 
eyewear before/after therapy 

¢ Thin plaque/macular disease 

e Pregnancy 

e Skin type I/Ilis at a higher risk of PUVA-induced skin cancer 

¢ Photosensitivity to UVA but not to UVB 

¢ Liver or gastrointestinal disease 

¢ Poor patient cooperation/compliance 

e Age <18 years 


Factors favouring the use of PUVA 

e Failure to respond to UVB or rapid relapse following UVB 

¢ Thick plaques 

¢ Palmoplantar disease 

¢ Nail disease 

¢ Photosensitivity to UVB 

e Erythrodermic or generalised pustular psoriasis 

e Pityriasis rubra pilaris — which usually flares with UVB but can 
respond well to PUVA 


Contraindications to UVB and PUVA 

Patients should be assessed for their suitability for either UVB 
or PUVA therapy prior to starting therapy (Box 21.2). Individual 
risk and benefit must always be assessed. Being on a photosen- 
sitising medication is not a contraindication to phototherapy but 
a note of caution is needed to ensure good drug record keeping 
and to reinforce the importance of baseline minimal erythema 
dose (MED)/minimal phototoxic dose (MPD) and that a lower 
incremental dose regimen may be appropriate in some settings. 


UVA-1 phototherapy 

The evidence base for using UVA-1 relates mainly to its use in atopic 
eczema, the sclerosing skin conditions, in particular morphoea and 
scleroderma, and various subtypes of lupus erythematosus. The 
application of UVA-1 has also been investigated for several other 
skin diseases (e.g. urticaria pigmentosa, disseminated granuloma 
annulare, CTCL and psoriasis in patients infected with human 
immunodeficiency virus (HIV)), although the evidence base is 
largely restricted to case series and case reports [12,101]. In general, 
UVA-1 is probably most useful as an option to be considered for 
some of the rarer skin diseases where other treatment options are 
limited. It is not usually first line phototherapy and its availability 
at present is limited to specialist centres. 


Atopic eczema 

Ultraviolet A-1 phototherapy can be of benefit, particularly for 
atopic prurigo, and, if it is available, should be considered for the 
patient who has failed to respond to NB-UVB or PUVA [10,102,103]. 
Studies have shown that high- and medium-dose UVA-1 are of 
equivalent efficacy although medium-dose treatment is more effec- 
tive than low-dose. Recently high-dose UVA-1 has been shown to 
be more effective than medium-dose in individuals of higher skin 


Box 21.2 Contraindications to ultraviolet B (UVB) 
and psoralen and UVA (PUVA) 


Absolute contraindications 

e Dysplastic naevus syndrome 

e Systemic lupus erythematosus 

¢ Dermatomyositis 

¢ Genetic skin cancer syndromes (xeroderma pigmentosum, Gorlin 
syndrome) 

¢ Bloom syndrome, Cockayne syndrome 

¢ Concomitant specific oral immunosuppressive medication: 
azathioprine, ciclosporin, mycophenolate mofetil and tacrolimus 

e Patients unwilling or unable to comply with safety procedures 

e Patients who are medically unfit and unable to stand, e.g. severe 
cardiovascular or respiratory disease 


Relative contraindications 

¢ Age <16 years 

e Previous or current non-melanoma skin cancer 

e Previous melanoma 

e Previous exposure to arsenic or ionising radiation 
¢ Current premalignant skin lesions 

e Previous or concomitant oral immunosuppressive therapy 
¢ Photo-induced epilepsy 

e Pregnancy* 

¢ Bullous pemphigoid /pemphigus 

¢ Cataracts* 

¢ Significant liver dysfunction® 


* Contraindication to oral PUVA only. 


phototype with atopic eczema [104]. UVA-1 has been shown to be 
superior to potent topical corticosteroid and broadband UVA/B. 
UVA-1 is of equivalent efficacy or possibly slightly less effective 
than NB-UVB and is less effective than PUVA. 


Sclerosing skin conditions 

There is evidence of the utility of UVA-1 for the treatment of cuta- 
neous sclerosis in morphoea and systemic sclerosis, particularly if 
the disease is progressive, symptomatic and/or restricting move- 
ment [105]. Recently, the utility of high-frequency ultrasonographic 
response of morphoea to UVA-1 has been reported [106]. There is 
also limited evidence to support its use in the treatment of cuta- 
neous GVHD [107], nephrogenic fibrosing dermopathy [108] and 
both extragenital and genital lichen sclerosus [109,110]. UVA-1 at 
medium dose has been shown to be superior to NB-UVB and even 
low-dose treatment can be effective, although prolonged treatment 
courses may be needed. 


Lupus erythematosus 

Paradoxically there is good evidence for the use of very low-dose 
UVA-1 (about 6 J/cm? per individual dose) for systemic lupus 
erythematosus (LE) with demonstrable reduction in systemic dis- 
ease activity [111,112]. UVA-1 has also been used successfully for 
subacute cutaneous LE, tumid LE and, although generally less 
responsive, for chronic cutaneous (discoid) LE. 


Mycosis fungoides 

There are limited reports of UVA-1 phototherapy in the treatment 
of mycosis fungoides and most are case reports or short series of 
cases [113]. In a study of 19 patients with early mycosis fungoides 
(stage I[A-IIA), complete responses were achieved in 12 (63%) and 
partial responses in 7 (37%) after UVA-1 treatment [114]. In addition, 
the deeper penetration of UVA-1 into the skin may provide a role 
of such therapy for more refractory forms of mycosis fungoides 
such as the folliculotrophic variant. Of 12 patients with early-stage 
folliculotrophic mycosis fungoides treated with UVA-1, 11 expe- 
rienced >80% improvement (8 complete remission and 3 partial 
remission) [115]. 


Extracorporeal photochemotherapy 

Extracorporeal photochemotherapy, or photopheresis, has evi- 
dence of benefit for the treatment of erythrodermic CTCL 
[7,8,9,116-118] and for GVHD [119-121]. It has also been used for 
a wide range of skin diseases such as systemic sclerosis [122,123], 
some immunobullous disorders [124,125], psoriasis [126], atopic 
eczema [127,128], lichen planus [129,130], LE [131], scleroedema 
[132] and dermatomyositis [133]. Evidence of benefit for any of 
these conditions is generally weak. It is of interest that the best 
evidence for the efficacy of ECP is in the prophylaxis of cardiac 
transplant rejection [134]. 


Cutaneous T-cell lymphoma 

Extracorporeal photochemotherapy is licensed for the treatment of 
CTCL, particularly in patients with erythrodermic disease, includ- 
ing those with Sézary syndrome [135,136]. Patients who respond 
best have a disease of shorter duration, have near normal CD8+ cell 
counts [137], are immunocompetent [138], have circulating Sézary 
cells [139,140] and have an absence of bulky lymphadenopathy or 
major organ involvement [136]. Evidence for ECP for the treatment 
of non-erythrodermic mycosis fungoides is poor [141-143]. A more 
recent report found an overall response rate of only 42% in patients 
with early-stage mycosis fungoides treated with ECP [144]. Added 
benefit has been claimed when ECP is combined with interferon 
[139,145], bexarotene [146] or electron beam therapy [147]. Response 
rates have been reported to be highest, reaching levels >80%, with 
combinations of interferon and bexarotene [148]. 


Graft-versus-host disease 

Graft-versus-host disease complicating allogeneic bone marrow 
transplantation can be subdivided into acute and chronic phases. 
There is evidence that ECP is of benefit for both the acute and 
chronic phases [135,136,149]. A systematic review of studies of ECP 
for the treatment of GVHD found an overall response rate for acute 
phase disease to be 69%. The highest response rates were 84% for 
cutaneous involvement, followed by 65% for gastrointestinal and 
55% for hepatic manifestations [150]. A review of the literature of 
ECP treatment for chronic GVHD reported a mean response for 
cutaneous disease of 74%, for mucosal of 62%, for hepatic of 62%, 
and of 46% for both gastrointestinal and pulmonary manifestations 
[135]. Treatment of GVHD with ECP has also demonstrated a 
significant steroid-sparing effect. 
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Administration of different therapies 


UVB phototherapy 

Phototherapy is most frequently referred to as UVB therapy and his- 
torically was delivered either as broad-band or narrow-band UVB. 
However, NB-UVB is more effective than BB-UVB for psoriasis and 
is now the standard form of UVB used. BB-UVB is now rarely used 
in modern phototherapy. It is recommended that the starting dose 
of UVB is based on the MED in order to reduce the risks of burn- 
ing on the one hand or undertreatment on the other, and to detect 
unsuspected photosensitivity [1]. 


Minimal erythema dose 

The MED is defined in the UK as the dose of radiation that produces 
minimal, just perceptible, erythema at 24 h post-irradiation (in 
other countries it is defined as the dose that produces well-defined 
erythema) [151]. There is a poor correlation between MED and skin 
type (as determined by physician estimate based on information 
provided by standard questioning of patients) [152]. The UVB 
MED gives an objective measure of a patient’s threshold cutaneous 
sensitivity to UVB. 

The MED can be determined by the use of a homemade template, 
or nowadays the usual practice is the use of automatic or semi- 
automatic hand-held UV exposure devices. If using a homemade 
template, any UV-opaque material with a number of apertures 
(typically eight) can be used, through which different doses of UVB 
can be delivered to the skin. A geometric series of doses are selected, 
based on skin phototype [153], such as 25, 50, 70, 100, 140, 200, 280, 
390, 550, 650 and 770 mJ/cm? for NB-UVB (Figure 21.7). The usual 
site for testing with the template is on the mid-back, avoiding the 
midline. The UVB testing source uses a bank of UVB tubes identical 
to those used in the irradiation cabinet and whose irradiance is 
regularly monitored. In some units the actual irradiation cabinet is 


Figure 21.7 Narrow-band UVB minimal erythema dose (MED) reading 24 h after the 
irradiation of phototest sites. Doses are in mJ/cm?. 
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Figure 21.8 Hand-held Hybec ‘Durham’ phototesting unit. 


used with the patient standing or sitting within it, but this requires 
careful covering of the patient to avoid unnecessary erythema and 
to some patients this can be very claustrophobic. In addition to 
being time consuming it also means that this cabinet is not available 
for treatment while the procedure is undertaken. Alternatively, a 
hand-held semiautomated UV device can be used and is placed 
directly on the skin being tested. The plate in contact with the skin 
is perforated with a number of apertures fitted with UV-attenuating 
mesh foil. Essentially, the finer the mesh, the more UV it blocks. 
One such device delivers 10 doses with an attenuation factor of 1.26 
between apertures allowing a sequence of doses to be delivered 
(Figure 21.8) [154]. 


Regimen variables 


Starting dose. The evidence for optimal dose regimens mainly 
relates to psoriasis. The action spectrum for the clearance of psoria- 
sis peaks in the UVB region around 311-313 nm and it was with this 
in mind that NB-UVB lamps were designed by Philips. To achieve 
clearance of psoriasis it is not necessary to use erythemogenic dose 
regimens. The starting dose is commonly initiated at a percentage 
of the MED (usually 70% or 50%) to minimise the risk of developing 
significant erythema. Interestingly, one study showed increased 
erythemal episodes with a 50% MED starting dose regimen when 
compared with 70% MED or arbitrary skin phototype-based start- 
ing dose regimens, and showed no difference in efficacy between 
any of the three regimens [155]. However, undertaking a MED or 
a small area test dose is important to detect unsuspected abnormal 
photosensitivity. 


Increments. As the skin acclimatises to UVB therapy by epidermal 
thickening and pigmentation, it is necessary to increase the dose 
incrementally. Comparison of a low-increment regimen (20%) with 
a high-increment regimen (40%) showed the former to result in 50% 
fewer episodes of erythema requiring postponement of treatment 
[156]. A low-dose regimen is advocated with a reduction to 10% 
increments if significant erythema develops. 


Frequency. Treatment three times a week is preferred to a five times 
per week schedule for patients of skin phototypes I-III. This is 
because the advantage of a marginally more rapid clearance of pso- 
riasis with the latter regimen is outweighed by the inconvenience 
to the patient of a higher frequency of treatment, and the higher 
cumulative UVB dose received [157]. Both twice and three times a 
week regimens are effective for psoriasis, although three times a 
week treatment results in faster clearance. 


Number of exposures. Clearance of psoriasis can usually be 
achieved with 20-25 treatments, although more prolonged courses 
may be needed, particularly with stubborn disease. Atopic eczema 
also usually requires more prolonged treatment courses than those 
used for achieving clearance in psoriasis. A course of 15 treatments 
is usually used for PLE desensitisation, although optimal treatment 
parameters have not been established. 


Ways to deliver phototherapy 

Ultraviolet B phototherapy is most commonly delivered in a cab- 
inet in which the patient is surrounded by TL-01 fluorescent tubes 
(Figure 21.9). Hand and foot units can also be used for localised hand 
and foot disease. 

Involved psoriatic skin has a much higher tolerance of UVB than 
the surrounding uninvolved skin. With UVB devices that can be 
targeted directly at individual psoriatic plaques, higher doses of 
UVB can therefore be used [158,159]. Treatment with 2-6 multiples 
of MED can clear localised plaques of psoriasis after five or six 
treatments. Coherent UVB in the form of the 308 nm excimer laser 
can also be used for stubborn localised psoriatic plaques, although 
availability is limited [160]. 

Home phototherapy has been particularly advocated for patients 
who cannot attend hospital because of geographical, work, eco- 
nomic or other reasons [161,162]. Such treatment has raised concerns 
of suboptimal therapy, greater risks and medicolegal implications, 
which have not been confirmed [163]. However, a study from the 
Netherlands, in which home phototherapy for psoriasis was com- 
pared with out-patient UVB, found that the treatments had similar 
efficacy and that the cumulative doses and rates of short-term side 
effects were comparable [164]. Cost analysis of home phototherapy 
for psoriasis versus hospital UVB therapy in Scotland concluded 
that home phototherapy was cost-effective and that the develop- 
ment of this means of treatment delivery should be encouraged 
[162,165,166]. Despite evidence of non-inferiority for the efficacy 
and safety of home phototherapy compared with hospital-based 
phototherapy, the uptake of the former is poor in UK National 
Health Service departments [167]. Recent studies have also rec- 
ommended the utility of home phototherapy for the treatment of 
vitiligo [168-170]. 


Figure 21.9 Patient with psoriasis receiving narrow-band UVB in a whole body cabinet. 


Psoralen and UVA 

Psoralens 

The most frequently used psoralens for oral use are 8-methoxypso- 
ralen (8-MOP) and 5-methoxypsoralen (5-MOP) [4,6,59,171]. The 
former is used preferentially as it is considered to be more effective 
and is less expensive. Nausea is a common side effect of 8-MOP 
and, if troublesome, switching to 5-MOP is helpful. The dose of 
psoralen used is most commonly determined on the basis of body 
weight: 0.6 mg/kg for 8-MOP and 1.2 mg/kg for 5-MOP. Some 
authorities advocate calculating the dose according to body surface 
area: 25 mg/m? for 8-MOP and 50 mg/m? for 5-MOP [172]. The 
latter method of dosing has been shown to improve the therapeutic 
effect of PUVA in psoriasis. 

Oral 8-MOP is taken 2 h before treatment with a light meal and 
5-MOP should be taken 2-2.5 h before treatment. 

Topical psoralens have been used for centuries for the treatment 
of vitiligo. Psoralens currently used for topical therapy include 
8-MOP and trimethylpsoralen (TMP) [173]. In equivalent con- 
centrations TMP is up to 30 times more phototoxic than 8-MOP, 
although it is now rarely used [174]. Psoralen can be applied topi- 
cally in a variety of ways: a bath solution for whole body treatment 
and soak, paint, cream or gel for hands and feet, scalp and other 
localised areas. 
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Topical therapy is preferable to oral therapy in patients with hep- 
atic dysfunction, gastrointestinal disease, cataracts, poor compliance 
with eye protection and risk of drug interactions (e.g. warfarin), and 
to allow shorter irradiation times (e.g. for children, the elderly or 
those with claustrophobia). 

A frequently used bath PUVA regimen in the UK involves dis- 
solving 30 mL of a 1.2% 8-MOP lotion in 140 L of water (final con- 
centration 2.6 mg/L) [173]. The patient bathes in this for 15 min, 
followed by immediate exposure to UVA. When treating the hands 
and feet with topical PUVA there should be a 30 min delay prior 
to irradiation to allow psoralen absorption into palmar and plantar 
skin [175]. 


Minimal phototoxic dose 
The MPD is determined in a similar way to MED except that the 
UVA geometric doses series is undertaken in psoralen-sensitised 
skin, 2 h after oral ingestion of a standard dose of 8-MOP (or 2.5 h 
for 5-MOP). Typical UVA test doses used include 0.5, 0.7, 1.0, 1.4, 
2.0, 2.8, 3.7, 5.5, 7.7 and 10.8 J/cm? but may vary between centres. 
The test sites are read after 72-96 h [176]. 

MPD testing allows the determination of the optimal starting dose, 
allows identification of underdosage due to poor psoralen absorp- 
tion and may identify patients with abnormal photosensitivity. 


Regimen variables 

Starting dose. The starting dose should ideally be based on the 
patient’s MPD, and between 40% (topical PUVA) and 70% (oral 
PUVA) of the MPD is recommended [177,178]. If MPD testing is 
unavailable or the patient’s skin is too extensively involved to 
measure the MPD, the starting dose is based on skin phototype: I, 
0.5 J/cm?; IL, 1.0 J/cm?; IIL, 1.5 J/cm?; and IV, 2.0 J/cm. The starting 
dose of bath PUVA should always be based on MPD testing because 
of the risk of severe photosensitivity. 


Increments. Doses are normally increased in 20-40% increments; 
lower increments may be indicated if significant erythema develops. 
If barely perceptible asymptomatic erythema develops, the dose can 
be kept the same until the erythema settles. 


Frequency. PUVA therapy is usually administered twice weekly as 
PUVA erythema is delayed [179]. It had been assumed that topical 
PUVA erythema was maximal at 72 h but more recent studies 
have shown the peak to occur at between 96 and 144 h [180,181]. 
Some centres still use PUVA three times per week, but this regimen 
can result in an increased incidence of burning and is therefore 
not advised, particularly given the cumulative carcinogenic risk 
of PUVA. 


Number of exposures. A typical twice weekly course of PUVA for 
psoriasis may last for 6-8 weeks, with the number of exposures 
required being similar to or less than that of NB-UVB, given that 
the latter is generally used three times per week. As there is a sig- 
nificantly increased risk of skin cancer with increasing cumulative 
exposure to PUVA, the number of treatments should be kept to a 
minimum and maintenance therapy avoided. 
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Figure 21.10 Patient's hands being irradiated with UVA following a topical 
psoralen soak. 


Ways to deliver PUVA 

As with UVB phototherapy, PUVA is usually delivered in a cabin 
with fluorescent tubes that surround the patient. PUVA can also be 
delivered locally with units that can be used to irradiate the hands 
and feet (Figure 21.10). Bath PUVA and localised PUVA are also 
available for patients when systemic PUVA is not recommended or 
is less appropriate. 


Eye protection 

Following the ingestion of psoralen tablets, patients are required to 
wear UVA-absorbing glasses before therapy and for at least 12 h after 
therapy (24h for children and patients with pre-existing cataracts or 
atopic eczema) [6,59]. During therapy UV-blocking goggles must be 
worn. Eye protection with bath PUVA is only necessary in patients 
with very extensive disease when the risk of systemic absorption 
becomes significant. 


Combination therapy 

Combination therapy (i.e. UVB or PUVA combined with topical or 
systemic therapy) is used to increase the clinical response of psoria- 
sis and to decrease the number of phototherapy exposures and thus 
the cumulative dose. 


Topical agents 

A variety of topical agents, including emollients [182], tar [183], 
dithranol (anthralin) [184], tazarotene [185] and vitamin D ana- 
logues such as calcipotriol [186,187], have been used in combination 
with phototherapy. Evidence for significant adjuvant or UV-sparing 
effects is limited. Studies of both calcipotriol and tazarotene have 
shown faster clearance of psoriasis with significantly lower median 


cumulative UV exposure. Vitamin D analogues are best used after 
UV exposure as they are unstable if exposed to UV radiation 
[188]. Topical immunomodulatory agents such as tacrolimus and 
pimecrolimus should be avoided. A multicentre study showed sig- 
nificant benefit when patients were treated with TL-01 UVB in the 
presence of Dead Sea salt solution [189]. In practice, if phototherapy 
is used optimally, the role of adjunctive therapies is less clear. 


Systemic agents 

There is good evidence that the combination of PUVA or UVB 
with an oral retinoid (so-called Re-PUVA or Re-UVB, respectively) 
increases efficacy and has a significant dose-sparing effect [190]. 
Retinoids are also beneficial due to their protective effects against 
skin cancer development [191]. In the management of CTCL, PUVA 
has been combined successfully with interferon and also with 
bexarotene [192,193]. Concomitant systemic immunosuppressive 
agents should in general be avoided in combination with photother- 
apy in order to avoid an augmented risk of skin cancer. Eruptive 
skin cancers have been reported when ciclosporin is used in patients 
who have received high cumulative doses of PUVA [194]. NB-UVB 
enhances the efficacy of a variety of biologic agents including 
alefacept [195], etanercept [196,197], adalimumab [198] and ustek- 
inumab [199]. There have been recent reports of apremilast and 
fumaric acid esters in combination with NB-UVB demonstrating an 
enhanced treatment response [200,201]. However, most studies did 
not include a phototherapy-alone control group, so it is not feasi- 
ble to conclude that any increased effect was due to combination 
therapy as opposed to the effect of NB-UVB alone. The potential 
for enhanced skin carcinogenesis is a significant concern with such 
combinations and they should, in general, be avoided. However 
TL-O1 therapy could be considered in combination with selected 
systemic agents (not ciclosporin) as a short-term rescue therapy to 
control flares. 


UVA-1 phototherapy 

Ultraviolet A-1 phototherapy uses long-wavelength UVA radiation 
(340-400 nm), filtering out the erythemogenic UVA-2 and UVB 
wavelengths (280-340 nm). UVA-1 phototherapy has been used at 
a wide variety of doses, typically described as high (>60 J/cm’), 
medium (30-60 J/cm?), low (10-20 J/cm?) and very low (<10 
J/cm?). There is very little evidence to define what the optimal 
UVA-1 treatment regimen should be, although common practice is 
stated here [12,101]. 


Minimal erythema dose 
This is determined using a range of doses which reflect whether a 
low, medium or very high dose schedule is being used. 


Regimen variables 


Starting dose. The starting dose is based on the MED and is usually 
50% of the latter. 


Increments. Increments of 10-20% can be used at each treatment 
depending on whether or not erythema develops. 


Frequency. Treatment is administered 3-6 times per week. 
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Number of exposures. In general, a trial of a minimum of 15 treat- 
ments would be recommended before deciding on whether to con- 
tinue treatment or not. 


Ways to deliver UVA-1 

Ultraviolet A-1 can be delivered either via low-irradiance lamps 
(such as Philips TL-10) or from metal halide portable or whole body 
UVA-1 units. The latter provide a much higher irradiance thus 
allowing increased dose delivery. 


Extracorporeal photochemotherapy 

The photopheresis procedure takes place in three stages: leuka- 
pheresis, photoactivation and reinfusion [116,202]. Whole blood 
is removed from the patient and then centrifuged to separate the 
red blood cells (RBCs) from the white blood cells (WBCs). The 
WEBCs (along with some plasma and RBCs) form the buffy coat. 
The latter is then mixed with saline and 8-MOP (UVADEX®) and 
photoactivated by being passed through a plastic film which is 
irradiated by UVA lamps (Figure 21.11). The irradiated buffy coat is 
then reinfused into the patient. 


Phototesting 
Minimal phototoxicity dose testing is not necessary as irradiation 
occurs outside the body in a machine. 


Regimen variables 


Standard dose. The dose of UVA delivered to the patient’s lympho- 
cytes is 1-2 J/cm?. 


Increments. None, the standard dose is used for each treatment. 


Figure 21.11 (a) Patient receiving extracorporeal 
photopheresis. (b) Close-up of the upper part of the 
photopheresis equipment showing the patient's buffy 
coat containing white blood cells being circulated 
between UVA tubes. 


Frequency. It is administered on 2-3 consecutive days once per 
month (for GVHD every 2-3 weeks). The frequency of treatment 
can be increased in non-responders. 


Number of treatments. Treatment is generally continued for 6 
months before declaring treatment failure if there is a lack of 
response. In patients who respond to therapy this can be contin- 
ued at a decreased frequency to provide maintenance control if 
necessary. 


Ways to deliver extracorporeal photochemotherapy 
Extracorporeal photochemotherapy has been most commonly deliv- 
ered using the UVAR XTS® system (Therakos). The CELLEX (Ther- 
akos) system has recently replaced the latter system and is used in all 
UK sites [135]. The CELLEX system shortens treatment times using 
double needle access and allows patients of lower body weight to 
be treated [136]. Although 8-MOP may be given orally to admin- 
ister ECP, plasma levels can be erratic, side effects such as nausea, 
vomiting and diarrhoea may be troublesome, and there is a risk of 
burning from exposure to ambient UV [203,204]. 


= 
a 
WJ 
= 
Wu 
UO 
< 
z 
< 
= 
Fe 
= 
ce 
a 


Adverse effects 


UVB phototherapy 

Acute effects 

Erythema 

Erythema and burning are the most common side effects of treat- 
ment. Erythema peaks at 12-24 h and can be associated with 
pain, swelling and blistering (Figure 21.12) [1,205,206]. Burning is 
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Figure 21.12 Burn sustained to the lower trunk during narrow-band UVB therapy due 
to slipping of the patient's underpants. 


more likely in patients who are of skin phototype I/II, are obese, 
have inadvertent exposure of previously covered skin (e.g. after 
a haircut), are taking phototoxic drugs or herbal medication or 
have unknown photosensitivity (e.g. lupus erythematosus) [207]. 
Burning may also be due to operator error in programming the 
cabinet timer or selecting the correct dose for the correct patient. 
Mild erythema is managed using topical corticosteroid creams 
and emollients. Further treatment is withheld until the erythema 
settles, after which a lower incremental dose regimen should be 
introduced. More severe reactions may require a short course of 
oral corticosteroids and/or non-steroidal anti-inflammatory drugs 
(NSAIDs). 


Pruritus 

This is usually due either to phototherapy-induced dryness of the 
skin or to the underlying disorder being treated. It can usually be 
controlled by emollients [208]. 


Herpes simplex virus reactivation 

This most commonly affects the lip and occurs more frequently in 
those with a past history of such outbreaks [209]. The areas in ques- 
tion can be protected by a sunscreen or visor if necessary. 


Lesional blistering 
Blistering of psoriatic plaques is an uncommon side effect of TL-01 
phototherapy and is usually asymptomatic [210]. It typically occurs 
mid-way through a treatment course and usually settles sponta- 
neously or following dose reduction. It can occur in the absence of 
erythema or burning. 


Flare of polymorphic light eruption 

The precipitation of PLE is a not uncommon occurrence during 
phototherapy in those who are predisposed to it (Figure 21.13) 
[208]. This is managed by the use of topical corticosteroid creams 
and adjustment of the treatment regimen. 


Figure 21.13 Flare of polymorphic light eruption on the chest induced by UVB therapy. 


Idiopathic guttate hypomelanosis-like 
macules and lentigines 

Idiopathic guttate hypomelanosis-like lesions have been reported 
in 7 of 87 patients with mycosis fungoides treated by NB-UVB or 
PUVA [211]. Four affected patients had received NB-UVB and three 
PUVA. Lentigines have also been reported to have occurred in 10 
of 73 (13%) patients with mycosis fungoides who received NB-UVB 
treatment [212]. They were restricted to mycosis fungoides lesions 
in seven patients and both involved and uninvolved skin in three 
patients. Two of these patients also had concomitant idiopathic 
hypomelanosis lesions. 


hypopigmented 


Folic acid depletion and phototherapy 

Ultraviolet radiation is known to cause photodegration of folate in 
vitro and in human skin [213]. Studies of NB-UVB on serum folate 
levels are controversial. Some show no change [214-216] and others 
show a reduction [217,218]. El-Saie et al. reported after exposure to 18 
and 36 treatment sessions that the decreases in folate were 19% and 
27%, respectively [218]. The largest study to date has recently been 
reported in 1001 patients treated with NB-UVB [219]. This group 
found that a significant fall in folate occurred after 12 exposures, 
but no significant changes were observed between baseline and 24 
or 36 exposures. It has been recommended that women of child- 
bearing age receiving phototherapy should take folate supplements 
[219,220]. 


Ophthalmological effects 

Narrow-band UVB can induce both acute and chronic photodamage 
to the eye [221]. Acute exposure can result in photoconjunctivitis 
and photokeratitis. Chronic UVB exposure can result in corneal 
degeneration, cataract formation, ptergium and squamous cell car- 
cinoma of the conjunctiva. In view of these risks protective goggles 
must be worn during treatment [221,222]. NB-UVB can be used to 
treat eyelid dermatoses without goggles as the eyelid blocks the 
majority of radiation to the eye [223]. The latter method can be 
considered in carefully selected patients who are compliant with 
keeping their eyes shut. If patients are poorly compliant or eyelid 
closure is incomplete, UV-blocking contact lenses can be used. Soft 
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contact lenses are preferable to gas permeable ones due to complete 
coverage of the cornea [222]. 


Chronic effects 

Photoageing 

Premature cutaneous ageing may be induced or exacerbated by 
UVB phototherapy. The skin develops a leathery appearance, xero- 
sis, wrinkling, pigmentary changes, loss of elasticity and increased 
fragility [2]. 


Carcinogenesis 

Broad-band UVB has a carcinogenic risk that is not well defined 
due to the many confounding variables; these include recreational 
sun exposure, exposure to sunbeds or PUVA, skin type and expo- 
sure to systemic immunosuppressive therapies. A meta-analysis of 
studies using BB-UVB estimated an excess risk of non-melanoma 
skin cancer of about 2% per year [224]. Stern’s long-term follow-up 
study of PUVA recipients in the USA showed that the risk of devel- 
oping genital squamous cell carcinoma was 4.6 times greater in men 
with psoriasis and a history of significant UVB exposure (>300 treat- 
ments) than in men with similar PUVA exposure but without UVB 
exposure [225]. Genital protection during phototherapy continues to 
be recommended to minimise this risk. 

The carcinogenic risk of NB-UVB, which is being increasingly 
used for delivering phototherapy, is not fully defined in humans but 
is less than that of PUVA. Extrapolation from animal studies would 
suggest that NB-UVB is 2-3 times per MED more carcinogenic than 
BB-UVB [226]. It has been suggested that this risk is abrogated in 
clinical practice, as the number of MEDs to clear psoriasis with 
NB-UVB is less than a third that required with BB-UVB. Clinical 
studies to date have not identified a significant risk of skin cancer 
in patients treated with NB-UVB, but further long-term follow-up 
studies are required [227,229,230] and appropriate governance 
of phototherapy services and recording of treatment numbers 
are essential, with monitoring of those who have received high 
cumulative treatment numbers advisable. 


PUVA 

Acute effects 

Acute phototoxicity 

The erythema induced by PUVA is delayed, thus incurring a risk 
of cumulative injury if treatments are more frequent than twice per 
week. Peak erythema following the administration of oral and topi- 
cal PUVA occurs between 72 and 120 h and between 96 and 144 h, 
respectively [231,232]. Acute PUVA phototoxicity can range from 
mild erythema to severe pain with oedema, blistering and systemic 
upset including malaise and fever. PUVA erythema not only appears 
later than UVB erythema but lasts longer. A rarer form of photo- 
toxic reaction to PUVA is nail damage with photo-onycholysis 
[233] or subungual haemorrhage [234]. Episodes of burning are 
more common with topical PUVA than with oral PUVA due to 
greater epidermal concentrations of psoralen and uneven absorp- 
tion into the skin. The smaller risk of burning from oral PUVA 
can be lessened further by using 5-MOP rather than 8-MOP [235]. 
Predisposing factors for the development of erythema are similar to 
those discussed for UVB-induced erythema. 


The management of phototoxic reactions depends on their sever- 
ity and can range from dose increment adjustments to withdrawal 
of treatment. Mild to moderate erythema can be managed with 
moderate to potent topical corticosteroid creams and emollients. 
Severe reactions with blistering may require a potent topical corti- 
costeroid such as clobetasol propionate supplemented by a short 
course of systemic corticosteroids. 


Pruritus and pain 

Pruritus occurs in up to 25% of patients and is associated with 
dryness of the skin [234,236]. This can usually be controlled with 
emollients. A rare but severe idiosyncratic side effect is PUVA pain 
that can last for weeks or months and does not appear to correlate 
with PUVA phototoxicity [237,238]. PUVA pain is important to 
identify as management is difficult. Low-frequency electrotherapy 
[239], topical capsaicin [240] and oral gabapentin [241] or phenytoin 
[242] have all been advocated. The continuation of PUVA or further 
courses in the future are contraindicated as recurrence of pain is 
common. 


Nausea 

Nausea is a common side effect in patients treated with oral 8-MOP 
PUVA. This can be lessened by taking the psoralen with a light meal 
or by using an antiemetic. Alternatively switching to 5-MOP or top- 
ical PUVA may help [59]. 


Blistering 
Subepidermal bullae have been reported to be induced by PUVA 
[4,243]. Phototoxic reactions to PUVA can result in bullae that occur 
most commonly in an acral distribution. Induction of bullous pem- 
phigoid or a flaring of this in a patient with pre-existing disease is 
recognised. 


Provocation of photodermatoses 
Polymorphic light eruption can be precipitated by PUVA, as can 
undiagnosed lupus erythematosus [208]. 


Herpes simplex reactivation 
As with UVB phototherapy, outbreaks of herpes can be precipitated 
by PUVA [244]. Management is no different. 


Other side effects 

Less commonly observed side effects include transient nail pig- 
mentation, a facial dermatitis resembling seborrhoeic dermatitis, 
folliculitis, facial hypertrichosis [208,234], disseminated superficial 
actinic porokeratosis [245], lichenoid eruptions [246], headaches, 
insomnia [247] and allergic reactions to 8-MOP [248,249]. 


Chronic effects 

Photoageing 

PUVA induces features resembling photoageing (dermatoheliosis) 
except that the changes are not confined to sun-exposed sites. The 
clinical features are similar to those described for UVB therapy but 
pigmentary changes and xerosis are more prominent. These changes 
are cumulative and dose related [208,250]. 
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Figure 21.14 PUVA lentigines affecting a patient's legs. 


PUVA keratoses 

These manifest as multiple hyperkeratotic papules, most commonly 
located on non-sun-exposed sites, for example the legs, trunk and 
sides of the hands, feet and digits [251]. They occur most frequently 
in those patients exposed to high cumulative doses and are associ- 
ated with an increased risk of non-melanoma skin cancer. 


PUVA lentigines 

These are large, irregular, stellate, darkly pigmented macular lesions 
(Figure 21.14) that histopathologically consist of large and atypical 
melanocytes. They occur most frequently in patients of skin type 
I/IL who have received high numbers of PUVA treatments [252,253]. 
There is no proven link between PUVA lentigines and the develop- 
ment of melanoma. Interestingly, however, a recent study has found 
that the T1799A BRAF mutation is commonly found in PUVA lentig- 
ines, suggesting premalignant potential [254]. 


Non-melanoma skin cancer 

There is now substantial evidence for the carcinogenic risk of PUVA 
therapy in large cohorts of patients followed up for prolonged peri- 
ods of time, particularly from the USA and Sweden [255-261]. There 
is amarked and dose-dependent increased risk of squamous cell car- 
cinoma (SCC): in the most recent report from the American cohort, 
the risk of developing one or more SCCs in a year was strongly asso- 
ciated with the total number of PUVA treatments (350-450 versus 
<50 treatments; incidence rate ratio (IRR) of 6.01) [262]. The over- 
all excess risk of SCC in the high exposure group was significantly 
greater than this (IRR of 20.92). A 16-fold increase in incidence of 
genital SCC was observed in males from the same cohort whose 
exposure to PUVA was high (>240 treatments) rather than low (<140 
treatments) [225]. It is recommended that lifetime exposure should 


be limited to 150-200 treatment sessions or a cumulative dose of 
1000-1500 J/cm?. Maintenance therapy should be avoided [6,59]. 

Important risk factors for PUVA-induced skin cancer include skin 
types I/IL a previous history of skin cancer, previous exposure to 
radiotherapy or arsenic [263-266], immunosuppressive therapy, 
especially ciclosporin [194,258,267,268] or UVB therapy [269], and 
the presence of PUVA keratosis [251] or lentigines [253]. 

PUVA is mutagenic [270,271], immunosuppressive [272-274] and 
carcinogenic [275,276]. p53 mutations have been detected in 65% 
of PUVA-induced SCCs. The mutational pattern consists not only 
of PUVA-specific mutations (T to A transversions) but also ‘finger- 
print’ mutations, as seen following solar exposure and UVB therapy 
(i.e. C to T or CC to TT mutations) [277-279]. PUVA has various 
effects on the immune system including decreasing the number of 
CD3+, CD4+ and CD8+ T lymphocytes in both the epidermis and 
dermis and affecting Langerhans cell immune expression [272,273]. 
In addition, PUVA has also been reported to reduce a variety of cir- 
culating lymphocyte subsets [274]. Decreased immune surveillance 
may contribute to the carcinogenic effects of PUVA. To date there is 
no evidence to support an increased risk of skin cancer occurring in 
patients who have received bath or topical PUVA [280]. 


Melanoma 

Psoralen and UVA can stimulate the growth of melanoma cells 
and induce melanocytic tumours in animal experiments [281,282]. 
A fivefold increase over the expected incidence of melanoma 15 
years after first treatment was reported from a US 16-centre PUVA 
cohort [283]. Follow-up of the same cohort (an average of 2.25 years 
later) has showed a further increase to nine times the expected 
incidence [284]. The melanomas were more common in patients 
of skin type I/II and in those who had received at least 250 PUVA 
exposures. European study groups, on the other hand, have not 
found an increased risk of melanoma with PUVA [261,265,285,286]. 
In particular, the study of 4799 Swedish patients treated with PUVA 
with an average follow-up of 16 years did not detect an increased 
incidence of melanoma [261]. Due to the long latent period of 
melanoma, further follow-up of these cohorts will be required to 
clarify melanoma risk in patients treated by PUVA. 


Internal malignancy 

It is known that patients with psoriasis have a threefold increased 
risk of lymphoma compared with the general population [287]. As 
PUVA alters immune function and surveillance there is a concern 
that the risk of internal malignancy, particularly of lymphoprolifer- 
ative neoplasms, may be increased. To date studies have not demon- 
strated a significant association of PUVA with the development of 
lymphoma [288], nor a consistent relationship with other internal 
malignancies [259,261,289]. 


Ophthalmological effects 
Psoralens can penetrate the ocular lens, where 8-MOP has been 
detected in humans at 12 h and in rats at 12-24 h after systemic 
administration [290,291]. Following exposure to UVA, psoralens 
can bind to proteins in the lens, where they can accumulate as a 
result of the lack of cell turnover [292]. 

Cataract development following PUVA has been reported in 
some animal experiments [4]. Several studies of patients who have 


received PUVA have not shown an association between PUVA and 
cataract development [293-295]. A study of 82 patients who refused 
to wear protective sunglasses after PUVA did not observe any lens 
abnormalities. Decreased lacrimation and conjunctival hyperaemia 
occurred in some cases, however [296]. It is recommended that 
protective eyewear be worn for 12 h after the ingestion of psoralen 
and for 24 h in individuals with pre-existing cataracts or who may 
be at increased risk of cataract (e.g. children and patients with atopic 
eczema). A survey of protective eyewear used for PUVA showed 
that all sunglasses tested were suitable and the UV400 label was 
proven to indicate appropriate protection [222]. 


UVA-1 phototherapy 

Acute effects 

Ultraviolet A-1 is generally well tolerated. Expected acute adverse 
effects include erythema, pigmentation, induction of PLE and 
recrudescence of herpes simplex virus infection [12]. Erythema 
induced by UVA-1 has a biphasic time course, with an early peak at 
15-60 min and a delayed peak that may be maximal as early as 8 h 
after exposure, although this latter peak may be broad and plateau 
between 8 and 24 h [297]. 


Chronic effects 

Ultraviolet A-1 phototherapy, in common with NB-UVB and PUVA, 
is photogenotoxic, photomutagenic and carcinogenic in a mouse 
model. There is no evidence as yet of increased risk of skin cancer 
in humans [298]. There are, however, concerns about its potential 
carcinogenic risk as it has been shown to induce cyclobutane pyrim- 
idine dimers, particularly thymine dimers, and the basal layer is 
particularly vulnerable [299]. Oxidative DNA damage occurs at both 
genomic and nucleotide levels and there is also altered calcineurin 
signalling, which may impair tumour suppression [300]. 


Extracorporeal photochemotherapy 

Adverse events occurring with ECP are uncommon providing pso- 
ralen is added to the treatment bag and not given orally [301]. Side 
effects reported include transient hypotension, low-grade pyrexia, 
an increase in erythema of the skin, anaemia with long-term use and 
thrombocytopenia [136,202,302]. 


Patient selection, assessment and education 


Patient selection and assessment 
Patients requiring phototherapy should be appraised for factors 
relating to skin cancer risk (see Box 21.2) [3,6]. A referral form 
completed in the clinic should document the patient’s risk factor 
profile and should include documentation of skin type, previous 
natural sunlight/ UVB/PUVA/sunbed use, previous skin cancer or 
precursors, previous systemic immunosuppressive drug therapy 
and exposure to radiotherapy (Figure 21.15). In addition, a full skin 
examination should be performed to assess solar damage and to 
look for the presence of multiple freckles/moles, premalignant skin 
lesions and skin cancers. 

Itis also important to document all medication, especially any oral 
photoactive drug or herbal product being taken such as a thiazide 
diuretic or St John’s wort (Hypericum perforatum). Most photoactive 
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DEPARTMENT OF PHOTODERMATOLOGY 
BELFAST CITY HOSPITAL 
UVB THERAPY PRE-TREATMENT ASSESSMENT 


DATEIOFIRERERRAL wiintentressprcariatareesseeters erence 


REFERRED BY ..... 


CONSULTANT screreccssesceccrressese eat ctgesracan-acckensaa tenner 


Unit No: 


21.15 


Address: 


Contact No(H): 


Contact No(W): 


BT DOB: 


TREATMENT: 


| UVB Therapy 


Topical treatment only [ 


Additional Topical Treatments: 


DIAGNOSIS 


SKIN TYPE 


1_ Always go red, never tan 


4 Never burn tan easily 


| 2 Usually go red, then develop a tan 5 Asian/Hispanic skin type 
3 Don't usually go red, tan easily 6 African/Caribbean skin type C1) 
PREVIOUS HISTORY 
Photosensitivity History YES/NO 
CVS/Hepatic/Renal disease YES/NO 
Cataracts YES/NO 
Skin Cancers YES/NO 
Epilepsy YES/NO 
Any current significant illness YES/NO 
Any known allergies YES/NO 
PREVIOUS EXPOSURE 
UVB (Broadband) YES/NO 
UVB(Narrowband/TL01) YES/NO 
PUVA YES/NO 
MTX YES/NO 
Retinoids YES/NO 
Cyclosporin YES/NO 
Other immunosuppressive agents YES/NO 
Radiotherapy YES/NO 
Sunbed use YES/NO 
CURRENT DRUGS: 
Oral: 
Topical: 
EXAMINATION Skin Cancer YES/NO 
____Dysplastic Moles YES/NO 
Special Precautions to be taken: : 
DOCTORS SIGNATURE 


Figure 21.15 Ultraviolet B referral form. 


drugs absorb maximally in the UVA region and only some (includ- 
ing thiazides and quinine) have an extension of their action spec- 
trum into the UVB region. In one study, patients taking NSAIDs, 
calcium channel antagonists and phenothiazines were reported to 
have a lower NB-UVB MED, a factor which may need to be taken 
into consideration in patients being assessed for phototherapy [303]. 
Furthermore, photosensitising drugs may increase the risk of erythe- 
mal episodes during a course of NB-UVB phototherapy, even if the 
baseline MED was normal [207]. 

Photosensitivity with UVA-1 phototherapy is more likely in 
patients taking photoactive drugs [12]. With PUVA, the over- 
whelming photosensitisation by psoralen usually means that other 
photoactive drugs are unlikely to cause any additional clinically 
important photosensitisation. 

Patient selection is particularly important for home phototherapy. 
Candidates for such therapy include those living some distance from 
the local phototherapy unit, who have poor transport links, have dis- 
ability or mobility problems or have work/childcare or other caring 
responsibilities. Suitable candidates should also be required to have 
a good understanding of how to perform such therapy after appro- 
priate training and monitoring [167]. 
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Topical therapies should also be assessed. Consideration should 
be given to discontinuation of topical calcineurin inhibitors, such as 
tacrolimus [304]. Patients with epilepsy should be asked whether 
seizures can be induced by light exposure. As PUVA therapy is 
mutagenic this treatment should be avoided in pregnancy. Oral 
PUVA should be used with caution if the patient has significant 
liver dysfunction. 


Patient education 

Patients who are commencing phototherapy or PUVA should be 
counselled regarding both the acute and chronic potential side 
effects of treatment. This should be reinforced by providing a 
patient information leaflet. Patients should be advised regarding 
the appropriate use of emollients. The importance of reporting any 
new medication and of avoiding fragrance-containing products, 
sunbathing and sunbeds during the course of treatment should be 
emphasised. Also, it is important to advise patients to maintain 
a consistent hairstyle and to explain the rationale for this advice. 
Males should be advised of the need to protect the genitalia. The 
importance of wearing protective eyewear should be stressed. The 
treatment cabin should be shown to the patient and the proto- 
col explained, stressing the importance of regular attendance. A 
consent form should be signed by the patient before treatment 
is commenced. A recent report assessed educational benefits for 
patients using a computer tablet education session compared with 
traditional education before phototherapy. The tablet-based sessions 
led to higher levels of patient phototherapy safety knowledge [305]. 


Patient and staff safety 


Both patient and staff safety should be ensured. For patient safety, 
see Box 21.3. 

Individuals who may be exposed to UV radiation include nurses 
and nursing assistants, medical physicists, doctors or, less com- 
monly, physiotherapists. The most important risk to staff is exposure 
to UVB. Staff who conduct dosimetry should wear goggles, face 
shields, appropriate clothing and a sunscreen (sun protection factor 
>30) if they have to enter the cabinet with the lamps on. When UV 
cabinets are being used, the lamps should be switched off before 
opening or entering the cabinet. 


Patient follow-up: skin cancer surveillance 


It is well recognised that systemic PUVA therapy is associated with 
a dose-related increased risk of non-melanoma skin cancer, partic- 
ularly SCC. It has been recommended that the maximum lifetime 
dose should not exceed 1000-1500 J/cm? or 150-200 exposures 
[6,59]. The increased carcinogenic risk seen with systemic PUVA 
has not been seen with bath PUVA. Bath PUVA involves lower UVA 
doses but results in a much higher epidermal psoralen concentra- 
tion than oral PUVA. Thus the potential for induction of mutagenic 
DNA lesions remains and ongoing vigilance in these patients is 
required. It is important to take into account total UVA dose in addi- 
tion to treatment numbers when considering the carcinogenic risk 
of PUVA. The British Association of Dermatologists (BAD) Service 


Box 21.3 Patient safety during ultraviolet (UV) 
phototherapy or psoralen and UVA (PUVA) 


Eye protection 

¢ Patients must wear UV-blocking goggles while receiving treatment 

e Individuals receiving oral PUVA must wear UVA-blocking glasses 
for 12 h following the ingestion of psoralen (longer if risk factors for 
cataract development are present) 

¢ Patients should be provided with a list of approved UV protective 
eyewear and have their own glasses checked [307-309] 


Prevention of burning 

¢ Minimal erythema dose/minimal phototoxic dose testing: this allows 
more accurate determination of starting dose than that based on skin 
type 

e Accurate dosimetry: the irradiance of cabinets should be regularly 
checked by a medical physicist using an appropriately calibrated 
radiometer. In-built radiometers in cabinets have been found to be 
unreliable. Exposure times for the full range of doses used should be 
precisely calculated for each individual cabinet. It is helpful if these 
can be displayed in tabular form with the corresponding doses 
according to the measured irradiance 

e Patient education: factors that can lead to inadvertent burning 
should be discussed with each patient 

¢ Obese patients may require a modified treatment protocol, i.e. a 
lower starting dose, as areas such as the breasts, buttocks and 
abdomen are closer to the lamps 

¢ Use of correct UV source: in cabinets that have combined UVB and 
UVA lamps it is essential that the correct tubes are selected for 
treatment 

e Lamp maintenance: cabins should be kept clean and lamps should be 
inspected regularly. Tubes should be replaced when their output falls 
to a predetermined threshold as agreed with the local medical 
physicist. If a number of tubes need to be changed at the same time, 
the new tubes should be spaced out and not replaced side by side to 
minimise the risk of burning due to uneven irradiance from the 
cabinet. The irradiance should be rechecked once lamp replacement 
has been completed 

¢ Psoralen dosage: it is important to ensure that the patient has taken 
the correct number of tablets at the correct time prior to skin 
irradiation 


Reducing skin cancer risk 

¢ Male patients should wear appropriate clothing to protect the 
genitalia [310] 

¢ The face (if not involved by the dermatosis being treated) should be 
shielded with a visor to avoid unnecessary UV exposure 

¢ For some indications, whole body treatment may not be required (e.g. 
for polymorphic light eruption desensitisation, treatment limited to 
the photoexposed skin may be sufficient). Treatment planning should 
take such factors into account to reduce overall UV exposure load 


Guidance and Standards for Phototherapy Units has recommended a 
threshold of >500 UVB exposures for skin cancer screening review 
[306]. It is recommended that patients who exceed these maximum 
thresholds of exposure should have an annual skin examination 
carried out to detect premalignant and malignant skin lesions. This 
is particularly important for those patients with other risk factors, 
such as those of skin type I/II. 
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Assimilation of long-term follow-up data for NB-UVB is ongo- 
ing, although the preliminary data have not, however, suggested a 
significant increase in skin cancer risk from NB-UVB [227-229]. 

Mathematical models have been created in attempts to quantify 
the risk of skin cancer resulting from NB-UVB but the methodologies 
used are very variable. One group, on the premise that an increased 
risk of non-melanoma skin cancer of no more than 50% is ‘accept- 
able’, has recommended limiting lifetime exposure to 450 treatments 
[311]. However, there are concerns about defining a ceiling number 
of treatments in the absence of robust clinical data to support this 
and, more importantly, without assessing risk/benefit on an indi- 
vidual basis. 


Clinical governance 


Skin burning secondary to phototherapy is a leading cause of 
negligence legal claims in dermatology [312,313]. To reduce the risk 
of this adverse event and to ensure maintainance of safety, good 
clinical governance practice is essential. A phototherapy service 
should have a designated responsible person or lead clinician (usu- 
ally a consultant dermatologist). This individual should ensure that 
high quality standards are maintained. Guidelines and protocols 
should be maintained and updated. Staff should be suitably trained 
and their knowledge should be updated through formal clinical 
professional development (CPD). The service should be delivered 
by a multidisciplinary team which should consist of the lead clini- 
cian, lead phototherapy nurse, medical physicist and other relevant 
assistant staff. Areas that require being audited regularly include 
patient outcomes, documentation, adverse events, equipment 
maintenance and risk management. Governance may be overseen 
through managed clinical networks, such as in Scotland where pho- 
totherapy is standardised and governed through the oversight of 
Photonet, the Scottish Managed Clinical Network for Phototherapy. 


Documentation 

In most of Europe and North America there is a legal requirement 
for documentation that should include patient records, dosimetry 
and equipment maintenance, adverse events and summary records 
of departmental activity. 


Patient records 

Referral forms for phototherapy or PUVA must be completed by 
a dermatologist or authorised dermatology practitioner. The con- 
tent of this form should include patient identity, the disease being 
treated, type of phototherapy requested, current systemic medi- 
cations, previous phototherapy and details about the absence or 
presence of any contraindications or risk factors for phototherapy. 
A record of informed consent must be obtained and patients must 
receive a patient information leaflet. A formal nursing assessment 
should be recorded. Phototest results, treatment type (including 
details of psoralen dose), incremental regimen prescribed, all treat- 
ment visits, UV doses administered, response to treatment and 
adverse incidents must all be systematically documented. 


Dosimetry and equipment maintenance 
The UV equipment used must be ‘CE’ marked as a medical device 
and be appropriately maintained by an approved engineer or 


medical physicist. Assessment of the electrical safety and inspec- 
tion of the integrity of all UV units should form part of a regular 
maintenance schedule, careful records of which must be kept. 
Records must be kept of all UV calibration readings, which must 
be carried out by an approved medical physicist. Any radiometer 
used must be calibrated with traceability to the UK National Physics 
Laboratory or equivalent authority elsewhere [44]. A policy for the 
replacement of low-output or failed UV lamps should be in place. 


Adverse incidents 

All adverse incidents should be recorded. The circumstances should 
be clearly described with the action taken. These incidents should 
be discussed at department meetings to minimise the risk of recur- 
rence of such events. 


Performance indicators 

These reflect the workload of the department and should include 
the total number of patients treated, total number of treatment 
sessions with a breakdown by treatment modality, number of 
patients on the waiting list and average waiting time from referral 
to treatment. 


Risk management 

A formal risk assessment of potential hazards in the phototherapy 
department, especially from inadvertent exposure to UV radiation, 
should be undertaken at least annually. Employee exposure to 
UV radiation should not exceed exposure limit values (ELVs) as 
required by control measures of the Artificial Optical Radiation 
Directive (AORD) [314]. The waiting areas must be separate from 
treatment areas. Warning signs should be displayed on entering 
areas where UV is being used. An infection control and hygiene 
policy should be established, particularly with regard to cleaning 
the phototherapy equipment. 


Audit 

The phototherapy service should be regularly audited to ensure 
it is maintaining standards and adhering to guidelines [1,3,6]. 
Many aspects of the service can be audited, including quality of 
phototherapy records; clinical outcome including adverse events; 
workload and activity statistics; waiting list management and access 
to the service; and discharge and follow-up procedures. 


How to set up a phototherapy unit 


The setting up of a phototherapy service involves the participa- 
tion of different groups — including medical and nursing staff, 
the medical physics service, local health service management and 
hospital engineers (with regard to both electrical supply and safety) 
[1,6]. The involvement of patient organisations may help persuade 
administrators and funders of the desirability of providing such a 
service. 

It is vital that adequate space is provided. For a modest district- 
based service serving a population of 200 000 people there should 
be sufficient room to accommodate one NB-UVB cabinet, one PUVA 
cabinet, a set of UV units for the local treatment of hands and feet 
and UV units for phototesting. If topical bath PUVA is to be offered, 
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bathing facilities are necessary. In addition to the treatment area, 
which requires adequate ventilation to cope with heat emitted 
by the UV equipment, space is also required for a waiting area 
with access to toilet facilities and for reception and nursing admin- 
istration areas with appropriate IT facilities and document storage 
space. 

Policies need to be established for ongoing UV cabinet mainte- 
nance, lamp replacement and radiometry [44]. Staff should have a 
background of experience and training in dermatology and should 
have attended a core phototherapy course followed by a period of 
supervised practice in a unit where UV therapy is already provided. 
Protocols and evidence-based guidelines must be in place and staff 
training completed before the service is opened. 

The introduction of a home phototherapy service also requires a 
multidisciplinary team approach. Patient selection and appropriate 
training and supervision by staff are essential. Standardised treat- 
ment protocols need to be adhered to and the supervising nurse 
should contact the patient regularly during treatment to assess 
progress and any problems [167,315,316]. 


What's new: developments 


Phototherapy is a highly effective and safe treatment option for 
many skin diseases and continued awareness of the availability of 
this form of treatment is important. 

One of the factors limiting further therapeutic advances in pho- 
totherapy sources has been our relative lack of understanding of 
the action spectra for the clearance of diseases other than psoriasis. 
Most of the developmental work relating to optimising photother- 
apy regimens has been with psoriasis in mind. Future work to 
define the optimal wavelengths for the treatment of diseases such 
as eczema, mycosis fungoides and vitiligo is required in order to 
promote the development of light sources and treatment regimens 
that are disease-specific. 

Advances in technology are enabling the development of com- 
pact, portable, efficient and inexpensive UV and visible light- 
emitting diode (LED) light sources. Taken together with modern 


methods of instant communication, these may facilitate the devel- 
opment of patient self-administered home phototherapy services 
with ready access to expert supervision and assistance coordinated 
from a central phototherapy department. Clinical governance is 
essential and the development of national networks to centralise 
this is ongoing. The future of phototherapy is encouraging. As new 
insights into skin biology are gained, there will be opportunities to 
refine treatment further to improve its already good efficacy /risk 
profile. 
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What is photodynamic therapy? 


The aim of all dermatology treatments is to clear diseased tissue, 
while sparing normal healthy skin. Photodynamic therapy (PDT) 
has three key components: tissue-localised photosensitiser, photo- 
chemical activation by light of appropriate wavelength(s) and oxy- 
gen, which together result in oxidative stress, inflammation and cell 
death [1,2]. Treatment for diseased tissue alone is achieved by pho- 
tosensitiser localisation and targeted light delivery, and it is this rel- 
ative selectivity that has led to considerable interest in the clinical 
application of PDT. Systemic or topical photosensitisation can be 
used but as most dermatological PDT is topical, this will be the focus 
of this chapter. 

Interestingly, although many studies have investigated the mech- 
anisms of effect of PDT in vitro, there is little known about what 
happens following topical PDT to human skin in vivo. The effects 
of PDT depend on the subcellular localisation and concentration of 
photosensitiser, accessibility of light of the appropriate wavelength 
and oxygen availability, which will in turn be influenced by the treat- 
ment parameters used. 

During PDT, the photosensitiser absorbs light, is photochemically 
activated and is converted to a higher energy singlet state; when 
it returns to the ground state, fluorescence occurs. Alternatively, 
the singlet state may transfer to the more stable triplet state. Both 
type I and type II photo-oxidative reactions occur: type I involves 
direct hydrogen and electron transfer from the triplet state of the 
photosensitiser to a substrate; type Il occurs when electrons or 
energy are transferred to molecular oxygen in the ground state 
and singlet oxygen is generated. The generation of reactive oxygen 
species, in particular singlet oxygen, is thought to be important in 
terms of causing nuclear, mitochondrial and membrane damage 


and in initiating signalling pathways with subsequent gene tran- 
scription, pro-inflammatory changes, cell cycle arrest, apoptosis 
and necrosis [3,4]. 

In vivo studies have shown that prostaglandin E,, histamine and 
nitric oxide are released following topical PDT [5,6]. Activation 
of the tumour suppressor gene, p53, is thought to be less impor- 
tant following PDT than following UV irradiation [7]. Topical 
PDT is immunosuppressive in humans and reduces epidermal 
Langerhans cell numbers after exposure; paradoxically, despite its 
immunosuppressive effects, it is widely and effectively used for the 
treatment of skin malignancies and dysplasia and may have both 
direct antitumour effects and immunogenic cell toxicity [4,8-11]. 
Effects on the vasculature, including endothelial cell damage, 
vasoconstriction and vessel occlusion, are considered important 
for systemic PDT, where photosensitiser delivery is principally 
via the intravenous route, but is thought to be less important for 
topical PDT, where there is local cutaneous uptake and metabolism 
of photosensitiser prodrugs. The effects of PDT are considered to 
be mainly membrane-mediated, but DNA damage, strand breaks 
and mutagenesis can occur [4,12]. To date, however, there is no 
evidence for a carcinogenic effect. Interestingly, topical cutaneous 
PDT may have an important role in delaying the development of 
actinic keratosis and invasive squamous cell carcinoma in organ 
transplant recipients. 


History and background 


The term ‘photodynamic reaction’ was first coined at the beginning 
of the 20th century following a series of experiments by a medical 
student, Oscar Raab, who was working for Hermann von Tappeiner 
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in Munich. He observed amplification of the cytotoxic effects of acri- 
dine orange on protozoa in the presence of daylight. In 1903, the 
therapeutic effects of this photodynamic reaction were explored by 
Jesionek and von Tappeiner and they demonstrated the beneficial 
effects of topical eosin and sunlight or arc lamp exposure for a range 
of skin diseases, including skin cancers and lupus vulgaris [13]. 

The effects of systemic photosensitisers were investigated by 
Friedrich Meyer-Betz in 1912. He injected himself with haematopor- 
phyrin and, when subsequently exposed to daylight during a tram 
journey, he experienced an extreme cutaneous phototoxic reaction. 
Subsequent clinical studies using intramuscular haematoporphyrin 
and UV exposure showed some therapeutic effect in psoriasis. 
However, it was not until Dougherty and colleagues undertook key 
early clinical studies in the 1970s using purified haematoporphyrin 
derivative for PDT in patients with a range of skin tumours that the 
potential of PDT, with its selective phototoxic effects, was recog- 
nised as suitable for development as an anticancer treatment [14]. 
A purified haematoporphyrin preparation is now approved for use 
in systemic PDT for several internal malignancies, although not for 
skin cancers [2]. 

An ideal photosensitiser needs to accumulate in the target tissue, 
absorb light at clinically relevant wavelengths, be photochemically 
activated efficiently and have rapid clearance and minimal dark 
toxicity. Several chemicals have been investigated for their potential 
in systemic PDT: these include porphyrins, chlorins, porphines, 
phthalocyanines and texapyrins. The most widely used systemic 
photosensitisers for PDT have been porfimer-sodium (Photofrin®), 
particularly for lung and oesophageal cancer and temoporfin 
(tetrakis (hydroxymethyl) phosphonium chloride; Foscan®) for 
head and neck squamous cell carcinoma [15]. Both are associated 
with prolonged photosensitivity to visible light over several weeks 
and there is also a risk of phototoxicity occurring at sites of injection 
if extravasation occurs. The benzoporphyrin derivative BPD-MA 
(Verteporfin®), has also been used for systemic PDT for wet macular 


degeneration. Other systemic photosensitisers are in development 
but not in routine clinical use [16]. 

Systemic PDT is rarely required in dermatology, other than in the 
occasional setting of treating Gorlin naevoid basal cell carcinoma 
(BCC) syndrome, when multiple lesions may be treated simulta- 
neously, and if treating larger less accessible areas, for example in 
extensive vulval intraepithelial neoplasia [17,18]. 

The accessibility of skin led to further investigation of the use of 
topical photosensitisation for PDT. In 1990, Kennedy reported the 
successful use of topical 5-aminolaevulinic acid (ALA) as a prodrug 
for PDT for malignant and pre-cancerous skin lesions [19,20]. Top- 
ical ‘porphyrin’ PDT is now widely incorporated into dermatology 
services such that dermatologists involved in the management of 
patients with skin cancer and pre-cancers should have access to a 
PDT service [21—27,28,29-34]. 


Photosensitisers used for photodynamic 
therapy in dermatology 


Topical ‘porphyrin’ PDT employs the principles of the haem cycle 
(Figure 22.1). A non-photosensitising prodrug is used. The licensed 
prodrugs in current use are ALA (Levulan® Kerastick®, Ameluz® 
and Alacare®) and the methyl ester of ALA, methyl aminolaevuli- 
nate (MAL) (Metvix® /Metvixia®), which penetrate the epidermis 
due to their low molecular weight. Following the application of pro- 
drugs to a skin lesion (usually a superficial non-melanoma skin can- 
cer or dysplastic lesion) and uptake, the rate-limited step of ALA 
synthase is bypassed and, due to a second rate-limited step at fer- 
rochelatase, protoporphyrin IX (PpIX) accumulates in the target tis- 
sue. PpIX is a potent photosensitiser expressed in all mammalian 
nucleated cells at very low sub-photosensitising levels. When it is 
present in increased amounts, however, it is a potent and efficient 
photosensitiser, which can be activated by light of the appropriate 
wavelengths. It has a short half-life and is cleared within 24-48 h. 
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Figure 22.1 ‘Porphyrin’ photodynamic therapy uses 
the haem cycle. ALA, 5-aminolaevulinic acid; CoA, 
co-enzyme A; MAL, methyl aminolaevulinate. 


PpIX has a characteristic crimson red fluorescence when exposed 
to UVA (Wood's light), a phenomenon that can be used diagnos- 
tically, for example in the delineation of skin tumour margins 
(Figure 22.2) [27,35,36], or, when ALA is administered systemically, 
for the diagnosis of gastrointestinal malignancies or dysplasia or 
delineation of brain tumours. When ALA and MAL are applied 
topically the processes involved in the preferential uptake of PpIX 
by diseased skin are poorly understood. Surface measurements 
6h after topical ALA application show that PpIX fluorescence in 
non-melanoma skin cancer is up to 15 times more intense than 
in adjacent normal skin. Although this does not necessarily fully 
reflect deep accumulation of the photosensitiser, PpIX does in 
general reach higher concentrations in tumour tissue than in the 
surrounding skin (Figure 22.2) [37]. It is likely that altered perme- 
ability of the stratum corneum overlying a skin cancer or pre-cancer 
facilitates the uptake and conversion of these small molecules. 
Whereas ALA is hydrophilic, MAL is lipophilic and was introduced 
with the aim of increasing uptake and specificity for diseased skin. 
Esterases are, however, required to remove the methyl! chain from 
MAL prior to conversion to PpIX. The vehicle may also play an 
important role in uptake, as for example with the ALA preparation 
in nanocolloid emulsion (Ameluz®). In clinical studies in humans, 
both ALA PDT and MAL PDT are highly effective when used in 
the appropriate clinical setting [28]. There may be other factors 
involved in determining the relative specificity of PpIX accumu- 
lation in diseased skin. In vitro studies have led investigators to 
propose that relative iron deficiency, altered haem cycle enzyme 
expression, change in pH and state of cell differentiation in diseased 
tissue may each influence this, although the actual mechanisms 
in vivo are unknown and, importantly, are not specific to tumour 
cells. This is demonstrated by relative PpIX accumulation after 
prodrug application in benign hyperproliferative conditions, such 
as psoriasis and viral warts. 

Many of the earlier published studies of topical PDT used 
non-licensed proprietary preparations of ALA. However, approved 


Figure 22.2 Crimson red protoporphyrin IX fluorescence in a superficial basal cell 
carcinoma 3h after methyl aminolaevulinate application, showing the tumour specificity 
and adjacent tumour islands that need to be included in the irradiation field. 
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licensed preparations of both ALA and MAL are now available. 
MAL is available as Metvix/Metvixia (16%, Galderma) for PDT 
and is used for actinic keratoses (AK) on the face and scalp in both 
conventional and daylight PDT, Bowen disease and superficial 
BCC (and also for nodular BCC when other available treatments 
are considered less suitable). The use of MAL for these indications 
has been approved by the licensing authorities of most European 
countries and a significant number of countries elsewhere (e.g. 
Australia, South Africa, Canada, Brazil). 

A preparation of ALA in solution (Levulan Kerastick; 20%, DUSA 
Pharmaceuticals) is approved by the US Food and Drug Adminis- 
tration (FDA) for PDT of mild to moderate AK on the face and scalp 
[38]. ALA in a nanocolloid emulsion (Ameluz; 8%, Biofrontera) is 
also approved for clinical use: this has been shown to result in an 
increased depth of PpIX accumulation after prodrug application 
when compared with MAL in a porcine skin model ex vivo [39]. 
Ameluz PDT is licensed for use in thin to moderately thick AK of 
the face and scalp both in conventional and daylight PDT and for 
superficial and thin nodular BCC [40-42]. In addition, an ALA patch 
(Alacare; 8mg, 2mg/cm?, Spirig HC) is licensed for use in several 
European countries for PDT for thin AK on the face and scalp 
[43-45]. Other developments in the formulations for prodrug deliv- 
ery include the use of penetration enhancers or iron chelators, such 
as dimethyl sulfoxide (DMSO), ethylenediaminetetraacetic acid 
(EDTA), desferrioxamine or the hydroxypyridinone, CP94 [46-48]. 
These have the potential to improve PDT outcomes but are not in 
routine clinical use and are mainly still at the experimental stage 
[49-53]. Physical methods to improve prodrug uptake are also under 
investigation and include laser pre-treatment, microdermabrasion 
or microneedling [54-60]. 


Light sources 


The majority of photosensitisers used in PDT absorb maximally in 
the visible waveband. The absorption of porphyrins is broad, with 
peak absorption in the Soret band around 410 nm and several other 
smaller peaks between 500 and 650 nm (Figure 22.3). For PDT to be 
effective the photosensitiser needs to be activated within the tar- 
get tissue. Although short wavelengths in the blue/violet range of 
the visible spectrum are the most potent at activating PpIX in vitro, 
tissue penetration in vivo is limited to 1-2 mm. Photochemical acti- 
vation of PpIX by red light at 630-635 nm is, however, still significant 
and red light has the advantage of penetrating tissue to a depth 
of 6-7mm. For this reason these longer wavelengths are the ones 
most commonly used in conventional PpIX-based PDT. The excep- 
tion to this is the approved regimen for PDT for AK in the USA 
using Levulan Kerastick and a blue light-emitting diode (LED) light 
source (BLU-U®). This provides sufficient efficacy for these superfi- 
cial lesions but would be unlikely to offer adequate depth of effect 
for superficial BCC or Bowen disease [38]. Furthermore, advances 
in the use of daylight PDT employ the visible component of day- 
light exposure, with relative emphasis on the blue light part of the 
spectrum [61]. 

Historically, either filtered photographic slide projectors or lasers 
were used as light sources. In the limited studies that have been 
undertaken, there is no evidence that the efficacy of topical PDT 
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Figure 22.3 Absorption spectrum of protoporphyrin Ix. 


is superior if a monochromatic rather than a polychromatic light 
source is used [52,54—56,62]. Indeed, there are theoretical grounds for 
supposing that polychromatic sources might be more effective given 
that there are additional PpIX photoproducts that have absorption 
peaks around 670 nm. 

A range of polychromatic light sources has been used in PDT, 
including filtered tungsten filament, metal halide and short arc 
xenon sources with peak emission in the 630-635nm waveband 
[63-65]. The field size, irradiance, uniformity of irradiation and 
treatment times vary considerably between the different types of 
devices. Laser sources, including dye lasers and the compact and 
cheaper diode lasers, again using the 630-635nm wavelengths, 
have also been employed. Intense pulsed light sources may also be 
successfully used for PDT [66]. 

The increasing developments in LEDs for PDT has resulted in 
the availability of portable, efficient, cheap and easy to maintain 
sources of relatively uniform irradiance, which can be used to 
treat field diameters of up to approximately 20cm. These LED 
sources have more therapeutically weighted emission spectra that 
are narrower than other polychromatic sources and thus deliver 
light more efficiently. There is evidence from ex vivo studies that low 
irradiance light delivery may improve PDT efficiency. The efficiency 
of different light sources for PDT can be considered in the concept 
of total effective fluence, which takes into account incident spectral 
irradiance, optical transmission through tissue and photosensitiser 
absorption [67]. 

It is difficult to compare the results of published studies as there 
is wide variation in the treatment parameters used in PDT: these 
include variables in light delivery, such as the light source, irradi- 
ance and dose used [68]. Although high irradiance light delivery 
reduces treatment times, this may reduce PDT efficiency as a result 
of rapid oxygen depletion. On the other hand, fractionation of light 
delivery as an alternative to low irradiance light delivery might also 
be therapeutically beneficial [69-73]. The timing of light delivery to 
coincide with peak photosensitiser accumulation is also important 
and, for topical PDT, most regimens typically include irradiation 
3-6h after prodrug application. Blue or green light may be effec- 
tive for AKs but the depth of effect will limit its use for most other 
conditions. Regular calibration of light sources is essential for light 


delivery during PDT, as lack of uniformity of irradiation may lead to 
inaccuracy in dose delivery and consequently suboptimal treatment. 

Developments in light delivery include the use of daylight. Day- 
light PDT is now widely used as a convenient and effective treat- 
ment. The depth of the daylight PDT effect may be limited by the 
fact that most of the therapeutically effective wavelengths in day- 
light are in the blue light spectrum, thus mainly limiting its use to 
AK on exposed sites of the face and scalp. Other developments in 
light delivery include the use of very low irradiance portable LEDs 
and conformable light-emitting polymers and fabrics for lesions on 
curved body regions [74-78]. 


Indications 


The main indications for topical PDT, with good supportive evi- 
dence, are in treating AK, Bowen disease and superficial basal cell 
carcinoma (sBCC); its role in other skin diseases is not as comprehen- 
sively established [17,21-23,26,28,32,33,79-88]. It is highly effective 
in selected cases and, because of its relative sparing of normal tis- 
sue, it can be used for multiple large ‘field’ areas and at sites of poor 
healing such as below the knee. Topical PDT is non-invasive, under- 
taken on an out-patient basis and treatment can be repeated without 
cumulative risk [21,89]. 


Actinic keratosis 

Topical PDT is effective for thin- and moderate-thickness AK on 
the face and scalp using either MAL (Metvix/Metvixia) or ALA 
(Ameluz, Levulan Kerastick or non-licensed ALA preparations). 
PDT delivered either as conventional or daylight PDT is approved 
for this indication. Reported conventional PDT clearance rates (as 
assessed at 3 months after treatment) are in the region of 90% — while 
these are at least as good as those with liquid nitrogen cryother- 
apy or topical 5-fluorouracil, the cosmetic outcome is superior 
(Figure 22.4) [22,23,25,32,34,42,90,91]. There is, however, a relatively 
high recurrence rate of up to 19% at 1 year [92]. In meta-analyses, 
PDT was shown to be superior to cryotherapy and topical diclofenac 
in hyaluronan gel, in terms of efficacy, cosmetic outcome and patient 
satisfaction [93-95]. 

A head-to-head comparison of Ameluz, Metvix and placebo PDT 
for thin- to moderate-thickness facial and scalp AK showed superior 
efficacy of Ameluz PDT, particularly if a red light LED source was 
used, with sustained responses at 1 year [42,96]. Three months fol- 
lowing completion of treatment with Ameluz or Metvix PDT, lesion 
clearance rates were 90% and 83% respectively, with sustained clear- 
ance of 53.1% and 40.8% at 1 year reported. There were no significant 
differences in adverse effects [96]. Follow-up at one year indicated 
lower recurrence rates with Ameluz PDT [96]. A meta-analysis of 
available published study evidence concluded that Ameluz PDT is 
more effective for thicker AK [97]. 

In an intra-subject comparison study, ALA PDT was more effec- 
tive than imiquimod for moderate-thickness AK and was equivalent 
to imiquimod for thin AK on the upper limbs, although patient pref- 
erence favoured PDT [98]. In a second similar study in patients with 
AK, in which patient tolerance and satisfaction with treatment were 
the main end points, both imiquimod and PDT were considered 
to be acceptable treatments for AK but patient satisfaction was 
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Figure 22.4 Field treatment of actinic keratoses on the forehead and temple (a) before and (b) 3 months after a single treatment of topical photodynamic therapy. 


higher with PDT [99]. More recently, a small (1 =9) within subject 
pilot study compared PDT with 3.75% imiquimod for scalp AK, 
showing both treatments to be effective and with excellent cosmetic 
outcomes [100]. 

Patch ALA PDT (Alacare; Spirig HC) was shown to be superior 
to cryotherapy for mild AK of the face and scalp but is limited to a 
maximum of six individual AK and is not suitable for diffuse actinic 
damage (‘field change’) [43,45]. 

A single PDT treatment may be insufficient and repeat treat- 
ment has been shown to improve response rates, particularly for 
moderate-thickness AK [101]. The conventional topical PDT treat- 
ment regimen for AK thus involves a single treatment, and if this 
does not achieve clearance at 3 months then a double treatment cycle 
with treatments 1 week apart would be administered, although this 
is not usually required for thin AK [101]. It should be noted that 
the response to PDT of thick hyperkeratotic AK, particularly those 
on acral sites, is disappointing and may be less than 50%. With 
hyperkeratotic AK, if PDT is used, prior curettage is advisable. In 
one study, MAL PDT was less effective than cryotherapy for acral 
AK, although superior cosmetic outcome was reported for PDT 
[102]. However, pre-treatment with 5-fluorouracil prior to PDT may 
improve outcomes at acral sites [103]. 

While there is good evidence to recommend the use of topical 
5-fluorouracil management of field change AK, patients typically 
require a rotational or even sequential approach to their chronic 
disease management and PDT is ideally suited for AK field treat- 
ment [28,32,104]. PDT enables large areas of subclinical disease to 
be treated and can be particularly advantageous at sites of poor 
healing, such as the lower leg, or where cosmetic outcome is a 
significant concern. Furthermore, PDT has an important role in the 
management of patients at high risk of invasive squamous cell car- 
cinoma (SCC) — including those who are heavily photodamaged or 
have a history of multiple SCC — or patients who require immuno- 
suppressive medication (e.g. organ transplant recipients) or who 
are otherwise immunosuppressed. In addition to clearing existing 
AK, PDT can reduce the rate of development of new AK; there 
may also be a reduction in the risk of developing non-melanoma 


skin cancers, although this needs further study [105-118]. PDT is 
more effective than 5-fluorouracil for treating AK in organ trans- 
plant recipients [119] and was also shown to be more effective 
at achieving clearance of AK in a within subject study in organ 
transplant recipients (1=35) when compared with imiquimod 
[120]. Furthermore, longer term response rates (21 months) indicate 
equivalent efficacy of daylight PDT with cryotherapy for organ 
transplant recipients, but with patient preference for daylight PDT 
[121]. 

PDT has been used for actinic cheilitis and can be useful at this 
difficult treatment site, although recurrence is common: a combined 
approach using topical imiquimod in addition has been proposed 
for resistant cases [122-126]. PDT has a particular role for multi- 
ple, superficial lesions and for lesions occurring at sites of poor 
healing and should also be considered if other treatments have 
failed. 

Topical PDT is thus ideal for widespread non-hyperkeratotic AK 
on the face and scalp. MAL (Metvix) and ALA (Ameluz) PDT are 
licensed in the UK for this indication (see Figure 22.4) and Ameluz 
PDT has now also been approved for use for AK on the trunk and 
extremities [127]. There are wide variations in the treatment proto- 
cols that have been used, although a 3-4 h interval between prodrug 
application and irradiation is most commonly advocated for con- 
ventional PDT. The Metvix/Metvixia and Ameluz PDT regimens 
specify a 3h interval. The Alacare patch is applied for 4h, with no 
surface preparation or additional occlusion required. 

Red, blue and green light PDT may be effective for superficial 
AK. Blue light PDT using a topical solution of ALA (Levulan 
Kerastick) applied for 14-18h without occlusion and a light dose 
of 10J/cm? is approved in the USA for the treatment of thin- to 
moderate-thickness AK [38]. However, ALA incubation times may 
in practice vary and may be as short as 1-2h in some settings. 
However, most approved topical PDT regimens for AK using MAL 
or ALA employ red light at a dose of 37.5J/cm?. 

The use of daylight PDT for superficial non-hyperkeratotic AK on 
the face and scalp has rapidly developed worldwide, to the point 
where this is typically the PDT regimen of choice for patients with 
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field change disease. Both MAL and ALA can be used, with daylight 
enabling continuous activation of PpIX [90,128,129]. Efficacy rates 
for daylight PDT are comparable with those of conventional PDT 
for AK, although daylight PDT is much better tolerated, with low 
pain scores and high levels of patient satisfaction reported for this 
convenient treatment approach [106,130-140,141,142-144,145,146]. 
In sunny climates daylight PDT can be undertaken all year, whereas 
in temperate climates it is best used between March/April to 
September / October [147-155]. Indoor surrogates of daylight expo- 
sure for potential application in PDT are also under investigation 
[156-159]. In an indirect analysis of published study data, MAL 
daylight PDT was shown to be more than four times as likely to 
achieve complete AK response as diclofenac in hyaluronic acid gel 
(Solaraze) [160]. 


Bowen disease 
Topical MAL (Metvix/Metvixia) PDT using red light LED irradia- 
tion at 37.5J/cm? is licensed for Bowen disease with two treatments 
1 week apart, repeated at 3 months if there is only partial response. 
Red light irradiation is required to achieve sufficient penetration of 
light for PDT: green light PDT has been shown to be of inferior effi- 
cacy for Bowen disease. Based on clearance assessed 3 months after 
the last treatment, response rates of 86-93% can be expected, with 
sustained remission of 68-71% at 2 years (Figure 22.5) [22—25,28,34]. 
Topical PDT has been shown in separate studies to be at least as 
effective for Bowen disease as cryotherapy and topical 5-fluorouracil 
but to be associated with fewer adverse effects and improved cos- 
metic outcome [86,161,162]. A systematic review and meta-analysis 
of published studies also concluded that PDT was more effective 
than 5-fluorouracil or cryotherapy for Bowen disease [87]. 

PDT is the treatment of choice for large or multiple areas of Bowen 
disease, particularly on poor healing sites such as the lower legs 


CM 
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(Figure 22.5). It can also be used to treat other difficult sites such as 
the digits or genitalia. Response rates are reduced if there is evidence 
of microinvasive SCC or a high degree of cellular atypia. PDT is not 
indicated for invasive SCC because of the high risk of recurrence and 
the potential for metastasis. 


Basal cell carcinoma 

The same regimen of MAL PDT as used for Bowen disease is 
licensed for treating sBCC (and thin nodular BCC if not suitable for 
surgery), using a double treatment cycle of two treatments 1 week 
apart, with repeat treatment at 3 months if necessary (Figure 22.6) 
[22-24,28,32,34,83,163]. Clearance rates of 92-97% for sBCC treated 
with MAL PDT are reported at 3 months follow-up after one or two 
treatments [25,164,165]. Weighted clearance rates of 87% for sBCC 
and 53% for nodular BCC at follow-up intervals of up to 36 months 
following PDT were reported in one review of 12 studies [166]. 

In comparisons between cryotherapy and PDT, there were no 
differences in response rates for sBCC but the cosmetic outcome 
was superior with PDT [167]; similar 5-year recurrence rates of 22% 
for PDT and 20% for cryotherapy were observed in one study [164]. 
In another study comparing topical MAL PDT with 5-fluorouracil 
or imiquimod for sBCC (n= 601), PDT was inferior to imiquimod 
as assessed by tumour clearance at 12-month follow-up but equiv- 
alent in efficacy to topical 5-fluorouracil [165] and superiority of 
imiquimod was still seen at 5-year follow-up [169]. However, only 
patients who would be able to comply with the topical cream 
regimens were included and repeat PDT cycles were not allowed. 
More local adverse effects, including infected treatment sites, were 
seen with imiquimod and 5-fluorouracil. Thus, PDT remains a 
suitable treatment option for sBCC and each patient therefore needs 
to be evaluated on an individual basis in terms of what treatment 
approach is likely to suit best. 


Figure 22.5 Bowen disease on the lower leg (a) before 
and (b) 1 year after photodynamic therapy (PDT). Stasis 
change, oedema and xerosis were prominent and 
although the risk of poor healing was significant, this 
patient had no problems after PDT. 
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Figure 22.6 Superficial basal cell carcinoma on the back (a) before and (b) 1 year after photodynamic therapy. Note the excellent cosmetic outcome, with only the scar of the initial 


diagnostic biopsy evident. 


Equivalent efficacy has been shown for PDT and surgery for 
sBCC at 1 year, although with improved cosmetic outcome with 
PDT [165,170]. Topical PDT is inferior to surgery for nodular BCC, 
with increased recurrence rates at 5-year follow-up [171-175]. This 
is likely to be due to a combination of inadequate PpIX accumula- 
tion in deeper tumour cells and poor light penetration. PDT should 
be reserved for thin BCCs with histological thickness <2 mm [176]. 
Only if surgery is contraindicated should PDT be considered for 
nodular BCC, as is reflected in the licensed approval for MAL 
(Metvix/Metvixia) PDT [177]. If topical PDT is used for nodular 
BCC, then prior debulking of the nodular component by curettage 
would be advised. Use of penetration enhancers, microneedling, 
laser pretreatment, iron chelators and fractionated regimens have 
been investigated in an attempt to improve efficacy, but there 
is no doubt that PDT is inferior to surgery for the treatment of 
nodular BCC. 

A randomised controlled trial in 281 patients with sBCC and thin 
nodular BCC compared ALA (Ameluz) PDT with MAL (Metvix) 
PDT and showed high efficacy rates and low recurrence, with 
proven non-inferiority of Ameluz compared with Metvix [41] and 
thus both MAL and Ameluz are licensed for use in BCC in the UK. 

Recent systematic reviews and study analyses indicate equivalent 
efficacy between PDT and either cryotherapy or surgery, with higher 
recurrence rates with PDT than surgery, but improved cosmetic out- 
come with PDT [83,84,85,178,179]. 

On a note of caution, morphoeic (sclerosing) infiltrative and thick 
nodular BCC should not be treated with topical PDT. Systemic 
PDT can be considered for high-risk patients such as those with the 
naevoid BCC (Gorlin) syndrome, although patients must be coun- 
selled about the associated prolonged visible light photosensitivity. 


Topical PDT has also been recommended in Gorlin syndrome for 
superficial and thin (<2 mm) nodular BCC [180] . 


Other indications 

Acne. Increasing evidence supports the value of topical PDT for 
inflammatory acne vulgaris in patients for whom more conven- 
tional therapies are ineffective or not possible [24,28,33,80,181-188]. 
Response rates of 54-68% reduction in inflammatory lesions may 
be expected but the adverse effects from treatment, including florid 
phototoxicity, sterile pustules and hyperpigmentation, can be signif- 
icant. Non-inflammatory lesions may also respond to PDT but are 
less likely to do so. PDT is a treatment that should be kept in mind 
for patients who fail to respond to conventional acne therapies or if 
systemic retinoids are contraindicated. The optimal PDT treatment 
parameters to achieve efficacy and minimise adverse effects are not 
well established [189,190], but daylight PDT may also be effective 
[191,192]. 


Viral warts and HPV-related neoplasia. Topical PDT may also be 
effective for recalcitrant viral warts with response rates of approxi- 
mately 50%, although treatment is often painful and can be difficult 
to tolerate [28,33,188,193]. Facial warts may also be responsive to 
PDT, with one study showing clearance rates of 65% at 3 month 
follow-up [194,195]. Daylight PDT may also be effective for facial 
warts and is well tolerated [196]. Modifications to drug and light 
delivery may facilitate improved outcomes, with minimised adverse 
effects as many variables exist in current PDT regimens [197,198]. 
Topical PDT has also been reported to be effective for genital warts 
[24,199-205], Bowenoid papulosis [206,207], vulval intraepithelial 
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neoplasia [23,200,208-212] and penile intraepithelial neoplasia (ery- 
throplasia of Queyrat) [23,213-219], although its role in these condi- 
tions has not been established [23,28,33,188]. 


Other forms of cutaneous neoplasia. There are individual case 
reports of response to PDT in extramammary Paget disease 
[220-226] and localised cutaneous T-cell [227-231] and B-cell 
lymphoma [232]. 


Aesthetic dermatology. PDT has been advocated for photorejuve- 
nation, although further work is required to establish its place in this 
arena. Repeated daylight PDT is also being investigated for photore- 
juvenation and AK prevention [24,28,33,115,188,233,234]. 


Miscellaneous. There are also reports of efficacy of topical PDT 
in several other inflammatory and infective skin conditions 
including cutaneous leishmaniasis, onychomycosis, leg ulcers 
and wound healing, localised scleroderma, cutaneous sarcoid, 
lichen sclerosus, lichen planus, necrobiosis lipoidica, granuloma 
annulare, hidradenitis suppurativa and erosive pustular dermatosis 
(Box 22.1). Further studies are required to establish the role of PDT 
in these conditions [24,28,33,80,188,235-245], with the antimicro- 
bial and wound healing effects of PDT being of particular interest 
[246-249]. On the other hand there is evidence to suggest that PDT 
is ineffective for psoriasis [28,33,188,250-254] and is unpredictable 
for porokeratosis [255,256]. 


Box 22.1 Topical photodynamic therapy (PDT) has 
been applied to a diverse range of conditions with 
varying levels of evidence to support its use 


Good evidence to support the use of PDT from randomised 
controlled trials 
e Acne vulgaris 


Fair evidence to support the use of PDT from randomised controlled 
trials 

e Cutaneous leishmaniasis 

e Field change carcinogenesis 

¢ Genital warts (condyloma acuminata) 

¢ Organ transplant recipients — field change treatment and prevention 
¢ Photorejuvenation 

¢ Recalcitrant viral warts 


Limited evidence, requiring further investigation 
¢ Actinic cheilitis and leukoplakia 

e Alopecia areata 

¢ B-cell lymphoma 

e Breast metastases 

¢ Chondrodermatitis nodularis helicis 
¢ Chronic folliculitis 

¢ Cutaneous T- and B-cell lymphoma 
e Darier disease 

e Epidermodysplasia verruciformis 

e Erythroplasia of Queyrat 

e Erosive pustular dermatosis 

e Extramammary Paget disease 

¢ Granuloma annulare 

e Hailey—Hailey disease 


¢ Hidradenitis suppurativa 
e Hirsutism 

¢ Hypertrophic scar/keloid 
e Infected leg ulcers 

¢ Keratoacanthoma 

e Lichen planus 

e Lichen sclerosus 

e Melanoma 

¢ Molluscum contagiosum 
e Naevus sebaceous 

¢ Necrobiosis lipoidica 

¢ Perioral dermatitis 

¢ Porokeratosis 

e Psoriasis 

e Radiation dermatitis 

e Rosacea 

e Sarcoid 

e Scleroderma 

¢ Sebaceous hyperplasia 

¢ Superficial mycoses 

¢ Vulval intraepithelial neoplasia 


Contraindications 


Topical PDT is contraindicated for disease with metastatic poten- 
tial such as invasive SCC or melanoma. Importantly, in highly pig- 
mented lesions such as melanoma or heavily pigmented BCC, red 
light absorption by melanin may reduce efficacy of treatment. Top- 
ical PDT is not advisable for thick tumours such as thick nodular 
BCC or for morphoeic (sclerosing) /infiltrative BCC. Patients with 
porphyria should not be treated with PDT. Caution is required if 
considering PDT in xeroderma pigmentosum, although there are 
reports of its effective use in this condition [257-259]. Tumours at 
high-risk sites such as the mid-face should also not be considered 
for topical PDT unless a more conventional surgical approach is con- 
traindicated. Under those circumstances, PDT may prove efficacious 
for those difficult-to-treat lesions, although it would not be the treat- 
ment of choice. 


Methodology and regimens 


Diagnosis and patient selection 

A number of factors need to be taken into account when deciding 
whether to use PDT to treat a specific disorder in a particular 
patient. Hospital-based PDT may be preferred by elderly, frail 
patients who would not be able to self-treat with either topical 
preparations or daylight PDT. Others, however, may prefer to be 
involved in the administration of their own treatment with, for 
example, topical 5-fluorouracil, imiquimod or daylight PDT. PDT 
is a particularly good treatment choice for multiple and/or large 
low-risk (and therefore generally thin) lesions, diffuse field change 
at sites where healing may be problematic, such as the lower leg, or 
where cosmetic outcome is important (Figures 22.7 and 22.8). Thus, 
optimising efficacy of PDT depends on careful selection of patient 
and lesion(s). 


Methodology and regimens 22.9 


Detailed history taking and clinical examination are required to 
establish patient co-morbidities that may be relevant: these include 
diabetes, immunosuppression, peripheral venous insufficiency and 
dependent oedema, all of which may impair healing following PDT. 
Immunosuppression may also increase the risk of recurrence. If 
there is significant dependent oedema, compression stockings may 
be advised in order to facilitate healing following PDT at lower leg 
sites. 

A representative confirmatory biopsy is usually undertaken. If a 
BCC has a histological thickness of >2mm, PDT is generally con- 
traindicated. The site and size of the lesion should be assessed and 
baseline photography undertaken, as cosmetic outcome following 
clearance can be such that it may be difficult to identify where the 
lesion was. 

The British Association of Dermatologists Service Standards are 
an important guide for anyone setting up and running a PDT ser- 
vice in the UK and provide guidance and structure with respect to 
clinical service delivery, governance, benchmarking, education and 
training [29]. It is important that patients are provided with verbal 
and written information about treatment and provide appropriate 
consent. Topical PDT generally takes place in dermatology depart- 
ments and involves the patient in a half-day visit, although daylight 
PDT may be undertaken either entirely in the home setting or as a 
hybrid model. Conventional PDT is usually undertaken by a nurse 
or technician, who must be provided with adequate training [260]. 
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Conventional PDT 
Lesion preparation 


Figure 22.7 Photodynamic therapy (PDT) is ideal for multiple and/or large lesions and 


field change. This patient had extensive actinic keratosis, Bowen disease and field Lesion preparation is important if there is marked hyperker- 
carcinogenesis following chronic sun exposure and was keen to obtain good healing and atosis or crusting. The experimental use of laser pre-treatment, 
cosmetic outcome. She was therefore an ideal candidate for PDT. microneedling and penetration enhancers such as DMSO and iron 


chelators has been investigated with the intention of improving 
prodrug uptake and PpIX accumulation. In practice, many centres 
simply advise the application of white soft paraffin (Vaseline®) to 
lesions for 1-3 days prior to treatment in order to soften hyperker- 
atosis and crusting and to facilitate subsequent lesion preparation 
immediately prior to PDT [28,32,49-52,54-56]. This involves using 
either a wooden spatula or a disposable ring curette to remove 
surface keratinous debris (Figure 22.9) and does not usually require 
local anaesthetic. 


Prodrug application 

The prodrug is applied after surface preparation, and in practice is 
usually MAL (Metvix 16%) or ALA (Ameluz 8%). In the US Levulan 
Kerastick (ALA HCL 20% solution) may also be applied as prodrug 
for use in AK with blue light (Figure 22.10). The prodrug is applied 
under plastic film occlusion (e.g. Tegaderm®) as a thin (c.1 mm thick) 
even application to the lesion including a rim of at least 5-10 mm of 
normal appearing skin (Figure 22.11). Metvix and Ameluz should be 
occluded for 3h prior to irradiation; although this may vary, such as 
short incubation use in AK and acne [261-263]. 

If the lesion to be treated is on a light-exposed site, a UV and visi- 
ble light opaque dressing (e.g. Mepore®) should be applied on top of 
the occlusive film dressing so that PpIX photobleaching and the PDT 
Figure 22.8 Photodynamic therapy (PDT) is ideal for lower leg sites as the risk of poor reaction do not commence prematurely. The ALA patch (Alacare, 


healing and ulceration is reduced. This patient has lower leg oedema, stasis changes and Spirig HC) PDT regimen does not require surface preparation or 
multiple areas of Bowen disease. PDT would be the treatment of choice. additional occlusion. PDT using Levulan Kerastick does not involve 


Figure 22.9 Lesion preparation using a disposable ring curette. 


Figure 22.10 Prodrug application. 


occlusion but the treatment site should be protected from sun and 
bright light. 

Following the prodrug incubation period, the dressings should be 
removed and any residual cream wiped from the surface. Wood’s 
light can be used to identify PpIX fluorescence, which is usually 
largely limited to the lesional site but can help reveal adjacent areas 
of subclinical disease that should then be included in the treatment 
field. A rim of 5mm of clinically normal skin should be included in 
the irradiation field (Figure 22.12). 


Figure 22.11 Prodrug occlusion under Tegaderm. An additional UV/visible light opaque 
dressing would also be applied if the lesion is on an exposed site. 


Figure 22.12 Mapping out the irradiation field to include a 5mm rim of clinically 
uninvolved skin. 


Irradiation may be performed using a variety of light sources, 
though the most commonly used are red light LED sources with 
peak emissions around 632-635 nm (e.g. Aktilite® or RhodoLED®) 
(Figure 22.13). The irradiance emitted by the source must be mon- 
itored and for LEDs this is usually approximately 80 mW/cm?. 
The approved dose for use in MAL and ALA (Ameluz) PDT is 
37.5J/ cm’, although some centres use a higher dose (e.g. 75J/cm?), 
as there are experimental data to indicate that increased PpIX 
photobleaching may continue if higher doses are used. 

Historically, when polychromatic or laser light sources were used, 
irradiation doses of 125-200J/cm? or more were applied, although 


Figure 22.13 Photodynamic therapy to the lower leg using a red LED source. 


it is important that irradiance is kept below 150 mW/cm* to avoid 
thermal effects. There is, however, no evidence that higher light 
doses are associated with improved outcomes. Likewise, as only 
low levels of PpIX accumulate in adjacent normal skin, red light 
toxicity to the surrounding skin is not a concern. 

The time for irradiation using the LED sources is generally 
8-17 min dependent on the dose and irradiance. A lesional field 
diameter of up to 20cm? can be treated with standard PDT using 
either LED (e.g. Aktilite® or RhodoLED®) or metal halide sources 
(e.g. Waldmann 1200®). 


Ambulatory photodynamic therapy 

There is good evidence ex vivo, and increasing evidence in vivo, 
that light delivery at lower irradiance results in more efficient 
PDT and reduced pain during irradiation [264-267]. Ambulatory 
PDT employs this principle of very low irradiance light delivery 
over a prolonged time period [265,268-270]. One such method of 
light delivery is using a small lightweight portable red LED array, 
peak emission 633nm (lower-upper full width at half maximum 
624-639 nm), at very low irradiance (approximately 7mW/cm?) 
(Ambulight®, Ambicare Health Ltd), which has been shown in a 
randomised controlled study of patients (n=50) with BCC and 
Bowen disease to be very well tolerated and highly effective at one 
year follow-up, with non-inferiority to conventional hospital-based 
PDT and is thus an option for patients who prefer the convenience 
of home treatment (Figure 22.14) [270], although availability of 
these devices is currently limited. Another means of delivery of 
low irradiance PDT is using light-emitting fabric-based devices 
(Flexatheralight®, Fluxmedicare® and Phosistos® protocols), which 
have been shown in randomised controlled trials to be non-inferior 
to conventional PDT (using Aktilite®) for AK on the scalp and 
forehead and to be better tolerated [74-76]. 


Daylight photodynamic therapy 
Daylight PDT is an alternative way to use low irradiance light 
delivery during PDT. This has the advantage of convenience for 


Figure 22.14 Ambulatory photodynamic therapy. Irradiation is underway, as indicated 
by the red light emission from the portable inorganic LED source (Ambulight®). The 
battery pack enables up to three lesions to be treated simultaneously. Lesions must be 
<2.4cm diameter and not on highly curved surfaces, such as ears. 


the patient and larger areas can be treated in one session and in 
the home setting (Figure 22.15) [153,271]. This has been extensively 
investigated for the treatment of AK on the face and scalp and is 
of equivalent efficacy to conventional PDT, but with much lower 
pain scores and higher levels of patient satisfaction and cosmetic 
outcome [32,33,61,136-140,141,142-144,149,156,272-279]. The thera- 
peutically effective wavelengths of daylight are mainly in the blue 
light part of the spectrum and daylight PDT may not have sufficient 
depth of effect to treat lesions of Bowen disease or BCC. However, 
preliminary work has indicated that it may be possible to treat these 
with daylight PDT in selected patients, although it is likely to be 
less effective than conventional PDT [280,281]. Formal prospective 
studies are required to judge whether indeed this is the case. 

In the daylight PDT regimen for facial and scalp AK, SPF50 
absorbent sunscreen is applied to all sites, both the lesional areas 
to be treated and the unaffected normal skin that will be exposed 
to daylight, in order to prevent the development of UV redness 
(sunburn). Fifteen minutes after sunscreen application, the AK 
are prepared using a disposable ring curette. The photosensitiser 
prodrug (typically MAL or ALA) is then applied without occlusion 
to the areas to be treated and the patient is advised to expose 
the affected areas to continuous daylight for 2-2.5h, preferably 
starting no later than half an hour after application of the photo- 
sensitiser prodrug. If it is impracticable to be out of doors because 
of inclement weather or patient frailty, then sitting indoors beside 
a window would be a reasonable alternative. In northern latitudes, 
treatment can be undertaken between April and September, whereas 
elsewhere, such as in Australia and Southern Europe, year-round 
treatment may be feasible [138,142,154,155]. In the UK, daylight 
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Figure 22.15 Daylight photodynamic therapy (PDT) allows field areas of superficial 
actinic keratosis on exposed sites to be treated in one session. This man had daylight 
PDT to the face and scalp and this shows the typical reaction 3 days after treatment with 
subclinical areas of disease becoming more apparent. 


PDT can be performed on days with low UV index, but temperature 
may be the limiting factor for patient comfort [148-151]. 

Studies have shown that there is no difference in efficacy or 
adverse effects between a regimen involving 1.5 or 2.5h of con- 
tinuous daylight exposure, with no advantage to longer exposure 
times; 2h continuous exposure is generally accepted as being 
sufficient [282]. It is the visible component of daylight that is 
important therapeutically and effective daylight PDT can be 
undertaken on any dry day, including cloudy days. No differ- 
ence in the clearance rates of AK (c.75-79%) was seen between 
daylight or conventional PDT, but daylight PDT was asso- 
ciated with lower pain scores and higher patient satisfaction 
[32,33,61,106,136-140,141,142-144,145,149,156,273-279,282]. 

While formal measurememt of light exposure is not required dur- 
ing routine daylight PDT, real-time daylight exposure monitoring, 
such as via a smartphone app, is under evaluation and may help to 
increase patient engagement and practitioner confidence in daylight 
PDT [283]. 


Treatment schedules, aftercare and follow-up 

Most topical PDT regimens involve a single PDT treatment for AK 
and two treatments a week apart for Bowen disease and sBCC. It 
is advisable to keep the areas out of direct sunlight for 24-48 h as 
photosensitivity can persist for this time period due to further PpIX 
accumulation following PDT [284]. The degree of phototoxic inflam- 
mation is of a similar degree after both conventional and daylight or 
ambulatory PDT. 

Review should be undertaken at 3 months and if there is no, or 
only partial, clinical response then a second treatment cycle should 
be undertaken with two treatments a week apart, including for 
AK. Further review should be undertaken at 6 months and, given 
that Bowen disease and BCC recur in up to a quarter of patients 


at 5-year follow-up, this should be considered with respect to 
follow-up plans. The same principles of review times and treat- 
ment regimens also apply to ambulatory and daylight PDT. Careful 
treatment records and appropriate governance must be in place [29]. 


Adverse effects 


Acute effects 

The adverse effects of topical PDT (Box 22.2) include the expected 
acute phototoxic effects of pain, itch, discomfort, redness, oedema, 
exudation and crusting [89,285]. The degree of redness and photo- 
toxicity is dependent on the size of the field treated and the degree 
of subclinical photodamage. Redness peaks about 1h after PDT but 
persists for about 7-10 days. Exudation and crusting are common 
(Figures 22.16 and 22.17). Fair-skinned photodamaged patients are 
most at risk of extensive redness and phototoxicity (Figure 22.18). 
For this reason an initial test area of up to 5 x 5 cm may be advisable 
before more widespread treatment of patients with markedly pho- 
todamaged facial and scalp skin. Periocular oedema may occur and 
patients should be warned of this and advised that sleeping with an 
additional pillow for 48 h after treatment may minimise the problem. 
Urticaria occurs at the treatment site in the minority of patients dur- 
ing or immediately after PDT (Figure 22.19) [286]. Antihistamines 
have not been shown to be of benefit in reducing the acute effects 
of PDT [287]. However, topical corticosteroids may have a role in 
reducing inflammation induced by PDT, if applied before and after 
treatment, without compromising efficacy [288]. Furthermore, pro- 
tection of the treatment site from light after PDT has also been shown 
to reduce the degree of inflammation [289]. 


Box 22.2 Adverse effects of topical photodynamic 
therapy 


Acute/short-term effects 
e Pain, itch, discomfort*® 
e Redness 

° Oedema?* 

e Urticaria 

e Exudation*® 

e Crusting* 

e Infection, cellulitis 

¢ Sterile pustules 

¢ Bruising, purpura 

e Dermatitis 

e Erosive pustular dermatosis 
¢ Bullous pemphigoid 


Chronic/medium-term effects 
¢ Scarring 

e Milia 

¢ Photo-onycholysis 

e Pigmentary loss/gain 

¢ Hair loss/gain 


From Ibbotson 2011 [285]. Reproduced with permission of John Wiley & 
Sons. 


* Common. 


Figure 22.16 Redness and oedema immediately after photodynamic therapy. 
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Figure 22.17 Expected residual redness and crusting 1 week after photodynamic 
therapy. 


Infection and cellulitis occur infrequently. Topical PDT has bacte- 
ricidal and bacteriostatic effects and therefore infection occurs less 
commonly than, for example, with cryotherapy. The development 
of sterile pustules following PDT for acne vulgaris is common and 
patients should be warned of this adverse effect. Purpura and bruis- 
ing are uncommon. Ulceration is more likely at lower leg sites, and 
if dependent oedema is present, the use of compression stockings 
throughout the PDT treatment course may assist with healing and 
reduce the risk of ulceration. 


Dermatitis may occur at the treatment site and may be secondary 
to phototoxicity or be irritant in nature. However, the possibility of 
allergic contact dermatitis to the prodrug needs to be considered. 
Patients who have had multiple treatments and treatments to large 
areas are particularly at risk (Figure 22.20) [290,293,294]. There 
may be cross-reaction between the prodrugs, although allergy to 
MAL does not necessarily imply allergy to ALA or vice versa. 
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Figure 22.18 Severe phototoxic reaction persisting 1 week after photodynamic therapy 
in a fair-skinned subject with marked field change photodamage. 


Figure 22.19 Urticaria at the treatment site immediately after photodynamic therapy. 


Patch testing should be organised if contact allergy is suspected 
(Figure 22.21), as further PDT in allergic patients may result in 
a generalised dermatitis or rarely systemic allergic contact der- 
matitis [295,296]. In addition, given that both MAL and Ameluz 
preparations contain arachis oil, PDT presents a potential, albeit 
unlikely, hazard for patients with extreme peanut allergy. Bullous 
pemphigoid has been reported in a single case localised to sites of 
PDT [252,297]. 


The main acute adverse effect of PDT is pain and most patients 
experience some discomfort, with severe pain in 16-20% 
[89,253,254,298,299]. The mechanism of PDT-induced pain is 
unknown although it occurs maximally in the first few minutes 
of treatment and is typically of a burning, prickling, stabbing 
nature. Pain usually rapidly subsides as soon as irradiation stops. 
It is not known if there are patient-dependent factors, such as 
genetic susceptibility, which influence pain. PDT treatment of 
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Figure 22.20 Dermatitis arising at the photodynamic therapy (PDT) treatment site in a 
patient who had received multiple treatments with topical PDT to field areas. This was 
confirmed to be contact allergic in nature by patch testing. 


Figure 22.21 Positive patch tests confirming contact allergy to a proprietary preparation 
of 5-aminolaevulinic acid (ALA). Contact allergy to both ALA and methyl aminolaevuli- 
nate may uncommonly occur, particularly after multiple treatments, often to large areas. 


large lesions and lesions on the head, neck and genital sites is 
more likely to be associated with significant pain. There is also 
some evidence that lesions with the strongest fluorescence may 
be associated with more severe pain [300-302]. PDT treatment of 
warts appears to be associated with particular discomfort during 
treatment. 

In one study of 983 PDT treatments, 44% of patients required 
pain-reducing interventions [300]. However, methods of pain relief 
for PDT are generally not particularly effective. Cold water sprays 
and pausing irradiation may provide some relief, as may a fan or 
forced air cooling [303]. Distracting the patient and engaging in 
conversation is anecdotally of some help, although this has not 
been formally studied. However, given that one study reported 
a rise in blood pressure in eight of 36 (22%) patients after PDT, 
keeping the patient relaxed during treatment is advisable [304]. 


Pre-treatment with topical tetracaine gel, EMLA (eutectic mixture 
of local anaesthetics), capsaicin or morphine does not significantly 
alleviate pain [301,305-307]. The role of transepidermal nerve stim- 
ulation has been investigated but is of limited use and can only be 
applied to certain body sites [308]. Subcutaneous anaesthetic and 
nerve blockade can be used and the latter has been shown to be more 
effective than forced air cooling. These interventions are, however, 
invasive and are limited to use at certain sites [130,309,310]. 

It has been claimed that MAL PDT is of equivalent efficacy but 
less painful than ALA PDT, although in the studies in which this 
has been investigated there have been other variables such as time 
of application of the prodrugs which may have influenced the devel- 
opment of pain [131-134]. In one study comparing ALA (Ameluz) 
and MAL PDT for AK, no significant differences in pain experienced 
were detected [42]. 

Irradiation parameters influence the severity of PDT-induced 
pain. Variable pulse light delivery may be associated with less 
pain than LED sources. The latter appears to be comparable with 
broadband and laser sources in this regard [135]. Green light is 
associated with less pain than red light when used for PDT of AK 
but not in a study using PDT for Bowen disease; as green light has 
limited penetration into the skin it would not normally be recom- 
mended for treating Bowen disease [286,311]. The total light dose 
used during irradiation does not seem to influence pain but studies 
with low irradiance LEDs and daylight PDT indicate that reduced 
rate of light delivery (irradiance) is associated with reduced pain 
through continuous low-level PpIX activation [89,299,312]. 


Chronic effects 

The risk of scarring following PDT is low (<1%) and when 
it does occur this is more likely to be atrophic than hyper- 
trophic [26]. If the dermal-epidermal junction is disrupted, milia 
may appear, although this is rarely seen. Photo-onycholysis, 
hypo/hyperpigmentation and increased/reduced hair growth are 
also possible medium- to long-term risks of topical PDT, although 
again these are rare. 

There is no evidence of long-term carcinogenic risk of PDT in 
humans. There have been anecdotal reports of, for example, an 
invasive SCC arising in an area of penile intraepithelial neoplasia 
following PDT and of melanoma occurring in actinically damaged 
skin previously treated with PDT. Whether such events are casually 
related is unproven [215,313-316] but there is some evidence to 
suggest that they are not. However, in one retrospective study of 
357 patients with AK treated with PDT, 17 developed a SCC at 
the site of previous PDT. Those individuals who developed SCC 
were found to have more risk factors for non-melanoma skin cancer 
compared with those who did not develop SCC. This would suggest 
that factors other than PDT were dominant in the development of 
SCC, but the authors recommended more frequent follow-ups in 
individuals with multiple risk factors who are treated with PDT 
[317]. However, these patients are those who should be carefully 
reviewed anyway as they are at higher risk of skin cancer. 

PDT has been shown in animal models to delay UV-induced 
carcinogenesis. There is also evidence that PDT may retard AK 
development and that repeated PDT field treatment might possibly 
reduce the risk of SCC in organ transplant recipients. Its potential 
preventative role is currently being explored. 
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Clinical governance 


Despite the good evidence base for topical PDT in dermatology 
and the availability of British and European guidelines and NICE 
(National Institute for Health and Care Excellence) interventional 
procedures guidance, there have been significant areas where 
consensus on best practice was unclear and there was no clear 
governance in place [291]. However, the introduction of standards 
by the British Association of Dermatologists for the set up, delivery 
and governance of PDT services are particularly helpful in terms 
of provision of structured guidance with respect to how a PDT 
service should be established, organised, managed and audited. 
Standards have been set for services to benchmark against and in 
order to ensure that PDT services are available for patients, and that 
treatment is delivered appropriately, effectively and safely [29]. 


How to set up a PDT service 

A business case to set up a new PDT service will need to explain 
in detail why the service is required, including an exposition of the 
advantages of PDT over existing therapies and the cost implications 
for using PDT rather than alternative treatment modalities. A full 
assessment of expected patient numbers, staffing requirements 
(including nurse and clinician time), drug costs and consumables, 
equipment and training should be undertaken. A dermatologist 
should be identified to oversee the service and clinician input is 
required as appropriate patient and lesion selection is essential. Fur- 
thermore, a PDT service should be accessible to all those involved 
in skin cancer management. Input from a medical physicist will 
also be needed for calibrating and measuring the irradiance of light 
sources. Adequate staff training is critical and protocols, guidelines 
and governance arrangements must be put in place [29]. 


What’s new? 


The place of topical PDT in the management of field change dyspla- 
sia and superficial non-melanoma skin cancer has been consolidated 
by the wealth of published studies, guidelines and standards that 
are available to support the use of this invaluable therapy. Further 
optimisation of PDT methodologies will help with the widespread 
acceptance of this treatment in routine dermatology practice. The 
explosion of studies and clinical use of daylight PDT is further 
proof that developing and refining techniques to improve patient 
tolerance and satisfaction while maintaining efficacy, reinforces 
the place of PDT. Further investigation into photosensitisers and 
prodrug delivery methods, along with refinement of light delivery 
methods, such as portable and conformable sources, continues to 
be a priority. In the post-Covid-19 recovery period, the need for 
home-based therapies is greater than ever and PDT, particularly 
daylight/portable PDT, lends itself to this, with patient engage- 
ment and confidence in treatment being essential. Fluorescence 
diagnostics and further investigation of the use of PDT in a wide 


range of dermatological conditions requires further study, as does 
the potential of PDT for preventative application in patients who 
are at high risk of skin cancer/pre-cancer, such as those who are 
immunosuppressed. 

In conclusion, PDT has many advantages and few adverse effects. 
The continued development of improved mechanisms for drug 
delivery and irradiation will help refine the clinical practice of 
PDT. There is also great potential for the application of PDT in a 
diverse range of other cutaneous diseases, which requires further 
investigation. 
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Introduction 


Prior to the early years of the 20th century, light had been consid- 
ered to exist as either particles or waves. In 1901, Planck resolved 
what had been an experimental contradiction with the prevail- 
ing wave theory by postulating that electromagnetic radiation 
(including light) consisted of discrete packets of energy or quanta. 
Einstein’s subsequent study of the photoelectric effect ultimately 
formed the basis of the modern theory of light as a wave—particle 
duality [1]. ‘Light’ is a form of energy and falls within the elec- 
tromagnetic spectrum which extends from X-rays to radio waves. 
Optical radiation refers to the specific range of energies as shown in 
Table 23.1. 

In 1954, Charles Townes’ experiments with the stimulation of 
ammonia molecules to emit extra energy as microwaves led to the 
term ‘MASER’ (microwave amplification by the stimulated emission 
of radiation). The term ‘LASER’, which is also an acronym, seems 
to have been used first by Gould in a lecture entitled ‘The LASER, 
light amplification by stimulated emission of radiation’ in 1959. 
The first functional laser (ruby, 694nm) was developed by Maiman 
in 1960 [3]. Its clinical applications were described 3 years later by 
Goldman [4] in the first dermatological paper on the subject. The 
theory of selective photothermolysis was postulated by Anderson 
and Parrish in 1983 [5], subsequent to which there has been an 
explosive development in the scientific study and application of 
this ‘new technology’ for skin disorders and cosmetic surgery. This 
chapter will largely restrict itself to the treatment of skin disor- 
ders. For a discussion of cosmetic applications of light and related 
technologies see Chapter 161. 


Table 23.1 Divisions of the optical region of the electromagnetic spectrum. 


Region of optical Wavelength 
spectrum Division (nm/mm) 
Ultraviolet (UV) UV-C 180-280 nm 
radiation — ‘beyond’ UV-B 280-315nm 
violet UV-A 315-400 nm 
Visible radiation A sensation of violet 400-780 nm 
(VIS) = ‘light’ coloured light through 
to red coloured light 
Infrared (IR) IR-A (near IR) 780-1400 nm 
radiation — ‘below red’ IR-B (mid IR) 1400-3000 nm 
IR-C (far IR) 3000 nm-1 mm 


Adapted from International Electrotechnical Commission [2]. 


Light and laser light characteristics 


Atoms consist of a nucleus surrounded by electrons. In their rest- 
ing state, electrons are usually at a low energy level and close to the 
nucleus. By absorbing energy in the form of a photon (i.e. a quan- 
tum of electromagnetic radiation or light), an electron will move to 
a higher energy orbit (Figure 23.1). The probability of absorption is 
proportional to the radiation intensity of the light, and also to the 
number of atoms in the resting state. In its excited and unstable 
state, the tendency of the electron is to drop back to the ground state. 
During this process, termed the spontaneous emission of radiation, a 
photon of energy is released. 

Emission can also be stimulated, as ina laser. As stated previously, 
‘laser’ is an acronym for ‘light amplification by stimulated emission 
of radiation’. Stimulated emission occurs after an already excited 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


- 
= 
Lu 
= 
Lu 
0 
< 
2 
< 
= 


PART 2 


MANAGEMENT 


N 
- 
< 
-¥ 


23.2 


Chapter 23: Principles of Cutaneous Laser Therapy 


Photon 


External power source External power source 


Resting Spontaneous Stimulated 
atom emission emission 


Resting 


atom Figure 23.1 Excitation of an atom with (a) spontaneous and 


(b) stimulated emission of radiation. 


atom is perturbed by a photon with a frequency (wavelength) 
corresponding to the energy gap between the excited and ground 
states. If this happens, the excited atom reverts to the resting state, 
releasing energy as a second photon of the same frequency as the 
incident photon. Because the incident photon is not absorbed, the 
atom emits two photons. Importantly, each of these has the same 
wavelength and phase, that is, they are coherent. It is this property 
which allows light amplification and the production of a laser sys- 
tem. During the operation of a laser, all three of these light—matter 
interactions take place simultaneously (namely, energising of atoms, 
spontaneous emission of photons and stimulated emission of photons). 

The energy that is required to excite the atoms in a laser is provided 

by an external power source in a process called pumping. When 

most of the atoms are in an excited (metastable) rather than in a 

lower energy state, they are described as having undergone popu- 

lation inversion (a condition in which stimulated emission is more 
likely). 

Laser light differs from light emitted by a conventional light 
source in that it has the following characteristics: 

1 Monochromaticity. The identity of the excited atom determines the 
wavelength of the radiation produced. In a laser this is, more pre- 
cisely, a narrow band in a Gaussian distribution around a charac- 
teristic wavelength. 

2 Coherence. Light can be likened to a sine wave. Laser light is both 
temporally and spatially coherent, that is, the waves are in phase 
in time and space. 

3 Collimation. This is a consequence of coherence and refers to its 
non-divergent and energy conserving properties. It means that 
the diameter of the beam changes only minimally over distance, 
unless it is focused by a lens. Both forms may be useful, such as in 
CO, laser surgery where a focused beam can be used for excision 
or where a collimated beam can be scanned for resurfacing. 


Lasers and laser beams 

Lasers are usually named after the constituents of the active or gain 

medium, which may be a gas, liquid, solid or semiconductor. The 

active medium may take the form of: 

1 A solid state material including crystals: ruby, alexandrite, 
Nd:YAG — (neodymium:yttrium-aluminium-garnet),  Er:YAG 
(erbium:yttrium-aluminium-garnet) or semiconductor diodes. 

2 A liquid: organic dyes in a solvent, for example rhodamine. 


Optical cavity 


Laser pulse 


an Partially 


Fully 
reflective Power supply reflective 
mirror mirror 


Figure 23.2 Diagram of a laser showing the external power source, the active medium 
within the optical cavity and a system of fully and partially reflective mirrors. 


3 A gas: carbon dioxide, argon, rare gas—halide mixtures and metal 
vapours. 
4 Semiconductor materials, e.g. diodes and ceramics. 

The active medium is contained within an optical cavity 
(Figure 23.2). In its simplest form the optical cavity consists of 
two opposing mirrors, one of which is fully (99%) reflective and the 
other, the output coupler, is partly transparent (1%). Photons moving 
parallel to the axis of the optical cavity are reflected between the 
two mirrors, in turn eliciting stimulated emission in the same axis, 
creating an optical gain. 

When the beam first passes through the gain medium, it experi- 
ences gain. Losses occur as the beam is reflected back and forward 
through the gain medium. Steady-state operation is the point at 
which there is no change in the beam after one round trip, ie. total 
gain and total losses are balanced. The feedback mechanism keeps 
the population inversion at this threshold level to maintain this 
balance. 

The energy required for the process of light amplification is 
supplied by an external source such as an electric current (electrical 
pumping if the active medium is a gas) or by a light source (optical 
pumping, flash lamp or other laser, if the active medium is solid). 
This supply of energy amplifies the light until it is emitted through 
the output coupler. It then enters a delivery system that transmits it 
to the operator hand-piece. 

Delivery systems may take the form of fibreoptic cables or articu- 
lated arms through which light is reflected by mirrors. Fibreoptic 
cables are lighter as well as easier to operate and maintain. However, 


they are also delicate and can break when bent or twisted beyond 
their tolerance. They are not sufficiently robust to transmit light 
emissions from systems such as CO,, Er:YAG or the very short 
pulse nano- or picosecond Q-switched lasers, where articulated 
arms are required. Likewise, some wavelengths are absorbed by 
glass, limiting transmission through an optical fibre. Each delivery 
system ends in an operator hand-piece through which light can be 
focused by a lens or transmitted as a collimated beam. Either beam 
type can be scanned to limit exposure time. In contrast to lasers, 
the xenon flashlamp is mounted within the treatment hand-piece 
that produces a broad spectrum output beam. The beam is directed 
through a quartz or sapphire treatment block or tip. Internal cooling 
of the treatment block or tip provides a level of epidermal protection 
during treatment. 

Lasers are sometimes classified according to the pulse charac- 
teristics of the beam, which may be continuous, pulsed or quality 
switched (Q-switched) (Figure 23.3). Continuous wave light con- 
sists of an uninterrupted beam of relatively low power, such as 
is emitted by the CO, laser. Light produced by lasers of this sort 
can be shuttered mechanically to interrupt the beam and may 
reduce the accumulation of unwanted heat. Another modification, 
superpulsing, was developed so that the laser emits a rapid train 
of higher peak power pulses of energy. One disadvantage of these 
so-called ‘quasi-continuous’ lasers is that the pulses are so close 
together that there is insufficient time for cooling. The tissue effect 
of this may therefore be very similar to a continuous wave laser 
beam. It was only with the development of high peak power lasers 
that clinically significant tissue effects could be achieved with 
single pulses. Examples include the pulsed dye laser and normal 
mode alexandrite and diode lasers as well as CO, lasers with pulse 
durations in the millisecond or high microsecond range. 

Q-switching is a means of creating an ultrashort pulse (5-100 ns 
and picoseconds) together with an extremely high peak power. This 
is achieved by means of an electro-optical switch which consists of two 
polarisers. Depending on their alignment, these will either transmit 
or block light. Blocking the light will lead to the generation of peak 
powers which can then be transmitted to result in photomechani- 
cal/photoacoustic shattering of targets such as tattoo particles and 


Super pulsed 


Power (watts) 


Continuous 


(microseconds) (nanoseconds) 


(seconds) 


Time 


Figure 23.3 Simplified representation of the pulse types. 


23.3 


Light and laser light characteristics 


melanosomes. The beam diameter is identical to the so-called spot 
size and is usually Gaussian in profile. This necessitates a degree of 
spot size overlap during treatment in order to irradiate tissue more 
uniformly. Q-switching is commonly used on solid-state lasers such 
as Nd:YAG, alexandrite and ruby lasers. Q-switching is described as 
active or passive according to the method used to achieve the pulsed 
output. 


Tissue optics 

The fate of incident light depends upon a number of important fac- 

tors (Figure 23.4): 

1 Reflection. Reflection occurs due to the difference in the refractive 
index between air (1=0) and the stratum corneum (n=1.45). 
About 4-6% of light is reflected at the skin surface. Reflection 
increases with increased angle of incidence — it is lowest when 
the beam is perpendicular. 

2 Absorption. This is governed by Beer’s law, which relates the 
absorption of light to the properties of the substance through 
which the light is travelling. In essence, the law states that there 
is a logarithmic dependence between the transmission of light 
through a substance and the concentration of that substance as 
well as between the transmission of light and its path length 
through the substance. Without absorption of light, there can 
be no effect on tissue. When a photon is absorbed by a target 
molecule or chromophore, all of its energy is transferred to that 
molecule. The basis for selective skin laser surgery is that light can 
be manipulated in terms of its wavelength, energy content and 
pulse duration so that a particular target chromophore absorbs 
light and is selectively damaged or destroyed. The endoge- 
nous chromophores of importance are melanin, haemoglobin, 
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Figure 23.4 Fate of incident light on skin. Endogenous chromophores absorb in the 
visible and near infrared spectra, and water in the mid and far infrared regions. There are 
also exogenous chromophores, tattoo ink for example. 
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Figure 23.5 Absorption spectra of the principal 
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water and collagen (Figure 23.5). Melanin is present in normal 
epidermis and hair follicles. Its principal function is to protect 
against sunlight and its absorption includes ultraviolet and 
visible light, with decreasing absorption into the near infrared 
spectrum. Haemoglobin has absorption peaks in the UVA, blue 
(400 nm), green (541 nm) and yellow (577nm) wavelengths. Col- 
lagen absorbs in the visible and near infrared spectra, and water 
in the mid and far infrared regions. There are also exogenous 
chromophores, tattoo ink for example. 

3 Scattering. This refers to the deviation of light by non-uniformities 
in the medium through which it passes. In skin, this is largely due 
to collagen in the dermis. Because the collagen molecule is similar 
in size to the wavelength of visible and near infrared light, scat- 
ter is mainly forward in direction. In certain situations, however, 
back scatter can be high enough to increase the energy density 
in the upper dermis to beyond that of the incident light. In rela- 
tion to laser light, so-called coherent back scattering can be more 
than twice as much as would be the case if the incident light were 
incoherent. 

Scattering in the skin is important in that it reduces the light 
energy available for absorption by the target chromophore and 
thereby decreases the clinical effect. Scattering diminishes with 
longer wavelengths, allowing these to reach deep dermal struc- 
tures such as hair follicles. Light between 600 and 1200nm has 
been described as an optical window into the skin because it is 
subject to low scattering in addition to being well absorbed by 
endogenous chromophores. Longer wavelength light is absorbed 
by water and does not penetrate deeply. 

4 Transmission. Light that is not reflected, absorbed or scattered 
passes to deeper tissue. This is dependent on wavelength, shorter 
wavelengths (300-400 nm) being scattered and penetrating less 
than 0.1mm. Wavelengths in the 600-1200nm range penetrate 
more deeply because they are scattered less. 


Light-tissue interaction 

The wavelength of light determines its absorption by a tissue tar- 
get or chromophore. In addition to being absorbed, light must have 
sufficient energy if it is to alter the target’s structure. Energy is mea- 
sured in joules (J) although it is usually more useful to consider its 
fluence or energy density (J/cm?). Power is the rate at which energy is 


delivered and is measured in watts (i.e. W or J/s). The term irradiance 
refers to the power density (i.e. the rate at which energy is delivered 
per unit area) and is measured in W/cm‘. Fluence and irradiance 
are therefore inversely proportional to the square of the radius of the 
spot size. This means that for a fixed amount of energy, doubling the 
spot size decreases the fluence and the irradiance by a factor of 4. On 
the other hand, increasing the spot size (up to a maximum of about 
12mm) reduces scatter and allows more photons to be transmitted 
into the skin. In this way, more thermal energy is delivered than with 
asmaller spot size. The fluence should be accordingly reduced when 
using a larger spot size. 

Pulse duration (the duration of each individual pulse of laser 
light) is the single most significant variable in light-tissue inter- 
action (Table 23.2). Depending on these qualities, light may affect 
tissue as follows: 

1 Photostimulation/photobiomodulation. It has been claimed that 
low-energy laser light expedites wound healing, although the 
evidence in support of this is equivocal and the mechanism by 
which it might do so is unclear. 

2 Photochemical change. This forms the basis of photodynamic ther- 
apy (PDT) and usually involves the topical or systemic admin- 
istration of a photosensitiser or precursor thereof. Subsequent 
irradiation with an appropriate light source elicits two types of 
photo-oxidative reaction and an immediate cytotoxic effect. PDT 
can also target endogenous chromophores (such as produced by 
Pityrosporum acnes and utilised in the blue light treatment of acne 
vulgaris). Direct photochemical interactions result from exposure 
to short wavelengths (high photon energy), specifically UV and 
blue light (200-400 nm), and is a cumulative process. 

3 Photothermal reactions. The heat generated by the interaction of 
light (e.g. 595nm) with the chromophore (e.g. oxyhaemoglobin) 
results in thermal disruption of the chromophore. An increase 
in local tissue temperature induced by longer wavelengths and 
continuous wave or long-pulsed exposures results in photother- 
mal reaction/injury. Absorption of photon energy produces 
an increase in the vibrational energy and collisions between 
tissue molecules, part of which is seen as an increase in tissue 
temperature. The extent of injury to the tissue depends on the 
temperature reached and the duration held at that temperature 
[6]. In the absence of natural heat diffusion or epidermal cooling 
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Table 23.2 Interactions between light and tissue. Table 23.3 Comparison of lasers and flashlamps (intense pulsed light systems). 
Pulse duration Interaction Typical application Lasers Flashlamps 
Continuous wave or Photochemical Photodynamic therapy Single wavelength, e.g. pulsed dye Multiple wavelengths tuned according 
exposures >1 second interactions laser (595 nm) to application, e.g. 590-950 nm for 
Milliseconds to microseconds Photothermal interactions Hair reduction, vascular vascular indications 
lesions Smaller) circular or square spot sizes Larger rectangular or square spot sizes 
Microseconds to nanoseconds Photoablation/ Pigmented lesions, or footprints 
photomechanical ablative rejuvenation High(er) repetition rate (Hz) Low repetition rate (Hz) 
Smaller hand-piece Bulkier hand-piece, which houses the 
lamp and lamp cooling device 
Single pulses of variable or fixed Multiple pulses with variable or fixed 
os . . ee . duration for efficient heating of delay for slow heating of target and 
significant tissue temperature increase can result in irreversible target sparing of epidermis 


tissue damage. At the immediate impact site there may be a zone 
of vaporisation leading to zones of necrosis or carbonisation 
caused by thermal diffusion. 

4 Photomechanical interactions. The interaction of nanosecond 
and picosecond domain high peak energy Q-switched laser 
pulses results in photomechanical or photoacoustic disruption of 
melanosomes or tattoo pigments. 

5 Photoablation involves the direct breaking of molecular bonds by 
high-energy UV radiation causing selective removal of material 
with no peripheral thermal damage. 


Selective photothermolysis 

The theory of selective photothermolysis has been used to target 

structures containing haemoglobin, melanin and collagen. It 

postulates that light can be used to selectively damage or destroy 

a chromophore if (i) a wavelength is selected that offers as large 

a difference as possible between the absorption coefficient of the 

target and that of the surrounding tissue; (ii) its energy is high 

enough to damage the target; and (iii) its pulse duration is less than 
or equal to the thermal relaxation time. These are now considered 
in more detail. 

1 Wavelength. Wavelength identifies a particular region of the elec- 
tromagnetic spectrum, e.g. 635nm (visible radiation) and the 
colour of the beam, e.g. 532nm= green light. It also determines 
the fate of incident light on tissue (the light—tissue interaction), 
e.g. transmission or absorption by tissues, and helps determine 
the lens colour or material to be used in protective eyewear. The 
absorption spectra of important tissue chromophores are shown 
in Figure 23.5 in relation to the wavelengths of the lasers widely 
used in dermatology [5]. Haemoglobin has a number of different 
absorption peaks, whereas absorption by melanin gradually 
diminishes with longer wavelengths of incident light. The depth 
of the target structure must also be considered because scattering 
of light in the dermis is strongly influenced by wavelength. For 
this reason, long wavelength light that penetrates well but is 
poorly absorbed by a deep chromophore may be more damaging 
to it than a shorter wavelength with the opposite characteristics. 
In some situations, particularly in relation to melanin, a single 
wavelength may not be necessary. It may even be preferable to 
use flashlamps or intense pulsed lights (IPLs) because of their 
broad emission spectrum (500-1200nm). These are cheaper to 
manufacture than lasers and can be used with light filters to allow 
a potentially wide range of applications. It is possible to vary their 
pulse durations from 0.5 to 88.5ms and to introduce intervals 
between pulses of 1 and 300ms. For example, a flashlamp 


2 


hand-piece for hair reduction may irradiate at between 650nm 
(red) and 110 nm (infrared), whereas an Nd:YAG laser used 
for the same purpose would irradiate with a single wavelength 
of 1064nm. At present, flashlamps cannot substitute for lasers 
where focused, high-energy beams are required. The differences 
between lasers and IPL devices are listed in Table 23.3. 

Energy fluence. The energy contained within light is expressed in 
joules (J) and its fluence or energy density per unit area in J/cm. 
For laser-chromophore interaction to be successful, the fluence 
should be high enough to cause destruction of the chromophore. 
Thermal relaxation time (TRT). The TRT is the time taken for the 
target to dissipate about 63% of the incident thermal energy. The 
TRT is related to the size of the target chromophore and varies 
from a few nanoseconds (tattoo particles) to several hundred mil- 
liseconds or more (leg venules). Estimated TRIs for typical chro- 
mophores are listed in Box 23.1. 


Box 23.1 Estimated thermal relaxation time for 
typical chromophores 


Epidermis = 1-10 ms 
Terminal hair (200-300 jum diameter) = 40-100 ms 
Blood vessels ~ 1-50 ms 
Melanosomes (1.0 pm diameter) = 250-1000 ns 
Cellular water = 1000 ns 


Some tissue targets, notably the hair follicle, are not uniform in 


their absorption of light, and it is possible that light-assisted hair 
removal is better explained by an ‘extended theory of selective pho- 
tothermolysis’ [6]. This distinguishes between an ‘absorber’ chro- 
mophore (in which heat is generated) and a distant ‘target’, to which 
heat is transmitted and which is damaged as a result. This may also 
apply to hair removal, melanin in the hair shaft and matrix cells act- 
ing as the absorber, whereas the stem cells of the isthmus (and pos- 
sibly blood vessels in the papilla) represent the distant target. The 
time to achieve selective damage of the target is the thermal damage 
time (TDT). This is how long it takes for the entire target, including 
the primary chromophore (e.g. melanin) and the surrounding tar- 
get (e.g. a hair follicle), to cool by 63%. The TDT is longer than the 
TRT as it takes into account heat diffusion from the chromophore 
throughout the target. 
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A practical outcome of this theory has been termed ‘thermo- 
kinetic selectivity’ [7]. Because large structures cool more slowly 
than small structures, it has been proposed that, with appropriate 
manipulation of the light source, the former can be heated to higher 
and thus potentially more damaging temperatures. An example 
of this is light-assisted hair removal where a pulse is used that is 
longer than the TDT of the melanin-containing epidermis (1 ms) but 
not of the melanin-containing hair follicle (30-100 ms). Lasers or 
light sources with pulse durations of 5-50 ms can therefore enable 
sufficient thermal energy to be accumulated in the hair follicle to 
coagulate it. Even while the energy is being delivered, the epidermis 
is protected as it cools rapidly, so that its temperature is kept below 
its thermal coagulation threshold. 


Tissue cooling 
Light in the 500-1200nm spectrum may be preferentially but not 
specifically absorbed by either haemoglobin or melanin, depending 
on the wavelengths employed. Epidermal melanin will therefore 
absorb both direct and back-scattered light from all such devices, 
whether or not it is the intended chromophore. Heat damage to 
the epidermis may result in blistering, dyspigmentation or scarring 
and is particularly likely in pigmented skin. To reduce this risk, 
the wavelength should be optimised with respect to the absorption 
characteristics and depth of the target chromophore. The use of long 
pulses [8] and cooling of the epidermis further reduce the risk of 
undesired damage to pigmented skin. The latter may be undertaken 
before, during or after the light pulse, or all three. Cooling may be 
achieved by three means: 
1 Cold air convection. Air, chilled to temperatures as low as -30°C, is 
directed onto the area to be treated. 
2 Contact cooling. This can involve simple application of icepacks or 
more sophisticated systems in which cold water flows between 
colourless and transparent plates (usually sapphire as it is a more 
efficient conductor than glass). Although this is a good method of 
cooling, the condensate that develops on the plates can obscure 
the skin and may require frequent removal. 
Cryogen spray (dynamic) cooling. A frozen gas (e.g. tetrafluo- 
roethane) is sprayed onto the skin immediately before the laser 
pulse. Evaporative cooling has a high heat transfer coefficient and 
this is therefore the most efficient way of pre-cooling. With timed, 
automated control this method is also relatively predictable and 
reproducible. 
One important benefit of epidermal cooling has been to allow 
treatments at higher fluences than would otherwise be considered 
safe and in this way to reduce the number of treatments required. 
Cooling has also made it possible to safely treat patients with 
all except the most heavily pigmented skin types. Furthermore, 
cooling decreases the pain associated with treatment, thus reducing 
the need for topical or local anaesthetic. Cooling can itself cause 
cryogen injury if used inappropriately. 
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Clinical applications of lasers and flashlamps 


General considerations 
As the range of indications for lasers has steadily increased over the 
years, many treatments have become safer, more effective and better 


tolerated. From non-purpuric bleaching of port-wine stains to the 
eradication of signs of photoageing with minimal down time, laser 
treatments have become very acceptable and have gained tremen- 
dous popularity. 

With the continuous evolution and popularisation of laser tech- 
nology, it is understandable that patients may have a false percep- 
tion of what lasers can achieve. Dermatologists should be able to 
explain to their patients that, despite the availability of a plethora 
of lasers, there still remain many dermatological conditions where 
lasers may have only a limited or no role to play. Even for estab- 
lished laser indications, it may not always be possible to predict the 
outcomes with any degree of certainty. Practitioners should refrain 
from making unattainable claims and should set realistic goals for 
treatment. 

Patients with unrealistic expectations from laser treatments are 
invariably dissatisfied with the outcomes. Before offering laser treat- 
ment, therefore, it is important to have a fully informed patient who 
has realistic expectations of what can and cannot be achieved for 
them. During the initial assessment, the laser practitioner should 
also consider the possibility of dysmorphophobia, particularly in 
patients requesting treatment for barely perceptible clinical signs, 
as such patients are unlikely to benefit from any laser intervention 
and are likely to remain dissatisfied. 

The main chromophores in the skin are oxyhaemoglobin, melanin 
(or exogenous pigment) and water, and interactions between laser 
light and these chromophores form the basis of dermatological laser 
treatments. 


Vascular lesions and vascular lasers 

Light—tissue interaction 

The main absorption peaks of oxyhaemoglobin are at 418, 542 and 
577nm. Following the postulate of selective photothermolysis by 
Anderson and Parrish, a flashlamp-pumped dye laser was devel- 
oped with a wavelength of 577nm, a pulse duration of 0.3ms and 
a fluence of 2J/cm? [9]. The main limitation of 577nm wavelength 
was limited depth of penetration into the skin. In subsequent treat- 
ment of port-wine stains (PWS), this wavelength was replaced with 
585-600 nm light, which has the advantage of deeper dermal pene- 
tration (although with reduced oxyhaemoglobin absorption at the 
longer wavelengths) [10]. A slightly longer pulse duration (0.45 ms) 
was used in the first generation of pulsed dye lasers (PDLs) on the 
basis of a calculated TRT of <1 ms for vessel diameters of 10-50 pm. 
This may have been an underestimate and the TRT was measured 
in a subsequent in vivo study as 1-10ms for vessel diameters of 
30-150 pm [11]. PDLs are now manufactured with pulse durations 
of up to 40 ms, although the short pulse PDL is optimal for PWS in 
children because vessel diameters are relatively small [12]. Another 
laser useful for vascular anomalies (especially facial telangiectases) 
is the potassium titanyl phosphate (KTP) laser (532nm); light 
from this laser does not penetrate beyond superficial vessels but is 
well absorbed. The alexandrite (755 nm) and Nd:YAG (1064nm) 
lasers emit light with longer wavelengths and therefore relatively 
deep penetration. This is targeted at a low absorption peak at 
900-1000 nm. 


Devices for treating vascular lesions 

There are a few devices commonly used to treat vascular lesions 

(Table 23.4): 

¢ KTP (532 nm) laser (frequency doubled Nd:YAG laser). By passing the 
emission from an Nd:YAG (1064 nm) laser through a KTP crys- 
tal the emission frequency can be doubled with a halving of the 
wavelength from 1064nm to 532 nm. The emissions may be flash- 
lamp or diode pumped and are characterised by trains of short 
pulses that summate to give a wide, pulse-like or ‘quasicontinu- 
ous’ effect with a low risk of producing purpura. Light produced 
by KTP lasers is highly absorbed by haemoglobin (and melanin) 
but its wavelength penetrates only superficially. They are used, 
with or without cooling devices, to treat small facial vessels. 

¢ Pulsed dye lasers (585-600 nm) 0.45 and 1.5-40 ms. These contain a 
rhodamine dye that is excited by a xenon flashlamp to produce 
light at 585-600 nm in pulses of 0.45-0.5 ms (short pulse PDL) or 
1.5-40 ms (long pulse PDL) through spot sizes of up to 15mm 
diameter. Light penetrates the dermis to a depth of 1.2mm and 
photocoagulates vessels of up to 100 pm in diameter [13]. 

e Alexandrite (75 nm) and Nd:YAG (1064nm) lasers. These emit 
light with longer wavelengths and therefore relatively deep 
dermal penetration. The wavelengths are absorbed by a small 
haemoglobin absorption peak at 900-1000nm. Used with long 


Table 23.4 Laser and light-based devices to treat vascular lesions. 


Laser Wavelength (nm) Comment 


Copper vapour 578 Good absorption spectrum for 
oxyhaemoglobin 

Limited by depth of penetration 

Superficial penetration of wavelength 

High absorption by haemoglobin and 
melanin 

Higher risk of scarring 

Useful of smaller facial vessels 

577, 585, 590, 595, 600 Favourable side-effect profile 

Purpuric and non-purpuric 
treatments possible. 

Different sized spots for flexible 
treatments 

Limited by depth of penetration so 
not useful for thicker lesions 

Good for deeper lesions 

Less purpura 

Not safe in darker skin types 

Safer in darker skin types 

Good for deeper lesions and thicker 
vascular lesions 

Greater range of pulse widths 

Less skin bruising 

Higher risk of scarring 

Deeper penetration suitable for 
thicker lesions 

Poor absorption by oxyhaemoglobin 

Cost effective as multiple indications 

Effective for diffuse redness, e.g. in 
rosacea 

Lower efficacy than vascular lasers 

Use with caution in patients with 
darker skin 


KTP 532 


Pulsed dye 


Alexandrite 755 


Nd:YAG 1064 


Diode 800, 810, 930 


Flashlamp (not laser) 515-1200 


KTP, potassium titanyl phosphate; Nd:YAG, neodymium:yttrium-aluminium-garnet. 
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Clinical applications of lasers and flashlamps 


pulses (up to several hundred milliseconds) and epidermal cool- 
ing systems, the Nd:YAG laser may have a role to play in treating 
relatively deep and large vessels, including those on the legs. 

¢ Flashlamps (500-1200 nm). These emit non-coherent light over a 
broad spectrum. Filters are used to eliminate wavelengths shorter 
than selected thresholds. There is contact cooling and a large spot. 
Potential advantages are reduced likelihood of patterning, pur- 
pura or over-correction when treating fine facial telangiectases or 
diffuse facial redness. 


Laser treatment of vascular lesions 

Indications for vascular lasers are shown in Box 23.2. Note that their 
value is not restricted to primarily vascular conditions. For treating 
facial lesions in adults usually no anaesthesia is needed, but topical, 
local or regional anaesthesia may be required when treating children 
with vascular lasers. Cooling used with the vascular laser provides 
comfort and obviates the need for any topical anaesthetic in adults. 
Concerns regarding EMLA cream-induced vasoconstriction and 
reduced efficacy of PDL treatment of PWS have not been found to 
be true [18]. Bland emollients and analgesics relieve postoperative 
pain, swelling and redness. Ice packs may be used to alleviate the 
discomfort. 


Box 23.2 Indications for vascular lasers 


Primarily vascular conditions 

¢ Haemangiomas 

¢ Congenital capillary malformations (port-wine stains) 

¢ Facial telangiectases and redness 

e Angioma serpiginosum [14] 

¢ Radiotherapy telangiectases [15] and telangiectases in CREST 
syndrome [16] and hereditary haemorrhagic telangiectasia [17] 

e ‘Spider’ telangiectases 

¢ Cherry angiomas 

¢ Superficial leg veins and telangiectases 

e Angiokeratomas 

¢ Venous lakes 

¢ Venous malformations 


Other indications 
¢ Angiofibromas 
e Viral warts 
¢ Red and hypertrophic scars 
e Psoriasis 
¢ Granuloma faciale 
¢ Jessner’s lymphocytic infiltrate 
¢ Poikiloderma of Civatte 
¢ Keratosis pilaris 
¢ Ulerythema ophryogenes 
¢ Granuloma annulare 
© Sarcoidosis 
¢ Reticular red mucinosis 
e Lichen sclerosus 
e Striae rubrae 


Carefully performed test patches are helpful in gauging response 
to treatment and are a medicolegal requirement for most profes- 
sional indemnity policies. They alert the patient to the degree of 
purpura that can be expected with treatment. Test shots can be 
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Figure 23.7 Changes in haemangioma associated with PHACES syndrome, baseline (a) 
versus following treatment with six sessions of PDL (b). 


delivered on normal skin in children and on the lesional skin in 
adults. Assessments are usually undertaken in 2-4 weeks. The 
highest tolerable fluence resulting in a discernible improvement in 
the absence of post-laser hyperpigmentation or prolonged purpura 
should be used for the first session. 


Infantile haemangiomas (capillary haemangiomas) 

These appear within the first few weeks of life and are the common- 
est benign tumours of infancy. They are characterised by endothelial 
hyperplasia and may proliferate for months. It is possible that they 
originate in the maternal placenta, with which they share dis- 
tinct tissue-specific markers [19]. The proliferative phase usually 
lasts for 6-9 months and is eventually followed by spontaneous 
but slow involution. Most regress, sometimes leaving redundant, 
atrophic skin or a telangiectatic patch or atrophic scar if there 
was ulceration. Intervention may be indicated if the site and/or 
size of the haemangioma is likely to cause functional impairment 
(e.g. periocular lesions), if the haemangioma is ulcerated and 


Figure 23.6 Ulcerated haemangioma (a) before and 
(b) after two pulsed dye laser treatments. 


painful or if it is associated with abnormal psychological develop- 
ment. Non-selective B-blockade with topical timolol or systemic 
propranolol has become the treatment of choice for proliferative 
haemangiomas, especially complicated lesions on the face, near the 
eye or those with the potential of causing respiratory embarrass- 
ment [20]. As a consequence, the use of lasers in these situations is 
now rarely indicated. 

Infantile haemangiomas have, however, been reported to show a 
reduction in both redness and size when treated with pulsed dye 
or Nd:YAG lasers [21]. Concurrent PDL and propranolol may have 
a role in treatment of haemangiomas. Laser treatment may some- 
times be helpful in painful, ulcerated, involuting haemangiomas 
(Figure 23.6) [22], although ulceration is itself a rare complication 
of treatment [23]. Posthaemangioma involution, residual telangiec- 
tases also respond readily to vascular lasers [24] (Figure 23.7). 


Port-wine stains (congenital superficial capillary 
malformations) 

Vascular malformations may be arterial, venous, capillary or lym- 
phatic and may include elements of more than one type. PWS are 
capillary malformations in which the vessels are characterised by 
flat endothelium with normal turnover. Sturge-Weber syndrome 
describes PWS involving skin in the distribution of the ophthalmic 
branch of the trigeminal nerve, together with involvement of the 
ocular choroid and leptomeninges. Patients with a periorbital PWS 
should also be tested for glaucoma. 

PDL is the intervention of choice for uncomplicated lesions and 
6-8 treatments spaced at 4-6-week intervals will achieve good 
results in as many as 60% (Figure 23.8) [25]. However, complete 
clearance is achieved in less than 10%, and roughly 20% of lesions 
fail to lighten at all [25]. It is generally accepted that laser treatment 
of PWS at a younger age improves prognosis [26]. 

Commencing treatment at 1-2 years of age may be the most appro- 
priate clinical decision when weighing up the benefits of early laser 
treatment against the risks of multiple general anaesthetics in an 
infant. An alternative philosophy is to defer intervention until the 
child is self-advocating for treatment (typically of school age) as they 


Figure 23.8 Changes in port-wine stain, baseline (a) and 
following 11 sessions of treatment (b). (a) 


may then be in a better position to tolerate treatment without the 
need for general anaesthesia. 

In recent years, PDLs have been manufactured with longer wave- 
lengths, larger spot sizes and longer pulses as well as with cool- 
ing devices that allow the use of higher fluences. The 585 nm short 
pulse PDL is probably optimal for treating PWS in infants, in whom 
vessel diameters are relatively small. More recently manufactured 
PDLs emit light with a wavelength of 595 nm, absorption of which 
by haemoglobin is fivefold lower than at 585 nm. Nevertheless, used 
in conjunction with a longer pulse, these may be most suitable for 
the deeper, larger vessels encountered in adult PWS [27]. The use of 
spray cooling and higher fluences with both short and long pulse 
(1.5-4.0 ms) PDLs has considerably shortened the duration of treat- 
ment for a PWS [28]. 

Lesions become purpuric if treated with both high fluences and 
pulse durations of 6ms or less. Although reduced by both cooling 
and long pulsing, a degree of post-treatment purpura formation is 
thought to be necessary for effective treatment of lesions. Factors 
favouring a good response to PDL treatment are youth as well 
as flat and scarlet (as opposed to purple) PWS on the head and 
neck (excluding the cheeks or midline) (Figure 23.9) [29]. Proxi- 
mal limb lesions do better than those sited more distally. Partial 
re-emergence (in up to 40% after 4 years) may occur after successful 
treatment [30]. Poor prognostic factors (Table 23.5) include age over 
1 year, central facial location, size >40 cm”, nodular or hypertrophic 
lesions, vessels >400 pm below the dermal—epidermal junction, ves- 
sel diameter >20 1m and more than five previous laser treatments 
[31,32]. 

PWS thicken diffusely over time with approximately two-thirds of 
patients developing hypertrophic or nodular lesions by age 50 years. 

PDL-resistant and recurrent PWS represent a therapeutic chal- 
lenge (Figure 23.10). The small-calibre deeper vessels are difficult to 
target with the available systems. Double-pass techniques or pulse 
stacking have been shown to further lighten some such resistant 
PWS, although the risks of blistering, scarring and hyperpigmen- 
tation are higher [32,33]. Longer wavelength, variable pulse width 
lasers such as the alexandrite, 810nm diode and 1064nm Nd:YAG 
lasers and IPL systems can be used to treat resistant or recurrent 
PWS [34]. Topical and intravenous PDT has been found to be 
at least as effective as PDL and may be useful for conventional 
laser-resistant PWS [35,36]. Topical antiangiogenic agents such 
as rapamycin and imiquimod applied after laser irradiation may 
improve treatment outcomes [37]. Treatment with sequential pulses 
of 595 and 1064nm wavelengths has been shown to be of benefit for 
recalcitrant and hypertrophic PWS [38]. 
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Table 23.5 Poor prognostic factors for PWS response to laser therapy [31]. 


Category Poor prognostic factors 


Central facial V2 area 

Distal limb area 

Darker colour at presentation 

Hypertrophic thickening at presentation 

Size >40 cm? 

Vessels >400 pm below the dermal-epidermal 

junction 

Vessel diameter >20 pm 

Older age at presentation 

More than five previous treatments 

Subpapillary capillaries on dermoscopy, showing 
deep red linear vessels 

A bright red background 

Thick vessels 

Blood vessels with high blood flow, large 
diameter and located deeper in the skin 

Deeper vessels in the superficial horizontal 
plexus presenting as small fine capillary dots 


Port-wine stain characteristics 


Patient characteristics 


Dermoscopy features 


Reflectance confocal microscopy 


Video microscopy 


Flashlamps (500-900 nm) have larger spot sizes and have also 
been used to treat resistant PWS, with supposedly good effect 
[39]. Other and more questionable options for treating resis- 
tant PWS include fractional ablative resurfacing, indocyanine 
green-augmented diode laser therapy and PDL therapy in con- 
junction with pneumatic skin flattening —- a technique whereby 
vacuum-assisted compression of skin is claimed to improve 
outcomes while reducing the discomfort associated with laser 
treatment. Adult patients in whom progressive vascular ecta- 
sia has resulted in very exophytic lesions are probably best 
treated with longer wavelengths (Nd:YAG; 1064nm) or CO, laser 
(Figure 23.11) [40]. 


Telangiectases and redness 

Spider telangiectases consist of a central arteriole with a high 
filling pressure and are best treated with a PDL. The superficial 
telangiectases that are commonly found in a midfacial distribu- 
tion in middle-aged and elderly fair-skinned patients and those 
associated with erythemotelangiectatic rosacea respond safely and 
well to a single treatment with a KTP laser. The same applies to 
telangiectases associated with autoimmune disease and following 
radiotherapy. KTP laser treatments do not produce purpura and 
hence are more acceptable to patients. More diffuse, finer telangiec- 
tases or diffuse redness associated with rosacea will respond to PDL 
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Figure 23.10 (a—c) Port-wine stain intermittently treated with the pulsed dye laser over a period of 12 years showing a relative lack of response in the mid-face port-wine stain. 


treatment (Figure 23.12), not necessarily with associated purpura 
but with a risk of subsequent honeycomb patterning (Figure 23.13). 
Non-purpuric PDL treatments are popular but require more ses- 
sions to achieve comparable results to purpurogenic treatments. 
Treatments are repeated at 4-6-week intervals. Stubborn perinasal 
and nasal telangiectases respond to deeper penetrating Nd:YAG 


Figure 23.9 Flat, scarlet, superficial, lateral facial port-wine 
stain (a) before and (b) after four pulsed dye laser treatments 
(595 nm) showing a good response. 


laser. However, this wavelength is associated with high risk of 
scarring and should be used with extreme caution on facial ves- 
sels. The flashlamp usually reduces redness more gradually than 
the PDL and is less likely to cause patterning (Figures 23.14 and 
23.15). Nevertheless, the flashlamp may be more painful than laser 
treatment and several treatments may be required. 


Figure 23.11 Carbon dioxide laser treatment of 
vascular ectasia in port-wine stain (a) before and (b) 
after treatment. (a) 


Figure 23.12 Facial telangiectasia (a) before and (b) 
after pulsed dye laser treatment. (a) 


Leg veins 

These vary in terms of size, depth and flow characteristics. In the 
absence of deep venous insufficiency, superficial dilated venules 
are probably best treated by sclerotherapy using sclerosants such 
as aethoxysclerol, hypertonic saline or polidocanol. Nevertheless, 
some superficial small-calibre venules may respond to laser treat- 
ment [41]. Long pulsed (1.5-40.0 ms) PDLs with wavelengths in the 
585-600 nm range and used with moderate fluences are sometimes 
useful for superficial vessels less than about 0.5 mm in diameter 
[42]. Longer wavelengths are used to target a different absorption 
peak of haemoglobin and achieve deeper penetration. The 3ms 
alexandrite (755nm) laser has been used with high fluences in 
treating leg venules of up to 2mm in diameter [43] and the Nd:YAG 
(1064nm) laser with fluences higher than 100J/cm? and pulse 
durations of up to 1s in treating even deeper and larger vessels [44]. 
Treatments may be repeated at 4-6-week intervals. Complications 
are relatively common and include ulceration, dyspigmentation 
and scarring [45]. There are few data on the flashlamp in this context 
but its emission spectrum and large applicator head would suggest 
a role only in treating widespread, fine telangiectases. Recently, 
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indocyanine green-augmented diode laser therapy of telangiectatic 
leg veins has been shown to have better efficacy than long pulsed 
Nd:YAG lasers [46]. 


Miscellaneous vascular skin lesions 

Other cutaneous vascular lesions that respond to laser treatment 
include angiomas and small venous lakes, for which PDL treat- 
ment is optimal. Larger venous lakes may respond to long pulsed 
Nd:YAG laser. Small, red angiofibromas may respond well in young 
patients with tuberous sclerosis in whom ablative treatments are 
inappropriate. These have recently been reported to respond to 
topical rapamycin which has been more acceptable to patients 
than vascular or ablative laser treatments [46]. Angiokeratomas are 
likely to recur unless treatment is sufficient to cause fibrosis, but 
smaller lesions respond well to treatment (Figure 23.16). Pyogenic 
granulomas should probably be treated by curettage rather than laser 
as obtaining histopathological confirmation of diagnosis should be 
considered. Medium-sized veins in the periorbital and temple area 
can be treated with long pulsed Nd:YAG (1064 nm) (Figure 23.17). 


Figure 23.13 Honeycombing noted after pulsed dye laser treatment of facial erythema. 
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Figure 23.14 Changes in rosacea telangiectasia, baseline (a) versus following 
treatment (b). 


Viral warts 

Pulsed dye, CO, and Nd:YAG lasers have been used to treat viral 
warts [47], often at high fluences and without cooling (Figure 23.18). 
The rationale for this was originally that photocoagulation of the 
underlying dermal vessels compromised the viability of the abnor- 
mal epidermis. It seems more likely that it represents a non-specific 
thermal injury to the infected epidermis. Facial and perineal warts 
respond better than plantar warts [48]. PDL is equivalent to conven- 
tional therapies such as cryotherapy and cantharidin. Combination 


therapies with lasers and other agents including bleomycin, salicylic 
acid, and light-emitting diode have shown some success [49]. 


Hypertrophic scars 

PDLs have been reported to improve the colour and contour of 
red and hypertrophic (but not keloid) scars in studies that have 
sometimes been supported with objective measurements such as 
reflectance spectrometry and silicone profilometry [50]. The mech- 
anism of action is unknown, although it is also possible that the 
destruction of small vessels plays a part. In more elevated scars, 
lasers have been claimed to be most useful after the scars have first 
been substantially reduced in bulk by intralesional corticosteroids. 
Overall, evidence seems poor for laser treatment of scars (except 
the 595 nm PDL) [51]. 


Inflammatory cutaneous lesions 

Some inflammatory skin conditions such as cutaneous and nail 
psoriasis, acne, granuloma faciale, granuloma annulare, lupus 
erythematosus, sarcoidosis, Jessner lymphocytic infiltrate, retic- 
ular erythematous mucinosis and lichen sclerosus may respond 
to PDL [52-54]. Whilst not fully understood, efficacy of PDL in 
these disorders appears to be mediated by antiangiogenesis and 
photodynamic effects. Currently, the role of lasers in these disorders 
is not well defined and lasers are only used for recalcitrant and 
localised lesions. 


The newer generation, long pulsed PDLs are safe and associated 
with a very low incidence of complications. Appropriate cooling 
prevents epidermal injury although excessive cooling must be 
avoided to prevent cryogen burns. Postinflammatory dyspigmenta- 
tion, particularly hyperpigmentation, is the commonest side effect. 
Both atrophic and hypertrophic scarring can occur with vascu- 
lar lasers. Redness, pallor, discomfort, vesiculation and crusting 
can follow KTP laser treatment. Likewise, atrophic scarring has 
been reported after the treatment of nasal telangiectases with KTP 
and Nd:YAG lasers. Non-purpuric PDL parameters may result in 
significant facial and periorbital oedema. 

The efficacy of vascular lasers in the treatment of PWS and facial 
telangiectases is unquestionable. There are enough data and clinical 
experience supporting these claims. However, treatment of resistant 
PWS still poses a challenge to the laser clinician. Good-quality clin- 
ical research evaluating the role of vascular lasers in the treatment 
of other vascular indications is hampered by the large number of 
variables, which makes comparisons difficult. 


Tattoos and pigmentary disorders 


Melanin absorbs light in the wavelength range of 290-120nm 
(Figure 23.5). At the shorter wavelengths, absorption is higher but 
penetration less deep than at the longer wavelengths. The ‘ther- 
apeutic window’ for treatment of pigmented lesions lies between 
630 and 1100nm, where absorption by melanin exceeds that by 
haemoglobin. 

The Q-switch is an electro-optical device that is used to pro- 
duce pulses of only a few nanoseconds. These are designed to be 
within the estimated TRT of melanosomes (0.5-1 1s) but longer 


Figure 23.15 Facial redness (a) before and (b) after 
one treatment with a flashlamp, showing minimal 
patterning and a good clinical response. (a) 


Figure 23.16 Angiokeratoma (a) before and (b) after pulsed dye 
laser treatment. (a) 


than that of tattoo particles, which are in the low nanosecond 
domain. Flashlamps can pulse within the millisecond range, which 
is relatively long in this context. Pulses in the nanosecond and 
subnanosecond range may fragment and disperse melanin and 
tattoo ink, thereby altering their optical properties. Laser tissue 
interaction produces intracellular steam and vacuole formation, 
which leads to immediate whitening. An audible popping sound 


(b) 


is heard due to the photoacoustic effect. Most tattoo lightening is 
probably due to uptake and removal of the fragmented particles 
by activated macrophages through the lymphatic system. Some 
may also be removed by transepidermal elimination. Although 
nanosecond (10-*) Q-switched lasers are ‘gold standard’ lasers for 
treating pigmentation and tattoos, picosecond (107!) lasers offer 
a greater than 10-fold reduction of pulse width allowing better 
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Figure 23.17 Changes in vein prominence on 
the right temple; baseline (a) versus following 
(a) (b) treatment (b). 


(a) (b) 


targeting of the melanosomes and tattoo ink particles whose TRT is —_ swelling and redness. Concomitant cooling of the epidermis is not 
in the subnanosecond domain [55]. required with Q-switched lasers. Periorbital treatments necessitate 
the need for intraocular metal shields to protect the globe. 
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Figure 23.18 Improvement in plantar warts (a) 
before and (b) after four pulsed dye laser sessions. 


Devices for treating tattoos and pigmented lesions 

1 Q-switched Nd:YAG (106 nm) laser and Q-switched frequency doubled 
Nd:YAG (532 nm) laser. The Q-switched Nd:YAG (1064nm) laser _ Indications for laser treatment of tattoos and pigmented 
emits light that penetrates 2-3 mm into the dermis and is therefore lesions 
suitable for the removal of deeper dermal pigmentation. If the fre- __ Indications for pigment-specific lasers are listed in Box 23.3. 
quency is doubled (and the wavelength thus halved to 532 nm) 
by passing the laser beam through a KTP crystal as for the KTP ae : ae 
laser, penetration is reduced. The Q-switched frequency doubled Box 23.3 Indications for pigment-specific lasers 
Nd:YAG (532nm) laser is designed to have limited penetration 


eT 

into the dermis and is therefore more useful for the removal of ees : 
. : e Epidermal lesions 

epidermal pigment. of eesclels 

2 Q-switched ruby (694nm), alexandrite (755 nm) and diode (810 nm) ° Lentigines 
lasers. These also emit red light at intermediate wavelengths, ¢ Labial melanotic macules 
allowing somewhat deeper dermal penetration although with * Flat and darkly pigmented seborrhoeic keratoses 
some loss of absorption. ¢ Café-au-lait macules 

3 Flashlamps (500-1200 nm). These emit non-coherent light over a ¢ Dermal melanocytosis 
broad spectrum with potential advantages in terms of penetration * Naevi of Ota and Ito 
and absorption. The relatively long pulse duration (0.5-88.5 ms) * Hori naevus 


e Drug-induced pigmentation 

¢ Mongolian blue spot 

e Acquired dermal melanosis, e.g. lichen planus pigmentosus 
¢ Mixed epidermal—dermal lesions 

¢ Postinflammatory hyperpigmentation 


appears not to constitute a practical problem in treating pigment 
with TRITs in the nanosecond domain. 


Anaesthesia pre-treatment considerations 


Topical anaesthesia is usually satisfactory for treating pigmented ° Melasma 
lesions or tattoos. Topical anaesthetics may be appropriate for larger ° Becker naevi 
treatment areas but risk of systemic absorption should be borne ¢ Riehl melanosis 


in mind. Emollients and analgesics relieve postoperative pain, * Poikiloderma of Civatte 


Figure 23.19 Professional tattoo (a) before and (b) after multiple 
Q-switched alexandrite (532 and 1064 nm) laser treatments. Note the 
hypopigmentation following the high fluence laser treatments. 


Tattoos 

Tattoos can be amateur, professional, cosmetic, traumatic or medical, 
e.g. radiotherapy. Q-switched treatment of tattoos is cosmetically 
superior to older destructive modalities. Black or blue amateur tat- 
too pigments absorb across a broad range of wavelengths in the visi- 
ble and near infrared spectrum. Green inks respond optimally to the 
Q-switched ruby and Q-switched alexandrite lasers but often per- 
sist. Conversely, red pigments respond best to the green light emit- 
ted by the Q-switched frequency doubled Nd:YAG laser (532 nm). 
The Nd:YAG laser is effective for blue/black tattoos but is relatively 
poorly absorbed by green pigments. It has been used successfully to 
treat tattoos in pigmented skin. Lasers used for tattoo removal are 
listed in Table 23.6. Red, brown or flesh-toned inks may contain fer- 
ric oxide (Fe,O3), which can be reduced by laser treatment to ferrous 
oxide (FeO), which is black. Although test treatments are therefore 
important, this reaction is rare and usually responds to subsequent 
treatment with the appropriate wavelength. Yellow and pastel 
colours are difficult to treat and complete resolution is unusual. 

Amateur tattoos usually require fewer treatments than pro- 
fessional tattoos. Q-switched lasers are also effective in clearing 
traumatic, cosmetic and radiotherapy tattoos. 

Improving tattoo clearance with Q-switched lasers has been of 
much interest, especially as multicoloured professional tattoos may 
require more than 20 treatment sessions (Figure 23.19). Nanosecond 
domain pulses may be too long for certain tattoo particles, most 
of which vary in size from 40 to 300nm in vivo. Picosecond pulse 
width lasers may therefore be more effective [56]. The intradermal 
injection of hyperosmotic substances such as glycerol in animal 
models reduces dermal scatter and improves tattoo clearance but 
can cause skin ulceration [57]. Other novel approaches include 
repeated exposures (R20) or combining Q-switched and fractional 
techniques [58,59]. 
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Table 23.6 Q-switched lasers for the treatment of different tattoo inks. 


Brown Black Blue Red Green Yellow Orange 
Nd:YAG (1064 nm) + + Be 
Nd:YAG (532 nm) + a - a + 
Alexandrite (755nm) + + + + 
Ruby (694 nm) + a ae a 


Nd:YAG, neodymium:yttrium-aluminium-garnet. 


Epidermal pigmentation 

Ephelides (freckles) and actinic (solar) lentigines respond well to 
treatment with the Q-switched KTP laser (532nm). Unlike the Q- 
switched ruby (694nm) and Q-switched alexandrite lasers, this 
laser may cause bruising. Each lesion has to be treated individually, 
an often tedious exercise in photodamaged patients, who often 
present with mottled hyperpigmented lesions on a background of 
chronic ‘bronzing’ and guttate hypopigmentation. 

Facial lentigines as well as labial lentigines associated with 
Peutz—Jegher syndrome have also been shown to improve with the 
Q-switched alexandrite laser [60]. 

Similarly, the Q-switched alexandrite laser can be very effective 
in the treatment of oral and genital melanosis (genital lentiginosis) 
(Figure 23.20). There are limited published data on the use of 
the flashlamp in this context as its pulse width is relatively long. 
However, its large beam diameter allows treatment of the entire 
affected area and not just the pigmented lesions themselves. Using 
a glass slide to compress the epidermis may allow the 595nm PDL 
to treat superficial pigmented lesions by ‘shifting’ the competing 
chromophore haemoglobin. 

Café-au-lait patches show a variable response to laser treatment 
and repigmentation occurs in 50% [61]. Becker melanosis consists of 
dermal melanophages as well as epidermal hyperpigmentation. 
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Its response to Q-switched lasers or to flashlamps is unpredictable, 
particularly if there is hypertrichosis, and repigmentation may 
occur from the hair follicles. This has led some authors to suggest 
that ablative treatment with an Er:YAG laser may be preferable [62]. 
Despite early enthusiasm for fractional ablative lasers, treatment of 
Becker melanosis often results in postinflammatory hyperpigmen- 
tation and poor patient satisfaction [63]. 

Seborrhoeic keratoses, which resemble solar lentigines in being flat 
and brown, will respond well to laser treatment. However, lesions 
that are warty or poorly pigmented are likely to respond better to 
destructive treatment modalities. 

Although lasers may lighten lentigo maligna, they may not eradi- 
cate amelanotic or deep perifollicular disease. Lentigo maligna and 
atypical naevi should not be treated with lasers [64]. 


Dermal pigmentation 

Speckled and lentiginous naevus (naevus spilus) consists of a lentiginous 
patch speckled with compound naevi. A small, early study with 
both Q-switched ruby and Q-switched Nd:YAG (532 or 1064nm) 
lasers suggested that the former was more effective. One of six 
patients developed dyspigmentation and another showed focal 
recurrence [65]. In a larger study of Japanese children, speckled 
and lentiginous naevi were noted to respond poorly to Q-switched 
alexandrite laser treatment [66]. The conclusions of this second 
study seem more plausible in view of generally disappointing 
experience with Q-switched laser treatment of both café-au-lait 
macules and compound naevi (Figure 23.21). 

Naevus of Ota has been treated with the Q-switched ruby, alexan- 
drite and Nd:YAG lasers (Figure 23.22) [67]. The relatively deep 
dermal pigmentation responds optimally and with fewer complica- 
tions to treatment with the Q-switched Nd:YAG laser. Some patients 
re-pigment after treatment [68]. 


Figure 23.20 Penile lentiginosis (a) before and (b) after 
Q-switched alexandrite laser treatment. 


(a) (b) 


Figure 23.21 Changes in café-au-lait macule, baseline (a) and following 11 
treatments (b). 


Both congenital and acquired melanocytic naevi have been treated 
with Q-switched lasers [69], although this remains controversial. 
One reason is that the long-term effects of non-lethal laser irradiation 
of melanocytes are unknown. With the possible exception of flat, 
junctional naevi, melanocytic naevi tend to respond incompletely 
and many lesions re-pigment. In a study in which 31 congenital and 
acquired (including atypical) melanocytic naevi were treated with 
the Q-switched ruby laser, normal mode ruby laser or both, only 16 
were visibly lighter 4 weeks after treatment [70]. 

Flat, medium-sized, congenital melanocytic naevi respond to 
pigment-specific lasers, but raised lesions only improve with abla- 
tive laser treatment, if at all. However, re-pigmentation can be seen 


Figure 23.22 Naevus of Ota (a) before and (b) after seven 
treatments with a Q-switched Nd:YAG (1064 nm) laser, 
showing a reduction of abnormal pigment and minimal 
patterning. (a) 


in up to 50% of patients, perhaps because the laser light does not 
eliminate deep perifollicular melanocytes [71]. 

Melasma can be epidermal, dermal or mixed in type, and usu- 
ally responds unsatisfactorily to Q-switched laser therapy [72]. 
More recently, the ‘microthermal treatment zones’ created by frac- 
tional non-ablative devices have been claimed to function as a 
‘pigment escalator’. Claims have also been made for successful 
treatment of melasma with the 1927nm fractional thulium fibre 
laser (Figure 23.23) [73]. Likewise, there are advocates of low flu- 
ence ‘skin toning’ with the 1064nm Q-switched Nd:YAG laser, but 
multiple treatments are usually required and long-term results are 
unpredictable [74]. 

As with melasma, the response of postinflammatory hyperpigmen- 
tation to lasers is unpredictable: there is a significant danger of 
increasing skin pigmentation (Figure 23.24). Haemosiderin seen in 
association with venous stasis will only occasionally respond to 
laser treatment. Drug-induced hyperpigmentation secondary to the 
administration of minocycline and amiodarone responds readily 
to treatment with the Q-switched ruby, alexandrite and Nd:YAG 
lasers. Riehl melanosis and lichen planus pigmentosus show dif- 
fuse grey to blue-grey and black facial hyperpigmentation. There 
are no good treatment approaches but multiple sessions of low 
fluence Q-switched Nd:YAG may lighten pigmentation in some 
patients [75]. 


Complications of pigment lasers 

Whitening and subsequent redness or pin-point bleeding are com- 
mon and expected end points. The most common complications are 
laser burns, dyspigmentation or scarring, which are more common 
in pigmented or tanned skin. It is preferable to defer laser treat- 
ment until the tan has faded. Undertaking test patches prior to full 
treatment may also be useful, not least medicolegally. Certain tat- 
too pigments can darken with laser treatments and care must be 
taken when treating traumatic tattoos, which may consist of com- 
bustible material. Treating allergic tattoo reactions with Q-switched 
lasers may result in a systemic allergic reaction. 

Some pigmented lesions respond better to laser treatments than 
others. While epidermal pigmentation in freckles and solar lentig- 
ines responds readily to lasers, melasma and postinflammatory 
hyperpigmentation show a variable and unpredictable response. 
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Good-quality, long-term efficacy data supporting the use of lasers 
in the treatment of congenital melanocytic naevi are lacking but the 
high recurrence rate is a recognised problem despite early clearance 
seen with laser treatment. 


Hair reduction 

Hair reduction is the most commonly performed laser procedure 
in dermatology. Apart from their use in hirsutism, hair reduction 
laser devices are commonly employed to treat unwanted facial and 
extrafacial hair in women and men. The application of these devices 
extends to treatment of hypertrichosis associated with conditions 
such as hairy congenital melanocytic naevi and pilonidal sinuses. 


Light—tissue interaction 

The mechanism for light-assisted hair reduction remains incom- 
pletely understood. Light is probably absorbed by melanin in the 
hair shaft and matrix but it is likely that heat is then transferred 
to the true target structures, stem cells (mainly in the bulge area 
of the outer root sheath) and possibly blood vessels in the papilla. 
The TRT of a 200-300pum follicle is about 25-50ms, but much 
shorter pulse durations also seem to be effective. It has also been 
shown that considerably longer pulses (30-400 ms) are effective in 
damaging the stem cells and papillary vessels, neither of which 
contain melanin nor are in direct contact with the melanin-rich 
components of the follicle. This observation has been explained 
in terms of an ‘extended theory of selective photothermolysis’ [6]. 
Follicles in early anagen are thought to be most susceptible to laser 
treatment because they are more superficial than in other phases. 
Follicular disruption is an immediate effect and is followed by 
conversion from the anagen to the telogen phase, with subsequent 
miniaturisation of the hair follicle. 


Devices for hair reduction 

The normal mode (long-pulsed) ruby (694nm), alexandrite 
(755nm), diode (800nm) and Nd:YAG (1064nm) lasers have all 
been used for photoepilation, as have flashlamps. Cooling is 
required to protect the epidermis [76]. 


Laser-assisted hair removal 
Laser hair removal is the most commonly performed laser proce- 
dure. Although extremely useful for the treatment of hirsutism, 
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many patients seek laser treatment for normal but unwanted body 
and facial hair (Figure 23.25), e.g. pre or post gender-confirming 
surgery. Patients with light skin colour and dark hair are best suited 
to laser hair removal. Patients should be informed that lasers may 
not work on light-coloured, red, grey or white hair nor on fine 
vellus hair. 

A clinical end point of mild perifollicular redness and oedema is 
often recommended by manufacturers. Multiple treatments (three 
to six and often more) are necessary to achieve long-term reduction 
of hair growth. The term ‘permanent hair reduction’ has been 


Figure 23.23 Melasma, baseline (a) and 4 months 
post-treatment (b). 


Figure 23.24 Postinflammatory hyperpigmentation, baseline 
(a) and following treatment (b). 


loosely used in this context and is defined as a long-term, stable 
reduction in the number of hairs regrowing after a treatment course 
[77]. The number of hairs regrowing must be stable over a time 
period greater than the duration of the complete growth cycle of 
hair follicles, which varies from 4 to 12 months according to body 
location. Permanent hair reduction does not necessarily imply the 
elimination of all hairs in the treatment area [77]. Considerations 
such as repeated treatments as well as variable and tempo- 
rary hair reduction should be included in patient selection and 
counselling. 


(a) (b) 


Figure 23.25 Laser hair removal, baseline (a) and post-treatment (b). 


Test patches are mandatory to determine the most effective treat- 
ment parameters for the patient’s skin and hair type, and to judge 
how the skin will respond to treatment. The test patch should always 
be carried out in a small area, in or near the area for treatment, and 
if other body sites are to be treated subsequently, then a test patch 
must be carried out in the new treatment area. 

Lasers with longer wavelengths are likely to be safer and more 
effective. A study of patients treated at least three times at 4—6-week 
intervals with the 3 ms alexandrite laser showed a mean long-term 
(12-month) hair reduction of 74% [78]. This was even higher in those 
patients with non-pigmented skin in whom higher fluences were 
used. Optimal results are obtained in patients with non-pigmented 
skin and with pigmented hair. The alexandrite laser may be best 
suited to treating skin phototypes I-III because of the paucity of 
competing epidermal melanin and, consequently, the relatively 
low risk of laser-induced dyspigmentation or burns. When treating 
darker skin phototypes, however, the 1064nm Nd:YAG laser is 
preferred. Both the 810nm diode and the Nd:YAG lasers are of 
comparable efficacy, but treatments with the low fluence diode 
laser are less painful [77]. Fair or white hair lacks melanin and is 
largely resistant to treatment. Flashlamps have been used to treat 


Figure 23.26 Pseudofolliculitis barbae (a) before and 
(b) after a treatment with a normal mode alexandrite 
(755 nm) laser. Residual hair is sparse and fine and 
there are no inflammatory lesions. 
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hypertrichosis and hirsutism, but it seems likely that subsequent 
blistering and dyspigmentation are more common than after laser 
treatment, especially in darker skin phototypes. Furthermore, when 
compared with the Nd:YAG laser, the flashlamp was found to be less 
effective in reducing axillary hair counts (54.4% versus 79.4%) [77]. 

Home use lasers and flashlamps are gaining popularity. They 
result in a hair reduction of about 30%, although there are safety 
concerns in the absence of clinical supervision. 


Anaesthesia 

Most patients require no anaesthesia, but topical anaesthetics may 
be needed. Preoperative analgesics may help in reducing opera- 
tive discomfort. Emollients and analgesics relieve postoperative 
pain, swelling and redness. Sun avoidance and UV protection are 
advised. Concomitant cooling of the epidermis is essential. 


Indications for laser hair removal 
Skin and hair disorders in which laser-assisted hair removal may be 
beneficial are listed in Box 23.4. 


Box 23.4 Medical indications for epilation lasers 
[76,77,79] 


¢ Hirsutism 

e Hairy congenital naevi 

e Faun tail and Becker naevi 

¢ Hair-bearing skin grafts and flaps 

¢ Folliculitis decalvans and dissecting folliculitis of the scalp 

¢ Pseudofolliculitis barbae (Figure 23.26) 

e Limb prosthesis in amputees 

¢ Body odour reduction 

¢ Pilonidal sinus 

¢ Hidradenitis suppurativa 

¢ Trichostasis spinulosa 

¢ Gender-confirming laser hair removal including preoperative genital 
gender-confirming surgery 

e Peristomal hair growth 

¢ Hair restoration surgery to redesign frontal hairline in women 


Complications of laser-assisted hair removal 

There is a low incidence of usually self-limiting side effects, which 
depend on the laser used, the site treated and the skin type [80]. 
Pain, transient redness and perifollicular oedema and folliculitis 
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Figure 23.27 Paradoxical hypertrichosis on the neck seen after long pulsed Nd:YAG 
laser treatment. 


are common and expected effects. Treating tanned skin, using 
inappropriate wavelengths for skin type and inadequate cooling of 
skin are some of the common causes of photoepilation laser side 
effects. Thermal burns resulting in blisters, hyperpigmentation or 
persistent hypopigmentation are uncommon and signify aggressive 
treatment or improper patient or laser selection. Permanent scarring 
is rare. Aggravation of pre-existing skin conditions, including acne, 
can occur. 

The devices operate in the visible or near infrared region and there 
is therefore a risk of retinal injury. The risk of dyspigmentation is 
highest with the ruby laser and drops with longer wavelengths. Sim- 
ilarly, risk is higher in patients with pigmented skin although this 
can be reduced with use of the Nd:YAG laser (1064 nm). Paradoxical 
hypertrichosis, described as an increase in hair growth on or adja- 
cent to the treatment site (Figure 23.27), is an uncommon side effect 
of treatment with all laser and IPL devices but more common in 
darker skin and patients with underlying hormonal imbalances, e.g. 
polycystic ovarian syndrome [81-83]. Subtherapeutic thermal injury 
induced terminal hair growth and thermally induced inflammatory 
response-induced activation of dormant hair follicles in untreated 
areas are plausible explanations [81]. 

Using higher laser fluences and actively cooling the neighbouring 
(non-treated) areas to prevent stimulation of the follicles by subther- 
apeutic light are recommended to treat paradoxical hair growth [83]. 


Photothermal ablation in the treatment of skin 

disorders 

Light—tissue interaction 

Ablation can be achieved by heating the water in the epidermis and 

dermis. The continuous wave carbon dioxide laser (CO, laser) in 

the far infrared region was the first laser to be used as an ablative 
laser. The abundance of water in the skin makes the ablative lasers 
tissue selective, but strictly speaking these devices do not follow the 
principles of selective photothermolysis. The absorption of water by 
the CO, laser makes it an ideal cutting (incising) and ablating laser. 

There are two main types of applications: 

1 Incisional with haemostasis. The CO, laser (10 600 nm) can be used 
as an incisional or resurfacing instrument. Tissue can be incised by 
using a high-power, focused beam that vaporises the tissue in its 
immediate path. The power, diameter and pulse characteristics of 
the beam determine the thickness of a surrounding cuff of thermal 
damage, which is also determined by scatter and temperature dif- 
fusion. The main advantage of thermal damage, in this context, is 
haemostasis. 

2 Ablative laser resurfacing. This was performed initially with pulsed 
or scanned CO, lasers, the immediate effect of which is ablation 
(or vaporisation) of the epidermis and the superficial papil- 
lary dermis. In the healing period, re-epithelialisation occurs 
from the surrounding epidermis and from adnexal structures. 
There is also residual thermal damage to a band of underlying 
dermis, together with collagen denaturation, contraction and 
subsequently neo-collagenesis. 

The CO, laser emits light that is relatively poorly absorbed by 
water and which therefore has a relatively high penetration (30 pm). 
Unless the irradiance is high, this elicits relatively little ablation com- 
pared with thermal damage (up to 300m) or less than was ini- 
tially thought desirable. Furthermore, with each subsequent pass 
there is less and less ablation and more and more thermal damage 
as the water content drops from 80% in the epidermis to 60% in the 
underlying dermis. These considerations led to the development of 
the Er:YAG laser (2094nm) because it emits a wavelength that is 
highly absorbed by water and therefore has a low penetration (3 pm). 
This in turn is associated with more ablation (2-4 1m per J/cm?) and 
less thermal damage (10-15 jm). It soon became apparent, however, 
that a degree of thermal damage was necessary for haemostasis. 
In addition, the thermal damage that underlies CO, laser-treated 
sites may influence the thickness of subsequent fibrosis [84]. As a 
result, Er:YAG lasers were adapted to cause more rather than less 
thermal damage, in other words to make a wound more like a CO, 
laser. The differences between CO, and Er:YAG lasers are listed in 
Table 23.7. The 2790nm erbium:yttrium-scandium-gallium-garnet 
(Er:YSGG) laser and plasma-emitting devices employ two further 
ablative modalities; the latter have gained popularity in the cosmetic 
sector. 


Devices in common use 

Carbon dioxide (10 600 nm) laser 

The CO, laser produces light (10 600 nm) that is relatively poorly 
absorbed by the chromophore water, and which therefore pene- 
trates relatively deeply (30 ppm). Incisional surgery is achieved using 
a focused beam. For ablation, these lasers were originally operated 
in continuous wave, or the wave is pulsed using a rotating mirror 


Table 23.7 Key differences between carbon dioxide and 
erbium:yttrium-aluminium-garnet (Er:YAG) lasers. 


Laser Carbon dioxide Er:YAG 
Affinity for water High Very high 
Ablation per pass 20-60 pm 5-15pm 
Haemostasis Yes No 
Ablation plateau Yes No 
Residual thermal damage 150 pm 15pm 


or computerised pattern generator. Continuous wave CO, lasers 
resulted in unpredictable clinical results and scarring. Pulsed CO, 
lasers, on the other hand, deliver higher peak powers in pulsed 
durations which are shorter than the TRT and allow safer treat- 
ments. These systems effect ablation of up to 20-30 1m of skin per 
pass with a smaller residual thermal damage zone than continuous 
wave systems. These lasers have recently been modified to per- 
form fractional ablative resurfacing (see the section on fractional 
modalities). 


Er:YAG (2940 nm) laser 

This laser emits light with a higher absorption coefficient for water 
and a lower optical penetration depth than the CO, laser. There is 
therefore limited ablation and reduced residual thermal damage. 
This results in efficient tissue ablation with lower recovery times and 
fewer side effects than seen with the CO, laser. Er:YAG lasers have 
been modified to effect the precise ablation capability of short pulse 
Er:YAG lasers with coagulative effects similar to those of CO, lasers. 


Anaesthesia 

Ablative treatments almost always require adequate anaesthesia. 
For the treatment of superficial benign lesions such as syringomas, 
topical anaesthesia may be adequate. For other deeper ablative 
or incisive procedures, local or general anaesthesia is preferred. 
Topical emollients are useful post procedure. 


Indications for incisional and ablative laser surgery 
Indications for photothermal ablation are listed in Box 23.5. 


Box 23.5 Indications for photothermal ablation 


Malformations 
e Epidermal naevi 
e Lymphangioma circumscriptum 


Epidermal dysplasia and neoplasia 

e Actinic keratoses and actinic cheilitis 

e Squamous cell carcinoma in situ (Bowen disease) 
e Porokeratosis 

e Melanoma metastases 


Benign cutaneous tumours and proliferations 
¢ Rhinophyma and sebaceous hyperplasia 

e Xanthelasma 

¢ Seborrhoeic keratoses 

¢ Dermatosis papulosa nigra 

¢ Syringomas 
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e Angiofibromas 

¢ Familial trichoepitheliomas 
e Cylindromas 

¢ Hidrocystomas 

e Viral warts 

¢ Neurofibromas 


Dermal infiltrates 

e Xanthelasma 

¢ Granuloma faciale 
© Sarcoidosis 

e Amyloidosis 


Miscellaneous 

e Darier disease (keratosis follicularis) 

e Hailey—Hailey disease (familial benign chronic pemphigus) 
e Pemphigus vegetans 

¢ Colloid milium 


Cosmetic 
e Acne scarring 
e Rhytides 


CO, laser incisional surgery may confer an advantage over con- 
ventional scalpel incisions on account of the associated haemostasis 
due to thermal damage around the beam. A potential disadvantage 
is that thermal damage of the apposed wound edges may result in 
slower healing and a more obvious scar. This technique may be most 
useful in making surgical wounds that are to heal by second inten- 
tion. One example is the dissection of head and neck keloids below 
the hair follicles through the subcutaneous fat. Results have varied 
[85] but are probably better on the head than at other sites, par- 
ticularly if augmented with intralesional corticosteroids before and 
after re-epithelialisation. A difficulty in doing or assessing studies 
on keloids is defining what is meant by cure, and when. 

Ablative modalities remain the most effective means of resurfac- 
ing wrinkles and some acne scars, although with increased morbidity. 
This is explored in more detail in Chapter 161. 


Epidermal dysplasia and neoplasia 

CO, laser ablation may be a useful alternative option to topical ther- 
apies in treating actinic cheilitis as well as Bowen disease on the peri- 
ungual folds and on the glans penis. Bowenoid papulosis has also 
been reported to respond well to ablative laser treatments [86]. 
Superficial basal cell carcinomas (sBCC) have also been managed with 
laser ablation, although this is unlikely to be the treatment of choice. 
Combined PDT and CO, laser treatment of small nodular and sBCC 
has been reported to be effective [87]. 


Benign cutaneous tumours and proliferations 

Familial trichoepitheliomas and angiofibromas (Figure 23.28) can be 
flattened with lasers but lesions recur over time in some patients. 
Small angiofibromas associated with tuberous sclerosus may be bet- 
ter treated with PDL or topical sirolimus [88]. Periorbital syringomas 
(Figure 23.29) and sebaceous hyperplasia can be managed with any of 
a number of destructive modalities including CO, laser ablation. In 
periorbital skin, the dermis is thin and it may be difficult to ablate 
to a depth that does not lead to either recurrence of the lesions 
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Figure 23.28 Angiofibromas (a) before, (b) 6 months after and (c) 24 months after CO, laser resurfacing, showing a gradual recurrence of lesions over time. 


(a) (b) 
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or colour and texture change. Rhinophyma (Figure 23.30) can be 
recontoured for cosmetic purposes and in order to relieve nasal 
obstruction, when present; results are usually permanent [89]. 


Dermal inflammatory and other infiltrates 

Granuloma faciale and facial sarcoid usually present with violaceous 
plaques and nodules. Both have been reported to respond to PDL 
treatment, although it seems likely that their colour owes more to 
the infiltrate than ectatic vessels. Plaques of granuloma faciale can 


Figure 23.29 Periorbital syringomas in a patient with 
skin phototype VI (a) before and (b) after 3 months of 
treatment with a CO, laser. 


Figure 23.30 Contouring of rhinophyma (a) before 
and (b) after treatment with a CO, laser usually 
produces excellent cosmetic outcomes. 


be flattened with a CO, laser and will reform slowly, if at all [90]. 
Likewise, plaques and nodules of facial sarcoid can be usefully and 
often indefinitely debulked if the disease is stable [91]. Xanthelasmata 
respond well to a range of destructive techniques, including CO, 
laser surgery. 


Miscellaneous 
A number of other unrelated conditions have been treated with 
CO, laser ablation, of which the most relevant may be periungual 


(a) 


(b) 


Figure 23.31 Tattoo granulomas in the centre of the tattoo (a) before and (b) after CO, laser ablation; they usually respond well. 


Figure 23.32 Non-ablative fractional resurfacing, baseline (a) 
versus following treatment (b). (a) 


and plantar warts, Hailey—Hailey and Darier disease and vulval lym- 
phangiectasia/lymphangioma or cysts [92]. Non-infective, pruritic 
tattoo granulomas that have failed to respond to potent topical cor- 
ticosteroids usually respond well when ablated with the CO, laser 
(Figure 23.31). Recurrent sinuses and nodules of hidradenitis suppu- 
rativa can be excised using the cutting mode of the CO, laser [93]. 
The dumb-bell tumours of neurofibromatosis can be excised using 
the CO, laser, leaving a flatter skin profile, albeit at the expense of 
hypopigmented scars [94]. 


The risk is dependent on the depth of photothermal ablation. Before 
re-epithelialisation, the major complication is infection, which 
occurs in about 4% of patients after full face resurfacing. This is 
usually due to staphylococci, although infections with Candida 
species and herpes simplex have also been implicated — all may 
cause scarring. Complications after the third week include acneform 
folliculitis and milia formation, contact reactions, dyspigmentation 
and scarring. Postoperative redness occurs in all patients and its 
duration is mainly a reflection of wound depth [95]. Hypopig- 
mentation is not usually apparent until 6 months postoperatively 
and may be caused by loss of epidermal melanin or by underlying 
fibrosis. This is now quoted as one of the reasons for the swing from 
ablative to non-ablative resurfacing. 

Most data on efficacy of ablative lasers come from case reports or 
case series, as conducting randomised controlled trials using abla- 
tive lasers is fraught with difficulties. 


(b) 


Non-ablative and fractional modalities 

The prolonged healing times and side effects associated with abla- 

tive laser systems have led to the introduction of non-ablative and 

fractional non-ablative techniques [96]: 

1 Non-ablative resurfacing. The aim of treatment is to selectively 
wound the upper dermis in order to induce dermal fibrosis (or 
collagen remodelling) (Figure 23.32). The epidermis is protected 
and retained to avoid the problems of the open wounds caused 
by ablative modalities. Prerequisites to this are therefore epider- 
mal cooling systems and wavelengths that are sufficiently long to 
penetrate and injure the dermis. A variety of lasers (1064 and 1320 
nm Nd:YAG, 1450nm diode and 1540nm erbium glass lasers) 
and flashlamps have been studied, including some originally 
developed for other purposes. Despite clear histological evidence 
of new collagen formation, clinical results with these systems are 
often modest. Radiofrequency and infrared devices designed to 
cause deep, volumetric heating and subsequent skin tightening 
have been used only for cosmetic purposes and are discussed in 
Chapter 161. 

2 Fractional non-ablative resurfacing. This refers to the creation 
of microscopic treatment zones of coagulative damage to the 
epidermis and upper dermis. The diameter of these zones is 
about 100 pm and their depth and density determine the clinical 
response. They heal with microepidermal necrotic debris, which 
supposedly removes pigment, and with subsequent fibrosis [96]. 
The prototype was an erbium glass laser (1540nm) that emits 
light through a fibre with an optical deflection and focusing 
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system. Other systems include 1540 and 1550nm erbium fibre 

lasers, the 1320 and 1440nm Nd:YAG lasers, the 825-1350 nm 

non-coherent infrared light source and the 1927 nm thulium fibre 
laser. Indications for fractional non-ablative systems include acne 

scarring, fine rhytides and, supposedly, melasma [97]. 

3 Fractional ablative resurfacing. This occupies a place between 
fractional non-ablative modalities on the one hand and ablative 
resurfacing on the other. Efficacy is greater than with non-ablative 
techniques but so are recovery times and complication rates. Both 
CO, and Er:YAG laser systems have been fractionated and are 
largely used for cosmetic indications, principally for acne scarring 
and wrinkles. 

Apart from lasers, unipolar, bipolar and multipolar radiofre- 
quency devices have been designed to effect non-ablative cosmetic 
skin tightening (see Chapter 160). Sublative radiofrequency refers 
to fractionated bipolar radiofrequency energy that is delivered 
in a manner that has the most impact on the dermis. Epidermal 
change is minimal, thus limiting the incidence of side effects such 
as hyperpigmentation [98]. 


Low-power lasers 

There is anecdotal and conflicting evidence relating to the use of 
low-power lasers and light-emitting diodes for expediting wound 
healing and for treating aphthous ulcers. Increases in collagen syn- 
thesis and the stimulation of immune pathways have been proposed 
as mechanisms of action [99]. 


Laser-assisted lipolysis 

Light, currently mainly at 1440nm (‘water selective’) and 
924/975nm (‘fat selective’), can be transmitted through optical 
fibres introduced directly into the subcutaneous fat to produce 
cellular damage to both the adipocyte and fibrous septa [100]. 
This may represent a safe and effective method of reducing small 


accumulations of body fat. As with conventional liposuction, larger 
volumes of laser-damaged fat can be aspirated. Advantages to 
laser-assisted lipolysis may be shorter procedures and concomitant 
tissue tightening. Devices employing ultrasound, radiofrequency, 
infrared light and cryolipolysis have been used to similar effect. 
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Introduction 


The clinical effects of ionising radiation on the skin have been 
known since the discovery of X-rays in 1895 [1,2]. Initially, both 
benign and malignant skin conditions were irradiated and dose and 
clinical indications were chosen empirically with little knowledge 
of the late effects of radiation on skin and subcutaneous tissue. 
Indications for treating benign disease by irradiation have declined 
since the advent of topical steroids. 

It is in the best interest of patients with skin tumours to be seen 
in a clinic where the expertise of specialists in radiotherapy and 
oncology, plastic surgery and Mohs micrographic surgery as well 
as dermatology is present, and this has been achieved with the 
mandatory development of multidisciplinary team meetings and 
clinics in the UK as described in improving outcomes guidance [3]. 


lonising radiation in the treatment of skin 
cancer 


X-ray photon beams: megavoltage 

and kilovoltage X-ray therapy 

X-rays are part of the electromagnetic spectrum, of shorter wave- 
length and more energetic than ultraviolet (UV) light. The most 
commonly used form of therapeutic radiation is megavoltage 
radiotherapy using energies of greater than 1 million electron 
volts (>1 MeV), delivered by linear accelerators in the treatment of 
deep-seated tumours. Previously, these beams have usually not been 
suitable for the treatment of skin cancers because of their greater 
penetration and skin-sparing properties, but that has changed in the 
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Figure 24.1 Approximate per cent depth dose values for 90 kV superficial X-ray beam. 


last few years with advances in beam delivery technology, although 
megavoltage beams are still only used for a small minority of skin 
cancer patients and in particular clinical situations. X-rays in the 
kilovoltage range (50-140 kV) are very suitable for treating skin 
cancer as their maximum energy is deposited on the surface. Fall-off 
subsequently is exponential (Figure 24.1), and some radiation dose 
does reach underlying subcutaneous structures. Higher-kilovoltage 
beams can be used for thicker tumours. 


Electron beams 

Beta rays are electrons and can be derived from radioactive isotopes, 
such as strontium-90, or be produced by a linear accelerator. An 
electron beam differs from a superficial X-ray beam or other pho- 
ton beams, as the energy does not fall off exponentially as the beam 
goes through tissue but builds up to a peak and then falls off rapidly 
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Figure 24.2 Approximate per cent depth dose curves for 4.5 and 9 MeV electron 
beams. 


(Figure 24.2). The depth of penetration is proportional to the energy 
of the beam. A useful treatment depth in centimetres is approxi- 
mately one-third of the energy of the beam, so a 4.5 MeV electron 
beam will be useful for treating to a depth of 1.5 cm, and a 12 MeV 
beam to a depth of 4 cm. The width at the peak of the beam also 
increases with electron energy, giving more of the plateau at the 
peak at higher energies, as shown by the representation of the 9 MeV 
beam shape in Figure 24.2. This can be useful when trying to enclose 
all of a thick tumour within the highest-energy part of the beam. To 
avoid skin sparing, tissue equivalent material such as wax or paraf- 
fin gauze is applied over the tumour so that energy is deposited in 
this ‘build-up’ material, moving the beam peak left towards the skin 
surface in Figure 24.2. 

Superficial X-ray therapy is indicated for the majority of skin 
cancer treatments. However, there is a theoretically slightly higher 
risk of late bone and cartilage necrosis with this modality (<5%), as 
X-rays are absorbed proportionally more in high-molecular-weight 
tissues than in soft tissue, but this is uncommon in clinical prac- 
tice. Electrons are absorbed similarly in all tissues, and have the 
advantage of sparing sensitive underlying tissues. These may 
be the modality of choice for tumours on the pinna, scalp, dor- 
sum of the hand and tibia. Superficial X-rays have been used 
successfully in the past in these sites [1], but electrons are now 
preferred [2]. 

Unfortunately, in practice, electrons have a limited use in the treat- 
ment of common skin cancers. As an electron beam is produced by 
a linear accelerator, which is much larger than a superficial X-ray 
machine, the treatment applicator is unwieldy and the minimum 
applicator size on the skin is 4 cm? for a reliable dose calculation. Air 
cavities can give unacceptable dose inhomogeneity with electrons, 
and eye shielding is not possible for the treatment of periorbital 
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Figure 24.3 Proton depth—dose curve. Reproduced from [1] with permission from 
Nature Publishing Group. 


tumours. Setting up treatment fields with electrons is often more 
time consuming than with superficial X-ray therapy. 

Itis possible to irradiate the whole skin area with an electron beam 
[3-8]. The minimal depth dose characteristics that may be achieved 
avoid the irradiation of subcutaneous structures, which would occur 
if X-ray therapy that is absorbed exponentially was used. This tech- 
nique is used in the treatment of mycosis fungoides [4]. Multiple 
radiation fields are combined to give a homogeneous dose to the 
whole skin down to a depth of approximately 1 cm. 


Proton beam therapy for skin cancers 

Proton beam therapy is a type of radiotherapy that uses protons 
(positively charged particles) rather than X-rays to treat cancer. 
The characteristic of the proton beam depth dose curve is unique 
in the sense that the dose peaks (also known as the Bragg peak) 
at a well-defined point of tissue, and allows for rapid fall-off in 
dose at the end of the energy deposition curve (Figure 24.3). This 
effectively allows the delivery of high radiation doses to tumour 
cells and very low or zero doses to the normal cells, protecting 
nearby critical structures such as the orbit, spinal cord and base of 
skull from radiotherapy collateral damage. 

Non-melanoma skin cancers of the head and neck, in particu- 
lar squamous cell carcinomas, can rarely present with extensive 
perineural infiltration with extension of disease involving the 
base of skull. These tumours benefit from adjuvant radiotherapy 
due to their high risk for local recurrence. However, radiotherapy 
planning poses a challenge as radical doses of up to 65 Gray (Gy), 
in 2 Gy per fraction, are normally recommended and the base of 
skull structures, optic nerves/chiasm and brainstem dose tolerance 
is a limiting factor in being able to encompass the target volume 
adequately. In this situation, the advantages of proton beam therapy 
may allow optimal conformity. 

There is one reported study [2] that presents one centre’s experi- 
ence in treating this subset of patients with proton beam therapy. 
A total of 21 patients received treatment with both primary and 
postoperative proton beam therapy, and 71% also received concur- 
rent systemic therapy; 5/21 patients recurred locally at a median of 
0.6 years, 5/21 recurred regionally at 1.7 years. The 3-year overall 
survival was 50%. It was concluded that proton beam therapy may 


Figure 24.4 Brachytherapy applicator for skin cancer. When in use, a radioactive source 
is sent along the tube and a homogeneous radiation dose is then distributed through 
the flat end, which is applied directly to the skin tumour. 


be an effective treatment option for this select group of patients, 
and the nerves at risk of lesion recurrence should be irradiated 
electively. 

Proton beam therapy is available in a small number of cancer treat- 
ment centres worldwide, and should be considered as an alternative 
mode of therapy for head and neck skin cancers with infiltrative 
perineural invasion. Proton treatment, if available, is also used for 
uveal melanoma. 


Brachytherapy, moulds, applicators and implants 
Other treatment modalities available for the irradiation of skin can- 
cer, but used less commonly, use a brachytherapy ‘mould’, which 
is a cast loaded with radioactive material applied to the surface of 
the tumour and secured in place for the required treatment time, or 
use interstitial brachytherapy as described later in this chapter for 
the treatment of keloids [1,2]. Brachytherapy or treatment at a ‘short 
distance’ is when a radioactive source is placed close to the area to 
be treated (Figure 24.4). The use of these techniques has seen a slight 
renaissance in some countries with the introduction of more modern 
applicators [3]. Cosmetic results are good but there is a need for hos- 
pital admission for radiation protection reasons and results depend 
on local expertise [4,5,6]. 


Superficial radiotherapy treatment 
technique 


The superficial X-ray tube is manoeuvrable, and the patient can be 
made comfortable on a treatment couch with an applicator resting 
on the skin to be treated (Figure 24.5). The tumour and a margin of 
normal tissue are treated with a standard applicator. If the tumour 
is an irregular shape in two dimensions, a piece of lead shielding 
1.5 mm thick can be ‘cut out’ in the shape of the skin to be treated, 
and the applicator rests on this (Figure 24.6). The individual surface 
area for treatment is measured and the treatment time adjusted by 
calculation, giving the number of machine units which have to be 
delivered for each treatment. 

Once the applicator is in position, the radiographer leaves the 
treatment room. Treatments last for a few minutes on each occasion, 
and the patient is watched throughout using a remote camera 
system or special glass window. 


24.3 


Megavoltage X-ray therapy technique 


Figure 24.5 Superficial X-ray machine. 


Megavoltage X-ray therapy technique 


While kilovoltage beams remain the most common modality to 
treat skin tumours, developments in radiotherapy technology 
have increased interest in the use of megavoltage X-ray therapy in 
treating superficial skin lesions. The development of intensity mod- 
ulated radiotherapy (IMRT) has enabled techniques where energy 
from megavoltage beams can be delivered separately and distinctly 
into individual, small tissue volumes, building up complex 3D 
photon distributions with different doses delivered to specific areas 
adjacent to each other and with no or very little dose being given to 
areas containing organs at risk (OAR). 

These advances in technology have allowed developments such 
as a ‘bathing cap’ distribution, as seen in Figure 24.7, which allows 
homogeneous dose distribution across the skin of the scalp with 
rapid dose fall-off below the surface tissues, resulting in much less 
dose being delivered to the underlying brain. 

Modern linear accelerators have machine heads that revolve 
around a patient with the beam being delivered as multiple small 
beamlets within the treatment beam, which can all be adjusted 
individually with regard to the radiation energy deposited. Using 
spiral or arc movements and varying beamlet deposition, widely 
differing dose distributions can be built up in separate, very small 
patient volumes or ‘voxels’ (similar in concept to children’s building 
blocks). This allows the build-up of very complex 3D distribution 
patterns for individual patients. 

These new megavoltage IMRT techniques are also useful when- 
ever a relatively high homogeneous surface dose is required with 
sparing of underlying or neighbouring structures (OAR). 

A further example of a ‘stocking’ distribution is shown in 
Figure 24.8a and b, where an appropriate dose can be deliv- 
ered homogeneously to the foot and ankle of a patient with skin 
lymphoma, sparing underlying tissues. The benefit of using this 
method of treatment can be seen in Figure 24.8c and d before and 
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Figure 24.6 (a) Lead mask with area for treatment ‘cut out’. (b) Basal cell carcinoma to 
be treated in this manner. 


after treatment. The foot and lower leg were held in position for 
treatment using the immobilisation device in Figure 24.8e. 


All radiation is destructive. The basis of radiotherapy is that 
abnormal cells are more radio-responsive than differentiated cells. 
Radio-responsiveness and radio-curability are dissimilar and are 
functions of differences in cell population kinetics, so a rapidly 
resolving cancer may recur and a slowly resolving tumour may be 
completely cured. Radiotherapy is usually given as a fractionated 
course, as the intervals between doses allow for the recovery of 
normal cells. The effect of a dose of radiation is reduced by increas- 
ing the number of fractions in which it is given or by lengthening 
the total overall treatment time. The effect of irradiation can be 


modified by anoxia, infection, oedema, trauma and any inborn 
genetic susceptibility. The face tolerates irradiation well and radical 
dosages may be accompanied by good cosmetic results [1]. 

When irradiating benign conditions, the minimum dose and the 
lowest voltage appropriate to achieve the desired effect should be 
chosen. The threat of radiation carcinogenesis must clearly be seen in 
the context of the clinical indication for treatment. There is a thresh- 
old for somatic radiation changes that should not be breached in the 
treatment of benign conditions. The late radiation sequelae of treat- 
ment given many years ago are inexcusable with modern standards 
of dosimetry and equipment, and should not be seen in the treat- 
ment of benign diseases today [2,3]. 


Benign disease 

Some of the misconceptions about the role of radiotherapy have 
arisen because of its widespread use in the past for the treatment 
of benign conditions. X-ray production was discovered in 1895, 
and soon afterwards it was noted that the antiproliferative effect of 
low-energy X-rays was advantageous in the short term in a variety 
of visible tumours and benign dermatoses, and sometimes multiple 
re-treatments were offered. There was, however, no dose measure- 
ment apart from the biological effect of ‘skin erythema’, no radiation 
protection for workers or patients, and no appreciation of the late 
effects of radiodermatitis, leukaemia and other malignancies, and 
of skin cancer induction after a very long latent period. 

Radiation epilation for tinea capitis, a treatment offered widely in 
Europe, effectively demonstrates the concept of radiation carcino- 
genesis. In Israel, between 1946 and 1960 over 20 000 immigrant 
children were treated with radiation soon after their arrival, by gov- 
ernment order, with twice the subsequent incidence of cancer, usu- 
ally of the brain, head and neck [1]. Skin cancers induced by this 
treatment have a very long latent period, often over 30 years, and 
cases treated in the 1930s and 1940s have been seen until recently in 
cancer treatment centres in the UK (Figure 24.9). For a fascinating 
and well-illustrated discussion of these early treatments and their 
consequences see Mould [2]. 

Radiotherapy is used much less now in the management of benign 
skin conditions than formerly and then usually only after other treat- 
ment modalities have failed or are contraindicated. Its use for benign 
conditions such as arthritis has been practised more in Europe than 
the UK. In some conditions, such as psoriasis and eczema, there is 
a response to radiotherapy but often the benefit is only temporary 
[3-8]. This coupled with the risk of late radiation-induced malig- 
nancy has led to the decline in its use in all but the most refractory of 
cases. It is also still used occasionally in the management of kerato- 
acanthoma where the differentiation from squamous cell carcinoma 
(SCC) cannot be made with complete confidence [9,10]. Other rare 
uses are in Darier disease [7], familial benign chronic pemphigus [7] 
and acropustulosis of Hallopeau. 

Recent UK National Institute for Health and Care Excellence 
(NICE) guidance on the use of Grenz rays, which are very 
low-kilovolt X-rays absorbed chiefly in the epidermis, advises 
that the evidence for their safety and efficiency is very limited, 
and that their use in inflammatory skin conditions be limited to 
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Figure 24.7 (a) ‘Bathing cap’ distribution showing minimal radiotherapy dose to the eyes, optic nerves and chiasm. 
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(b) ‘Bathing cap’ showing high radiotherapy dose to the skin of 


the scalp and reducing dose to the brain. 
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(b) 


Figure 24.8 (a) Homogeneous dose distribution over the skin of the foot, ankle and lower leg using intensity modulated radiotherapy (IMRT). (b) Dose distribution for IMRT treatment 
of the foot, ankle and lower leg showing high-dose delivery to the skin with reducing dose to the centre of the limb. (c) Before and (d) after treatment for skin lymphoma lesions using 
IMRT. (e) Immobilisation device for set-up in (c) and (d) to enable very accurate dose to be given with no limb movement. © Newcastle upon Tyne Hospitals NHS Foundation Trust. 


(e) 
Figure 24.8 (Continued) 


carefully selected patients who are refractory to other treatments, 
and preferably under trial conditions or at least with national data 
collection [3,7,11]. 


Keloids (Chapter 94) 

These represent the most common benign condition now treated 
with radiotherapy. Intractable keloids resistant to intralesional 
steroids or other conventional treatment may respond well to radia- 
tion. Excision of the keloid with early irradiation of the scar is more 
successful, but in some sites, for example the tip of the shoulder or 
upper middle chest where surgery is inadvisable, good response of 
pain, itch and redness can be achieved with some regression of the 
keloid itself. Relatively high doses are necessary; these will cause 
temporary pigmentation, which will remain for many months in 
pigmented skin. Doornbos et al. [1] noted that 17 of 18 unexcised 


keloids that were less than a year old regressed with 1500 cGy given 
in three treatments over 6 days at 120 kV. Older keloids respond less 
well to irradiation. The most satisfactory management of keloids 
is postexcision irradiation where a dose-response relationship can 
be seen. Total doses less than 900 cGy, irrespective of fractionation 
and postsurgical interval, did not prevent recurrence. Three doses 
of 400 cGy were given by Kovalic and Perez [2] with a 73% success 
rate. Using the commonly employed dose of 900 cGy, Lo et al. [3] 
described an 85% success rate and Borok et al. [4] a 96% response 
rate. No late sequelae or carcinogenesis was described by any of the 
previously quoted authors with follow-up in excess of 30 years. 

As well as using superficial X-rays or electron beam radiother- 
apy [5], treatment can be given using a radioactive iridium wire 
implant. With the latter technique, at the time of excision a small 
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Figure 24.9 Late sequelae after radiation treatment for ringworm — atrophy, 
pigmentation change, alopecia, telangiectasia and multiple basal cell carcinomas. 


plastic tube is inserted below the incision with both ends of the tube 
exposed. The patient is then transferred to the radiotherapy depart- 
ment within 24 h and the tube is loaded with iridium wire and the 
scar irradiated to a dose of 20 Gy at 2 mm from the wire over 2 days 
[6]. Escarmant et al. [7] described the results of treating 783 keloid 
scars in 544 patients with interstitial iridium implants. Skin appli- 
cators using either high-dose rate or low-dose rate brachytherapy 
have also been used [8]. 


Malignant skin disease 

Basal cell carcinoma and squamous cell carcinoma of the 
skin (Chapters 140 and 141) 

For most small basal cell carcinomas (BCC) or SCC without nodal 
involvement, surgical excision or radiotherapy will give excellent 
cure rates [1-4,5]. 

Superficial radiotherapy has a long history in the successful treat- 
ment of BCC and SCC. Nearly 1700 such patients received treatment 
in 1945 at the Queensland Radium Institute [6]. A number of mature 
series have been reported, dated from 1947 onwards [7], and have 
shown cure rates of 90% or over. 

The incidence of both SCC and BCC is increasing rapidly but the 
number of patients referred with these tumours for radiotherapy 
does not reflect the increasing incidence, despite radiotherapy show- 
ing good treatment outcomes with low toxicity [8]. The American 
Society for Radiation Oncology has recently produced guidelines for 
the primary and adjuvant use of radiotherapy in patients with SCC 
or BCC from the evidence available [9]. 


Treatment of choice 

If cure is the intention, then surgery and radiotherapy are the 
treatment options, although a variety of other modalities including 
cryotherapy, curettage, photodynamic therapy and topical ther- 
apies (e.g. imiquimod) may be appropriate for certain tumours 
[10,11,12,13-16]. 


The decision as to which is the most appropriate modality will 
depend on several factors. These include the size, depth and loca- 
tion of the tumour, any involvement of underlying tissues and the 
likely functional and cosmetic outcome. The majority of low-risk 
BCC can be managed satisfactorily by simple surgical techniques 
with good cosmesis and low recurrence rates. For larger BCC and 
SCC in critical sites, particularly around the eyes, ears and nose, 
Mohs micrographic surgery followed by appropriate surgical recon- 
struction is now widely used (Chapter 20). Radiotherapy should, 
however, still be considered as a valuable treatment option, and in 
some clinical situations as useful as surgery [17]. The patient’s over- 
all performance status and co-morbidities are as important as the 
complexity of any intervention under consideration. In reaching a 
decision, social factors such as accessibility of treatment centres, abil- 
ity to cooperate with treatment and patient preference all need to be 
taken into account. The regular skin cancer multidisciplinary team 
meetings held throughout the UK are very helpful in guiding such 
decisions. Cure is not always a realistic proposition and radiother- 
apy can offer very worthwhile palliation (Figures 24.10 and 24.11) 
where it has been shown to improve quality of life [18]. 

Radiotherapy has a role to play in the treatment of almost 
all malignant skin conditions but, because there is considerable 
regional and national variation in access to radiotherapy and 
awareness of its value, its current use is patchy [10]. Although 
radiation damage with skin atrophy, telangiectasia, necrosis and 
ulceration occurred in the past, better dosimetry, a wider range of 
radiotherapy modalities [19] and more careful fractionation have 
considerably reduced this risk. In the UK, multidisciplinary skin 
cancer teams are now helping to ensure that the most appropriate 
modality is offered to every patient with skin cancer. This is in 
contrast to previous practice where only 2% of patients with BCC 
were referred to joint clinics [20] or a radiotherapeutic option was 
needlessly dismissed [21]. UK national guidance [22] recommends 
that all health professionals treating skin cancer should be members 
of such a team and should work to locally approved protocols based 
upon nationally accepted guidelines, such as those of the British 
Association of Dermatologists [23]. A similar approach has been 
recommended in American guidelines [24]. 


Surgery or radiotherapy 

It is not disputed that surgery offers a better cosmetic result with the 
passage of time, nor that radiotherapy is able to preserve existing 
structure and function, although not of course able to replace tissue 
destroyed by tumour. 

Few trials have compared surgery directly with radiotherapy. 
Avril et al. [25] showed that in 347 patients with facial tumours less 
than 4 cm in diameter, a surgical recurrence rate within 3-5 years 
was 1/174 in the surgery group compared with 11/173 for radio- 
therapy. The cosmetic result was better with surgery. However, the 
radiotherapy regimens were heterogeneous, and the surgical results 
exceptionally good, better even than for Mohs surgery, where one 
large series had a 30-month recurrence of 3/160 tumours, compared 
with 5/171 for conventional surgery [26]. Published studies of 
radiotherapy for skin cancer are, however, remarkably consistent in 
reporting high long-term control rates of well over 90% [27-30]. The 
advantages and disadvantages of each modality are summarised in 
Table 24.1. 


(b) 


Figure 24.10 (a) Large squamous cell carcinoma on the frontal scalp. (b) Satisfactory 
clinical disease control at 6 months. 


There is little difference in outcome between external beam radio- 
therapy using superficial X-rays or an electron beam [31,32]. Locally 
placed moulds or applicators have also been used for malignant skin 
tumours, placing a radioactive source over the tumour and leaving 
this in position for a predetermined period [19,20], or implanting 
radioactive wire into the tumour-bearing tissue. As described ear- 
lier, megavoltage radiotherapy using IMRT is now starting to be 
used for treating larger skin areas, often when surgery would not 
be possible, such as treating large areas of the scalp or peripheral 
limbs. 


(b) 
Figure 24.11 (a) Squamous cell carcinoma (SCC) on the back and (b) SCC on the 


buttock unsuitable for radiotherapy. These sites tolerate radiotherapy less well and are 
prone to painful acute reactions, infection and slow healing. 


The areas which have traditionally been considered as not suitable 
for radiotherapy, such as over the nose, pinna, dorsum of the hand 
or anterior lower leg, can be treated if careful consideration is given 
to the volume treated, the total dose and the fractionation. It is also 
important to consider the general fitness of the patient and the con- 
dition and physiological reserve of the skin in the site to be treated 
[33-36]. 

There are some patients who, for practical reasons, cannot have 
radiotherapy. If patients are confused or unable to lie still because 
of confusion or neurological disease, then it can be impossible to 
deliver radiotherapy effectively and safely. 


Adjuvant and salvage radiotherapy for skin cancer 

Although ideally the patient should receive a single curative modal- 
ity of treatment, sometimes patients are presented who have had 
a macroscopic excision of an SCC or a BCC but involved margins 
histopathologically. 
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Table 24.1 Patient factors influencing choice of skin cancer treatment. 


Surgery generally preferred Radiotherapy may be preferred 


Younger patients 

Multiple tumours 

Gorlin syndrome [22] where 
radiotherapy is usually 
contraindicated 

Infiltrative basal cell carcinomas 

Bulky tumours >6 cm 

If there is erosion of bone or cartilage 

Tumours located on the trunk 

Ano-genital tumours 

Tumours below the knee [30] 


Older patients 

If surgery would result in poor cosmetic result 
or loss of function, particularly if 
micrographic surgery not available (e.g. 
nasal tip, lips, periocular, ears) or there is 
refusal of surgery 

To avoid complex surgical reconstruction in 
the frail elderly 

To avoid general anaesthesia in patients who 
would not tolerate surgery under local 
anaesthesia 

To avoid general anaesthesia in patients who 
would otherwise require this for surgical 
management 


Adjuvant radiotherapy has been advocated by some authors 
[37-39]: (i) where there has been inadequate excision and further 
surgery is either not possible or not recommended; (ii) if the tumour 
shows prognostic indicators of poor outcome such as positive 
lymph nodes, especially with extracapsular spread; (iii) with a large 
primary SCC; or (iv) in higher-risk primary tumours of the head 
and neck. Adjuvant radiotherapy may improve outcome in SCC, 
especially if there is perineural invasion, when there is an increased 
risk of incomplete clearance even after Mohs surgery [38]; there is 
also some evidence that delaying radiotherapy may result in early 
tumour recurrence [40]. 

Because of the risk of nodal spread or perineural invasion from 
an incompletely excised SCC, if further surgery is not feasible 
it is sensible to offer postoperative radiotherapy to the scar and 
tumour bed using a full normal dose and fractionation regimen. 
With a well-healed scar or skin graft, the radiation reaction is often 
very mild. 

A note of caution, in that the heterogenicity of studies, almost 
always performed retrospectively, even now does not give a defini- 
tive evidence base for the use of adjuvant radiotherapy [41]. How- 
ever current guidelines do recommend adjuvant radiotherapy for 
BCC/SCC if perineural invasion is present. 

The situation is different for BCC, where Lui et al. [42] reported a 
series of 186 incompletely excised BCC: 119 had immediate radio- 
therapy postoperatively, and 67 ‘wait and see’ with radiotherapy 
for clinical recurrence. The predicted cure rates at 5 years were 91% 
versus 61%, respectively, but 10-year cure rates of 90-92% were 
observed for both immediate and delayed treatment. When surgical 
re-excision is inappropriate, it may thus be reasonable, particularly 
in the elderly, merely to observe and to offer adjuvant radiotherapy 
only for clinical recurrence. 


Radiotherapy dose fractionation and treatment regimens 

Radiotherapy regimens have evolved empirically over a long period 
of time and a wide range is in current use (Table 24.2). Generally, the 
greater the fractionation of the total dose (i.e. the smaller the individ- 
ual dose administered at each session), the better the cosmetic out- 
come. This is very important to some patients, but others are content 
to accept a poorer cosmetic outcome in exchange for fewer hospital 


Table 24.2 Commonly used superficial radiotherapy dosage regimens for definitive 
treatment of basal cell carcinomas and cutaneous squamous cell carcinomas. These 
fractionation regimens are only examples. Many centres will have other similar but 
locally derived dose fraction regimens. 

Fractionation interval 


Total dose (Gy) No. of fractions 


18 1 - 

28 2 7 weeks apart 

35 5 Daily (for tumours less than 4 cm in 
diameter) 

45 10 Daily (for tumours more than 4 cm 
in diameter) 


visits. There is renewed interest in using hypofractionated radiother- 
apy regimens, fewer fractions with higher dose/fraction and a short- 
ened overall treatment time for frailer, poorer performance patients 
to reduce hospital visits particularly in the post Covid-19 era [43,44]. 

The SI unit of absorbed dose is called the Gray (Gy), and is 1 J/kg. 
This unit has replaced the rad. Note that 100 rad = 1 J/kg = 1 Gy 
and 1 rad = 1 cGy. The dose prescription is defined by the total dose 
given, the energy of the beam, the number of fractions given, the 
total number of days over which treatment is given and the volume 
or area treated. For example, a typical prescription for the treatment 
of a small BCC might be ‘35 Gy using 90 kV superficial X-ray beam 
given in five fractions over 5 days to a 3 cm diameter circular area’. 
This time—dose relationship is crucial to understanding the biologi- 
cal effect. 

Dose and fractionation regimens are similar for BCC and SCC. 
There is a small therapeutic ratio between tumour cure and normal 
tissue necrosis, and even a slight alteration of dose or fractionation 
can be critical. In a retrospective study of 1005 BCC and SCC treated 
with superficial X-rays in 1976 at the Christie Hospital, Manchester, 
Chan et al. found that for a field size of 3 cm? or less, a single frac- 
tion of 20 Gy gave a 10-year disease-free rate of over 90%, with late 
necrosis rate of 6%. An increase of dose to 22.5 Gy did not improve 
tumour control rates, but did significantly increase late necrosis [45]. 

Fractionated radiotherapy is usually preferred for larger tumours, 
as cure rates are higher and better long-term cosmetic results are 
achieved [46-48]. 


Radiotherapy for particular skin sites: basal cell 
and squamous cell carcinoma 

Eyelid 

The upper eyelid, a rare site for skin cancer, is best treated surgically, 
as keratinisation of the tarsal conjunctiva may cause subsequent 
traumatic damage to the cornea. Tumours of the lower eyelid, 
however, are often suitable for treatment with superficial X-rays 
(Figure 24.12). A protective, metal, internal eyeshield is placed like 
a large contact lens over the globe of the eye after the application of 
local anaesthetic eye drops, with an applicator resting on this and 
on the lower lid tumour with an appropriate margin. The whole 
lower eyelid can be successfully treated in this manner if required. 


Inner canthus 

These tumours, close to the orbit, have a high cure rate if there is 
meticulous attention to dose calculation (Figure 24.13). An individ- 
ual thin lead mask is made for the patient by mould technicians, with 


Figure 24.12 (a) Basal cell carcinoma of the lower eyelid. (b) The same patient 6 
months after superficial X-ray treatment. There was no recurrence and the patient 
remained disease-free after radiotherapy. 


the treatment area cut out. This provides a seating for the applica- 
tor, avoids the possibility of trauma on the treated side and protects 
the contralateral eye from the exit beam. If the naso-lacrimal duct 
has been damaged by the tumour and the patient has epiphora for 
this reason, then radiotherapy is not likely to reverse this symptom. 
However, it is uncommon for radiation per se to cause a new stenosis 
of the ductal system. Different authors advocate either radiotherapy 
or Mohs micrographic surgery depending on the size of the tumour, 
potential for disfigurement or loss of function [1,2]. 


Because tumours of the pinna and outer ear canal have close 
proximity to cartilage, electron beam techniques are preferred for 
treatment (Figures 24.14 and 24.15). In a study of 62 patients treated 
by orthovoltage techniques, local control was achieved in 97% of 
cases and only one of the six cases with clinically suspected cartilage 
necrosis failed to heal spontaneously [3]. In a large Canadian study, 
in which 93% of patients remained tumour-free at 10 years [4], 
persistent ulceration was observed in only 3%, and did not relate 
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(b) 


Figure 24.13 (a) Basal cell carcinoma of the upper inner canthus. (b) The same patient 5 
years after superficial X-ray treatment. 


to beam energy but to dose and fractionation. However, electron 
treatment does give very good results for tumours covered by 
a 4 or 5 cm diameter applicator [5] and most departments will 
offer electrons unless for particular reasons the patient is unable to 
tolerate such procedures. The visible tumour is delineated, with a 
margin of at least 1 cm to account for the depth—dose characteristics 
of the electron beam, and the fact that the smallest reliable treatment 
applicator size is 4 cm diameter. The patient lies on the treatment 
couch with the ear for treatment uppermost, and wax or paraffin 
gauze is applied to make a level treatment surface, to fill in air gaps 
of sufficient thickness to avoid sparing the most superficial levels 
of skin, which can occur if a bolus is not used. If the tumour is on 
the posterior surface of the pinna, the ear itself can act as a build-up 
zone, with wax as a posterior filler to ensure an even dose. A lead 
shield behind this protects the scalp. Once this ‘sandwich’ is in 
place, the applicator is brought down firmly to rest on the surface, 
and treatment delivered using 5 or 6 MeV electrons. 


Although skin cancers here are very closely applied to cartilage, in 
practice superficial X-rays give excellent control rates, and often a 
better cosmetic result than tumours irradiated at other sites. A lead 
plug is inserted inside the nostril to protect nasal mucosa from the 


(b) 


Figure 24.14 (a) Basal cell carcinoma of the scapha of the left ear. (b) The same patient 
6 weeks after electron beam therapy. 


exit beam. At the naso-labial fold, the depth to be treated needs care- 
ful consideration. 


Squamous cell carcinoma of the lip has a high local cure rate 
with radiotherapy using either electrons or kilovoltage X-rays 
(Figure 24.16a, b) [7]. Treatment margins should be generous 
because of the tendency for the tumours to spread mucosally, usu- 
ally at least 1 cm of apparently normal tissue. The whole thickness 
of the lip is treated, choosing appropriate electron energy and 
build-up wax, or higher-energy kilovoltage X-rays (300 kV). A 
wax-coated lead gum shield protects the inner mouth from the exit 
beam, but a patch of mucositis within the mouth is inevitable, and 
will interfere with normal eating and drinking for a few days after 
treatment. 

The patient is usually able to tolerate treatment to most of the 
upper or lower lip at one time, but not both areas simultaneously. 
The final cosmetic result is usually excellent (Figure 24.16c-e). 


(b) 


Figure 24.15 (a) Basal cell carcinoma of the posterior aspect of the ear. (b) The same 
patient 6 months after electron beam treatment. 


As wellas electron treatment, local brachytherapy can also be used 
for non-melanoma skin cancer of the lip [8]. 


Even large BCC can do well with radiotherapy (Figure 24.17) [6]. 


A subset of patients who develop cutaneous SCC of the skin of the 
head and neck risk developing regional disease within the parotid or 
cervical nodes, with worse outcomes [9]. Several studies have now 
shown that combination treatment with surgery and adjuvant radio- 
therapy gives higher rates of local control of parotid and cervical 
node metastasis than either treatment given alone [9-13]. 


Radiotherapy for particular skin tumours 

all c ia (Chapter 140) 
Radiotherapy is useful for the primary treatment of small BCC or 
larger lesions where surgery may leave a poor functional or cosmetic 


(a) 


(Q) (d) 


(e) 


Figure 24.16 (a) Squamous cell carcinoma (SCC) of the lateral lower lip. (b) The same patient 8 years after higher-energy kilovoltage treatment. (c-e) Healing after radical 


radiotherapy to extensive SCC of the lower lip. 


result (see earlier) [1,2,3]. Several European dermatology and oncol- 
ogy organisations have produced an ‘easy to treat’, ‘more common’ 
and ‘difficult to treat’ BCC classification [4]. 

Radiotherapy should not be used to re-treat BCC that have 
recurred after previous radiotherapy as they may then behave in a 
more aggressive manner [5]. The infiltrating (morphoeic) BCC sub- 
type and the presence of underlying bone or cartilage involvement 
are relative contraindications to radiation treatment [6]. 


(Chapter 141) 
As with BCC, radiotherapy can be used as either the primary 
modality of treatment or as adjuvant treatment after surgery if 
there is a narrow surgical margin of clearance, the margin often 
being determined by the particular anatomical site of the tumour. 
The technique and dose are the same as those for treating a BCC, 


but a wider margin is taken around the tumour and the patient is 
subjected to a more frequent and longer follow-up, as suggested 
in the British Association of Dermatologists’ guidelines [7]. If the 
SCC has developed on the face, it is mandatory to check for cervical 
lymphadenopathy. Radiotherapy may be especially useful for SCC 
on or around the nose where resection may be incomplete or the 
potential for reconstruction suboptimal [8]. 

The size of the SCC is also important, with one study showing 
radiotherapy giving local control in over 90% of SCC less than 1 cm, 
but in only 56% of tumours larger than 5 cm [9]. A large systemic 
review has also confirmed that local relapse after radiotherapy to 
the primary skin site increases with tumour stage [10]. 

Adjuvant radiotherapy may reduce the development of nodal dis- 
ease in higher-risk cutaneous SCC as described by Veness [11], but 
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(b) 


Figure 24.17 (a) Large pre-auricular basal cell carcinoma. (b) The same patient 6 
months after superficial X-ray treatment. 


whether adjuvant radiotherapy is required after excision with nega- 
tive surgical margins has not been defined [12]. There may, however, 
be a benefit for higher-stage primary tumours and for tumours with 
risk factors such as perineural invasion, parotid involvement and in 
the immunosuppressed [13]. 

Porceddu et al. reported a Trans Tasman Radiation Oncology 
Group (TROG) prospective, randomised, phase III trial which 
showed no benefit in adding weekly chemotherapy to postoperative 
radiotherapy in patients with high-risk cutaneous SCC [14]. 

Radiotherapy can also be useful in palliation of advanced skin 
tumours and in some patients give long-term survival [15]. 


Bowen disease (Chapter 141) 

Radiotherapy can be an effective treatment for Bowen disease [3], 
but it is not commonly used, particularly since the introduction of 
photodynamic therapy (Chapter 22). Lesions on the leg should be 
treated with caution [16,17] as there is a danger of ulceration and 
very slow healing if large areas are treated. A retrospective review 


of 44 cases by VanderSpek et al., where radiotherapy was used as 
a primary treatment or for managing residual disease, showed a 
crude local control rate of 93% [18]. The British Association of Der- 
matologists has issued guidelines for the management of Bowen dis- 
ease including the use of radiotherapy [19]. Complete responses are 
widely reported after radiotherapy but there can be impaired heal- 
ing if used for lesions on the lower leg. 


Melanoma (Chapters 142-145) 

Melanoma cells are not insensitive to radiotherapy (Figure 24.18), 
as is sometimes stated, but they do require higher dose per fraction 
regimens to overcome their higher radio-resistance. Patients may 
thus be given larger individual doses in less frequent fractions 
(‘hypofractionation’) and there is increasing interest in using these 
hypofractionated regimens with stereotactic radiosurgery and 
stereotactic ablative radiotherapy (SABR) using smaller treatment 
margins than usual, especially for oligometastatic disease [20,21]. 
The main indication for the use of radiotherapy in melanoma is 
for palliation of cutaneous and visceral metastases [22]. There have 
been uncontrolled studies suggesting that adjuvant radiotherapy 
may improve local control [23,24]. The TROG trial reported that 
patients at risk of regional failure (as defined by having multi- 
ple nodes, large nodes or extracapsular spread) randomised to 
receive adjuvant radiotherapy had a decreased risk of such fail- 
ure at a median follow-up of 6 years compared with those who 
were not. There was, however, a high (40%) incidence of severe 
Iymphoedema in those receiving treatment of the groin and no 
relapse-free or overall survival benefit [25,26,27,28]. 

Adjuvant radiotherapy may improve outcome after wide local 
excision, specifically in early desmoplastic melanoma [29]. The 
European Society for Medical Oncology has produced con- 
sensus guidelines for melanoma including the management of 
loco-regional disease and local treatment strategies for localised 
metastatic melanoma [30]. 

An abscopal effect occurs where localised treatment results in a 
systemic antitumour response, for example giving radiotherapy to 
a single melanoma metastasis resulting in shrinkage of other dis- 
tant metastases. The possible method of action is that cancer cells 
killed by radiotherapy break down, exposing a greater level of anti- 
gens which triggers a heightened immune reaction, attacking other 
metastases. It has been described in several cancers but research into 
this effect in melanoma has increased, especially using a combina- 
tion of radiotherapy and immunotherapy, such as ipilimumab, look- 
ing for an improved summative efficacy with two agents working 
through differing mechanisms and with the hope of an added absco- 
pal effect [31-34]. 


Lentigo maligna and lentigo maligna melanoma 

(Chapters 142-145) 

Radiotherapy has been used successfully in both lentigo maligna 
(LM) and lentigo maligna melanoma (LMM). In one German study, 
there was no recurrence in any of 42 patients with LM, with a mean 
follow-up of 15 months, and only 2 of 22 patients with LMM showed 
local recurrence. Cosmetic results were also reported as good or 
excellent in the majority of patients [35]. Similar complete responses 
with good cosmetic outcomes have been reported from Australia 
[36] and Canada [37]. Further systematic reviews support the view 


(b) 


Figure 24.18 (a) Malignant melanoma, pre-radiotherapy. (b) Malignant melanoma, 
post-radiotherapy. 


that superficial radiotherapy is a safe and effective treatment for 
LM and LMM with acceptable cosmetic outcomes [38,39]. 


(Chapter 146) 
These tumours of neuroendocrine origin are most common on the 
head and neck, but can occur elsewhere on the skin. They have a 
tendency to recur locally after conventional surgical removal and 
improved local control has now been shown in a large number of 
studies with a combination of wide excision and adjuvant postop- 
erative radiotherapy to the primary tumour site and local nodal 
drainage [40-54]. There is no benefit in using adjuvant chemother- 
apy in Merkel cell carcinoma (MCC) [54], but there is some evidence 
that omitting radiotherapy even in patients with lower-risk MCC 
gives a significantly higher rate of recurrence [55]. Some studies 
have also shown improved survival [45]. Mohs surgery is now also 
used for removal of MCC in some centres, and, if complete excision 


is achieved, adjuvant radiotherapy may not add benefit in terms 
of improved local control or survival [52]. These are radiosensitive 
tumours and radiotherapy has been used as a primary treatment, 
with local control rates of over 75% [56-61]. Sentinel lymph node 
biopsy is being explored as to whether adjuvant radiotherapy or 
nodal dissection may improve outcomes [62]. 


(Chapter 136) 
It is well known that these tumours are sensitive to low-dose radio- 
therapy, with a complete response rate of up to 84% [63]. Either 
superficial X-rays or electron beams can be used depending on the 
thickness of the lesion(s) and consequently the depth of treatment 
required. Treatment is used cautiously as patients are prone to 
develop severe local reactions and mucositis. Radiotherapy is also 
used to palliate systemic disease such as pulmonary masses [64,65]. 


(Chapter 136) 
This low-grade sarcoma has a propensity to recur after surgery 
alone and local control is improved by giving adjuvant radiotherapy 
[66,67]. 


Radiotherapy can provide useful palliation for cutaneous metas- 
tases from visceral tumours such as breast, colon and lung (Chapter 
148). 


(Chapter 147) 

Skin tumours developing after organ transplant are known to have 
more aggressive characteristics and carry a poorer prognosis [68]. 
These patients develop more SCC than BCC, reversing the normal 
ratio, and often develop multiple skin cancers at an earlier age. There 
is no contraindication to using radiotherapy if surgery is considered 
inappropriate and it may be used as adjuvant therapy for patients 
with more aggressive tumours [69]. 


Radiotherapy represents the single most effective treatment strategy 
for cutaneous lymphomas. In contrast to other skin cancers, lym- 
phomas are extremely sensitive to radiotherapy with doses as low 
as 4 Gy sometimes sufficient for local control. Surgery is therefore 
rarely indicated unless there is a solitary nodule where excision 
biopsy can both be diagnostic and provide definitive local treatment. 
The low radiotherapy doses are almost always within the constraints 
of normal tissue tolerance and therefore radiotherapy can be safely 
delivered with minimal risk of long-term complications. 

An overview of the classification and management of lymphomas 
is described in Chapter 139. The following summarises the technical 
aspects of radiotherapy with a focus on mycosis fungoides, which 
accounts for 50% of cutaneous lymphomas. 


Mycosis fungoides 

Mycosis fungoides evolves slowly with the majority of patients 
falling into a favourable prognostic group with a median sur- 
vival of more than 35 years from presentation [70]. It is essential to 
involve specialist histopathologists, dermatologists, oncologists and 
haematologists in a multidisciplinary approach to management. 
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Individual patches, plaques and tumours. While mycosis fun- 
goides is normally not isolated to one area, local radiotherapy is 
frequently utilised for troublesome lesions with a local control rate 
in excess of 90% [71]. The recurrence rates are dependent on the 
dose given, with a dose-response relationship observed up to doses 
of 30-40 Gy [72]. In practice, lower doses are preferred, as they 
still convey a high chance of local control, are more convenient for 
patients and permit overlap of adjacent fields or re-treatment if 
necessary [73]. The current recommended UK doses include 8 Gy in 
two fractions for patches and plaques, and 12 Gy in three fractions 
for tumours [74]. 

Radiotherapy can be delivered with X-rays (low-energy superfi- 
cial or orthovoltage), or electrons as described earlier with a directly 
applied field. The target volume is the clinically defined lesion with 
a margin of at least 1 cm laterally. Patches and plaques are typically 
treated to a depth of 8-10 mm with careful assessment of tumour 
thickness to determine the appropriate beam energy and bolus 
requirement when using electrons. 

More extensive tumours, particularly when extending around 
curved areas, require careful radiotherapy planning. Patient-specific 
immobilisation devices such as thermoplastic shells for the head 
and neck region are essential to ensure accurate delivery of the 
planned radiotherapy treatment. More complex techniques include 
matched field electrons and intensity-modulated radiotherapy 
plans as well as high-dose rate brachytherapy mould techniques 
(see Figures 24.7 and 24.8). When delivering radiotherapy to large 
tumours, treatment is normally fractionated with typical doses 
between 20 and 30 Gy in 10-15 fractions [74,75]. 


Total skin electron beam therapy. A significant number of patients 
with mycosis fungoides develop generalised skin involvement. 
Total skin electron beam therapy (TSEBT) can provide excellent 
palliation particularly when other skin-directed therapies includ- 
ing psoralen and ultraviolet A (PUVA) fail. The response rates 
and duration of response are dependent on the stage of the disease. 
A systematic review of TSEBT as monotherapy in 952 patients 
reported complete response rates of 96% in stage IA, IB and IIA 
disease. Despite this, the 5-year relapse-free survival rates were only 
10-23% [76]. The standard dose for TSEBT is 30-36 Gy as endorsed 
by the European Organisation for Research and Treatment of Cancer 
(EORTC) and the American Association of Physicists in Medicine 
guidelines [77,78]. The conventional Stanford schedule is 36 Gy 
delivering 2 Gy fractions per 2-day cycle over 9 weeks to the whole 
skin, which has been modified in the UK to 30 Gy in 1.5 Gy fractions 
over 5 weeks. 

In recognition of the palliative nature of TSEBT there has been 
growing interest in reduced dose schedules with favourable toxicity 
profiles. While doses as low as 4 Gy in four fractions have been 
investigated, the duration of remission is short [79]. However, 
doses between 10 and 30 Gy were found to have similar overall 
response rates (>50% improvement) and relapse-free survival rates 
to patients treated with conventional doses of 30-36 Gy [80]. A 
series of low-dose TSEBT (12 Gy in eight fractions over 2 weeks) in 
103 patients has reported very high response rates, with a median 
duration of response of 18 months in patients with stage IB and 
10 months in patients with stage IIB mycosis fungoides, with 
significantly less toxicity than standard-dose TSEBT [81]. 


The aim of TSEBT is to treat the entire target volume, which com- 
prises the epidermis, adnexal structures and dermis, to a uniform 
dose. The EORTC recommendations are that the 80% isodose should 
be at least 4 mm deep to the surface of the skin, and that the dose at 
20 mm depth should be less than 20% of the maximum dose at the 
skin surface [77]. A variety of techniques may be used to ensure total 
skin coverage including large-field electron-field techniques and 
rotational techniques. The modified Stanford technique has been 
most widely adopted and involves treating the patient with large 
electron fields standing in six positions holding onto a frame for 
stability (Figure 24.19). The distance between the linear accelerator 
and the patient needs to be at least 3 m. At this distance, the beams 
are angled approximately 20° above and below the central axis to 
deliver a reasonably uniform dose distribution. With this technique, 
the typical variation in dose at the skin surface is +10%, dropping 
to 45% at 3 mm depth [78]. 

The Stanford technique results in relative shielding of the scalp, 
perineum and soles of the feet which may require additional treat- 
ment. Conversely, some areas such as the wrists, ankles and ears 
may require shielding due to higher doses being received; shielding 
may also be required in previously treated areas. Sensitive areas that 
are spared from involvement with mycosis fungoides such as the 
nail beds and testicles can be shielded with lead fingernail shields 
and a cricket box, respectively. Custom-made lead-lined goggles are 
also used to shield the eyes which can be treated afterwards with 
superficial X-rays if there is involvement of the eyelids. 

The side effects are related to the dose given, with an increased 
chance of toxicity with standard doses of 30-36 Gy. The most com- 
mon acute complications of standard dose TSEBT are redness and 
moist desquamation which can be severe in patients with erythro- 
derma. Temporary loss of fingernails and toenails also occurs if 
these are not shielded. Long-term side effects include xerosis and 
an inability to sweat properly for 6-12 months. Due to concern 
over possible skin atrophy and potential necrosis there is a reluc- 
tance to offer more than two conventional courses of TSEBT in a 
patient's lifetime, although lower dose schedules (e.g. 12 Gy in eight 
fractions) can be repeated on multiple occasions. 


Other lymphomas 

The technical approach to radiotherapy planning for other types 
of skin lymphoma is similar to that outlined earlier for individ- 
ual patches, plaques and tumours of mycosis fungoides. A brief 
commentary on radiotherapy for specific histological subtypes is 
provided here. 


Other cutaneous T-cell lymphomas 

The approach to radiotherapy for primary cutaneous anaplas- 
tic large-cell lymphoma and _ subcutaneous panniculitis-like 
T-cell lymphoma is similar. Patients presenting with solitary or 
localised disease can be treated with radical radiotherapy with 
a recommended dose of 40 Gy in 20 fractions for subcutaneous 
panniculitis-like T-cell lymphoma and 24-30 Gy in 12-15 frac- 
tions for primary cutaneous anaplastic large-cell lymphoma [6]. 
Lower doses may be equally effective but there are no published 
data. Systemic therapies should be considered for patients with 
multiple lesions, although short palliative radiotherapy schedules 
can be useful. Primary cutaneous CD4+ small or medium-sized 
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Figure 24.19 (a-f) The modified Stanford technique showing patient positions to optimise a uniform dose to all the skin when using total skin electron beam therapy. 
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pleomorphic T-cell lymphoproliferative disorder typically presents 
with a solitary nodule on the head and neck region which can be 
treated with surgery or radiotherapy [74]. 

Other cutaneous T-cell lymphomas including cutaneous y-6 T-cell 
lymphoma, aggressive epidermotropic CD8+ T-cell lymphoma and 
extranodal natural killer T-cell lymphoma, nasal type, which can 
occasionally present in the skin, have in common an aggressive clin- 
ical course with poor survival despite multiagent chemotherapy. 


Cutaneous B-cell lymphoma 

The World Health Organization-EORTC classification describes 
three main types of cutaneous B-cell lymphoma [82]. Primary cuta- 
neous follicle centre lymphoma and primary cutaneous marginal 
zone lymphoma are indolent conditions with 10-year survival rates 
in excess of 90%. The recommended radical dose of radiotherapy 
for localised disease is 24-30 Gy with a margin of 1-1.5 cm of unin- 
volved skin [74,75,82]. Palliative doses (2 Gy x 2) achieve a complete 
remission rate of 72%, with 30% of lesions requiring re-treatment 
within a median period of 6.3 months [73]. In contrast, primary 
cutaneous diffuse large-cell lymphoma, leg type, is an aggressive 
lymphoma typically affecting the elderly with frequent involve- 
ment of extracutaneous sites. As a result, systemic chemotherapy 
is indicated followed by radiotherapy to the lesion (36-40 Gy) with 
generous margins of 2-5 cm [74,75]. 


Acute radiation reaction (acute 
radiodermatitis) 


Radiation works by damaging clonogenic cells, both benign and 
malignant, and the damage is expressed at the next cell division, 
when the cell either dies or repairs sublethal damage. Tissues with 
a rapid turnover such as the epidermis and mucosal endothelium 
therefore show radiation damage soon after treatment, and this is 
the ‘acute reaction’ (Figures 24.20 and 24.21). For the treatment to 
result in cure, the tumour must be unable to repair this damage [1,2]. 

In acute radiodermatitis, the histopathology shows oedema and 
sparseness of connective tissue beneath the epidermis. There may 
be flattening and loss of epidermal rete ridges with separation of 
the elastic tissue from the basal layer. Capillary endothelium may 
be hypertrophic and congested capillaries a feature. Haemorrhage 
and thrombosis are often observed. Special stains may show sub- 
tle changes in the DNA-RNA structure of epithelial cells as early as 
the third day [1,2]. During the healing phase, the patchiness of the 
pathology is a striking feature. Atrophy may be bordered by epi- 
dermal hyperplasia, pigmentation is very irregular and blood ves- 
sels are of variable size and shape; deeper vessels may be fibrosed 
[3]. Normal tissue repair occurs when normal clonogenic cells on 
the basement membrane, which have either not received damage 
or have repaired sublethal damage, repopulate the basement mem- 
brane and re-cover the epithelium [4]. 

In a commonly used regimen, where the patient attends at daily 
intervals for five doses of treatment, the irradiated skin starts to red- 
den 5-7 days after the first treatment, because of increased vascu- 
larity and inflammation associated with cell damage. Subsequent 
doses add to the reaction, which proceeds through dry and some- 
times moist desquamation and scabbing, usually reaching a height 


of discomfort at 3-4 weeks after treatment finishes. It then settles 
over the next 2-3 weeks with re-epithelialisation, which begins in 
the perifollicular areas and proceeds as cell colonies coalesce to cover 
the denuded surface. 

If the skin is previously unbroken or the tumour is nodular, treat- 
ment may be followed by no more than a very mild erythematous 
reaction with little discomfort for the patient. The acute reaction is 
more painful if there is ulceration and scabbing before treatment 
commences. The larger the surface area of the tumour and therefore 
the treatment field, the longer the healing takes; even so, healing is 
commonly virtually complete by 6 weeks after the end of the course. 
The brisker the treatment, that is, the larger the dose and the shorter 
the time over which it is given, the more marked the acute reaction 
is likely to be, as there is less opportunity for normal tissue repair 
between treatments. Individual skin reactions vary, and those who 
burn in the sun tend to have a brisker reaction to X-ray treatment. 
Occasionally, healing may be complicated by secondary impetigini- 
sation, especially on the face. 

If the exit beam passes through mucosa, a patch of mucositis of 
similar size to the treatment field will ensue. This reaction usually 
occurs earlier and is of much shorter duration than the skin reaction, 
and heals completely without long-term sequelae. The nasal mucosa 
may swell and occasionally bleed, with the feeling of a blocked nose; 
in the mouth, a sore patch may make eating uncomfortable for a 
few days. Although protective lead can be used to protect structures 
beyond the inner mucosa, such as the gums and the nasal septum, 
the mucosa just beneath the cancer cannot be protected. 

It is unusual to see acute radiation reactions with diagnostic imag- 
ing but it can occur with fluoroscopy. Both dose and length of the 
diagnostic procedure are important causal factors. Balter et al. have 
comprehensively reviewed this [5]. 


Management 

The natural history of the acute reaction cannot be modified, but the 
patient can avoid making the reaction worse. The area should be 
left open to the air as far as possible and protected from trauma, 
extremes of heat or cold, irritation with medicated creams or oint- 
ments, physical rubbing or vigorous and repeated washing, all of 
which can damage the regenerating clonogenic cells and result in 
ulceration. Steroid creams are also best avoided. Patients are warned 
to seek advice if signs of infection develop. Once the treated area is 
dry and scabbed, normal washing can resume. The mucosal reaction 
must be endured, although soft paraffin and/or a simple mouth- 
wash may provide relief, and if the patient is having excessive nasal 
crusting, simple saline nasal douches may make the patient more 
comfortable. 


Late radiation reaction (chronic 
radiodermatitis) 


Tissues with a slow rate of cell division such as subcutaneous fat, 
fibrous tissue and small blood vessels will not show radiation effects 
until months or years after treatment. At 6 months, treated skin is 
often slightly paler or pinker than adjacent untreated skin; with the 
passage of time, sequelae usually appear, with late appearances 
established at 5-10 years. The irradiated skin may show pallor 
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Figure 24.20 (a) Large basal cell carcinoma of the cheek. (b) The same patient showing acute radiation reaction 6 weeks after superficial X-ray treatment. (c) The same patient 


showing a settled reaction 6 months after superficial X-ray treatment. 


(a) (b) 


Figure 24.21 (a) Large basal cell carcinoma of the jaw. (b) The same patient showing acute radiation reaction 4 weeks after superficial X-ray treatment. (c) The same patient showing 
a settled reaction 6 months after superficial X-ray treatment. 


or increased pigmentation, with variable atrophy, telangiectasia, 
fibrosis and loss of appendageal structures (Figures 24.22 and 
24.23). With time, the blood supply of the treated area may become 
compromised, resulting in ulceration either spontaneously or after 
trauma; such ulcers often, however, heal spontaneously [1]. 

The fundamental histopathology of chronic radiodermatitis is 
fibrosis and occlusion of the cutaneous vasculature with vary- 
ing degrees of homogenisation of the dermal connective tissue. 


(c) 


Residual vessels may be enormously dilated. Bizarre, large, stellate 
fibroblasts may be seen in the dermis. Fibrosis of the deep dermis 
and subcutaneous tissue may occasionally occur after megavoltage 
radiotherapy [2]. The changes in the epidermis vary from simple 
atrophy to acanthosis and extreme dyskeratosis. There is usually 
loss of adnexa such as hair follicles. 

The late cosmetic result varies and may reflect the underlying 
damage caused initially by the tumour as well as the patient’s skin 


(b) 


Figure 24.23 Telangiectasia after treatment for a small basal cell carcinoma of the nose. 


type. In one study of 339 patients, telangiectasia, pigmentation and 
fibrosis were directly related to the increasing size of field needed 
for treatment rather than the treatment regimen used [3]. The late 
cosmetic result is also less good if the patient has had repeated 
cryotherapy to the area (authors’ personal observation) or been left 
with a poor surgical scar. Chronic radiation change may sometimes 
be difficult to distinguish from tumour recurrence. 

Ischaemic necrosis following radiotherapy should rarely be 
seen when modern techniques of dose fractionation are used. 
Radionecrosis typically occurs 1-2 years after treatment and is often 
precipitated by trauma or infection. Excision and grafting may 


Figure 24.22 (a) Extensive erosive basal cell 
carcinoma of the ear. (b) The same patient 2 years 
after superficial X-ray treatment. 


provide the only satisfactory treatment of extensive radionecro- 
sis, although small areas may slowly heal with conservative 
management [4]. 

The induction of skin tumours within irradiated fields is very rare 
indeed, as would be expected with the latency for this and the aver- 
age age of the patient receiving radiotherapy for skin cancers. 


Basal cell carcinoma and SCC are not always cured by radiotherapy 
[1-3], especially if the patient has had prior treatment with multiple 
modalities [4]. Ulceration lasting more than 6 months after therapy 
usually means persistent tumour. Some authorities suggest that one 
reason for avoiding primary radiotherapy is that surgical salvage is 
more difficult after treatment failure, but if the patient is referred on 
at an early stage, excision of the irradiated skin and grafting are usu- 
ally possible. Mohs surgery may give the best results in these cases 
[4]. As with surgical treatment, radiotherapy for recurrent BCC has a 
higher relapse rate. Age, immunosuppression and treatment modal- 
ity are also important as well as size of tumour for recurrence [5]. 
Re-treatment with radiation is not usually offered, because 
the primary is by definition relatively radioresistant. There is an 
increased risk of radionecrosis if normal tissues, which may have 
already received a ‘tolerance dose’, are exposed to further radiation. 
However, in practice, radiotherapy has been given successfully in 
these circumstances with acceptable cosmetic results, especially if 
there has been a sufficient time interval between the two radiother- 
apy treatments [6]. Occasionally, it is reasonable to offer treatment 
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to persistent tumours at the edge of a previous radiotherapy field, 
when a small degree of overlap may be acceptable. Although the 
risk of a small area of necrosis will be higher, this strategy is often 
acceptable to the patient and is typically successful. 


Radiation-induced tumours 


There is evidence that the risk both of BCC and of SCC is increased 
in areas of skin previously irradiated for benign or malignant dis- 
ease including Hodgkin disease, breast cancer, acne, ankylosing 
spondylitis and tinea capitis [1,2]. 

BCC of the scalp may not present until 50 years after X-ray epila- 
tion for ringworm. Such tumours are much more rarely seen since 
the virtual abandonment of radiotherapy for benign diseases, the 
development of more sophisticated radiotherapy machinery and 
advances in the understanding of radiobiology. It has not, however, 
been possible to demonstrate any precise quantitative relationship 
between the development of skin cancers and the amount of radia- 
tion received on the skin surface, nor is it known what total dose or 
fractionation regimen would be most carcinogenic. 

Although a greater knowledge of the limitations and effectiveness 
of radiation should prevent the occurrence of late radiation dam- 
age including carcinogenicity, the long latent periods involved warn 
against early complacency [3-5]. 

As the number of childhood cancer survivors increases, there is 
some evidence for an increased incidence of BCC developing within 
irradiated skin sites [6], but this is not confirmed by all studies [7]. As 
most of these children will also have had treatment with chemother- 
apy, the aetiological factors causing their second malignancy cannot 
be easily disentangled. 


Management 

Most radiation-induced tumours should be excised. However, 
where there is no radiation damage evident on the skin, a subse- 
quent radical dose of radiotherapy can normally be tolerated [8]. 


Rare tumours associated with previous 
irradiation 


Atypical fibroxanthoma (see Chapter 136) 

Atypical fibroxanthoma (syn. pseudosarcoma of the skin), seen par- 
ticularly in fair-skinned males who have suffered actinic damage, 
may also follow radiation damage [1-3]. 


Radiation-induced sarcoma (Chapter 136) 
Radiotherapy-induced sarcomas make up an estimated 5% of all 
sarcomas and occur in less than 0.2% of patients who have had 
radiotherapy [4,5]. Children are more susceptible to developing 
radiation-induced cancer [6]. There can be a long latent period with 
sarcomas appearing 5-15 years or even longer post-treatment [7,8]. 
Postirradiation sarcomas of both soft tissue and bone are 
characteristically high grade and include undifferentiated pleo- 
morphic sarcoma (previously known as malignant fibrous histi- 
ocytoma), spindle cell sarcoma, osteosarcoma, leiomyosarcoma 


and angiosarcoma, the latter being especially associated with 
radiotherapy for breast cancer [7]. 

Development of sarcoma appears to be related to exposure to 
kilovoltage rather than megavoltage radiotherapy and to receiving 
higher doses of radiotherapy. It is also associated with a range of 
genetic syndromes which may predispose to cancer development 
such as Li-Fraumeni syndrome. 

Diagnosis and investigation are as for primary sarcomas, includ- 
ing a carefully planned biopsy. 

There is evidence that prognosis is worse for radiation-induced 
sarcomas compared with primary sarcomas [8]. Surgery and 
chemotherapy are the primary treatment modalities with re- 
irradiation usually avoided. 
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Introduction 


A virus particle, or virion, consists of a length of nucleic acid, either 
RNA or DNA, within a protein shell, the capsid. The genetic infor- 
mation is sufficient to encode proteins involved in viral replication 
and production of the protective coat, but requires host cell ribo- 
somes for translation. This absolute dependence on the host is the 
distinguishing feature of viruses. 

A simple classification of viruses that cause illness involving the 
skin in humans is given in Table 25.1 [1]. This classification is fol- 
lowed throughout this chapter. Other viral-associated skin diseases 
and pityriasis rosea, a condition of uncertain but possible viral aeti- 
ology, are also discussed. 


General pathology of viral infections 

Pathogenesis of viral disease 

For a virus to produce infection, it must gain entry into a suscep- 
tible cell within an appropriate host. Many viruses, particularly 
those producing systemic infection, enter the body via mucous 
membranes after inhalation, ingestion or contact. The skin can act 
as a portal of entry, although this usually depends on some breach 
of the barrier function of the integument, for instance a scratch 
or fissure or by direct inoculation. Attachment to the cell surface 
by means of a receptor is followed by entry of the virion into the 


cell, by endocytosis or phagocytosis. Viruses differ in the range 
and type of cell which they can infect; host specificity and tissue 
tropism are hallmarks of viral infections. For example, poliovirus 
can infect neurons and is called a neurotropic virus, while human 
papillomaviruses (HPVs) have a tropism for epithelial cells. A cell 
in which a particular virus can replicate is described as permissive 
for that virus. After entry into the cell, pre-existing cell enzymes 
remove or damage the capsid sufficiently for the nucleic acid to 
emerge. 

The next stage depends on the nature of the virus. In relatively 
simple ones, like enteroviruses, the RNA acts as a messenger, 
is infectious on its own and is immediately translatable by host 
ribosomes into viral proteins. More complex RNA viruses, such as 
influenza, have non-infectious RNA, called negative-strand RNA, 
which has to be transcribed into messenger RNA (mRNA) by a 
polymerase enzyme carried in the virus itself. RNA tumour viruses 
or retroviruses, such as human immunodeficiency virus, contain 
a reverse transcriptase enzyme which synthesises DNA from the 
viral RNA template. DNA viruses are generally more complex 
and are able to transcribe mRNA from their DNA using either cell 
polymerase (e.g. adenoviruses) or viral polymerase (e.g. vaccinia). 
At the same time, replication of the viral nucleic acid also occurs. 

A variety of proteins — regulatory, enzymatic and structural — are 
produced and these, together with the products of cell damage, 


Table 25.1 Classification of viruses causing human skin disease. 
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Nucleic acid Family Genus Size (nm) Species/disease 
DNA-ds Poxviridae Orthopoxvirus 200 x 300 Variola 
Vaccinia 
onkeypox (Mpox) 
Cowpox 
Buffalopox 
Parapoxvirus 150 x 200 Pseudocowpox 
Orf 
Yatapoxvirus Tanapox 
Molluscipox virus olluscum contagiosum 
Orthoherpesviridae Simplexvirus 180-250 enveloped (100 naked) Herpes simplex 1 and 2 (human alphaherpesvirus 1 and 2) 
Cercopithacine herpesvirus (herpes B virus) 
Varicellovirus Varicella-zoster 
Cytomelagovirus Cytomegalovirus (human betaherpesvirus 5) 
Roseolovirus Human betaherpesvirus 6A, 6B 
Human betaherpesvirus 7 
Lymphocryptovirus Epstein-Barr virus (human gammaherpesvirus 4) 
Rhadinovirus Human gammaherpesvirus 8 
Polyomaviridae Polyomavirus 44 naked erkel cell carcinoma virus 
Human polyomavirus 6 
Human polyomavirus 7 
Human polyomavirus 10 
Papillomaviridae a Papillomavirus 55 naked Warts, mucosal intraepithelial neoplasia and squamous cell carcinoma 
6 Papillomavirus Epidermodysplasia verruciformis, skin cancer 
y Papillomavirus Cutaneous warts 
pt Papillomavirus Palmar and plantar warts 
v Papillomavirus Cutaneous warts, skin cancer 
DNA-ds* Hepadnaviridae Orthohepadnavirus 42 naked Hepatitis B 
DNA-ss Parvoviridae Erythroparvovirus 22 naked Human parvovirus (B19)/erythroparvovirus 
Tetraparvovirus Parvovirus 4 
Bocaparvovirus HBoV-1, HBoV-2-4 
RNA-ss (+) Retroviridae Deltaretrovirus 100 enveloped HTLV-1, HTLV-2 
Lentivirus HIV-1, HIV-2 
Matonaviridae Rubivirus 42 enveloped Rubella 
Togaviridae Alphavirus Ross River 
Sindbis 
Chikungunya 
O’Nyong-Nyong 
Mayaro 
Barmah Forest 
Flaviviridae Hepacivirus 42 enveloped Hepatitis C 
Orthoflavivirus Dengue 
Yellow fever 
Kyasanur forest disease 
Omsk haemorrhagic fever 
Zika 
Hepeviridae Pastahepevirus 33 naked Hepatitis E 
Coronaviridae Betacoronavirus 110 enveloped SARS-CoV-2/Covid-19 
Picornaviridae Aphthovirus 27 naked Foot and mouth disease 
Enterovirus Enterovirus A-L, rhinovirus A-C. Hand, foot and mouth disease, herpangina 
Hepatovirus Hepatitis A 
Parechovirus Human parechovirus 
RNA-ss (—) Rhabdoviridae Lyssavirus 70 x 180 enveloped Rabies 
Vesiculovirus Vesicular stomatitis virus/Indiana vesiculovirus 
Filoviridae Orthoebolavirus Filamentous Ebola disease 
Orthomarburgvirus arburg disease 
Paramyxoviridae Morbillivirus 150 x 300 enveloped easles 
Respirovirus Parainfluenza 
Orthorubulavirus umps 
Metapneumovirus Respiratory syncytial virus 


(continued) 
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Chapter 25: Viral Infections 


Table 25.1 (continued) 


Nucleic acid Family Genus Size (nm) Species/disease 
Orthomyxoviridae Influenzavirus A-D >100 enveloped Influenza 
Arenaviridae Mammarenavirus 100 x 300 enveloped Lassa fever 
Lujo virus haemorrhagic fever 
Junin virus 
Argentinian haemorrhagic fever 
Mapucho virus, Chapare virus 
Bolivian haemorrhagic fever 
Guanarito virus 
Venezuelan haemorrhagic fever 
Sabia virus, Latino virus 
Bolivian haemorrhagic fever 
Whitewater arroyo virus 
Hantaviridae Orthohantavirus 100 enveloped Hantaan virus 
Sin Nombro 
Nairoviridae Orthonairovirus Crimean-Congo haemorrhagic fever 
Peribunyaviridae Orthobunyavirus Bunyamwera 
Oropouche virus 
Pheniuviridae Phlebovirus Rift valley fever 


ds, Double stranded; ds*, incomplete ds; ss, single stranded; ss (+), single stranded (plus strand); ss (-), single stranded (minus strand). 


probably contribute to the local and general response to the infec- 
tion. The time required for new virus production in acute infections 
is measured in hours and the number of new virions in thousands 
per cell. Newly produced virions can invade adjacent cells or be 
carried via the bloodstream and so the infection spreads. During 
this process the cell itself may be destroyed by a lytic infection 
(e.g. enterovirus and herpes simplex) or damaged transiently 
(e.g. myxovirus). With time, an immune response develops against 
the virus particles and processed viral proteins, which can lead to 
containment and clearance of the infection. 

Not all virus infections end in this fashion. Some viruses infect 
cells that apparently remain normal and may multiply while virus 
replication continues within, that is persistent infection. When persis- 
tently infected cells produce no infectious virus because the repli- 
cation cycle is arrested, the virus is said to be latent. From time to 
time, a latent virus can become active (reactivation), new virions are 
produced and other cells are infected. This process can result in clin- 
ical signs and symptoms as in the case of cold sores (reactivated 
herpes simplex) and shingles (reactivated varicella-zoster). Other 
viruses cause cell proliferation, for example poxviruses and HPVs. 
Viruses can also be implicated in the process of carcinogenesis, as in 
the development of cervical cancer and hepatoma. 


Exanthems of viral infections 

Widespread exanthems may be a manifestation of viral infections 
that cause a viraemia. An attempt to explain the different types of 
viral exanthem (Table 25.2) can be made by tracing the sequence 
of events following the arrival of blood-borne virus particles in the 
skin, where they lodge in dermal capillary loops. Some microorgan- 
isms (e.g. some togaviruses, poxviruses and rickettsiae) can replicate 
in capillary endothelium, causing damage directly or by a type III 
hypersensitivity reaction that results in infarcts and haemorrhages. 
The great majority of viruses, however, act as inert foreign parti- 
cles, reacting with circulating antibodies and sensitised lymphocytes 
to produce inflammation. Circulating immune complexes of anti- 
body and viral antigens also localise in dermal blood vessels and 


Table 25.2 Viral exanthems. 


Type of rash 


Pathogen associated 


Macular 


Maculopapular 


Maculopapular-vesicular 


Maculopapular-petechial 


Urticarial 


Vesicular 


Vesiculopapular 


Papulovesiculopustular 


Papulovesicular 


Papular 


Rubella 

Echovirus (esp. 2, 4, 6, 9, 11, 16, 18, 19, 23, 25, 32) 

Coxsackie A (esp. 4, 5, 6, 9, 10, 16) and B (esp. 5, 3) 

Epstein-Barr virus (infectious mononucleosis) 

Human herpesvirus 6 (roseola) 

Human herpesvirus 7 

SARS-CoV-2 

Togaviruses 

Echovirus (esp. 6, 9) 

Measles 

Human parvovirus (B19) (erythema infectiosum) 

SARS-CoV-2 

Coxsackie A (occasional 5, 9, 10, 16) 

Echovirus (occasional 4, 9, 11) 

Ebola, Marburg 

SARS-CoV-2 

Togavirus (esp. chikungunya) and bunyavirus 
haemorrhagic fevers (including Lassa) 

Coxsackie A9 (occasional) 

Hepatitis B (occasional) 

SARS-CoV-2 

Herpes simplex virus 

Hand, foot and mouth disease (coxsackie 16, 4, 5) 

Vesicular stomatitis virus 

SARS-CoV-2 

Varicella-zoster 

SARS-CoV-2 

Vaccinia 

Variola 

Cowpox 

Orf 

Milker’s nodule 

Molluscum contagiosum 

Warts 

Gianotti-Crosti syndrome 

SARS-CoV-2 


are responsible for the rashes in many virus infections, for example 
human parvovirus. The complex cascade of inflammation in the der- 
mis results in red macules and papules. 

In the case of most RNA viruses where there is no replication, 
these are the only reactions and the intruding particle is removed 
(e.g. echoviruses, coxsackie A, most togaviruses and rubella). A few 
RNA viruses are, on occasion, able to enter actively metabolising 
epidermal cells and replicate for a limited time, with cytolysis and 
production of a vesicular lesion (e.g. the vesicular exanthem of cox- 
sackie A and some rarer vesicular exanthems). 

Replicative ability in epidermal cells is mainly a feature of the 
DNA viruses, which may explain why this group contains those 
viruses capable of replication after direct inoculation of the epi- 
dermis. Vesicles and pustules result from viral replication in the 
epidermis, where the focal necrosis is followed by an immune 
response and infiltration with leukocytes. Vesicular lesions are 
caused by poxviruses, herpes simplex, varicella-zoster and some 
coxsackievirus infections. The cell proliferation caused by HPVs 
and molluscum results in localised tumours. 

The antibody production that produces local inflammatory 
lesions may serve to prevent further dispersal of infection by the 
bloodstream. However, the cell-mediated immune response is 
probably the major local inflammatory factor, the means of con- 
tainment and healing of the infection. When it is not competent, 
as in immunosuppression or immunodeficiency, there may be 
serious spread of the lesions, as seen in vaccinia and varicella. The 
factors that influence the areas of distribution of the rash and the 
sequence of affected regions are imperfectly understood. Where 
there is an area of capillary trauma, caused for example by inter- 
mittent pressure or a pre-existing area of inflammation, viruses will 
localise, but the caudal progression in rubella and the centripetal 
distribution in varicella are unexplained. 


Laboratory diagnosis [2,3,4,5] 

The extent to which laboratory procedures are helpful depends 

on the nature of the infection and locally available resources. 

The general condition of the patient should always be consid- 

ered and it is stressed that in early pregnancy any rash should be 

investigated to establish the possible risk to the fetus from rubella, 

parvovirus or other congenital infections. A considerable expansion 

of technical methods is taking place and clinicians are urged to 

discuss current local facilities with their microbiologists. Rapid 

methods are often feasible, using polymerase chain reaction (PCR) 

or fluorescence microscopy, so that laboratory confirmation may be 

possible on the day of receipt of specimens. Tissue culture can give 

an answer in 1-2 days. 
Broadly, the following groups of tests are available: 

1 Virus culture, usually done in cell cultures but occasionally in fer- 
tile eggs or laboratory animals. 

2 Examination of histological specimens for features typical of a 
virus infection, for example inclusion bodies or koilocytes. 

3 Visualisation of virus by electron microscopy. 

4 Detection of viral antigens by immunological techniques, for 
example using fluorescent antibodies. 

5 Detection of viral nucleic acid by molecular techniques such as 
PCR (for DNA viruses) or reverse transcription PCR (RI-PCR; 
for RNA viruses or for detection of viral transcripts). 
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6 Serological tests to detect seroconversion, rising antibody titres 
or specific antibodies (e.g. immunoglobulin M (IgM), low-avidity 
IgG). 

Specimens for virus culture are most likely to be positive if taken 
early in the illness. After the onset, the amount of live virus declines, 
especially when accessible to circulating antibody. Specimens 
should be sent to the laboratory with the minimum of delay. Throat 
swabs should mop up the maximum nasopharyngeal material and 
the broken-off swab head should be immersed in a virus-transport 
medium and kept cool if in transit for more than 1 h. A swab of 
vesicle fluid transported in virus culture medium is also valuable. 
Small biopsies from proliferative skin lesions are best transported 
in medium or sterile normal saline. Crusts are sent dry in a sterile 
bottle. Cerebrospinal fluid should be transported rapidly, preferably 
chilled. Urine is of limited value; as a special transport medium 
may be needed, arrangements should be made with the laboratory. 
Faeces should be sent as a few grams in a sterile container. 

Vesicle fluid for electron microscopy is best collected in a glass 
capillary, which can have one end sealed but not so as to heat the 
fluid. An alternative is to use a sterile disposable hypodermic needle 
and transport it in its plastic container. 

The fraction of blood — white cells, plasma or serum — most suit- 
able for PCR varies according to the viral nucleic acid to be detected. 
Blood for togavirus isolation must be chilled and reach the labora- 
tory quickly. It is best processed without delay or rapidly frozen 
below —40°C because of inactivation of virus by antibody. PCR or 
RT-PCR can also be used for the detection of viral nucleic acid in 
vesicle fluid, skin exudate, skin biopsy, urine or cerebrospinal fluid. 

If smallpox, Lassa fever, Marburg disease or other haemorrhagic 
fevers are suspected, consult both the laboratory director and 
the local community physician before any specimens are taken or 
transported and the patient should be kept in strict isolation. 


Serological tests 

Two specimens of clotted blood (5-10 mL each) should always be 
taken to achieve an unequivocal diagnosis in infections for which 
serology is available. The first must be taken as soon after the onset 
of symptoms as possible in order to have serum before appre- 
ciable antibody production has taken place. The second should 
be taken after a considered interval, depending on the type of 
infection. In general, 10 days is optimal, but when the antibody 
response immediately follows the rash, as in rubella, 5 days may 
suffice, provided the first blood was taken on the day of eruption of 
the rash. 

A fourfold or greater rise in titre between acute and convales- 
cent sera is taken as diagnostic. Because of technical variations it is 
customary to titrate both sera in parallel so that comparison of titres 
is accurate. Interpretation has to take into account possible anamnes- 
tic rises caused by organisms with some antigenic similarity. 

Examination of a single serum may provide strong presumptive 
evidence of infection when it demonstrates a high relevant anti- 
body titre, but this can be quite misleading at times as the particular 
antibody level may antedate the infection under consideration. The 
demonstration of specific IgM or IgA antibody in a single acute 
serum is also of diagnostic value in rubella and other infections. 
Unfortunately, in some infections such as HIV infections and in 
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25.6 Chapter 25: Viral Infections 


Table 25.3 Human poxvirus infections. 


Genus Species Abbreviation 
Orthopoxvirus Variola (smallpox) VV, VARV 
Vaccinia VACV 
Mpox (formerly monkeypox) MPXV 
Cowpox CPXV 
Buffalopox BPXV 
Parapoxvirus Milker’s nodule - 
Pseudocowpox PCPV 
Orf - 
Yatapoxvirus Tanapox TANV 
Molluscipoxvirus Molluscum contagiosum MCV 


severely immunodeficient or immunosuppressed people, serolog- 
ical responses to infection are unpredictable and cannot be relied 
upon for diagnosis. 


POXVIRUS INFECTIONS eC 


The poxviruses are the largest animal viruses, being only slightly 
smaller than the smallest bacteria, and they are just visible by light 
microscopy. Many species can infect both humans and other animals 
(Table 25.3). 


General description of disease domain 


Spread is mainly by direct-contact inoculation, with droplet spread 
in some, for example variola, which produce oropharyngeal and 
respiratory tract lesions. The skin lesions are inflamed vesicles or 
pustules in the ortho- and parapoxviruses. Yatapox and molluscipox 
produce small firm epidermal tumours. 


Basic biology 


These are complex double-stranded DNA viruses which replicate 
in the cytoplasm and are especially adapted to epidermal cells. 
Within the cytoplasm, they produce eosinophilic inclusion bodies 
(Guanieri bodies). They are generally resistant to physical damage; 
some, for example variola, have remarkable resistance to drying 
and can remain viable for months in crusts. Some grow readily in 
eggs and tissue culture, others not at all. 


Smallpox — Sa 


Introduction and general description 
Smallpox is an ancient human disease estimated to have caused 
300-500 million deaths worldwide. It was the first human infectious 


disease to be successfully eliminated worldwide after a 10-year 
World Health Organization (WHO) vaccination programme and its 
eradication was certified at the World Health Assembly in 1980 [1]. 
The last case in an endemic area was in 1977 in Somalia. The last 
case in the UK was in Birmingham in 1978 and was the result of a 
laboratory accident. Routine vaccination against smallpox has now 
been discontinued, producing a decrease in herd immunity against 
the virus. However, concerns that the virus could be released as 
an agent of bioterrorism have led to an increase in the number 
of medical and military personnel receiving vaccinia vaccination, 
together with progress in smallpox laboratory diagnostics and 
antiviral medications, with an emphasis on heightened awareness 
of the clinical features of smallpox infection [2,3,4]. As a result of 
waning immunity to smallpox, there is also an increased risk of 
the emergence of other orthopoxviruses, as seen in the 2022 global 
outbreak of Mpox (see below). 


Pathophysiology 

Causative organisms 

Variola is an orthopoxvirus which emerged 3000-4000 years ago in 
East Africa and is closely related to poxviruses in African gerbils 
and camels [3,4]. Stocks of smallpox virus still exist in government 
agencies in the USA (Center for Disease Control, Atlanta) and Russia 
(Vector Centre in Koltsovo, Siberia). 


Clinical features 

Predisposing factors 

Human-to-human transmission occurs by inhalation of airborne 
droplets of saliva from an infected person. Transmission by contact 
with pustules/scabs can also occur but is much less infectious than 
respiratory secretions [2]. 


Presentation 

There are four main clinical forms of smallpox: ordinary smallpox/ 
variola major (accounting for 85% of cases in the smallpox era); 
modified type (occurring in previously vaccinated individuals); 
flat/malignant type (more frequent in children and causing intense 
toxaemia); and haemorrhagic (more common in adults and pregnant 
women). 

The first features of ordinary smallpox are a prodrome of fever, 
headache, backache and malaise, appearing 10-14 days after infec- 
tion. Within 1-4 days an eruptive phase develops as the fever 
subsides. A macular eruption evolves over about 3 days into a rash 
of tense vesicles which may umbilicate and evolve to pustules. This 
typically starts on the face and spreads caudally, usually affecting 
the extremities more than the trunk (Figure 25.1). The palms and 
soles are frequently affected. Lesions within an area are at the same 
stage. After about a week, the lesions dry, scab over and finally 
slough off 14 days after onset. Scarring due to virus-mediated 
necrosis and destruction of sebaceous glands is common following 
recovery. It can be marked and is still seen in areas of the world 
where the infection was last evident (Figure 25.2). 


Disease course and prognosis 

During the smallpox era, the mortality differed for the four clin- 
ical forms and overall was approximately 30% in unvaccinated 
individuals. 


Figure 25.1 Smallpox. Papulovesicular lesions, some with haemorrhagic centres, 
concentrated on the extremities. Courtesy of Dr Colin Long, Cardiff and Vale NHS Trust, 
Wales, UK. 


Figure 25.2 Scarring of face following smallpox infection. Courtesy of Dr S. B. Verma, 
Baroda Skin Clinic, Baroda, India. 


Management 

This generally involves supportive care. Vaccination with repli- 
cation-competent smallpox vaccines can reduce disease severity if 
given within 2-3 days of exposure. As orthopoxvirus has a stable 
genome and highly conserved protein structure, smallpox vaccines 
provide cross-immunity with more than 80% efficacy for other 
orthopoxviruses such as mpox (formerly monkeypox) (see later) 
[3,4]. The Food and Drug Administration (FDA) approved the 
antiviral drugs tecovirimat and brincidofovir in 2018 and 2021, 
respectively, for treatment of smallpox [3]. 


Resources 


Further information 

World Health Organization: http://www.who.int/csr/disease/smallpox/en/ 
Centers for Disease Control and Prevention: https: //www.cdc.gov /smallpox/ 
(Both last accessed August 2023.) 


25.7 


Poxvirus infections 


Vaccinia | 


Introduction and general description 

Vaccinia virus (VAVC) was used in vaccination programmes against 
smallpox and human vaccinia disease is related to vaccination and 
its complications. Although routine vaccination was discontinued 
in the 1970s it continued for some years for laboratory workers 
using wild-type and recombinant vaccinia virus, but is now only 
performed for those in specific high-risk work. Vaccination has 
continued for military personnel and has increased over the last 
10 years because of the potential risk that variola could be used 
in bioterrorism. Medical personnel who might potentially treat 
victims of biological attacks have also been vaccinated [3,4]. Since 
1999, vaccinia-like virus has been found to be endemic in cattle in 
Brazil and more recently in monkeys, probably a result of infec- 
tion spreading from vaccinated humans to animals [5,6,7]. Cases 
of human infection have been found in people working closely 
with animals [7,8]. In 2022, the global outbreak of mpox (formerly 
monkeypox) also led to increased levels of vaccination for exposed 
individuals (see later). 


Pathophysiology 

Causative organisms 

Vaccinia virus is a distinct entity — poxvirus officinalis — and is 
unique in that it does not occur naturally but is the first stable virus 
to have resulted directly from human activity, that is, the serial 
propagation of cowpox orthopoxviruses originally used for human 
inoculation against smallpox. At the molecular level, it closely 
resembles cowpox and is postulated to have arisen as a mutant 
from cowpox [9]. Antigenically, it closely resembles variola and was 
used instead of cowpox in the 20th century in the WHO Smallpox 
Eradication Programme [3,4]. Vaccinia is also now being used in 
viral-vectored genetic vaccines against other infections (including 
coronavirus, tuberculosis, rabies and influenza) and in oncolytic 
virus-based therapies for malignancy [10]. 


Clinical features 

Presentation 

Following vaccination, a slightly itchy papule develops at the site 
of inoculation after 3-4 days. It develops into a pustule or blister, 
which may burst, before crusting and drying in about 2 weeks. The 
lesion heals by 3 weeks. 


Clinical variants 

A local or more generalised spread can occur, especially if the 
inoculation site is not adequately covered (Figure 25.3). Accidental 
infection can occur at sites distant to the inoculation site such as 
the eye or genitalia and autoinoculation in tattoos is also reported 
[11]. Spread to other individuals in close contact with a vaccinated 
person may occur, usually presenting 1-2 weeks after contact 
[12-14]. 


Complications and co-morbidities 
Inimmunocompromised individuals, vaccinia infection can become 
persistent and locally progressive, with necrotic and fungating 
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Figure 25.3 Vaccinia: vaccination site with generalised spread. Courtesy of 
Addenbrooke's Hospital, Cambridge, UK. 


lesions, and may be fatal. Generalised vaccinia with disseminated 
vesicular or pustular lesions is also more common in immuno- 
compromise [15,16]. In atopic individuals, vaccination can result 
in eczema vaccinatum in which localised or widespread infection 
occurs in eczematous skin [17]. Erythema multiforme/Stevens— 
Johnson syndrome may also complicate vaccinia infection. 


Disease course and prognosis 

The vaccination site usually scars and occasionally forms a hyper- 
trophic scar. The scar may rarely be the site of development of a 
tumour such as a basal cell carcinoma [18]. 


Management 

Care after vaccination should include adequate coverage of the 
vaccination site and avoidance of close contact with individuals 
who are immunosuppressed or atopic. Vaccinia immune globulin 
intravenous (VIGIV) is first line therapy for treatment of continued 
vaccinia virus replication after vaccination and antivirals may be 
considered as a secondary treatment. 


Resources 


Patient resources 
http://www.who.int/csr/disease/smallpox/en/ 
https://www.cdc.gov /smallpox/ 

(Both last accessed August 2023.) 


Introduction and general description 

Monkeypox virus (MPXV) infection was first described in 1958 in 
Denmark in research colonies of macaque monkeys transported 
from Africa and the first human case was described in 1970 in the 
Democratic Republic of Congo [19,20]. Despite being discovered 
in captive monkeys, it was subsequently documented in diverse 
mammals such as squirrels, rats, mice and prairie dogs; small forest 
mammals are thought to be the main reservoir driving zoonotic 
transmission, although this remains uncertain [20,21]. It produces 
a disease with a pustular rash and systemic symptoms that are 
similar to, but milder than, smallpox [19,21]. 


Epidemiology 

Incidence and prevalence 

The virus is endemic in 11 countries in Central and West Africa. 
The natural reservoir is uncertain, but is probably wild rodents [22]. 
Most outbreaks have been in the Congo Basin and West Africa, 
for example in Nigeria (2017-18) and Cameroon (2018), with occa- 
sional clusters of cases beyond the tropical rainforests [21,23-26]. 
There have been changes in the epidemiological characteristics of 
mpox, with increasing cases in West and Central Africa, particularly 
since 2010, and cases occurring in new geographic areas [19,21]. 
It is postulated that this re-emergence of mpox reflects waning of 
orthopoxvirus cross-protection resulting from cessation of smallpox 
vaccination after eradication of the disease in 1980, as this provides 
protection in 85% of cases [27,28]. There are also possible envi- 
ronmental factors affecting the interface between humans and the 
mpox animal reservoir, for example due to increased population 
density and displacement, climate change and deforestation, ease 
and rapidity of global travel, or possible new and widespread 
zoonotic reservoirs [21,22,25]. Outside endemic countries, an out- 
break of 72 cases in the USA in 2003 followed illegal importation of 
infected rodents from Ghana which spread to native prairie dogs in 
a shared distribution centre [24]. Outbreaks were also reported in 
the USA and UK during the Covid-19 pandemic in 2021 [25,26]. 
However, prior to May 2022, transmission outside endemic areas 
and human-to-human transmission were uncommon [21,26,29]. 

In early May 2022 the first cases in a global outbreak of multiple 
clusters of mpox were reported, in countries across five WHO 
regions (Americas, African, European, Eastern Mediterranean and 
Western Pacific regions), but particularly in Europe. By July 2022 
it was declared a Public Health Emergency of International Con- 
cern by the WHO. By October 2022, more than 75000 cases had 
been confirmed in 109 countries, 102 of which had not historically 
reported mpox [30]. Multiple causes may have driven this outbreak, 
including a background of waning smallpox immunity globally 
[19] and relaxation of Covid-19 prevention measures with corre- 
sponding increases in international travel and sexual interactions 
in 2021. Transmission initially disproportionately affected gay, 
bisexual and men who have sex with men (GBMSM) communities 
and human-to-human transmission was particularly associated 
with close person-to-person or sexual contact not linked with travel 
from endemic countries [30,31,32]. The upsurge of subsequent 


interest in mpox resulting from the 2022 outbreaks in non-endemic 
high-income countries underscores its position as one of many 
neglected tropical diseases in endemic low-income countries [21]. 


Age 

Most cases in endemic areas are in children. However, in the 2022 
outbreak, cohort and other studies have reported a median age of 
around 38 years and particularly affecting males [31,32]. 


Pathophysiology 

Causative organism 

Mpox virus is a brick-shaped, enveloped, double-stranded DNA 
virus of the Orthopoxvirus genus (Poxviridae family), most closely 
related to vaccinia and smallpox [19]. Two genetic clades of the 
virus have been identified: clade 1 (Congo Basin/Central African 
clade — Democratic Republic of Congo, Republic of Congo, Gabon 
and Cameroon) and clade 2 (West African clade — Nigeria, Céte 
d'Ivoire, Sierra Leone, Liberia, Ghana) [33]. Clade 1 (Congo Basin) 
is associated with more severe disease in humans and a case fatality 
rate of 10%, with mortality rates of 15% in children [19,21]. Clade 
2 (West African) is associated with milder disease and cases fatal- 
ity rates of 1-4% [21,33,34]. In the May 2022 outbreak, molecular 
testing identified reported cases in the UK as due to clade 2 [35]. 
Factors determining differences in virulence between the clades are 
currently uncertain [21]. 


Transmission 
In endemic regions, mpox is a zoonotic infection and is acquired 
via droplets from animal reservoirs: small forest animals are pre- 
sumed to be responsible for most transmission to humans including 
squirrels, rats and monkeys. Mpox outbreaks typically occur 
in populations who hunt, kill, handle and consume bushmeat 
[19,21]. Mucocutaneous inoculation of a scratch or wound with 
animal secretions leads to more severe systemic symptoms and a 
shorter incubation period than if contact has been less close [36]. 
Human-to-human transmission is also through respiratory droplets 
during direct and prolonged face-to-face contact by large respira- 
tory droplets, but also by close contact of skin lesions with infected 
bodily fluids, contaminated fomites and by vertical transmission. 
Possible sexual transmission was first proposed in the 2017 outbreak 
in Nigeria [37]. Mpox has a secondary attack rate of approximately 
10% in contacts unvaccinated against smallpox [21]. The role of 
transmission from asymptomatic or pre-symptomatic carriers is 
unknown [30]. Possible human-to-animal transmission has also 
been reported [38]. In non-endemic countries, epidemiology may 
differ. In a multicentre study of the seven patients seen between 
2018 and 2021 in the UK, four had acquired mpox from travel 
to Nigeria, but three acquired the infection in the UK: one was a 
health care worker involved in the care of an imported case and the 
other two were household contacts of a case imported from Nigeria 
(including an adult in whom a possible sexual transmission was 
also proposed, and a 2-year-old child) [29]. A notable longitudinal 
virological finding in these cases was prolonged (up to 3 weeks) 
viral DNA shedding from the upper respiratory tract after apparent 
skin lesion resolution [29]. 

In the 2022 global outbreak, most cases were not associated with 
recent travel to endemic areas, suggesting circulation within the 
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GBMSM community [31,32,39-43,44,45]. Patients presented with 
lesions predominantly on the ano-genital area, indicating direct 
contact with body fluids and prolonged physical contact during 
sexual intercourse [31,32,40-43,44,45,46]. It is uncertain whether 
sexual transmission through seminal or vaginal fluids occurs 
[19,29,46]. No definitive explanation has been provided for this 
2022 outbreak, although waning of cross-protective herd immunity 
for smallpox and potentially new mpox virus mutations have been 
proposed [45]. 


Clinical features 

History 

The incubation period is 5-21 days, but typically 7-17 days follow- 
ing exposure [44]. Patients are presumed to be infectious from the 
rash onset until desquamation of cutaneous lesions approximately 
4 weeks later [19,20,21,44]. 


Presentation 

A 1-4 day prodrome with fever (38.5-40.5°C), headache, fatigue, 
sore throat and myalgia may be accompanied by nausea, vomiting, 
dyspnoea and cough. A prodrome is not present in all patients 
[19,20,21,29,30,34,39,40,42,43,44]. Lymphadenopathy occurs around 
the time of fever onset and is a distinguishing feature from smallpox. 
About 1-2 days after the onset of the prodrome a rash appears with 
multiple lesions that can number as few as one or up to thousands. 
In endemic areas, the lesions are initially most common on the face 
and trunk, but spread centrifugally to the limbs, palms, soles and 
periungual areas as mpox ‘whitlows’ [19,20,29,40,44]. Pharyngeal, 
genital and conjunctival mucosae may also be involved. Individ- 
ual lesions are initially macules and papules which evolve into 
whitish-yellow vesicles and pustules that may become umbili- 
cated or crateriform, centrally eroded with a brownish crust, and 
may be complicated by superinfection [19,29,44]. Lesions last for 
approximately 1-3 days at each stage and usually progress simul- 
taneously/synchronously, although lesions at multiple stages of 
evolution may coexist. In the pustular stage, a further fever may 
develop with complications such as pneumonia and encephalitis. 
After 2-4 weeks, the lesions dry and become crusted. Once the crust 
has fallen off and the wounds have healed the patient is no longer 
considered infectious. Lesions may leave atrophic or pitted scarring 
[19,20,29,39,40,42,44]. 


Presentation in the 2022 outbreak. In the 2022 global outbreak, 
clinical manifestations differed from those in countries where 
mpox is endemic in terms of patterns of transmission, prodromal 
symptoms and atypical cutaneous manifestations (Table 25.4). 
Transmission appears to be predominantly sexual, patients may 
develop fewer cutaneous lesions, which are often localised to the 
ano-genital region, and preceding systemic symptoms may be 
minimal [20,44]. Similar findings were reported in international 
case series [31], single-centre studies from the UK [32,43] and Italy 
[42], and multicentre cross-sectional and prospective observational 
cohort studies in Spain [39,40]. Registries established during the 
Covid-19 pandemic have also been extended to capture data on 
clinical aspects of the disease and its treatment [47]. 

In an international case series in 2022 of 528 patients attending 
41 centres in 16 non-endemic countries from four WHO areas 
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Table 25.4 ‘Atypical’ clinical features of monkeypox in the 2022 outbreak compared 
with endemic infection. 


‘Atypical’ clinical features of monkeypox in the 2022 outbreak 


ore common in males, mid-30s, GBMSM, PLWH 

Human-to-human transmission — mainly sexual contact 

io association with travel to endemic areas 

ild or minimal systemic symptoms in prodrome 

Ten or fewer lesions, usually initially at sites of ano-genital inoculation 
Lesions localised to ano-genital area with no involvement at other sites 
Anal pain and bleeding with no visible skin lesions; tonsillitis 

Lesions at different stages of development (asynchronous) 

Presence of other sexually transmitted diseases is common 


GBMSM, Gay, bisexual, men who have sex with men; PLWH, people living with HIV. 


(Europe, Americas, Western Pacific and Eastern Mediterranean), 
98% of those with infection were GBMSM, 75% were white and 41% 
were living with HIV infection [31]. Prodromal symptoms of fever, 
lymphadenopathy and myalgia were observed in the majority, as 
in endemic monkeypox, although they may be less severe [20,40]. 
The ano-genital area was the most frequently involved anatomical 
site (73%), with trunk, arms or legs (55%), face (25%) and palms and 
soles (10%) less frequently involved. This pattern is likely to reflect 
primary inoculation sites related to sexual transmission with a later 
more generalised eruption of vesiculopustular lesions [40]. The 
localised initial lesions are more similar to the presentation of other 
orthopoxviruses (e.g. cowpox virus, camelpox virus, buffalopox 
virus) and parapoxviruses (e.g. orf virus) that also cause localised 
skin lesions in humans at sites of inoculation. It is also proposed 
in several studies that the primary lesions at inoculation sites are 
predominantly pseudopustules — firm papules with a central ulcer- 
ated/necrotic appearance and white periphery on a red base that 
simulate pustules, but from which it is impossible to de-roof and 
obtain pus, and which histologically are composed of inflammatory 
keratinocytic debris and not liquid [40,48] (Figure 25.4). This may 
help distinguish mpox from conditions such as varicella-zoster 
virus [40]. Most of those infected had fewer than 10 lesions each, 
and these are often painful, may group together in plaques or 
appear asynchronously [40]. A single lesion was present in 11% 
of patients in one series [40]; importantly, a single genital ulcer 
potentially increases the risk of misdiagnosis with other condi- 
tions causing penile and perianal ulcers such as herpes, primary 
syphilis, lymphogranuloma venereum, granuloma inguinale and 
chancroid [49,50]. Single whitlow-like lesions may also be mis- 
diagnosed [40]. Mucosal involvement was observed in 41% [31], 
particularly ano-rectal involvement, which was associated with 
pain, proctitis and diarrhoea, and pharyngeal involvement causing 
tonsillitis and dysphagia [39,40]. Penile lymphoedema has also been 
reported in some [32,39,51] but not all [40] studies, possibly caused 
by marked inguinal lymphadenopathy [51]. Concomitant sexually 
transmitted infections were confirmed in 29% in this study [31] but 
up to 76% in other studies [40]. 


Complications and co-morbidities 

Although usually a self-limiting disease in healthy adults [29], there 
is potentially increased severity in young children [34], those who 
are pregnant and in immunocompromised groups, including people 


living with HIV (PLWH) [20,21,30,52,53]. Local mucocutaneous 
complications include deep soft tissue abscesses [29], keratitis, 
corneal scarring (with possible loss of vision) and permanent pitted 
scarring often secondary to bacterial superinfection [21]. Systemic 
complications include encephalitis, bronchopneumonia, myositis 
and miscarriage [19,20]. 

Case fatality rates in African outbreaks with at least 50 cases have 
ranged from 0 to 10% in unvaccinated individuals [21]. Disease is 
milder in West African compared with Congo Basin clades, with 
fewer deaths and previously limited human-to-human transmis- 
sion [21,34]. In the 2022 outbreak due to the West African clade, the 
illness generally appeared to be mild. In one series, 13% required 
hospital admission, usually to manage pain (particularly ano-rectal 
pain) and soft-tissue super infections [31]. Giant ulcerated lesions 
[42] and penile lymphoedema [51] are also described. Morbilliform 
eruptions are less common and appear later and an associated ery- 
thema multiforme is also reported [39,40]. Dissemination beyond 
the ano-rectal area was more common in association with HIV 
[53,54], although rare serious complications (myocarditis and 
epiglottitis) were also observed [31]. 

Overall mortality was low in the 2022 outbreak [30], but is signi- 
ficantly higher in people with advanced HIV [53]. An international 
case series reported clinical outcomes and mortality in 382 people 
with mpox and HIV with low CD4 count (<350 cells/mm+*) [53]. The 
series included 27 of the 60 people reported to have died of mpox 
between May 2022 and January 2023, all of whom had a CD4 cell 
count <200 cells/mm, with high HIV viral load an additional risk 
factor for death. Severe complications were also more common in 
those with CD4 cell count <100 cells/mm and included necrotising 
skin lesions, lung involvement, secondary bacterial infections and 
sepsis [53]. 


Clinical variants 

Atypical cases are recognised with, for example, few minimally 
symptomatic lesions, anal pain without skin lesions, absent pro- 
dromal period or minimal systemic symptoms [50]. Infection can 
occasionally cause illness without skin lesions, and this has been 
described in both endemic areas [21] and in non-endemic areas 
during the 2022 outbreak [50,55]. Severe skin infection in asso- 
ciation with atopic dermatitis (eczema monkeypoxicum) is 
described [56] and asymptomatic virus-positive cases have also 
been reported [41,55]. 


Differential diagnosis 

Mpox should be considered in the differential of vesicular and 
pustular rashes [20,55]. Varicella is the most common differential 
but is usually associated with less prominent fever, is not asso- 
ciated with lymphadenopathy, lesions are often itchy, frequently 
involving the scalp and mouth, and are more polymorphic in 
nature [44]. Secondary syphilis, herpes, molluscum contagiosum, 
scabies, varicella-zoster, disseminated vaccinia, hand, foot and 
mouth disease, orf, milker’s nodule and pityriasis lichenoides 
et varioliformis acuta may all be considered with widespread 
disease [19,20]. With more localised disease reported in the 2022 
outbreak, mpox should be considered in the differential diagnosis 
of other causes of ano-genital and oral ulceration as discussed 
earlier [20]. 


Figure 25.4 Pseudopustules associated with monkeypox infection. Courtesy of Professor Christopher Bunker, University College Hospitals, London, UK. 


Investigations 

Dermoscopy may provide diagnostic support: diffuse bright white 

structureless areas or bright white halos surrounded by a perile- 

sional red rim are reported as a prominent finding in both vesicles 

and pustules [57]. Clinical suspicion can be confirmed by [20]: 

e¢ Demonstration of mpox virus DNA by real-time PCR analysis or 
next-generation sequencing of vesico pustular fluid and nasopha- 
ryngeal swabs. 

e Isolation and culture of the virus from saliva, lesion exudate or 
crust specimens. 

e¢ Immunohistochemistry for viral antigen detection, including the 
point-of-care test Tetracore OrthopoxBioThreat®. 

e ELISA for anti-orthopoxviruses IgM and IgG antibodies: there 
may be cross-reactivity to other orthopoxviruses [30,58]. 
However, most cases in remote endemic settings are clinically 

diagnosed. 


Pathology 

The epidermis shows degenerative changes with cell fusion, causing 
direct cytopathic changes including multinucleate cells and cyto- 
plasmic inclusion bodies, and ground glass-like eosinophilic nuclei. 
Full-thickness epidermal necrosis and adjacent acanthosis may be 
present depending on the stage of the lesion [59,60]. A mixed inflam- 
matory cell infiltrate of lymphocytes, neutrophils and eosinophils is 
found in the upper dermis in a perieccrine and perivascular distri- 
bution. With electron microscopy, the typical poxvirus brick-shaped 
enveloped particles are found in the cytoplasm [59,61]. 


Management 


Supportive care. Mpox is usually self-limiting and treatment is 
primarily supportive and based on individual patient risk, under- 
lying co-morbidities and complications. Hydration, anti pyretics, 
skin/mucosal care, analgesia and antibiotics for secondary infection 
may be required [20]. Those with confirmed infections should be 


isolated, with strict infection control [30,53,62]. There is evidence 
that viral DNA is present in 93% of surfaces and 20% of air samples 
in hospital isolation rooms [63]. Isolation of close contacts, contact 
tracing and surveillance are all essential to reducing transmission 
[30,53,62]. Avoidance of close contact with others, particularly 
children aged under 5 years and individuals who are pregnant or 
severely immunocompromised, should continue until all lesions 
have healed and crusted. There is some evidence that mpox DNA 
may be detected in semen after an acute infection [31]: it is unclear 
whether this is from seminal carriage, as the testes are immunolog- 
ically protected sites, or from resolving meatal or urethral lesions. 
However, it has been recommended by the WHO UK that men who 
have had a confirmed or highly probable diagnosis of mpox should 
use condoms during sex for 12 weeks after complete recovery from 
mpox infection [64]. 


Direct-acting antiviral drugs. Brincidofovir and tecovirimat are 
broad spectrum direct-acting antivirals that have activity against 
orthopoxviruses. Tecovirimat inhibits p37 inhibitor, a protein 
involved in the release of enveloped virus and viral dissem- 
ination and virulence [65]. Efficacy has been demonstrated 
in animal models of mpox infection, it also has a favourable 
safety profile in healthy volunteers [66] and there are encour- 
aging preliminary data from case reports/series [29,52,67,68]. It 
was approved by the European Medicines Agency (EMA) and 
Medicines and Healthcare products Regulatory Agency (MHRA) 
for use in more severe or complicated cases in the 2022 out- 
break, but confirmatory randomised controlled trial (RCT) data 
for tecovirimat were awaited as of June 2023 [69; https://www 
.cde.gov /poxvirus /mpox/clinicians /obtaining-tecovirimat.html# 
Summary-Recent-Changes]. Brincidofovir has also been used in 
case series but was associated with transaminitis in three cases 
where tecovirimat was better tolerated [29]. 


Vaccinia immunoglobulin. This may be considered in severe dis- 
ease and in immunocompromised patients. 
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Vaccination. Although there are no vaccines specifically designed 
against mpox virus, the stable orthopoxvirus structure means that 
smallpox vaccines provide cross-immunity with efficacy of 80-85% 
[21,28,70]. Residual immunity from past vaccination also sub- 
stantially reduces the severity of symptoms and signs [21]. The 
modified vaccinia Ankara (MVA-BN) (Imvanex, JYNNEOS, Imva- 
mune) smallpox vaccine is a third-generation smallpox vaccine 
that contains a live but replication-defective virus and prevents 
lethal mpox in primate challenge models. In the USA, MVA-BN 
has been approved by the FDA and EMA for the prevention 
of both smallpox and mpox and can be used for immunosup- 
pressed people such as PLWH and in atopic dermatitis or other 
dermatoses, although it has the disadvantage of requiring two 
vaccinations [28]. Although not specifically licensed for the pre- 
vention of mpox in Europe, MVA-BN vaccine has been used in 
response to the 2022 outbreak as postexposure prophylaxis with 
the aim of preventing infection and/or modifying disease sever- 
ity [28,70]. This should ideally be administered within 4 days of 
exposure. 


Resources 


Further information 

Centers for Disease Control and Prevention: https://www.cdc.gov/poxvirus/ 
monkeypox/index.html 

https:/ /www.cdc.gov/poxvirus/mpox/clinicians/obtaining-tecovirimat.html# 
Summary-Recent-Changes 

UK Health Security Agency: 

https://www.gov.uk/government/collections/monkeypox- guidance 

https://www.gov.uk/government/publications /monkeypox-outbreak- 
epidemiological-overview 

World Health Organization: 

https: / /www.who.int/news-room/questions-and-answers/item/monkeypox 

European Centre for Disease Prevention and Control: 

https: / /www.ecdc.europa.eu/en/news-events /monkeypox-situation-update 

https: / /ecdc.europa.eu/en/mpox-monkeypox 

(All last accessed August 2023.) 
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Introduction and general description 
Cowpoxvirus (CPXV) infection causes inflammatory vesicular 
lesions which crust and heal with superficial scarring [71]. 


Epidemiology 

Incidence and prevalence 

Originally described in dairymaids in contact with the udders of 
infected cows, the natural reservoir of the virus is now wild rodents 
rather than cows, although cattle and zoo animals can also be 
infected [19]. Humans are more commonly infected by scratches 
and bites from domestic cats or pet rodents [19,71,72]. 


Pathophysiology 

Predisposing factors 

Contact with wild or domestic animals is almost always the route of 
infection [19]. Young people are those most frequently infected and 


smallpox vaccination confers some protection. Infection of labora- 
tory workers has rarely been reported [73]. 


Pathology 
In lesions, the epidermis is necrotic with prominent eosinophilic 
intracytoplasmic inclusions. 


Causative organism 

Cowpoxvirus is an orthopoxvirus, endemic in Europe and Russia. 
Viral isolates can be divided into two clades, one of which is more 
closely related to vaccinia virus [19]. 


Clinical features 

Presentation 

The skin lesion develops between 5 and 7 days (range 2-14) after 
contact with an infected animal. It starts as a painful papule and 
evolves rapidly to become vesicular, pustular or haemorrhagic with 
surrounding redness. The centre may show umbilication. In the 
second week, the lesion can erode and form a dark crust usually 
between 1 and 3cm in diameter. There is often associated lymphan- 
gitis and lymphadenitis with general features of malaise, low-grade 
fever and myalgia. By 3-6 weeks the ulcerated lesion develops an 
eschar that heals, often with scarring, by 6-12 weeks [19]. 


Clinical variants 

Lesions are most common on the hands, arms or face. One or a few 
lesions is the most common presentation, but sporotrichoid spread 
can occur [74]. Rarely, lesions present on mucosal surfaces such as 
the genitalia [75] or the eyes [76]. Scarring can be of greater signifi- 
cance if the lesions are near the eye, on the ear or if large with wider 
local necrosis. 


Differential diagnosis 

Differential diagnoses include orf, milker’s nodule and mpox as 
well as herpes simplex, anthrax, sporotrichosis, primary tubercu- 
losis, necrotising fasciitis and foreign-body granuloma. If lesions 
are widespread, chickenpox or other zoonotic orthopoxvirus 
infections should be considered [77]. 


Complications and co-morbidities 

Secondary bacterial infection may occur and lesions on the face 
may be associated with conjunctivitis and a risk of conjunctival 
scarring. Although usually self-limiting in the immunocompetent, 
widespread cowpox infection has been reported in immunosup- 
pressed patients including organ transplant recipients [78,79] and 
those with atopic eczema or Darier disease [80,81]. Fatality is rare, 
even in immunodeficiency [78,79,82]. 


Disease course and prognosis 
The lesion usually heals with scarring in 6-12 weeks [19]. 


Investigations 

Ultrastructural examination of vesicle fluid or crust will show 
orthopoxviruses. The viral DNA can be detected in blood as well 
as the lesions and PCR using a panel of primers for poxviruses will 
give precision regarding the causative virus [83,84]. Retrospectively, 
serology can confirm the infection. 


Management 

No specific treatment is usually required unless secondary bacterial 
infection occurs. Use of tecovirimat and vaccinia immune globulin 
has been described in severe cases [76,79]. 


Buffalopox — 


Epidemiology 

Incidence and prevalence 

Buffalopox is found as a resident in buffaloes but can infect cows, 
pigs and humans. Disease is usually confined to the Indian subcon- 
tinent and South-East Asia [19,85,86]. 


Pathophysiology 

Predisposing factors 

Infection is more common in those who have not received smallpox 
vaccination [19,86]. 


Causative organism 
Buffalopoxvirus (BPXV) is an orthopoxvirus (Table 25.3). 


Clinical features 

History 

Most infections occur in those working in close proximity to buf- 
faloes, such as milkers and herdspersons. Laboratory-acquired 
infection is also described [87]. The incubation period is 1-2 weeks 
[19,85]. 


Presentation 

The appearance of lesions is often accompanied by fever, malaise 
and painful local lymphadenopathy. Lesions are most common at 
sites of contact or contamination such as the fingers, hands and 
forearms rather than the face, although the mouth may be affected 
through contact with contaminated milk. They start as papules and 
evolve into blisters before then crusting and sometimes ulcerating. 
Healing, often with scarring, is complete in a month [85,88]. 


Complications and co-morbidities 
Involvement near the eye can lead to corneal damage and scar- 
ring [88]. 


Investigations 
Blister fluid or crusts can be examined ultrastructurally for poxvirus 
virions or used for molecular detection by PCR [19,85,88]. 


Management 
Treatment is supportive. 


Orf 


Introduction and general description 

Orf virus (ORFV) infection occurs worldwide and most commonly 
presents with a single lesion after contact with an infected animal 
[19,89]. 


Epidemiology 

Incidence and prevalence 

Infection is well recognised in individuals working with sheep 
and goats with the highest incidence during the breeding season. 
Although the virus is widespread in these animals, it is the young 
that most commonly show features of the disease, particularly 
around the lips, muzzle and mouth [19]. 


Pathophysiology 

Predisposing factors 

Contact with infected animals, usually domesticated sheep or goats, 
either directly or indirectly via contaminated fomites, precedes the 
human infection and occupational exposure is described in shep- 
herds, slaughterhouse workers, butchers, animal skin and wool 
handlers and veterinarians [90]. The virus has also been acquired 
from wild rabbits, cats [91] or deer [92] and participants in reli- 
gious ceremonies when animals are sacrificed [93]. Rarely, human- 
to-human transmission occurs [94] and progressive and/or multiple 
lesions are more common in the immunocompromised [95-98]. 


Pathology 

The epidermis in an orf lesion shows ballooning degeneration of 
keratinocytes with eosinophilic cytoplasmic inclusions [99]. A dense 
cellular infiltrate in the dermis consists mainly of histiocytes and 
macrophages in the centre and of lymphocytes and plasma cells 
peripherally. There are very few polymorphonuclear leukocytes. 


Causative organisms 
Orf virus is a parapoxvirus (Table 25.3; Figure 25.5). 


Environmental factors 

Close contact between patients and health care workers within 
a hospital burns unit led to multiple cases and the first report of 
human-to-human transmission [94]. 


Clinical features 

Presentation 

The lesion develops 5-6 days (range 3-10 days) after contact with 
an infected animal or animal carcass. A small, firm, red or reddish- 
blue papule appears at the skin site of contact and enlarges into 
an uncomfortable, targetoid, haemorrhagic pustule or bulla 
(Figure 25.6). The size is usually 2-3cm but may be as large as 
5cm. There is often lymphadenitis and lymphangitis and a mild 
fever [90]. 


Clinical variants 

The most common sites of orf lesions are on the hands and fore- 
arms. Unusual sites relate to unusual contact and have been reported 
on the face and in the axillae and genital area [100,101]. 


Differential diagnosis 
The clinical appearance of orf is similar to that of other orthopox- 
virus and parapoxvirus infections. Giant orf can be similar to 
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Figure 25.5 Orf virus. Phosphotungstate preparation (x230 000). Courtesy of 
Dr J. Nagington, Cambridge, UK. 


Figure 25.6 Orf. Courtesy of Addenbrooke's Hospital, Cambridge, UK. 


pyogenic granuloma and keratoacanthoma; widespread orf has 
similarities to chickenpox [90]. 


Complications and co-morbidities 
Infection in the immunocompromised can result in giant orf [95] or 
widespread lesions that can be progressive, disfiguring, recurrent 
and recalcitrant to treatment and have been termed ‘orf progres- 
siva’ [96,97]. Widespread lesions have also been observed in atopic 
eczema [102]. 

Erythema multiforme is a well-recognised complication of orf 
infection, presenting 2-3 weeks after the orf lesions in up to 10% of 
infections [103,104] (Figure 25.7). 


a 


Figure 25.7 Orf with erythema multiforme. The orf lesion on the dorsum of the 
forefinger has been present for 14 days, the secondary erythema multiforme for 4 days. 
Courtesy of Dr A. S. Highet, York District Hospital, UK. 


The possibility of precipitation of an immunobullous disease 
with features of bullous pemphigoid about a month after orf has 
been raised in several anecdotal reports [105,106]. 


Disease course and prognosis 
The lesions heal after 3-6 weeks. One infection is usually sufficient 
to confer immunity but second infections are not uncommon. 


The well-established methods of confirming a poxvirus infection 
are by electron microscopy of a skin biopsy or crust or culture on 
allantoic egg membrane. PCR of blister fluid, biopsy or crust is 
quicker and can distinguish orf from other poxviruses [107,108]. 
Serological confirmation can be made from about 1 week after the 
lesion appears. 


Treatment is not usually necessary. Secondary bacterial infec- 
tion should be treated appropriately. Animals can be vaccinated 
against orf. 


First line 
Large exophytic lesions are best removed surgically. 


Second line 

Recurrent or persistent lesions, particularly in the immunocompro- 
mised, may clear with addition of cryotherapy [109], idoxuridine 
[110], imiquimod [111] or cidofovir cream [98,112], systemic acy- 
clovir, and valaciclovir and interferon-« [97,113]. 


Further information 
http:/ /dermnetnz.org/viral/orf.html 
(Last accessed August 2023). 


Milker’s nodule -— Fe 


Epidemiology 

Incidence and prevalence 

As its name suggests, this infection affects those in close contact 
with animals harbouring the virus, particularly around the teats and 
mouths of cows. It is distinct from cowpox, which more recently 
has been mainly acquired from cats and small rodents rather than 
cows. It is often an occupational infection of farmers, milkers and 
veterinary personnel. Those who handle raw beef may also become 
infected [114-116]. 


Associated diseases 
One case of coinfection with pseudocowpox and vaccinia has been 
reported [117]. 


Pathophysiology 

Causative organisms 

Pseudocowpox virus (PCPV) or paravaccinia is a member of the 
Parapoxvirus genus (Table 25.3). 


Clinical features 

Presentation 

Lesions may be single or multiple and are most common on the 
hands, forearms and occasionally face [115]. Following an incu- 
bation period of about 5 days to 2 weeks, six stages of milkers, 
nodule are described: (i) an initial red papule, which becomes (ii) 
targetoid with a red outer ring and paler inner ring; (iii) the nodule 
then ulcerates and (iv) becomes firmer, darker and crusted; (v) 
papillomas develop within the nodule and (vi) the nodule regresses 
without leaving a scar [114,115] (Figure 25.8). Secondary bacterial 
infection may occur. 


Figure 25.8 Milker’s nodule. Courtesy of Dr J. B. Kurtz, Oxford, UK. 


Differential diagnosis 

The lesions are very similar to orf. Herpes simplex, cutaneous 
anthrax and pyogenic granuloma may also need to be considered, 
and in certain parts of the world, vaccinia, buffalopox and mpox 
are differential diagnoses [115]. 


Complications and co-morbidities 

There is constitutional upset only rarely, but lymphangitis is not 
uncommon. Some patients develop erythema multiforme or a less 
distinct papular or papulovesicular eruption on the hands, fore- 
arms and arms, and sometimes on the legs and neck, 1-2 weeks 
after the appearance of the nodules which fades in 1-2 weeks [118]. 


Disease course and prognosis 
The lesion crusts in the centre and heals without scarring in 
4-6 weeks. 


Investigations 

Although electron microscopy of crusts can confirm the presence 
of a poxvirus, PCR is now the quickest and most reliable method 
to diagnose pseudocowpox infection [119,120]. Histological features 
include epidermal necrosis, spongiosis, inflammation and intracyto- 
plasmic eosinophilic inclusions [121]. 


Management 
No specific treatment is necessary other than treatment for any sec- 
ondary bacterial infection. 


Resources 


Patient resources 
https: / /dermnetnz.org/topics/milkers-nodule (last accessed August 2023). 


Molluscum contagiosum 


Epidemiology 

Incidence and prevalence 

Molluscum contagiosum (MC) infection is common [122,123], with 
an estimated prevalence of 5-11% [122]. The incidence appears 
to be increasing [124]. The molluscum contagiosum virus (MCV) 
occurs throughout the world, most commonly causing infection in 
childhood. Type 1 MCV (MCV-1) is responsible for most infections 
(76-97%) and there is some evidence to support a relatively higher 
incidence of MCV-2 infection in adults and PLWH [125]. There is 
no clear relationship between virus type and lesional morphology 
or anatomical distribution [126,127]. 

Viral DNA can be detected on the normal skin of people with 
molluscum and from objects in their environment, so it is assumed 
that infection follows contact with infected persons or contaminated 
objects [128]. It is not known if epidermal injury is important for 
establishing infection. 


Age 
Infection is rare under the age of 1 year, perhaps due to mater- 
nally transmitted immunity and a long incubation period. There 


Poxvirus infections 25.15 


INFESTATIONS 


a) 
Vv) 
z 
iS) 
= 
U 
Lu 
LL 
rs 
a 
= 
ce 
a 


PART 3: INFECTIONS & 
INFESTATIONS 


25.16 


Chapter 25: Viral Infections 


are rare reports of lesions detected in the first few days or weeks 
of life, suggesting that vertical transmission can occur [129]. In 
warmer climates where children are lightly dressed and in close 
contact with one another, spread within households is common 
and peak incidence is between 2 and 5 years [130,131]. In cooler 
climates, spread within households is less common and infection 
occurs at a later age and may be more closely correlated with use of 
swimming pools and shared bathing facilities [122,123,130,132,133]. 
A later incidence peak in young adults is attributable to sexual 
transmission, with lesions more common in the genital area. 


Pathophysiology 

Predisposing factors 

Although MC appears to be more common in patients with atopic 
eczema [123,134], this is not consistently supported by cohort stud- 
ies [135]. Use of topical steroids and topical calcineurin inhibitors 
are suspected as contributing factors [136,137]. 

MC is seen quite commonly on the genital, perineal and surround- 
ing skin of children and although infection through sexual abuse 
is possible, abuse should not be regarded as likely unless there are 
other suspicious features. 

Unusually widespread lesions have been reported in the context 
of immune compromise, including PLWH (Chapter 31), haemato- 
logical malignancy [138], idiopathic CD4 lymphocytopenia [139], 
hyper-IgE syndrome [140], DOCKS8 deficiency [141], thymoma 
[142] and in those receiving immunosuppressive therapy including 
methotrexate, anti-TNF therapy, JAK inhibitors, methotrexate and 
fingolimod [142-146]. Despite profound immunosuppression fol- 
lowing organ transplantation, the incidence of MC infection is not 
greatly increased in this group and is much less common than other 
viral infections such as warts [147]. 


Pathology 
The virus enters the basal epidermis where an early increase in 
cell division extends into the suprabasal layer [122,148]. The cel- 
lular proliferation produces lobulated epidermal growths which 
compress the papillae until they appear as fibrous septa between 
the lobules, which are pear shaped with the apex upwards. The 
basal layer remains intact. Cells at the centre of the lesion show the 
greatest distortion and are ultimately destroyed and appear as large 
hyaline bodies (molluscum bodies), 251m in diameter, containing 
cytoplasmic masses of virus material. These bodies are present in 
large numbers in the cavity which appears near the surface of the 
fully developed lesion. Inflammatory changes in the dermis are 
minimal, but in lesions of long duration there may be a chronic 
granulomatous infiltrate. It has been suggested that the inflamma- 
tory reaction may be induced by the discharge into the dermis of 
the contents of a papule [149] rather than by secondary infection. In 
spontaneous regression, the lesions are surrounded by an infiltrate 
of interferon-producing plasmacytoid dendritic cells [150]. 

Specific antibodies are present in 58-73% of patients with recog- 
nised MC and 6-16% of controls, but have not been demonstrated 
to play a role in clearance of infection [151]. 


Causative organisms 
MCV belongs to the genus Molluscipox virus [152] (Table 25.3), which 
has features intermediate between orthopox and parapox. It cannot 


be grown in tissue culture or eggs. Although it seems to infect only 
humans and is not readily transmissible to laboratory animals, it 
produces typical changes in human skin cultured on immunodefi- 
cient mice [153]. Restriction endonuclease and PCR analyses of MCV 
DNA have identified two main types, MCV-1 and MCV-2, with two 
much rarer types, MCV-3 and MCV-4 [154,155]. 


Clinical features 

Presentation 

The incubation period is estimated at between 14 days to 6 months. 
Typical MC lesions appear as shiny, hemispherical papules with 
central umbilication (Figure 25.9a). Enlarging slowly, they may 
reach diameters of 5-10mm in 6-12 weeks [122]. Rarely, and 
usually when one or very few are present, lesions may become 
considerably larger (giant MC). Plaques composed of many small 
lesions (‘agminate’ forms) may occur rarely. Lesions frequently 
spread and the large numbers of lesions may ultimately occur. 
After several months, spontaneous inflammatory changes result in 
suppuration, crusting and eventual destruction of the lesion, and 
this involution may be precipitated by trauma [122]. 


Clinical variants 

The distribution of MC lesions is influenced by the mode of infec- 
tion and by the type of clothing worn, and hence by the climate. 
In temperate regions, they are more commonly seen on the neck 
or on the trunk, particularly around the axillae. In the tropics, 
lesions are more common on the limbs in children. In teenagers 
and young adults for whom sexual transmission is a frequent 
mode of spread, lesions in the ano-genital area are most common. 
In otherwise healthy subjects, occasional facial lesions are seen, 
particularly on the eyelids. MC may affect the scalp and any other 
body surface [122]. 

Widespread and refractory MC on the face is commonly seen in 
PLWH [156] and iatrogenic immunosuppression [157] (Figure 25.9b). 
Lesions on the lips, tongue or buccal mucous membranes are rare, 
usually occur in immunosuppressed adults and may present in 
the absence of cutaneous lesions [158]. Giant or widespread MC 
infection is also more common in immunosuppression [159]. 

MC lesions may also occur in scars and tattoos [160]. Follicular 
MC has been reported, producing atypical, less exophytic pale 
papules [162]. 


Differential diagnosis 

Solitary MC lesions may resemble pyogenic granuloma, basal 
cell carcinoma, sebaceous gland hyperplasia, keratoacanthoma 
or squamous cell carcinoma. Multiple small lesions can simu- 
late plane warts [122]. In PLWH and other immunocompromised 
patients, cutaneous cryptococcosis and histoplasmosis should be 
considered (Chapter 31). 


Complications and co-morbidities 

In at least 10% of cases, particularly in atopic subjects, a patchy 
eczematous reaction may develop around one or more MC lesions 
a month or more after their onset [162]. Erythema annulare cen- 
trifugum and erythema multiforme have also been reported in 
association with MC infection [163-165]. Chronic conjunctivitis and 


(b) 


Figure 25.9 Molluscum contagiosum. (a) Typical umbilicated lesions. (b) Multiple lesions of varying sizes in a patient on fingolimod. (c) Depressed scars following infection. Courtesy 


of Addenbrooke's Hospital, Cambridge and Barts Health NHS Trust, London, UK. 


superficial punctate keratitis may similarly complicate MC lesions 
on or near the eyelids [166]. Eczematous reactions and conjunctivi- 
tis tend to subside spontaneously when MC lesions resolve or are 
removed [166,167]. 


Disease course and prognosis 

The duration of both individual lesions and of attacks is very vari- 
able. Although most cases are self-limiting and last 6-9 months, 
some may persist for 3 or 4 years [133]. Individual lesions are 


unlikely to persist for more than 2 months, but some lesions, 
particularly if solitary, may persist for up to 5 years [168]. 

Perilesional inflammatory responses may indicate that immuno- 
logical resolution is likely to occur within a few months rather 
than the presence of bacterial superinfection: the so-called BOTE — 
‘beginning of the end’ — sign [169]. A similar reaction has also been 
observed in association with Covid-19 vaccination [170]. 

Depressed scars or anetoderma-like lesions can remain when MC 
lesions clear [171,172] (Figure 25.9c). 
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Investigations 

The diagnosis of MC is usually straightforward when typical 
umbilicated lesions at different stages of evolution are present. 
Typical dermoscopic features include yellow lobule-like structures 
around a central, amorphous white nodule with vascular patterns 
including crown, punctiform, radial and ‘mixed flower’ patterns 
[122,144,170,173]. Skin imaging techniques such as reflectance 
confocal microscopy and lone-field optical coherence tomography 
have also been proposed as providing an alternative non-invasive 
approach to diagnosis [174,175]. The diagnosis can be confirmed by 
direct or electron microscopy of the papule contents, histopathology 
and molecular analysis [122,176,177]. 


Management 
In many instances, therapy is not necessary and spontaneous 
resolution can be awaited [178]. The risk of dissemination can 
be minimised by avoiding scratching, which spreads virus from 
mature papules. Associated eczema should be treated with emol- 
lients and a weak topical steroid may be considered. Transmission 
of infection to other individuals may be reduced by avoidance of 
shared towels, contact sports and communal bathing [131-133]. 
Treatment may be required if spontaneous clearance is slow, 
lesions are symptomatic or associated eczema is troublesome [179]. 
The choice of treatment will depend upon patient age, lesion num- 
bers, severity and locations as well as patient (and caregivers) 
preferences. Treatments aim to destroy the infected epidermal cells, 
stimulate an immunological response and/or act directly against 
the virus. The most recent Cochrane systematic review evaluated 
22 RCTs in 1650 participants without immune deficiency that had 
investigated 20 topical and 2 systemic treatments for non-genital 
MC; it concluded that no single intervention was convincingly 
effective in the treatment of MC and did not favour any one treat- 
ment [178]. A broadly similar approach is recommended for genital 
MC [180]. 
Most treatments cause stimulation of an antiviral immune 
response which may occur with: 
1 Destructive or pro-inflammatory topical treatments 
2 Immune-modulating treatments 
3 Physical treatments 
4 Antiviral treatments [122,178] 


Destructive/pro-inflammatory topical treatments. Cantharidin is 
a topically applied vesicant and complete clearance of MC with a 
0.7% w/v preparation applied every 3 weeks for a maximum of four 
applications using a specific application device was significantly 
higher compared with placebo in two phase III RCTs recruiting 
participants over the age of 2 years [181]. As with trichloroacetic 
acid and diluted liquefied phenol, cantharidin is a strong irritant 
which causes pain, blistering and scarring, but with careful appli- 
cation and appropriate dilution, all can increase lesion clearance 
[182-184]. 

Topical salicylic acid-based preparations [178,179], tretinoin 
[185], adapalene [167,186], 5-10% potassium hydroxide solution 
[187-189], benzoyl peroxide cream [189] and podophyllotoxin [190] 
all lead to an irritant reaction, but if the strength of preparation and 
the frequency of application are adjusted, individuals can tolerate 
repeated treatments until resolution occurs. Lemon myrtle oil [191] 


and tea tree oil [192] have been used, the former with apparent 
efficacy when compared with placebo. 

Berdazimer gel, a nitric oxide-releasing agent, demonstrated 
greater complete lesion clearance compared with vehicle (32.4% vs 
19.7%, P <0.01) in a phase III RCT with 891 patients over 6 months 
old. The most commonly observed local skin reaction was mild 
to moderate redness and transient application-site pain was also 
observed [193-195]. 


Immune-modulating treatments. Immune-modulating treatments 
have been used with the explicit aim of enhancing the immune 
response, although trials are not always randomised or controlled. 
Efficacy has been reported with topical diphencyprone [196]. There 
is some evidence for the use of imiquimod cream from case series 
and case-control studies [197-199]. Compared with cryotherapy, 
lesions clear more slowly with imiquimod [200]. However, in two 
large but unpublished randomised trials, imiquimod was appar- 
ently of no benefit when compared with placebo and a systematic 
review of published RCTs indicates that 5% imiquimod cream 
is not more effective in clearing MC compared with placebo in 
children aged 2-12 years and caused more local adverse effects 
[178,179,201]. Intralesional or systemic interferon [139,202,203], sys- 
temic cimetidine [204] and intralesional immunotherapies including 
candida, combined measles, mumps, rubella vaccine, tuberculin 
purified protein derivative and streptococcal substrain OK-432 
[203-206] have all been investigated, with variable evidence for 
effectiveness. 


Physical treatments. Damage to the lesions by squeezing the con- 
tents or insertion of a pointed cocktail stick may stimulate inflam- 
mation and clearance. Cryotherapy is similarly effective and com- 
monly used in older children and adults, but needs to be repeated 
at 3-4-weekly intervals. Carbon dioxide or pulsed dye lasers have 
produced useful effects [207,208] but can cause scars. Photodynamic 
therapy has also been used [209,210]. 

Surgical removal by curettage has been used for many years 
but the rate of successful clearance is reduced if there are multiple 
lesions [211]. Children usually need prior application of topical 
anaesthetic cream, with strict observance of the maximum safe dose 
[212]. 


Antiviral treatments. The antiviral agent cidofovir may effec- 
tively clear MC lesions when used topically as a 1-3% ointment 
or cream, intravenously or intralesionally [122,213-215]. It should 
be considered for extensive lesions in, for example, immuno- 
compromised patients in whom lesions have proved recalcitrant 
to standard treatment regimens [216]. Although not specifically 
antiviral, successful use of intravenous paclitaxel has also been 
described for severe, recalcitrant MC in immunocompromised 
patients [217,218]. 


Resources 


Further information 
http://www.cdc.gov/ncidod/dvrd/molluscum/overview.htm 
https: / /cks.nice.org.uk/topics/molluscum-contagiosum/ 


Patient resources 

https: / / patient.info /childrens-health/viral-skin-infections-leaflet/molluscum- 
contagiosum 

https: / / www.aad.org/public/diseases /a-z/molluscum-contagiosum-overview 

(All last accessed August 2023.) 


Tanapox — Le 


Introduction and general description 

This is an acute febrile illness associated with localised nodular 
skin lesions which was first described in 1957 in the flood plain of 
the Tana River in Kenya [219,220]. 


Epidemiology 

Incidence and prevalence 

Sporadic cases and occasional outbreaks occur in equatorial Africa, 
especially in the Congo Basin [220]. Cases outside Africa are rare 
and described in contacts of laboratory animals in research facilities 
and in travellers returning from Africa [220]. 


Pathophysiology 

Pathology 

The epidermis shows degeneration and the keratinocytes have vac- 
uolated cytoplasm with eosinophilic inclusions. Papillary dermal 
oedema and a mild inflammatory infiltrate are seen. 


Causative organisms 

The tanapox virus (TANV) belongs to the Yatapoxvirus genus and 
infects both monkeys and humans, but no other natural reservoir 
has been identified. 


Clinical features 

Presentation 

A prodrome with a mild fever, myalgia and headache is followed 
within 2 days by the appearance of a skin papule, most commonly 
on the limbs. The general symptoms quickly subside, but the lesion 
grows to a maximum of 1-2 cm within 2 weeks and is usually tender, 
occasionally itchy and may ulcerate. There may be regional lym- 
phadenopathy. The nodule clears within 6 weeks leaving a small 
scar [219,220]. 


Clinical variants 
A solitary lesion is most common, but multiple lesions may occa- 
sionally be present. 


Investigations 

Electron microscopy of keratinocytes of the lesion will show the 
characteristic brick-shaped enveloped poxvirus [220]. PCR and 
sequencing can be used to identify tanapoxvirus DNA [221]. 


Management 
The disease is self-limiting. 


HERPESVIRUS INFECTIONS 


The herpesvirus group consists of relatively large, enveloped DNA 
viruses. After primary infection, they can remain latent within 
the host. 


General description of disease domain 


Herpesviruses are subgrouped, according to genome similarities, 
into the «, 6 and y herpesviruses (Table 25.5). Eight members 
of the group commonly infect humans. Herpes simplex virus 
(HSV) and varicella-zoster virus (VZV) predominantly cause cuta- 
neous disease and viral exanthems can occur with B herpesvirus 
infections. The y herpesviruses may cause skin disease during 
reactivation or latent infection. 


Basic biology 


The herpesviruses replicate within the nucleus and produce typical 
intranuclear inclusion bodies detectable in stained preparations. 

A notable feature of infection by members of the herpesvirus 
group is the absence of virus elimination following clinical recov- 
ery. Virus persists throughout the person’s life as a latent infection 
in the cells for which the strain is specific. Under certain conditions, 
especially immune suppression, the virus may become reactivated 
and produce an acute infective episode with cellular damage. 


HERPES SIMPLEX VIRUS INFECTIONS 


Herpes simplex infections are caused by HSV or human her- 
pesvirus 1 (HHV-1), and are among the commonest infections of 
humans throughout the world. There are two major antigenic types: 
type 1, which is classically associated with facial infections; and 
type 2, which is typically genital, although there is considerable 
overlap in disease manifestations. After the initial infection, the 
virus becomes latent and may later reactivate. 


General description of disease domain 


Primary infection 

This occurs in a previously seronegative individual and is often 
subclinical. When clinical lesions develop, the severity is gener- 
ally greater than in recurrences. Genital primary disease is more 
commonly symptomatic than oral. 


Recurrent infection 

After the first infection, whether symptomatic or subclinical, there 
may be no further clinical manifestations throughout life. Recur- 
rences occur in 30-50% of cases of oral herpes, but are more frequent 
after genital herpes infection, developing in 95% of those with type 
2 HSV compared with 50% in individuals with type 1 infection [1,2]. 
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Table 25.5 Herpesviruses causing disease in humans. 


Subfamily Genus Virus Abbreviation Also called 
Alphaherpesvirinae a Simplexvirus Human simplex virus, type 1 HSV-1 Herpesvirus hominis 1, HHV-1 
a Human simplex virus, type 2 HSV-2 Herpesvirus hominis 2, HHV-2 
a Varicellovirus Varicella-zoster virus VZV Herpesvirus varicellae, HHV-3 
Betaherpesvirinae p Cytomegalovirus Cytomegalovirus CMV HHV-5 
p Roseolovirus Human herpesvirus type 6 HHV-6 
Bp Human herpesvirus type 7 HHV-7 
Gammaherpesvirinae Y Lymphocryptovirus Epstein-Barr virus EBV HHV-4 
Y Rhadinovirus Human herpesvirus type 8 HHV-8 Kaposi sarcoma-associated herpesvirus, KSHV 


Recurrences may be triggered by minor trauma, or by infections 
including febrile illnesses but also trivial non-febrile upper respi- 
ratory tract infections, by ultraviolet radiation [3], by trigeminal 
neuralgia and especially after intracranial operations for that dis- 
ease [4], by other neural surgery [5], by dental surgery [6], or by 
facial cosmetic procedures such as chemical peel [7], dermabrasion 
[8] or laser resurfacing [9]. Some women have more recurrences in 
the premenstrual period. Emotional stress is blamed in some cases, 
possibly related to the effect on immune function [10,11]. However, 
in many cases no reason for the eruption is evident. 

Recurrent infections differ from primary infections in the smaller 
size of the vesicles and their close grouping, and in the usual absence 
of constitutional symptoms. In the immunocompetent, they do not 
as a rule affect the buccal mucosa. 


Subclinical viral shedding 

Asymptomatic shedding of HSV-2 is more frequent than of HSV-1 
and correlates with the frequency of symptomatic recurrences. 
Inapparent oral shedding occurs in about 12% of the UK popula- 
tion. Genital shedding of HSV-2 is common in antibody-positive 
individuals. In those who have recurrent episodes, the virus is shed 
on approximately 20% of days, while asymptomatic individuals 
shed virus on 10% of days [12]. In the first year following acqui- 
sition of HSV-2, asymptomatic shedding is more common than in 
subsequent years. 


Basic biology [1,13-16] 


Both type 1 and type 2 HSV are acquired by direct contact with, 
or droplets from, infected secretions entering via skin or mucous 
membrane, where primary infection may become evident. The 
establishment of latent infection is common with the virus per- 
sisting in the ganglia of sensory nerves innervating the primary 
infection site. The virus produces no viral proteins while latent and 
can therefore remain undetected by host defence mechanisms. From 
this condition of latency, the virus may travel peripherally along the 
nerve fibre and, if it replicates in the skin or mucous membrane, may 
cause recurrent disease. The virus can be shed in saliva and genital 
secretions from asymptomatic individuals, especially in the months 
following the first episode of disease, although the amount shed 
from active lesions is 100-1000 times greater. Close contact with an 
infected individual, whether symptomatic or asymptomatic, can 
result in transmission of HSV and resultant disease. 


Trauma facilitates transfer of the virus to fully keratinised skin. 
The virus can be inoculated into any body site to cause a new 
infection, whether or not there has been previous infection with 
either type. The source may be endogenous (autoinoculation), for 
example to the finger, especially in nail biters or thumb suckers. 
Examples of exogenous inoculation are lesions of the hand in health 
care workers (see later Figure 25.12) and others [17], facial lesions 
contracted during contact sports, and infection of a breastfeeding 
mother’s nipples from the infected mouth of her baby [18]. 

Following primary infection, humoral and cell-mediated immune 
responses take place, the latter probably being more important [19]. 
They do not fully protect against reinfection or recurrent disease. 
The acquisition of HSV at a new site in a patient previously infected 
at a different site is referred to as a non-primary first-episode infec- 
tion. Initial (non-primary) genital herpes tends to be less severe in 
patients who have had previous oral infection. Where immunity 
is deficient (either congenitally or due to disease or drugs), both 
primary and recurrent herpetic infections may be increased in inci- 
dence and severity, and may run a prolonged and atypical course. 
Examples include patients immunosuppressed following organ or 
marrow transplantation, patients receiving cytotoxic therapy for 
malignancy [20], including cutaneous T-cell lymphoma [21], and 
patients with HIV infection. Herpes simplex reactivation is not a 
major risk during treatment with biologics for psoriasis but may be 
increased with dupilumab therapy [22]. Topical immunomodulat- 
ing treatment with corticosteroids or calcineurin inhibitors has also 
been implicated in herpetic eruptions [23-25]. 

Immunological abnormalities or variations, in addition to possi- 
ble local cutaneous factors, may explain the increased incidence in 
atopic eczema of recurrent herpes simplex [26] and the evolution 
in some individuals of erythema multiforme, as well as the occa- 
sional more severe infections [27,28], including eczema herpeticum 
(see later). 


Primary herpetic gingiv 


Definition and nomenclature 
Herpes simplex infection of the mouth and lips. 


Introduction and general description 

This is the most common clinical manifestation of primary infec- 
tion by type 1, although the sites infected by the two HSV types 
are not mutually exclusive. Primary type 1 infections occur mainly 
in infants and young children, when they are usually minimal and 
often subclinical. Primary infections may rarely produce a painful 
vesicular stomatitis [29]. 


Epidemiology 

Incidence and prevalence 

In crowded areas of the developing world, over 90% of children 
have antibody by the age of 5 years, but in more temperate areas 
and higher socioeconomic groups the incidence is lower in children, 
rising steadily with age [30]. For example, in western Europe and 
the USA, a quarter of children, a half to three-quarters of adoles- 
cents and young adults, and up to 90% of the elderly are HSV-1 
antibody positive [31-33]. 


Age 

Most cases of primary HSV gingivostomatitis occur in children 
between 1 and 5 years of age, but cases are well recognised in 
adults. 


Pathophysiology 

Pathology 

In skin and mucosal lesions, the cytoplasm of the infected epithe- 
lial cells becomes oedematous and the cells swell, producing the 
so-called ‘ballooning degeneration’. Intraepidermal vesicles are 
formed by the combination of intra- and intercellular oedema. 
The dermis, and later the epidermis, is infiltrated with polymor- 
phonuclear leukocytes. Specific changes occur in the cell nuclei and 
different stages in the process of the development of the intranuclear 
inclusions can usually be seen in a single section. In addition, giant 
cells containing 2-15 or more nuclei are almost invariably present 
in cutaneous and corneal epithelium. The cytological changes are 
essentially the same in all organs, and foci of necrosis surrounded 
by a zone of inflammation are characteristically found in the brain 
and liver when these organs are involved. 

Immunohistochemistry can be used to detect viral proteins in 
the virally infected cells. Viral particles can be identified ultrastruc- 
turally, mainly in the cell nucleus, and with detailed examination, 
HSV types 1 and 2 can be distinguished [34]. 


Causative organisms 
Usually HSV-1, less frequently HSV-2. 


Clinical features 
History 
The incubation period is approximately 5 days. 


Presentation 

The stomatitis begins with fever, which may be high, malaise, 
restlessness and excessive dribbling. Drinking and eating are very 
painful and the breath is foul smelling. The gums are swollen, 
inflamed and bleed easily. Vesicles presenting as white plaques 
are present on the tongue, pharynx, palate and buccal mucous 
membranes. The plaques develop into ulcers with a yellowish 


pseudomembrane. The regional lymph nodes are enlarged and 
tender. 


Clinical variants 
Recurrent disease due to reactivation (see later). 


Differential diagnosis 

Differential diagnoses of primary HSV infection include streptococ- 
cal infections, diphtheria, candidiasis, aphthosis, coxsackie infec- 
tions including herpangina, Behcet syndrome and Stevens—Johnson 
syndrome. 


Complications and co-morbidities 
Eczema herpeticum is discussed later in this chapter. 

Pharyngitis may accompany approximately 10% of primary oro- 
facial herpes. 

Disseminated or systemic infection may occur in the immunode- 
ficient and in those neonates not protected by maternally acquired 
antibody, but rarely in otherwise healthy patients. Systemic infec- 
tion may develop with or without widespread cutaneous lesions. 
At any age, encephalitis, untreated, has a high mortality and a 
high incidence of disability in survivors [35]; in neonates HSV-2 
gave a worse prognosis than HSV-1, even with antiviral therapy 
[36]. HSV hepatitis is rare in adults, but when severe is often fatal 
[37,38]. Lower respiratory tract infection has occurred in immuno- 
suppressed, burned or intubated patients [39], and in neonates [40]. 

Herpes simplex may occur in certain bullous disorders, com- 
plicating the presentation or disease manifestations of pemphigus 
[41,42], pemphigoid [43] and Hailey—Hailey disease [44], and occur- 
ring as severe infections in patients receiving immunosuppressive 
treatment. 


Disease course and prognosis 
After 3-5 days, the fever normally subsides and recovery is usually 
complete in 2 weeks. 


Investigations 

A swab taken from vesicle fluid, avoiding surface contamination, is 
the best sample for either virus culture or molecular analysis. PCR 
for HSV-1, HSV-2 and VZV is the quickest method and less likely 
than culture to be affected by surface organisms [45,46]. Primary 
infections can be distinguished by seroconversion or a rise in anti- 
body titre. Recurrences tend to produce little change in antibody 
titre; measurement of antibody is therefore not helpful in the diagno- 
sis of recurrent HSV, but type-specific antibodies will give some indi- 
cation of the type causing reactivation episodes. A rapid diagnosis 
is also possible by detection of viral antigen by immunofluorescence 
in scrapings from lesions or the virus seen by electron microscopy in 
vesicle fluid. The detection of HSV DNA in the cerebrospinal fluid 
by PCR is the diagnostic method of choice for herpes encephalitis 
and aseptic meningitis [47] and can also be used to identify the virus 
and the type at other sites [48]. 


Management [49-51,52] 
Mild uncomplicated eruptions of herpes simplex require no 
treatment. 
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Anaesthetic mouthwashes may help to relieve pain. The use of 
a topical antiseptic agent on affected skin may help to reduce the 
risk of secondary bacterial infection. In practice, antiviral therapy 
is usually justified to try to reduce the duration of symptoms. 


First line 

For less severe infections and when swallowing is not impaired, oral 
aciclovir treatment is adequate. The usual oral dose is 200 mg five 
times daily for 5 or more days, but 800 mg BD has been used with 
success [53]. In children, the oral suspension given at 15 mg/kg five 
times per day for 7 days reduces the duration of symptoms and 
virus shedding [54]. Valaciclovir 500 mg BD for 5 days or famciclovir 
250 mg BD for 7 days is of similar efficacy to aciclovir [55]. 


Second line 
Aciclovir systemically is the treatment of choice for severe or 
potentially severe primary herpes simplex infection, as in immune 
compromise, but there is no effect on establishment of virus latency 
and rates of recurrence after therapy. Treatment should be started as 
soon as possible. The usual dose is 5mg/kg 8 hourly intravenously, 
though twice that dose has been used for neonatal herpes [53] 
and encephalitis [56]. As the drug is excreted via the kidneys, the 
dose must be scaled down in renal failure. Transient rises in blood 
urea and creatinine may occur with bolus injections; slow infusion 
over 1h in an adequately hydrated patient is recommended. 
Alternatives in this situation are valaciclovir 1 g BD for 10 days or 
famciclovir 500 g BD for 7 days. 


Treatment ladder for primary herpetic 
gingivostomatitis 


First line 

¢ Aciclovir, PO, 200 mg five times daily, or 800 mg BD, for 5 
days 

e Valciclovir, PO, 500 mg BD for 5 days, or famciclovir 250 mg 
BD for 7 days 


Second line 

¢ Aciclovir, IV, 5mg/kg 8 hourly 

e Valaciclovir, PO, 1g BD for 10 days, or famciclovir, PO, 
500 mg BD for 7 days 


Recurrent oro-facial a 
herpes 


Introduction and general description 
Reactivation of the latent virus can cause asymptomatic shedding or 
clinically evident recurrent disease. 


(b) 


Figure 25.10 Herpes labialis. (a) Typical recurrent lesion on the upper lip. (b) More 
widespread recurrent lesions following streptococcal pyoderma with lymphangitis. 
Courtesy of Dr A. S. Highet, York District Hospital, UK. 


Clinical features 
Presentation 
Itching or burning precedes by an hour or two the development of 
small closely grouped vesicles on an inflamed base. The eruption 
may be painful just at the onset or pain may last for a few days. 
Lesions occur most frequently on the face, particularly around the 
mouth (Figure 25.10), but can be situated anywhere on the body. 
Larger vesicles are not uncommon, especially in children. Recur- 
rences tend to be in the same region, but not always on the identical 
site. Although the vesicles usually form an irregular cluster, they 
may be arranged ina line or in zosteriform distribution, particularly 
in the lower thoracic or lumbar region [57]. In such cases, there may 
be considerable deep pain and regional lymphadenopathy. Fever, 
pain and lymphangitis may also be associated with herpes of the 
hand or forearm and further complications of oedema and persistent 
pain may develop [58]. 

Recurrent herpetic lesions are most commonly vesicular and 
ulcerative, but occasionally they are atypical with the appearance, 
for example, of folliculitis, candidal fissures or minor ‘frictional 


ulcers’. Laboratory confirmation is needed for the accurate diagno- 
sis of atypical lesions. 


Clinical variants 

Although primary and recurrent herpes is most common in the 
oro-facial area, infections can occur at other sites such as the trunk 
and limbs (see Inoculation herpes later). 


Complications and co-morbidities 

In recurrent herpes of the face or lips, constitutional symptoms 
rarely occur but some individuals report temperature disturbance, 
tiredness and general malaise that often precedes the onset. In one 
child, fever and an organic psychosis accompanied each attack [59]. 
Cranial nerve palsies may occur [60], sometimes with each erup- 
tion. Rarely, neuralgic pain may precede each recurrence of herpes 
by 1 or 2 days, a syndrome often associated with the name of Mau- 
riac [61], and trigeminal neuralgia can be associated with episodes 
of recurrence [62]. 

Eczema herpeticum can be associated with recurrent as well as 
primary HSV. 

In the immunocompromised, persistent ulcerative or verruciform 
lesions may occur (Chapter 31). Although these chronic HSV lesions 
are seen most commonly in HIV infection, they may occur more 
rarely in haematological malignancy [63]. 

If recurrent herpes simplex involves the eye, keratoconjunctivitis, 
dendritic ulcers, disciform or hypopyon keratitis and iridocyclitis 
may occur. An ophthalmological opinion should be sought. 

Lymphoedema has followed recurrent attacks on a limb [64]. 
Secondary leukoderma may develop in pigmented skin, and herpes 
has been recorded as appearing in scar tissue [65]. 


Erythema multiforme (herpes-associated erythema multiforme) 
[66] (Chapter 47). In 65% of adult patients with recurrent erythema 
multiforme, there is a history of herpes labialis, usually preceding 
the erythema multiforme by several days to 2 weeks, but occasion- 
ally seeming to coincide with it. Although virus cannot be seen by 
electron microscopy or isolated, HSV antigen gB has been detected 
in erythema multiforme skin lesions and HSV DNA has been 
demonstrated by PCR in lesions [67-69]. This evidence is not con- 
fined to cases with clinically apparent preceding herpetic lesions. 
Certain HLA types are associated with recurrent postherpetic ery- 
thema multiforme or with severity of site affected [70,71]. Erythema 
multiforme-like eruptions which are associated with HSV are not 
uncommon following stem cell transplantation [72]. Treatment of 
recurrent HSV-associated erythema multiforme, if started by the 
patient in the prodrome stage (with a 5-day course of aciclovir), 
will often prevent the development of erythema multiforme. If that 
is not effective and attacks are frequent, a 6-month course of pro- 
phylactic aciclovir should be tried even in patients in whom HSV 
is not obviously a precipitating factor [73]. Dapsone, azathioprine, 
ciclosporin or cimetidine has been reported to be effective in cases 
resistant to aciclovir or not associated with HSV [74-76]. 


Bell palsy. The suggestion that Bell palsy is due to viral reactivation 
(HSV or VZV) has been strengthened by the detection by PCR of the 
HSV-1 genome in saliva, facial nerve and muscle tissue in patients 
with this condition [77-79]. The use of an appropriate antiviral 


should therefore be considered in the early management of Bell 
palsy. 


Recurrent lymphocytic meningitis. A benign form of aseptic 
meningitis that lasts 3-14 days and may recur at intervals of months 
or years is associated with HSV [80]. HSV is detectable by PCR in 
the cerebrospinal fluid. Prophylactic or pre-eruptive aciclovir has 
been reported to prevent recurrences. 


Encephalitis. This severe disease can occur after the virus has estab- 
lished latent infection. Cases are recorded after the possible 
reactivating event of neurosurgery [81], or more commonly without 
a recognised trigger. Rapid diagnosis by PCR and treatment are 
essential to minimise the mortality and morbidity of the condition. 


Disease course and prognosis 
The initial vesicular lesions usually become pustular and crusted 
before healing in 7-10 days without scarring. 


Management 
Recurrent herpes labialis may need no treatment if attacks are mild 
or infrequent [82]. 

More troublesome recurrences merit antiviral treatment with aci- 
clovir, valaciclovir or famciclovir. 

Resistance of herpes simplex to aciclovir has not emerged as a 
significant problem in immunocompetent patients [83]. How- 
ever, in the immunocompromised, resistant strains which cause 
intractable lesions have emerged following long-term or frequently 
repeated treatment. Resistance is usually due to a change in or 
loss of the viral thymidine kinase [84], or more rarely to alter- 
ation of the viral DNA polymerase [85]. The former strains may 
respond to antivirals that have a different mode of action (e.g. 
phosphonoformate, also known as foscarnet, or cidofovir). 

Recurrences of herpes labialis may be prevented or reduced in 
intensity by the use of a topical sunscreen [86]. 

Prophylaxis against reactivation or spread of HSV may be useful 
before cosmetic laser treatment of the face, as widespread herpes 
has been reported following such procedures [87,88]. 


First line 

Both emollient creams and a thin hydrocolloid dressing reduce dis- 
comfort [89] but may not alter healing rate. Similarly, there is no 
strong evidence that topical aciclovir applied five times daily influ- 
ences the disease course in recurrent cutaneous HSV. 

Topical penciclovir compares favourably with aciclovir [90] and 
reduces the duration of pain and the eruption in comparison with 
placebo [91]. 

Oral aciclovir started as soon as possible after onset of symptoms 
can shorten the duration and decrease the intensity of an episode 
[92]. Valaciclovir 2 g BD for one day or famciclovir (single 1500 mg 
dose or 750 mg BD for 1 day) also reduces time to healing [93,94]. 

A number of botanical extracts and also honey or propolis prepa- 
rations have been reported to increase comfort and shorten the 
duration of blistering, but none is licensed for treatment. 

Historically, topical idoxuridine has been used for the treatment 
of herpes but was superseded by the safer and more effective 
antiviral drugs. New formulations may enable its reconsideration 
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as therapy [95]. Trifluorothymidine has also been used but its 
efficacy is uncertain [96]. 


Second line 

If recurrences are frequent, long-term prophylactic aciclovir at a 
dose of 200-400mg BD for 4-6 months may increase the time 
between episodes [51,97,98]. Valaciclovir 500mg daily (if <10 
episodes per year) or 1g daily (if >10 episodes per year) given 
for 6-12 months is an alternative. There is some evidence that 
photodynamic therapy can reduce the frequency of recurrences of 
herpes labialis [99], but larger studies are needed to establish its 
utility. 


Third line 

In the immunocompromised patient, mucocutaneous herpes sim- 
plex responds well to intravenous aciclovir [100,101] or penciclovir 
[102]. Post-exposure, the infection can be prevented by intra- 
venous [103] or oral [104] aciclovir, which should be started several 
days before the anticipated immunosuppression and continued 
throughout the period of greatest risk. Longer-term prophylaxis 
where indicated is also effective [105] (aciclovir 400-800 mg two 
or three times daily; oral valaciclovir 500 mg BD; famciclovir 500 mg 
BD for 7 days). 

In the treatment of severe herpes simplex infection resistant to 
aciclovir, systemic phosphonoformate (foscarnet) may be consid- 
ered [106]. An alternative antiviral is cidofovir, which acts to block 
DNA replication. This can be administered systemically but is also 
active topically. Small numbers of individuals with severe HSV 
resistant to conventional treatment are reported to have responded 
to topical or intravenous cidofovir [107,108]. 

Enhancement of the immune response to HSV could reduce 
recurrences. Imiquimod cream has been shown to reduce frequency 
of reactivation episodes [109]. Vaccines against the virus are under 
development but not yet in clinical use. 


Treatment ladder for recurrent herpes labialis 


First line for acute episode 

¢ Aciclovir, topical, five times daily or more, for 5 days 

e Hydrocolloid dressing 

¢ Penciclovir, topical, every 2 hours for 4 days 

¢ Aciclovir, PO, 200 mg five times daily for 5 days 

e Valaciclovir, PO, 2g BD for 1 day, or famciclovir, PO, 1500 g 
once 


Second line for prophylaxis 

¢ Aciclovir, long-term, prophylactic, 200-400 mg daily; higher 
dose if immune compromised 

¢ Imiquimod, topical 


Third line in immune compromise 

¢ Aciclovir, IV, 5mg/kg 8 hourly; PO, 800 mg every 8 hours 
¢ Penciclovir, IV 

¢ Phosphonoformate (foscarnet), IV 

¢ Cidofovir, IV 


Resources 


Further information 
cks.nice.org.uk/topics/herpes-simplex-oral/ 
https: / /www.who.int/news-room/fact-sheets / detail /herpes-simplex-virus 


Patient resources 

https:/ /dermnetnz.org/topics /herpes-simplex 
www.bad.org.uk/shared /get-file.ashx?id=208&itemtype=document 
(All last accessed August 2023.) 


Definition 
Infection of the genital skin or mucosa with herpes simplex virus. 


Introduction and general description 

Both HSV-1 and HSV-2 can cause disease in the genital area. Pri- 
mary HSV-2 infection is more commonly symptomatic than primary 
HSV-1 infection. 


Epidemiology 

Incidence and prevalence 

Genital herpes is usually transmitted sexually. Seropositivity is low 
in children, but about a third of young adults are seropositive for 
type 2 and this rises to up to half the population by later life [111]. 
In one sample of women, overall transmission rates between cou- 
ples, from infected to uninfected partner, averaged 4-30% annually 
[112]. In 2016, it was estimated that there were almost 24 million 
new cases of HSV-2 worldwide [113] with rates in women higher 
than those in men. 


Age 
Type 2 infections occur mainly after puberty. In children with genital 
herpes (HSV-1 or HSV-2), sexual abuse must be considered [114]. 


Pathophysiology 

Causative organisms 

HSV-2 has been the most common type in this area, although there 
is an increasing frequency of HSV-1 herpes genitalis, especially in 
young females, with some studies now reporting that type 1 is found 
more frequently than HSV-2 [111,115]. HSV-1 is most common in 
several European countries including the UK, North America and 
Australia, while HSV-2 remains the most common virus causing 
genital herpes in Africa [116-119]. Transmission occurs during 
reactivation episodes, but also frequently during asymptomatic 
periods, when shedding can occur in up to 10% of days [120]. 


Clinical features 

Presentation 

Primary infection is symptomatic in only about one-third of cases, 
with symptoms and lesions appearing after an incubation period 
of 2 days to 2 weeks. The most frequent presentation is of painful 
erosions, which may be preceded by a general malaise and fever and 
are often associated with oedema. In the male, the ulcers are most 
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Figure 25.11 Herpes genitalis. (a) Scattered lesions on the penile shaft. (b) Confluent lesions resulting in large erosions. Courtesy of Addenbrooke's Hospital, Cambridge, UK. 


frequent on the glans, prepuce and shaft of the penis (Figure 25.11). 
In the female, similar lesions occur on the external genitalia and 
mucosae of the vulva, vagina and cervix. In skin of colour, there 
may be marked postinflammatory hypopigmentation. In men who 
have sex with men, herpes simplex is common in the perianal 
area and may extend into the rectum. Infection of the cervix may 
progress to a severe ulcerative cervicitis. Dysuria is common in both 
sexes and there may be urethral discharge. Lymphadenitis occurs 
frequently. 


Clinical variants 

In HIV infection, ulceration of the primary infection may become 
chronic. It may become thickened and verrucous, causing diagnostic 
confusion with neoplasia. 


Classification of severity 

Where a person has had previous HSV-1 infection, this is likely to 
decrease the severity of a primary HSV-2 infection, shortening the 
clinical course and reducing systemic symptoms. 


Complications and co-morbidities 

Radiculoneuropathy is seen occasionally in primary ano-genital 
infection in women, and especially in perianal disease in homo- 
sexual men [121,122]. There may be sacral paraesthesia, urinary 
retention, constipation and, in men, impotence. Recovery takes a 
few days to a few weeks. 

Headache and meningism affected 36% of women and 11% of 
men in a series of 268 patients with primary genital herpes sim- 
plex [121], with full recovery. In such patients, HSV DNA can be 
found by PCR in the cerebrospinal fluid. Encephalitis is a rare 
complication [123]. 


Disease course and prognosis 
Genital lesions can last for 2-3 weeks if untreated. Recurrences are 
likely to be more frequent in HSV-2 disease. 


Investigations 
See Investigation of primary oro-facial herpes, earlier. 


Management 

Preventative strategies to avoid spread include the use of barrier 
contraception and, in the future, local microbicides [124]. Develop- 
ment of prophylactic vaccines is underway but not yet of proven 
efficacy [125]. For primary genital herpes in pregnancy, see Neonatal 
herpes. 


First line 

Initial eruptions of genital herpes [126] improve significantly with 
oral aciclovir [127], valaciclovir [55] or famciclovir. Pain control is 
usually needed. 


Second line 

In severe chronic verrucous herpes simplex, oral or intravenous 
aciclovir or valaciclovir may be ineffective. Combinations with 
cidofovir or imiquimod have proven useful in a few cases [128,129]. 


Treatment ladder for primary herpes genitalis 


First line 

e Aciclovir, PO, 200 mg five times per day or 400 mg TDS for 
7-10 days 

e Valaciclovir, PO, 1g BD for 7-10 days 

e Famciclovir, PO, 250mg TDS for 7-10 days 

¢ Pencilcovir, PO, 250mg TDS for 5 days or longer; in immune 
compromise, 500 mg BD for 10 days 


Second line 
e Aciclovir, IV 
¢ Cidofovir, IV 
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Chapter 25: Viral Infections 


Recurrent genital herpes [1 


Epidemiology 

Incidence and prevalence 

Worldwide, it is estimated that one in eight adults is seropositive 
for HSV-2 with half a billion people having genital infection with 
HSV [113]. The prevalence is higher in women than in men and 
in Africa compared with Europe. Viral shedding is greatest at time 
of disease recurrence but also occurs at a low level between reacti- 
vation episodes [120]. 


Pathophysiology 
Predisposing factors 
Prior primary infection with establishment of latent infection. 


Clinical features 

Presentation 

Recurrences are fairly common in HSV-2 infection, occurring two 
to six times per year, with clusters of small vesicles that produce 
non-indurated ulcers on the glans or shaft of the penis (Figure 25.11). 
Similar lesions may occur on the labia, vagina or cervix and can 
cause distressingly painful symptoms. In other individuals, the 
lesions can be unnoticed. Frequent recurrences are less likely in 
HSV-1 infection. 


Clinical variants 
In immune suppression, persistent HSV can cause verrucous lesions 
or chronic ulceration [131]. 


Complications and co-morbidities 

Pharyngitis can occur in 1% of recurrent episodes of genital her- 
pes. Episodic genital herpes increases the risk of HIV acquisition. 
Cases of chronic urticaria associated with recurrent genital herpes 
have been reported [132]. Genital ulceration can increase the risk of 
acquisition of other sexually transmitted infections. 


Disease course and prognosis 
Reactivation episodes of genital herpes are of shorter duration than 
the initial infection. 


Management [126] 

Soothing measures such as gentle bathing, petroleum jelly over 
ulcers and mild pain relief can all help during the acute episode. 
An infected individual may reduce the risk of spread to others by 
regular use of condoms and by avoiding sexual contact during 
a reactivation episode. Virus shedding and therefore spread of 
HSV can also be reduced but not prevented during treatment with 
aciclovir, valaciclovir and famciclovir, either for acute disease or 
as prophylactic therapy [133,134]. For recurrent genital herpes in 
pregnancy, see Neonatal herpes. 


First line 
In recurrent herpes genitalis, the effect of topical aciclovir is minimal 
and oral treatment is recommended [135,136]. 


Oral therapy for genital herpes is much more effective but can 
be ineffective unless initiated as early as possible and in adequate 
dose. Patients should have a supply of tablets in hand to be started 
on their own initiative [137-139]. Several dose regimes have been 
tested and the more recent trials of higher dose, shorter duration 
treatment give equivalent effects to the original treatment plans 
[140-142]. In immune compromise, dose and duration of the antivi- 
ral can both be increased, for example aciclovir 500mg BD for 
5-10 days. 


Second line 

Frequent recurrences, and also any associated erythema multiforme 
[143], can be suppressed by long-term treatment, but the efficacy is 
variable and does not necessarily reduce viral shedding between 
reactivation episodes [144]. Cessation of therapy, even after several 
years, may allow resumption of recurrences [145]. Prophylactic 
doses of aciclovir vary between 200 and 1000mg daily; a typical 
regimen is 400 mg BD, gradually reduced to find the minimum effec- 
tive dose for the individual patient. Valaciclovir, 250mg BD or 1 g 
once daily or famciclovir 125mg TDS or 250 mg BD [142,146,147], is 
also effective in suppression of recurrent episodes. The prophylaxis 
is continued for 6-12 months. 

If immunosuppressed pencicovir 500 mg BD should be given. 


Third line 

Topical imiquimod and resiquimod, which cause local release of 
cytokines and enhancement of antigen presentation, showed initial 
promise but inadequate clinical effect in treatment of recurrent 
genital herpes [148,149]. Newer antiviral approaches to reduce 
virus shedding or reactivation are being trialled. 


Treatment ladder for recurrent genital herpes 


First line 
e Aciclovir, 200 mg five times daily or 400 mg TDS or 800 mg 
BD for 5 days, or 800 mg TDS for 2 days 


Second line 

e Valaciclovir, 500mg BD for 3 days or 1g OD for 5 days 
e Famciclovir, 1 g BD for 1 day or 125 mg BD for 5 days 
¢ Aciclovir, long-term, prophylactic — see text 


Resources 


Further information 

Patel R, Alderson S, Geretti A et al. IUSTI/WHO Europe. European guideline for the 
management of genital herpes, 2010. Int J] STD AIDS 2011;22:1-10. 

https: / /www.cdc.gov /std/treatment- guidelines /herpes.htm 

https: / / www.ncbi.nlm.nih.gov /books/NBK554427 / 

https: / /cks.nice.org.uk/topics /herpes-simplex- genital / 


Patient resources 
www.herpes.org.uk 

https: //www.cdc.gov/std/Herpes/ 
(All last accessed August 2023.) 


Neonatal herpes (chapter 114) [ 


Definition 
Herpes simplex infection of a baby within 28 days of birth is usually 
acquired vertically from the mother. 


Introduction and general description 

Primary genital herpes infection or active recurrent infection in 
the mother at the time of delivery risks transmission to the baby 
during vaginal delivery. Infection can occur in utero with premature 
membrane rupture, at the time of delivery or postnatally from the 
mother or other close contacts. 

A maternal primary genital infection at the time of birth, before 
the maternal immune response has taken place, is transmitted to 
the infant in about 50% of cases and the neonatal infection may be 
severe and fatal [151]. Antiviral treatment and caesarean section 
delivery should be considered. Primary infection earlier in the 
third trimester may cause fetal growth retardation and prematurity. 
However, serious morbidity is rare if non-primary or recurrent 
genital infection occurs during pregnancy or at delivery, presum- 
ably due to protection by maternal antibody [152-154]. Primary 
oral herpes in late pregnancy does not carry such high risks for the 
baby [155]. 


Epidemiology 

Incidence and prevalence 

Worldwide, it is estimated that there are about 14 000 cases of neona- 
tal herpes per year with 70% being caused by HSV-2 [156], which 
equates to about 10/100000 births. Earlier estimates suggested 
2/100 000 births in the UK and 8-60/100 000 in the USA [150], but 
there are several reports of increasing incidence in some countries 
in North America and Europe [157,158]. Overall, 70% of cases are 
caused by HSV-2, but in some countries HSV-1 has been found as 
the predominant cause [159]. 


Pathophysiology 
Predisposing factors 
Infection (primary, recurrent or asymptomatic viral shedding) of 
the mother during pregnancy or at the time of delivery is the main 
risk factor, but in most cases of neonatal herpes, there is no known 
history of maternal infection. The risk of infection of the baby is 
highest if the mother has a primary infection, when at least 40% 
of the babies are likely to develop infection [160]. With an active, 
recurrent herpes episode at the time of birth, the risk of acquisition 
is approximately 1-3% [153]. 

There is some evidence that severe infection may be related to sub- 
tle defects in the host immune system or variants in the herpes virus 
[161,162]. 


Clinical features 

History 

A history of genital herpes in the mother should alert the obste- 
trician to the possibility of infection in the neonate, although this 
risk is frequently missed prenatally and the mother may be unaware 


of her HSV infection. Vaginal discharge or fever in the mother in late 
pregnancy should initiate testing for HSV [163]. 


Presentation 

Herpes infection acquired at delivery usually presents at 1-3 weeks 
of life. The effects on the baby range in severity and may be due to 
disseminated disease, affecting multiple organs but predominantly 
the central nervous system, or limited to the skin, eyes and mouth 
[163,164]. In the latter, which accounts for about 45% of neonatal 
herpes cases, there may be a vesicular eruption, or more subtle blis- 
tering or peeling of the skin. The mucosae are inflamed and may 
be ulcerated. If the infection is disseminated, as in 25% of cases, 
there is likely to be fever, lethargy, seizures, respiratory distress, hep- 
atosplenomegaly with hepatitis and thrombocytopenia. 


Disease course and prognosis 
The potential mortality of untreated neonatal herpes is 60-80% 
and even when treated, mortality of disseminated disease can 
be 25-30% [165]. The disease can progress to haemophagocytic 
lymphohistiocytosis. The outcome is best for babies with skin and 
mucosal disease only who are treated promptly. 

Even after treatment with aciclovir, relapse of skin and mucosal 
neonatal herpes is common [166], with outbreaks of infection during 
childhood. 


Investigations 

Swabs for PCR and confirmatory viral culture are taken from skin, 
eyes, mouth and rectum. Herpes simplex virus can be detected by 
PCR in the cerebrospinal fluid in encephalitis and often in blood in 
disseminated disease. Serology of the mother can aid in confirma- 
tion of the HSV type. 


Management 

If there is active primary herpes infection in the mother at the 
time of delivery or shortly before, the risk of infection to the baby 
is so great that caesarean section is indicated and prophylactic 
aciclovir should be considered for the neonate [165,167,168]. Pri- 
mary genital herpes during pregnancy and especially in the third 
trimester warrants treatment of the acute episode with oral aci- 
clovir. For women with a primary genital infection in the third 
trimester or known recurrent herpes genitalis, treatment with 
prophylactic aciclovir from 36 weeks of gestation until delivery 
is recommended, to reduce the chance of asymptomatic viral 
shedding. For a baby born to a mother with a previous history 
of genital herpes but no active lesions during pregnancy or at 
delivery, the baby is monitored and tested for the presence of her- 
pes on the skin, since asymptomatic shedding may be a route for 
infection [169]. 

Once diagnosed or even strongly suspected, neonatal herpes must 
be treated urgently, even if confined to skin and mucosae, to reduce 
the risk of progressive spread of infection and mortality [170]. 

Neonatal herpes is treated with high-dose intravenous aciclovir 
(20mg/kg TDS for 2-3 weeks) followed by oral aciclovir for 6 
months [171,172]. 
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Inoculation herpes 


Introduction and general description 

Accidental inoculation of herpes simplex into intact or damaged 
skin or mucosa via a contaminated instrument or trauma can result 
in a primary herpes simplex infection which may later be seen as 
reactivation episodes. 


Clinical features 
History 
Skin lesions develop 5-7 days after inoculation. 


Presentation 

Indurated papules, irregularly scattered vesicles or large bullae may 
be seen at the site of injury (Figure 25.12). Inoculation of the finger- 
tips results in a ‘herpetic whitlow’ in which painful deep vesicles 
coalesce to give a honeycombed appearance or to forma large bulla. 
The regional nodes are enlarged but fever and constitutional symp- 
toms are usually mild. 


Clinical variants 

Multiple crops of vesicles and pustules on plaques or redness and 
oedema on the face, scalp and upper trunk, simulating impetigo 
and lasting some 10-12 days, have occurred in wrestlers (herpes 
gladiatorum) [173]. On the face of the adult male, the appearance 
of herpes may be deceptive; it may take the form of a folliculitis, 
but satellite umbilicated vesicles soon suggest the correct diagno- 
sis. Facial contact during rugby is another recognised means of 
acquiring herpes simplex virus infection [174], commonly called 
‘scrumpox’, and close combat in the military may be another means 
of spread [175]. 


Figure 25.12 Herpes simplex. Inoculation lesion on the thumb of a dermatologist. 
Courtesy of Dr A. S. Highet, York District Hospital, UK. 


The primary infection may be mild or subclinical. Reactivation 
episodes may be misdiagnosed as shingles, especially if the vesicu- 
lar eruption appears to be limited to a possible dermatomal pattern 
(zosteriform herpes simplex). 


Differential diagnosis 
Herpetic whitlow may be confused with a pyogenic bacterial 
infection. 


Complications and co-morbidities 

Recurrences of herpetic whitlow may occur; the majority are 
reported to be due to HSV-2 and occur in women with recurrent 
genital herpes [176]. Recurrent episodes may be avoided by prophy- 
lactic treatment with oral aciclovir prior to precipitation sporting 
events. 


VARICELLA-ZOSTER VIRUS INFECTIONS 


Varicella-zoster virus (Figure 25.13) is the cause of both varicella 
(chickenpox) and zoster (shingles). 


General description of disease domain 


The primary infection of varicella includes viraemia and a wide- 
spread eruption, after which the virus persists in nerve ganglion 
cells, usually sensory. Zoster is the result of reactivation of this resid- 
ual latent virus. 


Basic biology 


Varicella-zoster virus is an « herpesvirus. Genotyping has shown 
that there are at least seven clades, clades 1-6 and clade 9, distin- 
guished according to molecular variation, which have geographic 
variation [177,178]. 

The virus is transmitted by droplet infection from the nasophar- 
ynx. A brief first viraemic stage, when the virus can disseminate 
to other organs, is followed by a second viraemia coinciding with 
the onset of the rash. Patients are infectious to others from about 
2 days before to 5 days after the onset of the rash and 60-100% of 
non-immune individuals will contract the infection if exposed to 
someone in the infectious stage of chickenpox or zoster. Vesicle fluid 
in either disease contains a large amount of virus and may be a route 
of droplet infection. Completely dry scabs are not infectious. 


Varicella 


Definition and nomenclature 
Primary infection with VZV [179]. 


(b) 


Figure 25.13 Herpesvirus varicellae. Phosphotungstate preparations from vesicle fluid. 
(a) The dark centre is due to penetration of the capsid by phosphotungstate (x72 000). 
(b) The envelope encloses the nucleocapsid and obscures detail (x116 250). Courtesy of 
Dr J. Nagington, Cambridge, UK. 


Epidemiology 

Incidence and prevalence 

Varicella occurs throughout the world but infection occurs at a 
younger age in temperate zones compared with the tropics. Sub- 
clinical infections may occur. It is estimated that in non-immune 
populations, approximately 15 cases per 1000 people occur per 
year, leading to a seropositivity of about 95% of young adults with 
somewhat lower rates in tropical areas and in immigrants from 
tropical to temperate zones [180,181]. 


Age 
Over half of primary infections occur before the age of 5 and 85% 
before puberty [182,183]. 


Pathophysiology 

Pathology [184] 

Following an initial period of replication in the oro-pharynx, a 
viraemia causes widespread dissemination. Within a few days, a 
second viraemia is detectable at the time when skin lesions become 
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evident. In varicella skin lesions, cells of the Malpighian layer 
show ballooning of their cytoplasm by intracellular oedema and 
distinctive nuclear changes, comprising eosinophilic inclusions 
and marginated chromatin. Multinucleate giant cells with up to 
15 nuclei, which are a characteristic feature of infections with HSV 
and VZV, are produced mainly by cell fusion. Intracellular oedema 
plus intercellular oedema and cellular necrosis produce the vesicle, 
the roof of which consists of the upper Malpighian and horny 
layers. A mild inflammatory reaction in the dermis later extends 
to the epidermis and the proportion of polymorphonuclear cells 
increases with ulceration. 

In fatal cases of varicella, essentially similar cytological changes 
with areas of focal necrosis are found in the liver, kidney and other 
organs [185]. The lungs show interstitial pneumonia with focal 
consolidation and haemorrhage. 

In varicella, IgG, IgM and IgA antibodies appear 2-5 days after 
the onset of the rash, and their levels peak during the second and 
third weeks. Thereafter, the titres gradually fall, although IgG per- 
sists at low levels. Antibodies seem to have an incomplete protective 
effect; maternal or administered antibody reduces the severity of 
infection, but does not prevent it and recurrent varicella has been 
reported [186]. 

Cell-mediated immunity is more important in both protection 
against and control of the infection. If the primary infection occurs 
when cell-mediated immunity is impaired, as in organ transplant 
patients, varicella may be severe and occasionally fatal. 


Causative organisms 
Varicella-zoster virus. 


Environmental factors 

In temperate climates, cases are more common in the cooler winter 
and spring months with a reduction in cases during the long school 
holidays [187]. In cities, epidemics occur at irregular intervals. 


Clinical features 
History 
The incubation period is usually 14-17 days (range 9-23 days). 


Presentation 

After a day or two of fever and malaise, often slight or absent in chil- 
dren, an inconstant and fleeting scarlatiniform or morbilliform red- 
ness is followed by the development of papules which very rapidly 
become tense, clear, unilocular vesicles (Figure 25.14). Within a few 
hours, the contents become turbid and the pustules are surrounded 
by red areolae. 

The vesicles appear in three to five crops over 2-4 days. They are 
most numerous on the trunk, then on the face and scalp and on 
the limbs. Their distribution is centripetal, and on the limbs the 
eruption is more profuse on the thighs and upper arms than on the 
lower legs and forearms. A characteristic feature is the presence of 
lesions at different stages in each site. The total number of lesions is 
very variable; they may be few or profuse. The distribution may be 
modified by pre-existing inflammatory changes at the sites of which 
lesions may appear in increased density [188]. The vesicles in such 
areas tend to be at the same stage and are often small, but may occa- 
sionally be bullous. In exceptional cases of normal distribution, the 
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Figure 25.14 (a) Varicella in white skin. Courtesy of York District Hospital, UK. (b) 
Varicella in pigmented skin. 


lesions are larger and umbilicated or varioloid. Vesicles are common 
in the mouth, especially on the palate, and are occasionally seen on 
other mucous membranes, including the conjunctiva and genitalia. 
On the anal mucosa, they may be followed by painful ulcers. 

Fever is variable in severity and duration, and roughly parallels 
the extent of the eruption. It may be trivial or may reach 40°C or 41°C 
for 4 or 5 days. Constitutional symptoms tend to be proportionate 
to the fever. In some patients, pruritus is troublesome. When these 
features develop in an adult, a diagnosis of chickenpox may initially 
be overlooked. 


Clinical variants 

Haemorthagic varicella, in which a very extensive eruption of haem- 
orrhagic vesicles is accompanied by high fever and severe consti- 
tutional symptoms, is rare in the previously healthy patient. It is 


relatively more common in some tropical regions in which malnutri- 
tion may be a factor, but most cases now seen in temperate regions 
occur in immunocompromised patients. 

Infection during pregnancy has extra risks for both mother and 
baby. Maternal infection may lead to pneumonitis in about 2.5% 
[189], with highest rates in the last trimester when there is a risk of 
maternal death due to respiratory failure. Infection in pregnancy, 
especially during the first and second trimesters, carries an approx- 
imate 2% risk of fetal damage, collectively called the congenital 
varicella syndrome. There may be skin scarring, multiple neuro- 
logical problems including microcephaly, skin scarring and limb 
hypoplasia, with a 30% mortality within the first year of life [190]. 

Maternal primary infection at the time of delivery spreading to 
the immunologically unprotected neonate can result in very severe 
infection of the baby, with a mortality of about 30%. Chickenpox in 
a neonate when the mother is immune to VZV is usually mild, but 
infection later in the first year of life, once maternal antibodies in the 
baby have cleared, may be more severe [191]. 

A skin eruption may be seen after vaccination [192]. This may be 
localised or generalised, but is most commonly maculopapular and 
rarely vesicular. 


Complications and co-morbidities 

Complications are rare in otherwise healthy children, are less 
infrequent in neonates and adults, and are common in the immuno- 
suppressed. 

Encephalitis, often presenting with ataxia, in the otherwise 
healthy patient occurs in fewer than 1/1000 cases and complete 
recovery occurs in 80%. Other neurological complications, such as 
meningitis, transverse myelitis or ophthalmoplegia, are very rare. 
A vasculopathy with virus present within vessels can lead to infarc- 
tion presenting as a stroke, but this is more common after zoster 
and is very rare in children after chickenpox [193]. The other main 
systemic complications are varicella pneumonia and hepatitis [194]. 
Varicella pneumonia is more common in adults than in children 
and can be more severe in pregnant women and smokers. 

Secondary bacterial infection is seldom a serious problem in tem- 
perate climates, but under tropical conditions may be severe [195] 
and may be complicated by septicaemia. Cutaneous gangrene 
(‘varicella gangrenosa’) may follow secondary infection, but rarely 
extensive local gangrene may occur with or in the absence of proven 
bacterial involvement, and sometimes during a mild attack of vari- 
cella [196,197]. Thrombocytopenic purpura, beginning on the 5th to 
10th day and usually recovering spontaneously after 3 or 4 months, 
occasionally follows otherwise benign varicella. 

Other conditions rarely associated with varicella are rhabdomy- 
olysis [198], Reye syndrome [199] and viral arthritis [200], although 
bacterial arthritis also occurs. 

Stevens-Johnson syndrome occurring with varicella infection 
and after varicella vaccination has been reported [201,202], and 
should be considered if bullae develop in addition to the typical 
vesicles of chickenpox. Treatment with systemic corticosteroids, 
in addition to aciclovir, may be necessary. Erythema multiforme 
has been reported immediately prior to or coincidental with the 
eruption of chickenpox or zoster [203,204]. 

Varicella in immunocompromised people may be severe and pro- 
gressive with a mortality of 7-10% [205]. Relatively short courses 


of oral steroid treatment in children and adults may permit the 
development of severe and potentially fatal chickenpox [206]. Fea- 
tures associated with a progressive varicella include haemorrhagic 
varicella, pneumonitis, hepatitis, encephalitis and acute retinal 
necrosis syndrome. Chronic varicella with persistent hyperkera- 
totic lesions [207] and repeated attacks of varicella have also been 
observed. 


Disease course and prognosis 

In 2-4 days, a dry crust forms and soon separates, to leave a shallow 
pink depression which, in the absence of secondary infection, heals 
without scarring. 

After about 4 days, no new crops of lesions appear and existing 
vesicles dry and crust. It may be 1-2 weeks before the crusts separate 
and repair of lesion sites is complete. Hyper- or hypopigmentation 
may persist for weeks and small round depressed scars can occur in 
about 18% [208]. Rarely, hypertrophic scarring may develop [209]. 

Varicella confers lasting immunity and second attacks are uncom- 
mon, especially in immunologically healthy subjects, but clinical 
reinfection with a mild varicella-like illness occurs occasion- 
ally [210]. 


Investigations 

In most cases, the diagnosis of varicella is clinical. The distinctive 
features of varicella are the centripetal distribution, the poly- 
morphism in each affected site and the rapid progression of the 
individual lesion from vesicle to crust. In patients developing vac- 
cinia eruption after vaccination, the eruption may be atypical and 
in these and other uncertain diagnoses, laboratory confirmation of 
the infection is desirable [211]. 

The quickest and most reliable way to confirm diagnosis is by 
PCR of vesicle fluid or a scraping taken from the base of a blister. 
Oral swabs can also be used, even when the eruption is fading 
[212]. PCR analysis is particularly useful in patients with suspected 
encephalomyelitis, in whom examination of the cerebrospinal fluid 
can lead to rapid diagnosis [213]. 

The virus is readily identified by electron microscopy of vesicle 
fluid and can be grown in tissue culture but this takes longer and 
is less reliable than for HSV. Detection of VZV antigen by direct 
fluorescent antibody staining of a smear from the base of a vesicle 
offers an alternative method. Titration of complement-fixing anti- 
body in acute and convalescent sera may be a useful test in atypical 
infections. 

In skin biopsies, the VZV proteins can be detected by immuno- 
histochemistry [214], and the viral nucleic acid by in situ hybridisa- 
tion [215] or PCR of extracted DNA [216]. 


Management 

Prevention 

This can be by pre-exposure vaccination, post-exposure immuno- 
globulin and antiviral prophylaxis. 


Pre-exposure prophylaxis. A live attenuated vaccine developed 
from the Oka strain of VZV is effective in preventing varicella in 
healthy children [217]. The vaccine is given in two doses, 3 months 
apart, resulting in approximately 90% seroconversion with 75% 


of responding recipients maintaining detectable antibody for up 
to 10 years. The vaccine has been used routinely in the USA for 
25 years and in many European countries for 15 years, but is not in 
routine use for children in the UK. Given in childhood, the vaccine 
does not appear to affect the incidence of zoster in adulthood [218]. 
The vaccine can also be used in children with HIV and a CD4+ 
count of at least 200 cells/pL [219] or children with leukaemia in 
remission, for whom it produces a seroconversion rate of over 80% 
and reduces the incidence and severity of varicella [220]. 

Before considering treatment with immunosuppressive agents, 
serotesting is advised and vaccination given to seronegative 
individuals [221] at least 2 weeks before starting therapy. If immune- 
suppressive therapy can be stopped, vaccination can be given at 
least 3 and preferably 6 months after discontinuation. In seronega- 
tive immunosuppressed adults, vaccination carries a risk of serious 
illness with vaccine-strain varicella [222] and is contraindicated. 


Post-exposure prophylaxis. Specific varicella-zoster immune glob- 
ulin (VZIG) administered within 10 days of contact reduces the 
severity of varicella but does not always prevent it [223]. It should 
be given to neonates whose mothers develop varicella within the 
period from 7 days before to 7 days after delivery [224,225,226]. 
Some advocate additional intravenous aciclovir, for the mother 
before delivery and the baby after delivery [227-229]. VZIG is also 
indicated for healthy neonates in contact with active chickenpox 
or zoster, and for immunocompromised children and adults, for 
example organ transplant recipients and patients who have taken 
oral steroids for at least 14 days within the previous 3 months 
who have not had previous chickenpox, if exposed to varicella 
or zoster [230]. It should also be given to exposed non-immune 
pregnant women, not only to reduce the severity of potential or 
actual chickenpox but also to reduce the risk of fetal transmission in 
those women who develop disease despite VZIG prophylaxis [226]. 

In children exposed to VZV, vaccination, if given within 3-5 days 
of exposure, will reduce the severity of chickenpox [225]. In the 
immunocompetent person, aciclovir given from about 9 days after 
exposure for 1 week appears to be effective in aborting or reducing 
the severity of chickenpox and allows immunity to develop. In the 
immunocompromised, such prophylaxis only delays the onset of 
the disease. 


Antiviral prophylaxis. Long-term prophylaxis with aciclovir is 
effective in preventing zoster in the early months following bone 
marrow transplantation [231] and is also advocated for long-term 
prophylaxis at low dose [232]. Patients under treatment with short- 
term but high-dose immune suppression, such as prednisolone 
40 mg daily for over a week or other long-term immunosuppressive 
drugs, benefit from prophylactic acyclovir, and this is strongly 
advised if immune status against the virus is low or absent. 


First line 
Varicella in the otherwise healthy child requires only symptomatic 
treatment. Soothing antiseptic applications may be helpful and 
secondary bacterial infection will require antibiotics. 

Primary varicella infection during pregnancy should be treated 
with intravenous aciclovir to reduce the risk to the fetus. Infection 
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of the mother in the 3 weeks before delivery or immediately 
after can result in neonatal varicella and treatment of the baby is 
essential [233]. 


Second line 

The use of aciclovir in childhood chickenpox can reduce the severity 
and duration of the eruption [234]. It should be started within 24h 
of the onset of the rash. 

An antiviral is indicated for varicella in adults and for severe vari- 
cella or zoster infections at any age in the immunocompromised. 
Treatment should be started as early as possible, preferably within 
the first 1 or 2 days. The virus is less sensitive to aciclovir in vitro 
than HSV and higher doses are usually recommended, typically 
10mg/kg or 500 mg/m? 8 hourly intravenously [235] or 4g¢/day 
orally [236]. Courses of 5, 7 and 10 days have been used and some 
advocate a change from intravenous to oral drug after 48 h. 


Third line 
In chickenpox with immune suppression or in encephalitis, intra- 
venous aciclovir should be started as soon as possible [237]. 


Treatment ladder for varicella 


First line 
e Antiseptic cream 
e In pregnancy — acyclovir, IV, 10mg/kg TDS 


Second line 
e Aciclovir, IV, 10mg/kg TDS 


Third line 
¢ Aciclovir, IV, 10mg/kg TDS 


Resources 


Further information 

https: / /assets.publishing.service.gov.uk/government/uploads/system/uploads/ 
attachment_data/file/ 1056198 /Green_Book_Chapter_34_v3_0.pdf 

https: / /cks.nice.org.uk/topics/chickenpox/ 

(Both last accessed August 2023). 


Zoster .— ( //- 


Definition and nomenclature 
Zoster is a segmental eruption due to reactivation of latent VZV from 
dorsal root ganglia. 


Introduction and general description [238] 
Zoster (zoster = a girdle or belt, a reference to its segmental distri- 
bution) is a sporadic affliction of individuals who have previously 


had clinical or subclinical varicella. Zoster patients are infectious, 
both from virus in the lesions and, in some instances, the nasophar- 
ynx. In susceptible contacts of zoster, chickenpox can occur. 


Epidemiology 

Incidence and prevalence 

The average annual incidence has been estimated at 2-4/1000 
[239,240]. In one study in Australia, VZV infections were among the 
five most common dermatological causes of a visit to the emergency 
department [241]. 


Age 

Zoster is not common in childhood and young adult life. Over the 
age of 50, the incidence rises and continues to rise in successive 
decades of life so that at age 80, the incidence is approximately 
10 cases per 1000 patient-years. The mean age of zoster is about 
60 years [242]. 


Sex 
Zoster is slightly more common in females. 


Pathophysiology 

Predisposing factors 

An earlier infection with varicella is essential before zoster can occur. 

Most commonly, chickenpox occurs in childhood and zoster in mid- 

dle to older age. Zoster is more common in immunosuppression. 
The factors determining the site of an eruption of zoster are often 

unclear, but it may be precipitated by pressure on or trauma to nerve 

roots, by neoplastic deposits, radiotherapy, surgery or other, often 

trivial, traumas [243]. 


Pathology 
The skin lesions show similar features to those seen in chickenpox 
(see Chickenpox pathology earlier). 

The posterior nerve roots and ganglia show inflammatory 
changes and sometimes these involve the anterior horn. Virus 
particles have been seen in ganglion cells and Schwann cells in the 
affected nerve bundles [244]. More extensive changes are sometimes 
reported: leptomeningitis, encephalitis with local demyelination, 
and myelitis. Disseminated lesions in other organs may occur as in 
varicella. 

Zoster can cause some destruction of nerve fibres in the middle 
and lower dermis, detectable with silver impregnation techniques 
[245]. Partial denervation may persist for over a year and character- 
istically does so in patients with postherpetic neuralgia [246]. Cor- 
responding fibres in the spinal cord degenerate and there may be 
scarring in the region of the ganglion. 

In zoster, the levels of IgG antibody increase rapidly and reach a 
higher titre than during the primary infection. 


Causative organisms 
Reactivation of latent VZV. 


Clinical features 

Presentation [247] 

The first manifestation of zoster is usually pain, which may be 
severe, and may be accompanied by fever, headache, malaise and 


Figure 25.15 Zoster of the trunk. Courtesy of York District Hospital, UK. 


tenderness localised to areas of one or more dorsal roots. The pain 
may be sharply localised and unilateral, but may be more diffuse. 
Instead of or in addition to pain, occasionally pruritus may be an 
early feature of shingles. The time between the start of the pain and 
the onset of the eruption averages 1.4 days in trigeminal zoster and 
3.2 days in thoracic disease. Closely grouped red papules, rapidly 
becoming vesicular and then pustular, develop in a continuous or 
interrupted band in the area of one, occasionally two and, rarely, 
more contiguous dermatomes. The striking feature is cut-off at the 
midline (Figure 25.15). Mucous membranes within the affected 
dermatomes are also involved. New vesicles continue to appear 
for several days. Often in children, and occasionally in adults, 
the eruption is the first indication of the attack. The lymph nodes 
draining the affected area are enlarged and tender. 

Occasionally, the pain is not followed by the eruption (‘zoster sine 
eruptione’) [248]. 

The thoracic (53%), cervical (usually C2, 3, 4, 20%), trigeminal, 
including ophthalmic (15%), and lumbosacral (11%) dermatomes 
are most commonly involved at all ages, but the relative frequency 
of ophthalmic zoster increases in old age. Rarely, the eruption may 
be bilateral. 

In some 16% of patients with zoster, vesicles develop beyond the 
dermatome involved within a few days of the local eruption. This 
is more common in the elderly, but in most cases only a few lesions 
appear and the course of the zoster is unchanged. 

In the elderly and undernourished, the local eruption often 
becomes necrotic. Healing, which may require many weeks, may be 
followed by severe scarring. In the otherwise healthy child, zoster 
usually runs a benign course. 

Variations in the zoster syndrome depend on which dorsal root is 
involved, on the intensity of its involvement and on the extension 
of the inflammatory changes into the motor root and anterior horn 
cells. Visceral involvement may be responsible for abdominal pain, 
pleural pain or temporary electrocardiographic abnormalities with 
or without precordial pain [249]. 


Figure 25.16 Ophthalmic zoster. Courtesy of York District Hospital, UK. 


Clinical variants 

Maternal zoster in pregnancy is not associated with intrauterine 
infection [250]. Zoster in infancy has followed maternal varicella, 
the baby’s primary infection having occurred in utero [251]. 

In patients with lymphomas or who are otherwise immunocom- 
promised, generalised varicella (‘disseminated zoster’) develops 
and may be haemorrhagic. Rarely in such cases the zoster may 
successively involve further dermatomes. Systemic involvement 
may follow and can be fatal. 


Trigeminal nerve zoster. In ophthalmic nerve zoster (Figure 25.16), 
the eye is affected in two-thirds of cases, especially when vesicles 
on the side of the nose indicate involvement of the nasociliary 
nerve (Hutchinson sign). Ocular complications include uveitis, 
keratitis, conjunctivitis, conjunctival oedema (chemosis), ocular 
muscle palsies, proptosis, scleritis (which may be acute or delayed 
for 2-3 months), retinal vascular occlusion, and ulceration, scarring 
and even necrosis of the lid. Involvement of the ciliary ganglia may 
give rise to Argyll—Robertson pupil. 

Zoster of the maxillary division of the trigeminal nerve produces 
vesicles on the uvula and tonsillar area, while with involvement of 
the mandibular division, the vesicles appear on the anterior part of 
the tongue, the floor of the mouth and the buccal mucous membrane. 
In oro-facial zoster, toothache may be the presenting symptom. 


Herpes zoster oticus. The facial nerve, mainly a motor nerve, 
has vestigial sensory fibres supplying the external ear (including 
pinna and meatus) and the tonsillar fossa and adjacent soft palate. 
Classical sensory nerve zoster in these fibres causes pain and vesi- 
cles in part or all of that distribution, though the skin involvement 
may be minimal and limited to the external auditory meatus. 

Herpes zoster oticus accounts for about 10% of cases of facial palsy 
(Figure 25.17). The paralysis is usually complete and full recovery 
occurs in only about 20% of untreated cases. 


Complications and co-morbidities 
Motor involvement [252]. This occurs overall in 5% of cases and 
is commoner in older patients and in those with malignancy, and 
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Figure 25.17 Herpes zoster oticus showing unilateral zoster with facial palsy (Ramsay 
Hunt syndrome). 


in cranial compared with spinal nerve involvement. The motor 
weakness usually follows the pain and the eruption, by a few days 
to a few weeks, but occasionally precedes or accompanies them. 
The affected segment is usually but not always the same. Complete 
recovery is expected in 55% and significant improvement in a 
further 30%. Facial palsy in herpes zoster oticus is discussed earlier. 
In ophthalmic zoster, ocular or facial palsies may occur [253]. 
Zoster of the ano-genital area may be associated with autonomic 
effects including disturbances of defecation or urination [254]. In 
the abdominal area, this can present as a pseudohernia [255] or 
pseudo-obstruction (Ogilvie’s syndrome) [256]. 


Post-herpetic neuralgia [257]. The commonest and most intractable 
sequel of zoster is postherpetic neuralgia, generally defined as per- 
sistence or recurrence of pain more than a month after the onset 
of zoster, but better considered after 3 months. It is unusual in 
childhood and increases in incidence and severity with age. It 
occurs in about 30% of patients over 40 and is most frequent when 
the trigeminal nerve is involved. It is more likely to develop if 
there was prolonged dermatomal pain prior to the eruption, if the 
acute pain of zoster was severe and if the zoster rash was pro- 
longed [258]. The pain has two main forms, a continuous burning 
pain with hyperaesthesia, and a spasmodic shooting type, but a 
pruritic ‘crawling’ paraesthesia may also occur. Allodynia, pain 
caused by normally innocuous stimuli, is often the most distressing 
symptom and occurs in 90% of people with postherpetic neuralgia. 
The neuralgia varies in intensity from inconvenient to profoundly 
disabling. 

Neurological symptoms can occur with VZV reactivation after or 
without a rash. The presentations include encephalitis, meningoen- 
cephalitis, cranial neuropathies, myelitis and stroke. Many of these 
effects can be grouped together as varicella vasculopathy, which 
may also include coronary artery disease and peripheral thrombotic 
vascular disease [259,260]. The risk of a neurological event remains 
raised in the 3 months post-zoster [261]. 


In patients with impaired immunity, both the incidence and 
severity of zoster are increased, and it is frequently complicated by 
disseminated cutaneous disease and systemic involvement, usually 
pneumonia, hepatitis or encephalitis. This is seen in malignancy, 
especially lymphomas, so that the incidence of zoster is at least 10% 
[262,263]. Also at risk are patients receiving cytotoxic or immuno- 
suppressive therapy, especially the more profound suppression 
required for bone marrow transplantation; series suggest that 
30-40% of patients may have varicella-zoster reactivation episodes 
during the first year post-transplant [264,265]. Anti-tumour necrosis 
factor (TNF)-« therapy is estimated to increase the risk of zoster 
threefold [266]. In patients infected with HIV, zoster is 10 times 
more common than in the normal population and may become 
disseminated and chronic. 


Other complications 

1 Erythema multiforme has been reported in association with the 
eruption of zoster [267]. 

2 Scar sarcoid [268], granuloma annulare [269] and fungal gran- 
ulomas [270] have been reported in healed zoster scars. Other 
patterns of granulomatous inflammation, variously described as 
granulomatous dermatitis, giant cell lichenoid dermatitis, gran- 
ulomatous folliculitis and granulomatous vasculitis, may occur 
after zoster [271]. These persistent lesions are more common in 
the immunosuppressed and may respond to prolonged antiviral 
treatment. 

3 Bacterial infection of damaged skin, including necrotising fasci- 
itis [272]. 

4 Acute retinal necrosis syndrome; this rare complication follows 
an attack of shingles affecting the ophthalmic nerve or an unre- 
lated dermatome [273]. 

5 Guillain-Barré syndrome has also been noted occasionally fol- 
lowing zoster. 


Disease course and prognosis 

The pain and the constitutional symptoms subside gradually as the 
eruption disappears. In uncomplicated cases recovery is complete 
in 2-3 weeks in children and young adults, and 3-4 weeks in older 
patients. 

In immunosuppressed individuals, especially due to HIV infec- 
tion, zoster may run a protracted course, with a small number of 
lesions developing into verrucous or crusted nodules. 

Recurrent shingles can occur, either affecting the same der- 
matome (in 45% of cases) or at a different site [274]. Distinction from 
zosteriform HSV infection should be made. 


Investigations 
Diagnosis of typical zoster presents few difficulties once the erup- 
tion has developed and can be confused only with zosteriform her- 
pes simplex. Where the diagnosis is uncertain, confirmation is made 
by PCR or culture as in chickenpox. 

Detectable VZV DNA persists in saliva for days to months after a 
zoster infection [275] and this can be useful for diagnosis once the 
eruption has faded. 


Management [276] 
Shingles is a self-limiting infection but it is painful, and carries a 
risk of secondary infection and postherpetic neuralgia. Analgesia 
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and measures to counteract the infection and facilitate healing 
are usually necessary. 


Prevention 

In later life, immunity against VZV wanes but may be boosted 
intermittently following contact with chickenpox [277]. Boosting by 
vaccination can help to reduce the occurrence or severity of zoster 
or the risk of postherpetic neuralgia [278,279]. The zoster attenuated 
virus vaccine (Zostervax®) is the same as the varicella vaccine but at 
a higher virus titre and is given as a single dose. In those for whom 
immunosuppressive treatment is being considered, for example 
pre-transplantation or for skin or rheumatic conditions, vaccina- 
tion can be administered at least 2 weeks prior to commencing 
immunosuppression. The more recent development of the recom- 
binant zoster vaccine (Shingrix®) now enables immunosuppressed 
individuals to receive antibody-boosting intervention without the 
risk of disseminated virus infection. 

Vaccination is recommended where available (Shingrix for those 
over 50 years of age in the USA, where live vaccine use has been 
discontinued, and in the UK, where both vaccine types are still 
available in 2023, Shingrix for those turning 65 or Zostervax for 
those over the age of 70). In the immunosuppressed, the use of the 
live vaccine is contraindicated, and the recombinant vaccine can 
be used over the age of 50. In those for whom immunosuppressive 
treatment is being considered, for example pre-transplantation or 
for skin or rheumatic conditions, vaccination can be administered 
at least 2 weeks prior to commencing immunosuppression. 


First line 

Rest and analgesics are sufficient for mild attacks of zoster in the 
young. Higher-strength analgesia is often needed in older patients. 
Soothing topical preparations with dressings as blisters break can 
relieve discomfort. 

An antiviral is indicated for painful zoster infections in adults 
and at any age in facial zoster and in the immunocompromised. 
Treatment should be started as early as possible, preferably within 
the first 1 or 2 days. The virus is less sensitive to aciclovir in vitro 
than HSV and higher doses are recommended. Oral treatment for 
zoster is with aciclovir 800 mg five times a day for 7-10 days or with 
valaciclovir 1g or famciclovir 250 or 500mg three times a day for 
7 days [283]. Such treatment prevents progression of the eruption, 
reduces the systemic complications of varicella and zoster, and 
lessens zoster pain during treatment. 

Studies of the benefits of corticosteroid therapy together with 
aciclovir in the treatment of shingles have given conflicting results. 
One study in immunologically normal patients found that, in con- 
junction with aciclovir, prednisolone 40 mg daily tailed off over the 
next 3 weeks hastened the return to normal activity, better sleep and 
reduced the time analgesia was required [284]. Another study [285] 
concluded that the addition of prednisolone conferred only a slight 
benefit on the rate of healing and reduction of acute pain, but at the 
expense of an increase in adverse effects. Without antiviral cover, 
serious dissemination of infection due to systemic steroids is a risk. 

There is debate regarding the effect of antiviral treatment in reduc- 
ing the risk of postherpetic neuralgia [286], but many believe that 
aciclovir or famciclovir, started early in shingles, can reduce both 


the chance and the duration of postherpetic neuralgia, especially in 
the older patient [287,288]. 


Second line 

In immunosuppression, aciclovir may be given intravenously 
(10 mg/kg or 500 mg/m? 8 hourly) or 4 g/day orally in five doses 
[276,289]. Courses of 5, 7 and 10 days have been used and some 
advocate a change from intravenous to oral drug after 48 h. 


Third line 

For postherpetic neuralgia the use of opiates should be avoided if 
possible but the disorder can be prolonged and debilitating [290]. 
A tricyclic antidepressant such as amitriptyline [291] or nortripty- 
line (or clomipramine or doxepin) is useful, especially for hyper- 
aesthesia and constant burning pain, an effect independent of any 
antidepressant activity. For best results, it should be given early in 
a dose of 25 mg daily and continued for 3-6 months. These adren- 
ergically active antidepressants may be most effective if antiviral 
treatment is given during the acute attack of shingles. For stabbing 
pain, sodium valproate (or other anticonvulsant, e.g. clonazepam or 
carbamazepine) is of value. Especially in the elderly, doses should be 
low initially and increased every few days as required. Gabapentin 
or pregabalin can be useful analgesics for the pain [291] but any 
benefits are variable [292]. Topical capsaicin 0.025%, a substance P 
depleter, may relieve pain in some patients, though its usefulness 
in some is limited by a burning sensation following application or 
an increased area of allodynia [293]. Topical anaesthetic applied as 
a cream or a patch can also give relief [294,295]. 


Treatment ladder for zoster 


First line 

e Aciclovir, PO, 800 mg five times a day for 8-10 days 
e Valaciclovir, PO, 1g TDS for 7 days 

e Famciclovir, PO, 250-500 mg TDS for 7 days 


Second line 
¢ Aciclovir, IV, 10mg/kg every 8 hours for 5-10 days 


Third line 

For postherpetic neuralgia, consider: 
e Amitriptyline 

¢ Nortriptyline 

¢ Sodium valproate 

¢ Gabapentin 

e Pregabalin 


Resources 


Further information 

Clinical Knowledge summaries: http://cks.nice.org.uk/shingles#!topicsummary 

https: / /www.cdc.gov/shingles/resources-refs.html; https:/ /www.cde.gov/ 
vaccines/vpd/shingles/public/shingrix /index.html 

https://www.gov.uk/government/publications /shingles-herpes-zoster-the- green- 
book-chapter-28a 
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Chicken pox in adults - management: http://www.lhp.leedsth.nhs.uk/detail.aspx? 
id=1465 

https: / /www.msdmanuals.com/en-gb/ professional /infectious-diseases / 
herpesviruses /chickenpox 

Werner RN, Nikkels AF, Marinovi¢ B et al. European consensus-based (S2k) Guide- 
line on the management of Herpes Zoster — guided by the European Dermatol- 
ogy Forum (EDF) in cooperation with the European Academy of Dermatology and 
Venereology (EADV), Part 2: treatment. J Eur Acad Dermatology Venereol 2017;31:20-9. 


Patient resources 

NHS Choices: http://www.nhs.uk/conditions/shingles 

https: / /www.nhs.uk/conditions/vaccinations/shingles- vaccination / 

Centers for Disease Control and Prevention: (https://www.cdc.gov/shingles/; 
https: / /www.cdc.gov/vaccines/vpd/shingles/public/shingrix /index.html 

(All last accessed August 2023.) 


EPSTEIN-BARR VIRUS INFECTIONS 


Introduction 


Epstein-Barr virus (EBV) infection is very common and the great 
majority of adults in all populations are infected with EBV [296]. 


General description of disease domain 


In early childhood, the virus is probably spread by contact with 
saliva on fingers or fomites. In more developed communities, early 
childhood infection is less frequent and primary infection occurs 
most commonly in early adult life, when kissing is the usual route 
of infection, though occasional droplet spread may occur. Most 
primary infection, especially in childhood, is asymptomatic or 
mild, but when it is delayed to adolescence or adulthood, clinically 
obvious infectious mononucleosis is more frequent, occurring in 
about two-thirds of those infected. 


Basic biology 


Epstein-Barr virus is a y herpesvirus that usually infects oral epithe- 
lial cells and B lymphocytes of the tonsil and occasionally T lym- 
phocytes or monocytes. In the oro-pharynx, liberation of virus into 
the saliva from localised differentiated B cells explains the spread of 
infection between individuals. 

Primary infection, whether clinical or subclinical, is followed 
by lifelong persistence of the virus in a latent state in resting 
memory B cells. Although not actively replicating, the latent 
virus can produce some detectable proteins, including nuclear 
antigens [297]. Under certain conditions, especially in immune 
compromise, the virus may reactivate and then a range of viral 
and cellular proteins are expressed. No latent infection takes place 
in epithelial cells, although persistent infection with viral shed- 
ding may occur. Latent EBV is associated with nasopharyngeal 
carcinoma and with various B-lymphoproliferative lesions later 
in life. 

Occasionally, the primary viral infection does not settle and a state 
of chronic active infection develops. 


Introduction and general description 

Infectious mononucleosis is an acute febrile illness with sore throat 
and cervical lymphadenopathy, presenting after an incubation 
period of about 6 weeks [298]. 


Epidemiology 

Incidence and prevalence 

An incidence of 500/100 000 per year is reported from the USA in 
2010 [299] and there is an increasing incidence in the UK over the 
last decade [296]. Seropositivity is reported in over 95% of adults in 
the UK in 2020. 


Clinical features 

Presentation 

Infectious mononucleosis is characterised by fever, sore throat with 
exudative pharyngotonsillitis and lymphadenopathy. There is a 
variable degree of malaise, fatigue and headache. Enlargement of 
the spleen or liver has been recorded in up to half of those acutely 
infected. Petechiae at the junction of the hard and soft palate are a 
distinctive feature of the disease and usually appear on the second 
or third day of fever. 

An exanthem occurs in about 10% of cases, usually between the 
fourth and sixth days. Most common is a macular or maculopapular 
eruption of the trunk or upper arms, involving the face and forearms 
in some cases and the thighs and legs occasionally. Morbilliform 
and scarlatiniform eruptions are sometimes seen. Acute urticaria 
is occasionally a presenting feature [300] and periorbital oedema 
may be seen, more commonly in females. Skin lesions fade after 
a few days to a week. Rarely, the eruption may be vesicular or 
petechial [301]. 

If ampicillin or amoxicillin is taken during the course of the ill- 
ness, an extensive maculopapular or morbilliform eruption devel- 
ops in over 90% of cases, 7-10 days after the start of treatment. This 
eruption may be itchy, is most marked on extensor surfaces and 
pressure areas and can involve palms and soles. The eruption can 
last days to weeks and may be associated with arthralgia or gastroin- 
testinal upset. A similar effect is occasionally seen with penicillin, 
tetracyclines and azithromycin [302]. 


Differential diagnosis 

An acute mononucleosis-like disease can occur in infection with 
cytomegalovirus (CMV) (see later), HHV-6, primary HIV, hepatitis 
A, toxoplasma and SARS-CoV-19 [303]. 


Complications and co-morbidities 

Cold agglutinins are common in infectious mononucleosis, usually 
without clinical manifestations, but they might explain occasional 
cases of transient cold urticaria [304], which may rarely be severe 
enough to result in ulceration [305]. EBV association is reported 


in several autoimmune diseases including rheumatoid arthritis, 
systemic lupus erythematosus, dermatomyositis, Sj6gren syndrome 
and multiple sclerosis, although the causality is debated. 

Thrombocytopenic purpura is common but counts below 
100 000/pL are fortunately rare. Other complications include neu- 
tropenia, gammaglobuliniaemia, pneumonia, myocarditis, nerve 
palsies, cerebellar ataxia and optic neuritis. Splenic rupture and 
encephalitis are life-threatening complications. 

A number of other conditions affecting skin or mucosae have been 
reported with acute EBV infection, including airways obstruction 
due to enlarged tonsils, ulcerative pharyngitis and oesophagitis. 


Gianotti-Crosti syndrome (see later). Epstein-Barr virus has been 
reported in association with this eruption, which is believed to be a 
reaction to viral infection in childhood [306,307]. 


Lipschitz ulcers (Chapter 110). These develop as acute painful gen- 
ital ulceration, usually in adolescents without sexual contact [308]. 
Evidence of primary EBV infection [309] may be found but other 
infections are implicated [310]. The sloughy ulcers are often mul- 
tiple and develop in association with malaise, fever and inguinal 
lymphadenopathy. They heal spontaneously but somewhat slowly. 


Haemophagocytic lymphohistiocytosis (haemophagocytic syn- 
drome). Acute EBV infection can rarely lead to this very severe 
disease with a high mortality. It was first described in genetic 
immunodeficiency syndromes such as X-linked lymphoprolifer- 
ative disease [311], but also occurs in other causes of immune 
suppression or during immunosuppressive treatment or other 
severe infections [312,313]. The syndrome in immunocompetent 
individuals was originally described in Japanese patients, but other 
races can be affected [314] and has also been reported soon after 
Covid-19 immunisation [315]. It most commonly affects children 
and adolescents. 

Infection of T lymphocytes or natural killer (NK) cells triggers 
T-cell proliferation and overactivity of NK cells with overproduc- 
tion of cytokines, especially interferon-« and TNF-a. Investigations 
show a high viral EBV load in blood as well as elevated acute phase 
reaction proteins. 

The presentation is usually with fever lasting several days, fol- 
lowed by the development of pancytopenia with coagulation defects 
and multiorgan failure. Lymphadenopathy, hepatosplenomegaly 
and haemorrhage into the lungs and bowel are common, and 
cerebral symptoms of meningitis or encephalitis may develop. The 
cutaneous findings may relate to coagulation defects, but reported 
features can include telangiectasia [316], a maculopapular rash with 
epidermal necrosis, panniculitis or nodules with granulomatous 
inflammation [317-319]. 

Treatment must include full supportive care, antiviral therapy and 
rapid commencement of immunosuppressive therapy, including 
biologics for refractory cases [320-323], but prognosis is often poor. 


Kikuchi’s histiocytic necrotising lymphadenitis. This has been 
rarely reported in association with EBV infection [324] (Chapter 149). 


Other. There are reports of cases of EBV infection associated 
with a variety of reactive dermatoses: erythema multiforme [325], 


Stevens-Johnson syndrome, erythema nodosum [326], erythema 
annulare centrifugum [327], acute pityriasis lichenoides [328], 
chronic bullous disease of childhood [329], papular pruritic gloves 
and socks (see later), unilateral laterothoracic exanthem [330] and a 
predominantly facial eruption resembling inflammatory granuloma 
annulare [331]. 


Disease course and prognosis 

The acute disease clears within a month but cervical lymphadenopa- 
thy may take 3 months to settle. There may be relapsing episodes 
of malaise, fatigue, fever and lymphadenopathy, but no recurrent 
skin eruption. 

Reactivation of the latent infection is associated with the devel- 
opment of oral hairy leukoplakia in immune suppression and with 
drug hypersensitivity syndrome or drug reaction with eosinophilia 
and systemic symptoms (DRESS) [332]. 


Investigations 

In acute disease, there is lymphocytosis with at least 10% atypical 
cells seen on blood film [333]. Abnormalities in liver function tests 
indicate hepatocellular damage which may lead to jaundice in about 
4% of those infected. 

Antibodies to viral antigens can be detected in early infection 
(early antigen, EA, and viral capsid antigen, VCA) and after acute 
infection (antibodies to the EBV nuclear antigen A, EBNA). Detec- 
tion of these specific antibodies is used to distinguish acute, chronic 
active, reactivated and malignancy-associated latent EBV disease 
[334]. Anti-EA antibodies are detectable in 80% of individuals 
during acute infection and persist for several months. IgM class 
antibody against VCA persists for a few weeks after infection and 
IgG antibody for life. IgM is also detected in reactivation. 

Tests for heterophile antibodies, which agglutinate sheep or horse 
red blood cells, become positive in 90% of patients after 1-2 weeks, 
so are not useful in the early stages of the infection. These tests 
(Paul-Bunnell and monospot) are less reliable in childhood, when 
false negative results are more common, and occasionally give false 
positives (for instance in several other infectious diseases and also 
lymphomas and leukaemias). 

Viral DNA or RNA detection by PCR or RT-PCR in throat swabs, 
blood or tissue, or in situ hybridisation of tissue, are methods which 
can be applied in unusual cases [334,335]. 


Management 
General measures include treatments for the symptoms of pyrexia 
and sore throat. Rest and recuperation are important aspects of 
management. Oral antiviral treatment has no effect on the acute 
disease [333]. Vaccines are under development. 

If the skin eruption is symptomatic, an emollient and moderately 
potent topical steroid may be used, but clearance is usually within a 
week even when not treated. 


Oral hairy leukoplakia (chap 


Introduction and general description 
Oral hairy leukoplakia develops insidiously, presenting as white 
plaques on the sides of the tongue. 
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Pathophysiology 

Predisposing factors 

This disorder is due to reactivation of EBV infection and is seen 
most commonly in association with immunodeficiency due to HIV 
infection. It may develop in other immune-incompetent states such 
as haematological malignancy [336] or during immunosuppressive 
treatment [337,338] including biologics [339], and occasionally in 
immunocompetent individuals [340] such as with steroid inhaler 
use or in old age. 


Pathology 
Epstein-Barr virus replicates in maturing epithelial cells but is not 
present in basal and parabasal keratinocytes. 


Clinical features 

Presentation 

White rippled plaques develop unilaterally or bilaterally on the 
sides of the tongue. They may appear to have hair-like projections. 
In more advanced disease, the plaques may extend over the tongue 
and into the oro-pharynx. 


Differential diagnosis 
Consider lichen planus, candidiasis, focal epithelial hyperplasia and 
squamous cell carcinoma. 


Chronic active Epstein-B 
infection 


Definition 
Chronic or recurrent and relapsing disease following acute EBV 
infection and lasting for at least 3 months after primary infection. 


Introduction and general description 

The usual features are persistent or intermittent malaise, fever, 
lymphadenopathy, splenomegaly, hepatitis and arthritis. There may 
be evolution into haemophagocytic lymphohistiocytosis. 


Epidemiology 

The disorder is more common in children and young adults than in 
older adults. There are reported cases from Central and South Amer- 
ica, but most are from East Asia. 


Pathophysiology 

Pathology 

Investigations show high levels of EBV DNA in the blood with 
circulating IgG antibodies against VCA and EA-restricted proteins. 
An increasing defect of T and NK cell function can lead to immune 
suppression and opportunistic infection. Genetic defects relating 
to immune function have been identified in a number of patients 
with severe or chronic disease, but there is no clear predisposing 
abnormality [341]. 


Clinical features 

Presentation 

As well as the features already described, there may be leuko- 
cytoclastic vasculitis with cutaneous features similar to Henoch— 
Schoenlein purpura [342,343]. 


The course of the disease is variable, but lymphoma may develop 
in about 17% [344]. Patients with connective tissue disorders, 
especially systemic lupus erythematosus, are often found to have a 
viral load higher than in the healthy population. This may be due 
to a mild degree of immune compromise due to the disease and is 
likely to be exacerbated by immunosuppressive therapy [345]. 

Hydroa vacciniforme developing in children or adults as a 
UV-associated eruption is linked with high EBV viral loads 
[346,347]. Pruritic necrotic plaques as a presenting feature of lym- 
phocytic variant hypereosinophilic syndrome have been ascribed 
to chronic active EBV infection [348]. 


Hypersensitivity to mosquito bites. This may indicate a primary 
persistent EBV infection, usually occurring in childhood. Most 
cases are reported from East Asia. Intense inflammation, often with 
purpura, bullae and necrosis, develops at the sites of mosquito bites 
[349]. There is usually regional lymphadenopathy and there may 
be systemic features such as pyrexia and hepatitis. These patients 
should be monitored for the possible development of NK/T-cell 
lymphoma. 


Complications and co-morbidities 

Natural killer/T-cell lymphoproliferative disease evolving to 
lymphoma associated with EBV can involve skin, rarely as a 
predominantly cutaneous disease [350]. Prolonged immunosup- 
pression may be a predisposing factor. A notable presenting 
feature in some cases is hypersensitivity to mosquito bites and 
suggests chronic active EBV infection [351]. Papulonecrotic lesions, 
especially of the face, or severe hydroa vacciniforme-like lesions 
have been described as presenting features of NK/T-cell malig- 
nancies [352,353]. This clinical pattern, now described as hydroa 
vacciniforme-like lymphoproliferative disorder (HV-LLD), usually 
presents in childhood or adolescence. Nodular lesions and pan- 
niculitis are also reported [354]. Very rarely, the lymphoma may 
be intravascular, producing dusky plaques or nodules [355]. The 
skin lesions may be found to contain EBV RNA. These cases have 
been reported most commonly in Asia and in native Americans of 
Central and South America. 


Epstein-Barr virus-asso 
lymphoproliferative di 
malignancy 


Introduction and general description 

Epstein-Barr virus infection is implicated as a pathogenic factor 
in several proliferative and malignant disorders of the lym- 
phoid system and also in gastric cancer. The global incidence 
of EBV-associated malignancies is over 250000 per year with the 
highest rates in East Asia [356]: 

1 Burkitt lymphoma. This occurs in equatorial Africa and New 
Guinea, presenting classically with huge cervical lymphadenopa- 
thy. It is most common in children but can occur in adults [357]. 

2 EBV-associated lymphoproliferative disease. B-cell tumours, his- 
tologically characterised as large-cell lymphomas, occur in 


immunocompromised people and especially immunosup- 
pressed transplant recipients. Systemic immunosuppressive 
agents associated with this include azathioprine and methotrex- 
ate [358]. In transplant recipients, EBV-associated post-transplant 
lymphoproliferative disease (PTLD) occurs in 0.5-1.5% of the 
recipients of solid organs, with 50-80% of PTLD cases pro- 
gressing to abnormal lymphoid proliferative disease [359]. Skin 
involvement is not common, presenting with single or multiple 
papules or nodules, but in rare cases the skin is the primary site 
of disease [360]. Ulcers of the skin or mucosae may be classified 
as EBV-positive mucocutaneous ulcers [361]. 

EBV-positive diffuse large B-cell lymphoma (DLBCL). This includes 
the previously named age-related EBV-associated B-cell lym- 
phoma [362], occuring most commonly over the age of 50, in 
non-immunosuppressed individuals usually presenting with 
lymphadenopathy (80%). There may be extranodal involvement, 
particularly in the skin/mucosa (in 20%), gastrointestinal tract 
(in 15%) or lung (in 12%). Skin lesions are nodules and ulcers. 
It is an aggressive disease, usually proving fatal within 2-3 years. 
4 Nasopharyngeal carcinoma, reported mainly in Asia, is often pre- 

ceded by prolonged elevation of antibodies against EBV. 

5 Hodgkin lymphoma. 


w 


HUMAN HERPESVIRUS 6 AND 7 VIRUS 
INFECTIONS [363,364] 


Definition 


Human herpesvirus 6 (HHV-6) is a worldwide virus infecting 
the majority of the population in early life. Primary infection is 
usually of little consequence, but later reactivation during immune 
suppression can produce more troublesome disease. Human her- 
pesvirus 7 (HHV-7) produces very similar effects but has been less 
extensively studied. 


Classification 


HHV-6 was originally isolated in 1986 from circulating B cells 
of patients with HIV infection or lymphoproliferative disorders 
[365]. Two antigenically distinct varieties, HHV-6A and HHV-6B, 
were identified and these are now classified as separate viruses 
[366]. HHV-6B is almost always the cause of human disease, with 
HHV-6A rarely implicated [367,368]. HHV-6A and HHV-6B and 
the closely related HHV-7 (formally classified as human beta- 
herpesviruses 6A, 6B and 7) are all in the genus Roseolovirus (see 
Tables 25.2 and 25.4). 

HHV-7 infection is very similar to HHV-6. The virus was first iso- 
lated from human CD4+ T lymphocytes in 1990 [369]. 


General description of disease domain [370] 


HHV-6 and HHV-7 cause roseola infantum (exanthem subitum) 
as a primary infection. Persistence or reactivation of HHV-6 can 


occur, especially in immune compromise; for example, it is esti- 
mated that about half of allogenetic haematopoetic stem cell 
transplant recipients experience HHV-6 reactivation [371]. This 
may be asymptomatic but has been associated with encephalitis, 
multiple sclerosis, Guillain-Barré syndrome, chronic fatigue syn- 
drome, lymphoproliferative disorders, connective tissue disease 
[372] and Kikuchi—Fujimoto disease [373] (Chapter 149), although 
the importance of the associations is not clear. Reactivation of the 
viruses may underlie the development of pityriasis rosea, and two 
forms of drug rash: drug-induced hypersensitivity syndrome and 
DRESS (Chapter 12). 


Basic biology 


HHV-6 and HHV-7 are serologically and genomically distinct from 
other human herpesviruses but with some regions of the genome 
bearing similarities to the betaherpesvirus CMV. The cellular 
receptor for HHV-6 is CD46 [374] while CD4 on T lymphocytes is 
important for HHV-7. In culture, infected cells (B and especially 
T cells) are large and refractile and frequently contain intranuclear 
and/or intracytoplasmic inclusions. 

In the acute stage of primary infection with HHV-6, there is a 
viraemia which is followed by the appearance of antibodies to the 
virus [375]. Seroprevalence studies have shown that by the age of 1 
year, 75% of infants have antibodies to HHV-6 and 90-95% of adults 
are seropositive for HHV-6 and HHV-7 [376,377]. The main presen- 
tation of primary infection with either virus is roseola infantum, 
but most infections are subclinical [366,378-380], with estimates that 
only about one-third develop clinical disease. After the initial infec- 
tion, the virus persists and can be detected in saliva from a high 
percentage of healthy subjects, the likely mode of spread [381]. 

HHV-6 can integrate into chromosomal DNA but still retain the 
ability to produce new virions [382]. As a latently integrated virus, 
it can be transmitted vertically [383] and it is estimated that approx- 
imately 1% of children are infected at birth and the virus is present 
in cells throughout the body of the newborn. 


Roseola infantum [384,385] _ 


Definition and nomenclature 
Roseola infantum is an acute febrile illness with a maculopapular 
eruption. 


Epidemiology 
Incidence and prevalence 
Roseola infantum is the most common exanthematic fever in chil- 


dren under the age of 2 years, reported to account for 24% of 
acute febrile illness presenting at a paediatric emergency depart- 
ment [386]. 
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Age 
Peak incidence is between 6 and 9 months. 


Pathophysiology 
Causative organisms 
e HHV-6 

e HHV-7 


Clinical features 
History 
The incubation period is from 10 to 15 days. 


Presentation 

The first sign of illness is abrupt onset of fever, sometimes rang- 
ing between 39.5°C and 40°C, which persists for 3-5 days and ini- 
tially is usually accompanied by few or no symptoms. Irritability, 
inflamed tympanic membranes, ulcers at the posterior palate and 
uvula [387] and, occasionally, periorbital oedema and haematuria 
are early manifestations. As the temperature falls, an eruption of 
discrete rose-pink maculopapules develops on the neck and trunk; 
it may later spread to the arms, face and legs. The lesions may have 
surrounding pallor and rarely become vesicular [388]. The patient’s 
cervical and occipital lymph nodes are usually enlarged. 


Clinical variants 

The eruption of primary HHV-6 infection is almost always restricted 
to the first 3 years of life. If primary infection occurs in adults, 
there may be a mononucleosis-like illness, with variable fever 
or rash and with mainly cervical lymphadenopathy, which may 
persist for up to 3 months; or an acute but self-limiting hepatitis 
[389,390]. 


Differential diagnosis 
Measles, rubella. 


Complications and co-morbidities 
Febrile convulsions are not uncommon, occurring in 13% in one 
series [365]. 

Fatal encephalitis is rare, but has been reported in primary infec- 
tion [391]. Other complications reported are thrombocytopenia 
[392], purpura fulminans [393] and haemophagocytic syndrome 
[394]. Primary HHV-6 infection has been rarely associated with 
papular purpuric gloves and socks syndrome [395], Gianotti-Crosti 
syndrome [396], Stevens-Johnson syndrome [397] and pityriasis 
rosea [398]. 


Disease course and prognosis 

After 1 or 2 days the rash fades, leaving no scaling or pigmentation. 
Reactivation of the latent virus may occur, especially in immune 

suppression (see later). 


Investigations 

The lack of symptoms during the febrile phase and the appearance 
of the eruption as the fever subsides should suggest the diagnosis, 
although clinical confusion with rubella or measles is not uncom- 
mon and the picture of roseola infantum can also be caused by 


HHV-7 infection. Confirmation is by demonstrating a serocon- 
version or rise in antibody titre to HHV-6, typically by indirect 
immunofluorescence using cells infected with HHV-6 as antigen. 
IgM antibody is usually present 5-7 days after the rash, maximal 
2 weeks after infection, and persists for about 2 months. Current 
serological tests do not distinguish between HHV-6A and -6B. 
Molecular detection of viral RNA by RT-PCR or DNA by PCR is 
possible and distinguishes HHV-6A from -6B, but only quantitative 
PCR reliably distinguishes primary from latent infection [365,399]. 
HHV-6 DNA has been demonstrated in the cerebrospinal fluid of 
children with both primary HHV-6 infection and also at times of 
recurrent seizures following exanthem subitum, which suggests 
that HHV-6 is a direct cause of the associated encephalitides. 
During the first 2 days there may be leukocytosis but as the rash 
develops, leukopenia with a relative lymphopenia is usual. 


Management 
First line 
Only symptomatic measures are usually required. 


Second line 
Antiviral therapy with ganciclovir, valganciclovir, cidofovir or fos- 
carnet would be appropriate in individuals with severe disease. 


Reactivation of herpesviru 


In immunosuppression, latent HHV-6 and HHV-7 may reactivate 
and cause a variety of symptoms. Quantitative PCR detection is 
necessary to distinguish active primary or reactivated infection 
from past infection [399,400]. 

If it occurs, reactivation is most frequent in the first few weeks 
after transplantation and commencement of immune suppression. 
In one study, reactivation of HHV-6 occurred in just over 10% of 
transplant recipients [401]. The effects are usually subclinical, pro- 
ducing no recognisable disease, but in about 1%, HHV-6 reactiva- 
tion and increase in blood virus titres are associated with presen- 
tations of fever, rash, hepatitis, gastroenteritis, encephalitis, pneu- 
monitis and bone marrow suppression [399,402,403]. The eruption 
may be maculopapular or vesicular [404,405]. Antiviral therapy with 
gangciclovir or foscarnet, either alone or in combination, is indi- 
cated in severe disease. Reactivation of HHV-7 alone is unusual but 
it may accompany HHV-6 reactivation. Reactivation of the HHV-6 
has been reported in graft-versus-host disease [399,406] and more 
recently in patients severely ill with SARS-CoV-2 [407]. 

In otherwise healthy individuals, reactivation of HHV-6 and 
HHV-7 is associated with pityriasis rosea. In recent years, a link 
between reactivation of these viruses and the development of reac- 
tions to certain drugs has been established. As with HHV-6, HHV-7 
is possibly associated with pityriasis rosea [398] (see later) and it 
has also been proposed as a candidate trigger for lichen planus 
[408]. 

The viral evidence suggests that both drug-induced hypersensi- 
tivity syndrome and DRESS involve drug-triggered viral reactiva- 
tion [409,410] and detection of the viral DNA in the blood is most 
likely in days 14—21 after the onset of the skin reaction. 


OTHER HERPESVIRUS INFECTIONS 


Cytomegalovirus infectior 


on of the skin 


Introduction and general description 

Cytomegalovirus infections are common throughout the world 
and are usually inapparent. Primary infection is followed by life- 
long carriage of the virus with intermittent shedding in various 
secretions. This may be increased by physiological stimuli such as 
pregnancy, and by immune suppression due to disease or therapy 
as in AIDS and transplant recipients, respectively. 


Epidemiology 

Incidence and prevalence 

Depending on socioeconomic conditions, between 40 and 100% of 
adults in a community are infected as shown by seropositivity [411]. 
There are several ways of transmitting CMV, which are to some 
extent age dependent. Intrauterine transmission occurs in 0.1-1.0% 
of births. Perinatal and neonatal infections arise as a result of 
exposure to infectious cervical secretions in the birth canal, from 
infected breast milk or from close household contacts. Preschool 
children may acquire CMV from oral secretions or urine of other 
infected infants. At an older age, sexual transmission is important. 
CMV may be transmitted via blood transfusion and in transplanted 
organs from CMV seropositive donors. 


Presentation [412,413] 

Primary cytomegalovirus mononucleosis. In the otherwise healthy 
child or adult, infection is commonly symptomatic. When symp- 
toms do appear, they resemble infectious mononucleosis with 
fever, lymphocytosis and mildly deranged liver function, although 
lymphadenopathy and splenomegaly are not usually striking. In up 
to a third of cases, there is a follicular, maculopapular or rubelliform 
eruption, often affecting the legs and lasting up to 2 days. Urticaria 
may occur [414]. 

As in EBV infectious mononucleosis, concomitant ampicillin com- 
monly triggers a widespread eruption. 

Vasculopathy presenting as cutaneous vasculitis or necrotic skin 
lesions has been reported [415,416] and Lipschtitz ulcers, more com- 
monly associated with EBV infection, have occurred with primary 
CMV infection [417]. 


Congenital CMV infection. Primary CMV infection in the first or 
second trimester of pregnancy can have multiple effects on the 
fetus. As both mother and baby at birth may be asymptomatic, 
diagnosis must be made by serological testing. In just over 10% 
of babies with congenital infection, there are signs including hep- 
atosplenomegaly, jaundice and microcephaly. Skin signs include 
petechiae and purpura. Mortality can be high and survivors usually 
have severe neurological damage, especially deafness. There may 
be erythropoietic tissue in the dermis derived from undifferentiated 


dermal mesenchyme; this presents as purple or red papules or nod- 
ules lasting 4-6 weeks (‘blueberry muffin’ lesions) (Chapter 114). 
Vesicles occur very rarely in congenital CMV disease [418]. CMV 
can present as a congenital infection where there is underlying 
immune defect [419]. 


Clinical variants 

Cytomegalovirus in the immunosuppressed. Cytomegalovirus 
infection in the immunocompromised may be due to primary 
infection or to reactivation of latent infection. It can be severe and 
even fatal, with pneumonitis, hepatitis, gastrointestinal ulceration, 
retinitis and superinfection with other opportunistic pathogens. 
Neurological complications include encephalitis, myelitis and 
especially myeloradiculitis when the peripheral nerve roots are 
infiltrated with lymphocytes in AIDS. 

A wide variety of skin lesions may occur in disseminated CMV 
infection. A non-specific widespread maculopapular eruption may 
be seen that may become papular and purpuric, with vesiculo- 
bullous or pustular lesions and indurated pigmented nodules or 
plaques [420]. A characteristic histological feature of the eruption 
is the presence of cytomegalic (‘owl-eye nucleus’) cells in vascular 
endothelium. This may progress in some cases to vasculitis or a 
more diffuse vasculopathy [421]. Sharply demarcated ulceration 
may occur, mostly around the genitalia, perineum, buttocks and 
thighs [422,423], and there may be associated livedo reticularis 
[424]. Isolated nodules, keratotic or necrotic skin lesions and severe 
oral and skin ulceration have been reported [425-428], especially 
in AIDS. 

Following a course of antiviral treatment for CMV in immuno- 
suppressed or immunocompromised people, relapsing infection 
and progression of organ involvement may occur. Severe disease 
without known immunosuppression should prompt investigation 
for underlying disease or primary immune deficiency. 


Other associations of cytomegalovirus infection. Cytomegalovirus 
has been suggested as the precipitating factor in scleredema, 
scleroderma, systemic sclerosis [429], sclerodermatous chronic 
graft-versus-host disease [430], vitiligo and alopecia areata, but 
these associations are unproven or contentious. One case of toxic 
epidermal necrolysis presenting with concomitant CMV viraemia 
has been reported [431]. 


Complications and co-morbidities 

Gianotti—Crosti syndrome [432] (see later), papular purpuric ‘gloves 
and socks’ syndrome [433] (see later) and DRESS may occur together 
with CMV infection. Erythema multiforme and haemophagocytic 
lymphohistiocytosis have been reported as a consequence of CMV 
infection including congenital disease [434-437]. 


Investigations 

Current diagnosis is with rapid and sensitive methods using viral 
DNA detection by PCR and detection of CMV antigenaemia. Pri- 
mary infection can be diagnosed serologically by the appearance of 
CMV IgM and IgG antibodies. Congenital CMV can be detected by 
PCR analysis of saliva or urine neonatally and confirmed by virus 
isolation or the presence of CMV IgM antibody within 3 weeks of 
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birth [438]. Post-transplant, monitoring of CMV viral load can per- 
mit early diagnosis of reactivation. 

Classically, the infection was diagnosed histologically by find- 
ing typical intranuclear inclusions surrounded by a clear halo in 
enlarged cells. This method is relatively insensitive, but with the 
addition of immunohistochemistry, cytomegalic inclusions are more 
readily demonstrable. Virus culture from throat washings, urine, 
bronchoalveolar lavage fluid, blood or biopsy material is carried out 
in human embryo fibroblast cells, but it takes 5-28 days to produce 
a cytopathic effect, seen as ‘owl eye’ nuclear inclusions. This can be 
accelerated by looking for CMV early antigen after 24-48 h culture. 


Management 

Most CMV infections do not require specific therapy, but in 
life-threatening situations or when CMV retinitis threatens sight, 
two antiviral agents — IV ganciclovir and foscarnet — have been used 
with some success [439]. Valganciclovir, a prodrug of ganciclovir, 
is used orally as prophylactic treatment in CMV antibody-negative 
transplant recipients receiving a solid organ from a CMV-positive 
donor [440] and has also been reported to be effective as treatment 
for acute or recurrent CMV disease [441]. 

Newer antivirals such as letermovir (also approved for prophy- 
lactic use in bone marrow transplant recipients) and maribavir 
are under assessment for use in wider prophylaxis and as active 
treatment. 

When diagnosis of a primary infection or reactivation episode is 
made during pregnancy, treatment of the mother with the antivi- 
ral valaciclovir can reduce the risk of fetal infection [442]. Prompt 
treatment with valganciclovir when a diagnosis of congenital CMV 
infection is made may reduce the risk of progressive hearing loss. 


Human herpesvirus 8 infe 


Definition and nomenclature 

Human herpes virus 8 (HHV-8) is found worldwide, but usually 
produces a subclinical primary infection. It leads to a risk of devel- 
opment of Kaposi sarcoma (KS), especially in immunosuppression. 


herpesvirus (KSHV) 


Epidemiology 

Incidence and prevalence 

Antibody studies of healthy adults suggest that approximately 80% 
of the population have had infection with HHV-8 in African coun- 
tries, with variation across the continent, but that less than 20% of 
the population is seropositive in western Europe [443,444]. Italy has 
a slightly higher rate of 35% in some areas of the country. 


Pathophysiology 

Pathology 

Histology of the eruption of primary HHV-8 infection shows a 
perivascular upper dermal infiltrate which includes plasma cells 
[445] in which viral proteins may be detectable. 


In KS, KSHV DNA has been detected in 98% of lesions and is 
present in the monocytes, endothelial cells and spindle cells. The 
mechanism by which KSHV produces tumours is different to 
most other malignancies. Many of the viral proteins expressed by 
the virus influence cell proliferation, angiogenesis and apoptosis 
and downregulate local immunity [446,447]. Early KS lesions are 
polyclonal although clonal growth may develop as a late event. 


Causative organisms 
Since it was recognised in association with HIV/AIDS, the epi- 
demiology of KS suggested that it was caused by an infectious 
agent. In 1994, Chang et al. [448] identified novel DNA fragments 
in AIDS-associated KS tissue that had partial homology to other y 
herpesviruses. Several genotypes are identified based on variation 
within specific areas of the genome. 

As with other herpesviruses, latent infection persists after initial 
infection and later reactivation episodes may occur, especially with 
immunosuppression. 


Clinical features 

Presentation 

Primary infection with HHV-8 may be subclinical or may occur 
with fever and maculopapular eruption. The red rash can affect 
all areas of the body but is usually most marked on the body and 
limbs. In countries with high seroprevalence, the primary infection 
may be seen in children [449]. 


Clinical variants 

Primary infection with HHV-8 or reactivation in an HIV-positive 
individual can produce a severe disease with high-level viraemia, 
fever, wasting, anaemia and thrombocytopenia, and rapid develop- 
ment of KS. This has been called the KSHV-inflammatory cytokine 
syndrome (KICS) [450]. 

KS-associated herpesvirus, or HHV-8, has also been found in 
association with classic KS in immunocompetent people [451] and 
in post-transplantation KS (iatrogenic KS). Prolonged immunosup- 
pression including with biologic therapy, and for reasons including 
pemphigus and psoriatic arthritis, has rarely been associated with 
HHV-8 in the skin and KS [452-454]. 

The virus is also found in multicentric Castleman disease, in 
which cutaneous involvement has been occasionally reported [455], 
in primary effusion lymphomas and in the related solid primary 
effusion lymphoma which may rarely present in the skin [456]. 
A multisystem disorder reported in Castleman disease (POEMS 
syndrome) is also associated with HHV-8 infection [457]. In POEMS 
syndrome (polyneuropathy, organomegaly, endocrinopathy, mono- 
clonal gammopathy and skin changes) the cutaneous abnormalities 
include multiple haemangiomas, hyperpigmentation, hypertri- 
chosis and thickened skin. 

In a minority of cases, pityriasis rosea may be associated with 
HHV-8 [458]. 


Investigations 

Quantitative PCR permits detection of the virus plus estimation of 
viral load, but is not yet in routine or widespread use [459,460]. In 
primary infection, the virus may be detected in saliva [449]. 


Management 
Treatment of HHV-8 infection may be difficult as the primary infec- 
tion is frequently subclinical or diagnosis may be made late. 


First line 

There is some evidence that antivirals (valaciclovir, famciclovir, val- 
ganciclovir) may reduce viral replication in primary or reactivation 
episodes [461,462]. 

Treatments for HHV-8-associated KS are multiple (Chapter 138). 
Regression of lesions frequently occurs in AIDS with antiretroviral 
treatment and post-transplant with reduction of immunosuppres- 
sion or with change of immunosuppressive regime to include 
rapamycin or sirolimus [463]. Local treatments include cryotherapy, 
radiotherapy, photodynamic therapy, intralesional chemotherapy, 
intralesional interferon, topical 5% imiquimod cream [464] and 
topical beta-blocker [465]. 


Herpes B virus infection 


Definition and nomenclature 
Herpes B virus is mainly an infection of primates, but can infect 
humans in close contact with animals. 


herpesvirus 1 (CeHV-1) 


Introduction and general description 

Human infection with herpes B virus usually occurs via a bite from 
an infected macaque. The virus is highly pathogenic to humans, in 
whom it typically causes a fulminant encephalitis which is fatal in 
80% of cases without treatment. 


Pathophysiology 

Predisposing factors 

Human infections have occurred in attendants and research work- 
ers, most frequently following monkey bites, but occasionally in 
those who have handled monkeys or monkey tissues and have not 
been bitten. Person-to-person transmission is rare. 


Causative organisms 

Herpes B virus is genetically close to HSV-1 and -2 but is not natu- 
rally an infection of humans [467]. It causes a benign enzootic infec- 
tion of Asiatic macaque monkeys (the Macaca genus) and readily 
spreads among other monkeys in captivity. The virus remains latent 
in infected monkeys and may reactivate spontaneously or at times 
of stress. 


Clinical features 

Presentation 

Symptoms of infection are initially non-specific with fatigue, myal- 
gia, fever and headache. Lesions resembling herpes simplex usually 
but not invariably develop after 5-21 days at the site of the bite 
or scratch. There may be symptoms of tingling, itching, numbness 


or pain before the vesicular eruption appears. The eruption may 
remain localised or show some extension with regional lymphan- 
gitis and lymphadenopathy. 


Disease course and prognosis 
Ascending myelitis and encephalitis, usually fatal, develops after 
10-35 days in a high proportion of cases. 


Investigations 

There is usually a history of contact with monkeys or monkey tis- 
sue. Culture of the virus from vesicle fluid or brain biopsy material 
will confirm the diagnosis, but must be performed in a specialised 
laboratory and is slow. Specific primers for PCR are available for 
the direct detection of herpes B virus DNA in blood or tissue [468]. 
Serological tests of paired samples can also be helpful. 


Management 

Ideally, situations in which a monkey may bite should be avoided 
and there are guidelines to prevent herpes B virus infections in 
monkey handlers [469]. Steps should be taken to ensure that any 
captive colonies are pathogen free by testing for antibodies [470]. 


First line 

Monkey-inflicted wounds should be vigorously cleaned with soap 
and water and followed by iodine or alcohol. Aciclovir used early 
may reduce the severity of the disease but may have little impact if 
used late [469]. Valaciclovir orally is now the recommended treat- 
ment given as soon as possible following exposure. The dose is 1g 
TDS for 14 days. 


Second line 
Intravenous ganciclovir is more potent than aciclovir in vitro and has 
also been used clinically. 


Third line 

If neurological symptoms of herpes B virus disease develop, 
treatment is with intravenous aciclovir, 12.5-15mg/kg TDS, or 
ganciclovir, 5mg/kg BD [471], but if there are signs of encephali- 
tis, ganciclovir is the treatment of choice. Even with treatment, 
mortality is high. 


Resources 


Further information 

http:/ /emedicine.medscape.com/article/235360-overview 
http://www.cdc.gov/herpesbvirus / 

https: / /rarediseases.org /rare-diseases /simian-b-virus-infection/ 
(All last accessed August 2023.) 


Eczema herpeticum — | 


Definition and nomenclature 

A widespread cutaneous infection with a virus which normally 
causes localised or mild vesicular eruptions, occurring in a patient 
with pre-existing skin disease. 
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PART 3 


Introduction and general description 

The great majority of cases are infections with HSV-1, and are now 
usually called eczema herpeticum rather than Kaposi varicelliform 
eruption. The more general eponymous title may be used to encom- 
pass similar widespread infections with other viruses including 
vaccinia, coxsackie and other herpesviruses. 


Epidemiology 

Incidence and prevalence 

Most herpes simplex infections in patients with atopic eczema are 
not unusually severe or widespread. Approximately 3% of those 
with atopic dermatitis may develop eczema herpeticum [472]. There 
is no clear seasonal variation. 


Age 
Cases are seen at all ages, most commonly in the second and third 
decades [473,474]. 


Pathophysiology 

Predisposing factors 

Atopic eczema is by far the commonest predisposing condi- 
tion. Eczema herpeticum can result from primary or recurrent 
infection [473]. 

Other susceptible dermatoses are listed in Table 25.6. 

Extensive spread of herpetic infection has followed cosmetic 
procedures, such as dermabrasion [493], laser therapy [494], hair 
transplantation [495] and trauma, including burns [496,497] and 
skin grafting [498]. 


Table 25.6 Skin disorders which may be affected by widespread herpes simplex. 


Skin disorder References 
Atopic eczema See text 
Less common 

Darier disease 475 
Pemphigus foliaceous 476 
Benign familial pemphigus 477 
Rarely 

Hailey—Hailey disease 478 
Ichthyosis vulgaris 479 
Congenital ichthyosiform erythroderma 480 
Epidermolysis bullosa simplex 481 
Grover disease 482 
Allergic contact dermatitis 483 
Irritant contact dermatitis 484 
Psoriasis 485 
Pityriasis rubra pilaris 486 
Cutaneous T-cell lymphoma 487 
Sézary syndrome 488 
Rosacea 489 
Drug eruption 490 
Staphylococcal scalded skin syndrome 491 
Sunburn 492 


Eczema herpeticum only develops on skin with visible dermati- 
tis. Eczema herpeticum may be worse in patients with severe, 
especially erythrodermic, atopic eczema, but frequently occurs in 
mild or quiescent cases [499]. In localised cases, local spread seems 
likely, but widespread dissemination is haematogeneous. 

Patients who develop eczema herpeticum are usually immuno- 
competent and have, or can develop, antibodies against the virus 
[500]. Several studies have identified possible risk factors for the 
development of eczema herpeticum in individuals with atopic 
eczema [501]. An early age of onset of atopic eczema, high IgE level 
[473], a tendency to other skin infections [502] and a low NK cell 
count [503] have all been found in eczema herpeticum patients. 
A further possible predisposing factor is a defect in the innate 
immune response as shown by a low skin level of the antimicro- 
bial peptides LL-37 (cathelicidin) [504], human f-defensin [505] 
and keratinocyte-derived thymic stromal lymphopoietin (TSLP) 
[506]. Several abnormalities in the interferon signalling pathway 
have been described [507-510], suggesting that this aspect of viral 
defence may be of central importance to the susceptibility to eczema 
herpeticum. 

An association with systemic or topical steroid treatment has 
not been consistently found [473,499]. Other topical and systemic 
immunosuppression has also been associated with eczema her- 
peticum, namely topical tacrolimus [511] or pimecrolimus [512], 
although this is not a significant risk factor. Dupilumab may reduce 
the incidence of eczema herpeticum, probably due to improved 
skin function during treatment [513]. It is possible that the predis- 
position to develop widespread herpes simplex is linked more with 
the severity of the eczema or a limited immune defect rather than 
with the type or quantity of treatment used. 


Causative organisms 

The usual causative virus is HSV-1. HSV-2 [514], VZV [515], 
coxsackie A6 and A16 (eczema coxsackium) [516] and vaccinia 
[517,518] (eczema vaccinatum) have all been associated with a 
similar eruption. 


Clinical features 

History 

There may be a short history of a reactivation episode of herpes 
labialis, but this is frequently not seen. If there is known contact 
preceding the onset, the incubation period is about 10 days (range 
5-19 days). 


Presentation [499,501] (Figure 25.18) 

Vesicles, which rapidly become pustular, erupt in massive crops. 
They may be confined to abnormal skin but are often widely dis- 
seminated and may generalise, simulating chickenpox or smallpox. 
They may be haemorrhagic and the face may become grossly 
oedematous. The skin is painful and generally red. The vesicles 
rupture quickly, leaving small round superficial erosions, usu- 
ally 2-4mm, which weep and crust (Figure 25.18c). New crops 
of vesicles may appear for 5-7 days. Fever, which may be high, 
commonly develops 2 or 3 days after the onset of the eruption and 
constitutional symptoms may be severe. The regional lymph nodes 
are enlarged. 


(e) 


Figure 25.18 Eczema herpeticum. (a) Perioral. (b) Periocular. (c) Forehead. Courtesy of Addenbrooke's Hospital, Cambridge, UK. (d) Front of the neck of 20-year-old man. Courtesy of 
York District Hospital, UK. (e) Resolving lesions. 


Clinical variants Differential diagnosis 

When developing from a primary infection, there is more likely to | Chickenpox is the most important differential of a widespread 

be malaise, high fever and lymphopenia. blistering eruption evolving into punched-out erosions. In localised 
In immune compromise, whether iatrogenic or due to other dis- —_ infections, the diagnosis may be confused by secondary bacterial 


ease, the presentation of eczema herpeticum may be atypicalandthe infection [519] and by lesions in pre-existing blistering skin disor- 
disease more severe. ders. However, typical vesicles or subsequent erosions, generally 
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confined to eczematous or inflamed areas, should be sought, espe- 
cially if there is a poor response to antibacterial therapy. These 
milder infections are usually self-limiting. Diagnosis can also 
be difficult when the lesions of a pre-existing bullous disorder 
delay recognition of the punched-out erosions of the varicelliform 
infection. 


Disease course and prognosis 
The fever subsides after 4 or 5 days and the pustules become 
crusted and slowly heal, leaving little permanent scarring. Rarely, 
there may be progression to potentially fatal systemic infection, 
such as encephalitis [520,521]. Secondary bacterial infection with 
staphylococci or streptococci is a risk and may lead to sepsis. 
Recurrences of eczema herpeticum can occur. In a European 
study of 214 patients, recurrent infection occurred in 26.5% [522]. 
Recurrences are commonly milder than the initial episode, but 
sometimes are of comparable severity [499]. 


Investigations 

If possible, blister fluid or a surface swab should be analysed for 
HSV (see earlier). Serum collected at onset and 10 days later will 
permit HSV serological testing. Skin biopsy shows the usual features 
of an acute HSV lesion in eczema herpeticum. 


Management 
Awareness of the possibility of widespread herpetic infection should 
be encouraged in atopic eczema patients or their parents. 

Antiviral treatment is recommended in all ages and should be 
started as soon as possible after diagnosis, as delay in treatment 
can lead to prolongation of the illness [523]. 

Less ill patients respond well to oral aciclovir [524], valaciclovir 
or famciclovir. Severe cases should receive intravenous aciclovir 
[525] and this should also be considered early in patients who 
are immunosuppressed. If any immunosuppressive medication is 
non-essential, it should be reduced or stopped during the infection. 
Eczema herpeticum in pregnancy has been treated with aciclovir 
without an adverse effect on the baby [526]. Periocular lesions may 
lead to conjunctival infection and damage, so warrant urgent eye 
examination and treatment. 

Bacterial infection and the underlying eczema or other dermatosis 
should be treated in the usual way. If antiviral therapy is given, the 
use of topical steroids does not appear to lead to a longer disease 
course [527]. 

Frequently recurrent disease may benefit from low-dose prophy- 
lactic aciclovir or valaciclovir [528]. 


Treatment ladder for eczema herpeticum 


First line 

¢ Oral aciclovir, 400 mg 5 times a day, for 5 days, for adult 
¢ Oral valaciclovir, 500mg BD for 5 days, for adult 

¢ Oral famciclovir, 250mg TDS for 5 days, for adult 


Second line 
e Intravenous acyclovir, 5mg/kg every 8 hours for 5 days or 
until lesions clearing 


Third line 
¢ Consider prophylactic oral antiviral therapy for recurrent 
eczema herpeticum 


Dose and duration are recommended to be minimal, because 
there are no trials to confirm optimum regime. 


Resources 


Patient resources 
https: / / www.bad.org.uk/shared /get-file.ashx?id=197 &itemtype=document 


https: / /nationaleczema.org /eczema/related-conditions /eczema-herpeticum/ 
(Both last accessed August 2023.) 


POLYOMAVIRUS INFECTION 


Definition and general description 
of disease domain 


Polyomaviridae (PyV) encompasses a family of small (45nm) 
non-enveloped icosahedral viruses with 5 kb double-stranded, cir- 
cular DNA genomes encoding early non-structural proteins, small 
tumour antigen (sTAg) and large tumour antigen (TAg), and the 
late virion proteins (VPs) VP1, VP2 and VP3. Unlike the 200 or 
more HPVs, there appears to be a smaller number of PyVs that 
infect humans (HPyV) (Table 25.7) [1]. Although HPyV infections 
occur in most individuals, HPyV-mediated diseases are rare and 
primarily occur in patients who are immunocompromised [1]. 
HPyVs were first described in 1971 when BK and JC poly- 
omaviruses were identified in immunosuppressed individuals with 
ureteric obstruction and progressive multifocal leukoencephalopa- 
thy, respectively [1,2]. Merkel cell carcinoma polyomavirus 
(MCPyV), identified in 2008, was the first HPyV associated 
with a skin disease [3]. Subsequently, trichodysplasia spinulosa 
virus (TSV) was found to be associated with the rare dermatosis, 
trichodysplasia spinulosa; HPyV-6 and -7 were identified in pru- 
ritic and dyskeratotic dermatosis (PDD); HPyV-9 was found in 
widespread hyperkeratotic cutaneous lesions in organ transplant 
recipients; LIPyV is the most recently discovered HPyV and is also 
detected in skin but not yet associated with skin disease [1]. 


Merkel cell polyomavirus in 


Introduction and general description 

A polyomavirus detected in Merkel cell carcinoma (MCC) of both 
immunosuppressed and immunocompetent individuals in 2008 
was named Merkel cell polyomavirus (MCPyV) and emerging data 
suggest that there are several genotypes [3,4]. 


Epidemiology 

Incidence and prevalence 

Serological studies indicate that exposure to MCPyV is very com- 
mon [1,2]. Primary exposure begins in childhood after transient 


Table 25.7 Human polyomaviruses [1,2]. 


Polyomavirus Abbreviation 


Disease in humans 


Site of detection 


BK polyomavirus BKV, HPyV-1 Renal allograft nephropathy Mononuclear blood cells; urine 
JC polyomavirus CV, HPyV-2 Progressive multifocal leukoencephalopathy Mononuclear blood cells 
Karolinska Institute polyomavirus KIV, KIPyV - Respiratory secretions 
Washington University polyomavirus WUV, WUPyV - Respiratory secretions 
Merkel cell carcinoma-associated polyomavirusvirus CV, MCPyV Merkel cell carcinoma Skin 

Human polyomavirus 6 HPyV-6 Pruritic and dyskeratotic dermatosis; keratoacanthoma Skin 

Human polyomavirus 7 HPyV-7 Pruritic and dyskeratotic dermatosis Skin 

Trichodysplasia spinulosa-associated polyomavirus TSV, HPyV-8 Trichodysplasia spinulosa Skin; urine; renal tissue 
Human polyomavirus 9 HPyV-9 Hyperkeratotic lesions in organ transplant recipients Serum; urine; skin 
Malawi polyomavirus; human polyomavirus 10 WPyV HPyV-10 - Stool; skin; respiratory 
Mexico polyomavirus xPyV Diarrhoeal illness Stool 

Saint Louis polyomavirus STLPyV - Stool 

Lyon IARC polyomavirus LIPyV - Skin; oral 


immunity from maternal antibodies [5]. Seroprevalence rises from 
early childhood until adulthood: 10% of preschool-age children 
are seropositive, rising to at least 40% of the normal population 
by age 18; further slow increase in seroprevalence occurs during 
adult life, so that 60-96.2% of the adult population are estimated 
to have been exposed to MCPyV [1,5-7]. MCPyV seropositivity is 
found more commonly in serum of immunocompromised patients 
[8,9]. Viral DNA is present in 2.6% of healthy blood donors [10] 
and MCPyV appears to be the cutaneous HPyV most frequently 
shed from the skin, with some studies indicating rates up to 61.5% 
in healthy individuals [11,12] and 90% of patients with MCC [13]. 
There is a correlation between the presence of viral DNA in skin 
and circulating antiviral antibodies [14,15]. 


Merkel cell carcinoma and MCPyV (Chapter 146) 

MCPyV is strongly implicated as a cause of MCC [1,2,16,17,18]. 
MCC develops in only a minority of those infected with MCPyV 
and the virus is detected in approximately 80% of MCCs [3,16,17,18]. 
Virus-positive MCCs occur more frequently in the northern hemi- 
sphere [19], have a lower tumour mutational burden, harbour 
clonally integrated MCPyV and express polyomavirus oncopro- 
teins that are highly immunogenic and required for ongoing 
tumour growth [16,17,18]. Virus-negative MCCs are more common 
in white patients living in areas of high UV exposure; these tumours 
are characterised by a high tumour mutational burden with a 
prominent UV-mutational signature and encode tumour-specific 
UV-neoantigens [16,17,18]. 

MCPyV status in MCC is associated with specific clinicopatho- 
logical features, with virus-negative tumours demonstrating mostly 
pleomorphic nuclei and abundant cytoplasm [20]. There is emerging 
evidence that MCC in the context of immunosuppression may be 
more frequently virus negative [21,22] and that virus-negative MCC 
may be more aggressive [23]. 

Antibody and T-cell responses to MCPyV T-antigen oncoproteins 
are strongest in patients with MCC [24]. MCPyV T-antigen anti- 
body titres have also been correlated with MCC tumour burden 
[25] and may be helpful in MCC prognostication and surveillance: 
it is proposed that the seronegative cohort is at higher risk and may 
require more intensive radiological imaging, whereas disease status 
can be tracked in part by T-oncoprotein antibody titres in lower-risk 
seropositive cohorts [15]. 


Pathophysiology 

Predisposing factors 

MCC is more common in older individuals and in immunosup- 
pression, such as after organ transplantation or with HIV infection 
[16,22]. Merkel cell polyomavirus has been reported in cases of 
epidermodysplasia verruciformis (EV) [26]. 


Pathology 

MCPyV replicates in human cells but may cause little observable 
disease [1,2]. In MCC, the virus is integrated into the host genome 
and is neither able to replicate nor produce viral capsid proteins, but 
the MCPyV-encoded early transforming viral T proteins — large and 
small T antigen (LT, ST) — are produced [1,2,16]. This is discussed in 
detail in Chapter 146 but, in brief, LT and ST abrogate function of the 
critical tumour suppressors RB and p53, respectively. Viral integra- 
tion leads to expression of a truncated LT antigen which facilitates 
tumour maintenance and cell growth: LT contains the LXCXE motif 
which binds RB protein and inactivates its tumour-suppressor func- 
tion. Virus-positive tumours also express MCPyV ST antigen which 
is the main transforming gene with a major role in metastasis: ST 
binds Fbxw7 (a ubiquitin-proteasome system protein and a critical 
tumour suppressor), leading to accumulation of oncogenic proteins 
such as cyclin-E, c-Jun, mTOR and truncated LT-Ag [1,16,17]. 


Clinical features 

Infection with the virus is not known to produce any symptoms or 
signs. It may be many years between infection, seroconversion and 
the potential development of MCC. Clinicopathological features of 
MCC are discussed in detail in Chapter 146. 


Management 
No treatment is needed for the presence of virus on the skin. 


Resources 


Further information 
https: / /www.skincancer.org /skin-cancer-information/merkel-cell-carcinoma/ 


Patient resources 

https: / /www.cancerresearchuk.org /about-cancer/neuroendocrine-tumours-nets/ 
merkel-cell-skin-cancer 

(Both last accessed August 2023.) 
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Trichodysplasia spinulos 


Definition and nomenclature 


Trichodysplasia spinulosa polyomavirus (TSV, HPyV-8) causes 
a rare folliculocentric skin disease with prominent hyperplas- 
tic epidermal inner root sheath structures and abundant TSV 
virion production. It was first described in immunocompromised 
transplant recipients and a viral aetiology was confirmed in 2010 
[1,28,29]. 


Causative organisms 

TSV was discovered in the skin lesions of an immunosuppressed 
patient with trichodysplasia spinulosa (TS) at high copy num- 
ber of approximately 10° copies per cell [28,30]. TS is thought to 
result from a primary TSV infection of the inner root sheath ker- 
atinocytes rather than reactivation of latent infection [1,31,32]. The 
infection also appears to be systemic, with TSV found in blood, 
cerebrospinal fluid, respiratory tract, urinary tract, faeces, cardiac 
tissue and renal allografts [1,30]. Children are born with maternal 
antibodies to TSPyV and begin producing antibodies in the first 
year after primary exposure, which may occur via respiratory secre- 
tions [1]. Adult seroprevalence rates are 60-80%, but the average in 
preschool-age children is 5-10% [33,34]. Prevalence of viral DNA 
on skin swabs is low at 0-3.8% in adults. Viral DNA is also present 
in renal tissue and urine [35]. 


Epidemiology 

Incidence and prevalence 

Trichodysplasia spinulosa is extremely uncommon. Even among 
long-term immunosuppressed transplant recipients, it is reported 
very rarely [27]. Children and adults may be affected. Both immuno- 
suppression following transplantation and immune compromise 
due to haematological malignancy can predispose to the condition. 


Clinical features 

Presentation 

TS is characterised by numerous, mildly pruritic, filiform flesh- 
coloured to pink folliculocentric papules, with central keratotic 
spines that are most evident over the nose and cheeks. Alopecia, 
particularly involving the eyebrows, and skin thickening causing 
‘leonine’ facies may also occur [1,27]. 


Pathology 
The follicles are expanded with keratinocytes enlarged with cyto- 
plasmic inclusion bodies and trichohyaline granules. The hyper- 
keratotic material projects in a spicule from the follicular ostium. 
Electron microscopy shows densely packed viral particle arrays 
in the keratinised cells within the follicle. Hair shafts are poorly 
formed [1,29]. 

Patients with TS mount a high antibody response against the 
virus. Seropositive individuals also mount a cellular immune 
response against the virus [36]. 


Management 

First line 

Clearance with reduction in immunosuppression has been reported 
[31]. Topical antiviral treatment with cidofovir (1% or 3% cream) has 
been reported to produce improvement in some cases [28,37-39]. 
Physical approaches (e.g. shaving or plucking) have also been suc- 
cessful [38,39]. 


Second line 

Oral valganciclovir may improve the appearance of the lesions [40]. 
Improvement with acitretin and leflunomide has also been reported 
[38,39]. 


Human polyomavirus-6- 
-7-associated pruritic a 
dyskeratotic dermatose 


Definition and nomenclature 

A pruritic skin eruption in immunocompromised patients with 
a distinctive histological pattern associated with human poly- 
omaviruses 6 and 7 [1]. 


Causative organisms 

Human polyomavirus-6 (HPyV-6) and human polyomavirus-7 
(HPyV-7) were discovered in 2010 in swabs from healthy skin of 
immunocompetent and immunocompromised individuals [11]. 
Seroepidemiological studies show that these viruses are ubiquitous, 
with seroprevalence in healthy adults of 88% and 72% and detec- 
tion in healthy skin samples of 14-28% and 11-13% for HPyV-6 and 
HPyV-7, respectively [11,41]. 


Epidemiology 

Incidence and prevalence 

The first cases of PDD associated with HPyV-7 were described in 
two lung transplant recipients in 2015 through genomic sequenc- 
ing techniques [42]. Subsequently HPyV-6- and -7-associated cases 
were reported in 2017 in a kidney/pancreas transplant recipient, a 
patient living with HIV infection and an apparently immunocom- 
petent individual [43]. 


Clinical features 

Presentation 

The rash is usually intensely pruritic, with brownish pink, velvety 
and fine scaly plaques on the lower back, buttocks, gluteal cleft, 
neck, chest, axillae and legs, but often sparing acral areas and the 
face [42,43]. Lichenified plaques with follicular-based papules and 
pits and alopecia are also described [44]. 


Pathology 

Biopsy specimens from lesional skin showed a characteristic 
pattern of dyskeratosis and irregular columns of parakeratosis 
described as ‘peacock plumage’, with plump, eosinophilic ker- 
atinocytes containing viral inclusions at different levels of the 
epidermis [42-44]. 


Management 
No specific antiviral treatment has been identified [1]. Acitretin may 
be helpful [44,45] as may topical cidofovir [46]. 


Human polyomavirus-9 
hyperkeratotic skin les 
transplant recipients 


Definition and nomenclature 

An entity in which painful, progressive, hyperkeratotic skin lesions 
and pulmonary failure in organ transplant recipients are associated 
with HPyV-9 infection was first described in 2022 [47]. 


Causative organisms 

HPyV-9 was first isolated in an organ transplant recipient [48] 
and seropositivity increases post-transplant [49,50]. It was found 
in lesional skin, serum and lung autopsy tissues in three organ 
transplant recipients with this condition [47]. 


Clinical features 

All patients initially had acral lesions that spread to proximal 
extremities and trunk. Facial involvement was also seen. Lesions 
were pink-brown or violaceous, hyperkeratotic, progressive and 
painful. All patients died from pulmonary and multiorgan failure 
around 1 year from onset of the rash [47]. 


Pathology 

Skin biopsy demonstrated hyperkeratosis, acanthosis, dyskeratosis, 
scattered necrotic and vacuolated keratinocytes, and a patchy lym- 
phocytic infiltrate in the superficial dermis. A high HPyV-9 viral 
load was found in the skin with viraemia and HPyV-9 mRNA in 
lung tissue [47]. 


Management 

Changes in immunosuppression were unhelpful. Skin lesions 
appeared to improve in one case with acitretin and intravenous 
cidofovir. 


Malawi polyomavirus; hu 
polyomavirus-10 . 


Initially discovered in stool from a healthy child in Malawi (Malawi 
polyomavirus, MWPyV) [51], an almost identical species, human 
polyomavirus-10 (HPyV-10), was independently identified in 
warts on the buttock of a patient with WHIM (warts, hypogam- 
maglobulinemia, infections and myelokathexis) syndrome [52]. 
The seroprevalence of MWPyV/HPyV-10 is very high (42-99%) 
in adults [53] and it is most often detected in stool, but is also 
present on the skin in 3.4% of healthy individuals and 9.3% of 
HIV-infected men [41]. However, it remains unclear whether it 
represents skin contamination or whether HPyV-10 is a true skin 
pathogen [1]. 


Human polyomaviruses 
and keratinocyte skin c 


A role for HPyVs in the pathogenesis of keratinocyte cancers has 
been investigated, particularly in the context of immunosuppression- 
associated keratinocyte cancers, but their contribution remains 
uncertain. In general, the viral loads of HPyVs detected in most 
studies are low, with few significant differences in skin viral DNA 
prevalence or copy number detected in benign versus cutaneous 
SCC (cSCC), cSCC in situ or actinic keratoses [54-59]. These find- 
ings are possibly more consistent with HPyV latency in skin rather 
than an active carcinogenic role, but a possible contribution cannot 
currently be excluded. 


HUMAN PAPILLOMAVIRUS | 
Definition 


Human papillomaviruses (HPVs) are small, 50-55nm diameter 
DNA viruses that infect squamous epithelia, causing cell prolifer- 
ation. The commonest effect of HPV infection is the development 
of warts (verrucae). These virus-induced tumours are pleomorphic 
and can affect a wide variety of sites, principally the skin of the 
extremities, genital skin and mucosa, and oropharyngeal mucosa. 

The family Papillomaviridae, which includes HPVs and papillo- 
maviruses that infect other species including fish and mammals, are 
all included within the recently renamed order of Zurhausenvirales. 

The HPVs form a large group of closely related viruses, distin- 
guished one from another on the basis of their DNA. Since 1995, 
a distinct genotype has been defined as a specific type if there is 
greater than 10% difference in nucleotide homology within the L1 
gene compared with other papillomavirus types [1,2]. To date, over 
200 types have been recognised and characterised [3]. However, a 
large number of putative new types have been detected, which are 
yet to be completely evaluated. The human viruses are divided into 
five genera: a, B, y, p and v papillomaviruses (alpha, beta, gamma, 
mu and nu). Most of the newly defined types in recent years have 
been in the beta and gamma genera [4]. This classification and 
main clinical associations of the different HPV types are shown in 
Table 25.8. 

All papillomavirus types have a tropism for stratified squa- 
mous epithelial cells, but they vary in their specificity for different 
anatomical sites [5]. For example, HPV-1 replicates in heavily kera- 
tinised skin of palms and soles, whereas HPV-16 has a preference 
for mucosal areas and HPV-11 replicates in genital and laryngeal 
epithelium. 


General description of disease domain 


HPVs can infect and cause disease at any site in stratified squa- 
mous epithelium, either keratinising (skin) or non-keratinising 
(mucosa). They are frequently found on skin and in hair follicles 
of normal skin. The clinical problems encountered with such infec- 
tions can be broadly divided into benign lesions such as cutaneous 
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Table 25.8 Human papillomaviruses (HPV). The main clinical lesions caused by different 


HPV types. 
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HPV type Genus Associated clinical conditions/where HPV detected 


22,23 


24,25 


26 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


37, 38 


39 
40 


41 
42, 43 
a4 
45 
46 
47 


48 
49 
50 
51 
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mo) 


Q2zRDWR 


Deep plantar and palmar warts 


Common warts, filiform warts, plantar warts, mosaic plantar 


warts 

Plane warts 

Common warts, plantar warts 

Warts in EV and immunosuppressed, SCC in EV and 
immunosuppressed 

Ano-genital warts, laryngeal papillomas 

Butchers’ warts 

Warts in EV and immunosuppressed, SCC in EV and 
immunosuppressed 

Warts in EV and immunosuppressed, rarely SCC in EV and 
immunosuppressed 

Plane warts 


Ano-genital warts, laryngeal papillomas, verrucous carcinoma 


Warts in EV and immunosuppressed, SCC in EV and 

immunosuppressed 

Focal epithelial hyperplasia 

Warts in EV and immunosuppressed, SCC in EV and 

immunosuppressed 

Warts in EV and immunosuppressed, rarely SCC in EV and 

immunosuppressed 

Ano-genital warts, AGIN, cervical carcinoma 

Warts in EV and immunosuppressed, rarely SCC in EV and 

immunosuppressed 

Genital warts, AGIN, cervical carcinoma 

Warts in EV and immunosuppressed, SCC in EV and 

immunosuppressed 

Warts in EV and immunosuppressed, SCC in EV and 

immunosuppressed 

Warts in EV and immunosuppressed, SCC in EV and 

immunosuppressed 

Warts in EV and immunosuppressed, rarely SCC in EV and 

immunosuppressed 

Warts in EV and immunosuppressed, SCC in EV and 
immunosuppressed 

Cutaneous lesions in immunosuppressed, genital lesions 
including carcinoma 

Common warts, ano-genital warts in children 

Flat and common warts in normal and immunosuppressed 

Cutaneous warts (rare) 

Ano-genital lesions, laryngeal carcinoma 

Ano-genital warts, CIN, cervical carcinoma 

Focal epithelial hyperplasia, oral papillomas 

CIN, VIN, cervical cancer 

Oro-genital warts, AGIN 

Ano-genital warts, CIN, cervical cancer 

Warts in EV and immunosuppressed, SCC in EV and 
immunosuppressed 

Warts in EV and immunosuppressed, rarely SCC in EV and 
immunosuppressed 

Ano-genital warts, AGIN, cervical cancer 

Ano-genital warts, skin and mucosal lesions in 
immunosuppressed, AGIN 

Plane warts, SCC skin 

Ano-genital warts 

Oro-genital warts 

Ano-genital warts, AGIN, cervical cancer 

Reclassified 

Warts in EV and immunosuppressed, SCC in EV and 
immunosuppressed 

Cutaneous warts (rare) 

Cutaneous warts, warts in EV 

Cutaneous warts, warts in EV 

Ano-genital warts, ano-genital intraepithelial neoplasia 


HPV type Genus Associated clinical conditions/where HPV detected 


52 
53 
54 
55 
56 
57 


58 
59 
60 
61, 62 
63 
64 
65 
66 
67 
68 
69 
70 
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72 
73 
74 
75, 76 
77 
78 
79 
80 


81 
82 
83, 84 
85 
86, 87 
88 
89 
90 
91 
92 
93 


94 

95 

96 

97 

98 

99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
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Ano-genital warts, AGIN, cervical cancer 
Ano-genital warts, CIN, cervical cancer 
Ano-genital warts, Buschke-Lowenstein tumour (rare) 
Reclassified as subtype of HPV-44 
Ano-genital warts, CIN, cervical cancer 
Common warts, oro-genital warts in children, skin lesions in 
immunosuppressed, epidermoid cyst of sole 
Ano-genital warts, AGIN, cervical cancer 
Oro-genital warts, AGIN, cervical cancer 
Plantar epidermoid cysts, pigmented plantar warts 
Low-risk ano-genital lesions 
Cutaneous warts (rare), multiple punctate keratoses of foot 
Reclassified 
Common warts, plantar warts, pigmented plantar warts 
Ano-genital warts, CIN, cervical cancer 
Ano-genital warts, AGIN, cervical carcinoma 
Ano-genital warts, AGIN, cervical cancer 
CIN, plantar wart in HIV 
Ano-genital warts, AGIN, ano-genital cancers 
a 
a 
a 


Ano-genital warts 

Ano-genital warts, cervical lesions 

Ano-genital warts, AGIN, ano-genital cancers 

Ano-genital warts 

Cutaneous warts, warts in EV 

Cutaneous warts, dysplasia and SCC 

Cutaneous warts 

Reclassified 

Warts in EV and immunosuppressed, rarely SCC in EV and 
immunosuppressed 

Low-risk ano-genital lesions 

CIN 

Low-risk ano-genital lesions 

AGIN, ano-genital cancers 

Low-risk ano-genital lesions 

Cutaneous warts 

Low-risk ano-genital lesions 

Ano-genital warts 

Cutaneous warts, ano-genital warts 

Cutaneous dysplasia and SCC 

Warts in EV and immunosuppressed, SCC in EV and 

immunosuppressed 

Cutaneous warts 

Common warts, plantar warts, pigmented plane warts 

Cutaneous dysplasia and SCC in EV 

Cervix 

Skin, HNSCC 

Skin. HNSCC 

Skin 

Cervix, male genitalia 

Genital skin/mucous membranes 

Cervix, male genitalia 

Skin, HNSCC 

Skin 

Genital skin/mucous membranes 

Actinic keratosis 

Low-grade CIN 

Skin & mucosa 

Actinic keratoses 

Actinic keratoses 

Genital warts 

Skin, HNSCC 

Skin & mucosa 

Skin & mucosa 

Rectal swab 

Cutaneous wart 

Cutaneous wart in immunosuppressed 

Genitalia, skin, keratoacanthoma, mouth 


HPV type Genus Associated clinical conditions/where HPV detected 
120 B Mouth, skin, genital area 
121 Y Mouth, male genitalia 
22 6 Skin 
23 Y 
124 6 
125 a Cutaneous war 
26 Y Cutaneous war 
27 Y Skin 
128 Y Cutaneous war 
129 Y Cutaneous war 
30 Y Cutaneous wart, actinic keratosis, genitalia, nose 
31 Y Cutaneous war 
132 Y Cutaneous wart, skin 
133 Y Cutaneous wart, skin, genitalia 
34 Y Cutaneous war 
35 Y Skin, mouth, nasal cavity, genitalia 
136 Y Mouth, skin 
137 Y Mouth 
38 Y Mouth 
39 Y Mouth 
140 Y Mouth 
141 Y Mouth 
42 Y Oral & nasal cavity, skin 
43 p Mouth 
144 Y Mouth, genitalia 
145 p Mouth 
46 Y Mouth 
47 Y Oral, nasal 
48 Y Cutaneous wart 
149 Y Cutaneous wart 
50 6 Skin 
51 6 Skin 
52 6 
153 Y Genital wart 
154 Y Cutaneous wart, skin 
55 Y Actinic keratosis 
56 Y Skin 
157 Y Skin 
158 Y Anal swab 
59 6 
60 a Plane wart 
161 Y Skin 
162 Y Skin 
63 Y Skin 
64 Y Skin 
165 Y Skin 
166 Y Skin 
67 Y Skin 
68 Y Skin 
169 Y Skin 
170 Y Skin 
71 Y Mouth 
72 Y Mouth 
173 Y Mouth 
174 6 Skin SCC 
75 Y Genital wart 
76 Y 
177 a 
178 Y Skin 
79 Y Cutaneous wart 
80 Y Genital wart 
AGIN, ano-genital intraepithelial neoplasia, includes AIN, CIN, PIN, VIN, and vaginal 
intraepithelial neoplasia; CIN, cervical intraepithelial neoplasia; EV, epidermodysplasia 
verruciformis; HNSCC, head and neck squamous cell carcinoma; PIN, penile 
intraepithelial neoplasia; SCC, squamous cell carcinoma; VIN, vulval intraepithelial 


neoplasia. 
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Human papillomavirus infections 


warts, ano-genital warts, oral warts and laryngeal warts, and 
pre-malignant or malignant lesions such as intraepithelial neopla- 
sia and squamous cell cancers of the ano-genital area and upper 
respiratory tract. 


Basic biology 


The virus infects the basal layer of the epithelium, probably the stem 
cells, but viral replication takes place only in fully differentiated 
keratinocytes — cells of the upper stratum spinosum and stratum 
granulosum. The viral DNA is functionally divided into early (E) 
and late (L) regions; the early genes are responsible for DNA repli- 
cation, transcriptional regulation and transformation, while the 
late genes code for the structural proteins of the viral capsid [6]. 
Expression of the late genes of the virus is dependent upon the 
differentiation of the host cell. Propagation of papillomaviruses in 
tissue culture in vitro is therefore extremely difficult as it is hard 
to mimic all the necessary requirements for the completion of the 
virus life cycle [7]. 

Papillomas caused by HPVs are initially benign. In these lesions, 
viral genomes replicate as extrachromosomal episomes. A small 
percentage can progress to dysplasia or neoplasia. This occurs only 
with certain so-called ‘high-risk’ or ‘cancer-associated’ types of 
HPV, and under certain circumstances, genetic and environmen- 
tal, some of which are incompletely understood. The strongest 
association between papillomavirus infection and the develop- 
ment of malignancy is in the case of cervical carcinoma. In the 
majority of malignantly transformed cells (i.e. those affected by 
high-risk genital HPVs), the viral DNA is integrated into the cellu- 
lar chromosomes, usually with the loss of large sections of the viral 
genome. Viral replication does not occur, but the viral regulatory 
genes, E6 and E7, are always retained. The oncogenic potential 
of the high-risk HPV types depends upon the expression of these 
early genes whose products play a role in cell transformation and 
immortalisation. This is because the E6 protein inactivates the cell’s 
tumour suppressor protein p53 and the E7 protein inhibits the cell’s 
pRb protein from its normal function as a negative regulator of cell 
cycle proliferation. These viral proteins and others can also interact 
with several other cellular proteins, with additional effects on cell 
behaviour. 

These clinically evident infections with HPVs are described later, 
but there is also evidence that after initial infection, HPVs may per- 
sist in a latent form and may be subsequently reactivated. 


Subclinical and latent human papillomavirus 
infection 
Evidence has accumulated, mainly from studies of genital skin and 
mucosa, for subclinical and latent HPV infection. It has been esti- 
mated that up to 70% of genital HPV infections may be subclinical 
(i.e. unnoticed by the patient) but detectable by full clinical exam- 
ination, histology, cytology or molecular analysis. In a latent infec- 
tion, there may be no morphological changes, but the viral DNA is 
present. 

Genital HPV infection can often be subclinical but may be 
detected during routine cervical smear tests or on vulval or penile 
examination. Of 545 students attending an annual gynaecological 
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examination in an American university, 1% were aware that they 
had signs of genital warts, but a further 16% had evidence of HPV 
infection from colposcopy, cytology or detection of HPV antigen or 
DNA assessed by hybridisation [8]. Of over 9000 women routinely 
screened by cervical cytology in Germany in 1987, 2.1% had simple 
HPV infection (koilocytosis), and 3.7% had signs of dysplasia or 
neoplasia; of the other (cytologically normal) cases, HPV DNA was 
detected by hybridisation in 9% [9]. 

The highly sensitive PCR has revealed apparently very high rates 
of HPV cervical infection in the general population [9,10]. Longitu- 
dinal studies have suggested that many infections are transient and 
individuals may lose or acquire different HPV types over time, but 
persistent, high-grade HPV infection in the cervix is a risk factor 
for the development of cervical intraepithelial neoplasia (CIN) 
[11,12]. 

HPVs are frequently detected on the skin, under the nails and in 
the hair follicles of immunosuppressed and also immune-competent 
individuals [13-15]. 


Immunity to human papillomavirus [16,17] 

The relative sequestration of the virus in the upper reaches of the 
epidermis, the lack of an animal model for HPV, the difficulty of 
finding never-infected control subjects and the large number of 
HPV types have delayed research progress and our understanding 
of the immune mechanisms in relation to this virus. Over recent 
decades, however, the ability to clone the viral genes and to produce 
recombinant capsid proteins and early (E) gene peptides has led to 
many advances including work with animal models. 

Primary infection can be prevented by circulating antibodies 
against the viral coat protein and this has led to the development 
of effective vaccines. Prophylactic vaccination against HPV types 6, 
11, 16 and 18 is now in clinical use in many countries [18-20] and 
a vaccine covering nine HPV types is available in a more limited 
number of countries. 

The principal mechanism for the rejection of warts is via the 
cell-mediated immune system. Warts can disappear when the 
immune response is stimulated, while in persistent disorders of 
cell-mediated immunity, the prevalence and severity of warts and 
the incidence of HPV-related malignancy are increased [21]. In 
addition, the histological changes in regressing warts are consistent 
with cell-mediated attack; a study of resolving plane warts showed 
lymphocytic and phagocytic infiltrates including helper and sup- 
pressor T cells, Langerhans cells and satellite-cell necrosis [22]. 
A more detailed dissection of the immunological events occurring 
in resolving genital warts has shown that the lymphocytic infiltrate 
is predominantly of CD8+ cells [23], with an activation profile in 
keeping with a T-helper type 1 (Th1)-biased immune response. 

The apparent failure of the immune system in otherwise healthy 
individuals to clear warts for months or years remains incompletely 
understood. A subdued local immune response is suggested by 
the observations that Langerhans cell numbers are reduced within 
warts [24] and T lymphocytes are rare within the epidermal com- 
partment. In these patients and also those who harbour high-risk 
genital HPVs with the development of cancer, it is possible that 
there may be inability by the immune system to target certain HPV 
proteins, possibly due to poor antigen presentation, poor effector 
response or virally induced local immunosuppression resulting 


in the development of tolerance [25]. The initial success of the 
virus in establishing infection may similarly depend in part on the 
avoidance of detection by the innate immune response and certain 
immunomodulatory effects of the viral proteins. 


Cutaneous warts — | 


Definition and nomenclature 
Skin warts are benign tumours caused by infection of keratinocytes 
with HPV, visible as well-defined hyperkeratotic protrusions. 


Epidemiology 

Incidence and prevalence 

Warts are common throughout the world. Cutaneous warts occur 
at any age, but are unusual in infancy and early childhood. In vari- 
ous studies, it has been estimated that 2-30% of school-age children 
and young adults have warts [26-28]. 


Age 

The incidence increases during the school years to reach a peak in 
adolescence and early adulthood [29], then declines rapidly through 
the twenties and more gradually thereafter. 


Associated diseases 
Warts are more common and more persistent in conditions of 
immune compromise. 


Pathophysiology 

Predisposing factors 

Warts are spread by direct or indirect contact. For infection to occur, 
the wart virus particle may need to come into contact with a stem 
cell in the basal epidermal layer. Thus, impairment of the epithelial 
barrier function, by trauma (including mild abrasions), maceration 
or both, greatly predisposes to inoculation of the virus, and is gener- 
ally assumed to be required for infection at least in fully keratinised 
skin, as in the following examples: 

1 Plantar warts are commonly acquired from swimming pool or 
shower room floors, whose rough surfaces abrade moistened 
keratin from infected feet and help to inoculate virus into others, 
skin softened by water immersion. 

2 Common hand warts may spread widely round the nails in those 
who bite their nails or periungual skin, over habitually sucked 
fingers in young children, and to the lips and surrounding skin 
in both cases. 

3 Shaving may spread wart infection over the beard area. 

4 Occupational handlers of meat, fish and poultry have high 
incidences of hand warts, attributed to cutaneous injury and 
prolonged contact with wet flesh and water. 

5 Immune compromise can reduce initial protection against 
infection. 


The time of acquisition of the infection can seldom be ascertained 
for common and plantar warts, but the incubation period has been 
estimated to range between a few weeks and more than a year [30], 
and experimental infections have taken as long as 20 months to 
produce clinical warts [31]. 


latrogenic transmission. Because of the long incubation period, 
iatrogenic spread would be difficult to establish and seems not to 
have been reported, though the possibility exists. Human papil- 
lomavirus DNA has been detected on instruments used for the 
examination of women with clinical or subclinical HPV infec- 
tion [32] and in the environment of a genito-urinary medicine 
clinic [33]. Human papillomavirus DNA is found in the smoke 
plume from warts treated with laser or electrocautery [34]. The 
practice of dipping cotton wool swabs for a series of patients 
into the same flask of liquid nitrogen could transfer herpes sim- 
plex virus (used as a model, and by implication HPV) between 
patients [35]. 


Infectivity. There is no reliable information on the infectivity of 
common and plantar warts, but it seems to be substantially less 
than genital warts. 


Pathology [36] (Figure 25.19) 

Viral warts show acanthosis and hyperkeratosis, usually with the 
characteristic feature of koilocytosis of upper keratinocytes. In 
most warts there is also papillomatosis. In koilocytes and other 
granular layer cells, there may be basophilic nuclear inclusion 
bodies, which are seen ultrastructurally to be composed of arrays 
of viral particles. These upper epidermal cells have eosinophilic 
inclusions representing irregular clumped keratohyaline granules. 
This cytopathic effect may show detailed features typical of the 
HPV type involved [37,38]. 


Common and plantar warts. These are characterised by hyper- 
plasia of all layers of the epidermis. There is gross hyperkeratosis 


with areas of parakeratosis, especially above the papillomatous 
projections, and both spinous and granular layers are conspic- 
uously thickened. Elongated and flattened rete ridges are bent 
inwards towards the centre of the wart. The granular layer may 
be disordered with foci of koilocytes. These vacuolated cells have 
a dark nucleus which often appears flattened or twisted. Residual 
features of vacuolated cells or abnormal keratohyaline granules 
may be seen within the parakeratotic stratum corneum. In deep 
palmoplantar warts caused by HPV-1, the cytopathic changes are 
more marked and may be visible in the lower stratum spinosum. 
Plantar warts have a more endophytic growth pattern and a 
very thick cornified layer. Common warts on the face, limbs or 
near mucous membranes often have a morphology similar to 
genital warts with exophytic growth and a variable amount of 
hyperkeratosis. 


Plane warts. The hyperkeratosis is of a loose lamellar type and 
there is acanthosis without papillomatosis. Vacuolated epidermal 
cells are more conspicuous and contain numerous viral parti- 
cles [39]. 


Causative organisms 

See Table 25.8. Common warts (excluding plantar warts) are due 
mainly to HPV-2, but also to the closely related types 27, 57 and 
types 1 and 4. 

Plantar warts are caused by HPV-1, -2, -4, -27 or -57. The deep 
‘myrmecia’ form is due to HPV-1. Smaller lesions may contain 
HPV-2, -4, -27 or -57, while mosaic warts are commonly caused by 
HPV-2. 

Plane warts are due mainly to HPV-3 and -10. 


Clinical features 

Presentation 

Warts on the skin may present in a number of different morpho- 
logical forms, dependent on virus type, body site, immunological 
status of the patient and environmental influences. Of 1000 children 
under 16 with warts referred to hospital clinics in Cambridge, UK, 


(a) 


(b) 


Figure 25.19 Histology of viral wart. (a) Low power, x40, showing morphology of wart lesion with papillomatous acanthosis and hyperkeratosis. (b) Higher magnification highlights 
hypergranulosis and clumping of keratohyalin granules along with focal koilocytosis. Courtesy of Dr J Eduardo Calonje, St John’s Institute of Dermatology, King’s College London, UK. 
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in the 1950s, 70% had common warts, 24% plantar warts, 3.5% plane 
warts, 2.0% filiform warts and 0.5% ano-genital warts [40]. A more 
recent study from the Netherlands showed that plantar warts were 
the most common, present in 70% of the primary school-age children 
who had warts, while common warts were present in 42% of the 
affected children [28]. 


(Figure 25.20). These present as firm papules with a 
rough horny surface. They range in size from less than 1 mm to over 
1cm in diameter, and by confluence can form large masses. They are 
most commonly situated on the backs of the hands and fingers, in 
children on the knees, but may occur anywhere on the skin. A single 
wart may persist unchanged for months or years, or large numbers 
may develop rapidly or after an interval. New warts may form at 
sites of trauma, though this Koebner-like isomorphic phenomenon 
is usually less marked than in plane warts. 

Common warts are usually symptomless, but may be tender on 
the palmar aspects of the fingers, when fissured or when growing 
beneath the nail plate; warts on the eyelids may be associated with 
conjunctivitis or keratitis. Common warts account for only 1 or 2% 
of warts on or around the genitalia in adults; in the male, they are 
almost always confined to the shaft of the penis. They often retain 
their usual morphological characteristics with dry hyperkeratosis 
and frequently do not resemble soft acuminate (genital) warts. 
In children, HPVs causing common warts may account for up to 
two-thirds of ano-genital warts [41]. 


(Figure 25.21). Common warts around the nails, 
especially at the nail folds or beneath the nail, can disturb nail 
growth. Nail biting may increase the risk of infection at this site. 


A plantar wart at first appears as a small shining 
‘sago-grain’ papule, but soon assumes the typical appearance of a 
sharply defined rounded lesion, with a rough keratotic surface sur- 
rounded by a smooth collar of thickened horn. If the surface is gen- 
tly pared with a scalpel, the abrupt separation between the wart 
tissue and the protective horny ring becomes more obvious, as the 
epithelial ridges of the plantar skin are not continued over the sur- 
face of the wart. If the paring is continued, small bleeding points, 
the tips of the elongated dermal papillae, are evident. 

Most plantar warts are beneath pressure points, the heel or the 
metatarsal heads. Individuals may be affected by single or numer- 
ous lesions. Sometimes, a cluster of small satellite warts, the small- 
est of pinhead size, having at first an almost vesicular appearance, 
may develop around a large wart. Mosaic warts are so described 
from the appearance presented by a plaque of closely grouped small 
warts (Figure 25.22). The angular outlines of the tightly compressed 
individual warts are seen when the surface is pared. 

Pain is a common but variable symptom. It may be severe and 
disabling but may be absent, and many warts are discovered only 
on routine inspection. Mosaic warts are often painless. 

The duration of plantar warts is very variable. Spontaneous 
regression occurs sooner in children than in adults and is delayed if 
hyperhidrosis or orthopaedic defects are present. In children before 
puberty the average duration is probably less than a year, but in 
older children and adults a longer duration is not uncommon and 
persistence for several years is not exceptional. The number of warts 


(a) 


(c) 


Figure 25.20 Common warts. (a) Hand. Courtesy of Addenbrooke's Hospital, 
Cambridge, UK. (b) Dorsum of the finger, filiform warts. Courtesy of Dr A. S. Highet, 
York District Hospital, UK. (c) Warts on the thumb spread by thumb-sucking. Courtesy of 
Dr A. S. Highet, York District Hospital, UK. 


(a) 


(b) 


Figure 25.21 (a) Periungual warts. Courtesy of Addenbrooke's Hospital, Cambridge, UK. (b) Periungual warts in a nail-biter. Courtesy of York District Hospital, UK. 


Figure 25.22 Mosaic plantar wart. Courtesy of Addenbrooke's Hospital, 
Cambridge, UK. 


present does not influence the prognosis, but mosaic warts tend to 
be especially persistent. 


5) (Figure 25.23a). Plane warts are smooth, 
flat or slightly elevated ane are usually skin coloured or greyish yel- 
low, but may be pigmented. They are round or polygonal in shape 
and vary in size from 1 to 5mm or more in diameter. The face and 
the backs of the hands and the shins are the sites of predilection 
and the number present ranges from two or three to many hundreds. 
Contiguous warts may coalesce and a linear arrangement in scratch 
marks is a characteristic feature (Figure 25.23b). Although all warts 
present are usually of the same type, a few common warts may be 
associated, especially on the backs of the hands. 


Clinical variants 

i itate ts (ICD-10: B07) (Figure 25.24). Filiform 
ta digitate warts occur spa steties § in the male, on the face 
and neck, irregularly distributed, and often clustered. Digitate 
warts, often in small groups, also occur on the scalp in both sexes, 
where they are occasionally confused with epidermal naevi. Isolated 
warts on the limbs often assume a filiform shape. 


(b) 


Figure 25.23 Plane warts. (a) Warts on the knee. (b) Warts on the arm with spread into 
a scratch. Courtesy of Addenbrooke's Hospital, Cambridge, UK. 
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Figure 25.24 Filiform wart on the forearm. Courtesy of Addenbrooke's Hospital, 
Cambridge, UK. 


Huge hyperkeratotic warts. Very rarely, warts can be both exten- 
sive and extremely hyperkeratotic, retaining long horny projections. 
There may be some degree of underlying immune compromise 
as well [42,43]. 


Butchers’ warts (ICD-10: B07). Occupational handlers of meat, 
poultry or fish have a high incidence of hand warts where the skin 
is in prolonged contact with moist animal flesh. Among 1480 New 
York meat trade workers, 23% of those directly handling meat had 
warts, compared with 10% of those employed in other tasks [44]. 
In a Polish study, warts affected 49% of slaughterhouse workers 
who had direct contact with flesh, but only 9% of those working in 
an automated slaughterhouse where little handling of meat took 
place [45]. 

These lesions affect the hands, are often larger than common 
warts, and have a high risk of recurrence even after successful 
treatment. HPV-2 is frequently found in butchers’ warts, but HPV-7 
is present in a third to a half of lesions [45-48]. HPV-7 initially 
seemed specific to meat handlers. However, it has been reported 
occasionally in warts of non-meat handlers [47,49], in facial and 
oral warts of patients with HIV disease [50], in toe web warts and 
in ano-genital warts [51]. 


Epidermoid plantar cysts (ICD-10: B07). Epidermoid cysts of 
weight-bearing areas of the sole have been found to contain papil- 
lomavirus (HPV-60 and more rarely HPV-57) in several Japanese 
patients [52,53]. The cysts, which are thought to arise either by 
implantation or by infection of the eccrine duct [54], show histo- 
logical features of HPV infection in the stratifying squamous wall. 
The upper epidermal cells produce large cytoplasmic granules and 
abundant viral particles. 


Pigmented warts. Warts with pigmentation have been reported 
mainly on the palms and soles in Japanese patients [55]. Melano- 
somes are increased within the lesions, which are associated with 
HPV-65 (64%), -4 (23%) and -60 (13%). 


Psoriasis. The use of sensitive PCR amplification has revealed HPV 
sequences in patients with psoriasis and it is speculated that the 


virus may have a role in the disease process [56,57]. Alternatively, 
the abnormal barrier function or local microbiota of psoriatic skin 
may permit subsequent higher carriage and detection rate of HPV 
DNA [58]. 


Differential diagnosis 

Hand warts. Conditions that may be confused with hand warts 
include epidermal naevus, Bowen disease, actinic keratosis and 
callus. 


Plantar warts. As well as the distinction from corns and calluses, 
plantar warts may rarely be confused with the discrete horny 
papules of punctate keratoderma of genetic origin (Chapter 63) 
which develop during childhood or early adult life, are irregularly 
scattered over the palms and soles, and are often largest in pressure 
areas. Dermoscopy can also help to distinguish a plantar wart from 
acorn or a callosity [59]. In warts, the plantar ridges of the epider- 
mis are seen to be pushed apart and the mosaic and papillomatous 
features, sometimes with dark pinpoints of thrombosed capillaries, 
are visible. A callus or corn has a more amorphous appearance, but 
the central keratotic ‘seed’ may be seen in a corn. 

In the differential diagnosis of plane warts, lichen planus causes 
most difficulty. It is relatively less common in children, favours the 
flexor aspects of the forearms, is unusual on the face and is often 
itchy. The mucous membranes may be involved. In contrast to the 
smooth, purplish, polygonal papules of lichen planus, the surface of 
plane warts has a stippled appearance under magnification. 

In acrokeratosis verruciformis numerous warty papules are sym- 
metrically distributed on the backs of the hands. 


Disease course and prognosis 

Spontaneous clearance of warts can occur at any time from a few 
months to years and it is impossible to offer a reliable prognosis in 
the individual patient. Clearance is usually quicker in children but 
warts may persist for many years in adults. In primary school-aged 
children, about half will clear within a year [28]. About 65% of 
warts disappear spontaneously within 2 years [60] and 95% within 
4 years [61]. 

Regression of common warts is asymptomatic and occurs gradu- 
ally over several weeks, usually without blackening [62]. Regression 
of plane warts is usually heralded by inflammation in the lesions 
[63], causing itch, redness and swelling, such that previously unno- 
ticed warts may become evident. Depigmented haloes may appear 
around the lesions. Resolution is usually complete within a month, 
and appears to be HPV type specific as it generally occurs in all 
plane warts at all body sites, though not in any coexisting warts of 
other types. 

Regression of plantar warts is occasionally clinically inflamma- 
tory, and often culminates in blackening from thrombosed blood 
before the lesion separates [64], but in many cases simply takes the 
form of apparent drying and gradual separation. 

Malignant change in warts is extremely rare but has been reported 
in immunosuppression [65]. 

Malignant change in lesions with features of periungual warts is 
extremely rare but has been reported in immunosuppression, and 
in association with bowenoid hyperkeratotic plaques or with genital 
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HPV disease [66-68]. HPV-16 or other high-risk genital virus types 
are frequently found in such lesions [69]. 


Investigations 

Clinical diagnosis of warts is often sufficient, but atypical, subclini- 

cal or dysplastic lesions may need laboratory confirmation of HPV 

infection. Methods available are as follows: 

1 Histology. 

2 Immunohistochemistry or immunocytochemistry using type- 
common or type-specific antibodies. 

3 Non-routine laboratory techniques: PCR for HPV DNA or DNA 
in situ hybridisation. 


Management [70-72] 

Not all warts need treatment as many give little inconvenience 
and will resolve spontaneously. In addition, patients may need 
encouragement to persevere with long-term daily use of simpler 
preparations and more aggressive therapies, such as cryotherapy or 
surgery, have potential disadvantages. Gentle reduction of the layer 
of hyperkeratotic epidermis by regular filing or paring down will 
usually make the lesion more comfortable, especially for plantar 
warts. 

Advice on simple measures to limit the spread of the infection will 
be appreciated. Plantar warts should be covered with adequate plas- 
ter strapping, or the foot with close-fitting rubber ‘verruca socks’, 
or pool-side sandals worn at swimming pools or communal baths 
or showers. The spread of periungual and perioral warts is often 
due to biting of nails or periungual skin, and this practice must be 
strongly discouraged if attempted treatment is to be worthwhile; 
the use of adhesive strapping after the application of a ‘wart paint’ 
helps to break the habit. In addition, simple domestic hygiene, such 
as cleaning of baths and showers after use and avoidance of shared 
towels, may reduce spread. 

The most commonly used treatments for warts involve destruc- 
tion of the area of epidermis infected with the virus. Such treatments 
usually initially involve application of a topical preparation. Other 
therapies aimed at modifying the growth of the epidermis or to 
stimulate an immune response require either a topical or a systemic 
approach. Combination therapies are often used. 

Whatever method is used there will be failures and recurrences. 
Treatment usually needs to continue for up to 3 months and may 
be improved by a combination of therapies. There is some evidence 
that treatments are less successful in adults compared with children 
and in those with more warts or warts of longer duration [73]. The 
best clinical guide to cure is the restoration of normal epidermal 
texture, including the epidermal ridge pattern where appropriate. 
Where treatment trials have been placebo controlled, a 20-30% 
response rate generally is observed for placebo treatment. 

Where skin healing is markedly impaired or in neuropathy, as 
in diabetes and peripheral vascular disease, treatments that cause 
erosion of the epidermis may lead to prolonged ulceration and are 
best used very cautiously if at all. 


First line 
Topical treatments that can be used by the patient at home can be 
regarded as first line. 


Salicylic acid. The keratolytic effect of salicylic acid helps to reduce 
the thickness of warts and may stimulate an inflammatory response. 
A preparation containing 12-26% salicylic acid in a quick-drying 
collodion or gel base, applied daily, is the treatment of first choice for 
common and plantar warts. A review of 16 placebo-controlled trials 
confirmed an earlier impression of efficacy [74], with 49% cured 
(range 0-69%) compared with 23% of placebo-treated patients [75]. 
Removal of surface keratin and the remnants of the previous appli- 
cation by gentle use of a pumice stone, emery board or foot file is a 
helpful preliminary in all warts and essential in very hyperkeratotic 
plantar warts. However, overenthusiastic abrasion is a common, if 
understandable, mistake, which may enhance spread of the virus 
by inoculation into adjacent skin. It is conceivable that abrasion of 
warts may help to stimulate an immune response [76]. Accurate 
application of a salicylic acid preparation, avoiding normal skin, 
will minimise subsequent local discomfort. After drying, a whitish 
deposit remains. 

Penetration into thick keratin, as on the sole, is enhanced by adhe- 
sive plaster occlusion, which promotes maceration of the keratin 
layer and a reduction in barrier function. Occlusion can improve the 
response rate for treatment with salicylic acid [77]. Adhesive plaster 
containing 40% salicylic acid is useful for plantar warts. It is applied 
daily, cut to the shape of the wart or group of warts and held in place 
by plain adhesive plaster. 

Salicylic acid ointment 40%, in direct comparison with cryother- 
apy, has been shown to be equal [78] or less effective (15% or 49% 
cure rate respectively) [79], but more effective than placebo. 

The regular use of salicylic acid preparations on warts may need 
to be continued for at least 3 months and often longer. They can be 
used in combination with many other treatments (see other treat- 
ments later) helping to reduce the thickness of the epidermal layer 
and improve penetration of other agents. Combinations in common 
use are Salicylic acid with lactic acid [80], with 5-fluorouracil (5-FU), 
with 5-FU and cantharidin, with cryotherapy or laser and with 
imiquimod. 

Salicylic acid in the usual concentrations is best avoided on facial 
warts, but less irritant concentrations in cream formulations can be 
helpful, especially for plane warts. 


Glutaraldehyde. Proprietary preparations of this virucidal com- 
pound contain 10% glutaraldehyde in aqueous ethanol [74] or in a 
gel formulation, but there have been no controlled trials. Treated 
skin hardens and stains brown which limits acceptability on the 
hands, but as it dries into the skin without being rubbed off, it is a 
useful application for warts on the feet. The lack of an erosive effect 
can be of use in patients with slow healing. A preparation of 20% 
glutaraldehyde in aqueous solution produced a 72% cure rate for a 
variety of different cutaneous warts in 25 individuals [81]. Allergic 
contact dermatitis to the glutaraldehyde occurs occasionally and 
cutaneous necrosis is a rare complication of the strong solution. 


Formalin. Formalin is virucidal, but also dries and hardens the skin, 
facilitating paring. Soaks or compresses of 2-3% formalin in water 
(formalin is about 37% formaldehyde in water) may be effective 
for plantar warts [82] with a reported cure rate of 80% in children, 
but is time consuming and difficult to limit to affected skin. The 
affected area must be soaked in the solution for 15-20 min daily, 
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using soft paraffin as a barrier application to protect adjacent or 
more sensitive skin from irritant dermatitis. A comparative study of 
formalin soaks with either water soaks or oral saccharose showed 
no difference in clearance [83]. Formaldehyde in a 0.75% gel and 
5 or 10% solution applied directly to the wart has been used with 
apparent effect [84,85]. 


Occlusion. Continuous duct tape occlusion of common warts for up 
to 2 months compared favourably with cryotherapy every 2-3 weeks 
in children [86], but placebo-controlled or comparator trials have not 
confirmed any significant effect in either adults or children [87,88]. 
Occlusion is often used in conjunction with topical therapy and the 
combination may enhance clearance. 


5-fluorouracil. A 5% cream or ointment of 5-FU carefully applied 
daily under occlusion for a month is more effective than placebo 
[89,90]. Hyperpigmentation as well as redness and erosion can be 
limiting side effects and, if used periungually, may cause onycholy- 
sis. As a 5% solution needled into warts monthly for up to 3 months, 
a response rate of 87% was reported in randomised comparator 
studies [91,92]. Intralesional injection of 40 mg/mL 5-FU weekly for 
up to 4 weeks produced clearance in over 60% of warts [91,93], but 
this is a painful treatment. 

A combination of 5% 5-FU and 10% salicylic acid tested in several 
studies cleared 63% of warts, compared with 23% when using sal- 
icylic acid alone [94], and an uncontrolled study of 0.5% 5FU with 
10% salicylic acid also suggested a useful effect [95]. When used in 
combination with cryotherapy, the clearance rate was similar to that 
of cryotherapy alone [96]. 


Caustics and irritants. Monochloroacetic acid [97], trichloroacetic 
acid [98], silver nitrate [99,100], cantharidin [101], phenol [102], 
formic acid [103], potassium hydroxide [104], hydrogen peroxide 
[105] and other highly irritant chemicals can be used with effect but 
may cause painful reactions. If not applied carefully and accurately, 
these can cause chemical burns [106]. 

A study from the Netherlands showed a higher clearance rate 
of plantar warts treated fortnightly with saturated MCA solution 
alone (46%) compared with cryotherapy plus daily salicylic acid 
(39%) [107]. The peeling agents pyruvic acid [108,109] and glycolic 
acid [110] can be helpful, especially in the treatment of plane warts. 


Retinoids. This treatment topically may be tried in plane warts, but 
the best results are claimed for higher than usual concentra- 
tions and irritation is common. The therapy can be effective in 
immunosuppressed patients [111]. In a study of children with plane 
warts treated with 0.05% tretinoin cream, 85% of 25 cleared their 
warts compared with 32% of controls [112]. Adapalene 0.1% gel 
applied under occlusion for up to 2 months cleared all plantar 
warts in 25 patients and was comparable to cryotherapy in an 
open comparative study [113]. 


Vitamin D analogues. Maxacalcitol alone or in combination with 
salicylic acid has been reported to be effective in the clearance of 
common warts [114,115]. The successful use of calcipotriol and cal- 
citriol has been reported in a few anecdotal cases [116,117] and vita- 
min D3 has been used intralesionally with potential efficacy [118]. 


Second line 
Treatments that are physician administered, more time consuming 
or expensive can be classed as second line. 


Cryotherapy. Dimethyl ether spray, carbon dioxide snow and liquid 
nitrogen all produce cold thermal damage to the skin. Liquid nitro- 
gen produces the coldest freeze and is commonly used in hospital 
practice, applied either by a cotton wool bud or from a cryospray. 
Both methods seem to be equally effective [119]. The rate of appli- 
cation of freeze is affected by the size of the hole in the spray nozzle 
or by the size, shape and density of the cotton wool at the tip of the 
bud. Dipping cotton buds for different patients into a common flask 
containing the liquid nitrogen may carry a risk of cross-infection. 

Any thick keratin should be pared off, especially in plantar warts 
[120], and the surface dried before freezing begins. In standard treat- 
ment, the application is continued until a rim of iced tissue (easily 
seen as a white discoloration) about 1mm in width develops in 
the normal skin surrounding the wart. The freeze is maintained for 
5-30s depending on the size and site of the wart. This may require 
a continuous or pulsed spray for between 5 and 20s, depending 
on the size and thickness of the wart. Longer freezing (over 2 s 
of continual freeze) is more likely to leave scarring, possibly dam- 
age underlying structures and not improve clearance rates [121]. 
A gentler or ‘traditional’ freeze involves freezing until the 1mm 
rim of frozen skin is visible and then stopping. This milder method 
seems to be less efficaceous in clearance [122]. After thawing, a 
second freeze cycle will improve the cure rate in plantar warts, 
although the benefit is less marked in hand warts [123]. As well as 
damaging cells, cryotherapy may lead to clearance by stimulating 
the development of an immune response [124]. 

The response to treatment with cryotherapy is comparable or 
slightly better than that achieved with salicylic acid [78,79]. Treat- 
ment repeated every 3 weeks gives a 30-70% cure rate for hand 
warts after 3 months [74,125]. More frequent treatments are likely 
to improve responses although will induce more pain, and longer 
intervals are less effective [73]. 

If this fails, or when a wart is particularly painful or deep, or both, 
as may occur over a bony prominence on the foot, more prolonged 
application, typically up to 30 s, perhaps repeated after thawing, 
may be used to achieve a greater destructive effect at the cost of 
significantly greater blistering and pain. For such treatment, local 
or even general [126] anaesthesia may be considered. Topical anaes- 
thetic post-procedure can improve tolerability in children [127] 
but the use pre-procedure is not of proven benefit. 

The main disadvantage of freezing is pain. This is unpredictable 
and surprisingly variable between patients, but in some cases, espe- 
cially with longer freezing times, it may be severe and persist for 
many hours or even a few days. Oral painkillers and strong topical 
steroids may help. Swelling of the treated area and the surrounding 
skin begins within minutes, and where tissues are lax, as in the peri- 
orbital area, it may be dramatic. A blister, sometimes haemorrhagic, 
may ensue within a day or two. After the usual short freezing 
times, the reaction will be likely to have resolved and healing occurs 
within 2-3 weeks. Scarring is unlikely with freezing times under 
30s. Occasionally, damage to underlying tissues may result, for 
example to a tendon [128] or the nail matrix, and excessive freezing 
times should be avoided over nerves, for example on the sides of 


the fingers. Depigmentation often occurs, and can be a significant 
cosmetic disadvantage in patients with darkly pigmented skin. 


Laser. The pulsed dye laser has been used to treat warts with 
cure rates of approximately 32-100%, using a minimum of two 
treatments [129-131]. Facial plane warts can respond [132]. Other 
lasers such as the erbium:yttrium aluminium garnet (Er:YAG) and 
the neodymium:yttrium aluminium garnet (Nd:YAG) can also be 
used [133,134]. Overall, the efficacy of these laser therapies appears 
comparable to other treatments such as cryotherapy [135], but fewer 
laser treatments may be required to achieve clearance [136]. 

The carbon dioxide laser has a greater risk of producing more 
postoperative pain and scarring [137,138] but has been used to treat a 
variety of different forms of wart, both cutaneous and mucosal [137]. 
It can be effective in eradicating some difficult warts, such as periun- 
gual and subungual warts which have been unresponsive to other 
treatments. Clearance of cutaneous warts at 12 months is reported 
to be 55-70% [139,140]. Infectious virus can be detected in the plume 
during carbon dioxide laser use [141], so an operator mask and air 
extraction system are advised. 

Laser treatment for other indications has been associated with the 
spread of facial warts [142,143]. 


Hyperthermia. Localised heat of up to 30min at 44°C can also 
speed wart clearance, with 54% clearance compared with that of 
12% with placebo [144]. Devices to produce such localised sus- 
tained heat without necrosis have not been readily available and 
vary between studies. Using a thermosurgery device held just 
above anaesthetised warts for 1 min produced clearance in 80% of 
the warts after one treatment in a randomised controlled trial [145]. 
Early attempts to use an adhesive heat patch applied for 2 hours 
show some promise [146]. 

Heat to a level of tissue destruction is produced by electrocautery, 
infrared coagulation and microwaves. The reported cure rate in two 
series totalling 71 warts treated with infrared coagulation was 69% 
[147,148] which compares favourably with cryotherapy. Heat dam- 
age due to localised microwave energy given to 34 patients in up to 
five treatments over a year has given a response rate of 76% even in 
warts of long duration [149]. 


Surgery. Excision is usually to be avoided since scarring is inevi- 
table and recurrences of the wart in the scar are frequent. However, 
curettage can be effective as treatment for filiform warts. Curettage 
and cautery/electrocoagulation, usually in combination, may be 
used for painful or resistant warts, but carry a risk of scarring. 
Cautery or electrocoagulation can produce a plume containing 
active virus particles, so smoke extraction is advised and operator 
and assistant personal protection should be worn. 


Photodynamic therapy (PDT). A number of open or placebo- 
controlled studies have shown clearance rates of 75-90% for hand 
and foot warts [150], plane warts [151] and even periungual warts 
[152] with PDT using aminolaevulinic acid. Methyl aminolevulinate 
PDT (MAL-PDT) with a pulsed dye laser light source is an alterna- 
tive regime, with a reported clearance rate of 53% of warts [153]. 
The treatment may need to be repeated two or three times but can 
be limited by pain [154]. Paring of warts or treatment with topical 
salicylic acid pre-treatment can increase efficacy of PDT [155]. 


Third line 

Third line treatments include those that might be considered in 
situations of severe and recalcitrant infection and also those treat- 
ments with less evidence base that might be considered when first 
and second line treatments have produced no effect. 


Podophyllin and podophyllotoxin. Podophyllin and purified podo- 
phyllotoxin act as antimitotics, disrupting the formation of the 
spindle on which chromosomes align at mitosis. They are used 
mainly for the treatment of ano-genital warts but can also have an 
effect in cutaneous warts, although penetration into keratinised 
skin may be poor. 

They have been used with caution under prolonged occlusion 
[156] or in a strength of 5% in combination with salicylic acid 30% 
and cantharidin 1% applied every 2 weeks for up to 10 weeks 
[157,158]. Although clearance rates may be high, acute pain can 
occur with intense local inflammation. Podophyllin and podophyl- 
lotoxin are contraindicated in pregnancy [159] and are not licensed 
for use in children. 


Topical immunotherapy 

Imiquimod. Topical immunomodulation with imiquimod 5% 
cream is licensed for treatment of genital warts, superficial basal 
cell carcinoma and actinic keratoses. Cutaneous warts have also 
responded to imiquimod treatment [160], although poor penetra- 
tion through the keratinised surface may necessitate twice daily 
application for up to 24 weeks, or combination with salicylic acid 
to achieve useful results [161,162]. The addition of occlusion has 
been shown not to affect clearance rate [163]. Butchers’ warts, 
facial filiform warts and plane warts [164-166] may all respond 
and immunosuppression does not appear to block the therapeutic 
effect [166,167]. The treatment can cause irritation, discomfort and 
occasionally erosion at the point of application with a small risk of 
causing vitiligo-like depigmentation [168]. 


Contact dermatitis immunotherapy. Diphenylcyclopropenone 
(diphencyprone, DPC) is used as a potent immunogen [169]. Cure 
rates of between 44% and 88% of patients were obtained at the 
end of treatment [170-172], often with apparent greater efficacy 
than cryotherapy [173]. The treatment can be used with a chance of 
success in the immunosuppressed [174]. The side effect of itching 
at treatment sites is generally tolerated, but some patients develop 
dermatitis in other areas or widespread urticaria [175]. The use of 
squaric acid dibutylester as a contact allergen in such regimens may 
be equally efficacious and better tolerated [176]. Allergens used 
for immunisation such as bacilli Calmette-Guerin (BCG) have also 
been used topically [177] and intralesionally (see later). 


Intralesional immunotherapy. A number of studies over recent 
years have shown that intralesional injection of known antigens, 
usually used as vaccines, can stimulate the clearance of warts 
[177,178]. Trials using intralesional Candida antigen to produce a 
local hypersensitivity reaction suggest that this approach could 
speed wart resolution in recalcitrant cases [179] and can be used 
in immune compromise. The immunogens for mumps or tubercu- 
losis (PPD) and the measles, mumps and rubella (MMR) vaccine 
have been applied as intralesional therapy [180]. Using the MMR 
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vaccine, clearance can occur after one to four injections with 
reported clearance rates of 47-85% [181,182]. 

The possibility that the trauma of the injection alone stimulates 
the immune response is not supported by saline-controlled MMR 
injection studies, which report 60-85% clearance in the active group 
and 10-28% clearance in the placebo group [178]. 


Interferon. Different interferons have been administered by dif- 
ferent routes to patients with refractory warts in various sites. 
These studies are seldom directly comparable, and the use of 
interferons in warts is still experimental. The majority of studies 
have involved patients with refractory genital warts and interferon 
use has mostly been disappointing. The most encouraging report 
is of complete clearance of injected warts in 11/12 patients with 
recalcitrant common and plantar warts treated with human IFN-o« 
[183]. Cutaneous warts on the palms and soles have been treated 
with intralesional interferon, using a needleless injector [184]. 


Systemic immunotherapy. 

H, receptor antagonists. Results from the use of oral cimetidine 
in wart treatment in adults have been conflicting. In open stud- 
ies of high-dose cimetidine (30-40mg/kg/day for 3-4 months), 
two-thirds demonstrated improvement or complete resolution 
without recurrence [185,186], but in placebo-controlled trials, 
no significant benefit of cimeditine therapy has been observed 
[187,188]. In children, cimetidine may produce slightly greater 
benefit [189,190] and combination treatment with levamisole may 
enhance the effect [191]. Ranitidine has been assessed in an open 
study in which 49% of patients with common or plane warts cleared 
while taking 300 mg twice daily [192]. 


Zinc. Oral zinc has a mild effect on the immune system. In one 
study comparing zinc sulphate with cryotherapy to cryotherapy 
alone, there was no added benefit to the oral treatment [193], but 
others have reported that oral zinc sulphate (10 mg/kg/day) pro- 
duces a 50-80% cure rate of warts, although gastrointestinal side 
effects are common and often lead to discontinuation of therapy 
[194]. Topically, zinc sulphate as a 10% aqueous solution applied 
three times daily for 4 weeks in a double-blind trial produced a cure 
rate of 86% for plane warts [195]. Zinc oxide 15-20% ointment may 
also be used [196,197] and intralesional zinc sulphate 2% has also 
been reported to be of use [194]. 


HPV immunisation. A number of anecdotal reports have sug- 
gested clearance of cutaneous warts after the quadrivalent HPV 
vaccine [198,199] and a small retrospective observational study 
of 30 patients has shown clearance in 47% and improvement in a 
further 17% [200], but no placebo-controlled study has yet been 
conducted. 


Oral retinoids. Oral retinoids, by reducing epidermal proliferation, 
can help to debulk warts, although the infection may persist making 
relapse likely. Acitretin and isotretinoin have been reported to be 
helpful in cases of extensive and hyperkeratotic warts in immuno- 
suppressed patients [201,202]. Hyperkeratotic warts in otherwise 
healthy patients can respond to oral retinoid therapy either alone 
[203,204] or in combination with other standard treatment [205,206]. 
This effect may be temporarily useful, perhaps in relieving pain 


or disability due to exceptionally hyperkeratotic warts, or in facil- 
itating the use of other treatments. Plane warts appear to respond 
better and may clear with isotretinoin 0.5 mg/kg/day for 2 months 
[207,208] or low-dose acitretin therapy. 


Intralesional cytotoxics 

Bleomycin [209]. Doses of intralesional bleomycin are given in units 
or in milligrams; 1mg contains 1500-2000 U. Protocols vary, but 
typically bleomycin sulphate 0.25-1 mg/mL is injected up to three 
times to a maximum total dose of 4mg [210]; or 1000U/mL to 
two injections and a maximum total dose of 2000 U [211]. Lower 
concentrations of 100-500U/mL seemed as effective [212,213]. 
Injections, in volumes ranging between 0.2 and 1.0 mL per wart, are 
very painful and preceding or concurrent local anaesthesia should 
be considered [214]. A haemorrhagic eschar develops; 2-3 weeks 
later, it is pared down if it has not detached spontaneously. Used in 
this way, there has been no evidence of systemic toxicity. 

In open studies, cure rates for previously refractory warts are 
reported to be between 20 and 100% [212,213,215], with superiority 
over cryotherapy as well as placebo [216,217]. Local complications 
include nail loss [218] or dystrophy [219] following periungual 
injections, Raynaud phenomenon in treated fingers and local pig- 
mentation [220] or urticaria [218]. Flagellate hyperpigmentation, 
more commonly a feature after systemic administration, has been 
reported after local injection [221] and this potential risk of systemic 
absorption is a contraindication for intralesional bleomycin in 
pregnancy [212]. 

Hayes and O'Keefe [212] give useful guidance on method and 
contraindications. Implantation of the bleomycin from a surface 
application using a sterile lancet [222] or the Dermojet® [223] may 
be better tolerated. 


5-Fluorouracil. 5-FU has also been used as an intralesional injection 
or needled into warts in a few studies with clearance rates reported 
between 45% and 93% [224,225]. Side effects include pain, hyperpig- 
mentation and numbness. 


Cidofovir. By incorporating into replicating DNA, this nucleoside 
analogue damages dividing cells. It is licensed for treatment of CMV 
retinitis, but has been used with success intravenously (3-5 mg/kg 
as a single dose given every 1-2 weeks) for very severe warts [226] 
and can also be injected intralesionally, diluted from 375 mg/mL 
to 15mg/mL and injected monthly [227,228] or, when applied as 
a 1-3% cream, with variable clearance [229,230]. Cidofovir can be 
used in immune compromise [231-233]. Side effects, mainly seen 
with systemic administration, include nephrotoxicity, metabolic 
acidosis and bone marrow suppression. Local application, espe- 
cially on mucosal surfaces, can produce erosion and pain, but 
topical treatment of skin lesions is generally well tolerated [229]. 


Plant extracts. Sinecatechins extracted from green tea as Polyphe- 
nol E are licensed for use for ano-genital warts and have been used 
with anecdotal success in a cutaneous plantar wart [234]. 

Traditional Chinese herbal medicine has also been reported 
to clear warts using mixtures containing multiple plant extract 
ingredients applied topically [235]. 


Psychological methods. Many myths and some studies claiming 
that warts can be effectively treated by suggestion or ‘magic’ have 


been inadequately controlled for spontaneous regression [236]. 
Formal hypnosis, however, was reported to clear warts on the 
suggested (the more severely affected) side only, in 9 of 10 patients 
who achieved a satisfactory depth of hypnosis, the other side of the 
body acting as an internal control [237]. Children appear to have 
a higher rate of success than adults. Persistent refractory warts 
disappeared following hypnosis in an uncontrolled study of three 
immunodeficient children [238]. 


Resources 


Further information 
Kwok CS, Gibbs S, Bennett C et al. Topical treatments for cutaneous warts. Cochrane 


Database Syst Rev 2012:Issue 9:CD001781. 


Treatment ladder for cutaneous warts 
See details for treatment in text 


First line 

¢ Salicylic acid 

e Glutaraldehyde 

e Formalin 

¢ Occlusion 

¢ Topical 5-fluorouracil 
e Caustics 

e Retinoic acid 

e Vitamin D analogues 


Second line 

e Cryotherapy 

e Laser 

e Hyperthermia 

e Surgery 

¢ Photodynamic therapy 


Third line 

¢ Podophyllin and podophyllotoxin 
¢ Imiquimod 

e Topical immunotherapy 

e Intralesional immunotherapy 
e Interferon 

e H2 receptor antagonists 

e Zinc 

¢ Oral retinoids 

e Intralesional bleomycin 

¢ Intralesional 5-fluorouracil 

¢ Cidofovir 

e Psychological methods 
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Epidemiology 
Incidence and prevalence 
Incountries with highly developed medical services, referral rates of 
genital warts have greatly increased in the last 50 years. In the UK, 
there was a marked increase in the incidence of ano-genital warts 
(condylomata acuminata) from the 1970s to the 1990s [239], with a 
continuing rise over the next two decades [240]. There has been a 
slight decrease in the incidence of ano-genital warts in developed 
countries over the last 10 years, attributed to the introduction of 
the HPV vaccine, as rates of other sexually transmitted diseases such 
as chlamydia have continued to rise [241,242,243]. 

The overall population incidence worldwide is approximately 
200/100 000 [244]. 


Age 
The incidence is highest in the age group 20-34 years [245] and for 
young adults is estimated to be 700/100 000 [246]. 


Sex 
The incidence and prevalence in males were higher than in females, 
but recent calculations suggest equality [243,244]. 


Pathophysiology 

Predisposing factors 

Genital warts have a high infectivity. The thinner mucosal surface 
is presumably more susceptible to inoculation of virus than thicker 
keratinised skin, but in addition lesions are commonest in sites 
subject to greatest coital friction in both sexes. 

Human papillomavirus transmission has been most closely stud- 
ied in the case of ano-genital warts. Acquisition most commonly 
follows sexual contact, but it is generally agreed that ano-genital 
warts are not always transmitted sexually. Perianal warts may 
accompany genital warts, either due to local spread of infection or 
to direct contact during anal coitus. 

In prospective studies, approximately two-thirds of sexual con- 
tacts of patients with genital warts developed lesions themselves 
within 24 months; infectivity seemed highest early in the course of 
the disease [247,248]. Close inspection by penoscopy of male sexual 
contacts of women with genital HPV disease has shown that 69% 
[249] or 88% [250] have at least small lesions. Prospective studies 
of sexual contacts of patients with genital warts indicated that the 
incubation period between contact and diagnosis of genital warts is 
3 weeks to 24 months, with a median of 3-10 months [247,248]. 

Occasional non-sexual acquisition of ano-genital warts in adults is 
assumed to be possible. The sensitivity of PCR analysis has shown 
that HPV DNA may be present on underwear and the fingers of 
patients with genital warts [251,252], suggesting that transmission 
could occur by a number of routes. 


Transmission of ano-genital warts in children [253,254]. Ano- 
genital warts are uncommon in children, but their occurrence 
frequently stimulates discussion of the possibility of sexual trans- 
mission. This should always be considered, but there remains 
insufficient information to offer a reliable estimate of the relative 
frequency of sexual abuse in such cases. 

Infection from the mother’s genital tract at delivery [255,256] 
is regarded as a frequent source of childhood ano-genital warts, 
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probably including those presenting up to 2 years of age. Genital 
papillomavirus transmitted from mother to baby at birth may per- 
sist in childhood [257,258], as shown by the retention of the DNA 
and/or a humoral response against the viral proteins. It is thought 
that perinatally acquired HPV infection may not manifest as genital 
warts for some years. 

Postnatally, transmission from adults with genital warts may 
occur non-sexually [259]. Reviews of reports published between 
1976 and 2018 [260,261] found that the route of infection was 
believed or confirmed to be sexual in a minority (5-20%). 

Absence of other physical evidence of molestation, location of the 
warts on fully keratinised skin as opposed to genital or anal mucosa, 
a clinical resemblance to common warts and young age of the child, 
perhaps up to 1-2 years at the onset of the warts, would tend to 
support non-sexual transmission. Where sexual abuse is suspected, 
the case should be referred to a paediatrician or child abuse spe- 
cialist. In addition, HPV typing is not routinely of use but might be 
forensically useful; the same type in child and in suspected abuser 
would be consistent with but not proof of sexual transmission, while 
different types would be strong evidence against the possibility. 


Pathology [37] 

Genital warts show extreme acanthosis and papillomatosis, but the 
horny layer is parakeratotic and not very thick. Koilocytes may be 
limited in distribution and not found in all sections. The epidermal 
processes are wide and rounded, with a well-defined lower border. 
The connective tissue is frequently very oedematous and the capil- 
laries tortuous and increased. 


Causative organisms 

The low-risk HPVs are most often the cause of ano-genital warts, 
most commonly HPV-6 (in about 45-90%) [262-264] or HPV-11 
and less frequently other types, as indicated in Table 25.8. Multiple 
types may be detected within a single wart, including both high- 
and low-risk types [265,266]. HPV-1 and HPV-2 may occur in gen- 
ital warts [267,268]. The incubation period between infection and 
clinical disease is between 3 and 12 months. 

In children, warts in the ano-genital area are often more hyper- 
keratotic than in adults and may be caused by HPV types associated 
with cutaneous disease as well as HPV-6 and -11. Studies involving 
HPV typing of childhood ano-genital warts have produced some- 
what varying conclusions, but overall, approximately 50% have 
been found to harbour mucosogenital HPV with the cutaneous 
types 2, 27 and 57 also commonly detected [269,270]. 


Presentation (Figure 25.25) 

They are often asymptomatic, but may cause discomfort, discharge 
or bleeding. The typical ano-genital wart is soft, pink, elongated and 
sometimes filiform or pedunculated. The lesions are usually multi- 
ple especially on moist surfaces, and their growth can be enhanced 
during pregnancy [271], or in the presence of other local infections 
[272]. Large malodorous masses may form on vulvar and perianal 
skin (Figure 25.26) and have been reported beneath the abdominal 
apron in obesity [273]. This classical ‘acuminate’ (sometimes called 
papillomatous or hyperplastic) form constitutes about two-thirds of 
ano-genital warts. The commonest sites, the area of the frenulum, 


(c) 


Figure 25.25 Penile warts. (a,b) Classical condylomata acuminata. (c) This pigmented 
lesion was confirmed histologically to be a viral wart. Courtesy of York District Hospital, 
UK. 


Figure 25.26 (a,b) Perianal warts. Courtesy of York 
District Hospital, UK. (a) 


corona and glans in men, and the posterior fourchette in women, 
correspond to the likely sites of greatest coital friction [271]. Most 
other lesions are flat, though more conspicuous than plane warts 
elsewhere, and some of these, generally on non-mucosal surfaces 
such as the penile shaft, pubic skin, perianal skin and groins, may 
be sufficiently pigmented to resemble seborrhoeic keratoses. Both 
acuminate and flat types may coexist. 


Clinical variants 
The mucosal HPV types responsible for ano-genital disease can 
cause disease at mucosal surfaces of the oropharynx, nose and eye. 


Oropharyngeal warts and cancer. Oral warts, including some 
which appear to have been sexually transmitted [274], usually 
contain HPV-6 or -11 [275] and more rarely HPV-2, -57 or -16 [276]. 
They are common in association with HIV disease when a greater 
variety of HPV types may be found, including HPV-7, more usually 
associated with butchers’ warts [50,51]. Antiretroviral treatment 
may lead to worsening of the warts rather than improvement 
[277]. HPV-13 and -32 seem to be almost specific for lesions of the 
rare benign familial disorder focal epithelial hyperplasia (Heck 
disease) [278]. High-risk genital HPVs have been detected in over 
80% of cases of oral leukoplakia, and in at least 70% of cases of 
oropharyngeal carcinoma, with variation between countries [279]. 
Respiratory papillomatosis [280,281] is due most commonly 
to HPV-11, but also associated with other common genital types 
such as HPV-6 and rarely with high-risk HPV-16 [282]. Childhood 
cases are believed to result from maternal infection, probably at 
birth during vaginal delivery. Latent or subclinical infection in the 
laryngeal mucosa presumably explains recurrences after successful 
treatment, and might explain adult-onset cases, although some of 
these may be due to sexual transmission [283]. Treatment usually 


25.63 


Human papillomavirus infections 


involves recurrent debulking of lesions. Malignant transforma- 
tion occurs very rarely and is most commonly associated with 
HPV-11 [284]. 


Other sites. Low- and high-risk mucosal HPVs are detected in con- 
junctival papillomas [285] and nasal inverting papillomas [286]. 


Differential diagnosis 

Seborrhoeic keratosis and ano-genital intraepithelial neoplasia 
can also produce pigmented warty lesions in the genital area 
[287]. Histological features and immunostaining for HPV and cell 
cycle-associated proteins can help to distinguish the lesions. The 
development of large protuberant masses, induration, pain or 
serosanguinous discharge should arouse suspicion of malignant 
change requiring prompt excision or biopsy and also assessment 
of immune status. Histologically, differentiation from malignant 
condylomas may be difficult after treatment with podophyllin or 
podophyllotoxin due to increased mitotic index. 

Verrucous carcinoma (Buschke—Léwenstein tumour) (Chapter 111) 
is often initially misdiagnosed as genital warts. 

Condylomata lata and lymphogranuloma venereum (Chapter 30) 
should be considered. Metastatic Crohn disease involving the vulval 
or perianal area often presents with skin tags on an oedematous or 
indurated background. 

Vulval papillomatosis, with a diffuse velvety or granular appear- 
ance in the vaginal introitus, and pearly penile papules may cause 
confusion with the possibility of warts. 


Complications and co-morbidities 

Patients with genital warts frequently have other sexually transmit- 
ted genital infections [288]. The presence of any type of ano-genital 
wart should raise the possibility that the patient may also be infected 
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with high-risk HPVs and prompt screening for ano-genital intraep- 
ithelial neoplasia. 

Very florid warts should warrant consideration of an underlying 
immune deficiency. 


Disease course and prognosis 

The duration of ano-genital warts varies from a few weeks to many 
years. Recurrences can be expected in about 25% of cases, the 
interval varying from 2 months to 23 years [289]. Human papillo- 
mavirus DNA can be demonstrated in clinically and histologically 
normal skin adjacent to warts and intraepithelial neoplasia, and 
this latent infection correlates well with recurrence after clinical 
cure [290]. 


Management [291,292,293] 

Prevention 

The introduction of the anti-HPV vaccine has resulted in a reduction 
of incidence of ano-genital warts. In countries such as Australia, 
where there was early adoption of the tetravalent vaccine in 2007, 
which is prophylactic for HPV-6, -11, -16 and -18, a decrease in 
attendances for ano-genital warts was observed by 2014 [294]. 
This decrease has subsequently been observed elsewhere in 
men as well as women [295-297]. Extension of the vaccine to 
males over the last few years is expected to result in even greater 
effect. 


First line 

Podophyllotoxin is the most common treatment used, with expected 
clearance rates of over 50%. It is applied as a 0.15% cream or 0.5% 
solution by the patient twice daily for 3 consecutive days in a 
week for 4 consecutive weeks [298,299]. Podophyllin is contraindi- 
cated in pregnancy [300]. Podophyllotoxin appears to be safer but 
should still be avoided in pregnancy. 

An alternative home-applied treatment is imiquimod, used as 
5% or 3.75% cream [301]. The 5% cream is applied three times per 
week for up to 16 weeks [302], but the 3.75% cream applied twice 
daily for 2 weeks and repeated 2 weeks later seems to be equally 
effective. Skin irritation is common for both these treatments. 


Second line 

Other home treatments include sinecatechins (Polyphenol E from 

green tea), which can also be applied by the patient [303,304]. 
Other treatments used in the clinic include cryotherapy, electro- 

cautery, surgery, photodynamic therapy, laser, trichloroacetic acid, 

5-FU and cantharidin [293,305-308]. 


Third line 

In severe cases of extensive or giant warts, often in immunosup- 
pressed patients, more aggressive cytotoxic or antiproliferative 
treatments have been used [309,310]. 

Interferon may be considered, administered either systemically 
or intralesionally, but studies are few and results are variable. 
Overall, the effect is better than placebo [311]. Intralesional IFN-a 
or -B as monotherapy gives an overall response rate of 36-63% 
[312] for genital warts, but oral warts may respond slightly 
better [313]. 


Resources 


Further information 

https: / /www.cdc.gov /std/treatment- guidelines /anogenital-warts.htm 

https: / / www.bashhguidelines.org /current- guidelines /skin-conditions /anogenital- 
warts-2015/ 


Patient resources 

https: / / patient.info /sexual-health/sexually-transmitted-infections-leaflet/ 
anogenital-warts 

(All last accessed August 2023.) 


Treatment ladder for ano-genital warts 
See text for details 


First line 
¢ Podophyllotoxin 
¢ Imiquimod 


Second line 

¢ Cryotherapy 

e Surgery 

e Laser 

e Caustics 

¢ Photodynamic therapy 


Third line 
e Interferon 


Human papillomavirus-< 
intraepithelial and invas 
neoplasias of genitalia anc 


Definition 


HPVs have been associated with several different dysplastic or 
malignant conditions [314]. An aetiological association between 
infection with high-risk HPVs and the development of cervical 
carcinoma is well established, and evidence for a causative effect 
in other ano-genital and head and neck cancers has emerged over 
the last two decades [315]. 


General description of disease domain 


Squamous cell premalignancy and malignancy of the skin, ano- 
genital area, oro-pharynx [316], nasal cavities [317], larynx [318], 
oesophagus [319], lung [320] and conjunctiva [321] may harbour 
high-risk « or 6B HPVs. 


Basic biology 


In ano-genital lesions, type 16 is found most commonly and, 
together with HPV-18, accounts for 70-80% of HPV-positive 


cervical lesions, although approximately 30 different HPV types 
can infect this site. In cervical carcinoma cells, the HPV DNA is 
almost always integrated into the host cell genome, in contrast to 
its extrachromosomal location in benign and early premalignant 
lesions [322]. Premalignant and malignant disease at other mucosal 
sites usually involves these high-risk HPV types, while the types 
found most frequently in cSCC are the B types which are found in 
the episomal state. 


Cervical intraepithelial neoplasia and invasive 
carcinoma [323] 


Epidemiology 

These conditions are epidemiologically associated with sexual 
activity, including age of first sexual intercourse, multiplicity of 
partners and a history of sexually transmitted diseases, in both 
the female patient and her male partner(s). Cervical intraepithelial 
neoplasia (CIN) is associated with a personal history of overt genital 
warts [324], and with penile warts [325] or penile intraepithelial 
neoplasia [326] in the partner. 


Pathophysiology 
HPV is commonly detected in dysplastic cervical lesions and is 
found in 90-100% of cervical cancers [327]. 

High-risk HPVs can also be detected by sensitive PCR in approx- 
imately 10% of cytologically normal cervices [243,328], with some 
variation between countries and continents. This association is high- 
est in young sexually active women [329] in whom infection may 
be transient. The persistent finding of a high-risk HPV type in the 
cervix of a woman increases the likelihood of progression of the 
disease [330]. 


Management 

The introduction of vaccination against HPVs from 2007 is already 
showing signs of reducing the incidence of CIN [331-333]. The 
premalignant ano-genital disorders are best managed by or in asso- 
ciation with gynaecology, urology or colorectal surgery. For vulvar 
intraepithelial neoplasia, see Chapter 110; penile intraepithelial 
neoplasia, see Chapter 109; perianal intraepithelial neoplasia, see 
Chapter 111; and verrucous carcinoma, see Chapter 110. 


Cutaneous squamous cell carcinoma without 
immunosuppression 


With the advent of sensitive DNA detection methods by PCR, the 
HPV genome has been found in approximately 25-50% of keratoses 
and non-melanoma skin cancers of immunocompetent individuals 
[334]. It is DNA of the EV-associated types, the B HPVs, which is 
present in these lesions. The viral DNA is not exclusive to dyspla- 
sia — it can also be found in normal skin and hair follicles in 45% of 
healthy people tested [335]. The exact molecular role of the virus in 
the development of skin cancers remains a subject of intense debate 
[336,337,338], but evidence is mounting for their role early in this 
carcinogenic pathway [339,340]. 

The high- and low-risk HPV types that cause genital disease 
are also reported in certain extragenital warts and carcinomas. 
Although such cases are more common among the immunosup- 
pressed, immunocompetent individuals may also be affected. 
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Squamous cell carcinoma or Bowen disease of the fingertip and 
nail bed has been associated with high-risk genital HPVs [341-344], 
especially when in association with genital HPV disease. Cuta- 
neous intraepithelial carcinoma of the skin (Bowen disease) has 
been found occasionally to harbour HPV-2 [345] and a number of 
ano-genital HPV types [346-348]. 

Malignant change may rarely develop in apparently normal 
warts, usually when very longstanding [349,350], but the accuracy 
of the original diagnosis must always be in question [351]. 

Ionising radiation may act as a c-factor for malignant change 
in warts [352]. Widespread actinic keratoses and cSCCs arising 
after PUVA photochemotherapy may also be associated with HPV 
infection [353]. 


IMMUNODEFICIENCY AND 


Overview 


Severe cutaneous and mucosal HPV infection may be a manifesta- 
tion of underlying immunodeficiencies which may broadly result 
from either primary inborn errors of immunity (IEI) or acquired 
immunodeficiencies [1,2,3,4]. The major immunological defects 
underlying primary or acquired HPV susceptibility are either 
defects of keratinocyte-intrinsic immunity (particularly for B-HPVs) 
or errors of T-cell-mediated adaptive immunity (affecting both 
T cells, particularly CD4+ T cells, and antigen-presenting cells 
(APCs)), or a combination of both (Table 25.9). Defects of adaptive 
B-cell immunity do not appear to predispose significantly to severe 
HPV infection (despite the preventative effect of HPV vaccination), 
nor do defects of myeloid or lymphoid leukocyte-mediated innate 
immunity [1,2,3,4]. 
The spectrum of HPV clinical presentations described in immu- 
nodeficiency includes: 
¢ Epidermodysplasia verruciformis (genetic and acquired) 
¢ Persistent and/or recalcitrant viral warts (including ‘tree-man’ 
syndrome) 
¢ Generalised verrucosis 
e HPV-associated anogenital, head and neck and cutaneous squa- 
mous cell neoplasia 


Inborn errors of immunity and HPV infection 


Identification of the genetic basis of human IEIs predisposing to 
HPV infections has provided important clues to understanding 
the immune response to HPV. Presentation may be in early life, 
or not develop or become apparent until adult life. Cutaneous 
and mucosal HPV infections vary in severity, as does suscepti- 
bility to non-HPV mucocutaneous infections and HPV-associated 
malignancy (Table 25.10). 


Epidermodysplasia verruc 


Epidermodysplasia verruciformis (EV) is characterised by persistent 
and widespread cutaneous infection with beta HPVs (beta-HPV) 
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Table 25.9 Classification of immunodeficiencies predisposing to human papillomavirus (HPV) infection. Details of each condition are presented in Table 25.10 


Immune mechanisms 


Examples/gene involved Dominant HPV type? 


Inborn error 
of immunity 


Keratinocyte intrinsic 
immunity 


Adaptive immunity 
(T cell/APC) 


T-cell migration 


T-cell activation 


APC differentiation/number 


APC migration 


Acquired immunodeficiency Adaptive immunity 


(T cell/APC) 


T-cell differentiation/number 


EVER1, EVER2 Beta 

CIB1 

LCK, DCLRE1C, MST1, TPP Beta 

GATA2, STK4, ILZ/IL7R, IL2RG, JAK3, RHOH, COROIA Alpha, gamma, beta 
SASH3, NHEJ1, ATM, LIG4, ADA, ZAP70 Alpha, gamma 
DOCKS, STK4 Alpha, gamma, beta 
CXCR4, WAS Alpha, gamma 
RHOH Alpha, gamma, beta 
CD4, CD28, TAOK2, CARMIL2, CARD11, MAGT1 Alpha, gamma 
GATA2, CXCR4 Alpha, gamma 
DOCK8 Alpha, gamma, beta 
HIV; haematological malignancy; organ transplantation; Alpha, gamma, beta 


other iatrogenic immunosuppression. 


* HPV types: alpha, cutaneous/mucosal; beta, cutaneous; gamma, cutaneous; APC, antigen-presenting cell. 


[1,2,3-5] causing disseminated hypo- and hyperpigmented plane 
warts, pityriasis versicolor-like lesions, red plaques and sebor- 
rhoeic keratosis-like lesions with characteristic histological features. 
Progression to cSCC on UV-exposed sites may occur. 

Three main forms of EV are recognised [6]: 

1 Classic genetic (typical) EV: EV is considered classic/typical 
when cutaneous beta-HPV infection is an isolated clinical fea- 
ture resulting from mutations in genes critical for keratinocyte 
intrinsic immunity (EVER1/[MC6, EVER2/TMC8 and CIB1). 
Patients are otherwise healthy with no evidence of compromised 
T-cell-mediated immunity and an absence of other infectious 
manifestations. 

2 Non-classic genetic (atypical) EV: this form of EV results from 
inborn errors of T-cell immunity in genes including RHOH, 
MST-1 and CORO1A. These patients are also vulnerable to other 
infections. 

3 Acquired EV describes an EV-like syndrome that develops in 
patients with acquired immunodeficiency such as HIV, haema- 
tological malignancy and iatrogenic immunosuppressive drugs. 


Genetic EV (classic/typical and non-classiclatypical) 


Definition and nomenclature 

Classic/typical EV is a rare genodermatosis and was first described 
in 1922 [7]. Patients are otherwise healthy and resistant to mucosal 
HPV and other skin microorganisms. It is usually inherited in an 
autosomal recessive pattern of transmission. Approximately 30-40% 
will go on to develop cSCC on UV-exposed sites. 


Non-classic/atypical EV-like syndromes are observed in cer- 
tain other IEIs affecting T-cell and APC function, with possible 
additional effects on keratinocyte intrinsic immunity [6]. 


Epidemiology 

Incidence and prevalence 

Classic/typical EV is rare with about 500 patients reported globally 
in 2017 [5], although seropositivity for beta-HPVs occurs in 20-65% 
of the population [8]. 


Pathophysiology 

Causative organisms 

At least 25 different beta-HPVs have been identified in EV lesions 
and patients are typically infected with multiple HPV types of 
which HPV-5 is the most prevalent [9]; types, 8, 9, 12, 14, 15, 17 and 
19-25 are also frequent (Table 25.8). Cutaneous alpha-HPVs -3 and 
-10, which cause plane warts, are also found in EV [10] and genital 
alpha-HPVs may occasionally also be found [11,12]. HPV-5 and -8 
are the main types associated with malignancy, with types 14, 17, 
20 and 47 occasionally involved [5,9,13]. 


Histopathology 

The histological picture is similar in the different clinical lesions. 
Characteristically, hyperkeratosis and acanthosis are associated 
with keratinocytes displaying hyperchromatic nuclei, coarse kera- 
tohyalin granules and vacuolation or ballooning with a blue-grey 
pallor in the perinuclear area of keratinocytes and may affect the 
upper half to three-quarters of the spinous layer. HPV DNA may be 
detected in these vacuolated or ‘clear’ cells by in situ hybridisation 
and PCR. Viral particles can be identified ultrastructurally not only 
in the Malpighian cells, but also in basal cells. The viral cytopathic 
changes persist in Bowenoid lesions and early cSCC [5,13,14]. 


Genetics and immunopathogenesis 

Studies of the genetic aetiologies of classic/typical and non-classic/ 
atypical EV have shown that beta-HPV infection control requires 
skin-intrinsic viral restriction and a functional T-cell adaptive 
immune response. 


Classic (typical) EV. Classic EV is caused by mutations of genes 
encoding proteins of the CIB1-EVER1-EVER2 complex, selectively 
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disrupting keratinocyte-intrinsic immunity to these viruses [13,15]. 
In 2002, the first two IEIs underlying classic EV were identified 
as autosomal recessive deficiencies in EVER1 and EVER2 which 
are endoplasmic reticulum transmembrane proteins encoded by 
TMC6 and TMC8, respectively, adjacent genes located on chromo- 
some 17q25 [16]. EVER1/2 mutations account for approximately 
75% of EV-affected individuals worldwide. In 2018, a third IEI 
was discovered — CIB1 (encoding calcium- and integrin-binding 
protein-1) deficiency [15,17]. Although abnormal zinc homeostasis 
due to EVER1/2 deficiency was initially thought to underlie the 
lack of control of beta-HPV infection, since the identification of 
CIB1 it is postulated that the pathogenesis of the beta-HPV-driven 
skin lesions involves disruption of a skin-restricted, keratinocyte- 
intrinsic restriction factor (the CIBI-EVER1-EVER2 complex) 
which confers immunity against beta-HPVs: it does this through 
interaction with two HPV proteins, E8 and E5, which are absent 
from beta-HPVs [5,12,16,17]. Beta-HPV infections are widespread 
and asymptomatic in the general population but cause disease 
only in EV patients lacking EVER/CIB1 complex-dependent 
keratinocyte-intrinsic immunity. The resulting inability to control 
beta-HPV-driven keratinocyte proliferation allows beta-HPV-driven 
lesions to develop, but EV patients are not more prone to develop- 
ing common HPV warts, due to non-beta-HPVs [15]. The clinical 
and virological phenotypes of EVER1-, EVER2- and CIB1-deficient 
patients are indistinguishable. 


Non-classic (atypical) EV. Patients with non-classic EV have 
primary T-cell immunodeficiencies resulting in CD4 T cell lym- 
phopenia and impairment of circulating T-cell response to CD3 
stimulation [5]. The T-cell deficit, common to all non-classic EV, 
highlights the importance of full T-cell development and function 
in protective immunity to beta-HPVs. Mutations in genes includ- 
ing MST1, RHOH, CORO1A, TPP2, DCLRE1C, LCK, RAS GRP1, 
DOCKS, IKBKG, ITK, RASGRP1, SMARAL1, STK4 and IL7 are all 
reported in association with atypical EV [3] (Table 25.10). In some 
cases, the genetic defect is unknown [18]. An EV phenotype is also 
described in patients with severe combined immunodeficiency 
due to mutations of IL2RG and JAK3 who have had allogeneic 
haematopoietic stem cell transplantation but in whom this defi- 
ciency in keratinocytes is not corrected despite being otherwise 
healthy [19]. Persistent infection with beta-HPVs causes skin lesions 
identical to those of classic EV, but these patients are also sus- 
ceptible to other viral, bacterial, fungal and parasitic infections, 
autoimmune disease and other malignancies, particularly haemato- 
logical, depending on the mutated gene and the nature of the T-cell 
deficit [5]. 


Clinical features 

Presentation of typical EV [5,6,13,20-22] 

The onset of skin lesions in genetic EV is usually in infancy. Lesions 
on the face and neck are generally indistinguishable from plane 
warts, although flat, scaly, reddish hypopigmented macules, resem- 
bling pityriasis versicolor, may be located on the forehead, and 
seborrhoeic keratosis-like lesions are also seen. On the trunk and 
limbs, larger red, hypo- or hyperpigmented pityriasis versicolor-like 
areas tend to predominate. Thicker plaques are pink-red, violet or 
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brown in colour and may resemble seborrhoeic keratoses or pig- 
mented warts, and in darker skins hypopigmentation is often more 
obvious (Figure 25.27). Warts develop rapidly in childhood but 
may first appear at any age. They are most numerous on the face 
and neck and backs of the hands and feet, and may be restricted to 
these sites, but there are often scattered lesions elsewhere and the 
warts may be generalised over the entire body surface. Irregular 
confluence of lesions to form lines or large plaques is often seen. 
Typical common warts are often present, especially on the sides 
of the fingers and on the palms and soles, and small warts on the 
vermilion border of the lips or in the urethra have occasionally been 
noted, although mucous membranes are usually spared. Clinical 
penetrance of the classic EV phenotype is complete at the age of 
10 years in patients with EVER and CIB1 deficiencies. 


Differential diagnosis 

Acrokeratosis verruciformis is superficially very similar to EV. Flat 
warty papules on the backs of hands and feet and on the knees and 
elbows are present from infancy. The palms are diffusely thickened 
and show small keratoses and punctiform breaks in the papillary 
ridges. Histologically there is no vacuolation. In lichen planus 
the papules, which are usually pruritic, are pink or lilac in colour 
and distinctive mucosal lesions are often present. The histology is 
diagnostic. 


Complications and co-morbidities 

Dysplastic and malignant changes occur most often on UV-exposed 
sites, commonly as actinic keratoses and Bowen disease, sug- 
gesting that UV radiation is an important factor. cSCC may 
develop on UV-exposed sites — particularly the forehead - in up 
to 60% of patients from the third decade onwards. They tend to 
develop slowly and may be locally destructive, but rarely metasta- 
sise [5,13,20-22]. 


Investigations 

The characteristic histopathology findings for EV are usually diag- 
nostic. Identification of beta-HPVs by PCR or in situ hybridisation 
within lesions can indicate the possibility of EV and this will be 
strengthened by detection of multiple types in both benign and, 
if present, malignant lesions. However, the presence of beta-HPV 
as part of the normal skin microbiome is common [23,24,25] and 
seropositivity for beta-HPVs occurs in 20-65% of the population 
[8,26]. The presence of beta-HPVs is therefore not diagnostic. 


Management 

Treatment of EV is challenging. If a diagnosis of EV is suspected or 
confirmed, avoidance of excessive sun exposure and UV-protective 
measures should be instigated. Monitoring for cutaneous malig- 
nancy is advisable [27]. 


First line 

Treatment for the benign lesions of EV is often not very effective. 
Imiquimod has been of benefit in only some patients [28,29]. Pho- 
todynamic therapy can reduce lesions, but treatment may need to 
cover large areas and be repeated [30]. Cryotherapy can be used on 
non-pigmented skin but gives only a temporary response. Other 
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treatments that have shown occasional but inconsistent benefit 
include topical vitamin D analogue [31], topical immunotherapy 
with squaric acid dibutylester [32], oral cimetidine [33,34] and 
oral zinc [35]. The role of HPV vaccination is unclear, although 
it has been reported as partially helpful in a case of non-classic 
EV [36]. Management of suspected skin cancer is by histological 
diagnosis and surgical removal. Use of photodynamic therapy 
for EV-associated actinic keratosis and SCC in situ has also been 
reported [37]. 


Second line 

More widespread and disfiguring lesions may warrant systemic 
therapy with oral retinoids. These can produce cosmetic improve- 
ment [38], but the effect is dose dependent and relapse occurs 
if the drug is stopped [39]. Oral isotretinoin can also reduce the 
benign lesions and may be effective as longer-term low-dose treat- 
ment [40]. Acitretin can improve skin manifestations [36,41,42] 
and may reduce the risk of development of SCC, as in transplant 
recipients, but this is not yet proven. 


Third line 

Combination therapy with acitretin and interferon or acitretin and 
photodynamic therapy has been suggested and may give better 
response than either therapy alone [41,43]. 


Figure 25.27 Epidermodysplasia 
verruciformis. (a) Pigmented flat warty 
lesions in popliteal fossae. Courtesy of 
Addenbrooke's Hospital, Cambridge, 
UK. (b) Multiple, confluent flat warts 
with a seborrhoeic keratosis-like lesion 
on the forehead and (c) neck. Courtesy 
of Barts Health NHS Trust, UK. 


Treatment ladder for epidermodysplasia 
verruciformis 


First line 

¢ Imiquimod 

¢ Photodynamic therapy 
¢ Cryotherapy 


Second line 
e Acitretin 
e [Isotretinoin 


Other inborn errors of immunity 
and recalcitrant viral warts 


In addition to IEIs presenting with typical and atypical EV, other pri- 
mary immunodeficiencies may predispose to persistent, extensive 
and recalcitrant cutaneous and anogenital warts and, in some cases, 
cutaneous, mucosal or anogenital malignancies [1,2,3]. Patients 
with IEIs have been a frequent source for identification of new HPV 
types [44]. The genetic basis, immunological and clinical features of 


these IEIs are summarised in Tables 25.9 and 25.10. They are broadly 
associated with mutations of genes affecting the number or function 
of cells in multiple leukocyte compartments and include GATA-2 
haploinsufficiency [45], CXCR4 deficiency in WHIM syndrome 
[45-48], SASH-3 deficiency [49], complete magnesium transporter 1 
(MAGT1) deficiency [50], CARMIL-2 deficiency [51], CARD-11 
deficiency [52], TAOK2 deficiency [53], complete CD4 deficiency 
[54,55], ICOS deficiency (common variable immunodeficiency-like 
disease) [56,57], ADA2 deficiency [58], Netherton syndrome [59], 
Wiskott-Aldrich syndrome [60], ataxia—telangiectasia [61], Fanconi 
anaemia [62], WILD syndrome (warts, immune depression, lym- 
phoedema and ano-genital dysplasia) [63,64] and primary intestinal 
lymphangiectasia [65]. Although patients with IL2RG and JAK3 
SCID genotypes may develop severe warts including atypical EV, 
particularly post-haematopoietic stem cell transplant [66], other 
SCID genotypes including ILG-4, ADA and ZAP70 are associated 
with warts but not EV-like changes [2,3]. Similarly, severe warts may 
be more prominent than atypical EV changes in other conditions 
including DOCKS deficiency [67-69]. 

In 2021 a key role for the CD28 T-cell co-stimulation pathway in 
control of cutaneous HPV infection emerged through investigation 
of patients with widespread recalcitrant warts not explained by 
known IEIs [70]. CD28 recognises CD80/CD86 on APCs and IEIs 
that impair this pathway result in a predisposition to alpha- and 
gamma-HPV infections. Three patients with complete CD28 defi- 
ciencies inherited in an autosomal recessive manner were reported 
to have severe, recalcitrant common warts [4]. One patient had 
benign but giant and disseminated cutaneous horns — described as 
‘tree man syndrome’ — with warts specifically harbouring HPV-2 
and -4, alpha- and gamma-HPV types respectively [70]. These 
patients are otherwise healthy and it appears that CD28 is largely 
redundant in protective immunity to infection and only slightly 
impairs T-cell development and function. Cutaneous warts have 
also been reported in 30% of patients with MAGT1, CARD11 
and CARMIL2 deficiencies, which all impair CD28 expression or 
signalling in T cells and are associated with recalcitrant warts [2,3]. 


Human papillomavirus in a 
immunodeficiency 


Severe mucocutaneous HPV infections are more frequent in patients 
with acquired immunodeficiencies, particularly those associ- 
ated with adaptive T-cell immunity. The most common acquired 
immunodeficiencies are those resulting from HIV infection, haema- 
tological malignancy and iatrogenic immunosuppression. Clinical 
presentations include common warts, acquired EV, and premalig- 
nant and invasive mucocutaneous SCC. 


HIV infection (Chapter 31) 

The incidence of warts is reported to be between 5 and 27% in 
PLWH. Common and plantar warts are increased in frequency and 
severity but are not a major problem in most patients. There is 
also an increased incidence of facial and intraoral warts, some of 
which contain HPV-7 (‘butchers’ wart’ virus) [71]. Beta-HPV types 
are also over represented in warts from PLWH and specific HLA 
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Immunodeficiency and HPV infection 


immunogenotypes may be associated with susceptibility [72]. An 
acquired EV phenotype is well recognised in PLWH and cSCCs 
may arise in this context [73]. Cutaneous HPV disease may worsen 
with the immune reconstitution syndrome [74-76] and this may 
be triggered by HPV vaccination [77]. Perianal warts, especially in 
men who have sex with men (MSM), may be florid and refractory 
to treatment [78]. HPV-associated ano-genital intraepithelial neo- 
plasia and progression to malignancy are increased in incidence 
but may be reduced by antiretroviral therapy in PLWH [79-81]. 
Benign HPV-related oral lesions include multifocal epithelial 
hyperplasia, warts and papillomatosis [82,83] and HPV-associated 
oropharyngeal cancers are increased in PLWH [84]. 


Haematological malignancies 

Warts are more common in patients with Hodgkin disease and, to 
a lesser extent, in those living with other malignant lymphomas 
and chronic lymphatic leukaemia [85,86]. 


Immune-mediated inflammatory disorders 

(IMIDs) 

Intrinsic dysregulated immunity independent of immunosuppres- 
sive drugs in IMIDs such as systemic lupus erythematosus may 
have an increased risk of cutaneous warts and HPV-associated 
ano-genital disease [87,88]. 


latrogenic immunosuppression 

Long-term immunosuppressive drug treatment is an important 
factor predisposing to severe HPV infection (Figure 25.28). One 
of the largest patient groups receiving long-term immunosup- 
pressive drugs is solid organ transplant recipients: at one-year 
post-transplant, 15% of 120 kidney transplant recipients had warts 
[89], but this can rise to 90% by the end of the fifth year [90]. Warts 
harbouring HPV-2 and HPV-4 infections are the most frequent 
and both children and adults are affected [91]. Warts are often 
refractory to standard methods of treatment; in addition to the 
standard treatments used in the general population, reduction of 
immunosuppression may be considered on a case-by-case basis in 
close dialogue with both transplant clinicians and patient. A con- 
tributory role for HPV in the pathogenesis of keratinocyte cancer 
in the context of iatrogenic immunodeficiency is discussed in 
detail in Chapter 147. The incidence of ano-genital HPV infection 
and intraepithelial neoplasia and malignancy is also significantly 
increased [92,93]. 


Acquired epidermodysplasia verruciformis (AEV) 

Acquired EV is a condition in which similar lesions to those 
seen in typical/classic genetic and atypical/non-classic genetic 
EV are described in association with acquired immunodeficiency 
(Table 25.11; Figure 25.29) [6,73,94-113]. Both intrinsic immune 
dysregulation and immunosuppressive medications affecting T-cell 
function can contribute to AEV. Those at risk of AEV include 
patients with lymphoma, HIV/AIDS (including vertically acquired 
HIV), patients receiving long-term immunosuppressive drugs after 
organ and bone marrow transplantation and for inflammatory 
diseases [6,73]. However, AEV appears to be reported infrequently 
despite increasing numbers of immunodeficient individuals and it 
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(b) 


(d) 


is proposed that there are possible additional genetic susceptibili- 
ties that predispose some patients to developing EV following an 
acquired immunodeficiency [6,13]. 


In AEV, the risk of malignant progression seems to be lower than 
in genetic EV, but surveillance for malignancy of skin, upper 


Figure 25.28 Extensive plantar warts in 
a kidney transplant recipient. (a) Toes. 
(b) Sole. Courtesy of Addenbrooke's 
Hospital, Cambridge, UK. (c,d) Warts on 
hands of kidney transplant recipients. 
Courtesy of Barts Health NHS Trust, UK. 


respiratory tract and genital tract is advised, as is consistent 
sunscreen use. For HIV-associated AEV, antiretroviral therapy 
may lead to remission [99], but responses are not consistent [113]. 
Treatments with cryotherapy, imiquimod cream, oral retinoids and 
interferon can be used, as in classic/genetic EV, but the responses 
are unpredictable [6,73,114-116] and the role of HPV vaccination is 
currently unclear [109]. 


(b) 


Figure 25.29 Acquired epidermodysplasia verruciformis. Widespread flat hyper- and hypopigmented lesions affecting the whole body: (a) neck, (b) back and (c) legs. Courtesy of 


Dr K. W. Shum, University Hospitals of Derby and Burton, UK. 


Table 25.11 Conditions associated with acquired epidermodysplasia verruciformis. 


Condition 


HIV infection in children/adolescents 

HIV infection in adults 

Haematological malignancy (lymphoma, leukaemia, myelodysplastic 
syndrome) 

Organ transplantation 

Bone marrow transplantation and graft-versus-host disease 

Atopic eczema (severe and immunosuppressed) 

Systemic lupus erythematosus (with immunosuppression) 

Leprosy (lepromatous) 


Examples 


[94,95] 
[96-99] 
[100-103] 


[104-109] 
{110] 
{111] 
[112] 
{113] 


HEPATITIS INF 


Many viruses infect the liver, but it is the primary target organ for 
only five: hepatitis A virus (HAV), hepatitis B virus (HBV), hepati- 
tis C virus (HCV), hepatitis D virus (HDV) and hepatitis E virus 
(HEV). HDV is a defective virus and replicates only when coinfected 
with HBV. 


Viral hepatitis infections may be associated with a wide spec- 
trum of cutaneous manifestations which occur in three main 
contexts: during the acute disease phase; during chronic infection; 
as a consequence of adverse reactions to vaccines and antiviral 
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therapies. HBV and HCV infection status is also relevant to skin 
disease in the context of screening prior to initiating immunosup- 
pressive or biologic therapies, as chronic active infection can have a 
direct clinical impact on treatment selection (Chapter 19). 

Cutaneous associations with hepatitis are best established for 
HBV and HBC [1,2-5,6,7]. Limited data are available for HAV and 
there are even fewer reports for skin disease associated with HEV 
infection [6,7]. 


Hepatitis B — 


Introduction and general description 

HBV causes an acute hepatitis before potentially establishing 
chronic persistent infection. Together with HCV, chronic HBV infec- 
tion leads to cirrhosis and hepatocellular carcinoma resulting in 
more than 1.3 million deaths in 2015, as high as those of TB, HIV 
infection and malaria [8,9,10]. Skin manifestations associated with 
HBV can appear in both acute and chronic infection [1,2-4,6,7]. 


Epidemiology 

Incidence and prevalence 

In 2019 approximately 296 million people worldwide were liv- 
ing with chronic HBV infection (with hepatitis B surface antigen 
(HBsAg) positivity), with an estimated 1.5 million new infections 
each year and 820000 deaths, mostly from cirrhosis and hepato- 
cellular carcinoma [8]. Only a proportion (7-40%) carry HBeAg 
(the soluble extracellular form of hepatitis B core antigen) and are 
infectious. The infection is endemic in many parts of the world 
and HBsAg is found in about 8% of individuals in hyperendemic 
areas such as sub-Saharan Africa and East Asia, with lower levels 
of carriage in other endemic areas as South America, Eastern and 
Central Europe. In these areas, the most usual route of transmission 
is from mother to child, but transmission via blood transfusion, 
needle-sharing and sexual contact is most common in non-endemic 
areas. Earlier age of acquisition of HBV is associated with an 
increased risk of chronic infection. About 10-15% of people with 
chronic HBV infection are coinfected with hepatitis C and 1% are 
also infected with HIV; the prevalence of HBV infection in PLWH is 
7.4% [10]. 


Pathophysiology 

Causative organisms and pathology 

Human HBV is a member of the Hepadnaviridae family [9]. There are 
10 HBV genotypes (A-J), classified according to difference in the 
full-length genome sequence. These genotypes have different geo- 
graphic distributions but whether they are associated with different 
disease is debated [9]. HBV is a small, enveloped DNA virus. The 
icosahedral nucleocapsid — the virus core — contains the partially 
double-stranded relaxed circular DNA (rcDNA) of approximately 
3200 bp, covalently linked to the HBV polymerase that has reverse 
transcriptase activity. Several surface proteins expressed externally 
on the envelope are important for binding and entry into host 
cells. After viral entry into the nucleus, it is converted into fully 
double-stranded DNA, which is then converted into covalently 


closed circular DNA (cccDNA), the stable HBV DNA responsible 
for its persistence. As the virus replicates it is detectable in serum by 
PCR: HBeAg is found in blood and antibodies develop against the 
nucleocapsid protein (core antigen, HBcAg). Electron microscopy of 
serum during this replicative phase reveals complete virus particles 
(Dane particles) and excess surface (envelope) protein formed into 
small spheroids and cylinders. 

If a cytotoxic immune response develops against HBcAg, symp- 
toms and signs of an acute hepatitis develop. HBV DNA disappears 
from the blood but HBeAg and HBsAg are still detectable and 
antibodies against both HBcAg and HBeAg are detectable. If the 
virus is cleared effectively, neither HBV DNA nor HBV antigens 
are detectable, but antibodies to the surface or envelope protein 
(HBsAg, Australia antigen) develop and persist, providing protec- 
tion against reinfection. Persistence of viral replication for 6 months 
indicates chronic infection which involves a dynamic interaction 
between the virus and the host immune responses. The likelihood 
of becoming a chronic carrier is highest if infection occurs peri- 
natally rather than as an adult. Different phases of chronic HBV 
infection have been described, with differing biochemical and viro- 
logical profiles. A substantial proportion of patients with chronic 
infection develop cirrhosis and hepatocellular carcinoma, whereas 
others have lifelong quiescent disease activity and will not require 
antiviral therapy. 

Hepatocyte damage in HBV infection can be caused directly by 
viral infection, but is more commonly due to the immunological 
response by cytotoxic lymphocytes to the virally infected cells [9]. 


Clinical features related to skin 

In addition to generic cutaneous symptoms related to cholestatic 
liver disease (including pruritus, jaundice, hypermelanosis, spider 
naevi, nail changes), a range of skin manifestations are described 
in association with acute and chronic HBV infection [1,2-4,6,7]. 


Serum sickness-like reaction (SSLR). Acute HBV infection most 
commonly manifests in the skin as immune complex hypersen- 
sitivity (type III hypersensitivity). Such signs may be seen in 
15-30% of cases, approximately 6 weeks before hepatitis becomes 
apparent. SSLR presents with general malaise, fever, proteinuria 
or haematuria, arthropathy, angioedema, and skin involvement 
including urticarial-type rashes (with corresponding leukocy- 
toclastic vasculitis on histology), angio-oedema, morbilliform 
rashes, lichenoid dermatitis, palpable purpura and erythema 
multiforme-like lesions [1,7]. 


Gianotti-Crosti syndrome (papular acrodermatitis of childhood). 
In children, both acute and chronic HBV infections have been 
associated with Gianotti—Crosti-like skin changes with non-pruritic, 
non-coalescing papules (see later) [1,2,11]. 


Polyarteritis nodosa (PAN). Chronic HBV infection is associated 
with vasculitis and PAN is one of the more common presentations 
[1,7,12-14] (Chapter 100). Livedoid vasculopathy is also observed 
[15]. This association is greater in areas where hepatitis B is not 
endemic and may be related to a higher viral load. Up to two-thirds 
of cases of PAN may be HBsAg positive [7,13]. 


Lichen planus (LP). An association with LP is reported, including 
oral LP, but not confirmed in all studies [1,7,16,17]. 


Other cutaneous manifestations. Essential mixed cryoglobuli- 
naemia has been described with HBV infection although it is most 
common with HCV [2,7]; an association with chronic spontaneous 
urticaria is controversial [18]. An increased risk of SCC of the skin 
has been reported in a north European population [19]. 


Vaccination and skin disease 

Recombinant HBV vaccination was first introduced in 1981, and the 
WHO now recommends that all infants receive vaccination at birth 
and this dose, followed by two additional booster doses, induces 
protective anti-HBs antibodies in more than 95% of infants [8,9,10]. 
This global pre-exposure prophylaxis strategy aims to eliminate 
HBV and reduce liver cancer incidence; by 2015, the global HBsAg 
prevalence had decreased in children under 5 years from 4.7% to 
1.3%. Post-exposure vaccination for non-immunised people or in 
those who have failed to respond to the vaccine after accidental 
exposure (e.g. needlestick injury) consists of a combination of HBV 
immunoglobulin and vaccination [8,9,10]. 

A wide range of skin conditions have been reported to follow 
HBV vaccination [2]. These include urticaria, maculopapular rash, 
pityriasis rosea-like rash [20], erythema nodosum [21], erythema 
multiforme, vasculitis and polyarteritis nodosa [22], systemic 
lupus erythematosus [23], dermatomyositis [24], Reiter syndrome 
[25], morphoea profunda [26], granuloma annulare [27], solitary 
mastocytoma [28], pseudolymphomatous hyperplasia [29], lichen 
planus [30], anetoderma [31], Gianotti-Crosti syndrome [32], ery- 
thema elevatum diutinum [33,34], scleromyxoedema and lichen 
myxoedematosus [35]. 


Antiviral treatment and skin disease 

Oral nucleos(t)ide analogue therapy is the main form of anti-HBV 
treatment worldwide. Entecavir and two prodrugs of tenofovir are 
recommended as first line and have now replaced older-generation 
nucleos(t)ide analogues (lamivudine, adefovir and telbivudine) 
[9,10]. Subcutaneous pegylated IFN-o for 12 months remains 
possible as first line therapy in chronic HBV infection, but its 
unfavourable side-effect profile and the low likelihood of sustained 
viral suppression after discontinuation compared with long-term 
nucleos(t)ide analogue therapy have restricted its use [9]. HBV reac- 
tivation is a potentially fatal complication of immunosuppressive 
therapy such as rituximab (although not lower-risk drugs such as 
azathioprine and methotrexate) and a finite duration of prophy- 
lactic therapy with a nucleos(t)ide analogue, irrespective of serum 
HBV DNA concentration, may reduce risk. Tenofovir may also be 
used prophylactically to prevent perinatal transmission if there is a 
risk of maternal HBV vaccine failure [9,10]. 

Antiviral therapy (possibly in combination with immunosup- 
pression) can lead to clearance of HBV-associated polyarteritis 
nodosa [1,36] and vasculitis [2,32]. Some severe skin reactions 
have been reported during antiviral treatment of HBV including 
toxic epidermal necrolysis with adefovir [37]. Entecavir has been 
associated with lichenoid and maculopapular rashes [38,39] and 
granulomatous reactions [40]. 


Resources 


Further information 

https: / /cks.nice.org.uk/topics/hepatitis-b/ 

https: / /www.cdc.gov /hepatitis /hbv /index.htm 

https: / /www.who.int/news-room/fact-sheets / detail /hepatitis-b 
(All last accessed August 2023.) 


Hepatitis C — 


Introduction and general description 

HCV, first described in 1989, causes acute and chronic liver disease 
associated with high morbidity and mortality and is a major global 
health problem [10,41]. As with HBV infection, skin manifestations 
are associated with both acute and chronic infection [1,3-5,6,7,42,43]. 


Epidemiology 

Incidence and prevalence 

Hepatitis C has a worldwide distribution. In 2019 approximately 
58 million people had chronic infection, with 1.5 million new cases 
and 290000 deaths globally [41]. It is endemic in many areas of the 
world: infection rates are up to 20% in Egypt, while in non-endemic 
areas, such as northern Europe, infection rates are of the order of 
0.5%. Horizontal transmission is via blood and body fluids. Injec- 
tion drug use is the major source of new HCV infections in most 
high-income regions of the world. Outbreaks among men living 
with HIV who have sex with men have been reported worldwide. 
Transmission through transfusion has essentially been eradicated 
where blood donations are screened for HCV [9]. Vertical transmis- 
sion perinatally from an infected mother is associated with a 1-10% 
transmission rate. Acute HCV infection is asymptomatic in approx- 
imately 75% of patients, but 70-80% of adults develop chronic 
infection, of whom up to 20% develop cirrhosis and are at risk 
of hepatocellular carcinoma, both accounting for most associated 
deaths [41]. 


Pathophysiology 

Causative organism and pathology 

HCV is a small enveloped single-stranded positive-sense RNA 
virus and a member of the flavivirus family (Flaviviridae), genus 
Hepacivirus. There are seven known genotypes: type 1 causes about 
70% of infections and genotype 2 approximately 20% and the 
genotype may influence response to available antiviral treatment. 
Extrahepatic manifestations are common and are proposed to result 
from both the host immune response to HCV infection and direct 
viral cytopathic effects [1]. 


Clinical features 

Presentation 

In acute HCV infection, reported skin manifestations include 
jaundice, vasculitis, urticaria, erythema multiforme and _ ery- 
thema nodosum. Skin manifestations of chronic HCV are more 
frequent, with the four most common being mixed cryoglobuli- 
naemia, lichen planus, porphyria cutanea tarda and necrolytic acral 
erythema. 
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Mixed cryoglobulinaemia (MC). MC is a systemic vasculitis of 
small and medium vessels characterised by the presence of serum 
cryoglobulins generated by an expansion of B cells. These are 
detected in up 30-40% of chronic HCV infections, but only 5-30% 
are symptomatic with features of mixed cryoglobuliaemia syn- 
drome (MCS) [43]. Conversely, more than 80-90% of patients with 
MC have chronic HCV infection [43]. Immune complexes precipi- 
tate mainly in the skin, joints, kidneys and peripheral nerve fibres, 
activating complement and causing tissue damage. There may be 
general features of fatigue, arthralgia and hepatosplenomegaly. 
Palpable purpura with or without livedo is the most common 
feature in the skin, most often on the lower legs. Raynaud phe- 
nomenon, pruritus, urticaria and leg ulcers are also seen [42,43]. 
Leukocytoclastic small vessel vasculitis is the main histological 
feature [42]. 


Lichen planus (LP). Although some studies have suggested a 
2.5-4.5-fold increased risk of LP in HCV-positive patients and a 
5-fold increased risk of HCV in patients with LP, this association 
varies widely with geographic region and study design. In patients 
with oral LP, HCV increases the risk of oral SCC [1,7,42,43,44,45]. 


Porphyria cutanea tarda (PCT). PCT is associated with liver dis- 
ease, but detection of antibodies in a high proportion of non-familial 
cases suggests an aetiological link. There is geographic variation, 
with reports of 20-90% of cases of PCT being HCV seropositive 
[43,44,45]. Although the relative risk of HCV infection in patients 
with PCT is increased up to 275-fold in case-control studies [42], 
PCT is relatively rare with a reported prevalence of between <1% 
and 5% [42]. 


Necrolytic acral erythema (NAE) [1,3,7,42,43]. NAE is distinguish- 
able from other forms of necrolytic erythemas by its acral location, 
most often on the dorsal feet. It has been reported in 0.2-1.7% of 
HCV-infected patients and was initially considered pathognomonic 
for infection [46]. In endemic areas, 10-30% of patients may also 
be HBV positive. NAE runs a relapsing and remitting course with 
lesions evolving from red and violaceous papules, vesicles, ero- 
sions and plaques into hyperkeratotic plaques which can become 
hyperpigmented and may be painful. Histology demonstrates 
psoriasiform epidermal hyperplasia [3]. Serum zinc levels are 
frequently low [47,48]. 


Pruritus and pruritic eruptions. In chronic HCV infection pru- 
ritus affects up to 15% of patients, either as generalised pruritus 
without skin lesions or associated with secondary changes such 
as lichenification, lichen simplex chronicus and nodular prurigo 
[42,49]. 


Other skin disorders. Associations between HCV infection and 
other skin manifestations are reported [43]. In addition to LP, 
the risk of immune-mediated chronic inflammatory skin disor- 
ders including psoriasis, vitiligo, alopecia areata and cutaneous 
lupus erythematosus is also increased [5]. Polyarteritis nodosa 
[50,51], erythema nodosum [52], Sjogren syndrome [53], erythema 


multiforme [54], erythema induratum [55], disseminated superficial 
actinic porokeratosis [56], granuloma annulare [57], morphoea [58], 
drug hypersensitivities [59] and bullous pemphigoid [60] are also 
reported. 


Management 

There is currently no vaccine against HCV [10,40]. Previous 
pegylated IFN-based treatment regimens were associated with sub- 
stantial toxicity. In 2011, boceprevir and telaprevir — first-generation 
NS3/4A HCV protease inhibitor direct-acting antivirals (DAAs) — 
were licensed for use in combination with IFN and ribavirin 
(‘triple therapy’) for genotype I infections. Although this revo- 
lutionised HCV treatment in terms of improved virological cure 
rates, triple therapy is associated with significant side effects. In 
2014 three HCV DAAs (sofosbuvir, simeprevir and daclatasvir) 
were introduced in IFN-free regimens, with sustained virologi- 
cal response and improved tolerability. Further NS3/4A protease 
inhibitors, NS5A inhibitors, NS5B nucleoside analogue inhibitors 
and NS5B non-nucleoside inhibitors have followed [10,43]. The 
WHO now recommends therapy with DAAs for all adults, adoles- 
cents and children from 3 years of age with chronic HCV infection 
and treatment for 12-24 weeks cures more than 95% of people 
[10,41,43]. 

HCV-associated skin diseases respond variably to antiviral 
treatments [42,43]. In HCV-associated mixed cryoglobulinaemia, 
elimination of HCV infection with DAA treatment together with 
suppression of associated B-cell clonal expansions using rituximab 
may be beneficial [61]. Although treatment is associated with rapid 
control of most vasculitis manifestations, cryoglobulins remain 
positive in about 50% of patients, a small proportion remain at 
risk of clinical relapse and severe vasculitis may not respond 
[62]. Although data remain limited, DAA treatment has also been 
reported to result in improvements in skin disease in a significant 
proportion of patients with pruritus [63,64], lichen planus [63,65], 
NAE [64], PCT [66], psoriasis [63,67], eczema [64] and LE [68] have 
all been reported. 


Adverse cutaneous effects of HCV antiviral treatment 
Interferon/ribavarin regimens have high rates of cutaneous side 
effects including exacerbation of immune-mediated inflammatory 
skin conditions: dermatitis is the most common pattern, but pso- 
riasis, lichen planus, discoid lupus and alopecia areata are also 
reported [67,69,70]. 

The addition of HCV protease inhibitors telaprevir and bocepre- 
vir as part of triple therapy increases the risk of cutaneous adverse 
effects to approximately 50-70%; rashes are most frequently eczema- 
tous with a spongiotic dermatitis as the most common reaction 
pattern, and in many cases therapy can be continued with appro- 
priate treatment [71,72]. However, severe cutaneous adverse reac- 
tion syndromes which necessitate modification or discontinuation 
of antiviral treatment have been described, including DRESS, 
Stevens—Johnson syndrome and toxic epidermal necrolysis, includ- 
ing some resulting in fatalities [71-78]. 

The risk of adverse cutaneous effects with second generation 
DAAs appears to be lower compared with first generation protease 
inhibitors, especially in patients not treated with IFN or ribavirin 


in whom rates of less than 5% are reported [79]. Symptomatic 
treatment with antihistamines and corticosteroids may provide 
adequate control and it is not usually necessary to suspend 
DAA treatment [79,80]. Together with eczematous reactions, also 
reported are leukocytoclastic vasculitis [81], photosensitivity [82], 
photodistributed lichenoid eruptions [83] and subacute cutaneous 
LE [84]. 


Resources 


Further information 


https: / /www.who.int/news-room/fact-sheets / detail /hepatitis-c 
https://www.cdc.gov /hepatitis/hcv /index.htm 

https: / /cks.nice.org.uk/topics/hepatitis-c/ 

(All last accessed August 2023.) 


PARVOVIRUS INFECT! 


Until 2005, parvovirus B19 was the only member of the Parvovirus 
family known to be a human pathogen. Molecular analysis of 
viruses isolated from humans has since revealed other parvoviruses 
that can infect humans, although their prevalence and role in 
disease are not yet clearly defined (Table 25.1). 


General description of disease domain 


Human parvoviruses are widespread, affecting all ages, worldwide. 


Erythema infectiosum 


fection, fifth disease 


Epidemiology 

Incidence and prevalence 

Parvovirus B19 infection is very common but often undiagnosed, 
with most individuals becoming infected in childhood. Transmis- 
sion is mainly by droplets, but parenteral and intrauterine infection 
can occur. The majority of adults are seropositive [1,2]. Parvovirus 
B19 DNA has been found in the skin in a number of conditions 


including erythema infectiosum, although causality is unproven 
(see Clinical variants later). 


Pathophysiology 

Causative organisms 

Parvovirus B19 (Figure 25.30) has been reclassified as primate 
erythroparvovirus 1 in the genus Erythroparvovirus within the Par- 
voviridae family [3,4]. The genome of the virus is single-stranded 
DNA of 5-6kb. Three genotypes are recognised, but most acute 
infections are due to type 1 [5]. 


vs 


Figure 25.30 Human parvovirus (B19) in the serum of a patient with aplastic crisis. 
Negatively stained electron micrograph, x200 000. Courtesy of Mr T. W. Lee, John 
Radcliffe Hospital, Oxford, UK. 


Clinical features 

Presentation 

In children, the exanthem commonly develops suddenly without 
prodromal symptoms, although there may be mild malaise, myalgia, 
sore throat, headache or fever [6,7,8]. Rose-red papules on the cheeks 
rapidly coalesce to form a hot turgid redness, almost erysipeloid, 
giving a ‘slapped cheek’ appearance. There is often perioral pallor. 
During the next 2-4 days, maculopapules appear on the proximal 
extremities and extend distally to the hands and feet and proximally 
to the trunk, often forming a lace-like pattern. The palms and soles 
may be involved and acral lesions may be petechial. There may be 
dark red macules on the buccal and genital mucous membranes. 
Lymphadenopathy is not common. 

In adults, acute infection is seen more commonly in women 
than men. Polyarthralgia is often the predominant symptom of 
infection [9] and systemic symptoms are more marked. When the 
exanthem does occur, the features of facial redness are usually 
less marked than in children [10] and the eruption is frequently 
purpuric [11]. 


Clinical variants 

Rarely, lesions may be vesicular or pustular [12]. The eruption may 
be petechial or purpuric in children, often generalised [13], but 
sometimes acral or flexural. An acral pattern of purpuric lesions, 
amounting to papular-pruritic gloves and socks syndrome (see 
later), is the commonest skin association or variant of parvovirus 
B19 infection [14]. 
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Table 25.12 Cutaneous conditions with possible association with parvovirus B19 (acute 
or reactivated). 


Condition References 
Urticaria/angio-oedema 15 
Vasculitis 16,17] 
Sweet syndrome 18 
Pityriasis lichenoides (pityriasis lichenoides et varioliformis acuta) 19,20] 
Hydroa vacciniforme 21 
Red baby syndrome 22 
Systemic sclerosis 23 
Behcet disease 24 
Psoriasis 25 
Wells syndrome 26 
Acute generalised erythematous pustulosis (AGEP) 27,28] 


Other conditions associated with B19 are listed in Table 25.12. 


Complications and co-morbidities 
During the early stages, there is leukocytosis with relative 
lymphopenia; later an eosinophilia may be accompanied by a 
lymphocytosis. Mild anaemia is common but aplastic anaemia 
occurs rarely, most commonly in those with pre-existing haemato- 
logical disorders or immunosuppression [29]. Rare complications 
such as haemophagocytic syndrome, myocarditis and severe liver 
damage have been reported [30]. 

Acute parvovirus infection in pregnancy, especially first trimester, 
can result in fetal death or hydrops fetalis [31]. 


Disease course and prognosis 

The facial redness abates within a few days and the eruption usu- 
ally fades in 6-10 days, but evanescent recurrences on previously 
affected sites may continue for 2 weeks or longer [32]. 

While the arthropathy common in adults usually resolves in a 
few weeks, joint symptoms can persist for more than 2 months in 
10% of infected women. In some cases, the combination of par- 
vovirus infection with rash and arthritis is accompanied by other 
features diagnostic of connective tissue disease such as systemic 
lupus erythematosus or rheumatoid arthritis [33], but a causative 
association has not been proved [34]. 


Investigations 

Confirmation of infection is usually made by serology. IgM antibod- 
ies against the capsid proteins VP1 and VP2 are detectable during 
the second week of acute infection and for up to 2 months, while 
IgG antibodies develop as lasting evidence of past infection. False 
negative results can occur. 

Parvovirus DNA can be detected by PCR in the early stages of 
disease in serum. This can be quicker and of use if clinical suspicion 
is high but the immune test negative [35]. In later stages of the infec- 
tion, the viral DNA is found in tissues such as skin, bone marrow, 
heart and joints, and may persist throughout life [36]. Up to 25% of 
skin samples may harbour residual viral DNA [37,38]. 


Management 
As the infection is usually mild and self-limiting, no specific treat- 
ment is needed. In pregnant women, rapid diagnosis is essential. 


In immunosuppression or haematological disease such as sickle cell 
disease, review for bone marrow failure is needed. 


Resources 


Further information 


https: / /www.gov.uk/guidance/parvovirus-b19 
https: / /cks.nice.org.uk/ topics /parvovirus-b19-infection/ 
https: / /www.cdc.gov/parvovirusb19/index.html 


Patient resources 

https: / /www.nhs.uk/conditions/slapped-cheek-syndrome/ 
https:/ /dermnetnz.org/topics/erythema-infectiosum/ 

(All last accessed August 2023.) 


Other parvoviruses | -—l 


Within the family of Parvoviridae, viruses in three other genera have 
been detected in humans [39]. The geographic prevalence varies, but 
more extensive studies are needed to determine potential impor- 
tance in human disease. 

Of the primate bocaparvoviruses, human bocavirus 1 (HBoV-1) 
has been found most commonly in respiratory tract infections while 
HBoV-2, -3 and -4 are more closely associated with gastrointestinal 
upset. Over 90% of adults are seropositive for HBoV-1 and antibod- 
ies to the other bocaviruses are also common [40]. An associated 
red maculopapular eruption on the chest or face has occasionally 
been observed during acute infection [41,42]. 

In the Tetraparvovirus genus, the human parvovirus 4 (PARV4) 
appears to be spread parenterally and may be detected in combi- 
nation with other blood-borne viruses, especially in immunosup- 
pressed individuals [43]. The acute infection usually presents with 
non-specific features, respiratory illness or gastrointestinal upset, 
and in some infection may become persistent [44]. An associated 
rash has rarely been reported with seroconversion [45]. 

Human infection with viruses in the genus Protoparvovirus 
has only been detected in the last decade. Bufavirus (BuV) and 
Tusavirus (TuV) may be detected in the faeces of children with diar- 
rhoea. Cutavirus (CuV) has been discovered in the faeces and in a 
proportion of skin biopsies of cutaneous T-cell lymphoma patients, 
but appears to be absent from skin of healthy individuals [46]. 


HUMAN RETROVIRUS INF 


General description of disease domain 


Human retroviruses are single-stranded RNA viruses that replicate 
in host cells following DNA production via reverse transcription 
using a viral reverse transcriptase and insertion of this DNA into the 
host genome using a viral integrase. This DNA, once incorporated 
within the host cell DNA, is known as a provirus. Retroviruses exclu- 
sively infect vertebrates and there are three main groups: oncogenic 
retroviruses, which cause cancer in some species; lentiviruses, 


which can cause severe immunodeficiency and death in humans 
and other animals; spumaviruses, which are benign and not linked 
to disease. Human retroviruses include HIV-1 and HIV-2, which 
cause acquired immunodeficiency syndrome and are discussed 
in detail elsewhere (Chapter 31). Human T-lymphotropic viruses 
are also important human pathogens causing haematological, 
neurological and skin disease [1]. 


HUMAN T-CELL LYMPHOTROPIC VIRUSES 


General description of disease domain 


Human T-cell lymphotropic viruses (HTLVs) are closely related to 
their simian counterparts and are believed to have arisen following 
cross-species transfer from monkeys to humans [1]. HTLV-1 was 
the first human oncogenic retrovirus to be discovered in 1977 fol- 
lowed by HTLV-2 in 1982 [2,3]. In 2005, two further retroviruses, 
HTLV-3 and HTLV-4, were identified [4]. HTLV-1 causes adult 
T-cell leukaemia/lymphoma (ATL), HTLV-1-associated myelopa- 
thy or tropical spastic paraparesis (HAM/TSP) and _ infective 
dermatitis. HTLV-2 was isolated from patients with a T-cell variant 
of hairy cell leukaemia and may be associated with myopathy. 
HTLV-3 and -4 have not yet been conclusively linked to human 
disease [1]. 


Epidemiology and transmission 


Estimates for total numbers of people living with HTLV-1 infection 
range from 5 to 20 million [5,6], but this is likely an underesti- 
mation due to the scarcity of reliable data. The virus is endemic 
in the Caribbean, Central and South America (especially Brazil 
and adjacent countries), south-west Japan, sub-Saharan Africa and 
northern Iran [7]. There are smaller foci of incidence in South-East 
Asia, South Africa, Europe and central Australia. The seropreva- 
lence is between 0.1 and 15% in endemic areas with rates of up to 
30% in affected families. In non-endemic areas, seroprevalence is 
below 0.03% with most positive individuals being immigrants from 
endemic areas or intravenous drug users [8]. 

At least six different subtypes of HTLV-1, A-G, have been iden- 
tified by molecular sequence analysis. Subtype A is more widely 
distributed in the world, while the subtypes B and D-G are found 
in Africa, with subtype C detected in Australia and Oceania [9]. 
Although it is found more commonly in areas of poverty and poor 
health, the incidence is increasing in urban areas and regions not 
previously associated with the infection [10]. 

HTLV-1 is transmitted primarily through cell-containing bodily 
fluids including blood, breast milk, semen and cervical secretions. 
The major route of transmission of HTLV-1 is via breast milk, with 
estimated mother to child transmission rates of 3.9-27%. Horizontal 
spread is by sexual transmission (mainly from male to female) and 
by blood (leukocyte transfer is necessary, with transmission rates 
of up to 63% from a positive donor). 

HTLV-2 is endemic in intravenous drug users throughout the 
western hemisphere. 


Basic biology 


The human T-lymphotropic viruses belong to the Deltaretrovirus 
genus of the Retroviridae family, Orthoretrovirinae subfamily [1,11]. 

HTLV-1 infects CD4+ T lymphocytes. After entering the cell, 
the virus makes a DNA copy of its genome, using virally encoded 
reverse transcriptase. This integrates randomly into the cell genome. 
The integrated or proviral DNA produces proteins, most notably 
Tax, which regulate not only viral but also cellular promoters in 
adjacent genes and at a distance (a trans-activation mechanism). 
HTLV-1 also encodes a protein called Hbz from the antisense strand 
of the proviral genome that counters many Tax functions in the 
infected cell, but also promotes cellular proliferation, inhibits apop- 
tosis and disrupts genomic integrity. Overall, these processes result 
in cellular transformation and virus-mediated oncogenesis [12]. 


Haematological and neurc 
disease associated wit 


Most HTLV-1 infections are apparently asymptomatic, although the 
virus probably exerts subtle effects on long-term health [12]. 

In 2-5% of those infected, HTLV-1 is associated with an aggres- 
sive form of ATL first described in Japan [5,13], also referred to as 
ATL-lymphoma (ATLL) because it usually begins as a lymphoma 
which progresses to a late leukaemia phase (Chapter 139). ATL is 
classified into smouldering, primary cutaneous tumoral, chronic, 
lymphoma and acute subtypes, and cutaneous lesions are common. 

In 0.25-3% of infections, HTLV-1 is also associated with a chronic 
neurological disease — HTLV-1-associated myelopathy /tropical 
spastic paraparesis (HAM/TSP) [14]. It is not known what deter- 
mines the form of disease HTLV-1 infection can take. 

The risks of both complications are greater in those with a higher 
proviral load [15] and the development of HAM/TSP is linked with 
immunological response [16]. The interval between infection and 
disease is considerably shorter for TSP: 6 months to 3 years has been 
recorded following blood transfusion. HTLV-1 is also associated 
with uveitis. 


Infective dermatitis asso 
with HTLV-1 


Introduction and general description 

There is a high prevalence of skin disease in people living with 
HTLV-1 infection. This includes xerosis, ichthyosis and sebor- 
rhoeic dermatitis [17,18]. Infective dermatitis associated with 
HTLV-1 infection (IDH) is a specific inflammatory disease of child- 
hood which develops in a minority of individuals with HTLV-1 
infection [19,20]. Although the disease may clear spontaneously 
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in adolescence, it is also seen in adulthood [21,22,23]. There is a 
high risk of development of TSP/HAM, with between 30 and 47% 
showing signs of the disease in later life, and also a risk of ATLL 
[24,25]. 


Epidemiology 

Incidence and prevalence 

Infectious dermatitis develops in HTLV1-positive children and 
seems to be more common in the Caribbean and in Brazil than in 
other areas of HLTV-1 endemicity [20]. The onset is most frequent 
between the age of 2 and 3 years, but may be as early as a few 
months or as late as age 11 years. The disease has been reported in 
adults [22,23,26] when the skin disease may present together with 
or after the development of ATLL [27]. The disease is more common 
in females [28]. 


Associated diseases 

As well as an increased risk for TSP/HAM, there is also a much 
lower risk for the development of ATLL [29,30]. Patients with 
TSP/HAM may have other associated immunological manifesta- 
tions such as uveitis and myositis, and these may rarely be seen in 
children with infective dermatitis. 


Pathophysiology 

Predisposing factors 

Vertical acquisition of HTLV-1 via breastfeeding from an infected 
mother is the main predisposing factor. 


Presentation 
The dermatitis is often most marked on the scalp, around the ears 
and the nares, in the axillae and groin and on the neck. In these 
areas, but especially around the nostrils, there are often erosions and 
crusting [25]. There may be a watery nasal discharge. Blepharitis and 
conjunctivitis are very common. 

The dermatitis is mildly to moderately pruritic and lichenification 
is not a major feature. 


Differential diagnosis 
Seborrhoeic dermatitis, atopic eczema, contact dermatitis [22]. 


Pathology 

It is not known what leads to the development of the disease in 
only some HTLV-1 infected children. There is some evidence to 
support a high proviral load [27,31] and a marked Th1 response 
[32], but an undefined genetic predisposition is also suggested 
[33]. Histologically it has two patterns: a superficial perivascular 
dermatitis or a lichenoid dermatitis, and epidermal hyperplasia 
may mimic psoriasis. The infiltrate is composed of a predominance 
of CD8-positive lymphocytes [22]. 


Complications and co-morbidities 
Lymphadenopathy, anaemia. 


Disease course and prognosis 

If the child remains well without development of TSP/HAM, the 
infective dermatitis often improves and disappears in the teenage 
years [25]. 


Investigations 

If HTLV-1-associated infective dermatitis is suspected, serology or 
PCR for HTLV-1 should be performed. Skin swabs to confirm bac- 
terial infection and guide antibiotic therapy are needed. Infection 
with Staphylococcus aureus or Streptococcus is very common, espe- 
cially in the skin around the nostrils. 


Management 
Appropriate antibiotic treatment leads to disease improvement, but 
relapse occurs when antibiotics are discontinued [34]. Therefore, 
prolonged antibiotic therapy against Staph. aureus and/or Strep. 
pyogenes is usually needed. 

Symptomatic treatment of the dermatitis with emollients and 
application of mild to moderate potency topical steroids is of use. 


Resources 


Further information 
https: / / www.who.int/news-room/fact-sheets / detail /human-t-lymphotropic- 
virus-type-1 (last accessed August 2023). 


VIRAL INSECT-BORNE AN 


HAEMORRHAGIC FEVERS 


Viral haemorrhagic fevers (VHFs) are caused by RNA viruses from 
seven different families: Arenaviridae, Peribunyaviridae, Hantaviridae, 
Nairoviridae, Phenuiviridae (all of the order Bunyavirales), Filoviri- 
dae (order Mononegavirales) and Flaviviridae (order Amarillovirales) 
(Table 25.13). 

The insect-borne viruses of the family Togaviridae cause a variety 
of infections that are less severe than VHFs. 


General description of disease domain 


Most VHFs are severe, multisystem diseases in which fever, 
vascular damage and haemorrhage are prominent features and 
mortality is frequently high. They are seen mainly in tropical areas 
where they are endemic, but with increasing global travel, cases are 
now not uncommonly seen outside these areas [1,2]. 

Suspected cases of VHF should be isolated. Definitive diag- 
nosis is usually made at a reference laboratory with advanced 
biological containment capabilities and handling of specimens 
for testing must only be carried out after discussion with the 
microbiologist [1]. 


Basic biology 


Most of these viruses cause zoonotic infections, the human being 
an accidental host, but human-to-human transmission also occurs. 

Thrombocytopenia is present in all VHFs and reduced lev- 
els of coagulation factors in many [3]. Additional mechanisms 
which may apply in some cases are platelet dysfunction, dis- 
seminated intravascular coagulation, circulating anticoagulants 
and vascular injury. All can result in circulatory shock with high 
mortality [3]. 


Table 25.13 Viruses causing haemorrhagic fevers in humans and related viruses. 


25.81 


Viral insect-borne and haemorrhagic fevers 


Family Genus Species Disease Virus abbreviation 
Arenaviridae Old World Lassa virus Lassa fever LASV 
Lujo virus Lujo haemorrhagic fever LUJV 
Lymphocytic choriomeningitis virus Lymphocytic choriomeningitis LCMV 
New World (Tacaribe complex viruses) Junin virus Argentinian haemorrhagic fever UNV 
Mapucho virus Bolivian haemorrhagic fever ACV 
Guanarito virus Venezuelan haemorrhagic fever GTOV 
Sabia virus Brazilian haemorrhagic fever SABV 
Chapare virus Bolivian haemorrhagic fever CHPV 
Latino virus Bolivian haemorrhagic fever LATV 
Whitewater Arroyo virus Haemorrhagic fever with liver failure WWAV 
Peribunyaviridae Orthobunyavirus Bunyamwera virus Bunyamwera fever BUNV 
Bwamba virus Bwamba fever BWAV 
Oropouche virus Oropouche fever OROV 
Hantaviridae Orthohantavirus Hantaan virus Haemorrhagic fever with renal syndrome HTNV 
Sin Nombre virus Hantavirus pulmonary syndrome SNV 
Nairoviridae Orthonairovirus Crimean-Congo haemorrhagic fever virus Crimean-Congo haemorrhagic fever CCHFV 
Phenuiviridae Phlebovirus Rift valley fever virus Rift valley fever RVFV 
Filoviridae Orthomarburgvirus Marburg marburgvirus arburg haemorrhagic fever MARV 
Orthoebolavirus Bundibugyo ebolavirus Ebola virus disease BDBV 
Sudan ebolavirus Ebola virus disease SUDV 
Tai Forest ebolavirus Ebola virus disease TAFV 
Zaire ebolavirus Ebola virus disease EBOV 
Flaviviridae Orthoflavivirus Yellow fever virus Yellow fever YFV 


Dengue fever virus 


Kyasanur forest disease virus 
Omsk haemorrhagic fever virus 


Zika virus 


ARENAVIRUS INFECTIONS 


There are two groups of arenaviruses that cause severe VHF in 
humans — Old World and New World viruses — based on genetic 
differences as well as where the viruses are geographically dis- 
tributed [2]. Lymphocytic choriomeningitis virus causes a menin- 
goencephalitis, not VHF. 


General description of disease domain 


Rodents are the natural hosts for these viruses. Contact with 
urine, droppings or other secretions from infected animals can 
lead to human disease after an incubation period of 1-3 weeks. 
Person-to-person transmission occurs with certain arenaviruses 
(Chapare, Lassa, Machupo and Lujo viruses) when there is direct 
contact with the blood or other body fluids of infected individuals 
or contact with contaminated objects. 

Lassa fever and Lujo haemorrhagic fever have a high mortality 
when severe. The New World viruses all produce very similar dis- 
eases [4]. 


Lassa fever -— (Sah? 


Introduction and general description 
This disease was first recognised in humans in 1969 in Nigeria [5]. 
Although most cases occur in sub-Saharan Africa, especially in 


Dengue fever DENV 1-4 
Kyasanur forest disease KFDV 
Omsk haemorrhagic fever OHFV 
Zika fever ZIKV 


West Africa (including Sierra Leone, Liberia, Guinea and Nigeria), 
imported cases in travellers are diagnosed occasionally [6]. 


Epidemiology 

Incidence and prevalence 

In West Africa, there are at least 500000 infections per year with 
5-10 000 deaths annually [6]. Serological surveys in endemic areas 
have shown that up to 50% of the population of some villages have 
had past infection. 


Pathophysiology 

Causative organisms 

The natural host is the multimammate rat, Mastomys natalensis, 
a common rodent in West African villages [7]. Transmission to 
humans occurs most commonly in the wet season, producing 
short-lived outbreaks or epidemics, with secondary infections by 
human-to-human spread in households and hospital staff [8]. 


Clinical features 

Presentation 

The incubation period of Lassa fever is 2-21 days. Fever, malaise, 

headache and non-productive cough herald the onset of disease [6]. 
A maculopapular or petechial rash over the face, arms and tho- 

rax may be seen. There is usually joint, retrosternal and lumbar 

pain with a developing painful sore throat. Conjunctivitis and 

periorbital oedema are common. High fever and severe prostration 

follow [9-11]. 
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Classification of severity 

In severe cases, features may include diarrhoea, leading to hypo- 
volaemia, renal damage with proteinuria, central nervous system 
involvement with confusion, coma, convulsions and respiratory 
complications. These are most likely in the first week of illness. 


Complications and co-morbidities 

Bleeding is rare but indicates a poor prognosis. Symptoms can be 
difficult to distinguish from malaria and typhoid and these should 
be considered in an individual returning from an endemic area with 
an appropriate history [7]. Misdiagnosis at the onset of infection may 
be more common since the Covid-19 pandemic in early 2020 [10]. 


Disease course and prognosis 

Recovery begins in the second week of illness but in severe cases, 
deterioration is evident at about day 7. The overall mortality rate is 
2-4% but rises in severely affected hospitalised patients to 10-20%. 
Lassa fever in the third trimester of pregnancy is associated with 
a greater than 30% mortality rate. In survivors, about a quarter 
develop deafness in one or both ears, which may be permanent, or 
may slowly resolve [7]. 


Investigations 

Diagnosis is dependent on an accurate history and an understand- 
ing of the geography of the disease, supported by laboratory inves- 
tigations: IgM and IgG ELISA and RT-PCR in the early stages of 
disease. These may not be available in some endemic areas and the 
ReLASV Antigen Rapid Test has been developed for bedside use in 
resource-limited regions [11]. Lassa fever is a notifiable disease in 
many countries [7]. 


Management 

Currently, there are no approved vaccines or treatments for Lassa 
fever. Off-label therapeutics for acute infection used include rib- 
avirin (given IV within 6 days of symptom onset) and convalescent 
plasma, but efficacy is suboptimal. Ribavirin is occasionally used 
as post-exposure prophylaxis for high-risk exposure to Lassa virus. 
Newer agents such as favipiravir, taribavirin, arevirumab-3, pegy- 
lated interferon and LASV-specific monoclonal antibodies are under 
evaluation. Supportive measures are essential. Given the limited 
treatment options, prevention of infection should be prioritised, 
particularly in endemic regions [7,11,12]. 


Resources 


Further information 

https:/ /www.gov.uk/ guidance /lassa-fever-origins-reservoirs-transmission-and- 
guidelines 

https: / /www.who.int/health-topics /lassa-fever#tab=tab_1 


Patient resources 
https://www.cdc.gov/vhf/lassa/index.html 
(All last accessed August 2023.) 


Lujo virus haemorrhagic 


Definition and nomenclature 
Lujo virus was first identified in West Africa in 2008 and was the 
second African haemorrhagic fever virus to be described [13]. 


Epidemiology 

Incidence and prevalence 

A series of five cases has been described, starting with a patient in 
Zambia whose source of infection was unknown: four health care 
workers were subsequently infected [13]. 


Causative organisms 

As with other arenaviruses, Lujo virus has a rodent host as its reser- 
voir and humans are infected by direct or inhalational contact with 
urine or faeces of infected rodents. Person-to-person infection is 
most likely the result of direct contact with the body fluids of an 
infected person. The Lujo virus is related to Lassa fever virus [14]. 


Clinical features 

Presentation 

After an incubation period of 1-2 weeks, the illness starts with fever, 
headache, pharyngitis, diarrhoea and myalgia. A morbilliform erup- 
tion, widespread but mainly affecting the face and trunk, can be 
accompanied by facial swelling [15,16]. 


Classification of severity 

In severe and potentially fatal disease, respiratory failure and neu- 
rological decline develop. Haemorrhagic features with profound 
bleeding can occur [15,16]. 


Disease course and prognosis 
In five reported cases, the mortality was 80%, usually occurring 
10-13 days after onset [13]. 


Management 

First line 

General supportive measures with fluid balance and blood 
transfusions. 


Second line 
Ribavirin may be of use both in acute infection and as post-exposure 
prophylaxis. 


Resources 


Further information 
https: / /www.cdc.gov/vhf/lujo/index.html (last accessed August 2023). 
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Table 25.14 Haemorrhagic fevers and the natural hosts of the virus. 
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Viral insect-borne and haemorrhagic fevers 


Disease Virus Host Geographic distribution 
Argentinian haemorrhagic fever Junin virus Drylands vesper mouse (Calomys musculinus) Argentina 

Bolivian haemorrhagic fever Machupo virus Large vesper mouse (Calomys callosus) Bolivia 

Bolivian haemorrhagic fever Chapare virus Unknown Bolivia 

Bolivian haemorrhagic fever Latino virus Large vesper mouse (Calomys callosus) Bolivia 

Brazilian haemorrhagic fever Sabia virus Unknown Brazil 

Venezuelan haemorrhagic fever Guanarito virus Short-tailed cane mouse (Zygodontomys brevicauda) Venezuela 


Haemorrhagic fever Whitewater Arroyo virus 


Introduction and general description 
These arenaviruses are closely related and are grouped together as 
the New World or Tacaribe complex viruses as the diseases they 
cause are clinically alike [16,17—19,20,21]. 

The viruses and their natural hosts are listed in Table 25.14. 


Epidemiology 

Incidence and prevalence 

The viruses and the diseases they cause are currently limited to the 
areas in which they were first described. 


Clinical features 

History 

Spread from rodent to human can occur directly, as via a bite or 
handling animals, or indirectly by harvesting food crops in areas 
contaminated by rodent urine. 


Presentation 

The 3-21-day incubation is followed by a high fever, headache, 
malaise and myalgia, redness or a petechial eruption of the face, 
neck and upper chest, a pharyngeal enanthem and petechiae. Epis- 
taxis and haematemesis may also occur in the first week of the 
illness. Shock ensues in over half the patients. 


Disease course and prognosis 
These infections are associated with about a 15-60% mortality rate 
if untreated [20]. 


Investigations 
Diagnosis is usually by detection of viral antigens by ELISA. RT-PCR 
can be helpful but is not in routine diagnostic use [1]. 


Management 

Preventative measures include rodent control and avoidance of 
rodent contact. The incidence of Argentinian haemorrhagic fever 
has reduced following the use of live attenuated JUNV vaccine and 
other vaccines are in development [20,22]. 


First line 
Supportive measures are the mainstay of treatment [20]. 


Second line 
Current treatment for Argentinian haemorrhagic fever includes 
transfusion of immune plasma and possibly ribavirin [20,23]. 


White-throated woodrat (Neotoma albigula) 


South-western USA 


Ribavirin can be used for all infections, but no real measure of 
its efficacy has been made [24]. Other treatments in develop- 
ment include the antiviral favipravir, monoclonal antibodies and 
leflunamide [20,25]. 


Resources 


Patient resources 
https: / /www.cdc.gov/vhf/virus-families/arenaviridae.html (last accessed August 


2023). 


BUNYAVIRUS INFECTIONS 


General description of disease domain 


A number of arthropod members of the Bunyaviruses, Flaviviruses, 

Hantaviruses, Phleboviruses and Nairoviruses cause febrile ill- 

nesses (Table 25.13). These may be severe, as in tick-borne Crimean 

Congo haemorrhagic fever [16,26-31], the mosquito-borne zoono- 

sis Rift Valley fever [32] and the febrile illness associated with 

Oropouche viruses [33] and Kayanur Forest disease (a filovirus) 

[34]. There may be hepatitis and haemorrhagic features. In severely 

affected individuals, skin and mucosal signs of petechial rashes, 

bruising, mucosal petechiae and bleeding are indicators of a higher 

mortality risk [16,35]. 

Some related viruses found predominantly in sub-Saharan Africa, 
such as Bwamba fever virus [36] and Bunyamwera virus [37], can 
cause very mild or subclinical infections. When symptomatic, there 
is mild fever, myalgia and occasionally a rash. 

Hantaviruses have a rodent reservoir and are transmitted directly 
from animal to human [38,39]. Most infections are subclinical, but 
two types of illness are recognised: 

1 Haemorrhagic fever with renal syndrome (HFRS) presents 
abruptly after a 2-4-week incubation period as a flu-like illness 
followed by a hypotensive phase on day 5, which can be fol- 
lowed by acute renal failure. Petechial bleeding and substantial 
haemorrhage are recorded in <10% of the cases. Mortality varies 
with the infecting strain from <1 to 10% and occurs typically in 
the oliguric phase. 

2 Hantavirus pulmonary syndrome develops after inhalation of 
the virus and has a sudden onset with fever, cough, myalgia 
and headache. Pulmonary oedema and respiratory failure (adult 
respiratory distress syndrome) rapidly ensue and are associated 
with a high mortality rate. 
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Diagnosis 
IgG and IgM ELISA and RT-PCR can be used to confirm infection [1]. 


Treatment 

Treatment is primarily supportive. There are no approved treat- 
ments or vaccines. However, ribavirin has been used in Crimean 
Congo haemorrhagic fever with some benefit and in the early stages 
of HFRS [29]. Vaccines are in development. 


Resources 


Further information 


https://www.cdc.gov/vhf/virus-families /bunyaviridae.html (last accessed August 
2023). 


FILOVIRUS INFECTIONS 


General description of disease domain 


The Filoviridae cause two serious human diseases, Marburg haem- 
orrhagic fever and Ebola virus disease (formerly Ebola haemor- 
rhagic fever) [40,41]. 


Marburg and Ebola haemorrhax 
fevers 


Definition and nomenclature 

The Marburg and Ebola viruses produce very similar diseases and 
so are considered together here. Both cause severe haemorrhagic 
fever witha high mortality rate. They infect humans and non-human 
primates (monkeys, gorillas and chimpanzees). 


Introduction and general description 

Marburg virus disease (MVD) was first observed in 1967 simulta- 
neously in laboratories in Marburg and Frankfurt, Germany and 
Belgrade, Yugoslavia when 30 infections (seven of which were fatal) 
followed the importation of African green monkeys (Ceropithecus 
aethiops) from Uganda [42,43]. Further outbreaks of Marburg disease 
have occurred in Africa, Kenya, Zimbabwe, Uganda, Democratic 
Republic of Congo and Angola. 

The closely related but antigenically distinct Ebola virus was first 
identified near the Ebola River in Democratic Republic of Congo 
(formerly Zaire) in 1976 [44]. Outbreaks of Ebola virus disease 
(EVD) have since occurred sporadically in Central Africa, Congo, 
Uganda, Gabon, South Sudan and the Ivory Coast. In 2014-16 a pro- 
longed outbreak started in Guinea and became a global epidemic 
within months, mainly spread between family members, but also 


in travellers returning to the USA [40,45]. In the 2018 outbreak in 
eastern Democratic Republic of the Congo, more than 32 000 people 
were infected and 13 600 deaths were reported [40,41]. 


Epidemiology 

Causative organisms 

These filoviruses are found only in Africa. Four species of Ebola 
virus cause human disease: Bundibugyo, Sudan, Zaire and Tai For- 
est [46]. Reston ebolavirus causes disease in non-human primates 
and pigs and it is unknown whether Bombali ebolavirus, discovered 
in bats in Sierra Leone in 2018, causes human disease [40,41]. 


Incidence and prevalence 

African fruit bats (Rousettus aegyptiacus) are the natural host for 
Marburg virus. Occasional cases are reported in visitors to caves 
or mines inhabited by bats via contact with bat faeces or aerosols, 
but infection usually occurs from handling infected animals or 
contact with non-human primates infected with the virus. Bats and 
non-human primates are also the likely source for Ebola virus. Once 
humans are infected there is a risk of person-to-person spread via 
blood and bodily fluids (including sexual contact) or contaminated 
objects including needles and syringes. Health care workers are at 
particularly high risk. The virus can persist in some bodily fluids 
for as long as 80 days [40,41]. 


Pathophysiology 

Ebola virus enters through mucous membranes, skin and parenter- 
ally. It infects monocytes, macrophages, dendritic cells, endothelial 
cells, fibroblasts, hepatocytes, adrenal cortical cells and epithelial 
cells. Hepatocellular necrosis is associated with dysregulation of 
clotting factors and subsequent coagulopathy. Adrenocortical necro- 
sis is associated with hypotension and impaired steroid synthesis. 
Release of pro-inflammatory cytokines causes vascular leak and 
clotting impairment, ultimately resulting in multiorgan failure and 
shock [41]. 


Clinical features [40,41,42,47-50] 

Presentation [51] 

The incubation period is usually 2-21 days (average 8-10 days) 
followed by the sudden onset of headache, high fever and myalgia. 
Towards the end of the first, early generalisation phase (days 1-5), 
a morbilliform rash commonly develops, more obvious on paler 
skins and most prominent on the buttocks, trunk and upper arms. 
Initially perifollicular red macules occur which progress to mac- 
ulopapular lesions and become confluent. An enanthem may be 
present as a dark red palatal discoloration and vesicles may occur 
on the soft palate simultaneously or preceding the exanthem. In 
severe cases, the rash may become petechial or purpuric, with a 
diffuse livid redness over the face, trunk and limbs. 


Disease course and prognosis 

In the second or early organ phase (days 5-13), diarrhoea and dehy- 

dration, hepatitis and renal damage occur. Haemorrhage, commonly 

gastrointestinal and mucosal, begins on about the fifth day of illness. 
After 2 weeks, the patient enters the third phase — either the con- 

valescent phase or, if severe and progressive, the late organ stage. 

Death is usually preceded by severe haemorrhage and multiorgan 


dysfunction between days 8 and 17. In survivors, desquamation of 
the rash occurs about a week after its onset. 

Fatality rates for MVD are 23-90% [16] and for EVD are 
80-90% [41]. 


Diagnosis and investigations 

Clinical diagnosis of MVD and EVD may be challenging, as many 
signs and symptoms are similar to other infectious diseases 
endemic in these areas (e.g. dengue, malaria and typhoid fever) as 
well as Covid-19 during the recent pandemic. 

RT-PCR and antigen ELISA are used during MVD disease to diag- 
nose cases within a few days of symptom onset. Antibody ELISA 
can show IgM during the disease and IgG for up to 5 months after 
disease. Virus isolation should only be done in high biocontainment 
laboratories. EVD is usually diagnosed by RT-PCR [1]. 


Management 

Suspected cases must be isolated and extreme care taken to avoid 
spread to family, health care workers and other contacts. Virus 
excretion continues for days to weeks in survivors and all items 
contaminated with body fluids should ideally be incinerated or 
disinfected thoroughly. 

Early supportive care improves survival. Ribavirin has no effect 
on filoviruses. Two monoclonal antibody therapies (Inmazeb® and 
Ebanga'") were approved for the treatment of Zaire EVD in 2020 [52]. 
A vaccine against Zaire ebolavirus (rVSV-ZEBOV) was approved in 
2019 and is recommended as pre-exposure prophylaxis in adults at 
occupational risk of exposure [53]. 


Resources 


Further information 
https: //www.cdc.gov/vhf/ebola/ 


https: / /www.who.int/en/news-room/fact-sheets / detail /ebola-virus-disease 

https: //www.gov.uk/government/collections /ebola-virus-disease-clinical- 
management-and-guidance 

(All last accessed August 2023.) 


FLAVIVIRUS INFECTIONS 


This family contains the largest group of antigenically related 
arthropod-borne viruses (arboviruses), transmitted by both 
mosquitoes and ticks [54]. More than 50% of these viruses cause 
disease in humans, including yellow fever, dengue and Zika 
viruses [55,56,57,58,59]. The causes for the increasing incidence 
and geographic expansion of these diseases in recent years are 
likely to include migration of humans and animals, development 
of air transport and travel, global land use change, climate change, 
deforestation and urbanisation [60,61]. This has been a cause for 
international concern and there is an urgent need for develop- 
ment of vaccines, better diagnostic tests and vector control tools 
[56,58,59,62]. 


General description of disease domain 


Although yellow fever, dengue and Zika virus infection are all asso- 
ciated with cutaneous manifestations, most flavivirus infections, 
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including the tick-borne encephalitides complex, are not. Hepatitis 
C virus is also a flavivirus (see earlier in this chapter). 


Yellow fever -— U/L 


Introduction and general description 

Yellow fever is an acute viral haemorrhagic disease transmitted by 
infected mosquitoes. ‘Yellow’ refers to the jaundice that occurs in 
some patients. The clinical illness manifests in three stages: infec- 
tion, remission and intoxication [59,63]. After an incubation period 
of 3-6 days, infection causes general malaise, fever, headache, 
musculoskeletal aches and nausea. This is followed by a period of 
remission when most patients fully recover. However, in 15-20% 
symptoms recur after 24-48 hours, with progression to the intox- 
ication stage consisting of hepatitis causing jaundice, abdominal 
pain and vomiting. Severe leukopenia and thrombocytopenia may 
develop with haemorrhage from the mouth, nose, eyes or stomach 
[59,63,64]. 


Epidemiology 

Incidence and prevalence 

The virus is endemic in subtropical South America and Africa, with 
increasing incidence recently in West Africa. Imported cases are 
reported in travellers [59,63,64]. 


Pathophysiology 

Causative organisms 

The virus is transmitted by mosquitoes of the Aedes and Haemogogus 
species. 


Diagnosis 

Yellow fever may simulate malaria, leptospirosis, viral hepatitis 
and other haemorrhagic fevers. PCR testing of blood and urine can 
detect the virus in the early stages and ELISA is used to identify 
antibodies in the later stages. 


Management 

Supportive treatment improves survival. There is no specific antivi- 
ral drug for yellow fever. Prophylactic vaccination with the live 
attenuated vaccine provides lifelong protection, but should be used 
with caution in immunocompromised individuals and those over 
60 years [65]. In epidemics it is used together with vector control 
measures to eradicate the mosquito vectors. 


Resources 


Further information 
https: / /www.gov.uk/government/uploads/system/uploads/attachment_data/ 
file /306941 /Green_Book_Chapter_35_v3_3.pdf 


http:/ /www.who.int/mediacentre /factsheets/fs100/en/ 
https: / /www.cdc.gov/yellowfever/index.html 


Patient resources 
https: / /nathnacyfzone.org.uk/factsheet/66/yellow-fever- factsheet 
(All last accessed August 2023.) 
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Introduction and general description 

Dengue is perhaps the most important mosquito-borne infection 
in humans, affecting 100 million people annually worldwide. The 
virus causes a range of infections from asymptomatic to dengue 
haemorrhagic fever which has a high mortality [56,57,66]. 


Epidemiology 

Incidence and prevalence 

Since the 1980s, the disease has spread widely in Africa, Central and 
South America, the Indian subcontinent, Queensland in Australia 
and Oceania, as well as South-East Asia, where annual epidemics 
are common and increasing in size. The infection is endemic in more 
than 100 countries, particularly the South-East Asia region, west- 
ern Pacific region and the Americas, and almost half of the world 
population lives in areas with a risk of dengue [67]. 


Pathophysiology 
Causative organisms 
There are four antigenically distinct dengue viruses — serotypes 
DENV 1-4; infection is followed by lifelong immunity to the spe- 
cific serotype and infection up to four times is possible. The second 
dengue virus infection is most likely to cause severe disease and 
hospitalisation. 

The virus is spread via mosquitoes, mainly Aedes aegypti but 
also A. albopictus. 


Clinical features 

Infection can be asymptomatic or cause an acute self-limiting febrile 
illness or lead to a severe haemorrhagic fever which is associated 
with a 1-10% mortality. The usual form after primary infection in 
childhood is asymptomatic. 


Presentation 
Dengue fever starts after an incubation period of 3-14 (average 
7) days as a fluctuating fever with nausea, vomiting, headache, 
myalgia, arthralgia, bone pain, eye pain and severe backache. A 
rash develops on the third to fourth day of the fever in about half 
the patients. There may be generalised redness, but usually the rash 
is maculopapular or scarlatiniform and can be itchy. It may start on 
the legs and spread caudally or on the chest and trunk and spread 
to the face, arms and legs [57,68,69]. The rash fades as the fever 
subsides (day 7) but can pass through a phase with petechiae on the 
arms and legs due to mild thrombocytopenia. In people with skin 
of colour, the rash may be more difficult to appreciate. 

Mucosal involvement with oro-pharyngeal or conjunctival injec- 
tion is seen in about 30%. 


Clinical variants 

Dengue haemorrhagic fever and dengue shock syndrome occur, 
most commonly in children, in areas where dengue is hyperepi- 
demic and there is co-circulation of multiple serotypes of the virus. 


People who have been infected with one serotype and subsequently 
have a second infection with a different serotype are at greater risk of 
developing dengue haemorrhagic fever/dengue shock syndrome. 
The acute high fever is followed by a prolonged vasculopathy, in 
which fluid is lost to tissue spaces causing hypovolaemic shock. 
The capillary leak also leads to thrombocytopenia and clotting dis- 
turbances, causing a haemorrhagic diathesis, which is manifest as 
petechiae and can be demonstrated by a positive tourniquet test. The 
permeability increases which leads to further plasma loss, some of 
which collects as effusions in the pleural and abdominal cavities. 
Dengue shock syndrome is usually fatal without meticulous fluid 
replacement and plasma expansion [57]. 


Differential diagnosis 

Certain clinical diagnosis from other arbovirus infections may not 
be possible, but the combination of thrombocytopenia and haemo- 
concentration is highly suspicious. Measles and other exanthemata 
may require exclusion [57]. 


Classification of severity 

Around 500000 patients per year have severe dengue fever or 
dengue haemorrhagic fever /dengue shock syndrome necessitating 
hospital admission. 

Severe dengue is classified as illness with features of systemic 
vascular leakage. Early warning signs of development of severe 
dengue include abdominal pain, persistent vomiting, oedema, 
lethargy, hepatomegaly and increasing haematocrit with decreasing 
platelet count and rising serum albumin, aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) concentrations [57,70]. 
Disease can be more severe in pregnant women with adverse fetal 
outcomes [57,71]. 


Investigations 

Confirmation of dengue infection is obtained by culture or detection 
of the virus in blood by RT-PCR or ELISA for the NS1 antigen in 
the acute phase or by serological studies on acute and convalescent 
sera [57]. 


Management 

Prevention 

Vector control is important in endemic areas. A live-attenuated 
dengue vaccine (Dengvaxia) against all four serotypes (DENV1-4) 
is approved for use in children aged 9-16 years with laboratory 
evidence of previous dengue virus infection and living in areas 
where dengue is endemic [72,73]. 


First line 

There is no specific antiviral treatment, so management is symp- 
tomatic and supportive [57,58]. Non-steroidal anti-inflammatory 
drugs are avoided due to the risk of bleeding. Paracetamol can be 
used as an antipyretic and analgesic. 


Second line 

In dengue haemorrhagic fever/dengue shock syndrome, oral and 
intravenous fluids must be managed carefully to balance fluid lost 
through vascular leakage [57,70]. 


Resources 


Further information 
https: //www.cdc.gov/dengue/index.html 


Patient resources 

https: / /www.who.int/news-room/ fact-sheets / detail / dengue-and-severe-dengue 

https: / /www.gov.uk/government/collections /dengue-fever-guidance-data-and- 
analysis 

(All last accessed August 2023.) 


Zika virus -— a 


Introduction and general description 

Zika virus was isolated in 1947 from the blood of a sentinel rhe- 
sus monkey in the Zika Forest, Uganda. Serological evidence of 
infection was subsequently found in Africa and Asia and the first 
large human outbreak occurred in 2007. Zika virus infection was 
considered a mild disease until 2015 when severe neurological 
complications were identified during an epidemic with its epicentre 
in Brazil [55,56,74]. 


Epidemiology 

Incidence and prevalence 

Outbreaks of Zika have been reported in tropical Africa, South-East 
Asia and the Pacific Islands. Because the symptoms of Zika are 
similar to many other diseases, cases may not have been recognised 
[56,74]. 


Pathophysiology 

Causative organisms 

Zika virus (ZIKV) is usually transmitted to humans by mosquitoes, 
Aedes species (Ae. Aegypti and Ae. albopictus), which breed in domes- 
tic water-holding containers. Non-human primates and humans 
are the main reservoirs, and during outbreaks human-to-vector-to- 
human (anthroponotic) transmission occurs. Non-vector vertical 
transmission is reported perinatally and in utero [75,76]; sexual 
and transfusion-related transmission have also been reported and 
ZIKV persists in bodily fluids [77]. ZIKV co-circulates with other 
flaviviruses such as dengue and high antibody titres to DENV 
were associated with reduced risk of ZIKV infection and symptoms 
in Brazil [78]. 


Clinical features 

Presentation 

The incubation period is 3-14 days. Infection may be asymptomatic. 
Fever with maculopapular rash, arthralgia, conjunctivitis myalgia 
and headache is characteristic of acute infection. This is usually 
mild and lasts for 3-7 days. The rash is similar in adults, children 
and pregnant women, and is itchy, may have a marked papular 
component and often starts on the chest and spreads to the rest of 
the body. Conjunctivitis and petechiae on the palate are rare [79]. 


Clinical variants 
Severe disease is uncommon and mortality is low. However, 
severe neurological complications may occur and Guillain-Barré 
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syndrome, acute myelitis and meningoencephalitis have all been 
reported. ZIKV infection during pregnancy confers an increased risk 
of miscarriage and stillbirth. It is teratogenic, causing microcephaly 
and other severe fetal brain defects (congenital Zika syndrome), 
and mortality is increased in childhood [75]. 


Differential diagnosis 

The differential diagnosis is broad, based on clinical features, and 
includes dengue, chikungunya, malaria, rickettsia, leptospirosis, 
group A streptococcus, rubella, measles, parvovirus, enterovirus 
and adenovirus. 


Investigations 

RT-PCR in serum is the main test for ZIKV detection in the first 5 
days of disease. PCR positivity of urine persists for longer. Because 
viraemia is short lived, a negative RT-PCR does not rule out Zika 
infection and serological tests for IgM antibodies should also be 
performed. Because of similar symptoms and geographic distri- 
bution, patients with suspected ZIKV infections also should be 
investigated for possible dengue or chikungunya virus infection. 
However, there is strong cross-reactivity between ZIKV, DENV and 
other flaviviruses. 


Management 

First line 

Treatment is generally supportive. No specific antiviral treatment is 
available. NSAIDs should be avoided until dengue is excluded to 
avoid haemorrhage. 


Prevention 

ZIKV vaccines are not currently available but are in development 
[80-82]. As with dengue and chikungunya, people with ZIKV infec- 
tion should be protected from further mosquito exposure during the 
initial illness to prevent infection of other mosquitoes and reduce the 
risk of local transmission. 


Resources 


Further information 

https: / /www.cdc.gov/zika/index.html 

https: / /www.who.int/news-room/fact-sheets / detail /zika-virus 

https: / /www.gov.uk/government/collections /zika-virus-zikv-clinical-and-travel- 
guidance 

(Last accessed August 2023.) 


TOGAVIRUS INFECTIONS 


General description of disease domain 


Viruses of the Alphavirus genus of the Togaviridae family are mostly 
mosquito-borne arbovirus infections. The Old World alphaviruses, 
which include Sindbis virus, chikungunya virus and Ross River 
virus, cause a clinical syndrome characterised by an acute febrile 
illness, maculopapular rash and polyarthritis (Table 25.15). New 
World alphaviruses, including Venezuelan equine encephalitis 
virus, eastern equine encephalitis virus and western equine 
encephalitis virus, induce encephalomyelitis but no exanthem. 
Following recovery from the acute infection, debilitating arthralgia 
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Table 25.15 Togaviruses of Alphavirus genus causing human diseases with cutaneous involvement. 


Alphavirus species Abbreviation Disease Vertebrate reservoir Distribution 

Sindbis virus SINV Rash, arthritis Birds North Europe, Africa, Australia 
Chikungunya virus CHIKV Rash, arthritis Primates, humans Africa, Latin America, India, South-East Asia 
O’Nyong-Nyong virus QNNV Rash, arthritis Primates, humans Africa 

Mayaro virus MAYV Rash, arthritis Primates, humans South America 

Ross River virus RRV Rash, arthritis Mammals, humans Australia, South Pacific 

Barmah Forest virus BFV Rash, arthritis Mammals, humans Australia 


and neurological complications may persist [83]. As with other 
arbovirus infections, climate change may be changing the epidemi- 
ology of many alphavirus infections [60]. 

The Rubivirus genus of Togaviridae includes Rubella virus (RUBV, 
see later). 


Basic biology 


Togavirus infections may be differentiated by their virus-specific 
IgM response in an ELISA or by molecular detection of viral RNA 
in blood by RT-PCR. 


Sindbis virus infection 


Definition and nomenclature 
The Sindbis virus (SINV) was first isolated in 1952 in Cairo, 
Egypt, and can be regarded as the prototype togavirus causing a 
mosquito-borne viral fever [84]. 


Epidemiology 

SINV infection can occur in any individual in contact with 
mosquitoes. However, the incidence is highest in northern Europe 
where SINV is endemic [84,85]. 


Predisposing factors 

In Sweden, the disease is more common in rural areas and in individ- 
uals with obesity, hypertension or with a history of cerebrovascular 
disease [84]. 


Causative organisms 

SINV has a worldwide distribution. Epidemics have been reported 
in Europe (Finland, Sweden, Norway, Germany, Slovakia), Asia, 
North Africa and South Africa, the Middle East and Australia. The 
virus vectors are mosquitoes of several species (Culex, Culiseta, 
Anopheles, Aedes) [86]; birds are the vertebrate reservoir. 


Genetics 

There is some evidence that HLA type can influence susceptibility to 
infection, with HLA-DRB1*01 being more common in affected mem- 
bers of a population [87]. 


Environmental factors 

European outbreaks have been most common in summer and 
early autumn, when mosquitoes are most abundant. In Finland, 
epidemics have occurred in a 7-year cycle. There is no evidence of 
human-to-human transmission [84]. 


Clinical features 

History 

The disease occurs in places and at times of mosquito breeding. The 
features of the infection appear between 1 and 2 weeks after inocu- 
lation by mosquito bite [86]. 


Presentation 

Non-specific features of malaise, mild fever, headache and muscu- 
loskeletal aches can be followed rapidly by a more definite periph- 
eral arthritis and a widespread rash which is often itchy [84]. The 
eruption consists of small papules and macules up to 1 cm in diam- 
eter, most abundant on the trunk, thighs and limbs. There is relative 
sparing of the hands, feet and face. 


Disease course and prognosis 
The rash clears within a week. Arthralgia often lasts for several 
months and persists for over a year in half those affected [88]. 


Investigations 

Evidence of infection can be confirmed by rising titres of IgM (within 
8 days) and IgG antibodies (within 11 days). RT-PCR to detect viral 
RNA in blood or skin is a more rapid test but may not be readily 
available in routine laboratories. 


Management 

There is no specific antiviral treatment or vaccine available for SINV 
infection. Treatment is symptomatic (antihistamines, non-salicylate 
analgesia). Personal protective measures should be taken to reduce 
the risk of mosquito bites [84]. 


Resources 


Further information 
https: / /www.ecdc.europa.eu/en/sindbis-fever/facts (last accessed August 2023). 


Chikungunya fever | 


Definition 

Chikungunya means ‘bending up’, which reflects the severe joint 
pains that are a major feature of this virus infection. Rash is seen in 
20-80% of cases [89]. 


Introduction and general description 

Chikungunya virus (CHIKV) infection is a mosquito-borne 
arbovirus infection which is endemic in Africa, southern Europe, 
South-East Asia and islands in the Indian and Pacific Oceans 
[58,89,90]. 


Epidemiology 

Infection with CHIKV occurs after a mosquito bite usually in an 
endemic area. There have been epidemics in the last 15 years in 
Reunion Island [91], India and Sri Lanka [92], Italy [93], France [94], 
and China and Bhutan [95]. In 2013, CHIKV infection was found for 
the first time on islands in the Caribbean. 


Pathophysiology 

Causative organisms 

CHIKV is spread by mosquitoes either directly between humans 
or via monkey intermediate hosts. The virus can transmit verti- 
cally from mother to child. The Aedes aegypti and Aedes albopictus 
mosquitoes are the most common vectors and over recent years the 
latter has adapted to life in southern Europe [96]. The virus has also 
developed a mutation which facilitates life in the Aedes albopictus 
mosquito [97]. 


Clinical features 

Presentation 

The incubation period is 3-7 days (range 1-12 days). The illness 
begins with an acute onset of fever, symmetrical polyarthralgia 
(often in the hands and feet), headache, anorexia and nausea. A rash 
develops in about half of those affected and is usually maculopapu- 
lar and occasionally petechial or purpuric and may be itchy. It is 
most pronounced on the trunk and to a lesser extent on the limbs 
and may be accompanied by facial flushing. External ear redness 
may reflect chondritis and conjunctivitis also occurs. Ano-genital 
and oral ulceration is occasionally observed [98]. Acute symptoms 
generally resolve within 7-10 days. 


Classification of severity 

In more severe disease, complications may include encephalopathy 
and haemorrhagic features, and respiratory or liver failure [89]. 
Infection in utero or neonatally has a high chance of leading to 
severe infection. Risk is also increased in those over 65 years and 
with co-morbidities including hypertension, diabetes and car- 
diovascular disease. Rare complications include uveitis, retinitis, 
myocarditis, hepatitis, nephritis, bullous skin lesions, haemorrhage, 
meningoencephalitis, myelitis, Guillain-Barré syndrome and cranial 
nerve palsies. 


Clinical variants 
In children, especially infants, lesions may be vesicular or pig- 
mented [99]. Presentation may be atypical in pregnancy [100]. 
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Differential diagnosis 
Dengue, malaria and other mosquito-transmitted arbovirus infec- 
tions including other alphavirus infections should be considered. 


Complications and co-morbidities 
Some cases of psoriasis apparently triggered by chikungunya fever 
have been reported [101]. 


Disease course and prognosis 

The fever and general malaise subside after about 3 days. The rash 
can be transient or last up to a week, sometimes leaving postinflam- 
matory hyperpigmentation. The joint pains usually clear within a 
few days to weeks but are often persistent and more than 50% have 
arthralgias for more than 12 months. Most recover satisfactorily. In 
large epidemics, such as that in Reunion Island in 2005-7, the mor- 
tality is approximately 1/1000 but can be higher in severe or atypical 
cases [102]. 


Investigations 

Viral culture to detect virus in the first 3 days of illness may be used. 
Detection of reverse-transcribed viral RNA from blood by PCR or 
hybridisation is the fastest diagnostic test in the first 8 days of illness 
[103]. Serological IgG and IgM antibody detection by ELISA tests 
after the first 4 days of illness is more readily available. 


Management 

The risk of CHIKV infection in endemic areas can be reduced by 
mosquito control. As with dengue, affected individuals should be 
protected from further mosquito exposure during the first week 
of illness to reduce the risk of further transmission. No prophylac- 
tic vaccine or specific antiviral therapies are currently approved 
[104,105]. General supportive measures for a virus-induced fever 
are used. NSAIDs can help persistent arthralgia, but should be 
avoided in the acute phase until dengue fever is excluded. 


Resources 


Further information 

https: / /www.who.int/news-room/fact-sheets /detail/chikungunya 
https://www.gov.uk/guidance/chikungunya 
https://www.cdc.gov/chikungunya/index.html 


Patient resources 

https: //www.cdc.gov/chikungunya/pdfs/chikv_fact%20sheet_cdc_general 
%20public_cleared.pdf 

(All last accessed August 2023.) 


O’Nyong-Nyong fever — (§ SF’ 


Introduction and general description 

O’Nyong-Nyong virus (QNNV) and the illness it causes are very 
similar to Sindbis virus [106,107]. The virus was first isolated in 
1959 in Uganda and O’Nyong-Nyong means ‘weakening of the 
joints’. It is spread via the Anopheles funestus and Anopheles gambiae 
mosquitoes. 
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Clinical features 

Presentation 

An acute onset of fever with headache, nausea and malaise is 
associated with musculoskeletal pains and arthralgia especially 
in the knees, ankles and feet. In about 80% there is an associated 
maculopapular eruption that is often itchy. In up to 50% of affected 
individuals, there is cervical lymphadenopathy and mild conjunc- 
tival injection, making clinical distinction from measles difficult. 


Differential diagnosis 
Other arbovirus infections, measles. 


Investigations 
Diagnosis is by serology or RT-PCR [108]. 


Ross River virus — 


Introduction and general description 

Ross River virus (RRV) infection is spread to humans by a variety of 
mosquito species. The natural reservoir for RRV is suspected to be 
kangaroos, marsupials and other wild rodents [109]. 


Epidemiology 

Incidence and prevalence 

RRV was first identified in Townsville, Australia. It is the most 
common arbovirus infection in Australia where approximately 
5000 cases are notified annually [109]. The virus is endemic in 
tropical Australia and also in Papua New Guinea and the Pacific 
islands. Isolated cases occur elsewhere in travellers returning from 
these parts of the world [110]. 


Age 
The most common group affected is 30-40-year-olds and illness is 
rare under the age of 10 years. 


Clinical features 

Presentation 

The infection is characterised by fever, polyarthritis, myalgia, 
rash, general malaise and lymphadenitis [111]. After an incubation 
period of 3-21 days (mean 9 days) a mild fever with headache 
and myalgia occurs. A polyarthritis of the ankles, knees, fingers 
and wrists is very common and rash occurs in over half. The rash 
is usually a non-itching, maculopapular eruption on the limbs 
and trunk, but can occasionally be vesicular or purpuric; it may 
begin several days before to 11 days after the arthritis and lasts 
2-10 days [112]. 


Clinical variants 

Chronic arthritis and tiredness can persist for up to 6 months with 
acute exacerbation and relapses. Recovery is universal and followed 
by lasting immunity. 


Differential diagnosis 

This infection must be distinguished from acute rubella and other 
arbovirus infections. In its chronic form, rheumatoid arthritis 
should be considered. 


Investigations 
In the acute phase, infection can be detected by molecular identifi- 
cation of the viral RNA or a rising antibody titre to RRV [112]. 


Management 

Treatment is supportive. There are no antiviral medications or vac- 
cines. Vector control and personal protection against mosquitoes are 
important in endemic areas. 


Resources 


Patient resources 


https: / /wwwnc.cdc.gov /travel/diseases /ross-river-virus-disease 

https: / /www.betterhealth.vic.gov.au/health/conditionsandtreatments /ross-river- 
virus-disease 

https: / /www.health.nsw.gov.au/ Infectious / factsheets / Pages /ross-river-fever.aspx 

(Last accessed August 2023.) 


Barmah Forest virus — 


Definition 

Barmah Forest virus (BFV) is a mosquito-borne arbovirus and was 
first identified near the Murray River in New South Wales, Australia. 
The illness it causes is similar to, but milder than, RRV [113]. 


Epidemiology 

Incidence and prevalence 

The infection is endemic in northern Queensland, Australia, where 
the incidence of the disease is increasing, possibly due to changes 
in land and irrigation practices which allow increased mosquito 
breeding [114]. 


Clinical features 

Presentation 

The illness presents with arthralgia and myalgia and occasionally 
fever, but these general symptoms may be absent. The rash, which 
occurs in about 90% and may be the presenting feature, is often florid 
and generalised. It is maculopapular but may be vesicular. Facial 
urticaria and oedema may be seen [115]. 


Differential diagnosis 

In endemic areas, the main differential is with RRV infection which 
is more common than BFV infection. A rash is more common and 
arthritis less common in BFV compared with RRV. 


Disease course and prognosis 
Prolonged arthralgia occurs infrequently. 


Investigations 
Serology to detect IgM, usually by ELISA, is used to confirm the viral 
infection. 


Resources 


Patient resources 

http: / /conditions.health.qld.gov.au/HealthCondition/condition/14/217/190/ 
barmah-forest-virus 

https: / /nt.gov.au/ wellbeing /health-conditions- treatments / viral /barmah-forest- 
virus 

(Last accessed August 2023.) 


Mayaro virus infectior 


Introduction and general description 
Mayaro virus (MAYV) infection causes a self-limiting illness with 
similarities to other mosquito-borne arbovirus infections. 


Epidemiology 

Incidence and prevalence 

The virus is found in tropical South America [116], Central America 
and the Caribbean. Brazil has the highest number of reported cases. 
Occasional cases in returning travellers may be seen in other parts 
of the world. 


Pathophysiology 

Causative organisms 

The reservoir host of the virus is believed to be monkeys with 
spread of the infection to humans via a number of mosquito species, 
especially Haemagogus and Aedes. 


Clinical features 

Presentation 

After an incubation period of 1-14 days, the illness starts with 
fever, headache, myalgia and arthralgia, particularly wrists, ankles, 
fingers and toes. There may be lymphadenopathy and gastroin- 
testinal upset [117]. A transient non-pruritic maculopapular rash 
appearing 5 or more days after the onset of illness is seen in 
30-50% of cases, affecting variable areas of the body [118,119]. 
Desquamation may be seen as the rash clears. 


Disease course and prognosis 

The illness is self-limiting and lasts a few days to a few weeks, 
although arthralgia may persist for a year or more. However, 
severe manifestations have been reported including neurological 
complications, haemorrhage and myocarditis [120]. 


Differential diagnosis 

Symptoms may be similar to other arboviral diseases endemic 
in the same areas as dengue, chikungunya and Zika virus infec- 
tions. Coinfections with dengue or chikungunya viruses have been 
reported. 


Investigations 
Diagnosis is by serology or RT-PCR. 


Management 
Analgesia and antipyretics can be used. NSAIDs should be avoided 
until dengue is excluded. 


Resources 


Patient resources 
https://www.cdc.gov/mayaro-virus/ (last accessed August 2023). 


Definition and nomenclature 
Rubella infection causes a well-recognised exanthem, of partic- 
ular importance and risk to the fetus if infection occurs during 


pregnancy. 


Introduction and general description 

Rubella infection causes one of the common exanthems of child- 
hood or adolescence. The incidence has been greatly reduced in 
areas where immunisation is routine. 


Epidemiology 

Incidence and prevalence 

The disease occurs throughout the world and is endemic in large 
cities. Epidemics occur at irregular intervals, usually during the 
spring. Transmission is by droplets from the nasopharynx and 
infectivity is greatest at the end of the incubation period and falls 
rapidly during the 4 days after the appearance of the rash. 

There is a worldwide drive to increase immunisation pro- 
grammes with the aim of eradicating rubella and the congenital 
rubella syndrome [1], but even in countries where immunisation 
has been routine for decades, epidemics can occur, either related 
to immigration or to individual or community choice to avoid 
immunisations [2]. 


Age 
Infection is most common among older children and young adults. 


Pathophysiology 
Pathology 
No distinctive pathological changes have been described in the skin. 


Viral insect-borne and haemorrhagic fevers 25.91 
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Causative organisms 

Rubella virus is the only member of the Rubivirus genus of the family 
Matonaviridae known to infect humans. It does not require an insect 
vector to spread. Thirteen genotypes have been identified so far [3] 
but of these, four types (1E, 1G, 1J and 2B) account for over 70% of 
infections. 


Clinical features [4] 

Presentation 

The rash appears after an incubation period of about 14 days (range 
12-21 days). Children rarely experience prodromal symptoms but 
adults have a brief prodromal illness lasting 1-5 days, consisting 
of fever up to 39°C, headache and malaise, sore throat without 
coryza and suffusion of the conjunctivae with a gritty sensation. 
The symptoms subside as the rash develops. 

Anenanthem of dull red macules or petechiae confined to the soft 
palate (Forschheimer sign) is present in up to 20% of patients during 
the prodromal period or on the first day of the rash. Enlargement 
of lymph glands begins 5-7 days before the rash appears whether 
or not there are prodromal symptoms, and reaches a maximum on 
the first or second day of the rash. The enlargement is generalised 
but characteristically involves the suboccipital, postauricular and 
cervical glands. However, these glands are not invariably affected 
and their involvement is not pathognomonic of rubella. The ten- 
derness of the glands subsides after a day or two but palpable 
enlargement may continue for several weeks. 

The rash appears first on the face and spreads rapidly downwards 
to the trunk and limbs. It consists of pink macules, at first discrete, 
but soon becoming confluent on the face as a diffuse redness. 
During the second day, the face begins to clear and the macules 
on the trunk show some coalescence, those on the limbs remaining 
discrete. 

The blood count may be normal, or there may be a leukopenia 
with an inconstant increase in plasma cells. 


Complications and co-morbidities 

These are few in childhood. In older children and adults, arthritis is 
not uncommon and affects up to 70% of females and 5% of males. 
The clinical picture is variable and the arthritis usually resolves 
within a month. 

Rarely, purpura — thrombocytopenic or non-thrombocytopenic — 
occurs as a complication of rubella. Very rarely encephalitis is 
reported. Haemophagocytic syndrome has rarely been diagnosed 
in association with rubella infection, with most cases being in 
women [5]. 


Rubella in pregnancy. The prenatal damage produced by rubella 
in early pregnancy was first noted by Gregg in Australia in 1941. 
The overall risk of fetal damage appears to be about 85% for pri- 
mary maternal infection during the first 11 weeks [4]. Infection at 
this stage usually results in multiple defects. Between weeks 12 and 
16, the risk of a rubella defect is about 35% and is principally that 
of deafness. Thereafter, although fetal infection occurs it does not 
result in damage. 

The features of congenital rubella syndrome are mainly neuro- 
logical [4,6]. Heart and eye damage is most frequent in embryos 


infected under 6 weeks; deafness and mental deficiency occur in 
embryos of all ages up to about 16 weeks. Intellectual disability and 
microcephaly may not be apparent until a year or more after pre- 
natal infection [7]. During the neonatal period congenital rubella 
may give rise to a number of manifestations which are self-limiting 
in those infants which survive [8,9]. The most frequent is throm- 
bocytopenic purpura, which may be manifest as a transient pur- 
puric rash. Other features are jaundice and bone lesions which may 
simulate congenital syphilis. 


Disease course and prognosis 

By the third day the rash on the trunk has cleared and by the fourth 
the eruption on the limbs has also faded. The rash may be absent in 
some 40% of cases. 


Investigations 

Laboratory investigations must be carried out to confirm a diag- 
nosis in pregnancy or immunosuppression. Serology remains the 
appropriate technique and the first clotted blood should be taken 
as soon as possible after the rash is noted. A second blood sample 
is required after 7-10 days. Antirubella antibodies can be detected 
from the time when the rash appears. IgM antibodies suggest acute 
or recent rubella infection while IgG antibodies appear 2-3 weeks 
later or may indicate prior exposure and immunity. In neonates, 
the presence of IgM and continued antibody production are indica- 
tive of congenital infection [10] and should be sought if congenital 
rubella syndrome is suspected, especially in countries where rubella 
is not eradicated. 

Rapid diagnosis and distinction from other viral infections 
producing a rash can be achieved by RT-PCR amplification of viral 
RNA from saliva and throat swabs [11], but this is not routine 
practice in most diagnostic laboratories. 


Management 

Prophylaxis 

Active immunisation by inoculation with live attenuated rubella 
virus is employed in many countries. It was introduced in the UK 
in 1970 and is now routinely offered to infants aged 1-2 years as 
a triple vaccine (MMR: measles, mumps, rubella). A preschool 
booster of MMR is also recommended. If they are found to be 
susceptible, rubella vaccine is also given to selected groups of 
women who require protection, such as medical and nursing staff 
and schoolteachers. A quadruple vaccine including varicella has 
recently become available but there has been concern, though not 
confirmation, that this combination leads to a slight increase in 
convulsions [12,13] (see Measles later). 

Pregnancy is a contraindication to the vaccine and should be 
avoided for 4 weeks after its administration. There have, how- 
ever, been no reports of damage to the fetus following inadvertent 
vaccination of pregnant women [14]. Arthralgia is common in 
adult women 2-4 weeks after vaccination and in children a rubel- 
liform rash may occur [15]. A case of post-vaccination encephalitis 
has been reported [16]. Vaccinated females do not seem to be 
infectious. 

No specific treatment is needed. 


Table 25.16 Picornaviruses commonly causing human disease. 


Picornavirus infections (enteroviruses) 
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Genus Species Genotype Abbreviation Disease 
Aphthovirus Foot and mouth disease virus Foot and mouth disease 
Enterovirus Enterovirus A Coxsackievirus A5 CV-A5 Gastroenteritis 
25 serotypes Coxsackievirus A6 CV-A6 Upper respiratory tract infection, pneumonia 
Coxsackievirus A16 CV-A16 Myocarditis 
Enterovirus A71 EV-A71 Meningitis, encephalitis 
Enterovirus B Coxsackievirus B1 CV-B1 Herpangina, hand, foot and mouth disease 
63 serotypes Echoviruses E1 etc. 
Enterovirus C 23 serotypes Poliovirus PV-1, -2, -3 Poliomyelitis 
Enterovirus D-J 
Rhinovirus 80 serotypes Rhinovirus A-C RVA, B, C Coryza 
Hepatovirus Hepatitis A virus Hepatitis 
Parechoviruses Parechovirus A Human parechovirus 1 PeV1 (formally echovirus 22) Gastroenteritis 


Human parechovirus 2 
Human parechovirus 3 


PeV2 (formally echovirus 23) 
PeV3 


Upper respiratory tract infection 
Meningitis 


Human parechoviruses 4-16 


PICORNAVIRUS INFECTION 
(ENTEROVIRUSES) 


General description of disease domain 


There are over 30 genera in the Picornaviridae family, with human 
disease represented within four. In the Aphthovirus genus, foot and 
mouth disease is mainly a disease of animals but can occasionally 
cause disease in humans. The Enterovirus genus includes coxsack- 
ieviruses, enteroviruses, echoviruses, rhinoviruses and polioviruses 
and several cutaneous manifestations are reported. The Hepatovirus 
genus, which includes hepatitis A virus, and the Parechovirus 
genus are also within the Picornaviridae family (Table 25.16). 

Skin manifestations are commonly seen with coxsackie and 
echovirus infections, which usually present with gastroenteritis or 
respiratory tract symptoms. 


Basic biology 


The enteroviruses are spread mainly via the faeco-oral but also the 
respiratory route. Cases occur sporadically or during epidemics, 
when many unaffected individuals may carry and shed the virus. 
Hand washing with a detergent can help to reduce spread between 
individuals. 


Foot and mouth disease 


Definition 

Foot and mouth is a common and serious epidemic virus disease 
affecting farm animals in Europe, Asia and Africa. It rarely infects 
humans. 


Introduction and general description 
True foot and mouth disease has occurred in both adults and 
children in direct contact with infected stock [1,2]. 


Encephalitis 


Pathophysiology 

Pathology 

Histology of a lesion shows loculated vesicles in the deeper layers 
of the epithelium of the mucous membranes and intranuclear 
inclusions in neighbouring cells. 


Clinical features 

Presentation 

The incubation period ranges from 2 to 18 days. Malaise, headache 
and fever, with burning of the oral mucous membranes, are fol- 
lowed after 2 or 3 days by vesicles of the buccal mucous membrane, 
tongue and lips, and occasionally on the palms, soles and inter- 
digital skin. The vesicles are followed by ragged ulcers and may 
be accompanied by pain and oedema. Sometimes only the mouth 
or the hands are involved. The disease tends to be more severe in 
infants and children than in adults. 


Disease course and prognosis 
The temperature falls after a few days to a week and the lesions heal 
within 2 weeks. 


Investigations 

The viral nucleic acid may be detected in blood or vesicles by 
RT-PCR. Alternatively, the diagnosis can be confirmed by detection 
of antibody in the serum by ELISA tests. 


Management 
Symptomatic treatment is all that is needed. 


Enterovirus infection -— cae 


Introduction and general description 

Infection with coxsackieviruses, enteroviruses or echoviruses can 
be accompanied by a maculopapular eruption with or without 
vesiculation or oral involvement. 
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Epidemiology Table 25.17 Skin manifestations of coxsackievirus infections. 

Incidence and prevalence . : : : Coxsackie A4 Herpangina 

Incidence of sporadic cases and epidemics 1s more common in Papular or papulovesicular eruption over hands, feet, buttocks [4] 
summer and autumn months and in warmer, humid areas of the A widespread vesicular eruption lasting for up to 2 weeks [4,5] 
world. Person-to-person spread can be rapid. Coxsackie A6 Hand, foot and mouth disease 


Herpangina; papulovesicular eruption of anticubital fossae [6] 
Eczema coxsackium 


raprennysicigy Generalised eruption with perineal involvement in pregnant 
Causative organisms [3] woman? 
Human infections due to enterovirus (EV) infection are most com- Generalised eruption with large blisters [8] 
er monly caused by EV A species. Six groups of genetic variations of A Gianotti-Crosti-like syndrome [8] 
cn EV A are identified and those in A, B or C genogroups are found Coxsackie AQ A short-lived, central maculopapular eruption [9] 
2 most commonly. Coxsackieviruses (CV) Al-A24 and B1-B6 are now oelieteliee HacHope lot eTepson tt2] 
Wn eer fare . Th : Morbilliform, urticarial or petechial eruption [10] 
° a assi ied within the EV A, B and (é species. e echoviruses are Coxsackie A14_ A papular eruption [11] 
5 ° classified within the EV B species. In epidemics, several variants Coxsackie A16 Hand, foot and mouth disease 
Ww is circulate. Papular or petechial eruption 
czema coxsackium 
ug : 
=w mat A Gianotti-Crosti-like syndrome [12] 
— inical features ianotti-Crosti-like syndrome 
1. LT Presentation Coxsackie B3 A prolonged papular eruption [13] 
m za eu ts ; sid ; . . A papular or papulovesicular eruption of hands, feet, buttocks [4] 
= = A febrile illness with gastroenteritis or respiratory tract infection Congenital infection with florid papulovesicles with nodules and 
< is the usual presentation and an accompanying short-lived rash ulceration, plus associated pneumonia, carditis and hepatitis [14] 
a is a common feature. The rash usually appears after the onset of Coxsackie B4 ——- Herpangina 
fever, but rarely may precede or appear simultaneously. Infection A papular or papulovesicular eruption of hands, feet, buttocks [4] 


Coxsackie B5 A vesicular stomatitis involving the anterior portions of the oral 
cavity and the lips, associated with erythema multiforme [15], 
which can also give a morbilliform exanthem [16] 


can be subclinical. At the more severe end of the spectrum, a pros- 
trating and sometimes fatal illness with myocarditis, respiratory 
failure or meningoencephalitis may occur. 


Clinical variants 
The rash is usually maculopapular without diagnostic features but 


: : aye os Table 25.18 Skin manifestations of echovirus infections. 
vesicles and oral ulcers may be present. If vesicular stomatitis is the 


predominant feature, the illness may be described as herpangina, Echovirus 9 Rubelliform or morbilliform eruptions [17] 
and, if an acral eruption is also present, as hand, foot and mouth Echovirus 16 The ‘Boston eruption’, large pink macules on face and 
disease trunk, occasionally widespread including palms and 
; 2 ais F soles, following a brief febrile illness in children or 
A large number of variations of eruption have been reported, adults [18] 4 
sometimes attributed to a species of EV (Tables 25.17, 25.18 and Echovirus 2 Rubelliform rash [19] 
25.19), but no assumptions should be made about the causative Echoviruses 11, 19 Petechial rash [20] 
agent or agents, based on clinical features alone. Echoviruses 6, 11, 18,25 Maculopapular rashes [21,22] 
In individuals, especially children, who have atopic eczema, a Echoviruses 23, 32 Telangiectatic macular lesions [23] 
. ; : Echovirus 19 Punctate macular rash in infants [24] 
widespread eruption can vesiculate and be more pronounced on ; ; 
Echovirus 11 Vesicular eruptions [25-10] 


areas of dermatitis. This eruption, termed eczema coxsackium, is 
most commonly associated with CV-A6 and -A16. 


Investigations 

RT-PCR is used to detect and type the virus from stool, throat swab, Table 25.19 Skin manifestations of enterovirus infections. 

nasal secretions or vesicle fluid. E-A71 Hand, foot and mouth disease with smaller vesicles than CV-A16 [27] 
Echovirus and rubella infections are often present simultaneously Herpangina 

in a community, and the eruptions they produce may be indistin- A papular eruption sometimes with diffuse erythema or petechiae [28,29] 


guishable. It is therefore essential for any woman developing a rash Peco labia sen mee 


in the early stages of pregnancy to be investigated for both EV and 
rubella infection. 


with exanthem 


Hand, foot and mouth « 


Definition and nomenclature Epidemiology 

An acute infection caused by enterovirus infection, usually coxsack- _—_ Incidence and prevalence 

ievirus, leading most commonly to mild malaise, with oral ulcers | Sporadic cases and epidemics occur throughout the world, with 
and hand and foot vesicular eruption. peaks in the summer, spring and autumn months. 


Age 
Children aged below 10 years are those most commonly affected. 
Adults are not infrequently affected. 


Pathophysiology 

Pathology [6] 

Histology is not usually performed, but shows spongiosis, intraepi- 
dermal splits progressing to vesicle formation, mononuclear cells 
entering the epidermis and necrosis of individual keratinocytes. 
There is a lymphocytic upper dermal and perivascular infiltrate. 
Viral particles are detectable with electron microscopy [31]. 


Causative organisms 

Outbreaks had previously been caused most commonly by CV-A16, 
but in South-East Asia and also in other areas, more recent epi- 
demics have been caused by CV-A6, CV-A10 and EV-A71 [6,32]. 
Other species found during epidemics and in sporadic cases include 
CV-A2, CV-A4, CV-A5, CV-A9, CV-B1, CV-B4 and CV-B5 [33]. 


Clinical features 

Presentation 

The illness is usually mild, starting 5-7 days after infection and 
lasting a week. In children, the onset is with a low-grade fever, sore 
throat and malaise, but in adults, a painful stomatitis is an early 
feature. Blisters in the mouth soon break down to superficial ulcers. 
Children are more likely than adults to develop flaccid greyish 
2-5mm oval vesicles on the palms and slightly less frequently 
on the soles (Figure 25.31). They occur on the sides or backs of 
the fingers and toes, especially around the nails, and around the 
margins of the heels, but may be seen in the finger flexures, on the 
palms and soles and sometimes the buttocks [34]. They are usually 
few in number but rarely up to 50. They fade after 2-3 days. It is 
not uncommon for there to be lesions elsewhere, especially on the 
buttocks and legs and less commonly on the arms and torso [35]. 
Infection can be subclinical. 


Figure 25.31 Hand, foot and mouth disease. Courtesy of Addenbrooke's Hospital, 
Cambridge, UK. 
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Picornavirus infections (enteroviruses) 


Clinical variants 

Very rarely, a widespread vesicular eruption occurs over the but- 
tocks, trunk and perioral area [36]. Severe disease with a generalised 
eruption is more common in CV-A6 infections [37]. In some, the 
eruption may be papular or maculopapular without vesicles [10]. 
In infants the disease can be more severe, but in adults, atypical 
presentations are more common and are more likely in association 
with CV-A6 and EV-A71. In atopic individuals with even mild 
eczema, eczema coxsackium can develop. 


Differential diagnosis 

Oral lesions may suggest herpes simplex or Stevens—Johnson syn- 
drome. If skin lesions are widespread, chickenpox or, in atopics, 
eczema herpeticum should be considered. Bullous impetigo, vas- 
culitis or immunobullous disease may also be suspected in some 
presentations. 


Complications and co-morbidities 

Severe disease may be apparent by a high fever and can include 
neurological symptoms and signs of lethargy, myocarditis, pneu- 
monitis, meningitis, encephalitis, Guillain-Barré syndrome and 
flaccid paralysis. In recent epidemics in South-East Asia caused 
by EV71, mortality rates up to 5% have been reported [38]. In a 
number of epidemics, in Asia, the USA and Europe, nail changes of 
Beau lines, onycholysis [39] or nail shedding (onychomadesis) has 
followed 2-4 weeks after the acute infection [40,41]. 


Disease course and prognosis 

Relapses are rare and a chronic intermittent course is exceptional. 
Viral shedding persists for an average of 3 weeks after infection but 
may be more prolonged after severe disease [42]. 


Investigations 

Samples are best collected from multiple sites: swabs from vesicle 
fluid, the throat, rectum and skin, blood and cerebrospinal fluid 
when available. PCR analysis provides rapid diagnosis or culture a 
slower option. Enteroviral typing can be made with RNA sequence 
analysis of the VP1 region of the genome which is highly con- 
served [43,44]. Serology can assist in retrospective investigation in 
epidemics [45]. 


Management 

Supportive. Severe cases with neurological symptoms may be 
treated with intravenous immunoglobulin [46]. Vaccines against 
EV71 are in development. 


Herpangina (47] — Cl 


Epidemiology 

Incidence and prevalence 

Occurs throughout the world with epidemics and sporadic cases 
most common in summer and autumn [48]. 


PART 3: INFECTIONS & 
INFESTATIONS 


25.96 Chapter 25: Viral Infections ; 


INFESTATIONS 


re 
W~ 
z 
o 
= 
U 
Lu 
La 
< 
= 
- 
c 
ms 


Age 
Mainly affects children aged 1-10 years but may occur in adults, 
especially during epidemics [49]. 


Associated diseases 
Herpangina commonly occurs together with hand, foot and mouth 
disease epidemics. 


Pathophysiology 

Causative organisms 

Many picornaviruses are associated, but the most commonly iso- 
lated viruses are enteroviruses A and B (especially species CV-A2, 
-A5, -A6, -A9, -A10, -A16, A-24; CV-B3, -B4; E-6, E-9 and EV-A71) 
[49-53]. 


Clinical features 

Presentation [47] 

The first manifestation is sudden onset of fever, which may last up 
to 5 days. Sore throat and dysphagia develop soon after onset and 
may be accompanied by cough, rhinitis, nausea, vomiting and diar- 
rhoea. Up to 15 or 20 tiny vesicles, 1-2 mm in diameter, with a vivid 
red areola, develop on the pharynx, tonsils, uvula and soft palate. 


Disease course and prognosis 

The vesicles erode into shallow ulcers, 2-4mm diameter, which 
enlarge for 2 or 3 days and heal in 4 or 5 days. Complete recovery is 
expected within 7 days. 


Management [47] 

Management is supportive with temperature control. Topical anaes- 
thetic, such as lidocaine gel, can help when ulceration is making 
swallowing difficult [54]. Transmission should be avoided with 
isolation at home for most cases. 


Parechovirus infection — 


Introduction and general description 

Human parechoviruses (HPeV) have been identified within the 
Picornaviridae family on the basis of their genomic organisation [55]. 
They usually cause gastroenteritis but may also cause respiratory 
symptoms, meningoencephalitis and rash. 


Epidemiology 

Incidence and prevalence 

Studies of seroprevalence suggest that exposure to these viruses 
is extremely common throughout the world. Of adults in Finland, 
99% have antibodies to HPeV1 [56]. In Japan, where HPeV3 was 
first reported, 85% of children are seropositive [57]. HPeV1 is the 
genotype found most commonly, followed by HPeV2, although 
there is geographic variation for the prevalence of types 2, 3, 4 
and 5. 


Age 
Young children, especially neonates, are most commonly affected. 


Pathophysiology 

Causative organisms 

Within the genus Parechovirus, the species Parechovirus A causes 
disease in humans and to date, 19 genotypes have been identi- 
fied [58]. 


Clinical features 

Presentation 

In HPeV1 or -2 infection, the usual manifestations are gastroen- 
teritis or respiratory symptoms, but a transient, non-specific 
maculopapular rash occurs in about 20% of cases [59,60]. Neurolog- 
ical symptoms are less common. In HPeV3 and HPeV5, sepsis and 
meningococcal features are more frequent. 

In severe infections with sepsis and meningoencephalitis, rash 
occurs in most cases at about day 3 of the febrile illness. It may 
frequently show a pattern of palmoplantar redness and usually 
lasts about 3 days [61]. 

In adults, infection is frequently asymptomatic, but can present 
with many of the features shown in children, although skin involve- 
ment is not reported [62]. 


Investigations 
The quickest diagnostic test is by RT-PCR [63]. 


Management 
Treatment is supportive, using rehydration and antipyretics. 


Hepatitis A infection .— va 


Epidemiology 

Incidence and prevalence 

The virus is highly endemic in developing countries where almost 
all the population is likely to be infected and immune by the age of 
10 years [64]. The infection is often subclinical in children. Devel- 
oped countries with good water and sewage systems have very low 
rates of hepatitis A infection but occasional outbreaks are reported, 
usually due to contaminated foodstuffs. Travellers from low-risk 
countries to areas of high endemicity are at risk of infection. 


Pathophysiology 

Causative organisms 

Hepatitis A virus is classified within the genus Hepatovirus. There 
are three human genotypes, I, Il and IL, each with subtype A and B. 
Subtype IA is the most common. 

The virus is very stable in the environment and is spread by the 
faeco-oral route, by ingestion of contaminated food and water or 
through close person-to-person contact. During the prodrome and 
the early icteric phase, the patient excretes virus in the faeces and is 
infectious, although only a transient viraemia occurs. 


Clinical features 

Presentation 

The average incubation period is 30 (15-40) days. Most people suffer 
a prodrome of a flu-like illness, anorexia and arthralgia in the week 


preceding the jaundice. Occasionally, in about 10% of cases, there is a 
transient eruption [65], usually maculopapular, petechial or urticar- 
ial. Other reported skin manifestations are a morbilliform eruption 
with predominance in sun-exposed sites [66]; a Gianotti—Crosti-like 
eruption in a child [67]; haemophagocytic lymphohistiocytosis 
[68]; a vasculitic eruption attributed either to Henoch-Schénlein 
purpura [69] or cryoglobulinaemia [70]; a localised skin inflam- 
mation associated with parotitis [71]; and chronic urticaria [72]. 
Conditions developing soon after acute hepatitis A infection and 
possibly related to liver function include variegate porphyria and 
DRESS [73,74]. 


Differential diagnosis 
Hepatitis A must be distinguished from other causes of jaundice. 


Disease course and prognosis 

Jaundice is uncommon in children, occurring in about 10%, but 
occurs in about 90% of adults. Fulminant hepatitis rarely occurs. 
Death can occur later due to chronic hepatitis. 


Investigations 

The diagnosis is confirmed by detecting hepatitis A IgM antibody. 
The presence of IgG antibody indicates past infection (or immuni- 
sation) and gives protection. Molecular detection of virus in stool or 
saliva is possible and permits analysis of variants [75]. 


Management 
Active immunisation with inactivated or attenuated virus or 
short-lived passive protection using human immunoglobulin are 
both available for travellers or susceptible contacts. 

Symptomatic measures are usually sufficient. The infection is of 
a few weeks’ duration and no chronic carrier state exists. Alcohol 
should be avoided during the convalescent period. 


Resources 


Further information 

http:/ /www.who.int/mediacentre / factsheets /fs328/en/ 

https: / /www.health.nsw.gov.au/ Infectious / factsheets / Pages /parechovirus.aspx 
(Both last accessed August 2023.) 


RHABDOVIRUS INFECTION 


Vesicular stomatitis virus i 


Definition 

Vesicular stomatitis virus or vesiculovirus is an arbovirus which 
infects horses and cattle in the Americas, Asia and Africa. It is 
generally mild but can mimic foot and mouth disease. It is occa- 
sionally transmitted to humans by direct or indirect contact with 
infected animals [1]. 


Pathophysiology 

Pathology 

The infection can cause vesicles which are intraepithelial. Intranu- 
clear inclusions are present in infected cells. The virus has been 
used as recombinant vector for several vaccines, including Ebola 
virus. In such studies, the viral proteins are detected in perivascular 
infiltrates in the dermis and subcutis [2]. 


Clinical features 

Presentation 

The incubation period is 2 days after which there is a flu-like ill- 
ness with fever, myalgia and malaise. This is occasionally followed 
by mild stomatitis with vesicles on the gums and buccal and pha- 
ryngeal mucosa and lymphadenitis. Some patients develop vesicles 
of the fingers. 


Complications and co-morbidities 
Encephalitis has been reported [3]. 


Disease course and prognosis 

Recovery is usually complete within a week. Antibodies against 
the virus are detectable at about 10 days, with neutralising antibod- 
ies persisting for at least 1 year [4]. 


PARAMYXOVIRUS INFEC 


The Paramyxoviridae family comprises four genera: 

1 Morbillivirus (includes measles morbillivirus). 

2 Metapneumovirus (includes human metapneumovirus) and 
Orthopneumovirus (includes human orthopneumovirus and 
respiratory syncytial virus, RSV). 

3 Respirovirus (includes human parainfluenza virus 1 and 3). 

4 Orthorubulaviris (includes human orthorubulavirus or mumps 
virus). 


MEASLES AND RESPIRATORY SYNCYTIAL 
VIRUS 


General description of disease domain 


Within the family of paramyxoviruses, cutaneous manifestations 
are usually only produced in measles and occasionally in RSV 
infections. Other genera of the myxoviruses are shown in Table 25.1. 


Measles [1] -.— aa 


Definition and nomenclature 
Measles is a highly infectious disease caused by the measles morbil- 
livirus of the genus Morbillivirus. 
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Introduction and general description [1] 
The development of a maculopapular eruption in a person with 
prodromal cough, coryza and conjunctivitis should prompt the 
consideration of measles. In areas of the world where measles 
vaccination has been established for many years, the diagnosis is 
often overlooked. 

Measles is still a notifiable disease in the UK. 


Epidemiology 

Incidence and prevalence 

Measles is distributed throughout the world and occurs through- 
out the year. In temperate regions, the incidence is highest in late 
winter and spring. In 1999, there were an estimated 873 000 deaths 
from measles, but two decades later, the estimate was 140 000 deaths 
worldwide [2,3]. The incidence has been greatly reduced in coun- 
tries where measles vaccination is offered to all children and it is 
estimated that 84% of all children worldwide receive immunisation. 

The introduction of vaccination against measles is extending 
worldwide, with impressive reduction in mortality, but the prospect 
of global eradication of the disease is some time away. Concerns 
relating to the safety of vaccination since the 1990s have led to a 
reduced proportion of vaccinated children in several countries, with 
subsequent increases in incidence and reports of isolated outbreaks 
of the disease [2,4]. 

Measles infection occurs from human to human via the upper 
respiratory tract where initial replication occurs before wide dis- 
semination throughout the body. Infection can also be spread via 
semen, saliva and mucus. An infected individual is infectious from 
approximately 4 days before to 4 days after the onset of the rash. 


Age 

Where measles is endemic, children are most commonly affected. 
In areas where vaccination is routine, but without 100% uptake, 
infection in young adults may be seen more frequently. 


Pathophysiology 

Predisposing factors 

The disease is highly contagious and contact of a non-immune per- 
son with a person with measles infection or with their secretions is 
likely to result in infection. 


Pathology [5,6] 

During the prodromal period, there is establishment of infection in 
the reticuloendothelial system; there is also lymphoid hyperplasia 
with formation of fused multinucleate giant cells. The prodromal 
rash appears to be the result of viraemia with antigen and virus 
deposits in the capillaries. Cells in the Koplik spots also contain viral 
nucleocapsids. The conspicuous macular eruption on the fourth 
day is the result of the cell-mediated immunity response against the 
viral proteins. 


Shortly after the rash appears, measles virus causes a transient 
depression of the T-cell-mediated immune responses that is an 
important feature of the infection [7] and can persist for 1-2 months. 


Causative organisms 

The measles virus is a morbillivirus, of the Paramyxoviridae family. 
The cellular receptors for the virus in natural infection are the 
CD150 (signalling lymphocyte activation molecule, SLAM) and 
the nectin 4 (poliovirus receptor-like 4, PVRL4) molecules and also 
CD46 for cultured virus strains [6,8]. Initial replication in upper 
respiratory tract epithelial cells is followed by spread to regional 
lymph nodes and subsequent viraemia. 


Clinical features 
History 
After contact, the incubation period is about 10 days. 


Presentation [9,10] 
The onset is acute with prodromal symptoms of fever, malaise and 
upper respiratory symptoms of pharyngitis and rhinitis. The con- 
junctivae are injected and there may be photophobia. From the sec- 
ond day, Koplik spots are usually present on the buccal mucous 
membrane opposite the premolar teeth — bluish white spots with 
bright red areolae (Figure 25.32). Fever, catarrh and cough increase 
for 3-5 days. The exanthem characteristically develops on the fourth 
day on the forehead and behind the ears, and spreads within 24h to 
the rest of the face, the trunk and the limbs. The palms and soles are 
affected. The rash, which can be slightly itchy, is at first macular but 
soon forms dull red papules, which tend to coalesce in irregularly 
concentric patterns but may be more diffusely confluent. 

Not all features of the illness may be present, but the presence of 
Koplik spots is an almost diagnostic feature of measles infection [11]. 


Clinical variants 

In very severe forms, the rash may be haemorrhagic. An extensive 
bullous eruption may rarely develop during the acute stage of 
measles. In some cases, this eruption has the features of Stevens— 
Johnson syndrome, but in others it resembles epidermal necrolysis. 


Differential diagnosis 

The features of other infective exanthems, such as dengue or entero- 
virus, should be considered. Kawasaki disease and toxic shock 
syndrome may have similar features. Drug eruptions should not 
cause confusion as the upper respiratory catarrh and conjunctival 
suffusion are absent. 


Classification of severity 
Infection in an individual with profound defects of cell-mediated 
immunity is usually severe and carries a high risk of mortality. 


Complications and co-morbidities 

Complications occur in about 30% and are more common in young 
children, the very elderly, the malnourished and the chronically ill 
[10]. Secondary infections leading to bronchopneumonia, enteritis 
and otitis media are most commonly reported. The most serious 
complication is encephalitis which occurs in 1/1000 cases [12]. If the 
immune response is severely defective there may be no rash but 


Figure 25.32 Koplik spots on the buccal mucosa in measles. Reproduced with 
permission of CDC/Heinz F. Eichenwald, MD. 


viral replication progresses to produce a giant-cell pneumonia or a 
fatal encephalopathy. 

Very rarely, the late complication of subacute sclerosing panen- 
cephalitis (SSPE) can develop 7-10 years after infection. SSPE is 
more common when infection has occurred in individuals under 
1 year of age. 

Infection during pregnancy can lead to spontaneous abortion, pre- 
mature delivery and may carry a risk of more severe disease for the 
mother [13]. 


Disease course and prognosis 

The rash starts on the head and neck, and spreads from the upper 
to lower body. From the fourth to the tenth day the rash fades, to 
leave some brownish staining and fine desquamation. The transient 
immunosuppression lasting for a few weeks can increase the risk of 
bacterial infections in the recovery period. Lifelong immunity fol- 
lows recovery. 


Investigations 

Specific measles IgM antibodies are usually detectable in serum or 
saliva 3 or 4 days after the appearance of the rash, and maximum 
titres of IgG are reached 2-4 weeks later. Virus culture and isola- 
tion are possible but not easy. Molecular diagnosis and phylogenetic 


analysis of measles RNA are not routine but may be done in acute 
cases and localised outbreaks [1,14]. 


Management 

Prevention 

Passive protection is possible using normal human immunoglobu- 
lin given within 5 days of exposure, which prevents or attenuates 
the infection in contacts and is reserved for those children at spe- 
cial risk or for non-immune pregnant mothers after exposure to an 
infected contact. 

Active immunisation with live attenuated viral vaccine has greatly 
reduced the incidence of measles infections, although infection can 
rarely occur in fully vaccinated individuals during outbreaks [15]. 
A mild illness with a rash is common during the 3 weeks following 
the vaccine and there are occasional reports of other eruptions 
post-vaccination such as Stevens—Johnson syndrome [16], pityriasis 
lichenoides [17] and Gianotti—Crosti syndrome [18]. 

The vaccine is available as a single vaccine, but is used more 
commonly as the triple vaccine (MMR) or as the newer quadruple 
vaccine which includes varicella (MMR-V) (see Rubella earlier). 


First line 

The patient should be confined to home and bed and given symp- 
tomatic treatment. Antibiotics may be required to control secondary 
bacterial complications. 


Second line 

Children with measles, especially in areas of high mortality, should 
be given vitamin A (two doses of 200000 IU for older children 
with lower doses for those under 1 year of age) [19]. 


Third line 
Measles pneumonia may be helped by ribavirin [20]. 


Resources 


Further information 

https: //www.gov.uk/government/collections /measles-guidance-data-and- 
analysis 

https: / /www.cdc.gov/measles/hcp/index.html 

https: / /www.who.int/health-topics/measles#tab=tab_1 


Patient resources 

http:/ /www.nhs.uk/conditions /Measles /Pages /Introduction.aspx 
http://www.cdc.gov/measles/about/index.html 

https: //www.who.int/en/news-room/fact-sheets / detail /measles 
(All last accessed August 2023.) 


Respiratory syncytial virus 


Definition 

Human RSV infection is very common and may cause coryza, bron- 
chiolitis, bronchitis or pneumonia. It has rarely been associated with 
cutaneous signs. 
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Epidemiology 

Incidence and prevalence 

Human RSV causes annual epidemics during the winter months in 
temperate regions or in the rainy season in the tropics [21]. Most 
people have been infected by the age of 1 or 2 years and may suffer 
repeated infections throughout life. 


Pathophysiology 

Causative organisms 

Human RSV (human orthopneumovirus) has two antigenic sub- 
types, A and B, which differ most in their surface glycoprotein G. 
Group A viruses are more frequently detected. 


Clinical features 

Presentation 

Infection occurs after an incubation period of 4—5 days. The virus is 
especially associated with bronchiolitis in babies and infants, with 
bronchitis and pneumonia occurring in a proportion of infections. 
In older children and adults, upper respiratory symptoms occur 
that are indistinguishable from a common cold. Again in old age, 
RSV pneumonia is not uncommon and in the immunosuppressed 
is associated with a high rate of mortality [22]. A transient fine pink 
macular rash on the face and trunk has been observed in a few 
instances in children, occurring in one study in up to 10% of chil- 
dren affected with RSV-B but in only 1% of those with RSV-A [23]. 
Occasionally, it is more extensive and involves the arms, shoulders, 
chest, back and buttocks [24]. 


Investigations 

Diagnosis can be achieved by rapid antibody detection or by 
RT-PCR to detect viral nucleic acid. Viral culture is slow but can be 
confirmatory. 


Management 
There is no specific antiviral therapy, so treatment is supportive. 

In severe cases, such as RSV pneumonia in immunosuppression or 
chronic lung disease, ribavirin or palivizumab may be considered. 


HUMAN CORONAVIRUS INFE 


General description of disease domain 


Human coronaviruses (HCoVs) are important human pathogens 
and belong to the Coronaviridae family of the Nidovirinae order of 
viruses. These are enveloped, single-stranded, positive sense RNA 
viruses with a genome length of approximately 30 kb and are among 
the largest known RNA viruses [1,2]. Seven HCoVs are currently 
recognised: HCoV-229E, HCoV-NL-63, HCoV-HKU, HCoV-OC43, 
SARS-CoV, NL63, severe acute respiratory syndrome (SARS-CoV), 
Middle East respiratory syndrome (MERS-CoV) and severe acute 
respiratory syndrome-2 (SARS-CoV-2). 

HCoVs cause human respiratory diseases which range from 
asymptomatic to mild respiratory tract infections to epidemics 
with significant morbidity and mortality, including the SARS-CoV 
epidemic in 2002-2003, the MERS-CoV epidemic in 2012 and the 


SARS-CoV-2 pandemic in 2019 [1,2,3]. However, only SARS-CoV-2 
has been associated with significant mucocutaneous disease [4]. 


Severe acute respiratory s 
coronavirus-2 (SARS-CoV 


Introduction 

In December 2019, the first cases of unexplained, severe pneu- 
monia were reported in Wuhan, Hubei Province, China [5,6]. The 
pathogen isolated from lower respiratory tract samples of infected 
patients proved to be a novel zoonotic HCoV —- SARS-CoV-2 — and 
the disease was termed Coronavirus Disease 2019 (Covid-19) [5]. 
SARS-CoV-2 was first transmitted to humans as a zoonotic infection 
and human-to-human transmission occurs via respiratory droplets 
and aerosols [2]. By the end of January 2020, cases were already 
being reported outside China and subsequently spread rapidly 
across the globe [7]. In March 2020, Covid-19 was declared a pan- 
demic by the WHO and subsequently became a major public health 
challenge affecting every aspect of life [8]. 


Epidemiology 

Incidence and prevalence 

As of September 2023, the WHO estimates over 770 million con- 
firmed Covid-19 cases, including over 6.9 million deaths [9]. 


Age 

Covid-19 infection affects all age groups with differing degrees 
of severity, ranging from asymptomatic carriers to fatal infections 
[10-12]. 


Pathophysiology 

Causative organism 

SARS-CoV-2 is an HCoV. HCoVs are of zoonotic origin and most 
have originated in bats or rodents [2]. Intermediate reservoir hosts 
for several HCoVs have been identified, for example dromedary 
camels and palm civets for MERS and SARS-CoV, respectively. 
SARS-CoV-2 is unique in that zoonotic transmission from infected 
humans back to a variety of mammalian species (including 
farmed minks, wild white-tailed deer, dogs, cats, lions and tigers in 
zoos) is also recognised [2]. 


Transmission. Human-to-human transmission is by airborne res- 
piratory droplets/aerosols, contaminated fluids splashed in eyes, 
nose or mouth and, rarely, via contaminated surfaces. SARS-CoV-2 
is highly transmissible: its basic reproductive number (the number 
of secondary infections when an index case is introduced into a fully 
susceptible population) early in the pandemic was 3.28 — higher 
than those of SARS-CoV and MERS-CoV (2.0-3.0 and 0.9, respec- 
tively). Infectivity begins 4-5 days before the onset of symptoms, 
with upper respiratory tract peak viral load around the time of 
symptom onset, declining 7 days after symptom onset, but with 
duration of viral shedding and infectiousness for up to 10 days in 
mild to moderate Covid-19 and up to 20 days with severe Covid-19, 
including immunocompromised people [2]. 


SARS-CoV-2 virology. SARS-CoV-2 has 16 non-structural proteins 
including the spike, membrane, envelope and nucleocapsid pro- 
teins. Virions enter host cells by binding of their viral spike protein 
to host cell angiotensin-converting enzyme 2 (ACE2) receptors 
which are most abundant in the lungs (alveolar type II cells), but 
also present in cardiovascular, renal and gastrointestinal systems, 
and skin [2,5]. The efficiency of this binding is a key determi- 
nant of transmissibility and SARS-CoV-2 appears to bind with 
greater affinity than other virulent HCoVs, which may explain 
its higher transmissibility [2,12,13]. SARS-CoV-2 is also unusual 
in the frequency with which it is associated with mucocutaneous 
manifestations compared with other HCoVs: despite phylogenetic 
analysis of SARS-CoV-2 showing that it is closely related to both 
MERS and SARS, significant mucocutaneous manifestations have 
not been reported in association with these infections nor with 
other common respiratory viruses such as influenza [4]. Expression 
of ACE2 in the skin is highest in keratinocytes, followed by sweat 
glands, and the widespread expression of ACE2 in the skin and 
binding affinity of SARS-CoV-2 may contribute to this increased 
prevalence [14,15]. 


SARS-CoV-2 variants. In spring 2020 the original virus transi- 
tioned to a variant with four genomic mutations, including a single 
D614G point mutation in the spike protein that conferred a fitness 
advantage. Since then, multiple waves of variants have emerged, 
often showing greater antibody escape and higher transmissibility 
[2,13]. In late 2020, alpha (B.1.1.7), beta (B.1.351) and gamma (P.1) 
variants were identified in the UK, South Africa and Brazil, respec- 
tively. These were replaced by the delta (B.1.617.2) variant first 
detected in India in the summer of 2021. The omicron (B.1.1.529) 
variant emerged in Africa in late 2021 and became the most preva- 
lent virus globally. Omicron is highly transmissible and has more 
than 50 mutations, at least 30 of which are in the spike protein, 
which has allowed significant escape from vaccination or prior 
non-omicron infection-elicited neutralising antibody responses. 
Omicron subvariants BA.1, BA.1.1, BA.2, BA.2.12.1, BA.4 and BA.5 
have subsequently emerged; BA.5 neutralising antibody titres are 
approximately threefold lower than those against BA.1 and BA.2, 
and by 2022 BA.5 was the most prevalent type in the USA [13], but 
new variants are constantly emerging and in August 2023 the most 
dominant variant was EG.5 (https://covid.cdc.gov/covid-data- 
tracker /#variant-proportions). 


Predisposing factors 

Co-morbidities increasing susceptibility to infection include older 
age, high body mass index (BMI), diabetes, hypertension, car- 
diovascular disease, chronic obstructive pulmonary disease and 
immunosuppression. Sex differences, lifestyle differences such as 
smoking, pregnancy, SARS-CoV-2 variants and levels of exposure 
to the virus may also confer increased susceptibility to infection and 
risk of severe infection [12,16,17]. Genetic risk factors have been 
identified in genome-wide association studies: genes associated 
with severe illness include those broadly involved with failure 
to control viral replication and an enhanced tendency towards 
pulmonary inflammation and intravascular coagulation genes, and 
include genes such as those with a role in interferon signalling, 
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B and T lymphopoiesis, myeloid cell differentiation, coagulation 
factors and platelet activation [16,18,19,20]. 


Immune response 

The immune response to SARS-CoV-2 infection plays a key role 
in influencing disease severity by mediating both protective and 
immunopathogenic processes [21,22], although current understand- 
ing is incomplete [23]. The innate immune response is triggered 
immediately following SARS-CoV-2 viral exposure, with activation 
of the complement cascade and production of type I interferons. 
Early and robust interferon production is associated with reduced 
viral titres and mild clinical disease. In contrast, patients with 
severe/critical Covid-19 may have suppressed interferon expres- 
sion and a parallel increase in tissue and systemic inflammation. The 
adaptive immune response takes several days to weeks to manifest 
[24]. SARS-CoV-2 infection activates a T-helper lymphocyte-1 
immune response with spike protein-specific CD4+ lymphocytes. 
The resulting neutralising antibodies primarily responsible for 
blocking acquisition of SARS-CoV-2 infection are those binding to 
the receptor-binding and N-terminal domains of spike proteins that 
prevent virus attachment to host cells. IgM, IgG and IgA antibodies 
are produced during infection: IgG in the bloodstream and extracel- 
lular spaces is the main isotype associated with protection against 
infection, but IgA in respiratory tract secretions, serum and saliva 
also plays an important role [24]. Although patients with severe 
Covid-19 disease tend to generate higher titres of antibodies, some 
patients develop antibody responses even with mild or asymp- 
tomatic disease [21]. Viral replication is suppressed by CD8+ T-cell 
responses which are also highly cross-reactive against SARS-CoV-2 
variants and contribute to protection against severe disease [13]. 
SARS-CoV-2-specific and neutralising antibodies decrease over 
about 8 months, although T-cell immunity may persist in those 
with mild Covid-19 infection who are subsequently seronega- 
tive [13]. Dysregulation of these immune responses may contribute 
to Covid-19 pathology, including mucocutaneous manifestations 
[21,22,25]. 

Key mechanisms contributing to multiorgan injury secondary 
to infection with SARS-CoV-2 broadly include direct viral toxic- 
ity, endothelial cell damage and thrombo-inflammation, immune 
dysregulation and hyperinflammation caused by viral inhibition of 
interferon signalling, T-cell lymphodepletion, production of autoan- 
tibodies and proinflammatory cytokines (particularly IL-6 and 
TNF-a) and dysregulation of the renin-angiotensin—aldosterone 
system [12,21,25]. It has been proposed that three main patho- 
physiological pathways underpin mucocutaneous Covid-19 
disease: (i) complement cascade-mediated thrombotic, cell-poor, 
vascular injury syndromes in which deployment of the alter- 
native and mannan binding lectin complement pathways of 
the innate immune response results in production of cytokines 
such as IL-6 from endothelium and activation of the coagula- 
tion cascade; (ii) robust T-cell-driven and type I interferon-driven 
inflammatory cutaneous reactions; (iii) B-cell-driven immune 
complex and autoantibody-mediated processes [21,25]. The rel- 
ative contribution of these pathogenetic processes to specific 
mucocutaneous disorders is considered in more detail in later 
sections. 
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Clinical features 

It is characterised by respiratory symptoms, fever, myalgia, fatigue 
and anosmia, but it is a multisystem disease: cardiovascular, 
neurological, haematological, renal, gastrointestinal, hepato- 
biliary, endocrinological, ophthalmological and dermatological 
involvement may also occur and reflect either extrapulmonary 
dissemination and replication of SARS-CoV-2 or the immunopatho- 
logical sequelae of infection [11,12,26] (Table 25.20). Overall, 
approximately 80% of those infected experience mild to moder- 
ate symptoms, 15% severe symptoms and 5% progress to critical 
disease. A complication of severe disease — the ‘cytokine storm’ — is 
an uncontrolled cytokine and chemokine response to SARS-CoV-2 
infection with hyperactivation of effector T cells and production of 
pro-inflammatory cytokines (IL-1, IL-2, IL-6, TNF-o and IFN-y). It 
can lead to acute respiratory distress syndrome (ARDS) associated 
with increasing plasma leakage, vascular permeability, dissem- 
inated intravascular coagulation, thromboembolic events and 
multiorgan failure [11,12]. 


Mucocutaneous involvement was recognised early in the Covid-19 


pandemic, with initial reported prevalence ranging from 0.2% in 
China to 20% in Italy [6,27]. More recent systematic reviews and 
meta-analyses indicate approximately 6-8% overall of those with 
Covid-19 infection will experience mucocutaneous disorders with 
a spectrum of presentations spanning early viral exanthems to later 
vasculopathies [4,28,29,30,31,32,33,34]. SARS-CoV-2 in skin health 
and disease is covered in more detail later. 


Investigations 

There are three main methods for the detection of SARS-CoV-2 infec- 
tion and host response [23,35]: 

¢ Molecular test - PCR: these are highly sensitive and specific 


for detection of viral RNA in nasal or nasopharyngeal swabs. 
They are recommended by the WHO for confirming diagnosis in 
individuals. 

Antigen rapid detection tests (Ag-RDT): these detect viral pro- 
teins in nasal or nasopharyngeal swabs. They are less sensitive 
than PCR but are easier, faster, cheaper and able to detect infec- 
tion in those at risk of transmitting virus to others, and are used 
as a public health tool for screening individuals at increased risk 
of infection. 

Antibody tests: serology tests detect response to infection or vac- 
cination and are useful public health surveillance tools, but the 
correlation with protection is unclear and they are not used to 
provide proof of immunity. 


High concentrations of virus are present in the nasal passages of 
infected individuals and SARS-CoV-2 infections may be asymp- 
tomatic, pre-symptomatic or symptomatic. Viral RNA in upper 
respiratory tract samples is detectable up to 6 days before symp- 
toms, peaks around the time of symptom onset, and is usually 
undetectable about 2 weeks after symptom onset. RNA positivity 
may persist for weeks, but live virus cannot be cultured later. The 
mean period of infectiousness is approximately 2-3 days before and 
8 days after symptom onset [23]. Development of both IgM and IgG 
antibodies peaks at day 11-14 after onset of symptoms. Optimal 
timing for testing is therefore usually within 2 weeks for PCR and 
Ag-RDT and 7 days or more after symptom onset for antibody 
tests [23]. 


Table 25.20 Pulmonary and extrapulmonary manifestations of Covid-19 [11,12] 


Organ Manifestation 
Lung Cough; sore throat; upper respiratory tract infection; anosmia; 
ageusia 
Pneumonia 


Silent hypoxia 
Acute respiratory distress syndrome 
Renal Acute kidney injury; acute tubular necrosis 
Electrolyte abnormalities (e.g. hyperkalemia, hyponatremia, 
hypernatremia) 
Metabolic acidosis 
Proteinuria; haematuria 
Neurological Anosmia; ageusia; headaches; dizziness; myalgia; fatigue; insomnia 
Stroke 
Encephalopathy; encephalitis; Guillain-Barré syndrome; acute 
haemorrhagic necrotising encephalopathy 
Ophthalmoplegia; polyneuritis 
Gastrointestinal | Diarrhoea; nausea/vomiting; abdominal pain; anorexia 
Mesenteric ischaemia; gastrointestinal bleeding 
Hepatic dysfunction: elevated aminotransferases; elevated bilirubin 
Pancreatic injury 
Haematological Venous thrombotic complications (deep vein thrombosis, 
pulmonary embolism) 
Arterial thrombotic complications (myocardial infarction, ischaemic 
stroke, acute limb and mesenteric ischaemia) 
Catheter-related thrombosis (arterial/venous catheters, 
extracorporeal circuits) 
Cytokine-release syndrome (‘cytokine storm’): high-grade fevers, 
hypotension, multiorgan failure 
Cardiovascular — Myocardial ischemia; type II myocardial infarction 
Cardiac arrhythmias (including atrial fibrillation); sudden cardiac 
death 
Myocarditis 
Cardiomyopathy; Takotsubo cardiomyopathy 
Cardiogenic shock 
Endocrine Hyperglycemia 
Diabetic ketoacidosis (in previously undiagnosed diabetes) 
Euglycemic ketosis 
Abnormal thyroid function 
Adrenal insufficiency 
Musculoskeletal Myalgia 
Myositis; myopathy 
Rhabdomyolysis 
Psychiatric Psychosis 
Anxiety; depression; suicidal ideation 
Mucocutaneous See Tables 25.21-25.31 


SARS-COV-2 IN SKIN HEALTH AND DISEASE: 
OVERVIEW 


The Covid-19 pandemic has had far-reaching implications for many 
aspects of skin disease and dermatological practice. 


Mucocutaneous manifesta‘ 
Covid-19 infection 


Introduction and general description 
A wide range of mucocutaneous manifestations has been reported 
in association with SARS-CoV-2 infection in adults and children. 


Initial reports appeared as early as February 2020 and many 
thousands of publications have appeared subsequently. Although 
they have rapidly informed scientific knowledge and medical 
practice in many aspects of Covid-19 and skin disease, there are 
considerable variations in reporting and heterogeneity between 
studies [36,37]. While the role of SARS CoV-2 infection — direct, 
indirect (e.g. due to reactivation of other viruses) or coincidental 
(e.g. due to drug hypersensitivity) - remains uncertain for many 
mucocutaneous conditions, they may potentially assist in early 
Covid-19 diagnosis in some cases and provide predictive informa- 
tion regarding likely disease severity and outcomes [4,33,38,39]. 
Skin diseases not related to SARS-CoV-2 infection, other infections 
and drug reactions should all be considered in the differential 
diagnosis of mucocutaneous changes in Covid-19, especially for 
non-specific manifestations such as urticaria or maculopapular 
eruptions. 


Epidemiology 

Covid-19 dermatology registries were created in the early stages of 
the pandemic (Table 25.21) and have provided important informa- 
tion on many aspects of SARS-CoV-2 and skin health and disease. 
These include mucocutaneous presentations associated with acute 
and chronic (‘long’) SARS-CoV-2 natural infection and vaccina- 
tion; outcomes of SARS-CoV-2-positive patients with pre-existing 
dermatological diseases; the safety of systemic treatments during 
Covid-19 infection. Limitations of registry data include lack of 
information on the total population, and under representation of 
populations of colour and those living in low-income countries, as 
most cases entered in registries to date have been white patients 
from North America and Europe [40]. 


Incidence and prevalence 

The reported incidence of mucocutaneous involvement in patients 
with acute Covid-19 is highly variable, and few population-level 
data or large cohort studies with a known denominator exist 
[31,41]. Multiple factors make the true prevalence difficult to 
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assess and include the severity (asymptomatic, non-hospitalised, 
hospitalised, admitted to ICU) of Covid-19 in the population 
reported; the expertise of the clinical assessor (dermatology spe- 
cialist, non-specialist, patient-reported); how assessment was 
performed (e.g. face to face or virtual; full skin examination or lim- 
ited examination in critically ill patients or while trying to maintain 
strict infection prevention techniques); the stage of Covid-19 infec- 
tion (early, concurrent, late); whether SARS-CoV-2 infection was 
suspected or laboratory proven (particularly early in the pandemic 
when access to SARS-CoV-2 diagnostic resources was generally 
more limited [4]); differences between populations in terms of access 
to care and/or reporting; other factors related to geography and 
ethnicity /race [42,43]; the presence of pre-existing dermatoses [40]; 
and the presence of other possible non-Covid-19 causes (e.g. iatro- 
genic due to concurrent medication or other viral infections) [44,45]. 

For example, an incidence of 0.2% was reported in an early 
study from China of 1099 hospitalised patients examined by 
non-specialists [6]. In contrast, a study published the following 
month found changes in 20% of virus-positive in-patients in a 
single-centre study in Italy who were screened by dermatologists 
[27], whereas a prevalence of 7.25% was subsequently reported 
from India in hospitalised patients also screened by a dermatologist 
in a single centre [46]. An estimated incidence of almost 9% was 
reported in a UK community-based study of more than 300000 of 
4 million self-reporting contributors to the ZOE COVID Symptom 
Study smartphone application; a subset of approximately 11500 of 
these contributors also responded to an independent online survey 
of skin-specific symptoms, with more than 2300 providing clinical 
photographs [32]. The largest systematic review and meta-analysis 
of 240 publications to December 2020 included 2056 patients and 
estimated an overall prevalence of approximately 6% [31], consis- 
tent with earlier systematic reviews [47-49]. Using this estimate and 
extrapolating to the 600 million people infected by SARS-CoV-2 
globally to September 2022 [9], it is therefore possible that around 
36 million will have been affected by mucocutaneous manifestations 
of Covid-19. 


Table 25.21 Selected international Covid-19 dermatology registries. Adapted from Freeman et a/. 2021 [40]. 


Provider/ 
Registry patient-facing Website 
AAD/ILDS American Academy of Dermatology/International Provider https://www.aad.org/member/practice/coronavirus/registry 
League of Dermatological Societies Covid-19 
Dermatology Registry 
HS-COVID Global Hidradenitis Suppurativa Covid-19 Both https://hscovid.ucsf.edu/ 
PeDRA Pediatric Dermatology Research Alliance Provider https://pedraresearch.org/2020/04/20/covid-acral-ischemia-perniosis-in-children/ 
(COVID-Acral ischaemia/perniosis) 
PsoProtect Psoriasis Registry for Outcomes, Therapy and Provider www.psoprotect.org 
Epidemiology of Covid-19 Infection 
PsoProtectMe Psoriasis Registry for Outcomes, Therapy and Both https://psoprotectme.org/ 
Epidemiology of Covid-19 Infection — patient 
reported registry 
SECURE-AD Surveillance Epidemiology of Coronavirus Both www.covidderm.org 
Under Research Exclusion-Atopic dermatitis 
SECURE-Alopecia Surveillance Epidemiology of Coronavirus Provider https://secure-derm.com/secure-alopecia/ 
Under Research Exclusion-Alopecia 
SECURE-Psoriasis Surveillance Epidemiology of Coronavirus Under Provider https://school.wakehealth.edu/departments/dermatology/secure- psoriasis 


Research Exclusion-Psoriasis 
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Chapter 25: Viral Infections 


Ethnicity 

Covid-19 disproportionately affects populations with skin of colour 
(SOC) in terms of both infection rates and disease severity and 
significant disparities in health care have been brought into stark 
focus by the pandemic [42]. The lack of data on patients with 
SOC has been recognised in many studies [29,32,40,50], and the lack 
of clinical images of Covid-19 in SOC has also been highlighted 
as an important concern. In one review, only 4% of 130 published 
images were Fitzpatrick phototypes IV and none was V or VI [51] 
and such underrepresentation of different races, ethnicities and skin 
colour in the medical literature may have a significant impact on 
early diagnosis and outcomes [29,41,42,43,51,52]. 

Despite these challenges, there are emerging differences in both 
the prevalence and phenotypes of Covid-19-associated skin mani- 
festations in terms of both geography and race/ethnicity [4,41,50]. 
The reported prevalence of skin disorders was only 0.6-2.59% of 
hospitalised SARS-CoV-2-positive patients in two separate stud- 
ies in India [53,54], although in another the rate was 7.25% [46]. 
Similarly, prevalence was 0.2% in one early study of hospitalised 
patients in China [6] and 0.56% in a single-centre study in Japan [55], 
also possibly suggestive of a lower prevalence compared with US 
and European populations. The frequency of specific phenotypes 
may also vary [50]. For example, a chilblain-like lesion (CBLL) 
is the most common skin problem in white populations [31], but 
there are fewer reports in those of African or Hispanic descent in 
the USA [56-58] and in patients of South Asian descent in India 
[46]. The prevalence of other vaso-occlusive disorders also appears 
to be lower in Asian compared with white populations [41,43,46]. 
Pathophysiological explanations include genetic polymorphisms 
predisposing to inflammatory events (e.g. resulting from differ- 
ences in interferon production) and thromboembolic events (e.g. 
increased levels of lipoprotein A and Factor V Leiden in some 
populations) [33,42]. However, other factors such as reporting bias, 
socioeconomic and cultural disparities may contribute to these 
discrepancies. For example, access to care, care-seeking behaviour 
and self-reporting biases may exist between different racial/ethnic 
groups. Health care provider biases may also exist, for example 
underrecognition of redness in people with darker skin tone may 
contribute to underreporting of some skin manifestations, as may 
reporting biases in different countries [41,42,50,52]. 


Pathophysiology 

SARS-CoV-2 binds to ACE2 receptors expressed in the subcuta- 
neous fat and epithelial cells and direct viral invasion is proposed 
to contribute to the development of mucocutaneous manifesta- 
tions in Covid-19. Dysregulation of the humoral immune response 
and resulting inflammatory cascade and autoantibody formation 
(including to vasculature, connective tissue and skin) is a hallmark 
of SARS-CoV-2 infection and this also contributes to develop- 
ment of mucocutaneous disorders. Other potential contributory 
pathogenetic mechanisms include reactivation of other viruses (e.g. 
herpes virus) and hypersensitivity reactions to drugs used during 
treatment of Covid-19 infections [21,24,25,59]. 


Clinical features 
No standardised classification of the clinical morphology of mu- 
cocutaneous presentations associated with Covid-19 has been 


consistently used in the literature. One of largest case series pub- 
lished early in the pandemic from a nationwide, prospective study 
in Spain included 375 patients and proposed a consensus classi- 
fication of five main clinical patterns [28], subsequently modified 
to six in a study from Italy [34,60]. A broader classification into 
two mechanistic categories has also been proposed, specifically 
eruptions related to virally triggered inflammatory responses (as 
in other viral exanthems) and vasculopathy-related cutaneous 
changes secondary to Covid-19 systemic consequences (especially 
vasculitis and thrombotic vasculopathy) [29]. However, numer- 
ous additional presentations which cannot be easily included 
in these broader classifications have been reported (Tables 25.22 
and 25.23) [4,28,29,30,31,32,33,34,38,39,41,60-65,66,67] and some 
patients display more than one phenotype [29,31,34,60]. 

The relative frequencies of specific presentations reported by dif- 
ferent studies varies, but there is general agreement that pernio-like 
lesions or CBLLs, red/maculopapular/morbilliform exanthems 
and urticaria are the most common phenotypes (Table 25.22) 
[28,29,31,32,34,60]. However, reliably distinguishing entities which 
are directly associated with SARS-CoV-2 infection from those 
occurring during Covid-19 but associated with other causes is 
challenging. Iatrogenic drug reactions, exanthems due to viruses 
other than SARS-CoV-2 and pre-existing dermatoses are examples 
of possible confounders and there are also important variations 
between countries and skin types (see later). 


Table 25.22 Clinical phenotypes of mucocutaneous manifestations described in 
association with Covid-19. Adapted from Agnihothri 2021 [4]; Galvan Casas 2020 [28]; 
Freeman 2020 [29]; Marzano 2021 [30]; Holmes 2022 [31]; Visconti 2021 [32]; Do 2021 
[33]; Genovese 2021 [34]; Bassetti 2022 [38]; Huynh 2022 [39]; Tan 2021 [41]; Marzano 
2020 [60]; Mohseni 2021 [61]; Brandini 2021 [62]; Seebacher 2022 [63]; Rekhtman 
2021 [64]; Nguyen 2022 [65]; Neale 2021 [66]; La Rosa 2021 [67]. 


Category Morphology 
Inflammatory/ Urticarial rash 
exanthematous Confluent red/maculopapular/morbilliform exanthem 


Papulovesicular/vesiculobullous exanthem 

Chilblain-like acral pattern 

Livedo reticularis 

Purpura/petechiae 

Vaso-occlusive (livedo racemosa; retiform purpura; 

acro-ischaemia; pressure-associated ulceration and necrosis) 

ultisystem inflammatory syndrome (children, adults) 

Erythema multiforme-like rash 

Pityriasis rosea-like rash 

Herpes zoster reactivation 

eutrophilic dermatoses (Sweet syndrome) 

Erythema nodosum/panniculitis 

Grover disease-like eruption 

Gianotti-Crosti-like eruption 

Erythema elevatum diutinum-like lesions 

Symmetrical drug-related intertriginous and flexural exanthema 
(SDRIFE)-like eruption 

Eruptive pyogenic granulomas 

Vitiligo 

Alopecia (telogen/anagen effluvium; androgenic; alopecia 
areata) 

Trichodynia 

Oral: aphthous-like ulcers; tongue depapillation; angular 
cheilitis; blisters; white plaques; hyperpigmentation 

Genital: acute genital ulcers (Lipschitz ulcers) 


Vasculopathic 


Other cutaneous 


Hair and nails 


Mucosal 
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Timeline relative to Covid-19 systemic symptoms 

There are emerging differences in the timing of some mucocu- 
taneous manifestations relative to onset of Covid-19 systemic 
symptoms. These differences were first reported in a large case 
series from Spain [28] (Table 25.23). In the UK community-based 
ZOE COVID Symptom Study, self-reported mucocutaneous symp- 
toms were the first presentation of the disease in 17% and a more 
powerful predictor of infection than fever (odds ratio for rash 
1.67 and for fever 1.48) [32]. Mucocutaneous changes similarly 
occurred before other Covid-19 signs in 12% of patients in a 
dermatologist-reported US registry study [29] and approximately 
7% overall in a systematic review [31] and may therefore be an 
important predictor of infection. Onset tends to be during the 
earlier inflammatory phase for vesiculobullous rashes (5.6 days), 
urticarial rashes (7 days), maculopapular rashes (9 days) and red 
rashes (10.6 days); in the later inflammatory phase for livedo 
reticularis (14.1 days), CBLL (15.9) and acral ischaemia (23 days); 
and most delayed for hair and nail disorders (50 days) [31]. The 
duration of disorders is also variable, with a mean of 13 days, 
ranging from 6.7 days for urticaria to 32 days for acral ischaemia 
[4,30,31,49,63]. 


Relationship with Covid-19 disease severity 

In up to 21% of cases, mucocutaneous manifestations may be the 
only clinical sign of Covid-19 infection [31,32]. Certain trends are 
emerging between specific mucocutaneous manifestations and 
Covid-19 disease severity (Table 25.23). This may partly relate to the 


varying immune response following SARS-CoV-2 infection, and it 
is proposed that specific disease patterns may potentially help in 
predicting Covid-19 prognosis [4,28,31,33,38,60,68]. Vaso-occlusive 
presentations (livedo racemosa, retiform purpura, acro-ischaemia) 
are seen in older age groups and are associated with severe and 
critical disease, including ICU admission and mortality. Conversely, 
maculopapular, urticarial and papulovesicular eruptions appear 
to be associated with less severe disease although are more com- 
mon in hospitalised patients. At the other end of the spectrum, 
CBLL — which is more frequent in younger age groups — is often 
associated with asymptomatic or pauci-symptomatic Covid-19 
[28,29,30,31,41]. 


Clinical variants 

The clinicopathological characteristics and treatment of the most 
frequent mucocutaneous disorders reported in association with 
Covid-19 are summarised in Table 25.23. Selected conditions are 
discussed in brief next. 


Chilblain-like lesions (CBLL, pseudo-pernio, ‘Covid toes/fingers’). 
Perniosis (chilblains) is a cold-sensitive inflammatory disorder 
that presents at sites of cold exposure (usually toes or fingers and 
occasionally other acral sites such as the ear) as pink-red-violaceous 
macules, papules, plaques or nodules which may blister and ulcer- 
ate in severe cases and are associated with pain and/or a burning 
sensation (Figure 25.33). They may be idiopathic or associated 
with autoimmune conditions (e.g. chilblain lupus), haematological 


Figure 25.33 Examples of chilblain-like 
lesions associated with SARS-CoV-2 
infections. (a,b) Examples in white subjects 
from the UK provided by subjects via the ZOE 
COVID application. Courtesy of Dr Veronique 
Bataille (British Association of Dermatologists 
COVID Atlas (www.covidskinsigns.com)). 
(c,d) Examples in South Asian subjects living 
in the UK. (c) Courtesy of Dr Abha Gulati. 

(d) Courtesy of Dr Anshoo Sahota. 


malignancies, specific genodermatoses and other infections such as 
Epstein-Barr virus [4,29,33,50]. 

The first report of pernio-like lesions in association with Covid-19 
was in an Italian adolescent [69] and subsequent reports from Spain 
suggested they occurred mainly in later stages of disease [28]. The 
marked rise in cases of a previously uncommon condition, at an 
atypical time of year (spring), in temperate areas and in patients 
apparently at low risk initially pointed to an association: cluster- 
ing of cases in families and close contacts and subsequent larger 
cohort studies also support this association, as does identification of 
SARS-CoV-2 viral particles in endothelial cells of CBLL by electron 
microscopy [70,71]. However, the absence of Covid-19 symptoms, 
negative SARS-CoV-2 nasopharyngeal RNA on RT-PCR and lack of 
positive serology in many patients with CBLL led to theories that 
CBLL was an epiphenomenon and only indirectly related to infec- 
tion with the virus [56,72]. 

It is now clear that a negative test does not rule out an association 
and may simply reflect the timing and type of laboratory testing 
undertaken. There is a window between cleared infection (median 
time to undetectable RNA on nasopharyngeal swab RT-PCR is 
14 days, so that 50% are negative before this) and detectable anti- 
bodies (average time to mount an antibody response is 7-14 days) 
[4,21,33,73]. In addition, there is a relationship between disease 
severity and antibody levels: those who develop CBLL have rela- 
tively mild clinical courses and may not mount a marked antibody 
response, but are nonetheless able to elicit in vitro neutralising 
antibodies that prevent viral entry into epithelial cells. Further- 
more, these antibodies may be IgA rather than IgG or IgM that are 
the usual antibodies assessed in commercial tests. A robust type I 
interferon response to viral nucleotide sensing may also enhance the 
early innate immune response to viral infection, resulting in mild 
disease and suppressed antibody formation and later development 
of CBLL. Consistent with this, pernio-like lesions are also observed 
in type 1 interferonopathies (e.g. Aicardi-Goutieres syndrome and 
STING-associated vasculopathy), and CBLL and severe Covid-19 
are thought to lie at two ends of a type I interferon spectrum [74]. 
Genetic predisposition is also emerging as a possible contributor 
to susceptibility [19]. For example, in genome-wide association 
studies, the 3p21.31 region is associated with Covid-19 severity and 
also contains the TREX1 gene, missense mutations in which are 
responsible for familial chilblain lupus [75]. 

Histopathology of CBLL is similar to non-Covid-19 perniosis, 
with vascular changes, dermal oedema and a superficial and deep 
perivascular lymphocytic infiltrate [4,33]. In some cases, immuno- 
histochemistry has confirmed vasculitis in dermal vessels with 
deposition of immunoglobulins or complement and platelet aggre- 
gation, but lesions are primarily inflammatory and not suggestive 
of systemic coagulopathy, unlike vaso-occlusive disorders such as 
livedo racemosa or retiform purpura. Microthrombi seen in a small 
subset are likely to be secondary to the inflammation and correlate 
with a bullous or necrotic phenotype. 

CBLLs are more common in children and young adults and 
there are possible differences in the prevalence of CBLL by geo- 
graphic areas and population ethnicity/race. Lesions are typically 
self-limiting, lasting 1-3 weeks, with excellent prognosis, although 
may be recurrent [76]. First line management is expectant. Topical 
corticosteroids, topical antibiotics and NSAIDs have all been used 
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for acute inflammation. If pain is more problematic, use of topical 
anaesthetics and analgesics is also described [66]. 


Maculopapular rashes. Maculopapular rashes (encompassing 
macular redness and morbilliform rashes), the second most com- 
mon cutaneous manifestation after CBLL, are usually concurrent 
with Covid-19 symptoms, have a median duration of 7 days and 
are associated with moderate severity Covid-19 disease [31,77]. 
They are frequently itchy and often initially truncal with centrifu- 
gal progression to become generalised, consisting of symmetrical, 
red macules and papules (Figure 25.34). In some cases, purpuric 
changes may coexist from the outset or develop during the course 
of the eruption. Skin biopsy often shows spongiosis, basal cell 
vacuolation and perivascular lymphocytic infiltrate, which are 
features typical of other viral-induced skin lesions. Although likely 
to be secondary to the immune response to viral infection, macu- 
lopapular rashes are also a potential side effect of many medications 
used in Covid-19 treatment and this should be considered in their 
differential diagnosis. As they are usually self-limiting, treatment 
is not generally required, but topical corticosteroids or systemic 
steroids in severe cases have been used [4,33,38]. 


Urticarial eruptions. Urticarial rashes are common and occur early 
in the course of Covid-19 — in some cases as a prodromal sign — with 
a median duration of 4-7 days and in association with moderate 
severity disease [78,79]. They typically involve the trunk and limbs, 
with pruritus being the main symptom (Figure 25.35). Treatment 
includes antihistamines or low-dose oral corticosterioids. Proposed 
mechanisms include viral IgM/IgG cross-reacting with mast cell 
IgE and causing mast cell degranulation [80]. As with morbilliform 
rashes, urticarial eruptions are also a common side effect of drugs 
used in Covid-19 treatment. 


Papulovesicular/vesiculobullous eruptions. These exanthems also 
usually occur early after the onset of Covid-19 symptoms [30] and 
are associated with moderate severity disease [31]. Generalised 
and localised forms are described and are usually more truncal 
and associated with minimal pruritus compared with true vari- 
cella [30,81]. The rash may also simulate Grover disease and some 
histological overlap including acantholysis has been reported [82]. 
In other cases, basal vacuolar degeneration with multinucleate, 
hyperchromatic keratinocytes and dyskeratotic cells is consis- 
tent with viral infection [30,81,83] and it has been proposed that the 
direct pathogenic effects of SARS-CoV-2 on basal layer keratinocytes 
lead to acantholysis and dyskeratosis [82]. 


Petechiae and purpura. These are the most common vascular 
lesions, usually occur late relative to Covid-19 symptoms and are 
associated with moderate to severe disease [31] (Figure 25.36). An 
early report described a patient with a petechial rash misdiagnosed 
as dengue [84] and acral, intertriginous or diffuse presentations 
occur. Aetiology includes thrombocytopenia/platelet dysfunc- 
tion, clotting abnormalities and vasculitis (which may progress to 
blisters and ulcerated lesions). Henoch-Schénlein purpura and IgA 
vasculitis have also been reported [85,86]. 
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Figure 25.34 Examples of red and 
maculopapular rashes associated with 
SARS-CoV-2 infection. Examples provided by 
subjects in the UK via the ZOE COVID 
application. Courtesy of Dr Veronique 
Bataille (British Association of Dermatologists 
COVID Atlas (www.covidskinsigns.com)). 


Figure 25.35 Examples of urticarial rashes associated with 
SARS-CoV-2 infection. Examples provided by subjects in the UK 
via the ZOE COVID application. Courtesy of Dr Veronique 
Bataille (British Association of Dermatologists COVID Atlas 
(www.covidskinsigns.com)). 


Livedo reticularis. Livedo reticularis occurs concurrently or late rel- 
ative to Covid-19 systemic symptoms and consists of symmetrical, 
annular, violaceous patches involving trunk and limbs caused by 
partial or intermittent blood flow reduction to the skin. Histology 
shows pauci-inflammatory microthrombotic vasculopathy [29] 
and thus microthromboses or low-grade vascular inflammation 
resulting from SARS-CoV-2-associated endothelial cell damage 
are possible pathomechanisms [33]. Livedo reticularis is usually 
associated with moderate rather than severe disease [33,39]. 


Vaso-occlusive disorders (fixed livedo racemosa; retiform pur- 
pura; acro-ischaemia; pressure-associated ulceration and necrosis. 
Covid-19 is associated with a hypercoagulable state resulting in 
venous and arterial thrombosis. Vaso-occlusive skin lesions are 
rare, occur late in the course of Covid-19, are most often seen in 
older patients with severe Covid-19, often with systemic throm- 
boembolic complications, and have the highest mortality rate of 
all COVID-associated skin manifestations [28,29,33,49]. Pathome- 
chanisms may involve hyperactivation of the complement system 
possibly through local immune stimulation by SARS-CoV-2 spike 
protein present in the cutaneous microvasculature; this may syn- 
ergise with antiphospholipid autoantibodies found in patients 
with severe Covid-19, leading to increased coagulation with for- 
mation of occlusive thrombi in small dermal vessels resulting in 
microvascular injury and necrosis [33,87]. Livedo racemosa consists 
of persistent, large, irregular, violaceous, broken annular patches 
indicating significantly reduced cutaneous blood flow. Retiform 
purpura are on a spectrum with livedo racemosa, but are associated 
with more severe vascular occlusion leading to stellate, purpuric 
skin lesions with incipient or frank ulceration, seen most often as 
acral ischaemia on the extremities. Pressure-associated ulceration and 
necrosis has been described in critically ill patients and particularly 


25.111 


Human coronavirus infection 


occurs on the sacral/buttock areas, with areas of ulceration often 
surrounded by livedoid plaques and retiform purpura and evi- 
dence of thombotic vasculopathy and pressure necrosis [88-90]. 
Acrofacial purpura and necrosis is described in association with minor 
pressure injury, for example due to direct contact with medical 
devices and during the process of proning to improve oxygen 
status [91]. 


Erythema multiforme-like lesions. Erythema multiforme-like erup- 
tions with acral and truncal distributions are reported in both 
children and young adults [31,77,92]. Lesions are pruritic or 
painful and appear as red macules and plaques consisting of two 
(atypical targets) or three (typical targets) rings, usually on the 
extremities with central crusting in some cases (Figure 25.37). Oral 
mucosal changes may be present (erosive cheilitis and palatal mac- 
ules/petechiae). Positive immunohistochemistry for SARS-CoV-2 
spike protein has been identified in vascular endothelium in ery- 
thema multiforme [93], but possible drug causes should also be 
considered (see later). 


Pityriasis rosea (PR)-like eruption. PR-like rashes with both classic 
and atypical presentations appear to occur at greater frequency in 
Covid-19 [31,77]. Proposed mechanisms include direct effects of 
SARS-CoV-2 in the skin, as SARS-CoV-2 spike protein has been 
detected in the endothelium of dermal vessels in PR [94], or indirect 
effects including dysregulated immunity and reactivation of other 
viruses such as HHV-6 or -7 [68,95]. 


Reactivation of herpes zoster. An increased incidence of herpes 
zoster in patients with confirmed Covid-19 has been observed, 
but it is uncertain whether this is coincidental or a direct effect of 
SARS-CoV-2-associated immune dysregulation [28]. 
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Figure 25.36 Examples of purpuric and vasculitis rashes associated with SARS-CoV-2 
infection. Examples provided by subjects in the UK via the ZOE COVID application. 
Courtesy of Dr Veronique Bataille (British Association of Dermatologists COVID Atlas 
(www.covidskinsigns.com)). 


. Elevated neutrophil count is a consistent find- 
ing in Covid-19 and may contribute to reported cases of Sweet 
syndrome that regress during recovery from Covid-19 without 
specific treatment [96]. 


MIS is a 
severe hyperinflammatory condition associated with SARS-CoV-2 
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Figure 25.37 Example of erythema multiforme-like rash associated with SARS-CoV-2 
infection. Example provided by subject in the UK via the ZOE COVID application. 
Courtesy of Dr Veronique Bataille (British Association of Dermatologists COVID Atlas 
(www.covidskinsigns.com)). 


and although most common in children, it is also recognised in 
adults (MIS-A) [97]. The five criteria for MIS-A include severe ill- 
ness requiring hospitalisation for patients >21 years of age; positive 
laboratory tests for SARS-CoV-2 infection in the past 12 weeks; 
severe dysfunction of one or more extrapulmonary organ systems; 
laboratory evidence of severe inflammation (ESR, CRP, neutrophilia, 
D-dimer, fibrinogen, ferritin, LDH, procalcitonin, IL-6); absence of 
other causes for severe respiratory illness [98]. Hyperinflammation 
is proposed to result from hyperactivation of the innate immune 
system, probably due to aberrant interferon responses [99]. Mucosi- 
tis is common and polymorphic rashes are also described and 
include urticarial macules and plaques, morbilliform eruptions, 
purpura, petechiae and retiform purpura [97,98,100]. Histology 
varies from superficial, perivascular, lymphocytic infiltrate with 
occasional neutrophils and extravasated red cells to superficial and 
deep perivascular and periadnexal lymphocytic infiltrate [100]. 
In situ hybridisation for SARS-CoV-2 is usually negative. At least 
half of all patients with MIS-A required ICU admission and treat- 
ments include intravenous immunoglobulin, corticosteroids and 
tocilizumab, an interleukin-6 inhibitor [97]. 


Various mucosal manifestations have been 
described) many in association with cutaneous lesions. 


Oral. Reported disorders include aphthous-like ulcers, tongue 
depapillation, angular cheilitis, blisters, white plaques, hyperpig- 
mentation and enanthems (e.g. macular and petechial changes). The 
aetiology is likely to be multifactorial and proposed mechanisms 
include direct action of SARS-CoV-2 on oral mucosal cells, dysregu- 
lated immunity, coinfection with other organisms and adverse drug 
reactions [62,67,92]. 


Genital. Acute genital (Lipschiitz) ulcers have been described in 
association with Covid-19 [101], as has a reactive infectious muco- 
cutaneous eruption with shallow erosions of the periurethral glans 
penis, lips and hard palate [102]. 


Hair and nail disorders. Covid-19 is reported to be associated 
with telogen effluvium, alopecia areata and androgenetic alopecia 
[65]. As with other mucocutaneous manifestations of Covid-19, 
the causes are likely to be multifactorial and include direct 
virus-induced and delayed immunological responses to infection. 


Telogen effluvium (TE). A systematic review of more than 1800 
patients with Covid-19 and alopecia found TE to be the most 
common type presenting after Covid-19 infection [65]. In a series 
of 214 patients from Spain, 14% with TE were asymptomatic in 
terms of Covid-19 infection [103]. Early-onset TE (within 4 weeks) 
has been reported in more than 60% of patients, but onset is later 
(212 weeks) in the remainder [104]. It is proposed that early-onset 
TE is possibly a consequence of upregulated pro-inflammatory 
cytokines (e.g. IL-1b, IL-6, TNF-a, IFN-y) during more severe infec- 
tion which triggers induction of an immediate anagen release [104]. 
However, the contributions of drugs used in Covid-19 treatments 
(e.g. heparinoids) and both physiological and psychological stress 
have also been highlighted [103,104]. 


Trichodynia. Scalp dysaesthesia is a common accompanying symp- 
tom and was reported in 42% of patients presenting with TE in one 
series [104]. 


Alopecia areata (AA). AA usually occurs in patients with 
pre-existing disease (as is also seen with other viruses such as 
Epstein-Barr virus and cytomegalovirus). However, Covid-19 may 
rarely trigger new-onset AA [65,105]. The mechanism underlying 
this association with SARS-CoV-2 infection may be autoimmune, 
with loss of immune privilege of hair follicles in anagen [65]. 


Androgenetic alopecia (AGA). In one systematic review, AGA 
was more common than TE and AA, but almost always preceded 
Covid-19 [65]. It is proposed to be a marker of susceptibility to more 
severe disease, possibly related to androgen-mediated upregula- 
tion of the transmembrane serine protease 2, facilitating entry of 
SARS-CoV-2 into cells via the ACE2 receptor [65,106]. 


Nail changes. CBLL, acral vascular changes and periungual desqua- 
mation in MIS may all affect the nail apparatus. Other late nail 
changes reported in association with Covid-19 include Beau lines, 
onychomadesis and variable pigmentation of the nail plate and 
lunula, for example in the ‘Covid red half-moon’ sign in which 
half-moon-shaped red bands surround the distal part of the 
lunula [107]. 
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Other mucocutaneous presentations (Tables 25.22 and 25.23). 
Case reports of other conditions associated with Covid-19 include 
Grovers [108-110] and erythema elevatum diutinum-like eruptions 
[77]; eruptive pyogenic granulomas [111]; new-onset vitiligo [112]; 
and new-onset autoimmune bullous disorders including bullous 
pemphigoid [113] and pemphigus [114]. 


Chronic (‘long’) Covid-19. SARS-CoV-2 infection associated with 
prolonged symptoms has been termed ‘long Covid’ or ‘long-haul 
Covid’ [115]. Between 66% and 87% of patients continued to experi- 
ence one or more Covid-19 symptoms 2 months after PCR positivity 
and approximately 30% at 6 months [116-118]. In one registry 
study, mucocutaneous symptoms persisting for at least 60 days 
included CBLLs in 6.8% and livedo reticularis [119]. Alopecia may 
also be persistent [21]. Some of these disorders may be mediated by 
autoimmune responses, but the full implications of long Covid for 
mucocutaneous disease remain to be established [21,119]. 


as 


Covid-19 and skin disease in 


General description of disease domain 


Children have less frequent infection, generally with a milder 
course, with higher frequencies of asymptomatic infection, fewer 
respiratory sequelae and fewer severe complications compared 
with adults [66,120]. The contrasting presentation in children is 
likely to be multifactorial and includes [66,121,122]: 

¢ Reduced viral entry and infection due to fewer ACE receptors in 
nasal/lung epithelium. 

Stronger innate and adaptive antiviral immunity (increased 
cytokines, interferon production and CD4+/CD8+ T cells; more 
vigorous CD8+ T-cell responses). 

Healthy vascular endothelium. 

Fewer predisposing factors for severe disease. 


Epidemiology 

Cutaneous manifestations reported in children are diverse and 
include most phenotypes seen in adults. They may be the main 
or only clue to infection in mild or asymptomatic disease [66]. 
Mucocutaneous lesions have been described in more than 8% of 
hospitalised children and may be associated with better prognosis 
[66,122]. However, the more robust immune responses in children 
may also underlie some of the differences seen in the pattern of 
cutaneous responses compared with adults, such as the increased 
frequency of CBLLs and multisystem inflammatory syndrome in 
children (MIS-C) [66]. 


Clinical features 

Chilblain-like lesions (CBLL, pseudo-pernio, ‘Covid toes/fingers’) 
in children. Prior to the Covid-19 pandemic, chilblains/pernio was 
relatively uncommon in children. Rates of new-onset chilblains/ 
pernio increased dramatically coinciding with the pandemic, with 
29% of all cases reported in children [56]. Hypotheses to explain 
this increased prevalence have focused on differences in levels of 
interferon production. Interferon provides innate immunity against 
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viruses and it is proposed that healthy children and young adults 
mount robust interferon responses to SARS-CoV-2 which clear the 
virus but lead to delayed pernio-like lesions, which are effectively 
a post-viral manifestation of Covid-19 infection [21,74,123,124]. 
As in adults, CBLLs affect toes, feet, ankles, fingers and hands 
and present as asymptomatic or painful and/or pruritic, red and 
purpuric papules, macules and plaques with vesicles and bullae in 
some cases [66,124]. 


Multisystem inflammatory syndrome in children (MIS-C)/ 
paediatric inflammatory multisystem syndrome temporally 
associated with SARS-CoV-2 infection (PIM-TS). MIS-C/PIMS-TS 
is one of the most severe consequences of Covid-19 in children 
and is a novel hyperinflammatory condition that shares features 
with toxic shock syndrome and Kawasaki disease, including fever, 
skin, mucous membrane and distal extremity changes [4,125]. 


Definition. MIS-C is defined by the Centers for Disease Control and 
Prevention (CDC) as a hyperinflammatory response to current or 
recent SARS-CoV-2 infection or exposure in an individual under 
21 years with a fever lasting more than 24 hours, elevated laboratory 
inflammatory markers (ESR, CRP, neutrophilia, D-dimer, fibrino- 
gen, ferritin, LDH, procalcitonin, IL-6), dysfunction of more than 
two organs (cardiac, respiratory, gastrointestinal, renal, haemato- 
logical, neurological and skin), requiring hospital admission and 
not explained by other illness [126]. PIM-TS is similarly defined 
by the WHO as a child presenting with persistent fever, inflam- 
mation and evidence of single or multiorgan dysfunction, with 
additional features which include a rash or bilateral non-purulent 
conjunctivitis or mucocutaneous inflammation signs [127]. 


Pathophysiology. This is unclear but may be the result of a 
hyperinflammatory immune response driven by SARS-CoV-2. 
Immune-complex development from viral antigens (type III 
hypersensitivity) is postulated to initiate a cytokine storm with 
systemic inflammation and autoantibody development may also 
play a pathogenic role [21,128]. Genetic predisposition towards a 
pro-inflammatory immune response to infection has been identified 
in some studies [129-131]. 


Clinical features. Intensive care and circulatory support are fre- 
quently required, and mortality is approximately 2% [66]. The 
earliest cases were reported in the UK [131] and most are previously 
healthy children, with a median age of 5-11.5 years, with black or 
Asian race/ethnicities most frequently affected [66,120,121,132]. 
As with CBLL, MIS-C is thought to be a late or post-viral compli- 
cation, with antibody titres higher than levels of RNA detection 
[121]. Skin and/or mucosal changes are present in 50-83% of chil- 
dren with MSI-C, which is higher than that generally reported 
in children with Covid-19 infection [66,121,133]. Generalised or 
localised skin involvement is described with a wide array of 
morphologies (Table 25.24). Mucosal involvement, particularly 
oral and conjunctival, is common and was the most frequent 
manifestation in one series [121]. The exact relationship between 
mucocutaneous involvement and disease severity remains uncer- 
tain [66,122,134]. 


Table 25.24 Mucocutaneous findings reported in multisystem inflammatory syndrome 
in children. Adapted from Neale and Hawryluk 2021 [66]; Dondi et a/. 2022 [125]. 


Eyes Oral 
Periorbital Lips: 
oedema __ Fissuring 
Hyperaemia Redness 
Discharge 
Mouth: 
Papillitis 
Strawberry 
tongue 


Hands and feet 


Oedema 

Redness 

Desquamation 

Purpura 

Petechiae 

Vesicles 

Erythema multiforme-like 
Beau lines 

Perniosis-like 


Non-acral skin 


Urticaria 

Macular and maculopapular 
exanthems 

Morbilliform exanthem 

Scarlatiniform exanthem 

Erythema infectiosum-like 
exanthem 

Erythema multiforme-like 

Purpura, petechiae, livedo, 

Henoch Schénlein 
purpura/vasculitis 

Gianotti—Crosti-like 

Erythema nodosum 

Severe cutaneous adverse 
reactions 


Table 25.25 Kawasaki disease compared with multisystem inflammatory syndrome in 
children. Adapted from Neale and Hawryluk 2021 [66]. 


Multisystem 


inflammatory syndrome 


in children (MIS-C) 


Kawasaki 
disease (KD) 


Demographics 

Age 

Sex 
Race/ethnicity/geography 


Clinical signs 

Unexplained fever 
Respiratory 
Cardiovascular shock 
Gastrointestinal 

Oral mucosal change 
Distal extremity changes 
Rash 

Conjunctivitis 

Cervical lymphadenopathy 


Mean age 9 years 
Slightly more males 
Black, hispanic/Latino 


>24 hours 
41% 
66% 
87% 


<50% meet criteria for KD 


90% <5 years 

Male predominance 

More common in Asia 
(Japan, South Korea 
and Taiwan) 


>5 days 
35% 
10% 
61% 


Diagnostic criteria for KD 
=4/5 


Differential diagnosis. These features may be diagnostically chal- 
lenging, particularly in the context of a child with fever and a 
negative Covid-19 test. Many simulate those of Kawasaki dis- 
ease, making this an important differential diagnosis (Table 25.25). 
In addition, toxic shock syndrome, bacterial sepsis, scarlet fever, 
drug hypersensitivity, other viral infections, vasculitis and systemic 
illnesses such as macrophage activation syndrome should also be 
considered [66,133]. 


Management. In addition to supportive care that requires ICU 
admission in up to 80% of cases, treatment of MIS-C includes 
systemic corticosteroids, intravenous immunoglobulins and antivi- 
ral agents; cytokine inhibitors and immunomodulators have also 
been used [66]. 


Table 25.26 Other potential cutaneous manifestations of Covid-19 infection in children. 
Adapted from Neale and Hawryluk 2021 [66]. 


Urticaria 

Maculopapular rash 
Vesicles/papulovesicular rash 
Petechiae 

Purpura 

Retiform purpura 

Livedo reticularis 
Ecchymotic-like lesions 
Erythema multiforme-like lesions 
Herpetiform oral eruption 
Plantar papules 

Roseola-like rash 

Lingual papillitis 

Eccrine hidradenitis 
Erythema nodosum 


Co-morbidities and complications. Although most children with 
MIS-C recover, post-hospitalisation sequelae include coronary 
artery abnormalities in 16-21% [135]. Hair abnormalities including 
alopecia areata and telogen effluvium are also described [136]. 


Other mucocutaneous manifestations of Covid-19 infection in 
children. In addition to CBLL and MIS-C, a range of other inflam- 
matory, vascular and non-specific cutaneous changes have also 
been reported in children (Table 25.26) [4,21,66,76,121,122,134]. 


Effects of SARS-CoV-2 infe« 


pre-existing mucocutaneou: 


Disease exacerbation by SARS-CoV-2 infection 


Viral infections may be associated with exacerbations of autoim- 
mune and other pre-existing skin conditions and are also reported 
for SARS-CoV-2 infection (Table 25.27). Multiple factors are likely 
to account for such disease flares and include those directly related 
to SARS-CoV-2 infections (e.g. due to dysregulation of cytokines 
and chemokines such as interferon, IL-36, CXCL8), as well as factors 
related to the pandemic including non-adherence to treatment 
and socioeconomic factors [137]. For example, a systematic review 
of publications to July 2021 reported exacerbation of pre-existing 
psoriasis, subacute lupus erythematosus, pemphigus vulgaris, 


Table 25.27 Pre-existing dermatoses reported to be exacerbated by SARS-CoV-2 
infection. 


Psoriasis 

Atopic dermatitis 

Alopecia areata 

Subacute lupus erythematosus 
Pemphigus vulgaris 

Bullous pemphigoid 

Systemic sclerosis 

Sézary syndrome 

Acrodermatitis continua of Hallopeau 


systemic sclerosis, Sézary syndrome and acrodermatitis continua 
of Hallopeau [137]. In a registry-based study of atopic dermatitis, 
18% experienced a flare of atopic dermatitis during Covid-19 [29] 
and in a separate patient-reported study of adults with atopic 
dermatitis and psoriasis in the Netherlands, 26% experienced 
worsening during symptomatic infection with SARS-CoV-2 [138]. 
In Italy, 42.5% of patients with alopecia areata experienced a relapse 
approximately 2 months after Covid-19 compared with 12.5% in the 
absence of Covid-19 [139]. 


Covid-19 outcomes in patients with pre-existing 
mucocutaneous diseases 


Outcomes of patients with Covid-19 who are receiving systemic 
immunosuppressive or biologic treatments for dermatological 
conditions have been of particular concern during the Covid-19 
pandemic. Registries have been an important source of informa- 
tion on this question. For example, data from the SECURE-AD 
registry showed that Covid-19 duration and resolution were not 
significantly influenced by type of systemic medication for atopic 
dermatitis (dupilumab versus conventional immunosuppressives) 
and that complication rates were low [40]. Similarly, the PsoProtect 
and SECURE-Psoriasis registries have reported that patients with 
psoriasis receiving biologics had a lower risk of hospitalisation 
compared with those on non-biologic systemic therapy, with most 
patients recovering fully [140]. Patient reporting to the PsoPro- 
tectME registry has indicated differences in behaviour between 
treatment groups, with greater risk-mitigating behaviour by those 
on targeted therapies compared with standard systemic agents that 
may contribute to differences in outcomes [140]. Evidence from 
provider and patient-reported cases from the HS COVID Registry 
[141] has also shown that biologic therapy is not associated with 
worse Covid-19 outcomes in patients with hidradenitis suppuri- 
tiva, nor is there a difference between patients who continue versus 
discontinue biologic treatment [40]. In a retrospective study of 
Covid-19 outcomes for patients with autoimmune blistering disor- 
ders, mortality was higher compared with the general population, 
although rituximab use was not associated with a higher rate of 
SARS-CoV-? positivity [142]. 

However, it is important to point out that evidence is rapidly 
evolving in this area. In a large nationwide cohort study in the 
UK which included more than 1.1 million adults with immune- 
mediated inflammatory diseases affecting the joints, bowel and 
skin, 19000 of whom were receiving targeted immune-modifying 
therapy and 182000 standard systemic therapy, the overall risk of 
Covid-19-related critical care admission or death was increased 
compared with the general population after adjusting for con- 
founders such as age, sex, deprivation, smoking, high BMI and 
cardiovascular disease, and this was higher in ethnic groups other 
than white [143]. There was no increased Covid-19-related mortality 
associated with use of TNF inhibitors, IL-12/IL-23 inhibitors, IL-17 
inhibitors, IL-6 inhibitors, or Janus kinase inhibitors compared 
with those on standard systemic therapy, with the exception of 
rituximab which was associated with increased Covid-19-related 
death (HR 1.68, 95%CI 1.11-2.56) [143]. These and other conditions 
are discussed in more detail in relevant chapters. 
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Table 25.28 World Health Organization guidelines on drug treatment in Covid-19 and associated mucocutaneous reactions. Adapted from Agrawal 2020 [144]. 


Covid-19 severity 


Drug 


Class 


Examples of mucocutaneous adverse effects 


Critical/severe 


Non-severe but highest 
risk of hospital 
admissions 


Strong recommendations 
against use regardless 
of severity 


Dexamethasone** 
Tocilizumab or sarilumab* * 
Baricitinib** 


Remdesivir (severe only)* 


Ruxolitinib and tofacitinib (only if 
IL-receptor blocker or baricitinib 


unavailable) X 


Convalescent plasma (research only) X 


Ivermectin (research only) X 


irmatrelvir with ritonavir* * 


olnupiravir* 
Remdesivir* 
Corticosteroids X 
ivermectin (research only) X 
Fluvoxamine (research only) X 


Convalescent plasma XX 


Hydroxychloroquine XX 


Lopinavir-ritonavir XX 
Colchicine XX 


Casirivamab and imdevimab # 
Sotrovimab # 


Corticosteroid 
IL-6 receptor blocker 


Janus kinase (JAK) inhibitor 


JAK inhibitors 


Anti-parasitic 


Antiviral 


Antiviral 
Antiviral 


Anti-parasitic 

Selective serotonin reuptake 
inhibitor and 6-1 receptor 
agonist 


Antimalarial, 
anti-inflammatory 


HIV-1 antiviral 
Anti-inflammatory 


Monoclonal antibodies 
Monoclonal antibody 


Pruritus, skin infection, acneiform eruptions, skin atrophy, telangiectasia, 
purpura, oedema, hirsutism, striae 

Maculopapular rash, urticaria, skin infections, pruritus, psoriasiform 
dermatitis, pustular eruptions, necrotising fasciitis 

Urticaria, angioedema, palmoplantar pustulosis-like eruption, herpes 
zoster, herpes simplex reactivations, skin cancers 

Maculopapular rash, exfoliative erythroderma, StevensJohnson syndrome, 
toxic epidermal necrolysis, erythema multiforme, urticaria, lichenoid 
drug eruption, lipodystrophy, annular erythema, photosensitivity, 
hyperpigmention of nails, oral mucosa and skin, pruritus, alopecia, 
xerosis, paronychia, insect bite hypersensitivity 

See above for baricitinib 


Urticaria, maculopapular rash, eczema, erythema multiforme, purpura 

Urticaria, pruritus, papulopustular rash, oedema, toxic epidermal necrolysis, 
StevensJohnson syndrome, drug reaction with eosinophilia and 
systemic symptoms (DRESS) syndrome 


See above for remdesivir 


See above for remdesivir 

See above for remdesivir 

See above for dexamethasone 

See above for ivermectin 

Morbilliform rash, pruritus, ecchymoses, flushing 


See above for convalescent plasma 


Maculopapular rash, acute generalised exanthematous pustulosis, 
exacerbation of psoriasis, urticaria, pruritus, Stevens—Johnson-like 
syndrome, DRESS syndrome, alopecia, hair bleaching, mucocutaneous 
dyspigmentation 

See above for remdesivir 

Morbilliform rash, lichenoid drug eruption, alopecia, toxic epidermal 
necrolysis-like reaction, bullous and erythema-nodosum-like lesions 

Pruritus, urticaria, anaphylaxis 

Erythema, morbilliform rash, pruritus, anaphylaxis 


**Strong recommendations in favour; *weak or conditional recommendations in favour; X, weak or conditional recommendations against use; XX, strong recommendations against 


use (# with omicron variant). 


Covid-19 disease severities are defined by the WHO as: 

° Critical: acute respiratory distress syndrome, sepsis, septic shock 
or other conditions requiring life-sustaining therapies (e.g. 
invasive/non-invasive mechanical ventilation or vasopressor 
therapy). 

e Severe: oxygen saturation <90% on room air, pneumonia, severe 
respiratory distress. 

¢ Non-severe: absence of these criteria. 

Most patients with Covid-19 have relatively mild illness and require 

only symptomatic measures. Specific treatments are available for 


those with severe or critical disease or with non-severe disease at 
high risk of hospitalisation with more severe disease (e.g. organ 
transplant recipients; PLWH; haematological malignancies; other 
immunocompromise; sickle cell disease; certain neurological, 
autoimmune or inflammatory conditions). The evidence base for 
these treatments is evolving rapidly with numerous RCTs com- 
pleted or in progress [144]. The current WHO recommendations for 
drug treatment of Covid-19 with reported mucocutaneous reactions 
are summarised in Table 25.28. 

Drug reactions should be considered in the differential diagnosis 
of mucocutaneous disorders arising in the context of Covid-19 
and it is likely that at least some of the mucocutaneous mani- 
festations reported in association with Covid-19 are drug related 
[44,45,145,146]. 


Table 25.29 Approved SARS-CoV-2 vaccines (September 2022). 


Platform Vaccine 


Messenger RNA (mRNA) Moderna Spikevax mRNA-1273 
Pfizer-BioNTech Comirnaty BNT162b2 
AstraZeneca Vaxzevria and Covishield ChAdOx1 
Johnson & Johnson—Janssen Ad26.COV2.S 
Sinopharm Covilo BBIBP-CorV 

Sinovac CoronaVac; Bharat Biotech Covaxin 
Novavax Nuvaxovid 


Covovax NVX-CoV2373 


Adenovirus vector-based 
Inactivated virus 


Adjuvanted protein 


MUCOCUTANEOUS REACTI 
SARS-COV-2 VACCINES 


General description of disease domain 


As of October 2022, more than 300 Covid-19 vaccines for preven- 
tion of both Covid-19 and viral transmission were in preclinical 
or clinical development [22]. Ten Covid-19 vaccines have been 
approved by the WHO for global use and involve four separate 
vaccine platforms (Table 25.29). It is estimated that by Septem- 
ber 2022, more than 12.5 billion vaccine doses had been given 
globally [9], although their use in developing countries has been 
limited, highlighting stark global health inequities [13]. Real-world 
effectiveness data have shown that mRNA vaccines (BNT162b2 
and mRNA-1273) induce high initial antibody titres that wane 
after a few months, whereas adenovirus vector-based vaccines 
(Ad26.CoV2.S) induce lower initial antibody responses but have 
greater durability. Subsequent cellular immune responses induced 
by both vaccine types are more durable than serum antibody titres. 
As CD8+ T-cell responses control viral replication after infection, 
it is predicted that SARS-CoV-2 vaccines will continue to protect 
against severe infection even after such waning of humoral immu- 
nity and potential reduced effectiveness against blocking infection 
with emerging variants such omicron [13]. 


Epidemiology 

As with many vaccines, constitutional symptoms are frequently 
observed with SARS-CoV-2 vaccines and include fever, headache, 
fatigue, chills, muscle pain, diarrhoea and local injection-site reac- 
tions. Myocarditis and pericarditis have also been reported together 
with the rare vaccine-induced immune thrombotic thrombocytope- 
nia (VITT), but both thrombosis and myocarditis are significantly 
more frequent after natural Covid-19 infection [13]. 

Although reported prevalence in SARS-CoV-2 vaccine trials is 
low, a greater number of cutaneous adverse events have been 
reported in real-world data accruing from observational studies 
during Covid-19 mass vaccination, including registry data (e.g. 
AAD/ILDS, PsoProtect, SECURE-AD, SECURE-Alopecia and HS 
COVID) [40,147]. In a systematic review and meta-analysis of 
300 studies published up to December 2021, global prevalence was 
estimated at 3.8% (95%CI, 2.7-5.3%) and highest for mRNA vaccines 
at 6.9% (95%CI, 3.8-12.3%) [148]. A broad spectrum of disorders 
has been described and many simulate skin conditions associated 


with natural Covid-19 infection, such as chilblains, erythromelalgia 
and pityriasis-rosea like reactions (Table 25.30) [147,148,149-164]. 
Registry data suggest reactions are reported less frequently with 
booster vaccinations [165]. As with mucocutaneous disorders aris- 
ing with natural Covid-19 infection, there may be difficulty in 
distinguishing between causation and coincidental presentation 
and the temporal relation to Covid-19 vaccination. 


Pathophysiology 

A range of pathomechanisms are implicated and — as with natu- 
ral Covid-19 infection — many are the result of vaccine immune/ 
autoimmune responses rather than direct viral effects [148,150,155]. 
This may explain the variation in prevalence across vaccine 
platforms, with higher prevalence after mRNA vaccines explained 
by their stimulation of more robust immune responses [148,149, 
150,155,158]. 


Clinical features 

Local injection site reactions. The most frequent cutaneous man- 
ifestations of Covid-19 vaccination in clinical trials were local 
injection site reactions. These are similar to patterns of reaction 
commonly seen with other vaccines and are less often reported in 
non-trial observational studies, although they were the second most 
common skin reaction in one registry study [153]. These usually 
occur within 7 days of injection and present with pain, redness, 
swelling, tenderness, induration and pruritus, and are more com- 
mon after the first dose and in those under the age of 60 years 
[149,159]. They occasionally present atypically with patches and 
plaques which may become vesicular [166]. 


Delayed local reactions. In real-world settings, the most frequent 
reaction is the delayed large local reaction (‘Covid arm’), with 
redness, induration and tenderness which may mimic cellulitis 
and occurs 7 or more days after vaccination. This was initially 
reported in the phase III trial with Moderna mRNA-1273 in 0.8% 
of participants after the first dose and 0.2% after the second [167]. 
In a single-centre study of the Pfizer-BioNTech BNT162b2 vac- 
cine it was observed in 2.1% of patients [168]. It appears to be 
restricted to mRNA vaccines [169], particularly females under 65 
years of age. It is usually mild, resolves after 4-5 days and most 
cases are reported after the first dose, but it may recur after second 
vaccination [149,152]. Histology is consistent with a delayed-type, 
T-cell-mediated hypersensitivity reaction with superficial and deep 
perivascular lymphocytic infiltrates, scattered mast cells and occa- 
sional eosinophils [168,169]. The precise aetiology is uncertain, but 
hypotheses include a delayed hypersensitivity to the excipient PEG 
found in both BNT162b2 and mRNA-1273 vaccines [149] or related 
to the delayed appearance of the spike protein at the injection 
site, which corresponds with the timing of onset of delayed local 
reactions [152]. 


Urticaria and angioedema. In one large registry study, urticaria 
was the second most common vaccine-related skin reaction after 
local injection site reactions [154]. Although it is reported as an 
immediate hypersensitivity reaction (ie. within 4 hours of vacci- 
nation), in most observational studies it has a more delayed onset. 
This is a significant distinction as an immediate severe reaction 
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Table 25.30 Mucocutaneous reactions reported in association with SARS-CoV-2 vaccines and their possible pathomechanisms. Adapted from Sun 2021 [149]; Tan 2022 [152]; 
Washrawirul 2022 [148]; Magro 2021 [150]; McMahon 2021 [153]; McMahon 2022 [154]; Avallone 2022 [156]; Avallone 2022 [157]; Freeman 2022 [147]; Gambichler 2022 [158]. 


Reaction pattern Possible pathomechanisms 


Type | immediate hypersensitivity 
80) leading to mast cell degranulation 


Type IV delayed hypersensitivity 
secondary allergens 


Autoimmune reactions 


antigens 


Bystander effect (viral-induced release of sequestered self-antigens) 


Others Functional angiopathies 


Reactivation of viral conditions 


Vaccine immunogenicity 


with anaphylaxis may potentially represent a contraindication to 
a second vaccination [148,149,153]. Angioedema is less common, 
but both are almost always associated with mRNA vaccines, and it 
remains unclear whether the excipient PEG is responsible for these 
urticarial reactions [152]. 


Morbilliform/maculopapular and papulovesicular rashes. Mor- 
billiform and maculopapular rashes are reported in multiple 
observational studies and appear to share similarities to those 
described with natural Covid-19 infection [149]. They usually occur 
within 2-3 days of vaccination, resolve within one week, but may 
recur after the second vaccine [152]. The exact mechanism is unclear, 
but histology suggests an immune process rather than direct viral 
effects, with spongiosis and mild dermal perivascular infiltrates. 
In one series, reported from the AAD/ILDS registry, 58 of 803 
(7%) of all skin reactions had biopsies and the most common 
histopathological reaction pattern was spongiotic dermatitis. The 
term V-REPP (vaccine-related eruption of papules and plaques) 
was used to describe the corresponding clinical spectrum ranging 
from papules with subtle scaling through to pityriasis rosea-like 
and papulovesicular changes [154]. 


Delayed inflammatory reactions (DIRs). Viral illnesses and 
influenza vaccines are among the known triggers of DIRs to 
hyaluronic acid fillers and SARS-CoV-2 vaccines appear to have 
a similar potential [149]. Although uncommon, these DIRs have 
occurred to fillers injected at least 1-2 years before Covid-19 vac- 
cination, often develop within 24-48 hours, present with pain, 
redness, swelling and induration in areas previously treated with 
fillers and may occur after first or second injections. Similar reac- 
tions at the sites of old BCG scars and previous radiotherapy have 
also been described [148,152]. Most fillers are injected in adipose 
tissue which contains a high concentration of ACE2 receptors. It has 


Allergic reaction to Covid-19 vaccine components (polyethylene glycol and polysorbate 


Increased Covid-19 vaccine-mediated immune recruitment in the presence of 


Molecular mimicry (cross-reactivity to viral antigens): e.g. genetic similarities between 
the SARS-CoV-2 spike protein components and endogenous cross-reactive human 


Examples 


Urticaria 

Angioedema 

Anaphylaxis 

Delayed large local skin reaction (‘Covid arm’) 
orbilliform rashes (including V-REPP) 

Erythema multiforme 

nflammatory reactions in dermal filler sites, 
previous radiation sites and old BCG scars 

Vaccine-induced immune thrombocytopenia 

Lupus erythematosus 

Vasculitis 

Bullous pemphigoid 

Vitiligo 

Alopecia areata 

Chilblain-like lesions 

Pityriasis rosea 

Pityriasis rosea-like eruptions 

Herpes zoster, herpes simplex 

Flares of pre-existing dermatoses, e.g. psoriasis 


been proposed that, as in natural Covid-19 infection, interaction 
of the SARS-CoV-2 spike protein releases a pro-inflammatory cas- 
cade which may explain this inflammation. These reactions are 
usually resistant to antihistamines and hyaluronidase, but ACE 
inhibitors promote an anti-inflammatory response and oral lisino- 
pril is described as an effective treatment, leading to resolution 
within 24-72 hours [170]. 


Chilblain-like reactions (pseudo-perniosis). Chilblain-like reac- 
tions are well recognised with natural Covid-19 and have also been 
described with SARS-CoV-2 vaccination, particularly after the first 
dose of mRNA vaccines, with a 3-day median duration of onset 
[152]. Although the mechanisms are unclear, this suggests that 
vaccines and SARS-CoV-2 activate similar immune pathways rather 
than direct viral effects involving strong IFN-I responses [149,154]. 


Petechial and purpuric rashes. A range of clinical patterns are 
reported including new-onset vasculitis, immune thrombocy- 
topenic purpura, Henoch-Schénlein purpura, pigmented purpuric 
dermatosis, purpura fulminans, livedo racemosa and cutaneous 
thrombosis/skin necrosis [154]. 


Bullous eruptions. New onset of bullous pemphigoid, pemphigus 
vulgaris and bullous fixed drug eruption have all been described 
after mRNA vaccines and 60% after the first dose [114,152,171,172]. 


Viral reactivation. Herpes zoster reactivation has also been 
reported, particularly in patients with autoimmune disorders. 
The cause is uncertain, but it has been hypothesised that it may 
represent a dysregulation of cell-mediated immunity unmasked 
by vaccine immunomodulation, with paradoxical worsening 
of latent infection, similar to immune reconstitution syndrome 
[152,154]. 


Pityriasis rosea. The median duration of the onset of the eruptions 
of PR following vaccination is 5.5 days and most cases have been 
reported after mRNA vaccination [152]. The exact pathomechanisms 
are unclear: while PR may represent reactivation of latent herpes 
viral infection, similar to natural Covid-19 infection, it may alterna- 
tively result from a delayed hypersensitivity response to the vaccine 
[152,154]. 


Severe cutaneous adverse reactions (SCARs). SARS-CoV-2 vacci- 
nation has rarely been associated with anaphylaxis, with frequency 
rates of 2.5-11.1 per million. Other SCARs such as acute gener- 
alised exanthematous pustulosis and Stevens—Johnson syndrome 
have also been reported [148,169,173-176]. 


Flares in pre-existing dermatoses. Vaccine immunogenicity may 
also result in altered levels of chemokines and cytokines that 
may contribute to flares in pre-existing dermatoses (e.g. psoriasis, 
atopic dermatitis, lichen planus, autoimmune blistering disorders, 
Behcet disease, systemic lupus erythematosus, dermatomyositis) 
and may unmask these conditions for the first time in genetically 
predisposed individuals [159]. 


Other dermatoses. A wide spectrum of other cutaneous reactions 
has been reported more rarely, although distinguishing a coinciden- 
tal onset with genuine vaccine-related disorders may be challenging 
(Table 25.31) [147-149,152-163,177]. 


Table 25.31 Other cutaneous manifestations reported in association with SARS-CoV-2 
vaccination. Adapted from Freeman 2022 [147]; Washrawirul 2022 [148]; Sun 2021 
[149]; Tan 2022 [152]; McMahon 2021 [153]; McMahon 2022 [154]; Niebel 2021 [155]; 
Avallone 2022 [156]; Avallone 2022 [157]; Gambichler 2022 [158]; Seirafianpour 2022 
[159]; Shakoei 2022 [160]; Shafie’ei 2022 [161]; Bawane 2022 [162]; Shawky 2022 
[163]; Darrigade 2022 [177]. 


Erythema multiforme-like lesions 
Erythromelalgia 

Lichen planus 

Alopecia 

Neutrophilic dermatoses/Sweet syndrome 
Erythema nodosum 

Livedo reticularis 

Rowell syndrome 

Urticarial vasculitis 

Raynaud phenomenon 

Eruptive angiomatosis 

Eosinophilic cellulitis 

Acantholytic dermatosis 

Vitiligo 

Acneiform eruption 

Pityriasis lichenoides et varioliformis acuta 
Rosacea/rosacea-like 

Fixed drug eruptions 

Symmetrical drug-related intertriginous and flexural exanthema 
Granuloma annulare 

Pityriasis rubra pilaris 

Tattoo sarcoidal reaction 

Prurigo nodularis 

Regression of viral warts 

Regression of lymphoproliferative disorder 
Cutaneous mucormycosis 
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Mucocutaneous reactions to SARS-CoV-2 vaccines 


COVID-19 vaccination anc 


Previous skin reactions to vaccination. In general, most cutaneous 
reactions are mild and self-limiting. They are rarely a contraindi- 
cation to subsequent vaccination but should be considered on a 
case-by-case basis. Most guidelines and recommendations point 
out the compelling safety profiles of Covid-19 vaccines and the 
importance of allaying fears about such reactions and encouraging 
vaccine completion [148,149,152,158]. Patients with SCARs after 
previous vaccination should be assessed on a case-by-case basis 
[164]. Immediate, severe allergic reactions/anaphylaxis to a previ- 
ous Covid-19 vaccine or its components are regarded as the only 
major contraindication to vaccination [159]. 


Allergy testing. Criteria for allergy testing prior to vaccination in 
local and national guidelines include severe type I allergies 
(e.g. urticaria, angio-oedema and anaphylaxis) to the first vaccina- 
tion dosage and/or to ingredients of the vaccine; a history for 
allergies to PEGs and polysorbates; patients with a history of ana- 
phylaxis to other drugs or vaccinations; patients with systemic 
mastocytosis or idiopathic anaphylaxis [158,159]. 


Other pre-existing dermatological disorders and patients on bio- 
logic/immunomodulatory treatments. Vaccine immunogenicity 
may be directly affected by disorders such as autoimmune inflam- 
matory diseases, or indirectly affected by immunosuppressive 
and immunomodulatory treatment. It is recommended that vac- 
cination should be encouraged in almost all cases, but certain 
precautions may be necessary regarding the type of vaccine plat- 
form and modifications of vaccination and/or treatment schedules 
may be required to optimise immunisation, maintain control of 
underlying disease and avoid severe adverse reactions [159]. There 
is evidence from the PsoProtect registry that only a minority of 
people with psoriasis are hesitant about vaccination [178]. Con- 
sensus elements of recommendations will evolve as more evidence 
emerges [159]. 


Skin disorders resulting 
of personal protective eq 
(PPE) 


During the Covid-19 pandemic, the use of PPE (e.g. medical masks, 
goggles, face shields, gowns and gloves) and frequent handwashing 
have presented a significant burden of occupational dermatoses to 
health care workers in particular [179-184], but this has also been 
evident in the general population [184] (see Chapter 128). 

Regular basic skin care education, early access to specialty clinics 
[182] and better-fit PPE have been proposed as feasible approaches 
to mitigating PPE-related occupational dermatoses [185-189] 
(see Chapter 128). 
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Altered health care deli 
the Covid-19 pandemic 
and prognosis of skin c 


Disruptions to dermatology services during the Covid-19 pandemic 
and patient-related factors have affected rates of diagnosis and 
delivery of treatment with potential impacts on patient outcomes. 
This is particularly relevant for skin cancer care [190,191]. 

Many publications, particularly from Europe and the USA, report 
a reduction of approximately 30-70% in skin cancers diagnosed 
and treated during Covid-19 pandemic lockdowns compared 
with equivalent periods pre-lockdown both at skin cancer centres 
[192-202] and nationally in England [203] and the Netherlands 
[204]. For keratinocyte cancers (KC), cSCC were generally pri- 
oritised over BCC with the greatest decreases therefore in BCC 
[194,203,204]. Surgical activity was reduced with, for example, 
49-77% of Mohs micrographic surgeons reporting discontinuing 
procedures in the UK during these periods [194,205]. Subsequent 
modest increases in diagnoses of KC and melanoma have been 
reported in post-lockdown recovery periods but these have not 
necessarily returned to pre-pandemic rates [192,199,203,204]. 

There has been concern that this decline in incidence represents 
patients who will present later, with poorer outcomes in terms 
of morbidity and mortality. Data are currently limited because 
of the relatively short follow-up. A study from Italy reported a 
significant increase during the pandemic in advanced skin cancers 
diagnosed, defined as melanomas stage T1b or higher and KC with 
high-risk clinicopathological features [206], and similar findings 
were reported from Spain [201] and Ireland [207]. In contrast, a 
study from the UK reported improved detection of earlier-stage 
melanomas during lockdown and highlighted the importance of 
maintaining urgent skin referral pathways during pandemics [208]. 
Encouragingly, a recent large population-based cohort study from 
the Netherlands evaluating cSCC and melanoma outcomes pre and 
post first and second Covid-19 lockdowns did not identify more 
unfavourable primary tumour characteristics [209]. However, as 
with many skin diseases, longer-term follow-up studies in coming 
years will be required to assess the potential impact of delayed 
diagnosis and treatment during the Covid-19 pandemic. 


Resources 


General information 

World Health Organization: https://www.who.int/emergencies/diseases/novel- 
coronavirus-2019 

World Health Organization Coronavirus (Covid-19) Dashboard: https://covid19.who 
int/ 

Centers for Disease Control and Prevention: https://www.cdc.gov/coronavirus/ 
2019-ncov /index.html 

Johns Hopkins Coronavirus Resource Center: https: / /coronavirus.jhu.edu/map.html 

NHS Covid-19 website: https: / /www.nhs.uk/conditions/coronavirus-Covid-19/ 


Covid-19 resources relevant to dermatology 

British Association of Dermatologists: https:/ /covidskinsigns.com 

COVID acral ischemia/perniosis in children: https://redcap.chop.edu/surveys/? 
s=TR8FTHF9KW 


American Academy of Dermatology: https://www.aad.org/member/practice/ 
coronavirus/registry 

Alopecia: https: / /securealopecia.covidderm.org /login/?next=/insight/ 

Atopic dermatitis: https:// www.covidderm.org/login/ 

Psoriasis: https: / /psoprotect.org/ 

Hidradenitis suppurativa: https: //hscovid.ucsf.edu/ 

Connective tissue or vasculitis (not psoriasis): https: / /rheum-covid.org/ 

Reynolds SD, Mathur AN, Chiu YE et al. Systemic immunosuppressive therapy for 
inflammatory skin diseases in children: expert consensus-based guidance for clinical 
decision-making during the Covid-19 pandemic. Pediatr Dermatol 2020;37:424-34. 

Wiley compiled literature: https: / /novel-coronavirus.onlinelibrary.wiley.com/ 

University of Nottingham Centre for Evidence Based Dermatology compiled 
literature: https: / /www.nottingham.ac.uk/research/groups/cebd/resources/ 
coronavirus-resource / coronavirushome.aspx 

AAD: https: / /www.aad.org/member/practice/managing / coronavirus 

MDS: https://www.meddermsociety.org /Covid-19-medical-inpatient-dermatology- 
responses-patients / 

(All last accessed August 2023.) 


General description of disease domain 


Several patterns of cutaneous reaction are associated with viral 
(and other) infections and may be grouped together as paraviral 
eruptions. 

These include acute generalised exanthematic pustulosis (Chapter 
117), asymmetrical periflexural exanthem of childhood, erythema 
nodosum (see Chapter 97), erythema multiforme (Chapter 47), 
vasculitis (Chapter 100), urticaria (Chapter 42), Gianotti—Crosti syn- 
drome, Kikuchi-Fujimoto disease (Chapter 148), papular-pruritic 
gloves and socks syndrome, pityriasis lichenoides (Chapter 133), 
pityriasis rosea, polyarteritis nodosa (Chapter 102), Sweet syn- 
drome (Chapter 49) and TORCH syndrome and, recently, the many 
features observed closely with SARS-Cov-2 infections (see earlier). 


Papular-pruritic gloves < 
syndrome 


Introduction and general description 

Papular-pruritic gloves and socks syndrome was first described in 
1990 [1]. It presents as an acute acral dermatosis, occurring predom- 
inantly in young adults. It is regarded as an idiosyncratic reaction, 
usually to a viral infection [2]. 


Epidemiology 

Incidence and prevalence 

Usually occurs as an isolated case but has been reported in fami- 
lies [3]. 


Age 
Mainly young adults. Less commonly in children and rare in older 
adults [4]. 


Other cutaneous problems associated with viral infections 


Table 25.32 Infections associated with papular-purpuric gloves and socks syndrome. 


References 
Viral infections 
Parvovirus B19 9] 
Epstein-Barr virus {10 
Cytomegalovirus [10,11] 
Human herpesvirus type 6 12 
Human herpesvirus type 7 13 
Hepatitis B {14 
Rubella {15 
Measles 16 
SARS-CoV-2 17 
Bacterial 
Mycoplasma 18 
Pathophysiology 
Pathology 


Epidermal acanthosis and patchy basal cell degeneration with 
subepidermal oedema and a patchy mixed inflammatory cell 
infiltrate and extravasated red blood cells are seen [5]. The viral 
structural protein may be detected in the walls of dermal blood 
vessels [6]. Molecular detection of parvovirus B19 DNA may be 
detectable in the serum and skin of associated cases [7,8]. 


Causative organisms 

Parvovirus B19 infection is the most commonly associated infec- 
tion [9]. In children, EBV or CMV may be more common than in 
adults [10]. Other infectious triggers for the syndrome are listed 
in Table 25.32, although in some cases no specific cause can be 
identified. 


Clinical features 

Presentation 

The hands, wrists, feet and ankles are intensely pruritic and are 
affected with macular and papular redness and associated oedema. 
Lesions may be violaceous in darker skin types. The features 
are often most intense on the palmar and plantar surfaces. There 
may also be associated purpura and rarely petechiae. There is 
often a distinct cut-off at wrists and ankles. The cutaneous features 
are frequently accompanied by oral inflammation with petechiae, 
vesicopustules and ulceration [19]. Malaise and fever can fol- 
low a few days after the onset of the eruption and there may be 
lymphadenopathy. 


Clinical variants 

The eruption can occasionally involve the perioral and perianal or 
other flexural skin [20]. Unilateral or more generalised eruptions are 
occasionally seen [21]. 


Disease course and prognosis 

The rash and associated features settle within 1-2 weeks but in 
children the eruption may last a month. Skin clearance usually 
involves desquamation. There are rare instances of prolonged or 
recurrent disease [22]. 
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Investigations 

Evidence of an infective trigger can be sought. In acute papular- 
pruritic gloves and socks syndrome associated with parvovirus, 
antiviral IgM is usually detectable at the time of the eruption and 
IgG is detectable later [23]. 


Management 
Treatment is supportive. 


TORCH syndrome CC 


Introduction and general description 

The term TORCH syndrome was originally used to encompass 
infection acquired congenitally or perinatally from the mother 
caused by several aetiological agents (Toxoplasma gondii, ‘others’ 
including syphilis, rubella, cytomegalovirus and herpes simplex 
types 1 and 2) in which the clinical presentation was somewhat 
similar [24]. In practice, there are some distinctions between 
the manifestations of the various infections, although all may 
cause cutaneous and disseminated abnormalities. Skin abnor- 
malities of jaundice, purpura and petechiae are most common. 
Vesicles and mucosal ulceration may occur with herpes infection. 
Since the acronym was first used, many more infections (coxsackie, 
enteroviruses, parvovirus B19, VZV, HIV, HTLV-1, hepatitis B, Zika 
virus, Borrelia burgdorferi and chlamydia) have been included in the 
‘others’ and although the use of TORCH screening is still useful [25], 
the concept of TORCH syndrome is now of limited value. 


Gianotti-Crosti syndron 


Introduction and general description 

Gianotti—Crosti syndrome [26,27,28] is a characteristic, self-limiting 
cutaneous reaction usually to a viral infection, in which red papules 
appear on the limbs and face, occurring mainly in children. 


Epidemiology 

Age 

The syndrome mainly affects children between the ages of 6 months 
and 12 years, though occasional adult, usually female, cases have 
occurred [29,30]. Small epidemics or clustering of cases is often 
observed. 


Pathophysiology 

Pathology 

The epidermis shows spongiosis with some acanthosis and para- 
keratosis. There is a patchy, perivascular, mainly lymphocytic or 
lymphohistiocytic infiltrate in the dermis. These features are more 
marked in vesicular lesions. 
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Table 25.33 Infections associated with Gianotti-Crosti syndrome. 


References 
Viral infections 
Herpes simplex virus 32 
Epstein-Barr virus 33-35] 
Cytomegalovirus 36 
Human herpesvirus type 6 37 
Coxsackie A16 38 
Coxsackie B4 and B5 33 
Echovirus 7 & 9 39,40] 
Hepatitis A 4 
Hepatitis B 31 
Coronavirus, SARS-CoV-2 42 
Rotavirus 43 
Echovirus 44 
Milker's nodule 45 
Molluscum contagiosum 46 
Parvovirus B19 47 
Respiratory syncytial virus 48 
Mumps 49 
Influenza 50 
Parainfluenza 51 
HIV 52 
Bacterial 
Mycoplasma 53 
Streptococcus A 48 
Bartonella 54 
Borrelia burgdorferi 55 
Table 25.34 Immunisations associated with Gianotti-Crosti syndrome. 
Immunisation References 
Measles, mumps, rubella 58 
Diphtheria, pertussis 51,59] 
Influenza 60 
Influenza, H1N1 61 
Hepatitis A 62 
Hepatitis B 63 
Polio 48 
Yellow fever 64 
Varicella-zoster 65 


Causative organisms 

The majority of the early cases reported had hepatitis B infection 
[31], but several other viral and non-viral infections have been 
implicated (Table 25.33) and EBV infection is now the most com- 
mon association. Cases following immunisation are also reported 
[56,57] (Table 25.34). In a minority of cases, no evidence of viral 
infection can be found. 


Clinical features 

Presentation 

Over the course of 3 or 4 days, a profuse eruption of pink to red, 
flat-topped papules develops first on the thighs and buttocks, then 
may extend down the legs (Figure 25.38), to the extensor aspects of 
the arms, and finally the face. There may be a few short-lived lesions 
on the trunk but the torso is usually spared, as are scalp, palms and 


Figure 25.38 Gianotti-Crosti syndrome. Papular eruption on the leg. Courtesy of Dr N. 
P. Burrows, Addenbrooke's Hospital, Cambridge, UK. 


soles. The distribution is often asymmetrical. The individual papules 
are 5-10mm in diameter, and their characteristic deep red-brown 
colour on pale skin, which may be less distinct on darker skin, may 
later be modified by purpuric staining, especially on the legs. Itch 
is said not to be a feature of the hepatitis B cases, but may occur in 
those due to other viruses. 

Generalised lymphadenopathy, mostly axillary and inguinal, is 
common and can persist for months after the rash. Constitutional 
complaints are not usually marked, although there may be mild 
fever, upper respiratory tract symptoms, diarrhoea and lassitude. 


Clinical variants 
Lesions may be vesicular. 


Differential diagnosis 

The skin lesions are sufficiently distinctive in morphology, distri- 
bution and duration. Differential diagnoses to consider include 
lichen planus, lichenoid drug eruptions, scabies and erythema 
multiforme. 


Complications and co-morbidities 

With hepatitis B, liver involvement is common and usually, but not 
invariably, mild and anicteric. Hepatomegaly and liver function 
abnormalities each occasionally occur in HBsAg-negative cases. 


Other cutaneous problems associated with viral infections 


Disease course and prognosis 

The eruption fades in 2-8 weeks with mild desquamation and 
rarely with a more prolonged course. Hypo- or hyperpigmentation 
may be transient, especially in darker skins. Recurrence has been 
reported rarely with infection or immunisation [57,66,67]. 


Investigations 

Evidence of a triggering infection should be sought and liver 
function should be assessed. The changes in the peripheral blood 
are inconstant: there may be a leukopenia or a slight leukocytosis 
with 2-15% of monocytes; the erythrocyte sedimentation rate is 
not raised. 


Management 
There is no specific treatment. Emollients or topical steroids can give 
symptomatic relief. 

In recurrent or severe cases, ribavirin can be considered [68]. 


Resources 


Patient resources 


https:/ /dermnetnz.org /topics / papular-acrodermatitis-of-childhood (last accessed 
September 2021). 


Asymmetrical perifle» 
of childhood 


Epidemiology 

Age 

Most common in young children aged 1-5 years but also reported 
in adults [69,70]. 


Pathophysiology 

Causative organisms 

The association with an identified infective agent is not as strong as 
in Gianotti—Crosti or papular-purpuric gloves and socks syndrome, 
but evidence of concurrent influenza, parainfluenza, adenovirus, 
parvovirus B19, EBV, HHV-7 or SARS-CoV-19 infections has been 
reported [71-77]. 


Clinical features 

Presentation 

The eruption starts asymmetrically, affecting the axilla, groin or 
trunk, and then spreads centrifugally [78]. There are small papules 
or macules which can be slightly itchy. There is often associated 
lymphadenopathy. In adults the distribution can be limited to the 
medial anterior chest [79]. 
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Disease course and prognosis 

A low-grade fever can develop, usually after the onset of the erup- 
tion, although malaise and fever can precede the rash [80]. After 
2-4 weeks, the rash fades with desquamation. 


Eruptive pseudoangi 
and eruptive hypome' 


These two eruptions have been described in association with infec- 
tions, but a causal link is unproven. 

Eruptive pseudoangiomatosis may follow a number of possible 
triggers and presents with small, red, telangiectatic papules, often 
surrounded by a pale halo, on exposed areas or more widespread. 
Suggested viral associations are enteroviruses or an infection spread 
by insect bites [81,82]. 

Eruptive hypomelanosis appears as multiple small hypopigmented 
areas in a guttate pattern mainly on extensor surfaces of limbs. It 
is asymptomatic and fades within a month. It has been reported in 
children in association with coryzal symptoms and rarely in small 
outbreaks [83,84]. 


Pityriasis rosea — Cl 


Definition and nomenclature 

Pityriasis rosea is an acute self-limiting disease, probably infective 
in origin, affecting mainly children and young adults and charac- 
terised by a distinctive skin eruption and minimal constitutional 
symptoms. 


Introduction and general description 
Pityriasis rosea is a relatively common eruption, occurring through- 
out the world [85,86,87]. 


Epidemiology 

Incidence and prevalence 

The estimated annual incidence is 170/100 000 [88]. In temperate cli- 
mates, there may be a seasonal variation. 

Although the cause of pityriasis rosea is uncertain, many epi- 
demiological and clinical features suggest that an infective agent 
may be implicated. True epidemics have not been reported, but 
the reported epidemiological evidence for infectivity includes occa- 
sional family or household outbreaks, seasonal and year-to-year 
fluctuations [89-91], with some evidence for clustering in space and 
time [92]. The natural history of the disease, with a primary lesion 
that could correspond to the site of inoculation, a disseminated 
secondary eruption after an interval, mild constitutional symptoms, 
a self-limiting course and the infrequency of second attacks are 
all features paralleled by many diseases of proven infective origin. 
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Age 

Most cases of pityriasis rosea occur between the ages of 10 and 35 
years and it is uncommon, but not unreported, in infancy, early 
childhood or old age [93]. 


Sex 
It is slightly more common in females [88]. 


Ethnicity 
Susceptibility to the disease appears not to be influenced by race or 


atopy. 


Pathophysiology 
Predisposing factors 
The eruption has been reported during immunosuppressive treat- 
ment [94,95], but it is not obviously more common in immune 
compromise. 

A pityriasis rosea-like reaction has been reported for several drugs 
(Table 25.35). 


Table 25.35 Drugs associated with a pityriasis rosea-like eruption (synonyms: 
pityriasiform drug reaction; pityriasis rosea-like drug eruption). 


Drug References 
ACE inhibitors 

¢ Captopril 96] 

e Lisinopril 97] 
Aspirin/acetylsalicylic acid 98] 
Allopurinol 98] 
Barbiturates 99] 
B-blockers 

e Atenolol 00] 
Biologics 

Adalimumab, omalizumab, rituximab 101-103] 
Ibrutinib, imatinib 04,105] 
Clonidine 96] 
Ergotamine 106 
Gold salts 107 
Griseofulvin 08 
Isotretinoin 09 
Ketotifen 110 
Lamotrigine 111 
Levamisole 12 
Meprobamate 08 
Metronidazole 113 
Nortriptylene 114 
Omeprazole 15 
Ondansetron 16 
Penicillin 108 
D-penicillamine 117 
Terbinafine 18 
Vaccines 

BCG 19 
Diphtheria toxoid 20 
Pneumococcal vaccine 121 
Hepatitis B 122 
Yellow fever 23 
SARS-CoV-2 24,125] 


Pathology [126,127] 

The herald patch and secondary lesions show similar histological 
features but these are not diagnostic. In the epidermis, spongiosis, 
vesicles and patchy parakeratosis are common. Some apoptotic 
keratinocytes may be seen in the upper epidermis. The upper 
dermis shows mild papillary oedema and a mononuclear cell 
perivascular infiltrate with focal invasion of inflammatory cells into 
the epidermis, where they may form pustules, mainly subcorneal. 
The infiltrate comprises mainly CD4+ helper T lymphocytes but 
also Langerhans cells. HLA-DR antigens are expressed on the ker- 
atinocyte surface. Occasional dyskeratotic keratinocytes are seen, 
sometimes adjacent to a Langerhans cell. 


Causative organisms 
Many infectious agents have been suspected as causative, but 
evidence is strongest for a viral aetiology with herpesvirus-like 
particles found in 71% of pityriasis rosea lesions [128]. 

Involvement of two herpesviruses, HHV-6 and HHV-7, has been 
suggested as a cause for the eruption, most likely in reactivation 
after an asymptomatic primary infection [87]. The viral DNA is 
present in peripheral blood mononuclear cells and lesional and 
unaffected skin of the majority of individuals with acute pityriasis 
rosea. HHV-7 is detected slightly more frequently than HHV-6, 
but often both viruses are found [129,130]. However, evidence of 
HHV-6 or HHV-7 presence and activity is also found in a propor- 
tion (10-44%) of unaffected individuals, suggesting that if there is 
a causal relationship, infection with the viruses does not always 
lead to disease. 

Other viruses that may act as a trigger for pityriasis rosea are 
HHV-8 [131], herpes simplex virus type 2 [132], hepatitis C [133], 
HI1N1 influenza [134] and SARS-CoV-2 [135,136]. 


Clinical features 

History 

Prodromal symptoms are usually absent but up to 5% have vague 
complaints of headache, slight malaise, athralgia or fatigue. 


Presentation (Figure 25.39) 

The first manifestation of the disease is usually the appearance of 
the herald patch, which is larger and more conspicuous than the 
lesions of the later eruption and is usually situated on the thigh or 
upper arm, trunk or neck. Rarely, the herald patch may appear on 
the face, scalp, penis, palm or sole [137]. 

It is a sharply defined, red, round or oval plaque, soon covered 
by fine scale. It rapidly reaches its maximum size, usually 2-5 cm in 
diameter but occasionally much larger. Rarely, there may be more 
than one herald patch. After an interval, which is usually between 
5 and 15 days, but may be as short as a few hours or as long as 2 
months, the general eruption begins to appear in crops at 23-day 
intervals over a week or 10 days. Less often, new lesions continue 
to develop for several weeks. In its classical form the eruption con- 
sists of discrete oval lesions, dull pink in colour and covered by 
fine dry silvery-grey scales. The centre tends to clear and assumes a 
wrinkled, atrophic appearance and a tawny colour, with a marginal 
collarette of scale attached peripherally, with the free edge of the 
scale internally. The long axes of the lesions characteristically follow 
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Figure 25.39 Pityriasis rosea: (a) with herald patch on the right of the abdomen, shown in close-up in (b). Courtesy of York District Hospital, UK. (c) With herald patch on the right of 
the chest. Courtesy of Dr A.S. Highet, York District Hospital, UK. (d) Second recurrence of pityriasis rosea — herald patch indicated by the white arrow. Reproduced from Senthilkumar 
et al. (2014), Indian Journal of Dermatology, Venereology, and Leprology. 


i) 
V—) 
4 
iS) 
= 
U 
Lu 
LL. 
< 


INFESTATIONS 


PART 3 


25.126 Chapter 25: Viral Infections 


the lines of cleavage parallel to the ribs in a Christmas tree pattern 
on the upper chest and back. The scaly lesions are commonly asso- 
ciated with pink macules of varying size and the eruption may be 
exclusively macular. 

The lesions are usually most numerous on the trunk, base of 
the neck and upper third of the arms and legs. Involvement of the 
face and scalp is quite common, especially in children, and in one 
large series of cases lesions were found on the forearms and lower 
legs in about 12% and 6%, respectively. Lesions on the palms are 
exceptional, but can occur. There may be discrete scaly red patches, 
diffuse redness and scaling or scattered small vesicles. Oral lesions 
are present in a quarter of cases [138] and can consist of ill-defined 
red patches with some erosion or with punctate haemorrhages, 
or bullae. Oral lesions are more common in severe, persistent or 
relapsing disease. Rarely, there may be lesions on the vulva. 

Subjective symptoms are usually absent but there may be slight 
or moderate pruritus. Occasionally, slight fever, malaise and 
enlargement of the lymph nodes, generalised or confined to the 
cervical glands, may be present and, exceptionally, more severe 
constitutional symptoms have been recorded. 


Clinical variants 

Pityriasis rosea may be atypical in the appearance or distribution of 
the lesions or in its course [139,140]. The herald patch is absent or 
undetected in about 20% of cases. The more widespread eruption 
may be almost generalised or may be limited to a few lesions, often 
around the herald patch. In some cases, the eruption is confined to a 
single region, or may be maximal on the extremities, almost sparing 
the trunk [141,142]. Unilateral pityriasis has been reported [143]. 

Especially in children, the lesions may be predominantly papular 
or urticarial in the early stages, but they are soon surmounted by 
an inconspicuous ring of fine scales. This papular variant may be 
more common in pregnant women. 

Papulovesicular, vesicular, purpuric, erythema multiforme-like 
lesions, follicular and pustular forms may rarely occur [144-146]. 
In a variant of the papular form, more common in Africans than 
Europeans, small lichenoid papules are thickly set in the edges of 
the lesions [147]. 

In pityriasis (rosea) circinata et marginata of Vidal [148], some- 
times regarded as a special form of pityriasis rosea and seen mainly 
in adults, the lesions are few and large, and are often localised to 
one region of the body, especially the axillae or groins [149]. They 
tend to become confluent and may persist for several months. 


Differential diagnosis 

An eruption almost identical to classical pityriasis rosea can occur as 
a drug reaction (Table 25.20). In addition to the timing of the erup- 
tion and drug intake, other features to support this diagnosis would 
be the absence of constitutional symptoms, an acute onset of the 
rash without a herald patch, pruritus and a tendency for the lesions 
to become very inflamed or lichenoid in appearance. The pattern 
may be variable in a patient taking a drug which is known to pro- 
duce reactions of this nature, with a pityriasiform eruption being 
atypical, progressive and irritable. Other patterns of drug reaction 
may have to be excluded. Histologically, apoptotic keratinocytes in 
the epidermis and eosinophils in the dermis may be seen. 


Seborrhoeic dermatitis may be pityriasiform, but small scaly 
follicular papules may be present and there is no herald patch. Dry 
discoid eczema may cause confusion, but lesions are usually more 
numerous on the limbs. The hypopigmented patches with dry, 
branny scales of pityriasis alba are most frequent on the face, and 
are seen mainly in young children. The pigmented form of pityriasis 
versicolor does not show marginal scaling and the chronicity would 
be very atypical. 

Secondary syphilis is the classic trap but the resemblance is not 
very close. There is no herald patch and the lesions are roseolar or 
maculopapular. 

Guttate psoriasis and pityriasis lichenoides may sometimes need 
exclusion. In both, the lesions are papular and persistent. In psoriasis 
they are surmounted by silvery scales. In pityriasis lichenoides they 
are polymorphic, some showing haemorrhagic crusting and some 
adherent scales. 

The herald patch and the localised forms such as pityriasis circi- 
nata are easily, and in practice frequently, confused with ringworm. 
The lesions of ringworm are red and oedematous and may show 
marginal vesiculation. In case of doubt, scrapings from the edge of 
the lesions should be examined microscopically for mycelium. 


Complications and co-morbidities 

Pityriasis rosea occurring in the first trimester of pregnancy may 
be associated with a higher than normal risk of spontaneous abor- 
tion or premature delivery of an infant with hypotonia and hypo- 
reactivity [150]. Effects on the fetus are more likely if the disease is 
severe in the mother, if oral lesions are present or if there is reactiva- 
tion of HHV-6. 


Disease course and prognosis 

The skin lesions commonly fade after 3-6 weeks, but some clear in 1 
or 2 weeks and a few persist for as long as 3 months. A longer dura- 
tion, except in localised forms, is unusual. Such persistent pityriasis 
rosea may be associated with persistent HHV-6 or -7 infection [151]. 
There may be temporary hyper- or hypopigmentation, but usually 
the lesions vanish without trace. 

Second attacks of pityriasis rosea occur in about 3-4% of cases 
after an interval of a few months or many years, and rarely a par- 
tial or complete relapse of a fading eruption may be seen. Multiple 
recurrences are rare [149]. 


Investigations 

Diagnosis is usually made on clinical grounds, but where there is 
uncertainty, skin biopsy may help to distinguish from other possible 
diagnoses. 


Management 

The common asymptomatic and self-limiting cases require no treat- 
ment. Mild symptoms may benefit from an oral antihistamine and 
topical calamine lotion or emollient. 


First line 
If itch is troublesome, or the appearance distressing, a topical 
steroid, usually of moderate potency or UVB, can be helpful [152]. 


Second line 
Based on the concept of HHV-6 or HHV-7 as a cause of the eruption, 
trials of antiviral drugs are reported. The standard dose regimen 
of aciclovir (400 mg five times a day for 1 week) or higher doses 
(800 mg five times daily for 1 week), used early after the onset of 
the eruption, may lead to a more rapid resolution of skin lesions 
and reduction in level of itch [153]. Antiviral treatment may also be 
useful in relapsing cases. 

The use of oral erythromycin antibiotic (1 g four times a day for 
2 weeks for adults) was reported to clear the disease within 2 weeks 
of treatment [154], but subsequent studies with erythromycin, 
clarithromycin and azithromycin have not confirmed any clear 
effect [153,155,156]. 


Resources 


Patient resources 
https: / /jamanetwork.com/journals/jamadermatology /fullarticle /2711244 
(last accessed August 2023). 
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26.2. Chapter 26: Bacterial Infections 


Introduction: normal skin bacteria 
and bacterial microbiome 


The human skin is an interface between the body and the external 
environment. In this role it provides a unique and delicate ecosys- 
tem, this results from colonisation of the skin by a diverse array of 
microorganisms that includes viruses, fungi and mites alongside 
bacteria. This symbiotic collection is known as the skin microbiome. 
A delicate balance exists between the host and these microorganisms 
and disruption to the equilibrium may lead to skin disease or infec- 
tion. Aside from the arrival of frankly pathogenic organisms, a wide 
range of bacteria arrive on the skin surface and stay briefly in small 
numbers before disappearing, unable to multiply and thrive in this 
relatively inhospitable environment. Bacteriological sampling will 
reveal the presence of these otherwise unsuspected ‘transients’ [1]. 
Organisms not normally considered as resident members of the skin 
flora may sometimes colonise and become established in modest 
numbers for relatively long periods. Bacteria of this intermediate 
category have been labelled temporary residents. Furthermore, 
certain sites such as the skin of the face may be recolonised from 
the nostrils or mouth by Staphylococcus aureus or p-haemolytic 
streptococci, giving the false impression that these organisms are 
members of the normal facial flora whereas they are transients. 
The ability to use whole sequencing techniques has begun to rev- 
olutionise the study of skin flora, although unravelling the role 
of different populations of bacteria in skin disease is at an early 
stage. 

When the skin is inflamed or otherwise abnormal, it is often 
difficult to determine whether an organism found on its surface 
is causing or contributing to the observed pathology [2,3]. Bac- 
teriology reports must be interpreted with caution in the light 
of the known capabilities of the organism isolated. If the skin is 
damaged or the immune status of the subject impaired, bacteria 
usually regarded as non-pathogenic on the body surface may 
become opportunist pathogens. Equally, it appears that under 
certain conditions some resident bacteria may trigger defence 
mechanisms thereby contributing to the pathogenesis of some skin 
diseases. The number of organisms in the inoculum is of consid- 
erable importance. Within a given species, there are also strain 
differences in virulence. Some strains have a particular tendency 
to cause disease, perhaps due to greater adherence to epithelial 
cells, perhaps because of differences in enzyme production. The 
underlying mechanisms are not fully understood, but the principle 
is well recognised. 

From the point of view of host defence, there are three aspects to 
be considered: first, the integrity of the skin barrier plus epidermal 
growth; second, the interactions between commensal organisms of 
the resident microbiome and the potential invader; and third, the 
classical immune and innate resistance mechanisms. 

Even on the skin, the most accessible of body sites, the com- 
plexities of host-parasite relationships remain incompletely 
understood. Detailed culture-independent studies and DNA 
sequencing techniques of pathogens and commensals, and inves- 
tigations of epidermal replication and of the immune capabilities 
of the host, however, have advanced our understanding. For 
example, examination of the forearms of six healthy volun- 
teers, using sequence analysis of the bacterial 165 gene, has 


shown a significant diversity of microorganisms. The number 
of species identified was much greater than any identified by stan- 
dard cultural procedures, and several unknown phyla were also 
reported [4]. 

There is now a considerable literature on the microbiology of 
human skin of which these references are some of the most impor- 
tant texts: [5-7]. For general microbiology and infectious disease, 
Mandell et al. [8] and Collier and Balors [9] are recommended. 


Normal microbial ecology 

Methods of sampling 

Numerous conventional methods have been used to sample the 
normal or commensal flora of the skin, especially when large 
numbers of subjects must be sampled; these are usually performed 
by swabbing in a standardised manner. The number of organ- 
isms is increased by the duration of rubbing, pressure exerted 
and moistening the swab. Semiquantitative data and some infor- 
mation as to the spatial distribution of bacteria are provided by 
sticky tape sampling, roll tubes or replica plating. The best quan- 
titative estimates of the total bacterial flora are determined by 
applying an open-ended cylinder of known cross-sectional area 
to the skin, introducing a small known volume of suitable liq- 
uid vehicle (phosphate buffer plus Triton X-100®) and scrubbing 
the surface of the skin to free the organisms. However, it is very 
time-consuming, and gives a poor yield of the intrafollicular anaer- 
obes. Full-thickness skin biopsy material should in theory provide 
a better sample [5]. 

The disposal of organisms from the skin can be studied quanti- 
tatively by air sampling techniques using either settle plates or an 
impaction sampler while the subject performs a specified activity, 
for example undressing in a small room [10]. 

The media used for isolation clearly influence the results of 
sampling. Noble, although recognising the special value of selec- 
tive media, recommends in general the use of ordinary blood or 
serum agar for aerobic organisms and solid Brewer's thioglycolate 
medium without indicator but with 1% Tween 80°® for Cutibacterium 
(formerly Propionibacterium) acnes [5]. 

For culture-independent studies using molecular genetic meth- 
ods, the DNA of the organisms has to be extracted, processed and 
amplified. Broad-range polymerase chain reaction (PCR) primers 
identify the conserved universal genes found in all organisms 
within the target taxonomy; bacteria are most commonly classified 
by the amplification of their small subunit 16S rRNA gene sequence. 
The methods have been described previously [4,6,11]. 

Whole-genome shotgun metagenomics side-steps the need for 
amplification and allows for assessment of the structure of the 
whole microbiome without the biases inherent in 165 sequencing. 
This technique stands to develop further our understanding of the 
skin and its flora [6,12]. 


Normal flora 

The concept of a stable normal resident flora composed of large 
numbers of organisms belonging to relatively few species is well 
established [1]. However, anatomical and environmental differences 
across the body lead to topographical variation in the microbiota 
[13]. Genetic studies show that there are variations from subject 
to subject, within an individual, with time and with site [9,13]. 


Introduction: normal skin bacteria and bacterial microbiome 


The previously established flora have been largely confirmed by the 
newer genetic techniques, but many new organisms have also been 
observed. The skin’s ecological characteristics have been expanded 
by these new findings and the role of these microorganisms in skin 
health and disease is becoming clearer [4,13]. 

Temporary resident bacteria may confuse the picture, being less 
easy to distinguish from stable commensal organisms than obvious 
transients. It is possible, however, to describe a basic pattern of 
colonisation of healthy human skin from which some variations 
may be observed. In simple terms, dry skin supports a low level 
of colonisation, while moist areas and those well supplied with 
sebaceous glands are heavily populated. Most organisms reside 
on the surface of the stratum corneum in the crevices between 
squames in the looser outermost layers. These surface dwellers are 
not evenly distributed but are aggregated into microcolonies of 
varying sizes comprising perhaps 50 or several hundred cells. Their 
composition also varies with epidermal depth. Sebaceous sites are 
inhabited by anaerobes (Cutibacterium species) in their deeper parts 
and aerobic cocci in addition to Malassezia species of yeasts nearer 
the surface. 

The resident aerobic flora that have been identified consist 
of Gram-positive cocci of the Firmicutes such as Staphylococcus 
species, actinobacteria like Micrococcus species and a variety 
of Gram-positive rods, the coryneforms or diphtheroids. These 
coryneform organisms are mainly Corynebacterium species but some 
are Brevibacterium species. The only significant Gram-negative 
residents are Acinetobacter species. Actinobacteria dominate on 
sebaceous follicle-rich areas and Firmicutes in the axillae. However, 
there are substantial regional and interpersonal differences; as 
stated earlier, bacterial populations also vary with the depth of the 
epidermis and in the presence of diseased skin. 

Cutibacteria are regularly found in the follicles and sebaceous 
glands of adult skin and are the main anaerobic residents. The 
species Staphylococcus saccharolyticus is an anaerobic Staphylococcus 
and is a member of the normal flora in about 20% of subjects. Strep- 
tococci are notable by their absence, although they may frequently 
be found as transients (from the mouth) on perioral skin, or other 
sites prior to the onset of impetigo [14]. 

The genus Staphylococcus comprises more than 40 different 
species [15], and about 10 of these are regularly found on normal 
skin. The coagulase-positive species Staph. aureus, however, should 
not be considered as a resident on healthy skin in most subjects, 
although it is frequently found in the anterior nares. It occurs 
there as a resident in about one-third of most populations and is 
carried on perineal skin in up to 20%. Healthy axillary skin, and 
toe clefts in shoe-wearing populations, may also harbour it in a 
smaller percentage of subjects. On damaged skin, for example 
in eczema or psoriasis, Staph. aureus may be found, sometimes 
widely over the skin surface, with evidence suggesting that more 
than 90% of people with atopic eczema are colonised with Staph. 
aureus [16]. 

Of the coagulase-negative resident Staphylococcus species, Staph. 
hominis and Staph. epidermidis (moist sites) are the most important 
numerically, but Staph. capitis, Staph. cohnii, Staph. haemolyticus, 
Staph. saprophyticus and Staph. warneri have also been isolated from 
many subjects. Interestingly, Staph. xylosus has also been found 
to be fairly common on North American skins but does not seem 
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to be a cutaneous resident in the UK. Staph. simulans is another 
recognised but uncommon cutaneous Staphylococcus on both sides 
of the Atlantic [7]. 

Organisms of the genus Micrococcus are less numerous than 
Staphylococcus species on healthy skin but are relatively more 
important on sparsely populated, dry sites and in childhood. 
M. luteus and M. varians appear to be the dominant species but 
M. kristinae and M. sedentarius are accepted as residents and M. lylae 
may be significant in infancy [6]. 


Coryneforms 

The coryneform (or diphtheroid) organisms are mostly aerobic, 
Gram-positive pleomorphic rods. Several different genera of organ- 
isms fall under the coryneform umbrella including Cutibacterium 
(formerly Propionibacterium) species, Brevibacterium and Actinomyces 
[17]. Classification of the Corynebacterium genus is challenging and 
involves consideration of cell wall components; the Centers for 
Disease Control (CDC) have also developed a classification system 
for the coryneform group to aid recognition. 

Brevibacterium species are clearly separable from the genus 
Corynebacterium by molecular and cell wall composition studies, 
nutritional requirements and by the production of methane thiol. 
These relatively recently recognised organisms have now been 
established as normal inhabitants of the skin (at least in a sizeable 
minority of subjects) and are particularly associated with (but 
not confined to) moist sites. They are related to Brevibacterium 
species isolated from dairy products, and by the production of 
methane thiol are the probable cause of the cheesy odour of sweaty 
feet [18]. 

Three species of Cutibacterium (formerly Propionibacterium), which 
are anaerobic, Gram-positive, rod-shaped organisms, are now gen- 
erally acknowledged as members of the resident flora in adults. 
C. acnes and C. granulosum are widespread, but particularly asso- 
ciated with follicles that have large sebaceous glands over the face 
and upper trunk. They have both been associated with acne lesions 
in which their role is a matter of considerable interest. Another 
species, C. avidum, is found in moist sites, particularly the axillae 
and groins, and it is an opportunistic pathogen [19]. 


Quantitative cultural studies 

Using cultural methods, the population of Micrococcaceae per 
square centimetre of the skin has been estimated as 600 for the hand, 
60 for the forearm, 300 for the scapular region and 500 000-1 000 000 
in the axilla [7]. Total anaerobic organisms, that is including diph- 
theroids as well, were reported by Williamson as averaging 1.46 x 
10° for the scalp, and 2.41 x 10° for the axilla [20]. The number 
of organisms on a particular subject’s skin varies little with time. 
There is, however, considerable variation within the population 
[21,22]. Some individuals habitually carry high, and others very 
low, numbers of bacteria but this distribution does follow a ‘log 
normal’ curve. 


Modifying factors 

The influence of various factors on the microbial population has 
been investigated by using a quantitative sampling technique and 
molecular analysis. Abstinence from washing does not increase 
the count. Taking a shower probably produces a brief temporary 
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Chapter 26: Bacterial Infections 


reduction in the bacterial flora, but because it leads to the break-up 
of the microcolonies on the skin and a more even distribution of 
bacteria, it may actually cause increased dissemination of bacteria 
for an hour or two afterwards [7]. 

The effects of increased hydration have been studied [2]. The 
total flora increases greatly; in the early stages, coagulase-negative 
staphylococci and micrococci predominate but, later, lipophilic 
coryneforms become numerous and micrococci diminish in impor- 
tance. Gram-negative rods increase steadily with time. In humid 
tropical conditions, Pseudomonas aeruginosa is commonly isolated 
from moist areas, and in neonates nursed in high-humidity atmo- 
spheres, colonisation and infection with P. aeruginosa occur with 
increased frequency [23]. 


Age, sex and ethnic differences 

The human skin becomes colonised from birth. Neonates are cov- 
ered with vernix caseosa which has been shown to contain the 
antimicrobial peptide cathelicidin and also lysozyme, both of which 
have antibacterial properties. This suggests that the infant has the 
capacity to secrete these substances, perhaps in preparation for 
bacterial colonisation after birth [24]. In infants, the bacterial flora 
is somewhat unstable and varied, being more likely to include, 
probably as temporary residents, streptococci and spore-forming 
bacilli [25]. 

The mode of delivery influences the skin microbiota in a neonate; 
vaginal delivery results in colonisation of bacteria similar to those in 
the mother’s vagina (Lactobacillus, Prevotella, Sneathia spp.) whereas 
Caesarean section confers normal adult skin flora such as Corynebac- 
terium, Staphylococcus and Cutibacterium spp. [6]. 

Micrococcus species appear to be more prominent than on the adult 
skin, but Cutibacterium species require the increased skin lipid lev- 
els of puberty before becoming established, and are present at very 
low levels, if at all, before the onset of puberty. In elderly subjects, 
streptococci make an appearance as residents, and in this age group 
enteric organisms are found more often, particularly in moist sites. 
There is evidence that males carry higher numbers of bacteria, at 
least of aerobic organisms, than females [7], a fact which probably 
accounts for the observation that men are more likely to be dissemi- 
nators of Staph. aureus, if they are perineal carriers, than are women 
[26,27]. 

Ethnic differences have been demonstrated in the nasal carriage of 
Staph. aureus — non-Hispanic white and Hispanic individuals (33%) 
were found to be more likely than non-Hispanic black individuals 
(27%) to carry this organism in the USA [28]; but comparative data 
on the densities of the bacterial populations of the main groups of 
resident organisms are lacking. 

Changes in normal flora, including an increase in the number of 
subjects carrying Gram-negative organisms, may occur in seriously 
ill patients, apparently to an extent that cannot be accounted for by 
the treatment they are receiving [29]. Antiseptics applied to the skin, 
as in the preparation of operation sites, generally remove the tran- 
sient flora and reduce the resident organisms [5]. The application 
of agents that specifically inhibit Gram-positive cocci is gener- 
ally followed by an increase in the population of Gram-negative 
rods [30]. Carriage of Staph. aureus may also be affected by cold 
weather, duration of hospital stay or multiple injections [31]. 


Role of normal flora 

The normal flora of the skin appears to have several functions, of 
which the most important is probably defence against bacterial 
infection through bacterial interference. Cutibacterium acnes releases 
free fatty acids through hydrolysing triglycerides in sebum, thereby 
generating an acidic milieu, which inhibits the growth of com- 
mon pathogens such as Staph. aureus and Streptococcus pyogenes 
[32-34], which then favours the growth of corynebacterial and 
Gram-negative staphylococci. 

Apocrine sweat is sterile and odourless when secreted. The odour 
develops due to bacterial action, mainly attributable to corynebacte- 
ria. Deodorants are effective largely through their antibacterial activ- 
ity [35]. 

The skin appears able to discriminate between commensal 
organisms and harmful pathogens; the process of discrimination, 
however, is not fully elucidated. The skin microbiome appears to 
play an important role in immunity and Toll-like receptors (TLRs) 
on the skin surface may become desensitised through prolonged 
exposure to commensals. It has been demonstrated that Staphylococ- 
cus epidermidis is able to produce compounds which can modulate 
the host innate immune response either by means of a direct effect 
on pathogenic organisms or via TLR signalling [14]. 


Flora of specialised areas 

Certain areas of skin have specific floras when cultured, which differ 
quantitatively or qualitatively from the general picture just outlined 
and are therefore worthy of special consideration. 


Nasal vestibule 

The nasal microbiome of healthy individuals typically includes 
Corynebacterium, Staphylococcus, Streptococcus, Bifidobacterium, 
Dolosigranulum and Moraxella. The percentage incidence varies 
greatly with different populations but, as nasal carriers some- 
times disseminate large numbers of organisms, their detection 
and treatment are most important in the control of staphylococ- 
cal and streptococcal infections. Twin studies have demonstrated 
that the nasal microbiota are environmentally derived. However, 
women appear to have significantly reduced nasal bacterial density 
compared with men [36]. 


External auditory meatus 

In addition to coagulase-negative staphylococci and coryneforms, 
Proteus species, Escherichia coli, Neisseria catarrhalis and N. flora have 
been isolated in small but significant numbers from normal ears. 


Axilla 
This site supports a very high level of bacterial colonisation, mostly 
staphylococci, micrococci and coryneforms. 


Toe clefts 

When wearing shoes, the fourth toe cleft is often hyperhydrated and 
the skin macerated. Such conditions sustain an extraordinarily large 
number of bacteria, mainly the common organisms of the general 
resident flora, but Gram-negative organisms are also found in this 
site. The toe web is an important site for Brevibacterium species, and 
not surprisingly Acinetobacter species are often isolated, as are Alka- 
ligenes species. In the elderly and in tropical climates, coliforms and 
other organisms of the intestinal flora may be present [37]. 


Vulva 

Organisms regularly isolated from this area include the expected 
coagulase-negative staphylococci, micrococci and coryneforms, 
with coliforms and enterococci occurring frequently as residents 
and as transients from faecal sources. Group B streptococci may be 
cultured from this site, usually in small numbers. 


Perineum and groin 

Staphylococci and coryneforms predominate in the perineum and 
groin, as they do in all moist skin sites. Gram-negative organisms 
of the intestinal flora may also be found in this site, due to fae- 
cal contamination, but should rapidly disappear in most healthy 
individuals. 


Umbilicus 

The umbilicus of the newborn is frequently colonised by Staph. 
aureus shortly after birth. The incidence varies greatly, but for 
infants born in hospital it is probably not very different from the 
nasal colonisation rate. The umbilicus of the newborn may also be 
colonised by Strep. pyogenes and look normal. The organisms can 
readily spread from infant to infant in a hospital nursery. Searches 
for the source of staphylococcal and streptococcal infection in a 
maternity unit should always include umbilical swabs from the 
babies. 


Adherence 

The ability of bacteria to stick to the skin surface, the process of 
adherence, has been extensively investigated. On wet surfaces, the 
hydrophobic nature of many bacterial walls promotes close apposi- 
tion between the bacterium and human cells. In addition, there are 
smaller elements of the outer surface, adhesins, which also promote 
adhesion [38]. These are usually specific and interact with the host 
cell via a receptor site. Examples of bacterial adhesins include lipote- 
choic acid [39], found in both staphylococci and streptococci; in the 
latter this is located in fine cell wall projections or fibrillae. Similar fil- 
amentous structures, fimbriae or pili, occur in many Gram-negative 
bacteria. Adhesins not only allow the organisms to remain on the 
epithelial surface, they may also regulate the relationship between 
different bacteria, such as the composition of microcolonies, via the 
interaction of complex excreted material covering the bacterial sur- 
face. The secretion of extracellular material, such as slime, allows 
bacteria to adhere to foreign surfaces as well as the stratum corneum 
[40]. Where this involves suture materials or plastics such as per- 
cutaneous cannulae, heavy colonisation may then be followed by 
invasion, resulting in abscess formation or septicaemia. In addition, 
organisms such as Staph. aureus can secrete peptidoglycan and form 
protective biofilms. 


Skin and defence 

The epidermis provides a barrier from which contaminating organ- 
isms are constantly being removed by desquamation. Investigators 
have spread organisms on the skin surface, studied their disappear- 
ance and attempted to elucidate the factors concerned. The early 
theories that the acid pH of most of the skin surface was an impor- 
tant defence mechanism against bacteria have now been completely 
rejected [7]. Desiccation appears to account for the difference in the 
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Gram-positive bacteria 


rate at which implanted bacteria disappeared from acid and alkaline 
areas, the alkaline areas being moister. 

The survival of several species of bacteria on the forearm skin 
has been studied [41] using plastic films of differing permeability 
to water and it is likely that a chemical mechanism was largely 
responsible for the destruction of Strep. pyogenes, whereas drying 
was responsible for the destruction of E. coli and P. aeruginosa. 
Both factors appeared to contribute to the elimination of Staph. 
aureus. Extraction of the fatty acids from the skin diminishes resis- 
tance to colonisation by staphylococci, and fatty acids may be 
neutralised to some extent by binding with an antibiotic such as 
neomycin [42]. 

The skin participates very actively in defence by producing 
antimicrobial peptides such as cathelicidin, cis-6-hexadecenoic 
acid and the various defensins [43]. These are produced by ker- 
atinocytes, but neutrophils, mast cells and platelets which are 
recruited to the area may also be involved in the production of 
antimicrobial peptides [44]. Other molecules present on the skin 
and in sweat such as dermcidin and histone H4 also aid in the 
control of epidermal bacteria. Defective control of these peptides in 
response to the microbiome may contribute to a number of different 
skin diseases [45]. 

The phenomenon of bacterial interference is sufficiently closely 
related to skin defence to be mentioned here. Colonisation of some 
sites by one strain of staphylococci interferes with the subsequent 
colonisation by a different strain. Competition for available nutri- 
ents is thought to explain this phenomenon. The organisms also 
produce bacteriocins (antibiotic substances) which may inhibit the 
growth of others [46]. When pathogens invade, the host response 
is via the adaptive and innate immune systems, which are interre- 
lated. There is an important role for variations in TLR signalling 
in determining levels of colonisation particularly for potential 
pathogens such as Staph. aureus. 


GRAM-POSITIVE BACTERIA 


Staphylococcus and Streptococcus are Gram-positive bacteria that can 
cause cutaneous infections through adherence to the skin surface, 
proliferation and invasion. Superficial epidermal infections include 
impetigo and ecthyma, whereas deeper infections include cellulitis 
and necrotising fasciitis. Invasion through the hair follicle leads to 
folliculitis and furunculosis, and toxin production leads to cytokine 
cascades resulting in diffuse skin injury seen in staphylococcal 
scalded skin syndrome (SSSS) and scarlet fever. The characteristics 
of the Gram-positive organisms are discussed in detail and the 
mechanisms by which they lead to cutaneous infections. 


STAPHYLOCOCCUS AUREUS 


Definition 

Staphylococcus is a Gram-positive cocci bacterium that usually forms 
into clusters (from ‘Staphylo’, like a ‘bunch of grapes’). Staph. aureus 
is one of the many pathogenic species of Staphylococcus that cause 
specifically skin infections such as impetigo, boils, wound infections 
and septicaemia. 
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Introduction and general description 

Staph. aureus is a coloniser and pathogen of humans and mammals. 
A significant proportion of the general population are colonised 
with Staph. aureus on their skin/nasal mucosa and in the majority 
this is not associated with disease. However, the scope of Staph. 
aureus-mediated disease is broad and it can commonly cause 
skin disease by infecting breaks/wounds in the skin and may 
lead to folliculitis, impetigo, secondary infection of underlying 
inflammatory skin diseases (dermatitis), boils/abscesses, cellulitis, 
septic arthritis and osteomyelitis, infections of prosthetic devices 
as well as systemic infections such as endocarditis, pneumonia 
and life-threatening bacteraemia. Disease can also result from 
Staph. aureus toxin production such as occurs in SSSS, toxic shock 
syndrome (TSS), Panton—Valentine leukocidin (PVL) necrotic skin 
lesions and necrotising pneumonia as well as food poisoning 
from toxin ingestion. The widespread use of broad spectrum 
antibiotics is thought to have contributed to the increasing global 
incidence of antibiotic-resistant strains of Staph. aureus including 
meticillin-resistant Staph. aureus (MRSA). Box 26.1 shows how Staph. 
aureus is involved in cutaneous disease. 


Box 26.1 Involvement of Staphylococcus aureus in 
cutaneous disease 


Direct infection of skin and adjacent tissues 
° Impetigo 

e Ecthyma 

e Folliculitis 

e Furunculosis 

¢ Carbuncle 

e Sycosis 

¢ Occasionally in cellulitis 

¢ Others 


Secondary infection 
e Eczema, infestations, ulcers, etc. 


Cutaneous disease due to effect of bacterial toxin 
¢ Staphylococcal scalded skin syndrome 

e Toxic shock syndrome 

¢ Staphylococcal scarlatina 

¢ Recurrent toxin-mediated perineal erythema 


Epidemiology 

Incidence and prevalence 

Recent studies have shown that Staph. aureus is the most commonly 
isolated pathogenic bacteria from nosocomial infections in the USA 
and the second most common in the out-patient setting [1]. Between 
40% and 50% of bacteraemia isolates in North America are MRSA, 
with rates in Europe in 2007 ranging from 0.8% in Germany to 
35% in the UK and 48% in Portugal [2]. Awareness and efforts to 
tackle MRSA have resulted in a downward trend in the EU/EEA 
population-weighted mean of MRSA infections, from 19% of Staph. 
aureus infections in 2015 to 15.5% in 2019 [3]. Community-acquired 
MRSA (CA-MRSA) prevalence has also significantly increased over 
the past few decades and is responsible for severe skin infections, in 


often otherwise healthy individuals. CA-MRSA is spread by direct 
contact and is more commonly associated with toxin production 
than nosocomial MRSA. However, the artificial boundary between 
community and hospital is becoming increasingly blurred in many 
settings where CA-MRSA leads to nosocomial infections replacing 
traditional hospital-acquired MRSA (HA-MRSA). Additionally, the 
detection of livestock-associated MRSA (LA-MRSA) [3] highlights 
that this is an evolving picture and therefore distinctions previously 
based on clinical epidemiology are becoming less relevant, leading 
to more genotypic definitions. 


Age 

Neonates tend to be rapidly colonised by Staph. aureus in their 
nose and around the umbilical stump [4] with higher rates in 
infants born in hospital (72%) than at home and lower rates in 
those receiving regular disinfectant to the umbilicus [5]. Nasal 
carriage rates then fall to a minimum of 10-15% at 1 year of 
age before rising to adult levels by the age of 5 years [5]. Most 
of the data relating to Staph. aureus at different ages have been 
gleaned from studies determining rates of MRSA infections. 
For example, there is evidence that rates of meticillin-sensitive 
Staph. aureus (MSSA) and MRSA are equally prevalent in chil- 
dren from 4 to 59 months of age, that those aged 11-18 years 
are more likely to be affected by MSSA and that older age (>60 
years) is more associated with MRSA than MSSA. However, these 
age-related differences more reflect underlying diseases and/or 
the state of the patient’s immune system rather than age itself. 
Generally, patients with MRSA are significantly older and have 
more underlying disease than those with MSSA, and mortality 
is higher in the MRSA group except for infections leading to 
pneumonia. 


Sex 

Males and females are equally affected by Staph. aureus infections; 
however, outbreaks of CA-MRSA occur more commonly in males 
(sports team associated, men who have sex with men). However, 
being female is independently associated with a higher mortality 
from Staph. aureus bacteraemia than being male [6]. 


Ethnicity 

Outbreaks of CA-MRSA are common in ethnic minority groups liv- 
ing in overcrowded conditions. Reports in the literature have shown 
increased prevalence of MRSA in African Americans (USA), Hispan- 
ics (USA), Aborigines (Australia) and those of Pacific ethnicity (New 
Zealand) and lower rates in Asians (USA) [7]. 


Associated diseases 

Staph. aureus infections occur in association with reduced skin 
barrier function. This may result from minor skin trauma (cuts, 
scratches, abrasions, burns, etc.), chronic skin breaches (ulcera- 
tion), inflammatory skin disease (dermatitis), associated with other 
primary skin infections such as viruses (chickenpox/shingles, 
herpes simplex virus), fungi (tinea capitis with a kerion, Candida 
paronychia) and mycobacterial infections (M. abscessus, M. mar- 
inum). Type 1 diabetes, renal haemodialysis, liver disease and 
prosthetic implants are all associated with higher rates of Staph. 
aureus infections, which may in some cases result in bacterial 
endocarditis. 


Pathophysiology 

Predisposing factors 

Studies suggest that 10-20% of the general population are persistent 
carriers of Staph. aureus with up to 50% intermittent carriers and 
20-30% non-carriers [8]. The overall prevalence of Staph. aureus 
nasal carriage in healthy adults is 27% [9]. Host and bacterial factors 
are thought to play a role in staphylococci carriage [10] in particular 
the production of cell wall lipoteichoic acid (LTA) by the Staph. 
aureus strain [11]. However, studies have demonstrated that after 
inoculation with a mixture of Staph. aureus strains up the nose, indi- 
viduals reverted to type, i.e. to persistent carriers (often with their 
original strains and not the strains inoculated) or non-carriers (most 
reverted within 2 weeks of inoculation) and intermittent carriage 
continued [12]. Persistent carriers are a significant source of Staph. 
aureus that results in infections in both hospital and community 
settings. Children have higher persistent rates of nasal carriage than 
adults. Among hospital staff, 25% are colonised by Staph. aureus 
in their nasal mucosa [13]. Patients at greatest risk of Staph. aureus 
infections including life-threatening bacteraemia include those 
with ulcers/chronic wounds, previously documented Staph. aureus 
infections/colonisation, central venous/urinary catheters, surgi- 
cal wounds, intravenous drug users, patients with liver disease, 
immunocompromised/suppressed individuals and those taking 
systemic corticosteroids. CA-MRSA is most commonly spread by 
direct contact and therefore is most prevalent in those living in 
overcrowded conditions, low socioeconomic groups, young chil- 
dren, in the context of poor hygiene and associated with individuals 
who have minor breaks in their skin. Outbreaks of CA-MRSA are 
reported among athletes, military recruits, in day care facilities, 
intravenous drug users and men who have sex with men. 


Carriage. Genetic factors, perhaps involving bacterial adherence 
and immune responses, are suggested by higher nasal carriage 
rates in white than black-skinned individuals, by studies of families 
and twins, by higher than normal rates in patients with phenylke- 
tonuria, by increased adherence in atopic eczema and by an 
association of nasal carriage with human leukocyte antigen 
(HLA)-DR3 [14-17]. In those susceptible to nasal colonisation, 
the overall rate depends on the extent to which the many transient 
carriers acquire the organism by contact with persistent carriers. 
This at least partly underlies the increase in carriage rates following 
hospital admission [18], higher rates in urban than in rural areas 
[19] and variation in carriage rates with age. High rates of nasal 
carriage in atopic eczema (79%) [20] may partly derive from the 
heavy load of Staph. aureus on the skin, but increased adhesion 
of the organism to nasal mucosal cells may be relevant [17]. As a 
primary reservoir of Staph. aureus, nasal carriage has been iden- 
tified as a major risk factor for the subsequent development of 
community-acquired and nosocomial infections. Those patients 
on ambulatory peritoneal dialysis or haemodialysis who carry 
Staph. aureus in the nose are much more likely to get infection of 
the exit sites, usually with the same bacterial strain [18]. Patients 
with HIV infection and AIDS-related diseases have higher carriage 
rates of Staph. aureus than those unaffected, even when intravenous 
drug users are excluded among the HIV-positive individuals, and 
this is a risk factor for subsequent severe infection with Staph. 
aureus [21]. The underlying mechanism for this is as yet unclear. 
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Various surface components of Staph. aureus, such as teichoic acid, 
LTA, fibronectin-binding proteins and type 5 and type 8 capsular 
polysaccharides, have all been implicated as substances respon- 
sible for, or contributing to, binding of the organism in the nose 
[18]. However, not all have been successfully confirmed. Intestinal 
carriage of Staph. aureus is particularly common among hospi- 
talised patients, and this may be associated with transmission of 
the organism to the skin. The organism was identified not only 
in the nose (45%) but also in the stool (36%) of 71 hospitalised 
subjects [22]. The majority of these patients were persistent stool 
carriers. Furthermore, swabs taken from environmental surfaces, 
such as bedside tables, showed contamination of these surfaces too. 
Molecular typing of the organisms showed some of the isolates 
from the nose and stool were clonally identical to those from the 
environmental sources [22]. 


Suppression of carriage. Although there are no long-term studies 
to identify the best method of reducing carriage, regular long-term 
application of chlorhexidine cream to the appropriate sites (ante- 
rior nares, perineum or axillae) and use of an antiseptic, typically 
chlorhexidine or povidone-iodine, in a detergent base for daily 
bathing or showering including hair washing are effective in 
clinical practice, although recolonisation occurs soon after treat- 
ment is stopped. Oral or topical antibiotics may contribute to 
elimination of the organism, but in general recolonisation occurs 
soon after the treatment is stopped [23], with two main excep- 
tions. Intranasal mupirocin eliminated nasal Staph. aureus after 
a 5-day course in all patients treated, and 50% remained free of 
the organism after 5 months [24]. In haemodialysis patients, oral 
rifampicin, 600mg daily for 7-10 days, cleared the organism for 
3 months in 80% of cases [25]. Good results also were obtained 
with long-term low-dose clindamycin, 150mg daily for 3 months 
[26]. The staphylococci have become resistant to many antibi- 
otics over the past few decades while therapeutic options have 
decreased. 


Pathology 

Staph. aureus has the ability to produce numerous surface factors 
and proteins that help it to survive and evade host immunity. The 
most highly characterised surface defence of Staph. aureus is pro- 
tein A which is composed of five homologous immunoglobulin/ 
antibody binding domains, each able to bind to the Fc region of 
antibodies and the Fab region of the human VH3 family. This 
binding inhibits the antibodies from fixing complement or direct- 
ing macrophages which results in disruption of opsonisation and 
phagocytosis. Higher levels of protein A are more commonly 
associated with strains leading to persistent nasal colonisation. 
Staph. aureus synthesises another protein called coagulase which 
triggers the clotting cascade, leading to the production of a mesh of 
plasma proteins which effectively surrounds the bacteria giving it 
an immunological cloak of disguise. The ability of Staph. aureus to 
invade deep tissues is facilitated by the production of collagenases 
and hyaluronidase. 


Causative organisms 
There are 40 different species of Staphylococcus defined by their 
Gram-positive staining and their ability to form a ‘cluster of 
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grapes’. Different species are subclassified by their ability to 
produce coagulase enzymes, which can cause blood to clot. Most 
species are harmless to humans and are part of the normal commen- 
sal flora of the skin, such as coagulase-negative Staph. epidermidis. 
In the immunocompromised patient, however, this species of 
Staphylococcus can cause life-threatening infections especially 
in association with central venous catheters. The genitourinary 
tract is colonised by the commensal Staph. saprophyticus and the 
stomach by Staph. leei. The main pathological species in humans 
is Staph. aureus, which is mainly but not exclusively coagulase 
positive. 


Antibiotic resistance. Evidence suggests the application of topical 
antibiotics to the skin increases the likelihood of the development 
or the transfer of antibiotic resistance [27]. Of special importance is 
gentamicin resistance, which can be transferred between strains of 
Staph. aureus, and also between coagulase-negative staphylococci 
and Staph. aureus [28]. Topical fusidic acid and mupirocin were 
previously associated with a low incidence of resistance; however, 
this is no longer the case with resistant strains being widely reported 
[29,30]. 


Meticillin-resistant Staph. aureus. Resistance to the antibiotic 
meticillin was reported first in 1961 [28]. Over the past few decades, 
epidemics of MRSA infection have increased in frequency world- 
wide. Many hospitals have had to institute control measures to 
contain the spread of the infection [31]. Once established in hos- 
pitals, its survival seems to be promoted by the widespread use 
of antibiotics. New clones of MRSA may follow changes in antibi- 
otic usage [32]. Resistance to antibiotics occurs when an organism 
acquires a gene that allows the microbe to inactivate the antibiotic. 
This may occur spontaneously as a genetic mutation, or involve 
the acquisition of a mobile genetic element such as a plasmid, 
transposon, integron or gene cassette [33]. Unfortunately, MRSA 
carriage on the skin may persist for years, and increases the risk 
of spread if patients who are carriers are readmitted to hospital 
[34]. The risk factors identified for patients developing MRSA 
infection include previous antibiotic use, contact with a health 
care worker or nursing home resident, residence in a long-term 
care facility, admission to an intensive care unit, intravenous drug 
use, indwelling devices, haemo- or peritoneal dialysis, nasogastric 
or other invasive tubes, immunosuppression and surgical pro- 
cedures. Outcomes for patients infected with MRSA are worse 
than for those with MSSA. Identifying patients with MRSA as 
they are admitted to hospital would allow isolation, in an attempt 
to reduce exposure of other patients. However, this requires sig- 
nificant resources, and perhaps screening high-risk groups of 
patients, with some of the risk factors already mentioned, would 
target the investigations and be more cost-effective [35]. In the 
UK, most MRSA infections occur in older patients (82% over 
60 years of age); the vast majority of strains are resistant to flu- 
oroquinolones and macrolides, and are mupirocin resistant [32]. 
Vancomycin has traditionally been the drug of choice for treating 
these infections, but as treatment has to be given intravenously 
the duration of hospital stay is often prolonged. This increases the 
cost of the hospital stay, and also exposes the patient to fur- 
ther nosocomial infections [31]. Furthermore, the appearance of 


strains of staphylococci with clinical resistance to vancomycin and 
teicoplanin is increasing in frequency. Guidelines for the treatment 
of MRSA infections have been published [32] and are regularly 
updated. 

CA-MRSA infections have become common recently, with infec- 
tions reported worldwide including among military personnel, 
prison inmates, intravenous drug users, athletes and homeless 
people [36]. The majority of infections present as abscesses or 
folliculitis. The staphylococci are genetically distinct from those 
acquired in the hospital setting and often carry the PVL viru- 
lence gene, although there is now much crossover in the strains 
isolated from patients in hospital. These organisms are proba- 
bly best described respectively as ‘community-type’ and ‘health 
care/hospital-type’ strains without specific regard for where the 
infection was actually acquired. Although most patients presenting 
with community-type staphylococcal infections will respond to 
drainage of the abscess, some develop bacteraemia, which may 
require systemic antibiotic therapy [28]. The choice of antibiotic 
should reflect the sensitivities, and many strains are still sensitive 
to trimethoprim-sulfamethoxazole and tetracycline. Resistance to 
fluoroquinolones and erythromycin, and thus clindamycin, lim- 
its their use. Linezolid is still currently beneficial although it is 
expensive. Unfortunately, multidrug-resistant CA-MRSA has been 
reported [37]. 


Genetics 

Staph. aureus was one of the first bacteria to have its entire genome 
sequenced (2001). Since then, more extensive genomic data have 
been amassed and these have helped to define divergent species 
and strains of Staphylococcus through identification of their spe- 
cific surface proteins and toxins produced. Molecular typing of 
Staphylococcus strains has led to a better understanding of how 
outbreaks of staphylococci occur and how the bacteria can be 
spread in the community and in hospitals. The pathogenic capac- 
ity (virulence) of each strain of Staph. aureus depends on several 
factors; however, the most important appears to be its arma- 
mentarium of exotoxins, which include PVL, exfoliative toxins, 
phenol-soluble modulins and superantigens. Most toxin-encoding 
genes are located on mobile genetic elements (MGE) which leads 
to vast heterogeneity [38]. For example, the cause of meticillin 
resistance, the mecA gene, is situated on MGE, the staphylococcal 
cassette chromosome mec (SCCmec), and within that there are 
seven major variants, I-VII [39]. CA-MRSA harbours SCCmec 
type IV, V or VII and has a genetically distinct background from 
HA-MRSA. Other genetic elements associated with MRSA expres- 
sion include murE and femA but these mechanisms remain poorly 
understood [40]. 


Environmental factors 

Staph. aureus has the ability to survive and colonise a number of 
different environments through sophisticated stress response mech- 
anisms that result from the regulation and expression of their genes. 
Staph. aureus has the ability to withstand quite high temperatures (up 
to 50°C), acidity and salt. Consequently, Staph. aureus can colonise 
the axillae, inguinal regions, throat and anterior nares ina significant 
proportion of the population. 


COAGULASE-NEGATIVE STAPHYLOCOCCI 


Definition 

Coagulase-negative staphylococci (CoNS) comprise a broad group 
of species that are found commensally on the skin and mucous 
membranes (Staphylococcus hominis, Staphylococcus epidermidis) and 
vaginal tract (Staphylococcus saprophyticus). In the past, they have 
been somewhat dismissed as low-virulence organisms that have 
been thought to represent ‘contaminants’ in microbiological cul- 
tures. However, there is a growing body of evidence that suggests 
these CoNS persist on hospital surfaces and devices and lead to 
clinically relevant infections in up to 30% of health care-related 
sepsis episodes [1]. 


Introduction and general description 

Staph. epidermidis [2] is the main pathogen of the group. In the other- 
wise healthy patient, it is probably an occasional cause of minor skin 
infections, including superficial folliculitis, although its significance 
in an individual case may be difficult to judge. 


Epidemiology 

Associated diseases 

Secondary infection of pre-existing dermatoses, such as atopic 
eczema, seems not to occur. Staph. epidermidis may cause infections 
in wounds and especially around implanted surgical devices. It has 
been increasingly recognised as a cause of major internal infections, 
including endocarditis [3] and septicaemia, especially in patients 
with immune deficiencies. A case of cellulitis in a woman with 
acute myelocytic leukaemia was reported [4], and the organism has 
been associated with vasculitis in a patient on cytotoxic therapy for 
ovarian carcinoma [5]. 


Pathophysiology 

Predisposing factors 

The ability to adhere to foreign bodies and produce extracellular 
slime during the course of colonisation is thought to be important 
for pathogenicity [6]. The organism is able to adhere initially to the 
device and then also produces clusters which are multilayered. The 
glucosamine polymer polysaccharide intercellular adhesin (PIA) is 
a major contributor. The mechanisms involved in the epidemiology 
and pathogenesis of infection caused by CoNS have been discussed 
in detail by Becker et al. [6]. 


Causative organisms 

A single isolate of Staph. epidermidis from blood culture could be 
due to contamination, but if found repeatedly it may be regarded 
as probably significant. Staph. saprophyticus is a recognised cause of 
urinary tract infection, especially in young women [7]. More recently 
Staphylococcus lugdunensis, a CoNS, was found to cause 16 cases of 
abscesses and wound infections in Greece [8]. 


Genetics 

The genes encoding for the biosynthesis of glucosamine polymer 
PIA are well recognised as enabling CoNS to adhere to tissues and 
cause disease. 
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Environmental factors 

The biofilm produced is important for the pathogenesis as it seems 
to be tolerant of antibiotics and may contribute to its persistence. 
Multiple antibiotic resistance is common and may be transferred 
to Staph. aureus. Workplace surfaces and hands of health care 
workers swabbed in a hospital in Italy demonstrated higher lev- 
els of antibiotic resistance in the CoNS isolated than the MRSA 
isolates [9]. 


STREPTOCOCCI 


Definition 

The streptococci are Gram-positive catalase-negative cocci charac- 
teristically arranged in pairs or chains. They are nearly all facultative 
anaerobes, that is they can grow aerobically or anaerobically [1]. 


Introduction and general description 

Strep. pyogenes or ‘group A streptococci’ are extracellular bacterial 
pathogens which cause disease in humans involving the mucous 
membranes, tonsils, skin and deeper tissues. Specifically, they cause 
pharyngitis, impetigo, cellulitis, erysipelas, necrotising fasciitis, TSS, 
scarlet fever, septicemia, pneumonia and meningitis. 

Strep. pyogenes is one of the most common pathogens of humans. 
Between 5% and 15% of the population are colonised by the bacte- 
ria, usually in their respiratory tract. This commensal usually causes 
disease when the balance between host immunity (immunosuppres- 
sion) and bacterial factors (virulence) is altered. The most common 
skin disease associated with Strep. pyogenes is cellulitis or erysipelas 
usually of the lower limb or face. More rarely, TSS and necrotising 
fasciitis are also mediated by Strep. pyogenes in the skin and can be 
life threatening. 

Box 26.2 summarises the main cutaneous infections associated 
with streptococci. 


Epidemiology 

Incidence and prevalence 

Strep. pyogenes is the most common cause of acute pharyngitis 
and is responsible for between 15% and 30% of cases in children 
and 5-10% of cases in adults [2]. Infection rates are dependent 
on geographic location, climate, season and age. Between 12% 
and 23% of school-aged children are estimated to be pharyngeal 
carriers. Public health agencies in 11 countries in northern Europe 
found that severe streptococcal infections reached 3/100000 pop- 
ulation per year [3]; similar rates are reported in Australia/USA 
(3-4/100000) with higher rates in the low and middle income 
nations (12/100000 in Kenya). The risk of infection was high- 
est among the elderly and males. Skin wounds/lesions were the 
most common predisposing factor occurring in 25% of cases. Of 
patients, 32% had cellulitis and 8% necrotising fasciitis. Overall 
case fatality at 1 week was 19% and 44% among patients with 
streptococcal toxic shock syndrome (STSS) [3]. Resurgence of 
streptococcal infections over the past 30 years is thought to be 
partly due to changes in virulence as well as evolving antibiotic 
resistance. 
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Box 26.2 Involvement of streptococci (mostly 
group A) in cutaneous disease 


Direct infections of skin or subcutaneous tissue 
° Impetigo 

¢ Ecthyma 

e Erysipelas 

¢ Cellulitis 

¢ Vulvovaginitis 

¢ Perianal infection 

¢ Streptococcal ulcers 

¢ Blistering distal dactylitis 
¢ Necrotising fasciitis 

¢ Others 


Secondary infection 
e Eczema, infestations, ulcers, etc. 


Tissue damage from circulating toxin 

° Scarlet fever 

e Toxic-shock-like syndrome 

¢ Recurrent toxin-mediated perineal erythema 


Skin lesions attributed to allergic hypersensitivity to streptococcal 
antigens 

e Erythema nodosum (Chapter 99) 

¢ Vasculitis (Chapter 102) 


Skin disease provoked or influenced by streptococcal infection 
(mechanism uncertain) 

¢ Psoriasis, especially guttate forms (Chapter 35) 

e¢ Kawasaki disease (see later) 


Age 

Streptococcal pharyngitis is uncommon under the age of 3 years 
and is thought to be mainly a disease of school-aged children, 
which reflects patterns seen in acute rheumatic fever where 
the highest prevalence is in those aged 5-15 years. In low and 
middle income countries, poststreptococcal glomerulonephritis 
(PSGN) is most common in children <11 years and is thought 
to result from Streptococcus associated with scabies infestations. 
The average prevalence of scabies in tropical countries is 5-10% 
of children and studies have shown a significant proportion 
of these individuals have chronic haematuria [4] as a result of 
PSGN. In higher income countries, PSGN is most common in 
white males more than 50 years of age and is associated with 
diabetes, malignancy, alcoholism, HIV infection and intravenous 
drug use. 


Sex 
Males and females are equally affected across all types of streptococ- 
cal infections. 


Ethnicity 
Streptococcal infections do not show any predilection to any partic- 
ular ethnic group. 


Associated diseases 
Scabies infestations (Chapter 34) frequently lead to excoriated 
skin, which is vulnerable to streptococcal as well as necrotising 


secondary infection. The streptococcal infections following sca- 
bies have been shown to be linked to symptomatic PSGN and 
asymptomatic chronic haematuria. Guttate psoriasis (Chapter 35) 
is thought to be associated with streptococcal pharyngitis and 
perianal streptococcal dermatitis 2-3 weeks prior to the onset of the 
psoriatic lesions. The exact pathophysiological mechanism is not 
fully understood but the guttate psoriasis phenotype is more com- 
mon in HLA-Cw*0602-positive patients. Streptococcus dysregulates 
the interactions between HLA-C and natural killer cells resulting in 
inflammatory changes [5]. Sydenham chorea, Tourette syndrome, 
obsessive compulsive disorder and paediatric autoimmune neu- 
ropsychiatric disorders associated with streptococcal infection 
(PANDAS) have all been linked to neurological damage resulting 
from streptococcal infections [6]. There is evidence that antibodies 
induced by group A streptococcal infections react with basal gan- 
glia neurons in Sydenham chorea and PANDAS. Antibasal ganglia 
antibodies (ABGA) are present in most cases of acute Sydenham 
chorea, and in Tourette syndrome 91% of patients with positive 
ABGA had a raised antistreptolysin O titre (ASOT) [7]. 

Erythema nodosum (Chapter 97) is most frequently idiopathic; 
however, among the necrotising triggers, streptococcal pharyngitis 
is the most common cause. Scleredema of Buschke (Chapter 57) has 
also been linked with streptococcal infection of the throat in children 
and adults and treatment with high-dose antibiotic seems to reduce 
the resultant fibrosis [8]. 


Pathophysiology 

Predisposing factors 

The major streptococcal skin pathogen in humans is group A Strep- 
tococcus or Strep. pyogenes. The surface of Strep. pyogenes is highly 
complex and chemically variable and accounts for many of the 
bacteria’s virulence factors. These include capsular polysaccharides 
(C-substance), cell wall peptidoglycans, LTA, fimbrial proteins, 
fibronectin binding proteins (FBP) and surface proteins M, R and 
T. The capsule is composed of hyaluronic acid which is chemically 
similar to that found in human connective tissue, allowing the bac- 
teria to evade recognition by the host’s immune system. Adhesion 
to host tissue is facilitated through LTA, fibronectin binding and M 
protein. The M proteins also protect the organism against phago- 
cytosis and aid necrotising, consequently markedly increasing 
pathogenicity. Currently, at least 80 different M protein sequence 
types have been identified using molecular approaches to identify 
the emm (M protein) genes. The emm gene superfamily includes 
antiphagocytic molecules and immunoglobulin binding proteins. 
M protein interacts with TLR2 on monocytes in the peripheral 
blood stimulating them to release cytokines interleukin (IL)-6, IL-1B 
and tumour necrosis factor (TNF)-«. This response is amplified in 
the presence of neutrophil-derived heparin binding protein (HBP) 
which co-stimulates monocytes by interacting with CD18/CD11 [9]. 
The presence of M protein expressing Streptococcus in necrotising 
fasciitis triggers recruitment of monocytes and neutrophils into the 
infected tissue in combination with HBP, and this synergistically 
results in a severe acute inflammatory response and extensive 
tissue destruction. The predominant M1 protein subtype has been 
implicated in the resurgence of acute rheumatic fever in children 
since the 1980s. T protein is present on the surface of group A 
but not group C/G streptococci. T typing identification has been 


useful in investigating outbreaks due to streptococcal infections 
where M protein has not been identified. Four of the 25 T antigens 
identified are pilus-like structures on the bacterial surface similar 
to those found in Gram-negative bacteria. R protein has yet to be 
properly characterised, but is thought not to be a virulence factor. 
C5a peptidase, a proteolytic enzyme on the surface of group A Strep- 
tococcus, inhibits the recruitment of phagocytic cells to the site of 
infection, and thus plays a role in the pathogenesis of streptococcal 
disease [4]. 

The majority of STSS cases have been associated with the presence 
of streptococcal pyrogenic exotoxins (SPE), particularly A and C. 
Through genome sequencing projects, SPEs A-J have been identi- 
fied so far [10]. The SPEs are part of a larger group of pyrogenic 
toxin superantigens (PTSAgs) that can activate the immune system 
directly, bypassing antigen-mediated immune stimulation, by bind- 
ing invariant regions and specific receptors. Up to 20% of T cells are 
directly stimulated [11], resulting in a massive detrimental surge in 
cytokine levels, which in turn leads to capillary leak, tissue dam- 
age, cardiovascular shock and ultimately multiorgan failure seen 
in STSS. 

The Lancefield group antigens have been used historically to 
help classify streptococci in the laboratory alongside haemolysis 
by strains on blood agar. However, Lancefield group (A-R) does 
not correlate to streptococcal species and haemolysis is imprecise 
(p-haemolytic, a-haemolytic and non-haemolytic (y-haemolytic) 
organisms). Nevertheless, more detailed identification is now 
possible with molecular genetics and some streptococci have 
consequently been reclassified [1]. 


Carriage. Strep. pyogenes carriage in the oropharynx affects about 
10% of the general population and 20% of schoolchildren in the 
winter/spring. In carriers, there is no host immune response to the 
bacteria and persistence can last for many months [12]. Strepto- 
cocci can invade human cells by multiple mechanisms including 
FBPs, which engage with 0561 integrin receptors on epithelial cells 
[13]. Failure to eradicate Strep. pyogenes from the throat following 
pharyngotonsillitis occurs in 30% of cases, and the isolated strains 
more commonly expressed the FBP gene prtF1, which also resulted 
in higher rates of antibiotic treatment failure. On screening family 
members of an index case of streptococcal pharyngitis, 25% were 
found to be carriers of Strep. pyogenes in the throat. Carriers had a 
low antistreptolysin O (ASO) titre level compared with those with 
both invasive and non-invasive streptococcal disease [14]. The nor- 
mal skin does not provide a favourable habitat for Strep. pyogenes, 
perhaps due partly to a bactericidal effect of skin lipids [15], and 
transient skin carriage is found in only 0.5-1.0% of individuals [16]. 
However, the duration of survival of streptococci on the normal 
skin of patients with infections, and on the hands and arms of those 
handling such patients, may be sufficient to allow their dispersal 
by this route. Asymptomatic anal carriage is an occasional source 
of significant infection in contacts [17]; this was highlighted by 
Semmelweis and his observations which led to significant reduc- 
tions in deaths from puerperal fever and the dawn of infection 
control practices [18]. Streptococci colonise damaged skin, although 
less readily than staphylococci. They can frequently be isolated 
from eczematous and other moist lesions, although the borderline 
between colonisation and infection is often difficult to define. 
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Pathology 

Strep. pyogenes causes disease through numerous pathological mech- 
anisms. The primary factors include the ability of the organism to 
invade epithelial cells and remain in the intracellular state evading 
the host immune system. The bacteria can adhere to the surface of 
cells through a complex matrix of cell wall and surface structures 
that also inhibit phagocytosis. One surface structure, protein M, is 
ever changing and is responsible for most of the organism’s anti- 
genic shift and drift. Toxins and extracellular products lead to direct 
inflammatory responses which ultimately result in host cell damage. 


Causative organisms 

Streptococcal bacteria are classified into groups a, B and y accord- 
ing to their ability to haemolyse red blood cells. «-Haemolytic 
streptococci species include Strep. viridans (mainly present in the 
mouth and leads to dental caries, gingival infections and endo- 
carditis usually following dental extraction), Strep. pneumoniae 
(causes community-acquired pneumonia, sinusitis, otitis media, 
conjunctivitis, osteomyelitis, endocarditis, cellulitis, meningitis). 
B-Haemolytic species include groups A-H: Strep. pyogenes (group A, 
leads to pharyngitis, impetigo, scarlet fever, STSS, necrotising 
fasciitis, pneumonia, bacteraemia, as well as acute rheumatic fever 
and acute glomerulonephritis); Strep. agalactiae (group B, which is 
responsible for disease mainly in neonates and the elderly includ- 
ing pneumonia and meningitis, also colonisation of the vagina 
during pregnancy can lead to premature rupture of membranes 
leading to fetal morbidity/mortality. In the USA, Canada and 
Australia women are screened in the antenatal period for group B 
Streptococcus); group B Streptococcus can also cause cellulitis; Strep. 
dysgalactiae (group C, pharyngitis, cellulitis and septicaemia); Strep. 
bovis (group D, can cause endocarditis) and Strep. anginosus group 
(formerly Strep. milleri, groups A, C, G, F; are part of the nor- 
mal gut flora but can cause liver and brain abscesses and lung 
empyema). Enterococcus species such as E. faecalis and E. faecium 
may be y-non-haemolytic or haemolytic group D. These Enterococ- 
cus bacteria are part of the normal bowel commensals; however, 
they can cause disease in the form of root canal and urinary tract 
infections, endocarditis, bacteraemia and meningitis. 


Genetics 

Different isolates of Strep. pyogenes are now identified using emm 
typing [19] which has superseded the Lancefield group classifica- 
tion. More than 150 emm types have been characterised at the 5’ end 
locus (including the first 220 bases of the sequence) present on all 
Strep. pyogenes isolates; this region includes the M protein which 
is an important virulence factor. Emm amplicon restriction digest 
analysis has been shown to be a valuable tool for rapid analysis of 
streptococcal outbreaks. 


Environmental factors 

It is widely accepted that skin damage needs to precede cutaneous 
streptococcal pyoderma. On experimental application under occlu- 
sion to intact normal skin, several strains of Strep. pyogenes failed to 
cause disease and indeed rapidly died; localised superficial infec- 
tion occurred only if the skin had been scarified [20]. For infection 
to occur, the streptococci need to adhere to the skin and at least 
11 adhesins have been recognised including M protein, LTA and 
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serum opacity factor, among others. Spread of streptococcal bacteria 
is facilitated by conditions of overcrowding, particularly in school 
dormitories and nursing homes. Contaminated foods have also led 
to outbreaks and there are reports of late-onset neonatal group B 
streptococcal sepsis resulting from streptococci in breast milk [21]. 


Investigations 

The ASOT is an indicator of previous infection by streptococci of 
groups A, C or G. The upper limit of normal is 200 units/mL and 
highest titres range from 2000 to 3000 units/mL. In streptococcal 
skin infection, however, the ASO response is weak and an unre- 
liable guide to diagnosis. Recent studies showed no correlation 
between the ASOT level and clinical severity of acute rheumatic 
fever including the extent of cardiac involvement [17]. Antibodies 
to deoxyribonuclease (DNase) B [22] and to hyaluronidase are more 
regularly raised in streptococcal skin disease. DNase B antibodies 
are probably specific for group A Streptococcus. One hyaluronidase 
antibody is specific for group A, and another for groups C and G 
jointly [23]. Susceptibility of neonates to group B streptococcal 
infection is related to the level of capsular type-specific antibodies 
in the maternal serum [24]. 

In some countries where streptococcal infection is common, the 
ASO titre may be persistently elevated so that raised titres may not 
be indicative of recent infection. More specific investigations may 
thus be required. 


STAPHYLOCOCCAL AND STREPTOCOCCAL 
INFECTIONS 


Staphylococci and streptococci produce infections by various routes, 
including direct invasion, by haematogenous spread of the organ- 
isms or by the toxins they produce (Boxes 26.1 and 26.2). 


Clinical history 

Skin infections with Staph. aureus are more common in patients with 
breaks in the skin such as scratches, wounds and ulcers, those who 
have other skin infections such as tinea pedis and herpesvirus or 
an underlying inflammatory skin disease such as atopic eczema. 
More than one family/group member may be affected either simul- 
taneously or sequentially. Other risk factors to consider in the 
history include contact sports, travel abroad, contact with animals, 
previous history of MRSA, immunosuppression, men who have 
sex with men, health care workers, renal/liver disease, prosthetic 
implants and intravenous lines. In cutaneous infections with Staph. 
aureus, patients usually report the onset of a focal area of redness 
on the skin that may initially be asymptomatic; however, within 
days the affected skin usually becomes tender or even painful and 
may become associated with blistering, pustule/boil formation and 
eventually golden crusting and ulceration. Patients may variably 
feel otherwise well in themselves or may complain of fever, malaise, 
cough, diarrhoea, etc., depending on the strain of Staph. aureus 
implicated and the specific tissue sites infected. 

Skin infections related to streptococcal species are prevalent glob- 
ally with a higher incidence of pyoderma infections in the tropics. 
Group A Streptococcus is highly transmissible, passing from person 
to person through direct skin contact, respiratory droplets and nasal 


discharge. Streptococci residing in the perianal skin and under 
fingernails are more frequently spread in conditions of overcrowd- 
ing and poor hygiene. There is usually a history of skin trauma, 
abrasion, wounds or underlying skin disease for Strep. pyogenes 
to cause a cutaneous infection. Impetigo secondary to streptococci 
passes between family members and children at school, leading 
to clustering of cases. Erysipelas and cellulitis usually start from a 
small break in the skin from an insect bite reaction, a minor scratch, 
wound, tinea pedis or xerotic cracked skin. Necrotising fasciitis can 
also result from minor skin trauma but may also follow any surgical 
intervention. The initial skin changes are usually manifested by 
acute redness with a papule which may develop into blistering, 
pustules and oedema. Depending on the type of cutaneous infection 
there may be some tenderness and pain. 


Staphylococcus and Streptococcus in atopic eczema. Staph. aureus 
is frequently isolated from lesional and non-lesional skin of patients 
with atopic eczema (Chapter 41) and is widely accepted as having 
a pathogenic role [1]. Secondary colonisation and carriage rates 
are high for both Staphylococcus and Streptococcus in atopic eczema. 
Staphylococci have been shown to adhere more readily to the skin 
of atopic individuals, even on non-lesional skin, compared with 
non-atopic individuals. There is also evidence that high bacterial 
density (over 10°/cm?) on lesions, which may be insufficient to 
produce overt signs of clinical infection, nonetheless significantly 
aggravates the eczema [2]. In a recent study of children with clini- 
cally infected atopic eczema, 72% had a significant growth of Staph. 
aureus, 16% streptococcal species and 14% had mixed cultures [3]. 
Atopic eczema patients infected with Strep. pyogenes were more 
likely to be pyrexial, have facial involvement, cellulitis, bacteraemia 
and be hospitalised [3]. Following systemic antibiotic treatment for 
infective episodes of atopic eczema, skin swabs show decreased 
levels of Staph. aureus and Strep. pyogenes but increased levels of 
Strep. epidermidis, Cutibacterium and Corynebacterium species [4]. In 
true infective eczema, bacteria, including Staph. aureus, are regarded 
as the primary stimulus for an eczematous response, although the 
mechanisms are uncertain. Cytotoxic antibody and immunoglob- 
ulin E (IgE) reactions against bacterial (including Staph. aureus) 
antigens may be important in atopic and discoid eczema [5]. Staph. 
aureus was isolated from 14 of 20 children with infantile seborrhoeic 
dermatitis, but its pathogenicity was uncertain [6]. 

The staphylococci produce exotoxins with superantigenic prop- 
erties, which cause T-cell activation, cytokine release and mast cell 
degranulation [1,7]. Superantigens trigger Langerhans cell migra- 
tion into regional lymph nodes, where they interact with T cells, 
which recirculate into the skin, causing augmentation of the skin 
immune response. These superantigens are thought to negate the 
effects of topical steroids. This may in part explain why treating 
the infection and the atopic eczema simultaneously is more effective 
than treating either in isolation [1]. 

In atopic eczema, there also seems to be a reduction in the level of 
antimicrobial peptides which lyse the outer membrane of microbes. 
This in turn leads to a reduction in innate immunity and diminishes 
the ability of atopic individuals to react to the staphylococcal load. 
Whether this is a genetic abnormality or secondary to other factors 
remains to be determined [1]. Atopic eczema is characterised by 
a complex of immunological abnormalities, involving interactions 


between IgE-bearing antigen-presenting cells, T-cell activation, 
mast cell degranulation and a combination of immediate and 
cellular immune responses [8]. Following exposure, T and dendritic 
cells are recruited to the area, and induce inflammation. One of the 
chemokines expressed is CC chemokine ligand 18. This was shown 
to be relevant in the recruitment of the pro-inflammatory cells [9]. 


Impetigo — FS 


Definition 

Impetigo is a contagious, superficial pyogenic infection of the skin. 
Two main clinical forms are recognised: non-bullous and bullous 
impetigo. 


Introduction and general description 

Impetigo is a common superficial skin infection resulting mainly 
from staphylococcal and, less frequently, streptococcal infections 
that may occur in isolation or secondary to any kind of underlying 
skin disease or breach in the epidermis. 


Epidemiology 

Incidence and prevalence 

Pure staphylococcal non-bullous impetigo [1,2] is relatively frequent 
worldwide and large outbreaks often occur. The peak seasonal inci- 
dence is in late summer [3]. The incidence in a Dutch survey was 
between 0.017 and 0.021 and in the UK 0.01 events per person-year 
[1,2]. Preschool and young school-age children are most often 
affected. In adults, males predominate and large outbreaks may 
be troublesome in barracks and similar communities [4]. Although 
overcrowding, poor hygiene and existing skin disease, especially 
scabies, predispose to infection [5], many cases occur in previously 
healthy subjects with good living standards. 

Bullous impetigo is usually sporadic, but clusters of cases may 
occur in families and other groups, and larger outbreaks are occa- 
sionally seen in institutions [6]. It is most frequent in the summer 
months. Minor abrasions and other skin lesions may predispose to 
infection if the patient or a contact carries an appropriate strain of 
Staphylococcus [7]. An increased incidence in hospital workers has 
been noted [8]. 


Age 

Impetigo is most common in children. Bullous impetigo occurs at 
all ages; although it is more commonly reported in children it is 
thought adult cases are probably underreported [9]. In the newborn, 
bullous impetigo may be especially widespread and was formerly 
called pemphigus neonatorum, as it resembles the clinical picture of 
pemphigus, with widespread blistering. 


Sex 
Males and females are equally affected by impetigo. 


Associated diseases 
Infective complications are uncommon in the absence of systemic 
disease or malnutrition, although deeper infections such as cellulitis 
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occasionally occur with streptococcal infection [10]. Streptococcal 
impetigo accounts for the majority of cases of poststreptococcal 
acute glomerulonephritis [11]. The incidence of acute glomeru- 
lonephritis in different series of patients with streptococcal impetigo 
depends on the nephritogenic potential of the infecting strain. Some 
never induce nephritis [3], but 25% of patients with pyoderma 
due to Strep. pyogenes, type M-49, are affected. The overall inci- 
dence of poststreptococcal acute glomerulonephritis has declined 
in recent decades. The latent period for development of nephritis 
after streptococcal pyoderma is 18-21 days, compared with about 
10 days for throat infection, raising the unproven possibility that 
early treatment of skin infection might offer a better chance of 
preventing renal disease. Poststreptococcal nephritis is a signifi- 
cant risk factor for chronic renal disease in later life [12]. Scarlet 
fever, urticaria and erythema multiforme may follow streptococcal 
impetigo [13]. Rheumatic fever is not a complication of streptococcal 
impetigo [14]. 


Pathophysiology 

Predisposing factors 

Non-bullous impetigo may be caused by both Staph. aureus and 
streptococcal bacteria [15], but recent evidence suggests in most 
parts of the world Staph. aureus is usually implicated, with Strep. 
pyogenes mainly predominating in warmer climates. However, there 
are occasional infections with group G and group C organisms [16]. 
Often there may be a mixed picture with reports of impetigo being 
primarily caused by Strep. pyogenes with Staph. aureus a secondary 
coloniser. The preponderance of group II phage types seen in bul- 
lous impetigo seems also to apply to the non-bullous staphylococcal 
disease [17]. 

Bullous impetigo is a superficial cutaneous infection with Staph. 
aureus. The organism can generally be cultured from blister fluid. 
Injections of bacterial isolates from affected patients into newborn 
mice result in a generalised SSSS [18]. Exfoliative (epidermolytic) 
toxin has been recovered from the blister fluid of some cases 
and is thought to act as a trypsin-like serine protease and cleave 
desmoglein 1 [19] to form the blister. The toxin is produced com- 
monly, but not exclusively, by staphylococci of phage group II. 
In addition, both exfoliative toxins A and B act as superantigens, 
and stimulate B and T cells to proliferate [20]. The localisation 
of the epidermal splitting in bullous impetigo compared with 
the widespread involvement in the generalised form is probably 
related to local production of the toxin, whereas in SSSS the toxin is 
disseminated haematogenously [21]. 


Pathology 

In bullous impetigo, the Staphylococcus strain responsible syn- 
thesises an exfoliative toxin (ET) that selectively digests one of 
the intracellular adhesion molecules, desmoglein 1, resulting in 
superficial blisters [13,22]. Staphylococcal strains most commonly 
produce either ETA (encoded on a phage genome) or ETB (encoded 
on a large plasmid). ETA strains are frequently associated with 
bullous impetigo and ETB with SSSS. More recently, ETC has been 
identified from a horse with a skin infection and ETD from patients 
with localised staphylococcal skin infections. ETD is thought to be 
an important virulence factor in epithelial disruption allowing local 
invasion of the skin. Histology from bullous impetigo classically 
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demonstrates an epidermal split just below the stratum granulo- 
sum, neutrophils migrating through a spongiotic epidermis into the 
blister cavity, which may also contain cocci (Seen on special stains). 
Occasional acantholytic cells may be seen, perhaps due to the 
action of neutrophils. The upper dermis contains an inflammatory 
infiltrate of neutrophils and lymphocytes. 


Causative organisms 
© Staph. aureus. 
¢ Strep. pyogenes. 


Presentation 
In non-bullous impetigo, the initial lesion is a very thin-walled 
vesicle on a red base [16]. The vesicle ruptures so rapidly that 
it is seldom seen as such [17]. The exuding serum dries to form 
yellowish brown crusts (Figure 26.1), which are usually thicker 
and ‘dirtier’ in the streptococcal form (Figure 26.2). Gradual 
irregular peripheral extension occurs without central healing, 
and multiple lesions, which are usually present, may coalesce. 
The crusts eventually dry and separate to leave redness in less 
pigmented skin and grey, brown or purple discoloration in skin 
with darker pigmentation, which fades without scarring [23]. 
In severe cases, there may be regional adenitis with fever and 
other constitutional symptoms. The face especially around the 
nose and mouth and the limbs are the sites most commonly 
affected, but involvement of the scalp is frequent in tinea capitis, 
and lesions may occur anywhere on the body, especially in chil- 
dren with atopic eczema or scabies. Involvement of the mucous 
membranes is rare. There is a tendency to spontaneous cure in 
2-3 weeks but a prolonged course is common, particularly in 
the presence of underlying ectoparasitic infestations or eczema, 
or in hot and humid climates. In heavily pigmented skin, the 
lesions may be followed by temporary hypopigmentation or 
hyperpigmentation. 

In bullous impetigo, the bullae are less rapidly ruptured and 
become much larger; a diameter of 1-2cm is common but they 


Figure 26.1 Staphylococcal impetigo. Courtesy of King’s College London. 


Figure 26.3 Bullous impetigo. Courtesy of King’s College London. 


may be of very considerable size, and persist for 2 or 3 days 
(Figure 26.3). The contents are at first clear, later cloudy. After 
rupture thin, flat, brownish crusts are formed. Central healing 
and peripheral extension may give rise to circinate lesions which 
are eroded (Figure 26.4). Although the face is often affected, the 
lesions may occur anywhere, and may be widely and irregularly 
distributed, often favouring the sites of existing skin disease, espe- 
cially miliaria or trivial injuries such as insect bites. The buccal 
mucous membrane may be involved. Commonly, rather few lesions 
are present, but the picture is very variable. Regional adenitis 
is rare. 


(a) 


(b) 


Figure 26.4 (a,b) Erosive bullous impetigo in a neonate. Courtesy of King’s College 
London. 


Clinical variants 
Bullous and non-bullous impetigo. 


Differential diagnosis 
Immunobullous diseases, localised SSSS, contact dermatitis (irritant 
or allergic) and herpes simplex infections. 


Disease course and prognosis 

Impetigo is usually self-limiting and resolves within days to weeks 
with the appropriate use of topical cleansers and antibiotics. Spread 
to others in close contact with the index case is common and relapse 
is more frequently seen in individuals with underlying skin diseases 
and in staphylococcal carriers. 


Investigations 
Microbiological skin swabs taken from affected skin. 
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Management 

A recent Cochrane review concludes that there is no generally 
accepted standard therapy for the treatment of impetigo [24]. 
Studies failed to demonstrate any significant difference in out- 
comes between topical fusidic acid and mupirocin, although some 
studies found topical mupirocin superior to oral erythromycin. 
Topical antibiotics were superior to disinfectants alone, although 
the latter can be a useful adjuvant. There was no superior outcome 
when comparing topical versus oral antibiotics; however, there 
was evidence that not all oral antibiotics are equally effective. 
Penicillin was inferior to erythromycin and cloxacillin. Newer 
topical antibiotics such as retapamulin and ozenoxacin have been 
shown to be effective in treating impetigo. However, they are 
expensive and the former is no longer licensed in Europe [25]. 
If the infection is widespread or severe, or is accompanied by 
lymphadenopathy, then an oral antibiotic such as flucloxacillin or 
erythromycin is indicated [26]. Local patterns of resistance need 
to be considered, as resistance of Staph. aureus to penicillin is now 
common worldwide. The addition of a topical antibiotic or anti- 
septic may hasten the response and help to limit the spread of 
infection, although this has not been confirmed [27]. Antiseptics 
would be a rational sole therapy for impetigo where antibiotics 
are unavailable. Chlorhexidine and povidone—-iodine would each 
be suitable, but controlled trials on their efficacy are not available. 
Removal of infected crusts is bacteriologically and cosmetically 
helpful. Frequent application of an ointment, preferably contain- 
ing an antibacterial agent, and washing with soap and water are 
beneficial. 

Where impetigo is endemic among children, measures to reduce 
the transmission frequency of infections should be adopted. These 
include installing indoor water supplies, encouraging hand wash- 
ing, distributing medical resources more efficiently, health education 
and instituting treatment early in the course of the disease. When 
hand washing was promoted, the prevalence of impetigo dropped 
significantly [28]. Emphasis should be placed on identification of 
predisposing factors such as insect bites, pediculosis, scabies and 
minor trauma. 

Asummary of the management of impetigo is given in Figure 26.5. 

Wash the affected skin daily with disinfectants such as chlorhex- 
idine, povidone—iodine or sodium hypochlorite. All close contacts 
and the patient should wash their hands with antibacterial 
soap to reduce onward transmission. Topical antibiotic should 
be applied twice daily to the affected skin for 5-7 days, the 
most effective of which include mupirocin, fusidic acid and 2% 
clindamycin cream. If the impetigo is extensive, or there is a marked 
bullous component to the clinical picture or there is palpable 
lymphadenopathy, then in addition give systemic antibiotics for 
1 week. The choice of antibiotic will depend on local resistance 
patterns and any known antibiotic hypersensitivities of the patient. 
First line antibiotics include antistaphylococcal penicillins (e.g. 
flucloxacillin, dicloxacillin, cloxacillin), co-amoxiclav, clindamycin 
and doxycycline. Second line antibiotics include macrolides such 
as erythromycin and clarithromycin (macrolide resistance can be 
quite high in Staph. aureus) and co-trimoxazole (high resistance 
rates in Strep. pyogenes). Third line antibiotics include linezolid and 
fluoroquinolones. 
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Localised skin involvement 


Impetigo 


Extensive skin involvement, 
bullous disease and/or 
lymphadenopathy 


Wash skin, remove crust, 
use disinfectants 


Apply topical antibiotic 
twice daily to infected skin 
for 1 week 


Treat as for localised skin 
involvement plus systemic 
antibiotics (flucloxacillin, 
cloxacillin) 


Figure 26.5 Management of impetigo. 


Definition 

Ecthyma is a pyogenic infection of the skin characterised by the 
formation of adherent crusts, beneath which ulceration occurs. 
Ecthyma most commonly results from group A Streptococcus and 
causes a deeper infection than in impetigo. 


Epidemiology 
See earlier section on Staph. aureus and Strep. pyogenes. 


Age 
Extremes of age are most commonly affected. 


Pathophysiology 

Predisposing factors 

Group A Streptococcus may lead to ecthyma on normal skin or 
may opportunistically penetrate through damaged skin (trauma 
or underlying dermatitis) and more commonly affects vulnerable 
patients with immunocompromise (HIV, neutropenia) or diabetes, 
and outbreaks in the military are reported [1]. It also more fre- 
quently occurs in high-humidity environments and in the context 
of poor hygiene. Pharyngeal carriers of Strep. pyogenes are also more 
susceptible to recurrent disease. 


Pathology 

The infection and resultant inflammation are much deeper in 
ecthyma than in impetigo and thus there is loss of the epider- 
mis and dermis leading to ulceration and the lesions heal with 
scarring. 


Causative organisms 

e Strep. pyogenes (group A Streptococcus). 
¢ P. aeruginosa. 

© Staph. aureus. 


Environmental factors 
Warm moist environments and overcrowding are predisposing fac- 
tors leading to higher rates of ecthyma infection. 


Clinical features 

Presentation 

Small bullae or pustules on a red base are soon surmounted by a 
hard crust of dried exudate (Figure 26.6), which increases in size 
by peripheral accretion, with an indurated base. The crust is thicker 
than that formed in impetigo and is only removed with difficulty, 
to reveal a purulent, irregular ulcer [2]. The lesions are usually few 
but new lesions may develop by autoinoculation over a long period. 
The buttocks, thighs and legs are most commonly affected. 


Differential diagnosis 

e Pyoderma gangrenosum. 
e Ecthyma gangrenosum. 
e Tick bites. 


Figure 26.6 Ecthyma. Courtesy of King’s College London. 


Complications and co-morbidities 
Autoinoculation may occur causing increased numbers of skin 
lesions. 


Disease course and prognosis 
Healing usually occurs after a few weeks with scarring. 


Investigations 
Microbiological swabs should be taken from affected skin. 


Management 

Improved hygiene and nutrition, and treatment of scabies and any 
other underlying diseases, are important. The antibiotic chosen 
should be active against Strep. pyogenes and Staph. aureus. If P. aerug- 
inosa is suspected a second antibiotic agent should be added (oral 
fluoroquinolone) or an intravenous agent with a broad spectrum of 
activity. Necrotic infected adherent crust should be gently removed 
after soaking with a disinfectant and softening with an oily cream. 
Topical antibiotics such as fusidic acid and mupirocin can be applied 
twice daily to localised lesions. Topical therapy either with sulcona- 
zole or miconazole cleared lesions satisfactorily over 1 week [3]. 
Oral antibiotics for 1-2 weeks may be required in the context of 
multiple lesions or immunocompromised vulnerable patients. 
Penicillin-derived agents can be used. If staphylococcal bacteria 
are suspected to be implicated then erythromycin, clindamycin 
and doxycycline may also be used. If ecthyma gangrenosum is 
suspected then piperacillin, gentamicin, amikacin, ciprofloxacin 
and ofloxacin can be administered intravenously. 


Treatment ladder for ecthyma 


First line 

¢ Topical fusidic acid 
¢ Topical mupirocin 
¢ Oral flucloxacillin 


Second line 

¢ Topical sulconazole 

¢ Topical miconazole 

¢ Oral clindamycin 

¢ Oral doxycycline 

¢ Oral erythromycin/clarithromycin 
Oral linezolid 


Third line (with anti-pseudomonal activity) 
¢ Piperacillin/tazobactam IV 

¢ Ciprofloxacin/ofloxacin IV 

e Gentamicin IV 

e Amikacin IV 


Cellulitis and erysipelas -— Cs SV? 


Definition 
Cellulitis is strictly an acute, subacute or chronic inflammation of 
loose connective tissue. Erysipelas is a bacterial infection of the der- 
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mis and upper subcutaneous tissue; its hallmark is a well-defined 
raised edge reflecting the more superficial (dermal) involvement. 
However, cellulitis may extend superficially and erysipelas deeply, 
so that in many cases the two processes coexist and it is impossi- 
ble to make a meaningful distinction. Current usage tends to regard 
erysipelas as a form of cellulitis rather than a distinct entity, so that 
the definition of cellulitis would include inflammation of dermal as 
well as subcutaneous tissue. The closely similar bacteriology of the 
two conditions [1,2], and the demonstration of streptococcal anti- 
gens in both dermis and subcutis in both conditions [1], support 
this view. However, the two terms are still sometimes used in the 
traditional sense, especially when their typical distinctive features 
are being contrasted. 


Introduction and general description 

Painful diffuse inflammatory skin infection in the deep skin lay- 
ers and the subcutaneous fat usually affecting a lower limb or 
the face. 


Epidemiology 

Incidence and prevalence 

Cellulitis is common: lower-limb cellulitis accounted for over 55000 
hospital admissions in one year in England and is responsible for 
around 3% of emergency department attendances [3]. 


Age 
Patients most affected are between the fourth and sixth decades. 


Sex 
Males and females are equally affected by cellulitis [3]. 


Ethnicity 
In a UK-based study, white ethnicity patients were at higher risk of 
developing cellulitis than patients from other ethnic groups [4]. 


Associated diseases 

Associated diseases and complications can occur if cellulitis/ 
erysipelas is inadequately treated, leading to fasciitis, myositis, sub- 
cutaneous abscesses, septicaemia and, in some streptococcal cases, 
nephritis—and the more severe infections may be fatal, especially 
in infants and in the debilitated or immunosuppressed. 

Childhood facial cellulitis due to Haemophilus influenzae type 
b is typically unilateral, and often associated with ipsilateral 
otitis media, the presumed source in those cases. The patient 
presents with systemic illness, and the affected cheek or periorbital 
tissue shows induration and discoloration which is characteristi- 
cally purplish blue [5,6]. With the introduction of H. influenzae 
type b vaccination, this condition is becoming increasingly 
rare. 

Otherwise, periorbital (preseptal) cellulitis follows trauma to the 
eyelids or local skin sepsis and is usually streptococcal, occasion- 
ally staphylococcal. If the infection is behind the orbital septum 
(postseptal), in the deeper orbital tissues, the term orbital cellulitis 
applies, and it is commonly a sequel to sinusitis. In addition to cuta- 
neous signs, proptosis, ophthalmoplegia and loss of visual acuity 
may occur. Periorbital and orbital cellulitis may be complicated 
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by cavernous sinus thrombosis, orbital, subperiosteal or cerebral 
abscess formation, or meningitis [7,8]. 

Severe myocardial depression has been reported in a previously 
healthy young woman with streptococcal cellulitis [9]. 

Cellulitis of the tongue in neutropenic patients may cause 
upper airways obstruction [10]. In the immunodeficient, the pre- 
sentation may be atypical, as in two cases of erysipelas without 
redness [11], and previous antibiotic treatment may modify the 
clinical appearances in the otherwise healthy patient. Recurrent 
streptococcal cellulitis (or erysipelas) is attributed to lymphatic 
damage, which, although sometimes initially clinically inapparent, 
predisposes to further infection and further lymphatic impair- 
ment manifesting as lymphoedema (see Figure 26.9). Venous 
insufficiency often predisposes to recurrent erysipelas of the 
leg [12]; however, equally in the context of dermatosclerosis an 
acute inflammatory phase (hypodermitis) can be misdiagnosed as 
erysipelas [13]. 


Pathophysiology 

Predisposing factors 

Bacteria are present in affected tissue in small numbers, and 
attempts to culture them, from biopsy material, from swabs of 
biopsy sites, from needle aspiration of saline-injected tissue, and 
even from fluid from blisters or erosions when present, are often 
unsuccessful. Blood cultures and swabs from possible entry sites, 
for example wounds or inflammatory lesions, generally situated 
distally to the infection, occasionally yield presumably relevant 
organisms. Cultures of biopsy specimens, needle aspirates and 
probable sites of entry fail to provide positive results in the majority 
of cases. Streptococcal serology may be helpful retrospectively [2], 
and immunofluorescence may identify streptococcal group antigens 
in biopsy specimens [1]. 


Pathology 

In cellulitis there is marked oedema, dilated superficial capillaries 
and extravasation of red blood cells in the dermis with scattered 
inflammatory cells, mainly neutrophils and lymphocytes. 


Causative organisms 

Cellulitis and erysipelas in the immunocompetent patient are 
predominantly streptococcal diseases, usually involving group A 
Streptococcus. Group B Streptococcus is seen especially under the age 
of 3 months [14]. In adults, group B streptococci may cause pelvic 
erysipelas especially after surgery [15]. In cellulitis, Staph. aureus 
is occasionally implicated alone or together with a Streptococcus. 
Staph. aureus should be regarded as an occasional cause of cellulitis, 
but rarely if at all of classical erysipelas. 

H. influenzae type b is an important cause of facial cellulitis in 
young children especially up to the age of 2 years [5,6]; however, 
this is now increasingly rare due to vaccination in infancy against 
H. influenzae and Pneumococcus. H. influenzae cellulitis is rare in 
adults [16]. 

In cellulitis in a setting of venous or lymphatic compromise, 
including limbs on which saphenous venectomy has been per- 
formed, or following surgery to the breast, non-group-A strep- 
tococci, especially groups B and G, predominate. Periorbital 
cellulitis is similar to that in other sites; however, orbital cellulitis, 


usually secondary to sinusitis, involves the major sinus pathogens 
such as Streptococcus pneumoniae, other streptococci, Staph. aureus, 
H. influenzae and penicillin-sensitive anaerobes [2]. Cellulitis due to 
Aeromonas hydrophila can complicate injuries contaminated by water 
(usually fresh) or soil [17]. A case of cellulitis due to the marine 
organism Vibrio alginolyticus has been recorded [18]. Cellulitis is part 
of the spectrum of infection due to Pasteurella multocida inoculated 
by animal bites [19]. Erysipelas-like infections and cellulitis due 
to Strep. pneumoniae [20,21], P. aeruginosa [22] and Campylobacter 
jejuni [23] have been reported, mostly in the immunocompromised. 
In such patients, P. aeruginosa may cause gangrenous cellulitis 
and ecthyma gangrenosum [24]; and cellulitis may be caused by 
Acinetobacter calcoaceticus [25] and Strep. epidermidis [26]. A case of 
Bacteroides fragilis cellulitis responding to metronidazole has been 
reported [27]. Yersinia enterocolitica, an intestinal pathogen, may also 
cause cellulitis [28]. The fish pathogen, Streptococcus iniae, has also 
led to cases of cellulitis following minor injuries while handling 
fish [29]. 


Clinical features 

Presentation (Figure 26.7) 

Colour change (purple or darkening of the skin in more pigmented 
skin types or redness in less pigmented skin), heat, swelling and 
pain or tenderness are constant features. In erysipelas the edge of 
the lesion is well demarcated and raised, but in cellulitis it is dif- 
fuse, although cases showing both types of edge or an intermediate 
picture are not uncommon. In erysipelas blistering is common, 
and there may be superficial haemorrhage into the blisters or 
in intact skin especially in elderly people. Severe cellulitis may 
show bullae (Figure 26.7b) and can progress to dermal necrosis 
(Figure 26.8), and uncommonly to fasciitis or myositis. Lymphangi- 
tis and lymphadenopathy are frequent. Except in mild cases, there 
is constitutional upset with fever and malaise. Classical erysipelas 
starts abruptly and systemic symptoms may be acute and severe, 
but the response to treatment is more rapid. 

The leg is the commonest site, and here there is usually a wound 
even if superficial, an ulcer, or an inflammatory lesion including 
tinea pedis or bacterial infection, which can be identified as a 
possible portal of entry. The next most frequent site for classical 
streptococcal erysipelas is the face (Figure 26.7c, d), where a trau- 
matic entry site is less commonly seen, and where bilateral infection 
occasionally occurs. 


Differential diagnosis 

¢ Necrotising fasciitis. 

e Venous insufficiency of the lower leg. 
e Acute contact dermatitis. 


Complications and co-morbidities 

Recurrent episodes may lead to lymphatic damage leading to 
chronic lymphoedema (Figure 26.9) of the affected site. Rarely 
necrotising fasciitis may develop. 


Disease course and prognosis 

Usually the disease settles over 1-2 weeks with appropriate sys- 
temic antibiotics. However, recurrence can occur and some patients 
required secondary preventative prophylaxis with a daily dose of 
penicillin V (500 mg daily). 


(d) 


Figure 26.7 Cellulitis/erysipelas. (a) Lower leg. (b) Bullous cellulitis of the leg. Courtesy of King’s College London. (c) Pinna. (d) Face. 


Figure 26.9 Poststreptococcal lymphoedema of the pinna; this patient had frequent 
recurrences of cellulitis requiring long-term penicillin. 


Specimens for bacteriological examination can be taken from vesi- 
cle fluid or eroded or ulcerated surfaces, in addition to blood cul- 
tures. Exudative, fissured or traumatised sites distal or adjacent to 


Figure 26.8 (a) Cellulitis with early dermal necrosis. 
(b) The same foot after 11 days; the dermis is forming 
a black eschar, which eventually sloughed off; the 
resulting ulcer healed rapidly. 


limb infections may yield relevant organisms. Surface swabs from 
intact skin are unlikely to be helpful, but in the case of facial infec- 
tions the pathogen should be sought in nose, throat, conjunctiva 
and sinuses. Identification of soluble streptococcal antigens may be 
effective, but is rarely performed in the clinical setting [1]. However, 
even a combination of sampling techniques commonly fails to yield 
the pathogen [1,2]. 

Serological studies may provide evidence of streptococcal, and 
less commonly staphylococcal, infection. An initial high titre may 
be regarded as suggestive, especially in a patient presenting sev- 
eral days or more after the onset, but paired sera from days 1 and 
14 would be more reliable in retrospective diagnosis. Early use of 
antibiotics may, however, limit the antibody response. The antibod- 
ies and their significance are discussed later. 

Differentiating cellulitis of the leg from deep vein thrombosis is 
important and Doppler ultrasound examination, venous angiogra- 
phy and plethysmography may add diagnosis. 


A clinical assessment as to the likely pathogen(s), as discussed 
earlier, should guide the initial choice of treatment. Appropriate 
antibiotic(s) should be given in full dosage, by the intramuscular or 
intravenous route in the more severe cases that are associated with 
septicaemia, arthritis or suspected fasciitis, although oral treatment 
may suffice for milder, uncomplicated infections [30]. In all cases, 
initial treatment should cover streptococci, and for facial infections 
in young children, H. influenzae. 


First line 

Anti-staphylococcal penicillins exert a bactericidal effect on strep- 
tococci as well as staphylococci, and for this reason have been 
suggested as oral monotherapy in adults without systemic toxi- 
city or co-morbidity. Flucloxacillin at a dose of 500mg -1g four 
times daily; clarithromycin 500 mg twice daily may be substituted 
in case of penicillin allergy. In patients admitted to hospital, flu- 
cloxacillin 1g four times daily intravenously, increased to 2g in 
severe disease or in patients weighing >90kg or cefazolin 1-2g 
8-hourly intravenously; in the case of penicillin allergy, ceftriaxone 
2g daily intravenously (non-severe allergy) or clindamycin 450 mg 
8-hourly intravenously (severe allergy) has been advocated. For pre- 
sumed streptococcal infections, penicillin is the treatment of choice, 
given as benzylpenicillin 600-1200 mg 6-hourly intravenously in 
the more severe cases. In peri-orbital cellulitis co-amoxiclav 1.2 g 
8-hourly intravenously is suggested; substituted by ceftriaxone 
2g daily intravenously in non-severe penicillin allergy or clar- 
ithromycin 500mg twice daily in severe allergy. The duration 
of treatment remains undefined. A randomised double-blind 
placebo-controlled trial for uncomplicated cellulitis showed that 
5 days of antibiotic therapy was as good as 10 days of treatment 
[31]. Treatment should be continued for longer if there are any 
clinical indications such as extension of the cellulitis, abscess forma- 
tion which may need drainage or an adverse reaction to the drug 
administered. Peri-orbital cellulitis may also require longer courses. 
Co-trimoxazole, linezolid, vancomycin and other agents are likely 
to be effective alternatives [32]. 

Anticoagulant therapy should be considered if there is associated 
thrombophlebitis or reduced mobility. A wider range of organisms 
should be considered in patients with deficient immunity, in the 
special situations discussed earlier and in those not responding to 
initial treatment. Early consultation with colleagues in microbiology 
is advisable. 

PATCH study II showed that patients given penicillin 250mg 
twice daily for 6 months following a single episode of cellulitis 
had fewer episodes of recurrent cellulitis during the following 
3 years [33]. 


Second line 

In recurrent cases of cellulitis, long-term phenoxymethy] penicillin 
(penicillin V), 500 mg to 2 g daily, can prevent recurrent attacks and 
is cost-effective; however, if the secondary penicillin prophylaxis 
is then stopped within 1 year any protective effect from recurrent 
episodes is lost [33]. Vigorous treatment of any local skin damage 
is important to prevent recurrent disease, although 50% of cases 
relapsed in a study on prophylaxis where tinea pedis was specifi- 
cally treated early. In patients allergic to penicillin, an alternative 
drug, commonly erythromycin, should be taken. Some patients may 
require lifelong prophylaxis. Recurrent episodes of cellulitis have 
also been associated with post-cellulitic oedema, and oedema is a 
risk factor for recurrent disease. Reduction of the oedema is likely to 
be beneficial [34]. Despite efforts to prevent recurrent disease with 
long-term prophylaxis, many patients still suffer recurrent disease 
[35,36]. 


Gram-positive bacteria 


Treatment ladder for cellulitis/erysipelas 


First line 

e Flucloxacillin 

e Clarythromycin 

e Clindamycin 

e Benzylpenicillin (if streptococcal infection only) 


Second line 

¢ Co-trimoxazole 
e Linezolid 

e Vancomycin 


Prophylactic treatment for recurrent infection 
° Penicillin 
e Erythromycin 


Folliculitis —_ | 


Definition 

Folliculitis refers to inflammation of the hair follicles; this may be 
caused by infection, occlusion, irritation, drugs or alterations in 
immune function. 


Introduction and general description 
Staph. aureus, coagulase-negative staphylococci and physical or 
chemical irritation are common causes of superficial folliculitis. 


Epidemiology 

Incidence and prevalence 

Folliculitis is very common, but the exact incidence is not known as 
most patients do not seek medical attention. 


Age 

Superficial Staph. aureus folliculitis can be seen in any age group. 
Adult males are most commonly affected by folliculitis in the 
beard area. 


Pathophysiology 

Predisposing factors 

Staph. aureus superficial folliculitis (follicular impetigo of Bockhart) 
is an infection of the follicular ostium; however, superficial folli- 
culitis is not always primarily or exclusively infective in origin. 
Physical or chemical injury to the skin may be associated with 
a folliculitis, the pustules of which may be sterile or may con- 
tain coagulase-negative staphylococci (as part of the skin flora). 
Occupational contact with mineral oils or therapeutic or occupa- 
tional exposure to tar products often results in folliculitic lesions, 
which in the case of oil folliculitis are associated with conspicuous 
oil plugging of many follicles. Other chemical irritants can cause fol- 
liculitis, which may be the only visible change, or may accompany 
an eczematous reaction. Beneath adhesive plasters or adhesive 
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dressings, a sterile folliculitis is common. Following epilation, a 
traumatic folliculitis may develop [1]. 


Causative organisms 

¢ Staph. aureus, including community-acquired meticillin-resistant 
Staph. aureus (CA-MRSA). 

¢ Coagulase-negative staphylococci. 

e P. aeruginosa. 

¢ Pityrosporum yeast and occasionally dermatophytes. 


Clinical features 

Presentation 

Isolated intermittent follicular lesions are so frequent on the neck 
and beard, and heal so rapidly, that they are commonly ignored. 
Also frequent, but more persistent, are papules or pustules on 
the thighs and buttocks of adolescent and young adult males and 
occasionally females, especially those with acne. Clinically, the 
lesions present as small, follicular papules or pinhead pustules. 
They are rarely painful but can be pruritic. Sometimes, small crusts 
cover a red, pouting, follicular orifice. In Staph. aureus superficial 
folliculitis the individual lesions are domed yellow pustules, some- 
times with a narrow red areola. The pustules develop in crops 
(Figure 26.10) and may heal within 7-10 days, but sometimes 
become chronic. In older children and adults, the infection may 
extend more deeply in some follicles as furuncles or as sycosis. 
In some cases, recurrent or chronic staphylococcal folliculitis may 
merge imperceptibly with folliculitis decalvans. However, acute 
staphylococcal folliculitis is common and the many clinical variants 
of cicatrising folliculitis are rare. 

A chronic symmetrical superficial folliculitis has been described, 
which typically affects the legs of young males resulting in alopecia 
and atrophy of the involved skin [2]. The presence of Staph. aureus is 
a feature of the condition, which has been termed dermatitis cruris 
pustulosa et atrophicans, and resistance to therapy is also common. 
In many cases hypergammaglobulinaemia has been identified but 
no other systemic features have been recorded. No cases have been 


Figure 26.10 Acute folliculitis on the face. Courtesy of King’s College London. 


described in white skin and a humid environment appears to be 
associated. The condition has been reported on the arms and face 
as well and in females, but this is much less common. 

CA-MRSA may present with folliculitis or an abscess and can 
progress to severe infections. Athletes participating in team sports 
may spread the infection to other members of the team, as may 
military personnel, prisoners and others who are often involved in 
close contact with individuals [3]. 


Differential diagnosis 

Follicular pustules can be confused with the non-follicular lesions of 
pustular miliaria, which should be considered when a widespread 
papulopustular eruption develops in hot and humid conditions, 
on previously normal skin, or studding an existing inflammatory 
dermatitis. Follicular pustules are also a feature of subcorneal 
pustular dermatosis, in which the lesions appear recurrently on the 
trunk and resolve to leave fine scale. Follicular pustules may occur 
in tinea infections. The more or less simultaneous development of 
pustules on a circumscribed, red and oedematous or scaling plaque 
should arouse suspicion of acute pustular psoriasis or a pustular 
adverse reaction to medications. In the context of bone marrow 
transplantation, the possibility of follicular graft-versus-host dis- 
ease should be considered. Folliculitic eruptions can develop due 
to certain medications: corticosteroids, hormones, lithium, pro- 
tein kinase inhibitors, BRAF inhibitors, anticonvulsants, halogens 
and immunosuppressants (especially ciclosporin and sirolimus). 
Pseudofolliculitis is an irritant condition resulting from the sharp 
tips of shaven hairs or ingrowing hairs and secondary infection 
can occur. 


Disease course and prognosis 

Folliculitis is usually self-limiting, settling within a few days; how- 
ever, it can be recurrent and persistent depending on the underlying 
cause. 


Investigations 

These are usually not required; however, where CA-MRSA is 
suspected, swabs should be taken to check the sensitivity of the 
organism. 


Management 

Superficial folliculitis of external chemical or physical origin will 
settle if the irritant is removed. Mild staphylococcal folliculitis is 
often self-limiting, or may respond to cleansing or topical antisep- 
tics. In more severe cases, antibiotics, topical or systemic, may be 
required. If the infection is persistent or recurrent, the usual sites of 
staphylococcal carriage should be swabbed in the patient and his 
or her contacts and decolonisation treatment prescribed. Because 
CA-MRSA can be spread by skin-to-skin contact, prevention of 
further infections is advisable. Hand washing is the single most 
important behaviour modification in the prevention of spread. 
Sports participants should shower regularly and personal clothing 
should not be shared [3]. Daily application of 6.25% aluminium 
chloride hexahydrate in completely anhydrous ethyl alcohol was 
reported to be very effective treatment for chronic folliculitis of 
unspecified type, except for scalp lesions [4]. 


Treatment ladder for folliculitis 


First line 

¢ Cleanse the affected skin once daily with an antiseptic wash. 
Avoid heavy occlusive ointments 

¢ Topical antibiotics twice daily to the affected areas, using 
fuscidic acid, mupirocin or clindamycin 2% cream 


Second line 

e Anti-staphylococcal penicillin (e.g. flucloxacillin) 
¢ Clindamycin 

¢ Cephalexin 


Third line 
e Tetracyclines 
e Erythromycin 


Furuncle (boil, abscess) —l 


Definition 

A furuncle (or boil) is an acute, usually necrotic, infection of a hair 
follicle with Staph. aureus. Sterile furuncles can, however, occur sec- 
ondary to injected, usually oil-based, drugs into the skin. Often the 
terms furuncle/boil/abscess are used interchangeably; however, 
abscesses are not necessarily centred on the hair follicle, but for 
convenience will be included here. 


Introduction and general description 

Skin abscesses are collections of pus in the dermis and adipose tis- 
sue that usually result from infection. However, injection of foreign 
material into the skin can result in sterile abscesses. 


Epidemiology 

Incidence and prevalence 

Recent epidemics of furunculosis attributable to specific strains 
of staphylococci have occurred [1]. Many of these have been 
associated with community-acquired staphylococcal infections. A 
French study of patients with furunculosis showed staphylococci 
in the majority of swabs, and 42% of the isolates had PVL genes 
present [2]. These were associated with epidemic furunculosis. 
Clinically, the lesions were more inflamed and multiple. Nasal 
carriage of staphylococci was strongly associated with recurrent 
disease but not simple furunculosis (one attack) [2]. The cuta- 
neous and nasal isolates were identical. A similar study from 
Japan showed 40-60% of isolates were PVL gene positive [3]. 
Although the PVL locus is thought to be a strong marker for 
community-acquired meticillin-resistant Staph. aureus (CA-MRSA), 
the study from Japan showed that many PVL-producing strains 
are meticillin-sensitive Staph. aureus (MSSA) [3]. From the very 
common, milder, persistent and recurrent cases, a wide variety of 
strains common to many types of staphylococcal infection may 
be grown, and predisposing factors must be assumed to be of 
relatively greater significance, although their nature is often dif- 
ficult to establish. The observation of families over a period of 


years showed that the same phage type may be responsible for 
irregular episodes of infection between long intervals of clinical 
quiescence [4,5]. 


Age 

Furuncles are relatively uncommon in early childhood in tem- 
perate climates except in atopic subjects, but increase rapidly in 
frequency with the approach of puberty, and in adolescence and 
early adult life are a common occurrence [4]. In adolescence, boys 
are affected more than girls and the peak incidence parallels that of 
acne vulgaris. 


Pathophysiology 

Predisposing factors 

The infecting strain of Staph. aureus isolated from the furuncle is 
usually also present in the nares or the perineum [6], which may 
imply that the repeated and heavy inoculation that occurs in the 
chronic carrier may be a necessary condition for the development 
of furunculosis. The surface defence mechanism, and hence the 
normal balance of microflora, may be disturbed in favour of the 
staphylococci, which may be carried for some months in the vicinity 
of recently healed lesions. From the sites of carriage, the infection 
is disseminated by the fingers and by clothing. Simple mechanical 
friction of collars and belts may determine the distribution of the 
lesions. Malnutrition is an important predisposing factor in some 
countries. Diabetes is widely believed to predispose to furunculo- 
sis, although the published evidence does not uniformly confirm 
this [7,8]. Furunculosis is common in patients infected with HIV. 
However, in a high proportion of cases in healthy young adults, no 
convincing predisposing factor can be incriminated. 


Pathology 

A furuncle is an abscess of a hair follicle, usually of vellus type. 
The perifollicular abscess is followed by necrosis with destruction 
of the follicle. The exact pathogenic mechanism by which staphylo- 
cocci produce the abscess is not clear, but injection of PVL into rabbit 
skin produced necrotising lesions. This suggests that the cytotoxin 
produced may have a role to play [9]. 


Causative organisms 
Staph. aureus, which may be MSSA or MRSA and may be PVL 
positive. 


Environmental factors 

Furuncles in the UK are most common during the early winter 
months [10]. As with other superficial staphylococcal infections, 
the factors responsible for the outbreak and its persistence are 
unknown. There is seldom any evidence of impairment of the 
immune response. Reports on the possibility of impairment of 
neutrophil function are conflicting [11,12]. 


Clinical features 

Presentation 

A furuncle first presents as a small, follicular, inflammatory nodule, 
soon becoming pustular and then necrotic (Figure 26.11), healing 
after discharge of a necrotic core to leave a violaceous macule and, 
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Figure 26.11 Staphylococcus aureus abscesses. Courtesy of King’s College London. 


ultimately, a permanent scar. The rate of development varies greatly 
and necrosis may occur within 2 days or only after 2-3 weeks. 
Tenderness is invariable, and in the more acute and larger lesions 
there may be throbbing pain. Lesions in the nose or external ear 
canal can cause very severe pain. The lesions may be single or mul- 
tiple and tend to appear in crops. Occasionally, there may be fever 
and mild constitutional symptoms. Malnutrition increases the risk 
of septicaemia. On the upper lip and cheek, cavernous sinus throm- 
bosis is a rare and dangerous complication. The sites commonly 
involved are the face and neck, the arms, wrists and fingers, the 
buttocks and the anogenital region. Attacks may consist of a single 
crop, or of multiple crops, at irregular intervals with or without 
periods of remission. The prognosis cannot be reliably determined 
during a first attack. In some individuals, crops continue to develop 
for many months or even years. In HIV disease, furuncles may 
coalesce into violaceous plaques [13]. Systemic infections such as 
bacterial endocarditis may complicate furunculosis, particularly 
with CA-MRSA strains [14]. 


Clinical variants 

In patients with multiple and/or recurrent boils/abscesses, 
PVL-positive Staph. aureus infections (MSSA/MRSA) should be 
suspected (Figure 26.12), or when more than one member of a 
household is affected either consecutively or simultaneously. Risk 
factors for PVL infections include overcrowding/close contact, poor 
hygiene and skin breaks. High-risk groups include health care/care 
home/nursery workers, military personnel, those playing contact 
sports (rugby, judo, wrestling), athletes and food handlers. PVL 
lesions tend to be >5cm in diameter, are more likely to be necrotic 
and are more painful than would normally be expected [15]. 


Differential diagnosis 

Other pustular lesions must be differentiated. Furuncles are 
deep-seated nodules, in contrast to the lesions of superficial 
staphylococcal folliculitis. The vesicopustules of disseminated 
herpes simplex are umbilicated and appear simultaneously in large 
numbers on sites of active or healed eczema. The pustules of acne 


Figure 26.12 Panton-Valentine leukocidin multiple necrotic recurrent abscesses. 
Courtesy of King’s College London. 


are but one type of lesion in a polymorphic syndrome. They are 
associated with papules and comedones, and are usually confined 
to the face and trunk. Pustules can also occur in halogen eruptions, 
usually symmetrical and of rapid onset. Nodules and abscesses 
occur mainly in the axillae and perineum in hidradenitis. Single or 
few, large, suppurating nodules on exposed skin raise the possibility 
of myiasis. 


Investigations 

In settings such as the USA, where PVL-positive MRSA is common, 
PVL toxin testing is not routinely recommended. Conversely, in 
settings where a high proportion of PVL cases are associated with 
MSSA, toxin testing is only recommended for recurrent skin and 
soft-tissue infection caused by Staph. aureus [16]. The rationale 
for this is that because PVL strains are common and not usually 
pathogenic, testing and subsequent decolonisation are only required 
in the context of recurrent or invasive disease. 


Management 

Simple Staph. aureus furuncles. Each episode may need to be 
treated systemically with an anti-staphylococcal penicillin or 
another penicillinase-resistant antibiotic. A topical antibacterial 
agent reduces contamination of the surrounding skin. Recurrent 
cases where new boils develop at the end of each course of antibiotic 
should raise the suspicion of a PVL-producing strain. Nasal and 
perineal carriage of Staph. aureus in the patient and other household 
members should be sought. 


PVL Staph. aureus furuncles. Purulent collections should undergo 
surgical drainage where appropriate. Anti-staphylococcal peni- 
cillins and other f-lactam antibiotics enhance PVL production 


in vitro at subinhibitory concentrations [17]. Clindamycin, line- 
zolid and fusidic acid inhibit PVL production, while vancomycin 
has no effect. There are no data to support treating non-necrotic 
PVL-producing Staph. aureus with combinations of antibiotics 
typically used in invasive necrotising infections. Therefore, in the 
absence of high MRSA prevalence rates, standard therapy with 
adequate dosing of anti-staphylococcal penicillin is recommended. 
Alternative agents in penicillin allergy or PVL-MRSA include clin- 
damycin, doxycycline, linezolid and co-trimoxazole. Decisions on 
antibiotics should be further guided by antibiotic susceptibility 
testing and local guidance. In severe infections with evidence of 
toxic shock, necrotising fasciitis or purpura fulminans, a combina- 
tion of two or three agents (including those with toxin-inhibitory 
effects) is recommended, including intravenous agents such as 
vancomycin, daptomycin, tigecycline and teicoplanin. Intravenous 
immunoglobulin (IVIg) can be given in severe necrotising inva- 
sive infections [15]. Once the PVL infection has been treated then 
decolonisation of the index case plus any affected/high-risk close 
contacts should be undertaken simultaneously. Nasal mupirocin 
(matchstick head-sized amount) on the end of a cotton bud should 
be applied to the inner surface of each nostril TDS for 5 days plus 
chlorhexidine 4% or triclosan 1% wash (applied to wet skin, used as 
a soap and left on for 1 min) daily for 5 days [15]. 


Treatment ladder for furuncle 


Simple furunculosis: first line 
¢ Flucloxacillin 
e Erythromycin 


PVL Staph. aureus furunculosis: seek local guidance 
e Anti-staphylococcal penicillin at adequate dosing 

¢ Clindamycin 

¢ Doxycycline 

e Linezolid 


Severe PVL Staph. aureus 

e Vancomycin with clindamycin or rifampicin 
e Rifampicin and clindamycin 

e Rifampicin and linezolid 


NB 


Any large painful necrotic fluctuant abscess may require 
incision and drainage under local anaesthetic in addition to the 
above antibiotics. 


Carbuncle -— FF 


Definition 

A carbuncle is a deep infection of a group of contiguous follicles 
with Staph. aureus, accompanied by intense inflammatory changes 
in the surrounding and underlying connective tissues, including the 
subcutaneous fat. 
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Introduction and general description 
Carbuncles tend to be larger than abscesses/boils as they represent 
a cluster of coalescing boils connected under the skin surface. 


Epidemiology 

Incidence and prevalence 

Carbuncles usually occur in otherwise healthy individuals but are 
more common in the presence of diabetes, malnutrition, cardiac fail- 
ure, drug addiction or severe generalised dermatoses, obesity and 
during prolonged steroid therapy. Patients who are Staph. aureus 
carriers in the anterior nares are also at greater risk of developing a 
carbuncle than non-carriers. Generally, carbuncles are not common, 
as demonstrated in a military setting where carbuncles/furuncles 
accounted for only 6% of bacterial skin infections in the US armed 
forces compared with cellulitis accounting for about 50% [1]. 


Age 
Carbuncles occur predominantly in middle or old age. 


Sex 
Males are more commonly affected than females. 


Pathophysiology 
Causative organisms 
© Staph. aureus. 


Clinical features 

Presentation 

The term carbuncle is derived from the Latin word for a small fiery 
coal and describes the painful hard red lump that is the initial stage 
of the infection. It is at first smooth, dome-shaped and acutely ten- 
der. It increases in size for a few days, to reach a diameter of 3-10 cm 
or occasionally more. Suppuration begins after some 5-7 days, and 
pus is discharged from the multiple follicular orifices. Necrosis of 
the intervening skin leaves a yellow slough surmounting a crater- 
iform nodule. In some cases, the necrosis develops more acutely 
without a preliminary follicular discharge, and the entire central 
core of the lesion is shed, to leave a deep ulcer with a purulent 
floor. Most lesions are on the back of the neck, the shoulders or the 
hips and thighs, and although usually solitary, may be multiple or 
associated with one or more furuncles. Constitutional symptoms 
may accompany, or even precede by some hours, the development 
of the carbuncle. Fever may be high, and malaise and prostration 
may be extreme if the carbuncle is large or the patient’s general 
condition poor. In favourable cases, healing slowly takes place to 
leave a scar. In the frail and ill, death may occur from septicaemia 
or from metastatic infection. 


Differential diagnosis 

The differential diagnoses are similar to those of furuncles. Orf and 
anthrax are also important differentials. However, the overlying 
eschar seen in classical cases of anthrax should aid diagnosis. A 
swab should be taken, but treatment should not be postponed until 
bacteriological confirmation is available. 


Disease course and prognosis 
Carbuncles usually settle with a combination of incision/drainage 
and oral antibiotics. Lesions usually heal with scarring. 
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Investigations 
Skin swabs for microbiology. 


Management 

An anti-staphylococcal penicillin antibiotic should be given. Inci- 
sion and drainage or saucerisation under local anaesthetic may 
be required to help remove pus and necrotic tissue and expedite 
healing [2]. 


Sycosis -— aa 


Definition 

Sycosis is a subacute or chronic pyogenic infection involving the 
whole depth of the follicle and usually refers to disease in the beard 
area, sycosis barbae. 

If the follicles are destroyed with clinically evident scarring, the 
term lupoid sycosis, or ulerythema sycosiforme, is applied. Folli- 
culitis decalvans is essentially the same process involving the scalp. 
Many sites may be involved in the same individual. 


Epidemiology 
Age 
Post adolescence. 


Sex 
Males are most commonly affected. 


Pathophysiology 

Predisposing factors 

Sycosis occurs mostly in males after puberty and commonly 
involves the follicles of the beard. Most cases begin in the third or 
fourth decade. The infecting organism is Staph. aureus, the same 
phage type of which can often be isolated from the nose [1], but 
unknown constitutional factors must be accorded the major role in 
determining susceptibility, for the staphylococci do not normally 
penetrate more deeply than the follicular ostia. Many patients have 
seborrhoea, with a greasy complexion and chronic blepharitis. 
Indoor workers are affected more often than those who work in the 
open air. 


Pathology 

The affected follicle is packed with polymorphonuclear leukocytes, 
which infiltrate its wall. Around the follicle there is a chronic 
granulomatous infiltrate in which lymphocytes, plasma cells, histi- 
ocytes and foreign-body giant cells are conspicuous. The sebaceous 
gland, or the whole follicle, may be destroyed and replaced by scar 
tissue. 


Causative organisms 
© Staph. aureus. 


Clinical features 

Presentation 

The essential lesion is an oedematous red follicular papule or pus- 
tule centred on a hair [2]. The individual papules remain discrete, 
but if neighbouring follicles are involved the perifollicular oedema 


may coalesce, to produce the raised plaques studded with pustules 
which suggested the appearance of a ripe fig to the ancient author 
who coined the term sycosis. In the common subacute forms, the 
lesions may be scattered irregularly over the beard or grouped, 
especially on the upper lip and below the angles of the jaw. Attacks 
of varying duration occur at irregular intervals over months or 
years. In more chronic forms, the lesions are typically clustered into 
plaques, especially on the upper lip and chin, and may persist for 
very long periods—nearly 20 years in one case [3]. There is often 
some crusting and scaling, but the hairs are retained and there is no 
evident scarring. 

In lupoid sycosis, the follicles are destroyed by scarring, and active 
papules and pustules fringe the advancing margin around a pink 
atrophic scar. Granulomatous inflammatory changes may give the 
papules a lupoid appearance. The process usually begins in front 
of one ear or under the chin and extends irregularly in any direc- 
tion. The scalp may be extensively involved. Rarely, a similar pro- 
cess affects axillary and pubic hair, or the lower legs, thighs and 
arms. Lupoid sycosis tends to persist indefinitely, although the rate 
of extension may vary from time to time. 


Differential diagnosis 

The most frequent misdiagnosis is pseudofolliculitis (Figure 26.13) 
caused by ingrowing hairs. The papules and pustules are irregularly 
scattered over the sides of the neck and the angles of the jaw and are 
not grouped but may lie in skin folds. Tinea barbae, a dermatophyte 
infection in the beard, usually occurs on the chin, mandibular areas 
or upper lip. There is an oedematous plaque of grouped pustules 
of acute onset which is relatively asymptomatic. Typically, tinea 
barbae is caused by zoophilic dermatophytes encountered through 
contact with farm or domestic animals and mycological analysis is 
recommended. Lupus vulgaris is an important, if rare, differential; 
the presence of pustules, however, is highly suggestive of lupoid 
sycosis but a biopsy should be undertaken if doubt remains. 


Disease course and prognosis 
The condition may be relapsing and remitting. 


Figure 26.13 Pseudofolliculitis. 


Investigations 
Swabs from affected skin and from the anterior nares for 
microbiology. 


Management 

The subacute forms are relatively easily controlled by antibiotic 
ointments but tend to relapse when the application is stopped. If 
a nasal swab indicates a chronic carrier state, the antibiotic should 
also be applied to the nasal vestibules. In resistant cases, a course 
of systemic antibiotic may be effective. Alteration to the shaving 
regime (single blade disposable or electric razor, leaving the hair 
longer, shaving in the direction of the hair follicle and avoid daily 
shaving) may help prevent episodes in the longer term. Permanent 
hair removal is also worth considering in chronic cases. Case reports 
suggest photodynamic therapy may be effective in the treatment of 
recalcitrant folliculitis barbae [4]. 


Treatment ladder for sycosis 


First line 

¢ Topical antibiotic therapy 

¢ Consider letting beard hair grow or changing shaving 
practice 


Second line 

¢ Systemic antibiotics such as flucloxacillin, cloxacillin or 
erythromycin 

¢ Oral retinoids 


Third line 
e Laser hair removal 
¢ Photodynamic therapy 


Staphylococcal scalded ski 


Definition and nomenclature 


Staphylococcal scalded skin syndrome (SSSS) is an exfoliative der- 
matosis in which classically most of the body surface becomes ten- 
der and red and the superficial epidermis strips off. The syndrome 
was first described in children (Ritter disease), but adults may be 
affected. Outbreaks of SSSS in nurseries and neonatal units have 
been reported, spread from carers who are asymptomatic staphy- 
lococcal carriers [1,2]. 


Epidemiology 

Age 

Children (under the age of 6 years) and neonates are most com- 
monly affected by the generalised form of SSSS; rarely adults may 
be affected. The localised form of the disease may be more frequent 
in older children and adults than the current literature suggests. 
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Associated diseases 

Renal failure (exfoliative toxins (ETs) are usually eliminated through 
the kidneys), malignancy, immunosuppression and alcohol abuse 
have all been reported to predispose adults to the disease [3], 
although otherwise healthy individuals may be affected [4]. 


Pathophysiology 


Predisposing factors 

Approximately 5% of Staph. aureus strains (from all phage groups) 
produce an exfoliative toxin (ETA, ETB) [5]. The initial infection 
may be very trivial such as an area of impetigo, bacterial conjunc- 
tivitis, iatrogenic wound or a streptococcal throat. More significant 
infections such as staphylococcal pneumonia, septic arthritis or 
endocarditis can also lead to SSSS. The more extensive and dra- 
matic epidermal changes are then triggered by the ETs which target 
the cell adhesion protein desmoglein 1 (DG1) resulting in separation 
of keratinocytes just beneath the granular layer in the epidermis 
(intraepidermal). In bullous impetigo the ETs remain local in the 
infected skin, but in SSSS the ETs are spread haematogenously 
resulting in widespread skin involvement. 


Pathology 

Histologically, there is splitting of the epidermis between the gran- 
ular and spinous layers, which does not usually contain inflamma- 
tory cells. A few lymphocytes surround the superficial blood vessels. 
The disease is caused by one or more ETs, usually A or B, which 
are serine proteases [6] that selectively cleave the cellular adhesion 
molecule DG1 [7] found on epidermal keratinocytes. Antibodies to 
desmoglein may develop in some patients with SSSS [8]. The same 
toxins are involved in bullous impetigo, which may be regarded as 
a localised form of SSSS although patients with bullous impetigo do 
not seem to develop the same level of antibody. This may be due 
to the shorter duration of the disease [8]. Toxin A is chromosoma- 
Ily encoded on a phage genome whereas toxin B is encoded on a 
large plasmid [9]. ETA-producing strains are more commonly iso- 
lated from patients with bullous impetigo and ETB from patients 
with SSSS [10]. Regulation and expression of ETA and ETB are com- 
plex and not fully elucidated [10] and the role of ETs as superanti- 
gens in SSSS is speculated [11]. 


Causative organisms 

Staph. aureus strains producing ETs are the causative organisms. 
Initially, phage group II was implicated; however, there is evidence 
that all phage groups can cause SSSS. There are increasing numbers 
of reports of CA-MRSA causing SSSS in neonates. 


Clinical features 

Presentation 

The initial event is usually a localised staphylococcal infection 
(Figure 26.14) [4]. This may be in the skin or at a distant or ‘occult’ 
site. A few days later, patients develop fever, irritability and skin 
tenderness. A widespread red eruption follows which is usually 
accentuated in the flexures (neck, axillae, inguinal creases and 
gluteal cleft) (Figure 26.15) and progresses rapidly to superficial 
blister formation (Nikolsky positive). The tender skin becomes 
gathered into folds and, as it shrinks, leaves raw areas which are 
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Figure 26.14 Staphylococcal scalded skin syndrome in a child. Courtesy of King’s 
College London. 


Figure 26.15 Staphylococcal scalded skin syndrome in an adult. Courtesy of King's 
College London. 


extremely painful. Mucosal membrane involvement is absent. 
Thick crusting and fissuring are common around the eyes, nose and 
mouth. The condition usually heals within 7-14 days. 


Clinical variants 

SSSS can be generalised or localised. Localised SSSS seems to 
favour the flexures, in particular the axillae (Figure 26.16a), groin 
and limb flexures. Healing of the localised form of the disease clas- 
sically leaves wrinkled desquamating skin with hyperpigmentation 
(Figure 26.16b). 


Differential diagnosis 
‘Scalded skin syndrome’ historically has been used as a synonym 
for toxic epidermal necrolysis (TEN) (Chapter 117). However, 


(b) 


Figure 26.16 (a) Localised staphyloccocal scalded skin syndrome (SSSS). (b) Localised 
SSSS healing with wrinkling desquamation and hyperpigmentation. Courtesy of King’s 
College London. 


cell necrosis does not occur in the staphylococcal disease, and it 
is widely accepted that the term ‘staphylococcal TEN’ is inap- 
propriate. Both TEN and Stevens-Johnson syndrome are the 
most important differential diagnoses to consider and they can 


be differentiated from SSSS on biopsy, where instead of the 
superficial blistering of SSSS there is subepidermal blistering 
and full-thickness epidermal necrosis. Other differential diagnoses 
include TSS, scarlet fever, Kawasaki disease, drug hypersensitiv- 
ity, thermal or chemical burns, pemphigus and genetic blistering 
disorders. 


Classification of severity 
The generalised form of the disease is considered to be more severe 
than the localised form. 


Disease course and prognosis 

SSSS usually settles within a few weeks when treated with appro- 
priate systemic antibiotics. However, the localised form of the 
disease may be prolonged with episodes of relapse over several 
months. Postinflammatory hyper- or hypopigmentation may occur 
following healing. 


Investigations 

Swabs and cultures of blister fluids do not usually grow Staph. 
aureus, as the blisters are mediated by the toxins which are dis- 
seminated haematogenously. The staphylococci may, however, be 
isolated from the original septic site if identified. Typing of Staph. 
aureus and PCR for toxin production may be possible in some 
laboratories. In adults with generalised SSSS, blood cultures are 
often positive for Staph. aureus, whereas this is rarely the case in 
children. 


Management 

Parenteral anti-staphylococcal antibiotics such as flucloxacillin, 
cefazolin, clindamycin, tigecycline or daptomycin should be used 
as first line therapy. First generation cephalosporins, penicillin G or 
erythromycin may be used if a susceptible strain of Staph. aureus 
has been identified. Clindamycin may be given orally or parenter- 
ally alone (or in combination with rifampicin or tetracyclines), or 
parenteral vancomycin or tobramycin if MRSA is suspected. If 
antibiotics are administered early, children usually recover within 
7 days and the mortality rate is low at 4%. In adults, the overall 
mortality rate is higher, around 60%, which is likely to reflect that 
in adults, SSSS is more common in those with underlying health 
conditions [12]. Those patients without underlying disease recover 
more rapidly. 


Treatment ladder for SSSS 


First line 

e Anti-staphylococcal penicillins 
¢ Cefazolin 

¢ Clindamycin 

¢ Daptomycin 


First line treatments if MRSA is suspected 
e Vancomycin 

e Linezolid 

e Tigecycline 
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Toxic shock syndrome CC 


Definition and nomenclature 

This is a serious life-threatening illness characterised by fever, 
acute redness followed by desquamation, circulatory shock and 
multisystem disease which is mediated by one or more bacterial 
toxins elaborated by Staph. aureus or Strep. pyogenes. 


Introduction and general description 

Toxic shock syndrome (TSS) was first reported in significant num- 
bers of patients shortly after the introduction of super-absorbent 
tampons in the 1970s. Thousands of menstruating women using 
these highly absorbent tampons presented acutely unwell with 
fever, low blood pressure and multiorgan failure leading to a 
death rate of 15%. This particular type of tampon is no longer 
manufactured and the number of cases has consequently declined 
dramatically. 


Epidemiology 

Incidence and prevalence 

Toxic shock syndrome is thought to be rare and has been reported 
to affect approximately 1-17/100 000 tampon users per annum. 


Age 
Any age can be affected but in general the condition is more common 
at the extremes of age and in menstruating women (15-40 years). 


Sex 
Historically, it is more common in females. 


Ethnicity 

Black women between the ages of 13 and 40 years in the USA had 
lower antibody titres to TSS toxin 1 (TSS-1) than white or Hispanic 
women, suggesting the former are more at risk of menstrual TSS [1]. 


Associated diseases 

Recent chickenpox infection, cellulitis and necrotising fasciitis, 
underlying HIV or internal malignancy, alcohol misuse and diabetes 
have all been associated with an increased risk of TSS. 


Pathophysiology 

Predisposing factors 

Nearly all cases have been infected or colonised by Staph. aureus. 
Staphylococcal infection of any severity, at any site, at any age and 
in either sex may cause TSS [2]. However, in most of the early cases, 
the organism was isolated from the vagina of menstruating women 
using high-absorbency tampons in the USA; in these cases, symp- 
tomatic vaginitis was common but not invariable. It seemed likely 
that staphylococci, perhaps introduced by hand or from perineal 
skin, found appropriate conditions for growth in the medium of the 
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menstrual blood, facilitated in some way by the tampon. A strong 
association with absorbency, and especially with one brand, was 
noted. Avoidance of these materials in tampons was followed by 
a dramatic fall in the incidence, so that after 1985 the majority of 
USA cases were non-menstrual [3]. Women are also at risk post- 
partum and if using internal barrier-type contraception such as the 
diaphragm. 

Toxic shock syndrome toxin 1, previously identified as staphylo- 
coccal enterotoxin F or as pyrogenic exotoxin C [4], is produced by 
80-90% of Staph. aureus isolates from affected cases and is believed 
to be the main bacterial mediator of the disease. More recently, 
staphylococcal enterotoxin B was also identified from cases of TSS 
[5,6]. This toxin belongs to a family of bacterial pyrogenic toxin 
super antigens (PTSAgs), which are able to stimulate T-lymphocyte 
proliferation in a non-antigen-specific manner. This results in fever, 
inflammation and shock. Most of these PTSAgs are encoded by 
a series of distinct mobile elements referred to as staphylococcal 
pathogenicity islands, which are located at specific sites in the 
genome and can be mobilised and transferred by other phages 
to other strains [7]. A similar disease has been associated with 
severe infections with Strep. pyogenes [8] and may be mediated by 
re-emergent scarlet fever toxin A [9]. 


Pathology 

There are no specific histological features. A perivascular mononu- 
clear cell infiltrate and papillary oedema may occur in the dermis. 
In cases with blister formation the split is subepidermal [10]. 


Causative organisms 
© Staph. aureus. 
e Strep. pyogenes. 


Clinical features 

History 

In menstrual TSS, women are usually about 5 days into their men- 
strual bleeding when they present with malaise and fever. 


Presentation 

The onset is acute with fever and rash. Vomiting and diarrhoea 
are common early features, and involvement of the muscle, liver, 
kidneys and central nervous system may follow. Circulatory shock 
(which does not respond to intravenous fluid replacement) is often 
rapid in onset and severity, and acute renal impairment frequently 
coexists. Multiorgan failure follows soon afterwards with at least 
three systems needed to be involved to fulfil the diagnostic criteria 
(gastrointestinal, renal, hepatic, central nervous system, muscular, 
haematological and mucous membranes). The rash may be the pre- 
senting feature or may develop within the first day. A widespread 
macular redness, sometimes faint, and clearing within 3 days is 
commonest, but scarlatiniform and papulopustular eruptions are 
also described. In more pigmented skin types, the rash may be more 
difficult to discern or may look more hyperpigmented or purpuric 
rather than red. Oedema of the hands and feet may be marked with 
indolent associated blistering (Figure 26.17). There is generalised 
mucous membrane redness, especially intense in the conjunctiva, 
under which there may be haemorrhage. Oral, oesophageal, vagi- 
nal and bladder mucosae may ulcerate. Occasionally, vesicles and 


Figure 26.17 Indolent blistering associated with toxic shock syndrome. 


bullae may form. Towards the end of the second week, the majority 
of patients develop a widespread, itchy, maculopapular sometimes 
urticarial rash, which is thought not to be drug induced in most 
cases. Thrombocytopenia may cause purpura in a retiform pattern 
at the peripheries (Figure 26.18). Desquamation is highly charac- 
teristic. It occurs 10-21 days after onset, and may be confined to 
the fingertips, may affect all the palmar and plantar skin or may be 
generalised. Reversible patchy alopecia or telogen effluvium and 
transverse ridging and partial loss of nails are later non-specific 
findings. 


Differential diagnosis 

Septic shock and other infections should be excluded by appro- 
priate investigations. Some reported adult cases of Kawasaki 
disease may have had TSS. The diseases have features in common, 
but Kawasaki disease can usually be differentiated by prolonged 
fever, cardiac involvement, generalised lymphadenopathy and 
absence of peripheral shock. Reports of staphylococcal scarlatina 
may represent milder cases of TSS. Ehrlichosis may present with 
a life-threatening illness similar to TSS [11]. Clostridium sordellii 
infection may be associated with TSS and a high mortality rate. 
The disease resembles the staphylococcal syndrome and it may 
result from postpartum infections [12], gynaecological procedures 
or intravenous drug use. 


Complications and co-morbidities 

TSS results in multiorgan failure which may manifest as adult res- 
piratory distress syndrome, acute and in some cases chronic renal 
failure and disseminated intravascular coagulation. 


Figure 26.18 Retiform purpura in toxic shock syndrome. 


Disease course and prognosis 

If treated in a high-dependency unit with prompt use of appropriate 
intravenous antibiotics, most patients recover over about 3 weeks; 
however, the mortality rate remains at about 7% [10,13]. 


Investigations 

The diagnosis is primarily clinical, supported by the confirmation, in 
the great majority of cases, of Staph. aureus infection through micro- 
biological cultures. Several sets of blood cultures should be taken 
(more commonly positive in group A streptococcal disease than 
staphyloccocal infections). Microbiological swabs from wounds 
and from the vagina of menstruating or postpartum females should 
also be taken. Routine biochemistry may show raised creatinine 
which frequently precedes hypotension. 


Management 

Tampons should be sought by clinical examination and removed 
if present and infected wounds debrided. Appropriate systemic 
antibiotic therapy should be given. Intensive general supportive 
measures are essential such as fluid resuscitation and ventilatory 
support. In addition, patients may require noradrenaline circu- 
latory support and dialysis. The use of systemic corticosteroids 
and IVIg still remains controversial in the management of septic 
shock including TSS. A Cochrane review concluded that there 
was evidence that polyclonal IVIg reduced mortality in adults; 
however, this benefit was not demonstrated in trials [14]. There was 
no proven benefit in neonates. There was insufficient robust benefit 
demonstrated with the use of IgM enriched IVIg [14]. Studies have 
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shown that the use of low-dose systemic corticosteroids reduced 
the duration and dose of vasopressor agents in septic shock [15] and 
ameliorates septic shock but does not reduce mortality at day 28 
[16]. There is some evidence from animal studies that the expression 
of glucocorticoid receptors is progressively decreased in experimen- 
tal sepsis leading to reduced translocation of dexamethasone into 
cells, which may explain why steroid treatment only appears to be 
beneficial when administered early in septic shock [17]. Synthetic 
human monoclonal antibodies against staphylococcal enterotoxin 
B have been shown to be protective against TSS in mice [18] and 
enhanced survival [19]. 

Intravenous clindamycin should be given as first line treatment 
as this is highly effective against most strains of Staph. aureus and 
Strep. pyogenes and is known to reduce toxin production. In addi- 
tion, benzylpenicillin sodium (penicillin G) to cover Strep. pyogenes 
is recommended. When Staph. aureus is known or suspected, an 
anti-staphylococcal penicillin or vancomycin (for MRSA) should be 
added to ensure adequate cover. 


Treatment ladder for TSS 


First line 

e Haemodynamic resuscitation 

e IV clindamycin (600-900 mg three times daily) +/— 
benzylpenicillin sodium (penicillin G) (2.44.8 g daily in four 
divided doses) or vancomycin (1-1.5 g every 12h). 
Intravenous antibiotics are usually continued for up to 1-2 
weeks depending on the clinical response 


Second line 
e For severe cases, consider additional intravenous 
immunoglobulin (initial dose 2 g/kg, then 4 days of 0.4 g/kg) 


Recurrent toxin-mediated rf 
erythema 


Definition 
Recurrent perineal erythema is mediated by superantigen toxins 
produced by strains of Staph. aureus and Strep. pyogenes. 


Introduction and general description 

Strep. pyogenes infection of the throat leads to perineal redness 
and subsequent rapid desquamation resulting from bacterial toxins. 
The condition is often recurrent. 


Epidemiology 
Incidence and prevalence 
Not known. 


Age 
Young children usually under the age of 12 years but adults may 
occasionally be affected [1]. 
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Sex 
Males and females are equally affected. 


Pathophysiology 

Predisposing factors 

Group A streptococcal throat infections and impetigo often pre- 
cede the onset of the disease. Superantigens produced by Staph. 
aureus and Strep. pyogenes lead to non-specific T-cell activation and 
toxin-mediated redness at distant skin sites [2]. 


Causative organisms 
¢ Strep. pyogenes. 
© Staph. aureus. 


Clinical features 

History 

Recurrent episodes of pharyngotonsillitis followed by redness in the 
perineum and occasionally the axillae. 


Presentation 

After a sore throat, patients develop an eruption in the perineal 
area. The rash resembles erysipelas (Figure 26.19) with macular 
redness or inflammation but settles more quickly with desqua- 
mation, and is associated with very little in the way of systemic 
features [3]. Other cutaneous areas may also be red including the 
hands, feet and axillae [4,5]. Some patients also have a strawberry 
tongue. 


Disease course and prognosis 
The disease is recurrent but settles rapidly with appropriate 
antibiotics. 


Figure 26.19 Recurrent toxin-mediated perineal erythema. 


Investigations 

The diagnosis is made on clinical grounds. Patients are usually well, 
with a history of a sore throat. Swabs from the perineal area do 
not grow any specific organisms, but throat swabs may yield Staph. 
aureus or Strep. pyogenes. 


Management 
Patients respond well to a short course of antibiotics, which covers 
Strep. pyogenes and Staph. aureus, with few sequelae. 


Streptococcal vulvovagin 


Definition 
Vaginal infection with group A streptococci, mainly affecting pre- 
pubescent girls. 


Introduction and general description 
Patient complains of irritation or soreness in the genital area. 


Epidemiology 
Incidence and prevalence 
Not known. 


Age 
Mainly affects prepubescent girls but women may also be affected. 


Sex 
Females. 


Associated diseases 
Perianal infection occasionally coexists. 


Pathophysiology 

Predisposing factors 

Personal or family member with a cutaneous or respiratory infection 
with group A streptococcal disease. In older women, sexual contact 
with an infected person. 


Causative organisms 

e Strep. pyogenes accounts for 10% of cases of vulvovaginitis in pre- 
pubertal girls [1]. 

e Other bacterial causes of vulvovaginitis in prepubertal girls, 
including E. coli, Enterococcus faecalis, H. influenzae, Proteus 
mirabilis and Staph. aureus, cannot be distinguished clinically 
[2,3]. 


Clinical features 

History 

Young girl usually complains of irritation or soreness in the vaginal 
area with associated pain on passing urine. 


Presentation 

The child complains of genital soreness or irritation and the skin is 
acutely red. There may be purulent/watery or yellow vaginal dis- 
charge or dysuria. 


Differential diagnosis 
Candida infections and sexually transmitted diseases. 


Disease course and prognosis 
The symptoms usually settle with appropriate systemic antibiotics; 
however, recurrence may be problematic. 


Investigations 
Swabs from the vulvo-vaginal area for microbiology. 


Management 

The infection responds to oral penicillin or clarithromycin. Some 
authors report rapid cure with vaginal clindamycin 2% cream [4]. 
There is some evidence that there may be concomitant group 
A streptococci and Candida in women, therefore treatment with 
antibiotics plus fluconazole may be indicated [5]. 


Perianal streptococcal c el 


Definition and nomenclature 

The term ‘cellulitis’ [1,2] seems inappropriate for this superficial 
infection that lacks fever and other systemic symptoms, although 
surface swabs yield group A streptococci in all cases. 


Introduction and general description 
An uncommon superficial cutaneous infection in the perianal area 
almost exclusively in young children. 


Epidemiology 

Age 

Most patients are children aged between 6 months and 10 years [3], 
but occasional adult cases are seen. 


Associated diseases 
Guttate psoriasis and, in girls, vulvovaginitis are occasionally 
associated. 


Pathophysiology 

Predisposing factors 

Some, but not all, patients were found to harbour Strep. pyogenes 
in the throat, usually of the same strain, and sometimes there is a 
recent history of pharyngitis or impetigo in a family member [4]. 
In some reported cases, there had been symptoms for many weeks 
or months, suggesting that chronic infection may occur. 


Causative organisms 

¢ Strep. pyogenes. 

¢ Staph. aureus has been reported to cause a similar clinical appear- 
ance with satellite pustules at the periphery [5]. 
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Clinical features 

Presentation 

Perianal soreness or irritation, pain on defecation and sometimes 
secondary faecal retention are typical presenting symptoms. The 
affected skin is bright red and may be fissured. The genital skin may 
also be additionally affected [6]. 


Differential diagnosis 

The diagnosis of perianal streptococcal cellulitis is often delayed due 
to consideration of other diagnoses in the affected children including 
diaper dermatitis, seborrhoeic dermatitis, scarlet fever, candidiasis 
and even sexual abuse [7]. 


Disease course and prognosis 
Usually clears rapidly with appropriate antibiotic treatment. 


Investigations 
Perianal swab for microbiology. 


Management 

The condition responds to an oral antibiotic. Penicillin is often suc- 
cessful [3,4], but recurrences in some patients respond to a macrolide 
and topical mupirocin [3,8,9] for 10-14 days. A 2-week course of 
oral antibiotic treatment is usually recommended [2]. 


Blistering distal dactylit 


Definition 
A distinct entity presenting with localised group A streptococcal 
infection of the distal phalanx usually in a child. 


Introduction and general description 

Blistering distal dactylitis manifests as multiple bullae on the 
volar aspects of the hands and fingers usually in young children. 
Lesions appear over a few days and may leave superficial erosions 
secondary to usually group A Streptococcus but also Staph. aureus 
infections. 


Epidemiology 

Age 

Children between the ages of 2 and 16 years of age are most com- 
monly affected but there are cases reported in adults [1]. Rarely 
cases have been reported in children a few months of age [1,2]. 


Pathophysiology 

Causative organisms 

Group A streptococci and other organisms have been identified, 
including group B streptococci [3] and Staph. aureus [4]. More 
recently Staph. aureus has been noted to be implicated in adults [5]. 


Clinical features 

Presentation 

A large blister or blisters containing thin seropurulent fluid forms 
on the distal phalanx, usually of a finger, and typically on the 
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Figure 26.20 Blistering distal dactylitis. 


palmar pad (Figure 26.20), although it may extend to the nail folds, 
and more proximal involvement of the palmar skin is sometimes 
seen [6]. An upper respiratory tract infection is sometimes present. 
One recurrent case occurred beside an ingrowing toenail [7]. 


Differential diagnosis 
¢ Herpetic whitlow. 

e Bullous impetigo. 

¢ Pompholyx eczema. 


Disease course and prognosis 
Usually settles rapidly with the appropriate antibiotics. 


Investigations 
The organism is cultured from blister fluid. 


Management 

If bullae are tense, they may be disrupted gently with a sterile nee- 
dle, leaving the blister roof intact [2]. A course of anti-staphylococcal 
penicillin antibiotics (flucloxacillin, dicloxacillin, cloxacillin) is 
usually effective [5]. Topical therapy with wet dressings may be 
helpful [5]. 


There has been a resurgence over the past decade of invasive 
streptococcal diseases many of which are mediated by toxin 
production. The following section includes toxin-mediated strep- 
tococcal diseases that affect the skin including scarlet fever and a 
toxic shock-like syndrome. 


Scarlet fever 


Definition and nomenclature 
A disease manifested by pharyngitis caused by toxin-producing 
group A streptococci, fever and a distinctive scarlatiniform rash. 


Introduction and general description 

Scarlet fever is mainly a disease of young children who do not have 
protective antibodies against streptococcal exotoxins. Scarlet fever 
is characterised by an acute streptococcal pharyngitis with fever, 
with a rash occuring in about 1 in 10 cases. 


Epidemiology 

Incidence and prevalence 

The disease occurs worldwide but the full syndrome is uncommon 
in the tropics, where surveys suggest that subclinical infections 
must be frequent [1]. There has been a dramatic resurgence of cases 
over the past decade with epidemics reported in China, Hong Kong 
and Poland [2,3,4]. Scarlet fever is endemic in large towns but the 
incidence varies greatly from year to year. The incidence in the 
Oxford (UK) region at a time of greater frequency of the disease 
was 0.3 confirmed, and 1.25 suspected, cases per 1000 per year [5]. 
In the last few decades, scarlet fever has been less severe than in the 
late 19th and early 20th centuries, perhaps because of the virtual 
disappearance of type A toxin [6]. 


Age 
Most cases occur between the ages of 5 and 15 years although infec- 
tions are reported in infancy and adults [4]. 


Sex 
Equal numbers of males and females are affected. 


Ethnicity 

Scarlet fever is not reported more commonly in any particular eth- 
nic groups; however, it has been reported to be more common in 
conditions of overcrowding and high rates are reported in the least 
affluent populations [7]. 


Associated diseases 
Rheumatic fever, 
osteomyelitis. 


poststreptococcal glomerulonephritis, 


Pathophysiology 

Predisposing factors 

Scarlet fever is an acute infection caused by strains of Strep. 
pyogenes producing pyrogenic exotoxin (erythrogenic toxin, 
erythrotoxin), of which there are three antigenically unrelated 
types, A, B and C [8,9-11]. All three are capable of producing 
scarlet fever. Toxin production appears to depend on the pres- 
ence of a temperate bacteriophage and is exclusive to group A 
streptococcal infection, a single strain of which may produce 
none, one, two or all three toxins [12]. In the 1970s and 1980s, 
type B was the most frequent toxin in the USA, Germany and 
England, and type C was also seen; type A is believed to have 
been responsible for the severe disease seen several decades ago. 
Whether an infected individual develops scarlet fever or a septic 
streptococcal illness, such as tonsillitis or cellulitis, depends on 
the level of antitoxic immunity, normally acquired by previous 
exposure. 


Pathology 

The upper respiratory tract is the usual portal of entry and, although 
infection of surgical and other wounds may sometimes be 
responsible, most reports of this association have not included 
bacteriological examination of the throat. Droplet infection 
is the most common but the disease may also be spread by 
fomites. 

Group A streptococci are classified by M antigens, which are 
encoded by emm genes. At least 200 emm types have been iden- 
tified so far and these are associated with different geographic 
locations, virulence and resistance patterns. One study from Taiwan 
confirmed a shift in emm genotype over a 20-year period, with a 
significant increase in prevalence of macrolide resistant disease [13]. 
The fluctuation in genotypes has been reported following various 
outbreaks in different countries and the increasing prevalence of 
antibiotic resistant strains is a recurrent theme [2,14]. 

The erythrogenic toxin is responsible for cutaneous vasodilata- 
tion, which may be associated with oedema and a perivascular 
cellular infiltrate. The toxin may also produce a degenerative 
myocarditis. The bacterial component of the syndrome consists of 
septic lesions in many organs, with abscess formation. Glomeru- 
lonephritis depends on an immunological mechanism. An attack 
with a rash confers permanent, specific antitoxic immunity. The 
toxin produced by other strains is not neutralised, hence second 
attacks, although rare, can occur. Bacterial immunity is temporary 
and there is therefore no permanent protection against the septic 
manifestation of infection by the same or related strains of Strep. 


pyogenes. 


Causative organisms 
e Strep. pyogenes. 


Environmental factors 
Overcrowding, poor sanitation. 


Clinical features 
Presentation 
After an incubation period, which is usually 2-5 days, fever, 
anorexia and vomiting usher in the infection [15]. If the throat 
is the portal of entry, there is an acute follicular or membranous 
tonsillitis, with painful lymphadenopathy. If the infection has 
entered a wound, there may be increased tenderness and some 
serous discharge. The rash, which appears on the second day, first 
on the upper trunk, is made up of fine, red punctate lesions, and 
has been likened to ‘sunburn with goose pimples’ or ‘sandpaper’. 
In more deeply pigmented skin, the rash will be less visible but 
the texture change should be discernible. It generalises within a 
few hours or over 3 or 4 days. Transverse red streaks in the skin 
folds due to capillary fragility are known as Pastia lines. The face is 
flushed and relative pallor around the mouth is characteristic. The 
lower legs are involved last and least. After 7-10 days, the rash is 
succeeded by desquamation, bran-like in most areas but in large 
lamellar scales on the palms and soles. 

The oral mucous membranes are bright red and there may 
be deeper red puncta on the palate. The tongue is at first heav- 
ily coated, but by the second or third day scattered swollen red 
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papillae give the ‘white strawberry tongue’ appearance. As the 
epithelium is shed, the tongue becomes smooth and dark red (‘red 
strawberry tongue’) before returning to normal. Fever usually 
settles in 7-10 days. The typical course of the mild or moderate 
case may be modified if either the toxic or septic manifestations are 
severe. 

In the severe toxic form, the eruption is very intense and may 
be purpuric. Fever is high and the patient is delirious or comatose. 
Myocarditis may be present. In the septic forms, the local pharyn- 
geal lesions are severe and there may be extensive oedema. Otitis 
media and peritonsillar abscesses are frequent. 


Differential diagnosis 
Rubella, the early stage of smallpox, and some drug reactions can 
simulate scarlet fever. The lack of pharyngeal lesions and the dis- 
tribution of the exanthem will usually enable the diagnosis to be 
established. Rarely, staphylococcal infections are accompanied by a 
scarlatiniform erythema. 

In the so-called recurrent scarlatiniform erythema, repeated 
attacks of a somewhat similar rash, followed by exfoliation, occur 
without discoverable cause. Far East scarlet-like fever occurred 
in epidemics in East and South East Asia during the 1950s. The 
aetiological agent has been identified as Yersinia pseudotuberculo- 
sis IP31758, and the complete genome has now been sequenced, 
showing its evolution from the typical strain of Y. pseudotuberculosis 
[16]. 


Complications and co-morbidities 

Complications are caused either by the toxin, or by bacterial inva- 
sion of the tissues by local extension or by haematogenous dissemi- 
nation, or by a probably allergic reaction. Of the toxic manifestations, 
myocarditis is the most important. The suppurative complica- 
tions include hepatitis, arthritis, meningitis and osteomyelitis. 
Rheumatic fever and glomerulonephritis are presumed to be allergic 
in origin. 


Disease course and prognosis 

At present, the prognosis is good and the mortality of treated cases 
is under 1%. Second attacks are more frequent in patients in whom 
early antibiotic control of the initial attack has impaired an adequate 
immune response [17]. 


Investigations 

The classical form of the disease associated with tonsillitis is 
unlikely to be misdiagnosed if it is considered. The diagnosis may 
be supported by culture of a group A Streptococcus and a rising 
ASOT. 


Management 

Penicillin remains the mainstay of antibiotic treatment of scarlet 
fever [18] and should be given in adequate dosage for 10 days as 
soon as the diagnosis is suspected, to reduce the communicability 
of the infection. Recent cases and outbreaks have included large 
numbers of strains resistant to erythromycin, tetracycline and clin- 
damycin [2,19], and cases associated with CA-MRSA [20] and PVL 
[21] have been reported. 
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Treatment ladder for scarlet fever 


First line 

e Penicillin 

e Amoxicillin 

¢ Cephalosporins (first generation) 


Second line 
¢ Clindamycin 
¢ Clarithromycin 


Third line 
e¢ Vancomycin 
e Linezolid 


Streptococcal toxic shock-like syndrome 


Definition 

Fever, myalgia and flu-like symptoms are followed by pain in an 
extremity, or the abdomen. A rash followed by desquamation, circu- 
latory shock and multisystem disease characterise the streptococcal 
toxic shock-like syndrome (STSLS). 


Epidemiology 
Age 
The disease may occur in children or adults. 


Pathophysiology 

Predisposing factors 

This disorder has been associated with the recent re-emergence of 
invasive group A streptococcal infections. Group A streptococci are 
usually cultured from the blood. The streptococcal toxins are likely 
to be responsible for this condition, although the exact pathogenic 
mechanisms are currently still unknown. Slightly more atypical 
species of Streptococcus have recently been reported to cause STSLS 
[1-4]. 


Causative organisms 
¢ Strep. pyogenes. 

e Strep. suis. 

¢ Strep. dysgalactiae. 

° Strep. agalactiae. 


Environmental factors 
Some of the recent epidemic outbreaks have been associated with 
zoonotic species of streptococci such as via contact with pigs [1,5]. 


Clinical features 

Presentation 

The disease is similar to staphylococcal TSS, although there may be 
some differences. Cases of streptococcal TSLS are associated with 
severe invasive group A streptococcal disease, whereas staphylo- 
coccal TSS may be associated with either severe or trivial infection. 
Surgical wounds, throat infections, vaginal infections postpartum 
or soft-tissue infections due to group A Streptococcus may be fol- 
lowed by the STSLS [6,7]. The onset of the illness is usually rapid 


with high fever, a rash that desquamates, ensuing hypotension 
and ultimately multiorgan failure. Virulent strains of Streptococcus 
produce potent exotoxins that are highly destructive of particularly 
skin and muscle. 


Differential diagnosis 
Staphylococcal TSS. 


Complications and co-morbidities 
Complications include myositis, endophthalmitis, peritonitis and 
renal failure [8]. 


Disease course and prognosis 
The disease is associated with a mortality rate of 25%. 


Investigations 

Blood cultures are frequently positive, and swabs from the site of 
clinical infection almost always yield group A Streptococcus M types 
1,3, 12 and 28. The streptococcal pyrogenic exotoxins (SPEs) A and B 
are produced in the majority of these cases. 


Management 

Penicillin, clarithromycin or clindamycin would be the treatment of 
choice for most soft-tissue infections caused by group A streptococ- 
cal disease. Where necrotising fasciitis or myositis has developed, 
rapid debridement, fasciotomy or amputation may be required. IVIg 
may be helpful to neutralise the toxin [9]. 


Treatment ladder for streptococcal toxic 
shock-like syndrome 


First line 
e Penicillin 
¢ Clindamycin 


Second line 
¢ Cephalosporin (first generation) 
e Clarithromycin 


Third line 
e Vancomycin 
e Linezolid 


CORYNEFORM BACTERIA 


Definition 

The term coryneform bacteria is currently used to describe 
Gram-positive, non-sporing, rod-shaped, pleomorphic organisms 
commonly referred to as diphtheroids [1,2]. 

This heterogeneous group has a wide distribution in nature and 
is of considerable importance to the dermatologist. It includes the 
aerobic cutaneous Corynebacterium species (among which C. diph- 
theriae is most well-known), Brevibacterium, Arcanobacterium and 
Actinomyces species, as well as the anaerobic but aerotolerant 
Cutibacterium species (formerly Propionibacterium) [3,4] (Box 26.3). 


Box 26.3 Coryneform bacteria 


Human commensals or pathogens 


Aerobic 

© Corynebacterium diphtheriae — primarily throat 
¢ C. ulcerans 

° C. pseudotuberculosis 

° C. striatum 

© C. pseudodiphtheriticum 

¢ C. minutissimum 

° C. jeikeium 

¢ C. propinquum 

¢ C.amycolatum 

° C. urealyticum 

e Arcanobacterium (formerly Corynebacterium) haemolyticum 
¢ Brevibacterium epidermidis 


Anaerobic (aerotolerant) 

¢ Cutibacterium (formerly Propionibacterium) acnes — primarily 
follicular 

¢ Truperella (formerly Corynebacterium) pyogenes — primarily skin 

© Cutibacterium granulosum 

© Cutibacterium avidum 


Introduction and general description 

Many different species of aerobic coryneform bacteria may be 
isolated from the normal human skin. Their classification remains 
unsatisfactory, but attempts to divide them into a six-species 
complex on the basis of obligate lipophilicity, glucose fermen- 
tation, tyrosine clearance and nitrate reduction provides some 
clarity [1]. Taxonomic advances have resulted in the renaming and 
reclassification of several species [4]. Apart from Corynebacterium 
species, it is now clear that Brevibacterium species, non-lipophilic 
coryneform organisms, can be isolated regularly from most human 
skin, especially the toe clefts [2]. It is generally accepted that tri- 
chomycosis axillaris and erythrasma are caused by an overgrowth 
of resident coryneforms, and there are grounds for suggesting 
that one of the organisms involved in pitted keratolysis is also 
a resident coryneform (Box 26.4). In trichomycosis, a variety of 
different strains of aerobic coryneforms have been implicated, not 
a single species (Corynebacterium tenuis) as originally thought. In 
erythrasma, the term Corynebacterium minutissimum is still used, 
but it is probably wise to recognise that this label implies a species 
complex of fluorescent aerobic coryneforms capable of initiating, 
alone or with others, the characteristic scaling and pigmentary 
changes of that condition. As with so many other skin microorgan- 
isms, corynebacteria have also become resistant to many antibiotics 
[5]. Corynebacterium jeikeium, Corynebacterium amycolatum and 
Corynebacterium urealyticum are highly resistant to most antimicro- 
bial agents, and these organisms are regularly found on the skin 
and mucous membranes. They may be associated with systemic 
infections, particularly in patients with catheters or those who are 
immunosuppressed [6]. Carriage of these organisms occurs on 
many different skin sites, especially the perineal area, suggesting 
that the antibiotic resistance originates in the gastrointestinal tract 
and then passes to the skin [6]. 


Box 26.4 Diseases caused by Corynebacterium 


¢ Diphtheria 

e Erythrasma 

¢ Trichomycosis axillaris 
¢ Pitted keratolysis 


Diphtheria — |W 


Definition 

This is an acute disease caused by toxin-producing strains of 
Corynebacterium diphtheriae. Two other zoonotic species (Corynebac- 
terium ulcerans and Corynebacterium pseudotuberculosis) may also 
produce toxin and lead to the condition. Currently many diphtheria 
cases recorded are caused by C. ulcerans [1]. A milder form of the 
condition can result from non-toxin-producing C. diphtheriae. While 
classically diphtheria is a throat and systemic infection, isolated 
skin infections, cutaneous diphtheria, are seen. 


Epidemiology 

Incidence and prevalence 

C. diphtheriae is widespread, especially in the tropics, but outbreaks 
in more temperate climates are not uncommon. The infection is 
typically spread from affected cases or carriers via nasopharyngeal 
secretions. Generally, the rates of infection are considerably less 
in individuals receiving adequate courses of immunisation, and 
where infections occur they are usually less severe in these groups 
than in the non-immunised [2]. It is likely that widespread immuni- 
sation programmes have been in part responsible for the decreased 
incidence of diphtheria. When immunisation coverage is reduced, 
outbreaks of diphtheria re-emerge, as in the former Soviet Union 
countries in the late 1990s [3]. One interesting observation is that 
isolates of C. diphtheriae from immunised subjects are less likely to 
be toxigenic than those from the non-immunised. 

Cutaneous diphtheria is rarely reported in temperate climates, 
but the diagnosis is easily overlooked [4]. An outbreak occurred 
in Vancouver, Canada, in all numbering 44 cases. Another report 
from northern Canada has stressed the persistence of diphtheria in 
spite of high immunisation rates, and the more frequent isolation of 
C. diphtheriae from Native Americans than from other ethnic groups 
[5]. In the tropics, especially where hygiene standards are low, the 
infection is more readily established in pre-existing skin lesions, 
and in the southern USA cutaneous infections have been shown 
to be significant in the epidemiology of diphtheria, particularly in 
poor communities [6]. In the UK, 17 cases of cutaneous diphtheria 
reported from 1995 to 2002 were all travel related [7]. It has also 
been seen in pig handlers [8]. 


Age 
All ages. 


Sex 
Both sexes. 
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Pathophysiology 

The diphtheria toxin consists of two fragments: the A polypeptide, 
which is the active segment, and the B fragment, which binds to 
cell surface receptors. The A segment inactivates transfer RNA 
translocase, preventing protein synthesis. Strains of C. diphtheriae 
differ in toxigenicity, and those isolated from chronic skin lesions 
often produce little toxin. All strains are lysogenic for temperate 
phages: strains which lose their phage lose their ability to pro- 
duce toxin. As the toxin inhibits cellular protein synthesis, this 
results in local tissue destruction and the formation of the pseu- 
domembrane. Haematological spread of the toxin is responsible 
for the potential complications, most commonly myocarditis and 
neuritis. 

The association of C. diphtheriae with yaws in the Pacific area 
is statistically significant and suggests that the lesions produced 
by the spirochaete may provide particularly suitable conditions 
for colonisation by diphtheria. Colonisation of skin lesions by 
a strain of low virulence may not modify their morphology or 
produce any remote toxic effects. Such strains may provide a 
sufficiently strong antigenic stimulus for immunity to develop. 
A toxigenic strain induces local necrotic changes and systemic 
effects. 


Causative organisms 
° C. diphtheriae. 

¢ C. ulcerans. 

° C. pseudotuberculosis. 


Clinical features [4,5] 

Presentation 

The typical early lesion is a superficial ulcer, rounded, oval or irreg- 
ularly linear, with a clearly defined, overhanging edge. 

Exudate from the ulcer floor tends to form a tough grey or brown- 
ish grey, adherent membrane. Later, the ulcer may deepen, and its 
edge become rolled, raised and avascular. There may be moderate 
enlargement of the regional lymph nodes. In temperate climates, 
the lesions occur most commonly at the umbilicus, behind the ears, 
in the genito-crural flexures, in a toe cleft or in a finger or toe, where 
a whitlow may be simulated. They may, however, develop in any 
pre-existing skin lesion and in the tropics commonly complicate 
such conditions as desert sores. The diagnosis may be suspected in 
persistent ulcers with an adherent membrane. 

A rare clinical form has been described in children with eczema: 
varicelliform vesicles or pustules are succeeded by diphtheritic 
ulcers. For this reason the role of C. diphtheriae in the pathogenesis 
of skin lesions has been questioned, particularly as other potentially 
pathogenic bacteria, such as staphylococci and streptococci, may be 
present [4]. 


Clinical variants 
Faucial diphtheria may be associated with adherent haemorrhagic 
crusts around the nose and mouth. 


Differential diagnosis 
In many cases, the lesions are less distinctive and may simulate 
impetigo or ecthyma. 


Complications and co-morbidities 

Systemic manifestations are characteristically absent or mild in cuta- 
neous diphtheria, but are occasionally severe, especially in infants. 
In all forms, neurological complications, on which the retrospective 
diagnosis of diphtheria is sometimes based, occur in some 30% of 
cases and myocarditis in 5-10%. 


Disease course and prognosis 
Cutaneous diphtheria may persist for 6-12 weeks, healing with scar 
formation. 


Investigations 

Swabs should be sent for culture; if a pseudomembrane is present 
the swab should be taken from under the membrane. The toxigenic- 
ity can be determined using the Elek test or PCR testing for the 
rpoB gene and the A-subunit of the tox gene, and this should be 
performed by the national reference laboratory. 


Management 

Specific antitoxin should be administered to confirmed or probable 
cases of diphtheria in a hospital setting. A dose of 20000-50000 
units should be given intramuscularly. Macrolides and benzylpeni- 
cillin are the antibiotics of choice and are required alongside the 
antitoxin. Antibiotic treatment should be given for 14 days and 
elimination of the organism confirmed microbiologically. The sub- 
sequent management will depend on whether there is neurological 
or cardiac involvement, and will be facilitated if the toxigenicity 
of the infecting strain can be established. With cutaneous disease 
the risk of significant toxin absorption is low, so the benefits of 
diphtheria antitoxin must be weighed against the risks. Antibiotic 
therapy, again with macrolides or benzylpenicillin, is required and 
thorough cleaning of the wound should be performed. Cases should 
be isolated in hospital for at least the first 24 h of antibiotic treat- 
ment or have restricted contact in the community. All cases should 
be immunised once stable as infection does not always induce 
adequate levels of anti-toxin. The disease is notifiable to public 
health authorities and management of close contacts is important to 
prevent onward transmission. Close contacts should self-monitor 
for disease and be excluded from work in high-risk occupations 
(e.g. health and social care workers), be swabbed for asymptomatic 
carriage, receive 7 days of a macrolide or a single intramuscular 
dose of benzylpenicillin and be immunised [9]. 


Erythrasma -—l a 


Definition 

Erythrasma is a mild chronic localised superficial infection of the 
skin caused by a group of closely related aerobic coryneform bac- 
teria, usually known as C. minutissimum. It is a common disease 
affecting the axillae, groins and toe webs which may be symptom 
free or show mild discomfort and itching. 


Epidemiology 
The epidemiology of erythrasma has not been fully elucidated. 
There seems to be little doubt that the organisms responsible are 


frequently members of the normal flora, at least in the toe clefts, 
and that some shift in the host—parasite relationship results in the 
development of classical erythrasma [1]. 


Age 
Clinical infection may occur at any age but is more common among 
adults than children. 


Sex 
Both sexes. 


Associated diseases 
Erythrasma may be the presenting feature in patients with dia- 
betes [1]. 


Pathophysiology 

Predisposing factors 

Excessive sweating, obesity, poor hygiene and advancing age may 
predispose individuals to the condition. Individuals living in insti- 
tutions (college dormitories, army barracks, nursing homes) are 
more likely to develop erythrasma [2]. 


Pathology 

It is now recognised that the Gram-positive rods and filaments 
found in the scales of erythrasma are coryneforms. Among normal 
populations, mild toe cleft scaling with pink fluorescence is com- 
mon. Clinically important infections of the groins are much less 
frequent and those of the axilla are even more uncommon. A more 
generalised form of erythrasma (also described as disciform) can 
occur on the trunk. 


Figure 26.21 (a) Erythrasma in the axilla. Courtesy of 
St John’s Institute of Dermatology. (b) Fluorescence with 
Wood's light. Courtesy of King’s College London. 


Causative organisms 
The name C. minutissimum has been given to the organisms, but pos- 
sibly more than one species may be involved. 


Environmental factors 
A warm humid climate is a predisposing factor. 


Clinical features 

History 

This is generally a chronic disease which presents in the groins or 
axillae (Figure 26.21). Erythrasma, as detected by Wood’s light exam- 
ination, involves the toe clefts more frequently than any other site 
(Figure 26.22). 


Presentation 

As clinically manifest lesions, erythrasma occurs most commonly in 
the groins, axillae and the intergluteal and submammary flexures. 
The patches are of irregular shape and sharply marginated, at first 
red, but later becoming brown. New lesions are smooth, but older 
lesions tend to be finely creased or obviously scaly. In the generalised 
form, the sharply marginated, reddish brown plaques may cover 
extensive areas of the trunk and limbs. 

In temperate climates most lesions are symptomless, but in the 
tropics, particularly, irritation of the lesions in the groins may lead to 
scratching and lichenification. Involvement of the perianal skin may 
present as pruritus ani, of which erythrasma is an uncommon cause. 


Clinical variants 

Toe cleft infections are often asymptomatic; the scaling, fissuring 
and maceration that may be present are not necessarily caused by 
the corynebacteria. Rarely, C. minutissimum has been associated 
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with systemic disease, such as recurrent abscesses or endocarditis 
in immunocompromised individuals [3]. 


Differential diagnosis 

Pityriasis versicolor is most commonly confused with erythrasma, 
but it occurs predominantly on the upper trunk, and the individual 
lesions are small and are not red. On the thighs, groins and pubic 
area, tinea cruris may be simulated, but the relative lack of inflam- 
mation, complete absence of vesiculation and absence of satellite 
lesions point against tinea. It is difficult to differentiate erythrasma 
of the toe clefts from tinea pedis or Candida infection, but, as in 
all varieties of erythrasma, the presence of coral-red fluorescence 
under Wood's light is diagnostic. Since many patients have both 
tinea pedis and erythrasma, mycological examination of scales is 
important. Flexural psoriasis is an important differential that may 
need to be excluded. 


Disease course and prognosis 
Chronic without treatment. 


Investigations 

Coral-red fluorescence with Wood’s light is attributable to copropor- 
phyrin III and strongly suggests erythrasma, although it does not 
necessarily indicate active infection. The persistence of fluorescence 
after eradication of the coryneforms may depend on the thickness of 
the horny layer, as it is common at the margins of the toe webs. Pink 
fluorescence is also demonstrable in some necrotic tumours and on 
the normal tongue, where it is not apparently caused by coryne- 
forms. It is seen in the follicular openings of the normal skin of the 
face and the upper trunk, where corynebacteria or cutibacteria are 
the likely cause. In the groins and axillae, acanthosis nigricans may 
fluoresce a brilliant pink colour, presumably due to heavy coloni- 
sation with fluorescent coryneforms, although other bacteria may 


Figure 26.22 (a,b) Erythrasma of the toe cleft. (b) 
Fluorescence with Wood's light. Courtesy of King's 
College London. 


show pink fluorescence. Scrapings from the affected skin may show 
bacteria if stained with Gram or Giemsa or even with simple potas- 
sium hydroxide clearance. Cultural confirmation is not necessary as 
the clinical appearance is typical and Wood’s light examination of 
the patient shows the characteristic changes. 


Management 
Without treatment the condition tends to persist indefinitely, 
although there may be spontaneous fluctuations in severity. 
Although several treatments have been recommended for ery- 
thrasma, there are no studies comparing their effectiveness [4]. 
Erythrasma responds well to most topically applied azole antifun- 
gal agents, such as clotrimazole and miconazole [5]. The duration of 
therapy varies, but 2 weeks is usually sufficient. For more extensive 
lesions, erythromycin is probably the most effective treatment. 
Alternatives include topical fucidin and oral tetracycline. Good 
results have also been reported with a single dose of 1g clar- 
ithromycin [6]. Relapse is a problem in some patients. In these cases 
the usual approach adopted is to give long-term antiseptics, such as 
povidone-iodine, and to use drying agents, such as powders, in the 
affected areas. 


Treatment ladder for erythrasma 


First line 
¢ Topical azole antifungal 
e Erythromycin 


Second line 
e Tetracyclines 
e Clarithromycin 


Trichomycosis axillaris 


Definition and nomenclature 

This is a superficial infection of axillary hairs with the formation 
of adherent granular nodules or concretions, which can be yellow, 
black or red in colour, on the hair shaft. These are commonly mal- 
odourous. The term ‘trichomycosis’ is misleading as the causative 
agents are bacteria not fungi [1]. It is important to distinguish 
trichomycosis axillaris from trichomycosis nodosa or Piedra. 


Epidemiology 
Trichomycosis is a common but underrecognised condition. 


Age 
Uncommon before puberty as the infection generally affects axillary 
and pubic hair. 


Sex 
No specific sex predilection. However, probably less frequently seen 
in females due to removal of axillary hair. 


Pathophysiology 

Pathology 

Studies using transmission and scanning electron microscopy [2] 
have shown that the concretions consist almost exclusively of tightly 
packed bacteria. They grow within and between the cuticular cells 
and may invade the cortex [2]. 


Causative organisms 

Several species of Corynebacterium have been implicated including 
C. flavescens (most common), C. propinquum and C. tenuis. These 
biotypes probably reflect the range of resident coryneform types in 
the normal axilla. It has been shown that changes in the chemical 
environment of these organisms may induce pigment production, 
perhaps explaining the different colours of the nodules, which 
are not attributable to different bacterial strains [3]. 


Environmental factors 
More common in hot and humid environments. 


Clinical features 

History 

It is usually asymptomatic and the patient is often unaware of its 
presence. Some patients complain of malodourt. 


Presentation 

Yellow, black or red concretions are present on the hair shaft and 
these may be hard, or soft and nodular, or more diffuse. In the 
nodular varieties, the hair may be brittle and easily broken [2]. 
The underlying skin is normal. The axillary sweat may be yellow, 
black or red according to the colour of the concretions, and the 
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clothing may be stained. The yellow type is the most common. The 
few figures available on the prevalence of trichomycosis show it to 
be common. Axillary infection was present in 27% of adult male 
students in one UK survey, and in 42% of male patients but only 7% 
of women patients in a hospital setting [4]. Pubic infection is less 
common but can occur [5]. 


Differential diagnosis 

Pediculosis pubis, which may affect axillary as well as pubic hair, 
and piedra should be considered. Examination under Wood’s light is 
helpful. Microscopical confirmation of the diagnosis is desirable. 


Complications 
Trichomycosis axillaris is a benign condition with no associated 
complications. 


Disease course and prognosis 
Chronic but fluctuates in severity. 


Investigations 

Potassium hydroxide mounts show the bacteria as narrow bacil- 
lary organisms in the yellow or red concretions. They are Gram 
positive. For culture, the hairs must be surface sterilised, and this 
may be done by immersion in 70% alcohol. Incubation at 37°C 
in blood agar is recommended. Light and ultrastructural stud- 
ies, together with various stains, have shown that a variety of 
coryneforms adhere to the hair shaft and some are encapsulated 
in an extracellular encasing. This was thought to be an analogue 
of glucan synthesised by streptococci and responsible for the 
adhesion [6]. 


Management 

Removal of hair from affected areas is the most efficient treatment 
option. Topical antibiotics such as clindamycin are effective. The 
use of an antiperspirant such as aluminium chloride is an effective 
way to reduce sweating, creating a less favourable environment. 
Antiseptics such as benzyl peroxide are useful for treatment 
and prevention [7]. 


Pitted keratolysis — 


Definition and nomenclature 


A superficial infection of the skin apparently caused by various 
species of Corynebacterium and producing circular erosions on the 
soles [1-3]. 


Epidemiology 

There are few studies of the prevalence of the condition. However, 
it is felt to be a common condition; it occurs in barefoot populations 
in the tropics as well as more familiarly in the context of occlusive 
footwear and hyperhidrosis. Military personnel, farmers and ath- 
letes appear to be more at risk of the condition [4]. 
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Age 
All ages. 


Sex 
More commonly seen in males [4]. 


Pathophysiology 

Pathology 

Pits and erosions in the keratin of the soles or palms with minimal 
inflammation. 


Causative organisms 

Various bacterial species have been identified in this condition; 
Corynebacterium ssp. are most commonly isolated but others 
include Dermatophilus congolensis, Kytococcus sedentarius and Acti- 
nomyces keratolytica. The bacteria are thought to invade the keratin 
when it is softened by sweat [1-3]. 


Clinical features (Figure 26.23) 

History 

There are numerous superficial erosions of the horny layer of the 
soles and the undersurfaces of the toes. 


Presentation 

All parts of both soles may be affected, but pressure-bearing or 
friction areas are most commonly affected. Conspicuous, discrete, 
shallow, circular lesions with a punched-out appearance coalesce 
in places to produce irregular erosions. There is occasionally green 
or brown discoloration of the horny layer. Hyperhidrosis is often 
associated, sometimes with maceration, stickiness and a foul odour 
[4,5]. Soaking the feet in water for 15min causes swelling of the 
horny layer and accentuates the lesions. Pain, irritation and/or a 
burning sensation are commonly described [4]. 


Clinical variants 
Similar changes affecting the palms have been described rarely [6]. 


Differential diagnosis 
The lesions are easily recognisable, but tinea pedis should be 
considered. 


Figure 26.23 Pitted keratolysis. Courtesy of St John’s Institute of Dermatology. 


Investigations 
Generally, this condition is diagnosed by its clinical appearance. 


Histology 

A mixture of bacillary bacteria and filamentous microorganisms 
may be seen in abundance in the most superficial parts of the stra- 
tum corneum and extending downwards between keratinocytes. 
There is associated lysis of the keratin. 


Laboratory identification 

The organisms are not always easy to find in potassium hydroxide 
mounts but are more easily detected in Gram-stained scrapings. Cul- 
ture can be performed. However, given the existing confusion over 
the identity of the causative species, it is generally not a useful diag- 
nostic process. 


Management 

Measures to promote foot hygiene, such as wearing cotton socks, 
which are changed frequently and appropriately laundered, and 
avoiding long periods in occlusive footwear help to manage the 
condition. Treatment of hyperhidrosis slowly brings the condition 
under control including potassium permanganate soaks, aluminium 
chloride and iontophoresis. 


First line 

A more rapid response may be obtained with fucidin ointment. 
Other topical antibiotics and imidazoles such as clotrimazole are 
reputed to be effective [1]. 


Second line 
Botulinum toxin which reduces the hyperhidrosis has been help- 
ful [7]. 


ARCANOBACTERIUM HAEMOLYTICUM 
INFECTION 


Infection with this Gram-positive bacillus (formerly known as 
Corynebacterium haemolyticum) [1] usually affects the throat and 
may be associated with a maculopapular rash. Patients usually 
present with sore throats, mild to moderate in severity with little 
malaise or fever, and approximately half the patients developed 
a maculopapular rash [1,2]. The rash, consisting of red papules, 
typically starts distally and spreads to affect the trunk with sparing 
of the face, palms and soles. In immunocompromised patients, 
it may cause a diphtheria-like infection and septicaemia. Cuta- 
neous infections can present as ulcers, abscesses or cellulitis and 
can result in osteomyelitis. Co-infection with other Gram-positive 
bacteria such as staphylococci and streptococci is common [3]. 
Lepromatous ulcers are frequently colonised with these organisms 
[4]. The organism produces soluble toxins including sphingomyeli- 
nase D and phospholipase D, which contribute to its virulence. 
The swab needs to be cultured on 5% human blood agar for 
isolation and identification [1]. The diagnosis may be missed if 
there is co-infection with streptococci because Arcanobacterium 
haemolyse more slowly [3]. Arcanobacterium are sensitive to 
many antibiotics and treatment with appropriate antibiotics is 
effective. 


TRUEPERELLA PYOGENES INFECTION 


Trueperella pyogenes (previously known as Actinomyces or Corynebac- 
terium pyogenes) is an animal pathogen but there are reports of 
purulent lesions, abscesses and leg ulcers with this bacterium as 
well as endocarditis, pneumonia and sepsis [1]. Outbreaks of skin 
ulceration have been documented in Thailand [2]. The clinical 
appearances of lesions closely resemble those seen with other forms 
of pyoderma including tropical ulcers. The mode of transmission 
of the infection has not been established but may involve flies or 
ectoparasites. 


CUTIBACTERIUM (FORMERLY 
PROPIONIBACTERIUM) 


Cutibacterium (previously known as Propionibacterium) [1] are 
anaerobic, but aerotolerant, coryneforms of the resident normal 
flora. These Gram-positive pleomorphic bacilli are found in large 
numbers and are widely distributed over the whole skin. 

Though historically all termed Corynebacterium acnes, it is now 
recognised that they are more properly classified as Cutibacterium 
and may be divided into three main species. C. acnes and C. granulo- 
sum are found predominantly in the pilosebaceous follicles of those 
sites where sebum is plentiful, and C. avidum is mainly isolated 
from moist intertriginous zones [2]. 

From its location, it is unlikely that C. avidum has any part in the 
causation of acne. The importance of C. acnes and C. granulosum in 
acne is considered in Chapter 90. Recently, the genomic sequence of 
a bacteriophage of C. acnes has been characterised [3]. 

In addition to its association with acne, C. acnes is capable of 
biofilm formation [4] and has been isolated from cases of prosthetic 
valve endocarditis, prosthetic joint infection, postoperative endoph- 
thalmitis and shunt infections [5]. It has also been proposed as a 
cause of indolent scalp folliculitis [6]. 


BACILLUS 


Bacillus anthracis is a Gram-positive encapsulated organism which 
can survive as spores for over 20 years in soil and is the cause of 
anthrax. Rarely, other species of the genus Bacillus, predominantly 
B. cereus, may cause deep subcutaneous infections resembling 
necrotising fasciitis, a variety of different infections of the eye 
ranging from conjunctivitis to panophthalmitis, food poisoning and 
systemic diseases [1,2]. 


Anthrax [1,2] -— 


Definition 

Anthrax is a zoonotic infection with B. anthracis. It is primarily an 
infection of herbivorous animals, but occasional outbreaks occur in 
other species and infection in humans is seen. 
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Epidemiology 

Animals are infected by ingesting the spores. B. anthracis spores are 
able to survive in soil for decades. In endemic areas (Africa, cen- 
tral Asia, Middle East and South America) animal infections, and 
hence human infections, are still a serious problem [3]. Only occa- 
sional cases are seen in other areas, and these sporadic cases are 
easily overlooked as the diagnosis is not considered [4]. In endemic 
areas, humans are infected directly from animals or animal prod- 
ucts, and male adults are most at risk, but in some rural communities 
children minding cattle may be infected. There are no known cases 
of human-to-human spread. 

Anthrax often follows occupational exposure during care of live- 
stock or the handling of products. In western Europe, most cases 
of anthrax formerly occurred among workers in the wool, hair or 
bristle industries, or those handling animal materials imported from 
India, Pakistan or Africa. Inmany countries, stricter codes of practice 
for hygiene in the workplace resulted in a decline even in sporadic 
infections. Unsterilised imported bone meal, or sacks contaminated 
with it, remains a potential hazard, although warning labels on this 
product appear to be effective in reducing the danger still further. It 
has also been associated with the injection of heroin, thought to be 
contaminated with the organism [5]. 


Age 
All ages. 


Sex 
Both sexes. 


Associated diseases 

Deliberate and accidental dissemination of anthrax spores has 
been recorded resulting in both respiratory and cutaneous forms 
of anthrax. For this reason, B anthracis is classified as a weapon 
of bioterrorism and handling is subject to regulation in many 
countries [6]. 


Pathophysiology 

Pathology 

Human resistance to infection is normally high. Cutaneous inoc- 
ulation is favoured by minor trauma or pre-existing skin lesions. 
However, hair follicles may also provide a portal of entry to the 
organism [7]. Pulmonary and intestinal forms result from the 
inhalation or ingestion of spores. Disseminated disease involves 
massive bacteraemia and is often fatal; it can occur irrespective of 
the portal of entry. The anthrax bacillus induces an inflammatory 
tissue response in which haemorrhage and necrosis are associated 
with a gelatinous oedema, which contains large amounts of bacterial 
capsular material. 


Causative organisms 

B. anthracis is present in large numbers in skin lesions and in 
the blood in systemic infections. The major virulence factors 
are the binary exotoxins, oedema and lethal toxins, which are 
encoded on two virulence plasmids pX01 and pX02. Oedema toxin, 
calmodulin-dependent adenylate cyclase A, is known to inhibit 
neutrophil function, and is responsible for the oedema which devel- 
ops locally, and lethal toxin, a zinc metalloprotease, is an inhibitor 
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of mitogen-activated protein kinase kinases. It leads to stimulation 
of macrophages to release TNF-a and IL-1B, which are in part 
responsible for sudden death in systemic disease [2]. 


Environmental factors 
Presence of infected animal vectors (e.g. sheep, goats, cattle). 


Clinical features [1,2] 

History 

The lesion of cutaneous anthrax follows after introduction of 
endospores into the skin. The exposed skin, especially the face, 
neck, hands or arms, are affected most often. There may be a single 
lesion or multiple lesions. Although sometimes referred to as the 
‘malignant pustule’, the lesion is not purulent and is often relatively 
painless. 


Presentation 

After an incubation period of typically 5-7 days, an irritable 
papule develops at the site of inoculation. A bulla on an inflamed, 
oedematous base soon follows. The bulla ruptures and forms a 
haemorrhagic crust around which is a zone of oedema (Figure 26.24) 
in which may be several small vesicles. The surrounding tissues 
are oedematous, and although the regional lymphatic glands may 
be tender, their involvement is slight in relation to the severity of 
the lesion and lymphangitis is unusual. In some cases, particularly 
when the face is involved, malignant oedema, characterised by 
severe swelling, induration and multiple bullae, may develop, and 
the localised pustule is inconspicuous or absent. The clinical picture 


Figure 26.24 Anthrax. © D.A. Warrell. 


is very variable and purely or predominantly bullous lesions have 
been reported. 

Constitutional symptoms may begin 3 or 4 days after the onset of 
the pustule. Anthrax meningitis is a rare complication of cutaneous 
disease. Overall, the mortality of untreated cutaneous anthrax is 
between 5% and 20%, but most cases are mild and healing follows 
in 2-3 weeks. Severe oedema or toxaemia is of poor prognostic 
significance. With early and adequate antibiotic treatment, all cases 
are curable. 


Clinical variants 

Anthrax may also cause respiratory, oropharyngeal and gas- 
trointestinal disease. In the respiratory type, mild prodromal 
symptoms (myalgia, malaise, fever) lasting around 4 days are 
followed by progressive respiratory symptoms including severe 
dyspnoea and shock. The gastrointestinal type may follow inges- 
tion of endospore-contaminated meat from infected animals. 
Symptoms include haematemesis and diarrhoea with abdominal 
pain. Oesophageal involvement may give rise to dysphagia, local 
adenopathy and marked swelling of the neck [4]. 


Differential diagnosis 

Staphylococcal infection, vaccinia, ecthyma gangrenosum, cat 
scratch disease (formerly named para-anthrax), blastomycosis and 
sporotrichosis may need exclusion. Both staphylococcal infections 
and pox infections (e.g. orf) can simulate anthrax very closely. Both 
may show the central black haemorrhagic crust and the zone of 
oedema. The history, rapid course, clinical appearance and lack 
of lymphangitis should suggest the diagnosis, which must be 
confirmed by bacteriological examination [5]. 


Disease course and prognosis 
In severe untreated cases, malaise, high fever, toxaemia and prostra- 
tion may be followed by delirium, collapse and death. 


Investigations 

Chains of Gram-positive bacilli can be seen in smears of lesions. 
Swabs should be taken from vesicle fluid or the base of lesions 
(under any eschar) and sent for culture and PCR testing. Biopsies 
should also be taken from any skin lesions for both histopathology 
and culture. Blood cultures are usually positive in systemic disease, 
although treatment should not be withheld while awaiting bacteri- 
ology results, as rapid deterioration may result in death. A lumbar 
puncture should be performed if there is any concern regarding 
systemic involvement. A serological test to the capsular antigens 
and exotoxin components is available, and a rising antibody titre to 
the protective and capsular antigens is indicative of recent infection 
or vaccination. However, these tests have little value in the acute 
illness. An anthraxin skin test may be suitable for the retrospective 
analysis of anthrax infections [1]. 


Management [1,2] 
Treatment should not be withheld until bacteriological confirmation 
has been obtained. 

In systemic anthrax or cutaneous lesions affecting the head 
or neck, treatment should include at least two agents, one with 
bactericidal activity against B. anthracis and a protein synthesis 


inhibitor to suppress toxin production. Therapy should be given 
intravenously for at least 2 weeks and until clinically stable. Once 
the initial treatment phase is completed, the patient can be switched 
to a single oral agent for 60 days which is used to prevent relapse 
from surviving spores. Fluoroquinolones or doxycycline combined 
with macrolides, clindamycin, carbapenems, penicillins, chloram- 
phenicol and rifampicin are all potential treatment options, but 
it is important to ensure susceptibility if relying on penicillins as 
B. anthracis possesses p-lactamase genes. 

For cutaneous anthrax lesions without systemic involvement, 
monotherapy with either a fluoroquinolone or tetracycline for 
14 days should be sufficient but the course should be extended to 
60 days if exposure was due to aerosol. 

Three anthrax anti-toxin antibody preparations have received 
approval from the Food and Drug Administration (FDA) but these 
are not yet routinely used in practice [8]. 

Vaccination gives some protection [9] and should be offered 
to those who are exposed in the course of their occupations, but 
prevention should be directed primarily at control of the disease 
in animals and disinfection of animal products. Prophylaxis for 
asymptomatic patients exposed to anthrax spores includes a 6-week 
course of doxycycline or ciprofloxacin. 

Anthrax is a notifiable disease and therefore steps must be taken 
to inform the public health department when there is clinical or 
laboratory suspicion of anthrax. 


Treatment ladder for cutaneous anthrax without 
systemic involvement 


First line 
¢ Ciprofloxacin 
¢ Doxycycline 


Second line 
¢ Clindamycin 
e Amoxicillin (if penicillin susceptible) 


LISTERIA MONOCYTOGENES 


Listeria monocytogenes is a Gram-positive microaerophilic motile 
bacillus easily confused with coryneform organisms. It can survive 
low temperatures and will grow at 4°C. It is a facultative intracel- 
lular pathogen, inducing its own uptake into non-phagocytic cells, 
and spreads from cell to cell by an actin-based motility process. 
In addition, most strains express internalin A, a protein required for 
invasion of host cells [1]. It is the cause of listeriosis. 


Listeriosis — 


Epidemiology 

Listeriosis is an uncommon cause of skin signs and symptoms. The 
organism is found in water and soil, and has been isolated from 
sewage sludge and inferior silage [2]. It infects wild, domestic and 
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laboratory animals, and direct infection from cattle and sheep is a 
hazard to veterinary surgeons and farmers [3]. However, listeriosis 
is mainly a food-borne disease, and milk, cheese and poultry are the 
main sources of human disease [4]. 


Age 
All ages but more common in neonates or older age groups. 


Sex 
Both sexes. 


Pathophysiology 

Predisposing factors 

Most cases of listerial infections occur in individuals with predis- 
posing conditions which include pregnancy, glucocorticoid therapy 
and other immunocompromising conditions. 


Pathology 

Transmission is by ingestion of or contact with contaminated prod- 
ucts. Transplacental and birth canal infections are a well-recognised 
hazard to the fetus and neonate [5]. Infection of a baby from the 
mother’s milk has been reported [6]. Otherwise, direct transfer from 
human to human does not seem to occur. However, L. monocyto- 
genes may be carried asymptomatically in the human gut as well as 
the cervix and vagina, at least for short periods, so the potential for 
transfer of infection does exist. 


Causative organisms 
e L. monocytogenes. 


Environmental factors 
General and soil, but also milk, milk products and processed meats. 


Clinical features [7] 

History 

Although most cases of listeriosis are sporadic, there have been sev- 
eral outbreaks reported over the past 10 years. Most adult infections 
are now thought to be subclinical, but a mild febrile illness with 
gastrointestinal symptoms and loin pain may occur in otherwise 
healthy individuals. More serious infections with a meningitis or 
glandular fever-like illness are well known and in immunocompro- 
mised patients, meningitis or pneumonia may dominate the picture. 


Presentation 

Cutaneous lesions are uncommon in these cases, but when present 
are purpuric. During pregnancy, an indeterminate febrile illness, 
not necessarily severe, may occur. This may not arouse any suspi- 
cions, but the fetus may be aborted or the infant may be stillborn 
or premature. Neonates may develop a combination of respiratory 
and gastrointestinal symptoms with granulomas of the posterior 
pharynx, generalised redness and dark red or bluish papules, espe- 
cially on the trunk and leg. Meningitis and septicaemia may be seen 
later in the neonatal period [8]. 


Clinical variants 

In veterinary surgeons, a mild predominantly cutaneous form of 
the disease may occur 1-3 days after contact with an infected 
animal [3]. Fever and malaise are followed after a day or so by an 
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eruption of discrete dull-red papules, some of which later show 
central pustulation. 


Differential diagnosis 
Acute febrile conditions such as meningococcal infections present- 
ing with purpura. 


Disease course and prognosis 

In serious adult infections, in the immunocompromised patient and 
in the neonate, the prognosis is poor without treatment, at least 30% 
of cases being fatal [1]. 


Investigations 

As there are no specific clinical features, the diagnosis will be 
missed unless it is borne in mind in unexplained fevers, glandular 
fever-like illness and meningitis. As the incubation period can be 
quite long (6-8 weeks) mild symptoms may be forgotten. In those 
at risk through occupation, or predisposing states, the diagnosis 
is established by blood culture and, if a high index of suspicion 
towards diphtheroids is maintained, through isolation from other 
sites. The organism grows easily on blood or nutrient agar but cold 
enrichment may help. 


Management 

First line 

The drug of choice is ampicillin or amoxycillin, but the organism is 
also susceptible to penicillin, erythromycin and tetracycline. Gen- 
tamicin may be used with ampicillin or penicillin, particularly in 
immunocompromised individuals, as synergism occurs. 


Infection control 

Prevention of contamination of foods is vital to reduce the number 
of outbreaks of listeriosis. Individuals at high risk of infection should 
be informed about cross-contamination of foods, thorough cooking 
of foods and storage of perishable foods [9]. 


ERYSIPELOTHRIX RHUSIOPATHIAE 


Erysipelothrix rhusiopathiae is a Gram-positive rod. It is widespread 
in nature as a commensal or pathogen in a wide variety of animal 
species and is the cause of erysipeloid. 


Erysipeloid [1-3] — aoe 


Definition 
Erysipeloid is an acute, rarely chronic, infection with E. rhusiopathiae. 
This is now a very rare infection mainly confined to the skin. 


Epidemiology 

The causative organism can persist in soil for many months, causing 
infection long after the contamination. It colonises a wide variety of 
animals worldwide, including mammals, birds, fish and shellfish, 
and causes disease in many of these, especially in pigs. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 

Pathology 

Human infection is contracted by direct contact, occasionally from 
living animals, but more commonly from carcasses, so that 
erysipeloid usually affects those working in slaughterhouses 
and the fishing industry, butchers, farmers and veterinary surgeons. 


Causative organisms 

E. rhusiopathiae: the existence of L forms might explain the occasional 
chronic or recurrent infections [1]. The organism, E. rhusiopathiae, 
produces a neuraminidase and a hyaluronidase, both of which are 
believed to be virulence determinants. The presence of a capsule 
may also aid the organism’s survival. 


Clinical features [1-4] 

History 

Three clinical syndromes have been distinguished in humans: 
localised cutaneous, which is the most common (erysipeloid 
of Rosenbach), generalised cutaneous and systemic, in which 
skin lesions may occur. Most human infections are localised and 
self-limiting. 


Presentation 

Following an incubation period of 2-7 days, a tender violaceous red 
rash develops around the inoculation site and extends centrifugally, 
but irregularly, with a sharp and sometimes gyrate border, which 
may be vesicular. Most lesions are on the hand, fingers or forearms, 
but any exposed area may be involved. Erysipeloid can occur follow- 
ing a cat or dog bite. Fever and mild constitutional symptoms such 
as arthralgia are present in only 10% of cases but up to 30% may 
have some local lymphangitis. Extension continues for 3 or 4 days, 
rarely for as long as a week, but the area eventually involved is 
seldom more than 10cm in diameter. Without treatment, healing 
normally occurs spontaneously in 2 weeks without desquamation 
or suppuration. 


Clinical variants 

Diffuse cutaneous infection is rare, with progression of violaceous 
lesions proximally from the site of inoculation. Additional sites may 
also be involved. There may be systemic symptoms with fever and 
arthralgia most common, but blood cultures are typically negative. 
This form is also usually self-limiting, but runs a more protracted 
course with the possibility of recurrences. 

Systemic infection with E. rhusiopathiae is uncommon but risk 
factors include immunosuppression, diabetes and chronic liver 
or kidney disease [5]. Cutaneous erysipeloid lesions are seen 
in around 40% of patients with systemic infection [2]. Inges- 
tion of contaminated meat can result in systemic infection but 
cutaneous inoculation can also result in systemic disease. Endo- 
carditis (usually affecting the aortic valve), joint, bone, brain and 
pleural involvement have been described. Congestive cardiac 
failure, myocardial abscesses and aortic valve perforation may 
follow. Patients are ill, lose weight and may show localised cuta- 
neous swellings with central necrosis, or scattered perifollicular 


papules. Blood cultures are usually positive with appropriate 
techniques. 


Differential diagnosis 
Causes of cellulitis such as group A Streptococcus infections, 
although the lesions are seldom highly symptomatic and fever 
is often mild, if present. 


Disease course and prognosis 
Uncomplicated lesions resolve spontaneously. 


Investigations 

Culture 

Blood cultures in systemic disease should confirm the diagno- 
sis; historically E. rhusiopathiae may have been misinterpreted 
as Lactobacillis spp. or Actinomyces spp. However, MALDI-TOF 
(matrix-assisted laser desorption/ionisation-time of flight mass 
spectrometry) or PCR should now reduce this risk [6]. The diag- 
nosis of the cutaneous disease is mainly clinical and is based on 
exposure risk, the violaceous colour of the lesions, and a subacute 
course with limited constitutional symptoms. 


Pathology [4] 

Cultures of deep biopsy material from the advancing edge of recent 
lesions occasionally yield the organism, which is Gram positive, 
non-motile and non-sporulating. However, cultures are often nega- 
tive. Histology shows epidermal spongiosis or vesiculation, dermal 
oedema, lymphangitis, capillary engorgement and infiltration with 
neutrophils and eosinophils. Organisms have only rarely been 
detected by light microscopy. However, electron microscopy has 
demonstrated cell wall deficient bacteria (L forms), which may 
explain the difficulty of demonstrating the bacteria by conventional 
methods. 


Management [1-4] 
Most isolated skin lesions heal spontaneously in about 4 weeks. 
Healing is facilitated by antibiotic therapy. The organism is typi- 
cally sensitive to penicillins, cephalosporins, fluoroquinolones and 
clindamycin. Tetracyclines and macrolides are potential treatment 
options but the sensitivity of the organism is variable. For severe or 
systemic infections, intravenous penicillin is required. As the organ- 
ism may persist on environmental surfaces, thorough cleaning with 
antiseptics helps with decontamination (e.g. fishing boats etc.) [7]. 
The organism is resistant to vancomycin, which is often used as 
empirical therapy in endocarditis due to Gram-positive organisms. 


Treatment ladder for erysipeloid 


First line 

¢ Penicillin 

¢ Cephalosporins 
¢ Ciprofloxacin 


Second line 
¢ Clindamycin 
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Gram-positive bacteria 


CLOSTRIDIUM 


The clostridia are anaerobic, Gram-positive, spore-forming bacilli, 
widely distributed in the soil and in the gastrointestinal tracts of 
humans and other mammals. They are the main causes of gas 
gangrene. 


Gas gangrene (clostridiz 
myonecrosis) 


Definition and nomenclature 

Gas gangrene is a clinical syndrome caused by the infection of 
wounds with various species of Clostridium [1,2] but most com- 
monly C. perfringens. However, other clostridia are occasionally 
identified: C. septicum, C. novyi and C. histolyticum [3]. 


Introduction and general description 

Gas gangrene is a potentially fatal infection if unrecognised. It 
mainly occurs when wounds are contaminated with soil or water 
after trauma [1,2]. Although localised, toxaemia can be very severe. 


Epidemiology 

C. perfringens can be isolated from the skin of the thighs, groins and 
buttocks of many healthy persons [1]. The infection can occur in any 
part of the world. 


Age 
Mainly in adults. 


Sex 
Both sexes. 


Associated diseases 
Trauma, especially following natural disasters or gunshot/knife 
wounds, orthopaedic or bowel surgery and obstetric complications. 


Pathophysiology 

Pathology 

The a-toxin produced by C. perfringens is a zinc-containing molecule 
with phospholipase C and sphingomyelinase activity, which is 
haemolytic and thought to be the main virulence factor in gas 
gangrene [4]. The toxin has been shown to affect neutrophil 
migration, platelet aggregation and may also modulate host cell 
metabolism [4]. 

A high proportion of war wounds are contaminated by clostridial 
spores, but clinical infection usually develops only in the presence 
of severely damaged anoxic muscle. Gas gangrene used to be an 
infection of the greatest importance in war time; better management 
of casualties has reduced its incidence enormously. It is an uncom- 
mon but well-documented complication of orthopaedic surgery, 
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particularly above-knee amputations in ischaemic limbs. In these 
latter patients, the organism usually originates in the patient’s own 
bowel [1]. 


Causative organisms 

The most important species of Clostridium involved are C. perfrin- 
gens, C. septicum, C. novyi and C. histolyticum, but other species may 
also play a role [1]. Heroin used by drug users may be contaminated 
with C. sordellii, which may cause life-threatening myonecrosis and 
fulminant shock syndrome [2]. 


Environmental factors 
Clostridium species may be found in soil, decaying vegetation and 
the human or animal gastrointestinal tract. 


Clinical features 

History 

Traumatic gas gangrene typically presents with severe pain at the 
site of traumatic injury or surgery. The incubation period is often 
fewer than 24 hours but may be up to several days. 


Presentation 

Deep and dirty wounds in the muscular regions of the body are 
most susceptible. However, abdominal and intrauterine infections 
also occur. Oedema develops around the wound, continues to 
spread and is associated with pallor and mottling of the skin. The 
skin is described as having a bronzed appearance before becoming 
purpuric. The skin is exquisitely tender, often with overlying bul- 
lae and later with the formation of black sloughs. It is important 
to note that occasionally there is anaesthesia of the skin when 
there is destruction of underlying nerves [5]. Toxaemia is severe; 
tachycardia and prostration develop rapidly and the patient is 
pale but often not febrile [1], followed by shock and multior- 
gan failure. Crepitation from gas in the tissues is classical but 
inconstant. 


Differential diagnosis 
Necrotising fasciitis due to other pathogens (Figure 26.25). 


Disease course and prognosis 
There is a high mortality where diagnosis is delayed. Complications 
include renal failure and liver necrosis. 


Investigations 

A clinical diagnosis can be made based on the degree of pain at a 
site of traumatic injury with associated signs of systemic toxicity 
and the presence of gas in the deep tissues (which can be confirmed 
on CT or MRI scanning). Blood and tissue culture should reveal 
the organisms; the organisms may also be seen on microscopy of 
affected tissue. 


Management [3,5] 

Prompt surgical debridement of all devitalised tissue is essential. 
Broad spectrum empiric antibiotic therapy should be initiated 

while awaiting confirmation of the organisms involved. High-dose 

intravenous penicillin in combination with clindamycin is the 

definitive treatment once Clostridium spp. has been identified. 


Figure 26.25 Fournier necrotising fasciitis of the groin. Courtesy of King’s College 
London. 


Alternatives include metronidazole and imipenem [2], but antimi- 
crobial therapy is only an adjunct to surgery. The role of hyperbaric 
oxygen remains controversial: while some studies have found 
significant survival benefit, others have found no benefit [6]. 


Treatment ladder for gas gangrene 


First line 
¢ Surgical debridement 
e Intravenous penicillin plus clindamycin 


Second line 
¢ Metronidazole 
¢ Imipenem 


The skin may be infected by Gram-negative bacteria either as a 
result of systemic spread from another site via haematogenous 
dissemination or by direct local invasion. 


NEISSERIA MENINGITIDIS 


Neisseria meningitidis is a Gram-negative diplococcus. It can be 
divided into different serotypes on the basis of capsular polysac- 
charides, types A, B and C being the most important. All types are 
pathogenic. 


Meningococcal infection 


Introduction and general description 

N. meningitidis colonises the human upper respiratory tract and 
is transmitted by droplet from patients or healthy carriers. It 
may cause localised infections, such as conjunctivitis and otitis 
media, or severe and potentially fatal disease with septicaemia and 
meningitis. 


Epidemiology 

Although at present there are 12 serogroups of N. meningitidis, over 
90% of disease is caused by serogroups A, B, C, W-135, X and Y. 
The highest burden of disease is seen in the ‘meningitis belt’ of 
sub-Saharan Africa. Infection carries an overall mortality rate of up 
to 20% [1]. N. meningitidis carriage in the nasopharynx occurs in up 
to 10% of the population [2]. 


Age 
Any age but two peaks recognised: children aged less than 1 year 
and adolescents/young adults aged 16-23 years. 


Sex 
Either sex. 


Pathophysiology 

Predisposing factors 

Individuals living in group settings such as student accommo- 
dation are at increased risk of becoming infected. Complement 
deficiencies, either inherited or secondary to medication, and 
asplenia also increase the risk of developing meningococcal 
disease. 


Pathology 

In order to cause disease, the organism has to bind to the epithelium 
through surface-expressed proteins, such as pili, the polysaccharide 
capsule and lipo-oligosaccharide (LOS) [3]. Severe meningococ- 
cal disease affects mainly children under the age of 10 years, but 
epidemics or sporadic cases in adults may occur, for instance in 
institutions such as military barracks or university lodgings. Bacter- 
aemia is believed to be the primary event in all forms of the infection 
and the route by which the organism reaches the meninges. 

The early petechial skin lesions result from the presence of the 
organisms in capillary endothelium accompanied by disseminated 
intravascular coagulation, with necrosis of the vessel wall or throm- 
bosis [4]. The skin lesions occurring late in the course of acute 
infections or in chronic infections show a vasculitis thought to be 
produced by soluble antigen-antibody complexes [5]. 


Causative organisms 
e N. meningitidis. 


Historically group B is commoner in Europe and group A in tropical 
regions. However, with the increasing introduction of effective vac- 
cines targeting different subgroups, the epidemiological picture may 
change over time [1]. 


Clinical features 

History 

Although most patients have classical onset, in some children it 
may evolve very rapidly and with minimal warning signs. 


Presentation 

Acute meningococcal septicaemia with or without meningitis may 
present as a fulminating illness, and the rash may be a very useful 
clue to early diagnosis. The incidence of rash is estimated at between 
40% and 90%, perhaps depending on the thoroughness with which 
lesions in the more sparsely affected cases are sought [4]. Early 
skin lesions are not always haemorrhagic and may take the form 
of discrete pink macules or papules a few millimetres in diameter 
on any part of the body, including the palms and soles [6]. Purpura 
follows in many cases. Transient red, morbilliform or urticarial 
eruptions are occasionally seen. 

A purpuric eruption is characteristic, and occurs mainly on the 
trunk and limbs. The petechiae are usually small and scanty, but 
vary in size and number. In severe cases, larger purpuric lesions 
may occur, including extensive ecchymoses and necrotic ulceration, 
particularly in dependent areas and under pressure sites, and are 
associated with a high mortality [7,8]. 

Vasculitis may occur during the acute illness, beginning 5-9 days 
after the onset, even if adequate antibiotic treatment has been given. 
Nodules or bullae may be sparse and confined to the limbs, or may 
be more numerous and widespread; the lesions may ulcerate [8]. 
Arteritis and episcleritis may be associated. Similar vasculitic lesions 
occur in chronic septicaemic infection [9] in which milder macu- 
lopapular eruptions are also seen. 


Clinical variants 

There is a rare form of chronic meningococcaemia which can 
present with a rash, low-grade fever and arthritis identical to that 
described for chronic gonococcaemia (see later). 


Differential diagnosis 

Includes causes of acute vasculitis, viral haemorrhagic fevers 
such as Ebola and Marburg, dengue and Rocky Mountain spotted 
fever. 


Complications and co-morbidities 

Disseminated intravascular coagulation and purpura fulminans 
may occur which can lead to gangrene and autoamputation 
of distal extremities; this is more common in young children. 
Waterhouse-Friderichsen syndrome results from adrenal gland 
failure secondary to haemorrhagic destruction caused by the 
N. meningitidis infection. Skin infarction may also occur and can 
lead to contractures and severe scarring. 


Disease course and prognosis 
The infection can be rapidly fatal and death can occur before the 
development of the rash. 
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Investigations 
The diagnosis is confirmed by isolation of N. meningitidis from blood 
or cerebrospinal fluid or by PCR. 


Management 

¢ Circulatory support and intravenous fluids. 

e Intravenous ceftriaxone or benzylpenicillin in high doses is the 
first line treatment of choice. 

¢ Cefotaxime, meropenem or chloramphenicol (in the context 
of severe allergy to cephalosporins and penicillin) are suitable 
alternatives. 


Infection control 

Meningococcal meningitis and septicaemia are notifiable diseases. 
In the UK, a single dose of ciprofloxacin is recommended as prophy- 
laxis for close contacts; rifamipicin is a suitable alternative. Vaccines 
are available for meningococcal infections caused by groups A, B, 
C, Y and W-135. Meningococcal B and C vaccines form part of the 
childhood vaccination programme in the UK and the quadrivalent 
MenACWY vaccine is offered to young adults. Vaccines may also be 
deployed in at-risk groups [10]. 


Treatment ladder for meningococcal infection 


First line 
¢ Ceftriaxone 
e Intravenous benzylpenicillin 


Second line 

° Cefotaxime 

e Meropenem 

¢ Chloramphenicol 


Gonococcal infection — 


Gonococcal infection, including disseminated, is discussed in 
Chapter 30. 


ACINETOBACTER 


Acinetobacter species are a group of bacteria commonly found in 
the environment. Most of the infections are caused by A. baumannii 
but A. calcoaceticus, A. lwoffii and A. haemolyticus are also recognised 
human pathogens. These closely related Acinetobacter organisms 
are found as members of the resident skin flora in the axilla and 
groin in about 20% of normal subjects, and may occur in the toe 
webs and on drier sites [1-3]. They have been isolated from skin 
pustules and from cellulitis [4], but their main importance lies in 
their role as uncommon opportunistic pathogens. Acinetobacter 
spp. were primarily responsible for nosocomial pneumonia and 
bacteraemia. Meningitis, osteomyelitis, synovitis, burn sepsis and 
wound infections are also reported. Acinetobacter spp. was a major 


cause of wound, soft-tissue and invasive infection in soldiers in 
Afghanistan and Iraq, particularly after traumatic injury. In the 
very young and the very old particularly, the source of infection 
may be exogenous but endogenous infection clearly occurs, and 
indwelling intravenous catheters are likely routes in septicaemia. 
Community-acquired infection, particularly pneumonia, but more 
rarely meningitis, cellulitis or bacteraemia, is more prevalent in 
warm, humid environments including Asia, Australia and Oceania. 
Highly resistant strains have emerged in critical care settings [5]. 


MORAXELLA 


The genus Moraxella includes an important respiratory pathogen 
M. catarrhalis. M. osloensis has been reported as a cause of gonococ- 
caemia-like systemic infection with skin lesions [1] and bacteraemia 
with a petechial rash [2]. These cases apart, Moraxella are more 
closely associated with respiratory or middle ear infection or con- 
junctival inflammation than cutaneous colonisation or disease [3]. 


PSEUDOMONAS AERUGINOSA [1,2] 


P. aeruginosa (P. pyocyanea; Bacillus pyocyaneus) is an aerobic, Gram- 
negative rod, which occurs only as a transient member of the skin 
flora, mainly in the ano-genital region, axillae and external ear, and 
is normally kept in check by the dominant Gram-positive cocci. 


Pseudomonas infection 


Epidemiology 

Pseudomonas species produce a variety of different infections in 
the skin depending on the site and underlying condition of the 
patient. It is a saprophytic organism that occurs in soil and water 
and has a predilection for humid environments. It is present in the 
intestine of a small percentage of adults and a high proportion of 
infants. Widespread colonisation is not uncommon after hospital 
admission or antibiotic treatment. It readily colonises burns, ulcers 
or other moist skin lesions, and often contaminates fomites as 
well as showers, sinks and respiratory equipment in intensive care 
units. Jars of ointment may also be contaminated [3]. P. aeruginosa 
is typically an opportunistic pathogen, commonly seen as a noso- 
comial infection in patients with impaired defence mechanisms 
such as burn wounds, mechanical ventilation, urinary catheters, 
neutropenia and cystic fibrosis. Outbreaks of pseudomonal (also 
known as Gram-negative) folliculitis are not uncommon among 
users of overcrowded heated swimming pools or jacuzzis. 


Sex 
Both sexes. 


Age 
Any age, but predisposing conditions more important. 


Associated diseases 
Neutropenia, intubated patients, burns, cystic fibrosis, necrotising 
otitis externa. 


Pathophysiology 

Pathology 

Pseudomonas spp. are able to produce a vast array of enzymes and 
other putative virulence factors. Antibiotic usage and prolonged 
maceration both favour the establishment of Pseudomonas even 
in previously healthy adults, and clinical infections eventually 
develop in a large proportion. 

Experimental superhydration of the skin for 7 days with 
water-soaked cotton pads produced a vesiculopustular rash from 
which Pseudomonas was isolated [4]. 

Under experimental conditions, Pseudomonas is pathogenic only 
in massive dosage or in damaged tissue [5], a pattern of behaviour 
that parallels that observed in humans, although the relationship 
between dose and pathogenicity is not well understood [6]. Pseu- 
domonas appears to play a part in modifying and perpetuating some 
paronychial infections. It is commonly isolated from chronic leg 
ulcers and from many other persistently moist lesions, including 
chronic external otitis, and, although its presence may be clinically 
apparent, it is uncertain to what extent it is pathogenic under 
these conditions. It is believed to be capable of maintaining the 
inflammatory changes after other organisms have been eliminated. 
Typical strains produce two pigments, the blue-green pyocyanin, a 
phenazine derivative, and a greenish yellow pyoverdin. 


Causative organisms 
Usually P. aeruginosa. 


Environmental factors 
Soil and water, including household or hospital bathroom appli- 
ances (e.g. sinks). 


Clinical features [2,7,8] 

Presentation 

Pseudomonal infections can present in many different ways 
depending on the immunocompetency of the host and location 
of the infection. Mild skin infections tend to present in healthy 
individuals and may resolve without specific antibacterial therapy; 
these include nail infections, interdigital infections and folliculitis. 

P. aeruginosa infection of the nail usually results in a green 
discoloration of the nail due to pyocyanin pigment production 
(Figure 26.26). This is typically seen in the context of chronic 
paronychia. 

The damp, humid environment that can develop as a result of 
maceration or antibiotic use in the interdigital spaces facil- 
itates colonisation by pseudomonal species. Inhibition of the 
Gram-positive flora or dermatophytes by this maceration or antibi- 
otic use allows the development of a distinctive Pseudomonas 
infection of the toe webs [1,8] (Figure 26.27), also referred to as 
tropical immersion foot. It is characterised by sharply demarcated 
areas of maceration and tender erosions, sometimes tinged with 
green, and showing green fluorescence under Wood’s light. The 


Figure 26.26 Pseudomonas infection of the nail. Courtesy of St John’s Institute of 
Dermatology. 


Figure 26.27 Pseudomonas infection of the foot. Courtesy of St John’s Institute of 
Dermatology. 


sodden plaque tends to break down, and secondary invasion by 
Candida may follow [5]. 

Gram-negative folliculitis seen in swimming pool or jacuzzi users 
is a well-documented entity [9,10]. It may include macular, papular 
or pustular lesions which are tender. Some are urticarial, suggesting 
insect bites. Any part of the body that has been immersed may be 
affected, but often the worst areas are those in contact with bathing 
costumes. In most cases, the rash occurs spontaneously roughly 
24 hours after exposure and settles spontaneously within 7-10 days 
in the absence of re-exposure. 


Gram-negative bacteria 26.51 


a) 
2) 
2a 
iS) 
= 
U 
Lu 
LL 
= 


INFESTATIONS 


PART 3 


26.52 Chapter 26: Bacterial Infections 


) 
a) 
2a 
iS) 
= 
U 
Lu 
La 
< 


INFESTATIONS 


PART 3 


Clinical variants 

Pseudomonas can cause localised infection in infancy in the peri- 
umbilical area, with a foul-smelling bluish green discharge and 
spreading redness. In some cases, usually under conditions of 
high humidity, widely scattered pustules may break down to form 
necrotic ulcers. 

Pseudomonas can also invade superficial wounds, particularly 
burns [11]. This complication still carries a high mortality as large 
quantities of these organisms may thrive in burn eschar, and sec- 
ondary septicaemia may result. Secondarily infected burns show 
discoloration of the slough with extensive surrounding oedema. 
Fever and shock may supervene. However, careful management 
and use of debridement in burns units have reduced the incidence. 
Ina survey of patients with severe burns, only 1% had an episode of 
Pseudomonas bacteraemia [11]. Cutaneous features of pseudomonal 
septicaemia include subcutaneous nodules, ecthyma gangrenosum 
and gangrenous cellulitis [2]. 

P. aeruginosa can also cause infection of the ear, which ranges from 
mild superficial infection to life-threatening necrotising (malig- 
nant) otitis externa. Swimmer’s ear is the term used for the mild, 
self-limiting external otitis typically seen as a result of maceration 
of the external auditory canal resulting from swimming and/or 
loss of the acidic cerumen, which usually protects from infection 
and maceration. This presents with pain, redness and swelling of 
the canal and occasionally involves the pinna as well. Necrotising 
otitis externa occurs when pseudomonal infection of the external 
auditory canal persists, penetrating the epithelium, invading the 
surrounding soft tissue and ultimately leading to osteomyelitis of 
the skull base. This condition is more common in the context of 
diabetes or immunocompromise and presents with severe ear pain, 
purulent discharge, oedema of the ear canal and potentially cranial 
nerve palsies. 

Ecthyma gangrenosum is a cutaneous manifestation of pseu- 
domonal septicaemia and it most commonly occurs in the severely 
compromised host [2,12,13]. Skin lesions may not be a feature of 
pseudomonal septicaemia or there may be non-specific inflamma- 
tion, which can be tender or spontaneously painful [14], purpura 
or a cellulitis-like picture. Bullae may form, particularly in moist 
areas such as the axillae, perineum and the buttocks. The classi- 
cal presentation of ecthyma gangrenosum is of a gunmetal grey, 
infarcted macule with surrounding erythema, which then evolves 
into a necrotic ulcer with black eschar and surrounding redness 
(Figure 26.28) [2]. 

P. aeruginosa is recognised as a rare cause of necrotising fasci- 
itis. Typically affecting the elderly or immnocompromised, the 
condition starts insidiously with a localised area of pain and 
swelling which rapidly progresses to widespread inflammation 
and destruction of tissue. Pseudomonas has also been implicated 
in Fournier gangrene, which is a clinical variant of necrotising 
fasciitis, predominantly affecting the male genitalia, but also seen in 
females. 

Pseudomonas spp. have also been implicated in severe exacerba- 
tions of acne vulgaris [15]. 

Pseudomonas is an important cause of ventilator- and hospital- 
acquired pneumonia, catheter-associated urinary tract infections 
and respiratory tract infection in patients with cystic fibrosis. 


Figure 26.28 Ecthyma gangrenosum. Courtesy of Dr G. Scott. 


Differential diagnosis 

The differential diagnoses vary with the location and severity of 
the presentation but may include staphylococcal, streptococcal or 
Gram-negative skin infections, anthrax (eschars), rickettsial infec- 
tion (eschar), fungal or dermatophyte infection (nail and interdigital 
infection). 


Complications and co-morbidities 
Pseudomonal septicaemia, especially in immunocompromised 
hosts, carries a significant risk of mortality. 


Disease course and prognosis 

The prognosis of systemic infections is poor, unless there is early 
treatment. Local infections in infants or patients with debilitating 
illnesses should be regarded as potentially dangerous, as sys- 
temic extension occurs readily. The invasion of damaged skin in 
the otherwise normal subject may be difficult to control perma- 
nently until the lesions are healed, but usually has no serious 
significance. 


Investigations 

Bacteriological confirmation of the diagnosis is readily obtained by 
cultures from the skin lesions or blood. The significance of the iso- 
lation of Pseudomonas from non-specific lesions must be carefully 
evaluated with the clinical findings. 


Management 
Pseudomonas has a propensity for antimicrobial resistance [2,16], 
requiring vigilance when determining therapeutic options. 

For superficial lesions, drying of macerated skin is the first step of 
treatment. This can be achieved with acetic acid (1%) compresses, 
potassium permanganate soaks, povidone or silver sulfadiazine 
cream. 

In the case of burns, extensive debridement followed by topical 
applications of silver sulfadiazine therapy is useful. 

Nail involvement can be managed with acetic acid soaks (1%) or 
topical preparations of aminoglycosides or fluoroquinolones. 
If these are ineffective then an oral fluoroquinolone may be 


required. Nail avulsion may be used in the context of onychody- 
strophy. 

Inevery case where antibiotics are required, it is vital to base ongo- 
ing therapy on the results of in vitro sensitivity tests. 

In septicaemia or where a severely compromised patient has 
superficial infection, systemic therapy using intravenous antibi- 
otics should be started promptly. Potential antibiotic options 
include antipseudomonal penicillins, aminoglycosides, certain 
cephalosporins (e.g. ceftazidime), carbapenems and _ fluoro- 
quinolones, some of which may be used in combination. 


BURKHOLDERIA 


Burkholderia are aerobic Gram-negative bacteria. Those relevant to 
cutaneous infection are B. mallei and B. pseudomallei, the causes of 
glanders and melioidosis, respectively. 


Melioidosis -— va 


Definition and nomenclature [1] 

Melioidosis is the disease caused by a saprophytic environmental 
bacterium called B. pseudomallei, which is found in soil and fresh 
surface water. 


Introduction and general description 

Melioidosis is a clinically diverse disease which can result in the 
development of skin lesions particularly abscesses. B. pseudomallei 
is recognised as a biothreat. 


Epidemiology 

Melioidosis predominates in South-East Asia (especially northern 
Thailand), northern Australia, India and China. Sporadic cases 
have been reported in Africa, the Middle East, Caribbean and 
South and Central America, and imported cases in travellers also 
occur. In endemic areas such as northern Thailand and northern 
Australia, cases of melioidosis rise sharply in the monsoon season, 
highlighting the importance of water and wet soil for transmis- 
sion. Person-to-person spread is rare but laboratory-acquired and 
iatrogenic infections have been reported [2]. 


Sex 
Affects males more than females. 


Age 

Any age can be affected but systemic disease is more common in 
adults with a peak around 40-60 years; in northern Thailand 80% of 
children have antibodies by age 4 years [2]. 


Associated diseases 

Diabetes, chronic renal disease, other causes of immunosuppression 
(e.g. steroid use, malignancy, etc.) and chronic lung disease, espe- 
cially cystic fibrosis, are risk factors for melioidosis. 


Pathophysiology 

Pathology 

Infection in humans can occur through environmental contamina- 
tion of a minor skin injury, percutaneous inoculation, inhalation, 
aspiration or ingestion. There is a high seroprevalence of B. pseudo- 
mallei in individuals living in endemic areas, suggesting subclinical 
infection is common. 


Causative organisms 
¢ B. pseudomallei. 


Environmental factors 

Water and soil associated; peaks occur in the wet season in endemic 
areas and following severe weather or other events such as the 2004 
tsunami in the Indian Ocean. 


Clinical features [1] 

History 

The disease may run an acute, subacute or chronic course. The incu- 
bation period following exposure can range from 1 to 21 days but 
in cases of significant exposure (such as near-drowning) the onset 
of disease may be very rapid. Acute disease is most common but 
chronic disease (lasting beyond 2 months) can occur. Latent infec- 
tion can also occur and has been reported up to three decades after 
exposure. Travel to endemic areas and exposure risk are important 
to ascertain. 


Presentation 

Melioidosis typically presents as either a localised skin infection 
or pneumonia. Pneumonia is the most common presentation and 
may be acute with pyrexia, cough and respiratory distress or more 
chronic with a similar presentation to tuberculosis. Skin infec- 
tions present with ulceration or abscess formation; frequently this 
will progress to systemic involvement with abscess formation in 
other organs and septicaemia. In many cases the clinical picture 
is variable, with unexplained fever and disseminated pyogenic 
lesions. 


Clinical variants 
Melioidosis may present with parotitis (especially common in 
children), osteomyelitis or septic arthritis, encephalomyelitis or as 
a genitourinary infection. Subacute, chronic and latent melioidosis 
are well described. 


Differential diagnosis 
Other causes of abscesses such as staphylococcal infection, nocar- 
diosis and tuberculosis. 


Disease course and prognosis 

Untreated systemic melioidosis is fatal; with early diagnosis and 
prompt treatment overall mortality is 10-35% depending on the 
clinical syndrome. 
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Investigations 

Culture is the mainstay of diagnosis and appropriate samples 
should be sent for culture; for cutaneous lesions this would include 
a swab of any purulent material or the base of an ulcer or tissue 
from a non-ulcerated lesion. Blood cultures should also be sent. 
It is important to alert the laboratory if melioidosis is suspected 
as selective media may be required and there is also a risk of 
laboratory-associated infection. The Gram-negative bacilli may be 
seen on microscopy of aspirated pus but the sensitivity is poor 
with Gram staining. However, immunofluorescence may be help- 
ful. Serology alone is not sufficient for diagnosis, partly because 
of high background seropositivity in endemic areas [3] but also 
false-negative serology in acute sepsis [4]. Imaging such as chest 
radiography and computed tomography (CT) or ultrasound scan- 
ning of the abdomen should be performed to look for evidence of 
disseminated disease. 


Management [5] 

Management involves appropriate parenteral antibiotics in the 
acute phase (minimum 10 days), followed by an eradication phase 
with oral antibiotics, with the total treatment time lasting at least 
12 weeks [6]. Ceftazidime is the drug of choice for the acute 
phase but meropenem and imipenem are suitable alternatives; 
amoxicillin-clavulanic acid (co-amoxiclav) is considered second 
line therapy. Trimethoprim-sulfamethoxazole (co-trimoxazole) is 
the oral agent used for the eradication phase and co-amoxiclav 
would be second line; doxycycline could be used as an alternative 
to co-amoxiclav if required. Surgical drainage of abscesses should 
be performed where possible. Testing samples for antibiotic sensi- 
tivities is advised as there are reports of antibiotic resistance. In the 
context of localised disease, oral therapy alone may be sufficient 
but expert advice should be sought in this instance. 


Treatment ladder for melioidosis 


First line 
e Ceftazidime (acute phase) 
¢ Co-trimoxazole (eradication phase) 


Second line 
¢ Meropenem/imipenem or co-amoxiclav (acute phase) 
¢ Co-amoxiclav (eradication phase) 


Glanders Cl 


Definition and nomenclature [1,2] 

Glanders is the result of infection with B. mallei; typically the 
infection affects horses and donkeys but it can be passed to 
humans. 


Introduction and general description 

A rare infection, mainly confined to parts of the tropics, which 
presents with ulcerating lesions on the skin and mucous mem- 
branes. B. mallei is a host-adapted clone of B. pseudomallei (which 
causes melioidosis); as a result the clinical manifestations are very 
similar in both diseases. 


Epidemiology 

It is now extremely rare worldwide; sporadic cases still occur in 
Africa, Asia, the Middle East and South and Central America. 
Humans are infected by direct contact with horses, the bacillus 
usually gaining entry through a skin abrasion or through mucosal 
surfaces of the eyes, nose or mouth; inhalation is also a potential 
mode of transmission. Human-to-human transmission is rare but 
has been reported [1]; infection in laboratory personnel is a risk and 
B. mallei is recognised as a biothreat. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 

Pathology 

B. mallei gives rise to a local adenitis, followed by necrosis and 
abscess formation. The infection spreads by the regional lymphatics 
and by metastasis. 


Causative organisms 
© B. mallei. 


Environmental factors 
Individuals in close contact with infected horses and other equines 
are at risk of glanders. 


Clinical features [2] 

History 

Glanders may be an intensely acute, rapidly fatal disease or may run 
a chronic relapsing course over months or years. 


Presentation 

In the acute form of glanders the incubation period is between 
1 and 14 days, following which a localised infection develops with 
cellulitis, which soon breaks down to form an irregular ulcer with an 
offensive haemorrhagic purulent discharge. Malaise, headache and 
fever are associated features. If the primary site is cutaneous, the 
regional lymphatics become swollen and tender, and dull-red nod- 
ules along their course break down to form abscesses and sinuses. 
If the nasal or oral mucous membrane is the site of inoculation, 
there is extensive necrosis and destruction of the septum and palate. 
After a variable interval-a few days or many weeks ~— metastatic 
lesions begin to appear: grouped, dull-red papules, pustules or bul- 
lae, especially over the joints and face, are followed by ulcers that 
enlarge and coalesce. Deep subcutaneous abscesses with multiple 
sinuses may also occur. 


Clinical variants 

Pneumonic disease may lead to acute abscess formation, pleural 
effusion and lobar infiltration. The onset is rapid and without 
prompt treatment leads to death within several weeks. 


Differential diagnosis 
Melioidosis, staphylococcal infection, sporotrichosis, pyoderma 
gangrenosum, tuberculosis. 


Complications and co-morbidities 
Pneumonia and septicaemia. 


Disease course and prognosis 

Although some cases survive for long periods with intermittent 
bacteraemia with severe constitutional symptoms and metastatic 
manifestations, others are rapidly fatal, and in general the mortality 
without treatment is very high. Interestingly there appears to be 
a window of improvement after the first wave of symptoms and 
this seems to last for a variable length of time [1]. This may be 
interpreted as eradication leading to premature treatment cessation. 


Investigations 

The clinical history of exposure to equines (which may have subclin- 
ical infection) is vital in order to suspect the diagnosis. Isolation of 
the organism is required for diagnosis; serology can be useful but 
does cross-react in melioidosis. 


Management [1] 

As glanders in humans is rare, no formal treatment regime 
exists, but a similar therapeutic regime to that used in melioi- 
dosis seems logical: acute parenteral treatment with ceftazidime, 
meropenem or imipenem followed by oral eradication treat- 
ment with trimethoprim-sulfamethoxazole (co-trimoxazole), 
amoxicillin—-clavulanic acid (co-amoxiclav) or possibly doxycycline 
for around 12 weeks. 


STENOTROPHOMONAS MALTOPHILLIA [1] 


Stenotrophomonas maltophilia, previously classified as a Pseudomonas 
species, is a rare cause of opportunistic infection typically seen in 
the context of prolonged hospital stays, mechanical ventilation, 
broad spectrum antibiotics, neutropenia or malignancy. It can cause 
pneumonia or septicaemia. However, Stenotrophomonas maltophilia 
can also cause cellulitis and ecthyma gangrenosum [1,2]. The 
cutaneous lesions are typically nodular and may accompany septi- 
caemia. Trimethoprim-sulfamethoxazole, tigecycline, minocycline 
and levofloxacin have all been used for treatment, but multidrug 
resistance is a growing problem [3,4]. 


KLEBSIELLA PNEUMONIAE 
RHINOSCLEROMATIS 


Klebsiella pneumoniae rhinoscleromatis is a subspecies of K. pneumoniae 
and the cause of a distinctive infection of the upper respiratory tract 
mainly seen in the tropics. 


Rhinoscleroma — 


Definition and nomenclature 

Rhinoscleroma is a chronic granulomatous, slowly progressive and 
potentially fatal infectious and mildly contagious disease caused by 
the bacterium K. pneumoniae subspecies rhinoscleromatis (Klebsiella 
rhinoscleromatis) that affects the upper and lower airways. 


Introduction and general description 

This infection is originally localised in the nasal fossae and invades 
the upper respiratory tract and lacrimal apparatus, where it pro- 
duces an infiltrating granuloma with a marked tendency to sclerosis 
and subsequent obstruction. It is a condition difficult to cure. 


Epidemiology [1,2] 

The disease occurs sporadically almost all over the world, but is 
endemic (although still rare) in parts of Central and North Africa, 
Central and South America, South-East Asia, the Middle East and 
eastern Europe. The disease is acquired by direct or indirect contact 
with the nasal exudate of an infected person. It is more common in 
rural areas where social and hygiene standards are lower. 


Age 
The infection can occur at any age, but it is more frequent between 
the ages of 20 and 50 years. 


Sex 
Both sexes but slight female predisposition [2,3]. 


Pathophysiology 

Pathology [3-5] 

Rhinoscleroma is caused by K. pneumoniae subsp. rhinoscleromatis. 
This bacillus measures about 31m in length and appears isolated, 
in pairs or even in short chains, and is encapsulated, non-motile 
and Gram negative. K. rhinoscleromatis has a mucopolysaccharide 
capsule that helps to protect it from phagocytosis, facilitating intra- 
cellular survival. The mucopolysaccharide in the capsule of the bac- 
terium is thought to be responsible for most of the damage caused 
by the infection. The cell-mediated immunity in individuals with 
rhinoscleroma is impaired and there is a decrease in the number of 
CD4 lymphocytes. 


Causative organisms 
¢ K. pneumoniae subsp. rhinoscleromatis. 


Environmental factors 
Lower socioeconomic status, poor hygiene and poor nutrition are 
risk factors for rhinoscleroma [5]. 


Clinical features 

History 

The first manifestations are usually nasopharyngeal, but the disease 
may also affect the larynx, trachea, bronchi and lacrimal duct [2]. 
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Since the disease runs a very slow progressive course and the lesions 
are indolent, the patient tends to seek medical advice only when it 
has been present for several years, as general health is not impaired. 


Presentation 
The disease progresses through three overlapping stages [3,5]: 

1 Exudative (catarrhal), rhinitic or atrophic stage. This begins with 
symptoms of a common cold. There is headache and difficulty in 
breathing, a fetid purulent rhinorrhoea of long duration (weeks 
or months), with scabs, dryness of the throat and occasional epis- 
taxis. Hypertrophy of the mucous membrane can be observed, 
especially on the septum. 

2 Proliferative or granulomatous stage. Initially, there is the infil- 
trative period which may involve the nose and mouth. As the 
symptoms of coryza begin to subside, infiltration and obstruction 
of the lower portion of the nasal fossae occur, with an exuberant, 
friable granulation tissue, crusting and induration, which later 
extends to the pharynx and larynx. Breathing may become diffi- 
cult and painful, and tracheotomy is sometimes necessary. 

3 Fibrotic (sclerotic) stage. Clinical improvement occurs. The previ- 
ously inflamed tissue is replaced by dense collagen. The healing 
process (spontaneous or after therapy) leads to anatomical dis- 
tortion (e.g. of the nose) and stenosis of the structures affected 
during the proliferative stage. 


Differential diagnosis 

Rhinoscleroma must be differentiated from other diseases involv- 
ing the nasal fossae and upper respiratory tract. At the early 
stages, chronic bacterial rhinosinusitis and atrophic rhinitis should 
be considered. At the late stages, the following enter the differ- 
ential diagnosis: mucocutaneous leishmaniasis, which is highly 
destructive but not as proliferative or obstructive as scleroma, and 
paracoccidioidomycosis, which affects especially the mucous mem- 
branes of the mouth and is accompanied by marked adenopathy 
and granulomatous lesions that bleed easily (‘blackberry’ stom- 
atitis). Granulomatosis with polyangiitis and malignant epithelial 
tumours and sarcomas can be differentiated by their rapid evolu- 
tion. Other diseases that must be considered are sarcoidosis, nasal 
tuberculosis, yaws, leprosy, lymphomas and nasal polyps. 


Complications and co-morbidities 
Progressive pharyngeal and nasal scarring. 


Disease course and prognosis 
Seldom fatal but disfiguring and recurrences are not uncommon. 


Investigations [1] 

The identification of the bacterium is not easy and is based on its 
biochemical activity, which distinguishes it from other Klebsiella 
species or on molecular diagnostic testing. Diagnosis is usually 
based on clinical and histopathological data [2]. While culture is 
diagnostic, it is only positive in up to 60% of cases. 


Histopathology [1,4] 
The histopathological picture is pathognomonic. A dense infiltrate 
is observed consisting mainly of plasma cells and two types of 


highly characteristic cells, the association of which allows this 
process to be distinguished from other granulomas. These cells are 
Mikulicz cells and Russell bodies. A Mikulicz cell is a large round 
vacuolated histiocyte measuring 100-200 1m in diameter contain- 
ing Giemsa or Gram-positive bacilli (A granules) or amorphous 
clusters of mucopolysaccharide (B granules). The Russell body or 
colloid body, measuring 20-40 um, is a structure in the cytoplasm 
of the plasma cells, elliptical in shape, homogeneous and extremely 
eosinophilic, and as such stains bright red. Inside the Mikulicz cells, 
the bacilli are protected from the cell-mediated immune system, 
and hence there is a need for long-term therapy to be active against 
the bacteria when they are released. 


Radiographic findings 
Computed tomography findings can help identify rhinoscleroma 
from other malignant and granulomatous disorders. Characteristic 
findings include homogeneous, non-enhancing nasal and nasopha- 
ryngeal soft-tissue masses which have distinct edges, nasal turbinate 
atrophy, transglottic narrowing, vocal cord thickening, crypt-like 
changes in the trachea and discrete subglottic narrowing, as well as 
calcification, wall thickening and nodules [6,7]. 

Endoscopic examination may be required to determine the extent 
of involvement [5]. 


Management [8,9] 

This is essentially a chronic disease with a slowly progressive 
course. Relapses are frequent after apparent bacteriological cure. 
Involvement of the trachea or bronchi inevitably worsens the prog- 
nosis. The disease is rarely associated with AIDS [10]. Treatment 
is typically a combination of prolonged antimicrobial therapy and 
surgical debridement [5]. Various antibiotics have been used to 
treat rhinoscleroma and where possible treatment should be based 
on antimicrobial sensitivities. Agents used (either alone or in com- 
bination) include trimethoprim-sulfamethoxazole, streptomycin, 
tetracyclines, fluoroquinolones, rifampicin and second and third 
generation cephalosporins. Antimicrobial therapy is likely to be 
required for at least 3 months and this is an important consideration 
with respect to the therapeutic choice [11]. 

During the healing process, scarring affects the upper respira- 
tory tract, nose, pharynx and larynx. In the inactive fibrotic stage, 
surgical treatment may be required to correct severe structural 
and functional abnormalities, such as the narrowing of the nasal 
vestibule, nasopharyngeal stenosis and laryngeal web formation. 
Nasal endoscopic techniques and the carbon dioxide laser have 
been used for the treatment of obstructive scars [5,10]. 


Treatment ladder for rhinoscleroma 


First line 
¢ Fluoroquinolones 
e Tetracyclines 


Second line 
¢ Second/third generation cephalosporins 
¢ Trimethoprim-sulfamethoxazole 


FRANCISELLA TULARENSIS 


Francisella tularensis is a Gram-negative bacteria responsible for 
tularaemia, a zoonotic infection. It is a pleomorphic non-motile 
Gram-negative coccobacillus which produces a powerful endotoxin. 
It is a facultative intracellular parasite. 


Tularaemia CO 


Definition and nomenclature [1,2] 
Tularaemia results from systemic infection with F. tularensis. 


Introduction and general description 

This is a systemic infection in which skin features include an inflam- 
matory reaction at the site of entry with tissue necrosis and sec- 
ondary exanthemata. 


Epidemiology 

Wild lagomorphs (rabbits and hares) and rodents are the main 
reservoir of infection. However, the organism can infect many 
species of wild and domestic vertebrates as well as invertebrates. 
The organism can survive in an animal carcass as well as soil and 
water for several weeks. Transmission to humans can occur either 
directly or indirectly from animal contact and via bites from ticks 
(usually Dermacentor species) or other arthropods [2]. The epidemi- 
ological pattern is extremely variable; infected food and water have 
been responsible for outbreaks. However, most cases are sporadic. 
Airborne transmission is also possible, leading to pneumonic dis- 
ease. The combination of aerosol transmission and high virulence 
resulting in severe pneumonia means that F. tularensis is categorised 
as a biothreat. The disease is endemic in the northern hemisphere, 
including the USA and many parts of northern and eastern Europe 
apart from the UK. It is also seen in Asia and the Middle East. 
Outside of North America, F. tularensis subsp. holarctica, which is 
less virulent, is more common. 


Age 
Any age. 


Sex 
Both sexes, but more common in males due to risk of exposure. 


Pathophysiology 

Pathology 

F, tularensis is a highly virulent organism; inhalation of only 10 
live organisms can lead to potentially lethal disease. Following 
inoculation, the infection spreads to the regional lymph nodes 
before spreading systemically. F. tularensis replicates within the 
macrophages leading to macrophage death; it also infects neu- 
trophils where it is able to suppress the oxidative burst and 


inhibit neutrophil apoptosis [3]. F. tularensis also exhibits sev- 
eral virulence factors such as lipopolysaccharides, type IV pili 
and siderophore. A cluster of genes known as the Francisella 
pathogenicity island (FPI) appear to determine the virulence of the 
organism [4]. 


Causative organisms 
¢ F. tularensis. 


Environmental factors 
Individuals exposed to animals, for example farmers, veterinarians, 
hunters and meat handlers, are at increased risk. 


Clinical features 

History 

The incubation period varies from 1 to 10 days. The clinical mani- 
festations depend on the portal of entry: the skin, eye, or respiratory 
or gastrointestinal tract. 


Presentation 

Six clinical manifestations of tularaemia are recognised; most spo- 

radic cases are of the ulceroglandular, glandular or oculoglandular 

type: 

1 Ulceroglandular — this accounts for around 90% of cases [4]. 
Typically, a single, painful, red nodule develops at the site of 
inoculation. This lesion then ulcerates and a central eschar will 
form. Associated tender regional lymphadenopathy occurs and 
may become suppurative. Subcutaneous nodules spreading 
along the draining lymphatics in a sporotrichoid pattern can 
occur [5]. The symptoms are accompanied by fever. Transmis- 
sion from animals usually results in lesions on the arms or hands 
whereas arthropod transmission more commonly results in 
lesions on the head, trunk or legs. 

2 Glandular — this refers to tender regional lymphadenopathy with- 
out an identifiable skin lesion. 

3 Oculoglandular — this occurs when infection with F. tularensis 
occurs through exposure to the conjunctiva and results in unilat- 
eral pain, infection of the conjunctiva and conjunctival oedema 
with associated regional lymphadenopathy. 

Secondary skin manifestations are common to all presentations 
of tularaemia and can take many forms including maculopapu- 
lar exanthema, vesicular lesions, Sweet syndrome, erythema 
multiforme, urticarial reactions and erythema nodosum [6]. 


Clinical variants 

Oropharyngeal, pneumonic and typhoidal forms of tularaemia are 
also recognised. Oropharyngeal disease appears to be more com- 
mon in Europe [6] and typically occurs from oral exposure. Pneu- 
monic disease may be primary, from inhalation, or secondary due 
to haematogenous spread. Typhoidal disease describes a systemic 
illness without localising features. 


Differential diagnosis 

Differential diagnoses include acute staphylococcal or streptococcal 
infection, rickettsial infections, Bartonella infections, sporotrichosis, 
syphilis, plague, anthrax, Q-fever and melioidosis. 
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Complications 
Complications from untreated disease include sepsis, renal failure, 
hepatitis, endocarditis, mastoiditis, meningitis and osteomyelitits. 


Disease course and prognosis 
Untreated, the course may be prolonged; the mortality of the 
typhoidal and pulmonary forms exceeds 30%, and that of the 
oculoglandular form is about 5%. 


Investigations 

The organism may be cultured from the primary lesion, the lymph 
nodes or gastric or pharyngeal washings. As Francisella is slow grow- 
ing, it may take up to 2 weeks to observe growth. Specific agglutinins 
appear in the serum after about 10 days and increase in titre for 
around 4 weeks. Cross-agglutination with the Brucella antigen is a 
possible source of error. An enzyme-linked immunosorbent assay 
(ELISA) is available in some laboratories. As laboratory-associated 
infections can occur it is important that Francisella is identified as the 
possible organism on any samples sent for analysis. 


Management 

All cases are likely to require antimicrobial treatment. Aminoglyco- 
sides, tetracyclines and fluoroquinolones have established efficacy 
in treating tularaemia; ciprofloxacin and doxycycline are commonly 
used [7]. 

A live attenuated, unlicensed vaccine against tularaemia is avail- 
able, restricted to laboratory workers at risk, but it does not appear 
to generate robust protection against pneumonic disease [8] so 
research is ongoing to develop further vaccines. 


Treatment ladder for tularaemia 


First line 

¢ Ciprofloxacin 

¢ Doxycycline 

e Gentamicin (severe disease) 


PASTEURELLA 


Pasteurella multocida 
infections 


Definition 

P. multocida is a small Gram-negative bacillus widely distributed as 
a member of the normal flora of the respiratory tract or intestines 
of many domestic and wild animals, in which it may cause haemor- 
rhagic septicaemia if the resistance of the host is low [1]. 


Introduction and general description 

The organism does not normally occur in humans, but may be 
demonstrable in the sputum of patients with bronchiectasis. Most 
human infections follow bites by cats, dogs or other animals, and 


Figure 26.29 Pasteurella multocida infection. Courtesy of St John’s Institute of 
Dermatology. 


scratch injuries (usually from cats) may also become infected. There 
are two main subspecies, P. multocida multocida and P. multocida 
septica. Other species which can cause wound infections include 
P. canis, P. stomatis and P. dagmatis. 


Clinical features 

Most lesions are on the hands, arms or lower legs [1-3] (Figure 26.29). 
The clinical picture is influenced by the extent and depth of the 
bite. Redness and swelling around the wound may spread rapidly 
over a wide area and may break down to discharge greyish yellow, 
haemorrhagic pus through one or more sinuses. In other cases, 
the inflammatory changes, often associated with great tenderness, 
remain localised to the edges of the wound. If the bite is deep, 
there may be osteomyelitis or synovitis. Of patients 10-15% are 
febrile and localised lymphadenopathy often develops. About 15% 
of patients, particularly those patients with internal disease affect- 
ing the abdominal cavity or lung, have no history of exposure to 
animals. 


Investigations 
The diagnosis will be suggested by the history and is confirmed by 
the isolation of the slow-growing Gram-negative bacillus. 


Management 

The infection responds to penicillin, ampicillin and cephalosporins, 
for example cefuroxime. However, B lactamase-producing strains 
are not infrequent and as bite wounds are often polymicrobial, 
agents containing B lactamase inhibitors such as clavulanic acid 
are recommended [4,5]. Alternatives include fluoroquinolones and 
tetracyclines. 


YERSINIA 


The main skin pathogens are Yersinia pestis, causative organism of 
the plague, and Y. enterocolitica, which causes Yersiniosis, a gastroin- 
testinal infection. Y. pestis [1] is a small Gram-negative non-sporing 
and non-motile bacillus; with Giemsa it shows characteristic bipo- 
lar staining. 


Plague and Yersinia infectic 


Definition and nomenclature 

This is a zoonotic infection caused by Y. pestis, spread by fleas found 
on rats, which is well recognised as the cause of large outbreaks of 
infection both historically and in the present day. 


Introduction and general description 

A disease of great historical significance, plague was responsible for 
several major epidemics in Europe, North Africa and the Middle 
East in the middle ages and later. The largest of these, known as 
the Black Death, is thought to have killed around one-third of the 
population of Europe [2]. 


Epidemiology 

It is a zoonotic infection that predominantly affects a wide variety 
of rodents, especially urban and domestic rats, Rattus rattus and 
R. norvegicus, and is conveyed from them to humans by the bites of 
fleas or humans may be infected after contact with contaminated 
material. Y. pestis has been shown to contaminate soil, which may be 
a source of infection for animals [2]. In pneumonic disease, droplet 
transmission from person to person can occur. Plague is endemic 
in parts of India and East and South East Asia, and in Madagascar 
and Southern and Central Africa [3,4]. Sporadic outbreaks occur in 
North Africa and the Middle East and there are foci of infection in 
the USA [5]. Occasional cases are recognised elsewhere in travellers 
from endemic areas. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 

Pathology 

Following inoculation of the organism by a flea bite, the regional 
lymph node becomes swollen (the classic bubo of bubonic plague), 
and systemic spread, typically with a severe febrile illness, devel- 
ops, frequently leading to death within days, without appropriate 
antimicrobial therapy. Lung involvement occurs in some cases, with 
sputum that is highly infectious. If Y. pestis is inhaled, it is likely 
to lead to primary pulmonary infection (pneumonic plague), which 
is almost invariably fatal within 3 or 4 days. In plague epidemics, 
mild bubonic infections with no systemic spread and truly subclin- 
ical infections both occur. Conversely, a patient may rapidly die of 
flea-transmitted plague without ever developing a bubo. In some 
instances, cerebral symptoms may be severe. 


Causative organisms 
e Y. pestis. 


Clinical (cutaneous) features 

History 

The incubation period is 3 or 4 days, but it may occasionally be over 
7 days. 


Clinical presentation 

Bubonic plague is the most recognised and common form of the 
disease. Although typically there is no distinct lesion at the site of 
the initial flea bite, an erythematous plaque may appear, become 
bullous and then crusted like an anthrax lesion. Such primary 
cutaneous lesions may occur in 10% of patients. The bubo arises in 
the regional lymph nodes several days later. The bubo is a swollen 
lymph node that becomes acutely painful (Figure 26.30). During 
the bacteraemic phase, a macular, erythematous or petechial rash 
may develop; this is sometimes frankly purpuric (the Black Death). 
Necrotic lesions that closely resemble ecthyma gangrenosum may 
develop [6]. These are the result of vasculitis and occlusion of 
vessels with fibrin thrombi. In a few cases, umbilicated vesicles or 
pustules are seen, particularly over the trunk [4]. This atypical erup- 
tion has been a notable feature of certain epidemics and is generally 
associated with a high mortality. If bubos are excluded, cutaneous 
lesions probably occur in about 10% of cases in most epidemics. 


Clinical variants 

Several clinical manifestations of plague are recognised in addition 
to bubonic: pneumonic, septicaemic, meningitic, pharyngeal and 
gastrointestinal. 


Differential diagnosis 

Differential diagnoses include anthrax, lymphoma, brucellosis, Bar- 
tonella infection, chancroid, lymphogranuloma venereum, rickettsial 
infections, syphilis and tularaemia. 


h 


Figure 26.30 Bubo in Yersinia pestis infection. © D.A. Warrell. 
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Disease course and prognosis 
Untreated plague is a fatal illness. With appropriate antibiotics the 
mortality from bubonic plaque drops to around 5% [2]. 


Investigations 

Despite the short incubation period, air travel may carry infected 
individuals to any part of the world. Even in endemic areas, sporadic 
cases are often misdiagnosed. The adenitis is the most characteris- 
tic feature. Aspiration of a bubo and direct examination of smears 
and culture confirm the diagnosis. The culture of blood and sputum 
should also be undertaken. 


Management 

All cases require prompt antibiotic therapy. Streptomycin, gen- 
tamicin, fluoroquinolones, doxycycline and chloramphenicol are 
all appropriate therapeutic options [2] and treatment should last 
10-14 days. 


Yersinia enterocolitica — 


Yersinia enterocolitica is an important cause of a syndrome in which 
diarrhoea and pain similar to appendicitis occur. In some reported 
cases there is polyarthritis, and a high proportion of patients, 30% in 
some series, also have erythema nodosum. Lesions appear from 2 to 
20 days after the onset of abdominal symptoms [1,2]. 


BRUCELLA 


Brucella are Gram-negative bacteria responsible for the zoonotic 
infection brucellosis. 


Brucellosis — CC 


Definition and nomenclature 
Brucellosis is a zoonosis and a disease of domestic and farm animals 
which can be transmitted to humans. 


Introduction and general description 
Cases of brucellosis in humans are sporadic and often remain 
unrecognised due to its protean manifestations. 


Epidemiology 

Brucellosis is a widespread infection of cattle, sheep, goats, pigs and 
dogs with Brucella abortus, B. melitensis, B. suis, and B. canis respec- 
tively. Human cases are seen mainly in countries of the Mediter- 
ranean basin as well as the Middle East, sub-Saharan Africa, South 
and Central Asia and Latin America. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 
Pathology 
Humans are infected by the ingestion of contaminated unpas- 
teurised milk or milk products, or by direct contact with infected 
animals. The incidence is therefore highest in veterinary surgeons 
and farmers. Human-to-human transmission is rare but has been 
reported. There are also species confined to causing disease in 
animals. 

The organism, a Gram-negative aerobic coccobacillus, colonises 
the cells of the reticuloendothelial system and induces a granulo- 
matous tissue response. 


Causative organisms 
e B. abortus. 

e B. melitensis. 

e B. suis. 

e B. canis. 


Environmental factors 

Individuals working in occupations requiring close contact with 
animals such as veterinarians, abattoir and dairy workers and farm- 
ers are at increased risk of acquiring brucellosis. The consumption 
of unpasteurised dairy products is the most common mode of 
transmission. 


Clinical features 

History 

After an incubation period, which is usually between 2 and 4 weeks, 
but may be longer, malaise, headache, myalgia and night sweats 
accompany the onset of an intermittent fever. 


Presentation 

Brucellosis tends to run a chronic, granulomatous course and can 
affect any organ system [1]. Various non-specific features may 
develop including anorexia, dizziness, organomegaly and lym- 
phadenopathy. Skin lesions develop in up to 10% of cases but are 
not pathognomonic and include morbilliform, scarlatiniform and 
roseolar exanthems, vasculitis lesions and ulceration. Erythema 
nodosum-like lesions of the legs have also been reported [2,3]. 


Clinical variants 

Contact brucellosis [2,3]. Veterinary surgeons, and others who 
are in frequent contact with infected animals, may develop a high 
degree of allergic sensitivity to Brucella antigens. Contact with the 
secretion of an infected animal, usually during delivery, gives rise 
to pruritus, erythema and urticarial wheals within a short time 
of contact, often followed within 48h by a profuse eruption of 
follicular papules, many of which become vesicular or pustular, 
and heal in 10-14 days to leave small scars. Secondary eruptions 
of erythema multiforme type may develop remotely from the sites 
of contact. The contamination of abrasions by B. suis may cause 
indolent ulcers. 


Differential diagnosis 
Brucellosis should be considered in the differential diagnoses 
of fevers of unknown origin and these include typhoid fever, 


tuberculosis, leptospirosis, dengue, toxoplasmosis, Epstein-Barr 
virus, cytomegalovirus, HIV and lymphoma. In contact brucel- 
losis, transmissible diseases including herpes simplex and zoster 
as well as zoonoses such as orf and poxvirus infections should be 
considered. 


Complications 

Brucellosis can result in focal osteoarticular disease in up to 70% 
of cases with peripheral arthritis, sacroiliitis and spondylitis. Focal 
genitourinary, neurological, cardiovascular or pulmonary involve- 
ment may occur, leading to significant morbidity and potential 
mortality (especially with endocarditis) [1,4]. 


Disease course and prognosis 

The course of brucellosis is variable [2]. The illness usually lasts for 3 
or 4 months, but both acute fulminating and chronic forms occur. In 
the latter, there may be persistent infection of the bone, gallbladder 
or other organs. Relapse following treatment is not uncommon [1,2]. 


Investigations 
Cultures can take up to 3 weeks to grow and may require special 
techniques. Therefore, it is important to notify the laboratory staff if 
brucellosis is suspected. Culture may be taken from blood and body 
fluids such as cerebrospinal fluid, synovial fluid or tissue. 
Serological tests may be useful. However, in endemic countries 
high antibody titres (>1:640) may be required to confirm causality 
and a lack of correlation between serological findings, clinical out- 
comes and culture positivity has been demonstrated [5]. PCR-based 
methods are helpful for confirming the diagnosis. 


Management 
Patients should receive appropriate antibiotic therapy. The recom- 
mended course of treatment for brucellosis includes doxycycline 
and either rifampicin or an aminoglycoside, both of which should 
be given for at least 6 weeks [1,6,7]. Shorter periods of therapy 
increase the risk of relapse. 

Fluoroquinolones or trimethoprim-sulfamethoxazole (co-tri 
moxazole) could be used in combination with first line antimicro- 
bials if required. 


Treatment ladder for brucellosis 


First line 
¢ Doxycycline plus either rifampicin, gentamicin or 
streptomycin 


Second line (in combination with first line agents) 
¢ Trimethoprim-sulfamethoxazole 
¢ Ciprofloxacin 


BARTONELLA 


Definition 
Originally classified as rickettsiae, Bartonella species are now 
regarded as bacteria more closely related to Brucella than to other 


genera [1]. Bartonella spp. have been reclassed from the genus 
Rochalimaea [2]. Bartonella species are Gram-negative bacilli, which 
are capable of infecting and surviving inside erythrocytes. 


Introduction and general description 

The human diseases associated with these organisms are trench 
fever due to B. quintana, bacillary angiomatosis (B. henselae, 
B. quintana), cat scratch disease (B. henselae) and Oroya fever 
(B. bacilliformis). Other described Bartonella spp., such as B. eliza- 
bethae, have rarely been associated with human disease, for example 
bacteraemia. Those organisms that cause vascular proliferation 
(e.g. B. bacilliformis) are known to stimulate the production of vas- 
cular endothelial growth factor (VEGF), its receptors VEGFR-1 and 
VEGFR-2, and angiopoietin 2 in host cells. Bartonella species may 
also remain in endothelial cells in a vacuole-like structure called an 
invasome. 


Trench fever — 


Definition and nomenclature 
Trench fever is caused by B. quintana, which is transmitted to 
humans by the human body louse (Pediculus humanus corporis) [3]. 


Epidemiology 

It has been diagnosed in many different countries, usually under 
conditions where there have been very poor levels of hygiene. 
The name trench fever stems from its identification among soldiers 
during the First World War. 


Pathophysiology 
Humans are the only known reservoir. Transmission is by inocula- 
tion with contaminated louse faeces via skin or conjunctiva. 


Clinical features 

The clinical manifestation of infection can range from a mild febrile 
illness to debilitating disease. The nature of the fever can be episodic 
or persistent, and the synonym quintana (or 5-day) fever refers to 
the paroxysmal exacerbations which can occur after asymptomatic 
periods [4]. Malaise, headache, gastrointestinal symptoms and 
bone pain are common. Most cases have a widespread macu- 
lopapular eruption, most prominent on the trunk, which fluctuates 
with the fever. 


Disease course and prognosis 

The illness is usually mild with spontaneous recovery. Chronic bac- 
teraemia may occur, particularly in the immunocompromised, and 
the organism is a cause of culture-negative endocarditis. 


Management 
Uncomplicated bacteraemia should be treated with doxycycline or a 
macrolide for 4-6 weeks. For severe or chronic disease, doxycycline 
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in combination with gentamicin or a third generation cephalosporin 
is recommended [5]. 


Cat scratch disease — 


Definition and nomenclature 
Infection due to B. henselae. 


Introduction and general description 

This is a syndrome characterised by the development of peripheral 
lymphadenopathy after a cat scratch or bite. Patients with the 
syndrome usually have antibodies to this organism, which has also 
been isolated from lymph nodes. 


Epidemiology 

Cats are the natural reservoir for the B. henselae and they may have a 
persistent bacteraemia for many months [6] without clinical signs of 
disease. B. henselae has been found in other domestic animals such as 
dogs, guinea pigs and rabbits [4]. The disease is worldwide in dis- 
tribution and appears to be more common in autumn and winter. 
Cat scratch disease, as the name suggests, develops after a scratch or 
bite from an infected cat. Cat fleas (Ctenocephalides felis) are respon- 
sible for transmission between felines but it is not clear if this is a 
source of infection for humans. Contact with infected cat saliva via 
mucous membranes or broken skin may account for cases without 
the classical scratch or bite. 


Age 
It affects all ages, but mostly children and teenagers. 


Sex 
Both sexes. 


Pathophysiology 

Pathology 

After inoculation, B. henselae invades endothelial cells causing a 
localised inflammatory reaction and regional lymphadenopathy 
[7]. There is a granulomatous response to the infection in the 
immunocompetent host; in the immunocompromised, vasculo- 
proliferative changes may occur. In some cases the infection may 
become disseminated and in an unknown number the infection is 
asymptomatic. 


Causative organisms 
¢ B. henselae. 


Clinical features [8,9] 

History 

As already stated not all infected cases become symptomatic. There 
is a history of cat contact, not necessarily prolonged or close, and 


usually a local wound. In many cases, it is believed that the cat is 
the source of the organism and the wound is the portal of entry. 
A scratch by a cat fulfils both requirements and is the commonest 
mode of infection. The cat is usually young but not ill. Occasionally, 
more than one member of a family may be affected. 


Presentation 

Up to 10 days after the inoculating event, a papule (occasionally a 
group of papules) may form, which progresses through vesicular 
and crusting stages in 2 or 3 days, and may ulcerate. This lesion may 
be inconspicuous or may take several weeks to regress and may 
leave a superficial scar [4]. Identification of the inoculation wound 
is of diagnostic importance, and examination should include the 
scalp, ears and fingers. About half are on the hands and arms and 
one-quarter on the head and neck. Constitutional symptoms are 
usually mild, but fever is present in 60% of cases, persisting from 
a few days up to 2 weeks. Illness lasting more than 2 weeks is 
uncommon [10]. 

Lymphadenopathy is present in all cases, and usually develops 
within 1 or 2 weeks of the initial papule, although it may not be 
noticed until later. The affected node is in the drainage path of the 
primary lesion but there is no lymphangitis. It is solitary in 85% of 
patients; two or three are seen occasionally [9]. Uncommonly, bilat- 
eral lymphadenopathy is seen, but this can be explained by separate 
inoculations or a single one close to the midline. The glands are 
painful and tender and occasionally progress to suppuration and 
discharge before regressing in a period of weeks or months; per- 
sistent enlargement is uncommon. Recurrent lymphadenopathy is 
exceptional [10]. 


Clinical variants 
Primary inoculation of the eye may occur as a result of contact with 
cat saliva or self-inoculation from another site. This can result in 
granulation, usually painless, and usually on the palpebral conjunc- 
tiva, followed by enlargement of the preauricular gland, constituting 
one of the forms of Parinaud oculoglandular syndrome [11]. 
Unusual cutaneous manifestations include a maculopapular 
rash, urticaria, thrombocytopenic purpura, erythema nodosum, 
erythema multiforme and erythema marginatum; they appear to be 
more common among patients with severe or systemic disease [10]. 


Differential diagnosis 

Sporotrichosis, atypical mycobacterial infection, pyogenic adenitis, 
viral infections such as Epstein-Barr virus, cytomegalovirus and 
HIV, toxoplasmosis, tularaemia, lymphoma and sarcoidosis must 
be considered. 


Complications and co-morbidities 

Rarely, hepatomegaly or splenomegaly with granuloma formation 
can occur, most commonly in children, which may be associated 
with persistent fever [12]. Arthralgia and myalgia can occur but are 
most common in older age groups. 

Cat scratch disease is recognised as a cause of neuroretinitis, 
which can lead to oedema of the optic nerve and acute visual loss. 
Other neurological complications are also described in cat scratch 
disease including encephalopathy and transverse myelitis. 


Disease course and prognosis 
Cat scratch disease, even when accompanied by the more severe 
complications, is generally benign and self-limiting. 


Investigations 

Unilateral lymphadenitis is the usual presenting feature. A history 
of a cat scratch days or weeks previously resulting in a granulo- 
matous nodule distal to the gland would immediately confirm the 
diagnosis, and the importance of actively seeking these two features 
has been emphasised [9]. If they are lacking, the clinical diagnosis is 
made by exclusion. 

Serology can be performed but has poor sensitivity and specificity. 
B. henselae is slow growing and fastidious so when sending sam- 
ples for culture it is essential that the laboratory is informed of the 
suspected diagnosis so the sample can be managed appropriately; 
however, even with optimal techniques, positive culture from blood 
and tissue samples may be elusive. 

Both the primary lesions and the regional lymph nodes show 
characteristic, although non-specific, changes on histology. In the 
early stages, there is focal reticulum cell hyperplasia, which forms 
granulomas of the sarcoid type. Later, there are microabscesses sur- 
rounded by a palisade of epithelioid cells and occasionally Langhans 
giant cells. The earlier a lymph node is biopsied, the greater the 
numbers of bacilli visible with the Warthin-Starry silver stain; they 
are usually undetectable by the time suppuration has occurred [13]. 

Immunohistochemistry demonstrates the bacilli in the inocula- 
tion lesion or, more commonly by the time of presentation, in the 
lymph node, and would confirm the diagnosis. However, the organ- 
isms are increasingly difficult to detect as the disease progresses. 
Otherwise, histology is not specific, and biopsy is not routinely 
recommended. 

Historically, skin testing with cat scratch disease antigen, made 
from pus from affected lymph nodes, was used but is no longer 
performed. 

PCR testing for Bartonella is useful for distinguishing between 
species but it is not very sensitive; PCR is more likely to be positive 
in the first 6 weeks of the disease [14]. 


Management 
In most cases, the disease is mild and self-limiting. However, for 
patients with lymphadenitis, a 5-day course of azithromycin is gen- 
erally recommended, although there is a lack of randomised trials 
[15]. Alternatives include clarithromycin, rifampicin, ciprofloxacin 
and _ trimethoprim-sulfamethoxazole. In more severe disease, 
including neurological and ocular disease and endocarditis, combi- 
nations of these antibiotics for prolonged periods are required. 
Fluctuant glands may be aspirated but should not be incised as 
chronic drainage may occur. Excision of lymph nodes is not justi- 
fied therapeutically, although it may occasionally be indicated for 
histology. 


Bacillary angiomatosis — 


Definition and nomenclature 
Bacillary angiomatosis is an uncommon disease found in AIDS 
patients and occasionally other patients with severe immuno- 


suppression [16]. Rarely, bacillary angiomatosis can occur in 
immunocompetent individuals [17]. It is characterised by the devel- 
opment of friable angiomatous papules and nodules. Two Bartonella 
spp. have been associated with this infection: B. henselae and B. quin- 
tana [18]. The appearance of these lesions follows a septicaemia, 
which is usually mild and often passes unnoticed. 


Introduction and general description 
The disease presents with small proliferative blood vessel-containing 
lesions on the skin surface. 


Epidemiology 

The disease has been most commonly described in North Amer- 
ica but has been reported in most parts of the world. The infection 
is sporadic and there is not necessarily a history of exposure to cats 
or of skin injury. 


Age 
Any, but usually seen in adults. 


Sex 
Both sexes. 


Associated diseases 
e HIV/AIDS 
¢ Severe immunocompromise 


Pathophysiology 

Pathology 

The skin lesions follow early and symptomatic blood dissemina- 
tion of the microorganisms. The bacteria can invade erythrocytes as 
well as endothelial cells and are able to stimulate angiogenesis in the 
vascular endothelium. 


Causative organisms 

B. henselae and B. quintana. The reservoirs for B. henselae and B. quin- 
tana, respectively, are cats and humans; the latter bacterium is prob- 
ably transmitted by the body louse. There are no known differences 
between skin infections caused by the two species of Bartonella. 


Clinical features 
History 
Commonly, there is no history of exposure or obvious entry point. 


Presentation 

The lesions of bacillary angiomatosis are very variable [19]. They 
appear as either solitary or crops of red to purpuric vascular 
papules, which may then expand into nodules. Superficial lesions 
closely resemble pyogenic granulomas. Ulceration and bleeding 
can occur. They may involve any site including mucosal surfaces. 
Local lymphadenopathy occurs infrequently. Very extensive lesions 
may cover parts of the face or trunk. 
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There is lobular proliferation of small blood vessels that contain 
swollen endothelial cells. These contain granular material, which 
consists of clumps of bacteria seen with the Warthin-Starry stain. 


Differential diagnosis 

The lesions need to be distinguished from pyogenic granulomas, 
molluscum contagiosum, Kaposi sarcoma, cutaneous lymphoma 
and deep fungal infections disseminated to the skin. The lesions are 
very similar to those of verruga peruana. 


Complications and co-morbidities 

Complications include bacillary peliosis, where vascular lesions 
develop in internal organs especially the liver. Again, the endothe- 
lial cells lining these spaces contain large numbers of organisms. 
Bacillary peliosis is typically seen with B. henselae infection and can 
be fatal. Subcutaneous and osseous lesions can occur and these are 
more frequently seen in infection with B. quintana. 


Disease course and prognosis 

The skin lesions remain if the patient does not receive treatment 
and the disease may be fatal if left untreated, especially if there is 
visceral disease. 


Investigations 

The diagnosis is made by the appearance of the typical lesions 
and biopsy, which should reveal the presence of large clusters of 
bacteria on Warthin-Starry staining. Bartonella spp. can be difficult 
to culture. Serology is not very sensitive or specific and PCR may 
be useful, especially for distinguishing between different Bartonella 
species. If bacillary angiomatosis is suspected, imaging should be 
performed to exclude peliosis. 


Management 
There are no controlled studies of treatment of this condition. Doxy- 
cycline or erythromycin is usually given. It may be necessary to use 
long periods of treatment for 12 weeks or longer. Peliosis, as well as 
cutaneous lesions, typically responds to antimicrobial therapy, but 
may require a longer treatment course. Relapses are common after 
cessation of therapy. 

Surgical removal of solitary lesions may be appropriate but should 
be done under antibiotic cover. 


Oroya fever and verruga p 


Definition and nomenclature 

Oroya fever is an infectious disease transmitted by Phlebotomus 
spp. (sandfly) and caused by the small rod-shaped organism B. 
bacilliformis. 


Introduction and general description 
Infection with Bartonella bacilliformis can result in two distinct clini- 
cal manifestations which may occur in isolation or sequentially [21]. 


Oroya fever, as the name suggests, is a febrile illness which may be 
followed by the appearance of multiple angiogenic skin papules, 
verruga peruana. The link between Oroya fever and verruga 
peruana was only made in 1885 when Daniel Carrién, a medical 
student, injected himself with exudate from a verruga lesion. He 
subsequently developed Oroya fever, from which he died. 


Epidemiology 

The disease is endemic in the inter-Andean valleys between 500m 
and 3200m above sea level, especially Peru, but outbreaks have 
occurred in neighbouring Latin American countries. 


Age 
In the endemic areas, most individuals are infected in childhood and 
acquire a permanent immunity. 


Sex 
Both sexes. 


Pathophysiology 

Pathology 

The disease is transmitted via bites from infected female sandflies 
of the genus Lutzomyia. The organism is flagellate and can adhere 
to and invade red blood cells. B. bacilliformis is able to colonise the 
entire circulatory system [21]. Persisting forms in circulating cells act 
as a reservoir for new infections spread by sandflies. The bacteria can 
also penetrate endothelial cells in vitro and produce an endothelial 
cell stimulating factor. 


Causative organisms 

B. bacilliformis; case reports exist of other Bartonella species result- 
ing in similar clinical manifestations: B. rochalimae and Candidatus 
Bartonella ancashensis [20,22]. 


Clinical features 

History 

The incubation period is usually about 60 days following a bite from 
an infected sandfly. 


Presentation 
Two forms of infection are recognised: Oroya fever and verruga 
peruana; these are now known to represent two stages of infection. 

Oroya fever is the first stage of disease: there is a sudden onset 
of pyrexia accompanied by a rapidly progressive, haemolytic 
anaemia, due to the destruction of infected red blood cells [23]. 
Hepatosplenomegaly and generalised lymphadenopathy occur 
and a petechial or ecchymotic rash may develop. The mortality is 
high, especially in pregnant women. Secondary infections are com- 
mon and include salmonella, toxoplasmosis, malaria, shigellosis, 
histoplasmosis and pneumocystosis; these are also potentially life 
threatening [21]. 

Verruga peruana is the second disease state recognised with 
B. bacilliformis infection. It may develop without previous Oroya 
fever, or may follow it weeks or months later. The eruption is 
composed of red papules, which appear in crops and often become 
nodular or pedunculated. Some lesions become very large, oth- 
ers may be haemangiomatous or haemorrhagic. Lesions may be 


Figure 26.31 Nodular and mular lesions of verruga peruana. Image courtesy of Dr Ciro 
Maguifa. 


classed as either miliary (multiple small, red papules), mular 
(blood-filled nodules) or diffuse (groups of larger subdermal nod- 
ules) (Figure 26.31) [24]. They are most numerous on the face, neck 
and limbs but may also involve the mucous membranes. Constitu- 
tional symptoms of fever, malaise, myalgia and lymphadenopathy 
may coexist in this form of infection, which may settle sponta- 
neously. Lesions may persist for months or years and may heal with 
scarring. Verruga peruana is rarely fatal but lesions can bleed [21]. 


Differential diagnosis 
Verruga peruana must be distinguished from yaws, acquired hae- 
mangiomas, disseminated deep mycoses and Kaposi sarcoma. 


Complications and co-morbidities 
Haemolytic anaemia in the acute phase of Oroya fever. 


Disease course and prognosis 
Oroya fever is potentially fatal with a high case fatality rate. Verruga 
lesions generally settle spontaneously over time. 


Investigations 

The diagnosis should be considered only if the patient has visited 
the endemic areas. In Oroya fever, the organism can be seen in blood 
films or isolated in blood cultures. 

The biopsy appearances of verruga peruana show lesions con- 
taining numerous small blood vessels with endothelial proliferation 
and B. bacilliformis may be seen in the cytoplasm of endothelial cells 
with Warthin-Starry or Giemsa staining. There is a variable infiltrate 
of chronic inflammatory cells, and lesions heal with fibrosis [25]. 


Management 

All febrile cases should receive antibiotic therapy. In Oroya fever, 
ciprofloxacin is the most commonly used agent [20]. Ciprofloxacin is 
also active against common secondary infections such as salmonella, 
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making it a sensible therapeutic option. Other potential treatment 
options include chloramphenicol, penicillin, doxycycline and 
trimethoprim-sulfamethoxazole. Ceftriaxone should be added in 
severe cases [20]. 

In verruga peruana, response to antibiotics is unsatisfactory; most 
lesions evolve and eventually settle uninfluenced by treatment. 


VIBRIO VULNIFICUS INFECTIONS 


Definition 

Certain non-cholera vibrios have been found to cause severe celluli- 
tis. Vibrio vulnificus is the best known of these organisms. V. vulnificus 
is a flagellated Gram-negative curved rod-shaped organism. 


Epidemiology 

V. vulnificus is a marine pathogen, found in warm seawater areas 
such as around the Gulf of Mexico, South America, Asia and 
Australia. It can invade via the gastrointestinal tract following inges- 
tion (typically raw oysters) or contaminate superficial wounds [1,2]. 


Clinical features 

In immunocompromised patients, such as those with diabetes, HIV 
or chronic renal or liver disease, and occasionally in the otherwise 
healthy, V. vulnificus infection may cause a septicaemic illness of 
rapid onset. A characteristic is the appearance, in almost two-thirds 
of patients, of acute onset cellulitis and haemorrhagic bullae which 
ulcerate and may progress to necrotising fasciitis. These typically 
appear on the lower extremities. Systemic signs include hypoten- 
sion and rigors leading to multiorgan failure. The infection is often 
rapidly progressive and fatal. 

Primary wound infections due to V. vulnificus will present with 
cellulitis, necrotising fasciitis and ulceration at the site of injury, 
which may then progress to septicaemia [3]. V. vulnificus has also 
been found to survive for over 24h on skin and then infect an 
abrasion [4]. 


Disease course and prognosis 

V. vulnificus infection can be fatal; mortality from a primary wound 
infection is around 25% but is significantly higher in those with 
underlying conditions or primarily septicaemic disease. 


Investigation 

Clinical suspicion of V. vulnificus is based on exposure to the marine 
environment or ingestion of raw shellfish. Although V. vulnificus 
grows readily on a variety of culture media it is important to liaise 
closely with the laboratory so the diagnosis is not overlooked. 
Culture and microscopy of skin lesions should reveal the organism 
and PCR from blood or wound exudate is helpful. 


Management 
Treatment should be initiated as early as possible as there is a case 
fatality rate of 50%. 

Various antimicrobial therapy options exist but ceftazidime in 
combination with either ciprofloxacin or doxycycline is recom- 
mended. Combined antibiotic regimes are generally recommended 
as antibiotic resistance is not uncommon. 
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Surgical debridement of necrotic lesions is required and any 
abscesses should be drained. 


EHRLICHIA AND ANAPLASMA 


Ehrlichia spp. are small, round or ovoid Gram-negative bacteria [1]. 
They are the cause of ehrlichiosis, which is a tick-borne zoonosis, 
predominantly infecting domestic and wild animals. The bacteria 
form clusters of intracellular inclusion bodies known as morulae 
[1]. Anaplasma phagocytophilum is an obligate intracellular bacterium, 
which is also transmitted to humans via ticks, and causes human 
granulocytic anaplasmosis. 


Ehrlichiosis and anaplasn 


Definition and nomenclature 
Tick-borne zoonotic infections caused by Ehrlichia spp. and A. phago- 
cytophilum, respectively. 


Epidemiology 

Most cases have been described from the USA [2], although patients 
with this infection have been recognised in Europe and South 
America. In the USA, the distribution of the American dog tick, 
Dermacentor variabilis, and the lone star tick, Amblyomma ameri- 
canum, coincide with the distribution of human cases. Natural hosts 
include wild vertebrates such as white-tailed deer but domestic 


animals including dogs may be infected. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 

A number of different Ehrlichia species have been recognised in 
humans. Anaplasma phagocytophilum is a related member of the 
Anaplasmataceae family, to which Ehrlichia belongs, and it can 
result in a similar clinical disease known as human granulocytic 
anaplasmosis. 


Pathology 

Ehrlichia and Anaplasma are rickettsia-like, obligate intracellular bac- 
teria which invade white blood cells. Ehrlichia are transported into 
cells via the host cell filopodium during the initial stages of infection 
but in later stages of the disease they are released when the host cell 
membrane ruptures [1]. 


Causative organisms [3] 
e E. chaffeensis. 

e E. ewingil. 

e E. muris eauclairensis. 

e A. phagocytophilum. 


Environmental factors 
Disease peaks are timed with tick activity so most cases are seen 
between late spring and early autumn. 


Clinical features 

The clinical features of ehrlichiosis are non-specific [4]. The median 
incubation period following the tick bite is 7 days and patients 
generally present with fever, malaise, headache and myalgia. Over 
30% of patients have a diffuse maculopapular rash and in some 
this becomes petechial [5]. Rashes are much less common with 
Anaplasma infections [6]. Leukopenia and thrombocytopenia may 
develop. 


Differential diagnosis 
The differential diagnosis includes other tick-borne rickettsial dis- 
eases such as Rocky Mountain spotted fever and anaplasmosis. 


Investigations 

The diagnosis is difficult as cultural techniques are complicated and 
PCR-based diagnosis or serological assay using immunofluores- 
cence is employed instead. The clinical history is also important. 


Management 
First line treatment is doxycycline, as it is for other tickborne rick- 
ettsial infections [3]. 


OTHER GRAM-NEGATIVE BACILLI 


The aeromonads may occasionally cause cellulitis. These bacteria 
are inhabitants of water and cause infections in fish and reptiles. 
Cellulitis or necrotising fasciitis caused by Aeromonas spp. is rare, 
but may follow contamination of a wound in contact with fresh 
water [1]. It may also occur in immunocompromised patients. 
Aeromonas spp. have inducible B-lactamases and are frequently 
resistant to penicillins and some cephalosporins. Quinolones, 
ceftazidime and meropenem are usually active, and sensitivity 
to co-trimoxazole and chloramphenicol is variable [2]. Cellulitis 
can spread rapidly and may involve muscle tissue or periosteum 
unless treated promptly [3]. A. hydrophila has been reported to cause 
ecthyma gangrenosum [4]. 

Bacteria such as Capnocytophaga canimorsus, known originally 
as dysgonic fermenters (DF), may also cause severe cellulitic skin 
lesions. These organisms are Gram-negative rods that grow poorly 
on most culture media. They are zoonotic and have been isolated 
from the oral cavity of dogs. C. canimorsus causes infections in 
patients who have undergone splenectomy or have other predis- 
posing conditions, where it causes an acute septicaemic illness. 
More indolent infections including cellulitis are seen in otherwise 
healthy patients [5]. However, septicaemia may also develop in this 


group. 


Eikenella corrodens, an anaerobic Gram-negative bacillus, may 
cause abscesses of the skin in intravenous drug abusers. It has also 
been isolated from wounds caused by human bites [6]. 


ANAEROBIC BACTERIA CC 


Definition 

Anaerobic bacteria are organisms that cannot grow on a solid sur- 
face in the presence of oxygen. Anaerobic bacteria can be divided 
into those that are obligate (strict) anaerobes, such as Treponema 
spp., and the moderate anaerobes such as B. fragilis. They include 
both Gram-positive (e.g. Cutibacterium spp.) and Gram-negative 
(e.g. Bacteroides spp.) organisms and certain spiral bacteria. Most of 
the bacteria considered in this section are Gram negative. 

The family Bacteroidaceae consists of Gram-negative rod-shaped 
bacilli with rounded or pointed ends. Some are fusiform. They are 
non-motile, do not form spores and are strict anaerobes [1]. Within 
the family are four genera: Bacteroides, Prevotella, Porphyromonas and 
Fusobacterium. These include the B. fragilis group, many of which are 
gastrointestinal tract commensals. The Prevotella spp. includes the 
organisms formerly known as B. melaninogenicus and B. oralis, now 
P. melaninogenica and P. oralis, respectively. The different genera can 
be classified according to nutritional requirements, pigmentation 
and morphology. Classification within the genus, Fusobacterium 
spindle-shaped bacilli, is unsatisfactory and, although a few species 
have been clearly defined, many isolates of commensal fusiform 
bacteria from animals and humans cannot be reliably identified as 
named species. 

Fusobacterium organisms, although a well-known cause of 
infections in animals, are less often isolated today from human 
pathological material. In the past, F. necrophorum was regarded as an 
uncommon but important human pathogen among those in contact 
with animals. The term necrobacillosis or Lemierre syndrome was 
applied to such infections, characterised as they were by necrosis 
and abscess formation. F. nucleatum can be found in severe intraoral 
infections such as acute necrotising ulcerative gingivitis or Vincent’s 
angina. 

In common with many anaerobic bacteria, Fusobacterium spp. 
appear to synergise with other organisms, including spiral bacteria, 
to produce disease. They have been implicated in the pathogene- 
sis of cancrum oris (noma) as well as tropical ulcer (F. ulcerans) [2], 
where the production of butyric acid by these organisms contributes 
to tissue necrosis. 

Leptotrichia spp. are long, Gram-negative, rod-shaped organisms 
with pointed ends, not truly spindle shaped, sometimes forming 
lengths of separate filaments. They are part of the oral, intestinal 
and urogenital flora. L. trevisanii is particularly associated with sep- 
ticaemia in the immunocompromised and other Leptotrichia species 
are reported to cause cellulitis after bites, oropharyngeal infections 
and chorioamnionitis [3]. 

Bacteroides spp. are now recognised as common causes of 
Gram-negative bacteraemia and abscesses. They are occasion- 
ally implicated in suppurative hidradenitis and in infected pilar 
cysts. Mixed infections are characteristic of this group of bacteria. 


In diabetic ulcers, in particular, Bacteroides spp. may be isolated and 
appear to be contributing to the clinical condition [4]. 

Prevotella infections dominate in intraoral infections, including 
pyorrhoea. In many cases, they may act in concert with other 
bacteria. 


Clinical features 

This group of organisms are important causes of a variety of infec- 
tions from sinusitis and oral abscesses to endocarditis. Bacteroides, 
Prevotella, Porphyromonas and Fusobacterium spp. in combinations 
may also cause abscesses below the waist area. They have also 
been associated with other severe cutaneous infections such as 
necrotising subcutaneous infection. 


Management 

Treatment of anaerobic Gram-negative infections is largely empiri- 
cal and testing the organisms for sensitivity is difficult. The choice 
of drugs includes metronidazole, clindamycin, imipenem and 
amoxicillin-clavulanate. However, advice should be sought before 
selecting therapy. 


Tropical ulcer — 


Definition and nomenclature 

Tropical ulcer is a synergistic bacterial infection that follows inva- 
sion of the skin by at least two organisms: a Fusobacterium spp. 
(usually F. ulcerans) plus a spirochaete or other anaerobic bacterial 
species [1,2]. 


Introduction and general description 
Tropical ulcers occur in the tropics and present as acute or chronic 
ulcers. 


Epidemiology 
Tropical ulcer occurs very commonly throughout the hot and 
humid tropical regions. In some areas, northern Papua New Guinea 
for example, it is the commonest skin disease [3]. The disease 
has been described in countries from sub-Saharan Africa, India, 
South-East Asia and the West Pacific region. Tropical ulcers may 
also be seen as imported cases [4]. 

It has acquired numerous local names, but there are few minor 
differences in its clinical features and course. 


Age 
Commonest in children. 


Sex 
Both sexes. 
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Pathophysiology 

Predisposing factors 

There is no clear evidence that host-predisposing factors play a part 
in the pathogenesis of this condition. Previously, malnutrition was 
thought to be critical to the development of tropical ulcers, but it 
is likely that social factors such as overcrowding are equally impor- 
tant. Studies have failed to demonstrate a correlation between nutri- 
tional indices and the development of tropical ulcer [5], although 
the possible role of micronutrient deficiencies is unknown. Zinc ther- 
apy, however, does not appear to hasten healing of lesions [6]. 


Causative organisms 
F, ulcerans plus a variable combination of other bacteria including 
spiral bacteria. 


Environmental factors 

Humid tropics where night-time temperature does not fall to low 
levels. While the reservoir of F. ulcerans is not known, it has been 
isolated from mud and stagnant water in endemic areas [7]. 


Clinical features (Figure 26.32) 

History 

Most tropical ulcers develop at a site of potential trauma, a scratch, 
cut or insect bite, and are therefore commonest on the lower legs and 
on the unshod foot. They are not unusual on the arms and may occur 
anywhere. 


Presentation 

The ulcers develop as a small papule or bulla, which may be haem- 
orrhagic, and which breaks down rapidly to form a sharply defined 
ulcer, with a slightly indurated edge that may be undermined. 
An important feature is the rapid breakdown of the pre-ulcerative 
papule to form a tropical ulcer [7]. 

The floor of the ulcer is covered by a foul-smelling, greyish, 
purulent slough. Tropical ulcers are painful in the acute phase and 
there may be fever and constitutional symptoms. There is usually 
no regional lymphadenitis. If the lesion is treated promptly, even 
with careful dressing, the spread is limited to a lesion 24cm in 
diameter, which heals slowly. 


Figure 26.32 Tropical ulcer. Courtesy of St John’s Institute of Dermatology. 


Differential diagnosis 
Differential diagnoses include yaws, venous ulcers, cutaneous leish- 
maniasis, ecthyma, pyoderma gangrenosum and Buruli ulcers. 


Complications and co-morbidities 
Squamous cell carcinomas may develop in chronic ulcers [8]. Squa- 
mous epithelioma may develop after 10 or more years. 


Disease course and prognosis 

Ulcers may involve deeper structures such as the tendons and 
periosteum [7]. Chronic ulceration can occur as can recurrent 
ulceration, which is more common in children [8]. 


Investigations 
While pleomorphic fusiform and spiral bacteria are important 
pathogenic organisms, their presence or absence is not diagnostic 
and their isolation in culture not always possible. 

Clinical features are the mainstay of diagnosis: rapid onset, clin- 
ical appearance and clustering of cases in the locality. Sores due to 
infected skin lesions are more indolent and smaller in size. 


Management 
Rest, elevation of the limb and adequate diet are of great importance. 
Any underlying chronic disease should be treated. 

Antimicrobial therapy with metronidazole, tetracyclines or peni- 
cillin in the early stages is recommended. 

Surgical debridement may be beneficial and early skin grafting 
has been successful in the rapid treatment of tropical ulcers, but 
it is dependent on the availability of the necessary expertise and 
patient compliance [3]. 


Granuloma inguinale —l a 


Granuloma inguinale or donovanosis is genital ulcer caused by 
Klebsiella (Calymmatobacterium) granulomatis. It is a sexually trans- 
mitted infection and is discussed in Chapter 30. 


SPIROCHAETES AND SPIRAL 


Definition 

Spirochaetes are long flexible spiral organisms, motile but without 
external flagella. Many exist in nature in aquatic habitats [1,2]. Three 
genera exist and include important human pathogens and commen- 
sals: Treponema, Borrelia and Leptospira. 

Treponema pallidum causes syphilis (Chapter 29); T. pertenue causes 
yaws; T. carateum causes pinta; and T. endemicum causes endemic 
syphilis (Bejel). Borrelia recurrentis causes louse-borne relapsing 
fever; B. duttoni and other species cause tick-borne relapsing fever; 
and B. burgdorferi and other species are the cause of Lyme borreliosis 
with associated erythema chronicum migrans (ECM), transmit- 
ted by Ixodes spp. ticks. Leptospira interrogans complex causes 
leptospirosis, including Weil disease. Commensal spirochaetes 
occur in the mouth (T. microdentium and T. macrodentium) and 


around the genitalia (T. refringens), as well as in the intestine. They 
appear to have no pathogenic potential but they are important 
as they may be confused with T. pallidum, from which they differ 
morphologically. 

Spirillium minus, the cause of one form of rat-bite fever, is a spiral 
bacterium which is short, rigid and has bipolar flagella. 


TREPONEMES 


Endemic (non-venereal) 
treponematoses [1-3] 


The endemic treponematoses comprise endemic syphilis or bejel, 
yaws and pinta, whose causative treponemes are morphologically 
and serologically indistinguishable. 

Transmission is by skin-to-skin or mouth-to-mouth contact, and 
children are at greatest risk of infection. They are not sexually trans- 
mitted and congenital infection does not appear to occur. These 
diseases are similar to venereal syphilis in that they have an early 
stage, which includes primary and secondary lesions, and a late 
(tertiary) stage. The early stage is highly infectious and can persist 
for weeks to months. Cutaneous lesions are prominent, and mucous 
membranes and bones are involved in endemic syphilis and yaws. 

Diagnosis is based on clinical features, identification of tre- 
ponemes in mucocutaneous lesions, and serology; serological tests 
are identical to those for venereal syphilis. Specific molecular diag- 
nostics are becoming increasingly available. Specific treponemal 
tests usually remain positive for life. Treponemes are easily identi- 
fied in primary and secondary lesions by dark-ground microscopy 
and silver stains. 

Following mass treatment campaigns in the 1950s and 1960s, the 
incidence of the endemic treponematoses was greatly reduced [3], 
but these diseases have not been totally eradicated. 


Endemic syphilis or bejel 


Definition and nomenclature 
Endemic syphilis is a rare disease caused by T. pallidum subsp. 
endemicum [1]. 


Epidemiology 

It occurs predominantly in the southern border of the Sahara desert 
and parts of the Middle East. It is still seen occasionally and usually 
in remote communities isolated from medical care. 


Pathophysiology 
Pathology 
Transmission is thought to be via mucosal or skin contact [4]. 


Causative organism 
¢ T. pallidum subsp. endemicum. 


Clinical features 
The primary lesion, which is frequently a papule or small ulcer [2], 
usually occurs in the mouth, where it often goes undetected, or on 
the nipples of breastfeeding women nursing infected children. 

Secondary lesions, which are similar to those of venereal syphilis, 
include mucous patches on the buccal mucosa or lips, a generalised 
non-pruritic maculopapular rash, condylomata lata and generalised 
lymphadenopathy; painful periostitis and osteitis may affect the 
long bones and hands [4]. Untreated, secondary lesions last for 
6-9 months. 

The late (tertiary) stage is characterised by gummata, which can 
affect the nasopharynx (causing local destruction (gangosa)), skin, 
mucosa and bone. 


Differential diagnosis 

Differential diagnoses include herpetic infections, leprosy, aph- 
thous ulcers, cutaneous leishmaniasis, rhinoscleroma, histoplasmo- 
sis, mycobacterium infections and syphilis. 


Investigation 

Serological reactions in endemic syphilis are identical to those 
seen in venereal syphilis. Both rapid plasma reagin (RPR) and the 
Venereal Disease Research Laboratory (VDRL) tests are widely 
available but can yield false positive results due to unrelated 
infections or disorders and false negative results in early dis- 
ease. Both RPR and VDRL are referred to as non-treponemal tests 
and need to be combined with a treponemal test to confirm the 
result [4]. Treponemal tests can involve a variety of techniques 
such as immunofluorescence and agglutination assays, for example 
the Treponema pallidum haemagglutination (TPHA) test, but it is 
important to note that they remain positive even after successful 
treatment. The non-treponemal tests, however, can allow for moni- 
toring treatment response with decreases in antibody titre [4]. Rapid, 
point-of-care tests are available and useful in low-resource settings. 
However, they cannot detect between treated and untreated disease, 
like the other treponemal tests. 

Dark-field microscopy allows for direct identification of tre- 
ponemes from lesion exudates but cannot differentiate between 
species. Treponemes cannot be easily cultured. The genomes of 
T. pallidum subspecies are highly conserved with <0.2% sequence 
variation between subspecies [5]. PCR-based assays are now avail- 
able in high-income settings, with combined PCR and sequencing 
or whole genome sequencing proving to be most specific [6]. 

The histopathology of early endemic syphilis resembles venereal 
syphilis with a dermal infiltrate composed of lymphocytes and 
plasma cells and the presence of granulomas. 


Management 

Treatment is similar to that conducted for venereal syphilis 
(Chapter 29). In general, treponemes respond to parenteral penicillin 
and azithromycin. 


Yaws 


Definition and nomenclature 
Yaws is caused by T. pallidum subsp. pertenue. 
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Introduction and general description 

Yaws is an endemic disease that mainly presents with skin lesions. 
It is the subject of a number of international control programmes 
and is listed as a neglected tropical disease by the World Health 
Organization (WHO). 


Epidemiology [1] 

It is a disease of tropical rural populations, occurring in the 
Caribbean, Central and South America, throughout tropical Africa, 
South-East Asia and the Pacific islands. Transmission is favoured by 
overcrowded conditions. It used to be one of the commonest tropical 
diseases of the skin prior to the WHO’s treatment campaigns in the 
1950s and 1960s and in 2012, the WHO launched a new initiative 
aiming to eradicate yaws by 2020. In 2012, 84% of the 256 343 cases 
reported to the WHO came from just three countries: Papua New 
Guinea, Solomon Islands and Ghana [7]. One of the main challenges 
in eliminating the disease is probably related to the difficulty of 
managing those with latent phase disease in remote areas [3]. 


Age 
Commonest in children but can affect adults. 


Sex 
Both sexes. 


Pathophysiology 

Pathology 

Although many of the features of the overall pathogenesis of 
this disease resemble those of syphilitic disease (e.g. latency), the 
initial lesions are thought to follow direct entry of bacteria into 
non-genital skin. 


Causative organisms 
e T. pallidum subsp. pertenue. 


Clinical features 

History 

There is seldom a history of injury preceding the appearance of the 
initial lesions. 


Presentation 

In the primary stage, the initial lesion (‘mother yaw’) is usually a 
solitary firm papule, although multiple lesions sometimes occur, at 
the point of entry of the treponemes [1,2]. This later ulcerates and is 
covered by a yellowish crust and granulating edge and centrally it is 
moist and red. The lesion is said to resemble a raspberry (hence the 
name framboesia) and is teeming with treponemes. Mother yaws 
are most common on the leg and may persist for several months 


before healing spontaneously to leave an atrophic, sometime 
hypopigmented scar [4]. Lymphadenopathy and arthralgia may 
also occur at this stage. 

‘Daughter yaws’ are multiple lesions that develop in the secondary 
stage, often after the initial lesion has healed, sometimes up to 
2 years later [4]. These smaller lesions occur in successive crops 
and often occur adjacent to body orifices. The lesions expand and 
then ulcerate and are also highly infectious. They are variable 
in appearance; papules, exuberant exophytic lesions, ulcers and 
hyperkeratotic plaques have all been described [1,4]. These sec- 
ondary lesions also heal spontaneously within weeks to months 
although relapses can occur [4]. Fever, malaise and osteitis may 
accompany this stage [4]. 

A small proportion with untreated disease may enter late (tertiary) 
stage yaws, characterised by gummata, most commonly in the skin, 
bones and nose. As with other tertiary treponomal infections, this 
can lead to bowing of the tibia (sabre tibia), saddle nose deformities 
and destructive lesions of the nasopharynx and palate (gangosa). 


Differential diagnosis 

The differential diagnosis includes impetigo, ecthyma, pyoderma 
gangrenosum, cutaneous leishmaniasis, mycobacterium infections, 
leprosy, tropical ulcer and syphilis. 


Disease course and prognosis 
The disease can be disabling but is not fatal. 


Investigations 

As the organisms are closely related, serological tests used in 
syphilis are also employed in yaws. As with T. pallidum, T. pertenue 
is non-cultivable by conventional laboratory methods. Molecular 
diagnostic methods are likely to supersede serology, but remain 
limited to a few laboratories worldwide. 

Biopsy is not a confirmatory diagnostic procedure. Early lesions 
show acanthosis, spongiosis and papillomatosis, with intraepi- 
dermal microabscesses. There is a moderate to dense dermal 
inflammatory infiltrate consisting of plasma cells, lymphocytes, 
macrophages, neutrophils and eosinophils. Numerous treponemes 
can be identified with silver stains. Late lesions are similar to those 
of tertiary cutaneous syphilis with the presence of granulomas and 
necrotic areas [4]. 


Management 

All cases require antibiotic treatment. As with other forms of 
syphilis, typically parenteral penicillin or azithromycin is first line 
treatment. 


Pinta 


Introduction and general description 
Pinta is a disease exclusively of the skin caused by T. pallidum subsp. 
carateum. 


Epidemiology 

Although there has been a marked decline in its prevalence over 
the last century, it is still thought to be focally endemic in tropical 
Central and South America [4]. 


Pathophysiology 
Pathology 
Transmission is thought to be via skin contact [4]. 


Causative organism 
¢ T. pallidum subsp. carateum. 


Clinical features 

In the primary stage of pinta, a few papules or erythematosqua- 
mous plaques develop. After an interval of months or years, the 
secondary stage features more extensive lesions, which are similar 
in appearance to the initial lesions. These are known as ‘pintids’. 
Their initial red colour changes to brown, slate blue, black or 
grey, and eventually there is depigmentation intermixed with 
hyperpigmentation. 

In the late (tertiary) stage, which takes several years to develop, 
there is irregular pigmentation, vitiligo-like hypochromia, areas of 
hyperkeratosis and cutaneous atrophy. 

Pinta lesions are considered infectious with the exception of the 
late stage depigmented lesions [4]. 


Differential diagnosis 

The differential diagnosis includes erythema dyschromicum per- 
stans (ashy dermatosis), pityriasis alba, vitiligo, atrophic lichen 
planus and tuberculoid leprosy. 


Investigations 

The diagnosis is similar to that used in yaws with dependence on 
serology. T. carateum is also non-cultivable and there are now molec- 
ular tests able to distinguish T. pallidum and T. pertenue. 

The histopathological findings are similar in primary and sec- 
ondary lesions. There is migration of lymphocytes through an 
oedematous and acanthotic epidermis. Some areas show lichenoid 
changes. There are numerous melanophages in the upper dermis. In 
the hypopigmented lesions of the tertiary stage, there is epidermal 
atrophy and loss of melanin in the basal layer. Treponemes may be 
demonstrable in lesions of all stages. 


Management 
As with the other endemic treponematoses, treatment with peni- 
cillin is first line therapy. 


BORRELIA 


Relapsing fever — (§s Ss3e 


Definition 

There are two forms of this disease: louse-borne or epidemic 
relapsing fever due to B. recurrentis, for which the human body 
louse (Pediculus humanus corporis) is the vector, and tick-borne 
endemic relapsing fever caused by various species of Borrelia, for 


example B. duttoni and B. hermsi. These spirochaetes are so genom- 
ically similar that they are now considered ecotypes of a single 
genomospecies [1]. 


Epidemiology 

The louse-borne epidemic form is found in Ethiopia, the Sudan, 
other parts of sub-Saharan Africa and South America. It has also 
been diagnosed in Europe, in refugees from the Horn of Africa who 
had passed through Libya [1]. It is associated with overcrowding 
and poor hygiene, conditions which enable the human body louse to 
flourish. The milder, sporadic tick-borne cases occur worldwide [2]. 
The very variable symptom complex develops after an incubation 
period of about a week [1,2]. 


Clinical features 

High fever, headache, myalgia, vomiting and respiratory symptoms 
usher in the acute attack. Jaundice and hepatosplenomegaly with 
liver tenderness are common, and a petechial or purpuric rash, 
predominantly on the trunk, is found in up to 60% of patients. In 
severe disease, hyperpyrexia, myocarditis, acute respiratory distress 
syndrome and splenic rupture can occur [1]. A remission occurs 
after a few days, to be followed by a relapse, and this pattern may 
continue for weeks. The cutaneous eruption does not, however, 
recur after the initial episode. 


Differential diagnosis 

Differential diagnoses include dengue fever, yellow fever, Lassa 
fever, brucellosis, leptospirosis, rat bite fever and Bartonella 
infection. 


Investigations 

Diagnosis is best confirmed by demonstration of the spirochaete in 
blood films using stained preparation or dark-ground illumination. 
PCR can be used for species diagnosis [1]. It is important to note 
that patients with tick-borne relapsing fever may have false positive 
serology for Lyme disease [2]. 


Management 
The usual treatment is either tetracycline or erythromycin. Penicillin 
is an alternative. In louse-borne infections, a single dose may be 
adequate [3]. Because treatment failures are more frequent in the 
tick-borne group, the course of therapy is usually prolonged, typ- 
ically up to 10 days. 

A severe Jarisch—Herxheimer reaction may occur at the outset of 
treatment, particularly in louse-borne relapsing fever treated with 
penicillin [4]. 


Borrelia burgdorferi and Lyme | 


Definition and nomenclature 

Lyme disease is a tick-borne zoonotic disease caused by spirochaetes 
of the B. burgdorferi sensu lato complex. Nine species of this Borrelia 
complex have been found to cause human disease, most commonly 
B. afzelii and B. garinii as well as B. burgdorferi sensu stricto, which 
was the original isolate and most common causative agent in North 
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America [1]. Henceforth, B. burgdorferi sensu stricto will be referred 
to as B. burgdorferi. 


Introduction and general description 

Lyme disease is named after the town of Lyme in Connecticut, USA, 
where the disease was first recognised in 1977. The characteristic 
eruption, ECM, which occurs at the site of inoculation, is a common 
early manifestation. Dissemination of the infection may cause dis- 
ease of the nervous system, heart and joints, in addition to other der- 
matoses. Differences in the disease spectrum in different geographic 
areas have been noted and may be due to variation within the bacte- 
rial species [2] or to differences in diagnostic criteria and treatment 
practices [3]. 


Epidemiology [2] 

The principal vector of B. burgdorferi infection is the Ixodes tick, dif- 
ferent species of which predominate in different parts of the world, 
their distribution corresponding to that of Lyme disease. Patients 
usually live close to, or have visited, woodland areas, where small 
mammals are necessary hosts for immature stages in the life cycle 
of the tick. Adult ticks may infest larger mammals, especially deer. 
Humans are incidental, dead-end hosts for the spirochaetes [1]. 

Lyme disease has been reported in most temperate parts of 
the world but especially in the USA, where it is the commonest 
vector-borne infection, and in Europe, particularly in Scandinavia 
and central Europe. Positive B. burgdorferi serology without clin- 
ical disease is not uncommon in endemic areas and those with 
occupational risk factors [1,5]. 

Infection may occur at any time of year. Young nymphal ticks feed 
in early summer, when there is a marked peak in incidence of acqui- 
sition of human Lyme disease. The smaller autumn peak noted in 
some studies is associated with bites from adult ticks [4,5]. Deer, 
in particular, appear to harbour the infection in endemic areas. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 
Pathology 
The spirochaetes are transmitted into human skin when an infected 
tick takes a blood meal. The spirochaetes undergo significant tran- 
scriptomic and proteomic changes during feeding in preparation for 
inoculation [1]. Once in the human dermis, the spirochaetes replicate 
and migrate outwards along the plane of the dermis, explaining the 
characteristic feature of ECM with its gradually expanding annular 
formation. 

The spirochaetes may spread via the bloodstream to other sites 
such as the central nervous system, joints and heart. There is evi- 
dence that surface Borrelia antigens may change during infection and 


thereby evade recognition and that the organism may bind host anti- 
gens such as plasmin. 

After B. burgdorferi infection, specific antibodies are produced, but 
if the patient is treated early in the course of the disease, antibodies 
may disappear within a period of months and reinfection may occur. 


Causative organisms 
e B. burgodorferi. 

° B. afzelii. 

e B. garinii. 


Environmental factors 

The risk of acquiring Lyme disease is increased in individuals 
spending time outdoors, whether for work or recreation, especially 
if in areas with suitable tick habitat such as woods or dense vegeta- 
tion [1], although increasingly cases are being reported from urban 
environments [6]. 


Clinical features 

History 

Of patients ultimately diagnosed as having Lyme disease, about 50% 
recall a tick bite; a bite by the autumn and winter feeding adult tick is 
more likely to be noticed than a bite by the summer feeding nymphs. 


Presentation 

Typically ECM will develop at the site of inoculation, usually 
within 7-14 days (Figure 26.33). ECM usually presents as a gradu- 
ally expanding, red ring, enlarging at a rate of several centimetres 
per week. In some cases the redness is intense, in others barely 
detectable; it may be entirely flat or show elevation at the centre, 
the periphery or both [7]. The rash may be more difficult to detect 
in more pigmented skin types. Slight scaling is occasionally seen. 
Older areas of residual erythema may become dusky blue. There 
may be a zone of clearing behind the advancing ring producing 
a target-like morphology. Moderate burning or itching occurs in 
one-third of cases. If untreated, the lesion fades, usually within 
a few weeks, but the duration may vary between 1 day and 14 
months. Regional lymphadenopathy and constitutional symptoms 
may occur. These are more common in North American disease 
than in Europe [1]. 


Figure 26.33 Erythema chronicum migrans. Courtesy of Dr A.S. Highet. 


Dissemination of the infection may occur within days or weeks 
of inoculation. Spirochaetes have been detected in affected organs, 
although immunological processes may also contribute. Systemic 
features of Lyme disease include arthritis, neural involvement and 
heart disease including myocarditis, pericarditis and conduction 
defects. Migratory joint pains, myositis, conjunctivitis, hepatitis, 
generalised lymphadenopathy and splenomegaly may also occur. 
Neurological disease appears to be more prominent in European 
disease [1]. 


Clinical variants 

With dissemination of the infection, secondary lesions of ECM are 
seen in about 20% of patients [1], and are typically smaller and less 
migratory than the original lesion. Malar erythema in febrile cases, 
and a diffuse maculopapular rash, may occur. Localised urticaria, 
generalised urticaria, urticarial vasculitis [8] and septal panniculitis 
have been reported. 

Lymphocytoma cutis (also known as lymphadenosis benigna 
cutis) may present concurrently with ECM or develop later. It is 
typically a solitary nodule, seen mainly on the earlobe or on the 
breast areola. B. burgdorferi serology is usually positive, spirochaetes 
can be demonstrated in affected tissue, and the lesion subsides 
within 5 weeks of antibiotic therapy. 

Acrodermatitis chronica atrophicans (ACA) is a late cutaneous 
manifestation of infection and has been associated primarily with 
B. afzelii infection. It is seen mainly in northern, central and east- 
ern Europe [1,2]. Initially there is an erythematous plaque which 
slowly enlarges and gradually becomes violaceous and atrophic. 
Typical sites are the hands, feet, knees and elbows and there may 
be associated arthritis and polyneuropathy [1]. Spirochaetes have 
occasionally been cultured, but B. burgdorferi serology is strongly 
positive in all cases. Lesions respond to appropriate antibiotic 
therapy. 

Lyme neuroborreliosis refers to the neurological manifestations 
of the infection and may occur early or late in the disease process. 
Presentations include cranial nerve palsies, peripheral neuropathy, 
meningitis and encephalopathy. 

The possibility of B. burgdorferi having an aetiological role in mor- 
phoea and lichen sclerosus has been raised, based on the clinical 
association of these conditions with ACA and positive B. burgdor- 
feri serology in some patients with morphoea [9,10]; however, the 
association has not been confirmed. 

Asymptomatic or subclinical infection appears to be more com- 
mon in Europe compared with North America, with substantial 
proportions of individuals living in endemic areas having B. burgdor- 
feri antibodies without clinical disease [1]. An unknown number, 
however, may be at risk of late complications [11]. 


Differential diagnosis 

The differential diagnosis of ECM includes arthropod-bite reactions, 
granuloma annulare, tinea infection, cellulitis, erythema multiforme 
and drug eruptions. 


Disease course and prognosis 

Chronic infections are recognised regularly both in the skin and 
associated with disease in the central nervous system and joints. 
Reinfection is possible, defined as ECM occurring at a distant site 


from the initial lesion with appropriate exposure. Those without 
detectable antibodies following prior infection are thought to be 
most at risk [1]. 


Investigations 

Confirmation of B. burgdorferi infection is mainly by serology, 
although this is often negative in the first few weeks after inocu- 
lation. Serological testing conventionally uses a two-tiered testing 
protocol, where an enzyme immunoassay (ELISA) or indirect flu- 
orescent antibody test (IFA) is followed by immunoblots. False 
negative tests may be due to the sequestration of antibody in 
immune complexes [12]. Serological testing is the preferred inves- 
tigation for Lyme disease. Non-serological tests such as PCR 
and culture are generally not useful nor practical and should 
only be used as adjuncts to serological tests [13]. However, if 
clinical suspicion is high despite negative serology, there may 
be a place for performing PCR and culture on a biopsy from 
ECM [14]. 

Biopsy of acute lesions shows a superficial and deep perivascular 
and interstitial lymphohistiocytic infiltrate containing plasma cells, 
which is characteristic of ECM. The histology of lymphocytoma 
cutis is characterised by a dense polyclonal lymphocytic infiltrate. 
In ACA, plasma cells are prominent within the lymphohistiocytic 
infiltrate; the epidermis is atrophic and there may be liquefaction 
degeneration of the basal layer and telangiectasia of the papillary 
dermis. Spirochaetes may be identified by the Warthin-Starry stain. 


Management 

In the first instance, if attached ticks are discovered, they should be 
mechanically removed with tweezers or a similar device, ensuring 
the head section is included. 

In the early stages of disease, serology is rarely positive and 
the focus should be on prophylactic antibiotics (ideally within 
72 hours) for a high-risk tick bite. High-risk tick bites include 
those from highly endemic areas or where the tick was attached 
for over 36 hours [13]. Single-dose doxycycline (200 mg for adults; 
4.4mg/kg for children) is recommended as chemoprophylaxis in 
certain settings [13]. 

For patients presenting with ECM, oral antimicrobial therapy 
with doxycycline, amoxicillin or cefuroxime is recommended. The 
standard treatment course ranges from 14 days (Infectious Disease 
Society of America) [13] to 21 days (National Institute for Health 
and Care Excellence). Azithromycin would be a suitable second line 
option [13]. 

After dissemination has occurred, the results of even intensive 
therapy are less impressive; whether this is due to incomplete erad- 
ication of the organism or to an immunological pathogenesis is not 
known. Systemic disease should be treated as described, although 
the course length may be increased depending on the clinical 
manifestations. Neuroborreliosis and cardiac disease may require 
intravenous ceftriaxone or benzylpenicillin. However, depending 
on the severity, oral doxycycline may also be a suitable therapeutic 
option [13]. 

Preventing tick exposure with the use of protective clothing and 
repellents along with careful inspection of the skin after walking 
in endemic areas and prompt removal of attached ticks are the 
mainstays of Lyme disease avoidance. 
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Treatment ladder for Lyme disease 


First line 

¢ Doxycycline 

e Intravenous ceftriaxone in neuroborreliosis or cardiac 
involvement 


Second line 
e Azithromycin 


LEPTOSPIRA 


Leptospirosis (including ' 


Definition 
Leptospirosis is an infection caused by organisms of the Lep- 
tospira interrogans complex and other genetically defined Leptospira 
species [1]. 


Epidemiology 

Leptospira have a worldwide distribution. These spiral bacteria are 
commonly carried by rodents, particularly rats, but also pigs, dogs, 
cattle and wild animals, such as hedgehogs and moles. Rodents 
especially can excrete the organism in urine due to renal infection. 
Transmission to humans occurs via two routes: direct contact with 
an infected animal or indirect contact via contaminated substrate 
such as soil or water [2]. Therefore infections occur mainly in 
sewer workers and in those handling animals but occasionally 
result from exposure during watersports or fishing in a contam- 
inated environment. Outbreaks can occur after heavy rainfall. 
Human-to-human transmission is extremely rare but has been 
reported [2]. 


Pathophysiology 

Pathology 

The portal of entry is usually the gastrointestinal tract, following 
consumption of infected water, but the infection can also penetrate 
through skin abrasions and mucous membranes. The spirochaetes 
cause extensive damage to endothelial cells. 


Clinical features 

After an incubation period of 1-2 weeks, an acute febrile illness 
begins abruptly. The most distinctive features are severe muscular 
pain and tenderness, and intense conjunctival infection. Headache, 
abdominal pain and respiratory symptoms are frequent. A transient 
truncal rash can occur, which can be maculopapular, urticarial or 
purpuric. 

Weil disease occurs when following the initial phase a more 
severe illness develops with jaundice, renal failure, purpura and 
confusion [2]. 

A leptospiral form of pretibial fever is another clinical manifes- 
tation of leptospirosis, in which erythema may develop, most com- 
monly on the legs. 


Disease course and prognosis 

In Weil disease the mortality rate is around 10% but can increase 
beyond 50% when there is lung involvement [3]. In milder forms 
spontaneous recovery typically occurs after about a week. 


Investigations 

The diagnosis is usually established by serology. PCR is useful but 
multiplex PCR, using two sets of primers, is recommended due to 
the risk of false positive results [2]. 


Management 

Treatment for mild leptospirosis is usually doxycycline but 
azithromycin and amoxicillin would be suitable alternatives [3]. 
In more severe disease, benzylpenicillin or ceftriaxone would 
be recommended. Renal support with dialysis may be required. 
Treatment may induce a Jarisch-Herxheimer reaction. 


RAT-BITE FEVERS 


Spirillum minus rat-bite f 
sodoku 


Definition 

This form of rat-bite fever is caused by a spiral flagellate organism 
Spirillum minus (also called Spirillum minor), and it is usually trans- 
mitted, as the name suggests, by a bite from a rat. 


Epidemiology 

This is rare, with most cases being reported in Japan. It may cause 
disease in animal technicians bitten during the course of their 
work [1]. 


Clinical features 

Up to around 10 days after the bite, the wound becomes indurated 
and may ulcerate, and an eschar may form. A fever develops 
accompanied by malaise and regional lymphadenopathy [2]. 
A violaceous, macular rash may become widespread, extending 
from the original lesion; rarely plaques are seen [3]. A recurrent 
course with remissions and relapses accompanied by increasingly 
severe local inflammation and a generalised cutaneous eruption 
is characteristic. Arthritis, however, is rare in this type of rat-bite 
fever. 


Differential diagnosis 

Sodoku may be differentiated from streptobacillary fever by finding 
the spiral organism in exudate or blood. Spirillum cannot be cul- 
tured on standard media in the laboratory. 


Management 

Untreated, most patients with S. minus infections recover with- 
out complication, although recovery may be prolonged. Peni- 
cillin is first line treatment; doxycycline would be a suitable 
alternative. 


Streptobacillary rat-bi 
Haverhill fever 


Definition 
Streptobacillus moniliformis is a natural inhabitant of the nasophar- 
ynx of rats and is the cause of the commoner and more severe 
form of rat-bite fever. When infection with this organism occurs in 
the absence of a rat bite, the term Haverhill fever is often used in 
recognition of an epidemic in Haverhill, Massachusetts, USA, when 
raw milk was thought to be the source of infection. 
Streptobacillosis is also known by the descriptive term epidemic 
arthritic erythema. 


Epidemiology 

Streptobacillary rat-bite fever is more commonly seen in children, 
where lower socioeconomic status is likely to be relevant. While 
most reported cases occur in the USA, it has been reported in many 
other countries in Europe, Australia and Africa. Most cases in Asia 
are thought to be due to Spirillum minus [1]. In addition to rat bites, 
the disease may also be transmitted via contact with infected rat 
urine or other bodily fluids. The disease can be transmitted by pet 
rats, not just wild animals. 


Pathophysiology 

Causative organisms 

The organism is a pleomorphic microaerophilic bacillus, sometimes 
showing beaded swellings. 


Clinical features 
When a rat bite is the origin of infection with this bacillus, the 
incubation period is short, usually less than a week. Typically, 
there is no sign of inflammation at the site of injury but a macular 
haemorrhagic, vesicular or petechial rash develops and involves the 
extremities, particularly the palms and soles [2]. The disease is man- 
ifested by an acute relapsing fever and migratory polyarthralgia, 
which affects the large joints as well as small joints of the extremities 
[1]. Other manifestations of this infection include endocarditis and, 
particularly in children, diarrhoea [2]. Lymphadenopathy is rare. 
The clinical picture is similar in Haverhill fever, in which papules, 
vesicles, pustules and crusted lesions have been described along 
with late-onset pharyngitis. 


Investigations 

The diagnosis may be confirmed by blood culture, but clinical sus- 
picion is required as culture can be challenging. Skin lesions demon- 
strate a leukocytoclastic vasculitis on histology [1]. 


Management 
Without treatment, most cases eventually settle, but chronic arthritis 
and complications such as liver abscesses, pneumonia and endo- 
carditis have been recorded. Untreated the mortality rate is around 
10% [1]. 

Penicillin is the drug of choice, continued for at least a week with 
high-dose therapy in patients with complications [1]; doxycycline is 
a suitable alternative. 


LEGIONELLOSIS 


Definition 

Legionellosis is an acute respiratory infection caused by a variety 
of different species of the genus Legionella, of which L. pneumophila 
accounts for over 90% of cases [1]. 


Epidemiology 

One of the major features of the infection is the clustering of cases, 
often associated with exposure to organisms in the environment 
such as water-cooling systems, showers and humidifiers. 


Clinical features 

The disease may present with a flu-like illness without pneumonia 
(Pontiac fever) or with pneumonia. A variety of cutaneous fea- 
tures have been described in both pulmonary and non-pulmonary 
legionellosis, including abscesses, nodules, cellulitis, ulceration, 
bullae, pustules, panniculitis, pretibial erythema and a diffuse red 
rash [2]. These features are not diagnostic [3]. 


MISCELLANEOUS 


Botryomycosis 


Definition and nomenclature 


Botryomycosis is a rare, chronic granulomatous reaction to bacterial 
infection, containing granules resembling the sulphur granules of 
actinomycosis [1,2]. 


Introduction and general description 

Most cases of botryomycosis are caused by Staph. aureus; P. aerug- 
inosa is implicated in around 20% of cases [3,4] and much less 
frequently other organisms may be isolated. Botryomycosis may 
develop in the skin or viscera and a variety of underlying predis- 
posing factors have been described. 


Epidemiology 
This is a rare condition with a sporadic worldwide distribution. 


Age 
Any age. 


Sex 
Both sexes. 


Associated diseases 

Rarely seen in apparently healthy individuals, botryomycosis is 
associated with several predisposing disorders, especially diabetes, 
HIV/AIDS and liver disease [4,5]. 
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Pathophysiology 

Pathology 

Skin injury may be the route of entry in some cases. The presence 
of a foreign body is thought to be predisposing to the condition [1]. 
Low-virulence strains of the causative microorganisms seem to be 
key and the size of bacterial inoculation may be crucial, resulting 
in a delicate balance between host and pathogen [5]. Impairment 
of the host’s cellular immune response is thought to be relevant 
but the process of granule formation is not well understood [4]; 
through the Splendore—-Hoeppli phenomenon [6] the bacteria are 
surrounded by eosinophilic material resulting from the host’s 
immune response. This prevents phagocystosis and leads to chronic 
infection [7]. 


Causative organisms 

© Staph. aureus. 

e P. aeruginosa. 

¢ More rarely E. coli, Micrococcus, Streptococcus and Neisseria species 
among others. 


Clinical features 
History 
The infection may follow skin injury, but this is not typically the case. 


Presentation 

The resemblance to actinomycosis is clinically evident. Most lesions 
are on the extremities, especially feet and hands, but other sites 
including the perianal region and the face may be affected. In the 
primary cutaneous form, single or multiple abscesses of the skin 
and subcutaneous tissues break down to discharge serous fluid 
through multiple sinuses and heal after a course of many months 
to leave atrophic scars [1]. Vegetative verrucous lesions can occur 
as can nodular lesions [4]. Patients are generally well, afebrile 
and with minimal symptoms, although itch and tenderness may 
occur [4]. 


Clinical variants 

Most cases are localised, but widespread involvement can occur [4]. 
Visceral botryomycosis is endogenous and typically seen in the 

immunosuppressed or in surgical patients. This most commonly 

affects the lungs, especially in the context of cystic fibrosis [4]. 


Differential diagnosis 
e Mycetoma. 

e Furunculosis. 

e Actinomycosis. 


Disease course and prognosis 
The infection becomes chronic unless treated. 


Investigations 

Diagnosis should be based on microscopy, histopathology and 
culture. The key to the diagnosis is the presence of a small cluster 
of microorganisms on biopsy. This cluster resembles the grain of a 
mycetoma or sulphur granule of actinomycosis. The granules con- 
tain basophilic bacterial granules with a surrounding eosinophilic 
tissue reaction [2]. Gram staining may identify the bacteria but 
culture should also be performed. 


Management 

Treatment depends on the nature of the organism and, where 
appropriate, antibacterial sensitivities should be determined. For 
Staph. aureus infections, anti-staphylococcal penicillin and ery- 
thromycin would be first line agents. Antimicrobial therapy may 
have to be prolonged. Surgical excision and drainage may also be 
required. 


Necrotising subcutaneou 


Definition and nomenclature 

This is a group of infections, caused by various aerobic and anaero- 
bic bacteria, in which the principal focus of disease is the soft tis- 
sues of the deep dermis, adipose tissue and subcutaneous fascia, 
where the hallmark of infection is extensive necrosis accompanying 
cellulitis [1,2]. 


Introduction and general description 

In addition to an initially focal site of skin oedema, inflammation 
and subsequent clinically apparent necrosis, the affected patient is 
usually severely ill and toxic, and there is a high mortality rate with 
these infections [3]. The extent of infection is clearly variable; in some 
cases the pathology is restricted to a zone bound by fascia, while in 
others the infection extends to involve the muscle and deep vessels. 


Epidemiology 

Necrotising subcutaneous infections occur worldwide. Several dif- 
ferent clinical entities are encompassed by this term but all of these 
conditions carry a significant mortality risk and require prompt 
recognition and treatment. 


Age 
Rare in children. 


Sex 
Both sexes. 


Associated diseases 
e May follow surgical procedures. 
e Diabetes. 


Pathophysiology 

Pathology 

The clinical classification of these infections is challenging and 
various pathogens may be associated but are not always isolated. 
It has been suggested [4] that there are at least two distinct groups 
of infections — those caused by f-haemolytic, usually group A, 
streptococci and others that depend on an infection with multiple 
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organisms, one of which is usually an anaerobe. The presence of a 

streptococcal aetiology is often difficult to establish with certainty, 

and infections without a proven cause may show striking increases 
in antistreptococcal antibody titres, suggesting that this may have 
been the original or a contributory cause [5]. The pathogenesis of the 
mixed bacterial infections is not well understood. Other variations 
include the presence or absence of muscle involvement. 

While a complete and taxonomically valid list is difficult to com- 
pile, these infections include the following proposed types: 

1 Clostridial cellulitis (gas gangrene). 

2 Necrotising cellulitis or fasciitis due to: 

e p-haemolytic streptococci, or 
¢ other bacteria. 

3 Progressive bacterial synergistic gangrene. 

4 Gangrenous cellulitis due to other pathogens such as Pseu- 
domonas spp. or zygomycete fungi (mucormycosis). These are 
mainly seen in the immunocompromised patient or after severe 
trauma. 


To complicate the issue, eponymous titles have been used, and 
Meleney’s name has been associated both with streptococcal necro- 
tising cellulitis [6] and with progressive bacterial synergistic gan- 
grene [7]. Similarly, Fournier gangrene, which describes a specific 
cellulitic necrotising process originally affecting the lower anterior 
abdominal wall and the scrotal fascia, probably includes at least two 
aetiologically different conditions, all affecting this specific site [8]. 


Clinical features 

History 

The clinical hallmark of all these infections is the appearance of 
necrosis in addition to cellulitis, which is often accompanied by a 
rapid course and considerable toxaemia. In practice, the main fea- 
tures of these infections are difficult to separate on clinical grounds, 
although there are some variations due to site of infection, and it is 
possible that they are part of a continuum of disease from cellulitis to 
myonecrosis. Death is a frequent outcome in such cases. Predispos- 
ing factors include trauma, infection, diabetes and previous surgery. 


Clinical variants 

Necrotising fasciitis, including streptococcal necrotising celluli- 
tis, may follow entry of group A Streptococcus, Staph. aureus, 
A. hydrophila, Vibrio vulnificus or a mixture of other bacteria into 
the skin, most commonly on the head, neck or limbs [3]. The site 
of entry may not always be apparent. Patients usually present 
with a hot, tender, erythematous area of swelling; gradually the 
skin becomes dusky [3,9]. Bullae and necrosis of underlying tissue 
may supervene and the overlying skin may become anaesthetic. 
Unfortunately, the often indolent onset can give rise to a false sense 
of lack of urgency [10]. 

Progressive synergistic gangrene is usually seen in association 
with abdominal or other surgery where there is contamination of 
the wound by leakage of bowel contents. It may occur without 
apparent injury to the skin surface [11]. The organisms vary but 
microaerophilic streptococci, Bacteroides spp. or other anaerobes 
as well as Gram-negative bacteria are found. The wound becomes 
extended with surrounding necrosis and oedema, and the patient 
becomes toxic and unwell. The extending infection may affect 


muscle. Rapid deterioration of the patient’s clinical state occurs 
with dehiscence of the surgical wound and toxaemia. 

Fournier gangrene (see Figure 26.25) occurs where there is infec- 
tion around the lower abdominal fascial plane in men, with tracking 
of the infection into the scrotum [8]. It may be caused by group A 
Streptococcus or multiple organisms, although it is commoner with 
the latter. The management is identical to that used for these infec- 
tions in other sites. 


Differential diagnosis 
The differential diagnosis includes gas gangrene, mucormycosis, 
cellulitis, pyoderma gangrenosum and ecthyma gangrenosum. 


Complications and co-morbidities 
Deep invasion with progressive necrosis and infarction of subcuta- 
neous tissue, toxaemia and septicaemia. 


Disease course and prognosis 
This is fatal unless treated. 


Investigations 

Although swabs from the skin surface are usually negative, culture 
from swabs and tissue should be requested. However, therapy 
should not be delayed by waiting for results. The presence of gas 
in the tissue may suggest the diagnosis, but its absence does not 
exclude this disease process. Computed tomography is a more 
precise method of demonstrating gas in tissues than X-ray [12]. It is 
important to consider other potential causes of acute necrosis and 
toxaemia, particularly in the neutropenic patient, where cellulitis 
associated with single, such as Pseudomonas, or multiple organisms 
can occur. The zygomycete fungal infection, mucormycosis, should 
also be considered and impression smears taken from the wound 
edges or biopsy material may be helpful in excluding this possibility. 


Management 
This is an acute emergency warranting management in an intensive 
care unit. The most important step in diagnosis and management is 
surgical exploration and debridement [13], in which subcutaneous 
tissues down to the fascia are found to be necrotic. The overlying 
skin is usually surgically removed, although in some cases this has 
been laid back as a flap once the necrotic tissue has been removed. 
Empiric antimicrobial treatment should be initiated while await- 
ing culture and sensitivity results. Intravenous penicillin and 
clindamycin would be suitable if either Strep. pyogenes (group A 
streptococcal disease) or Clostridium spp. is strongly suspected; if 
the causative agent is not apparent, however, broader coverage 
with ceftriaxone and metronidazole or piperacillin-tazobactam or a 
carbapenem with clindamycin is recommended [11,14]. However, if 
antibiotics are given without surgical intervention, therapy is rarely 
successful. 


MYCOPLASMA INFECTIONS 


Mycoplasmas, formerly known as pleuropneumonia-like organisms, 
are members of the smallest free-living bacterial class, Mollicutes [1]. 
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They lack a rigid cell wall but can grow, although slowly, on artificial 
media. 

Several Mycoplasma species are associated with humans. Some are 
commensals in the mouth, such as M. orale and M. salivarium; others 
are found in the healthy genital tract, such as M. hominis and the 
closely related Ureaplasma urealyticum, but may also lead to patho- 
logical states, like urethritis, in the case of U. urealyticum and pelvic 
inflammatory disease with M. genitalium [2]. 

M. pneumoniae is endemic worldwide and is spread by respira- 
tory droplets. Year-round infections occur but peaks are seen in late 
summer and early autumn traditionally [1]. 


Clinical features 

M. pneumoniae is a well-recognised cause of minor upper respiratory 
tract infections and pneumonia, particularly in young people [3]. 
The organism has also been associated with various systemic man- 
ifestations including meningoencephalitis, aplastic and haemolytic 
anaemia, polyarthritis and acute glomerulonephritis [1]. 

About one-third of patients with M. pneumoniae upper respira- 
tory tract infections will develop skin features [1,4]. The majority of 
these cutaneous manifestations are erythematous exanthems. How- 
ever, erythema nodosum and urticaria are also fairly common [1]. 
Stevens—Johnson syndrome occurs in around 5% of patients [1,5,6]. 
Erythema multiforme has been attributed to M. pneumoniae infection 
even without clinical evidence of lower respiratory tract infection 
by a rising antibody titre and isolation of the organism from skin 
lesions. 


Investigations [1] 

PCR-based diagnostic methods provide the most rapid and reliable 
means of identifying the cause. Cold agglutinins are produced in 
the majority of patients in response to the infection and antibody 
tests are available but have low sensitivity and specificity. In addi- 
tion, complement-fixing antibodies can be demonstrated but may 
take over a week to develop. Culture is slow and should be done 
from nasopharyngeal aspirates ideally. 


Management 

Macrolides such as azithromycin and clarithromycin, tetracyclines 
and fluoroquinolones are effective in M. pneumoniae infections [1]. 
There is no evidence that the use of antibiotics triggers the appear- 
ance of skin rashes. 


CHLAMYDIAE [1,2) — 


Chlamydiae are obligate intracellular bacterial parasites; in their 
infectious form they have a cell wall, contain both DNA and 
RNA, replicate by fission, and are susceptible to broad spectrum 
antibiotics, notably tetracyclines; they are therefore classed with 
the bacteria. There is a single genus with three subgroups or 
species. 

Chlamydia trachomatis is spread by direct contact and can cause tra- 
choma, an endemic ocular infection in many developing countries, 
frequently leading to blindness; and when sexually transmitted 
it can cause urethritis, but also deeper infections such as cer- 
vicitis, endometritis and salpingitis [3]. Eye infection may result 


from contact with infected genital secretions. Other serotypes 
predominantly infect lymphatic tissue and cause the sexually 
transmitted disease lymphogranuloma venereum (Chapter 30). 

C. pneumoniae infection leads to outbreaks of respiratory infections 
and has been detected in some chronic skin ulcers [4] but its role is 
not clear. 

C. psittaci is endemic in many species of birds and occasionally 
causes an interstitial pneumonitis in humans known as psittacosis 
or ornithosis [5]. 


Psittacosis | 


Introduction and general description 

The name ‘psittacosis’ was introduced because human infections 
were acquired from parrots (psittacines). Subsequently, many 
non-psittacine birds, for example domestic and sea birds, were 
found to carry the infection and ‘ornithosis’ was introduced as a 
more general term. The terms are now used synonymously. 


Epidemiology 

The disease is endemic not only in the parrot family, but also in 
over 120 species of birds, including pigeons, domestic fowl, ducks 
and finches, all of which have caused human infection; transmis- 
sion occurs from inhalation of infected dust from excreta of sick or 
latently infected birds. It is caused by C. psittaci. 

However, in many cases no bird source can be identified. 
Human-to-human spread by infected respiratory tract droplets is 
known to occur and may be commoner than previously recognised 
[1,2]. 


Clinical features 
The incubation period is typically between 5 and 14 days. 
The manifestations are very variable [3-5]. Severe pneumonia, 
with cyanosis and collapse, myocardial involvement, jaundice, 
encephalitic symptoms and even death can occur. Most cases, 
however, present with high fever, malaise, headache, myalgia 
and respiratory symptoms [3]. Even milder attacks are probably 
frequent. 

Exanthems occur occasionally [3], and erythema nodosum and 
erythema multiforme have also been reported [4-6]. 


Investigations 

Confirmation of the diagnosis can be made using PCR or serology 
[3]. Culture is not usually recommended due to the risk of laboratory 
transmission. 


Management 

Tetracyclines are the drugs of choice and early administration can 
be life saving; response is usually noted in about 48 h and treatment 
should be continued for 10 days. Erythromycin or azithromycin is 
recommended for children and in pregnancy. 


RICKETTSIAL INFECTIONS — 


Rickettsiae are regarded as small bacteria and most are obligate 
intracellular parasites. They are spread by the bites of arthropods 
and cause widespread infection in endothelial cells, which may 
result in vascular infarcts, extravascular fluid loss and disseminated 
intravascular coagulation. 

The genus Rickettsia is broadly subdivided into the typhus group, 
the spotted fever group (SFG), the scrub typhus group (STG), the 
transitional group and the non-pathogenic ancestral group [1]. The 
spotted fever group are transmitted by ticks, whereas the typhus and 
transitional groups are transmitted by fleas, lice and mites and the 
scrub typhus group by mites. 

Rickettsial infections classically present with a triad of fever, 
headache and myalgia; many will also present with a widespread 
rash and some a painless eschar. 

Advancing age and glucose-6-phosphate dehydrogenase (G6PD) 
deficiency are risk factors for more severe manifestations with rick- 
ettsial infections. 

Various serological techniques and other methods are available 
for the diagnosis of rickettsial infections, but are generally of ret- 
rospective value, and treatment should be started on the basis of a 
clinical diagnosis. Direct or indirect immunofluorescence, ELISAs, 
western blot and PCR diagnostic tests are available depending on 
the disease. Culture is not routinely performed because successful 
culturing can be challenging but also requires a higher biosafety 
level laboratory. 

While the features of the main rickettsial diseases will be consid- 
ered individually, management will be described for all the infec- 
tions (Box 26.5). 


TYPHUS GROUP 


Epidemic typhus -— (S| 


Definition and nomenclature 
Epidemic typhus is caused by R. prowazekii and is transmitted by the 
human body louse, Pediculus humanus corporis [2]. 


Epidemiology 

It occurs worldwide but epidemics are mainly associated with the 
displacement of populations by war or natural disasters. Epidemic 
typhus is more common in the colder months. Humans are the only 
known reservoir of infection. 


Age 
Any age. 


Sex 
Both sexes. 
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Box 26.5 Management of rickettsial infections 


e All patients should be treated with antibiotics 

e First line of treatment: doxycycline is the drug of choice and 
treatment should be started as soon as the clinical diagnosis is made. 
The drug is usually given in full dose as a course of 7 days, although 
there is some evidence suggesting shorter courses may be as 
effective [3] 

e Alternative treatments: azithromycin and chloramphenicol are 
possible alternatives to doxycycline. Chloramphenicol was 
previously recommended for rickettsial infections in pregnant 
women and children aged 8 years and under due to concern over 
dental staining, enamel hypoplasia and fetal bone malformations; 
however, evidence suggests this is unlikely with short courses of 
doxycycline [4,5] 

¢ General supportive measures are necessary in severe cases 

¢ With louse-borne disease (e.g. epidemic typhus, trench fever), 
isolation and effective delousing are necessary to control the spread 
of infection 


Pathophysiology 

Pathology 

R. prowazekii multiplies in the gut endothelium of the human body 
louse and is released in its faeces. The rickettsiae are then transmit- 
ted to the human when skin abrasions are contaminated with louse 
faeces. The rickettsiae multiply in small blood vessel endothelial 
cells, leading to increased vascular permeability and vasodilation. 
Vascular obstruction, thrombosis, haemorrhage and perivascular 
inflammatory infiltration may also occur. The lesions are widely 
distributed but are often numerous in the skin, brain and heart. 


Causative organisms 
¢ R. prowazekii. 


Clinical features 

History 

After an incubation period of 7-14 days, the disease presents with 
the abrupt onset of fever, severe headache, myalgia and malaise. 


Presentation 

The symptoms increase in severity for several days. A rash devel- 
ops in over 80% of cases, initially presenting on the trunk, within a 
few days of the fever starting. It consists of crops of red to brown 
macules about 5 mm in diameter; the rash spreads centrifugally, but 
spares the palms and soles (Figure 26.34). The face is also spared 
but is often flushed with intensely injected conjunctivae. During the 
second week, the rash becomes deeper red and often frankly pur- 
puric, and in severe cases may be confluent. 


Differential diagnosis 

¢ Septicaemia (especially typhoid fever). 
¢ Malaria. 

e Leptospirosis. 

¢ Murine typhus. 

¢ Viral haemorrhagic fevers. 

¢ Meningococcal septicaemia. 
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Figure 26.34 Rickettsia prowazekii louse-borne typhus in Ethiopia. © D.A. Warrell. 


Complications and co-morbidities 
The other clinical manifestations and the outcome depend on the 
degree of involvement of the myocardium and the central nervous 
system. Gangrene of the fingers, toes, genitalia or nose may result 
from vascular obstruction (Figure 26.35). 
Latent disease is well reported; see Brill-Zinsser disease [2,6]. 
Sylvatic typhus refers to typhus cases resulting from contact 
with flying squirrels rather than transmission via human body lice, 
although the exact mode of transmission in these cases is yet to be 
defined [2,7]. In these cases, the disease is less severe with a much 
lower mortality risk. 


Disease course and prognosis 

Untreated, up to 40% of cases are fatal, but serious sequelae are 
unusual in those who recover. Death, or recovery, occurs between 
the second and third weeks. 


Management 
See Box 26.5. 


Brill-Zinsser disease [6] 


This is the recrudescence of epidemic typhus, sometimes after 
decades, in individuals who have previously recovered from an 
attack. The clinical features are those of the primary attack, but 
often milder, and the rash may be evanescent or absent. 


Figure 26.35 Gangrene resulting from Rickettsia prowazekii louse-borne typhus in 
Ethiopia. © D.A. Warrell. 


Murine typhus — || 


Murine typhus is caused by R. typhi (formerly R. mooseri) [8]. It is 
transmitted to humans from the rodent reservoir, most commonly 
by the Oriental rat flea, Xenopsylla cheopis. The infection occurs 
worldwide although murine typhus is more common in tropical 
and subtropical regions [8]. The pathological changes are similar to 
those described in epidemic typhus. 

The clinical features parallel those of epidemic typhus, but 
milder. The rash is variable, often starting in the axillae. It is seldom 
haemorrhagic and may go undetected. The condition is typically 
self-limiting but complications may occur in up to 25% of patients 
and include myocarditis, respiratory failure, meningoencephalitis 
and renal failure [8]. 


SPOTTED FEVER GROUP 


The infections in this group (Table 26.1) are generally transmitted 
by ticks and the group consists of over 30 species found world- 
wide [9]. Similar infections caused by distinct species occur in the 
tropical and subtropical regions of all continents. The incidence of 
spotted fever rickettsioses has increased over recent decades [10]; 
the reasons for this are likely to be multifactorial but include the 
expanding geographic distribution of ticks. 


Table 26.1 Classification of the rickettsial spotted fever and transitional groups. 


Organism Main geographic area Name 


Rickettsia rickettsia | Americas (mainly USA) Rocky Mountain spotted fever 


R. conorii Mediterranean region, Mediterranean spotted fever 
SW Asia, India 

R. sibirica Russia, Central Asia, China Siberian tick typhus 

R. australis Australia Queensland tick typhus 

R. japonica Japan Japanese spotted fever 

R. africae Sub-Saharan Africa African tick typhus 

R. felis Americas, Europe, Australia Flea-borne spotted fever 

R. akari USA, Russia, Central Asia Rickettsialpox 


Rocky Mountain spott 


Definition 

Caused by R. rickettsii, Rocky Mountain spotted fever (RMSF) is the 
most common and severe of the rickettsial spotted fever infections. 
Transmitted via the bite of an infected tick, it results in an acute 
febrile illness accompanied by an exanthem. 


Epidemiology 

Most cases are reported in the south-eastern and south-central USA, 
but the disease has also been reported from Central and South 
America. Various tick species transmit the infection; Dermacentor 
spp. are the most common vectors but Rhipicephalus sanguineus and 
Amblyomma spp. have been reported. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 

Pathology 

This is the most virulent of the rickettsial spotted fever infections. 
Widespread inflammatory and destructive changes are produced in 
the small blood vessels, especially in the skin and central nervous 
system. 


Causative organisms 
° R. rickettsii. 


Clinical features 

History 

Within 14 days of a tick bite, there is an abrupt onset of severe 
headache, fever and myalgia. Prolonged tick contact is not required 
for transmission of infection and there may be no knowledge of a 
tick bite. 


Presentation 
After 3 or 4 days, a maculopapular eruption appears on the wrists 
and ankles and soon spreads centrally to the limbs, trunk and face. 


The palms and soles are usually involved. Except in the mildest 
cases, the rash becomes haemorrhagic, and in the most severe may 
be confluent. Eschars (tache noir) are not commonly seen in RMSF 
compared with other forms of tick typhus. Neurological symptoms 
may be a prominent feature and encephalitis may ensue [11]. 


Differential diagnosis 

¢ Viral haemorrhagic fevers. 
¢ Meningococcal septicaemia. 
¢ Other rickettsial infections. 


Complications and co-morbidities 

Complications include the formation of thrombi and microinfarcts 
in the skin, brain and gastrointestinal tract. Gangrene of the fingers, 
toes, genitalia or nose may result from vascular obstruction. Other 
severe manifestations may include renal failure, pulmonary and 
cerebral oedema and disseminated intravascular coagulation. 


Disease course and prognosis 
Without prompt treatment with doxycycline, the mortality exceeds 
20%. 


Investigations 

In RMSF diagnosis is confirmed serologically or by direct immunflu- 
orescence detection of R. rickettsii antigen in the vascular endothe- 
lium of a skin biopsy. PCR testing can also be done on biopsy speci- 
mens. 


Management 
See Box 26.5. 


Tick typhus — CC 


Definition and nomenclature 

The term tick typhus refers to disease caused by several different 
rickettsial species, which vary with geographic location (Table 26.1) 
[12]. Most commonly it refers to the rickettsial infection caused by 
R. conorii, transmitted to humans via the bite of an infected dog tick 
(Rhipicephalus sanguineus). The synonym boutonneuse comes from the 
French word for spotty, referring to the classical rash. 


Epidemiology 

In many countries, tick typhus is caused by R. conorii, which is 
transmitted by the bites of a variety of ixodid ticks. Different 
genetic clades (strains) are endemic in the countries around the 
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Mediterranean and in many parts of Africa, Asia and India. Other 
rickettsial species, such as R. africae, R. sibirica, R. australis and 
R. japonica, among others, have been identified as causative agents 
of tick typhus-like disease. R. felis results in a similar disease pro- 
cess but is transmitted via fleas rather than ticks (flea-borne spotted 
fever). 

The diagnosis is important to consider in returning travellers; the 
diagnosis is aided by identifying an eschar but this may need to 
be sought on thorough examination. African tick typhus caused by 
R. africae is the most frequently imported rickettsiosis and is charac- 
terised by the presence of multiple eschars and frequent absence of 
rash, contrary to other rickettsioses [13]. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 

As with other rickettsial infections, the rickettsiae multiply in the 
small blood vessel endothelial cells, leading to vascular obstruction, 
thrombosis and haemorrhage. 


Clinical features 

History 

After an incubation period, which is usually between 5 and 7 days, 
the onset of fever is accompanied by headache, malaise, myalgia 
and occasionally mental confusion. Typically, the fever lasts for 
7-14 days. 


Presentation 

In the majority of cases, an eschar (tache noire) may be found at the 
site of the tick bite. The ulcer, which is 2-5 mm in diameter, has a 
black necrotic centre and a red areola. The regional lymph nodes 
may be enlarged and tender. Three or four days later, a pink macu- 
lopapular eruption develops first on the forearms and then rapidly 
generalises, involving the face, palms and soles. It increases in den- 
sity for a few days and in severe cases may be haemorrhagic; rarely 
more severe reactions such as digital necrosis and pneumonia have 
been described. 


Differential diagnosis 

e Viral haemorrhagic fevers. 
¢ Meningococcal septicaemia. 
¢ Other rickettsial infections. 


Complications and co-morbidities 

While typically more benign than RMSF, complications can occur 
and include myocarditis, meningoencephalitis, neuropathies, digi- 
tal necrosis and renal failure. 


Disease course and prognosis 

Apart from weakness and lassitude, convalescence is uneventful 
and recovery with doxycycline is usual, except in the severe forms 
in frail or elderly people. The rash fades slowly after the fever 
subsides. 


Investigations 

The diagnosis is confirmed serologically and species-specific diag- 
nosis may be achieved by PCR. If an eschar is present, a swab or 
biopsy from this lesion for PCR may be helpful. 


Management 
See Box 26.5. 


TRANSITIONAL GROUP 


Rickettsialpox -—l Le 


Definition 

R. akari is transmitted to humans from rodents by the mouse mite, 
Liponyssoides (formerly Allodermanyssus) sanguineus. Rickettsialpox 
is classified as a member of the transitional group of rickettsia as it 
shares features from both the spotted fever group and typhus group. 


Epidemiology 

It was first identified, in 1946, in New York City but cases have since 
been widely reported. Mite bites in humans most commonly occur 
after attempts to reduce the rodent population, as there are fewer 
rodent hosts available. 


Age 
Any age. 


Sex 
Both sexes. 


Pathophysiology 

Pathology 

Unlike other rickettsiae, R. akari targets macrophages rather than 
endothelial cells. Vacuolar degeneration in the basal layer results 
in blurring of the dermal—epidermal junction and vesiculation best 
regarded as subepidermal, although regenerating epidermis may 
give an impression of intraepidermal separation. The superficial and 
middle dermal layers contain a neutrophilic and mononuclear cell 
infiltrate, but light and electron microscopy fail to demonstrate the 
organisms. 


Causative organisms 
© R. akari. 


Clinical features 

History 

After an incubation period of 7-14 days, a papule appears at the mite 
bite site. This enlarges, becomes vesicular and dries to form a crust. 
The regional lymph nodes are enlarged. 


Presentation 

A triad of fever, vesicular rash and eschar is classical. The patient 
often fails to notice the initial lesion. Constitutional symptoms 
including myalgia and headache may develop, accompanied, or 
soon followed, by a generalised eruption of papules surmounted 


by small vesicles, which crust and heal within 2-3 weeks. The 
distribution and extent of the eruption are very variable, but palms 
and soles are spared. The lesions heal without scarring. 


Differential diagnosis 
e Varicella infection. 
e Other rickettsial infections. 


Disease course and prognosis 
The illness is usually mild and spontaneous recovery is expected 
within 2-3 weeks. Doxycycline shortens the duration of symptoms. 


Investigations 
Laboratory confirmation is by serology and PCR. 


Management 
See Box 26.5. 


Flea-borne spotted fe\ 


R. felis results in a similar disease process but is transmitted via fleas 
rather than ticks (flea-borne spotted fever). 


SCRUB TYPHUS GROUP 


Scrub typhus Cl 


Definition 

The infective agent of scrub typhus, Orientia tsutsugamushi (pre- 
viously R. tsutsugamushi), is conveyed to humans by bites from 
Leptotrombidium spp. mites, which are usually hosted by small 
mammals. The mites do not feed on blood, but on digested epithe- 
lioid tissue. The term tsutsugamushi comes from the Japanese words 
tsutsuga (illness) and mushi (insect). 


Epidemiology 

The disease was historically distributed within the “Tsutsugamushi 
Triangle’, extending from Japan to northern Australia and across to 
Pakistan. Increasingly there are reports of scrub typhus from sites 
well outside this area including Africa and Chile [14]. 


Pathogenesis 

Orientia differ from other rickettsiae as they lack lipopolysaccharide 
and peptidoglycan structures. The pathological changes are a focal 
vasculitis, involving the skin, lungs, heart, brain and kidneys. 


Causative organisms 
° O. tsutsugamushi. 


Clinical features 

The ricksettsial triad of fever, rash and headache develops after an 
incubation period of around 10 days (6-21 days). An eschar may 
be present, but the frequency appears to vary with geographic loca- 
tion and they are often in hidden sites so can be easily missed. The 
regional lymph nodes are enlarged and tender. After about a week, a 
generalised macular or maculopapular eruption develops and may 
fade rapidly or persist for 7-10 days [15]. 


Disease course and prognosis 

The clinical picture varies with the virulence of the strain and pre- 
vious exposure. The majority of disease is mild and frequently goes 
unrecognised. Pneumonitis and meningoencephalitis are not infre- 
quent and without treatment the mortality risk may be up to 60%. 
In less severe cases, the fever subsides and recovery occurs during 
the second or third week. Treatment with doxycycline is effective. 


Investigations 
As with other rickettsial infections the diagnosis can be confirmed 
with serology and PCR. 


Management 
See Box 26.5. 


ACTINOMYCETE INFECTION 


The actinomycetes are higher bacteria whose members cause two 
uncommon but important human infections: actinomycosis and 
nocardiosis. They show a number of unusual characteristics. Acti- 
nomyces spp. usually form large granules in vivo and Nocardia spp. 
are partially acid fast. Both form branching filaments in vitro and 
in vivo. 


Actinomycosis — Cl 


Definition and nomenclature 

A chronic spreading suppurative and granulomatous disease 
caused primarily by A. israelii: draining sinuses are formed through 
which the characteristic sulphur granules are discharged [1]. 


Introduction and general description 

This is a rare infection, commonly presenting in the skin, although 
other clinical forms such as pelvic actinomycosis are important and 
should be included in the differential diagnosis of pelvic tumours 
and inflammatory disease. 


Epidemiology 
The disease is worldwide in its distribution but is uncommon with 
a higher incidence of the disease in rural tropical areas and in 
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agricultural workers. The increased risk in people living in remote 
areas is most likely due in part to poor dental hygiene and less 
access to antibiotics, to which the organisms are extremely sensi- 
tive. Full-blown actinomycosis is also rare now in most countries 
where dental care is readily available. It is possible that it may 
cause minor dental infections, which are treated with antibiotics 
before major pathology can develop or a definitive diagnosis be 
established. 


Age 
Any age, but rare under the age of 10 years. 


Sex 
Adult males are more commonly affected than females, but the sex 
incidence is equal in childhood. 


Associated diseases 

Actinomycosis is associated with immunosuppression, diabetes, 
HIV infection and recent trauma or surgery. Actinomycetes are 
thought to have a role in bisphosphonate-related osteonecrosis of 
the jaw [1]. 


Pathophysiology 

Actinomycetes are bacteria producing filamentous branching rods. 
Most of the pathogenic actinomycetes occur in nature and belong to 
the soil saprophytic flora. Pathogenic anaerobic actinomycetes are 
normal inhabitants of the human mouth and actinomycosis is there- 
fore acquired endogenously. 

In some respects, actinomycosis and mycetoma are similar. Acti- 
nomycosis differs from mycetoma in being caused by endogenous 
and anaerobic agents, and in having no tendency to be confined to 
the extremities. 

Actinomycetes gain access to humans through damage to the 
mucosal barrier: trauma, surgical procedures such as dental extrac- 
tions, foreign bodies (such as intrauterine devices) and pyogenic 
abscess formation [2]. 


Pathology [3] 

The usual appearance is that of a suppurating fibrotic inflammatory 
process. Small abscesses and pus-filled sinus tracts are formed. 
Haematogenous spread to distant organs is unusual. In the tissues, 
the organism forms granular colonies from which radiate delicate 
branching filaments, some of which bear club-shaped processes 
(‘ray fungus’). Surrounding the colonies, a chronic neutrophil and 
lymphocytic infiltrate extends towards the skin, irrespective of 
where the primary lesion is, and this readily breaks down to form 
multiple fistulae from which pus containing the granules may be 
discharged. These so-called sulphur granules are lobulated masses 
of intertwining filaments. Lesions of actinomycosis almost always 
contain other bacteria besides Actinomyces, and it is thought that 
some of these associated organisms have a synergistic role in the 
development of the infection. 


Causative organisms 

e A. israelii. 

Many other species of Actinomyces have been associated with human 
infection including A. gerencseriae, A. naeslundii, A. odontolyticus, 
A.viscosus, A. meyeri and A. turicensis. 


Clinical features 

History 

Actinomycosis can affect any organ or body tissue [3]. Characteristic 
features are chronic changes with abscess formation, sinus tracts 
and purulent discharge containing sulphur granules [3]. Several 
clinical variants are recognised. 


Clinical variants 

Cervico-facial actinomycosis [4]. This is the most common form, 
accounting for around half of all cases, and is typically seen by 
dentists. Poor oral hygiene and smoking are thought to be associ- 
ated [2]. It presents as a dull-red indurated nodule on the cheek 
or submaxillary region. Multiple sinuses, puckered scarring and 
the formation of new nodules produce an uneven lumpy surface. 
The sinuses may close temporarily and later reopen or they may be 
replaced by other sinuses. The characteristic sulphur granules may 
be found in the discharging pus. The primary lesion is usually in the 
mandible or maxilla, and probably arises as a direct extension from 
a periodontal abscess formed in turn as the result of carious teeth, 
dental extraction or trauma to the jaw. Board-like induration of the 
skin is described. Maxillary lesions may extend to the orbit, bones 
of the skull and brain. Involvement of bone occurs early, usually 
before sinuses are formed. Periostitis is followed by osteomyelitis 
with cystic spaces within the bone. 


Thoracic actinomycosis. The thoracic form of actinomycosis is 
thought to result from aspiration of oropharyngeal secretions [2] 
and it may present in a similar way to active tuberculosis with 
cough, haemoptysis, night sweats and weight loss. It is doubtful 
whether the normal lung can be infected, and most cases are thought 
to result from secondary infection of a lung abscess, tuberculosis, 
lung cancer and bronchiectasis, among others. The organism may 
extend outwards from the lung to the skin through the thoracic 
wall, sometimes with osteomyelitis of the ribs and eventually with 
multiple draining sinuses [5]. 


Abdominal actinomycosis [3]. This form usually occurs as a con- 
sequence of surgery or abdominal infection [2]. It can present with 
intra-abdominal abscess formation or a slow-growing mass, with 
constitutional disturbance. It is thought that the organisms reach 
the gastrointestinal tract from the oropharynx. Extension to the 
liver with resulting jaundice is frequent. Likewise, extension to 
the ovaries, kidneys, bladder or spine may occur. The organism 
may extend into the abdominal wall with the resultant sinus tracts 
appearing on the skin surface. Haematogenous spread to distant 
organs occurs but is rare. 


Cutaneous actinomycosis. This form is usually a secondary pro- 
cess, originating from an underlying, deeper infection or as a result 
of haematogenous spread from a more distant site [2]. Primary 
cutaneous actinomycosis does occur but is very uncommon and 
is thought to occur through implantation. Subcutaneous nodules 
extend slowly and break down to form sinuses [6] and the regional 
lymph nodes may be affected. 


Pelvic actinomycosis [7]. Recognised as a distinct form of the dis- 
ease, pelvic actinomycosis is associated with the use of intrauterine 


contraceptive devices [7]. The skin is not affected in pelvic actino- 
mycosis but the infection may spread to abdominal sites [8]. 

Musculoskeletal, cerebral and disseminated actinomycosis are 
also distinct clinical forms [1,2]. 


Differential diagnosis 

Actinomycosis has a fairly typical appearance, but as the disease 
is rare, the diagnosis may not be suspected. Differential diagnoses, 
depending on the clinical presentation, include other chronic infec- 
tious diseases, such as tuberculosis, syphilis, nocardia and botry- 
omycosis; appendicitis, osteomyelitis and liver abscesses; and also 
lung, uterine and intestinal cancer. 


Prognosis 

The prognosis of any form of actinomycosis without treatment is 
generally poor but the cervico-facial and primary cutaneous vari- 
eties may remain localised for long periods. 


Investigations 
The diagnosis is established by identifying the sulphur granules in 
the pus and on histological examination but should be confirmed by 
culture or PCR. Actinomyces are slow growing, so culture may take 
up to 3 weeks [1]. The granules can generally be seen macroscopi- 
cally, as yellow granules up to 1-2 mm in diameter, often adherent 
to gauze dressings. When crushed and examined microscopically, 
narrow bacillary forms and elongate filaments with occasional 
branching may be found. 

Imaging may be required, depending on the presentation, but the 
features are usually non-specific [1]. 


Management 
Actinomycosis is a chronic disease producing a marked fibrotic reac- 
tion and it is difficult to obtain effective drug levels where required. 
Therefore, a quick response to treatment should not be expected [8]. 

Actinomyces spp. are generally sensitive to p-lactam agents [2] 
and first line treatment is usually penicillin. Typically, long courses 
of antibiotics are prescribed, extending up to a year or more [3]. 
Wide surgical excision has been used in addition to antimicrobial 
therapy. There is now a move away from this to more limited pro- 
cedures when required and a greater reliance on targeted antibiotic 
therapy [1]. 

Alternatives to penicillin include tetracyclines, macrolides, clin- 
damycin and carbapenems, but it is important to note that sensitiv- 
ities appear to vary considerably within Actinomyces species [1,2]. 


Nocardiosis -— ace 


Definition 

This is an acute-to-chronic suppurative disease caused by the 
Gram-positive, aerobic actinomycete Nocardia. The primary infec- 
tion is usually pulmonary, but there may be haematogenous spread 
to other organs. The central nervous system is frequently attacked. 
Primary cutaneous nocardiosis as well as mycetoma due to Nocardia 
spp. are both well described. 
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Introduction and general description 

Nocardiosis can affect many different areas of the body but is most 
commonly seen in the skin or pulmonary system [1]. It generally 
presents with single or multiple abscesses. The actinomycetomas 
caused by Nocardia species are considered in Chapter 32. 


Epidemiology 

This rare, sporadic infection has a worldwide distribution, although 
primary cutaneous infections have mainly been reported from the 
tropics or North America. 

Nocardia is a ubiquitous saprophyte, found in soil as well as fresh 
and salt water. It is an opportunistic pathogen primarily in immuno- 
compromised individuals. Pulmonary forms of the disease are most 
likely due to inhalation, whereas cutaneous infections are most com- 
monly due to traumatic inoculation. 


Age 
Any, although very rare in childhood. 


Sex 
Both sexes, although more common in males. 


Associated diseases 

As an opportunistic pathogen, Nocardia is most often found in the 
context of chronic disease or impaired T-lymphocyte mediated 
immunity, including HIV/AIDS, in those receiving some biological 
agents such as anti-TNF antibodies [2], and in solid-organ trans- 
plant recipients. It has also been reported with Cushing syndrome, 
diabetes and following the use of corticosteroids. 


Pathophysiology 

Pathology 

Mild subclinical nocardiosis may occur, but since the organism is 
known to cause fatal infections in humans, isolation of Nocardia in 
patient samples should not be disregarded [1]. 

Nocardia spp. can cause localised skin infections, typically after 
traumatic implantation. N. asteroides may cause a localised abscess 
without dissemination (primary cutaneous nocardiosis). N. brasilien- 
sis, and occasionally other species, is a common cause of actinomyce- 
toma, following entry via a wound. 


Causative organisms 

e N. asteroides complex. 

¢ N. brasiliensis. 

e N. otitidiscaviarum. 

e Rarer species include N. farcinica and N. transvalensis [1]. 


Environmental factors 

Soil-associated infections occur after cutaneous injury. Nosocomial 
outbreaks of nocardiosis associated with contamination of ventila- 
tion systems have been described [3]. 


Clinical features 

History 

Onset is usually rapid with a febrile illness in systemic infections. 
Cutaneous injury typically precedes cutaneous disease. 
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Figure 26.36 Nocardiosis. © D.A. Warrell. 


Presentation 

Pulmonary nocardiosis is the most common clinical manifestation 
and has a similar presentation to tuberculosis, with cough, dysp- 
noea, haemoptysis, fever and night sweats [4,5]. Involvement of the 
brain or meninges is present in 30% of cases, and the skin in 30%. 
Spread to the skin and subcutaneous tissue produces solitary or 
multiple abscesses, which may involve the muscles and bones [6] 
(Figure 26.36). Disseminated disease, with deep abscesses at any 
site, may develop. 


Clinical variants 
Cutaneous nocardiosis is usually seen in immunocompetent hosts 
and commonly presents with cellulitic changes at the site of 
traumatic injury [1]. Tender nodules or abscesses with purulent 
discharge may develop. Ascending regional lymphadenopathy 
may accompany cutaneous nocardiosis (termed lymphocutaneous 
nocardiosis) [7,8]; the lymph nodes can suppurate and may become 
necrotic. 

Actinomycetoma due to Nocardia spp. is described elsewhere 
(Chapter 32). 


Differential diagnosis 

The differential diagnosis for pulmonary nocardiosis includes tuber- 
culosis, histoplasmosis, aspergillosis, actinomycosis, other forms of 
pneumonia as well as lymphoma. The differential diagnosis for cuta- 
neous nocardiosis includes cellulitis, actinomycosis, sporotrichosis 
and cutaneous tuberculosis. 


Disease course and prognosis 
The prognosis of disseminated nocardiosis without treatment is 
poor. In primary cutaneous infection, resolution is usual but dis- 
seminated nocardiosis is fatal if untreated and there is a mortality, 
even with treatment, of over 20%. 


Investigations 
Diagnosis requires confirmation of the organism, which may be 
achieved with microscopy and culture. Pus or sputum smears may 
reveal the narrow (less than 1 ym) branching filaments, which are 
only partially acid fast with a ‘beaded’ appearance [1]. As with Acti- 
nomyces, Nocardia spp. are slow growing, so the suspected diagnosis 
should be discussed with the laboratory. 

Imaging will be required in pulmonary and cerebral infection. 
However, the findings are non-specific. 


Management 

All cases require antibiotic treatment. Primary cutaneous lesions 
typically require only one antimicrobial and trimethoprim— 
sulfamethoxazole (co-trimoxazole) is typically first line [1]. Up 
to 3 months of treatment may be required [9]. Severe pulmonary 
or disseminated infection may require a combination of agents 
and the treatment course may be 6-12 months. Suitable antibiotics 
include carbapenems (imipenem or meropenem), third generation 
cephalosporins, minocycline, co-amoxiclav, linezolid and amikacin 
[1]. Second line agents should be based on in vitro susceptibility 
testing. 

Abscesses may require surgical incision and drainage. 


DERMATOSES POSSIBLY 
TO BACTERIA 


There are many distinctive clinical syndromes in which bacteria 
appear to play a principal or secondary pathogenic role, but in 
which the lesions cannot be correlated with the known infections 
due to the species isolated. An abnormal response of the tissues or 
immunity of the host has therefore been postulated. 

In some such syndromes, allergic hypersensitivity to the infecting 
organisms or their products has been demonstrated, and in others 
it is believed to be an important factor in determining the altered 
response to the bacteria. 

The clinical features of many infections are modified by defects, 
inherited or acquired, in the host’s capacity to produce a normal 
antibody and leukocytic response. Chronic granulomatous disease 
of childhood, for example, results from the failure of leukocytes to 
destroy certain species of ingested bacteria. 


Chancriform pyoderma — | 


Definition 
This uncommon condition can mimic primary syphilis and occurs 
more often in children than in adults. 


Epidemiology 
Cases have been reported from Europe and from North and Latin 
America [1]. 


Pathophysiology 
The aetiology is uncertain, but a necrotising reaction to a strain of 
Staph. aureus, inoculated by minor trauma, has been suspected. 


Clinical features 

The lesion, which is usually solitary, is often situated around the 
eyelids or near the mouth, or occasionally on the genitalia [1,2]. 
A sharply marginated ulcer, sometimes exceeding 1 cm in diameter, 
with an indurated base and a bright-red areola, enlarges slowly for 
a few days. The regional lymph nodes are enlarged and tender; the 
ulcer is relatively painless. 


Differential diagnosis 

It is important to exclude other conditions including syphilis, pri- 
mary tuberculosis, atypical mycobacterium infection, leishmaniasis, 
Behcet syndrome and malignancy. 


Disease course and prognosis 
Without treatment the ulcer may persist for several weeks before 
healing to leave a superficial scar. Recurrent episodes may occur. 


Management 


Treatment with antibiotics shortens the duration but the response in 
our experience is not dramatic. 


Pyoderma vegetans -.— VL. 


Definition and nomenclature 


Pyoderma vegetans is a rare mucocutaneous condition of uncertain 
aetiology characterised by the development of epithelial hyper- 
plasia and pustular lesions. Crusting, sinus tract formation and 
ulceration may also occur [1]. 


Pathogenesis 

Pyoderma vegetans is difficult to define and almost certainly 
the name has been used to describe a number of differing skin 
rashes, such as blastomycosis-like pyoderma [2] and possibly 
superficial granulomatous pyoderma [3]. As the aetiology of the 
disease is unknown, it is not known whether these share a common 
pathogenesis. 

Commonly, either Staph. aureus or group A Streptococcus is isolated 
from lesions but, as the rash does not usually respond to antibiotics 
alone, the role of these bacteria in the pathogenesis of the condi- 
tion is unclear. The disease has been most commonly described in 
the context of inflammatory bowel disease, especially ulcerative 
colitis [4,5], but has also been reported with a variety of under- 
lying conditions including alcoholism, lymphoma [6] and HIV 
infection. 


Pathology 

The disease process is not fully understood and it has been sug- 
gested that it is a response to heavy bacterial colonisation or epi- 
dermal invasion in a patient with defective immunity [7]. 


Clinical features 

Pyoderma vegetans may develop at any site, but the flexures are 
often involved. In some cases, encrusted and hyperplastic plaques 
appear on the skin surface [6,8]. These may break down and weep 
and there is often central clearing. Where a prominent edge with 
crust formation is seen, the lesions may mimic blastomycosis. 
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Dermatoses possibly attributable to bacteria 


Alternatively, there may be ulceration, the condition resembling a 
form of pyoderma gangrenosum. Lesions may heal spontaneously 
but generally this is a chronic disease. 

Pyostomatitis vegetans refers to the disorder when it affects the 
mucosa, usually the oral cavity, and it typical presents with small 
pustules which may rupture leaving erosions in a characteristic 
‘snail track’ appearance [4,9]. 


Differential diagnosis 

The differential diagnosis includes pyoderma gangrenosum, 
pemphigus vegetans, verrucous carcinoma, halogenoderma, botry- 
omycosis and deep fungal infections such as blastomycosis and 
coccidioidomycosis. 


Investigations 

Diagnosis is difficult and largely depends on the exclusion of 
other conditions, such as specific infections, iododerma, pyoderma 
gangrenosum and pemphigus vegetans. It is partly the absence 
of other diagnostic features that supports the diagnosis of pyo- 
derma vegetans. Immunofluorescence may help to differentiate 
pyoderma vegetans from pemphigus vegetans. Cultures should 
be taken and may reveal Staph. aureus. Repeat biopsies from the 
skin lesion may be necessary and typical features include epithelial 
hyperplasia and abscess formation in the epidermis and der- 
mis, comprising neutrophils or eosinophils [9]. It is important to 
exclude underlying diseases such as ulcerative colitis, lymphoma or 
leukaemia. 


Management 

There are no treatment guidelines for pyoderma vegetans. Topical 
and systemic corticosteroids can be helpful but recurrence can 
occur upon cessation. Oral antibiotics and immunosuppressants 
have been used with varying success, often with the addition of sur- 
gical management (excision, curettage or laser debridement) [10,11]. 
There has been a report of an excellent response to etanercept in a 
patient who also had psoriatic arthritis [12]. 


Dermatitis gangrenosa i 


Definition 
This is a rare condition in which the infant presents with multiple 
necrotic ulcers on the skin surface. 


Epidemiology 
It is mainly reported to occur within the first 2 years of life, in some 
cases developing after viral infection or vaccination. 


Pathophysiology 
The aetiology of this rare condition is unknown. 


Pathology 

The histology of the few reported cases shows an acute necrotic 
reaction involving the dermis and epidermis similar to that seen in 
pyoderma gangrenosum. 
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Clinical features 

While these may arise de novo, they often appear on a pre-existing 
rash such as varicella or severe seborrhoeic dermatitis. The affected 
child is usually acutely ill with a high pyrexia and rapid deteriora- 
tion follows [1], often ending in death. While it is possible that, in 
some cases, this may be a form of infantile pyoderma gangrenosum, 
secondary complications, such as septicaemia, dominate the clinical 
picture. Staph. aureus may be isolated from cutaneous ulcers, but it 
is not clear whether this is a secondary event. 


Kawasaki disease -— Lae 


Definition and nomenclature 
Kawasaki disease is an acute vasculitic syndrome of unknown aeti- 
ology seen in childhood. 


Introduction and general description 

This condition is a disease usually seen in children, typically 
affecting those under 5 years of age. It presents with fever and a 
generalised exanthem with lymphadenitis. Complications include 
myocarditis and arthritis. The aetiology is unknown, although 
it has been suggested it could be an abnormal immune reaction 
to an infectious trigger in the context of a genetically susceptible 
individual [1]. 


Epidemiology 

The disease was first described in Japan by Kawasaki in 1967 [2], and 
the highest incidence of the disease is still seen in Japan, Korea and 
Taiwan [3]. There appears to be a genetic predisposition because in 
the USA, Kawasaki disease is more common in those with Asian, 
Pacific Islander and African lineage [3]. 


Age 
The disease occurs in childhood, often under the age of 5 years, and 
cases are rarely seen in adults [2]. 


Sex 

Males are more commonly affected, and the condition is seen more 
often in siblings than in the general population, suggesting the 
possibility of transmission; however, epidemics of the disease have 
not been recorded [4]. 


Associated diseases 
Kawasaki disease appears to be more common in children with aller- 
gic diseases: atopic dermatitis, asthma and allergic rhinitis [5]. 


Pathophysiology 

Pathology 

The disease leads to inflammation of medium-sized arteries 
throughout the body, especially the coronary arteries, leading to 
aneurysms and further complications including thrombosis, calcifi- 
cation and ultimately myocardial ischaemia [6]. 


Immune system dysfunction is thought to play an important part 
in the disease process. Imbalance in the T lymphocyte subsets has 
been demonstrated in Kawasaki disease and it has been suggested 
this may be in response to activation by superantigen production 
from Staph. aureus or Strep. pyogenes [7]. A variety of other pathogens 
have been implicated as potentially having a role in the develop- 
ment of Kawasaki disease including measles, human herpesvirus-6, 
parvovirus B19, Epstein-Barr virus and more recently SARS-CoV-2 
[6]. Some studies have suggested the disease is IgA driven [8], with 
increased concentrations of IgA and absence of IgM and IgG at 
affected sites [6]. 


Clinical features 
History 
The onset is acute, with a high fever which lasts for at least 5-7 days. 


Presentation 

The child presents with injected conjunctivae, dry and fissured lips, 
a red tongue with prominent papillae (strawberry tongue) and a red 
throat. Redness and oedema of the hands and feet can occur, resolv- 
ing with desquamation once the fever has abated. Kawasaki disease 
is associated with a polymorphous exanthem, which usually occurs 
within 5 days of the onset of fever [3]; the rash may be morbilliform 
or erythema multiforme-like. There is accompanying cervical lym- 
phadenopathy in many patients, although it is not always present, 
and may only involve a single node. 

Fever resolves after 1-2 weeks, but conjunctival injection and 
lassitude may persist. In about one-quarter of cases there is accom- 
panying myocarditis, which may be followed by symptomatic 
coronary artery disease and in 1-2% by myocardial infarction. 
Myocarditis presents with arrhythmia or tachycardia; pericarditis 
and valve incompetence may also occur. Coronary disease occurs 
secondary to aneurysms of the coronary arteries, which may throm- 
bose. However, these also regress over a couple of years in most 
patients. 


Clinical variants 

Multisystem inflammatory syndrome in children (MIS-C) is a clin- 
ically distinct disease from Kawasaki and has been described as a 
postinfectious syndrome of SARS-CoV-2 infection. A proportion 
of children with this condition meet the criteria for Kawasaki 
disease [3]. 


Differential diagnosis 

While this condition may resemble a number of virus-associated 
exanthems, the presence of the typical rash and accompanying 
myocarditis are characteristic. 


Complications and co-morbidities 

In addition to coronary arterial aneurysms, other complications 
include arthralgia, arthritis, severe erythema multiforme, iritis, 
proteinuria, hepatitis and aseptic meningitis. 


Disease course and prognosis 
There is slow resolution although lassitude persists, but myocarditis 
may result in complications which can be life threatening. 


Investigations 

Kawasaki disease is diagnosed on clinical features and there are 
specified criteria for diagnosis [3]. Abnormalities on investigation 
may include leukocytosis, raised alanine aminotransferase (ALT) 
and anaemia. Thrombocytosis is most often seen in the post-acute 
phase. There is no specific diagnostic test for this syndrome, but 
if it is suspected an electrocardiogram (ECG) and echocardiogram 
should be performed. 


Management 
There are no definitive treatments for Kawasaki disease. IVIg in high 
dosage is first line, and reduces the overall mortality and complica- 
tions of the disease, including the risk of coronary aneurysms [9]. 
The treatment appears to work rapidly with resolution of fever and 
should ideally be given within the first 10 days of illness. Aspirin is 
also helpful in reducing the risk of platelet aggregation, and is given 
alongside IVIg [3]; it may also be used long term if there is evidence 
of coronary aneurysms. 

Corticosteroids may be beneficial, especially in patients at risk 
of IVIg resistance [10]. Infliximab, etanercept and ciclosporin have 
been used in refractory cases [3]. 


Additional resources 
Centers for Disease Control and Prevention (CDC): https://www 
.cde.gov. (Last accessed July 2023.) 
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Introduction 


The genus Mycobacterium contains more than 190 species of which 
over 25 are pathogenic in humans and other vertebrates [1]. 
The most important obligate human pathogens are M. tuber- 
culosis and M. leprae, but others such as M. avium complex 
(M. avium and M. intracellulare) and M. ulcerans are also signif- 
icant. Disease-causing mycobacteria other than those of the M. 
tuberculosis complex (including M. tuberculosis, M. bovis, M. bovis 
bacillus Calmette-Guérin (BCG) and related species) and M. leprae 
are referred to as non-tuberculous mycobacteria (NTM), although 
the terms atypical, environmental or opportunistic mycobacteria 
are also used [1]. 


Mycobacterium tuberculosis DNA has been isolated from ancient 
Hungarian and pre-Colombian Peruvian human remains with signs 
compatible with antemortem tuberculosis [2,3]. Tuberculosis is the 
leading cause of death from an infectious and is an enormous global 
health problem [4]. Approximately one-third of the world’s popu- 
lation is infected with M. tuberculosis bacteria. It is estimated that 
globally there were approximately 10 million new tuberculosis cases 
in 2020 and that 1.5 million deaths were attributable to the disease 
[4]. Tuberculosis is primarily a disease of poverty, with 93% of cases 
occurring in low- and middle-income countries. The World Health 
Organization (WHO) reports that mortality and incidence rates 
are falling in most parts of the world but co-infection with human 
immunodeficiency virus (HIV) and drug-resistant tuberculosis, both 
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multidrug resistant (MDR) and extensively drug resistant (XDR), 
and the impact of Covid-19 on services represent considerable 
challenges [4]. Globally, rifampicin-resistant and MDR tuberculosis 
(defined as being resistant to rifampicin and isoniazid) are thought 
to account for 3-4% of newly diagnosed cases, although this rate 
rises to 20% in some countries in Asia and Europe. The prevalence 
is significantly higher in individuals who have previously received 
antituberculosis therapy (ATT). XDR tuberculosis (defined as being 
resistant to rifampicin, any fluoroquinolone and one of bedaquiline 
or linezolid) is estimated to account for 1.2% of bacteriologically 
confirmed pulmonary cases (those which were tested) [4]. 

This chapter will deal first with the general properties and 
characteristics of the mycobacteria, before discussing tuberculo- 
sis and infections by NTM. Leprosy is considered separately in 
Chapter 28. 


MYCOBACTERIAL INFECTIC 


The term ‘mycobacterium’ was given in 1896 to a large group of 
bacteria producing mould-like pellicles when grown on liquid 
media. All are slender, non-motile, aerobic, non-sporing rods with 
a waxy coating that makes them resistant to most stains. Once 
stained, however, they are not easily decoloured (acid-fast). 


Classification 


The genomes of M. tuberculosis [1], M. bovis, M. bovis BCG, M. lep- 
rae [2] and some NTM including M. ulcerans [3], M. marinum [4] 
and M. avium have all been sequenced. Molecular techniques have 
also resulted in the delineation of the phylogeny of the mycobacte- 
ria. In general, the obligate mycobacterial pathogens (M. tuberculosis 
complex and M. leprae) and the most virulent NTM are more sus- 
ceptible to antibiotics than other NTM [5]. It is hypothesised that 
these more virulent species, which are more closely related phylo- 
genetically and are most adapted to humans, have lost resistance 
mechanisms through lower selection pressures [5]. The other NTM 
are consequently of less clinical significance but are often more dif- 
ficult to treat. 

The mycobacteria were classified previously according to their 
rate of growth and production of pigment [6]. This classification 
retains some utility for classifying mycobacteria that cause clinical 
disease (Table 27.1) [1,7]. 

The cell wall of the mycobacteria, which is responsible for their 
acid-fast staining properties, has a complex structure. The typical 
peptidoglycan backbone of a Gram-positive bacterial cell abuts onto 
a typical phospholipid plasma membrane. Outside the peptidogly- 
can layer, and covalently bonded to it, there is a branched polymer 
arabinogalactan. Onto this are attached the long chain fatty acids 
termed mycolic acids. Numerous other lipids and glycolipids are 
non-covalently inserted into this lipophilic outer layer. Lipoarabino- 
mannan (LAM; a phosphatidylinositol mannoside) is inserted into 
the plasma membrane and reaches out through the layers of the wall 
to the exterior [8,9]. 


Table 27.1 Mycobacteria of dermatological interest. 


Rate of growth Species 


. Marinum 
kansasii 

avium 

. intracellulare 
haemophilum 
ulcerans 

szulgai 
scrofulaceum 
tuberculosis 
abscessus (group) 
chelonae 
fortuitum (group) 
mageritense 
wolinskyi 
smegmatis 
mucogenicum 
leprae 

M. lepromatosis 


Slow growers 


Rapid growers 


SSS5S5555555N5N5N5NNKRK 


Non-culturable 


Adapted from Atkins and Gottlieb 2014 [7]. 


Epidemiology 


Mycobacterium tuberculosis infection 

The WHO describes the burden of tuberculosis as ‘enormous’ [1]. 
In 2020, India, China, Indonesia, the Philippines, Pakistan, Nigeria, 
Bangladesh and South Africa accounted for 86% of the estimated 
cases. 

One component of Millennium Development Goal 6 to stop 
and reverse the increasing incidence of tuberculosis by 2015 was 
achieved but this trend has been reversed due to the impact of 
Covid-19 [1]. The mortality rates from tuberculosis are falling in all 
the WHO regions. WHO’s ‘End TB Strategy’ has a target to reduce 
mortality to 90% of its 2015 level by 2030. 

In England in 2019, 4725 cases of tuberculosis were reported. 
London accounted for more than one-third of cases and the major- 
ity of the burden remains in the conurbations and large urban areas 
[2]. The majority of cases (73.6%) occurred in individuals born 
outside the UK, with a rate of 40 per 100 000 population compared 
with 2.5 cases in UK-born individuals. Pulmonary disease was 
the most common and 28.4% of these patients also had extrapul- 
monary involvement. The most common co-morbidity was diabetes 
mellitus. 

Cases of MDR and XDR tuberculosis continue to be a major 
challenge. Outcomes are suboptimal in this group of patients, with 
only 59% of patients being successfully treated in 2018 [1]. 

Molecular diagnostic tests using nucleic acid amplification tech- 
niques can detect the presence of M. tuberculosis DNA and also the 
marker of rifampicin resistance, and are now widely available [3]. 


HIV and Mycobacterium tuberculosis co-infection 

It is estimated that one-third of the world’s population have 
latent M. tuberculosis infection, which is defined as the presence 
of viable bacilli in an individual without the symptoms and signs 
of disease [4]. The immunosuppression caused by HIV infection 
(Chapter 31) greatly increases the risk of developing clinical disease, 


and tuberculosis is the leading cause of mortality in HIV-infected 
individuals [5,6]. The WHO estimated that 17.3% of the 1.2 million 
people who died of tuberculosis in 2019 were infected with HIV [1]. 

HIV-associated tuberculosis mortality is reduced by effective ATT, 
concurrent antiretroviral therapy (ART) and the administration of 
co-trimoxazole [5]. Tuberculosis can be prevented in people living 
with HIV by the use of ART (although the risk of developing tuber- 
culosis is still higher than in HIV-negative individuals) and, where 
appropriate, isoniazid preventative therapy (IPT) [6]. 

The UK guidelines recommend universal HIV testing in health 
care services for the diagnosis of tuberculosis [7]. Since 2007, the 
WHO has recommended provider-initiated testing and counselling 
for HIV infection and this has improved the rates of HIV testing in 
people diagnosed with tuberculosis [5]. The WHO recommends that 
HIV-infected infants should not receive BCG vaccination due to the 
high rates of BCG-associated disease [8]. 


Non-tuberculous mycobacterial infections 
Non-tuberculous mycobacteria are widely distributed in the envi- 
ronment with high isolation rates worldwide. Organisms can be 
found in the soil and water, including treated water sources; in fact 
M. kansasii, M. xenopi and M. simiae are recovered almost exclusively 
from municipal water sources. There is no evidence of animal to 
human or human to human transmission of NTM and these organ- 
isms may cause both asymptomatic infection and symptomatic 
disease. HIV infection and iatrogenic immunosuppression has 
resulted in an increase in the incidence of NIM-associated disease. 
Cosmetic procedures, both surgical and non-surgical, and other 
types of body modification are increasingly being reported in associ- 
ation with NTM infection [9]. Antitumour necrosis factor (anti-TNF) 
therapies appear to increase the risk of NTM infection [10] although 
there was no increase in the risk of serious skin infections in patients 
with rheumatoid arthritis treated with these drugs. 

The rate of NTM reporting in England, Wales and Northern 
Ireland increased from 0.9 per 100 000 population in 1995 to 2.9 per 
100 000 in 2006 [11]. The most frequently reported were M. avium 
complex, M. malmoense, M. kansasii and M. gordonae. It has been 
suggested that this increase may reflect reporting practices and 
increased detection and identification of NTM due to improved 
laboratory techniques. It is important to determine the clinical 
relevance of any NTM isolate and there are accepted criteria for 
this [12]. 

In high-income settings, M. avium complex infection in those 
with profound immunosuppression secondary to HIV is asso- 
ciated with reduced survival [13]. In resource-limited settings, 
patients with HIV starting ART have a higher risk of mortality 
compared with patients in high-income settings [14]. A diagnosis of 
NIM infection is classified as WHO stage 4 of HIV infection. NTM 
infection is significantly associated with mortality in this group, 
with approximately a twofold increased risk of death [14]. 


Basic biology 


Immunology of tuberculosis 
Three factors in the immunology of tuberculosis remain poorly 
explained: the latent state, the balance between protection and 
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immunopathology after previous exposure, and the failure to 
eliminate persistent mycobacteria. 

Following infection, only 5-10% of individuals develop pro- 
gressive disease, but some bacteria remain viable in the tissues 
of subclinically infected individuals. M. tuberculosis DNA can be 
identified not only in macrophages, but also in cells such as fibro- 
blasts and type II pneumocytes, located in lung tissue devoid of 
lymphocyte infiltration in healthy individuals living in tuberculosis 
endemic countries [1]. Neutralisation of TNF for the treatment of 
inflammatory disorders such as rheumatoid arthritis or psoriasis 
can lead to reactivation and progressive disease [2,3] as can other 
immunosuppressive drugs, HIV, stress and starvation. 

Immunocompetent individuals with tuberculosis usually develop 
a necrotising skin test response to M. tuberculosis antigens. The 
immunopathological response is thought to account for much of the 
tissue damage associated with tuberculosis. Robert Koch demon- 
strated in the late 19th century that guinea pigs with tuberculosis 
would develop a severe necrotic reaction at the site of injection 
of killed bacteria and also in existing tuberculous lesions — the 
‘Koch phenomenon’ [4]. The differences between protection and 
immunopathology are highlighted by the fact that protection cor- 
relates with small skin reactions to tuberculin rather than with 
exaggerated necrotic responses [5]. 

The inefficiency of the immunopathological response as a 
microbicidal mechanism has a second important consequence. In 
patients with tuberculosis, most of the organisms are killed rapidly 
by antimicrobial chemotherapy. However, there are ‘persisters’ that 
may be biologically distinct from the bacteria that are associated 
with latency and these are not eliminated by the drugs or by the 
immune response. The failure of the immune response to eliminate 
persisters is attributable to the fact that the immunopathological 
response does not quickly switch to the non-necrotic protective 
mechanism characterised by the responses seen in successfully BCG 
vaccinated individuals. The result is that treatment must continue 
for at least 6 months or relapse will occur [6]. 


Protective immunity to M. tuberculosis 
The cell wall of the mycobacterium is resistant to damage mediated 
by antibodies and complement and immunity depends on an intact 
T-lymphocyte response. Initial host resistance to M. tuberculosis is 
led by the innate immune systems pattern recognition receptors 
(PRRs) such as Toll-like receptor 2 (TLR-2), which recognises a wide 
variety of mycobacterial ligands, and TLR-9, which senses mycobac- 
terial DNA and C-type lectins. The transmission of M. tuberculosis 
is via aerosol and once inhaled the organism is recognised and 
phagocytosed by a range of cells including macrophages, dendritic 
cells, monocytes and neutrophils [7]. The recruitment of these 
cells facilitates the establishment of the organism within the host 
by providing the intracellular niche it requires. The collection of 
phagocytes leads to granuloma formation, and the recruitment of 
uninfected macrophages into the granuloma has been shown in 
zebrafish to be a means of increasing the number of infected cells 
and disseminating the infection [8]. This has undermined the notion 
of the granuloma as solely a host-protective structure [9]. 
Pathogenic mycobacteria once established are able to manipulate 
the cells and their organelles and thus avoid deleterious intracellular 
mechanisms. M. tuberculosis in mice is able to leave the phagosome 
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and enter the cytosol by inhibiting the expression of genes in the 
TLR-2 and MyD88 signalling pathway [10]. Gene deletions of the 
MyD88 or CARD9 adaptor proteins in mice leads to fulminant and 
lethal infection [11,12]. 

The activation of the PRRs leads to the expression of proinflam- 
matory cytokines, chemokines and adhesion molecules, leading to 
the formation of antigen-specific CD4+ lymphocytes in the draining 
lymph nodes. These lymphocytes are essential for the development 
of the effector systems in the killing of mycobacteria; CD8+ lym- 
phocytes are also involved in mice and non-human primates [13]. 
y5 T cells also play a role in the host defence against M. tuberculosis 
[14]. The development of effective, adaptive immunity halts bacte- 
rial progression and individuals do not shed bacteria. At this stage, 
an individual is considered to have latent tuberculosis and exhibits 
an immunological equilibrium [7]. However, the precise interplay 
of the various mechanisms that are responsible for this protective 
immunity remains unclear. TNF and interferon y (IFN-y) are essen- 
tial in the immune control of tuberculosis and are well described 
in humans due to the effects of anti-TNF therapies and IFN-y gene 
receptor deficiency. IFN-y and interleukin 12 (IL-12) control TNF, 
which is produced by monocytes and macrophages. 

The adaptive immune response to M. tuberculosis is delayed. 
Humans do not become tuberculin skin test (TST) positive for up to 
6 weeks after exposure [15,16]. Understanding and overcoming this 
delay is a primary goal of vaccine research [17]. In mice infected 
with M. tuberculosis, antigen-specific T-regulatory cells delay the 
migration of effector T cells to the lung [17]. T-regulatory cells can 
also reduce the expression of co-stimulatory molecules such as 
CD80 on dendritic cells, which are required for the priming of naive 
T lymphocytes [18]. 


Immunopathology 

There is accumulating evidence for the role of neutrophils in 
contributing to the pathology associated with infection with M. 
tuberculosis. This was demonstrated in genetically susceptible 
mice [19] and more recently this has been supported in a study 
in humans with active and latent tuberculosis [20]. There was a 
significant increase in the expression of genes related to IFN-y and 
type I IFN-af. The former is protective in active tuberculosis but the 
latter are associated with more virulent strains of M. tuberculosis and 
reactivation of tuberculosis. The increase in type I IFNs was neu- 
trophil driven. It was also demonstrated that approximately 10% of 
individuals with latent tuberculosis in the study had a similar pro- 
file to those with active tuberculosis. This is the same proportion of 
patients with latent tuberculosis whom one would anticipate might 
eventually develop active tuberculosis. There is also evidence that 
IFN-y acts directly on neutrophils to decrease their lifespan [21], 
and a lack of IFN-y leads to an increase in IL-17-producing cells and 
increased numbers of neutrophils that are IL-17 dependent [22]. 


Diagnostic tests for tuberculosis 


Tuberculin skin test 

The TST has been in use for over 100 years [1] and depends upon 
delayed-type hypersensitivity to mycobacterial antigens, following 
an intradermal injection of purified protein derivative (PPD). PPD 


is a culture filtrate of tubercle bacilli containing over 200 antigens 
shared with M. bovis BCG and many NTM [2]. This lack of speci- 
ficity is a major drawback in populations vaccinated with BCG. 
A positive test can result from clinical or latent infection due to 
M. tuberculosis, from BCG vaccination or from contact with environ- 
mental mycobacteria. As the TST depends ona lymphocyte-induced 
delayed hypersensitivity reaction it is of low sensitivity in immuno- 
suppressed patients. Individuals with severe illness, including 
those with some forms of active tuberculosis, with HIV infection 
and those on immunosuppressant drugs including corticosteroids, 
may have false negative reactions [3]. 

Tuberculin testing should be done by the Mantoux method as this 
is the only technique that has been standardised and extensively 
validated. PPD (0.1 mL =5 tuberculin units) is injected into the volar 
aspect of the forearm using a 27-gauge needle to raise a small weal. 
The diameter of the induration is measured after 48-72 h. Normally 
a cut-off of 5 mm induration is used to determine those at high risk of 
infection, for example close contacts of an active case, patients with 
radiographic abnormalities consistent with tuberculosis, those with 
HIV infection and those immunosuppressed with corticosteroids or 
other agents. A cut-off of 10 mm is used in migrants from endemic 
areas, health care workers, the homeless and residents of some urban 
areas, and those patients with diabetes, renal disease, silicosis and 
other conditions associated with an increased risk of latent tubercu- 
losis. Finally a cut-off of 15 mm is used in those with no risk factors. 

Tuberculin sensitivity appears within a few weeks of the onset of 
an infection with M. tuberculosis and is usually lifelong, although 
rarely tuberculin reactions may decrease in size (reversion) [4]. In 
any community, the number of individuals who react strongly to 
tuberculin relates to the prevalence of active tuberculosis. The risk 
of developing clinical tuberculosis in tuberculin-positive children 
is roughly proportional to the strength of their tuberculin reaction 
[5] and protection consistently correlates with small non-necrotising 
responses, while large necrotic responses indicate susceptibility or 
actual disease [6]. 

Weaker reactions do not correlate with the amount of active 
tuberculosis in a community. Some are due to infection with other 
mycobacteria, and others are due to the waning of reactivity under 
various influences such as ageing. 


Interferon y release assays for the diagnosis 
of latent tuberculosis 
Interferon y release assays (IGRAs) are T-cell-based blood tests that 
measure the host response to M. tuberculosis by utilising antigens 
that are much more specific for M. tuberculosis than tuberculin. 
IGRAs are more specific than the TST in the diagnosis of latent 
M. tuberculosis infection in adults and children [7,8], however the 
sensitivity is no better than that of the TST. In the UK, IGRAs are 
not recommended for the routine diagnosis of active tuberculo- 
sis [9]. However, the US Food and Drug Administration (FDA) has 
approved IGRAs as indirect tests of M. tuberculosis infection, includ- 
ing that causing active disease, when used in conjunction with 
other clinical and diagnostic methods [10]. IGRAs were reported 
to be helpful in supporting the diagnosis of tuberculid in three 
patients [11]. 

The two commercially available IGRAs, QuantiFERON®-TB Gold 
In-Tube test (QFT-GIT) (Qiagen, Valencia, CA, USA) and T-SPOT® 


TB test (T-Spot) (Oxford Immunotec, Abingdon, UK), both employ 
early secretory protein 6 and culture filtrate protein 10. In addition 
the QFT-GIT also uses TB7.7. These antigens are absent in most 
NTM and all strains of BCG, making these tests useful in individuals 
who have received BCG vaccination. The QFT-GIT assay uses an 
enzyme-linked immunosorbent assay (ELISA) to measure the con- 
centration of IFN-y in the plasma supernatant following incubation 
of blood with the antigens and both negative and positive controls. 
The T-Spot assay measures the number of IFN-y-producing T cells 
after overnight incubation in tissue culture plates. 

The UK National Institute for Health and Care Excellence (NICE) 
recommends that the use of IGRAs should be considered in people 
who are contacts of someone with tuberculosis whose TST is positive 
or those in whom a TST would be less reliable. IGRAs either alone 
or in combination with a TST are recommended in HIV-positive 
individuals with CD4 counts of 200-500 cells/mm? and other 
people who are immunosuppressed [9]. The British Association 
of Dermatologists’ guidelines for the use of biological therapy for 
psoriasis advise that prescribers consider assessing patients using 
IGRAs alone or in conjunction with a Mantoux test [12]. 

In a study of individuals with psoriasis who were being con- 
sidered for anti-TNF therapy there was only moderate agreement 
between the two different IGRAs (indeterminate results having 
been excluded) and the authors suggested that in some situations 
it may be useful to use a TST in conjunction with both IGRAs [13]. 
Other authors have expressed a preference for IGRAs rather than a 
TST in screening for latent tuberculosis in these individuals [14]. 


Diagnosis of mycobacterial infections 

Some mycobacterial infections may be suspected from their clini- 
cal features, geographic location or the interests or occupation of 
the patient. For example, M. marinum infections are seen in tropical 
aquarium owners. Others such as M. ulcerans may not be recognised 
so easily. Any obscure granulomatous or ulcerative lesion of the skin 
should be biopsied and cultured for mycobacteria. This can take sev- 
eral weeks in the case of ‘slow growers’. 

Light and fluorescence microscopy using Ziehl—Neelsen stain and 
auramine, respectively, are used to visualise mycobacteria in spec- 
imens. It is not possible to distinguish between different species of 
mycobacteria using microscopy. Mycobacterial culture can be per- 
formed on solid or liquid media. The optimal culture temperature 
for NTM is at 30°C and so is lower than that of M. tuberculosis, which 
is 35°C and is often routinely used in laboratories for all mycobac- 
terial cultures [15]. This may adversely affect the yield of NTM by 
culture unless culture at the lower temperature is requested. 

Mycobacterium species identification utilises DNA amplification 
from isolates using whole genome sequencing (WGS), which can 
also be used to predict resistance to first and some second line 
agents. WGS may be used to determine isolate relatedness and 
transmission dynamics as well. Xpert® MTB/RIF (Cepheid, USA) 
is a cartridge-based molecular diagnostic test that can detect the 
presence of M. tuberculosis DNA and also the marker of rifampicin 
resistance [16]. It has been shown to be sensitive and specific 
in the diagnosis of pulmonary tuberculosis using sputum [17]. 
A WHO-funded systematic review and meta-analysis has also 
confirmed its utility in extrapulmonary tuberculosis, although none 
of the studies included in the analysis used skin specimens [18]. 
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Mass spectrometry has been reported to be a rapid technique for 
mycobacterial identification [19], and the utility of detecting urinary 
LAM as a diagnostic test for tuberculosis is being studied [20]. 


TUBERCULOSIS OF THE SKI 


Cutaneous tuberculosis comprises only a small proportion of all 
cases of tuberculosis; nevertheless, considering the high preva- 
lence of tuberculosis in many developing countries these numbers 
become significant. In western Europe, tuberculosis of the skin has 
become uncommon [1]. 


Classification 


Clinical spectrum of cutaneous tuberculosis 

The wide clinical spectrum of cutaneous tuberculosis is dependent 
on the route of infection (endogenous or exogenous), the immune 
status of the patient and whether or not there has been previous 
sensitisation with tuberculosis. 

Primary inoculation of the skin, usually following trauma, pro- 
duces a tuberculous chancre in the non-immune host, whereas the 
so-called ‘prosector’s wart’ or tuberculosis verrucosa cutis, occurs in 
primary infection in the immune host. Lupus vulgaris occurs mainly 
through haematogenous, lymphatic or contiguous spread but can 
occur following inoculation. Scrofuloderma results from contiguous 
involvement of the skin overlying tuberculosis in a deeper structure, 
most commonly lymph nodes, bone or joint disease or epididymitis. 
Metastatic tuberculous abscesses (tuberculous gumma) can occur 
due to haematogenous spread from a primary focus. This usually 
occurs when host resistance is suppressed, it can be part of mil- 
iary tuberculosis, and results in single or multiple lesions. Orificial, 
perioral or perianal tuberculosis can occur following ingestion of 
mycobacteria from either swallowed respiratory secretions or from 
milk contaminated with M. bovis. 

The tuberculids are thought to be the result of immunological 
reactions to haematogenously spread antigenic components of 
M. tuberculosis, usually occurring in individuals with high levels 
of immunity, with an extracutaneous source of M. tuberculosis. 
M. tuberculosis complex DNA has been identified in some instances 
by polymerase chain reaction (PCR) [1]. There are three main forms: 
lichen scrofulosorum, papulonecrotic tuberculid and erythema 
induratum of Bazin. A variant nodular tuberculid has recently been 
described [2,3]. 

The incidence of the different forms of cutaneous tuberculosis 
varies globally. Scrofuloderma was the commonest form in the 
most recent UK series [4], whereas lupus vulgaris occurred most 
commonly in a study from South Africa [5]. Serial reviews from 
Hong Kong have shown a change in the commonest form of skin 
tuberculosis in recent years from tuberculosis verrucosa cutis in 
1968 [6] to tuberculid erythema induratum in 1995 [7] and 2006 
[8]. In India, scrofuloderma and lichen scrofulosorum [9-11] were 
the most frequently found forms in childhood, whereas lupus 
vulgaris was the commonest form in adults [10,11], and also in 
a series from Pakistan [12]. In Japan, there appears to be a trend 
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towards an increasing incidence of the tuberculids, particularly 
in older patients [13]. Scrofuloderma was found in 70% of 202 
cases of skin tuberculosis in a 2008 study from Tigray, northern 
Ethiopia, of whom 29% had coexisting HIV [14]. Scrofuloderma 
was also the most common form (72%) identified in a series from 
Morocco [15]. In a recent study from Nepal, tuberculosis verrucous 
cutis had a higher incidence (44%) than other types of cutaneous 
tuberculosis [16]. 


Classification difficulties 

No entirely satisfactory classification exists, reflecting the difficulty 
in classifying a disease whose diverse manifestations are dependent 
on so many factors, such as the host’s cell-mediated immunity and 
the route of infection. In 1896, Darier separated proven tubercu- 
losis lesions from the remainder. This led, inevitably, to a number 
of conditions being accepted as ‘tuberculids’ on circumstantial 
evidence. Confusion between true tuberculosis and a less specific 
‘tuberculoid’ histology compounded the difficulty until the advent 
of effective antituberculosis drugs, when the lack of response of 
many of the so-called tuberculids, and their tendency to resolve 
spontaneously, led to a more critical evaluation of their aetiology. 
With the advent of new methods to detect M. tuberculosis complex 
DNA, the position of the tuberculids has become clearer. 

In 1981, Beyt et al. [17] classified the disease into inoculation 
tuberculosis, secondary tuberculosis, haematogenous tuberculosis 
and eruptive tuberculosis. This did not take into account immuno- 
logical considerations. More recently, it has been suggested that a 
useful concept is the mycobacterial load [18] and that tuberculosis 
can be classified into multibacillary forms where there are abun- 
dant mycobacteria (e.g. scrofuloderma, tuberculous chancre, acute 
miliary tuberculosis) and paucibacillary forms where mycobacteria 
are difficult to isolate (e.g. lupus vulgaris, tuberculosis verrucosa 
cutis) (Table 27.2). In this classification the tuberculids would sit at 
the extreme end of the paucibacillary spectrum [19]. 


General description 


Cutaneous tuberculosis made up 4.4% of all cases of tuberculosis 
notified in one UK district between 1981 and 1995 [1], and 3.5% of 
370 patients with tuberculosis reported from Turkey in 2003 [2]. 


Table 27.2 Classification of cutaneous tuberculosis. 


Host immunity Method of inoculation 


In India in the 1950s and 1960s, cutaneous tuberculosis affected 2% 
of all skin out-patients. By the 1980s, this had fallen to 0.15% [3] 
and in two series published around the millennium this had fallen 
to 0.1% [4,5]. More recent reports from Morocco and India suggest 
that cutaneous tuberculosis is again becoming more prevalent with 
incidence rates of 2% and 0.7%, respectively [6,7]. 

A current problem is that atypical and even standard presenta- 
tions may be overlooked through lack of familiarity with the various 
patterns that may occur. 


Basic biology 


Pathogenesis 

Mycobacterium tuberculosis and M. bovis and occasionally M. bovis 
BCG, an attenuated form of M. bovis, are pathogenic to humans. The 
majority of human disease is due to M. tuberculosis, M. bovis being 
found in only 1-1.5% of isolates [1]. M. bovis has a broad host range 
and is the principal agent responsible for tuberculosis in domestic 
and wild mammals [2]. 

Transmission of infection within and between species is mainly by 
inhalation of air-borne droplet nuclei particles containing M. tuber- 
culosis complex, resulting in pulmonary infection. M. bovis may 
also penetrate the gastrointestinal mucosa and lymphatic tissue of 
the oro-pharynx when ingested in milk. Direct inoculation of the 
skin by M. tuberculosis complex also occurs particularly if there is 
any defect in the skin barrier. Survival of Mycobacterium species in 
aerosols generated from human saliva is usually less than an hour, 
indicating that close and prolonged contact is required for trans- 
mission of infection [3]. Studies of contact tracing have shown that 
1% of close contacts are affected [4]. M. tuberculosis is not a virulent 
organism and only 5-10% of infections will lead to clinical disease, 
although this risk increases substantially with immunosuppres- 
sion (e.g. with HIV infection or treatment with TNF-a inhibitors). 
Other predisposing factors for cutaneous tuberculosis include 
poverty, malnutrition, poor living conditions and the emergence of 
drug-resistant M. tuberculosis. 


Development of the granuloma 


Dissemination of the bacteria takes place via the lymphatics 
and bloodstream. In persons with intact immunity this initiates 


Disease 


Multibacillary forms 

Naive host Direct inoculation 

Low Contiguous spread 

Low Autoinoculation 

Low Haematogenous spread 
Low Haematogenous spread 


Paucibacillary forms 


High Direct inoculation 

High Direct inoculation 

High Haematogenous spread 
High ?Haematogenous spread 


Tuberculous chancre (primary inoculation) 
Scrofuloderma 

Orificial tuberculosis 

Acute miliary cutaneous 

Tuberculous gumma (abscess) 


Warty tuberculosis (verrucosa cutis) 

Lupus vulgaris (some) 

Lupus vulgaris 

Tuberculids: Lichen scrofulosorum, papulonecrotic tuberculid, erythema 
induratum (Bazin) 


granuloma formation. For decades the tuberculous granuloma 
was considered to be a host-driven mechanism formed to control 
infection. The recent ability to visualise cellular events of granuloma 
formation at the whole animal level in zebrafish has provided new 
insights into the mechanisms and consequences of granuloma for- 
mation. These studies indicate that rather than having a protective 
function, granuloma formation contributes to bacterial multiplica- 
tion and spread [5]. It has now been shown that the RD1 locus in 
virulent mycobacteria releases the early secreted target 6 (ESAT-6) 
protein, which stimulates epithelial cells to produce metallopro- 
teinase 9 (MMP-9). MMP-9 secretion promotes the recruitment of 
new macrophages to the granuloma where they become infected 
and expand the granuloma. The host responds by producing CD4 
and CD8 T cells that attempt to control bacterial growth. The mature 
granuloma therefore represents an equilibrium between mycobac- 
terial growth and the host immune response [6], and in this way M. 
tuberculosis can persist for decades within the granuloma structures. 

Overt tuberculous disease can result from either early progres- 
sion of a primary granuloma during the infection process or reac- 
tivation of an established granuloma in a latently infected person. 
Such reactivation is usually due to a dysregulation in the immune 
response (e.g. HIV infection, diabetes, cancer, malnutrition, ageing, 
TNF-« inhibitors). 

To the epidemiologist, ‘primary’ tuberculosis means any lesions 
developing within 5 years of the original infection [7], while later 
lesions are considered as ‘secondary’. There is always a diffi- 
culty in determining whether post-primary lesions are due to the 
reactivation of existing disease, for example as in patients with HIV 
infection or during TNF-a inhibitor treatment, or due to reinfection, 
particularly since BCG protection diminishes with time. Exogenous 
reinfection is probably rare, but does occur [8], and the reactions 
seen in a host already sensitised by a previous infection differ from 
those of the non-sensitised. A primary infection in the skin, for 
example, will be manifest as a cutaneous chancre whereas inocu- 
lation into a previously sensitised host may lead to tuberculosis 
verrucosa cutis (see ‘Warty tuberculosis’ later in this chapter). 

The tuberculin test becomes positive after 3-8 weeks. This may 
be accompanied by fever or erythema nodosum (see Chapter 97), 
which is therefore a sign of a recent primary infection. 


Histopathology 

Mycobacterium tuberculosis can cause skin infection by direct 
inoculation into the skin, by haematogenous spread from an 
internal lesion and by direct contact with tuberculosis in an under- 
lying deeper structure [9]. Early, non-specific inflammatory changes 
give rise after 3-6 weeks to a characteristic tubercle or granuloma. 
At this stage tubercle bacilli are rarely found, although inoculation 
cultures may be positive. 

The fully formed granuloma consists of a focus of epithelioid 
cells containing a variable, but usually sparse, number of Langhans 
giant cells and a surrounding infiltrate of mononuclear cells. The 
centre of the tubercle undergoes caseation necrosis and sometimes 
calcifies. Endovascular or perivascular changes in the vicinity 
of the tubercle become more marked as necrosis proceeds, and 
are accompanied by a cellular reaction leading to fibrosis. Gran- 
ulomas vary in appearance and are influenced by the virulence 
of the organism and the immune status of the patient. Where 
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cellular immunity is impaired, the resulting pathology is less gran- 
ulomatous (due to fewer activated macrophages) and there are 
greater numbers of bacteria found. Typical or less well-developed 
tuberculoid granulomas occur in many conditions other than 
tuberculosis. 


Disease-specific changes 

Differences in the histopathological appearances depend on the 
balance between infection and immunological response. In the 
tuberculous chancre (see ‘Primary inoculation tuberculosis’ later in 
this chapter), an acute, necrotic, neutrophilic reaction changes to a 
mononuclear infiltrate and, after 3-6 weeks, into typical tubercles 
in which the bacilli may no longer easily be seen. In miliary and 
orificial forms, the typical tubercle does not form or is imperfect or 
necrotic [10]. Bacilli are normally numerous, except in the milder 
neonatal form of miliary tuberculosis [11]. 

In scrofuloderma, the skin is destroyed by non-specific abscess 
formation and ulceration. Tubercle formation and caseation necrosis 
occur at the periphery and bacilli can, with diligence, be found. In 
warty tuberculosis, the classic hallmarks are often missing, but there 
is marked hyperkeratosis, acanthosis and papillomatosis (which 
may be pseudoepitheliomatous) and an intense dermal infiltrate 
of neutrophils, lymphocytes and some giant cells (Figure 27.1). 
Bacilli are rarely demonstrable; typical tubercles are uncommon 
and caseation is rare. 

The appearances in lupus vulgaris (Figure 27.2) are variable 
and may give rise to diagnostic difficulty. The typical changes are 
those of well-marked tubercle formation with epithelioid nodules 
embedded in sheets of lymphocytes. Occasionally, the epidermal 
changes resemble those of warty tuberculosis. Caseation is usually 
sparse or even absent, and the amount of lymphocytic infiltrate 
is variable. Bacilli are seldom demonstrated, although they can 
sometimes be cultured. As the lesions heal, increasing fibrosis 
strangles the remaining small foci of tubercle bacilli or epithelioid 
cells, which slowly become absorbed by the reparative process. 
Squamous and basal cell epithelioma may arise in longstanding 
lesions. 


Differential diagnosis 

The typical features are characteristic, but the variations may cause 
confusion with many other diseases, especially if caseation necrosis 
is absent or the subject’s immune response is minimal. 

It is impossible on histological grounds to differentiate the lesions 
of other mycobacterial infections. In sarcoidosis, all the features 
except caseation necrosis may be present, and differentiation from 
lupus vulgaris may be impossible, although the epithelioid cell foci 
tend to be more scattered and well defined and are surrounded by 
relatively fewer lymphocytes and by reticulin. In tuberculoid lep- 
rosy, aneural and perineural involvement is the only distinguishing 
feature. In leishmaniasis, one must rely on finding the causative 
organism; similarly with blastomycosis and chromoblastomycosis. 
Tertiary syphilis shows more pronounced vascular changes and a 
plasma cell infiltrate. 

A non-specific tuberculoid infiltrate, with irregular groups of 
epithelioid cells in an inflammatory infiltrate but without the for- 
mation of typical tubercles — as seen, for example, in rosacea or 
panniculitis — may also cause confusion. 
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Figure 27.1 Warty tuberculosis. (a) Epidermis showing hyperkeratosis and acanthosis, 
with acute inflammation and abscess formation in the upper dermis. Ill-defined caseating 
granulomas with Langerhans giant cells are present in the mid-dermis. Magnification 
120x (H&E). (b) Deep dermis showing a granulomatous inflammatory cell infiltrate. The 
granulomas contain epithelioid histiocytes with prominent Langhans giant cells and 
caseation. Magnification 140x (H&E). Courtesy of Dr M. Bamford and Dr A. Fletcher. 


Diagnostic tests for cutaneous tuberculosis 


The diagnosis of skin tuberculosis may be suggested by clinical 
features and typical histological findings but the only absolute 
criterion is the demonstration of M. tuberculosis in either tissue 
culture from skin biopsy or cytological smear, or the demonstra- 
tion of mycobacterial DNA by PCR. This may be very difficult in 
paucibacillary lesions such as lupus vulgaris. 

Other indications toward the diagnosis, which are by themselves 
unreliable, include the following: 


1 The presence of active, proven tuberculosis elsewhere in the body. 
2 The presence of acid-fast bacilli in the lesion itself — this will also 
be seen in infections with other mycobacteria. 


Figure 27.2 Lupus vulgaris. Extensive caseous granulomatous inflammation in the deep 
dermis in lupus vulgaris (H&E). Courtesy of Dr M. Bamford and Dr A. Fletcher. 


3 A positive reaction to tuberculin - a strongly positive reaction of 
>15 mm in diameter may be considered of diagnostic value [1] 
although there is not total agreement on this [2]. 

4 Positive IFN-y release assay [3]. 

5 The effect of specific therapy — in areas of high tuberculous preva- 
lence a therapeutic trial of antituberculous therapy should be con- 
sidered [4—6]. 


The difficulties in separating tuberculosis from a ‘tuberculoid 
reaction’ seen in leprosy (Chapter 28), leishmaniasis (Chapter 
33), deep mycoses (Chapter 32), infections with NTM (see ‘Non- 
tuberculous (atypical) mycobacteria’ later in this chapter), syphilis 
(Chapter 29) and sarcoidosis (Chapter 96) are dealt with elsewhere. 


Nucleic acid amplification tests [7,8] 

The in vitro amplification of specific DNA sequences using the PCR 
has become a valuable tool in the rapid detection of slow-growing 
organisms such as M. tuberculosis. Several systems have been 
reported for the molecular detection of mycobacterial DNA using 
different parts of the mycobacterial genome to generate highly sen- 
sitive and specific probes [9-11]. Most studies use an assay system 
based on the insertion sequence IS6110 because of the repetitive 
nature of this element in the M. tuberculosis genome [12]. Other gene 
targets used include the 16s rRNA gene or genes encoding MPB-64, 
38 kDa and 65 kDa proteins. 156110 has zero or low copy numbers 
in some M. tuberculosis strains and the combination of two or more 
gene targets has been employed in multiplex PCR, for example 


1S6110 + MPB-64 or 156110 + 38 kDa + MPB-64 [7]. As few as two 
colony-forming units of M. tuberculosis cells, or as little as 15 fg of 
DNA, can be detected [13]. 

Using the PCR technique, mycobacterial DNA has been demon- 
strated in all the different histopathological variants of cutaneous 
tuberculosis including the tuberculids [13-19]. Tan et al. showed that 
the PCR technique was 100% sensitive and specific in multibacillary 
cutaneous tuberculosis, but in paucibacillary tuberculosis DNA PCR 
positivity rates were 55% for tuberculosis verrucosa cutis (38 cases) 
and 60% for lupus vulgaris (five cases). The overall sensitivity was 
73% [20]. In other studies sensitivity was found to be less [21], and 
in this context it should be noted that sensitivities among different 
laboratories may vary [8]. 

The technique reduces the time required for diagnosis in those 
cutaneous lesions where bacteria can be cultured easily, and may 
be particularly useful in paucibacillary lesions such as lupus vul- 
garis. The technique can be used in a variety of pathological spec- 
imens, including archival formalin-fixed tissue sections. A generic 
criticism of this technique lies in its sensitivity; tissue samples con- 
taining bacterial DNA may be positive because of bacteraemia and 
not necessarily because the organism is involved in the pathogenesis 
of the tissue lesion [14]. Both false positive and false negative results 
can be obtained and the issue of contamination also represents a big 
potential pitfall. 


Treatment 


General measures 

In the UK, all patients with tuberculosis must be notified as this is 
a statutory requirement [1] and contact tracing must be initiated 
if appropriate [2]. Attention to the patient as a whole is an essen- 
tial part of the proper management of any cutaneous tuberculous 
lesion and involves a careful search for an underlying focus of 
disease and coexistent infections. Because of the rising incidence 
of drug-resistant tuberculosis, it is vital to confirm the diagnosis 
bacteriologically whenever possible and to obtain drug susceptibil- 
ities [3]. Tuberculosis, pulmonary or extrapulmonary, is an acquired 
immune deficiency syndrome (AIDS) defining illness. HIV testing 
should be offered to all individuals. If pulmonary, bone, lymph 
node or renal tuberculosis is found, a combined approach with 
other specialists is essential, as management will depend upon 
the organs involved, the extent of the lesions and the patient’s 
immunity. 


Drug therapy 

Treatment of cutaneous tuberculosis should follow the same drug 
regimen as that for pulmonary tuberculosis [4]. The NICE 2016 
guidelines [5] recommend that the treatment of all patients should 
be supervised by physicians with full training in the management 
of tuberculosis and with direct working access to tuberculosis nurse 
specialists or health visitors. 

Patient non-adherence is currently one of the most important 
factors limiting successful treatment. Directly observed therapy 
(DOT), where the ingestion of every drug dose is witnessed, has 
shown improved cure rates in a number of countries [6,7]. Treat- 
ment completion rates of over 90%, however, have been reported 
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from both the USA and UK using mainly self-administered therapy 
and only selective — not universal — DOT [8]. 

Patients should have a risk assessment for adherence and DOT 
considered for those patients who have adverse factors. These 
include patients who are homeless or who have a substance or 
alcohol use disorder, mental illness, multiple drug resistances and 
those with a previous history of non-adherence with antitubercu- 
lous medication [9]. DOT can be daily, but an intermittent regimen 
is often more convenient. Fixed-dose combination tablets should be 
used to improve adherence and prevent monotherapy, which can 
lead to acquired drug resistance within weeks in active disease. 


Current treatment regimens 

The antituberculosis drugs currently used in first line treatments are 
around 60 years old. The regimen that is recommended by WHO and 
NICE for new cases of drug-susceptible tuberculosis is highly effec- 
tive, with cure rates of around 90% in HIV-negative patients [8,10]. 
The standard recommended regimen is 6 months of treatment with 
four first line drugs: a combination of rifampicin, isoniazid, etham- 
butol and pyrazinamide for 2 months, followed by a 4-month con- 
tinuation phase of rifampicin and isoniazid (the 6-month four-drug 
regimen) [11]. Attempts have been made to shorten the total dura- 
tion of treatment by reducing the length of the continuation phase. 
The Centers for Disease Control and Prevention (CDC) recently rec- 
ommended the use of a 4-month regimen of rifapentine, isoniazid, 
pyrazinamide and moxifloxacin in individuals older than 12 years 
with drug-susceptible tuberculosis [12]. 

There are 10 new or repurposed antituberculosis drugs currently 
in late phases of clinical development [8]. Bedaquiline was approved 
for use in the treatment of patients with MDR tuberculosis in 2012 
and pretomanid was approved in 2019 for use with bedaquiline and 
linezolid [13]. 


Drug dosing schedule and common side effects 
The standard recommended regimen consists of four drugs: 


1 Isoniazid (300 mg daily) for the full 6 months. 

2 Rifampicin (450 mg daily for those weighing less than 50 kg; 600 
mg daily for those above this weight) for the full 6 months. 

3 Pyrazinamide for the first 2 months (1.5 g daily for those weigh- 
ing less than 50 kg; 2.0 g daily for those above this weight). 

4 Ethambutol for the first 2 months (15 mg/kg body weight daily). 


All the drugs are taken on an empty stomach once daily. 

Isoniazid remains the standard drug, given in all regimens because 
of its efficacy, cheapness and low toxicity. Its commonest side effects 
are peripheral neuropathy (most common in elderly people), which 
can be countered by giving pyridoxine (10 mg daily) prophylacti- 
cally from the start of treatment, and hepatitis in adults over 35 years 
of age. 

Rifampicin can commonly cause elevated serum transaminases 
during the first 2 months of treatment, but therapy can usually be 
continued except in severe cases. Urine, sweat and tears may be 
coloured orange. The induction of liver enzymes by rifampicin may 
reduce the effectiveness of oral contraceptives. 

Pyrazinamide causes hepatitis in 1%, and arthritis and the precipi- 
tation of gout and cutaneous hypersensitivity in 3.5%. 
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Ethambutol may cause visual disturbances and rarely a retrobul- 
bar neuritis, which is reversible if detected early. Patients should be 
warned of this risk and advised to stop the drug if visual symptoms 
develop. Visual acuity using a Snellen chart should be carried out 
before treatment starts. The drug is best avoided in young children 
and in those with renal impairment. 

In summary, all antituberculous drugs may cause adverse reac- 
tions. In one study, reactions occurred in 10% of patients treated. 
Reactions were significantly more common in those not receiving 
standard antituberculosis chemotherapy [14]. 


HIV disease 

In HIV-infected patients, there have been no controlled trials of 
sufficient power to detect differences in efficacy between regimens 
and currently the same 6-month regimen is recommended [8,15]. 
Drugs used to treat tuberculosis may interact with some antiretrovi- 
ral drugs. HIV-positive tuberculosis patients continue to have worse 
outcomes than HIV-negative tuberculosis patients. The treatment 
success rate for all new HIV-positive tuberculosis patients was 73% 
compared with 87% among HIV-negative tuberculosis patients. If it 
is assumed that HIV-positive tuberculosis patients who defaulted 
from treatment would have died from tuberculosis, the death rate 
was 19% among HIV-positive tuberculosis patients compared with 
3% among HIV-negative tuberculosis patients. Such findings are 
consistent with two autopsy studies in South Africa, which showed 
that undiagnosed tuberculosis remains the main cause of death 
among HIV-positive people [8]. 


Multidrug-resistant tuberculosis 

This is defined as resistance to rifampicin and isoniazid [16,17]. MDR 
tuberculosis is important because there is loss of both the main bac- 
tericidal drug (isoniazid) and the main sterilising drug (rifampicin). 
The consequences of this situation are considerable. Patients who 
are sputum smear positive remain infectious for much longer than 
those with susceptible organisms and have a higher death rate from, 
and a lower cure rate for, their tuberculosis [5]. 

In 2020, about 132 000 new cases of MDR tuberculosis were 
confirmed, but this is an underestimate as not all countries are 
testing for drug resistance [8]. 

In 2010, the WHO endorsed the first rapid molecular test that 
can be used to simultaneously test for pulmonary tuberculosis 
and rifampicin resistance: Xpert® MTB/RIF [18,19]. Though not a 
complete surrogate for MDR tuberculosis, particularly in settings 
where levels of drug resistance are low, rifampicin resistance is the 
most important indicator of MDR tuberculosis and can be used 
as an initial screening test and to identify those requiring further 
testing to be performed at national or supranational tuberculosis 
reference laboratories. 


Extensively drug-resistant tuberculosis 

Extremely drug-resistant tuberculosis was first reported from 
South Africa in patients with HIV infection [20,21]. By the end of 
2012, XDR tuberculosis had been reported by 92 countries [8]. On 
average, an estimated 9.6% of MDR tuberculosis cases have XDR 
tuberculosis. The proportion of MDR tuberculosis cases with XDR 
tuberculosis is highest in Azerbaijan (12.8%), Belarus (11.9%), Latvia 
(16.0%), Lithuania (24.8%) and Tajikistan (21.0%). Treatment of such 


patients is complex, and is difficult in many countries that lack 
adequate primary care facilities and the necessary tools to detect 
drug resistance promptly. Ideally, treatment should only be carried 
out by experienced physicians in hospitals with appropriate isola- 
tion facilities and in consultation with appropriate mycobacterial 
reference laboratories [5,8]. 


Modification for dermatological practice 

Yates and Ormerod have shown that the standard 6-month regimen 
is effective in treating cutaneous tuberculosis [4]. In their series of 
patients, over 50% had coexisting disease elsewhere, all had a good 
clinical response and there were no relapses following treatment. 
Historically, some forms of skin tuberculosis have been treated by 
isoniazid alone [22]. This is no longer appropriate as drug resistance 
is likely to develop with monotherapy — and if drug resistance to iso- 
niazid is already present, it means, in effect, that no therapy is being 
given. 

The excision of small lesions of lupus vulgaris or warty tuber- 
culosis, if diagnosed early, may be effective. Surgery may be 
helpful in scrofuloderma, sometimes shortening the time needed 
for chemotherapy. Plastic surgery may help the disfigurement left 
by treated lupus vulgaris. 


Prognosis 

Now revolutionised by modern therapy, the prognosis depends 
largely on early and accurate diagnosis. When tuberculosis has 
become generalised or has affected the meninges, the prognosis 
must be doubtful. The mortality in patients with dual tubercu- 
losis/HIV infection is higher than in HIV-negative patients and 
the same applies in all forms of drug-resistant tuberculosis. In 
infants and young children, tuberculosis is always a serious dis- 
ease. Tuberculosis confined to the skin usually responds well to 
multiple therapy and a clinical response will usually occur within 
4—6 weeks, with lupus vulgaris showing a faster response time than 
scrofuloderma. 


BCG vaccination 


The BCG vaccine for the prevention of tuberculosis is almost 100 
years old [1]. Calmette and Guérin, at the Pasteur Institute in Lille 
developed the vaccine from 1908 onwards using in vitro attenu- 
ation by repeated passage of an isolate of M. bovis. It was finally 
tested in humans in 1921 [2]. There are several different commercial 
BCG vaccines in use today, which differ in virulence and immune 
response induced due to genomic differences in the vaccine [3,4], 
although there are currently insufficient data to favour or recom- 
mend one BCG vaccine strain. Strategies for the development of 
new vaccines are concentrating on both a new replacement vaccine 
and booster vaccines given in addition to BCG [5]. A recent trial 
of MVA85A, a new tuberculosis vaccine in infants, showed no 
additional protection was conferred compared with BCG alone [6]. 

While current BCG vaccines protect against severe forms of 
tuberculosis in children (tuberculosis meningitis and miliary tuber- 
culosis), its efficacy in preventing pulmonary tuberculosis in adults 
is highly variable [7]. Several studies have shown that BCG does 
not appear to prevent skin tuberculosis [8]. The protective effect 


of BCG in children is likely to last at least 15 years [9]. In the UK, 
BCG is only offered to individuals at higher risk of exposure to 
tuberculosis. It is recommended for babies born in areas of the UK 
where the rates of tuberculosis are high, those who have a parent or 
grandparent who was born in a country with a high rate of tubercu- 
losis and those who live with, or are close contacts of, someone with 
infectious tuberculosis. BCG is not recommended for use in infants 
known to be infected with HIV, due to the risk of disseminated BCG 
disease [7]. 


Complications 

After BCG vaccination, a local reaction usually occurs 2-6 weeks 
later as a small papule that may slowly enlarge and discharge 
purulent material to leave a shallow ulcer. Tuberculin conversion 
normally takes place within 12 weeks. 

Complications are rare in relation to the number of vaccinations 
carried out. Excluding abnormal BCG primary complexes, all 
reported localised or generalised reactions among nearly 1500 mil- 
lion persons vaccinated between 1948 and 1974 made up less than 2 
per million [10]. Of these, keloids, rashes and ocular manifestations 
accounted for 1.35 per million, and ‘tuberculosis-like’ lesions for 
0.16 per million. 

Non-specific reactions to BCG include urticaria and erythema 
multiforme [11]. Unusual reactions have also occurred, such as 
generalised maculopapular or purpuric eruptions associated with 
arthralgia and abdominal pain or myalgia, usually after repeated 
vaccination [12,13]. Extensive or protracted ulceration sometimes 
occurs. 


Figure 27.3 Plaque of lupus vulgaris measuring 50 x 30 mm at the site of a previous 
BCG vaccination. Courtesy of Dr Stephen L. Walker. 


Figure 27.4 Atypical papular tuberculid following BCG vaccination. Courtesy of Dr J. 
Muto. 


Specific complications include tuberculous processes caused by 
the BCG organism. Lupus vulgaris may develop at the vaccination 
site, usually a few months after vaccination, but cases have been 
reported as long as 3 years after vaccination (Figure 27.3) [14-16]. 
This can be a recurrent problem [17] and is more likely to occur after 
multiple vaccinations [18]. Scrofuloderma has also been reported 
[19]. Several of the tuberculids including lichen scrofulosorum [12], 
an atypical papular tuberculid thought to be a variant of papu- 
lonecrotic tuberculid (Figure 27.4) [20] and erythema induratum of 
Bazin [21] have followed vaccination. As these are hypersensitivity 
reactions to M. bovis, antituberculous therapy is not necessary other 
than in immunocompromised patients. The development of basal 
cell carcinoma in a BCG scar has been reported [22]; squamous 
cell carcinoma also developed in BCG-induced lupus vulgaris in 
a 7-year-old child [23]. Disseminated cutaneous granulomas have 
been noted in infants with immunodeficiency syndromes [24,25]. 


Therapeutic use 

The BCG vaccine is used as immunotherapy in the management 
of superficial and in situ transitional cell carcinoma of the bladder. 
It is usually instilled into the bladder on a monthly basis. Primary 
infection of the glans penis by M. bovis BCG has been described after 
intravesical BCG treatment (Figure 27.5) [26]. Distant cutaneous 
granulomas have been described after BCG immunotherapy for 
melanoma [27]. 


Tuberculosis and anti-TNF-c« treatment (see 
Chapter 35) 


As TNF-a has an integral part in the pathway leading to granuloma 
formation and maintenance, blockade of this factor would logically 
lead to an increased risk of mycobacterial infections [1]. Reactivation 
of tuberculosis should be considered a risk with all anti-TNF agents, 
although most reports are related to infliximab [2,3]. Recent find- 
ings have shown that the physiological TNF-mediated signalling 
is somehow impaired by TNF antagonists, leading to the exacerba- 
tion of chronic infection associated with aberrant granuloma forma- 
tion and maintenance. Although both receptor and antibody agents 
appear to pose an equally high risk in causing the development of 
new tuberculosis infections, monoclonal anti- TNF-a antibody seems 
more likely to reactivate latent tuberculosis infection [4]. 

Miliary tuberculosis has been reported [5,6] and reactivation 
has occurred during antibiotic prophylaxis [7]. Non-tuberculous 
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Figure 27.5 Mycobacterium bovis BCG infection of the glans penis, showing an 
infiltrated red plaque containing small, deep-seated, yellow papules. Courtesy of 
Dr M. Ribera. 


mycobacterial disease has also been associated with anti-TNF-« 
treatment [8,9]. The increase in active tuberculosis in associ- 
ation with anti-TNF-o treatment has led to a requirement for 
patient screening for active and latent tuberculosis before anti-TNF 
treatment is given [10,11]. Guidelines for assessing risk and for 
managing M. tuberculosis infection and disease in patients due to 
start anti-TNF-« treatment have recently been updated by NICE 
[12]. Higher numbers of patients are at risk of developing tuber- 
culosis with anti-TNF-a therapy in Asia compared with western 
Europe and North America. The relatively lower risk of tuberculosis 
with etanercept may be particularly relevant in regions with a high 
incidence of tuberculosis [13]. 


Primary inoculation tube 


Definition and nomenclature 

A tuberculous chancre is the result of the inoculation of M. tuber- 
culosis into the skin of an individual without natural or artificially 
acquired immunity to this organism. The initial lesion contains 
many organisms (multibacillary). 


Introduction and general description 

Primary inoculation tuberculosis develops as a result of inocula- 
tion of mycobacteria into the skin or mucosa of an individual not 
previously infected or having no natural or artificially acquired 
immunity to tuberculosis. Some form of injury is mandatory for the 
initiation of the infection, as the tubercle bacillus cannot penetrate 
the normal intact skin or mucosal barrier. The bacillus enters the 
skin through abrasions and minor injuries, usually on the face or 
limbs and commonly in children. The disease also occurs in at-risk 
occupations such as health care workers, particularly in areas of 
high prevalence for tuberculosis [1,2]. 

Tuberculous chancres have followed ritual circumcision [3], 
infections with inadequately sterilised syringes and needlestick 
injuries [4-6], wounds [7], operations (e.g after blepharoplasty and 
also following scalpel injury to a surgeon) [8-10], ear piercing, 
mouth to mouth artificial respiration [11] and tattooing [12]. More 
recently cases have occurred after acupuncture [13]. In regions 
where tuberculosis is prevalent in the community, lesions may 
occur anywhere on the body from contact with sputum or fol- 
lowing insect bites [14] or pyococcal infections of the skin. Sexual 
transmission has been reported [15,16] and following a vehicular 
accident [17]. M. bovis has been reported as the causative organism 
of a tuberculous chancre in a patient with HIV infection [18]. 


Epidemiology 

Incidence and prevalence 

This is believed to be an uncommon form of skin tuberculosis [19], 
but the incidence may be underestimated, particularly in areas with 
a high prevalence of tuberculosis. There are approximately 35 cases 
reported in the English literature. 


Age 
It commonly affects children. 


Associated diseases 

Lupus vulgaris may develop at the site of inoculation. Warty 
tuberculosis and scrofuloderma have also been described and 
occasionally systemic tuberculosis can develop. 


Pathophysiology 

Predisposing factors 

Children are most at risk, particularly those who have not received 
BCG vaccination, and who are exposed to pulmonary tuberculo- 
sis from another household member or caregiver. Laboratory and 
health care workers may also be at risk [2]. 


Pathology 

The early changes are those of acute neutrophilic inflammation 
with necrosis occurring in both the skin and affected lymph nodes. 
Numerous bacilli are present. After 3-6 weeks, the infiltrate becomes 
more granulomatous and caseation appears, coinciding with the 
disappearance of the bacilli. 


Causative organisms 

¢ Mycobacterium tuberculosis. 
e Mycobacterium bovis. 

¢ Bacille Calmette—Guérin. 


Environmental factors 
Overcrowding, low socioeconomic status and poor living conditions 
are all predisposing factors. 


Clinical features 

History 

Any painless, non-healing ulcer or lesion with localised lym- 
phadenopathy, especially in a child, should arouse suspicion. 


Presentation 

The earliest lesions occur 2-4 weeks after inoculation and may 
appear as a brownish papule, nodule or ulcer with an undermined 
edge and a granular haemorrhagic base. In time, the edge becomes 
firmer and an adherent crust develops. When obvious trauma is 
absent, the initial lesion is often small with a central silvery scale, 
and may show ‘apple jelly’ nodules on diascopy. The lesions are 
commonest on the face, hands and lower extremities [20]. Apparent 
healing may conceal active infection below the surface and the 
development of a cold abscess. Regional lymphadenopathy often 
develops after 4-8 weeks. The complex of the tuberculous chancre 
and regional lymphadenopathy is the cutaneous equivalent of the 
Ghon focus in the lung. Occasionally, lupoid nodules occur around 
the healed ulcer or deeper infection simulates scrofuloderma. 
Lesions closely simulating paronychia have been described on the 
fingers [21]. 


Clinical variants 

Several forms of mucosal lesions have been described. Conjunc- 
tival lesions may cause oedema and irritation [22]. Ulceration 
and oedema of the lids, with preauricular lymphadenitis, has been 
described [23]. Oral lesions are uncommon [11], but painless lesions, 
often misdiagnosed, may form in a tooth socket or on the gums 
simulating gingivitis. Oral lesions may be an expression of oral 
primary tuberculosis [2]. 


Differential diagnosis 

The differential diagnosis includes other causes of ulceration, other 
mycobacteria (e.g. M. marinum), M. ulcerans disease, actinomyco- 
sis, cutaneous leishmaniasis and malignancies [24]. It also includes 
other disease with sporotrichoid patterns such as sporotrichosis, cat 
scratch disease and tularaemia. 


Classification of severity 
Severity is variable. 


Complications and co-morbidities 
In rare instances, it may lead to disseminated tuberculous disease. 


Disease course and prognosis 
If untreated the chancre will heal slowly over many months. Lupus 
vulgaris or tuberculosis verrucosa cutis may develop at the site 
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of the original lesion. Occasionally, haematogenous spread of the 
organism can occur with development of tuberculosis elsewhere, 
including miliary tuberculosis [18]. Erythema nodosum (Chapter 
97) developed in four out of 40 patients in one series [22]. The 
enlarged draining lymph nodes usually subside slowly, often cal- 
cifying; less often, cold abscesses and sinuses develop producing 
scrofuloderma. 


Investigations 

The diagnosis is usually established on the history, clinical picture, 
histology and microbiological findings. Acid-fast bacilli are seen in 
the primary skin lesion and in draining nodes in the early stages of 
the disease. The tuberculin test is usually negative at the beginning 
of the course but may become positive later. 


Management 

First line 

Antituberculous therapy should be commenced promptly (see 
‘Current treatment regimens’ earlier in this chapter). Treatment 
should follow the appropriate current guidelines for treatment 
of tuberculosis of other organs, taking into account the degree of 
systemic involvement, the immune status of the patient and the 
existence of MDR forms of tuberculosis. 


Scrofuloderma -— e/a 


Definition and nomenclature 
Scrofuloderma results from the direct invasion of the tubercle bacil- 
lus into the skin from an underlying contiguous tuberculous focus. 


Introduction and pathogenesis 

Scrofuloderma results from the involvement and breakdown of the 
skin overlying a contiguous tuberculosis focus. This is usually a 
lymph gland, infected bone or joint, lacrimal gland or duct, breast 
or testes (Figure 27.6) [1-5]. In one report, which included details 
of 23 patients with scrofuloderma [2], the condition occurred most 
commonly with cervical, epitrochlear and retroauricular gland 
infection. The face and neck were again the most frequently affected 
sites for lesions in another series of 27 patients [6]. It was consistently 
the commonest form of cutaneous tuberculosis in childhood and 
adolescents in three large series from India [3,4,7] and in another 
series of adults from the UK [8] and in a recent study from northern 
Ethiopia (71% of 202 cases) [9]. 

In the Ethiopian study, the lesions most frequently involved the 
cervical and axillary lymph nodes but also nodes in the groins and 
chest. Lesions were also associated with osteomyelitis of the scalp, 
ribs or limbs; sometimes giving rise to areas of extensive ulceration 
(Figure 27.7). Four patients had breast involvement and two had 
testicular disease. Coexisting HIV infection was present in 22% of 
the patients [9]. 
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Figure 27.6 Scrofuloderma. (a) Associated with tuberculosis of the axillary glands occurring in a 74-year-old man prior to antituberculous therapy. (b) Associated with sternal 
tuberculosis occurring in a 62-year-old man. (c) Involving the cervical glands. (d) Associated with tuberculosis of the spine. (a, b) Courtesy of British Journal of Dermatology. 
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(b) 


Figure 27.7 (a) Ulcerative form of scrofuloderma in an Ethiopian child secondary to tuberculous osteomyelitis of the skull. (b) The same child after several months of antituberculous 


treatment showing healing of the lesion. Courtesy of Dr Valeska Padovese. 


Epidemiology 
Incidence and prevalence 
Worldwide, it is the commonest form of cutaneous tuberculosis. 


Age 
It is most common in children and within the first three decades 
of life. 


Sex 
Males were affected 1.5 times more than females in a recent series 
from India [10]. 


Associated diseases 
Systemic tuberculosis and Sweet disease can coexist [11]. 


Pathophysiology 
Predisposing factors 
These include poor life conditions and coexisting HIV infection [9]. 


Pathology 

There is usually an ulcerated dermal abscess with an ill-defined 
histiocytic component. Marked caseation necrosis, in which there 
are usually numerous bacteria, is seen in the deeper structures [2]. 


Causative organisms 
¢ Mycobacterium tuberculosis. 


Clinical features 

History 

There is usually asymptomatic swelling or ulcer or discharging 
sinus. The history may be protracted. 


Presentation 
Typically, scrofuloderma begins as asymptomatic, bluish red, 
subcutaneous swellings that persist for several months and overlie 


an infected gland or joint. They break down to form undermined 
ulceration with granulating tissue at the base. Numerous fistulae 
may intercommunicate beneath ridges of bluish skin. Progression 
and scarring produce irregular adherent masses, densely fibrous in 
places and fluctuant or discharging in others. Excessive granulation 
tissue may give rise to fungating tumours. Sporotrichoid spread has 
been reported [12]. After healing, characteristic puckered scarring 
marks the site of the infection. 


Clinical variants 
Extensive ulcerative lesions, particularly on the scalp, may give rise 
to diagnostic difficulties. 


Differential diagnosis 

Non-tuberculous mycobacterial infection especially M. avium com- 
plex lymphadenitis, and the more benign M. scrofulaceum, need to 
be excluded by culture [13]. Other differential diagnoses include 
sporotrichosis, actinomycosis, syphilitic gummata, hidradenitis 
suppurativa, melioidosis and bacterial abscess [14]. 


Disease course and prognosis 
Spontaneous healing can occur, but the course is very protracted and 
leaves typical, cord-like scars. 


Investigations 
A skin biopsy should be taken from the edge of the sinus or ulcer. 
Tubercle bacilli can usually be easily identified on biopsy specimens 
or cytology smears from fine-needle aspirations, the latter being 
very useful in a low resource setting and can be used as a first 
line investigation [9]. Mycobacterial culture should be performed if 
available. 

The Mantoux test is normally positive. HIV infection and other 
causes of immunosuppression need to be excluded. 
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Management 

First line 

Antituberculous therapy should be commenced promptly (see 
‘Current treatment regimens’ earlier in this chapter). Treatment 
should follow the appropriate current guidelines for the treatment 
of tuberculosis of other organs, taking into account the degree of 
systemic involvement, the immune status of the patient and the 
existence of MDR forms of tuberculosis. 


Orificial tuberculosis — | 


Definition and nomenclature 

Orificial tuberculosis is characterised by painful ulcerated lesions 
due to tuberculous infection of the mucosa or the skin adjoining 
orifices. The patient will usually have advanced internal tuber- 
culosis. The most commonly affected area is the oral mucosa, 
especially the tongue. 


Introduction and general description 

Orificial tuberculosis is a rare multibacillary form of cutaneous 
tuberculosis. The lesions occur where there is advanced pulmonary, 
intestinal or genito-urinary disease from which large numbers of 
mycobacteria are shed. Lesions can occur anywhere on the buccal 
mucosa and around the anus, vulva or penis [1,2]. Oral lesions are 
usually secondary to tuberculosis affecting the upper airway or 
lungs, whereas perineal lesions are normally secondary to intesti- 
nal or genito-urinary disease [3]. Most lesions are produced by 
autoinoculation of organisms into a break in the mucosal surface. 
In oral lesions they will commonly follow ingestion of bacilli in 
sputum. However, some lesions may be caused by haematoge- 
nous spread or direct spread from adjacent organs [4]. Perianal 
lesions have been reported without pulmonary or gastrointestinal 
involvement [5]. 


Epidemiology 
Incidence and prevalence 
This is rare form of cutaneous tuberculosis. 


Age 
It is rare in children and usually affects middle-aged and elderly 
males [2]. 


Sex 
Most of those affected are males. 


Associated diseases 
Systemic tuberculosis can coexist. 


Pathophysiology 

Predisposing factors 

Advanced systemic tuberculous disease, immunosuppression and 
malnutrition are all predisposing factors. 


Pathology 

The histopathological changes are variable and are often of a 
non-specific inflammatory type. In most cases a tuberculoid infil- 
trate with pronounced necrosis is found in the deep dermis. Tubercle 
bacilli are usually easy to demonstrate. 


Causative organisms 
¢ Mycobacterium tuberculosis. 


Clinical features 

History 

Patients give a history of painful ulceration around orifices and may 
have constitutional symptoms such as fever, malaise, weight loss 
and night sweats. 


Presentation 

The affected individual is usually a severely ill adult with advanced 
visceral tuberculosis who may have impaired cell-mediated immu- 
nity. Lesions occur most commonly in the mouth (Figure 27.8a). 
Small, red, oedematous nodules rapidly break down to form 
painful, shallow ulcers with undermined bluish edges. The ulcers 
seldom exceed 2 cm in diameter and show no tendency to heal 
spontaneously; they may involve the tongue, particularly the tip 
and lateral margins [2] and may be associated with granulomatous 
swelling of the lips (Figure 27.8b). Gingival involvement has also 
been reported [6], as has the occurrence in a tooth socket after 
extraction [2]. In the perianal area, ulcers may be sharply demar- 
cated with red borders and a purulent base [7,8]. Vulval lesions 
have a similar appearance and are often very painful [9]. 


Clinical variants 
Plaques similar to lupus vulgaris or a hypertrophic lesion similar to 
tuberculosis verrucosa cutis can occur [3]. 


Differential diagnosis 

Oral lesions need to be differentiated from Crohn disease, mucocu- 
taneous leishmaniasis, oral paracoccidioidomycosis and rhinoscle- 
roma. Ano-genital lesions must be differentiated from malignancy, 
nicorandil-induced ulceration, Crohn disease, cutaneous amoebia- 
sis, anal paracoccidioidomycosis, chronic herpes simplex infection 
and syphilis. 


Disease course and prognosis 
The lesions themselves will not heal spontaneously and can be slow 
to respond to antituberculous treatment. 


Investigations 

Histology from a skin biopsy sample, and occasionally smear 
cytology from the base of a purulent ulcer, will usually show 
multiple acid-fast bacilli. Cultures of tissue are normally positive 
within 6 days. If available, PCR may give a result within 24 h. As 
patients often have severely impaired cell-mediated immunity, the 
tuberculin test is often negative. Patients should be screened to 
exclude associated systemic tuberculosis particularly of the lungs, 
intestinal tract and genito-urinary system; 79% of one series had 
associated pulmonary disease [1]. Causes of immunosuppression 
such as HIV infection should be excluded. 


(a) 


(b) 


Figure 27.8 Periorificial tuberculosis. (a) Crusty erosions are evident on the gingival 
surface and mucosal surface of the lip. (b) Granulomatous enlargement of the upper lip 
and lesions extending to the nose. The tongue shows red erosions and ulceration. (a) 
Courtesy of Dr F. Nachbar. (b) Courtesy of Dr V. Ramesh. 


Management 

First line 

Antituberculous therapy should be commenced promptly (see 
‘Current treatment regimens’ earlier in this chapter). Treatment 
should follow the appropriate current guidelines for the treatment 
of tuberculosis of other organs, taking into account the degree of 
systemic involvement, the immune status of the patient and the 
existence of MDR forms of tuberculosis. 


Acute cutaneous miliary 1 


Definition and nomenclature 
Acute miliary tuberculosis is due to the haematogenous spread of 
tubercle bacilli into the skin. 


linata 
eneralisata 


Introduction and general description 

Acute miliary tuberculosis of the skin is rare and is usually seen in 
advanced pulmonary or meningeal and disseminated tuberculosis. 
It affects infants and young children or immunosuppressed patients 
such as those with concurrent HIV infection [1,2] or following viral 
infections such as measles [3] or malnutrition. 


Epidemiology 
Incidence and prevalence 
Acute miliary tuberculosis of the skin is rare. 


Age 
It is usually found in infants and children. 


Pathophysiology 

Pathology 

Histology shows necrotising tuberculous granulomas with multiple 
acid-fast bacilli. 


Causative organisms 
¢ Mycobacterium tuberculosis. 


Clinical features 

Presentation 

The cutaneous lesions consist of crops of minute bluish papules, 
vesicles, pustules or haemorrhagic lesions in a patient who is 
obviously ill. The lesions can occur all over the body but are most 
frequently found on the trunk, thighs, buttocks and genitalia [4]. 
The vesicles may become necrotic to form small ulcers [5]. Red 
nodules have been described [6]. Neonates born to tuberculous 
mothers may develop a milder form of the disease with limited 
visceral involvement and a few scattered papules [7]. 


Disease course and prognosis 
The prognosis is poor, but response to treatment is possible. 


Investigations 

The development of an unusual exanthematic rash in an ill per- 
son with known tuberculosis or tuberculous contacts suggests the 
diagnosis, which should be confirmed by skin biopsy. The tuber- 
culin test is negative. Appropriate investigations should be made to 
determine the extent of internal tuberculous infection [8]. 


Management 

First line 

Antituberculosis therapy should be started immediately if there is 
a strong suspicion (see ‘Current treatment regimens’ earlier in this 
chapter). This type of tuberculosis may be complicated by MDR 
tuberculosis [9]. 


Metastatic tuberculous 


Definition and nomenclature 
Metastatic tuberculous abscesses or tuberculous gummata result 
from the disseminated haematogenous spread of mycobacteria 
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and present as single or multiple dermal subcutaneous nodules 
which may become fluctuant or break down to form ulcers. Unlike 
scrofuloderma, there is no involvement of underlying tissue. 


Introduction and general description 

This form of tuberculosis is the result of haematogenous dissemi- 
nation from a primary focus during periods of lowered resistance, 
resulting in single or multiple lesions. It is seen particularly in 
malnourished children [1] or in immunodeficient adults [2], and has 
been noted after venepuncture [3] and in association with under- 
lying lymphoma [4] and systemic immunosuppressant treatment 
such as corticosteroids [2]. 


Epidemiology 

Incidence and prevalence 

It occurred in 9% of 202 patients in a study from northern Ethiopia 
[5], but generally the incidence is lower. 


Age 
This form of tuberculosis usually occurs in children but there is a 
wider age range in the immunocompromised. 


Pathophysiology 
Predisposing factors 
Malnutrition and immunosuppression are predisposing factors. 


Pathology 
Histology shows massive necrosis with copious amounts of bacteria. 


Causative organisms 
¢ Mycobacterium tuberculosis. 


Environmental factors 
Poor living conditions are associated with its occurrence. 


Clinical features 

Presentation 

A tuberculous gumma presents either as a firm, subcutaneous 
nodule or as a non-tender, fluctuant abscess (Figure 27.9). The 
extremities are more often affected than the trunk. The overlying 
skin may break down to form an undermined ulcer, often with 
sinuses or fistulous tracts (Figure 27.10) [4,6]. Lesions may be 
multiple. Unusual and transitional forms may occur [7]. Rarely, 
multiple abscesses have been noted during the treatment of miliary 
tuberculosis [8]. Lesions causing carpal tunnel syndrome have been 
well documented [9]. 


Differential diagnosis 

These abscesses can be difficult to differentiate from pyogenic bac- 
terial infections, syphilis, non-tuberculous mycobacterial infections, 
pyoderma gangrenosum and some fungal infections [10]. 


Complications and co-morbidities 
Carpal tunnel syndrome may coexist. 


Figure 27.9 Tuberculous gumma (metastatic cold abscess) in a patient with a pleural 
effusion. Courtesy of Dr V. Ramesh. 


Figure 27.10 Multiple metastatic abscesses (gummas) on the right arm. Courtesy of 
Dr V. Ramesh. 


Disease course and prognosis 
Cutaneous lesions gradually improve on treatment. 


Investigations 

The diagnosis is confirmed by culture. The patient should be 
screened for an underlying focus of tuberculosis and causes of 
immunosuppression. The tuberculin test is usually positive but 


can be negative if associated with a poor general condition of the 
patient. 


Management 

First line 

Full antituberculous treatment should be given, which should be 
guided by culture (see ‘Current treatment regimens’ earlier in this 
chapter). 


Warty tuberculosis 


Definition and nomenclature 

This is an indolent, warty, plaque-like form of tuberculosis caused 
by exogenous inoculation of M. tuberculosis into the skin through 
open wounds or abrasions in previously infected or sensitised indi- 
viduals who will have a moderate or high degree of immunity [1]. 
There are usually few organisms in the lesion (paucibacillary). 


Introduction and general description 

Warty tuberculosis occurs by exogenous inoculation of bacteria in 
previously sensitised individuals. This commonly occurs by acci- 
dental inoculation from extraneous sources particularly in health 
care workers; it also known as ‘anatomist’s warts’, ‘prosector’s 
warts’ and ‘verruca necrogenica’ [2]. It can also occur by autoinocu- 
lation with sputum in a patient with active tuberculosis. It was the 
predominant form of tuberculosis in Hong Kong in the 1960s when 
children were nursed with open nappies and became infected from 
sputum from sitting on the ground [3]. Persons walking barefoot 
where the organism is present may similarly become infected [4,5]. 


Epidemiology 

Worldwide the incidence of tuberculosis verrucosa cutis is extremely 
variable but appears to be commonest in Asia. It was the common- 
est form of tuberculosis in a 2010 study from Nepal, at 48% [6], and 
18% in studies from Pakistan [7] and Bangladesh [8]. In most other 
studies it has accounted for between 3% and 7% of patients with 
cutaneous tuberculosis [9-12]. 


Pathophysiology 

Pathology 

There is a striking pseudoepitheliomatous hyperplasia with super- 
ficial abscess formation, and an intense, mixed infiltrate with granu- 
lomas in the deeper dermis and occasional necrosis. Bacilli are seen 
only occasionally. 


Causative organisms 
¢ Mycobacterium tuberculosis. 


Clinical features 

History 

The history is usually that of a slowly enlarging lesion, which in 
some cases can remain undiagnosed for many years [13,14]. 


Presentation 

Lesions occur on those areas exposed to trauma and to infected 
sputum or other tuberculous material. In Europe, the lesions are 
most likely to occur on the hands, but in Asia, the knees, ankles and 
buttocks are mainly involved [5,15]. 

The lesions are typically asymptomatic and start as a small, 
indurated, warty papule with a slight inflammatory areola. By 
gradual extension, a verrucose plaque is formed. Irregular exten- 
sion at the edges leads to a serpiginous outline with finger-like 
projections. The centre may involute, leaving a white atrophic scar, 
or the whole lesion may form a massive, infiltrated, papillomatous 
excrescence (Figure 27.11). The colour is purplish, red or brown. 
The consistency is generally firm, but there may be areas of relative 
softening. Pus may sometimes be expressed from these soft areas 
or from fissures. The lesions may resemble lupus vulgaris [16], 
but the sites are different. The appearance may be psoriasiform 


(b) 


Figure 27.11 Warty tuberculosis with strong tuberculin reactions. (a) The right ring and 
middle fingers. (b) Sole of the left foot. Courtesy of Dr V. Ramesh. 
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(Figure 27.12) or keloidal. Occasionally, exudate and crusting are 
predominant. Very rarely, multiple lesions implying multiple inoc- 
ulations [17], sporotrichoid spread (Figure 27.13) [18] and also 
tuberculous lymphadenitis can occur [19]. 


Deeply destructive papillomatous and sclerotic forms may cause 
deformity of the limbs [13]. A generalised form, associated with 
papulonecrotic and lupoid lesions [20], occurs in patients with 
active disease, but is best regarded as a haematogenous form witha 
variable tissue response. An exuberant granulomatous form was 


Figure 27.13 Sporotrichoid spread of warty tuberculosis. Courtesy of Dr V. Ramesh. 


described in Hong Kong [5] and has also be seen in other reports 
from Asia [15]. Tumour-like forms can occur [21,22]. 


Differential diagnosis 
Subungual and digital lesions must be distinguished from warts, 
and those on the hands from keratoses. Blastomycosis, chromoblas- 
tomycosis and actinomycosis may simulate exuberant forms, 
and crusted lesions may resemble leishmaniasis. Tertiary syphilis 
may be confused when the central scarring is surrounded by a 
serpiginous edge. Hypertrophic lichen planus and _lichenifica- 
tion occasionally cause difficulty, but lesions of these disorders are 
multiple or itchy. Lupus vulgaris is not usually hyperkeratotic and 
shows ‘apple jelly’ nodules on diascopy. 

The lesions caused by NTM can usually only be distinguished by 
microbiological culture. M. marinum poses particular difficulties (see 
‘Mycobacterium marinum infection’ later in this chapter). 


Complications and co-morbidities 

Active disease of other organs should be sought, as bone tubercu- 
losis, tuberculous lymphadenitis [19] or pulmonary tuberculosis 
may coexist [5]. Miliary tuberculosis has also been reported [23] as 
has coexistence with scrofuloderma [24]. 


Disease course and prognosis 

The condition responds to antituberculosis treatment; without it, 
extension is usually extremely slow and lesions may remain virtu- 
ally inactive for months or years [13,14,25]. Spontaneous remission 
may occur and usually results in atrophic scars. 


Histopathology of the lesion will usually differentiate it from 
inflammatory lesions but lesions due to NTM are more difficult and 
ideally require culture of the organism. Commercial IFN-y assays 
may help to differentiate lesions due to NTM and M. bovis and are 
also not affected by BCG vaccination [26,27]. PCR may be helpful if 
positive but is often negative in paucibacillary forms of cutaneous 
tuberculosis. 


First line 

Treatment should follow the appropriate current guidelines for the 
treatment of tuberculosis of other organs, taking into account the 
degree of systemic involvement, the immune status of the patient 
and the existence of MDR forms of tuberculosis (see ‘Current treat- 
ment regimens’ earlier in this chapter). 


Lupus vulgaris 


This is a chronic, progressive, paucibacillary form of cutaneous 
tuberculosis, occurring in a previously sensitised individual with a 
high degree of immunity to tuberculin. The characteristic lesion is a 
plaque, composed of soft, reddish brown papules, the appearance 
on diascopy being said to resemble apple jelly. 
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Introduction and general description 

Lupus vulgaris is one of the most prevalent forms of cutaneous 
tuberculosis and occurs in previously sensitised individuals. A char- 
acteristic lesion is a slowly enlarging plaque with an elevated border 
and central atrophy. The edges of the lesion gradually extend in 
some areas and heal with scarring in others, sometimes causing 
considerable tissue destruction over many years. There are many 
clinical variants including tumour-like and ulcerated forms, which 
may pose diagnostic difficulties. The lesions are acquired either by 
haematogenous spread from an underlying tuberculous focus or by 
direct inoculation. Those on the face are usually thought to be due 
to haematogenous spread, while those located on the extremities 
are more likely to be due to reinoculation [1]. 


Epidemiology 

Incidence and prevalence 

Lupus vulgaris was the most common form of cutaneous tubercu- 
losis in adults in published series from India, South Africa and Pak- 
istan [2-4]. In Tunisia there has been an increase in the proportion of 
cases with lupus vulgaris, presumably reflecting greater immunity 
to tuberculosis in the community [5,6]. Lupus vulgaris was also the 
commonest presentation in a recent publication from Spain [7]. 


Sex 
The condition appears to be more common in women than men. 


Pathophysiology 

Lupus vulgaris originates from an underlying focus of tuberculo- 
sis, typically in a bone, joint or lymph node, and arises by either 
contiguous extension of the disease from underlying affected tissue 
or haematogenous or lymphatic spread. Sometimes the underlying 
focus is not clinically apparent, and in such cases reactivation of a 
latent cutaneous focus secondary to a previous silent bacteraemia 
is postulated [8]. It can also arise after exogenous inoculation [9] or 
as a complication of BCG vaccination [10,11,12]. 


Pathology 

The histological features are variable. Normally, tubercles with 
scanty or absent central caseation, surrounded by epithelioid histi- 
ocytes and multinucleate giant cells, are present in the superficial 
dermis. Peripheral lymphocytes are often prominent. Occasionally, 
tubercle bacilli may be numerous [13]; more often, they are hard to 
demonstrate or are absent. The epidermis may be ulcerated with 
an associated mixed inflammatory infiltrate, atrophic or acanthotic. 
If the acanthosis is severe, giving rise to pseudoepitheliomatous 
hyperplasia, differentiation from squamous cell carcinoma may be 
difficult [14]. 


Causative organisms 

¢ Mycobacterium tuberculosis. 

¢ Mycobacterium bovis [15]. 

¢ Bacille Calmette—Guérin [10,11,12]. 


Clinical features 

Presentation 

Lupus vulgaris commonly appears in normal skin as a solitary 
lesion, although it can arise at the site of a primary inoculation 


such as after a tattoo [9], in the scar of scrofuloderma or at the site 
of a BCG vaccination [10,11,12]. In Europe, over 80% of lesions 
are on the head and neck, particularly around the nose [16,17]. 
Next in frequency are the arms and legs, but involvement of the 
trunk is uncommon. In India, the face is affected less often and the 
buttocks and trunk more frequently [18]. In children the lesions 
are often on the lower limbs and buttocks; they usually occur 
by reinoculation and may relate to playing without clothing or 
shoes [19]. 

The initial lesion is a small, reddish brown, flat plaque of soft, 
almost gelatinous, consistency. On diascopy, the diagnostic ‘apple 
jelly’ nodules may be demonstrated. The lesion gradually becomes 
elevated, infiltrated and brown and grows by slow peripheral exten- 
sion to become gyrate or discoid in shape with areas of atrophy. 
There is usually only a single lesion, except in disseminated forms, 
which usually occur in association with active pulmonary tubercu- 
losis [20]. Sporotrichoid-like spread has also been reported [21]. 

There is great variability in clinical presentation but the many 
clinical forms fall into five general patterns, depending on the local 
tissue response to the infection. 


1 Plaque form (Figure 27.14). Flat plaques are found with an irregu- 
lar or serpiginous edge. The surface of the lesion may be smooth 
or covered with psoriasiform scale. Large plaques may show 
irregular areas of scarring with islands of active lupus tissue. The 
edge often becomes thickened and hyperkeratotic. 

2 Ulcerative and mutilating forms (Figure 27.15). Scarring and 
ulceration predominate. Crusts form over areas of necrosis. The 
deep tissues and cartilage are invaded and contractures and 
deformities occur. In milder forms, keratotic plugs overlying 
pinpoint ulcers are associated with slow scar formation. 

3 Vegetating form (Figure 27.16). This is characterised by marked 
infiltration, ulceration and necrosis with minimal scarring. 
Mucous membranes are invaded and cartilage is slowly 
destroyed. When the nasal or auricular cartilage is involved, 
extensive destruction and disfigurement ensue. 

4 Tumour-like forms (Figure 27.17). The hypertrophic form presents 
either as soft tumour-like nodules or as epithelial hyperplasia 
with the production of hyperkeratotic masses. In the ‘myxoma- 
tous’ form, huge soft tumours occur predominantly on the ear 
lobes, which become grossly enlarged [22]. Lymphoedema and 
vascular dilatation are sometimes marked. 

5 Papular and nodular forms. Multiple lesions occur simultaneously 
in disseminated lupus-true ‘miliary lupus’. This usually occurs 
after temporary immunosuppression as described in postexan- 
thematous forms, such as after measles [23]. 


Mucosal involvement. The nasal, buccal or conjunctival mucosa 
may become involved, either primarily by a papule, nodule or 
ulcer, or by spread from a contiguous skin lesion. Nasal lesions 
start as nodules, which bleed easily and then ulcerate, leading 
sometimes to cartilage destruction. A dry rhinitis may be an early 
symptom. Granulating, vegetating or ulcerating lesions of the 
buccal mucosa, palate, gingiva or oro-pharynx may occur by direct 
extension or by lymphatic spread from nasal lesions. These can 
produce stenosis of the larynx and scarring deformities of the soft 
palate. 
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Figure 27.14 Lupus vulgaris. (a) A solitary plaque on the left cheek. (b) Lesions of the face resembling discoid lupus erythematosis. Note the strong tuberculin reaction. (c) Lupus 
vulgaris showing typical central atrophy and a serpiginous edge. (d) Lupus vulgaris showing a thickened and hypertrophic edge. Courtesy of Dr V. Ramesh. 


Clinical variants 
There is a great variability in clinical presentation and atypical forms 
including giant forms are becoming more common [24,25]. 


Differential diagnosis 

Because of its rarity in countries such as the UK, the index of 
suspicion may be low [26]. The well-established plaque with 
central scarring presents few difficulties, but in the early stage, 
lupus vulgaris may easily be confused with lymphocytoma, 
Spitz naevus or lupus erythematosus. In appropriate patients, 
syphilis must be excluded. The histological features and culture 
results will differentiate lupus vulgaris from the deep mycoses, 
which may closely resemble the vegetating and crusted type. The 
lupoid form of leishmaniasis may be impossible to distinguish 


clinically. On the face, it may be mistaken for rosacea [26] or for a 
port-wine stain [27], and on an extremity for other mycobacterial 
infections. 

Leprosy and sarcoidosis, however, are the chief causes of diagnos- 
tic difficulty. The nodules of leprosy are firmer, and other signs are 
present. The nodules of sarcoidosis resemble grains of sand rather 
than ‘apple jelly’; this applies to the feel on probing rather than to 
the colour, which is often greyish. 

Lupus vulgaris may resemble psoriasis, but is more infiltrated and 
usually solitary; Bowen disease can resemble both. Lupus vulgaris 
of the perianal area mistaken for lichen simplex chronicus and Crohn 
disease has also been reported (Figure 27.18) [28,29]. Warty tubercu- 
losis usually affects the hand and is more scaly and verrucous than 
lupus and the histological features are different. 


Figure 27.15 Nasal deformity as a late sequela of lupus vulgaris. Courtesy of Dr V. 
Ramesh. 


Figure 27.16 Vegetating lupus vulgaris on the nose. Courtesy of Dr J. E. Bothwell. 


A therapeutic trial of antituberculous therapy may be considered 
in cases where the diagnosis is difficult. A clinical response should 
be expected within 4-6 weeks [30,31]. 


Complications and co-morbidities 

Scarring, contractures and tissue destruction are prominent fea- 
tures. The scars are usually thin, white and smooth, but are unstable 
and may break down or become keloidal. Contraction may lead to 
ectropion or microstomia, which may require plastic surgery. Active 
lupus vulgaris frequently reappears in scar tissue. 

Malignant changes are well known to arise in longstanding lupus 
vulgaris. In situ or invasive squamous cell carcinomas are the most 
common tumours and may occur insidiously in between 0.5% 
and 10% of patients [32-34] and may be confused with renewed 
activity of the lupus itself (Figures 27.19 and 27.20). Basal cell and 
syringoid eccrine carcinomas and also melanomas, lymphomas 
and sarcomas have been reported [35,36]. Squamous cell carci- 
noma as a complication of lupus vulgaris usually takes about 
25-30 years to develop and normally occurs in patients in their 
fourth and fifth decades [37]. Some early cases may relate in part 


Figure 27.17 Tumour-like form of lupus vulgaris on the ear lobe and face. Courtesy of 
Dr V. Ramesh. 


to ultraviolet light therapy, which was a treatment modality in use 
before chemotherapy [33], however a case was reported in a child 
following BCG-induced lupus vulgaris [38]. 


Disease course and prognosis 

Despite long periods of indolence, the natural course of an untreated 
lesion is progressive. With appropriate treatment there is often a 
clinical response as early as 5 weeks into treatment and usually 
marked improvement by 10 weeks. Failure to respond within 4-6 
weeks may suggest an alternative diagnosis [31]. 


The paucibacillary nature of lupus vulgaris, along with its many 
clinical variants, presents a diagnostic challenge. Skin biopsy is 
usually helpful but as the quantity of bacilli encountered in cuta- 
neous lesions is small, stains for acid-fast bacilli are usually negative 
[24,39]. Culture may be more helpful and was positive in 12.5% 
of samples from a study in India [19], and in 40% of a series from 
Spain [7]. PCR has been successfully used to confirm the diagnosis 
of lupus vulgaris [40,41]. The tuberculin test is usually positive and 
IFN-y assays may also be helpful. 


First line 

Standard multidrug antituberculosis therapy should be given 
(see ‘Current treatment regimens’ earlier in this chapter). Isoniazid 
has in the past been used as monotherapy, but this practice is 
strongly discouraged as up to 26% of patients have clinical evidence 
of tuberculosis at other sites [2] and if the patient is resistant to the 
drug, effectively no treatment is being given. A case report of lupus 


Figure 27.19 Extensive BCG-induced lupus vulgaris in a child complicated by squamous 
cell carcinoma. Courtesy of Dr Binod Kr Thakur and Dr Shikha Verma. 


vulgaris caused by isoniazid-resistant M. tuberculosis emphasises 
this point [42]. 


TUBERCULID 


Tuberculids can be considered to be cutaneous hypersensitivity 
reactions to haematogenous dissemination of M. tuberculosis or its 
antigens from a primary source in an individual with strong antitu- 
berculous cell-mediated immunity. The diagnostic criteria include 
tuberculoid histology on skin biopsy, a strongly positive Mantoux 
reaction, the absence of M. tuberculosis in the smear and negative cul- 
ture and resolution of the skin lesions with antituberculous therapy. 


True tuberculids can be grouped as follows: 

1 Micropapular: lichen scrofulosorum. 

2 Papular: papulonecrotic tuberculid. 

3 Nodular: erythema induratum of Bazin or nodular tuberculid. 


Figure 27.18 Perianal lupus vulgaris (a) before and 
(b) after treatment. Courtesy of Dr Julia Rhodes. 


In 1896, Darier introduced the concept of tuberculids to explain a 
group of dermatoses with tuberculoid histopathology occurring in 
individuals with manifest or past tuberculosis, a strongly positive 
tuberculin test but an absence of bacilli in skin biopsy specimens 


and negative culture. Included initially were lichen scrofulosorum, 
papulonecrotic tuberculid, erythema induratum of Bazin, rosa- 
ceiform tuberculid and lupus miliaris disseminatus faceii. Later, 
when effective treatment for tuberculosis became available it was 
also required that tuberculids should have a good response to 
antituberculous treatment and rosaceiform tuberculid and lupus 
miliaris disseminatus faceii were excluded from the group. 


Basic biology 


Currently, there is still controversy concerning the pathogenesis 
of the tuberculids and their association with M. tuberculosis as 
supporting evidence is often circumstantial. However, the demon- 
stration of M. tuberculosis DNA by PCR in lichen scrofulosorum, 
papulonecrotic tuberculid and erythema induratum of Bazin would 
seem to be fairly hard evidence in favour of a definite association 
[1,24]. Evidence is perhaps greatest in papulonecrotic tuberculid as 
some cases have evolved into lupus vulgaris [5] and for lichen scro- 
fulosorum where around 75% of cases have a proven underlying 
focus of tuberculosis [6]. Most authors currently feel that erythema 
induratum of Bazin - a nodular vasculitis - is a multifactorial 
disorder with many different causes, tuberculosis being one of them 
[7]. Similarly, erythema nodosum can be considered a facultative 
tuberculid with tuberculosis being just one of many causes [8]. 

Fluctuations in the immunological state of the patient may 
determine the development and features of the eruption. The onset 
of lichen scrofulosorum has been noted to occur after the initiation 
of antituberculous treatment and probably represents a shift in the 
cell-mediated immune status of the patients [9]. Papulonecrotic 
tuberculid developed in a patient with HIV infection after an 
increase in the CD4 T-lymphocyte count occurred following the 
addition of a second antiretroviral drug [10]. 

In the most recent study from Hong Kong, in which 131 patients 
with cutaneous tuberculid were identified, erythema induratum 
was by far the commonest tuberculid identified (n = 127, 96%), fol- 
lowed by papulonecrotic tuberculid (n = 4, 3%) [11]. In several recent 
studies from India the incidence of lichen scrofulosorum appears to 
be increasing and is particularly common in children [12]. 


Lichen scrofulosorum — | 


Definition and nomenclature 

Lichen scrofulosorum is a rare tuberculid first described by Hebra in 
1868. It presents as a lichenoid eruption of minute papules occurring 
predominantly in children and adolescents with active tuberculosis. 
It is usually associated with a strongly positive tuberculin reaction. 


Introduction and general description 
Lichen scrofulosorum classically occurs in children and adolescents 
with a strong immune sensitivity to M. tuberculosis and is thought to 


result from an immune response to haematological spread from an 
underlying tuberculous focus. Patients typically show a strong posi- 
tive reaction to PPD, eruptions often measuring 18 mm or larger, and 
the site may ulcerate. Prior vaccination with BCG does not prevent 
this condition developing [1]. 

The lesions typically consist of asymptomatic, tiny, follicular 
papules, which vary from skin coloured to red and often closely 
resemble lichen nitidus. 

Lichen scrofulosorum is a cutaneous marker for underlying 
tuberculosis and up to 73% of patients have an associated focus 
of tuberculosis elsewhere, commonly in the cervical, hilar and 
mediastinal lymph nodes (up to 65%). Other foci include the lung, 
bone or intracranial sites [1-4]; in one series 15% had evidence of 
tubercular foci at multiple sites [1]. Up to 30% of patients may have 
no obvious underlying focus of tuberculosis. Lichen scrofulosorum 
has also been reported with M. avium infection [5,6], with M. szulgai 
[7] and also after BCG vaccination [8]. Other forms of cutaneous 
tuberculosis, such as lupus vulgaris, tuberculous gumma, papu- 
lonecrotic tuberculid [9] and tuberculosis verrucosa cutis, may 
coexist [1,10]. 


Epidemiology 

Incidence and prevalence 

Lichen scrofulosorum is now rarely seen in Europe although in 1976 
a series of four cases were reported in the UK [11]. There is some 
evidence that the incidence is increasing in India [12]. In two series 
of cutaneous tuberculosis in Indian children, lichen scrofulosorum 
was the second most common disorder, seen in 23.5% and 33% of the 
cases, respectively [4,13]. This compares with a much earlier study 
that included 75 Indian children with cutaneous tuberculosis where 
only one case of lichen scrofulosorum was reported over a 25-year 
period [14]. In the largest published series of 39 Indian patients with 
lichen scrofulosorum this represented 7.6% of 513 patients with cuta- 
neous tuberculosis [1], and in a study reported from Ethiopia [15] in 
2008, 7.7% of 202 patients with cutaneous tuberculosis had lichen 
scrofulosorum. 


Age 

Lichen scrofulosorum appears to be commonest in children and 
adolescents. In one large series from India, 84% of patients were less 
than 15 years of age [1]. 


Sex 
There is no sexual predisposition. 


Ethnicity 
The highest incidence is found in the Indian subcontinent and Africa 
south of the Sahara. 


Associated diseases 

Other forms of cutaneous tuberculosis, such as lupus vulgaris, 
tuberculous gumma and tuberculosis verrucosa cutis, may coexist 
[1,10]. 


Pathophysiology 
The exact pathogenesis is unknown but may be the result of a 
type III hypersensitivity reaction to a haematogenous spread of 
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mycobacteria from an active internal site of infection. This seems to 
occur in persons with a high sensitivity to tuberculin and the con- 
tinued formation of antigen-antibody complexes may lead to a type 
IV hypersensitivity reaction and granuloma formation. Its onset in 
some patients may be linked to an upregulation of their immune 
system and has been described in two patients with AIDS after 
starting ART and antibacterial treatment, respectively, probably 
due to the inflammatory response with an increase in cell-mediated 
immunity that may follow treatment of a multibacillary infection 
[16,17]. 


Predisposing factors 

Overcrowding and close contact with others infected with 
M. tuberculosis are predisposing factors. In one series, 62.7% of 
children had a family member with tuberculosis [13]. 


Pathology 

Superficial dermal granulomas surround hair follicles and sweat 
ducts, and may occupy several dermal papillae. Epithelioid cells, 
lymphocytes and occasional giant cells are seen. Usually there is 
no caseation. Mycobacteria are not seen in the sections and cannot 
be cultured from biopsy material. Mycobacterial DNA has been 
detected by PCR in two patients [7,18]. 


Causative organisms 

¢ Mycobacterium tuberculosis. 
¢ Mycobacterium bovis. 

¢ Mycobacterium avium. 

¢ Mycobacterium szulgai. 


Environmental factors 
These include low socioeconomic status and overcrowding [13]. 


Clinical featur 

History 

The skin lesions are usually subtle and asymptomatic but the patient 
may have symptoms related to an underlying focus of tuberculosis 
elsewhere, such as lymphadenopathy. 


Presentation 

The eruption consists of symptomless, 0.5-3.0 mm diameter, closely 
grouped, lichenoid papules. The lesions are usually skin coloured 
(Figure 27.21), but may be yellowish or reddish brown. They are 
often perifollicular and can appear in groups or in an annular 
arrangement or coalesce into confluent plaques (Figure 27.22). The 
papules may have an adherent crust or small pustule. A few rare 
cases of bullous lesions and lesions at the site of a Mantoux test 
have also been described [1,11,19]. They are mainly found on the 
abdomen, chest, back and proximal limbs, but may occur on the 
face (Figure 27.23) [20], palms and soles [21] as well as the vulval 
area [22,23]. 


Clinical variants 
Lichenoid (Figure 27.24) [19], psoriasisform [24] and granuloma 
annulare-like [25] variants have been described. 


Figure 27.21 Lichen scrofulosorum of the trunk showing subtle skin-coloured papules. 
Courtesy of Dr Antonio Torrelo. 


Figure 27.22 Lichen scrofulosorum showing annular and plaque-like lesions with strong 
tuberculin reaction. Courtesy of Dr V. Ramesh. 
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Investigations 

A high index of suspicion is necessary for diagnosis as the lesions 
may be subtle and asymptomatic [26]. As the majority of patients 
will have a focus of tuberculosis elsewhere, they should be exten- 
sively screened [13]. The tuberculin reaction is normally strongly 
positive and may even be ulcerative, but can be negative in patients 
with immunosuppression such as in HIV infection [19]. Mycobac- 
teria are not usually seen in a skin biopsy with acid-fast stains and 
they cannot be cultured from the lesions. Mycobacterial DNA has 
been detected by the PCR in rare cases [7,18]. 


Management 

First line 

Treatment of lichen scrolulosorum should follow the appropriate 
current guidelines for the treatment of tuberculosis of other organs, 
taking into account the degree of systemic involvement, the immune 
status of the patient and the existence of MDR forms of tuberculosis 
(see ‘Current treatment regimens’ earlier in this chapter) [27]. 
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Papulonecrotic tubercul 


Definition and nomenclature 

Papulonecrotic tuberculid is a chronic, recurrent and symmetrical 
eruption of necrotising skin papules arising in crops, involving 
primarily the buttocks and extensor surfaces of the arms and legs. 
Lesions usually heal with varioliform and pitting scarring. 


Introduction and general description 

The papulonecrotic subtype of tuberculid mainly affects children 
and young adults. It classically presents with asymptomatic clusters 
of small, inflammatory, red papules that may go on to become pustu- 
lar or necrotic and evolve into discrete crusted ulcers that heal over 
weeks with varioliform scarring. The lesions are usually symmetri- 
cally distributed, mainly on perniotic areas such as the ears, acral 
parts of the limbs and extensor surfaces of the joints, but may occur 
on the lower abdomen, trunk, buttocks [1] and scalp [2]. Localised 
forms are rare and mainly involve the genitalia [3-6]. 


Figure 27.24 Lichenoid variety of lichen scrofulosorum. Courtesy of Dr Luis Requena. 


Differential diagnosis 

The differential diagnosis includes all asymptomatic follicular 
lesions where the lesions demonstrate a tendency to group together. 
These include: lichen nitidus, in which the lesions are more shiny 
and tend to be peripheral; keratosis spinulosa, in which the lesions 
have spiny projections over lichenoid papules; keratosis pilaris, 
where the lesions are non-inflammatory and usually on the upper 
thighs and arms; and papular or lichenoid sarcoidosis, secondary 
syphilis and drug eruptions. Annular lesions may closely resemble 


Pripecie HOeee: An associated focus of tuberculosis can be demonstrated in many 

patients; this ranged from 38% to 75% of patients in three different 
Classification of severity studies [7-9]. The rapid response to antituberculous therapy usually 
The severity of the rash is variable. leaves no doubt of the aetiology when a tuberculous focus cannot be 


found. In a series of 91 patients, papulonecrotic tuberculid evolved 
into lupus vulgaris in four patients [7]. Papulonecrotic tuberculid 
has also been described after BCG vaccination [10-13], indicating 
possible haematogenous mycobacterial spread as a cause of this 
tuberculid. Mycobacteria are rarely demonstrated in skin lesions, 
Disease course and prognosis although they were found in two of the patients who had associated 
With specific antituberculous therapy, the lesions usually clear lupus vulgaris in the series discussed above [7] and in a recent case 
within 4 weeks and sometimes as early as 2 weeks [4,13]. They heal _ report of two patients [14] in whom M. tuberculosis DNA sequences 
without scarring. were also confirmed by PCR. There are indeed several reports that 


Complications and co-morbidities 
An underlying systemic tuberculosis infection may be found. 
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show that M. tuberculosis DNA can be detected by PCR in lesions of 
papulonecrotic tuberculid [9,15,16]. Papulonecrotic tuberculid has 
occurred with M. avium complex in a patient with HIV infection 
[17] and also in conjunction with erythema induratum [18,19]. The 
tuberculin test is normally positive, often with a severe and even 
necrotic reaction appearing within 8-12 h. 


Epidemiology 

Incidence and prevalence 

Papulonecrotic tuberculid is uncommon and accounts for approxi- 
mately 4% of patients with cutaneous tuberculosis [20-22]. 


Age 

It usually affects young adults and occasionally children. In a series 
of 91 patients, over 65% of patients developed the lesions before the 
age of 30 years [7]. 


Sex 
There is no sexual predisposition. 


Ethnicity 
The highest incidence is in south Asia and countries south of the 
Sahara in Africa. 


Associated diseases 

In several documented cases lesions have both coexisted with [23] 
and developed into lupus vulgaris [7]. Coexistence with other forms 
of cutaneous tuberculosis such as erythema induratum has also been 
noted [15,18,19,24]. 


Pathophysiology 

The pathophysiology is similar to the other tuberculids, that is, a 
cutaneous immunological reaction to the presence of occult tuber- 
culosis in a patient with moderate to high immunity. However, 
papulonecrotic tuberculid has been described after BCG vacci- 
nation [10-13], indicating possible haematogenous mycobacterial 
spread as a cause of this tuberculid. Mycobacteria have also been 
found in a few patients with papulonecrotic tuberculid [7,14] and 
M. tuberculosis DNA can be detected fairly frequently by PCR 
[15,16,25]. 


Predisposing factors 
These include systemic tuberculosis. 


Pathology 

The primary lesion is a subacute lymphohistiocytic vasculitis that 
causes thrombosis and destruction of small dermal vessels. These 
changes lead to a wedge-shaped infarct-like lesion with a large 
central zone of coagulation necrosis surrounded by inflammation 
extending from the superficial to the deep dermis, and sometimes 
into the subcutaneous tissues. A histiocytic palisade, similar to 
that of granuloma annulare, is seen around larger lesions. The 
involvement of adjacent small vessels is striking, ranging from a 
mild lymphocytic vasculitis to fibrinoid necrosis and thrombotic 
occlusion [8,9]. 


Causative organisms 

The vast majority of cases occur in patients infected with M. tubercu- 
losis, although there have been reports of papulonecrotic tuberculid 
associated with M. kansasii [26], M. avium complex [17] and M. bovis 
infections [27]. 


Environmental factors 
These include poverty and overcrowding. 


Clinical features 

History 

The lesions may be generally asymptomatic but there may also be 
symptoms of associated tuberculous disease elsewhere. 


Presentation 

The eruption consists of recurring crops of symmetrical, hard, 
dusky red papules. These crust or ulcerate, leaving pigmented, 
sometimes atrophic, varioliform scars over the course of a few 
weeks (Figure 27.25). New crops may continue over months or 
years. In some cases, showers of rapidly healing lesions occur, 
in others a chronic open ulcer may last for some months [8]. In 
children, phlyctenular conjunctivitis may be present [9]. The legs, 
knees, elbows, hands and feet are the sites of predilection, but the 


Figure 27.25 Papulonecrotic tuberculid of the legs. Courtesy of Professor J. Aboobaker. 


ears, face, scalp [2], buttocks and penis and vulval areas —- sometimes 
alone [3-6] — may be involved. Perniotic areas may be favoured. 


Clinical variants 

Isolated lesions on the genitalia, particularly the penis, may occur 
[3-6]. A verrucous variant mimicking Kyrle disease has been 
described [28]. 


Differential diagnosis 

The differential diagnosis includes pityriasis lichenoides, where the 
lesions may be more widespread and affect the palms and soles; 
leukocytoclastic vasculitis, whose lesions are more pleomorphic; 
and nodular prurigo. 


Classification of severity 
The severity of skin lesions is variable. 


Complications and co-morbidities 
Lesions usually heal with scarring and hyperpigmentation. 


Disease course and prognosis 
With appropriate antituberculous therapy the lesions usually start 
to clear as early as 3-4 weeks. 


Investigations 

A lesional biopsy and tuberculin testing should be carried out. 
The tuberculin test is usually strongly positive. Mycobacteria have 
only rarely been demonstrated in skin lesions [7,14], but the PCR is 
frequently positive [15,16,25] and may be helpful. An IFN-y release 
assay has been shown to be helpful in detecting latent tuberculous 
infection when the PCR was negative [29]. Patients should be 
screened for an underlying focus of tuberculosis. A therapeutic trial 
of specific antituberculous therapy is usually decisive in doubtful 
cases. 


Management 

First line 

Treatment of papulonecrotic tuberculid should follow the appropri- 
ate current guidelines for treatment of tuberculosis of other organs, 
taking into account the degree of systemic involvement, the immune 
status of the patient and existence of MDR forms of tuberculosis 
(see ‘Current treatment regimens’ earlier in this chapter) [30]. 


Erythema induratum of 


Definition and nomenclature 

Erythema induratum of Bazin is the most commonly reported form 
of tuberculid and represents a tuberculosis-associated panniculitis. 
Around 80-90% of affected patients are young to middle-aged 
females, who classically present with crops of small, tender and 
painful red or dusky nodules or deep-seated plaques on the calves 
which may ulcerate. Most patients will have a positive tuberculin 
test or IGRA and respond well to antituberculous therapy. 


Introduction and general description 

Erythema induratum [1] was first described by Ernest Bazin in 1861 
as a condition occurring ‘on the legs of female laundresses and in 
young and plump well nourished women with the typical pheno- 
type of those with the scrofula’. Recurrent nodular and ulcerative 
lesions that are usually localised to the lower legs, but can affect 
other areas, characterise the lesions. Typical patients are young 
to middle-aged women [2-5]. The histopathology demonstrates a 
lobular panniculitis with vasculitis [6]. It has been regarded as a 
tuberculid occurring secondary to tuberculosis elsewhere in the 
body. However, this pattern of nodular vasculitis does not occur 
exclusively in association with tuberculosis and some authors 
would now consider erythema induratum of Bazin to be a multi- 
factorial disorder with several different causes, tuberculosis being 
just one of them [4]. Those patients without evidence of associated 
tuberculosis would be classified as having nodular vasculitis. Sup- 
porting this concept are reports of nodular vasculitis in association 
with chronic hepatitis C infection [7,8] and a recent report where 
M. chelonae was identified as the causative organism [9]. Erythema 
induratum has also been reported in an infant after BCG vaccination 
[10]. There is a growing opinion that the term erythema induratum 
of Bazin should be used solely where the association with tubercu- 
losis is proven, which in some instances may require determining 
the clinical response to antituberculous treatment [4,5]. 


Epidemiology 

Incidence and prevalence 

Worldwide, the prevalence of erythema induratum is quite variable. 
It is rare in the UK, accounting for five out of 47 cases of cutaneous 
tuberculosis in a series of patients, all of whom were from the Indian 
subcontinent [11]. It is now the commonest form of cutaneous tuber- 
culosis found in Hong Kong [12], where it accounted for 86% of 
patients in a published series, and also in Japan, where 40% of a large 
case series were affected [13]. Ina South African series of 92 patients, 
21% had erythema induratum [14]. In contrast only two out of 202 
patients in a series from northern Ethiopia were found to have Bazin 
disease [15]. 


Age 
The disease mainly affects the young and middle aged and is rare in 
children [16]. 


Sex 

The disease occurs predominantly in females, and in three pub- 
lished series women accounted for between 78% and 90% of the 
cases [2,12,17]. 


Ethnicity 
The disease is most commonly found in China, south Asia and 
Africa south of the Sahara. 
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Associated diseases 

An association with clinically overt tuberculosis is uncommon but 
has been reported with naso-pharyngeal, renal and endometrial 
tuberculosis [18,19]; in one Japanese series 25.8% of patients had 
tuberculous lymph node involvement and 15% had lung invove- 
ment [20]. A search should be made for active and latent tuberculosis 
elsewhere. Coexistence with other forms of cutaneous tuberculosis 
such as papulonecrotic tuberculid and lichen scrofulosorum has 
been described [21]. 


Pathophysiology 

Predisposing factors 

Past or active foci of tuberculosis are usually present and the 
tuberculin test is usually positive. It has been suggested that 
PPD-specific T cells capable of producing IFN-y may be involved 
in the formation of erythema induratum as a type of delayed 
hypersensitivity response to mycobacterial antigens at the site of 
skin lesions. Immune complex deposition may play a role in the 
vasculitic component [22]. 


Pathology 

The histological features are those of either focal or diffuse, lobular 
or septolobular, granulomatous panniculitis in association with 
neutrophilic vasculitis of either large or small blood vessels. 
There are areas of coagulative and caseation necrosis and, usually 
poorly developed, granulomas — although mixed, pallisading and 
lipophilic granulomas can occur [23-25]. The exact histological pat- 
tern very much depends on the time at which the biopsy was taken 
during disease evolution [4]. M. tuberculosis is seldom recovered 
from the lesions, but mycobacterial DNA can be found in up to 77% 
of skin biopsy specimens [23,24,26-28]. 


Causative organisms 

¢ Mycobacterium tuberculosis. 
¢ Mycobacterium bovis [10]. 

¢ Mycobacterium chelonae [9]. 


Environmental factors 
These include poverty and overcrowding. 


Clinical features 

History 

The lesions are generally asymptomatic but acute nodules can 
be painful. There may be symptoms of associated tuberculosis 
elsewhere, for example lymphadenopathy. 


Presentation 

The disease presents as an indolent eruption of ill-defined nodules 
or subcutaneous plaques, usually affecting the posterior aspect of 
the lower legs of young or middle-aged women. However, lesions 
may affect other body areas, such as the upper limbs, thighs, but- 
tocks and trunk. The plaques are usually indurated with a scaly 
surface (Figure 27.26). Follicular perniosis may be present. Lesions 
may ulcerate, usually centrally, and this may be precipitated by 
cold weather or venous stasis. The ulcers are ragged, irregular 
and shallow, with a bluish edge. The lesions heal with atrophic, 
hyperpigmented scarring [2-5]. 


Figure 27.26 Erythema induratum of the legs. 


Clinical variants 

A variant, in which the pathology is at the junction of the dermis 
and subcutaneous fat, has been described and the term nodular 
tuberculid has been proposed for this pattern [29,30]. A second 
variant has been described where non-ulcerating subcutaneous 
nodules are distributed along the course of the great saphenous 
vein, and this has been termed nodular granulomatous phlebitis or 
superficial thrombophlebitic tuberculid [31,32]. 


Differential diagnosis 

The differential diagnosis includes other conditions presenting 
as nodules on the lower extremities such as erythema nodosum, 
pancreatic panniculitis, polyarteritis nodosa, lupus profundus, 
subcutaneous sarcoid, cutaneous T-cell lymphoma and perniosis 
(chilblains). 


Classification of severity 
Severity is variable. 


Complications and co-morbidities 
Lesions may heal with hyperpigmented scarring. 


Disease course and prognosis 

Untreated, the disease course is chronic with recurrent crops of new 
lesions sometimes over many years. Response to antituberculous 
therapy may take between 1 and 6 months and resolution may be 
slow, even with adequate therapy [33], particularly if there are asso- 
ciated erythrocyanotic features. 


Investigations 

The diagnosis is made on characteristic clinical morphology, a 
positive tuberculin test and circumstantial evidence of tuberculosis 
elsewhere in the body, supplemented by histopathological findings. 
Detection of M. tuberculosis DNA by PCR ona skin biopsy specimen 
may be positive but a negative result does not exclude the diagno- 
sis. IGRAs may be helpful in the diagnosis of latent tuberculosis 
[34,35]. Although cases of active tuberculosis are rare in erythema 
induratum, the patient should be fully investigated for subclinical 
active tuberculosis infection. The diagnosis can be confirmed by 


a good response to antituberculous therapy. In cases where the 
diagnosis of tuberculosis seems unlikely, testing for hepatitis C and 
other infections is recommended. 


Management 

First line 

Full specific antituberculous therapy should be given according 
to current recommended guidelines for systemic tuberculosis (see 
‘Current treatment regimens’ earlier in this chapter). There is no 
place for monotherapy as has been recommended in the past [36] 
as drug resistance is likely to develop, which effectively means 
that no treatment is being given. In a series of 32 patients from 
Korea there was an 18% relapse rate in 22 patients who were treated 
with isoniazid alone [17]. Schneider and colleagues [23] treated 
20 patients with a standard multiple drug regimen for 9 months 
and reported clearance of all patients within 1-6 months. 


Second line 

In some patients simple measures such as resting, non-steroidal 
anti-inflammatory drugs and compression bandaging may be 
helpful [4]. 


Other nodular tuberculi 


Erythema nodosum 


This is fully discussed in Chapter 97. Tuberculosis is now a rare 
cause in western Europe and the USA, but is a more frequent one 
in countries where the disease is still common. A tuberculous cause 
should always be considered in children. It occurred in nine out of 
113 children with non-respiratory tuberculosis reported in the UK in 
1978-79 [1]. 


Nodular vasculitis 


This is clinically and histologically indistinguishable from ery- 
thema induratum although the lesions do not usually ulcerate. 
Most authors would now accept those of tuberculous origin to be 
categorised as erythema induratum and to be separated from those 
of non-tuberculous origin. An exhaustive search for underlying 
tuberculosis should be made before commencing oral steroids or 
other immunosuppressive agents. 


Lupus miliaris disseminatus faciei 


This is generally thought to be a variant of rosacea (see Chapter 89). 
However, in areas with an extremely high tuberculosis prevalence 
it is possible to find patients who have papulonecrotic lesions on 
the face and ears leading to varicelliform scarring (Figure 27.27). 
Mycobacteria can sometimes be seen in the lesions, the histology of 
which is granulomatous. There is a positive tuberculin test and the 
skin lesions improve on antituberculous therapy. Such cases would 
seem to be real lupus miliaris affecting the face [2]. One may have to 
keep an open mind about such cases. 


Figure 27.27 Acneform-like lesions with scarring on the face and ears. Tuberculoid 
histology with acid-fast bacilli is seen demonstrating a true lupus miliaris disseminatus 
faciei. Courtesy of Dr F. G. Bravo. 


Figure 27.28 Granulomatous mastitis due to tuberculosis. Courtesy of Dr F. G. Bravo. 


Tuberculous mastitis 


Tuberculous mastitis is one of the causes of granulomatous mastitis 
(Figure 27.28) and is an important diagnosis to make as it is clinically 
and radiologically indistinguishable from breast cancer. The disease 
is most often unilateral and consists of ulcerative plaques, nodules, 
abscesses and occasionally sinuses on the breast of a female, usually 
in their twenties. A retrospective study from the UK in London of 44 
women and three men (median age 33 years) with breast tuberculo- 
sis reported ‘fistulation’ in 26% [3]. 

The disease follows a chronic course [2,4-6]. Although rare, 
comprising approximately 0.025-0.1% of all surgically treated dis- 
eases of the breast, the ratio is higher in low and middle income 
countries [7] and in people who are immunocompromised [8,9]. 

On histology, often performed on specimens from fine-needle 
aspiration, granulomas are seen with fat necrosis but acid-fast bacilli 
are rarely found. The tuberculin test is normally positive and PCR 
is sometimes positive [4,10]. Tuberculosis-related granulomatous 
mastitis has been considered to be a form of nodular tuberculid 
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affecting the breast tissue [2] but some cases are associated with 
involvement of the axillary lymph nodes and with scrofuloderma 
and may be culture positive [11,12]. One recent case report occurred 
with erythema nodosum [10]. The disease shows an excellent 
response to antituberculous therapy and is an important diagnosis 
to make in order to avoid an unnecessary mastectomy or treatment 
with oral corticosteroids [13]. 


> 


NON-TUBERCULOUS (ATYPI 
MYCOBACTERIA 


environmental 


Non-tuberculous mycobacteria are typically 
organisms residing in soil and water. Of the more than 140 NTM 
species reported in the literature, 25 species have been strongly 
associated with NTM diseases in humans; the remainder are 
environmental organisms rarely encountered in clinical samples. 


Classification 


The NTM can be divided into slow-growing and rapidly growing 
types (see Table 27.1). Several slow-growing NTM produce disease 
in humans. The species of rapidly growing mycobacteria capable of 
producing disease in humans are the M. fortuitum group (including 
M. margaritense), the M. abscessus group, M. chelonae and M. smeg- 
matis. Others include M. wolinskyi, M. goodii and M. mucogenicum. 
These mycobacteria can cause skin, soft tissue, bone, lymphadeni- 
tis and pulmonary infection as well as disseminated disease [1,2]. 
Other manifestations such as chronic otitis media, otomastoiditis 
and musculoskeletal infections have also been described [3]. 


General description 


The NTM are Mycobacterium species other than M. tuberculosis and 
M. leprae. In the late 1950s and 1960s, these organisms were referred 
to as ‘atypical’, as they were thought to be unusual M. tuberculosis 
strains [1]. 

Non-tuberculous bacteria cause disease much more frequently 
in immunocompromised hosts, and with the advent of the AIDS 
epidemic and increasing use of anti-TNF therapy [2-4], their clinical 
importance and incidence has increased [5]. This has led to recent 
major advances in our understanding of their biology, epidemi- 
ology and clinical presentations, and the issue of diagnostic and 
treatment guidelines from both the American and British thoracic 
societies [6]. Pulmonary disease remains the commonest clinical 
presentation following infection with this group of organisms. The 
commonest NTM that cause cutaneous infection are members of 
the M. fortuitum complex (M. fortuitum, M. peregrinum, M. chelonae, 
M. abscessus and M. mucogenicum), M. marinum and M. ulcerans. The 
M. avium complex, M. haemophilum, M. scrofulaceum and M. szulgai 
are also of dermatological interest. 

In immunocompetent patients, cutaneous infection is usually 
a consequence of trauma, and skin lesions tend to be localised. 
Immunocompromised hosts show a tendency to develop wide- 
spread or disseminated lesions [7]. 


Basic biology 


Correct species identification is important because NTM species 
differ in their clinical relevance, growth rate, temperature tolerance, 
chromogenic characteristics and drug susceptibility. The diagnosis 
of NTM disease is complex and requires good communication 
between clinicians, radiologists and microbiologists [1]. PCR-based 
methods for identifying the hsp65 gene differentiate closely related 
species [2,3]. 


Mycobacterium marinum i 


Definition and nomenclature 

Mycobacterium marinum causes disease in many fish species and 
human infection follows contact with fishes or contaminated water. 
The commonest presentation is a nodule on the hand or upper 
limb that may demonstrate sporotrichoid spread. Spread of infec- 
tion to deeper structures occurs in up to a third of patients. The 
sporotrichoid or rapidly disseminating form is commoner in the 
immunocompromised [1]. 


Introduction and general description 

Mycobacterium marinum (formally M. balnei and M. platypoecilus) was 
first isolated in 1926 by Aronson from saltwater fish carcasses in the 
Philadelphia Aquarium [2]. In 1942, Baker and Hagan showed that 
the bacteria caused tuberculosis in freshwater platy fish and named 
the organism M. platypoecilus. The first report of human disease 
appeared in 1951 [3], when the organism was found to be the 
cause of granulomatous skin lesions in those using a contaminated 
swimming pool in Sweden and was named M. balnei. Subsequently, 
M. balnei and M. platypoecilus were shown to be the same organism, 
and they are now called M. marinum. In the late 1950s, M. marinum 
was found to be the cause of infections acquired from aquariums in 
humans [4]. 

The natural habitat of M. marinum is fresh or salt water, 
particularly enclosures of water that are not often replenished, 
such as swimming pools and aquariums [5]. Its distribution is 
worldwide, but the organism is especially prevalent in heated 
water in temperate climates and in the sea, natural pools and 
rivers and on beaches. Its vectors include fresh- or saltwater fish, 
snails, shellfish, dolphins and water fleas [6]. It can also be isolated 
from cracks in masonry and mud and from water even where 
chlorination appears to be sufficient [7]. 

On immunodiffusion analysis, the organism can be shown to 
possess antigens characteristic of the slow-growing mycobacteria 
[8], although its growth is more rapid than that of most members 
in that group. It will grow on ordinary laboratory media in 7-10 
days if cultured at 30-33°C; significant inhibition of growth occurs 
at 37°C. 


M. marinum is probably only pathogenic on abraded skin, 
although a history of trauma cannot always be elicited [9]. 
Strain characteristics may be important in the virulence of the 
organism [10]. 


Epidemiology 

Occupational or recreational exposure to salt or fresh water has 
occurred in the majority of cases. Most of the early proven cases of 
M. marinum infections were described in individuals frequenting 
swimming pools [11]. The first two cases of ‘swimming-pool gran- 
uloma’ in the UK were reported from Yorkshire in 1964 [12]. In one 
outbreak, over 300 cases were traced [13]. Similar outbreaks have 
occurred in Wales [14] and France [15]. The infection has also been 
contracted in natural bathing pools by the Dead Sea [16] and in the 
sea in the USA [17]. 

In many recent cases, the source of infection has been tropi- 
cal fish tanks [18], but outbreaks with multiple cases have also 
been described in fish farms [19]. In a national survey of 63 
culture-confirmed cases occurring in France between 1996 and 
1998, inoculation related to fish tank exposure was documented in 
84% of cases [20]. Ornamental fish such as the Siamese fighting fish 
Betta splendens and the snakehead Channa striata are often hosts of 
the mycobacteria [21], but the organism has been shown to infect at 
least 150 species of fish [22]. 

Fish tuberculosis is a chronic infection that causes wasting of the 
fish, but may take up to 12 months to cause death (Figure 27.29). 
Most infections in humans are acquired while cleaning out the tanks. 
M. marinum survives readily in water and can be cultured from dead 
fish, the sides of tanks and sand and water samples [23]. One child 
developed the infection indirectly after bathing in the bath in which 
his father had recently cleaned a tropical fish tank [24]. Risk fac- 
tors for individuals with HIV are similar. Disseminated infection can 
occur in immunocompromised patients [25,26]. 


Incidence and prevalence 

Mycobacterium marinum infections are rare, and estimates of the 
annual incidence varies from 0.27 cases per 100 000 persons in the 
USA to 0.04 per 100 000 in France [27]. 


Figure 27.29 Fish infected with Mycobacterium marinum. Courtesy of Professor J. A. A. 
Hunter. 


Pathophysiology 

Predisposing factors 

Keeping and rearing tropical fish predisposes to infection and 
exposed professions include fishworkers, fishmongers and cooks. 
Ang et al. [9] noted that 44.7% of infected patients were engaged in 
fish-related activities. 


Pathology 

Lesions may show non-specific inflammation in the first few 
months, while older lesions show well-formed tuberculoid granulo- 
mas [28] with fibrinoid masses rather than caseation. Langhans giant 
cells are not always present. Intracellular acid-fast bacilli - longer 
and broader than tubercle bacilli — are detectable in only approxi- 
mately 10% of cases [29]. Epidermal changes including ulceration 
and pseudoepitheliomatous hyperplasia may occur in chronic 
lesions. 


Causative organisms 
© Mycobacterium marinum. 


Clinical features 

History 

There may be a history of trauma and water-/fish-related hobbies 
or occupations. 


Presentation 

Skin lesions develop after an average incubation period of 2-3 weeks 
following inoculation of the organisms onto abraded skin. Occa- 
sionally, the incubation period can be as long as 9 months [30], 
leading to delays in diagnosis, as important clinical clues in the 
patient’s history may be overlooked. The initial lesion is either a 
solitary nodule or pustule that may break down to form an ulcer 
or abscess, or that may remain as a verrucous plaque. Lesions are 
most common on the elbows, knees and feet of swimmers, and on 
the dominant hand and fingers of fish fanciers. The inhibition of M. 
marinum growth at 37°C accounts for its ability to infect the cooler 
body extremities while rarely spreading systemically [31]. 

Lesions are often multiple. In the sporotrichoid form, which 
occurs in approximately 20% of cases [20], nodules may extend 
along the line of lymphatic vessels (Figure 27.30) [9,32]. The 
regional lymph glands may be enlarged, but never break down. 
Deeper infections occurred in 29% of patients in one series [33] and 
resulted from direct extension of the cutaneous infection. 

M. marinum infections in patients with HIV have been reported 
in the pre-ART era but are uncommon in the post-ART era. Dissem- 
inated infection can also occur in non-HIV immunocompromised 
hosts. 


Differential diagnosis 

Cutaneous nodular infections may mimic fungal and granuloma- 
tous infections such as blastomycosis, coccidioidomycosis, crypto- 
coccosis and histoplasmosis. Other differential diagnoses includes 
leishmaniasis, nocardiosis and sporotrichosis in endemic areas, as 
well as other NTM infections such as from M. kansasii, M. chelonae 
and M. gordonae, all of which may spread in a sporotrichoid manner. 
Cultures are of particular value in the exclusion of other diagnoses. 
Skin tests using antigens specific to M. marinum are of little value. 
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Figure 27.30 Mycobacterium marinum infection showing sporotrichoid spread from 
the hand to the forearm in an aquarist. Courtesy of Dr |. H. Coulson. 


Classification of severity 
Severity is variable. 


Complications and co-morbidities 

Chronic complications of the disease are minimal with early 
diagnosis and adequate treatment. Some patients may develop 
persistent ulceration at the site of initial exposure. With delayed 
treatment or improper selection/duration of antibiotic therapy, 
patients may develop deeper infections. Deeper infections may 
be complicated by tenosynovitis, osteomyelitis bursitis and sep- 
tic arthritis [34]. Immunocompromised patients may develop 
disseminated lesions [35-37]. 


Prognosis 

The prognosis is excellent in most cases, especially in patients with 
immunocompetent status. Treatment failure may result in ulcerative 
forms and when deeper structures are involved. Clinical outcomes 
of M. marinum infections in patients with HIV infection do not differ 
from those without HIV infections. A continued immunocompro- 
mised state and ongoing risk of exposure can increase the risk of 
disease. Some patients may need lifelong suppression therapy [38]. 


Investigations 
As with all mycobacterial disease, the diagnosis requires a high 
index of suspicion. A history of contact with water, fish tanks, 
aquariums, etc., combined with granulomatous histology, is sug- 
gestive of the diagnosis. A positive culture can be obtained in some 
70-80% of cases if the organism is grown between 30 and 33°C. 
It is important to alert the microbiologist to the suspicion of M. 
marinum infection so that specimens are cultured in the appropriate 
manner. Cultures should be observed for 6 weeks, but generally 
colonies will be seen in 10-28 days. The positivity rate of cultures 
ranges from 70% to 80%. Lesions have a very low concentration 
of microorganisms; hence cultures should be obtained even in the 
absence of microscopic evidence of bacilli. 

PCR amplification techniques using Mycobacterium genus-specific 
primers can help diagnose M. marinum infection directly in the 
biopsy sample. A Ziehl—-Neelsen stain of biopsy specimens or 


yellowish discharge is only rarely positive since the number of 
mycobacteria in clinical specimens is low. 

TSTs using purified protein derivative are positive in 67—100% of 
cases. QuantiFERON®-TB Gold and ELISA may also be positive in 
M. marinum infections but are unhelpful for diagnosis [38]. 

Species-specific monoclonal antibody against 56 kDa M. marinum 
antigens may have potential use in rapid culture identification [39]. 
M. marinum infection has also been identified using PCR-reverse 
cross blot hybridisation assay with species-specific gene probes [40]. 
This may lead to more rapid diagnosis, but cultures will still be nec- 
essary to assess the antibiotic sensitivities of different strains. 

Typical tuberculoid granulomas are seen in only two-thirds of 
cases, and the histopathology of nodules can be confused with 
rheumatoid nodules. M. marinum infections can mimic other 
histopathological patterns such as a sarcoid-like granuloma or 
granuloma annulare [41]. 

Positive blood culture findings have also been reported in dissem- 
inated infections. 


Management 

There have been no comparative trials of treatment regimens for 
infections with M. marinum of sufficient power to guide optimal 
management; thus therapeutic decisions must be made on the 
basis of susceptibility testing [42,43] and outcomes reported in 
case series and anecdotal reports [20]. M. marinum is susceptible to 
clarithromycin, sulphonamides, trimethoprim/sulfamethoxazole, 
rifampicin, rifabutin and ethambutol, and variably susceptible to 
doxycycline, minocycline, linezolid and streptomycin. It is resistant 
to isoniazid and pyrazinamide. 

There is no consensus on the regimen or the duration of therapy 
in M. marinum infections. Whereas most experts recommend treat- 
ment with two active agents, minimal disease has been successfully 
treated with monotherapy [27] but one needs to bear in mind that 
M. marinum is a naturally drug-resistant species [44]. A retrospective 
study of 16 cases of culture-positive M. marinum showed that clar- 
ithromycin, both on in vitro testing and on clinical response, was the 
drug of choice [45]. The authors also pointed out that clarithromycin 
seems to be superior to other drugs in terms of lack of significant side 
effects. 

Clarithromycin and ethambutol are a reliable combination that 
provides an optimal balance of efficacy and tolerability for most 
patients without the need to wait for susceptibility testing results. 
Rifampicin should be added in cases of osteomyelitis or other deep 
structure infection. Azithromycin is a reasonable alternative to 
clarithromycin [20,27]. Drugs need to be continued for 1-2 months 
after the resolution of symptoms, typically 3-4 months in total [46]. 

Susceptibility testing is not routinely recommended but should 
be requested in cases of treatment failure [18]. Treatment failure is 
more usually related to the involvement of deeper structures, delay 
in diagnosis and inappropriately administered intralesional steroids 
[47]. Amikacin has been used in a refractory disseminated case [48]. 

Deep M. marinum infection involving the hand can be aggressive 
and may result in permanent disability. Specialists in infectious dis- 
eases and hand surgery should be consulted [49]. Surgical debride- 
ment of lesions is somewhat controversial, but may be considered 
when deeper structures are involved [50]. Photodynamic therapy 
may have some role to play [51] although more data are needed. 


Fish fanciers and fish salesmen are seldom aware of, or ignore, the 
risk of mycobacterial infection from their hobby/occupation [52]. 
Simple preventative measures, such as the use of gloves or covering 
cuts and grazes, should be recommended to fish handlers [23]. 
Public health authorities should be notified when a public source 
of infection is identified, and other cases should be looked for. 
Maximum chlorination of swimming pools is effective [15]. 

Patients who are immunocompromised will need to be treated 
with two agents for at least 6 months. In one report, a patient with 
AIDS was successfully treated with rifampin and ethambutol for 6 
months. The lesion recurred after stopping therapy, so therapy was 
restarted with a clarithromycin regimen. Sometimes chronic lifelong 
suppressive therapy may be necessary [53,54]. 


Mycobacterium kansasii 


Definition 

Mycobacterium kansasii is primarily a pulmonary pathogen, usually 
causing a tuberculosis-like illness in patients with underlying pul- 
monary disease such as chronic obstructive pulmonary disease and 
cystic fibrosis [1]. Cutaneous infection is rare and more likely to 
occur in immunocompromised patients. The clinical pattern of skin 
lesions varies widely and includes papules, nodules and verrucous 
plaques — sometimes in a sporotricoid pattern and sometimes also 
cellulitis and abscesses. 


Introduction and general description 

Mycobacterium kansasii is a slow-growing, photochromogenic 
bacterium of Runyon group I that grows optimally at 37°C. It is 
one of the most pathogenic and most frequent NTM isolated from 
humans [2]. Buhler and Pollack first described this slow-growing 
mycobacterium in 1953 [3]. Under light microscopy, M. kansasii 
appears as thick rectangular, beaded, Gram-positive rods which are 
longer than those of M. tuberculosis [4]. 

It is found worldwide, but exhibits clustering in urban and 
industrial areas [5,6] such as southern and central USA, southeast 
England and Wales and northern France. Tap water is the major 
reservoir of infection for this organism and person to person contact 
has not been reported [7]. M. kansasii exhibits heterogeneity, and of 
the seven subtypes identified by PCR-restriction fragment length 
polymorphism (RFLP) of the hsp65 gene, type 1 has been most 
strongly associated with clinical disease [8]. Subtype 1 has been 
shown to have an active ESX-1 virulence factor, whereas this sys- 
tem was inactive in subtype 5, which seems to be non-pathogenic 
[9,10]. 

In immunocompetent patients, M. kansasii infection commonly 
produces a granulomatous pulmonary infection with cavities 
resembling tuberculosis. This usually occurs in association with 
underlying lung disease [11]. Primary cutaneous infection is rare 
[12] and first reports of the organism as a cutaneous pathogen were 
not made until 1965 [13]. It most commonly affects persons exposed 
to contaminated water, particularly after local trauma [14]. The 
majority of patients with cutaneous lesions have some impairment 
of their immune status [15]. 
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Epidemiology 

Incidence and prevalence 

Mycobacterium kansasii is one of the most commonly reported species 
of non-tuberculous bacteria isolated [2,16]. Cutaneous lesions are 
rare but are more common in patients with impaired immunity 
and in disseminated disease [17]. M. kansasii infections are more 
likely to occur in urban areas than rural areas and several studies 
have reported an association with mining practices [18]. M. kansasii 
infections are also prevalent in areas where HIV infection is common 
due to the susceptibility of the hosts. 


Age and sex 
This infection primarily affects middle-aged white men but it can 
affect adult patients of any sex, race or age [19]. 


Pathophysiology 

Predisposing factors 

Pulmonary disease is associated with chronic lung disease, 
including chronic obstructive pulmonary disease, bronchiectasis, 
pneumoconiosis and cystic fibrosis. Other underlying conditions 
predisposing to M. kansasii infection include malignancy partic- 
ularly haematological, previous mycobacterial infection, alcohol 
abuse and immunocompromised situations including HIV infec- 
tion, immunoglobulin A deficiency [20], solid organ transplantation 
and the use of corticosteroids. 


Pathology 

As with the clinical picture, the histology can be very variable, but a 
granulomatous histology and a mixed inflammatory infiltrate with 
acid-fast bacilli in the histiocytes is often noted. Histopathology is 
identical to tuberculosis in some cases and there may also be abscess 
formation and epidermal, subcutaneous or deep dermal necrosis 
[12,14]. 


Causative organisms 
© Mycobacterium kansasii. 


Environmental factors 

Chronic occupational exposure to dust, which can occur in miners, 
welders, sandblasters and painters, is a common environmental 
factor [5,21]. 


Clinical features 
Presentation 
The second most frequent organ involved in M. kansasii infection 
after pulmonary disease is the skin [22]. As a primary cutaneous 
disease, M. kansasii produces a variety of lesions, usually confined 
to a distal extremity. Lesions are commonly composed of papules 
and pustules, often forming verrucous or granulomatous plaques 
or nodules, which may ulcerate. A sporotrichoid pattern [23], cel- 
lulitis [24], rhinophyma [25] and single and multiple abscesses have 
all been reported. Papulonecrotic tuberculid skin lesions have been 
reported in one patient [26]. 

Skin lesions associated with disseminated M. kansasii have 
increased since the onset of the AIDS epidemic [27]. In non-HIV- 
infected patients, disseminated disease is most commonly associated 
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with haematological malignancy although 23% of published cases 
were in previously healthy patients with no underlying disease [17]. 
Disseminated visceral infection can be life-threatening. In HIV and 
immunocompromised patients, the presentation can be atypical 
and include bacteraemia, osteomyelitis, abscesses and cellulitis. 
Pericarditis with cardiac tamponade has been reported in HIV 
patients [28]. 


Clinical variants 
Tenosynovitis [29,30], bursitis [31], arthritis, osteomyelitis [32] and 
carpal tunnel syndrome have all been reported [13]. 


Differential diagnosis 

The main differential diagnoses are cutaneous tuberculosis, other 
NIM infections, bacterial infections, fungal infections, Actinomyces 
group infections, cancer, granulomatosis with polyangiitis and 
sporotricosis. 


Complications and co-morbidities 

The disease may become disseminated. Bone involvement, such as 
vertebral osteomyelitis and sacroiliitis, are common with dissemi- 
nated diseases [33]. Pneumothorax, psoas abscess, bone marrow 
granuloma, liver granuloma and possible spleen abscesses have 
also been described in the literature [34]. Central nervous system 
complications like meningoencephalitis are very rare and are 
usually fatal. 


Disease course and prognosis 
The natural course of non-disseminated skin infection by M. kansasii 
is one of non-serious indolent progression and the outcome of 
treatment is usually good. However, skin infection associated 
with systemic dissemination carries a poor prognosis with around 
60% mortality. 

With appropriate treatment, the prognosis is usually good [35]. 


Investigations 

Histology of biopsy specimens with staining for acid-fast bacilli 
should be carried out and representative clinical specimens from 
either biopsy specimens, exudates or fine-needle aspiration should 
be cultured. The laboratory should be advised to provide appro- 
priate culture conditions to detect slow-growing mycobacteria. 
PCR analysis may be helpful in overcoming difficulties in culture 
[10,36,37]. 


Management 

Mycobacterium kansasii is typically susceptible to conventional 
antituberculous drugs (rifampicin, ethambutol, streptomycin and 
isoniazid) with the exception of pyrazinamide. There are no separate 
guidelines for the treatment of cutaneous infections. 

Rifampicin is the cornerstone of M. kansasii therapy. The first 
line therapy recommended by the Infectious Diseases Society of 
America/ American Thoracic Society (IDSA-ATS) guidelines for M. 
kansasii is rifampicin, ethambutol and isoniazid plus pyridoxine 
[38-40]. The recommended duration of therapy is at least 12 months 
or more with the goal to have culture negative results for 12 months 
on therapy. 


First line 
The current recommended treatment for pulmonary disease includes 
isoniazid, rifampicin and a third agent, usually ethambutol, for 
18 months [11]. In order to optimise therapy, in vitro susceptibility 
sensitivity testing should be performed [41]. 

Rifampicin-containing regimens have low failure rates (1.1%) and 
low long-term relapse rates (<1%). 


Second line 

In severe disease, with resistant isolates or adverse drug reactions, 
the addition of streptomycin or amikacin for the first 3 months 
followed by an intermittent therapy with one of these drugs for 6 
months is recommended [19]. 


Third line 

Rifampicin is the cornerstone of current therapy but acquired resis- 
tance to this and isoniazid can occur. In these cases, clarithromycin, 
levofloxacin, moxifoxacin and in particular linezoloid seem to be the 
best alternatives [42]. 


Mycobacterium ulcerans in 


Definition and nomenclature 

Mycobacterium ulcerans is a slow-growing, environmental Mycobac- 
terium that affects the skin and subcutaneous tissues. Skin lesions 
begin as a papule, nodule, plaque or oedema and then develop into 
large, indolent ulcers with undermined edges. 


Introduction and general description 

Mycobacterium ulcerans is an environmental Mycobacterium that 
grows slowly and infects the skin and subcutaneous tissues. This 
gives rise to a painless nodule, papule, plaque or oedema that 
evolves into a painless ulcer with undermined edges, often lead- 
ing to disabling sequelae [1,2]. It grows optimally on routine 
mycobacteriological media at 32°C. 

Over 150 years ago in 1897, Sir Albert Cook working in Kampala, 
Uganda, first described large ulcers, almost certainly caused by 
M. ulcerans [3,4]. However, the bacterium was not isolated until 
1948, when MacCallum and colleagues were investigating a cluster 
of patients with unusual ulcers in Victoria, Australia [5]. In the 
1960s, the disease was noted to be endemic in refugee camps in 
Buruli, Uganda, near the Nile [6]. A breakthrough came in 1999 
when Small and his colleagues discovered mycolactone A/B, a 
diffusible, necrotising, immunosuppressive, polyketide-derived 
macrolide toxin, responsible for the dramatic necrosis of fat and 
subcutaneous tissue characteristic of the disease [7]. More recently, 
comparative genomic analysis has revealed that M. ulcerans arose 
from M. marinum by horizontal transfer of a virulence plasmid that 


carries a cluster of genes for mycolactone production, followed by 
reductive evolution [8]. 

M. ulcerans has now been reported in over 33 countries in Africa, 
the Americas, Asia and the western Pacific [9]. It prevails in rural 
tropical wetlands, especially areas with stagnant water, including 
ponds and swamps. However, M. ulcerans is also acquired without 
wetland exposure [2]. 

M. ulcerans is now the third most important pathogen of man after 
M. tuberculosis and M. leprae. Its emergence in several West African 
countries over the past two decades has been dramatic, notably in 
Benin, Cote d’Ivoire and Ghana [10], with other important foci in 
French Guiana, Papua New Guinea and Australia [1]. The rapid 
re-emergence of M. ulcerans may be attributable to man-made 
alterations to the environment, such as deforestation and other 
topographic alterations, which increase the amount of wetlands. 
Changes in global temperature and precipitation patterns may fur- 
ther promote the re-emergence of M. ulcerans [2]. In some African 
communities, M. ulcerans has replaced tuberculosis and leprosy as 
the most prevalent mycobacterial disease. The rising incidence of 
the disease, its predilection for poor rural communities, the cost 
of complex surgery, the lost production during illness and the 
reduced fitness after recovery combine to make M. ulcerans a major 
socioeconomic burden in areas of prevalence [11]. 


Epidemiology 

There is evidence that M. ulcerans is not usually transmitted from 
person to person but that it is mainly acquired from its aquatic 
niches [12]. Portaels and colleagues were the first to use PCR-based 
detection methods to investigate a role for insect vectors in trans- 
mission [13]. M. ulcerans DNA has been recovered from aquatic 
insects, fish, molluscs, water filtrate and plant materials in endemic 
areas [14-17]. Marsollier and colleagues showed that M. ulcerans is 
carried and multiplies in the water bug Naucoris cimicoides [18-20]. 
Although these insects are predators of small molluscs and fish 
and have been shown under experimental conditions to transmit 
the pathogen to mice after biting [18], they do not normally bite 
humans. However, in a serological survey of healthy individuals in 
a M. ulcerans endemic region, high titres of antibodies were found 
to N. cimicoides salivary proteins, which could be accounted for by 
the exposure of humans to water bug bites [21]. 

In a landmark study from Benin, M. ulcerans was isolated from 
the water strider (Gerris species, from the aquatic order Hemiptera) 
in pure culture and shown to be genetically and phenotypically 
identical to that isolated from patients living in the same region [22]. 
However, the water strider generally avoids humans. Mammals, 
such as possums and koalas, as well as mosquitoes [23,24] have been 
proposed as hosts of M. ulcerans in Australia, although the fact that 
mosquitoes are active vectors of the infection has been challenged 
[25]. In Africa, terrestrial mammals are also being investigated as 
reservoirs of M. ulcerans [26]. In addition, Acanthamoeba species have 
been implicated as reservoirs and possible vectors for infection [27]. 

The most likely mode of transmission would appear to be local, 
minor, often unnoticed skin trauma that permits the inoculation of 
M. ulcerans [2]. Person to person transmission has only rarely been 
documented [28]. Risk factors for M. ulcerans within endemic areas 
include failure to wear protective clothing, exposure to unprotected 
natural water sources and inadequate care of minor skin wounds 
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[29,30]. HIV seropositivity is thought to increase the risk for M. ulcer- 
ans and to be associated with aggressive disease [31]. An increase in 
risk has not been shown in other areas [31,32]. 


Incidence and prevalence 
The disease has been reported from 33 countries, primarily in 
subtropical and tropical regions of Africa, Asia, Australia [33] and 
Latin America, but 15 regularly report cases to the WHO. The 
majority of affected places are in the tropical regions of West and 
Central Africa where access to health services remains a challenge. 
At national and subnational levels, the disease is highly focal. 
Adequate surveillance data are missing for most of the endemic 
areas, therefore the incidence and prevalence of M. ulcerans are not 
precisely defined. In Ghana, an overall national prevalence rate of 
active lesions of 20.7 per 100 000 is reported, but the rate was as high 
as 150.8 per 100 000 in districts where the disease was more endemic. 
The figures are likely to be a gross underestimation as many cases are 
undiagnosed because of the geopolitical and socioeconomic factors 
in endemic countries and in areas where there is no surveillance. 


Age 

Children (5-15 years old) have the highest incidence of M. ulcerans, 
with most lesions on the lower extremities. In contrast, most of the 
patients in Australia and Japan are adults, and children under 15 
years of age constitute less than 20%. 


Sex 
Males and females are equally affected by the disease. 


Pathophysiology 

Pathology 

There is a latent period of around 4 months or more before an 
infection becomes overt [34]. After inoculation into the skin, M. 
ulcerans proliferates and produces the polyketone toxin mycolac- 
tone [4]. The physiopathology of M. ulcerans is closely associated 
with diffusion of the toxin from bacterial foci. The temperature 
requirement of M. ulcerans favours the development of lesions in 
cooler tissues, especially the skin and subcutaneous tissue. Myco- 
lactone destroys tissues by apoptosis and necrosis and suppresses 
host immune responses [35]. The earliest change is an acute necrosis 
of dermal and subcutaneous tissue; characteristically, there is exten- 
sive involvement of the subcutaneous fat as a septal panniculitis. 
The fat becomes necrotic and may calcify. Mycobacteria can be 
found, in spherical clumps, outside cells, in the layer of exudate on 
the ulcer floor and in the fatty septae. Some organisms show signs 
of degeneration and lose their usual rod-like shape. Necrosis of the 
dermis extends laterally, leading to the characteristic undermining 
of the ulcer edge [36]. The organism selectively destroys those 
tissues within its own viable temperature range [37]; muscle is 
usually spared, perhaps because of its higher temperature. In the 
deeper dermis, a leukocytoclastic vasculitis is seen, affecting small 
and medium-sized vessels. After some months, healing starts and is 
accompanied by a lymphocytic or granulomatous reaction. Fibrosis 
and scarring complete the sequence. 


Causative organisms 
¢ Mycobacterium ulcerans. 
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Genetics 

Gene sequences of the 3’ end of the 165 rRNA of M. ulcerans vary by 
geographic origin, dividing M. ulcerans broadly into African, Amer- 
ican, Asian and Australian strains, with many substrains on each 
continent [38]. Each major strain generally differs in clinical presen- 
tation, mycolactone type and virulence, and host immune responses 
[39]. Mycolactone type coding by geographic origin includes A/B 
(Africa, the most pathogenic), C (Asia, Australia) and D (Asia) [35]. 


Environmental factors 
The organism is prevalent in rural tropical wetlands. 


Clinical features 
History 
There may be a history of a visit to an endemic area. 


Presentation 

The estimated mean incubation period of M. ulcerans in Victoria, 
Australia is 135 days or 4.5 months (range 34-264 days) [34,40]. 
Although uncommon, cases of M. ulcerans disease have been 
reported in neonates suggesting that the incubation period could be 
shorter in this age group [41,42]. M. ulcerans presents as a spectrum 
of localised or disseminated clinical forms, with variable natural 
history [43]. 

About 70% of patients are children below 15 years of age. Early 
lesions are papular, nodular or oedematous and are usually on an 
arm or leg, but can be on the trunk or head. Some cases do not 
progress further, but usually a nodule will break down to form a 
shallow necrotic ulcer, which extends rapidly and irregularly, with 
deeply undermined edges (Figure 27.31). Most ulcers are painless 
unless secondarily infected. Well-demarcated, painless plaques can 
also occur. An ulcer may reach a diameter of several centimetres 
over the course of a few weeks. The floor of the ulcer is formed of 
necrotic fat, and there may be a clear mucoid discharge. Ulcers are 
usually single, although satellites may develop. Large lesions may 
be surrounded by extensive induration (Figure 27.32). There is little 


Figure 27.31 Mycobacterium ulcerans in an 8-year-old child. Courtesy of Professor F. 
Portaels. 


Figure 27.32 Extensive Mycobacterium ulcerans of the elbow in a child. Courtesy of Dr 
PL. A. Niemel. 


or no constitutional disturbance such as fever or lymphadenopathy, 
even with severe local disease. Disseminated disease has occurred 
in association with HIV infection [44]. Unfortunately, because the 
ulcers are painless and victims often live in remote areas, most 
patients do not receive medical attention until the damage is 
extensive. 


Differential diagnosis 

Differential diagnosis of an established lesion includes ulcerated 
tuberculosis lesions, blastomycosis or other deep fungal infections, 
cellulitis and pyoderma gangrenosum, necrotising faciitis and other 
causes of ulcers. In early lesions, foreign body granulomas, epider- 
moid cysts, appendage tumours and other causes of panniculitis 
will come into the differential diagnosis. 


Complications and co-morbidities 

Approximately 10% of patients develop involvement of bone adja- 
cent to the skin lesions or metastatic osteomyelitis from lympho- 
haematogenous spread of M. ulcerans [2]. The involvement of other 
organs is rare. The fibrosis and calcification that accompany healing 
may lead to contractures and severe deformity. 


Disease course and prognosis 

The course is variable, but usually prolonged without antibiotic 
treatment. Healing may occur after 6-9 months but some lesions 
persist for longer. A review of 102 patients in Ghana in 1998 
indicated that the average length of hospital stay was more than 100 
days. The infection led to 10 amputations, 12 joint contractures and 
two deaths from tetanus and sepsis [11]. Developments in medical 
treatment since 2004 have improved treatment outcomes, especially 
in early lesions. 


Investigations 

In endemic areas, suspicion should allow an early diagnosis to 
be made. However, sporadic or anomalous cases with ulcerating 
lesions, presenting when the patient has left the area, may make 
diagnosis more difficult [45]. The four diagnostic laboratory tests 
for M. ulcerans are: (i) direct smear (with acid-fast stains auramine 
O or Ziehl—-Neelsen); (ii) culture at 32°C; (iii) histopathology; and 
(iv) PCR [2]. Lesion sampling techniques include swabbing, punch 
biopsy and, as a less invasive alternative to biopsy, fine-needle 


aspiration [46]. 152404 PCR is the gold standard for confirmation 
and it has the highest sensitivity with results possibly available 
within 48 h [47,48]. The WHO has a programme to improve access 
to the test globally (70% access by the end of 2014) but direct smears 
are useful at the community level where PCR is not available. 

The availability of point-of-care testing for M. ulcerans disease 
will potentially have a positive impact on case management. 
Recently, recombinase polymerase amplification (RPA) and 
loop-mediated isothermal amplification (LAMP) have been evalu- 
ated as point-of-care assays. RPA assay for M. ulcerans (Mu-RPA), 
available in a portable suitcase has been used as an alternative 
to PCR, especially in areas with limited infrastructure [49]. A 
BU-LAMP assay based on the LAMP technique is being inves- 
tigated as it may be easier and faster to use in the field than 
conventional PCR [50]. 

Pharmacological assays to detect mycolactone in tissues infected 
with M. ulcerans may become a diagnostic adjunct to culture [51,52]. 
Regardless of the test or sampling method, at least two sites per 
lesion suspicious for M. ulcerans should be sampled; this process 
increases sensitivity over a single sample by up to 25% [2]. 


Management 

Historically, skin lesions have been excised, although the recur- 
rence rate approaches 16% at 1 year for small lesions [53] and 
reaches 28% among late severe cases, which often require extensive 
radical surgery and grafting and may result in significant morbidity 
[1,54]. Significant progress has been made since WHO introduced a 
regimen of rifampicin plus streptomycin in 2004 following encour- 
aging preliminary data [55]. In 2010, a randomised controlled trial 
from Ghana showed no significant difference in the proportion of 
patients with moderate lesions achieving cure after receiving the 
WHO recommended 8-week course of rifampicin and streptomycin 
chemotherapy, compared with the proportion who achieved cure 
after receiving 4 weeks of streptomycin and rifampicin followed by 
4 weeks of rifampicin plus clarithromycin [56]. 

Combination antibiotic therapy with intramuscular streptomycin 
(15 mg/kg) and oral rifampicin (10 mg/kg) daily for 8 weeks 
was used to treat M. ulcerans disease, dramatically improving 
healing and reducing relapses [57,58]. Streptomycin required 
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prolonged intramuscular injections and was associated with a risk 
of ototoxicity [59]. This combination is no longer recommended. 

Following successful clinical trials, daily oral treatment with 
rifampicin and clarithromycin is now recommended [60]. The 
current recommended treatment for M. ulcerans disease is a full oral 
antibiotics regimen comprising rifampicin 10 mg/kg body weight 
daily (maximum 600 mg) combined with clarithromycin 7.5 mg/kg 
body weight twice daily (maximum 1000 mg) daily for 8 weeks 
(56 doses). 


First line 

Oral rifampicin 10 mg/kg and oral clarithromycin 15 mg/kg should 
be given for 8 weeks. Surgery should be considered in addition after 
antibiotic therapy. 


Second line 
Rifampicin and moxifloxacin may be given daily for 8 weeks in 
adults. 


Paradoxical reaction 

The paradoxical reaction is an immune-mediated phenomenon 
observed in some patients with M. ulcerans disease that is charac- 
terised by worsening of the existing lesion(s) with attendant pain 
and occurrence of new lesions during or after antibiotic therapy 
following an initial period of clinical improvement (Figure 27.33). 
The paradoxical reaction is thought to be due to an immunologi- 
cal response to residual M. ulcerans antigens which are known to 
persist for many months after successful treatment [61]. The exact 
pathogenesis of the paradoxical reaction remains unknown but one 
hypothesis is that it is caused by an inflammatory reaction that, 
prior to antibiotic treatment, is suppressed by mycolactone. As the 
M. ulcerans organisms are killed by antibiotics, mycolactone pro- 
duction ceases and its suppressive effect is lost causing a rebound of 
inflammation. The paradoxical reaction is analogous to paradoxical 
reactions in tuberculosis and HIV coinfected patients when ART 
restores the immune response. The prevalence rates of paradoxical 
reaction varies from 8% to 22% in Africa and Australia, with time to 
development of paradoxical reaction following treatment initiation 
also varying widely from a few weeks in some patients to several 


(a) 


(b) 


Figure 27.33 Mycobacterium ulcerans infection. (a) Ulcerative form of M. ulcerans disease before antibiotic initiation. (b) The paradoxical reaction developed 3 weeks after 
completion of 8 weeks of combination rifampicin and streptomycin. A new lesion can be seen close to the original ulcer. Courtesy of Dr Richard Phillips. 
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months in others [62-65]. Paradoxical reactions are thought to be 
associated with high bacterial load [65]. 

Awareness of this may prevent unnecessary treatment change. 
Some cases have been treated with corticosteroids [66]. BCG vac- 
cination appears to offer some short-term protection against M. 
ulcerans and may protect against osteomyelitis [67]. 


Stigma, mental health and social burden of M. ulcerans 
disease 

The debilitating impact of M. ulcerans disease negatively affects not 
only patients but also their caregivers to a significant degree. The 
lesions may heal with severe disfiguring scars, leading to contrac- 
tures and functional limitations. These can be common sequelae 
especially in the absence of appropriate early medical treatment 
and measures aimed at preventing disability. The disabling and 
disfiguring scarring as well as stigma associated with the disease 
reported results in mental distress in affected persons and can result 
in persisting social participation restrictions even among patients 
with past infection [68,69]. The debilitating nature of M. ulcerans, the 
young median age of disease occurrence, the significant financial 
burden and frequent hospital visits leads to a wide-ranging role 
for caregivers such as relatives and family [70]. Thus, M. ulcerans 
disease caregivers face substantial physical, psychological and 
financial distress and a reduced quality of life as a result of their 
caregiving role [70]. 

The social and mental health impact of M. ulcerans disease high- 
lights the importance of national control programmes to work to 
integrate psychosocial and other support services in the manage- 
ment of M. ulcerans patients in their countries. 


Mycobacterium avium con 
avium and M. intracellula 


Introduction and general description 

Chronic pulmonary infection is the most common form of human 
disease, with lesions similar to tuberculosis. In immunocompetent 
hosts, infection usually occurs in patients with predisposing lung 
conditions, which include pneumoconiosis, silicosis and cystic 
fibrosis. The prognosis is strongly influenced by the associated 
disease [1,2]. Osteomyelitis [3] and granulomatous tenosynovitis 
[4] have both been reported, and in countries with low rates of 
tuberculosis, M. avium complex (MAC) is the commonest cause of 
cervical lymphadenitis in children [5,6]. 


Epidemiology 

Incidence and prevalence 

Disseminated infections with MAC were rare before the emergence 
of HIV infection and peaked before the widespread use of ART [7]. 
Prior to the use of ART, MAC affected up to 50% of individuals 
with AIDS [8,9]. MAC remains an important cause of opportunistic 
infection in the immunosuppressed and may also cause an immune 
reconstitution inflammatory syndrome (IRIS) in those individuals 
with HIV being treated with ART [10]. 


Pathophysiology 

Predisposing factors 

Immunosuppression is most commonly due to HIV infection. A 
review of the published cases in patients without HIV infection 
emphasises the frequent association with haematological malignan- 
cies (particularly hairy cell leukaemia), connective tissue disease 
and corticosteroid or cytotoxic therapy [11,12]. 


Causative organisms 

This complex comprises the closely related organisms M. avium 
and M. intracellulare, which can be differentiated using PCR-aided 
DNA-DNA hybridisation or LAMP [13]. They are slow-growing 
organisms with optimal growth at 37°C and are ubiquitous sapro- 
phytes, found in tap water, soil, dairy products, animals and house 
dust [1]. Both the respiratory and gastrointestinal tracts serve as 
portals for systemic infection, and as many as 30% of normal faecal 
samples yield isolates of MAC [14]. Skin involvement secondary to 
disseminated disease is uncommon and primary skin infection is 
rare [15]. 


Clinical feature 

Presentation 

Involvement of the skin is uncommon, but can occur either fol- 
lowing traumatic skin inoculation in cervical lymphadenitis, in 
which case sinus formation is indistinguishable from tuberculous 
scrofuloderma, or in immunocompromised hosts, in whom MAC 
may disseminate from primary visceral lesions. Skin lesions are 
of variable appearance and include multiple ulcers [16], nodules 
(Figure 27.34a) [17], ulcerated nodules, abscesses [18], painless 
nodules and plaques resembling lepromatous leprosy [19] or lupus 
vulgaris (Figure 27.34b) [20] as well as lesions resembling prurigo 
nodularis [21]. Sporotrichoid spread [22] and lichen scrofulosorum 
have been reported with MAC infection [23]. 

In HIV-infected patients, the most common manifestation of MAC 
infection is mycobacteraemia, but skin lesions may provide a clue 
to the presence of disseminated MAC infection. Infection tends to 
occur late in HIV disease and most frequently in patients whose 
CD4+ cell counts have fallen below 50 cells/pL [9]. The incidence 
is decreasing due to ART and the use of prophylactic antibiotics 
where indicated [24]. On starting ART, some patients may experi- 
ence MAC IRIS due to restoration of delayed hypersensitivity and 
cytokine production. Symptoms include fever, lymphadenitis and 
cutaneous lesions [10,25]. 


Investigations 

The diagnosis may be made by blood culture or by the culture 
of MAC from the bone marrow or a liver biopsy. In patients with 
cutaneous lesions, the culture of skin biopsy specimens or aspirated 
seropurulent fluid may give positive results. Tissue staining for 
acid-fast bacilli is often negative. Histology shows non-caseating 
granulomas, and sometimes acid-fast bacilli within giant cells 
or extracellularly. Identification of MAC DNA in affected tissues 
using PCR may be useful in cases where the organism cannot be 
grown [26]. 


Management 
The treatment of MAC has greatly improved with the use of the 
macrolide antibiotics clarithromycin and azithromycin and of 


(b) 


Figure 27.34 Mycobacterium avium complex infection. (a) Presenting as a red nodule 
with central ulceration on the extensor aspect of the forearm in an immunosuppressed 
patient with systemic lupus erythematosus. (b) Infection of the left cheek and 
submandibular area, showing sinuses and resembling lupus vulgaris. Courtesy of Dr P. 
Kullavanijaya. 


rifabutin. HIV-positive individuals with a CD4+ count of less than 
50 cells/ppL should be considered for prophylaxis with azithromycin 
or clarithromycin if they are not able to accept ART or ART is 
failing [27]. 


First line 

Patients with lymphadenitis are treated with surgical excision of 
the affected nodes [28]. Surgical excision has also been used in 
some patients with localised skin lesions [17]. In HIV-associated 
MAC disease, a macrolide in combination with ethambutol is 
the minimum recommended treatment. The addition of rifabutin 
is advised in cases where there is profound immunosuppression, 
marked symptoms or no viable ART options [27]. It is recommended 
that treatment be continued lifelong or until there is an adequate 
response to ART. In immunocompetent patients with extrapul- 
monary disease, chemotherapy should probably be continued for 
18-24 months. 
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Mycobacterium haemop 
infection 


Introduction and general description 

Mycobacterium haemophilum was first described in 1978 in a patient 
with Hodgkin disease [1]. It is an increasingly recognised pathogen 
in immunocompromised patients, including those with HIV 
infection, following organ transplantation and in patients with 
haematological malignancies or those requiring prolonged immuno- 
suppression including with biologic agents [2]. 


Pathophysiology 

Pathology 

Histologically, suppurative granulomas containing acid-fast bacilli 
are usually seen, but occasionally granulomas may be poorly formed 
and have varying amounts of necrosis [3]. 


Causative organisms 
¢ Mycobacterium haemophilum. 


Environmental factors 
The natural habitat and means of acquisition of M. haemophilum are 
unknown although water sources are strongly suspected [4]. 


Clinical features 

Presentation 

Mycobacterium haemophilum typically causes red or violaceous 
papules and nodules that enlarge to become painful abscesses 
or ulcers (Figure 27.35) and occasionally may present as annu- 
lar plaques [4,5] or panniculitis. Lesions typically occur on the 
extremities and are often situated over joints. This may reflect the 
low optimal growth requirements and a predilection to grow on 
cooler areas of the body. Systemic features such as weight loss, 
tenosynovitis, joint effusions, osteomyelitis or respiratory tract 
symptoms may coexist. 

This pathogen causes cutaneous, synovial and less frequently 
pulmonary or disseminated infections [4]. It has also been iso- 
lated from otherwise healthy, immunocompetent children with 
lymphadenitis [6], and in one series was recovered from 18% of 
children with cervico-facial lymphadenitis [7]. There are case reports 
of cutaneous M. haemophilum infection associated with tattooing in 
immunocompetent adults [8,9]. 


Differential diagnosis 
The differential diagnosis includes M. marinum and MAC infections, 
other bacterial infections and Kaposi sarcoma. 


Investigations 

Mycobacterium haemophilum may be cultured from the skin or other 
tissues or secretions, but has unique growth requirements and 
therefore may be underrecognised and underreported. It grows 
optimally at 30-32°C and the growth medium must contain iron. 
The organism can be identified by sequencing of the 165 rRNA rpoB 
and hsp65 genes [4]. 


Management 
There are currently no standardised guidelines for the treatment of 
M. haemophilum infection. The most recent comprehensive review of 
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Figure 27.35 Mycobacterium haemophilum infection producing ulcerated nodules on 
the left knee and shin, with a non-ulcerated nodule on the medial aspect of the knee. 
Courtesy of Dr J. C. Murray. 


the subject states that there is general agreement that patients should 
be treated with multiple antibiotics for 12-24 months. 


First line 

The regimen usually consists of at least three drugs. The antibi- 
otic combination favoured is clarithromycin, ciprofloxacin and a 
rifamycin [4]. The organism is resistant to isoniazid and etham- 
butol. Treatment is difficult. Lesions may persist despite therapy or 
relapse after treatment is stopped. In immunocompetent children 
with lymphadenitis, surgical excision is the treatment of choice. 
People diagnosed with HIV are usually started on ART. 


Mycobacterium scrofulaceur 
infection 


Definition 

Mycobacterium scrofulaceum has been primarily associated with 
cervical lymphadenitis in children. It can also cause disseminated 
infection, pulmonary disease and skin lesions. Its incidence has 
been declining and cases are now rarely documented [1]. 


Introduction and general description 

Mycobacterium scrofulaceum is a slow-growing scotochromogen. 
Historically, M. scrofulaceum has been associated with cervical lym- 
phadenitis in young children and was the most common cause 
of lymphadenitis in children until the 1970s. In recent years, the 
frequency of this infection has declined and there are now more 
cases caused by MAC [2]. Recent studies have shown that the newly 
described species M. parascrofulaceum may account for many of the 
clinical isolates [3]. Cutaneous infections are rare and are usually 
part of disseminated infection. 


Epidemiology 
Incidence and prevalence 
The organism is most prevalent in southeastern USA. It has been 
isolated from water, raw milk, other dairy products, pooled oys- 
ters and soil [4]. The route of infection is primarily by ingestion or 
inhalation. The numbers of organism isolates from drinking water 
in the USA have been declining and M. scrofulaceum is now rarely 
recovered [5]. 

Skin lesions due to M. scrofulaceum are extremely rare. 


Age 
This infection most commonly affects young children. 


Pathophysiology 

Predisposing factors 

Impaired immunity as occurs in HIV infection, haematological 
malignancies, amyloidosis and being on immunosuppressive drugs 
are all predisposing factors for infection [6]. 


Pathology 

Abscess formation is seen in the lymph nodes and can be difficult to 
differentiate from tuberculosis. Acid-fast bacilli are usually noted. 
Skin lesions may show central necrosis with abscess formation 
surrounded by granulomatous inflammation with lymphocytes, 
epithelioid histiocytes and foamy macrophages and, occasionally, 
acid-fast bacilli [7]. Hyperkeratosis and acanthosis may be seen in 
the epidermis [6]. 


Causative organisms 
e Mycobacterium scrofulaceum. 


Clinical features 

Presentation 

Patients usually present with swelling and sometimes sinuses of 
the submandibular and submaxillary glands. These evolve slowly 
and are often unilateral with few constitutional symptoms apart 
from mild neck pain [8]. They may resolve spontaneously. Skin 
lesions can present as a nodule, abscess, plaque or ulcerative lesion 
[6,9]. A patient with sporotrichoid lesions has been reported [10] 
and chronic ulcerative and nodular skin lesions associated with 
pulmonary infection were seen in a patient with HIV infection [11]. 
Disseminated infection in a child with IFN-y receptor 1 deficiency 
has recently been reported [12]. 


Differential diagnosis 
Other causes of cervical lymphadenopathy including scrofuloderma 
due to M. tuberculosis and MAC infection should be excluded. 


M. marinum infection should be included in the differential in cases 
demonstrating sporotrichoid spread. 


Investigations 

Biopsy specimens should be taken for culture and histology. Cul- 
tures may also be performed on fine-needle aspirates from infected 
lymph nodes and sputum in cases with pulmonary involvement. 
PCR examination may be necessary to differentiate M. scrofulaceum 
from M. parascrofulaceum [1]. 


Management 

There are no clear guidelines for treatment, emphasising the need 
to perform susceptibility testing on confirmed disease-producing 
isolates of M. scrofulaceum [1,8]. 


First line 

Surgical treatment of infected lymph nodes is probably the 
treatment of choice as M. scrofulaceum exhibits in vitro resistance to 
numerous antibiotics [13]. Treatment of more widespread disease 
is similar to that for MAC as isolates of M. scrofulaceum have a sim- 
ilar susceptibility pattern [14]. One patient had resolution of skin 
lesions after 9 months of therapy with isoniazid and rifampicin [9]. 
Clarithromycin has been shown to have in vitro activity against M. 
scrofulaceum [4], and localised cutaneous infection in a previously 
healthy child was successfully treated with monotherapy with 
clarithromycin for 6 months [6]. 


Mycobacterium szulgai in 


Introduction and general description 

Mycobacterium szulgai was first described in 1972 and has a world- 
wide distribution. Infection is principally pulmonary, but infections 
have also involved bursae, tendon sheaths, bones, lymph nodes and 
skin. Skin lesions include diffuse cellulitis, nodules and sinuses [1], 
and multiple inflammatory skin lesions [2]. In one case report an 
individual who presented with an isolated skin ulcer subsequently 
developed acute respiratory distress syndrome secondary to pul- 
monary involvement [3]. In one series intralesional and systemic 
corticosteroids were shown to be a risk factor for the development 
of skin lesions [4]. 


Management 

First line 

Isoniazid, rifampicin, ethambutol and streptomycin have been used 
for the treatment of M. szulgai infection [5]. 


Infection with fast-growil 
mycobacteria 


Definition 

These mycobacteria are very common in the environment and 
are fast growing in humans. They include the M. abscessus group, 
M. chelonae, M. fortuitum group and M. smegmatis. They can infect 
healthy individuals, but most frequently cause disease in the 
immunosuppressed. 


27.43 


Non-tuberculous (ATYPICAL) mycobacteria 


Epidemiology 

Incidence and prevalence 

A review of 63 patients with skin or soft-tissue infections due 
to rapidly growing mycobacteria showed that patients with 
M. chelonae and M. abscessus were more likely to be older than 
45 years, to be taking immunosuppressive medication and to have 
multiple disseminated lesions. This was in contrast to patients 
with M. fortuitum infection who were more likely to have a single 
lesion following surgery or injury at the infected site [1]. Conditions 
associated with disseminated infection include organ transplanta- 
tion, rheumatoid arthritis, renal failure and autoimmune disorders. 
Disease due to M. chelonae is strongly associated with concomitant 
corticosteroid therapy [2]. 


Pathophysiology 

Pathology 

Abscess formation in the dermis and subcutis is the rule, but 
tuberculoid granulomas with or without necrosis may occur 
(Figure 27.36). 


Causative organisms 

These organisms are widely distributed in the environment in soil 
and water and may also be commensal organisms of human skin. 
They are extremely hardy; members of the M. fortuitum group and 
M. smegmatis can grow at 45°C, and M. chelonae and members of 
the M. abscessus group and M. mucogenicum resist the activity of 
organomercurials, chlorine, 2% concentrations of formaldehyde 
and other commonly used disinfectants [3]. These organisms are 
commonly isolated from municipal tap water [3,4]. M. chelonae 
has been found as a contaminant in a solution of gentian violet 
[5] and tattoo ink [6]. M. abscessus has been isolated from contam- 
inated lidocaine [7] and histamine solutions [8]. Clusters of cases 
(and pseudo-outbreaks) have most commonly related to contam- 
inated bronchoscopes and endoscopic cleaning machines and to 
contaminated hospital water supplies [3]. 


Clinical features 

Presentation 

Clinical cutaneous disease with these pathogens seems to follow 
two patterns. In the immunocompetent host, a traumatic injury 
(including tattooing and surgical procedures) is followed by the 
development of localised abscess formation [9]. In the immuno- 
compromised individual, there may be no history of trauma and 
patients may present with disseminated disease, with multiple 
subcutaneous nodular lesions, positive blood cultures, cervical 
lymphadenitis, keratitis and occasionally endocarditis and central 
nervous system involvement [10,11]. 

The M. fortuitum group accounts for 60% of community-acquired, 
localised cutaneous infection caused by rapidly growing mycobac- 
teria, but is a rare cause of pulmonary disease. This group is also 
responsible for the majority of health care associated (nosocomial) 
cases of postsurgical wound infections and catheter infections [11]. 
M. fortuitum infection has been reported in the sternum after open 
heart surgery [12], as a cause of peritonitis in patients receiving 
continuous ambulatory peritoneal dialysis [13], after localised 
microinjections (mesotherapy) for pain control [14] and after 
some cosmetic procedures such as liposuction [15] and prosthetic 
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Figure 27.36 Mycobacterium abscessus infection. (a) Cellular infiltrate in the mid and deep dermis. (b) A heavy infiltrate of neutrophils and nuclear dust in the mid and deep dermis 


with abscess formation. Courtesy of Dr D. Rozenman. 


breast implants [16]. An outbreak of over 60 cases of M. fortuitum 
furunculosis was caused by infected whirlpool footbaths in a nail 
salon [17]. A patient with lupus vulgaris-like lesions has also been 
described [18]. 

M. chelonae and the M. abscessus group are responsible for approxi- 
mately 95% of disseminated cutaneous infections caused by rapidly 
growing mycobacteria [10]. These organisms also cause chronic lung 
disease and are one of the most common isolates from cystic fibrosis 
patients. Postinjection abscesses are probably the commonest skin 
lesions caused by M. abscessus, which is the most pathogenic and 
chemotherapy resistant of the rapidly growing mycobacteria [19,20] 
(Figure 27.37). An outbreak in 12 patients at an ear, nose and throat 
clinic in 1969 was due to contaminated histamine injections [8]. 
Two hundred and thirty-two individuals in Colombia were infected 
with M. abscessus following intradermal injections performed by an 
alternative medical practitioner [7]. Infections have been reported 
after liposuction and liposculpture [15] and in medical tourists 


Figure 27.37 Mycobacterium abscessus infection causing abscesses. Courtesy of 
Dr A. G. Smith. 


returning to the USA after cosmetic procedures undertaken abroad 
[21]. Haemodialysis is also a risk factor [19]. A survey in the USA 
found that NTM were recovered from 83% of water supplies to 
dialysis units [4]. Two employees at a hot spring bath in Korea 
developed sporotrichoid lesions due to M. abscessus and were 
assumed to have been contaminated from the bath water [22]. 

M. chelonae causes community-acquired disease - for example, 
post-traumatic skin or soft-tissue infection, bone infection and 
disseminated cutaneous infection; after surgery and related 
catheter use [2]; and after injections (including acupuncture [23]. 
Implanted porcine heart valves themselves may be contaminated 
with M. chelonae [24]. Disseminated red subcutaneous nodules are 
the commonest manifestation, most commonly seen on the distal 
parts of the limbs (Figure 27.38), or in a sporotrichoid pattern 
[25]. Localised cellulitis, subcutaneous abscesses and osteomyelitis 
(usually following skin injury) are also seen. Sixty-two per cent 
of patients infected with M. chelonae in one series were receiving 
corticosteroids and 72% were immunosuppressed [1]. Widespread 
infection is rare, although recently there was a report of an immuno- 
competent individual who succumbed to complications of M. 
chelonae endocarditis [26]. It has also been reported in association 
with hidradenitis suppurativa and diabetes [27]. HIV infection does 
not appear to increase the risk of M. chelonae infection. 

Infections involving M. smegmatis have included cellulitis, 
localised abscesses, osteomyelitis following trauma and rarely 
pneumonia [28]. There have been no reports of disseminated 
cutaneous infection. Sporadic cases of catheter sepsis and infection 
after plastic surgery have been noted [10]. 


These infections are easily missed; lesions may be attributed to 
foreign bodies, deep mycoses or osteitis. The median time from 
onset of symptoms to diagnosis was 86 days in the largest series 
available [1]. They should be considered in the differential diagnosis 
of chronic relapsing nodules and abscesses in immunocompromised 
individuals. Diagnosis is usually made by the culture of biopsy 
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material; in the case of abscesses, a biopsy from the wall is more 
likely to yield the organism than is aspirated pus. They all have the 
distinctive ability to produce visible colonies between 5 and 7 days 
at temperatures ranging between 22 and 45°C, but some strains may 
fail to grow at 37°C. Their identification is possible by differences 
in culture requirements, biochemical tests and DNA homology. 
Clinically, the lesions are not specific to the species involved [9]. 


Management 

There are no available studies that compare different antibacterial 
regimens. Susceptibility testing of isolates is recommended with 
the use of empirical therapy until susceptibilities are known. Single 
lesions may respond to monotherapy but disseminated cutaneous 
or pulmonary disease requires multidrug therapy. Localised and 
disseminated infection both usually require prolonged therapy [20]. 
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First line 

The M. fortuitum group is much less drug resistant than M. che- 
lonae or the M. abscessus group. The recommended antibacterials 
with high activity against each species are shown in Table 27.3. 
The resistance of M. abscessus appears largely intrinsic rather than 
acquired [20] . Surgical debridement of cutaneous lesions may be a 
useful adjunct to treatment in some patients [29]. 
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The full list of references can be found in the online version at 
https:/ /www.wiley.com/rooksdermatology10e 


Tuberculosis of the skin 

General description 

Figure 27.38 Mycobacterium chelonae infection of the lower limb. Courtesy of Dr R. D. 1 Yates VM, Ormerod LP. Cutaneous tuberculosis in Blackburn district (UK): a 15 

Ead. year prospective series. Br J Dermatol 1997;136:483-9. 

4 Kumar B, Rai R, Kaur I et al. Childhood cutaneous tuberculosis: a study over 
25 years from northern India. Int J Dermatol 2001;40:26-32. 


Table 27.3 Antimicrobials with high activity against different Mycobacterium species. 


Rapidly growing mycobacteria Resistance mechanisms Antimicrobials (with 100% activity) 


M. fortuitum group Tetracycline resistance Ciprofloxacin/levofloxacin/moxifloxacin 
erm 39 Trimethoprim-sulfamethoxazole 
?Aminoglycoside phosphotransferases Linezolid 
Imipenem 
Amikacin 
Tigecycline 
M. abscessus group erm 41 Clarithromycin/azithromycin 
2 arr Linezolid 
Amikacin 
Tigecycline 
M. chelonae ? Clarithromycin/azithromycin 
Linezolid 
Amikacin 
Tigecycline 
M. smegmatis erm 39 Sulphonamides 
Doxycycline 
Imipenem 
Amikacin 


Adapted from Brown-Elliott et a/. 2012 [20]. 
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Leprosy — 


Definition and nomenclature 
Leprosy is a chronic granulomatous disease caused by Mycobac- 
terium leprae, principally affecting peripheral nerves and skin. 


demic areas 


Introduction and general description 

Mycobacterium leprae, discovered by Armauer Hansen in Norway in 
1873, was the first bacillus found to be associated with a human 
disease [1]. Previously, the slow spread of the disease and its famil- 
ial association suggested that it was inherited. This belief, and the 
fear of the deformities that leprosy may cause, have contributed to 
the stigma associated with leprosy and remains a major obstacle to 
leprosy control. Advances in bacteriology, chemotherapy and epi- 
demiology mean patients today can be reassured that their bacte- 
rial infection is readily treatable with antibiotics although associated 
nerve damage is more difficult to treat. In series of patients seen in 
London from 1995 to 2018, patients came from 34 different countries 
with 51% acquiring their infection in South Asia and 19% acquiring 
their infection in Africa [2]. 


Epidemiology 

Incidence and prevalence 

About 4 million people have, or are disabled by, leprosy. Prevalence 
has fallen due to a combination of effective antibiotic therapy. Inci- 
dence, however, remains stable and 202 185 new cases of leprosy 
were reported to the World Health Organization (WHO) in 2019, 
from more than 120 countries; the vast majority occurring in South 
and South-East Asia, South America and Africa. The countries that 
reported the most new cases were India, Brazil and Indonesia [3]. 
Leprosy has not always been a tropical disease; for example, it was 
endemic in Norway until the early 20th century. Nearly all the new 


cases now seen in Europe and North America acquired their infec- 
tion abroad [4]. 

Although leprosy is rarely a primary cause of death, patients have 
a standardised death rate at least twice that of the general population 
due to the indirect secondary effects of the disease [5]. It is estimated 
that 1 million disability-adjusted life years (DALYs) are lost globally 
each year due to leprosy, with 6.3 years of healthy life being lost per 
patient. 


Age 
Leprosy can occur at all ages but there is a peak in the teens and early 
twenties. 


Sex 

Leprosy occurs equally in both sexes until puberty then an excess 
of male cases has regularly been found, although this may be due 
to women being reluctant to present to health workers with skin 
lesions [6]. 


Pathophysiology 

Predisposing factors 

Living in a leprosy endemic area, age, sex and household contact are 
risk factors for acquiring leprosy [7]. Bacille Calmette-Guérin (BCG) 
vaccination protects against leprosy, and clustering of cases is well 
recognised [8]. Although poor nutritional status was thought to pre- 
dispose to leprosy, no good evidence substantiates this; improved 
socioeconomic conditions reduce the risk of leprosy. 

Various genes and regions in the human genome have been linked 
to or associated with susceptibility to leprosy per se or with a particu- 
lar type of leprosy but these are not all reproducible in different pop- 
ulations. Mira et al. have identified that certain alleles in the PARK2 
and PACRG region on chromosome 6 are associated with suscepti- 
bility to leprosy in Vietnamese and Brazilian cohorts [9]. PARK2 is 
expressed by both Schwann cells and macrophages. It is a ubiquitin 
E3 ligase and is involved in the delivery of polyubiquinated proteins 
to the proteosome complex involved in protein degradation [10]. In 
an Indian cohort, homozygotes for the different alleles of the vitamin 
D receptor (VDR) gene were associated with tuberculoid or lepro- 
matous disease [11]. Upregulation of the VDR gene on macrophages 
is associated with increased intracellular killing of M. tuberculosis. 
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Figure 28.1 Mechanisms of damage in leprosy, and tissues affected. 
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| Mechanisms under the broken line are characteristic of disease near the 


COMPLICATIONS OF NERVE DAMAGE 


anaesthesia, dryness, paralysis, contracture, misuse, tissue destruction, face, hands, feet 


lepromatous end of the spectrum, those under the solid line of the tuberculoid 
end. They overlap in the centre where, in addition, instability predisposes to 


type 1 reactions. Abbreviations are given in text. 


Polymorphisms of the tumour necrosis factor « (TNF-«) promoter 
region were shown to be associated with increased susceptibility to 
lepromatous leprosy (LL) [12], while in a cohort from southern Brazil 
the same allele was protective against leprosy per se [13]. A study of 
Malawians did not find any association of this TNF promoter with 
leprosy [14]. Brazilian and Indian groups have demonstrated that 
polymorphisms of the interleukin 10 (IL-10) promoter are associated 
with resistance to leprosy [15,16]. The differing and sometimes con- 
flicting results of genetic studies may be attributed to differences in 
study design and sample size. It is also possible that different pop- 
ulations have distinct genetic susceptibilities. 

Early in the human immunodeficiency virus (HIV) epidemic it 
was predicted that HIV infection would worsen leprosy outcomes 
with more patients developing lepromatous disease, an impaired 
response to multidrug therapy (MDT) and fewer reactions. How- 
ever, none of these has happened and instead HIV immune dys- 
regulation rather than immune suppression dominates the clinical 
picture in patients with leprosy and HIV. HIV infection does not 
appear to confer increased susceptibility to leprosy. 

Subclinical infection with M. leprae is probably common, but the 
development of established disease is rare. There is no reliable test 
for determining whether a person has encountered M. leprae and 
has mounted a protective immune response. In contacts of leprosy 
patients, there is frequently evidence of specific sensitisation to M. 
leprae, using markers of infection such as serum antibody levels, in 
vitro lymphocyte transformation tests (LTTs) and skin test responses 
to soluble M. leprae antigen [17]. Contacts of an untreated elderly 
man with borderline lepromatous (BL) leprosy in a British residen- 
tial home showed that 23/30 and 25/30 had positive Mitsuda skin 
test and positive LIT responses, respectively, to M. leprae sonicate, 
but only two contacts had positive antibody (immunoglobulin 
M phenolglycolipid (PGL) antigen) responses. Self-healing often 
occurs in early tuberculoid cases. Leprosy is probably analogous 
to tuberculosis, in which only 10% of infections manifest as clinical 
disease [18]. In the 20th century, there were only two reported cases 
of secondary transmission within Britain, both cases acquired from 
a known case of leprosy [19]. 

Nasal discharges from untreated LL patients, who are often 
undiagnosed for several years, are the main source of infection in 


the community [20,21]. In Indonesia and Ethiopia, M. leprae DNA 
has been detected in nasal swabs in up to 5% of the population. 
Infection probably also occurs through the nose. M. leprae is inhaled, 
multiplies on the inferior turbinates and has a brief bacteraemic 
phase before binding to Schwann cells and macrophages. In patients 
with the tuberculoid types of leprosy, M. leprae remains within the 
skin and nerve compartments and these patients are probably never 
infectious. 

The skin is unimportant in leprosy transmission. Bacilli are rarely 
found in the epidermis and are only excreted by untreated LL 
patients. The only evidence of bacilli entering via the skin comes 
from case reports of direct inoculation from procedures such as 
tattooing. There is no evidence that biting arthropods transmit 
leprosy. 


Pathology 

Pathogenesis of leprosy [22]. The pathogenesis, and thus the 

clinical features, reflect four principal causes of tissue damage 

(Figure 28.1): 

1 The degree to which cell-mediated immunity (CMI) is expressed 
[23]. LL represents a failure of CMI specifically towards M. leprae 
with resultant bacillary multiplication and spread and the accu- 
mulation of antigen in infected tissues. The absence of activated 
lymphocytes and macrophages means that nerve damage is slow 
and gradual in onset. In tuberculoid leprosy, CMI is strongly 
expressed, so that the infection is restricted to one or a few skin 
sites and peripheral nerves. Lymphocytic infiltration rapidly 
causes nerve damage. Between those two polar forms lie the 
borderline forms of disease, with the extent of disease reflecting 
the balance between CMI and bacillary load. 

2 The extent of bacillary spread and multiplication. In LL, 
haematogenous spread of bacilli occurs [24] to cool, superfi- 
cial sites, including the eyes, upper respiratory mucosa, testes, 
small muscles and bones of the hands, feet and face, as well as 
the peripheral nerves and skin. In tuberculoid leprosy, bacillary 
multiplication is restricted to a few sites and bacilli are not readily 
found. 

3 The appearance of tissue-damaging immunological compli- 
cations: leprosy reactions [25]. Borderline patients (borderline 


Figure 28.2 (a) Low-power view (H&E) showing 
tuberculoid granulomas around nerve and skin appendages 
in the mid-dermis and a swollen, deep dermal nerve. There 
is no epidermal erosion. Around the granulomas there is a 
dense lymphocytic infiltrate. (b) Medium-power view (H&E) 
of a different case showing a deep nerve in tuberculoid 
leprosy with granulomatous disruption of the nerve with 
surrounding lymphocytic infiltrate. Courtesy of Professor S. 
Lucas, Kings College, London, UK. (a) 


tuberculoid (BT), borderline borderline (BB) and BL) are immuno- 
logically unstable and at risk of developing immune-mediated 
reactions. Type 1 (reversal) reactions are delayed hypersensitivity 
reactions caused by an increased recognition of M. leprae anti- 
gens in skin and nerve sites. Type 2 reactions, erythema nodosum 
leprosum (ENL), are due in part to immune complex deposition 
and occur in BL and LL patients who produce antibodies and 
have a large antigen load. 

4 The development of nerve damage and its complications. Nerve 
damage occurs in two settings, in skin lesions and in peripheral 
nerve trunks. In skin lesions, the small dermal sensory and 
autonomic nerve fibres supplying the dermal and subcutaneous 
structures are damaged, causing local sensory loss and loss of 
sweating within the area of the skin lesion [26]. Peripheral nerve 
trunks are vulnerable at sites where they are superficial or are 
in fibro-osseous tunnels. At these points, a small increase in 
nerve diameter leads to raised intraneural pressure, with conse- 
quent neural compression and ischaemia. Damage to peripheral 
nerve trunks produces characteristic signs, with dermatomal 
sensory loss and dysfunction of muscles supplied by that periph- 
eral nerve. Physiological evidence of central and peripheral 
autonomic nerve involvement has also been reported [27,28]. 

Nerve damage leads to anaesthesia, muscular weakness and 
contracture, and autonomic dysfunction. These permit trauma, 
bruising, burns, cuts and, especially, tissue necrosis from prolonged, 
inappropriate or repetitive trauma, which in turn lead to ulceration, 
secondary cellulitis and osteomyelitis and loss of tissue, so that 
deformity is added to disability. 


Histology [22]. Mycobacterium leprae has a predilection for neural 
tissue, and the first evidence of infection is often found in the 
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peripheral nervous system. Patients with early leprosy of both 
tuberculoid [29,30] and lepromatous types have abnormalities in 
nerve conduction studies and a histological picture of small fibre 
loss, with segmental demyelination and remyelination [31]. Bacilli 
probably enter the nerves via endoneural blood vessels [32], the 
target cell being the Schwann cell. In the dermis, the type and degree 
of cellular infiltrate reflects the degree of CMI. The classification 
of Ridley and Jopling [33] describes five groups on the immuno- 
logical spectrum designated tuberculoid tuberculoid (TT), BT, BB 
and BL leprosy and LL. In this classification, epithelioid cells and 
lymphocytes at the tuberculoid end of the spectrum give place to 
macrophages, which appear increasingly foamy as the lepromatous 
pole is reached. 


Tuberculoid leprosy. Tuberculoid granulomas collect in foci sur- 
rounding neurovascular elements (Figure 28.2). The granuloma 
invades the papillary zone and may even erode the epidermis, but 
acid-fast bacilli (AFB) are not seen. Cutaneous nerves that are not 
destroyed appear greatly swollen by epithelioid cell granulomas 
and surrounded by a zone of lymphocytes; occasionally there may 
be caseation within the nerve. 


Lepromatous leprosy. Histological examination of skin lesions 
shows thinning of the epidermis and flattening of rete ridges 
(Figure 28.3). The papillary layer of the dermis appears as a clear 
band, while deeper in the dermis lies the typical diffuse leproma 
consisting of foamy macrophages, with the addition of a few 
lymphocytes and plasma cells. The dermis contains enormous 
numbers of AFB, singly or in clumps (globi). With treatment, the 
leproma shows increased foamy change, vacuolates and breaks 
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Figure 28.3 (a) Lepromatous leprosy. Medium-power view (H&E) showing a thin 
epidermis, a clear subepidermal zone and a dense, uniform macrophage infiltrate in the 
dermis. (b) High-power view (Wade-Fite stain) showing single and clustered acid-fast 
bacilli, part solid, part fragmented. Courtesy of Professor S. Lucas, Kings College, 
London, UK. 


up into discrete foci with fibrocytes at the periphery. These foci 
shrink as treatment is continued and bacilli become fragmented and 
granular. In lepromatous neuropathy, there is quiet asymptomatic 
bacillation of Schwann cells leading to foamy degeneration of these 
cells. Demyelination, damage and destruction of the axis cylinder 
are prominent features and later Wallerian degeneration occurs [34]. 
Despite the large numbers of organisms in the nerve there is only a 
small inflammatory response; ultimately the nerve fibroses and is 
hyalinised [35]. 


Borderline leprosy. In BT leprosy, the epithelioid cell granuloma is 
more diffuse than in TT leprosy with a free, but narrow, papillary 
zone. Giant cells tend to be foreign body rather than Langhans 
in type, and dermal nerves are moderately swollen by cellular 


infiltration, or may show only Schwann cell proliferation. AFB are 
usually absent or scanty. In mid-BB leprosy, there is diffuse epithe- 
lioid cell granuloma with scanty lymphocytes and no giant cells; 
the papillary zone is clear, nerves are slightly swollen by cellular 
infiltrate and AFB are present in moderate numbers. In BL leprosy, 
macrophages may show slight foamy change. Lymphocytes are 
present in dense clumps or are widely distributed in parts of the 
granuloma; a few epithelioid cells may be seen occasionally. The for- 
mation of small granulomas is characteristic of borderline leprosy 
and granulomatous regions may abut strands of normal looking 
but heavily bacillated Schwann cells [36]. Nerve damage in border- 
line leprosy results from a combination of bacillary invasion and 
inflammation producing widespread nerve damage. Acute neuritis 
damage occurs particularly during reversal reactions: oedema of the 
epithelioid cell granuloma compresses the remaining Schwann cells 
causing rapid functional loss in an already compromised nerve. 


Indeterminate leprosy. This early and transitory stage of leprosy 
occurs in those whose immunological state has not yet been deter- 
mined, and histologically there is a scattered, non-specific histio- 
cytic and lymphocytic infiltration with some concentration around 
skin appendages (Figure 28.4). Rarely, a single bacillus will be found 
within a dermal nerve. The indeterminate phase may last for months 
or years before resolving or progressing to one of the determinate 
types of leprosy described earlier. 


Reactions: type 1 and erythema nodosum leprosum. Type 1 reac- 
tions are characterised by an increase in lymphocytes within lesions, 
severe oedema with disruption of the granuloma, giant cell forma- 
tion and human leukocyte antigen (HLA) expression [37,38]. In type 
2 (ENL) reactions, neutrophils infiltrate the granuloma and there is 
vasculitis and macrophage degeneration together with breakdown 
of foam cells (Figure 28.5). 


Immunology [39]. The immune response to M. leprae determines not 
only whether disease will develop, but also which type of leprosy. 
The highly conserved Toll-like receptors on the surface of mono- 
cytes and macrophages recognise mycobacterial lipoproteins [40]. 
For M. leprae the TLR2/1 heterodimer is activated with monocyte 
differentiation into macrophages and dendritic cells [41]. The latter 
present antigen and activate naive T cells by IL-12 secretion [42]. The 
IL-12BR2 portion of the IL-12 receptor is expressed more on T helper 
1 (Th1) lymphocytes, preferentially shifting the immune response 
further towards a Th1 response. 

In addition, IL-2 stimulates the expansion of a/$ CD8 T cells 
and antigen non-specific natural killer cells in the lesion. All three 
types of cell can produce interferon y (IFN-y), the major cytokine 
responsible for activating bactericidal mechanisms within the 
macrophage [43]. 

In tuberculoid leprosy, there is good evidence of a strong CMI 
response. Tests of T-cell function such as LTTs show that tubercu- 
loid leprosy patients respond to M. leprae antigens as in whole M. 
leprae, separated M. leprae antigens and cloned antigens (18 and 65 
kDa) [44]. Skin tests with lepromin, a heat-killed M. leprae sonicate 
preparation, are strongly positive in these patients. Staining of skin 
biopsies from tuberculoid lesions with T-cell markers shows highly 
organised granulomas composed predominantly of CD4 cells and 


Figure 28.4 (a) Indeterminate leprosy. Low-power view (H&E) 
showing minimal perineurovascular inflammation in the 
mid-dermis. (b) High-power view (Wade-Fite stain) showing 
one acid-fast bacillus in a Schwann cell. Courtesy of Professor 
S. Lucas, Kings College, London, UK. (a) 
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Figure 28.5 Erythema nodosum leprosum. Medium-power view (H&E) showing foamy 
macrophages with infiltrating polymorphs. There is also a swollen small artery in the 
centre of the photograph. Courtesy of Professor S. Lucas, Kings College, London, UK. 


macrophages, with a peripheral mantle of suppressor /cytotoxic 
CD8 cells [45]. This strong CMI response has been misdirected at 
some stage and the result is a late, strong cell-mediated response 
that clears antigen at the expense of local tissue destruction. 

LL patients are unable to mount a CMI response to M. leprae, 
with a failure of the T-cell response, and lymphocytes from LL 
patients respond poorly in LTTs to whole M. leprae and cloned 
antigens. Similarly, LL patients fail to mount a skin test response 
to intradermal challenge with lepromin. The anergy of the lep- 
romatous patient is striking because it is specific for the leprosy 
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(b) 


mycobacterium. Lepromatous patients can respond to antigens 
of other mycobacteria such as M. tuberculosis, both in in vitro and 
in skin tests [46,47]. Identification of cell types in LL granulomas 
shows them to be a disorganised mixture of macrophages and T 
cells, mainly CD8 cells [48]. 

Both T-cell and macrophage dysfunction occur in lepromatous 
patients. The T-cell failure may be due to clonal anergy or active 
suppression. Regulatory T cells are increased in LL [49]. Defects 
in cytokine production have been demonstrated in lepromatous 
patients; the addition of IL-2 to T-cell culture media restored the 
proliferative response to M. leprae in lepromatous patients [50], and 
intralesional injections of recombinant IL-2 reconstituted the local 
immune response with elimination of M. leprae from macrophages 
[51]. Macrophage defects described in LL disease include defective 
antigen presentation and recognition, defective IL-1 production, 
a failure of macrophages to kill M. leprae and a macrophage 
suppression of the T-cell response [40]. 

Studies of circulating cytokines in leprosy patients, and cytokine 
production in skin lesions, show that tuberculoid patients have a 
Th1-type response to M. leprae with predominant IL-2 and IFN-y 
production, while lepromatous patients have low cytokine produc- 
tion, mainly of a Th2 type. 

The inflammation seen in type 1 reactions is due to T-cell activ- 
ity, with enhanced T-cell proliferation towards M. leprae antigens, 
increased numbers of CD4 and IL-2-producing cells in granulo- 
mas and local production of cytokines such as IFN-y and TNF-a 
[52]. Type 1 reactions are associated with an overproduction of 
Th1-type cytokines [53]. ENL has classically been regarded as an 
immune complex disorder. This is supported by the presence of 
immunoglobulin and complement in the lesions and circulating 
immune complexes, however evidence for the consistent deposi- 
tion of immune complexes in affected tissues is lacking [54-56]. 
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There is also evidence of enhanced T-cell activity during ENL 
episodes, with increased numbers of CD4 cells [57] in the lesions, 
and production of the cytokines TNF-« and IL-6, increased circu- 
lating IL-2 receptors and high levels of circulating TNF-o [58] in 
acute episodes. 


Serology. Specific anti-M. leprae antibodies are produced against 
lipoarabinomannan, PGL and the protein antigens of M. leprae. No 
single antigen has been identified for use in detecting early subclin- 
ical infection. For all three types of antigen, multibacillary patients 
produce antibodies prolifically, while paucibacillary patients show 
a variable, often undetectable, response. 

LL is a hypergammaglobulinaemic state and false positive 
serological tests of autoantibodies such as rheumatoid factors, 
anti-DNA, cryoglobulins and cardiolipin may be found. 


Causative organisms 

Mycobacterium leprae has never been grown in vitro. Limited growth 
has been achieved in the mouse footpad [59], and more widespread 
growth and disease in immunosuppressed and nude mice [60] 
and the nine-banded armadillo [61]. Leprosy is a zoonosis in the 
southern part of the USA for a small number of cases. The latter has 
provided mycobacteria for genetic and biochemical analysis and 
the production of trial vaccines. M. leprae grows at 30-33°C, with 
a doubling time of 12 days and remains viable in the environment 
for up to 10 days [62]. The M. leprae genome was sequenced in 
2001 and has a 3.27 Mb genome that displays extreme reductive 
evolution [63]. M. lepromatosis has a similar sized genome and 
causes leprosy in a proportion of cases [64]; less than half the 
genome contains functional genes and many pseudogenes are 
present. One hundred and sixty-five genes are unique to M. leprae, 
and functions can be attributed to 29 of them. A comparison of 
biosynthetic pathways with M. tuberculosis shows that M. leprae 
has only two genes for lipolysis (M. tuberculosis has 22). M. lep- 
rae has lost many genes for carbon catabolism, and many carbon 
sources (e.g. acetate and galactose) are unavailable to it. M. leprae 
growth may be restricted to a few carbon sources on which it can 
maintain a balanced carbon metabolism. It has also lost anaerobic 
and microaerophilic electron transfer systems. M. leprae has many 
genes for haem and iron-based proteins, but it is severely limited 
in its iron uptake capacity since it cannot produce iron scavenging 
sideropores [65]. Recent genomic analysis of M. leprae shows that 
there are four main strains of the mycobacterium. Recent skeletal 
evidence shows that M. leprae has had a stable genome for at least 10 
centuries [66-68]. 

M. leprae has a complex antigenic cell wall composed of lipids, 
carbohydrates and proteins. The organism also synthesises a 
species-specific lipid, PGL [69]. Several polymerase chain reaction 
(PCR) probes (18, 36 and 65 kDa and ribosomal RNA sequences) 
have been developed for the detection of M. leprae DNA in tissues 
from leprosy patients [70]. Although these are specific, they are not 
yet sensitive enough to be useful in diagnosing patients whose skin 
is bacteriologically negative on staining for AFB. The molecular 
basis for rifampicin resistance has been elucidated and it is now 
possible, using a PCR-single-strand polymorphism technique, to 
identify rifampicin-resistant isolates within hours [71]. 


Figure 28.6 Indeterminate leprosy. The face of a Nepali child showing vague 
hypopigmented patch with some central healing. Note the mark of a recent slit-skin 
smear. 


Clinical features 

History 

Leprosy is a chronic disease with a long incubation period. Tubercu- 
loid cases have an average incubation time of 2-5 years, and one of 
8-12 years for lepromatous cases. American servicemen who devel- 
oped leprosy after serving in the tropics presented up to 20 years 
after their presumed exposure [72]. 


Presentation [73] 
Early lesions and presenting symptoms. The classic early skin 
lesion is of indeterminate leprosy on the face, extensor surface 
of the limbs, buttocks or trunk (Figure 28.6) [74]. Scalp, axillae, 
groins and lumbar skin tend to be spared. Indeterminate lesions 
comprise one or more slightly hypopigmented or red macules, a 
few centimetres in diameter, with poorly defined margins. Hair 
growth and nerve function are unimpaired. A biopsy may show 
the periadenexal infiltrate and only a prolonged search will reveal 
scanty acid-fast organisms. Alternatively, the initial skin lesion 
has features of one of the established forms of the disease. The 
commonest early lesion is an area of numbness on the skin. 
Patients frequently present with signs of nerve damage: weak- 
ness or anaesthesia due to a peripheral nerve lesion, or a blister, 
burn or ulcer in an anaesthetic hand or foot. Borderline patients may 
present with nerve pain, sudden palsy, multiple new skin lesions, 
pain in the eye or a systemic febrile illness [75,76]. 


Features of established leprosy. Table 28.1 lists the clinical features 
of tuberculoid and lepromatous leprosy. 


Clinical variants 

Tuberculoid leprosy. Only nerves and skin show clinical evidence 
of disease; lesions are few, often solitary. A skin lesion appears 
with or without evidence of nerve involvement. The typical lesion 
is a plaque that is conspicuous, red, copper coloured or purple, 
with raised and clear-cut edges sloping towards a flattened and 


Table 28.1 Characteristics of lesions of polar leprosy. 


Tuberculoid 


Lepromatous 


Number of lesions 1-10 

Distribution Asymmetrical, anywhere 

Definition and clarity 

Anaesthesia 
peripheral nerve 

Early in skin and nerve lesions 

Marked, in a few nerves 

Absent 

Not detectable 


Autonomic loss 

Nerve enlargement 

Mucosal and systemic 

Number of Mycobacterium leprae 


Figure 28.7 Tuberculoid leprosy. The face of a Pakistani woman showing a reddish 
plaque with a well-defined active edge, and a small satellite lesion. On the face, such 
lesions may not be anaesthetic. 


hypopigmented centre (Figures 28.7 and 28.8). Redness may not 
be seen on pigmented skins. The surface is dry, hairless and insen- 
sitive, and sometimes scaly. Sensory impairment may be absent 
on the face because of the large supply of sensory nerve endings. 
A thickened sensory nerve may be palpated or a thickened nerve 
trunk felt locally, for example a thickened ulnar nerve with an arm 
lesion. Less commonly the lesion is a macule, red in light skins and 
hypopigmented (never depigmented) in dark skins (Figure 28.9). 
Such macules have a dry, hairless and insensitive surface. 


The first clinical manifestations are der- 
mal with macules, diffuse papules, infiltration or nodules, or all 
four. Macules are small, multiple, red or faintly hypopigmented, 
with vague edges and shiny surface (Figure 28.10). Papules and 
nodules usually have a normal skin colour but sometimes are red 
(Figure 28.11), with a bilaterally symmetrical distribution on the 
face, arms, legs and buttocks, but may be anywhere apart from the 
hairy scalp, axillae, groins and perineum (i.e. regions of the skin 
with the highest temperature). Hair growth and sensation are not 
initially impaired over the lesions. In polar LL, diffuse infiltration 
and gradual thickening of the dermis may precede nodule forma- 
tion by months or years (Figure 28.12). Lesions of the oral mucosa 
occur as papules on the lips and nodules on the palate (which 


Defined edge, markedly hypopigmented 
Early, marked, defined, localised to skin lesions or major 


Hundreds, confluent 

Symmetrical, avoiding ‘spared’ areas 

Vague edge, slight hypopigmentation 

Late, initially slight, ill-defined but extensive, over ‘cool’ 
areas of body 

Late, extensive as for anaesthesia 

Slight but widespread 

Common, severe during type 2 reactions 

Numerous in all affected tissues 


Figure 28.8 Tuberculoid or borderline tuberculoid leprosy. The upper arm of an Indian 
man, showing a typical dry, hairless, hypopigmented plaque with a scaly, red edge. Such 
lesions are usually anaesthetic. 


may perforate), uvula, tongue and gums (Figure 28.13). The nasal 
mucosa may be hyperaemic, and epistaxis is now rare (Figure 28.14). 

The longest peripheral sensory nerve fibres are first affected, caus- 
ing numbness and anaesthesia on the dorsal surfaces of the hands 
and feet, and later on the extensor surfaces of the arms and legs, and 
finally over the trunk. Infiltration of corneal nerves causes anaesthe- 
sia, which predisposes to injury, infection and blindness if there is 
also lagophthalmos due to damage to the facial nerve. 

In untreated LL, the lines of the forehead become deeper as the 
skin thickens (leonine facies), the eyebrows and eyelashes become 


Figure 28.9 Tuberculoid or borderline tuberculoid leprosy. The back of a Nigerian child 
showing well-defined hypopigmented macule with altered skin texture. The lesion was 
anaesthetic. 


Figure 28.10 Lepromatous leprosy (borderline lepromatous/lepromatous). The back of a 
Bangladeshi boy showing numerous, often confluent hypopigmented macules, with 
relative sparing of the midline. 


thinned or lost (madarosis), the ear lobes are thickened, the nose 
becomes misshapen and may collapse due to septal perforation 
and loss of the anterior nasal spine, the voice becomes hoarse 
and the upper incisor teeth loosen or fall out [77]. A slow fibrosis 
of the peripheral nerves results in nerve thickening and bilateral 
‘glove and stocking’ anaesthesia. Testicular atrophy causes sterility, 
impotence and gynaecomastia. Leprous deposits in the eyes cause 
keratitis, iridocyclitis and iris atrophy, also now rare. 

Histoid lesions are distinctive round, regular, cutaneous nodules 
that stand out on normal skin [78]. 

The pure diffuse type was described by Lucio and Alvarado in 
Mexico in 1852. Patients have impaired sensation in the hands and 
feet, and gradual loss of the eyebrows, eyelashes and body hair. The 
skin of the whole body becomes diffusely thickened with alopecia, 
nasal and laryngeal involvement, and small telangiectases, but cuta- 
neous nodules and plaques do not develop. The eyes have a shining 
appearance [79]. 


Figure 28.11 Lepromatous leprosy. The forearm of an English man showing red macules 
and infiltration, which characterise a relapse of dapsone-resistant lepromatous leprosy. 


Figure 28.12 Lepromatous leprosy. The face of a man showing diffuse infiltration of the 
skin and appearance of nodules on the nose and lip. 


(b) 


Figure 28.13 Lepromatous leprosy. (a) Man with nasal collapse and forehead wrinkling. 
(b) Woman with nasal collapse. 


Figure 28.14 Lepromatous leprosy. Examination via a nasal speculum shows a pale 
septal nodule and bleeding. Such lesions in untreated lepromatous patients constitute a 
major source of infection. 


Figure 28.15 Borderline leprosy. The knee of a Saudi Arabian woman, showing classic 
annular lesions with well-defined centres with possible healing old borderline 
tuberculoid lesions, contrasting with spreading red infiltration. Slit-skin smears showed 
acid-fast bacilli. 


Skin lesions are intermediate in number between those of the two 
polar types already described, depending on the position of the 
patient on the borderline spectrum, and are distributed asymmetri- 
cally. They may take the form of macules, plaques, annular lesions 
or bizarre-shaped bands. Plaques with a ‘punched-out’ appearance 
are characteristic of the middle of the spectrum (Figure 28.15). 
Towards the tuberculoid end of the spectrum, lesions are fewer and 
drier (Figures 28.16 and 28.17), have more hair loss and anhidrosis 
and are more insensitive. One or more nerves are likely to be thick- 
ened and have nerve function impairment (Figure 28.18). Neural 
symptoms may precede the appearance of skin lesions by as much 
as 8 years [80]. When a patient’s disease of borderline leprosy 
downgrades to lepromatous, the resulting subpolar LL (designated 
LLs) patients can be differentiated from polar lepromatous (LLp) 
patients because, in addition to typical lepromatous skin lesions, 
there are several asymmetrical, thickened nerves and one or more 
typical borderline skin lesions. Damage to structures other than the 
skin and nerves will not be manifest clinically in borderline leprosy, 
even though bacilli may be present in other tissue. Borderline lep- 
rosy is the commonest type of disease encountered and is unstable 
and ‘downgrades’ towards lepromatous, especially if untreated, 
or ‘upgrades’ towards tuberculoid. The clinical change lags the 
immunological and histological changes (Figure 28.19). 


Figure 28.16 Borderline tuberculoid leprosy. The back of a Nigerian man showing large 
well-defined scaly macules with some marginal elevation. Extensive disease, such as this, 
may seriously impair sweating and heat control. 


Figure 28.17 Borderline tuberculoid leprosy. The arm of an Indian woman. A large scaly 
macule is developing secondary ichthyotic change. 


Pure neural leprosy occurs in 5-10% of patients with asymmetri- 
cal involvement of the peripheral nerve trunks and no visible skin 
lesions. On histology of a cutaneous nerve biopsy, all types of lep- 
rosy are seen [81]. 


Women may present with all types of leprosy 
during pregnancy. They are at high risk of type 1 reactions in the 
postpartum period and may present with leprosy then [82]. 


HIV infection is associated with the 
full spectrum of clinical and histopathological features of leprosy 
[17,83]. HIV-infected individuals have normal granuloma for- 
mation even with low numbers of circulating CD4 lymphocytes. 
Coinfected patients appear to be at increased risk of developing 
leprosy reactions and the borderline types of leprosy dominate the 
clinical picture. Leprosy may also present as an immune reconsti- 
tution inflammatory syndrome (IRIS) in HIV-infected patients after 
starting active antiretroviral therapy [84,85]. 


Figure 28.18 Borderline leprosy. The foot of a Bangladeshi child showing enlargement 
of posterior tibial and anterior tibial nerves. 


Figure 28.19 Borderline tuberculoid leprosy downgrading to borderline leprosy. The 
back of a Nigerian woman, showing typical well-defined hypopigmented macules of 
borderline tuberculoid leprosy and many small lesions, some of which are papular. 
Slit-skin smears showed acid-fast bacilli. 


Leprosy may be underdiag- 
nosed in non-endemic countries. Of new patients seen in the period 
1995-99 at the Hospital for Tropical Diseases, London, diagnosis 
had been delayed in over 80% of cases [4]. Patients had been misdi- 
agnosed by dermatologists, neurologists, orthopaedic surgeons and 
rheumatologists, because leprosy was not considered as a cause of 
peripheral neuropathy in patients from leprosy-endemic countries. 
These delays had serious consequences for patients, with over 
half of them having nerve damage and disability. A retrospective 
study spanning a 23-year period showed that some individu- 
als developed symptoms and were diagnosed many years after 
leaving an endemic region and there were no cases of secondary 
transmission [2]. 


Differential diagnosis 

Hypopigmented congenital lesions do not exhibit 
reduced sensation. Vitiligo is depigmented; leprosy lesions are never 
completely depigmented. Hypopigmented lesions of pityriasis alba 


in children are difficult to distinguish from lepromatous macules, 
but their surface is often scaly and smears do not contain AFB. Pityr- 
iasis versicolor is not always scaly, but a central distribution on the 
trunk and the presence of numerous distinct macules are contrary to 
the characteristics of lepromatous macules. Lesions of tinea corporis 
are pruritic and scrapings often demonstrate the causative dermato- 
phyte. 


Plaques and annular lesions. In addition to ringworm, granuloma 
multiforme, sarcoidosis and cutaneous tuberculosis may resemble 
tuberculoid leprosy, having a similar immunological basis and often 
indistinguishable histological pattern. However, the lesions are not 
anaesthetic. Peripheral nerves may rarely be enlarged in sarcoido- 
sis [86]. 


Nodules. Cutaneous leishmaniasis causes nodules, but they usually 
have some epidermal change and the majority ulcerate after some 
weeks or months. They are seldom as numerous as those of LL. 
Slit-skin smears, appropriately stained, reveal Leishmania. Lesions 
of the rare diffuse cutaneous leishmaniasis may be confusing until 
slit-skin smears have been examined [87]. Post-kala-azar dermal 
leishmaniasis in India and East Africa has a similar distribution and 
appearance to the skin lesions of LL [88]. 


Nerves. Peripheral nerve thickening is rarely seen except in lep- 
rosy. Hereditary sensory motor neuropathy type III is associated 
with palpable peripheral nerve hypertrophy. Amyloidosis, which 
can also complicate leprosy, causes thickening of the peripheral 
nerves. Peroneal muscular atrophy (Charcot-Marie-Tooth dis- 
ease) is an inherited neuropathy that causes distal atrophy and 
weakness; the nerve biopsy is characteristic. The causes of other 
polyneuropathies such as HIV infection, diabetes mellitus, alcohol, 
vasculitides and heavy metal poisoning should all be considered 
where appropriate [89]. 


Eye disease. Likewise, there are many causes of eye disease in 
endemic countries which may cause signs that in isolation mimic 
leprosy, especially trachoma, in which trichiasis and entropion 
follow scarring of the lids, and onchocerciasis, which causes uveitis 
and its complications. 


Classification of severity 

All new leprosy patients need to be classified according to either 
the Ridley—Jopling classification or the WHO classification. Patients 
should be assessed to determine whether they have new nerve dam- 
age. Finally, they should be assessed for being in a reaction. 


Complications and co-morbidities 

Reactions: type 1, erythema nodosum leprosum and neuritis. 
Type 1 reactions occur in borderline disease and are characterised 
by acute neuritis and/or acutely inflamed skin lesions [90]. Nerves 
often become tender with a loss of sensory and motor functions. 
Existing skin lesions become red or oedematous and may desqua- 
mate or rarely ulcerate. New lesions may appear (Figure 28.20). 
Occasionally, oedema of the face, hands or feet is the presenting 
symptom, but constitutional symptoms are unusual. Patients often 


Figure 28.20 Type 1 reaction in borderline leprosy in an Ethiopian man. The existing 
lesions become acutely inflamed, and will scale and threaten ulceration. Many small new 
lesions have appeared. The histology shows a borderline tuberculoid pattern. 


Figure 28.21 Type 2 reaction in lepromatous leprosy in a Nigerian man: erythema 
nodosum leprosum. Several of the reaction nodules have broken down, releasing pus. 


first present for medical advice when a previously quiescent BT 
lesion develops a spontaneous type 1 reaction. A recent cohort 
study in India found that most type 1 reactions occurred in the 
first 12 months after starting treatment [91]. Women are also at risk 
during the puerperium. 

Type 2 (ENL) reactions occur in patients with multibacillary 
disease (LL and BL). They may occur before, during or after 
treatment. Up to 50% of LL patients and 15% of BL patients may 
experience ENL reactions [92]. Attacks are often acute at first but 
may be prolonged or recurrent over several years. ENL manifests 
as painful red nodules on the face and extensor surfaces of the 
limbs. The lesions may be superficial or deep, with suppuration 
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Figure 28.22 Type 2 reaction in lepromatous leprosy in a Bangladeshi man: severe 
necrosis and ulceration. Erythema nodosum leprosum tends to be more severe in people 
from Asia than from Africa. 


(Figure 28.21), ulceration (Figure 28.22) or brawny induration when 
chronic. Acute lesions crop and desquamate, fading over several 
days (Figure 28.22). ENL is a systemic disorder producing fever and 
malaise and may be accompanied by uveitis, dactylitis, arthritis, 
neuritis, lymphadenitis, myositis and orchitis [93,94]. Peripheral 
nerve neuritis and uveitis with its complications of synechiae, 
cataract and glaucoma are the most serious complications of ENL. 

The Lucio phenomenon only occurs in patients with Lucio leprosy 
[95]. It is due to infarction caused by obstructive vasculopathy and 
leading to the appearance of irregularly shaped red patches which 
become dark and heal, or form bullae and then necrose, leaving deep 
painful ulcers that are slow to heal (Figure 28.23). The systemic upset 
is severe and can be fatal. This form of leprosy has been associated 
with Mycobacterium lepromatosis. 


Nerve damage [96]. Of the three physiological functions of nerves, 
the sensory component is commonly the first and most severely 
affected, but occasionally there is a pure motor lesion. Autonomic 
dysfunction is always present in severe nerve damage [97]. In skin 
lesions this is associated with loss of hair growth and of sebaceous 
and sweat secretion, and poor pigment formation. In a limb it causes 
capillary stasis, cyanosis and dryness, which predispose to fissur- 
ing. Two large cohort studies with systematic nerve examination at 


Figure 28.23 Lucio phenomenon in a Mexican man. The severe recurrent ulceration 
due to deep subcutaneous vasculitis may be fatal. Courtesy of Dr J. Keystone, the 
Toronto Hospital, Toronto, Canada. 


entry showed that the posterior tibial nerve is the most frequently 
affected nerve, followed by the ulnar, median, lateral popliteal and 
facial nerves [98,99]. Ulnar and median nerve lesions are usually 
low, causing small muscle but not deep flexor weakness, and anaes- 
thesia of the two halves of the hand. Isolated median nerve lesions 
are unusual. Common peroneal nerve lesions cause difficulty in 
dorsiflexion and eversion of the foot and anaesthesia of the outer 
border of the foot, a combination which predisposes to traumatic 
damage and plantar ulceration (Figure 28.24). Posterior tibial nerve 
damage is serious because it causes paralysis and contracture of the 
small muscles of the foot and anaesthesia of the sole. 


Eye involvement. Blindness due to leprosy is a serious complica- 
tion, especially for a patient with anaesthetic hands and feet. Eye 
damage results from both nerve damage and bacillary invasion, and 
a recent cohort study found that 2.8% of multibacillary patients were 
blind at diagnosis, and a further 11% of patients had potentially 
blinding ocular pathology [100]. Lagophthalmos results from par- 
esis of the orbicularis oculi due to involvement of the zygomatic and 
temporal branches of the facial (VIIth) nerve. Facial lesions cause 
a 10-fold increase in the risk of facial nerve damage [101]. In lep- 
romatous disease, lagophthalmos occurs later and is usually bilat- 
eral. Damage to the ophthalmic branch of the trigeminal (Vth) nerve 
causes anaesthesia of the cornea and conjunctiva, which results in 
drying of the cornea, a reduction in blinking and leaves the cornea 
at risk of minor trauma and ulceration. Bacillary invasion of the iris 
and ciliary body makes them extremely susceptible to reactions. 


Investigations [102] 
The diagnosis is usually made clinically based on two out of three 
characteristic findings, or by the demonstration of AFB in slit-skin 
smears, or by histology typical of leprosy. The cardinal signs are: 
¢ Hypopigmented, anaesthetic skin lesions. 
e Thickened peripheral nerves. 
e Acid-fast bacilli in the skin. 

The AFB load of a patient is determined by modified Ziehl- 
Neelsen staining of slit-skin smears. Suspect lesions, and sites 
commonly affected in LL, should be sampled (e.g. the forehead, 


Figure 28.24 Necrosis blister in an anaesthetic foot. Necrotic material has tracked to 
soft skin from the site of trauma, beneath the metatarsal heads. 


earlobes, chin, extensor surface of the forearm, buttocks and trunk). 
The density of bacilli is expressed using a logarithmic scale, which 
ranges from 1+ (1-10 bacilli per 100 high-power fields) to 6+ (>1000 
bacilli per single high-power field). A mean score, the bacterial 
index (BI), is derived by adding the scores from each site and divid- 
ing by the number of sites sampled [103]. In untreated LL, the BI is 5 
or 6. The BI is zero in TT disease. Slit-skin smears only detect bacilli 
present at a concentration greater than 10*/g tissue, and so cannot 
be used as a test of microbiological cure. With treatment, bacilli 
disappear from BB lesions in a few months and from BL lesions in 
a year or two. 


Slit-skin smears [104] 

The lesion is cleaned with ether or alcohol, and a fold is gripped 
firmly between the thumb and forefinger to render it blood free. An 
incision 5 mm long and 3 mm deep is made with a small-bladed 
scalpel (size 15); the blade is turned at right angles to the cut, and 
without relaxing the finger pressure, the wound is scraped several 
times in one direction. Fluid and pulp from the dermis, collected 
on one side of the blade, are gently smeared onto a glass slide. The 
smear is then fixed over a flame and stained. 


Skin biopsy [105] 
The incision should be made down to and including the subcuta- 
neous fat. 


Nerve biopsy 

In pure neural leprosy a nerve biopsy is necessary to establish the 
diagnosis. A purely sensory thickened peripheral nerve should be 
sampled, for example the radial cutaneous at the wrist, or the super- 
ficial peroneal or sural nerve at the ankle. 


Serology 

The evaluation of PGL serology in extensive field studies shows that 
more than 90% of untreated multibacillary patients have positive 
serology in comparison with 40-50% of paucibacillary patients 
and 5-10% of healthy controls [106]. PGL-1 antibodies can now be 
detected using a dipstick-type test (so-called lateral flow). This has 
been evaluated in field settings and seropositivity correlates with 
bacterial load measured by slit-skin smears [107]. 


Management 

There are five main principles of treatment: 

1 Stop the infection with chemotherapy. 

2 Treat reactions and reduce the risk of nerve damage. 

3 Educate the patient to cope with existing nerve damage, in par- 
ticular anaesthesia. 

4 Treat the complications of nerve damage. 

5 Rehabilitate the patient socially and psychologically. 

These objectives are best achieved with a multidisciplinary, 
patient-centred approach. Individuals will require accurate infor- 
mation, reassurance and time to come to terms with a life-changing 
diagnosis. 

Antibacterial treatment for leprosy is highly effective, with low 
relapse rates, but needs to be taken over 6 or 12 months. New 
patients can be reassured that their infection is curable and that 
the aim of treatment is to minimise further nerve damage. Patients 
should not develop the mutilating sequelae seen previously. 

Left untreated, borderline patients will downgrade towards the 
lepromatous end of the spectrum, and lepromatous patients will 
suffer the consequences of bacillary invasion. Borderline patients 
are at risk of developing type 1 reactions, which may result in 
devastating nerve damage. Many patients present with established 
nerve damage, which cannot be reversed. Treatment of the neuritis 
is challenging; some patients with active neuritis will develop 
permanent nerve damage despite treatment with corticosteroids. It 
is not possible to determine which patients will develop reactions 
or nerve damage. Nerve damage and its complications may be 
severely disabling, especially when all four limbs and both eyes are 
affected. 


First line 

Chemotherapy. The WHO proposed multidrug therapy (MDT) for 
the treatment of leprosy in 1982 [108] to avoid monotherapy. The 
first line antileprosy drugs are rifampicin, dapsone and clofazimine; 
paucibacillary patients are treated for 6 months and multibacillary 
patients for 12 months [109]. Previously, patients diagnosed with 
paucibacillary leprosy did not receive clofazimine. Table 28.2 gives 
the details of drug dosages and duration of treatment. The outcomes 
of treatment are very good with a relapse rate of approximately 1%. 
The BI falls by approximately one log unit per year. The skin lesions 
may take months to improve, and hypopigmentation, atrophy 
and nodules may persist. Blister packaging for better treatment 
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Table 28.2 World Health Organization (WHO) multidrug therapy regimen. 


Age group Drug Dosage and frequency Duration 
MB PB 
Adult Rifampicin 600 mg once a month 12 months 6 months 
Clofazimine 300 mg once a month, 50 mg daily 
Dapsone 100 mg daily 
Children 10-14 years old Rifampicin 450 mg once a month 12 months 6 months 
Clofazimine 150 mg once a month, 50 mg daily 
Dapsone 50 mg daily 
Children <10 years old or <40 kg Rifampicin 10 mg/kg once a month 12 months 6 months 
Clofazimine 6 mg/kg once a month, 1 mg/kg daily 
Dapsone 2 mg/kg daily 


From WHO, 2018 [109]. 
MB, multibacillary; PB, paucibacillary. 


adherence and worldwide donor funding of leprosy treatment have 
facilitated huge improvements in the availability of treatment and 
successful completion rates. 

Rifampicin is a potent bactericidal for Mycobacterium leprae. 
Four days after a single 600 mg dose, bacilli are no longer viable 
[110]. It acts by inhibiting DNA-dependent RNA polymerase, 
thereby interfering with bacterial RNA synthesis. Rifampicin is well 
absorbed orally. Hepatotoxicity may occur with a mild transient 
elevation of hepatic transaminases, but this is rare at the dosage 
and intervals recommended for leprosy and is not an indication for 
stopping treatment. Because M. leprae resistance to rifampicin can 
develop as a one-step process, rifampicin should always be given 
in combination with other antileprotics [111]. 

Dapsone (4,4-diaminodiphenylsulphone) acts by blocking folic 
acid synthesis. It is only weakly bactericidal. Oral absorption 
is good, and it has a long half-life, averaging 28 h. Dapsone, 
in the doses recommended for leprosy, commonly causes mild 
haemolysis, and rarely anaemia or psychosis. Glucose-6-phosphate 
dehydrogenase deficiency seldom causes a problem and is not 
routinely looked for. The ‘dapsone hypersensitivity syndrome’ — a 
form of DRESS (drug reaction with eosinophilia and systemic 
symptoms) — occurs 6 weeks after commencing dapsone and man- 
ifests as exfoliative dermatitis associated with lymphadenopathy, 
hepatosplenomegaly, fever and hepatitis, and may be fatal [112]. 
HLA-B*13:01 is associated with the development of the dapsone 
hypersensitivity syndrome [113]. Agranulocytosis, hepatitis and 
cholestatic jaundice occur rarely with dapsone therapy [114]. 

Clofazimine is a brick-red, fat-soluble crystalline dye. The mech- 
anism of its weakly bactericidal action against M. leprae is not 
known. High drug concentrations are found in the intestinal 
mucosa, mesenteric lymph nodes and body fat. The most noticeable 
side effect is skin discoloration, ranging from red to purple-black, 
the degree of discoloration depending on the dose and leprosy 
infiltration. The pigmentation usually fades within 12 months of 
stopping clofazimine, although traces of discoloration may remain 
for up to 4 years. Urine, sputum and sweat may become pink. Clo- 
fazimine also produces a characteristic ichthyosis on the shins and 
forearms. Gastrointestinal side effects, ranging from mild cramps to 
diarrhoea and weight loss, may occur because of clofazimine crystal 
deposition in the wall of the small bowel. 


Figure 28.25 Borderline lepromatous (BL) leprosy upgrading to borderline tuberculoid 
(BT) leprosy. The buttocks of an Indian man who ‘relapsed’ 3 years after completing 
multidrug therapy for BL leprosy. The lesions here are typical hypopigmented, red, scaly 
plaques of BT leprosy in reaction. No acid-fast bacilli were seen on slit-skin smears. In 
this situation, the distinction between (bacterial) relapse and simple reversal reaction 
may be impossible. 


Relapse treatment. Relapsed multibacillary patients are also 
retreated with MDT regardless of any change in classification [115]. 
The distinction between reinfection, relapse and reaction may be 
difficult (Figure 28.25). Therefore, paucibacillary patients require 
2 years, and multibacillary patients at least 5 years, of monitoring 
after treatment. Patients can be discharged if there is no evidence 
of activity or reaction but should be advised to return if new symp- 
toms develop, especially in the hands, feet or eyes. Patients with 
reactions or physical or psychological complications may need 
much longer care. 

Published clinical outcomes for patients treated with the pau- 
cibacillary regimen show that 2-44% of patients had clinically 
active skin lesions at the end of treatment [116]. Nerve impairment 
occurred de novo in 2.5% of patients, and visible disabilities increased 
from 4% at enrolment to 7% at 8-10 years of follow-up. Relapse rates 


are low, ranging from 0% in Ethiopia [117] to 2.5% over 4 years in 
Malawi [118]. For patients treated with the multibacillary regimen 
for 24 months, one study in Thailand found that 29% of lesions were 
still active after 3 years and that visible disabilities increased from 
5% at enrolment to 13% at 8-10 years of follow-up [119]. Relapse 
rates have been reported from six observational studies varying 
from zero in China and Ethiopia to 2.04/100 person-years in India. 
Observational studies done after 12 months of MDT show relapse 
rates of 1% in patients in Bangladesh and Brazil [120,121]. Sus- 
ceptibility testing of M. leprae strains from relapsed multibacillary 
patients has shown them to remain drug sensitive. 


Second line 

Several other drugs are bactericidal for M. leprae: fluoroquinolones, 
minocycline and clarithromycin [109]. The fluoroquinolones 
pefloxacin and ofloxacin have high bactericidal activity, with 
22 daily doses killing 99.99% of viable M. leprae present in multi- 
bacillary cases at the start of treatment [122]. Daily minocycline (100 
mg) treatment of multibacillary patients for 3 months resulted in 
killing all viable M. leprae organisms [123]. Clarithromycin, given in 
500 mg daily doses to multibacillary patients, has a similar bacterici- 
dal effect [124]. Antagonism between these new drugs has not been 
demonstrated [125]. Ofloxacin, minocycline and clarithromycin 
are established second line drugs, and may replace dapsone and 
clofazimine. Minocycline may also cause hyperpigmentation of skin 
lesions, and so may not be an appropriate substitute for clofazimine 
if pigmentation is to be avoided [126]. 

A triple-drug combination (rifampicin, ofloxacin and minocy- 
cline) which can be given as a single monthly dose for 6 or 12 
months can be used to treat patients with adverse effects to one of 
the components of standard MDT [127]. 


Treatment of reactions and neuritis [128] 
Nerve damage occurs before diagnosis and during and after MDT. It 
may occur during a reaction or without overt signs of nerve inflam- 
mation (silent neuropathy). In field cohort studies 16-56% of newly 
diagnosed patients had nerve damage [129]. In a Bangladeshi study, 
25% of multibacillary patients developed nerve damage during 
treatment [130]. This study also showed that 65% of patients with 
multibacillary leprosy who had nerve damage at diagnosis devel- 
oped new nerve damage over a 5-year follow-up; therefore, this 
group should be closely monitored. Analysis from a large cohort 
study in Ethiopia showed that standardised nerve function testing 
was needed monthly to detect new nerve damage early [131]. 
Patients frequently seek medical advice for their leprosy only 
when a type 1 reaction develops in a previously quiescent skin 
lesion, or when they develop pain, weakness or numbness. Aware- 
ness of the early symptoms of reactions by both patient and 
physician is important, because if left untreated severe nerve dam- 
age may occur. The peak time for type 1 reactions is in the first 6 
months of treatment [132], so it is important to warn patients about 
reactions. The sudden development of reactional lesions soon after 
starting treatment is distressing and may affect adherence to MDT. 
The treatment of reactions is aimed at controlling acute inflamma- 
tion, easing pain, reversing nerve and eye damage and reassuring 
the patient. MDT should be continued. Neuritis (e.g. nerve tender- 
ness, new anaesthesia and/or motor loss) or inflamed skin lesions 


should be treated with corticosteroids. Standardised courses of 
prednisolone have been used, starting at 40 mg daily, reducing 
by 5 mg every 2-4 weeks [133]. Patients with borderline reactions 
commonly need 20 weeks of steroids. An Indian study compared 
different starting doses (60 versus 30 mg) and durations (12 versus 
20 weeks) and showed that the longer durations gave the best out- 
comes. A study looking at cytokine profiles in reactional patients 
showed that, even after 6 months of steroid treatment, some 
patients still had high levels of pro-inflammatory cytokines in their 
skin lesions [134]. In another approach, the prevention of reactions 
has been explored. In one study, multibacillary patients were ran- 
domised to either prednisolone 20 mg daily or placebo for the first 3 
months of their MDT. Reactional episodes were significantly lower 
in the prednisolone-treated group at 4 months, but the protective 
effect was lost by 12 months. These studies all demonstrate that 
reactions are difficult to prevent and to switch off once established. 
Other immunosuppressants have also been studied to assess their 
effect in reactions: 3 days of 1 g methylprednisolone did not reduce 
the recurrence rate [135]. Adding azathioprine to prednisolone did 
not improve nerve function or reduce recurrence rate [136]. 
Erythema nodosum leprosum is a difficult condition to treat, and 
frequently requires therapy with high-dose steroids (80 mg daily, 
tapered down rapidly) or thalidomide. The severity and response 
to treatment is assessed clinically using the 10 item ENLIST ENL 
Severity Scale [137]. Since ENL frequently recurs, steroid depen- 
dency can easily develop. Thalidomide (400 mg daily) is superior 
to steroids in controlling ENL and is the drug of choice in severe 
ENL [138]. Women with severe ENL may benefit from thalido- 
mide treatment. This is a potentially challenging decision for the 
woman and her physician and needs careful discussion of the 
benefits and risks (e.g. phocomelia when thalidomide is taken in 
the first trimester of pregnancy). Women should use double con- 
traception and report immediately if menstruation is delayed. This 
requires access to contraception and a robust pregnancy prevention 
programme. Unfortunately, thalidomide is unavailable in several 
leprosy-endemic countries despite its undoubted value. High-dose 
clofazimine (300 mg/day) has been used in ENL. Anti-TNF blockers 
have been used with some success in a few reported cases [139]. 
Acute iridocyclitis is treated with 4-hourly instillation of 1% 
hydrocortisone eye drops and 1% atropine drops twice daily. 


Additional aspects of management 

Education of the patient. Educating a leprosy patient about their 
disease is the key to successful management. The patient can be reas- 
sured that within a few days of chemotherapy they will not be infec- 
tious and can lead a normal social life. A clear explanation of the 
disease and refutation of myths about leprosy will help the patient 
come to terms with their diagnosis and may improve compliance. 
Care and awareness of their limbs is as important as chemotherapy. 
Anxieties about transmission and reactions, as well as issues about 
compliance, should be addressed. 


Complications of nerve damage [140,141]. The complications 
of nerve damage, which are the major causes of disability and 
deformity in leprosy, are preventable by early diagnosis, correct 
treatment and education of the patient. Monitoring sensation and 
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muscle power in the patient’s hands, feet and eyes should be part of 
the routine follow-up, so that new nerve damage is detected early. 

Dry skin should be treated by soaking in water, followed by rub- 
bing with emulsifying ointment or petrolatum. Calluses should be 
rubbed down with pumice or an abrasive nylon pad and fissures 
need to be covered to allow them to heal. 

The morbidity and disability associated with leprosy is secondary 
to nerve damage. A major goal in the prevention of disability is 
to create patient self-awareness, so that damage is minimised. The 
patient with an anaesthetic hand or foot should understand the 
importance of daily self-care, especially protection when doing 
potentially dangerous tasks, and inspection for trauma. For each 
patient, potentially dangerous situations such as cooking, car 
repairs or smoking should be identified. Soaking dry hands and 
feet followed by rubbing with oil keeps the skin moist and supple. 

Anaesthetic feet need protecting with appropriate shoes. For 
anaesthesia alone, a well-fitting ‘trainer’ with firm soles and 
shock-absorbing inners will provide adequate protection. When 
there is deformity, such as clawing, shoes must be tailored to ensure 
protection of pressure points and even weight distribution. 

The patient should question the cause of any injury so that the risk 
can in the future be avoided. Plantar ulceration occurs secondary to 
increased pressure over bony prominences. Ulceration is treated by 
rest. Unlike ulcers in diabetic or ischaemic feet, ulcers in leprosy heal 
only if they are protected from weight-bearing. No weight-bearing 
is permitted until the ulcer has healed. Appropriate footwear should 
be provided to prevent recurrence. 


Neuropathic pain. Neuropathic pain is an increasingly recognised 
complication of leprosy, reported in up to 20% of treated patients; 
having a reaction is a risk factor. The pain should be assessed 
using tools such as the DN4 questionnaire. Patients should be 
treated using an analgesic ladder starting with paracetamol, then a 
non-steroidal anti-inflammatory such as ibuprofen. Many patients 
need treatment with amitriptyline or gabapentin [142]. 


Weakness or paralysis. These patients require physiotherapy, with 
the objective of permitting the return of function while preventing 
the formation of contracture. Patients with contractures are taught 
exercises to prevent fixation. Contractures of hands and feet, foot 
drop, lagophthalmos, entropion and ectropion are amenable to 
reconstructive surgery. 


Social, psychological and vocational rehabilitation. The social and 
cultural background of the patient determines the nature of many of 
the problems that may be encountered. The patient may have diffi- 
culty in coming to terms with leprosy. Their community may reject 
the patient. Education, gainful employment, confidence from fam- 
ily, friends and doctor, and plastic surgery to correct stigmatising 
deformity, all have a role to play. 


Prevention and control 

Dermatologists play a key role in diagnosing and treating lep- 
rosy patients. For much of the 20th century, leprosy patients were 
detected and treated within vertical programmes dedicated to 
leprosy. Although these were effective, they also became inefficient 
as the numbers of leprosy patients declined. The management of 


leprosy patients is now being integrated into a range of health 
services including combined leprosy and tuberculosis programmes, 
dermatology programmes and full integration with general health 
services. The current WHO strategy emphasises the importance 
of quality services that are accessible and patient-centred, provide 
free treatment with MDT, undertake appropriate prevention of 
disability and refer patients on for the management of compli- 
cations. There are now huge needs to train people to recognise 
leprosy. The development of referral services is also a critical need 
if an integrated approach is to work well. 


Chemoprophylaxis. Single-dose rifampicin is being used as chemo- 
prophylaxis. The current evidence for efficacy is weak. In the 
COLEP trial in Bangladesh, household and social contacts of lep- 
rosy patients were given a single 600 mg dose of rifampicin or 
placebo. Rifampicin did not protect against the development of 
leprosy in household members. It only protected significantly in 
social contacts of leprosy patients, protection was only against 
the development of PB disease and lasted only for 2 years [143]. 
These findings suggest that rifampicin is effective only when the 
mycobacterial load is low at early disease stages. Despite this 
weak and short-lived protection, this prophylaxis is now being 
recommended by WHO [109]. There is a risk that by giving out 
this ineffective protection, M. leprae will develop resistance to 
rifampicin. 


Vaccines against leprosy. BCG vaccine provides protection against 
leprosy because the antigens are closely related in all the locations 
where it has been studied, but this effect varies [144]. The protection 
is thought to be greatest for close contacts. 


Stigma 

Stigma continues to be strongly associated with leprosy and needs 
to be combated at many levels including the individual, community 
and national level. A new initiative called a New Face for Leprosy 
is working to improve the images of leprosy that are found on the 
web, with images of affected people who have jobs and successful 
social lives including families (https://newfaceleprosy.com/; last 
accessed May 2023). There are also new approaches that involve 
developing links with other people who experience stigma [145]. 
Community-based rehabilitation (CBR) is now recognised as a 
key part of leprosy work and new guidelines will help promote 
this work. 

Leprosy patients continue to present in many countries and will 
need diagnosis and treatment. Leprosy is unlikely to be eradicated 
until there is considerable improvement in general health, wealth, 
living conditions and education. 


Resources 


Public Health England, Memorandum on Leprosy 2012: https://assets.publishing. 
service.gov.uk/government/uploads/system/uploads /attachment_data/file/ 
334363 /Memorandum_on_leprosy_2012.pdf. 

World Health Organization, Leprosy (Hansen's disease): https: / / www.who.int/health- 
topics /leprosy#tab=tab_1. 

(Both last accessed May 2023.) 
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Global overview of sexually transmitted 
infections 


The global health burden of sexually transmitted infections (STIs) 
and human immunodeficiency virus (HIV) remains large and is 
increasing in many regions. The World Health Organization (WHO) 
estimates that more than 1 million people acquire chlamydia, gonor- 
rhoea, syphilis or trichomoniasis each day [1]. If the major viral STIs 
are included, then prevalence may be increased threefold. How- 
ever, the true prevalence is still unknown, because surveillance is 
inadequate in many countries, especially in low- and middle-income 
countries (LMICs) in sub-Saharan Africa, South-East Asia and the 
Americas, where the sexual ill health burden is greatest. 

The incidence of STIs depends as much upon social and economic 
factors as upon biology and behaviour. STIs thrive in situations 
where communities are disrupted by conflict and war, where there 
is a high dependence upon migrant labour that disrupts families, 
and where commercial sex work is prevalent. They are also pro- 
moted by stigmatisation, which delays presentation for treatment 
and reduces the resources employed for their control. High-income 
countries have also seen an increase in STIs since 2000, especially in 
marginalised communities including men who have sex with men 
(MSM), ethnic minorities and young people. 

STIs are caused by a diverse group of microorganisms recently 
expanded by newly recognised sexually transmissible pathogens 
such as Mycoplasma genitalium and the Zika and Ebola viruses [2]. 
The traditional bacterial STIs continue to evolve and clinical pre- 
sentations of some, such as lymphogranuloma venereum, have 
changed. While chancroid and granuloma inguinale have become 
rare, gonorrhoea and syphilis have re-emerged as major public 
health concerns due to increased transmission among MSM and the 
spread of antimicrobial-resistant gonorrhoea. 

Many individuals have asymptomatic early infections, and this 
favours onward transmission. The later complications are a serious 
cause of morbidity and mortality. STIs adversely affect reproductive 
health, especially in women, and are a major cause of infertility 
because of damage to the fallopian tubes from ascending infections. 
Adverse pregnancy outcomes in terms of ectopics, miscarriage 


and stillbirth are common. Postabortal and postpartum infections 
related to STIs are thought to cause around one-third of maternal 
deaths worldwide. Fetal morbidity and mortality may also occur 
from preterm birth associated with many STIs and from vertical 
transmission causing congenital infections. Premature death in 
adults of both sexes may also result from genital cancers associated 
with human papillomavirus (HPV) infections and liver disease 
associated with sexually transmitted hepatitis B and hepatitis C. 

Before the advent of highly active antiretroviral therapy, the 
greatest loss of life was associated with HIV infection. The biologi- 
cal and behavioural synergy between STIs and HIV, which favours 
both acquisition and transmission, emphasises the need for coordi- 
nated public health control measures [3]. STI rates remain high in 
those living with HIV and in those using pre-exposure prophylaxis 
(PrEP). 

The WHO has set global targets for reducing the incidences of 
both syphilis and gonorrhoea by 90% from their 2016 baseline val- 
ues by 2030 (Figure 29.1) [4]. In addition, it has set an ambitious aim 
to abolish congenital syphilis cases in over 80% of countries. 

Success in these objectives will require a coordinated, multi- 
agency approach involving multiple government departments 
including public health, education and social services. Improved 
surveillance is the basis for the development of national and local 
strategic planning. Behaviour change and promotion of condom use 
can reduce individual risk. Diagnostic laboratory testing services 
should underpin clinical services. Antimicrobial resistance, espe- 
cially in Neisseria gonorrhoeae and Mycoplasma genitalium, is an 
increasing cause for concern and requires ongoing monitoring. The 
wider use of new sensitive and specific point-of-care rapid testing 
can improve early diagnosis in relevant settings especially in LMICs 
where diagnostic services have limited availability. 

Partner notification and contact tracing have long been key com- 
ponents of comprehensive patient management. During the past 
decade, the increasing use of dating apps on the internet has facili- 
tated sex with anonymous partners thereby reducing the efficacy of 
partner notification. To counteract this, innovative ways to use the 
Internet to promote health education and partner notification will 
be needed. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Figure 29.1 Estimated new cases of curable sexually transmitted infections (gonorrhoea, chlamydia, syphilis and trichomoniasis) by WHO region, 2016. Reproduced from WHO 


2016 [4] with permission. 


The effect of the Covid-19 pandemic has yet to be clearly defined. 
This has exposed the vulnerabilities resulting from inadequate 
resourcing of public health services in many countries. Such inad- 
equacies have also favoured STI spread. Although lockdowns and 
restriction of social interactions temporarily reduce the opportu- 
nities for new sexual relationships, the move to virtual medical 
consultations has also deterred many individuals from presenting 
for STI screening and early diagnosis. History has shown that 
any temporary improvements in STI incidence are likely to be 
short-lived unless there is sustained commitment to control efforts 
when social constraints are lifted. 

However, the remarkable success in the rapid development of 
effective vaccines against SARS-CoV-2 also gives renewed hope 
that recent technological advances could be extended to other 
infections, including the STIs, for which vaccine development 
has so far proved elusive. Innovation in interventions and service 
delivery will continue to be necessary to meet changing population 
needs, reduce health inequalities and keep pace with the continuing 
evolution of its causative microorganisms. 


Syphilis .—l Le 


Definition and nomenclature 

Syphilis is an infectious disease caused by the spirochaetal bac- 
terium Treponema pallidum subsp. pallidum. The disease is usually 
acquired through sexual contact. Congenital syphilis (CS) occurs 
through transplacental transmission. Untreated syphilis infection 


can evolve through several stages, each separated for variable times 
by periods of latency in which there are no clinical manifestations. 


d by Fracastoro, an Italian physician and poet, in 
sive morbus gallicus’ tells of a shepherd named 
h the disease by the god Apollo as punishment for 


syphilis has acquired through the ages, it was 

due to its florid systemic manifestations that often 
Jiseases. In the 16th century it was also called the 
from smallpox as syphilis produced a similar rash in its 


Epidemiology 
Incidence and prevalence 
Socioeconomic factors play an important role in the prevalence of 
syphilis. In developing countries, the disease has remained a promi- 
nent cause of genital ulcer disease in heterosexual men and women, 
and cause of stillbirth and neonatal morbidity and mortality [2,3]. 
In 2018, the WHO estimated that there were 6 million new 
syphilis cases and a global prevalence of 0.53 per 1000 individuals 
aged 15-49 years in both sexes; there was a marked geographic 
variability in prevalence rates ranging from 0.11 in the European 
region to 1.58 in the African region [4]. Prevalence rates were also 
higher than average in the Americas and eastern Mediterranean 
regions and lower than average in South-East Asia and the western 
Pacific regions. 


Number of diagnoses 


Figure 29.2 Number of syphilis diagnoses by sex: UK, 1922-2018. 
Reproduced from Public Health England 2019 STI slide set Version 1.0; 
published 2 September 2020. 


Both the UK [5] and the USA [6] have maintained effective 
national STI monitoring systems since the pre-antibiotic era of the 
last century. The high incidence of syphilis in World War II peaked 
as thousands of demobilised men and women returned home to 
resettle. The period of relative socioeconomic stability of the early 
1950s saw a decline in all STIs, including syphilis. Syphilis out- 
breaks were seen in association with crack cocaine during the 1990s. 
Since 2000, syphilis rates have again risen, especially in MSM where 
high-risk sexual behaviours have increased following the advent 
of effective antiretroviral treatment. Incarceration, sexual activity 
associated with illicit drug use and accessing multiple anonymous 
sexual partners by internet dating apps are recognised risk factors. 
There are high rates of associated HIV infection, and reinfections 
are becoming more common. Rates in heterosexuals had declined 
to low levels but have more than doubled in the past 10 years, 
especially in socially marginalised individuals with poor access to 
health care, raising renewed fears of the re-emergence of CS. Similar 
observations are seen in other high-income countries in Europe [7]. 


Age 
Syphilis occurs in sexually active individuals of all ages and recent 
acquisition is commoner in young adults. 


Sex 

Although there is marked preponderance of cases in males, this sex 
difference relates to patterns of sexual behaviour (Figure 29.2). It 
is generally considered that male to female transmission is more 
efficient. 


Ethnicity 
The disease occurs in all racial groups. No racial or genetic predis- 
position has been shown. 


Associated diseases 
Acquired syphilis commonly coexists with other STIs, hence com- 
prehensive screening is advised when syphilis is detected. 


Pathophysiology 

The causative spirochaete usually enters the body via microscopic 
dermal abrasions. Subsequently, it enters the lymphatics and blood 
to disseminate widely. 
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Pathology 

A local inflammatory response to the causative organisms is the 
basis of all clinical manifestations. Precise details of the mechanisms 
causing tissue damage and of host defences remain ill defined. 

The fundamental pathological changes in syphilis are the same in 
early and late disease. They occur in and around the blood vessels 
in the form of a perivascular infiltration of lymphocytes and plasma 
cells, accompanied by intimal proliferation in both the arteries and 
veins (endarteritis obliterans). 

In early lesions, perivascular infiltration by lymphocytes and 
plasma cells is accompanied by intimal proliferation in the arter- 
ies and veins. This leads to ischaemia and ulceration. Organisms 
are most numerous in the walls of the capillaries and lymphatic 
vessels. They can be demonstrated by the Levaditi silver stain, 
by the fluorescent antibody technique and by immunohistochem- 
istry [8]. The papular skin lesions of secondary syphilis also show 
endothelial swelling in dermal vessels. In addition, there is often 
psoriasiform hyperplasia of the epidermis with a multifocal inter- 
face change associated with lymphocytes and particularly plasma 
cells (Figure 29.3). Immunohistochemistry for treponema shows 
numerous microorganisms, which in secondary syphilis tend to be 
more prominent within the epidermis (Figure 29.4). 

In late lesions, the characteristic lesion of mucocutaneous surfaces 
is the syphilitic gumma. Granulation tissue forms with histiocytes, 
fibroblasts and epithelioid cells. Endarteritis obliterans and necrotic 
areas are pronounced. Gummata most often originate in subcu- 
taneous tissues and spread in all directions. Spirochaetes are not 
readily demonstrable in these lesions. 

Heubner arteritis occurs in cardiovascular and meningovascu- 
lar syphilis. It is characterised by lymphocytic and plasma cell 
infiltration of the vasa vasorum and the adventitia of large and 
medium-sized vessels. Occlusion of the vasa vasorum results in 
medial necrosis and fibroblast proliferation. There is associated 
subintimal proliferation, which leads to luminal occlusion and 
thrombosis. 


Causative organisms 

The causative spirochaete of syphilis, Treponema pallidum subsp. 
pallidum, was discovered by Schaudinn and Hoffmann in 1905 and 
originally was called Spirochaeta pallidum. 
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Figure 29.3 Secondary syphilis showing psoriasiform hyperplasia of the epidermis with 
spongiosis and interface change with abundant plasma cells. 
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Figure 29.4 Secondary syphilis. Immunohistochemistry shows numerous spirochaetes 
within the epidermis. 


Figure 29.5 Treponema pallidum on dark ground microscopy. 


T. pallidum cannot be grown in the laboratory on any biochemical 
medium. Not all animals are susceptible to it. The rabbit is com- 
monly used in laboratory studies and as a source of the T. pallidum 
used in diagnostic tests. T. pallidum cannot be differentiated from 
those treponemes involved in other forms of treponematosis, nor 
from the Nichol strain, which was isolated in 1912 from the brain 
of a patient and kept alive by passage through many generations of 
rabbits. Another experimental treponeme, the Reiter strain, is said 
to have been isolated in 1922. In contrast with the Nichol strain, it 
is avirulent and can be cultivated on a relatively simple medium. 
Freeze-dried extracts were used for many years in the Reiter protein 
complement fixation test. 


Morphology. In daily practice, T. pallidum is demonstrated by 
dark-field microscopy (Figure 29.5). It appears as a pale, white, fine, 
corkscrew organism with close and very regular coils (Figure 29.6). 
Its length varies from 6 to 15 ym and its coils from 0.09 to 0.18 jm. 
There are between eight and 20 coils. As a practical guide, to help 
differentiate the organism from others like it, there are about seven 
to eight coils per diameter of a red blood corpuscle. It contains a 


Figure 29.6 Treponema pallidum showing typical morphology. 


Figure 29.7 Immunofluorescent image of Treponema pallidum. 


periplasmic flagellum and is actively motile [2]. The movements of 
T. pallidum are pathognomonic. It rotates around its long axis and 
thus appears to quiver and screw slowly backwards and forwards; 
it shows a highly typical angling movement, forming both acute 
and obtuse angles. It shows both grace and elegance and these help 
to distinguish it from other genital or oral spirochaetal organisms. 
Treponemes can also be demonstrated by the direct fluorescent 
antibody method [9-11] and by rapid immunofluorescent staining 
of smears [12] from lesions (Figure 29.7). 

Of the several spirochaetes found in the genital area and requir- 
ing differentiation from T. pallidum, the most important are Borrelia 
refringens and B. balanitidis. Both are thicker than T. pallidum and 
have fewer coils, which are irregular. In addition, they move with 
more fidgety, snake- and eel-like movements. B. gracilis is finer than 
T. pallidum, with closer coils and a lack of typical movements. It can 
be found at the gum margins between teeth. 


Microbiology. The organism is microaerophilic and has evolved to 
become a highly invasive and persistent pathogen with little tox- 
igenic activity and an inability to survive outside the mammalian 
host [13]. It has extreme nutritional requirements due to deficiencies 
in its biosynthetic pathways and has a narrow equilibrium between 
oxygen dependence and toxicity. It cannot be cultured on artificial 
media, but it can be propagated in organ culture, such as rabbit 
testes. It has a slow growth rate, optimal at 33-35°C, with a doubling 
time of 30-36 h. The organism shares extensive DNA homology 
with three other pathogenic treponemes which cause yaws, bejel 
and pinta. 

Analysis of the genome, which is contained on a single cir- 
cular chromosome of 1138 kbp, shows that the organism lacks 
lipopolysaccharide and lipid biosynthesis mechanisms, as well 
as many metabolic pathways including, for the tricarboxylic acid 
cycle, components of oxidative phosphorylation and for most amino 
acids and vitamins. It requires D-glucose, maltose and mannose but 
cannot utilise other sugars. It can use exogenously supplied amino 
acids and is dependent upon serum components such as fatty acids. 

T. pallidum initiates an inflammatory response at the site of 
inoculation and is disseminated during the primary infection. 


The organism has a surface-associated hyaluronidase enzyme, 
which may play a role in this process. Phagocytosis by cytokine- 
activated macrophages, as part of a predominant T-helper 1 (Th1) 
type early response, aids bacterial clearance and resolution of the 
primary lesion [14]. Virulent organisms promote the adhesion of 
lymphocytes and monocytes to human vascular cells, and this is 
important in immunopathogenesis [15]. As with other organisms 
that cause chronic disease, T. pallidum has evolved mechanisms 
for evading immune responses. A Th1-Th2 switch occurs with 
macrophage suppression caused by prostaglandin E2 down- 
regulation; however, the molecular mechanisms remain poorly 
understood [16]. Depressed cell-mediated responses occur during 
the later stages of syphilis, and a lowered CD4+ lymphocyte count 
has been reported [17]. 


Molecular features. Relatively few genes are involved in patho- 
genesis. It has been postulated that the immunoevasiveness of 
Treponema pallidum is the result of the organism’s unusual molec- 
ular architecture. The outer membrane lacks lipopolysaccharide 
and contains few, poorly immunogenic transmembrane proteins. 
The highly immunogenic proteins are lipoproteins anchored 
predominantly to the periplasmic leaflet of the cytoplasmic mem- 
brane [2]. The T. pallidum repeat protein genes (TpR) occupy 
2% of the genome and encode for a group of potential viru- 
lence factors, which are targets for strong cellular and humoral 
responses [18]. The TpR-K proteins demonstrate marked antigenic 
variation [19]. 


Clinical features 

Natural history 

Stages. The clinical presentation of syphilis is extremely diverse 
and may occur decades after the initial infection. Syphilis, if 
untreated, may pass through four stages: primary, secondary, latent 
and late. The first two stages are contagious. They seldom last more 
than 2 years and do not exceed 4 years. Latency may last from 
5 to 50 years. Only 25-30% of patients present with late, chronic, 
crippling or fatal manifestations. The frequency of these late mani- 
festations continues to decline, and in many countries they are 
now rare. 


Incubation period. The incubation period of syphilis is gener- 
ally given as 9-90 days and varies inversely with the size of 
the spirochaete inoculum. Typically, most genital primary sores 
appear 3 weeks after exposure. Inguinal lymphadenopathy, initially 
unilateral, occurs after a further week and usually becomes bilat- 
eral by 5 weeks after infection. Reactive reaginic serological tests 
are detectable at 5.5-6 weeks, the macular rash at 8 weeks, papular 
lesions at 3 months and condylomata lata at 6 months. 


Course of untreated syphilis. Several investigations have helped 
to elucidate the natural history of untreated syphilis, for example 
the Oslo study of untreated syphilis [20] and the Tuskegee study 
[21]. Regarding the first of these, Caesar Boeck believed that 
no treatment was better than using mercury. He therefore kept 
some 2000 infectious patients with syphilis in hospital for 1-12 
months (average 3-6 months), until all traces of their infection 
had gone. 
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Figure 29.8 Penile chancres. (a) Primary syphilis showing chancres on the glans and shaft of the penis. (b) Taking specimens for dark ground microscopy from a penile chancre on the 
coronal sulcus. (c) A penile meatal chancre, which may be mistaken for meatitis associated with urethritis. 


Gjestland [20] made a follow-up study of 1147 patients and sum- 
marised the findings as follows: 
e 24% developed mucocutaneous relapses. 
¢ 11% died of syphilis. 
e 16% developed benign late manifestations, usually cutaneous 
nodules or gummata. 
¢ 10% developed cardiovascular syphilitic lesions. 
© 6% developed neurosyphilis. 
It would appear therefore that long before the arsenicals and peni- 
cillin were introduced, at least 60% of people with syphilis lived and 
died without developing serious symptoms of their infections. 


Presentation of primary syphilis 

The primary chancre appears at the site of the initial treponemal 
invasion of the dermis. Initial lesions are papular but rapidly ulcer- 
ate. It may occur on any skin or mucous membrane surface and is 
usually situated on the external genitalia. 

The typical primary sore appears as a regularly edged, regularly 
based, hard and button-like ulceration measuring up to 1 cm in 
diameter. Unless secondarily infected, primary sores are not painful. 
The ulcer is often surrounded by a narrow, red border, 1-2 mm wide 
(Figure 29.8). This marks the limits of the inflammatory reaction 
and is most productive of T. pallidum. The lesion may be crusted due 
to drying of serous exudate. Induration of the ulcer is characteristic, 
but it should be remembered that all lesions in the coronal sulcus 
of the penis are indurated. ‘Kissing ulcers’, sometimes hourglass in 
shape, are not uncommon. About 50% of lesions are atypical and 
lack one or more of the classic features. If the infection is inoculated 
into pre-existing lesions such as anal fissures, genital herpes or 
balanitis, the chancre may assume the shape of these conditions. 
In most cases, there is only a single chancre. Multiple chancres 
may appear simultaneously or within a few days of each other. 
Untreated, the chancre persists for a variable period but seldom, 
if ever, exceeds 3 months. As a rule, it heals spontaneously in 


3-8 weeks. In about one-third of cases, it leaves a regularly edged, 
slightly depressed, thin, depigmented, atrophic scar. 

The appearance of the genital and perianal chancre is followed 
by swelling of the inguinal lymph nodes, initially unilateral. Max- 
illary and submental lymph nodes enlarge when infection is in or 
around the oral cavity. Wherever they appear, the enlarged glands 
are discrete, rubbery and free from fixation to the skin or underlying 
tissues. 

In men, the chancre most usually occurs on the glans penis, near 
the frenulum or on the underside of the prepuce. Less commonly, 
the primary lesion appears on the shaft of the penis. If near the hilt, it 
may be called a ‘condom chancre’. Less common sites are the pubic 
region or the external urinary meatus where it may masquerade 
as non-specific urethritis with scanty serous discharge. Lesions are 
often surrounded by oedema. Subpreputial lesions may be accom- 
panied by acquired phimosis and lymphangitis dorsalis penis may 
occur; it is felt as an indolent ‘string’, some 2 mm in diameter. 

In MSM, the anus and rectum may be sites of primary infection 
(Figure 29.9) and may often be unnoticed by the affected person. 
Anal lesions may present as an indurated fissure. Pain may be 
a feature, as may itch and bleeding, especially after defaecation. 
Like genital primary lesions, extragenital sores are accompanied by 
regional lymphadenitis. 

In women, most cases of early syphilis have reached the sec- 
ondary stage when diagnosed [22]. A chancre is less frequently 
demonstrated, partly because the primary lesion may be on or in 
the cervix. The most common sites for a vulvar chancre are the labia 
minora or majora (Figure 29.10a), around the urethral orifice, on 
the clitoris or, quite commonly, on the posterior commissure where 
it may masquerade as an indurated irregular fissure. Surrounding 
vulval oedema is common (Figure 29.10b). A chancre very rarely 
occurs on the vaginal wall. 

Extragenital chancres may be found on the lips (Figure 29.11a) 
as a result of kissing, cunnilingus or fellatio. The indurated ulcer 


ew 
(a) (b) 


Figure 29.10 (a) Bilateral early chancres of the labia majora. (b) Chancre of the 
fourchette with surrounding oedema. This patient also had accompanying gonorrhoea, 
genital Chlamydia and trichomoniasis causing the accompanying vulvovaginitis. This 
illustrates how STIs frequently occur as multiple infections in the same patient. 


may be surrounded by oedema. Chancres of the tongue and ton- 
sil (Figure 29.11b) and primary lesions of the fingers (Figure 29.12), 
acquired in sexual foreplay, also occur. Other extragenital chancres 
may follow from nibbling or biting the nipple, ear, neck or arm. 


Presentation of secondary syphilis 
Secondary syphilis is the stage when generalised manifestations 
occur on the skin and mucous membranes. Serological tests are 


(b) 


Figure 29.11 (a) A non-tender, non-purulent, oval ulcer with a clean base and raised 
rolled border on the lip of a 24-year-old man. (b) Primary chancre of the left tonsil. (a) 
Reproduced from Qiao and Fang [84]. 


Figure 29.12 Primary syphilis of the fingers. Red to violaceous erosive nodule around 
the nail fold of the left index finger with secondary onychomadesis. Reproduced from 
Marcantonio et a/. 2021 [85] with permission of BMJ Publishing. 


always positive in immunocompetent persons. Rashes in secondary 
syphilis have three common features: 
e They are non-itchy. 
e They are coppery red in colour. 
e Symmetrical distribution. 

The manifestations of generalised treponemal dissemination first 
appear at around 8 weeks. Constitutional symptoms consist of 
fever, headache and bone and joint pains that are more pronounced 


(b) 


Figure 29.13 Secondary syphilis. (a) Extensive truncal maculopapular rash. (b) Macular rash with lesions following the skin lines of cleavage. (c) Papulosquamous palmar rash. (d) 
Axillary maculopapular lesions showing a classic coppery colour. (e) Papulosquamous lesions on the sole of the foot. 


at night. There is wide diversity in physical features although 
rashes are the commonest feature. They are initially macular and 
become papular by 3 months. The features of secondary syphilis 
are diverse. 


Macular syphilide (roseolar rash) (Figure 29.13). This is the earliest 
generalised syphilide; it is easily overlooked and seldom diagnosed 
in patients with deeply pigmented skin. The patient should be 
examined in daylight as it is easy to overlook an early or fading 
rash. It appears as symmetrical, coppery red, circular and oval 
spots. On the back, the lesions clearly follow the lines of cleavage 
of the skin. The roseolar spots do not scale or itch and, being in 
some patients sparse and evanescent, may pass unnoticed. When 
a roseola is fading, it sometimes leaves a pattern of depigmented 
spots on a hyperpigmented background. Such a leukoderma 
syphiliticum (Figure 29.14) is most commonly located on the back 
or sides of the neck and was formerly known as the ‘necklace of 
Venus’. 


Papular syphilide (Figure 29.15). The papule is the basic lesion of 
secondary syphilis. Individual papules seldom exceed 0.5 cm in 
diameter. Its form of presentation can vary widely depending on 
the nature and colour of the patient’s skin, the site affected and 
the climate, hygiene and clothing. Papular rashes may recur and 
be punctuated by spells of apparent latency. More usually, early 
papular rashes are in fact maculopapular and they have an even 
and generalised distribution all over the body. However, a purely 
coppery red papular rash, widely and symmetrically distributed, 
may also be seen. The typical papule is firm and round, although 
the largest may be oval. Early papules tend to be shiny, but grad- 
ually a thin layer of scale forms and is quickly shed. This is the 
typical papulosquamous syphilide. Older lesions tend to be more 


Figure 29.15 Secondary syphilis showing papular 
syphilides on (a) the forearms and (b) the trunk. 


Figure 29.14 Syphilitic leukoderma showing depigmentation at sites of healed 
secondary lesions on the neck and upper back. 


pigmented. In the late phases of a papular syphilide, nummular 
lesions, 1-3 cm in diameter and covered by massive layers of scales, 
may closely resemble psoriasis. Because the underlying lesions 
are exuding serum, the scales are easily removed. Psoriasiform 
papules of the palms and soles are especially common in more 
richly pigmented skin (Figure 29.16) as are annular and circinate 
papular rashes. Such rashes may resemble granuloma annulare, 
annular sarcoid or scaly varieties of tinea. 

On macerated skin surfaces and mucous membranes, eroded 
weeping papules with a tendency to hypertrophy often appear. On 
the genitals, for example, at the peno-scrotal junction, there may be 
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Figure 29.16 Secondary syphilis showing psoriasiform lesions of the palms. 


small, eroded papules flush with the skin or hypertrophic, coalesced 
papules (condylomata lata). Such lesions more commonly occur 
around the anus, groin and vulva (Figure 29.17a—d). In men, the 
papules frequently occupy the entire surface of the glans penis, the 
coronal sulcus and the inner aspect of the prepuce (Figure 29.17e). 
Partial or complete acquired phimosis is not infrequent in such 
cases. The free margin of the prepuce may be a circle of tender, 
fissured (‘split’) papules. In women, in the axillae and beneath 
the breasts, small, superficial, eroded, lentil-sized (about 0.3 cm) 
papules are sometimes seen, but more typical are hypertrophic 
papules, which may affect the adjacent mucous membrane. In the 
last stages of pregnancy, hypertrophic, coalesced, sodden-surfaced 
papules may be very pronounced. Later, the papules are more 
irregularly distributed but show a predilection for certain sites, 
such as the corners of the mouth (Figure 29.18a), angles of the 
nose, the palms and soles and body folds such as beneath the 
breasts or in the axillae. The face is often affected, particularly if 
the patient has greasy skin. The seborrhoeic areas involved are the 


same as those involved in acne vulgaris and seborrhoeic dermatitis. 
Sometimes, the papules form a line along the hair margin, the 
corona veneris. 

Hyperkeratotic lesions of the palms and soles may flake, peel and 
fissure. Hypertrophic papules between the toes may resemble severe 
tinea pedis. 

Micropapular and miliary eruptions are especially seen late in the 
second stage, about a year or more after infection. Characteristics 
of such a lichenoid syphilide include small conical or spinular 
elements, which tend to be arranged in groups of varying size over 
the body. A corymbose syphilide is one with a large central papule 
surrounded by small satellite papules. 


Pustular ulcerative syphilide. This characterised the 16th century 
epidemic but is now all but unknown. Lesions that most nearly 
resemble this nowadays are the crusted papule of the scalp where 
brushing and combing tears papules, which ooze serum and 
may become secondarily infected. Such lesions, unlike other 
syphilides, may leave scars. Atypical facial plaques or ulcerated 
nodules (lues maligna) are more common with coexisting HIV 
infection [23]. 


Nails. Syphilitic paronychia with secondary onychia is sometimes 
seen in the secondary stage. It has no special characteristics. 


Lesions of the mucous membranes. On the mucous membranes 
the basic papular eruptions are less distinctive, but they tend to be 
symmetrically distributed. As the surface epithelium dies, it turns 
grey and forms round or oval mucous patches on the palate or 
inner aspects of the lips and cheeks (Figure 29.18b). These mucous 
patches may coalesce to form ‘snail-track’ ulcers although ulceration 
is not common. Sharply defined, round or oval lesions devoid of 
dead epithelium may appear on the tongue and may be associated 
with flattened papillae. Bilateral syphilitic tonsillitis may coexist, 
as may syphilitic laryngitis associated with eroded papules and 
hoarseness. 


Syphilitic alopecia. Patchy hair loss is characteristic of syphilis. 
The hair falls out leaving small, scattered, irregularly thinned, 
‘moth-eaten’ patches of semibaldness (Figure 29.19). The eyebrows 
and beard may be affected [24,25]. Syphilitic alopecia may be 
accompanied by a more generalised, diffuse alopecia associated 
with generalised infection and anaemia. 


Generalised lymphadenopathy. This occurs in 50% of secondary 
syphilis cases. As in the localised lymphadenopathy of primary 
infection, the nodes are painless, discrete, mobile and rubbery, and 
vary in size from about 0.5 to 2 cm. 


Neurological involvement. During the secondary stage, the central 
nervous system may be invaded. Abnormalities in the cerebrospinal 
fluid (CSF), such as raised cell count and increased protein, can be 
found in at least 15% of cases. Less often, serological tests are 
positive in the CSF. The patient may complain of headache 
only. Occasionally, meningitis may present as paralysis of one 


(c) 


Figure 29.17 Condylomata lata of secondary syphilis: (a, b) perianal; (c) round the groin; (d) perivulval; (e) on the penile shaft with surrounding depigmentation (with a persistent 
primary in the coronal sulcus). 


(a) — 


Figure 29.18 Oral lesions of secondary syphilis. (a) Split papules at the angle of the mouth. (b) Mucous patches on the buccal mucosa. 
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Figure 29.19 Thirty-four-year-old male with moth-eaten alopecia of secondary syphilis. 
Reproduced from Moshiri and Moxam 2018 [86]. 


or more cranial nerves. Meningomyelitis with paraplegia and 
double incontinence is rare. 


Other systemic features. Other systemic features of secondary 
syphilis include panuveitis (Figure 29.20) [26], periostitis and joint 
effusions, glomerulonephritis, hepatitis, gastritis and myocarditis. 


The lesions of secondary syphilis resolve spontaneously ina variable 
time and most patients enter the latency stage within the first year 
of infection. In some, especially the immunocompromised, primary 
or secondary lesions may recur. 


Presentation of latent syphilis 

In latent syphilis there are no clinical stigmata of active disease, 
although disease remains detectable by positive serological tests. 
In early latency, within 2 years of infection, vertical transmission 
of infection may still occur, but sexual transmission is less likely 
in the absence of mucocutaneous lesions. The late manifestations 
of syphilis subsequently arise, often decades later, in about 25% of 
those who have latent syphilis. 

To establish a diagnosis of latent syphilis, there are strict crite- 
ria. Clinical evidence of active, early, late or congenital syphilis 
must be absent; the CSF must be normal and a chest X-ray (prefer- 
ably posteroanterior and left oblique, to view the aorta at a right 
angle) must also be normal. Positive (reactive) serological tests 
for syphilis (STS) must be confirmed by examination of a second 
specimen. 

The differential diagnosis may be from biological false positive 
reactions or from other treponematoses, particularly yaws in immi- 
grants to westernised countries. The presence of a scar of a primary 
chancre or leukoderma syphiliticum at the back of the neck may 
be helpful. Yaws is usually acquired by children living in poor 
rural conditions in the tropics. Presenting in adulthood with posi- 
tive STS, they may give a history of yaws or chronic sores or bone 
pains, or they may know of the disease in their family, school or 
parish. Some have clinical or radiological evidence of old periostitis 
in their long bones [27]. Much the same may apply to bejel [28]. 

Yaws was targeted for eradication by the WHO in the 1950s but 
has re-emerged in warm, humid, forest areas in some countries in 
Africa, Asia, Latin America and the Pacific. It is associated with 
poverty and low socioeconomic conditions. The WHO has renewed 
global efforts to eradicate the disease since 2012. 


Presentation of tertiary syphilis 

After a period of latency of up to 20 years, manifestations of 
late syphilis can occur. However, screening for syphilis in blood 
donors and pregnant women has contributed greatly to the pre- 
vention of late syphilis. In addition, since the commencement of 
the antibiotic era, many people with latent and asymptomatic 
late syphilis have happened to receive penicillin or other trepone- 
micidal antibiotics in circumstances unconnected with syphilis 
(‘happenstance antibiotic therapy’). Such inadvertent therapy has 
also contributed to the decline of late syphilis, so that it is becom- 
ing rare in many parts of the western world including the UK 
and USA. 


Late skin syphilis. Late skin syphilis appears in two types: the 

superficial or nodular syphilide and a deeper gummatous syphilide. 

Transitional forms also occur. 

¢ Nodular or tubercular syphilide. The lesions are protruding, firm, 
coppery red nodules (larger than 0.5 cm diameter) (Figure 29.21a). 
On dependent limbs, they may be cyanotic. The nodules appear in 
groups with a tendency to a circinate arrangement — that is, form- 
ing interwoven circles and part of circles. As the disease heals 
centrally, it extends peripherally. The spread does not take place 
equally in all directions, so that the outline may be horseshoe 
shaped, tongued, kidney shaped or serpiginous. Some nodular 
eruptions resemble granuloma annulare or annular forms of 
sarcoid. Their histology resembles secondary syphilis. In other 


qd) (e) 


Figure 29.21 Skin lesions in tertiary syphilis. (a) Nodular gummata of the arm. (b) Psoriasiform gummata on the neck. (c) Psoriasiform gummata of the leg before (right) and after 
(left) treatment. (d) Ulcerated gummata on the leg showing wash-leather slough. (e) Extensive gummata of the chest wall showing peripheral healing and scarring. 
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cases, the abundance of waxy scales gives the eruption a psoriasi- 
form appearance (Figure 29.21b, c). Most frequently, serpiginous 
nodulo-ulcerative eruptions are covered by massive crusts. Even 
the smallest ulcers have a punched-out appearance. 

Lesions of nodular syphilis can appear anywhere on the body, 
but favour the extensor surfaces of the arms, back and face. They 
are symptomless. Where they have spread extensively, smooth, 
soft, finely wrinkled (‘cigarette paper’) central scarring is a fea- 
ture. In their early stages, these scars may be pink, but after a year 
or two they are white. Nodular syphilis spreads slowly but more 
rapidly than lupus, producing a lesion of similar size in months 
rather than years. 

¢ Gummata. The characteristic lesions of tertiary syphilis appear 
3-10 years after infection and consist of granulomas or gummata. 
The granulomas appear as cutaneous plaques or nodules of 
irregular shape and outline and are often single lesions on the 
arms, back and face. They have a tendency for central necrosis 
and ulceration and for peripheral healing with tissue-paper 
scarring (Figure 29.21d). They most often originate in the sub- 
cutis, growing in all directions, into the dermis and epidermis 
as well as the deeper tissues. Gummata that start in bone or 
muscle also tend to ulcerate the skin, and their true origin may 
be difficult to determine. Gummatous changes sometimes take 
place more superficially with scattered, small ulcerations along 
the margins. This form is difficult to differentiate from a nodular 
syphilide. 

Gummata are usually painless even when they ulcerate. Their 
central necrotic tissue may turn into a slimy, stringy mass, and 
it is this that gives rise to the name ‘gumma’. Multiple gummata 
tend to coalesce, the bridges of skin between them gradually 
undergoing necrosis. Such ulcerations offer a wide variety of 
scalloped and geometrical patterns. A punched-out appearance 
is characteristic. Gummata vary in size from 2 to 10 cm. They 
favour the scalp, face, sternoclavicular areas of the chest and 
lateral calf. Gummata can be extensive and show healing with 
tissue paper scarring at their periphery (Figure 29.21e). 


Late mucous membrane lesions. These lesions not infrequently 
attack the palate, both the hard and soft palate, with tissue destruc- 
tion that may lead to loss of the uvula and scarring or perforation 
of the hard palate (Figure 29.22). In cases of congenital syphilis, 
destruction of the nasal septum may also occur, producing a 
saddle-nose deformity. They may also cause: (i) painless testic- 
ular swelling, mimicking a tumour [29]; (ii) portal hypertension 
and portosystemic anastomoses (Figure 29.23); and (iii) diffuse 
interstitial glossitis. Late syphilis of the tongue may present with 
localised or diffuse changes: a solitary gumma or diffuse gum- 
matous infiltration. The latter often passes through a stage of 
chronic interstitial glossitis with fissuring and, later, obvious leuko- 
plakia with patchy necrosis, sometimes associated with trauma 
from the teeth (Figure 29.24). In other cases, changes are more 
superficial, with red, smooth, glazed areas and the loss of papillae. 
Although sometimes painless, these changes may be accompanied 
by discomfort on eating hot or acid foods. All the forms of tongue 
involvement described are recognised as precancerous, so that even 
after adequate antisyphilitic treatment, regular observation of the 
patient is an essential element of sound management. 


(b) 


Figure 29.22 Mucosal lesions of tertiary syphilis. (a) Early gumma of the hard palate. 
(b) Perforated gumma of the hard palate. 


Cardiovascular syphilis and neurosyphilis. These late manifesta- 
tions, although detectable earlier, may take 20 or more years to 
become clinically evident. 

The typical lesion of cardiovascular syphilis is aortitis affecting 
the ascending aorta and appearing 10-30 years after infection. 
The aortitis may be asymptomatic and detected as dilatation of 
the ascending aorta on a chest X-ray, often accompanied by linear 
calcification of the aortic wall (Figure 29.25a), or it may lead to 
stretching and incompetence of the aortic valve, left ventricular 
failure or aneurysm formation (Figure 29.25b). Aneurysms may 
be associated with a variety of syndromes caused by pressure on 
adjacent structures in the mediastinum, and they may cause sudden 
death from rupture. Other symptoms include angina pectoris from 
associated coronary ostial stenosis. Cardiovascular syphilis is more 
commonly associated with neurosyphilis than with gummatous 
disease. 
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Neurosyphilis is characterised by several heterogeneous syn- [5 
dromes [30,31]. The differential diagnosis of neurosyphilis covers < 


the whole spectrum of neurological and psychiatric conditions. 

The onset can occur weeks or decades after treponemal dissemina- 

tion. 

¢ Asymptomatic neurosyphilis precedes the development of clinically 
apparent disease and accounts for one-third of all neurosyphilis. 
It occurs in 10% of those with latent disease and has a peak 
incidence at 12-18 months after infection. It reverts spontaneously 
in 70% of patients. 

¢ Meningeal neurosyphilis usually has its onset during secondary 
disease and is characterised by symptoms of headache, con- 
fusion, nausea and vomiting, neck stiffness and photophobia. 
There may be focal seizures, aphasia, delirium and papilloedema. 
Cranial nerve palsies cause unilateral or bilateral facial weakness 
and sensorineural deafness [32]. 

¢ Meningovascular syphilis occurs most frequently between 4 and 
7 years after infection. The clinical features of hemiparesis, 
seizures and aphasia reflect multiple areas of infarction from 
diffuse arteritis. 

¢ Gummatous neurosyphilis results in features typical of a space- 
occupying lesion. 

¢ Parenchymatous syphilis appears later and has become rare in 
its classic forms in the antibiotic era. The peak incidence of 
general paralysis from parenchymatous disease of the brain 
used to be 10-20 years after infection. The onset is insidious 
with subtle deterioration in cognitive function and psychiatric 
symptoms that mimic those of other mental disorders. As the dis- 
ease progresses neurological signs develop, including pupillary 
abnormalities, hypotonia of the face and limbs, intention tremors 
and hyperreflexia. 

¢ Tabetic neurosyphilis was the most common form of neurosyphilis 
in the pre-antibiotic era, with an onset 15-25 years after pri- 
mary infection. The most characteristic symptom is of lightning 
pains — sudden paroxysms of lancinating pain affecting the 

Figure 29.23 Visceral lesions of tertiary syphilis. (a) Gumma of the liver causing portal lower limbs. Other early symptoms include paraesthesia, pro- 

vein obstruction. (b) Portal hypertension with caput medusa caused by hepatic gressive ataxia and bowel and bladder dysfunction. Tabes also 

ee causes neuropathic (Charcot) joints in the spine, hips, knees 
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Figure 29.25 Cardiovascular syphilis. (a) Chest X-ray 
showing a dilated aorta with linear calcification in the 
wall of the ascending aorta. (b) Chest X-ray showing an 
aneurysmal swelling (A) of the ascending aorta. 


Figure 29.26 Tabes dorsalis. (a) Charcot (neuropathic) joints of the knee. (b) X-ray of Charcot joints of the knee showing a loss of normal alignment with multiple osteophytes 


formation. 


(Figure 29.26) and feet. Perforating ulcers of the feet, now much 
more commonly seen in diabetics, also occur. 

¢ Ocular syphilis may occur at any stage of the disease and has 
re-emerged as an important cause of uveitis during the past 
20 years, especially in HIV-positive MSM. Any eye structure can 
be involved. Posterior uveitis and panuveitis in association with 


impaired visual acuity are most common. It is recommended that 
treatment should follow that for neurosyphilis. 

Otic syphilis presents with sensorineural hearing loss, tinnitus 
and vertigo from treponemal infection of the cochlea-vestibular 
system. Although it had become rare, more cases may occur as 
early syphilis cases increase. 


Syphilis and HIV infection 

There is epidemiological synergy between HIV and other sexually 
transmitted infections [33]. Syphilis increases the risk of HIV acqui- 
sition and onward transmission. HIV infection may alter the natural 
history of syphilis [34]. 

Early syphilis has increased since the advent of antiretroviral 
therapy and pre- and postexposure prophylaxis in association with 
unsafe sexual practices. In most patients with early HIV infec- 
tion, the clinical features, serological test results and response to 
treatment are like those in non-HIV-infected persons [35]. With 
advancing immunosuppression, all of these may be significantly 
altered. Lues maligna and neurological and ocular involvement 
[36-39] have been reported more commonly. 


Differential diagnosis 

Primary syphilis. A wide variety of diseases can affect the gen- 
itals and must be considered (Table 29.1). Genital herpes and 
balanoposthitis have typical clinical features, although they may 
occur with a chancre. Secondarily infected traumatic sores may 
look like chancres. Classic chancroid has become rare but sporadic 
cases still occur, often within ulcers with mixed infections [40]. 
Likewise, classic lymphogranuloma venereum has become less 
common. The ‘inflammatory bubo’ may resemble the unilateral and 
bilateral adenitis of early syphilis. Unlike syphilis, the glands are 
usually matted, adherent to the inflamed skin and show a tendency 
to central fluctuation. Excoriated secondary syphilitic papules in 
women can be confused with multiple small chancres. Chancre 
redux is a recurrence of the primary sore at its original site [41]. 
Tertiary syphilis, tuberculous ulceration, cancer or pre-cancerous 
dermatoses such as erythroplasia of Queyrat and Bowen disease 
can occasionally cause difficulty. The papules of scabies on the glans 
or on the shaft of the penis may arouse strong suspicions. Any lesion 
at the site of a healed primary has been labelled pseudochancre 
redux [42]. On the cervix, a chancre may easily be taken for an 
‘erosion’ or a cancer [43], especially when suspected syphilis is not 
the reason for examination. 

Oral and rectal lesions should give rise to a suspicion of pos- 
sible syphilis. Anal fissures and anal warts, ‘haemorrhoids’, anal 
discharge and irritation or a finding of some form of sexually 
transmitted proctitis, for example due to gonorrhoea, herpesvirus 


Table 29.1 Differential diagnoses of primary syphilis in different genital areas. 


or Chlamydia trachomatis, should alert the physician to the possibil- 
ity of concomitant syphilis [44]. In the rectum, a chancre may be 
mistaken for a cancer. 

With a chancre on the lip, the most important differential diag- 
nosis is facial herpes simplex. Apart from the appearance, the 
recurrent nature of herpes is helpful in its diagnosis. Secondarily 
infected traumatic lesions with oedema may closely resemble a 
chancre, as may cancer of the lip. Traumatic ulcers of the tongue 
can sometimes be infiltrated. Behcet syndrome with both oral and 
vulvar lesions may present a problem. Tonsillar chancres may be 
mistaken for tonsillitis, glandular fever or Vincent angina. When 
the accompanying angular or submental adenopathy is painless, 
syphilis should be seriously considered. 

A longstanding whitlow or paronychia ought to lead to exam- 
ination for both herpes virus and Treponema pallidum. Where 
epitrochlear or axillary adenitis is painless, STS are indicated. 


Secondary syphilis. The skin manifestations of secondary syphilis 
are so variable that it must be considered in the diagnosis of all 
dermatoses that are in any way atypical (Table 29.2). 

With a macular rash, drug eruptions must first be considered. The 
history, itching and lack of adenopathy aid differentiation. Measles 
and rubella may cause difficulty, but it is pityriasis rosea that is 
most often called into question. The presence of a herald patch 
and the collarette of scales distinguish this condition from macular 
syphilis. 

With papular eruptions, many diseases can cause difficulty in 
diagnosis, and it must be remembered that people with seborrhoeic 
dermatitis or psoriasis can also have syphilis. Lichen planus with 
its shiny, angled, violaceous lesions should seldom cause difficulty. 
Acne vulgaris and seborrhoeic dermatitis may confuse the unwary, 
as may impetigo and occasionally leprosy or tuberculosis if the 
face is affected. In the ano-genital region, condylomata lata have 
been incorrectly diagnosed as haemorrhoids and as condylomata 
acuminata. Balanitis circinata, hyperkeratotic lesions of reactive 
arthritis and genital herpes may also lead to misdiagnosis. 

The micropapular varieties of syphilis can be confused with 
keratosis pilaris, lichen scrofulosorum, trichophytide and lichen 
planopilaris. Eruptions of the palms and soles may bear a striking 
resemblance to psoriasis and scaling mycoses. 
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Genital area Other STIs Trauma Dermatoses Inflammatory conditions Drugs Neoplasia 
Penile Genital herpes ‘Zip injury’ Lichen planus Plasma cell balanitis Fixed drug eruption Squamous carcinoma 
Chancroid Lichen sclerosis Behcet disease Bowen disease 
Lymphogranuloma venereum Psoriasis 
Granuloma inguinale Balanitis 
Scabies 
HPV infection 
Other stages of syphilis 
Cervical Cervical ectopy or metaplasia Cervical cancer or CIN 
Anal HPV infection Anal fissure Squamous carcinoma 
Haemorrhoids 
Oral Tonsillitis 


Behcet disease 


CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; STI, sexually transmitted infection. 
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Table 29.2 Differential diagnoses of secondary syphilis. 


Other STIs Dermatoses 


Other inflammatory conditions 


Drugs Neoplasia 


Seborrhoeic dermatitis 
Pityriasis rosea 
Psoriasis 

Lichen planus Mycoses 


Genital herpes 

Scabies 

HPV infection 

Circinate balanitis (reactive arthritis) 


HPV, human papillomavirus; STI, sexually transmitted infection. 


Table 29.3 Differential diagnosis of tertiary syphilis in different parts of the body. 


Facial Truncal Legs 


Chronic venous ulcer 
Bazin disease 


Psoriasis 
Mycosis fungoides 


Lupus vulgaris 
Rosacea 

Lupus erythematosis 
Leukaemic infiltrations 
Neoplasia 


With oral lesions, the question of aphthae has first to be consid- 
ered. The painful nature of the lesions contrasts with syphilis and 
the aphthous lesions are markedly areolated [45,46]. Tonsillitis or 
tonsillar papules with lymphadenopathy may make differential 
diagnosis from infectious mononucleosis a difficult clinical problem. 
An accompanying morbilliform rash, perhaps precipitated by the 
administration of ampicillin, may add to the confusion, especially 
as the condition is sometimes accompanied by false positive STS. 


Tertiary syphilis. Skin reactions to bromides and iodides commonly 
deceived the physician in the past. On the face, lupus vulgaris, 
epithelioma and Bowen disease can cause diagnostic difficulties 
(Table 29.3). Midline granuloma, sycosis barbae, infiltrated forms 
of rosacea and lupus erythematosus have all been confused with 
late syphilis. On the trunk and limbs, it can resemble circinate 
psoriasis, leukaemic infiltrations and mycosis fungoides. On the 
legs, gummatous ulceration can look very like a venous ulcer. Bazin 
disease may also be simulated. 

Changes in the tongue should not be confused with the congen- 
ital deformity of scrotal tongue, when the tongue remains quite 
soft. Where leukoplakia is associated with interstitial glossitis, or 
fibrotic nodules, biopsy is necessary to exclude carcinoma. 


Prognosis 

The cure rates with initial treatment of early syphilis are better 
than 95%. The long-term outcome of adequately treated cases is 
excellent. In late syphilis, infection can usually be arrested although 
some treponemes may persist in less accessible sites (e.g. the eye 
and nervous system). If immune function is normal, this rarely has 
clinical sequelae. 


Investigations 

The tests used to diagnose syphilis continue to evolve and will vary 
in different parts of the world according to the laboratory resources 
available. Microscopic identification of the causative organism 
is possible in specimens obtained from lesions but requires the 
availability of dark-field microscopes and experienced operators. 


Behcet disease 
Infectious mononucleosis 
Angular cheilitis 


Systemic drug eruptions 
Stevens—Johnson syndrome 


Squamous carcinoma 
Bowen disease 
Kaposi sarcoma 


Serological testing remains the bedrock of screening, but the choice 
of tests will vary in different locations; enzyme immunoassay (EIA) 
tests are now the most used screening tests. In developed countries, 
polymerase chain reaction (PCR) based tests are becoming more 
widely available as are rapid point-of-care tests that can give rapid 
results on fingerprick specimens. 


Dark-field microscopy 
Treponema pallidum can be identified from lesions of primary, sec- 
ondary or early congenital syphilis by dark-field microscopy. In 
primary syphilis, it makes the diagnosis possible before measurable 
antibodies appear. In secondary syphilis, it provides immediate 
confirmation of a clinical diagnosis. The organism has a charac- 
teristic morphology and motility, with a sinusoidal profile and a 
wavelength and amplitude of 1.1 and 0.4 1m, respectively [47]. 

Lesions are initially cleansed with a saline-soaked gauze swab 
then abraded with a dry gauze swab. The edge of the lesion is gently 
squeezed and the exudate collected with the edge of a coverslip and 
placed on a slide. Healing ulcers and papular lesions often require 
initial abrasion with the blunt edge of a scalpel blade. Patience is 
needed to identify T. pallidum. Repeat testing on consecutive days 
may be necessary. In all highly suspect genital and/or oral lesions 
where it proves impossible to demonstrate T. pallidum, lymph node 
puncture material, mixed with injected sterile saline (0.5 mL), should 
be examined. Any treponeme found will always be T. pallidum. 

The organism can also be identified by direct immunofluorescent 
antibody testing where no facilities for dark-field microscopy exist. 

In biopsy specimens from late syphilis, or in atypical early lesions, 
it may be possible to identify the organism using silver stains such 
as Warthin-Starry preparations or by direct immunofluorescent 
antibody testing. 


Molecular amplification tests 
Polymerase chain reaction diagnosis has been based on primers 
and probes prepared from the 47 kDa gene. After a 40-cycle series 
of denaturing, annealing and extension, the PCR products can be 
visualised by electrophoresis or Southern blot hybridisation with 
a *P-labelled probe and then autoradiography. This technique 
should be of greatest value in detecting the low numbers of tre- 
ponemal products in neurosyphilis; it should also be useful in 
CS, in which the interpretation of serological test results may be 
difficult. Molecular amplification tests have also been successfully 
used in multiplex systems to investigate the aetiology of genital 
ulcers [48] and lymph node biopsy specimens [49]. 

There is no internationally approved commercially available test 
so PCR testing is usually confined to specialised reference laborato- 
ries [50]. 


Table 29.4 Sensitivities of serological tests at different stages of untreated syphilis. 


Stage of disease (% positive (range)) 


Test Primary Secondary Latent Tertiary 
VDRL 78 (74-87) 100 95 (88-100) 71 (37-94) 
RPR 86 (77-99) 100 98 (95-100) 73 
FTA-ABS? 84 (70-100) 100 100 96 

TPPA? 76 (69-90) 100 97 (97-100) 94 

EIA 93 100 100 


Courtesy of Centers for Disease Control and Prevention, Atlanta, GA. 

2 FTA-ABS and TPPA are generally considered to be equally sensitive in the primary stage 
of the disease. 

EIA, enzyme immunoassay; FTA-ABS, fluorescent treponemal antibody absorption; RPR, 
rapid plasma regain; TPHA, Treponema pallidum haemagglutination test; TPPA, 
Treponema pallidum particle agglutination; VDRL, Venereal Disease Research Laboratory. 


Serological tests 

Serological tests for syphilis and serological tests for other trepone- 
matoses can be divided into reaginic or non-treponemal tests, and 
specific or treponemal tests. The immune responses in all the tre- 
ponematoses appear to be the same, and there is no test that will 
differentiate one treponematosis from another [51]. The sensitivity 
of the different tests varies according to the stage of the syphilis 
(Table 29.4). 


Standard non-treponemal tests. The non-treponemal tests detect 
immunoglobulin M (IgM) and IgG antibodies to lipoidal material 
released from damaged host cells and to lipoidal-like antigens of 
T. pallidum. There are four tests available that use the Venereal 
Disease Research Laboratory (VDRL) antigen (consisting of cardi- 
olipin, cholesterol and lecithin) as the principal component. These 
tests are quantitative and are useful in assessing the response to 
treatment. Reactivity to these tests does not develop until 1-4 weeks 
after the chancre appears in primary syphilis. Titres are highest in 
secondary syphilis. The prozone phenomenon occurs in 2% of sera; 
undiluted sera give negative results because of antibody excess, the 
presence of blocking antibodies, or both. The titre slowly declines 
after the secondary stage, and it may spontaneously become 
negative in some cases of late latent syphilis and neurosyphilis. 

The VDRL slide test is widely used and requires the microscopic 
demonstration of antigen-antibody flocculation in heat-inactivated 
serum. 

The unheated serum reagin (USR) test is like the VDRL test but 
does not require preheated serum, because the antigen has been 
stabilised. 

The rapid plasma reagin (RPR) test and toluidine red USR 
(TRUST) use either charcoal or red paint pigment added to the 
USR reagent to enhance visualisation of the antigen-antibody floc- 
culation. The flocculation is visible macroscopically. This test can 
be performed in consulting rooms, clinics and laboratories where 
facilities, experience and personnel are limited. An automated RPR 
test is available. 


Treponemal tests. Specific treponemal antibody tests detect anti- 
bodies to antigenic determinants of treponemes. They are qualitative 
procedures and are not helpful in assessing treatment responses. 
Once positive, they tend to remain positive for life, irrespective of 
treatment. 


The T. pallidum immobilisation (TPI) test was first developed in 
1949 after Nelson and Mayer [52] showed that serum from syphilitic 
patients contains an antibody that, in the presence of complement, 
inhibits the normal movements of virulent T. pallidum. This test 
required virulent T. pallidum (Nichol strain) obtained from rabbits. 
Although sensitive and specific [53,54], it has been superseded by 
newer, less time-consuming tests. 

The fluorescent treponemal antibody absorption (FTA-ABS) 
test [55-57] and the FTA-ABS double staining (FTA-ABS DS) test 
are both indirect immunofluorescent tests. The double stain test 
employs a fluorochrome-labelled counterstain for T. pallidum and 
an antihuman IgG conjugate labelled with tetramethylrhodamine 
isothiocyanate to detect antibody in the patient’s serum. False 
positive results may occur in about 1% of sera. Possible causes 
include technical error, Lyme borreliosis, pregnancy, genital herpes, 
alcoholic cirrhosis and connective tissue diseases such as systemic 
lupus erythematosus and scleroderma. 

The T. pallidum haemagglutination assay (TPHA) was first 
described by Rathlev in 1967 [58]; a variant microtechnique has 
since gained popularity. In all forms, the TPHA is simple to perform 
and results are readily reproducible [59]. The test is very sensitive 
and specific [60,61]. The microhaemagglutination assay for antibod- 
ies to T. pallidum (MHA-TP) detects passive haemagglutination of 
erythrocytes sensitised with ultrasonicated Nichol strain T. pallidum. 
In many laboratories, the TPHA has been replaced by the similar 
T. pallidum particle agglutination (TPPA) test that uses gelatine 
particles rather than erythrocytes as the carrier. It is more sensitive 
than the FTA-ABS test. 

More recently, sensitive treponemal immunoassays have been 
developed using a variety of techniques including EIA, chemilumi- 
nescence immunoassay (CIA) and microbead immunoassay (MBIA) 
[62,63]. These tests can be easily automated and thereby improve 
turnaround times. Many laboratories are now employing a reverse 
testing algorithm whereby initial screening is by these tests with 
subsequent testing by quantitative non-treponemal tests. 

It is essential to confirm the presumptive serological diagnosis of 
syphilis on a second specimen from the patient. 


Rapid point-of-care tests for syphilis 

The resurgence of syphilis worldwide and limited laboratory 
diagnostic facilities in high-prevalence countries has stimulated 
the development of rapid point-of-care tests [64]. These can be 
performed outside a laboratory setting with minimal training and 
no equipment, using a fingerprick blood sample. The tests are 
simple, are not affected by prozone effects and can be transported 
and stored at temperatures <30°C. Their sensitivity is 85-98% and 
their specificity 93-98%. They are used for targeted screening in 
resource-poor countries, especially for the screening of pregnant 
women and other high-risk groups. In developed countries, their 
use is also being studied in outreach settings with MSM and sex 
workers and their clients [65,66]. 


Biological false positive reactions 

All the tests in use can produce biologically false positive (BFP) 
results (Table 29.5). Some apparently healthy persons produce 
reagins in excess. They are classified as BFP reactors. BFP reactions 
may be acute or chronic, that is they last less than or more than 
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Table 29.5 Biological false positive reagin tests for syphilis in acute and chronic diseases. 


Acute Chronic 
Infections: Autoimmune diseases 
alaria Dysgammaglobulinaemias 
Leprosy 
Typhus 


Viral pneumonia 
nfectious mononucleosis 
Filariasis 

Trypanosomiasis 

Lyme disease 

Pregnancy 


6 months. The same occurs in association with acute and chronic 
diseases. Persistently low-titre-positive reagin tests with repeatedly 
negative treponemal tests are the rule in acute BFP reactions. They 
rarely last more than 3 months. Strongly positive reactions are more 
common in chronic BFP reactors. 

The following are among the commonest associations with acute 
BFP reactions: malaria, leprosy (especially the lepromatous form) 
[67-69], typhus, respiratory tract infection (especially viral pneu- 
monia), infectious mononucleosis, active pulmonary tuberculosis, 
hepatitis, subacute bacterial endocarditis, measles, chickenpox, 
filariasis, trypanosomiasis, leptospirosis and relapsing fever. BFP 
reactions are also reported in connection with pregnancy [70] and 
narcotic addiction. 

Chronic BFP reactions are associated with autoimmune diseases 
and dysgammaglobulinaemia. Chronic BFP reactions may exist 
for some time and herald the onset of connective tissue disease by 
some years, for example systemic lupus erythematosus (especially 
in Rhesus-negative women), polyarteritis nodosa and rheumatoid 
arthritis [71,72]. 

The FTA and FTA-ABS tests may also give BFP reactions in the 
elderly, in autoimmune disorders [73], and in Lyme disease [74]. 


Examination of the cerebrospinal fluid 

Indications for the examination of CSF in syphilis include the fol- 

lowing: 

¢ Neurological, ophthalmic or auditory symptoms and signs. 

¢ Other clinical evidence of active infection — aortitis, gumma or 
iritis. 

e Treatment failure. 

e HIV infection. 

e A non-treponemal serum titre of more than 32 if the duration of 
syphilis is over 1 year. 

The typical CSF findings of neurosyphilis consist of: 
¢ Moderate mononuclear pleocytosis (10-400 cells/mL). 

e Elevated total protein (0.46-2.0 g/L). 
¢ Positive CSF VDRL test. 

The CSF VDRL test is highly specific and false positive results are 
rare in the absence of blood contamination. A negative CSF VDRL 
test does not exclude neurosyphilis, although non-treponemal sero- 
logical tests usually remain positive in both serum and CSF in such 
cases. 

CSF can also be subject to treponemal antibody and PCR testing. 
The TPPA test is often used for confirmatory testing. 


Management 

Parenteral penicillin G is the preferred drug at all stages of syphilis; 
the preparations used, the dosage and the duration of treatment 
depend on the clinical stage and disease manifestations. Penicillin 
remains not only the most effective treponemicide, but it is easy to 
administer, has few side effects and is relatively inexpensive. Results 
continue to be excellent for all forms and stages of treponemal dis- 
ease, and there are no signs that T. pallidum has developed resistance 
to this antibiotic. Injectable penicillins are generally preferred to 
oral preparations because of problems of patient compliance and 
uncertain absorption from the gastrointestinal tract. 


Treatment ladder for syphilis 


First line 

Early syphilis (primary, secondary and early latent) 

e Benzathine penicillin G 2.4 mega units IM single dose or x2 
(days 1 and 8) 

e Procaine penicillin G 0.6—-1.2 mega units IM OD for 10-14 days 


Late latent and cardiovascular 

¢ Benzathine penicillin G 2.4 mega units IM weekly x3 (days 1, 
8 and 15) 

¢ Procaine penicillin G 0.6-1.2 mega units IM OD for 14-20 
days 

Neurosyphilis (including neurological/ophthalmic 

involvement in early syphilis) 

e Procaine penicillin 1.8-2.4 mega units IM OD plus probenecid 
500 mg PO QDS for 14-20 days 

¢ Benzyl penicillin 10.8—24 g daily, given as 1.8-2.4 ¢ IV every 
4h for 14-20 days 


Second line 

Early syphilis (primary, secondary and early latent) 

¢ Doxycycline 100 mg PO BD for 14 days 

¢ Ceftriaxone 500 mg IM OD for 10 days (if no anaphylaxis to 
penicillin) 

e Erythromycin 500 mg PO QDS for 14 days 

e Azithromycin 2 g stat or 500 mg PO OD for 10 days 


Late latent and cardiovascular 

¢ Doxycycline 100 mg PO BD for 28 days (if penicillin allergic) 

¢ Amoxicillin 2 g PO TDS plus probenecid 500 mg PO QDS for 
28 days 


Neurosyphilis 

e Doxycycline 200 mg PO BD for 28 days 

e¢ Amoxicillin 2 g PO TDS plus probenecid 500 mg PO QDS for 
28 days 

¢ Ceftriaxone 2 g IV or IM for 10-14 days 


Steroids 

Steroids should be given with all antitreponemal antibiotics for 

cardiovascular syphilis and neurosyphilis: 

e Prednisolone 30-60 mg daily for 3 days, beginning 1 day 
before first antibiotic dose 


Adequate treatment requires the maintenance of serum concen- 
trations more than 0.03 penicillin units/mL for at least 10 days. 
UK [75,76] and European [77] guidelines generally recommend 
a daily dose of 0.6 mega units whereas the WHO [78] and USA 
[79] recommend double this amount. A single intramuscular dose 
of 0.6 mega units of aqueous procaine penicillin gives an effec- 
tive serum concentration for at least 24 h; in comparison, a single 
intramuscular dose of 2.4 mega units of benzathine penicillin G 
maintains effective levels for about 2 weeks. As this preparation 
may cause pain on injection, 1.2 mega units are usually given in the 
upper and outer quadrant of each buttock. 

Treatment of late syphilis theoretically may require a longer 
duration of therapy because organisms are dividing more slowly, 
but the validity of this concept has not been addressed. The pen- 
etration of aqueous procaine penicillin into the CSF (as into the 
aqueous humour) is poor; that of erythromycin is poorer and that 
of benzathine penicillin poorest of the three [80]. 

For treatment of neurosyphilis, high dosages of crystalline benzyl 
penicillin G, plus probenicid, should be considered. Desensitisation 
of penicillin-allergic patients is recommended. 

In patients who are hypersensitive to penicillin, regimens based 
on ceftriaxone, doxycycline and erythromycin have all been suc- 
cessfully used to treat syphilis; however, success is less assured 
than with penicillin. Azithromycin, given in dosages of 500 mg 
daily for 10 days, or in a single 2 g dosage, has recently been suc- 
cessful, but there are concerns about the emergence of antimicrobial 
resistance [81,82]. 

All patients with syphilis should be offered screening for other 
sexually transmitted infections and HIV. Serological testing for 
HIV should be repeated after 3 months in those persons presenting 
with primary syphilis who initially test negative. 


HIV-seropositive individuals 

It is recommended that CSF examination be performed in all patients 
with syphilis who are HIV seropositive. Generally, recommended 
regimens are the same as those in HIV-negative individuals if CSF 
examination is normal [83]. 


Pregnant women 

Only penicillin-based regimens have documented efficacy, and 
desensitisation should be considered in those who are allergic. 
Those women who have had documented treatment for syphilis 
in the past do not need retreatment in current or subsequent preg- 
nancies as long as there is no clinical evidence of syphilis, and 
the VDRL or RPR titre is negative. First line treatment is with 
benzathine penicillin. 

Macrolides are no longer a treatment option. 


Penicillin reactions 

Accidental deaths following treatment are very rare and mainly due 
to anaphylactic shock reactions to penicillin. If penicillin is used in 
patients with a history of allergy, it is advisable to keep the patient 
under observation for 15-20 min after the injection. An emergency 
kit should always be available. 


Treatment ladder for syphilis in pregnancy 


First line 
Early syphilis (primary, secondary and early latent) 


Trimesters 1 and 2 (up to and including 27 weeks’ gestation) 
e Benzathine penicillin G 2.4 mega units IM single dose 


Trimester 3 (from 28 weeks’ gestation) 

e Benzathine penicillin G 2.4 mega units IM on days 1 and 8 

e Procaine penicillin G 0.6-1.2 mega units IM OD for 10-14 
days 

Late latent, cardiovascular and gummatous syphilis (all three 

trimesters) 

e Benzathine penicillin G 2.4 mega units IM on days 1,8 and 15 


Second line 

Early syphilis (primary, secondary and early latent) (all three 

trimesters) 

e Procaine penicillin G 0.6-1.2 mega units IM OD for 10-14 
days 

e Amoxicillin 500 mg PO QDS plus probenecid 500 mg PO 
QDS for 14 days 

¢ Ceftriaxone 500 mg IM OD for 10 days (if no anaphylaxis to 
penicillin) 

Late latent, cardiovascular and gummatous syphilis (all three 

trimesters) 

e Procaine penicillin G 0.6 mega units IM OD for 14 days 

e Amoxycillin 2 g TDS and probenecid 500mg QDS for 28 days 


Steroids 

Steroids should be given with all antitreponemal antibiotics for 

cardiovascular syphilis and neurosyphilis: 

e Prednisolone 40-60 mg daily for 3 days, beginning 1 day 
before first antibiotic dose 


Treatment ladder for neurosyphilis in pregnancy 


First line 

e Procaine penicillin G 1.8-2.4 mega units IM OD plus 
probenecid 500 mg PO QDS for 14 days 

¢ Benzyl penicillin 10.8-14.4 ¢ daily, given as 1.8-2.4 g IV every 
4h for 14 days 


Second line 

e¢ Amoxicillin 2 g PO TDS plus probenecid 500 mg PO QDS for 
28 days 

¢ Ceftriaxone 2 g IM (with lidocaine as diluent) or IV (with 
water for injection as diluent) for 10-14 days (if no 
anaphylaxis to penicillin) 


Steroids 

Steroids should be given with all antitreponemal antibiotics for 

neurosyphilis: 

e Prednisolone 40-60 mg daily for 3 days, beginning 1 day 
before first antibiotic dose 
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Figure 29.27 Typical serological responses at 
different stages and in response to treatment of 
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30 syphilis. FTA, fluorescent treponemal antibody; Ig, 
immunoglobulin; TPHA, Treponema pallidum 
haemagglutination assay; VDRL, Venereal Disease 
Research Laboratory. Courtesy of Centers for 
Disease Control, Atlanta, GA, USA. 


Hoigne reactions (acute psychotic symptoms due to inadver- 
tent intravenous injection of procaine in procaine penicillin) are 
recognised. 

The Jarisch-Herxheimer reaction is an acute febrile reaction that 
occurs in many patients within 24 h of commencing treatment. It 
is mediated by cytokines. Headache, myalgia, bone pains and an 
exacerbation of skin lesions may accompany the fever. It must be 
differentiated from penicillin allergy. Patients should be advised 
that it might occur. Symptoms may be controlled by antipyretics. 
The fever (38-40°C) rarely persists more than 8 h. 

In pregnant women the reaction may induce early labour or cause 
fetal distress. In late neurosyphilis and cardiovascular syphilis, 
the Jarisch-Herxheimer reaction can be more serious and may 
be associated with life-threatening sequelae. Many clinicians 
advocate a short course of corticosteroids to lessen its effects in 
these patients. One such regimen is to prescribe oral prednisolone 
30-60 mg daily for 3 days, beginning syphilis treatment 24 h after 
the first dose. 


Follow-up 

Follow-up for clinical and serological assessment should be carried 
out at 3, 6 and 12 months after the completion of treatment in early 
syphilis (Figure 29.27). Recurrence is due more often to reinfection 
than to relapse. 

Reinfections are more likely during the first year after penicillin 
therapy. non-treponemal test titres correlate with disease activ- 
ity and will usually become negative with time after successful 
treatment. In some patients, who are described as being ‘reagin 
fast’, low titre positivity in these tests may persist for life. Apart 
from up to 25% of patients treated for primary syphilis, the tre- 
ponemal tests will continue to remain positive after successful 
treatment. 

In late latent or tertiary benign syphilis, a 2-year follow-up is 
adequate. Quantitative non-treponemal tests are repeated at 3 and 
6 months, and each 6 months thereafter. Follow-up of cardiovascular 
and clinical neurosyphilis should be for life. 


Treatment failure is suggested by a fourfold increase in titres, less 
than a fourfold decrease in pre-treatment titres within 12-24 months, 
and the development of symptoms or signs attributable to syphilis. 
All treatment failures require CSF examination. In cases of 
serological or clinical relapse, retreatment with double doses is 
recommended. 

In latent syphilis, a 2-year follow-up is adequate. The same 
applies to late benign syphilis. In neurosyphilis it is usual to repeat 
the CSF examination every 6 months until the cell count has become 
normal. There is a slower response of the CSF VDRL criteria and 
total protein. Retreatment should be considered if the cell count 
shows an inadequate response or if all these parameters have not 
returned to normal by 2 years. In cases of serological or clinical 
relapse, retreatment with double penicillin doses is recommended. 
Patients treated for neurological or cardiovascular syphilis should 
be followed up for many years. 


Management of sexual contacts 

Attempts should be made to identify, trace and offer further investi- 
gation to at-risk sexual contacts. In early syphilis, these are contacts 
occurring within 3 months plus the duration of symptoms for 
primary syphilis, within 6 months plus the duration of symptoms 
for secondary syphilis and within 1 year for early latent disease. 
All long-term partners of patients with late syphilis should be 
offered investigation. 

Many clinicians also recommend presumptive treatment of all 
sexual contacts within the 90-day period preceding patient presen- 
tation of early syphilis if serological test results are not immediately 
available and if follow-up cannot be assured. 


Congenital syphilis | 


Definition 
Congenital syphilis results from transplacental passage of Tre- 
ponema pallidum from an infected pregnant woman to her fetus but 


may also occur during delivery in the presence of maternal genital 
lesions. If untreated during pregnancy, syphilis can lead to fetal 
loss or stillbirth or, in a live born infant, neonatal death, prematurity, 
low birth weight and infant disorders such as deafness, neurolog- 
ical impairment and bone deformities. It is largely preventable by 
good prenatal care and timely penicillin treatment [1-3]. 


Introduction and general description 

Transmission of T. pallidum from mother to fetus can occur during 
any stage of maternal syphilis but the risk is higher in women with 
primary or secondary stage syphilis [4]. Fetal infection can occur 
during any trimester of pregnancy. A wide spectrum of severity 
exists, and only severe cases are clinically apparent at birth. 


Epidemiology 

Incidence and prevalence 

In recognition that CS is the second most common cause, after 
malaria, of preventable stillbirth worldwide, the WHO launched a 
global initiative in 2007 to eliminate transmission during pregnancy. 

Precise data on the incidence of CS among live born infants are 
limited, especially for countries without surveillance or report- 
ing systems. In 2008, the WHO estimated that 1.86 million cases 
of syphilis occurred globally among pregnant women each year. 
A large proportion of them were untreated or inadequately treated. 
Up to one-third of women attending antenatal care clinics were 
not tested for syphilis. It was estimated that annually there were 
approximately 215000 stillbirths or early fetal loss, 90000 cases 
of neonatal death, 65000 cases of low birth weight and 150000 
infections in newborns resulting from syphilis infections among 
pregnant women. 

By 2016, the global rate had declined to 473 cases per 100000 live 
births and several countries reported elimination of CS because 
of enhanced surveillance and treatment in pregnancy [5]. 

In the USA, CS reported rates had declined to their lowest ever 
in 2014 but have since doubled, reflecting the increase in early 
syphilis cases in women, notably in socioeconomically deprived 
blacks or Hispanics, the homeless and substance abusers [6]. 

In Western Europe, CS rates have remained lower than the WHO 
global elimination target of <50 cases per 100 000 live births. In 
the UK, there were 21 cases in total during 2011-2017 [7]. While 
routine antenatal screening rates exceed 97%, seroconversion in 
late pregnancy is a persisting concern. Repeat serological screening 
for syphilis is recommended for at-risk women at 30 weeks’ gesta- 
tion. Where return for test results cannot be assured, point-of care 
tests at antenatal screening are recommended. Dual screening for 
both syphilis and HIV is more cost-effective than either alone at 
preventing adverse pregnancy outcomes [8]. 

Only severe cases present at or shortly after birth. Most cases will 
present during childhood although the diagnosis in some may not 
be made until adulthood. The disease is seen equally in both sexes. 
There is no racial predisposition. Cases reflect the socioeconomic sta- 
tus and adequacy of health care systems in their countries of origin. 


Pathophysiology 

Pathology 

The histological lesion of CS, as with acquired syphilis, is that of 
obliterative endarteritis, consisting of mononuclear and plasma cell 


infiltration surrounding the blood vessels with intimal hyperplasia 
and swollen, hyperplastic endothelial cells. Fibrosis and gummata 
are frequently observed in the infected tissue. Fibrosis can be rel- 
atively fine in character, consisting of collagen disposition around 
the blood vessels, or it may distort and replace the parenchyma 
of the affected organ. Gummata consist of a thin peripheral rim of 
mononuclear cell infiltrate, central ‘gummy’ necrosis, and fibro- 
sis — but any of these features may predominate [9]. Any fetal organ 
can be involved. Liver, kidneys, bone, pancreas, spleen, lungs, heart 
and brain are most frequently affected. 


Causative organisms 
Congenital syphilis is caused by Treponema pallidum subsp. pallidum. 


Clinical features (Table 29.6) 
Presentation 
The clinical manifestations are a consequence of active infection 
with T. pallidum and the inflammatory response induced in vari- 
ous organs. The severity is variable, ranging from life-threatening 
involvement of multiple organs to isolated radiological or labora- 
tory abnormalities [10]. 
Congenital syphilis can be divided into: 
1 Early disease, presenting within the first 2 years of life. 
2 Late disease, presenting from age 3 onwards. 
3 Stigmata of CS, the scars and deformities associated with the 
infection that may be seen in adults. 


Early congenital syphilis 

Many infants are asymptomatic. The placenta may show prolif- 

erative vascular changes and there may be acute inflammation of 

the umbilical cord (funisitis) [11]. In about two-thirds of untreated 

cases, clinical signs may begin to appear in the third to eighth week 

of life. In nearly all cases the signs appear within 3 months. Early 

CS can manifest as rhinitis with serosanguinous nasal discharge, 

vesiculobullous eruptions of the skin, oral mucous patches, bony 

abnormalities, chorioretinitis and visceral lesions. 

¢ Mucous membranes. Syphilis rhinitis, generally described as ‘snuf- 
fles’, is the most important and frequent sign (Figure 29.28a). 
It manifests as a profuse, serous, nasal discharge that contains a 
high concentration of T. pallidum. The inflammatory process can 
lead to severe nasal cartilage and bone destruction that can lead 
to the ‘saddle-nose’ deformity of late CS (Figure 29.28b). Mucous 
patches can also be found on the tongue and palate. 

¢ Skin. The coppery red rash resembles the acquired papular rash 
of secondary syphilis. Individual lesions, which can be rela- 
tively large, can typically be seen on the extremities, especially 
the palms and soles (Figure 29.29). Lesions on the face may 
also present as deeply fissured (‘split’) papules at the angles of 
the mouth or lateral to the external nares. The eruptions often 
become papulosquamous and anal condylomata may be present. 
Paronychia is said to be typical. T. pallidum can be demonstrated 
in the serum from any of these lesions. Skin lesions on the lips, 
nostrils and anus heal with radiating scars (rhagades). ‘Pemphi- 
gus syphiliticus’ occurs in some babies presenting with bullae, 
desquamation or erosions (Figure 29.30). Bullae most commonly 
occur on red, infiltrated palms and soles; their serous contents 
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Table 29.6 Features of congenital syphilis. 


Early features 
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Late features 


Birth weight Low birth weight: may be <2500 g 
Mucocutaneous Snuffles Rhagades 
Maculopapular rash Gummata 
Pustules Palatal perforation 
Mucous patches 
Condylomata lata 
Vesiculobullous lesions 
Rhagades 
,) Desquamation 
Ww Alopecia 
awn Dental Hutchinson teeth 
° a Mulberry molars 
=O Laryngeal Hoarse cry 
“t = Ocular Chorioretinitis Interstitial keratitis 
LL < Uveitis Uveitis 
Z2aw Glaucoma Glaucoma 
a Lu Gastrointestinal Hepatosplenomegaly 
Mm 3 Pancreatitis 
Enteritis (a) 
cc Renal Nephritis 
< Oedema and ascites 
Lymphatics Lymphadenopathy 
Haematological Thrombocytopenia 
Anaemia 
Disseminated intravascular 
coagulation 
Central nervous Aseptic meningitis Mental delay 
system 
Chronic meningovascular syphilis Eighth nerve deafness 
Cranial nerve palsies Convulsive disorders 
Hydrocephalus Paresis and paralysis 
Tabes dorsalis 
Skeletal Periostitis Periostitis causing frontal 


Osteochondritis causing 
pseudoparalysis 
Osteitis 


and parietal bossing 
Sabre tibiae, scaphoid 
scapula 
Thickening of medial part 


of clavicle 
Short maxilla and 
protuberant mandible 
Saddle nose 
Clutton joints 


Adapted from Parish 2000 [23]. 


contain abundant active treponemes. Napkin dermatitis is some- 
times mistaken for syphilis. The syphilitic papules are generally 
less ‘hypertrophic’ and their appearance less eczematous than in 
napkin dermatitis. 

¢ Other features. There are often bone abnormalities, characterised 
by diaphyseal periostitis, osteochondritis and a positive Wim- 
berger sign (Figure 29.31), which may present with limb 
pseudoparesis. Osteochondritis, which is a common early sign, 
occurs at the end of the long bones, particularly the lower end of 
the tibia and fibula (Figure 29.32) [12]. The zone between the bone 
and the cartilage becomes broad and irregular. It shows as a very 
tender, painful swelling and may lead to Parrot pseudoparalysis. 
Even without treatment, it tends to disappear within the first year 
of life. It may be confused with rickets or trauma from physical 
abuse. 


(b) 


Figure 29.28 (a) Early congenital syphilis showing serous nasal discharge from 
nasopharyngitis — ‘syphilitic snuffles’. (b) Congenital syphilitic facies with saddle nose 
deformity and frontal bossing of late congenital syphilis resulting from earlier 
nasopharyngitis and impaired development of the maxilla. 


Figure 29.29 Infant with hepatosplenomegaly and a generalised maculopapular rash. 
From Rodriguez-Cerdeira and Silami-Lopes 2012 [87] with permission of Elsevier. 


Figure 29.30 Early congenital syphilis (‘pemphigus syphiliticus’) with ruptured bullae on 
the soles, resembling bullous pemphigoid. From Rodriguez-Cerdeira and Silami-Lopes 
2012 [87] with permission of Elsevier. 


Later, there may be periosteal changes or, more rarely, a char- 
acteristic osteomyelitis syphilitica in one or more phalanges 
(syphilitic dactylitis) (Figure 29.33). Visceral lesions causing 
pneumonia alba, hepatomegaly and splenomegaly, sometimes 
with jaundice, are common, as is anaemia and thrombocytopenia 
[13]. Meningitis and meningoencephalitis with convulsions have 
been described, with bulging of the fontanelle, neck stiffness 
and, later, hydrocephalus and severe intellectual impairment. 
Choroiditis and chorioretinitis may occur, but anterior uveitis 
is rare. 


Late congenital syphilis 

The manifestations of late CS represent the consequences of the 
inflammatory response at the sites of treponemal infection during 
the early stages of the disease. Late CS can present as a variety of 
skeletal developmental defects and a characteristic facies. Dental 
abnormalities occur. Other features include hydrocephalus and 
mental retardation, as well as other typical lesions of gummatous 
syphilis (Figure 29.34) and neurosyphilis. 

The common problem is to differentiate latent or late acquired 
syphilis from late CS. The possibility of non-venereal trepone- 
matoses can further complicate the situation in some patients; the 
results of STS are of marginal help. A thorough history, including 
antibiotic history and clinical examination is needed to establish a 
diagnosis of late CS. 

Late CS eruptions of the skin and mucous membranes can 
closely resemble the nodular syphilides, gummata and periostitis 


Figure 29.31 Wimberger sign (arrow) — destruction of the proximal metaphyses of the 
tibiae. 


of late acquired syphilis. Signs characteristic of CS alone must 

therefore be sought. They are of great diagnostic importance as they 

generally appear in children from 5 to 16 years of age. 

¢ Interstitial keratitis. This is the commonest and most serious late 
lesion [14]. It is rare in patients before 6 years of age and over 
40 years [15]. Both eyes are usually affected, and recurrences are 
recognised. Attacks may have a 3-month course. There is spotty 
or diffuse clouding of the cornea, with pronounced ciliary and 
pericorneal injection. Brush-like vessels are seen penetrating from 
the sclera into the deeper layers of the cornea, which is best seen 
with a slit lamp [16]. Vision is soon affected. Photophobia and 
pain are marked features. Iridocyclitis and choroidoretinitis may 
coexist. The condition is not directly influenced by antisyphilitic 
treatment. Patients must be referred to an ophthalmologist. 
Corticosteroid therapy in the form of eye drops or subconjuncti- 
val injections is indicated and may have to continue for up to 3 
months to prevent the relapse of this ‘allergic’ phenomenon [17]. 
If well supervised, it will almost certainly eliminate the danger 
of blindness. 

¢ Clutton joints. This is a painless synovitis affecting the knees 
(Figure 29.35). The condition resolves spontaneously over several 
months. It is uninfluenced by antisyphilitic treatment [18]. 


Congenital syphilis 29.25 


) 
2) 
2a 
iS) 
= 
U 
Lu 
LL 
= 


INFESTATIONS 


PART 3 


Figure 29.33 Dactylitis of the little finger in late congenital syphilis. 


¢ Bone involvement. Periostitis of the long bones is common, par- 
ticularly of the tibiae, which may become thickened and bent 
anteroposteriorly (sabre tibiae). Rarely, there may be changes 
in the inner ends of the clavicles or localised destruction of the 
outer table of the skull (Figure 29.36). Gummata of the palate are 
common, with residual perforation of the hard palate. 

e Eighth nerve deafness (neurolabyrinthitis). This is a characteristic 
and moderately common complication. It is eventually bilateral 
in most cases. It may follow interstitial keratitis after some years. 
Tinnitus and vertigo are common prodromal symptoms and 
may continue and accompany the increasing perceptive deafness. 
The condition is uninfluenced by antisyphilitic treatment [19]. 


Figure 29.32 Widespread syphilitic osteitis, periostitis 
and destructive metaphysitis of the long bones. 


© Cardiovascular syphilis. If it occurs at all, it is extremely rare [20,21]. 
¢ Neurosyphilis. Cerebrospinal changes are not rare. Juvenile general 
paralysis may start between 6 and 21 years. Tabes is less frequent. 


Stigmata 

Scars and defects caused by CS have diagnostic importance in dis- 

tinguishing it from acquired syphilis. 

e Teeth. One of the characteristic stigmata of CS is deformity of the 
upper, central incisor teeth [22]. These so-called Hutchinson teeth 
are due to defective development of the permanent teeth buds 
and are often associated with abnormalities in the development 
of the upper jaw (Figure 29.37). The incisors are conical or barrel 
shaped, with a degree of notching at the free edge. Another defor- 
mity, not so characteristic, is the ‘mulberry molar’ (Figure 29.38), 
usually the first molar, which has a flat, occlusive surface with 
only poorly enamelled rudiments of the usual cusps 

¢ Hutchinson triad. Interstitial keratitis, Hutchinson teeth and eighth 
nerve deafness form the Hutchinson triad. 

© Other stigmata. Other stigmata are rhagades at the corner of the 
mouth, a broad-based saddleback nose, a ‘dish face’, Parrot nodes 
on the skull, the ‘pepper and salt’ fundus due to scarred choroidi- 
tis and optic atrophy (Figure 29.39). 


The diagnosis of CS can prove to be difficult for the following three 

reasons: 

1 Treponema pallidum is non-cultivatable and often difficult to 
demonstrate in clinical specimens. 

2 Serological analysis is complicated by the presence of transpla- 
centally acquired maternal antibodies. 

3 Most neonates have no evidence of infection at birth [23]. 


Figure 29.34 Late congenital syphilis with gummata on the 
forehead and scalp. 


Figure 29.35 Clutton joints in late congenital syphilis. 


Evaluation of neonates for congenital syphilis 


The following investigations should be carried out in children born 
to seropositive mothers with no documented treatment at least 4 


weeks before delivery, if a non-penicillin regimen was administered, 
or if relapse or reinfection is suspected: 


Examination for stigmata of CS. 

X-ray of the long bones for evidence of periostitis. 

CSF examination. 

Dark-field microscopy and/or PCR from exudates of suspicious 
lesions or fluids. 
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Figure 29.36 Early congenital syphilis showing osteitis of the skull bones (arrow) 
causing a worm-eaten appearance. 


Infection of the neonate is also suggested if the serum non- 
treponemal antibody titre is four or more times more than the 
mother’s, or if specific IgM treponemal antibody tests are positive. 

Passively transferred maternal IgG antibody can persist in the 
infant’s serum for up to 12 months. 


Management 

Treatment decisions must be made on the basis of: 

¢ Identification of syphilis in the mother. 

¢ Adequacy of maternal treatment. 

e Presence of clinical, laboratory or radiographic evidence of 
syphilis in the infant. 

¢ Comparison of maternal (at delivery) and infant non-treponemal 
serological titres using the same test, preferably conducted by the 
same laboratory. 
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Figure 29.37 Malformations of the secondary dentition in late congenital syphilis. (a) 
Hutchinson teeth. (b) Close-up of Hutchinson incisors. 


Lack of assured supply of benzathine penicillin [24] and other 
practical issues [25] continue to make progress towards the ambi- 
tious WHO strategy of eradicating CS extremely challenging in 
many low-income countries. 


Treatment ladder for congenital syphilis 


First line 

For neonates 

e Aqueous crystalline penicillin G 60 000-150 000 units/kg/day, 
administered as 30 000-50 000 units/kg/dose IV every 12h 
during the first 7 days of life and every 8 h thereafter for a 
total of 10 days 
Or 

¢ Procaine penicillin G 50 000 units/kg/dose IM in a single daily 
dose for 10 days 


Figure 29.38 Moon molars showing a dome-shaped malformation and loss of cusps 
arrows). 


IV therapy is preferable due to the pain associated with IM 
injections 
For older infants and children 
e Aqueous crystalline penicillin G 0.2-0.3 mega units/kg/day IV, 
administered as 50 000 units/kg every 4-6 h for 10 days 
In infants with a normal examination, a non-treponemal 
serological titre the same or less than fourfold the maternal titre, 
the mother was treated during pregnancy, treatment was 
appropriate for the stage of infection, and treatment was 
administered >4 weeks before delivery, plus if the mother has 
no evidence of reinfection or relapse, close monitoring is 
recommended, and treatment is optional 
Where given, the recommended regimen is: 
e Benzathine penicillin G 50 000 units/kg/day in a single IM 
injection 


Second line 

Data are insufficient regarding the use of other antimicrobial 
agents. In cases of shortage or penicillin allergy then ceftriaxone 
can be used. However, if a non-penicillin agent is used, close 
serological and CSF follow-up are indicated 


For infants aged >30 days 
© Ceftriaxone 75 mg/kg IV/IM OD ina single daily dose for 
10-14 days 


For older infants 
° Ceftriaxone 100 mg/kg OD in a single dose 

Infants and children who require treatment for syphilis 
but who have a history of penicillin allergy or develop an 
allergic reaction presumed secondary to penicillin should 
be desensitised, if necessary, and then treated with 
penicillin 


Figure 29.39 Congenital syphilis with chorioretinitis and optic atrophy. 


Follow-up 

All seroreactive infants (or infants whose mothers were seroreac- 
tive at delivery) should receive careful follow-up examinations and 
serological non-treponemal testing every 2-3 months until the test 
becomes non-reactive or the titre has decreased fourfold. 

Non-treponemal antibody titres should decline by the age of 
3 months and should be non-reactive by 6 months if the infant is 
not infected (i.e. if the reactive test result was caused by passive 
transfer of maternal IgG antibody) or was infected but adequately 
treated. 

The serological response after therapy might be slower for infants 
treated after the neonatal period. If these titres are stable or increase 
after age 6-12 months, the child should be evaluated (e.g. given a 
CSF examination) and treated with a 10-day course of parenteral 
penicillin G. 


Resources 


Guidelines and data 

British Association for Sexual Health and HIV (BASHH): https://www.bashh.org/ 
guidelines. 

Centers for Disease Control and Prevention (CDC), syphilis information: https:// 
www.cde.gov /std/syphilis. 


International Union Against Sexually Transmitted Infections ([USTI): https://iusti 
.org/wp-content/uploads/2020/07 /Syphilis2020guideline. 

Prochazka M, Evans J, Thorn L, Sinka K, and contributors. Tracking the Syphilis Epidemic 
in England: 2010 to 2019. London: Public Health England, 2021. 

World Health Organization (WHO), guidelines for the treatment of Treponema pallidum: 
https: //www.who.int/ publications /i/item/9789241549714. 


Patient resources 

British Association for Sexual Health and HIV 
.bashhguidelines.org /patient-information-leaflets. 

Centers for Disease Control and Prevention (CDC), syphilis fact sheet: https://www 
.cde.gov/std/syphilis/default.htm. 

International Union Against Sexually Transmitted Infections ([USTI): https://iusti 
.org/patient-information/. 

National Health Service (NHS), syphilis: https: / / www.nhs.uk/conditions /syphilis 

(All last accessed February 2023.) 


(BASHH): https://www 
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Gonorrhoea — 


Definition and nomenclature 

Gonorrhoea is a bacterial infection caused by Neisseria gonorrhoeae 
that principally causes purulent inflammation of the genital mucous 
membranes. It is primarily sexually transmitted but vertical trans- 
mission during childbirth is important. It is, after genital Chlamydia 
trachomatis infection, the second most common bacterial sexually 
transmitted infection (STI) in the UK and other developed countries. 
Antimicrobial resistance is an increasing cause of global concern. 


Introduction and general description 

Gonorrhoea results in several clinical syndromes including urethri- 
tis, cervicitis, epididymo-orchitis, pelvic inflammatory syndrome, 
disseminated gonococcal infection and ophthalmia neonatorum. 


Epidemiology 

Incidence and prevalence 

Disease rates are unknown for most countries because of inade- 
quate surveillance and reporting systems. In 2016, the World Health 
Organization (WHO) estimated there were 87 million cases world- 
wide with global incidence rates of 20 per 1000 females and 26 per 
1000 males [1]. Higher rates occur in the low- and middle-income 
countries (LMICs) of Africa, the Americas and western Pacific 
regions. In the high-income countries (HICs) of Europe and North 
America, where the highest rates occur in marginalised populations 
within large conurbations, infection rates are again increasing. 


International travel can facilitate spread including of antimicrobial 
resistant strains across international borders [2]. 

In the UK, the annual number of diagnosed cases has been 
increasing since 2005 and reached historic highs in males in 2018 
(Figure 30.1) [3]. One-third or more of the infections in males are 
homosexually acquired. 


Age 

The highest rates of infection occur in young people, especially in 
teenage women and men in their early twenties. Currently in the 
UK, rates are highest in males aged 20-34 years and females aged 
16-19 years (Figure 30.2). Infection rates have also been increasing 
in older age groups. 


Ethnicity 
Although black ethnic groups are disproportionately affected in the 
UK and USA, there is no known racial predisposition to gonorrhoea. 


Associated diseases 

Individuals diagnosed with gonorrhoea are at risk of other coexis- 
tent STIs including human immunodeficiency virus (HIV) infection, 
therefore a full sexual health assessment is warranted. 


Pathophysiology 

Predisposing factors 

Gonorrhoea has a high infectivity and is easily transmitted before 
symptoms appear. Socioeconomic and behavioural factors and pat- 
terns of sexual mixing affect its spread. 


Pathogenesis 

The causative organism shares common ancestry with other 

commensal Neisseria and has developed multiple mechanisms 

to combat host innate and adaptive immunity [3]. These include: 

1 Prevention of complement activation, opsonisation and bacterial 
killing. 

2 Modulation of the activities of macrophages, dendritic cells and 
neutrophils. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Figure 30.1 Number of gonorrhoea diagnoses by sex in the UK, 
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2015 1925-2018. Public Health England 2019 slide set (version 1.0, published 2 


September 2020). 


3 Modulation of T-cell function. 
4 Variation in surface components of the organism to avoid the 
adaptive immune system. 

Reinfection after successful treatment is common. 

It has been estimated that in 0.5-3% of cases, haematogenous 
spread from the mucous membranes can lead to disseminated 
gonococcal infection [4]. Strains that have the ability to resist the 
activity of antibodies and complement predispose to dissemination 
[5]. Host factors predisposing to disseminated gonococcal infection 
include: 


e Female sex. 

¢ Men who have sex with men (MSM). 
e Pregnancy. 

¢ Menstruation. 

e Systemic lupus erythematosus. 

¢ Complement deficiency. 

e Intravenous drug use. 

e HIV infection. 


Figure 30.2 Rate of gonorrhoea diagnoses by sex and age in England, 2019. 
60 Adapted from Public Health England 2019 slide set (version 1.0, published 2 
September 2020). 


Pathology 

Humans are the only natural host for gonococci. The gonococci 
attach to host mucosal cells with the aid of pili, which cover the 
entire outer cell surface, and outer membrane proteins. The pili 
undergo antigenic variation in which strains change their antigenic 
type. The gonococci then penetrate between cells into the subep- 
ithelial space. They may also be able to multiply intracellularly 
and exit from the basal surface of the cell. The host mounts an 
acute inflammatory response that leads to epithelial sloughing, 
submucosal microabscesses and purulent discharge. 


Causative organisms 

Gonorrhoea is caused by the Gram-negative, aerobic, intracellu- 
lar diplococcus, Neisseria gonorrhoeae, that principally infects host 
columnar epithelium. Outside the human host the organism is 
delicate and susceptible to drying, but within the body it has a 
large capability to effect antigenic variation, which helps it evade 
the host immune response and to develop antimicrobial resistance. 
Repeated reinfections by the same strain can occur. 


Figure 30.3 Acute urethritis with a purulent discharge. 


Clinical features 

History 

In symptomatic cases the incubation period is generally short, and 
symptoms typically have their onset 1-5 days after sexual contact 
with an infectious person. 


Presentation 
Infection may be asymptomatic in both sexes when it is diagnosed 
as a result of opportunistic testing or contact tracing. 

The common presentation in men is with acute urethritis. There 
is rapid onset of dysuria accompanied by a purulent discharge, 
which is often profuse (Figure 30.3). Some may only develop a 
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Figure 30.4 Gonococcal proctitis: proctoscopy reveals an inflamed mucosa and a 
purulent discharge. 
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Figure 30.5 Gonococcal cervicitis showing a mucopurulent discharge with redness. 


Figure 30.6 Gonococcal conjunctivitis showing an acute, severe, purulent discharge 
with irritation and a red eye. 


scant or minimally purulent discharge. In MSM, there may also 
be rectal and pharyngeal infections. Gonococcal proctitis may be 
asymptomatic but may present with rectal pain, tenesmus and 
discharge (Figure 30.4). Infection of the oro-pharynx may present 
with exudative pharyngitis and cervical lymphadenopathy but is 
usually asymptomatic [6]. 

The primary site of infection in women is the cervix but the 
urethra, rectum and pharynx may be involved. Symptomatic 
infections manifest as excessive vaginal discharge, dysuria, deep 
dyspareunia, postcoital bleeding and intermenstrual bleeding. 
However, most women with early infections report no symptoms. 
On examination there may be evidence of cervicitis with cervical 
discharge, redness and contact mucosal bleeding (Figure 30.5). 

A less common site of infection in adults is the eye, where 
autoinoculation of the organism from infected ano-genital sites 
leads to acute conjunctivitis. This presents as an acutely painful 
red eye (Figure 30.6) with purulent discharge that may progress 
to panophthalmitis and loss of vision. Gonococcal conjunctivi- 
tis is more often associated with newborn babies as ophthalmia 
neonatorum, which usually occurs in the first week after birth 
(Figure 30.7). Prompt recognition and treatment are essential to 
prevent permanent visual damage. 
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Differential diagnosis 
Differential diagnoses include the following: 


Lower genital tract infections — Chlamydia trachomatis, Mycoplasma 
genitalium, Trichomonas vaginalis, non-specific urethritis and geni- 
tal herpes. 

Urinary tract infection. 

Pelvic inflammatory disease (PID). 

Ectopic pregnancy. 

Cervical or endometrial neoplasia. 

Other causes of intermenstrual bleeding 


Complications and co-morbidities 
Complications may occur from local abscess formation, ascending 
infections or haematogenous spread. There are also those associated 


a with pregnancy and the neonatal period. Figure 30.8 shows the main 
Figure 30.7 Gonococcal ophthalmia neonatorum: the purulent discharge may be sites of gonococcal infection. 
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Figure 30.8 Points of entry and route of dissemination of gonococci. 


Figure 30.9 Saxophone penis caused by a periurethral abscess. 


a 


Figure 30.10 Bartholin abscess: the Bartholin glands are located on either side of the 
vaginal opening and can become obstructed and/or infected. Gonorrhoea should be 
considered as a cause. 


Periurethral abscess may occur in either sex and leads to fistula 
formation and subsequent urethral stricture. In males, it may cause a 
saxophone penis deformity (Figure 30.9). Gonorrhoea should also be 
considered as a possible cause for a Bartholin abscess (Figure 30.10). 

Ascending infection in men causes acute prostatitis, with symp- 
toms of urinary frequency, strangury and back or perineal pain. It 


Figure 30.11 Disseminated gonococcal infection showing a macular lesion with central 
necrosis on the dorsum of the hand. 


may also present as unilateral or bilateral painful testicular swelling 
resulting from acute epididymo-orchitis. 

In women, ascending infections cause PID. This is usually acute 
in onset, with lower abdominal and pelvic pain, fever and marked 
adnexal and cervical motion tenderness on bimanual pelvic exami- 
nation. Acute salpingitis may develop into a tubo-ovarian abscess. 
Scarring after healing may result in scarring of the fallopian tubes 
and tubal factor infertility. 

Acute perihepatitis (Fitz-Hugh—Curtis syndrome) [7] may also 
occur with gonorrhoea, chlamydia or mixed infections. It presents 
as fever and right upper quadrant pain and tenderness that mimics 
acute cholecystitis. Perihepatitis, resulting from inflammation of 
the liver capsule, generally occurs in much younger women than 
in those who typically suffer from cholecystitis. Periappendicitis, 
which may also be caused by either gonorrhoea or chlamydial 
infection, has a similar pathogenesis. Pregnancy and neonatal 
complications may include premature rupture of the membranes, 
premature delivery and acute chorioamnionitis and ophthalmia 
neonatorum. PID is less likely to occur than in the non-pregnant 
state. 


The classic presentation is 
with a dermatitis—arthritis syndrome in a patient with mild fever. 
The skin lesions are small, tender and initially maculopapular 
(Figure 30.11). A central vesicle or pustule (Figure 30.12) appears, 


Figure 30.12 Disseminated gonococcal infection showing a pustule surrounded with 
redness above the lateral malleolus. 


and haemorrhage and necrosis commonly ensue. Lesions occur in 
crops, usually between 5 and 40, and are commonly seen peripher- 
ally near affected joints. They may also occur on the torso and the 
palms and soles. 

Joint or tendon pain is the most common accompanying feature. 
Tenosynovitis often affects the hands and fingers (Figure 30.13). It 
may be accompanied by a migratory polyarthralgia, affecting the 
knees, elbows, wrists, metacarpo-phalangeal joints, ankle joints and 
metatarso-phalangeal joints (Figure 30.14). There is a high yield of 
positive blood cultures in such cases. 

Later, one-third of cases will develop a suppurative arthri- 
tis, which most commonly affects the knee. By this stage, skin 
lesions have usually disappeared and blood cultures are often 
negative. Rarely, pericarditis and endocarditis may also occur 
at this later stage. The latter is more common in men, usually 
affects the aortic valve and presents with a subacute onset of chest 
pain, fever, chills and malaise. Meningitis, similar to that caused 
by meningococci but with a less rapid course, is rare but well 
recognised. 


Disease course and prognosis 

If untreated, 95% of people with uncomplicated urethritis are 
asymptomatic after 6 months. However, the rate of complications 
may be more than 20%. Similarly, pharyngeal infection has a spon- 
taneous rate of clearance close to 100% at 12 weeks. Uncomplicated 


Figure 30.13 Disseminated gonococcal infection showing early macular lesions that 
progress to pustules and haemorrhagic lesions. 


Figure 30.14 Gonococcal arthritis in the metatarsal joints. 


infections treated with appropriate antimicrobial therapy resolve 
completely. Urethral strictures, common in the pre-antibiotic era, 
are now rare. 


Microscopy 

A rapid presumptive diagnosis can be made by the identification of 
Gram-negative intracellular diplococci within phagocytes in stained 
smears from ano-genital sites (Figure 30.15). This allows one-stop 
diagnosis and treatment and is most useful in men with a urethral 
discharge where sensitivity is 90-95% [8]. It is far less reliable for 
diagnosing infections of the rectum, pharynx and cervix. 


Culture 

Confirmation is by culture of the organism and differentiation 
from other Neisseria species by antigenic or biochemical testing. 
The gonococcus is a fastidious organism and requires appropriate 
methods of specimen collection and transportation to the labo- 
ratory. Specimens are plated onto nutritive, selective media and 
incubated in a humid atmosphere containing 5% CO,. Culture 


Figure 30.15 Gram staining of a urethral smear demonstrating intracellular and 
extracellular Gram-negative diplococci. 


remains the gold standard for diagnosing gonorrhoea. Importantly, 
culture is close to 100% specific and allows the testing of isolates for 
antimicrobial sensitivities. 


Nucleic acid amplification tests 
Nucleic acid amplification tests (NAATs) for the diagnosis of 
gonorrhoea are commonly combined with those for Chlamydia in 
commercial assays. They are more sensitive than culture because of 
the problems associated with specimen collection, transportation 
and culture requirements. There are a variety of platforms and 
test methodologies, including polymerase chain reaction (PCR), 
strand displacement assay, transcription-mediated amplification 
assay and 16s RNA detection [9,10]. They do not produce isolates 
that allow antimicrobial sensitivity, have lower sensitivity when 
used on urine specimens in women and can produce false positive 
results from cross-reactions with other pathogenic and commensal 
Neisseria species. Thus, it is advisable that when such tests are used 
for screening, especially in low prevalence populations, results are 
viewed as being presumptive, and confirmation is sought by repeat 
sampling for culture. In high-risk persons and contacts, specimens 
for culture should be taken alongside those for NAATs testing. 
NAATs can also be modified to allow molecular analysis of 
isolates that are useful in epidemiological studies and network 
analysis [11,12]. 


Management 
The gonococcus has a marked propensity to develop antimicrobial 
resistance (Figure 30.16) which is a major worldwide threat to efforts 
to reduce the impact of STIs. Gonococcal isolates now show high 
rates of quinolone resistance, increasing azithromycin resistance and 
emerging resistance to extended-spectrum cephalosporins [13,14]. 
A recent major change in UK guidelines is the move away from 
routine combination antimicrobial therapy. Monotherapy with 
either ceftriaxone IM, where antimicrobial sensitivity is unknown, 
or with oral ciprofloxacin if the causative isolate is known to be 
sensitive, is now first line therapy. The Centers for Disease Control 
and Prevention (CDC) likewise recommends ceftriaxone as first line 
treatment. 
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Where concurrent Chlamydia infection is present, additional 
therapy with either doxycycline (or azithromycin in pregnancy) is 
given. Pharyngeal infection is more difficult to eradicate. 

Complicated infections require longer courses of treatment. 

Patients with gonorrhoea should always be fully assessed and 
screened for other STIs and HIV. Both verbal and written infor- 
mation should be given about the infection, its transmission and 
prevention. Patients should be asked to assist with partner notifi- 
cation efforts, and to avoid further sexual contact until at least 7 
days after they and their partners have received treatment and all 
symptoms have resolved. 

A test of cure (TOC) at 3 days after treatment by culture is no 
longer routine and is only undertaken if there are persistent symp- 
toms. In asymptomatic patients, TOC by NAAT test is performed at 
2 weeks after treatment completion. 

Epidemiological treatment is often recommended for contacts 
presenting within 14 days of their most recent sexual exposure to 
the index case. Otherwise, it is recommended that the need for 
treatment is delayed until the results of diagnostic tests are known. 


Gonococcal vaccine 

The first potential vaccine-induced protection against gonorrhoea 
in humans has been reported, with decreased rates of gonorrhoea 
described among individuals vaccinated with the Neisseria meningi- 
tidis serogroup B vaccine, MeNZB. This has reinvigorated efforts to 
develop new vaccines to combat the ongoing threat to public health 
posed by antimicrobial-resistant gonorrhoea [15,16]. 


Treatment ladder for gonorrhoea 


Uncomplicated infection 


First line 

¢ Ceftriaxone 1 g IM single dose 

¢ Ciprofloxacin 500 mg PO single dose (only when 
antimicrobial sensitivity known prior to treatment) 


Second line 

¢ Cefixime 400 mg PO + azithromycin 2 g PO (significant 
treatment failure reported) 

¢ Spectinomycin 2 g IM + azithromycin 2 g PO (spectinomycin 
does not clear pharyngeal gonorrhoea) 

¢ Gentamycin 240 mg IM + azithromycin 2 g PO 


Pregnancy and breastfeeding 

¢ Ceftriaxone 1 g IM single dose 

e Spectinomycin 2 g IM single dose 

e Azithromycin 2 g PO single dose, if antimicrobial sensitivity 
is known before treatment 


Complicated infection 


Gonococcal epididymo-orchitis 
¢ Ceftriaxone 1 g IM + regimen chosen to treat 
epididymo-orchitis 


Gonococcal pelvic inflammatory disease (PID) 
¢ Ceftriaxone 1 g IM + regimen chosen to treat PID 
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Figure 30.16 Percentage of Neisseria gonorrhoeae isolates in the GRASP sentinel surveillance system that were resistant to selected antimicrobials: England and Wales 2000-19. Due 
to changes in the diagnostic sensitivity test medium used to test antimicrobial susceptibility of sentinel surveillance isolates, minimum inhibitory concentrations for the 2015-19 
collections are not directly comparable with those from previous years. Trends from 2000 to 2014 compared with 2015-19 must be interpreted with caution (point of change 
indicated by vertical dashed black line), particularly for azithromycin and tetracycline (data for tetracycline are only included from 2015 onwards due to this issue). The 5% threshold 
(25% of infections resistant to the first line therapy) at which the World Health Organization (WHO) recommends that first line treatment guidelines should be changed is indicated by 
the horizontal dashed red line. From Public Health England (PHE). Antimicrobial resistance in Neisseria gonorrhoeae in England and Wales. Key findings from the Gonococcal 


Resistance to Antimicrobials Surveillance Programme (GRASP 2019). 


Gonococcal conjunctivitis 
° Ceftriaxone 1 g IM single dose 


Disseminated gonococcal infection 
¢ Ceftriaxone 1 g IM or IV every 24h 
¢ Cefotaxime 1 g IV every 8h 
¢ Ciprofloxacin 500 mg IV every 12h 
¢ Spectinomycin 2 g IM every 12h 
Treatment to continue for 7 days. May switch to oral therapy, 
guided by antimicrobial sensitivities, 24-48 h after symptom 
improvement, with: 
e Cefixime 400 mg PO 
¢ Ciprofloxacin 500 mg PO twice daily 
¢ Ofloxacin 400 mg PO twice daily 


Resources 


Further information 

Fifer H, Saunders J, Soni S, Sadiq ST, FitzGerald M. 2018 UK national guideline for the 
management of infection with Neisseria gonorrhoeae. Int ] STD AIDS 2020;31:4-15. 

Public Health England (PHE). Gonococcal Resistance to Antimicrobials Surveillance 
Programme Report. https://www.gov.uk/government/ publications /gonococcal- 
resistance-to-antimicrobials-surveillance-programme-grasp-report. 

Public Health England (PHE). Sexually Transmitted Infections (STIs): Annual Data Tables. 
https://www.gov.uk/government/statistics /sexually-transmitted-infections- 
stis-annual-data-tables. 


St Cyr S, Barbee L, Workowski KA et al. Update to CDC’s treatment guidelines for 
gonococcal infection, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1911-16. 

Unemo M, Ross J, Serwin A, Gomberg M, Cusini M, Jensen J. 2020 European guide- 
line for the diagnosis and treatment of gonorrhoea in adults. Int J STD AIDS 
2020;956462420949126. 


Patient resources 

British Association for Sexual Health and HIV (BASHH), patient information leaflets: 
https: / /bashh.org/ guidelines. 

Centers for Disease Control and Prevention (CDC). Gonorrhoea — CDC fact sheet. http: / / 
www.cde.gov /std/gonorrhea/stdfact-gonorrhea.htm. 

International Union against Sexually Transmitted Infections (IUSTI), patient informa- 
tion leaflets (in different languages: https: / /iusti.org /patient-information/. 

National Health Service (NHS). Overview: Gonorrhoea. https://www.nhs.uk/ 
conditions / gonorrhoea. 

(All websites last accessed May 2023.) 
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Definition 

Genital chlamydia only became widely recognised during the 1970s 
but is now the most common bacterial STI worldwide. It causes 
inflammation of the genital and rectal mucous membranes as well as 
the conjunctiva. Asymptomatic infections are common in both sexes 
and promote ongoing sexual transmission. Vertical transmission 
during childbirth also occurs. The causative organism, Chlamydia 
trachomatis, is an exclusively human, obligate, intracellular bacterial 
pathogen with a complex life cycle. 
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Figure 30.17 Rates of chlamydia diagnoses by sex and age. From Public 15 20 25 30 35 40 45 50 55 60 
Health England 2019 slide set (version 1.0, published 2 September 2020). Age (years) 
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Figure 30.18 Chlamydia rates (per 100 000) of reported cases by ethnicity and sex: Multirace 
USA, 2018. AI/AN, American Indian/Alaskan native; NHOPI, native Hawaiian/other 
Pacific Islander. From Sexually Transmitted Diseases Surveillance 2018. Chlamydia. Total 


https://www.cdc.gov/std/stats 1 8/STDSurveillance2018-full-report.pdf. 


Introduction and general description 

Chlamydia trachomatis serovars A-C are responsible for ocular 
trachoma, which is a major cause of blindness worldwide. Genital 
C. trachomatis D-K strain infections are considered the world’s most 
common sexually transmitted bacterial pathogens. C. trachomatis 
serovars L1-L3 cause lymphogranuloma venereum (LGV). 

This section describes C. trachomatis infections caused by strains 
D-K only; these cause clinical syndromes including urethritis, 
cervicitis, epididymo-orchitis, pelvic inflammatory syndrome, 
seronegative reactive arthritis and ophthalmia neonatorum. 


Epidemiology 
Incidence and prevalence 
In 2016, WHO calculated that the global prevalence of genital 
chlamydia in people aged 15-49 years in 2016 was 3.8% in females 
and 2.7% in males. The highest prevalence rates were in the African, 
Americas and western Pacific regions [1,2]. In the European region 
the prevalence rates were 3.2% in females and 2.7% in males. 

The UK and USA both have opportunistic screening 
programmes [3]. 


Age 

Age is the most significant risk factor for genital chlamydia, with 
the highest rates being found in those under 25 years old and a 
decreasing prevalence with increasing age (Figure 30.17). Other 
risks include a new sexual partner or more than one sexual partner 
in the past year and lack of consistent condom use. 


Sex 

The number of cases in females exceeds that in males. In England, 
the number of cases in both sexes has increased as more screening 
has been undertaken, and the sex gap has reduced. 


Ethnicity 

There is no racial or ethnic predisposition to genital chlamydial 
infection. In both the UK and USA, disparities persist in chlamydia 
and other STI rates which are reflective of broader inequities in 
social and economic conditions for minority ethnic communities 
(Figure 30.18). 
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Figure 30.19 The life cycle of Chlamydia trachomatis. 


Associated diseases 

Individuals diagnosed with genital chlamydia are at risk of other 
coexistent STIs, therefore a sexual health assessment is warranted. 
Chlamydia may also be a causal factor in sexually acquired reactive 
arthritis. 


Pathophysiology 

Subacute or chronic asymptomatic infection is common, and the 
infection can persist for many months or years if untreated [4]. The 
clinical manifestations of Chlamydia infection are probably a direct 
result of tissue damage as well as host immune response, resulting 
in scarring of the affected mucous membranes. Repeated infections 
have higher rates of sequelae than those with single infections. This 
is true for trachoma as well as genital chlamydia. 

The organism can manipulate an array of host processes to 
support its persistence. It also upregulates synthesis of a 60 kDa 
heat shock protein (hsp60) which is released from the infected cell. 
The immune response to this hsp60 is thought to contribute to 
upper genital tract pathology. 

Specific type 1 T-cell responses appear important in both the 
control of infection and the development of pathology [5]. There 
is no evidence that natural immunity can provide the complete, 
long-term protection necessary to prevent chronic pathology. 


Pathology 

Histological examination of tissue samples from women with PID 
caused by C. trachomatis revealed neutrophils in the endometrial 
surface epithelium and gland lumens, dense subepithelial stromal 
lymphocytic infiltration, stromal plasma cells and germinal centres 
containing transformed lymphocytes. 


Causative organisms 

Chlamydiae are obligate intracellular parasites and cannot be 
cultured on artificial media. They exhibit a unique, two-stage 
developmental cycle with two forms: 

e An extracellular, infectious elementary body (EB). 

e An intracellular, replicative reticulate body (RB). 

This cycle begins when infectious, metabolically inert EBs attach 
to and stimulate uptake by the host cell. The internalised EB remains 
within a host-derived vacuole, termed an inclusion, and differen- 
tiates into a larger, metabolically active RB. The RB multiplies by 
binary fission, and after 8-12 rounds of multiplication the RBs differ- 
entiate to EBs asynchronously. At 48-72 h postinfection, EB progeny 
are released from the host cell to initiate another cycle (Figure 30.19). 

C. trachomatis strains A-K primarily infect squamocolumnar 
epithelial cells. 


Clinical features 

History 

Asymptomatic infection occurs in up to 90% of women and 
more than 50% of men. Infection may be diagnosed as a result 
of opportunistic screening, contact tracing or self-referral for a test 
following partner change. 


Presentation 

Men commonly present with signs and symptoms of anterior 
urethritis, consisting of mucopurulent urethral discharge and 
dysuria, with an onset 1-3 weeks after intercourse with an infected 
partner (Figure 30.20). In men practising receptive anal intercourse, 
rectal infections may occur. These are often without symptoms, but 
some will have proctitis, which will manifest as anal discharge, 


Figure 30.20 Chlamydial urethritis with meatal redness and a mucopurulent discharge. 


Figure 30.21 Follicular cervicitis with raised, white, rounded swellings — this may raise 
the index of suspicion for chlamydia. 


bleeding and discomfort [6]. It is important to exclude LGV if rectal 
symptoms are present. 

Women may present with a variety of symptoms including 
postcoital or intermenstrual bleeding, lower abdominal pain, 
vaginal discharge and dysuria. Typically, in such patients there 
are signs of mucopurulent cervicitis and/or contact bleeding 
(Figure 30.21). Rectal infection may occur even in the absence of 
history of receptive anal intercourse. 

Extragenital infections also occur. Pharyngeal infections are 
usually asymptomatic. Infection of the eye causes acute follic- 
ular conjunctivitis, which is usually, but not always, associated 
with genital infection (Figure 30.22). Neonates born to an infected 
mother may develop conjunctivitis and/or pneumonia with fail- 
ure to thrive. Chlamydia in pregnancy may be associated with 
premature labour and preterm birth. 


Differential diagnosis 
The common presenting symptoms are non-specific and can have a 
wide range of causes: 


e Lower genital tract infections with non-specific urethritis, 
Neisseria gonorrhoeae, Mycoplasma genitalium, Trichomonas vaginalis 
or genital herpes. 

¢ Urinary tract infection. 

¢ Rectal lymphogranuloma venereum. 

¢ Pelvic inflammatory disease. 

e Ectopic pregnancy. 

¢ Other causes of intermenstrual bleeding. 

¢ Cervical or endometrial neoplasia. 


Complications and co-morbidities 

Complications mostly occur from ascending infections. They are 
also associated with pregnancy and the neonatal period. Ascending 
infection in men causes epididymo-orchitis. Epididymo-orchitis in 
those under 35 years old is most likely to be caused by a sexually 
transmitted organism. In those over 35 years, urological pathogens 
such as Escherichia coli, Klebsiella sp. or enterococci are more likely. 

C. trachomatis should be considered as a possible cause for a 
Bartholin abscess, with or without concurrent gonococcal infection. 
In the absence of treatment, 10-40% of women infected with Chlamy- 
dia will develop PID, with a significant proportion of these cases 
being asymptomatic or having mild, atypical symptoms. PID can 
result in tubal factor infertility, ectopic pregnancy and chronic pelvic 
pain (Figure 30.23). The risk of developing PID increases with each 
recurrence of C. trachomatis infection, as does the risk of repro- 
ductive sequelae. Fitz-Hugh—Curtis syndrome presents as upper 
right-sided abdominal pain caused by perihepatitis [7]. Fibrinous 
‘violin-string’ adhesions can be seen at laparoscopy (Figure 30.24). 
It is associated with extensive tubal scarring and adhesions. 

Chlamydia is strongly associated with sexually acquired reac- 
tive arthritis (GARA). Reactive arthritis can be defined as a sterile 
inflammatory arthritis following bacterial infection elsewhere 
(Figure 30.25). Around 80% have a history of urethritis or genital 
chlamydia, and SARA occurs in 0.8-4% of those infected with C. 
trachomatis. Predisposing factors include male sex, human leuko- 
cyte antigen (HLA) B27 genotype and HIV infection [8]. It is a 
seronegative, asymmetrical, spondyloarthropathy with or without 
extra-articular features, and includes the following: 
¢ Mucocutaneous manifestations including circinate balanitis 

(Figure 30.26), erosions affecting the buccal and rectal mucosa 

and keratoderma blenorrhagica (Figure 30.27). 
¢ Iritis and conjunctivitis. 

There is some evidence that Chlamydia may persist in a metabol- 
ically active state in the synovial tissue of patients and, although 
long-term antibiotic treatment is controversial, a small randomised 
controlled trial has demonstrated there may be some value in this 
approach [9]. 


Investigations 
Iodine-stained inclusion bodies within epithelial cells infected with 
C. trachomatis can be seen (Figure 30.28) but microscopic diagnostic 
techniques have low sensitivity and have been superseded [10]. 
NAATs are now the only recommended diagnostic tests for 
Chlamydia. There are a variety of test types and platforms, which 
generally have a sensitivity of >90%. In 2006, in Sweden, a new 
genetic variant of C. trachomatis was reported that contained 
a 377 bp deletion in the cryptic plasmid contained by all genital 
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Figure 30.24 Fitz-Hugh—Curtis syndrome is a complication of pelvic inflammatory 
disease and results in violin-string adhesions of the liver capsule as a consequence of 
perihepatitis. 


Chlamydia strains and resulted in negative tests on some commercial 
assays [11]. 

All NAATs will detect LGV-positive samples as Chlamydia 
positive but will not differentiate between LGV and non-LGV 
types. Genotyping to identify LGV infection should be undertaken 
on Chlamydia-positive samples according to local guidelines. 

A first-void urine sample is the sample of choice in men, and in 
females a self-taken vaginal swab or an endocervical swab is accept- 
able. In MSM and commercial sex workers, pharyngeal and rectal 
testing may also be indicated. 

Cell culture is no longer recommended for routine screening or 
diagnosis. 


Figure 30.22 (a) Chlamydial conjunctivitis can 
present as a non-specific, red and irritated eye. (b) 
Acute follicular conjunctivitis is usually associated 
with viral infection or chlamydia. Chronic 
conjunctivitis may be seen in trachoma or 
lymphogranuloma venereum. 


Figure 30.23 (a) A tubo-ovarian swelling (arrow) 
as a consequence of repeated chlamydial infection. 
(b) Hysterosalpingogram showing scarred fallopian 
tubes and bilateral hydrosalpinx. 


Figure 30.25 Sexually acquired reactive arthritis with knee involvement causing joint 
swelling. 


Serological tests for Chlamydia include the older microimmunoflu- 
orescence test and the newer enzyme immunoassays. They do not 
have a clinical role in the routine management of non-LGV C. tra- 
chomatis infection. 

NAAT-based point-of-care tests (POCTs) which enable patients to 
be tested and treated at the same clinical visit have the potential to 
reduce time to treatment, improve patient care and facilitate partner 
notification and control efforts. These can be fully automated and 
independent of central laboratories [12,13]. 
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Figure 30.26 Serpiginous and annular lesions with slightly raised borders on the glans 
penis of a patient with sexually acquired reactive arthritis. 


Figure 30.27 (a) Keratoderma blenorrhagica (KDB) is seen 
in reactive arthritis and can be a result of sexually 
transmitted or gastrointestinal pathogens. (b) Resolving 
lesions of KDB. (c) Severe KDB affecting the hands and 
arms. (d) Nail involvement in KDB. 


POCTs based on other methodologies lack sensitivity, specificity 
or both and are not recommended. 


Treatment is indicated whenever genital chlamydia is diagnosed or 
suspected on epidemiological grounds where there is a history of 
contact with a person known to be infected. Patients with genital 
chlamydia should always be fully assessed and screened for other 
STIs and HIV, asked to assist with partner notification efforts and 
be offered non-judgemental education, counselling and support. 
They should be asked to abstain from sexual contact until they and 
their partners have completed treatment and their symptoms have 
resolved. 

Single-dose azithromycin is no longer recommended because it 
is less effective than doxycycline in treating rectal infections, which 
also occur in women, and because of concerns about increasing 
macrolide resistance in Mycoplasma genitalium and other STIs that 
are commonly concurrent with genital chlamydia infections. 
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Figure 30.28 An inclusion body (arrow) in the cytoplasm of an epithelial cell stained 
with iodine. 


In pregnant women, doxycycline is contraindicated [14]. 
Three-day azithromycin treatment has fewer reported side effects 
than with other alternative regimens. 

In complicated infections, more prolonged courses of treatment 
are employed, and specialist advice may be required. 


Vaccine 

The limited success of national screening programmes to reduce 
Chlamydia prevalence has stimulated ongoing research to develop 
an effective human vaccine [15], one of which has progressed to 
phase I clinical studies [16]. 


Treatment ladder for genital Chlamydia infection 


Uncomplicated uro-genital and pharyngeal infection 


First line 
e Doxycycline 100 mg twice daily for 7 days 
e Azithromycin 1 g single dosage, then 500 mg daily for 2 days 


Second line 
e Erythromycin 500 mg twice daily for 10-14 days 
¢ Ofloxacin 200 mg twice daily or 400 mg once daily for 7 days 


Pregnancy and breastfeeding 

e Azithromycin 1 g single dosage, then 500 mg daily for 2 days 
e Erythromycin 500 mg twice daily for 14 days 

e Erythromycin 500 mg four times daily for 7 days 

e¢ Amoxicillin 500 mg three times daily for 7 days 


Complicated infection 


Chlamydial PID 
¢ Ceftriaxone 500 mg IM single dose + oral doxycycline 100 mg 
twice daily and metronidazole 400 mg twice daily for 14 days 
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Or 
¢ Ofloxacin 400 mg PO twice daily + metronidazole 400 mg PO 
twice daily for 14 days (if gonorrhoea is unlikely) 


Epididymo-orchitis 

¢ Ceftriaxone 500 mg IM single dose + doxycycline 100 mg PO 
twice daily for 10-14 days 
Or 

¢ Ofloxacin 200 mg PO twice daily for 14 days (if gonorrhoea is 
unlikely) 


Chlamydia-associated reactive arthritis 
e Rest 

¢ Non-steroidal anti-inflammatory drugs 
e Seek specialist advice 


Resources 


Further information 


British Association for Sexual Health and HIV (BASHH), guidelines: https://bashh 
.org/ guidelines. 

Centers for Disease Control and Prevention (CDC). Chlamydia Statistics. https: //www 
.cde.gov/std/chlamydia/stats.htm. 

International Union against Sexually Transmitted Infections (IUSTI). STI Treat- 
ment Pocket European Guidelines 2019. https:/ /www.iusti-europe.eu/web/images/ 
guidelines /PocketGuideline2019.pdf. 

National Institute for Health Care and Excellence (NICE). Chlamydia — uncomplicated 
genital. https: / /cks.nice.org.uk/topics /chlamydia-uncomplicated-genital/. 


Patient resources 

British Association of Sexual Health and HIV (BASHH), patient information leaflets: 
https: / /bashh.org/ guidelines. 

Centers for Disease Control and Prevention (CDC). Chlamydia — CDC fact sheet. http: / / 
www.cdc.gov/std/chlamydia/stdfact-chlamydia.htm. 

International Union against Sexually Transmitted Infections (IUSTI), patient informa- 
tion leaflets (in different languages): https: / /iusti.org / patient-information/. 

National Health Service (NHS). Overview: Chlamydia. http://www.nhs.uk/ 
conditions /Chlamydia/Pages /Introduction.aspx. 

(All websites last accessed May 2023.) 


Lymphogranuloma vene 


Definition and nomenclature 

Lymphogranuloma venereum is a sexually transmitted infection 
caused by one of three serovars (L1-L3) of the obligate intracellular 
bacterium Chlamydia trachomatis. L2 is the most common strain 
involved. 
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Figure 30.29 Number of 
lymphogranuloma venereum (LGV) 
reports among men by data source, 
England 2011-19. From Public Health 


England 2020 [1]. (MOLIS) 


Introduction and general description 

Lymphogranuloma venereum was rare in industrialised countries 
prior to 2003. Since then, it has re-emerged as a significant disease 
in MSM [1]. Many are HIV-positive and also have a high rate of 
hepatitis C coinfection. LGV is now hyperendemic among MSM in 
the UK. Most cases in the UK present with a proctitis / proctocolitis 
syndrome (mimicking inflammatory bowel disease), rather than the 
classic inguinal (bubonic) form. 


Epidemiology 

Incidence and prevalence 

Lymphogranuloma venereum has long been prevalent in tropical 
countries of Africa, Asia, the Caribbean and Central and South 
America. Classic disease is usually acquired heterosexually and 
is manifest as genital ulceration with suppurative regional lym- 
phadenopathy. It had been rare in developed countries, being 
seen mainly as an imported infection in travellers returning from 
endemic countries. However, since 2003, a series of LGV cases 
presenting with proctocolitis have been reported, mostly affecting 
HIV-positive MSM (Figures 30.29 and 30.30) [1]. This presenta- 
tion has now become more common in Europe than the classic 
bubonic form seen in the tropics. Classic LGV is seen more com- 
monly in tropical countries including southern Africa, West Africa, 
Madagascar, India, South-East Asia and the Caribbean. 


Age 
Lymphogranuloma venereum may occur in sexually active adults of 
all ages. 


Sex 

The classic form may occur in either sex. LGV proctitis has been 
described almost exclusively in MSM, the majority of whom were 
HIV positive [1]. A small number of cases have been described in 
heterosexuals, including women, in Europe [2,3]. 


Ethnicity 
There is no known racial predisposition. 


Associated diseases 
Lymphogranuloma venereum proctitis in MSM is commonly 
associated with HIV and hepatitis C coinfection. 


2013 


~~tr Laboratory reports of LGV 


2014 2015 2016 2017 2018 2019 


Years 


Clinical diagnoses of LGV as reported in GUMCAD STI Surveillance System. Laboratory reports of LGV refer to 
combined data from CTAD Chlamydia Surveillance System and Modular Open Laboratory Information System 


Pathophysiology 

Predisposing factors 

Many MSM report high-risk sexual behaviour, including unpro- 
tected anal intercourse, fisting and sharing sex toys; it is often 
connected to group sex parties [4]. 


Pathology 

The organism spreads from the site of the initial lesion to the regional 
lymph nodes. The main pathological process is a thrombolymphan- 
gitis and perilymphangitis. Multiple necrotic foci appear within the 
lymph nodes (Figure 30.31). There is an infiltrate of polymorphonu- 
clear lymphocytes and plasma cells. The necrotic areas enlarge and 
coalesce to form stellate abscesses. Subsequent periadenitis can lead 
to loculated abscesses, fistulae and sinus tract formation. The inflam- 
matory process lasts weeks to months and is followed by fibrosis. 
Fibrosis causes disruption of the lymph node architecture leading to 
chronic oedema and induration. 

The pathological process in the rectum consists of ulceration of the 
mucosa, the formation of granulomatous tissue, cryptitis and crypt 
abscesses without distortion of the crypt architecture. The granulo- 
matous process may affect the bowel wall and the ensuing fibrosis 
may lead to stricture formation. 


Causative organisms 

Lymphogranuloma venereum is an STI caused by serovars L1-L3 
of the obligate intracellular bacterium Chlamydia trachomatis. C. tra- 
chomatis is classified into 15 serovars based on immunogenic epitope 
analysis of the major outer membrane protein. Only serovars L1-L3 
cause LGV, probably due to their tropism for the lymphatic system 
[5]. The L2 serovar has several subtypes distinguishable according 
to amino acid differences [6]. 


Clinical features 

History 

Patients present with complaints of genital ulceration and inguinal 
swelling or rectal discharge and bleeding. Late-stage disease 
presents with chronic oedematous genital swelling. 


Lymphogranuloma venereum 30.15 


—®— Clinical diagnoses of LGV 


) 
A) 
2 
iS) 
= 
U 
Lu 
L 
= 


INFESTATIONS 


PART 3 


INFECTIONS & 


INFESTATIONS 


PART 3 


30.16 


—B— HIV positive 


Chapter 30: Non-syphilitic Bacterial Sexually Transmitted Diseases 


—®-— HIV negative or unknown status 


14 
oO 
S 12 
a = 
5 8 10 
SO 
eo.” 
fo 
no 6 
Va) 
8H 4 
aS 
2 2 
0 eee 
2013 2014 2015 2016 2017 2018 2019 
Years 


Analysis using GUMCAD STI Surveillance System data. Analysis restricted to men who have sex with men (MSM) 
which includes men who were reported as being gay or bisexual. Men include transgender men. ONS population 


estimates based upon the 2018 estimates by sexual orientation. 2018 data used for all years and available for aged 

16+ only. Number of HIV positive MSM calculated as the number of MSM seen for HIV care that reside in England 
(from 'Key Population groups HIV data tables’: https:/Awww.gov.uk/government/statistics/hiv-annual-data-tables). The 
number of MSM who are HIV negative or of unknown status calculated as the difference between the total number of 


MSM in England and number of HIV positive MSM in England 


Presentation 

Lymphogranuloma venereum occurs in three stages (Table 30.1): 
primary (transient ulceration, proctitis), secondary (inguinal) 
and tertiary (genito-ano-rectal syndrome). Many infections in the 
primary and secondary stages may go undetected. 


Primary stage. The primary stage presents about 3-30 days after 
infection. It is characterised by transient papules or ulcers at the 
site of inoculation which may go unnoticed (Figure 30.32). The 
lesion is usually a single, non-indurated, shallow ulcer or pustule 
or papule. It may be painful or painless, heals rapidly and leaves 
no scar. It is often found on the coronal sulcus in men and on the 
posterior vaginal wall, fourchette or vulva, and occasionally on 
the cervix. The lesion may go unnoticed by the patient particularly 
if inoculation occurs during anal intercourse. Extragenital lesions 
have been described such as ulcers and fissures in the perianal area 
in MSM [7], the lip or oral cavity and in extragenital lymph nodes. 
Cases of pharyngeal infection have been reported in MSM. LGV 
can present with symptomatic pharyngeal ulceration as well as 
asymptomatic carriage [8]. 

Haemorrhagic proctitis is the primary manifestation of infec- 
tion seen in those engaging in anal intercourse. This presents as 
proctitis/proctocolitis, which may be haemorrhagic. The patient 
may experience purulent, mucoid or bloody anal discharge, rectal 
pain, tenesmus and constipation. Examination with a proctoscope 
may show ulcerative proctitis. There may be accompanying con- 
stitutional symptoms such as fever and malaise. Asymptomatic 
rectal C. trachomatis infection in the UK is usually with non-LGV 
Chlamydia. 


Secondary stage. The secondary stage occurs on average 2-6 
weeks after the primary stage. The secondary stage may present 
with the classic form in heterosexuals with tender inguinal and/or 
femoral lymphadenopathy. The lymphadenopathy is usually uni- 
lateral, and buboes develop which are enlarged, tender, painful 
glands in the groin (Figure 30.33). About one-third of patients may 


Figure 30.30 Lymphogranuloma venereum 
diagnosis rates per 1000 population among 
men who have sex with men (MSM) by HIV 
status, England 2013-19. From Public Health 
England 2020 [1]. 


Figure 30.31 Part of a reactive lymph node with a follicle centre (lower left) seen 
alongside an inflammatory and necrotic focus of polymorph neutrophils (centre and 
upper right). Courtesy of Dr K. Suvarna. 


have the characteristic ‘groove sign’ - a groove-like depression 
caused by femoral and inguinal lymph node enlargement above 
and below the inguinal ligament (Figure 30.34). The groove sign is 
considered pathognomonic of LGV but occurs in only 20% of cases. 
Inguinal buboes may suppurate and rupture, causing discharge 
from multiple points, creating chronic fistulae. 

In women, inguinal/femoral lymphadenopathy is less common 
than in men. This is probably because primary involvement is 
usually in the vagina, cervix, posterior urethra or rectum, which 
drain into the perirectal or deep iliac lymph nodes. In females, the 
presence of lymphadenopathy may emulate the presenting features 
of pelvic inflammatory disease, appendicitis or tubo-ovarian 
abscess. 


Table 30.1 Stages of lymphogranuloma venereum. 


Stage Incubation period Clinical features 


Primary 3-30 days 


Small papule/pustule/ulcer at the site of inoculation which heals spontaneously with no scarring 


Haemorrhagic proctitis may occur in those engaging in anal intercourse 


Secondary Days to weeks 


Lymphatic involvement of nodes that drain the primary lesion 


Classic form: tender unilateral or bilateral inguinal and/or femoral adenopathy (‘groove’ sign) 

If primary infection is in the rectum, the deep iliac lymph nodes are affected but remain unnoticed. This can also 
occur in women due to drainage of the cervical or upper vaginal area to the perirectal lymph nodes 

The lymph nodes may coalesce to form a ‘bubo’ or abscesses that may rupture spontaneously with the 
development of fistulae or sinus tracts 

There may be systemic features such as malaise and fever 


Years after chronic untreated infection 


Tertiary 


Chronic granulomatous inflammatory process with lymphatic obstruction leading to fistula formation, strictures 


and disfiguring conditions such as genital elephantiasis and esthiomene, which refers to hypertrophic 
enlargement with ulceration of the external genitalia 


Figure 30.32 Primary stage of lymphogranuloma venereum, showing genital ulceration. 


Systemic symptoms such as fever, chills, malaise, anorexia, weight 
loss, myalgia and arthralgia may feature. Reactive arthritis in MSM 
following LGV proctitis has been reported in several cases [9]. 

Most patients recover after the secondary stage without sequelae. 


Tertiary stage. The tertiary stage follows chronic untreated 
infection in a few patients. C. trachomatis incites a chronic inflam- 
matory response and destruction of tissue in the involved areas 
including proctitis and proctocolitis. This may occur any number 
of years after infection. The resultant fibrosis leads to lymphatic 
obstruction and genital lymphoedema. Women may develop 
oedema (elephantiasis) of the vulva with the formation of polypoid 
growths, fistulae, ulceration and chronic granulomatous disfig- 
uring fibrosis and scarring of the vulva with esthiomene (Greek 
meaning ‘eaten away’). These conditions occur most frequently in 
women, reflecting the involvement of the retroperitoneal lymphat- 
ics rather than inguinal lymphatics. Elephantiasis may affect the 
male genitalia, leading to oedema and deformity of the penis. 


Differential diagnosis 

Lymphogranuloma venereum must be considered in the differen- 
tial diagnosis in patients presenting with genital ulceration, inguinal 
lymphadenopathy, proctocolitis or rectal stricture. 


LGV may mimic and be misdiagnosed as inflammatory bowel 
disease as patients may present with proctocolitis without char- 
acteristic lymphadenopathy and have similar endoscopic and 
histological findings [10]. The diagnosis of LGV proctocolitis must 
be considered if there is a failure of response to inflammatory bowel 
disease therapy, particularly for MSM or if a rectal Chlamydia test 
result is positive. 

Genital ulceration due to LGV is not dissimilar to that of geni- 
tal herpes, primary syphilis or chancroid. These conditions must be 
carefully differentiated. 

Inflammatory bowel disease is an important differential diagnosis 
of proctitis. Other differential diagnoses include anal fissure, enteric 
infections, other STIs such as gonorrhoea, syphilis, herpes simplex, 
C. trachomatis serovars D-K and human papillomavirus (warts) and, 
in patients who are HIV positive, cytomegalovirus infection. 


Complications and co-morbidities 

Late complications include rectal strictures with or without proctitis 
and colitis, perianal abscess and perineal, recto-vaginal or urethral 
fistulae. Intestinal obstruction may result from stricture formation. 
An association with rectal cancer has been reported. 


Disease course and prognosis 
Early treatment improves the prognosis and reduces onward 
transmission. 


Investigations 
The diagnosis is confirmed by the detection of L serovars of C. 
trachomatis from the site of infection. The diagnostic method of 
choice is detecting C. trachomatis nucleic acid using NAATs and 
confirmation by real-time PCR assays for LGV-specific DNA. These 
assays have high sensitivity and specificity and have therefore 
superseded traditional methods. PCR testing has performed well 
on specimens from a variety of sites including from the ulcer, 
rectum, bubo aspirates, pharynx, lymph node aspirates, biopsy 
specimens and first-void urine samples. 

Elevated numbers of polymorphonuclear leucocytes detected 
upon microscopy of rectal swabs are predictive of LGV proctitis. 

Serology using complement fixation tests or microimmunoflu- 
orescence assays has been superseded by C. trachomatis NAATs. 
Serology cannot necessarily distinguish past infection from current 
infection. The Frei test, which was based on a positive hypersensi- 
tivity reaction to purified chlamydial antigen, is now obsolete and 
of historical interest only. 
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Figure 30.34 Lymphogranuloma venereum inguinal syndrome showing the ‘groove 
sign’. 


Management 

There should be detailed investigation to exclude other STIs. Early 
treatment is important to prevent the chronic phase. Prolonged 
courses of antibiotics (at least 3 weeks) are required. Fluctuant 
buboes may require aspiration through healthy adjacent skin, 
although surgical incision is usually contraindicated due to the risk 
of complications such as sinus formation. Longer-term complica- 
tions such as fistulae and strictures may require surgery to alleviate 
symptoms. Partner notification should be undertaken. 


Treatment ladder for lymphogranuloma 
venereum 


First line 
¢ Doxycycline 100 mg PO twice daily for 21 days 


Second line 
e Erythromycin 500 mg PO four times daily for 21 days 


Third line 

e Azithromycin 1 g PO weekly for 3 weeks (although clinical 
data are lacking it is probably effective based on its 
chlamydial antimicrobial activity) 


: Non-syphilitic Bacterial Sexually Transmitted Diseases 


Figure 30.33 (a, b) Lymphogranuloma venereum 
buboes. (a) Courtesy of Dr E. Powles. 


Resources 


Further information 


British Association for Sexual Health and HIV (BASHH), guidelines: https://bashh 
.org/ guidelines. 

Centers for Disease Control and Prevention (CDC). Sexually Transmitted Dis- 
ease Treatment Guidelines, 2021. https://www.cdc.gov/std/treatment- guidelines / 
default.htm. 

De Vries HJC, de Barbeyrac B, de Vrieze NHN et al. 2019 European guideline on 
the management of lymphogranuloma venereum. J Eur Acad Dermatol Venereol 
2019;33:1821-8. 


Patient resources 

British Association for Sexual Health and HIV (BASHH), patient information leaflet: 
https: / / www.bashhguidelines.org /media/1033/lgv_pil_digital_2_2015.pdf. 

International Union against Sexually Transmitted Infections (IUSTI), patient informa- 
tion leaflet: https: / /iusti.org /wp-content/uploads/2019/11/LGVleaflet2017.pdf. 

Terence Higgins Trust. LGV (Lymphogranuloma Venereum). https://www.tht.org.uk/ 
hiv-and-sexual-health/sexual-health/stis /Igv-lymphogranuloma. 

(All websites last accessed May 2023.) 


Chancroid — CC 


Definition and nomenclature 

Chancroid, one of the three venereal diseases originally defined in 
the 1917 UK legislation, is a genital ulcer disease (GUD) caused by 
the bacterium Haemophilus ducreyi. Although previously endemic, 
it has become rare in most developed countries. In the UK, it is 
usually imported by travellers returning from resource-poor parts 
of the world. 


Introduction and general description 

Chancroid is an acute ulcerative condition affecting the ano-genital 
region and is often associated with visible lymphadenitis 
(buboes). 


Epidemiology 

Incidence and prevalence 

Chancroid used to be one of the commonest causes of genital ulcers 
in many developing countries in Africa and Asia but is now becom- 
ing rarer, except for North India and Malawi [1,2,3]. This may be 
related to the introduction of syndromic management protocols for 
GUD in resource-poor countries where diagnostic laboratory facil- 
ities are not available and to diagnostic advances in genital herpes 
detection. 

Chancroid is now rare in the industrialised world. Sporadic cases 
have been reported after being initially misdiagnosed as genital 
herpes [4-6]. Heightened awareness is required in those presenting 
with genital ulceration following travel to endemic areas. 

Although cases of genital ulcer disease caused by H. ducreyi are in 
decline, it has become recognised as a common cause of non-genital 
cutaneous ulceration, especially in children, in the South Pacific 
[7,8,9]. 


Age 
The condition may be seen in sexually active individuals of all ages. 


Sex 
The condition is diagnosed more often in males. Subclinical infec- 
tions may be more common in females. 


Ethnicity 
It is usually seen in patients of African or Asian origin but there is 
no known racial predisposition. 


Associated diseases 

Coinfections of H. ducreyi with Treponema pallidum or herpes simplex 
virus are well recognised. Chancroid is also an important cofactor in 
the transmission of HIV. 


Pathophysiology 

Pathology 

Trauma or microabrasion to the skin or mucosa allows for 
penetration of the organism into the epidermis. There is a sub- 
sequent local tissue reaction resulting in an initial intraepithelial 
lesion consisting of lymphocytes, macrophages and granulocytes. 
The cellular immune response is predominantly mononuclear 
with infiltrates containing CD4+ and CD8+ T lymphocytes and 
macrophages. Lymphadenitis associated with chancroid is pre- 
dominantly a pyogenic inflammatory response. The intraepidermal 
lesion results in a red papule, which eventually pustulates. The 
pustule undergoes central necrosis and enlarges, forming a patho- 
gnomonic, tender, non-indurated ulcer with undermined margins 
and grey or yellow, necrotic, purulent exudates covering the base. 


Causative organism 
The causative organism is H. ducreyi, a Gram-negative facultative 
anaerobic coccobacillus. 


Genetics 
The organism has similar growth requirements and biochemical 
properties to other Haemophilus species but shows differences 


Figure 30.35 Chancroidal penile ulceration. Courtesy of Dr D. Lewis. 


by rRNA analyses that suggest it is more closely linked to the 
Actinobacillus cluster of the Pasteurellaceae family. It has a single 
1.7 Mb chromosome. The organism has considerable potential to 
develop antimicrobial resistance via both plasmid and chromo- 
somally mediated mechanisms. It remains extracellular in clinical 
lesions, can avoid phagocytosis by granulocytes and macrophages, 
and mediates damage by the production of various toxins and by 
cytokine induction. 


Clinical features 

History 

The incubation period is usually short, between 3 and 10 days. There 
may be a history of recent sexual exposure with someone from an 
endemic area, possibly a commercial sex worker. Chancroid is char- 
acterised by painful ano-genital ulceration and lymphadenitis with 
progression to bubo formation. 


Presentation 

The primary lesion starts as an inflammatory papule at the site 
of inoculation, in which micropustules develop and progress to 
form ulcers (Figure 30.35). Central necrosis of the pustule leads to 
characteristic painful, non-indurated ulceration with undermined 
edges. Autoinoculation from the primary ulcer may lead to the 
development of multiple or kissing ulcers on opposing skin sur- 
faces. Lesions are more common in uncircumcised men and may be 
located on the prepuce, frenulum, coronal sulcus, glans penis and 
penile shaft. Perianal lesions may occur in MSM. In females, lesions 
may be recognised at the vaginal introitus or on the labia; vaginal 
and cervical lesions often go unnoticed (Figure 30.36). In over 
one-third of cases, there is accompanying inguinal lymphadenitis 
which may progress to suppurating bubo formation (Figure 30.37). 
These are usually unilateral and may become fluctuant and rupture 
spontaneously to form inguinal ulcers and sinuses (Figure 30.38). 
Extragenital lesions can occur via autoinoculation. Lesions of the 
lips and oral cavity have been described. 


Clinical variants 
In HIV-positive patients with more advanced immunosuppression, 
chancroidal lesions may be more persistent and slower to heal, more 


7 Chancroid 30.19 


) 
Ww 
2a 
iS) 
= 
U 
Lu 
LL 
= 


INFESTATIONS 


PART 3 


Figure 30.36 Chancroidal ulceration in a female. 


numerous, and may fail to respond to single-dose treatment regi- 
mens. Prompt diagnosis and treatment of chancroid may abrogate 
increases in HIV replication [10]. 


Differential diagnosis 
The differential diagnosis includes syphilis and herpes simplex, 
which also cause genital ulceration. 


Complications and co-morbidities 

Complications include phimosis and phagadenic ulceration fol- 
lowing secondary infection, which may result in genital deformity. 
Chronic cutaneous ulceration, usually without genital lesions, has 
also been reported [7,8,9]. It can coexist with yaws [11]. 


Disease course and prognosis 
Left untreated, patients may develop complications as well as chan- 
croid enhancing HIV transmission. 


The diagnosis should be suspected if there is a history of painful 
ulceration following the requisite incubation period and subsequent 
formation of unilateral buboes with or without sinus formation. 
Testing for H. ducreyi is not routinely available in most UK diagnostic 
laboratories. 


Figure 30.38 Discharging inguinal bubo. 


Direct detection by microscopy of smears from chancroidal lesions 
typically shows sheets of the organism in a ‘shoal of fish’ pattern, 
but this has low sensitivity and specificity and is no longer recom- 
mended. 

H. ducreyi is a fastidious bacterium and is very difficult to culture. 
Culture of material obtained from the ulcer base or bubo pus is 
poorly sensitive and specific transport media and culture facilities 
are not widely available in the UK. 

The use of PCR has revolutionised the laboratory diagno- 
sis of chancroid. Some of these tests have the advantage of 


Figure 30.37 (a) Penile chancroid with inguinal 
bubo. (b) Giant penile chancroid with inguinal 
bubo. 


simultaneously testing for other relevant pathogens, in particu- 
lar Treponema pallidum and herpes simplex virus. PCR should be 
requested where appropriate facilities are available in patients with 
suspicious lesions returning from endemic countries and for their 
partners [12]. 

GUD often has a mixed aetiology so tests for other genital 
pathogens are essential and follow-up serological testing for 
syphilis and HIV should be performed. Serological tests have been 
described that may be useful in epidemiological studies, but these 
have no role in routine patient management. 


Management 
Prompt antibiotic treatment is essential to reduce the risk of 
complications as well as the risk of acquisition and onward trans- 
mission of HIV. Partner notification should be undertaken. 
Single-dose treatment with either ciprofloxacin, azithromycin 
or ceftriaxone is associated with cure rates of over 90% [13,14]. 
Single-dose regimens have the advantage of ensuring compli- 
ance, however HIV seropositivity is associated with treatment 
failure and single-dose regimens should be avoided in coinfected 
patients. Thiamphenicol is another therapeutic drug option [15]. 
The WHO has proposed syndromic approaches for the treatment 
of genital ulcers to be used in settings where appropriate lab- 
oratory diagnosis is not available. Fluctuant buboes should be 
aspirated to avoid complications of spontaneous rupture, with 
care being taken to introduce the needle through adjacent areas of 
healthy skin. 


Treatment ladder for chancroid 


First line 

e Azithromycin 1 g PO ina single dose 
Or 

¢ Ceftriaxone 250 mg IM ina single dose 


Second line 
¢ Ciprofloxacin 500 mg PO twice a day for 3 days 
Or 
e Erythromycin base 500 mg PO four times a day for 7 days 


Resources 


Further information 

British Association for Sexual Health and HIV (BASHH), guidelines: https://bashh 
.org/ guidelines. 

Centers for Disease Control and Prevention (CDC). Sexually Transmitted Dis- 
ease Treatment Guidelines, 2021. https://www.cdc.gov/std/treatment- guidelines / 
default.htm. 

Lautenschlager S, Kemp M, Christensen JJ et al. 2017 European guideline for the man- 
agement of chancroid. Int J STD AIDS 2017;28:324-9. 


Patient resources 

NSW Government. Chancroid Fact Sheet. https: / /www.health.nsw.gov.au/Infectious/ 
factsheets / Pages /chancroid.aspx. 

(All websites last accessed May 2023.) 


Granuloma inguinale — 


Definition and nomenclature 

Granuloma inguinale is a genital ulcerative condition found in 
endemic foci in certain tropical countries. It is rare in the UK. The 
causative bacterial organism is Klebsiella granulomatis (formerly 
known as Calymmatobacterium granulomatis). 


was first described by McLeod in 1882 but the 
oposed to honour Donovan who first demonstrated 


Introduction and general description 

Granuloma inguinale is now a rare infection and there has been a 
continued decline in cases globally. It is seen in small endemic foci 
in certain tropical countries. It is a cause of GUD, it may be followed 
by genital disfigurement and it has the potential for malignant 
change [1]. Much about the condition is imperfectly understood. 
Granuloma inguinale is generally regarded as being an STI because 
of the usual genital location of the lesions, increased incidence in 
those individuals and age groups with the highest sexual activity 
and its association with other STIs. Non-venereal spread has been 
reported in children, as has transmission to the neonate during 
vaginal delivery. 


Epidemiology 

Incidence and prevalence 

The prevalence of granuloma inguinale has decreased markedly in 
recent times and the condition can almost be classed as sporadic. 
Cases are still reported in Papua New Guinea, South Africa, India 
and Brazil. The condition has virtually been eradicated in Australia 
[2]. It occurs mostly in marginalised populations with poor access to 
health care. Small epidemics have occurred in Europe, particularly 
among migrants [3]. 


Age 
The condition usually affects sexually active adults, mainly between 
the ages of 20 and 40 years. 


Sex 
There does not seem to be a predilection for a particular sex. 


Ethnicity 
The condition is most often reported in black ethnic races. 


Associated diseases 

Granuloma inguinale may occur with other STIs and has been iden- 
tified as a risk factor for the acquisition of HIV. Studies have shown 
that the probability of HIV infection increases with longer duration 
of lesions [4]. 


Pathophysiology 
Predisposing factors 
Poor hygienic conditions have been associated with the condition. 
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Figure 30.39 Granuloma inguinale with beefy red granulomas. 


Pathology 
Histological examination shows epithelial proliferation with heavy 
infiltration of plasma cells and neutrophils with few lymphocytes. 


Causative organisms 
The causative organism K. granulomatis is a Gram-negative intracel- 
lular coccobacillus. 


History 
The incubation period is not precisely known but is considered to 
be between 1 and 360 days. Lesions appear in an average period of 
50 days. 


Presentation 

Four types of lesions have been described: 

e Ulcerogranulomatous: the most common type with beefy red 
ulcers that bleed when touched. 

e Hypertrophic: usually with a raised irregular edge. 

¢ Necrotic: offensive-smelling ulcers causing tissue destruction. 

¢ Sclerotic or cicatricial: with fibrous or scar tissue. 

At the site of primary inoculation, one or more papules or 
subcutaneous nodules develop into friable ulcers or hypertrophic 
lesions. Granuloma inguinale causes ulcerative granuloma- 
tous lesions, which may be multiple, bleed readily and extend 
(Figure 30.39). Raised lesions with a hypertrophic, irregular edge 
may occur (Figure 30.40). The ulcers grow slowly and are highly 
vascular with a beefy red appearance. Lesions tend not to be 
painful. Lymphadenopathy is not usual unless there are other ulcer 
pathogens present, but subcutaneous extension of granulomas may 
mimic enlarged lymph nodes (pseudobuboes). 

Secondary infection can result in necrotic, foul-smelling, deep 
ulceration. Untreated infections may either resolve spontaneously 
(leaving dry, fibrotic lesions and scarring) or may persist and slowly 
spread. Lesions commonly occur on the coronal sulcus or inner 
aspect of the penile prepuce in uncircumcised men, on the anus in 
MSM and the labia or introitus in females (Figure 30.41). 

Primary lesions have also been reported in extragenital sites 
such as the upper arms, chest, legs, jaw, mouth, cervix and bones 


Figure 30.41 Granuloma inguinale in a female patient. 


(particularly the tibia). Primary lesions of the cervix may mimic 
carcinoma. Dissemination into the abdominal cavity, intestines, 
spleen, liver, lungs, uterus and ovaries has been reported. It may 
present as a pelvic mass mimicking carcinoma [5]. 


Differential diagnosis 

The differential diagnosis includes other causes of GUD such as 
primary syphilis and some secondary forms (such as condylomata 
lata), chancroid (particularly in its phagedenic form), chronic 
herpes simplex and lymphogranuloma venereum, which may 
coexist. Other infective conditions include genital amoebiasis and 
cutaneous tuberculosis, other granulomatous lesions such as Crohn 
disease, and genital cancers. 


Figure 30.42 Pseudo-elephantiasis. 


Complications and co-morbidities 

Granuloma inguinale causes a wide range of lesser-known compli- 
cations. It may be followed by pseudo-elephantiasis (Figure 30.42) 
[6] resulting from persistent granulomas that may constrict lym- 
phatics. Genital scarring and disfigurement may ensue. Other 
complications include haemorrhage, genital mutilation, cicatrisa- 
tion, development of squamous cell carcinoma, haematogenous 
dissemination to the bone and viscera (particularly during 
pregnancy), psoas and perinephric abscess, spinal cord com- 
pression and vertical transmission. Lesions affecting the ears of 
infants may occur [7,8]. 


Disease course and prognosis 
Untreated lesions tend to be persistent, slowly extending and 
destructive. HIV augments continuation of the lesions with persis- 
tent ulcers for prolonged periods. 


Investigations 
The diagnosis is generally made by microscopic identification of 
Donovan bodies. These are found in large mononuclear cells of 
the monocyte/macrophage lineage, whose cytoplasm contains 
numerous organisms, 0.5-0.7 by 1-1.5 pm in size, that show bipolar 
staining (‘safety-pin appearance’) (Figure 30.43). Giemsa, Wright or 
Leishman stains are usually used. Specimens may be obtained from 
pinched-off tissue fragments taken directly from the lesion or from 
biopsy specimens. 

Successful culture of the causative organism has been reported in 
human peripheral blood monocytes and in the Hep-2 cells [9,10]. 
PCR tests have been described but are not yet routinely available. 


Management 

Prolonged antibiotic treatment is often necessary. Patients should be 
thoroughly investigated for accompanying STIs and partner notifi- 
cation should be undertaken. 

Long-term antibiotic treatment is recommended for at least 3 
weeks or until the lesions have completely healed. Other alterna- 
tive antibiotics include erythromycin, ciprofloxacin and gentami- 
cin [11]. 
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Figure 30.43 Biopsy smear showing mononuclear cells containing the causative 
organism with bipolar staining. 


Treatment ladder for granuloma inguinale 


All regimes are for at least 3 weeks or until lesions have 
completely healed. 


First line 
e Azithromycin 1 g PO weekly or 500 mg PO daily on the first 
day followed by 500 mg daily 


Second line 

e Doxycycline 100 mg PO twice daily 
Or 

¢ Co-trimoxazole 960 mg PO twice daily 


Resources 


Further information 

British Association for Sexual Health and HIV (BASHH) Clinical Effective- 
ness Group. United Kingdom National Guideline for the Management of Dono- 
vanosis (Granuloma Inguinale) 2018. https://www.bashhguidelines.org/media/ 
1219/donovanosis-2018.pdf. 

Centers for Disease Control and Prevention (CDC). Sexually Transmitted Disease Treat- 
ment Guidelines, 2021. Granuloma Inguinale (Donovanosis). https://www.cdc.gov/ 
std /treatment- guidelines /donovanosis.htm. 

O’Farrell N, Moi H. 2016 European guideline on donovanosis. Int J STD AIDS 
2016;27:605-7. 


Patient resources 

NSW Government. Donovanosis Factsheet. 
Infectious / factsheets / Pages / Donovanosis.aspx. 

(All websites last accessed May 2023.) 
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Mycoplasma genitalium i 


Definition and nomenclature 
Mycoplasma genitalium is a sexually transmitted bacterium belong- 
ing to the mollicutes class. It is the smallest prokaryote capable 
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of self-replication, with a genome of 580 kB. It does not have any 
peptidoglycan-containing cell wall and thus is inherently resistant 
to B-lactam antibiotics. 


Introduction and general description 

First discovered in 1981 [1], M. genitalium has emerged over the 
last few decades as an important sexually transmitted pathogen 
causing adverse health outcomes in both men and women. It is 
a cause of non-gonococcal urethritis in men, and cervicitis and 
PID in women. However, past efforts to identify this organism 
on a routine basis found difficulty due to the fastidious nature of 
the bacterium. Furthermore, limited molecular diagnostics and 
the use of widespread empirical antibiotic treatment have led to 
the emergence of multidrug resistant strains worldwide. Surveil- 
lance has only recently been possible following the availability of 
diagnostic PCR. 


Epidemiology 

Prevalence 

Ina systematic review and meta-analysis of 63 studies, the summary 
prevalence estimate was 1.3% in HICs and 3.9% in LMICs [2]. 


Age 

A large prospective multicentre study in the USA found that the 
overall prevalence of M. genitalium was significantly higher in those 
aged 15-24 years than in those aged 35-39 years [3]. 


Sex 
Both sexes may be affected. Prevalence is similar in women and 
men [2]. 


Ethnicity 
The risk for M. genitalium infection is higher in those of black ethnic- 
ity [3,4]. 


Associated diseases 
Coinfection with other STIs is common. A New Orleans study in 
women presenting to a sexual health clinic showed that coinfection 
was common with Chlamydia trachomatis (22/70, 31.4%), Trichomonas 
vaginalis (22/70, 31.4%), Neisseria gonorrhoeae (17/70, 24.3%) and any 
of the three pathogens (39/70, 55.7%) [5]. 

Increased numbers of sexual partners in the preceding 12 months 
and other high-risk sexual behaviour increase risk of acquisition of 
M. genitalium and other STIs [5,6]. 


Pathophysiology 

Mycoplasma genitalium is a flask-shaped organism. It causes inflam- 
mation in the uro-genital tract by adhesion to host epithelial cells 
eliciting acute inflammatory signals via highly expressed innate 
immune sensors. Binding of these receptors to M. genitalium and 
its lipoproteins results in activation of pro-inflammatory signals 
including potent chemokines, ultimately resulting in leukocyte 
recruitment to the site of infection. Multiple factors to aid patho- 
genesis include the ability for adhesion, gliding motility and cell 
invasion [7]. Knowledge about the organism and host factors that 
contribute to pathogenicity continues to evolve. 
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Clinical features 

Most patients are asymptomatic. In a UK population survey, no 
symptoms were reported by 94.4% of men and 56.2% of women [8]. 
Box 30.1 lists the main clinical features found. 


Box 30.1 Clinical features of Mycoplasma 
genitalium infection 


Males 

¢ Asymptomatic 

¢ Urethral discharge (Figure 30.44) 

¢ Dysuria 

e Penile irritation 

e Urethral discomfort 

¢ Urethritis (acute, persistent, recurrent) 
¢ Balanitis and/or posthitis [9] 

e Proctitis (in MSM) 


Females 

¢ Asymptomatic 

e Dysuria 

¢ Postcoital bleeding 

e Painful intermenstrual bleeding 
¢ Cervicitis 

¢ Lower abdominal pain 


Figure 30.44 Urethral discharge in male with Mycoplasma genitalium infection. 


Differential diagnosis 

These include the following: 

© Chlamydia trachomatis. 

¢ Neisseria gonorrhoeae. 

¢ Trichomonas vaginalis. 

e Urinary tract infection. 

¢ Pelvic inflammatory disease. 

¢ Other causes of intermenstrual bleeding. 
¢ Gynaecological pathology. 


Complications and co-morbidities 
Complications in males inclused epididymo-orchitis. There are 
conflicting data from studies of the association of M. genitalium with 


male infertility [10], and a possible association of reactive arthritis 
with M. genitalium urethritis has been described [11]. 

Complications in females include PID, tubal factor infertility 
(uncertain association), sexually acquired reactive arthritis and 
preterm delivery. An Australian study from 2018 found 5.5% cases 
of PID were due to M. genitalium where no other pathogen was 
detected [12], with similar clinical characteristics to women with 
PID caused by C. trachomatis infection. 


Disease course and prognosis 

There is still much to learn about the natural history of M. genitalium 
infection. Persistence of infection has been documented. A US study 
of 147 infected women found persistent M. genitalium PCR positivity 
in 42% throughout the 12-month follow-up period [13]. There are no 
similar cohort studies in untreated men as yet. There are studies in 
men that confirm that it may persist after antibiotic therapy. Spon- 
taneous clearance may also occur, as with other STIs [14,15]. 


Investigations 

The introduction of diagnostic M. genitalium NAATs (PCR) includ- 
ing antimicrobial resistance testing has led to improved detection 
and antibiotic stewardship. There is current debate about the need 
for routine asymptomatic screening. Because there is no convincing 
evidence that asymptomatic infection warrants treatment, and many 
patients will spontaneously clear the organism [16], asymptomatic 
screening is not currently recommended. 

The British Association of Sexual Health and HIV (BASHH) 
published the first UK national management guideline in 2018. 
BASHH recommends testing only symptomatic individuals such as 
men with non-gonococcal urethritis and women with PID, with con- 
sideration for testing in those with other clinical syndromes, such 
as cervicitis, epididymo-orchitis and proctitis. Current guidance 
recommends testing current sexual partners and only treating if 
they are confirmed positive, to prevent reinfection of the index case. 
In 10 studies measuring M. genitalium infection status in couples, 
39-50% of male or female sexual partners of infected participants 
also had M. genitalium detected [17]. 

M. genitalium does not possess a cell wall and so cannot be 
seen upon Gram stain of genital secretions and requires weeks to 
months to culture. Therefore, conventional methods of culture and 
susceptibility testing are not feasible. Serology testing is affected 
by cross-reactivity to other mycoplasmas, including Mycoplasma 
pneumoniae. 

NAATs for M. genitalium are now commercially available and 
are the investigation of choice. Simultaneous testing for genotypic 
resistance is recommended to inform treatment, given the high 
rate of antimicrobial resistance. However, not all UK sexual health 
services currently have the facilities for M. genitalium PCR, despite 
widespread concerns about increasing resistance. 

First-void urine is the specimen of choice in males. Vaginal swabs 
(either clinician taken or self-taken) are the specimen of choice for 
females. 


Management 

General principles of management 

Mycoplasma genitalium is an STI that shares some clinical and 
epidemiological characteristics with C. trachomatis, but its propensity 
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to develop antimicrobial resistance poses a significant challenge. 
Different strategies are used worldwide in the treatment of M. 
genitalium, including pre-treatment with doxycycline with the aim 
of reducing bacterial load [18], followed by an extended course of 
azithromycin, such as in the BASHH guidelines, with the use of 
resistance testing where available. Moxifloxacin is recommended 
for those who fail first line treatment, those with known macrolide 
resistance and for women with PID. In a systematic review and 
meta-analysis of 59 studies, the summary prevalence of mutations 
associated with azithromycin resistance in M. genitalium increased 
from 10% before 2010 to 51% in 2016-17 [19]. Limited data from 
a London study suggest a prevalence of 30-40% [20]. There is no 
clear evidence for the optimum regimen, but first line treatment 
with single-dose macrolides is not recommended and has been 
removed as first line empirical therapy for C trachomatis from the 
BASHH national treatment guidelines for this reason. Test of cure 
is currently recommended in some guidelines (BASHH guidance 
recommends 5 weeks after treatment) as resistance can emerge 
during treatment. 


Treatment ladder for Mycoplasma genitalium 
infection 


Uncomplicated infection 

e Doxycycline 100 mg two times daily for 7 days followed by 
azithromycin 1 g PO asa single dose, then 500 mg PO once 
daily for 2 days (where the organism is known to be 
macrolide sensitive or where resistance status is unknown) 

¢ Moxifloxacin 400 mg PO once daily for 10 days (if organism is 
known to be macrolide resistant or where treatment with 
azithromycin has failed) 


Complicated infection (PID/epididymo-orchitis) 

¢ Moxifloxacin 400 mg PO once daily for 14 days 
Alternative treatment regimens: 

e Doxycycline 100 mg PO twice daily for 7 days followed by 
pristinamycin 1 g PO four times daily for 10 days 

e Pristinamycin 1 g PO four times daily for 10 days 

¢ Doxycycline 100 mg PO twice daily for 14 days 

¢ Minocycline 100 mg PO twice daily for 14 days 


Resources 


Further information 

British Association for Sexual Health and HIV (BASHH). British Association for Sexual 
Health and HIV National Guideline for the Management of Infection with Mycoplasma 
Genitalium (2018). https:/ /www.bashhguidelines.org /media/1198/mg-2018.pdf. 

Jensen JS, Cusini M, Gomberg M, Moi H. 2016 European guideline on Mycoplasma 
genitalium infections. J Eur Acad Dermatol Venereol 2016;30:1650-6. 


Patient resources 

British Association for Sexual Health and HIV (BASHH). Mycoplasma Geni- 
talium — the Basics. https://www.bashhguidelines.org/media/1226/mgen_pil_ 
digital_p2_2019.pdf. 

(All websites last accessed May 2023.) 
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HIV INFECTION AND AIDS Cf 


Definition 

Human immunodeficiency virus (HIV) infection is acquired sexu- 
ally, from blood or blood products, or vertically from an infected 
mother during pregnancy, birth or breastfeeding. The virus infects 
immunocompetent cells including CD4+ T cells and macrophages. 
It creates variable patterns of disease in individuals, groups and 
races but all are characterised by evolving, sometimes fulminant 
immunodysfunction affecting many systems of the body. 


Introduction and general description 

It is now over 40 years since acquired immune deficiency syndrome 
(AIDS) was first recognised as a novel disease. Within 2 years of 
defining AIDS as a distinctive syndrome in 1981, HIV was identified 
as the causative agent. 

Dermatological involvement in AIDS has been appreciated since 
the disease was first recognised as a cryptic acquired immune 
deficiency illness in homosexual men and before the causative virus 
was identified. Mucocutaneous involvement establishes criteria 


for diagnosis and staging; the prognostic significance of some 
complications, for example pruritic papular eruption/eosinophilic 
folliculitis, hairy leukoplakia and Kaposi sarcoma (KS), was well 
recognised before specific treatments were introduced. The propor- 
tion of patients with skin complications and the number of these 
manifestations in any one patient increase as HIV infection pro- 
gresses and AIDS develops. The incidence and severity of several 
common cutaneous diseases (such as mollusca, herpes simplex and 
seborrhoeic dermatitis) are increased in patients with HIV and this 
correlates in many instances with the absolute numbers of CD4+ 
T cells. The effect HIV infection may have on some dermatological 
conditions such as psoriasis and leprosy is less clear-cut. Since 
the recognition of AIDS there have been many case reports of 
uncommon dermatoses in HIV-positive patients where an associ- 
ation is speculative. The skin and mucosae are important in HIV 
infection as they represent routes for infection and potential targets 
for prevention (e.g. by male circumcision, topical microbicides or 
vaccination). HIV has been demonstrated in the dermis of infected 
individuals and may be present in Langerhans cells and other 
subsets of dendritic cells in the skin. Different cytokine expression 
patterns distinguish different cutaneous manifestations. The advent 
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of highly active combined antiretroviral therapy (ART; HAART was 
the original acronym, then cART, but ART is now preferred) has 
been incalculably beneficial to patients with HIV, but novel side 
effects of these drugs (such as lipodystrophy) have emerged, and 
the skin can be affected by manifestations of the immune reconsti- 
tution inflammatory syndrome/immune reconstitution associated 
disease. 

The dermatological complications of HIV and AIDS may be 
distressing to patients and difficult for dermatologists to diagnose 
and manage. Also, many dermatoses presenting in the population 
at large need to be regarded as ‘indicator conditions’ to prompt 
advice about, and initiation of, HIV testing. A move to ‘normali- 
sation’ of HIV testing through ‘opt out protocols’ is advocated in 
clinical practice to decrease the number of patients presenting with 
more advanced disease and to diminish the scale of unsuspecting 
forward transmission. Immediate therapy is now recommended on 
diagnosis of HIV. This is important because patients successfully 
treated with ART can achieve the same mortality rates as the general 
population. Increasingly, HIV dermatology in the developed world 
is concerned with the consequences of antiretroviral (ARV) treated 
stable HIV disease. For example, although AIDS-related can- 
cers are decreasing, non-AIDS-defining cancer is on the increase, 
particularly non-melanoma skin and ano-oro-genital cancer. 

However, the dermatological manifestations of HIV are of fur- 
ther interest in that the ‘experiment of nature’ sheds light on both 
the immunopathological natural history of HIV infection and the 
aetiology of common and rarer dermatoses that happen to be found 
with a higher incidence in HIV-infected than non-HIV-infected 
patients. Their occurrence emphasises the importance of the skin as 
a dynamic immunological organ. 


Epidemiology 

Incidence and prevalence 

AIDS was first described as a distinct clinical entity in 1981 [1]. 
HIV-1 infection now represents a global pandemic. In 2006, there 
were an estimated 2.9 million deaths from AIDS worldwide. In 2012 
an estimated 35.3 million people were believed to be living with 
HIV infection [2,3], while in 2020, 37.7 million people were living 
with HIV and 1.5 million people were newly infected [3]. 

Global trends in the HIV pandemic can be sourced from the Joint 
United Nations Programme on HIV/AIDS (UNAIDS) [3], who take 
estimates available from published studies and combine them with 
unpublished data, collected as part of AIDS control programmes 
in many countries, to provide national estimates of prevalence and 
deaths. About 95% of AIDS cases occur in non-industrialised coun- 
tries and 75% in sub-Saharan Africa. One recent threat to the fight 
against HIV/AIDS has been the Covid-19 pandemic, through the 
diversion of attention and resources, both human and fiscal, and 
uncertain interactions [4]. 

In the UK, more than 2500 new HIV infections were reported 
each year between 1991 and 1997 — two-thirds of these from Lon- 
don — whereas in 2012, 6360 people were newly diagnosed with HIV 
in the UK, nearly half of whom were diagnosed at a late stage with 
a CD4 count below 350 cells/mm’. By the end of 2014, there were 
an estimated 110 000 people living with HIV (PLWH) in the UK 
[5,6]. In 2017 there were 101 600 PLWH, 4363 new HIV infections 
and 428 deaths [7]. In 2018, the UK reached the United Nation’s 


Table 31.1 Clades of HIV. 


Estimated Primary geographic 
Clade incidence 2000(%) _—_ distribution 
A 27 East, West and Central Africa, eastern Europe 
B 12.3 USA, UK, Australia 
Cc 47.2 South Africa, India, China 
D 5.3 East Africa 
AJE 3.2 South-East Asia 


FE G,H,J,K 5.0 Central Africa, Caribbean, Latin America 


90-90-90 target with more than 90% of PLWH diagnosed, more than 
90% of those receiving treatment and more than 90% of those with 
an undetectable viral load [8]. 


Sex 
Women and children represent the fastest growing subpopulations 
of HIV-infected patients in the developed world. 


Ethnicity 
Different subtypes of HIV-1 are predominantly found at different 
geographic locations (Table 31.1). 


Pathophysiology 

Virology 

Two main types of HIV infect humans: HIV-1 and HIV-2. World- 
wide, HIV-1 is by far the commonest cause of AIDS. HIV-2, which 
differs in a number of its regulatory genes and is found predom- 
inantly in West Africa, apparently causes immune deficiency and 
AIDS more slowly than HIV-1 and is less infectious with lower rates 
of both sexual and mother-to-child transmission. 

Phylogenetic analyses of many samples of HIV-1, isolated from 
diverse geographic origins, have revealed that they can be divided 
into groups, subtypes (or clades), sub-subtypes and circulating recombi- 
nant forms (CRFs) [1-4]. Groups are the distinctive HIV-1 lineages: 
M (major), N (new) and O (outlier). The vast majority of HIV-1 
strains found worldwide and responsible for the pandemic belong 
to the M lineage. Group O is endemic in Cameroon and neigh- 
bouring countries, and group N has been identified in west Central 
Africa. 

Within group M there are further genetic subtypes or clades which 
are approximately equidistantly related to each other and represent 
a homogeneous group not resembling any other subtype across their 
entire genome. There are at present nine subtypes of HIV-1 iden- 
tified: A-D, F-H, J and K. All known representatives of what was 
initially described as subtype E appear, in fact, to be recombinants 
of subtypes A and E, and are now designated CRFO1-AE. Within 
some subtypes further phylogenetic structure can be identified, for 
example subtype or clade F is divided into two sub-subtypes or sub- 
clades F1 and F2. It is also clear that clades B and D might be better 
considered as subclades of a single subtype, but for historical rea- 
sons it is difficult to change these descriptions [5]. 

Different subtypes of HIV-1 are predominantly found at differ- 
ent geographic locations, although in no country of the world does 
a single subtype circulate alone. The contribution of the different 
clades to the worldwide pandemic has been calculated (Table 31.1) 
[6-8]. 


HIV envelope HIV capsid 


Key to terms: 


HIV capsid: HIV’s bullet-shaped HIV glycoproteins: Protein ‘spikes’ 
core that contains HIV RNA embedded in the HIV envelope 
HIV envelope: Outer surface of HIV HIV RNA: HIV’s genetic material 
HIV enzymes: Proteins that carry 
out steps in the HIV life cycle 


Figure 31.1 Structure of HIV. Adapted from AIDS Info 2014 [39]. 


HIV is a single-stranded RNA virus (Figure 31.1). The structure of 
the virus is complex (Figure 31.2), with three major structural genes: 
gag (coding for nuclear proteins), pol (coding for reverse transcrip- 
tase) and env (coding for the envelope). The rate of transcription of 
the genome is controlled by a number of regulatory genes includ- 
ing rev, tat and nef, and there are a number of other small accessory 
genes important for infection (vif, vpu, upr). 

The virus gains access to cells by docking the envelope protein on 
the CD4 receptor and on the co-receptors (primarily CCR5 on mono- 
cytes/macrophages, and CXCR4 on T cells) [9]. Tissue mononuclear 
phagocytes, including human ano-genital monocyte-derived den- 
dritic cells and langerin-expressing conventional dendritic cells 
(DC2), are major HIV target cells [10]. The process of fusion and 
inward passage of the genetic material of the virus is accomplished 
by the transmembrane envelope protein gp41 coming into contact 
with the cell surface. Components of the Gag protein have an 
important chaperone function within the cell and allow reverse 
transcription to occur and the circular DNA product to be trans- 
ported to the nucleus of the cell. There, a virally encoded enzyme, 
integrase, cleaves the circular DNA and inserts it into the host DNA, 
repairing the insertion sites. Proviral DNA may remain integrated 
for a substantial period of time before viral transcriptional events 
are triggered when the cell becomes activated. Initial transcriptional 
products are the regulatory proteins Rev, Tat and Nef. The Tat 
protein increases viral transcription, and Rev acts in cis to enhance 
replication by interacting with rev regulatory elements within the 
viral genome; nef has a number of putative functions, one of which 
may be to reduce the amount of major histocompatibility complex 
(MHC) class I antigen on the cell surface and thus impede recogni- 
tion of the infected cell by cytotoxic T cells. The vpr gene is involved 
in nuclear transport and may downregulate cellular apoptosis. 
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The vpu gene may downregulate the amount of CD4 receptor pro- 
tein being produced in the endoplasmic reticulum. Viral products 
of transcription are then transported to the cytoplasm, where the 
nuclear capsid proteins may again have an important chaperone 
function. Viral proteins are produced as a long polyprotein that is 
split into active proteins by the virally encoded protease enzyme. 
Viral RNA and viral proteins are then assembled around the nuclear 
capsid antigen and when the virus is fully assembled, it buds from 
the cell surface. Enormous amounts of viral RNA are continually 
released into the plasma (>108 viral particles per day) in untreated 
HIV-infected patients [11,12]. 

One of the major characteristics of HIVs is their extremely high 
genetic variability. This extensive heterogeneity is a result of the 
high error rate of reverse transcriptase [13] and the extremely fast 
turnover of virions in HIV-infected individuals [11,12]. In addition, 
the reverse transcriptase enzyme is highly recombinogenic [14], so 
that radically different genomic combinations may be generated in 
individuals infected by genetically diverse viruses. Recombination 
requires the simultaneous infection of a cell with two different 
proviruses, allowing the encapsidation of one RNA transcript from 
each provirus into the heterozygous virion. After the subsequent 
infection of a new cell, the reverse transcriptase, moving back and 
forth between the two RNA templates, generates a newly syn- 
thesised retroviral DNA sequence that is a recombinant between 
the two parental genomes [14-16]. It is now well established that 
recombination events between different subtypes or clades of HIV 
are relatively common and may result in CRFs of HIV. Members 
of one distinct CRF should resemble each other over the entire 
genome, with similar breakpoints reflecting similar ancestry from 
the same recombination event(s). 


Immunology 

The immune system is capable of mounting very strong attacks on 
invading pathogens and in many cases is able to eliminate them 
completely. Unfortunately, this does not seem to be the case with 
HIV infection, except perhaps in a very few individuals in whom 
exposure to the virus has resulted in specific cellular immune 
responses to the virus, but who have neither seroconverted nor 
become productively infected [17]. A few notable exceptions to this 
rule are a case of an infant who apparently cleared HIV infection at 
18 months of age with ART and the long-term control of HIV being 
achieved in a patient after a CCR5 delta32/delta32 stem cell trans- 
plantation [18,19]. Although often strong and apparently useful 
anti-HIV responses are induced in HIV-infected individuals, these 
do not seem to have the capability of clearing viral infection. How- 
ever, in some individuals, immune responses apparently play a role 
in allowing the host to coexist with the virus without progression 
to disease (long-term non-progressor patients) [20] (see ‘Disease 
course and prognosis’ later in this chapter). 

Primary infection with HIV results in natural or innate immune 
responses that are mobilised within hours of infection and include 
inflammation, non-specific activation of macrophages, natural 
killer cells and complement, and the release of cytokines. After 
antigenic stimulation, acquired immune responses are primed. 
These responses emerge at the same time as clearance of viraemia, 
and rebound of CD4 T cells is seen. These HIV-specific responses 
include intrinsic immunity (restriction factors), specific humoral 
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Figure 31.2 Stages in the HIV life cycle (blue ovals) showing location, interaction with and selective pressure of candidate cellular host factors/proteins that may be targeted for 
antiretroviral drug development. Host factors are localised in the cell using the different stages of the HIV-1 life cycle as a framework. The subcellular location, function and 
possible direct interaction with HIV-1 elements were determined using multiple databases and published studies. The degree of molecular evolution is classified in K,/K, quintiles: 
0-0.11 (grey), 0.12-0.22 (yellow), 0.23-0.39 (bisque), 0.40-0.99 (orange) and >1 (red). Solid lines correspond to direct protein-protein binding. Dashed lines correspond to 
ligand-receptor interactions. Selected HIV-1 proteins (Gag, gp120, IN, Nef, Rev, Tat, Vif, Vpr, Vpu) are depicted in black. ER, endoplasmic reticulum. Reproduced from Ortiz et a/. 


2009 [9] with permission of Oxford University Press. 


or antibody responses and specific cellular responses; these are 
outlined below. 


Intrinsic immunity. In addition to innate and adaptive immune 
responses, cells express a number of factors that can confer 
some degree of resistance to HIV. These include APOBEC3G, 
TRIM5-alpha, tetherin, SAMHD-1 and the more recently identified 
interferon-induced MX-2 gene [21-27]. These factors may provide 
opportunites for intervention as enhancing their function might 
confer greater resistance to the retroviral infection. 


Specific humoral or antibody responses. These consist of neu- 
tralising antibodies to the envelope proteins of the virus and 
other non-neutralising antibodies to internal viral proteins such 


as gag [28]. Specific secretory immunoglobulin A (IgA) mucosal 
antibodies are also produced. Neutralising antibodies are usually 
measurable by 12 weeks after infection. One vaccine trial reported a 
modest success with 31.2% protection (the RV144 trial). A follow-up 
study of immune correlates suggested that IgG antibodies to vari- 
able regions 1 and 2 (V1V2) of HIV-1 envelope proteins may have 
contributed to protection against HIV-1 infection, while high levels 
of Env-specific IgA antibodies may have decreased the effects of 
protective antibodies. These studies suggest a critical role for anti- 
bodies in the success of a future HIV vaccine [29]. Recent animal 
studies underline the essential importance of antibody response in 
protection against HIV immunological and virological mechanisms 
of vaccine-mediated protection against simian immunodeficiency 
virus (SIV) and HIV [30]. 


Specific cellular (T-lymphocyte) responses. CD8 T lymphocytes or 
cytotoxic T lymphocytes (CTLs) form a primary component of the 
critical cellular immune response induced by HIV infection [31]. 
CTLs are differentiated from existing CTL precursors and express 
T-cell receptor molecules capable of recognising specific viral epi- 
topes presented in the context of human leukocyte antigen (HLA) or 
MHC molecules at the surface of infected target cells. Mature CTLs 
are functional 5-10 days after antigenic stimulation, recognising, 
binding and then lysing the infected target cell. Virus-specific CTLs 
evolve faster than antibody responses and are often induced before 
seroconversion and before viral RNA has reached peak titres. Thus 
CD8 CTLs are temporally associated with a fall in viraemia during 
acute infection, and there is good evidence that CTLs play a major 
role in the control of HIV infection at this time and later in HIV 
disease. Evidence for strong CD8 antiviral pressure can be appre- 
ciated by the number and variety of strategies that viruses have 
evolved to avoid apoptosis and CTL recognition, thus prolonging 
the life of the virally infected cell and enabling viral replication and 
dissemination [32]. In addition to the lysis of infected cells, CD8 
T cells can reduce viral replication by the production of soluble 
factors. These factors are not antigen specific but their production 
requires specific T-cell activation. Anti-HIV effects have been found 
for interferon y (IFN-y), interleukin 10 (IL-10), IL-13, IL-16 and 
the C-C chemokines macrophage inhibitory protein 1a (MIP-1a), 
MIP-18 and RANTES (regulated upon activation, normal T-cell 
expressed and secreted). Such soluble factors may also have pro- 
found effects on other opportunistic infections including those 
affecting the skin. 

CD4 T-cell responses induced by HIV infection provide help to 
both HIV-specific CTLs and B cells. CD4 T-helper cells recognise 
antigen in the context of HLA class II molecules on the surface of 
antigen-presenting cells such as dendritic cells. CD4 responses to 
a variety of HIV proteins (including Env, Gag and Nef) have been 
demonstrated in early disease, but immunological abnormalities 
in T-helper function occur very early in HIV infection, even before 
CD4 T-cell numbers diminish in the peripheral blood. Furthermore, 
advances in our understanding of HIV-1 pathogenesis reveal that 
mucosal tissues, primarily in the gastrointestinal tract, are major 
sites for early viral replication and CD4 T-cell destruction, and 
may represent the major viral reservoir [33]. Reduced proliferative 
capacity and diminished IL-2 production in response to stimula- 
tion by exogenous antigens (including those from HIV and other 
pathogens) is one of the hallmarks of HIV disease. 

On recognition of their specific antigen, naive CD4 T cells 
differentiate from a common (ThO) precursor into T-helper 1 
(Th1) cells — which differentially secrete IL-2, IFN-y, transforming 
growth factor B and IL-12 and can activate macrophages and ‘help’ 
CTLs — or into T helper 2 (Th2) cells —- which secrete IL-4, IL-5, IL-6 
and IL-10 that can activate B cells to proliferate and differentiate 
into antibody-producing plasma cells. 

Central to the initiation of innate and adaptive immune responses 
is the dendritic cell, which is the most potent antigen-presenting 
cell. However, dendritic cells on mucosal surfaces (Langerhans 
cells and dermal dendritic cells) are likely to be some of the first 
targets in transmission. Dendritic cells, as well as transporting 
viral antigens across mucosal barriers and presenting them to CD4 
cells, may themselves become infected with HIV and their function 


HIV infection and AIDS 


31.5 


compromised [34]. Interestingly, while dendritic cell subsets tend 
to transfer HIV to CD4+ T cells without themselves being heavily 
infected, immature Langerhans cells might be able to degrade HIV 
via binding to a C-type lectin receptor called langerin [35-37]. In 
contrast, when Langerhans cells are activated, for instance by a 
co-infection with herpes simplex virus 2 (HSV-2), they become 
more infectable and transmit infection to CD4+ T cells more 
robustly [38]. 

It should be noted that the immunosuppressive nature of HIV 
infection, where CD4 T cells are infected and destroyed, may have a 
profound effect on immune responses to other pathogens, many of 
which result in dermatological disease and are described later in this 
chapter. It is interesting to observe that ART, which has a profound 
effect on HIV replication and enables some CD4 T-cell reconstitu- 
tion, may also result in the re-emergence of useful opportunistic 
infection-specific cellular immune responses. Unfortunately, for 
reasons that are not well understood, HIV-specific responses are 
often not reconstituted. However, many AIDS-defining oppor- 
tunistic infections, including diseases of the skin, may be resolved 
or avoided, and consequently ART has had a profound effect on 
morbidity and mortality in HIV disease. 


Clinical features 
Case definition of AIDS 
As tests for HIV infection have become more accurate and our 
understanding of the infection’s pathogenesis has become clearer, 
the need for an epidemiological definition of AIDS has diminished. 
However, it is of interest to consider the indicator conditions that 
have been used in the case definition of AIDS in adults, as shown 
in Box 31.1. The rank order of AIDS diagnoses reported to the US 
Centers for Disease Control in 1996 is shown in Table 31.2 [1,2]. 
Changes in the natural history of HIV that followed the intro- 
duction of ART in the mid-1990s include a sharp reduction in 
the frequency of KS and a decrease in Pneumocystis jiroveci (was 
P. carinii) pneumonia, reflecting the impact of prophylaxis and 
possible reconstitution of immune responses specific for oppor- 
tunistic pathogens. The median CD4 T-cell count at the time of an 
AIDS-defining complication in those parts of the world where ART 
is available is now 67 x 10°/L. However, it should be remembered 
that, at present, such efficacious therapy is not available to the vast 
majority of persons infected with HIV. It should also be noted that 
the AIDS case definition in children may be different from that in 


Table 31.2 Rank order of AIDS diagnoses reported to the US Centers for Disease 
Control in 1996. 


Diagnosis Frequency (%) 
Pneumocystis jiroveci pneumonia 20 
Wasting 14 
Cytomegalovirus disease 6 
Kaposi sarcoma 6 
Tuberculosis 5 
Disseminated Mycobacterium avium-intracellulare infection 4 
Chronic herpes simplex 4 
Recurrent bacterial pneumonia 4 
HIV-associated dementia 4 
Toxoplasmosis 3 
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Box 31.1 Indicator conditions in the case definition 
of AIDS in adults 


¢ Candidosis of the oesophagus, trachea, bronchi or lungs 

¢ Cervical cancer, invasive® 

¢ Coccidioidomycosis, extrapulmonary* 

° Cryptococcosis, extrapulmonary 

¢ Cryptosporidiosis with diarrhoea for >1 month 

¢ Cytomegalovirus of any organ other than the liver, spleen or lymph 
nodes 

¢ Herpes simplex with mucocutaneous ulcer for >1 month or 
bronchitis, pneumonitis or oesophagitis 

¢ Histoplasmosis, extrapulmonary* 

e HIV-associated dementia: disabling cognitive and/or motor 
dysfunction interfering with occupation or activities of daily living 

e HIV-associated wasting:* involuntary weight loss of >10% of 
baseline plus chronic diarrhoea (more than two loose stools per day 
for >30 days) or chronic weakness and documented enigmatic fever 
for >30 days 

¢ Isosporosis with diarrhoea for >1 month? 

¢ Kaposi sarcoma in patients younger than 60 years (or older than 
60 years*) 

¢ Lymphoma, non-Hodgkin of B-cell or unknown immunological 
phenotype and histology showing small, non-cleaved lymphoma or 
immunoblastic sarcoma 

¢ Lymphoma of the brain in patients younger than 60 years (or older 
than 60 years*) 

¢ Mycobacterium avium or M. kansasii, disseminated 

¢ Mycobacterium tuberculosis, disseminated* 

¢ Mycobacterium tuberculosis, pulmonary* 

¢ Nocardiosis* 

© Talaromyces marneffei infection (penicilliosis) 

¢ Pneumocystis jiroveci pneumonia 

e Pneumonia, recurrent (bacterial)* 

e Progressive multifocal leukoencephalopathy 

¢ Salmonella septicaemia (non-typhoid), recurrent* 

° Strongyloidosis, extraintestinal 

° Toxoplasmosis of an internal organ 


@ Requires positive HIV serology. 


adults [3]. Furthermore, it is currently considered that in clinical 
care HIV disease should be viewed as a continuum, rather than 
just the presence or absence of AIDS. This continuum includes 
primary infection, symptomatic infection, early symptomatic state 
(previously known as AIDS-related complex), late symptomatic 
disease and advanced disease. 


Presentation 

Acute primary HIV infection may be clinically silent but up to 90% 
of patients develop a non-specific, symptomatic illness 1-6 weeks 
after exposure that lasts a few days to several months but usually 
less than a fortnight [4]. Symptoms and signs are often those of a 
non-specific viral infection, similar to infectious mononucleosis with 
lassitude, fever, arthralgia, myalgia and lymphadenopathy. Weight 
loss, nausea, vomiting and diarrhoea are common. Headache 
and photophobia may signify aseptic meningitis and cognitive 


Table 31.3 Clinical manifestations of primary HIV infection. 


Clinical manifestation Frequency (%) Mean duration (days) 
Fever (>38°C) 77 17 
Fatigue 66 24 
Erythematous maculopapular rash 56 15 
Myalgia 55 18 
Headache 51 26 
Pharyngitis 44 12 
Cervical lymphadenopathy 39 15 
Arthralgia 3 23 
Oral ulcer 29 13 
Odynophagia 28 16 
Axillary lymphadenopathy 24 164 
Weight loss 24 29 
Nausea 24 18 
Diarrhoea 23 13 
Night sweats 22 15 
Cough 22 18 
Anorexia 21 15 
Inguinal lymphadenopathy 20 9 
Abdominal pain 19 15 
Oral candidosis 17 10 
Vomiting 12 10 
Photophobia 12 11 
Sore eyes 12 13 
Genital ulcer 7 14 
Tonsillitis 7 13 
Depression 6 23 
Dizziness 6 11 


From Hawkins 2002 [5]. 


dysfunction encephalitis, although other recognised neurological 
presentations include Bell palsy, brachial neuritis, radiculopathy, 
peripheral neuropathy and Guillain-Barré syndrome. Symptomatic 
primary HIV infection is a strong predictor of progression to 
AIDS [4]. Table 31.3 lists the frequency and duration of the principal 
clinical manifestations of primary HIV infection [5]. 


Dermatological manifestations of acute primary HIV 
infection 

The principal dermatological manifestations of seroconversion 
are given in Box 31.2 [6]. A rash is found in up to 75% of people 
with symptomatic seroconversion. A symmetrical, maculopapular, 
red exanthem, notably of the face, palms and soles, occurs. Pale 
pink macules and erythematous, perifollicular papules have been 
described. Occasionally there may be urticarial or vesicular lesions 
and alopecia. The histology is characterised by an upper dermal, 
perimicrovascular and periappendageal CD8+ lymphocytic infil- 
trate with a mixed perivascular CD1a+ dendritic cell/CD8/CD4+ 
lymphocytic infiltrate. Epidermal changes may be absent or range 
from vacuolation and spongiosis to epidermal necrosis [7,8]. 
Painful oral ulceration, genital ulceration, erythema multiforme 
and Stevens—-Johnson syndrome may occur [9-12]. Acute erosive 
genito-crural intertrigo has been described [13]. If the CD4 count 
falls precipitously, oral candidosis can develop. KS has been seen in 
primary HIV infection [14]. The exanthem may represent infection 
of cutaneous Langerhans cells, and the oro-genital lesions sites of 
viral inoculation [15]. 


Box 31.2 Dermatological manifestations of HIV 
seroconversion 


e Exanthema 

e Enanthema 

e Urticaria 

e Erythema toxicum 

e Erythema multiforme 

¢ Oro-pharyngeal candidosis 

e Acute genito-crural intertrigo 
e Oral ulceration 

e Genital ulceration 


From Bunker and Staughton 2002 [6]. 


Thus, primary infection, including non-specific dermatological 
reaction patterns, may go unnoticed, unreported or undiagnosed. 
Because the dermatological and other manifestations of serocon- 
version are non-specific, there are many differential diagnoses 
(Box 31.3). In the past, syphilis was the ‘great imitator’, perhaps 
now it is HIV [16]. It must also be appreciated that two (or more) 
illnesses may coexist. 


Box 31.3 Differential diagnoses of primary HIV 
infection 


e Erythema toxicum (and its differential diagnosis, drugs, infections, 
connective tissue disease) 
¢ Urticaria (and its differential diagnosis, drugs, infections, connective 
tissue disease, neoplasia) 
e Erythema multiforme (and its differential diagnosis) 
¢ Oro-genital ulceration (and its differential diagnosis, drugs, 
infections, connective tissue disease, immunobullous disease, Behcet 
syndrome, Stevens—Johnson syndrome) 
¢ Pityriasis rosea 
¢ Guttate psoriasis 
e Reactive arthritis 
e Still disease 
e Infections: 
e Epstein-Barr virus 
¢ Cytomegalovirus 
e Parvovirus B19 
¢ Herpes simplex virus 
¢ Human T-lymphotropic virus type 1 and 2 
e Hepatitis A, Band C 
¢ Gonococcaemia 
¢ Syphilis 
e Rheumatic fever 
¢ Toxoplasmosis 
¢ Causes of meningoencephalitis and pneumonitis 
e Drug reactions 


From Bunker and Staughton 2002 [6]. 


The greater the number, severity and duration of the manifesta- 
tions, the more likely a more rapid progression of HIV disease will 
occur in that individual (Table 31.4) [5,17,18]. 


HIV infection and AIDS 


Table 31.4 Useful prognostic indicators around primary infection. 


Clinical 
(soon after initial infection) 


Laboratory 
(3-4 months after infection) 


CD4 T-cell count 

Quantitative viral load (HIV RNA 
measurement) 

Polymerase chain reaction 

Branched chain DNA 

B,-microglobulin 


Presence of symptoms 
Duration of symptoms (>14 days) 


Number of symptoms (more than three) 

Candidosis 

Acquisition of HIV from an individual 
with advanced HIV disease 

Neurological involvement 


From Hawkins 2002 [5]. 


Precise diagnosis and the exclusion of other causes can be com- 
plicated in the acute stage by the interpretation of bacteriological 
and virological results (e.g. serological diagnosis of syphilis). There 
may be lymphopenia (usually a modest fall in CD4 count, a mild 
rise in CD8 count and an inverted CD4/CD8 ratio) and thrombo- 
cytopenia and a biochemical hepatitis or cholestatic biochemical 
profile. A skin biopsy may not be helpful, showing non-specific 
histology: spongiosis, apoptosis, interface dermatitis and mild, 
perivascular, chronic, inflammatory infiltrate. Seroconversion 
illness is diagnosed by positive plasma HIV polymerase chain 
reaction (PCR) alongside negative or equivocal HIV antibody tests 
(see Box 31.4) [5]. 


Box 31.4 Diagnosis of HIV infection 


Essential assays 

e Fourth generation HIV-1 and -2 immunoassay (includes HIV-1 p24 
antigen testing) 

¢ HIV RNA polymerase chain reaction (PCR) 


Supplementary tests after inconclusive ELISA results 

¢ Quantitative RNA PCR if not previously performed 

e T-cell subset enumeration 

e Exclusion of other viral illnesses, e.g. cytomegalovirus (CMV), 
Epstein-Barr virus (EBV) 


Point-of-care or rapid tests 
e Finger pricking, saliva (antibody tests that require a subsequent 
confirmation by ELISA /western blot) 


From Bunker and Staughton 2002 [1], CDC 2013 [2] and Branson et al. 
2014 [3]. ELISA: enzyme-linked immunosorbent assay. 


Primary HIV infection should be promptly treated [19]. 


Clinical variants 

Dermatological manifestations of HIV infection and variations in 
skin presentation according to age, sex and patient subtypes are 
covered in sections later in this chapter. 


Complications and co-morbidities 
Eosinophilia can be found in 65% of ART-naive HIV-infected 
patients. Patients with eosinophilia are more likely than patients 
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without eosinophilia to present with a rash. Extensive work-up for 
eosinophilia may not be necessary in most cases [20]. 

Antiretroviral therapy and subsequent immune restoration with 
ART can precipitate exacerbations of immune or inflammatory 
disease — the immune reconstitution inflammatory syndrome 
(IRIS) or immune restoration disease (IRD). The term immune 
reconstitution-associated disease (IRAD) is all embracing and pre- 
ferred [21]. Immunorestoration may reactivate the host response 
to latent infections or unmask autoimmune diseases in genet- 
ically susceptible individuals. IRIS/IRD/IRAD results from 
immunopathology that is characterised by an increased production 
of multiple pro-inflammatory chemokines and cytokines associ- 
ated with activation of myeloid cells (monocytes, macrophages 
and neutrophils). There are similarities with facets of Covid-19 
and its complications due to SARS-CoV-2 [22]. Examples are 
progressive multifocal leukoencephalopathy, uveitis or vitreitis in 
cytomegalovirus (CMV) retinitis, sarcoidosis, hepatitis C reactiva- 
tion, post-streptococcal glomerulonephritis and lymphadenitis in 
tuberculosis and Mycobacterium avium-intracellulare infection [21,23]. 
Although IRIS/IRD/IRAD may transiently increase the risk of KS 
and non-Hodgkin lymphoma in HIV, this should not contraindicate 
the initiation of ART [24]. Distinct cytokine-mediated mechanisms 
contribute to IRIS/IRD/IRAD associated with herpesvirus and 
mycobacterial infections [25]. Paediatric IRIS/IRD/IRAD is com- 
mon and has an appreciable mortality [26]. Approximately half of 
all IRIS/IRD/IRAD events are dermatological [27,28] (see later in 
this chapter). 


Disease course and prognosis 

Prospective epidemiological studies in HIV-infected but untreated 
individuals with known dates of seroconversion have allowed the 
quantification of many aspects of the natural history of HIV disease, 
and have shown that the course of HIV infection may vary consider- 
ably in different people. Thus, although some individuals develop 
AIDS within 2-3 years and are termed ‘rapid progressors’, others 
remain free from AIDS for more than 10-15 years and are termed 
‘long-term non-progressors’ or ‘long-term survivors’. In the absence 
of treatment, the average time from seroconversion to the develop- 
ment of AIDS is 8-11.6 years, with a median time of approximately 
10 years. Interestingly, this median survival time was the same in 
the USA as it was in Uganda [29]. It should be noted that most exist- 
ing data were obtained before the availability (in the west) of ARV 
drugs and prophylaxis for Pneumocystiis jiroveci pneumonia. Clearly, 
such drug treatment, when available, has a profound and beneficial 
effect on the natural history of HIV disease. 

Certain clinical and laboratory factors are known to influence 
and help predict the rate of disease progression to AIDS in the 
HIV-infected individual. Rates of progression appear similar by 
gender, race and risk category after adjustment for access to health 
care. The predictors for progression to AIDS may be summarised as 
follows. 
¢ Transmission risk group. Time from HIV seroconversion to AIDS 

is approximately 7 years in transfusion recipients, 10 years for 

haemophiliacs, 10 years for intravenous drug users and 10-12 

years for homosexual men. 

e Age at onset of infection. It has been reported that for patients aged 

16-24 years at the time of HIV acquisition, the median time from 


seroconversion to AIDS is 15 years, whereas for those aged over 

35 at seroconversion it is 6 years. 

° Clinical indicators. Patients with symptomatic primary HIV infec- 
tion (about 75% of all HIV patients) progress more rapidly than 
those with asymptomatic seroconversion. Other clinical markers 
of progression include the development of oral thrush, oral hairy 
leukoplakia, herpes zoster, constitutional symptoms and weight 
loss. 

e CD4 T-cell count. CD4 T-cell counts and their decline over time 
are very important predictors of disease progression. On aver- 
age, the CD4 T-cell count decreases by 40-80 x 10°/L annually; 
an acceleration in CD4 T-cell decline heralds progression of dis- 
ease. A CD4 T-cell count of <200 x 10°/L is diagnostic of AIDS, 
and the median survival time in an untreated patient with a CD4 
T-cell count of <200 x 10°/L is 38-40 months. The average CD4 
T-cell count for the most common AIDS-defining conditions is in 
the range of 20-100 x 10°/L. 

e Viral load. Plasma HIV RNA viral load correlates well with the 
extent of viral replication in an infected individual. Progressively 
increasing HIV RNA concentrations can signal the develop- 
ment of advancing immunodeficiency. A single measurement of 
plasma RNA viral load early in infection is a powerful predictor 
of the subsequent risk of progression to AIDS and death. The 
combined measurement of CD4 T-cell count and viral load is 
an extremely accurate method for assessing the prognosis of 
infected patients. 

Other factors that may be predictive of HIV disease progression 
have not been well defined. Thus, coinfection with other pathogens 
such as CMV, Epstein-Barr virus, hepatitis B or malaria has not 
been shown conclusively to accelerate disease progression. Intrigu- 
ingly, it has been suggested that coinfection with hepatitis G may 
reduce the rate of HIV progression. The genetic background of the 
patient has relevance. Genetic markers of progression that have 
been defined include polymorphisms in genes such as CCR5, which 
influences the ability of cells to become infected with HIV, and 
differences in HLA class I alleles, which may influence immune 
responses. The size and route of the initial inoculum of virus may 
have an important role to play, as may the pathogenicity, virulence, 
attenuation state or genotype of the infecting virus. 


Investigations 

The diagnosis of HIV can be established through a variety of tests 
detecting the presence of HIV in the serum, saliva or urine. These 
tests either detect antibodies, viral antigens or viral RNA. A key 
element is that these tests have to achieve a very high sensitivity 
and specificity. Typically, blood banks in western countries will use 
a combination of antibody, antigen and nucleic acid tests. Histor- 
ically, in 2000, the World Health Organization (WHO) estimated 
that inadequate screening of blood products had led to over 1 
million infections with HIV worldwide. Antibody tests include 
enzyme-linked immunosorbent assay (ELISA) or western blot. 
Rapid or point-of-care tests are also available, but as their results 
are less reliable than laboratory tests (ELISA/western blot), they 
typically require confirmation from more established methods. 
Currently, the chance of a false positive HIV test is approximately 
1 in 250 000 when an ELISA with confirmation by western blot 
is performed. Antigen tests detect the presence of p24 (capsid or 


core antigen) but they tend to be replaced nowadays by nucleic 
acid-based tests in the USA and the European Union. Nucleic acid 
tests can detect one or several sequences from the virus such as 
HIV-1 gag, env and pol as well as HIV-2 genes. Various methods are 
used to detect viral loads in patients, including reverse transcription 
PCR and quantitative PCR. Finally, while not strictly part of HIV 
diagnosis, the measure of CD4+ T cell counts is often associated 
with viral load testing to measure the progression of HIV. It is also 
routinely performed at the time of diagnosis (Box 31.4). 


Management 

HIV prevention 

Behavioural interventions are continually applied to HIV control 
and prevention, and risks are better quantified [1]. Biomedical 
prevention of HIV has entered a new era with evidence mounting 
from trials for the efficacy of circumcision, vaccines and _ topical 
and oral pre-exposure prophylaxis [2,3]. Most transmissions occur 
via sexual transmission but there is still a proportion of infections 
transmitted by people who inject drugs. Prevention efforts world- 
wide have been achieving results as the number of transmissions 
in LMICs has been reduced by 30% via a variety of strategies. ART 
can decrease the transmission of HIV by 96% [4]. Circumcision is 
also somewhat effective, with a 60% reduction [5]. Newer strategies 
include vaccines and microbicides; one vaccine trial showed a 
limited efficacy of 31.2% [6]. Microbicides are yet another avenue in 
the prevention of transmission. In one trial, the application of ten- 
fovir topically conferred protection in approximately 40% of women 
who took part in the trial [7]. More recently, oral pre-exposure pro- 
phylaxis (PrEP) has been an excellent method of preventing HIV 
transmission. In 2020, over 120 countries had adopted the WHO 
PrEP recommendations into national guidelines [8]. In addition, 
the use of long-acting injectable regimens will probably simplify 
therapy for patients living with HIV-1 infection [9] as well as in the 
context of PrEP. 


Antiretroviral treatment 

Antiretroviral treatment of HIV began in the mid-1980s using 
monotherapy with the nucleoside analogue (nucleoside reverse 
transcriptase inhibitor, NRTI) zidovudine (or azidothymidine, also 
called AZT or ZDV) and the demonstration that this was better 
than placebo in the treatment of symptomatic disease. However, 
the treatment of HIV infection was revolutionised in developed 
countries as a result of the introduction of ART. This has reduced 
short-term mortality and markedly increased the quality of life by 
preventing opportunistic diseases [10]. ART has developed as a 
result of controlled trials showing that dual nucleoside analogue 
therapy improves survival compared with zidovudine (AZT, ZDV) 
monotherapy [11], and that three-drug therapy, consisting of two 
nucleoside analogues and a protease inhibitor, is superior to two 
drugs [12]. 

One of the causes of drug failure is the development of viral muta- 
tions displaying reduced sensitivity to drugs. Such mutations may 
arise either because of the selection of mutants already existing in 
the viral swarm or the de novo generation of new mutations as a 
result of selective pressure by the drugs. Avoiding the development 
of drug resistance requires drugs to be used in combination, making 
the selection or generation of new resistant mutations more difficult, 
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and by the use of potent therapy, which suppresses viral replication 
as completely as possible. 

The dramatic improvements in survival with the use of ART 
coincided with the development of two new potent classes of drugs. 
Following the incorporation of viral DNA into the host genome, 
viral progeny are produced as a result of the transcription of this 
DNA, which accompanies cell activation. This produces polypro- 
teins, which to be effective have to be digested by a virally coded 
protease. A variety of inhibitors of this protease are now available 
to clinicians and all are extremely potent. The other potent class of 
compounds is that of the non-NRTIs. As described previously, the 
virus encodes for a unique enzyme, reverse transcriptase, that is 
responsible for converting viral RNA into a DNA copy, which is 
then incorporated in the host genome. The originally introduced 
therapies for HIV were all nucleoside analogues, which act as chain 
terminators of the growing DNA chain. Reverse transcriptase can 
also be inhibited very potently by a variety of chemicals that act in 
a pocket of the reverse transcriptase closely adjacent to the catalytic 
site. The potency of these drugs was only appreciated when they 
were given with nucleoside analogues to individuals who had 
not previously received treatment [13]. This combination inhibits 
viral replication sufficiently enough to prevent the selection of viral 
mutants with resistance to the non-NRTI class [14]. Novel ARV 
drugs include integrase inhibitors, fusion inhibitors and potential 
compounds that might target HIV proteins essential for efficient 
viral replication such as Vif, Vpr, Tat, Rev and Nef [15]. 

Current guidelines for when to start treatment can be obtained 
from the British HIV Association (BHIVA) [16]. The original hypoth- 
esis for the optimum treatment of HIV infection was ‘hit hard and 
hit early’ [17], that is to use potent regimens and to use them 
early in the disease course with the hope of completely eradicating 
evidence of infection within a finite period. Unfortunately, as our 
understanding of the pathogenesis of HIV infection has improved, 
this hypothesis has turned out to be unrealistic, perhaps most 
importantly because HIV is also incorporated into long-lived cells 
that generally divide very occasionally [18], and which may be 
relatively inaccessible to immune effector cells. It is only during 
the process of cellular replication that anti-HIV drugs are active, 
and therefore the early hopes of eradication within a 3-4-year 
period have not been realised. It is likely that present treatment 
will be required lifelong to continually suppress viral replication. 
Early treatment was also advocated because it was assumed that 
HIV caused irreversible deletions in the immune repertoire, so if 
treatment was started late patients would remain susceptible to 
opportunistic infections. Fortunately, this has been shown not to be 
the case. Even individuals treated in late disease show considerable 
reconstitution of the immune repertoire [19,20]. 

Perhaps the most important practical reason for renewed caution 
about the timing of initiating ART was the emergence of a variety 
of drug toxicities that were unsuspected at the time the drugs were 
originally licensed. For the nucleoside analogue class this includes 
mitochondrial toxicity and lactic acidosis [21], and for the protease 
inhibitors a variety of abnormalities of lipid metabolism. However, 
the greatest obstacle to a more complete understanding of these 
syndromes is that, of necessity, most of the present studies are 
observational and cross-sectional and represent the end results of 
processes that have been present in the patient for some years. 
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New drugs have been developed in the main classes — that is 
NRIs, non-NRTIs and protease inhibitors. The main objective of 
such new drugs is to improve adherence to treatment by enhancing 
the convenience of the regimen or to diminish side effects. Thus the 
protease inhibitor atazanavir (ATV) appears to be free of blood lipid 
abnormalities in controlled trials [22], but whether this will translate 
into freedom from the lipid redistribution syndrome remains to 
be determined. Classes of drugs that attack new targets within 
the replication cycle of HIV are also being developed; the most 
advanced of these are those that inhibit the process of fusion. This 
is an important example of where an understanding of the detailed 
mechanisms involved in viral infection has led to the development 
of new drugs. The most advanced of these is enfuvirtide (ENF, T20). 
This drug inhibits the contraction of the helical coils associated 
with gp41, which normally contract and bring the surface of the 
envelope protein of the virus (gp120) into close contact with the 
cell surface. The disadvantage of this drug is that it has to be given 
by subcutaneous injection once or twice a day, and it therefore 
seems unlikely that this drug will be tolerated in the long term 
for naive patients. Its chief benefit is likely to be in patients who 
are failing other therapies. Additional drugs available are entry 
inhibitors such as CCR5 co-receptor antagonists (e.g. maraviroc 
(MVC)). In addition, HIV integrase strand transfer inhibitors are 
now in use, including raltegravir (RAL) and dolutegravir (DTG) 
[23,24]. 

New drugs, more tolerable regimens, the limited development 
of resistance in fully adherent patients and increasing recognition 
of non-AIDS-related morbidity (e.g. myocardial infarction, stroke, 
cirrhosis, renal failure) and non-AIDS-related cancers were some 
of the factors behind moves to the earlier introduction of treatment 
at CD4 counts of around 350 x 10°/L and then 500 x 10°/L [25]. 
Evidence suggested that early treatment of HIV reduces persistent 
inflammation, T-cell activation and dysfunction, with significant 
implications for disease progression, morbidity and mortality 
[26]. Newer molecules targeting the viral capsid are currently in 
development and might offer yet another way to control the virus 
[27]. Furthermore, the use of anti-HIV-1 antibodies is a promising 
area [28]. 


Table 31.5 Antiretroviral drugs used in HIV by class of action. 


NRTIs Non-NRTIs Protease inhibitors 


Fusion inhibitors 


The overarching principles for the treatment of ART-naive 
patients derived from randomised clinical trials demonstrating 
virological, immunological and clinical efficacy, are to start with 
and maintain a triple regimen of two NRTIs and one from another 
class (ie. non-NRTI, protease inhibitor or integrase inhibitor) 
[29-39]. Compliance and convenience is enhanced by combination 
formulations and less frequent dosing with single-tablet once-daily 
regimen the ideal. 

The overall success of ART is such that HIV-infected adults with 
a CD4 cell count greater than 500 x 10°/L on long-term combina- 
tion treatment now reach the same mortality rates as the general 
population [40]. However, there will always be challenging patients 
and clinical situations. Treatment may fail for many reasons — from 
poor compliance and adherence to drug resistance. The principles 
of second line, third line and salvage treatment are available from 
BHIVA [39]. 

Drugs are listed by class in Table 31.5. The principal non- 
dermatological side effects are beyond the scope of this chapter, 
however they remain important in HIV medicine not least because 
of their influence on compliance and adherence, these being 
important in individual treatment [41]. Mucocutaneous side effects 
are detailed in the sections on drug reactions and special situations, 
and in Box 31.8 and Tables 31.6, 31.7 and 31.8. Lipid abnormalities 
and lipodystrophy are discussed within the section on drug reac- 
tions. The cutaneous manifestations of IRIS/IRD/IRAD are covered 
at the end of the chapter. 

The most serious dermatological side effects of ART used to 
be: (i) Stevens-Johnson syndrome/toxic epidermal necrolysis 
with nevirapine (less commonly, efavirenz) and drug reaction 
with eosinophilia and systemic symptoms (DRESS); and (ii) phar- 
macogenetic abacavir hypersensitivity [42]. However, the use of 
nevirapine has decreased and HLA-B*5701 testing has consider- 
ably reduced the abacavir hypersensitivity syndrome (previous 
incidence about 8%) [42]. 

Dermatologists should be aware of the risks of drug interactions 
in treating patients with HIV on ART, particularly because of the 
metabolism of protease inhibitors by the cytochrome P450 system 
in the liver. 


Entry inhibitors Integrase inhibitors Pharmacokinetic enhancers 


Abacavir (ABC) 
Didanosine (ddl, DDI) 
Emtricitabine (FTC) 
Lamivudine (3TC) 


Delavirdine (DLV)@ 
Doravirine (DOR) 
Efavirenz (EFV) 
Etravirine (ETR) 


Amprenavir (APV)? 
Atazanavir (ATV) 
Darunavir (DRV) 
Fosamprenavir (FPV, 
prodrug of amprenavir) 
ndinavir (IDV, IND) 


Stavudine (d4T) Nevirapine (NVP) 


Tenofovir (nucleotide) Rilpivirine (RPV) Lopinavir (LPV) 
alefanamide/disoproxil 
(TAF/TDF) 

Zalcitabine (ddC, DDC)4 elfinavir 


Zidovudine (AZT/ZDV) Ritonavir (RTV, RIT, /r)® 
Saquinavir (SQV, SAQ) 


Tipranavir (TPV) 


2 No longer available. 


Enfuvirtide (ENF) 


Maraviroc (MVC) _ Bictegravir (BIC with TAF) 
Cabotegravir 
Dolutegravir (DTG) 


Elvitegravir (EVG) 


Cobicistat (COBI, /c)° 


Raltegravir (RAL) 


> Ritonavir (RTY, RIT, /r) in doses so low as to lack antiviral activity ‘boosts’ the activity of the other protease inhibitors. 
© Cobicistat (COBI, /c) is used in combination with elvitegravir (EVG), emtricitabine (FTC) and tenofovir (TAF/TDF). 


DERMATOLOGICAL MANI 
HIV INFECTION 


Introduction 


Skin disease may provide the first suspicion of the diagnosis of 
HIV infection, cause significant morbidity as the disease progresses 
and point to a diagnosis with important systemic implications. 
The number of mucocutaneous diseases, like the CD4 T-cell count, 
is a prognostic indicator of the development of AIDS and overall 
survival [1]. Cutaneous manifestations of HIV can be considered 
as good clinical indicators to predict and assess the underlying 
immune status in resource-poor countries [2]. Some skin problems 
are less consequential than other manifestations of HIV infection, 
but many are very distressing to patients [3] and some potentially 
very serious or fatal [4-7]. Although some situations are clinically 
straightforward and readily amenable to satisfactory intervention, 
all of the dermatological complications of HIV infection can be a 
challenge to diagnose and manage. They may present with unusual 
symptoms and signs, coexist with other pathologies and be altered 
by treatment; drug reactions are common [3-7] and wound healing 
is impaired [8]. 

In general, HIV dermatology presents five broad challenges to the 
dermatologist. First is the opportunity to make the initial diagnosis 
of HIV in patients with a seroconversion illness or with subtle or 
florid manifestations of one or other dermatoses associated with 
underlying HIV infection. Next, there is differentiating whether a 
skin problem is caused by HIV infection or by HIV therapy [9,10]. 
Third, the dermatologist’s therapeutic imagination and experience 
is occasionally tested. Then there is the imperative for clinicians 
to be aware of the risks and prevention measures of occupational 
exposure to HIV [11]. Lastly, there are the implications for what 
can be learnt from the study of HIV-associated skin disorders for 
the better understanding of the skin in HIV specifically, and in 
human health and disease generally. For example, the virus has 
been demonstrated in the cutis of infected individuals; cutaneous 
dendritic cells and Langerhans cells may be the main targets in acute 
HIV infection and contribute to the pathogenesis of skin disease 
in chronic infection [12-15]; immunogenotype and immunopheno- 
type may distinguish different cutaneous manifestations [16-18]; 
involvement of cutaneous nerves [19-21] may contribute to the 
pathogenesis of HIV-related dermatoses [22]; and the skin and 
mucosae may be targets for prevention (e.g. by male circumci- 
sion) [23,24] or treatment of HIV (e.g. by Langerhans cell fusion 
inhibitors) [25]. 

In the early years of the epidemic, suspecting, or failing to suspect, 
that a patient presenting with a common dermatosis known to be 
associated with HIV infection might be HIV positive may not have 
been so important. Indeed, in the past, the patient’s best psycholog- 
ical and fiscal interests might have been better served by relative 
ignorance. However, the benefits of earlier diagnosis that have 
ensued from ART place a greater onus on the clinician than hitherto 
to discuss HIV risk with patients presenting with skin diseases 
known to be associated with HIV and to recommend assessment, 
counselling and testing. A high index of suspicion is essential in 
all dermatological presentations (the concept of ‘high’ versus ‘low’ 
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risk is outmoded), and this is facilitated by the move to ‘normalisa- 
tion’ of HIV testing through ‘opt out protocols’ where classic and 
extended ‘indicator conditions’ (e.g. in the case of dermatology, 
seborrhoeic dermatitis, psoriasis, shingles, mollusca, warts and 
fungal infections) are diagnosed in the general populace. The aim of 
this approach is to decrease the number of patients presenting with 
more advanced disease and reduce the amount of unsuspecting for- 
ward transmission [26]. An alternative scenario is the evaluation of 
the patient already known to have HIV infection who presents with 
dermatological symptoms and whose physician is concerned that 
the skin condition is a complication of HIV or its treatment. ART 
has significantly reduced the cutaneous morbidity of HIV infection 
but adverse cutaneous reactions to treatment are common [9,27-29]. 
Up to 30% of patients with HIV are coinfected with hepatitis C, of 
which there may also be dermatological manifestations [30]. 

Conventional clinical dermatological history taking and exam- 
ination are the beginning of the diagnostic endeavour. Some 
dermatoses can be diagnosed confidently on clinical grounds, but 
experience has shown that it is easy to be misled. Immunopatho- 
physiological and neurovascular mechanisms in the skin determine 
the symptomatic and morphological presentation of all skin 
diseases, so it is not surprising that ‘things look different’ in 
HIV-infected patients. Several cutaneous conditions may coincide, 
sometimes within a single lesion. The commonest dermatological 
conditions associated with HIV infection are listed in Box 31.5. 
Some entities may be even commoner in certain ethnic groups, such 
as African Americans [31]. 


Box 31.5 Common dermatological conditions in HIV 
infection 


e Pruritus/xerosis/ichthyosis 
¢ Nodular prurigo 

¢ Folliculitis 

© Cellulitis 

¢ Eosinophilic folliculitis 

¢ Pruritic papular eruption 

¢ Seborrhoeic dermatitis 

¢ Psoriasis 

¢ Granuloma annulare 

¢ Drug eruptions 

¢ Herpes simplex 

e Herpes zoster 

e Viral warts 

¢ Mollusca 

¢ Oral and vaginal candidosis 
¢ Dermatophytosis (including onychomycosis) 
° Scabies 

¢ Basal cell carcinoma 

¢ Squamous cell carcinoma 

¢ Kaposi sarcoma 


From Bunker and Staughton 2002 [7] and Bender et al. 2020 [31]. 


Investigations are frequently necessary. Swabs for bacteria and 
viruses and scrapings for fungi may be taken for laboratory micro- 
scopic examination and culture. Skin biopsy is often undertaken 
for histopathology and culture for fungi and acid-fast bacilli. 
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HIV dermatopathology is an expert area and clinicopathological 
correlation is important [32]. Two or more entities may coincide [33]. 


PRURITUS, XEROSIS, ICHTHYOSIS AND 
PRURIGO 


The prevalence of pruritic conditions (xerosis, ichthyosis, prurigo) 
in PLWH may be as high as 40% and more common in African 
Americans than white populations [1-3,4,5]. HIV belongs in the 
differential diagnosis of generalised pruritus [4]. Itching patients 
must be evaluated and investigated carefully to exclude a specific 
pruritic dermatosis (e.g. scabies, tinea, atopic eczema, pruritic papu- 
lar eruption of HIV, eosinophilic folliculitis) and the medical causes 
of generalised pruritus (e.g. hepatic and renal disease, lymphoma). 
Excoriations, eczematisation and impetiginisation can complicate 
scratching. Prurigo excoriée and prurigo nodularis may eventu- 
ate [1,6]. Pruritic symptomatology is not uncommon after ART 
and the commonest causes are xerosis, seborrhoeic dermatitis and 
tinea pedis [7] as well as the ARV drugs themselves (see Table 31.6). 

The mechanism of HIV-related xerosis is uncertain but cuta- 
neous peptidergic neuronal loss has been demonstrated [8]. Higher 
rates of atopy, a predominant Th2 immunophenotype, a disrupted 
skin barrier and lower CD4 nadirs may also contribute [4]. Severe 
intractable pruritus with eosinophilia may indicate a subset of 
HIV-infected patients with hyperactivation of humoral immunity 
and augmented viral load [9]. Pruritus and xerosis are also side 
effects of ARV drugs, especially the protease inhibitors [10]. 

Treatment follows conventional lines and includes phototherapy 
[1,2,11,12]. Thalidomide has been used for prurigo nodularis [13], 
and a specific significant therapeutic benefit has been propounded 
for raltegravir (RAL) [14]. 


PIGMENTARY DISORDERS 


Hyperpigmentation of the skin and nails and mucosae is seen 
commonly in HIV-positive people. Explanations include the use of 
drugs such as zidovudine (AZT, ZDV), hydroxyurea and indinavir 
[1], opportunistic infections such as toxoplasmosis and hypoad- 
renalism. Generalised hyperpigmentation may be a sign of late 
infection in its own right [2]. Oral and anal hyperpigmentation 
are signs of low CD4 counts (<200 x 10°/L) and have been pro- 
posed as indicators for the initiation of ART in resource-poor 
settings, but may not be sensitive enough for this purpose [3]. 
Persistent serpentine supravenous hyperpigmentation has been 
described [4]. Acanthosis nigricans (Chapter 85) has been associ- 
ated with untreated HIV and with the metabolic syndrome and 
insulin resistance due to ART and protease inhibitors [5-8]. 

Vitiligo (including its spontaneous and ART-related repigmen- 
tation) and extensive hypopigmentation (drug photosensitivity 
related) have been reported [1,9-16] down the years, and a case 
of disseminated vitiligo appearing around nodules of KS has also 
been described [17]; vitiligo has recently been established as a 
firm association with HIV/AIDS [18]. Congenital vitiligo has been 


reported in an HIV-negative child of HIV-infected, ART-treated 
parents [19]. 


COAGULOPATHIES 


HIV-related thrombocytopenic purpura (Figure 31.3) may present 
to a dermatologist, and can be mistaken for KS [1,2]. Thrombotic 
thrombocytopenic purpura is also associated with HIV [3]. 

HIV-infected patients are at increased risk of venous and arterial 
thrombosis (smoking and hypertriglyceridaemia are associated 
risk factors [4]) and cutaneous ulceration or infarcts. Possible 
explanations include acquired protein S deficiency [5], antiphos- 
pholipid syndrome [6], calciphylaxis and HIV renal disease [7], 
Degos disease [8] and CMV viraemia [9,10]. Also described is 
warfarin-induced skin necrosis in six South African women with 
HIV, tuberculosis and venous thrombosis [11]. 

Acquired haemophilia is a severe bleeding disorder due to the 
development of autoantibodies to factor VIII that presents with 
haemorrhages in the skin, subcutis and muscles; HIV-associated 
cases have been reported [12]. 


INFLAMMATORY DERMATOSES 


Some of the inflammatory dermatoses associated with HIV infection 
(Box 31.5) are specifically discussed here because they are common 
or of specific interest. Box 31.6 lists inflammatory dermatoses that 
have been less frequently observed in the context of HIV infec- 
tion [1-166]. With many entities, associations remain speculative. 
In the US in-patient population, firm associations between AIDS 
and hidradenitis suppurativa, vitiligo and chronic urticaria have 
recently been established. AIDS was also associated with higher 
odds of lichen planus and leukocytoclastic vasculitis but these 
associations were not maintained after controlling for hepatitis B 
and C status [30]. 


Erythroderma — | 


Erythroderma in HIV may have several causes, and the same dif- 
ferential diagnostic approach employed in general dermatology is 
recommended. Psoriasis, eczematous dermatoses (e.g. seborrhoeic 
dermatitis and exfoliative dermatitis), drug eruptions, mycosis fun- 
goides, Sézary syndrome, atypical cutaneous lymphoproliferative 
disorder and paraneoplastic erythroderma are all possibilities [1-7]. 
In a young black patient, erythroderma may be a marker for HIV 
infection [8]. 


Seborrhoeic dermatitis —§s gSg¥#;a 


Only 1-3% of the general population has seborrhoeic dermatitis 
compared with 20-85% of patients with HIV (Chapter 40). Sebor- 
rhoeic dermatitis is commoner in seropositive than in seronegative 
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Table 31.6 Principal cutaneous side effects of antiretroviral drugs. 


Drug 


Side effect 


Nucleoside reverse transcriptase inhibitors (NRTIs) 


All NRTIs 

Abacavir 

Didanosine (ddl, DDI) 
Emtricitabine (FTC) 
Lamivudine (3TC) 
Stavudine (d4T) 


Tenofovir (nucleotide) alafenamide 


(TAF)/disoproxil (TDF) 
Zalcitabine? (ddC, DDC) 
Zidovudine (AZT, ZDV) 


Non-nucleoside reverse transcriptase inhibitors (non-NRTIs) 


All non-NRTIs 
Delavirdine (DLV)? 
Doravirine (DOR) 
Efavirenz (EFZ) 


Etravirine (ETR) 
Nevirapine (NVP) 
Rilpivirine (RPV) 


Protease inhibitors (Pls) 
All Pls 


Amprenavir (APV)? 

Atazanavir (ATZ) 

Darunavir (DRV) 

Fosamprenavir (FPV, prodrug of 
amprenavir) 

Indinavir (IDV, IND) 


Nelfinavir (NFV) 
Ritonavir (RTV, RIT, /r) 


Saquinavir (SQV, SAQ) 


Tipranavir (TPV) 


Fusion inhibitors 
Enfuvirtide (ENF) 


Entry inhibitors 
Maraviroc (MVC) 


Integrase inhibitors 
Bictegavir (BIC with TAF) 
Dolutegravir (DTG) 
Elvitegravir (EVG) 
Raltegravir (RAL) 


Pharmacokinetic enhancers 
Cobcistat (COBI, /c) with: 
EVG/FTC/TAF 

EVG/FTC/TDF 


Pruritus, exanthem, urticaria 

HLA-B*5701 hypersensitivity syndrome, SJS, TEN, Kawasaki syndrome, anaphylaxis, lipodystrophy 

Vasculitis, purpura, SJS, anaphylaxis, Ofuji papuloerythroderma, gynaecomastia, lipodystrophy, acral erythema, diaphoresis 
Hyperpigmentation, pustulosis, vesicobullous eruption 

Vasculitis, anaphylaxis, angioedema, jaundice, allergic contact dermatitis, gynaecomastia, lipodystrophy, diaphoresis, SJS, TEN, pigmentation 
Lipodystrophy, gynaecomastia, neutrophilic eccrine hidradenitis, tendon xanthomas, diaphoresis, TEN 

Diaphoresis, lichenoid eruption, DRESS, SJS 


Anaphylaxis, angioedema, acne, photosensitivity, erythroderma, granuloma annulare, bullous eruption, diaphoresis 
Erythema multiforme, SJS, TEN, polymyositis, erythroderma, porphyria cutanea tarda, purpura, vasculitis, insect bite reaction, discoloration 
of the skin (especially in skin of colour), neutrophilic eccrine hidradenitis, acne, bullous eruption, lipodystrophy, bromhidrosis, diaphoresis 


Pruritus, exanthem, SJS, TEN 

Xerosis, urticaria, angioedema, dermatitis, vesicobullous eruption, purpura, vasculitis, seborrhoea, gynaecomastia, diaphoresis 

Skin reactions [sic]®, pustulosis 

Pruritus, eczema, annular erythema, photosensitivity, gynaecomastia, leukocytoclastic vasculitis, urticaria, flushing, folliculitis, exfoliative 
dermatitis, DRESS, lipodystrophy, peripheral oedema 

Prurigo, xerosis, SJS, facial oedema, gynaecomastia, hyperhidrosis, lipohypertrophy 

TEN, SJS, DRESS, angioedema, anaphylaxis, lipodystrophy, exfoliative dermatitis 

Rash [sic]>*, Cushingoid features 
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SJS, TEN, exanthem, toxic pustoloderma, pruritus, xerosis, hypersensitivity syndrome, anaphylaxis, panniculitis, tendon xanthomas, 
lipomatosis, lipodystrophy, acanthosis nigricans 

Toxic erythema (20-30%) 

Eczema, photosensitivity, seborrhoea, urticaria, vesicobullous eruption, purpura, gynaecomastia, diaphoresis, jaundice 

Rash c.10% [sic]S, urticaria, hyperhidrosis (with ritonavir (RTV, RIT, /r), toxic erythema, sulphonamide moiety 

Rash (c.20%) [sic]® 


Erythroderma, dermatitis, folliculitis, pigmentation, seborrhoea, urticaria, vasculitis, paronychia/pyogenic granuloma, striae, 
angiolipomatosis, porphyria, jaundice, gynaecomastia, paraesthesia, diaphoresis, bromhidrosis, flushing, HSV. HZV 

Rash (c.20%) [sic], urticaria, dermatitis, lichenoid reaction, palmar erythema, vasculitis, gynaecomastia 

Rasy (27%) [sic]‘, urticaria, lgA-mediated hypersensitivity, acne, seborrhoea, bullous eruption, eczema/dermatitis, psoriasis, peripheral 
oedema, facial oedema, folliculitis, granulomas, photosensitivity, ecchymosis, haematoma, paraesthesia, diaphoresis, flushing 

Photosensitivity, urticaria, acne, bullous eruption, dermatitis, seborrhoeic dermatitis, folliculitis, papulovesicular eruptions, furunculosis, 
HSV, HZV, verrucae, candidosis, hyperpigmentation, psoriasis, warts, fixed drug eruption, gynaecomastia, paraesthesia, diaphoresis 

Photosensitivity, HSV, HZV 


Injection site reactions, xerosis, pruritus, exanthem, acne, folliculitis, HSV, papillomas, ecchymosis, paraesthesia 


Rash (17%) [sic]‘, pruritus, dermatitis, lipodystrophy, folliculitis 


Rash (<2%) [sic]‘, angioedema, skin reactions (uncommon) [sic]® 
Pruritus, rash [sic]® 

Rash common [sic] ®, pruritus, eczema, urticaria 

SJS, DRESS, pruritus, rash [sic], diaphoresis, HZV 


Skin reactions common or very common [sic]? 
Pustulosis and skin reactions common or very common [sic], rash 3% [sic] 


From Todd 2006 [4], Okwera et a/. 1997 [6], Penneys 1990 [9], Ward et a/. 2002 [33], Bhandarkar et a/. 2011 [48], Shear 2021 [105], Anon 2021 [106], Terheggen et a/. 2004 [107], 
Sevila et a/. 1996 [108], Bessen et a/. 1988 [109], Torres et a/. 1992 [110], Introcaso et a/. 2010a, 2010b [111,112], Zhang and Sun 2013 [113], Modak and Guha 2013 [114] and 


Isaacs et a/. 2013 [115]. 
@ No longer available. 

> Anon 2021 [106]. 
©Shear 2021 [105]. 


DRESS, drug reaction with eosinophilia and systemic symptoms; HSV, herpes simplex virus; HZV, herpes zoster virus; SJS, StevensJohnson syndrome; TEN, toxic epidermal necrolysis. 
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Figure 31.3 Thrombocytopenic purpura: purpuric macule on the finger. Courtesy of 
Medical Illustration UK Ltd. 


Box 31.6 Inflammatory dermatoses less commonly 
associated with HIV 


Erythroderma [11] 

Photosensitivity / photodermatoses [12-17]: 

¢ With vitiligo-like hypopigmentation [18,19] 

e Chronic actinic dermatitis [20-22] 

¢ Porphyria cutanea tarda 

¢ Kwashiorkor [23] 

Allergic contact dermatitis [24-26] 

Prurigo nodularis [27-29] 

Chronic urticaria [30] 

Aquagenic urticaria [30,31] 

Erythema annulare centrifugum [32] 

Persistent insect bite reaction 
Hyperimmunoglobulin E syndrome [33] 
Hypereosinophilic syndrome [34-37] 
Papuloerythroderma [38] 

Pityriasis rosea (persistent) [39] 

Erythema dyschromicum perstans/ashy dermatosis of Ramirez [40] 
Pityriasis rubra pilaris [41-44] 

Lichen spinulosus [45] 

Acne vulgaris and variants/HIV follicular syndrome [41,4648] 
Hidradenitis suppurativa [30,49-52] 

Lichen planus and lichen planopilaris [30,53,54] 
Perforating folliculitis [55] 

Kyrle disease [56] 

Neutrophilic eccrine hidradenitis [57,58] 

Lichen amyloid [59-61] 

Lichenoid granulomatous papular dermatosis 
Granuloma inguinale 

Granulomatous cheilitis [62] 

Erythema nodosum [63-65] 
Acroangiodermatitis / pseudo-Kaposi sarcoma [66] 


Varicose ulceration [67] 

Perniosis [68] 

Necrolytic acral erythema (and hepatitis C) [69] 

Pityriasis lichenoides acuta [70] 

Vasculitis [30,71-73]: 

¢ Associated with hepatitis C [74] 

¢ Henoch-Sch6nlein purpura and nephritis [75]; and hepatitis B [76] 

e Erythema elevatum diutinum [77-80] 

¢ Polyarteritis nodosa [81,82] 

¢ Parvovirus B19/papular purpuric gloves and socks syndrome 
[83,84] 

¢ Kawasaki-like syndrome [85] 

¢ Red finger syndrome [86-89] 

¢ Livedo reticularis /Raynaud phenomenon [90] 

¢ Cryoglobulinaemia; and with HCV [90,91] 

¢ Unilateral leukocytoclastic vasculitis [92] 

¢ Unilateral limb palpable purpura/occult abscess [93] 

¢ Degos disease [94] 

e Behcet disease [95-98] 

e Pyoderma gangrenosum [99-101] 

¢ Sweet syndrome (abacavir, arthritis, syphilis, opportunistic 
infections, influenza vaccine, IRIS/IRD/IRAD) [102-107] 

e Antiphospholipid syndrome [108] 

e Atypical neutrophilic dermatoses [109] 

¢ Cutaneous necrotising vasculitis [110] 

¢ Macular arteritis [111]; and hepatitis B [112] 

Systemic lupus erythematosus [113,114] 

Dermatomyositis [115-117] 

Systemic sclerosis [118-120] 

Relapsing polychondritis [89,94,121,122] 

Morphoea (Wolf isotopic response post VZV) [123] 

Anetoderma [124-128] 

Transient acantholytic dermatosis /Grover disease [129] 

Subcorneal pustular dermatosis [130] 

Darier disease [131] 

Autoimmune bullous diseases: 

¢ Commoner in African Americans than white populations [132] 

¢ Bullous pemphigoid [133,134] 

e¢ Mucous membrane pemphigoid [135,136] 

¢ Pemphigus [137-140] 

¢ Paraneoplastic pemphigus [141] 

¢ Dermatitis herpetiformis [142,143] 

Acrodermatitis enteropathica [144,145] 

Eccrine squamous syringometaplasia (+ cytomegalovirus) [146] 

Cutaneous mucinoses [147]: 

¢ Reticular erythematous mucinosis [148] 

¢ Lichen myxoedematosus/papular mucinosis [149-152] 

e Eccrine ductal mucinosis and follicular mucinosis (with scabies) 
[153] 

e Scleroedema [154] 

Lymphomatoid papulosis [155,156] 

Lymphomatoid granulomatosis [157] 

Atypical cutaneous lymphoproliferative disorders /CD8+ 

pseudolymphoma [158-163]: 

¢ Rosai—Dorfman disease (rosacea-like eruption) [164] 

¢ Palpable arciform migratory erythema [165] 

Dermatitis artefacta [166] 


From Bunker 1996 [1], Bunker and Staughton 2002 [2], Penneys 1990 [3], 
Duvic 1991 [4], Cockerell 1991, 1993 [5,7], Cowley and Staughton 1991 
[6], Rico et al. 1997 [8], Aftergut and Cockerell 1999 [9], Maurer 2005 [10]. 


homosexual men, and among infected patients it is more preva- 
lent and has an earlier onset in homosexual and bisexual people 
compared with intravenous drug users [1]. Although found in 
seropositive individuals who are otherwise well, its severity is 
increased at CD4 T-cell counts below 100 x 10°/L. This phe- 
nomenon is not adequately explained. The consensus is that classic 
seborrhoeic dermatitis represents an aberrant cutaneous reaction 
to commensal Malassezia yeast species. Possibly, the cutaneous 
immune dysfunction caused by HIV alters the host—-organism rela- 
tionship. The severity of seborrhoeic dermatitis may be related to 
yeast density or yeast strain [2-4]. There is a correlation between 
the numbers of yeast cells intimately associated with keratinocytes 
and the clinical severity of seborrhoeic dermatitis in patients with 
AIDS [5]. Patients taking ketoconazole have a lower prevalence of 
seborrhoeic dermatitis [6]. Also, imidazole treatment elicits clini- 
cal improvement, with a concomitant decrease in the numbers of 
Malassezia organisms per keratinocyte [7]. However, some stud- 
ies have failed to demonstrate any fungal overgrowth in HIV-1 
seropositive patients [5,8]. Abnormalities of skin surface lipids 
are not associated with the development of seborrhoeic dermatitis 
but are associated with HIV infection itself [9]. Seborrhoeic der- 
matitis has been related to low plasma zinc levels but this may 
not be significant [10]. Neuroendocrine and sebotropic factors 
are influenced by HIV infection, and seborrhoeic dermatitis and 
neurological disease may coexist in some patients. Seborrhoeic 
dermatitis is essentially a hyperproliferative dermatosis and ker- 
atinocyte stimulation may result from HIV infection because of 
either monocyte-derived lymphokines or a direct effect of the virus 
itself [11]. The nature of the relationship of seborrhoeic dermatitis 
with HIV suggests that Malassezia, although a factor, is not at the 
centre of the pathogenesis of the disorder [12]. 

Itchy, scaly patches are found at the classic sites for seborrhoeic 
dermatitis (Figure 31.4) and elsewhere. There may be folliculitis. 
Erythroderma has been reported [13,14]. An association of erythro- 
derma, xerosis and seborrhoeic dermatitis with the development 
of dementia and spinal cord disease has been noted [11]. Extensive 
refractory seborrhoeic dermatitis appears to occur particularly in 
conjunction with pulmonary tuberculosis and AIDS in Zambia [15]. 


Figure 31.4 Seborrhoeic dermatitis on the face. Courtesy of Medical Illustration UK Ltd. 


The differential diagnosis includes other causes of erythroderma 
and of folliculitis, eczema, psoriasis and dermatophytosis. Patients 
are often encountered with features of both seborrhoeic dermatitis 
and psoriasis—sebopsoriasis [16]. Scrapings can be examined for 
fungi to exclude tinea, and Malassezia species may be seen in large 
numbers. Skin biopsy may show hyperkeratosis, acanthosis, spon- 
giosis, spotty keratinocyte necrosis, leukocytosis and subcorneal 
neutrophil infiltration. A deeper lymphocytic infiltration of the 
sebaceous glands and a more perivascular neutrophilic (with 
occasional leukocytoclasis) and plasma cell infiltrate is seen in 
HIV compared with classic seborrhoeic dermatitis [11,17,18]. The 
histology may be very similar to psoriasis. 

Management follows conventional lines: emollients, topical 
steroids and antifungals and oral imidazoles. Topical pimecrolimus 
is effective [18]. Although clinical improvement of seborrhoeic 
dermatitis is often reported after immune reconstitution with ART, 
Schaub e¢ al. [1] have opined that ART does not influence the 
prevalence, onset or disease-free survival times. 


Atopic eczema — 


Atopic eczema or an atopic eczema-like condition has been thought 
to be common in children with HIV [1-3], but atopy is common 
anyway (see earlier and Chapter 41). One study has shown no 
increase in the prevalence of atopy in perinatally HIV-infected 
children compared with the general population [4]. In adults there 
have been reports of patients whose atopic eczema recurred or 
worsened during the course of HIV infection [5] and hyper-IgE 
syndrome has also been described [6]. HIV infection provokes 
a Th2-predominant immunophenotype, similar to that seen in 
patients with intrinsic atopic dermatitis and other allergic con- 
ditions [7]. Although some maintain that atopic eczema is not 
affected by HIV [8,9], it is much commoner in African American 
than white PLWH [10]. A decreased frequency of atopic diseases, 
fewer positive radioallergosorbent tests and lower average levels 
of IgE in HIV-positive compared with HIV-negative homosexual 
individuals has been found [11], as has dysregulation of IgE syn- 
thesis [12]. Fungal allergen-specific IgE responses may contribute 
to the pathogenesis of eczematous skin disease in HIV-infected 
individuals [13]. 


Psoriasis — 


Psoriasis (Chapter 35) is prevalent (2%) in the general population 
and can worsen or appear for the first time (often very severely) 
in HIV infection [1,2], but may regress preterminally [3]. It is more 
prevalent (c.5%) in PLWH [2,4,5] and even more so in AIDS [6]. 
HIV-associated psoriasis provides some insights into the pathogen- 
esis of the disease, but the apparent paradox that a skin disease that 
involves activated T cells with a Th1 cytokine profile and responds 
to treatments that decrease T-cell counts should be associated 
with a systemic disease that manifests a Th2 cytokine profile and 
progressive T-cell depletion, is still not well explained [7-9]. It 
is now known that CD4 T cells producing IL-17 are central to the 
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pathogenesis of classic psoriasis and this has to be accommodated by 
any explanation for the behaviour of psoriasis in HIV. Most patients 
with HIV-associated psoriasis are positive for HLA-Cw0602, as 
are HIV-negative patients with streptococcal-associated guttate 
psoriasis [8-11]. There are decreased numbers of epidermal Langer- 
hans cells in the skin of HIV-infected individuals, as there may be, 
contentiously, in psoriasis [10-15]. Langerhans cells are infected by 
HIV and either the viral burden or HIV gene products may alter 
the antigen-presenting function of these cells. HIV gene products 
may have a role in the pathogenesis of proliferative epidermal 
disorders; transgenic mice that express some HIV genes in skin 
develop a diffuse psoriasiform epidermal hyperplasia [16]. There 
may be a selective defect in soluble antigen recognition by CD4 T 
lymphocytes, and numbers of CD8 memory T cells increase until 
just before death, creating an increased CD8/CD4 T-cell ratio in 
the skin. The depletion of suppressor CD4 T cells may result in 
unchecked pro-inflammatory pathways. Infections (e.g. strepto- 
coccal) that trigger psoriasis are common and the drive may be 
via superantigen-mediated autoimmunity; the HIV Nef protein 
has superantigenic properties. Autoreactive T cells bearing cuta- 
neous lymphocyte-associated antigen may recognise autoantigens 
in the skin, initiating the molecular events that cause psoriasis, 
and once keratinocytes are activated, further antigenic epitopes 
can potentially be generated that maintain the T-cell response. 
Infections with viruses and bacteria, which are common in HIV, 
might contribute to epitope spreading. Polyclonal B-cell activa- 
tion, increased numbers of y5 T lymphocytes, decreased natural 
killer cell function, increased macrophage nitric oxide production, 
hypercolonisation of the skin with Staphylococcus aureus, increased 
substance P production by infected immune cells, activation of 
human endogenous retroviruses, viral molecular mimicry per- 
petuating autoimmunity and immune dysregulation, defective 
reticuloendothelial cell function and enriched viral control alleles 
in the genome have all been mooted and discussed [7,9,17]. The 
last point has been interpreted to suggest the possibility that the 
excessive skin inflammation in psoriasis may be associated with an 
activation of antiviral immune pathways that were important to 
human ancestors who encountered viruses similar to HIV-1 [17]. 

Psoriasis in HIV-infected patients may be florid, severe and atyp- 
ical (Figure 31.5). Psoriatic arthritis is held to be commoner in HIV 
psoriasis than in the general population of people with psoriasis 
[9]. Reactive arthritis (arthritis, urethritis, conjunctivitis), within 
the same clinical continuum as psoriasis in genetically predisposed 
individuals, occurs in HIV, sometimes very severely [18,19]. 

The differential diagnosis of psoriasis includes seborrhoeic der- 
matitis, atopic eczema, dermatophytosis, drug eruption and myco- 
sis fungoides. Patients are often encountered with features of both 
psoriasis and seborrhoeic dermatitis — sebopsoriasis [20]. A psori- 
asiform eruption with the histological features of verruciform xan- 
thoma has been described [21]. Investigations include mycology and 
skin biopsy. 

Conventional treatment options for psoriasis serve most patients 
well [8,22]. Moderate to severe psoriasis (with or without arthritis) 
should be regarded as an indication for ART. Severe psoriasis can 
occur on cessation of ART [23]. 

There is no evidence that the theoretical risks and complications 
of phototherapy are clinically deleterious to individual patients 


Figure 31.5 Severe plantar psoriasis in HIV infection. Courtesy of Medical Illustration 
UK Ltd. 


[24-27]. T-cell numbers are unaffected and the Gag p24 antigen 
and HIV RNA levels may or may not increase [25,28]. Overriding 
the theoretical concerns about immunosuppression and photocar- 
cinogenesis is the clinical need to relieve the morbidity of the severe, 
atypical, refractory psoriasis often seen in HIV [5]. Psoralen and 
ultraviolet A (PUVA) may be superior to UVB therapy [29]. 

The synthetic retinoid etretinate and its successor acitretin have 
been the most useful therapies for severe reactive arthritis and 
psoriasis in HIV infection, often alongside phototherapy; cau- 
tion needs to be exercised alongside protease inhibitors with 
their retinoid-like side effects of xerosis, cheilitis and paronychia 
[1,8,18,19,22]. Ciclosporin and methotrexate have caused seri- 
ous complications in HIV-infected patients, such as leukopenia 
and fulminant KS [30,31]. Methotrexate is probably best avoided; 
ciclosporin may have a place when urgent rapid control of poten- 
tially lethal generalised pustular or erythrodermic psoriasis is 
needed [8]. Claims have been made for the efficacy of cimetidine, 
carbamazepine, ranitidine, some antibiotics, ketoconazole and 
mycophenolate mofetil [8,32,33]. 

Treatment with zidovudine (AZT, ZDV) improves psoriasis [1]. 
Specific constituents of ART regimens, such as ritonavir (RTV, RIT, 
/r) and zalcitabine (dideoxycytidine (ddC, DDC), although this 
drug is no longer available), and ARV combinations appear to do 
likewise, with concomitant improvement of the clinical condition 
and virological status of the patient [8,34,35]. 


Theoretically, HIV infection might be thought to contraindicate 
the use of antitumour necrosis factor a (anti- TNF-a) directed ther- 
apy in psoriasis. However, etanercept and infliximab have been 
deployed [8,22,36,37], as have anti-IL-17 monoclonal antibodies and 
daclizumab (anti-CD25 IL-2 receptor antibody) in erythrodermic 
psoriasis [38,39]. Coates and Leslie [2] ‘recommend that patients 
with newly diagnosed HIV/AIDS first be given an opportunity to 
respond to treatment with antiretroviral therapies given that restora- 
tion of the immune system is often associated with improvement 
in skin disease. In the interim, topical therapies, phototherapy, or 
systemic retinoids such as acitretin (or a combination of these) may 
be employed in an attempt to achieve disease control. ... [They] 
further suggest that, in patients whose skin disease is refractory 
to these interventions and in settings where regular follow-up is 
available to monitor for symptoms and signs of infection, severe 
and refractory psoriasis be treated with all available therapies, 
including biologic agents’. 


Eosinophilic folliculitis 


Eosinophilic folliculitis is an HIV-specific disorder [1,2] related to 
Ofuji disease (Chapter 39). Originally thought to be an early sign 
of HIV infection, it is actually an uncommon presenting manifesta- 
tion and especially rare in women [3]. It occurs at CD4 T-cell counts 
of 250-300 x 10°/L, identifying patients at immediate risk of devel- 
oping opportunistic infections, and can present during the immune 
reconstitution syndrome [4]. 

Clinical and histological overlap with the pruritic papular erup- 
tion (PPE) of HIV and bacterial, seborrhoeic or acneform folliculitis 
occurs [5,6], and this complicates interpretation of the earlier litera- 
ture. The cause is unknown but Th2 cytokines (IL-4, IL-5), RANTES 
and eotaxin are increased in lesional skin [7] and there is a dif- 
ferent cytokine and immunohistochemical profile compared with 
PPEs [6,8,9]. Foscarnet has been implicated in the development of 
eosinophilic folliculitis [10]. 

Eosinophilic folliculitis presents as a centripetal (face and trunk) 
eruption of pruritic, erythematous, perifollicular papules and 
pustules (Figure 31.6). Patients with eosinophilic folliculitis may 
be subclinically photosensitive [11]. It mimics staphylococcal 
or seborrhoeic folliculitis and acne vulgaris (especially acne 
excoriée), with which it can coexist. Histology can be characteristic, 
with degranulating eosinophils and mast cells in a perifollicular 
distribution [12]. 

The clinicopathological differential diagnosis is discussed in the 
section on bacterial infections, and in the following section on PPE. 
There may be a peripheral eosinophilia and elevated levels of IgE. 
Swabs are negative as the lesions are sterile. 

Treatment can be problematic but the disease has virtually disap- 
peared in the developed world in recent years with the introduc- 
tion of ART, although immune reconstitution exacerbations have 
been reported [13,14]. Phototherapy is the most successful treatment 
modality but other treatments that have been tried include topical 
disodium cromoglycate, potent topical steroids, topical tacrolimus, 
oral antihistamines such as astemizole and cetirizine, oral antibi- 
otics (erythromycin, tetracyclines, co-trimoxazole), oral itraconazole 


Figure 31.6 Eosinophilic folliculitis: excoriated papules on the trunk. Courtesy of 
Medical Illustration UK Ltd. 


(for its antieosinophilic effect), oral dapsone, oral indometacin, oral 
isotretinoin and topical tacrolimus [4,15—22]. Eosinophilic folliculitis 
may be an indication for ART but may require treatment as above 
when exacerbated by ART as part of IRIS/IRD/IRAD. 


Pruritic papular eruptio rr 


Pruritic papular eruption is globally a very common (if not the most 
common) cutaneous manifestation of HIV, the prevalence varying 
between 10% and 60% depending on geographic area [1-7]. Itis most 
prevalent in Africa, India and South-East Asia. PPE is associated 
with eosinophilia and elevated IgE levels. It has some intriguing 
similarities with the papular eruption of pregnancy (Chapter 113). 
Insect bite hypersensitivity, as in papular urticaria (Chapter 34), 
is the likely pathomechanism [4,7-9]. The majority (e.g. 84% of 
Ugandan patients) have histology characteristic of arthropod bites 
and patients blame mosquitoes [4], 95% in one study [7]. Interest- 
ingly, in another paper, 75% had circulating bullous pemphigoid 
autoantibodies and up to 30% met the diagnostic criteria for bullous 
pemphigoid on histology, western blotting, immunofluorescence 
and immunoelectron microscopy [10]. Although increased CD8 
lymphocytes, increased IL-5 and abundant eosinophils point to 
a Th2 response, the immunophenotypic profile of PPE differs 
from that of eosinophilic folliculitis [5,9,11-14]. PPE is a sign of an 
advanced degree of immunosuppression and may often be the first 
sign of HIV, occurring at CD4 T-cell counts below 100-200 x 10°/L 
(median 46 x 10°/L) in one study [4], with the severity of the rash 
inversely proportional to the CD4 count [4,15]. 

PPE presents as excoriated, red, urticarial papules. Exposed 
parts of the body, especially the upper and lower limbs, are sites 
of predilection [6]. Scars from scratching and infection can be dis- 
figuring and stigmatising [4,7]. The clinical differential diagnosis 
includes nodular prurigo, prebullous pemphigoid, scabies, papu- 
lonecrotic tuberculid, drug eruption, photodermatitis, secondary 
syphilis, onchodermatitis and eosinophilic, seborrhoeic, bacterial 
and acneform folliculitis. There is significant clinical overlap and 
this can cause difficulty in interpreting the literature. 


Dermatological manifestations of HIV infection 31.17 


INFESTATIONS 


) 
Vv) 
z 
iS) 
= 
U 
Lu 
La 
rs 
a 
= 
c 
a 


31.18 Chapter 31: HIV and the Skin : 


a) 
Vv 
za 
iS) 
= 
U 
Lu 
La 
< 


INFESTATIONS 


PART 3 


Figure 31.7 Granuloma annulare on the hand. Courtesy of Media Resources UCL. 


Histology shows wedge-shaped, moderately dense, superficial 
and deep perivascular and interstitial lymphocytic and eosinophilic 
infiltrates. The epidermis is hyperplastic and there may be a spongi- 
otic punctum [4]. It can be challenging to differentiate histologically 
from eosinophilic folliculitis but immunohistochemistry may be 
helpful [13]. 

The approach to the treatment of PPE is similar to that of 
eosinophilic folliculitis, with phototherapy the lynch pin; thalido- 
mide and pentoxifylline (oxpentifylline) have been claimed to 
be efficacious [16-18]. Oral antihistamines are superior to topical 
steroids [19]. PPE is a strong clinical indication for initiating ART. 


Granuloma annulare .— Fv 


Localised, generalised, diffuse and atypical (including oral and 
perforating) forms of granuloma annulare (Chapter 95) occur in 
HIV infection (Figure 31.7) [1-5]. Violaceous lesions may mimic KS. 
Lesions simulated mollusca in one case [6]. An association with 
zalcitabine (ddC, DDC; no longer available) treatment has been 
mooted [7]. Cultures are negative [2]. There is a variable response 
to ART. 


Porphyria cutanea tard 


Porphyria cutanea tarda (Chapter 58) has been considered polyfac- 
torial in HIV [1,2]. Familial influences, viral hepatitis B and C (e.g. 
in haemophiliacs), alcohol and sunlight have all been implicated but 
current thinking emphasises the importance of coinfection with hep- 
atitis C [3,4]. N-acetylcysteine has been used for treatment [5]. 


Drug reactions — CC 


Drug reactions are a common challenge in HIV dermatology 
(Chapters 117 and 118) [1-4]. The types of drug eruption that have 


been encountered are summarised in Box 31.7. A morbilliform toxic 
erythema is the usual reaction seen (with fever, arthralgia, abnor- 
mal liver function tests and eosinophilia). Erythema multiforme, 
Stevens-Johnson syndrome, toxic epidermal necrolysis/Lyell syn- 
drome hypersensitivity syndromes, DRESS syndrome (Box 31.8), 
erythroderma, vasculitis, fixed drug eruptions, cutaneous photo- 
sensitivity, photocutaneous drug eruptions and skin sensitivity to 
radiotherapy have all been encountered [1,2,5-14]. Co-trimoxazole 
(sulfamethoxazole-trimethoprim), dapsone, pentamidine and 
antituberculous chemotherapy, especially with rifampicin, thioac- 
etazone (thiacetazone) and ethambutol, pose particular risks [6,7]; 
isoniazid has recently been cited as a risk [15]. Phenytoin hypersen- 
sitivity syndrome can masquerade as pyrexia of unknown origin 
[16]. Probenecid (given to reduce the nephrotoxicity of cidofovir) 
can cause a hypersensitivity reaction [17]. 


Box 31.7 Cutaneous side effects of 
non-antiretroviral drugs in patients with HIV/AIDS 


¢ Morbilliform toxic erythema 

e Erythema multiforme, SJS, TEN, DRESS hypersensitivity syndrome 
(see Box 31.8) 

e Erythroderma 

e Anaphylaxis, urticaria, angioedema 

¢ Jarisch-Herxheimer reaction (with IRIS/IRD/IRAD): doxycycline 

¢ Xerosis, cheilitis 

e Lichenoid reactions 

¢ Psoriasis 

¢ Photodermatoses 

e Purpura 

¢ Oro-genital ulceration 

e Nicolau syndrome: paracetamol 

¢ Vasculitis 

e Fixed drug eruptions: 
e Pentamidine: also causes ulcers at the site of injection 
¢ Foscarnet: penile ulceration 

¢ Generalised fixed drug eruption: ibuprofen 

e Palmar/plantar keratoderma: glucan 

e Flagellate erythema: bleomycin 

¢ Eosinophilic folliculitis: foscarnet 

¢ Acrocyanosis: butyl nitrite 


From Todd 2006 [4], Okwera et al. 1997 [6] and Cockerell 1991 [97]. 
DRESS, drug reaction with eosinophilia and systemic symptoms; SJS, 
Stevens—Johnson syndrome; TEN, toxic epidermal necrolysis. 


Of patients with Pneumocystis jiroveci pneumonia treated with 
co-trimoxazole, 60% experience fever, nausea, vomiting and a rash 
[18]. Amoxicillin-clavulanate causes a skin eruption in about half 
of HIV-infected patients who receive the drug compared with 
more than 90% of patients with acute lymphoblastic leukaemia or 
infectious mononucleosis and 3-10% of the general population [19]. 

Glucan has been implicated in causing palmoplantar keratoderma 
[20]. The striking flagellate erythema due to bleomycin has been 
observed in HIV [21,22], but this is relatively common in general 
oncological practice. Pustular psoriasiform reactions to pegylated 
doxorubicin (used for KS) have been seen [23]. Fixed drug erup- 
tions are associated with pentamidine, which can also cause ulcers 


Box 31.8 Drugs implicated in erythema multiforme, 
Stevens-Johnson syndrome (SJS), toxic epidermal 
necrolysis (TEN), hypersensitivity syndrome and 
drug rash with eosinophilia and systemic 
symptoms (DRESS) in patients with HIV/AIDS 


e Abacavir (ABC) 

Allopurinol 

Amprenavir (APV)* 
Carbamazepine 
Clarithromycin 
Co-trimoxazole (sulfamethoxazole-trimethoprim) 
Efavirenz (EFV) 

Etravirine (ETR) 

Fluconazole 

Griseofulvin 

Indinavir (IDV, IND) 
Isoniazid 

Lamivudine (3TC) 
Nevirapine (NVP) 
Nitrofurantoin (in pregnancy) 
Phenytoin 

Probenecid 

Pyrimethamine 

Raltegravir (RAL) 

Saquinavir (SQV, SAQ) 
Stavudine (d4T) 
Streptomycin 

Sulfadiazine 

Sulfadoxine 

Thalidomide 

Thioacetazone (thiacetazone) 
Vancomycin 

Zidovudine (AZT, ZDV) 

e Traditional Chinese medicines 


From Todd 2006 [4], Okwera et al. 1997 [6], Rustin et al. 1989 [8], 
Penneys 1990 [9], Rotunda et al. 2003 [10], Kong and Myers 2005 [34], 
Calista 2005 [38], Bourezane et al. 1998 [45], Vidal et al. 1992 [98], Girao 
et al. 2002 [99], Tebruegge and Pantazidou 2008 [100], Zhang et al. 2011 
[101], Loulergue and Mir 2012 [102], Viswanath et al. 2012 [103], 
Mittmann et al. 2012 [104], Shear 2021 [105] and Anon 2021 [106]. 


* No longer available. 


at the site of injection [8,24], and foscarnet, which causes penile 
ulceration [25]. A generalised fixed drug eruption due to ibuprofen 
mimicking CTCL has been described [26]. One patient treated for 
bacillary angiomatosis with ART and doxycycline developed a 
Jarisch—Herxheimer reaction (and IRIS/IRD/TRAD) [27]. 

Interferons may precipitate ulceration at injection sites [28]. 
Hydroxyurea can result in mucocutaneous hyperpigmentation 
(and melanonychia) [29]. Butyl nitrite may produce acrocyanosis 
[30]. Nicalou syndrome has resulted from intramuscular para- 
cetamol [31]. Warfarin-induced skin necrosis complicating venous 
thrombosis in the treatment of tuberculosis has been reported [32]. 

The principal cutaneous side effects of the ARV drugs are listed in 
Table 31.6. The side effects of these drugs on the oro-pharynx, hair 
and nails are discussed in the section on special situations later in 
this chapter. 
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Exanthems, erythema multiforme, Stevens-Johnson syndrome 
and toxic epidermal necrolysis can be complications of the compo- 
nents of ART [6,9,33-42]. HLA-C*04:01 has been suggested as a risk 
factor for nevirapine-induced Stevens-Johnson syndrome/toxic 
epidermal necrolysis in a Malawian HIV cohort [43]. As in other 
causes of toxic epidermal necrolysis, intravenous gammaglobulin 
may be an effective treatment [6,44,45]. The syndrome of DRESS 
has been reported with nevirapine [45] and other drugs used in 
HIV. Abacavir is associated with a hypersensitivity syndrome 
of fever, gastrointestinal symptomatology, malaise and in about 
70% of patients a rash, but this has virtually disappeared follow- 
ing screening for HLA-B*5701 [31,46,47]. Nevirapine has been 
reported to cause exfoliative dermatitis [48]. An exanthematous 
pustulosis has been reported including with lopinavir—ritonavir 
(Kaletra) [49,50]. Nelfinavir can cause urticaria [51]. Erythroderma, 
abdominal pain and renal failure have been described with indi- 
navir (IDV, IND) [52]. An anaphylactoid reaction and allergic 
contact dermatitis to lamivudine have been reported [53]. Riton- 
avir (RTV, RIT, /r) can cause an IgA-mediated hypersensitivity 
syndrome, haematoma formation and subcutaneous granulo- 
mas [33,53,54]. Didanosine (ddI, DDI) has been associated with 
papuloerythroderma of Ofuji [33]. Neutrophilic eccrine hidradeni- 
tis has been reported but causation (drug or disease) was not 
clear [55]. 

Xerosis and cheilitis are common with protease inhibitors [56]. 
Some cases of granuloma annulare have been blamed on zal- 
citabine (ddC, DDC) but this drug is no longer available. Fixed drug 
eruption has been reported with saquinavir (SQV, SAQ) [57]; pho- 
tosensitivity and photoallergic dermatitis have been documented 
with saquinavir (SQV, SAQ) and efavirenz [58-60]. Gynaecomastia 
has complicated stavudine (d4T) and didanosine (ddI, DDI) treat- 
ment [61]. Indinavir (IDV, IND) has precipitated acute porphyria 
[62]. Panniculitis has been blamed on ritonavir (RTV, RIT, /r) and 
nelfinavir [63] and vasculitis on dolutegravir [64]. Painful peri- 
oral and peripheral paraesthesiae and bullae have been associated 
with ritonavir (RTV, RIT, /r) and peripheral paraesthesia with 
indinavir (IDV, IND) [65]. Enfuvirtide (ENF) causes injection-site 
reactions including pruritus, pain, redness, induration, nodules and 
scleroderma [66-68]. 

The mechanisms of common drug reactions are not clearly 
known but correspond to classic immunopathological models. 
Hypothetical pathomechanisms in HIV include acute or reac- 
tivated Epstein-Barr virus, CMV or other viruses, polyclonal 
B-cell activation, hypereosinophilia, hypergammaglobulinaemia, 
immune complex formation and the generation of autoantibodies 
and autoreactive T-cell clones that interact with drug or tissue 
complexes. However, glutathione deficiency, slow acetylation and 
active viral infections have been shown not to be correlated with 
sulphonamide sensitivity in patients with AIDS [69]. It has been 
proposed that the pattern of immune dysregulation (decreased 
Th1 cytokines; increased Th2 cytokines; increased IgE, IgA and 
eosinophils) predisposes to drug hypersensitivity. For example, 
co-trimoxazole exacerbates this hypersensitivity by decreasing Th1 
responses; macrolides increase Th1 responses [4,6]. HIV infection 
confers distinct clinical phenotypes and immune inflammatory 
mechanisms in severe drug reaction. Sustained EBV and CMV acti- 
vation, unbalanced Th2/Th1 and overactive CD8+ T cells create a 
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pro-inflammatory environment [70]. HIV infection may predispose 
to toxic epidermal necrolysis via depletion of skin-directed CD4+ 
cells [71]. 

It is common experience that adverse reactions to co-trimoxazole 
may disappear with continued therapy and that some patients will 
tolerate rechallenge with amoxicillin-clavulanate. N-acetylcysteine 
pre-treatment may prevent co-trimoxazole hypersensitivity [72]. 
Prednisolone does not prevent sulphonamide- or nevirapine- 
induced cutaneous hypersensitivity [69,73]. Tolerance has been 
induced for nevirapine and nelfinavir [74]. Drug hypersensitivity 
can also disappear at very low CD4 T-cell counts (<20 x 10°/L) 
and before death occurs. Therefore, a prior drug reaction does 
not constitute an absolute contraindication to continued or further 
treatment with a particular drug. 

The ability of all protease inhibitors and some NRTIs, especially 
stavudine (d4T), to cause lipodystrophy is a matter of both intense 
clinical frustration (because the appearances are distressing and 
stigmatising to patients [75]) and mechanistic fascination. Fat loss 
(lipoatrophy) from the naso-labial folds, cheeks and extremities 
occurs, with fat accumulation (lipohypertrophy) in the abdominal 
and dorsocervical (buffalo hump) and mammary regions. Up to 
80% of patients on ART may develop facial lipoatrophy within 
10 months of starting treatment [76], depending on the regimen. 
With newer regimens not containing stavudine (d4T) or zidovudine 
(AZT, ZDV), this is much rarer. The syndrome is completed by 
hyperlipidaemia, insulin resistance (including acanthosis nigri- 
cans) and lactic acidaemia. Mitochondrial toxicity is one proposed 
mechanism [46]. Overall, the mechanisms of fat alterations in PLWH 
are complex, multifactorial and not fully understood, although they 
are known to result in part from the direct effects of HIV proteins 
and ARV agents on adipocyte health, genetic factors, increased 
microbial translocation, changes in the adaptive immune milieu 
after infection, increased tissue inflammation and accelerated fibro- 
sis [77]. There is concern about accelerated atherosclerosis and 
cardiovascular disease [78-81]. 

Benign symmetrical lipomatosis [82], tender or painful multiple 
angiolipomas [83], striae [84] and tendon xanthomas [85,86] have 
been reported. There has been one case report of associated scler- 
oedema [87]. 

Also of interest to dermatologists are the retinoid-like effects 
of the protease inhibitors, particularly indinavir-induced parony- 
chia, periungual pyogenic granuloma-like lesions, xerosis and 
cheilitis, and curly hair. The mechanism is uncertain [88-91] 
but experience shows that isotretinoin (for acne) can be used 
safely and effectively alongside protease inhibitors. Concomitant 
administration has paradoxically resulted in lower plasma retinoid 
levels [92]. 

Overall fat alteration in HIV will have an important effect on 
lifespan, healthspan and quality of life as patients age worldwide. 
Management in PLWH includes classic lifestyle alterations with a 
role for pharmacological therapies and surgery in some patients. 
Treatment of lipodystrophy is challenging, but some successful 
approaches include direct excision, ultrasonic-assisted liposuction, 
suction-assisted lipectomy, fat injections, soft tissue fillers, human 
growth hormone and releasing factor, leptin, metformin and thi- 
azolidinediones [47,76,93-96]. Lipomas and angiolipomas can be 
treated by excision and liposuction [83]. 


INFECTIONS 


BACTERIAL INFECTIONS (Chapter 26) 


Skin and soft tissue infections are underappreciated complica- 
tions of HIV infection. They are continuing causes of morbidity 
in the ART era and the majority (over 80%) will be community 
acquired [1]. Cellulitis is slightly commoner in African Americans 
than white PLWH [2]. Cutaneous bacterial infection poses the risks 
of bacteraemia and septicaemia (up to 25% of episodes) or may 
signify systemic infection. Central lines, concomitant chemother- 
apy, injectable drug abuse and the presence of other skin diseases 
present additional risks [1,3-5]. Skin flora (e.g. Proprionibacterium 
acnes) can be systemically pathogenic in the immunoincompetent 
patient, necessitating great circumspection in skin antisepsis prior 
to surgery and instrumentation [6]. The clinician must be alert to 
the dermatological signs of systemic bacterial infection, such as 
splinter haemorrhages and acral papulonecrotic lesions. A high 
index of suspicion and a low threshold for performing microbio- 
logical investigations and skin biopsies (including Gram stain and 
special stains and cultures) should be inculcated to allow precise 
diagnosis and specific treatment. Staphylococcus aureus (includ- 
ing meticillin-resistant S. aureus (MRSA)), Pseudomonas species, 
Escherichia coli and Streptococcus pyogenes are the commonest isolates 
in that order; polymicrobial infection may be present in up to 40% of 
cases [1]. Hospital- and community-acquired Stenotrophomonas mal- 
tophilia infections are being reported; this organism is a serious and 
emerging opportunistic pathogen [7]. Staphylococcus Iugdunensis is 
a highly virulent coagulase-negative staphylococcal species impli- 
cated in endocarditis and joint infections but can be a significant 
pathogen in causing skin and soft tissue infections, with a clinical 
incidence that is likely to be underreported, including in HIV [8]. 
Systemic antibiotics should be chosen on the basis of the clinical 
situation and sensitivities when they become known, possible meti- 
cillin resistance should be anticipated. Abscesses should be treated 
by surgical drainage but also biopsied and cultured, including for 
mycobacteria and fungi [9]. 

Staphylococcal infection must be considered when a patient 
presents with the common scenario of folliculitis. Clinical differ- 
entiation between staphylococcal folliculitis, Malassezia folliculitis, 
dermatophyte folliculitis, eosinophilic folliculitis, demodex folli- 
culitis and acne vulgaris or rosacea can be very challenging, and 
these entities may coexist. Very rarely, Micrococcus, Acinetobacter 
baumanii and Clostridium perfringens folliculitis and herpes sim- 
plex and zoster viral folliculitis have been encountered [10-15]. 
Cryptococcosis has presented as a corporeal pseudofolliculitis [16]. 
Intertriginous staphylococcal folliculitis may mimic candidosis. 
Histologically, other patterns of folliculitis may be recognised, 
for example a lymphocytic folliculitis or perifolliculitis with mixed 
inflammation are commonly seen, and more rarely follicular rupture 
with granulomatous inflammation [17]. 

Secondary staphylococcal infection of the skin may be a compli- 
cation of many of the inflammatory dermatoses discussed earlier 
in this chapter. It is becoming an increasing problem, perhaps 
because of decreased usage of trimethoprim—sulfamethoxazole 
prophylaxis in the ART era [18]. 


Figure 31.8 Staphylococcal scalded skin syndrome: staphylococcal pneumonia in an 
HIV-positive intravenous drug addict. Courtesy of Medical Illustration UK Ltd. 


PLWH constitute a highly vulnerable population for MRSA 
colonisation [19-21]. Globally, 7% of such people are colonised 
with MRSA with substantial geographic variability, with the lowest 
prevalence in Europe and highest in the Americas and South-East 
Asia [21]. Nasal screening alone will underestimate the rate of 
colonisation by at least one-third [19]. MRSA skin infections have 
been increasing but may now be on the wane [22-34]. The most 
common type of MRSA infection among HIV-infected persons is 
skin or soft tissue infection caused by USA300, Panton—Valentine 
leukocidin (PVL) positive strains. HIV-infected people have an 
increased risk for both initial MRSA infections and recurrent infec- 
tions compared with the general population [33]. Risk factors 
include prior exposure, hospitalisation, high-risk sex, injected drug 
use, poor HIV control, CD4 <50 x 10°/L, log,) HIV viral load 
copies/mL, absence of co-trimoxazole prophylaxis, partners with 
skin infections and recent receipt of a B-lactam or other antimicrobial 
[26,28,32,33,35-37]. 

Isolates are susceptible to co-trimoxazole, doxycycline, minocy- 
cline, ciprofloxacin, levofloxacin, vancomycin, linezolid, dapto- 
mycin and clindamycin but inducible resistance to clindamycin is 
increasing [28,32,33]. Recurrence rates can be as high as c.25% but 
minocycline treatment seems to be associated with a reduced risk 
of recurrence [34]. 

Besides folliculitis, manifestations of staphylococcal infections 
in HIV include bullous impetigo, ecthyma, cellulitis, abscesses, 
botromycosis, staphylococcal scalded skin (Figure 31.8) and toxic 
shock syndromes [38-43]. Subcutaneous abscesses due to staphy- 
lococci may complicate injection or intravenous line sites. Surgical 
drainage is an important part of abscess management. 

Group A Streptococcus erysipelas and lymphadenitis has been 
reported [44], as has pustulosis acuta generalisata [45]. 

A case of ecthyma gangrenosum (usually considered pathog- 
nomonic of Pseudomonas septicaemia) caused by coinfection by 
group A Streptococcus and Staphylococcus aureus has been described 
[46]; and another by meticillin-sensitive S. aureus (MSSA) [47]. 

Pseudomonas aeruginosa is an important potential cutaneous 
pathogen in HIV infection and AIDS. Ecthyma gangrenosum and 
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Figure 31.9 Bacillary angiomatosis: purple nodules on the face. Courtesy of Medical 
Illustration UK Ltd. 


panniculitis may be pointers to Pseudomonas septicaemia [48-51]; 
however even fatal cases of ecthyma gangrenosum may not show 
bacteraemia [52]. A rare case of ecthyma gangrenosum complicating 
psoriasis has been reported [53]. 

Bacillary angiomatosis, originally entitled ‘epithelioid (haem) 
angiomatosisis’, is caused by the Gram-negative cat-scratch disease 
organism Bartonella (previously Rochalimaea) henselae affecting the 
skin [1,54]. When it was first encountered, clinicians were intrigued 
by the similarity of bacillary angiomatosis to the cutaneous stigmata 
of chronic infection with Bartonella bacilliformis, the ‘formular of ver- 
ruga peruana’. These lesions may occur in the chronic phase of 
Oroya fever and are clinically and histologically very similar to 
those of bacillary angiomatosis. Bartonella seroprevalence is high in 
asymptomatic HIV patients in Brazil and is associated with breed- 
ing cats [55]. Bacillary angiomatosis presents with purple, papular 
and nodular vascular lesions resembling KS (Figure 31.9). Patients 
with bacillary angiomatosis do not appear to have an overt, acute, 
febrile haemolytic illness. Diagnosis is achieved by skin biopsy. 
Histologically, bacillary angiomatosis is distinguished from KS by 
being a lobular vascular proliferation where the abnormal, enlarged 
endothelial cells are epithelioid rather than spindled and by having 
a prominent neutrophilic infiltrate and neutrophil debris; there 
may be pseudoepitheliomatous hyperplasia [56]. The abnormal 
vascular spaces, lined with proliferating endothelium, contain 
B. bacilliformis. The clumps of organisms can be demonstrated 
by Warthin-Starry silver staining (Figure 31.10), immunoperoxi- 
dase staining of lesional tissue (where the bacilli are found within 
the abnormally proliferative cutaneous vasculature) or electron 
microscopy. Bacillary angiomatosis responds to oral erythromycin 
in most patients; isoniazid, rifampicin, ethambutol or clofazimine, 
either in addition to or instead of erythromycin, have also been 
used. IRIS/IRD/IRAD exacerbations have been seen, including a 
fatal case due to airway compression of the neck [57,58]. 

Syphilis (Chapter 29) may present atypically in HIV infection 
[3], confounding clinical recognition of the classic dermato- 
logical manifestations of primary chancre, papulosquamous 
eruption of secondary syphilis and gumma. The interpretation 
of serological tests can be complicated; they are not as sensitive in 
the immunoincompetent patient, so false negatives are a hazard 
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Figure 31.10 Bacillary angiomatosis: Warthin-Starry silver staining of Bartonella 
bacilliformis and proliferative vascular channels. Courtesy of Dr N. Francis. 


[59-61]. Dermatologists should regard all genital, perianal and 
oral ulceration and any papulosquamous eruption with great 
suspicion and investigate them with circumspection [62]. Erythema 
multiforme and erythema multiforme-type eruptions can be the 
presentation of secondary syphilis [63,64]. Other rare manifesta- 
tions of syphilis, not previously encountered by this generation of 
physicians, and other unusual presentations, such as keratoderma, 
finger nail involvement, leukoderma syphiliticum, necrotic red 
nodules and rupioid lesions (lues maligna), pityriasis lichenoides 
acuta, arthropod bite-like reaction, nodular syphilis (simulating 
lymphoma and KS), CD8+ pseudolymphoma in lues maligna, and 
gumma have all appeared in the literature [65-75]. A case mas- 
querading as lupus vulgaris has been encountered [76]. Secondary 
syphilis IRIS/IRD/IRAD has been described [77]. Over the last few 
years rates of syphilis generally have been rising, and specifically 
in HIV-positive men who have sex with men (MSM) (rates have 
risen fivefold); this may be an unintended consequence of HIV PrEP 
[78,79]. Syphilis testing should be conducted at regular intervals 
in PLWH especially MSM, PrEP users and pregnant women [4]. 

Similar problems with yaws [80] have not been significant in 
clinical HIV practice. Lyme borreliosis pseudolymphoma [81] and a 
persistent erythema chronicum migrans (with meningoradiculitis) 
have occurred [82]. 

Reinfection with, or reactivation of, Mycobacterium tuberculosis 
(Chapter 27) seems to occur early in HIV infection, and extrapul- 
monary, including cutaneous [76], tuberculosis is common [83]. 
The clinical presentation is diverse, including lupus vulgaris [84], 
scrofula [85,86], scattered violaceous papules [87], acute miliary 
tuberculosis of the skin [88-91], keratotic papules, nodules and 
palmoplantar keratoderma [92], pilonidal sinus [93] and tuber- 
culides [94,95]. Tuberculous lymphadenitis has been said to be a 
characteristic manifestation in HIV and in intravenous drug users 
coinfected with tuberculosis [96]. Management of tuberculous coin- 
fection in about one-third of the estimated 30-40 million people 
infected with HIV poses particular challenges and is a specialist 
field [97,98]. 

Atypical mycobacterial skin disease in patients infected with HIV 
is usually due to Mycobacterium avium-intracellulare. This occurs 


as part of a disseminated infection in up to one-third of patients 
at CD4 T-cell counts below 50 x 10°/L (rare below 200 x 10°/L) 
[99]. Lesions described include violaceous papules, nodules, ulcers, 
cold abscess and simulating histoid leprosy [100-102]. Concomitant 
M. tuberculosis, M. avium-intracellulare and CMV has been seen 
[103]. M. avium complex has been isolated from an HIV-positive 
woman with erythema multiforme [104]. Skin involvement has 
also been reported with M. kansasii [87], M. haemophilum [105-107], 
M. fortuitum [108], M. lentiflavum [109] and M. marinum [110]. In 
these instances, the eruption probably occurred after primary infec- 
tion of the skin by the organism, but a fatal case of disseminated 
M. marinum has occurred [111]. Sporotrichoid spread can involve 
an affected limb emanating from a distal primary site [112,113]. 
Aggressive multifocal Buruli ulcer due to M. ulcerans has been 
described [114]. 

The diagnosis of mycobacterial infection can be problematic 
because characteristic histopathological features such as caseat- 
ing granuloma may be absent due to diminished cell-mediated 
immunity [115]. Spindle cell pseudotumours may be seen [116]. 
All biopsies where tuberculosis and/or atypical mycobacterial 
infection are suspected should be stained for acid-fast bacilli (which 
may be very numerous because of diminished cell-mediated immu- 
nity), and a separate portion sent for mycobacterial culture under 
appropriate laboratory conditions. 

Prophylaxis and treatment of tuberculosis and atypical mycobac- 
terial disease depends on the clinical scenario (including CD4 count) 
and the results of microbiological investigations (including sensi- 
tivity testing), and is an expert area. ARV and specific conventional 
antituberculous drugs are used. Atypical mycobacterial infection 
is treated with a macrolide and ethambutol. 

Unlike other mycobacterial disease, the epidemiological and clin- 
ical features of leprosy have not been signally modified by the HIV 
pandemic [117-120] with the exception of reported manifestations 
of IRIS/IRD/IRAD [121-125]. 


Other bacterial infec 


Donovanosis (Calymmatobacterium granulomatis) is known to coexist 
with HIV: extragenital donovanosis [126] and transformation to 
squamous cell carcinoma (SCC) have been reported [127]. Cuta- 
neous granulomas due to Corynebacterium minutissimun [128], a 
subcutaneous abscess in one patient and rubbery skin nodules in 
another due to Rhodococcus equi [129,130], an unusual presentation 
of chancroid [131], a paranasal ulcer due to Chryseomonas lute- 
ola [132], rickettsial pox [133], an abscess due to Peptostreptococcus 
ivorti [134], a disseminated papular eruption caused by Serratia 
marcescens [135] and red plaques on the legs due to Campylobacter 
[136] have been described. 

Botryomycosis is a rare, chronic, suppurative, bacterial infection 
that primarily affects the skin and subcutaneous tissues and has 
been associated with HIV since the early days of the epidemic [137]. 

HIV predisposes to necrotising fasciitis and Fournier gangrene 
[138,139]. Fournier gangrene is a hazard with a high mortality in 
AIDS and may complicate chemotherapy [140]. 


Figure 31.11 Chronic perianal ulceration in herpes simplex infection before the era of 
highly active antiretroviral therapy. 


VIRAL INFECTIONS (Chapter 25) 


Herpes simplex CC 


Severe, chronic, ulcerative, perianal disease (Figure 31.11) caused by 
HSV-2 (human herpesvirus 2, HHV-2) was one of the first features of 
AIDS to be reported [1]. HSV-1 and HSV-2 infections are extremely 
common during the course of HIV illness [2,3]. PLWH with HSV-2 
infection are also two to three times as likely to transmit HIV [3]. 
Although ano-genital involvement is frequent, any site can be 
affected with acute lesions that are vesicobullous but which become 
chronic, eroded and crusted, vegetative or ulcerating. HSV infection 
may not be self-limiting as it is in normal individuals. Persistent 
necrotic digits [4] and perioral ulceration may occur. A facial folli- 
culitis (sycosis) has been reported [5], as has Kaposi varicelliform 
eruption after laser resurfacing [6]. A granulomatous exophytic 
lesion of the hand due to both HSV-1 and HSV-2 has been described 
[7]. Secondary bacterial infection is very common. Coinfection with 
Candida can contribute to atypical presentations [8]. Concomitant 
infection with CMV has also been seen [9]. Resolution can occur with 
specific treatment for HSV and general HIV treatment. However, 
herpetic lesions recur; the impact of ART has been to improve this 
situation, although HSV IRIS/IRD/IRAD is now a recognised phe- 
nomenon, and can be difficult to diagnose and treat being chronic, 
erosive, verrucous and pseudotumoral (see Figure 31.28) [10-13]. 
Diagnosis depends on clinical suspicion and laboratory virology 
(Chapter 25); additionally, acute and convalescent sera may be 
examined for HSV antibodies (immunoglobulin M and G). A skin 
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biopsy may show typical cytopathic signs and positive immuno- 
staining for HSV. In the USA, the Tzanck test is popular for rapid 
identification of multinucleate giant cells, which are not pathog- 
nomonic because they are seen also in varicella, herpes zoster and 
pemphigus [14,15]. 

The treatment of HSV infection in HIV requires systemic antiviral 
drugs (of which aciclovir is the prototype), including prophylacti- 
cally [2]. The approach should be aggressive because HSV activates 
HIV replication [16]. Topical and systemic treatments for secondary 
bacterial infection are often necessary. HSV mutants (i.e. those with 
mutant or absent viral thymidine kinase) are responsible for HSV 
resistance, although progressive HSV-2 infection has been reported 
despite aciclovir therapy and demonstrable sensitivity of isolates to 
aciclovir. Concern is growing about the rise of aciclovir-resistance 
rates (as high as 10%) in HIV [3]. Intravenous vidarabine has 
been effective in aciclovir-resistant herpes simplex, but foscar- 
net (trisodium phosphoformate), which is a direct inhibitor of 
HSV DNA polymerase, is better for severe HSV-2. Famciclovir 
[17] and valaciclovir are alternatives to aciclovir. Cidofovir is a 
DNA polymerase inhibitor used in CMV infection, but is also 
effective against HSV. Vaccine developments for HSV have been 
disappointing to date [3]. 


Varicella-zoster virus .—l oO 


Reactivation of varicella-zoster virus (VZV, HHV-3) frequently 
accompanies HIV infection and can be severe [2,3,18]. Recurrences 
of VZV also occur in HIV-negative people and in up to 20% of 
HIV-negative immunocompromised patients. The frequency of 
recurrence in HIV-positive individuals is unknown. It is controver- 
sial whether all patients presenting with dermatomal VZV should 
be counselled about HIV testing, but it is regarded as a predictor 
of HIV infection in African patients [19]; one recommendation is 
that anyone under 50 presenting with VZV be tested for HIV [3]. 
Reactivation of VZV is the commonest cutaneous manifestation of 
immune restoration disease [20]. 

The distribution of the eruption is characteristically dermatomal 
but differentiation from herpes simplex may not always be clinically 
certain. Ophthalmic zoster may be complicated by conjunctivitis or 
optic neuritis, so ophthalmological input is advised. The involve- 
ment of the sacral nerves may cause acute retention of urine, 
haemorrhagic cystitis and constipation. Other manifestations 
include motor zoster, zoster encephalomyelitis and purpura fulmi- 
nans. A non-bullous folliculitis has been described [5]. A chronic, 
verrucous dermatomal form can occur (Figure 31.12). An atypi- 
cal, sometimes protracted, disseminated VZV eruption of sparse 
but ecthymatous necrotic lesions is occasionally seen, but there is 
usually a concomitant dermatomal recurrence. Linear Darier disease 
with chronic zoster superinfection has been reported [21]. The differ- 
ential diagnosis includes Pseudomonas ecthyma gangrenosum and 
disseminated infection with atypical mycobacteria, fungi, vaccinia 
or HSV. Central nervous system and pulmonary or central neuro- 
logical involvement should be suspected. The clinical diagnosis is 
supported by virological methods and occasionally by biopsy. 

An important component of management is the treatment of 
pain. Potent analgesia may be supplemented by carbamazepine 
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Figure 31.12 Chronic verrucous herpes zoster. Courtesy of Medical Illustration UK Ltd. 


and dosulepin. Intractable postherpetic neuralgia may require 
specialised pain control. A topical or systemic antibiotic is often 
needed for secondary infection. Oral prednisolone is given by 
some. Systemic parenteral therapy with aciclovir is indicated in 
HIV-associated herpes zoster especially when sight, sphincteric 
function and facial expression are threatened and where pul- 
monary or neurological involvement is suspected. Disseminated 
VZV infection can be severe with a poor prognosis. Intravenous 
high-dose aciclovir is the treatment of choice. Intercurrent intramus- 
cular VZV immunoglobulin has been used to prevent recurrences 
and may be used intravenously if aciclovir fails. Emerging aciclovir 
resistance may become a problem but vidarabine and recombinant 
IFN-a are possible alternatives [22]. Varicella immune globulin 
can prevent or modify the clinical illness and vaccination may 
boost immunity; the new recombinant vaccine is increasingly 
recommended for PLWH depending on age [3,18,23]. 


Cytomegalovirus 


Reactivation of CMV in HIV infection occurs with a CD4 count 
below 50 x 10°/L. Despite the frequency of ocular (blindness), 
gastrointestinal (dysphagia, diarrhoea), neurological (encephalopa- 
thy) and adrenal (postural hypotension) disease, skin involvement 
with CMV is relatively uncommon in HIV, but when CMV affects 
the skin, the mortality can be about 85% in 6 months [24]. It is 
possible that cutaneous involvement goes unnoticed and hence is 
underdiagnosed. Purpura, papules, nodules, verrucous plaques 
and painful ulcers (Figure 31.13), including of the perineum, coagu- 
lopathies (see the section on coagulopathies earlier in this chapter) 
and nodular prurigo (Figure 31.14) have been described [25,26]. The 
differential diagnosis of these clinical possibilities is broad. HSV 
and CMV skin involvement may be seen concurrently [15], and con- 
comitant CMV, Mycobacterium tuberculosis, M. avium-intracellulare 
and mucormycosis have been documented [27,28]. It has been 
argued that CMV does not play a significant role in most of the 
cutaneous lesions where it is found [29]. 

CMV infection should be suspected histologically if dermal cap- 
illary neoangiogenesis, fibrinoid thrombi, necrotic endothelial cells, 
epidermal hyperplasia, acantholysis and keratinocyte degeneration 
are seen. Keratinocytes and endothelial cells contain characteristic 


Figure 31.13 Cytomegalovirus vasculitis: leg ulcers. Courtesy of Medical Illustration 
UK Ltd. 


Figure 31.14 Cytomegalovirus infection: nodular prurigo-like eruption on the back. 
Courtesy of Medical Illustration UK Ltd. 


CMV inclusions. Syringosquamous metaplasia has been observed 
[30,31]. PCR, immunohistochemistry, in situ hybridisation and 
electron microscopy may be employed. Skin biopsy material can 
be cultured with human fibroblasts to demonstrate the cytopathic 
effect; the demonstration of CMV viraemia can be similarly achieved 
by the co-culturing of a patient’s leukocytes [32]. Serological testing 
may be difficult to interpret. 

Treatment and prophylaxis centres on immunoreconstitution 
with ART, although a severe cutaneous ulcerative eruption has 
been reported after the initiation of ART and possibly represents 


IRIS/IRD/IRAD [33]. Intravenous foscarnet, ganciclovir and 
cidofovir are specific treatments [34]. Mutations in the viral kinase 
allow the development of drug resistance. 


Warts are found in about 5-30% of patients with HIV [2,3,35,36]. 
Ano-genital warts (condylomata acuminata) may be a non-specific 
and insensitive marker for HIV infection. Around 40% of MSM 


diagnosed with HIV may have genital warts at presentation [37]. 
Human papillomavirus 6 (HPV-6) and HPV-11 (not associated 
with malignant potential) have been identified as the types most 
frequently found [38]. Ano-genital HPV infection is a risk factor for 
ano-genital cancer particularly of the anus (and cervix) yet it is rare 
for condylomata to contain HPV-16, which has a well-documented 
association with anal carcinoma. MSM have a higher incidence of 
both perianal warts and in situ and invasive anal carcinoma. Yet 
genital warts are more frequent in seropositive intravenous drug 
users. HIV infection may alter and worsen the expression and 
consequences of ano-genital HPV infection [39-41]. Anal HPV is a 
risk factor for asymptomatic bacterial sexually transmitted infec- 
tions in HIV-positive MSM [42]. HPV-16 and other oncogenic types 
have been found in carcinoma in situ and high-grade dysplasia has 
been found in genital warts from HIV-positive individuals [43,44]. 
The risk of progression of anal intraepithelial neoplasia associated 
with anal HPV infection to invasive SCC was originally thought 
to be low [45] but the odds of developing anal cancer following 
ano-genital warts in HIV are approximately 13 [46]. Overall, anal 
cancer may be 50 times and penis cancer 5-6 times commoner in 
HIV (Chapter 109). Invasive cervical cancer is possibly more com- 
mon but does behave more aggressively and is an AIDS-defining 
diagnosis. It has been suggested that all HPV-associated cancers 
should be included as AIDS-defining illnesses [47]. 

The clinical diagnosis of warts is straightforward when classic 
sites are involved with lesions of typical morphology. In patients 
with HIV, warts may be extensive, numerous, exuberant and 
admixed with other pathologies (e.g. mollusca) (Figure 31.15). HPV 
contributes to the causation of Bowen disease [48], erythroplasia of 
Queyrat and Bowenoid papulosis (clinically like viral warts, often 
pigmented, with the histology of Bowen disease/SCC in situ), and 
invasive penile, anal and cervical cancer. A presentation resembling 
the rare, inherited condition, epidermodysplasia verruciformis, 
can occur (Figure 31.16) [49-54], clinically resembling pityriasis 
versicolor in some cases. It may not improve with ART and is 
associated with mucosal HPV and lymphoproliferative disease. 
Epidermodysplasia verruciformis is also increasingly seen as an 
acquired HPV (types 1, 2, 5, 6, 16 and 52) related dermatosis in 
many vertically infected HIV children in sub-Saharan Africa. It is 
disfiguring and stigmatising and unresponsive to ART, as in adults 
[55,56]. CD4 T-cell estimation and HIV testing should be consid- 
ered in any patient with atypical clinical presentations of viral 
warts. Occasionally, a skin biopsy may be necessary, particularly if 
in situ or invasive squamous cell malignancy is suspected but the 
risks of SCC in acquired epidermodysplasia verruciformis are not 
established [18]. 
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Figure 31.15 Human papillomavirus infection: myrmecia on the great toe. Courtesy of 
Media Resources UCL. 


Figure 31.16 Epidermodysplasia verruciformis in human papillomavirus infection: 
discrete and confluent warty papules on the right cheek and neck. Courtesy of Imperial 
College School of Medicine. 


Conventional treatments for warts may fail. Topical imiquimod 
and topical and intravenous cidofovir have been used [57-60]. ART 
can lead to the regression of warts, but some patients have been 
seen whose warts persist or return after many years of remission; 
this seems to be related to low nadir or mean CD4 count [61-65] 
and/or is a manifestation of IRIS/IRD/IRAD [10]. The future for 
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Figure 31.17 Atypical mollusca: flesh-coloured papules and nodules on the forehead. 
Courtesy of Media Resources UCL. 


the containment of HPV-related disease including cancer generally, 
but especially in HIV, looks brighter with the development and 
introduction of effective vaccines [18,66,67]. HPV vaccination may 
be therapeutic [68-70]. 


Mollusca —r (s§Es SFE 


Mollusca are caused by infection with four closely related mollus- 
cipoxviruses, MCV-1 to -4, and frequently affect the skin of patients 
with HIV [71], in homosexual seropositive patients more in than 
intravenous drug users [39]. Virtually all paediatric infections are 
caused by MCV-1, yet in HIV patients MCV-2 causes 60% of the 
infections [72,73] suggesting that HIV-associated mollusca does 
not represent the recurrence of childhood mollusca. There may be 
several or many papular or larger, ‘giant’, nodular lesions, partic- 
ularly on the face and neck. Often, in the context of HIV infection, 
the lesions do not manifest pathognomonic classic morphology 
(Figure 31.17) and are not typically domed in shape and lack 
the characteristic central umbilication or delling [74,75]. A cheek 
abscess has been described [76]. Florid, extensive, genital lesions 
with cellulitis have been reported [77]. The differential diagnosis 
includes sebaceous hyperplasia, syringoma, warts, cryptococcosis, 
histoplasmosis and basal cell carcinoma. Mollusca can coincide 
with all of these entities. Mollusca are diagnosed with the great- 
est confidence by skin biopsy because the clinical morphology in 
the HIV-positive patient may not be pathognomonic. The classic 
histological features are usually present. A molluscum involving an 
epidermoid cyst and causing a xanthogranuloma-like reaction has 
been described [78]. Mollusca may represent an immunoreconstitu- 
tion phenomenon. 

Mollusca vary widely in response to conventional treatment [2]. 
The introduction of ART can elicit resolution, but an increased inci- 
dence and as a manifestation of IRIS/IRD/IRAD have also been 
reported [61,65,75]. Topical imiquimod, topical and systemic cido- 
fovir [59,79,80], electron beam therapy [81] and diphencyprone [82] 
have been used. 


Other viral infections 


Parvovirus B19 can cause cutaneous vasculitis [83] and a persistent 
papular purpuric gloves and socks syndrome with anaemia [84]. 
Measles in children may behave atypically and with more compli- 
cations [85]; it has been reported in vaccinated HIV-positive adults 
[86]. EBV-positive mucocutaneous ulcers and lymphoproliferative 
lesions have been described in HIV [87]. Human polyomavirus 
6 and 7 have been incriminated in a pruritic and dyskeratotic 
dermatosis [88]. 

The data available to date indicate that PLWH infected with 
Covid-19 are largely affected by similar features of disease 
risk and progression as HIV-uninfected patients. Older age and 
co-morbidities appear to be the main factors for severe Covid-19 
morbidity and mortality [89]. 


FUNGAL INFECTIONS (Chapter 32) 


Candidosis —— CC 


Oral candidosis has classically been associated with immunosup- 
pressive states and was one of the first features to be recognised 
in the early days of the HIV epidemic before the syndrome was 
clearly defined and the causative agent identified [1]. Oesophageal 
candidosis is an AIDS-defining diagnosis. It is commoner in 
homosexual seropositive patients than intravenous drug users [2]. 
Pseudomembranous disease is the commonest oro-pharygeal man- 
ifestation but red patches are also seen. Candida albicans is the most 
frequent species isolated. Treatment is with single-dose oral flu- 
conazole [3] or localised oral miconazole [4,5]. Resistance can occur. 
Long-term prophylaxis with azoles is avoided. Oral candidosis 
predicts AIDS in a median of 2 years and so is an indication for 
the institution of prophylaxis for Pneumocystis jiroveci and ART. 
In the past, practically everyone with HIV infection would have 
had Candida as a pathogen at some stage in their disease [6], but 
this may not be the case now in western countries with earlier 
diagnosis. Vaginal candidosis can occur early in HIV infection 
[7] and is the commonest presentation of HIV in women in the 
USA. In HIV, Candida can also be responsible for paronychia, 
onychodystrophy, angular cheilitis and intertriginous candidosis 
[8,9]. A generalised cutaneous eruption of papules and nodules 
has been described [10]. C. krusei fungaemia has been reported in 
HIV/AIDS patients previously exposed to azole antifungals and 
skin lesions may be common [11]. Cutaneous candidosis, systemic 
candidosis or invasive candidosis including candidaemia, Can- 
dida disease due to species other than C. albicans and resistance 
to azoles and other antifungals, are all becoming more common 
[12]. Finally, candidosis is recognised as an immunoreconstitution 
phenonomen. 


Dermatophytosis CC 


Generally, dermatophytes are only occasionally responsible for sig- 
nificant cutaneous infection in immunocompromised patients [13], 


Figure 31.18 Tinea corporis and faciei. Courtesy of Medical Illustration UK Ltd. 


but the situation is subtly different in HIV infection [14]. Homo- 
sexual men are very likely to have a superficial fungal infection 
regardless of their HIV status. For example, in Sweden, Torssander 
et al. [15] showed that 37% of seropositive homosexual men had 
mycologically proven toe cleft dermatophytosis, usually Trichophy- 
ton rubrum, compared with about 30% of seronegative homosexual 
men and about 9% of heterosexual men. Clinical findings, for 
example interdigital scaling, similar to those of tinea pedis are very 
common in men. Dermatophytes can be isolated from normal toe 
clefts in about 7% of homosexual men (regardless of HIV status) 
but not from clinically normal toe clefts in heterosexual men. Tinea 
incognito secondary to chronic potent topical steroid misuse for 
another dermatosis may develop. Widespread dermatophytosis is 
not common in HIV/AIDS; Torssander et al. found dermatophytes 
only in the groins, toe clefts and toenails. However, atypical tinea 
corporis (Figure 31.18), folliculitis, palmoplantar hyperkeratosis, 
erythroderma and extensive and deep, invasive dermatophytosis, 
including Majocchi granuloma, can occur [14,16—20]. Overall, der- 
matophytosis is significantly commoner in African American than 
white PLWH [21]. 

Onychomycosis in HIV-infected patients can occur in 15-40%, 
that is four times more often than in the general population 
[22-24]. It is also commoner in African American than white 
PLWH [21]. There is some evidence that these rates are falling 
[25]. T. rubrum is the commonest pathogen [26]. Psoriasis and the 
yellow nail syndrome should be considered in the differential 
diagnosis of nail discoloration and dystrophy. Mycological con- 
firmation should be obtained. Improvement of onychomycosis 
with ART in the absence of specific antifungal treatment has been 
observed [27]. 
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Esoteric superficial fungal infections have also been reported. 
A patient presented with ‘dirty’ brown spots on the scrotum 
from which were co-cultured the dematiaceous fungi Bipolaris 
and Curvularia [28]. A new species, T. eboreum, has been isolated 
from an HIV patient with tinea pedis [29]. A case of fingernail 
proximal subungual onychomycosis with associated skin infection 
caused by an opportunistic mould, Aspergillus sydowii, has been 
published [23]. 

Dermatophyte infection is treated with conventional topical and 
systemic therapy (Chapter 32) depending on clinical assessment 
and the results of mycology. Oral terbinafine is safe and effica- 
cious [30]. 


Histoplasmosis — CC 


Extrapulmonary infection with histoplasmosis is an indicator con- 
dition in the case definition of AIDS (see Box 31.1). Histoplasmosis 
is very rare in the UK and Europe so a travel history is impor- 
tant, but some autochthonous HIV-associated cases have occurred 
in Europe. In endemic areas, such as North, Central and Latin 
America, Africa, India or the Far East, 20-50% of patients with 
AIDS will develop histoplasmosis at CD4 counts below 200 x 
10°/L. The systemic presentation can mimic tuberculosis. There is 
fever, lymphadenopathy, hepatosplenomegaly, lung disease and 
pancytopenia. Patients may also be alcoholics and heavy smokers. 
It may be fatal (compared with the self-limiting bronchopneumonia 
seen in immunocompetent individuals). Disseminated histoplas- 
mosis may produce skin involvement in up to 10% of patients in 
the USA but in between 38% and 85% of Latin American cases. 
The skin may be the most frequent site of localised infection 
(8.3%). A wide morphological spectrum of lesions is seen. Macules, 
papules, plaques, crusted/eroded/ulcerated papules and plaques 
mainly located on the face and chest, as well as oral involvement 
with erosions and ulcers, are the commonest presentations, with 
more variation in lesions associated with higher CD4 counts. An 
exanthem, lesions resembling molluscum contagiosum, acneform 
folliculitis, nodules and tumours, psoriasiform eruptions including 
keratotic plaques, varicelliform lesions, vasculitic lesions, ery- 
thema multiforme-like lesions, an exfoliative dermatitis, an atypical 
ecthyma and depressed pits on the palms and soles and lesions 
admixed with KS, have been described. Two-thirds of patients 
with skin disease may have pulmonary involvement and in one 
series of disseminated cutaneous histoplasmosis approximately 
40% of the cases died [14,3141]. Cutaneous histoplasmosis may be 
seen as an immunoreconstitution phenomenon. 

Systemic diagnosis is by chest X-ray, Wright staining of a blood 
film (demonstrating intracellular fungi), blood cultures, lymph 
node, liver or skin biopsy or Tzank cytology [42,43] and cul- 
ture. Histoplasma capsulatum can be demonstrated by Gomori 
methenamine silver stain of a skin biopsy section. A wide vari- 
ety of unusual cutaneous histopathological findings have been 
described [41]. 

Treatment is by ART and itraconazole and/or amphotericin, with 
long-term itraconazole as secondary prophylaxis because relapse is 
so common [14,36,44]. 
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Cryptococcosis 


Cryptococcus neoformans infection affects 5-10% of patients with 
AIDS in the UK and USA and 30-40% in Africa. The brain, lung 
and skin are sites of predilection. Up to 20% of patients with 
disseminated disease may have skin involvement. In HIV/AIDS, 
cryptococcal skin involvement should be suspected when papu- 
lonodular necrotising skin lesions with central umbilication, like 
molluscum contagiosum (Figure 31.19), are encountered in the 
context of neurological or pulmonary disease. Herpetiform lesions, 
violaceous lichenoid lesions, an acneform papulopustular and 
nodular eruption on the chin, rhinophyma, a warty tumour on the 


foot, a pseudofolliculitis, cellulitis and Cryptococcus admixed with, 
and mimicking, KS have also been described [45-49]. Cutaneous 
cryptococcosis may occur as an IRIS/IRD/IRAD. 

Systemic diagnosis is by serology, blood culture, urine culture 
and lumbar puncture (including serology, culture and India ink 
staining). Cutaneous diagnosis is by skin biopsy with special stains 
for the cryptococcal capsule (e.g. mucicarmine) and culture, or 
Tzanck preparation [43]. 

Treatment aims to eradicate the disease in the immunocompetent 
patient and to control symptoms in the patient with advanced HIV 
disease. Intravenous liposomal amphotericin and oral fluconazole 
are the mainstays of treatment. Primary and secondary prophy- 
laxis is with oral fluconazole. Cryptococcal meningitis has a poor 
prognosis even with treatment. 

Non-neoformans cryptococcal opportunistic infections can involve 
the skin [50,51]. 


Talaromyces marneffei infection 
(penicilliosis) 


Talaromyces marneffei infection (penicilliosis) is an AIDS-defining 
diagnosis and causes fever, lymphadenopathy, hepatosplenomegaly 
and anaemia with cutaneous involvement [52-56]; it can be an 
immunoreconstitution phenomenon. Skin lesions range from 
flesh-coloured follicular papules with or without central umbilica- 
tion, nodules and acne-like lesions evoking a differential diagnosis 
of syringoma, steatocystoma multiplex and_trichoepithelioma 
(Figure 31.20). Dermoscopy can be useful revealing a circular 
or quasi-circular, whitish, amorphous structure with a central 
brownish keratin plug [57]. 


Other fungal infections 


The superficial and systemic mycoses encountered in HIV have 
been well reviewed [58,59]. Coccidioidomycosis is endemic in 
southwest USA; extrapulmonary disease is an AIDS-defining 


Figure 31.19 Cryptococcosis. (a) Necrotising papules and nodules on the right ear and 
neck. (b) Close up of necrotising papules. Courtesy of Medical Illustration UK Ltd. 


Figure 31.20 Talaromyces marneffei infection (penicilliosis). Courtesy of Professor 
Vesarat Wessagowit. 


diagnosis but skin lesions seem rare [14]. Cutaneous sporotrichosis 
[6,60,61], paracoccidioidomycosis (50%) [62-66], blastomycosis 
[67], nocardiasis [68-71], rhinosporidiosis [72], primary cutaneous 
aspergillosis [73-75], mucormycosis [76,77], Paecilomyces lilacinus 
infection [78], cutaneous protothecosis [79-81], fusariosis, [82], 
Emergomyces africanus (emergomycosis) [83,84], basidiobolomycosis 
[85], emmonsiosis [86] and primary cutaneous actinomycosis [87] 
have all been reported in HIV/AIDS. Malassaezia species may cause 
a folliculitis (including during immunoreconstitution) and pityria- 
sis versicolor may be more extensive in HIV and also possibly occur 
as an IRIS/IRD/IRAD [58,59,88]. 


PROTOZOAL INFECTIONS (Chapter 33) 


Pneumocystis jiroveci pneumonia is common in HIV infection but 
disseminated disease and cutaneous involvement are rare [1,2]. 
Two patients have been described with mass lesions in the external 
auditory canal; spread from middle ear infection (itself due to 
retrograde spread from the pharynx via the Eustachian tube) was 
the probable mechanism. Lesions masquerading as KS have been 
described [3]. 

Cryptosporidiosis and microsporidiosis can cause skin lesions 
[4,5]. Disseminated amoebiasis may rarely cause skin manifesta- 
tions but the dermatological involvement may lead to diagnosis of 
the systemic illness. A solitary papule of the thigh, a soleus muscle 
abscess, disseminated skin lesions and cutaneous ulceration have 
been described [6-9]. Ano-genital ulceration due to amoebiasis 
should lead to the suspicion of underlying HIV infection [10,11]. 

Endemic protozoal diseases such as leishmaniasis may behave 
differently in the HIV-infected patient and may also mimic or 
complicate KS and dermatofibroma. Cutaneous nodules and ulcers, 
digital necrosis, linear brown macules of the digits and palms, 
ulceration of the tongue, a tattoo reaction and cutaneous hyper- 
pigmentation and atypical disseminated leishmaniasis resembling 
post-kala-azar dermal leishmaniasis have been described [12-26]. 
Four cases of a dermatomyositis-like presentation have been pub- 
lished with lesions limited to the dorsum of the hands, wrists 
and elbows and histology showing tuberculoid granulomas [27]. 
Patients have a higher rate of recurrence or reinfection and their 
disease is more difficult to treat compared with HIV-negative 
individuals [21]. However, cutaneous detection of Leishmania is 
frequent in individuals with visceral leishmaniasis (and very rarely 
skin involvement such as infiltrative leukocytoclastic purpura 
and maculopapular exanthem [28] has been reported) and some- 
times Leishmania is associated with skin changes attributable 
to other pathogenic processes including rheumatoid nodu- 
losis, so its presence does not imply a causative role [23,29]. 
IRIS/IRD/IRAD-associated leishmaniasis is recognised. 

Reactivation of American trypanosomiasis (Chagas disease) in 
AIDS may manifest with skin lesions [30]. 


SCABIES (Chapter 34) 


Scabies occurs frequently in HIV-infected patients [1,2] and may 
have unusual clinical features (Figure 31.21), for example the skin 
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Figure 31.21 Norwegian scabies: interdigital scale. 


of the head and neck is often involved, which is highly unusual 
in non-HIV-infected adults. It is important to have a high index 
of suspicion. Scabies has been endemic in the HIV population 
in London and there are occasional epidemic outbreaks on HIV 
wards, in hospices and in the community. Transmission is by sexual 
intercourse, nursing, comforting and massage. Norwegian/crusted 
scabies [3] is highly contagious and its diagnosis should arouse 
suspicion of underlying HIV infection [4]. Crusted scabies in HIV 
infection may be localised to the soles [5] or the genitals [6]. Eccrine 
ductal and follicular mucinosis have been found on histology [7]. 
Treatment follows conventional lines but eradication may be 
difficult. Topical sulphur and oral ivermectin can be useful [8,9]. 


MISCELLANEOUS INFECTIONS 


Demodex (Chapter 34) can cause dermatological morbidity in 
HIV-infected patients. A pruritic, papulonodular folliculitic erup- 
tion of the face and neck, upper limbs and torso is recognised, 
responsive to acaricides including ivermectin [1-3]. Also described 
have been a rosaceal eruption [4] and an ivory white, poorly defined, 
indurated plaque on the temple [5]. Demodicosis can also occur 
during immunoreconstitution with ART [3,6]. 

Cutaneous larva migrans has presented with fever in an 
HIV-infected individual after the commencement of treatment 
with zidovudine (AZT, ZDV) and didanosine (ddI, DDI) [7], and as 
a red plaque on the cheek [8]. 

HIV-positive patients with oncocerciasis have higher onchocercal 
skin scores than those who are not HIV infected [9]. 

Malakoplakia is an uncommon granulomatous reaction to infec- 
tion (bacteria, mycobacteria and fungi) usually of the genital tract 
and cases in HIV have been reported [10,11]. 

Extraintestinal strongyloidosis is an indicator condition for the 
case definition of AIDS. Fatal hyperinfection with Strongyloides 
stercoralis has been described, the skin signs being centripetal, 
reticulated petechiae and purpura with numerous larvae found on 
skin biopsy [12]. 
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A 49-year-old HIV-positive Namibian man presented with mul- 
tiple cutaneous nodules confirmed as cysticercomas which led to 
the diagnosis of asymptomatic neurocysticercosis due to Tenia 
solium [13]. 

Myiasis affecting the face and mouth has been reported [14,15]. 


NEOPLASMS 


Kaposi sarcoma —l se VOL 


Classic sporadic KS, African endemic KS, Greek (Peloponnesian) 
endemic KS, iatrogenic immunosuppression-associated KS and 
AIDS-related KS are recognised [1,2]. KS has been considered an 
AIDS-defining diagnosis in patients with low CD4 counts and high 
viral loads, but cases have been encountered at CD4 counts >300 x 
10°/L and low or undetectable viral loads, either on ART or ART 
naive patients (Chapter 137) [3]. KS has been seen in HIV-negative 
homosexual men [1,4,5]. It is commoner in African American than 
white PLWH [6]. 

The prevalence of KS in patients infected with HIV has declined 
throughout the epidemic [1]. KS is caused by infection with the 
oncovirus HHV-8 (KS herpesvirus (KSHV)). It is probably trans- 
mitted sexually, more by the faecal-oral route or ejaculate than by 
blood, in HIV-positive homosexual men [7-11]. However, KS is 
also seen in non-homosexuals and in children arising from other 
routes of transmission, for example saliva [12,13]. The pathogene- 
sis of KS is thought to involve angiogenic and pro-inflammatory 
effects on endothelial cells that proliferate to form characteristic 
spindle-cell tumours [14]. KS appearing at the sites of application of 
topical tacrolimus prescribed for seborrhoeic dermatitis in a patient 
undergoing treatment with ART has been reported [15]. 

HIV/AIDS-related KS may be a disseminated disease with 
gastrointestinal and pulmonary involvement. Cutaneous KS is 
multicentric and often involves the face, oral mucosa, palate 
(Figure 31.22a) and genitalia. Lesions may be multiple, follow 
skin creases and may be grouped or linear and koebnerise 
(Figure 31.22b). Lymphoedema may eventuate [16,17]. The classic 
lesion in HIV is a purple patch, plaque or nodule, which may ulcer- 
ate; phimosis may occur [18]. There may be diagnostic difficulty 
with morphologically banal lesions in at-risk or worried individ- 
uals or with clinically atypical presentations (e.g. yellow-green 
penile plaques have been reported [19]), and the importance of 
having a high index of suspicion and taking a skin biopsy must be 
stressed. 

The differential diagnosis (Box 31.9) [20] includes naevi, histiocy- 
toma, lymphangioma [21] and granuloma annulare [22], although 
cryptococcosis [23,24], histoplasmosis [25], leishmaniasis [26,27], 
lesions due to Pneumocystis [28] and dermatophytosis [29] may 
also mimic and/or complicate KS. Candida has been found within 
KS lesions [30]. Pyogenic granuloma and bacillary angiomatosis 
masquerading as KS are important to consider and confirm or 
exclude. Pseudo-Kaposi sarcoma (acroangiodermatitis) has been 
reported in HIV [31]. The differential diagnosis of oral lesions is 
discussed in the section on the oro-pharynx in HIV later in this 
chapter and includes the other causes of mouth ulcers and tumours, 


(b) 


Figure 31.22 Kaposi sarcoma. (a) Purple nodules on the palate. (b) Multiple purple 
nodules and plaques on the back. Courtesy of Medical Illustration UK Ltd. 


candidosis, lichen planus, drug eruption and angina bullosa haem- 
orrhagica. The differential diagnosis of genital lesions includes 
psoriasis, lichen planus, lichen sclerosus, fixed drug eruption, Zoon 
balanitis and erythroplasia of Queyrat. 


Box 31.9 Differential diagnosis of Kaposi sarcoma 


e Naevus 

Angioma 
Histiocytoma 
Pyogenic granuloma 
Melanoma 

Bacillary angiomatosis 
Cryptococcosis 
Histoplasmosis 
Leishmaniasis 
Pneumocystis lesions 
Dermatophytosis 


From Bunker and Staughton 2002 [20] and other sources. 


Diagnosis is either clinical or clinicopathological. The histological 
features of KS are well described [30,32] and consist of dilated, 
irregularly shaped, vascular structures that are typically slit-like 
in a fully developed nodular lesion; epithelioid morphology has 
been described [33]. The differential diagnosis may be clarified by 
immunohistochemical techniques. 

The staging of KS takes into account tumour bulk [34-37], sys- 
temic illness and immunosuppression (Chapter 137). 

Systemic and local treatments that have been employed in 
KS are summarised in Box 31.10. ART itself is very effective for 
early-stage KS [3,35-39]. Indeed, ART has reduced the incidence 
of KS and prolongs relapse-free and overall survival in AIDS 
KS [3,35-37]. However, IRIS/IRD/IRAD-related KS occurs, and 
men with unremitting cutaneous KS have been reported despite 
ART, raising the question of immunosenescence [3,40-44]. Radio- 
therapy can cause significant adverse sequelae, for example 


Box 31.10 Treatments for Kaposi sarcoma (KS) 


Local treatment 

¢ Cryotherapy 

¢ Radiotherapy 

¢ Topical retinoids: alitretinoin [46] 

¢ Topical antivirals: cidofovir, docosanol [47] 

¢ Topical B-blockers: propranolol, timolol [48] 

e Intralesional, e.g. IFN-«, TNF-a, vinca alkaloids 
e Electrochemotherapy: bleomycin [49] 

¢ Surgery, e.g. curettage, cautery, infrared coagulation [50] 
e Laser 

¢ Photodynamic therapy [51] 

¢ Cosmetic camouflage 


Systemic treatment 

e ART 

e Isotretinoin 

¢ Cidofovir 

e Intravenous chemotherapy, e.g. anthracyclines such as liposomal 
daunorubicin, liposomal doxorubicin, bleomycin, paclitaxel, 
vincristine, etoposide [35,52] 

¢ Human chorionic gonadotrophin [53] 

e Interleukin 4 [54] 

e Imatinib mesylate (platelet-derived growth factor/c-Kit receptor 
inhibitor) [55] 

e Thalidomide, lenalidomide [56] 


Summary of current recommendations 
e Early-stage KS (TO stage): 
e ART 
¢ Consider local radiotherapy or liposomal anthracycline for rapidly 
progressing or cosmetically disfiguring disease 
e Advanced-stage KS (T1 stage): 
e ART and liposomal anthracycline 
e Anthracycline-refractory KS: 
¢ ART and paclitaxel 


From Bunker and Staughton 2002 [20], Bower and Portsmouth 2002 
[34], Gbabe et al. 2014 [35], Anglemyer et al. 2014 [36], Cesarman et al. 
2019 [37] and Bower 2014 [45]. ART, antiretroviral therapy; IFN, 
interferon; TNF, tumour necrosis factor. 
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radiodermatitis, in survivors. Systemic chemotherapy is needed 
for advanced-stage KS or those with progressive KS despite ART 
including IRIS/IRD/IRAD KS [35-37]. The future may be in vac- 
cination against KHSV and targeted therapies with monoclonal 
antibodies or kinase inhibitors [37,45]. 


Melanoma and non-melar 
cancer 


While the incidence of AIDS-defining cancers is decreasing, the inci- 
dence of non-AIDS-defining cancers (NADCs) (melanoma, Hodgkin 
lymphoma, leukaemia, and liver, respiratory, anal, oro-pharyngeal 
and prostate cancers) is increasing. It has been debated whether 
this reflects a true increase in incidence or is a consequence of 
increased surveillance, detection and reporting [1-6]: in the USA it 
seems to be driven by an increase in the size of the HIV-infected 
population and ageing [7]. Primary skin malignancies constitute the 
most frequent NADCs among HIV-positive people [8]. HIV/AIDS 
patients have a 2-5-fold risk of developing a non-melanoma skin 
cancer (NMSC); the relative risk of NMSC in PLWH is not as high 
as in solid organ transplant patients and the ratio of SCC to basal 
cell carcinoma (BCC) in HIV-infected individuals is 1 : 7, com- 
pared with 1.8 : 1 in renal transplant patients [1,9,10]. Intriguingly 
African Americans with HIV have an increased risk of SCC [11]. 
Melanoma is probably c.2.5 times more common, although one 
UK study has found a decreased incidence and others no associ- 
ation [1,2,5,8,12-15,16]. Anal cancer has been increasing since the 
introduction of ART [2] and is the fourth most common cancer 
in MSM [17]. Penile cancer is 5-6 times commoner, despite ART. 
Recreational ultraviolet exposure is possibly more important in 
the causation of NMSC than immunosuppression, although a low 
CD4 count nadir confers an increased risk of developing SCC 
[1,18,19,20]. The role of HPV in ano-genital and oral cancer, epi- 
dermoplasia verruciformis and nail unit SCC is established. It has 
been suggested that all HPV-associated cancers should be included 
as AIDS-defining illnesses [21] but HPV is unlikely (although 
controversial) to be pathogenic in most cutaneous HIV-associated 
SCC [1,3,9,22,23]. Genital ulceration due to donovanosis has been 
reported to progress to SCC [24]. Long-term voriconazole therapy 
has been associated with multiple SCCs [25]. 

Clinically, actinic keratoses are very common; atypicality should 
prompt more vigorous assessment and more aggressive treatment. 
Bowen disease and SCC may present atypically, at a younger age, 
at unusual sites (e.g. the digit and nail fold, where diverse high-risk 
oncogenic HPV types may be implicated [26,27]) and be multi- 
focal, extravagant and aggressive with a high risk of recurrence 
and metastasis and a high mortality (Figure 31.23) [9,23,28-37]. 
BCC presents at a younger age, it may be multiple and eruptive 
and is commonly of the superficial type. Aggressive, infiltrative, 
infundibulocystic, micronodular, neurotropic and morpheiform 
histological variants and even metastatic BCC have been reported. 
Generally, BCC was not thought to behave more aggressively clin- 
ically in the HIV-infected population, but increasingly high rates 
of recurrence are being reported [9,34,35,38-42]. As with SCC this 
does not seem to be related so much to immunosuppression as 
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Figure 31.23 Squamous carcinoma. (a) Ulcerated nodule on the right upper eyelid. 
(b) Metastatic zosteriform ulceration of the left axilla and chest. Courtesy of Medical 
Illustration UK Ltd. 


to ultraviolet exposure, but has implications for treatment and 
follow-up [33]. Porokeratosis is associated with immunosuppres- 
sion, sun damage and HIV [43]. Ano-genital squamous cancer and 
precancer and their relationship to HPV and HIV are discussed here 
and in Chapters 109, 110 and 111 [8,44,45]. 

Melanoma may present atypically, appearing as ‘normal naevi’ 
or ‘benign macules’ or multiple ‘naevoid lesions’ (Figure 31.24) 
and may behave more aggressively with decreased disease-free 
and overall survival rates [16]. Low CD4 counts indicate a poorer 


Figure 31.24 Melanoma: 2-month history of rapidly growing amelanotic nodule on the 
left arm; Breslow thickness >10 mm. Courtesy of Medical Illustration UK Ltd. 


prognosis although the Breslow thickness is unrelated to the CD4 
count at presentation [9,46-49]. 

Conventional treatment protocols should be followed for the man- 
agement of BCC, SCC and melanoma in HIV practice; conventional 
Mohs micrographic surgery should not be regarded as contraindi- 
cated [50]. However, mindful of the potential aggressivity of SCC 
and melanoma, assiduous attention to local excisional margin con- 
trol, more extensive investigation for regional or disseminated dis- 
ease, and closer follow-up in patients with SCC and melanoma are 
advocated [16,48,51]. The specific place for deployment of immune 
checkpoint-based immunotherapy of melanoma in PLWH is under 
evaluation [16]. BCC and SCC have been reported to remit with ART 
[52,53]. Topical imiquimod has been used for treatment of BCC in 
HIV [54] and is useful for the common scenario of multifocal super- 
ficial BCCs. Vismodegib has been used safely in HIV [55]. 

Patients receiving ART and therefore surviving HIV longer, even 
for a natural lifespan, need to be counselled about sun avoidance [1] 
and have careful dermatological evaluation and follow-up, includ- 
ing of the ano-genital skin and mucosa and of the oro-pharynx. 
Patients with a history of severe immunosuppression (CD4 count of 
<200 x 10°/L) or those with prior NMSCs (or both) should be seen 
annually [1]. All new or changing skin lesions should be evaluated 
assiduously, with a low threshold for biopsy. More widespread 
HPV vaccination offers a promising preventative tactic [56]. 


Lymphoma 


A wide spectrum of involvement of the skin with lymphoma is seen 
in HIV/AIDS [1]. Non-Hodgkin B-cell lymphomas are common in 
HIV [2] and can cause skin lesions [3-5]. The majority of lymphomas 
are monomorphic, but some polymorphic types may be seen as 
in post-transplant patients [6]. Burkitt lymphoma is one of the 
most common non-Hodgkin lymphomas in HIV-infected patients, 
associated with EBV in about half of cases; skin involvement might 
be with disseminated or solitary lesions [7]. The very rare primary 
cutaneous B-cell lymphoma-leg type presenting as a painful leg 


ulcer in HIV has been reported in a young adult male with HIV 
[8]. Intravascular lymphomatosis may be associated with HIV and 
involve the skin, for instance with telangiectatic, indurated, slightly 
red plaques on the trunk [9]. Primary cutaneous presentation 
of extracavitary primary effusion lymphoma is exceedingly rare, 
but a panniculitis like-presentation has been reported in HIV [10]. 

Plasmablastic lymphoma is a rare, EBV-associated variant of 
diffuse large-cell lymphoma that often involves the oral cavity in 
HIV-positive patients but can affect the skin. It is usually refractory 
to treatment but may be self-healing [11-15]. EBV-positive mucocu- 
taneous lymphoproliferative lesions have been described affecting 
the oro-pharynx, skin and rectal and/or genital mucosa, which 
broadens the concept of EBV-positive mucocutaneous ulcer [16]. 
HHV-8 can be associated with solid lymphomas [17]. 

The relationship of Hodgkin disease to HIV has been con- 
troversial [3,18,19]; several hundred cases have been reported. 
HIV-associated Hodgkin disease differs from non-HIV-associated 
disease by manifesting ‘B’ symptoms more commonly, a more 
advanced stage at presentation, extranodal disease, a higher inci- 
dence of EBV in affected tissue, predominant mixed cellularity and 
lymphocyte-depleted histologies, a less complete response rate, a 
higher relapse rate and a significantly shortened median survival 
[18]. It can manifest as a panniculitis [20]. Multiple myelomas have 
presented in the skin with primary cutaneous plasmacytomas [21]. 
Chloroma (granulocytic sarcoma) has also been reported [22]. 

Cutaneous T-cell lymphoma (mycosis fungoides and Sézary 
syndrome) may be associated with HIV/AIDS [23-25]. A case of 
cutaneous extranodal natural killer/T-cell lymphoma mimicking 
cellulitis has been described [26]. Subcutaneous panniculitis-like 
T-cell lymphoma has been reported [27]. A 61-year-old Haitian male 
with HIV on ART presented with waxing and waning, multiple, 
painful pink papules on his distal fingers and back for more than a 
year. Adult T-cell lymphoma/leukemia (ATLL) due to HTLV-1 was 
diagnosed on biopsy and further investigations [28]. HTLV-1 and 
HIV-1 are frequent co-pathogens; however, despite its potential for 
accelerated progression of HIV disease and the risk of developing 
ATLL, HTLV-1 is seldom considered and sought in the HIV-1 
positive individual [29]. 

Multicentric Castleman disease is discussed in Chapter 25 [30-33]. 
It is frequently associated with HHV-8, especially in HIV. Optimal 
treatment has not been established. Rituximab may confer survival 
benefit for HHV-8-associated disease, but it is related to exacerba- 
tions of KS [34]. 

The rare HIV-associated atypical cutaneous lymphoprolifera- 
tive disorder (ACLD) is an itchy, generalised eruption of patches, 
plaques or erythroderma, and is clinically suggestive of mycosis 
fungoides or Sézary syndrome. A polyclonal CD8+ T-cell infil- 
trate on biopsy is seen: the condition usually responds to ART 
[35]. HIV-associated cutaneous pseudolymphoma presents with 
intensely pruritic, extensive, infiltrative skin involvement, alope- 
cia universalis, weight loss and eosinophilia; it also responds to 
ART [36]. 

Lymphomatoid papulosis has been described [37,38], as has 
lymphomatoid granulomatosis, which is a rare EBV-associated 
lymphoproliferative disease [39]. Cutaneous mucinoses, ACLD and 
CD8+ pseudolymphomas are listed in Chapter 35. 
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Dermatological manifestations of HIV infection 


Other neoplasms -— Fs 


The benign and malignant skin neoplasms that have been reported 
in association with HIV are listed in Box 31.11 [1-45]. 


Box 31.11 Benign and malignant cutaneous 
neoplasms reported in association with HIV 


Common or classic associations 
¢ Kaposi sarcoma 

e Actinic keratosis 

¢ Basal cell carcinoma 

e Squamous carcinoma 

e Melanoma 

¢ Lymphoma 

Rare or speculative associations 

e Eruptive seborrhoeic keratoses (Leser-Trélat) [1] 

e Eruptive dysplastic naevi [2,3] 

¢ Histiocytoma/dermatofibroma: solitary, multiple and eruptive; 
exclude leishmaniasis [4-8] 

Xanthomas [9-12] 

Porokeratosis of Mibelli [13,14] 

Pilomatrixoma (in association with myotonic dystrophy) [15] 
Trichodysplasia spinulosa (and variants; and associated with HIV 
follicular syndrome) [16-18] 

Facial miliary osteoma [19] 

Lipomas and angiolipomas (with protease inhibitors) [20] 
Acquired progressive lymphangioma [21] 

Neurofibromatosis [22] 

Metastatic tufted angioma [23] 

Leiomyoma, angioleiomyoma, leiomyosarcoma (including 
Epstein-Barr virus-associated) [24-28] 

¢ Multiple low-grade fibroblastic sarcomas with epidermodysplasia 
verruciformis [29] 

Atypical fibroxanthoma [30]/pleomorphic dermal sarcoma [31] 
Dermatofibrosarcoma protuberans [32] 

Sebaceous carcinoma [33] 

Pilomatrical carcinoma [34] 

Porocarcinoma [35] 

Extramammary Paget disease [36] 

Merkel cell carcinoma [37-43] 

Cutaneous metastases (lung cancer) [44,45] 


SPECIAL SITUATIONS 


Hair and nails 


The abnormalities of hair and nails associated with HIV infec- 
tion and their treatments are listed in Box 31.12, Figure 31.25 and 
Table 31.7 [1-6] (Chapters 87 and 93). Acquired trichomegaly of 
the eyelashes may be a marker of advanced HIV infection [5,7]. A 
striking case of kwashiorkor with hair and nail changes has been 
documented [8]. 

Up to 70% of HIV-infected individuals can have nail changes [2]. 
Up to 36% may have clubbing [9]. Grey nails and distal banded nails 
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are associated with low CD4 counts of <200 x 10°/L and these signs 
have been suggested as a low-cost way of identifying patients need- 
ing ART but their sensitivity is low [10]. Onychomycosis is usually 
due to Trichophyton rubrum or uncommon Candida species [2]. Some 
African patients with the yellow nail syndrome [11] have AIDS 
and tuberculous pleural effusion or pneumonia; the yellow nail 
syndrome is a recognised association of chronic pulmonary disease. 
Paronychia and ingrown toenails are particular complications of 
indinavir (IDV, IND), and probably not lamivudine, as had been 
suggested [12,13]. 


Box 31.12 Abnormalities of the hair and nails in 
HIV infection 


Hair 

e Patchy and diffuse alopecia/telogen effluvium [14] 
e Fine hair 

e Eyelash trichomegaly [7] 

e Alopecia (non-specific) 

e Alopecia areata (Figure 31.25) and universalis [15] 
e Lichen planopilaris [16] 

Nails 

¢ Clubbing [9] 

e Half and half nails 

Transverse (Beau) lines 
Longitudinal ridging 

Distal banding [10] 

Loss of the lunula 

Leukonychia 

Grey nails [10] 

Blue nails [17] 

Longitudinal melanonychia 
Yellow nail syndrome [11] 
Periungual erythema [18] 
Onycholysis and onychoschizia 
Onychomycosis 


From Prose et al. 1992 [1], Cribier et al. 1998 [2], Bunker and Staughton 
2002 [3], Ward et al. 2002 [4], Mirmirani et al. 2003 [5] and Shear 2021 [6]. 


Oro-pharynx 


Many oral manifestations have been reported in acute HIV infection 
and seroconversion [1]. Transient intraoral redness, erosions and 
ulcers and candidosis are all described. Xerostomia is common. HIV 
infection must be excluded in the differential diagnosis of Sjogren 
syndrome [2]. Salivary gland swelling is frequently seen in children 
but less so in adults infected with HIV [3]. 

Oral symptoms and signs are common in established HIV infec- 
tion; their presence may be an indicator of HIV disease severity [4]. 
Smoking and alcohol ingestion contribute to the morbidity [1,5]. 
Oral hyperpigmentation is a sign of low CD4 counts (<200 x 10°/L) 
and has been proposed as an indication of eligibility for ART but it 
may not be sensitive enough for this purpose [6]. Distressing mouth 
ulceration occurs frequently. The differential diagnosis includes 


Figure 31.25 Alopecia areata. Courtesy of Medical Illustration UK Ltd. 


malignancy (KS and lymphoma), HSV, CMV, fungal infections, 
Behcet disease, drug-induced ulceration (e.g. didanosine (ddl, 
DDI)) and idiopathic aphthous ulceration. Thalidomide has proved 
useful for the last of these [7] at a dose of 100 mg nightly for 2 weeks 
followed by maintenance therapy of 100 mg every 5 days, with 
monitoring to avoid peripheral neuropathy [8]; however, ART is 
also effective [9]. 

Oral candidosis is very common in HIV-positive individuals and 
almost universal in AIDS. The extent and persistence of the disease 
are responsible for much morbidity in patients with HIV and AIDS. 
Sometimes the entire oro-pharynx, larynx and oesophagus may be 
involved, but mild forms with just angular cheilitis and/or focal 
red or white patches on the oral mucosa, palate or tongue are also 
seen [1,4,5,10,11]. 

Severe periodontal disease is also not unusual [1,4,5]. Gangrenous 
stomatitis, due to opportunistic anaerobic organisms and Candida, 
Pseudomonas and Staphylococcus, causes severely symptomatic 
perioral ulceration complicated by pain, bleeding and inability to 
feed [12]. Necrotising ulcerative stomatitis with histology resem- 
bling extranodal Kikuchi disease [13] has also been described, 
as has cancrum oris (noma) [14,15]. Hairy leukoplakia is a new 
clinical entity that has emerged during the HIV epidemic and is 
probably associated with EBV infection [1,3,4,5]. It is particularly 
important because it is an early specific sign of HIV infection, with 
the sinister implication that if untreated 75% of patients developed 
AIDS within 2-3 years. It is much commoner in African Ameri- 
can than white PLWH [16]. It is usually asymptomatic, although 
patients have often noticed the appearance of a roughened patch 
along the lateral margin of the tongue (Figure 31.26). To the patient 
it may feel rough and to the physician it may look craggy but it 
is not truly ‘hairy’. Other intraoral sites have been reported. The 
differential diagnosis includes trauma, Candida, leukoplakia, lichen 
planus and white sponge naevus. Hairy leukoplakia has not yet 
been shown to involve other mucosal or extramucosal sites. White 
sponge naevus may be familial and may occur on the tongue. 
Intriguingly, oral hairy leukoplakia and oral warts rarely coexist 
[17]. Biopsy may be necessary. Hairy leukoplakia is now known 
to occur in other immunocompromised people and has even been 
reported in healthy individuals. Treatment options include topical 


Table 31.7 Abnormalities of the hair and nails due to drugs in HIV infection. 


Drug 


Dermatological manifestations of HIV infection 


Abnormality 


Drugs affecting the hair 
Zidovudine (AZT, ZDV) 


Atazanavir (ATV), delaviridine (DLV), didanosine (ddl, DDI), efavirenz (EFZ), indinavir (IDV, IND), lamivudine (3TC), lopinavir (LPV), ritonavir 


Eyelash hypertrichosis 
Alopecia (non-specific) 


(RTY, RIT, /r), saquinavir (SQV, SAQ), stavudine (d4T), zalcitabine (ddC, DDC), zidovudine (AZT, ZDV) [19-22] 


ART 
Indinavir (IDV, IND) [23] 


Drugs affecting the nails 

Zidovudine (AZT, ZDV), indinavir (IDV, IND) [23] 
Zidovudine (AZT, ZDV) [24], doxorubicin [25] 
Hydroxyurea [26,27] 


Indinavir (IDV, IND), ritonavir (RTV, RIT, /r), zidovudine (AZT, ZDV); lamivudine (3TC) (disputed and rare) [12,13] 


Indinavir (IDV, IND) 
Delaviridine (DLV)? 


Curly hair 
Pigmentation 


Pigmentation 

Longitudinal melanonychia 
elanonychia 

Paronychia/pyogenic granuloma 

Onychocryptosis (ingrown nail) 

ot specified 


From Prose et a/. 1992 [1], Cribier et a/. 1998 [2], Bunker and Staughton 2002 [3], Ward et a/. 2002 [4] and Shear 2021 [6]. 


4 No longer available. 


Figure 31.26 Hairy leukoplakia. Courtesy of Media Resources UCL Trust. 


podophyllin, topical retinoids, topical gentian violet, cryotherapy, 
surgical excision, oral aciclovir, valciclovir and famciclovir [18,19], 
but it responds to ART. 

HSV infection is common in and around the mouth. Painful, 
red, eroded lesions are characteristic and the extent and chronic- 
ity, or frequency of recurrences, cause much debility [20]. CMV 
may present similarly. A nodular form of intraoral HSV has been 
described in the context of IRIS/IRD/IRAD [21]. 

Just over 1% of HIV-infected individuals have oral HPV infection 
[3]. An increased number of benign HPV-related oral lesions are 
seen in HIV patients on ART and may be related to the longer 
life expectancy of individuals with an impaired immune system 
rather than a direct effect of ART [22]. However, there has been a 
dramatic increase in oncogenic HPV oro-pharyngeal carcinomas 
and they occur in a younger group of patients compared with the 
classic smoking- and alcohol-related cancers. HPV transmission 
is through high levels of oral sexual practice. Tumours arise deep 
within tonsillar crypts or at the base of the tongue and so can be 
difficult to detect clinically. Nodal involvement is early [23-25]. 


All HIV patients under follow-up should have their oral cavity 
examined regularly. 

KS occurs frequently in the mouth, often in the palate. It appears 
as red patches, plaques or nodules (see Figure 31.22a). The early red 
lesions may be mistaken for HSV or Candida. The differential diag- 
nosis also includes the other causes of mouth ulcers and tumours, 
lichen planus, drug eruptions and angina bullosa haemorrhagica. 

Other problems that can affect the oral cavity include petechiae 
due to thrombocytopenia [3], tuberculosis [26], disseminated histo- 
plasmosis [27,28], sporotrichosis [22,29], paracoccidioidomycosis 
(40%) [24,30,31], myiasis [32], hyperpigmentation and oral and labial 
melanotic macules [3,33], primary amyloidosis [34], lymphoma 
(for example plasmablastic lymphoma [36] and EBV-associated 
mucosal ulcer and lymphoproliferative lesions [37]) and other rare 
malignancies such as Merkel cell carcinoma, salivary lymphoep- 
ithelial carcinoma, naso-pharygeal carcinoma and EBV-related SCC 
[25], and the side effects of radiotherapy and drugs (Table 31.8) 
[3,37-40]. Cheilitis, mouth ulceration and xerostomia are the com- 
monest side effects. Cheilitis (Figure 31.27) is thought to be a 
common consequence of protease inhibitors but is mainly asso- 
ciated with indinavir (IDV, IND), ritonavir (RTV, RIT, /r) and 
saquinavir (SQV, SAQ). 


Ano-genital 


Ano-genital disorders are discussed in detail in Chapter 111. Sexu- 
ally acquired infections in PLWH are discussed earlier in this chapter 
and in Chapters 29 and 30. 

Balanoposthitis, proctitis, piles, perianal ulceration, abscess, 
fissure and fistula are prevalent in homosexual men and in HIV 
infection [1-4]. In the US in-patient population, a firm associa- 
tion between AIDS and hidradenitis suppurativa has now been 
established [5]. HIV is a risk factor for Fournier gangrene [6]. 

HIV-positive MSM have a high risk for HPV-induced condylo- 
mata, premalignant ano-genital lesions and ano-genital cancers. 
Screening for HPV-induced dysplasia is held to be crucial to avoid 
progression to invasive carcinomas [7,8] although there is no 
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Table 31.8 Oral side effects of drugs and radiotherapy given for HIV infection.? 


Drug Oral side effect 

Abacavir (ABC) Oral ulceration, perioral paraesthesia 
Amprenavir (APV)P Dysgeusia, perioral paraesthesia 
Atazanavir (ATV) Oral ulceration, dysgeusia 


Delaviridine (DLV)® 

Didanosine (ddl, DDI) 

Doxorubicin 

Efavirenz (EFV) 

Enfuvirtide (ENF, T20) 

Etravine (ETR) 

Fosamprenavir (FPV, prodrug of amprenavir) 


Xerostomia 
Xerostomia, dysgeusia 
Xerostomia, stomatitis 


Oral ulceration, xerostomia, gingivitis, stomatitis, sialorrhoea, lingual oedema, dysgeusia 
Oral ulceration, dysgeusia, xerostomia 
Lingual hyperpigmentation 


Dysgeusia, perioral paraesthesia 


Foscarnet Oral ulceration 
Hydroxyurea Oral pigmentation 
ndinavir (IDV, IND) Cheilitis, xerostomia, oral ulceration, dysgeusia, gingivitis 
nterferon (IFN) Oral ulceration 
Lopinavir (LPV) Oral ulceration, xerostomia, gingivitis, sialadenitis 
araviroc (MVC) Stomatitis 
elfinavir (NFV) Oral ulceration, perioral paraesthesia 
evirapine (NVP) Oral ulceration, gingivitis 
Ritonavir (RTV, RIT, /r) Cheilitis, oral ulceration, xerostomia, gingivitis, ageusia and dysgeusia, perioral paraesthesia and pain, oral candidosis 
Saquinavir (SQV, SAQ) Oral ulceration, gingivitis, glossitis, stomatitis, perioral paraesthesia 
Zalcitabine (ddC, DDC)® Oral ulceration, xerostomia, ageusia and dysgeusia, gingivitis, stomatitis, glossitis, glossodynia 
Zidovudine (AZT, ZDV) Oral ulceration, oral pigmentation, dysgeusia, lichenoid eruption, gingivitis 


From Schiodt 1997 [3], Moyle and Gazzard 2002a, 2002b [37,38], Abbasi and Wang 2008 [39] and Shear 2021 [40]. 


@ Drugs without reported oral side effects are omitted from the table. 
© No longer available. 


Figure 31.27 Cheilitis caused by indinavir (IDV, INR). Courtesy of Imperial College 
School of Medicine. 


evidence that treating anal intraepithelial neoplasia prevents anal 
cancer [9]. Nevertheless, anal intraepithelial neoplasia and anal 
cancer remain common in MSM/PLWH despite awareness and 
screening and ART [10,11]. A high index of suspicion is necessary. 
A history of pain or bleeding should elicit careful examination; 
anoscopy, cytology and HPV typing have their places. HPV vacci- 
nation has increasingly been extended to high-risk populations and 
may be deployed as a treatment [12,13]. 

Miscellaneous conditions affecting the ano-genital area in PLWH 
include genito-gluteal porokeratosis [14] and EBV mucocutaneous 
ulcer [15]. 


Women 


Women and children represent the fastest growing subpopula- 
tions of HIV-infected patients in the developed world. Women are 
more susceptible than men to the acquisition of HIV and often 
sustain more damage to their health from the disease [1]. There are 
few significant differences in dermatological morbidity between 
HIV-infected men and women save that women have less KS 
and oral manifestations including hairy leukoplakia and possibly 
onychomycosis, and that mollusca may appear earlier in women 
[2,3]. Eosinophilic folliculitis is held to be very rare in women [4]; 
it predominantly affects the face and mimics acne excoriée [5]. 
Antibiotics such as nitrofurantoin given during pregnancy may 
be more risky for Stevens-Johnson syndrome [6]. Thrombotic 
thrombocytopenic purpura may complicate pregnancy [7], but 
pregnancy does not generally seem to affect the occurrence of 
HIV-associated dermatoses [8]. For example, KS may regress or 
disseminate and be associated with IRIS/IRD/IRAD in preg- 
nancy [9,10]. Cutaneous manifestations in HIV-infected women are 
improved by ART [11]. 


Children 


Paediatric HIV infection is increasing in incidence but shows 
differences compared with adults. Vertical transmission from an 
infected mother is the usual mode of infection. There is a chal- 
lenging and broad differential diagnosis of immunosuppression in 
children (Box 31.13) [1]; all of these conditions may have cutaneous 
manifestations. 


Box 31.13 Differential diagnosis of childhood 
immunosuppression 


e Di George syndrome 
Ataxia-telangiectasia 
Wiskott—Aldrich syndrome 
Agammaglobulinaemias 

T-cell and B-cell immunodeficiencies 
Malnutrition 

Malignancy 

Congenital infections 

Iatrogenic immunosuppression 
Graft-versus-host disease 


Dermatological disease is common in children with HIV/AIDS 
[2-6]. Concomitant infection and malnutrition are important con- 
founders [6]. Oral candidosis may affect up to one-third [5]. Atopic 
eczema is controversial; previously thought to be commoner, one 
study showed no increase in the prevalence of atopy in perinatally 
HIV-infected children compared with the general population [7]. 
Unclassified eczematous eruptions are certainly seen. An eruption 
resembling seborrhoeic dermatitis has been described. Widespread 
napkin dermatitis can occur. The pruritic papular eruption is 
common and, as in adults, so are drug eruptions. HIV can present 
with very high IgE levels [8]. 

Approximately 9% of children with HIV globally are colonised 
with MRSA (compared with about 1-3% of the normal popula- 
tion [9]). About half of children with advanced HIV disease can 
be expected to suffer a serious bacterial infection and 20% of these 
involve the skin. The commonest organism is Staphylococcus aureus 
and the usual clinical patterns are of cellulitis, impetigo, folliculitis 
and abscess formation; a persistent staphylococcal folliculitis may 
also be seen. Scrofuloderma seems to be the exclusive manifestation 
of cutaneous tuberculosis in HIV coinfected children in Ethiopia 
[10]. The risk of disseminated bacillus Calmette-Guérin infection 
is much higher in HIV-infected children than in the immunocom- 
petent child [11]. The most common fungal infection is candidosis 
(c.75%). Dermatophyte infection is frequently encountered (tinea 
capitis, tinea corporis, onychomycosis). HSV infection of the skin 
and mucosae is common and may be very serious and chronic; like- 
wise disseminated zoster infection [5]. Paediatric exanthematous 
diseases such as measles may behave atypically and with more 
complications [12]. Persistent verrucous varicella in a 3-year-old 
girl has been described as the first manifestation of HIV infection 
[13]. In HIV infection, molluscum lesions have a predilection for 
the face rather than the trunk. In a study of adolescent, vertically 
infected HIV children from Zimbabwe, Lowe et al. have reported 
a high prevalence of skin conditions, especially PPE (42%) and 
extensive epidermodysplasia verruciformis-like plane warts (24%) 
[14]. Epidermodysplasia verruciformis is an acquired HPV (types 
1, 2, 5, 6, 16 and 52) related dermatosis and is disfiguring and 
stigmatising and unresponsive to ART, as in adults [15]. 

Juvenile dermatomyositis and systemic sclerosis have been 
reported [16,17]. 

KS in children has been rare (about 5%) but may be increasing in 
Africa [18]. It often affects other organs, with sparing of the skin. 
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The clinical presentation in children is commonly with oro-palatal 
and inguino-scrotal disease [18]. EBV-associated smooth muscle 
tumours and non-Hodgkin and other lymphomas are other com- 
mon tumours in children with HIV, and cutaneous involvement can 
occur [6,19,20]. 

There have been reports of skin changes compatible with pellagra, 
scurvy and acquired zinc deficiency (acrodermatitis enteropath- 
ica), attributed to malnutrition and malabsorption associated with 
chronic infectious diarrhoea caused by opportunistic organisms 
[6,21]. Cancrum oris (noma) is seen in malnourished HIV-infected 
children [22]. 

Drug eruptions are common, as in adults [6]. ART-associated 
lipohypertrophy is rare; lipoatrophy is associated with a raised 
serum C-reactive protein [23]. Non-specific findings in paediatric 
HIV practice include exanthematous rashes and cutis marmorata 
or livedo appearance [24], cold urticaria and idiopathic urticaria, 
long eyelashes requiring frequent trimming, patchy alopecia (com- 
mon), erythema dyschromicum perstans (ashy dermatosis) and 
pyoderma gangrenosum [25]. Children infected with HIV are at 
risk of abuse [4]. Cutaneous manifestations in HIV-infected children 
improve with ART [26] but treatment is not without morbidity, as in 
adults (see Tables 31.5, 31.6 and 31.8). Paediatric IRIS/IRD/IRAD 
affects about 5-20% and can have appreciable mortality, with the 
incidence higher and severity worse in resource-poor settings 
[27,28]. 


Haemophilia 


Atopic eczema (in children), seborrhoeic dermatitis, candidosis, 
dermatophyte infection and folliculitis occur with increased preva- 
lence in HIV-positive compared with HIV-negative people with 
haemophilia. These conditions may develop earlier in infected 
haemophiliacs than in MSM [1,2]. 


Intravenous drug use 


Drug abusers may have severe ecthyma and abscesses complicat- 
ing injection sites but there is often concomitant malnutrition and 
liver disease [1]. Oral candidosis and seborrhoeic dermatitis are 
the most common presentations; KS and oral hairy leukoplakia 
are rare [2]. MRSA is an increasing problem. Reynaud-Mendel 
et al. [3] found that genital warts were commoner in HIV-infected 
intravenous drug users than in male homosexuals. Tuberculous 
lymphadenitis has been said to be a characteristic manifestation in 
intravenous drug users coinfected with tuberculosis [4]. 


IRIS/IRD/IRAD 


The immunopathology is discussed earlier. Approximately half of 
all IRIS/IRD/IRAD events are dermatological [1,2,3]. Reported der- 
matological IRADs are listed in Box 31.14, Figures 31.28 and 31.29. 
Treatment is disease-specific but incorporates topical and systemic 
immunosuppression. 
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Figure 31.28 Herpes simplex immune restoration disease: chronic erosions on the 
penis. Courtesy of Medical Illustration UK Ltd. 


Figure 31.29 Cytomegalovirus immune restoration disease: necrotising impetiginised 
ulcer on the left ear. Courtesy of Imperial College School of Medicine. 


Box 31.14 Dermatological manifestations of 
IRIS/IRD/IRAD 


Human herpesviruses 

e HSV-1 and -2: chronic oro-nasal and ano-genital disease 
(Figure 31.28) [4,5] 

e Varicella-zoster virus (HHV-3) 

e Epstein-Barr virus (HHV-4): hairy leukoplakia [6] 

¢ Cytomegalovirus (HHV-6): acute multifocal cutaneous ulceration 
(Figure 31.29) [7], retinitis [8] 

¢ Kaposi sarcoma herpesvirus (HHV-8) [9,10] 


Other viruses 

e HPV [11-13]: warts, oral warts, inflammation of existing warts, 
condyloma overgrowth 

e Mollusca [14-16] 


Bacteria 
¢ Bacillary angiomatosis [17,18] 
¢ Secondary syphilis [19] 


Mycobacteria [20] 

e Tuberculosis [21] 

e Atypical mycobacterial infections [22,23] 
¢ Leprosy [8,24—26] 


Fungi 

¢ Candidosis [6] 

e Pityriasis versicolor [25,27] 
¢ Tinea corporis [28] 

¢ Cryptococcosis [29,30] 
¢ Histoplasmosis 

e Penicilliosis [31,32] 

¢ Sporotrichosis [33,34 

e Leishmaniasis [27,35,36] 
¢ Strongyloidiasis [37] 

e Crusted scabies [38] 


Inflammatory reactions related to infective agents 

¢ ‘Immune recovery folliculitis’ — ?re-emergent hypersensitivity to 
Demodex and Malassezia [39-42] 

¢ Severe seborrhoeic dermatitis — ?7hypersensitivity to Malassezia [43] 

e Alopecia 

e Jarisch-Herxheimer reaction [18] 


Idiopathic inflammatory reactions 

¢ Photosensitivity [14] 

¢ Papular pruritic eruption [25,44] 

¢ Eosinophilic folliculitis [44-47] 

¢ Sweet syndrome [47,48] 

e Lupus erythematosus [49] 

¢ Reactive arthritis 

e Sarcoid [50,51] 

¢ Granulomatous reactions to tattoos, foreign bodies and tribal 
medicines [52-54] 

¢ Progressive supravenous granulomatous reaction [55] 

e Alopecia universalis associated with Graves disease [37,56] 

¢ Vitiligo and repigmentation of vitiligo [57,58] 

e Acne vulgaris/rosacea [59,60] 

¢ Relapsing polychondritis [61] 

¢ Thrombophlebitis [62] 


a Key references 31.39 


Management 
e Mid-dermal elastolysis [63] 16 British HIV Association (BHIVA). Current Guidelines. https://www.bhiva.org/ 
¢ Oral ulceration [6] guidelines (last accessed February 2023). 
Tumours Dermatological manifestations of HIV infection 
¢ Kaposi sarcoma (see HHV-8 above) [64] Pruritus, xerosis, ichthyosis and prurigo 
¢ Non-Hodgkin lymphoma [64] 4 Coates SJ, Leslie KS. What’s new in HIV dermatology? F1000Res 2019;8:F1000 
e Skin cancer (squamous cell carcinoma) progression [65] Faculty Rev-980. 
Miscellaneous Inflammatory dermatoses 
e Eruptive dermatofibroma Atopic eczema 
e Eruptive naevi [66] 7 Coates SJ, Leslie KS. What’s new in HIV dermatology? F1000Res 2019;8:F1000  [*.) 
¢ Dyshidrosis Faculty Rev-980. Ww 
¢ Pseudoepitheliomatous hyperplasia [67] awn 
Psoriasis ° 2 
From Meys et al. 2010 [1] and Lehloenya and Meintjes 2006 [3]. HHV, 2 Coates SJ, Leslie KS. What’s new in HIV dermatology? F1000Res 2019;8:F1000 [Uma je] 
human herpesvirus; HPV, human papillomavirus; HSV, herpes simplex Faculty Rev-980. a Ee 
virus. LL 
Drug reactions < Ww) 
105 Shear NH. Litt’s Drug Eruption and Reference Manual, 27th edn. Oxford: CRC Press, . Lr 
2021, eo 
pee 
ce 
Neoplasms 4 
Key references Melanoma and non-melanoma skin cancer 3 
16 Facciola A, Venanzi Rullo E, Ceccarelli M et al. Malignant melanoma in HIV: 
The full list of references can be found in the online version at epidemiology, pathogenesis, and management. Dermatol Ther 2020;33:e13180. 


19 Asgari MM, Ray GT, Quesenberry CP Jr et al. Association of multiple primary 
skin cancers with human immunodeficiency virus infection, CD4 count, and viral 
load. JAMA Dermatol 2017;153:892-6. 
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HIV infection and AIDS 
Epidemiology 

7 Be in the Know. Data. https://www.beintheknow.org/understanding-hiv- 
epidemic/data (last accessed February 2023). 

8 Public Health England (PHE). Progress Towards Ending the HIV Epidemic in the 
United Kingdom. 2018 Report. London: PHE, 2018. https://assets.publishing 
.service.gov.uk/government/uploads/system/uploads/attachment_data/ 
file/821273 /Progress_towards_ending_the_HIV_epidemic_in_the_UK.pdf (last 
accessed February 2023). 
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Introduction 


Fungal infections or mycoses are common diseases. With the ease 
of worldwide travel, mycoses that were previously regarded as 
geographically limited can now be seen in any part of the world. 
Furthermore, in recent years the number of fungi recognised as 
human pathogens has risen, caused partly by an increasing pop- 
ulation of immunocompromised patients as well as advances in 
molecular diagnosis. Fungi that were considered non-pathogenic 
are now being recovered as opportunistic pathogens. The routine 
identification of the majority of pathogenic fungi still relies on the 
direct observation of their morphology and this requires a knowl- 
edge of some of the fundamental features of fungal classification 
and structure, although increasing nunbers of laboratories are now 
using molecular identification methods. Over the last 20 years, a 
precise and complex terminology has been developed to describe 
the characteristic morphological features that may be observed 
[1,2-4] and an outline knowledge of this is useful in order to appre- 
ciate the often subtle differences that distinguish fungal pathogens 
(see the glossary at the end of the chapter). 

Fungi are ubiquitous, capable of colonising almost any environ- 
ment, and generally play an invaluable part in the decomposition 
and recycling of organic matter as well as playing a key role in 
plant nutrition. Fungi represent a distinct kingdom, and certain 
features of their metabolism, such as the pathway of lysine syn- 
thesis, are quite different from those found in bacteria and plants. 
With the use of molecular techniques, it is now recognised that the 
organisms originally included in this kingdom of Fungi contain at 
least three phylogenetically distinct groups, and some phyla have 
now been reclassified in the kingdoms Protozoa and Chromista. 
Almost all the fungi previously regarded as human pathogens, 
however, remain in the reclassified Fungi [5]. They have probably 
evolved from protozoan ancestors, and the kingdom Fungi is now 
believed to have originated before the separation of Animalia and 
Plantae. All fungi are heterotrophic and must exist as saprophytes 
or parasites. However, relatively few of the estimated quarter of a 
million species are pathogens of humans or other warm-blooded 
animals. The vast majority exist purely as saprophytes, commensals 
or plant parasites and, even among the few that do cause human 
disease, many have a well-established saprophytic or plant parasitic 
life cycle in which human infection has no role. At the beginning of 
this chapter, the principles and basic methods of medical mycology 
are described; subsequently, the sections describing the different 


groups of mycoses (superficial, subcutaneous and systemic) are 
each preceded by an introductory section. 


Basic biology 


Members of the kingdom Fungi show all the typical eukaryotic 
features, such as the organisation of genetic material into chromo- 
somes enclosed within a membrane-bound nucleus, mitochondria 
and ribosomes. Unlike animal cells, however, their cells are enclosed 
by a rigid cell wall containing varying amounts of chitin, a polymer 
of N-acetyl glucosamine and £-glucans. The wall also contains 
mannans, glycoproteins and enzymes, some of which are secreted 
into the surrounding environment and break down complex organic 
compounds prior to their absorption. Fungi have an absorptive 
mode of nutrition. Within the cell wall, the cytoplasm is bounded 
by a plasma membrane in which the predominant sterol is not 
cholesterol, as in humans, but ergosterol. 

The fungi may be broadly divided into two basic forms: moulds 
and yeasts (Table 32.1). Moulds are made up of long nucleate fil- 
aments called hyphae (singular: hypha), which are either largely 
aseptate (coenocytic) (see Figure 32.56) or divided into a series 
of cells by regular cross walls or septa (singular: septum) (see 
Figure 32.7a). Hyphae grow continuously at the apical tip, where 
the cell wall is constantly plasticised and new material added. This 
is the most metabolically active area of the cytoplasm. Further 
back, the cells may become vacuolated, and often the cytoplasm is 
reduced to a thin layer lining the cell membrane. Hyphae branch 
regularly, the branches diverging away from the parent hypha 
to utilise the environment to the maximum extent. Typically, the 
longest cell is at the apex of the hypha. The cytoplasm streams 
continuously, and the majority of septa contain pores that allow 
the movement of cytoplasm and even of organelles from one cell 
to another. An aggregation of hyphae is termed a mycelium, and 
the whole mass of the fungus is the thallus. The growth of a mould 
on solid media results in a circular colony, and in liquid media the 
mould forms a ball. Moulds produce cottony or velvety colonies in 
culture, and even large structures such as mushrooms are simply 
made up of a mass of hyphae. 

In the yeasts, the main phase of the life cycle is unicellular, made 
up of ovoid to globose cells that usually reproduce by budding 
(see Figure 32.40) or, more rarely, by fission. After budding, when 
the daughter cell separates from the parent, a distinct bud scar is 


Table 32.1 Morphology and diseases caused by the two main forms of fungi — yeasts and moulds. 


Features 


Yeasts 


Moulds 


Dimorphic fungi 


Physical forms 


Examples of diseases 
associated with 
these forms 


Microscopic 
appearance 


Colony appearance 


Single-celled organisms that usually 
reproduce by budding 


Candida — candidiasis; including superficial 
oral or cutaneous disease and systemic 
candidiasis. Malassezia — pityriasis 
versicolor, seborrhoeic dermatitis, 
Malassezia folliculitis 

Cryptococcus — cryptococcosis; including 

cryptococcal meningitis 


Round or oval cells, which may have 
prominent scars associated with 
separation from their progeny. Size 
3-5 microns 

Usually white-cream colonies, rather like 
bacterial colonies. A few yeasts have 
inherent colonial colour. Cannot be 


Multicellular fungi that often have complex life 
cycles and forms and produce different types of 
conidia (spores) 


Aspergillus — aspergillosis; including superficial 
aspergillosis (ear infections), allergic 
bronchopulmonary aspergillosis and 
disseminated invasive disease. Dermatophytes 
(including Trichophyton, Microsporum, 
Epidermophyton) — causing the various forms of 
dermatophytosis affecting skin, hair and nail 

Mucoraceous moulds (including Mucor, Rhizopus, 

Lichtheimia) — causes of mucormycosis 

Hyphae which may or may not have septa. Simple 
or specialised structures bearing spores of 
variable size and arrangement. Spores and 
hyphae may have inherent colour 

Colony morphology associated with colour, texture 
and growth rates characteristic of the species. 
Some moulds have diffusing pigment 


Fungi that can exist as either moulds or yeast or 
yeast-like forms. The transition between forms is 
associated with changes in temperature with the 
mould form seen at environmental temperature 
and the yeast or yeast-like form associated with 
human body temperature 

Histoplasma — histoplasmosis 
Coccidioides — coccidioidomycosis 
Blastomyces — blastomycosis 


Appearance varies with form. Yeast or yeast-like 
structures may be small and unicellular whereas 
moulds may have septate hyphae. Various spores 
are also formed by dimorphic fungi 

Mould form is often a white or buff colony that may 
become darker with age. Talaromyces marneffei 
produces a diffusing red pigment Yeast phases 


identified by colonial 
appearance — require biochemical, 
molecular or other tests for identification 


left behind. In addition, however, some pathogens can also form 
filaments that may be true hyphae, similar to those of moulds, 
or pseudohyphae, which develop when two cells fail to separate 
after budding and simply elongate and lie end to end forming a 
chain. Pseudohyphae may be distinguished from true hyphae by 
the characteristic constrictions that may be seen at the points where 
two cells meet (see Figure 32.40) and the shortness of the apical cell. 
Yeasts produce soft, pasty or mucoid colonies. 

Some fungi can completely switch their form of growth depend- 
ing on the environmental conditions. These are termed thermally 
and nutritionally dimorphic fungi, and include several of the major 
respiratory pathogens, such as Histoplasma capsulatum and Coccid- 
ioides immitis. When cultured at room temperature or during growth 
in the environment, these fungi are typical moulds, yet in human 
tissues or on special media at 37°C they convert into yeasts or other 
non-filamentous forms. 


Reproduction 

Fungi reproduce both sexually and asexually, sometimes simultane- 
ously. The sexual phase is termed the teleomorph and the asexual 
phase the anamorph; originally both types had separate taxonomic 
names, a potential source of confusion. In 2011 the naming rules 
were formally changed, fungi only have one name to cover both sex- 
ual and asexual phases. The process to determine which name has 
priority is on-going. Where names have changed recently, the older 
familiar names are retained in brackets throughout this chapter for 
ease of use. In the laboratory, sexual phases of pathogens are rarely 
seen, as the majority of fungi are heterothallic, which means that 
sexual reproduction requires the presence of two or sometimes four 
different mating types. Relatively few fungi can reproduce sexually 


are often white-cream colonies as for other yeasts 


by the mating of hyphae from a single mycelium, a condition termed 
homothallic. 


Taxonomy and classification 

In an attempt to reflect true phylogenetic relationships, the formal 
classification of fungi has previously been based upon the features 
of the sexual phase of growth. This involves the fusion of two nuclei 
followed by meiotic division. Unlike higher plants and animals, 
many of the fungi are haploid for the major part of the life cycle, the 
diploid phase being relatively short lived. Three groups or phyla of 
sexually reproducing fungi, Glomeromycota (previously Zygomycota), 
Ascomycota and Basidiomycota, contain human pathogens. A fourth, 
completely artificial group, the Deuteromycota or Fungi Imperfecti, 
was originally created to include those fungi with no known sexual 
phase, and the asexual phases of the Ascomycota and Basidiomycota. 
With the more sophisticated techniques available today, such as 
ultrastructural data on septa and genetic sequencing, these asexual 
‘mitosporic’ species can now be placed within the recognised sexual 
groups, and the artificial form-phylum Deuteromycota will disappear 
from the literature. The asexual dermatophytes, for instance, will 
join the Ascomycota [6]. At present, fungal taxonomy is in a process 
of change and this is still reflected by the use of older terminology 
in many textbooks and publications. 

The Glomeromycota are all moulds and reproduce sexually by the 
formation of thick-walled zygospores following the fusion of two 
outgrowths arising from the hyphae. The hyphae are very char- 
acteristic, being both extremely wide and often sparsely septate. 
The septa that are formed usually cut off sporing structures and 
old parts of the mycelium, and are complete, so that damage to 
any part of the hypha will result in the death of the whole aseptate 
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length. Branching in this group is typically at right angles. Asex- 
ual reproduction is usually by means of sporangiospores formed 
by the cleavage of cytoplasm within a sporangium. This is a 
sac-like structure, which is supported by a specialised hypha, the 
sporangiophore. 

The Ascomycota contains both moulds and yeasts. Sexual repro- 
duction is by the production of ascospores, formed within a sac-like 
ascus. These asci may themselves be contained within a specialised 
fruiting body or ascoma, which may be large enough to be visible 
to the naked eye. The hyphae of the Ascomycota have a lamellate 
cell wall, with a thin electron-dense outer layer and a thicker 
electron-transparent inner layer. The hyphae are narrow and reg- 
ularly septate, but the passage of cytoplasm and even nuclei from 
one cell to the next is made possible by the presence of a pore in the 
centre of each septum. When hyphae are damaged, however, this 
septal pore quickly becomes plugged by structures termed Woronin 
bodies, limiting the damage to those particular cells that were 
injured. A few of the Ascomycota have multiple pores in their septa. 

In the Basidiomycota, sexual reproduction is by the production of 
basidiospores formed externally on sterigmata protruding from a 
club-shaped basidium. Many of this group produce the complex 
structures we know as mushrooms and toadstools, with gills, cov- 
ered by basidia, raised above the ground to aid in airborne dispersal 
of the spores. Others, such as the rusts, smuts and basidiomycetous 
yeasts, are microscopic. The cell walls of the Basidiomycota are lamel- 
late and electron dense. When present, the hyphae are narrow and 
septate. The septal pore structure in this group is more complex and 
characteristic, and usually comprises a lip-like extension termed 
a dolipore, which may be surrounded by perforated membranes 
called parenthosomes. These allow the passage of cytoplasm, but 
not nuclei, from one cell to the next. In the Ascomycota and the 
Basidiomycota, after the fusion of hyphal initials of opposite mating 
type, subsequent fusion of the two nuclei may be delayed, so that 
for part of the life cycle these cells contain two nuclei of oppo- 
site mating type, a state termed dikaryotic. For this reason, some 
workers combine these two groups into the Dikaryomycota. It is 
characteristic of the Basidiomycota that when a dikaryotic hyphal 
cell divides, a hook-like structure known as a clamp connection is 
formed between the two resulting cells as a way of allowing one 
daughter nucleus of each type to migrate into each cell. 

The form-phylum Deuteromycota was artificially constructed 
as the phylogenetic relationships of many of the asexual fungi 
contained within it could not at that time be fully determined. 
Increasingly this phylum is no longer used by taxonomists. The asex- 
ual propagules of all the fungi classified in this group were called 
conidia. Three main divisions were recognised in the Deuteromy- 
cota and are still mentioned in the current literature: Blastomycetes, 
which are yeasts reproducing by budding; Hyphomycetes, which are 
moulds bearing the conidia exposed unprotected on the hyphae; 
and Coelomycetes, where the conidiogenous cells that produce the 
conidia are enclosed in a specialised protective fruiting structure, 
either a flask-shaped pycnidium or a saucer-shaped acervulus. 
The majority of fungi isolated in the laboratory are Hyphomycetes, 
and this group may be further subdivided according to colour into 
fungi that have dark hyphae — dematiaceous fungi — and those that 
are pale or brightly coloured — moniliaceous fungi. An amazing 
variety of conidia are formed by these fungi, and their laboratory 


identification still utilises the study of the method of conidial 
formation or ontogeny and conidial morphology, although this is 
increasingly replaced by molecular identification methods. 


Spore (conidia) formation 

Two main methods of conidial production are seen in the Hyphomy- 
cetes: thallic and blastic (Figure 32.1b-h). In thallic conidiation, a 
whole cell or section of a hypha is transformed into the conidium. 
The most common examples of this are arthroconidia (Figure 32.1b), 
when a hypha produces a series of septa, forming a chain of cells 
that separate at maturity, and chlamydoconidia (Figure 32.1c), 
which are formed when a single cell becomes thick walled and acts 
as a storage and survival cell but does not disarticulate at maturity. 

In blastic conidiation, the conidium is formed by ‘blowing out’ 
or budding from only a small, weakened area of the cell wall of 
the conidiogenous cell. If both the outer and the inner cell wall 
are blown out to form the conidial wall, the budding is termed 
holoblastic. If the first conidium ruptures the outer cell wall, and 
only the inner cell wall is blown out as the conidial wall, the bud- 
ding is termed enteroblastic. A large range of blastic conidia are 
produced, but certain basic patterns of conidial development may 
be recognised. Holoblastic conidia include solitary conidia, which 
may simply be produced by the blowing out of a small part of the 
hyphal wall, to form a lateral or terminal conidium. In other fungi, 
more specialised conidiogenous cells are found, and these may pro- 
duce a succession of holoblastic conidia. Examples of this include 
those fungi with sympodial conidiogenous cells (Figure 32.1d), 
where after the first conidium has been formed, the conidiogenous 
cell continues to grow and produces a second conidium slightly 
ahead of and to one side of the base of the first conidium. It then 
repeats the process, forming a third conidium slightly ahead of 
and to the opposite side of the second conidium. This eventually 
results in a zig-zag appearance, with conidia coming off alternately 
on each side of the fertile cell. Such conidiogenous cells are very 
characteristic and are termed geniculate. 

Many of the fungi with sympodial conidiation have multicellu- 
lar conidia, either with transverse septa — phragmoconidia — or with 
both transverse and vertical septa — dictyoconidia. 

Chains of holoblastic conidia may be formed by acropetal bud- 
ding (Figure 32.1e), where, after the cell has budded, the cells remain 
attached and a further conidium is produced by the budding of the 
daughter cell. This continues building up a chain of cells with the 
youngest at the tip of the chain. The chains may branch. 

Enteroblastic chains of conidia with the youngest cell at the 
bottom of the chain are termed basipetal and are formed by the 
repeated blowing out of the inner layer of the cell wall of specialised 
structures termed phialides and annellides. Phialides are often flask 
shaped and may have a pronounced collarette — a flaring ring of 
wall material surrounding the apex of the cell. The phialoconidia 
are formed by repeated budding at exactly the same point at the tip 
of phialide, which does not increase in length during this process 
(Figure 32.1f). In contrast, as a series of annelloconidia is formed, the 
cell apex proliferates slightly as each conidium is produced, leaving 
a series of ring-like scars at the tip of the cell, and the annellide 
becomes progressively narrower and longer (Figure 32.1g). Conidia 
produced by phialides and annellides may aggregate to form balls 
rather than chains. 


(a) 


Figure 32.1 Asexual reproduction in fungi. (a) Zygomycota: 
the most characteristic form of asexual reproduction is the 
production of sporangia and sporangiospores. (b—h) 
Deuteromycota: asexual conidia may be formed by two 
main processes — thallic and blastic. Thallic conidiation 
results in the production of arthroconidia (b) and 
chlamydoconidia (c). Blastic conidiation may take several 
forms, including sympodial conidiogenous cells (d), 
acropetal budding (e) and basipetal budding from phialides 
(f) or annellides (g). The conidia of the dermatophytes do 
not fit in with this thallic-blastic division, but show features 
of both; they are also examples of fungi that produce two 
kinds of conidia simultaneously, which differ in size. These 
are termed microconidia and macroconidia (h). (d) 


A number of pathogens produce conidia that are not strictly thal- 
lic or blastic and which show a particular method of separation from 
the hypha. A specialised cell at the base of the conidium breaks, 
leaving a frill of wall material at the base of the conidium. These 
conidia are termed aleurioconidia. 

Another feature that is seen in several fungal pathogens is poly- 
morphism — the simultaneous production of more than one form of 
conidium. For instance, in the case of the dermatophytes, two types 
of conidia are formed that differ greatly in size; in such instances, 
the larger conidium is termed a macroconidium and the smaller a 
microconidium (Figure 32.1h). 


Nomenclature 

Nomenclature is the system whereby the correct names are applied 
to specific organisms and is a necessary adjunct to any system of 
classification. In mycology, as in other sciences, the lack of a uniform 
approach towards the recognition and description of new species 
of fungi led to the accumulation of a bewildering number and 
variety of names in the literature. As an example, Candida albicans 
has been described and redescribed many times since its original 
description in 1850. A classic taxonomical work [1] lists no fewer 
than 110 species in 22 genera for this fungus. The need to provide 
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a single name for a single species becomes obvious, particularly 
when so many synonyms have been proposed for one and the same 
organism. In order to provide some conformity and stability to 
the naming of fungi (separate consideration is given to bacterial 
and zoological nomenclature), a series of principles, rules and 
recommendations have been incorporated into an internationally 
recognised code, whose authoritative guidance has done much to 
bring order to a state of confusion. Recent changes to this code 
should bring further streamlining to fungal naming rules [2]. 

As well as confusion in specific names, disease names have also 
given rise to controversy. As an increasing number of fungi have 
been shown to be capable of causing infection, particularly as 
opportunists in only a limited number of recorded cases, the habit 
of using the generic name of the fungus to produce a new disease 
name has become increasingly unwieldy, particularly when fungi 
are so frequently re-examined and often renamed. Well-established 
disease names have been retained, but where a new pathogen or 
pathology is involved the International Society for Human and Ani- 
mal Mycology (ISHAM) [2] recommends that individual mycoses 
should be named as often as possible in the form ‘pathology A 
caused by pathogen B’. Thus, the use of such terms as fusariosis 
and trichosporonosis is best discouraged and replaced by use of 
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Table 32.2 Organisms associated with superficial mycoses. 


Type of mycosis 


Fungi mainly associated 


Diseases caused by Malassezia 

Tinea nigra 

Black Piedra 

White Piedra 

Otomycosis 

Miscellaneous superficial mycoses caused by saprophytic moulds 
Dermatophytosis including dermatophyte onychomycosis 
Onychomycosis caused by other non-dermatophyte moulds 


Malassezia globosa, M. sympodialis and other Malassezia spp. 

Hortaea werneckii and Stenella araguata 

Piedraia hortaea 

Trichosporon ovoides, T. inkin, T. asahii and T. mucoides 

Aspergillus niger and other fungi 

Fusarium spp., Scopulariopsis brevicaulis and other fungi 

Trichophyton spp., Microsporum spp. and Epidermophyton floccosum 

Neoscytalidium hyalinum, N. dimidiatum, Scopulariopsis (Microascus) brevicaulis, Fusarium spp., 


Aspergullus spp., Onychocola canadensis and other fungi 


Superficial candidosis 


‘eumycetoma caused by Fusarium species’ or ‘disseminated mycosis 
caused by Trichosporon species’. 

Disease names used throughout this text are based on lists pub- 
lished independently by the Council for the International Organi- 
zation of the Medical Sciences (CIOMS) [3], the ISHAM [4] and the 
World Health Organization (WHO) classification, ICD-10. 


SUPERFICIAL MYCOSES —,§s sSXK=BHRE 


This section describes infections of the skin and mucosal surface — 
superficial mycoses. These are sometimes split into superficial and 
cutaneous mycoses. 


Classification 


The superficial fungal infections include Malassezia infections, 
dermatophytosis, candidosis and a range of non-dermatophyte 
infections of the skin and nails, such as dermatomycoses caused 
by Neoscytalidium species and onychomycosis caused by other 
non-dermatophyte moulds (Table 32.2). 


General description 


Some of the fungi causing these infections are present in the envi- 
ronment, but others, such as Candida albicans and Malassezia spp., 
have an intimate association with humans and are part of the 
normal microbiome of the gut and skin, respectively. A few, such as 
the anthropophilic dermatophytes, have evolved to the point where 
they have become almost completely reliant on the human host for 
survival. 


Identification 


The laboratory diagnosis of superficial fungal infections relies first 
on the direct microscopical observation of the pathogen in samples 
from the affected area. This is usually followed by culture and the 
specific identification of the fungus. For the laboratory to work opti- 
mally, the quantity and quality of the material examined is critical. 


Candida albicans, C. glabrata, C. tropicalis and other Candida spp. 


For most samples both culture and microscopic examination will be 
performed, so it is essential that as much clinical material as possible 
is submitted to the laboratory to allow both diagnostic methods to 
be carried out. 


Wood's light examination 

The recognition that hair infected by certain dermatophytes pro- 
duces a characteristic fluorescence in UV light filtered by Wood’s 
glass — which consists of barium silicate containing about 9% nickel 
oxide and transmits rays of wavelength above 365nm — was an 
important advance in medical mycology. The nature and source 
of the fluorescent substances in infected hairs are not fully under- 
stood, but tryptophan metabolites produced by dermatophytes 
may be involved [1]. The hair remains fluorescent after the fungus 
has ceased to be viable. The fluorescent material can be extracted 
from the hair in hot water [2,3] or in a cold solution of sodium bro- 
mide [1]. The colour of the fluorescence is influenced by the pH of 
the solution [2]. Because fungi growing in culture or on hair in vitro 
do not fluoresce in this way, the phenomenon must be attributed 
to some substance produced by the interaction of the fungus and 
the growing hair. Its chemical nature has not been defined and the 
suggestion that it may be a pteridine has been challenged [3]. 

Only some of the dermatophytes capable of invading hair will 
induce fluorescence, but these include members of the genus 
Microsporum (e.g. M. audouinii and M. canis), which are common in 
a number of densely populated parts of the world. Hairs infected 
by these species produce a brilliant green fluorescence, easily 
recognised in a darkened room. Only the fully invaded portions 
of the shaft develop this property. In recent infections or at the 
spreading margin of early lesions, the fluorescent part of the hair 
may not yet have emerged from the follicle and can be detected only 
after the hair is plucked. Among other Microsporum species and 
variants, only M. canis var. distortum and M. ferrugineum regularly 
induce fluorescence, and M. gypseum and M. nanum occasionally 
do so. Trichophyton schoenleinii causes a paler green fluorescence 
of infected hair. In favus, the fluorescent hairs tend to be long, in 
contrast to the short, broken stumps characteristic of Microsporum 
infections. 

In areas where Microsporum infections are prevalent, Wood’s 
light is a useful tool in the diagnosis and treatment of an individual 
patient. The most common sources of error are the bluish or purplish 
fluorescence produced by ointments containing petrolatum, scales, 
serum, exudates, an insufficiently darkened room, light reflected 


from the examiner’s clothing and the failure to remember that not 
all fungi cause fluorescence. Correctly performed and interpreted, 
the test is virtually specific, but absence of fluorescence in some 
infections with M. audouinii and M. canis has been reported [4]. The 
lamp can be used in the detection of subclinical infection and to 
assess response to treatment or spontaneous cure. The Wood's lamp 
is also of value in the diagnosis of pityriasis versicolor, where the 
scales fluoresce yellow in some cases. A similar yellow fluorescence, 
presumably because of the presence of yeasts of Malassezia species, 
may be seen in some cases of severe dandruff, in cradle cap in 
infants and in the follicular orifices of the face and upper trunk in 
normal subjects. 


Collection of material 

Material for examination must be collected from the most heavily 
infected area or active growing edge of the infection, wherever 
possible. Careful clinical examination may be helped by the use of 
Wood’s light, especially in tinea capitis. 


Skin 

Disposable scalpel blades of the solid type, held vertically to the 
skin, are used to obtain scrapings. Alternatively, heat-sterilised, 
blunt, banana-shaped scalpels, which are available from chiropody 
firms, may be used. Cleaning of the skin with alcohol may be useful 
if the patient has applied ointment or powder but is not usually 
necessary. If the lesion has a definite edge, the material should be 
taken from the active margin, otherwise scraping from much of the 
area is adequate. In cases of partially treated pityriasis versicolor, 
when very little scaling is present, it is possible to take a sample 
by pressing a strip of sticky tape (Sellotape®) on to the lesion and 
then on to a drop of mounting fluid on a slide and use this for the 
direct examination. The method is less suitable for direct examina- 
tion of samples from the cutaneous mycoses [1]. If it is difficult to 
obtain sufficient material for culture in cases of dermatophytosis, 
transport swabs are a good back-up, as is usual with candidiasis. 
When blisters are present, a pair of fine scissors may be used to cut 
off a blister roof for microscopical examination and culture; such 
samples are often packed with hyphae. The scrapings, hair or nail 
clippings should be collected and transported in specially designed 
flat transport packs, which keeps the specimen dry, thus prevent- 
ing overgrowth of bacterial contaminants. Plastic containers are 
unsuitable as the skin adheres to the sides and is difficult to remove. 
The use of glass slides, which then have to be transported to the 
laboratory, is hazardous as they are frequently broken. Squares of 
brightly coloured or dark paper card are also useful; these may then 
be carefully folded and secured by a paper clip. The details of the 
patient, exact site of the lesion and time of sampling, animal contact 
or recent travel should then be clearly recorded. Dermatophytes 
in skin scrapings may remain viable for months and yeasts for 
several weeks. 


Hairs 

Hairs to be examined for the presence of black or white piedra may 
be simply cut off at skin level. If dermatophytosis is suspected, 
the hairs should be removed with the roots intact; cut hairs are 
unsuitable. In many instances, the affected hairs may be recognised 
because they are dull and broken but, if not, the fact that they slip 
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out easily with fine forceps may also help in selecting the right 
material. This is particularly useful in examining scalp or beard 
kerions caused by Trichophyton verrucosum, where relatively little 
fungus may provoke a severe reaction, and it may be necessary to 
test many hairs before an infected hair is found. In those instances 
where the hairs break off very short, as in black-dot infections, a 
scalp scraping will yield the best material, with the infected roots 
appearing as tiny stumps among the skin scales. It should be noted 
that in cases of steroid-treated tinea corporis or tinea incognito, 
the examination of vellus hairs may be the easiest method of diag- 
nosis as — although fungi such as T. rubrum rarely invade the hair 
shaft — they may colonise the hair follicle. 

In addition to collecting scales and hairs, brush samples are 
excellent for the culture of scalp infections and may also be useful 
in testing suspected animal sources of infection [2-4]; however, 
microscopy cannot be performed on them. A sterile, plastic, scalp 
massager or disposable toothbrush is brushed firmly through the 
hair at least 10 times and is then pressed against the culture medium 
in a 90mm Petri dish. This simple technique is an extremely sen- 
sitive culture method and is invaluable when screening large 
numbers of children. Several hundred children may be examined 
in a day by performing a Wood’s light examination and taking a 
brush sample from each child, which can then be taken back to 
the laboratory for culture. Cultures from infected children produce 
a fungal colony from many of the inoculation points; contacts of 
infected children usually yield only a few colonies. In cases of 
kerion, when brush sampling may be unsuitable and painful, a 
transport swab wiped over the lesion will usually pick up enough 
conidia to give a positive culture. 


Nails 

The diagnosis of onychomycosis is complicated by the fact that the 
isolation of the pathogen in culture from nail material is more dif- 
ficult to achieve than for skin and hair samples. In the majority of 
nail infections, the material for examination is taken from the dis- 
tal end of the nail, despite the fact that the infection is advancing 
proximally. The hyphae at the distal end of the nail are less likely 
to be viable [5]. Unfortunately, it is usually not practicable to take 
deep samples from the proximal advancing edge without discom- 
fort to the patient. The full thickness of the nail should be sampled, 
as most infections start in the hyponychium. Debris from under the 
nail is a fruitful source of material, which may be scraped out using 
the flat end of a dental probe. Superficial scrapings are inadequate, 
except in cases of superficial white onychomycosis or proximal sub- 
ungual onychomycosis. 

In cases of paronychia, the nail fold may be moistened with saline 
using a wet swab, and the flat end of a dental probe or blunt cautery 
tip may be gently pushed into the fold to withdraw material for 
direct examination and culture. After this, a swab should also be 
taken for culture. 

As the isolation of fungi from nail material is difficult, samples 
should also be taken from any skin lesions that may be present, as 
these are very likely to be invaded by the same pathogen as the nail 
and cultures are more likely to be positive. It is essential when sub- 
mitting nail material to the laboratory to specify whether the sample 
is a fingernail or toenail, as some pathogens are more prevalent in 
one than the other. 
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Mucous membranes 

The mouth or vagina may be sampled using swabs. If the specimen 
is not to be examined immediately, swabs with transport medium 
are preferable as yeasts rapidly die in dry conditions. However, 
delays in the processing of transport medium swabs will allow 
multiplication of yeasts in the samples. 


Ear 
Scrapings from the external ear canal may be supplemented with 
swab samples. 


Direct examination 
For routine examination, specimens are usually mounted in 10-30% 
potassium hydroxide; the higher the percentage, the faster the 
specimen will clear. For skin scrapings and nails, warming gently 
over the pilot light of a Bunsen burner will speed up the process, 
but boiling should be avoided, if possible, as this tends to encourage 
the formation of artefacts, which may confuse the inexperienced 
observer. It is impossible to soften skin and nail samples too much, 
for the thinner the specimen, the easier it will be to observe the 
fungal elements. The cover slip should be pressed down firmly to 
obtain a monolayer of cells before microscopic observation. Excess 
potassium hydroxide will etch microscope lenses, so it must be 
removed by blotting with small squares of filter paper or tissue. 
A few minutes spent carefully preparing the specimen in this way 
are well spent. Nail specimens take longer to clear than skin, but if 
small pieces and debris are taken, they will usually soften within 
10 min. In those instances where the nails do not soften satisfac- 
torily, the slide may be put in a 37°C incubator for 1 h, and the 
material can then be flattened. In contrast to skin and nail samples, 
infected hairs are very delicate, and if heated or left in mounting 
fluid for more than a few minutes tend to disintegrate, obscuring the 
characteristic arrangement of the arthroconidia. They should there- 
fore be examined as soon as possible after mounting. If examining 
specimens using bright-field illumination, the lighting is critical; 
overillumination, particularly when scanning the slide under low 
power (10x), will render the fungal elements invisible. The light 
should therefore be low initially and then raised when the presence 
of fungus is confirmed by examination with a higher power lens 
(20x or 40x). An alternative clearing agent, which does not require 
warming of the specimen, is 10% sodium sulphide solution [1,2]. 

With experience, bright-field examination of specimens cleared in 
this way is quick and relatively straightforward. However, several 
authors have recommended a variety of techniques to make obser- 
vation of the fungal elements easier. Phase-contrast and dark-field 
microscopy can produce good results [3] but require that the speci- 
men be really thin, and thus may need a longer period of softening 
of the material than bright-field microscopy. The addition of 35% 
dimethylsulphoxide to the potassium hydroxide may speed up 
softening, but overdigestion is then a problem, and the specimens 
should be examined within 1-2 h. Dimethylacetamide or dimethyl- 
formamide have been suggested as alternatives [4]. Several stains 
such as Congo red, methylene blue and cotton blue have been 
recommended to enhance the contrast between fungus and skin, 
but again these require a fully softened specimen. 

Fluorescence microscopy using either acridine orange [5] or a 
fluorescent brightener such as Calcofluor white or Blankophor [1,2], 


which specifically stain polysaccharides in the fungal cell wall, is 
becoming increasingly popular. Comparative studies of different 
methods used in direct examination [2,6-8] concluded that most 
of the recommended staining procedures for direct microscopic 
examination were no better than the classic potassium hydroxide 
method, but that if a fluorescence microscope is available, the use 
of fluorescent brighteners does give superior results. One study 
[9] concluded that fluorescence microscopy using Blankophor P 
flussig in sodium sulphide solution was quicker and produced 
significantly fewer direct microscopy negative samples, which sub- 
sequently yielded fungus on culture, than bright-field microscopy 
using sodium sulphide solution alone. 

Whatever method is used, the ability to find fungi on direct 
examination of samples is largely a matter of practice. The beginner 
may well be confused initially by the common artefacts that may 
be present, such as mosaic fungus — cholesterol-forming polygonal 
deposits around cells — air bubbles, fibres and crystals, but with 
practice it becomes progressively easier to find the fungi and 
distinguish the various infections. 

Several workers advocate the histopathological processing of nail 
material and staining with a fungus-specific stain such as periodic 
acid—Schiff (PAS) as a routine measure [6]. It has been suggested that 
this not only confirms that the nail plate is actually invaded, but also 
reduces the number of false negative direct reports, where fungus is 
cultured from a microscopically negative nail. Although histologi- 
cal processing of samples has been shown to yield a higher rate of 
positivity than culture, the rates are similar to those obtained with 
potassium hydroxide microscopy in skilled hands [8,9]. As the facil- 
ities for histopathological processing may not be available in a small 
laboratory, routine microscopy supplemented by a fluorescent tech- 
nique is still the method of choice. 


Culture (Table 32.3) 

For some of the superficial mycoses, the appearance of the fungal 
elements observed on direct examination is so characteristic that 
culture is not strictly necessary for diagnosis of the infection. 
Examples include pityriasis versicolor and, to a lesser degree, black 
piedra, white piedra and tinea nigra. For otomycosis, in contrast, 
culture is essential, as the range of organisms that can cause infec- 
tion is large and the specific identification of the pathogen will have 
a profound effect on the therapy selected. Similarly, differences in 
the responses of the different pathogenic yeasts to some antifun- 
gals, such as fluconazole, necessitates identification down to species 
level, at least in patients on long-term treatment. The situation with 
dermatophyte infections is rather different because, although on 
direct examination of skin and nail samples the different species 
are indistinguishable, generally all the dermatophyte species apart 
from those causing tinea capitis respond similarly to the major sys- 
temic and topical antifungals available; treatment can be initiated 
on the basis of the direct examination. In addition, culture will 
provide valuable information on the possible source of infection 
and the likelihood of spread of the disease. Culture of specimens 
with negative direct microscopical results is also desirable, as it 
will allow the detection of the small percentage of cases where 
prolonged therapy, or a very inflammatory host reaction, may make 
the microscopical detection of the fungus in the skin difficult. The 
non-dermatophytic moulds capable of infecting the skin or nail, 


Table 32.3 Cultural conditions for the isolation of superficial and cutaneous pathogens. 
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Media Antibiotics Temperature Maximum length of 
incubation (days) 
Disease Causative organisms GP MEA Cyc _ Chior 26-28°C = 37°C 
Black piedra Piedraia hortae + + + + 28 
White piedra Trichosporon spp. + + = + + 14 
Tinea nigra Hortaea werneckii + + = + + 21 
Dermatophytosis Trichophyton spp. + + + + 21-28 
Microsporum spp. 
Epidermophyton spp. 
Dermatomycoses caused by Neoscytalidium dimidiatum Neoscytalidium hyalinum — + = + + 21 
Neoscytalidium spp. 
Onychomycosis caused by Scopulariopsis spp. Sarocladium (formerly + + - + + 2 
non-dermatophyte moulds Acremonium) spp. Fusarium spp., etc. 
Candidosis Candida spp. + + = + + + 7 
Otomycosis Aspergillus spp. Candida spp., etc. + + - + + + 2 
Chlor, chloramphenicol 0.05 g/L; Cyc, cycloheximide 0.4 g/L; GP, glucose-peptone agar; MEA, malt extract agar; +, recommended; —, not recommended. 


such as Neoscytalidium (Scytalidium) species and Scopulariopsis brevi- 
caulis, can be diagnosed on the basis of direct microscopy, but this 
requires considerable expertise. In addition, mixed infections with 
dermatophytes do occur, so that it is advisable to always perform 
cultures in these cases. 

Fungi grow readily on simple media containing glucose and 
preferably an organic nitrogen source; they are not particularly 
fastidious. The primary culture medium used therefore is largely 
a matter of personal choice. Many laboratories will select a simple 
glucose/peptone agar, either with 4% sugar, 1% peptone and an acid 
pH (Sabouraud’s dextrose agar) or with 2% sugar, 1% peptone and 
a neutral pH (Emmon’s modification). Antibacterial antibiotics such 
as gentamicin (0.0025%) and/or chloramphenicol (0.005%) may be 
added to reduce contamination and, if a dermatophyte infection has 
been diagnosed, the addition of cycloheximide at 0.04% will inhibit 
the growth of non-dermatophyte moulds. This antibiotic must 
be excluded, however, if infection by a non-dermatophyte mould 
such as Neoscytalidium or candidosis is suspected as, although 
Candida albicans is not affected, many of the less common species 
of Candida found particularly in nail and mucous membrane sites 
will be inhibited. For sites where non-dermatophyte moulds such 
as Neoscytalidium dimidiatum may be significant — palms, soles, 
toe webs and nails — it is simplest to perform duplicate cultures 
on media with and without cycloheximide. Sabouraud’s dextrose 
agar is available from a number of different commercial sources. It 
should be noted, however, that variations in the different makes, 
particularly the type of peptone included, will affect the overall 
morphology of the isolates and cause differences in pigmentation 
and texture of the fungal colonies, particularly of dermatophytes. 
It is easiest therefore to become familiar with the morphology of 
these pathogens on one brand only. One should also note carefully 
which formulations have cycloheximide and/or chloramphenicol 
already incorporated (e.g. Mycosel® and Mycobiotic® agars) and 
which require their addition. Another medium that is frequently 
used for primary culture is 3-4% malt extract agar, which is also 
commercially available. 

As incubation is much longer than for bacterial cultures, the 
medium should be poured relatively thickly to prevent drying out; 
a 30mL/90 mm Petri dish is adequate. The majority of laboratories 


now perform their cultures in disposable plastic Petri dishes, but 
if screw-capped glass bottles or tubes are used, the tops must be 
left slightly loose to provide adequate aeration. For moulds, the 
temperature of incubation should be 26-28°C and cultures should 
be held for a maximum of 3-4 weeks, although routinely 2 weeks is 
used. For Candida species, the temperature of incubation should be 
37°C, and plates may be discarded after 48 h. As some Trichosporon 
species will not grow at 37°C, incubation should be at 26-28°C for 
up to 2 weeks. 


Molecular diagnostics 

Increasingly, there has been an interest in diagnosing mycoses 
without the use of either classic microscopic examination or culture 
of samples, but by using molecular techniques. In the past 20 years, 
groups have reported the use of molecular techniques, including 
polymerase chain reaction (PCR) analysis, for the identification and 
classification of dermatophytes after culture [1-3]. More recently, 
methods have been developed for the primary diagnosis of der- 
matophytosis [4-7]. Molecular methods for primary diagnosis 
initially had limited success rates with only 30-40% of culture- 
positive samples being positive [5], but more recent studies have 
demonstrated sensitivity rates of 84% [5], with the added bonus 
that identification of the dermatophyte is performed concurrently. 
The time to diagnosis is substantially reduced in the absence of 
culture and is now achievable in 48 h [6,7]. For Malassezia-associated 
conditions, identification can also be performed directly from skin 
scales, without culture [8]. However, as speciation of Malassezia is 
not usually performed in routine laboratories, the relevance of this 
technique is likely to be limited. The introduction of commercially 
available kits for PCR diagnosis of dermatophytosis is allowing 
more laboratories to use this technique. 


Identification of isolates 

Yeasts 

The identification of yeasts requires morphological data together 
with physiological and biochemical investigations. An examination 
of the yeast colony should include the recording of colour and tex- 
ture. Microscopic features of note may include the size and shape of 
the budding cells (blastoconidia) and the presence of pseudohyphae, 
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true hyphae, capsules, arthroconidia and ascospores. In the case 
of Candida albicans, the formation of terminal vesicles (chlamy- 
dospores) on cornmeal or rice agar supplemented with Tween 
80, or the production of germ tubes after incubation in serum at 
37°C for 2-3 h, allows specific identification. For speciation of 
other pathogenic yeasts, physiological tests must be performed. 
An increasing number of commercially produced yeast identifica- 
tion kits are available and widely used, including the API 32C® 
(bioMerieux) and the Auxacolor 2® (Sanofi Diagnostic Pasteur). 
Primary isolation media that allow the specific identification of cer- 
tain species to be made by the production of a characteristic colour 
are also now available. On Albicans ID® medium (bioMerieux), 
C. albicans colonies develop a blue colour; on Chromagar® (Bec- 
ton and Dickinson), C. tropicalis, C. krusei and C. albicans produce 
blue-, pink- and green-coloured colonies, respectively. These media 
facilitate the detection of mixed infections, which has become 
increasingly important because of the relative insensitivity of cer- 
tain Candida species to some of the currently available antifungal 
drugs. However, it should not be used as the sole method of 
identification of yeast species. 

Laboratories are increasingly using matrix-assisted laser desorp- 
tion-time of flight spectrometry (MALDI-TOF) to carry out yeast 
identification. This technique allows the rapid identification of 
yeasts, within a matter of a few hours. As commercially available 
databases increase in breadth, the range of organisms that can be 
identified will also increase. The sequencing of isolates may be 
required for the definitive identification of some unusual yeasts but 
is only available in specialist centres. 


Moulds 
The identification of moulds relies almost entirely on the exami- 
nation of the colonial and microscopic morphology. Examination 
of the fungal colonies should include noting the colour of the sur- 
face and reverse of the culture, and the presence of any pigment 
diffusing into the medium. The texture of the surface of the colony 
is also important, and terms such as downy, powdery, granular 
and glabrous are widely used (see the glossary at the end of the 
chapter). Hyphae that project above the surface of the agar — aerial 
hyphae — and growth completely submerged in the medium may 
also be characteristic. Folding may take very characteristic forms, 
either radial, circular or cerebriform (see the glossary at the end of 
the chapter). MALDI-TOF is also applicable to mould infections [1]. 
Microscopic features to note include the shape and size of the 
conidia, their colour, septation and the presence of wall thicken- 
ings or other ornamentation. The arrangement of the conidia on 
the conidiogenous cell and the type of conidiation is of critical 
importance. Such microscopic features may be observed using a 
needle mount, a sticky tape strip or a slide culture. The simplest 
method is a needle mount, when a portion of the growth is removed 
with a stiff wire needle and teased out in a drop of a suitable stain 
such as lactophenol cotton blue. A cover slip is applied and the 
sample examined microscopically. The disadvantage of this method 
is that, as it entails relatively rough handling of the material, it is 
inevitable that many of the conidia will become detached from the 
hyphae. A method that will retain more of the conidia in position 
is to apply a piece of sticky tape, sticky surface down, onto the 
surface of the colony, and then mount this in a drop of stain and 


examine the preparation directly through the back of the tape. 
Alternatively, the sticky tape can be placed sticky surface up so that 
the preparation is not observed through the tape itself, which will 
have poor optical characteristics. The sticky tape strip is extremely 
useful for the examination of colonies with many conidia. The most 
successful but time-consuming method for examining the details 
of conidial structure and formation, however, is the slide culture. 
In this method, the fungus is inoculated onto the four sides of a 
square of agar, sandwiched between a glass slide and cover slip, 
and maintained in a sterile Petri dish with a moist atmosphere. The 
fungus grows out from the agar block directly onto the glass of the 
cover slip and slide, which may be used to prepare two undisturbed 
mounts of the growing fungus. When sealed with nail polish, these 
form permanent preparations. 


SKIN DISEASE CAUSED BY MALASSEZIA 
SPECIES 


Pityriasis versicolor — 


Definition and nomenclature 

This is a mild, chronic infection of the skin caused by Malassezia 
yeasts and characterised by discrete or confluent, scaly, discoloured 
or depigmented areas, mainly on the upper trunk. 


Introduction and general description 

The normal microbiome of the skin includes a number of morpho- 
logically distinct lipophilic yeasts, Malassezia species, although in 
the older literature these are called Pityrosporum. However, genetic 
analysis has now demonstrated at least 22 separate species of 
lipophilic yeasts, of which eight occur relatively commonly on the 
human skin. The lipid-dependent species currently included within 
the genus are M. sympodialis, M. globosa, M. restricta, M. slooffiae, 
M. furfur, M. obtusa [1] and the more recently described M. der- 
matis [2], M. japonica [3], M. yamotoensis [4], M. nana [5], M. caprae, 
M. equina [6] and M. cuniculi [7]. One lipophilic but not totally 
lipid-dependent species, M. pachydermatis, is more often found on 
animal skin. The yeast previously known as M. furfur includes a 
complex of species, in particular M. globosa. 

Colonisation by these species is especially dense in the scalp, 
the upper trunk and flexures — areas rich in sebaceous glands and 
their secretions. Various studies have examined the distribution 
of the different species in the skin microbiome from various sites 
and in lesional skin in various Malassezia-associated dermatoses. 
Some have included direct microscopical observation or count- 
ing of yeasts, some rely on cultures or molecular biome typing 
alone. However, as different workers have used different sampling 


techniques, few of them quantitative, and different culture media, 
the studies are not directly comparable. Some authors have found 
that M. globosa is most frequently associated with pityriasis versi- 
color [8], but others have found M. sympodialis [9] and M. furfur [10] 
as the predominant species. M. sympodialis is found most commonly 
on normal skin [11]. Microscopy of the scales of pityriasis versicolor 
nearly always reveals thick-walled, spherical yeast forms budding 
from a narrow base — compatible with M. globosa — and coarse, 
septate mycelium often broken up into short filaments. In some 
instances, however, more commonly in tropical zones [12-14], 
mycelium is observed together with oval yeasts budding from a 
broad base —- a morphology more suggestive of M. furfur or M. obtusa 
[11]. Initially, it was found impossible to demonstrate the mycelial 
phase of Malassezia species in vitro, but three groups have succeeded 
in showing interconversion of the yeast and mycelial forms using a 
variety of substances [15-17]. 


Epidemiology 

Age 

In both tropical and temperate zones, the condition is rare in child- 
hood but becomes more common in the late teens, with a peak in 
the early twenties. 


Sex 
The sexes are probably equally prone to this condition, but there 
are differences in susceptibility at different ages [18,19]. 


Ethnicity 
No associations are known. Hypopigmented forms are more notice- 
able in skin type 3 and higher. 


Associated diseases 

Pityriasis versicolor has been claimed to be more common in var- 
ious disease states; but only in Cushing syndrome, spontaneous 
and iatrogenic [20], and possibly in malnutrition are these sug- 
gestions reliably supported by evidence. Pityriasis versicolor does 
not appear to be more common in acquired immune deficiency 
syndrome (AIDS) patients [21]. 


Pathophysiology 

Pityriasis versicolor in most cases represents a shift in the relation- 
ship between the host and the resident yeast flora. Factors contribut- 
ing to the change are probably multiple. 


Predisposing factors 

There have been many attempts to explain susceptibility in terms 
of physical and biochemical abnormalities, such as application of 
oils to the skin or UV exposure, but a variety of differing and 
conflicting results leaves the problem unresolved. There is evidence 
of an antibody response to Malassezia species in subjects without 
pityriasis versicolor. There have been many studies on the humoral 
response to Malassezia species in patients with pityriasis versicolor 
and controls but, prior to the recognition of the new species, the 
antigens used were probably made from a number of different 
species, making the often conflicting results difficult to interpret. 
Similarly, studies of cell-mediated responses have also produced 


conflicting results with a wide range of antigens [22,23]. However, 
when mycelial phase antigens have been used there have been 
significantly greater lymphocyte transformation responses in pityr- 
iasis versicolor patients compared with controls [24]. The initial 
view that patients with pityriasis versicolor have a cell-mediated 
deficiency specific to Malassezia species or a depletion of specifically 
reactive T cells from the blood has been questioned [23]. Reviews 
of the immunology of diseases associated with Malassezia species 
are recommended to those interested in these aspects [25,26]. T-cell 
inhibition by a lipid component of the Malassezia cell wall has been 
reported [27]. 

Malassezia species do not attack the hair shaft, nails or mucous 
membranes, but pulmonary and systemic infections in infants on 
long-term intravenous lipid therapy caused by Malassezia are well 
documented [26]. 


Pathology 

In those patients who produce a cellular response, the characteristic 
histological changes are of hyperkeratosis, parakeratosis and slight 
acanthosis, with a mild inflammatory infiltrate including mast 
cells in the upper dermis. Immunophenotyping of the infiltrates 
has revealed a dominance of memory T cells, an accumulation of 
macrophages and a lack of B cells [28]. A marked accumulation of 
Langerhans cells in the epidermis, a reduced expression of cellular 
activation markers and the presence of suppressor T cells were 
also demonstrated. The infecting organism is usually present in the 
upper layers of the stratum corneum and, on electron microscopy, 
may be seen to invade not only between but within the keratinised 
cells. Corneocyte counts have demonstrated an increased cell 
turnover in affected skin. There have been several mechanisms pos- 
tulated for the alterations in pigmentation, including the production 
of dicarboxylic acids produced by Malassezia species (e.g. azaleic 
acid), which cause competitive inhibition of tyrosinase and perhaps 
a direct cytotoxic effect on hyperactive melanocytes [29]. However, 
such acids had no effect on normal melanocytes in tissue culture. 
The explanation for the hyperpigmentation seen in fair-skinned 
subjects remains obscure, although electron microscopy reveals 
abnormally large melanosomes in hyperpigmented lesions, and 
smaller than normal melanosomes in hypopigmented ones [30,31]. 
It has been noted that total epidermal pigmentation is reduced in 
hypopigmented lesions; a thicker keratin layer in hyperpigmented 
lesions may be significant [32]. 


Causative organisms 
Pityriasis versicolor is usually caused by M. globosa and possibly 
M. sympodialis and M. furfur. 


Environmental factors 

Itis known that some Malassezia species become mycelial more read- 
ily and have perhaps a slightly greater pathogenic potential. A posi- 
tive family history among relations is found more often than chance 
would suggest in pityriasis versicolor but it is not known if this is 
due to genetic or environmental factors. Conjugal cases also occur 
and it is possible that in some instances, infection does not arise 
from the individual’s own flora but by transmission from another 
individual [33]. 
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The factors predisposing to the development of pityriasis versi- 
color are varied, but most attention has been devoted to environ- 
mental factors and individual host susceptibility. In a warm climate, 
more hyphae are associated with Malassezia yeasts in normal skin. In 
tropical climates, the condition is more common than in temperate 
zones, and as many as 40% of some populations may be affected 
[34]. Although no reliable figures are available for colder climates, 
the prevalence is fewer than 1%. In temperate zones, among patients 
who can give a reliable history, the onset is more often in the warmer 
months of the year or after travel to a warmer climate [18]. 


Clinical features [11,14,33] 

Presentation 

The patient usually has a patchy and varying change of skin colour, 
but mild irritation is sometimes noticed. The primary lesion is 
a sharply demarcated macule, sometimes slightly red, but char- 
acterised essentially by fine scaling (Figure 32.2a). Typically, the 
eruption shows large confluent areas, scattered oval patches and 
outlying macules. Where scaling is minimal, it may be emphasised 
by firm scraping or stretching of the skin, or with a sticky tape 
strip. The site most commonly affected is the upper trunk, but there 
is often spread to the upper arms, neck and abdomen. Lesions in 
the axillae and groins and on the thighs and genitalia occur, and 
extension down the forearms on to the backs of the hands and into 
the popliteal fossae is by no means rare; this is often associated with 
oval yeast forms in direct microscopy. 


Clinical variants 

Facial and scalp involvement are well recognised in the tropics, 
and occasional cases in which only these areas are affected are seen. 
Palmar lesions have been reported from the tropics, and rarely 
occur in temperate zones. A few unusual cases have been described 
where an anetoderma-like change follows infection [35]. 

The term versicolor is particularly apt. The colour of the scales 
may vary from pale ochre to medium brown. In untanned white 
skin, the affected areas are darker than normal, but they fail to 
respond to light exposure; in the suntanned subject, the abnormal 
skin is commonly paler; this is the pattern seen in type Vor VI skin 
(Figure 32.2b). In ordinary cases that settle spontaneously or as a 
result of treatment, the residual depigmentation may remain for 


(a) (b) 


many months without any scaling. Under the Wood’s lamp, the 
scaly lesions may show pale yellow fluorescence, and unsuspected, 
more widely scattered macular lesions are often revealed by this 
technique. 


Differential diagnosis 

Vitiligo and chloasma are normally distinguishable by their com- 
plete absence of scaling. Seborrhoeic dermatitis, pityriasis rosea, 
secondary syphilis, pinta and tinea corporis show more inflamma- 
tory change than pityriasis versicolor, and none of these ever has 
the even, fine scale of the latter condition. Erythrasma may closely 
mimic pityriasis versicolor with pigmentary change and scaling, but 
satellite lesions are less common and pink fluorescence under the 
Wood’s lamp is often present. Erythrasma and pityriasis versicolor 
may occasionally coexist. 


Complications and co-morbidities 
Pityriasis versicolor is strikingly free from complications. 


Disease course and prognosis 
This is a chronic infection if untreated, although clinical expression 
such as extent may vary over time. 


Investigations 

The finding on direct examination of coarse mycelium, fragmented 
to short filaments 2-5 pm wide and up to 25m long, together with 
spherical, thick-walled yeasts 2-8 1m in diameter confirms the pres- 
ence of the condition (Figure 32.3). Occasionally, oval yeasts may 
be seen. However, it is the mycelium that is the diagnostic feature 
and sometimes this predominates to the extent that there are few 
yeast forms. The characteristic appearance on microscopy has been 
likened to ‘spaghetti and meatballs’ or ‘bananas and grapes’. As they 
are members of the normal flora, the isolation of Malassezia species 
from scrapings is of no diagnostic value and is not normally under- 
taken by diagnostic laboratories. Recently, molecular techniques and 
MALDI-TOF have opened the field to research at strain level [36]. 


Management 
There are a number of different methods of treatment [11]. Relapse 
is very common, whatever the primary treatment. In all but the 


Figure 32.2 Pityriasis versicolor showing (a) typical fine 
scaling and (b) hypopigmentation in Type V skin. 


Figure 32.3 Pityriasis versicolor. Skin scales mounted in potassium hydroxide (KOH) and 
Calcofluor white UV illumination. The hyphae diagnostic of the condition have taken up 
the stain immediately. Ma/assezia yeasts are also present. Courtesy of the Department of 
Medical Mycology, St John’s Institute of Dermatology, King’s College London, 

London, UK. 


most resistant cases it is probably simplest to re-treat each episode 
rather than resort to long-term suppressive therapy. Patients should 
be warned that repigmentation may take several months, as oth- 
erwise they will often report treatment failure, even when the 
organisms have been destroyed, simply because the hypopigmen- 
tation persists. 


First line 

The first line treatment is topical antifungal therapy. The topical 
azole antifungals work well in pityriasis versicolor and there is 
no significant difference in results achieved by different com- 
pounds [37]. The usual time to recovery is 2-3 weeks. However, 
there is increasing evidence that shorter application periods using 
appropriate formulations may work after only one or two appli- 
cations. As has been shown with oral itraconazole, the organisms 
die rapidly after exposure to azoles, but in view of the thickened 
Malassezia cell wall they are not rapidly cleared from the epider- 
mis, giving the false impression of a persistent infection [38,39]. 
Terbinafine 1% cream is also effective in pityriasis versicolor. The 
main problem with the use of topical antifungals is the difficulty of 
applying creams to such a wide body surface area. An alternative 
solution to this is provided by ketoconazole shampoo, and although 
it has not been fully evaluated in pityriasis versicolor, two or three 
applications of the shampoo appear to clear most infections. 

A second, cheaper approach is the application of 2.5% selenium 
sulphide in a detergent base (Selsun® shampoo). It is applied to 
all the affected areas and left overnight. In many cases it is neces- 
sary to apply the material regularly (e.g. every other night over 2 
weeks). In some patients, however, one or two applications may be 
sufficient. The shampoo is irritant if inadvertently applied to the 
face or genitalia, necessitating care in its application. It also stains 
clothes and bedding. Alternatives include 20% sodium hyposul- 
phite solution and 50:50 propylene glycol in water. The latter has 
also been used intermittently as long-term suppressive therapy to 
prevent relapse [40]. 
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Second line 

The second line of treatment is oral antifungal therapy. While opin- 
ions differ as to the appropriate place for oral therapy, the authors 
usually reserve oral itraconazole for extensive or recalcitrant cases. 
Itraconazole is active against pityriasis versicolor in a total dosage 
of 800-1000 mg [39], usually given over 5 days. Fluconazole can also 
be used. 


Treatment ladder for pityriasis versicolor 


First line 

¢ Topical azoles twice daily for 2-3 weeks 

e Terbinafine 1% cream twice daily for 2-3 weeks 

e Ketoconazole shampoo twice weekly for 2-3 weeks 
2.5% selenium shampoo alternative days for 2-3 weeks 


Second line 
e Itraconazole 200 mg daily for 5 days 


Malassezia folliculitis | 


Definition 
This is a clinically distinct form of folliculitis on the back and upper 
trunk associated with Malassezia yeasts. 


Epidemiology 
Malassezia folliculitis is most often seen in teenagers or young adult 
males [1,2]. 


Pathophysiology 
The exact pathogenesis of the condition is unknown. 


Pathology 
Biopsies taken from typical cases show clusters of yeasts within folli- 
cles surrounded by inflammatory cells; this is distinguishable from 
the colonisation of follicular openings that can be seen in normal 
individuals. 


Environmental factors 

Patients often report the development of lesions following a holi- 
day in the sun or it may be found in patients who are acutely ill, for 
example in an intensive care unit. 


Clinical features 

Lesions are itchy papules and pustules, which are often diffusely 
scattered on the shoulders and back. The itching and distribution 
distinguish them from acne vulgaris. 


Management 
The condition responds well to oral itraconazole and less well to 
ketoconazole shampoo. 
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Other cutaneous disord 
with Malassezia yeasts 


Lipophilic yeasts of the genus Malassezia are part of the normal skin 
flora and therefore any evidence that they are either directly or indi- 
rectly implicated in the pathogenesis of skin disease is often difficult 
to assess. 

For many years it has been known that Malassezia yeasts are 
found in large quantities in the scales of seborrhoeic dermatitis 
(SD), both on the scalp and elsewhere (Chapter 40). This was 
attributed to hyperproliferation of the epidermis, the assumption 
being that the organisms were merely colonising this particular 
site. The same was thought to be the case with skin-surface bac- 
teria [1]. However, it has become apparent that most seborrhoeic 
dermatitis or scaling of the scalp (dandruff) clears on treatment 
with antifungal agents — coincidentally with the disappearance 
of the yeasts — and that if the patient relapses after therapy this 
occurs when the organisms reappear [2,3]. The circumstantial evi- 
dence, therefore, that the two events are causally related is very 
strong. In animals, it is possible to induce skin scaling that bears 
some resemblance to seborrhoeic dermatitis after the application 
of Malassezia yeasts [4]. Some but not all authors have reported 
that patients with seborrhoeic dermatitis have significantly raised 
levels of antibody to these organisms [5], but do not appear to 
develop contact sensitisation to antigenic extracts. One further 
finding is that seborrhoeic dermatitis is one of the earliest and most 
consistent abnormalities seen in patients with AIDS who are not on 
antiretrovirals (Chapter 31) [6,7]. Yet, as with seborrhoeic dermatitis 
in non-AIDS patients, there is no consistent correlation between 
colonisation and primary disease, although numbers of yeasts are 
higher in those with low CD4 counts. 

Adult-type seborrhoeic dermatitis appears to be directly related 
to Malassezia yeasts but not to a single species [8]. The relation- 
ship between infant seborrhoeic dermatitis and these organisms is 
less well established. The mechanisms by which they induce skin 
changes are not fully known, although direct lipase activity [9] 
or inflammatory responses initiated by Malassezia-produced aryl 
hydrocarbon inhibitors such as malassezin and indolocar-bazole 
have been described [10,11]. It is also apparent that a small percent- 
age of patients with typical seborrhoeic dermatitis do not respond 
to antifungals. 

A further observation is that patients with an atopic background 
with eczema affecting the head and neck or head and neck dermati- 
tis may also respond to topically applied azole antifungals, and they 
also show significantly raised IgE levels to antigens of Malassezia 
such as MGL 1304 or Mala s8/r8 [12]. Patients have usually had 
childhood eczema and the condition is most often seen in young 
adults. 

Malassezia yeasts have also been associated with other skin condi- 
tions such as confluent and reticulated papillomatosis (Chapter 85) 
[13-15]. However, their presence in this condition is not invariable 
and their removal with antifungals not necessarily followed by 
significant changes in the skin lesions. In addition, some patients 
respond to minocycline. Finally, there is a variant of psoriasis that 
has been termed ‘sebopsoriasis’ where, it is speculated, lipophilic 
yeasts may have a pathogenic role [16]. Clinically, this condition 


shows features of both psoriasis and seborrhoeic dermatitis, and 
it is thought to represent an overlap syndrome between the two 
conditions. 


SUPERFICIAL MYCOSES CAUSED BY OTHER 
SPECIES 


Tinea nigra — 


Definition and nomenclature 

Tinea nigra is an asymptomatic, superficial fungal infection caused 
by Hortaea werneckii. It generally affects the skin of the palms and is 
characterised by deeply pigmented, macular, non-scaly patches. 


Epidemiology 

Incidence and prevalence 

This is a rare disease. It occurs sporadically in many parts of the 
world, including the Americas and the Caribbean, South Africa, 
Australia, Europe and the Far East. It is thought to be acquired 
by direct inoculation into the skin and can easily be reproduced 
experimentally by scarifying the skin and applying a pure culture 
of H. werneckii under a bandage. 


Age 
It can occur at any age but is rare in childhood. 


Pathophysiology 

Pathology 

There is thickening of the stratum corneum in which hyphae are 
present. Inflammatory reaction in the dermis is minimal. 


Causative organisms 

Tinea nigra is generally caused by H. werneckii (synonyms Exophiala 
werneckii and Phaeoannellomyces werneckii) [1]. A different organism, 
Stenella araguata, has been isolated from some cases diagnosed in 
Venezuela [2,3]. The incubation period in separate studies was 
reported to be 10-15 days and 7 weeks, respectively. 


Environmental factors 
It is more commonly found in tropical climates. 


Clinical features [4] 

Presentation 

This condition is asymptomatic. The lesions are macular, sharply 
defined and not scaly. The most distinctive feature is the brown 
or black colour, resembling a silver nitrate stain. The palms are 
most commonly affected [5,6] in cases reported in the western 
hemisphere, but other areas of the body such as the soles and, more 
rarely, neck and trunk have been recorded, particularly in Asia. 


Piedraia hortae. 


SOS 


Figure 32.4 Tinea nigra. Skin scales mounted in 30% potassium hydroxide, bright field. 
The natural brown colour of the septate hyphae is apparent. Courtesy of the 
Department of Medical Mycology, St John’s Institute of Dermatology, King’s College 
London, London, UK. 


Irregular outlines are produced by an uneven rate of spread or 
coalescence of lesions. 


Differential diagnosis 

The black colour and the absence of scaling differentiate the con- 
dition from pityriasis versicolor. The pigmented lesions of Addi- 
son disease, syphilis, pinta and junctional naevi of the palm may 
have to be differentiated and mycological examination of the scales 
is usually required. 


Disease course and prognosis 
Spontaneous clearance is very unusual. 


Investigations 

Dermoscopy of the skin lesions shows the presence of darkly pig- 
mented and spiky strands, the hyphal clusters. Microscopy of 
infected epidermal scales in potassium hydroxide mounts reveals 
abundant brown, branched, closely septate hyphae up to 54m in 
diameter, and elongated budding cells (Figure 32.4). Inoculation 
of specimens onto Sabouraud’s agar and incubation at 30°C yields 
slow-growing colonies. 


Hortaea werneckii. Colony: cultures on glucose peptone agar may 
be relatively slow growing and initially yield a dirty white to grey, 
moist, yeast-like colony, which darkens to olive green to black, 
and over the course of several days becomes more filamentous 
and velvety. Microscopy: examination of young cultures reveals 
annellidic yeast-like budding cells, which are often uniseptate, the 
septum being dark in mature cells. The conidia are initially hyaline 
but become brown on maturity. Hyphae in older cultures produce 
intercalary and lateral conidiogenous cells, which are annellidic or 
sympodial. 


Management 

First line treatment is topical azole creams such as econazole and 
ketoconazole [7]. The condition also responds to the topical appli- 
cation of fungicidal preparations such as butenafine [8]. Benzoic 
acid compound ointment is also effective. 


Black piedra 


Definition and nomenclature 

This is a fungal infection confined to the hair shafts and resulting 
in the formation of hard, dark, superficial nodules thereon. Black 
piedra is caused by the fungus Piedraia hortae. 


Epidemiology 

Incidence and prevalence 

This is a very rare infection. It occurs in humid wet tropical regions 
in the Americas and in South-East Asia [1], and affects monkeys as 
well as humans [2]. A study among the Zoro people of Brazil [3] 
showed a prevalence of infection of 57% in subjects over the age of 
11 years. 


Sex 

The infection was thought to be more common in males than 
females, but one study showed no significant difference between 
the sexes [3]. 


Clinical features 

Presentation 

Lesions are asymptomatic. Black piedra is characterised by the 
presence of firmly adherent, black, gritty, hard nodules on the hairs 
of the scalp, or less frequently of the beard, moustache or pubic 
area. The nodules vary in size from microscopic to 1mm or more 
in diameter, and their thickness often tapers, either from one end to 
the other or from the middle to the edge. They are usually multiple, 
and oval or elongate in shape. Subcuticular fungal growth may 
rupture the cuticle and the fungus may then grow on the outside 
of the cuticle, completely surrounding the hair shaft. Because the 
fungus grows into the hair shaft, the hair may fracture easily. 


Disease course and prognosis 
Untreated the infection is chronic. 


Investigations 

In histological sections or in potassium hydroxide mounts, the nod- 
ules are observed to be made up of closely packed brown hyphae 
held in a mass by a viscous or cement-like substance (Figure 32.5). 
At the edges of the nodule, regularly aligned hyphal strands and 
arthroconidia 4-8 pm in diameter can be seen, while in the thicker 
parts, club-shaped asci containing eight elongated ascospores may 
be formed. The ascospores have a polar filament at each end and 
can be observed by crushing or sectioning the nodule. Piedraia hortae 
is almost unique among the human pathogenic fungi in producing 
sexual spores in its parasitic phase. 

Trichoscopy will show small brown black nodules around the 
hair shafts. The direct examination is so characteristic that culture is 
not absolutely necessary. If culture is performed, it should be noted 
that the fungus is not inhibited by cycloheximide. 
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Figure 32.5 Black piedra. Hairs mounted in 30% KOH, bright field. The dark nodules 
are formed of dematiaceous hyphae cemented together to form a hard mass. Courtesy 
of the Department of Medical Mycology, St John’s Institute of Dermatology, King’s 
College London, London, UK. 


Colony: the culture is slow growing, compact, domed and black. 
Microscopy: this shows brown, thick-walled, septate hyphae and 
chlamydoconidia. Asci and ascospores may be present in the thicker 
portion of the colony [4] but are not formed by every isolate. 


Management 

Shaving or cutting the hair effects a cure. To prevent recurrence, 
antifungal preparations such as benzoic acid ointment compound 
BP can be applied. Treatment success with terbinafine has been 
reported [5]. 


White piedra — | 


Definition and nomenclature 

This is a fungal infection confined to the hair shafts and resulting 
in the formation of soft, white, grey or brown superficial nodules 
caused by Trichosporon species. 


Epidemiology 

Incidence and prevalence 

The infection occurs in South America, Africa, central and eastern 
Europe and Japan [1,2]. The horse and certain species of monkey 
may also be affected. The cases occasionally observed in temper- 
ate countries have usually been visitors from the tropics, but cases 
have occurred in both Europe and the USA in individuals who have 
never left these regions [3-5]. A study in equatorial Africa demon- 
strated a prevalence of 18% in inguinal specimens from 449 female 
subjects [3]. 


Age 
It occurs in adults. 


Sex 
There is no sex difference. 


Pathophysiology 

Predisposing factors 

There is evidence that some cases may be sexually transmitted [6]. 
In addition, it has been postulated that the bacteria known to 
accompany the concretions of the fungi on hair, now identified 
as a new species of Brevibacterium, B. mcbrellneri [7], may have a 
synergistic role in the infection [8]. The strong proteolytic activity of 
the bacterium may facilitate hair shaft invasion by both yeasts and 
bacteria, while fungal by-products may stimulate bacterial growth. 
There is an increased carriage rate of perianal ‘G. beigelii’ reported in 
HIV-positive individuals, suggesting that this region may provide 
a reservoir for carriage. Interestingly, there does not appear to be an 
increased incidence of hair shaft infection in these patients. 


Pathology 
There is hair shaft invasion. 


Causative organisms 

Until 1994, the aetiological agent of white piedra was considered 
to be the basidiomycetous yeast Geotrichum (Trichosporon) beigelii, 
but genetic analysis has now determined that this name covered a 
complex of different species [9]. The agent of white piedra in head 
hair is now considered to be T. ovoides, while organisms reported 
from crural white piedra include T. inkin, T. asahii and T. mucoides. 


Clinical features 

Presentation 

This infection is asymptomatic. White piedra is characterised by the 
presence of soft, white or light brown nodules. The infection is more 
common on the hairs of the beard, moustache and genital areas 
than the scalp [4,5]. The fungus grows both within and outside the 
hair shaft, and the hair shaft may be weakened and break off. The 
nodules are transparent, easily detached from the hair and vary in 
size from microscopic to 1mm in diameter. The underlying skin is 
not affected and there is no fluorescence under Wood’s light. 


Differential diagnosis 

The presence of pruritus and the distinctive shape of egg cases of 
pediculi should serve to distinguish pediculosis from piedra, but 
microscopical examination is desirable. 


Disease course and prognosis 
If not treated this is a chronic infection. 


Investigations 

The nodules of white piedra are in the form of a sheath, which 
may extend around the hair shaft. These can be seen as white or 
semitransparent nodules with trichoscopy. With direct microscopy 
there may be extensive growth within the hair, giving rise to char- 
acteristic nodular swellings on the hair shaft. The hyphae segment 
into arthroconidia 2-41m in diameter and budding blastoconidia 
may also be seen (Figure 32.6). Most Trichosporon species are inhib- 
ited by cycloheximide, so this antibiotic should be excluded from 
the culture medium. As a few isolates fail to grow at 37°C, it is also 
advisable to incubate at 28-30°C. 


Figure 32.6 White piedra. Hair mounted in KOH, bright field. The gelatinous nodules 
formed by various Trichosporon species surround the hair. Courtesy of the Department 
of Medical Mycology, St John’s Institute of Dermatology, King’s College London, 
London, UK. 


Trichosporon species. Colony: the colonies of Trichosporon species 
develop rapidly and are soft, creamy and wrinkled, and sometimes 
mucoid [10]. Microscopy: the genus Trichosporon is characterised by 
the presence of hyphae, arthroconidia and budding cells. These are 
best observed with a deep cut streak on cornmeal or rice agar sup- 
plemented with Tween 80. Physiological tests: the species recently 
recognised using genetic analyses can be identified in the routine 
laboratory using their morphological characteristics, together with 
carbohydrate assimilation patterns determined by the commercial 
API 32C system, failure or ability to grow at 37°C and relative sen- 
sitivity to cycloheximide [9]. 


Management 

As with black piedra, shaving or cutting the hair may effect a 
cure. Responses to concentrated topical antifungals, azoles and 
allyamines have been reported but are unpredictable. 


Otomycosis — Sao 


Definition and nomenclature 


This is a chronic inflammatory condition of the external auditory 
canal caused by fungal infection. External otitis in general, includ- 
ing the differential diagnosis and management, is considered in 
Chapter 106. 


Pathophysiology 

Causative organisms 

In some patients with external otitis, fungi may be isolated from 
swabs or scrapings; indeed, material taken from the normal exter- 
nal ear may on occasion yield a variety of moulds [1]. Such isolates 
are more common in tropical regions. Very occasionally in external 


otitis, the fungus isolated appears to be playing a pathogenic part, 
perhaps even a primary one. The species most commonly accepted 
as pathogens in this situation include Aspergillus niger. Other species 
implicated as pathogens include A. fumigatus and other Aspergillus 
species [2,3], Scedosporium apiospermum, numerous other moulds and 
Candida species. 


Clinical features 

Presentation 

The inflamed, itchy and sometimes painful external canal usually 
discharges a little serous fluid. In advanced cases of true mycotic 
otitis, an overgrowth of fungal hyphae may produce a mass of 
white material suggesting damp cotton wool, lodged in the external 
canal. Where A. niger is the causative organism, the mat of fungus 
is often covered by black fruiting heads [4]. 


Clinical variants 

In severely immunocompromised patients, the external auditory 
meatus can be extensively eroded by fungal invasion to produce a 
necrotic form of otitis externa [5]. This form may spread to involve 
other sites including the middle ear and mastoids. 


Differential diagnosis 

The pinna may be the site of several mycotic diseases including chro- 
momycosis [6], sporotrichosis [7] and tinea [4], but such infections 
usually spare the external auditory meatus. 


Course and prognosis 
It is chronic if not treated. 


Investigations 

Interpretation of the relevance of organisms recovered from swabs 
taken from the ear may be difficult and a light growth of a 
mould may be of little significance. Rhizopus, Lichtheimia, Mucor 
or Penicillium, or indeed Aspergillus species, in small amounts mean 
little, except in immunocompromised patients, where they may be 
more important. Similarly, a light growth of Candida may reflect 
colonisation or contamination, although this organism can cause 
external otitis. The criteria for accepting the fungus as having 
an aetiological role are the absence of any significant bacterial 
pathogens and the presence of large masses of fungi that may some- 
times be seen on examination of the patient. If there is a considerable 
amount of fungal material in specimens taken for direct examina- 
tion, this may be adequate evidence. Signs and symptoms present 
in otomycosis are largely similar to those of otitis due to other aeti- 
ological agents, although pruritus and discharge have been shown 
to be more common in fungal-associated disease in one study [2]. 


Aspergillus niger. Colony: growing rapidly, the colony initially 
has a white or cream surface, which becomes black as the conidia 
are produced. The reverse remains pale cream to celadon green. 
Microscopy: the conidiophores arise at right angles to the support- 
ing hyphae, and have a swollen globose vesicle at their tip, which 
is completely covered by a layer of supporting cells or metulae. 
These metulae support a layer of phialides, which produce chains 
of dark brown, rough-walled phialoconidia. The bottom end of the 
conidiophore ends in a foot cell inserted in the supporting hypha. 
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Management [4,8,9] 

Careful cleaning, with removal of debris and fungal material from 
the ears, is of paramount importance. Various local applications 
have been suggested such as 2% thymol. Clotrimazole lotion has 
been employed with success in both Aspergillus and Candida infec- 
tions. Bifonazole lotion and cream were effective in the majority of 
35 patients included in a long-term study attempting to correlate 
the bacterial and fungal flora in patients with symptomatic otomy- 
cosis [9]. Oral itraconazole and voriconazole have both been used 
in the aggressive invasive form of otitis externa. 


Miscellaneous superficial 

caused by saprophytic moul 
The normal skin, especially the scalp and toe clefts, is commonly 
contaminated with spores or even short lengths of mycelium of 
saprophytic species. If cycloheximide-free media are used, they 
may be readily cultured. Usually, such species are present in small 
amounts and may without difficulty be dismissed as contaminants 
that have impacted on the skin. From time to time, however, reports 
appear in the dermatological literature of cases in which species 
such as those of Aspergillus [1] appear to colonise damaged tissues, 
become firmly established and perhaps cause secondary tissue 
destruction. Most authors counsel caution before accepting any sort 
of pathogenic role for the moulds in these cases, but in immuno- 
compromised patients or those with severe traumatic wounds the 
skin may become a portal of entry for invasive opportunistic fungal 
pathogens. 


Investigations and management 

In situations like these, it is important to use cycloheximide-free 
media in culture and then to weigh the facts carefully before assum- 
ing that the organism is anything more than a contaminant. In 
many cases, simple correction of local precipitating factors, such as 
maceration or occlusive dressings, may be all that is needed. 


DERMATOPHYTOSIS 


Classification 


Dermatophytes are related fungi capable of causing skin changes 
of the type known as ringworm or dermatophytosis [1,2]. Thus 
defined, the ringworm species are all moulds belonging to three 
asexual genera: Microsporum, Trichophyton and Epidermophyton. 


General description 


Forty years ago, the sexual state of dermatophytes was unknown 
and this phase of the life cycle has still not been found for many of 


Table 32.4 Asexual-sexual connections of dermatophytes. 


Asexual state Sexual state 


Arthroderma otae 
Arthroderma fulvum 
Arthroderma incurvatum 
Arthroderma gypseum 
Arthroderma obtusum 
Arthroderma persicolor 
Arthroderma benhamiae 
Arthroderma vanbreuseghemii 
Arthroderma simii 


Microsporum canis 
Microsporum fulvum 
Microsporum gypseum 
Microsporum gypseum 
Microsporum nanum 
Microsporum persicolor 
Trichophyton mentagrophytes 
Trichophyton mentagrophytes 
Trichophyton simii 


the common species. However, in those species where the sexual 
state has been identified, all the organisms are classified in the 
single genus Arthroderma in the phylum Ascomycota [3]. A list of 
synonyms of sexual and asexual names is included for reference 
(Table 32.4), although naming changes in the next few years mean 
that only one name will be maintained in the future. However, as 
sexual states are not routinely seen in the diagnostic laboratory, the 
name currently given to the asexual anamorph names will be used 
throughout this section. 

In addition to the recognised pathogens, a number of fungi have 
been discovered that are keratinophilic and that are clearly close 
relatives of the ringworm fungi — indeed, some are even classified 
in the same three anamorph genera — but that are soil dwellers 
and non-pathogenic. Although some authors include these fungi 
within the dermatophytes, in the author’s opinion they are better 
classified in the broader group of keratinophilic fungi, retaining the 
term dermatophyte for those species that can act as true superficial 
pathogens. 

The taxonomy of dermatophytes is an ever-changing area and 
the use of molecular techniques to examine the relatedness of 
species has led to many controversies and conflicts in the literature. 
Graser et al. suggested, on the basis of ribosomal internal transcribed 
spacers, that Trichophyton equinum var. autotrophicum should be con- 
sidered synonymous with T. tonsurans [4]. However, this is a matter 
of conflict and debate among taxonomists in this area [5,6], and this 
synonymy was later formally rejected [7]. Detailed discussions on 
the molecular taxonomy of dermatophytes are beyond the scope of 
this volume and interested readers are referred to a review on this 
subject [8]. 

Three asexual dermatophyte genera are distinguished by the mor- 
phology of the large, multicellular macroconidia that are produced 
[9]. In the genus Microsporum, the macroconidia are rough, usually 
thick walled and range from fusiform to obovate in shape with 
1-12 or more septa. Those of Trichophyton species are thin walled, 
smooth and may be cylindrical, fusiform or clavate in shape, with 
up to 12 transverse septa. In Epidermophyton, the macroconidium is 
clavate, broadened and rounded at its distal pole, thin walled and 
has up to five septa; the conidia are smooth when first formed, but 
as the colony ages, discrete wall thickenings may be observed. 

Apart from the mycological classification of dermatophytes, it has 
been traditional for clinical and epidemiological reasons to group 
dermatophytes that infect humans according to their ecological 
niche: geophilic species originating in the soil (Table 32.5); zoophilic 
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Table 32.5 Geophilic and zoophilic dermatophytes. 


Table 32.6 Anthropophilic dermatophytes. 


Species Geographical distribution Major host Species Geographical distribution 

Geophilic species Epidermophyton floccosum Worldwide 

Microsporum (Nannizia) gypseum* Worldwide Microsporum audouinii Worldwide 

Microsporum (Nannizia) praecox USA, western Europe Isolates previously called M. audouinii var. Africa 

Zoophilic species rivalieri and var. langeronii 

Microsporum canis Worldwide Cat, dog Microsporum ferrugineum Far East, eastern Europe, Africa 

Microsporum canis var. distortum New Zealand, USA Cat, dog Trichophyton concentricum Pacific, South-East Asia, Latin America 
(now classed as part of M. canis) Trichophyton gourvilii (now classed as part Central Africa 

Microsporum equinum (now classed Worldwide Horse of T. rubrum of African origin complex) 
as part of M. canis) Trichophyton interdigitale Worldwide 

Microsporum gallinae Worldwide Fowl Trichophyton megninii (now classed as part Mediterranean 

Microsporum (Nannizia) nanum Worldwide Pigs of T. rubrum of African origin complex) 

Microsporum (Nannizia) persicolor Americas, Europe Voles Trichophyton rubrum Worldwide 

Trichophyton equinum Worldwide Horse Trichophyton schoenleinii Worldwide 

Trichophyton mentagrophytes Worldwide Rodents Trichophyton soudanense (now classed as Sub-Saharan Africa 

Trichophyton erinacei Europe, New Zealand Hedgehogs part of 7. rubrum of African origin 

Trichophyton quinckeanum Worldwide Mice complex) 

Trichophyton simii India Monkey Trichophyton tonsurans Worldwide 

Trichophyton verrucosum Worldwide Cattle Trichophyton violaceum North Africa, India, Middle East 


@ This asexual species is a complex of three sexual species. 


species with animal origins (Table 32.5); and anthropophilic species, 
which are largely restricted to human skin (Table 32.6). However, 
these three groups are not always sharply demarcated. Species that 
are clearly geophilic may contaminate or infect the coats of animals, 
especially small rodents, and may thus infect humans through an 
intermediate animal host. Similarly, animal species may shed infec- 
tive material on to the soil and, although incapable of multiplying 
there, fungal elements may survive long enough to be isolated in a 
soil survey [10]. In the case of species affecting farm animals, their 
environment including cow sheds and fences may be contaminated 
by desquamated keratinocytes or hair containing fungal spores, 
just as the floors around swimming baths, school classrooms and 
the air of hospital clinics may be contaminated by anthropophilic 
species [10]. 

The distribution of the zoophilic species reflects that of the major 
animal hosts. Those geographically limited include Microsporum 
canis (including strains previously called M. canis var. distortum), 
M. persicolor, Trichophyton erinacei and T. simii (Table 32.5). Many of 
the anthropophilic species are also geographically limited and the 
classic endemic distributions are indicated in Table 32.6. However, 
to some degree these must reflect the distribution of diagnostic 
facilities and data for some areas are slight or outdated. Also, the 
anthropophilic dermatophytes are spread by movements of indi- 
viduals and groups. For example, species classically thought of as 
African, such as T. soudanense (which is now classified as a T. rubrum 
of African origin), have been isolated in the USA and Europe with 
some regularity. The European infections have not been found 
among immigrants from the endemic areas alone, but also in chil- 
dren born in Europe of African immigrants and, more rarely, among 
the endemic European population. Some of the species that have 
been regarded as cosmopolitan, such as T. schoenleinii, are currently 
rarely isolated in the USA and western Europe, although in some 
areas, particularly parts of Africa, they remain endemic. 

It must also be appreciated that these distributions are not static 
and the range of species in some areas may change dramatically 


Trichophyton yaoundei (now classed as part — Central Africa 


of T. rubrum of African origin complex) 


(), synonyms in recent classifications. 


and quickly. For instance, in one central London laboratory during 
the period between 1980 and 1990, the most common isolate from 
tinea capitis was the zoophilic organism M. canis. In contrast, 
during 2003 and 2004, T: tonsurans, a species that was rarely seen 
in the 1980s, was responsible for 87% of scalp infections and this 
has remained a dominant species (S. Howell, St John’s Institute of 
Dermatology, King’s College London, unpublished data). A review 
has highlighted the shifting epidemiology of dermatophytosis both 
in the UK and worldwide [11]. A more recent threat has been the 
spread from the Indian subcontinent of T. indotineae related to 
T. mentagrophytes that causes extensive tinea corporis/cruris and is 
resistant to some treatments including terbinafine. Spread has now 
been recorded outside India to other countries such as Bangladesh, 
Pakistan, the Middle East and countries in Europe. 

From the evolutionary point of view, it is likely that the 
anthropophilic species represent the end of a line, starting with 
non-pathogenic, keratinophilic soil species, existing as saprophytes 
on keratinous debris, passing through the geophilic dermatophytes 
and the zoophilic species. The increased specialisation that this evo- 
lutionary trend implies seems to be accompanied by a progressive 
loss of the sexual state and a reduction in the production of coni- 
dia, particularly macroconidia, and a loss of certain mating types 
[12-14]. Virtually all the non-pathogenic, keratinophilic species 
and geophilic dermatophytes have demonstrable sexual states, 
as do a few of the zoophilic group, particularly those infecting 
animals living in burrows or dens and thus associated with soil. 
However, dermatophytes that infect larger animals, such as T. ver- 
rucosum from cattle, T. equinum from horses and the anthropophilic 
dermatophytes, have as yet no known sexual state. It has been 
suggested that this transition from sexual to asexual life cycles led 
to an unprecedented level of adaptive radiation among the anthro- 
pophilic dermatophytes, resulting in a large number of species and 
variants. Other factors that may have contributed to the adaptive 
radiation on humans include the separation of the human skin into 
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distinct areas differing in the distribution of sebaceous glands and 
hairs, resulting in a marked affinity for particular body sites among 
the anthropophiles, which is not seen in zoophiles. 


Basic biology 


Characteristically, zoophilic species tend to produce highly inflam- 
matory reactions in humans and this may lead to a spontaneous 
cure. Anthropophilic species produce mild but chronic lesions. 
There are many exceptions to this useful generalisation and the 
degree of inflammatory response depends in part on the site of 
infection — large follicles of scalp and beard are associated with an 
intense reaction — and the immune status of the host [1]. 

An important characteristic of the dermatophytes as parasites is 
their restriction to dead keratinised tissue. Although the inflam- 
matory responses of ringworm infection involve the dermis and 
the Malpighian stratum of the epidermis, the fungus itself is found 
growing only within the stratum corneum of the epidermis, within 
and around the fully keratinised hair shaft, and in the nail plate 
and keratinised nail bed. Within these keratinised tissues, the fun- 
gus exists only as mycelium and arthroconidia. In this parasitic 
phase of fungal growth, there are no micro- or macroconidia and no 
specialised vegetative structures, such as spiral or pectinate hyphae. 
For these reasons, precise identification of the species of an infecting 
dermatophyte is generally impossible on direct microscopy of the 
skin or nail. 

In dermatophyte infections involving hair, the fungus invades 
the follicle from the adjacent stratum corneum and follows one 
of several precise patterns of growth. In the case of M. canis and 
M. audouinii, for example, the fungus penetrates the keratinised 
hair at about mid-follicular level, having grown down on the hair 
surface [2]. It then grows downwards within the hair towards the 
bulb, until the zone of incomplete keratinisation is reached. Growth 
is then arrested, or rather slowed and resisted. An equilibrium is 
established, the fungal mycelium invading a new, fully keratinised 
hair shaft at the same rate as it is formed, but never growing 
down into the incompletely keratinised tissue. Further up the shaft, 
hyphae from the existing mycelium grow outwards from inside 
the hair and proliferate on its surface. These secondary, extrapilary 
hyphae are tortuous; they fragment into small arthroconidia, which 
rapidly round up to become spherical structures, and are seen as a 
packed mosaic of spores coating the surface of the hair. This is the 
small-spored ectothrix type of hair invasion. 

Other species of dermatophytes show different patterns of hair 
invasion. T. verrucosum and T. mentagrophytes, like the Microsporum 
species, show arthroconidia on the surface of the hair and hyphae 
within it, but these conidia are larger and are arranged in straight 
chains. This is known as large-spored ectothrix hair invasion. 
T. tonsurans and T. violaceum, among others, produce an endothrix 
type of hair invasion, with the hyphae inside the hair fragmenting 
completely into a mass of relatively large arthroconidia, which 
are retained entirely within the hair shaft. T. schoenleinii, the cause 
of favus, is different again. The hyphae within the hair are fewer 
in number than in other endothrix infections and do not break 
up into a mass of arthroconidia but run intact through the hair, 
forming tunnels within its structure. When mounted in potassium 


hydroxide, these tunnels formed originally around the hyphae, 
which subsequently degenerate, create the characteristic air spaces 
seen. While in favus the infected hair commonly grows to normal 
lengths, in endothrix infections where arthroconidia are formed the 
hair shaft, being severely weakened, breaks at the skin surface. In 
small-spored ectothrix infections the shaft tends to fracture a few 
millimetres above the surface. 

All these parasitic patterns are very different from the mode of 
growth of dermatophytes on hair in vitro [3]. If plucked hair is 
inoculated with any of the T. mentagrophytes varieties, for example, 
frond-like fungal hyphae develop on the surface and lift the cuticle 
cells. Conical pits are then formed perpendicular to the surface 
of the hair as penetration of the keratinised hair cortex occurs. 
Intrapilary growth follows along the hair shaft in both directions, 
and micro- and macroconidia may be produced. There are no linear 
chains of arthroconidia on the surface. Moreover, if a hair, para- 
sitised in vivo, is plucked, and then cultured in vitro, the specialised 
growth pattern initially established will cease and the saprophytic 
phase, with the development of micro- and macroconidia, will 
rapidly follow. 


Invasion of the epidermis 

Invasion of the epidermis by dermatophytes follows a common 
pattern, starting with adherence between arthroconidia and ker- 
atinocytes, followed by penetration through and between cells and 
the development of a host response. 


Adherence 

On the stratum corneum, the first phase of dermatophyte invasion 
involves the adherence of infectious arthroconidia to keratinocytes. 
In vitro, this process is completed after about 2h of contact, at which 
stage germination and penetration of the keratinocyte occurs [4]. 
Different dermatophytes show similar kinetics, which are also 
unaffected by the source of the keratinocytes. The germination 
of arthroconidia and hyphal prolongation that follows adherence 
proceeds radially, and in vitro there is evidence of the indentation 
of keratinocyte layers beneath the growing hyphae, possibly result- 
ing from enzymic action [5]. The growing hyphae are thigmotropic 
and can sense surface changes in the underlying surface which may 
lead to penetration between corneocytes. 


Penetration 

Dermatophytes are keratinophilic. Evidence for this ranges from the 
ability of many dermatophytes to invade hair and nail in vitro to the 
demonstration of genetically regulated production of proteases with 
keratin specificity. In vitro, non-keratin substances extracted from 
keratinised tissues will support the growth of dermatophytes [6]. 
Dermatophytes produce a variety of proteolytic enzymes, which 
work in acid, alkali or neutral environments [7] and these protease 
genes are variably expressed with distinct enzyme patterns being 
found in infection versus cultured conditions [8]. Keratinase activity 
from certain dermatophytes is inducible by low-molecular-weight 
peptides released from the epidermis by the action of other fungal 
proteinases [9]. Other enzymes such as sulphur transporters are 
also involved [8]. Clinically, there appears to be a certain amount 
of heterogeneity in substrate preference as, while all dermatophyte 
species invade the stratum corneum of the skin, different species 


vary widely in their capacity to invade hair and nail. T. rubrum 
rarely invades hair but frequently invades nail; Epidermophyton 
floccosum never invades hair and only occasionally invades nail. In 
addition, other factors, such as those concerned with host resistance 
(e.g. serum), have a role in limiting the ability of dermatophytes to 
penetrate further than the stratum corneum [10]. Genes encoding 
different proteinases such as fungalysins (MEP) or subtilisins (SUB) 
have been identified [11]. 


Immunity 

Defence against the fungi causing ringworm depends on both innate 
and acquired immune mechanisms [12], the latter requiring the 
activation of immunological memory [13]. Serum factors appear 
to be able to inhibit the growth of dermatophytes in vitro and on 
cultured explants of skin. It is not entirely clear what is responsible 
for this, but unsaturated transferrin is one candidate, inhibiting the 
growth of dermatophytes by binding to the hyphae [14]. Its mode 
of action appears to be independent of iron-binding capacity. In 
experimental infections of skin grafted on to nu/nu mice, there is 
evidence of increased turnover of epidermis, which occurs in the 
absence of effective T-lymphocyte-mediated defence [15]. A further 
potentially important mode of defence is provided by the presence 
of fatty acids from sebaceous glands, which inhibit dermatophyte 
growth in vitro. This activity appears to reside in saturated fatty 
acids with chain lengths of 7, 9, 11 and 13 carbon residues. It has 
been postulated that their presence on the skin in postpubertal 
children may account for the spontaneous resolution of tinea capitis 
after this age and the rarity of new infections in adults. Undecenoic 
acid derivatives are a practical example where fatty acids have been 
used for the treatment of dermatophytosis. Whatever the influence 
of these factors, it is clear that in experimentally infected mice, the 
initial inflammatory changes occur as early in the process as 4h 
after infection showing that endogenous mechanisms may attract 
leukocytes [16]. 

Skin also contains a range of antimicrobial peptides, including 
human f-defensins, cathelicidin LL-37 and dermicin [17]. These 
peptides are known to have activity against bacteria, viruses and 
fungi and to play a key role in protection against skin infections 
including dermatophytes as well as Candida albicans [18]. It has also 
been found that dermatophytes are chemotactic and that they can 
activate the alternative pathway of complement activation. This has 
been demonstrated for T. rubrum, T. mentagrophytes [16] and fungi 
causing endothrix scalp infections, such as T. violaceum. The pro- 
duction of cytokines, such as interleukin 1 (IL-1) by keratinocytes, 
is important in the mobilisation of neutrophil defences. It has been 
shown that neutrophils, and to a lesser extent monocytes, can kill 
dermatophyte conidia. This activity depends both on intra- and 
extracellular mechanisms, and the generation of the respiratory 
burst is an important stage in this process [19]. Dermatophytes 
produce catalase and superoxide dismutase, which may act as 
defence against the phagocyte-generated free radicals. 

By contrast, there is little evidence that antibodies to dermato- 
phytes are protective. Patients with widespread infections, such as 
tinea imbricata, may have high antibody titres [20]. The presence 
of elevated immunoglobulin E (IgE), in particular, is associated 
with chronicity [21]. The transfer of specific serum containing a 
high titre of antibody to irradiated mice does not confer immunity 


on recipients. It is still premature to rule out a role for antibody 
as dermatophytes show some cytological changes when grown in 
the presence of specific antibody in vitro. However, there is strong 
evidence that the development of cellular immunity via sensitised 
T lymphocytes (Th17) is a key factor in immunological defence. 
Lymphocytes bearing T-helper phenotypic markers are responsi- 
ble for transferring immunity to infection to naive recipient mice 
[22]. In humans, the appearance of inflammation in ringworm 
correlates with the development of delayed-type skin reactivity 
to trichophytin [23-25] and cytokines such as interferon y (INF-y). 
Chronic infections are associated with poor T-lymphocyte-mediated 
response to specific fungal antigens, suggesting that depression of 
responses is responsible for the poor clinical response [23,26]. 
Langerhans cells can act as antigen-presenting cells for dermato- 
phyte antigens. 

The reason for the failure of immunity in persistent infections, and 
its relationship with chronicity, are still not well understood. There 
is an association between the presence of atopy and chronic der- 
matophytosis, with a high proportion of those with persistent 
disease having atopy (usually asthma or hay fever) as well as 
immediate-type hypersensitivity and raised IgE levels [23,26]. It 
has been suggested that modulation of T-lymphocyte activity either 
locally or systemically may be responsible. There is evidence of 
activation of a type 2 helper T (Th2) lymphocyte pathway, which 
might explain the spectrum of antibody responses; and although 
INF-y is detected in infection, there is also evidence of the produc- 
tion of IL-4 associated with a Th2 pathway [27]. It has been found 
that dermatophyte antigens, including those that contain mannose 
residues, can reversibly suppress lymphocyte proliferation but not 
the expression of human leukocyte antigen (HLA) DR [28]. Patients 
with persistent infection have detectable levels of circulating anti- 
gen [29]. Both are possible factors in the regulation of immunity in 
dermatophytosis. 


Pathophysiology 


The clinical appearances of the various forms of ringworm infection 
are the result of the combination of direct damage to the keratinised 
tissues by the fungus (this applies mainly in hair and nail infections) 
and of the inflammatory host response. The latter varies widely. At 
one extreme there is the simple hyperkeratosis seen, for instance, 
in dry-type T. rubrum infections; at the other is the pustular, highly 
inflammatory kerion seen most frequently in zoophilic infections, 
such as those caused by T. verrucosum. T. rubrum, for instance, may 
provoke the epidermal changes seen in chronic dermatitis with 
hyperkeratosis, patchy parakeratosis, hyper- or hypogranulosis, 
spongiosis, mononuclear invasion and mild or moderate acanthosis. 
The accompanying dermal infiltrate of lymphocytes and histiocytes 
is largely perivascular. The picture may be more inflammatory with 
superficial crusting and the more acute inflammatory changes in 
the epidermis may at times become vesicular, to the extent of mim- 
icking acute contact dermatitis. Other changes described include 
an erythema multiforme-like process with subepidermal bullae [1], 
and dermal blood vessel changes of vasculitis, accompanied by an 
infiltrate of lymphocytes, histiocytes, neutrophils and eosinophils. 
Another further histological pattern is a granuloma faciale type of 
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reaction, in which the epidermis and the upper dermis are substan- 
tially normal, but the mid-dermis has an infiltrate of neutrophils, 
eosinophils, lymphocytes, histiocytes and plasma cells in close 
proximity to dilated blood vessels. 

Pustular reactions may be subcorneal or follicular. The folliculitis 
and perifolliculitis are normally associated with fungal remnants 
in the follicles. Inflammatory changes range from spongiosis of 
the outer root sheath to deep perifollicular granulomatous inflam- 
mation showing areas of necrosis and foreign-body giant cells, 
perhaps induced by fragments of hair exuded from disrupted 
follicles. In cases of kerion, the histology is that of a combined sub- 
acute dermatitis and a marked folliculitis, with disrupted follicles 
and a diffuse granulomatous inflammatory response with many 
foreign-body giant cells, blood vessel changes and fibrosis. 

In classic annular ringworm, the rim of the lesion is marked 
by clear inflammatory changes including a perivascular infiltrate 
of lymphocytes. By contrast, in the central zone, inflammation 
is usually less, possibly following elimination of the fungus in 
the stratum corneum. Through the persistence of immunological 
surveillance [2], previously infected skin remains free of fungal 
hyphae compared with uninfected skin, and fungal growth pro- 
ceeds centrifugally. The epidermal turnover rate is normal within 
the ring, but more than four times as rapid in the zone where 
inflammation is maximal. Central clearance is often partial and, in 
tinea imbricata caused by T. concentricum and in some T. indotineae 
infections, successive waves of fungal growth occur in skin pre- 
viously cleared of infection, but overall mycelial expansion is 
centrifugal. 


Other factors affecting infection 

Age, sex, genetic and racial factors 

The known differences in the incidence of ringworm infection 
between the age groups and sexes seem, in general, to reflect 
differing rates of exposure and of sebum production, differing 
clothing and fluctuations of immunity with old age. There may be 
ethnic differences in susceptibility, for example in tinea capitis, 
but the pathogenetic mechanisms are not clearly established [3]. 
In tinea imbricata, a genetic susceptibility factor inherited as an 
autosomal recessive has been suggested [4]. Unusual or deep 
forms of dermatophytosis have been associated in families with 
mutations in the STAT1 gene [5] — these families also have chronic 
candidosis and hypothyroidism — and CARD9 gene where patients 
may have deep dissemination [6]. A survey of children with tinea 
capitis has uncovered nucleotide substitutions in genes involved 
in macrophage function, including epithelial barrier repair among 
other functions [7]. 


Patient co-morbidities 

Patients with dermatophytosis are usually otherwise healthy. How- 
ever, altered or chronic infections have been noted in a number 
of patient groups, such as those with chronic mucocutaneous 
candidosis or AIDS [8] and patients on corticosteroid therapy or 
with endogenous Cushing syndrome. There is also the raised inci- 
dence of atopy in patients with chronic infection, suggesting that 
host factors may well determine the clinical course. However, this 
is not the only factor, and it has been found that where there is 
ample facility for the spread of infection (e.g. among coalminers), 


the incidence of atopy is no different from that seen in uninfected 
co-workers [9]. 

There is no reliable evidence that diabetic patients are especially 
susceptible to dermatophyte infection, even though diabetes may 
affect the course of established infections; for example, diabetic 
patients with tinea pedis are more likely to develop onychomycosis. 


Temperature and microenvironment 

Dermatophytes grow poorly at 37°C. Although this factor may 
contribute to the lack of deeper penetration of the epidermis and 
dermis, intravenous injection will result in progressive infection in 
animal models of dermatophytosis. Raised carbon dioxide tension 
is known to facilitate arthroconidial formation and may also aid 
either adhesion or penetration [10]. Moisture is also important for 
the germination of arthroconidia on keratinocytes. 


Competing organisms and co-pathogens 

The ability of certain dermatophyte species to produce penicillin-like 
antibiotics may allow these fungi to regulate the bacterial flora [11]. 
Although there is some competitive interaction [1], Staphylococcus 
aureus may occasionally act as a co-pathogen, increasing the degree 
of inflammation in dermatophyte infections [1]. 


Identification 


The isolation and identification of dermatophytes is a relatively sim- 
ple process and needs only basic laboratory facilities. The features 
of the most common species will be outlined and illustrated when 
grown on 2% glucose, 1% mycological peptone (Oxoid) agar sup- 
plemented with 0.04% cycloheximide and 0.005% chloramphenicol 
at 26°C. Illustrations of the more unusual species are beyond the 
scope of this chapter and the reader is referred to more specialised 
texts [1,2]. 

All the dermatophyte species appear identical in skin and nail 
samples. Septate hyphae are observed, which may branch without 
constriction at the branching point and which display an even 
diameter along their length (Figure 32.7a). In some specimens the 
hyphae fragment into arthroconidia, which disarticulate when 
mature, and may then round up and increase notably in size 
(Figure 32.7b). These germinate to produce true hyphae. Hair 
invasion results in four distinct patterns: small-spored ectothrix, 
large-spored ectothrix, arthrosporic endothrix and favus endothrix 
(Figure 32.7c-f) and these are readily distinguishable by the arrange- 
ment and the size of the fungal elements. When trying to determine 
whether infection is endothrix or ectothrix, it is useful to note 
that the pigment in the hair clearly delineates the edge of the hair 
shaft and can be used as a marker to judge whether the fungus is 
entirely confined within the hair or has formed an ectothrix sheath 
of arthroconidia on the surface. 

Most isolates can be identified directly from the primary culture, 
but if sporulation is poor a number of media may be used to encour- 
age the production of conidia, including potato dextrose agar and 
lactritmel agar [3]. A few simple physiological tests, such as growth 
on polished rice grains, the production of urease, the ability to pene- 
trate human hair in vitro and specific vitamin requirements, may be 
used to confirm the identification of certain species (Box 32.1). 
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Figure 32.7 Dermatophytosis. (a) Skin scales mounted in 30% KOH, Nomarski illumination. The hyphae are very even in diameter and regularly septate. (b) Skin scales mounted in 
30% KOH, phase contrast. The hyphae are fragmenting to form arthroconidia, which may increase notably in size and round up as they mature. (c) Small-spored ectothrix hair 
invasion, 30% KOH, bright field. The brown pigment delimits the edge of the hair, and the sheath of small arthroconidia that has formed on the surface of the hair is clearly visible. 
(d) Large-spored ectothrix hair invasion, 30% KOH, bright field. The sheath surrounding the hair is formed of arthroconidia, which are significantly larger than those seen in 
small-spored ectothrix infections. (e) Endothrix hair invasion, 30% KOH, bright field. The fungus inside the hair has broken up into a mass of large arthroconidia. These are retained 
entirely within the hair shaft. (f) Favus hair. The fungus is entirely confined within the hair shaft but does not fragment into arthroconidia. When first immersed in KOH, air is trapped 
around the hyphae forming the characteristic, long air spaces. These rapidly fill in with KOH, when the hyphae themselves become visible. Courtesy of the Department of Medical 
Mycology, St John’s Institute of Dermatology, King’s College London, London, UK. 
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Box 32.1 Physiological tests used in the 
identification of dermatophytes 


Production of urease 

Filter-sterilised urea agar base (Difco) is mixed with sterile molten agar 
and allowed to set. The medium is then inoculated with the test 
organism. After incubation at 26°C for 7 days, if urea is degraded, the 
colour turns from yellow to magenta red 


Penetration of human hair in vitro 

Sterile human hair is suspended in sterile distilled water supplemented 
with yeast extract. The test organism is inoculated onto the hairs. After 
2 weeks’ incubation at 26°C, hairs are mounted to look for 
wedge-shaped penetrations perpendicular to the hair axis 


Vitamin tests 

Trichophyton agars 1-7 (Difco) are used to determine vitamin 
requirements. Agar 1 is a casein-based, vitamin-free control; agar 2 is 
supplemented with inositol, agar 3 with thiamine and inositol, and 
agar 4 with thiamine alone. Agar 5 contains nicotinic acid. Agar 6 is an 
ammonium nitrate vitamin-free control for agar 7, which is 
supplemented with histidine. Small, agar-free inocula are transferred 
from Sabouraud’s agar plates and incubated for 2-3 weeks at 26°C 


Growth on rice grains 

Ordinary white rice is covered with distilled water and autoclaved. The 
test organisms are then inoculated straight onto the surface and growth 
is assessed after 2-3 weeks’ incubation at 26°C 


Growth on 1% peptone agar 

On this sugar-free medium, Microsporum persicolor will produce a pink 
surface colour, in contrast to Trichophyton mentagrophytes, which remains 
white 


In recent years there have been numerous molecular studies of 
dermatophyte taxonomy. As a result, various changes have been 
recommended to the nomenclature and separation of the classically 
recognised species. Although not all the changes have been univer- 
sally accepted, current studies suggest that there are many species 
complexes within the dermatophyte genera and have included 
many of the old ‘varieties’ of species within the complexes [4]. 
The area is still undergoing change and with the use of one name 
to designate both the sexual and asexual phases, more change is 
inevitable. Throughout this chapter, although newer names are 
used, the older names are included for ease of use. 

In cases where cultures are completely atypical morphologically, 
however, molecular methods such as PCR and sequencing will 
allow species identification. As the cost of such analysis falls, more 
widespread use may become feasible. 


Genus Microsporum 

When present, macroconidia are species-specific; their production 
is enhanced by subculture on to lactritmel agar. Microconidia are 
similar in most species — clavate to elongate and borne along the 
sides of the hyphae — and thus not useful in species identification. 
The presence of specialised hyphae such as racquet hyphae where 
the cells are swollen at one end, and pectinate hyphae which bear 
unilateral, flattened, comb-like protrusions, may be helpful. 


Microsporum audouinii (Figure 32.8). Colony: in many isolates the 
surface is white to tan with thin sometimes silky growth, which has 


Figure 32.8 Microsporum audouinii. (a) Colony; the reverse of the colony is shown on 
the right. (b) Microscopy, bright field. In many isolates chlamydoconidia, racquet hyphae 
and microconidia may be the only features of note. (c) Microscopy, bright field. In some 
isolates, macroconidia are observed. These are large, unevenly septate and may have a 
waisted appearance. Courtesy of the Department of Medical Mycology, St John’s 
Institute of Dermatology, King’s College London, London, UK. 


been compared with mouse fur. Other strains may have a thicker, 
downy, white surface. The colour on the reverse of the colony is 
salmon pink to tan. Microscopy: in most isolates macroconidia are 
absent and the most characteristic features may be the presence 
of terminal and intercalary chlamydoconidia and racquet hyphae. 
However, in isolates where macroconidia are present, they are 
large, unevenly septate, variably rough and thick walled, and often 
have a constricted centre and irregular shape. Physiological tests: 
M. audouinii grows poorly or not at all on polished rice grains. 

A variant found mainly in Africa (previously designated 
M. audouinii var. rivalieri) has also been reported from North 
America and Europe. The colony surface is white, with a distinc- 
tive ground-glass texture and radial or more complex cerebriform 
folding. Microscopically, macroconidia may be present, but the 
most characteristic feature is the presence of numerous pectinate 
hyphae. On primary culture, some isolates produce well-developed 
antler hyphae, which may cause confusion with T. schoenleinii. 
Subculture on to lactritmel agar may stimulate macroconidial 
production in these isolates and the characteristic small-spored 
ectothrix mode of in vivo hair infection will also aid in their correct 
identification. 


Figure 32.9 Microsporum canis. (a) Colony; the reverse of the colony is shown on the 
right. (b) Microscopy, bright field. The macroconidia are characteristic, thick-walled and 
fusiform, often with a tilted, apical beak. They are rough with the most pronounced 
thickenings at the apical tip. Courtesy of the Department of Medical Mycology, St John’s 
Institute of Dermatology, King’s College London, London, UK. 


Figure 32.10 Microsporum canis glabrous form colony. Courtesy of the Department 
of Medical Mycology, St John’s Institute of Dermatology, King’s College London, 
London, UK. 


Microsporum canis (Figure 32.9). Colony: the surface is white, 
thinning towards the edge to reveal the yellow or orange reverse 
pigment. The texture may be cottony, with a buff centre caused 
by the abundant production of macroconidia; alternatively, the 
surface may be thinner, silky or patchily cottony and entirely white. 
Radial folds may be present. Microscopy: macroconidia are rough, 
particularly at the tip, with thick outer walls and up to 16 cells. 
They are spindle shaped and may show a slightly bent apical beak. 
Physiological tests: M. canis grows well on polished rice grains. This 
medium also encourages macroconidial production. 

A glabrous variant (Figure 32.10) has been described with heaped, 
leathery, yellow or orange-brown colonies with feathery edges [5]; 
this mutant quickly reverts to the normal colonial form and pro- 
duces typical macroconidia if cultured on rice grains. 

A variety found in Australia, New Zealand and the Americas 
was previously designated M. audouinii var. rivalieri. The rough, 
thick-walled macroconidia are grossly distorted and bent and 
abundant microconidia may be present. 


Microsporum equinum (now included within M. canis sensu 
stricto). Colony: the short surface mycelium is white to pale buff 
with regular, deep, radial grooves. The reverse is pink or salmon. 
Microscopy: the macroconidia are characteristic. They are rough 
and thick walled but shorter and wider than those of M. canis, 
usually with one to four cells. 


Microsporum ferrugineum. Colony: restricted, glabrous, heaped 
colonies, yellow to rust in colour or more spreading, downy colonies 
similar to M. audouinii may be seen. The pigment is often lost on 
subculture. Microscopy: thick ‘bamboo’ hyphae with prominent 
septa may be the only notable feature, although rare macroconidia 
resembling those of M. canis may be produced. 


Microsporum (Arthroderma) gypseum (Figure 32.11). Mating 
studies have demonstrated that the fungus traditionally known as 
M. gypseum is actually a complex containing two separate species: 
Arthroderma incurvatum (anamorph M. gypseum) and A. gypseum 
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Figure 32.11 Microsporum gypseum. (a) Colony. (b) Microscopy, bright field. The 
macroconidia are abundant and characteristic, with a symmetrical cigar shape and thin, 
finely roughened cell walls. Courtesy of the Department of Medical Mycology, St John’s 
Institute of Dermatology, King’s College London, London, UK. 


(anamorph M. gypseum). Colony: both species produce rapidly 
growing colonies with a cinnamon or brown, powdery surface. In 
M. gypseum the surface is almost completely flat. The reverse is 
yellow-buff to brown or may have red overtones. Microscopy: the 
numerous macroconidia are thin walled, finely roughened over 
their entire surface and have up to six septa. The shape is very sym- 
metrical, broadly fusiform with rounded ends, and has variously 
been described as cigar or boat shaped. 


Microsporum (Nannizia) fulvum. Colony: the appearance is simi- 
lar to M. gypseum but there is typically a much thicker and more floc- 
cose surface texture. Microscopy: there are numerous macroconidia, 
thin walled, with 3-6 septa. They are longer and and more clavate 
than those of M. gypseum. 


Microsporum (Nannizia) nanum. Colony: moderate to rapidly 
growing, flat, powdery colonies are seen with a buff surface and 
red-brown reverse. Microscopy: characteristic thin-walled, rough, 
obovate macroconidia with usually a single septum are abundantly 
produced. 


Microsporum (Nannizia) persicolor. Colony: the surface of the 
colony is creamy buff, sometimes with pale pink tones. The texture 
is noticeably thicker than that seen in T. mentagrophytes. The reverse 
is buff to brown and may also develop pink or reddish tones. 
Microscopy: this is very similar to T. mentagrophytes. Many clavate 
to spherical microconidia are present and are arranged in grape-like 
clusters and along the hyphae. Young microconidia are pyriform 
and matchstick hyphae with an elongated basal cell carrying a 
microconidium at its tip may be observed. Tightly coiled, spiral 
hyphae are usually present. Thin-walled, elongated macroconidia 
appear smooth on primary isolation media and usually contain 
six cells. Physiological tests: on medium free of sugar (1% peptone 
agar), M. persicolor colonies produce a rose-pink surface colour; 
T. mentagrophytes retains a white surface on this medium. On 3% 
salt agar, macroconidia are more obviously rough. 


Genus Trichophyton 

Macroconidia are rarely formed by most of the anthropophilic 
species and may not be particularly distinctive when they are. They 
are smooth and thin walled. The size, shape and arrangement of 
the microconidia is useful in species identification, together with 
the presence of features such as coiled spiral hyphae, abundant 
chlamydospore production and special physiological requirements. 


Trichophyton concentricum. Colony: the compact, heaped, folded 
colonies have a grey, tan or brown surface; initially glabrous, a 
thin, short, surface mycelium may develop. The reverse may be 
tan, brown or have reddish tones. Microscopy: conidia are absent. 
The hyphae may be swollen and distorted with numerous chlamy- 
dospores and occasional antler hyphae or may be unremarkable. 
Physiological tests: 50% of isolates are stimulated by thiamine. 

As the morphological features of this fungus are not very dis- 
tinctive, it may be confused with other glabrous anthropophilic 
Trichophyton species, such as unpigmented isolates of T. violaceum. 
However, the clinical features of infection are so characteristic that 
they will aid in the identification. 


Trichophyton equinum. Colony: in young cultures, the surface is 
very thin, revealing the reverse brown pigment. The reverse is ini- 
tially brown in the centre with an outer yellow edge. As the culture 
matures, the surface texture thickens and becomes uniformly white 
and the reverse uniformly deep reddish brown. Microscopy: elon- 
gate to pyriform microconidia are arranged along the sides of the 
hyphae. Cylindrical, smooth, thin-walled macroconidia are rarely 
observed. Physiological tests: with the exception of some isolates 
from New Zealand and Australia, this fungus has a specific vitamin 
requirement for nicotinic acid. 


Trichophyton gourvilii (now included within T. rubrum of African 
origin complex). Colony: the centre of the colony is garnet red to 
lavender, waxy, heaped, folded and surrounded by a flat, white, 
silky edge with an eyelash fringe. The reverse is cream to buff. 
Microscopy: clavate or pyriform microconidia are arranged along 
the sides of the hyphae. 


Trichophyton megninii (now included within T. rubrum of African 
origin complex). Colony: the colony is very similar to downy 


T. rubrum isolates. The surface is white, developing pink or rose 
tones. The texture is velvety or downy, often with radial folds. 
The reverse is reddish brown to wine red. Microscopy: as in 
T. rubrum, pyriform microconidia are arranged along the sides of 
the hyphae. Physiological tests: when grown on a medium with an 
inorganic nitrogen source, this fungus has a specific requirement 
for |-histidine. It is urease positive. 


(Figure 32.12). Colony: the colonies 
are fast growing with an intensely granular surface, which may be 
entirely white or develop a cream centre. The edge of the colony is 
thinner and may be spiky or stellate. The reverse is yellow, tan or 
red to brown. Microscopy: the spherical microconidia are arranged 
in grape-like bunches and to a lesser extent along the hyphae. Coiled 
spiral hyphae are usually present and in many isolates thin-walled, 
cylindrical macroconidia with up to eight cells may be present. Phys- 
iological tests: the fungus is urease positive and penetrates human 
hair in vitro. T. indotineae, a new species associated with widespread 
treatment-resistant infection in India and other countries, is related 
to T. mentagrophytes, but it is identified using molecular tools. 


(b) 


Figure 32.12 Trichophyton mentagrophytes. (a) Colony. (b) Microscopy, bright field. 
Round microconidia are arranged in clusters; spiral hyphae and thin-walled, smooth, 
cylindrical macroconidia may also be present. Courtesy of the Department of Medical 
Mycology, St John’s Institute of Dermatology, King’s College London, London, UK. 


Colony: the rapidly growing colonies have 
a flat, white, intensely granular surface. The reverse is a bright 
canary yellow. Microscopy: elongate microconidia, even longer 
than those of T. rubrum, are arranged along the sides of the hyphae. 
Spiral hyphae and smooth, thin-walled macroconidia may be 
present in some isolates. Physiological tests: unlike other variants of 
T. mentagrophytes, the fungus is urease negative, but will penetrate 
human hair in vitro. 


Colony: the surface is white, velvety 
or downy and often folded in the centre. The reverse is buff to 
cream. The colony has been reported to have a distinctive sour 
smell. Microscopy: pyriform microconidia are arranged along 
the sides of the hyphae. Physiological tests: produces a Wood’s 
light-positive hair infection in mice with characteristic scutula. 


(Figure 32.13). Colony: the most typical 
isolates are rapidly growing with a white, powdery surface, which 
develops a cream centre (Figure 32.13a). A few isolates may develop 
a pinkish surface. The reverse is tan or reddish brown, often with a 


(b) 


Figure 32.13 Trichophyton interdigitale. (a) Typical colony form; the reverse of the 
colony is shown on the right. (b) More unusual colony forms. The upper colony is of the 
downy white form and the lower colonies show an intricately folded, beige form. 
Courtesy of the Department of Medical Mycology, St John's Institute of Dermatology, 
King’s College London, London, UK. 
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paler edge. Less typical downy forms have a fluffier white surface, 
sometimes slightly cream in the centre and folded (Figure 32.13b). 
The reverse is pale cream to buff. Microscopy: powdery isolates may 
be very similar to T. mentagrophytes with spherical microconidia 
arranged in bunches; spiral hyphae and macroconidia are present 
in some isolates. The fluffier downy isolates have pyriform micro- 
conidia arranged along the sides of the hyphae. Physiological tests: 
the fungus is urease positive and penetrates human hair in vitro. 

The ‘nodulare’ form of T. interdigitale has a predominantly 
glabrous, waxy surface devoid of aerial hyphae and feathery 
sub-surface growth. Both the surface and reverse of the colony are 
orange-red in colour. Small areas of more typical white growth may 
be present. Nodular bodies are present on microscopical examina- 
tion. This variety is relatively unstable and may quickly sector out 
into a powdery or downy colonial form. 


Trichophyton rubrum. This is probably the most morphologically 
variable dermatophyte species and several distinct colonial forms 
are regularly isolated. Only the most common will be described 
here. 

1 Downy form. This is the most commonly isolated form in tem- 
perate zones (Figure 32.14a, b). Colony: the surface of the colony 
is white, downy or cottony, and domed. The reverse of the 
colony is initially dark brown, usually with a paler cream border, 
but after incubation for 3-4 weeks produces the typical deep 
red pigment characteristic of this species. Microscopy: small, 
tear-shaped, clavate or elongate microconidia are arranged along 
the sides of the hyphae. In some isolates, microconidia may be 
scanty. Physiological tests: the fungus is urease negative and does 
not perforate human hair in vitro. 

2 Melanoid form (Figure 32.14c). Colony: similar to the downy 
form, but characterised by producing a brown melanoid pig- 
ment that diffuses into the medium and masks any red pigment 
on the reverse of the colony. Microscopy: small, tear-shaped 
microconidia are arranged along the sides of the hyphae. 

3 Dysgonic form (Figure 32.14d). Colony: slow-growing, tiny, deep 
red colonies with a brittle texture. This form is relatively unstable 
and will quickly revert to the more typical downy form. 

4 Granular form (Figure 32.14e, f). Colony: the surface is pow- 
dery or granular, cream to pink and often raised and folded 
in the centre. The reverse is red-brown. Microscopy: numerous 
smooth, thin-walled, cylindrical or pencil-shaped macroconidia 
are produced; some macroconidia may have constricted septa. 
Typical tear-shaped microconidia are also present. Physiological 
tests: this form is urease positive and may penetrate human hair 
in vitro. 

5 Yellow form. The surface may be similar to the more usual downy 
form or it may be smooth, leathery and yellow. The reverse is 
yellow; the red pigment characteristic of T. rubrum is completely 
absent. In instances where microconidia are not observed it may 
be difficult to show that this is indeed a dermatophyte. However, 
pigmentation and sporulation may be enhanced on lactritmel 
agar. 


Trichophyton schoenleinii (Figure 32.15). Colony: on primary iso- 
lation, the colonies may be glabrous or velvety, usually heaped and 
folded, and often with a fringe of hyphae at the edge submerged 


in the culture medium. The surface is white to cream and the 
reverse is pale. On repeated subculture, most isolates become 
downy. Microscopy: conidia are usually absent. Characteristic 
dichotomously branching hyphae with flattened tips, termed chan- 
delier or antler hyphae, are present in fresh cultures. These may be 
readily observed by focusing on the back of the primary culture 
plate with a x10 objective. Swollen, distorted hyphae with many 
chlamydoconidia are also usually present. 


Trichophyton simii. Colony: the surface is flat and granular, pale 
at the edges and buff or sometimes pink in the centre. The reverse 
is usually yellow to red-brown. Microscopy: many smooth-walled 
macroconidia are produced, often outnumbering the number 
of clavate to pyriform microconidia. The macroconidia are thin 
walled, cylindrical or torpedo shaped and are characterised by the 
development of constricted septa, and the fact that certain of the 
cells swell to produce endochlamydoconidia as they age. 


Trichophyton soudanense (Figure 32.16). Colony: the colony is 
relatively slow growing, glabrous and leathery or brittle in texture, 
with a characteristic stellate or eyelash fringe around the edge. The 
colour is typically apricot to yellow, but isolates producing purple 
or red colonies are also common. Microscopy: when examined 
through the back of the primary culture plate using a x10 objective, 
the hyphae appear stiff and ‘brush-like’. They are very regularly 
septate and the formation of arthroconidia produces a zig-zag 
appearance. Reflexive branching back towards the centre of the 
colony is a characteristic feature. Pyriform microconidia may be 
present. 


Trichophyton tonsurans (Figure 32.17). Colony: the colony surface 
is velvety or powdery and may be grey, cream or yellow in colour, 
more rarely brown in the centre. Some isolates produce very sparse 
surface mycelium, so that the reverse brown pigmentation shows 
through. Circular or radial folds are often present. The reverse is 
typically chocolate brown, mahogany or yellow. Microscopy: the 
most characteristic feature is that the microconidia are noticeably 
larger than those of T. mentagrophytes or T. rubrum and very vari- 
able in shape. They range from clavate to elongate, and swollen 
‘balloon’ microconidia and stalked, matchstick microconidia are 
also observed. In the majority of isolates, chlamydoconidia are 
numerous and in some isolates spiral hyphae and macroconidia 
are present. Physiological tests: this fungus has a specific vitamin 
requirement for thiamine. 


Trichophyton verrucosum (Figure 32.18). Colony: this is a very 
slow-growing fungus and after 2 weeks of incubation at 26°C the 
white or grey waxy colonies may still be barely visible. Growth is 
better at 37°C so, if cattle ringworm is suspected, incubation at both 
temperatures is recommended. Microscopy: examining the reverse 
of the primary plate under a x10 objective, colonies incubated at 
26°C show short hyphae with terminal chlamydoconidia. In con- 
trast, colonies incubated at 37°C produce very characteristic long 
chains of chlamydoconidia. Clavate or elongate microconidia may 
be present along the sides of the hyphae. Rat-tailed macroconidia 
may be produced on depleted media. Physiological tests: most 
isolates have a requirement for thiamine and inositol. In a few, 
growth is enhanced by thiamine alone. 


(c) 
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Figure 32.14 Trichophyton rubrum. (a) Downy colony; the reverse of the colony is shown on the right. (b) Downy form microscopy, bright field. Clavate to elongate microconidia are 
arranged along the sides of the hyphae. They may be scanty in some isolates. (c) Melanoid colony form. A brown pigment diffuses into the agar medium. (d) Dysgonic colony form. 
Growth is initially very restricted and the tiny colonies are a deep red. They usually revert to a more typical downy form within 2-3 weeks. (e) Granular form colony, with a powdery 
pink surface often raised and folded in the centre. (f) Granular form microscopy, bright field. Cylindrical, smooth-walled macroconidia are abundant and may become swollen as they 
mature with constricted septa. Microconidia and chlamydoconidia may also be abundant. Courtesy of the Department of Medical Mycology, St John’s Institute of Dermatology, King’s 


College London, London, UK. 


Trichophyton violaceum (Figure 32.19). Colony: the slow-growing, 
glabrous colonies have a waxy or leathery texture. Characteristi- 
cally they are deep purple-red in colour, but some isolates take 
several weeks to pigment, or retain unpigmented sectors. Occasion- 
ally, isolates fail to pigment at all. Microscopy: microconidia and 
macroconidia are usually absent. Chlamydoconidia and distorted 


hyphae may be present. Physiological tests: growth is stimulated 
by thiamine. 


Trichophyton yaoundei (now included within T. violaceum). 
Colony: the colonies are initially glabrous and white to cream. 
As they age, the surface may develop a velvety texture and a tan 


INFECTIONS & 
INFESTATIONS 


mM 
- 
< 
3 


INFECTIONS & 


INFESTATIONS 


PART 3 


32.30 


Chapter 32: Fungal Infections 


Figure 32.15 Trichophyton schoenleinii. (a) Colony. (b) Microscopy, bright field. Typical 
antler hyphae may be observed by examining through the back of the culture plate 
with a 10x or 20x objective. The antlers branch dichotomously and have flattened tips. 
Courtesy of the Department of Medical Mycology, St John’s Institute of Dermatology, 
King’s College London, London, UK. 


to brown colour; a diffusable brown pigment may be produced. 
Microscopy: irregular hyphae and chlamydoconidia may be present; 
clavate microconidia are rare. Physiological tests: the lack of vitamin 
requirements will distinguish this species from T. verrucosum and 
unpigmented isolates of T. violaceum. 


Genus Epidermophyton 
These are identified by their characteristic macroconidia and lack of 
microconidia. 


Epidermophyton floccosum (Figure 32.20). Colony: this species 
grows rapidly to form velvety or suede-like colonies, which may 
remain flat or develop central or radial folds. The colour is typically 
khaki or olive green and some isolates produce tufts of floccose, ster- 
ile, white mycelium on the surface of the colony. Microscopy: large 
clavate macroconidia with a rounded apical end and up to six cells 
are rapidly formed. They are thin walled and initially smooth but 
may develop a few discrete thickenings as they age. Microconidia 


(a) 


(b) 


Figure 32.16 Trichophyton rubrum of African origin (formerly called T. soudanense). 

(a) Colony forms. A typical apricot yellow and a red isolate are illustrated. (b) Microscopy, 
bright field. The stiff hyphae with many arthroconidia and reflexive branching may be 
observed directly through the back of the culture plate. Courtesy of the Department of 
Medical Mycology, St John’s Institute of Dermatology, King’s College London, 

London, UK. 


are absent. Chlamydoconidia are abundant and predominate in 
older cultures. 


Management 


General principles of management 

The treatment of fungal infection is now comparatively straightfor- 
ward and cure rates for many forms of dermatophytosis are over 
90%. In addition to treatment, some other management measures 
are generally helpful. 

The identification of the causative agent is useful, particularly in 
tinea corporis and tinea capitis where treatment of an infected ani- 
mal source is important in order to prevent other infections. In the 
case of tinea capitis, it will also provide information on the risk of 
spread to other children at home or in school. 

The prevention of dermatophytosis is not practicable except in 
situations where there is a high risk of spread to other individuals. 


(a) 


(b) 


Figure 32.17 Trichophyton tonsurans. (a) Colony; the reverse of the colony is shown on 
the right. (b) Microscopy, bright field. The microconidia are large and vary considerably 
in their shape. Chlamydoconidia are often abundant; macroconidia and spiral hyphae 
are occasionally seen. Courtesy of the Department of Medical Mycology, St John’s 
Institute of Dermatology, King’s College London, London, UK. 


These include shower rooms in industry or in the armed forces 
or schools. In the case of tinea pedis, improvement of hygiene in 
swimming baths may result in lower levels of infection. Frequent 
washing of changing room floors and walkways will remove infec- 
tive material in skin scales. The provision of tolnaftate powder 
at swimming baths and encouragement to use it prophylactically 
has been shown to reduce levels of toe cleft tinea pedis caused by 
T. interdigitale, although it had little effect on T. rubrum. Clearly, 
infected individuals using these facilities should be encouraged 
to seek treatment. In industry or in schools, prompt treatment of 
infection combined with simple hygienic measures such as washing 
shower room floors with an antiseptic will be useful. It is less easy 
to prevent the spread of tinea pedis in households; treatment of 
infection and care in keeping to personal towels are both sensible 
measures. Even with less care, family members often remain free of 
infection in spite of the opportunities for exposure. 

In the case of tinea capitis, it may be necessary to take preventative 
action [1]. This is particularly important if there is any evidence of an 
increasing number of cases of tinea capitis in schools. It is important 
to establish the nature of the infections and whether the organisms 


Figure 32.18 Trichophyton verrucosum. (a) Colony. (b) Microscopy at 26°C, bright field. 
Through the back of the culture dish, the small colonies are characterised by the 
development of hyphae with terminal swellings or chlamydoconidia. (c) Microscopy at 
37°C, bright field. Grown at a higher temperature, characteristic long chains of 
chlamydoconidia are observed. Courtesy of the Department of Medical Mycology, St 
John’s Institute of Dermatology, King’s College London, London, UK. 
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Figure 32.19 Trichophyton violaceum colony. Courtesy of the Department of Medical 
Mycology, St John’s Institute of Dermatology, King’s College London, London, UK. 


(b) 


Figure 32.20 Epidermophyton floccosum. (a) Colony. (b) Microscopy, bright field. The 
clavate macroconidia are characteristic. Microconidia are absent but chlamydoconidia 
are very common. Courtesy of the Department of Medical Mycology, St John’s Institute 
of Dermatology, King’s College London, London, UK. 


are anthropophilic. There are no proven methods of ensuring the 
eradication of infection in schools, but early identification of infected 
children and prompt treatment are probably the best approaches 
to adopt. An additional precaution is the use of a topical antifun- 
gal, which is likely to reduce spread while having little effect on 
the infection itself [1]. There is evidence that selenium sulphide or 
ketoconazole shampoo may reduce the incidence of positive cul- 
tures in children receiving griseofulvin. In most countries, infected 
children are not prevented from attending school but topical anti- 
fungal shampoos are often used in addition to treatment. 


Therapeutic agents 

The treatment of dermatophyte infections usually involves the use 
of oral terbinafine, fluconazole, itraconazole, griseofulvin or one of 
several well-tried topical preparations (Table 32.7). All those noted 
have been shown to be effective in a substantial majority of patients, 
provided they are used regularly. 


Terbinafine [2,3]. Terbinafine is a member of the allylamine anti- 
fungals, a relatively newly developed group of drugs, that act by the 
inhibition of squalene epoxidase in the formation of the fungal cell 
membrane. This enzyme acts at an early stage in membrane biosyn- 
thesis and the accumulation of squalene is thought to destabilise the 
cell membrane. The two main antifungal compounds are naftifine 
and terbinafine. Both are active in vitro against dermatophytes in 
addition to other fungi; terbinafine is also active against Sporothrix 
schenckii, some Aspergillus species and Histoplasma capsulatum, in 
addition to other fungi. In vitro there is little difference between the 
dosage at which the drug inhibits cell growth and that at which the 
fungal cell is killed (the drug is fungicidal rather than fungistatic). 
Terbinafine can be given topically or orally. When given orally, it 
is rapidly taken up into the stratum corneum and it persists in 
nails at high concentrations for several months. These may exceed 
the minimum inhibitory concentration 80 days after the end of 
therapy [4]. Terbinafine is given orally in a dosage of 250 mg/day. 
It has produced rapid and long-lasting remissions in both nail 
disease [5,6] and persistent tinea pedis, as well as tinea corporis. 
A smaller tablet form of 125mg is available in some countries for 
the treatment of children. The frequency of relapse is much lower 
than with griseofulvin. It also has activity against most of the 
agents of tinea capitis, particularly Trichophyton species, although 
it is not licensed for this indication in many countries [7]. There 
are few drug interactions reported for terbinafine and side effects 
are uncommon. Some patients describe abdominal fullness and 
nausea. Taste loss may occur occasionally but is reversible. Hepatic 
reactions, although reported, are exceptionally rare. Drug rashes 
including erythema multiforme or toxic epidermal necrolysis are 
also seen on occasion. A high level of terbinafine resistance due to a 
mutation in squalene epoxidase has been found in the T. indotineae 
strains. 


Itraconazole [8,9]. This is an orally active azole of the triazole series. 
It has similar activity to ketoconazole, but without the risk of hep- 
atotoxicity. Its mode of action is through the inhibition of the 
cytochrome P450-dependent demethylation stage in the formation 
of ergosterol on the fungal cell membrane. It is active in vitro against 
all the main superficial fungal pathogens including Candida albicans, 


Table 32.7 Topical antifungal agents used in dermatophyte infections. 


Compound 


Available forms 


Comments 


Benzoic acid compound (Whitfield’s ointment) Ointment 

Undecenoates: various brands available 

Tolnaftate 

Imidazoles: miconazole, clotrimazole, econazole, sulconazole?, 
ketoconazole, bifonazole? 

Tioconazole nail solution? 

Bifonazole urea? 


Allylamines: terbinafine, naftifine? 


Nail treatment 
Nail treatment 
Cream 


Amorolfine@ Cream, nail lacquer 
Cyclopyroxolamine? Cream 
Tavaborole Nail treatment 


@ Availability varies in different countries. 


as well as a wide range of fungi that cause deep infections from 
Histoplasma capsulatum to Talaromyces (previously Penicillium) marn- 
effei. Itraconazole rapidly penetrates to the outer stratum corneum 
and is also found in sebum. It is avidly bound to keratin-containing 
tissues, and in nails, for instance, may persist long after cessation 
of therapy. It has been shown that after 3 months of 200 mg/day 
itraconazole, levels in the toenail persist for up to 6 months [10]. 
This feature allows a range of different dose regimens. These 
have evolved so that the initial treatments first described involv- 
ing 100mg/day itraconazole have been superseded by higher or 
intermittent (pulsed) therapy. It is active against a wide range of 
dermatophytes and is effective in regimens of 100 mg for 15 days in 
tinea cruris and tinea corporis, or 30 days in tinea pedis. The cur- 
rently preferred regimen uses 400 mg/day, given as two daily doses 
of 200 mg. In tinea corporis, 1 week of therapy is sufficient, and in 
tinea pedis, 2 weeks. For onychomycosis, a regimen of 400 mg/day 
for 1 week every month for 3 months is usually given. Occasionally, 
longer periods of treatment are needed [11]. Although it is not 
licensed yet in many countries for the treatment of tinea capitis, 
it is effective in this indication [12]. There is some evidence that 
its absorption is impaired in the presence of phenobarbital. It also 
interacts with coumarin anticoagulants, ciclosporin, rifampicin, 
digoxin, statins and astemizole and terfenadine. It should not be 
given together with the latter antihistamines, as they may cause 
cardiac arrhythmias. Side effects are not common and mainly con- 
sist of nausea and abdominal discomfort. Hepatic reactions are 
exceptional. 


Griseofulvin [13]. This is a metabolic product derived from several 
species of Penicillium, which was first isolated from P. griseofulvum. 
Its activity, which is fungistatic, is largely restricted to dermato- 
phyte infections. The mode of action appears to be in part through 
inhibition of the formation of intracellular microtubules. Resis- 
tance to griseofulvin among dermatophytes is rare. The smaller 
particle size microcrystalline preparations of griseofulvin are better 
absorbed than those with larger particles, and the micronised form 
is now the standard preparation. Unlike itraconazole, griseoful- 
vin is not firmly bound to keratin. The usual human regimen is 
10mg/kg/day given in tablet form or solution form for children. 
The solution form is not available in many countries. Treatment 
duration varies between 2 and 4 weeks for tinea corporis to over 


Ointment, powder 
Cream, powder, lotion 
Cream, powder, lotion, spray, shampoo (ketoconazole) 


Cheap, but may be difficult to source 

Cheap 

Cheap 

Broad spectrum including antibacterial 
(not ketoconazole) 

Expensive 

Expensive 

Very rapid. Expensive 

Can be used on nails. Expensive 

Broad spectrum 

Not available in many countries 


1 year for onychomycosis of toenails. In tinea capitis, a single 
dose of 1-2¢g griseofulvin has been reported to be effective in 
some patients with tinea capitis [14]. Drug interactions with phe- 
nobarbital and coumarin anticoagulants occur [13]. Headaches 
and nausea are common complaints in patients on griseofulvin; 
however, serious side effects have been extremely rare. There are 
a few reports of apparent precipitation or exacerbation of systemic 
lupus erythematosus and porphyrias by griseofulvin. Occasionally, 
urticarial rashes are seen and light sensitivity eruptions (distinct 
from lupus erythematosus and porphyria) have occasionally been 
reported. The use of griseofulvin has largely been superseded 
in many countries by terbinafine or itraconazole, except in tinea 
capitis. 


Ketoconazole [15]. This orally active imidazole is a broad-spectrum 
antifungal agent. Hepatitis is a proven complication, occurring in 
one in 10000 patients. Because of this, ketoconazole is now not rec- 
ommended in most countries for superficial fungal infections. 


Fluconazole [16]. Fluconazole is an orally active triazole antifungal 
used for the treatment of Candida infections and systemic mycoses. 
However, it also has activity against dermatophyte fungi. It is 
given in a regimen of 150mg/week for 2-3 weeks for tinea cor- 
poris and tinea cruris, and somewhat longer for dry-type tinea 
pedis. It is also reported to be effective given in weekly doses in 
onychomycosis, although the exact length of treatment necessary is 
not clear as yet. There are fewer interactions than with itraconazole 
but, like the latter, side effects are rare and mainly confined to 
gastrointestinal discomfort. However, drug resistance in Candida 
species, particularly C. krusei and C. glabrata, has been described. 
There is also C. albicans resistance in some patients, particularly in 
those with HIV/AIDS [17]. 

There are few data at present on the use of posaconazole and 
voriconazole in dermatophytosis. 


Topical applications. A great variety of topical applications have 
been used for the treatment of ringworm infections. The short list 
includes a few preferred preparations (Table 32.7) that have been 
soundly tested and are of comparable effectiveness [18-22]. In all 
cases, allergic contact dermatitis is rare. Irritant effects may occur 
with any of them, especially on raw skin and in fissures between 
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the toes. Benzoic acid compound ointment (Whitfield’s ointment) 
at full strength is not advised for tender skin, such as the scrotum 
or groins, and in such sites should only be used diluted to half 
strength with its vehicle (emulsifying ointment). Magenta paint 
(Castellani’s paint) is still used in some cases of inflammatory 
tinea pedis, particularly when bacterial infection coexists, although 
potassium permanganate followed by a topical antifungal is pre- 
ferred. Imidazoles for topical use, such as clotrimazole, econazole 
and ketoconazole, are now well established as effective remedies 
in ringworm infections with an extremely low incidence of adverse 
reactions. Other drugs in this group — miconazole, isoconazole, 
tioconazole and sulconazole — are equally effective [23,24]. Alter- 
natives include topical terbinafine and amorolfine. Terbinafine 
applied topically has been shown to produce responses in some 
dermatophyte infections in very short periods. For instance, 1 week 
of topical terbinafine was found to be more effective than 4 weeks 
of clotrimazole in tinea pedis. Amorolfine, a morpholine, is mainly 
used as a treatment for onychomycosis in the form of a 5% nail paint 
[25] applied after abrading the nail once or twice weekly. It is more 
effective when used as combination therapy for onychomycosis 
with terbinafine or itraconazole. Other recent additions to the topi- 
cal onychomycosis treatment range are luliconazole, efinaconazole 
and tavaborole. 


Treatment regimen 

The different syndromes of ringworm infections require different 
treatment regimens. The evidence base has only recently been 
reviewed in the case of some infections and among published clin- 
ical trials there are very few with long-term follow-up. Generally, 
topical therapies are used for localised or mild infections, and oral 
antifungals for hair, nail or more extensive infections. The newer 
oral azoles, such as fluconazole or itraconazole and terbinafine, 
are now the preferred oral treatments for extensive or severe der- 
matophytosis rather than griseofulvin. Although cheaper than the 
alternatives, griseofulvin is usually slower and, in many studies, 
less effective. 


Treatment failures 

Failure of topical therapy 

Most failures of topical therapy are caused by inaccurate diagnosis 
or by inappropriate use of topical therapy (e.g. in hairy areas) or 
because the treatment is not used. Once or twice daily application 
for several weeks is usually required for success, and many patients, 
particularly if their symptoms are minor, will not achieve this unless 
they are carefully supervised and enthusiastically encouraged. 
Paradoxically, some non-fungal conditions may be improved con- 
siderably by one of the antidermatophyte preparations, although 
these remedies should not be used empirically to establish the diag- 
nosis of ringworm infection. Many dermatoses respond, at least 
temporarily, to any bland application, and imidazole compounds 
in particular have considerable antibacterial properties. 


Failure of oral therapy 
When a patient fails to respond to terbinafine, fluconazole or itra- 
conazole, the following points should be checked: 


1 Is the diagnosis correct? If necessary, repeat scrapings. 

2 Has the patient been taking the tablets regularly? 

3 Is the patient taking any potentially competitive drugs? 

4 In spite of taking them correctly, is the patient failing to absorb 
the antibiotic? An estimation of itraconazole levels, which is 
sometimes poorly absorbed, may be helpful. 

5 Insome patients with onychomycosis, poor penetration of drugs 
into defined linear streaks or nail edge areas of nail plate infec- 
tion may account for treatment failure. Surgical removal of these 
abnormal nail areas, often after softening with urea ointment, 
may be useful. 

6 Is there coexisting pathology such as HIV/AIDS or arterial 
disease? 

7 Is a co-pathogen or secondary infection present? This should 
be considered in the feet and in the case of kerions, and per- 
haps in groin infections too. In nails, the coexistence of non- 
dermatophyte fungus should be considered. Scopulariopsis 
brevicaulis, apart from causing infections of the toenails in its own 
right, may coexist with Trichophyton rubrum or T. interdigitale and 
seems, at least on occasion, to cause failure of treatment. Nail 
removal may be indicated in this instance. 

8 Antifungal resistance. This phenomenon is uncommon among 
dermatophytes [26], but where treatment failure occurs without 
any other explanation, it is possible to estimate the sensitivity of 
the causal organism. This should be performed by a specialist 
laboratory. Apart from true resistance, tolerance, in which the 
organism apparently becomes clinically resistant to the drug 
in the tissues but is sensitive in vitro, may also be important. 
Recently, strains of T. indotineae which show in vitro resistance to 
terbinafine, and some to azole antifungals have been reported, 
associated with widespread and treatment unreponsive tinea 
corpris/cruris [26]. Using higher and longer doses of itraconazole 
combined with a topical agent can lead to remission. 

9 Reinfection. As ringworm fungi can frequently be isolated from 
the environment, when there are cases of ringworm of the 
scalp, and from clothing after laundering, it is highly likely that 
patients whose infection has been eradicated may be reinfected 
from these sources. Unfortunately, there is no proven way to 
avoid this. 

Despite running through this checklist, dermatologists may not 

come up with an adequate explanation for treatment failure. In 

these situations, the use of one of the alternatives is a logical 
further step. 


SUPERFICIAL MYCOSES CAUSED 
BY DERMATOPHYTE INFECTION 


The wide variation in clinical presentation depends upon the 
species and probably the strain of the fungus concerned, upon the 
size of the inoculum, upon the site of the body infected and upon 
the immune status of the host. The traditional division of ringworm 
into different syndromes (Box 32.2) according to the site of the 
body infected is used because it is of considerable merit in terms of 
diagnosis and management. 


Box 32.2 Ringworm syndromes 


e Tinea corporis 

e Tinea capitis 

¢ Tinea barbae 

¢ Tinea faciei 

¢ Tinea pedis 

e Tinea manuum 

e Tinea cruris 

¢ Onychomycosis caused by dermatophytes 
¢ Steroid-related tinea 

¢ Dermatophytide reactions 


Tinea corporis — 


Definition and nomenclature 

Tinea corporis is ringworm of the glabrous skin. The clinical mani- 
festations result from invasion and proliferation of the causal fungi 
in the stratum corneum. Terminal hair in the affected parts may be 
invaded. By definition, it includes lesions of the trunk and limbs, 
excluding ringworm of specialised sites such as the scalp, feet and 
groin, which are considered later. 


Pathophysiology 

Natural infection is acquired by the deposition of viable arthrospores 
or hyphae on the surface of the susceptible individual. The source 
of infection is usually an active lesion on an animal or on another 
human, although fomite transmission is known to occur, and infec- 
tion from soil is a well-established if unusual occurrence. In young 
children infected with Trichophyton rubrum and Epidermophyton 
floccosum, half of the infections may come from their parents. In 
geriatric wards, epidemics may occur [1]. Spread from existing 
localised infection (e.g. feet, groins, scalp and nails) is not uncom- 
mon. Invasion of the skin at the site of infection is followed by 
centrifugal spread through the stratum corneum. After this period 
of establishment (incubation), which lasts 1-3 weeks, the tissue 
responses to infection become evident. The characteristic annular 
appearance of many ringworm infections results from the elimina- 
tion of the fungus from the centre of the lesion, and the subsequent 
resolution of the inflammatory host response at that site. This area 
usually becomes resistant to reinfection, although a second wave 
of centrifugal spread from the original site may occur with the 
formation of concentric red inflammatory rings. However, many 
lesions lack any tendency to central clearing. The natural history 
is variable. Some inflammatory cases of animal infection resolve 
spontaneously in a few months, while a typical case of T. rubrum 
tinea corporis may persist for years. 


Causative organisms 

For any part of the world, the causes of tinea corporis can be 
assessed by reference to the prevailing dermatophyte flora in the 
region [1-3]. All known dermatophytes can produce lesions of the 
glabrous skin. A comprehensive list of causal species thus corre- 
sponds to a complete list of dermatophytes. The most common 
are T. rubrum, T indotineae and zoophilic dermatophytes such as 
Microsporum canis. Some species have predilections for particular 
parts of the body; for example, M. audouinii, classically a cause of 
tinea capitis, and T. rubrum, which most commonly causes tinea 
pedis, can cause tinea corporis [4,5]. 


Environmental factors 
Tinea corporis can occur in any climate although it is commoner in 
the tropics. 


Clinical features 
Presentation 
The site of infection is typically on exposed skin, unless the infection 
represents an extension from a pre-existing infection. In such cases, 
infection may spread from the scalp, down the neck on to the upper 
trunk, or from the groins on to the buttocks and lower trunk. 
Characteristic lesions are circular, usually sharply marginated 
with a raised edge (Figure 32.21). Single lesions occur, or there may 
be multiple plaques. The latter may remain discrete or become con- 
fluent involving wide areas. This clinical pattern is often modified in 
patients with defects in cellular immune responses [6]. The degree 
of inflammation is variable. This feature depends not only on the 
species of the fungus and the immune status of the host, but it is also 
roughly proportional to the extent of follicular invasion; thus, tinea 
corporis is generally less inflammatory than tinea capitis or tinea 
barbae. In inflammatory lesions, pustules or vesicles may dominate 
and even in mild infections close observation may reveal one or 
two small pustules. Rarely, frank bullae have been reported as an 
extreme expression of inflammatory change. In less inflammatory 
infections, scaling is a common but not constant finding. Central 
resolution, which is a common but not invariable feature of tinea 


Figure 32.21 Tinea circinata: characteristic ringworm lesions. 
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corporis, is perhaps more frequent in inflammatory lesions, but it is 
by no means confined to them. The process is often incomplete, and 
the skin may show postinflammatory pigmentation, with a change 
of texture or residual red dermal nodules. 


Clinical variants 

Lesions of the glabrous skin caused by M. canis are not rare. They 
are aS common in adults as in children and are characteristically 
annular. M. audouinii or T. tonsurans produce short-lived lesions of 
tinea corporis in some cases of scalp infection [7]. Zoophilic der- 
matophytes are all likely to cause inflammatory lesions of exposed 
skin. Although classically a cause of kerion, T. verrucosum can lead 
to extensive annular lesions of the upper trunk, especially in chil- 
dren [8]. These often start around the neck. 

The anthropophilic species T. rubrum may invade the buttocks 
and lower back, as well as more distant sites of the trunk as an 
extension from tinea cruris. Very extensive and treatment unre- 
sponsive forms of tinea corporis and cruris are now common in 
India and neighbouring countries; these dominate the pattern of 
dermatophytosis seen [9]. Cases have also been seen in Europe and 
the Middle East. Lesions are widespread and, in some cases, there 
is concentric scaling. A newly characterised species T. indotineae 
(previously T. mentagrophytes (Type VIII)) accounts for many cases 
although some are caused by T. rubrum [9]. In infants, ringworm is 
rare, but the moist conditions of the perineal area may predispose 
to E. floccosum or T. rubrum infections [1]. 

T. rubrum may cause typical lesions with raised margins on the 
legs and usually extending from the feet, but rather psoriasiform 
lichenified plaques without central clearing may also occur, and a 
variety of vasculitis-like lesions are recognised. The perifollicular 
granulomatous nodules are classic, sometime referred to as Majocchi 
granuloma (Figure 32.22) [10,11], but erythema induratum-like 
plaques sometimes occur with an almost haemorrhagic appearance. 

Tinea imbricata (Tokelau) resulting from T. concentricum, an 
anthropophilic dermatophyte found in southern Asia, the islands 
of the South Pacific and in Guatemala, southern Mexico and Brazil, 
causes a distinctive infection [12]. It seems to affect mainly the 
native peoples of these areas, and although susceptibility may 
be inherited as an autosomal recessive character [13], it occurs 
in both sexes and at all ages. Occasional cases may be seen else- 
where in travellers from these regions [14]. The infection begins 
as a scaling ring; centrifugal spread follows, but within the area of 
central clearing a second wave of scaling soon arises. The process 
is repeated to give numerous concentric rings (Figure 32.23) and, 
as the natural history is normally prolonged, the whole body may 
become affected. Pruritus is intense and may lead to lichenification. 
Hypopigmentation may accompany the lesions [15]. 

Atypical deep forms of tinea corporis occur. There are some 
reports of extensive and persistent cases of tinea corporis, in 
which dermal or subcutaneous involvement has been a feature 
[16,17]. Occasionally, a specific defect of immune function has been 
detected, such as a missing plasma factor. In other patients, depres- 
sion of cellular immune responses is associated with the presence of 
a serum factor, possibly circulating antigen or immune complexes 
[6,18]. Such cases may present with dermal nodules, abscesses or 
draining sinuses [19]. A few particularly unusual dermatophyte 


Figure 32.22 Nodular folliculitis caused by Trichophyton rubrum. 


infections with invasion of bone, central nervous system and lymph 
nodes have been reported [16,20]; some are associated with CARD9 
mutations. 


Differential diagnosis 

Although tinea corporis can masquerade as any of a vast number 
of skin diseases, in practice the diagnosis is usually straightfor- 
ward. The characteristic lesions seen with infection resulting from 
M. canis are easily diagnosed, but atypical infections caused by 
dermatophytes can, on occasion, cause great difficulty. Indeed, the 
possibility that any red, scaly rash on the body is a fungus infection 
should be considered, because lesions produced by fungi are so 
variable. Seborrhoeic dermatitis often causes difficulty, but the 
condition is symmetrical and there is often associated seborrhoeic 
dermatitis of the scalp and perhaps intertrigo in the body folds. Pso- 
riasis can lead to confusion in those cases in which the distribution 
is not quite typical. Its presence on the knees, elbows and scalp, and 
associated psoriasis of the nails, particularly if pitting is present, is 
helpful. Patches of impetigo are often confused, particularly when 
dermatophytosis is of the circinate type. Growth of staphylococci 
from a skin swab does not, of course, exclude tinea. Lichenification 
of a patch of tinea (e.g. of the leg) can mimic lichen simplex. Discoid 
eczema is a common source of error. The plaques of papulovesi- 
cles tend to occur symmetrically on the limbs. Pityriasis rosea is 
also symmetrical and characteristically confined to the trunk and 
proximal parts of the limbs, but the herald patch, if seen, is almost 
impossible to differentiate from ringworm without microscopic 
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Figure 32.23 Tinea imbricata affecting the upper arm. 


examination of scales. Candidosis, tertiary syphilis and pityriasis 
versicolor should be excluded. 


Disease course and prognosis 
Spontaneous resolution can occur but is uncommon. 


Investigations 
Direct microscopy and culture or PCR (see earlier) are the key ele- 
ments of laboratory diagnosis 


Management 

Localised tinea corporis, especially of recent origin, commonly 
responds to topical therapy applied twice daily, usually for about 
a month. Topical terbinafine often works in a shorter time period 
(e.g. 2 weeks). In more widespread infections of recent onset, oral 
terbinafine or itraconazole will generally be preferred, and may be 
expected to clear the condition in about 2-3 weeks, depending on 
the dosage used. With griseofulvin, much longer term treatment 
is needed — up to several months with extensive infections. With 
infections associated with the Indian outbreak strains, many of 
the organisms are resistant to terbinafine and T. indotineae strains 


may carry a squalene epoxidase gene mutation. Patients with these 
infections require treatment with higher doses of itraconazole, e.g. 
200 mg daily and another topical antifungal for periods in excess of 
2 months. With T. concentricum, treatment failures may occur with 
griseofulvin, but both terbinafine and itraconazole are effective 
although relapse is common. 


Treatment ladder for tinea corporis (see earlier 
for specific recommendations for the new strain 
of T. mentagrophytes) 


Localised disease, recent onset 
e Topical terbinafine twice daily for 2 weeks 
or 
¢ Topical azole once or twice daily for 2-4 weeks 


Widespread disease 


First line 

¢ Oral terbinafine 250 mg/day for 2-3 weeks 
or 

e Itraconazole 100 mg/day for 2-4 weeks 


Second line 

¢ Griseofulvin 1 g/day for 4 weeks 

¢ For Indian variant infections, itraconazole 200-400 mg daily 
for up to 2 months 


Tinea capitis — CF 


Definition and nomenclature 

This is ringworm of the scalp in which the essential feature is inva- 
sion of the hair shafts by a dermatophyte fungus. Ringworm of the 
beard area, although essentially similar, is discussed separately. 


Epidemiology 

Those species of dermatophyte fungi most likely to cause tinea 
capitis vary from region to region [1,2,3,4,5]. Moreover, in any given 
location, the species may change with time, particularly as new 
organisms are introduced by immigration [6,7]. In tinea capitis, 
anthropophilic species predominate. The principal feature of tinea 
capitis in recent years has been the rise of M. canis as the dominant 
organism in infections in some parts of Europe [4], and the spread 
of T. tonsurans in urban communities in the USA [3], the UK [8] and 
in some other European countries [9]. 


Age 
Tinea capitis is predominantly an infection of children, although 
adult cases are seen, particularly with T. tonsurans infections. 
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Ethnicity 
Some species such as T. tonsurans show a predilection for African/ 
Caribbean hair type. 


Associated disease 
Tinea capitis may also be seen in adults with AIDS. 


Pathophysiology 

Predisposing factors 

The principles of hair invasion and the distinctions between in vitro 
and in vivo activity have been already outlined (see section on the 
basic biology of dermatophytosis). The spores of ringworm fungi 
causing tinea capitis can be demonstrated in the air in close proxim- 
ity to patients with the condition. It is highly likely that scalp hair 
acts as a trapping device and it is known that contamination of hair 
without demonstrable clinical findings may occur among classmates 
of children with tinea capitis [10,11]. 


Pathology 

From experimental work on M. audouinii, hair infection is preceded 
by invasion of the stratum corneum of the scalp skin [12,13]. This 
is followed, after approximately 3 weeks, by clinical evidence of 
hair shaft infection. Infection spreads to other follicles, then for a 
period of variable duration, although if it persists it does not spread 
further. Finally, there is a period of regression with or without an 
inflammatory phase. 

There are several distinct types of hair invasion listed below. 


Causative organisms 

Most species of dermatophyte are capable of invading hair but 
some species (e.g. T. tonsurans, T. schoenleinii and T. violaceum) have 
a distinct predilection for the hair shaft. E. floccosum, T. concentricum 
and T. interdigitale seldom cause tinea capitis. All dermatophytes 
causing scalp ringworm can invade glabrous skin and many attack 
nails as well. 


Ectothrix type. This may be a small-spored ectothrix caused by 
M. audouinii (including variants previously called M. audouinii var. 
rivalieri), M. canis (including variants previously called M. canis var. 
distortum), M. equinum or M. ferrugineum. In this type, the hair shaft 
is invaded mid-follicle. The intrapilary hyphae continue to grow 
inwards towards the bulb of the hair. Secondary, extrapilary hyphae 
develop and grow in a tortuous manner over the surface of the hair 
shaft, which is growing outwards continuously. These secondary, 
extrapilary hyphae segment to produce a mass of small arthro- 
conidia (2-3,pm diameter), each one of which becomes rounded 
off and eventually spherical. The size of these conidia is such that 
they cannot easily be distinguished as separate structures under 
low-power microscopy. Fluorescence under the Wood’s lamp is 
characteristically present in this type of hair invasion. A similar 
type of hair invasion occurs with other Microsporum species (e.g. 
M. gypseum, M. fuloum, M. nanum and M. vanbreuseghemii). The 
spores, although similarly arranged, are larger, in this case about 
5-8 pm in diameter. Fluorescence has been reported in some cases. 


Endothrix type. The endothrix type may be caused by T. tonsurans, 
T. soudanense, T. violaceum, T. yaoundei, T. gourvilii or T. rubrum (rare). 


Intrapilary hyphae fragment into arthroconidia up to 8 pm in diam- 
eter, which are entirely contained within and completely fill the hair 
shaft. Hair thus affected is especially fragile and breaks off close to 
the scalp surface. This type is non-fluorescent. 


Favus. Favic type is caused by T. schoenleinii. Broad, regularly 
septate hyphae and air spaces are seen in the hair shaft, but disartic- 
ulated arthroconidia are absent. The affected hair is less damaged 
than in other types and may continue to grow to considerable 
lengths. Greenish grey fluorescence is present [14]. Air spaces are 
characteristic and fungal hyphae form large clusters in the vicinity 
of hair follicles. 


Clinical features 

Presentation 

The clinical appearance of ringworm of the scalp is variable, depend- 
ing on the type of hair invasion, the level of host resistance and 
the degree of inflammatory host response [15,16]. The appearance 
varies from a few dull grey, broken-off hairs with a little scaling, 
detectable only on careful inspection, to a severe, painful, inflam- 
matory mass covering most of the scalp. Itching is variable. In all 
types, the cardinal features are partial hair loss with inflammation 
to some degree (Figure 32.24). It is useful to recognise several basic 
clinical pictures, as described here. 


Clinical variants 

Small-spored ectothrix type. In M. audouinii [1] and M. ferrugineum 
infections, the basic lesions are patches of partial alopecia, often cir- 
cular in shape, but showing numerous broken-off hairs, dull grey 
from their coating of arthrospores. Inflammation is minimal, but fine 
scaling is characteristic, usually with a defined margin. There may 
be several or many such patches arranged more or less randomly. 
In M. canis and the much rarer M. canis var. distortum infections, the 
picture is similar but there is typically more inflammatory change. 
In infections caused by all these species, green fluorescence under 
the Wood’s light is usual, but occasional non-fluorescent cases have 
been reported, and may not be rare with M. ferrugineum (perhaps as 
many as 10%) [17]. Children are affected much more frequently than 


Figure 32.24 Tinea capitis caused by Microsporum canis. 


Figure 32.25 Kerion in a patient with Trichophyton tonsurans infection of the scalp. 


adults, although the occasional case of tinea capitis in older patients 
must not be forgotten [18,19]. The attack rate for epidemic infections 
caused by anthropophilic species may be as high as 30%, within a 
school class for example, but it is commonly lower than that [20]. 
Infection rates of both M. audouinii and M. canis have been reported 
to be higher in boys than girls [1], often at least twice as high. 


Kerion. The most severe pattern of reaction is known as a kerion 
(Figure 32.25). It is a painful, inflammatory mass in which such hairs 
as remain are loose. Follicles may be seen discharging pus, there 
may be sinus formation and on rare occasions mycetoma-like grains 
may be found [21]. Thick crusting with matting of adjacent hairs 
is common. The area affected may be limited, but multiple plaques 
are not rare, and occasionally a large confluent lesion may involve 
much of the scalp. Lymphadenopathy is frequent. Although this 
strong reaction is usually caused by one of the zoophilic species, 
typically T. verrucosum or T. mentagrophytes, occasionally a geophilic 
organism will be isolated, and anthropophilic infections that have 
been smouldering quietly for weeks may suddenly become inflam- 
matory and develop into kerions if a high degree of hypersensitivity 
develops [22]. The possibility that a bacterial co-pathogen may be 
playing some part should not be ignored, and in this type of case 
a swab sent to the bacterial laboratory is a useful procedure in 
addition to the plucking of hairs for mycology. Generally, however, 
pustule formation represents an inflammatory response to the 
fungus itself [23]. 


Endothrix infections. In T. tonsurans [20,24,25] and T. violaceum 
[25,26] infections, a relatively non-inflammatory type of patchy 
baldness occurs. The formation of black dots (swollen hair shafts) 
as the affected hair breaks at the surface of the scalp is classic in 
this condition, but such findings may be inconspicuous [27]. The 
patches, which are usually multiple, may show minimal scaling, 
sometimes mimicking discoid lupus erythematosus, sometimes 
seborrhoeic dermatitis [28,29]. They are commonly angular in out- 
line rather than round. Other forms include diffuse and patchy 
alopecia, some even with involvement of single isolated hair shafts 
and without scales. The common clinical types are grey patch 
(scaling with patchy hair loss), black dot and diffuse alopecia. 


A low-grade folliculitis is also often seen, while sometimes a frank 
kerion may develop. The three African species, all now included 
within the African T. rubrum complex — T. soudanense, T. yaoundei and 
T. gourvilii — induce very similar lesions, in which the inflammatory 
reaction is usually mild but occasionally severe. Patients may have 
some nail involvement [30,31] or lesions on the face. 


Favus. Infection with T. schoenleinii is now seen rarely and sporadi- 
cally in a variety of countries, such as South Africa [32] and Ethiopia, 
where it is still endemic, as well as rare cases elsewhere. The classic 
picture of tinea capitis caused by this organism is characterised by 
the presence of yellowish, cup-shaped crusts known as scutula [33]. 
Each scutulum develops round a hair, which pierces it centrally. 
Adjacent crusts enlarge to become confluent and form a mass of 
yellow crusting. Many patients may show less distinctive changes, 
in early cases perhaps amounting to no more than perifollicular 
redness and some matting of the hair. Extensive, patchy hair loss 
with cicatricial alopecia and atrophy among patches of normal hair 
may be found in longstanding cases, where much of the hair loss 
is irreversible. In such patients, the glabrous skin is commonly 
affected by the development of similar yellowish crusts. Although 
childhood infection occurs in nearly all cases, it shows little if any 
tendency to clear spontaneously at puberty, particularly in women. 
Families with several generations affected are well recognised [14]. 


Differential diagnosis 

The differential diagnosis of tinea capitis includes all conditions 
capable of causing patchy baldness with inflammatory changes of 
the scalp. Alopecia areata may show redness and, although of itself 
not a scaly condition, it may coexist with seborrhoeic dermatitis. 
Such cases can be confusing, although careful examination usu- 
ally shows that the scaling and the hair loss are not co-extensive. 
Exclamation mark hairs must be distinguished from broken hairs of 
tinea capitis. Traumatic alopecia from hairdressing procedures and 
trichotillomania may also be confused [34]. Seborrhoeic dermatitis 
is usually more diffuse than tinea capitis, but in tinea amiantacea the 
changes are often localised. In this condition, the scaling is adherent 
to the hair, but breakage of the hair shaft does not normally occur. In 
psoriasis, hair loss is found only occasionally and again broken-off 
hairs are not usually present. 

In impetigo, which may be secondary to pediculosis of the scalp, 
loosening of the hair is not normally present, but matting and 
crusting due to secondary staphylococcal infection may be present 
in inflammatory ringworm. A bacterial furuncle of the scalp is 
painful and usually situated on the neck area, and shedding of 
loosened hairs much less evident than in kerion. Discoid lupus ery- 
thematosus, lichen planus and other causes of cicatricial alopecia 
may sometimes have to be considered. 


Disease course and prognosis 
If untreated it may become chronic. Spontaneous recovery usually 
occurs at puberty. 


Investigations 

Using dermoscopy (trichoscopy), important clues to the diagno- 
sis can be obtained. These include the presence of comma and 
corkscrew shaped hairs; other observable morphological changes 
are code-like hairs, zig-zag hairs and bent hairs. Direct microscopy 
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and culture or PCR (see earlier) are the key elements of laboratory 
diagnosis. 


Management 
Topical therapy has little place in the management of this condition 
except as an adjunct to oral therapy. 

Both itraconazole and terbinafine are licensed in some countries 
for use in children. Terbinafine is a good treatment choice for certain 
infections such as those caused by Trichophyton species, although it 
appears to be less effective in disease caused by Microsporum species. 
The best length of treatment for T. tonsurans and T. violaceum infec- 
tions with terbinafine appears to be 1 month. There is some evidence 
that higher doses of terbinafine may be more effective for Microspo- 
rum. The appropriate length of treatment with either itraconazole or 
fluconazole is not established, although both appear to be effective 
against T. tonsurans. 

Griseofulvin is also useful, particularly for Microsporum infec- 
tions, but it is not available in all countries. Although massive 
single-dose therapy and intermittent dose regimens (25mg/kg 
twice a week) have had some success, conventional continuous 
daily therapy (10 mg/kg) is advisable in general. In small-spored 
ectothrix infections, griseofulvin for at least 6 weeks is usually 
adequate. In some T. tonsurans and T. schoenleinii infections, much 
longer courses and sometimes higher dosage (20mg/kg/day) of 
griseofulvin therapy may be needed. 

With scalp kerions, the careful removal of crusts using wet com- 
presses should not be neglected, and the possibility of coexisting 
bacterial infection should be considered. If confirmed by swabs, sys- 
temic antibacterial chemotherapy should be instituted. In general, 
the kerions are less painful than their inflammatory appearance 
suggests, but analgesics may be needed. Occasionally, in children 
with extensive kerions, frequent attendance at the out-patient clinic 
where skilled nursing is available may be of great value and is much 
appreciated by worried parents. Permanent hair loss from scarring 
is usually less than would be expected. 

Ketoconazole shampoo or selenium sulphide can be used to 
prevent spread in the early phases of therapy when used in combi- 
nation with an oral treatment. In severely inflammatory forms, there 
has been some argument in favour of using oral steroids to inhibit 
the inflammatory response. While this view has its supporters, 
we tend to review all cases early after the institution of antifungal 
therapy, and only use oral steroids in severe cases with widespread 
ide reactions. 


Treatment ladder for tinea capitis 


First line 

¢ Terbinafine: 10-20 kg, 62.5mg; >40 kg, 250 mg. All given daily 
for 4 weeks 

¢ Itraconazole 2-4 mg/kg/day for 4-6 weeks 

¢ Griseofulvin 10 mg/kg for 6 weeks (20 mg/kg considered in 
some T. tonsurans and T. schoenleinti infections) 


Second line 
¢ Itraconazole 5mg/kg in weekly pulses for 2-3 rounds 


Infection control [35,36] 

It is of considerable importance with scalp ringworm to discover the 
species involved. Clearly, some information may be obtained from 
the clinical picture, the presence or absence of fluorescence, etc., but 
culture is required for this to be firmly established. Where animal 
species are concerned, the source should be proved mycologically; 
it is not always the expected one. Domestic pets can often be treated 
successfully and economically with griseofulvin. Cattle ringworm in 
calves will normally settle spontaneously. A group of highly infected 
laboratory mice should probably be destroyed. 

With anthropophilic infections, careful investigation of the out- 
break or epidemic is recommended, and exclusion of children from 
school is not recommended [36]. The latter may be resented by the 
parents and lead to non-compliance with treatment. With zoophilic 
infections such as M. canis ringworm, children can normally be 
allowed to remain at school as the risk of infection from human 
to human is low. The main treatments in all these conditions are 
terbinafine or griseofulvin. Topical therapy has little place, although 
it is sensible to remove matted crusts and to follow a routine of 
frequent shampooing. 


Tinea barbae — 


Definition and nomenclature 

This is ringworm of the beard and moustache areas of the face with 
the invasion of coarse hairs. It is thus a disease of the adult male. 
Tinea of the chin and upper lip in females and children are consid- 
ered to be tinea faciei (ringworm of the glabrous skin of the face). 


Epidemiology 
Age 
This condition predominantly affects male adults. 


Pathophysiology 

Predisposing factors 

All the available clinical evidence points to a similar pathogenesis 
as that in tinea capitis. 


Pathology 

Infections with T. verrucosum and T. mentagrophytes lead to 
large-spored ectothrix invasion with the spores in chains. The other 
less commonly involved species produce their own characteristic 
types of hair invasion. 


Causative organisms 

The animal species T. verrucosum and T. mentagrophytes are respon- 
sible for the great majority of cases [1]. M. canis is an uncommon 
cause (eyelashes may be affected in some cases) as is T. erinacei. The 
anthropophilic species, T. violaceum, T. schoenleinii and T. rubrum [2], 
are recognised as occasional causes. T. tonsurans has been reported 
in wrestlers. 


Clinical features 

Presentation 

The affected men are commonly farm workers in cases caused by 
the two main species: T. mentagrophytes and T. verrucosum. The clin- 
ical picture in these cases is that of a highly inflammatory, pustu- 
lar folliculitis, often showing all the features of a kerion. Hairs of 
the beard or moustache regions are surrounded by red inflamma- 
tory papules or pustules, usually with exudation or crusting. Many 
hairs within the affected areas are loose and easily removed with 
forceps without causing pain. These inflammatory lesions, although 
tending eventually to settle spontaneously, often persist for some 
months. Some infections are less severe and consist of dry, circu- 
lar, reddish, scaly lesions enclosing lustreless hair stumps, which are 
either broken off close to the surface of the skin or plug the follicles. 


Differential diagnosis 

The classic, highly inflammatory lesions are distinguished from 
boils by their relative lack of pain. The quieter cases of tinea must be 
distinguished from bacterial folliculitis, acne, rosacea and pseudo- 
folliculitis. The presence of Staphylococcus aureus on a swab taken 
from lesions in this area does not exclude ringworm, as bacte- 
rial colonisation or frank co-infection may occur in tinea barbae. 
Unfortunately, mycological cultures are often negative. 


Management 

Beard infections usually respond satisfactorily to itraconazole or 
terbinafine, sometimes in combination with topical therapy over a 
period of 4-6 weeks. Fairly long-term follow-up is recommended 
and late recurrences undoubtedly occur. 


Infection control 

Early diagnosis and prompt treatment of the individual patient and 
the encouragement of high standards of hygiene in the livestock 
industry are as much as can be expected given the present state of 
knowledge. A vaccine against T. verrucosum in cattle has resulted in 
a reduced incidence of infection, not only in cows but also among 
their human contacts, in some countries in eastern Europe [3]. 


Tinea faciei — 


Definition and nomenclature 

Tinea faciei is infection of the glabrous skin of the face with a der- 
matophyte fungus (the moustache and beard areas of the adult male 
are excluded). 


Pathophysiology 

Predisposing factors 

Facial skin may be infected either by direct inoculation of a der- 
matophyte fungus from an external source (e.g. T. mentagrophytes 


from an infected pet mouse) or there may be secondary spread from 
pre-existing tinea of another body site. The latter pattern is likely to 
occur with T. rubrum as well as with T. concentricum infections. 


Causative organisms 

Trichophyton mentagrophytes and T. rubrum predominate, but 
T. tonsurans, M. audouinii and M. canis are also common causes 
worldwide. T. concentricum frequently spreads to the face in cases 
of tinea imbricata and, as with tinea corporis, all dermatophytes 
must be considered potentially capable of producing this condition. 
Wrestling-associated T. tonsurans infections are also recorded. 


Clinical features 

History 

The prime reason for separating tinea faciei from tinea corporis in 
this account is to draw attention to the frequency of misdiagnosis 
in facial ringworm [1]. The clinical features vary considerably, 
but complaints of itching, burning and exacerbation after sun expo- 
sure are common. The last-mentioned symptom is a frequent source 
of diagnostic error [2]. There will often be a history of exposure to 
animals. 


Presentation 

The rash is usually red, but scaling is present in fewer than 
two-thirds of cases. Redness is more subtle in skin types IV-VI. 
A substantial proportion of patients do show annular or circinate 
lesions, and induration with a raised margin is present in about half 
(Figure 32.26). Simple papular lesions, and in some cases completely 
flat red patches, also occur. A few vesicles or pustules may be found, 
but these are rarely conspicuous. The application of topical steroids 
may be expected to modify the appearance still further. Facial 
infection may also be seen in Indian variant infections (see tinea 
corporis). 


Differential diagnosis 

Because of light sensitivity, the frequent absence of scaling and the 
somewhat nondescript appearance, this condition may be confused 
with discoid lupus erythematosus (DLE) [1] and polymorphic 
light eruption. Moreover, tinea faciei coexisting with DLE has 


Figure 32.26 Tinea faciei caused by Trichophyton rubrum. 
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been described [3]. Bowenoid solar keratoses, psoriasis, impetigo, 
rosacea, seborrhoeic dermatitis [4] and benign lymphocytic infil- 
trates must also be considered. Reluctance to biopsy the face adds 
to the problem, but if the possibility of tinea faciei is remembered, 
careful examination and scrapings taken from the skin surface, even 
if this is not obviously scaly, should enable a diagnosis to be made. 
General examination of the skin, particularly the scalp, should not 
be forgotten. If topical steroids have been applied, a cessation of 
the therapy may be followed a few days later by a great increase in 
scaling and by appearances much more readily diagnosable. 


Management 

In localised cases, if promptly diagnosed, topical therapy seems to 
work well, especially with tolnaftate or one of the imidazoles. Where 
delay has occurred before the diagnosis is established, and espe- 
cially when steroid therapy has modified the condition, terbinafine 
or itraconazole is generally preferred. Most cases will clear in 3 or 
4 weeks, certainly in 6 weeks, but longstanding infections may occa- 
sionally need longer periods of treatment. 


Infection control 

Pets and laboratory animals may require treatment or elimination. 
It is customary to give short-term oral antifungal treatment, but the 
author has seen minimal lesions respond well to topical imidazoles. 


Tinea pedis — §s§ SF’ 


Definition and nomenclature 

This is infection of the feet or toes with a dermatophyte fungus. 
The term athlete’s foot is used by some to imply any form of toe 
cleft intertrigo. In this account we therefore prefer the terms tinea 
pedis or foot ringworm, which clearly exclude infections caused by 
bacteria, Candida and non-dermatophyte moulds. 


Epidemiology 

Incidence and prevalence 

Tinea pedis is the most common form of dermatophyte infection 
in the UK and North America [1] and probably throughout the 
developed world. Overall prevalence within the community and 
including all age groups is not reliably known, but extrapolation 
from surveys [2,3] suggests that in industrialised countries at any 
one time as many as 10% of the total population may be expected 
to have dermatophyte infections of the toe clefts. Living in an 
institution, especially where washing facilities are shared, is likely 
to increase the chances of infection [3,4]. Prevalence figures as high 
as 80% have been reported among German miners, and in some 
wards of a long-stay hospital more than two-thirds of the patients 
were infected [4]. Nevertheless, tinea pedis may be transmitted 
within the family bathroom [5]. 


Age 

The condition is more common in adults than children but may 
begin to occur in young children aged 6 or more. The mean age of 
onset was 15 years in one survey [3]. 


Sex 

Adult males probably have about a 20% chance of developing tinea 
pedis, while among women only 5% are likely to become chronically 
infected. 


Associated diseases 

Among dermatological out-patients with T. rubrum infections there 
is a significant excess of atopic infections [6], but in a study of coal 
miners with recurrent T. rubrum tinea pedis this was not so [7], 
suggesting perhaps that reinfection from the environment, e.g 
changing rooms, is more important in industrial settings. 


Pathophysiology 

Predisposing factors 

Occlusion of toe clefts through wearing shoes predisposes to this 
condition, which is in most cases initially a lateral web space 
infection. 


Pathology 

Experimental evidence [8] suggests the importance of maceration 
in dermatophyte infections of the toe clefts. These moist conditions 
probably favour growth of the fungus directly and damage the 
stratum corneum at the same time. A simultaneous increase in the 
bacterial flora is likely and may also play a part. There is growing 
evidence that during some symptomatic episodes in chronic tinea 
pedis, resident bacteria, such as large colony coryneforms, may act 
as co-pathogens, but whether or not they assist in initiating new 
infections remains, so far, unknown [9]. 


Causative organisms 

Three anthropophilic species, T. rubrum, T. interdigitale and Epider- 
mophyton floccosum, are together responsible for the vast majority 
of cases of foot ringworm throughout the world. Double infections 
with any two of these species occur and, for precision, especially 
in clinical surveys, it is useful to adopt a standard terminology to 
describe them. Combined infections are those in which different 
species are present in the same lesion. Concurrent infections are 
those in which different species are found in different lesions at 
the same time, and consecutive infections are those in which the 
same patient has a different organism at the single site on different 
occasions. Other species, including zoophilic ones, occur occa- 
sionally as a cause of tinea pedis. In countries where T. violaceum 
is common, foot involvement with this anthropophilic species is 
sometimes seen and may be very intractable [10]. The relative 
numerical importance of the three main species of dermatophyte 
can be discovered from the extensive published data on foot 
ringworm seen in dermatological clinics throughout the world. 
Although minor variations are frequent, an average clinic sample 
would be: T. rubrum infections, 70%; T. interdigitale infections, 15%; 
E. floccosum infections, <10%; mixed infections, 5%. The prevalence 
of T. rubrum infections has been growing over several decades [11]. 
Prior to 1970, in surveys of populations consisting of subjects in 
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institutions, coal mines [12] or swimming baths [2], the relative 
frequency of infections with T. interdigitale was higher than those 
caused by T. rubrum. T. interdigitale would outnumber T. rubrum by 
as much as eight to one [13]. Since 1980, surveys in industry have 
indicated that this pattern has changed, with over 80% of isolates 
being T. rubrum and children of a younger age being infected [14]. 
A proportion of patients also have Gram-negative bacterial infection 
of the web spaces [15,16]. 


Environmental factors 

Although dermatophytes are occasionally isolated from clini- 
cally normal toe clefts, and a contrary situation exists in which 
mildly abnormal toe clefts yield no dermatophytes, it is now gener- 
ally held that where dermatophytes are present (in perhaps 10% of 
the population) they do cause abnormalities and are not in the true 
sense members of the normal skin flora. The sex differences in the 
level of tinea pedis may be partly explained by different exposure 
to the causal fungi [17]. In this context, in one survey the level of 
infection among men who attended swimming baths was higher 
than in those who did not. In contrast, surveys at a swimming bath 
showed that the level of infection among girl swimmers was only 
one-quarter of that among boy swimmers [2]. However, further 
enquiry showed that the girls came to the baths less than the boys, 
so that there was, even in this instance, a true difference in exposure, 
although both groups went swimming. 


Clinical features 

Presentation 

Itching is a common complaint in warm weather. The condition is 
highly persistent and the history is long. The most common form of 
tinea pedis is an intertriginous dermatitis characterised by peeling, 
maceration and fissuring affecting the lateral toe clefts, and some- 
times spreading to involve the undersurface of the toes. This picture 
may be produced by any of the three species. 

In T. rubrum infections, a scaling hyperkeratotic variety is often 
found that is particularly chronic and resistant to treatment and 
that affects the soles, heels and sides of the feet. The affected areas 
are pink and covered with fine, silvery white scales. If the foot is 
extensively involved, the term ‘moccasin foot’ or dry-type infection 
are sometimes applied (Figure 32.27). The dorsal surfaces of the toes 
and feet are not often affected (Figure 32.28), but associated nail 
infection is very common. As well as itching of the feet, the patient 
may also complain of their smell, and secondary bacterial infection, 
with fissuring in the toe clefts, may aggravate symptoms [9]. 

The changes produced by T. interdigitale vary from mild, insignifi- 
cant scaling in the toe clefts to severe, acute, inflammatory reactions 
affecting all parts of the feet [18]. A vesiculobullous reaction is 
more likely to be caused by this species than by any other fun- 
gus (Figure 32.29). The reaction may occasionally extend over the 
whole sole. It may be preceded for months or years by maceration 
or fissuring in the toe clefts. Vesicles may become pustules and 
when they rupture they tend to leave collarettes of scaling with 
the intervening skin normal, or showing various degrees of scaling 
and inflammation. This variety of ringworm frequently goes on to 
apparent spontaneous cure, but tends to recur in warm weather; 
indeed, under hot humid conditions the inflammatory reaction may 
be extremely incapacitating. There may be associated hyperhidrosis. 


Figure 32.27 Dry-type Trichophyton rubrum infection. 


Figure 32.28 Tinea pedis spreading to the dorsum of the foot. 


Apart from mild toe cleft intertrigo, E. floccosum may produce 
on occasion a vesicular infection of the sole similar to that typi- 
cally produced by T. interdigitale, or a dry hyperkeratotic condition 
resembling infections caused by T. rubrum. With Epidermophyton 
infections, there is significantly less toenail involvement than with 
T. rubrum or T. interdigitale, but chronicity of the skin infection may 
be just as troublesome. 


Clinical variants 

When the lesions on the feet are acutely vesicular, irrespective 
of the fungus responsible, a vesicular allergic reaction (ide) may 
develop on the uninfected hands. This clinical picture, which closely 
simulates pompholyx, was vastly overdiagnosed in the past but is 
actually quite uncommon, and an ide reaction of this type should 
not be considered unless the primary foot condition is acutely 
inflammatory. 


Differential diagnosis 

Neoscytalidium and Fusarium infections may mimic interdigital tinea 
pedis; the former also produces dry-type infections. Where changes 
are largely restricted to the toe cleft, erythrasma (which is usually 
asymptomatic and rarely causes fissures) and candidosis (which is 
characterised by a build up of rather more white, macerated skin) 
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Figure 32.29 Trichophyton interdigitale infection: bullous lesion on the sole. 


must both be considered. Other bacterial infections with staphy- 
lococci or streptococci or Gram-negative organisms, including 
Acinetobacter species, can produce inflammation and often odour. 
Any of these organisms may coexist with tinea pedis, contributing 
to a greater or lesser extent to the abnormalities seen. Apart from 
swabs and scrapings for bacteria and ringworm organisms, the 
Wood’s lamp, which may show pink fluorescence for erythrasma 
and a greenish blue for Pseudomonas infections, may be useful. 

Soft corns or callosities, sometimes with sinus formation, are com- 
mon in the lateral toe clefts, especially in women. Younger children 
do not commonly suffer from foot ringworm but frequently have 
eczema of the foot such as juvenile plantar dermatosis. Where the 
sole of the foot is affected without obvious involvement of the toe 
cleft, a diagnosis of pustular psoriasis must be considered. The latter 
condition more commonly affects the heels than does tinea, but this 
is not a reliable criterion. Psoriasis, pityriasis rubra pilaris, reactive 
arthritis, contact dermatitis from nylon dyes or shoe materials, and 
tylosis may all need to be excluded. Scrapings by which a positive 
diagnosis of tinea pedis may be established should always be taken, 
and they may need to be repeated if an initial negative result is 
incompatible with the clinical features. 


Complications and co-morbidities 
The presence of interdigital tinea pedis is a risk factor for cellulitis 
in patients with lymphoedema. 


Disease course and prognosis 
The infection can be acute or chronic. 


Investigations 
Direct microscopy and culture or PCR (see earlier) are the key ele- 
ments of laboratory diagnosis. 


Management 

For very mild toe cleft changes and for prophylaxis at swimming 
baths, one of the topical preparations is recommended. Tolnaftate 
powder, for instance, has proven value, and the imidazoles are likely 
to be equally effective. For toe cleft changes that are more than triv- 
ial, a cream is generally preferred and any of the listed preparations 


(see Table 32.7) can be confidently recommended for minor forms of 
tinea pedis. Azole preparations are cheap and are usually effective 
in a period of up to 30 days, but topical terbinafine can be effective 
in 7 days; there is also a formulation that can be applied as a sin- 
gle application across the soles of the feet. If the toe clefts are very 
inflamed and secondary bacterial infection is likely, a brief period 
with rest and bland applications may be necessary. Permanganate 
or aluminium chloride solution 20-30% twice daily can ease sec- 
ondary infection. Clearly, if there is any evidence of serious bacterial 
infection, swabs should be taken; if there is clinical evidence of cel- 
lulitis, patients should receive a systemic antibacterial antibiotic. 

In dry-type tinea pedis, usually caused by T. rubrum, terbinafine 
or itraconazole are of great value. Speed of recovery is faster 
and relapse rates less than with griseofulvin. Treatments using 
terbinafine 250 mg/day for 2 weeks or itraconazole 400 mg/day for 
1-2 weeks are usually given. 


Treatment ladder for tinea pedis 


Mild and moderate interdigital disease 
¢ Topical imidazole twice daily for 4 weeks 
¢ Topical terbinafine twice daily for 7 days 


Dry type tinea pedis 
¢ Terbinafine 250 mg/day for 2 weeks 
or 
¢ Itraconazole 400 mg/day for 1-2 weeks 


Infection control 

Clearly, if infected individuals avoided exposing others to their 
infection by not walking on the floors of communal changing 
rooms and by avoiding swimming baths, the level of infection in 
the community would fall. Because such large numbers of people 
are involved, many of whom are completely asymptomatic, this is 
usually not feasible. Moreover, eradication of these fungi from the 
toe clefts is often a long and tedious process and elimination of the 
organism may never be achieved. Among industrial workers using 
communal showers, it is virtually impossible to avoid continual 
exposure to infection. There are two simple measures that do seem 
fruitful. Frequent hosing of the floors of shower rooms and the 
sides of swimming baths does reduce the prevalence of dermato- 
phytes on these surfaces, and probably would lead to a reduction 
of infection in time. This should certainly be encouraged. Effective 
antifungal powder is readily available, and encouragement of its 
use has been demonstrated to be effective in the long-term reduction 
of tinea pedis at swimming baths. 


Tinea manuum _ 


Definition and nomenclature 

Any species of dermatophyte may affect the skin of the hand. 
Infections of the dorsal surface present no specific features and are 
considered as ringworm of the glabrous skin under tinea corporis. 


This section is therefore concerned with ringworm of the palmar 
skin and with infections beginning under rings. 


Pathophysiology 

Predisposing factors 

In most cases, apart from animal infections, there is pre-existing foot 
infection with or without toenail involvement. A special mention 
should be made of ringworm beginning under rings and wrist 
watches, and where anatomical deformities or occupational usage 
predispose to maceration between the fingers. Here, there may 
be a particular susceptibility to T. interdigitale infections, and in 
such cases infection may occur without obvious foot involvement 
[1]. Poor peripheral circulation and palmar keratoderma are other 
possible predisposing factors [2]. 


Causative organisms 

For the most part, the organisms concerned are the three anthro- 
pophilic species involved in tinea pedis. Among cases coming to the 
skin clinics, T. rubrum is the most common cause by far. E. floccosum 
and T. interdigitale are involved in a minority of cases and mainly 
in the presence of pre-existing palmoplantar keratoderma such as 
tylosis. The anthropophilic species T. violaceum may also produce 
this clinical picture and animal species, e.g T. erinacei, may occasion- 
ally infect the palmar skin. 


Clinical features 

Presentation 

Trichophyton rubrum infection may take several different clinical 
forms. Hyperkeratosis of the palms and fingers affecting the skin 
diffusely is the most common variety and is unilateral in about 
half of cases. The accentuation of the flexural creases is a charac- 
teristic feature. Other clinical variants include crescentic exfoliating 
scales, circumscribed vesicular patches, discrete red papular and 
follicular scaly patches, and red scaly sheets on the dorsal surface of 
the hand, which may be more subtle in type IV-VI skin. The latter 
forms are more likely to be zoophilic infections. 


Differential diagnosis 

Dermatophyte infections of the palm are often quiet and chronic, 
commonly passing unnoticed or misdiagnosed. Contact dermati- 
tis, especially the primary irritant variety, psoriasis, pityriasis 
rubra pilaris, constitutional eczemas, keratoderma, syphilis and 
post-streptococcal peeling must all be considered. In ring infections 
and web space cases with anatomical deformity, candidosis and 
bacterial intertrigo should be excluded. 

Unilateral scaling should always alert the clinician to the neces- 
sity of taking scrapings. Nail changes may help: pitting suggests 
psoriasis, but subungual hyperkeratosis if present should always 
be scraped. If the palmar infection spreads to the dorsal surface, 
more classic annular lesions may be seen, although this happens 
relatively infrequently. Tinea manuum, like tinea cruris and tinea 
faciei, is sometimes modified by inappropriate treatment with 
topical steroids leading to further diagnostic difficulties. 


Disease course and prognosis 
Chronic infection is usual. 


Management 

Chronic ringworm infections of the palm are not easily cleared and 
oral therapy is always needed. Itraconazole and terbinafine are 
both effective in this condition. Most cases clear with 2-4 weeks of 
treatment although it may be advisable to review the results a few 
months after the end of treatment. With griseofulvin, longer periods 
of treatment are necessary. Many patients will require 3 months of 
therapy and may even relapse after that. 


Infection control 

The prevalence of tinea manuum is directly related to the level of 
tinea pedis in the population. Prompt treatment of tinea pedis and 
the use of separate towels are sensible measures that can be recom- 
mended. However, it is likely that tinea manuum will continue to 
occur sporadically and a greater awareness of this condition, so that 
it may be recognised promptly, is of prime importance. 


Tinea cruris -.— va 


Definition and nomenclature 
Tinea cruris is an infection of the groins by a species of dermato- 
phyte. 


Epidemiology 
Tinea cruris is commoner in adults and in males. 


Pathophysiology 

Predisposing factors 

Apart from numerous cases of autoinfection from the foot to the 
groin [1], the sharing of towels and sports clothing is important [2]. 
In cases thus contracted, the toe clefts may be normal. 


Causative organisms 

The causal species are those implicated in foot ringworm but in 
different proportions. T. rubrum is the main cause [3]; T, indotinene, 
T. interdigitale and E. floccosum also account for some cases. 


Environmental factors 
It is more common in hot and humid climates. 


Clinical features 

Presentation 

Whatever the causal species, itching is a predominant feature. The 
lesions in the early stages are red plaques, curved with sharp mar- 
gins extending from the groin down the thighs. Scaling is variable 
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and occasionally may mask the inflammatory changes. Vesicula- 
tion is rare, but dermal nodules forming beading along the edge 
are commonly found in older lesions. Minute pustules are often 
detected if sought with care. Some central clearance is usually 
present but is often incomplete with nodules scattered throughout 
the affected area. 

Satellite lesions, if present, are few in number and are relatively 
large. Spread to the scrotum is common, but scaling is minimal and 
inflammation is inconspicuous against a red background [4]. E. floc- 
cosum infections are clinically indistinguishable from T. rubrum 
infections but are often not associated with tinea pedis. T. rubrum 
cases are classically chronic and sometimes more nodular. The 
rarer T. interdigitale infections may be vesicular and inflammatory. 
A coinfection affecting the groins and other sites may also occur, 
particularly in T. rubrum and T. indotineae infections affecting the 
buttocks, the lower back and the abdomen (see tinea corporis). The 
penis is occasionally affected. 


Differential diagnosis 

Candidosis, which is more common in women, does not have a dis- 
tinct raised margin. White pustules are often found, satellite lesions 
are numerous and small, and the frayed, peeling edge that occurs 
as the tiny pustules rupture is characteristic. Pityriasis versicolor 
may be localised to the groin but is usually non-inflammatory and 
asymptomatic, as is erythrasma. Central clearing is rarely found in 
either of these infections. 

Intertrigo with heavy bacterial colonisation is common in the 
obese subject of either sex. It may show a sharp margin, but this 
edge is usually a simple curve where the opposed skin surfaces 
meet. In many cases, extension upwards from the groin is as promi- 
nent as that down the thigh, a feature usually absent in tinea cruris. 
The central skin is often macerated and the submammary, perium- 
bilical and axillary skin may also be affected, resembling flexural 
seborrhoeic dermatitis. However, this feature is not a completely 
reliable distinguishing criterion, as E. floccosum in particular may 
involve the axillae and the submammary areas. Psoriasis and myco- 
sis fungoides may occasionally mimic tinea cruris, but characteristic 
lesions in other sites can usually be found. In atopic eczema there 
may be lichenification, but these changes usually extend up towards 
the hip. Contact dermatitis from clothing or deodorants may con- 
fuse, and Hailey—Hailey disease and flexural Darier disease require 
consideration. 

Topical steroids lead to suppression of the physical signs of tinea 
cruris. 


Disease course and prognosis 
The disease course is chronic. 


Investigations 
Direct microscopy and culture or PCR (see earlier) are the key ele- 
ments of laboratory diagnosis. 


Management 

In cases of recent onset, topical therapy can be expected to be 
curative within 2-4 weeks. Any of the local applications listed 
in Table 32.7 are satisfactory, but benzoic acid compound oint- 
ment (Whitfield’s ointment) should be prescribed at half strength. 


Tolnaftate, terbinafine and the imidazoles are better tolerated in the 
flexural areas, and if the diagnosis is in doubt terbinafine and the 
imidazoles have the advantage of being effective against Candida 
as well. Where the condition has been present for many months, 
or has spread to the pubic area, the natal cleft or the buttocks, 
and where topical steroids have been used, systemic treatment 
is strongly recommended. Terbinafine and itraconazole usually 
produce a remission in 1-2 weeks [5]. Some patients relapse even 
after this therapy, although it appears less likely to occur than 
with griseofulvin. A longer course of therapy may work in these 
recalcitrant cases. 


Treatment ladder for tinea cruris 


Recent-onset disease 
¢ Topical terbinafine or imidazoles twice daily for 2 weeks 


Chronic or extensive disease 

¢ Oral terbinafine 250 mg/day for 1-2 weeks 
or 

e Itraconazole 100 mg/day for 2-4 weeks 


Infection control 

Greater control of foot ringworm might lead to fewer cases of 
tinea cruris. A person suffering from tinea pedis or cruris should 
not lend towels to others, even if they have been laundered. In 
the tropics, light clothing and prompt treatment of tinea pedis are 
probably of importance. Topical therapy is often sufficient to control 
early cases, but long-established T. rubrum infection will require 
oral terbinafine or itraconazole. 


Onychomycosis caused b 
dermatophytes 


Definition and nomenclature 

This is invasion of the nail plates by species of dermatophytes. A dif- 
ferent category of onychomycosis is associated with certain other 
species of filamentous fungi that are frequently found in dystrophic 
nails; these are considered separately in the section Onychomycosis 
caused by other non-dermatophyte moulds [1,2]. 


Introduction and general description 

Fungal nail disease or onychomycosis has been divided into 
seven main patterns depending on its location on the nail appa- 
ratus and how the fungal infection is initiated. Onychomycosis is 
divided into those caused by dermatophytes, Neoscytalidium, other 
non-dermatophyte moulds and Candida (see sections on onychomy- 
cosis later in this chapter). Table 32.8 provides a scheme for the 


Table 32.8 The main patterns of onychomycosis. 


Patterns of onychomycosis Fungi 


Distal and lateral subungual 
onychomycosis (DLSO) 


Dermatophytes (Trichophyton 
rubrum, T. mentagrophytes), 
Candida albicans, Fusarium spp., 
Neoscytalidium spp., 
Scopulariopsis brevicaulis 

T. mentagrophytes, T. rubrum, 
Fusarium spp., Acremonium spp., 
Neoscytalidium spp. 

T. rubrum, Fusarium spp. 

T. rubrum, Fusarium spp. 


Superficial onychomycosis (SO) (white or 
black): patchy 


Transverse 

Proximal subungual onychomycosis (PSO) 
(patchy, striate (transverse) and 
longitudinal) 

Endonyx onychomycosis 

Totally dystrophic onychomycosis 


T. soudanense, T. violaceum 

Dermatophytes, C. albicans, 
Neoscytalidium spp. 

T rubrum 

T. rubrum, Fusarium spp. 


Mixed onychomycosis; examples include 
the following on the same nail: 


DLSO plus SO T. rubrum, Fusarium spp. 
SO plus DLSO T. rubrum 
SO plus PSO 


DLSO plus PSO 

Paronychia: with onychomycosis (usually 
DLSO or PSO) 

Without onychomycosis 


Candida spp., Fusarium spp., 
Neoscytalidium spp. 

Candida spp., Fusarium spp., 
Neoscytalidium spp. 


main infections and their methods of presentation, including the 
dermatophytes discussed in this section. 


Epidemiology 

Incidence and prevalence 

The reported prevalence rates of dermatophyte onychomycosis 
are variable, with figures from 6% to 25% being found in northern 
Europe [1]. These depend on the methods of investigation, the 
higher figures being obtained by mycological sampling. However, 
in both Europe and Asia the highest prevalence rates are seen in the 
countries with the colder climates. Dermatophyte onychomycosis 
is less frequent in tropical climates. 


Age 
It is rare in children. 


Sex 
It is equally distributed. 


Pathophysiology 

Predisposing factors 

It is likely that T. rubrum invades the nail plate with relative ease [2]. 
T. rubrum predominates in fingernail infections, owing no doubt 
to the prevalence of that species in tinea manuum. It is also the 
main cause of infection of the toenails. T. interdigitale is a less com- 
mon cause and often only affects the great toenail. Invasion of the 
nail plate usually occurs either from the lateral nail fold or from 
the free edge and an elaborate network of channels and lacunae 
is formed [3], leading to opacity and eventually destruction and 
crumbling of the nail plate. 
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Pathology 

Subungual hyperkeratosis frequently occurs but is sometimes dif- 
ficult to distinguish from softening of the nail plate proper and 
the mechanism of its production is obscure. As might be expected 
from the age distribution of tinea pedis, onychomycosis is largely 
a disease of adults [4], but children, especially those in institutions 
and in households where the adults are infected with T. rubrum, 
may be infected from time to time. A poor peripheral circulation is 
frequently blamed for resistance to treatment [5]. It may also be a 
factor in susceptibility. Nails that have been traumatised and nails 
of elderly people, where linear growth is slow, are both unduly 
susceptible to infection. 


Causative organisms 

The principal dermatophytes concerned are: (i) associated with foot 
and hand infections (T. rubrum, T. interdigitale and E. floccosum); and 
(ii) associated with scalp infections (T. tonsurans, T. violaceum and 
T. soudanense). Ringworm of the nails occurs in all parts of the world, 
and almost all dermatophytes have been reported to infect nails at 
one time or another [2]. Although nail infections may be the only 
manifestation of fungus disease in a patient, in the great majority 
of cases they are associated with tinea pedis or tinea manuum, and 
the three dermatophytes most commonly implicated are therefore 
T. rubrum, T. interdigitale and, rarely, E. floccosum [6-8]. 

T. soudanense has been reported as a cause of onychomycosis, and 
other dermatophytes usually encountered as a cause of tinea capitis, 
such as T. tonsurans and T. violaceum, not infrequently infect finger- 
nails. In regions or populations where tinea pedis is uncommon and 
tinea capitis caused by these fungi is frequent, they are likely to 
predominate as a cause of onychomycosis. 


Clinical features [9] 
Six distinct patterns of tinea unguium have been described 
(Table 32.8). 


Distal and lateral subungual onychomycosis (DLSO). DLSO is 
the most common pattern of infection and usually presents as a 
streak or a patch of discoloration, white or yellow at the free edge 
of the nail plate, and often near the lateral nail fold. The initial 
invasion of the hyponychium shows through a relatively normal 
dorsal nail plate. It commonly spreads towards the base of the nail 
(Figure 32.30) and may occasionally become darker brown or black. 
The nail plate becomes obviously thickened and may crack as it 
is lifted up by the accumulation of soft subungual hyperkeratosis. 
A later phase of invasion may lead to massive destruction of the nail 
plate (total dystrophic onychomycosis). Although commonly start- 
ing with a single affected nail, other digits later become invaded. 
The variation in the severity of damage is sometimes marked, so 
that minor changes, a little discoloration or just fraying of the nails, 
may be all that is seen. Indeed, nail clippings may reveal fungus 
mycelium in nails that appear completely normal [10]. 


Superficial onychomycosis (SO). SO is a less common presentation 
and can produce a distinct form of nail invasion in which the dorsal 
surface of the nail plate is eroded in well-circumscribed, powdery 
white patches or as transverse linear streaks, often away from the 
free edge [11]. It is distinguishable from other causes of leukonychia 
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Figure 32.30 Onychomycosis caused by Trichophyton rubrum. 


by the powdery nature of the white material, which can easily be 
scraped away; rarely, but not with dermatophytes, the colour of 
the infection is black (e.g. Neoscytalidium). The whole surface of the 
nail plate may be thus affected and occasionally this picture may 
also coexist with deep invasion of the nail plate of the ordinary 
type starting at the free edge. In some patients, superficial infection 
appears to originate from beneath the proximal nail fold and such 
cases respond poorly to topical therapy. Although more common 
with T. interdigitale, it can occasionally be seen in T. rubrum infec- 
tions and also occurs with certain non-dermatophytes, for example 
Fusarium spp. Toenails are usually affected, but in AIDS patients 
superficial white onychomycosis of both toe- and fingernails has 
been reported [12]. In AIDS patients, superficial infection may 
coexist with proximal nail plate invasion. 


Proximal subungual onychomycosis. This is a pattern that was very 
uncommon, but in the last 10 years has become particularly associ- 
ated with immunosuppression including AIDS. Rapid invasion of 
the nail plate from the posterior nail fold may develop to produce 
a white nail with only a marginal increase in thickness [12]. The most 
common cause is currently T. rubrum, although in the past more 
unusual species such as T. megninii were associated with this pic- 
ture. The origin of these infections is not clear. Clinically they appear 
as either linear bands or as patches of subungual infection emerging 
from under the proximal nail fold. 


Endonyx onychomycosis. This is seen with infection caused by 
dermatophytes that cause endothrix scalp infections, notably 
T. soudanense. The nail plate is scarred with pits and lamellar splits. 
The invasion occurs from the top surface but penetrates deeply into 
the nail plate. 


Totally dystrophic onychomycosis. This is the final common path- 
way for severe infection where the nail plate is completely 
destroyed. 


Mixed onychomycosis. Patients often present with more than one 
pattern of nail plate invasion such as distal subungual and superfi- 
cial nail invasion. 


On occasion, patients with onycholysis alone may have positive 
cultures of dermatophytes, suggesting that carriage of dermato- 
phytes without invasion is possible [13]. 


Differential diagnosis 

The destructive changes of the nail plate and nail bed produced by 
dermatophytes can be mimicked closely by psoriasis. Fine pitting 
of the dorsal nail plate is never produced by fungal infections 
and strongly suggests psoriasis, as does the oil-drop sign away 
from the free edge. The irregularly buckled nail of eczema and the 
ridged or dysplastic nail of lichen planus must be distinguished. 
Paronychia, caused either by bacteria or Candida, usually affects 
the nail plate proximally and laterally, while the free edge is often 
spared, at least initially. Conversely, swelling of the nail fold is 
rare in dermatophyte infections, and purulent discharge is never 
a feature of uncomplicated tinea unguium. Onycholysis and other 
nail dystrophies must be considered. Dermatophyte of the nails is 
rarely symmetrical and it is common to find the nails of only one 
hand affected. The skin of the feet and of the palms should always 
be examined carefully. 


Classification of severity 
Generally, poorly responsive infections show involvement of the 
proximal nail bed and linear opaque streaks (dermatophytoma). 


Disease course and prognosis 
The disease course is chronic. 


Investigations 

Dermoscopy may show the appearance of a feathery margin at 
the borders of areas of onycholysis. Nail clippings or scrapings are 
essential, and direct microscopy should be carried out with great 
care as culture often fails with nail plate material [10,14]. For this 
reason, it is wise to sample any obvious skin lesions present, as 
these are usually infected with the same organism and will be more 
likely to yield a positive culture [15]. It must be remembered that 
double pathologies do occur and a nail, dystrophic from some other 
cause, may become invaded by a dermatophyte fungus. This is 
not uncommon with onychogryphosis. New molecular diagnostic 
methods may help to resolve some of these uncertainties [16]. 


Management 

In general, fingernail infections with dermatophyte fungi respond 
satisfactorily to oral terbinafine 250 mg/day for 6 weeks or itracona- 
zole 400 mg/day for 1 week, given monthly for 2-3 months. With 
griseofulvin, clearance may be expected in about 4 months, but 
longer treatment regimens up to 8 months or even 1 year are often 
needed [17]. In the case of toenails, longer periods of treatment may 
be necessary; for example, terbinafine 250 mg/day for 3 months or 
itraconazole 400 mg/day for 1 week given monthly for 3-4 months. 
One large clinical trial has shown better efficacy with terbinafine 
than itraconazole [18]. Some, possibly 15% of patients, fail to 
respond to these drugs, and there is a strong clinical impression that 
results are much better in younger patients in whom faster linear 
nail growth and relative absence of coexisting ischaemic or trau- 
matic dystrophy are probably important factors. Poor peripheral 
circulation seems to have an adverse effect on treatment. 


Avulsion of the nail or removal of the infected areas with a drill 
or burr as adjuncts to antifungals are occasionally valuable. Laser 
ablation is similarly useful but relapse rates are high and there have 
been few studies of the use of combined ablation techniques and 
antifungal therapy. The use of 40% urea cream under occlusive 
dressing is an alternative approach to treatment [19], particularly 
in oral treatment failures. The addition of the imidazole, 1% bifon- 
azole, to the urea paste has produced good responses in some 
patients with involvement of the entire nail plate [20]. When a 
single great toenail is infected, these procedures are worthy of 
serious consideration. Unfortunately, there has been no reliable 
controlled evaluation of their worth and avulsion is certainly not 
without its drawbacks. Photodynamic therapy and iontophoresis 
have both been reported to produce remission in a small number 
of studies. Topical therapy for nail infections has been used in the 
past with poor results, except in superficial white onychomycosis 
caused by ringworm infection, where it may well be effective. Other 
topical agents reported to be effective — 28% tioconazole, ciclopyrox 
olamine and amorolfine nail paint, tavaborole, luliconazole and 
efinaconazole — have all produced remissions in some studies, 
although these are seldom frequent enough to encourage sole use 
of these preparations, except in early or superficial infections or as 
adjuncts to oral therapy. The use of combined treatment with either 
terbinafine or itraconazole with amorolfine may be more effective 
than oral therapy alone [21]. 


Treatment ladder for onychomycosis caused by 
dermatophytes 


First line? 

¢ Oral terbinafine 250 mg/day for 6 weeks for fingernails, for 
3 months for toenails 
or 

¢ Itraconazole 400 mg/day for 1 week, monthly for 2-3 months 
for fingernails, for 3-4 months for toenails 


Second line 
¢ Griseofulvin dose 1 g for 4-8 months (longer for toenails) 


*Topical treatment with amorolfine or ciclopirox olamine can be 
used in mild infections affecting the distal nail plate only or 
non-linear superficial onychomycosis. 


Infection control 
Proper early treatment of tinea pedis and tinea manuum would 
almost certainly reduce the prevalence of onychomycosis. 


Steroid-modified tinea — Fe 


Definition and nomenclature 

These are ringworm infections modified by corticosteroids (systemic 
or topical) prescribed for some pre-existing pathology or given mis- 
takenly for the treatment of misdiagnosed tinea. 


Figure 32.31 Tinea corporis in a patient on systemic corticosteroids. 


Introduction and general description 

Normally, the clinical diagnosis of tinea depends heavily on the 
inflammatory changes involved [1-3]. This inflammatory response 
may be almost totally suppressed by corticosteroids, systemic or 
topical. At the same time, it is probable that the resistance to infec- 
tion mediated by the immune response, especially the cell-mediated 
response, is diminished by corticosteroids. In this situation, the 
infection is less likely to be diagnosed, and the patient is more 
susceptible to that infection. 

With patients on systemic steroids (perhaps treated with addi- 
tional immunosuppressive agents or irradiation [4]), the degree of 
modification is often minor, but even in these cases it may be suf- 
ficient to mislead (Figure 32.31), especially on the face. With topical 
steroids, the degree of modification can be profound. The usual sites 
where this problem occurs are the groins, lower legs, face and hands, 
but tinea circinata elsewhere may be steroid treated. 


Clinical features 

History 

The history is characteristic. The patient is often satisfied initially 
with the treatment. Itching is controlled and the inflammatory 
signs settle, but there is a relapse on stopping treatment, with 
varying rapidity. Further applications bring renewed relief and 
the cycles are repeated. In the groins, the patient may develop few 
persistent nodules, which become unsuppressible by the steroid 
preparation. 


Presentation 

Typically, the raised margin is diminished. Scaling is lost and the 
inflammation is reduced to a few nondescript nodules. Often, a 
bruise-like brownish discoloration is seen, especially in the groins. 
On the face, the picture may be modified by a superimposed peri- 
oral dermatitis with papules and tiny pustules. Steroid-modified 
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eyelid infection may closely resemble a stye. With chronic use, atro- 
phy, telangieciectasia and, in the groin and axillae, striae are likely 
to be observed. In some cases, concentric red rings are seen among 
the atrophy and telangiectasia; this may be seen with T. indotineae 
infections where topical corticosteroid misuse is common. Redness 
may be more subtle in skin types IV-VI. Presumably, these repre- 
sent waves of fungal growth. The eruption remains localised but, 
especially in E. floccosum infections, it spreads more widely than 
one would expect in an unmodified case. Accumulation of fungal 
hyphae may lead to cross-infection, as has been reported with 
steroid-modified T. violaceum infection in a dermatology ward [1]. 
Strong fluorinated steroids seem most likely to produce this syn- 
drome, but even 1% hydrocortisone cream can, on occasion, modify 
tinea to a confusing extent. 


Differential diagnosis 

The differential diagnosis of other steroid-modified infections in 
the groin, particularly candidosis, must be considered, and these 
may be indistinguishable without cessation of therapy and myco- 
logical investigations. A ready awareness that the face, groin and 
hands are sites of diagnostic error is important in alerting the 
physician, and the history is usually extremely suggestive. 


Investigations 

Scrapings may be difficult to obtain in a patient who is currently 
applying a steroid cream, but if he or she stops it for a few days an 
upsurge of inflammation with marked scaling often occurs, making 
clinical diagnosis easier and facilitating the taking of scrapings. 
In such samples, fungal mycelium is usually abundant but scrap- 
ings taken while steroids are still being applied may show very few 
fungal elements, unless a fluorescent whitener is used [5]. 


Management 

Whatever site is affected, it is often best to treat steroid-modified 
ringworm with oral therapy, allowing a few applications of topical 
steroid to continue until the terbinafine or itraconazole has begun 
to take effect. It is wise to use 1% hydrocortisone cream or at least 
a weaker steroid than that originally prescribed, and also to warn 
the patient about a possible rebound in spite of these measures. Fol- 
low up to ensure steroid cream has been stopped and cure obtained 
is mandatory. 


Definition and nomenclature 
This is a non-infective cutaneous eruption representing an allergic 
response to a distant focus of dermatophyte infection. 


Pathogenesis 
Predisposing factors 
A dermatophytide reaction was first observed in a patient with a 
kerion. Since then a great many cutaneous eruptions have been 
labelled unconvincingly as dermatophytides. The essential criteria 
required for the diagnosis of an ide reaction to a dermatophyte 
infection are the following [1]: 
1 Proven dermatophyte infection, which usually becomes highly 
inflamed before the appearance of the secondary rash. 
2 A distant eruption, which is demonstrably free of ringworm 
fungus. 
3 Spontaneous disappearance of the rash when the ringworm infec- 
tion settles, with or without treatment. 
Even with these criteria, ide reactions may be overdiagnosed. 
An additional criterion has been recommended: the morphology of 
the ide eruption should match one of the well-recognised types. 


Clinical features 

History 

The focus of infection is often a kerion, for instance caused by 

T. verrucosum, but the species is not important as long as it provokes 

inflammation. Highly inflammatory tinea pedis may be insufficient. 

The main ide reactions are well established: 

1 A widespread eruption of small follicular papules grouped or 
diffusely scattered. The eruption is symmetrical, usually pro- 
nounced on the trunk, but in severe cases extending down limbs, 
even at times covering the face. Sometimes the follicular papules 
are topped by horny spines. The common cause of this type 
of ide reaction is a scalp ringworm kerion, typically caused by 
T. verrucosum. On occasion, T. tonsurans and M. audouinii may be 
responsible, when they produce inflamed ringworm. Treatment 
of the original ringworm lesion may play a part in initiating the 
process. 

2 A pompholyx-like ide affecting the web spaces and palmar sur- 
faces of the fingers, the palms and sometimes the dorsal surfaces 
of the hands. This eruption is characteristically associated with 
an acutely inflammatory tinea pedis, which may have arisen 
spontaneously or as a result of inappropriate treatment. The 
palmar and web space skin may be covered with itchy papules 
or vesicles. On occasion, bullae or pustules may occur. Clinically, 
this is indistinguishable from a constitutional eczema of the 
pompholyx variety, and the diagnosis of a dermatophytide in 
this clinical situation demands rigorous application of the criteria 
outlined above. 

3 Of the many other suggested morphologies for ide reactions, ery- 
thema nodosum seems the most acceptable [2]. There are a few 
published accounts of this, and the authors are aware of other 
cases that fit the above criteria. 


Clinical variants 

It is possible that erythema multiforme, erythema annulare and 
urticaria may, on occasion, be manifestations of an allergic reaction 
to a ringworm infection, but such instances are rare. 


SUPERFICIAL MYCOSES DUE TO OTHER 
HYPHAL FUNGI 


Superficial mycoses caused 
Neoscytalidium species 


Definition 

Neoscytalidium (previously Scytalidium) dimidiatum is a secondary 
pathogen of higher plants found mainly in tropical areas, but also 
in the USA and the Mediterranean region. 


Introduction and general description 

This grey to black mould is now recognised as the cause of 
ringworm-like infections of the palms, soles, toe webs and nails 
[1-4]. Scytalidium hyalinum, a variant non-pigmented form of 
N. dimidiatum, can also mimic tinea pedis and manuum and invade 
the nail plate [5]. Although logically this should be transferred to 
the genus Neoscytalidium as well, the formal proposal to do so has 
not been made as yet but it will be referred to here as N. hyalinum. 
These two moulds evoke the same clinical picture. 


Epidemiology 

Although these infections were first diagnosed in the UK in patients 
who were immigrants from the West Indies, East Africa and the 
Indian subcontinent, reports from areas where they may be truly 
endemic, such as the Caribbean [6], West Africa [7-9] and Thai- 
land [10], have shown that infection by Neoscytalidium species is 
extremely common. Infection is mainly seen in those born in a 
tropical environment but has also been seen in Europeans who have 
merely visited an endemic area for a vacation. 


Pathophysiology 
Neoscytalidium species produce keratinases and therefore can pene- 
trate the stratum corneum. 


Clinical features 
Presentation 
Early infection is often asymptomatic. 

These fungi can produce toe cleft changes and involvement of the 
palms and soles. In this, they closely resemble the dry-type infection 
caused by T. rubrum affecting the palms or soles [5]. Lesions are 
often asymptomatic and only discovered on routine inspection. 
In fingernails, the nail changes start at the lateral and distal edges, 
and there may be extensive undermining of the nail without corre- 
sponding thickening of the nail plate (Figure 32.32). The nails may 
fracture transversely in due course. Paronychia often accompanies 
these changes. Usually, yeasts are not present under the nail fold, 
suggesting that the changes are caused by Neoscytalidium alone. 
In the toenails, the changes are usually identical to those seen in 
dermatophyte infections. Occasionally, there may be increased 
pigmentation in the nail plate, but this should not be confused 
with idiopathic, longitudinal, pigmented streaking of the nail. This 
change is most prominent in white people with nail infections [11]. 


Figure 32.32 Onychomycosis caused by Neoscytalidium dimidiatum: early onycholysis. 


The infection is confined to areas of thickly keratinised skin and 
involvement of less heavily keratinised areas, such as the groin, or 
dorsum of the hand or foot, is not found. 


Differential diagnosis 
This should include dry-type T. rubrum infections and, on the fin- 
gers, Candida paronychia. 


Investigations 

Although pigmented brown hyphae have occasionally been 
observed in skin and nail samples infected by N. dimidiatum, 
in the vast majority of cases the hyphae are hyaline and appear 
very similar to those of dermatophytes. Typically, however, they 
are more irregular, varying noticeably in width along the length of 
a single hypha (Figure 32.33) [12]. With experience, a preliminary 


Figure 32.33 Infection by Neoscytalidium species. Skin scales are mounted in 30% 
KOH, bright field. The hyaline hyphae superficially resemble those of dermatophytes, 
but are very uneven in diameter. One- to two-celled arthroconidia may be observed. 
Courtesy of the Department of Medical Mycology, St John’s Institute of Dermatology, 
King’s College London, London, UK. 
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diagnosis of Neoscytalidium infection may be made on the basis of 
direct microscopy alone. 

Both N. dimidiatum and N. hyalinum are sensitive to cyclohex- 
imide, and this antibiotic must be excluded from the culture 
medium. As mixed infections by Neoscytalidium species and der- 
matophytes have been recorded, duplicate cultures with and 
without cycloheximide are ideal, and will allow the isolation of 
both dermatophytes and non-dermatophytes. Mixed infections of 
dermatophytes and N. dimidiatum and N. hyalinum have also been 
reported. 


Neoscytalidium dimidiatum. Colony: there is variable colonial 
morphology (Figure 32.34a) [13]. One form grows very rapidly and 
produces a high aerial mycelium, which completely fills a 90mm 
Petri dish in a few days. The other common form grows more (a) 
slowly, at about the same rate as a dermatophyte, and does not 
produce aerial hyphae, but has a velvety surface texture. Both are 
pale initially but darken to black and mouse grey, respectively, as 
they mature. Microscopy: branching chains of one- to two-celled 
brown arthroconidia are observed (Figure 32.34b). These are 
abundant in the fast-growing cultures but may be scanty in the 
slow-growing form. Coiled hyphae and rough-walled hyphae 
are usually present in the slow-growing cultures. N. dimidiatum 
produces melanin both in culture and in vivo [14]. 
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Neoscytalidium hyalinum. Colony: the fungus grows rapidly, and 
in a few days produces a white to cream colony with a moderately 
high aerial mycelium and buff reverse (Figure 32.35). Microscopy: 
chains of hyaline one- to two-celled arthroconidia are produced. 


Management 
There is no reproducibly effective therapy, although individual Figure 32.34 Neoscytalidium dimidiatum. (a) Colony forms. The fast-growing form 
patients may respond to treatment with topical azoles. (right) fills a 90 mm Petri dish in a few days and develops profuse aerial mycelium. 
The velvety, slow-growing form (left) grows at the same rate as a dermatophyte. 

: : (b) Microscopy, bright field. Chains of brown, one- to two-celled arthroconidia are 

First line 3 
. oA oe : . characteristic. They may be scanty in the slow-growing form. Courtesy of the 

Both organisms may be sensitive in vitro to itraconazole or terbina- Department of Medical Mycology, St John’s Institute of Dermatology, King's College 
fine, but infections seldom respond to these drugs clinically. London, London, UK. 


ONYCHOMYCOSIS CAUSED BY OTHER 
NON-DERMATOPHYTE MOULDS 


General description 


Broadly, the term onychomycosis describes any fungal infection 
of the nail plate. Dermatophyte infections, Candida infections and 
Neoscytalidium infections are considered separately in this chapter 
and these organisms are considered to be primary pathogens (see 
Table 32.8). However, a wide variety of other non-dermatophyte 
moulds have been reported from abnormal nails, most often 
toenails, and in such cases their significance needs very careful 
assessment [1]. These are described below under the headings 
of onychomycoses caused by Scopulariopsis (assigned by some 
to the genus Microascus), superficial onychomycosis caused by 
non-dermatophytes, onychomycosis caused by Onychocola canaden- 
sis and onychomycosis caused by miscellaneous moulds. 


Figure 32.35 Neoscytalidium hyalinum colony. Courtesy of the Department of Medical 
Mycology, St John’s Institute of Dermatology, King’s College London, London, UK. 


Identification 


Many of these putative pathogens are common in the environment 
and may be isolated as contaminants, particularly on media free of 
cycloheximide. It is therefore essential in cases where such moulds 
are implicated in onychomycosis to correlate the morphological 
findings on direct microscopy with those of the isolate. A consider- 
able proportion of dermatophyte-infected nails with typical hyphae 
present on direct microscopy will fail to yield a dermatophyte 
on culture. In these instances, the isolation of a few colonies of a 
contaminating mould may be misinterpreted. In other instances, a 
non-dermatophyte mould may be isolated in addition to a dermato- 
phyte, and, once more, unless evidence suggestive of a mixed infec- 
tion has been obtained on direct microscopy [2], in most instances 
this will represent simple contamination. Before the isolation of a 
non-dermatophyte can be considered significant, re-examination of 
the patient is essential in order to confirm the infection. A second 
direct examination will allow any unusual features of the fungus in 
the nail to be assessed. Atypical morphology, such as the presence of 
large numbers of fronding hyphae, or even the production of char- 
acteristic conidia within the nail, may be present. In such instances, 
a second culture on a medium free of cycloheximide may allow 
reisolation of the same mould and confirm the infection. Concurrent 
culture with cycloheximide is also recommended to confirm the 
absence of a dermatophyte — or it may in some instances prove the 
presence of a mixed infection — because nails rendered abnormal by 
a primary dermatophyte infection may occasionally be secondarily 
invaded by moulds. It is noteworthy that in unmixed infections 
these non-dermatophytes, unlike Neoscytalidium and Fusarium 
species, are incapable of producing concurrent skin infection. 
Using reliable criteria, one survey in Canada of over 2500 isolates 
from infected nail samples found that Scopulariopsis brevicaulis 
made up 1.6% of the total and that species of Aspergillus and Fusar- 
ium comprised a further 0.3% of the total [3]. Similarly, a working 
group of the British Society for Medical Mycology [4] has estimated 
that approximately 5% of cases of onychomycosis are caused by 
non-dermatophyte moulds. Such data confirm the view that a few 
moulds are regularly reported from a small percentage of the total 
cases of onychomycosis and their isolation may suggest that they are 
playing some part in the pathology. However, whether their removal 
with antifungal therapy will result in clinical recovery remains to be 
established. By far the most common of these isolates is S. brevicaulis, 
which does appear capable of attacking undamaged nails or those 
with minor abnormalities. In cases of superficial white onychomy- 
cosis, species of Acremonium, Fusarium and Aspergillus may be 
isolated rather than Trichophyton interdigitale. Onychocola canadensis 
has been recognised as a cause of onychomycosis, after its original 
description in nine subjects from Canada and New Zealand [5,6]. 


Onychomycoses caused | 
Scopulariopsis infections 


Clinical features 
Scopulariopsis brevicaulis is a common saprophytic mould that does 
not attack the skin [2]. When it causes nail dystrophy, the clinical 


Figure 32.36 Onychomycosis caused by Scopulariopsis brevicaulis. 


features may be indistinguishable from those of a dermatophyte 
infection, but where there is heavy invasion its brown spores may 
discolour the nail, producing a cinnamon colour (Figure 32.36). This 
is best seen end-on in the area of subungual hyperkeratosis. The 
great toenails are most often affected, but other toenails and very 
occasionally fingernails are also involved. Dermatophyte infections 
of the skin and of the Scopulariopsis-infected nail plate itself may 
coexist. 


Investigations 

The distribution of the fungus in the infected nail material is often 
patchy, but where conidia are found they are quite distinctive, 
being approximately spherical or lemon-shaped with one flat, 
basal facet. The thick cell walls and truncate bases of the conidia 
distinguish them from the arthroconidia of dermatophytes. The 
surfaces of the conidia appear smooth (Figure 32.37). The mould 
is partially sensitive to cycloheximide and, in most instances, 
if cycloheximide-containing medium is used for isolation, the 


Figure 32.37 Scopulariopsis brevicaulis. Nail clipping mounted in KOH, bright field. 
The characteristic conidia are relatively thick-walled, oval or lemon-shaped with a 
truncate base. Courtesy of the Department of Medical Mycology, St John’s Institute of 
Dermatology, King’s College London, London, UK. 
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Figure 32.38 Scopulariopsis brevicaulis. (a) Colony. On media free of cycloheximide, 
the colonies are initially waxy and deeply folded, but the production of conidia rapidly 
produces a brown colour on the colony surface. (b) Microscopy, bright field. Chains of 
rough-walled conidia are formed from annellides. Courtesy of the Department of 
Medical Mycology, St John’s Institute of Dermatology, King’s College London, 

London, UK. 


fungus will grow but remains compact, pale and intricately folded, 
producing few conidia. 


Scopulariopsis brevicaulis (Figure 32.38). Colony: on cyclohexi- 
mide-free medium the fungus grows rapidly to produce a powdery 
cinnamon brown surface, often with radial or cerebriform folds. 
The reverse is cream to brown. Microscopy: chains of basipetal 
conidia are formed from annellides. The conidia are rough, 
lemon-shaped or obovoidal with a truncate base. 


Management 

It is essential to search carefully for a coexisting dermatophyte 
infection, particularly if there are cutaneous changes. Treatment of 
pure Scopulariopsis infections is difficult. Occasionally, patients may 
respond to a topically applied lotion such as econazole. However, 
the most common approach is to use 40% urea paste as a method 
of chemical nail avulsion and, following removal of the infected 
plate, an azole antifungal cream or lotion is applied daily to the 


nail bed until the new nail has completely formed. Itraconazole 
400mg/day for 1 week per month for 3-4 months may be of 
help [7,8]. 


Superficial onychomycosis cz 
non-dermatophytes 


Clinical features 

Non-dermatophyte moulds that cause superficial onychomycosis, 
which is generally white in colour, produce a clinical picture iden- 
tical to that seen in superficial white onychomycosis caused by 
T. interdigitale. However, one distinguishing feature is the lack of 
accompanying skin lesions. Some forms of superficial onychomy- 
cosis present as cloudy superficial patches on the nail plate, others 
as transverse linear bands (striate leukonychia). The latter often 
emerge from beneath the proximal nail fold and seldom respond to 
topical antifungal therapy. A further form of superficial onychomy- 
cosis is followed by deep penetration of the nail plate. Rarely there 
is a superficial black onychomycosis. 


Investigations 

Direct examination of the nail material often reveals bizarre, atyp- 
ical hyphal forms and extensive fronding hyphae (Figure 32.39). 
However, some degree of fronding may also be seen in dermato- 
phyte infections. The most commonly isolated species, which 
include Sarocladium (Acremonium) strictum, Aspergillus terreus and 
Fusarium species, grow rapidly if cycloheximide is omitted from the 
culture medium. 


Sarocladium (previously Acremonium) strictum. Colony: the 
rapidly growing colonies are slimy to waxy with a few central 
tufts of aerial mycelium and are pink, beige or orange in colour. 
Microscopy: elongate narrow phialides arise at right angles from 


Figure 32.39 Superficial white onychomycosis caused by non-dermatophyte moulds. 
Nail clipping mounted in KOH and calcofluor white, UV illumination. Bizarre, fronding 
hyphae may be observed. Courtesy of the Department of Medical Mycology, St John’s 
Institute of Dermatology, King’s College London, London, UK. 


the slender hyphae. The ellipsoidal conidia collect as a slimy ball at 
the apex of the phialide. 


Aspergillus terreus. Colony: colonies are rapidly growing, pow- 
dery with a cinnamon brown surface and pale yellow reverse. 
Microscopy: the vesicle at the apex of the stout conidiophore bears 
metulae and phialides only on the upper two-thirds of its surface. 
Long chains of small, smooth, brown phialoconidia are produced, 
which form a columnar head. 


Fusarium species. Colony: rapidly growing, woolly colonies may 
have a pink, purple or pale brown surface and reverse. Microscopy: 
the genus Fusarium is characterised by the production from 
phialides of curved multicellular macroconidia, with a distinct 
foot cell at the base. Microconidia are also formed and are unicellu- 
lar or bicellular, ovoid to ellipsoidal. They collect as slimy balls or 
chains at the apices of the phialides. Chlamydoconidia may also be 
present. 


Management 

The results of treatment are unpredictable, but a trial of therapy with 
amorolfine 5%, tioconazole 28% or removal of the nail with surgery, 
40% urea or laser is worth attempting. 


Onychomycosis caused 
canadensis 


Clinical features 

This fungus was only recognised as a pathogen in 1990. Nails dis- 
play yellow or grey discoloration and hyperkeratosis with a buildup 
of subungual debris. 


Investigations 

Direct microscopy reveals irregular hyaline, sometimes golden or 
brown hyphae, together with barrel-shaped or round arthroconidia. 
The fungus grows in the presence of cycloheximide as a very slowly 
developing, restricted, glabrous, pale grey mould, which after 5-6 
weeks eventually produces delicate chains of hyaline, waisted 
arthroconidia. 


Management 

A single patient treated with griseofulvin showed some clinical 
improvement after 6 months, but the direct microscopy remained 
positive [6]. 


Onychomycosis caused ) 
by miscellaneous mou! 


In contrast to the fungi described above, an enormous variety of 
other moulds have been implicated in one or only very few cases 
of onychomycosis. These include Pseudeurotium ovalis, Pyrenochaeta 
unguius-hominis, Lasiodiplodia theobromae, Cochliobolus (previously 
Curvularia) lunata and many others [9]. Investigations of abnormal 


toenails, especially in elderly people, have shown that an appre- 
ciable minority are colonised by non-dermatophyte fungi, usually 
moulds and often Aspergillus species. Fingernails are much less 
often invaded. These moulds are generally accepted as existing 
purely saprophytically. Although they may conceivably add to the 
primary damage caused by ischaemia, trauma or a dermatosis, 
they are, in general, of little practical importance to the patient. 
For the dermatologist, their significance lies in the fact that they 
must be distinguished from dermatophytes. Moreover, a dystrophic 
nail caused by ischaemia and secondarily colonised by Aspergillus 
species is likely to regrow abnormally even if the fungus is elim- 
inated by avulsion. Unlike Scopulariopsis infections, secondary 
mould invasion often affects several nails and indeed all may be 
invaded. 

Of all the other non-dermatophyte moulds that may cause nail 
disease, Fusarium is the most frequently associated. In addition 
to causing superficial onychomycosis, Fusarium species may also 
cause proximal subungual onychomycosis and other patterns of 
nail invasion; it can also cause interdigital infection. 


CANDIDOSIS 


Definition and nomenclature 


Candidosis is an infection caused by the yeasts of the genus Can- 
dida. Superficial infections of the mucous membranes and skin 
are numerically most important, but deep invasive disease such 
as septicaemia, endocarditis and meningitis can also occur and 
these are considered in the section on systemic mycoses later in the 
chapter. 


Classification 


Candida albicans is an oval yeast 2-6 x 3-9 1m in size that can pro- 
duce budding cells, pseudohyphae and true hyphae [1]. This ability 
to simultaneously display several morphological forms is known as 
polymorphism. Although hyphae are likely to be produced during 
the process of tissue invasion, yeasts without hyphae may also occur 
in invasive disease, particularly in infections caused by non-C. albi- 
cans species. Apart from C. albicans, the genus Candida includes over 
100 species, most of which are neither commensals nor parasites on 
humans. Other species of Candida, for example C. tropicalis, C. dublin- 
iensis, C. parapsilosis, C. guilliermondii, C. krusei, C. pseudotropicalis, 
C. lusitaniae, C. zeylanoides and C. glabrata, are occasional causes of 
human candidosis, particularly in disseminated infections. The epi- 
demiology of candidosis is changing and, where once C. albicans 
was the predominant species isolated from clinical samples, in some 
countries other species are now very common. 
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General description 


Candida species cause a wide variety of different skin conditions, 
which are shown in Box 32.3. 


Box 32.3 Clinical diseases (variants) caused by 
Candida species on the skin 


Candidosis of the oral mucous membranes 
e Acute pseudomembranous candidosis 

¢ Acute erythematous candidosis 

¢ Chronic pseudomembranous candidosis 
¢ Chronic erythematous candidosis 

¢ Chronic plaque-like candidosis 

¢ Chronic nodular candidosis 

e Angular cheilitis 

¢ Median rhomboid glossitis 

e Candidosis, steroids and the mouth 


Candidosis of the skin and genital mucous membranes 

© Candida intertrigo (flexural candidosis) 

¢ Acute vulvo-vaginal candidosis 

¢ Chronic vulvo-vaginal candidosis 

° Candida balanitis 

e Perianal and scrotal candidosis 

¢ Perineal candidosis of infancy 

¢ Nodular or granulomatous candidosis of the napkin area 


Candidosis of the nail and paronychium 
° Candida paronychium 

© Candida onychomycosis 

¢ Congenital candidosis 


Other Candida diseases 
° Candida allergy 
e Chronic mucocutaneous candidosis 


Basic biology 


Candida ecology 
Gastrointestinal tract carriage. Candida albicans is a frequent, 
but not invariable, normal member of the gastrointestinal micro- 
biome [2]. Colonisation with C. albicans or another species may 
occur during birth directly from the birth canal, at some time dur- 
ing infancy or perhaps later in life. Colonisation of the mouth early 
in life is often followed by frank pathological changes, but if the 
organism is acquired later it is usually established asymptomatically. 

The literature on oral carriage rates is extensive. Fewer than 26% 
of normal subjects [1] carry yeasts in the mouth, and C. albicans 
carriage rates are about 18%. Surveys of the oral flora of hospital 
patients show higher figures. Isolation rates of yeasts from faecal 
specimens and rectal swabs are also higher than those from oral 
samples. Figures of nearly 47% for yeast carriage and just under 
41% for C. albicans have been suggested by published studies [1]. 

If molecular techniques or repeated sampling are used, the pro- 
portion of healthy adults carrying Candida in the gastrointestinal 


tract may be demonstrably higher, even rising to two-thirds. More- 
over, if oral antibiotics that are effective against the resident gas- 
trointestinal bacterial flora are given, Candida carrier rates rise [3]. 
The density and composition of the gastrointestinal yeast flora vary 
from individual to individual and influence the chances of isolation. 

Studies of Candida serology and skin tests suggest that a substan- 
tial proportion of people not colonised by yeasts may have been 
exposed to Candida in the past. The practical implication of this is 
that normal individuals show a wide range in the density of car- 
riage of Candida species in the oral microbiome. Extraneous factors 
such as oral antibiotic therapy are likely to increase not only the inci- 
dence of carriage, but also the number of organisms present and the 
chances of infection. 


Vaginal carriage [4]. The healthy vagina may be colonised by 
yeasts — most commonly C. albicans, sometimes C. glabrata - in a 
proportion of women [5]. The percentage of vaginal carriers differs 
widely in different surveys, but a figure of 12.7% for C. albicans is 
probably accurate. Higher rates are found in hospital patients, even 
without vaginal disease [1]. Pregnancy, oral contraceptives and the 
use of intrauterine devices have all been associated with elevated 
carrier rates [6]. 


Cutaneous carriage. Generally, neither C. albicans nor any other 
species of Candida is a permanent member of the normal flora of 
the skin, although transient colonisation can occur in the neonatal 
period [7]. At the same time, skin adjacent to the body orifices and 
the skin of the fingers, which are in frequent contact with the mouth, 
often yield C. albicans and sometimes other species, particularly 
C. auris, C. parapsilosis and C. guilliermondii. Candida may be a persis- 
tent coloniser of moist intertriginous sites in individuals [8] as well 
as the subungual space in patients with pre-existing nail disease. 
Age and climate are important in this connection. Samples from the 
very young and the very old are more likely to yield Candida. 


Carriage in other sites. The bronchial tree is not normally colonised 
by Candida, and where the organism is isolated from sputum spec- 
imens, at least in low amounts, it can be assumed that it has come 
from the mouth or oro-pharynx. It has been shown that swallow- 
ing a large quantity of Candida cells will result in the transfer of 
these yeasts rapidly through the gut wall into the circulation, pre- 
sumably via the portal vein and the liver [9]. 

C. albicans can occasionally be cultured from the environment, 
usually in the vicinity of heavily infected subjects [1], human or 
animal; for example, it has been isolated from a nursery where 
there was an epidemic of oral thrush, from hospital bed linen and 
from the air of dermatology clinics. Normally, however, Candida 
is not part of the airborne microflora. Except for neonatal and 
conjugal infections, most cases of candidosis probably result from 
infection of the host by his or her own commensal yeasts. Studies 
using typing confirm the view that most infections are endogenous 
and generally infection follows a shift in the existing host—yeast 
relationship [10]. This shift from commensal to parasite results from 
a variety of influences. To date, an increase in yeast virulence has 
not been shown to be important. Isolates of C. albicans might be 
expected to differ in their capacity to cause damage in the human 
host [11]. In practice, such variations are hard to demonstrate, with 


the exception of a few specific mutations such as defective protease 
production. 

Genetic methods of typing Candida strains have provided a means 
of investigating the spread of organisms within individual patients, 
groups or hospital wards [12]. They have indicated that the spread 
of predominant strains can occur either between individuals or in 
hospitals. In one well-documented outbreak, an isolate that resisted 
normal hand washing procedures was the cause of a number of 
infections in an intensive care unit [13]. This indicates that strains 
carried by patients may be replaced by others with different biolog- 
ical characteristics. These techniques can now be used to determine 
important issues, such as the acquisition of drug resistance [14]. 
C. albicans may also demonstrate an unusual phenomenon known 
as phenotypic switching, whereby a strain may change morphology 
or another phenotypic character such as drug sensitivity in response 
to a change in growth conditions; such changes are reversible and 
not associated with genetic variation [15]. 


Pathophysiology 


Organisms 

In animal experiments some Candida species have been shown to be 
less virulent than C. albicans, a finding that conforms with clinical 
experience. Generally, the most common pathogen in skin disease 
is C. albicans, although increasingly other species are isolated in 
vaginal infections and from immunocompromised patients. Fac- 
tors such as the production of a secreted aspartyl protease by 
certain strains of C. albicans are also known to affect pathogenic- 
ity. Proteinase-negative strains are known to be less virulent [1]; 
laboratory-generated gene-defective strains have not been shown 
to be less virulent. 

In oral and cutaneous candidosis, scrapings examined micro- 
scopically usually show Candida in both the budding and mycelial 
forms [2]. In histopathology of invasive candidosis, hyphae are 
usually present. This suggests that the production of hyphae may 
contribute to fungal virulence. C. albicans mutants that do not 
express hyphal-associated gene products, such as hypha-specific 
G1 cyclin-related protein, show attenuated virulence. 

The ability of yeast forms to adhere to the underlying epithelial 
cells is also an important prequel of tissue invasion [3-5]. C. albi- 
cans is equipped to sense contact with an underlying human cell. 
Adherence of Candida to epithelial surfaces is mediated through a 
number of receptor interactions. Candida adhesins are either based 
on cell wall mannan or protein components [6]. The best studied 
adhesins are known as agglutinin-like sequence (ALS) proteins. 
It has also been shown that proteinase production is involved in 
adherence. 

In vivo, a wide variety of factors have at various times been 
claimed to be important in stimulating mycelium formation [7]. 
Temperatures above 35°C, low oxygen tension, liquid media, 
non-sulphur-containing amino acids, a polysaccharide carbon 
source, serum and a pH of 7.5 are the most convincing factors in 
experimental studies [8]. However, it is difficult to relate these 
experimental results to the in vivo situation. C. albicans also pro- 
duces melanin, a factor known to affect resistance to immunological 
responses. In order to penetrate human cells, it can both induce 


endocytosis as well as use hyphal-mediated penetration. Candida’s 
ability to form a biofilm on its own or with other micro-organisms 
on certain surfaces, including skin ulcers, may also lead to the 
expression of different genes affecting virulence or drug resistance 
such as drug efflux pumps. 

The effects of ecological pressures from other organisms are of 
considerable importance [9]. Both in the gastro-intestinal tract and 
on the skin, the removal of competing bacteria leads to an increase 
in yeast numbers, an important prerequisite to invasion. Work on 
the competition between Candida and bacteria in saliva suggests 
that one factor is the amount of available monosaccharides such as 
glucose [9,10] and that if these are elevated, as in diabetes, bacterial 
flora will not inhibit the yeast [11]. Mechanisms other than nutrient 
depletion may also apply and Candida can shift to gluconeogene- 
sis using different substrates in hostile environments such as the 
interior of a phagocyte. In other situations (e.g. the finger web), 
bacteria, especially Gram negatives, may act as co-pathogens rather 
than competitors, their presence enhancing the pathogenicity of the 
yeast. In addition, the presence of bacteria may impair the ability of 
Candida to adhere to the underlying substrate [12]. 


Host factors 

Host factors involved in mucocutaneous candidosis are numerous. 
The elderly, the very young and ill patients are susceptible to oral 
thrush. However, a variety of other factors are also involved, and 
many patients have more than one predisposing factor. In the 
mouth, carbohydrate levels are important; food debris, likely to 
be present in the mouth of the severely ill patient with inadequate 
oral hygiene, should not be ignored and may be as significant as 
diabetic saliva. High glucose levels in urine, general tissue fluids 
and sweat may make people with diabetes more susceptible to can- 
didosis [13]. Phagocytosis is also impaired in people with diabetes. 
In practice, infection in such groups is largely confined to Candida 
vulvovaginitis and balanitis. 

Any form of local tissue damage may be important in the patho- 
genesis of candidosis [14]. Experimental removal of the stratum 
corneum facilitates the establishment of cutaneous candidosis and 
with a given inoculum increases the severity of the response [15], 
possibly by increasing the availability of adhesin receptors. In 
the mouth, dentures increase susceptibility; explanations include 
the formation of a dense biofilm. On the skin, maceration is of 
fundamental importance, and in experimental candidosis high 
moisture levels, usually provided by occlusion, are a prerequisite. 
Although several surveys have shown higher levels of Candida 
carriage on psoriatic and eczematous skin, and one other study [16] 
has claimed that Candida paronychia is more common in people 
with psoriasis, in general candidosis is not a common complication 
of either psoriasis or eczema. 

In experimentally infected guinea pigs there is increased epider- 
mal cell turnover, which develops after Candida infection, possibly 
through a T-cell-mediated mechanism. In this case, increased shed- 
ding of the stratum corneum correlates well with recovery from 
infection [17]. Higgs and Wells [18] showed that some patients with 
chronic mucocutaneous candidosis had iron deficiency. With iron 
replacement therapy, their resistance to Candida infection increased. 
On the other hand, in vitro experiments indicated that unsaturated 
transferrin acts as an inhibitor to C. albicans. Iron reverses this effect. 
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Apart from transferrin, the presence of persistent Candida infection 
has, on some occasions, led to the inhibition of T-cell function; an 
effect demonstrable with other leukocytes in vitro, and that was 
reversed by anti-Candida therapy [19]. Candida can interact directly 
with immune cells such as regulatory T cells (T,,.. cells). 
Endocrine factors [7,20] 

Apart from diabetes, a variety of endocrinopathies have been men- 
tioned as susceptibility factors in candidosis. In the syndrome of 
chronic mucocutaneous candidosis, mutations in the AIRE gene 
have been associated with endocrinopathies. There is also little 
doubt that Cushing syndrome, whether spontaneous or iatrogenic, 
increases susceptibility to a wide range of infections including 
candidosis. The mechanism seems to be a direct suppression of 
immune mechanisms, especially T-cell function. 


Immunological factors 

Intensive investigation of patients with the syndrome of chronic 
mucocutaneous candidosis, and studies of a wide range of patients 
with primary immune defects, indicate that in the defence against 
Candida infection, both superficial and deep seated, cell-mediated 
immunity is of paramount importance, coupled with normal 
phagocytosis and killing by polymorphs and macrophages [21,22]. 
Circulating antibodies or secretory IgA may have some role [23]. 
The induction of interleukins such as IL-12, -23, -27 and -35 are key 
steps in host defence. In children wearing orthodontic appliances, 
the risk of candidosis is higher in those with low salivary IgA levels. 

While systemic corticosteroids act to increase susceptibility to can- 
didosis by diminishing immune functions, the practical importance 
of topical steroids in this connection is not so well understood. 
However, there is evidence that an inflammatory response to 
Candida —- which can be produced experimentally in humans but 
not in the rat [14] — by dead, disintegrated Candida cells, as well 
as by living organisms, can be suppressed by topical steroids. 
The description of large granulomatous lesions in the napkin or 
nappy (diaper) area of infants with candidosis treated with steroids 
suggests that it may also enhance the real susceptibility to the organ- 
isms, as might be expected if fewer lymphocytes and phagocytic 
cells are present. 

The susceptibility of elderly and severely ill people, especially 
those with leukaemia, lymphomas or carcinomatosis, probably lies 
in large measure in the depression of cell-mediated immunity. 

Patients with defective T-lymphocyte function, such as those 
with AIDS, appear to be particularly susceptible to mucosal or 
cutaneous candidosis, but not systemic infections [24,25]. Con- 
genitally, T-cell-deficient mice (nu/nu) do not show reproducible 
increased susceptibility to systemic infection by Candida. In fact, 
some investigators have found heightened resistance, suggesting 
that T-lymphocyte activity alone does not account for resistance 
to systemic invasion [26]. By contrast, in patients with chronic 
mucocutaneous candidosis, the most consistent abnormalities have 
been those of T-lymphocyte function, particularly IL-17 expression 
[19]. Patients receiving treatment with IL-17 inhibitors are more 
susceptible to superficial Candida infection. 

Patients with defective neutrophil or macrophage function are 
susceptible to both superficial and systemic candidosis. The activity 
of neutrophils and macrophages in phagocytosis and the killing of 


Candida in vitro has been demonstrated [27]. In addition, cytokines 
such as INF-y appear to interact with these cells to enhance killing 
of the organism. It appears that there is therefore substantial 
interplay between different immune mechanisms in defence, 
including epidermally expressed peptides such as defensins against 
candidosis [28]. 


Candidosis and HIV/AIDS 

In the untreated HIV-positive population, oral Candida carriage rates 
are generally high, and this has been confirmed by the finding that 
carriage rates are, for instance, higher in HIV-positive homosexual 
males than in a control group of HIV-negative homosexual men [29]. 
Another study of HIV-positive patients without clinical evidence 
of oral candidosis showed that 24% of 261 individuals were carry- 
ing C. albicans on the tongue or buccal mucosa. Colonisation rates 
were higher in intravenous drug abusers and in those with lym- 
phopenia. In addition, patients with CD4 cell depletion and those 
with elevated B,-microglobulin levels were more likely to be carri- 
ers [30]. Combination antiretroviral therapy usually reverses these 
findings. 

The relationship between CD4 counts, as a guide to disease 
progression, and oral candidosis in AIDS patients has been studied 
by a number of authors. Oral thrush does appear to reflect viral 
load [31]. Both hairy leukoplakia and oral candidosis are markers 
for an increased rate of progression to AIDS [32]. The presence of 
oral candidosis may have implications for survival in some patients. 
For instance, HIV-positive patients with oral candidosis but who 
have no other features of AIDS have a poorer survival rate than 
those without it [33]. However, it is important to remember that 
immunologically related factors are not the only determinants of 
oral candidosis. The evidence that persistent vaginal candidosis is 
associated with AIDS is less convincing. 

For further information see Chapter 31. 


Identification 


As C. albicans is a common commensal, the interpretation of cultural 
findings has to be related to the clinical appearances. A scanty 
growth of C. albicans from the skin or from a mucocutaneous 
site may be meaningless without evidence of infection from a 
positive direct microscopy. 

On direct examination of skin or nail material, the oval, thin- 
walled yeasts bud on a narrow base and are usually accompanied 
by filaments, either true hyphae or pseudohyphae (Figure 32.40). 
When a non-albicans yeast is present, filaments may be absent. 
The size and shape of the yeasts observed may also suggest the 
presence of a non-albicans yeast; for example, the budding cells 
of C. krusei are noticeably larger and more elongate than those of 
C. albicans. Isolation and identification of C. albicans is simple. At 
37°C, on media free of cycloheximide, colonies from swabs and skin 
samples usually appear within 1-3 days. However, growth from 
thicker skin and nail material can be slower, so plates should be held 
for a week before reporting as negative. Chromogenic agars have 
now been developed that sort species into differentially coloured 
colonies. On Albicans ID agar, the colonies of C. albicans are blue 
and all other yeasts are cream or white. On Chromagar, colonies 


Figure 32.40 Candidosis. Skin scales mounted in 30% KOH, Nomarski illumination, 
oil. Budding yeasts and slender filaments are observed. Courtesy of the Department of 
Medical Mycology, St John’s Institute of Dermatology, King’s College London, 

London, UK. 


Figure 32.41 Candida albicans colonies showing a white to cream colour on 
glucose-peptone agar. Courtesy of the Department of Medical Mycology, St John's 
Institute of Dermatology, King’s College London, London, UK. 


of C. albicans, C. tropicalis and C. krusei are green, blue and pink, 
respectively, although use of these media alone may not be reliable 
for differentiating species. 


Candida albicans. Colony: the colonies on glucose-peptone agar 
are white to cream and soft in texture (Figure 32.41). Some isolates 
may produce wrinkled ‘rough’ colonies and some may produce 
an obvious fringe of pseudohyphae around the edge of the colony. 
Microscopy: mounts from primary culture plates will reveal pre- 
dominantly budding yeast cells. The production of filaments is best 
examined on depleted media, such as cornmeal agar, or rice extract 
agar supplemented with Tween 80. The morphology of C. albicans 
on these media allows identification, for in addition to filaments 
and budding yeasts, C. albicans produces rounded refractile vesicles, 
usually erroneously termed chlamydospores (8-12 1m diameter), 
at the sides and ends of the filaments (Figure 32.42). These are 
produced within 24-96h of incubation at 26°C. C. albicans also 


Figure 32.42 Specific identification of Candida albicans can be made by the observation 
of filaments with thick-walled terminal vesicles when cultured on a depleted medium 
such as rice-agar supplemented with Tween. Courtesy of the Department of Medical 
Mycology, St John’s Institute of Dermatology, King’s College London, London, UK. 


Figure 32.43 A second method for the specific identification of Candida albicans is the 
observation of germ tubes in serum after incubation at 37°C for 2-4h. Courtesy of the 
Department of Medical Mycology, St John’s Institute of Dermatology, King’s College 
London, London, UK. 


differs from most other species of Candida by the production of 
rudimentary true hyphae — germ tubes — when lightly inoculated 
into serum and incubated at 37°C for 2-4h (Figure 32.43). The only 
other species that is germ tube positive and produces vesicles on 
depleted media is C. dubliniensis, a yeast originally described as 
being associated predominantly with oral infections in HIV-positive 
patients. 


Other Candida species. Colony: the different species produce 
colonies that vary slightly in texture, colour and production of 
obvious pseudohyphae. With experience, these differences may be 
recognised on the primary culture plates, but specific identification 
always requires study both of the morphology and physiology 
of each isolate. Microscopy: the majority of pathogenic Candida 
species — C. glabrata is a notable exception — will produce filaments 
and budding yeasts, but not chlamydospores, on depleted media, 
and the appearance of these filaments and yeasts is subtly different 
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and characteristic for each species. The presence or absence of fila- 
ments is a key characteristic that is necessary for the identification 
of all Candida yeasts. Physiological tests: a battery of physiolog- 
ical tests, such as sugar and nitrogen source assimilations, and 
determination of the presence or absence of urease, can be used. 

The development of commercial yeast identification systems, 
such as the API 32C and Auxacolor, have greatly facilitated this task, 
and such kits are widely used. Recently, mass spectrometry (partic- 
ularly MALDI-TOF) has increasingly been used for yeast identifica- 
tion. It has become particularly necessary to speciate non-albicans 
yeasts because of the realisation that some of these species may 
show innate resistance to some antifungals; for example, C. glabrata 
and C. krusei are often resistant to fluconazole. 


Histology [1,2] 

The range of clinical manifestations caused by C. albicans and other 
Candida species is paralleled by the variety of pathological changes 
seen in inflamed tissues. However, there are certain generalisations 
that can usefully be made about the histology of candidosis of 
epithelial surfaces. Fungal elements are almost always restricted 
to the outer layers of epithelium, including the stratum corneum. 
On the skin, particularly in acute infections, mycelium may be very 
sparse, and indeed yeast forms may be present in only small num- 
bers. There is also less likelihood of finding mycelium in infectious 
species other than C. albicans. 

Apart from the presence of the fungus, acute oral candidosis is 
characterised by inflammatory changes with the formation of a 
pseudomembrane of epithelial and inflammatory cells [1]. In the 
oral epithelium and cutaneous epidermis, the inflammatory infil- 
trate consists predominantly of polymorphs, which may form 
microabscesses or subcorneal pustules. Splitting of the epidermis 
often follows. In the dermis, the inflammatory infiltrate is a mix- 
ture of lymphocytes, plasma cells (especially in the mouth) and 
histiocytes. In chronic cases, hyperplasia with parakeratosis and 
acanthosis of the epithelium is associated with a mixed, chronic, 
inflammatory infiltrate. In chronic cutaneous lesions, hyperker- 
atosis with acanthosis may be seen, and in Candida granuloma of 
the skin, a dense mixed cell infiltrate may include giant cells [3]. 
Although the matter is still somewhat controversial, it seems prob- 
able that in chronic oral cases, neoplastic change secondary to 
candidosis may develop as a late feature [4]. 


Management 


General principles of management [1] 

In the treatment of candidosis it is important to be aware of the 
necessity of altering both localised and general susceptibility fac- 
tors. In the mouth, for instance, this involves frequent toilet in the 
seriously ill and denture hygiene in other patients, whereas in Can- 
dida infections affecting the skin, careful drying of the affected sites 
is important. In many cases, topical antifungal therapy alone is suf- 
ficient to produce a response, but in immunocompromised patients 
with oro-pharyngeal candidosis, oral systemic therapy may be nec- 
essary to treat concomitant oesophageal infection, as well as being 
the most effective treatment for oral candidosis in immunosup- 
pressed patients. In addition, oral antifungals are used to prevent 


systemic candidosis in neutropenic patients. Although the success 
of this approach is often contested, it is nonetheless a common 
practice. Apart from these indications, and chronic mucocuta- 
neous candidosis (CMC) and onychomycosis, the main indications 
for systemic anti-Candida therapy are Candida septicaemia and 
deep-seated candidosis. Combination antiretroviral therapy in 
patients with AIDS improves the therapeutic outcome significantly. 


Therapeutic agents 
The polyene antibiotics amphotericin and nystatin are effective 
against Candida species and most other yeast pathogens. Even 
though the polyenes have been used over many years, resistance by 
C. albicans and other Candida species to these antibiotics is very rare, 
with the possible exception of C. lusitaniae. They are all safe to use 
topically, and contact dermatitis is rare. Of these drugs, only ampho- 
tericin is used systemically, and this must be given by intravenous 
infusion. Intravenous lipid-associated amphotericin B compounds, 
including a liposomal formulation (AmBi-some®, Gilead Sciences 
Inc., Foster City, CA, USA) and a lipid complex (Abelcet®, Zeneus, 
Eindhoven, The Netherlands), are also widely used in systemically 
ill patients. These compounds have the advantage of produc- 
ing reduced renal toxicity. Gastrointestinal absorption of all the 
polyenes is limited; after oral administration, only 5-10% is taken 
up. The other important group of agents effective against Candida 
is the imidazoles. Clotrimazole, miconazole and econazole are the 
best known in topical use, and significant resistance to them has not 
developed in Candida species [2]. Contact allergy, although reported, 
seems to be almost as rare as reactions to the polyenes. The most 
useful oral treatments are the two triazoles, fluconazole [3] and itra- 
conazole [4], that are also effective in these conditions and have the 
additional advantage that hepatotoxicity, seen with ketoconazole, 
is exceptionally rare with both drugs. The usual daily doses are 
itraconazole 100-200 mg and fluconazole 100-400 mg. In addition, 
fluconazole can be given for systemic candidosis as an intravenous 
compound. A formulation of itraconazole in cyclodextrin solu- 
tion provides better absorption in severely immunocompromised 
patients. Resistance to fluconazole has been reported in HIV, AIDS 
or CMC patients receiving long-term therapy with the drug [5]. 
Similarly, primary resistance to fluconazole has been recorded 
with some C. albicans isolates, and particularly with C. auris, 
C. krusei, C. dubliniensis and C. glabrata. However, Candida infection 
and resistance is less common in patients receiving highly active 
antiretroviral (HAART) therapy [6]. Other azoles active against Can- 
dida species include voriconazole and posaconazole. Both have been 
used for severe oro-pharyngeal and oesophageal infection. In addi- 
tion, caspofungin or anidulomycin, intravenous fungal cell wall 
inhibitors, are other anti-Candida agents used in systemic infections. 
Multidrug resistance has been seen particularly with C. auris. 
Flucytosine is an agent that is absorbed from the gut, is relatively 
safe and very potent against those strains of Candida that retain their 
sensitivity. Unfortunately, resistance developing during treatment 
is not uncommon and this drug is now only occasionally used for 
candidosis. 


First line 
In infants, suspensions of nystatin, amphotericin or miconazole 
gel applied several times a day are usually adequate for treating 


oral thrush. In the adult patient, removal of dentures with careful 
hygiene at night is important. Amphotericin or nystatin lozenges, 
oral nystatin suspension or miconazole mucoadhesive tablets are 
effective in non-immunocompromised patients. The duration of the 
treatment varies with the condition: 10-14 days may be enough in 
acute cases. For treatment of unresponsive and chronic cases, such 
as those with hyperplastic candidosis, the responses to topical ther- 
apy are often poor, and either fluconazole (100-200 mg/day) [7,8] or 
itraconazole (100-200 mg/day) [9] are more effective. Voriconazole 
or posaconazole are alternatives. In patients with chronic oral can- 
didosis, a biopsy may be justified to exclude leukoplakia. Angular 
stomatitis usually responds to treatment of the primary oral condi- 
tion, although a topical antifungal applied to the area may speed 
recovery. 

Oral candidosis in immunosuppressed patients frequently fails 
to respond to topical polyene therapy. In these conditions, the 
best approach is to use itraconazole [10] or fluconazole [11,12]. If 
possible, therapy should be given for short courses because of the 
risk of resistance developing with continuous therapy. Treatment is 
usually given until there is symptomatic recovery, which is usually 
quicker with fluconazole than the capsule formulation of itracona- 
zole. A solution of itraconazole is an alternative to the capsule form 
and a new and better absorbed itraconazole formulation (Lozanoc) 
is available in some countries. Posaconazole or voriconazole are 
alternative treatments for these patients too. 


CANDIDOSIS OF THE ORAL MUCOUS 
MEMBRANES 


Candida is not uncommonly found in the normal mouth but can- 
didosis is more likely to develop when there is local or general 
immunosuppression [1]. Apart from systemic steroid therapy, local 
applications of steroids in the form of steroid creams, mouthwashes 
and lozenges for the treatment of aphthosis or lichen planus of the 
mouth or steroid aerosols for asthma may predispose to candido- 
sis, sometimes occurring as a secondary invasion of the primary 
pathology. 

Candida can secondarily invade other oral conditions such as 
ulcerative lichen planus [2], leukokeratosis and white-sponge nae- 
vus. On the lips, invasion of traumatic cheilitis may complicate 
management. In all cases, the removal of Candida often speeds the 
recovery even though the yeast is only a contributory cause. 


Acute pseudomembrar 


re 


Definition and nomenclature 

The characteristic sign of this condition is a sharply defined patch 
of creamy, crumbly, curd-like, white pseudomembrane, which, 
when removed, leaves an underlying red base [3,4]. 


Pathophysiology 

Predisposing factors 

It occurs most commonly in the first weeks of life and the preterm 
infant may be especially susceptible. Apart from in neonatal oral 
candidosis (as distinct from Candida carriage), acute pseudomem- 
branous candidosis is usually secondary to local or general pre- 
disposing factors, notably in the neutropenic patient or those with 
HIV/AIDS [5-7] or IL-17 inhibitor therapy. 


Pathology 
The pseudomembrane consists of desquamated epithelial cells, fib- 
rin, leukocytes and fungal mycelium that attaches it to the inflamed 
epithelium. 


Clinical features 

There may be one or many patches. The buccal epithelium on the 
cheeks, gums or palate may be affected. In immunocompromised 
patients with neutropenia or HIV/AIDS, the extension of lesions 
to the buccal mucosa, tongue and oesophagus is common. Erosion 
and ulceration are occasional complications and can lead to inad- 
equate food intake due to pain. Coincidental oral infection with 
herpes simplex virus may occur in this group of patients [8]. Oral 
candidosis is the most common secondary infection in those with 
HIV/AIDS and recurrent or more prolonged episodes are to be 
expected in these patients [9]. 


Acute erythematous c 


Definition and nomenclature 

In this condition, there is soreness and denuded, atrophic, red 
mucous membranes, particularly on the dorsum of the tongue [10]. 
It may follow pseudomembranous candidosis when traces of the 
residual membrane will often be found. 


Pathophysiology 

It is especially associated with antibacterial antibiotic therapy but 
may also develop in HIV-positive subjects and patients taking 
inhaled steroids. In these cases, the tongue is often markedly 
affected. 


Chronic pseudomembre 
candidosis 


Definition 

This does not differ clinically from the acute pseudomembranous 
variety but, as the name suggests, lesions are very persistent. It 
occurs principally in immunocompromised patients. 
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Chronic erythemato 


Definition and nomenclature 

Some soreness in the epithelium in the denture-bearing area is said 
to affect nearly one-quarter of all denture wearers and most, if not 
all cases appear to be caused by candidosis [11]. A similar problem 
may also occur in children wearing orthodontic appliances. 


Epidemiology 
The excess of female patients over males remains unexplained. 


Pathophysiology 

The elimination of Candida alone does not usually result in complete 
recovery, and it is likely that other factors such as chronic mechani- 
cal irritation and bacterial colonisation have a role in the pathogen- 
esis of this condition. 


Pathology 

The epithelium is often shiny and atrophic, and there may be marked 
oedema, in some areas at least. In late cases, secondary papillomato- 
sis may occur. 


Clinical features 

The condition is normally confined to the upper denture-bearing 
area, the palate and the gums. The affected mucous membranes 
show a variable bright or dusky red, fairly sharply defined at the 
margin of the denture. There is often an associated angular cheilitis 
and that is the feature that frequently brings the patient to seek 
dental or medical advice, for the symptoms from the palatal area 
are often minimal. 


Co-morbidities 

The vast majority of patients of either sex are otherwise fit. Under- 
lying defects of immunity are not to be expected in this syndrome. 
However, HIV/AIDS patients with erythematous candidosis may 
enter a chronic phase. 


Chronic plaque-like ce 


Definition and nomenclature 
Very persistent, firm, irregular, white plaques occur in the mouth, 
commonly on the cheek or the tongue [12]. 


Epidemiology 
Most patients are male and generally over the age of 30 years. 


Pathophysiology 

In most cases, serious predisposing factors are not present, 
although this appearance, particularly an extensive form, may 
occur in patients with chronic mucocutaneous candidosis. Smokers 
appear to be particularly prone to developing this form of oral 
candidosis [13]. 


Clinical features 

The onset of the disorder is difficult to date, as symptoms are mild, 
with only slight soreness and roughness being noticed. Around 
the hyperplastic area, there may be a red margin. Unlike the pseu- 
domembrane of oral thrush, this plaque cannot be easily removed. 


Differential diagnosis 

The significance of this condition lies in the fact that it must be dif- 
ferentiated from other types of leukoplakia as, although the affected 
areas may undergo malignant change [14,15], it may eventually 
clear with prolonged anti-Candida therapy. 


Chronic nodular candida 


Definition 

This is a rare form of oral candidosis, where the clinical appearance 
that usually affects the tongue is cobbled. It is most often seen in 
certain patients with chronic mucocutaneous candidosis. 


Angular cheilitis — CC 


Definition and nomenclature 

Soreness at the angles of the mouth extending outwards in the folds 
of the facial skin is a well-known syndrome, not always associated 
with Candida infection [16]. 


Pathophysiology 

It is perhaps best considered as an intertrigo in which different 
organisms may play a part, Candida being the most common. Nutri- 
tional status and mechanical factors (e.g. the depth of the fold), 
the presence of moisture from persistent salivation or licking the 
lips may also be important. The association with oral infection is 
important. 


Clinical features 
Although the condition may present acutely, it is common to find 
a long history of soreness and cracking at the angles of the mouth 


and a fluctuating course is typical. Obviously, the oral cavity should 
be examined carefully in such cases and swabs taken from that site 
to establish the presence of Candida carriage, as well as from the 
affected skin at the angles. 


Median rhomboid gloss 


This is an acquired condition, characterised by a more-or-less 
diamond-shaped area on the dorsum of the tongue with loss of 
papillae. It has been regarded in the past as a developmental abnor- 
mality but current opinion suggests that it is simply a variant of 
chronic plaque-like candidosis [17]. 


CANDIDOSIS OF THE SKIN AND GENITAL MUCOUS 
MEMBRANES 


Most cases of cutaneous candidosis occur in the skin folds or 
where occlusion from clothing or medical dressings produces 
abnormally moist conditions. Areas close to the body orifices [1] 
and the fingers, which are frequently contaminated with saliva, are 
also at risk. 


Candida intertrigo CC 


Definition and nomenclature 
Any skin fold may be affected, especially in the obese subject. 


Clinical features 

Signs are typically redness with a little moist exudation starting 
deep in the fold (Figure 32.44). Redness is more subtle in skin types 
IV-VI. As the condition develops, it spreads beyond the area of 
contact, usually developing the typical features of candidosis with 
an irregular edge and subcorneal pustules rupturing to give tiny 
erosions, and then further peeling of the stratum corneum. Satellite 
lesions, pustular or papular, are classic. Soreness, and itching, which 
may on occasion be intense, is usual. Topical steroids, prescribed 
for relief of the latter symptoms, may modify the inflammatory 
signs and cause diagnostic confusion. Where the web spaces of the 
toes or fingers are affected, marked maceration with a thick, white, 
horny layer is usually prominent. In the case of the hands, some 
abnormality, including wide, fat fingers, appears to predispose to 
infection. In this particular syndrome (erosio interdigitalis blasto- 
mycetica or interdigital candidosis), Candida and Gram-negative 
bacteria are often co-pathogens [2]. Similar interdigital infections of 
the feet may occur in very hot climates, particularly in those with 
heavy footwear, for example army personnel. Apart from skin folds, 
macerated skin under rings and dressings may become infected 
with Candida. 


Figure 32.44 Candida infection of the groin. 


Differential diagnosis 

The differential diagnosis of intertriginous candidosis includes 
tinea, seborrhoeic dermatitis, bacterial intertrigo, flexural psoriasis, 
Hailey—Hailey disease and flexural Darier disease. 


Investigations 

It is important to establish that Candida species are present by taking 
a scraping or swab. Although it is useful to find mycelia, their 
absence does not exclude the diagnosis, and the culture of Candida 
from an inflamed lesion of a skin fold usually justifies instiga- 
tion of anti-Candida treatment. Bacterial co-pathogens should be 
considered. 


Management 

First line 

Candida intertrigo requires specific topical therapy (azole or polyene 
creams) usually continued for about 2 weeks, but treatment may 
be required for longer periods, and is likely to fail if attention is 
not given to drying the affected area. In some patients with moist 
Candida intertrigo, potassium permanganate soaks are more effec- 
tive. Attention should be given to treating concomitant bacteria; 
once again, potassium permanganate is useful for this purpose. 
In finger or toe web infections, topical antifungal therapy, combined 
with the use of open footwear in the case of infections of the feet, is 
appropriate. 


Vulvo-vaginal candidosis 


Definition and nomenclature 

This condition affects around 75% of women of child-bearing age 
and presents with itching and soreness, and with a thick, creamy 
white discharge [1,3]. Most women with vulvo-vaginal candidosis 
(VVC) have no evidence of underlying disease. See also Chapter 110. 
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Epidemiology 

It is more common in pregnancy. In the non-pregnant, it is said to 
be more prevalent in the premenstruum, but a fluctuating course 
not clearly related to the menstrual cycle is frequent. Although com- 
moner in sexually active subjects, it has been described in childhood 
and sexually inexperienced and elderly people. 


Clinical features 

Typically, there is reddening of the vaginal mucosa and the vulval 
skin, with curdy white flecks of discharge, but on occasion the only 
sign is reddening. The rash may extend onto the perineum and into 
the groin. The perianal area is often affected. In extensive cases, 
subcorneal pustules may be seen peripherally. In pregnancy, the 
picture is modified by marked physiological leukorrhoea. 


Differential diagnosis 

Trichomonas infection (although it usually produces watery brown 
discharge) and bacterial vulvovaginitis should both be considered 
in the differential diagnosis, and in pregnancy, physiological leuk- 
orrhoea. Dermatoses affecting the vulva may mimic this condition 
(e.g. psoriasis, contact dermatitis, lichen sclerosus). 


Disease course and prognosis 

Candidal vulvovaginitis may become recurrent and in around 5% 
of women it appears to be a chronic condition [3]. In chronic cases, 
the vaginal mucosa may become glazed and atrophic. There may be 
considerable vaginal soreness or irritation as well as dyspareunia. 


Investigations 

Management of the recurrent or chronic case is difficult; the condi- 
tion causes considerable distress. It is important in such patients to 
evaluate the presence of Candida during repeated episodes where 
there are symptoms, to establish that recurrence of disease signs 
is associated with recurrence of Candida as other causes of vagi- 
nosis or Chlamydia infection are often confused. Molecular typing 
of isolates from women suffering from recurrent episodes has 
demonstrated that in most cases the same strain is responsible for 
the recurrences, suggesting that clearance of the organism was not 
achieved by standard courses of antifungal therapy [3,4]. Recently, 
deficiencies in IL-22 and IDO1 gene products have been associated 
with susceptibility to recurrent VVC [5]. It is important to speciate 
isolates in recurrent VVC as non-albicans species that are treatment 
resistant such as C. glabrata may cause this infection. Although 
vaginal candidosis has been reported to occur with an increased 
frequency in women with HIV/AIDS, and in some cases the infec- 
tion is resistant to therapy, this is not always the case; many patients 
present with an acute and treatable episode. In this it differs from 
oral candidosis. 


Management 

Acute vulvovaginitis can be treated with a single-dose topical prepa- 
ration (pessary or ovule) such as clotrimazole, econazole or 
isoconazole. Longer courses of these compounds (e.g. 14 days), 
as well as polyenes such as nystatin, are also available in some 
countries. If there is coexistent involvement of the skin, a topically 
applied cream should also be used. However, single-day oral ther- 
apy with fluconazole 150 mg is widely available and both effective 


and convenient; itraconazole 600 mg is an alternative. Efficacy is 
similar to that seen with topical drugs. 


Candidal balanitis -— cae 


Definition 

The skin of the glans penis, especially in the uncircumcised, may 
sometimes be colonised by Candida asymptomatically [6]. When can- 
didal balanitis develops, it is usual to find either abundant vagi- 
nal Candida carriage or frank vulvovaginitis in the sexual partner, 
although this is variable. 


Clinical features 

In the mildest cases, transient tiny papules or pustules develop on 
the glans penis a few hours after intercourse and rupture, leaving 
a peeling edge. Some may settle spontaneously without going 
through the full evolution. This mild form is usually associated 
with a little soreness and irritation. In some men, the condition 
continues in this intermittent form. In more severe and chronic 
cases, the inflammatory changes become persistent over the glans 
and the prepuce (Chapter 109). Involvement of the groin sometimes 
coexists, especially in hot weather. 


Differential diagnosis 

In the case of balanitis, bacteria and herpes simplex require consid- 
eration, but few of the common sexually transmitted diseases are 
episodic in the way that candidosis is. Psoriasis and lichen planus, 
although sometimes fluctuating, should not be a cause of confusion, 
except with the chronic established lesion, in which case plasma 
cell balanitis and erythroplasia must be excluded, as must lichen 
sclerosus. 


Investigations 

The diagnosis in both sexes is confirmed by finding the organism, 
preferably in large numbers. However, even scanty amounts of Can- 
dida isolated from cases with typical clinical features demand active 
and sometimes prolonged therapy. In the male, failure to find the 
organism does not exclude the diagnosis if swabs or scrapings were 
not taken during the acute phase. It is wise to consider diabetes 
in cases of genital yeast infections, as florid persistent or recurrent 
lesions spreading beyond the genitalia seem most likely to be asso- 
ciated with that condition. 


Management 

Balanitis usually responds satisfactorily to topical antifungals 
applied several times a day, but if there is a source of infection in the 
sexual partner this should be treated appropriately and diabetes, if 
discovered, obviously requires management. Conjugal cases need 
simultaneous and often prolonged therapy. 


Perianal and scrotal cane 


Perianal and scrotal candidosis may occur with, or independently 
of, genital involvement (Chapter 109). Although usually starting 


around the anal margin with non-specific redness, soreness and 
irritation, subsequent spread along the natal cleft is common, 
with classic features developing as it extends. Involvement of the 
scrotum is usually in the form of a nondescript redness and sub- 
corneal pustules are rarely seen. Candidosis must be included in 
the differential diagnosis of unexplained reddening of scrotal skin. 
Secondary infection of flexural psoriasis with Candida may have to 
be considered. 

It has been suggested that a more objective assessment can be 
provided by taking quantitative cultures to determine the density 
of Candida more accurately [7]. For practical purposes this is not 
necessary, and dense growth of organisms on a swab culture or the 
presence of diagnostic clinical features such as satellite pustules are 
usually taken as indications for treatment. 


Perineal candidosis of it 


Definition and nomenclature 

Candida albicans is commonly isolated from the moist skin of the but- 
tocks and genitalia of the infant but is more prevalent where the 
skin is affected by napkin rash [7]. In some instances, the classic 
subcorneal pustules, a fringed irregular border and satellite lesions 
are found. 


Pathophysiology 

In florid cases, there is little doubt that the organism is playing a 
pathogenic part, and it is likely to be found in the faeces [7,8]. 
In other nondescript cases of napkin area eruption from which 
the organism is isolated, the role of the yeast is in doubt. Steroid 
creams applied to this site not only modify the clinical features 
but they predispose to Candida. Moreover, if the bacterial flora has 
been suppressed by a topical antibiotic, this will also favour yeast 
growth. All these factors should be considered in any napkin rash. 


Differential diagnosis 

In acrodermatitis enteropathica, in which zinc deficiency plays a 
central role, there may be a secondary Candida infection, particularly 
of the napkin area. 


Investigations 

In all but the most trivial cases of napkin rash, a moistened swab 
or a scraping should be taken to discover whether or not Candida 
is present on the affected skin. If Candida is present, particularly 
in large numbers, even if the features are non-specific, a trial of 
anti-Candida therapy is generally indicated. 


Management 

First line 

In infants, rashes in the napkin area should be investigated for 
Candida and, if present, this can be treated topically. The antifungal 


should be combined with a general regimen for napkin dermatitis, 
with frequent nappy changes. In seborrhoeic dermatitis, a weak 
topical steroid is appropriate for the disseminated dry lesions, but 
steroids should be avoided on the napkin area itself. 


Nodular or granuloma 
of the napkin area 


Definition and nomenclature 

This rare condition presents with an eruption over the buttocks, 
genitalia, upper thighs and pubis, within which develop nodules, 
sometimes as large as 2cm across. These are bluish or brownish in 
colour and are reminiscent of Kaposi sarcoma [9,10]. 


Pathophysiology 
Histological changes are those of an intense dermal infiltrate with 
lymphocytes, eosinophils and histiocytes. 


Clinical features 

The primary napkin dermatitis may clear leaving only the nodules. 
Some examples have marked scaling and hyperkeratosis over the 
lesions, in others the epidermis appears to be normal. The natural 
history of this condition has not been elucidated. 


Management 

Successful management involves the removal of microorganisms, 
the avoidance of topical steroids and general measures to ensure 
adequate dryness in the region. 


CANDIDOSIS OF THE NAIL AND PARONYCHIUM 


Candida paronychia — 


Definition 
Candida paronychium is a Candida infection of the nail fold. 


Pathophysiology 

Candida species, not always C. albicans, can be isolated from the 
majority of cases of chronic paronychia (Chapter 93) [1,2]. The yeast 
is thought to have an aetiological role in this condition, but bacteria 
and irritant or allergic contact dermatitis also play a part, although 
the contribution of each varies from patient to patient and with the 
chronicity of the disease. 


Predisposing factors 

This condition is chiefly found among those whose hands are 
frequently immersed in water. In chefs and pastry cooks, the 
presence of organic debris such as flour and other carbohydrates 
may be equally important. Toenail folds are not usually affected. 
Some experimental confirmation of the role of Candida has been 
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achieved by occluding the nail fold in the presence of the yeast, 
but fully developed, chronic paronychia has not been produced 
experimentally. 


Clinical features 

Typically, several fingers are chronically infected, but one or all may 
be involved. The nail fold is red and swollen, and there is loss 
of the cuticle and detachment of the nail fold from the dorsal 
surface of the nail plate, leading to pocketing. Occasionally, thick 
white pus may discharge; often force is needed to express it. The 
patient usually has marked tenderness and spontaneous pain 
is an occasional feature. Nail dystrophy with buckling of the nail 
plate and some discoloration and onycholysis around the lateral nail 
plate frequently occur, but massive destruction of the plate except in 
patients with chronic mucocutaneous candidosis is rare (see section 
on this disease later in the chapter). Many patients, particularly 
those who are resistant to treatment, appear to have a poor periph- 
eral circulation. A link with psoriasis has been reported [3]. 


Treatment ladder for Candida paronychia 


First line 

Azole solution twice daily for 2-4 months depending on 
clinical response 

Plus in chronic cases a medium strength topical steroid 
applied to the nail fold skin once daily 

or 

Itraconazole 100 mg daily for 1-2 months 

Fluconazole 100 mg daily for 1-2 months 


Second line 
e 4% thymol solution 


Management 

First line 

Candida paronychia requires prolonged topical therapy with fre- 
quent applications of polyenes, imidazoles or non-specific remedies, 
such as 4% thymol in chloroform. Lotions are probably preferable 
to creams. There have been few studies of either itraconazole or 
fluconazole although they are effective in many cases of paronychia. 
Whatever anti-Candida regimen is chosen, it must be followed by 
general measures such as ensuring adequate drying of the hands. 
Even so, relapse is common in many patients, particularly in the 
chronic phases of paronychia. The continuing role of Candida is 
more contentious and other factors such as irritant or allergic 
contact dermatitis may play a part in the ongoing inflammatory 
response. For this reason, in chronic cases, the addition of a topical 
corticosteroid is a logical approach. 


Candida onychomycosis 


Definition 
Candida onychomycosis is an infection of the nail plate caused by 
Candida species. 


Pathophysiology 

Predisposing factors 

Two important predisposing conditions are Raynaud phenomenon 
or disease and Cushing syndrome. 


Causative organism 

The main clues that the yeast is a significant pathogen are erosion 
of the distal nail plate, the presence of yeasts and hyphae in the nail 
on direct microscopy and the isolation of C. albicans. 


Clinical features 
There are three main manifestations of Candida infection of the nail 
apparatus [4]. The most common is distal and lateral subungual 
onychomycosis (DLSO) associated with paronychia. Complete 
destruction of the nail plate is also seen in some patients with 
chronic mucocutaneous candidosis. In addition to these conditions, 
erosion of the distal and lateral nail plate of the fingernails, not 
usually progressing to total nail dystrophy, has been associated 
with C. albicans invasion of the nail [5]. This is not common, but 
when it occurs it is most often seen in women. Very rarely, Candida 
may invade the nail plate in the neonatal period, sometimes causing 
an isolated nail dystrophy with evidence of penetration of the 
superior aspect of the nail plate. In addition to these conditions, 
Candida is not infrequently isolated from the undersurface of the 
nail plate in patients with onycholysis resulting from other causes. 
Antifungal therapy in these circumstances does not produce any 
improvement. 

See also the sections on onychomycosis caused by dermatophytes 
and onychymycosis caused by other non-dermatophyte moulds in 
this chapter. 


Investigations 

It is usual in chronic paronychia to establish which organisms are 
present, and a platinum loop introduced into the nail fold may be 
more valuable than a swab for this. It must be plated out promptly. 
When nail plate involvement is suspected, clippings should be 
taken. 


Management 
In proven Candida onychomycosis, fluconazole or itraconazole pro- 
duce the best reponses [6]. 


OTHER CANDIDA DISEASES 


Congenital candidosis — 


Definition and nomenclature 

This, as the name implies, represents established candidosis, usually 
of the skin and birth membranes present at the time of birth, and 
following intrauterine infection [7]. 


Pathophysiology 

Factors associated with this condition have included prematu- 
rity and the presence of an intrauterine foreign body, usually a 
contraceptive device. It is believed to follow contamination of the 
skin surface during birth, and the high incidence of intrauterine 
infection or vaginal candidosis associated with this disease would 
support this contention. Such cases are distinct from the more com- 
mon neonatal systemic candidosis, a septicaemic illness associated 
with extreme prematurity, where skin involvement is not common. 


Clinical features 

The amniotic fluid may be turbid at delivery [7,8]. The skin is the 
most common site for lesions, which are usually present at birth. 
The lesions are typically discrete vesicles or pustules on a red base. 
The face and chest are first affected by the rash, which generally 
spreads over the next few days after delivery. In over 10% there is 
evidence of spread to deep sites such as the lungs. 


Disease course and prognosis 

Although there has been a high level of mortality reported with such 
cases, the cause of death is usually related to other complications of 
prematurity rather than candidosis per se. 


Management 

In candidosis of the skin present at birth, topical therapy alone is 
required, but where there is systemic involvement, clearly ampho- 
tericin B or fluconazole should be considered. 


Candida allergy -— 


In normal subjects, skin testing for Candida antigens and serologi- 
cal studies may reveal evidence of antibodies to C. albicans and to 
other Candida species [1]. A variety of clinical features attributed 
to Candida allergy have been described and include urticaria, ordi- 
nary annular erythema, bullous annular erythema and generalised 
pruritus. Even palmoplantar pustulosis has been linked to delayed 
hypersensitivity to Candida antigen. 

The term Candida allergy or Candida syndrome is also used 
to describe a constellation of symptoms ranging from headache to 
malaise and depression, allegedly secondary to colonisation of the 
gastro-intestinal tract with yeasts. However, there is no objective 
scientific evidence to connect these symptoms with the presence or 
absence of Candida. 


Chronic mucocutaneous c 


Definition 

Persistent Candida infection of the mouth, the skin and the nails, 
refractory to conventional topical therapy, is a distinct clinical pat- 
tern of infection. Sometimes it is associated with a variety of other 
infections, both cutaneous and systemic [1,2]. Many cases form part 
of the autoimmune polyendocrinopathy Candida ectodermal dystro- 
phy syndrome (APECED) or CMC associated with hypothyroidism. 
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Pathophysiology 

Patients with this syndrome comprise a heterogeneous group, 
which was originally classified [1,2] into several distinct categories 
using genetic and clinical criteria. It is probably best to exclude 
from the syndrome of chronic mucocutaneous candidosis those 
patients who present with a well-documented, underlying immune 
defect, such as severe combined immunodeficiency or agamma- 
globulinaemia, where severe candidosis may form a minor part of 
the secondary infectious complications. In these patients, mucosal 
candidosis is usually overshadowed by other serious infections, 
such as recurrent pneumonia or aspergillosis. In contrast, in patients 
with CMC, the skin and mucous membrane infections dominate the 
clinical pattern [3]. It is important to recognise that some patients 
with this syndrome may develop other infections, most commonly 
human papilloma virus infections (warts) and dermatophytosis, 
particularly those with associated hypothyroidism, in addition 
to other features, such as recurrent aphthous ulcers, seborrhoeic 
dermatitis and alopecia areata. 

Most CMC patients develop signs in early childhood, and 
usually Candida infection is the presenting feature [4]. While a 
number of different forms of immune defect have been described 
in these patients [5], the abnormalities are neither constant nor 
diagnostic and may reverse with antifungal therapy. Within the 
childhood-onset group there are a number of different variants that 
show features in common. Such features should not be taken as 
inflexible markers of a particular type, as there is probably consid- 
erable overlap in clinical expression between the different groups. 
The different types are as follows but as genetic studies progress 
it is likely that more patients may be found to have underlying 
mutations: 

1 Autosomal recessive CMC [6]. This usually starts in the first decade 
with persistent oral and nail plate infections. Generally, the health 
of these patients is good and they do not develop endocrine 
defects. They also tend to improve with increasing age. 

2 Autosomal dominant CMC [7]. There are now a number of 
well-documented pedigrees of families with the dominant form 
of CMC. Generally, they are more severely affected than those 
with the recessive variety, and other infections, such as dermato- 
phytosis, may be particularly troublesome. 

3 Idiopathic CMC [2]. Some of the original group of patients labelled 
as ‘idiopathic’ have now produced affected offspring, and it is 
likely that some of these patients belong to the autosomal dom- 
inant group. Indeed, it is not possible to exclude the possibility 
that all may eventually be classified in this group. However, 
it remains a useful subgroup to describe patients, who may 
have other infections and often develop bronchiectasis and 
pulmonary bullae. Their candidosis is also very severe, with 
oesophageal involvement and the appearance of ‘granulomas’. 
The term Candida granuloma was originally used to describe the 
condition suffered by these severely affected patients, who may 
produce sheets of hyperkeratosis caused by Candida infection 
on the skin and scalp. In practice, the main histological features 
are hyperkeratosis with only an occasional granuloma in the 
dermis. Rarely, patients have been reported from this group 
who develop other systemic diseases, such as cryptococcosis or 
miliary tuberculosis. Survival into adult life is still not universal 
in these children. 
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4 CMC associated with endocrinopathy: 

(a) Many of these patients appear to have the familial polyen- 
docrinopathy syndrome [8,9]. Mutations of the autoimmune 
regulator gene appear to be correlated with this syndrome in 
many cases [9]. The condition is usually seen in early childhood, 
and occasionally the onset of Candida infection may predate the 
appearance of endocrine disease by as much as 10 years. The 
main cluster of endocrine abnormalities is hypoparathyroidism 
with hypoadrenocorticalism. In addition, other autoimmune 
abnormalities can occur, such as pernicious anaemia, vitiligo 
[10] and ovarian failure. This condition is also inherited as an 
autosomal recessive condition [11]. The severity of the patient’s 
candidosis is variable, and it is not uncommon to find that one 
affected sibling has extensive infection while another has only 
mild but chronic oral candidiasis. This variety is associated with 
mutations in the autoimmune regulator gene pathway. 

(b) A further group of CMC patients has CMC with associated 
hypothyroidism [12] and type 1 diabetes. The inheritance of this 
abnormality is vertical, suggesting autosomal dominant trans- 
mission. The clinical features are similar to those of other patients 
with endocrinopathy but associated skin infections, including 
severe dermatophytosis, are more common. It is important to 
recognise this group in view of the different genetic risk. This 
form is associated with mutations in the STAT1 gene [13]. 

5 Late-onset CMC [14,15]. Occasionally, adult patients are found 
to have the syndrome of CMC. The best documented cases 
have been associated with a thymoma [16], but the occasional 
sporadic infection in a patient with no detectable abnormality 
may be recognised. Patients with systemic lupus erythematosus 
occasionally develop the severe nail changes and oral mani- 
festations of this condition. The sudden onset of chronic oral 
candidosis in an adult should be investigated as it may be the 
initial presentation of another condition such as HIV infection. 
Vaginal candidosis can occur but does not become chronic in 
these patients. 

As genetic studies of patients with CMC continue it is possible 

that many patients with the first three types will be reclassified as 

belonging to the groups 4A and 4B with underlying endocrinopathy 
but with incomplete penetrance of clinical expression. One family 
group with CMC has been found to have no endocrinopathy but 

mutations in the CARD9 gene [17]. 


Immunological abnormalities [3] 
It is still not possible to correlate precisely defects of immune 
function with different clinical variants of the CMC syndrome. 
Indeed, with current investigative techniques, some cases have no 
demonstrable defect of immune function at all [4]. To date, a variety 
of defects of T-cell mediated immunity have been shown to be 
important. Defects of phagocytosis or killing in both macrophages 
and polymorphs, and defective Th17 cell responses have been 
found in patients with the chronic mucocutaneous syndrome. 
Raised levels of neutralising autoantibodies to INF-« subtypes have 
also been detected in a high proportion of patients with Candida 
endocrinopathy [5]. 

In addition, it is known that certain antigenic components of 
C. albicans, such as glycopeptides, are immunomodulatory [18]. 


Figure 32.45 Chronic oral candidosis. 


Reversal of some immune defects has been seen with successful 
clearance of candidosis in CMC patients. 


Clinical features [1] 

With minor variations, the syndrome consists of the following fea- 
tures, usually starting in infancy or early childhood: 

1 Persistent oral thrush, responding only partially to conventional 
therapy, or relapsing promptly after apparently successful treat- 
ment. Chronic hypertrophic changes may follow (Figure 32.45). 
In other mucosal sites, although balanitis may occur, vulvovagi- 
nal candidiasis is less common. 

2 Cutaneous candidosis. Often intertriginous skin is involved, 
but also the face and the hands, and sometimes the condition is 
widespread over the trunk and limbs. In longstanding lesions, 
the cutaneous changes are often atypical, suggesting ringworm. 
In some patients, markedly thickened areas with gross hyper- 
keratosis may form. However, lesions may also develop as deep 
dermal nodules or small macules. Scalp involvement is not rare 
in this syndrome. Dermatophytosis in such patients may present 
in a similar manner. 

3 Paronychia is commonly a feature, often with extensive nail 
plate invasion and total dystrophic onychomycosis [16]. The 
important findings are nail invasion at an early age, often pro- 
ceeding to complete nail involvement (Figure 32.46). Here, the 
nail plate is thickened and the whole terminal phalanx may 
become encased in hyperkeratotic infected skin. 

4 Seborrhoeic dermatitis can be very persistent in some patients. 
Alopecia areata, vitiligo and other organ-specific inflammation 
such as keratitis are seen in patients with endocrinopathy. 


Investigations 

The diagnosis of this condition normally requires the elapse of 
time and a repeated failure to respond to conservative treatment. 
Confusion may occur with persistent ringworm infections, and 
indeed in some reported cases candidosis and dermatophytosis 
have coexisted. A family history is of obvious importance and spe- 
cial note should be taken of other infections, cutaneous or systemic. 
Full endocrine investigation is also indicated. 


Figure 32.46 Candida onychomycosis in a patient with chronic mucocutaneous 
candidosis. 


Management 

First line 

Treatment of this condition depends on antifungal chemotherapy 
[19]. Attempts have been made to restore T-cell function by the 
use of: (i) transfer factor [20]; (ii) thymosin; (iii) grafting compati- 
ble lymphocytes from blood or marrow; (iv) grafting fetal thymic 
tissue [21]; and (v) non-specific measures such as the restora- 
tion of normal iron stores when these are defective. Systemic 
anti-Candida therapy with fluconazole, itraconazole or voriconazole 
is usually necessary, and treatment may have to be prolonged and 
repeated. 

Once a remission has been induced, maintenance therapy should 
be avoided where possible in view of the risk of antifungal resis- 
tance. Attention must be given to treating endocrine deficiencies, 
although such treatment does not lead to improvement in the 
candidosis. Endocrine screening tests should be repeated, even if 
initially negative, as patients with endocrinopathy may develop 
endocrine disease years after the first appearance of candidosis. 
Where appropriate, parents should be given genetic counselling. 
The possibility of coexisting dermatophytosis should not be for- 
gotten, but it usually responds satisfactorily to oral treatment with 
itraconazole or terbinafine. 


SUBCUTANEOUS MYCOSES — 


Subcutaneous mycoses, or mycoses of implantation, are sporadi- 
cally occurring infections caused by fungi present in the natural 
environment that are directly inoculated into the dermis or sub- 
cutaneous tissue through a penetrating injury. They are seldom 
common even in endemic areas and are mainly seen in the trop- 
ics, although, as many have long incubation periods, they may 
be seen in countries outside these endemic areas in patients who 
were originally infected elsewhere. Mycetoma, chromoblasto- 
mycosis and sporotrichosis are now listed as neglected tropical 
diseases (NTDs) or skin NTDs by the World Health Organization 
(WHO). 


Classification 


The most common of these infections are sporotrichosis, mycetoma 
and chromoblastomycosis. Rarer infections are phaeohyphomy- 
cosis, lobomycosis, rhinosporidiosis and subcutaneous mycosis 
caused by Conidiobolus or Basidobolus. 


General description 


The diagnosis of subcutaneous mycoses is made initially by direct 
examination and examination of histopathological sections. Cul- 
ture is not necessarily difficult, but identification of the more 
unusual pathogens may require the help of a reference mycological 
laboratory. Additionally, some isolates, particularly from cases 
of eumycotic mycetoma and phaeohyphomycosis, may fail to 
sporulate on primary isolation and special media or conditions of 
incubation may be required to encourage conidial production. The 
description of all the potential pathogens is outside the scope of this 
chapter, although brief descriptions of the most common isolates 
are included. Molecular identification methods are increasingly 
available, but usually only in specialist centres. 


Identification 


Collection of samples 

Materials from patients thought to have subcutaneous mycoses are 
obtained from a variety of sources. Occasionally, superficial scrap- 
ings from a lesion may be useful, but generally pus or exudates 
discharging or obtained by aspiration, and biopsies, ideally both 
from the edge and from the centre of the lesion, are required for 
satisfactory diagnosis. All samples are placed in sterile containers 
for immediate despatch to the laboratory. To prevent drying out 
of the material tissue, biopsy specimens intended for culture must 
be placed in sterile saline or wrapped in moistened sterile gauze 
if they cannot be processed immediately. Delays in processing 
samples will increase the likelihood of bacteria or saprophytic fungi 
contaminating the samples. 


Direct examination and histopathology 

A simple potassium hydroxide mount may be enough to give a pre- 
liminary diagnosis in some cases. For example, typical organisms 
may be observed in superficial crusts from chromoblastomycosis 
lesions, and pus containing grains from mycetoma patients can 
be used to immediately differentiate fungi from actinomycetes. 
Generally, histopathology will be more informative. Of the specific 
fungal stains, the silver impregnation procedure (Grocott-Gomori 
stain) and PAS are most commonly used and give excellent results. 
However, in some instances, examination with haematoxylin 
and eosin (H&E) is valuable to determine whether the infect- 
ing fungus is naturally pigmented (dematiaceous). Details of the 
appearances of individual mycoses are dealt with more fully in the 
relevant sections of this chapter and are well reviewed in standard 
textbooks [1,2,3,4]. 
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Culture and identification of isolates 

Generally, tissue samples should be finely divided either by 
grinding or cutting into small pieces using sterile scalpel blades. 
The exception to this is material suspected of being infected with a 
mucoromycete, where the largely aseptate hyphae are particularly 
fragile and will not survive such fine division. Although glucose— 
peptone agar alone can be used for primary isolation of the subcu- 
taneous pathogens, a number of other media are also commonly 
used, including inhibitory mould agar (BBL™) and brain—heart 
infusion agar (Difco™), with or without the addition of 5-10% 
sheep’s blood. Antibacterial antibiotics such as chloramphenicol 
(0.005%) and gentamicin (0.0025%) are usually incorporated into the 
agar, and cycloheximide may be added for the culture of Sporothrix 
schenckii and the agents of chromoblastomycosis. If sufficient mate- 
rial is available, incubation at 26-30°C and 37°C on a variety of 
media is recommended. Although many organisms will grow quite 
quickly, cultures should be held for 6 weeks before being reported 
as negative. If isolates fail to sporulate on the primary culture plate, 
subculture onto potato dextrose agar (Oxoid™) or half-strength 
cornmeal agar (Oxoid) and incubation in the light may be necessary 
to encourage conidial production. Alternatively, molecular identi- 
fication of isolates, often by sequencing, can be undertaken; this is 
becoming increasingly important for mycetoma and sporotrichosis. 


Sporotrichosis -— F's 


Definition 

This is an acute or chronic fungal infection caused by a number 
of different species of Sporothrix [1]. There are both cutaneous and 
systemic forms of sporotrichosis. 


Introduction and general description 

Sporotrichosis is caused by the dimorphic fungus originally des- 
ignated as S. schenckii [2]. It occurs in both temperate and tropical 
zones. Recently, under a major revision of nomenclature based on 
molecular sequencing, Sporothrix species pathogenic in man have 
been divided into a number of new species: S. schenckii, S. brazilien- 
sis, S. mexicana, S. globosa and S. lurei. These are based on both 
genetic and phenotypic markers. For instance, S. braziliensis is asso- 
ciated with infections spread from cats in a major focus of infection 
in Brazil and neighbouring countries. Because the application of 
molecular methods to Sporothrix is recent, it is likely that species 
identifications in older reports based on culture morphology will 
be inaccurate in some cases. 


Epidemiology 

Sporotrichosis is mainly seen in the tropics and subtropics. Fewer 
than 20 cases of sporotrichosis diagnosed in the UK have been pub- 
lished. The disease was common in France between 1905 and 1920, 
and occasional cases are reported from other European countries. 
It occurs sporadically in North, South and Central America [3], 
sub-Saharan Africa, India, Egypt, Japan and Australia [4] and has 
been particularly prominent in the mining areas of South Africa 
and, more recently, Rio de Janeiro state, Brazil. The incidence and 
possibly the geographical distribution are dependent on climate. 


In Uruguay, it has been shown that the incidence is highest in 
the autumn and first half of the winter (high humidity and tem- 
peratures between 16°C and 22°C). These conditions favour sapro- 
phytic growth of S. schenckii. Sporotrichosis is rare in semi-arid areas. 
The fungus grows on decaying vegetable matter, for example the 
timber in mines. It has been shown that the timber harbours the 
fungus before being taken underground [5], and that the source is 
probably the soil in the vicinity of the mines. Sporothrix has also 
been recovered from the feet of mine workers who did not have 
sporotrichosis. 

The disease may also occur in other groups occupationally 
exposed to the organism, such as workers using straw as packing 
material, forestry workers [6], florists or gardeners. 

Unexplained areas of hyperendemicity have been described in 
certain countries, where unexpectedly high numbers of the local 
population develop cutaneous lesions of sporotrichosis and appear 
to be sensitised on skin testing with sporotrichin [7]. In one endemic 
zone originally in Brazil, spread of infection by infected cats has 
been seen [8]. This epidemic has now reached large numbers of 
patients and spread to adjacent states such as Argentina has been 
recorded. This outbreak is associated with S. brasiliensis. 


Age 

Sporotrichosis can occur at any age. On rare occasions it has been 
seen in young children. A family epidemic of cutaneous sporotri- 
chosis was described among four children who became infected 
after playing in hay. 


Sex 
There is no sex predilection, although adult males are, by their occu- 
pation, most exposed to the risk of infection. 


Ethnicity 
This infection can occur in patients of any ethnic group. 


Associated diseases 

Sporotrichosis occurs in any individual. However, there are different 
clinical variants seen in immunocompromised patients and those 
with HIV/AIDS. 


Pathophysiology 

In most cases of cutaneous sporotrichosis the fungus is intro- 
duced into the skin or mucous membrane by trauma, as in a 
minor puncture wound caused by a thorn, a splinter or perhaps an 
insect bite. Sporotrichosis is not contagious, although transmission 
has been recorded from cats. Systemic sporotrichosis is rare, and 
the portal of entry is thought to be the lung in these cases. The 
incubation period is variable but is usually 8-30 days. 


Pathology 

Sporothrix may remain localised in the subcutaneous tissue, may 
spread locally in the subcutaneous lymphatics or, rarely, may be 
widely disseminated in the bloodstream after pulmonary infection. 
The underlying host immunity probably determines the form that 
the infection assumes. The fungus provokes a mixed granulomatous 
reaction with neutrophil foci. The fungus is present in the tissue, 


Figure 32.47 Sporotrichosis: tissue section stained with haematoxylin and eosin (H&E). 
Organisms are usually very scanty but asteroid bodies, representing a foreign body 
tissue reaction, may be observed. Courtesy of the Department of Medical Mycology, 

St John’s Institute of Dermatology, King’s College London, London, UK. 


usually in the form of small (3-5 pm) cigar-shaped or oval yeasts, 
and these may, on occasion, be surrounded by a thick, radiate, 
eosinophilic substance that forms the distinctive asteroid bodies 
(Figure 32.47) [9]. A mycelial form of the fungus in tissue has 
occasionally been reported [10]. 


Causative organisms 
These are S. schenckii, S. braziliensis, S. mexicana, S. globosa and S. lurei. 


Environmental factors 

None is known although they may be involved in hyperendemic 
disease. For instance, one well-documented hyperendemic focus 
of sporotrichosis occurred in mines in South Africa where pit props 
were contaminated with the fungus [5]. 


Clinical features 

Presentation 

Patients present with indurated and ulcerating nodules. The main 
clinical varieties of sporotrichosis are the cutaneous and systemic 
forms. In turn, cutaneous sporotrichosis is normally divided into 
two main types, the lymphangitic and fixed forms, but occasion- 
ally atypical varieties such as mycetoma-like or cellulitic forms may 
occur [2]. 

The most common type of sporotrichosis is the localised lym- 
phatic variety, which follows the implantation of spores in a wound. 
This therefore usually occurs on exposed skin, often on the upper 
extremity [2,11] and is known as lymphangitic sporotrichosis. 
A nodule or pustule forms, which may break down into a small 
ulcer. Untreated, the disease usually follows a chronic course, which 
is characterised by involvement of the lymphatics from the draining 
area; a chain of lymphatic nodules develops (Figure 32.48). New 
nodules appear at intervals of a few days. These soften and ulcerate, 
and connecting lymphatic cords may be visible [13]. A thin purulent 
discharge may come from the primary lesion and the earliest lym- 
phatic nodules. As the disease becomes chronic, the regional lymph 
nodes become swollen and may break down. The primary lesion 


Figure 32.48 Cutaneous lymphatic sporotrichosis. Nodules draining seropurulent 
secretion, papules and pustules on the right upper limb along the ipsilateral lymphatic 
chain [12]. 


may heal spontaneously leaving secondary nodules. The general 
health of the patient may not be affected. 

The fixed variety, where the pathogen remains more or less 
localised at the point of inoculation, is less common [2,14]. The 
lesions may be acneform, nodular, ulcerated or verrucous; the latter 
form is occasionally very extensive. Less commonly, there may be 
infiltrated plaques or red scaly patches. An ulcer may be gumma- 
tous or may simulate an epithelioma. The plaques may suggest 
leishmaniasis or tuberculosis. It is thought that this variety may 
reflect a high degree of immunity on the part of the patient. The 
variable morphology of this type is notable. 

The reason for the difference in clinical behaviour of the two 
principal forms of cutaneous sporotrichosis is unknown, although 
changes in temperature sensitivity of the organisms [15] or in the 
host’s immune response [2] have both been suggested. It is pos- 
sible that some sporotrichosis infections are self-healing. Others 
are chronic and may mimic mycetoma or stasis ulcers. In AIDS 
patients, multiple cutaneous lesions may develop, suggesting cuta- 
neous spread. Infections associated with S. brasiliensis are often 
more extensive and require longer periods of treatment. They also 
may be accompanied by immunological reactions such as erythema 
nodosum or multiforme and arthralgia [8]. 


Clinical variants 

The less common systemic form probably follows inhalation, and 
presents either with local pulmonary disease or focal or widely 
disseminated lesions in the joints, meninges and skin [16]. There 
is some evidence that systemic sporotrichosis occurs in patients 
with some type of defect in host defence, such as alcoholics. This 
is in contrast to the cutaneous variety, which occurs in perfectly 
healthy individuals. Where sporotrichosis has been reported in 
AIDS patients, the lesions have usually been widespread and have 
affected internal organs as well as the skin [17]. 

In the systemic type, which is rare, ulcerated nodules may develop 
anywhere on the body or mucous membranes, and visceral, joint 
and meningeal lesions may occur. Occasionally, vascular lesions 
resembling polyarteritis nodosa may be found. If untreated, this 
type is fatal. 
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Differential diagnosis 

Sporotrichosis can simulate granulomatous lesions of almost any 
other origin and the diagnosis must be considered in cases when 
the initial lesions have followed an injury. The main conditions 
that may resemble sporotrichosis are mycobacterial infections and 
leishmaniasis. The mycobacterial infection caused by Mycobacterium 
marinum (fish-tank granuloma) may closely resemble lymphangitic 
sporotrichosis. 


Complications and co-morbidities 
Disseminated cutaneous disease can occur as described previously 
in patients with HIV/AIDS. 


Disease course and prognosis 

Cutaneous sporotrichosis is not life threatening. Although it may 
resolve spontaneously, chronic and persistent cases lasting for over 
5 years are well known. 


Investigations 

In Sporothrix infections there are seldom large numbers of organisms 
visible in tissue samples or smears. Fluorescent antibody techniques 
have been successfully employed in locating the pathogenic phase 
in vivo [18] and serological tests are under development. The fungus 
grows readily on common agar media. 


Sporothrix schenckii. Colony: the colonies are leathery, moist and 
initially white or cream with a wrinkled surface. As the colonies 
age, they may become progressively darker until they are brown 
or black. Microscopy: the slender (2 pm) hyphae bear small, oval to 
pyriform, hyaline conidia produced along the sides of the hyphae 
and sympodially at the ends of delicate conidiophores arising at 
right angles from the hyphae. The arrangement of the conidia at 
the apex of the conidiogenous cell is often described as palmate 
or flower-like, with each conidium attached by a denticle to the 
small vesicle. In many strains (particularly when freshly isolated), 
oval, round or triangular dark brown, thick-walled conidia are 
also produced, and it is partly the production of these conidia that 
results in the development of darkly pigmented colonies. However, 
pigmentation has also been reported to vary according to the culture 
medium and to increase with the addition of thiamine. Physiolog- 
ical tests: to confirm the identification, it is essential to convert this 
thermally dimorphic fungus to the yeast phase, as fungi that are 
non-pathogenic and morphologically very similar may be isolated 
as contaminants. This is best achieved on brain—heart infusion agar 
supplemented with sheep’s blood and incubated at 37°C. The yeasts 
are typically oval or cigar-shaped. 


Management 

While cases have been described where spontaneous remission 
has been seen to occur [19], patients with sporotrichosis are treated 
with antifungals. 


First line 

Itraconazole 100-200 mg/day or terbinafine 250 mg/day are both 
effective and well tolerated. However, at these dosages the length 
of treatment is not significantly different from that used with 


potassium iodide [20]. In systemic cases, treatment with intravenous 
amphotericin B may also be helpful. Potassium iodide in large oral 
doses is effective in the localised types and should be continued 
for 3-4 weeks after clinical cure. It is cheap and effective, although 
side effects are common. A recommended schedule is five drops 
initially, increasing to 4-6 mL of saturated potassium iodide three 
times daily. Patient tolerance because of dry mouth, severe nausea 
and taste disturbance may require a lower maximum dose [21]. 


Treatment ladder for sporotrichosis 


First line 

¢ Itraconazole 100-200 mg/day until clinical recovery (at least 
3 months) 
or 

e Terbinafine 250 mg/day until clinical recovery (at least 
3 months) 


Second line 
¢ Potassium iodide at an initial dose of five drops daily of 
saturated solution increasing slowly to 4-6 mL daily 


Mycetoma — | 


Definition and nomenclature 

Mycetoma is a localised chronic infection caused by various species 
of fungi or actinomycetes and characterised by the formation of 
aggregates of the causative organisms (grains) within abscesses. 
This results in severe damage to the skin, subcutaneous tissues and 
bones of the feet, hands and other parts of the body. Grains are 
discharged to the surface through draining sinuses. 


Introduction and general description [1] 

Mycetoma may be caused by various species of fungi (eumyce- 
toma) and aerobic actinomycetes (actinomycetoma), which occur 
as saprophytes in soil or on plants [2]. From these sources, they are 
implanted subcutaneously, usually after a penetrating injury [3,4]. 


Epidemiology 
The disease is largely confined to tropical and subtropical climates, 
usually among agricultural workers. A few cases have occurred in 
Europe and North America, but in many such cases the patients 
have originated from the tropics and the infection was imported. 
These cases also illustrate clearly that the disease may not become 
troublesome until many years (20-30 years) after the initial injury. 
The relative frequency with which the different species are 
encountered varies from country to country [5,6]. Actinomycetomas 


caused by Nocardia species are most common in Central America 
and Mexico. In other parts of the world, the most common organism 
is a eumycetoma agent, Madurella mycetomatis. The actinomycete, 
Streptomyces somaliensis, is most often isolated from patients origi- 
nating from Sudan and the Middle East [7]. 


Age 
Mycetoma is rare in young children. 


Sex 
Adult males are most often infected. 


Ethnicity 
There is no ethnic predisposition. 


Pathophysiology [4,8] 

Critical to the survival of the fungus or actinomycete is its ability 
to form cell clusters or grains. The morphology of the grains aids 
survival either because in the case of actinomycetes there is a pro- 
tective matrix, or with fungi there is cell wall thickening due in 
part to intrahyphal growth as well as linkage of adjacent cell walls. 
The deposition of melanin in the cell wall and as a surrounding 
matrix in the case of M. mycetomatis is a further protective mecha- 
nism. Melanin may also be protective against antifungal agents by 
binding these molecules. 


Pathology 

Histopathology is very important in diagnosis. The causal organ- 
isms produce a chronic inflammatory reaction leading to focal 
neutrophil abscess formation, with scattered giant cells and fibro- 
sis. Grains in the form of white, yellow, red or black granules 
are found in the centre of the inflammatory response [9] and 
may be discharged in pus through multiple sinuses on to the 
skin surface. Secondary bacterial infection may occur, but this is not 
common [10]. The destructive process slowly extends deeply into 
the underlying tissues, and invades muscle and bones. An H&E 
preparation is sufficient to distinguish between eumycetoma and 
actinomycetoma. 


Causative organisms 

The condition, which is not contagious, is characterised by the pres- 
ence of different coloured grains, which represent microcolonies 
of the organisms. The aetiological agents listed in Box 32.4 include 
only the most commonly isolated fungi. 


Genetics 
There is also evidence that populations with a high rate of suscep- 
tibility to mycetoma may have specific polymorphisms in cytokine 
genes [8]. 


Environmental factors 

The causative organisms have been isolated from either soil or plant 
material, including thorns from Acacia bushes in endemic areas, or 
identified in soil using molecular probes. 


Box 32.4 Main aetiological agents of mycetoma 


Fungi: dark grain 

¢ Madurella mycetomatis, M. fahaliensis, M. pseudomycetomatis 
¢ Trematosphaeria grisea 

¢ Plenodomus senegalensis 

© Medicopsis romeroi 


Fungi: pale grain 

¢ Scedosporium apiospermum 

© Neotestudina rosatii 

¢ Sarocladium (formerly Acremonium) spp. 
¢ Fusarium spp. 


Actinomycetes 

© Actinomadura madurae 

© Actinomadura pelletieri 

¢ Streptomyces somaliensis 
¢ Nocardia brasiliensis 

¢ Nocardia otitidis-caviarum 
¢ Nocardia asteroides 


Clinical features 

Presentation 

The clinical features are essentially the same no matter which fun- 
gus or actinomycete is concerned [11,12]. Because trauma favours 
infection, most lesions are on the foot and lower leg, but they may 
occur anywhere on the body [13]. The earliest stage is a firm, pain- 
less nodule but with time papules and pustules, which break down 
to form draining sinuses, appear on the skin surface (Figure 32.49). 
The whole area becomes hard and swollen, often without signif- 
icant pain [14]. Extension to underlying bones and joints gives 
rise to periostitis, osteomyelitis and arthritis (Figure 32.50). In 
advanced cases, destruction of bone within an infected area may 
be almost complete, and gross deformity may result [15,16]. There 
are usually multiple sinus tracts draining pus. These may remain 
open for months or may close and reopen, or may be replaced by 
new sinuses. The discharge may be purulent or seropurulent. The 


Figure 32.49 Mycetoma caused by Madurella grisea. 
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Figure 32.50 Erosive X-ray changes in a mycetoma. 


Figure 32.51 Eumycetoma affecting the foot. 


condition is comparatively painless and usually develops slowly, 
but eventually results in gross swelling of the affected foot or other 
parts with serious deformity (Figure 32.51). 


Clinical variants 

Lymph node or disseminated infections are rare [17]. Rarely, 
bone disease without overlying subcutaneous or cutaneous signs 
can occur. 


Differential diagnosis 
Chronic osteomyelitis of bacterial or tuberculous aetiology may 
resemble mycetoma, particularly in the early stages. 


Complication and co-morbidities 

The main complication is bone destruction leading to deformity 
and osteomyelitis. Imaging techniques contribute greatly to assess- 
ment of the destruction. Magnetic resonance imaging (MRI) 
provides the most comprehensive method but X-ray and ultra- 
sound can also be useful [16,18]. Where lesions are on the scalp 
or chest wall, deep extension can lead to skull penetration or lung 
invasion, respectively. 


Disease course and prognosis 
Mycetoma does not go into spontaneous remission and progression 
is slow but inevitable. However, the main outcome is deformity 
and reduced mobility, although in rare instances of very extensive 
disease the outcome may be fatal. 


Investigations 

In early mycetoma it may be necessary to incise pustules that rep- 
resent foci of inflammation, necrosis and sinuses that have not yet 
ruptured through the skin; these pustules often contain grains. 
Pus from sinus discharge or needle aspiration should be exam- 
ined under the microscope for the presence of grains, which may 
then be processed for histology or examined directly in potassium 
hydroxide. If the infection is eumycotic, when crushed under the 
cover slip the grains will be seen to consist of masses of fungal 
mycelium with hyphae 2-6,1m in diameter. Chlamydoconidia are 
frequently formed at the periphery or in the centre of the grains. 
Actinomycotic grains will be seen to consist of masses of much 
narrower bacterial filaments 0.5-1.0,1m in diameter. If there are 
no discharging sinuses, a biopsy may be required. In elephantiasis 
there are no sinus tracts. 

A tentative diagnosis sufficient to initiate treatment may be 
made on the basis of grain colour, texture and direct microscopic 
appearance [4]. For instance, black grains are always caused by 
fungi and red grains by an actinomycete. Eumycetomas with black 
grains are termed dark-grain eumycetomas and many of the fungal 
species responsible produce hard or brittle grains with a brown, 
cement-like substance surrounding the hyphae. Eumycetomas with 
white or yellow grains are termed pale-grain eumycetomas and 
most contain no cement and have a soft texture (Figure 32.52). 

In eumycotic disease, the final identification of the infecting 
fungus requires the isolation of the causal agent in culture or the 
application of molecular diagnostic techniques [19]. As the surfaces 
of the grains are frequently contaminated by bacteria, washing with 
saline containing antibacterials is recommended prior to inoculat- 
ing the culture medium. Some grains may be non-viable. Primary 


Figure 32.52 Mycetoma: tissue section. Distinct hyphal filaments, stained pink with 
periodic acid—Schiff (PAS), are clearly visible in a pale-grained eumycetoma. Courtesy of 
the Department of Medical Mycology, St John’s Institute of Dermatology, King’s College 
London, London, UK. 


isolates may require subculture on nutritionally depleted media, 
such as half-strength cornmeal agar, to induce sporulation, and 
may fail to sporulate completely. Referral to a reference mycology 
laboratory for identification is recommended. Only the two most 
frequently isolated fungal species are described. 


Madurella mycetomatis. Colony: the colonial form shows great 
variation. Colonies are initially pale and leathery, but after a few 
days become olive, ochre brown or grey in colour and may produce 
a diffusible brown pigment. Growth is faster at 37°C than at 28°C. 
Microscopy: on nutritionally poor media, spherical conidia may be 
formed from flask-shaped phialides. Primary cultures may produce 
large chlamydoconidia but are otherwise usually sterile. Increas- 
ingly diagnosis using molecular methods is advised particularly to 
distinguish this from other Madurella species 


Scedosporium apiospermum (Pseudallescheria boydii). Colony: 
the colony grows rapidly with a floccose grey or brown-grey surface 
and white to dark grey reverse. Microscopy: oval, light brown, rel- 
atively thick-walled conidia with a truncate base are formed singly 
along the hyphae or in small groups from annellides. A second 
form of conidiation is seen in some isolates with the production of 
coremia — tufts of hyphae held together — which produce smaller 
hyaline annello-conidia at their tips. This is a homothallic species 
and the sexual phase with ascospores may be formed on primary 
culture. 


Management 

Localised lesions that can be excised without residual disability 
are best so treated. In other cases, medical treatment should first 
be attempted, although chemotherapy of mycetomas caused by 
fungi has, so far, been found to be quite unsatisfactory in most 
cases. This is despite the fact that certain fungi have been found 
to be relatively sensitive in vitro to therapeutic agents such as 
amphotericin B [1]. 


First line 

Infection by species of actinomycetes may be susceptible to 
chemotherapeutic agents. The combination of dapsone with strep- 
tomycin or co-trimoxazole plus streptomycin has been reported to 
give good results [20]. An alternative second drug is rifampicin. 
Amikacin or imipenem may also be used in recalcitrant Nocardia 
infections. 

Among the fungal causes of mycetoma, M. mycetomatis is the most 
sensitive to therapy as it responds to ketoconazole in some cases [1]. 
For the others, a trial of therapy with griseofulvin, terbinafine, 
voriconazole or itraconazole is worth attempting as, even though 
it may not be curative, the progress of the infection may be slowed 
[21]. This can be followed after 4-6 months by surgical excison of 
the remaining lesion. 


Second line 

Radical surgery, usually amputation, should be considered carefully. 
Removal of a limb may deprive the patient of livelihood in many 
countries and this will need to be taken into consideration. How- 
ever, it remains the only effective means of removing very severe 
infections in some patients. 


Treatment ladder for mycetoma 


First line 


Actinomycetomas 

e Dapsone plus streptomycin or rifampicin 
or 

¢ Co-trimoxazole plus streptomycin or rifampicin 
Eumycetomas 

e Azoles, e.g. itraconazole followed by surgery for remaining 
mycetoma 


Second line 
e Radical surgery 


Chromoblastomycosis .— La 


Definition and nomenclature 

This is a chronic fungal infection of the skin and subcutaneous 
tissues caused by pigmented fungi, which produce thick-walled 
single- or multicelled clusters (sclerotic or muriform bodies) in tis- 
sue. It is characterised by the production of slow-growing exophytic 
lesions, usually on the feet and legs [1,2]. 


Epidemiology 

The condition is usually found in the tropics, particularly areas 
with medium to high rainfall, in rural communities [4]. It has been 
reported from Central, South and North America [3], Cuba, Jamaica 
and Martinique as well as from many other countries including 
India, South Africa, Madagascar, Australia and northern Europe. 
It is occasionally seen as an imported infection in Europe and 
the USA. 


Age 
Children are rarely affected. 


Sex 
Adult male agricultural workers are most often affected, but the con- 
dition has occasionally been reported in children. 


Pathophysiology 

The causal fungi have been isolated from wood and soil, and the 
infection usually results from trauma, such as a puncture from a 
splinter of wood [2,5]. 


Pathology 

The histology is that of a foreign-body granuloma, with isolated 
areas of microabscess formation. In the organised granuloma, mainly 
within giant cells, groups of fungal cells may be seen. Because the 
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Figure 32.53 Chromoblastomycosis: tissue section. The natural brown pigment of the 
fungal muriform cells is clearly visible. The cells divide by fission and may form septa in 
more than one plane of division. Courtesy of the Department of Medical Mycology, St 
John’s Institute of Dermatology, King’s College London, London, UK. 


cells are chestnut or golden brown in colour, they are easily distin- 
guished in the infiltrate. The cells are characteristically divided in 
several planes of division by thick septa and are termed muriform 
or sclerotic cells (Figure 32.53). There is marked pseudoepithe- 
liomatous hyperplasia in the epidermis and in some areas apparent 
transepidermal elimination of fungal cells, which can be found 
in the stratum corneum. The tissue between the granulomatous 
nodules shows chronic fibrosis. 


Causative organisms 

Chromoblastomycosis is caused by several fungi, the most common 
of which are Phialophora verrucosa, Fonsecaea pedrosoi, F. compacta 
and Cladophialophora carrionii (previously Cladosporium carrionii) [2]. 
Other rare causes include Rhinocladiella aquaspersa. The nomencla- 
ture of these fungi has been reviewed by McGinnis [6]. 


Clinical features [7,8] 

History 

The lesions are usually found on exposed sites, particularly the feet, 
legs, arms, face and neck (Figure 32.54). The disease develops over 
years rather than over a shorter period. 


Presentation 

A warty papule slowly enlarges to form a hypertrophic plaque 
[9,10]. In some lesions, the plaque is flat and expands slowly with 
central scarring. The early lesion may occasionally be an ulcer. Even- 
tually, after months or many years, large hyperkeratotic masses are 
formed, and these may be as large as 3cm thick (Figure 32.55). 
Secondary ulceration may occur. The lesion is usually painless 
unless the presence of secondary infection causes itching and pain. 
Satellite lesions are produced by scratching, and there may be 
lymphatic spread to adjacent areas. 


Clinical variants 

Some forms of the infection produce psoriasiform lesions. Haema- 
togenous spread has occurred but is rare, and brain abscesses have 
been described. 


Figure 32.54 Early lesion of chromoblastomycosis. 


Figure 32.55 Plaque-type chromoblastomycosis. 


Differential diagnosis 

The disease must be differentiated from blastomycosis (by the 
absence of a sharp border containing minute abscesses) and also the 
absence of pulmonary lesions, cutaneous tuberculosis, leishmania- 
sis, syphilis and yaws. 


Complications and co-morbidities 

Secondary infection may eventually lead after several years to 
lymphatic stasis with the production of elephantiasis. Squamous 
carcinomas may develop in chronic lesions. 


Disease course and prognosis 
The course is chronic but non-fatal. 


Investigations 

Clusters of pigmented fungal cells can be seen with dermoscopy. 
Biopsy and culture of material for the associated fungi will estab- 
lish the diagnosis. Irrespective of species, the pathogen can be seen 
in biopsy sections as deeply pigmented, thick-walled muriform or 
sclerotic cells in abscesses, giant cells or the epidermis. Occasion- 
ally, in superficial skin scrapings from the surface of the lesions, 


pigmented hyphae rather than sclerotic cells are seen. Multiplica- 
tion in vivo is by fission rather than budding, and this results in the 
production of single-, two- or multiple-celled clusters. In culture, the 
colonies of all species are dark grey-green to black and velvety or 
downy, with a black reverse. 

Three forms of conidial production are observed in the most 
common agents of infection: acropetal budding, production of 
phialides and sympodial conidiation. Some agents are polymorphic, 
demonstrating more than one type of conidiation simultane- 
ously, and this has caused some confusion in the nomenclature of 
these agents. They are named according to the dominant form of 
conidiation. 


Phialophora verrucosa. Microscopy: the dominant form of conidi- 
ation is the production of flask-shaped phialides with a pronounced 
dark collarette at the apex. These are produced laterally or termi- 
nally. The hyaline, thin-walled, elliptical conidia are produced at 
the tip of the phialide in basipetal succession and collect as balls. 
On nutritionally weak media, a few sympodial or acropetal conid- 
iogenous cells may also be observed. 


Fonsecaea pedrosoi. Microscopy: the dominant form of conidia- 
tion is sympodial with the conidia confined to the upper part of 
the cell. The brown single-celled conidia are produced on short 
denticles and may in turn produce secondary conidia in a similar 
manner. Conidia produced by acropetal budding are also present 
in the majority of isolates, and some isolates will produce scanty 
phialides. 


Cladophialophora carrionii. Microscopy: acropetal budding is 
dominant, producing long chains of pale, oval or lemon-shaped 
conidia. The chains branch at frequent intervals. On starvation 
media, such as half-strength cornmeal agar, bulbous phialides may 
be produced by the conversion of some of the cells within the 
branched chains. 


Management 
The main treatment of chromoblastomycosis involves the use of 
antifungal chemotherapy. 


First line 

Itraconazole (200 mg daily) or terbinafine (250 mg daily) is often suc- 
cessful, although responses to both are thought to be better if the 
causative organism is C. carrionii [11,12]. Flucytosine used on its own 
or combined with amphotericin B [13] may also be effective, but 
resistance to flucytosine may develop if it is used on its own. 


Second line 

Other approaches to treatment have included the use of cryother- 
apy or the local application of heat daily using a heat-retaining gel 
pack at a warm and comfortable temperature to induce shrinkage. 
This usually takes 2-3 months [14]. Surgery is only indicated for 
very small lesions, and even in these should be combined with 
chemotherapy. Photodynamic therapy has also been used. 


Treatment ladder for chromoblastomycosis 


First line 

e Itraconazole 200 mg daily until clinical recovery 
or 

e Terbinafine 250 mg daily until clinical recovery 


Second line 
¢ Heat application 


Phaeohyphomycosis — CO 


Definition and nomenclature 

Phaeohyphomycosis is a rare, and generally localised, subcuta- 
neous or intramuscular infection, usually a cyst or abscess caused 
by hyphal brown-pigmented (dematiaceous) fungi [1]. Systemic 
forms of phaeohyphomycosis also exist. 


Epidemiology 

This infection is most often seen in patients from tropical areas. 
Some patients are immunocompromised, usually through steroid 
therapy. An ever-increasing number of fungi have been reported as 
agents of phaeohyphomycosis: a review lists 104 species [2]. The 
most common causative organisms are shown in Box 32.5. 


Box 32.5 Major aetiological agents of 
phaeohyphomycosis 


Exophiala jeanselmei 
Exophiala dermatitidis 
Cladophialophora bantiana 
Phialophora spp. 
Bipolaris spp. 
Exserohilum spp. 
Alternaria spp. 


Age, sex and ethnicity 
This is an uncommon infection and relevant data on individual sus- 
ceptibility are lacking. 


Pathophysiology 
The infection follows traumatic implantation of organisms from the 
environment. 


Pathology 
The fungi are found in a subcutaneous inflammatory cyst. There is 
usually a well-organised wall with surrounding fibrosis and a mixed 
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cellular infiltrate with multinucleate giant cells, lymphocytes and 
macrophages. Neutrophil infiltration also occurs. The fungi are usu- 
ally found in the inner aspect of the cyst. They may be pigmented 
in vivo and visible in H&E stains but this is not always the case and 
specific fungal stains such as PAS are advised. 


Causative organisms 

These include Exophiala jeanselmei, E. dermatitidis, Bipolaris spp., 
Alternaria alternata and others that form pigmented hyphae in tissue 
(Box 32.5) [1]. 


Clinical features 

Patients present with well-defined single cystic lesions on the trunk 
or limbs [3]. These are not painful but are unsightly and can grow 
large enough to warrant removal, at which stage the diagnosis 
is made. 


Differential diagnosis 
A Baker cyst or large pilar cyst should also be considered. 


Course and prognosis 
Although not fatal, this infection does not heal spontaneously. 


Investigations 

The organisms are not usually difficult to grow from the lesions, but 
the fact that so many different species may be involved, together 
with the failure of some primary isolates to sporulate, means that 
their identification may require the help of a specialist labora- 
tory. The major dematiaceous pathogens are well illustrated and 
described in the review by Rinaldi [2]. 


Exophiala jeanselmei. Colony: this fungus belongs to the group 
sometimes termed ‘black yeasts’. The colony is initially glabrous 
or moist, and black in colour. As the culture matures, it becomes 
more filamentous and eventually is covered with a grey velvety 
mycelium. Microscopy: initially, the culture is made up of single 
cells, which are annellides reproducing by budding. When the 
filamentous stage has developed, the septate brown hyphae bear 
slender annellides producing elliptical conidia, which collect in a 
mass at the tip of the conidiogenous cell or slide down to form a 
row along the side of the annellide. Physiological tests: will not 
grow at 40°C. 


Bipolaris species. Colony: the colonies grow rapidly. Initially 
downy and pale grey, the colour darkens to olive grey or black on 
both the surface and reverse. Microscopy: the conidiogenous cells 
are geniculate, producing the brown multicellular phragmoconidia 
in a sympodial sequence. The hilum at the base of the conidium is 
only slightly protuberant. 


Management 

The usual treatment is excision, and although there are no published 
studies to establish efficacy, an appropriate antifungal such as itra- 
conazole is often given after surgery. 


Lobomycosis — | 


Definition and nomenclature 

This rare disease caused by Lacazia loboi is characterised by keloidal 
skin lesions that remain fairly well localised and do not affect the 
general health of the patient. 


Epidemiology 

The disease was first observed in 1931 in a patient from the Ama- 
zon valley. Other cases have also been seen there [1] and throughout 
central and northern South America. 


Pathophysiology 

It is thought that the agent might be associated with water and 
gain entry through a wound [2]. In most cases studied, the disease 
has been present for periods of many years. Infections have been 
reported in freshwater dolphins although here the infection shows 
distinct epidemiology extending to temperate waters and is likely 
to be due to a different clade (variety) [3]. 


Pathology 

In H&E-stained sections there is a diffuse infiltrate of lymphocytes, 
macrophages and giant cells that contain the fungal cells, which 
are 5-10 1m in diameter. With fungal stains, these have a character- 
istic morphology, being aligned in short chains of 3-8 oval or round 
cells all joined by short tubular structures. 


Causative organisms 
The causal fungus, which has never been isolated in culture, is 
Lacazia loboi [4]. 


Clinical features 

Lesions may be found anywhere on the body, but are usually on 
exposed parts — the legs, arms and face [1]. They can, in most 
instances, be associated with injuries to the skin, and spread from 
one site to another is thought to be by autoinoculation following 
injury. There is no marked lymphangitis and no visceral dissemina- 
tion. Old chronic lesions present as elevated, crusted plaques. 


Differential diagnosis 
Clinically, the disease most closely resembles chromoblastomycosis. 


Complications and co-morbidities 
Squamous cell carcinoma may occasionally develop in chronic 
lesions [1]. 


Course and prognosis 
This infection does not spread widely but remains localised or 
slowly expands over years. 


Investigations 

Microscopic examination of biopsy material will establish the diag- 
nosis. The fungus has not been isolated in culture and mycological 
confirmation depends on recognition of the characteristic cells of 
L. loboi in tissue. This is easily performed with potassium hydrox- 
ide mounts of epidermal crusts or sections, which need not be spe- 
cially stained. 


Treatment 
There is no effective medical therapy for lobomycosis and where 
possible lesions are excised surgically. 


Rhinosporidiosis .— ( FaVv63wa 


Definition 

This is a chronic granulomatous infection caused by Rhinosporidium 
seeberi, inducing polyps of the mucous membrane. The organism 
has never been isolated in vitro, but through genetic studies its tax- 
onomic position is now clearer, and it is now considered an aquatic 
member of the Protista rather than a fungus. 


Epidemiology 

Rhinosporidiosis has occurred in many parts of the world rarely and 
sporadically, but it is endemic in India and Sri Lanka [1]. In one 
review, 51 cases were described from Uganda [2]. 


Age and sex 
Adult male workers are the persons most likely to be infected. 


Clinical features 

Vascular polyps, which may be pedunculated, occur on any mucosal 
surface [3]. The mucous membrane of the nose, the naso-pharynx 
or the soft palate is involved in three-quarters of cases, and the 
conjunctiva or the lacrimal sac in a proportion of the others. Lesions 
are also found on other mucous membrane surfaces, such as the 
larynx, penis, vagina and rectum, and sometimes also on the skin, 
to which it is presumed to have spread from a primary site on the 
nearby mucous membrane [4]. The lesions become hyperplastic 
and may reach an enormous size, extending from the nostrils to 
the pharynx or outwards over the lip [5]. The pink or red surface 
is lobulated and cauliflower-like. Close examination of the surface 
reveals small white spots, which represent mature sporangia of 
the fungus. The disease may last for many years. Spontaneous 
resolution has been observed rarely. It is not contagious. Obstruc- 
tion to breathing is usually the chief complaint. On the genitalia, 
the lesions look like condylomata. If the eye is involved there is 
conjunctivitis and photophobia, and the weight of the polyps may 
cause eversion of the lid. 


Differential diagnosis 

Typical lesions are easily recognised by their pink-purple colour, 
friable consistency and the presence of the white sporangia within 
the polyp itself. Atypical lesions should be differentiated from warts, 
condylomata and haemorrhoids. 


Investigations 

The causative organisms cannot be cultured and the diagnosis 
depends on histopathology — recognition of the sporangia seen on 
the surface of the polyp or in tissue sections. Depending on maturity, 
these may attain diameters of 0.5 mm, and can be readily seen by the 
naked eye as firm white cysts on or just below the surface. Micro- 
scopically, these are single, thick-walled and spherical, and when 
fully differentiated are packed with numerous rounded endospores, 
6-7 pm in diameter. Immature and collapsed discharged sporangia 
are also present [6]. 


Management 
Surgical removal resulting in complete eradication of the disease is 
the treatment of choice. 


Subcutaneous mycosis 
Basidiobolus and Conid. 


Definition and nomenclature 


This is a localised, subcutaneous and predominantly tropical myco- 
sis characterised by chronic, woody swelling of subcutaneous 
tissue. 


Epidemiology 

Subcutaneous infection caused by Basidiobolus ranarum was initially 
described in Indonesia [1,2], but cases have since been reported in 
Africa, Australia and South-East Asian countries. Subcutaneous 
infection caused by Conidiobolus coronatus (rhinoentomophthoromy- 
cosis) is another localised zygomycotic infection affecting animals 
and humans [3]. Reported from the West Indies, Africa, India 
and South America, infection may result in gross but non-painful 
facial swelling originating from the nasal mucosae or sinuses. 


Pathophysiology 

In their natural environment, both causative fungi B. ranarum and 
C. coronatus are associated with decaying vegetation and the gas- 
trointestinal tracts of insects and frogs. 


Clinical features 

There is a slowly spreading, painless, subcutaneous swelling with- 
out other obvious clinical signs [4-6]. It may be single or there 
may be satellite lesions. The disc-shaped masses have a uniform 
non-pitting hard consistency [7]. The smooth rounded edge, which 
may be lobulated, can be raised by inserting the fingers underneath 
it. Pain and tenderness may be absent or, less often, pronounced. 
The overlying skin may be tense, oedematous, desquamating, 
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hyperpigmented or normal. Ulceration does not occur and the 
regional lymph glands are not often enlarged [8]. 

In Basidiobolus infections, the lesion usually involves the limbs 
or limb-girdle areas and the infection is most often seen in chil- 
dren. The clinical features of Conidiobolus infections are similar but 
affect the face, apparently spreading from the region of the inferior 
turbinates to involve the central facial tissues. It is mainly seen in 
young adults. Both subcutaneous infections are very disfiguring. 


Differential diagnosis 

Histological and mycological examinations are required for accu- 
rate diagnosis, but lymphatic oedema (which lacks the distinctive 
edge), subcutaneous malignant lymphoma (which grows more 
rapidly) and induration round an infection site (where there is pain 
and tenderness) have to be considered [9]. 


Complications and co-morbidities 
Rarely, deep invasion with Conidiobolus has been described, and is 
usually not associated with skin lesions [10]. 


Investigations 

The diagnosis is usually established histologically by biopsy, but 
culture is not difficult. The lesion is an eosinophilic granuloma lying 
deep in the subcutaneous tissue and largely replacing fat. Wide, 
sparsely septate hyphae, branching at right angles, are scattered 
throughout the granuloma (Figure 32.56) and there is often dense 
fibrosis [11,12]. 


Basidiobolus ranarum. Colony: on cycloheximide-free media at 
30°C, B. ranarum grows very rapidly as waxy cream or yellow 
colonies with many radial folds. Microscopy: the hyphae are broad, 
8-20 1m in diameter and have few septa. After 10-14 days, sexual 
zygospores with a prominent beak may be produced. In addition, 
unicellular sporangia — sporangiola — are formed, which are forcibly 
ejected into the air from the tip of the sporangiophore. 


Figure 32.56 Subcutaneous Basidiobolus infection tissue section. Wide, aseptate 
hyphae stained black with Grocott methenamine silver (GMS) are characteristic of 
infection by a zygomycete. Courtesy of the Department of Medical Mycology, 

St John’s Institute of Dermatology, King’s College London, London, UK. 


Conidiobolus coronatus. Colony: the colonies are waxy white to 
grey, becoming more powdery and beige as a short aerial mycelium 
develops. Microscopy: wide, sparsely septate hyphae are present. 
Sporangiola are forcibly discharged, and impact on the sides and lid 
of the Petri dish. Some sporangiola may form small protuberances 
or villi all over their surfaces. 


Management 

Itraconazole is useful in this condition. Lesions also usually respond 
to oral treatment with potassium iodide given in similar doses to 
those used in sporotrichosis. There is some evidence that co-trimo- 
xazole can be used in addition in conidiobolomycosis. 


SYSTEMIC MYCOSES 


The systemic mycoses are fungal infections that involve deep struc- 
tures and that have the propensity to disseminate, usually via the 
bloodstream, from the original focus of infection. They include 
two main groups of disease: the endemic mycoses and the oppor- 
tunistic systemic mycoses. 


Pathophysiology 


Endemic mycoses are usually acquired via inhalation of the causative 
organisms. They therefore have a common mode of pathogenesis. 
In many cases, infections are asymptomatic and the primary infec- 
tion can only be detected in retrospect by a positive skin test, as 
in tuberculosis. These mycoses have defined areas of endemicity, 
which may have a characteristic climate or flora and fauna. The 
main endemic mycoses are histoplasmosis (classic and African 
types), blastomycosis, coccidioidomycosis, paracoccidioidomycosis 
and infection caused by Talaromyces (previously Penicillium) marnef- 
fei. The clinical manifestations of these infections are affected by the 
underlying state of the patient, and many of them develop in the 
presence of particular immunodeficiency states, notably AIDS. 

Cryptococcosis shares features of both endemic mycoses and the 
opportunistic infections. However, as it can affect the healthy and is 
a primary respiratory infection caused by a fungus that occupies a 
specific ecological niche, it will be considered here with the endemic 
infections. 

The opportunistic systemic mycoses are those systemic infections 
that only occur in patients with some underlying predisposition. 
In contrast to the endemic mycoses, they may occur in any geo- 
graphical area and their clinical manifestations are very variable, 
depending on the predisposition and mode of entry of the fungus. 


Identification 


The dimorphic fungi causing the endemic mycoses are extremely 
hazardous to the laboratory worker and must be handled in con- 
tainment level 3 conditions. Laboratory infections and fatalities 
have been recorded. These organisms should never be cultured in 
Petri dishes, which pose too great a threat of aerosol dissemination. 


Cultures should be performed in capped bottles or tubes. The lab- 
oratory must be alerted to the possibility of a dimorphic pathogen 
when the specimen is submitted for examination. 


Serological tests 

Serological tests are of considerable value in the diagnosis of the 
endemic mycoses. In the endemic infections, immunodiffusion 
tests may demonstrate the presence of specific precipitin bands, for 
example the H and M bands in histoplasmosis, and complement 
fixation tests are also routinely performed in suspected cases of 
histoplasmosis and coccidioidomycosis. The cross-reactivity of fun- 
gal antigens can be a problem, however, and this is true of antigens 
of Blastomyces dermatitidis, which cross-react with those of other 
dimorphic pathogens. 

In the opportunistic systemic mycoses, serology is also useful 
but may be more difficult to interpret. Many normal individuals 
will have detectable antibodies to Candida species, resulting from 
exposure in the environment, so that changes in titre have more 
significance than a single positive test. Many patients with oppor- 
tunistic infections caused by Candida or Aspergillus species will be 
unable to raise any antibody responses. For this reason, methods 
of detection of antigen or fungal metabolites are currently of most 
interest. However, antigenaemia is transient and detection may 
require serial samples. 

The situation is reversed in cryptococcosis, however, where the 
detection of antigen rather than antibody has proved to be vir- 
tually diagnostic, and commercial latex particle agglutination, 
enzyme-linked immunosorbent assay (ELISA) or lateral flow tests 
for cryptococcal antigen are routinely used. 


Direct examination and histopathology 

As with the subcutaneous infections, in some instances a simple wet 
mount of samples such as sputum or broncho-alveolar lavage fluid 
can show characteristic fungal structures. For example, the obser- 
vation of encapsulated yeasts in cerebrospinal fluid is diagnostic of 
cryptococcosis, and spherules of Coccidioides immitis may be detected 
in sputum. Histopathological investigations may allow the recogni- 
tion of all the dimorphic fungi, zygomycetes and Cryptococcus, but 
cannot distinguish some of the rarer pathogens such as Fusarium 
species and Scedosporium apiospermum reliably from Aspergillus. 


Culture and identification of isolates 

Suitable media are similar to those described for the subcutaneous 
fungi. Incubation should be performed at around 30°C and also at 
37°C if sufficient material is available. Many of the opportunistic 
pathogens will grow ina few days, but some of the dimorphic fungi 
grow relatively slowly, and cultures should be held for a minimum 
of 4-6 weeks. 

The isolation of any of the dimorphic pathogens is always con- 
sidered significant. The identification of the five major dimorphic 
agents may, however, be complicated by the fact that in some cases 
they can be morphologically atypical or sterile. Exoantigen tests 
and nucleic acid probes for specific identification of these pathogens 
have now been developed. These techniques involve less handling 
of these pathogens and are far quicker than the traditionally used 
methods for converting the organisms to their parasitic phase 
in vitro. 


The situation is rather different with the opportunistic infections, 
where the pathogens are widespread in the environment. The iso- 
lation of a few colonies of Aspergillus from a non-sterile site such as 
sputum may be difficult to interpret. However, the isolation of an 
opportunistic pathogen from a normally sterile site should always 
be taken seriously. 

The use of molecular diagnostic methods such as PCR-based 
methods for the diagnosis of systemic mycoses will increase, 
although such tests have seldom been standardised. At present 
they are used in a few laboratories for the commoner mycoses such 
as systemic Candida infections and candidaemia. They have good 
sensitivity and specificity and are likely to be used with increasing 
frequency in the future as they are more rapid than culture-based 
methods. At present they are more accurate for confirming the 
species rather than identifying the infection in pathological material. 


Histoplasmosis eC 


Definition and nomenclature 

This is a highly infectious mycosis caused by Histoplasma capsulatum 
and affecting primarily the lungs, where it is generally asymp- 
tomatic [1]. The fungus is intracellular, parasitising the reticuloen- 
dothelial system and involving the spleen, liver, kidney, central 
nervous system and other organs. Rarely, the disease may become 
chronic, progressive and fatal. 


Introduction and general description 

Histoplasmosis results from infection with the dimorphic fungus, 
H. capsulatum. Previously two varieties of the fungus were differ- 
entiated: var. capsulatum or the closely related var. duboisii. The 
two varieties are differentiated on the basis of the yeast phase cell 
sizes, with var. capsulatum having smaller cells than those of var. 
duboisii. However, recent molecular studies demonstrated that there 
were multiple clades within H. capsulatum and that the assignment 
of three varieties (including var. farciminosum in horses and var. 
duboisii) were not phylogenetically relevant [2]. The African clade 
contained isolates previously classed as H. capsulatum var. duboisii, 
as well as H. capsulatum var. capsulatum and H. capsulatum var. 
farciminosum. However, despite this, there are important differences 
between the two morphological forms in their epidemiology and 
clinical manifestations. They show some subtle antigenic differ- 
ences but their mycelial phases are identical. Therefore the old 
terminology, var. capsulatum and var. duboisii, will be used here until 
there is a clearer genetic explanation for these differences. Other 
species. H. ohiense, H. mississipiense and H. suramericanum cause 
pulmonary infections. 


Epidemiology 
The disease caused by H. capsulatum var. capsulatum, referred to here 
as histoplasmosis (small-form histoplasmosis), is widely distributed 
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throughout the world, occurring in some 60 temperate and tropical 
countries in the Americas, Africa and Australasia [1]. It has been 
widely studied in the USA, where the number of human infections 
has been estimated at 30 million. It is highly endemic in the Mis- 
sissippi and Ohio valleys. In certain areas, more than 80% of the 
population are known to have acquired the infection, as revealed by 
cutaneous reactivity to histoplasmin [3]. Infections with the duboisii 
form, known as African histoplasmosis or large-form histoplasmo- 
sis, have been reported only from Africa. 


Age 
Infants and children are frequently infected. 


Sex 
Among adults the rate is highest in male agricultural workers. 


Ethnicity 
There is no ethnic predisposition. 


Associated diseases 

Lymphoma appears to favour the development of the infection [4]. 
In addition, histoplasmosis is an important complicating infection 
in patients with AIDS [5,6]. 


Pathophysiology 

Pathology 

Histoplasmosis is normally a pulmonary infection which may 
spread through the bloodstream to affect other sites. Rarely the 
organism can be introduced by direct inoculation, usually as a result 
of a laboratory accident, to cause a local lesion with involvement of 
regional lymph glands (primary cutaneous disease). 


Causative organsms 
Histoplasma capsulatum exists as a saprophyte in nature and has 
often been isolated from soil, particularly when contaminated with 
chicken feathers or droppings. Other birds, such as starlings, and 
bats have also been implicated in the establishment of saprophytic 
reservoirs of infection. 


Genetics 
There is no known genetic predisposition. 


Environmental factors 

The fungus has been demonstrated in the soil of caves inhabited by 
bats and in endemic areas histoplasmosis is recognised as a haz- 
ard to cave explorers. H. capsulatum var. capsulatum has been iso- 
lated from the organs and faeces of house-dwelling bats in Panama. 
Its spores are infectious not only to humans, but also to small ani- 
mals such as dogs, cats and rats. The disease is not transmitted from 
human to human or from animal to human, but by the inhalation 
of air-borne conidia. Epidemics have occurred from time to time 
among people exposed to spore-charged atmospheres when explor- 
ing caves or cleaning out sites rich in the excrement of birds. Infec- 
tion may follow the introduction of spores through the skin and 
mucous membranes, as in laboratory workers. 


Clinical features [1] 

History 

Benign forms of the disease, which heal by calcification, are indis- 
tinguishable on X-ray from tuberculosis. The spectrum of disease 
ranges from asymptomatic as well as symptomatic and benign infec- 
tions to the progressive disseminated variety with blood spread to 
all organs. Primary coin lesions have been demonstrated as well 
as areas of cavitation. All varieties are reminiscent of tuberculosis. 


Presentation 

Skin lesions are more common with var. duboisii than with var. 
capsulatum. Indeed, whereas the skin is rarely affected in histo- 
plasmosis except in AIDS patients, it is often involved in African 
histoplasmosis. 

Although primary inoculation can rarely produce a local granu- 
loma or ulcer, most skin lesions in histoplasmosis arise following 
dissemination from the primary pulmonary focus. Papules, ulcers, 
nodules, granulomas, abscesses, fistulae, scars and pigmentary 
changes may be seen, and there may be secondary involvement of 
the skin with osteomyelitis [7]. Involvement of the skin in some 
immunosuppressed patients may produce a condition resembling 
cellulitis [7]. 

Asymptomatic forms of histoplasmosis, indicated by the presence 
of positive skin test reactivity without evidence of infection, are 
common in endemic areas [3]. It is likely that this form of exposure 
is the dominant pattern, unless other factors such as a massive 
inoculum (exposure in a bat-infested cave) or defective host defence 
are present. 


Clinical variants 

Various clinical variants are discussed. The four main clinical vari- 
eties of histoplasmosis are acute pulmonary, acute disseminated, 
chronic pulmonary and chronic disseminated forms. 


Acute pulmonary histoplasmosis. The patient has the usual symp- 
toms of acute infection of the lungs and X-ray examination of the 
chest reveals diffuse mottling or localised infiltration. However, this 
acute pulmonary form must be considered uncommon, as a great 
majority of people in endemic areas who have shown reactions 
to histoplasmin testing and are assumed to have acquired their 
infection by the pulmonary route have done so without developing 
recognisable signs and symptoms. Even in such cases, the organism 
is not limited to the lungs but is disseminated throughout all parts of 
the reticuloendothelial system. Associated erythema multiforme or 
erythema nodosum have been observed. This skin reaction occurs 
very early in the disease, but the association with histoplasmosis 
may not be apparent for several weeks. 


Acute disseminated forms. In this uncommon type, the lungs 
may be consolidated as a result of inhalation of many spores of 
Histoplasma and, although the pulmonary signs are prominent, 
there is also enlargement of the liver and spleen, fever, anaemia, 
loss of appetite and generalised enlargement of the lymph glands. 
In such circumstances, any of the manifestations listed may be 
prominent, and the clinical features can be infinitely variable. 
Pulmonary manifestations may simulate miliary tuberculosis. 


Indurated granulomatous ulcers of the mouth, nose and larynx 
are often present and are distinctive [8]. Progressive emaciation, 
induced by gastrointestinal involvement, contributes to a fatal 
outcome after a course of weeks or months. Cutaneous or mucocu- 
taneous granulomas are often seen in association with disseminated 
disease [9,10]. This is the form seen in patients with AIDS [11]. In 
AIDS patients, multiple small skin nodules may develop, the skin 
being more often involved than in other patient groups [4,5]. Often, 
papules have central softening. 


Chronic pulmonary histoplasmosis. This usually occurs in adults 
and also closely resembles tuberculosis with pulmonary 
involvement. 


Chronic disseminated forms. These may appear months or years 
after a patient has left an endemic area. The most common clin- 
ical presenting features are oral ulceration and Addison disease 
caused by adrenal infiltration. Mouth ulcers are large and may 
be chronic [8]; laryngeal involvement, ulceration or granuloma 
formation may also occur. Patients should be investigated for 
adrenal insufficiency, as this may appear for the first time during 
treatment. Ultrasound scans are useful for screening for adrenal 
enlargement [12]. 


Primary cutaneous histoplasmosis. This is very rare and appears 
after inoculation of the organism into the skin. The primary 
lesion is a nodule or indurated ulcer and there is often local 
lymphadenopathy [1]. 


Other forms of histoplasmosis. Other forms can be recognised. 
Dissemination may occur shortly after infection, or there may be a 
latent period of many years. Moreover, the severity of the condi- 
tion may be influenced by various predisposing causes including 
leukaemia, corticosteroid treatment, lymphoma, diabetes, carci- 
noma, AIDS and systemic collagen disease [11,13]. 


African histoplasmosis. The clinical appearance of African forms of 
histoplasmosis are variable, and the disease is sporadic and uncom- 
mon [14]. It is confined to the areas south of the Sahara and north 
of the Zambezi river. The most common sites clinically involved 
in African histoplasmosis are the skin and bone, although lymph 
nodes and other areas including the lungs may be affected [15]. 
Skin lesions range from small papules resembling molluscum con- 
tagiosum, to abscesses or ulcers [16]. It is useful to screen patients 
with a bone scan or X-rays to exclude bone foci of infection [17]. 
The course of the disease is usually chronic, although some patients 
appear to develop a more rapidly progressive, disseminated type of 
infection. However, this form of histoplasmosis has only rarely been 
seen in AIDS patients. The diagnosis is confirmed by microscopy 
(direct or histopathology) and culture. Serology, using conventional 
tests, is often negative in African histoplasmosis. 


Differential diagnosis 

This includes other systemic mycoses such as Talaromyces infec- 
tions and cryptococcosis. Skin lesions may resemble molluscum 
contagiosum. 
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Investigations 

The diagnosis of histoplasmosis is established by identifying the 
small intracellular yeast cells (2-5 1m) of Histoplasma in sputum, 
peripheral blood, bone marrow or biopsy specimens. Lymph node 
aspiration may also be employed. Care should be taken in areas 
endemic for Talaromyces marneffei as the two organisms are of a sim- 
ilar size, although the latter shows characteristic septal formation 
rather than budding. Histoplasma is predominantly an intracellular 
parasite, growing within the cells of the reticuloendothelial system 
as an oval yeast (Figure 32.57). All phagocytic cells of the retic- 
uloendothelial system are involved, including those in the liver, 
spleen, lymph nodes and bone marrow, so that the cytoplasm is 
swollen with masses of fungal cells. There is, at first, little tissue 
reaction; later, necrosis takes place to be followed by granulomatous 
changes and fibrosis. H. duboisii is usually distinctive in having a 
much larger tissue form. It often elicits an inflammatory response in 
which giant cells predominate. The intracellular yeasts are clearly 
seen with specific fungal stains such as methenamine silver and 


(b) 


Figure 32.57 Histoplasmosis capsulatum var. capsulatum. (a) Tissue section. The tiny 
yeasts, stained black with GMS, are largely intracellular. (b) Oil immersion. The typical 
budding yeasts are clearly visible. Compare with Talaromyces marneffei infection (see 
Figure 32.62). Courtesy of the Department of Medical Mycology, St John’s Institute of 
Dermatology, King’s College London, London, UK. 
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PAS. The identity of the organism should be confirmed by culture. 
Some workers consider that cultures should be maintained for 
up to 12 weeks before reporting negative results, although more 
commonly they are kept for 4-6 weeks. 


Histoplasma capsulatum. Colony: at 30°C the growth may initially 
be waxy, but surface mycelium usually develops to produce white 
or tan, cottony colonies. Microscopy: two types of conidia are 
formed: large (8-15ym), rounded or occasionally pear-shaped, 
unicellular, tuberculate macroconidia; and small, oval, smooth or 
roughened microconidia. Physiological tests: ideally, cultural identi- 
fication should be confirmed by demonstrating eluted Histoplasma- 
specific antigens by using an exoantigen test or a nucleic acid 
hybridisation test. However, if these techniques are not available, 
a suitable medium for conversion to the yeast phase is brain—heart 
infusion agar supplemented with 10% sheep’s blood, 1% glucose 
and 0.1% cysteine. 

Serological tests: the intradermal histoplasmin skin test is an 
epidemiological tool that is of no help in diagnosis because it is neg- 
ative in many patients with disseminated histoplasmosis. A rising 
complement fixation titre indicates dissemination. Precipitins are 
also valuable because some antigens, designated H and M, correlate 
well with active or recent infection [18]. The histoplasmin skin 
test should not be performed before the serological test as it may 
produce a rise in the serological titre. Several serological kits are 
now sold commercially for both complement fixation and double 
diffusion tests. A significant development has been the use of a 
serological test for the detection of circulating Histoplasma antigens 
[19], which is particularly helpful in AIDS patients. The test can be 
used with serum or urine, although at the moment there is only one 
laboratory that offers commercial testing. 


Management 

All forms of histoplamosis require treatment with antifungal drugs, 
although in some acute forms of pulmonary histoplasmosis there 
is spontaneous recovery without treatment. 


First line 

The choice of therapy for histoplasmosis has become considerably 
wider in recent years. For many disseminated or localised forms 
of the disease, oral itraconazole is highly effective [20], including 
the treatment of the disease in AIDS patients, where long-term 
suppressive therapy is usually needed. It appears that the use of 
HAART may reduce the requirement for maintenance therapy in 
some cases. Posaconazole and fluconazole are alternatives [20]. 
Amphotericin B is useful and is used in those with widespread 
and severe infections, particularly where an intravenous drug is 
needed [3]. The acute pulmonary forms of histoplasmosis require 
no specific antifungal therapy. 

In African histoplasmosis, there is evidence that itraconazole 
or ketoconazole are effective [21]. An alternative in severe cases 
is amphotericin B [16]. Some patients with solitary skin lesions 
may simply respond to excision without chemotherapy, although 
antifungals should be given where possible. 


Treatment ladder for histoplasmosis 


First line 

¢ Itraconazole 100 mg daily until clinical remission 

¢ For patients who are severely ill, amphotericin B 0.5-1 mg/kg 
daily (or liposomal amphotericin B 3mg/kg daily) for 2 
weeks. Itraconazole 200 mg once or twice daily may then be 
used for a further period depending on clinical response 

e For mild disease, patients can be started straight on 
itraconazole 200 mg daily for a period determined by clinical 
response 


Second line 

e Fluconazole 800 mg daily for 3 months and then 400 mg daily 
until clinical remission is achieved 

e There is insufficient evidence to recommend posaconazole at 
present 


Blastomycosis — | 


Definition and nomenclature 

Blastomycosis is a chronic granulomatous and suppurative mycosis 
caused by Blastomyces dermatitidis and other species such as B. per- 
cursus and B. emzantsi (Africa). It affects primarily the lungs but dis- 
seminating forms also affect the skin, bones, central nervous system 
and other sites. 


Epidemiology 

Incidence and prevalence 

The condition was originally thought to be restricted to the North 
American continent where it extends from Canada, particularly 
Quebec, through the USA with occasional cases in Mexico and Cen- 
tral America. The largest number of cases is seen in the Mississippi 
valley [1]. Blastomycosis, however, is now known to be widely 
distributed in Africa, with the largest numbers of cases coming 
from Zimbabwe [2,3], and cases have also been reported from the 
Middle East [4], India [5] and Poland. The incidence of infections 
tends to be highest in rural areas [1] and in agricultural workers. 
Human-human transmission does not normally take place. The 
fungus has also been recovered from domestic animals (e.g. dogs). 


Age 

As with most of the systemic mycoses, adult males are most com- 
monly affected, the majority being between the ages of 30 and 50 
years. Indeed, some 86% of recorded cases are males. 


Associated diseases 
Blastomycosis is not common in patients with HIV/AIDS. 


Pathophysiology 

Blastomyces dermatitidis has only rarely been isolated from the envi- 
ronment. Studies suggest that its natural substrate may be wood 
debris or soil close to rivers or subject to flooding [6,7]. The fun- 
gus can grow in sterile soil in the laboratory, and it is believed that 
humans are infected by the inhalation of spores from a saprophytic 
source. However, primary skin infection also occurs, particularly in 
laboratory workers or pathologists. 


Predisposing factors 
Blastomycosis is an infection that can affect otherwise healthy indi- 
viduals as well as the immunosuppressed. 


Pathology 

The tissue reaction, and ultimately the course and prognosis, 
are determined by the immunological response of the patient. 
Primary lesions, usually pulmonary, sometimes cutaneous, 
develop 1-3 weeks after infection and are associated with regional 
lymphadenopathy. 


Clinical features [8] 

History 

As the source of exposure is not yet known there is no known incu- 
bation period. 


Presentation 
There are three forms of blastomycosis: primary cutaneous, pul- 
monary and disseminated. 


Clinical variants 

Primary cutaneous blastomycosis. This is very rare and follows 
trauma to the skin and introduction of the fungus. The condition 
has been seen mainly in laboratory workers (e.g. pathologists 
carrying out autopsy examinations) [9]. After inoculation, a red, 
indurated area with a chancre appears in 1-2 weeks with associated 
lymphangitis and lymphadenopathy. There may be some consti- 
tutional reaction. There is a strong tendency towards spontaneous 
recovery. 


Pulmonary blastomycosis. This is very similar to pulmonary tuber- 
culosis. There may be no symptoms, or there may be low-grade 
fever, chest pain, cough and haemoptysis. Occasionally, erythema 
nodosum develops [8]. The pulmonary lesion may resolve, or 
there may be cavity formation with lung abscess. In most cases, 
other organs are also affected [10]. The disease, if untreated, may 
frequently disseminate and often progresses to death. Mild, asymp- 
tomatic, self-limiting infections, common in histoplasmosis and 
coccidioidomycosis, may occur [11], but are probably uncommon. 


Disseminated blastomycosis. When the infection spreads from the 
chest, lesions develop in many organs, commonly the skin, bones 
and central nervous system [12]. Mucous membranes are rarely 
involved. One or many skin lesions may be present [13]. These 
are often symmetrical and usually on the trunk rather than on 
the exposed parts. Each consists of a papule or nodule that may 


Figure 32.58 Cutaneous blastomycosis. Courtesy of Dr M. James, Royal Berkshire 
Hospital, Reading, UK. 


ulcerate and discharge pus. The lesions enlarge at the periphery 
and tend to show central scarring, which may be dense. Eventually, 
after a relentless progress for months, the lesion is serpiginous 
in outline, the borders are raised and warty (Figure 32.58), and 
have a violaceous margin studded with miliary abscesses contain- 
ing the organisms [8]. Other patients may present with nodules 
and abscesses. African patients with blastomycosis have a higher 
frequency of skin and bone involvement [2]. 


Differential diagnosis 

The microabscesses are the distinctive clinical feature, but the 
chronic granulomas of the skin must be differentiated from tubercu- 
losis, syphilis, leprosy, pyoderma gangrenosum and drug reactions 
resulting from bromides and iodides. Pulmonary lesions, which are 
invariably present, necessitate X-ray examinations of the chest and 
differentiation from tuberculosis and other infections, and from 
neoplasia. The diagnosis of the skin lesions is established by direct 
microscopy of pus in 10% potassium hydroxide and confirmed by 
culture or biopsy. 


Investigations 

The fungus can be observed in potassium hydroxide mounts of pus 
or scrapings as rather thick-walled, rounded, refractile, spherical 
yeasts with broad-based buds. Tissue sections must be scanned 
carefully to identify organisms (Figure 32.59). B. dermatitidis pro- 
duces budding yeasts with a characteristic broad base to the bud in 
the tissues. The skin lesions that follow bloodstream dissemination 
show marked epidermal hyperplasia, which may be pseudoepithe- 
liomatous in degree. Intra- and subepidermal polymorphonuclear 
abscesses and a granulomatous infiltrate are found in the dermis. 
These include giant cells of the Langerhans type, which contain the 
round or oval organisms with thick, refractile walls. Disseminated 
skin lesions may also take the form of abscesses with organisms in 
their walls or within giant cells, and a non-specific granulomatous 
infiltrate. 


Blastomyces dermatitidis. Colony: mycelium develops in culture 
at 30°C, the colonies being initially waxy, then cottony and white to 
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Figure 32.59 North American blastomycosis: tissue section. The large yeasts, stained 
pink with PAS, are characterised by the broad base of the buds. Courtesy of the 
Department of Medical Mycology, St John’s Institute of Dermatology, King’s College 
London, London, UK. 


tan. Microscopy: small, rounded or pear-shaped conidia (2-5 1m) 
are produced on short stalks arising at right angles from the 
hyphae. Physiological tests: exoantigen tests or nucleic acid probes 
are available for safe and rapid identification of the organism. 
Alternatively, conversion to the yeast phase can be achieved on 
blood-glucose-cysteine agar. Other species are identified using 
molecular methods. 

Serological tests: precipitating antibodies to B. dermatitidis are 
often present in the serum of infected subjects and a characteristic 
precipitin line, the E band, has been described in a high proportion 
of established cases [8]. 


Management 
All variants of the disease require treatment. 


First line 

In most cases itraconazole appears to be effective and has the advan- 
tage that it can be given orally [14]. The best regimen is not clear, 
but at least 400 mg daily should be given initially. 


Second line 
Amphotericin B is still used for the treatment of widespread dis- 
seminated forms of blastomycosis [8]. Ketoconazole is an alternative 
therapy [15]. 


Treatment ladder for blastomycosis 


First line 

¢ Itraconazole 200-400 mg daily until clinical remission 

e For patients who are severely ill, amphotericin B 0.5-1 mg/kg 
daily for 2 weeks followed by itraconazole for a further 
period depending on clinical response 


Coccidioidomycosis —— 


Definition and nomenclature 

This is a (primary) respiratory fungal infection caused by Coccid- 
ioides immitis and C. posadasii, which may become progressive and 
disseminated, with severe or fatal forms. 


Epidemiology 

Coccidioidomycosis is endemic in desert areas of the southwestern 
states of the USA and in parts of Central and South America [1]. 
Molecular studies have shown that there are two species of Coccid- 
ioides: C. immitis which occurs only in California and C. posadasii 
which occurs elsewhere [2]. However, on the basis of clinical and 
microbiological characteristics these two species cannot be differ- 
entiated routinely. Cases described outside this area are imported 
infections. The climate in endemic areas is characterised by high 
mean January and July temperatures and an annual rainfall of 
12-50 cm. There is clear evidence that human infection may develop 
from a very short residence in, or even a journey through, an 
endemic area, so that with increasing travel, cases of coccid- 
ioidomycosis are found in many parts of the world. Skin tests have 
shown that the incidence in endemic areas may be as high as 95%. 
It is a widespread and important disease only within these regions. 


Age 
It affects any age. 


Sex 
There is a higher risk of dissemination in pregnant women. 


Ethnicity 
There is a higher risk of disseminated infection in patients with 
Latin, native American and African American backgrounds. 


Pathophysiology 

The fungus is a soil inhabitant; infection of humans and a wide 
variety of domestic and wild animals is acquired by inhalation of 
fungus-laden dust particles. The control of dust therefore becomes 
important in the prevention of the disease [3]. Primary infection 
of the skin is rare but is known to occur [4]. The inhaled spores 
(arthroconidia of the saprophytic mycelial phase) develop in the 
lung tissue to form spherules — large, round, endospore-containing 
structures, which when mature are usually 30-80 1m in diameter 
(Figure 32.60). Between 2 and 6 weeks after exposure, the patient 
becomes sensitive to an intradermal skin test using the fungal anti- 
gen, coccidioidin. The primary lesion is associated with regional 
lymphadenopathy, but usually there is no further spread. If sec- 
ondary dissemination occurs, granulomatous lesions with giant 
cells and epithelioid cells are produced. 


Figure 32.60 Coccidioidomycosis tissue section. Spherules of various sizes are stained 
black with GMS. In the top left-hand part of the slide, freshly released endospores are 
visible. Courtesy of the Department of Medical Mycology, St John’s Institute of 
Dermatology, King’s College London, London, UK. 


Pathology 

In histological sections of active lesions, spherules with endospores 
can usually be demonstrated with routine staining, but in lesions 
with immature, empty or degenerate fungal spherules this may be 
difficult or impossible. Spherules may be seen within the cytoplasm 
of histiocytes and in giant cells of the foreign-body type. The fungus 
can be easily demonstrated by the use of special fungus stains such 
as PAS or silver impregnation stains. 


Causative organisms 
The causative organisms are C. immitis and C. posadasii. 


Clinical features [1] 

History 

The severity of coccidioidomycosis varies from a very mild, inap- 
parent, upper respiratory tract infection to an acute, disseminated 
fatal disease. 


Presentation 

The primary pulmonary form, which is the most common form, is 
sometimes asymptomatic, but may simulate influenza (Chapter 47) 
or, occasionally, pulmonary tuberculosis. Erythema multiforme 
or erythema nodosum (Chapter 97) occurs from the third to the 
seventh week in some 3-25% of patients, particularly in females. In 
endemic areas, coccidioidomycosis is often the most common cause 
of erythema nodosum. There may be accompanying uveitis and 
arthralgia. 

Pulmonary symptoms, when present, include pain resembling 
pleurisy, and often very sudden and acute shortness of breath, 
cough and associated pyrexia. Generalised aches, malaise and 
lassitude may occur, and there may be severe headache. An early, 
generalised, red, macular rash is seen in 10% of patients. The 
exceedingly rare primary skin lesions are painless, firm, indurated 
nodules often occurring 1-3 weeks after local trauma. Regional 
lymphadenopathy develops but spontaneous healing follows after 
a few weeks [5]. 


Clinical variants 

Disseminated coccidioidomycosis is uncommon and develops in 
fewer than 0.5% of infected individuals, usually in black, Filipino 
or immunosuppressed patients [6]. It may develop rapidly by 
blood spread of endospores to all organs, or insidiously from a 
pulmonary lesion after a period of quiescence. The death rate in 
acute disseminated disease, or with meningitis, is very high [7]. 
Disseminated lesions may occur in the skin, subcutaneous tis- 
sues, bones, joints and all organs. The skin lesions may appear as 
abscesses, granulomas, ulcers or discharging sinuses, particularly if 
there is underlying bone or joint disease [4]. 

Persistent and progressive pulmonary involvement and dissem- 
ination of infection are seen, including the appearance of multiple 
skin lesions in patients with AIDS [8]. Prolonged and progressive 
pulmonary infection may also occur in AIDS patients. 


Differential diagnosis 

The clinical manifestations of the disease are so varied that the 
condition must be differentiated from most chronic infectious con- 
ditions. Residence in, or travel through, an endemic area might 
suggest the diagnosis. 


Disease course and prognosis 
The prognosis for the primary form is excellent; untreated, acute 
disseminated forms are fatal. 


Investigations 

The large (usually 30-80 pm, occasionally larger) globular spherules 
may be seen in potassium hydroxide mounts of sputum, cere- 
brospinal fluid or pus. Confirmation depends on the isolation of the 
fungus in culture. 


Coccidioides immitis and C. posadasii. Colony: cultures of C. immi- 
tis and C. posadasii are mycelial, fast growing, initially waxy then 
cottony, and white to tan [9]. Microscopy: characteristic thick-walled 
arthroconidia, separated from each other by alternate empty cells, 
are observed. Physiological tests: exoantigen testing and PCR 
probes are available for identification. If necessary, conversion can 
be achieved using the modified Converse medium [10]. 

Serological tests: these are of value in diagnosis and prognosis of 
the disease. Precipitins develop in up to 90% of infected individuals 
within 2-4 weeks but are short lived; complement fixing (CF) anti- 
bodies are characteristic of more severe infections and increase to a 
maximum after 6 months. A rise of CF antibodies indicates dissem- 
ination while a decrease parallels clinical improvement. 

Skin tests with coccidioidin are of little value in diagnosing 
infections [1]. Patients with coccidioidomycosis may cross-react to 
histoplasmin, but responses are usually much milder, and seldom 
cause confusion with the specific reaction to coccidioidin. Spherulin, 
derived from the tissue form of C. immitis, is reported to be superior 
to coccidioidin in detecting cutaneous hypersensitivity in both 
epidemiological and clinical settings [11]. In severe infections, 
cutaneous anergy is common [12]. 


Management [1] 
In the primary pulmonary infection, no specific therapy apart from 
rest is necessary. There is little evidence that the use of an oral azole, 
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such as itraconazole, in patients with erythema nodosum is helpful 
in reducing symptoms, and it may aggravate the situation. For dis- 
seminated disease, the approach depends on the form of disease. 


First line 

Oral itraconazole (200-400 mg daily) and fluconazole (400-800 mg 
daily) are effective in some forms of localised infection such as 
solitary disseminated skin lesions [5] — the duration depending 
on the clinical response. Itraconazole may be effective in other 
disseminated forms of disease [13]. At present there is insuffi- 
cient evidence on the most effective doses of the newer antifungal 
drugs voriconazole and posaconazole and these are second line 
treatments. Intravenous amphotericin B (0.5-1 mg/kg daily) or 
liposomal amphotericin (3mg/kg daily) is used for many of the 
other clinical forms of coccidioidomycosis, including severe dis- 
ease for periods of between 2 and 4 weeks [14]. The most difficult 
complications to treat at present are meningitis and joint infections. 
Neither of these responds well even to newer therapies, although 
temporary improvements may be achieved. 


Paracoccidioidomycosis | 


Definition and nomenclature 

This is a chronic granulomatous fungal infection caused by mem- 
bers of the species complex, Paracoccidioides brasiliensis, affecting the 
skin, mucous membranes, lymph nodes and internal organs [1]. 


Epidemiology 

Paracoccidioidomycosis has been reported from most Latin Ameri- 
can countries, but the infection is most commonly found in Brazil, 
particularly in the state of Sao Paulo [2], Colombia and Argentina. 
The infection is not known in other continents. The disease is not 
transmitted directly from person to person. The condition is much 
more frequent in rural areas. 


Age 
It is rare in children. 


Sex 

Adult males between the ages of 20 and 50 years are most frequently 
infected, although exposure rates are equal across the two sexes [3]. 
The infection is very uncommon in women. 


Pathophysiology 

It is thought that the fungus occurs as a saprophyte on vegetation 
or in soil [4]. P. brasiliensis is likely to gain entry to the body after 
inhalation via the respiratory tract, as with the other dimorphic 
fungal infections. Susceptibility to P. brasiliensis may be related 
to HLA-A9. This antigen has been found more frequently in pro- 
gressive pulmonary forms of the disease than in patients with 


extrapulmonary involvement. The inhibition of the yeast phase, the 
form seen in human infections, is at least partially dependent on 
the binding of oestrogen by the fungus, which may account for the 
marked sex difference in susceptibility [3]. 


Clinical features 

History 

The most common site of infection is the lung (pulmonary form), 
although skin and mucous membranes (mucocutaneous form) or 
lymph nodes (lymphatic form) are also often involved [4,5]. 


Presentation 

Many patients have a mixed type of infection with involvement of 
different organ systems. In most patients, the disease is only slowly 
progressive. 


Clinical variants 

Patients with pulmonary lesions present with weight loss and 
chronic cough. The lesions may be bilateral and nodular on X-ray, 
and there is often extensive fibrosis [6]. Mucocutaneous lesions may 
be present in patients with lung disease or can occur on their own. 
Oral or circumoral lesions are common in the mucocutaneous forms 
of paracoccidioidomycosis, although they may also occur in the 
nose, conjunctivae or anus. Lesions may be localised or diffuse. If in 
the mouth, a severe, painful, ulcerating stomatitis occurs. The ulcers 
become granulomatous and spread over the mucous membranes 
(the so-called ‘mulberry-like erosion’). Lesions of the gums are 
common: they loosen the teeth, which are usually lost. The tongue 
may be involved. The skin lesions may begin at the mucocutaneous 
junction by direct extension from the mouth, or there may be satel- 
lite lesions from autoinoculation [7]. Haematogenous or lymphatic 
spread results in subcutaneous abscesses. The cervical lymph nodes 
are sometimes enlarged early. They are palpable, painful, adherent 
to the overlying skin and may eventually suppurate with chronic 
sinus formation. If systemic spread occurs, the spleen, intestines, 
lungs and liver are involved; it is said that the intestines are often 
affected, with lesions eroding into the lumen. Bone lesions have 
been seen and the adrenals may be destroyed. The central nervous 
system may also be affected [1]. 

Untreated, the disease was fatal in a few months to a few years 
in 43% of proved cases [6,7]. The extensive, painful mouth lesions 
with loss of teeth interfere with feeding, and the patient becomes 
cachectic. Paracoccidioidomycosis is uncommon but does occur in 
AIDS patients, and widespread infections may develop in young 
adults or older children without recognisable predisposition. 


Differential diagnosis 

The frequency with which the mouth and gums are involved with 
a loss of teeth, the fact that there is no central scar formation, and 
the presence of marked lymphadenitis and lymphadenopathy 
differentiates paracoccidioidomycosis from blastomycosis. Other 
conditions to be considered are tuberculosis, syphilis, histoplasmo- 
sis, actinomycosis, sporotrichosis, rhinoscleroma and leishmaniasis. 
The organisms are readily found in biopsy specimens or in scrap- 
ings from the mucous membrane lesions. Aspiration of pus from 
lymph nodes will also provide material for microscopic examination 
and culture. 


Complications and co-morbidities 

See under clinical variants. Paracoccidioidomycosis is often associ- 
ated with severe fibrosis, and in oro-pharyngeal lesions contractures 
or laryngeal strictures can occur during or after therapy. 


Disease course and prognosis 
The disease course is chronic and disseminated forms can be fatal. 


Investigations 

Pus, exudates and scrapings examined in potassium hydroxide 
mounts may show rounded refractile cells, which can be dis- 
tinguished from Blastomyces dermatitidis when the characteristic 
multiple budding is seen. Yeasts range from 2 to 30 pm in diameter. 


Paracoccidioides brasiliensis. Colony: growth is much slower and 
more restricted than that of B. dermatitidis. Initially flat or wrin- 
kled and leathery, the colonies develop tufts of white to tan aerial 
mycelium. Microscopy: the hyaline, unicellular, pear-shaped coni- 
dia (3-4j1m) are borne directly on the hyphae or on short stalks. 
Very few conidia are produced. Physiological tests: an exoantigen 
test is available to identify the isolates; alternatively, conversion can 
be achieved on brain-heart infusion agar supplemented with 10% 
sheep’s blood. 

Serological tests: both complement fixation and immunodiffusion 
assays are useful in the diagnosis of this condition; antigen detection 
methods are in development [8]. In histological sections, the reac- 
tion resembles that seen in blastomycosis, namely granulomas with 
pyogenic inflammation. Giant cells are conspicuous and these fre- 
quently contain the rounded budding cells. Exceptionally, these may 
attain diameters of 60 1m. The tendency to produce many multilat- 
eral buds in tissue sections is diagnostic (Figure 32.61). In the skin 
and mucous membranes, there is pseudoepitheliomatous hyper- 
plasia with severe granulomatous inflammation; intraepithelial 
abscesses occur and these frequently communicate with the surface. 


Management 
All forms require antifungal therapy. 


Figure 32.61 Paracoccidioidomycosis. The yeasts, stained black with GMS, are 
characterised by the numerous peripheral buds produced. Courtesy of the Department 
of Medical Mycology, St John’s Institute of Dermatology, King’s College London, 
London, UK. 


First line 

The treatment of choice in most cases is itraconazole 200-400 mg 
daily, which can produce remission in 3-6 months [9,10]. Keto- 
conazole 200mg daily is an alternative. Relapse is common and 
long-term surveillance should be carried out. Some patients, partic- 
ularly those with more rapidly progressive and extensive infections, 
may require amphotericin B 0.5-1 mg/kg for 2 weeks followed by 
oral itraconazole 200 mg daily [1]. 


Infections caused by Ta. 
marneffei 


Definition and nomenclature 

Talaromyces (previously Penicillium) marneffei is a recently recognised 
fungal pathogen that causes a disseminated mycosis in both healthy 
and immunocompromised patients [1]. There is a strong associa- 
tion with AIDS (Chapter 31). 


Epidemiology 
Talaromyces marneffei infections in humans are confined to South-East 
Asia, particularly Thailand, southern China and Vietnam [2,3]. 
However, there are reports in other Asian countries, and imported 
cases have been seen in Europe and the USA [4]. Natural infections 
occur in bamboo rats, which are large, underground-dwelling 
rodents. Infections can occur in apparently healthy individuals, but 
it is a particular problem in severely immunocompromised patients 
in the endemic area. 

Itis rare in children and affects both sexes. HIV/AIDS or treatment 
with anti CD20 biologics may be associated. 


Pathophysiology 
Although the causative organism is thought to originate from soil, 
it has not been isolated from this source. 


Clinical features 

History 

It is not known if there is a subclinical form of this infection (cf. histo- 
plasmosis). 


Presentation 

Patients may present with respiratory symptoms, such as cough, 
chest pain and fever, or with signs of dissemination such as 
anaemia, multiple skin papules and hepatosplenomegaly. Skin 
lesions occur in over 50% of cases. They are small papules, ulcers 
or molluscum-like lesions. They are usually widely scattered on the 
face and trunk. T. marneffei infections are also seen in travellers to 
the endemic area. 


Differential diagnosis 
The main differential is with other disseminated mycoses, such as 
histoplasmosis and cryptococcosis, which can also be found in AIDS 
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patients in the endemic area. Biopsy and, where necessary, culture 
will distinguish between the different causes. 


Complications and co-morbidities 
These include fungaemia and dissemination to other sites. 


Disease course and prognosis 
Left untreated, this infection is fatal. 


Investigations 

Talaromyces marneffei forms characteristic cells that are divided by a 
septum in tissue (Figure 32.62). It does not produce buds. However, 
most cells in biopsy material are small, oval structures similar in 
size to Histoplasma capsulatum. Occasionally, larger banana-shaped 
cells are seen. The diagnosis can be made from appropriately stained 
biopsies, smears and blood films, although with experience the typ- 
ical cells can be distinguished on simple stains such as leishmanin. 


(b) 


Figure 32.62 Infection by Talaromyces (previously Penicillium) marneffei. (a) Tissue 
section. The tiny organisms are largely intracellular and look very similar to 
histoplasmosis at this magnification. (b) Oil immersion. The organisms divide by a central 
septum, rather than by budding. Sausage-shaped cells are also clearly visible. Courtesy 
of the Department of Medical Mycology, St John’s Institute of Dermatology, King’s 
College London, London, UK. 


The organism can be isolated in culture and is usually identified by 
molecular probes. Serological tests such as Western blot are available 
in specialised centres. 


Talaromyces marneffei. Colony: in culture, T. marneffei grows 
rapidly on glucose—-peptone agar as a green or greyish mould. It 
produces a diffusible red pigment. Microscopy: typical Penicillium 
conidiophores and phialoconidia are produced. Physiological tests: 
on glucose-peptone agar after incubation for 14 days at 37°C, the 
organism produces dry, yeast-like colonies. The cells are oval to 
elliptical and reproduce by fission. 


Management 
All cases should be treated with antifungals. 


First line 

In severe cases, amphotericin B is necessary. There is usually a good 
response to itraconazole 200-400 mg/day, which is given until 
clinical remission, but this may have to be given for a long period 
to prevent relapse. With antiretrovirals it is possible to withdraw 
itraconazole once the lesions have healed. 


Rare endemic n 


A new group of systemic infections caused by species of Emer- 
gomyces — E. pasteurianus, E. africanus, E. orientalis, E canadiensis 
and E. europaeus has been recognised. These are dimorphic fungi 
which invade following inhalation and can spread from the lung to 
other sites, particularly the skin, where they cause nodules, plaques 
or ulcers. These are often multiple. The source of Emergomyces 
is unknown although species DNA has been found in soil. The 
highest number of cases have been seen in South Africa but cases 
have also been recorded in China, Europe and North America. The 
infection usually occurs in severely immunosuppressed patients, 
including those with HIV. In tissue, the yeast fungi look identical 
to Histoplasma capsulatum but they can be grown in culture and 
identified by PCR. The infection responds to amphotericin B or an 
azole antifungal such as itraconazole or voriconazole [1]. 


Cryptococcosis 


Definition 

Cryptococcosis is an acute, subacute or chronic infection caused by 
the encapsulated yeast Cryptococcus neoformans or related species. 
There is a marked predilection for the brain and meninges, although 
the lungs and occasionally the skin and other parts of the body may 
be involved. 


Epidemiology 

Cryptococcosis, unlike many other systemic mycoses, occurs 
throughout the world [1]. The condition is not excessively rare, and 
the diagnosis is frequently unsuspected. It is particularly associated 
with AIDS and is now seen regularly in these patients if they are 
not receiving antiviral therapy. 


Age 
The disease usually occurs between the ages of 30 and 60 years, and 
is uncommon in childhood. 


Associated diseases 

Susceptibility is greatly increased by immunodeficiency states 
and neoplastic diseases, especially Hodgkin disease. Recognisable 
predispositions include AIDS, malignant lymphomas, sarcoidosis, 
collagen disease, carcinoma and systemic corticosteroid therapy [2]. 
Cryptococcosis has also been associated with immunosuppression 
in patients following renal transplantation. However, the main 
underlying disease is AIDS [3] (Chapter 31). The incidence of 
cryptococcosis in patients with established AIDS varies in different 
countries from 3-5% in the USA to 4% in the UK and over 12% in 
parts of Africa (e.g. Zaire) and Thailand. This resulted in an increase 
in the numbers of patients although this has now decreased with 
the wider availability of antiretrovirals. 


Pathophysiology 

The respiratory tract is the usual portal of entry, but primary 
cutaneous lesions may occur. C. neoformans is unusual among 
pathogenic fungi in its predilection for invasion of the central ner- 
vous system. Skin lesions occur in 10-15% of cases of disseminated 
cryptococcosis. 


Causative organism 

Cryptococcosis is caused by members of two species complexes, 
C. neoformans and C. gattii. These correspond to previous crypto- 
coccal serotypes known as A, D, B and C [1]: C. neoformans var. 
grubii is serotype A [4], C. neoformans gattii is serotypes B and C, 
and C. neoformans var. neoformans is serotype D. Interest has been 
stimulated by the observation that in Europe and much of the USA 
the neoformans and grubii varieties were dominant, whereas in much 
of the tropics including Africa the gattii forms were more common 
[5]. With the spread of HIV infection, the grubii, in particular, and 
neoformans varieties are found in AIDS patients. The neoformans and 
grubii varieties exist as saprophytes in nature, being particularly 
abundant in soils enriched with pigeon droppings. By contrast, 
C. gattii has been isolated from leaf and bark debris from red gum 
trees. Unusual among pathogenic fungi, Cryptococcus is a basid- 
iomycete. It is not known if spores produced by the sexual phase 
(basidiospores) constitute infectious propagules. Studies in vitro 
have shown that yeast cells of C. neoformans are susceptible to soil 
microorganisms, including bacteria and amoebae. 

Animal-human or human-human transmission of the disease 
has not been reported. Bird droppings act as an excellent culture 
medium and probably play an important part in promoting mul- 
tiplication of the fungus in contaminated soil and the provision 
of a significant reservoir of infection in the case of C. neoformans. 
The inhalation of small yeast forms that have been aerosolised is 
likely to be the main route of infection. It is assumed that C. gattii 
infections follow a similar route of infection, although the exact 
mode of pathogenesis is still not known. 


Pathology 
There may be minimal inflammatory reaction. The characteristic 
lesion consists of encapsulated budding cells mixed with a network 
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Figure 32.63 Cryptococcosis: tissue section. The mucicarmine stains the capsule 
specifically. The radiate spiny appearance is caused by shrinkage during processing. 
Courtesy of the Department of Medical Mycology, St John’s Institute of Dermatology, 
King’s College London, London, UK. 


of connective tissue, which enlarges and compresses the surround- 
ing tissues [6]. A specific stain for the capsule — mucicarmine — is 
available (Figure 32.63). Alternatively, a granulomatous reaction 
without caseation may be seen [7]. These clusters of cells are seen 
in most tissues of the body, but particularly in the central nervous 
system. In rare instances, cryptococci may proliferate in infected 
tissues in a non-encapsulated form. 


Clinical features [2,3] 
History 
There is no known incubation period. 


Presentation 

Systemic involvement is usual. The central nervous system mani- 
festations often predominate, presenting with meningitis or as focal 
brain lesions simulating a tumour. There is low-grade fever and 
general decline in health, ending in coma and death, usually within 
a few months or a year. Pulmonary or urinary tract cryptococcosis 
may occur without involvement of the central nervous system 
when the prognosis is believed to be favourable, as it is in the rare 
isolated cutaneous forms. In the disseminated disease, cutaneous 
lesions may precede or follow the signs of involvement of the 
central nervous system and lungs. These cutaneous and mucous 
membrane lesions, which occur in about 10% and 3% of cases, 
respectively, are seldom pathognomonic [6-10]. The most frequent 
types of lesions are firm or cystic, slow-growing, subcutaneous, ery- 
thema nodosum-like swellings. Acneform papules or pustules are 
characteristic of widespread systemic infection. They often occur 
around the nose and mouth. Any of these lesions may ulcerate 
or ulcers may develop in primarily unaffected skin, when they 
are often punched out with a rather distinctive rolled edge or are 
multiple and resemble molluscum contagiosum. Direct extension 
of infection to the skin from bony lesions may occur. 


Clinical variants 
Often, the term primary cutaneous cryptococcosis is used erro- 
neously to describe a solitary lesion of Cryptococcus on the skin as 


INFECTIONS & 


Vv) 
2a 
iS) 
= 
< 
= 
Vv) 
Lu 
LL 
< 


mM 
- 
< 
3 


32.92 Chapter 32: Fungal Infections 


i) 
a) 
4 
iS) 
= 
U 
Lu 
La 
< 


INFESTATIONS 


PART 3 


in many such cases there is evidence of systemic spread, implying 
that the skin lesion has developed after bloodstream spread from 
a primary lung focus [1]. Documented cases of primary cutaneous 
infection by inoculation occur but are rare. 

In AIDS patients, the manifestations of cryptococcosis are not 
greatly different from those seen in other groups. However, often the 
symptoms of meningitis are minimal and there is evidence of dis- 
semination, such as positive blood cultures or multiple skin lesions 
[1,11]. The skin lesions are often papules with central softening. 


Differential diagnosis 

Cryptococci may be recognised in smears of pus and of cere- 
brospinal fluid. When there is cutaneous involvement, cryptococci 
may be seen readily in and cultured from biopsy material. Their 
identity should be confirmed by culture. The diagnosis should 
particularly be considered when inflammatory nodules or ulcers 
develop in AIDS patients. However, similar lesions occur with other 
systemic mycoses, notably histoplasmosis and infections caused by 
Talaromyces marneffei. 


Disease course and prognosis 
It is chronic and fatal if untreated. 


Investigations 

The large (5-15 pm) budding cells with their characteristic capsules 
are best observed by direct microscopy of cerebrospinal fluid or pus 
in India ink or nigrosin mounts. Material suspected of containing 
C. neoformans should not be inoculated on to media containing 
cycloheximide, which inhibits growth. Incubation at 30°C for up to 
4 weeks is sufficient. 


Cryptococcus neoformans. Colony: the growth is soft, cream to pale 
brown and usually mucoid. Isolation of C. neoformans is facilitated 
by its tendency to form brown colonies on media made selective 
by the addition of various melanin precursors (e.g. Guizotia seed or 
caffeic acid media). Microscopy: yeasts alone are formed; no fila- 
ments are produced. Physiological tests: identification is based on 
such cultural characteristics as the ability to grow at 37°C, urease 
production, phenoloxidase production and the ability to assimilate 
creatinine and various carbohydrates. As with the identification of 
Candida species, commercial kits are widely used to identify Cryp- 
tococcus neoformans. C. gattii is identical using conventional culture 
techniques and can only be distinguished by molecular methods. 

Serological tests: these are rapid, specific and useful, particularly 
in disseminated or central nervous system infections. Serodiagno- 
sis is dependent on the detection of cryptococcal capsular antigen, 
using a latex agglutination test, an ELISA assay or a lateral flow 
device. High titres are found in AIDS patients in serum and cere- 
brospinal fluid. However, non-AIDS patients with single, localised 
skin lesions are often antigen negative. 


Management 
All patients should be treated with antifungal drugs. 


First line 
The mainstay of treatment in the non-AIDS patient is intravenous 
amphotericin B combined with flucytosine [12]. This should be 


used in most cases, except in the occasional patient without serious 
underlying disease, who has focal infections, such as a skin lesion, 
and in whom there is no evidence of systemic spread, where flucona- 
zole 400-600 mg/day may be used. In AIDS patients, the situation 
is more complicated as although rapid control can be obtained, 
oral therapy is usually used after initial treatment, although most 
patients on HAART appear to achieve remission [13]. The current 
strategy adopted by most units is to use amphotericin B with or 
without flucytosine or fluconazole for 7-14 days to induce remis- 
sion, followed by long-term oral fluconazole 200-400 mg/day given 
as out-patient therapy. 


Second line 
The use of higher doses of monotherapy with fluconazole 800- 
2000 mg daily is less effective. 


Treatment ladder for cryptococcosis 


First line 

e¢ Amphotericin B 0.5-1 mg/kg daily for 4-6 weeks or 
amphotericin B 0.2-1 mg daily (or liposmal amphotericin B 
3mg/kg daily) for 2 weeks 

e Followed by fluconazole 400 mg daily for 4 weeks or until 
remission 


Second line 
e Fluconazole 800 mg daily for 6-8 weeks 


Systemic candidosis -— Fa 


A general account of systemic candidosis is outside the scope of this 
text, but certain aspects impinge upon the dermatologist and are 
therefore considered [1,2]. There are also outbreaks of multi-drug 
resistant Candida auris in hospitals; this organism can be carried at 
skin sites but does not specifically cause skin lesions. 


Definition 
Systemic candidosis is an infection of deep organs, including the 
bloodstream, caused by Candida species. 


Pathophysiology 

In most cases of systemic candidosis, the causal organism origi- 
nates in the patient’s own gastrointestinal tract, and in patients 
with leukaemia or other serious illness prophylaxis with oral 
anti-Candida agents is indicated. Invasion by Candida along intra- 
venous infusion lines is also important and maceration or signs 
suggestive of cutaneous candidiasis on adjacent skin should not be 
ignored. 


Clinical features 

Typical lesions start as macules, become papular or nodular, and 
may show a pale centre. Some are likely to be haemorrhagic and may 
break down to form ecthyma gangrenosum-like lesions. Subcorneal 


pustules are not a feature, but follicular invasion by Candida leading 
to pustules and nodules in the scalp, beard, axilla and pubis may 
be characteristic of Candida septicaemia in heroin abusers [3]. Fever, 
diffuse muscle tenderness and a red macular rash are regarded as an 
indication for prompt skin biopsy in any compromised patient. 


Investigations 

The histology of a skin lesion showing Candida cells in the dermis 
provides a rapid diagnosis, often before a blood culture is positive. 
A minority of patients with Candida septicaemia manifest skin 
lesions, but, if suspected, lesions can be biopsied. 


Management 

The treatment of systemic candidosis with intravenous ampho- 
tericin B, caspofungin or azole drugs such as voriconazole or 
posaconazole is necessary. With fluconazole, isolates of the Candida 
strain should be tested for sensitivity if the patient fails to respond. 


Mucormycosis — CC 


Definition and nomenclature 
Mucormycosis is a systemic infection caused by mucoromycete 
fungi. 


Pathophysiology 

Mucormycosis is caused predominantly by species of Rhizomucor, 
Lichtheimia (formerly Absidia) and Rhizopus. Cunninghamella berthol- 
lettiae and Saksenaea vasiformis are less common causes. Although 
these are frequent in the natural environment, they are rare causes 
of invasive disease in patients made susceptible by diabetes (some- 
times in association with Covid-19 infection), neutropenia or renal 
disease [1,2]. Fatal infections have been reported in patients with 
burns. Apart from the invasion of necrotic burned areas or after 
severe trauma involving contact with soil, for example after a 
landslide, mucormycosis of the skin is uncommon. Necrotising 
infections of the skin associated with the application of dressings or 
wooden spatulas contaminated with Rhizopus microsporus (rhizopod- 
iformis) [3,4] have been described. Cutaneous lesions have been 
described in patients with lymphoma and kidney transplants [2]. 


Clinical features 
Lesions are progressive with necrotic ulcers similar to those 
described under necrotising fasciitis. 


Investigations 

Mucormycosis is usually diagnosed in autopsy or biopsy sections, 
based on the recognition of the broad and generally non-septate 
hyphae. 
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Management 

As early treatment is essential, the use of frozen sections from skin 
lesions for rapid histopathological examination has been advo- 
cated. However, organisms can be grown from tissue. Infections 
may respond to intravenous amphotericin but mortality rates 
remain high. 


Unusual causes of skin 
opportunistic systemic 


Most of the organisms that can invade the immunocompromised 
patient may cause skin lesions. Some of these infections, such as 
candidosis, mucormycosis and cryptococcosis, have been described 
previously. However, other organisms that can cause skin disease 
include Aspergillus [1,2], Trichosporon [3] and Fusarium [4]; all of these 
may affect the neutropenic patient. 

Aspergillus and Trichosporon usually produce large, scattered 
necrotic lesions, although with the latter, smaller papules and pus- 
tules have been seen. Fusarium and, more rarely, Acremonium 
infection, may produce target-like lesions, which may undergo 
central necrosis. In some cases of Fusarium infection, scattered skin 
lesions have been accompanied by digital cellulitis and superficial 
white onychomycosis caused by the same organism. 

Skin involvement has also been described in a variety of invasive 
infections affecting the paranasal sinuses such as those caused by 
Exophiala dermatidis. Skin lesions in these infections develop in 
severely sick patients. However, skin biopsy will sometimes 
reveal the true diagnosis. Treatment for these infections is usu- 
ally with amphotericin B. The response rates in both Fusarium and 
Trichosporon infections are low. 


Cutaneous infection c: 
Pneumocystis jiroveci 


Definition 

Pneumocystis jiroveci is an opportunistic fungal pathogen that is 
found in immunocompromised patients, including neonates, solid 
organ transplant recipients and AIDS patients. 


Pathophysiology 

Pneumocystis was previously regarded as a protozoan but molecular 
analysis has shown that it is best regarded as a fungus, although 
in certain structural features, such as its cell membrane, it differs 
from the fungal norm. 


Clinical features 
Usually a pulmonary infection, it has rarely been found to cause skin 
lesions in AIDS patients [1]. 


Investigations 
The organisms stain with methenamine silver and appear as round, 
non-budding structures 5-10 pm in diameter. 
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Management 
Treatment is with co-trimoxazole or pentamidine. 


Infections caused by Pyt 
insidiosum 


Definition and nomenclature 


Infections caused by Pythium species were first recognised in ani- 
mals in 1884, affecting mainly horses and mules. Since 1987, a num- 
ber of cases of human infection have been reported, nearly all of 
them from Thailand and in farmers exposed to swampy areas. 


Pathophysiology 


The organisms appear to invade blood vessels with large, sparsely 
septate hyphae, 3-20,m in diameter, similar to those seen in 
zygomycosis. It is now recognised, however, that the organism is 
not a true fungus and is probably more closely related to the algae. It 
is possible to isolate P. insidiosum on glucose—-peptone agar, but pro- 
duction of the characteristic motile biflagellate zoospores, necessary 
to speciate the isolate, requires special media and expertise [1]. 


Clinical features 


Affected patients have usually had severe infections with ascend- 
ing gangrene of the lower limbs. Most have had an underlying 


haemoglobinopathy such as thalassaemia [2]. 


Management 


There is no known effective treatment, apart from high doses of 


amphotericin B and amputation. 


Protothecosis — CC 


Definition 


Prototheca is generally accepted as a genus of achloric algae embrac- 
ing species of worldwide distribution. P. wickerhamii, P. xanthoriae 
(prev P. zopfii) and P. stagnora are rare opportunistic pathogens in 
humans [1]. Infections with green and blue-green algae, although 


recorded, are rarer still. 


Clinical features 


Lesions confined to the skin and subcutaneous tissues are generally 
located on exposed sites, and may be associated with trauma [2,3]. 
Papules, nodules, ulcers and multiple granulomatous lesions have 
all been described. In such cases, the organisms may be found 
in the dermis and epidermis. Protothecal bursitis, particularly of 
the olecranon bursa after injury, is also well documented, as are 
a few examples of widespread cutaneous, subcutaneous or deep 


infection in immunocompromised hosts including AIDS patients 
[4]. Colonisation of nails has been reported and Prototheca may 
occur as transients on the skin. 


Management 


Spontaneous recovery has occurred in one cutaneous infection. 
However, surgical excision is recommended for localised lesions 
and systemic amphotericin B, ketoconazole [5] or itraconazole have 
proved effective on occasions. 
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Anamorph 
Anthropophilic 
Arthroconidium 


Asexual 


Blastospore 
Cerebriform 
Chlamydospore 


Clavate 
Cleistothecium 


Conidiophore 


Conidium 
Dermatophyte 
Dimorphic 


Downy 
Ectothrix 


Endospore 
Endothrix 


Faviform 


Floccose 
Fusiform 
Geophilic 
Glabrous 
Grain 


Granular 
Hypha 


Intercalary 
Kerion 
Macroconidium 


An asexual state. 

Adapted to humans. 

A spore resulting from the breaking up of a hypha 
into separate cells; characteristic of the parasitic 
form of ringworm fungi. 

Reproduction not involving prior union of two 
nuclei. 

A spore formed by budding. 

Complex folding similar to the brain surface. 

A thick-walled cell, intercalary or terminal contain- 
ing stored food and able to function as a spore. 
Club shaped. 

A reproductive structure associated with the sex- 
ual state of ringworm fungi. 

A specialised structure of varying complexity that 
bears conidiogenous cells. 

An asexual spore. 

A ringworm fungus. 

Having two distinct forms, which often corre- 
spond to saprophytic and parasitic phases, respec- 
tively. 

Fluffy. 

Dermatophyte hair infection with hyphae inside 
the hair and a sheath of spores outside the hair. 

A spore formed internally (e.g. sporangiospore). 
Dermatophyte hair infection with fungus confined 
to the inside of a hair. 

Waxy, restricted, honeycomb-like growth of certain 
dermatophytes. 

Cottony. 

Spindle shaped. 

Soil inhabiting. 

Smooth, leathery. Non hairy. 

A compact agglomeration of fungal or actino- 
mycete elements formed in vivo. 

Texture similar to icing sugar. 

One of the branching filaments, septate or non- 
septate, that make up the vegetative mycelium of 
moulds. 

Not terminal. 

An intensely inflammatory ringworm lesion. 

The larger of the two types of conidia in those fungi 
that bear large and small (microconidia) spores. 
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INFECTION WITH HUMAN 


Nematoda is a diverse phylum that spans over 500000 species of 
‘roundworms’ and is considered to be the second largest phylum 
in the animal kingdom. Human nematode infections are often the 
result of a select group of species that includes angiostrongyliasis, 
ascariasis, dirofilariasis, enterobiasis, filariasis, strongyloides and 
trichinosis, among others. 

In these infections, the human becomes an obligatory host at a 
stage in the parasite’s life cycle. Helminths, including nematodes, 
may be long lived — up to 30 years for Schistosoma spp. and 17 years 
for Onchocerca spp. for example —- and constant reinfection in 
endemic countries gives rise to heavy worm burdens. All nema- 
todes must spend part of their life cycle outside the human body, 
either on soil or in water, or in an insect, crustacean or vertebrate 
intermediate host. Strongyloides stercoralis is the exception to this 
rule: autoinfection with this worm permits lifelong infections in 
humans. In some species of nematode, the worm is masked from 
immune recognition and large worm burdens may be tolerated with 
remarkably little clinical effect. For others, inflammation, often in 
response to naturally dying worms or their progeny, causes severe 
disease. By contrast, some helminths make excessive demands on 
the body’s nutritional reserves. 

A summary of the organisms and diseases caused by infection 
with human nematodes is provided in Table 33.1. 


Table 33.1 Organisms and the diseases caused in nematode infection. 


Disease Organism 


Onchocerca volvulus 
Mansonella streptocerca 
Wuchereria bancrofti 
Brugia malayi 

Brugia timori 

Loa loa 

Dracunculus medinensis 
Enterobius vermicularis 
Ancylostoma duodenale 
Necator americanus 
Strongyloides stercoralis (roundworm) 
Strongyloides stercoralis 


Onchocerciasis 
Streptocerciasis 
Lymphatic filariasis 


Loiasis 
Dracunculiasis 
Enterobiasis 
Ancylostomiasis 


Strongyloidiasis 


Onchocerciasis — Lae 


Definition and nomenclature 

Onchoceriasis, also known as ‘river blindness’, is caused by the 
filarial nematode, Onchocerca volvulus. The blackfly vector breeds 
near fast-flowing rivers and streams. The disease is second only to 
trachoma as an infectious aetiology of blindness worldwide. The 
disease typically affects rural communities and is a major cause 
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of blindness and cutaneous disease, most notably in sub-Saharan 
Africa [1]. 


Epidemiology 

Incidence and prevalence 

Worldwide, the number of infected people was estimated to be 
20.9 million in the year 2017. More than 99% of cases originate in 
31 countries in sub-Saharan Africa. Fewer cases have been identi- 
fied in Yemen, Central America, Mexico, Columbia, Ecuador and 
Venezuela. Of the infected, approximately 14.6 million have skin 
disease and 1.5 million are affected with visual impairment or 
blindness due to the disease [2]. 


Pathophysiology 

Pathology [3,4] 

Mature worms and microfilariae are found in granulomatous der- 
mal nodules (onchocercal nodules), often situated on the scalp of 
their hosts in Central America, but in Africa near bony promi- 
nences on the trunk and limbs or in the natal cleft. The nodules 
measure some 3-35 mm in diameter, and consist of an outer layer of 
fibroblasts, which contains the parasites in an organised fibrinous 
exudate. Inflammatory cells and sometimes giant cells tend to 
accumulate around the worms. Calcification may also occur. 

Microfilariae migrate mainly in the dermis. Their death causes 
an inflammatory response. With chronic disease these changes are 
replaced by fibrosis and atrophy of dermis and epidermis [4,5]. 

The numbers of microfilariae can vary greatly. In some instances, 
there is a dense predominantly perivascular reaction with mononu- 
clear cells and eosinophils, but few microfilariae [6]. At its severest, 
this is accompanied by marked acanthosis and hyperkeratosis. 
The reason for this extreme reaction is unknown, but specific 
antibody isotypic responses from patients with this form of 
onchocerciasis recognise a collagen antigen expressed by a spe- 
cific nematode gene, which suggests that cross-reaction between 
antibodies to Onchocerca and human collagen might play a role 
in the pathogenesis of this condition [7]. Moreover, differences 
in severe and mild reactions related to the amount of Wolbachia 
symbiote found in different strains of O. volvulus [8]. Often in 
individuals with minimal clinical lesions and dermal inflammation, 
there is the highest density of dermal microfilariae (Figure 33.1). 
In these patients, there is evidence of defective T-lymphocyte 
stimulation by certain filarial antigens, which can be reversed by 
treatment [9]. Conversely, activation of T-cell mediated pathways is 
associated with the highly inflammatory forms such as lichenified 
onchodermatitis (LOD) [10]. 

Microfilariae also invade the eye, where they cause keratitis, 
posterior choroiditis, uveitis and optic neuritis, which can lead to 
blindness. Free microfilariae also penetrate superficial lymphatic 
vessels and may be found in the urine, tears, sputum, cerebrospinal 
fluid and, occasionally, in vaginal smears or irrigation sediment. 
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Figure 33.1 Microfilaria of Onchocerca volvulus in the upper dermis. Note the absence 
of inflammation around the live organism. Courtesy of Dr C. McDougall. 


Causative organisms 

© Onchocerca volvulus, a filarial nematode 

Humans are infected with O. volvulus through the bite of a blackfly 
of the Simulium genus. Larvae develop in the thoracic muscles 
of the flies and 7days after infection are fully developed in the 
labium of the proboscis. The blackfly deposit infective larvae into 
human skin, which mature over the next 6-12 months into mature 
adult parasites (macrofilariae). The females live in subcutaneous 
or intramuscular tissues and surround themselves with a fibrous 
capsule. The males do not stay dormant; instead, they migrate from 
one capsule to the next, fertilising the female larvae. 

Some 10-12 months after initial infection, the adult female 
begins to reproduce. Offspring (microfilariae) migrate through 
subcutaneous tissue. Adults can live for up to 15 years and each 
female produces 1000-3000 microfilariae per day. Highly infected 
individuals can have over 100 million microfilariae in their skin 
[1,10] (Figure 33.2). 


Clinical features 

Presentation [4,11-14] 

The most common signs and symptoms are pruritus, onchocercal 
dermatitis, nodules and, in areas of high endemicity, blindness. 
The disease may be detectable as early as 6 months of age, 
and presents with pruritus, often confined to a limb or other 


Blackfly stages 


——=> 


9] Migrate to head 
and blackfly’s proboscis 


rare 
L1 larvae 


e Microfilariae penetrate 


blackfly’s midgut 


and migrate to wn 


thoracic muscles 


Figure 33.2 Life cycle of Onchocerca volvulus. Courtesy 
of the Centers for Disease Control and Prevention. 
https://www.cdc.gov/dpdx/onchocerciasis/index.html 
(last accessed February 2023). 


A= Infective stage 
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circumscribed body site, and a non-specific papular rash worsened 
by scratching. 

In some the skin may appear clinically normal, even when 
microfilarial counts in skin snips are found to be high. The skin 
changes seen in onchocerciasis vary with the age of the patient, the 
location of the infection on the skin surface and the geographical 
and climatic region where the infection occurs. Nonetheless, it is 
possible to define certain changes that are common features in 
onchodermatitis, although their prevalence varies from area to 
area. These changes have been classified as acute papular oncho- 
dermatitis (APOD) (Figure 33.3), chronic papular onchodermatitis 
(CPOD) (Figure 33.4), LOD, atrophy and hypopigmentation [13]. 
In children and in the earliest cases in endemic areas, the skin has 
an infiltrated appearance, with obliteration of surface markings. 
This is confined to one skin area and is often accompanied by 
the appearance of small itching papules or pustules (APOD). The 
oedematous features are often more pronounced in Europeans with 
the disease, when it may present with localised oedema [15]. In 
Europeans, red blotchy urticated papules are common early signs. 
The early rash is usually seen on exposed sites, such as the shoul- 
ders and around the pelvis. In Central America, acute swelling on 
the face and cheeks with redness and itching, known as ‘erisipela 
de la costa,’ is also a manifestation of this acute phase. Patients may 
continue to present with this pattern over months and years in the 
early phases of the disease. 

As the infection evolves, localised areas of scarring and CPOD 
are seen. These may coexist with the acute papular eruption, but 
chronic lesions are excoriated papules and flat-topped scars with 
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Figure 33.3 Acute papular onchodermatitis in a Nigerian. Early in the disease the 
papules are usually urticarial. These pruritic papules are usually 1-3 mm may progress 
into vesicles or pustules. 


hyperpigmentation and some lichenification. The buttocks and 
shoulders are common sites for this rash. 

Lichenified onchodermatitis may represent an extreme form of 
the last clinical pattern. When fully developed, it is a lichenified 
itchy rash confined to one limb or contiguous area (Figure 33.5), 
commonly the leg, although sometimes two or more areas are 
affected [6,9]. The rash is composed of itchy papules and nodules, 
which become confluent. The lesion is characteristically hyper- 
pigmented, and it is known in Arabic-speaking areas as ‘Sowda’. 
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Figure 33.4 Chronic papular onchodermatitis. Lesions are starting to lichenify. These 
pruritic papules are typically flat-topped, hyperpigmented, and between 3 and 9mm 
in size. 


Gross enlargement of the regional lymph nodes is an important 
feature. Interestingly, it is found mainly in East Africa (Sudan [16], 
Ethiopia) and Yemen. It is less common in West Africa or South 
America. There is some evidence that this pattern of skin change is 
associated with very low microfilarial loads; it may also improve 
symptomatically over time with loss of itching and lichenification, 
but increasing microfilarial loads. LOD is mainly seen in teenagers 
and young adults. 

Atrophy (Figure 33.6) is probably a consequence of long-standing 
onchocerciasis. It may develop after any of the patterns described 
previously or arise from apparently normal but infected skin sites. 
The most common sites to detect early atrophic changes are over 
the buttocks, shoulders or lower limbs. The skin becomes dry and 
shiny, with fine wrinkles resembling tissue paper. An extreme 
form of this secondary ichthyosis is known as ‘lizard skin’. It is 
believed that degenerative changes leading to loss of dermal elastic 
fibres, combined with other factors, such as massive inguinal lym- 
phadenopathy, may give rise to the ‘hanging groin’, which is an 
apron-like fold of skin in the inguinal region [17] containing lymph 
nodes. Depigmentation is a common feature of late-stage onchoder- 
matitis [18]. It is most commonly seen bilaterally over the pretibial 
region, but may affect the inguinal regions, bony prominences and 
the shoulders (Figure 33.7). The patches of hypopigmentation are 
spotty, with islands of normal-appearing skin, but large coalescent 


Figure 33.5 Late lichenified onchodermatitis (pachyderma). 


Figure 33.6 Late onchocerciasis. Atrophy of skin and damage to supporting tissue 
cause the skin to sag in folds (lizard skin). 


Figure 33.7 Depigmentation over the shin in late onchocerciasis (leopard skin). This is 
common in African endemic areas. Note the stick for the blind. 


sheets of depigmentation are present in late-stage disease. The name 
‘leopard skin’ is used to describe this change. While it is important to 
recognise that other causes of hypopigmentation, such as amyloid 
deposition, may also produce such changes in certain endemic 
areas, the presence of leopard skin in the community is used as an 
indicator of the prevalence of onchocerciasis in the population. 

In many, if not most, patients with chronic onchocerciasis, it is 
possible to feel nodules containing the adult worms (Figure 33.8). 
They are usually found over the pelvic or pectoral regions, although 
the top of the natal cleft is often a good site to find them. In South and 
Central American cases, the nodules are often found on the head. 

In endemic areas where onchocerciasis is found, the majority 
of the population may be affected; they will also have other skin 
diseases. There is little evidence that the presence of onchocer- 
ciasis affects the clinical appearances of these other conditions. 
However, it has been suggested that lepromatous leprosy [19] and 
widespread tinea corporis [12] are more common in certain patients 
with onchocerciasis. 


Clinical variants 

Other clinical variants of onchocerciasis may occur. These include 
an acute urticarial eruption seen in Zaire and, in Central America, 
an inflammatory rash accompanied by hyperpigmentation known 
as ‘mal morado’. 


Figure 33.8 Cutaneous oedema and cutaneous and subcutaneous nodules in a 
Nigerian with onchocerciasis. 


Differential diagnosis 
This includes leprosy, Loa loa infection, lymphatic filariasis, scabies, 
syphilis and yaws. 


Complications and co-morbidities 

The major complication of onchocerciasis is severe visual impair- 
ment and blindness. It is the most common cause of blindness in 
endemic areas. Ocular manifestations range from punctate and 
sclerosing keratitis, associated with the presence of microfilariae 
in the cornea and anterior chamber, to retinal pigmentation, optic 
atrophy, scarring and blindness. Onchocerciasis may result in 
blindness rates in endemic communities of 5—10% [20]. 


Disease prognosis 

In endemic areas, the rate of infection increases up to the age of 
50 years and no relative immunity is acquired. Symptoms increase 
in severity without treatment until atrophic changes are complete. 


Clinically, the diagnosis is usually evident, but other causes of 
prolonged pruritus and lichenification must be excluded, partic- 
ularly scabies. Typical burrows may be hard to find in patients 
with scabies, and great tenacity is needed to demonstrate Sarcoptes. 
Skin snips for active microfilariae are taken with the corneoscleral 
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punch or by raising a little ‘tent’ of skin with a needle. This is then 
shaved off with a very sharp blade without bleeding, placed in nor- 
mal saline in a microtitre well, covered with transparent adhesive 
tape, or placed under a cover slip and examined microscopically 
30-60 min later. If microfilariae are not visualised, polymerase 
chain reaction (PCR) of the skin snip may allow for diagnosis, 
although PCR testing is not readily available nor commonly used. 
The buttocks and legs are often most heavily infected and are most 
likely to yield microfilariae. Nodules may be excised and examined 
histologically for adult worms and microfilariae. The white cell 
count shows a leukocytosis with relative eosinophilia. The filarial 
immunofluorescence test or enzyme-linked immunosorbent assay 
(ELISA) is positive in 60-90% of cases. 


Management 

The treatment of onchocerciasis has been improved significantly by 
ivermectin, a microfilaricide. This drug is given orally in a single 
dose of 100-200 pg/kg [21]. This results in a prolonged suppression 
of microfilarial counts in skin snips, and improvement in skin 
symptoms and reversible eye changes [22]. Microfilarial counts 
remain very low for 6 months, then rise slowly but do not reach 
pretreatment levels within 1 year. Patients should be retreated 
every 6-12 months until they are asymptomatic. For patients in 
endemic areas, treatment may be required for 10 years or more. In 
patients with low parasite loads, such as travellers returning from 
an endemic country, about 30% will not relapse after each treat- 
ment [23]. The drug is well tolerated and side effects are seldom 
severe. Side effects that are seen include pruritus, skin oedema, 
arthralgia, malaise and fever. In particular, no acute eye changes 
accompany therapy [24]. Ivermectin has become the mainstay of 
population-based programmes for the control and elimination of 
onchocerciasis with striking effect [25]. 

Moxidectin, a drug closely related to ivermectin, has been recently 
approved to treat onchocerciasis. When comparing one 6mg dose 
of moxidectin to one 150 g/kg of ivermectin, it showed a greater 
reduction in microfilarial load over 18 months, with an 86% differ- 
ence at month 12 [26]. Moxidectin is expected to reduce parasite 
transmission between treatment rounds more than ivermectin 
could, thus accelerating progress towards elimination. 

Another new mainstay of therapy has been doxycycline, targeted 
against the endobacterium, Wolbachia, which results in sterilisation 
of female adult worms. A clinical trial using doxycycline has demon- 
strated that this approach in selected areas can result in an effec- 
tive reduction in macrofilaria [27]. In a study of 93 patients with 
onchocerciasis, doxycycline (100 mg/day orally for 6 weeks) fol- 
lowed by a single oral dose of ivermectin resulted in clearance of 
microfilariae for up to 19 months, and complete elimination of the 
endobacterium [27]. 

Suramin is a drug that kills adult worms (macrofilaricide). 
However, it can cause severe adverse reactions and is now seldom 
used. Another approach now seldom used is nodulectomy, usually 
combined with a microfilaricide. In South America, some studies 
have shown that nodulectomy alone without drugs may reduce 
microfilarial levels by over 60% by 5 months after surgery [28]. 
It may reduce the burden of eye disease but it does not cure the 
disease, nor reduce transmission. 


Treatment ladder for onchocerciasis 


First line 

¢ Doxycycline, 100 mg every day PO x 6 weeks, followed by 
ivermectin 100-200 pg/kg, repeated every 6-12 months until 
asymptomatic 


Second line 
¢ Ivermectin 100-200 pg/kg, repeated every 6-12 months until 
asymptomatic 


Third line 
e Suramin, nodulectomy 


Mansonellosis — | 


Definition 

Mansonellosis describes a filarial disease caused by three species 
of parasitic nematodes (Mansonella perstans, Mansonella streptocerca, 
and Mansonella ozzardi). Humans are the primary definitive host for 
these parasites that are transmitted from person to person through 
the bites of blood sucking biting midges and blackflies. 


Introduction and general description 

Mansonellosis is thought to be the most prevalent form of filarial 
infections but remains the least studied and is considered to be the 
most neglected tropical disease. Originally, the term mansonellosis 
was used to refer exclusively to infection with M. ozzardi, and it 
was not until the mid-1980s that M. perstans and M. streptocerca were 
added to the genus. 


Epidemiology 

Incidence and prevalence 

M. ozzardi is endemic to South and Central America, including 
several Caribbean islands. Humans are the only natural vertebrate 
host for M. ozzardi, while primates may serve as natural hosts for 
M. perstans and M. streptocerca. 

M. perstans is estimated to infect 100 million people worldwide 
and is prevalent in places like sub-Saharan Africa, and in the 
Americas from Panama to Argentina. It is considered to be the most 
common of the mansonellosis infections [1]. 

Streptocerciasis is an infection caused by the filarial nematode, 
Mansonella streptocerca. The disease is seen mainly in parts of west 
and central Africa in rainforest areas, where it may be found in the 
majority of the population [2]. The exact prevalence of M. streptocerca 
is not known. The disease causes a subcutaneous filariasis, with Loa 
loa and Onchocerca volvulus being the other two causes in humans. 


Pathophysiology 

Pathology 

M. ozzardi infections are often asymptomatic, but can include rash, 
fever, arthralgia, headache, lymphadenopathy and pulmonary 
symptoms. Microfilariae are present in both the blood and the skin. 
Adult worms often reside in lymphatics and within the thoracic 
and peritoneal cavities. 


Similarly, M. perstans causes a mild infection with non-specific 
symptoms such as pruritus, urticaria, arthralgias and malaise. 
Unsheathed microfilariae can be found in the bloodstream and adult 
worms migrate to the subcutis, or pleura, pericardia, peritoneum 
and retroperitoneum. 

Streptocerciasis causes a subcutaneous filariasis in humans. The 
disease is transmitted by biting midges (Culicoides). Adult worms 
reside in the dermis of the upper trunk and shoulder region and the 
microfilariae are found in the skin [2]. 


Causative organisms 
¢ Mansonella ozzardi 

¢ Mansonella perstans 

¢ Mansonella streptocerca 


Clinical features 

Presentation [2,3] 

Most individuals with mansonellosis are asymptomatic. The 
most common complaints include rash, pruritus, fever, arthralgia, 
headache, urticaria and malaise. In streptocerciasis, the rash is 
similar to that seen with onchocerciasis, with acute or lichenified 
pruritic papules (Figure 33.9). More widespread lichenification may 
also occur and hypopigmented macules are common. Secondary 
enlargement of the local lymph nodes is seen in many patients. 


Investigations [2] 

The diagnosis can be made by finding microfilariae in skin snips 
or in the blood. The microfilariae of M. streptocerca are less active 
than those of onchocerciasis and the microfilarial tip may curl in a 
typical ‘shepherd’s crook’ appearance. Those of M. perstans have a 
blunt rounded tail with nuclei that extend to the tips of their tail; 
in contrast M. ozzardi have thin pointed tails and nuclei that do not 
extend to the tip. 


Management [2] 
Among the three types of human mansonellosis, the one caused 
by M. perstans is regarded as the most difficult to treat. Treatment 


Figure 33.9 Streptocerciasis. Pigmentary changes and nodules in a patient from Zaire. 
Courtesy of the Armed Forces Institute of Pathology. 


Infection with human nematodes 33.7 


studies have provided conflicting results, but diethylcarbamazine 
(DEC) plus mebendazole have proved effective in reducing 
microfilaraemia and is commonly used. Ivermectin and prazi- 
quantel did not prove to be useful in the treatment of M. perstans 
infections. Of the non-antihelminthic treatments, doxycycline has 
been shown to be curative of M. perstans in cases of concomitant 
Wolbachia bacteria endosymbiotic infection [4]. 

Ivermectin is effective against M. ozzardi. However, patients must 
be assessed for coinfection with Loa loa as ivermectin can cause 
severe reactions in these individuals. M. ozzardi is also known to 
harbour the endosymbiotic Wolbachia. Therefore, doxycycline may 
also be an effective treatment. 

Ivermectin and DEC are effective for the treatment of M. strep- 
tocera, as it kills both the microfilariae and the adult worm. Both 
reduce microfilarial loads, but DEC is more commonly used. Cur- 
rently, it is unclear whether M. streptocera harbours a Wolbachia 
endosymbiont. 


Treatment ladder for mansonellosis 


First line 

e Diethylcarbamazine 6 mg/kg/day for 12 days 

e Doxycycline 200 mg daily for 6 weeks (M. perstans/M. ozzardi 
strains with Wolbachia endosymbionts) 


Second line 
e Ivermectin (150 >pg/kg single dose) 


Lymphatic filariasis .— (§ SF’ 


Definition and nomenclature 

Lymphatic filiariasis is a globally neglected tropical disease caused 
by the worms Wuchereria bancrofti, Brugia malayi or B. timori [1]. 
W. bancrofti is the most common, accounting for approximately 
90% infections, with person-to-person transmission spread by sev- 
eral different mosquito genera/species. These organisms occupy 
the lymphatic system in humans, and can lead to lymphoedema, 
hydrocoele, or in extreme cases elephantiasis. 


Epidemiology 

Incidence and prevalence 

Infection with filarial worms occurs between the latitudes of 40° 
north and 30° south. The areas with the highest incidence of infec- 
tion are South-East Asia and sub-Saharan Africa. In the New World, 
there are fewer endemic foci: Guyana, Haiti and parts of Brazil. 
Control has been achieved in some other countries such as Taiwan 


and Japan. It is estimated that about 120 million people are infected 
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Figure 33.10 Lymphatic filariasis (low power, H&E). Female adult Wuchereria bancrofti 
within lymph node sinus. Multiple cross-sections of the worm are seen. Courtesy of 
Professor S.B. Lucas. 


worldwide. Brugia malayi is mainly confined to South-East Asia 
and as far north as Korea, particularly in rural rainforest areas [1]. 
The most restricted of this group is B. timori, found only in certain 
Indonesian islands [1]. 
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Pathophysiology 

Pathology 

The presence of adult worms in the lymphatics with an accompa- 
nying inflammatory response is the cause of the main pathological 
feature — lymphatic obstruction (Figure 33.10). Leakage of lymph 
may contribute to tissue damage. Circulation of microfilariae in the 
bloodstream has remarkably little effect, although their entrapment 
in the lungs may cause tropical pulmonary eosinophilia. 


Causative organisms (Figure 33.11) 
© Wuchereria bancrofti 
° Brugia malayi 
° Brugia timori 

The disease is transmitted by many species of anthropophilic 
mosquitoes of the genera Culex, Aedes, Mansonia, Anopheles and 
Coquillettida [2]. In ingested human blood, where microfilariae are 
present, the organisms lose their sheaths in the mosquito’s stomach 
and in less than 24 hours make their way into the thoracic muscles. 
Metamorphosis proceeds and mature larvae migrate to the labella 
10 days after infection of the insect. Here they are ready to be 
transmitted to the next human by biting. 

In humans, larvae pass through peripheral lymphatics, develop 
and migrate centrally and eventually grow into adults, which mate 
in the lymphatics proximal to the lymph nodes. Fertilised females 
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Figure 33.11 Life cycle of Wuchereria bancrofti. Courtesy of the Centers for Disease Control and Prevention. https://www.cdc.gov/dpdx/lymphaticfilariasis/index.html (last accessed 


February 2023). 


discharge their microfilariae, which may be found in peripheral 
blood 12 months after the initial infection. Some microfilariae dis- 
play periodicity and are only present in peripheral blood at certain 
times. The discharge is cyclical and occurs principally at night. 
These microfilariae can pass the placental barrier. The adults are 
found coiled up in dilated lymphatics. Adult worms are long-lived 
and can be reproductively active for 5-8 years, producing millions 
of larval or microfilarial stages that migrate from the lymphatic 
system to the blood [1]. 

Immunity to filarial infections is complex. Otherwise, healthy 
individuals from within the endemic area have both antibody and 
T-lymphocyte mediated immune responses. By contrast, those with 
active infections and episodic microfilaraemia may show reduced 
cellular immunity, suggesting that antigens from the organisms 
may modulate the immune response. In chronic disease, worms 
are encapsulated within inflammatory granuloma in the lym- 
phatic system [3]. Another driver of inflammation is the bacterial 
endosymbiont Wolbachia which are potent inducers of innate and 
adaptive immune responses. 


Clinical features 

Presentation 

Many of those infected do not appear to develop clinical signs of 
infection, therefore symptoms can vary considerably from patient 
to patient [4-6]. The first signs are often acute dermato-lymphangio- 
adenitis (ADLA) and acute filarial lymphangitis (AFL). In addition 
to systemic signs of fever, chills and headache, ADLA presents with 
swelling, tenderness and redness on the arms, legs or scrotum [7]. 
Swellings may be firm, and fixed nodules and urticaria have also 
been described at this stage. AFL involves acute inflammation of 
a lymphatic vessel with red streaks that progress distally and is 
caused by the death of the adult worm either spontaneously or 
following treatment. Patients present with small, tender nodules 
or cords at the site of the dying worms [8]. Cellulitis, which is 
common, may be mild or severe and is recurrent. In the severest 
form, it presents with fever and sweats and the painful enlargement 
of lymph nodes, particularly the inguinal group. Lymphangi- 
tis can accompany some attacks. Milder forms of cellulitis with 
more localised redness and tender swellings also occur repeatedly. 
Other complications include orchitis, which is commonly followed 
by hydrocoele and scrotal oedema, and recurrent epididymitis. 
Abscesses deep in the limb muscles, or more superficially located 
in lymphatics, occur. 


Complications and co-morbidities 

Repeated attacks of oedema and cellulitis, often associated with 
interdigital cracking, may be followed over a number of years by 
evidence of lymphatic obstruction (Figure 33.12). In males, compli- 
cations commonly present as hydrocoeles, but lower leg oedema 
and elephantiasis may also develop. Hydrocoele or thickening 
of the scrotal skin is common in many endemic areas and may 
affect up to 25% of the adult male population [9]. Limb oedema of 
a varying extent and nature is also common and passes through 
several grades of severity before becoming gross elephantiasis. This 
may be followed by recurrent episodes of secondary infection and 
the appearance of warty thickening of the skin. The legs are usually 
affected, but the arms, breast and genitalia may also be involved. 
A further complication is rupture of dilated abdominal lymphatics. 


33.9 
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Figure 33.12 Lymphangiogram showing tortuous dilated lymphatic vessels in the leg of 
a patient with lymphatic filariasis from Mauritius. 


Investigations 

In an endemic area, it may be possible to make the diagnosis on 
clinical grounds, before the stage at which microfilariae appear in 
the blood, as well as in the chronic condition. Biopsy of an enlarged 
lymph node may be diagnostic. 

Microfilariae are demonstrated in the blood especially in acute 
cases, either in a thick blood film or by passing heparinised blood 
through a millipore filter, which retains the microfilariae that can 
then be seen easily under the microscope and distinguished mor- 
phologically. When sampling blood, periodicity should be taken 
into account. Therefore, blood should be drawn between midnight 
and 02:00 hours, as microfilariae circulate in highest concentration 
at night. 

An alternative procedure is to repeat blood films 1 hour after a 
single dose of DEC 100mg. This releases more microfilariae into 
the circulation. However, some cases of filariasis do not appear to 
develop detectable filaraemia. 

Another approach to diagnosis is the use of serology, where an 
indirect immunofluorescence or ELISA is positive in a high percent- 
age of those affected, although it is not specific for each organism. 
An antigen detection system is also used, mainly with immunochro- 
matographic card tests and is now the preferred method given rapid 
action and ability to detect latent infections [1,10]. A PCR based test 
has been applied to the detection of W. bancrofti genomic DNA in 
blood [11]. It is important to recognise the current deficiencies in 
the laboratory confirmation of this disease, as no single test is even 
90% accurate. 

Imaging studies can also aid in detection. Ultrasound with 
Doppler of the superficial lymphatics can demonstrate adult 
worms within dilated lymphatics [12]. Filaria motility in vivo has 
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been termed the ‘filaria dance sign’. In addition, radionuclide 
lymphoscintigraphic imaging of the extremities can demonstrate 
lymphatic dilatation and dysfunction in both asymptomatic persons 
and in those with lymphoedema (Figure 33.12). 

Filarial lymphangitis must be distinguished from bacterial lym- 
phadenitis, with its signs of a portal of entry. Genital lesions 
may resemble lymphogranuloma venereum with adenopathy and 
oedema. 


Management 

The management and elimination of lymphatic filariasis has 
become the focus of a group of research units, governmental organ- 
isations, non-governmental organisations (NGOs) and charities 
collectively known as the Global Alliance for the Elimination of 
Lymphatic Filariasis [13]. Two phases of their programme have 
been developed: parasite elimination and morbidity control. Para- 
site elimination depends on the use of chemotherapy through mass 
drug administration (MDA), which is also used for the treatment of 
individual patients. DEC has long been the main treatment [14,15], 
but is usually given with albendazole or as fortified salt in MDA 
programmes. 

The dosage for individual patients is the same as for the treat- 
ment of onchocerciasis, although higher doses at monthly intervals 
have also been given. The predominant effect of the drug is on the 
viability of microfilariae, but it has relatively little impact on adult 
worms. It may be necessary to repeat the course after a few months 
if microfilariae reappear in the blood. 

Side effects of DEC occur and include anorexia, nausea, vomiting, 
giddiness, headache, drowsiness and acute allergic reactions due to 
destruction of microfilariae and adult filariae. 

Special care should be taken in areas where both lymphatic filar- 
iasis and onchocerciasis coexist, in view of the potentially serious 
nature of DEC reactions in the latter [9]. 

There is also experience with ivermectin, and it is effective in 
lymphatic filariasis. The drug works more rapidly than DEC, and 
microfilaraemia is reduced to 14-30% of pretreatment levels 6 
months after therapy. There are also similar adverse reactions to 
ivermectin in patients with this condition. The dose is usually 
200 pg/kg when given with albendazole. Because ivermectin does 
not kill adult worms, albendazole with DEC is thought to have 
better macrofilaricidal activity than albendazole with ivermectin. 
However, albendazole/ivermectin regimen is preferred for the 
treatment of lymphatic filariasis in areas that are co-endemic 
for onchocerciasis as DEC is contraindicated in patients with 
onchocerciasis. 

Morbidity control is approached through a combination of lower 
limb exercise and regular cleansing, combined with treatment of 
potential portals of entry of bacteria, such as infected web spaces, 
which may be caused by fungal or bacterial infection [16]. There is 
evidence that this can reduce limb swelling considerably, even in 
late stages. These approaches are being developed across a range of 
endemic areas. Surgical approaches may improve the appearance 
of affected limbs either in the early stages by creating a lymph 
node to venous shunt, or by removing subcutaneous tissue and 
grafting of split-skin onto a muscle bed (Charles operation) [17] in 
established elephantiasis. Repeated drainage and surgery may be 
required for severe hydrocoeles. 


Treatment ladder for lymphatic filariasis 


First line 

e Albendazole 400mg PO x 1 dose annually plus 
diethylcarbamazine 6 mg/kg PO x 1 dose annually. Note: 
contraindicated in regions with co-endemic onchocerciasis. 
DEC is contraindicated in patients with onchocerciasis due to 
potential for severe inflammatory response 


Second line 

e Albendazole 400 mg PO x 1 dose annually plus invermectin 
200-400 pg/kg PO x 1 dose (treatment of choice for regions 
with co-endemic onchocerciasis) 


Definition and nomenclature 

Loiasis is a filarial disease caused by the parasitic nematode Loa loa. 
The disease is transmitted by the bite of a Chrysops fly and is charac- 
terised by subcutaneous swellings and migration of the adult worm 
through the subconjunctival tissue of the eye. 


Epidemiology 

Human loiasis is restricted to the damp forest areas of west and 
central Africa from 8° north to 5° south of the Equator, and from 
the Gulf of Guinea to the African Great Lakes where it affects 
more than 10 million people [1,2]. It is particularly prevalent in the 
Cameroons and on the Ogowe River. Its distribution includes the 
coastal plain and follows the Zaire River approximately 800 km (500 
miles) inland. It is also found in southern Sudan. 


Pathophysiology 
Causative organisms 
e Loa Loa 

Loa loa, the African eye worm, is transmitted to humans by 
blood-sucking tabanid flies of the genus Chrysops (deer fly, horse fly 
and mangrove fly), principally C. silacea and C. dimidiate, which bite 
by day. Infection is transmitted by the fly from person to person. 
Hill houses built at the level of the forest canopy or in cleared 
plantations are especially susceptible sites for the acquisition of the 
disease. 

Larvae are liberated from Chrysops spp. when it presses the 
labella against the skin to take a blood meal [1,2]. They then enter 
the tissues through the puncture made by the proboscis. About 1 
year after infection of the host, adult worms may appear under 
the skin or in the conjunctiva, but microfilariae in the blood are 
not discoverable until 5 months later [3]. The parasite migrates in 


fascial planes, from which microfilariae are released and travel up 
lymphatics to the bloodstream to be lodged in the lungs. 

Each female adult worm can produce between 12000 and 39 000 
microfilariae per day in the absence of reproductive constraints [4]. 
Adult worms can live up to 15-21 years, although average lifespan 
is estimated to be 9 years [5,6]. 


Clinical features 

Presentation 

The adult makes frequent journeys through the skin connective 
tissues, and has often been seen on the fingers, trunk, scalp, lingual 
frenulum, loose penile skin, eyelids, beneath the conjunctiva and 
in the anterior chamber of the eye [7]. These migrations may cause 
a pricking, itching, a creeping sensation or may be symptomless; 
most individuals with Loa loa infection are asymptomatic or have 
few symptoms. However, when the parasite appears in the con- 
junctiva, considerable irritation is usual. When the eye is involved, 
unilateral palpebral oedema may develop and the worm may be 
seen actually crossing the eye (Figure 33.13). 

In certain patients, including expatriates who come to live in an 
endemic area, these worm movements cause transient, migratory, 
oedematous swellings — Calabar or ‘fugitive’ swellings. These affect 
mainly the arm and hand (Figure 33.14), although they may appear 
on any part of the body. They develop rapidly and may be painful 
or itchy, lasting for several days. 

Allergic manifestations, such as eosinophilia and angio-oedema, 
are often more severe in visitors who originate from a non-endemic 
area. They have been correlated with high immunoglobulin G (IgG) 
and IgE levels, and increased lymphocyte blastogenesis to filarial 
antigens [8]. 

In loiasis, when adult worms die and calcify, additional com- 
plications may occur including encephalitis, meningitis, glomeru- 
lonephritis, orchitis and scrotal swellings [9]. 


Investigations 

Giemsa-stained blood smears can be used to make the diagnosis 
with a conventional light microscope when specific morpholog- 
ical features are present [10]. Periodicity should be taken into 


Figure 33.13 Loa loa. Creamy white adult worm crossing the conjunctiva of a Nigerian 
patient. 


Figure 33.14 Calabar swelling of the dorsum of the left hand in a European patient 
with loaiasis. In this case no microfilariae were seen in the blood. 


consideration when obtaining samples. Loiasis microfilariae circu- 
late in highest concentration during the day so blood should be 
drawn between 12:00 and 14:00. Worms can also be identified if 
removed from subcutaneous of conjunctival tissue. ELISA and PCR 
testing are other viable methods [11]. 

Given ivermectin-associated serious adverse events in patients 
infected with Loa loa, MDA efforts to eliminate onchocerciasis and 
lymphatic filariasis in co-endemic regions have been suspended. 
To safely administer ivermectin in these regions, the ‘LoaScope,’ a 
mobile phone-based video microscope that automatically quantifies 
loiasis microfilariae has been developed [11]. This tool has demon- 
strated efficacy in screening out Loa loa in co-endemic regions, 
enabling ivermectin treatment for onchocerciasis and lymphatic 
filariasis without serious adverse events [12]. 


Management 

One course of treatment with DEC is usually curative. Side effects 
are few and mild, although there may be an allergic reaction with 
one or more large Calabar swellings, fever, malaise, swelling of 
joints, joint pains and pruritus. There is a risk of encephalitis in 
heavy infections with headache, giddiness, vomiting, purpura and 
eosinophilia. After DEC therapy, elongated subcutaneous nodules, 
indicating the presence of adult worms, may appear [13]. 

Albendazole is a good second choice for therapy of loiasis [14]. 
There are fewer side effects with this medication. It has less micro- 
filaricidal activity, so there is no massive antigen release associated 
with this therapy. 

Ivermectin also produces good responses in loiasis and reduces 
microfilaraemia [15]. However, it does not kill adult worms. While 
it is generally well tolerated, adverse events, such as impaired 
conscious state and arthralgia, can be seen in those with high 
levels of microfilaraemia [16]. Moreover, those co-infected with 
onchocerciasis can have a life-threatening encephalitic reaction to 
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ivermectin. Consequently, ivermectin should be used with caution 
and microfilarial load should be checked before administration. 
Apheresis can be used to reduce high microfilarial loads. 

Adult worms can sometimes be removed from the conjunctiva 
surgically. 


Treatment ladder for loiasis 


First line 
e Diethylcarbamazine 8-10 mg/kg/day PO in three doses for 
21 days 


Second line 
e Albendazole 200mg PO BD x 21 days 


Third line 
e Ivermectin 200 pg/kg PO x 2 days 


Dracunculiasis CC 


Definition and nomenclature 
Dracunculiasis, commonly referred to as Guinea worm disease, 
is a chronic parasitic infection due to the nematode, Dracunculus 
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medinensis, which is among the longest nematodes to infect humans, 
growing up to 1 metre in length [1]. Mature female worms migrate 
along subcutaneous tissue, forming a painful ulcerating blister. 


Epidemiology 

While dracunculiasis was once very prevalent, its occurrence has 
been significantly reduced by eradication efforts since the start of 
the Guinea Worm Eradication Program in the 1980s. In the 1940s, 
estimates project 48 million people were affected through Africa, the 
Middle East and India. In 1986, the number of cases were approx- 
imately 3.5 million [2]. The World Health Organization (WHO) 
reports only 54 total cases in 2019 from Chad (48), South Sudan (4), 
Angola (1) and Cameroon (1) [3]. 


Pathophysiology 
Causative organisms [4] 
¢ Dracunculus medinensis (Figure 33.15) 

The adult female worm matures over a 1-year period in humans 
and discharges larvae through an ulcerated skin lesion. Millions 
of these larvae are produced, particularly on contact with water; 


Larvae are released when 
copepods die. Larvae penetrate 
the host's stomach and intestinal 
wall. They mature and reproduce 
in subcutaneous tissues. 


Fertilized female worm migrates 
to surface of skin, causes 
a blister, and discharges larvae. 


Figure 33.15 Life cycle of Dracunculus 
medinensis. Courtesy of the Centers for 
Disease Control and Prevention. https:// 
www.cdc.gov/dpdx/dracunculiasis/index 
-html (last accessed February 2023). 


these survive for 3-4days and can develop further in copepods 
or water fleas (Cyclops spp. such as C. leukarti). After ingestion by 
the Cyclops, they pass through two developmental stages before 
reaching the infective third stage (L3) after 2 weeks. Humans are 
infected via drinking water containing infected Cyclops spp.; the 
larvae are released and penetrate the intestine. Further maturation 
occurs in the retroperitoneal space or other sites; mating occurs 
after about 3 months, and the males subsequently die. The females 
grow and migrate downwards, usually to the lower limbs. Aberrant 
migration can, however, occur [5]. The female penetrates the skin 
of the leg and can then discharge larvae after exposure to water. 
Each female contains 2-3 million larvae. Migration of the worm 
and larval forms is largely subclinical. Disease is associated with 
the presence of the adult female in subcutaneous tissue in the lower 
limbs. 


Environmental factors 

Dracunculiasis is a disease found in poor rural populations, most 
notably in Sudan and Chad. It can be spread in and around commu- 
nal drinking, washing areas or wells. 


Clinical features 

Presentation [6] 

Immediately before the appearance of part of the adult female 
through the skin, there may be generalised symptoms such as 
fever, pruritus, urticaria and oedema [7]. Dyspnoea and diar- 
rhoea may also occur. Usually, however, the first sign of the 
infection is the appearance of a small papule or vesicle, which 
expands and bursts over 4-5 days. When this occurs, commonly 
on the lower limb, there is intense localised itching. This is 
often followed by the emergence of part of the female worm 
through the skin (Figure 33.16). The surrounding ulcer is cov- 
ered with slough, which usually becomes secondarily infected. 
The worm itself is often palpable. Infections with two or more 
worms may also occur. Eventually, the worms may be resorbed or 
calcify. 

Secondary infection is very common and may incapacitate the 
patient. It is a major cause of morbidity [7]. The common infecting 
organism is Staphylococcus aureus, but the open wound may also 
serve as a portal of entry for tetanus. Sometimes, Dracunculus may 
find its way into other sites, such as the knee joint, lung, pericardium 
and spinal cord, and cause localised infection. 


Investigations 

The appearance of the worm under the skin is typical. How- 
ever, the adult can be induced to shed larvae onto a glass slide, 
which can be examined microscopically, by applying water to the 
extruded segment. Complete blood count with differential will 
demonstrate peripheral eosinophilia and immunoglobulin E, G1, 
and Gé4 levels are usually be elevated [8]. Worms may also calcify in 
tissue and can be visualised on radiography [9]. 


Management 

There is no specific drug or vaccine to treat or prevent infection 
with Dracunculus medinensis. The object of treatment is the removal 
of the worm. This can be facilitated with an oral benzimidazole, 
such as metronidazole. After a few days, the inflammation lessens 
and it may be possible to extract the worm gently. It may be 


Figure 33.16 Guinea worm. Adult female Dracunculus medinensis emerging from the 
skin of a Nigerian patient. Courtesy of Dr R. Muller. 


difficult to extract the worm if mebendazole is used [10]. The more 
traditional approach is to induce the worm to discharge larvae 
by applying water or ethyl chloride and to wind the free end 
around a matchstick or other small stick. By gradually winding 
more and more of the worm onto the spool, the whole nematode 
can be recovered. It is important not to exert tension or the worm 
will break and cause severe allergic cellulitis. The procedure is 
therefore carried out slowly over a few days. It has been sug- 
gested that the Rod of Asclepius represents Dracunculus medinensis 
extraction. 

In addition, all cases should be treated with local antiseptics, 
tetanus toxoid and, if necessary, broad spectrum antibiotics [7]. 
The drug treatment described above does not affect the larvae or 
prevent transmission. The latter is best accomplished by public 
health programmes designed to provide clean drinking water, by 
sieving or filtration to remove Cyclops. Chemical control of Cyclops 
using larvicides such as temefos is also possible. 

Considerable progress has been made in the past two decades 
in instituting effective public health measures for the control of dra- 
cunculiasis. Since 1986 the estimated prevalence has been reduced 
by 100% from an initial figure of 3.5 million. Goals were set for the 
complete eradication by 2020 [11] with an actual recorded figure of 
27 cases worldwide in that year. 
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Enterobiasis .—l so SFV3??Ww 


Definition and nomenclature 

Enterobiasis, or pinworm, is one of the most common para- 
sitic worm infections in the world. Its cause is infection by the 
roundworm Enterobius vermicularis. Usually a childhood disease, it 
can range from asymptomatic to causing severe anal and perianal 
itching. It is considered more a nuisance rather than a serious 
infection. 


Introduction and general description 

Enterobius vermicularis is the commonest human intestinal worm, 
with a worldwide distribution. It is prevalent in both temper- 
ate and tropical climates and is associated with crowding and 
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poverty. Children are most commonly affected. Overall, males are 
affected twice as often as females, except in those aged 5-14, where 
females are predominantly affected. Whole families and commu- 
nities, notably schools, may be infected as transmission can occur 
through contaminated clothing, bedding, furniture, or personal care 
products [1]. 


Epidemiology 

Incidence and prevalence 

It remains the most common helminthic infection in Western 
Europe and the USA, with a worldwide rate of infection over 1 bil- 
lion [1]. An estimated 4—28% of children are infected globally [2]. 
The disease occurs in all socioeconomic groups; however, it more 
commonly occurs in overcrowded living conditions. 


Age 
The disease occurs most frequently in children between the age of 
5 and 10. 


Pathophysiology 
Causative organisms (Figure 33.17) 
e Enterobius vermicularis 


Larvae hatch 
in small intestine 


Figure 33.17 Life cycle of Enterobius vermicularis. 
Courtesy of the Centers for Disease Control and 
Prevention. https://www.cdc.gov/dpdx/enterobiasis/ 
index.html (last accessed February 2023). 


Male and female worms develop in the caecum, becoming 
mature 2-8 weeks after ingestion of fertile eggs. Gravid female 
worms migrate to the anus, and at night crawl on the perianal skin 
where they lay up to 16 000 eggs and expire. The eggs mature within 
a few hours. Transmission is by ingestion of eggs, most commonly 
carried by fingernails, following a scratch itch cycle often during 
sleep. Hands may also become contaminated through sharing a 
bed or bedroom. Occasionally, transmission may become airborne 
from infected dust, in which eggs may survive for up to 13 days. 
Adult worms live for 6-12 weeks. 

Gravid female worms migrating on the skin cause intense itch- 
ing, although not in all infected people. It is not known whether 
an allergic reaction is involved. Adult worms may burrow into 
the submucosa of the appendix or bowel and be associated with 
inflammation, although causation has not been clearly established. 
Female worms may migrate from the anus to the vagina, causing 
irritation and inflammation, and from there to the fallopian tubes 
or even peritoneal cavity, causing salpingitis and occasionally 
peritoneal nodules. 


Clinical features 

Presentation 

Anal and perineal pruritus at night, with sleeplessness and irri- 
tability, are the leading symptoms. Perineal intertrigo, nocturia, 
secondarily infected excoriations, localised urticaria [3], vulval 
irritation and mucoid discharge may occur. Extraintestinal infec- 
tion patterns in the vagina, urinary bladder, peritoneum, kidneys, 
liver and eye have been described in isolated cases [1,4,5]. It is 
important to realise, however, that a large number of infected 
children are asymptomatic. 


Diagnosis 

Diagnosis may sometimes be made by visualising the 10-mm long 
female worms on the perineum at night, on toilet paper or in the 
stools. When possible, worms should be positively identified in 
a laboratory, to avoid confusion with proglottids of Dipylidium 
caninum. However, the best procedure is to wind a 6-cm strip of 
adhesive cellulose tape over the butt end of a test tube or a wooden 
spatula, with the adherent side outward. This is then rubbed over 
the perianal skin (preferably on waking) and the diagnostic eggs 
and adults stick to it. A drop of toluene is placed on a microscope 
slide and the tape is spread on it and examined microscopically. 


Management 

Of the several antihelminthic drugs available, mebendazole or 
albendazole are probably the most effective with a 90-100% success 
rate, acting against all stages of the worm [1]. Treatment with both 
agents is a single dose, repeated after 2 weeks. A once-only dose 
has a high cure rate, although a second repeated dose achieves a 
cure rate of nearly 100%. The whole family or infected classmates 
should be treated to prevent reinfection. Scrupulous attention 
should be paid to cleanliness of hands and nails on rising, after 
defaecation and before eating. After each dosing, the bed linen 
should be changed and the bedroom vacuum cleaned. Even so, 
relapses may occur and periodic retreatment may be necessary. 
Pyrantel pamoate is also an acceptable alternative, with an efficacy 


around 90%. Its side effects are rare but include neurotoxicity 
and transient transaminitis. Ivermectin is generally not used for 
pinworm, although in one study it did have a 100% efficacy [6]. 


Treatment ladder for enterobiasis 


First line 

e Albendazole, 200-400 mg PO for 1 day, then repeat dose in 
2 weeks (some sources suggest repeating dose after 14 and 
28 days) 

¢ Mebendazole 100-200 mg PO for 1 day, then repeat dose in 
2 weeks (some sources suggest repeating dose after 14 and 
28 days) 


Second line 

e Pyrantel pamoate: dose varies per weight (11 mg/kg; 
maximum 1 g); one time, then repeat dose in 2 weeks (some 
sources suggest repeating dose after 14 and 28 days) 


Third line 
e Ivermectin 0.2mg/kg BD for 10 days 


Ancylostomiasis -— (ss FS 


Definition and nomenclature 

‘Ground itch’, ‘dew itch’ and ‘uncinarial dermatitis’ all describe a 
variable and transient eruption due to skin penetration by larvae 
of the hookworms Ancylostoma duodenale and Necator americanus, 
and the roundworm Strongyloides stercoralis. When the hookworms 
are present in large numbers, they produce an iron deficiency in the 
host, by feeding off blood in the intestinal wall. 


Epidemiology 

Necator americanus and A. duodenale are human hookworms very 
widely distributed in the tropics and subtropics. Necator americanus 
predominates in Central and South Africa, southern Asia and 
Melanesia, and is almost the sole hookworm in the New World and 
Polynesia. In some communities, the impact of disease parallels 
that of malaria [1]. Ancylostoma duodenale is the only human hook- 
worm in Europe, the Mediterranean coast, and central and northern 
Asia, and is more prevalent than Necator spp. in China, Japan and 
some parts of Indonesia. The global infection prevalence for any 
hookworm in 2016 was approximately 450 million [2]. 
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Figure 33.18 The life cycle of Strongyloides stercoralis. Courtesy of the Centers for Disease Control and Prevention. https://www.cdc.gov/dpdx/strongyloidiasis/index.html (last 


accessed February 2023). 


Pathophysiology [3] 

Causative organisms (Figure 33.18) 

e Ancylostoma duodenale 

¢ Necator americanus 

¢ Strongyloides stercoralis (roundworm) 

The adult worms live in the jejunum with the head firmly attached 
to the mucosa and cause bleeding: N. americanus 0.03 mL of blood 
per worm per day and A. duodenale 0.2mL of blood per worm 
per day [4]. However, some reports estimate that A. duodenale is 
responsible for a 10-fold greater blood loss than N. americanus 
secondary to wasteful feeding (not all the blood A. duodenale ingests 
is digested) [3]. Bleeding leads to anaemia, hypoproteinaemia, 
digestive disturbances and stunted development. As many as 


10000 eggs are produced per day and are passed in the faeces. 
Eggs can survive varying periods of cold or drought, but under 
favourable conditions of warmth and humidity, hatch into motile 
rhabditiform larvae. After 5 days and further moults, the infective 
filariform larvae form. They migrate upwards through soil and 
grass and, after a period of contact of 5-10 min, can penetrate intact 
human skin. Walking barefoot is the commonest way of getting 
infected. 

After penetrating the skin, larvae migrate within a day or two via 
the bloodstream to the lungs, pass up the bronchial tree, are swal- 
lowed and pass down the oesophagus, reaching the duodenum and 
jejunum, where they mature in 4-6 weeks. In passing through the 
lungs they cause acute alveolitis or pneumonitis. Life expectancy of 


adult A. duodenale worms is approximately 1 year and 3-5 years for 
N. americanus. 


Environmental factors [5] 

Favourable places for transmission include soil around houses, 
places of work such as plantations, cultivated fields and mines. 
Risk is further increased by warm and moist climate, walking bare- 
foot, poor sanitation and personal hygiene. Children and pregnant 
women are at the highest risk. 


Clinical features 

Presentation 

Larvae penetrating the skin cause ground itch: severe pruritus 
accompanied by redness and often a papular or papulovesicu- 
lar rash [6]. The rash is most commonly on the feet and may be 
accompanied by a generalised urticaria. The rash is more common 
with Necator infections and may become secondarily infected as 
a result of scratching. Larvae passing through the lungs cause 
a syndrome of cough, wheeze and dyspnoea, which lasts for 
several days. Adult worms in the gut cause abdominal pain, diar- 
rhoea and, occasionally, melaena. Later, features of iron deficiency 
anaemia, with haemoglobin levels as low as 5 g/dL, and hypopro- 
teinaemia develop with pallor, oedema, puffy face and listlessness. 
Changes in the texture of skin and hair resemble those seen in 
kwashiorkor [7]. 


Clinical variants 

L6offler syndrome. When passing through the lungs, the disease 
may cause L6ffler syndrome, a disease in which eosinophils accu- 
mulate in the lung in response to a parasite load. Patients complain 
of a dry unproductive cough that usually resolves after 2-3 days, 
but may last up to 3 weeks. 


Wakana syndrome [7]. With peroral infection, nausea, vomiting, 
pharyngeal irritation, cough and dyspnoea might occur. 


Investigations 

Clinical and circumstantial evidence point to a diagnosis of 
ground itch. L6ffler syndrome is characterised by eosinophilia 
and patchy pneumonitis seen radiologically. Established infections 
are diagnosed by demonstrating characteristic eggs in the faeces. 


Management 

Ground itch is treated symptomatically with an antipruritic cream, 
such as crotamiton with 1% hydrocortisone, or oral antihistamines. 
Pulmonary symptoms, if severe, respond to a few days’ corticos- 
teroids. Established infections respond to albendazole or mebenda- 
zole or pyrantel pamoate [8]. Ivermectin has poor efficacy against 
hookworm. Oral iron is given for iron deficiency. 


Strongyloidiasis — 


Definition and nomenclature 

Strongyloidiasis is an infection of the gastrointestinal tract with the 
parasitic roundworm Strongyloides stercoralis. Aside from abdominal 
symptoms, allergic reactions occur, commonly affecting the skin. 


Introduction and general description 

Strongyloides infection can be asymptomatic in about two-thirds 
of infected individuals and may therefore become chronic and 
potentially lifelong. Those who do develop symptoms or signs of 
infection present with features suggestive of atopy [1]. 


Epidemiology 

Incidence and prevalence 

Strongyloidiaisis occurs in warm, especially damp, climates such 
as West Africa, the Caribbean, the Amazon basin and is especially 
prevalent in South-East Asia. In endemic areas, especially in rural 
communities, up to 20% of the population can be infected. Globally, 
an estimated 30-100 million are affected across 70 countries [2]. 


Pathophysiology 

Pathology [3,4] 

Penetration of the skin by filariform larvae may cause dermatitis. 
Adult worms give rise to duodenitis and jejunitis, which may cause 
diarrhoea and malabsorption. Migrating larvae in the skin give 
rise to a weal-and-flare response, which follows the path of the 
larva. Hyperinfection causes severe enteritis with fluid loss, and 
paralytic ileus, pneumonia, meningoencephalitis and secondary 
Gram-negative bacterial septicaemia with shock and disseminated 
intravascular coagulation. 


Causative organisms (Figure 33.18) 
¢ Strongyloides stercoralis 

Strongyloides stercoralis is a widespread, parasitic roundworm with 
a life cycle and distribution similar to that of the hookworm, but 
with important differences [1]. Adult male and female worms, 3 mm 
long, live in the mucosal crypts of the duodenum and jejunum; eggs 
hatch quickly and rhabditiform larvae are passed in the faeces. In 
soil, they may either moult into infective filariform larvae, or set 
up a free-living cycle, with the production of more infective larvae. 
Infective larvae penetrate human skin, to establish new infections 
or augment existing ones. Alternatively, larvae mature in the gut 
and reinfect the patient by penetrating the mucosa or the perianal 
skin. This autoinfection is capable of maintaining the infection indef- 
initely and predisposes to hyperinfection syndrome [3]. 


Clinical features 

Presentation 

The ground itch caused by initial infection with Strongyloides sterco- 
ralis is similar to that seen in hookworm disease. Intestinal infection 


Infection with human nematodes 33.17 


a) 
Ww 
2 
iS) 
= 
U 
Lu 
LL 
= 


INFESTATIONS 


PART 3 


INFECTIONS & 


INFESTATIONS 


PART 3 


Chapter 33: Parasitic Diseases 


Figure 33.19 Larva currens rash of Strongyloides stercoralis. The weal and flare will 
have disappeared in a few hours. 


causes abdominal pain, diarrhoea and, if severe, weight loss or 
stunting of growth in children [5]. Associated allergic phenomena 
are common. Urticaria and raised IgE levels occur in 66% of cases 
of strongyloidiasis among patients who have had the infection for 
over 45 years [6]. Thirty percent of these individuals also suffer 
from larva currens, the urticarial wheal and flare of migrating 
subcutaneous larvae. Tracks can be seen anywhere on the skin 
between the knees and nipples (Figure 33.19), but especially around 
the anus and buttocks. They move at a rate of 2-10 cm per hour and 
can traverse the abdomen in a single day and be gone the next day: 
features that distinguish the rash from that of larva migrans. Tracks 
may be several centimetres long or consist simply of one or more 
urticarial papules. Tracks may be linear or serpiginous but the rash 
may be less distinctive, mimicking a drug eruption [7]. 


Complications and co-morbidities 

In hyperinfection or disseminated strongyloidiasis, extremely heavy 
worm loads build up and leave the confines of the gut, spreading 
through other organs. This severe syndrome may occur in patients 
who are immunosuppressed by corticosteroid drugs, lymphoma, 
leukaemia, infection with HIV or human T-cell leukaemia virus 
type 1 (HTLV-1), or debilitated by advanced age, tuberculosis or 
other severe infection, carcinomatosis, malnutrition or burns [4]. 
Heavy infection causes severe diarrhoea, with fluid and electrolyte 
loss; signs of ileus may develop. Fever, abdominal distension, 
cough, dyspnoea, mental changes and unconsciousness may 
develop, and the patient’s body may go into shock. Shock com- 
monly indicates a complicating Gram-negative septicaemia. Cough, 
dyspnoea and chest signs suggest pneumonia. A widespread 
petechial or purpuric rash may be seen [8]. In Strongyloides infec- 
tions in HIV-positive patients, the immune reconstitution syndrome 
triggered by antiretroviral therapy has also been associated with 
increased generalised symptoms and pruritus [9]. 


Investigations [10,11] 

Larvae and the ova of Strongyloides spp. are demonstrated in the 
faeces but the concentration may be low and the sensitivity of direct 
examination is often below 50%. This can be increased by one of 
several concentration or culture techniques. Serum Strongyloides 
antibody tests are available (ELISA and indirect immunofluorescent 
antibody test (IFAT)), but often confined to reference laboratories. 


In severe or emergency situations, a good diagnostic yield can be 
obtained by more invasive methods such as examining samples 
of jejunal juice (most conveniently obtained by a ‘string test’ or 
entero-test capsule), jejunal biopsy or videocapsule endoscopy. 
Except in the hyperinfection syndrome, eosinophilia is common 
and tests for malabsorption may be positive. 


Management 

Ivermectin in an oral dose of 200 p1.g/kg body weight for two con- 
secutive days, is the treatment of choice [11]. Albendazole is also 
effective in a dose of 400 mg/day twice a day for 3-7 days, and is free 
of toxicity. Thiabendazole is an alternative treatment, but its use is 
limited by gastrointestinal side effects. Ivermectin has been shown 
to be more efficacious than albendazole and better tolerated than 
thiabendazole [12]. 

For cases of hyperinfection, ivermectin is given daily until symp- 
toms resolve. If there is a good response to treatment, eosinophil 
count and antibody levels should reduce. Faecal and possibly jejunal 
samples can be examined for larvae after 3 and 6 months. 


Treatment ladder for strongyloidiasis 


First line 
¢ Ivermectin 200 pg/kg PO x 2 days 


Second line 
e Albendazole 400mg PO BD x 3-7 days 


INFECTION WITH NEM 
ANIMALS 


Nematodes that do not normally parasitise humans are often unable 
to mature or develop fully, or to home to within their normal site 
in the body. Biologically, the human is a dead-end host. The infec- 
tive larvae tend to wander, causing one of several forms of larva 
migrans, or the adult worm migrates, causing migratory allergic 
phenomena. Worms reach unusual sites and give rise to eosinophilic 
granulomas, occasionally in important sites, such as the eye, caus- 
ing blindness, or the lungs, causing radiological confusion. In other 
infections, full development may take place and humans act as 
accidental intermediate hosts. 

A summary of the organisms and diseases caused by infection 
with nematodes of other animals is provided in Table 33.2. 


Cutaneous larva migran 


Definition and nomenclature 
Cutaneous larva migrans is often the clinical term used to describe 
a distinctive cutaneous eruption that may have numerous causes. 


Table 33.2 The organisms and diseases in infection with nematodes of other animals. 


Disease Organism 


Cutaneous larva migrans Ancylostoma brasiliense 
Ancylostoma caninum 
Ancylostoma ceylonicum 
Unicararia stenocephala 
Bunostumum phlebotomum 
Toxocara canis 

Toxocara Cati 

Toxocara malayensis 
Gnathostoma hispidium 
Gnathostoma nipponicum 


Visceral larva migrans: 
Toxocariasis 


Gnathostomiasis 


Dirofilariasis Subcutaneous disease: Dirofilaria tenuis, D. urii, 
D. subdermata and D. repens 
Pulmonary disease: D. immitis 

Trichinosis Trichinella spiralis 


The prime features, as the name suggests, are that the lesions migrate 
or creep and that they are due to the presence of moving parasites 
in the skin. Visceral larva migrans also occurs. 


Epidemiology 

Incidence and prevalence 

Infection is found most commonly in tropical and subtropical 
climates of Africa, South America, South-East Asia, the Caribbean 
and the southeastern USA, with larvae commonly found in sand- 
boxes and beaches. Prevalence is often highest during wet seasons. 


Pathophysiology 
Causative organisms [1] 
e Ancylostoma brasiliense 
e Ancylostoma caninum 
Ancylostoma ceylonicum 
¢ Uncinaria stenocephala 
¢ Bunostumum phlebotomum 

Causes of creeping eruption include Ancylostoma_brasiliense, 
A. caninum, A. ceylonicum, Uncinaria stenocephala and Bunostomum 
phlebotomum. The aforementioned are all animal hookworms, of 
which the dog hookworm is the most common cause of creeping 
eruption in humans. Anatrichosoma cutaneum, a parasite of monkeys 
in East and South East Asia, is a rare cause. Strongyloides stercoralis 
causes a distinctive form of cutaneous larva migrans. Dirofilaria 
repens and Spirometra spp. cause a subcutaneous granuloma that 
may migrate very slowly. Gnathostoma spp. and Loa loa cause migra- 
tory evanescent subcutaneous swellings. Additionally, cutaneous 
myiasis due to larvae of flies of the genera Gasterophilus and Hypo- 
derma may cause a creeping eruption similar to that caused by 
the animal hookworms. However, only the helminths that cause 
creeping eruption are considered further here. 
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Adult hookworms live in the intestines of dogs and cats, and 
their ova are deposited in the animals’ faeces. Under favourable 
conditions of humidity and temperature, the ova hatch into infective 
larvae, which will penetrate human stratum corneum by secreting 
hyaluronidase. However, the larvae are unable to burrow through 
the basement membrane and are therefore unable to complete 
their lifecycle [2]. Thus, the worms die without reproducing and 
therefore it is a self-limited disease. 


Environmental factors 

Sandy, warm, moist and shaded areas are particularly favourable. 
Many infections are acquired by children in sandpits, plumbers 
under houses, farm workers under outbuildings, hunters in hides, 
gardeners from the soil and seabathers from the sandy shore. 
The condition is common in all warm climates and may occur in 
northern Europe during a hot summer. Outbreaks occur commonly 
in groups of holidaymakers who mostly acquired the condition 
by direct skin contact with infested sand while on tropical beach 
holidays [3]. 


Clinical features 

Presentation [4] 

The larvae may cause a pruritic red papule at the site of penetration 
where the skin has been in contact with infected soil, commonly 
the feet, hands and buttocks. The larvae can lie quiet for weeks 
or months, or immediately begin creeping activity with the pro- 
duction of a wandering thread-like line about 3mm wide. This 
phenomenon is exceedingly itchy, slightly raised, flesh-coloured 
or pink, and forms bizarre, serpentine patterns. Large numbers 
of larvae may be active at the same time, with the formation of a 
disorganised series of loops and tortuous tracks (Figure 33.20). 

The larvae advance at a rate of a few millimetres to a few centime- 
tres daily, and are commonly found ahead of the track they leave 
behind. The wanderings of an individual larva are usually confined 
to a relatively small area, but it can travel exceptionally far. Itch- 
ing leads to scratching and secondary changes of dermatitis and 
bacterial infection. In later stages, these tracks are difficult to see, 
the path being marked by small itchy and discontinuous nodules. 

Cutaneous larvae migrans is self-limiting with estimates for the 
natural duration of the disease varying considerably. This varia- 
tion almost certainly depends on the species of larva observed, 
and this is usually unknown. In one study, 25-33% of larvae died 
every 4 weeks, whereas in another (presumed due to Ancylostoma 
brasiliense) 81% of lesions disappeared in 4 weeks [5]. Others may 
persist for many months to years [6]. 


Clinical variants 
In severe infestations, larva migrans may be accompanied by L6ffler 
syndrome of pulmonary eosinophilia [7]. 


Differential diagnosis 

The main differential diagnosis is the larva currens (‘running larva’) 
of strongyloidiasis. The main distinguishing factor between the two 
diseases is the speed at which the larvae travel. Larva currens is 
known for its distinct rapidity, with the larval track progressing 
at approximately 0.2 cm/min, with cutaneous lesions progressing 
up to 5-15cm/h. In cutaneous larva migrans, the larval track 
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Figure 33.20 Cutaneous larva migrans (creeping eruption). There are several tortuous 
indurated inflamed worm tracks, in some of which may be seen a blister that marks the 
head of the track. 


progresses at approximately 1cm/h with cutaneous lesions only 
progressing a few millimetres to a few centimetres daily. 

Noninfectious causes of linear or serpiginous dermatoses includes 
phytophotodermatosis, jellyfish stings, zoster or lichenoid erup- 
tions, but these can easily be ruled out by their non-creeping 
nature [8]. 


Diagnosis 
The classic clinical picture of wandering, advancing, serpentine and 
itchy lesions is easily recognised, but may be atypical, hidden by 
vesicles and scaling, or spoiled by scratching and secondary infec- 
tion. 

Larva currens and migratory myiasis must be distinguished and, 
in the Orient, from gnathostomiasis. Biopsy in larva migrans is of 
little value, as the larvae have advanced beyond the clinical lesions. 


Management 

Antihelminthic treatment is warranted to relieve symptoms and 
reduce the likelihood of secondary bacterial infection. Ivermectin 
is the preferred treatment, and is given at 0.15-0.2 mg/kg every 
day PO x 1 or 2days. Alternatively, albendazole 400 mg/day PO 
for 3 days is also effective, although in some cases the responses are 
poor. If localised, topical thiabendazole or ivermectin have proven 
effective [9,10]. 


Treatment ladder for cutaneous larva migrans 


First line 
¢ Ivermectin 200 pg/kg PO OD for 1 or 2 days 


Second line 
e Albendazole 400 mg PO for 3 days 


Visceral larva migrans — §s S37? 


Definition and nomenclature 

Many non-human and human helminths may be found migrating 
in human organs at various stages in their life cycle, but the syn- 
drome of visceral larva migrans is synonymous with the severe form 
of toxocariasis. 


Epidemiology 

Incidence and prevalence 

Toxocariasis is prevalent worldwide, with concentrations greatest 
in areas with domestic dogs and cats. The disease is more common 
in developing countries with tropical and subtropical regions, 
and socioeconomically disadvantaged groups. Seroprevalences of 
Toxocara canis have been estimated at 1.6% in Japan, 2.4% in Den- 
mark, 6.3% in Austria, 7% in Sweden, 14% in the USA and 19.6% 
in Malaysia, and greater than 80% of the population in Nepal and 
regions of Indonesia [1]. Children are at a higher risk of infection. 


Pathophysiology 

Pathology 

In humans, the second-stage larvae migrate from the intestine to 
most parts of the body, but notably to the liver, lungs, muscles and 
brain where they eventually die in eosinophilic granulomas. 


Causative organisms 
e Toxocara canis 
e Toxocara cati 
° Toxocara malayensis 

This infection is caused by Toxocara canis, T. cati and T. malayen- 
sis, the common roundworms of dogs, cats and wild carnivores. 
The domestic dog is thought to be the most important source of 
human infection. The prevalence of infection in dogs and cats may 
be high, reaching 51-100% in puppies of some countries (Nigeria, 
Portugal, India, and China) [1]. Eggs are passed in dog, cat, and 
wild carnivore faeces and remain infectious in soil for years outside 
these hosts. 


Environmental factors 
Humans are most commonly infected by ingesting eggs in soil, 
or in contaminated food or water. Children are especially at risk 


when playing in parks or other areas frequented by dogs, or from 
domestic puppies that have not been regularly wormed. 


Clinical features 

Presentation 

Most human infections are asymptomatic, or at least unrecognised. 
Persistent eosinophilia is, however, often present [2]; counts of 
over 25x 10?/L are common. In a proportion of infected children, 
the full syndrome of visceral larva migrans may develop. The 
essential features, apart from eosinophilia, are cough, dyspnoea 
and wheezing, failure to gain weight, muscle pains and some- 
times fever. The liver is enlarged. Hyperglobulinaemia is frequent. 
The syndrome is self-limiting after a few months if reinfection is 
prevented. 

Because so many cases are undiagnosed, the true incidence 
of cutaneous manifestations is unknown, but estimates suggest 
around 20% of patients with visceral larva migrans have cutaneous 
signs [3]. Generalised pruritus and urticarial or papular eruptions 
of the trunk and legs are most frequently reported. Hypodermati- 
tis, Wells syndrome, Reiter syndrome and eosinophilic folliculitis 
have been documented [3]. Migratory panniculitis, although 
rarely reported, is distinctive and perhaps pathognomonic: sub- 
stantial, tender, subcutaneous nodules vanish after 1 or 2 weeks 
[4,5]. 


Complications and co-morbidities 

In a minority of infected individuals, who have never experi- 
enced visceral larva migrans, ocular larva migrans may also occur 
with larval migration through the posterior segment of the eye 
and is a predominant infectious cause of blindness in children in 
developed countries. A wandering larva causes an ocular gran- 
uloma simulating a neoplasm or may simulate a more vigorous 
inflammatory reaction such as that seen in uveitis [6]. In addi- 
tion, patients may experience central nervous system disease with 
meningitis, encephalopathy with seizures and neuropsychiatric 
symptoms. 


Investigations 

Diagnosis is confirmed by morphometric assessment of larvae (if 
present) or detection of larval DNA from tissue or body fluid sam- 
ples. Fluorescent antibody and ELISA techniques are helpful [7]. As 
serological or immunological methods alone do not allow for an 
unequivocal diagnosis of infection, PCR-based tools can assist in 
identification [1]. 


Management [1] 

Treatment responses are often unsatisfactory given the requirement 
for drugs to reach larvae across a range of tissues. To date, there 
is limited data on the treatment of the disease. Individuals with 
mild symptoms may not require treatment, since they typically 
resolve in a few weeks. For patients requiring treatment, albenda- 
zole may prove to be the best agent; in the case of ocular infection, 
vitrectomy is often combined with medical treatment. In cases with 
central nervous system involvement, concomitant prednisolone is 
warranted. Mebendazole is an alternative agent to albendazole but 
it is not absorbed outside of the gastrointestinal tract. Cure rates are 
low with DEC. 
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Treatment ladder for visceral larva migrans 


First line 
e Albendazole 400mg PO BD x 5 days 
e With prednisolone if clinically warranted 


Second line 

¢ Mebendazole 100-200 mg PO BD x 5 days (not recommended 
in patients with ocular and neurological disease as it does not 
cross the blood-brain barrier) 


Third line 
e Diethylcarbamazine 4mg/kg/day x 21 days 


Gnathostomiasis — Fa 


Definition 

Gnathostomiasis is an infection caused by Gnathostoma spinigerum, 
G. hispidium and G. nipponicum, the definitive host of which are cats, 
wild felines, dogs and certain other animals that eat fish, snakes and 
frogs [1]. 


Epidemiology 

Incidence and prevalence 

Human gnathostomiasis occurs throughout South-East Asia, east 
of and including Bangladesh, China, Japan, Indonesia and the 
Philippines. The greatest number of cases are in Thailand, likely 
secondary to the custom of eating raw fish [2]. There are also reports 
from Mexico, Guatemala and Ecuador and in travellers returning 
from any endemic area [1,3]. About 5000 human cases have been 
reported worldwide since first described in 1889 [4]. 


Pathophysiology 

Pathology 

Larvae ingested by humans wander, mainly in subcutaneous tissues 
and muscles, causing deep tunnels, which form the sites of inflam- 
mation episodes or abscess formation. Histology shows intense infil- 
tration with neutrophils, plasma cells, chronic inflammatory cells 
and especially eosinophils. Less common sites of infection include 
the brain and eye. 


Causative organisms (Figure 33.21) 
© Gnathostoma hispidium 
© Gnathostoma nipponicum 

Adult worms live in the stomach of the carnivore. Eggs are passed 
in the faeces, hatch in water and are ingested by Cyclops, a genera 
of tiny crustaceans or copepods, in which they transform further. 
When Cyclops is ingested by frogs, snakes or fish, the larvae develop 
to the third stage in the flesh of the animals, which in turn are 
eaten by the definitive host, thus completing the cycle. Humans 
are infected either by ingesting Cyclops in water or by eating inade- 
quately cooked flesh of an intermediate host. Worms removed from 
a person are most commonly third-stage larvae or immature adults, 
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which measure 24mm long and are rust brown in colour due to 
ingested blood. The head of the worm is crowned by 4-8 rows of 
hooklets (Figure 33.22) and the anterior half of the body is covered 
in leaf-like spines. Rarely, a mature male worm, up to 12mm long, 
has been found [5]. 


Clinical features 

Presentation 

Cutaneous gnathostomiasis presents as intermittent nodular migra- 
tory panniculitis, several centimetres in diameter [6]. Lesions are 
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QO Egg hatches and 
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firm, warm, red and painful, lasting up to 4 weeks, before disap- 
pearing and returning nearby. They occur most commonly on the 
upper parts of the body, including the orbit. Abscesses may develop 
subcutaneously or in the muscle [7]. As the larvae migrate, they can 
also cause creeping eruptions or cutaneous larva migrans that are 
intensely pruritic. 

Visceral gnathostomiasis occurs when larvae migrate throughout 
various internal organs and can affect almost any part of the body. 
Ocular, auricular, pulmonary, gastrointestinal, genitourinary and 
CNS manifestations have been reported [4]. 


Figure 33.21 Life cycle of Gnathostoma 
spinigerum and G. hispidum. Courtesy of the 
Centers for Disease Control and Prevention. 
https://www.cdc.gov/dpdx/gnathostomiasis/ 
index.html (last accessed February 2023). 


Figure 33.22 Gnathostoma spinigerum. Head of an adult worm that was extruded 
from a subcutaneous swelling in a patient from Bangladesh. The crown of hooklets is 
characteristic. Courtesy of Dr P.L. Chiodini. 


Larvae can survive in the human body for a very long period 
of time; episodes of swelling may become brief and less intense, 
and symptoms may recur intermittently for more than 10 years in 
untreated patients [4]. 


Differential diagnosis 

Other nematodes that may cause similar clinical pictures include 
Lagochilascaris minor, a cause of subcutaneous abscesses in Surinam 
and Central America; Thelazia callipaeda, which parasitises the con- 
junctival sac in East and South East Asia; and Gongylonema pulchrum, 
a cosmopolitan parasite of pigs, bears, hedgehogs and monkeys 
that causes migratory lesions in the oropharyngeal submucosa 
of humans [8]. Isolated swellings may simulate inflammatory or 
neoplastic disease of other internal organs. 


Complications and co-morbidities [4] 

When larvae invade the eyes, permanent vision loss can occur. 
Invasion of the inner ear can result in hearing loss. Pleural effu- 
sions have been reported with pulmonary infections. Inflammation 
secondary to invasion of the gastric mucosa has caused gastric 
ulcers and perforation. Urinary tract disease is rare, but can result in 
haematuria. Neurognathostomiasis is the severest form of visceral 
disease. Fatal encephalomyelitis has also been described [9]. 


Diagnosis 

The diagnosis is suggested by geographical history, clinical fea- 
tures and a peripheral eosinophilia, and is confirmed by surgical 
extraction of the worm. Occasionally, a worm is expelled through 
the skin. Reliable serological tests (PCR and ELISA) are available 
through some specialist centres [3]. Imaging studies can facilitate 
diagnosis in visceral disease. 


Management [4] 

There is no effective non-invasive treatment for gnathostomiasis. 
Surgical removal of worms is considered the most effective treat- 
ment, but this is often not feasible unless infections are cutaneous 
or superficial. 
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Albendazole in a dose of 400 mg daily or twice daily for 21 days 
or ivermectin 200 pg/kg for either 1 or 2days are effective. At 
present, data is insufficient to determine which regimen is supe- 
rior, but albendazole is usually tried first. Other agents have not 
proven useful. Treatment of worms affecting the face is important, 
to prevent ocular involvement. 


Treatment ladder for gnathostomiasis 


First line 

¢ Surgical removal when feasible 

e Albendazole 400mg PO OD or BD for 21 days (when surgical 
removal is not feasible) 


Second line 
e Ivermectin 200 pg/kg for 1-2 days 


Dirofilariasis — 


Definition 
Dirofilariasis is an infection by filarial nematodes of the genus Diro- 
filaria. There are two forms of the disease as follows. 
1 Subcutaneous dirofilariasis caused by D. tenuis (D. conjunctivae), 
D. urii, D. subdermata and D. repens. 
2 Pulmonary dirofilariasis caused by D. immitis, the dog heart- 
worm. 
Dirofilaria ursi and the related D. subdermata are natural parasites 
of bears and porcupines, respectively. 


Epidemiology 

Incidence and prevalence 

Most cases of dirofilariasis are prevalent in warmer regions of the 
world where transmission can be sustained year round. Dirofilaria 
repens is a subcutaneous parasite of dogs and cats that is exclusive 
to the Old World, notably Europe, Asia and Africa. Greater than 
3500 cases of human infection with D. repens have been reported in 
Europe from 1977 to 2016 [1]. D. immitis, D. ursi and D. tenuis are 
cosmopolitan in the New World and can be found in dogs, bears 
and raccoons, respectively, in the USA. Transmission to humans is 
thought to be by mosquitoes. 


Pathophysiology 
Causative organisms 
e Subcutaneous disease: D. tenuis, D. urii, D. subdermata and 
D. repens 
¢ Pulmonary disease: D. immitis 
The dirofilarial life cycle, like other helminthic nematodes, con- 
sists of five developmental stages. Adult female worms produce 
thousands of microfilariae which are ingested by Aedes, Anophe- 
les, Culex and Mansonia mosquitoes. Larvae mature within the 
mosquitoes in a temperature dependent process [2] and are passed 
to other hosts through bites. Definitive hosts include dogs, cats 
and other wild carnivores, where larvae further mature into adults 
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Figure 33.23 Dirofilariasis. Low-power view of cold abscess from the cheek. It shows 
degenerate coiled Dirofilaria worm within an abscess and surrounding lymphocytic 
infiltrate and fibrosis. Courtesy of Professor S.B. Lucas. 


within the pulmonary arteries or heart (hence the name heartworm). 
Humans act as dead-end hosts as the worms do reach maturity and 
the disease is usually self-limiting. 


Clinical features 
Presentation 
In subcutaneous disease, the lesion is usually a tender, occasionally 
migratory, nodule which develops over a few weeks. These clinical 
symptoms may be consistent with Wells cellulitis [3]. Common sites 
are the eyelid, scrotum, breast, arm and leg. The worm may also be 
seen in the conjunctiva and is present within a foreign-body granu- 
lomatous reaction in the nodule (Figure 33.23). Microfilariae are not 
found in the blood. 

Patients with pulmonary disease are often asymptomatic. How- 
ever, fever, chills, fatigue, cough with or without haemoptysis, 
wheezing and chest pain may occur. 


Investigations 

Diagnosis is made by extracting the worm from the lesion or by iden- 
tifying it in an excised specimen. PCR and ELISA have also been 
useful in diagnosis. 


Management 

Definitive treatment is by surgical removal of the nodules. If surgi- 
cal removal is not feasible, ivermectin can be used. Recently treat- 
ment with doxycycline has proven effective as it kills the bacterial 
endosymbiont Wolbachia that filariae depend on for growth, devel- 
opment, fertility and survival [4]. 


Trichinosis —— 


Definition and nomenclature 
Trichinosis, also known as trichinellosis, is an infection of the intes- 
tine and muscle, with Trichinella spiralis, a worldwide parasite of 


a wide range of carnivores. The human is normally an end host. 
A variety of allergic phenomena characterise human infection. 


Epidemiology 

Incidence and prevalence 

Trichinosis is distributed worldwide. It is an important disease 
both in Europe and in the USA, and has been found in Africa, 
south of the Sahara. It is estimated that 10000 cases occur annually 
throughout the globe [1]. 


Pathophysiology 

Predisposing factors 

Humans acquire the disease by eating raw or undercooked meat 
infected by Trichinella spiralis — such as bush pig in Africa, bear 
and walrus meat in Alaska and the Arctic. Entire polar expeditions 
have died after eating an infected polar bear. 


Pathology 

Intestinal infection causes partial villous atrophy and mucosal and 
submucosal inflammation. The deposition of larvae in muscles 
is associated with oedema, loss of cross striations and basophilic 
degeneration (Figure 33.24). The coiled larvae are surrounded by 
an inflammatory infiltrate of lymphocytes and macrophages until 
they become encapsulated. 


Causative organisms (Figure 33.25) 
¢ Trichinella spiralis 

The lifecycle of human trichinella follows three sequential phases: 
enteral phase, parenteral phase and encysting phase [2]. Encysted 
larvae of Trichinella spiralis are ingested in meat and hatch in the 
duodenum (enteral phase), penetrate the submucosa and within 


Figure 33.24 Trichinosis. Medium-power view, Movat stain, showing Trichinella worm 
within a ‘nurse cell’ in skeletal muscle. There is surrounding oedema, muscle disruption 
and lymphocytic infiltrate. Courtesy of Professor S.B. Lucas. 
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Figure 33.25 Life cycle of Trichinella. Courtesy of the Centers for Disease Control and Prevention. https://www.cdc.govw/dpdx/trichinellosis/index.html (last accessed February 2023). 


5 days have matured, mated and started producing 200-2000 inva- 
sive larvae, which reach muscles (parenteral stage) where they 
become encysted and infective to a fresh host within 21 days. The 
adult worms live less than 2 months. Encystment and repair may 
occur for months to years after infection (encysting phase). Cysts 
may calcify, but the larvae remain viable for up to 40 years and can 
outlive their dead host by 10 days [3]. 


Clinical features 

Presentation 

The disease may be symptomless or mild, but generally, after 
a moderate infection with the ‘muscle worms’, severe symp- 
toms resembling acute food poisoning ensue rapidly (intestinal 
phase). These are followed within a week by an acute illness with: 
fever; generalised muscle pain and tenderness; sweating; peri- 
orbital oedema; conjunctivitis; some paralysis of the muscles of 
the tongue, jaw and respiration; a transient maculopapular rash 
of the extremities; and splinter haemorrhages beneath the nails 
(invasive stage). Chronic symptoms include cachexia, oedema, and 
extreme dehydration (convalescent phase). 


Clinical variants 

In severe infections, there is involvement of the heart and central 
nervous system. A necrotising vasculopathy equivalent to classic 
polyarteritis nodosa is described [4]. 


Investigations 

Clinical features can suggest the diagnosis within a week of eating 
inadequately cooked meat, especially pork. Worms may be found 
in faeces in the second to fourth week of the infection, and after 
4 weeks in biopsied muscle. The eosinophil count, erythrocyte sed- 
imentation rate and serum creatine phosphokinase are all raised. 
After 3 weeks, antibodies become detectable. ELISA and indirect flu- 
orescent antibody tests are the most commonly used methods [5]. 


Management 

The goal of management is to prevent systemic invasion. Therefore, 
treatment should begin as soon as the diagnosis is confirmed, ide- 
ally within the first 3 days of infection. Albendazole 400 mg twice 
daily for 8-14 days is the drug of choice [1]. Mebendazole is another 
option but requires more frequent monitoring and dosing. When 
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treated early, these medications are effective. Unfortunately, most 
infected people are diagnosed several weeks after the infection, 
when larvae have established themselves in the muscles. These 
larvae can survive for years despite treatment. As a consequence, 
advanced stages of infection should be treated for longer periods of 
time [5]. 

Management of the disease with systemic symptoms includ- 
ing central nervous system involvement, cardiac inflammation 
or pulmonary infiltration consists of combined use of a cortico- 
steroid and an antiparasitic agent. Corticosteroids are lifesaving 
in suppressing allergic reaction at the height of larval spread and 
Jarisch-Herxheimer-type reaction with antiparasitics. 


Treatment ladder for trichinosis 


First line 
e Albendazole 400 mg PO BD for 8-14 days 


Second line 
¢ Mebendazole 200-400 mg PO TDS for 3 days, then 
400-500 mg PO TDS for 10 days 


Trematodes are non-segmented single-sex worms, flattened like a 
leaf and without a formal organ of attachment. Pairs of adult worms 
live in a hollow viscus (such as the vein, gut, bile duct or lung), 
from whence eggs make their way into faeces, urine or sputum. 
The eggs must enter water, hatch and infect a species of snail, in 
which a cycle of development and multiplication occurs, resulting 
in the release of motile cercariae. These either penetrate human 
skin or enter a resting stage in aquatic plants, fish or crustacea, and 
are later eaten. Trematodes are important and common parasites of 
humans, especially in Africa, and East and South East Asia. They 
cause skin disease either as a result of cercarial penetration, by 
the ectopic deposition of adult worms or their eggs, or by causing 
allergic phenomena. 

A summary of the organisms and diseases caused by infection 
with trematodes is provided in Table 33.3. 


Schistosomiasis Cl 


Definition and nomenclature 
Schistosomiasis or bilharziasis is a serious systemic disease due to 
different species of human schistosomes or blood flukes. Rashes 


Table 33.3 Organisms and diseases of infection with trematodes. 


Disease Organism 


Schistosoma mansoni 

Schistosoma japonicum 

Schistosoma haematobium 

Schistosoma mekongi (rare) 

Schistosoma japonicum (avian and mammalian species) 
Paragonimus westermani 

Paragonimus africanus 

Paragonimus peruviana 

Paragonimus szechuanensis 


Schistosomiasis 


Cercarial dermatitis 
Paragonimiasis 


may occur during the invasive stage of this disease, when the 
skin is being penetrated by cercariae, and later there may be skin 
involvement at or near mucocutaneous surfaces, and less com- 
monly at more distant sites on the trunk, following dissemination 
of ova. 

A second group of non-human schistosomes cause cutaneous 
symptoms only. This situation follows penetration of cercariae 
into the skin, but further development of the flukes in humans is 
arrested and there are no sequelae. The condition ‘swimmer’s itch’ 
or cercarial dermatitis is a prime example of this process. 


Epidemiology 

Incidence and prevalence [1] 

Disease due to the commonest agent, Schistosoma mansoni, is 
endemic in Africa and South America (especially the Nile delta 
and north-east Brazil). S. japonicum occurs in China and South-East 
Asia, and S. haematobium extensively in Africa (especially in the 
Nile and Rift Valleys), Arabia, Madagascar and south-west India. 
Schistosomiasis affects almost 240 million people worldwide. 


Pathophysiology 
Causative organisms (Figure 33.26) 
¢ Schistosoma mansoni 
Schistosoma japonicum 
¢ Schistosoma haematobium 
¢ Schistosoma mekongi (rare) 
Schistosoma intercalatum (rare) 
Humans infected with S. mansoni and S. japonicum excrete eggs 
in the faeces, and with S. haematobium excrete eggs in the urine. 
On contact with water, these eggs develop into miracidia, which 
undergo further development in certain aquatic snails. From these, 
free-swimming cercariae are released, which are capable of pen- 
etrating human skin to produce the infection [2]. The organisms 
can pass rapidly through the epidermis and enter the venous blood 
within 24h of contact with human skin. The larvae are then car- 
ried through the heart and lungs, and mature into flukes in the 
intrahepatic portion of the portal system. 

Finally, the mature flukes pass from the portal system into the 
pelvic veins, where eggs are laid. S. mansoni and S. japonicum localise 
primarily in the mesenteric veins, while S. haematobium invades the 
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Figure 33.26 Life cycle of the Schistosoma. Courtesy of the Centers for Disease Control and Prevention. https://www.cdc.gov/dpdx/schistosomiasis/index.html (last accessed February 


2023). 


vesical and, sometimes, the rectal veins with the production of 
haematuria and other urinary symptoms. Ova work their way 
out of the veins into the tissues, where they cause the formation 
of granulomas in which there is a pseudotubercle arrangement 
of inflammatory cells rich in eosinophils and histiocytes, and 
occasional giant cells, surrounding the diagnostic ova [3]. 


Clinical features 

Presentation 

Skin manifestations of this common disease of tropical and subtrop- 

ical distribution are incidental features of the underlying disease. 

They may be grouped as follows [4]: 

1 Schistosomal dermatitis. 

2 Urticarial reactions in the early weeks of the disease. 

3 Paragenital granulomas and fistulous tracts. 

4 Ectopic cutaneous schistosomiasis (lesions occurring away from 
the characteristic sites of egg deposition are termed ‘ectopic’; 
Figure 33.27). 

Ectopic sites of egg deposition probably arise through migration 
of adults via the paravertebral venous plexus. 


Skin involvement may occur either as a result of the initial 
penetration of the skin by waterborne, free-living cercariae (an 
intermediate stage in the life cycle), during an immune-complex 
mediated phase of the infection, Katayama fever [5], or in the 
later stages of infection following ectopic localisation of worms or 
ova [6]. 

1 Schistosomal dermatitis. Penetration by cercariae of parts of the 
epidermis in contact with water may pass unnoticed or cause an 
itchy papular eruption indistinguishable from swimmer’s itch 
(cercarial dermatitis due to non-human flukes). The symptom 
of itching usually lasts only for a few hours after leaving the 
water, although mild redness may persist for longer. In sensitised 
individuals, however, papules and itching persist for about a 
week [4]. 

2 Urticarial reactions. Four to eight weeks after penetration of the 
skin by cercariae, urticaria may occur. This is particularly severe 
in S. japonicum infection, together with fever, purpura, malaise, 
arthralgia, abdominal cramps, diarrhoea and enlargement of 
the liver and spleen. In some areas, for example China and Japan, 
this feature is so prominent that the disease is called ‘urticarial 
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Figure 33.27 Schistosomiasis of the vulva (medium power, H&E) showing six 
schistosome eggs with surrounding lymphoplasmocytic infiltration. Courtesy of Professor 
S.B. Lucas. 


fever’ or Katayama disease. Eosinophilia is also typical. The 
symptoms resolve in about 4—6 weeks. 

3 Paragenital granulomas and fistulous tracts. In areas of high endemic- 
ity, cutaneous bilharziasis of the perineum and external genital 
regions is not uncommon [7-9]. This follows direct spread of adult 
flukes to adjacent vasculature. Granulomatous genital condy- 
lomas occur and fistulous tracts with extensive firm masses, 
honeycombed by sinuses, are characteristically found on the 
perineum, groins or buttocks (Figure 33.28). 

4 Ectopic cutaneous schistomiasis [10-14]. Ova may become deposited 
in the skin as well as in other ectopic sites, such as the conjunctiva, 
lungs and central nervous system. They arise following embolism 
of ova from adults, which are localised in abnormal sites, such 
as the paravertebral plexus [4]. The trunk is almost invariably 
the site of ectopic cutaneous involvement. The primary lesion 
is a flesh-coloured firm papule reaching a size of 2-3mm and 
ovoid in shape. These papules agglomerate to form slightly raised 
plaques with irregular contours. Later still, some plaques develop 
a surface protuberance and deepen in colour but retain their irreg- 
ular ovoid contours. The skin over old nodules may be deeply 
pigmented and scaly, and may later ulcerate. The para-umbilical 
area is a common site [10] but other areas may be involved 
(Figure 33.28), and, in some cases, the lesions have a segmental 
or zosteriform distribution [12-14]. With treatment, these lesions 
slowly disappear in about 5 months. A facial hypopigmented 
plaque is described. 


Complications and co-morbidities 

The major complications of schistosomiasis are due to infections 
affecting the liver (fibrosis), intestinal involvement and bladder 
infection, which may lead to carcinoma of the bladder. Other sites 
of involvement include the kidneys, heart, central nervous system 
and retina [2]. 


Investigations 

The characteristic ova may be found in stools or urine (Figure 33.29). 
On occasions, rectal biopsy is an alternative method of finding ova. 
The latter have a characteristic morphology. Serology testing is 


Figure 33.28 Schistosomiasis of the vulva and anus. Condylomatous lesions containing 
granulomas around schistosome ova. Courtesy of Professor G. Nelson. 


Figure 33.29 Schistosoma haematobium ovum in urine. Courtesy of Mr A.H. Moody. 


useful for screening. Immunofluorescence, ELISA and PCR are 
commonly used. Ectopic cutaneous schistosomiasis is diagnosed 
by biopsy. Histology shows epithelioid cell granulomas containing 
degenerate ova (Figure 33.27). 

Urinalysis can be used to identify those at risk with urogenital 
schistosomiasis. Imaging can also facilitate diagnosis. 


Management 

The treatment of choice for all schistosome species is praziquantel. 
The drug is given at a dose of 40mg/kg divided into two doses 
for 1 day, except in infections due to S. japonicum and S. mekongi, 
where 60mg/kg divided into three doses for 1 day is adminis- 
tered [15]. Cure rates are high with this regimen and there are few 
side effects such as abdominal discomfort and headache. However, 
there are increasing reports of treatment failures and resistance 
has been recorded in laboratory testing [16]. In early infections, the 
results of therapy are excellent, although reinfection is a continual 
risk. Many of the complications of the infection such as hepatic 
fibrosis, portal hypertension and ureteric stenosis are irreversible 
due to scar formation. 


Treatment ladder for schistosomiasis 


e Praziquantel 40 mg/kg PO divided into two doses for 1 day 
¢ Use 60 mg/kg PO divided into three doses for 1 day for 
S. japonicum and S. mekongi 


Cercarial dermatitis — CC 


Definition and nomenclature 

Cercarial dermatitis is a widely used term to describe a group of skin 
disorders having a common aetiology — an eruption resulting from 
waterborne penetration of the skin by free-living cercarial stages of 
non-human schistosomes. There are a number of local names for 
these conditions, such as swimmer’s itch, clam digger’s itch, sedge 
pool itch, koganbyo and sawah itch. Symptoms from this disease are 
mild and do not typically last more than 1 week. 


Epidemiology 

The association between schistosomes and cercarial dermatitis 
has been known for many decades and cercarial dermatitis is 
reported in many countries. Geographic region, season, occupa- 
tion and activity influence the frequency of cercarial dermatitis. 
However, there are no data on the number of afflicted persons per 
year [1]. 


Pathophysiology [2] 

The pathogenesis of cercarial dermatitis is not completely under- 
stood but is believed to result from an allergic reaction secondary 
to skin penetration of schistosomes. The kinetics of the clinical 
response suggest that sensitisation is involved, with a more intense 
inflammatory reaction occurring in those sensitised. The first phase 
of epidermal penetration is accompanied by dermal oedema, 
which is followed by a brisk neutrophil reaction. Subsequent 
exposure results in a strong reaction characterised by lymphocytic 
vasculitis with lymphocytic dermatitis. 


Causative organisms [3] 
In general, species of schistosomes whose normal hosts are birds 
and non-human mammals shed eggs in bodies of water such as 
ponds, lakes and oceans. The eggs hatch and liberate miracida 
which then further develop in mollusca. Cercariae are then released 
and through chemotrophic reactions are drawn to human skin. 

See clinical variants for more details. 


33.29 


Infection with trematodes 


Environmental factors 

Attempts to find common features connecting the likely locations 
for cercarial infections have not been entirely successful. It is appar- 
ent, however, that areas endemic for cercarial dermatitis usually 
have abundant submerged vegetation harbouring the intermediate 
hosts. Hot spells of weather have also been associated with a higher 
risk of the development of symptoms [4]. 


Clinical features 

Presentation 

Most forms of cercarial dermatitis have common features, although 
their intensity varies between individuals [5]. The first sign of an 
infection is the development of a tingling sensation after contact 
with water. This lasts for about 1h and there may be a fine macular 
redness. After 10-15h, there is usually a second phase with the 
appearance of multiple itchy papules with surrounding redness. 
These may evolve into vesicles or oedematous lesions. Bacterial 
superinfection may lead to pustules. In strongly sensitised hosts, 
papules may occur within 1h. Massive infections may also cause 
fever, limb swelling, nausea and diarrhoea [1]. The whole reaction 
takes about a week to resolve. The papules closely resemble small 
insect bites. There are no long-term sequelae. 


Clinical variants 

Fresh-water avian cercarial dermatitis [5,6]. This follows penetra- 
tion of the skin by cercariae of avian blood flukes. The intermediate 
hosts are freshwater molluscs. The flukes belong to the genera 
Trichobilharzia, Gigantobilharzia and Ornithobilharzia. The condi- 
tion has been described from many different parts of the world 
including North America, particularly the lakes region of the USA, 
Canada, Europe, Africa, East and South East Asia [5,7]. In some 
countries, it affects patients with particular occupations such as rice 
farmers working in the paddy fields. 


Sea-water avian cercarial dermatitis [8]. This follows invasion of 
the skin by blood flukes whose definitive hosts are sea birds. While 
it is recorded less frequently than infections caused by freshwater 
species, it accounts for the condition, seen in the Atlantic seaboard 
of the USA, known as clam-digger’s itch. The intermediate hosts 
are marine molluscs. The term ‘sea-bather’s eruption’ is used to 
describe a variety of different rashes that may develop after sea 
bathing. It is likely that it includes a number of different conditions 
from jellyfish dermatitis to eruptions due to toxic algae. A sea water 
form of cercarial dermatitis is therefore one cause of sea-bather’s 
eruption [9]. 


Freshwater mammalian cercarial dermatitis [7]. This has been 
reported mainly from East and South East Asia, and the definitive 
hosts for the schistosomes in this condition are mammals such as 
water buffaloes. 


Diagnosis [1] 

History is most important in diagnosis. Affected patients usually 
meet three criteria: recent contact with a natural body of water, 
appearance of a papular skin eruption with severe itching 12-24h 
after exposure, and lesions distributed only on parts of the body 
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immersed in water. Biopsy of papules within the first 24-72h can 
assist in diagnosis with detection of schistosomulum. 


Management 

Treatment is entirely symptomatic. Although brisk rubbing with 
a dry towel seems sensible advice, there is no evidence that it 
prevents the second phase of responses [9]. Patients can be treated 
with antihistamines or topical applications of hydrocortisone. Pre- 
ventative measures are seldom called for as infections tend to be 
sporadic. Control of vegetation in endemic areas or of the snail 
population are possibilities, but seldom practised unless the more 
serious problem of schistosomiasis is also present. 


Treatment ladder for cercarial dermatitis 


e Antipruritic cream (1% hydrocortisone) applied to the 
affected area twice daily x 1 week 

e Hydroxyzine 25mg PO every 6h as required for pruritus x 
1 week 


Paragonimiasis Cl 


Definition 

Paragonimiasis is a trematode (fluke) infection caused by con- 
sumption of raw or undercooked crayfish or crab. It is a lung fluke 
that infects the lungs of the infected host. The disease is usually 
asymptomatic or presents with few and mild symptoms, but more 
serious cases can occur when the parasite travels to the central 
nervous system. 


Epidemiology [1] 

Infections caused by the lung fluke, Paragonimus westermani, are 
found in East and South East Asia, the West Pacific and in parts 
of India and central Africa. Similar species, P. africanus, P. mexi- 
canus and P. peruviana, cause disease in the Cameroons and Central 
and South America, respectively. In China, two rare species, P. 
szechuanensis and P. hueitungensis, have been recorded as causes of 
migratory subcutaneous nodules in humans. P. kellicotti has been 
acquired in the USA. Given its broad distribution, over 292 million 
people are at risk of infection, with 23 million actually infected. 


Pathophysiology 
Causative organisms 

e Paragonimus westermani 

¢ Paragonimus heterotremus 
¢ Paragonimus philippinensis 
¢ Paragonimus africanus 

¢ Paragonimus uterobilateralis 
e Paragonimus peruviana 

© Paragonimus kellicotti 

¢ Paragonimus szechuanensis 
¢ Paragonimus hueitungensis 


Figure 33.30 Paragonimiasis. Chest X-ray showing three discrete opacities, in two of 
which cavitation is present, characteristic of the disease in Thailand. Courtesy of 
Professor D.A. Warrell. 


The adult worms are found in the respiratory tract, from which 
eggs are coughed up and swallowed, thus entering the faeces. 
Miracidia are released upon contact with water, and seek and pene- 
trate snails. These in turn are the first intermediate hosts and liberate 
cercaria, which then enter the muscles of freshwater crustaceans 
such as crayfish. Human infection results from ingestion of inade- 
quately cooked crabs and crayfish. Ingested metacercaria penetrate 
the intestinal wall and make their way through the diaphragm to 
the lungs. 


Clinical features 

Presentation 

Adult worms encyst in the lungs (Figure 33.30) and cause a chronic 
cough with fever and sweats. Brown-stained sputum is characteris- 
tic. Flukes may also reach ectopic sites such as the peritoneum, brain 
or skin. 

Skin lesions of paragonimiasis are large mobile subcutaneous 
nodules, often migratory, which develop into cold abscesses [2]. 
They can occur at any site including the conjunctiva and may 
enlarge rapidly to reach a diameter of 10cm or more. The larger 
lesions are often painful and may rupture spontaneously. 


Diagnosis [1] 

Demonstration of fluke eggs in sputum, faeces, bronchial washing 
or surgical specimens provides a definitive diagnosis. However, 
immunologically based tests, such as ELISA, are regarded as 
more sensitive, given that eggs may be hard to find. Imaging 


can facilitate diagnosis, although structural abnormalities are not 
always apparent even in active cases. 


Management 

Praziquantel given at 25mg/kg/day in three doses for 2 days or 
one dose of triclabendazole, 10 mg/kg are the treatments of choice 
for this disease [3]. Mebendazole is not effective. Thiabendazole is 
an acceptable second line therapy for patients who cannot tolerate 
praziquantel. This drug is only available through the American 
Centers for Disease Control and Prevention. Anticonvulsant ther- 
apy and corticosteroids may be warranted in patients with cerebral 
paragonimiasis. 


Treatment ladder for paragonimiasis 


First line 
e Praziquantel 25 mg/kg/day PO divided every 8h x 2 days 
¢ Triclabendazole 20 mg/kg, in two divided doses of 10mg/kg 


Second line 
e Thiabendazole 10 mg/kg PO x 1 or 2 doses 


INFECTION WITH CESTODES 


Tapeworms are flat ribbon-like helminths composed of a variable 
number of segments called proglottids. The anterior segment or 
scolex comprises the head, which carries hooks or suckers for 
attachment to the intestinal mucosa, and a narrow neck from which 
the proglottids develop. As the hermaphroditic proglottids mature, 
they become motile sacs full of eggs, which separate from the 
worm and pass in the faeces or wriggle through the anus. Adult 
tapeworms inhabit the intestinal lumen of a wide range of natural 
hosts. Eggs are taken up by an intermediate host and undergo often 
complex larval development; in some species, there may be two or 
more intermediate hosts, each supporting a different phase of larval 
development. The human is a natural host to certain tapeworms 
and may be an accidental host to others. Generally, infection with 
adult worms causes little or no disease, but infection with the larval 
stages may be serious [1]. 

Tapeworms that infect humans may be divided into two orders, 
Cyclophyllidea and Pseudophyllidea, within each of which certain 
species may cause skin disease (Box 33.1). 


Echinococcosis — 


Definition and nomenclature 
Two major species in the genus Echinococcus parasitise humans 
with the formation of hydatids, namely E. granulosus and 


Box 33.1 Tapeworms infectious to humans 


Cyclophyllidea 

¢ Echinococcus granulosus and E. multilocularis. Tapeworms, 
respectively, of dogs and foxes. Larval stages cause echinococcosis, or 
hydatid disease in humans 

¢ Taenia saginata. The beef tapeworm of humans. Causes taeniasis. No 
skin parasitisation 

¢ Taenia solium. The pork tapeworm of humans. Causes taeniasis and 
cysticercosis 

¢ Multiceps multiceps. A tapeworm of dogs and wolves. Its larval stage 
(coenurus) may parasitise the human brain and other organs [2] 

¢ Multiceps serialis. A tapeworm of dogs, wolves and foxes, whose 
larval stages may parasitise human muscle or subcutaneous tissue [3] 

e Multiceps brauni. A tapeworm of dogs whose coenurus may 
parasitise subcutaneous tissue and the eye in humans [2,4,5] 


Pseudophyllidea 

¢ Spirometra spp. Tapeworms of carnivores. The larval forms 
(spargana) cause sparganosis in humans 

¢ Diphyllobothrium latum. The fish tapeworm of humans. Causes 
diphyllobothriasis 


E. multilocularis. Adult E. granulosus lives in the intestine of the dog 
and, if ova are accidentally swallowed by humans or other animals, 
hydatid cysts develop. Sheep are the commonest intermediate 
hosts. Similarly, adult E. multilocularis lives in the bowel of red 
fox and arctic fox. Mice, voles and lemmings are the intermediate 
hosts. 


Epidemiology [1] 

Prevalence of echinococcal disease varies by species. E. granulo- 
sus occurs worldwide, with the highest incidence rates in Africa, 
Europe, Asia, the Middle East, Central and South America. It affects 
over 1 million people [2]. E. multilocularis is most prevalent in 
northern latitudes of Europe, Asia and North America. 


Pathophysiology 
Causative organisms 
¢ Echinococcus granulosus 
¢ Echinococcus multilocularis 

Humans become infected by ingesting eggs in food or water that 
has been contaminated by, usually, dog faeces. In endemic coun- 
tries, especially those where sheep rearing is not accompanied by 
strict regulations, children’s hands readily pick up the eggs from 
the coats of dogs and are ingested. Eggs hatch in gastric acid and 
penetrate the wall of the duodenum, and are distributed via the 
bloodstream, mainly to the liver and lungs, but the bones and any 
other organ may also be infected. The larvae develop into fluid-filled 
cysts whose germinal layer produces numerous protoscolices, capa- 
ble of becoming the scolices of adult worms after ingestion by the 
definitive host. 


Infection with cestodes 33.31 
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Figure 33.31 Hydatid disease. Subcutaneous hydatid cyst presenting as a hernia, in a 
woman from Turkana, Kenya. Courtesy of Dr C.N.L. MacPherson. 


Cysts of E. granulosus tend to grow slowly and bud inwards, pro- 
ducing daughter cysts. Those of E. multilocularis may bud outwards, 
and thus spread through the tissues like a cancer. 


Clinical features 

Presentation 

The commonest manifestation is an enlarged liver. Leakage of anti- 
genic fluid from the cyst may cause cough, urticaria, abdominal pain 
and eosinophilia. The symptoms are dependent upon the location 
of cysts within the body. Rupture of the cyst may cause local signs 
and anaphylaxis. Hydatid cysts (Figure 33.31) may be palpable in 
muscle or subcutaneous tissues as firm painless swellings, often up 
to the size of an orange. They may be fluctuant. The overlying skin 
is normal. 


Investigations 

Clinical diagnosis is aided by radiography or computed tomog- 
raphy (CT) examination of the lungs and sonographic ultrasound 
of the liver [3]. On ultrasound, the evolution of cysts can be 
defined into stages according to a classification system developed 
by the WHO [4]. Hydatid lesions can appear as smooth round 
cysts that are anechoic, collapsed cysts or with the presence of 
multiple daughter cysts [5]. The pathognomonic ‘water-lily’ sign 
occurs with separation of the hydatid membrane from the cyst 
wall mimicking the appearance of a water lily. CT is the preferred 
method of detection for extrahepatic cysts. CT can accurately 
describe the number, size and location of cysts. CT is also fre- 
quently used during monitoring of patients during treatment. 
Excision of a subcutaneous cyst is conclusive. Great care must 
be taken not to spill any cyst fluid, which may give rise to fur- 
ther cysts. Complement fixation and ELISA are useful serological 
tests. 


Management 

Options for management include surgery, percutaneous drainage 
of cysts, drug therapy and observation. Management of disease is 
dependent on the size and classification of the cysts. The goal of 


surgery is to evacuate the cyst and obliterate the residual cavity. 
Relapse of disease does occur, so patients should be monitored for 
3-5 years. 


Cysticercosis — 


Definition and nomenclature 

Taenia solium, the pork tapeworm, is responsible for producing 
human intestinal infection with the tapeworm (taeniasis), and 
the lodging of the larval stage (Cysticercus cellulosae) in numerous 
organs, especially the subcutaneous tissue, muscle and brain, with 
the production of the disease cysticercosis. 


Epidemiology 

Incidence and prevalence 

Taenia solium is an important human parasite with a wide, although 
shrinking, distribution. It is most frequent in Eastern Europe, China, 
Pakistan, India, Africa, Mexico and Central and South America. 
Its prevalence depends upon insanitary human faeces disposal and 
the eating of undercooked pork. 


Pathophysiology 

Pathology 

The cysticerci are found most frequently in subcutaneous tissue 
and muscle, but may occur in any organ of the body, espe- 
cially the brain. The growing cyst provokes a non-specific inflam- 
matory reaction, which may be followed by fibrosis and eventual 
calcification. 


Causative organisms 
¢ Taenia solium 

In taeniasis, the adult T. solium lives attached to the wall of 
the small intestine and may reach a length of 7m. Inadequately 
heated or frozen pork is the sole source of human infection with 
the adult worm, but humans and other primates may harbour the 
cysticercus stage. 

Human infections with Cysticercus cellulosae are due to: ingestion 
of eggs in contaminated food or drink; eggs from an individual's 
own intestinal infection being introduced into the mouth on dirty 
hands; or internal autoinfection as a result of vomiting — eggs must 
be digested in gastric acid. 


Clinical features 

Presentation 

Adult worms in the intestine cause little or no reaction, although 
the passing of writhing fragments is distressing. The cysticerci 
form nodules in the subcutaneous tissue of the muscles (rarely 
with widespread muscular enlargement), eye [1], eyelid [2], 
lungs and brain and other organs, which may seriously inter- 
fere with function depending on their position. Major exacerbation 


Figure 33.32 Cysticercosis in a man from North India. A subcutaneous cyst is 
seen over the sternum. Courtesy of Dr A.P. Hall. 


of symptoms, such as epilepsy or intracranial obstruction, coincides 
with the death of the larvae. The disease in the skin is known 
as cysticercosis cellulosae cutis, and the subcutaneous nodules 
formed are 1-2cm in diameter (Figure 33.32). They are rubbery 
and firm, rounded and painless and may remain unchanged for 
many years. Their numbers vary from one to hundreds, and when a 
lesion is identified, a search must be made for other accompanying 
lesions. 

Prognosis is good in taeniasis, but in cysticercosis it is serious 
when vital organs are involved. 


Differential diagnosis 
Cysticercosis cellulosae cutis can be misdiagnosed as lipoma, 
epidermoid cyst, abscess, pyomyositis, tuberculous lymphadeni- 
tis, neuroma, neurofibroma, sarcoma, myxoma, ganglion or fat 
necrosis [3]. 


Investigations 
Eggs in the stool cannot be differentiated morphologically from 
those of T. saginata, but examination of gravid proglottids allows 
for more precise identification. In cysticercosis, the histology of an 
excised cyst is diagnostic. Serology is helpful, but cross-reactions 
occur with hydatid disease. 

X-ray examination frequently shows calcification in the mus- 
cle (Figure 33.33), although rarely in the brain. CT shows typical 
appearances in the brain and muscle. In the brain, cysticerci are 
typically found in the cerebral cortex or within the brainstem. CT 
imaging shows round non-enhancing hypodense lesions usually 
within 3-15 mm in diameter. As cysts degenerate, they may become 
hyperdense with increased density and oedema. In the muscle, 
calcified lesions typically described as cigar-shaped lesions are 
consistent with extraneural cysticercosis. 


Management 

Subcutaneous cysticerci are important only in that they may point 
to a more serious cerebral infection, which should not be over- 
looked. Individual subcutaneous cysts may be removed surgically 
depending on location, or medically. Cerebral disease is treated 
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Figure 33.33 Calcified cysticercal cysts in the muscles of the thighs and pelvis. 


with praziquantel 50 mg/kg daily for 10 days, under steroid cover. 
Steroids should be used to decrease the inflammation associated 
with the dying organisms. Patients may also require antiepileptic 
therapy if they present with seizures [4]. Adult tapeworms are 
treated with praziquantel in a dose of 10mg/kg once. Obstructive 
lesions of the brain require surgical intervention. 
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Treatment ladder for cysticercosis [4] 


e Albendazole 15mg/kg/day (divided in two doses) for 
7-14 days 

e Praziquantel (50-100 mg/kg/day divided every 8 h) for 
15 days 

¢ Corticosteroids should be administered with antiparasitic 
therapy to decrease muscular or cerebral inflammation 
associated with the degenerating organism 


Sparganosis -— e/a 


Definition 

Sparganosis is a tissue infection with plerocercoid larvae or spar- 
gana of a number of species of pseudophyllidean tapeworms of 
the genus Spirometra. Patrick Manson described the first case, in 
Amoy, China in 1882. The Greek word sparganon means swaddling 
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clothes and describes the slender ribbon-like character of the larval 
worm. Once a human becomes infected, the larvae migrate into the 
subcutaneous tissue and develop into painful nodules. 


Epidemiology 

The genus Spirometra has a worldwide distribution, although most 
human cases of sparganosis occur in South-East Asia and east 
Africa, where exposure to or consumption of infected intermediate 
hosts occurs most commonly [1]. 


Pathophysiology 
Causative organisms (Figure 33.34) 
© Spirometra 

Adult Spirometra parasitise the gut of canines and felines. Eggs 
passed into water develop into procercoid larvae in copepod hosts 
of the genera Diaptomus and Cyclops. These are eaten by frogs, 
lizards, snakes, birds and some mammals, including mice and 
monkeys, in which the plerocercoid larvae develop, in muscle 
sheaths. Humans are infected either by the application of raw 
flesh to the skin or eye, usually as a medicinal poultice, or through 
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by second intermediate host 
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Figure 33.34 Life cycle of spargana. Courtesy of the Centers for Disease Control and Prevention. https://www.cdc.gov/dpdx/sparganosis/index.html (last accessed February 2023). 


eating uncooked flesh or drinking water containing infected 
copepods. 

Ingestion sparganosis occurs a variable amount of time after 
eating infected flesh or drinking infected copepods. The larvae 
penetrate the intestine and develop into spargana, particularly in 
the subcutaneous tissues and muscle. The invaded areas become 
oedematous and form painful lumps, in the centres of which 
the white ribbon-like spargana move [1]. Their death results in 
very intense inflammation with destruction of tissue and massive 
eosinophilia [2]. 


Clinical features 
Presentation 
Subcutaneous tissue involvement typically consists of a solitary, 
slow-growing often slowly migrating subcutaneous mass of the 
anterior abdominal wall [3]. Lesions may appear as clear, rub- 
bery, irregular lumps or nodules between 0.5 and 5cm in size [1]. 
The nodules may be asymptomatic or associated with pruritus, 
inflammation and pain. The epidermis appears normal. Ocu- 
lar disease is the most common presentation, presenting as an 
extraocular (eyelid) mass, in perhaps one third to one half of cases. 
Clinically, the lesions can assume a more nodular consistency 
with an insidious onset; they may last for several years and can also 
migrate. Lesions are typically painful. Localised elephantiasis also 
results due to lymphatic invasion. 


Clinical variants 

Application sparganosis. The spargana migrate into the inflamed 
part causing an immediate severe local pruritus. Subsequently, 
signs of sparganosis may be very hard to differentiate from those 
of the primary inflammation for which the flesh poultice was 
applied. Redness, pain and swelling increase in severity over a few 
days or very few weeks, and the worms become localised in small 
nodules surrounded by pus (Figure 33.35). Ocular sparganosis 
frequently results in panophthalmitis and loss of the globe. 


Sparganum proliferum. This is a rare form in which the spar- 
ganum branches and divides, producing thousands of mainly 
subcutaneous spargana, which form subcutaneous nodules and 
itchy papules [4]. There may be a severe systemic illness with fever 
and eosinophilia. 


Investigations 

Diagnosis is made from the history and by recovery of spargana 
after incision. Histologically, there is a granulomatous panniculitis 
and dermatitis, with a section of a sparganum [3]. Spirometra 
species are virtually indistinguishable, and therefore recognition 
of species by morphological appearance alone may prove difficult. 
Diagnosis is aided by the availability of ELISA serological studies 
using sparganum-specific monoclonal antibodies. The worm is 
usually less than 10cm in length but can be up to 70cm in size. The 
worm is typically white, wrinkled and ribbon shaped. 


Management 
Treatment is by surgical removal and drainage. Praziquantel has 
limited success in the treatment of the disease. 
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Figure 33.35 (a) Fibrous encapsulated cold abscess from the groin, which contained (b) 
a 22-cm long sparganum. Courtesy of Professor S.B. Lucas. 


INFECTION WITH PROTOZOA a 


Of the protozoa that give rise to skin disease or may cause changes 
in the skin indirectly, only Leishmania are natural parasites of the 
skin, in the sense that part of their life cycle must be spent in it. 
Even so, humans are often simply an accidental host in a zoonotic 
infection. Entamoeba histolytica may occasionally invade the skin, 
usually as an extension of an existing visceral lesion. Free-living 
amoebae, of the genus Acanthamoeba, may cause a primary lesion 
in the skin, eye or ear, before invading the brain [1]. Trypanosoma, 
of the species that infect humans in Africa and America, may 
cause florid chancres soon after inoculation, but thereafter cause 
rashes indirectly. Toxoplasma causes an exanthem as part of the sec- 
ondary stage of the infection and Trichomonas, a mucosal parasite, 
causes inflammation of the skin adjacent to the infected mucosa. 
Cutaneous manifestations of malaria, due to several species of 
Plasmodium, are simply a reflection of systemic infection severity, or 
of drug toxicity. 

A summary of the organisms and diseases caused by infection 
with protozoa is provided in Table 33.4. 
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Table 33.4 Organisms and diseases in protozoa infection. 


Disease Organism 
Malaria Plasmodium 
Amoebiasis Entamoeba histolytica 


Trichomoniasis 
Trypansomiasis 


Trichomonas vaginalis 

African: Trypanosoma gambiens, T. rhodesiense 

American: Trypanosoma cruzi 

Old World: Leishmaniasis major, L. tropica, L. aethiopica, 

L. infantum 

New World: Leishmaniasis braziliensis, L. vianna panamensis, 
L. mexicana Mexicana 

Visceral: Leishmania donovani donovani, L. donovani infantum 
Toxoplasma gondii 


Leishmaniasis 


Toxoplasmosis 


Definition 

Malaria is caused by parasites of the genus Plasmodium and is trans- 
mitted to humans by the bites of numerous species of mosquito 
belonging to the genus Anopheles. It causes a febrile systemic illness, 
which may be fatal in expatriates and children in endemic areas 
in the tropics and is a major cause of chronic illness. 


Epidemiology [1] 

Malaria is a disease of tropical and subtropical regions. P. falciparum 
and P. vivax are the predominant species worldwide with an esti- 
mated incidence of 229 million and 6.4 million cases respectively in 
2019 [2]. The majority of falciparum occurs in sub-Saharan Africa. 
P. malariae and P. ovale have a global distribution. P. ovale is less 
common, found mainly in Africa and South-East Asia. The inci- 
dence of malarial infections depends on environmental suitability 
for local vectors in terms of altitude, climate, vegetation and imple- 
mentation of control measures, and hence is inextricably linked 
to poverty, natural disasters and war. 


Clinical features 

Presentation 

The mosquito bite can give rise to considerable skin reaction and 
the disease itself to numerous cutaneous manifestations. In the 
early cold stage of benign tertian malaria (P. vivax) there is vasocon- 
striction and gooseflesh; in the hot stage, flushing of the face and 
to a lesser extent other parts of the skin; and in the sweating stage, 
very profuse sweating. These manifestations are common to all 
diseases characterised by rigors caused by the release of endotoxin 
or ‘endotoxin-like’ substances. Malaria commonly causes jaundice 
and in the skin of Europeans and Asians may have a curious grey 
or greenish hue. In severe malaria, there may be bleeding from 
the gums or gastrointestinal tract and conjunctival petechiae may 
be seen, but cutaneous petechiae are rare. Herpes simplex and, 
occasionally, herpes zoster may develop. 


Investigations [3] 
Malaria is suspected primarily based on clinical features such 
as fever. However, there is no combination of signs or symptoms 


that reliably distinguishes malaria from other causes of fever. There- 
fore, diagnosis should be confirmed in all patients with suspected 
malaria through microscopy examination or rapid antigen based 
diagnostic tests of a blood sample. 


Management 

Several of the drugs used in the treatment of disease or for chemo- 
prophylaxis cause skin problems. Chloroquine causes pruritus, 
especially in black skin, often severe enough to arrest treatment [4]. 
It responds to antihistamines, although the cause is unknown and 
there is never a rash. Various skin eruptions may occur, and it 
should be used with caution in patients with psoriasis, as it may 
exacerbate disease. Fansidar contains pyrimethamine and _ sul- 
phadoxine. Epidermal necrolysis and Stevens-Johnson syndrome 
occur, sometimes fatally [5]. Quinine may also cause rashes, notably 
toxic erythema and urticaria. 

Treatment is dependent upon where onset of disease occurred [3]. 
Chloroquine-sensitive areas include the Dominican Republic, 
Haiti and Central America north of the Panama Canal. There are 
several first line therapies for the treatment of chloroquine-resistant 
malaria. Artemisinin combination therapies (ACTs) result in the 
most rapid clearance time of all options. There are several oral 
artemisinin derivatives, including artesunate and artemether. 
These therapies should be given in combination to obviate resis- 
tance. The World Health Organization recommends the following 
combinations [3]: 

e Artemether + lumefantrine. 

e Artesunate + amodiaquine. 

e Artesunate + mefloquine. 

e Dihydroartemisinin + piperaquine. 

e Artesunate + sulphadoxine-pyrimethamine. 


Amoebiasis — | 


Definition 

Amoebiasis is an infection of the large intestine caused by the para- 
site Entamoeba histolytica. The disease causes bloody diarrhoea, and 
has been noted to spread to other organs such as the liver, lungs, 
brain and skin. The disease causes ulcers that may become necrotic 
with verrucous borders. Subcutaneous swellings may also occur. 


Introduction and general description 

Amoebiasis due to Entamoeba histolytica is arguably the third most 
important human parasitic infection, after malaria and schistosomi- 
asis. It occurs worldwide, but is especially prevalent in South-East 
Asia and Central America, but the organism is found in all warm 
and temperate parts of the world where hygiene is inadequate [1]. 


Epidemiology 

Globally, approximately 50 million people contract the infection 
each year [2]. All ages are affected. The vulva is particularly likely 
to be invaded in the infant with amoebic dysentery. Penile amoe- 
biasis may occur in men who have sex with men [3], but invasive 
amoebiasis is not especially common in men who have sex with 
men or in patients with HIV infection [4]. 
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Figure 33.36 Cutaneous amoebiasis. High-power view of skin biopsy, showing 
Entamoeba histolytica trophozoites on the epidermis, causing necrosis. The amoebae are 
stained with immunoperoxidase and are brown. Courtesy of Professor S.B. Lucas. 


Pathophysiology 

Pathology 

Trophozoites of a pathogenic zymodeme may, under conditions that 
have not been determined, invade the mucosa of the large bowel, 
causing amoebic dysentery [5]. Amoebae that escape the bowel 
into the bloodstream may spread and develop into abscesses, most 
commonly in the liver. Cutaneous amoebiasis (Figure 33.36) [6] 
develops when invasive amoebiasis escapes from the bowel to 
contiguous skin, usually around the anus or a colostomy, or after 
appendicectomy, or when amoebae are implanted in another 
mucosa, most commonly the vagina, cervix uteri or glans penis and 
rarely in the mouth. Rupture or surgical intervention of an amoebic 
abscess is a less common source of cutaneous infection. Amoebae 
lyse the skin and subcutaneous tissues and mucosae, producing 
necrosis and gangrenous sloughing. Entamoeba histolytica is one 
of the most powerful organisms in terms of its lytic capacity, and 
this is mediated through amoebapores following the binding to the 
host’s tissue in a lectin-like manner [7]. 


Causative organisms 
e Entamoeba histolytica 

Entamoeba histolytica inhabits the lumen of the human cae- 
cum, colon and rectum. Free-living trophozoites 10-60)m in 


Figure 33.37 Cutaneous amoebiasis. Rapidly spreading ulcer around a colostomy in a 
patient with intestinal amoebiasis. Courtesy of Meddia (Medical and Diagnostic Services). 


diameter, encyst and divide. Cysts passed in the faeces may sur- 
vive up to 30 days, depending upon conditions of humidity and 
temperature, and survive chlorination. They are transmitted in 
contaminated water or food, especially salads, or by hands or 
flies, or by anal intercourse. Ingested cysts that survive gastric 
acid complete the cycle. Isoenzyme electrophoretic analysis of 
cultured isolates suggests that pathogenic and non-pathogenic 
strains (zymodemes) of E. histolytica exist, but these cannot be 
distinguished morphologically [8]. 


Clinical features 

Presentation [6,9,10] 

Cutaneous amoebiasis commonly presents with well-defined, 
indurated, painful, progressively enlarging plaques with overlying 
ulcers and sinuses draining pus [9]. Often, one or more lesions 
appear at the anus or on the buttocks and spread as sloughing 
coalescing ulcers [10] (Figure 33.37). The course of the disease varies 
from fewer than 2 weeks to as long as 2 years, the more rapid and 
destructive lesions tending to occur in the young. The skin lesion 
itself is not diagnostic and is either a deeply invading ulcer or an 
ulcerated granuloma (amoeboma). It is usually seen as a serpigi- 
nous ulcer with distinct raised thickened often undermined edges 
and with a red rim about 2cm wide, haemopurulent exudate and 
necrotic slough. It is intensely painful. Regional adenitis is usual. 


Differential diagnosis 

A solitary lesion may be mistaken for an epithelioma or for tuber- 
culosis verrucosa cutis. On the penis when regional lymphadenopa- 
thy is present, syphilis or lymphogranuloma venereum are consid- 
ered in the differential diagnosis. 


Disease course and prognosis 

The prognosis is serious in the neglected case, particularly in 
infants, but with early diagnosis and treatment it is good. It is 
important to appreciate that a history of dysentery is not essential 
to the diagnosis of amoebiasis of the skin. 


Investigations 
Cutaneous amoebiasis can spread very rapidly and terminate 
fatally, so early diagnosis is important. Examination of fresh 
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material from the cutaneous lesion regularly discloses amoebae. 
Material should be taken from the edge of the ulcer avoiding 
necrotic tissue and examined at once under the microscope. The 
demonstration of motile trophozoites containing red blood cells 
is diagnostic. Histology of the ulcer edge will reveal amoebae, 
but the identification of the parasite in sections stained by H&E 
may be difficult (Figure 33.36). Amoebic trophozoites in faeces, 
biopsy, necropsy or abscess aspirate are revealed with much greater 
accuracy by immunofluorescence or immunoperoxidase staining. 
Serological tests are helpful, and the indirect immunofluorescent 
antibody test is positive in the serum of nearly 100% of patients with 
amoebic liver abscess, and in about 70% of patients with intestinal 
amoebiasis. Serial stool examinations should be performed. 


Management 
All infections should be treated, even if asymptomatic. The goal 
of therapy is to eliminate the invading trophozoites and to sus- 
pend carriage of the organism. Treatment of invasive amoebiasis is 
with metronidazole [11]. The recommended adult dose is 750mg 
orally three times a day for 10 days. This should be followed by, or 
combined with, a luminal agent, e.g. paromomycin 750 mg orally 
three times a day for 10 days, or diloxanide furoate 500 mg three 
times a day, to eliminate intestinal cysts. 

Local cleaning of cutaneous ulcers with antiseptic solutions 
may be necessary. 

Where a hepatic abscess needs to be drained, this is most safely 
done by needle aspiration. 

Effective treatment is usually followed by complete healing of the 
skin without the need for plastic surgery. 


Treatment ladder for amoebiasis 


First line 
¢ Metronidazole, followed by a luminal agent such as 
paromycin, diiodohydroxyquin or diloxanide furoate 


Second line 
¢ Tinidazole 2000 mg PO OD for 3-5 days 
e Nitazoxanide 500mg PO BD for 3 days 


Trichomoniasis -— avo 


Definition 

Trichomoniasis is the most common parasitic infection in humans 
in the industrialised world. Clinicians will recognise the disease as 
one of the most common vaginal complaints among female patients. 
Infection rates between men and women are identical; however, 
presentation in men is typically an asymptomatic urethritis. 


Epidemiology 

Age 

Although most commonly seen in the second and third decades, the 
infection may occur at any age and has been reported in nearly 17% 


of babies aged from 1 day to 11 months. Many adults are asymp- 
tomatic carriers, particularly males. It can be isolated from up to 15% 
of men with non-specific urethritis. Discharge in males is scant. 


Associated diseases 

The condition is frequently associated with gonorrhoea [1] 
(Chapter 30). Transmission is usually by sexual intercourse, with 
an incubation period of 4-21 days. Occasional non-sexual transmis- 
sion has been reported. In males, the condition occurs with non- 
specific urethritis in up to 5% of cases and balanitis may also 
occur [2]. The organism may be harboured in the prostate without 
symptoms. 


Pathophysiology 
Causative organisms 
e Trichomonas vaginalis 


Clinical features 

Presentation 

Trichomoniasis characteristically causes a copious discharge with 
vaginal soreness or irritation and urinary frequency. The odour 
of the discharge is often unpleasant, although this feature is not 
specific. In many cases, bubbles can be seen in the discharge and the 
vaginal mucosal and cervical surfaces are infected and sometimes 
covered with punctate haemorrhages; however, the ‘strawberry 
cervix’ is only seen in 2% of cases. The pH of the discharge is 
usually higher than the normal 4.5. 


Investigations 
In women, diagnosis is usually easily confirmed by examination of 
a wet film by phase contrast or dark-field microscopy [3], but cul- 
ture, usually in Feinberg—Whittington medium, gives the most reli- 
able results. Conversely, in males, examination of centrifuged urine 
or prostatic fluid following massage is only occasionally positive, 
and in many men it is not possible to confirm a clinical diagnosis. 
Examination of a stained dry film is neither easy nor reliable. 
Sexual partners should always be examined and in both sexes, 
specimens taken to exclude other causes of sexually transmitted 
disease. 


Management [4] 

Standard treatment is with a single metronidazole 2¢ oral dose. 
An alternate dose is metronidazole 500 mg orally twice a day for 
7 days. Most clinicians prefer the single oral dose, as compliance is 
much higher. Regardless of treatment given, patients should avoid 
sexual contact for 7 days from last antibiotic dose. Gastrointestinal 
disturbances are common. Disulfiram-like reaction with alcohol 
may be counselled, although the evidence behind this is not well 
substantiated. Benzimidazole drugs should be avoided in the first 
3 months of pregnancy. 

Clotrimazole has been shown to provide symptomatic relief of 
disease, but does not eradicate the organism [2]. Tinidazole can be 
used for cases unresponsive to metronidazole, but is a more expen- 
sive alternative [5]. 

All sexual partners should be treated, because occurrence rates in 
partners are high. Identification of the organism in partners is not 


necessary. Patients should also be evaluated for concurrent gonor- 
rhoea and Chlamydia infection. 


Treatment ladder for trichomoniasis 


First line 

¢ Metronidazole 2 g PO single dose 

e Tinidazole 2 g PO single dose (clotrimazole does not 
eradicate the organism) 


Second line 
¢ Metronidazole 500 mg PO BD for 7 days 


Trypansomiasis .— Lv 


Definition and nomenclature 
Trypanosomiasis is caused by protozoa of the genus Trypanosoma. 
There are African and American forms. 


Epidemiology 

Incidence and prevalence 

African trypanosomiasis. The disease is endemic in a belt run- 
ning across Africa, limited approximately by latitude 15°N and 
latitude 15°S. Trypanosoma gambiense is the culprit agent in West 
Africa, and the more virulent T. rhodesiense in East Africa to the east 
and south of Lake Victoria [1]. Occasional cases are imported into 
countries where the parasite is not endemic [2]. 

Age, sex, race and occupation have no influence on susceptibility 
to trypanosomiasis, except in how they may affect exposure to 
tsetse flies. Trypanosoma gambiense sleeping sickness tends to be 
an endemic disease, affecting rural communities, with localised 
outbreaks, while T. rhodesiense sleeping sickness causes sporadic 
infections in herdsmen, hunters and tourists. In some parts of the 
‘tsetse fly belt’ the incidence is high, and, as the same flies transmit 
bovine trypanosomiasis to livestock, farmers cannot keep cattle, 
and poverty and malnutrition are rife. The number of cases has 
dropped dramatically over the past two decades. In 2018, only 977 
cases were recorded [3]. 


American trypanosomiasis. The insect vectors are widely dis- 
tributed in the American continent from latitude 42°N in the USA to 
latitude 43°S in Argentina [4]. Trypanosoma cruzi attacks humans and 
other mammals, and the disease it produces can be regarded as a 
zoonosis. The area of distribution of the disease is more limited than 
the range of the reduviid bugs that transmit it, since those found 
at the two extremes of the continent are wild species, while the 
domestic types, concerned in the transmission of the infection to 


humans, occur between latitude 25°N in Mexico and latitude 28°S 
in Argentina [4]. Approximately 7 million people are infected with 
T. cruzi worldwide [5]. 


Pathophysiology 

Pathology 

The tissues react almost immediately to the penetration of the meta- 
cyclic trypanosomes, producing oedema and cellular infiltration, 
which cause subcutaneous swelling. The infection spreads rapidly 
to the lymphatics, and the regional glands become oedematous 
and infiltrated with plasma cells and lymphocytes. The spleen 
and liver also enlarge. The trypanosomes penetrate immediately 
into the cells of the reticuloendothelial system at the site of the 
inoculation and transform into the leishmania form, later returning 
to the interstitial spaces and blood in the form of trypanosomes, 
penetrating again into the cells to repeat the cycle in different 
organs and systems. The most striking invasion is that of the spleen 
macrophages, the Kupffer cells of the liver and the cells of the 
striated muscles [6]. The inflammation and scarring that follows 
invasion of the myocardium may have serious consequences. 


Causative organisms 

African trypanosomiasis (Figure 33.38). 
¢ Trypanosoma gambiense (West Africa) 
¢ Trypanosoma rhodesiense (East Africa) 

Trypanosomes develop, at the site of inoculation by the tsetse 
fly, from metacyclic forms to mature forms in about 10 days, and 
then enter the bloodstream. Within this time, the patient starts to 
develop an antibody response to the infection. The immunological 
reaction to the trypanosomes in the skin causes the chancre. The 
systemic clinical illness coincides with invasion of the bloodstream. 
The early pathology is, thereafter, mainly in the lymph nodes, at 
first those draining the sore and then generally, with an increase in 
lymphocytes and plasma cells, but the appearances are not specific, 
and trypanosomes are not easily seen histologically. In T. rhodesiense 
infections, the lymphoplasmocytic infiltrate is also found in the 
myocardium and this myocarditis may be fatal. In late trypanoso- 
miasis, the meninges become invaded with the same infiltrate and 
then the brain, especially around the basal ganglia. Gliosis and 
cerebral atrophy follow. The cause of these pathological changes is 
poorly understood, although it is known that there is a polyclonal 
B-lymphocyte activation with the production of very high levels of 
IgM and circulating immune complexes [7]. 


American trypanosoma (Figure 33.39). 
¢ Trypanosoma cruzi. 

The disease is transmitted by blood-sucking insects of large size: 
hemipteran, reduviid bugs (assassin or kissing bugs), belonging to 
the family Triatomidae, particularly Panstrongylus megistus (Brazil), 
Triatoma infestans (southern Brazil, Uruguay, Paraguay, Bolivia, 
Southern Peru, Chile and Argentina) [4] and Rhodnius prolixus 
(Venezuela, Colombia, Guianas and Central America). The larva, 
nymph and the adult insect can transmit the infection. They are 
active during the night. After ingestion, the trypanosomes multiply 
in the vector’s intestine by longitudinal division, and within 3 or 
4 weeks transform into the metacyclic form, which is infective to 
humans. Once the insect has been infected, it remains so for the 
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Figure 33.38 African trypanosomiasis parasite life cycle. (Courtesy of the Centers for Disease Control and Prevention. https://www.cdc.gov/dpdx/trypanosomiasisafrican/index.html 


(last accessed February 2023). 


rest of its life. The disease has many non-human reservoirs, includ- 
ing cats, dogs, monkeys, pigs, squirrels, rats, skunks, raccoons, 
opossums, porcupines and armadillos. Transmission occurs by 
contamination through small cuts and abrasions on the skin, or 
through the normal mucous membranes of the eyes and lips when 
the vector, at the moment of biting, deposits its stools containing 
the infective metacyclic trypanosome. The bite wound itself may 
provide the portal of entry [4]. Less common modes of transmission 
include the ingestion of contaminated food, congenital transmission 
or transmission through contaminated blood or tissue [8]. 


Clinical features 

Presentation [9,10,11] 

African. The disease occurs in two stages: a haemolymphatic stage 
followed by a meningoencephalitic stage. Within a few days of the 
infected bite, a trypanosomal inoculation chancre starts to develop 
(Figure 33.40). It is a round, raised, red, hot and tender lesion, 2-5 cm 


or more in diameter, spreading to cover, for example, the entire sur- 
face of the forearm over the ensuing few days. There may be a 
tiny central punctum and a blister with fluid rich in trypanosomes 
may appear on its surface. The chancre is present in 70-90% of 
people infected with T. rhodesiense, less regularly with T. gambiense, 
but fades within a few weeks. It is usually accompanied by local 
lymphadenopathy. 

The chancre heralds the onset of fever and systemic illness and 
generalised lymphadenopathy, which characterise the haemolym- 
phatic stage. This is rapid and severe in T. rhodesiense infections, but 
gradual, mild, intermittent or even absent clinically in T. gambiense 
infections [12]. 

Early in the disease, lymphadenopathy may be particularly 
prominent in the posterior cervical chain, termed ‘Winterbottom 
sign’ [13]. During this phase of the illness, there may be oedema 
of the hands, feet and face and transient red or urticarial rashes, 
which are often circinate or annular, poorly defined, pale centrally 
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Figure 33.39 American trypanosomiasis parasite life cycle. Courtesy of the Centers for Disease Control and Prevention. https://www.cdc.gov/dpdx/trypanosomiasisamerican/index 
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and commonest on the trunk. The rash may be haemorrhagic 
(Figure 33.41). They are difficult to see in African skins. 

When the central nervous system is invaded, the patient 
experiences behavioural changes, alterations in sleep patterns, 
extrapyramidal signs and ultimately coma. Neuropsychiatric 
involvement marks the onset of the meningoencephalitic stage. 
These occur months after the onset of T. rhodesiense infections, if 
the patient has not died earlier, and 1-3 years after the onset of T. 
gambiense infections. At this stage, pruritus and excoriations from 
scratching are common, and the patient is emaciated. Death is often 
due to intercurrent infection due to immune suppression. 


American. The disease occurs in two stages: acute/early Chagas 
and chronic/late Chagas [14].The great majority of infections do 
not present any clinical manifestations in the early phase. Signs 
of early disease appear on the fifth day after inoculation: these 
are both local and general. Eighty percent of the acute cases show 


the portal of entry in the conjunctiva, as evidenced by the ‘eye 
sign’ or ‘Romafa’s sign’, also known as the ‘ophthalmoganglionar 
complex’ (oculoglandular complex), characterised by unilateral 
oedema of the eyelids and inflammation of the lacrimal gland 
(Figure 33.42). Cutaneous inoculation results in the ‘cutaneous 
adenopathy complex’ or ‘inoculation chagoma’ and is less com- 
mon. The general manifestations consist of moderate to high fever 
accompanied by headache, myalgia and weakness, particularly 
pronounced in children, in whom the disease may end fatally from 
acute meningoencephalitis or myocarditis. Hepatosplenomegaly, 
oedema and various forms of exanthem (‘schizotripanides’) are 
frequent [4]. Forms called oedematous, neuropsychiatric, menin- 
goencephalitic, respiratory, gastrointestinal and pseudotyphoid 
have been described [9]. 

The subacute and chronic forms almost always present with heart 
manifestations (chagasic myocarditis) and digestive manifestations 
(such as mega-colon and mega-oesophagus). ‘Mega-syndromes’ are 
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Figure 33.40 Trypanosomal chancre due to Trypanosoma rhodesiense infection, 
appearing 6 days after the bite of the tsetse fly. The lesion is swollen, inflamed and 
haemorrhagic. 


Figure 33.41 Trypanosomal rash. The maculopapular rash is becoming haemorrhagic. 
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Figure 33.42 Chagas disease. Unilateral oedema of the eyelids and orbit 
(Chagas—Mazza—Romania'’s sign). 
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Figure 33.43 Trypanosomes in a thick blood film, stained with Giemsa. Courtesy of 
Dr PL. Chiodini. 


common in Brazil but absent in Venezuela. Congenital forms trans- 
mitted transplacentally or through lactation are rare. 


Within a few days of the onset of fever, trypanosomes may 
be demonstrated in simple thin blood films in T. rhodesiense infec- 
tions. However, in T. gambiense infections, thick films (Figure 33.43) 
or concentration techniques [11] may be necessary. A more prof- 
itable approach is puncture and aspiration of the enlarged posterior 
cervical lymph nodes. Trypanosomes are seen undulating between 
the lymphocytes in the wet preparation, or well defined in a 
Giemsa-stained preparation. Cerebral involvement is characterised 
by raised protein in the cerebrospinal fluid, containing IgM, and 
a raised cell count comprising lymphocytes and morula cells 
(plasma cells distorted by vesicles of IgM). Serological tests, includ- 
ing ELISA and immunofluorescence, may be helpful. Serum IgM 
levels are often grossly elevated, and there may be anaemia. On 
diagnosis, a lumbar puncture is mandatory to establish whether the 
central nervous system has been invaded. 


American. In the acute phase, the diagnosis is made by finding the 
parasite in the blood by direct examination, or by means of stained 
thick and thin smears, lymph gland biopsy, blood culture, animal 
inoculation and by the so-called xenodiagnosis of Brumpt: the 
reduviid bugs grown in the laboratory and free from infection are 
allowed to bite the forearm of the subject under suspicion and feed 
on the blood, after which the faeces of these insects are examined for 
metacyclic forms between 30 and 60 days later [9]. In the subacute 
and chronic forms, laboratory tests are of great help, particularly 
those based on the complement-fixation test using antigen from 
culture forms of T. cruzi (Machado-Guerreiro’s test). 


Management 

African. A single course of suramin, preferably, or pentamidine 
isethionate is usually sufficient, if given before central nervous 
system invasion. Both drugs are seriously toxic [15]. 


American [16]. The acute stage (including congenital Chagas dis- 
ease and transfusion acute disease) should be treated with a 
trypanocidal drug, either nifurtimox (Lampit®) or benznidazole 
(Rochagan®), oral dose. A rare side effect is an exfoliative dermatitis. 
Both drugs produce anorexia, weight loss, headache and dizziness, 
gastric irritation and, occasionally, peripheral neuritis (12-30%). 


Treatment ladder for trypanosomiasis 


African 

First line 

¢ Suramin sodium 200 mg IV (test dose), followed by 1 g/week 
for five doses 


Second line 

e Pentamidine isethionate 4 mg/kg IM on alternate days for 
five doses 

e After central nervous system invasion, melarsoprol is used, 
often with corticosteroids [15] 


American 

First line 

¢ Nifurtimox (Lampit) PO (8 mg/kg) for 60 or 90 days 

¢ Or benznidazole (Rochagan), PO (6 mg/kg) for 30 or 60 days 


Leishmaniasis -— 


Cutaneous leishmaniasis 


Definition 

Leishmaniasis is a group of vector-borne diseases caused by a pro- 
tozoan parasite from the genus Leishmania. The disease reservoirs 
include small mammals and parasite transmission occurs through 
the bite of an infected female sandfly vector. 


The disease is endemic in approximately 90 countries, most 
commonly in tropical and subtropical regions. Clinical mani- 
festations of disease range from aggressive cutaneous ulcers to 
systemic multiorgan disease. 


Introduction and general description 

Human leishmaniasis is usually classified as cutaneous or visceral, 
but the species that cause visceral disease may also cause skin 
lesions. In South and Central America, skin disease due to parasites 
of the L. brasiliensis complex may be complicated by the develop- 
ment of metastatic mucosal or mucocutaneous lesions. Mucosal 
disease is relatively rare with the other species [1]. 

Clinical patterns are poor indicators of species, although certain 
disease characteristics may be commonly associated with a partic- 
ular species [2]. Leishmania spp. undergo a cycle of development 
in the gut of female sandflies, of the genera Phlebotomus in the Old 
World, and Lutzomyia and Psychodopygus in the New World. The 
species are morphologically identical, and are distinguished by 
isoenzyme pattern and DNA analysis. Monoclonal antibodies have 
also proved useful for rapid identification of isolates, especially in 
the field [3]. 

In its vertebrate host, the amastigote form of the parasite is found 
in cells of the reticuloendothelial system or in the dermis following 
severe parasite load and mononuclear cell necrosis. It is round or 
oval, 2-3 ym in diameter, with no protruding flagellum. The nucleus 
and kinetoplast stain deeply with the Romanovsky stains, giving 
the organism its characteristic appearance. In the sandfly and in arti- 
ficial culture media, Leishmania spp. appear in the elongated pro- 
mastigote stage, motile with an anterior flagellum. 

Sandflies find their precise requirements for temperature and 
humidity in a wide variety of niches, commonly in rodent bur- 
rows and crevices and holes in banks, trees and houses in the Old 
World, and in tree canopies and forest litter in the New World [4]. 
Infection is transmitted by the bite of the fly, usually at night and 
outdoors; however, infected vectors can take a blood meal during 
the day if disturbed and also are responsible for inoculating par- 
asites indoors within the household environment. Commonly, the 
infection is zoonotic; one species of Leishmania may be associated 
with one or many natural vertebrate hosts, which provide the 
reservoir of infection. Humans are commonly accidental hosts, 
although there are situations in which they may be the reservoir 
in an anthroponotic cycle. For these reasons, human leishmaniasis 
has a very wide geographical distribution and range of climate 
and altitude (Figure 33.44) and different epidemiological patterns 
(Table 33.5) [5]. 


Epidemiology 

Incidence and prevalence 

It has been estimated that 1.5 million new cases of cutaneous 
leishmaniasis occur annually and more than 80% of the total of 
cases affect individuals in developing countries [6]. Brazil, Iran, 
Afghanistan and Sudan suffer the highest prevalence and the dis- 
ease is a priority for public health in all hyperendemic regions of 
the world. The disease is commonly imported into non-endemic 
countries by immigrants and returning travellers. 


Old World. Cutaneous leishmaniasis of the Old World is due to 
L. major, L. tropica, L. aethiopica and L. donovani infantum, which 
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Figure 33.44 (a) Geographical distribution of cutaneous and mucocutaneous leishmaniasis in the New World. (b) Geographical distribution of Old World cutaneous leishmaniasis due 
to Leishmania major. (c) Geographical distribution of Old World cutaneous leishmaniasis due to Leishmania tropica and related species and L. aethiopica. Courtesy of the World Health 
Organization. http://www.who.int/leishmaniasis/leishmaniasis_maps/en/index.html (last accessed February 2023). 


Table 33.5 Epidemiology of leishmaniasis. Courtesy of Weatherall et a/. [5]. 


Clinical 

Organism disease Geography 

Old World 

Leishmania donovani VL, PKDL North-East India, Bangladesh, Burma 

L. infantum Vi el Mediterranean basin, Middle East, China, 
Central Asia 

L. donovani (Africa) VL, PKDL Sudan, Kenya, Horn of Africa, ?Senegambia 

L. major ie Semi-deserts in Middle East, North India, 
Pakistan, North Africa, Sudan, Central Asia 

L. major Ch Sub-Saharan savanna, Sudan 

L. tropica LCL, VL Towns in Middle East, Mediterranean basin, 
Central Asia 

L. aethiopica LCL, DCL Highlands of Kenya, Ethiopia 

New World 

L. chagasi VEACL Central America, northern South America, esp. 
Brazil, Venezuela 

L. mexicana mexicana LCL, DCL Yucatan, Belize, Guatemala 

L. m. amazonensis LCL, DCL, MCL Tropical forests of South America 


L. brasiliensis brasiliensis LCL, MCL 


L. b. guyanensis LCL, MCL Guyanas, Surinam, Brazil, Venezuela 
L. b. panamensis LCL, MCL Panama, Costa Rica, Colombia 
L. b. peruviana LCL, MCL West Andes of Peru, Argentine highlands 


Tropical forests of South and Central America 


Reservoir Vector 


Humans 
Dogs, foxes, jackals 


Phlebotomus argentipes 
P ariasi, P perniciosus 


?Rodents in Sudan, ?canines, ?7humans P orientalis, PR martini 


Gerbils (especially Rhombomys, Meriones) P. papatasii 
Rodents (especially Arvicanthus, Tatera) P duboscqi 
Humans, ?dogs P sergenti 


Hyraxes (Procavia, Heterohyrax) P longipes, P. pedifer 


Foxes Lutzomyia longipalpis 


Forest rodents (especially Ototylomys and Lu. olmeca, Lu. cruciata 
Peromyscus yucatanicus) 

Forest rodents (especially Proechimys, Oryzomys) 

?Forest rodents 


Lu. flaviscutellata 
Psychodopygus wellcomei, 
Lutzomyia spp. 


Sloths (Choleopus), arboreal anteaters Lu. umbratilis 
(Tamandna) 
Sloths (Choleopus) Lu. trapidoi 
Dogs Lu. verrucarum, Lu. peruensis 


DCL, diffuse cutaneous leishmaniasis; LCL, localised cutaneous leishmaniasis; MCL, mucocutaneous leishmaniasis; NW, New World; OW, Old World; PKDL, post-kala-azar dermal 


leishmaniasis; VL, visceral leishmaniasis [10]. 


is responsible for all the cutaneous disease on the northern 
Mediterranean littoral west of Greece and for some of the disease in 
north Africa [7,8] (Table 33.5). 


American cutaneous leishmaniasis and mucocutaneous leishma- 
niasis. The site of development of Leishmania in the gut of New 
World sandflies differs from that in Old World sandflies, and the 
parasites have been redesignated by the addition of the subgenus 
viannia, for example Leishmania viannia brasiliensis [9], but in this 
chapter the older, simpler terminology is retained, by which the 
parasites that cause disease in humans fall into the L. brasiliensis 
and L. mexicana complexes. American leishmaniasis is an endemic 
and mainly rural disease of damp forested terrain in South and 
Central America [9]; however, a growing number of autochthonous 
cases of L. mexicana have been reported in the USA in recent years, 
especially south-central USA. 

It is typically epidemic among young people who work in the 
forests, 25% of young soldiers fighting in the jungle in certain areas 
and in villagers settled on land recently torn from the tropical forest. 
The optimum time for transmission is immediately after the rainy 
season. 

Additionally, L. b. brasiliensis is becoming increasingly peri- 
urban [6], with a number of opportunistic hosts, including 
dogs and donkeys (whose true reservoir status is question- 
able). Leishmania brasiliensis peruviana is, by contrast, part of a 
mountainous zoonosis among peridomestic dogs, causing an 
endemic human infection that affects children especially. Vectors 
and reservoirs are given in Table 33.5. As increasing numbers 
of new species are identified, it is becoming clear that each is 


associated with its own complex of reservoir hosts and vector 
sandflies. 


Age 

In endemic areas where transmission is stable, children are espe- 
cially affected, and the cumulative rate of infection as determined 
by the presence of scars and positive may approach 100%. In 
less stable situations, for example around oases, epidemics occur 
affecting all ages and sexes [11]. 


Pathophysiology 

Pathology 

Old World. Sandflies inoculate the infective metacyclic promastig- 
otes when taking a blood meal from the superficial vascular 
network in the human dermis. Inoculated promastigotes are taken 
up by histiocytes and newly immigrated monocytes, in which they 
multiply. Most inoculations do not seem to result in clinical disease 
as phagocytosis and complement-mediated killing of Leishmania 
parasites results in clearing of the infection. A minority of suc- 
cessful parasite inoculations result in localised or disseminated 
clinical cutaneous leishmaniasis. After a period of time, which 
depends on parasite species, size of inoculum and the host’s cellular 
immune response, a clinical lesion appears. This lesion comprises 
parasitised macrophages, lymphocytes and plasma cells, with 
little structure (Figure 33.45) [12,13]. With time, piecemeal and 
focal necrosis of parasitised cells is found, probably the result of 
antibody-dependent cell-mediated immunity. The overlying epi- 
dermis becomes hyperkeratotic and breaks down, causing an ulcer 
whose surface is covered in a crust composed of hyperkeratotic 


Infection with protozoa 33.45 


) 
2) 
2a 
iS) 
= 
U 
Lu 
Li 
= 


INFESTATIONS 


PART 3 


33.46 Chapter 33: Parasitic Diseases 


a) 
a) 
2 
iS) 
= 
U 
Lu 
LE 
< 


INFESTATIONS 


PART 3 


Figure 33.45 Cutaneous leishmaniasis (high power, H&E); biopsy of early lesion, 
showing abundant amastigotes in macrophages, and a few plasma cells. Courtesy of 
Professor S.B. Lucas. 


Figure 33.46 Chronic cutaneous leishmaniasis. Granulomatous dermatitis without 
necrosis. There are no amastigotes to be found in this case, and the differential 
diagnosis may be difficult between the other granulomatous dermatitides. Courtesy of 
Professor S.B. Lucas. 


debris, dried exudate, dead cells, and live and dead parasites. This 
activity continues for several months, while the lesion appears 
clinically static. In other, especially chronic, cases the more classical 
epithelioid cell, and sometimes giant cell granuloma, develops 
with relatively little necrosis, but with similar epidermal changes 
(Figure 33.46). In these cases, parasites are difficult to find [14]. 
Rarely, when cell-mediated immunity fails to develop, as in diffuse 
cutaneous leishmaniasis, histology shows masses of parasitised, 
often vacuolated, macrophages, with little or no lymphocytic 
infiltrate and a normal or attenuated epidermis [15]. 


American cutaneous leishmaniasis and mucocutaneous leish- 
maniasis. The pathology of the skin lesions does not differ 
significantly from that of Old World disease. The necrotic pat- 
tern, with ulceration of the overlying epidermis, is common [12]. 
Although recovery from an infection confers lifelong immu- 
nity against reinfection with the same species of parasite, that 


immunity does not develop early enough or adequately to prevent 
the blood-borne metastatic spread of parasites of the L. brasilien- 
sis complex, especially L. b. brasiliensis itself, to the mucosa of 
the nose, mouth, palate or larynx. Here, they may later start to 
multiply and cause severe destructive lesions, known as espun- 
dia (Portuguese: a sponge) [16]. Histology of the mucosal lesion 
[17] shows a collection of lymphocytes and plasma cells around 
small arterioles in the nasal submucosa. Occasional Leishmania 
are present in the vascular endothelial cells. Oedema, congestion 
and proliferation of vascular endothelium progress, leading to 
desquamation and necrosis of the overlying mucosa and under- 
lying cartilage. Endarteritis and thrombosis add to the tissue 
destruction. Vascular supply is so reduced that only fibrous tissue 
remains. 


Clinical features 

Presentation 

Old World [18]. Most previously uninfected individuals are sus- 
ceptible. The incubation period is usually measured in months but 
ranges from a few days to over a year. One or more lesions occur 
on unclothed parts of the body, particularly on acral skin over 
bony prominences easily bitten by Phlebotomus, usually in a child. 
The face, neck and arms are the commonest targets. Lesions do 
not necessarily occur all at exactly the same time, but in endemic 
areas a family of children may all present with lesions and a history 
strongly suggesting infected sandfly bites all acquired in the same 
room on the same night. 

The natural history of the lesions due to the four species tends 
to differ but there is much overlap, reflecting the variety in host 
response [2], so that lesions and their outcome are not always 
characteristic of the species (Table 33.6) [5]. The sequence of nodule, 
crusting, ulceration and healing with scar formation is common to 
all the self-healing sores. 


Clinical variants 

Old World. 

Cutaneous leishmaniasis due to L. major: wet, rural or zoonotic 
cutaneous leishmaniasis [19,20]. After a short incubation period 
of less than 2 months, a red furuncle-like nodule appears at the 
site of inoculation (Figure 33.47). After 2 weeks a central crust 
forms. The crust may persist (Figure 33.48) or fall away revealing 
the underlying ulcer (Figure 33.49). The ulcer and the raised red 
margin enlarge over the next 2-3 months, and the lesion reaches a 
diameter of 3-6 cm. Multiple small secondary nodules (2-4 mm) 
sometimes occur around the lesion in lymphatics. Healing takes 
place in 2-6 months and leaves a scar. This type of cutaneous leish- 
maniasis is acquired in a rural area, where the infecting organisms 
are also rodent parasites and are poorly adapted to humans. It is an 
example of a zoonosis. 


Cutaneous leishmaniasis due to L. tropica: dry, urban or anthro- 
ponotic leishmaniasis [21]. After an incubation period of more than 
2 months, a small brownish nodule appears and transforms into a 
slowly extending plaque 1-2 cm in diameter in about 6 months. At 
this stage, shallow ulceration appears in the centre, which develops 
a closely adherent crust. Multiple secondary nodules occur much 
less frequently than in the ‘wet’ form. After 8-12 months, the lesion 
starts to regress and the ulcer heals, leaving a scar. The average time 


Table 33.6 Clinical features of cutaneous leishmaniasis. Courtesy of Weatherall 
et al. [5]. 


Parasite and lesion Naturaloutcome Treatment 
Leishmania major 
Self-healing rural 3-5 months Physical/topical/IL/nil 


sores Sb 20 mg/kg/day x 2-3 weeks 


(?Some unresponsive) 


Disabling scars 


L. tropica 

Self-healing urban 
sores 

Leishmaniasis 
recidivans 


10-14 months Physical/topical/IL/nil 
Sb 20 mg/kg/day x 2-3 weeks 


>10 years destructive Sb 20 mg/kg/day x 3-6 weeks 


L. aethiopica 

Self-healing, nodular 2-5 years Physical/topical/nil 

Mucocutaneous >10 years destructive Pentamidine 4 mg/kg/week x 8 

DCL Persists, disfiguring | Pentamidine 4 mg/kg/week x months 


L. m. Mexicana 


Self-healing 6-8 months Physical/topical/IL/nil 

Chiclero ear >10 years, Sb 20 mg/kg/day x 2-3 weeks 
destructive Sb 20 mg/kg/day x weeks to months 

L. m. amazonensis 

Self-healing ?Duration ?Sb 20 mg/kg/day x 3 weeks 

DCL Persists, relapses, Sb 20 mg/kg/day x months 
disfiguring 


L. b. brasiliensis 
Self-healing ?Duration, later 
mucocutaneous 


Persists, destructive 


Sb 20 mg/kg/day x 3-4 weeks 


Mucocutaneous Sb 20 mg/kg/day x 4 weeks, or 


amphotericin B 


L. b. guyanensis 


Self-healing 26-8 months Sb 20 mg/kg/day x 3 weeks 
Lymphatic nodules = ?Late espundia If poorly responsive to Sb, use 
‘pian bois’ pentamidine 


L. b. panamensis 
Self-healing 


?Duration 
?Late espundia 


Sb 20 mg/kg/day x 3 weeks 


L. b. peruviana 
Self-healing 


?Duration Physical/topical/nil 


Sb 20 mg/kg/day x 2-3 weeks 


DCL, diffuse cutaneous leishmaniasis; IL, intralesional injection; Sb, antimony as 
pentavalent antimonial. 


from nodule to scar is about 1 year, approximately twice as long as 
in the ‘wet’ form. Rare forms of viscerotropic infections by L. tropica 
have been described in war veterans who acquired the parasite in 
the Middle East and in cases of Indian kala-azar [22]. 


Cutaneous leishmaniasis due to L. aethiopica [15]. Lesions are 
most commonly central on the face and single. Satellite papules 
accuminate into a large spreading nodule that may not crust or 
ulcerate (Figure 33.50). Lesions are seldom much inflamed and 
heal over 2-5 years. If the sandfly bite has been on the mucosal 
border of the nose or mouth, primary mucocutaneous leishmaniasis 
may develop, producing swelling of the lips or nose and persist for 


Figure 33.47 Cutaneous leishmaniasis due to Leishmania major: early papules, one of 
which is starting to show central crusting. 


Figure 33.48 Cutaneous leishmaniasis due to Leishmania major from Saudi Arabia, 
showing marked and persistent crusting. 


many years (Figure 33.51), although without the gross destruction 
seen in Latin America caused by L. brasiliensis. 


Cutaneous leishmaniasis due to L. donovani infantum [7]. 
Whereas infants infected with this parasite tend to get visceral 
leishmaniasis, adults are more likely to develop simple self-healing 
cutaneous disease, without concurrent or subsequent visceral 
involvement. The appearance and evolution of the lesions is typ- 
ically slow and mild, when compared with that of L. major, with 
whom it coexists in North Africa [8] (Figure 33.52). Solitary mucosal 
lesions have occasionally been reported [1]. 

In addition to the classical self-healing sores, there are two types 
of cutaneous leishmaniasis that are chronic and may not heal 
spontaneously. 


Leishmaniasis recidivans: chronic leishmaniasis, lupoid leishmani- 
asis [14]. It has been estimated that approximately 4% of L. trop- 
ica infections from Iran and Afghanistan will develop this chronic 
form of the disease. Brown-red or brown-yellow papules appear, 
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Figure 33.49 Cutaneous leishmaniasis due to Leishmania major from Sudan. An ulcer 
with a raised edge. 


Figure 33.50 Cutaneous leishmaniasis due to Leishmania aethiopica from Kenya. A 
large nodule with many satellite papules and abundant parasites. 


usually close to a scar of an old lesion of cutaneous leishmaniasis or 
actually in the scar. They coalesce and form a plaque closely resem- 
bling lupus vulgaris, even to the formation of apple-jelly nodules 
(Figure 33.53). The lesions frequently worsen in the summer and 
may ulcerate or form concentric rings. Rare keloidal and verrucous 
forms on the lower limbs are described. A psoriasiform type also 
occurs and may cover large areas of the body. 

The recidivans lesion is the result of a peculiar host reaction 
in which cellular immunity fails to sterilise the lesion, despite 
the presence of exaggerated hypersensitivity. Although not as 


Figure 33.51 Nasal involvement, and marked inflammatory oedema in leishmaniasis 
due to Leishmania aethiopica in Ethiopia. 


Figure 33.52 Cutaneous leishmaniasis due to Leishmania infantum in Spain. The fleshy 
nodule, with relatively little inflammation, is characteristic. 


Figure 33.53 Leishmaniasis recidivans (lupoid leishmaniasis) in Baghdad, showing active 
papules cropping in the edge of the scar of the healed sore. Courtesy of Professor G. 
Rahim. 


destructive as lupus vulgaris, lupoid leishmaniasis may persist and 
spread slowly for many years [23]. Investigations to demonstrate 
the parasite or leishmanial DNA in the affected skin are commonly 
negative. 


Diffuse cutaneous leishmaniasis: disseminated cutaneous leish- 
maniasis, leishmaniasis cutis diffusa. In the Old World this form 


Figure 33.54 Diffuse cutaneous leishmaniasis due to Leishmania aethiopica in Ethiopia. 
The face is covered with infiltration and nodulation but there is no ulceration. 


of the disease is due to L. aethiopica and has certain characteristic 
features [15]: 

1 There is an initial lesion, which spreads locally, and from which 
the disease disseminates to other parts of the skin, often involving 
large areas (Figure 33.54). 

2 The lesions are nodules that do not ulcerate. 

There is a superabundance of parasites in the lesions. 

4 The histology is characteristic in that macrophages full of 
amastigotes predominate. 

5 Internal organs are not invaded and there is no history of 
kala-azar. 

6 The leishmanin test and other tests of specific cellular immunity 
are negative. 

7 The disease progresses slowly and becomes chronic. 

8 Treatment produces only gradual improvement and relapse is 
the rule. 

Under the influence of treatment, the histology changes towards 
the tuberculoid in a proportion of patients, and they may recover 
completely. Cases of coincident leishmaniasis and leprosy have been 
described, and show that the immune deficiency of each condition 
is specific [24]. 


w 


American cutaneous leishmaniasis and mucocutaneous 
leishmaniasis. 

Cutaneous leishmaniasis due to L. mexicana complex. The vec- 
tor of L. m. mexicana bites humans reluctantly, so only those who 
spend long periods of time in the forest, such as chicle collectors, 
are at risk. The lesions behave like those of L. major or L. tropica. 
Most are on the side of the face or behind the ears (Table 33.6). 
Lesions on the pinna of the ear may invade cartilage, take many 
years to heal and destroy the pinna [25]. Leishmania mexicana amazo- 
nensis is extremely common in forest rodents, but the vector is not 
anthropophilic, so human infections are rare. A large proportion of 
them give rise to diffuse cutaneous leishmaniasis, which does not 


differ significantly from its counterpart in the Old World, due to 
L. aethiopica [26]. 


Cutaneous leishmaniasis due to L. brasiliensis complex [27]. Sores 
are often large deep ulcers, usually with a raised edge. Sores due 
to L. b. guyanensis are often fleshy and protuberant, usually on the 
limbs, often multiple, and resemble those of yaws, ‘pian bois’ [28]. 
This parasite and L. b. panamensis are especially associated with 
lesions along the draining lymphatics, but these may occur with 
any species. The lymphatic lesions may remain as discrete small 
nodules or may become inflamed and break through the skin to 
resemble the primary lesion. Lymphadenopathy is seldom marked. 


Cutaneous leishmaniasis due to L. b. peruviana: ‘uta’ [29]. Lesions 
are less severe than those of L. b. brasiliensis. They heal spontaneously 
and are not known to cause mucocutaneous leishmaniasis. 


Investigations 

In endemic areas, or in travellers returned from endemic areas, 

the clinical diagnosis is not difficult in the case of typical sores. 

A positive diagnosis of cutaneous leishmaniasis (Old World and 

New World types) can be suggested, and in most cases confirmed, 

by the presence of one or more of the following criteria: 

1 History of exposure to an endemic area in the previous weeks or 
months. 

2 History of sandfly bites in the previous weeks or months. 

3 History of high-risk activities such as sleeping outdoors, jungle 
or desert trekking. 

4 Non-healing chronic nodular violaceous ulcer for 4-6 weeks or 
longer. 

5 Demonstration of amastigotes in Giemsa-stained smears from 
infected skin by direct microscopy. 

6 Demonstration of intracellular amastigotes in the dermis of H&E 
sections of skin. 

7 Presence of leishmanial granulomas in the dermis in H&E speci- 
mens. 

8 Growth of promastigotes in Nicolle-Novy—-MacNeal (NNN) cul- 
ture medium from lesional specimens. 

9 Demonstration of leishmanial DNA by PCR. 

Deeper subcutaneous sores (the so-called volcano lesion), sores 
arising from lymphatic spread or chronic sores in which scarring 
predominates may present difficulties. Confirmation is through 
the demonstration of the parasite. Usually, this is best achieved 
by making a smear of material from the sore and staining it with 
a Wright, a Giemsa or a Leishman stain on a microscope slide. 
The smear may be made from the exudate from the sore and is 
often positive even if purulent because secondary bacterial infec- 
tion is unusual. Alternatively, a slit-skin smear is made, as for 
leprosy, being careful to avoid taking blood from the nodular part 
of the lesion. Parasites are usually readily seen in sores that have 
not yet started to heal but are difficult to see thereafter. Alterna- 
tively, material may be obtained through a needle or with a dental 
broach [30]. 

Ideally, material should also be cultured on NNN or similar 
medium. At the time of taking the lesional skin biopsy for histolog- 
ical examination, a portion of it should be cultured and dab smears 
made from the cut surface of the other portion before it is fixed. 
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Leishmania are harder to see and identify in sections than in smears. 
In chronic leishmaniasis especially, histology may not be able to 
distinguish leishmaniasis from sarcoidosis, tuberculosis or other 
tuberculoid pathologies. However, in acute forms with or without 
the presence of amastigotes, the presence of a granuloma has a high 
diagnostic sensitivity. 

In all forms of cutaneous leishmaniasis, the leishmanin test will be 
positive once the stage of crusting has been reached [30]. The test is 
negative in the diffuse anergic forms. The leishmanin test, also called 
the Montenegro test, particularly in Central and South America, is a 
suspension of 5 x 10° cultured promastigotes of Leishmania spp. (L. 
major is commonly used for cutaneous diagnosis in Old World leish- 
maniasis) per millilitre of 0.5% phenol saline: 0.1 mL is injected into 
the volar surface of the forearm and the result read at 48-72 h. The 
antigen is normally standardised so that an induration of 5mm or 
more, measured by the ballpoint technique, is positive [31]. While 
interpreting the result in an individual patient, it is important to 
take into consideration the prevalence rate in the control population. 
This intradermal skin test is not useful for the diagnosis of current 
cutaneous leishmaniasis as a positive result may indicate previous 
sensitisation. Moreover, there are also problems of cross-reactivity 
among different Leishmania spp., and therefore the Montenegro test 
is not useful for particular epidemiological settings where infections 
by different Leishmania spp. overlap. 

Molecular diagnostic tests to detect leishmanial DNA by PCR 
have been available for several years. Assays can be carried out 
by using nuclear DNA and more recently the diagnostic sensi- 
tivity was significantly enhanced by using kinetoplast minicircle 
DNA [32]. The sensitivity of this test has been reported to be 
between 92% and 98% with 100% specificity by several authors 
[32]. A variety of clinical specimens, including cotton swabs and 
archival smears or paraffin-embedded skin sections, can be used 
as the DNA source for the PCR diagnosis. Ideally, the diagnosis of 
cutaneous leishmaniasis should achieve a species and subspecies 
specific level, as this has therapeutic and prognostic implications. 


Management 
Old World cutaneous leishmaniasis 
Most sores will heal spontaneously, but their duration cannot be 
predicted in an individual case. It is reasonable to try topical meth- 
ods of treatment for simple sores and to reserve the systemic use 
of pentavalent antimonials for problematic sores: these include 
sores where scarring would be disabling or severely disfiguring; 
sores that will not heal easily, for example on the lower leg or over 
a joint; sores involving mucosa or cartilage; or sores that might 
be due to parasites of the L. brasiliensis group. Thermotherapy is 
an effective, localised treatment: heating a sore to 50°C for 30 sec- 
onds over 1-3 sessions promotes healing but is technically difficult 
[33,34]. Small single sores may be frozen with cryotherapy [35], 
curetted under local anaesthetic [36] or infiltrated with 1-2mL 
sodium stibogluconate or meglumine antimoniate, on one or two 
occasions a few days apart. Careful attention to technique is essen- 
tial [37]. Local therapy using the aminoglycoside paromomycin in 
an ointment is another option [34]. 

Systemic treatment is with sodium stibogluconate or meglumine 
antimoniate by intravenous or intramuscular injection in a single 
daily dose of 20 mg antimony/kg, for as long as it takes to produce 


clinical and parasitological healing and a few days longer: usually 
20 days for cutaneous leishmaniasis and 28 days for mucosal and 
visceral leishmaniasis [38]. Sores due to L. brasiliensis should be 
treated for the full 21 days [39]. Leishmania aethiopica is not sensitive 
to antimony at this dosage alone [26] and, when systemic treatment 
is justified, patients should also be treated with paromomycin in a 
dose of 15 mg/kg for 60 days or as long as necessary [34]. L. major can 
be treated with fluconazole 200 mg orally once daily for 6 weeks [34]. 
Patients with diffuse cutaneous leishmaniasis require treatment for 
many months beyond clinical and demonstrable parasitic cure [15]. 
Leishmaniasis recidivans (lupoid) may respond to local infiltration 
after nodulectomy or systemic antimonials. The additional use of 
steroids has helped some cases [20]. Severe scarring may require 
plastic repair. After healing, patients are normally immune to rein- 
fection with the same species, although second sores in old age, 
or due to a parasite of a different zymodeme, have been reported. 
Cutaneous leishmaniasis in the immunocompromised host may 
manifest many years after exposure to the infective bite. 

It is clear that the available treatments for cutaneous leishma- 
niasis are far from satisfactory. In addition, reported therapeutic 
failures with pentavalent antimonials have been described as an 
increasing problem in endemic regions for visceral leishmaniasis 
in India and also as an emerging problem in New World cuta- 
neous leishmaniasis among returned travellers to the UK [40]. 
Novel approaches include combination therapeutic regimens 
using antimonials and immunostimulating agents. Intravenous 
treatment with pentavalent antimonials results in a number of 
common adverse reactions and side effects including hepatic, pan- 
creatic, musculoskeletal and cardiac toxicity. Elderly patients seem 
to be more frequently and severely affected by these symptoms. 


New World cutaneous leishmaniasis and mucocutaneous 
leishmaniasis [18] 

This is summarised in Table 33.6. As with Old World leishmaniasis, 
intralesional antimonials, paromomycin ointment and thermother- 
apy are effective local therapies. L. mexicana is susceptible to 
ketoconazole 600mg orally once daily for 4 weeks [34]. Lesions 
due to L. b. guyanensis are particularly liable to relapse. Lesions 
due to L. b. brasiliensis should be treated systemically for a week 
beyond parasitological cure, in order to prevent mucocutaneous 
leishmaniasis from developing [39]. Previously untreated patients 
with mucocutaneous leishmaniasis respond to pentavalent anti- 
monials in a dose of 20mg/kg/day, if given daily for 3-4 weeks 
[41]. Only 20% of relapsed patients will respond to the drug. 
Liposomal amphotericin B is the drug of second choice, given in 
a dose of 2-3mg/kg for at least 20 days. Treatment that is inad- 
equate in dose or duration leads to relapse and drug resistance. 
Secondary infection should be treated. Corticosteroids are useful to 
prevent laryngeal oedema that can otherwise complicate the start 
of treatment of laryngeal disease. 

Miltefosine is an oral alkylphosphocholine drug that has 
activity against cutaneous, mucocutaneous and visceral leish- 
maniasis. A phosphocholine analogue, it is thought to interfere 
with cell-signalling pathways and it may interfere with parasite 
lipid biosynthetic enzyme synthesis. Miltefosine appears to have 
efficacy against L. v. mexicana, L. v. panamensis, L. v. guyanensis and 
L. v. braziliensis infection [34,42—45]. There is limited data available 


on miltefosine’s efficacy against Old World leishmaniasis. Side 
effects of miltefosine include anorexia, nausea, vomiting and diar- 
rhoea. The drug is contraindicated in pregnant women. The drug is 
given at 2.5 mg/kg (maximum 150 mg) orally once daily for 28 days. 
Additionally, the affordability of miltefosine continues to remain 
a critical issue making it an inaccessible treatment option for the 
majority of patients. 


Treatment ladder for cutaneous leishmaniasis 


Regimens for MCL from all species [34]: 

e Antimonials 20 mg/kg per day IV or IM OD for 30 days 

e Antimonials 20 mg/kg per day IV or IM OD for 30 days plus 
pentoxifylline 400 mg PO every 8h for 30 days 

e Amphotericin B deoxycholate 0.7-1 mg/kg IV every other 
day up to 25-45 doses 

¢ Liposomal amphotericin B 2-3 mg/kg IV OD for up to a total 
dose of 40-60 mg/kg 

e Miltefosine 2.5-3.3 mg/kg PO OD for 28 days (in Bolivia) 


Cutaneous leishmaniasis in the returned traveller. Common and 
rare forms of cutaneous leishmaniasis are increasingly being 
described in non-endemic regions of the world. A recent retrospec- 
tive survey at the Hospital for Tropical Diseases in London disclosed 
more than 50 new cases, including Old and New World cutaneous 
infections by L. tropica, L. v. braziliensis, L. major and L. donovani com- 
plex. Patients with infections acquired in the New World manifested 
a more severe clinical picture and therefore sought medical referral 
at an earlier stage. The diagnosis was established by all four stan- 
dard investigations including Giemsa smears for direct microscopy, 
H&E histology, parasitological culture and molecular diagnosis 
by PCR. Intravenous or intralesional treatment with sodium sti- 
bogluconate and other less frequently used agents resulted in cure 
for most of these patients. Daily oral itraconazole or allopurinol in 
combination with weekly intralesional sodium stibogluconate has 
been successful for most cases of simple cutaneous leishmaniasis. 
Educational strategies to increase the awareness of cutaneous leish- 
maniasis as an emerging problem in the UK are being directed at 
general practitioners, dermatologists and the public. 


Visceral leishmaniasis 


Definition and nomenclature 

Leishmania donovani donovani and its close relative L. donovani 
infantum are, in contrast with the other species of Leishmania that 
infect humans, normally viscerotropic, and cause a severe systemic 
infection, which may be accompanied by cutaneous manifestations. 


Epidemiology 

Incidence and prevalence 

There are four main zoogeographical zones in which visceral leish- 
maniasis is found (Table 33.5). Transmission is peridomestic and 
tends to be stable in the Mediterranean. Dogs are the reservoir. 
Young children are most commonly affected. 


Age 

Infected adults tend to develop self-healing skin sores. In Brazil, 
peridomestic transmission from raiding foxes affects older children. 
A similar age group is affected in East Africa, where transmission 
of disease takes place outside the houses in the evenings. In India, 
where the human is the reservoir, epidemics occur every 15 years 
or so and all age groups, previously uninfected, are susceptible. 
Travellers and tourists of any age group are susceptible in any of 
the four zones. 


Pathophysiology 
Causative organisms (Figure 33.55) 
¢ Leishmania donovani donovani 
¢ Leishmania donovani infantum 

In over 90% of cases, the infection is subclinical and cutaneous 
hypersensitivity and immunity develop [1]. In the others, espe- 
cially in the malnourished, the parasite invades and multiplies in 
reticuloendothelial cells of the spleen, liver, lymphoid tissue, bone 
marrow and gut submucosa. This reticuloendothelial bombardment 
is associated with the overproduction of polyclonal IgG, specific 
antibody production and the formation of high titres of immune 
complexes and various autoantibodies. 


Clinical features 

Presentation [2,3] 

After an incubation period of weeks to months, sometimes exceed- 
ing a year, fever develops, either insidiously or abruptly. The 
commonest additional symptoms are fatigue, discomfort from the 
presence of the enlarged spleen and cough, diarrhoea and epistaxis. 
Gross splenomegaly is the dominant physical sign; hepatomegaly, 
lymphadenopathy in some endemic zones and signs of malnu- 
trition, including pedal oedema, red straight hair in Africans and 
wasting also occur. Hypersplenism causes anaemia, leukopenia 
and thrombocytopenia. Organ function is usually well preserved 
until late in the disease, but specific and non-specific indices of 
cell-mediated immunity are depressed, and secondary infections 
are common and often fatal [4]. In a few cases in Africa, a primary 
skin sore has been described, like those of cutaneous leishmaniasis. 
Rarely, there may be an accompanying mucosal lesion. In Indian 
people especially, the skin of the face, hands, feet and abdomen 
becomes hyperpigmented, even black: ‘kala-azar’ means black 
sickness. Despite epistaxis and sometimes jaundice, there is no 
evidence of cutaneous bleeding. In Iran, patients have been seen 
with numerous skin lesions [5]. 


Clinical variants 

Post-kala-azar dermal leishmaniasis (PKDL) (dermal leishmanoid). 
In 5% of east African patients and 20% of Indian patients, a rash 
develops after the visceral disease has healed, either spontaneously 
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Figure 33.55 Life cycle of leishmaniasis parasite. Courtesy of the Centers for Disease Control and Prevention. https://www.cdc.gov/dpdx/leishmaniasis/index.html (last accessed 


February 2023). 


or following treatment. A small proportion of patients with PKDL 
give no previous history of visceral disease. In Africa [6], the rash 
begins during convalescence, appearing on the cheeks, chin, ears 
and extensor aspects of the forearms, buttocks and lower legs 
(Figure 33.56). Usually, the rash comprises discrete papules, which 
on histological examination show a tuberculoid histology with 
scanty parasites. The leishmanin test is positive. The rash heals 
spontaneously over a few months. Presumably, it represents the 
acquisition of specific cellular immunity that is clearing up scattered 
parasites that remained in the skin. Both cellular immunity and 
pentavalent antimonials are less efficient in the skin than in the 
viscera. 

In India, by contrast, the rash appears 1-2 years after recovery, as 
hypopigmented macules, similar in appearance and distribution to 
those of lepromatous leprosy (Figure 33.57). After a variable period 
of years or months, diffuse nodulation begins to develop in these 
macules (Figure 33.58). The rash is progressive over many years 
and seldom heals spontaneously. The tongue, palate and genitalia 
may be involved. There may be lymphadenopathy, but the viscera 


are spared and there are no features of relapse of the previous 
systemic infection. Presumably, this condition represents cellular 
immunity against a dermotrophic mutant of L. donovani. PKDL 
is thought to represent the intraepidemic reservoir of infection of 
visceral leishmaniasis in India. 

The various lesions seen in PKDL are reflected in the histology of 
the type of lesion biopsied. Typically, histology shows a poorly dif- 
ferentiated infiltrate of chronic inflammatory cells, with a variable 
number of Leishmania in dermal macrophages [7]. A characteris- 
tic histomorphology in nodules is prominent follicular plugging 
with a dense plasma cell-rich lymphohistiocytic dermal infiltrate 
that shows an abrupt cut-off in the lower dermis [8]. The leish- 
manin test is usually negative but becomes positive after successful 
treatment [9]. 


Complications and co-morbidities 

Visceral leishmaniasis in patients with HIV [10] (Chapter 31). The 
main area of overlap of these two infections is in southern Europe, 
especially Spain. Leishmaniasis may be acquired prior to or after 


Figure 33.56 Post-kala-azar dermal leishmaniasis. Typical facial papules in a Kenyan 
arising 6 weeks after treatment and healing spontaneously. Courtesy of Dr J.D. Chulay. 


Figure 33.57 Post-kala-azar dermal leishmaniasis showing the extensive 
hypopigmented macular rash. 


the HIV infection and may thus be primary or secondary to the 
HIV infection. In some patients, typical characteristics of fever and 
splenomegaly have not been present and serological tests have 
been negative. On occasion, the parasite has been discovered by 
chance, for example in the biopsy of Kaposi sarcoma, and dis- 
seminated dermatofibroma-like lesions containing amastigotes 
have been described in a patient with AIDS co-infected with vis- 
ceral L. donovani [11]. Aspirates of bone marrow and spleen show 
extremely heavy parasitisation. Relapse and mortality rates are 


Figure 33.58 Post-kala-azar dermal leishmaniasis. A later stage than that shown in 
Figure 33.57. Papules are beginning to develop. 


Figure 33.59 Amastigotes of Leishmania infantum in a bone marrow smear from a 
patient with visceral leishmaniasis and AIDS. Courtesy of Mr A.H. Moody. 


high. Treatment should be prolonged and monitored by splenic 
aspirates. 


In visceral leishmaniasis, parasites may be demonstrated in aspi- 
rates of the spleen, bone marrow, liver or lymph node, in that order 
of likelihood (Figure 33.59). In PKDL, slit-skin smears are usu- 
ally positive. Antibodies to Leishmania spp. may be demonstrated 
by a variety of techniques: indirect immunofluorescence, ELISA 
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and direct agglutination tests are commonly performed [12]. The 
leishmanin test is negative, except in African PKDL. 


Management 

For visceral leishmaniasis, liposomal amphotericin B is the drug 
with the highest therapeutic value and best safety profile [13]. The 
antimonial drugs, such as sodium stibogluconate and meglumine 
antimoniate, remain the most widely used agents. Case fatality 
without treatment is over 90%. Supportive therapy to address 
concomitant anaemia, haemorrhage and secondary infection is all 
part of an optimal treatment regimen. 

Miltefosine is an additional approved oral agent for the treatment 
of visceral leishmaniasis in adult patients infected with L. donovani 
who weigh at least 30kg. The US Food and Drug Administration 
approved dose for patients 30-44 kg is 50 mg twice a day for 28 days 
and, for patients over 45 kg, the recommended dose is 50 mg three 
times a day for 28 days [14]. The mechanism of action of this ther- 
apy is not well understood. As a phosphocholine analogue, it is 
thought to interfere with cell-signalling pathways and it may inter- 
fere with parasite lipid biosynthetic enzyme synthesis [15]. In one 
clinical trial in India, the drug had a cure rate of 94% at 6 months in 
a cohort of 299 patients [16]. 


Treatment ladder for visceral leishmaniasis 


First line 

e Liposomal amphotericin B 3mg/kg/day x 7-10 days 

e Miltefosine for adult patients infected with L. donovani who 
weigh at least 30 kg: 30-44 kg, 50 mg twice daily x 28 days; 
45 kg or more, 50 mg three times daily x 28 days 


Second line 

e¢ Amphotericin B desoxycholate 0.75-1.0 mg/kg IV every other 
day for 30 days 

¢ Sodium stibogluconate 20 mg/kg IV or IM OD for 28 days 


Toxoplasmosis — 


Definition 

Toxoplasmosis is caused by the intracellular protozoan Toxoplasma 
gondii that can cause acquired or congenital infections. Most 
persons infected are asymptomatic; cutaneous involvement is rare 
but described below. 


Epidemiology 

The prevalence of Toxoplasma infection in humans varies widely. 
Seroprevalence is low (10-30%) in North America, Northern Europe 
and Southeast Asia, moderate (30-50%) in Central and Southern 
Europe, and high in Latin America and tropical African coun- 
tries [1]. Cutaneous toxoplasmosis is uncommon, occurring in less 
than 10% of acquired infections [2]. 


Pathophysiology 

Pathology 

The organism tends to invade the reticuloendothelial system and 
the endothelium of the blood vessels, forming granulomas with 
necrosis of affected tissues. 


Causative organisms 
¢ Toxoplasma gondii 

The disease is caused by Toxoplasma gondii, a tiny sporozoon 
often assuming a crescentic shape, first identified in 1908 in a North 
African rodent, Ctenodactylus gondii. Cats are definitive hosts and 
a form of Toxoplasma cyst can be found in their faeces. Rodents 
and birds are the intermediate hosts. Larger mammals including 
humans are infected incidentally, by eating raw infected meat or by 
ingesting oocysts in contaminated food or water. 


Clinical features 

Presentation 

Toxoplasmosis causes four types of disease in humans [3]: 

1 An acute febrile lymphadenopathy. 

2 Fetal infection, causing brain damage. 

3 Ocular disease, usually due to reactivation of fetal infection. 

4 Disseminated disease in immunocompromised patients, includ- 
ing those with HIV infection, causing fulminating encephalitis. 
Skin changes are uncommon and non-specific. In the congenital 

disease [3], macular and haemorrhagic eruptions predominate. 

Occasionally, abnormal hair growth and exfoliative dermatitis 

have been seen. In the acquired disease, macular, maculopapular, 

papular and haemorrhagic eruptions also occur and may be fol- 

lowed by scarlatiniform desquamation. A dermatomyositis-like 

syndrome is described [4,5] and one case with clinical similarities 

to graft-versus-host disease has been reported [6]. A wide variety 

of other lesions have been described including vesicles and bullae 

[7], nodules [8,9], ulcers [10], livedo annularis, urticaria and an 

eruption-like pityriasis lichenoides; conclusive evidence of a causal 

relationship is not always clear. 


Investigations 

Diagnosis is made on clinical evidence and may be confirmed by 

demonstration of the organism in a biopsy of lymph node, liver 

or spleen, bone marrow, or in cerebrospinal and ventricular fluid. 

Routinely, the diagnosis is made serologically. Several methods are 

available including the following: 

1 The Sabin-Feldman dye test, positive early and declining over 
1-2 years, which measures mainly IgG antibodies. 

2 Direct agglutination of formalinised parasites, useful for screen- 
ing, detects IgM and IgG antibodies. 

3 Indirect fluorescence, simple and safe, can be used to distinguish 
IgM from IgG antibodies, as can an IgM ELISA. 


Management 

The sulphonamides and pyrimethamine (Daraprim®) act synergisti- 
cally and are effective [6]. Severe side effects may occur due to inter- 
ference with folic acid metabolism. Folinic acid should be given to 
patients receiving pyrimethamine. Therapy is typically provided for 


4-6 weeks with re-evaluation at the end of the treatment course. 
Infections in immunologically normal individuals are not usually 
treated. 

Trimethoprim plus sulfamethoxazole is the treatment of choice 
for central nervous system toxoplasmosis in immunocompromised 
patients. 


Treatment ladder for toxoplasmosis 


First line 

¢ Pyrimethamine (adult dose) 100 mg x 1 day as a loading 
dose, followed by 25-50 mg per day, plus sulfadiazine 2-4 g 
daily for 2 days, followed by 500 mg to 1 g dose four times per 
day, plus folinic acid (leucovorin) 5-25 mg with each dose of 
pyrimethamine 

¢ Pyrimethamine (pediatric dose) 2mg/kg x 1 day, followed by 
1mg/kg each day after, plus sulfadiazine 50 mg/kg two 
times per day, plus folinic acid (leucovorin) 7.5mg per day 


Congenital infection of newborns 

e Pyrimethamine 2 mg/kg per day orally, divided twice per 
day for the first 2 days; then from day 3 to 2 months (or 6 
months if symptomatic) 1 mg/kg PO OD every day; then 
1mg/kg PO OD, three times per week 

e Sulfadiazine 100 mg/kg PO OD divided twice per day 

¢ Folinic acid (leucovorin): 10mg, three times per week 

e Treatment described above typically followed for 12 months 


Central nervous system involvement 
e Parenteral trimethoprim-sulfamethoxazole (5mg/kg and 
25 mg/kg) 


Key references 


The full list of references can be found in the online version at 
https:/ /www.wiley.com/rooksdermatology10e 


Infection with human nematodes 
Onchoceriasis 
1 Brattig NW. Pathogenesis and host responses in human onchocerciasis: impact of 
Onchocerca filariae and Wolbachia endobacteria. Microbes Infect 2004;6:113-28. 


10 Brattig NW, Cheke RA, Garms R. Onchocerciasis (river blindness) — more than a 
century of research and control. Acta Trop 2020;218:105677. 


Lymphatic filariasis 
1 Taylor MJ, Hoerauf A, Bockarie M. Lymphatic filariasis and onchocerciasis. Lancet 
2010;376(9747):1175-85. 
7 Shenoy RK. Clinical and pathological aspects of filarial lymphedema and its 
management. Korean J Parasitol 2008;46:119-25. 


Infection with trematodes 
Schistosomiasis 
6 Torres VM. Dermatologic manifestations of Schistosomiasis mansoni. Arch Dermatol 
1976;112:1539-42. 


Infection with cestodes 
Sparganosis 
1 Liu Q, Li MW, Wang ZD, Zhao GH, Zhu XQ. Human sparganosis, a neglected 
food borne zoonosis. Lancet Infect Dis 2015;15:1226-35. 


Infection with protozoa 

Trypansomiasis 
4 Romana C. Enfermedad de Chagas. Buenos Aires: Lopez Libreros Editores, 1963. 
9 Pifano F. Aspectos de Medicina Tropical de Venezuela. Caracas: OBE, 1964. 


Leishmaniasis 
Cutaneous leishmaniasis 
5 Weatherall DJ, Ledingham JGG, Warrell DA, eds. Oxford Textbook of Medicine, 
2nd edn. Oxford: Oxford University Press, 1987. 


Visceral leishmaniasis 
2 Rees PH, Kager PA. Visceral leishmaniasis and postkala-azar dermal leishmania- 
sis. In: Peters W, Killick-Kendrick R, eds. The Leishmaniases in Biology and Medicine, 
Vol. 2. London: Academic Press, 1987:114-22. 


) 
2) 
4 
iS) 
= 
U 
Lu 
LL 
= 


PART 3 


a Key references 33.55 


INFESTATIONS 


CHAPTER 34 


Arthropods 


Charlotte Bernigaud'**, Gentiane Monsel**, Pascal Delaunay? and Olivier Chosidow?* 


'UPEC-Université Paris-Est Créteil Val de Marne, Department of Dermatology, AP-HP, Hopital Henri-Mondor, Créteil, France 
?Research group Dynamyc, EA7380, Faculté de Médecine de Créteil, Ecole nationale vétérinaire d‘Alfort, USC ANSES, Université Paris-Est Créteil, Créteil, France 
3GrIDIST, Groupe Infectiologie Dermatologique — Infections Sexuellement Transmissibles, Société Francaise de Dermatologie 
4Sorbonne Université, Department of Infectious and Tropical Diseases, AP-HP, Hépital Pitié-Salpétriére, Paris, France 
5Department of Parasitology-Mycology, Centre Hospitalier Universitaire de Nice, H6pital de I’Ardet, Nice, France 


SAP-HP, University Hospital La Pitié-Salpétriére, Paris, France 


SKIN DISEASE DUE TO ARTHROPODS, 34.1 

Definition, 34.1 

Pathophysiology, 34.2 

Mechanical trauma, 34.2 

Injection of irritant, cytotoxic or pharmacologically active 
substances, 34.2 

Injection of potential allergens, 34.2 

Secondary infection, 34.2 

Invasion of the host's tissues, 34.2 

Contact reactions, 34.2 

Reactions to retained mouthparts, 34.2 

Transmission of disease, 34.2 

Environmental factors, 34.2 

Pathology, 34.3 

Clinical features, 34.3 

Investigations, 34.4 

Management, 34.5 

Prevention, 34.5 

General management, 34.5 


CLASS INSECTA, 34.6 

Mosquitoes, gnats, midges and flies (Diptera), 34.6 
Myiasis, 34.9 

Fleas (Siphonaptera), 34.13 

Tungiasis, 34.15 


Bees, wasps and ants (Hymenoptera), 34.15 
Lice (Phthiraptera), 34.18 

Head lice (Pediculus capitis), 34.18 
Clothing/body lice (Pediculus corporis), 34.23 
Crab lice (Phthiriasis pubis), 34.24 

Bugs (Hemiptera), 34.25 

Family Cimicidae, 34.25 

Family Reduviidae, 34.29 

Family Anthocoridae, 34.29 

Family Pentatomidae, 34.30 

Family Belostomatidae, 34.30 

Thrips (Thysanoptera), 34.30 

Beetles (Coleoptera), 34.30 

Cockroaches (Dictyoptera), 34.32 

Locusts (Orthoptera), 34.32 

Butterflies and moths (Lepidoptera), 34.32 


CLASS ARACHNIDA, 34.34 

Spiders (Araneae), 34.34 

Family Theridiidae, 34.34 

Family Hexathelidae, 34.35 

Family Sicariidae (formerly Loxoscelidae), 34.35 
Family Lycosidae (wolf spiders), 34.36 

Other venomous species, 34.36 


Scorpions (Scorpiones), 34.36 

Ticks (Acari), 34.37 

Mites (Acari), 34.41 

Family Sarcoptidae: human classical scabies, 34.41 
Family Sarcoptidae: human crusted scabies, 34.48 
Family Sarcoptidae: animal scabies, 34.50 

Family Knemidokoptidae, 34.50 

Family Psoroptidae, 34.50 

Family Listrophoridae, 34.50 

Mites of stored products, 34.50 

House-dust mites, 34.51 

Pyemotes mites, 34.51 

Family Tydeidae, 34.52 

Plant mites, 34.52 

Cheyletiella mites, 34.53 

Harvest mites (Trombiculidae), 34.54 

Bird, rodent and reptile mites (Gamasida), 34.54 
Follicle mites (Demodicidae), 34.55 


CLASS CHILOPODA (CENTIPEDES) AND DIPLOPODA 
(MILLIPEDES), 34.57 

Centipedes, 34.57 

Millipedes, 34.57 


Key references, 34.58 


SKIN DISEASE DUE TOA 


Definition 


female). 


life stages: egg, larva or nymph and finally mature adult (male or 


The arthropod phylum is the most diverse of all the animal phyla, 


Arthropods are among the oldest animals. They are characterised 
by segmented bodies; paired, jointed appendages (legs and anten- 
nae); an exoskeleton; and a bilateral symmetry. They can grow 
only by moulting. Usually, arthropods go through the following 


most of the species being in the class Insecta. 

Arthropods can be divided into two groups: mandibulates with 
antennae and chelicerates without antennae. The mandibulates 
include insects, Chilopoda and Diplopoda. The chelicerates include 
scorpions, spiders and mites. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Pathophysiology 


Arthropods produce their effects on the skin by a variety of 
mechanisms [1-4], more than one of which may be implicated 
simultaneously. 


Mechanical trauma 

The puncture wound or laceration produced by the penetration of 
the skin seldom causes serious disturbance to the host. The nature 
of the trauma inflicted depends upon the structure of the mouth- 
parts, which show wide variation between different species. There 
are two methods of feeding on blood: (i) ‘vessel feeders’ insert the 
tip of their mouthparts into a capillary, and (ii) ‘pool feeders’ lacerate 
the skin, damage blood vessels and feed on the extravasated blood. 
Vessel feeders include sucking lice (Anoplura) and most mosquitoes, 
and pool feeders include stable flies and tsetse flies. 


Injection of irritant, cytotoxic or 

pharmacologically active substances 

An injected substance may contain pharmacologically active 
agents that produce local or, if in sufficient quantity, systemic 
effects. Salivary secretions and sting venoms may contain various 
enzymes such as hyaluronidase, proteases, peptidases and 
phospholipases; kinins; histamine-liberating agents; histamine; 
5-hydroxytryptamine; or acetylcholine. 


Injection of potential allergens 

The vast majority of reactions to arthropod bites or stings depend 
upon the presence in the host of specific antibodies to antigenic 
substances in the arthropod saliva or venom. Investigation of 
extracts of venom sacs and salivary glands from many species, 
using modern immunological techniques, has demonstrated the 
presence of numerous antigens, some specific for a single species 
and others common to several related species or even to related 
genera [5]. 

The type of reaction provoked by an arthropod bite or sting in an 
individual patient largely depends on previous exposure to the same 
or related species. When an individual is bitten for the first time 
by a species whose salivary secretions contain no directly injurious 
substance, there is commonly no reaction. After repeated bites, sen- 
sitivity starts to develop, manifest by an itchy papule developing 
about 24h after each bite, and persisting for several days. With pro- 
longed exposure, an immediate weal reaction occurs, to be followed 
by the delayed papular reaction. After a further period of exposure, 
the delayed reaction no longer occurs, and eventually there is no 
reaction at all. The patient is then said to be immune. Mellanby [6] 
demonstrated this sequence of events with mosquito bites and a sim- 
ilar response is seen with the bites of many other arthropods. 

Some patients show a severe systemic hypersensitivity to arthro- 
pod allergens, manifested by anaphylaxis. The antigenic substances 
in the venoms of Hymenoptera (bees, wasps, hornets) are more 
likely to induce severe systemic hypersensitivity reactions than are 
the antigens of most other insects. 

The capacity of a patient to respond to an antigenic stimulus is 
also an important factor in determining the reaction to an arthropod. 
The reactions of patients who are immunosuppressed, as a result 
of either disease or therapy, are modified. ‘Exaggerated reaction 


of insect bite’, also called ‘insect-bite-like reaction’ or ‘eosinophilic 
eruption of haematoproliferative disease’, is a relatively common 
and disturbing skin reaction in chronic lymphocytic leukaemia 
patients [7]. It may be related to the immune dysregulation accom- 
panying chronic lymphocytic leukaemia and further exacerbated by 
external factors, including actual insect bites, chemoimmunother- 
apy and pyogenic infection. The diagnosis is based on the clinical 
characteristics and findings of dermatitis with an eosinophil-rich 
infiltrate on biopsy [8]. Other examples include the response to bites 
or common scabies in patients with HIV infection and Epstein-Barr 
virus-associated natural killer cell leukaemia/lymphoma or the 
occurrence of crusted scabies in immunosuppressed individuals. 
In HIV-infected individuals, pruritic papular eruption may be a 
reaction to arthropod bites. The most accepted hypothesis is that 
this condition reflects an altered and exaggerated immune response 
to arthropod antigens in a subset of susceptible HIV-infected 
patients [9]. 


Secondary infection 

Bacterial infection may be introduced at the time of the bite, but 
commonly gains entry as a result of scratching, and may confuse 
the clinical picture. Compartment syndrome caused by streptococ- 
cal cellulitis complicating an insect bite has been described [10]. 


Invasion of the host's tissues 
Certain flies cause myiasis, in which the host’s tissues are invaded 
by larvae. 


Contact reactions 

Simple contact with the secretions of certain arthropods, or with 
their living or dead bodies, may provoke irritant or allergic contact 
reactions. For example, the secretions of blister beetles produce a 
severe irritant reaction and repeated handling of cockroaches may 
induce contact urticaria and dermatitis. 


Reactions to retained mouthparts 
Persistent granulomatous papules or nodules may be provoked by 
retained mouthparts, for example those of ticks. 


Transmission of disease 

Many diseases have arthropod vectors, for example malaria 
(mosquitoes), leishmaniasis (sandflies) and trench fever and typhus 
(lice) (Table 34.1). 


Environmental factors 

There are a number of environmental and social factors that 
determine the range of arthropod species to which an individual is 
exposed. 

Persons living and working in tropical climates tend to wear fewer 
clothes and therefore expose larger parts of their body to bites and 
stings. Clothing itself is essential to the existence of the body louse 
and areas of constriction of clothing affect the distribution of the skin 
lesions caused by certain mites (e.g. harvest mites). 

Certain occupations carry an increased risk of reactions to arthro- 
pods [11]. Forestry workers, for example, may be exposed to the 
urticating hairs of the caterpillars of certain species of Lepidoptera 


Table 34.1 Main arthropod-transmitted diseases. 
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Arthropods Transmitted diseases 

Insecta 

Mosquitoes and flies Malaria, yellow fever, dengue fever, West Nile fever, chikungunya, Zika fever, viral encephalitis, sleeping sickness, onchocerciasis, leishmaniasis 
Fleas Typhus, bubonic plague 

Lice Typhus, trench fever, relapsing fever, bacteria? 

Reduviid bugs Chagas disease 

Cockroaches Bacteria? 

Arachnida 

Ticks Lyme borreliosis, Rocky Mountain spotted fever, tick paralysis, Colorado tick fever, babesiosis, ehrlichiosis, Q fever, tularaemia 

Mites Scrub typhus 


and dockworkers handling foodstuffs may be attacked by mites 
infesting the cargo. 

Insome societies, humans are exposed to attack by parasites of the 
domestic animals with which they cohabit. 

Housing can influence exposure to arthropod attack in a number 
of ways. Overcrowded homes favour transmission of ectoparasites, 
such as lice and the scabies mite. Spiders and scorpions will take up 
residence in garages, outhouses and woodpiles. 

The methods by which an arthropod is attracted to its host species 
include body heat, carbon dioxide in exhaled air (e.g. mosquitoes, 
ticks, fleas, bedbugs), the view (e.g. tsetse fly) and displacement 
of air or vibrations caused by the host (e.g. fleas) [12]. Human 
sweat contains mosquito attractants and anhidrotic subjects are 
unattractive to mosquitoes [13,14]. The human skin microflora may 
be responsible for producing compounds that attract mosquitoes 
and, as there is variation in the microflora between individuals, 
body odour probably contributes to susceptibility to biting [15,16]. 
Recently, it was shown that malaria-infected mosquitoes express 
enhanced attraction to human odour [17]. Human odour also 
appears to play a part in attracting sandflies [18]. Pregnant women 
appear to be more attractive to mosquitoes than the non-pregnant 
[19,20]. 

There is also a suggestion of increased susceptibility to mosquito 
bites in patients with HIV infection receiving antiretroviral therapy 
and suffering from lipoatrophy [21]. 

Alcohol ingestion also seems to promote mosquito attraction [22]. 

Certain species of flies are attracted to skin ulcers and purulent 
material, in which they lay their eggs. 

Insect pheromones play a part in attacks by large numbers 
of Hymenoptera. Honeybees, when stinging, emit an alarm 
pheromone from glands in their sting chambers and this guides 
other bees to attack an intruder. 


Pathology [23-25] 

The histopathological changes associated with arthropod bites 
depend upon a number of factors, including the arthropod involved, 
the type of immunological reaction provoked and the duration of 
the lesion. 

In the acute phase, there is a superficial and deep, perivascular 
and interstitial inflammatory infiltrate, which is characteristically 
wedge shaped. The infiltrate is usually mixed in composition 
with an abundance of lymphocytes and eosinophils, although 
neutrophils and histiocytes can also be seen. Neutrophils may 
predominate in reactions to fleas, mosquitoes, fire ants and brown 


recluse spiders. Sweet-like reaction to arthropod bites has also been 
reported [26]. Over the most prominent superficial infiltrates spon- 
giosis can be seen, sometimes with progression to vesicle formation 
or epidermal necrosis. 

In papular urticaria there is prominent papillary dermal oedema 
and a perivascular chronic inflammatory infiltrate with a significant 
admixture of eosinophils. 

Bullous reactions develop beneath a more or less intact epidermis 
and may be multilocular. 

In older lesions, excoriated areas may be altered by the scratching, 
resulting in parakeratosis and a dermal infiltrate with neutrophils 
and lymphocytes. 

Chronic reactions often have a pseudolymphomatous appearance. 
The dermis contains a dense inflammatory infiltrate of lymphoid 
cells and histiocytes, with an admixture of eosinophils and plasma 
cells, and the presence of atypical mononuclear cells with hyper- 
chromatic nuclei. Secondary lymphoid follicles with germinal cen- 
tres are sometimes formed. Multinucleated cells may also occur. If 
retained mouthparts are present, there may also be giant cells of 
foreign-body type. 

Additional histopathological features associated with particular 
arthropods are noted in the relevant sections of this chapter. 


Clinical features 


The very large number of species of biting and stinging arthro- 
pods, their different feeding habits and the variation in individual 
patients’ responses to the various irritants and allergens injected 
determine the diversity of clinical features. Any arthropod bite 
can be totally asymptomatic. The type and distribution of lesions 
produced by individual arthropods are discussed in the relevant 
sections throughout this chapter. Table 34.2 shows the clinical 
and epidemiological features of the main arthropod bites. Clinical 
features of arthropod bites are not specific, so diagnosis relies on 
an array of arguments, none of which is specific by itself; it is the 
association of elements that is suggestive. 

The most frequently encountered response is papular urticaria. 
Initially, an extremely itchy urticarial weal develops at the site of the 
bite and this is succeeded by a firm pruritic papule, which usually 
persists for several days. The weal and papule may show a central 
haemorrhagic punctum and the papule may be surmounted by a 
tiny vesicle. Lesions are often grouped in clusters and develop in 
crops at irregular intervals. 
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Table 34.2 Arthropod bites: main clinical and epidemiological features. 


Arthropod Clinical feature on examination Location over the body Timing of pruritus Context 
Bedbugs 3-4 bites in a line or curve Uncovered areas Morning Travelling 
Fleas 3-4 bites in a line or curve Potentially anywhere, lower Daytime Pet owners or rural living 
limbs 
Mosquitoes Non-specific papules Potentially anywhere Anopheles spp. night; Culex Worldwide distribution 
spp. night; Aedes spp. day 
Head lice [28] Eggs attached to hairs; live lice on Scalp, ears and neck Any Children, parents or contact with children 
the head associated with itchy, 
excoriated lesions 
Body lice [28] Excoriated papules and Back Any Homeless people, low and middle 
hyperpigmentation; live lice inside incomes 
clothes 
Pubic lice Pruritus on pubis, excoriated papules Pubic hair, more rarely on Any Young adults, sexually transmitted 
and non-specific secondary armpits or eyebrows, 
lesions, inguinal eyelashes or beard 
lymphadenopathy; live lice 
attached to pubic hairs + eggs 
Scabies [28] Vesicles, burrows, nodules and Interdigital spaces, forearms, Night Sexually transmitted, households or 
non-specific secondary lesions breasts, genitalia institutions 
Ticks Erythema migrans or ulcer Potentially anywhere Asymptomatic Pet owners or hikers 


Harvest mites 


Multiple urticarial papules, in a line or 
in a bouquet 


Covered areas, under elastic 
bands in underwear or the 


Daytime 


Outdoor, gardening; summer or autumn 


pants belt 
Pyemotes Under clothes 


ventricosus [29] 


Comet sign, a linear red macular tract 


Spiders Two closely adjacent bite points + Face and arms 


necrosis (uncommon) 


Any time when inside habitat People exposed to woodworm 
contaminated furniture (P. ventricosus 
is a woodworm parasite) 


Immediate pain, no itching Rural living 


Adapted from Bernardeschi et a/. [27]. Source and copyright holder: BMJ Publishing Group Ltd. 


The number and distribution of skin lesions produced by the bites 
depend upon the type of exposure and the feeding habits of the 
arthropod involved. New bites by the same species will often cause 
a recrudescence of activity in existing lesions. 

Bullous reactions are common on the lower legs (Figure 34.1), but 
may occur in other sites, especially in children. In the presence of 
lower limb venous hypertension, haemorrhagic or ulcerated lesions 
may develop. More severe local changes are sometimes found, with 
cellulitis and lymphangitis in the apparent absence of secondary 
infection. Eruptive pseudoangiomatosis-like lesions have also been 
reported as a response to arthropod bites [30,31]. 

Irritation is an almost constant symptom, and rubbing and 
scratching may increase the inflammatory changes and induce 
eczematisation. When the bites are very numerous, or if the local 
reaction is severe, there may be fever and malaise. 

Secondary infection is a common complication and may manifest 
as impetigo, folliculitis, cellulitis and lymphangitis. 

Anaphylactic shock is unusual except after Hymenoptera stings, 
but is occasionally seen with some other arthropods. 

Bite reactions may persist for months. Tick attachment sites, in 
which the mouthparts may be retained, are the most likely to persist, 
but so may bites of mosquitoes and other arthropods. 


Investigations 


The diagnosis of arthropod bites is often self-evident, for example 
when the patient has spent the afternoon in the garden on a hot day 


in summer and subsequently develops typical lesions on exposed 
areas of skin. However, difficulty arises when the source of the bites 
is not immediately obvious. Only good clinical observation and 
specific questions will suggest a particular insect and collection of 
it is necessary for subsequent examination. 

The distribution of the bites may provide a clue to their origin 
(see Table 34.2), for example localisation to the abdomen and 
thighs in cheyletiellosis or contact with sarcoptic mange in dogs, 
and involvement of the legs below the knees when the lesions 
are produced by cat or dog fleas. Patients should be asked about 
domestic pets; not only their own, but also those in the homes of 
close relatives who are visited regularly, as ectoparasites associated 
with pet animals are often the source of persistent arthropod bites. 
If the bites are not localised, but scattered all over the body, consider 
reactions to arthropods biting in the patient’s bedroom, such as 
bird fleas, bird mites or bedbugs. Enquire if the patient has recently 
moved house. It may be that the previous owners of the new home 
kept pet animals and have left a legacy of domestic flea infestation. 
Even if the house remained empty for a considerable time before 
the new owners took up residence, the flea population will be wait- 
ing in cocoons to emerge when the new occupants arrive. Adult 
fleas can survive starvation for variable lengths of time depend- 
ing upon species and environmental conditions [12,32] - a newly 
emerged and unfed dog flea, Ctenocephalides canis, will survive for 
approximately 60 days. In the absence of their natural hosts, such 
animal flea populations will not usually survive for more than a 
few months. 
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in 10% potassium hydroxide for 24h so that the majority of the 
pigment is removed and the anatomical details revealed. Cat 
and dog fleas are readily identified, but if unfamiliar species 
are encountered, the help of an entomologist with an interest in 
Siphonaptera should be sought. Correct identification of fleas 
is important so that proper control measures may be carried 
out [36]. 

3 If problems from bird fleas or bird mites are suspected, it is often 
of value to examine dust obtained with a vacuum cleaner from 
bedrooms. This is, however, time consuming and could require 
some entomological expertise. 

4 It may be necessary to visit the patient’s home to establish 
whether there are birds’ nests under the eaves, which might be 
a source of fleas or mites, or to take specimens from household 
pets. 

5 Mites that might have relevance to human dermatoses may be 
isolated from clothing, furnishings or bedding by the techniques 
described by Hewitt et al. [37]. 

An entomologist is often valuable in these situations, not only for 
identification of arthropods, but also to advise about their relevance 
to the situation. An arthropod discovered at the scene of the crime 
may only be an innocent bystander. 

In some cases, in spite of extensive efforts, the source of the bites 
remains unknown, and the dermatologist can then only treat the 
problem symptomatically with oral antihistamines, topical antipru- 
ritics and insect repellents. 
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Management 


Prevention [38,39,40,41] 
Figure 34.1 Bullous lesions in response to arthropod bites. Courtesy of Dr F. A. lve, There are several strategies that can be employed in attempts to 
Sune avoid arthropod bites/stings and arthropod-related disease trans- 
mission, including protective clothing, insecticide-impregnated 
netting and repellents. With regard to the latter, there are two 
If the history and examination do not suggest a possible source for principal categories of commercially available insect repel- 
the problem, or if the dermatologist wishes to confirm a suspected —_lents — plant-derived essential oils and synthetic chemicals. 
source, the following procedures may be useful [33,34]: The former group includes citronella, oil of eucalyptus, pep- 
1 The patient’s pet animals should be examined, if possible, for permint, tea-tree oil, lavender, soybean oil and neem oil. DEET 
signs of skin disease. Cheyletiellosis and canine scabies pro- — (N,N-diethyl-m-toluamide [or N,N-diethyl-3-methylbenzamide]), 
duce characteristic changes on an affected animal [35]. Vigorous _ the most widely used repellent, is an example of the latter. 
combing of scale from the coat of a dog suffering from cheyletiel- Recently introduced repellents include DEPA (N,N-diethyl 
losis (Figure 34.2) will provide material in which Cheyletiella | phenylacetamide), PMD (para-menthane-3,8-diol) and picaridin, a 
mites may be identified and skin scrapings will confirm sarcoptic synthetic derivative of pepper. 
mange. If the animal cannot be examined, the patient should Unfortunately, with many of these agents, their volatility means 
be provided with a sheet of black paper and asked to collect __ that the repellent effect is transient (between 4 and 8h) for the more 
brushings or combings from the animal’s coat for subsequent efficient and benefit can only be sustained by repeated application. 
examination. In addition, effectiveness is often limited to a narrow spectrum of 
2 If domestic infestation with cat or dog fleas is suspected, this susceptible arthropods detecting carbon dioxide (e.g. mosquitoes, 
can often be confirmed by examination of debris from the pet’s _ ticks, sandflies). 
bedding. The patient is supplied with a large polythene bag and 
instructed to place the pet’s bedding in the bag and shake it vig- | General management 
orously for a few minutes. The bedding is then removed, the bag _—_ Species-specific treatment will be discussed in the relevant sections 
sealed and delivered to the dermatologist or parasitologist for throughout this chapter. 
microscopy of the debris. Macroscopically, flea eggs and faeces General treatment principles include [42]: 
have a ‘pepper and salt’ appearance (Figure 34.3) and the larvae ¢ Local wound care by cleansing, removing of remaining arthropod 
are grub-like. For identification, adult fleas should be ‘cleared’ parts. 
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Figure 34.3 Typical ‘pepper and salt’ appearance of flea eggs and faeces in the debris 
from a cat's bedding. 


e Management of pain and patient discomfort, by using ice packs, 
application of topical corticosteroids, systemic antihistamines, 
injection of local anaesthetics or sometimes the use of systemic 
analgesic. 

e Institution of supportive measures such as adrenaline in case of 
severe allergic (anaphylaxis) or toxic reaction. 

e Antibiotic therapy in case of secondary infection. 

e Antivenom administration in case of envenomation from 
particular species. 

e Tetanus prophylaxis if necessary. 

e Desensitisation with venom immunotherapy using extracted 
insect venom. It may be an effective therapy for preventing 
further allergic reactions to insect stings, which can improve 
quality of life [43]. 


Figure 34.2 Itchy typical heavy white scale named ‘walking dandruff’ in 
the coat of a puppy suffering from Cheyletiella infestation. Courtesy of 
Ecole nationale vétérinaire d’Alfort, France. 
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Mosquitoes, gnats, midge: 
(Diptera) 


Definition 

The order Diptera is one of the largest of the insect orders. Diptera 
are two-winged flies with a single pair of membranous forewings 
and with hindwings modified as balancing organs (halteres). Most 
feed on nectar, plant exudates or decaying animal and vegetable 
matter, but some are blood-sucking, and some have larvae parasitic 
on humans. To the dermatologist, the Diptera are important as bit- 
ing insects and as the cause of myiasis, in addition to their capacity 
to transmit disease (Table 34.3). 

The Diptera are currently usually classified in two suborders 
based on characteristics shown by larvae, pupae and adults — the 
Nematocera and the Brachycera. Detailed information on the mor- 
phology, biology and medical importance of Diptera is provided in 
comprehensive texts by Kettle [1] and Lane and Crosskey [2]. 


Classification 


Suborder Nematocera (long-horned flies) 

The Nematocera are small flies with long many-segmented fila- 
mentous antennae. With a few exceptions the medically important 
species are blood-suckers. 


Family Culicidae (mosquitoes). Mosquitoes have a worldwide 
distribution. Three mosquito genera — Anopheles, Aedes (Ochlerota- 
tus) and Culex — are responsible for the transmission of a number of 
human diseases, including malaria (Chapter 33), filariasis, yellow 
fever, West Nile virus, chikungunya, dengue fever and Zika virus. 
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Table 34.3 Main transmitted diseases by the insects of the order Diptera. 


Suborder Family Species Transmitted diseases 
Nematocera Culicidae (mosquitoes) Anopheles, Culex, Aedes Chikungunya, dengue fever, filariasis, Japanese encephalitis, malaria, Rift valley fever, 
West Nile virus, yellow fever, Zika virus 
Psychodidae (sandflies) Phlebotomus Cutaneous and visceral leishmaniaisis, Toscana fever 
Lutzomyia Cutaneous and visceral leishmaniaisis, bartonellosis in New World (Carrion disease) 
Simuliidae (blackflies) Simulium Onchocerciasis, tularaemia 
Brachycera Glossinidae Glossina Sleeping sickness 
Tabanidae Tabanus (horse flies) Tularaemia 
Chrysops (deer flies) Loiasis, tularaemia 
Muscidae Fannia Myiasis (os) 
Musca Wn 
Calliphoridae Cochliomyia Myiasis a Wn 
Sarcophagidae Sarcophaga Myiasis (oe) za 
Oestridae Dermatobia Myiasis r= (o) 
Gasterophilus UW = 
Oestrus bre 9 
Hypoderma za P 
am Lu 
“OL 
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Human malaria is transmitted exclusively by Anopheles species. 
Both male and female mosquitoes will imbibe sweet juices from 
flowers or ripe fruit, but only the females pierce the skin and 
suck the blood of vertebrate animals for production of eggs. Most 
mosquitoes are nocturnal feeders, but species from the genus Aedes 
(Ochlerotatus) are diurnal. The eggs of mosquitoes are deposited 
on or near water and adults develop via aquatic larval and pupal 
stages. 


Family Psychodidae (sandflies). These are tiny (2-3mm long) 
hairy flies with lanceolate wings and long legs. They are widely 
distributed, especially in the tropics and subtropics. 


Genus Phlebotomus. Species of Phlebotomus are vectors of 
cutaneous and visceral leishmaniasis (Chapter 33) in the Old 
World. Phlebotomus species are also vectors of Toscana fever 
(TOSV), identified in 1971 [3]. Phlebotomus bites cause a condi- 
tion known as harara (urticaria multiformis endemica) in Israel and 
the surrounding countries. 


Genus Lutzomyia. Lutzomyia species are vectors of cutaneous and 
visceral leishmaniasis (Chapter 33) and bartonellosis in the New 
World. 


Family Simuliidae [4]. Popularly known as blackflies, and with a 
worldwide distribution, these are small (2-6 mm) flies with a char- 
acteristic humped thorax and short broad wings. They breed only in 
areas of fast-flowing water and bite during the day. 

Over large parts of the tropics, several species of blackfly are 
responsible for transmission of onchocerciasis (Chapter 33) — 
principally the Simulium damnosum complex (several closely related 
species) in West Africa, S. neavei in East Africa, S. metallicum in 
Venezuela and S. ochraceum in Guatemala. In temperate regions, 
the greatest problem caused by simuliids is their painful bites, 
and some species are such a persistent nuisance at certain times 


of the year that they may make large areas unpleasant to live or 
work in. In Serbia, the notorious Golubatz fly, S. columbaschense (S. 
columbaczense), which bred in the Danube at Golubatz, caused both 
mortality among livestock and human misery until environmental 
changes eliminated it. In North America, the most troublesome 
biting species are S. venustum, which is in the Holarctic and occurs 
from Alaska to Greenland and south to Texas and South Carolina, 
and Prosimulium mixtum, which occurs in the northeastern USA and 
eastern Canada. Simulium posticatum (the Blandford fly), formerly 
named S. austeni Edwards, is widely distributed throughout Europe 
and European Russia. In England, it is found in an arc running from 
East Anglia through Oxfordshire into Dorset. In the Stour valley 
area of Dorset, particularly in the region of Blandford Forum, the 
fly is notorious for the severity of the reaction to its bites [5,6]. It 
had not been known as a pest in the UK prior to the 1960s. The eggs 
are laid in cracks in vertical river banks, a short distance above the 
water [7]. The larvae are concentrated in stretches of fast-flowing 
water immediately downstream of barrages and weirs, where they 
attach themselves to weeds or stones and feed on phytoplankton. 
Adults hatch in May and are on the wing in May, June and early 
July. Females require a blood meal before oviposition, and although 
they will bite various wild and domestic animals, they appear to 
prefer humans and dogs. In the 1990s, biological control, using 
a bacterium (Bacillus thuringiensis var. israelensis) that selectively 
targeted the fly larvae, significantly reduced the severity of the 
problem. 


Family Ceratopogonidae (biting midges; ‘punkies’; ‘no-see-ums’). 
These small flies (1-3 mm in length) have a worldwide distribution 
and are notorious as biting pests. The biting midges of the West 
Highlands of Scotland (the commonest species of which is Culicoides 
impunctatus), for example, are an intolerable nuisance and pose a 
problem to the Scottish tourist industry [8]. Males and females feed 
on nectar, but most females require a blood meal for maturation 
of the ovaries and egg production. There are four genera that suck 
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blood: Culicoides, Leptoconops, Austroconops and Forcipomyia (sub- 
genus Lasiohelea). They breed in rivers, swamps and marshes; they 
often occur in swarms and will readily attack any mammal in their 
vicinity. A few species enter homes and bite at night. 

The genus Culicoides is widely distributed. Leptoconops species 
are largely restricted to the warmer parts of the Old and New 
World. Austroconops contains only one species, which is restricted to 
western Australia. Lasiohelea species are principally associated with 
tropical and subtropical rainforests. 


Suborder Brachycera (circular-seamed flies, muscoid flies 
and short-horned flies) 

The Brachycera are stout-bodied flies with short antennae, often 
composed of three segments, and never more than six. 


Family Tabanidae. Many species of three genera of this family 
will attack humans — Tabanus (horse flies), Chrysops (deer flies) and 
Haematopota (clegs). They are large flies and have a worldwide 
distribution. Only females suck blood. Tabanid flies act as vectors 
for loiasis (Chapter 33) and tularaemia (Chapter 26), and some 
species may transmit anthrax mechanically [9]. 


Family Rhagionidae (snipe flies). Species of Symphoromyia occur- 
ring in the Palaearctic and Nearctic regions are vicious biters. Atherix 
is another blood-sucking genus in the Nearctic and neotropical 
regions, and Spaniopsis is troublesome in Australia. 


Family Chloropidae (eye flies; frit flies). These flies are about 
2mm in length. The adults of some species are attracted to open 
sores, body secretions and the eyes, particularly eyes with a copious 
discharge. Hippelates and Siphunculina species are associated with 
humans and can act as mechanical vectors of yaws, conjunctivitis 
and streptococcal skin infection. 


Family Muscidae (house flies; stable flies; tsetse flies). This family 
includes the familiar house fly Musca domestica and the lesser house 
fly Fannia canicularis. These do not bite but may act as mechanical 
vectors of disease. The muscids Stomoxys calcitrans (stable fly) and 
Haematobia species (horn flies) have mouthparts modified for suck- 
ing blood. They usually feed on large quadrupeds but can inflict 
painful bites on humans. Tsetse flies are vectors of trypanosomiasis 
(Chapter 33). They are confined to Africa south of the Sahara. 


Family Hippoboscidae (flat flies; louse flies; keds). Members of this 
family are blood-sucking ectoparasites of birds and animals. Several 
species of ked have been recorded as biting humans [10,11]. 

Members of several other families of Diptera are important in that 
their larvae may cause myiasis. 


Pathology 

Diagnosis of mosquito bites is rarely performed in the acute phase. 
Histopathology will show an upper dermal perivascular infiltrate 
consisting of lymphocytes with histiocytes, eosinophils and mast 
cells. There may be mild oedema and a slight general increase in 
mast cells and eosinophils in the dermis. The overlying epidermis 


may show spongiosis sometimes amounting to vesiculation. In older 
lesions, excoriation often results in epidermal necrosis and crusting 
with a dermal infiltrate of lymphocytes and neutrophils. In addi- 
tion, it is shown that saliva has a major role in the transmission of 
pathogens to the host agent [12]. 


Clinical features [13,14] 

The clinical features of the bites of insects of this large and diverse 
order are variable. The nature of the pharmacologically active 
substances injected, and the degree of acquired allergic sensitivity 
to the antigenic substances in the saliva, are the main factors that 
determine the reaction. For most of the Diptera, the allergic com- 
ponent is by far the more important. The nature of any injected 
toxins is usually unknown and the effects attributable to them are 
usually slight. The clinical picture will also be influenced by the 
biting habits of the species concerned. 

The reaction to mosquito bites is determined by previous 
exposure, and the sequence of events following multiple bites 
was elucidated by Mellanby [14]. In an individual not previously 
exposed, the bites produce no response. With subsequent bites, 
a delayed reaction occurs, consisting of pruritic papules, which 
develop approximately 24h after the bites and persist for several 
days. After repeated bites for several weeks, the response changes, 
with the appearance of an immediate weal at the bite site. This 
resolves after about 2h, to be replaced by the delayed reaction. 
Further exposure provokes the immediate reaction, but not the 
delayed response. Eventually, tolerance is acquired and no reaction 
occurs. Studies of the bite reaction in relation to age have shown an 
increase in immediate reactions from early childhood to adolescence 
and a decrease thereafter. The appearance and intensity of delayed 
reactions decrease with age [15]. It has been proved conclusively 
that the mosquito salivary glands are the source of the antigens 
responsible for the bite reactions [16]. 

Anaphylactic reactions to mosquito bites are rare [17]. Gaig et al. 
reported a patient with a serum sickness-like illness associated with 
mosquito bites [18]. Severe local reactions are not uncommon, and 
in highly sensitive subjects bullae, cellulitis and eczematisation are 
often seen, especially on the legs. Gravitational factors probably 
play a role in the development of bullae on the legs [19]. Exaggerated 
hypersensitivity responses to mosquito bites have been reported 
in patients suffering from chronic lymphatic leukaemia [20-23]. 
Although the lesions frequently appear months after the diagnosis 
of leukaemia and are unrelated to its course and therapy, they can 
also herald development or recurrence of leukaemia or lymphoma 
[24]. However, although the clinical picture and histological features 
are typical of arthropod bites, in many cases patients do not recall 
being bitten [22,25]. Exaggerated responses to mosquito bites have 
also been described in patients with HIV infection [26-28], and a 
chronic pruritic eruption in patients with AIDS in South Florida has 
been attributed to mosquito bites [29]. 

Over the past 20 years, there have been a number of reports 
from Japan of severe hypersensitivity to mosquito bites preceding 
the development of malignant histiocytosis [30,31]. This has now 
been characterised as a disease in which there is a triad of hyper- 
sensitivity to mosquito bites, chronic Epstein-Barr virus infection 
and natural killer cell leukaemia/lymphoma [32-35]. It affects 
predominantly Japanese people in the first two decades of life. 


The skin lesions are bullae, which develop at mosquito bite sites, 
undergo necrosis, and heal with residual scarring [36]. Accompa- 
nying the skin lesions are systemic features, principally high fever 
and general malaise. Affected individuals die of haemophagocytic 
syndrome (malignant histiocytosis). Screening for haematological 
malignancies, latent Epstein-Barr virus infection and natural killer 
cell lymphocytosis should be considered in patients with unusual 
arthropod bite reactions [34,36]. 

The bites of Simuliidae, which may be numerous, are on exposed 
skin. The sites of the bites are often marked by a small blood crust 
with surrounding ecchymosis. Within a few hours, small pruritic 
papules develop, and these resolve after several days [37]. How- 
ever, severe reactions with marked oedema of the limbs and con- 
stitutional upset occasionally occur, and in some cases nodules and 
discoid eczematous areas persist at the sites of the bites for several 
months [38]. The bites of the Blandford fly occur most frequently on 
the legs and women are principally affected [5,6]. The bites often 
produce a severe local reaction, with oedema and blistering, and 
may be accompanied by systemic manifestations, including pyrexia, 
arthralgia and meningism. 

The biting midges of the family Ceratopogonidae generally cause 
small, papular lesions on exposed parts of the skin, but wealing 
and bulla formation may occur in sensitised individuals. Weal-like 
lesions, papules and persistent nodules have been described 
following bites from Leptoconops torrens in California [39]. 

Midges of the family Chironomidae are closely related to cerato- 
pogonids. These midges do not bite, but hypersensitivity to their 
larvae, used as aquarium fish food and as bait, is well recognised 
[40,41], and includes contact urticaria [42] and protein contact 
dermatitis [43]. One study suggested that occupational exposure to 
chironomids may cause sensitisation with circulating IgE antibodies 
in sewage workers [44]. 

The bites of keds may be followed by the development of persis- 
tent pruritic papules [11]. 

The bites of horse flies and stable flies are often very painful and 
frequently become secondarily infected. Anaphylactic reaction to 
horse flies has also been reported in two patients already known 
to be allergic to stinging Hymenoptera venom, suggesting a cross 
allergen, between the Hymenoptera venom and the mosquito 
saliva [45]. 

Eruptive pseudoangiomatosis-like lesions have also been 
reported as a response to mosquito bites [46,47] and a relationship 
to Culex pipiens bites has been demonstrated [48]. 


Management [49-51] 

Diptera bites should be cleansed thoroughly with water and soap 
to avoid secondary bacterial infection. A short course of topi- 
cal steroids and systemic antihistamines may be used to control 
pruritus. Rare allergic reactions should be treated aggressively. 
Antihistamines taken prophylactically have been demonstrated 
in studies to decrease weal formations and subsequent pruritus 
following mosquito bites [52,53]. 

Prevention of mosquito and sandfly bites requires the use of 
protective clothing and chemical repellents, and methods to reduce 
the numbers of flies and mosquitoes in a given area. As the Anopheles 
species that carry malaria bite mostly at night, retiring to the indoors 
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in the evening plays a major role in disease prevention. Transmis- 
sion is also prevented by repellents and pyrethroid-impregnated 
mosquito netting. All travellers to malaria-endemic areas should 
take the recommended chemoprophylaxis. In contrast to Anopheles 
mosquitoes, Aedes mosquitoes that carry dengue, chikungunya or 
Zika virus tend to bite during the day. Repellents and protective 
clothing must be used to prevent transmission in endemic areas. 

The hierarchy of measures against bites depends on the travel 
or the stay (e.g. place, season, length, modalities) and the persons 
(e.g. age, pregnancy, other pathology). The use of skin insect repel- 
lents is recommended, using an active ingredient which has been 
evaluated as innocuous (low toxicity, genotoxicity, ecotoxicity). 
Active ingredients currently being evaluated are DEET, picaridin 
(icaridin or KBR3023), 3-(N-acetyl-N-butyl) aminopropionic 
acid ethyl ester (IR35/35) and PMDRBO (mixture of cis- and 
trans-paramenthan-3,8-diol) [54]. 


Myiasis 


Definition 
Myiasis is the infestation of body tissues of animals by the larvae 
(maggots) of Diptera [1-4]. Humans are sometimes infested depend- 
ing on their behaviour, environment or clinical status. Parasitolog- 
ically, flies may be classified into two main myiasis-producing 
groups: obligatory and facultative. Obligatory myiasis producers 
always pass their larval stage parasitically in the body of an ani- 
mal. Larvae of facultative myiasis producers usually develop on 
decaying flesh or vegetable matter but may infest wounds. 
Clinically, myiasis can be classified according to the part of the 
body that they affect. Cutaneous myiasis includes wound myiasis, 
furuncular myiasis and migratory myiasis, in which larvae pene- 
trate and develop within the skin. The second form is cavitary myi- 
asis. In nasopharyngeal myiasis, the nose, sinuses and pharynx are 
affected, and ophthalmomyiasis involves the eye, orbit and perior- 
bital tissues. Intestinal and uro-genital myiasis involve invasion of 
the alimentary tract or uro-genital system. 


Classification 

All species of specific myiasis and most of facultative myiasis are 
classified within Calyptratae. Taxonomic division of the Calyptratae 
is presented in Table 34.4. 


Family Muscidae. Eggs of Fannia canicularis (lesser house fly) and 
Musca domestica (house fly) may be deposited on ulcers and give rise 
to wound myiasis [6,7]. 


Family Calliphoridae (blowflies). 

Genus Cochliomyia (Callitroga). These New World screwworms 
are distributed in the Americas, but are no longer established in 
North America, following intensive eradication efforts involving 
the release of a huge number of sterile male flies. Cases of myiasis 
involve the larvae of only two species of Cochliomyia: C. macellaria 
and C. hominivorax (americana). The larva of C. macellaria is a facul- 
tative parasite, which may be responsible for secondary infestation 
of wounds. Larvae of C. hominivorax are obligatory parasites, which 
feed on living tissue and can penetrate unbroken skin [8-10], but 
they may also infest wounds. 
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Table 34.4 Taxonomic division of the Calypratae. 


Superfamily Family Subfamily or tribes Species 
Muscoidae Muscidae Muscina spp. 
Musca domestica 
(house fly) 
Fanniidae Fannia scalaris 
Fannia canicularis 
Oestroidea Oestridae Cuterebrinae Dermatobia hominis 


Sarcophagidae 


Calliphoridae 


(human botfly) 
Cuterebra spp. 
Alouattalyia baeri 


Gasterophilinae Gasterophilus spp. 
(horse botflies) 
Hypodermatinaedae Hypoderma bovis 


Oestrinae 


Auchmeromyiinae 


Luciliinae 
Calliphorinae 
Calliphorini 


(cattle botfly) 
Hypoderma lineatum 
Hypoderma tarandi 
Oestrus spp. (sheep 

nasal botfly) 
Wohlfahrtia magnifica 

(spotted flesh fly) 
Wohlfahrtia vigil 
Wohlfahrtia opaca 
Sarcodexia lambens 
Phormia regina 
Protophormia 

terranovae 
Chrysomya bezziana 
Chrysomya 

megacephala 
Chrysomya albiceps 
Chrysomya rufifacies 
Cochliomyia 

hominivorax (New 

World screwworm) 
Auchmeromyia 

senegalensis 

(Congo floor 

maggot) 
Lucilia spp. 
Calliphora spp. 
Cordylobia 


anthropophaga 

(tumbu fly) 
Cordylobia rodhaini 

(Lund's fly) 


Adapted from Francesconi and Lupi [5]. Copyright holder of original artwork from 
which this table was adapted: American Society for Microbiology. 


Genus Chrysomya. The Old World equivalent of Cochliomyia, 
Chrysomya bezziana, the Old World screwworm, is important 
medically as the larvae are obligate parasites in wounds. 


Genus Cordylobia. Cordylobia anthropophaga, the ‘tumbu’ fly, is 
widespread in tropical Africa south of the Sahara [11], and most 
reported cases of tumbu fly myiasis are acquired in Africa [12,13,14]. 
There are, however, reports of myiasis acquired elsewhere, includ- 
ing Spain [15], Portugal [16] and Saudi Arabia [17]. Tumbu fly 
myiasis occurring in two boys who had never been to Africa might 
have been acquired as a result of their father, who made frequent 
visits to Africa, bringing tumbu fly eggs back among his possessions 
[18]. Cordylobia (Stasisia) rodhaini, the only other species of Cordylobia 


Figure 34.4 Third instar larva of Dermatobia hominis (the human botfly). Note the rows 
of backward-pointing spines. 


known to infest humans, has a more limited distribution in trop- 
ical Africa, principally the rainforest areas. Extensive furuncular 
myiasis due to C. rodhaini has been reported in an Italian man who 
acquired the problem while working in Ethiopia [19], and in three 
Israeli travellers returning from Ghana [14]. Eggs are not laid on 
the host, but on sand or soil, especially if contaminated by urine 
or faeces. People are most commonly parasitised during the rainy 
season. Tourists can be infested by dressing with damp clothes that 
were lying on the ground, because adult flies tend to oviposit on 
soiled or damp clothing. After hatching, the larva raises its cephalic 
end searching for a suitable host. In the wild, rats are the usual host, 
but around human habitation, dogs and humans are common hosts. 
The larva attaches itself by means of its oral hooks (Figure 34.4) 
and rapidly penetrates the skin. When development is complete, 
usually in 14-16 days, it drops to the ground to pupate. Some of the 
factors that affect the distribution include unhygienic situations, 
high humidity, poverty and the use of soiled clothes [20]. 


Genus Auchmeromyia. Although strictly not a cause of myiasis, 
the larva of the fly Auchmeromyia senegalensis, the Congo floor mag- 
got, is a blood-sucking parasite of humans. This fly occurs through- 
out tropical Africa, where it lives in huts and lays its eggs in the 
soil of the floor. The larvae lie buried in the soil during the day but 
emerge at night to feed on the sleeping occupants of the huts. Once 
engorged, they drop off the host and burrow back into the soil. 


Other genera. Larvae of members of the genera Phormia (black 
blowflies) [21-23], Lucilia (greenbottle) and Calliphora (bluebottle) 
may also be secondary invaders of wounds in humans. In a study 
of wound myiasis in urban and suburban USA (in which home- 
lessness, alcoholism and peripheral vascular disease were frequent 
cofactors) the majority of species identified were blowflies, the 
most common being Lucilia sericata [24]. Malignant wounds due 
to conditions such as non-melanoma skin cancer (Squamous cell 
carcinoma or basal cell carcinoma) can be infested by Lucilia sericata 
maggots, mainly on the face or the legs [25]. 

There has been a recent resurgence of interest in the use of mag- 
gots (usually those of the greenbottle, Lucilia sericata) for wound 


debridement, especially diabetic ulcers or hard-to-heal wounds, 
an added bonus of which is their ingestion of antibiotic resistant 
bacteria such as meticillin-resistant Staphylococcus aureus [26]. The 
larvae must be prepared and maintained in sterile conditions before 
clinical use [27]. Maggot therapy has the following three core ben- 
eficial effects on a wound: facilitating faster and more effective 
debridement compared with standard dressings, disinfection and 
enhanced healing [28]. 


Family Sarcophagidae (flesh flies). 
Genus Sarcophaga. There are occasional reports of members of this 
genus infesting wounds [29]. 


Genus Wohlfahrtia. These flies are similar to Sarcophaga and are 
important myiasis-causing flies in camels and sheep. The larvae of 
Wohlfahrtia magnifica may be deposited in the ear, eye or nose and 
cause extensive destruction of healthy tissue. Delir et al. reported an 
Iranian woman with a cavity in the left labium majus occupied by a 
number of W. magnifica larvae [30]. W. magnifica occurs in southeast- 
ern Europe, southern and Asiatic Russia, the Middle East and North 
Africa. Wohlfahrtia vigil and W. opaca are North American species 
whose females deposit larvae on the skin of young animals, resulting 
in furuncular myiasis. Lesions are identical to those of Dermatobia 
(see below). Human furuncular myiasis occurs only in young babies, 
as the larvae are unable to penetrate adult skin [31]. 


Family Oestridae. 

Genus Cuterebra (rodent or rabbit botfly). Rabbits and rodents are 
the natural hosts for the larvae of these flies, which are sometimes 
responsible for human furuncular myiasis [32-34]. Baird et al. [35] 
reviewed 54 cases of North American cuterebrid myiasis. 


Genus Dermatobia (human botfly). Dermatobia hominis is the 
only species in the genus. It is a bluebottle-like fly found in the 
neotropical areas of the New World, extending from southern 
Mexico to northern Argentina. It occurs in areas where temperature 
and humidity are relatively high, principally lowland forests. For 
example, the ‘Madidi National Park’ in Bolivia was mentioned as an 
important destination where travellers reported acquiring myiasis 
[14]. Rare cases have been reported on the east coast of the USA, in 
patients that did not report travelling to endemic regions [36,37]. 
These North American autochthonous cases might be explained by 
possible inoculation in travellers or by a change in the habitat of the 
fly, migrating northwards [38]. Dermatobia hominis causes cutaneous 
myiasis in a wide range of mammalian hosts, including humans, 
and is particularly important as a parasite of cattle. 

The female fly does not deposit her eggs directly, but uses other 
insects, such as day-flying mosquitoes and blood-sucking flies, as 
vectors to carry her eggs to the host. This phenomenon is called 
‘phoresia’ and explains the preferential localisation of lesions in 
non-covered areas of the body, unlike African myiasis caused by 
Cordylobia anthropophaga which contaminates covered areas. The 
female fly grasps the insect vector in midair and deposits a number 
of eggs on its abdomen. When the vector subsequently feeds on a 
potential host, the eggs hatch and the larvae rapidly burrow into the 
skin. Larval development lasts approximately 50-60 days, following 
which the larva emerges, drops to the ground and pupates. Human 


botfly myiasis should always be considered as a cause of boil-like 
lesions in patients who have recently returned from endemic areas 
[39-45]. 


Genus Gasterophilus (horse botfly). A form of migratory 
cutaneous myiasis known as ‘creeping eruption’ is caused by 
Gasterophilus larvae. The Gasterophilinae are mainly parasites of 
the alimentary tract of horses, but occasionally larvae of certain 
species of Gasterophilus, including G. haemorrhoidalis and G. pecorum, 
penetrate human skin. 


Genus Oestrus (sheep nostril fly). Oestrus ovis, which develops in 
the nasopharyngeal passages of sheep and goats, and Rhinoestrus 
purpureus, which parasitises horses, are occasionally responsible 
for human myiasis, especially ophthalmomyiasis. The fly leaves 
its larvae (not eggs) directly in the eye and patients complain of 
mild or severe foreign-body sensation, redness, watery eyes or lid 
swelling. Larvae on the external surface of the eye can be detected 
and removed under dim light. Larvae can hide in the ocular fornices 
[46,47]. 


Genus Hypoderma (warble flies). The larvae of Hypoderma species 
are obligate parasites of cattle. The human is an abnormal host for 
Hypoderma and the larvae do not mature fully. After penetrating 
the skin, the larvae produce migratory subcutaneous swellings 
[48,49]. They may also invade the eye (ophthalmomyiasis), produc- 
ing severe damage [49,50]. Marked eosinophilia may accompany 
infestation and Starr et al. [51] reported a cattle rancher in whom 
an illness due to infestation with H. lineatum and marked by pleu- 
ritis, pericarditis and myositis mimicked the hypereosinophilic 
syndrome. A recent epidemic of ophthalmomyiasis with ocular 
injury has been reported in five children who had visited reindeer 
(also called caribou) herding areas in Norway or Sweden, due to 
Hypoderma tarandi, a bumblebee-like fly that is common in subarc- 
tic regions [48]. Imported cases of human disease have also been 
reported [52]. 


Clinical features [1—4,40] 
The habits of the flies and their larvae determine the variations in 
the clinical manifestations for which they are responsible. 


Cutaneous myiasis 
Traumatic or wound myiasis has been a serious complication of war 
wounds in tropical areas and is sometimes seen in neglected ulcers 
or wounds in most parts of the world [53]. Cochliomyia hominivo- 
rax, Chrysomya bezziana and Wohtlfahrtia magnifica are the most com- 
mon flies, worldwide, that cause obligatory human wound myiasis. 
Wound myiasis is most often initiated when flies oviposit in necrotic, 
haemorrhaging or pus-filled lesions [54]. In the presence of an open 
wound, the most important predisposing factors for wound myiasis 
are a lack of hygiene and poor socioeconomic status [54]. 
Obligatory cutaneous myiasis occurs in two main clinical forms 
(furuncular and migratory myiasis); in both there may be mild 
constitutional symptoms and eosinophilia. Both occur mainly on 
exposed skin — often the face, scalp, arms or legs [55]. In the furuncu- 
lar form, boil-like lesions develop gradually over a few days. Each 
lesion has a central punctum, which discharges sero-sanguinous 
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Figure 34.5 Furuncle-like lesion produced by Dermatobia hominis. The tail of the larva 
is visible in the centre of the lesion. 


fluid. The posterior end of the larva, equipped with a group of 
spiracles, is usually visible in the punctum, and its movements 
may be noticed by the patient (Figure 34.5). The lesions are often 
extremely painful but sometimes not. Lesions due to Dermatobia 
hominis are most frequently unique on exposed body sites, whereas 
lesions due to Cordylobia anthropophaga can be multiple, on covered 
body areas [14]. The inflammatory reaction around the lesions may 
be accompanied by lymphangitis and regional lymphadenopathy 
and/or systemic symptoms [56]. Secondary bacterial infection is 
a possible complication. Once the larva has emerged, or has been 
removed, the lesions rapidly resolve. The flies causing furuncular 
myiasis in humans are Dermatobia hominis, Cuterebra, Cordylobia 
anthropophaga, Cordylobia (Stasisia) rodhaini, Wohlfahrtia species and 
Hypoderma species. 

The second principal clinical form (migratory myiasis) is a 
creeping eruption, resembling cutaneous larva migrans (Chapter 
33), in which a tortuous thread-like red line with a terminal vesicle 
marks the passage of the larva through the skin. The larva lies ahead 
of the vesicle in apparently normal skin [57]. The larva may live 
for months in human skin and may migrate 1-30cm/day. Infes- 
tation may present with pustules, nodules or recurrent swelling 
[58]. This form of myiasis is produced by Gasterophilus larvae. The 
inflammatory nodular lesions produced by Hypoderma species are 
migratory. 


Cavitary myiasis 

The infestation of natural body cavities is called cavitary myiasis. 
Cavitary myiasis receive specific names, depending on the anatom- 
ical region affected. Internal organs may also be affected. Eristalis 
tenax, a fly called ‘drone fly’, can cause intestinal, gastric or urinary 
myiasis. It is an accidental myiasis related to ingestion of contami- 
nated uncooked food or water containing fly larvae. Rare cases are 
mainly reported from India, Africa or Europe [59-61]. 


Investigations [5] 

Furuncular myiasis 

Clinical features are often sufficient to diagnose furuncular myiasis, 
especially in endemic regions. Dermoscopy may be helpful in 


difficult cases, showing a yellowish structure with black barb-like 
spines [5,62-64]. Ultrasound has also been used to confirm furun- 
cular myiasis and may be useful to remove the larvae [65,66]. When 
ultrasound failed to detect larvae, colour Doppler sonography was 
able to visualise the continuous movement of internal fluids of the 
larva and confirm the diagnosis [67]. 


Migratory myiasis 

The diagnosis relies on the identification of a dipteran larva. Mag- 
nification is used to visualise the parasite. In Hypoderma furuncular 
lesion, ultrasound may be helpful to detect the larva [52]. 


Wound myiasis 
Diagnosis is easily made by the clinical inspection of the wound. 


Management 

Furuncular myiasis 

The larva of Cordylobia can often be expressed by firm pressure 
around the edges of the lesion, but sometimes the punctum may 
require enlarging surgically. 

The larva of Dermatobia hominis has a bulbous anterior end 
equipped with rows of spines (Figure 34.4) that help to anchor it 
in the skin and make its removal by manual pressure difficult [56]. 
Traditional methods of treatment include occluding the punctum 
with pork fat [68,69], blocking the spiracles of the larva and stimu- 
lating premature extrusion. A similar result may be obtained with 
mineral oil, petrolatum (Vaseline) or butter. Surgical management 
is most frequently recommended: the punctum is enlarged by 
cruciate incisions and this enables removal of an intact larva [70] 
(Figure 34.6). The injection of lidocaine (lignocaine) underneath the 
nodule may be sufficient to push the larva out [71], and Loong et al. 
[72] also found that injection of 2mL of 2% lidocaine into the blind 
end of the cavity facilitated non-surgical removal of the larva. 


Migratory myiasis [5] 

After identification of its position, the larvae may be removed witha 
needle. The extraction of Hypoderma larvae may require a cruciform 
incision or only expression in case of furuncular lesions. However, in 
most cases, a surgical excision is necessary. Oral ivermectin or alben- 
dazole may be helpful if extraction is not possible because the larva 
is too deep into the tissue [52]. 


Wound myiasis 
Wound myiasis requires debridement and irrigation to remove 
larvae, and treatment of secondary bacterial infection. 


Ophthalmomyiasis 
The treatment is simply based on the removal of all larvae. Antihis- 
tamine drops and/or topical antibiotics may also be used, as needed. 


Ivermectin 

Ivermectin has been used both topically and orally in the manage- 
ment of myiasis [38,46,47,73-78]. Oral treatment of human myiasis 
is based on anecdotal reports and most of the experience comes 
from veterinary medicine. Different therapeutic schemes have been 
adopted for ivermectin use in the treatment of myiasis. Ivermectin 


Figure 34.6 Extraction of Dermatobia hominis larva from a patient living 
in French Guyana. Courtesy of Dr C. Hotz, Henri Mondor Hospital, 
Créteil, France. 


is not recommended for furuncular myiasis because it may kill the 
larva inside the lesion with a consequent inflammatory reaction. 


Fleas (Siphonaptera) -— //Lae 


Definition 

Fleas are small (1-8mm long) wingless insects, laterally com- 
pressed to facilitate moving between the animal hairs. Male and 
female adults are blood-sucking ectoparasites of mammals and 
birds. Approximately 2000 species and subspecies are known. Egg, 
larvae and cocoon stages occur on the ground. The larvae of fleas 
are not parasitic, but feed on organic material that they find in the 
nest or dwelling place of the host [1,2]. 


Classification 
The order Siphonaptera contains three families of medical 
importance. 


Family Tungidae 
This family contains tropical species that burrow into human skin 
(see Tungiasis). 


Family Pulicidae 

Members of this family occur throughout the world, and some 
species transmit plague (Yersinia pestis) (Chapter 26) and murine 
typhus (Rickettsia typhi) (Chapter 26) [3-5]. Fleas also play a role 
in the transmission of rural epidemic typhus (Rickettsia prowazekii) 
in the USA [6]. In recent years, the flea-borne spotted fever agent 
Rickettsia felis has emerged and can be found throughout the world 
[7-9]. Cat fleas have been shown to be vectors of Bartonella hense- 
lae, the pathogen responsible for cat scratch disease and bacillary 
angiomatosis [10-12]. Bartonella quintana has been detected in cat 
fleas [13] and in Pulex irritans [14], although its main vector is the 
body louse. Infections from Bartonella quintana have re-emerged, 
predominantly among the alcoholic homeless populations in cities 
in both Europe and the USA [15]. The rabbit flea (Spilopsyllus cuni- 
culi) may be a potential vector of Bartonella alsatica, which has been 


responsible for endocarditis and lymphadenitis in humans [16,17]. 
Many species are important only for the irritability of their bites. The 
species most frequently parasitising humans are the human flea, 
Pulex irritans (mainly in tropical areas), and the cat and dog fleas, 
Ctenocephalides felis and Ctenocephalides canis (mainly in occidental 
areas), but other species will bite humans in the absence of their 
normal host. The tropical rat flea, Xenopsylla cheopis, is the vector of 
bubonic plague. 

The adult female flea lays her eggs during feeding on the host and 
the eggs fall to the ground, where an important food source for the 
larvae is the faeces of the adult flea. The larvae subsequently form 
cocoons and under suitable conditions of temperature and humid- 
ity the life cycle may be completed in a few weeks. However, the 
cocoon stage can sometimes last as long as a year and the flea may 
emerge only in response to vibrations produced by the movement 
of possible hosts. 

In a household occupied by infested pet dogs or cats, fleas in 
various stages of development are found in the animals’ bedding, 
and on carpets and soft furnishings. In a survey carried out in the 
UK in 2005, the prevalence of flea infestation in domestic cats was 
21.1% (98.9% of fleas were C. felis) and in dogs 6.8% (93.1% of fleas 
were C. felis) [18]. The prevalences were stable in 2018, in another 
study from veterinarians in the UK, with 28.1% of cats and 14.4% 
of dogs that were flea-infested (>90% were C. felis) [12]. To date, no 
clinical case of murine typhus has been described in Spain, while 
the presence of R. typhi in cats and fleas has been demonstrated [19]. 


Family Ceratophyllidae 

Species in this family are mainly parasitic on rodents and birds. Bird 
fleas overwinter in cocoons in birds’ nests and emerge in spring. At 
this time, they can become household pests, as they may gain access 
to bedrooms from nests under the eaves. 


Epidemiology 
Infestation with the human flea, Pulex irritans, occurs mainly in 
congested and overcrowded communities with low standards of 
hygiene. It is now rare in developed countries. Cat and dog flea 
infestation in the home is, however, common. 

Animal fleas are common throughout the world and persons in 
contact with domestic animals are frequently bitten. Severe attacks 
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are sometimes experienced by individuals moving into premises 
long empty but previously occupied by pet cats or dogs. The vibra- 
tion caused by footsteps triggers the emergence of fleas from their 
cocoons. Attacks are more likely to occur when the fleas do not have 
access to their usual host. Household infestations with bird fleas 
may occur from nests or nest boxes on or near the house [20], and 
similar problems may occur in the workplace [21]. An outbreak of 
papular urticaria in a nursery school was traced to an infestation 
with dog fleas from a fox’s burrow beneath the building [22]. Similar 
problems were caused by Ctenocephalides felis entering houses from 
raccoons which had bred in the cavity between two houses [23]. 


Clinical features [6,24] 

Flea bites usually provoke typical papular urticaria in a sensitised 
individual. Occasionally, the reaction is more severe and bullae may 
occur (Figure 34.1). The lesions may be grouped in lines or irregular 
clusters. Cat and dog flea bites occur predominantly on the legs or 
buttocks, and are most profuse around the ankles (Figure 34.7), most 
often at the posterior part, but they can also occur on the forearms. 
Adult women seem to be more often bitten than men, as trousers 
and socks might protect the legs [25,26]. Bites from bird fleas tend to 
be more extensive, as the sleeping occupants of bedrooms usually 
provide larger areas of exposed flesh. 
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Investigations [27] 

If flea infestation from pet animals is suspected, this can be con- 
firmed by microscopical examination of debris from the animals’ 
bedding material (Figure 34.3). 

The principal sign of flea infestation in an affected animal is the 
presence of dried concretions of flea faeces on the animal’s coat. 
Some animals will also have signs of flea allergy dermatitis, with 
areas of crusting and alopecia, most frequently on the lower back 
and the base of the tail. 

If fleas from another source are suspected of causing bites, it 
may be necessary to examine samples taken with a vacuum cleaner Figure 34.7 Typical distribution of cat or dog flea bites on the legs. 
from rooms or to visit the suspect premises. It is important to 
identify the flea species responsible for an infestation so that efforts 
at eradication may be accurately directed at the source [28]. Cat 
fleas (Figure 34.8), dog fleas and common bird fleas may be readily 
identified after ‘clearing’ in 10% potassium hydroxide for 48h [4], 
but the help of an entomologist should be sought. 


Management [29] 
The development of topical and oral agents such as fipronil, 
imidacloprid, lufenuron and selamectin has revolutionised domes- 
tic cat and dog flea control [30]. More recently, newer flea products 
have been marketed containing dinotefuran, metaflumizone, spine- 
toram or spinosad [31,32]. In addition, a new insecticide family 
has been discovered, the isoxazolines, with four products currently 
on the market containing afoxalaner, fluralaner, sarolaner or loti- 
laner [33]. However, flea control may remain difficult. Flea control 
programmes must also take into account the age, lifestyle and 
allergy status of the animal, the presence of other companions in 
the household and owner ability and resources. 

Pest-control companies will deal with flea infestation from other 
sources. In private homes, personal action can be taken toinvestigate —_ Figure 34.8 Ctenocephalides felis, the cat flea. 
by meticulous cleaning with a vacuum and a floorcloth on resting 


places of the cat or dog (bed, sofa, carpet) to remove eggs, larvae 
and cocoons. 


Tungiasis 


Introduction and general description 
Tungiasis is caused by the sand flea Tunga penetrans, also known as 
the jigger or chigoe. 


Epidemiology 

Originally a native of South America, it subsequently spread to 
Africa [34,35], the Caribbean and India. Tungiasis has reappeared 
in Mexico [35] where it was previously last recorded in 1948. The 
ease of world travel has contributed to tungiasis being encountered 
in non-endemic areas [34-44]. Less frequently, another species, 
Tunga trimamillata, can infest humans, reported in Ecuador, Peru or 
Brazil [45]. Over 20 million individuals are estimated to be at risk in 
endemic regions, therefore tungiasis was recognised as a neglected 
tropical skin disease by the World Health Organization in May 2013. 


Pathophysiology 

Tunga penetrans is the smallest known flea (1mm long). Its larvae 
develop in dry sandy soil and development from egg to adult takes 
about 3 weeks in favourable conditions. The impregnated female 
flea burrows into the feet of mammals, preferring humans and pigs. 
In humans, the fleas establish themselves between the toes, under 
the nails, on the lateral rim of the foot and on the soles, but other 
parts of the body may be affected. Once embedded in the skin, the 
flea’s abdomen enlarges to the size of a pea, and large numbers of 
eggs are produced. The eggs are subsequently gradually extruded 
over a period of 2 weeks, and the female flea dies and is sloughed 
from the skin [46]. 


Pathology 

Anatomical components of the flea are sufficiently distinctive to 
enable a diagnosis of tungiasis to be made histologically [47]. 
The distinguishing features are an eosinophilic cuticle with tra- 
cheal rings and adjacent eggs. The adjacent tissue exhibits basal 
epidermal hyperplasia [48]. 


Clinical features [34,49] 

The presence of the fleas causes intense irritation. The typical 
appearance of an individual lesion is initially a black dot surrounded 
by a halo of redness, followed by enlargement to form a mother 
of pearl-coloured papule with a central dark punctum, produced 
by the enlarging flea abdomen. Secondary infections are common. 
Tungiasis lesions act as a portal of entry of bacterial superinfection 
that may be life-threatening, such as necrotising fasciitis [50], and 
tetanus has often complicated tungiasis in the past [51]. In severe 
cases, the feet may be honeycombed by multiple lesions, causing 
serious discomfort and disability (Figure 34.9) [52-54]. Repeated 
infections disfigure and mutilate the feet, potentially leading to 
impaired mobility. Indeed, tungiasis can be a serious health prob- 
lem in resource-poor communities where children can be teased and 
stigmatised [50], and have a considerable impact on their quality of 
life, including absenteeisms from school. The differential diagnosis 
of tungiasis includes myiasis, verruca vulgaris, ingrowing toenail, 
acute paronychia, mycotic granuloma, malignant melanoma and 


Figure 34.9 Tungiasis, showing a moderate to severe infestation of the foot. Courtesy 
of Dr C. Fuller, International Foundation for Dermatology. 


arthropod bites [55]. Use of the dermoscope aids diagnosis by 
demonstrating the surface features [56-59]. 


Management [60,61,62] 
The best procedure for dealing with tungiasis is blunt dissection of 
the intact parasite. Local people where the infection is endemic are 
very skilled at doing this, usually with a pin or splinter of wood. 
This can also be accomplished by enlarging the surface punctum and 
extracting the flea with tweezers, curettage and cautery, or excision. 
These procedures are often painful and poorly tolerated by young 
children. Ivermectin 0.8%, metrifonate 0.2% and thiabendazole 5% 
lotions have been tested topically but proven to be active but insuf- 
ficiently effective [63]. Dimeticone, used for head lice infestation, 
might be promising [64], as well as a mixture of neem seed oil and 
coconut oil [65]. Prevention is essential, mainly based on regular 
application of a repellent. A plant-based repellent, assessed in Brazil, 
proved to be extremely effective in preventing infestation with T. 
penetrans [66], but has to be applied twice daily on the skin of the 
feet. Closed footwear use might be the most helpful and simplest 
way to prevent the disease in endemic areas [67]. 

The unwary traveller may well acquire tungiasis. Those visiting 
endemic areas should be warned to wear stout shoes and not to sit 
on the ground. 


Bees, wasps and ants (t 


Definition 

The adults of many species in this large order of insects have evolved 
a sting apparatus. The sting may or may not be barbed. Some use the 
sting in defence and others use it offensively in hunting for food. 
Males have no sting apparatus. Humans are frequently affected by 
these insects, as more than 94% of people will be stung at least once 
during their lifetime [1], with reactions varying from local discom- 
fort, local to large reactions, to systemic anaphylactic reactions that 
can be fatal. 
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The Hymenoptera are readily recognised by the narrow waist 
(isthmus) connecting the abdomen to the thorax. Some of the more 
important families are described next. 


Classification 

Superfamily Apoidea (bees) 

Honeybees (Apis mellifera). Honeybees possess a barbed sting. 
When humans are stung, the bee is frequently unable to remove the 
sting. The sting and venom apparatus are avulsed from the bee’s 
abdomen in its struggles, but the venom apparatus continues to 
function and pump in more venom. 

‘Africanised’ honeybees, the product of interbreeding between 
bees from southern Africa and European species, have caused 
significant problems [2]. These aggressive (‘killer’) bees, which have 
characteristics of their African antecedents including strong colony 
defensive behaviour, have migrated northwards from Brazil to the 
southern USA and more recently several North American states [3]. 
These Africanised bees may have negative impacts such as swarm- 
ing, aggressive behaviour and the ability to mass attack, resulting 
in serious and fatal envenomation in humans and animals [3]. 


Humblebees; bumblebees (Bombus spp.). The sting is not barbed, 
and the bumblebee is therefore able to sting repeatedly. Most species 
are inoffensive and only sting defensively when severely provoked. 


Superfamily Vespoidea 

Family Vespidae (social wasps). This family includes wasps, 
yellow-jackets and hornets. Species of Vespa, Vespula and Polistes 
inflict painful stings. Wasps can also sting repeatedly, as they either 
have small barbs or none at all on their stings. 

In Europe, Vespa velutina, also known as the ‘Asian hornet’, is a 
predator for honeybees, first detected in France in 2004. Since 2006 
it has spread rapidly from the southwest of France into Europe, with 
conflicting data: some showing an associated increase in the number 
of stings in humans [4], and some showing that the increase of this 
Asian hornet population has not been correlated with an increase in 
the number of hymenoptera stings [5]. 


Superfamily Bethyloidea 

These are small solitary wasps. They sometimes become abundant 
in houses infested by woodworm; indeed they are parasitic on 
the xylophagous beetle larvae of Lepidoptera and Coleoptera. They 
inject venom with their sting to paralyse the larvae and feed on 
their hemolymph before laying their own eggs on them. Scleroderma 
domesticum (Figure 34.10), Epyris californicus and Cephalonomia galli- 
cola may inflict troublesome stings. Bites of Scleroderma dosmesticum 
can be aligned and have no typical localisation on the body. This 
house pest occurs usually in summertime, and is active in the 
evening and at night. Only the female is responsible for human 
lesions. They can be found near old wooden furniture in antique 
dealer stores. Management must be to treat furniture that has 
woodworm [6]. 


Superfamily Scolioidea 
Family Formicidae (ants). Many ant species are equipped with pow- 
erful stings, including the Australian jumper and bull ants [7,8], and 


Figure 34.10 Scleroderma domesticum. 


Solenopsis, the fire ant. Fire ants, so called because of the burning 
pain of their stings, have been particularly problematic in recent 
years in the USA. There are several native species of fire ant in the 
USA, but it is the red and black imported fire ants S. invicta and S. 
richteri, inadvertently brought to the USA from South America, that 
have become troublesome pests [5,9-12]. Solenopsis invicta is also 
well established in two locations in the Brisbane area, in Queens- 
land, Australia [13]. Wood imported from South America was the 
source of fire ants responsible for anaphylaxis in a woman in Malaga, 
Spain [14], and more recently one case of imported fire ants caused 
anaphylaxis in Canada [15]. A child who had multiple fire ant stings 
presented with anaphylaxis and evolving signs of systemic enven- 
omation, including rhabdomyolysis and renal failure, thus illustrat- 
ing the potential for a significant Hymenoptera toxidrome [16]. 

The fire ant first uses its powerful mandibles to grip its victim and 
drives its non-barbed sting into the skin. It then rotates about the 
point of attachment of the mandibles and inflicts further stings in 
a circular pattern [10-12,17]. Although largely outdoor insects, fire 
ants may move into dwellings, causing problems for the inhabitants 
[18]. 

Species of Pogonomyrmex (harvester ants) may inflict multiple 
painful stings [6]. 


Pathophysiology 

Venoms [19-30,31,32,33] 

The composition of venoms is complex. Pharmacologically active 
and antigenic substances are both present, and an individual’s 
reaction to the sting is determined partly by the quantity of the 
former, and partly by the degree of acquired hypersensitivity to 
the latter. Hymenoptera venom contains vasoactive amines, small 
polypeptides and larger protein molecules. The components of 
vespid (wasps, yellow-jackets and hornets) venoms include his- 
tamine, serotonin, mast cell degranulating peptide, wasp kinin, 
phospholipases, hyaluronidase and antigen 5. The three major 
allergens in vespid venoms are phospholipases, hyaluronidase and 
antigen 5. The venom of the honeybee contains histamine, mast cell 
degranulating peptide, melittin, phospholipase A,, hyaluronidase 
and acid phosphatase. The three proteins in honeybee venom that 


are important allergens are phospholipase A,, hyaluronidase and 
acid phosphatase. In addition, the polypeptide melittin is also anti- 
genic. Bumblebee venom appears to be chemically and antigenically 
related to honeybee venom [28]. 

Study of fire ant venom was impeded for many years by the 
extreme difficulty in obtaining sufficient amounts. The venom is 
composed of 90-95% water-insoluble piperidine alkaloids [29] 
that are not allergenic but are responsible for the immediate hive 
formation and the development of the sterile pustule at the sting 
site [34]. In recent studies, the alkaloid compositions have been 
reinvestigated and found to be much more complex than previ- 
ously thought [35,36]. Alkaloid compositions vary among species of 
fire ants. When commercial-grade venom became available, several 
potent allergenic proteins were identified [11,26]. Antigenic simi- 
larity between fire ant venom, bee and wasp venoms and scorpion 
venom has been demonstrated [27,30]. 

Allergy to Hymenoptera venom is mediated by IgE antibodies. 
The antigenic substances in the venom of many Hymenoptera 
are more liable to induce high degrees of hypersensitivity of the 
immediate type than are the antigens of most other insects. Several 
risk factors are associated with the occurrence of severe systemic 
anaphylactic sting reactions [37]: vespid stings, older age [38], 
elevated tryptase concentration [38], male patient [38], specific 
medication (angiotensin-converting inhibitors) [38] and mastocy- 
tosis [39,40]. A preceding less severe systemic reaction may also 
predispose the patient to more severe reactions [38]. The prevalence 
of systemic anaphylactic reactions in epidemiological studies in 
Europe to hymenoptera stings ranged between 0.3% and 7.5% 
in adults and 0.15% and 3.4% in children [41]. Fortunately, case 
fatalities are rare, ranging from 0.03 to 0.48 fatalities per million 
inhabitants per year [1,42]. 


Clinical features [19,20,31,32] 

Reactions to bee and wasp stings may be classified as local and 
systemic. Both may have a toxic or a hypersensitive mechanism. 
The typical local toxic reaction produced by pharmacologically 
active components of the venom is burning pain, which may be 
very severe, followed by redness and oedema. This local reac- 
tion subsides in a few hours. The systemic effects of multiple 
stings include hypotension, generalised vasodilatation, severe 
headache, vomiting, diarrhoea and shock, and the cumulative 
effect of a large number of stings may be fatal, particularly in 
children. 

In some cases, hypersensitivity produces only a more intense 
local reaction manifest as increased oedema, usually developing 
within the first half hour, but occasionally delayed for several hours. 
If a generalised anaphylactic reaction occurs, this is usually within 
a few minutes of the sting. The manifestations of a generalised 
reaction may be classified as dermatological (pruritus, redness, 
urticaria and angio-oedema), respiratory (laryngeal oedema, bron- 
chospasm) or vascular (tachycardia, hypotension, shock). These 
features may occur separately or in combination, and in varying 
degrees of severity. 

Occasionally, late-onset reactions to stings occur [21]. In some 
patients, an urticarial reaction develops several hours after the sting, 
and in others a serum sickness-like reaction occurs, with urticaria, 
joint swelling and arthralgia. 


A patient with a foreign-body granuloma and IgE pseudolym- 
phoma following multiple bee stings has been reported [43], and 
another with an eosinophilic foreign-body granuloma after multi- 
ple self-administered bee stings as treatment in traditional Korean 
medicine [44]. 

Ocular lesions other than sting lesions (i.e. conjunctivitis, keratitis) 
have been reported due to liquid projections emitted by the 
yellow-legged hornet Vespa velutina. French poison control centres 
reported 29 cases over the period from 2004 to 2019, mainly in males 
working with hornet nests (e.g. firefighters, wasp exterminators) 
[45]. 

Skin lesions produced by fire ants typically occur in clusters 
[10-12]. The site of attachment of the mandibles may be marked 
by two minute haemorrhagic puncta. The initial reaction to the 
sting is the development of a weal, followed within a few hours 
by a vesicle. The fluid in the vesicle gradually becomes cloudy and 
after 8-10h the typical lesion is an umbilicated pustule on a red 
oedematous base. The pustule subsequently ruptures, forming a 
crust, and after several days the lesions heal, frequently leaving 
small scars. Specific histopathological features have been described 
[46]. Hand-foot syndrome associated with multiple fire ant stings 
has been described [47]. 

Systemic hypersensitivity reactions may also occur, and feature 
generalised urticaria and angio-oedema, wheezing, nausea and 
vomiting, and hypotension [10,48,49]. These manifestations may 
increase in severity with successive attacks and fatal anaphylaxis 
can occur [12,15,16]. 


Management [32,37,50,51] 

Management of large local reactions 

Conventional advice with regard to honeybee stings is that the 
sting should be immediately scraped off, never pinched because the 
remaining venom is inoculated; but a study by Visscher et al. [52] 
suggests that the method of removal does not affect the quantity of 
venom received and is therefore unimportant; the sting should sim- 
ply be removed as rapidly as possible. The application of a potent 
topical corticosteroid to the sting site before the area is cooled with 
wet dressings or cool packs is usually recommended [37]. Oral anti- 
histamine and/or systemic corticosteroids may be recommended 
even if there are no controlled studies; it is considered that this 
therapy should be initiated as soon as possible after the sting [37]. 


Management of systemic anaphylactic reactions 

The treatment of choice for anaphylaxis in adults is intramuscular 
injection of adrenaline in the mid-outer thigh (1 mg/mL) at a dose 
of 0.01 mL/kg of body weight, repeated after at least a 5 min inter- 
val in the absence of clinical improvement or if deterioration occurs 
after the initial treatment, to a maximum dose of 0.5mL. Patients 
who require repeated intramuscular doses of adrenaline may benefit 
from an adrenaline infusion. High-flow oxygen should be admin- 
istered by face mask to all patients, as well as intravenous fluids; 
crystalloids given in boluses of 20 mL/kg in case of cardiovascular 
instability. Patients should be kept still and positioned lying on their 
back, with the lower extremities elevated to conserve circulation, 
or if unconscious placed in the recovery position. Patients should 
avoid sudden abrupt change to a more upright posture. Systemic 
antihistamines are commonly used in anaphylaxis but have only 
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been demonstrated to relieve cutaneous symptoms. Oral H1 (and 
H2) antihistamines are therefore only recommended for the relief of 
cutaneous symptoms of anaphylaxis. Oral or intravenous glucocor- 
ticosteroids are commonly used in anaphylaxis and are thought to 
possibly prevent protracted anaphylaxis symptoms; however, this 
has not been proven and they have a slow onset of action. Oral or 
parenteral glucocorticosteroids may be given once first and second 
line therapies have been administered [51]. Patients at risk of an 
anaphylactic response to Hymenoptera stings should wear a device 
such as a MedicAlert warning bracelet, in case they are discovered 
unconscious following a sting. All patients with a history of systemic 
anaphylactic reactions should also carry a sting emergency kit con- 
taining an autoinjector with adrenaline. Administration of a dose of 
0.15 mg for patients weighing between 7.5 kg and 25kg, and 0.3 mg 
for >25 kg, is recommended. They should therefore receive instruc- 
tion in self-administration of adrenaline [51]. 


Venom immunotherapy 

The introduction of venom immunotherapy has reduced the risk of 
anaphylaxis in Hymenoptera-sensitive patients. It is thought to exert 
its beneficial effect by stimulating the development of IgG (blocking) 
antibodies against the venom allergens. This prophylactic measure 
is indicated in patients with a history of life-threatening reactions to 
stings, positive skin tests and the presence of venom-specific serum 
IgE. However, such therapy should only be carried out in specialised 
units. 

According to current European guidelines, venom immunother- 
apy is recommended only for patients with a history of moderate to 
severe reactions [53,54]. In cases of mild reactions, which are limited 
to the skin, venom immunotherapy is not considered mandatory. 
Golden et al. [55] suggested expanding the clinical indications for 
venom immunotherapy to include large local reactors where insect 
stings cause significant morbidity and impair the quality of life. 


Lice (Phthiraptera) -— 


Definition and nomenclature 

Lice are members of the order Phthiraptera. They are wingless, 
dorsoventrally flattened insects, which are obligate ectoparasites 
of birds and mammals. The Phthiraptera are highly host specific 
and spend their entire lives on the host. Members of the suborder 
Anoplura are blood-sucking ectoparasites of mammals. 


Classification 

Humans are parasitised by two species of Anoplura: Pediculus 
humanus, divided into Pediculus humanus capitis (head louse) and 
Pediculus humanus humanus (clothing or body louse); and Pthirus 
pubis (pubic or crab louse). Head lice and clothing lice are morpho- 
logically and biologically similar but have distinct ecologies. They 
have almost the same basic genetic content, i.e. being ecotypes of 


the same species (Pediculus humanus) [1], even if they differentially 
express certain genes. They are capable of interbreeding, but on 
the host they maintain their territorial preferences. Pthirus pubis 
is morphologically quite distinct from Pediculus. It is a louse that 
has only one close relative in the insect world, a species living on 
gorillas (Pthirus gorillae) and the ancestor of human pubic lice. It is 
thought that our human ancestors acquired pubic lice from gorillas, 
perhaps by sharing their bedding material or by humans feeding 
on gorillas. Interestingly, chimpanzees, our closest primate relative, 
are parasitised by Pediculus species (P. schaeffi) but not by Pthirus, 
and orangutans do not have lice. 

Pthirus is the correct zoological name for the crab louse — the 
name should have been Phthirus, but a misprint was inadver- 
tently accepted by the International Committee on Zoological 
Nomenclature [2]. 

The Anoplura are vessel feeders (solenophages), introducing their 
mouthparts directly into a blood vessel to withdraw blood [3,4]. The 
components responsible for probing the skin and piercing a blood 
vessel are a group of stylets, which are kept withdrawn within the 
head unless the insect is feeding. In the front of the head is a small 
snout-like tube, the haustellum, which is soft, eversible and armed 
with teeth. When the louse is about to feed, the haustellum is everted 
and the buccal teeth rotated outwards (Figure 34.11a). The teeth cut 
into the epidermis and the haustellum is driven into the skin. It even- 
tually comes to rest with the buccal teeth fully everted, anchoring 
the mouthparts (Figure 34.11b). Once fixed in the skin, a bundle of 
stylets is pushed forward through the opening in the haustellum by 
protractor muscles within the head of the louse (Figure 34.11c). The 
stylets are advanced into the dermis as a single bundle or fascicle 
and probe for a small blood vessel. 


Head lice (Pediculus capitis) 


Epidemiology 

Incidence and prevalence [5,6,7] 

The head louse has a worldwide distribution, and head louse 
infestation (pediculosis capitis) is common both in high-, and in 
low- and middle-income countries. However, precise data on cur- 
rent prevalence are relatively sparse. The traditional perception of 
head lice as a parasitosis exclusively associated with schoolchildren 
of low socioeconomic status has now changed [8]. High rates of 
head louse infection have been reported from the USA, Canada 
and several other countries; a review by Gratz [5] provides a com- 
prehensive survey of published information relating to prevalence. 
In the UK, prevalence has been reported to be 2%, with an annual 
incidence of 37% [9]. In Australia, the reported prevalence in 
schoolchildren is 13%. In Brazil, a prevalence of 43% in a slum and 
28% ina fishing village was shown in 2005 [10]. In China, the preva- 
lence is 14% (range of 0-52%) [11]. The numbers are stable, with a 
general estimation at 19%, the highest being in Central and South 
America (33%) and the lowest in Europe (5%) [12]. More recently, 
a decrease in the numbers of infestations has been described with 
the Covid-19 pandemic and associated mandatory lockdowns [13]. 


Age/sex 
Head lice are more common in children, particularly in the age range 
3-11 years, than in adults, and most surveys have shown that girls 


Figure 34.11 Scanning electron micrograph of a crab louse 
showing (a) haustellum with buccal teeth; (b) everted buccal teeth; 
and (c) the protruded stylet bundle. 


are more frequently infected than boys [12]. Behaviour patterns in 
girls and boys at different ages probably influence rates of infection 
[14]. For example, in primary schools, children are organised into 
small groups around desks and head-to-head contact is frequent. 
In addition, hair contact is probably more likely between girls than 
boys. Older children tend to be more independent and more sepa- 
rated from their peers. The contribution of hair length to infection is 
contentious. Some studies have not shown any correlation between 
hair length and louse infection rates, but in others children with 
longer hair have had higher infection rates. A survey from Israel, 
in which detection of infection was by means of a louse comb rather 
than direct visual inspection, found a significantly higher infection 
rate in children with long and medium-length hair than in those 
with short hair [15]. 


Ethnicity 

Several authors have noted a low incidence of head louse infec- 
tion in black Americans [16,17], although infection rates in black 
Africans are high [5]. It has been suggested that the use of pomades 
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by black Americans provides an environment unsuited to estab- 
lishment of infestation [16], but head lice are quite common in the 
Indian subcontinent, where hair oils and creams are frequently used 
[18]. A survey in Brazil found the same prevalence in black as in 
white people [19]. 


Associated diseases 

Head lice are not known to transmit any human pathogens. How- 
ever, Bartonella quintana has been detected in the head lice of home- 
less individuals in San Francisco or more recently in Tokyo [20,21], 
in Nepalese slum children [22], but also in children in rural areas 
in Africa [23,24]. In a study in Paris in 2008-9, Acinetobacter bau- 
mantii, but not B. quintana, was detected in 95 samples (33%) from a 
total of 288 DNA samples from head lice collected from the heads of 
schoolchildren [25]. These results were consistent with a more recent 
study, perfomed in 2018 in the same area [26]. The significance of the 
finding of A. baumanii in head lice is uncertain [25], but since then 
the bacterium has been frequently associated with the head louse in 
different parts of the world [27-29]. 
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Figure 34.12 Pediculus capitis, the head louse. 


Pathophysiology [2,7,30-32] 

The adult female is a greyish white insect 3-4 mm long (Figure 34.12). 
The male is slightly smaller. The claws on the legs are adapted for 
clinging to hair. During her lifespan of approximately 40 days, the 
female lays an average of about seven eggs daily. The eggs are 
cemented to hair shafts with a chitinous cement material secreted 
by the female’s accessory glands [32] (Figure 34.13a). In temperate 
climates, in order to provide a suitable temperature for incubation, 
the eggs are attached to hair close to the surface of the scalp. They 
are oval, flesh coloured and have a lid (operculum) capping the free 
end of the egg (Figure 34.13b). The operculum is pushed off by the 
emerging louse nymph. Once the louse has emerged, the empty egg 
case or ‘nit’ appears white and is easier to see than the intact eggs 
close to the scalp surface. Eggs hatch in about 8 days and, following 
three moults, the louse nymph reaches maturity in approximately 
10 days. 

It is thought that the majority of head louse infections are acquired 
by direct head-to-head contact, optimal conditions for transfer 
being when hairs are parallel and slow moving [33]. Burgess ef al. 
estimated that it takes at least 30 seconds for lice to move from one 
head to another [34]. In low- and middle-income countries, spread 
of lice is encouraged by poverty, poor hygiene and overcrowding. 
Lack of hygiene alone does not encourage head louse infection. 


(b) 


Figure 34.13 (a) Head louse eggs cemented to a hair shaft. (b) Scanning electron 
micrograph of the operculum on a head louse egg. 


There are conflicting opinions about the importance of fomites in 
transmission of head lice [35-37], and in practice the putative role of 
caps, scarves, towels, pillowcases, combs and brushes is difficult to 
confirm or refute. 

In Australia, an examination of classroom floors in schools 
in which there was an overall prevalence of head lice of 20.9%, 
employing a vacuum cleaner fitted with a filter, did not reveal any 
lice on the floors [38], suggesting that there is no requirement for 
anti-louse measures on carpets and floors. 


Clinical features 
Although many individuals are asymptomatic [39], scalp pruritus is 
the characteristic manifestation of head louse infection. Secondary 


Figure 34.14 Numerous head louse eggs and empty egg cases. 


bacterial infection may occur as a result of scratching and con- 
comitant head louse infection must always be considered in cases 
of scalp impetigo. Pruritic papular lesions may occur on the nape 
of the neck and occasionally a generalised non-specific pruritic 
eruption develops [40]. In severe neglected cases, pus and exudate 
may produce matting of the hair —a state that has been termed ‘plica 
polonica’, from its prevalence in Poland in the early part of the 20th 
century. However, matting of the hair can occur in the absence of 
louse infection and it has been suggested that this term should be 
discarded [41]. 

The empty egg cases (nits) occur in greatest density on the pari- 
etal and occipital regions (Figure 34.14). However, on naked-eye 
inspection, they may be confused with peripilar keratin casts 
(‘pseudonits’; hair muffs) [42,43] or dried globules of cheap hair 
lacquer. 


Investigations 

Detection of adult lice and nymphs provides evidence of an ‘active’ 
infestation, whereas the presence of eggs and egg cases alone merely 
indicates that infection has occurred at some time. The most reliable 
method of diagnosing current active infestation is by detection 
combing, which has been shown to be superior to direct visual 


examination of the hair and scalp [15,44-46], and also faster (57s 

with the comb, versus 116s with direct visual examination) [15]. 

Vacuuming the hair and scalp (with a voile inserted between the 

hose and the flat nozzle of the vaccum) could also be helpful. In a 

study performed in Southern Brazil, the vacuum method was less 

effective than visual inspection to diagnose overall infestation, but 

perfomed well at differentiating active infestation [47]. This is an 

important criterion for several reasons: 

1 Individuals who do not have evidence of active infestation 
should not receive chemical treatment [46]. 

2 Participants in clinical trials of pediculicides should have live lice 
present on the head before enrolment, not just eggs alone. 

3 Children who do not have evidence of active infestation may be 
inappropriately excluded from school [46,48,49]. 


Management 

Principles of management [6,7,31,46,50,51-54] 

Management of head louse infestation is difficult because good 
comparative effectiveness research is still lacking and louse resis- 
tance to pyrethroid has emerged. An initial Cochrane systematic 
review concerning pediculicides was withdrawn in 2007 [55], and 
again in 2018 [56]. 

The ideal treatment should be completely safe, free of harmful 
chemicals, readily available, easy to use and inexpensive. It should 
also be effective where there are local variations in resistance. 

General guidelines for the use of chemical pediculicides have 
included advice to repeat treatment after 7-10 days [57] because of 
limited ovicidal activity, and that lotion and liquid formulations are 
preferable to shampoos as the latter expose the insects to relatively 
low concentrations of insecticide with subsequent poor efficacy, 
which, in the long term, might favour the development of resis- 
tance. Preparations with an aqueous base are less likely to irritate an 
excoriated scalp than alcoholic solutions, do not irritate the bronchi 
of asthmatics and are not flammable. Sprays are not suitable for 
people with asthma. 

Family members should be examined and treated only if they 
show evidence of active infestation by the presence of live lice. Nits 
may be removed with a fine-toothed comb. Treatment has most 
chance of success if it is applied or undertaken correctly and if all 
affected individuals in the household are treated simultaneously. 
People should be advised to check whether treatment was success- 
ful by detection combing on day 2 after completing a course of 
treatment, and again after an interval of 7 days. 

All materials that touched the heads of infested persons, such as 
hats, scarves, bedding and cushions, must be thoroughly washed in 
hot water (50°C at least) [58]. Any infested materials kept in plastic 
bags for 3 days may be safely used. Hair grooming aids, such as 
brushes, combs and curlers, should be discarded or decontaminated 
with an insecticidal powder. 


Acquired resistance to insecticides 

Classic insecticides like dichlorodiphenyltrichloroethane (DDT), 
lindane, carbaryl and malathion have been progressively replaced 
since the 1980s by pyrethrin and pyrethroid insecticides. These 
insectides are efficient, safe, convenient and cost-effective. Available 
formulations include 1% permethrin and pyrethrins plus piperonyl 
butoxide. However, lice with pyrethroid-resistant phenotype 
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emerged in the early 1990s [59]. There is now evidence of 
widespread pyrethroid resistance and less frequently malathion 
[59-66]. 

Pyrethroids are neurotoxins that modify the louse voltage-gated 
sodium channel (VGSC), causing spastic paralysis and death. 
Permethrin resistance in head lice is mostly conferred by the knock- 
down resistance (kdr) trait, conferred by three point mutations 
(M815I-T917I-L920F) in the VGSC «-subunit gene [67]. The preva- 
lence of kdr-like louse alleles is not exactly known, but seems to be 
extremely variable, depending on the geographical area [68,69]. 


Alternative treatments 
Resistance of head lice to insecticides led researchers to look for 
alternatives. 

Physical treatment is an alternative to the use of chemical agents 
and, in the UK, the ‘Bug Busting’ (Community Hygiene Concern, 
London, UK) wet-combing method has been promoted as a treat- 
ment for head lice. The technique involves ordinary shampooing 
of the hair, followed by the application of generous amounts of 
conditioner, and combing using a fine-toothed comb to remove 
lice. This procedure is repeated every 4 days for 2 weeks [61-74]. 
Shaving the head is usually not acceptable because of psychosocial 
impact. 

Dimethicone lotion (4% long-chain linear silicone in a volatile sili- 
cone base) [75-77] blocks the outer respiratory tract of lice and there- 
fore water excretion, which causes physiological stress and death 
[78]. Coconut-derived emulsion shampoo, benzyl] alcohol lotion 5% 
and spinosad cream rinse may be used too [79-81], as well as iso- 
propyl! myristate and cyclomethicone together [82]. 

Other readily available occlusive substances such as oils and 
margarine have been suggested but information on effectiveness is 
anecdotal. In one study that examined vinegar, isopropyl alcohol, 
olive oil, mayonnaise, melted butter and petroleum jelly, the use of 
petroleum jelly caused the greatest egg mortality, allowing only 6% 
to hatch [83]. 

Essential oils have been widely used in traditional medicine for 
the eradication of head lice, but because of the variability of their 
constitution, the effects may not be reproducible [84-86]. They can 
also cause toxic side effects such as irritation of the skin [87] or even 
neurological adverse events [88]. Several products including laven- 
der, eucalyptus and tea-tree oils are marketed for the treatment of 
head lice and are in wide use. Although many plants naturally pro- 
duce insecticides for their own protection that may be synthesised 
for use by humans, such as pyrethroids, some of these insecticidal 
chemicals produce toxic effects as well. 

Ivermectin is a broad antiparasitic drug used for onchocerciasis, 
lymphatic filariasis (Chapter 33) or scabies. It induces arthropod and 
nematode paralysis and death by interrupting neurotransmission, 
acting on glutamate-gated or y-aminobutyric acid—gated chloride 
channels. In a cluster-randomised controlled trial of patients with 
head lice refractory to insecticides, a single oral dose of ivermectin 
400 pg/kg repeated within 7 days achieved higher louse-free rates 
on day 15 than 0.5% malathion (95.2% versus 85.0%) and their house- 
hold members (92.4% versus 79.1%) [89]. This is an ‘off-label’ use 
of such dosage of ivermectin and its safety in patients with head 
louse infestation remains unknown. Topical ivermectin has shown 
greater efficacy than placebo in a randomised controlled trial and is 


now sold over the counter in the USA [90]. The lotion sounds con- 
venient (i.e. applied to dry hair, left for 10 min, then rinsed with 
water, one single application), which should increase compliance. 
Surveillance is mandatory as recent treatment failures and possible 
resistance have been reported with ivermectin in geographical areas 
where the drug is widely administered for other parasites (onchocer- 
ciasis mass drug administration compaigns) [91]. Widespread use, 
including recent over-the-counter access, could be a concern [92]. 

Other interesting treatments are under development, especially 
drugs that could target all stages of the insect life cycle, including 
the egg stage. Abametapir, a metalloproteinase inhibitor, is a good 
candidate that could be given to patients as a single-dose topical 
treatment [93,94]. Isoxazolines (see paragraph on fleas earlier) are 
also considered [95]. Reliable trials are mandatory to generate 
high levels of evidence from randomised controlled trials and 
subsequently robust guidelines [96]. 


First line 

The choice of a particular treatment strategy will depend on age, 
individual or parent preference, cost and success or failure with pre- 
vious treatments. There is limited evidence to support the effective- 
ness of each treatment option recommended. No option is clearly 
superior or inferior to the others in terms of effectiveness and there 
are advantages and disadvantages for each method, and no method 
can guarantee success. There are different options: topical chemi- 
cals, topical oils, mechanical, topical physical, or systemic drugs. 
Topical chemical pediculicides that are still in use in Europe, the UK 
and the USA are permethrin, d-phenothrin, bioallethrin and syner- 
gised pyrethrins. Lindane and carbaryl were withdrawn in Europe 
in 2007. For malathion, following safety concerns, and a restriction 
to prescription-only from the French drug agency, the drug was 
withdrawn from the French market in 2018. It is also important to 
consider that most treatments that are used to treat head lice are 
medical devices and are not registered as ‘drugs’, and as such fewer 
regulatory requirements are mandatory for their commercialisation. 
Ina French study performed in 2015, 21 over-the-counter head louse 
products bought from randomly selected pharmacies were tested ex 
vivo on 3919 lice and 4321 living eggs collected from the scalps of 400 
children. Most products were poorly efficient [97]. The American 
Academy of Pediatrics recommends the use of 1% permethrin or 
pyrethrin insecticide as first line therapy [98], as do the Centers 
for Disease Control and Prevention (CDC) for over-the-counter 
medications, and either 5% benzyl alcohol, 0.5% ivermectin, 0.5% 
malathion or 0.9% spinosad lotions for prescription medications 
(https:/ /www.cdc.gov/parasites/lice/head/treatment.html, last 
accessed July 2023). In case of therapeutic failure, before consid- 
ering acquired resistance to insecticides, other options should be 
considered, e.g. low compliance, wrong formulation, insufficient 
regimen, reinfestation (Box 34.1). If resistance in the community has 
been proven or live lice are present 1 day after the completion of 
treatment, a switch to another class of drug may be necessary. 


Second line 

Second line treatment depends on the first line used. In the USA, 
second line options include wet combing or treatment with dime- 
thicone or other topical agents, depending on the availability of the 
agents in the country. 


Third or fourth line 

Ivermectin if available (depending on the country) should be the last 
choice, whether topical (for still-infested persons) or oral (especially 
for mass treatment, off label). 


Box 34.1 Causes of therapeutic failure for head lice 


e Misunderstanding of instructions 

¢ Non-compliance 

e Resistance 

¢ Inappropriate instructions on head lice products or from health 
professionals 

¢ High cost of products 

¢ Misdiagnosis 

¢ Psychogenic itch 

¢ Incomplete ovicidal activity 

e Inappropriate preparation (e.g. shampoo) 

¢ Insufficient dose-time, frequency and/or quantity of product applied 

e Failure to retreat 

¢ Reinfestation 

¢ Live eggs not removed 


Adapted from Chosidow 2000 [6]. Copyright of original artwork: 
Elsevier. 


Resources 


Further information 
www.cdc.gov/parasites /lice/head/ 
http:/ /cks.nice.org.uk/head-lice 
(both last accessed June 2023) 


Clothing/bodly lice (Pediculus corporis) 


Epidemiology [31] 

Incidence and prevalence 

Because body lice are associated with poor socioeconomic condi- 
tions, with infestation occurring only when clothes are not changed 
or washed regularly (pediculosis vestimenti), indigent, homeless 
and refugee-camp populations are predominantly affected. Body 
louse prevalence is underestimated in more developed countries 
and, as the number of homeless people increases, louse-borne 
infectious diseases are also on the rise. Molecular approaches are 
now convenient tools for epidemiological studies of louse-borne 
bacteria [99]. 


Associated diseases 

Body lice may transmit several important diseases. The first is 
the epidemic typhus, caused by Rickettsia prowazekii (Chapter 26). 
Symptoms include headache, fever, confusion and rash. The disease 
usually becomes epidemic in populations living in poor crowded 
conditions. A huge outbreak of epidemic typhus (and trench fever 
but not relapsing fever) occurred in 1995-97 in Burundi, first affect- 
ing prison inmates, then more than 45000 camp refugees [100]. 
Relapsing fever is caused by a spirochete, Borrelia recurrentis. Out- 
breaks occurred in Ethiopia and Southern Sudan in the 1990s [101]. 
Trench fever is related to Bartonella quintana. The disease was first 
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Figure 34.15 Pediculus corporis, the body louse, observed by dermoscopy (on the scale 
on the left the space between two lines corresponds to 1 mm). 


recognised during World War I. Symptoms include fever, myalgias, 
headache, meningoencephalitis, chronic adenopathies and tran- 
sient maculopapular exanthema, but it may be asymptomatic. 
Endocarditis may sometimes occur [102]. Homeless people with 
chronic alcoholism are at risk. 


Pathophysiology 

This louse is almost identical in appearance to the head louse, 
except that it is usually slightly larger, and its development is 
similar (Figure 34.15). Its natural habitat is the clothing of its host 
and it only visits the skin to feed. Its eggs are cemented to cloth- 
ing fibres, with a preference for clothing close to the skin. Seams 
are a favoured site for oviposition. It thrives in situations where 
normal hygiene is lacking. The clothing louse and its eggs will not 
survive high-temperature washing and ironing and it is intolerant 
of temperature changes in its environment. It is therefore a parasite 
of individuals whose clothing is rarely changed or washed. The 
number of lice and eggs on the clothing varies greatly. In most 
infected individuals, the population is small, but in some there may 
be thousands of lice. 


Clinical features [31,103] 

In most infected persons, itching is the principal complaint. Pruritus 
is the result of sensitisation to louse salivary antigens. Others, who 
have not become sensitised or have acquired tolerance to the bites, 
are asymptomatic. The body is often covered in excoriations and 
there may be secondary bacterial infection. In those who have har- 
boured clothing lice for long periods of time the skin is often hyper- 
pigmented (so-called ‘vagabonds’ disease’; morbus errorum), and 
this is probably a postinflammatory phenomenon. Lice and eggs 
should be sought in the clothing. 


Management [6,104] 

Bed linens, towels and clothes used by the infested person should 
be decontaminated, and this action suffices for some physicians. 
Others recommend thorough washing of the body with soap fol- 
lowed by application of a pediculicide (the same as for head lice). 
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Ivermectin (3 doses of 12mg each, given at 7-day intervals) was 
shown to reduce the number of body lice infesting a population of 
homeless men in 2006. Such treatment may be effective in limiting 
the viability of body lice in patients living in an institution or 
routinely returning to a treatment centre or shelter [105]. To prevent 
reinfestation, improving personal hygiene is important, including a 
regular change of clean clothes (at least weekly). Depending on the 
geographical location of the infested individual and his or her con- 
tact with other similarly infested individuals, the physician should 
consider the possibility of louse-borne disease, and antibiotics 
should be given if so. Infested furniture, mattresses and box springs 
should be discarded or fumigated to destroy lice and nits. Infested 
materials sealed in plastic bags may be used safely after 3 days. 


Resources 


Further information 
www.cdc.gov / parasites /lice/body / (last accessed June 2023) 


Crab lice (Phthiriasis pubis) 


Epidemiology [31] 
Crab lice are transmitted by close physical contact, usually sexual, 
and infection with these lice occurs most frequently among sexu- 
ally active young adults. It is standard practice in genito-urinary 
medicine (GUM) clinics to monitor prevalence rates of sexually 
transmitted infections, including crab lice. A marked decline in 
the number of female cases in one department in the UK led to 
the suggestion that waxing of pubic hair, particularly the fashion 
known as the ‘Brazilian’, was an important factor responsible for 
the decline [106]. 

Because many patients with crab louse infection who attend GUM 
clinics are found to be suffering from other sexually transmitted 
infections [107,108], screening for these is indicated. 


Pathophysiology 

The crab louse is quite distinctive in appearance (Figure 34.16) 
and habits from Pediculus. Its body is squat, and the second and 
third pairs of legs carry heavy, pincer-like claws. When static, the 
crab louse uses these huge claws to grip adjacent hairs close to the 
skin surface (Figure 34.17, see video published in [109)]). Its eggs are 
squat and bulging compared with Pediculus. They are light brown in 
colour and, like those of the head louse, are cemented to the hair of 
the host. It is adapted to living in hair of a particular density. Scalp 
hair, except at the scalp margins, is too dense, but the crab louse will 
colonise axillary hair, eyebrows, eyelashes, beard hair, and hair on 
the trunk and limbs, in addition to pubic hair. It is mainly sedentary 
but becomes active at night when the host is sleeping [110]. It moves 
by transferring its grip from one hair to another. The crab louse 
has difficulty moving when taken from its host, whereas head and 
clothing lice are quite mobile off the host. 

Crab lice are not known to transmit any human pathogens. How- 
ever, DNA of Bartonella quintana was recently detected in pubic louse 
of homeless individuals in Marseille, a city located in the south of 
France, and in one individual seen at a parasitology consultation in 
Bobigny, a city close to Paris, between June 2017 and August 2018. 
Four species of Acinetobacter were also found (A. baumannii, A. guil- 
louiae, A. junii and A. schindleri) [111]. 


m 
Figure 34.17 Crab louse clinging to pubic hairs. 


Clinical features 

Itching, mainly in the evening and at night, is the principal 
symptom. Close inspection of affected areas will reveal lice grasping 
hairs close to the skin surface and louse eggs attached to the hair 
shafts. Louse faeces are often visible as rust-coloured speckles on 
the skin and hair and the underclothes may be spotted with altered 
blood. 

When crab lice are discovered on the pubic area, other hairy 
areas of the body should be examined, as these lice may colonise 
eyebrows, eyelashes (Figure 34.18), beard, axillae, areolar hair and 
the scalp margins [112,113]. In heavy infections in men, the hair on 
the trunk and limbs may be extensively colonised. A case has been 
reported in which the presence of an enormous population of lice 
was attributed to inappropriate use of topical steroids [110]. 

Blue-grey macules (maculae caeruleae) are occasionally seen on 
the skin [114], but their precise pathogenesis is unknown. Bullous 
lesions attributed to crab lice have been reported [115]. 

In children, crab lice may colonise the eyelashes and scalp [116]. 
Infection in children is usually acquired by close physical contact 


Figure 34.18 Crab louse eggs on the eyelashes. 


with infected parents. As an isolated finding, it is not indicative of 
sexual abuse, although this may occasionally occur [117]. 


Management [104,118,119] 

Pubic lice are treated with the same insecticidal creams or lotions 
as pediculosis capitis, with a second application after 7-10 days as 
the products have poor ovicidal activity. Resistance to pyrethrins has 
been shown [120]. All hairy areas of the body should be treated at the 
same time. Shaving is sometimes necessary when nits are plentiful. 
Infestations of the eyelashes should be treated with permethrin 5% 
cream (washed off after 10 min, to avoid corneal damage [121]) or 
only with petrolatum (applied twice a day for 8-10 days), followed 
by mechanical removal of the nits [122-124]. 

Oral ivermectin has been used by some authors at the regular 
dosage of 200,1g/kg repeated after 7 days [125-127], but some 
others have suggested a better and faster efficacy with the double 
dose of 400 pg/kg [128]. 

As in other louse infestations, all sexual contacts should be 
examined and treated when necessary. Bedding and clothes should 
be washed in hot water (>50°C). Prepubertal children presenting 
with pubic louse infestations should be evaluated with regard to 
possible child abuse [117]. Treatment failure is usually a result of 
an untreated hairy area or reinfestation from an untreated sexual 
contact. In addition, patients should also be screened for associated 
sexually transmitted disease. 


Resources 


Further information 

www.cdc.gov /parasites /lice/pubic/ 
http://www.cde.gov/mmwr/pdf/rr/rr5912.pdf 
Department of Health, UK: http://cks.nice.org.uk/pubic-lice 
(All last accessed June 2023) 


Bugs (Hemiptera) — 


Definition 

Hemiptera comes from the Greek hemi (half) and pteron (wing) 
because their wings are hardened near the base and membranous 
near the ends. 


Classification 

The suborder Heteroptera, the true bugs, has two families which are 

haematophagous and ectoparasitic for humans and three families 

with health impact in case of contact or bite: 

¢ Cimicidae family (including bedbugs) with four major genera: 
Cimex, Oeciacus, Leptocimex and Haematosiphon. 

¢ Reduviidae family (including kissing and assassin bugs) with 
three major genera: Triatoma, Rhodnius and Panstrongylus. 

¢ Anthocoridae family commonly called minute pirate bugs or 
flower bugs. 

¢ Pentatomidae family commonly called stink bugs. 

¢ Belostomatidae family commonly called giant water bugs. 
Haematophagous bugs (bedbugs and kissing bugs) are a minority 

compared with the high number of Hemiptera but they have a con- 

siderable impact on human health. A global resurgence of bedbugs 

has been observed since the 1990s, with clinical and pest control 

implications. The kissing bugs are vectors of Trypanosoma cruzi, the 

parasite of Chagas disease. 


Family Cimicidae, including bedbugs 


Classification [1-3] 

This family includes 24 genera and 110 known species [4]. Cimicidae 
is a cosmopolitan family. Species are all ectoparasites of homeother- 
mic vertebrates. All the stages of the life cycle are haematophagous. 
The host is often very specific and includes mainly birds and 
bats. It has been suggested that Cimicidae became adapted to 
feeding on humans when cave dwellers took up residence along- 
side bats. Bedbugs (Cimex spp.) are a small part of the family of 
Cimicidae. 


Genus Cimex. Cimex lectularius (the common bedbug) is the species 
of bedbug that is cosmopolitan and will be discussed here. 

Cimex hemipterus (the tropical bedbug) is less tolerant of low 
temperatures than C. lectularius. This bug is confined to tropical and 
subtropical regions, including India, Myanmar, Malaysia, South 
China and Central Africa, but infestation is possible in occidental 
countries because of world trade. 

Cimex pipistrelli (the batbug), originating in a bat roost in a 
house, was responsible for itchy skin lesions in one of the house 
occupants [5]. 


Genus Leptocimex. Leptocimex boueti has a limited distribution in 
West Africa, where it parasitises humans and bats. 


Genus Oeciacus. Several species are usually found on birds and in 
their nests, for example Oeciacus hirundinis, the martin bug [6], and 
O. vicarius, the swallow bug. They may invade houses from nests 
under the eaves and will bite humans readily, but it is unlikely that 
they can complete their life cycles on human blood or take up resi- 
dence in houses as bedbugs do. 


Genus Haematosiphon. Haematosiphon inodorus, the only species in 
this genus, is also known as the Mexican chicken bug. As the name 
suggests, its major host is the chicken, but it can be a serious pest in 
human domiciles if these are close to chicken roosts. 
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Figure 34.19 Bedbug adult (5-7 mm): Cimex /ectularius. 


Introduction and general description 

Bedbugs are resurging in developed countries [7], possibly due 
to international travel and changes in pest control practices [8]. 
Diagnosis of bedbug infestation relies on clinical manifestations 
of bites and direct observation of the arthropod, which is rarely 
recognised by those who are bitten [9] (Figure 34.19). Evidence is 
lacking on the bedbug’s capacity to transmit disease, management 
of eradication and the economic impact of infestations. 


Epidemiology [10,11] 

Australian and European observational studies have shown 

increases in pest manager interventions in the past 30 years. 

There was a growing number of bedbugs identified in Australian 

laboratories between 2001 and 2004 [12-14]. In Europe, the British 

Pest Control Association’s Executive Summary of 2014 showed 

that bedbug treatments by local authorities increased by 21% 

between 2010 and 2011 and 2013 and 2014 [11]. The reasons for this 

resurgence are not clearly understood and might be multifactorial. 

Different contributing factors may have played a role: 

e The increase in domestic and international travel [15]. 

e The emergence of pyrethroid insecticide resistance [8,16], due to 
multiple mutations, which may also have contributed to dissem- 
ination [17]. 

e Using new techniques like bait to control other insects such as 
cockroaches, which may have permitted the growth of bedbug 
populations [18]. 

Sites of infestations are wide and include hotels, private homes, 
public transport vehicles and crafts (trains, cruise ships and 
aeroplanes), theatres, hospitals, long-term care facilities and 
armed-forces buildings [10,19,20]. In New York City, data (pub- 
lished in 2014) showed a prevalence as high as 12% in some 
neighbourhoods [10], and that at least 80% of hotels had dealt 
with bedbugs in 2015 (data from USA pest-control firms) [10,11]. 
Websites have been developed for travellers to check if their future 
hotel has had any reports of bedbug infestation (https://www 
-bedbugreports.com). 
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Figure 34.20 The life cycle of the bedbug. From Bernardeschi et a/. 2013 [19]. Source 
and copyright holder: BMJ Publishing Group Ltd. 


Because many disease pathogens have previously been reported 
in bedbugs [7,21,22], their role as potential vectors of infectious 
diseases is of interest. However, their full vectorial role has not yet 
been demonstrated [7], despite vectorial competence being demon- 
strated for Borrelia recurrentis [23], Bartonella quintana [24] and 
Trypanosoma cruzi [25]. Studies suggest that bedbugs may contain 
‘neutralising factors’ that attenuate pathogen virulence and thereby 
decrease the ability of bedbugs to transmit infectious disease [26]. 


Pathophysiology [3,10] 

Bedbugs are 4-5 mm in length, with dorsoventrally flattened, oval 
bodies, the forewings reduced to scale-like pads, and the hindwings 
absent. The mouthparts are modified into a proboscis adapted for 
piercing and sucking. 

Female bedbugs deposit their pearly white, flask-shaped eggs 
in the crevices of floors and walls, in furniture, bedframes and 
mattresses. Each female lays about 300 eggs in her lifetime. The 
eggs hatch after about 10 days; the nymphal stage lasts approx- 
imately 6 weeks, during which time the bug moults five times 
(Figure 34.20) [19]. 

Bedbugs normally feed at night, usually about an hour before 
dawn, but they may feed during the day if circumstances are 
favourable [27]. They usually fear light and avoid glossy surfaces. 
During the day, they hide in dark places such as crevices in furniture 
and mattresses or peeling wallpaper. Searching for a food source is 
erratic and is probably at random at distances greater than a few 
centimetres, but in the final approach to the host, both temperature 
and odour play a part in guiding the bug. Feeding time is rela- 
tively short (3-12 min). During feeding, the bedbug injects saliva 
containing an anticoagulant and anaesthetic. A study performed in 
2013 demonstrated that allergens causing itching and skin lesions 
are most likely contained in the saliva of bedbugs. Interestingly, 


bedbugs without salivary glands attempted to feed but were unable 
to do so, indicating that saliva is necessary for the feeding process. 
Furthermore, bedbug saliva was potent enough to cause pruritus 
and lesion development in a human volunteer by topical application 
alone, without breaking the skin [28]. 

Adult bedbugs that have a food source can live up to 4-5 months. 
In the absence of a suitable food supply, adult bedbugs can survive 
starvation, in ideal circumstances, an average of 70 days [29]. In the 
absence of its usual host, C. lectularius will attack other animals, and 
Cimicidae normally parasitic on other hosts are similarly prepared 
to attack humans, invading houses from birds’ nests or chicken runs. 
The transmission of bedbugs may be passive, usually in clothing, 
luggage and furniture. Active dissemination also occurs using elec- 
tric wiring or ventilation ducts. 


Clinical features 

Presentation 

The initial bite is usually not felt because of the anaesthetic con- 
tained in the saliva of bedbugs. Allergic reactions to saliva may 
sometimes occur late. Although most patients do not have any 
symptoms after the first bites, reactions may occur 10 days later 
[30]. The most common reactions to bedbugs are pruritic macu- 
lopapular lesions centred by the bite, visible as a haemorrhagic 
punctum [8]. The distribution of the lesions may be evocative if the 
lesions are grouped on a line or a curve (‘breakfast-lunch-dinner 
alignment’, Figure 34.21a). However, this pattern of distribution 
is not specific for bedbugs and can be found in other arthropod 
infestations. Most of the lesions are distributed on uncovered areas 
of the body. Nodules (Figure 34.21b), bullous lesions (Figure 34.21c) 
or urticaria (Figure 34.21d) are less commonly found [8,31]. Few 
cases of systemic symptoms or anaphylaxis have been reported [8]. 
Bedbug infestation may also present as isolated pruritus. Patient 
questioning usually highlights similar symptoms in people who 
share the same bed or travel. Furthermore, lesions classically disap- 
pear when changing sleeping place. Bedbug infestation is confirmed 
by the identification of the insect, not requiring the assistance of an 
entomologist in most cases. 

The bites of other Cimicidae are essentially similar, but their 
distribution depends on the method of exposure. Haematosiphoni- 
asis is the name given to the cutaneous lesions caused by the bites 
of Haematosiphon inodorus (the Mexican chicken bug). Polymor- 
phic lesions, consisting of weals, papules, vesicles, pustules and 
scabs, occur predominantly on exposed parts (uncovered) of the 
body [32]. 


Differential diagnosis 
Various differential diagnoses can be made. The first is other arthro- 
pod bites [33], mainly scabies. However, the distribution of the 
lesions is not the same, as covered areas are commonly involved 
in scabies [19,34] (see Table 34.2). Furthermore, a central punctum 
corresponding to the bite site is not visible as in bedbug infestation. 
Flea infestation can be confounding, because of the same pattern of 
distribution of lesions, located on a line or curve. 

Other dermatological differential diagnoses may require skin 
biopsy. They include Sweet syndrome, erythema multiforme or 
bullous dermatitis. 


Complications and co-morbidities 

Secondary bacterial infections (Staphylococcus or Streptococcus) of the 
cutaneous lesions are the main complications [35]. The psychologi- 
cal consequences may be important, leading sometimes to parasito- 
phobia, but they are still underevaluated and underrecognised. 


Management [10] 

Management of bedbug bites 

Management of bedbug bites is based on expert opinion. Topical 
steroids are used to relieve symptoms [36]. Systemic antihistamines 
may be helpful in cases of severe pruritus [36]. Secondary bacterial 
infections may require topical or systemic antibiotics, depending on 
the severity [37]. 


Management of bedbug infestation 

Patient education. Patient and physician education by expert 
entomologists, parasitologists, dermatologists or expert pest man- 
agers is fundamental. Detection and identification of the arthropod 
(Figure 34.22a) or its faecal traces (Figure 34.22b) in suspected areas 
should be explained to physicians and patients [38]. 


Inspection and detection. The house of the patient has to be 
inspected meticulously including rest areas, beds, sofas and their 
surroundings, but also walls, wall cracks, tapestries, draperies and 
conduits for electric cables, to detect the insect or its dark faecal 
traces. As bedbugs emit a characteristic musty, sweet odour, trained 
sniffer dogs can be very efficient in detecting them [39]. This can be 
very helpful in large-scale facilities. Bedbug traps can also be used 
in cases of low-level infestation, although few of the commercialised 
kits have been seriously evaluated [40,41]. 


Non-chemical intervention. Bedbugs may be able to survive with- 
out feeding for 70 days; therefore, keeping infested places vacant 
cannot be recommended [7]. Early detection and control are recom- 
mended when possible. Entomologists and pest managers recom- 
mend the physical removal of bedbugs by using a vacuum cleaner 
with a disposal bag, which is immediately removed and sealed in 
plastic after use [10,42]. All life stages of bedbugs may be killed by 
washing at 60°C, dry cleaning or tumble drying at 40°C [43]. Placing 
items in a freezer for at least 2h can be an option, but most domestic 
freezers are generally insufficient because insects should be frozen 
at -20°C to be killed [44]. Mattresses and furniture can be steamed at 
60°C using affordable consumer-grade commercial steamers (condi- 
tions of use developed in [10]). Silicates and diatomaceous earth may 
be helpful in the management of bedbugs but need further investi- 
gation [45]. 


Chemical treatment. Bedbug infestations can be treated by 
insecticides, but this is not mandatory, especially when infesta- 
tion of the dwelling is low. Pyrethroids are mainly used [46], as well 
as carbamates and insect growth regulators. Organophosphates are 
no longer used in Europe [47]. Bedbug resistance to all insecticides 
has been demonstrated [16,48]. In this situation, a combination of 
available products may be preferred. A second treatment is often 
necessary because of the low efficiency of insecticides against eggs. 
The delay between the two treatments is not clearly known, ranging 
from 4 to 20 days, depending on the temperature of the infested site. 
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Prevention of infestation [36] 

The best way to prevent the spread of bedbugs is by early detec- 
tion. It is recommended to wash mattress covers and bed linen 
at 60°C, seal cracks and crevices at home and regularly inspect 
furniture. Buying secondhand mattresses and furniture is a risk. 
Travellers should inspect their hotel room before sleeping and 
should not place their belongings such as suitcases on the floor, 
but consider placing them in a plasic trash bag or protective 
cover. Travellers who are exposed to bedbugs need to decontam- 
inate luggage, clothes and belongings on returning home, using 
mechanical methods (brushing, vacuuming, heating, washing 


Figure 34.21 Clinical manifestations of bedbug bites: (a) three 
or four skin lesions are often seen in a ‘breakfast (1), lunch (2), 
dinner (3)' distribution or (b) ‘wheel’ distribution. (c) Atypical 

. bullous lesions and (d) urticarial. Bernardeschi et a/. [19], BMJ 
Publishing Group Ltd. 


or freezing), rather than chemical methods, to eliminate eggs or 
bugs [15]. 


Further information 

Doggett, S.L., Miller, D.M., and Lee, C.Y. (ed.) (2018). Advances in the Biology and Man- 
agement of Modern Bed Bugs. Oxford: Wiley Blackwell. 

University of Kentucky: https: / /www.ca.uky.edu/entomology /entfacts /entfactpdf/ 
ef636.pdf — comprehensive lesson on bedbugs. 

Centers for Disease Control and Prevention: https://www.cdc.gov/parasites/ 
bedbugs/ — link to various articles on bedbugs. 


(a) 


(b) 


Figure 34.22 To educate patients to the ‘search and destroy’ strategy, general 
practitioners should show them pictures of (a) bedbugs and their typical hideouts (e.g. a 
fabric couch) and (b) bedbug faecal traces on the bedframe. 


NHS Choices: http://nhs.uk/conditions/bites-insect/pages/introduction.aspx — 
clinical knowledge summary about insect bites. 
(All last accessed June 2023.) 


Patient resources 

Up to Date: 

www.uptodate.com/contents /bedbugs?source=search_result&search=bedbugs& 
selectedTitle=1~10— provides accurate general knowledge about bedbugs. 

Bed-Bugs.co.uk: http://bed-bugs.co.uk/— provides an interesting picture gallery of 
bedbugs and their bites, together with practical tips for eradication. 

Pest Control UK: http://pestcontrol-uk.org/ — DIY control of bedbugs. 

Pest Control Australia, Victoria state: https: / /  www.health.vic.gov.au/environmental- 
health/bedbugs-pest-control. 

(All last accessed June 2023.) 


Family Reduviidae (kissing bugs, assassin bugs and 
cone-nosed bugs) 


Epidemiology 

The majority of species of Reduviidae are predators on other insects 
and are commonly called ‘assassin bugs’ for this reason, but some 
attack humans and other animals. Most species are encountered in 


North, Central and South America, but some occur in Africa, the 
Middle East and South-East Asia, and in Australia. The subfamily 
Triatominae is the most important medically and includes the three 
major genuses Triatoma, Rhodnius and Panstrongylus. These genuses 
feed exclusively by sucking the blood of vertebrate animals. Adult 
Triatominae are large insects, commonly measuring 20-28 mm in 
length. They have an elongated head with a prominent proboscis 
and long four-jointed antennae. 

The Triatominae are largely confined to the western hemisphere, 
with the majority of species being distributed in North, Central 
and South America. In the USA, Triatoma sanguisuga has the widest 
distribution, extending from the southeastern and mid-Atlantic 
states westwards, including Texas. Triatomines feed on a wide 
range of hosts, and domestic species feed on humans and domestic 
animals. They are of medical importance as vectors of Trypanosoma 
cruzi in Chagas disease [1,2]. This disease has been traditionally 
restricted to Latin America, but cases have been reported in the 
USA. Studies performed in 2010 and 2014 in Arizona and Louisiana 
showed that around 40% of collected kissing bugs (n = 164, 41.5% 
and n = 49, 40%, respectively) were infected with T. cruzi, indicating 
that the risk for infection in those regions may be higher than 
previously thought [3,4]. Changes in the geographical distribution 
of Triatoma sanguisuga are expected in the face of climate change, 
presumably through northward expansion of high-risk areas in 
North America [5]. 


Pathophysiology 

In nature, triatomine bugs form colonies in the habitat of their host, 
for example a small mammal’s nest or animal lair. In the south- 
western USA, infestations are often found in the nests of wood rats. 
Some species, however, have become totally domesticated, and 
live and breed in human dwellings, laying their eggs in cracks and 
crevices in the floors and walls. The young hatch as nymphs, which 
are miniature versions of the adults. Nymphs and adults hide in 
crevices during the day and emerge at night to feed. Traditionally, 
it was believed that triatomine bugs only occurred in rural habitats, 
but recent studies have demonstrated evidence that they can also 
exist in highly developed urban environments [6]. 


Clinical features [7,8] 

The bites of the predatory species of reduviid bugs (assassin bugs) 
are purely defensive and are usually extremely painful [9,10]. 
Triatome reduviids are known as kissing bugs because of their 
tendency to bite the face, especially around the lips. The bites of the 
blood-sucking Triatominae, however, are painless — this is essential 
to the parasite if it is to feed undisturbed. In an individual not 
previously exposed to the bites, there may be little reaction, but 
anaphylactic reactions are also a major concern [11]. With repeated 
exposure hypersensitivity develops, and reactions ranging from 
pruritic papules to haemorrhagic nodules and bullae may occur. 
A door-to-door survey showed that living in triatomine-exposed 
areas may be associated with a high prevalence of self-reported 
allergies [12]. 


Family Anthocoridae, commonly called minute pirate 
bugs or flower bugs 


The Anthocoridae are related to the Cimicidae. Bugs of this family 
are mostly predacious on other insects but are known to bite 
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humans occasionally. Lyctocoris campestris is a cosmopolitan species 
closely associated with humans, found for example in haystacks 
and granaries [1]. Anthocoris kingi and Anthocoris nemorum will 
also bite humans [2]. Another anthocorid bug, Dufouriellus ater, 
attacked many workers in a clothing factory in northeast England 
[3]. Human-biting potential of the predatory flower bug Orius 
majusculus has also been reported [4]. 


Family Pentatomidae, commonly called stink bugs 


These bugs have glands in the thorax that emit a foul-smelling 
compound. This defence helps them to repel potential predators. 
Some insects of the family Pentatomidae, commonly known as 
marias-fedidas (‘stink Mary’), can cause serious irritation to human 
skin, very similar to that produced by vesicant beetles. Areas of 
redness and vesiculation are accompanied by burning and pruritus 
[1]. There is no information on the pharmacological properties of 
substances secreted by the Pentatomidae but treatment is similar to 
that used after contact with Paederus or cantharidin. 

Palomena prasina (the green shield bug), a member of this fam- 
ily, has been reported as the cause of perioral blistering in a small 
child [2]. 


Family Belostomatidae (giant water bugs) 


Giant water bugs are rare cosmopolitan insects. They are typically 
encountered in freshwater streams and ponds. Alternate names 
include ‘toe biters’ because they can deliver an unpleasant sting 
and ‘electric light bug’ because they are attracted to lights. Giant 
water bugs may produce very painful lesions on humans and may 
carry infections [1,2]. Belostomatidae and another family (the Nau- 
coridae) are carnivorous insects and are suspected to play a role in 
the transmission of Buruli ulcer and in the ecological expansion of 
the Mycobacterium ulcerans niche. The majority of cases of bites and 
suspected transmission of infection are localised in Africa occurring 
mainly in poor local communities. Other cases have been reported 
in Asia, Australia and South America [3-6]. 


Thrips (Thysanoptera) — 


Definition 

Thrips (known as ‘thunder flies’) are tiny winged insects, 1-2 mm 
in length and usually yellowish brown or black in colour. The name 
thrips is derived from the Greek word meaning ‘wood louse’. The 
order Thysanoptera (‘fringe wing’) comprises about 5000 species 
with a worldwide distribution. The majority feed on plant juices 
and some are important agricultural pests [1]. 


Pathophysiology 

Some species are predatory on other arthropods. A few species 
appear able to suck blood and there are a number of reports that 
thrips can be responsible for skin lesions [2-6]. Cluster outbreaks 
can also occur, as reported in a series of 15 US Marines who pre- 
sented with papular dermatitis secondary to bites from thrips [7]. 
Most thrips, however, are unable to penetrate the human epidermis 
and probably cause itching and prickling sensations only by their 


movement on the skin surface and their efforts to obtain water from 
perspiration. 


Clinical features 

Thrip bites, which occur on exposed skin, produce tiny puncta and 
small pink macules or papules [3]. Large numbers of American 
soldiers in Hawaii developed hypoanaesthetic papular lesions sur- 
rounded by blanched halos, which, it was suggested, were caused 
by Cuban laurel thrips [8]. Thrips infestation may sometimes be 
confused with delusional disorders because houseplants or orna- 
mental plants can be infested by thrips. Patients may present with 
somewhat unusual stories and bizarre presentations. It is always 
important to make sure that there is not a genuine infestation 
of the skin (careful examination of the patient, home and even 
environment) before diagnosing delusional infestation (a persistent 
delusional disorder where patients believe they are infested despite 
all evidence to the contrary, Chapter 84) [9,10]. Thrips have also 
been mistaken for head lice [11]. 


Beetles (Coleoptera) -.—l OL 


Definition 

Beetles are insects whose forewings are modified to form hard 
wing cases for the membranous or reduced hindwings. There are 
over 370000 known species, but it is likely that many more await 
discovery. They are mainly terrestrial and the majority feed on 
decaying animal or vegetable matter, but some are predaceous on 
other insects. 


Classification 
Vesicating and allergenic species are the main species of interest to 
dermatologists. 


Vesicating species [1-3] 

Family Meloidae (oil beetles; blister beetles). Most of the beetles 
in this group only cause problems when crushed on the skin, but 
some may emit their vesicating fluid without being crushed. The 
family is large and widely distributed. The beetles of this family 
feed on leaves of crops, such as tomatoes and potatoes, making 
interaction with humans likely. Many species contain the irritant 
cantharidin, which commonly is called ‘Spanish fly’. Cantharidin 
is a vesicant that comes from more than 1500 species of ‘blister’ 
beetles. It is absorbed into the lipid component of keratinocyte 
membranes where it activates neutral serine proteases leading to 
the degeneration of desmosomes and resulting in vesicles and bul- 
lae [4]. Cantharidin has an undeserved reputation as an aphrodisiac, 
which is unfortunate for a chemical capable of producing severe 
toxicity. It has been used in blistering plasters and hair restorers, 
and in the treatment of warts and molluscum contagiosum. 

Lytta vesicatoria (Figure 34.23) is perhaps the best known of the 
blister beetles. It is a large bright metallic green beetle that lives 
mainly in the Mediterranean region, mainly on ash trees, but is 
sporadically found further north, occasionally as far as England. 

Other vesicating species include Epicauta spp. (USA, Mex- 
ico, India, Sudan and Senegal) [5] and Mylabris spp. (Nigeria, 
India) [6,7]. 


Figure 34.23 Lytta vesicatoria on an ash tree, the best known of the blister beetles. 
Courtesy of Dr M. Cornet, Nice, France. 


Family Staphylinidae (rove beetles) [8-10]. The genus Paederus, 
found worldwide, includes many species containing a vesicant, 
pederin, which is chemically distinct from cantharidin. Pederin is 
released when the beetles are crushed, provoking an acute irritant 
contact dermatitis. Lesions may be plaque-like, linear (when a beetle 
has been brushed off the skin, leaving a streak of pederin on the skin 
surface) or ‘kissing’ (when a beetle has been crushed between two 
flexural surfaces). A major outbreak of vesicular dermatitis on Oki- 
nawa in 1966 was traced to contact with the beetle Paederus fuscipes 
[11] and a number of other reports have documented Paederus 
dermatitis from several parts of the world [12-19], including out- 
breaks that occurred in a military unit training in the Arizona desert 
during heavy rain and flooding [20], and in a military base in Iraq 
[21]. A plague of whiplash rove beetles (Paederus australis) forced 
evacuation of an Aboriginal community in the Northern Territory 
of Australia [22]. Paederus sabaeus has been responsible for several 
outbreaks of dermatitis in Africa at the end of the rainy season 
[23-26]. Indeed, beetle dermatitis is frequent in travellers [27-30]. 

You et al. [31] reported a case of bullous contact dermatitis 
following the use of crushed Paederus beetles for the treatment of 
vitiligo. 

Histopathological changes of Paederus dermatitis include 
intraepidermal and subepidermal blistering, epidermal necro- 
sis and acantholysis [32]. Mitotic figures and apoptotic changes 
such as chromatin condensation and DNA fragmentation have 
also been identified in the basal and suprabasal layers of the 
epidermis [19]. 

It has been proposed that the biblical third, fourth and sixth 
plagues of Egypt might have been related to rove beetles and the 
bullous lesions they cause [33]. 


Family Oedemeridae [2]. Oxycopis vittata has been reported as 
causing a blistering dermatitis in Puerto Rico [34]. Sessinia species 
(coconut beetles) have caused blistering in the Gilbert Islands [7]. 
Thelyphassa lineata produced a bullous dermatosis in a large num- 
ber of New Zealand army personnel [35] and there is a report of blis- 
ter beetle dermatosis in Hawaii caused by Thelyphassa apicata [36]. 


Family Tenebrionidae (darkling beetles). Many species inhabit 
wood, flour and grain stores. Tribolium castaneum, the ‘rust-red flour 
beetle’, has caused a pruritic eruption in workers handling infested 
jute packing bags [37]. The secretion of Tribolium species is mainly 
composed of quinones. 

Species of Blaps can eject defensive secretions that are irritant and 
cause blistering. 


Clinical features [1-3]. Usually, lesions are produced only when 
the beetle is crushed on the skin. A weal forms rapidly and is 
followed by a blister after 12-24h. The blisters are sometimes linear 
‘whiplash dermatitis’. A characteristic feature is the development 
of kissing lesions, where a blister comes into contact with another 
area. Blisters induced in a small child by Mylabris bifasciata were 
associated with severe systemic manifestations of cantharidin poi- 
soning [6]. In Paederus dermatitis, vesicles generally appear toward 
the centre of the plaque and frequently become pustular [18]. This 
is in contrast to cantharidin dermatitis, which is characterised 
by non-inflammatory vesicles and bullae [17]. Paederus-induced 
keratitis has also been reported [38]. The clinical differential diag- 
nosis includes acute allergic or irritant contact dermatitis, thermal 
burns, chemical burns, herpes zoster, herpes simplex and bullous 
impetigo [17,21]. An important differential diagnosis to consider 
is phytophotodermatitis as there are many similarities between 
the two conditions including linear asymmetrical redness, blister 
formation and depigmentation [39]. 


Management. Experts agree that affected patients should be man- 
aged as irritant contact dermatitis, with removal of the toxin by 
immediate washing with soap and water. Primary prevention by 
increasing public awareness during outbreaks, decreasing the use 
of artificial lights at night and using mosquito nets is advocated by 
several authors [18,21]. 


Allergenic species 

Family Dermestidae [40]. The beetles in this cosmopolitan family 
feed on hides, woollen materials and stored food. The females lay 
eggs during autumn, in dark places and cracks, often in furniture. 
The larvae, measuring 4mm long, hatch at the end of winter or in 
spring. They usually live in dark places such as drawers or cup- 
boards, but can also be found under carpets. The adult beetles are 
not known to be directly injurious to humans, but their larvae are 
covered with hairs, which may cause skin lesions. 


Clinical features. The skin lesions are not distinctive. Dermatitis, 
urticaria and papular urticaria may occur. Papular urticaria in a 
child, caused by the larvae of Dermestes maculatus DeGeer, has been 
reported, but it was uncertain whether the reaction to the hairs was 
irritant or allergic [41]. Dermestes peruvianus was responsible for 
dermatitis, vasculitis, cervical lymphadenopathy and pulmonary 
nodular interstitial infiltrates in a man whose bed was colonised by 
the beetles [42]. 

The irritating hairs from the larvae of carpet beetles (Anthrenus 
spp.) may also cause skin lesions [43-45] (Figure 34.24). In a recent 
series of seven families (living in the area of Nice, in the south 
of France) affected by Anthrenus larvae, each individual had a 
median of 17 lesions on their skin. The lesions were mostly located 
under clothing [46]. There is also a report of the damaging effect of 
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Anthrenus larvae on paraffin-embedded tissue specimens, especially 
the sectioned surface of hyperkeratotic lesions [47]. 


Cockroaches (D 


Definition 


Cockroaches are members of the order Dictyoptera, suborder 
Blattaria. They belong to one of the primitive orders of insects, 
being allied to crickets, grasshoppers, praying mantids and stick 
insects. Cockroaches were originally adapted to hot climates, but a 
number of species have established themselves in cool climates by 
living inside warm human habitations. They are active nocturnally 
and are attracted to any organic material that may serve as food. 
This theoretically makes them potential mechanical vectors (by 
transportation, also called phoresy) of pathogenic organisms [1-3]. 
The main pest species are Periplaneta americana, P. australasiae, Blatta 
orientalis and Blatella germanica. 


Clinical features [4,5] 

Contact urticaria and dermatitis have been described in laboratory 
workers and others handling cockroaches constantly [6-8], and 
urticated papules developed in a medical records clerk exposed to 
copious insect debris containing fragments of B. germanica when 
clearing old case notes from a derelict hut [9]. Chronic urticaria in a 
child has been attributed to cockroach hypersensitivity [10]. 


Locusts (Ortho { 


Definition 

Sensitivity reactions, manifest as asthma and allergic rhinitis, are a 
recognised occupational hazard in those working with laboratory 
colonies of locusts [1-3]. The principal allergen appears to derive 
from the peritrophic membrane, which is present in the gut and 
surrounds faeces [2]. 


Figure 34.24 Larvae of Anthrenus spp. (binocular magnifier, x40) and 
larvae hairs with spear-headed shape (magnification x200). Simon et al. 
[46], US Department of Health and Human Services/Public Domain. 


Clinical features 

Contact urticaria to locusts has been reported by Monk [4] in a 
laboratory research worker who handled a large number of locusts. 
The patient produced a positive reaction to locust antigen on prick 
testing and a wealing reaction at the site of contact with a live locust. 
Similarly, worsening of asthma and urticaria in an atopic research 
laboratory worker on exposure to grasshoppers has been described 


[5]. 


Butterflies and | 


Definition and nomenclature 

Many members of this large order are of importance to the 
dermatologist because of the irritant properties of the hairs or 
spines of the caterpillars and sometimes of the adults. Skin lesions 
in the majority of cases are produced by a combination of mechani- 
cal and pharmacological effects [1,2]. The offending caterpillars are 
distributed through many different families [1,3]. 


Classification 

The Lepidoptera order is one of the largest orders of insects. 
Caterpillars are the worm-like larval forms of Lepidoptera. The 
Lepidoptera contain probably between 125 000 and 150 000 different 
species of caterpillars, moths and butterflies [4]. 


Epidemiology 
The true number of cases of caterpillar and moth reactions remains 
unknown, because few cases are reported in the literature and prob- 
ably only the ones with severe reactions. 

Epidemics of caterpillar dermatitis are frequent, depending on 
the seasonal abundance of the different species. For example, there 


Figure 34.25 Thaumetopoea pityocampa. Courtesy of Dr M. Dutheil, Nice, France. 


are periodic outbreaks of gypsy moth caterpillars (Lymantria dispar) 
[5,6], Douglas fir tussock moth caterpillar (Orgyia pseudotsugata) 
[7], puss caterpillars (Megalopyge opercularis), buck moth caterpil- 
lars (Hemileuca maia) [8], several Euproctis species [9] and several 
species of processionary caterpillars (Thaumetopoea) (Figure 34.25). 
Due to climate changes in recent years and a tendency towards 
warmer summers, an ongoing broadening from the southwest to 
the northeast of the UK is probable [10,11]. 

Some species have the capacity to be disseminated widely by wind 
dispersal. This phenomenon is also called ‘ballooning’ [12]. Winds 
can also disperse caterpillar ‘hairs’ (setae), which may cause der- 
matitis or ophthalmia nodosa [13,14]. A large outbreak of dermatitis 
caused by setae of the Asian mulberry tussock moth (Euproctis flava) 
has been described in China, using airborne dissemination [9]. 

Dermatitis caused by adult moths is less frequent. Caripito itch 
was described by Dinehart et al. in crew who docked their ship in 
Caripito, Venezuela. The dermatitis was secondary to the setae from 
female moths (Hylesia) [15]. Outbreaks of Hylesia metabus are some- 
times notified in French Guyana [16]. 

Caterpillar dermatitis is quite frequent in children, but the reasons 
for this elevated frequency remain unknown, and may be due to 
parental concern and increased reporting [12,17]. 


Pathophysiology 

Lepidoptera undergo four life stages: egg, caterpillar, pupa or 
chrysalis, and adult. The term ‘lepidopterism’ is applied to the 
ill effects on humans of a structure or product of some part of 
a moth or butterfly at any stage of its life history. Some authors 
apply the term ‘erucism’ to injurious effects from caterpillars and 
‘lepidopterism’ to ill effects from adults. In the majority of cases, 
damage to human skin and mucosae occurs as a result of epithelial 
penetration by the setae of caterpillars. In addition to a foreign-body 
reaction, there is often an effect from venom. Setae develop from 
trichogen cells of the epidermis. They are hollow and may function 
as sensory receptors or communicate with a poison gland cell and 
contain venom. They commonly have barbs that hold them in place 
when they have penetrated the skin. In some families of moths, 
the caterpillars have clumps of much smaller setae known as ‘dart 
hairs’ or ‘spicules’ that are pointed at both ends and carry fine barbs. 
The point of attachment to the caterpillar is very narrow and easily 


fractured; hence, contact with the caterpillar may release huge 
numbers of these tiny darts. Such dart hairs are present in a number 
of species, including the brown tail moth (Euproctis crysorrhoea) 
and the pine processionary caterpillar (Thaumetopoea pityocampa) 
(Figure 34.25). Setae are also woven into cocoons and into the webs 
of the silk-spinning caterpillars. 

Spines are an extension of the cuticle of the caterpillar and contain 
venom. The spines either have a terminal plug of inspissated mate- 
rial at their open ends that is released by pressure or a weak point 
at which the spine fractures to allow the venom to escape. Poi- 
sonous spines occur particularly on the caterpillars of the moth 
families Cochlididae (Eucleidae; Limacodidae), Saturniidae and 
Megalopygidae. 

The venoms present in the setae and spines of caterpillars of a 
number of families of Lepidoptera have been studied but not fully 
elucidated. Some contain histamine, histamine liberators, serotonin 
and proteases. A protein, the thaumetopoein, has been isolated 
from pine processionary caterpillar hairs [18,19]. This has a direct 
effect on mast cells, leading to degranulation, and explains the 
urticating properties of these caterpillars. However, IgE-mediated 
hypersensitivity also appears to be responsible for some reactions to 
Thaumetopoea [20-22]. Moneo et al. [23] have demonstrated a 15 kDa 
IgE-binding protein in a larval extract. Immediate and delayed-type 
reactions to Euproctis pseudoconspersa caterpillar venom extracts 
have also been demonstrated [24]. 

In some species — for example, moths of the genus Hylesia (family 
Saturniidae) — irritating setae are carried by the adults. This genus is 
notorious for causing outbreaks of ‘butterfly itch’, ‘moth dermatitis’ 
or ‘Caripito itch’ [15] in tropical South America. 


Pathology 

The pathology of caterpillar dermatitis is usually non-specific 
[25,26]. Histology may be more specific when embedded spines 
are found [15]. Granulomas have been demonstrated in cases of 
ophthalmia nodosa [14], dendrolimiasis and pararamose. 


Clinical features [1,2,27] 

Presentation 

Clinical features induced by caterpillars and moths are wide, 
ranging from localised stinging reactions, papular urticaria, 
urticarial weals, haemorrhagic diathesis, ophthalmia nodosa, 
dendrolimiasis, pararamose and oral exposure [27]. 

Localised stinging reactions consist of immediate mild to 
severe pain that lasts hours to days. Systemic symptoms are 
sometimes associated. Contact with Megalopyge caterpillars [28] 
produces immediate intense burning local pain accompanied 
by a spreading redness around the puncture sites. The affected 
area becomes oedematous, and there is often lymphangitis and 
regional lymphadenopathy. The local changes may be accompa- 
nied by pyrexia, headache, nausea and vomiting, particularly in 
children [29]. 

In papular urticaria, there are mild to moderate localised pruritic 
papules or eczematous lesions, predominantly in exposed areas. 
Lesions are caused by the setae from hairy or bristly caterpillars or 
from adult moths. 
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Urticarial weals and angio-oedema are seen with three species of 
processionary caterpillars (all belong to the genus Thaumetopoea). 
These lesions are secondary to type I hypersensitivity reactions 
[22,30-32]. Systemic symptoms have sometimes been reported 
[33-35]. 

The term ‘lonomism’ refers to a severe bleeding diathesis with 
intracranial haemorrhage, secondary to caterpillars found in Brazil 
and Venezuela (L. obliqua and L. achelous) [32]. 

Dendrolimiasis combines dermatitis and rheumatological 
involvement (arthralgia and arthritis) and is caused by contact with 
the Masson pine caterpillar (genus Dendrolimus) found in China 
[36]. Pararamose is quite similar, with skin eruption and arthritis, 
caused by contact with the Brazilian moth Premolis semirufa [10,37]. 

In the eye, caterpillar setae may cause a variety of changes rang- 
ing from conjunctivitis to ophthalmia nodosa [13,14,38] and even 
panophthalmitis. 

Oral exposure is rare and the most common sites of exposure are 
the tongue and lips. Most cases occur in children [27]. 


Differential diagnosis 

Differential diagnosis may be broad because cutaneous lesions and 
histology are not specific. Questioning of the patient should elicit a 
history of caterpillar exposure. This is key to the diagnosis. 


Management [27] 
Management of lepidopterism is mainly based on expert opinion 
and is largely symptomatic. Immediate washing with soap and 
water is classically recommended. Topical steroids and oral anti- 
histamines should be used for mild reactions to control pruritus. 
Embedded setae should be removed, sometimes with the help 
of adhesive tape. Systemic steroids may be necessary in severe 
reactions. Opioid analgesia may be required in puss caterpillar 
stings. 

Surgical removal of granuloma formation may be necessary in 
ophthalmia nodosa. 

Specific antivenom against potentially fatal Lonomia genus enven- 
omation is available [39]. 


CLASS ARACHNIDA | 


Arachnida are readily distinguished from insects, as the adults have 
no wings or antennae and possess four pairs of legs. Unlike insects, 
where the body is divided into three segments (head, thorax and 
abdomen), arachnids have only two, the cephalothorax, from which 
the legs arise, and the abdomen. 

The Arachnida are classified into seven orders, only three of which 
are of medical importance: 
1 Araneae (spiders). 
2 Scorpiones (scorpions). 
3 Acari (ticks and mites). 


Spiders (Araneae) q 


Introduction and general description 
The appearance of many of the larger spiders inspires terror 
or disgust, but very few of the many thousands of species are 


dangerous to humans [1,2]. This is why, when observing a large 
skin bite, many people suspect a spider bite with no scientific, 
clinical or entomological evidence. The myth that bites from vari- 
ous species cause necrotic ulceration may not be completely true 
[2]. In fact, bites by spiders from the genus Loxosceles can result in 
necrotic arachnidism and sometimes systemic illness, but many 
cases of necrotic arachnidism are only suspected and not proven 
[3]. Spiders are mostly shy and avoid contact with humans. Almost 
all are venomous and bite, but only a few have chelicerae strong 
enough to penetrate human skin and in most cases the bites are 
trivial. A recent Australian study describing 750 cases of spider 
bite, involving 26 spider families, showed that most of the time 
there were only a few symptoms [4]. The European tarantula, 
Lycosa tarantula, which inspired the tarantella in Italy in the Middle 
Ages, inflicts a temporarily painful but harmless bite. Some lycosid 
spiders in South America, for example Lycosa antibucana, cause 
severe swelling and lymphangitis. In the USA, the term ‘tarantula’ 
is erroneously applied to the large ‘bird’ or ‘crab’ spiders of the 
family Theraphosidae that attack only when vigorously provoked 
and whose bite may be painful but not dangerous. Some colourful 
species kept as pets, for example Brachypelma smithi, are among 
several that have urticating hairs capable of causing prolonged 
pruritus. Many spiders whose bites are dangerous and sometimes 
fatal are small, inconspicuous and unimpressive. 


Clinical features 
The clinical syndrome following the bite of a spider is known as 
arachnidism [5-8]. The form of arachnidism caused by species of 
the family Loxoscelidae is known as loxoscelism and that by widow 
spiders (Latrodectus species) latrodectism [9]. 

Air transport of crates of fruit and other materials may introduce 
exotic species to countries in which they are unable to multiply but 
can survive long enough to attack humans. 


Diagnosis [2] 

The diagnosis of spider bite is based on a clear history of a spider 
biting, ideally with collection and correct identification of the spider 
responsible, sometimes requiring the assistance of an entomologist. 
In areas where the spiders are recognised, the general population 
may identify a few spiders, such as widow spiders. The identifica- 
tion of spider venom in human tissue is not possible. 


Differential diagnosis 

Differential diagnosis may be broad including pyoderma gan- 
grenosum, herpes simplex and zoster, staphylococcal (including 
Panton-Valentine toxin-related [10]) or streptococcal infection, lym- 
phomatoid papulosis, chemical burn and squamous cell carcinoma. 


Family Theridiidae 


Genus Latrodectus (widow spiders). 

Epidemiology 

Spiders of this genus are widely distributed throughout the world. 
Latrodectus mactans, the black widow spider, occurs throughout sub- 
tropical and tropical regions. Other species have a similar but more 
limited range, although some extend to the temperate regions of 
Russia and Canada. It is the adult female spiders that produce the 


most damaging bites in humans, but bites by male spiders have been 
reported in Australia [11]. 


Pathophysiology 
The female of L. mactans is glossy black, with a body length of 1.5 cm 
and a leg span of up to 5cm. She normally spins her web in empty 
burrows or under stones, but may be found in dark corners of barns, 
garages, store rooms or outdoor lavatories. She bites humans only in 
self-defence. Latrodectus venom is considered to be one of the most 
potent toxins, exceeding that of snake venoms, but the dose injected 
is minute in relation to the body weight of a human victim. The 
toxins of all species of Latrodectus that have been studied appear to 
be closely related and the symptoms from envenomation are similar. 
Latrodectus hasselti, the red-back spider, is common in Australia 
[12,13]. Latrodectus geometricus, the brown widow spider, bites reluc- 
tantly, but is occasionally troublesome to vineyard workers in South 
Africa. 


Clinical features (latrodectism) [5-7,14-16] 

In the days of the outdoor lavatory, Latrodectus webs were often 
spun across the toilet seat, and this led to the frequent occurrence 
of bites on the buttocks and genitalia. The bite of Latrodectus species 
is fairly painless, but within a few minutes increasingly severe pain 
develops, usually at the site of the bite but also spreading to the 
adjacent region or even to the back, chest or abdomen. Cramp-like 
or colicky abdominal pain is particularly common. Puncta may 
be visible at the site of the bite, and there is local redness and 
oedema. There is frequently profuse sweating, and neuromuscular 
involvement causes paraesthesiae, incoordination and paralysis. 
The pain begins to subside within 24h, and other symptoms resolve 
within 2-3 days, although weakness and lethargy may persist for 
longer. Myocardial damage, occasionally fatal, has been reported, 
but only from some species of widow spiders such as Latrodectus 
tredecimguttatus (Figure 34.26) [17,18]. 


Management [2] 

There is no consensus concerning the management of latrodectism 
as evidence to support therapies is scarce and there are no controlled 
trials. Treatments that have been used include general measures 


Figure 34.26 Latrodectus tredecimguttatus female, with the small male on her 
abdomen. Courtesy of Dr J. J. Peres, Peillon, France. 


such as analgesics and benzodiazepines, and more specific mea- 
sures such as antivenom [19,20], calcium and magnesium. The 
effectiveness of widow spider antivenoms remains to be assessed 
[19,20]. Furthermore, there are some concerns regarding the tol- 
erance of these antivenoms with reported cases of anaphylaxis 
following administration [21-23]. 


Family Hexathelidae 


Genera Atrax/Hadronyche (Australia and South Pacific) and 
Macrothele (Taiwan and parts of eastern Asia) — funnel web 
spiders. Perhaps the best known of these is the Sydney funnel web 
spider, Atrax robustus [12], a large aggressive spider that is nocturnal 
and predominantly insectivorous. It normally lives under rocks and 
logs, but the spread of the Sydney suburbs into its habitat provided 
similar hiding places under houses. Funnel web spiders are the 
most deadly spiders worldwide. 


Clinical features [8,24] 

The bite of funnel web spiders is invariably painful. From the 
majority of bites, especially those of female spiders, no general 
symptoms follow, and recovery is uneventful. However, the large 
amount of venom from male spiders may cause severe systemic 
symptoms. Nausea and vomiting are early features, accompanied 
by abdominal pain, profuse sweating, piloerection, muscle fascic- 
ulation, lacrimation, excess salivation, dyspnoea and pulmonary 
oedema. Several fatalities were recorded prior to the development 
of an antivenom. 


Management 

The compression bandage-splinting method of first aid is effective in 
delaying onset of envenomation and may enhance local inactivation 
of venom. Severe reactions will require hospital admission and full 
supportive measures. Funnel web spider antivenom should be given 
urgently to any patient with severe envenomation, because it prob- 
ably reduces the risk of death and the length of hospital stay [25]. 


Family Sicariidae (formerly Loxoscelidae) 


Genus Loxosceles (‘fiddleback’ spider; ‘violin’ spider; ‘brown 
recluse’ spider). Over 100 species of Loxosceles are found in a 
worldwide distribution, but the majority are in North and South 
America, where loxoscelism is a major health problem. 

Identification of a Loxosceles spider is based on six eyes in a 
curved row on the upper part of the body (the prosoma). It has 
been suggested that under future climate change scenarios, the 
spider’s distribution may expand northwards, invading previously 
unaffected regions of the USA [26]. Several species are known to 
induce human skin necrosis: L. reclusa, L. laeta, L. deserta, L. arizonica 
and L. rufescens [3,8]. The most notorious is L. reclusa, the brown 
recluse spider, which is tan to brown in colour, with a dark brown, 
violin-shaped marking on the dorsum of the cephalothorax — hence 
the names ‘fiddleback’ and ‘violin’ spider. L. reclusa is active mainly 
at night and most bites occur when the spider is trapped against 
the person [3]. Its natural habitat is in dark areas beneath rocks and 
in holes and caves. It is also found in homes, in areas that are dark, 
dirty and undisturbed, such as attics, cupboards and garages. 
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Loxosceles laeta also occurs widely in South America. Loxosceles 
rufescens is widespread in southern Australia and in Mediterranean 
regions [27]. 


Clinical features (loxoscelism) [5-8,15,28] 

There are two distinct clinical forms of loxoscelism: necrotic 
cutaneous loxoscelism and the much less frequent viscerocutaneous 
loxoscelism. The clinical manifestations depend upon the age and 
health of the victim, the amount of venom injected and the site of 
the bite — fatty areas such as the proximal thigh and the buttocks 
show more cutaneous reaction and extensive involvement of the 
entire subcutaneous layer. 

In necrotic cutaneous loxoscelism, there is local damage to the 
skin and subcutaneous tissues, but systemic symptoms are mild. The 
bite of the spider is usually relatively painless. However, after an 
interval of minutes or hours, severe pain develops at the site, accom- 
panied by redness, oedema and a central bulla. In severe enveno- 
mation, a ‘target’ lesion is seen — central blue/purple discoloration 
surrounded by an ischaemic halo and an outer ring of redness (the 
‘red, white and blue’ sign). After 3 or 4 days the central area becomes 
necrotic and an eschar develops. The eschar is eventually shed, leav- 
ing an ulcer, which may take a considerable time to heal. The size 
of maximum necrosis appears to be predictive of time to complete 
healing [28]. Robb et al. [29] described a patient with a generalised 
vasculitic exanthem following a brown recluse spider bite. Acute 
generalised exanthematous pustulosis following L. reclusa enveno- 
mation has also been reported [30]. 

In viscerocutaneous or systemic loxoscelism, which is more com- 
mon in children than adults, general symptoms of pyrexia, severe 
malaise, restlessness and headache are marked. Within 24h of the 
onset of general symptoms, ecchymoses, jaundice, haematuria and 
haemoglobinuria indicate massive intravascular haemolysis that 
may result in acute renal failure and death [31-36]. 


Management [3,8,15] 

Rest, application of Ice Compresses and Elevation (RICE therapy) 
help to reduce inflammation and pain. Other treatments have 
been tried for loxoscelism, including antivenom, corticosteroids, 
dapsone, antihistamines, antibiotics, analgesics, hyperbaric oxygen 
therapy, electric shock, curettage and surgical excision [37-39]. 
However, there is no consensus concerning the efficacy of any of 
these treatments because they are not supported by controlled 
randomised trials. In this setting, the efficacy of antivenom and 
the timing of its use have not been clearly demonstrated [40,41]. 
In severe cutaneous loxoscelism with ulceration, negative pressure 
wound therapy may be helpful [42]. 


Family Lycosidae (wolf spiders) 


There are a few reports of bites by members of the genus Lycosa 
[843,44]. They usually cause only local pain, swelling and redness, 
without cutaneous necrosis or significant systemic symptoms. 


Other venomous species [7,8,12,45-48] 


Spiders of several other families may cause unpleasant bites. 
Long-legged sac spiders of the genus Chiracanthium (family Miturgi- 
dae) that are found in many parts of the world may cause local pain, 


oedema and small areas of necrosis [8,47]. Tegenaria agrestis (family 
Agelenidae), the hobo spider (previously known as the aggressive 
house spider), is a cause of necrotic arachnidism in northwest 
USA [8,46,47]. Cases of bites from Hololena spiders, associated 
with headache and vomiting, have been recently reported [49]. 
Members of the families Gnaphosidae, Salticidae (jumping spiders), 
Sparassidae (huntsmen spiders) and Oxyopidae (lynx spiders) all 
occasionally bite humans, but the effects are usually mild, unless 
there is secondary bacterial infection. 

Public concern with regard to the toxic effects of white-tailed spi- 
ders (Lampona cylindrata and L. murina) is not supported by studies, 
which have shown that these spiders are unlikely to cause necrotic 
arachnidism [50,51]. 


Scorpions (Scorpiones) -— (Fae 


Definition 

Scorpions are arachnids of the order Scorpiones. They are widely 
distributed in the tropics and subtropics. Approximately 1500 
species of scorpions are described worldwide [1]. Only a few 
species are potentially dangerous for humans. The dangerous 
scorpions all belong, except one Scorpionidae, to the family of 
Buthidae, distributed in both the Old and New Worlds [1-5]. The 
venom is carried in the curved sting at the tip of the tail, which 
is swung over the scorpion’s head to strike its prey. The principal 
components are neurotoxins [5,6], but some venoms also contain 
5-hydroxytryptamine, histamine and kinins. 


Epidemiology 

Many scorpions are quite harmless and their stings of little conse- 
quence. There are areas of the world, however, where the risks from 
a scorpion bite are high and these include Africa (north Saharan, 
sub-Saharan, South Africa), the Near and Middle East, southern 
India and the Americas (in Mexico, and southern and eastern South 
America). Worldwide, the estimate of serious scorpion bites is over 
1.2 million with 3250 deaths [1]. Species of Androctonus and Buthus 
(Figure 34.27) are important in the Middle East and North Africa, 
and Centruroides species cause problems in the southern USA and 
Mexico [7]. 


Figure 34.27 Buthus occitanus. Courtesy of Dr J. J. Peres, Peillon, France. 


Pathophysiology 
Tityus species are responsible for numerous episodes of envenoma- 
tion in Brazil and Venezuela [8]. The venom of Tityus serrulatus is the 
most potent and results from tityustoxin. This toxin acts by binding 
to voltage-dependent sodium and potassium ion channels, leading 
to sialorrhoea, lacrimation and rhinorrhoea [9]. American troops sta- 
tioned in Iraq and Afghanistan have suffered scorpion stings [10]. 
In this region, the sting of Hemiscorpius lepturus produces most cuta- 
neous injury including purpura, necrosis and formation of bullae or 
ulcers [11]. Hemiscorpius lepturus also produces hemicalcin, which is 
a neurotoxin acting on ryanodine-sensitive calcium channels [12]. 

The incidence of scorpionism is low in Australia [13], where there 
are no dangerous species of scorpion [14]. 

Although adults are more often bitten, children experience more 
severe envenomations and their mortality is higher [1]. 


Clinical features [1,15-19] 

The effects of scorpion stings may be local or systemic and they 
vary according to the species responsible. The local effects are 
usually immediate severe burning pain and hyperaesthesia, and 
there may be marked swelling. Pain remains often the only symp- 
tom. Appearance of digestive symptoms within the first few hours 
(in 5% of the cases) marks the entry of the patient into a seri- 
ous stage of envenomation. Systemic effects include restlessness, 
profuse sweating, muscle spasms, difficulty with speech, marked 
increase in salivary and lacrimal secretion, nausea, vomiting, 
convulsions, hypertension, cardiac arrhythmias, myocarditis and 
pulmonary oedema. Death is usually due to respiratory or cardiac 
failure. 


Management [1,14,16,18,20-23] 
Prevention is important and is based first on individual precau- 
tions. People must check clothes and shoes while getting dressed. 
Collective measures are also important: house walls should be 
constructed with smooth coating to inhibit access of scorpions and 
doorways of houses should be checked and cleaned regularly. The 
benefit of insecticide has not been proven. 

Once a bite has occurred, early treatment includes neutralising 
the circulating toxin as quickly as possible, combating the symp- 
toms of envenomation and general supportive measures. Ice packs 


Figure 34.28 (a, b) Ixodidae: hard tick. The term ‘hard’ 
refers to the dorsal chitinous shield or scutum. The 
mouthparts (capitulum) of ixodid ticks project forwards 
and are easily visible from above. Adapted from Rodhain 
and Perez 1985 [36]. Copyright holder of original artwork: 
Maloine. 


should be applied and the injection of local anaesthetic without 
vasoconstrictors around the sting site will help to reduce the pain. 
Specific antivenoms are available and indicated in all severe cases. 
Specific and symptomatic treatments may not be sufficient to 
prevent fatal outcome. However, in countries where scorpionism 
is a serious public health problem, antivenom and supportive 
treatments have significantly decreased mortality. 


Ticks (Acari) .— La 


Definition [1] 

Ticks are large acarines, which are blood-sucking ectoparasites 
of vertebrates. They are important vectors of diseases, such 
as tick-borne relapsing fever, and a number of viral, rickettsial 
(Chapter 26) and Borrelia (Chapter 26) infections (Lyme disease). 


Classification 

Ticks are typical arachnids, possessing mouthparts referred to as the 
capitulum, an unsegmented body and four pairs of legs in the adult. 
Larval ticks have three pairs of legs. 

There are two major families: the Ixodidae (hard ticks) and the 
Argasidae (soft ticks). The term ‘hard’ refers to the dorsal chitinous 
shield or scutum, which is present in the Ixodidae but not in the 
Argasidae (Figures 34.28 and 34.29). In Ixodidae, the scutum covers 
the whole dorsum in the male but only a small anterior part in the 
female. In argasids there is little difference between the sexes. The 
mouthparts of ixodid ticks (capitulum) project forwards and are eas- 
ily visible from above, whereas those of the argasid ticks can only be 
seen from below. A conspicuous component of the mouthparts is the 
toothed hypostome (Figure 34.30). 


Introduction and general description 

Ixodid ticks have four stages in their life cycle: egg, larva, nymph 
and adult. The larva and nymph require blood meals before further 
development can occur, and the adult female (Figure 34.31) also 
requires a blood meal before egg laying. The female lays one large 
batch of eggs and then dies. Some ixodids use one host for larval, 
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Figure 34.30 Scanning electron micrograph of tick mouthparts. 


nymphal and adult stages (one-host ticks), whereas others require 
two or, more usually, three separate hosts. 

To find suitable hosts, the larvae, nymphs and adults climb low 
vegetation and raise the first pair of legs (‘questing’), which carry 
sense organs (Haller’s organ). These organs are sensitive to a number 
of stimuli, including carbon dioxide in the exhalations of a potential 
host. If the host brushes past the vegetation, the tick will immedi- 
ately grasp the animal’s coat. Argasidae undergo several nymphal 
stages, and the adult female feeds a number of times during her life- 
time, laying several batches of eggs. Ixodid ticks feed on the host, 
varying from several days (usually 2-4 days) to weeks, depending 
on such factors as life stage, host type and species of tick, whereas 
argasids visit their hosts nocturnally to feed for short periods of time, 
varying from several minutes (usually 1-2 h) to days, depending on 
the same factors (stage, host, tick). Argasids are mainly parasites of 


Figure 34.29 (a, b) Argasid: soft tick. The term soft refers 
to the absence of scutum. The mouthparts (capitulum) can 
only be seen from below. Adapted from Rodhain and Perez 
1985 [36]. Copyright holder of original artwork: Maloine. 


(b) 


Figure 34.31 /xodes ricinus, the sheep tick (engorged female). (a) Dorsal view. (b) 
Ventral view. 


birds, bats and humans. Most ticks are essentially parasites of wild 
animals and humans are incidental hosts. 

When attaching itself to the host, the tick uses its toothed 
chelicerae to cut into the epidermis, before thrusting the hypos- 
tome into the opening and gradually penetrating the dermis. The 


Table 34.5 Important tick-borne diseases. 


Disease 


Agent 


Vectors 


Distribution 


African tick bite fever 
Australian spotted fever 
Babesiosis 


Crimean-Congo haemorrhagic fever 
Human monocytic ehrlichiosis 


Human granulocytic ehrlichiosis 


Japanese spotted fever 


Lyme disease 


Mediterranean fever 
Queensland tick typhus 

Rocky Mountain spotted fever 
Siberian tick typhus 


Southern tick associated rash illness 
Tick-borne relapsing fever 


Tick-borne lymphadenopathy 
(TIBOLA) 
Tularaemia 


Rickettsia africae 
Rickettsia marmionii spp. 


Babesia microti, Babesia strain 
WA-1 

Nairovirus 

Ehrlichia chaffeensis 


E. ewingii related to E. equi, 
E. phagocytophila 
Rickettsia japonica 


Borrelia burgdorferi, B. 
garinii, B. afzelii 


Rickettsia conorii 


Rickettsia australis 
Rickettsia rickettsii 


Rickettsia sibirica 


Borrelia lonestari 

Borrelia hermsii, B. Turicatae, 
B. parkeri 

Rickettsia slovaca, R. raoultii 
and R. rioja 

Francisella tularensis 


hypostome becomes anchored by a protein cement, produced by 
the salivary glands, which forms a cone around the hypostome and 
interlocks with its teeth [1,2]. Argasids, being rapid feeders, do not 
attach themselves as securely as ixodid ticks. 


Ticks as vectors of disease [1,3,4] (Table 34.5) 

Tick-borne diseases are highly regional and new diseases and 
geographical areas of prevalence continue to emerge [5]. Migratory 
birds have been implicated in the spread of diseases to new regions 
[6]. Within the large family of ixodid ticks, there are several gen- 
era of medical importance, including Dermacentor, Haemaphysalis, 
Rhipicephalus, Amblyomma, Hyalomma and Ixodes. Removal and 
identification of the tick can be a major step in the management of 
infectious diseases (Figure 34.32). 

Dermacentor species act as vectors for a number of diseases, 
including Rocky Mountain spotted fever (Chapter 26), tick-borne 
lymphadenopathy (TIBOLA), also called Dermacentor-borne necro- 
sis erythema lymphadenopathy (DEBONEL) [7], Siberian tick 
typhus, Colorado tick fever and several types of viral encephalitis. 

Haemaphysalis species may also carry Rocky Mountain spotted 
fever, Siberian tick typhus and Colorado tick fever. 

Rhipicephalus sanguineus (the brown dog tick) transmits Rickettsia 
conorii, the causative organism of boutonneuse fever (Mediterranean 


Amblyomma hebraeum and 
A. variegatum 
Haemaphysalis novaeguineae 


Ixodes scapularis 


Hyalomma marginatum 
Amblyomma americanum 


Ixodes spp. 


Ixodes ovatus, Dermacentor 
taiwanensis, Haemaphysalis 
longicornis and H. flava 

Ixodes scapularis 


Rhipicephalus sanguineus 


Ixodes holocyclus and |. tasmani 

Dermacentor variabilis, D. andersoni, 
Amblyomma spp. and 
Rhipicephalus sp. 

Dermacentor spp., Hyalomma spp., 
Haemaphysalis concinna 

Amblyomma americanum 

Ornithodoros spp. 


Dermacentor marginatus, D. 
reticulatus, R. pumilio 
Amblyomma americanum 
Dermacentor andersoni 
Dermacentor variabilis 


Haemaphysalis 


Ixodes 


Rhipicephalus 


Amblyomma 


Sub-Saharan Africa, West Indies 
Australia 


Eastern, midwestern, western USA, 
Europe 

Asia, Africa and Europe 

Eastern, southern, midwestern USA, 
Europe and Africa 

Eastern, midwestern, western USA, 
Europe 

apan 


Northeastern, Pacific coast, 
midwestern, upper north central 
USA, northern Eurasia 

editerranean region and Africa to 
Indian subcontinent 

Australia, Tasmania 

orth, Central and South America 


Broadly distributed through north 

Asia (Siberia, Mongolia, Pakistan) 
Southeastern, south central USA 
Western USA 


Southern and eastern Europe, Asia 


Throughout USA, Europe and Asia 


Dermacentor 


Hyalomma 


Figure 34.32 Morphology of capitulum and genera of Ixodidae hard tick. Within the 
large family of ixodid ticks, there are several genera of medical importance, including 
Haemaphysalis, Rhipicephalus, Dermacentor, Ixodes, Amblyomma and Hyalomma. 
Adapted from Rodhain and Perez 1985 [36]. Copyright holder of original artwork: 


Maloine. 
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spotted fever). R. sanguineus is normally confined to the tropics, 
but it may be encountered in temperate climates in centrally heated 
houses [8]. Ticks of the genus Amblyomma transmit Rickettsia africae, 
the organism responsible for African tick bite fever, tularaemia and 
human granulocytic anaplasmosis (ehrlichiosis) [9-11]. Amblyomma 
americanum (the lone star tick) has been recognised as a vector 
for Borrelia lonestari, the organism thought to be responsible for 
southern tick-associated rash illness (STARI), a Lyme disease-like 
infection [12], which is still an enigma despite years of research [13]. 

Ixodes species are important vectors of certain haemorrhagic fevers 
and viral encephalitis, and also of Lyme disease (Chapters 25 and 
26). They may also transmit babesiosis to humans [14]. The principal 
vectors of Lyme disease are the sheep tick Ixodes ricinus in Europe, 
and Ixodes dammini (east coast) and Ixodes pacificus (west coast) in 
the USA. 

Various species of Argasidae may also act as vectors of disease, 
the most important being Ornithodoros species, which transmit 
tick-borne relapsing fever. In Israel, O. tholozani (the cave tick), 
which is endemic in the Middle East, is the vector of Borrelia persica, 
a causative agent of relapsing fever [15]. 


Pathophysiology 

The pathophysiology of acute tick bite lesions remains unclear. Tick 
biting parts can reach into the deep dermis, exposing these tissue 
layers to mouthpart and salivary antigens. Reactions may vary, 
depending on the interaction between the host and a particular tick 
species. 


Pathology [3] 

At the point of penetration of the tick mouthparts there is coag- 
ulation necrosis of the epidermis and papillary dermis [16]. 
Surrounding the hypostome is the homogeneous cement [17]. 
The punctured epidermis shows parakeratosis, spongiosis and 
frequently pseudoepitheliomatous hyperplasia. There is marked 
dilatation of upper dermal blood vessels, and a dense perivascular 
infiltrate of neutrophils and lymphocytes. Histology of the bite site 
several weeks after removal of the tick shows a perivascular and 
periadnexal infiltrate of lymphocytes, plasma cells and histiocytes 
[18,19]. Foreign-body giant cells may also be present in the infiltrate. 
If the hypostome has been damaged during removal of the tick, 
fragments of the mouthparts may be seen. 


Clinical features [3,5,20] 
In the case of ixodid ticks, it is usually the parasite itself that attracts 
the patient’s attention. Larvae, nymphs or adults may be discovered 
attached to the skin and humans usually become accidental hosts 
when walking through, or sitting in, an area that contains ticks [21]. 
Larval ticks, sometimes referred to as ‘seed ticks’, are very small and 
may go unnoticed unless present in large numbers [22-24]. Bites 
from soft ticks may be particularly painful [25], perhaps because 
of their fast feeding or unique salivary contents. The colour of 
engorged ticks has led patients to suspect they had melanoma [26]. 
Several factors may be responsible for the type and intensity of tick 
bite reactions. They include feeding duration, mouthpart size, tick 
species, previous exposure and individual sensitivity. Dermatoses 
may be acute or chronic and may occur away from the site of the 
initial tick bite. 


Acute lesions include red macules, papules or nodules, tissue 
necrosis and ulcers. Red plaques may be difficult to differentiate 
from erythema migrans, as they can expand to several centimetres. 
However, these red plaques do not have a tendency to clear in 
the centre like erythema migrans [16]. There may be focal necrosis 
leading to necrotic ulcers [25], but more commonly the reaction at 
the site of the bite is mild oedema, vesiculation or bullae formation 
[27,28]. Pruritic papules were a prominent feature of larval Ambly- 
omma tick bites in a case reported by Fisher et al. [29]. A papular 
urticarial response to ticks has been reported in berry pickers [30] 
and papular urticaria has been observed developing within a few 
days of contact with numerous larval ticks of I. ricinus. The bites of 
the cave tick, Ornithodoros tholozani, produce characteristic deep red 
crusted papules or nodules, with a central punctum [15]. Postin- 
flammatory hyperpigmentation may persist several months after 
acute lesions. 

Acute lesions may sometimes persist and become chronic. 
Chronic lesions include plaques, papules and nodules [25]. The 
formation of tick bite granuloma is probably responsible for these 
lesions, which may persist for months or years [21]. The pathophys- 
iology of the granuloma formation remains unclear but may be due 
to the persistence of tick mouthparts or cuticular fragments in the 
deep dermis [17]. 

Auto-eczematisation has been reported in association with a tick 
bite granuloma [31]. Temporary alopecia may develop around the 
sites of tick attachment to the scalp [19,32]. The aetiology of the 
alopecia remains unclear. 

The main complication of tick bites is secondary infection 
(Staphylococcus aureus and group A Streptococcus), such as impetigo, 
ecthyma, erysipelas, cellulitis and superinfected necrotic ulcers 
[21,25]. These secondary infections may result from the persistence 
of tick material in the dermis or from host scratching. 

Finally, tick bites can cause non-dermatological disease such as 
anaphylaxis, paralysis and other systemic symptoms [33]. Tick 
paralysis is an ascending flaccid paralysis probably caused by a 
neurotoxin injected by the feeding tick [34,35]. Occasionally, bulbar 
paralysis, respiratory failure and death occur. The site of action of 
the toxin appears to be in the region of the neuromuscular synapse. 
If the tick is removed, all the signs usually resolve rapidly, but 
sometimes recovery is slow. Children are more frequently affected 
than adults. 

Tick paralysis occurs in particular localities in association with 
specific ticks [3]. Offending species include Dermacentor andersoni 
and D. variabilis (USA); Ixodes holocyclus (Australia); I. pilosus (South 
Africa); I. ricinus, I. hexagonus and Rhipicephalus sanguineus (Europe). 


Management [5] 

Tick removal 

Removal of multiple ticks may be difficult. Ticks should not be 
removed by a sudden forcible movement, as this will often leave 
the mouthparts embedded in the skin. The tick should be removed 
intact with the help of tweezers or a special device designed for tick 
removal. The tick must be gripped as close to the skin as possible, 
with gentle traction usually succeeding. The risk of vector-borne 
disease transmission is minor if the tick is removed within 24h. 
Application of fingernails, hot matches or isopropyl alcohol has 
been demonstrated to be efficient. 


Treatment 

Except for viral fevers and babesiosis, tetracycline is the antibiotic of 
choice for most tick-borne diseases. Delayed antibiotic therapy can 
be fatal, especially in Rocky Mountain spotted fever, and therefore 
therapy should be initiated quickly in cases of fever and headache 
in an endemic area, without waiting for laboratory confirmation. 


Prevention 

Avoidance of tick-infested areas, use of repellents and rapid tick 
removal are the key points of primary prevention. Secondary 
prevention is based on prophylactic antibiotics or rapid institution 
of antibiotics if symptoms appear. 


Mites (Acari) .— Lv 


Family Sarcoptidae: human classical scabies 


Definition 

Scabies in humans and other animals is caused by mites of the family 
Sarcoptidae, which includes Sarcoptes scabiei, the scabies mite, Notoe- 
dres cati, a mange mite of cats and Trixacarus caviae, a mange mite of 
rodents. 

The Sarcoptes causing scabies in humans and sarcoptic mange in 
many other animals are physiological variants of a single species, 
S. scabiei. Their host specificity is not complete, but they usually sur- 
vive for only a short period on another host. 


Introduction and general description [1-8,9,10-14] 

Scabies is an ectoparasitic infection caused in humans by Sarcoptes 
scabiei var. hominis. The adult female measures approximately 
0.4mm long by 0.3mm wide, and the smaller male 0.2mm long 
by 0.15mm wide. The body is creamy white and is marked by 
transverse corrugations, and on its dorsal surface by bristles and 
spines. There are four pairs of short legs; the anterior two pairs end 
in elongated peduncles tipped with small suckers. In the female, 
the rear two pairs of legs end in long bristles (setae) (Figure 34.33), 
whereas in the male, bristles are present on the third pair and 
peduncles with suckers on the fourth. 

Copulation occurs in a small burrow excavated by the female 
or at the surface of the skin. The burrow is not confined to the 
stratum corneum, but is inclined downwards into the epidermis. 
Approximately 40-50 eggs are laid by each female during a lifespan 
of 4-6 weeks. Eggs hatch after 3-4 days into larvae, which dig new 
burrows closer to the skin surface. There, the larvae mature into 
adult mites in about 4 days. The adults may then either stay in 
that host or be scratched off and transmitted to a new host. Adult 
females can live in the host for up to a month. The life cycle lasts 
around 14~21 days (Figure 34.34) [9]. The mites show a preference 
for certain sites in which to burrow and appear to avoid areas with 
a high density of pilosebaceous follicles. The average number of 
adult female mites on an individual suffering from the common 
form of scabies is about 5 to 10. In crusted scabies large numbers 
of mites are present. Individually, pruritus represents a nuisance. 
The risk of contagiousness, impetiginisation, psychosocial impact 
and potential associated sexually transmitted diseases constitutes a 
concern. 


> 
va fy 1 a 


Figure 34.33 Sarcoptes scabiei var. hominis. Adult female with eggs present in a skin 
scraping. 


Human scabies has played a modest but not insignificant role in 
history; the story of scabies has been related in detail by Hebra [1], 
Beeson [2], Heilesen [3], Friedman [4] and Parish [5]. 


Epidemiology [15,16-18,19] 

Prevalence of the disease 

There are substantial gaps in our knowledge of the epidemiology of 
scabies and its complications [20,21]. Nevertheless, recent initiatives 
driven by academic groups or consortiums such as the International 
Alliance for the Control of Scabies (IACS) or the Global Burden 
of Diseases (GBD) have regrouped international experts and have 
largely extended our awareness of this disease [16,22,23]. These 
recent efforts have led to the designation of scabies as a Neglected 
Tropical Disease by the World Health Organization in 2018 (www 
.who.int). Scabies is one of the commonest and most frequent 
skin infections worldwide and is estimated to affect between 177 
and 237 million people globally at any single time. Measurement 
of the global burden of scabies has been recently performed in 
a cross-sectional analysis of the GBD 2015 big data [17]. They 
included 196 countries and territories and mapped scabies preva- 
lence globally. They found that extreme scabies prevalence was seen 
in poor communities in tropical settings (Asia, Oceania and tropical 
Latin America), with crowded conditions and poor access to health 
care being major risk factors for outbreaks [17]. In a systematic 
review of prevalence studies of scabies published from 1985 to 
2015, scabies prevalence ranged from 0.2% to 71.4% in different 
populations. Children, mostly under the age of 2, were at greater 
risk [18]. In high-income nations, high endemicity of scabies is often 
reported in closed communities and institutional settings, such as 
hospitals, child care and elderly care residential facilities, prisons, 
schools, homeless populations and refugee camps [19,24,25,26-28]. 
In low-—middle-income countries, scabies occurs in overcrowded, 
often underprivileged, communities [29,30]. 


Pathophysiology [6,10,13,29,31,32] 

Transmission of scabies occurs mainly via skin-to-skin contact and, 
less frequently, via fomites within a patient mite-contaminated envi- 
ronment (generally in the context of severe forms of scabies) [33]. 
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Adult mites can 
live up to 4-6 
weeks 


g 


Nymphs 


Larvae moult into 
protonymphs and 
tritonymphs before 
moulting into adults 


Total life cycle: 
9-15 days 


Larvae transform 
into 8-legged 


nymphs 
. 
Larvae ()7 


Eggs 


0.10 to 0.15 mm 


Eggs hatch into 6- 

legged larvae that 

migrate to the skin 
surface 


As scabies is contagious, persons sharing the same household with 
patients may frequently be affected. This is especially the case in 
severe scabies, i.e. profuse or crusted scabies, in which the mite bur- 
den per person is dramatically increased, small epidemics around 
a single case can easily develop, and are fuelled by overcrowded 
households and transient lifestyles [15]. The risk of transmission is 
known to depend on the patient’s mite load, household size and 
population concentration, and how individuals interact with each 
other. Indeed, people living in clustered communities or in crowded 
housing conditions are at higher risk of scabies and outbreaks. 
Away from the host, scabies mites can survive for 24-36h at room 
conditions (21°C and 40-80% relative humidity), and have the capa- 
bility of skin penetration and infectivity [34]. Females and nymphs 
survive longer than larvae and males in comparable conditions. 
Lower temperatures (10-15°C) and high relative humidity favoured 
survival [35]. Live mites have been demonstrated in dust samples 
collected in the homes of infected patients [36]. 

Allergic sensitivity to the mite or its products appears to play 
an important role in determining the development of lesions other 
than burrows and in producing pruritus. However, the sequence of 
immunological events is unclear and requires further elucidation. 
Evidence suggests that both immediate and delayed-type hypersen- 
sitivity are involved [31,32]. Skin tests with mite extracts have given 
equivocal results, although positive immediate-type reactions to 
intradermal tests have frequently been obtained in patients within 
a few months of scabies infection. Normal IgE levels were reported 
in one series of scabies patients [37], but later studies have shown 
significantly elevated levels in many individuals [38-40]. 

Susceptibility or resistance to S. scabiei infection shows some 
genetic predisposition. This is hypothesised to correlate suscepti- 
bility to severe disease with the dominance of an IgE-driven Th2 
response or resistance to the infestation by an interferon-y domi- 
nated Th1 response. This may be modulated by cytokine regulation 


0.30 to 0.50 mm 


Adults 


0.20 to 0.28 mm 


The mated 
females dig 
tunnels into the 
epidermis 


Within the tunnels, 
the females lay 2-3 
eggs per day 


Figure 34.34 The life cycle of Sarcoptes scabiei var. hominis. From 
Thomas et a/. [9]. Source and copyright holder: Elsevier. Adapted 
with permission of Elsevier from Bernigaud C., Chosidow O. 
Scabies [in French]. Rev Prat 2018;1:63-8. 


in the skin and other immunological control mechanisms [41]. 
Recent developments in scabies mite biology have shown that 
scabies can now be considered to be a complex interaction between 
host, parasite and their associated microbiota [42]. Animal and in 
vivo models of infestation should facilitate a better understanding 
of these host-parasite interactions, which is critical to improving 
the treatment of scabies [43,44]. 


Clinical features [9,15,19] 

Presentation 

Itching is the most obvious manifestation of scabies, usually sparing 
the face in adult classical scabies. It is generally worst at night and 
when the patient is warm [45]. The onset occurs 3-4 weeks after 
the infection is acquired. Reinfection of a previously cured indi- 
vidual, however, may provoke immediate symptoms [19]. Typical 
locations of lesions are the finger webs (Figure 34.35a), the flexor 
surfaces of the wrists, the elbows, the axillae, the buttocks and 
genitalia (Figure 34.35b) and the breasts of women (Figure 34.42c). 
The typical lesions of scabies are burrows (Figure 34.35d,e), which 
appear as slightly raised brownish tortuous lesions. Inflammatory 
pruritic papules or nodules, sometimes surmounted by burrows, on 
the male genitalia are characteristic. The genitalia of males should 
be therefore systematically examined once scabies is suspected as 
these lesions may provide an important diagnostic clue if burrows 
are absent or difficult to find. Nodules are intensely itchy and may 
persist for weeks or months after the scabies has been effectively 
treated [19]. Secondary lesions are not specific. They include exco- 
riations, eczematisation (Figure 34.35f) and impetiginisation, and 
may occur anywhere. 

In sub-Saharan Africa, where prevalence of scabies is high, a 
report found that association of diffuse itching with cutaneous 
lesions and two typical locations or a household member with itch- 
ing was highly sensitive (100%) and specific (97%) for a diagnosis 


Figure 34.35 (a) Typical scabies in the finger 
webs. (b) Pruritic papules and nodules on the 
penis in scabies infestation. The genitalia 
should be examined in all instances of 
suspected scabies infestation, especially when 
the patient reports itching. (c) Papular lesions 
on the nipples and areolae are a common 
location for scabies in women. Given this 
woman's history of pruritus, scabies was easily 
identified by the finding of scabies in this 
location. (d) A typical linear burrow with a tiny 
vesicle at the distal end. (e) Numerous scabies 
burrows on the palm. Such obvious lesions are 
rarely seen, as they are usually obscured by 
eczema, impetigo or both. The more common 
presentation of scabies with eczematisation of 
the scratched lesion is shown in (f). The 
chronic pruritus of scabies rapidly leads to 
scratching and explains why eczema is 
frequently observed. Reproduced with 
permission from Chosidow et al. [15]. , 
Copyright © Massachusetts Medical Society. (c) 


of scabies [46]. Consensus criteria for the diagnosis of scabies were 
published in 2020 following a Delphi process involving a panel of 
34 international experts [47,48]. 


Clinical variants (Figure 34.36a-c) 

Atypical forms of scabies (Table 34.6) may occur and be very dif- 
ficult to diagnose. The clinical features of scabies in infants and 
young children differ in certain respects from those in older chil- 
dren and adults. In addition to the more extensive distribution of 
burrows already mentioned, vesicular and vesiculopustular lesions 
on the hands and feet are frequent, extensive eczematisation is often 
present, and there may be multiple crusted nodules on the trunk and 
limbs [49]. In the elderly, burrows commonly occur on the palms 
and soles, and may be very numerous. Truncal papulosquamous 
lesions, often surmounted by burrows, are common [25]. Secondary 


eczematisation is often troublesome. Crusted scabies is discussed 
separately (see later). 


Complications 

In addition to these primary manifestations, secondary features 
may occur and can confuse the clinical picture. Eczematous changes 
are common, and may be widespread and severe. The inappropri- 
ate use of topical corticosteroids may further modify the clinical 
picture to mimic other dermatoses (see section on crusted scabies 
later) — so-called ‘scabies incognito’ [29]. 

Recent epidemiological studies indicate increasingly substan- 
tial morbidity and even mortality [52] due to scabies infection, 
mostly caused by bacterial infections appearing after scratching of 
lesions. The discomfort caused by the intense itch can have direct 
consequences, i.e. depriving patients of sleep [53], interfering with 
concentration at work or school, leading to a negative impact on 
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(b) 


attendance, performance and quality of life [54]. Scratching sca- 
bies lesions themselves leads to breaches in the skin barrier that 
create an entry point for opportunistic commensal or pathogenic 
bacteria that can become invasive, such as group A streptococcus 
(GAS) and S. aureus [55]. These bacteria lead to secondary infection 
of the epidermis, also known as pyoderma or impetigo, which 
can become more severe and cause skin and soft-tissue infections 
(including necrotising fasciitis), septicaemia or more invasive bac- 
terial infections. In some cases, immune-mediated diseases can 
occur following infection, such as glomerulonephritis [56] or acute 
rheumatic fever [57], both of which can become chronic. This 
association between scabies parasites and bacterial pathogens is 
observed mainly in tropical or subtropical areas of the globe and 
in remote locations [18], with some data suggesting that up to 40% 
of impetigo lesions can be linked with scabies, especially among 
young children [58,59]. This particular link was established early 
in the 1970s, with an epidemiological study showing epidemics of 
acute glomerulonephritis in Trinidad [60] contemporaneously with 
scabies outbreaks, or in interventional studies in the field showing 
reduction in childhood haematuria following scabies treatment 
[56], or reduction in impetigo or skin sores prevalence paralleling 
a reduction in scabies numbers during mass drug administration 
campaigns [61-63]. 


Investigations [15,48,64-67] 
The typical history of pruritus with nocturnal exacerbations, the 
presence of contact cases within the family and the distribution of 


Figure 34.36 Scabies: clinical variants. (a) 
Scabies in an infant. Localisation on the sole is not 
atypical in this form of scabies, nor is involvement 
of the face, scalp and palms. (b) The foot of an 
infant with scabies superinfection presenting as 
impetigo. In such patients, the risk of 
glomerulonephritis associated with nephritogenic 
strains of Streptococcus is of concern in low- and 
middle-income countries. (c) Atypical papular 
scabies in an elderly woman who also had similar 
lesions on her back. Frequently, scabies goes 
unrecognised in such patients because itching is 
attributed to senile pruritus. Reproduced with 
permission from Chosidow et al. [15]. Copyright 
© Massachusetts Medical Society. 


the eruption of inflammatory papules should suggest the diagnosis. 
The presence of genital lesions in men or breast nodules in women 
is strongly suggestive. Absolute confirmation can only be made by 
the evidence of burrows and/or mites, eggs, fragments of egg shells 
or scybala using light microscopy examination of skin samples [48]. 
A burrow is gently scraped off the skin with a blunt scalpel and 
the material placed in mineral oil on a microscope slide. Failure 
to find mites does not rule out scabies, as this technique is very 
specific but highly operator-dependent [15,64,65,68]. Parasitological 
confirmation of the diagnosis should be made in all cases if possible. 
It is essential in cases of crusted scabies or scabies in health care 
settings. 

Dermoscopy is useful for detecting burrows and visualising their 
contents, the mite in its burrow resembling a ‘jet-with-contrail’ (40x 
magnification) [66]. With lower magnification (10x) with standard 
handheld dermoscopy, the circumflex accent-like image (as the 
French letter ‘6’) represents the head and the two pairs of front 
legs of the mite scabies and is called the ‘deltawing jet’ sign [69,70] 
(Figure 34.37a). Dermoscopy is less time consuming than the skin 
scraping procedure and can be used in daily clinical practice by 
dermatologists. However, its use is limited by the cost of the device 
and the sensitivity may decrease in inexperienced hands, and on 
pigmented, eczematous or impetiginised skin [64,71]. Videoder- 
moscopy utilises a dermoscope with a videocamera connected to 
a computer that allows very high magnification (80x) and can be 
used to assess the viability of living mites (Figure 34.37b). Confocal 
microscopy was recently employed for the confirmation of the 


Table 34.6 Special forms of scabies. 


Variable Major clinical features 

Involved 
subpopulation 

Infants and young Lesions are vesicles, pustules and nodules, but their 
children [49] distribution may be atypical. Eczematisation and 


Homeless people 


The elderly 


Immunocompromised 
patients 


Indigenous 
communities 


Atypical presentation 
Scabies of the scalp 


Nodular scabies 


Scabies mimicking 
immunologically 
mediated diseases 


impetigo are common; scabies may be confused with 
atopic eczema or acropustulosis. Pruritus may be so 
severe that infants can be irritable and eat poorly 

Eczematisation and impetigo are common. Extensive 
excoriated lesions are not necessarily indicative of 
scabies in homeless people but pruritus in a homeless 
shelter should suggest a diagnosis of scabies 

Atypical presentation is common. Scabies epidemics are 
reported frequently in nursing homes, where a single 
patient with crusted scabies may be the index patient 
leading to infection of other residents, as well as 
health care workers and their families 

Severe scabies (i.e. atypical papular scabies or crusted 
scabies) develops predominantly in patients receiving 
topical or systemic corticosteroids, those with HIV 
infection, organ transplant recipients and patients of 
advanced age. Pruritus may be mild or absent (i.e. 
scabies incognito) 

Scabies, whether crusted or not, may be endemic (e.g. 
risk factors include poor nutritional status, 
inadequate medical facilities and overcrowding). The 
burden of the disease may be very high among 
Aboriginal people in northern Australia, children in 
Africa or the Solomon Islands, and resettlement 
colonies in New Delhi, India, for example. Because of 
the high rate of scabies superinfection, Australian 
Aboriginal communities have the highest rate of 
poststreptococcal glomerulonephritis in the world 


Scabies may accompany or simulate seborrhoeic 
dermatitis or dermatomyositis on the scalp; infants, 
children, the elderly, patients with AIDS and patients 
with crusted scabies may be affected 

A few violaceous, pruritic nodules are often localised on 
the groin, axillae and male genitalia; they represent a 
hypersensitivity reaction to mite antigens and persist 
weeks or months after treatment 

Bullous pemphigoid, urticaria, chronic lymphocytic 
leukaemia, B-cell lymphoma with monoclonal 
infiltrate, CD30+ lymphoid proliferations, necrotising 
vasculitis [50,51] and lupus erythematosus can all 
mimic scabies 


Adapted from Chosidow 2006 [15] with permission. Copyright holder of original: 
Massachusetts Medical Society. 


clinical diagnosis of scabies [72,73] (Figure 34.37c). The latter two of 
these techniques are expensive. 

A skin biopsy may confirm the diagnosis of scabies if a mite or 
parts can be identified. However, in most cases the histology shows 
non-specific features, with epidermal spongiosis, papillary oedema, 
and superficial and deep perivascular inflammatory cell infiltrates 
with numerous eosinophils [74]. 

Some authors have tried to develop diagnostic techniques 
using molecular tools, such as matrix-assisted laser desorption 
ionisation-time of flight (MALDI-TOF), an antigen detection 
system or polymerase chain reaction (PCR) specifically target- 
ing scabies DNA. With PCR, while most studies have found a 
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very high specificity often close to 100%, sensitivity was con- 
tinually low, ranging from 30% to 60% [75-77], much lower 
compared with parasite observation by either microscopic or 
dermoscopic examination [78]. Optimisation of the sampling 
procedure is necessary and might increase sensitivity [67]. To 
date, no biomarker-based diagnostic kits have been developed 
for use as a simple and rapid method to identify mite infec- 
tion without dermatological skills. Recent metagenomics data 
using RNA-seq transcriptomics or proteomics might be useful to 
find candidate antigens and to develop rapid immunodiagnostic 
tests [79]. 

In the absence of confirmed mites, diagnosis is currently based 
entirely on clinical and epidemiological findings. Given the 
extensive differential diagnoses, the specificity of clinical diag- 
nosis is poor, especially for those inexperienced regarding scabies. 
Furthermore, there are difficulties in distinguishing between active 
infestation, residual skin reaction and reinfestation. Despite the rel- 
atively low sensitivity of diagnostic testing, empirical treatment is 
not recommended for patients presenting with generalised itching 
[15]. 


Management [22,29,80-85] 

Indication for therapy 

Treatment should be prescribed to the patient and all close physical 
contacts, even without pruritus or cutaneous lesions. 


Patient education 

Patients should be advised to avoid close physical contact until 
they and their household members and sexual partners have been 
treated. Detailed verbal and written information about scabies 
infestation should be given to the patient [86]. 


Treatment options 

Topical and oral products are available although rigorous stud- 
ies to guide their use are lacking. Topical treatment includes 5% 
permethrin, 1% ivermectin, 1% lindane, 10-25% benzyl benzoate, 
0.6% esdepallethrine (bioallethrin), 10% crotamiton and 6-33% 
precipitated sulphur. Topical scabicides have neurotoxic effects on 
mites. Table 34.7 summarises the doses and side effects of common 
agents used in scabies management. Topical agents should be 
applied to the entire skin surface, from ‘head to toe’, avoiding the 
eyes, nose and mouth [15]. The application period depends on the 
specific instructions from the manufacturer. Topical medicines were 
considered first line treatment until the arrival of oral ivermectin 
in 1981, which was, at first, reserved for recurrent, difficult-to-treat 
cases, those with superinfected or eczematous skin or for patients 
with crusted scabies [85]. 

Oral ivermectin is neurotoxic for many parasites, including mites, 
binding specifically to their chloride-glutamate and GABA recep- 
tors. It can be given at a dosage of 200 p1g/kg in patients >2 years 
of age and >15 kg of body weight [85]. A second dose is necessary 
a week later due to the limited ovicidal activity of the drug [87] 
and the short half-life of ivermectin in the skin, which was shown 
in two experimental trials in a porcine scabies model [85,87-89]. 
Because ingestion of food increases the bioavailability of ivermectin 
by a factor of two [75], taking it with food might enhance the 
quantity of drug that penetrates into the epidermis. Ivermectin is 
apparently a safe drug with a low incidence of adverse effects and 
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Table 34.7 Drugs commonly used to treat scabies. 


Figure 34.37 Two burrow lesions examined 
using dermoscopy (magnification x10) showing 
three ‘deltawing jet’ signs (black arrows) (a). A 
burrow examined using videodermoscopy 
(magnification x 40) showing an adult female 
mite and eggs (b); and using reflectance confocal 
microscopy showing an adult female mite (c). 


Treatment Dosage Treatment regimen Contraindication Advantages Disadvantages Comments 
lvermectin* Pills 200 pg/kg repeated after 7 Children <15kg; Effective, easy, Expensive in some Not approved in many 
days pregnant or good patient countries countries 
breastfeeding compliance 
women (only 
approved in 
France) 
Permethrin* 5% cream Rinsed off after 8-12 h Safe in children >2 Effective, well Itching and stinging Second application often 


Benzyl benzoate* 


Crotamiton* 


Esdepalletrin 
(bioallethrin)* 
Lindane* 


Malathion* 


Precipitated 
sulphur* 


* Available as generics. 


10-25% lotion or 
emulsion 


10% ointment 


0.6% aerosol 


1% lotion or cream 


0.5% aqueous lotion 


2-10% precipitate in 
petroleum base 


(overnight) 


Rinsed off after 24h (one or 
several times) 


Rinsed off after 24h and then 
reapplied for an additional 
24h 

Rinsed off after 12h 


Rinsed off after 6h 


Repeat after 7 days 


Rinsed off after 24h and then 
reapplied every 24h for 
the next 2 days (with a 
bath taken between each 
application) 


months of age 


Pregnant women 
and infants 
(only 12h 
application) 

Safe in children >1 
month of age 


People with 
asthma 

Pregnant women, 
infants, seizure 
disorders 


Not approved in 
children <2 
years of age 


tolerated, safe 


Effective, 
inexpensive 


Well tolerated, 
safe for infants 


Effective, 
inexpensive 


Easy to use 


Safe for infants, 
pregnant and 
breastfeeding 
women 


Adapted from Chosidow 2006 [15] with permission. Copyright holder of original: Massachusetts Medical Society. 


has been widely used for >30 years to combat neglected tropical 
parasitic diseases such as onchocerciasis, lymphatic filariasis and 
helminthiasis. Many of the reported adverse effects have occurred 
in individuals given ivermectin for the treatment of filariasis, in 
whom serious reactions were thought to be related to death of the 


on application 
Expensive in some 
countries 
Can cause severe skin 
irritation 


Questionable efficacy 


Cramps, dizziness, 
seizures in children 


Skin irritation, 
dizziness, central 
nervous system 
toxicity 

Questionable efficacy, 
skin irritation 


routinely prescribed 1 
week after the first 


Not currently available in 
Canada, approved in 
Europe 


Often used on scabies 
nodules in children 


Withdrawn in the 
European Union 

Withdrawn in the 
European Union 
because of 
neurotoxicity 
concerns 

Withdrawn in France 


parasites [50,90]. A report suggesting a pattern of excess deaths 
in elderly people in a residential unit, who were given ivermectin 
to control a scabies outbreak, raised concerns about its safety [51]. 
However, the conclusions of this report were challenged [91,92] 
and other authors’ findings regarding its safety are reassuring, 


Table 34.8 Treatment of scabies by clinical features or situation. 


Purpose of therapy Recommended therapy 


Alternative therapy 


Specific associated measures Comments 


Classical scabies Two applications of permethrin 
5% cream, or two doses of 
oral ivermectin, 200 pg/kg (a 


week apart) 


Children <2 years old Permethrin or benzyl benzoate 


(only 12 h application) 


Pregnancy Permethrin, benzyl benzoate 
(only 12h application) and 
sulphur in France 
Superinfected scabies Prefer oral ivermectin if skin is Topical or systemic 
affected 


Treat clinical cases as for classical - 
and crusted scabies 


Institutional outbreak 
of scabies 


Adapted from Monsel and Chosidow 2012 [114]. 


even in the elderly population [93,94]. It has been suggested that 
conditions disturbing the blood-brain barrier integrity such as in 
young mammals may allow the drug to enter the central nervous 
system [95-97]. Therefore, some authors consider the drug must 
be contraindicated in children younger than 5 years of age or 
<15kg, and during lactation. However, many recent publications 
and a systematic review reported ivermectin to be safe in children 
[98-101]. Its use in pregnant women is discouraged in the USA, but 
is possible in France [102,103]. The human central nervous system is 
protected against ivermectin accumulation by the membrane drug 
transporter ABCB1. Nevertheless, serious ivermectin toxicity was 
strongly suspected in a child carrying exceptional ABCB1-nonsense 
mutations; hence, pharmacovigilance remains necessary even if 
these events might be exeptional [104]. 

Finally, 5% permethrin cream or oral ivermectin (at a dosage of 
200 1g/kg) may be used for the treatment of classical scabies. If 
permethrin is not available, 10-25% benzyl benzoate may be used. 
Oral ivermectin is more expensive and not licensed in most coun- 
tries; however, this agent may be preferred for patients who cannot 
tolerate topical therapy or are unlikely to adhere to a therapeutic 
regimen. In classical scabies, the combination of topical therapy 
and oral ivermectin has never been compared with either treatment 
alone. Table 34.8 presents strategies of treatment according to the 
clinical picture. 

Other interesting treatments are under development, especially 
drugs that could target all stages of the mite life cycle, including 
the egg stage [105]. Moxidectin is a good candidate that could 
be given to patients as a single-dose oral treatment [106,107]. A 
phase II trial has recently been completed (www.clinicaltrials.gov; 
NCT03905265). 


Additional measures 

Examination and laboratory investigation to search for sexually 
transmitted infection should be performed as scabies is considered 
to be a sexually transmitted disease [80]. 


Two applications of 10-25% - 
benzyl benzoate 


Ivermectin is contraindicated 
in children <15 kg 

Ivermectin is contraindicated ~ - 
in the USA, but authorised 


antibiotherapy before 
topical treatment 


People in close physical 
contact, even without 
symptoms, should receive 
treatment at the same 
time (two 
applications/doses) 

Treat scabies nodules with 
crotamiton 


Treat the face, except mouth 
and eyes 


- Risk of poststreptococcal 
glomerulonephritis and 
systemic sepsis 

Formation of an outbreak 
management team 


Simultaneously treat all cases 
and all exposed people 


Topical treatment must be applied to the entire skin surface, 
including the scalp, face, all folds, groin, navel and external geni- 
talia, as well as the skin under the nails. Treating the face of babies is 
essential because transmission may occur by breastfeeding. Hands 
should not be washed during therapy, otherwise the topical treat- 
ment should be reapplied. If topical treatment is applied by another 
person, it is recommended that this person wears protective gloves. 

All clothes and bedding must be washed at high temperature 
(>60°C) or must be kept in a plastic bag for several days. Simplified 
and generalised algorithms, based on high-throughput experimen- 
tal data that can be used in a large range of settings, including 
resource-poor populations, were suggested recently [108]. Appro- 
priate treatment should also be given for severe secondary bacterial 
infection (see later). There is no specific treatment for the itch. 
Antihistamines can assist, but it is their sedative properties that are 
effective, rather than an antipruritic mechanism [109]. Novel targets 
to manage the scabies itch are presented in [45]. 


Special treatment considerations 
Table 34.8 presents the treatment of scabies according to the clinical 
feature or situation. 


Children. Benzyl benzoate, esdepallethrin and permethrin may be 
used in infants. Benzyl benzoate and esdepallethrin are safe in chil- 
dren <2 years of age, but duration of use should be limited to 12h. 
Ivermectin is contraindicated in children <15 kg. 


Impetigo. Oral ivermectin should be preferred in this situation. If 
topical treatment is chosen, antibiotic therapy should be performed 
first. Topical antibiotic creams (e.g. mupirocin or fusidic acid) are 
not recommended in cases with profuse lesions. Systemic antibi- 
otics have to target GAS and S. aureus (including MRSA in specific 
areas). Oral trimethoprim-sulphamethoxazole (cotrimoxazole) or 
intramuscular benzathine benzylpenicillin (penicillin G) are used 
in tropical endemic regions [110], whereas pristinamycin, amoxi- 
cillin/clavulanic acid or cephalexin may be used in non-tropical 
regions. 
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Table 34.9 Causes of persistent itching after scabicide therapy and management. 


Causes Management 
Cutaneous irritation Overtreatment Intensive use of emollient 
Eczematisation Intensive use of emollient 


Contact dermatitis 
Treatment failure 
Resistance to scabicide 
Reinfestation or relapse 
Delusions of parasitosis 
Non-parasitic dermatosis 


Psychogenic pruritus 


Adapted from Chosidow 2000 [19]. 


Pregnancy or breastfeeding. Permethrin, benzyl benzoate and 
sulphur appear to be safe in pregnancy, although the evidence is 
limited [111]. Oral ivermectin is not approved in the USA (ranked 
C in the United States Food and Drug Administration pregnancy 
category) but is permitted in France [102,103]. A recent systematic 
review and meta-analysis found that birth outcomes were not 
excessively abnormal in ivermectin-treated women compared with 
unexposed women [112], and some authors advocate for a widen- 
ing of the access to ivermectin to scabies-infested pregnant women, 
especially in eczematous forms [113]. 


Institutional outbreaks. The management of institutional out- 
breaks is mainly based on consensus expert opinion. It requires 
coordination and adequate education of all involved personnel 
and a sustained effort to rapidly control the outbreak. Prompt 
recognition of the index case, formation of an outbreak manage- 
ment team, determining the extent of the outbreak and risk factors 
for transmission, immediate implementation of infection control 
practices, simultaneous treatment of cases and all exposed people, 
and concomitant environmental disinfection are key factors for 
controlling a scabies epidemic in health care settings [24,25]. 


Follow-up. Itching may persist several weeks after scabies and this 
should be clearly explained to the patient. Emollients may be help- 
ful in cases of cutaneous irritation. The persistence of itching after 
4 weeks should be reinvestigated (Table 34.9). Parasite resistance 
has been reported for both permethrin [115,116] and ivermectin 
[117,118], but its clinical importance remains a matter of debate. 
Studies are lacking and surveillance for better documentation is 
warranted. 


Family Sarcoptidae: human crusted scabies 


Introduction and general description 

The appellation ‘Norwegian’ derives from the description in 
Norway by Danielssen and Boeck [1] of a type of scabies in which 
huge numbers of mites were present in lepers. Von Hebra referred 
to this as ‘scabies Norvegica Boecki’ [2]. We strongly recommend 
that ‘Norwegian’ should be discarded and replaced by ‘crusted’ or 
hyperkeratotic, as others have [3,4]. 


Poor compliance; inappropriate or insufficient treatment 


Topical steroid 

Further scabicide application 

Change scabicide 

Further scabicide application 

Antipsychotic drugs (prescribed by dermatologists and/or psychiatrists) 
Treat the underlying cause 


Crusted scabies is a rare and severely debilitating form of the 
disease, characterised by the infestation of up to millions of mites 
and the development of a hyperkeratotic skin crust. An undiag- 
nosed case of crusted scabies may be the source of an outbreak of 
common scabies. 


Pathophysiology [5,6] 

In common scabies, there are few mites, probably because scratching 
destroys the burrows. Crusted scabies occurs in people with an 
inadequate immune response to the mite, allowing them to multi- 
ply. It is a severe disease with a significantly higher morbidity than 
ordinary scabies. 

Patients with intellectual disability or dementia may develop 
crusted scabies [7], and Down syndrome is a frequent association 
[3,8]. The reason for this association with intellectual disability is 
not completely understood, but lack of appreciation of pruritus 
may be important. 

Crusted scabies may develop in patients who are immunosup- 
pressed, either as a result of disease [9-11] or therapy [11-14], 
including with infliximab and tocilizumab [15,16]. In recent years, 
there have been numerous reports of its occurrence in patients 
with HIV infection; it has been reported in immune reconstitution 
inflammatory syndrome [17] and it is also an indicator of human 
T-cell lymphotrophic virus (HTLV-1) infection [18-20]. Crusted 
scabies has also resulted from the use of topical steroids [21] and 
pimecrolimus [22]. 

Crusted scabies sometimes occurs in otherwise healthy individ- 
uals [23,24], and in northern Australia, where crusted scabies is a 
problem in the Aboriginal population, 42% of a series of 78 patients 
had no identifiable risk factors [25]. Ina more recent study of over 80 
infested patients, half of them were diabetic and 23% were on dial- 
ysis for end-stage kidney failure. Sixteen per cent of patients had no 
co-morbidities and these were more likely to have a severe Grade 3 
disease [26]. 


Clinical features [25-29] 

Large warty crusts form on the hands (Figure 34.38a) and feet 
(Figure 34.38b,c), and the palms and soles may be irregularly 
thickened and fissured. The nail apparatus is frequently affected, 
with masses of horny debris accumulating beneath thickened and 
discoloured nails (Figure 34.38d). Redness and scaling occur on the 
face, neck, scalp (Figure 34.38e) and trunk, and may generalise. The 
extent of the erythroderma and the warty plaques varies greatly, 
and either may predominate. Crusted scabies may be localised, 
affecting only the scalp, face, fingers, toenails or soles [29]. Itching is 
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(b) 


Figure 34.38 Crusted (Norwegian) scabies of the 
hand (a) and foot (b, c). (d) Grossly dystrophic 
nails in crusted scabies. (e) Severe scalp 
involvement in crusted scabies. 


often absent or slight, but may occasionally be severe. Generalised 
lymphadenopathy is present in some cases, and blood eosinophilia 
and elevated IgE levels are common. 

The diagnosis of this disease can be challenging and studies 
have shown a long delay in the diagnosis of severe scabies, lasting 
up to several months. For example, in a series of crusted scabies 
patients published in 2016, the delay was long, with a median of 
7 months and an extreme of up to 16 months [30]. The delayed 
diagnosis may be explained by a lack of specific diagnostic cri- 
teria for severe scabies and insufficient knowledge of the clinical 


(e) 


presentation by physicians. Crusted scabies may masquerade 
as hyperkeratotic eczema, psoriasis, Darier disease [31], contact 
dermatitis [32] and Langerhans cell histiocytosis [33]. Misdiag- 
nosis can lead to incorrect prescriptions of treatments (mainly 
topical corticosteroids), initially improving pruritus but finally 
aggravating the infestation, which might cause life-threatening 
complications. 

No diagnostic criteria for severe scabies have been established. 
Therefore, the diagnosis has to be confirmed by examination of 
scrapings, which will be teeming with mites and eggs. 
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Management [34-47] 
General principles 
Hospitalisation and isolation of the patient are required to manage 
crusted scabies because of the risk of transmission to people in 
physical contact. All individuals in contact should be treated. A 
keratolytic agent such as a salicylic acid preparation should be used 
to treat hyperkeratosis. Nails should be cut short and brushed with 
a scabicidal agent [36]. Expert consensus recommends combining 
topical and oral therapy [36], although this has never been evalu- 
ated. Only a few therapeutic studies for treatment of crusted scabies 
including more than five patients exist in the literature [25,42—44]. 
Some authors suggest that topical scabicide application should be 
repeated until two parasitological tests 3 days apart become nega- 
tive. The administration schedule of ivermectin should be based on 
the severity of infection [45]; between three and seven doses have 
been proposed [28]. However, Currie et al. [46] reported evidence of 
resistance to ivermectin in two patients who had received multiple 
doses for recurrences of crusted scabies. Recently, a simple clinical 
grading scale to aid in the management of patients with crusted sca- 
bies has been proposed and may be useful [47]. 


Family Sarcoptidae: animal scabies 


Introduction and general description [1] 

Transmission of animal scabies to humans is probably rare because 

of the relative host specificity of the mites [2]. However, recurrent 

exposure to animal scabies mites can produce troublesome and 
diagnostically puzzling lesions. 

Many varieties of Sarcoptes scabiei have been incriminated, 
including the following: 

1 The mites causing sarcoptic mange in horses, cattle, buffalo, pigs, 
camels, monkeys, sheep and goats [3-8]. 

2 Sarcoptes scabiei var. canis commonly causes transient skin lesions 
in those in contact with infested dogs [9-15]. Exceptionally, 
scrapings from human skin have shown mites and eggs, and 
symptoms have persisted after contact with the animal has 
ceased [16]. Canine scabies has been experimentally transferred 
to humans [17]. Affected animals have areas of scaling and hair 
loss on the ears, face and limbs [18]. 

3 Notoedres cati, the cause of sarcoptic mange in cats, is almost 
unknown in the UK, but where it is endemic in the cat popu- 
lation, as in India [19] and Japan [20], human skin lesions may 
occur. 


Clinical features 

Skin lesions resulting from contact with animal scabies vary in 
extent and distribution, according to the mode of exposure. The 
eruption is usually composed of small pruritic weals or papules, 
which are frequently excoriated and resemble human scabies, but 
without burrows. Lesions from exposure to sarcoptic mange in dogs 
and notoedric mange in cats usually occur at sites of contact with 
the animal, principally the chest, abdomen, thighs and forearms. 


Management 

If contact with animal scabies is suspected, the diagnosis can 
only be confirmed by examining and taking scrapings from the 
suspect animal. Affected animals should be treated by a veterinary 
practitioner. 


Human skin lesions are self-limiting and will resolve once 
exposure to the affected animal has ceased or it has been treated. 
Despite being self-limited, the skin eruption may be uncomfort- 
able and topical treatment such as 5% permethrin cream will hasten 
recovery [21]. Oral ivermectin (200 pg/kg single dose) has been used 
[21,22], as well as topical corticosteroids, menthol preparations and 
oral antihistamines for symptomatic relief [23]. 


Family Knemidokoptidae 


Knemidokoptes mutans causes scaly leg in domestic poultry and 
Mesoknemidokoptes laevis is a closely related mite that causes 
depluming itch in poultry; both have caused skin lesions in 
humans [1]. 


Family Psoroptidae 


Mites of the family Psoroptidae cause mange in domestic animals. 
Species of Chorioptes and Psoroptes from cattle, horses and sheep have 
occasionally affected humans [1,2]. Otodectes cynotis is a common 
parasite in the ears of cats and dogs and has been discovered in 
the ears of a patient suffering from otitis externa [3,4]. It was also 
considered to be responsible for a pruritic dermatosis in a patient 
whose dog was infested. Psoroptic skin disease resembles scabies 
infestation. The distribution of the dermatitis is dependent upon the 
areas that come in close contact with the animals [5]. 


Family Listrophoridae 


Listrophorus gibbus, a common parasite of the domestic rabbit [6], has 
been reported as causing papular urticaria in a child [7]. 


Mites of stored products [1,2] 


Introduction and general description 

Storage mite allergy is a well-recognised problem in certain 
occupations, including farmers, grain elevator workers and bakers. 
In addition to respiratory allergy, skin lesions can occur, secondary 
to bites or contact with allergens. These mites proliferate in a warm 
humid environment with relative humidity of 80% and a temper- 
ature between 25 and 30°C. Herbivorous and fungivorous, they 
subsist on fungi and are pests of stored food products with high 
moisture content. 


Classification 
Family Acaridae 
These mites attack flour, grain, dried meat, cheese and dried fruit. 
Acarus siro is the most important pest of storage premises and is 
found on flour, grain and, occasionally, cheese. It may cause skin 
lesions on those who handle these products. 
Tyrophagus putrescentiae [3-6] is mostly found in stored food with 
a high fat and protein content such as dried eggs, ham, herring meal, 
cheese, nuts and copra. Tyrophagus longior is found on cheese, grain, 
hay and copra [7]. 
Suidasia nesbitti is particularly associated with wheat pollards and 
bran, and has been recorded as causing dermatitis in humans [8]. 
Rhizoglyphus species occur on flower bulbs and have caused 
dermatitis in persons handling stored bulbs. 


Family Carpoglyphidae 
Carpoglyphus passularum (lactis) is found on all kinds of dried fruit 
and may cause dermatitis [9,10]. 


Family Glycyphagidae 

Glycyphagus domesticus is a widely distributed species, often found 
in large numbers on plant and animal remains in houses and sta- 
bles. It has also been found in flour, wheat, hay, tobacco, cheese and 
ham. Glycyphagus destructor is often abundant in hay, straw and 
grain. 


Pathophysiology 
It has been suggested that the dermatitis caused by these mites, 
which are not haematophagous, results from irritation by mite 
products, either faecal or secretory [5]. Extracts from storage 
mites include endotoxins, which may modulate cell adhesion and 
secretion of cytokines by microvascular endothelial cells. These 
modulating properties vary among mite species [11]. 

Dockers and warehouse workers handling stored products are 
most at risk, but shopkeepers and domestic workers are occasionally 
affected. 


Clinical features [12] 

The eruption provoked by these mites is sometimes called ‘copra 
itch’ or ‘grocer’s itch’, and is often composed of minute intensely 
pruritic papules or papulovesicles on exposed parts of the body, 
principally on the head and neck and forearms, but occasionally 
more widespread. The appearance of the eruption on the face may 
suggest an acute contact dermatitis. 


House-dust mites 


Introduction and general description 

Dermatophagoides pteronyssinus, the house-dust mite, was first 
discovered by Trouessart in dust shaken from tanned mammal skins 
[1]. It was subsequently established that it is widely distributed in 
the human environment in house dust and beds [2,3]. 


Epidemiology 

It occurs worldwide and has been reported from all inhabited 
continents [4]. It is commonly associated with Euroglyphus maynei 
and Dermatophagoides farinae, which are related species in the same 
family, the Pyroglyphidae. In the USA, D. farinae appears to be more 
plentiful in house dust than D. pteronyssinus [5]. 


Pathophysiology 

The largest numbers of mites are found in houses that are damp 
and inadequately heated [4]. Numbers vary seasonally, increasing 
in early summer to reach a maximum by early autumn. In the UK, 
numbers are low in winter and increase in spring, when temperature 
and relative humidity rise [6]. 

The main food of D. pteronyssinus is human skin scales [7]. 
Xero-phylic moulds, especially Aspergillus penicilloides, are essential 
for the growth and survival of D. pteronyssinus. The moulds digest 
lipid in the scales which is toxic to the mites. 

The major house-dust mite allergens (Der pl and Der f1) are 
present in the faecal pellets. 
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Clinical features 

The role of the house-dust mite in the pathogenesis of atopic eczema 
remains controversial [8-13] (Chapter 41). The allergens of Eurogly- 
phus maynei are thought to play a role in the sensitisation and induc- 
tion of clinical symptoms of atopic eczema [14,15]. The mites that 
most frequently induce atopic eczema are D. pteronyssinus and D. 
farinae [16]. 

Several studies have indicated that, in many individuals, the 
condition can be improved by techniques designed to reduce expo- 
sure to house-dust mite allergen [17-22], although the benefits on 
clinical status appear to be greater in children than in adults [14], 
and it is not possible to predict which patients will benefit. One 
study demonstrated that the houses of patients with moderate to 
severe atopic eczema had more house-dust mites than controls [23]. 
A critically appraised article published in 2013 concluded that there 
is unsufficient evidence to support house-dust mite reduction in the 
management of atopic eczema [24]. A systematic Cochrane review 
was published in 2015 [25]. 


Management 

Measures employed to reduce the house-dust mite allergen load 
include regular vacuum cleaning of carpets, or their removal, 
using bedding covers made of material such as microporous 
Goretex® and the use of acaricides, including benzyl benzoate and 
permethrin [26]. 


Pyemotes mites 


Introduction and general description 

Pyemotes mites are all primarily parasites of insects or their larvae. 
They only affect humans when the latter come into contact with the 
food of their natural hosts. 

The mite P. tritici preys on the larvae of many species of insect, 
infesting grain, straw or hay, and stored foodstuffs. Another species, 
P. ventricosus, preys on the larvae of wood-boring beetles, including 
the common furniture beetle Anobium punctatum. 


Epidemiology 

Pyemotes mites have been responsible for attacks of dermatitis 
in those shovelling grain or coming into contact with infested 
straw [1] and husk rice [2]. The dermatitis has been referred to 
by a number of terms, including ‘barley itch’, ‘grain-shovellers’ 
itch’, ‘grain itch’, ‘straw itch’, ‘cotton-seed dermatitis’ and ‘acar- 
odermatitis urticarioides’. Pyemotes dermatitis has been reported 
in shop workers coming into contact with wheat used for dec- 
orative purposes [3-5]. Dermatitis in workers in a food mixing 
shed at a piggery was attributed to P. herfsi [6] and P. zwoelferi 
was incriminated in dermatitis acquired by contact with a pack- 
age of everlasting flowers [7]. Dermatitis in a fisherman handling 
crab pots made of cherry wood was probably caused by P. beck- 
eri [8]. 

An outbreak of dermatitis in a small hospital in Queensland, 
Australia, was attributed to Pyemotes mites originating in an adja- 
cent grain storage facility [9]. Rodriguez-Casado et al. described a 
Pyemotes dermatitis outbreak associated with A. punctatum-infested 
wood desks in a school [10]. An outbreak of P. ventricosus (Figure 
34.39) associated with A. punctatum was reported in southeastern 
France [11]. 
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Since the beginning of the 20th century, Pyemotes spp. have been 
recognised to cause dermatitis. In previously recorded outbreaks, 
ectoparasites of insect larvae feeding on plants were responsible 
for dermatitis in workers exposed to agricultural products [1,8,9]. 
Dermatitis caused by Pyemotes spp. is very rarely reported and has 
been associated with home interior infestations of P. ventricosus 
associated with A. punctatum [11]. 


[12,13] 

The lesions are red pruritic macules or urticated papules sur- 
mounted by vesicles; occasionally they may be bullous. These 
lesions are sometimes associated with a specific linear red macular 
tract, called the ‘comet sign’ [11,14,15] (Figure 34.40). This sign 
might represent the onset of specific lymphangitis but usually it 
is not. Whether this sign is specific to Pyemotes spp. or P. ventrico- 
sus remains unknown [11]. The lesions are often very numerous; 
their distribution is on covered places of the body and depends 
upon the mode of exposure. In grain handlers, they are usually 
on the forearms and neck, but they may be profuse around the 
waist and in the groin area. If the source of the mites is removed, 
the eruption is self-limiting and should resolve in 1-3 weeks. 
Systemic signs are rare but may include fever, chills, malaise and 
diarrhoea [4]. 


Treatment is symptomatic with topical corticosteroids and antihis- 
tamines and resolution depends on the elimination of the source of 
the infesting mites [2]. To eliminate Pyemotes mites, infested areas 
may be treated with acaricides and/or the removal of infested 
furniture. 


Family Tydeidae 


Dermatitis in eight woodworkers in Perugia, Italy, was attributed 
to contact with Pronematus davisi mites on wood imported from 
North America [1]. This mite has a worldwide distribution and 
is widespread in North America where it usually lives under 
bark. 


Figure 34.39 Pyemotes ventricosus (a) and PR 
ventricosus mites (yellow arrows) visible on 
Anobium punctatum (b). 


Figure 34.40 The ‘comet sign’. 


Plant mites 


Some mites of the family Tetranychidae (‘spider mites’) cause 
cutaneous irritation or urtication in humans [1-4]. These mites are 
phytophagous and occur on every type of crop and ornamental 
plant [5]. The name ‘spider mites’ is derived from the silk webbing 
they produce from palpal glands. 


Cheyletiella mites 


Introduction and general description 

Species of Cheyletiella mites are non-burrowing, obligatory parasites 
of certain mammals, predominantly dogs, cats and rabbits. The 
entire life cycle is completed on the host. Each egg is attached to a 
hair shaft by means of a fine thread, which is woven around it into 
a cocoon-like structure by the female mite. The adult mite develops 
via a larval and two nymphal stages. Adult mites move rapidly over 
the skin surface in pseudotunnels in keratinous debris. They use 
their hook-like palpi to attach themselves to the host while feeding 
on tissue fluids [1,2]. 


Epidemiology 

Cheyletiella mites were first reported as attacking humans by 
Lomholt [3] of Copenhagen and in 1938 a case was reported 
from England [4]. It gradually became apparent that Cheyletiella 
infestation of dogs, cats and rabbits was common in most European 
countries, in the USA [5], in Canada [6] and in Australasia [7,8]. The 
distribution of these mites is worldwide. Many earlier reports incor- 
rectly identified the species as C. parasitivorax when it was probably 
C. yasguri. It is now clear that C. parasitivorax is predominantly a 
parasite of rabbits, C. yasguri of dogs and C. blakei of cats [9,10]. The 
three species are morphologically very similar, but distinguishable 
by the shape of a special sensory organ on the dorsal surface of 
genu I [10-12]. 

It is not clear from the limited information available whether 
the incidence of these mites is increasing or whether infestation 
is becoming more frequently recognised. An investigation in the 
Netherlands [13] of 41 households in which two or more cats were 
kept showed Cheyletiella infestation of the animals in 27, with 20% 
of the human contacts having skin lesions. Any age, breed or sex 
of animal may be affected. In dogs, cheyletiellosis is particularly 
common in boxers. 

Most affected animals are asymptomatic, but some may suffer 
from pruritus. The most obvious sign of infestation is excessive 
dandruff, especially on the back, which is often known as ‘walking 
dandruff’ [14] or ‘mobile dandruff’ by veterinary dermatologists 
(Figure 34.2). 


Clinical features in humans [15-17] 
The typical clinical picture is of large numbers of intensely itchy 
papules (Figure 34.41). Surmounting the papules there may be tiny 
vesicles and older lesions may show small areas of necrosis. Bullous 
lesions may occur [18,19]. The distribution of lesions corresponds 
to areas of contact with an infested animal, the abdomen and thighs 
being frequently involved as a result of an animal sitting on its 
owner's lap. The chest and arms may also be affected from carrying 
the animal. Dobrosavljevic et al. [20] reported a woman whose 
skin lesions were accompanied by eosinophilia, ‘increased immune 
complexes’ and rheumatological symptoms. 

In a case with an extensive eruption, intradermal skin testing 
with an extract of Cheyletiella mites produced both immediate and 
delayed hypersensitivity responses [21]. 


Investigations [22] 
The diagnosis may be confirmed by examination of combings from 
the animal’s coat for the presence of mites. The suspect animal 


(b) 


Figure 34.41 (a,b) Abdominal lesions in cheyletiellosis. 


should be placed on a sheet of black paper and the coat, particularly 
along the back, vigorously combed, preferably with a fine-toothed 
comb. The debris collected can then be examined microscopically 
(Figure 34.42). 


Management 

The affected animal should be treated by a veterinary practitioner, 
using antiectoparasitic shampoos and dips. With reports of mites 
occasionally being found off the host animal, a thorough cleaning 
of the pet’s sleeping area would be wise to prevent possible reinfec- 
tion. Human skin lesions may be treated with a topical antipruritic. 
Once an animal has been treated effectively, there will be no further 
lesions on its owner within 3 weeks [23]. 
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Figure 34.42 Cheyletiella yasguri. 


Harvest mites (Trombiculidae) 


Introduction and general description 

Harvest mites belong to the family Trombiculidae. More than 1200 
species of trombiculids have been described and many may attack 
human beings or livestock [1]. 

Harvest mites are parasitic as larvae, but free living as nymphs 
and adults. The larvae may cause troublesome dermatitis (trombid- 
iosis; scrub itch), and some are important vectors of rickettsial dis- 
ease. They have many common names throughout the world, for 
example orange tawny (Ireland), chigger or red bug (USA). 

The eggs are laid in soil. The six-legged larvae which emerge 
climb onto low vegetation to wait for suitable vertebrate hosts. On 
the host, the larvae move to areas where the skin is thin, such as 
the ears, axillae, groins and genitalia. There they pierce the skin 
with their cheliceral claws and inject saliva, which has cytolytic 
properties, into the epidermis [2]. This action forms a tube-like 
canal (stylosome) through which the mites feed on tissue fluids and 
cell debris. Once engorged, they fall to the ground and develop into 
eight-legged adults via a nymphal stage. Nymphs and adults feed 
on vegetable debris and the eggs of insects and other arthropods. 


Epidemiology 

Neotrombicula autumnalis, the European harvest mite, is widely dis- 
tributed throughout Europe. In the UK [3], the larval mites are most 
numerous from May to October, with a peak in September. The most 
favoured natural host is the rabbit. N. autumnalis is not known to 
transmit disease. 


Eutrombicula alfreddugesi and E. splendens are the most common 
chiggers attacking humans in the USA, and E. batatas is an important 
dermatitis-producing species in South America. 

In South-East Asia, Australia and the Pacific Islands, trombidiosis 
is commonly caused by E. wichmanni, and species of Odontacarus and 
Schoengastia [4,5]. 

Species of Leptotrombidium including L. akamushi, L. pallidum and 
L. deliense are important vectors of scrub typhus (tsutsugamushi 
disease) caused by Orientia tsutsugamushi [6]. L. akamushi has a wide 
distribution, ranging from Japan and China southwards through 
South-East Asia to Indonesia and eastwards throughout the Philip- 
pines to New Guinea. Leptotrombidium deliense occurs in China, the 
Indian subcontinent, Malaysia, Indonesia, the Philippines, New 
Guinea and Australia. The natural hosts of L. akamushi and L. 
deliense are rodents and insectivores. Leptotrombidium subquadratum 
has been reported as a cause of pruritus and dermatitis in dogs and 
humans in South Africa [7]. 


Clinical features [4,8,9] 

Humans are infested while working in or walking through grass or 
low vegetation. The response to the bites of harvest mites appears 
to be determined by the irritant effect of the mites’ saliva and an 
acquired hypersensitivity to salivary antigens. Within a few hours, 
red macules appear at the sites of the bites, and these gradually 
develop into extremely itchy papules or papulovesicles. 

The distribution of lesions is determined by the preference of 
mites for thin skin and the clothing of the host. Lesions commonly 
occur around the feet and ankles, the groins and genitalia, the 
axillae, the wrists and antecubital fossae, and areas constricted by 
clothing, such as the waistline. In heavy infestations, the whole 
body may be covered in lesions. 

Chigger bites on the penis in children are responsible for a sea- 
sonal acute hypersensitivity reaction in the USA known as the ‘sum- 
mer penile syndrome’ [10]. 

Trombiculid mite bites have provided evidence to implicate a sus- 
pect in a murder investigation [11]. 


Management [12,13] 
Treatment of trombiculid mite bites is aimed at relief of the 
symptoms. Topical anaesthetics, topical antipruritics, topical or 
intralesional corticosteroids, oral antihistamines or counterirritants 
may be used. 

Preventative methods include avoidance of high-risk areas and 
the use of insect repellent on both clothing and skin. 


Bird, rodent and reptile mites (Gamasida) 


Introduction and general description 

Family Dermanyssidae [1,2] 

Dermanyssid mites are haematophagous parasites of birds and 
mammals. Dermanyssus gallinae (chicken mite) (Figure 34.43), the 
red poultry mite, is a common parasite of domestic and wild birds. 
Poultry keepers, veterinary practitioners and others in direct con- 
tact with birds are sometimes attacked. Other dermanyssid mites 
responsible for dermatitis include D. hirundinis and D. americanus. 
Avian mites greatly increase during the hot season. They leave 


Figure 34.43 Dermanyssus gallinae: comparison in size with the head of a match. 


feathers or nests to walk away. In this case, they may enter build- 
ings via windows, ventilation grills or air conditioners, causing 
skin lesions on the occupants who observe hundreds of mites on 
the edges of windows or on furniture [3-8]. Lucky et al. [9] reported 
itchy papular lesions related to contact with pet gerbils infested 
with D. gallinae and Ornythonyssus sylviarum, and reviewed other 
reported cases of avian mite bites. D. gallinae may be a public 
health problem because of its potential role as a vector of disease 
(zoonosis): Chlamydia psittaci, Erysipelotrix rhusiopathiae, Escherichia 
coli and Salmonella, Shigella and Staphylococcus species have been 
isolated from the blood of mites, and it has been linked to cases 
of spirochaetosis, chicken pox, Newcastle disease, typhoid fever, 
fowl cholera and equine encephalitis, with transmission occurring 
between birds. No cases of transmission to humans have yet been 
reported [10,11]. 

Liponyssoides sanguineus, the house-mouse mite, is an ectoparasite 
of small rodents. It is of medical importance because it is the vector 
of Rickettsia akari, the agent causing rickettsial pox. 


Family Macronyssidae [1] 
Members of the Macronyssidae family are haematophagous 
ectoparasites of birds, mammals and reptiles. 

Ornithonyssus sylviarum (the northern fowl mite) and O. bursa 
(the tropical fowl mite) are pests of domestic and wild birds, and 
occasionally attack humans [12-14]. O. bacoti, although known as 
the tropical rat mite, is cosmopolitan, occurring in both tropical and 
temperate areas of the world. There are a number of reports of its 
effects on humans in close proximity to infested rats, mice, hamsters 
and gerbils [15-21]. 

O. natricis, a snake mite, caused skin lesions in a family owning a 
pet python [22]. 


Clinical features [2,17,23,24] 

The clinical effects vary according to the route and severity of 
infestation and the degree of the host’s response. Most commonly, 
there is a profuse eruption of small intensely itchy weals or papules, 
sometimes grouped, and often asymmetrical. The lesions may have 


a central punctum and vesicles occasionally occur in the centre of 
the papules, especially in children. Because of the intense pruritus, 
excoriations are common and secondary infection may occur. Upon 
close inspection, the mite may be identified as a small red dot in the 
centre of the lesion. 

There is no characteristic distribution because this is determined 
by the situation in which the bites are acquired. Those handling 
infested poultry tend to have lesions on the hands and forearms, 
whereas persons attacked by mites in bedding have more extensive 
bites. Occasionally, lesions are grouped adjacent to areas of tight 
clothing around the waistline. Rossiter [25] reported otitis externa 
associated with D. gallinae in two poultry catchers. 


Investigations 

In heavy infestations, the causative mites are often noticed by those 
affected. Any specimens obtained should be sent for identification 
to an entomologist familiar with Acari. When mite infestation is 
suspected, but no specimens are available, it may be necessary to 
visit the patient’s home or workplace to determine the source of the 
problem. 


Management 

Avian mite dermatitis may be treated topically with corticosteroids. 
The itching may subside with oral antihistamines [3,8,9,14,24]. The 
use of topical acaricides is controversial because the mite does 
not live or reproduce on humans, but despite this some authors 
recommend applying 1-5% topical permethrin [26]. 


Follicle mites (Demodicidae) 


Demodex folliculorum (Simon), the follicle mite, is an obligate 
parasite of the human pilosebaceous follicle. It was first discov- 
ered in cerumen by the anatomist Jakob Henle in 1841, but it was 
the dermatologist Gustav Simon who provided the first complete 
description of the parasite, under the name Acarus folliculorum, in 
1842 [1,2]. The generic name Demodex was created for it in 1843 by 
the zoologist Richard Owen. 


Introduction and general description [1,3] 

D. folliculorum measures 0.3-0.4 mm in length, and has an elongated 
striated abdomen, giving it a worm-like appearance (Figure 34.44). 
A morphologically distinct species, D. brevis Akbulatova, has been 
recognised [4]. D. folliculorum occupies the hair follicle, and the 
smaller D. brevis the sebaceous and meibomian glands. 

The lifespan of D. folliculorum is thought to be approximately 2 
weeks. The heart-shaped eggs hatch to produce hexapod larvae and 
the eight-legged adults develop via two nymphal stages. 

Follicle mites show a predilection for areas of high sebum pro- 
duction [5] and they have been shown to contain lipase [6]. They 
are most numerous on the forehead, cheeks, nose and nasolabial 
folds, but they are also found on the scalp, in the external ear, in 
eyelash follicles and meibomian glands, and on the upper chest 
and nipples. They have also been discovered on the penis, mons 
veneris, buttocks and in ectopic sebaceous glands in the buccal 
mucosa [7]. D. folliculorum assumes a head-down position in the 
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Figure 34.44 Demodex folliculorum, the follicle mite. Two adults and an egg (orange 
star) are visible. 


follicle, often with the tip of the abdomen protruding from the 
follicular orifice. Follicle mites are quite motile and migrate from 
follicle to follicle. Most infested follicles contain two to six mites, but 
occasionally they are much more numerous. The prevalence of both 
D. folliculorum and D. brevis increases with age [8,9] and it is likely 
that with adequate sampling techniques mites could be discovered 
in some follicles in the entire adult population. The skin surface 
biopsy technique is a useful method of assessing the population 
density and distribution of Demodex mites [10,11]. New imaging 
techniques such as high-definition optical coherence tomography 
or confocal laser scanning microscopy may be helpful for the in 
vivo detection of Demodex mites. They enable fast and non-invasive 
recognition of Demodex mites and might become a useful tool in 
the diagnosis and treatment monitoring of Demodex-related skin 
diseases [12-14]. 


Pathophysiology 

D. folliculorum has been implicated in the pathogenesis of a condition 
named pityriasis folliculorum [15,16]. This was originally described 
as occurring predominantly in middle-aged or older women who 
rarely washed their faces, but used large quantities of make-up and 
cleansing creams. The lack of washing and use of facial cosmetics 
were considered to be aetiological factors, but a similar appearance 
has subsequently been described in women who washed their faces 
regularly [16,17]. This dermatosis is characterised by diffuse facial 
redness, follicular plugs and vesiculopustules, which impart a ‘nut- 
meg grater’ appearance to the skin. These mites populate facial areas 
such as the forehead, eyebrows, eyelids, chin and nose. Occasion- 
ally, they may be found on the perioral mucosa, ear canal, chest 


and other body regions. In reported cases, skin scrapings have con- 
tained unusually large numbers of Demodex and the condition has 
responded to treatment with topical acaricides. 

The question of the pathogenic role of Demodex in rosacea 
(Chapter 89) has always been debated [18-20]. Although studies 
employing skin surface biopsy have shown statistically signifi- 
cant increases in the density of Demodex mites in the facial skin of 
patients with rosacea compared with controls [10,11,21,22], it is still 
not clear whether rosacea merely provides a suitable environment 
for multiplication of the mites or whether the mites play a role 
in initiating the disease. Skin biopsies taken from patients with 
rosacea, following topical therapy with sulphur, failed to show any 
correlation between clinical improvement and reduction in mite 
population [23]. In large studies of the histopathology of rosacea 
[24,25], Demodex was conspicuously absent from areas of inflamma- 
tion in sections in which it was present elsewhere. A recent report 
using meta-analysis of previous studies seemed to show a statis- 
tically significant association between Demodex species infestation 
and the development of rosacea [26]. 

It has been suggested that a local delayed hypersensitivity 
response to Demodex antigens might be partly responsible for the 
inflammatory component of rosacea [24] and the observation that 
most T cells in the granulomatous infiltrate surrounding extrafol- 
licular Demodex are helper inducer T cells [27] lends support to the 
hypothesis that the pathogenesis of rosacea involves a cell-mediated 
immune response. A report has also noted that bacterial antigens 
associated with Bacillus oleronius, isolated from D. folliculorum, have 
the potential to stimulate an inflammatory response in patients with 
papulopustular rosacea [28]. 

Although extrafollicular Demodex or fragments of Demodex may 
be found in the granulomatous lesions of rosacea [29], its role in 
their induction has not been established. The mite may simply be 
displaced because the hair follicles have been destroyed by the 
inflammatory process. 

A view that the beneficial effects of metronidazole in rosacea 
might be mediated through an action against Demodex [30] was not 
supported by the finding that mites can survive high concentrations 
of this drug in vitro [31]. 


Clinical features 

Rosacea-like eruptions in which large numbers of mites could 
be demonstrated and which responded to therapy with acari- 
cides [15,32-35] or metronidazole [36] have been described. The 
effectiveness of acaricidal treatment can be evaluated by skin 
surface biopsy [37]. 

Demodex has been implicated in the causation of papular and 
papulopustular lesions in immunosuppressed individuals, includ- 
ing children with leukaemia [38-41], a patient with tumour stage 
mycosis fungoides [42] and patients with HIV infection [43-46]. 

Facial lesions attributed to Demodex have been described in 
immunocompetent children, in the form of a localised scaly patch 
[47], rosacea-like and pityriasis folliculorum-like lesions [48] and 
scalp lesions mimicking favus in another child [49]. 

A study of D. folliculorum density in perioral dermatitis suggested 
that increased mite density was a secondary phenomenon related to 
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topical steroids and also showed that mite density increased signif- 
icantly in relation to the length of treatment [50]. 

Demodex is present in eyelash follicles and has been implicated in 
the pathogenesis of blepharitis in some patients, although its impor- 
tance as a cause is disputed [51]. Oral ivermectin may be useful as a 
complement in the treatment of D. folliculorum infestation with ocu- 
lar manifestation [52,53]. The value of topical ivermectin should be 
confirmed in a large real-life population. 


CLASS CHILOPODA (¢ 
AND DIPLOPODA (M 


Species within the classes Chilopoda and Diplopoda are classified 
in the mandibulate subphylum of the phylum Arthropoda. 


Centipedes -— U/L. 


Introduction and general description 

Chilopoda is a class with approximately 2500 known species of 
chilopods. The common chilopod is the centipede, which is terres- 
trial, nocturnally active and carnivorous against other arthropods 
or worms. Some of the giant species also feed on small mice and 
birds. Centipedes are elongated arthropods, with bodies composed 
of many segments, each bearing one pair of legs. The first pair of 
legs is modified and provided with powerful hollow claws, which 
are used to grip prey and inject venom from poison glands in the 
basal segments of the legs (Figure 34.45). 


Clinical features 

The claws of smaller species of centipedes are unable to pen- 
etrate human skin, but some tropical and subtropical species, 
principally members of the orders Scutigeromorpha and the giant 


Figure 34.45 Scolopendra cingulata Latreille 1829, the most common 
scolopendromorph species in the Mediterranean area. Courtesy of Dr Botterman and Dr 
Melhem, Nice, France. 
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Scolopendromorpha, can inflict painful ‘bites’ [1-5]. The bites cause 
local pain, redness and oedema, which may persist for several hours. 
The bites may sometimes lead to necrosis or a delayed hypersensi- 
tive reaction [6]. Systemic symptoms include nausea, dizziness and 
pyrexia. There are rare reports of acute myocardial infarction follow- 
ing a centipede bite [7,8] and even human deaths [8-10]. Secondary 
infection is a major complicating factor of the envenomation. 


Management 

The site should be washed with soap and water to reduce the risk 
of wound contamination. Cold compresses and analgesia will help 
with pain control [11]. 


Millipedes Cl 


Introduction and general description 
Diplopoda is a class with approximately 10000 known species of 
diplopods. The common diplopod is the millipede, which is terres- 
trial on the forest floor. Millipedes also have multisegmented bod- 
ies and most segments bear two pairs of legs. They feed mainly on 
decaying vegetable matter and are generally regarded as harmless, 
but some large tropical species can cause injury to humans when 
acting defensively. The injurious effects of the defensive secretions 
of the giant Spirobolida millipedes of tropical and subtropical zones 
are well known to the indigenous populations of these areas. 
Millipedes have numerous ‘repugnatorial’ glands distributed 
along the body segments, which provide a chemical defence sys- 
tem, and it is the corrosive secretions of these glands which may 
cause burns or allergy on the skin. In the majority of species, these 
secretions ooze out and form droplets around the foramina of the 
glands, but a few species are capable of squirting the fluid for 
some distance [12]. Millipede secretions contain benzoquinones 
and hydroquinones. 


Clinical features [1,12-15] 

Children often try to pick up millipedes and are therefore at most 
risk of burns from the corrosive defensive secretions. If millipede 
secretions enter the eye, they produce a severe irritant conjunctivi- 
tis. Contact with the skin produces a local burning sensation and a 
yellowish brown stain, which gradually darkens to deep mahogany 
or purple-brown [16]. This colour is produced by oxidation of the 
quinones in the secretions. The lesions blister within a day or two, 
but in the absence of secondary infection will heal and desqua- 
mate in 10-14 days. The discoloration may persist for months [17]. 
In dark-skinned individuals, persistent hypopigmentation is a 
common sequel. 


Management [12] 

Skin lesions should be washed with copious amounts of water to 
remove any remaining secretions and the area cleaned with alcohol 
(a solvent of benzoquinones) if available. Blisters should be treated 
with a topical antiseptic. Ocular injuries should be dealt with by 
an ophthalmologist, because severe envenomation can result in 
blindness [18]. 
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Definition 


Psoriasis comprises a family of common, immune-mediated and 
often genetically determined, inflammatory skin diseases, recog- 
nised by its distinctive clinical appearances, and associated with 
diseases in other organs, in particular psoriatic arthritis. There is a 
fundamental classification into plaque forms of the disease and pus- 
tular forms, which may co-exist. Chronic plaque psoriasis (psoriasis 
vulgaris) is the commoner form and is characterised by red, 
scaly, sharply demarcated plaques of variable extent and severity. 
Pustular psoriasis is characterised by the presence of sterile pustules 
and is distinct from psoriasis vulgaris in its genetic susceptibility, 
pathogenesis, clinical features and response to treatment. 

Pending a full aetiological and molecular classification, Box 35.1 
provides a provisional working classification. 


This chapter is divided into three sections: plaque psoriasis, 
pustular psoriasis and psoriatic arthritis. 


VULGARIS) 
Epidemiology 


Incidence and prevalence 

Psoriasis is estimated to affect at least 60 million people worldwide 
[1]. The point prevalence rises during childhood and affects approx- 
imately 1-3% of the adult population [1,2], with wide geographic 
variation, and some evidence for an increasing prevalence in all 
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Chapter 35: Psoriasis and Related Disorders 


age groups [3]. The annual incidence in adults has been reported 
as between 0.03% and 0.32% [1]. These figures relate primarily 
to plaque psoriasis, which accounts for 90% of all cases. The 
epidemiology of disease variants is less well described. 


Ethnicity 

Psoriasis appears to be more common in high income populations 
[1]. It is rare in American Indians [4] and in sub-Saharan Africa [5]. 
In the USA, the standardised incidence rate is higher in white people 
than in Hispanic/Latino and African American people [6]. 


Box 35.1 Provisional working classification of 
psoriasis 


Clinical forms of psoriasis (based on morphology or natural history) 
¢ Plaque psoriasis (psoriasis vulgaris) 

¢ Acute guttate psoriasis 

¢ ‘Unstable’ psoriasis 

e Erythrodermic psoriasis 

¢ Pustular psoriasis 

e Atypical forms of psoriasis 


Other specified forms of psoriasis (based on age or precipitants) 
e Linear and segmental psoriasis 

¢ Psoriasis in childhood and old age 

¢ Photoaggravated psoriasis 

e Drug-induced or exacerbated psoriasis 

e HIV-induced or exacerbated psoriasis 


Psoriasis affecting specific sites 

° Scalp psoriasis 

e Follicular psoriasis 

¢ Seborrhoeic psoriasis (sebopsoriasis) 
e Flexural psoriasis (inverse psoriasis) 

¢ Genital psoriasis 

¢ Non-pustular palmoplantar psoriasis 
¢ Nail psoriasis 

¢ Mucosal lesions 

¢ Ocular lesions 


Age at onset 

There are two peak ages of incidence, the first occurring between 
16 and 22 years and the second between 57 and 62 years of age. This 
underlies the concept of type I and type II psoriasis [7]. In 35% of 
patients, disease onset is before the age of 20 years and 58% before 
age 30 years. In a UK study, the mean age of onset was 33 years with 
the mode in the second decade. In 75% of patients, the disease onset 
was before 46 years of age [8]. 


Sex 

Some studies have reported an earlier age of onset in girls, although 
psoriasis affects adult women and men with equal frequency [9,10]. 
Studies assessing the use of systemic and biological treatment in 
cohorts of patients with severe disease consistently report that 
men are about twice as likely to receive systemic treatment as 
women, suggesting that men may have more severe disease [11,12]. 


Pathophysiology 


Genetics 

There is overwhelming evidence of an important genetic component 
to the aetiology of psoriasis. Lomholt’s classical epidemiological 
survey of psoriasis in the Faroe Islands, in which he examined more 
than 10000 inhabitants, made the key observation that the preva- 
lence of psoriasis was greater among relatives of those affected than 
controls [2]. Based on population data, lifetime risks of psoriasis are 
4%, 28% and 65% if neither, one or both parents are affected [13]. 
A bimodal peak in the age at disease onset curve has been used as 
evidence for two pathogenetically distinct types of psoriasis (type I 
psoriasis of early-onset, hereditable, strongly HLA-C:06:02 associ- 
ated and more severe, type II of late-onset, sporadic, HLA-C:06:02 
unrelated, and generally milder) [7], although the genetic epi- 
demiology is more complex than this [14]. Support for population 
studies comes from the analysis of family pedigrees in which psori- 
asis appears in multiple generations [15]. The pattern of inheritance 
may be autosomal dominant with reduced penetrance, or consis- 
tent with a recessive model. Most authorities regard the data as 
suggesting polygenic or multifactorial inheritance. 

The most robust data supporting a genetic basis to psoriasis come 
from studies examining concordance for the disease in twins. Exam- 
ination of individuals in twin registries has shown concordance for 
psoriasis almost three times more frequently in monozygotic twins 
than dizygotic twins, giving estimates of heritability from 60% to 
90% [16,17,18,19]. When monozygotic twins are concordant for 
psoriasis, the age of onset, distribution of the disease and severity 
are similar, suggesting that genetic factors play a role in these 
parameters. Based on the variable extent and pattern in which it 
is inherited, it is suggested that psoriasis represents a spectrum 
of genetic diseases. At one end are rare families in which changes 
in a single gene may be sufficient to cause the disease. At the 
opposite end of the spectrum is the more common form in which a 
family history may be lacking. In these individuals, it is likely that 
changes in multiple genes, interacting both with each other and the 
environment, are required for disease expression [20]. 

All the above investigations have studied chronic plaque 
psoriasis. Guttate psoriasis is almost invariably HLA-C:06:02 
associated [21,22] and thought to be closely linked pathogenically 
to early-onset plaque psoriasis. Late-onset plaque psoriasis shares 
many susceptibility loci with early-onset disease, and may have 
additional specific susceptibility genes, e.g. IL1B [23]. The genetics 
of pustular psoriasis is discussed later. Little is known about the 
genetic epidemiology of other forms of psoriasis. 


Molecular genetics 

Classical genome-wide linkage analysis in pedigrees multiply 
affected by psoriasis has identified nine chromosomal regions with 
evidence for linkage (PSORS1-PSORS9) [24]. By far the major 
psoriasis genetic determinant is PSORS1, located within the major 
histocompatibility complex (MHC) on chromosome 6p, spanning 
an approximately 150-kb segment within the class I region [25,26]. 
Identification of the causative gene at this locus is hampered by 
the extensive linkage disequilibrium observed within the MHC. 
The consensus major risk allele at this site is HLA-C:06:02, and 
there may be additional independent associations within the MHC, 


Table 35.1 Psoriasis susceptibility genes identified by GWAS and their pathway. 


Type 1 interferon NF«B Antigen IL-23/ Epidermal 
signalling signalling presentation IL-17 axis barrier function 
IFIH1/MDA5 CARD14 HLA-C IL23A CDSN 
ZNF313/RNF114 REL ERAP1 IL12B LCE3B/LCE3C 
DDX58 TNIP1 IL23R KLF4 
EXOC2 TRAF3IP2 (Act1) SOCS1 
ELMO1 TNFAIP3 TYK2 
TYK2 NFKBIA TNFSF15 

NFKBIZ PTPN2 

IKBKE STAT3 

CARM1 IRF4 


for instance with MICA and CDSN [27,28]. Phenotypic variants 
of psoriasis are genetically heterogeneous at the level of PSORS1. 
Thus, guttate psoriasis is strongly associated with PSORS1 [22], 
whereas late-onset plaque psoriasis is not [29]. 

Of particular interest is PSORS2, a replicated locus first mapped to 
chromosome 17q in 1994 [25] and identified as the gene CARD 14 by 
exome sequencing in 2012 [30,31]. Heterozygous gain-of-function 
mutations in CARD14 mediate nuclear factor kappa light chain 
enhancer of activated B-cell (NF«B) signal transduction in affected 
keratinocytes leading to enhanced production of pro-inflammatory 
cytokines. 

The availability of large, well-characterised cohorts of plaque 
psoriasis patients together with advances in high-throughput geno- 
typing have combined to permit disease case-control association 
studies producing robust replicated data on associated disease 
susceptibility genes. Genome-wide association studies (GWAS) 
[32,33,34,35,36,37], meta-analyses of GWAS and genome-wide 
imputation along with exome chip analysis provide evidence for 
over 65 susceptibility loci in white populations [38,39]. Candidate 
genes at these loci tend to cluster in a limited number of biological 
pathways, primarily involved in innate and adaptive immunity 
(Table 35.1). The relative risk attributed to individual polymor- 
phisms in known genes is low, but there is also evidence of additive 
association between genes (epistasis), for instance between HLA-C 
and ERAP1 [37]. It is currently estimated that about 25% of the 
heritability of psoriasis can be explained by known susceptibility 
loci [38]. The genetic contribution to disease course and severity, 
and of co-morbidities (psoriatic arthritis, obesity), is being explored 
[20]. As the genetic architecture of psoriasis becomes more fully 
understood, investigation of gene-environment interactions may 
suggest interventions that prevent or modify the natural history of 
the disease. 

The impact on the management of psoriasis of translating genetic 
information into the clinic is yet to be fully realised. Currently, too 
small a proportion of the heritability is accounted for by known 
loci for genotyping to contribute to the diagnosis, although rare 
genetic mutations of major effect (e.g. in CARD14 or IL36RN) may 
be useful in subclassifying psoriatic diseases. The most immedi- 
ate consequence of a greater understanding of the genetic basis 
of psoriasis has been in the identification of therapeutic targets 
(interleukin [IL]-23, IL-17, Tyk2), and the selection and monitoring 
of individual treatments. As more selective treatments emerge, the 
likelihood of a differential responsiveness to treatment between 
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patients depending on genotype will increase. For instance, there is 
evidence that patients who have the HLA-C risk allele may respond 
better to ustekinumab [40] and that those who are HLA-C:06:02 
negative and have psoriatic arthritis are more likely to respond to 
adalimumab [41]. 


Environmental factors 

Disease concordance rates in twin studies do not reach 100% even 
when older identical twins are examined, indicating that the envi- 
ronment plays a role in disease expression. Some of the known 
triggers and exacerbating factors described below are also compli- 
cations of psoriasis and its treatment, for instance psychological 
distress, and in an individual patient it can be difficult to know the 
direction of causality. 


Infection 

An association between tonsillitis and psoriasis was first noted over 
100 years ago [42]. It is now well recognised that psoriasis can be 
triggered by streptococcal infection, particularly guttate psoriasis 
but also psoriasis vulgaris [43]. Oligoclonal expansion of T cells 
occurs in the tonsils in response to streptococcal colonisation, and 
the same T-cell repertoire may be found in the peripheral blood and 
skin of patients with guttate psoriasis [44,45]. It has been proposed 
that psoriasis is an autoimmune disease that is fuelled by persistent 
intracellular streptococcal infection [45]. Streptococci are facultative 
intracellular bacteria and are not eliminated by standard antibiotic 
therapy, which may explain the lack of efficacy of antibiotics in 
treating guttate psoriasis [46]. 

Tonsillectomy appears to be effective in some patients. Of 29 
patients with plaque psoriasis exacerbated by sore throats, 13/15 
randomised to tonsillectomy showed significant improvement in 
psoriasis over 2 years compared with none in the control group 
[47,48]. The tonsillectomy group was also found to have reductions 
in skin homing T cells compared with controls [47]. In a subsequent 
study, the benefit of tonsillectomy was found to be greatest in the 
those who were HLA-C:06:02 homozygotes [49]. 

Respiratory viral infections have also been shown to exacerbate 
psoriasis [50]. Covid-19 infection is associated with exacerbation of 
psoriasis in up to 25% of patients [51]. 

The role of HIV infection in the exacerbation of psoriasis is dis- 
cussed later. 


Medications 
Many drugs have been reported to trigger the onset and/or exac- 
erbation of psoriasis [52,53]. The most important medications that 
may trigger or exacerbate psoriasis in current clinical practice are 
lithium salts, synthetic antimalarials [54] and TNF-a inhibitors [55]. 
Interferon-a« was a potent inducer of psoriasis when it was used 
as a treatment for hepatitis C infection [56]. Beta-blockers, cal- 
cium channel blockers, angiotensin-converting enzyme inhibitors 
and non-steroidal anti-inflammatory drugs have been implicated 
in small case series or population-based case-controlled studies 
[57,58]. Given the known co-morbidities of psoriasis, these drugs 
are widely prescribed in patients with psoriasis and yet, in most, do 
not appear to have a major detrimental effect. 

Although psoriasis may respond to oral corticosteroids, both 
tachyphylaxis and rebound phenomena may occur. Withdrawal of 
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corticosteroids may lead to rebound of the disease and the develop- 
ment of unstable psoriasis — withdrawal should be by steady dose 
reduction rather than abrupt termination [59]. 


Alcohol misuse 

There is good evidence that excessive alcohol consumption is associ- 
ated with moderate to severe psoriasis [60-63]. One Finnish study of 
over 5000 patients reported an excess mortality from alcohol-related 
causes in patients with psoriasis who had been admitted to hospital 
for treatment of their disease. The standard mortality ratios for 
alcohol-related deaths were 4.46 (95% CI 3.60-5.45) for men and 
5.60 (95% CI 2.98-8.65) for women [64]. Psoriasis appears to be 
more prevalent in patients with alcoholic liver disease and patients 
undergoing outpatient treatment for alcohol dependence [65]. 
Alcohol misuse, as measured by anonymous questionnaires, is 
present in about 30% of patients with moderate to severe disease 
[66,67]. Alcohol misuse is associated with more severe skin dis- 
ease, increased levels of anxiety and depression, and contributes 
to increased cardiovascular risk [68]. Screening for alcohol misuse 
should be considered in those with more severe disease [67]. There is 
a close relationship between alcohol misuse and cigarette smoking 
[60-62]. 


Cigarette smoking 

Cigarette smoking is increased among patients with plaque psori- 
asis compared with the normal population [69]. The odds ratio of 
ever having been a smoker in psoriasis compared with the general 
population is 1.84 (95% CI 1.4~2.3) [70]. Patients who smoke are at 
increased risk of developing psoriasis, of having more severe dis- 
ease and of a poorer response to biologic treatments [71]. Smok- 
ing has multiple immunological and pro-inflammatory effects that 
may contribute to the initiation and persistence of psoriasis [72]. 
There is a particularly strong association between cigarette smok- 
ing and palmoplantar pustulosis. The effect of smoking cessation 
on the activity of psoriasis and response to treatment has not been 
established. 


Psychological distress 

There is a complex relationship between psoriasis and psycho- 
logical distress. In different studies between 31% and 88% of 
patients with psoriasis report that psychological distress triggers 
or exacerbates their disease [73]. The mechanisms that mediate 
this effect are not fully understood, but may include interactions 
between the peripheral nervous system, immune pathways and 
the hypothalamic-pituitary—adrenal axis [74]. Neurotransmitters 
have immunomodulatory properties and may play a role in the 
maintenance of plaques [75]. For instance, in imiquimod-induced 
psoriasiform inflammation in a murine model, pharmacological 
ablation of a subset of cutaneous nociceptive neurons caused a 
reduction in IL-23 production from dermal dendritic cells, with 
a consequent reduction in IL-23 dependent cytokines from Th17 
cells and reduced inflammation [76]. Acute experimental psycho- 
logical stress can affect Langerhans cell function [77], skin barrier 
function [78] and hypocortisolaemic responses in patients with 
psoriasis compared with healthy controls [79]. High worry levels 
are associated with a decreased response to PUVA [80]. 


Figure 35.1 Although sunlight is generally beneficial, psoriasis may be provoked by 
sunlight in a minority. Courtesy of St John’s Institute of Dermatology, London, UK. 


The question arises whether interventions that focus on psycho- 
logical distress can improve the physical disease. Several small 
studies have demonstrated increased efficacy of UVB and PUVA 
when supplemented with stress-reducing psychological interven- 
tions [81]. Various forms of cognitive-behavioural therapy (one 
to one, group and online) have been shown to reduce distress in 
patients with psoriasis, and in some studies have also improved 
health-related quality of life, and the activity of psoriasis as mea- 
sured by PASI [82,83]. These studies provide some evidence that 
there is a causal association between psychological distress and the 
clinical activity of psoriasis. 


Sunlight 

Although sunlight is generally beneficial, psoriasis may be pro- 
voked by sunlight (Figure 35.1) and cause summer exacerbations 
in exposed skin in 5-20% of patients. Some of these patients 
gave a history of polymorphic light eruption (PLE) with psoriasis 
appearing as a Koebner phenomenon within PLE lesions [84]. In 
a study of 20 British patients, severely photosensitive psoriasis 
was found in younger patients, affecting women almost exclu- 
sively [85]. Although monochromator testing is generally normal, 
psoriasis may be induced by low-dose broadband UVA directly, 
without koebnerisation. Photochemotherapy can be helpful in these 
patients [86]. 


Physical trauma 

Psoriasis can occur in sites of cutaneous trauma and old scars — the 
Koebner phenomenon, which was first described by Heinrich Koeb- 
ner in 1877. The mechanisms are analogous to accelerated wound 
healing and it is proposed that trauma can initiate innate immune 
activation, keratinocyte hyperproliferation and angiogenesis. Up to 
25% of patients report the development of psoriasis in sites of 
skin trauma [87] and this is more frequent in patients who are 
HLA-C:06:02 positive [88]. 


Pathogenic mechanisms 
Progress in the understanding of the pathogenesis of plaque pso- 
riasis in recent years has proceeded in tandem with a greater 


understanding of innate and adaptive immunity [89]. It has facil- 
itated the development of targeted biologic and small molecule 
treatments and has itself been informed by the effectiveness of 
these treatments [90]. There is a complex network of inflammation 
in psoriasis plaques, involving many cell types and inflammatory 
mediators (interferons, cytokines and chemokines) with the poten- 
tial to generate self-amplifying loops, moderated by susceptibility 
gene variants and environmental triggers. 

Plaques of psoriasis represent hyperproliferation and activation 
of keratinocytes and endothelial cells, which are in turn caused 
by the infiltration of inflammatory and immune cells including 
neutrophils, dendritic cells, mast cells, T lymphocytes, innate 
lymphoid cells, natural killer cells (NK cells), and NK T cells. 
The pattern of inflammation is mixed, having features of both 
autoinflammation and adaptive immunity. A bimodal pattern 
has been proposed in which innate immunity and autoinflamma- 
tion dominate in early and unstable lesions, and T-cell adaptive 
immunity in established chronic plaques [91]. The Th17 cell and 
the IL-23/IL-17 axis are involved in the interplay of innate and 
adaptive immunity and have emerged as central to the patho- 
genesis of plaque psoriasis, with evidence coming from genetics, 
immunology and the high efficacy of treatments targeting this 
pathway [92]. 

The recruitment of neutrophils and plasmacytoid dendritic cells 
(pDCs) are early events in the development of plaques of psoriasis 
[93]. Activated neutrophils release neutrophil extracellular traps 
(NETs), web-like structures of DNA, RNA, enzymes and antimi- 
crobial peptides (AMPs) such as LL37 (derived from the AMP 
cathelicidin). Self-DNA in complex with LL37 in NETs or from 
keratinocytes can bind TLR9 in pDCs and induce the production 
of interferon-a [94,95,96]. NETs also activate monocytes to produce 
Th17-polarising cytokines, which induce memory T-cells with a 
Th17 phenotype. In patients with psoriasis who carry the risk 
allele at TRAF3IP2, the encoded D10N variant of Actl promotes 
unrepressed STAT3-mediated IL-17A production, contributing to 
the elevated IL-17A seen in psoriasis plaques [97]. IL-17A is also 
released by innate immune cells including mast cells and innate 
lymphoid cells [98]. 

In established plaques, myeloid dendritic cells direct the inflam- 
matory cascade by producing IL-12 which activates Th1 cells, and 
IL-23 which maintains the activation of Th17 cells [99]. In pso- 
riasis, regulatory T-cell function is impaired, which disturbs the 
balance of Th1 and Th17 cells [100]. Some T-cell clones in psoria- 
sis plaques recognise T-cell auto-antigens, including ADAMTSL5 
secreted by melanocytes, in an HLA-C:06:02 restricted manner 
[101]. The extent to which Th17 cell autoimmunity is primary or 
secondary in the pathogenesis psoriasis is unclear [102]. T-cell 
cytokines including IL-17A and IL-17F co ntribute to driving 
keratinocyte proliferation and the activation of keratinocytes to 
produce further pro-inflammatory cytokines (IL-1, IL-6, TNF-a, 
IL-36), chemokines (CXCL10, CCL20, IL-8) and AMPs, which 
can set up self-perpetuating autocrine inflammatory loops. Key 
pro-inflammatory cytokines involved in the inflammatory network 
in psoriasis act through a limited set of intracellular signalling and 
transcription pathways, in particular JAK-STAT signalling in the 
case of interferon a, interferon y, interleukin 12, interleukin 23 and 
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Courtesy of St John’s Institute of Dermatology, London, UK. 


NF«B in the case of TNF-a, which present therapeutic targets for 
small molecule inhibitors [103]. When plaques of psoriasis resolve, 
oligoclonal populations of resident memory T cells that pro- 
duce IL-17A persist at the site of previous inflammation at a 
higher frequency than in non-lesional skin, which may account 
for the tendency for plaques to recur in the same anatomical 
location [104]. 


Histopathology 

Early changes 

Vasodilatation, papillary oedema and leukocyte infiltration appear 
to precede epidermal changes in early developing lesions [105]. 
Compact hyperkeratosis, disappearance of the granular layer and 
epidermal hyperplasia follow. Mitotic figures in keratinocytes and 
leukocytic infiltration in spongiotic foci are seen in the lower half of 
the epidermis. Scattered mounds of parakeratosis set in a predom- 
inantly orthokeratotic stratum corneum appear, with or without 
neutrophils (Figure 35.2). Epidermal hyperplasia with rete ridges of 
even length and prominently dilated, tortuous papillary capillaries 
associated with mixed mononuclear and neutrophil infiltrates are 
seen [106]. 


Changes in fully developed plaques 

There is parakeratosis associated with focal orthokeratosis, near 
absence of the granular layer, hyperplasia with elongation of rete 
ridges and supra-papillary epidermal thinning [107] (Figure 35.3). 
The rete ridges are often clubbed, branched or fused at their 
bases, with mononuclear leukocyte infiltrates in the lower half 
of the epidermis. Neutrophils may sometimes be seen in the 
stratum corneum (Munro microabscesses) (Figure 35.4). Dilated, 
tortuous, papillary blood vessels almost touch the undersurface 
of the thinning supra-papillary epidermis and are surrounded 
by a mixed mononuclear and neutrophil infiltrate, as well 
as extravasated erythrocytes. Invasion of the epidermis with 
leukocytes takes place particularly in the supra-papillary region 
[106,108]. Necrotic keratinocytes may be seen in the upper and mid 
epidermis [109]. 
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Figure 35.3 Psoriasis irregular epidermal hyperplasia with suprapapillary thinning. 
H&E, x50. Courtesy of St John’s Institute of Dermatology, London, UK. 


Figure 35.4 Psoriasis: Munro microabscess formation in lesional stratum corneum. 
H&E, x200. Courtesy of St John’s Institute of Dermatology, London, UK. 


Clinical features 


History 

Pruritus is often the dominant symptom and, although not as 
severe as in atopic eczema [110,111], is experienced by the majority 
of patients and contributes to the impairment in quality of life, partly 
through disturbed sleep [112-115]. Skin tightness and burning are 
frequent in unstable, erythrodermic or pustular psoriasis and pain 
may be experienced in areas of fissure formation, particularly in 
palmoplantar or flexural disease [116]. Shedding of scale can be a 


significant symptom, for instance in scalp psoriasis, and contributes 
to feelings of embarrassment. The impact of the disease and its 
symptoms on patients’ relationships, activities and occupation can 
be severe and its assessment may be assisted by patient completed 
questionnaires. 

The first manifestation of psoriasis may develop at any age and 
in general those with earlier onset disease are more likely to have 
a family history of psoriasis. The course of the disease including 
the frequency of relapses and remissions varies greatly between 
individuals. Exacerbating factors should be enquired after and 
responses to previous treatments noted. It is important to ask con- 
cerning the involvement by psoriasis of specific sites that may not 
be volunteered by the patient, for instance the ano-genital region 
[117]. A detailed medical history should be taken including an 
enquiry into symptoms of common co-morbidities, particularly of 
articular symptoms. 


Presentation 

Chronic plaque psoriasis is the most common type of psoriasis, 
accounting for about 80-90% of all cases [118]. It presents as a 
papulo-squamous rash, and the diagnosis is based on the charac- 
teristics of individual lesions and their distribution on the skin. 
Typical lesions are red scaly plaques, which are remarkably well 
demarcated from unaffected skin, with sharply delineated edges 
(Figure 35.5). Plaques may be encircled by a clear peripheral zone, 
the halo or ring of Woronoff (Figure 35.6) [119]. There may be any 
number of lesions or only a single one. When multiple, lesions 
are usually monomorphic and distributed relatively symmetrically 
over the scalp, trunk and extensor surfaces of the limbs. They vary 
in diameter from one to several centimetres and are oval or irreg- 
ular in shape. Large plaques may form by coalescence of smaller 
plaques and are commonly seen on the legs and sacral region. 
Involuting lesions may clear from the centre initially, producing 
annular or arcuate shapes. Postinflammatory hyperpigmentation or 
hypopigmentation are common [120], particularly in patients with 
skin of colour [121]. Linear and geometric configurations may arise 
at the sites of trauma as an isomorphic (Koebner) phenomenon 
(Figure 35.7). 

Most psoriasis lesions are surmounted by silvery white scales, 
which vary considerably in thickness (Figure 35.8). The amount 
of scaling may be minimal in partially treated disease, and in the 
flexures. When scaling is not evident it can often be induced by 
light scratching, a useful sign in diagnostically uncertain lesions. 
The successive removal of scales usually reveals an underlying 
smooth, glossy red membrane with small bleeding points where 
the thin supra-papillary epidermis has been torn off (Auspitz 
sign) (Figure 35.9). The epidermal thickening characteristic of the 
psoriasis process causes the lesions to be raised from the adjoining 
skin and easily palpable. There is evidence that the thickness of 
untreated plaques varies between patients but is relatively constant 
in an individual and may predict response to treatment [122]. 

These diagnostic features may not all be present at the same time 
or in every case and are sometimes obscured or evanescent. The 
variety of morphologies of chronic plaque psoriasis has led some 
authors to attempt a sub-classification according to phenotype and 
to speculate that it may in fact be several distinct disease entities 
[122,123,124]. 


(a) 


(b) 


Figure 35.5 (a,b) Psoriasis is characterized by well-demarcated red scaly plaques. 


Psoriasis affecting specific sites 


The scalp is one of the most common areas to be affected by plaque 
psoriasis and often the site first affected. The whole scalp may 
be diffusely involved or multiple discrete plaques of varying size 
may be seen [125]. Very thick plaques can develop, especially at 
the occiput. Plaques tend to be restricted to hair-bearing areas, 
extending a short distance beyond the hairline and around the ears. 

The rate of hair growth is normal [126] and common scalp psori- 
asis is not a frequent cause of alopecia, although it may occur [127]. 
Erythrodermic psoriasis may be associated with severe hair loss, 


(b) 


Figure 35.6 (a,b) Plaques may be encircled by a clear peripheral zone, the halo or ring 
of Woronoff. 


as may vigorous local treatment. A morphological entity consist- 
ing of plaques of asbestos-like scaling, firmly adherent to the scalp 
and associated hair, has been termed pityriasis (tinea) amiantacea 
[128] (Figure 35.10). It is most common in children and young adults, 
and is best regarded as a non-specific reaction pattern, which may 
be seen in other scaling scalp conditions. It may be an early man- 
ifestation occurring before the other signs of psoriasis. Hair loss, 
sometimes cicatricial, may be seen in pityriasis amiantacea. 


Psoriasis affecting hair follicles on the trunk and limbs — follicular 
psoriasis (Figure 35.11) — may occur as an isolated phenomenon, or 
in association with plaque psoriasis [129]. The lesions are smaller 
than the typical lesions of guttate psoriasis and may be either 
grouped or diffuse [130,131]. In children it may be confused with 
pityriasis rubra pilaris (PRP). 


Plaques of thin, sharply demarcated erythema with variable scale 
may occur in the typical distribution of seborrhoeic dermatitis, 


(a) (b) 


(b) 


involving paranasal areas, external ears, medial eyebrows, hairline, 
pre-sternal and inter-scapular chest wall [123]. These may occur 
in individuals with plaque psoriasis elsewhere. When it arises as 
an isolated phenomenon, it is difficult to distinguish from sebor- 
rhoeic dermatitis, and may represent a koebnerisation of psoriasis 
within this entity. Involvement of the face other than in a seborrhoeic 
distribution is uncommon in adults, and when it occurs is often an 
indication of widespread psoriasis elsewhere on the skin [132,133]. 


Flexural psoriasis ( iasis) 
Psoriasis involving the inguinal creases, axillae, submammary folds 
(Figure 35.12), gluteal cleft, umbilicus (Figure 35.13) and other body 
folds is more common in older adults and is associated with obe- 
sity [134]. Flexural involvement is often seen in individuals with 


Figure 35.7 (a) Koebner phenomenon. Psoriasis 
appearing in the line of a scratch. (b) Psoriasis provoked by 
the friction of wearing a watch. 


Figure 35.8 (a) Most plaques of psoriasis are 
surmounted by silvery white scaling, which varies 
considerably in thickness. (b) In dark-skinned races, 
the quality of the colour is lost. Courtesy of St John’s 
Institute of Dermatology, London, UK. 


plaque psoriasis elsewhere on the skin. Less frequently, lesions are 
confined to flexural sites, and sometimes referred to as inverse pso- 
riasis [135]. Inverse psoriasis may occur as a primary disorder or as 
a Koebner phenomenon on top of infective or seborrhoeic intertrig- 
inous dermatoses. Failure to respond to antibacterial or antifungal 
preparations should arouse suspicion. 

Flexural plaques are thin, scaling is greatly reduced or absent, and 
a confident diagnosis may therefore be difficult. The surface has a 
glazed hue and fissuring at the depth of the skin fold is common, 
especially in the gluteal cleft. The edges of the lesions are usually 
well defined, unless secondary infection or medicament dermati- 
tis, both quite common events, have occurred. Involvement of the 
napkin area (psoriatic napkin eruption) may be the first presentation 
of psoriasis in infancy [136]. 


Figure 35.9 Auspitz sign: removal of the thinned suprapapillary epidermis by gentle 
scraping reveals vascular bleeding points. Courtesy of St John’s Institute of Dermatology, 
London, UK. 


(b) 


Figure 35.10 (a) The disease often first appears in the scalp, where it may present as 
pityriasis amiantacea. (b) Pityriasis amiantacea in psoriasis. Courtesy of St John’s Institute 
of Dermatology, London, UK. 


Figure 35.11 Psoriasis around hair follicle openings (follicular psoriasis). 


Figure 35.12 Submammary flexural psoriasis. 


Figure 35.13 Flexural psoriasis affecting the umbilicus. 
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(b) 


Genital psoriasis 

Genital skin can be considered a type of flexural skin, and there 
are similarities between psoriasis as it affects flexural and genital 
sites. The genital skin is often involved in individuals with inverse 
psoriasis, less frequently in those with plaque psoriasis and may be 
the only manifestation of psoriasis [137]. It has been shown to cause 
particular problems with sexual function [117,138-140]. 

Skin of the scrotum and penile shaft may be affected by psoriasis, 
but the glans penis is the most frequently affected part. In cir- 
cumcised men, lesions on the glans are similar in appearance to 
plaques at other sites. In the uncircumcised, the plaques may lack 
scale but the colour and well-defined edge are usually distinctive 
(Figure 35.14). Where confirmatory signs elsewhere are absent, a 
diagnostic biopsy may be necessary as it may resemble erythroplasia 
or plasma cell balanitis. 

Patients with vulval involvement often complain of marked 
pruritus. The most common vulval presentation is a symmetrical, 
red, non-scaly, well-demarcated thin plaque affecting the labia 
majora. Psoriasis is among the commoner causes of chronic vul- 
vitis in children, and among adults should be considered in the 
differential diagnosis of chronic erythematous vulvitis without 
vaginitis [141]. 


Non-pustular palmoplantar psoriasis 

On the palms and soles (Figure 35.15), psoriasis may present as 
typical scaly patches on which a fine silvery scale can be evoked by 
scratching, as less well-defined plaques resembling lichen simplex 
or hyperkeratotic eczema. Mixed forms occasionally occur [142]. 
It is often difficult to distinguish between psoriasis and eczema, 
with which it may sometimes appear to alternate. A sharply defined 


Figure 35.14 (a) Penile psoriasis in a circumcised 
man. Courtesy of St John’s Institute of Dermatology, 
London, UK. (b) Penile psoriasis in a circumcised 
man retaining its typical psoriatic morphology. 


edge at the wrist, forearm or palm (Figure 35.16) and absence of 
vesiculation are helpful. On the dorsal surface, the knuckles fre- 
quently show a dull-red thickening of the skin. Elsewhere on the 
hands and feet, psoriasis retains its typical character. There may be 
a relationship to trauma or occupational irritants [143]. 


Nail psoriasis 

The nails grow more quickly in patients with psoriasis [144]. Nail 
dystrophy may be seen in association with all types of psoriasis 
or occasionally as an isolated feature. Estimates of its incidence 
vary considerably. Minor degrees of involvement (e.g. pitting) are 
difficult to define clinically but abnormalities of the nail unit have 
been detected by ultrasonography in up to 73% of patients with 
plaque psoriasis [145]. On clinical examination, nail changes are 
present in about 40% of cases at any point in time [146] and the 
lifetime prevalence is 80-90% [147]. Nail psoriasis is characterised 
by hyperkeratosis of the nail matrix and often the nail plate. In 
one reported case series, parakeratosis was present in 78% of cases 
and unlike plaque psoriasis hypergranulosis is a common fea- 
ture. Neutrophilic infiltration of the nail bed is present in 63% of 
patients [148]. 

Nail psoriasis is associated with more extensive psoriasis, longer 
disease duration, family history of psoriasis and the presence of 
psoriatic arthritis. In one German study, psoriatic arthritis was 
present in more than twice as many psoriasis patients with nail 
disease [146]. 

Psoriasis may affect any part of the nail unit, including the nail 
matrix, nail bed and hyponychium. Nail matrix disease presents 
with pits, ridges and grooves of the nail plate. Pitting (Figure 35.17) 
is the most frequent change seen in fingernails, individual pits 


(a) (b) 


Figure 35.15 (a) On the palms and soles, psoriasis may present as typical scaly plaques. Courtesy of St John’s Institute of Dermatology, London, UK. (b) Typical psoriatic plaques on 


the palm. 


(a) 


(b) 


Figure 35.16 (a) A sharply defined edge at the wrist or forearm and absence of vesiculation are helpful diagnostic features. Courtesy of St John’s Institute of Dermatology, London, 


UK. (b) Severe confluent palmar psoriasis. 


being uniform in size at about 1mm diameter and sometimes 
arranged longitudinally. Nail bed disease can be seen as subungual 
‘oil drops’ that are highly specific for psoriasis (Figure 35.18) [149]. 
Nail bed disease also causes subungual hyperkeratosis, splinter 
haemorrhages and distal onycholysis (Figure 35.19). It can be dif- 
ficult to distinguish clinically between toenail bed psoriasis and 
onychomycosis, which quite often coexists [150,151]. 


Whether psoriasis affects the oral mucosa is a matter of controversy 
[152]. True mucosal involvement appears to be rare. Geographic 
tongue (benign migratory glossitis) (Figure 35.20) and fissured 
tongue are both more frequent among patients with psoriasis than 
healthy controls [153-155]. The association of both psoriasis and 
geographic tongue with HLA-C:06:02 provides further evidence that 


Figure 35.18 Salmon patches (‘oil drops’), with distal onycholysis. 


the two disorders are related [156], but whether geographic tongue 
is an oral manifestation of psoriasis per se remains to be established. 


Psoriasis may affect ocular structures directly, or by associated 
immunological phenomena. Direct involvement of the eyelids 
or eyelid margins may cause blepharitis and its consequences, 
which are the most frequent ocular complications of psoriasis 


(b) 


Figure 35.19 (a) Psoriatic subungual hyperkeratosis with distal onycholysis. (b) Marked 
psoriatic subungual hyperkeratosis. 


[157]. A chronic non-specific conjunctivitis has also been reported 
to be common in psoriasis, and xerosis may also be seen [158]. 
Keratitis is rare. Uveitis is an important immunologically medi- 
ated complication and has been found to be associated with 
more extensive psoriasis [159]. It is more strongly associated with 
psoriatic arthritis [160]. 


Clinical variants (based on morphology or natural 
history) 

This describes the sudden onset of a shower of small lesions 
(Latin plural Guttae meaning drops), appearing diffusely over the 
body (Figure 35.21). It should be distinguished from small plaque 
psoriasis and follicular psoriasis, which follow a more chronic 


Figure 35.20 Geographic tongue in a patient with psoriasis 


Figure 35.21 Extensive lesions of guttate psoriasis in a young man. 


course. In one series, 12% of all affected psoriasis patients had 
experienced acute guttate psoriasis [161]. It is more common in 
children and young adults in whom it may be the first presentation 
of psoriasis. It frequently follows several weeks after pharyngitis 
caused by group A streptococci, serological evidence for which 
can be found in about 60% of individuals [161]. A guttate flare 
may also occur in adults with plaque psoriasis and in this con- 
text is more common in patients whose psoriasis had its onset in 
childhood [162]. 

In the early stages of acute guttate psoriasis there may be little 
scaling. The lesions are from 2 or 3mm to 1 cm in diameter, round or 
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slightly oval. They are scattered more or less evenly over the body, 
particularly on the trunk and proximal part of the limbs, rarely on 
the soles but not infrequently on the face, ears and scalp. Lesions 
on the face are often sparse, difficult to see and disappear quickly. 
Although guttate lesions are normally profuse, there are occasion- 
ally no more than half a dozen present on the body, and in the early 
stages the colour is not specific. The diagnosis is made chiefly from 
the nature of the scaling, the general distribution and evidence for 
preceding infection. Lesions usually resolve over about 3 months. 
A significant minority of patients with acute guttate psoriasis sub- 
sequently develop plaque psoriasis [163]. 


‘Unstable’ psoriasis (syn. active psoriasis, eruptive 
inflammatory psoriasis) 

In contrast to the lesions in plaque psoriasis, which are static for 
prolonged periods, in some individuals and in some phases of the 
disease there is more marked activity in the form of enlargement 
of plaques that can become more intensely red (Figure 35.22), and 
the development of many new smaller plaques. Patients may com- 
plain of more pain or pruritus within the plaques. The Koebner 
phenomenon is thought to be more frequent in this phase of the 
disease [122]. The immediate outcome is unpredictable; the lesions 
may return to the inactive state, or progress to localised pustulation 
or erythrodermic psoriasis. Patients may develop unstable phases 
repeatedly, settling back again into the stable forms of the disease. 
Recognised precipitants include withdrawal of systemic or potent 
topical corticosteroids, treatment with irritants such as tar or dithra- 
nol, acute infection and severe emotional distress. Serum levels of 
IL-17 and the IL-1 receptor antagonist are higher in patients during 
the unstable phase of the disease [164]. 


Figure 35.22 Extensive tender fiery red plaques of unstable psoriasis. 
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Figure 35.23 Erythrodermic psoriasis in an older man. 


Erythrodermic psoriasis, in which most or all of the body surface is 
affected by psoriasis, is uncommon, occurring in 1-2% of patients 
[165,166]. Psoriasis has been found to be the underlying cause 
in about 25% of cases of erythroderma [166]. Erythroderma in 
psoriasis may be chronic, due to the gradual extension of plaque 
psoriasis (Figure 35.23), or acute as part of the spectrum of ‘unsta- 
ble’ psoriasis (Figure 35.24). In the chronic form, the individual 
may be systemically well, the clinical characteristics of psoriasis 
are retained and there are usually some areas of uninvolved skin. 
Mild topical treatments are well tolerated and the overall prognosis 
is good. 

The acute form is often precipitated by environmental or ther- 
apeutic triggers including systemic illness, alcohol excess, anti- 
malarials, irritating topical treatments, ultraviolet radiation or 
by withdrawal of systemic treatments including corticosteroids, 
ciclosporin, methotrexate or TNF inhibitors. The patient may be 
febrile and systemically ill. Dependent oedema is common. Itching 
is often severe. The entire skin may be affected and the clinical 
characteristics of psoriasis are often lost. There may be clinical 
overlap with generalised pustular psoriasis. Untreated, the course 
is prolonged, relapses are frequent and there is an appreciable 
mortality. Complications are those of skin failure, including sep- 
sis, hypothermia or hyperthermia, hypoalbuminaemia, anaemia, 
dehydration and high output cardiac failure [167]. 


See later. 


Figure 35.24 Acute unstable erythrodermic psoriasis. Courtesy of St John’s Institute of 
Dermatology, London, UK. 


f 1 
In a disease as common and variable as psoriasis, atypical forms are 
frequent. Many unusual localisations have been recorded, includ- 
ing digital and interdigital forms. Verrucous lesions particularly 
affect the legs. Rupioid, elephantine and ostraceous psoriasis are 
terms sometimes used to describe plaques associated with gross 
hyperkeratosis. Rupioid psoriasis refers to limpet-like cone-shaped 
lesions. The term elephantine psoriasis might be used to describe 
unusual but very persistent, thickly scaled, large plaques that some- 
times occur on the back, limbs, hips or elsewhere (Figure 35.25) 
[168]. Ostraceous psoriasis, an infrequently used term, refers to a 
ring-like hyperkeratotic lesion with a concave surface, resembling 
an oyster shell [169]. 


Figure 35.25 Elephantine psoriasis: large plaques with gross hyperkeratosis. Courtesy 
of St John’s Institute of Dermatology, London, UK. 


Other specified forms of psoriasis (based on age, 
precipitants) 

Linear and segmental psoriasis 

True linear or segmental psoriasis, in which lesions are unilateral 
or Blaschko-linear, is extremely rare (Figure 35.26) [170]. It has been 
called isolated linear psoriasis when it occurs alone, or superim- 
posed linear psoriasis when, as occurs more frequently, it arises 
in association with non-segmental plaque psoriasis (Figure 35.27) 
[171]. The segmental lesions tend to arise at a young age, and are 
often more severe and treatment refractory than the associated 
non-segmental disease [172,173]. Segmental manifestations are 
thought to represent genetic mosaicism arising by postzygotic loss 
of heterozygosity or a postzygotic new mutation at a psoriasis 
susceptibility locus [171]. 

This phenomenon should not be confused with inflammatory lin- 
ear verrucous epidermal naevus, or a Koebner response of psoriasis 
on verrucous epidermal naevus of the non-inflammatory type or at 
the site of prior herpes zoster. 


Figure 35.26 Segmental psoriasis. 


Figure 35.27 Linear psoriasis on the left upper limb associated with guttate psoriasis on 
the right upper limb. 
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Psoriasis in childhood and old age 

Psoriasis is common in children with a cumulative prevalence up to 
18 years of 0.71% [174]. Congenital psoriasis is very rare. In some 
series girls outnumber boys [174,175]. Psoriasis in children is sig- 
nificantly associated with several co-morbidities including obesity 
and diabetes [174,176]. There is no evidence that onset of psoriasis 
in childhood predicts severe disease in adult life [162]. 

All of the clinical variants of psoriasis described in adults are 
recognised in childhood but with a different frequency according 
to the age group. Establishing the diagnosis in infancy can be chal- 
lenging because of limited involvement or an atypical appearance. 
The napkin area is frequently the first site affected; under the age 
of 2 years, napkin psoriasis with or without disseminated lesions 
is the most frequent form, presenting with well-defined erythema 
devoid of scale [135]. At this site, psoriasis must be differentiated 
from irritant contact dermatitis and seborrhoeic dermatitis. Napkin 
seborrhoeic dermatitis is a particular diagnostic problem as a 
significant proportion of affected children develop plaque psoriasis 
in adulthood [177]. 

Guttate psoriasis is more frequent in children than adults, par- 
ticularly under the age of 12 years [177]. In older children, plaque 
psoriasis is the most frequent presentation, and the face and 
anogenital sites appear to be affected more frequently than in adults 
[135,178]. The disease often first appears in the scalp, where it may 
present as pityriasis amiantacea. Apart from the common forms, 
several other patterns of psoriasis occur in childhood. Interdigital 
tinea is uncommon in children and a toe cleft intertrigo may be 
psoriatic. Other flexural forms also occur. The disease may mimic 
chronic blepharitis, usually unilaterally, with a small plaque of 
psoriasis on one eyelid extending to the lid margin, or on the cheek 
at the angle of the mouth. Erythrodermic and pustular variants 
of psoriasis are rare in childhood. Pustular psoriasis may be the 
first presentation of psoriasis and tends to follow a benign course. 
Although localised pustular psoriasis is extremely rare in children, 
parakeratosis pustulosa (an indolent and recurrent scaling pustu- 
lar acrodermatitis, sometimes around the nail of only one digit) 
often proves to be psoriatic [179]. Psoriatic arthritis is relatively 
uncommon in childhood. 

In older age groups, psoriasis that starts for the first time after 
the age of 65 years tends to be less extensive than early-onset dis- 
ease [180]. There is less often a family history of psoriasis. Plaque 
psoriasis with prominent scalp involvement is the commonest phe- 
notype. Inverse psoriasis and erythrodermic psoriasis may be more 
common than in early-onset disease [133,181,182], whereas guttate 
and generalised pustular psoriasis are rare [178]. 


Drug-induced or exacerbated psoriasis 
See later. 


Photoaggravated psoriasis 
See later. 


HIV-induced or exacerbated psoriasis 

The association between severe psoriasis, psoriatic arthritis and 
HIV infection is well recognised. Psoriasis may be the first presenta- 
tion of HIV infection, as may the deterioration in previously stable 
disease. Plaque psoriasis is the most frequent phenotype, with a 
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predilection for the scalp and palmoplantar skin [183]. Sebopsoria- 
sis, rupioid psoriasis and erythrodermic psoriasis are also common, 
as are mixed patterns [184]. Psoriasis tends to be more prevalent in 
the later stages of HIV-related immunodysfunction, but may occur 
earlier. The mechanisms of worsening of psoriasis in HIV infection 
are unclear and represents a paradox, given that T cells are the 
major target of HIV. Suggested explanations include HIV-induced 
reduction in regulatory T cells, an increased number of memory 
CD8+ T cells, effects of HIV on dendritic cell populations, HIV pro- 
teins acting as superantigens, or shared genetic variants between 
psoriasis and HIV responder status [185]. One suggestion is that 
HIV affects peripheral blood Th cells and affects to a lesser degree 
cutaneous resident memory T cells which are pathogenic in pso- 
riasis [186]. Psoriasis tends to improve with a reduced viral load, 
especially on treatment with antiretroviral therapy [187]. 


Differential diagnosis 

The clinical characteristics already described are usually sufficient 
to enable the diagnosis to be made, but doubt may arise in atypi- 
cal cases, in particular sites, and when psoriasis is complicated by 
or alternates with other diseases. The diseases that need to be dis- 
tinguished from psoriasis vary depending on the clinical variant of 
psoriasis and the site affected (Table 35.2). 

In seborrhoeic dermatitis, the lesions are lighter in colour, less 
well defined and covered with a dull or branny scale. Eczema at 
times develops a psoriasiform appearance, especially on the legs. 
Hyperkeratotic eczema of the palms is a common cause of misdiag- 
nosis. Colour, scratch-evoked scaling and well-defined margins are 
suggestive of psoriasis, and nail changes may be diagnostic. Lichen 
planus can give rise to difficulty when the two diseases coexist, 
especially when present as hypertrophic lesions on the legs, as 
penile lesions and on the palms. The violaceous colour, Wickham’s 
striae and the presence of oral changes are usually decisive. Chronic 
hand or foot eczema can be difficult to differentiate from palmar 
or plantar psoriasis, and the presence of exudate or microvesicles 
should be sought to support the former diagnosis. Lichen simplex 
can resemble psoriasis closely, particularly on the scalp and near the 
elbow. The intensified skin markings, rather ill-defined edge and 


Table 35.2 The diseases that need to be distinguished from psoriasis vary depending on 
the clinical variant of psoriasis and the site affected. 


Flexural 
psoriasis 


Chronic plaque Guttate 
psoriasis psoriasis 


Erythrodermic 
psoriasis 


Lichen simplex Pityriasis rosea Seborrhoeic Drug induced 


dermatitis 
Discoid eczema _Lichen planus Candidiasis Eczema 
Lichen planus Pityriasis lichenoides Tinea cruris Cutaneous T-cell 
chronica lymphoma/Sézary 
syndrome 


Pityriasis rubra 
pilaris 
Bowen disease 


Secondary syphilis Bacterial intertrigo —_ Pityriasis rubra pilaris 
Allergic contact 
dermatitis 
Hailey—Hailey disease 
Langerhans cell 
histiocytosis 


Tinea corporis 
Cutaneous lupus 


Mycosis fungoides 


the marked itching are characteristic, and the point of the elbow 
tends to be avoided. Pityriasis lichenoides chronica can closely 
resemble guttate psoriasis, but the lesions are usually less evenly 
scattered, have a brownish red or orange-brown colour and are 
capped by a ‘mica-like’ scale. Candidiasis shows a glistening deep 
red colour suggestive of psoriasis, particularly in the flexures, but 
scaling tends to be confined to the edge, and small satellite pustules 
and papules are usually evident outside the main area. Tinea cruris 
has a well-defined, often polycyclic edge, but Trichophyton rubrum 
infections, especially of the palm, may cause difficulty. If corticos- 
teroids have been applied, scaling may be absent and the diagnosis 
must be made by mycological examination of skin scrapings. 

Less common causes of confusion are PRP and secondary syphilis. 
The resemblance to PRP may be close, especially in the erythro- 
dermic phase. In PRP dark red follicular lesions are apparent, and 
the acquired palmar and plantar keratoderma has a yellow-orange 
tinge. The psoriasiform lesions of syphilis may cause difficulty to 
the inexperienced; condylomas, mucosal lesions and other signs of 
the disease are usually found, if sought. Porokeratosis of Mibelli 
on the palms and soles, patches of Bowen and Paget disease and 
penile erythroplasia may resemble psoriasis, but the lesions are 
often solitary. Mycosis fungoides can clinically also appear similar 
to psoriasis. In atypical psoriasis that does not respond to conven- 
tional therapy, this diagnosis should be considered and appropriate 
investigations performed. The coexistence of two inflammatory 
diseases should also be considered — for example, allergic contact 
dermatitis in the context of psoriasis. 


Classification of severity 

Aspects of the severity of psoriasis include the extent and severity 
of the inflammation at a particular time point, cumulative activity 
of psoriasis over time, the involvement of areas of skin that may 
cause specific problems (for instance, face, hands or genital skin), 
the presence or absence of co-morbid conditions, the impact of the 
disease on an individual’s quality of life, and the responsiveness 
of the affected skin to treatments. Psoriasis varies in its severity 
between patients, and over time. Instruments to measure various 
elements of the severity of psoriasis have been developed for 
research, including drug development, and for clinical practice, 
including treatment selection and determining the response to 
treatment (see later) [188,189]. 

The Psoriasis Area and Severity Index (PASI) has been widely 
used in clinical trials and adopted in clinical practice, and its use 
in a specialist setting as both a severity score and an outcome 
measure has been endorsed in several European clinical practice 
guidelines and systematic literature reviews [190]. The PASI was 
initially developed in 1978 as an outcome measure in a clinical 
trial of etretinate in psoriasis and has since been partially vali- 
dated [191]. Affected body surface area (BSA) is estimated for the 
head and neck, trunk, upper limbs and buttocks separately with 
a correction factor to allow for the differing surface areas of these 
four regions. Erythema, scaling and induration are graded in each 
region and a combined score ranging from 0 to 72 calculated as in 
Table 35.3. PASI is not appropriate in forms of psoriasis other than 
plaque disease, e.g. guttate or pustular psoriasis, when a record of 
percentage BSA affected may be preferred. PASI has been criticised 
as non-linear with a low response distribution, resulting in a lack 


Table 35.3 Erythema, scaling and induration are graded in each region and a combined 
score ranging from 0 to 72 calculated as Psoriasis Area Severity Index (PASI). 


Thickness Scaling Erythema x Area 
0-4 0-4 0-4 0-6 Total 
Head a b Cc d(a+b+oQ x0.1=A 
Upper limbs e f g h(e+f+g) x02=B 
Trunk i j k \(i+j+k) x0.2=C 
Lower limbs =m n fo) p(m+n+o)x04=D 
PAS|=A+B 
+C+D 
Severity 0 =none Area 0 = no Axillae = upper limb 
1 = mild involvement Neck/buttocks = trunk 
2=moderate 1=0<10% Genito-femoral = lower limb 
3 = severe 2=10 <30% 
4=verysevere 3 = 30 <50% 
4=50 <70% 
5=70 <90% 


6 =90 <100% 


of sensitivity to change in milder psoriasis [192,193], and because it 
is complicated to calculate. The static Physician Global Assessment 
(sPGA) may be more appropriate in a non-specialist environment 
[193]. This is an assessment of the average erythema, scaling and 
induration of all psoriasis lesions on a 5-, 6- or 7-point rating ranging 
from ‘clear’ to ‘very severe’, without assessment of affected BSA. 
Although not well standardised, it is straightforward to use and 
easy to understand [194]. 

The impact of psoriasis on the individual can be measured using 
health-related quality of life (HRQoL) instruments [195]. The most 
frequently used measure of HRQoL has been the skin-specific tool 
the Dermatology Life Quality Index (DLQI), which is simple to 
administer, validated and useful in clinical trials and in clinical 
practice [196]. This 10-point questionnaire generates a score from 
0 to 30, and scores of greater than 10 have been shown to reflect 
a very large effect on a patient’s life [197]. The DLQI has been 
criticised for being influenced by the patient’s age and gender, and 
as being relatively insensitive to the effects of psoriasis on mood, 
stress, sleep, fatigue and addictive behaviours [198,199]. More 
recently developed scores include Skindex-17, and in clinical trials, 
generic quality of life instruments such as the 36-item Short Form 
Health Survey (SF-36) and EQ-5D are also often used [200]. Quality 
of life scores (e.g. DLQI) correlate only moderately with psoriasis 
severity scores (e.g. PASI), because they measure different aspects 
of the disease [188]. Psoriasis on the face, hands or genitals may 
have a disproportionate effect on quality of life resulting in a high 
HRQoL score with a relatively low PASI. Alternatively, a mismatch 
between a low PASI and significantly impaired HRQoL score can 
suggest co-morbid depression, and psychological support should 
be considered under these circumstances [201]. 

The severity of psoriasis is continuously distributed and, although 
attempts have been made to categorise psoriasis as mild, moderate 
or severe, the thresholds are arbitrary and not standardised. Severe 
psoriasis has been variously defined as a PASI >12 [202], as a PASI 
>10 with a DLQI >10 [203] or a score of 10 or more in either the 
PASI or DLQI or BSA >10% [204]. A recent consensus statement 
from the International Psoriasis Council rejected the notion of mild, 
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moderate or severe psoriasis, in favour of a classification into two 
groups, candidates for topical treatment or candidates for systemic 
treatment, the latter group characterised by either an affected BSA 
of >10%, or the involvement of high impact sites, or failure of topical 
treatment [205]. 


Complications and co-morbidities 

Patients with psoriasis, particularly those with more severe disease, 
experience increased morbidity and mortality from a range of 
systemic diseases affecting most major organ systems, [206,207,208] 
(Box 35.2). Patterns of disease association are recognised, but the 
direction of causality is complex. Mendelian randomisation studies 
suggest that smoking, obesity and cardiovascular disease are causal 
for psoriasis [209]. Mechanisms may include shared genetic sus- 
ceptibility or pathomechanisms, systemic effects of inflammation, 
effects of treatments for psoriasis on other systems or vice versa, and 
the consequences of behavioural responses to living with chronic 
disease. There is also some evidence of under-representation of 
several diseases in the psoriasis population, for instance cutaneous 
infections in early-onset psoriasis [7]. 


Box 35.2 Co-morbidities of psoriasis vulgaris 


Immune-mediated inflammatory diseases 
e Psoriatic arthritis 

e Crohn’s disease 

© Ulcerative colitis 

® Coeliac disease 

e Uveitis 


Infections 

Cancer 

¢ Non-melanoma skin cancer 
¢ Lymphoma 


Metabolic syndrome 
¢ Obesity 

e Hyperlipidaemia 
¢ Hypertension 

¢ Diabetes 


Cardiovascular disease 

¢ Myocardial infarction 

e Stroke 

¢ Peripheral vascular disease 
e Atrial fibrillation 

e Venous thromboembolism 


Hepatobiliary 
¢ Non-alcoholic fatty liver disease 
e Alcoholic liver disease 


Psychiatric/psychological 
e Anxiety 
e Depression 


Miscellaneous 
° Gout 
e Amyloidosis 
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Immune-mediated inflammatory diseases 

Psoriatic arthritis is the most frequent inflammatory disease associ- 
ated with psoriasis (see later). Inflammatory bowel disease (IBD) is 
also more frequently observed, an observation that has led to con- 
siderable advances in our understanding of shared genetic mecha- 
nisms particularly with respect to innate immunity and key T-cell 
differentiation pathways. In a recent meta-analysis, the prevalence 
of Crohn disease and ulcerative colitis in psoriasis was 0.7% (95% 
CI 0.2-1.3%) and 0.5% (95% CI 0.3-0.8%), respectively. The preva- 
lence of psoriasis in Crohn disease was 3.6% (95% CI 3.1-4.6%) and 
in ulcerative colitis 2.8% (95% CI 2.0-3.8%). The presence of Crohn 
disease or ulcerative colitis was significantly associated with pso- 
riasis, with an odds ratio of 2.0 (95% CI 1.4-2.9) and an odds ratio 
of 1.5 (95% CI 1.2-2.0), respectively [210]. The incidence and preva- 
lence of uveitis is also increased in psoriasis (risk ratio 1.29, 95% CI 
1.10-1.51), and the risk may be greater in those who also have pso- 
riatic arthritis [211]. 

There are reports of an association between psoriasis and coeliac 
disease. In a meta-analysis of published cohorts in 2020, odds 
ratios of 2.16 (95% CI 1.74—2.69) for coeliac disease in patients with 
psoriasis and 1.8 (95% CI 1.36-2.38) for psoriasis in patients with 
coeliac disease were calculated [212]. There may be an increased 
risk of several end-organ specific autoimmune diseases including 
alopecia areata, vitiligo, pemphigus and urticaria, particularly in 
psoriatic arthritis [213,214]. 


Infection 

It has long been known that patients with psoriasis may carry 
staphylococci on their plaques [215] and using modern culture- 
independent molecular techniques the microbiota of psoriasis 
plaques has been shown to differ from uninvolved skin and from 
the skin of unaffected individuals [216,217]. Despite this, clinical 
infection of psoriasis lesions is rare. Occasionally, flexural psoriasis 
becomes clinically infected, especially if fissuring occurs (e.g. in the 
natal cleft). The relative resistance of psoriasis skin to infection may 
relate to the overexpression of antimicrobial peptides (cathelicidins 
and $-defensins) [218]. Retrospective reports suggest that psoriasis 
may be a risk factor for infection in joint replacement surgery [219] 
leading orthopaedic surgeons to defer elective surgery in those 
with psoriasis plaques until these have been adequately treated. 

In addition to the known effect of streptococcal infection in trig- 
gering disease, patients with psoriasis have been shown in a 
prospective study to be 10 times more likely to develop pharyngitis 
than household controls, and streptococci are more likely to be 
isolated in association with a sore throat than controls [220]. There 
is also evidence for an increase in risk of respiratory and abdom- 
inal infections resulting in hospital admission [221]. This effect is 
independent of systemic treatment [221], but the risk appears to be 
greater in those receiving immunosuppressive treatment [222]. 


Cancer 

There are reports of an association between various cancers and 
psoriasis, although some of the studies are of low methodological 
quality with insufficient accounting for potential confounding 
variables (for instance smoking, alcohol consumption and obesity) 
[223,224]. The extent to which these effects may relate to psoriasis 
per se, treatment or disease severity or treatment is not apparent. 


The strongest association is with non-melanoma skin cancer, the 
incidence of which is raised in patients with psoriasis compared 
with the general population (risk ratio 1.72, 95% CI 1.46-2.02) [225]. 
High-dose PUVA is known to increase the risk of cutaneous squa- 
mous cell carcinoma and basal cell carcinoma [226], and this may 
be compounded by treatment with ciclosporin [227], and possibly 
high-dose UVB [228]. There does not appear to be an increased risk 
with TNF inhibitors [229]. 

There is evidence for a modestly increased risk in psoriasis of sys- 
temic lymphoma, particularly Hodgkin lymphoma (risk ratio 1.40, 
95% CI 1.24-1.57) [223,230]. Although rare, this association creates 
significant challenges for psoriasis treatment. A possible associa- 
tion between psoriasis and cancer in other organs including the renal 
tract, pancreas and colon, remains uncertain [223,224,231,232]. 


Metabolic syndrome and its components (hypertension, 
hyperlipidaemia, obesity, diabetes) 

The metabolic syndrome (truncal obesity, hyperlipidaemia, hyper- 
tension and insulin resistance) is increasing in prevalence in the 
general population. There are complex interrelationships between 
metabolic syndrome and chronic inflammation. In a representative 
sample of the UK population in 2012, the prevalence of metabolic 
syndrome was found to be significantly elevated in patients with 
psoriasis at 34% compared with 26% of the unaffected popula- 
tion (odds ratio 1.50, 95% CI 1.40-1.61) [233]. Similar results have 
been published in a meta-analysis of observational studies [234]. 
The risk is highest in those with more extensive disease. Psori- 
asis has been shown in many population-based epidemiological 
studies to be statistically associated with arterial hypertension 
[235], hyperlipidaemia [236], type 2 diabetes [237,238] and obesity 
[239,240]. 

The strongest of these associations is with obesity [233], which 
can be seen in childhood psoriasis, and tends to predate the onset 
of psoriasis [176]. Obesity in adults appears to be a risk factor 
for the development of psoriasis [209,241,242]. Patients who are 
obese have more severe psoriasis than patients with a normal body 
weight [176,243]. Obesity may decrease treatment responsiveness 
and appears to be one of the main reasons for the development of 
premature cardiovascular disease [244,245]. Weight loss in obese 
patients with psoriasis, either by low-energy diet or bariatric 
surgery, improves quality of life and psoriasis severity [246,247]. 
In a randomised trial in overweight or obese patients receiving 
systemic treatment, an intervention group who received a super- 
vised calorie restricted diet with a programme of aerobic exercise 
for 20 weeks had a significantly greater improvement in PASI com- 
pared with a group randomised to non-intervention [248]. In an 
open label study of a very low calorie ketogenic diet in 37 patients 
with overweight or obese patients with stable plaque psoriasis, a 
mean weight reduction of 10.6 kg was associated with PASI75 rate 
of 65% [249]. 

In relation to the components of the metabolic syndrome, there 
is evidence of under-treatment, and lack of physician awareness, 
in comparison to other chronic inflammatory diseases such as 
rheumatoid arthritis [250]. In a Danish nationwide registry of pso- 
riasis patients, 28% of those with hypertension were not prescribed 
treatment [251]. 


Cardiovascular disease 

Patients with severe psoriasis die at a younger age than unaffected 
people and cardiovascular disease accounts for the majority of this 
excess mortality [206]. Psoriasis significantly increases the risk of 
stroke (risk ratio 1.21, 95% CI 1.04-1.4) and myocardial infarction 
(risk ratio 1.22, 95% CI 1.05-1.42) separately [252]. The risk appears 
to be greatest in younger patients with more severe disease or with 
psoriatic arthritis [253]. There is also an increased risk of peripheral 
vascular disease, atrial fibrillation and of venous thromboembolism 
[254-256]. 

Much of the increased vascular risk probably relates to behaviours 
(such as cigarette smoking, which is more frequent among those 
with psoriasis) and traditional cardiovascular risk factors such as 
the components of the metabolic syndrome. The extent to which 
psoriasis contributes independently and in addition to these con- 
ventional risk factors is controversial, but some epidemiological 
studies have demonstrated an increased vascular risk after correct- 
ing for many known risk factors [257,258]. Systemic inflammation in 
psoriasis has been associated with visceral adiposity and coronary 
artery disease [259]. 


Hepatobiliary disease 

Death rates due to liver disease have been reported to be signifi- 
cantly elevated in patients with severe psoriasis [260]. Non-alcoholic 
fatty liver disease is the most frequently identified liver pathology, 
present in up to 50% of patients with psoriasis [261-263]. It is associ- 
ated with obesity, metabolic syndrome and more severe psoriasis. 
In a recent UK study of 400 adults with severe psoriasis investi- 
gated by transient elastography, 14.1% (95% CI 10.4-17.9%) were 
found to have advanced liver fibrosis [264]. 

Alcoholic liver disease is also common [65]. Neutrophilic cholan- 
gitis is a recognised cause of liver dysfunction in patients with 
generalised pustular psoriasis and occasionally plaque psoria- 
sis [265]. 


Psychological and psychiatric morbidity 

Psoriasis is associated with significant psychological consequences, 
including dysfunctional thought, pathological worrying, fear of 
stigmatisation, alexithymia, effects on self-image, personality and 
temperament [266,267-270]. Excessive alcohol consumption has 
been found significantly more commonly in men with severe psoria- 
sis than in other groups with the disease and could be a consequence 
of stress caused by severe skin disease [271]. 

Psoriasis is also associated with a significant psychiatric mor- 
bidity, including an increased prevalence of depression, anxiety 
and bipolar disorder [272]. In a study utilising the Clinical Practice 
Research Database, the hazard ratios for a diagnosis of anxiety, 
depression or suicidality corrected for age and gender were 1.39, 
1.31 and 1.44, respectively. The risk of depression in those with 
severe psoriasis is higher still [273,274]. In a meta-analysis, 28% of 
patients in tertiary care had depressive symptoms and up to 19% a 
diagnosis of clinical depression [275]. 


Miscellaneous 

Psoriasis is associated with an increased risk of hyper-uricaemia 
and gout [276,277]. Several epidemiological studies have reported 
an increased risk of asthma, obstructive sleep apnoea and chronic 
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obstructive pulmonary disease independently of smoking [278-281]. 
There are rare reports of acute respiratory distress syndrome 
complicating erythrodermic or generalised pustular psoriasis [282]. 
Renal involvement due to psoriasis is rare: secondary amyloidosis 
has occasionally been reported, as have instances of immunoglob- 
ulin A nephropathy [283]. There are conflicting reports of the 
frequency of cognitive impairment and dementia in psoriasis 
[284-287]. 

Pregnancy outcomes in patients with mild psoriasis appear to 
be unaffected, but in severe disease a higher prevalence of adverse 
outcomes including spontaneous abortion, gestational diabetes, 
pre-eclampsia, pre-term birth and low birth weight have been sug- 
gested although these findings are not consistent between studies 
in different populations [288,289,290,291]. Fertility does not appear 
to be negatively affected [292]. 


Disease course and prognosis 

In many instances, plaque psoriasis is persistent, changing little 
over years. In other individuals, the disease is less stable with 
considerable variation in the extent and degree of inflammation, 
sometimes in relation to environmental triggers such as infections, 
alcohol consumption, emotional distress or climate. A deterioration 
in the symptoms and extent of psoriasis in the winter months is 
common, with a tendency for it to be milder in the autumn [293]. 
In the few longitudinal studies that have been reported, sponta- 
neous remission occurs in between a third and a half of patients, and 
has been described for as long as 54 years [2,10]. The cause of these 
spontaneous remissions is unknown. Psoriasis can be maintained 
in prolonged remission using systemic or biological treatment, but 
untreated, relapse is the rule. The time to relapse after treatment 
varies enormously between individuals and between therapeutic 
modalities. 

Acute guttate attacks carry a better prognosis than those of a 
slower onset and have longer remissions after treatment [294]. Few 
studies have assessed the long-term prognosis for first episodes of 
guttate psoriasis. In one study, only five of 15 patients followed up 
10 years after an initial episode of guttate psoriasis had developed 
plaque disease [295]. At the other extreme, erythrodermic and 
pustular forms carry an appreciable mortality and arthropathic 
forms a considerable morbidity. Severe plaque psoriasis shortens 
life expectancy by an average of 4-6 years [206,296]. 


Investigations 


The diagnosis of psoriasis is usually apparent on clinical exami- 
nation and there is no reliable diagnostic test. A biopsy of lesional 
skin may occasionally be helpful in atypical cases to exclude other 
pathologies. There is no constantly present laboratory abnormality 
in uncomplicated psoriasis. High sensitivity C-reactive protein may 
be mildly elevated, with higher levels seen in psoriatic arthritis 
and especially in generalised pustular psoriasis [297]. Identification 
of biomarkers in the skin or peripheral blood of disease severity, 
natural history, risk of co-morbidities, and response to treatment 
is a focus of research in stratified medicine [298-301]. Screen- 
ing for known co-morbidities should also be undertaken which will 
include assessments for psoriatic arthritis, metabolic syndrome and 
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depression. Investigations appropriate for initiating or monitoring 
of systemic and biological treatments may be required. 


Management 


General 

Every patient with psoriasis presents an individual problem. 
Treatment depends upon many variables including age, gender, 
occupation, personality, general health and resources, as well as the 
type, extent, site, duration and natural history of the disease. Exten- 
sive psoriasis may be ignored by the phlegmatic, yet minor lesions 
on exposed areas can be ruinous for others. Treatment should be 
appropriate to disease severity and importance in that individual. 
It should not be more unpleasant, intolerable or dangerous than the 
disease itself. Reassurance and emotional support are invaluable, 
stressing the non-contagious and benign nature of psoriasis, and 
the availability of a wide range of effective treatments. 

The importance of talking to patients, trying to allay their con- 
cerns, coupled with advice on how to handle negative beliefs about 
their disease cannot be overestimated. 

Attention to the patient’s general, physical and psychological 
health is always worthwhile. Known co-morbidities, for instance 
psoriatic arthritis and cardiovascular disease, should be actively 
looked for and treated. Lifestyle and behaviours that contribute 
to general health and treatment responsiveness such as weight 
management and smoking cessation should be addressed. 

The disease remains incurable and there is no current evidence 
that treatment alters its natural history. This is, however, an area 
of active research. Trials are ongoing to assess whether early effec- 
tive intervention may alter the course of the disease and prevent 
associated co-morbidities such as psoriatic arthritis, cardiovascular 
disease and psychological distress [1,2]. The patient should be 
encouraged to consider realistic targets for treatment, which may 
be subjective, or utilise a numerical scoring system such as DLQI. 
For physicians, response to treatment should be recorded objec- 
tively using appropriate severity scores such as PASI and PGA. 
It is useful to consider treatment in two phases: induction and 
subsequent maintenance of remission. In inducing remission, 75% 
reduction in PASI from baseline (PASI 75) has been widely adopted 
as a minimum response criterion for severe plaque psoriasis in 
clinical trials. With the availability of higher efficacy treatments, 
this standard has changed to PASI 90, or perhaps preferably a 
low absolute PASI (e.g. PASI <2) and/or a low absolute DLQI [3]. 
However, the physician must take a long-term view, and long-term 
safe control of psoriasis is equally important. The cost of treatment 
is a significant consideration in planning a treatment strategy. The 
management of psoriasis is a rapidly developing and increasingly 
specialised therapeutic area and up-to-date local and national 
guidelines should be consulted. 


Topical treatment 

Topical therapies are the mainstay of treatment for psoriasis of lim- 
ited extent. Patients with more extensive psoriasis also often use 
topical therapies, at least for selected body areas. The main groups 
of topical therapies are emollients, corticosteroids, vitamin D and its 
analogues, coal tar and dithranol (Table 35.4). As well as differences 


Table 35.4 Properties of topical treatments. 


Relative Suitability Suitability 
short-term for inducing for maintenance Patient 


Treatment efficacy clearance of clearance acceptability 
Topical corticosteroids /~¥ ~VV VV Vv J Vv 

Vitamin D analogues 4/ v/ y/ VV Vv VV Vv vv 
Out-patient dithranol 4/ / J = » 

Coal tar VV VJ Vv - 


in efficacy and side effects, some of these preparations are easier to 
use than others for different patterns of psoriasis. There is a need for 
more effective and better tolerated treatments for patients who fail 
to respond to first line topical treatment. 

There are several topical therapies in development and have 
undergone phase II and III trials. 


Topical corticosteroids 

Topically applied corticosteroids are of established value in pso- 
riasis [4,5]. Potent and very potent topical corticosteroids are 
the most effective topical monotherapies for outpatient use and 
are recommended by the National Institute for Health and Care 
Excellence (NICE) as first line topical treatment on cost-effectiveness 
grounds [6]. Mild to moderate potency corticosteroids are the treat- 
ment of choice on the face and neck, flexures and genitalia. Potent 
and very potent corticosteroids are suitable for scalp psoriasis [5] 
and plaque psoriasis at sites of thick skin such as the palms and 
soles. Newer formulations of corticosteroids, particularly foams, 
are easier to apply than traditional creams or ointments and can be 
used for scalp, truncal or limb psoriasis. Intralesional corticosteroid 
infiltrated intradermally into localised lesions of psoriasis by needle 
injection may be a valuable technique in small resistant plaques, 
for instance on the backs of the hands and knuckles. The effect may 
be long lasting in some patients [7]. 

Topical corticosteroids are associated with a lower incidence of 
short-term local adverse events than other topical treatments [4]. 
They generally lack irritancy, do not stain skin or clothing and have 
the merits of ease of application. They are frequently combined 
with other topical agents to counteract irritancy. The combination 
of a potent topical corticosteroid with calcipotriol provides the 
most effective strategy for topical treatment of limited plaque pso- 
riasis over a short period of time [4,5]. The potential side effects 
of topical corticosteroids are well known and include cutaneous 
atrophy (Figure 35.28), tachyphylaxis, rebound flare and systemic 
absorption, although there is a lack of data about the magnitude 
of these risks [4]. It is prudent to limit the use of potent topical 
corticosteroids to stable plaque psoriasis affecting limited areas, as 
long-term use may exacerbate the disease. Potent topical corticos- 
teroids tend not to induce a lasting remission, unlike tar or dithranol 
which have the potential to do so. 


Vitamin D analogues 

The naturally occurring active metabolite of vitamin D3, 1,25- 
dihydroxyvitamin D, (calcitriol) [8] and synthetic analogues cal- 
cipotriol [2-4] and 1,24-dihydroxyvitamin D, (tacalcitol) [9,10] 


Figure 35.28 Striae induced by potent topical corticosteroids in psoriasis. 


have all been shown to be effective when applied topically in pso- 
riasis. The mechanism of action of these agents is via vitamin D 
receptor-mediated effects on the proliferation and differentiation 
of epidermal keratinocytes [8,11] and on immunocytes [12]. Top- 
ical formulations of calcipotriol and other vitamin D analogues 
are widely prescribed therapies for plaque psoriasis. Systematic 
reviews of calcipotriol attest to its equivalence or superiority to 
other available topical therapies apart from potent topical corti- 
costeroids [4,13]. The most widely prescribed analogue in current 
use, calcipotriol (50 pg/g) ointment, has been reported to be at least 
as effective as 0.1% betamethasone valerate ointment [14,15] and 
more effective than short-contact dithranol therapy [16] in plaque 
psoriasis. Calcipotriol (50 1.g/g) ointment has also been shown to 
be effective and safe in children when administered in amounts 
up to 45 g/week/m? [17]. Side effects of calcipotriol include local 
irritation, which may affect up to 20% of patients, and can be 
particularly troublesome on the face. Vitamin D and its analogues 
all have the potential to affect systemic calcium homeostasis with 
hypercalciuria and hypercalcaemia [18]. It is prudent to restrict the 
amount of calcipotriol (50p.g/g) ointment to fewer than 100g or 
50 g/m? per week, and to monitor serum and urinary calcium levels 
should these doses be exceeded. 

Combining calcipotriol monotherapy applied in the morning 
with a potent topical corticosteroid such as halobetasol ointment 
applied in the evening for 2 weeks was superior to either drug used 
twice daily [19]. Based on this observation, a stable ointment for- 
mulation of calcipotriol 50p1.g/g and betamethasone dipropionate 
0.5mg/g has been licensed for therapy. This combination shows 
superior efficacy to either calcipotriol or betamethasone alone with 
better clearance and faster onset of action [20]. The introduction of a 
gel and foam formulation of the combination product has improved 
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tolerability in managing scalp psoriasis and is also useful for plaque 
psoriasis at other sites [21,22]. 

Long-term treatment of plaque psoriasis with calcitriol (3 ng/g) 
ointment confirmed shorter term efficacy studies [8]. No statistically 
significant changes in serum or urinary calcium levels have been 
found, even in patients using large quantities to treat up to 35% of 
the BSA for 3 months [23]. 

Tacalcitol 41g/g ointment applied once daily is effective for the 
treatment of plaque psoriasis but is probably less effective than cal- 
cipotriol 50 pg/g ointment [4]. 

Calcipotriol and tacalcitol have been combined with other ther- 
apies. Calcipotriol ointment enhances the efficacy of PUVA and 
UVB phototherapy [24,25]. Tacalcitol ointment when combined 
with PUVA is UVA sparing [26] and calcitriol is UVB sparing in 
combination [27]. Calcipotriol 50 pg/g ointment used in combi- 
nation with methotrexate may enable lower cumulative doses of 
methotrexate to be used [28]. 


Dithranol 

Dithranol is a synthetic derivative of chrysarobin, which was origi- 
nally extracted from the bark of the araroba tree. The use of dithra- 
nol for the treatment of psoriasis was first described by Unna in 
1916 [29] and its use became widespread following the discovery 
that its stability can be increased by combination with salicylic acid. 
The mechanism of action of dithranol may relate to its antiprolif- 
erative and pro-apoptotic effects on keratinocytes [30-32]. It also 
reduces neutrophil and lymphocyte migration [33,34]. 

Dithranol therapy for psoriasis was formalised in the Ingram reg- 
imen; in-patients were treated with a tar bath, suberythemogenic 
UVB and then dithranol in Lassar’s paste applied to plaques, 
starting at a concentration of 0.05-0.1% and increased cautiously 
to reduce irritation up to a maximum concentration of 4% [35,36]. 
The stiff paste prevented spread onto perilesional skin, which can 
become irritated by dithranol. Clearance rates with the Ingram reg- 
imen were reported at over 95% with remission times of 6 months 
or longer [36,37]. Clearance rates and remission times were similar 
to PUVA in a randomised controlled trial of 224 patients [38]. In the 
1980s, the recognition that dithranol could penetrate the epidermis 
in 100 minutes led to the concept of short-contact dithranol. This, in 
conjunction with increased financial pressure on in-patient derma- 
tology beds, led to the development of day care centres for psoriasis 
therapy. Out-patient short-contact dithranol is less effective [39] 
but more cost-effective than in-patient therapy [40]. It has a similar 
efficacy to topical vitamin D analogues in head-to-head trials [41]. 
Dithranol produces brown staining of the skin which resolves about 
2 weeks after therapy is completed. It is not generally useful for 
facial or flexural psoriasis due to significant irritation. Despite these 
modifications, the use of dithranol as an out-patient therapy for 
psoriasis has declined. 


Coal tar 

Coal tar is the by-product of coal distillation and contains over 
100 000 individual compounds, predominantly hydrocarbons. Coal 
tar was pioneered for the treatment of psoriasis by Goeckerman in 
the 1920s, applied on an in-patient basis for 24h in combination 
with suberythemogenic doses of UVB [42]. In a day care setting, 
modified Goeckerman regimens cleared over 90% of patients with 
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an average duration of remission of 8 months [43]. The mode of 
action of topical tar therapy is incompletely understood but clear- 
ance of psoriasis with the Goeckerman regimen is associated with 
decreased serum levels of inflammatory cytokines [44]. 

The efficacy of the modified Goeckerman regimen using coal 
tar applied for 5h/day in combination with narrow-band UVB 
in patients with moderate to severe psoriasis has been confirmed 
in a Taiwanese study. After 4-6 weeks of therapy, the mean PASI 
reduced from 27.1 to 6.9. There were significant improvements in 
anxiety, depression and quality of life scores and the mean remission 
time (i.e. maintenance of PASI-75) was 22 months [45]. There are a 
number of reports of the success of modified Goeckerman regimens 
in patients whose psoriasis is refractory to biologic therapy [46,47]. 
The use of topical tar therapies in an in-patient setting and day care 
setting has reduced considerably in recent years, due to a reduction 
in dermatology in-patient beds and the inconvenience for patients 
of attending day care centres. Nonetheless, despite the advances 
in psoriasis therapies, the efficacy and safety of the Goeckerman 
regimen remains impressive [48]. 

The use of coal tar outside of the setting of day care and in-patient 
treatment has had less impressive results. There are a small number 
of randomised controlled trials assessing the efficacy of new formu- 
lations of coal tar. In mild to moderate disease, a 1% coal tar solution 
is similar in efficacy to calcipotriol cream and 5% coal tar cream 
[49,50]. In the short term, coal tar may cause folliculitis and contact 
allergy has been reported occasionally [51]. 


Topical calcineurin inhibitors 

The topical calcineurin inhibitors tacrolimus and pimecrolimus 
were initially developed for the treatment of atopic eczema in 
childhood. Both preparations have been shown to be effective for 
psoriasis affecting the face, neck, flexures and genitalia [52,53]. 
Their advantage is that unlike topical corticosteroids they are not 
absorbed systemically and do not produce skin atrophy, making 
them more suitable for long-term use. 


Novel topical agents 

Tapinarof is a novel topical agent that is undergoing phase III 
clinical trials. It binds to the intracellular arylhydrocarbon recep- 
tor which results in downregulation of inflammatory cytokines 
including IL-17A and F. In two phase III randomised controlled 
studies, patients with moderate disease (PASI 8.7-9.1) were treated 
with taparinof 1% cream once daily for 12 weeks compared with 
placebo. The primary end-point of PGA 0/1 (clear or almost clear) 
was achieved by 35.4-40.2% of taparinof treated patients compared 
with 6-6.3% of patients treated with placebo cream. Between 36.1% 
and 47.6% of patients achieved PASI-75 [54]. It is well tolerated 
although a small number of patients develop folliculitis. Taparinof 
was approved for use in the treatment of psoriasis by the US Food 
and Drug Administration in 2022. 

Roflumilast is a topical PDE4 inhibitor with a similar mechanism 
of action to apremilast. In a phase IIb study, topical roflumilast 
0.3% cream was compared with 0.15% cream and placebo vehicle 
in patients with mild to moderate psoriasis. At week 6, an IGA 
score of clear or almost clear was achieved in 28% of the roflumilast 
0.3% cream group, 23% in the 0.15% cream group and in 8% of the 
vehicle group. The treatment was well tolerated and was especially 


effective in intertriginous areas [54]. These findings were replicated 
in two larger phase III studies. At week 8, an IGA of 0/1 was 
achieved in 37.5-42.4% of patients using roflumilast compared with 
6.1-6.9% of placebo patients [55]. Roflumilast is licensed for the 
treatment of psoriasis in the USA. 


Phototherapy 

Narrow-band UVB 

Phototherapy with narrow-band UVB (NB-UVB) is recommended 
for patients with moderate to severe psoriasis [1]. Broadband UVB 
sources (290-320 nm) were used for nearly 100 years as part of the 
Goeckerman and Ingram regimens. The recognition that the opti- 
mal wavelength for treating psoriasis was approximately 312 nm [2] 
led to the development of TL-01 bulbs that produced wavelengths 
311-313 nm: NB-UVB. NB-UVB evolved rapidly in the mid-1990s 
replacing broadband UVB therapy, as it is more effective and better 
tolerated [3,4]. 

UVB exerts pleiotropic effects on the skin and the mechanism 
of action of NB-UVB remains incompletely understood. NB-UVB 
causes cutaneous immunomodulation partly by increasing vita- 
min D [5] and similarly to PUVA induces apoptosis of T cells 
[6,7]. It also reduces epidermal hyperproliferation [8]. Studies also 
indicate that induction of keratinocyte apoptosis is involved in 
remodelling and resolution of hyperplastic psoriatic epidermis 
in response to NB-UVB [9,10]. NB-UVB may also reduce sys- 
temic inflammation in psoriasis as measured by C-reactive protein 
and cytokine levels in peripheral blood [11]. Nonetheless it is a 
non-immunosuppressant therapy and is also safe in the pericon- 
ceptual period and at all stages of pregnancy. 

The efficacy of NB-UVB is comparable to PUVA with clearance 
rates (<1% BSA) of over 90%, and average remission time of 
16 weeks [12]. NB-UVB has been combined with numerous ther- 
apies with apparent success, including methotrexate, acitretin, 
fumaric acid esters (FAEs) and biologic therapies. NB-UVB should 
be avoided in patients who are taking ciclosporin due to concerns 
regarding accelerated cutaneous carcinogenesis [13]. Several factors 
determine treatment outcomes with NB-UVB. Psoriasis severity, 
BMI, smoking status, impairment of quality of life among others 
appear to predict outcomes and remission times in psoriasis patients 
treated with NB-UVB [5,13]. 

UVB erythema is maximal at 48-72h and this fact coupled with 
the dose-response curve for NB-UVB suggests that treatment 
should be given three times weekly. Thrice-weekly NB-UVB has 
been shown to clear psoriasis more quickly than twice-weekly 
NB-UVB [14]. The British Photodermatology Group has published 
guidelines on dosing regimens for NB-UVB [13]. The initial dose is 
based on skin phototesting and the determination of the minimal 
erythemal dose (MED) or on skin phototype. Patients’ estimation 
of their skin phototype may be inaccurate so MED phototesting is 
preferred. 

NB-UVB can cause erythema and pruritus in the acute setting 
and, rarely, blisters can develop in the resolving plaques [15]. The 
cutaneous carcinogenic potential is unknown, but animal studies 
suggest that NB-UVB may be less carcinogenic than PUVA, leading 
some authors to suggest that it can be used in patients who have 
reached the maximum number of lifetime PUVA treatments [13]. 
Due to concerns regarding an increased risk of cutaneous squamous 


cell carcinoma (SCC), the scrotum and genital skin should be pro- 
tected from irradiation. Longitudinal prospective studies are needed 
to establish the long-term side effects of NB-UVB. 

NB-UVB is a highly effective, cost-effective remission-inducing 
therapy in psoriasis with a long safety record [16]. It should continue 
to play a significant role in psoriasis management. Regular atten- 
dance at hospital phototherapy departments is required and limits 
the utility of phototherapy for some patients. 


PUVA photochemotherapy 

PUVA is the acronym used for the combination of psoralens and 
long-wave ultraviolet radiation (UVA 320-400 nm). Psoralens bind 
to DNA and when activated by UVA cause permanent DNA damage 
with resulting cell death [1]. This reduces keratinocyte hyperpro- 
liferation, decreases antigen-presenting cells in the dermis, reduces 
angiogenesis, causes T-cell apoptosis with associated clearance 
and remission of psoriasis [2-4]. The psoralens that are commonly 
used are 8-methoxypsoralen (8-MOP), 5-methoxypsoralen (5-MOP) 
and trioxypsoralen (T-MOP). Psoralens are used either topically 
or orally in combination with UVA. Small studies comparing 
topical bath PUVA to oral systemic PUVA have reported simi- 
lar efficacy rates although bath PUVA is more time-consuming 
and resource intensive. Bath PUVA is not associated with nau- 
sea and obviates the need to wear UVA protective spectacles on 
treatment days. 

Oral PUVA therapy is given in dermatology centres according to 
dosing protocols. 8-MOP is usually given at a dose of 0.6mg/kg 
2h before UVA therapy although it may be dosed according to the 
BSA. As the skin reacts to PUVA by developing pigmentation and 
epidermal hyperplasia, increasing doses are required as courses 
progress. PUVA is usually given as a twice-weekly treatment and 
the average number of treatments to clearance is 18. Twice-weekly 
PUVA is as effective as three-times-weekly PUVA. The initial dose 
of UVA is calculated as 70% of the minimal phototoxic dose and 20% 
increments are given until erythema occurs. The scrotum and gen- 
ital skin are more sensitive to the development of PUVA-induced 
skin cancers and should be protected from irradiation. 

This modality is highly efficacious in treating psoriasis with 
reported clearance rates of over 90% [5,6,7,8]. When PASI-75 results 
are reported using conservative analyses such as intention-to-treat, 
PUVA still compares favourably to systemic and biologic agents 
[9]. The average duration of remission (the time taken for 50% of a 
patient’s psoriasis to return) is approximately 6 months. Guidelines 
on the use of PUVA for psoriasis have been published [10]. 

PUVA can cause both acute and chronic side effects; these include 
erythema, maximal at 72-96 h, and blistering that is usually dose 
and skin phototype dependent. PUVA may also cause neurogenic 
pruritus (PUVA itch), commoner in fairer skin types and usually 
dose related [11]. Patients describe a crawling under the skin that 
affects both psoriasis and clinically normal skin. If treatment con- 
tinues, PUVA itch usually persists. PUVA is associated with an 
increased incidence of non-melanoma skin cancer [12,13,14]. This is 
true for both basal cell carcinoma and SCC although the incidence 
of SCC is increased more dramatically. The risk of SCC increases 
with the cumulative number of treatments, the total dose of UVA 
and in fairer skin types. Immunosuppression with ciclosporin also 
appears to increase this risk. The relative risk of cutaneous SCC 
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starts to increase after 250 treatments in a lifetime. The British 
Photodermatology Group therefore recommends that a patient 
does not receive more than 200 treatments of PUVA [10]. One study 
has reported an increased risk of malignant melanoma associated 
with high-dose PUVA (>400 treatments) but this finding has not 
been replicated [15]. Due to the observed increased incidence in 
SCC, several studies have attempted to make PUVA regimens more 
efficient. PUVA may be combined effectively with oral retinoids, 
so-called Re-PUVA. This allows an overall dose reduction in UVA 
but remission times are typically shorter [16]. 

PUVA has been associated with cataract formation in mice but 
to date the relative risk of cataracts is the same in patients who 
have received PUVA compared with the background population. 
Nonetheless, it is still recommended that patients wear UVA pro- 
tecting plastic-lensed glasses on treatment days. Psoralens are 
teratogenic and patients should be advised about this risk even 
in patients undergoing topical or bath PUVA. The use of PUVA is 
declining due to lack of access in many centres in the UK and Ireland 
and has been largely replaced with NB-UVB. It offers superb efficacy 
combined with a known toxicity profile. It is also a cost-effective 
therapy for severe disease and is non-immunosuppressive. 


Systemic therapy 

The initiation of systemic therapy is a shared decision between 
patient and clinician, after consideration of the risk—benefit profiles 
of the available treatments. In general, systemic treatment is used 
for more extensive disease that is not responsive to topical therapy 
or phototherapy. However, the impact of disease may be sufficient 
that a patient in conjunction with their dermatologist would opt for 
earlier systemic treatment. Logistical factors may also play a part 
(e.g. ability to attend for regular phototherapy). The main systemic 
treatments in current clinical practice are methotrexate, ciclosporin, 
acitretin, dimethyl fumarate (DMF) and apremilast (Table 35.5). 
The choice of the most suitable agent in an individual depends on 
many variables including the person’s age and plans for conception, 
the presence of psoriatic arthritis or other co-morbidities and the 
pattern of activity (including high-impact sites) and current severity 
of their psoriasis. 


Methotrexate 

The successful use of aminopterin therapy for psoriasis was first 
described in 1951 [1]. It was soon replaced by methotrexate, which 
is a more stable folate antagonist that inhibits DNA synthesis by 
dihydrofolate reductase inhibition [1]. Although initially thought 
to inhibit keratinocyte hyperproliferation, it appears to inhibit 
lymphocyte proliferation and probably acts via this mechanism 
in psoriasis and psoriatic arthritis. Methotrexate is given orally 
at doses rising to a maximum of 25mg weekly, and also by sub- 
cutaneous or intramuscular injection [2]. Subcutaneous weekly 
methotrexate is used widely in the treatment of inflammatory 
arthritis and more recently in psoriasis [3]. It has been suggested 
that this method increases the bioavailability of methotrexate and 
may reduce side effects [4]. Lower doses of methotrexate may be 
effective, particularly in the elderly, which may relate to reduced 
renal excretion in this age group. Methotrexate is metabolised in 
the liver and significant enterohepatic circulation occurs but is 
mainly excreted via the kidneys. The modern use of methotrexate 
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Table 35.5 Properties of systemic treatments. 


Relative efficacy Suitability for 
Treatment in psoriasis inducing clearance 
Phototherapy VVVv VVvVv 
Methotrexate Vv J 
Ciclosporin VV Vv VV Vv 
Acitretin J J 
Fumaric acid esters vv vv 
Hydroxycarbamide J VJ 


for psoriasis is supplemented by folic acid. There is a wide variety 
in the dosing regimens of folic acid used [5,6]. 

Methotrexate is often used as the first systemic agent in plaque 
psoriasis, particularly if there is concomitant psoriatic arthritis. 
Methotrexate is by a considerable margin the least expensive sys- 
temic therapy for psoriasis. The British National Formulary NHS 
indicative price is £10 per month for 15mg orally per week and 
for subcutaneous methotrexate is between £13.77 and £14.85 for a 
25 mg injection. 

Early uncontrolled series of the efficacy of methotrexate in 
psoriasis reported clearance rates of up to 80% of patients with 
moderate to severe psoriasis [7]. More recent placebo-controlled 
and active comparator studies have revealed a lower efficacy. 
In small studies comparing methotrexate with ciclosporin, the 
efficacy of methotrexate 15mg/week was found to be similar to 
ciclosporin 3mg/kg/day at 16 weeks [8] whereas methotrexate 
7.5mg/week, increasing to 15 mg/week if necessary, was found to 
be inferior to ciclosporin 3mg/kg/day increasing to 5mg/kg/day 
at 12 weeks [9]. Methotrexate has also been used as an active com- 
parator in clinical trials for the development of the biologic agents 
adalimumab and briakinumab [10,11]. PASI-75 was achieved at 
week 16 in 35.5% of patients receiving methotrexate 7.5 mg orally 
increasing as tolerated and needed up to 25 mg/week, as against a 
PASI-75 rate in the placebo arm of 18.9% [10]. In the second study 
using a similar methotrexate dosing strategy, PASI-75 was seen at 
week 24 in 39.9% of the methotrexate arm (no placebo arm) [11]. 
Registry data supports increased efficacy of adalimumab compared 
with methotrexate [12]. Methotrexate can take up to 6 months to 
achieve maximum efficacy although improvement can be seen 
after about 2 months therapy. Subcutaneous methotrexate has been 
evaluated in a randomised controlled trial for psoriasis. At week 16, 
PASI-75 was achieved in 41% of patients compared with 10% in the 
placebo group [3]. 

In those patients in whom methotrexate is effective, long-term 
studies have reported both long-term safety and efficacy with 
some studies reporting favourable outcomes in patients treated for 
20 years or more [13]. Prospective studies have reported a mean 
drug survival of between 7.7 and 22.3 months [14]. 

Methotrexate therapy for psoriasis can cause a myriad of side 
effects including infections, nausea, bone marrow suppression, 
mucositis and hepatotoxicity. In the largest registry data, the 
reported risk of serious infection is 14.18 per 1000 patient years. 
The majority of these are lower respiratory tract infections and 
soft-tissue infections. In several registries, this is similar to the 
infection rates reported with TNF-inhibitors and ustekinumab [15]. 
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Low-dose once-weekly methotrexate (up to 25mg weekly) for 
psoriasis is associated with hepatic fibrosis in a minority of patients 
[16]. A systematic review assessing hepatotoxicity from methotrex- 
ate in psoriasis patients revealed that hepatic fibrosis was increased 
with a risk difference compared with controls of 0.22 (95% CI 
0.04-0.41). There was no association between the cumulative 
methotrexate dose and the development of liver fibrosis. The review 
commented that the quality of the evidence on this topic was poor 
[17]. Methotrexate hepatotoxicity nonetheless appears to be com- 
moner in psoriasis patients than in those with rheumatoid arthritis 
[18]. This may be due to increased risk factors for liver injury among 
psoriasis patients such as obesity, alcohol misuse and diabetes and 
the fact that higher therapeutic doses are generally used when treat- 
ing psoriasis compared with rheumatoid arthritis [18]. Standard 
liver function tests are considered insufficient to monitor patients 
for the development of hepatic fibrosis. In a significant minority 
of patients, liver fibrosis can occur with normal liver enzymes. In 
the past, liver biopsies have been recommended in order to detect 
occult fibrosis but the use of the serum aminoterminal peptide of 
pro-collagen III (PIINP) as a biomarker of fibrosis has reduced the 
need for routine liver biopsies in these patients [19]. Although, to 
date, the level of evidence in psoriasis patients is limited [17], the 
use of PIIINP is recommended in guidelines [3]. The detection and 
monitoring of hepatic fibrosis is aided by the use of transient elas- 
tography, which is now in routine clinical use in many centres [20]. 
Other non-invasive tools such as FIB-4 for detecting hepatic fibrosis 
have been reported [21]. Some studies in rheumatoid arthritis sug- 
gest that the use of concomitant folic acid may reduce abnormalities 
in liver enzymes [22]. There are no long-term studies assessing 
the use of concomitant folic acid with methotrexate therapy in 
psoriasis patients in terms of reducing hepatic fibrosis. Pulmonary 
fibrosis has only been reported rarely in psoriasis patients treated 
with methotrexate [23]. This contrasts with rheumatoid arthritis 
where pulmonary fibrosis induced by methotrexate is a significant 
concern. However, guidelines do recommend a chest X-ray prior 
to starting methotrexate therapy. This is to screen for pre-existing 
pulmonary pathology that may be exacerbated by methotrexate [2]. 

Methotrexate is teratogenic and it is advised that women of 
child-bearing age use adequate contraception during methotrex- 
ate therapy and for 6 months after methotrexate cessation. It is 
also recommended that men do not father children while taking 
methotrexate and for 6 months after cessation of therapy. 

Methotrexate is a cost-effective, safe treatment for psoriasis, but it 
requires a persistent attitude from both patient and physician. The 
superior efficacy of biologic therapies and decreased monitoring 


required may make these drugs more attractive to prescribe. 
Nonetheless a significant number of patients will achieve excellent, 
long-term control of their disease with methotrexate therapy and 
the treatment of psoriasis demands a long-term perspective. 

Methotrexate is often used and licensed for the use in combina- 
tion with biologic treatments for the treatment of psoriatic arthritis. 
This has been studied less often in psoriasis. In a randomised con- 
trolled trial, methotrexate in combination with etanercept was more 
effective than etanercept monotherapy [24]. Methotrexate therapy 
in combination with infliximab is a recommended approach as it 
may reduce the immunogenicity of infliximab although this has 
not been studied in randomised controlled trials. The use of com- 
bination therapies probably increases the risk of serious infection 
and for most psoriasis patients is not needed for control of the 
disease. The question of whether concomitant methotrexate ther- 
apy increases drug survival is one that needs to be addressed in 
prospective studies. It is established practice to use methotrexate 
in conjunction with adalimumab for the treatment of rheumatoid 
arthritis. This is based on studies that report increased adalimumab 
drug levels and decreased anti-drug antibody formation in rheuma- 
toid arthritis and ankylosing spondylitis patients treated with 
methotrexate and adalimumab compared with adalimumab alone 
[25,26]. One study in psoriasis has suggested that the combination 
of methotrexate and adalimumab is more effective compared with 
adalimumab alone after 1 year but the 3-year follow-up report of 
this study did not report any statistically significant differences in 
terms of efficacy and drug survival [27,28]. 


Ciclosporin 

Ciclosporin was reported as being effective for psoriasis in 1979 
following a serendipitous observation in patients with psoriatic 
arthritis who received the treatment as part of a pilot study in 
inflammatory arthritis [29]. Ciclosporin works by inhibiting IL-2 
production by lymphocytes via calcineurin inhibition. This results 
in the reduction of NF«B and multiple cytokines including IL-2, 
TNF-a and IL-8. The observation that ciclosporin was effective 
in psoriasis reinforced a change in thinking about the psoriasis 
pathogenesis paradigm [30]. Prior to this, psoriasis was considered 
to be primarily a disease of keratinocyte hyperproliferation with 
secondary inflammation. The efficacy of ciclosporin confirmed the 
primacy of immunological abnormalities and led to a large body of 
research suggesting that psoriasis is an immune-mediated disease. 
Calcineurin is also expressed in epidermal keratinocytes and other 
cell types in skin so that inhibition of nuclear factor of activated 
T-cell (NFAT) signalling in both the acquired and innate immune 
system may be important to its therapeutic efficacy. 

Double-blind placebo-controlled trials confirmed early obser- 
vations of efficacy and suggest a maximum dose of 5mg/kg/day 
[31,32]. Ciclosporin 5mg/kg/day is more effective than 
2.5mg/kg/day [33]. Over 80% of patients achieved PASI-75 at 
week 16 [33]. 

There are two randomised controlled trials of ciclosporin com- 
pared with methotrexate therapy. In a study of 88 patients 
randomised to either ciclosporin 2.5-5 mg/kg/day or methotrexate 
15-22.5mg weekly, there were similar responses in both groups. 
Thirty-three per cent of patients in the ciclosporin group achieved 
complete remission and 71% partial remission. In the methotrexate 
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group, 40% and 60% achieved complete and partial remission, 
respectively [8]. In a similar comparative study, Flystrom reported 
greater efficacy of ciclosporin (PASI-75 achieved in 58%) compared 
with methotrexate in a study of 84 patients [9]. 

The long-term use of ciclosporin is associated with significant side 
effects. The major issues relate to renal impairment, hypertension 
and possible increased risk of malignancies [34]. 

As a consequence, ciclosporin is not recommended for main- 
tenance treatment of psoriasis. [35]. It is used predominantly for 
the induction of remission when a swift response is required. It 
is also a safe treatment throughout all stages of pregnancy with 
appropriate monitoring for hypertension and renal impairment. 
Transition to another therapy with a more favourable side-effect 
profile is then recommended for long-term disease control. 


Acitretin 

Acitretin is a metabolite of etretinate, which was the first retinoid 
used in the treatment of psoriasis. Etretinate has a narrow thera- 
peutic window and a long half-life and its use has been superseded 
by acitretin. Acitretin binds to nuclear receptors of the steroid 
superfamily, which includes the vitamin D receptor. It reduces 
keratinocyte proliferation [36] and also reduces Th17 cells with a 
concomitant increase in regulatory T cells [37]. 

The evidence base for the use of acitretin in psoriasis is small 
and of low quality although more extensive and robust studies had 
been performed for etretinate. The efficacy of acitretin in psoriasis is 
dose dependent and NICE guidelines suggest dose escalation with 
a target dose of 25-50 mg/day, assessing efficacy at 4 months [35]. 
Low-dose acitretin as monotherapy (10-25 mg daily) is of low effi- 
cacy and in one study daily doses of 50 mg or higher were required 
for significant efficacy [38]. A comparative study between acitretin 
and etretinate reported a 76% improvement in PASI in 127 patients 
treated with acitretin 0.54 mg/kg/day for 12 weeks [39]. In a small 
controlled study of 20 patients, Gisondi et al. reported a PASI-75 of 
30% in patients treated with acitretin 0.4 mg/kg/day after 24 weeks 
of therapy [40]. In a comparative study with etanercept, PASI-75 at 
12 weeks was achieved in 27% with acitretin 0.4mg/kg/day [40]. 

Acitretin is associated with mucocutaneous side effects, which 
are dose dependent. Retinoids can cause hyperlipidaemia and 
rarely hepatitis. Acitretin is teratogenic and is contraindicated in 
pregnancy, and due to its lipophilic nature can persist in adipose 
tissue for up to 3 years. Current guidelines recommend that women 
of childbearing age must not become pregnant for 3 years after 
cessation of acitretin [41], which precludes its use in most women 
of childbearing age. 

There are many reports of acitretin use in combination with 
other modalities. Retinoids and PUVA appear to act synergistically. 
The combination reduces the dose of retinoid and the dose of 
UV radiation needed to achieve remission and is highly effective, 
with complete remission reported in 94% of patients [42]. Acitretin 
0.3-0.5mg/kg combined with NB-UVB or oral 8-MOP PUVA in 
60 patients produced PASI-90 at 8 weeks in 57% of patients receiv- 
ing re-UVB compared with 63% in the re-PUVA group [43]. Similar 
results have been reported with bath PUVA and acitretin [44]. 

Acitretin has the advantage of being a non-immunosuppressant. 
There are a minority of patients in whom immunosuppression 
is contraindicated. In these patients acitretin monotherapy or in 
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combination with NB-UVB or PUVA can be a highly effective and 
safe therapy. 


Fumaric acid esters (FAE) 

FAE were first reported to be effective in psoriasis in 1959 [45]. FAE 
have been licensed for the treatment of severe psoriasis in Germany 
since 1995 and for moderate disease since 2009 [41]. The active 
component, dimethyl fumarate (DMF), was licensed for moderate 
to severe psoriasis in Europe in 2017 and is also licensed for the 
treatment of multiple sclerosis [46]. 

DMF has multiple effects on immune function. It causes a 
reduction of glutathione with subsequent decreased Th1 cytokine 
production including IL-12 and IL-23, and a corresponding increase 
in Th2 cytokines such as IL-4 [47]. FAE also cause altered Langerhans 
cell function and reduction in NF«B production, with subsequent 
decreased TNF-a and IL-8 levels [48,49]. A relative reduction in 
Th17 cells compared with Treg cells has also been proposed [50]. 

DMF is given according to a gradually increasing dosing schedule 
to a maximum dose of 240 mg three times daily. DMF treatment 
for 16 weeks has produced an improvement in PASI of between 
50% and 80% [51-53]. Long-term studies have suggested that the 
efficacy of DMF continues to improve beyond 16 weeks with one 
large study of 984 patients reporting good responses in up to 80% 
of patients [54]. The response to DMF is heterogeneous and some 
patients will achieve long-term control on small doses (<120mg 
daily) [55]. DMF has been compared with Fumaderm® and placebo 
in a randomised placebo-controlled trial. At 16 weeks, 37.5% of 
patients treated with DMF achieved PASI-75 compared with 15.7% 
of placebo treated patients and 40% of those receiving Fumaderm. 

One study has reported that up to 60% of patients remain on ther- 
apy after 4 years [55]. DMF is undergoing trials for the treatment of 
moderate psoriasis (5-10% BSA). 

DMF causes gastrointestinal upset, usually diarrhoea, in about 
60% of patients [54]. Tolerance develops in the majority of patients 
allowing dose escalation. Flushing manifests in 30% of patients and 
may respond to aspirin. A transient eosinophilia may develop in 
some patients. A significant issue is that DMF can cause lymphope- 
nia in 53% of patients. Current guidelines suggest dose reduction if 
the lymphocyte count decreases below 0.8 x 10°/L. If the lympho- 
cyte count persists below this level then further dose reductions 
should be made until the count recovers or consideration should be 
given to discontinuing treatment. DMF does not cause anaemia or 
thrombocytopenia. Despite the immunosuppressive nature of FAE 
there are few reports of serious or opportunistic infections and these 
appear less than traditional systemics and biologic therapies [56]. 

Progressive multifocal leukencephalopathy has been described in 
19 patients receiving FAE/DMEF [57]. The majority of these patients 
had prolonged lymphopenia (<0.5 x 10°/L) for 6 months or more. 
One case of Kaposi sarcoma has been described in a patient taking 
FAE. The lesions resolved on stopping the drug and restoration 
of normal lymphocyte function [58]. DMF should be monitored 
in a similar fashion to other immunosuppressant drugs. Active 
infection should be excluded prior to starting the medication and 
caution should be exercised in using FAE in the setting of systemic 
malignancy. Prophylactic immunisation with influenza and pneu- 
mococcal vaccine should be part of routine management, as should 
screening for malignancies such as cervical cancer. 


DMF may cause proteinuria and this should be screened for 
routinely. Most cases of proteinuria are stable and do not require 
dose reduction and/or cessation of the drug. Proximal renal tubule 
dysfunction may occasionally occur and Fanconi syndrome has 
been reported rarely [59]. Despite recognised effects on renal func- 
tion, progression to renal failure is not reported in the literature. 
Guidelines recommend that renal failure is a contraindication to 
DMF therapy [41]. 

NICE recommends DMF after ciclosporin and methotrexate for 
psoriasis patients in the UK. This contrasts with Germany, Austria 
and the Netherlands. Its long-term safety and low level of serious 
infections suggest that it may best be used as a first line therapy as 
recommended by the European S3 guidelines [60]. 


Hydroxycarbamide (hydroxyurea) 

Hydroxycarbamide is indicated predominantly in lymphoprolif- 
erative disorders but has been used occasionally in patients with 
psoriasis over the past 30 years [61]. 

There are no randomised controlled trials of hydroxycarbamide 
in psoriasis. Given this lack of evidence and lack of clinical experi- 
ence outside a few centres, it is used infrequently. In a retrospective 
study, Layton et al. reported remission in 52 of 80 patients (61%) 
with severe psoriasis prescribed 0.5-1.5¢ daily [62]. In another 
small study in which 31 patients with psoriasis received hydroxy- 
carbamide 1-1.5g daily for 36 weeks, 75% had at least a 35% 
improvement in PASI, and 50% had a 70% or greater reduction 
in PASI [63]. There does not appear to be any benefit in increas- 
ing the dose beyond 1.5g/day. Long-term satisfactory control 
can be achieved in patients with hydroxycarbamide for up 
to 20 years in some patients. 

Hydroxycarbamide is inexpensive and appears well tolerated. 
It can cause dose-dependent bone marrow toxicity and has a nar- 
row therapeutic window. It is excreted via the kidneys so caution 
should be used in treating patients with impaired renal func- 
tion [61]. A raised mean corpuscular volume on full blood count 
tests is expected and in contrast to when this occurs in patients 
on methotrexate therapy, it is not a cause for concern. Hydroxy- 
carbamide has been used in the treatment of HIV infection [64] 
and may be a suitable choice of systemic treatment in psoriasis 
patients with HIV [65]. Hydroxycarbamide has been reported to 
be associated with an increased incidence of actinic keratosis and 
SCC. The majority of these arise in patients with myeloproliferative 
disorders who are at increased risk of pre-malignant cutaneous 
lesions [61]. 


Apremilast 

Apremilast is a small molecule inhibitor of phosphodiesterase 4, 
which modulates pro-inflammatory mediator production. In phase 
III randomised controlled trials at a dose of 30mg twice daily, 
between 33.1% and 28.8% of patients achieved PASI-75 compared 
with 5% and 5.8% of patients on placebo at week 16 [66,67]. Apremi- 
last may cause diarrhoea and 10% of patients lose >10% of their 
body weight independent of diarrhoea. One year drug survival was 
31% in one large study but no prospective registry data have been 
reported [68]. The incidence of serious infections appears low, but 
these have been reported including tuberculosis. Apremilast is also 
licensed for the treatment of psoriatic arthritis — see later. 


Miscellaneous 

Tofacitinib 

Tofacitinib, an oral inhibitor of Janus kinases JAK1 and JAK3, is 
currently licensed for the treatment of rheumatoid arthritis and 
psoriatic arthritis. In a phase II clinical trial in psoriasis, PASI-75 
was achieved at 12 weeks in 40.8% of patients receiving 5 mg twice 
daily and 66.7% of those receiving 15mg twice daily compared 
with 2% in the control arm [69]. Tofacitinib is not licensed for the 
treatment of psoriasis. 


Tyrosine kinase 2 inhibitor 

A novel oral tyrosine kinase 2 inhibitor, deucravacitinib is licensed 
for moderate to severe psoriasis. This acts on gene expression of 
the STAT pathway, leading to a reduction in IL-12 and IL-23 and 
ultimately Th17 cells. In a phase II study, 75% of patients at a dose 
of 12mg daily achieved PASI-75 at week 12 compared with 7% 
on placebo in patients with moderate to severe psoriasis (PASI 
>12) [70]. In two phase III studies, deucravacitinib was compared 
with placebo and apremilast. At week 16, 53.6-58.7% of patients 
on deucravacitinib 6mg once daily achieved PASI-75 compared 
with 35.1-40.2% of patients on apremilast 30mg twice daily and 
9.4-12.7% of patients on placebo [71]. 


Biologic therapy 

The development of biologic therapies or biologics for psoriasis 
has revolutionised care for patients suffering with this disease. 
Currently licensed treatments in this category are TNF-a inhibitors 
(TNFi), the IL-12/IL-23 p40 inhibitor ustekinumab, IL-17 inhibitors 
and IL-23p19 inhibitors. 

The evidence base for their short-term efficacy is robust, based on 
many well-designed randomised controlled trials. There are direct 
comparative trials between these agents [1,2,3,4] and indirect com- 
parisons using network meta-analysis [5]. These suggest marked 
variation in their short-term efficacy. The optimal sequence of bio- 
logic treatments is still being developed as longer term efficacy and 
safety data emerge and guidelines have been published on their 
use [6]. The evidence derived from clinical trials needs to be inter- 
preted with caution in the clinical setting, due to factors such as the 
limited duration of the placebo-controlled phase of the trial, and the 
large number of exclusion criteria when recruiting to trials. Longer 
term safety data can more reliably be obtained from well-designed 
treatment registers such as the British Association of Dermatologists 
Biologics and Immunomodulators Register (BADBIR) [7]. 

For instance, 30% of patients enrolled in a Spanish severe psoriasis 
register would have been ineligible for most randomised controlled 
trials (because of their age, pattern of psoriasis or co-morbidities) 
and this ineligible group was at increased risk of serious adverse 
events [8]. A similar report has been published using data from 
BADBIR. Registers or networks of registers are more powerful for 
detecting adverse events and were primarily designed to assess the 
safety of these medications [9,10]. 


TNF-a inhibitors 

TNFi have the advantages, compared with previous conventional 
treatments, of a different and relatively precise mechanism of action 
and as a consequence a different safety profile, high response 
rates (Table 35.6) and efficacy when other approaches have failed. 
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Table 35.6 Relative short-term efficacy in randomised controlled trials of biologics for 
psoriasis. 


Treatment Dose % achieving PASI-75 
Adalimumab 40 mg every other week 71-80% at week 16 
Etanercept 25 mg twice weekly 34% at week 12 

50 mg twice weekly 49% at week 12 
Infliximab 5 mg/kg at weeks 0, 2 and 6 80-88% at week 10 


67% at week 12 
66-76% at week 12 


Ustekinumab 45 mg at weeks 0 and 4 


90 mg at weeks 0 and 4 


PASI, Psoriasis Area Severity Index. 


Currently, four TNFi are licensed for this indication: adalimumab, 
certolizumab, etanercept and infliximab. Although they share the 
same therapeutic target, these agents differ in many respects includ- 
ing their dosing, route of administration, mechanism of action, 
speed of onset, retention on treatment, immunogenicity and safety. 
In Europe, the marketing authorisation of each agent for the indi- 
cation of psoriasis is the same, being limited to moderate/severe 
disease when other treatments (methotrexate, ciclosporin and 
phototherapy) have been ineffective, or are contraindicated. Their 
use is often further restricted because of their greater cost than 
traditional systemic treatments. The development of biosimilar 
agents for infliximab, etanercept and adalimumab has led to huge 
cost reductions in the medications with improved access. In many 
countries biosimilar availability has led to >70% reduction in the 
cost of biologics and primary (first-time) use of these agents among 
biologics. 


Infliximab 
As has often been the case in the development of new treatments 
for psoriasis, the potential efficacy of TNFi was first suspected 
in 2000, when infliximab (a chimeric human-murine monoclonal 
antibody with affinity for TNF-a) was coincidentally found to 
improve dramatically the psoriasis of a woman who was receiving 
the drug for the treatment of Crohn disease [1]. Infliximab binds 
to soluble TNF-a and TNF-a that is bound to the TNF receptor. 
Subsequent randomised controlled trials confirmed the rapid onset 
of action and high efficacy of infliximab in psoriasis compared 
with placebo [2-4]. Infliximab also has efficacy in psoriatic nail 
disease and psoriatic arthritis [5]. In contrast to the other TNFi, 
the drug is given by intravenous infusion and dose is based on 
body weight (5 mg/kg at weeks 0, 2 and 6 and then every 8 weeks). 
A response is often seen after the first infusion, and after an induc- 
tion phase of three infusions 80% of patients achieve PASI-75 at 
week 10 and 57% achieve PASI-90 compared with 3% and 1% with 
placebo respectively [3]. This rapid and reliable response makes 
the drug particularly suitable in urgent circumstances such as 
erythrodermic psoriasis and generalised pustular psoriasis [6,7]. 
In the maintenance phase, efficacy is maintained to 50 weeks in 
randomised controlled trials in the majority of cases [3] although 
persistence of response is lower with intermittent dosing [8]. In the 
UK, infliximab is recommended only for use in patients with PASI 
values >20. 

Persistence on infliximab at 4 years was reported in 70% of 
a registry cohort of 144 Danish psoriasis patients [9]. Antidrug 
antibodies (ADA) have been reported in a high proportion of 
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individuals treated with infliximab, and correlate with lower serum 
drug levels, loss of efficacy and the development of infusion reac- 
tions [10,11]. Higher serum levels of infliximab and a reduced 
incidence of ADA have been reported when infliximab is prescribed 
in combination with methotrexate [10]. Although combination ther- 
apy with methotrexate is a licensing recommendation for infliximab 
in the treatment of rheumatoid and psoriatic arthritis, this has not 
been prospectively studied in plaque psoriasis. 

Infliximab is associated with a higher incidence of serious infec- 
tions compared with other biologics and systemic therapies [12]. 
These infections tend to be pneumonia and soft-tissue infections 
although opportunistic infections have also been reported. Inflix- 
imab is also associated with an increased risk of activation of latent 
tuberculosis. Tuberculosis is associated with infliximab, a TNF-a 
neutralising agent [13]. This risk is low although fatalities have 
been reported and the presentation is often atypical. Tuberculosis 
reactivation depends on age, cigarette smoking, country of origin 
and residence among other factors. It is recommended that prior 
to infliximab therapy, patients are screened for latent tuberculosis 
using an IGRA test such as Quantiferon and a chest X-ray [14]. 

Infliximab is also associated with reactivation of hepatitis B infec- 
tion and fulminant hepatitis has been reported. Patients should be 
screened for hepatitis B infection and HIV prior to commencing 
treatment. 


Etanercept 

Etanercept is a fully human soluble TNF-a receptor fusion protein 
that binds and neutralises soluble TNF-a. Response is of slower 
onset than with infliximab, becoming evident after 4-8 weeks of 
treatment [15,16]. PASI-75 was achieved at 12 weeks in 34% and 
47-49% of patients receiving 25mg twice weekly or 50mg twice 
weekly and PASI-90 in 11-12% and 21% of patients at these same 
doses [17]. The number responding to treatment continues to rise 
up to 24 months, at which point 59% of patients will have achieved 
PASI-75 with the higher dose of treatment [15]. Open-label exten- 
sions of the phase III trials have revealed the continuing efficacy of 
etanercept in initial responders for up to 4 years, with some loss 
of efficacy between 1 and 2 years [18]. A subsequent randomised 
controlled trial has demonstrated PASI-75 at 12 weeks in 37.5% of 
patients treated with etanercept 50mg weekly [18]. The licensed 
dose of etanercept is 25mg administered twice weekly or 50 mg 
administered once weekly. Alternatively, 50 mg given twice weekly 
may be used for up to 12 weeks followed, if necessary, by a dose 
of 25mg twice weekly or 50mg once weekly, although this dose 
has not been approved by NICE on pharmacoeconomic grounds. 
In light of the development of cheaper biosimilar versions of etaner- 
cept, the use of etanercept at higher doses should be reconsidered. 
Etanercept is associated with a lower risk of reactivation of tubercu- 
losis and serious infections than infliximab. It is also effective and 
licensed for the treatment of psoriatic arthritis. 

In head-to-head randomised controlled trials, etanercept at 50 mg 
twice weekly for 12 weeks and then 50mg weekly is less effective 
than ustekinumab, secukinumab, ixekizumab and tildrakizumab 
[19]. The first line use of etanercept has therefore declined and is 
not recommended in current guidelines. However, there are many 
patients who have achieved and continue to achieve excellent 
safe long-term control of psoriasis on etanercept therapy. 


Etanercept has also been found to be an effective treatment in 
paediatric psoriasis, for which it is licensed in resistant moderate 
to severe disease. In a randomised controlled trial of 211 patients 
with psoriasis aged 4-17 years, etanercept 0.8mg/kg body weight 
produced PASI-75 at week 12 in 57% of patients compared with 
11% of those receiving placebo [20]. Response has been maintained 
for up to 96 weeks. Etanercept has been combined safely with 
phototherapy [21], acitretin [22] or methotrexate [23]. In short-term 
studies of adult patients, in each instance the combination is of 
greater efficacy than etanercept alone. 


Adalimumab 

Adalimumab (a fully human monoclonal antibody with affinity 
for TNF-a) has demonstrated high efficacy in psoriasis and is also 
licensed for psoriatic arthritis, rheumatoid arthritis, polyarticular 
juvenile idiopathic arthritis, Crohn disease, ulcerative colitis and 
hidradenitis suppurativa. The onset of treatment response in pso- 
riasis is rapid, being significant at 2 weeks and maximal between 
weeks 12 and 16. In phase III trials, PASI-75 and PASI-90 at 16 weeks 
was seen in 71-80% and 45-51%, respectively, of patients receiving 
adalimumab 80 mg at week 0 then 40 mg every other week begin- 
ning at week 1 [24,25], although higher response rates are seen 
with the unlicensed dose of 80mg weekly [26]. Open-label exten- 
sions of phase III trials have confirmed continuing efficacy of up 
to 3 years in most initial responders [27]. Adalimumab has shown 
greater efficacy after 16 weeks of treatment than methotrexate 
(7.5 mg/week initial dose increasing to a maximum of 25 mg/week 
as tolerated) [24]. Patients on adalimumab therapy may develop 
ADA, which are associated with reduced serum levels and reduced 
efficacy. In one small study, serum adalimumab levels at week 4 
were predictive of efficacy at 6 months [19]. This has since been 
replicated in a larger study [28]. 

Adalimumab is often used in combination with methotrexate 
in rheumatology patients and azathioprine for IBD in order to 
improve efficacy and reduce ADA. This is less reported in psoriasis 
but nonetheless appears an attractive therapeutic proposition. 

As with infliximab, adalimumab is associated with an increased 
risk of tuberculosis reactivation and serious infections but these 
are low in incidence (about 1.4 per 100 patient years for serious 
infection). Hepatitis B reactivation has also been described with 
adalimumab. Opportunistic infections have been reported albeit 
rarely in psoriasis especially when used as a monotherapy. The 
concerns regarding adalimumab and cancer development have 
largely been unfounded. 

In short-term head-to-head trials, adalimumab has been shown to 
be less effective than risankizumab, bimekizumab and guselkumab 
[29,30]. In registry studies, the drug survival of adalimumab for 
psoriasis is less than ustekinumab, secukinumab and guselkumab 
[31,32]. Nonetheless, with the availability of cheaper, biosimilar 
versions of adalimumab, adalimumab will and should continue to 
be used as a first line biologic for the foreseeable future. 


Certolizumab pegol 

Certolizumab pegol is a recombinant humanised antibody Fab 
fragment against TNF-«. In phase III] randomised controlled trials, 
patients with moderate to severe psoriasis were randomised to 
certolizumab 200mg every 2 weeks, certolizumab 400mg every 


2 weeks or placebo. The primary outcome measure was PASI-75 at 
week 16. In CIMPASI-1 66.5% of the 200mg every 2 weeks group 
achieved PASI-75 compared with 75.8% on 400mg every 2 weeks 
and 6.5% of placebo. Certolizumab was also compared with etan- 
ercept and placebo in the CIMPACT study and the 400mg twice 
weekly dose achieved higher efficacy than etanercept 50mg twice 
weekly at week 12 [33]. As certolizumab is a pegylated monoclonal 
antibody, it does not have an Fc portion. This may have advantages 
when treating psoriasis patients during pregnancy [34]. 


Registries 

The development of biologic registries has been a pivotal devel- 
opment in dermatology research and contributed significantly to 
our knowledge about biologic therapies, systemic therapies and 
psoriasis. There have been several successful registries in rheuma- 
tology and gastroenterology and results from these registries have 
highlighted several differences between adverse events across 
diseases and confirmed the importance of individual disease 
registries. 

In the UK and Republic of Ireland the British Association of Der- 
matologists Biologics and Immunomodulatory Registry (BADBIR) 
has, to date, recruited >20000 patients on systemic therapies and 
biologic therapies. 

The primary outcomes of the registry are the incidence of seri- 
ous infections and cancer in psoriasis patients treated with biologics 
compared with traditional systemic agents. Valuable information is 
being reported about long-term efficacy and factors that are associ- 
ated with clinical outcomes [1,2]. 

Registries are important sources of real-life data on the treatment 
of moderate to severe psoriasis. Up to 40% of psoriasis patients are 
ineligible for clinical trials due to precise inclusion and exclusion 
criteria required for these trials [3]. 

The overall incidence of serious infections in psoriasis patients 
on biologic treatment is approximately between 1.4 and 1.8 per 
100 patient years. A serious infection is defined as an infection that 
results in admission to hospital or death. Several registries have 
reported higher incidences of serious infections for those patients 
on infliximab compared with etanercept, adalimumab and ustek- 
inumab and compared with traditional systemic agents [4-6]. 

The predominant infections reported are respiratory tract and 
soft tissue. Analysis of infection rates in patients treated with tradi- 
tional systemic agents compared with adalimumab, etanercept and 
ustekinumab have shown consistently no significant differences in 
infection rates between groups. This is surprising and despite the 
limitations of registry data suggest little if any difference between 
infection risks. Several factors have been shown to increase infection 
risk in psoriasis patients treated with biologics. These include age 
>65, the presence of diabetes and cigarette smoking [4]. 

The incidence of cancer in psoriasis patients treated with biologics 
is low [7]. Combined data from several registries has suggested that 
biologic therapy does not cause cancer [7]. Data from rheumatology 
registries albeit in small numbers of patients suggest that contin- 
uation of TNFis after a cancer diagnosis does not adversely affect 
prognosis [7]. A decision to continue biologic or systemic therapy 
after a diagnosis of a solid organ or haematological malignancy 
should be made on an individual basis and in conjunction with 
specialist oncological advice. 
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Chronic plaque psoriasis (psoriasis vulgaris) 


Biosimilars 

Biologic therapies are recombinant proteins that have undergone 
complex manufacturing processes. Biosimilars are molecules with 
the same amino acid sequence which are not identical to the origina- 
tor molecule but have similar efficacy and side effects. Biosimilars 
are available for infliximab, adalimumab and etanercept. These 
drugs are significantly less expensive than the originator thera- 
pies — up to 90% cheaper in some countries. This has allowed access 
to biologic therapies in many countries where the cost was too pro- 
hibitive previously. Biosimilars have to demonstrate similar efficacy 
to the originator molecule in one indication usually rheumatoid 
arthritis for TNFis. There are, however, clinical trials in psoriasis 
comparing biosimilar adalimumab to originator adalimumab with 
equivalent efficacy and safety results [8]. 


IL-12/IL-23 p40 inhibitor 

The knowledge that IL-12 expression was increased in psoriasis 
plaques led to the development of ustekinumab; the first time a 
monoclonal antibody was designed specifically for the treatment 
of psoriasis. Ustekinumab is a fully human IgG, « monoclonal 
antibody against the p40 subunit that is common to both IL-12 and 
IL-23. Its efficacy in moderate to severe plaque psoriasis was con- 
firmed in two separate randomised controlled trials [1,2]. In the first 
of these, PASI-75 was achieved at week 12 in 67% and 66% of those 
receiving ustekinumab 90mg or 45mg, respectively, at week 0, 4 
and 12, compared with 3% in the placebo arm [1]. In the second piv- 
otal trial, PASI-75 was achieved at week 12 in 76% and 67% of those 
receiving ustekinumab 90mg and 45mg, respectively, as against 
4% in those randomised to placebo [2]. In this latter trial, 69% of 
partial responders (defined as >PASI-50 but <PASI-75) to ustek- 
inumab 90 mg every 12 weeks achieved PASI-75 at week 52 when 
the injection frequency was increased to every 8 weeks [2]. There 
is evidence for reduced efficacy in patients with increased body 
weight, in association with reduced serum drug levels [3] leading to 
a licensed dose of ustekinumab 45 mg at weeks 0, 4 and then every 
12 weeks in those who weigh less than 100 kg, and 90 mg at the same 
dosing interval in those who weigh more than 100 kg. Ustekinumab 
has greater efficacy than etanercept 50mg twice weekly [4]. This 
trial was the first head-to-head study to compare the efficacy of 
biologic therapies in inflammatory disease. This has led to the use of 
head-to-head trials in subsequent psoriasis treatment development. 

The drug survival of ustekinumab is superior to adalimumab, 
etanercept and infliximab in multiple registries [5]. The long-term 
safety of ustekinumab has been established and early concerns 
regarding cardiovascular events have proven to be unfounded 
[6-8]. Safety data from open-label extensions of the original phase 
Ill trials reveal no significant cumulative safety signals in up to 5 
years of follow-up and this data has been reflected in real-world 
registry data [6]. 

There is evidence of an increased response rate to ustekinumab 
in patients who are HLA-C:06:02 positive [9,10]. There is also pre- 
liminary data suggesting that higher serum ustekinumab levels are 
associated with increased response [11]. 

Ustekinumab is also effective in psoriatic arthritis especially for 
dactylitis and enthesitis [12], and Crohn disease [13] albeit at a 
higher licensed maintenance dose in Crohn disease of 90 mg every 
8 weeks. 
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Chapter 35: Psoriasis and Related Disorders 


IL-17 inhibitors 

There are six cytokines in the IL-17 cytokine family, IL-17 A-F, and 
five receptors, IL-17 A-E. mRNA levels of IL-17A, -C and -F are ele- 
vated in psoriasis plaques and increased numbers of IL-17A-positive 
cells are found to be involved in psoriasis skin compared with 
controls [1]. The cellular source of IL-17 in psoriasis includes lym- 
phocytes but also innate immune cells such as mast cells and innate 
lymphoid cells. There are currently four IL-17 inhibitors licensed for 
the treatment of psoriasis (brodalumab, ixekizumab, secukinumab 
and bimekizumab). Secukinumab and ixekizumab target IL-17A, 
brodalumab targets a subunit of the IL-17 receptor (IL-17RA), and 
thereby inhibits IL-17A, IL-17F and IL-E (also known as IL-25), and 
bimekizumab targets IL-17A and F. 


Secukinumab 

Secukinumab, a fully human monoclonal antibody to IL-17A, has 
been evaluated in phase III randomised controlled clinical trials. 
Given at a dose of 300mg or 15 mg (administered once weekly 
for 5 weeks, then every 4 weeks) produced PASI-75 at 12 weeks in 
77.1-88.6% and 67—-71.6%, respectively. PASI-90 was achieved by 
54.2-59.2%, and 39.1-41.9% of patients in the 300mg and 150mg 
groups, respectively. PASI-100 was achieved by 24.1-28.6% of the 
300 mg group and 12.8-14.4% of the 150 mg group. Both doses were 
more effective at 12 weeks than etanercept 50 mg twice weekly ina 
head-to-head comparison [2]. Secukinumab is also more effective 
than ustekinumab in head-to-head clinical trials [3]. This has been 
replicated in real-world patients [4]. Secukinumab is also as effective 
as adalimumab and licensed for psoriatic arthritis [5] (see Psori- 
atic arthritis) The majority of clinical trial patients who respond 
to secukinumab continue to do so for up to 5 years with most 
maintaining PASI-90 responses in open label extension studies [6]. 

It appears that secukinumab is less effective as a second-line 
biologic [7]. In an open-labelled study, where secukinumab was 
used to treat patients who had failed anti-TNF therapy, the PASI-75 
responses were less than reported in clinical trials [8]. 

In a registry study from Denmark, the 1-year survival of 
secukinumab was 66.4%, significantly less than ustekinumab or 
adalimumab. Drug survival was less in patients who had received 
previous biologic therapy [9]. The drug survival of secukinumab 
in the BADBIR registry, however, was similar to ustekinumab and 
better than adalimumab [7]. 


Ixekizumab 

Ixekizumab, a humanised anti-IL-17A monoclonal antibody, is 
licensed for the treatment of moderate to severe psoriasis and psori- 
atic arthritis. In phase III randomised controlled trials, ixekizumab 
160mg was given subcutaneously at week 0, followed by 80mg 
at week 2 and every 2 weeks for 12 weeks. The PASI-75 response 
was 89.1% at week 12 [10]. In head-to-head trials ixekizumab is 
superior to etanercept [10], ustekinumab [11] and guselkumab [12]. 
In open label extension trials, the majority of patients who respond 
to ixekizumab maintain long-term efficacy on 80mg [13]. Prelim- 
inary registry data report that the drug survival of ixekizumab is 
longer than that of secukinumab [9]. Similar to secukinumab, these 
real-world data suggest that ixekizumab is less effective when used 
as a second or third line biologic. 


Brodalumab 


Brodalumab, a fully human IL-17RA monoclonal antibody, is 
licensed for the treatment of moderate to severe chronic plaque pso- 
riasis. In phase III trials, at week 12, 86% of patients on brodalumab, 
at the licensed dose of 210mg every 2 weeks, achieved PASI-75 
compared with 8% of patients on placebo. PASI-100 was achieved 
by 44% of patients compared with 22% on ustekinumab at licensed 
doses [14]. Brodalumab is effective in phase II trials for psoriatic 
arthritis but is not licensed for this indication. 

In the phase III trial programme there were six suicides in bro- 
dalumab treated patients leading to a black box warning in the 
USA. Long-term follow-up of patients on brodalumab has not 
shown an increase in suicide rates and the consensus is that these 
events were not related to brodalumab [15]. 


Bimekizumab 
Bimekizumab is a fully humanised monoclonal antibody to both 
IL-17A and F. This has been evaluated in phase III trials for the treat- 
ment of psoriasis and psoriatic arthritis and has been licensed for the 
management of psoriasis. At week 16, PASI-90 was achieved in 85% 
of patients on bimekizumab 320 mg subcutaneously every 4 weeks 
compared with 4.8% of placebo and 49.7% of ustekinumab patients. 
This effect was continued to week 52 [16]. Bimekizumab is also more 
effective than adalimumab and secukinumab in head-to-head trials 
[17,18]. The incidence of candidal infections is higher with bimek- 
izumab treated patients compared with secukinumab [17]. Mono- 
clonal antibodies to IL-17A, IL-17 receptor and IL-17A/F share com- 
mon adverse events. From clinical trial data serious infections are 
similar to those with TNFi. Patients on IL-17 inhibitors are more 
likely to develop candidal infections than patients on placebo or 
comparator biologics. These infections tend to be mild and do not 
necessitate discontinuation of therapy in the majority of patients. 
Secukinumab was trialled in Crohn disease in a phase II study. 
In this study patients on placebo fared better than those on secuk- 
inumab. Thus, IL-17 inhibition is contraindicated in active IBD [19]. 
Long-term safety evaluations in clinical trial patients suggest that 
the incidence of IBD is comparable to the background population 
rates which is less than 1% per year. Nevertheless, this is greater 
than seen with adalimumab and ustekinumab, which are both 
effective and licensed for the treatment of IBD. Patients starting on 
IL-17 inhibitors should be asked about a personal or family history 
of IBD and even if negative on history should be asked about 
symptoms of IBD while on treatment and investigated accordingly. 
It is recommended that patients are screened for tuberculosis 
prior to treatment with IL-17 inhibitors. Patients with latent tuber- 
culosis should be considered for anti-tuberculosis prophylaxis. 
To date, however, there are no reported cases of tuberculosis devel- 
oping while on IL-17 inhibitors and this class may be a safer option 
for patients with latent tuberculosis [13,20]. 


IL-23p19 inhibitors 

IL-17A is produced predominantly by Th17 cells. IL-23 is essen- 
tial for the development of Th17 cells and is an attractive target 
for psoriasis therapy; the IL-23p19 subunit only binds to IL-23. 
There are three IL-23p19 monoclonal antibody inhibitors licensed 
for the treatment of moderate to severe chronic plaque psoriasis 


(guselkumab, risankizumab and tildrakizumab) and one, mirak- 
izumab, which completed phase III trials but was not licensed for 
psoriasis. 

In phase III trials of guselkumab at a dose of 100mg subcuta- 
neously at week 0, 4 and every 8 weeks, 70% of patients achieved 
a PASI-90 at 16 weeks compared with 2.4% of patients on placebo 
[1]. Guselkumab has been shown to be superior to adalimumab 
in head-to-head trials [2] and to be effective in non-responders to 
ustekinumab [3]. In a head-to-head randomised controlled trial, 
guselkumab was more effective than secukinumab at 48 weeks in 
terms of PASI-90 response [4]. In contrast, ixekizumab was more 
effective than guselkumab in terms of PASI-100 efficacy at 12 weeks 
in a separate head-to-head study [5]. In this study, at 24 weeks there 
was no difference in efficacy between ixekizumab and guselkumab. 
This high level of efficacy has been maintained in open-label exten- 
sion studies of guselkumab for up to 4 years [6,7]. An interesting 
feature of guselkumab therapy is a long-lasting effect seen in clinical 
trial patients even after active treatment withdrawal. Guselkumab 
is also licensed for psoriatic arthritis. Real world evidence from 
the BADBIR registry has replicated the excellent persistence of 
treatment efficacy seen in clinical trials [8]. 

There is a risk of serious infections with guselkumab which is 
similar to other biologic agents at approximately 1 per 100 patient 
years. I]-23 does not appear important in tuberculosis pathogenesis 
although the summary of product characteristics for guselkumab 
states that patients should be evaluated for tuberculosis infection 
prior to initiation of therapy. Rare cases of tuberculosis have been 
reported with guselkumab therapy [9]. Of interest, guselkumab 
treatment is not associated with candidal infection or IBD. 

With risankizumab, a dose of 150mg at week 0, 4 and every 
12 weeks, 74.8% and 75% of moderate to severe psoriasis patients 
achieved PASI-90 at week 16 compared with 2-4.9% on placebo [10]. 
Risankizumab is more effective than ustekinumab [11] and adali- 
mumab at week 16 [12] in head-to-head trials. In a head-to-head 
trial when compared with secukinumab, risankizumab was more 
effective than secukinumab at week 52 [13]. The long-term effi- 
cacy is maintained in open-label extension studies. Similar to 
guselkumab, risankizumab treatment leads to significant remission 
in patients switched to placebo in withdrawal arms of phase II 
studies [14]. This has led to the concept that perhaps IL-23p19 
inhibitors may be disease modifying but further studies are needed 
to assess this idea. 

Tildrakizumab, when used in randomised controlled trials at 
an earlier end-point of 12 weeks, 62% of patients on 200mg and 
64% of patients on 100 mg at week 0, 4 and every 12 weeks achieved 
PASI-75 compared with 6% in the placebo group. Tildrakizumab is 
more effective than etanercept at week 12 [9]. 

Mirakizumab is a fourth IL-23p19 targeting monoclonal antibody 
which has undergone phase III trials for psoriasis. In a head-to-head 
study with secukinumab and placebo, 74.4% of patients on mirak- 
izumab 250 mg every 4 weeks achieved PASI-90 at 16 weeks com- 
pared with 6.3% on placebo. This was non-inferior to secukinumab 
(72.8% PASI-90) at 16 weeks [15]. 

IL-23p19 inhibitors have very high efficacy levels. In clinical trial 
patients, there is a slower onset of action compared with IL-17 
inhibitors but at 1 year where head-to-head trials have been carried 
out (guselkumab, risankizumab) there is higher efficacy. At the time 


of writing long-term data is limited to open-label extension trials 
and real-world registry data is lacking. Nevertheless, the long-term 
data from open-label trials suggests a high level of sustained 
efficacy. 


PUSTULAR PSORIASIS eC 


Introduction and general description 


Pustular psoriasis is a group of rare diseases characterised by pri- 
mary, sterile pustules on variably erythematous skin. A clinically 
diverse range of pustular phenotypes is recognised [1]. It is useful 
to separate these clinical entities into generalised pustular psoriasis 
(GPP) and localised pustular psoriasis. GPP is usually acute, often 
associated with systemic symptoms and may be life threatening. 
Localised pustular psoriasis is usually chronic, mainly effects acral 
skin, and comprises palmoplantar pustulosis (PPP) and acroder- 
matitis of Hallopeau (ACH). European consensus classification 
criteria and disease definitions have been published [1] (Table 35.7). 

Pustular psoriasis is distinct from chronic plaque psoriasis in clin- 
ical presentation, genetics, immunology and response to treatment. 
Its place within the family of psoriatic disease is being refined as 
the molecular genetic basis of these diseases is further resolved [2]. 
Although pustular psoriasis and plaque psoriasis vulgaris co-exist 
more frequently than expected by chance, many patients with pustu- 
lar psoriasis do not have plaque psoriasis. However, there are phases 
of pustular psoriasis that can be difficult to distinguish clinically 
from unstable plaque psoriasis. Also, pustules, more readily seen by 
dermoscopy, may be provoked within plaques of psoriasis vulgaris 
in the unstable phase of the disease. Although this has sometimes 
been referred to confusingly as ‘localised GPP’ [3,4], this is better 
considered ‘plaque psoriasis with pustules’ (‘psoriasis cum pustu- 
latione’) rather than a form of pustular psoriasis per se. 

Unlike chronic plaque psoriasis, pustular psoriasis is not asso- 
ciated with HLA-C:06:02. Recent molecular genetic studies have 
revealed mutations in IL36RN in a significant minority of patients 
with GPP and to a lesser extent in localised pustular psoriasis [5,6,7]. 
IL36RN mutations have not been identified in patients with chronic 
plaque psoriasis [8]. 


Generalised pustular psorias 


Definition 
GPP is a rare disease defined by the presence of primary, sterile, 
macroscopically visible pustules on non-acral skin [1]. It is often 
relapsing and remitting, with acute flares of cutaneous inflam- 
mation with systemic symptoms. Less frequent chronic persistent 
forms occur. There is a relationship between these entities and 
chronic plaque psoriasis, in that some patients may have phases of 
plaque psoriasis before or after GPP, but in many GPP occurs as the 
sole phenotype without plaque psoriasis at any time. 

GPP is heterogeneous in its age at onset, genetics, phenotype, pre- 
cipitants, severity and natural history. Several overlapping clinical 
subgroups are recognised. 
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Chapter 35: Psoriasis and Related Disorders 


Table 35.7 Consensus definitions for the diagnosis of pustular psoriasis. 


Definition 


Sub-classifiers 


Generalised pustular psoriasis 


Palmoplantar pustulosis 
Acrodermatitis of Hallopeau 


Source: Based on data from [1]. 


Epidemiology 

Incidence and prevalence 

GPP is rare. The annual incidence and prevalence in a French 
population has been estimated as at least 0.64 and 1.76 per million, 
respectively [9]. The prevalence in Japan has been estimated at 7.46 
per million [10]. There is regional variation in the prevalence of 
GPP, which appears to be more common in North Africa, South 
East Asia and Japan [11]. 


Age at onset 

There is a wide range in the age at onset, which peaks between 
40 and 59 years of age [4]. Infantile and juvenile cases are also 
reported (Augey 2006). The age at onset is earlier in those with a 
family history of psoriasis [4], and in those who are homozygous or 
compound heterozygotes for mutations in IL36RN [12]. 


Sex 
In most published series, women outnumber men 2F:M [3,4,9], 
although this is not consistent in all cohorts [13]. 


Pathophysiology 

Genetic factors 

There is often a family history of GPP in those affected and the 
pattern of inheritance is usually Mendelian suggesting monogenic 
inheritance, in contrast to the typically polygenic inheritance of 
chronic plaque psoriasis. In a series of 35 Asian adults with GPP, 
29% had a family history of plaque psoriasis and 11% of GPP [5]. 
Multiplex GPP families with parental consanguinity have been 
reported, suggesting autosomal recessive inheritance in some 
families [5,6]. 

Causal germline mutations in the IL36RN gene were identified 
in 2011 in familial GPP by linkage analysis in Tunisia [5] and in 
sporadic GPP in the UK by exome sequencing [6]. Subsequently, 
mutations in IL36RN have been identified in a significant minority 
of all patients with GPP, in the largest series reported to date affect- 
ing 23.7% of those affected [12]. Different [L36RN mutations have 
been reported in different ethnic groups with evidence of a founder 
effect; in Europeans the commonest mutation in IL36RN results in 
the substitution p.Ser113Leu [14-18]. The same mutation is seen 
in GPP (von Zumbusch), acrodermatitis continua of Hallopeau 
and to a lesser extent palmoplantar pustulosis. In a North African 
population p.Leu27Pro was present in the homozygous state in all 
individuals with GPP, including infantile and juvenile cases, and 
in patients diagnosed as impetigo herpetiformis [5]. There is some 
evidence for genotype-phenotype correlation as GPP patients with 


Primary, sterile, macroscopically visible pustules on non-acral skin 
(excludes cases where pustulation is restricted to psoriatic plaques) 


Primary, persistent, sterile, macroscopically visible pustules on palms and/or soles 
Primary, persistent, sterile, macroscopically visible pustules affecting the nail apparatus 


Relapsing or persistent 
+ systemic inflammation 
+ psoriasis vulgaris 

+ psoriasis vulgaris 

+ psoriasis vulgaris 


IL36RN mutations are more likely to have early-onset disease, and 
a systemic inflammatory response [19]. In addition, IL36RN muta- 
tions are present in a higher proportion of GPP patients without 
concomitant plaque psoriasis; for instance in Japan the commonest 
mutation (p.Arg10*) was present in the homozygous state or as a 
compound heterozygote in about 80% of pure GPP but only 10% of 
GPP with prior plaque psoriasis [17]. 

Mutations in AP1S3, initially identified in ACH [7], are present 
in about 10% of individuals with GPP [12]. AP1S3 encodes the 
o1C subunit of the adaptor protein complex 1, which is involved in 
vesicular transport between the transgolgi network and endosomes. 
Digenic inheritance with mutations in IL36RN and AP1S3 in the 
same individual has been described [12]. 

There are occasional reports of mutations in CARD14 in GPP, 
particularly in those with coexistent plaque psoriasis [20]. Genetic 
variants in MPO, which encodes myeloperoxidase, have recently 
been reported in several cases of GPP [21,22] and SERPINA3, which 
encodes serine protease inhibitor A3 [23]. 


Environmental factors 

Environmental factors that may trigger or exacerbate GPP include 
infection, topical or systemic treatments, psychological stress, 
pregnancy and hypocalcaemia. Provocation is most obvious in the 
acute forms. Von Zumbusch’s original case in 1909 was provoked 
by irritating topical therapy [24]. Coal tar and dithranol may 
provoke pustulation if injudiciously applied when the disease 
is unstable [25,26]. The most important drug provocation is by 
corticosteroids. Withdrawal of systemic corticosteroid therapy can 
precipitate GPP and potent topical corticosteroid under occlusion 
has also been implicated [25,27]. There are reports of the induction of 
GPP on starting adalimumab, infliximab and ustekinumab [28-31] 
and on withdrawal of ciclosporin or ustekinumab [4,32,33]. Other 
systemic drugs have also occasionally been implicated including 
terbinafine [34,35] and NSAIDs [4,36]. Some of these instances may 
now be considered to represent acute generalised exanthematous 
pustulosis (AGEP), which can be difficult to distinguish from GPP 
in patients known to have psoriasis [37]. 

Viral or bacterial infections are common exacerbating factors, 
reported in 12 of 16 patients with known GPP in one series [5]. 
Many individuals report deterioration at times of psychological 
stress [6]. 

Hypocalcaemia may arise as a consequence of GPP, but trigger- 
ing of active disease by hypocalcaemia caused by hypoparathy- 
roidism has occasionally been reported [38,39]. 

GPP may be triggered by pregnancy, which is discussed further 
below. 


Pathogenic mechanisms 

GPP appears to result from a primary dysregulation of the innate 
immune system. While IL-17A, IFN-y, TNF a, IL-1, IL-36 and 
interferons are overexpressed in both GPP and chronic plaque 
psoriasis, lesional skin in GPP expresses relatively more IL-1 and 
IL-36 and less IL-17A and IFN-y than in chronic plaque psoriasis 
[40]. IL-36 comprises three pro-inflammatory cytokines of the IL-1 
family (IL-36 «, B and y) and is expressed by keratinocytes below 
neutrophilic pustules in GPP. IL36RN encodes the IL-36 receptor 
antagonist (IL36-Ra), which is expressed primarily in the skin and 
is an antagonist of IL-36 cytokines. In patients with GPP in whom 
IL36RN is mutated, there is an absence of functional IL-36Ra lead- 
ing to unopposed IL-36 signalling. Mutations in AP1S3 have also 
been shown to lead to over-expression of IL-36a via disruption of 
keratinocyte autophagy [41]. IL-36 acts on keratinocytes to induce 
neutrophil chemo-attractants CXCL1, CXCL2 and CXCL8 [42]. 
Neutrophils release neutrophil proteases which further enhance the 
bioactivity of IL-36 by cleavage, in an auto-inflammatory loop [43]. 
IL-36 also stimulates the production of interferon « from plasmacy- 
toid dendritic cells which may mediate some of the systemic effects 
seen in GPP [44]. 

There is interaction between immune pathways in GPP and 
plaque psoriasis. In pustular psoriasis, cross talk can occur between 
IL-36 and the IL-23 axis. IL-36 is upstream of cytokines such as 
IL-17, TNF-a and IL-22. IL-17A in turn increases the expression of 
IL-36 in keratinocytes in a positive feedback circuit if the pathway 
is not checked. 


Clinical features 

Acute generalised pustular psoriasis (von Zumbusch). This relaps- 

ing and remitting pattern of GPP is named after Leo von Zumbusch, 

who described a brother and sister who experienced repeated waves 

of acute erythema and pustulation over many years, sometimes 

provoked by topical treatment [24]. This is the most acute and 

severe form of GPP and is clinically and genetically heterogeneous. 

It may occur as the sole phenotype or arise following chronic plaque 

psoriasis, acrodermatitis continua of Hallopeau or palmoplantar 

pustulosis. Japanese diagnostic criteria require each of the following 

four features for a definitive diagnosis: 

1 Systemic symptoms such as fever and fatigue 

2 Multiple sterile pustules that sometimes merge to form lakes 
of pus 

3 Kogoj’s spongiform pustules on skin biopsy 

4 Repeated recurrence [45]. 

The eruption may be ushered in by a sensation of burning in the 
skin, which becomes dry and tender. These warning signs — not 
always present — are followed by an abrupt onset of high fever and 
severe malaise. Pre-existing lesions become fiery and develop pin- 
point pustules (Figures 35.29 and 35.30). Sheets of erythema and 
pustulation spread to involve previously unaffected skin, the 
flexures and genital regions being particularly involved. Any con- 
figuration or variety of pustular exanthem may occur, for instance 
isolated pustules, lakes of pus, circinate lesions, plaques of erythema 
with pustular collarettes or a generalised erythroderma. Waves of 
pustulation may succeed each other, subsiding into exfoliation of 
the dried pustules. The nails may become thickened or separated 
by subungual lakes of pus. The buccal mucosa and tongue may be 


Figure 35.29 Acute generalised pustular psoriasis: pre-existing psoriasis plaques 
become fiery and develop pinpoint pustules. Courtesy of St John’s Institute of 
Dermatology, London, UK. 


Figure 35.30 Acute generalised pustular psoriasis of von Zumbusch. 


involved, the lesions on the latter being clinically and histologically 
indistinguishable from geographic tongue. 

In the acute phase, the affected individual may be systemically 
unwell. Hypovolaemia and oligaemia can cause acute kidney 
injury. Hypoalbuminaemia in the acute episode may be profound 
and associated with hypocalcaemia [46-48]. The absorption of orally 
administered therapeutic drugs may also be impaired. Abnormal- 
ities of liver enzymes are common, occurring in up to a half of 
patients during the acute episode [13]. Cholestatic jaundice has 
been reported as a consequence of neutrophilic cholangitis [49,50]. 
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Acute respiratory distress syndrome (psoriasis-associated aseptic 
pneumonitis) is rare but possibly underreported [51]. It presents 
with rapidly deteriorating dyspnoea and hypoxia in the absence of 
infection. If acute GPP lasts more than a few days, telogen effluvium 
may follow 2-3 months after the height of the illness. Amyloidosis 
is a rare late complication of repeated flares [52]. 

GPP may manifest only in pregnancy when it has been referred to 
as impetigo herpetiformis. This is a very rare entity, first described 
by Hebra in 1872 [53], 37 years before the report of GPP by von 
Zumbusch, and the relationship between these diseases has gener- 
ated controversy subsequently [3,54,55]. Recent molecular genetic 
studies support the view that impetigo herpetiformis represents 
GPP triggered by or occurring in pregnancy [5]. Onset is usually 
in the last trimester of pregnancy, but may be earlier, and has been 
recorded in the first month of pregnancy and in the first day of the 
puerperium [56,57]. The disease tends to persist until the child is 
born, and occasionally long afterwards. The eruption often starts 
in the inguino-genital region and other flexures, spreading cen- 
trifugally, with minute pustules arising on an acutely inflamed area 
of skin. Constitutional disturbance is characteristically severe, and 
death may occur due to cardiac or renal failure. The more severe and 
longstanding the disease, the greater the risks of placental insuf- 
ficiency leading to stillbirth, or neonatal death. Characteristically, 
the disease recurs in subsequent pregnancies. Recurrence has been 
described in up to nine successive pregnancies, and on subsequent 
use of oral contraceptives [54]. 


Subacute annular generalised pustular psoriasis. Annular and 
other patterned lesions may be seen in acute GPP (von Zumbusch) 
but are more characteristic of the rarer subacute or chronic forms in 
which lesions are persistent, and without the severe flares of acute 
GPP [4,58,59]. Lesions begin as discrete areas of erythema, which 
become raised and oedematous. Pustules appear peripherally on 
the crest of the advancing edge, become desiccated and leave a 
trailing fringe of scale as the lesion slowly advances (Figure 35.31). 
There are generally no systemic symptoms. 

Subacute annular GPP is the most common presentation of GPP 
in infancy and early childhood [60,61]. Although GPP can begin at 


Figure 35.31 Subacute annular generalised pustular psoriasis. 


any age in childhood, in over 25% of cases onset has been in the 
first year of life [62]. The disease may begin in the first few weeks of 
life and two cases of congenital GPP have been described [63]. In at 
least onethird of infantile cases, a history of an eruption diagnosed 
as seborrhoeic dermatitis, napkin dermatitis or sudden-onset napkin 
psoriasis is obtained [64,65]. GPP may be localised to flexural areas, 
for instance the neck, for long periods [66]. 

Some authors have separated a related pattern, well described 
by Lapiére, as recurrent circinate erythematous psoriasis [67,68]. 
As with subcorneal pustular dermatosis of Sneddon and Wilkinson, 
the relation to GPP is not universally accepted, and these conditions 
are specifically excluded in Japanese diagnostic criteria for GPP 
[45], while being accepted in European classification criteria [1]. 

Linear forms of pustular psoriasis are occasionally observed 
within the context of more generalised pustulosis [69,70]. 


Histology 

The intense inflammation of GPP is characterised by infiltration 
of masses of neutrophils. Discrete collections of neutrophils in the 
oedematous stratum spinosum case the characteristic spongiform 
pustule of Kogoj [71]. There may be acanthosis with elongation 
of rete ridges. The stratum corneum becomes parakeratotic and 
subcorneal pustules shed as epidermal turnover is accelerated. Sim- 
ilar features are seen in subacute as in acute patterns but in a less 
intense form. 


Differential diagnosis 

There is an extensive differential diagnosis of GPP, comprising 
eruptions that cause widespread non-follicular pustules. In acute 
GPP, the presence of fever, leukocytosis and elevated inflammatory 
markers may lead to a mistaken diagnosis of systemic infection, 
sometimes leading to a counterproductive discontinuation of nec- 
essary immunosuppressive treatment. The differentiation of acute 
GPP from unstable psoriasis with secondary pustulation (psoriasis 
cum pustulatione) (Figures 35.32 and 35.33) can be challenging, 
especially in those with both GPP and plaque psoriasis and requires 
careful consideration of all available clinical information, including 
the history, morphology, systemic symptoms, laboratory param- 
eters (peripheral white cell count and acute phase reactants) and 
genetics. AGEP can also be a difficult differential diagnosis, occur- 
ring as an acute, spontaneously healing reaction to drugs, usually 
antimicrobials [72]. There is an overlap in the immunopathogenesis 
of GPP and AGEP, but the pustulation usually resolves more rapidly 
in the latter [73]. A skin biopsy may contribute features that assist 
in the distinction [74]. 

Slow centrifugal spread of subacute annular GPP may mimic 
erythema annulare centrifugum [75,76]. Pemphigus foliaceus and 
IgA pemphigus can mimic subacute GPP, but histological and 
immunofluorescence testing will distinguish between them. Occa- 
sionally, the bowel bypass syndrome, Sweet syndrome and Behcet 
syndrome cause difficulties [77,78]. Extensive impetigo, tinea or 
candidiasis in the immunosuppressed should be remembered. 


Classification of severity 

The severity of GPP varies greatly between patients and over time. 
The activity of disease at a given time point has been categorised 
as mild, moderate or severe based upon the extent of erythema, 
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Figure 35.32 Pustulation in unstable psoriasis — ‘psoriasis with pustules’ — rather than 
pustular psoriasis. 


oedema and pustulation, fever and laboratory abnormalities 
(leukocytosis, elevated inflammatory markers, and albumin) [45]. 
Modifications of PGA (GPPGA) and PASI (GPPASI) in which 
the scaling subscore is replaced by a pustule severity have been 
validated and used in clinical trials [79,80]. 


Co-morbidities 

GPP frequently co-exists with chronic plaque psoriasis. The mean 
rate of concurrence of these diseases is reported as 54% in a cohort 
of 251 GPP patients, with lower concordance in European pop- 
ulations [12]. Inflammatory polyarthritis is common, affecting 
about onethird of patients [3,4]. Uveitis and keratoconjunctivitis are 
also reported [4,45]. Components of the metabolic syndrome are 
common; a large series reported obesity (43%), hypertension (26%), 
hyperlipidaemia (26%) and diabetes (24%) [4]. 


Disease course and prognosis 

Acute GPP is typically characterised by flares and remissions [1,11]. 
The frequency and duration of flares varies from patient to patient, 
and they may be provoked by a known trigger or be spontaneous. 
Flares tend to last days or weeks without treatment, in one large 
series ranging from 7 to 60 days with a mean of 16 days [4]. In 
between flares, there may be more limited areas of GPP, the skin 
may be clear, or there may be plaque psoriasis. Mortality rates 
directly attributable to GPP or its associated treatment of 2-16% 
have been reported [4,9,81]. The prognosis is better when there is 
a clear trigger, exemplified by acute GPP of pregnancy [54]. GPP 
developing from acrodermatitis continua of Hallopeau seems to 
have the worst prognosis [81]. The prognosis is good for subacute 
annular GPP and, consequently, for GPP in infants and children [62] 


Investigations 

In the acute phase, the activity of inflammation is reflected in 
elevated C-reactive protein and erythrocyte sedimentation rate 
levels [4]. There may be an absolute lymphopenia at the onset of 
generalised pustular psoriasis followed by a polymorphonuclear 


(b) 


Figure 35.33 (a) Inflammatory unstable psoriasis; (b) close-up of pustules on 
dermoscopy. 


leukocytosis with a left shift. Liver enzymes, renal function, albu- 
min and calcium levels should be monitored. A skin biopsy may 
be useful to demonstrate characteristic histological features and 
exclude other diagnoses. 


Management 

The treatment of acute GPP often requires in-patient management, 
and sometimes needs treatment on an intensive care unit. Derma- 
tological management involves topical or systemic drug therapy, 
general supportive measures and removal of possible provocative 
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factors. Excessive heat loss must be prevented by maintaining an 
adequate ambient temperature. Fluid intake should be increased 
so that the daily urine volume remains adequate. Tar or dithranol 
can be withdrawn abruptly, but removal of potent topical corti- 
costeroids requires more care. Infection, where present, should be 
treated with the appropriate antibiotics. When GPP in pregnancy 
is threatening maternal life, termination or early delivery may be 
considered. 


Topical treatment 

Often, bland creams or lotions are best. Weak corticosteroid creams 
may be helpful in subacute forms. Tar and dithranol are contraind- 
icated. 


Systemic therapy 

Most cases of GPP require systemic therapy but the quality of the 
evidence for specific interventions is generally poor, given the rarity 
of these diseases. Most evidence comes from retrospective surveys 
and open label cohort studies of drugs licensed for chronic plaque 
psoriasis. Guidelines for the management of GPP were published in 
Japan in 2018 and recommend an oral retinoid as treatment of first 
choice at present, unless contraindicated [45]. In a survey of French 
dermatology departments in 2005, 89% used acitretin as first line 
treatment of choice and the authors observed that their widespread 
introduction as treatment for GPP correlated with a reduction in 
mortality of the disease [9]. High doses of acitretin (1 mg/kg/day) 
should be given for rapid control in severe GPP and lower doses 
of 0.5-0.75 mg/kg/day may be sufficient in milder disease and to 
maintain remission [45]. Acitretin should not be used for GPP of 
pregnancy. 

Rapid control of GPP can been achieved with high-dose ciclo- 
sporin and remission maintained with a lower dose [82,83]. Doses in 
the range of 2.5-5 mg/kg/day are recommended [45]. Ciclosporin 
is a suitable first line option for women who are pregnant or in 
their reproductive years. Methotrexate has a relatively slow onset 
of action and so is not suitable for treatment flares of the disease. 
Oral methotrexate needs to be dosed with caution in those with 
severe disease, particularly if renal or hepatic function is impaired, 
because of concerns about erratic absorption; parenteral admin- 
istration should be considered. Methotrexate has been used with 
success in children with GPP [84]. Oral or parenteral corticosteroids 
should generally be avoided and used only when urgent control of 
complications is needed (e.g. acute respiratory distress syndrome). 
The short-term effects of prednisolone (30-40 mg/day) are good, 
but serious relapses are liable to occur as the dosage is reduced 
unless another form of therapy is given simultaneously. 

Experience with the use of biologic treatment in GPP is increas- 
ing, supported by case reports and small case series. Infliximab was 
first reported to be effective for GPP in a case report in 2002 [85] 
and subsequently in several small case series [86]. Subsequently, 
adalimumab, certolizumab, ustekinumab, secukinumab, ixek- 
izumab, brodalumab, guselkumab and risankizumab have each 
been assessed in small open-label trials of up to 12 patients with 
either GPP or erythrodermic psoriasis, with generally favourable 
results, and on this basis several of these agents have been approved 
by regulators in Japan, but not in Europe or the USA [87-94]. 


Based on the central role of IL-36 signalling the pathogenesis 
of GPP, treatments targeting this pathway are being developed. 
Spesolimab is a first in class monoclonal antibody against the IL-36 
receptor and was shown to be rapidly effective in an open label 
study of seven patients with GPP, three with an IL-36RN mutation 
and four without [95]. A subsequent randomised placebo-controlled 
trial in 53 patients with acute GPP demonstrated the clearance of 
all pustules in 54% of patients at day 8 with a single intravenous 
infusion of spesolimab (placebo 6%) and clear or almost clear 
skin on the GPPGA in 43% (placebo 11%) [96,97], leading to 
licensing for the treatment of GPP flares in Europe, the USA and 
Japan. Spesolimab has recently completed a trial of subcutaneous 
maintenance treatment for GPP flare prevention [98]. 


Palmoplantar pustulosis — Lv 


Definition and nomenclature 

Palmoplantar pustulosis (PPP) is a chronic condition in which 
multiple sterile pustules occur on the palms and/or soles, often 
with associated erythema and scaling. The disease is persistent, 
and very resistant to treatment. The relationship between PPP 
and plaque psoriasis is controversial [99]. The two diseases occur 
together more frequently than expected by chance but more usu- 
ally PPP occurs in isolation. This, and the absence of the genetic 
associations characteristic of chronic plaque psoriasis, indicate that 
PPP represents a distinct entity within the family of psoriatic skin 
diseases. 


psoriasis 


Epidemiology 

Incidence and prevalence 

PPP is the most common of the entities within the pustular psoria- 
sis family. The prevalence is estimated at 0.005-0.08% in European 
populations [100] rising to 0.12% in Japan [101]. 


Age at onset 
The onset may be in early adult life, but peaks between the ages of 
30 and 50 years, with a mean age at onset of 44 years [12,102]. 


Sex 
Approximately 75% of those affected are women [12,100,101]. Dis- 
ease severity may be greater in women than men [103]. 


Pathophysiology 

Genetics 

The heritability of PPP is not known precisely but about 8% of 
cases have a positive family history of PPP [104]. Molecular genetic 
studies have demonstrated that it is genetically distinct from chronic 
plaque psoriasis. In particular, PPP is not associated with the major 


psoriasis susceptibility locus PSORS1 or HLA-C:06:02 [105,106]. 
Mutations in known susceptibility genes for GPP are seen in only 
about 10% of PPP patients, a lower percentage than in patients with 
GPP. In the largest study to date, 12 of 234 (5.1%) had mutations 
in IL36RN and 14 of 212 had mutations in AP1S3 [12]. IL36RN 
mutations are more frequently present in the heterozygous state in 
PPP, rather than the homozygous or compound heterozygotes seen 
in GPP. CARD14 mutations have been reported in a few patients 
with PPP [106-109]. Genetic association with polymorphisms in an 
autophagy gene (ATG16L1) and IL-19 family members have been 
reported [110,111]. 


Environmental factors 

PPP usually starts without obvious provocation. In 10% of a 
series of 215 cases seen at the Mayo Clinic it was induced by drugs, 
especially TNFi [112] although this has also been reported with IL-17 
inhibition [113]. PPP is one of the commonest morphologies seen 
in patients who develop psoriasiform rashes on exposure to TNFi 
for the treatment of rheumatoid arthritis or Crohn disease [114]. 

Cigarette smoking is strongly associated with PPP — about 80% of 
patients are current or previous smokers [12], and this group also 
has more severe disease [103,115,116]. In some instances, the disease 
improves in those who manage to stop smoking [117]. 

The pustules in PPP are not infected, although they contain a 
distinctive microbiome, which may be influenced by smoking [118]. 
Distant septic foci, particularly in the tonsils or oro-pharynx, have 
been associated with PPP by some researchers, who have reported 
an increased production of cutaneous lymphocyte-associated anti- 
gen positive T cells in the tonsils of patients with PPP [119,120]. 
Resolution of PPP following tonsillectomy has been described, with 
complete resolution of all signs of the disease in 66% of 80 patients 
2 years after tonsillectomy in a retrospective analysis at a single 
institution [121]. The effect was greater in those who stopped 
smoking after tonsillectomy. 


Pathogenic mechanisms 

The pathogenesis of PPP is not fully known and is less well 
understood than chronic plaque psoriasis. Activation of innate 
immune pathways appears to play an important role. Lesional 
PPP overexpresses antimicrobial peptides, chemokines includ- 
ing IL-8, and cytokines IL-1f, IL-17A, IL-22, IL-36y and IL-36RA, 
some of which derive from the acrosyringium [122-125]. Acti- 
vation of the IL-17A pathway appears to be important but the 
pattern of cytokine expression differs from that seen in plaque 
psoriasis affecting the palms and soles [126]. IL-17A induced IL-36 
production of IL-36 cytokines in human keratinocytes has been 
shown to be enhanced by cigarette smoke extract [115], which may 
contribute to the strong association with smoking. Lesional gene 
expression levels of IL-36 cytokines correlate with disease activity 
measured by palmoplantar pustular psoriasis area severity index 
(PPPASI) [127]. 


Clinical features 

History 

Itching is variable; more often the patient complains of burning 
discomfort or pain in the lesions. Pain on standing or walking, 
especially when there is fissuring, and limitation of hand function 


have a detrimental effect on patient normal functioning and quality 
of life. 


Presentation 

The disease presents as a pustular eruption either diffusely or within 
well-defined plaques. The disease may be limited to the palms, or to 
the soles, or both may be affected. On the hands, the thenar eminence 
is the most common site. Less commonly, the hypothenar eminence 
or the central palm or the distal palm are involved. On the feet, the 
instep, the medial or lateral border of the foot at the level of the 
instep, or the sides or back of the heel are involved. Less frequently, 
the distal sole or the whole sole is implicated. Digital lesions are 
less common although associated subungual pustulation is some- 
times seen. A striking symmetry of the lesions on the hands or feet is 
common, but sometimes a solitary lesion persists for months before 
others appear. 

The affected area is dusky red and scaly, and fissures may develop. 
Removal of scale (e.g. by treatment) leaves a glazed dull red surface. 
Within this plaque, numerous pustules are present, usually 2-5 mm 
in diameter. In early disease, dermoscopy can help to identify 
vesicles, or vesico-pustules within plaques, the lesions arising at 
the top of dermatoglyphic ridges [122]. Fresh pustules are yellow; 
older ones are yellow-brown or dark brown as the pustule dries. 
Normally, pustules in all stages of evolution are seen (Figure 35.34). 
Eventually, the desiccated pustule is exfoliated. Plaques of psoriasis 
may be present elsewhere on the body in a minority of patients and 
may be mild and atypical [128]. 

Pustular bacterid (of Andrews) (Figure 35.35) was a term first used to 
describe an acute monomorphic eruption of sterile pustules occur- 
ring on the hands and feet [129]. Whether it is a distinct entity or 
merely an acute variant of PPP is unclear. 


Histopathology 

There is an infiltrate of inflammatory cells including T lymphocytes, 
dendritic cells, eosinophils and mast cells in the dermis [130]. Early 
lesions are vesicles in the absence of spongiosis, that develop into 
pustules containing mononuclear cells and neutrophils as they 
become more superficial [131-133]. Early vesicles appear to arise in 
or near epidermal sweat ducts [122], around which are increased 
numbers of Langerhans cells [123]. 


Differential diagnosis 

Palmoplantar plaque psoriasis can be difficult to exclude in phases 
of PPP when pustules are absent, for instance on treatment [128]. 
Tinea and eczema are common differential diagnoses. Tinea is usu- 
ally asymmetrical or unilateral and the toe clefts may be involved. 
Microscopy and culture or PCR will confirm the diagnosis. Sec- 
ondary infection of eczema may be pustular but is more painful, 
and Gram stains and culture of pustule contents will establish the 
diagnosis. Allergic contact dermatitis caused by rubber in footwear 
should not cause diagnostic difficulties: typically, the insteps are 
spared. The chronic acropustulosis seen in black infants does not 
occur in adults. 


Classification of severity 
The impact of involvement of palmoplantar skin on physical func- 
tioning and quality of life is disproportionate to the relatively small 
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Figure 35.34 (a) Palmoplantar pustulosis. Normally, pustules in all stages of evolution are seen. Courtesy of St John’s Institute of Dermatology, London, UK. (b) Palmoplantar pustulosis 


of the heel. 
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Figure 35.35 (a) Acute palmoplantar pustulosis. Courtesy of St John’s Institute of Dermatology, London, UK. (b) Acute palmoplantar pustulosis. 


area affected [134,135]. In clinical trials, the PPPASI or fresh pustule 
counts have been used to measure disease severity [136]. 


Co-morbidities 

Between 15% and 35% of patients with PPP develop chronic plaque 
psoriasis at other sites [12,100] and in those who have both PPP 
and chronic plaque psoriasis there is a high prevalence of psoriatic 
arthritis. A distinctive form of arthritis affecting the sternoclavic- 
ular joints called pustulotic arthro-osteitis is common in Japanese 
patients with PPP but appears to be rare in other parts of the 


world [128]. PPP is a key component of the rare SAPHO syndrome 
(synovitis, arthritis, pustulosis, hyperostosis, osteitis), in which the 
articular component also predominantly affects the anterior chest 
wall [137]. 

A significant prevalence of autoimmune thyroid disease and 
the presence of thyroid antibodies have been found in association 
with PPP [12]. Some patients also have antigliadin antibodies — in 
one Swedish study of 123 patients, 18% had antigliadin antibod- 
ies and some of these experienced an improvement in PPP on a 
gluten-free diet [138]. Hypertension, hyperlipidaemia and diabetes 


are common associations, although the relative risk has not been 
determined [139,140]. 


Disease course and prognosis 

The course is usually prolonged. Slow spread or extension may be 
refractory to all treatment. Sometimes spontaneous remission does 
occur but is more often temporary than permanent. In one cohort of 
59 patients, only nine had a remission for more than a year [102]. 


Investigations 

The diagnosis can usually be made clinically. Skin scrapings for 
mycological examination may be needed, and occasionally bacterial 
swabs or patch testing may be indicated. 


Management 

Effective therapy is elusive and treatment is often as disappointing 
for the physician as for the patient. There is a pressing need for more 
effective treatment and for higher quality evidence of efficacy and 
safety. In view of the finding that PPP is immunogenetically dis- 
tinct from plaque psoriasis, it is perhaps unsurprising that using 
conventional psoriasis therapies to treat palmoplantar pustulosis is 
not ideal. A Cochrane review of treatments for PPP published up to 
March 2019 has been published [141]. 


Topical 

It is usual to start with topical therapy but this alone is often inef- 
fective. Super-potent topical corticosteroids may be beneficial in 
the short term. Hydrocolloid gel occlusion can enhance efficacy 
of moderate potency corticosteroid creams [142,143]. Atrophy, 
particularly of the skin around the medial longitudinal arch, is a 
risk. A phase III randomised placebo-controlled trial of the vitamin 
D analogue maxacalcitol in 188 patients with PPP demonstrated 
a significant reduction in disease activity, and particularly in the 
pustule score [144]. 


Phototherapy 

Studies of topical PUVA have failed to demonstrate superiority over 
placebo. Oral PUVA may be effective in improving PPP and will 
sometimes clear the disease temporarily; the response is enhanced 
by combination with an oral retinoid (re-PUVA). There is some 
evidence for improvement with Grenz ray therapy or excimer laser 
[141,145,146]. 


Systemic therapy 

Systemic therapies offer the best opportunity for remission, although 
the evidence base is poor, efficacy is limited, and there are no 
head-to-head trials [141]. Oral retinoids have established efficacy 
for remission and maintenance therapy. Most clinical trials were car- 
ried out in the 1980s, were small and evaluated etretinate, before the 
development of acitretin [141]. Response rates with ciclosporin are 
higher. Many patients will respond in the short term to ciclosporin 
2.5 mg/kg/day [147,148] and some patients can be maintained on 
doses as low as 1mg/kg/day [149]. The dose should be tapered 
rather than stopped abruptly in view of rare instances of provoking 
GPP [150] Low quality evidence of efficacy has been published 
in small uncontrolled case series with methotrexate, lefluno- 
mide, alitretinoin, fumaric acid esters, tofacitinib and apremilast 


[151-157]. The longest mean drug survival among conventional 
systemic treatments in 347 PPP patients treated in five German 
university departments over a 12-year period was reported for 
apremilast [158]. In a placebo-controlled clinical trial of apremilast 
in 90 Japanese patients with PPP, a response (PPASI 50) was seen in 
78.3% on apremilast versus 40.9% with placebo (P = 0.0003) [159]. 


Biologic therapy 

The effectiveness of TNFi has not been adequately assessed in the 
treatment of PPP. Only etanercept 50mg twice weekly has been 
studied in a small randomised controlled trial in 15 patients, which 
demonstrated no statistically significant improvement (or deteri- 
oration) compared with placebo [160]. A retrospective descriptive 
study of real life TNFi use in PPP demonstrated improvements 
with infliximab and adalimumab, but infrequent clearance [161]. 
Ustekinumab has been reported to be effective in small case series 
[162,163] but this has not been confirmed in a small placebo- 
controlled trial [164]. 

A pilot study of the anti-IL-36 receptor monoclonal antibody 
spesolimab in 59 patients with PPP demonstrated PPPASI50 at 
16 weeks in 31.6% in the active arms compared with 23.8% in the 
placebo arm (risk difference 0.078; 95% CI -0.190, 0.338) [127]. 
The primary end point of the trial was not met. In a randomised 
placebo-controlled study with anakinra (an IL-1 receptor antag- 
onist) for PPP there was no evidence of efficacy compared with 
placebo. 

Secukinumab has been evaluated in a phase IIIb randomised 
placebo-controlled trial in 237 patients with PPP in Europe [165]. 
Patients were randomised 1:1:1 to receive secukinumab 300mg, 
150 mg or placebo. At the primary end point at week 16, PPPASI75 
was achieved in 26.6% in the secukinumab 300mg arm com- 
pared with 14.1% in the placebo arm (P = 0.0411, OR 2.62; 95% CI 
1.04-6.60). PPPASI50 was achieved in 52.2% in the secukinumab 
300 mg arm compared with 32.9% in the placebo arm (P = 0.0159). 
This response appears to be less than was achieved in trials of 
chronic plaque psoriasis. 

Guselkumab has been evaluated in a phase III randomised 
placebo-controlled trial in 159 patients with PPP in Japan [133]. 
Patients were randomised 1:1:1 to receive guselkumab 200mg, 
100 mg or placebo. At the primary end point at week 16, PPPASI75 
was achieved in 20.4% in the guselkumab 100mg arm compared 
with 3.8% in the placebo arm (P = 0.01). PPPASI50 was achieved 
in 57.4% in the guselkumab 100 mg arm compared with 34% in the 
placebo arm (P = 0.02). On this basis, guselkumab has been licensed 
for PPP in Japan. No biologic is currently licensed for PPP in Europe 
or the USA. 


Acrodermatitis continua of F 


Definition and nomenclature 

Acrodermatitis continua of Hallopeau (ACH) is a rare chronic sterile 
pustular eruption initially affecting the nail units of the fingers or 
toes, from where it slowly extends proximally. It may evolve into 
GPP [1]. 
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Chapter 35: Psoriasis and Related Disorders 


Introduction and general description 

The relationship between ACH and psoriasis in general and with 
GPP in particular has been debated since the entity was first recog- 
nised by Hallopeau in 1890. Patients with ACH may have additional 
plaque psoriasis and GPP. 


Epidemiology 

Incidence and prevalence 

This is a rare entity, described in case reports and small case series 
only. Its incidence and prevalence are unknown. 


Age at onset 

This may be seen in children. It is rare in young adults and, unlike 
PPP, not infrequently begins in old age. The mean age at onset in the 
largest series was 55 years [12]. 


Sex 
ACH is seen more frequently in females [12]. 


Pathophysiology 
Genetics 
The frequency of germline IL36RN mutations is similar in ACH 
(18.2%) to GPP, and higher than in PPP [12]. A Lebanese man 
with ACH has been reported in whom a mutation in IL36RN was 
detected (homozygous p.Ser113Leu). His sister who had acute GPP 
von Zumbusch without acral involvement had the same IL36RN 
mutation, supporting a view that ACH is a localised variant of 
GPP [166]. 

Mutations in AP1S3 (which were first identified in ACH) [7] were 
found in about 10% of patients [12]. One patient with a mutation in 
MPO has been reported [21]. 


Environmental factors 

The onset is often attributed by the patient to minor trauma, or 
infection at the tip of the digit. It may be precipitated or aggravated 
by oral corticosteroids. 


Clinical features 

History and presentation 

The first lesion starts on a finger or thumb more often than on a 
toe. It is usually unilateral and remains restricted to one or a limited 
number of digits [167,168]. The skin over the distal phalanx becomes 
red and scaly, and pustules develop. The nail folds and nail bed may 
be involved, leading to nail dystrophy. The proximal edge of the 
lesion is bordered by a fringe of undermined epidermis, irregular, 
often sodden and sometimes preceded by a line of vesiculo-pustules. 
Removal of scale or desiccation of pustules may leave a brighter 
red, glazed, very sore and painful digit. Slow proximal extension 
is the rule but this may take several years. Eventually, other dig- 
its may be involved. The nail plate may be completely destroyed 


(b) 


Figure 35.36 (a) Acrodermatitis continua with destruction of the nail plate. Courtesy of 
St John’s Institute of Dermatology, London, UK. (b) Acrodermatitis continua in the acute 
phase. 


(Figure 35.36). Bone changes can occur with osteolysis of the tuft of 
the distal phalanx. The free end of the digit may become wasted and 
tapered, mimicking scleroderma. 


Histopathology 

The features are similar to those of GPP. In the epidermis, there are 
numerous subcorneal neutrophilic pustules and spongiform pus- 
tules with hypergranulosis and parakeratotic hyperkeratosis. There 
is a lymphocytic infiltrate in the dermis, which in chronic disease 
may become atrophic [167]. 


Differential diagnosis 
The distribution of lesions in ACH is distinctive, as is the local 
destruction of soft tissue, nail apparatus and sometimes the terminal 


digit. In the earlier stages, staphylococcal infection, pulp infection, 
herpetic whitlow, tinea or contact dermatitis may be suspected. 
Candidiasis is only likely to be a problem in the immunocompro- 
mised. Parakeratosis pustulosa should be considered in children. 


Co-morbidities 

In a cohort of 41 patients with ACH, nine had an additional diag- 
nosis of GPP and four of PPP [12]. Chronic plaque psoriasis was 
present in 46% of cases [12]. Arthritis involving the peripheral joints 
is present in about 27% of cases [169]. 


Disease course and prognosis 

The usual course is prolonged. Slow spread or extension may be 
refractory to all treatment. Sometimes spontaneous remission does 
occur but is more often temporary than permanent. 


Investigations 
The diagnosis can usually be made clinically. Swabs for bacterial cul- 
ture should be taken. 


Management 

ACH is often refractory and the evidence base for treatment is poor, 
consisting mainly of case reports. Potent topical corticosteroids, 
tacrolimus or calcipotriol may improve symptoms [167,170-172]. 
Acitretin or ciclosporin have been reported to be effective in some 
cases [173]. There are case reports of the efficacy of etanercept, 
adalimumab, infliximab, ustekinumab, secukinumab, ixekizumab, 
guselkumab and anakinra [168]. TNFi appear to be more effective 
in ACH than in PPP [161] although they may need to be given 
at higher than usual doses or in combination with other systemic 
treatment [174]. 


PSORIATIC ARTHRITIS — 


Definition and nomenclature 


Psoriatic arthritis is a seronegative inflammatory arthritis, which 
occurs in up to 40% of patients with moderate to severe psoriasis. 
It can be destructive to joints and adds considerably to the impair- 
ment of quality of life and symptoms such as fatigue suffered by 
psoriasis patients [1]. The quality-of-life impairment and disease 
burden associated with psoriatic arthritis is similar to that seen 
in rheumatoid arthritis [2]. There is a genetic susceptibility with 
an increased risk among family members of both psoriasis and 
psoriatic arthritis [3]. 

In rheumatology practice, psoriatic arthritis can be differentiated 
from other forms of arthritis according to CASPAR (Classification 
Criteria for Psoriatic Arthritis) criteria, with 99% sensitivity and 
91% specificity (Table 35.8) [4]. A diagnosis of psoriatic arthritis is 
made in the presence of an inflammatory articular disease (joint, 
enthesis or spine) if some or all of the following criteria are met: 
current psoriasis; personal history of psoriasis; family history of 
psoriasis in a first- or second-degree relative; nail psoriasis; dactyli- 
tis (inflammation of an entire finger or toe) (Figure 35.37); and plain 


Table 35.8 Classification of Psoriatic Arthritis (CASPAR) criteria for psoriatic arthritis. 
To be characterised as having psoriatic arthritis, a patient with inflammatory articular 
disease (joint, spine or entheseal) must have three or more points from five categories. 
Each category scores a maximum of 1 point, except category 1, which scores 2 points 
for current psoriasis. 


Psoriasis Current psoriasis 
Personal history of psoriasis 1 
Psoriasis in a first- or second-degree 1 
relative 
Typical psoriatic nail involvement 1 
A negative test for rheumatoid factor 1 
Dactylitis Current dactylitis 1 
History of dactylitis 1 
Radiological evidence of juxta-articular 1 


new bone formation 


Figure 35.37 Dactylitis. 


radiographic evidence of juxta-articular new bone formation on the 
hands or feet. 

Psoriatic arthritis is clinically heterogeneous. It has been tra- 
ditionally classified according to the criteria of Moll and Wright, 
although there is considerable overlap between the subtypes [5]. It 
can occur as peripheral mono- or asymmetrical oligo-arthritis, pre- 
dominantly affecting the distal interphalangeal joints (Figure 35.38) 
(a distinguishing feature from rheumatoid arthritis), symmetrical 
rheumatoid-like pattern, arthritis mutilans (a rare severe deform- 
ing arthritis of the hands and feet) (Figure 35.39), axial disease 
with spondylitis and/or sacro-iliac disease. Although the original 
classification of Moll and Wright remains valid, several alternative 
classifications have been proposed [6]. Asymmetric oligo-arthritis 
is the commonest variety followed by symmetric polyarthritis. 
A pattern of predominant distal interphalangeal involvement is 
often found. Spondylitis is reported in 50% of patients and the 
rare arthritis mutilans is the last classification. This classification is 
useful, but overlap between the subtypes occurs. 
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Figure 35.38 Arthritis mutilans. 


Figure 35.39 Distal interphalangeal involvement. 


Epidemiology 


Incidence and prevalence 

There is a wide variation in the reported annual incidence 
(<0.01-0.25%) and prevalence (0.5-23.1/100000) of psoriatic 
arthritis [7]. This variation probably reflects ethnic variation and 
methodological differences in the published studies. Arthritis 
mutilans occurs in between 3 and 5 per million people [7]. It is 
associated with enthesitis, dactylitis and more severe skin disease 
and is equally divided between the sexes. 


Age at onset 

Most patients develop psoriatic arthritis before the age of 40 years. 
Childhood onset is rare. The incidence appears to be equal between 
the sexes although men may have more axial disease and less 
peripheral arthritis. The majority of patients have psoriasis prior 
to the onset of arthritis. In 70% of patients, the skin features of 
psoriasis develop prior to joint disease, in 20% of patients, the joint 
disease presents first and in 10% the skin and joints are affected 


concurrently. In a prospective cohort study, the annual incidence of 
psoriatic arthritis is approximately 2-3% [8]. 


Associated diseases 

There is an association between more severe psoriasis and the devel- 
opment of psoriatic arthritis. For every 1% increase in body sur- 
face area involvement with psoriasis, there is a 2% increased risk 
of psoriatic arthritis [9]. The prevalence of psoriatic arthritis is also 
increased in patients with nail and scalp psoriasis [3,7]. 

Ocular diseases occur in up to 30% of patients with psoriatic 
arthritis. Most of these patients develop conjunctivitis with uveitis. 
Iridocyclitis, keratoconjunctivitis sicca and cataracts have also 
been reported [10,11]. Although less well studied than in psori- 
asis alone, there are associations between psoriatic arthritis and 
obesity /metabolic syndrome and alcohol misuse [12]. Premature 
cardiovascular disease is also associated with psoriatic arthritis [9]. 


Genetics and pathophysiology 

Psoriatic arthritis has a strong heritable component. There are 
no well-powered twin registry studies, but heritability calculated 
from recurrence risk in first-degree relatives estimates a greater 
genetic component to psoriatic arthritis than with psoriasis [13]. In 
common with psoriasis, psoriatic arthritis is associated with MHC 
alleles, but the nature of the association appears to be different [14]. 
Although associated with HLA-C:06:02, the magnitude of the associ- 
ation is small compared with cutaneous psoriasis. Psoriatic arthritis 
is also associated with several HLA-B alleles, notably HLA-B13, 
HLA-B27, HLA-B38/39, HLA-B57 and HLA-DRB1*04 [15]. There is 
evidence that HLA types influence the presentation of psoriatic 
arthritis. In patients with psoriatic arthritis, HLA-C:06:02 without 
B27 or B39 is associated with early onset of psoriasis with the subse- 
quent development of psoriatic arthritis 10 years after appearance 
of the skin disease. In contrast, the presence of HLA-B27 and/or 
B39 is associated with the simultaneous development of early joint 
and skin disease. The skin disease also appears to be less severe 
than in those patients who are HLA-C:06:02 positive [16]. 

Genome-wide association scans in psoriatic arthritis have repli- 
cated many psoriasis susceptibility loci and identified IL-23R as 
a disease specific locus [17]. Other distinct genetic loci have been 
reported [18]. 

Psoriatic arthritis may be triggered by trauma to a joint or ten- 
don — the so-called deep Koebner effect. Cigarette smoking and 
excess alcohol intake are also associated with the disease. HIV 
infection is associated with the initiation or worsening of psoriatic 
arthritis whereas rheumatoid arthritis improves in HIV infection [3]. 
In contrast to psoriasis, streptococcal infection, medications such 
as lithium or psychological stress do not appear to be triggers of 
psoriatic arthritis. Like psoriasis, there is an increased incidence 
of obesity and the metabolic syndrome in patients with psoriatic 
arthritis [9]. 


Pathophysiology 
The pathophysiology of psoriatic arthritis is similar to psoriasis with 


immune activation in the synovium and enthesis of affected joints. 
There is activation of both innate and adaptive immune cells with 


overproduction of multiple cytokines including TNF-a, IL-17 and 
IL-23. Angiogenesis is increased in the synovium and appears to 
be more prominent than in rheumatoid arthritis. In response to the 
inflammation, joint fibrosis occurs. There may be erosion of bone 
with abnormal bone formation occurring simultaneously, resulting 
in joint deformities and loss of function [3,7]. There is evidence from 
single RNA sequencing studies that synovial honing CD8+ T cells 
are important in PsA pathogenesis [19]. 

There are important differences, however, in the inflammatory 
process in the joint compared with the skin. IL-17, Th17 cells and 
IL-23 production appear to be less prominent in psoriatic synovitis 
compared with the skin [3,7]. These differences in pathophysiol- 
ogy may influence the observed differential therapeutic responses 
between the skin and joints to systemic and biologic treatments. 


Clinical features 


The diagnosis of psoriatic arthritis is important and an enquiry 
regarding joint symptoms should be made at every consultation in 
patients with psoriasis. Symptoms of inflammatory joint disease 
(early morning stiffness and joint swelling) should be ascertained. 
Early morning back stiffness may be the only clinical feature of 
sacroiliitis or cervical spondylitis. Heel pain (a manifestation of 
enthesitis of the Achilles tendon) or plantar fasciitis may also be a 
presenting feature. 

Clinical examination may reveal evidence of dactylitis (sausage 
fingers) or swollen or tender joints. This may affect one joint in an 
asymmetric pattern or several joints simultaneously. The features 
may be subtle and diagnosis is often delayed. The nail changes of 
psoriasis will be present in up to 80% of patients. 

Most dermatologists are not proficient at joint examination but 
a reasonable approach is to examine the joints of the hands and 
feet for evidence of joint swelling or tenderness and dactylitis. 
The diagnosis of psoriatic arthritis may be challenging even for an 
experienced rheumatologist. Several studies have suggested that 
up to 30% of patients attending specialist psoriasis clinics may have 
undiagnosed psoriatic arthritis [3,7]. Several screening question- 
naires have been developed to assist with the early diagnosis of 
psoriatic arthritis. These include the Psoriasis Arthritis Screening 
Evaluation (PASE), the Psoriasis Epidemiology Screening Tool 
(PEST) and the Toronto Arthritis Screening Questionnaire (ToPAS) 
tools. Studies assessing these screening tools suggest that they 
may be beneficial in helping dermatologists to refer patients for 
appropriate rheumatological assessment [20]. 


Differential diagnosis 

Differential diagnoses include early rheumatoid arthritis, ankylos- 
ing spondylitis, gout, osteoarthritis and fibromyalgia. It is important 
to recognise that patients with psoriatic arthritis often suffer from 
other musculoskeletal problems. 


Classification of severity 

Disease severity may be assessed by a variety of measures. These 
include the American College of Rheumatology (ACR) tender and 
swollen joint count. The ACR-20 refers to a 20% improvement in 


swollen and tender joint count and a 20% improvement in patient 
and physician global assessment, pain, disability and acute phase 
reactant measurement. ACR-50 and ACR-70 refer to a 50% and 70% 
improvement, respectively, in these criteria [21]. The Disease Activ- 
ity Score (DAS) is calculated using swollen and painful joint scores 
together with the measurement of the erythrocyte sedimentation 
rate. The Psoriatic Arthritis Response Criteria (PsARC) is defined as 
a specified improvement in at least two of the following four mea- 
sures, without worsening of the others: patient global assessment; 
physician global assessment; tender joint count; and swollen joint 
count [22]. Axial disease is often assessed using the Bath ankylosing 
spondylitis disease activity index (BASDAJ) [23]. Scores assessing 
quality of life and dactylitis scores have also been developed [22]. 
Composite indices that include the severity of cutaneous psoriasis 
have also been proposed [24,25]. In practice, these composite mea- 
sures are used predominantly in research settings. Most measures 
of disease severity for psoriatic arthritis have been adapted from 
rheumatoid arthritis and controversy exists as to whether they are 
truly a reflection of severity in psoriatic arthritis. Nonetheless the 
ACR measures remain those required by licensing agencies for new 
drug approval for psoriatic arthritis. 


Investigations 


Investigations include tests for inflammation (including C-reactive 
protein and erythrocyte sedimentation rate), uric acid, rheumatoid 
factor (less commonly used) and anticyclic citrillated peptide (CCP) 
antibodies. Plain X-rays of the hands and feet may be useful in 
detecting erosive disease but plain X-rays have a low diagnostic 
sensitivity in early disease. Other imaging modalities such as ultra- 
sound or magnetic resonance imaging (MRI) are useful in assessing 
enthesitis, and MRI is the modality of choice for assessing axial 
disease. 


Treatment 


Psoriatic arthritis should be managed by a rheumatologist and, 
for complex cases, combined clinics involving a dermatologist and 
rheumatologist may facilitate management decisions. Early treat- 
ment is important as early interventions may prevent irreversible 
joint damage. Several guidelines have been published which pro- 
vide treatment algorithms for physicians to assist them in the 
management of psoriatic arthritis [26-29]. The therapeutic options 
for psoriatic arthritis are not as broad as those for psoriasis and are 
influenced by the pattern of the articular disease (Figure 35.40). 

The main treatments have been non-steroidal anti-inflammatory 
drugs (NSAIDs), methotrexate, oral corticosteroids, sulphasalazine, 
leflunomide, apremilast, TNFi, ustekinumab, IL-17 inhibitors and 
IL-23p19 inhibitors. A single agent that combines efficacy on both 
the skin disease and the arthritis is preferred. 

NSAIDs are the mainstay of treatment in patients with mild dis- 
ease. In view of their potential toxicities, the lowest dose should be 
used for short-term control of symptoms only [26-29]. Oral corticos- 
teroids are used commonly for the control of acute flares of psoriatic 
arthritis. This may cause instability of concomitant psoriasis and a 
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Figure 35.40 EULAR guidelines for 
management of psoriatic arthritis. Source: 
Reproduced from Gossec L, Baraliakos X, 

4 Kerschbaumer A et a/. EULAR recommendations 


—________—. No 


1. No glucocorticoids for axial disease. 
2. The target is remission or low disease activity 


3. Preferred in the presence of relevant skin 


4, Improvement means at least 50% reduction in 


8. For definition of individual items see text. 


for the management of psoriatic arthritis with 


involvement, however in case of concomitant disease activity. 


(especially with long-standing disease) in accordance 
with the treat-to-target recommendations. 


inflammatory bowel disease or uveitis, an anti-TNF 5. As add-on to methotrexate. 
antibody would be preferred. 
7. Including abatacept. 


slow reduction of the dose is recommended in order to try and avoid 
deterioration of the skin and/or generalised pustular psoriasis. Joint 
injections with corticosteroids can provide symptomatic relief but 
there is little evidence that they prevent bone remodelling and fibro- 
sis. Physiotherapy may also be beneficial. 


6. Consider cautious tapering in sustained remission. 


Phase I: recommendations 1, 2, 3, 4, 5; 

Phase II: recommendations 1, 3, 4, 5, 12; 
Phase III: recommendations 6, 8, 
Phase IV: recommendations 7, 11, 12 


pharmacological therapies: 2019 update. Ann 
Rheum Dis 2020;79(6):700-12. 


Systemic therapy 

The systemic treatments used for peripheral psoriatic arthri- 
tis, enthesitis and dactylitis have limited evidence for their use. 
Methotrexate has been studied in several trials in psoriatic arthritis. 
In one randomised controlled trial of methotrexate 15mg weekly 


compared with placebo in patients with active psoriatic arthritis, 
there was no benefit of methotrexate compared with placebo when 
the ACR-20 criteria and the DAS-28 score were used [30]. The trial 
did report improvements in patient symptoms. The results of this 
trial contrast with several smaller studies that have shown positive 
effects [31,32]. The data have called into question the usefulness 
of methotrexate monotherapy in managing the acute synovitis of 
psoriatic arthritis. 

Leflunomide has demonstrated efficacy in psoriatic arthritis 
compared with placebo [33] and in the real-life setting of clinical 
practice [34]. It does not often, however, have a beneficial effect on 
psoriasis. Sulphasalazine has been reported as effective in small 
open trials in psoriatic arthritis but has been disappointing in 
placebo-controlled trials. Nonetheless it continues to be used in 
clinical practice. The efficacy of ciclosporin in psoriatic arthritis has 
not been adequately addressed and its use is not recommended 
in some guidelines [35]. Axial disease appears to be resistant to 
treatment with conventional systemic therapy. 

Apremilast, a phosphodiesterase 4 inhibitor that has shown 
efficacy in psoriasis and other inflammatory diseases, is licensed 
for psoriatic arthritis at a dose of 30mg twice daily. A phase III 
trial of 504 patients with psoriatic arthritis compared the effects 
of apremilast 20 mg twice daily, apremilast 30 mg twice daily and 
placebo over 16 weeks. The ACR-20 responses were 31%, 40% and 
19%, respectively, with significant differences between both doses 
and placebo [36]. 

Tofacitinib, a JAK-2 inhibitor, is an oral small molecule therapy 
that is licensed for rheumatoid arthritis and psoriatic arthritis at a 
dose of 5mg twice daily [37]. In a randomised placebo-controlled 
trial, after 3 months therapy, 50% of patients on tofacitinib 5mg 
orally twice daily achieved ACR-20 compared with 61% on tofaci- 
tinib 10 mg twice daily and 33% on placebo. In this study, tofacitinib 
was non-inferior to adalimumab 40mg subcutaneously every 
2 weeks. The majority of patients were on concomitant methotrex- 
ate. The long-term safety of tofacitinib in psoriatic arthritis has 
yet to be established in real-world registries. Tofacitinib is asso- 
ciated with serious infections, herpes zoster reactivation and 
veno-thromboembolism. 

Deucravacitinib, a TYK-2 inhibitor, has undergone phase II tri- 
als in psoriatic arthritis. In a double-blind placebo-controlled trial, 
deucravacitinib at a dose of 6mg orally once daily or 12mg once 
daily had higher ACR-20 responses (52.9% for 6 mg dose and 62.7% 
for the 12 mg dose at week 16 compared with placebo (31.8%) [38]. 
Phase III studies are ongoing. 


Biologic treatment 

Biologic therapies are recommended for patients with active pso- 
riatic arthritis affecting more than three joints who have failed to 
respond to at least two systemic treatments, or for axial disease 
that has failed to respond to NSAIDs and/or local corticosteroids 
[26-29]. 

Infliximab, at a dose of 5mg/kg, has been shown to improve 
psoriatic arthritis compared with placebo. Of patients treated with 
infliximab, 65% reached the ACR-20 primary end point compared 
with 10% with placebo. The benefits were maintained to 50 weeks 
[39]. This study also provided evidence that infliximab improved 
the quality of life of treated patients and prevented radiological 


progression of the disease [40,41]. Concomitant methotrexate has 
been shown to prolong retention on treatment [42]. 

Etanercept, at a dose of 25mg subcutaneously twice weekly, has 
been shown to improve psoriatic arthritis compared with placebo. 
In a study of 60 patients over 12 weeks, 87% of patients treated 
with etanercept met PsARC compared with 23% of placebo-treated 
patients. ARC-20 was achieved by 73% of patients compared with 
13% of placebo patients [43]. In a study comparing etanercept 50 mg 
twice weekly to 50 mg once weekly in patients with severe psoriasis 
and psoriatic arthritis, the higher dose of etanercept resulted in 
better PASI outcomes but the PsARC response at 12 weeks was 
similar in both groups (77% compared with 76%) [44]. While the 
combination of methotrexate and etanercept has demonstrated 
increased efficacy in rheumatoid arthritis, there are no controlled 
trials assessing this combination in psoriatic arthritis. 

Adalimumab, at a dose of 40mg subcutaneously every 2 weeks, 
has demonstrated efficacy in psoriatic arthritis compared with 
placebo. At week 12, 58% of patients treated with adalimumab 
achieved the primary end point of ACR-20 compared with 14% 
of placebo patients. Adalimumab improved the joint manifesta- 
tions, quality of life and skin disease. It also improved radiological 
progression of the disease [45]. There are no controlled studies on 
the use of methotrexate with adalimumab in psoriatic arthritis but 
registry studies suggest that no additional efficacy is achieved by 
the addition of methotrexate [46]. 

Golimumab is licensed for psoriatic arthritis but has not 
been developed for the treatment of cutaneous psoriasis. In a 
placebo-controlled trial of golimumab in psoriatic arthritis, 48% 
of patients receiving golimumab 50mg every 4 weeks and 46% 
of patients receiving 100 mg every 4 weeks achieved the ACR-20 
criteria compared with 9% of placebo patients [47]. 

Certolizumab, a pegylated humanised TNFi fragment, has shown 
efficacy in psoriasis, psoriatic arthritis and also in Crohn disease. 
In a phase III study, 368 patients were randomised to receive 
certolizumab 200mg every 2 weeks, certolizumab 400mg every 
4 weeks or placebo for 24 weeks. At week 12, 58% of the cer- 
tolizumab 200 mg every 2 weeks reached the ACR-20 primary end 
point compared with 51% of those in the certolizumab 400 mg 
every 4 weeks group and 24.3% in the placebo group. Certolizumab 
improved all aspects of the disease including physical function 
and radiographic progression. The clinical improvements were 
significant after 1 week of treatment [48]. 

The IL-17 inhibitors, secukinumab and ixekizumab, are licensed 
for psoriatic arthritis either as monotherapy or in combination with 
methotrexate. Brodalumab has been shown to be effective in pso- 
riatic arthritis but due to problems in its phase II] programme for 
psoriasis, it was not developed for psoriatic arthritis. Bimekizumab 
has completed phase III studies for psoriatic arthritis but at the 
time of writing has not been licensed for the treatment of psoriatic 
arthritis. 

Secukinumab and ixekizumab have shown positive effects on 
axial disease and radiographic progression. 

In a randomised controlled trial, secukinumab 300 mg was com- 
pared with 150mg, 75mg and placebo. Secukinumab was given 
weekly for five doses and thereafter every 4 weeks. The primary 
end point was 24 weeks. ACR-20 responses were achieved in 54%, 
51% and 29% of patients in the 300mg, 150mg and 75mg groups 
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respectively compared with 33% of placebo [49]. On the basis of this 
trial, secukinumab was licensed at a dose of 150mg every 4 weeks 
for psoriatic arthritis compared with 300mg every 4 weeks for 
psoriasis. 

In a head-to-head trial of 300mg secukinumab subcutaneously 
weekly for 5 weeks and then 300 mg every 4 weeks compared with 
adalimumab at 40 mg every 2 weeks, there was no significant dif- 
ference in ACR-20 responses at 52 weeks (67% in the secukinumab 
group and 62% in the adalimumab group) [50]. 


Ixekizumab 

In a randomised placebo-controlled trial ixekizumab given subcu- 
taneously at 80mg every 2 weeks was compared with ixekizumab 
80mg every 4 weeks and adalimumab in a non-inferior design. 
The primary outcome was the ACR-20 response at 24 weeks: 
62.1% of ixekizumab every 2 weeks treated patients achieved 
ACR-20 compared with 57.9% of those treated with ixekizumab 
every 4 weeks compared with 30% of placebo. Non-inferiority to 
adalimumab was demonstrated [51]. 


Brodalumab 

In a placebo-controlled trial, patients with active psoriatic arthritis 
were randomised to receive 210mg (licensed dose for psoriasis) 
or 140mg subcutaneously of brodalumab or placebo at weeks 0, 
1, 2 and every 2 weeks for 24 weeks. The primary end point was 
ACR-20 at week 16: 47.9% in the 210mg group achieved ACR-20 
compared with 45.8% in the 140 mg group and 20.9% in the placebo 
arm [52]. 


Bimekizumab 

Bimekizumab has been evaluated in two phase III trials. In the first 
randomised controlled trial, patients with psoriatic arthritis who 
were naive to biologic therapy were treated with bimekizumab 
160mg every 4 weeks, placebo or adalimumab. At week 16, 44% 
of patients achieved ACR-50 compared with 10% on placebo and 
46% on adalimumab [53]. A second study assessed bimekizumab 
160 mg every 4 weeks compared with placebo in patients who did 
not respond or were intolerant of TNF inhibitors. At week 16, 43% 
of patient on bimekizumab achieved ACR-50 compared with 7% on 
placebo [54]. 

The IL-12/IL-23p40 inhibitor ustekinumab has also been shown 
to be effective for psoriatic arthritis in a randomised controlled trial: 
605 patients were randomised to ustekinumab 45 mg, ustekinumab 
90 mg or placebo at week 0, 4, 16 and every 12 weeks thereafter. 
ACR-20 at week 24 was achieved in 42.4% of the 45mg group, 
49.5% of the 90 mg group and 22.8% of placebo-treated patients. 
The response was maintained at 52 weeks [55]. Improvements 
were also seen in dactylitis and enthesitis and in radiological pro- 
gression of the disease [56]. Ustekinumab is not effective in axial 
disease. 

The IL-23p19 inhibitors guselkumab, risankizumab and tildrak- 
izumab have all shown efficacy for psoriatic arthritis. 

Guselkumab is effective and licensed for psoriatic arthritis either 
alone or in combination with methotrexate. In a placebo-controlled 
trial, patients with psoriatic arthritis were randomised to receive 
guselkumab 100mg at week 0, 4 and every 4 weeks, 100mg at 
week 0, 4 and every 8 weeks or placebo. The primary outcome was 


ACR-20 at week 24. ACR-20 was achieved in 59% of guselkumab 
100mg every 4 weeks compared with 52% in the guselkumab 
100 mg every 8 weeks and 22% of the placebo group. Over 50% of 
patients were taking concomitant methotrexate [57]. 

In a similar study that included only biologic-naive patients, 
guselkumab 100 mg every 4 weeks and every 8 weeks had similar 
ACR-20 responses (64%) compared with 31% in the placebo group. 
In this study, guselkumab was reported as effective in axial disease 
and prevented radiographic progression [51]. 

Risankizumab is licensed for the treatment of psoriatic arthritis. It 
has been evaluated in two phase III trials. The first study compared 
risankizumab 150mg at week 0, 4 and week 12 compared with 
placebo in patients who had an inadequate response to or were 
intolerant of one or more disease-modifying antirheumatic drugs. 
At week 24, 57.3% of patients on risankizumab reached ACR-20 
compared with 33.5% on placebo [58]. In a second study, which 
included patients who were resistant to or intolerant of biologic 
therapies, risankizumab was compared with placebo. At week 
24, 51.3% of patients achieved ACR-20 compared with 26.5% on 
placebo [59]. 

In a phase IIb placebo-controlled trial 391 patients were ran- 
domised to receive tildrakizumab (200mg every 4 weeks, 200 mg 
every 12 weeks, 100 mg every 12 weeks, or 20 mg every 12 weeks) or 
placebo. Preliminary results showed clear efficacy of tildrakizumab 
in the treatment of psoriatic arthritis as compared with placebo 
with differences detected in ACR20 and ACR50 at 12 weeks in the 
groups treated with 200 mg every 4 weeks and every 12 weeks. 


Abatacept 

Abatacept is a fusion protein that binds to CD80 thereby inhibiting 
T-cell activation. It is licensed as a monotherapy or in combina- 
tion with methotrexate for psoriatic arthritis. In a randomised 
placebo-controlled trial, patients with active psoriatic arthritis were 
treated with weekly subcutaneous abatacept 125mg (n = 213) or 
placebo (n = 211) for 24 weeks: 39.4% of patients on abatacept 
achieved ACR-20 compared with 22.3% on placebo (P <0.001). 
Abatacept is not effective for psoriasis. 

The management of psoriatic arthritis has benefited signifi- 
cantly from the development of effective biologic therapies and 
high-quality data from clinical trials and is outlined in both the 
GRAPPA and EULAR guidelines. Early diagnosis and appropriate 
therapy are significant challenges in many health care systems. 

There is a need for greater comparative data on biologic efficacy 
and safety from registries [60]. To date, there seems to be similar 
drug survival between adalimumab and secukinumab [60]. 

One of the compelling questions is whether biologic treatment of 
psoriasis may prevent the development of psoriatic arthritis. There 
are several studies that suggest that treatment with biologics that 
are also effective in the treatment of psoriatic arthritis may prevent 
the development of psoriatic arthritis [61,62]. These studies have 
multiple limitations but there appears to be a developing picture 
that biologic treatment of psoriasis, particularly with TNF inhibitors, 
may reduce the incidence of psoriatic arthritis [63]. 

There is a need for biomarkers to identify patients at highest risk 
of the development of psoriatic arthritis so that early effective treat- 
ment can be initiated [64]. Several longitudinal studies are assess- 
ing this issue. 
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Pityriasis rubra pilaris — CF 


Definition and nomenclature 

Pityriasis rubra pilaris (PRP) represents a group of rare inflamma- 
tory skin disorders of unknown aetiopathology sharing common 
clinical and histopathological features. The disease is characterised 
by the appearance of hyperkeratotic follicular papules, which 
tend to coalesce to diffuse pink or red plaques, and a yellow- 
ish palmoplantar keratoderma. It may progress to erythroderma 
with characteristic distinct areas of uninvolved skin, the so-called 
‘islands of sparing’. Based on its age of onset, clinical presentation 
and prognosis, PRP has been classified into distinct subtypes. 


Introduction and general description 

Pityriasis rubra pilaris represents a group of papulosquamous skin 
disorders of unknown aetiopathology. It was first described by 
Claudius Tarral in 1828 and given its present name by Besnier in 
1889 [1]. Literally translated, the name means fine, bran-like scaling 
(pityriasis), redness (rubra), and involvement of hair follicles (pilaris). 
In 1980, Griffiths proposed a classification of PRP into five types 
based on age of onset, clinical presentation and prognosis [2]: 

¢ Type I: classic adult (55% of all cases). 

¢ Type Il: atypical adult (5%). 

¢ Type III: classic juvenile (10%). 

¢ Type IV: circumscribed juvenile (25%). 

¢ Type V: atypical juvenile (5%). 

In addition, a human immunodeficiency virus (HIV)-associated 
form of PRP (type VI) has been described [3]. 


Epidemiology 

Incidence and prevalence 

Pityriasis rubra pilaris is a rare skin disease. Although no reliable 
data are available concerning its prevalence, incidences of 1 in 


3500-5000 patients presenting in dermatology clinics have been 
reported in the UK and USA [4]. 


Age 

It has a bimodal age distribution with peaks in the first (juvenile 
forms) and fifth to sixth decades (adult forms) of life [2]. The rare 
familial form typically starts in early childhood. 


Sex 
It occurs equally in men and women. 


Ethnicity 
Pityriasis rubra pilaris shows no racial predilection. 


Associated diseases 

Several case reports suggested associations with autoimmune 
diseases, infections and malignancies. A case series from 2016 
showed hypothyroidism in 20% of patients [5]. However, the signif- 
icance and a causal link for these associations remain unclear. The 
most convincing association is still HIV (type VI). PRP can represent 
the first manifestation of infection and might benefit from retroviral 
therapy, which supports a pathogenic role. 


Pathophysiology 

The pathogenesis of PRP remains largely unknown. Based on 
its clinical resemblance to psoriasis, a role of the interleukin 23 
(IL-23)-TH17 axis in PRP is suspected. Gene expression analyses of 
lesional skin samples from PRP patients show a preferential increase 
of TH17 cytokines [6] and several cases of successful treatment of 
PRP with biologics typically used for psoriasis have been reported 
[6,7,8]. These findings suggest that shared pathogenic inflammatory 
pathways could drive psoriasis and PRP. However, despite the 
similarities, obvious differences exist between psoriasis and PRP 
at the clinical, histopathological and molecular levels (Table 36.1). 
Excellent efficacy of anti-[L-12/IL-23 ustekinumab but a variable 
response to anti-IL-17A therapy might suggest a role for other 
IL-17 family members. This notion was further supported by the 
finding that sustained high levels of IL-17C were associated with 
anti-IL-17A treatment failure [9]. Interestingly, IL-17C is mainly 
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Chapter 36: Pityriasis Rubra Pilaris 


Table 36.1 Pityriasis rubra pilaris (PRP) and psoriasis compared. 


PRP Psoriasis 
Scalp scaling Furfuraceous/bran-like Adherent 
Palmoplantar Characteristic; waxy, Less common; 
keratoderma yellowish orange redness, pustules 
common 
‘Islands of sparing’ Characteristic Uncommon 
Cephalocaudal disease Characteristic Uncommon 
progression 
ail pitting and salmon Absent Common 
patches 
unro microabscesses Absent Characteristic 
Seronegative arthropathy Rare Common 


Ultraviolet B phototherapy 
Topical corticosteroids 


Poor response 
Limited response 


Good response 
Good response 


ethotrexate Variable Good 
Tumour necrosis factor « Variable Very good to excellent 
blockade 
nterleukin 12 (IL-12)/IL-23 Probably excellent Excellent 
blockade 
L-17 blockade Variable Excellent 


produced by keratinocytes but not by T cells suggesting that, 
unlike psoriasis, PRP might not be driven by T cells but rather by 
keratinocyte-derived type 3 cytokines (equivalent to T-cell-derived 
TH17 cytokines). 

Numerous triggers of PRP have been proposed, including 
photoaggravation by ultraviolet (UV) exposure, trauma (koebneri- 
sation) and various drugs, as well as bacterial and viral infections. 


Pathology 

The characteristic histopathological features of fully developed PRP 

skin lesions are usually modest (Figure 36.1) and include: 

e Alternating perpendicular and horizontal ortho- and parakerato- 
sis (‘checkerboard’ pattern). 

e Hyperkeratosis with follicular plugging (keratin-plugged folli- 
cles) and parakeratosis adjacent to both sides of the follicular 
orifice (‘shoulder parakeratosis’). 

¢ Focal or confluent hypergranulosis. 

¢ Irregular psoriasiform acanthosis. 

e Acantholysis may be present. 

e Sparse, superficial, dermal, perivascular lymphohistiocytic infil- 
trate; neutrophils are typically absent. 

¢ Note that in the context of erythrodermic PRP, the epidermis may 
be thinned with a diminished granular cell layer. 

These findings are, although characteristic, not pathognomonic 
for PRP and not all features are present. However, histopathological 
examination remains an essential diagnostic criterion to distinguish 
PRP from psoriasis and other causes of erythroderma. 


Genetics 

Most PRP cases are sporadic, but familial cases have been reported 
and associated with gain-of-function mutations in the caspase 
recruitment domain family member 14 (CARD14) gene [10,11]. Vari- 
ants of the CARD14 gene, which lead to enhanced and sustained 
nuclear factor kB (NFKB) activation, have also been described 


in psoriasis and account for the psoriasis susceptibility locus 2 
(PSORS2). 


Clinical features 

Presentation 

The clinical presentation and the course of PRP are largely variable. 
However, the classic clinical features include hyperkeratotic follicu- 
lar papules that tend to coalesce into diffuse red to salmon-coloured, 
dry, scaly plaques, typical islands of sparing (areas of normal 
skin) and yellowish orange, waxy palmoplantar keratoderma 
(Figure 36.2). 

In adults, PRP typically starts on the face and scalp before 
spreading in a caudal direction. The disease can be accompanied 
by pruritus, sparseness of hair, nail involvement and — in the case 
of prolonged facial involvement - ectropion. Some patients may 
develop erythroderma. 

Among clinical and patient-reported features that influence dis- 
ease severity in PRP are redness, scaling, palmoplantar involvement, 
ectropion, itch and pain, as well as lack of sweating. 


Clinical variants 

Griffiths’s classification of PRP into five subtypes, based on the age 
of onset, the clinical presentation and the prognosis, remains the 
most commonly used [2]. HIV-associated PRP represents an addi- 
tional type, later proposed as type VI PRP [3]. 


Classic adult-onset PRP (type I). Type I PRP represents the classic 
and most common adult variant that affects c.55% of patients, with 
the highest incidence between 40 and 60 years of age. It typically 
starts with a pink-red, slightly scaly macule on the face, scalp or 
neck, which might initially be mistaken for seborrhoeic dermatitis. 
Within a few weeks or months, more lesions appear, including the 
classic keratotic follicular papules, which typically progress in a 
cephalocaudal manner (Figure 36.3). While the follicular lesions 
are initially discrete, interfollicular redness gradually appears and 
eventually coalesces into the characteristic orange-red plaques 
with bran-like scaling and islands of sparing making the diagnosis 
apparent. The hyperkeratotic follicular papules can be observed 
both within the sharply demarcated patches and within the adja- 
cent normal skin. Most patients develop a yellowish orange, waxy 
palmoplantar keratoderma and nail involvement with a thickened 
nail plate, yellow-brown discoloration and subungual hyperker- 
atotic debris. Within a few months, the disease can evolve into 
erythroderma, and with prolonged facial redness ectropion may 
ensue. Despite its severe disease course and a major impact on 
the patient’s quality of life, type I PRP carries the best prognosis: 
more than 80% of patients show spontaneous remission within 
3 years [4]. 


Atypical adult-onset PRP (type Il). Type II or atypical adult-onset 
PRP accounts for approximately 5% of all PRP cases [2]. It is char- 
acterised by a more chronic disease course, typically more than 
20 years (only a minority of patients show clinical resolution within 
3 years), but also shows atypical morphological features. Type II 
PRP does not follow the rapid cephalocaudal progression described 
for type I. It typically involves the lower extremities and patients 
often show eczematous lesions with ichthyosiform scaling. The 


Figure 36.1 Microscopic image of pityriasis rubra pilaris. (a) Hyperkeratosis with follicular plugging (keratin-plugged follicles) and parakeratosis adjacent to both sides of the follicular 
ostium (‘shoulder parakeratosis’). There is a scarce, superficial, dermal, perivascular lymphohistiocytic infiltrate and lack of neutrophils. (b) Irregular psoriasiform acanthosis showing 
alternating ortho- and parakeratosis (‘checkerboard’ pattern). Courtesy of Emmanuella Guenova. 


(c) 


Figure 36.2 Classic clinical features of pityriasis rubra pilaris include (a) hyperkeratotic follicular papules that tend to coalesce into diffuse red to salmon-coloured, scaly plaques, with 
(b) typical islands of sparing (areas of normal skin), (c) yellowish orange, waxy palmoplantar keratoderma and (d) thickening of the nails, subungual hyperkeratosis and splinter 
haemorrhages. 
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(b) 


Figure 36.3 (ac) Evolution of type | PRP: cephalocaudal progression from limited seborrhoeic dermatitis-like rash on the upper trunk and face to erythroderma with islands of sparing 


in an elderly man. 


palmoplantar keratoderma is coarser than in type I disease, with 
lamellar scales. Sparseness of body hair is common. 


Classic juvenile-onset PRP (type Ill). Type III or classic juvenile- 
onset PRP accounts for c.10% of all cases (Figure 36.4). It mirrors 
the clinical features of the adult type I except for a disease onset 
typically between the ages of 5 to 10 years [12]. The prognosis is 
favourable; most cases are self-limiting and undergo spontaneous 
resolution within 1-2 years [4]. However, one study showed that not 
only type I PRP but also juvenile-onset PRP can persist well beyond 
the anticipated course of 3 years [5]. Some patients with type III 
PRP may evolve into type IV PRP and vice versa [12]. Recurrence 
of type III PRP in later adult life has also been reported [13]. 


Circumscribed juvenile PRP (type IV). Type IV or circumscribed 
juvenile PRP accounts for approximately 25% of cases [2] and 
mainly affects prebupertal children, usually under 12 years of age 
[12]. It represents the only localised variant and does not show the 
progression of the classic forms (Figure 36.4). Type IV PRP is charac- 
terised by well-demarcated red plaques of grouped hyperkeratotic 
follicular papules over the elbows and knees and potentially other 
bony prominences. Palmoplantar keratoderma is often observed 
but can be absent in some [14]. The prognosis of type IV PRP is 
uncertain but seems less favourable than the classic adult- and 
juvenile-onset types. Spontaneous remissions and exacerbations are 
observed. 


Atypical juvenile PRP (type V). Type V PRP or atypical juvenile PRP 
accounts for c.5% of cases and is characterised by its early onset 
(sometimes present at birth) and a chronic course. Most cases of 
familial PRP fall under this type [2,10]. Clinical presentation can be 
similar to type III PRP with follicular hyperkeratosis and ichthyosi- 
form features. Some patients show scleroderma-like changes on the 
palms and soles. 


HIV-related PRP (type VI). Type VI PRP occurs in patients with HIV 
infection; in some cases, it represents the first clinical manifestation 
of an infection [3]. Type VI PRP resembles type I but presents 
distinct clinical features: red follicular papules with conspicuous 
follicular plugging and spicules are common. Association with acne 
conglobata and hidradenitis suppurativa, which are linked to fol- 
licular occlusion, has been described [3,15,16]. HIV-associated PRP 
carries a poorer prognosis and tends to be resistant to treatment, 
but may respond to retroviral treatment [17]. 


Differential diagnosis 

The differential diagnosis largely depends on the subtype of PRP 

and the stage of disease. 

Types Land III PRP can be confused with psoriasis (see Table 36.1). 
Characteristic features of PRP that help distinguish it from psoria- 
sis include yellowish orange, waxy palmoplantar keratoderma and 
islands of sparing. The clinical course with progression from head to 
toe and poor response to phototherapy are further helpful criteria. 
Histopathological findings eventually help to confirm the diagno- 
sis. In the future, distinct gene expression profiles might guide early 
diagnostics. 

As types II and V PRP present ichthyosiform changes, differen- 
tial diagnoses include follicular ichthyiosis, follicular eczema and 
erythrokeratoderma. 

Type IV PRP shares clinical features with keratosis circumscripta. 

For specific signs or symptoms of PRP, the following differential 
diagnoses should be considered: 

e Erythroderma: psoriasis, atopic dermatitis, Sézary syndrome 
and other cutaneous T-cell lymphomas, drug reactions and other 
causes of erythoderma. 

¢ Palmoplantar keratoderma: psoriasis, ichthyosis, hereditary pal- 
moplantar keratoderma and erythrokeratoderma. 

e Early scalp and facial lesions: seborrhoeic dermatitis or psoriasis. 


36.5 


Pityriasis rubra pilaris 


(c) 


Figure 36.4 Juvenile pityriasis rubra pilaris (PRP): (a) classic juvenile-onset type III and (b,c) circumscribed juvenile-onset type IV PRP. Note the orange-red skin colouring with 
cephalocaudal downward extension in type III PRP (a), and the circumscribed areas of red hyperkeratotic plaques over the knees (b) and prominent palmar keratoderma (c) in 


type IV PRP. 


Complications and co-morbidities 

In patients with erythroderma, there is a risk for high-output cardiac 
failure and body temperature dysregulation. Ocular complications 
in patients with ectropion can range from dry eyes to peripheral 
ulcerative keratitis [18]. 


Disease course and prognosis 

Disease course and prognosis largely depend on the PRP type. 
Classic adult type I PRP may progress from limited disease to 
erythroderma in a matter of weeks and, in rare cases, might persist 
indefinitely. However, in most affected patients, type I PRP clears 
spontaneously within 3 years [2]. Type III PRP carries an even better 
prognosis with remission typically within 1 year, but can persist 
well beyond this time [5] and recurrence in adult life has been 
reported [13]. 


Investigations 

Diagnosis is made on clinical features and supported by histology. 
No other tests are indicated. In the future, analysis of a distinct gene 
expression might confirm diagnosis. 


Management 
Due to its rarity, lack of controlled trials and the tendency of PRP to 
spontaneous resolution, assessing efficacy and the actual value of a 
therapeutic option remains difficult. Recommendations are largely 
based on case reports, small case series and retrospective reviews. 
In many cases, PRP is self-limiting and, therefore, patients 
with milder disease might not require treatment. On the other hand, 
erythrodermic patients may need intense supportive care to prevent 
electrolyte imbalance, protein loss and temperature dysregulation. 
For limited disease and in paediatric patients, topical treat- 
ments are promising and include emollients, keratolytic agents 
(urea, salicylic acid or «-hydroxy acids such as lactic acid), topical 
retinoids, calcineurin inhibitors and, in particular, topical steroids. 


These treatments can improve redness and scaling and might 
provide symptomatic relief, but it remains unclear whether they 
can alter the disease course. Phototherapy, with or without oral 
retinoids, might be an alternative treatment option. However, 
response to phototherapy is often poor and exacerbation upon UV 
exposure has been reported [19,20]. Therefore, phototesting should 
be considered prior to treatment initiation. 

Oral retinoids are now considered first line systemic treatment for 
both adults and children. They provide antiproliferative, antidiffer- 
entiative, immunomodulatory and anti-inflammatory effects. In a 
larger prospective study with isotretinoin, the majority of patients 
showed marked improvement within 4 weeks [21]. Similar onset of 
effect was seen for acitretin in a smaller retrospective study [22], but 
a retrospective analysis suggested lower response rates for acitretin 
than isotretinoin [23]. Interestingly, alitretinoin, which has the ability 
to bind to retinoid X receptors in addition to retinoid acid receptors, 
showed efficacy in patients who previously had failed acitretin treat- 
ment [24]. Limitations in the use of oral retinoids include skeletal 
toxicity in the paediatric population and their teratogenicity. 

Methotrexate is a second line systemic therapeutic option, either 
alone or in combination with retinoids for recalcitrant cases. How- 
ever, combination therapy increases the risk for hepatic toxicity. 
Low-dose methotrexate has successfully been used in a case of 
PRP-induced cicatricial ectropion [25]. 

In recent years, biologics have increasingly been used in the man- 
agement of PRP. The choice of biologic agents used for PRP was 
initially based on its clinical resemblance to psoriasis. Antitumour 
necrosis factors (anti-TNFs) have been the most widely reported 
biologics in PRP showing decent efficacy [19,26,27]. However, the 
response rates were variable and might be slightly overestimated 
due to a reporting bias. Some small case series have indicated a 
potential pathogenic relevance for the IL-23-IL-17 axis in PRP [6,7]. 
Moreover, IL-23 blockers and, in particular, the anti-IL-12/IL-23 
ustekinumab have shown great potential with rapid onset of 
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(a) (b) 


(c) 


Figure 36.5 Evolution of type | pityriasis rubra pilaris over 12 months in a 60-year-old woman. (a) An initial progression from extended plaques with ‘islands of sparing’ to (b) a 
complete erythroderma and (c) resolution over the ensuing 6 months following ustekinumab therapy. 


response, even in patients who had failed previous therapies and 
in familial PRP associated with CARD14 mutations [7,26,28-30]. 
Anti-IL-17 treatments, although showing excellent response in a 
subset of patients, seem to have a more variable response [8,31]. 

Given their efficacy and superior safety profile, biologics should 
be considered in patients needing systemic therapy but where 
retinoids are either contraindicated, lead to side effects or provide 
insufficient results (Figure 36.5). 


Treatment ladder for pityrisasis rubra pilaris 


Topical treatments 

e Emollients (+ urea, salicylic acid, a-hydroxy acids) 
¢ Topical corticosteroids 

¢ Topical retinoids 

¢ Topical vitamin D analogues 

¢ Topical calcineurin inhibitors 


Systemic treatments 


First line 
e Systemic retinoids (isotretinoin, alternatively acitretin, 
alitretinoin) 


Second line 
¢ Methotrexate 
e Ustekinumab, potentially anti-IL-23p19 


Third line 
e Anti-TNEF, anti-IL-17, anti-IL-23p19 
¢ Ciclosporine 


Other treatments 


Fumaric acid 
Intravenous immunoglobulins 
Azathioprine 


UVB phototherapy 

Acitretin + UVA1 phototherapy 
Extracorporeal photochemotherapy 
Antiretroviral therapy (for type VI PRP) 
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Introduction 


Historically, lichenoid disorders are viewed as a heterogeneous 
group of inflammatory skin diseases characterised by a typical 
clinical phenotype — flat-topped, polygonal papules with fine white 
surface lines known as Wickham striae — combined with hallmark 
histopathological changes, namely a dense band of lymphocytes 
in the upper dermis. More recently, a common pathomechanism of 
lichenoid disorders has been recognised: type I immune cell killing 
of basal keratinocytes. A better understanding of pathogenesis 
leads to novel therapeutic concepts. Lichen planus is the protoype 
lichenoid disease, but numerous other diseases share this definition, 
such as graft-versus-host disease (Chapter 38). 


Lichen planus —_ | 


Introduction and general description 
Lichen planus (LP), the most typical and best characterised lichenoid 
dermatosis, is an idiopathic inflammatory skin disease affecting the 
skin and mucosal membranes, often running a chronic course with 
relapses and periods of remission. Its prevalence is approximately 
0.5% of the population (reviewed in [1]). 


Epidemiology 

The incidence varies between 0.22% and 1% of the adult popula- 
tion worldwide. LP represented about 1.2% of all new dermatology 
patients in London and Turin [2], 0.9% in Copenhagen [3] and 0.38% 
in India [4]. Hypertrophic cases were reportedly to be common in 
Nigeria [5]. In contrast, oral LP seems to be more frequent with a 
reported incidence between 1% and 4% of the population [1]. LP is 
rare in children and commonly affects adults during their fourth to 
sixth decades. There was an overrepresentation of South Asians in 
a series of childhood cases in Birmingham, UK [6]. There is no obvi- 
ous racial predisposition for LP, although a small overrepresentation 


with patients of Indian subcontinent origin has been suggested, at 
least in oral disease [7]. Familial cases are unusual but have been 
reported in association with human leukocyte antigen (HLA)-A3, 
-A5, -B7, -DR1 and -DRB*0101. The global prevalence of oral LP is 
1.01% with increasing prevalence from the age of 40 and a higher 
prevalence in Europe as compared with Asia [8]. 


Pathophysiology 

Pathology 

Lichen planus is thought to be a T-cell-mediated autoimmune dis- 
ease, possibly targeting the basal keratinocytes, which can be trig- 
gered by a variety of situations, including viruses, drugs and contact 
allergens. 

The central pathogenic event in LP is lymphocyte-mediated ker- 
atinocyte killing. This cytotoxicity is observed in numerous inflam- 
matory or autoimmune skin diseases, including most lichenoid 
diseases, cutaneous lupus, graft-versus-host disease and alope- 
cia areata; furthermore, similar cytotoxic events against other 
cutaneous cells (e.g. melanocytes) cause diseases such as vitiligo. 
Collectively, lichenoid diseases and further diseases that are caused 
by lymphocyte-mediated cytotoxicity may be regarded as type I 
immune response pattern diseases [9]. The physiological and evolu- 
tionary significance of cellular cytotoxicity against self is to sacrifice 
some of the body’s cells in order to protect the whole organism. This 
is particularly relevant in the case of intracellular infections, as well 
as in premalignant or malignant cancer cells. Type I immunity is 
mediated by a subset of lymphocytes, the so-called type I immune 
cells which comprise CD8+ cytotoxic T cells, T helper 1 (Th1) cells, 
innate lymphoid cells (ILCs) and natural killer (NK) cells or NKT 
cells [10]. The overarching transcription factor of all these lympho- 
cytes is Tbet; activation of type I cells leads to secretion of cytokines 
such as interferon y (IFN-y) or tumour necrosis factor (TNF). In fact, 
Tbet and CXCR3-positive type I immune cells dominate the dense 
cellular infiltrate in the lesional skin in LP [11,12] and chemokines 
such as CXCL9 released by keratinocytes in response to IFN-y can 
be used as a diagnostic biomarker for LP [13]. 
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Type I immune cells orchestrate keratinocyte killing at the basal 
epidermis via different mechanisms. Usually, these mechanisms 
occur in parallel; the predominating mechanism most likely 
depends on the microenvironment. First, type I immune cells induce 
keratinocyte apoptosis and the inflammatory variant of apoptosis, 
so-called necroptosis. These mechanisms occur through upregula- 
tion of major histocompatibility complex (MHC) class I molecules 
and adhesion molecules such as intercellular adhesion molecule 1 
(ICAM-1) on keratinocytes in response to IFN-y and/or TNF. This 
upregulation of cell surface receptors is mediated via JAK (Janus 
kinase)/STAT (signal transducers and activators of transcription) 
signalling in keratinocytes. Besides contact-dependent cytotoxicity, 
type I immune cells may also kill basal keratinocytes via soluble 
mediators released by granule exocytosis. Granules released by 
type Il immune cells contain membrane-destructing molecules such 
as perforin and granulysin, and induce cytotoxicity via granzymes 
that cause cell death via distinct caspase-independent mechanisms 
within the target cell [14]. Perforin, granulysin and granzymes are 
all highly overexpressed in LP skin [15]. Finally, type I immune 
cells release other cytotoxic molecules, among them Fas and TRAIL 
(tumour necrosis factor-related apoptosis-inducing ligand). Both of 
these molecules result in keratinocyte death. They have been well 
studied in the context of contact dermatitis. Taken together, type 
I immune cells kill basal keratinocytes by apoptosis, necroptosis 
and the release of cytotoxic granules (Figure 37.1). At least some of 
these cytotoxic mechanisms require recognition of a cognate antigen 
by adaptive type I immune cells. The structure of the recognised 
antigen in most lichenoid diseases of the skin is still not known. 
A subset of patients seem to react to epidermal structures such as 
desmogleins or bullous pemphigoid antigen 180 [16]. It is spec- 
ulated that these antigens are recognised by type I immune cells 
that had differentiated from naive precursor cells as a response to 
a virus. These virus-specific T cells now recognise epidermal anti- 
gens as potentially harmful because of structural similarities with 


Antigens recognised 


Initial triggers er aheskin 


a 
Structurally similar 


Fanti 
poueae IFN-y, TNF -x 


virus-derived peptides, a process called molecular mimicry [17]. 
This hypothesis is supported by the observation that hepatitis C 
virus infections are associated with the development of LP. 


Genetics 

There is no genetic factor yet identified that strongly predisposes to 
LP. Nevertheless, there are reports of familial LP and monozygotic 
twins both affected by this disease [18,19]. Most single nucleotide 
peptides (SNPs) associated with LP are HLA class I and class II 
molecules, but none of them has the clinical utility to be mentioned 
here [19,20]. 


Environmental factors 

In the vast majority of LP patients, no causative factor can be identi- 
fied. However, chronic viral infections, drugs, contact allergens and 
others have been reported to be associated with LP. 


Hepatitis and other viruses. In a meta-analysis, the pooled odds 
ratio point estimate for the prevalence of hepatitis C in LP patients 
was 5.4 (95% confidence interval (CI) 3.5-8.3) [21]. Therefore, it is 
recommended to perform hepatitis screening at first diagnosis of 
LP. However, there is no clear evidence for a causative relationship 
and some authors regard the observed association between LP and 
hepatitis as a regional coincidence in areas with a high prevalence 
of both [22]. On the other hand, there are case reports describing 
a new onset of LP after vaccination for hepatitis B [23], indicating 
that vaccine-mediated type I immune responses might initiate LP 
development. In line with the cytotoxic immune response pattern 
mediated by type I immune cells that is the molecular basis of LP, 
there are associations with several other viruses reported, such 
as human papillomavirus (HPV), human herpesvirus 7 (HHV-7), 
varicella-zoster virus (VZV) and Epstein-Barr virus (EBV). LP can 
also be triggered after vaccination against hepatitis, influenza, or 
SARS-CoV-2 [19]. 


Interface dermatitis, 
lichenoid infiltrate 
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Figure 37.1 Pathogenesis of lichenoid disorders. APC, antigen-presenting cell; RIPK, receptor-interacting serine/threonine kinase 1; for other abbreviations, see text. 


Figure 37.2 Lichen planus induced by mechanical irritation (Koebner phenomenon). 
Courtesy of University of Munich. 


cterial or fungal s. While the association to viruses is 
well described, there is less evidence for bacterial and/or fungal 
colonisation and LP. Microbiome and mycobiome studies sug- 
gest possible targets of T-cell activation in oral LP by periodontal 
pathogens [24]. 


Vie ca ion. As for other inflammatory skin diseases, 
mmdhianicdl irritation can induce LP skin lesions (the Koebner 
phenomenon) (Figure 37.2). Linear LP lesions are suggestive for 
mechanically induced LP, however they must be distinguished 
from lichen striatus and inflammatory linear verrucous epidermal 
naevus (ILVEN), which follow the Blaschko lines. 


Drugs. Many drugs have been linked with cutaneous eruptions 
similar or identical to LP. Often the terms LP-like eruption or 
lichenoid eruption are used in the context of an adverse drug reac- 
tion with features of LP. The list of drugs causing LP and LP-like 
eruptions has grown steadily and includes several classes, including 
antimicrobials, antihypertensives, antimalarials, antidepressants, 
anticonvulsants, diuretics, metals, non-steroidal anti-inflammatory 
drugs (NSAIDs) and more recently imatinib [25], intravenous 
immunoglobulin [26], etanercept [26] and adalimumab [27]. These 
reactions are described in more detail in Chapter 117. 


Denta yam. Another putative antigen in oral LP is the mer- 
cury in dental ako eis [28], however oral contact allergies (allergic 
contact stomatitis) must be ruled out as it might mimic the clini- 
cal picture of mucosal LP. Clear associations between amalgam and 
oral LP have not been proven [29]. 


t. Social use of the betel nut is relatively common in India 
aid anne East Asia. The product that is chewed, betel quid, is a 
mixture of substances including the areca nut and betel leaf, and is 
associated with oral LP [30,31]. 

Lichen planus-like contact dermatitis. While acute contact der- 
matitis leads to eczematous eds chronic allergen exposure 
can induce LP-like contact dermatitis. Industry workers exposed 


to allergenic chemicals, such as para-phenylenediamine, without 
sufficient protective equipment are at high risk for developing 
LP-like contact dermatitis. Historically, LP-like eruptions were 
reported in up to 25% of persons exposed to the chemicals found in 
colour developer [32]. Furthermore, LP-like lesions have developed 
on skin exposed to methacrylic acid esters used in the car industry, 
and more recently from dimethylfumarate, which can be found 
in sofas [33]. Due to automated equipment these cases are rare 
nowadays [32]. 


linical features 

Presentation 

The classic clinical presentation of LP includes primary lesions 
consisting of firm, shiny, polygonal, 1-3 mm diameter papules with 
a red to violet colour. More closely, a tracery of thin white lines 
can be seen on the surface of the lesions, known as Wickham striae 
(Figure 37.3) [34]. Papules can be isolated or grouped in a linear 
or annular distribution. Typically, a greyish brown pigmentation 
can be observed in lesions that have resolved due to deposition 
of melanin in the superficial dermis. LP can affect any part of the 
body surface, but is most often seen on the volar aspect of the wrists 
(Figure 37.4), the lumbar region and around the ankles. The ankles 
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Figure 37.3 Lichen planus. Close up to show Wickham striae. Courtesy of University of 
Munich. 


Figure 37.4 Lichen planus. Classic eruption on the volar aspect of the wrist. Courtesy of 
University of Munich. 


(a) 


Figure 37.5 (a, b) Lichen exanthematicus. Courtesy of University of Munich. 


and shins are the commonest sites for hypertrophic lesions. Lichen 
exanthematicus develops rapidly and usually affects the limbs 
and trunk (Figure 37.5). Annular atrophic LP lesions are especially 
common on the acral and genital areas (Figure 37.6) and rarely may 
be the predominant type of lesion present. Lichen planopilaris is 
a variant in which groups of ‘spiny’ lesions resembling keratosis 
pilaris develop around hair follicles of the scalp, leading to a pro- 
gressive scarring alopecia (Figure 37.7). Lichen planopilaris often 
occurs solely and sometimes in association with classic LP. When 
the palms and soles are affected, the lesions tend to be firm and 
rough with a yellowish hue (Figure 37.8) [35]. Linear LP occurring 
within the Blaschko lines has also been observed [36]. Rare variants 
include erosive, flexural LP [37] and isolated lesions of LP on the 
eyelids [38,39] or lips [40-42]. 

Mucous membrane lesions are very common, occurring in 30-70% 
of cases, and may be present without evidence of skin lesions. They 
are, however, much less common in black people. The buccal 
mucosa and tongue are most often involved, but lesions may be 
found around the anus, on the genitalia, in the larynx and, very 
rarely, on the tympanic membranes or even in the oesophagus. 
White streaks, often forming a lacework, on the buccal mucosa are 
highly characteristic (Figure 37.9). They may be seen on the inner 
surface of the cheeks, on the gum margins or on the lips. On the 
tongue, the lesions are usually in the form of fixed, white plaques, 
often slightly depressed below the surrounding normal mucous 
membrane, especially on the upper surface and edges. Ulcerative 
lesions in the mouth are uncommon, but may be the site of epithe- 
liomatous transformation (Figure 37.10). There may be striking 
pigmentation of oral LP in darkly pigmented people [43]. Diabetes 
is a possible associated disease of oral LP [44,45], and candidiasis 
may coexist with LP in some patients. 


Figure 37.6 Lichen planus showing an annular lesion on the shaft of the penis. 
Courtesy of St John’s Institute of Dermatology, King’s College London, UK. 


Pruritus is a consistent feature in LP and ranges from occa- 
sional mild irritation to more or less continuous, severe itching 
which interferes with sleep and makes life almost intolerable; very 
occasionally, pruritus is completely absent. Hypertrophic lesions 


(a) (b) 


Figure 37.7 (a, b) Lichen planopilaris showing perifollicular redness and hyperkeratosis, tufts of hair within one follicle and scaring alopecia. Courtesy of University of Munich. 


af 


Al 
a 


Figure 37.8 Lichen planus of the palm showing hyperkeratosis and a yellow colour. 
Courtesy of University of Munich. 


usually itch severely. Paradoxically, there is seldom evidence of 
scratching, as the patient tends to rub to gain relief. Itching at sites 
without visible skin lesions can occur. Burning and stinging are 
less frequent. The patient may complain of discomfort, stinging or 
pain in the mouth; ulcerated lesions are especially painful. Great 
discomfort may be caused by hot foods and drinks. 


Clinical variants 
Oral li is. Lesions confined to the mouth, or with minimal 
accompanying skin involvement, are not uncommon [46-51] and 
account for about 15% of all cases. Mucosal lichen sclerosis/LP 
overlap syndrome can also be observed [46]. The prevalence of oral 
LP ranges between 0.5% and 2.2% in epidemiological studies [47,52]. 


Figure 37.9 Lichen planus on the buccal mucosa showing a lacework of white streaks. 
Courtesy of the Welsh Institute of Dermatology, University Hospital of Wales, Cardiff, 
Wales, UK. 


The lesions do not differ from those found in connection with skin 
lesions, but, being confined to the mouth, may lead to great difficulty 
in diagnosis. They are often referred first to a dental surgeon as 
the most relevant differential diagnosis is epithelial neoplasms 
of the mucosa. Of note, mucosal LP is regarded as pre-cancerous 
as the chronic inflammation favours the development of dyspla- 
sia and squamous cell carcinoma [53]. Distinct clinical subtypes 
such as reticular, atrophic, hypertrophic and erosive forms are 
well recognised, and more than one type may be present [47]. Of 
these, erosive forms of oral LP severely impact patients’ quality of 
life. On the tongue and buccal mucosa, lesions are most likely to 
be mistaken for leukoplakia and on the gum margin for gingivitis 
or chronic candidiasis; the latter conditions may coexist. Other 
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Figure 37.10 Erosive lichen planus of the buccal mucosa. Courtesy of the Welsh 
Institute of Dermatology, University Hospital of Wales, Cardiff, Wales, UK. 


conditions that must be excluded are ‘smoker’s patches’, which 
characteristically involve the palate, and white-sponge naevi, in 
which the mucous membrane is thickened, irregularly folded and 
feels soft to the touch. These occur mainly on the floor of the mouth 
and histologically many of the prickle cells in the epidermis are 
vacuolated. It is important to bear in mind the possibility of a 
lichenoid drug reaction in patients with oral lichenoid changes 
(Chapter 108). Oral lichenoid reactions may be asymmetrical on 
the buccal mucosa and occur adjacent to dental amalgam fillings. 
If patch testing reveals mercury allergy, changing to another type 
of filling may prove beneficial [54-59]. Very occasionally, LP lesions 
extend to the larynx or oesophagus [60-64]. Oesophageal LP may 
result in dysphagia and the formation of benign strictures. 


Lichen planus involving genital mucosa. In young men, the lesions 
of LP are sometimes restricted to the genitalia and/or mouth [65,66]. 
Genital lesions, which are usually characteristic, may be present 
on the penile shaft (Figure 37.6), glans penis, prepuce or scrotum. 
Ulceration is very unlikely, and syphilis can usually be excluded 
without difficulty. The presence of buccal mucosal lesions will 
usually confirm the diagnosis. Circumcision may be helpful in 
resolving LP [65]. 

Lesions on the female genitalia are common [67-74]; they may 
occur alone, be combined with lesions in the mouth only, or be 
part of widespread involvement. The clinical presentation of LP 
of the vulva spans a spectrum from subtle, fine, reticulate papules 
to severe erosive disease accompanied by dyspareunia, scarring 
and loss of the normal vulvar architecture. In these cases, genital 
LP can be difficult to distinguish from lichen sclerosus. Diagnostic 
criteria have been proposed [75] and include well-demarcated 
erosions/red areas at the vaginal introitus, the presence of a 
hyperkeratotic border to lesions and/or Wickham striae in the sur- 
rounding skin, symptoms of pain/burning, scarring /loss of normal 
architecture, the presence of vaginal inflammation and the involve- 
ment of other mucosal surfaces. Histologically, a well-defined 
inflammatory band involving the dermal—epidermal junction and 
consisting predominantly of lymphocytes and signs of basal layer 


Figure 37.11 Frontal fibrosing alopecia with follicular hyperkeratosis and ‘lonely hairs’. 
Courtesy of University of Munich. 


degeneration are seen. Coexisting vulval lichen sclerosus and 
lichenoid oral lesions have been described [76]. 


Lichen planopilaris. 


Follicular lesions can either appear during the course of typical LP 
or they predominate, making diagnosis difficult. Follicular lesions 
occurring in the scalp are accompanied by some scaling and are 
likely to lead to a scarring alopecia (Figure 37.11). Histologically, a 
perivascular and perifollicular lymphocytic infiltrate in the reticular 
dermis, mucinous perifollicular fibroplasia within the upper dermis 
with an absence of interfollicular mucin, an absence of arrector 
pili muscles and sebaceous glands, and superficial perifollicular 
wedge-shaped scarring are characteristic features [77]. Presentation 
with alopecia of the trunk is recorded [78]. The Graham-Little— 
Piccardi-Lassueur syndrome comprises the triad of multifocal scalp 
cicatricial alopecia, non-scarring alopecia of the axillae and/or groin 
and keratotic lichenoid follicular papules [79-84]. The clinical, his- 
tological and immunofluorescence overlap between this syndrome 
and LP with follicular involvement (lichen planopilaris) suggest 
that both are variants of LP. Follicular LP must be distinguished by 
biopsy from keratosis pilaris, Darier disease, follicular mucinosis, 
lichen scrofulosorum and, in the scalp, from lupus erythematosus. 
Frontal fibrosing alopecia is a scalp condition that affects elderly 
women in particular and frequently involves the eyebrows. Typ- 
ically it leads to so-called ‘lonely hairs’, which represent residual 
hairs within a scarring alopecia of the frontal scalp. It has been 
regarded by some authors as a clinically distinct variant of lichen 
planopilaris [85] but is considered by most to be a variant [86], and is 
certainly associated with mucocutaneous LP [87,88] (Chapter 105). 


Hypertrophic lichen planus. This usually develops during a sub- 
acute attack, but occasionally only hypertrophic or warty lesions 


Figure 37.12 Hypertrophic lichen planus of great chronicity occurring on the lower leg 
and ankle. Courtesy of St John’s Institute of Dermatology, King’s College London, UK. 


are found. They most often occur on the lower limbs, especially 
around the ankles (Figure 37.12); venous stasis has been postulated 
as an explanation. The development of hypertrophic lesions greatly 
lengthens the course of the disease as they may persist for many 
years. When such lesions eventually clear, an area of pigmentation 
and scarring may remain and there is often some degree of atrophy. 
They must be distinguished from lichen simplex chronicus and 
lichen amyloidosus (papular). Multiple cutaneous horns overlying 
hypertrophic LP are recorded [89], as are keratoacanthoma [90,91] 
and malignant transformation [92-94] arising in hypertrophic LP, 
as well as metastatic squamous cell carcinoma [95]. 


Lichen planus of the palms and soles. Although lesions on the 
volar aspect of the wrists or at the ankles occur in more than 50% 
of cases of LP, lesions on the adjacent palms and soles are less com- 
mon, lack the characteristic shape and colour of lesions elsewhere 
and are firm to the touch and yellow in hue (see Figure 37.8) [96]. 
They may be broad sheets or show up as punctate keratoses [97]. 
Vesicle-like papules are recorded [98]. Itching may be absent. When 
such changes occur in isolation, diagnosis is very difficult; syphilis, 
psoriasis, callosities and warts must be excluded. 


Actinic lichen planus. 


‘Actinic’ or (sub)tropical LP generally occurs in children or young 
adults with dark skin living in tropical countries; virtually all 
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Lichen planus 


Figure 37.13 Lichen planus actinicus showing well-defined, pigmented, nummular 
patches on the face. Courtesy of St John’s Institute of Dermatology, King’s College 
London, UK. 


cases originate from the Middle East, East Africa or India [99-103]. 
Lesions occur on exposed skin (usually the face) as well-defined 
annular or discoid patches, which have a deeply hyperpigmented 
centre surrounded by a striking hypopigmented zone (Figure 37.13). 
Erythematous actinic LP has been associated with oral erosive LP 
and chronic active hepatitis [104]. Sunlight exposure appears to 
be central to the pathogenesis of actinic LP [105], although evi- 
dence for photo-induction of lesions in actinic LP is still lacking 
[106]. Actinic LP may mimic melasma [107]. There is a histological 
spectrum comprising a form with features of classic idiopathic LP; 
an intermediate form (lichenoid melanodermatitis) with foci of 
spongiosis and parakeratosis; and a more overtly eczematous type 
[108]. All share striking pigmentary incontinence. Some of these 
‘hybrids’ of actinic LP may not be mere variants of LP. 


Lichen planus pigmentosus. This is a pigmentary disorder seen in 
India or in the Middle East, which may or may not be associated 
with typical LP papules [109-111]. The macular hyperpigmenta- 
tion involves chiefly the face, neck and upper limbs, although it 
can be more widespread, and varies from slate grey to brownish 
black. It is mostly diffuse, but reticular, blotchy and perifollicular 
forms are seen [98,111]. The duration at presentation ranged from 
2 months to 21 years in one series [111]. Occasionally, there is a 
striking predominance of lesions at intertriginous sites, especially 
the axillae [112,113]. The mucous membranes, palms and soles are 
usually not involved, but involvement of mucous membranes has 
been observed [114]. LP pigmentosus has been anecdotally reported 
in association with acrokeratosis of Bazex [115]. 
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inular lick s. Although small annular lesions are com- 
mon in LP, cases showing a few large annular lesions only are 
unusual. They may be widely scattered, and usually have a very 
narrow rim of activity and a depressed, slightly atrophic centre 
(Figure 37.14) [116]. Much less frequently, the margin is wide and 
the central area is small. Annular lesions are characteristically 
found on the penis (see Figure 37.6), sometimes associated with 
lesions on the buccal mucosa. The differential diagnosis includes 
granuloma annulare. A distinct entity termed annular lichenoid 
dermatitis of youth [97,98,117,118] has been described, characterised 
by persistent, asymptomatic reddish macules and round, annular 
patches with a red-brownish border and central hypopigmenta- 
tion, mostly distributed on the groin and flanks, in children and 
adolescents. Histology reveals an atrophic epidermis and interface 
dermatitis with necroptosis/apoptosis of the keratinocytes limited 
to the tips of rete ridges. 


Lesions are widely scattered and remain 
discrete, they may be all small (1-2 mm across) or larger (up to 1 
cm), and individual lesions seldom become chronic (Figure 37.15). 
Guttate psoriasis and pityriasis rosea must be excluded as a dif- 
ferential. Guttate LP may be regarded as a variant of lichenoid 
exanthema (see later in this chapter). 


In these forms, small lesions are widely distributed and may sim- 
ulate eczema. Colour changes may be marked, with individual 
lesions initially red but progressing rapidly to black as they fade. 
Successive crops may occur, such that the total time for clearance 
may be little different from other forms. A small minority clear in 
under 3 months. The differential diagnosis includes pityriasis rosea 


Figure 37.14 (a, b) Annular lichen planus. Courtesy of 
the Welsh Institute of Dermatology, University Hospital 
of Wales, Cardiff, Wales, UK. 


in the earliest phase, and eczema later; once again, drug-induced 
lichenoid eruptions or lichenoid exanthema may present in this 
fashion. 


erns. Discoid lupus erythematosus (DLE) and LP are usu- 
ally considered as distinct entities with characteristic clinical, 
histopathological and immunopathological features, with basement 
membrane deposition of immunoglobulin G (IgG) in DLE [119,120]. 
However, similarities between LP and DLE have been noted. In 
addition, there have been several reports of patients showing 
overlapping features of both disorders [121-126]. Chronic atrophic 
DLE-like lesions on the head, neck and upper trunk may accom- 
pany reticular white lesions in the oral cavity, and combinations 
of lichenoid or verrucous lesions are seen. Eyelid involvement has 
been recorded [127]. The association of extensive generalised LP 
with subacute cutaneous DLE has also been documented [128]. 


Bullous lichen planus and lichen planus pemphigoides. Lichen 
ruber pemphigoides was first described by Kaposi in 1892. Bullous 
LP and LP pemphigoides were in the past differentiated solely on 
clinical and histological criteria [129] but can now be differentiated 
using immunofluorescence (IMF) and immunoelectron microscopy. 
In bullous LP, blisters arise only on or near the lesions of LP, because 
of maximal interface dermatitis with widespread degeneration of 
the basal cell layer [130]. Histologically, there is subepidermal bulla 
formation with typical changes of LP, and direct and indirect IMF 
is negative [130,131]. The eruption is usually only of short duration 
[131]. In LP pemphigoides, the LP tends to be acute and gener- 
alised and is followed by the sudden appearance of large bullae 
on both involved and uninvolved skin (Figure 37.16) [132-135]. 


Figure 37.15 (a, b) Guttate lichen planus. Courtesy of 
University of Munich. 
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Figure 37.16 Lichen planus pemphigoides showing large bulla arising on and around 
the vicinity of lichen planus around the ankle. Courtesy of St John’s Institute of 
Dermatology, King’s College London, UK. 


Occasionally, even in LP pemphigoides, blisters may arise only 
on the lesions of LP [136]. LP pemphigoides has been precipitated 
by psoralen and ultraviolet A (PUVA) [137] and has evolved into 
pemphigoid nodularis [138]. An LP pemphigoides-like eruption has 
been reported to overlap with paraneoplastic pemphigus [139,140]. 
In LP pemphigoides, the histology shows a subepidermal bulla 
with no evidence of associated LP [131]. Direct IMF shows linear 
basement membrane zone deposition of IgG and C3 in perilesional 
skin [131,135]. Immunoelectron microscopic studies reveal depo- 
sition of IgG and C3 in the base of the bulla and not in the roof as 
found in bullous pemphigoid [141]. 


(b) 


Immunoblotting data have revealed that circulating autoantibod- 
ies in LP pemphigoides react with an epitope within the C-terminal 
NC16A domain of bullous pemphigoid 180 kDa antigen, and with a 
200 kDa antigen detected in bullous pemphigoid [142,143,144-146]. 
It seems that epidermal damage from liquefaction degeneration in 
LP exposes basement membrane antigens, and a consequent stimu- 
lation of autoantibody production. The mean age of patients with LP 
pemphigoides is lower than that of those with classic bullous pem- 
phigoid, and the course of the disease also tends to be less severe. 


Lichen nitidus. Lichen nitidus is a rarer condition than classic LP 
and is characterised clinically by the presence of small papules, 
which are usually asymptomatic and flesh-coloured, with a flat, 
shiny surface. The view that lichen nitidus represents a variant of 
LP tends to be supported by the fact that early, tiny LP papules may 
be clinically and histopathologically indistinguishable from lichen 
nitidus. Immunophenotypic studies also reinforce the association 
between LP and lichen nitidus [147]. However, some authors favour 
a separation into two dermatoses because of histopathological 
differences such as parakeratotic papules occurring typically in 
lichen nitidus [148,149]. 

Typical lichen nitidus papules are minute, pinpoint to pinhead 
sized, and have a flat or dome-shaped, shiny surface. They usually 
remain discrete, although they may be closely grouped (Figure 
37.17). They are found on any part of the body but the sites of 
predilection are the forearms, penis, abdomen (Figure 37.18), chest 
and buttocks. The eruption is sometimes generalised [150,151]. 
When the palms or soles are involved, the changes can be those 
of a confluent hyperkeratosis resembling chronic fissured eczema, 
or there may be multiple, distinctive, minute papules [152,153]. 
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Figure 37.17 Lichen nitidus showing aggregated, pinhead-sized papules. Courtesy of 
University of Munich. 


Figure 37.18 Lichen nitidus showing aggregates of pinhead-sized papules on the trunk 
of a 7-year-old boy Courtesy of University of Munich. 


On the palms, the minute papules can become purpuric and may 
occasionally resemble pompholyx. Such cases may lack lesions of 
lichen nitidus elsewhere, so a biopsy is essential to confirm the 
diagnosis [152,154]. 

Linear lichen nitidus has been described but is exceptionally 
rare [155]. The development of lesions along scratch marks is 
not uncommon. The lesions are flesh coloured or reddish brown. 
Although intense pruritus can occur [151], the lesions are generally 
symptomless. Nail pitting may coexist with lichen nitidus [156], or 
the affected nails may appear rough due to increased linear stria- 
tions and longitudinal ridging [152,157]. An actinic variant has been 
documented [158]. Mucous membrane lesions occur occasionally 
and are much rarer than in LP. Lichen nitidus must be distinguished 
from the tuberculid lichen scrofulosorum [159], where there are 
follicular papules grouped in small patches on the trunk, and from 
keratosis pilaris, where there are horny follicular papules mainly 
on the extensor surface of the limbs. In cases of doubt, a biopsy 
usually clarifies the diagnosis. Lichen nitidus has been described in 
association with Crohn disease, trisomy 21, congenital megacolon 


Figure 37.19 Lichen nitidus. Typical histology showing the focally dense infiltrate 
containing a few giant cells. Magnification 100x (H&E). Courtesy of St John’s Institute of 
Dermatology, King’s College London, UK. 


[160], Niemann-Pick disease type B [161] and therapy with the 
checkpoint inhibitor nivolumab [162]. 

The histology of a typical papule is characteristic. The papule 
is formed by an intense infiltrate situated immediately below the 
epidermis and is well circumscribed. The infiltrate consists of lym- 
phocytes and histiocytes and there are often a few Langerhans giant 
cells (Figure 37.19). Plasma cells may be numerous in the infiltrate 
[163]. The overlying epidermis is flattened and sometimes with 
liquefaction degeneration of the basal cell layer. The rete ridges at 
the margin of the infiltrate are elongated and tend to encircle it. 
Although tuberculoid in appearance, true tubercle formation or 
caseation never occur. The histology of a palmar lesion may show 
a deep parakeratotic plug, which distinguishes it from the palmar 
lesions of LP [154]. Perifollicular granulomas can occur in spinous 
and follicular lichen nitidus, which may simulate lichen scrofuloso- 
rum [159]. Perforating lichen nitidus has also been described [164]. 
In its characteristic monomorphic form, lichen nitidus is rare, but 
lesions of lichen nitidus occurring in association with LP are more 
common. The age incidence tends to be lower than that of LP. Most 
cases occur in children or young adults. Familial lichen nitidus has 
rarely been observed [165]. 


Nékam disease. 


yms and inclusions 

is lichenoides chronica 
sis striata lichenoides 
er moniliformis 

) verrucosus et reticularis 


The variety of synonyms used implies that there is no complete 
consensus of agreement about this rare disorder. The great major- 
ity of cases are adults between the ages of 20 and 40 years [166], 
although children are occasionally affected [167]. Nékam disease 
is characterised by violaceous, papular and nodular lesions typ- 
ically arranged in a linear and reticulate pattern (Figure 37.20), 
most marked on the extremities and buttocks, and accompanied 
by a seborrhoeic dermatitis-like eruption on the face. Nékam’s 


Figure 37.20 Nékam disease. Reticulate keratotic red papules on (a) the volar aspect of 
the wrist and (b) the dorsum of the hand. Courtesy of St John’s Institute of Dermatology, 
King’s College London, UK. 


(b) 


original case was also associated with palmoplantar keratoderma. 
The individual lesions are reddish verrucous papules covered by a 
hyperkeratotic plug that can only be removed with difficulty, reveal- 
ing irregular indentations and prominent capillary loops [166,168]. 
In extensive Nékam disease, the lesions tend to be symmetrical 
bilaterally, mainly involving the antecubital fossae, extensor fore- 
arms, lumbo-sacral area and buttocks, posterior thighs, popliteal 
fossae and less commonly the oral cavity and genitals (Figure 37.21). 
Oral manifestations occur in 50% of patients — recurrent aphthous 
ulcers, larger chronic ulcers or erythrokeratotic papules being the 
commonest oral features [169]. The nails can become thickened, 
longitudinally ridged and prone to paronychia [170]. Cases have 
followed trauma [171] and erythroderma [172]. A limited variant 
of Nékam disease presenting with reddish hyperkeratotic papules 
and plaques on the face, clearing in the summer months, has been 
described in two young siblings [173]. Histologically, changes 
are often non-specific and consistent with a chronic dermatitis, 
but lichenoid features can be seen [166,168]. Some authors believe 
that the condition is an unusual variant of LP [166], while others 
consider it to be a distinct entity [174]. A case of Nékam disease 


(a) 


Figure 37.21 (a, b) Nékam disease. Hyperkeratotic plaques on the lower limbs. The 
patient presented with additional erosive lesions of the oral and genital mucosa. 
Courtesy of University of Munich. 


associated with porokeratotic histology and amyloid deposition 
may argue against the view that Nékam disease is a subset of 
LP [175]. A possible association of Nékam disease with glomeru- 
lonephritis and lymphoproliferative disorders has been commented 
on [169]. 


Complications and co-morbidities 

Hair. Alopecia is uncommon in LP, but most often occurs in small 
areas on the scalp, producing patches of atrophic cicatricial alopecia 
of fibrosing frontal alopecia, most frequently observed as frontal 
fibrosing alopecia (see Figure 37.11) [176-180]. It results from 
follicular destruction by the inflammatory infiltrate, with scarring. 
Areas of alopecia may continue to appear, or to extend, for months 
after the skin lesions have faded. The result is one of pseudopelade 
[177,180]; this is probably best considered as a distinct clinical 
entity due to a number of independent conditions, of which LP 
is only one. Lichen planopilaris is more common in women and 
about half will develop involvement of the glabrous skin, mucous 
membranes or nails [176]. It may also occur in children [178]. Tumid 
forms of LP follicularis have been described in which clusters of 
milium cysts and comedones develop [181]. LP pilaris has been 
reported in association with dermatitis herpetiformis [182]. 


Nails. Nail involvement occurs in up to 10% of cases but is usu- 
ally a minor feature of the disease [183,184]. Most cases present 
during the fifth or sixth decades. Long-term permanent damage 
to the nails is rare [185]. Fingernails are more frequently affected 
than toenails [185], with initial involvement of two or three fin- 
gernails before subsequent involvement of the remaining digits. 
The most common changes are exaggeration of the longitudinal 
lines and linear depressions due to slight thinning of the nail plate 
(Figure 37.22). These changes usually occur in the context of severe 
generalised LP, although skin lesions may not be seen in the vicinity 
of the affected nail. Elevated ridges may be seen on the nail [184]. 


Figure 37.22 Lichen planus of the thumbnail showing thinning of the nail plate and 
longitudinal lines. Courtesy of St John’s Institute of Dermatology, King’s College 
London, UK. 


Adhesion between the epidermis of the dorsal nail fold and the nail 
bed may cause partial destruction of the nail (pterygium unguis) 
(Figure 37.23a). Rarely, the nail is completely shed; there is usually 
clinical evidence of LP at the base of the nail before shedding. Nails 
may partially regrow or be permanently lost (Figure 37.23b) or have 
longitudinal ridging (Figure 37.23c); the nails of the great toes are 
the ones most often affected. LP has been shown to cause childhood 
idiopathic atrophy of the nails [186]. LP of the nails in childhood 
is rare [187] but may overlap with the condition of twenty-nail 
dystrophy of childhood (idiopathic trachyonychia); the exact rela- 
tionship is unclear [188-191,192,193]. The rare variant of LP that 
causes ulceration of the soles is often accompanied by permanent 
destruction of several toenails. LP of the nail bed may give rise to 
longitudinal melanonychia [194], hyperpigmentation, subungual 
hyperkeratosis or onycholysis [184], or changes mimicking the 
yellow nail syndrome [195,196]. 


M I . Squamous cell carcinoma developing in oral 
lesions is uncommon but is a potential danger, especially with 
ulcerated lesions [197-205], although the incidence varies greatly 
in different series. Lesions may occur on the lip, the buccal mucosa 
or the gum margin. It has been postulated that the high expression 
of cyclo-oxygenase 2 reported in oral LP may be of aetiological 
significance in the development of squamous cell carcinoma [206]. 
Squamous cell carcinoma arising on cutaneous lesions of LP [207] 
and ano-genital lesions [208-210] is a rare phenomenon. Cicatri- 
cial conjunctivitis [211] and lacrimal canalicular obstruction are 
recorded [212]. 


(b) 


(c) 


Figure 37.23 (a) Severe lichen planus of all fingernails showing involvement of the nail 
fold areas and early pterygium formation. (b) Severe, destructive lichen planus of the 
toenails. (c) Longitudinal lines. (a) Courtesy of the Welsh Institute of Dermatology, 
University Hospital of Wales, Cardiff, Wales, UK. (b) Courtesy of St John’s Institute of 
Dermatology, King’s College London, UK. (c) Courtesy of University of Munich. 


Associated conditions 

Lichen planus has been reported in association with diseases of 
altered or disturbed immunity, including ulcerative colitis [213-215], 
alopecia areata [215,216], vitiligo [215], dermatomyositis [217], 
morphoea and lichen sclerosus [218], systemic lupus erythemato- 
sus [219,220], pemphigus [219] and paraneoplastic pemphigus 
[221,222]. In addition, LP has been observed in association with 
thymoma [216,219,223,224], hypothyroidism [225], myasthenia 
gravis [214,215,224], hypogammaglobulinaemia [216,217,226], pri- 
mary biliary cholangitis [227-229], especially in those treated with 
penicillamine, and primary sclerosing cholangitis [230]. The liter- 
ature about LP and hepatitis C infection is reviewed in the section 
on pathogenesis earlier in this chapter. In Italy, possibly because 
of a higher prevalence of hepatitis B and C infection, patients 
with LP seem more prone to develop liver disease, including 
chronic active hepatitis [231,232]. A high prevalence of anticardio- 
lipin antibodies has been documented in patients with hepatitis 
C-associated oral LP [233]. Elsewhere, the association between LP 
and chronic active hepatitis or primary biliary cholangitis is unusual 
and probably coincidental [234-236]. Overall, most patients with 
LP live to old age, despite an association with autoimmunity 
disorders [237]. 

LP has also been associated with diabetes [238]. Anecdotally, LP 
has occurred in patients with Castleman tumours (giant lymph node 
hyperplasia) [239] or with generalised lichen amyloidosis [230]. LP 
has been described in certain tattoo reactions, particularly in those 
areas where there is coexisting mercury hypersensitivity to the 
injected dye [241,242]. 


Disease course and prognosis 

Although a few cases evolve rapidly and clear within a few weeks, 
the onset is usually insidious. In most cases, the papules eventu- 
ally flatten after a few months, often to be replaced by an area of 
pigmentation that retains the shape of the papule and persists for 
months or years. There may be a gradual change in colour from 
pink to blue to black. The residual pigmentation may be intense, 
especially in dark-skinned people, or almost imperceptible in 
fair-skinned individuals. New papules may form while others are 
clearing. Some papules persist much longer, enlarge and thicken, 
and develop a roughened surface with a prominent violaceous 
hue — so-called hypertrophic LP. Such lesions may resolve with 
atrophy or scarring. Areas of pigment loss are described in black 
South Africans. 


Investigations 

Histology is the most useful investigation to confirm a diagnosis 
of LP. Dermoscopy is useful in some cases when Wickham striae 
can be visualised better with the device (Figure 37.24) [243]. Typical 
features of dermoscopy images of LP include a network of whitish 
striae with red globules at the periphery [243,244]. Histology is 
routinely obtained to confirm the diagnosis of LP [245,246]. The 
earliest finding is an increase in epidermal Langerhans cells [245], 
associated with a superficial perivascular infiltrate of lympho- 
cytes and histiocytes, impinging on the dermal—epidermal junction 
(DEJ). Mild spongiosis is followed by vacuolar alteration and cleft- 
ing along the DEJ, with accumulation of necrotic keratinocytes 
(colloid bodies) [247]. The characteristic histological changes are 


Figure 37.24 Dermoscopy image of lichen planus with typical Wickham striae. Courtesy 
of Dr Alan Cameron, School of Medicine, University of Queensland, Brisbane, Australia. 


Figure 37.25 Typical histology of lichen planus. Magnification 40x (H&E). Courtesy of 
University of Munich. 


best seen in biopsies of fully developed LP papules (Figure 37.25) 
[248]. The centre of the papule shows irregular acanthosis of the 
epidermis, irregular thickening of the granular layer and com- 
pact hyperkeratosis. The mid-epidermal cells appear larger, flatter 
and paler than usual [248]. In oral LP, epithelial proliferation is 
increased [249]. Parakeratosis is rarely found in idiopathic LP, 
in contrast to some drug-induced lichenoid tissue reactions. A 
focal increase in thickness of the granular layer and infiltrate cor- 
responds to the presence of Wickham striae [250]. Degenerating 
basal epidermal cells are transformed into colloid bodies (15-20 pm 
diameter), which appear singly or in clumps [251-253]. The rete 
ridges may appear flattened or effaced (‘saw-tooth’ appearance) and 
focal separation from the dermis may lead to Max Joseph spaces 
(Figure 37.26). In older or hypertrophic lesions, the number of 
colloid bodies is considerably reduced. In ‘active’ LP, a band-like 
infiltrate of lymphocytes and histiocytes, rarely admixed with 
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Figure 37.26 Lichen planus: A, orthohyperkeratosis; B, hypergranulosis; C, vacuolated 
basal keratinocytes; D, cytoid bodies; E, Max Joseph space; F, melanophages. 
Magnification 200x (H&E). Courtesy of University of Munich. 


plasma cells [254,255], obliterates the DEJ. Epidermal melanocytes 
are absent or considerably decreased in number [248], while 
pigmentary incontinence with dermal melanophages is character- 
istic. When the disease is becoming inactive, the infiltrate, with 
melanophages, becomes sparser and is arranged around pap- 
illary blood vessels, which may show ectasia and surrounding 
fibroplasia. 

In hypertrophic LP, the epidermis may show a pseudoepithe- 
liomatous appearance with extreme irregular acanthosis. Follicles 
may be expanded and at times have a cyst-like appearance. The 
infiltrate may not appear very band-like, but serial sections will 
usually show foci of basal cell liquefaction and colloid body for- 
mation, often around the follicular epithelium. Longstanding cases 
usually demonstrate coexistent dermal fibrosis adjacent to the 
inflammatory changes. 

In atrophic LP, the epidermis may be greatly thinned almost to the 
level of the granular layer, although relatively compact hyperker- 
atosis remains. The rete ridges are usually completely effaced with 
relatively few colloid bodies. The papillary dermis shows fibrosis 
and loss of elastic fibres. 

In follicular lesions, an infiltrate extends around, and may perme- 
ate, the base of the hair follicle epithelium, with follicular keratin 
plugging (Figure 37.27) [256,257]. 

In mucosal LP, the epithelium is usually thinned with paraker- 
atosis, although both types of keratinisation may be seen [258,259]. 
The epithelium may resemble epidermis from the skin, plasma 
cells may be prominent in the band-like infiltrate and colloid bod- 
ies are fewer than in typical cutaneous papular LP. The reddish 
subtype of oral LP is associated with increased cell proliferation 
compared with the reticular form [260]. Moderate or severe epithe- 
lial dysplasia on oral biopsy should probably be regarded as an 
increased risk for subsequent cancer development [261]. 

Bullous LP is rare. Blister formation takes place predominantly 
between the basal lamina and the cytomembranes of basal ker- 
atinocytes (i.e. intrabasal) [251], such that there is a wide separation 
between the epidermis and infiltrate. 
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Figure 37.27 Different types of interface dermatitis. (a) Interface dermatitis non sensu 
strictu: some vacuolated basal keratinocytes (triangles) but no dyskeratotic keratinocytes 
are detectable. (b) Vacuolar interface dermatitis: prominent vacuolar alterations of the 
basal layer and single dyskeratotic cells (arrow) are seen. (c) Lichenoid interface 
dermatitis: a dense subepidermal infiltrate and numerous dyskeratotic keratinocytes 
(arrows) can be seen. (a, b) Magnification 200x (H&E). (c) Magnification 100x (H&E). 
Courtesy of University of Munich. 


Figure 37.28 Lichen planus: photomicrograph of direct immunofluorescence showing 
the bright fluorescence of cytoid bodies with anti-lgM. Magnification 100x. Courtesy of 
St John’s Institute of Dermatology, King’s College London, UK. 


Direct immunofluorescence shows globular deposits of IgG, IgM 
(Figure 37.28) and occasionally C3 and IgA, representing apoptotic 
keratinocytes, around the DEJ and lower epidermis, with fibrin 
deposition at the region of the DEJ [258,262]. Direct IMF studies 
may be useful in differentiating LP from lupus erythematosus 
or LP pemphigoides [263,264], and can be carried out on routine 
histological material [265]. 


Management 

Treatment of LP can represent a challenge and depends on the 
localisation, clinical form and severity [266]. For cutaneous LP, 
which can clear spontaneously within 1-2 years, the aim of treat- 
ment is to reduce pruritus and time to resolution [267]. Therapeutic 
abstention is recommended for asymptomatic oral LP. However, 
painful, erosive LP may need aggressive and long-term treatments 
[268]. Nail or scalp involvement [269,270], which may induce 
scars, genital LP [271] and oesophageal and conjunctival involve- 
ment, which may induce strictures and fibrosis, require rapid 
treatment to avoid scarring or avoid a fatal course. 

Overall, the level of evidence for treatments used in LP is low 
[272]. Surprisingly, there is still little evidence for the efficacy of 
topical or systemic corticosteroids, commonly recommended as 
first line treatment for LP. Treatment is mainly based on clinical 
experience. In contrast, for oral LP, there are several randomised 
controlled trials (RCTs) and one Cochrane review [272-274]. How- 
ever, most of these trials are small, have used various outcomes 
and are at high risk of bias. For cutaneous LP, there are only a few 
small RCTs. No RCT has assessed treatment for genital or nail LP, 
lichen planopilaris or other lichenoid disorders. 


Treatment goals 

The goals of therapy of cutaneous LP are to improve itching and 
induce resolution of the lesions. In mucosal LP, the aims of treat- 
ment are to heal erosive lesions to reduce pain and permit normal 
food intake. Education of the patient should emphasise that oral 
LP frequently has a chronic course marked by treatment-induced 
remission followed by relapse [269,272]. Considering the potential 
higher risk of squamous cell carcinoma in this form of LP, the need 
for regular clinical surveillance on a long-term basis has also to be 
explained [275]. Alcohol and tobacco should be avoided as well as 
spicy or acidic foods and drinks. Good oral hygiene and professional 
dental care are recommended. 

In ano-genital LP, foreskin retraction or removal surgery in uncir- 
cumcised men and vaginal dilators in women are used to prevent 
synechiae formation. Surgery is required after complete resolution 
of the active lesions if adhesion occurs. 


First line 

Topical corticosteroids are the first line treatment for limited cuta- 
neous LP. Depending on the sites of the lesions, the use of very 
potent corticosteroids is required (clobetasol propionate ointment 
0.05%) once daily at night until remission. If no evolution is 
observed after 6 weeks, second line therapy should be considered. 
After remission, the optimal length of maintenance therapy is 
unknown and needs to be adapted to each patient. For hyper- 
trophic LP, very potent corticosteroids need to be applied under 
an occlusive bandage. Oral corticosteroids are the first line treat- 
ment for widespread cutaneous LP: prednisolone 0.5-1 mg/kg 
per day until improvement (usually 4-6 weeks). In a small RCT in 
which potent corticosteroid cream alone was compared with oral 
prednisolone (30 mg per day for 10 days) combined with topical 
corticosteroids, the time to clearing was significantly shorter in the 
oral prednisolone group (18 weeks versus 29 weeks) than in the 
topical steroid cream only group. Two patients in the corticosteroid 
group experienced a severe relapse after treatment withdrawal 
[276]. After remission, oral corticosteroids should be tapered down 
slowly. 

For other manifestations of LP, treatment recommendations are 
similar. In mucosal LP, two trials compared tacrolimus ointment 
0.1% with clobetasol propionate 0.05%. One found a statistically 
significant difference favouring tacrolimus [277], while no differ- 
ence between the two treatment modalities was observed in the 
other [278]. An RCT comparing pimecrolimus cream 1% to triamci- 
nolone acetonide paste 0.1% found no difference between the two 
treatments [279]. Thus, calcineurin inhibitors are a safe alternative 
to topical corticosteroids for mucosal LP. Furthermore, three small 
RCTs compared topic retinoid (retinoic acid 0.05%, isotretinoin 
gel and tazarotene) with placebo. Improvement or cure rates were 
significantly higher in the treated group [280-282]. For widespread 
mucosal LP, a soluble prednisolone tablet 5 mg dissolved in 15 mL 
water can be used for a mouthwash ‘swish and rinse’ three times 
daily. Oral candidiasis is the most frequent complication of this 
treatment [283]. If no improvement is observed after 6 weeks, 
second line therapy has to be considered. 

For special locations such as lichen planopilaris or ano-genital 
LP, corticosteroids may also be given as suppositories, as monthly 
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intralesional injection of triamcinolone acetonide (0.5-10 mg/mL) 
or as systemic oral corticosteroids (prednisolone 1 mg/kg/day) 
[271,284,285]. 

Evidence for therapies used for nail LP is based only on retro- 
spective case series and depends on the number of affected nails. 
The aims of treatment are to reduce pain and avoid irreversible 
nail scars. Two-thirds of 142 patients treated with intramuscular 
injection or oral systemic glucocorticoids and/or intralesional 
injection or topical glucocorticoids for 6 months were cured or 
had marked improvement [269,286]. When less than four nails are 
involved, the recommended treatment is a twice daily application 
of super-potent corticosteroids (e.g. 0.05% clobetasol propionate 
ointment) or if lesions are more severe, monthly intralesional injec- 
tions of triamcinolone acetonide (0.5-10 mg/mL) in the periungual 
sites. When more than two or three nails are involved, systemic 
corticosteroids are required. Treatment with oral prednisolone 
(0.5-1 mg/kg/day) for 4-66 weeks or intramuscular triamcinolone 
acetonide injection have been reported. Etanercept has been sug- 
gested in a case report [287], although LP-like eruptions can be 
triggered by TNF antagonists [288]. 


Second line 

If corticosteroids are not effective or long-term therapy is needed, 
numerous therapies have been described. Overall, the level of 
evidence is low, but phototherapy, retinoids, methotrexate and JAK 
inhibitors can be regarded second line alternatives [289,290,291]. 
For cutaneous LP, a second line option is photochemotherapy 
or phototherapy. In a small trial, PUVA used three times weekly 
on one side of the body was compared with no treatment on the 
other side. Clearance was observed on the treated side only in 50% 
of the patients [292]. In a retrospective series, clearance within a 
mean of 3 months was observed in 70% of patients treated with 
narrow-band UVB therapy [293]. PUVA phototherapy may also 
be combined with acitretin but evaluation of this association has 
not been assessed. Phototherapy can increase the risk of residual 
hyperpigmentation in dark-skinned patients. 

For both cutaneous and mucosal LP, retinoids have been reported 
to be effective second line treatment options. An RCT showed 
a rate of regression or remission at 8 weeks significantly higher 
with acitretin (30 mg per day for 8 weeks) than with placebo [294]. 
The best level of evidence for methotrexate in cutaneous LP is 
a prospective series. Complete remission was observed in 14/24 
patients at 24 weeks [295]. 

Finally, insights into the pathogenesis of LP support a role for 
JAKs in mediating the intracellular signal that leads to upregulation 
of molecules predisposing keratinocytes to lymphocyte-induced 
cell death. JAK inhibitors have the potential therefore to become 
the therapy of choice in the second line treatment of LP. To date, 
there are only a few case series or case reports that report efficacy of 
JAK inhibitors [296,297], but the level of evidence is not sufficient 
to give a general recommendation to treat LP. Besides, there is a 
case series (n = 5 patients) reporting benefit of anti-interleukin 
17A (anti-IL-17A), anti-IL-12/23 or anti-IL-23 for cutaneous and 
mucocutaneous LP [298]. The anti-[L-17A antibody secukinumab 
is currently being investigated for its efficacy in LP in clinical 
proof-of-concept trials. 


Third line 

There are four RCTs assessing griseofulvin, hydroxychloroquine 
or sulfasalazine [299-301]. Because of the risk of bias in these tri- 
als, discrepancies of results between studies for griseofulvin and 
life-threatening adverse reaction for sulfasalazine, these treatments 
are not generally recommended in cutaneous LP. There is very 
limited evidence that ciclosporin treatment might have beneficial 
effects for the treatment of LP [302]. 


Treatment ladder for lichen planus 


First line 

e Limited cutaneous LP: very potent corticosteroids (clobetasol 
propionate ointment 0.05%); potent topical corticosteroids 
can be used in less severe forms of LP or during maintenance 
therapy 

e Widespread cutaneous LP: prednisolone 0.5-1 mg/kg per 
day until improvement 


Second line 

¢ Methotrexate 15-20 mg SC once a week, evaluation after 12 
weeks 

¢ Acitretin 30 mg per day, evaluation after 12 weeks 

e PUVA or UVB: two to five times a week, alone or associated 
with systemic retinoids 

e JAK inhibitors (tofacitinib, baricitinb) as labelled for 
psoriasis, evaluation after 8 weeks 


Third line 

e Antimalarials (hydroxychloroquine) 
¢ Ciclosporin 

e Azathioprine 

¢ Mycophenolate mofetil 


Management of clinical variants 

Lichen nitidus. As the disease is often asymptomatic and eventu- 
ally self-limiting, no treatment is required in most cases. However, 
fluorinated topical corticosteroid preparations may be recom- 
mended if treatment is demanded, for example for lesions on 
the penis, and can be highly successful [303]. Clearance of gener- 
alised lichen nitidus has been described with sun exposure [304], 
PUVA [305], narrow-band UVB phototherapy [306,307] and astem- 
izole [308,309]. Acitretin can lead to a gradual improvement in 
palmoplantar lichen nitidus [310]. 


Nékam disease. The course of the dermatosis is chronic and pro- 
gressive and very resistant to therapeutic approaches but has 
shown a favourable response to photochemotherapy without 
[311,312] or with [313] acitretin. Etretinate [314] and photodynamic 
therapy [315] have been reported to be helpful. 


‘Mixed’ lichen planus/discoid lupus erythematosus disease pat- 
terns. Both ciclosporin [316] and acitretin [317] can be of benefit in 
treating LP/DLE overlap syndrome. 


Actinic lichen planus. Actinic LP has been treated with acitretin and 
topical corticosteroids [318] and with ciclosporin [319]. 


Bullous lichen planus and lichen planus pemphigoides. Some 
cases require treatment with systemic steroids or azathioprine and 
fatalities can occur [318]. A combination of corticosteroids and 
acitretin has been used [319,320]. 


Lichen striatus — (SF 


Definition and nomenclature 


Lichen striatus is a distinctive, usually self-limiting, and asymp- 
tomatic inflammatory dermatosis characterised by pink or red 
papules in a linear distribution that develop in the lines of Blaschko. 
These usually occur as isolated lesions on the limbs in children aged 
5-15 years and generally resolve over 6-12 months. Areas of postin- 
flammatory hypopigmentation may occur and persist for longer. 
The aetiology is incompletely understood but approximately 40% 
of cases have a background of atopy. Clustering of cases in families 
and in winter suggests an infectious agent; potentially, a virus may 
be involved. 


Epidemiology 

Incidence and prevalence 

The incidence or prevalence is unknown, but, between January 
1989 and January 2000, 115 cases were identified at the Paediatric 
Dermatology Unit, University of Bologna, Bologna, Italy [1]. 


Age 

Over 50% of cases occur in children, usually between the ages of 
5 and 15 years, but onset in early infancy and in adults has been 
reported. 


Sex 
Females are affected approximately two to three times as frequently 
as males [1]. 


Associated diseases 
Lichen striatus occurs more often in individuals with atopy; atopy 
was reported in approximately 43% of cases in a recent series [2]. 


Pathophysiology 

Pathology 

As the condition develops in the lines of Blaschko, which represent 
embryonic migratory patterns of ectoderm (Chapter 8), it has been 
hypothesised that postzygotic mutation or loss of heterozygosity 
may lead to cutaneous mosaicism and play a role in its pathophysiol- 
ogy, perhaps predisposing to the effects of an environmental trigger 


or an infectious agent. The presence of atopy in approximately 40% 
of cases is therefore intriguing. On the other hand, the resolution 
of lichen stratus over a period of months in the majority of cases 
suggests a temporary phenomenon, leading to the proposal of 
cutaneous antigenic mosaicism and a localised inflammatory T-cell 
response, again potentially related to viral infection or injury [3]. 


Histology 
The histological appearances are variable and depend on the stage 
of disease [3]. Usually, a band-like infiltrate composed of lym- 
phocytes and histiocytes is observed with associated overlying 
epidermal change including parakeratosis and hyperkeratosis, 
resembling lichen planus. The earliest change is intercellular 
oedema, stretching the tonofilament-desmosome complexes and 
separating the epidermal cells. Like the spongiosis, acanthosis is 
variable in degree. Dyskeratotic keratinocytes, like the ‘corps ronds’ 
of Darier disease, are seen in about 50% of cases. There is often 
focal liquefactive degeneration of the basal layer. The dermis is 
oedematous, and the vessels and appendages are surrounded by an 
infiltrate of lymphocytes and histiocytes, which may be quite dense 
and extend deeply. Scattered lymphocyte cells often penetrate into 
the epidermis. 

Immunohistochemical studies have revealed a predominance of 
CD8+ T cells compared with CD4+ T cells [3,4]. 


Genetics 

Familial cases are documented [1,5,6], although whether this relates 
to clustering related to contact with a common infectious agent 
remains to be determined. 


Environmental factors 

Possible triggering factors include infectious agents and trauma. 
For example, in a retrospective case review of 115 cases from Italy, 
the majority occurred in the cold season, five had prodromal symp- 
toms of viral infection and two had a preceding history of skin 
trauma [1]. Other reported triggers include varicella infection [7] 
and measles, mumps and rubella vaccination [3]. 


Clinical features 

History 

The onset is usually sudden. Frequently, there are no symptoms, but 
pruritus may occasionally occur and is more common in adults. The 
course is variable. The area affected typically reaches its maximum 
extent within 2-3 weeks, but gradual extension can continue for 
several months. Spontaneous resolution can be expected within 
6-12 months in most cases, but some lesions may persist for over a 
year [8]. Resolution may be followed by hypopigmentation or more 
rarely hyperpigmentation [1,2]. 


Presentation 

The initial presentation is characterised by the sudden appearance 
of small, discrete, pink, flat-topped, lichenoid papules in a typical 
linear distribution. In a recent series of 23 patients from Spain, 
11 presented with reddish papules [2]. Occasionally, vesicles are 
observed, but were present in only two out of 24 patients. The 
lesions extend over the course of a week or more and rapidly 
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Figure 37.29 Lichen striatus of the hand involving the nail matrix. Note, that only a 
part of the nail shows the typical longitudinal lines of lichen planus. Courtesy of 
University of Munich. 


coalesce to form a dull-red to brown, slightly scaly, linear band, 
usually 2 mm to 2 cm in width, and often irregular. Occasionally, the 
bands broaden into plaques, especially on the buttocks. The lesion 
may be only a few centimetres in length or may extend the entire 
length of the limb or other extremities and may be continuous or 
interrupted (Figure 37.29). 

The initial lichenoid papules are pink rather than violaceous 
and show no umbilication or Wickham striae. The papules may 
be hypopigmented in dark-skinned people and hypopigmentation 
was noted at presentation in one-third of 23 cases reported from 
Spain [2]. Residual persistent hypopigmentation may occur in some 
patients. Postinflammatory hyperpigmentation is reported less 
commonly. 

The lesions occur most commonly on one arm or leg, or on the 
neck, but may develop on the trunk [1]. The abdomen, buttocks and 
thighs may be involved in single extensive lesions, but multiple 
lesions are rare, and bilateral involvement is exceptional. Involve- 
ment of the nails may result in longitudinal ridging, splitting, 
onycholysis or nail loss [1,9]. 


Clinical variants 

Parallel linear bands or zosteriform patterns have been recorded 
(Figure 37.30) and extensive bilateral lesions were reported in 
two out of 23 patients in the series from Barcelona, Spain [2]. The 
majority of episodes are solitary, but occasionally repeated episodes 
can occur in different locations. 


Differential diagnosis 

Linear inflammatory eruptions that are distributed along Blaschko 
lines or show a zosteriform distribution, including linear psoriasis, 
linear Darier disease, linear lichen planus, linear porokeratosis 
and ILVEN, should be considered in the differential diagnosis. 
Linear forms of lichen planus and psoriasis can usually be differ- 
entiated clinically, even in the absence of typical lesions in other 
sites, which should always be sought. Linear LP and lichen stria- 
tus are considered two ends of one spectrum by some authors, 


Figure 37.30 Lichen striatus showing parallel linear bands in a zigzag distribution on 
the thigh of a 15-year-old girl. Histology showed epidermal hyperkeratosis, focal 
liquefactive degeneration at the dermal—-epidermal junction and upper dermal oedema 
with chronic inflammatory infiltrate in the upper dermis. The eruption resolved 
spontaneously. 


both clinically and regarding immune mechanism [10,11]. ILVEN 
(Chapter 73) has many clinical and histological features in common 
with lichen striatus. However, ILVEN is always pruritic and persists 
despite periods of relative improvement. The differential diagno- 
sis of hypopigmented lesions includes linear vitiligo or naevoid 
hypomelanosis [2]. 


Disease course and prognosis 

The disease course is variable. The majority of lesions last for at 
least 6 months and resolve within 1 year, but lesions may last for 
just a few weeks or persist for several years, both in children and 
in adults [1,8]. It may follow a prolonged and/or relapsing course, 
particularly in adults [1,12]. Postinflammatory hypopigmentation 
may last for years, particularly in darker skin types. Hypopig- 
mentation may also be the presenting feature in some patients [2]. 
Lichen striatus presenting in adults tends to be more extensive and 
symptomatic and may require treatment [12]. 


Investigations 
Skin biopsy may be helpful. 


Management 

General principles of management 

Usually, no treatment is necessary in childhood cases, which 
are largely asymptomatic and typically spontaneously resolve. 
In patients with troublesome itch (usually adults), topical cortico- 
steroids are the first line of management. However, in resistant cases 
or when there are concerns over topical corticosteroid-induced skin 
atrophy, calcineurin inhibitors may be considered. Because of 
the rarity of the condition, no trials have been performed, but 
individual case reports and small case series report positive and 
prompt symptomatic response and rapid resolution of lesions in 
response to both tacrolimus and pimecrolimus [4,12,13]. A single 
case of a response to photodynamic therapy is reported [14]. Nail 
involvement may respond to potent steroid cream under occlusion. 


Key references 37.19 


Treatment ladder for lichen striatus 


First line 
¢ Observation and reassurance 
¢ Topical corticosteroids 


Second line 
¢ Topical tacrolimus 
¢ Topical pimecrolimus 


Lichenoid exanthema —c 


Introduction and general description 

In line with our understanding of the lichenoid phenotype to be a 
consequence of keratinocyte killing by lymphocytes, several trig- 
gers have the potential to elicit an acute and most often generalised 
skin inflammation resembling LP. The border between LP and 
lichenoid exanthema is not clearly defined as LP can be induced by 
several drugs and is associated with hepatitis C virus (see earlier in 
this chapter). The difference is the eliciting antigen. While this is a 
clearly identified external factor in lichenoid exanthema, LP is most 
likely an autoimmune disease. This is relevant as it means lichenoid 
exanthema is self-limited once the trigger is removed while LP 
tends to be chronic. 


Pathogenesis 

Several triggers that induce a cytotoxic immune reaction are known 
to cause lichenoid exanthema. These can be grouped as: (i) infectious 
triggers; (ii) side effects of drugs; and (iii) a primary mechanism 
of drugs. Infectious triggers are typically viruses or intracellular 
bacteria, as clearance of these requires cytotoxic immunity. In the 
context of the Covid-19 pandemic, numerous patients have been 
reported to develop lichenoid exanthema. The second group of 
triggers are unwanted effects of certain drugs. While the exact 
pathogenesis is unknown, it is obvious that certain drug classes 
such as gold, B-blockers, angiotensin-converting enzyme blockers or 
antimalarial drugs preferentially induce lichenoid exanthemas [1]. 
Also TNF inhibitors and other biologics used to treat psoriasis are 
associated with lichenoid exanthemas. These reactions are usually 
classified as ‘paradoxical reactions’, and a suggested mechanism is 
the induction of type I interferons in the skin [2]. As for the third 
group, checkpoint inhibitors targeting either CTLA4 or the PD1 
axis are designed to boost the cytotoxic immune response that 
should ideally be directed against tumour cells. As a consequence 
of their mode of action, these checkpoint inhibitors cause lichenoid 
exanthema in up to 25% of all treatments by induction of type I 
immunity against keratinocyte-derived antigens [1]. 


Clinical features 

The clinical and histological picture of lichenoid exanthemas resem- 
bles that of a generalised acute LP. Lesions are mostly small in 
size and are not confluent in the acute stage (Figure 37.31). Histo- 
logically, scattered eosinophils may be present in addition to the 
classic LP histopathology. More specific diagnostic tools such as 


Figure 37.31 Lichenoid exanthema evolving after PD1 checkpoint blockade with 
nivolumab. Histology showed vacuolated interface dermatitis. Courtesy of University of 
Munich. 


an epicutaneous patch testing or a lymphocyte transformation test 
are not highly sensitive and specific, but they can be of additional 
diagnostic value in individual cases. 


Management 

In contrast to LP, identifying and eliminating the trigger is the high- 
est priority in the management of lichenoid exanthema. Short-term 
treatments mostly rely on corticosteroids, which may have to be 
given systemically. 
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Definition and nomenclature 


Graft-versus-host disease (GVHD) is a multiorgan disease process 
that results from the action of donor-derived immunocompetent 
T lymphocytes against antigens expressed on the cells of the 
immunocompromised recipient host. The main organs affected are 
the skin, liver and gastrointestinal (GJ) tract. 

GvHD is a major complication of allogeneic haematopoietic stem 
cell transplantation (HSCT), with an incidence of 25-80% [1,2]. The 
exact risk depends on factors such as the degree of human leukocyte 
antigen (HLA) disparity between donor and host, the conditioning 
regimen intensity and the GvHD prophylaxis used. 

There are two major forms of GVHD, acute (aGVHD) and chronic 
(cGvHD), that were originally defined according to the time of pre- 
sentation. An overlap variant of these two forms is also described. 
GvHD can also occur after transfusions of unirradiated blood, such 
as donor lymphocyte infusion (DLI), solid-organ transplants and 
maternofetal lymphocyte engraftment. 


ons 

ease, acute GVHD (aGvHD) 

t disease, chronic GvHD (cGvHD) 
sometimes called acute on chronic GVHD 


Introduction and general description 


Allogeneic HSCT, transplantation of multipotent stem cells, usually 
derived from bone marrow, peripheral blood or umbilical cord 
blood, from either a family member or unrelated donor, is used 
widely for haematological malignancies, but also immunodeficien- 
cies and marrow failure syndromes. The procedure is increasingly 


being utilised for other life-threatening conditions such as mul- 
tiple sclerosis, Crohn disease, systemic lupus erythematosus and 
systemic sclerosis [3,4]. 

GvHD is the major cause of morbidity and non-relapse-related 
mortality following allogeneic HSCT. In most patients, the first and 
most common site affected by GVHD is the skin. 

GvHD has classically been divided into acute and chronic based 
on time of onset: 

e aGvHD - disease presenting within the first 100 days of HSCT. 
¢ cGvHD - disease onset after 100 days of HSCT. 

However, clinicians now prefer to define acute and chronic GVHD 
based on the distinctive clinical features of these diseases rather 
than a specific time point post-transplant. An overlap syndrome 
for GvHD is also included in the National Institutes of Health 
(NIH) consensus diagnostic criteria [5] in which clinical features of 
both aGvHD and and cGvHD appear together. This is sometimes 
referred to as ‘acute on chronic’ GvHD. More recently the term 
‘progressive GVHD” has been coined where aGvHD leads rapidly 
to cGvHD [6]. 

For patients being treated for haematological malignancy, min- 
imising the GVHD without compromising the graft-versus-tumour 
(also known as graft-versus-leukaemia, GVL) effect remains the 
focus of active research [7,8]. 


Epidemiology 


Incidence and prevalence 

Approximately 10-80% of HSCT recipients will develop aGvHD, 
depending on the risk factors present [9]. Large retrospective 
registry studies show recipient HLA mismatching and the use of 
unrelated donors confers a greater risk of aGVHD, as does gender 
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mismatch, relative risk (RR 2) of developing grade 2-4 aGvHD [10], 
total body irradiation (RR 1.4) [11] and older recipient age (age over 
40 years; RR 1.4) [11]. 

The 5-year cumulative incidence of cGvHD in long-term sur- 
vivors varies from 9 to 80% [1,12]. However, estimates of incidence 
are somewhat unreliable due to variation in diagnostic criteria. 
Particular risk factors include gender mismatch between recipient 
and donor and older recipient and donor age, donor alloimmuni- 
sation (e.g. previous pregnancy or transfusions), history of a¢vHD 
and the administration of donor lymphocyte infusions following 
allograft [13] and Epstein-Barr virus donor seropositivity [14]. 
GvHD prophylaxis with oral tacrolimus or methotrexate reduces 
the risk of cGvHD (hazard ratio [HR] 0.35) [9,15], as does the use 
of reduced intensity conditioning — the reduction in RR depends on 
the underlying disease and source of stem cells [16]. 


Pathophysiology 
Predisposing factors 


Acute graft-versus-host disease 

The pathophysiology of aGvHD is well understood and has been 

elucidated using animal models [17,18], supported by some experi- 

mental human studies [19,20]. It is likely that aGVHD arises from a 

three-stage process: 

1 First, toxicity from conditioning chemotherapy or radiotherapy 
causes tissue damage in the host, resulting in the release of 
numerous inflammatory cytokines. 

2 Second, mature donor lymphocytes from the graft are recruited 
by these cytokines, leading to their activation and proliferation 
when contact is made with host and donor antigen-presenting 
cells (APCs) expressing disparate host antigens such as minor his- 
tocompatibility antigens (MiHC). 

3 Third, alloreactive T cells expand to form cytotoxic effector T cells 
that, in turn, induce further tissue injury and release more inflam- 
matory cytokines. 

The transplant conditioning regimen used, pre-existing innate 
immune system defects and GI microbiome all influence aGvHD 

pathophysiology [21,22,23]. 


Chronic graft-versus-host disease 

The pathogenesis of cGvHD has become more clearly understood 
over the last 5 years, using a combination of mouse model studies 
and corroborative clinical research [24,25,26]. With the wide spec- 
trum of clinical cGvHD phenotypes and the numerous predisposing 
factors, it is unsurprising that a complex, multistep immune basis is 
emerging, involving early tissue damage, dysregulated immunity 
and anomalous tissue repair with fibrosis. 

First, early tissue / endothelial cell damage results from condition- 
ing therapies, aGVHD and body irradiation [26,27]. Mature naive 
donor T lymphocytes (antigen-inexperienced) contribute to tissue 
damage of the thymus causing thymic disruption. Graft-derived 
precursor T cells (lymphoid progenitor cells) that migrate to the 
recipient bone marrow also play a role in immune dysregulation. 


The thymic disruption enables autoreactive (against donor antigens) 
and alloreactive Th17 cell production. 

In addition, donor-derived B cells also play a role in cGvHD 
pathogenesis, triggering further auto- and alloantibody production. 
The interest in a role for B cells was first sparked by the clinical 
observations that cGvHD phenotypes can resemble B-cell-mediated 
autoimmune disease such as scleroderma and Sjégren syndrome 
[28]. Elevated levels of B-cell activating factor (BAF) cytokines have 
been detected in cGvHD patient serum [29], and GVHD cannot be 
induced in B-cell-depleted mice [30]. Furthermore, reduced periph- 
eral regulatory T cells (Iregs) due to thymic damage and exogenous 
calcineurin inhibitors reduce immune tolerance. 

Damage of endothelial cells (that act as a barrier between donor 
and host cells) allows donor cells to migrate to organs. Macrophage 
transforming growth factor (TGF) production (innate immune sys- 
tem activation), stimulated further by the auto- and alloreactive anti- 
bodies, in turn activates fibroblast and aberrant collagen production. 
Hence end-organ fibrosis is found, leading to the clinical manifesta- 
tions of GVHD [31,32]. 


Pathology 

For aGvHD, skin histopathology shows a lichenoid inflamma- 
tory process with a linear arrangement of lymphocytes along the 
basement membrane zone. The hallmark change, although not 
pathognomonic, is satellite cell necrosis consisting of apoptotic 
keratinocytes with tightly associated lymphocytes seen in the epi- 
dermis and associated interface vacuolar change. Histology can be 
indistinguishable from a lichenoid drug eruption (Figure 38.1). 

The cutaneous histological changes have been graded for sever- 
ity (Table 38.1), although cutaneous biopsy is not useful in predict- 
ing either clinical severity or outcome [34]. Less severe histological 
grades may be impossible to differentiate from drug-induced reac- 
tions. Scattered eosinophils are found both in drug reactions and in 
GvHD and only a very high number of eosinophils (16 per 10 high- 
power fields) excludes GvHD [35]. 


Figure 38.1 Skin histology of acute graft-versus-host disease. Courtesy of Dr Eduardo 
Calonje, King’s College Hospital, London, UK. 


Acute graft-versus-host disease 


Table 38.1 Histological grading of severity of acute graft-versus-host disease. 


Histological severity Description 


Grade | Basal cell vacuolation with or without mononuclear cell 
infiltration 

Grade Il Solitary epidermal cell necrosis, surrounded by 
mononuclear cells 

Grade Ill Regional epidermal cell necrosis with bullae 

Grade IV Complete dermal and epidermal separation 


Adapted from Pintar 2007 [33]. Reproduced with permission of Thieme. 


Now validated panels of immunohistological biomarkers to 
diagnose GvHD and to predict response to treatment are emerging 
[36], and this remains an area of active research [37,38]. Prognostic 
biomarkers include elafin, a keratinocyte-derived protein, which 
is overexpressed in the skin in cutaneous GVHD [39]. Also, ST2 
(suppression of tumorigenicity 2), an interleukin-1 receptor family 
protein, may predict response to treatment in aGvHD patients [40]. 
Regenerating islet-derived 3-0 (REG3q) levels are raised in patients 
with gut GvHD [41]. 

In cGvHD, histological changes depend on the type of skin 
involvement, which may be lichenoid or resemble scleroderma. 
Lichenoid cGvHD histology has hyperkeratosis, hypergranulo- 
sis, acanthosis, saw-toothed rete ridges, interface dermatitis and 
dyskeratotic keratinocytes. Periadnexal, particularly peri-eccrine, 
inflammation may be evident (Figure 38.2). 

Of the sclerotic lesions of cGvHD, lichen sclerosus-like lesions 
show epidermal atrophy, oedema and homogenisation of collagen 
in the superficial dermis (Figure 38.3). Morphoeaform lesions show 
thickened dermal collagen fibre bundles with loss of adnexal struc- 
tures and often no epidermal change. There may be involvement 
of the fat with thickened septae and lymphocytic infiltrate at the 
border between dermis and subcutis. 


Figure 38.2 Skin histology of chronic lichenoid graft-versus-host disease. Courtesy of Dr 
Eduardo Calonje, King’s College Hospital, London, UK. 


Figure 38.3 Skin histology of chronic sclerodermoid graft-versus-host disease. Courtesy 
of Dr J.R. Salisbury, King’s College Hospital, UK. 


Acute graft-versus-hc 


Clinical features 


History 

aGvHD often occurs 2-4 weeks after HSCT but can present any 
time after transplantation. Hence aGvHD onset can be classic (onset 
<100 days post-HSCT), late (>100 days post-HSCT), recurrent or 
persistent [24]. Pruritus or a burning sensation can precede the skin 
eruption. Patients may report oral or genital ulceration. Profuse 
diarrhoea points to GI tract involvement, as do symptoms of nausea, 
anorexia, vomiting and abdominal pain. Cholestatic symptoms of 
pale urine, dark stools and right upper quadrant tenderness may 
also be reported. 


Presentation 

Typically, red blanching macules develop on the palms, soles 
(Figure 38.4) or ears. The eruption may appear photoaggravated in 
distribution affecting the neck (Figure 38.5a,b), upper back and face 
or it may be folliculocentric. 

As aGvHD evolves, lesions become more confluent with a mor- 
billiform appearance. In severe cases, there may be generalised 
erythroderma (Figure 38.5c), bullae and extensive Nikolsky 
sign-positive epidermal skin loss with a toxic epidermal necrolysis- 
like picture. 

Orally, xerostoma, redness and ulcers occur but may be difficult 
to distinguish from chemotherapy-induced mucositis [18]. 


Differential diagnosis 
The differential diagnosis includes adverse drug reaction, viral 
exanthem and engraftment syndrome. 
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Figure 38.4 Clinical features of acute graft-versus-host disease: (a) acute palmar 
erythema; and (b) plantar erythema. 


Classification of severity 

The validated Glucksberg staging system is the one used most often; 
the extent of cutaneous involvement, liver and GI involvement are 
assessed and used to give an overall severity (grade) of aGvHD 
(Table 38.2 and Box 38.1). 


Figure 38.5 Clinical features of acute graft-versus-host disease: (a) morbilliform 
exanthem with photoexposed accentuation; (b) morbilliform exanthema with 
telangiectasia in close-up; and (c) confluent erythroderma. 


Table 38.2 Severity grading of acute graft-versus-host disease, Glucksberg score. 


Organ Stage Description 


Skin Maculopapular rash over <25% of body area 

Maculopapular rash over 25-50% of body area 

Generalised erythroderma 

Generalised erythroderma with bullous 
formation and often with desquamation 

Bilirubin 2.0-3.0 mg/dL; SGOT 150-750 IU 

Bilirubin 3.1-6.0 mg/dL 

Bilirubin 6.1-15.0 mg/dL 

Bilirubin >15.0 mg/dL 

Diarrhoea >30 mL/kg or >500 mL/day 

Diarrhoea >60 mL/kg or > 1000 mL/day 

Diarrhoea >90 mL/kg or >1500 mL/day 

Diarrhoea >90 mL/kg or >2000 mL/day; or 
severe abdominal pain with or without ileus 


BRWN 


Liver 


Gut 


BWN>BRWN 


Adapted from Glucksberg et a/. 1974 [42], modified from Thomas et a/. 1975 [43]. With 
permission from LWW/Massachusetts Medical Society. 

Glucksberg grade: 

| — Stage 1 or 2 skin involvement; no liver or gut involvement; ECOG PS 0. 

ll — Stage 1-3 skin involvement; grade 1 liver or gut involvement; ECOG PS 1. 

Ill — Stage 2 or 3 skin, liver or gut involvement; ECOG PS 2. 

IV — Stage 1-4 skin involvement; stage 2-4 liver or gut involvement; ECOG PS 3. 

ECOG, Eastern Cooperative Oncology Group; PS, performance status; SGOT, serum 
glutamic oxaloacetic transaminase. 


Complications and co-morbidities 
Oral ulceration and diarrhoea can lead to weight loss and dehydra- 
tion. Skin erosions can lead to secondary infection. 


Box 38.1 International Bone Marrow Transplant 
Registry (IBMTR) severity index for acute 
graft-versus-host disease 


The severity is the highest level that the patient reaches based on 
separate skin, liver and gastrointestinal staging. 


A - Stage 1 skin involvement; no liver or gut involvement 

B - Stage 2 skin involvement; stage 1-2 gut or liver involvement 
C - Stage 3 skin, liver or gut involvement 

D - Stage 4 skin, liver or gut involvement 


Disease course and prognosis 

The severity grade of GvHD correlates with overall survival. The 
transplant-related mortality rates for grades 0-IV aGVHD are 28%, 
27%, 43%, 68% and 92%, respectively [45]. 


Investigations 

Diagnosis of acute cutaneous GVHD can be challenging and is 
based on clinical findings. A 4mm skin biopsy sent for haema- 
toxylin and eosin (H&E) staining can lend support to clinical signs 
but there are no pathognomonic features. Studies suggest that 
performing a skin biopsy does not alter whether aGVHD treatment 
is instigated or not [46]. A peripheral eosinophilia may be present. 
Serum biomarkers are not routinely measured in clinical practice, 
but compelling research suggests panels of biomarkers will assist 
diagnosis and predict treatment response in GVHD [36]. Elafin, 
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an elastase inhibitor, is validated as a cutaneous GVHD predictive 
biomarker [39]. The Mount Sinai GVHD International Consortium 
(MAGIC) has validated an algorithm biomarkers panel combining 
two GI biomarkers (ST2 and REG3a) that predict GVHD severity 
and treatment response. 


Management 

There are few randomised controlled trials of the management of 
aGvHD and patients should be included in trial protocols wher- 
ever possible. Patients with grade 1 disease do not usually require 
systemic treatment. For grade 1 aGvHD confined to the skin (less 
than 50% body surface area (BSA) affected), topical corticosteroid 
and emollient therapy is recommended [2] (Table 38.3) along with 
optimisation of ongoing prophylactic GVHD immunosuppression 
(e.g. ensuring therapeutic levels of ciclosporin). Adjunctive antihis- 
tamine therapy can help for patients with itch. Topical tacrolimus 
ointment may be useful in refractory grade 1 aGvHD, but this is not 
a licensed indication [2]. 

In addition to the measures for grade 1 aGvHD, patients with 
grade 2-4 GVHD (>50% BSA skin affected, with or without liver 
and GI involvement), require systemic glucocorticoid therapy. 
Although dosing and treatment schedules vary, in the UK 1 mg/kg 
oral prednisolone is considered first line therapy for grade 2 
aGvHD, and 2 mg/kg intravenous methylprednisolone for grade 
3-4 disease [2] (Figure 38.6). In responsive patients, this dose may 
be continued for several weeks and tapered over several months. 
The minimally absorbable glucocorticoid beclomethasone may be 
added for patients with GI involvement in whom infection, such as 
with cytomegalovirus, has been ruled out. Patients with no clinical 
improvement or worsening of GvHD signs are considered steroid 
non-responsive after 7 days and second line therapies should be 
instigated in consultation with a haematologist. 


Treatment ladder for Stage 2-4 aGvHD [2] 


First line 

¢ Corticosteroids, e.g. prednisolone 1 mg/kg oral or IV 

¢ Oral calcineurin inhibitors (ciclosporin or tacrolimus), dose 
optimisation 


Second line 

e Extracorporeal photopheresis (the only commissioned second 
line treatment in the UK) 

¢ Mycophenolate mofetil 

e mTOR inhibitors, e.g. sirolimus 


Third line 

¢ Mesenchymal stromal cells 
e Alemtuzumab 

e Pentostatin 


Future treatments/trials 

e T-regulatory adoptive immunotherapy strategies 
Itolizumab anti-CD6 [47] 

Bortezomib, a proteosome inhibitor 

e¢ Maraviroc CCR5 antagonist 
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Table 38.3 Topical corticosteroid therapy recommended for grade 1 acute graft-versus-host disease. Generally, a lower steroid usage is recommended in children. Dermatology 
supervision is advised when using potent steroids on the face. Side effects: prolonged use of topical steroids can thin skin and may cause redness, striae and dyspigmentation. If more 
than 50g of very potent steroid is used per week, sufficient steroid may be absorbed through the skin to result in adrenal gland suppression or cushingoid features. Occlusion of 
steroids will enhance absorption and it is possible that larger amounts of weaker steroids may have the same effect. 


Moderately potent, 
e.g. Eumovate 


Mildly potent, 


Steroid strength Very potent, e.g. Dermovate Potent, e.g. Betnovate 0.1% e.g. 1% hydrocortisone 
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Face Should generally be avoided. Use twice daily Twice daily Twice daily Twice daily 
4-12 weeks 6-12 months Long-term use acceptable 
Body Twice daily Twice daily 
4-12 weeks Long-term therapy may be appropriate 


Palms and soles Twice daily 
May be used under occlusion to enhance efficacy 


Long-term therapy may be appropriate 


Adapted from Dignan et a/. 2012 [1]. Reproduced with permission of John Wiley & Sons Ltd. 


Second line therapies include mycophenolate mofetil (small 
prospective studies suggest 50-65% efficacy in steroid-resistant 
aGvHD [48]), and extracorporeal photopheresis (ECP). ECP 
involves collection, by apheresis, of autologous peripheral lym- 
phocytes that are incubated with 8-methoxypsoralen, ultraviolet 
A-irradiated and then reinfused. The mechanism of action of 
ECP is unclear but mouse model studies suggest it may down- 
regulate activated T-cell clones and increase Tregs. There are few 
studies analysing the efficacy of ECP in aGvHD. One prospec- 
tive non-randomised study suggests complete response in 82% 
of patients with cutaneous aGvHD and 62% with GI or liver 
involvement [49]. Etanercept is a recombinant human tumour 
necrosis factor (TNF)-« receptor fusion protein. TNF-a is frequently 
implicated in the evolution of GVHD but no comparative data for 
efficacy of anti-TNF therapies such as infliximab and etanercept are 
available [50]. 

The mTOR inhibitor sirolimus and anti-IL-22 receptor antibodies 
have also been used. Third line therapies include alemtuzumab 
(a humanised monoclonal anti-CD52 antibody), pentostatin 
(a purine analogue) and mesenchymal stromal cells (MSCs). MSCs 
are bone marrow derived cells that can differentiate into mesenchy- 
mal lineage cells and increase numbers of CD4+/CD25+ /FOXP3+ 
regulatory T cells. Ex vivo expanded, unmatched MSCs can be 
used to treat steroid-resistant acute gut GVHD and are particularly 
used in paediatric patients [51]. Numerous trials are underway to 
identify targeted aGVHD therapies, such as itolizumab, an anti-CD6 
agent showing promising phase 1 results [47]. 


Chronic graft-versus-host d 


Clinical features 


History 

Chronic GVHD was historically defined as occurring more than 
100 days post-HSCT. However, classical cGvHD can present before 
100 days. Chronic GVHD can occur de novo (no prior aGvHD), be 
termed quiescent (occurring after a period of aGvHD inactivity 
or resolution) or progressive (aGVHD evolving into cGvHD) [6]. 
The skin is the most common site involved, followed by mucosa, 


Long-term therapy may be appropriate 


but virtually any organ can be affected. Patients can report the 
insidious onset of dry, tight or itchy skin. It is important to ask 
about ocular discomfort and dryness as well as oral discomfort, 
often noted after eating spicy foods or using toothpaste. Patients 
may be hesitant to report genital symptoms such as vulvovagi- 
nal dryness, itch and discomfort without direct questioning. GI 
symptoms of nausea, diarrhoea and vomiting, respiratory symp- 
toms of shortness of breath (where infection has been excluded) 
and musculoskeletal symptoms, including muscle weakness and 
limited range of movement, are important in this multisystem 
disease [52]. 


Presentation 

The NIH Consensus project has defined the cutaneous and extra- 
cutaneous diagnostic criteria for cGvHD [5]. The skin features 
considered diagnostic are lichen planus-like lesions on the skin 
(Figure 38.7) or in the mouth (Figure 38.8a,b), sclerotic skin 
lesions and poikiloderma. Other distinctive associated clinical 
signs (not sufficient alone to make the diagnosis) include skin 
dyspigmentation, nail dystrophy (Figure 38.8c), alopecia, oral 
ulceration, mucoceles and xerostomia, keratoconjunctiva sicca and 
myositis. 

Skin changes may be sclerotic or non-sclerotic and have tra- 
ditionally been classified as lichen planus-like (lichenoid) or 
scleroderma-like (sclerodermoid) (Figures 38.9 and 38.10). In prac- 
tice, a combination of lichen-planus like violaceous papules (that 
can be folliculocentric), sclerodermatous and poikilodermatous 
change is often seen, along with deep fascial involvement that 
can lead to contractures developing. With dermal involvement, 
a rippled cellulite appearance on thighs and upper arms can be 
seen, resembling eosinophilic fasciitis. ‘Grooving’ of the skin along 
the path of superficial vessels or between fascial planes can be 
observed [53]. In addition, lichen sclerosus-like guttate hypopig- 
mented atrophic plaques can be seen (when fibrosis is limited to 
the papillary dermis) and nummular morphoea-like plaques (when 
dermal fibrosis has occurred). Morphoea-like plaques exhibit an 
isomorphic response localising to sites of pressure or trauma such 
as the waistband, brassiere line or previous Hickman line sites 
[53]. Non-sclerotic (epidermal) manifestations also occur including 
eczema-like variants (eczematoid) [54]; papulosquamous, pityriasis 
rubra pilaris-like, exfoliative and keratosis pilaris-like presentations 
have been reported [55]. 
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GvHD diagnosis and 
grading 


Grade II Grade III-IV 


Optimise CSA level 
Maximise topical 
agents 


Commence 1 mg/kg Commence IV 
corticosteroids — oral/IV methylprednisolone 


2 mg/kg 


Optimise CSA level Optimise CSA level 
and Maximise topical and Maximise topical 
agents agents 
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Treat according to 
trial protocol if 
available 


First line treatment options 


Optimise 2 mg/kg IV 
ciclosporin A levels methylprednisolone 


Skin: topical agents 
Gut: non-absorbable 
corticosteroids 


If no improvement 
within 5 days or 
progression within 
72 h add second line 


Second line treatment options agent 


Sirolimus 


Third line treatment options 


Mesenchymal stem 


ae Alemtuzumab Pentostatin 


Figure 38.6 (a) Treatment algorithm summarising initial treatment of acute graft-versus-host disease (GvHD). CSA, ciclosporin. Adapted from Dignan et a/. 2012 [1]. Reproduced with 
permission of John Wiley & Sons Ltd. (b) Treatment algorithm for grade IIIHV acute graft-versus-host disease (aGVHD) (third-line agents). CSA, ciclosporin; ECP, extracorporeal 
photopheresis; IL-2, interleukin 2; TNF, tumour necrosis factor; mTOR, mammalian target of rapamycin; MMF, mycophenolate mofetil. Adapted from Dignan et a/. 2012 [1]. Updated 
according to Treatments for GvHD following haematopoietic stem cell transplantation Clinical Commissioning policy 2017 (see resources). With thanks to Keya Downward. 


Figure 38.7 Clinical features of lichenoid chronic graft-versus-host disease. Lichenoid 
skin change accentuated on the flanks, along the waistband site. 


(c) 


Figure 38.8 Clinical features of lichenoid chronic graft-versus-host disease (CGVHD). 
(a) Oral CGVHD with lichenoid buccal change and hyperkeratosis along the bite line. 
(b) Lichenoid change and ulceration of the tongue. (c) Lichenoid nail changes of cGvHD. 


Figure 38.9 Clinical features of chronic sclerodermoid graft-versus-host disease (GvHD). 
Chronic GvHD showing extensive sclerodermoid changes of the legs with orange 
peel-like change, woody induration of the skin and venous guttering. Courtesy of Dr F. 
Child, St John’s Institute of Dermatology, London, UK. 


Mucosal signs include oral mucoceles and Wickham striae on the 
lips and buccal mucosa. Minor and major salivary gland damage can 
result in xerostomia and dental caries [56]. Hence, a systematic oral 
examination is essential. Genital involvement can lead to vulvovagi- 
nal stenosis, labial fusion and resorption and, in men, scarring on the 
prepuce and glans penis. 

In addition, there may be scarring or non-scarring alopecia and 
nail changes including dystrophy, anonychia and pterygium. 

A multidisciplinary team approach is essential to carefully 
assess for extracutaneous manifestations including GI, hepatic, 
respiratory and cardiac and musculoskeletal involvement. 


Summary of clinical variants of chronic graft-versus-host 
disease 


Cutaneous features: 
1 Sclerotic: 
¢ Sclerodermoid, deep sclerosis /eosinophilic fasciitis-like. 
e Lichen sclerosus-like. 
¢ Morphoeaform. 
2 Lichenoid. 
3 Epidermal —- eczematoid, papulosquamous, PRP-like (single 
report). 
4 Associated features: 
¢ Oral lesions — lichenoid, microstomia, mucoceles, sicca symp- 
toms, oral verruciform xanthoma (rare). 
e Hair — scarring or non-scarring alopecia. 
¢ Nails — dystrophy, anonychia, pterygium. 
¢ Ocular and genital mucosa — erosions, pain, lichen planus-like 
or lichen sclerosus-like lesions. 


(a) 


Figure 38.10 Clinical features of chronic sclerodermoid 
graft-versus-host disease (GVHD). (a, b) Chronic GVHD showing 
extensive sclerodermoid changes. (c) Chronic GVHD showing 
extensive sclerodermoid changes with discoid lupus-like change 
on the chest. (d) Peau d’orange changes on the legs. Courtesy of 
Tanya Basu. 


Extracutaneous features: 
Extracutaneous manifestations: 

e Liver. 

° GI. 

e Lung. 

¢ Musculoskeletal (fasciitis, myositis). 
Other, e.g. demyelination. 


Differential diagnosis 
The differential includes drug-induced lichenoid eruptions, 
radiation-induced fibrosis and skin sclerosis and morphoea. 


Classification of severity 

Several systems for grading the severity of cGvHD have been 
developed. The validated NIH Consensus criteria for cGvHD are 
the most widely used (Table 38.4). The score includes the number 
and sites involved and the severity within each affected organ. 
Using these scores, an overall grade of mild, moderate or severe can 
be made. It is important to carefully assess the extent of cutaneous 
and mucous membrane involvement in a systematic way [52], and 


38.9 
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(d) 


to allow accurate staging, every 3 months, so response to treatment 
can be gauged. 


Complications and co-morbidities 

Sclerotic disease and fascial contractures can cause severe limita- 
tion of movement and disability along with other issues such as 
difficult venous access. Dyspigmentation and poikiloderma can 
cause profound changes of appearance. The psychological burden 
of cGvHD and its impact on quality of life can be underestimated 
in patients who have already had to cope with the impact of 
malignancy and allogeneic transplant [57]. 


Disease course and prognosis 

Chronic GvHD is the major cause of mortality and morbidity in 
long-term survivors of HSCT. Severity grading predicts prognosis 
[58]. Chronic GVHD is associated with a higher treatment-related 
mortality post-allogeneic transplant (RR 1.8-2.8, 95% CI 1.3-4.1) 
despite a slightly lower rate of disease relapse (RR 0.5-0.6; 95% 
CI 0.3-1.0) [59]. Overall survival at 2 years was 97, 86 and 62% 
for patients with mild, moderate and severe cGvHD, respec- 
tively [59]. 
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Table 38.4 Severity grading of chronic graft-versus-host disease, National Institutes of Health (NIH) score. 
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Score 0 


Score 1 


Score 2 


Score 3 


Performance score (ECOG, KPS 
or LPS) 


Skin — clinical features: 
Maculopapular rash, lichen 
planus-like, papulosquamous or 
ichthyotic, hyperpigmentation, 
hypopigmentation, keratosis 
pilaris, redness, poikiloderma, 
erythroderma, sclerotic pruritus, 
hair involvement, nail involvement 

Mouth 


Eyes 


Gl tract 


Liver 


Lungs 


Joint/fascia 


Genital tract 


Asymptomatic and 
fully active 
(ECOG 0, KPS 
or LPS 100%) 

No symptoms 


No symptoms 


No symptoms 


No symptoms 


Normal LFT 


No symptoms 


No symptoms 


No symptoms 


Symptomatic, fully ambulatory, 
restricted only in physical 
strenuous activity (ECOG 1, 
KPS or LPS) 

<18% BSA and no sclerotic 
features 


Mild signs/symptoms not limiting 
oral intake significantly 

Mild dry-eye symptoms (using eye 
drops <x3/day) or 
asymptomatic but signs of 
keratoconjunctivitis sicca 


Symptoms (dysphagia, anorexia, 
nausea, vomiting, abdominal 
pain, diarrhoea) without 
significant weight loss (<5%) 


Elevated BR, AST or 
ALP <2 x ULN 

Mild symptoms (SOB after 1 flight 
of steps); FEV, 60-79% 
or LFS 2 

Mild tightness of limbs, mildly 
decreased ROM not affecting 
ADL 


Symptomatic with mild signs and 
no effect on coitus/minimal 
discomfort on examination 


Adapted from Filipovitch et a/. 2005 [5]. Reproduced with permission of Elsevier. 

Based upon this information, the overall severity is scored as mild, moderate or severe: 

e Mild — involves two or fewer organs/sites with no clinically significant functional impairment. 
¢ Moderate — involves three or more organs/sites with no clinically significant functional impairment or at least one organ/site with clinically significant functional impairment, but no 


major disability. 


© Severe — major disability caused by chronic GvHD. 
ADL, activities of daily living; ALP, alkaline phosphatase; AST, aspartate aminotransferase; BR, bilirubin; BSA, body surface area affected; ECOG, Eastern Cooperative Oncology Group; 
FEV,, forced expiratory volume in 1 second; Gl, gastrointestinal; KPS, Karnofsky performance status; LFS, lung function score (includes FEV, and diffusion capacity of the lung for CO); 


Symptomatic, ambulatory, 
capable of self-care, >50% of 
waking hours out of bed 
(ECOG 2, KPS or LPS 60-70%) 

19-50% BSA or superficial 
sclerotic features (able to 
pinch) 


Moderate signs/symptoms with 
partial limitation of intake 

Moderate dry-eye symptoms, 
partially affected ADL (using 
eye drops >x3/day) or 
punctate plugs, no visual 
impairment 

Symptoms with 5-15% weight 
loss 


Elevated BR, AST or ALP 
2-5 x ULN 

Moderate symptoms (SOB 
walking on flat ground); FEV, 
40-59% or LFS 6-9 

Tightness of arms or legs or joint 
contractures, redness due to 
fasciitis, moderate reduction in 
ROM and mild—moderate 
limitation in ADL 

Symptomatic with moderate 
signs and mild dyspareunia or 
discomfort on examination 


Symptomatic, limited self-care, 
>50% of waking hours in bed 
(ECOG 3-4, KPS or LPS <60%) 


>50% BSA or deep sclerotic 
features ‘hidebound’/unable 
to pinch or impaired mobility, 
ulceration or severe pruritus 


Severe signs/symptoms with 
major limitation of oral intake 

Severe dry-eye symptoms, 
significantly affected ADL or 
unable to work or loss of 
vision 


Symptoms with >15% weight 
loss requiring nutritional 
supplement for most calorie 
needs or oesophageal 
dilatation 

BR or enzymes >5 x ULN 


Severe symptoms (SOB at rest or 
requiring supplemental O,); 
FEV1 <39% or LFS 10-12 

Contractures with significantly 
decreased ROM and 
significant limitation of ADL 


Symptomatic with advanced signs 
(strictures, labial agglutination 
or sever ulceration) and severe 
pain on coitus or inability to 
insert vaginal speculum 


LFT, liver function tests; LPS, Lansky performance status; ROM, range of motion; SOB, shortness of breath; ULN, upper limit of normal. 


Management 
Patients should be graded as mild, moderate or severe according 
to the NIH Consensus criteria and should be assessed for the 
involvement of other organs [1]. A multidisciplinary approach 
for patients with cGvHD is essential. Joint care coordinated by a 
dermatologist or haematologist with input from ophthalmology, 
gastroenterology, rheumatology and oral medicine, as well as 
physiotherapy and occupational therapy, is needed [1] (Table 38.3). 
Mild or localised cGvVHD may not require treatment. Topical 
corticosteroid therapy is useful in cutaneous cGvHD. If cutaneous 


disease is extensive or corticosteroid-resistant, there is a role for 
psoralen with ultraviolet A phototherapy (PUVA) [60]. 

In moderate or severe disease, 1 mg/kg oral prednisolone is first 
line treatment, often for 2 weeks then tapering to 0.5 mg/kg after 4-6 
weeks, though there are no set guidelines on corticosteroid taper- 
ing [1] (Figure 38.11). 

Second line treatment is considered if disease progresses despite 
1mg/kg prednisolone for 2 weeks or if corticosteroids cannot 
be tapered to 0.5mg/kg after 4-6 weeks. Ciclosporin use must 
be weighed against the risk of inducing relapse of malignancy 
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Diagnosis and staging 
of chronic GVHD 


Treat according to 


trial protocol if 


First line treatment options available 


1 mg/kg oral 
prednisolone 


Calcineurin inhibitor 


If GVHD is refractory 
or progresses, 
add second line agent 


Second line treatment options 


Figure 38.11 An algorithm to show treatment 
options in chronic graft-versus-host disease (GvHD) 


| | Rituximab | 


Imatinib 
(sclerodermoid skin, 


Ruxolitinib Pentostatin 
lung) 


to show first, second and third line treatment 
options. ECP, extracorporeal photopheresis; MMF, 


Third line treatment options 


mycophenolate mofetil; mTOR, mammalian target 


of rapamycin. Adapted from Dignan et a/. 2012 [1]. 
Updated according to Treatments for GVHD 
following haematopoietic stem cell transplantation 
Clinical Commissioning policy 2017 (see resources). 
With thanks to Keya Downward. 


| MMF | 


and infectious complications (e.g. driven by Epstein-Barr virus 
or cytomegalovirus). ECP is not immunosuppressive but evi- 
dence for its use in cGvHD remains limited. One prospective 
randomised controlled trial failed to reach its primary end point 
but showed a trend for clinical improvement at 12 weeks in patients 
with sclerodermoid GvHD treated with ECP [61]. Retrospective 
meta-analysis suggests ECP results in overall response rates of 
50-65% (approximately 30-35% complete) and approximately 
25-35% of patients were able to taper corticosteroid use signifi- 
cantly [62]. The REACHS clinical trial demonstrated efficacy of the 
Janus kinase (JAK1/JAK2) inhibitor ruxolitinib in glucocorticoid 
refractory or dependent cGvHD [63]. Other treatment options hold 
promise, including the small molecule tyrosine kinase inhibitor 
imatinib [64,65], and are outlined in the treatment algorithm 
provided here. 


Treatment ladder for moderate or severe cGvVHD 
[1] (Figure 38.11) 


First line 
¢ Corticosteroids, e.g. prednisolone 1 mg/kg oral or IV — no 
standardised tapering regimens 


Pulsed high-dose 
corticosteroids 


| Methotrexate | | Sirolimus | | Ibrutinib | 


¢ Oral calcineurin inhibitors — ciclosporin as a steroid sparing 
agent 


Second line 

e ECP 

e Rituximab 
Imatinib 

e¢ Ruxolitinib [63] 
e Pentostatin 


Third line 

¢ Mycophenolate mofetil 

Pulsed high-dose corticosteroids 
Methotrexate 

e Sirolimus 

e Ibrutinib, Bruton tyrosine kinase inhibitor [66] 


Others 

e Hydroxychloroquine, clofazemine, cyclophosphamide, 
alemtuzumab, anti-TNF antibodies, thalidomide, alefacept, 
retinoids, azathioprine, mesenchymal stem cells 


Future treatments/trials 
e Ixazomib, proteasome inhibitor [67] 
¢ Belumosudil, ROCK2 inhibitor [68] 
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Resources 


Further information 
Acute GVHD management guidelines: http: //onlinelibrary.wiley.com/doi/10.1111 /j 


.1365-2141.2012.09129.x/pdf. 


Chronic GvHD management guidelines: http://onlinelibrary.wiley.com/doi/10 


.1111/j.1365-2141.2012.09131.x/pdf. 


Clinical Commissioning policy: treatments for GvHD following haematopoietic stem 


cell transplantation. Reference: NHS England: 16069/P. 2017. 
https: / /www.england.nhs.uk/wp-content/uploads/2017/03/gvhd- 
heamatopoietic-stem-cell.pdf 


Patient resources 
Leukaemia and Lymphoma Society disease information: http://www.lls.org/ 


diseaseinformation/managingyourcancer /treatmentnextsteps/typesoftreatment/ 
stemcelltransplantation/graftvshostdisease / 


Cancer Research UK information site: https://www.cancerresearchuk.org /about- 


cancer /coping/physically/gvhd 


(All sites last accessed April 2022) 
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ASSESSMENT, INVESTIG 
MANAGEMENT OF ECZEN 
DISORDERS 


Eczema —_ | 


Definition and nomenclature 

Eczema, derived from the Greek word ‘e’kCepa’ meaning ‘to boil 
over’, is a clinical and histological pattern of inflammation of the 
skin seen in a variety of dermatoses with widely diverse aeti- 
ologies. Clinically, eczematous dermatoses are characterised by 
variable intensity of itching and soreness, and, in variable degrees, 
signs including dryness, redness, excoriation, exudation, fissuring, 
hyperkeratosis, lichenification, papulation, scaling and vesicula- 
tion. Histologically, the clinical signs are reflected by a range of 
epidermal changes including spongiosis (epidermal oedema) with 
varying degrees of acanthosis and hyperkeratosis, accompanied by 
a lymphohistiocytic infiltrate in the dermis. 

The terms ‘dermatitis’ and ‘eczema’ are synonymous, although 
some authors still use the term ‘dermatitis’ to include all types of 
cutaneous inflammation, so that all eczema is dermatitis, but not all 
dermatitis is eczema [1,2]. Some caution is required when using the 
term dermatitis, as some patients regard it as implying an occupa- 
tional cause. 


Introduction and general description 
Classification based on aetiology has been proposed and is a useful 
system where the cause is clear, for example patch test-proven 


allergic contact dermatitis. However, frequently the aetiology is 
unclear or, as in hand eczema, there are a number of probable con- 
tributing aetiologies. Morphology of the condition can be used as 
a classification like ‘nummular’ dermatitis (derived from the Latin 
‘nummus’ meaning ‘coin’). However, one morphological pattern of 
eczema can have a variety of causes. Pompholyx eczema can be 
due to atopy, irritant or allergic contact dermatitis. In addition, the 
morphology of an acute presentation, which tends to be oedema- 
tous and exudative (Figure 39.1a), may differ from chronic eczema, 
in which the predominant features are dryness, hyperkeratosis and 
lichenification (Figure 39.1b). 

The International Statistical Classification of Diseases and Related 
Health Problems 11th Revision (ICD-11) is moving towards a 
composite system based on aetiology, where known, and skin 
site (Box 39.1). Management of exogenous eczemas is to remove the 
cause, whereas endogenous eczemas more often require pharma- 
cological intervention. Disorders in which the predominant feature 
is lichenification are generally regarded as eczematous dermatoses 
and these are also included in this chapter. Eczema is a common 
cause of erythroderma and therefore this is also included. 

There remain cases of eczema that do not fit any of the described 
patterns [3]. These are not uncommon and have been termed 
‘unclassified eczema’ [4]. These patients may have a poor prog- 
nosis, with a tendency for the disease to become chronic. It is not 
unusual to see generalised, apparently endogenous, but otherwise 
unclassified eczema in the elderly [5]. 


Epidemiology 

Incidence and prevalence 

In 2010 a worldwide survey of skin disease found there were 
230 million cases of eczema with high disease burden [6], while in 
2017 dermatitis was found to be the leading skin disease worldwide 
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(b) 
Figure 39.1 (a) Acute eczema of the arm, with rednessa and marked exudation. (b) 
Chronic eczema of the arm. 


with the highest disability-adjusted life-years score [7]. A review of 
66 studies found hand eczema to have a lifetime risk of 14.5% and a 
1-year prevalence of 9.1% with a pooled incidence of 7.3 cases/1000 
person-years [8]. Head and neck dermatitis exists commonly, with 
atopic eczema affecting 50% of adults and 79% of children [9]. A 
meta-analysis of epidemiological studies of contact allergic der- 
matitis suggests 20% of subjects demonstrate at least one contact 
allergic reaction, with nickel being the most common allergen at 
11% followed by fragrances at 3.5% [10]. 

Consultations for eczema are a major part of the workload in pri- 
mary care. Horn [11] recorded the details of 6819 dermatological 
consultations in a UK general practice of 3000-4000 patients from 
1958 to 1985. Eczema patients formed the largest group (19% of the 
consultations). In a general practice in Belfast, 8% of patients seen 
during an 8-week period had a dermatological condition. Eczema 
accounted for 25% of these, of which 63% were considered to be 
exogenous in origin [12]. Barbarot et al. found adult eczema to have a 
point prevalence of 2.5% in the UK in 2018 [13]. In the UK, two-thirds 
of eczema cases are diagnosed in primary care, and half in primary 
care in Canada. In most other countries, dermatologists are mainly 
responsible for making the diagnosis. 


Box 39.1 Classification of the principal forms of 
eczema 


Exogenous eczemas 

e Allergic contact eczema (Chapter 127) 

¢ Dermatophytide 

e Eczematous polymorphic light eruption (Chapter 126) 
e Infective dermatitis 

e Irritant eczema (Chapter 128) 

¢ Photoallergic contact eczema (Chapter 126) 

e Post-traumatic eczema 


Endogenous eczemas 

e Asteatotic eczema 

e Atopic eczema (Chapter 41) 

¢ Chronic superficial scaly dermatitis 

e Eyelid eczema 

e Hand eczema 

¢ Juvenile plantar dermatosis 

¢ Metabolic eczema or eczema associated with systemic disease 
(Chapter 61) 

¢ Nummular dermatitis 

¢ Pityriasis alba 

¢ Seborrhoeic eczema 

e Venous eczema 


In the UK, eczema consultations account for 10% of the total 
secondary care dermatology caseload [14]. 


Age and sex 

Most cases of eczema in infants and young children are atopic. In 
the National Health and Nutrition Examination Survey (NHANES) 
epidemiological survey in the USA [15], atopic eczema was by far 
the most common form found up to the age of 11 years; nummular 
(discoid) and ‘dyshidrotic’ eczema were recorded, but were much 
less frequent. Perioral eczema is common in children with atopic 
eczema (Chapter 41), but it can also occur in non-atopic children. 
Hand eczema is common in atopic children and uncommon in 
non-atopic children. Several specific patterns of eczematous change 
are predominantly found in children; for example, juvenile plantar 
dermatosis and napkin dermatitis. 

Pompholyx and atopic eczema are less common in elderly people, 
while other forms of eczema assume greater importance. Nummu- 
lar dermatitis occurs particularly in elderly males in winter, and 
asteatotic eczema of the trunk and legs is also common. In older 
factory workers, irritant hand eczema can be very troublesome, 
although allergic contact dermatitis becomes less common with 
advancing age. The subject is discussed more fully in Chapter 127. 


Ethnicity 

Eczematous dermatoses are reported in all ethnic groups with vari- 
ations in clinical presentation in atopic eczema, but data are limited 
regarding ethnic differences for non-atopic eczema [16]. 


Associated dermatoses 
Atopic eczema is associated with some forms of non-atopic eczema- 
tous dermatoses, in particular hand eczema (Chapter 41). 
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Pathophysiology 

Eczema is a barrier dysfunction of skin. There has been considerable 
research on the pathogenesis of some types of eczema, particularly 
allergic contact dermatitis, primary irritant contact dermatitis and 
atopic eczema. One particular challenge in this research field has 
been distinguishing non-specific common pathways from specific 
mechanisms. The interaction of trigger factors, keratinocytes and 
T lymphocytes seems particularly important in most eczema types. 

Allergic contact dermatitis represents a reproducible model of 
eczema development [17], as discussed in Chapter 127. Eczema 
may also be provoked in a non-allergic manner, as in irritant contact 
dermatitis. Three predominant processes occurring in irritant der- 
matitis are disturbed barrier function, epidermal cell change and 
release of inflammatory mediators and cytokines. 

Certain irritants may provoke a chronic reaction in which an effect 
on epidermal cell turnover predominates, leading to lichenification, 
whereas in acute irritant reactions inflammatory mediator and 
cytokine release is similar to that seen in acute allergic contact der- 
matitis [18]. More recent studies suggest that even in acute settings 
differential gene expression for more allergic sensitising molecules 
is greater than for irritants, reflecting more inflammatory recruit- 
ment in allergic dermatitis and more cell turnover (lichenification) 
in irritancy [19]. 

After activation of the immune pathway by cytokine release, 
the accumulation of inflammatory cells progresses, leading to 
the morphological changes that are apparent histologically and 
clinically. The histological changes of primary irritant dermatitis are 
similar to those seen in allergic contact dermatitis, but they appear 
to proceed more quickly, depending on the concentration of the 
irritant used. Both intracellular and intercellular oedema are visible 
throughout the epidermis at 3-6 h, and within 24 h there may be 
epidermal necrosis, with cellular vacuolation and nuclear pyknosis. 
In severe forms, the primary epidermal damage may progress to 
subepidermal blister formation. 

Filaggrin is a 37 kDa intracellular protein that binds to and 
condenses the keratin cytoskeleton, resulting in squame forma- 
tion [20]. Loss-of-function mutations of the filaggrin gene result in 
impaired skin barrier function and are linked to atopic eczema and 
some subtypes of non-atopic eczema (including irritant and allergic 
contact dermatitis). The Th2 cytokines interleukin 4 (IL-4) and IL-13 
have been shown to downregulate filaggrin protein content within 
the skin and stratum corneum [21]. 


Predisposing factors 
These will be discussed in relation to each subtype of eczema in the 
relevant sections of this chapter. 


Pathology 

The histopathological features of eczema, in common with the 
clinical features, are variable, and depend particularly on whether 
the disease is acute or chronic [22-25]. 

In the acute phase (Figure 39.2a), the histological picture is 
dominated by spongiosis, an intercellular epidermal oedema that 
leads to stretching and eventual rupture of the intercellular attach- 
ments, with the formation of vesicles. The epidermal vesicles 
commonly occur in discrete foci, but on the thicker skin of palms 
and soles they tend to become large by coalescence. There is variable 
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Figure 39.2 (a) Acute eczema. The epidermis shows distinct vesicle formation. The 
vesicle contains serum, and a moderate number of inflammatory cells. Magnification 
100x (H&E). (b) Subacute eczema. There is irregular acanthosis and patchy spongiosis, 
with the formation of incipient microvesicles. A few lymphocytes are migrating up from 
the dermis into the epidermis. Magnification 100x (H&E). (c) Chronic lichenified eczema. 
There is compact hyperkeratosis, some patchy parakeratosis and irregular acanthosis. 
Mild spongiosis is seen throughout much of the epidermis, and there is a lymphocytic 
infiltrate in the upper dermis. Magnification 100x (H&E). Courtesy of Dr E. Calonje. 
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infiltration of the epidermis by lymphocytes. Increased epidermal 
mitotic activity leads to acanthosis but, if spongiosis is intense, 
disintegration of the suprapapillary epidermis may cause clefts to 
form. The intercellular oedema may be diffuse, but is commonly 
most intense in the mid-epidermal region. Loosening and disrup- 
tion of the individual cells occur and some intracellular vacuolation 
may be found, with displacement of the nucleus from the centre of 
the cell. Loose, shrunken epidermal cells may resemble histiocytes. 
Vesicles and the oedematous epidermis may be permeated by 
mononuclear cells, chiefly monocytes. 

In the subacute stage (Figure 39.2b), spongiosis and vesiculation 
diminish and increasing acanthosis is associated with the formation 
of a parakeratotic horny layer. This often contains layers of coagu- 
lated plasma and pyknotic nuclei of inflammatory cells. 

In chronic eczema (Figure 39.2c), hyperkeratosis gradually 
replaces parakeratosis. Acanthosis is more prominent than spongio- 
sis. Inflammatory cells are less evident in the epidermis, but dermal 
changes become more prominent. The rete ridges become elongated 
and broadened, and changes are then those of lichenification. 

Vascular dilatation in the dermis is marked in all stages. The 
papillary vessels are particularly involved, and in lichenification 
they may become tortuous. The infiltrate is predominantly lym- 
phohistiocytic, although polymorphs and eosinophils may be 
present in very acute eczema and eosinophils are particularly com- 
mon in eczematous drug eruptions. In the presence of infection, 
polymorphs may invade the epidermis. In grossly lichenified 
eczema, prurigo and exfoliative dermatitis, the infiltrate is mixed 
and may be so dense that it simulates a granuloma. 

The trauma of rubbing or scratching may cause superficial ero- 
sions, haemorrhage or subepidermal fibrinoid changes. Although 
some degree of lichenification is always present during a pro- 
longed attack of eczema, it is particularly prominent in atopic 
eczema. At times, extreme hyperkeratosis and papillomatosis 
develop. 

With secondary infection, the formation of follicular or subcorneal 
pustules can simulate the appearance of impetigo, although typical 
eczematous changes are still visible at the edges of the lesion. 

Although spongiosis and a dermal lymphohistiocytic infiltrate 
are always present at some stage in eczema, the dynamic nature of 
the changes and their modification by secondary events may make 
histological diagnosis difficult. All the changes mentioned, with 
the exception of the spongiotic vesicle, may also be found in burns 
or simple traumatic lesions of the skin. The distinction between 
eczema and psoriasis can be especially difficult, particularly on the 
palms and soles. The presence of more classic disease elsewhere in 
the body can help to distinguish the two as well as a reduction in 
granular layer thickness on histology in psoriasis compared with 
eczema. 

Seborrhoeic dermatitis is particularly difficult to distinguish from 
psoriasis, but the finding of Munro microabscesses is suggestive of 
the latter. It is generally true that cases which cause diagnostic dif- 
ficulty clinically often have equivocal histological appearance. The 
histological features of pityriasis rosea are those of eczema but the 
clinical features, particularly the distribution, are characteristic. 

Other modifications of the histopathological pattern in relation 
to different clinical subtypes of eczema are described later in this 
chapter. 


Causative organisms 
Most eczema subtypes are not thought to be primarily due to 
infection although they may be complicated by secondary bacterial 
or viral infection. The exception is infective dermatitis (see later 
in this chapter). Staphylococcal colonisation of the skin in atopic 
eczema and possible eczema exacerbation by staphylococcal toxin 
superantigen production are discussed in Chapter 41. 

The variety of skin commensals is reduced in eczematous skin and 
the predominance of Staphylococcus aureus and Malassezia species 
seems to be closely related with increased risk of eczema [26,27]. 


Genetics 

Filaggrin mutations are linked to hand eczema, irritant contact der- 
matitis and allergic contact dermatitis due to nickel and possibly 
other allergens [28]. 


Environmental factors 

Irritants and allergens may act as triggers for irritant contact 
dermatitis and allergic contact dermatitis, respectively. Irritants play 
a direct role in inducing inflammation through causing or exacer- 
bating barrier dysfuncton. Type IV allergens induce a cell-mediated 
response either local to the area of contact or systemically. Type I 
allergens induce a direct mast cell degranulation which initially 
causes an urticarial or anaphylactoid response. However, sustained 
exposure may lead to repeated excoriation and subsequent physical 
barrier dysfunction. 


Clinical features 

History 

The main symptom is pruritus, which may disturb sleep and other 
elements of quality of life and can affect family members profoundly 
as well. It is important to note occupation and recreational activi- 
ties because these may be relevant in terms of irritant and allergen 
exposures. Restrictions on life may affect compliance which may not 
always be volunteered [29]. 


Presentation 

Acute eczema presents as an itchy eruption that is typically 
oedematous, vesicular and may be exudative. The itch may precede 
any overt change in the skin. In chronic eczema, these features give 
way to a more stable picture of redness, scaling, excoriation and 
lichenification. The specific presentation of different subtypes of 
non-atopic eczema will be discussed in later sections of this chapter. 


Secondary dissemination. A characteristic feature of eczematous 
inflammation is its tendency to spread far from its point of origin 
and to become generalised [30]. This phenomenon is often termed 
autosensitisation or, more specifically, autoeczematisation [31]. 
Generalised spread is especially likely when the primary site of 
the eczema is on the legs or the feet. There is also a tendency for 
an eruption beginning on the feet to extend to the hands and vice 
versa. The eczema may have been present for only a few days, or 
for many years, before dissemination occurs. The dissemination, 
which is often preceded by an exacerbation at the primary site, 
often occurs rapidly. The secondary eruption may at first consist 
of small oedematous papules, but these soon become obviously 
eczematous and grouped papulovesicles may become confluent in 
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small plaques. Occasionally, the lesions take the form of red macules 
or weals. The distribution is usually symmetrical. 

The course of the secondary eruption depends largely on the 
progress of the primary lesion. If the primary lesion remains acutely 
inflamed, the eruption increases in severity and may become gen- 
eralised. If the patient is rested and the local lesion is allowed to 
settle, the secondary eruption will subside, but will often recur very 
readily if the local lesion relapses. In a small proportion of patients, 
the generalised secondary eruption evolves into erythroderma, 
which may become self-perpetuating. 

Causes of secondary dissemination have been explored more 
fully since this was first documented where those such as neuro- 
genic causes were suggested [32]. Reduced microbial resistance and 
consistent allergic or irritant reaction may go some way to explain 
this phenomenon, as well as T-cell activation by keratinocyte release 
of pro-inflammatory cytokines [33]. 


Conditioned hyperirritability. Here, an area of inflamed skin on 
one part of the body results in a generalised hyperirritability of the 
skin at distant sites. There is considerable evidence that eczematous 
patients are more vulnerable to mild primary irritants than are unaf- 
fected people. Conditioned hyperirritability seems to be associated 
with any focal inflammation of the skin, and it may explain some 
clinical phenomena such as the tendency for patients suffering from 
eczema, especially acute eczema, to have a higher proportion of 
false positive ‘irritant’ reactions to patch tests. The ‘angry back’ 
syndrome, in which a strongly positive patch test response can 
increase the percentage of false positive reactions on the back at the 
same time, is an example of this, as is the more common vesicular 
irritant reaction of atopic individuals to metallic patch test reagents 
like nickel, cobalt and dichromate. 

There may be several mechanisms underlying the dissemination 
of eczema and conditioned hyperirritability. Circulating activated T 
lymphocytes are increased in number [34,35]. In addition, periph- 
eral blood mononuclear cells show increased proliferation in the 
presence of an autologous skin homogenate as compared with con- 
trol subjects. This suggests that an abnormal cell-mediated immune 
response against autologous skin antigens could be occurring 
[36,37]. 


Differential diagnosis 
This will be discussed in relation to each non-atopic eczema subtype 
covered later in this chapter. 


Classification of severity 

There are relatively few classifications available for non-atopic 
eczema. Many disease scores are being developed for body sites, 
particularly the hands, but none is yet commonly used. However, 
the dermatology life quality index (DLQI) can be applied to any 
skin condition [38]. 


Complications and co-morbidities 

A reduction in skin barrier function increases the risk of both 
bacterial and viral secondary skin infection. However, eczema 
herpeticum is linked primarily to atopic eczema and filaggrin 
mutations (Chapter 41). 


39.5 


Disease course and prognosis 

Eczema follows a chronic, relapsing, remitting course. Issues 
specific to each non-atopic eczema subtype will be covered later in 
this chapter. 


Investigations 

Most cases of eczema can be diagnosed clinically. The presence of 
wheeze and other atopic personal and family history help distin- 
guish atopic eczema from other types and predict disease longevity 
and severity [39]. Secondary infection can be confirmed by taking 
swabs for culture and sensitivity to identify the causative organism. 
When dermatophyte infection is suspected, a potassium hydroxide 
preparation should be examined or scrapings sent to a laboratory for 
microscopy and culture. Microscopy, or dermoscopic examination of 
the skin, can also be helpful to confirm a diagnosis of scabies, which 
is easy to miss in a patient with pre-existing eczema. Biopsy can 
occasionally be helpful in confirming the eczematous nature of the 
eruption, and immunofluorescence can help identify less common 
conditions such as dermatitis herpetiformis or, in older patients, a 
non-bullous presentation of bullous pemphigoid. 


Patch testing in eczema [40-42] 

Routine use of patch testing is not indicated for typical presenta- 
tions of endogenous eczema such as atopic eczema, pityriasis alba 
and seborrhoeic eczema. This investigation is much more important 
in atypical, localised or asymmetrical eruptions, and especially in 
dermatitis affecting the face, hands and feet [42] or when resistant 
to standard treatment [43]. Contact dermatitis can also mimic other 
dermatoses like lichen planus. 

In apparently endogenous eczema the threshold for patch testing 
should still be low. Sensitisation commonly develops to topical 
medicaments, prescribed or self-administered, and this may exac- 
erbate the eruption. Sometimes, topical remedies are concealed or 
forgotten by the patient, or the reaction they cause is partially sup- 
pressed by the concomitant use of topical corticosteroids. At other 
times, an unexpected positive test points to a ‘hidden’ or obscure 
cause, for example fragrances, preservatives, excipients, epoxys or 
rubber accelerators. Such substances are commonly encountered 
in the environment and in topical medication. Corticosteroids are 
particularly troublesome if they are the cause of the allergy as they 
suppress their own immune reaction and cross-react in a complex 
manner [44]. 

Additional battery tests are available as well as the standard. 
Knowing the allergens on additional batteries is more important 
than the batteries themselves. In many cases, treatment failure 
with topicals will warrant testing to topical corticosteroids and 
medicament excipients and preservatives. Day 7 readings may be 
necessary if topical corticosteroids are suspected. The observer 
must be wary of false positive, irritant reactions, especially in the 
context of conditioned hyperirritability [45]. For this reason it is 
always wise to allow the acute phase of eczema to subside before 
patch testing is carried out, or to repeat any positive tests when it 
has done so. If a contact urticaria is thought to be occurring, the 
patch tests should be read at 20, 40 and 60 min after application [46]. 

Even if a positive patch test is judged to be relevant, it does not 
necessarily follow that exclusion of the substance from the patient’s 
environment will result in a cure. The allergen may be only one 
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of several contributory factors. Chronic inflammatory cycles may 
continue the symptoms. 


Management 

It is important to explore previous treatment experiences and gauge 
how much time and effort the patient will be able to devote to the 
care of their (or their child’s) skin. An additional issue is the attitude 
of the patient to the risks and potential adverse effects associated 
with any treatment that may be required. A particularly common 
problem is an inappropriate level of anxiety about the use of topi- 
cal corticosteroids, although methods to reduce this are not always 
successful [47]. 

Treatments range from conservative and extremely safe 
approaches such as rest and the application of emollients, to more 
hazardous treatments such as phototherapy and systemic immuno- 
suppressants (Table 39.1). When an extrinsic cause is identified or 
suspected this should be removed. In all cases, exposure to irritants 
should be carefully avoided and the skin should be protected using 
emollients and appropriate dressings. Psychological support is an 
important aspect of management at all stages. 


Acute eczema 
Acute eruptions and exacerbations of eczema cause great alarm and 
anxiety, and the stress of the situation is usually aggravated by loss 
of sleep caused by intense pruritus and soreness. Adequate rest is 
essential, and support from a dermatology day unit is very helpful. 
An affected leg should be elevated and affected hands should be 
used as little as possible. 

Highly oedematous, vesicular and exudative eruptions such as 
pompholyx benefit from soaks in an astringent such as a 1 : 10000 


Table 39.1 Indications for therapeutic agents in eczema. 


Therapeutic agent Acute Subacute Chronic 
Rest, sedation ++ ih + 
Wet dressings and soaks +4 + = 
Wet wrap bandaging ++ + + 
Paste bandages + + ors 
Sedative antihistamines ++ ++ a 
Emollients ++ a pe 
Corticosteroids, local + ++ a 
Pimecrolimus (topical) + ++ 4 
Tacrolimus (topical) + ++ ater 
Tar, ichthammol, etc. + + pp 
Polythene occlusion + + + 
Intralesional steroids - + us 
Habit reversal therapy - + ae 
X-ray therapy - - + 
UVB phototherapy - + 4 
PUVA phototherapy - + + 
UVA1 phototherapy - + ze 
Systemic corticosteroids + + = 
Ciclosporin + as + 
Azathioprine - + ae 
Methotrexate - + + 
Alitretinoin (hand eczema) = fe ae 
Mycophenolate mofetil - + ze 
Dupilumab - 4 3 


PUVA, psoralen and UVA; UV, ultraviolet. 


solution of potassium manganate (VII), or alternatively Burow solu- 
tion BP, which contains the astringent aluminium acetate. These 
are difficult to use outside of specialist units in the secondary care 
setting. Liberal applications of bland emollients, such as white soft 
paraffin, are soothing. Moderate or potent topical corticosteroids 
are generally used, at least for a few days, to speed resolution of 
an acute episode at least until it clears and for a few days beyond 
to prevent relapse. Severity should be the guide as to potency of 
the steroid as well as body site [48]. More severe disease requires 
higher potency of steroids. Topical calcineurin inhibitors such as 
tacrolimus and pimecrolimus may also have a role. Tacrolimus 
ointment 0.1% is probably similar in potency to potent topical 
corticosteroids [49], while pimecrolimus has a lower potency [50]. 
When practical, tubular bandaging can be used to help keep topical 
medications in place. The wet wrapping technique, in which a layer 
of wet tubular bandage (e.g. Tubifast®) is covered with a dry layer, 
can be particularly soothing. Paste bandages achieve a similar effect 
to the wet bandage (e.g. Viscopaste® or Ichthopaste®). Hazards 
include a risk of hypothermia, although, in moderation, the cooling 
effect is highly beneficial. All paraffin-based products are a fire risk 
and smoking should be strictly prohibited. Emollients and other 
medications can be applied under the bandaging as required. Paste 
bandages are infused with their own emollient but more can be 
applied on top. The penetration of topical corticosteroids can be 
significantly increased by this form of occlusion, enhancing both 
beneficial and adverse effects. Mild or moderate corticosteroids 
should be used for the face and genital areas. Potent or very potent 
corticosteroids are required, at least initially, for acute pompholyx 
on the hands or feet. 

When secondary infection is present, or staphylococcal con- 
tamination of the skin is thought to be an aggravating factor, 
oral antibiotics may be required. Topical preparations contain- 
ing antibiotics or antiseptics in combination with steroids can 
also be helpful. These compound formulations should only be 
used when there is an indication for each constituent in order 
to avoid unnecessary exposure to the risks of sensitisation and 
the emergence of bacterial resistance [51]. Emollients applied 
before bed have been found to be the most useful therapy to aid 
sleep [52]. 


Subacute eczema 

If an acute eczema has failed to clear almost completely in 3-4 weeks 
with adequate topical therapies, perpetuating factors such as 
exposure to a sensitising agent and concordance with treatment 
should be considered. Dermatology day unit review or admission to 
hospital can often be helpful in these circumstances. Paste bandages 
are of particular value in occluding areas that are frequently excori- 
ated, as in many lower leg eczemas. These must be applied carefully 
to ensure that they are firm, but not so tight as to cause discomfort 
or to restrict blood flow. Corticosteroids under polythene occlusion 
for a few days may be helpful at this stage to reduce pruritus. 
Topical immunomodulators such as tacrolimus and pimecrolimus 
are alternatives. 


Chronic eczema 
First line therapy for chronic eczema is the frequent application 
of emollients and avoidance of irritants such as soap and relevant 
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allergens if identified. Daily application of topical corticosteroids 
is required to treat flares, the choice of potency being determined 
by eczema severity, skin site and, in children, patient age. Once 
a flare has been treated successfully, the frequency of application 
of topical corticosteroids should be reduced gradually to prevent 
rebound flares. A subsequent period of twice-weekly application 
may be needed to maintain remission in flare-prone individuals 
[53]. Topical calcineurin inhibitors are applied in a similar way 
[53] and may be needed to avoid skin atrophy for individuals who 
have had prolonged exposure to corticosteroids in areas such as 
the face. Alternatively, topical corticosteroids could be used to 
induce remission and topical calcineurin inhibitors can be used for 
maintenance. 

Various modalities of phototherapy have been used success- 
fully in chronic eczema resistant to topical therapy, especially for 
atopic eczema. These include narrow-band ultraviolet B (UVB) [54], 
psoralen and UVA (PUVA) [54] and UVA1 [55]. 

In the most severe cases, oral immunosuppressive therapy may 
be required. Systemic corticosteroids act rapidly, improving symp- 
toms within a day or two, but there is the risk of eczema relapse 
when treatment is discontinued [56], although this is reduced 
when the cause is an external agent [57]. Longer-term treatment is 
provided by ciclosporin [56], azathioprine [58] and methotrexate 
[59]. Mycophenolate mofetil has also been used, but evidence is 
limited to pilot studies [60]. All of these systemic modalities require 
careful monitoring. Alitretinoin, an oral retinoid, has been licensed 
for chronic hand eczema for a period of 6 months following a large 
randomised controlled trial (RCT) [61]. However, the evidence for 
the use of phototherapy and systemic immunosuppressants for 
non-atopic eczema is largely extrapolated from trials for atopic 
eczema (Chapter 41). 

Dupilumab is the first biologic therapy licensed for use in atopic 
eczema and targets the IL-4 receptor and can be used where stan- 
dard systemic therapies fail [62]. Other biologic therapies since 
include tralokinumab and lebrikizumab which target IL-13 and 
nemolizumab which targets IL-31 [63]. 

Small molecule inhibitors of Janus kinase (JAK) cytokine receptors 
on the cytosolic side of the cell membrane block signal transduc- 
tion and are collectively known as JAK inhibitors. Baricitinib tar- 
gets JAK1 and JAK2, while abrocitinib and upadacitinib are selective 
JAK1 inhibitors [64]. 


Treatment ladder for eczema 


First line 
e Avoidance of irritants and allergens 
e Liberal use of emollients and soap substitutes 


Second line 
¢ Topical corticosteroids and topical calcineurin inhibitors 


Third line 
e Phototherapy, oral immunosuppressants, alitretinoin (hand 
eczema) and biologics 


39.7 


Nummular dermatitis — Fa" 


Definition and nomenclature 


Nummular dermatitis is characterised by circular or oval plaques of 
eczema with a clearly demarcated edge. It should be distinguished 
from an irregular, patchy form of eczema in which the lesions are 
not clearly demarcated. The condition is poorly defined, however, 
because many eczema patients have one or two circular or oval 
lesions and few patients with nummular dermatitis have circular 
lesions alone [1,2]. 


Introduction and general description 

Nummular dermatitis is often referred to as discoid eczema. It tends 
to be a chronic problem, undergoing relapses and remissions. The 
evidence base for treatment is largely based on studies of atopic 
eczema, due to a paucity of studies specifically investigating this 
subtype of non-atopic eczema. 


Epidemiology 

Incidence and prevalence 

A study of over 20 000 people, from 1 to 74 years of age, in the USA, 
who were examined for skin disease by trained observers, found 
the prevalence of nummular dermatitis to be 2 per 1000 [3]. An 
American study found this prevalence to be fairly consistent over 
the 15 years they reviewed [4]. There was also a greater proportion 
in the non-white and non-African American cohorts. 


Age 

Nummular dermatitis tends to affect women in early adulthood, 
whereas in men onset is commonest in the older age groups. Preva- 
lence steadily increases with age in men. 


Associated diseases 

Some authors have found a high incidence of atopy in patients with 
nummular dermatitis [5], but others have found the inverse [6], 
and levels of immunoglobulin E (IgE) are often within the normal 
range [7]. However, lesions of similar morphology may undoubt- 
edly occur as part of atopic eczema as there are no definitive criteria 
for diagnosis. 


Pathophysiology 

The pathophysiology of nummular dermatitis is unknown but 
Staphylococcus aureus infection has been associated. It is unclear if 
this has a direct role in pathogenesis or is secondary to it. 


Pathology 

Histology shows a subacute dermatitis indistinguishable from 
other forms of eczema, with spongiotic vesicles and a predomi- 
nantly lymphohistiocytic infiltrate [8,9]. Eosinophils may also be 
present in the upper dermis. 
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Electron microscopic studies have shown that the intense inter- 
cellular oedema leads to a reduction in the number of desmosomes 
between the cells of the basal layer, whereas those in the stratum 
spinosum are mostly preserved. 


Causative organisms 
Some authors have stressed the role of infection [10,11]. As in other 
forms of eczema, heavy colonisation of the lesions by staphylococci 
may increase their severity, even in the absence of clinical evidence 
of infection [10,11]. However, allergic sensitivity to staphylo- 
cocci or micrococci may be responsible, at least for secondary 
dissemination [12]. 

Nummular dermatitis has been shown to demonstrate the 
Koebner phenomenon in scar sites [13]. 


Genetics 
There may be an indirect link via atopy. 


Environmental factors 

There may be a clinically relevant underlying allergic contact 
dermatitis to allergens like formaldehyde in about one-third of 
patients [14]. Dry skin due to low environmental humidity is some- 
times associated with nummular dermatitis [15], particularly in the 
elderly [16]. An association between excessive alcohol intake and 
nummular dermatitis has been reported [17]. 

Nummular dermatitis has occurred rarely as a result of sensitivity 
to aloe [18], depilating creams [19] and mercury [20], and in patients 
taking methyldopa [21]. In addition, oral gold therapy in the form 
of sodium aurothiomalate and auranofin has been associated with 
nummular dermatitis in a dose-dependent manner, with resolution 
on discontinuing the drug and recurrence after rechallenge [22]. 


Clinical features 

Presentation 

Nummular dermatitis presents as coin-shaped plaques of closely 
set, thin-walled vesicles on a red base. This arises, quite rapidly, 
from the confluence of tiny papules and papulovesicles. These may 
occur, in the phase of very acute dissemination, as individual lesions 
on the trunk or limbs at the same time as localised plaques are being 
formed. In the acute phase the lesions are dull red, very exudative 
or crusted and highly pruritic (Figure 39.3). They progress towards 
a less vesicular and more scaly stage, often with central clearing 
and peripheral extension, causing ring-shaped or annular lesions. 
As they fade, they leave dry, scaly patches. 

After a period of between 10 days and several months, secondary 
lesions occur, often in a mirror-image configuration on the opposite 
side of the body. It is very characteristic of this disease that plaques 
which have apparently become dormant may reactivate, particu- 
larly if treatment is discontinued prematurely. 


Clinical variants 

There are a number of variants: 

¢ Nummular dermatitis: exudative type. 

¢ Nummular dermatitis: dry type. 

¢ Nummular dermatitis of the hands. 

e Exudative discoid and lichenoid chronic dermatosis. 


Figure 39.3 Nummular dermatitis of the lower leg. Courtesy of Dr W. A. D. Griffiths, 
Epsom Hospital, Surrey, UK. 


In ‘exudative’ nummular dermatitis the skin lesions resemble the 
acute phase of the more typical form of the condition, with leakage 
of serous fluid and crust formation. This variant usually represents 
the more severe end of the disease spectrum and may require oral 
antibiotic treatment. 

‘Dry’ nummular dermatitis is an uncommon variant, consisting 
of multiple, dry, scaly, round or oval discs on the arms or legs, but 
also with scattered microvesicles on a red base on the palms and 
soles [23]. Itching is minimal, in contrast with other forms of num- 
mular dermatitis, and the condition persists for several years, with 
fluctuation or remission. It is notably resistant to treatment. 

Nummular dermatitis of the hands affects the dorsa of the hands 
or the backs or sides of individual fingers. It often develops as 
a single plaque, which may occur at the site of a burn or a local 
chemical or irritant reaction. Secondary lesions may occur on the 
hands, fingers or forearms, but generalised spread is uncommon. 
It is a not uncommon form of irritant occupational dermatitis, but 
may also occur without occupational exposure. An atopic history 
appears to be more frequent in young women with hand nummular 
dermatitis than in other forms of the disease. 

Exudative discoid and lichenoid chronic dermatosis [24] has no 
rigid criteria, but it is a widespread, extremely pruritic eruption, 
characterised by discoid lesions with ‘lichenoid’ and exudative 
phases, which either coexist or alternate rapidly with each other 
(Figure 39.4). After a chronic course of months or years the condition 
ends in spontaneous cure. It occurs predominantly in adult males 
of Jewish ancestry, usually between the ages of 40 and 60 years. 
More than 100 cases have been reported [25], but some authors 
deny its existence as a distinct entity and consider it to be a variant 
of nummular dermatitis [26]. The scarcity of reports of this entity 
over the last three decades lends support to this contention. 


Differential diagnosis 

When lesions of nummular dermatitis clear in the centre they may 
simulate tinea infection. Therefore, skin scrapings could be exam- 
ined for the presence of mycelia. In psoriasis, the lesions are dry, 
the scaling is more prominent and irritation is milder. Pityriasis 
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Figure 39.4 Exudative discoid and lichenoid chronic dermatitis. Courtesy of Dr A. 
Warin, Royal Devon and Exeter Hospital, Exeter, UK. 


rosea may transiently resemble nummular dermatitis, but usually 
presents with the history of a herald patch and characteristic oval 
patches with long axes parallel to the ribs. Contact dermatitis to 
ellipsoid objects such as the back of watches or pendants can be 
distinguished by its localisation and shape. 

Table 39.2 gives the diagnostic features of a number of types of dis- 
coid lesions that should be considered in the differential diagnosis. 


Disease course and prognosis 

All forms of nummular dermatitis are chronic, with partial 
remission during which plaques tend to clear in their centres. 
Relapse may occur at variable intervals and most are worse during 
the colder months of the year. A review of 325 cases showed that 
most either cleared within a year or persisted for many years [27]. 
More recent studies confirm a relapsing/remitting course over 
months to years [28]. 


Investigations 

Exogenous contact dermatitis should be suspected if the condition is 
unusually severe and persistent or if patches are few, asymmetrical 
or of unusual configuration. Irritants and, occasionally, sensitisers 
may provoke this discoid type of response. When the history sug- 
gests this, patch tests should be performed. 

In a study from the North American Contact Dermatitis Group 
(2012), 1.9% of their patch test patients had nummular eczema 
with 23.9% testing positive from that group, making nummular 
dermatitis less likely to have coexisting allergic contact dermatitis 
than other dermatoses [29]. Interestingly, the most common contact 
allergen worldwide, nickel (II) sulphate, was slightly underrepre- 
sented in terms of relevance in those with nummular dermatitis in 
this study. Preservatives such as formaldehyde (and its releasers), 
methylisothiazolinone and propylene glycol and fragrance mix 
I are slightly more prevalent and relevant as allergens. This is in 
contrast to other studies which found the metals nickel (II) sulphate, 
potassium dichromate (VI) and cobalt (II) chloride as well as the 
hair dye paraphenylene diamine to be the most common [29]. 
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Management 

General considerations such as the avoidance of irritants apply, as 
with other forms of eczema. Bed rest and removal from a stressful 
environment can be helpful. Ambient conditions of low humidity 
should be corrected. 

Emollients and topical corticosteroids are useful. In the early 
stages, a potent or very potent topical corticosteroid may be needed 
and combination with a topical antiseptic or antibiotic can be 
considered. Treatment failure can occur if the corticosteroid potency 
is too low. A course of a broad spectrum oral antibiotic, such 
as oxytetracycline or clarithromycin, is often helpful in severe 
exudative cases. 


Treatment ladder for nummular dermatitis 


First line 
e Emollients 
¢ Topical corticosteroid + topical or oral antibiotic 


Second line 
e Topical calcineurin inhibitor 


Third line 

e Phototherapy (narrow-band UVB/PUVA), oral 
immunosuppressants including methotrexate [30] or oral 
steroids 

¢ Biologic therapy (dupilumab) [31] 


Resources 


Patient resources 


British Association of Dermatologists, patient information leaflets: https: / /www.bad 
.org.uk/for-the-public/patient-information-leaflets 

DermNet NZ, discoid eczema: https://dermnetnz.org/topics/discoid-eczema/ 

Medscape, nummular dermatitis: https: / /emedicine.medscape.com/article /1123605- 
overview 

NHS Choices, discoid eczema: https://www.nhs.uk/conditions/discoid-eczema/ 
(All last accessed September 2023.) 


Asteatotic eczema .— 


Definition and nomenclature 

This is eczema developing in very dry skin, usually in the elderly. 
Asteatotic refers to decreased or non-existent sebum production on 
the skin. 
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Table 39.2 Diagnosis of some discoid skin lesions. 


Disease Distribution Features 


Histology Course and evolution 


Tinea corporis Limbs or trunk Oval or round, itchy 
mycology 

Limbs more than trunk 
Face, proximal limbs 


Nummular dermatitis 
Pityriasis alba Depigmentation 
Pityriasis rosea Trunk 
wider eruption 


Oval or round, no in 


Chronic superficial dermatitis Limbs more than trunk 


Prelymphomatous eruption Flank, trunk, proximal limbs 

interdigitated, itc 

Mycosis fungoides Flank, trunk and limbs, may 
be asymmetrical with 

unusually shaped lesions 


Any body site 


stage 


Bowen disease (squamous cell 
carcinoma in situ) 
Porokeratosis 


be asymmetrical 
Trunk and limbs 
with raised edge 


PAS, periodic acid—Schiff. 


Introduction and general description 

Asteatotic eczema usually affects the legs, arms and hands of elderly 
people in the context of dry skin. A characteristic ‘crazy-paving’ 
pattern is observed on the legs in particular, resulting in the 
synonym of eczéma craquelé. It may flare during winter due to a 
reduction in humidity associated with central heating. Management 
centres on the restoration of skin hydration. 


Epidemiology 

Incidence and prevalence 

Ina Finnish study of 552 patients aged 70-93 years, 80% were found 
to have skin disease of which nearly 21% was asteatotic eczema, 
which was the most common eczema [1]. However, multiple skin 
diseases coexisted in 39% of cases. 


Age 
Elderly people are predominantly affected and prevalence increases 
with increasing age. 


Sex 
The Finnish study suggested asteatotic eczema was more common 
in women than men over 70 years of age [1]. 


Ethnicity 

All ethnicities can be affected. Individual study cohorts have 
had too little ethnic diversity to date in order to draw significant 
comparisons. 


Associated diseases 

Asteatotic eczema may be a presenting sign of myxoedema [2]. 
It can also be due to zinc deficiency [3]. Any condition that leads 
to dry skin such as nephrotic syndrome and diuretic therapy can 
exacerbate asteatotic eczema [4]. 


Scraping produces scale for 


Oval or round, very itchy Eczema, often intense changes 


Oval herald patch followed by 
iltration 


Angular, bizarre, infiltrated, 


Polymorphic oval, round in patch 


Singular, non-itchy, oval but can 


Single or multiple ring-like lesions 


PAS stain shows fungus Progresses and spreads steadily 


until treated 


Variable, fluctuant or intermittent 

Spontaneous remission after 1 or 
more years 

Spontaneous resolution 


Very mild eczema 

Non-specific chronic dermatitis 

Epidermal eczematous Very chronic, benign, no 
fluctuations 

Persistent, may change to 
lymphoma 

Persistent, can progress to plaque 
and tumour stages 


Dermal infiltrate 


Monoclonal lymphocytic infiltrate 
with Pautrier microabscesses 


Non-invasive neoplastic spindle 
cells 

Cornified protrusion at edge 
(cornoid lamella) 


Continues to grow, 5% can 
become invasive 

Persistent, potential for malignant 
transformation 


Skin with decreased sensation from surgery or other desensitisa- 
tion has also demonstrated signs of asteatotic eczema, possibly due 
to decreased neuronal activity reducing glandular secretions [5]. 


Pathophysiology 
Predisposing factors 
At present, the relevant factors in the production of asteatotic 
eczema can be considered to be (i) a naturally ‘dry’ skin and a 
lifelong tendency to chapping; (ii) a further reduction in lipid with 
age, illness, malnutrition or hormonal decline; (iii) increased tran- 
spiration relative to the environmental water content; (iv) loss of 
integrity of the water reservoir of the horny layer; (v) chapping and 
degreasing (and perhaps cell damage) by industrial or domestic 
cleansers or solvents; (vi) low environmental humidity and dry, 
cold winds increasing convection loss; and (vii) repeated minor 
trauma leading to inflammation and further disorganisation of the 
surface aqueous/lipid balance. Percutaneous absorption through 
the degreased and damaged epidermis is increased, and contact 
irritants and sensitisers may further damage and irritate the skin. 
Hospital admission can result in more frequent assisted washing 
in those previously unable to self-care, which will further exacerbate 
loss of skin lipid [6]. 


Pathology 
The condition is thought to be due to a decrease in skin surface 
lipid. The amino acid content of the skin is lower in more severe 
cases [7]. A decrease in the keratohyaline-derived natural moistur- 
ising factor may also be important [8]. Older patients have a decrease 
in sebaceous and sweat gland activity necessary to keep the water 
content high in the epidermis and maintain structural integrity [9]. 
This leads to barrier dysfunction and an eczematous response. 
Hyposteatosis occurs in many conditions of maldevelopment, 
malnutrition and atrophy of the skin, but does not necessarily lead 
to eczema. The part played by the loss of fluid from the skin has 
been underappreciated in the past. The relationship between the 


Assessment, investigation and management of eczematous disorders 


transpiration rate and the lipid layer has been the subject of many 
studies [10]. Using excised skin it was shown that removal of these 
lipids increased water loss by 75-fold, and that this returned to 
normal when they were restored. The implications for treatment are 
obvious. 

The histopathological features are those of a mild, subacute 
eczema, with a varying amount of dermal infiltrate. When vesicular 
or nummular dermatitis supervenes, the changes are more marked, 
and are as seen in the latter disease. 


Genetics 
No specific genetic mutations have been documented in the litera- 
ture to date. 


Environmental factors 
A patient will often ascribe the onset to an event or change in life 
that is quite trivial, for example the installation of central heating or 
a particularly cold, dry winter [11]. In industry, years of contact with 
degreasing agents may be tolerated until, usually in the 50-60-year 
age group, some small additional hazard precipitates a disabling 
dermatitis. 

Diuretics sometimes appear to be an important contributory factor 
in elderly people [12]. 


Clinical features 

History 

Irritation in this form of eczema is often intense, and worse with 
changes of temperature, particularly on undressing at night. 


Presentation 

The condition occurs particularly on the legs, arms and hands. 
The asteatotic skin is dry and slightly scaly. The surface of the 
backs of the hands is marked in a criss-cross fashion. The finger 
pulps are dry and cracked, producing distorted prints and retaining 
a prolonged depression after pressure (‘parchment pulps’). On 
the legs the pattern of superficial markings is more marked and 
deeper (‘crazy-paving’ pattern or eczéma craquelé) (Figure 39.5). In 
some patients the fissures may become haemorrhagic. The borders 
of this irregular reticulation become red and slightly raised, and 


Figure 39.5 Asteatotic eczema demonstrating an eczéma craquelé appearance. 
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frank eczematous changes finally develop. Similarly, on the hands, 
localised areas become chapped or itchy, and eventually form 
eczematous patches. 


Clinical variants 

Extensive or generalised forms involving the trunk as well as the 
legs are rare but should raise the suspicion of malignancy. Cases 
have been reported in association with malignant lymphoma [13], 
angioimmunoblastic lymphadenopathy [14], anaplastic gastric ade- 
nocarcinoma [15] and spheroidal cell carcinoma of the breast [16]. 


Differential diagnosis 
Asteatotic eczema has a characteristic appearance thus the differen- 
tial diagnosis is limited to other forms of eczema. 


Classification of severity 
There are no specific severity classification systems. 


Complications and co-morbidities 

Secondary infection is possible due to a reduction in skin barrier 
function. Nummular dermatitis can also occur on a background of 
asteatotic eczema, although the relationship between the two condi- 
tions is uncertain. 


Disease course and prognosis 

Without treatment, the condition is usually chronic, relapsing 
each winter and clearing in the summer, but eventually becoming 
permanent. Scratching, rubbing or contact irritants and sensitisers 
cause further eczematous changes or spread, or a more diffuse 
vesiculosquamous eruption occurs. 


Investigations 

There are no specific investigations unless generalised asteatotic 
eczema is present. Patch testing may be useful as with any recalci- 
trant or localised dermatitis. 


Management 
Central heating should be humidified where possible, and abrupt 
temperature changes avoided. Wool is usually poorly tolerated and 
possibly damaging due to irritation. Baths are best restricted and 
should not be hot. Soap substitutes should be used for bathing to 
prevent further skin lipid loss and irritation. Emollients should be 
used after bathing and during the day. 

Weak topical corticosteroids are often prescribed. Among the 
older remedies, ichthammol is of value. 


Treatment ladder for asteatotic eczema 


First line 
¢ Humidify environment and avoid sudden temperature 
changes 


Second line 
e Emollients and soap substitute 


Third line 
e Mild topical corticosteroids; pimecrolimus 1% [17] 
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Resources 


Patient resources 
DermNet NZ, eczéma craquelé: https://www.dermnetnz.org/topics /asteatotic- 
eczema/ (last accessed September 2023) 


Dermatitis and eczema of 1 


Definition and nomenclature 

The term hand eczema implies that the dermatitis is largely con- 
fined to the hands, with only minor involvement of other areas. If 
the eczema is widespread and the hands appear to be involved 
only coincidentally, it is preferable to refer to hand involve- 
ment as part of the widespread eczema. In defining the entity 
of hand eczema, both patients and clinicians have described simi- 
lar characteristics of it being thickened, red, itchy and frustrating 
to treat [1]. 


ma is also known as ‘tylotic eczema’ 
also known as ‘vesicular eczema of palms and soles’. 
n the palms, it may be called ‘cheiropompholyx’, and 


as an alternative to pompholyx hand eczema has 
causal relationship with the sweat glands or sweating 


Introduction and general description 

Hand eczema is a common and distressing condition, and has a 
particular impact on quality of life due to its effects on dexter- 
ity, appearance and social and occupational functioning [2,3]. Up 
to 30% of occupational medical practice relates to hand eczema, 
with important issues regarding medical litigation, worker's 
compensation and disability. Hand eczema is often the reason for 
referral to specialised contact dermatitis clinics; 28% of UK patch 
test patients were found to present with affected hands [4]. 

In a comprehensive review of published data, the mean annual 
cost per patient of hand eczema was found to be between €1712 
and €9712, with the majority (70%) being due to absence from 
work [5]. 

No single classification of hand eczema is completely satisfactory. 
As with eczematous dermatoses in general, classification is based 
partly on aetiology (Box 39.2) and partly on morphology (Box 39.3). 
Several different morphological forms are seen clinically as fairly 
consistent entities, but some of these entities can have several 
different causes. Conversely, a single cause can sometimes produce 
several different morphological patterns. 

Hand eczema can also be subdivided into acute and chronic 
forms with 3 months being the cut-off (some authors saying 6 
months [6]). 

Most cases of hand eczema have a multifactorial aetiology. This 
not only makes treatment difficult, but it can cause considerable 
problems in medicolegal cases, for example occupational dermatitis 
in which negligence is alleged against an employer. 


Box 39.2 Hand eczema: aetiological possibilities to 
be considered 


Exogenous 
¢ Contact irritants: 
¢ Chemical (e.g. soap, detergents, solvents, foods) 
¢ Physical (e.g. friction, minor trauma, cold dry air) 
¢ Contact allergens: 
¢ Delayed hypersensitivity (type IV) (e.g. chromium, nickel, rubber 
accelerators, acrylates) 
¢ Immediate hypersensitivity (type I) (e.g. seafood, dust) 
¢ Protein contact dermatitis /contact urticaria 
e Ingested allergens (e.g. drugs, possibly nickel, chromium) 
¢ Infection (e.g. following bacterial infection of hand wounds) 
¢ Secondary dissemination (e.g. dermatophytide reaction to tinea 
pedis) 


Endogenous 

¢ Idiopathic (e.g. discoid, hyperkeratotic palmar eczema) 

¢ Immunological or metabolic defect (e.g. atopic) 

¢ Psychosomatic: stress aggravates, but may not be causative 

e Dyshidrosis: increased sweating aggravates, but may not be 
causative 


Box 39.3 Morphological patterns of hand eczema 


e Apron eczema 

¢ Chronic acral dermatitis 

e¢ Nummular dermatitis (discoid eczema) 

e Fingertip eczema 

¢ ‘Gut’ eczema 

e Hyperkeratotic palmar eczema 

¢ Pompholyx 

¢ Recurrent focal palmar peeling 

e Ring eczema 

e ‘Wear and tear’ dermatitis (dry palmar eczema) 
¢ Other patterns (e.g. patchy vesiculosquamous) 


Epidemiology 

Incidence and prevalence 

Minor degrees of hand eczema are very common, and virtually 
everyone suffers from mild dryness and chapping at some time 
or another. Studies on incidence and prevalence rely heavily on 
self-reporting which may underestimate true prevalence. 

In a pooled study of data covering over 150 000 individuals, the 
lifetime prevalence of hand eczema was found to be 14.5% with a 
1-year prevalence of 9.1% and a point prevalence of 4.0% [7]. The 
annual incidence was 7.3/1000 person-years. The majority of these 
data were from Nordic countries with some from other European 
states [7]. A UK study looking at computerised data from primary 
care (as read codes) recorded a 1-year prevalence of 0.4% [8]. This 
study also estimated that most do not seek help for their hand 
eczema, leading to underestimation of the true prevalence. 


Age 
The prevalence of hand eczema is higher in adults than children. 
Quaade et al. showed a lifetime prevalence of 8.9% in children and 


Assessment, investigation and management of eczematous disorders 


adolescents compared with 15.6% in adults; however confidence 
intervals were wide for both [7]. The 1-year prevalence for children 
and adolescents was 7.0% and for adults 9.7% with narrower, 
non-overlapping confidence intervals [7]. There were no data for 
differences in incidence. 

The UK study showed increased prevalence with age, children 
aged 0-18 years having a 1-year population period prelevance of 
0.203% and adults over 19 years of 0.397%. The annual incidence 
for those under 18 years of age was 1.956/1000 person-years and 
over 19 was 2.877/1000 person-years [8]. This study showed a 
peak for women aged between 20 and 39 years and men aged 
60-69 years. 


Sex 

Hand eczema has a higher incidence in women than men. In one 
study the incidence was 8.7/1000 person-years in women and 
4.7/1000 person-years in men [7]. The UK study also found the 
incidence in women to be higher than men at all ages. 


Ethnicity 

Hand eczema is a common problem in all ethnic groups. No studies 
have specifically reviewed differences. It should be noted that 
diagnosis can be more difficult in darker pigmented skin as the 
redness is not as clear, but dry, scaling skin and hyperkeratosis 
contrast more. 


Associated diseases 

About 50% of hand eczema patients have atopy [6]. The most 
common site of atopic eczema in the adult is the hands, and in some 
patients the hands alone may be involved. The atopic state may 
first become apparent with the development of hand eczema in an 
adolescent or young adult when they are exposed to school, hobby 
or occupational irritants. There is no specific topographical pattern, 
although the feet may also be involved [9,10]. The atopic diathesis 
may also predispose to a discoid pattern of hand eczema in young 
adults. 

While rare, acrokeratosis neoplastica (Bazex syndrome) can mimic 
palmar and plantar eczema and may be indicative of internal malig- 
nancy [11]. This should be considered in the elderly and red flag 
symptoms should be asked about. 


Pathophysiology 

Predisposing factors 

Having one or more positive patch test reactions, atopic eczema 
and employment with wet work are all predisposing factors. A 
proportion of atopic individuals are known to carry filaggrin gene 
mutations, as discussed in the genetics section. 

The role of stress in aggravating hand eczema is difficult to 
evaluate, and the disease itself is stressful [12]. Many patients give 
a convincing account of exacerbations at times of acute anxiety, 
frustration or grief. The role of hormonal factors is also difficult to 
assess. Occasionally, there is a history of premenstrual exacerbation 
or deterioration during pregnancy. 


Inflammatory pathways 
The cellular inflammatory pathways of irritant contact dermatitis 
and allergic contact dermatitis follow a more innate lymphoid 
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cell 1 (ILC1) cytokine profile with IL-1, IL-2, tumour necrosis factor 
a (TNF-a) and T helper 1/17 (Th1/17) cells predominating [13]. 
In contrast, atopic hand eczema follows an ILC2 pathway with 
IL-4, IL-13 and Th2/22 cells predominating early, although late 
and chronic inflammation can have more of an ILC1 pathway. 
These pathways are thought to inhibit each other, producing no 
net increase in the prevalence of contact dermatitis among atopic 
individuals despite increased barrier dysfunction. 


Pathology 

In general, the differences between the various forms of hand 
eczema are clinical rather than histological, but the considerably 
thickened horny layer and the presence of numerous sweat glands 
modify the histological features of eczema on the hands. 


Causative organisms 
This is not applicable, except for secondary bacterial infection. 


Genetics 

Twin studies suggest hereditary factors play a role in the develop- 
ment of hand eczema [14], with atopic diathesis the commonest 
endogenous cause [15]. Loss-of-function mutations of the filag- 
grin gene underpin the link with atopy and are associated with 
early onset and persistence of hand eczema in atopic subjects [16]. 
Carriers of filaggrin gene mutations are more likely to develop 
digital fissures (chapping) than those who do not carry the muta- 
tion [17]. In a 3-year prospective observational cohort study of 459 
patients with occupational irritant contact dermatitis on the hands, 
those with atopy and filaggrin mutations had more sick leave and 
a threefold higher rate of job loss compared with controls [18,19]. 
Filaggrin gene mutations have also been linked with an increased 
susceptibility to chronic irritant contact dermatitis in case-control 
studies [20] and chronic hand eczema characterised by combined 
allergic and irritant contact dermatitis [21]. 


Environmental factors 
Contact irritants are the most common exogenous cause of hand 
eczema [22], but contact allergens including chromate, epoxy glues 
and rubber are also important (Chapter 127). For external causes 
70% are irritant contact dermatitis with 25% being allergic. Protein 
contact dermatitis accounts for about 5% [3]. All patterns of hand 
eczema are possible in contact allergy. Most dermatitis usually 
affects the dorsa of the hands (Figure 39.6), as can contact irritant 
and atopic eczema [23]. Certain occupations are particularly likely 
to provoke hand eczema. The problem of occupational eczema in 
hairdressers, beauticians, fish industry workers, farmers, construc- 
tion workers, dental and medical personnel, metal workers and 
caterers has provoked many studies to determine its prevalence 
and to develop programmes for the prevention of hand dermatitis. 

Health care workers have had an increase in both facial and hand 
irritant dermatitis due to the wearing of personal protective equip- 
ment and frequent hand sanitisation in the Covid-19 era. A survey 
of 114 health care workers in a surgical centre in April 2020 found 
acute hand dermatitis in 90.4% while hand eczema was reported in 
only 14.9% [24]. 

Type I allergic reactions to certain proteins may also give rise 
to hand eczema as well as to contact urticaria. In mild cases they 
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Figure 39.6 Bullous eczema due to contact allergy to rubber gloves. 


provoke a vesicular eczema of the fingers, particularly among 
those who prepare seafood. In a Scandinavian study, one-third of 
restaurant food handlers with hand dermatitis had seafood contact 
urticaria [25]. Among health care workers, reactions to natural 
rubber latex protein found in latex gloves are a particular problem. 
The reactions range from contact urticaria to rhinitis, asthma and 
anaphylaxis [26]. 

Oral ingestion of allergens such as nickel, chromium or myrox- 
ylon pereirae (balsam of Peru) has been reported to provoke or 
aggravate hand eczema in sensitised subjects, although the impor- 
tance of this phenomenon is controversial [27]. Contact proteins 
from foods may be ingested from airborne particles in kitchens 
when preparing foods [28]. Cold and dry air may play some part 
[29] and smoking is also an independent risk factor for all types of 
hand eczema [30]. 


Clinical features 

History 

Particular attention should be given to the patient’s occupational 
and recreational activities because these may indicate poten- 
tial contact allergies. Occupational involvement is suggested by 
improvement associated with leave from work or suspension of 
other activities. Health care workers are particularly vulnerable 
due to hand hygiene protocols in the Covid-19 era [31]. Current 
hand-protection strategies should also be elicited. 

Hand eczema often has a severe impact on quality of life due to 
pruritus, painful fissuring, loss of dexterity and impairment of social 
functioning. Median dermatology life quality index (DLQI) scores 
[32] in patients attending patch test clinics were found to be 7 and 8 
in males and females, respectively [33]. 


Presentation 
This will be discussed in relation to each clinical variant next. 


Clinical variants 

Hyperkeratotic palmar eczema. This condition is a distinct form 
of hand eczema characterised by highly irritable, scaly, fissured, 
sharply demarcated hyperkeratotic patches on the palms and 


Figure 39.7 Hyperkeratotic palmar eczema. 


palmar surfaces of the fingers (Figure 39.7) [22]. It is common, 
and 2-5% of all applications for permanent disability pensions in 
some western European countries are due to hyperkeratotic hand 
eczema. It occurs more commonly in men and at an older age of 
onset compared with atopic eczema, is more likely to be associated 
with foot symptoms and is more common in smokers. 


Pompholyx. Pompholyx (acute recurrent vesicular hand eczema) is 
a form of eczema of the palms and soles in which oedema fluid accu- 
mulates to form visible vesicles or bullae (Figure 39.8). As a result of 
the thick epidermis in these sites, the blisters tend to become rel- 
atively large before they burst. Pompholyx probably accounts for 
about 5—20% of all cases of hand eczema [22]. There is some debate 
whether the term pompholyx should be reserved for typical cases in 
which the attacks resolve and recur. Chronic, recurrent vesiculation 
without periods of remission may be termed chronic vesicular der- 
matitis. It is not related to allergic or irritant contact but is linked to 


atopy. 


Apron eczema. This condition is a type of hand eczema that 
involves the proximal palmar aspect of two or more adjacent fin- 
gers and the contiguous palmar skin over the metacarpophalangeal 
joints, thus resembling an apron (Figure 39.9) [34]. This pattern of 
hand eczema may be irritant, allergic or endogenous. 


Chronic acral dermatitis. This is a distinctive syndrome affecting 
patients in middle age. A chronic, intensely pruritic, hyperkeratotic, 
papulovesicular eczema of the hands and feet is associated with 
grossly elevated IgE levels in subjects with no personal or family 


(b) 


Figure 39.8 Pompholyx eczema. (a) Small vesicles coalescing into blisters on the lateral 
aspect of a finger. (b) Confluent vesicles of the palm. 


history of atopy. The condition responds to oral corticosteroids, but 
the response to topical therapy is poor [22]. 


Vummu ermatitis. This is also known as discoid eczema (see 
section on nuetininilan deraiatits earlier in this chapter). 

na. This condition presents a characteristic pattern, 
involving the palmar surface of the tips of some or all of the fin- 
gers. The skin is dry, cracked and sometimes breaks down into 
painful fissures (Figure 39.10). Usually remaining localised, it may 
occasionally extend along the palmar surfaces of the fingers to 
merge with palmar eczema. Two patterns may be distinguished. 


ngertip ecze 


Figure 39.9 Apron eczema, showing the characteristic distribution. 


Figure 39.10 Fingertip eczema in a patient with wear and tear eczema. Courtesy of Dr 
D. A. Burns, Leicester Royal Infirmary, Leicester, UK. 


The first and most common involves most or all of the fingers, 
mainly those of the dominant hand, and particularly the thumb 
and forefinger. The condition is usually worse in the winter and 
generally improves on holiday. Fingertip eczema is usually a cumu- 
lative irritant dermatitis in which degreasing agents combine with 
trauma as causative factors; patch tests are typically negative or 
not relevant. The second pattern preferentially involves the thumb, 
forefinger and third finger of one hand. This is usually occupational 
and may be either irritant (e.g. in newspaper delivery employees) 
or allergic (e.g. to colophony in polish). Methacrylate allergy among 
nail technicians has been increasing and due to the precision nature 
of the work can present as fingertip eczema [35]. The condition usu- 
ally involves the dominant hand, but there may be allergy to onions, 
garlic [36] and other kitchen products held in the non-dominant 
hand when being cut. In these cases, patch testing (and 20 min 
contact tests) may be rewarding. 


> eczema. Workers who eviscerate and clean 
pig carcasses are at risk of peas vesicular eczema which starts 
in the finger webs and spreads to the sides of the fingers. This is a 
mild, self-limiting condition, which clears in a week or two, even if 


Gut'/slaughterhouse 
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the patient remains at work, but it can recur at intervals. Workers 
in Danish bacon factories call this ‘fat eczema’, although there is lit- 
tle evidence that it is due to fat, and prick tests to pig fat extracts 
are negative [37]. The pathogenesis is unknown, but some slaughter 
workers have developed contact urticaria from exposure to animal 
blood [38]. 


Patchy vesiculosquamous eczema. In a large group of cases, a 
mixture of irregular, patchy, vesiculosquamous lesions occurs on 
both hands, usually asymmetrically. In contrast to the lesions of 
hand nummular dermatitis, the degree of activity and distribution 
of the lesions vary. Nail changes are common if the nail folds are 
affected. 


Recurrent focal palmar peeling. The condition is sometimes a mild 
form of pompholyx; it is also known as desquamation en aires, 
keratolysis exfoliativa or ringed keratolysis of the palms. During 
the summer months, small areas of superficial, white desquamation 
develop on the sides of the fingers and on the palms or on the 
feet (Figure 39.11). These areas appear abruptly and expand before 
peeling. There is little or no irritation, and vesicles as such are not 
seen. The condition is probably not rare, but because it is relatively 
asymptomatic it is not seen very often by dermatologists. Some 
patients subsequently develop true pompholyx. 


Ring eczema. This characteristic pattern particularly affects young 
women and rarely men. The condition usually starts soon after 
marriage or childbirth. An irritable patch of eczema begins under 
a ring — usually a broad wedding ring - and typically spreads to 
involve the adjacent side of the middle finger and the adjacent area 


(b) 


of the palm. It may remain confined to these sites but is occasionally 
followed by the appearance of discoid patches elsewhere; or a more 
diffuse vesicular eczema may develop. Despite the clearly defined 
demarcation of the initial eruption, these patients are not sensitive 
to gold or copper, although nickel, cobalt and even chromium 
sensitivity is more commonly found on patch testing than might 
be expected; only rarely can ‘white gold’ alloys be implicated. Ring 
dermatitis has been described as the clinical presentation of fra- 
grance sensitisation [39]. Transference of the ring to the other hand 
is often rapidly followed by the appearance of eczema at the new 
site and, once affected, patients may find that wearing of the ring for 
only a few minutes, even without washing, causes irritation. This 
type of hand eczema is probably due primarily to concentrations 
of soap and detergent beneath rings (which may tighten on fin- 
gers immersed in hot water), but microtrauma, especially friction, 
may also play a role. Very rarely, radioactive gold in a ring may 
cause radiation dermatitis that mimics this type of wedding ring 
eczema [40]. 


Differential diagnosis 

The diagnosis of hand eczema is usually self-evident, but the dis- 
tinction from psoriasis can be very difficult and may only become 
apparent over time with the development of psoriasis at other sites. 
In some cases, even biopsy does not allow a clear distinction to be 
made. In most cases of psoriasis on the hands, however, the silvery 
nature of the scale, involvement of the knuckles, sharply demarcated 
‘scalloped’ edges to the redness along the borders of the hands and 
fingers, and the relative absence of pruritus are helpful pointers to 
the diagnosis. A family history of psoriasis and the presence of nail 
pits in the absence of nail fold lesions are also suggestive. 


Figure 39.11 Recurrent focal palmar peeling. (a) 
Well-established lesions on the hands. (b) Lesions on 
the feet. (a) Courtesy of Dr A. Marsden, St George's 
Hospital, London, UK. 


Figure 39.12 Trichophyton infection of the hands that failed to respond to topical 
corticosteroids. Note the nail involvement. 


Figure 39.13 Lichen planus mimicking hyperkeratotic hand eczema, but the margins 
are well demarcated and the lesions on the left wrist are characteristic of lichen planus. 


Tinea manuum can be missed, particularly when it is extensive 
(Figure 39.12) or secondarily infected. Unilateral scaling of the 
palm should always suggest a possible Trichophyton infection, and 
a discoid plaque due to T. verrucosum is sometimes seen in farmers. 
Partial treatment with topical corticosteroids can mask the typical 
appearance if misdiagnosed (tinea incognito). 

Lichen planus (Figure 39.13) and pityriasis rubra pilaris may 
resemble eczema on the hands, but usually present with typical 
lesions at other sites. 

Pompholyx eczema can resemble palmoplantar pustulosis. 
Clinically, the two conditions are distinguished by the presence 


of vesicles in the former and sterile pustules that resolve with 
characteristic brown marks in the latter. A pustular bacteride 
secondary to bacterial infection elsewhere in the body is a less 
common differential. Repeated attacks of pompholyx may produce 
hyperkeratotic lesions that mimic psoriasis vulgaris. Pemphigoid, 
linear IgA disease and pemphigoid gestationis occasionally present 
with blisters on the palms that mimic pompholyx. 

Scabies (particularly crusted scabies) may present on the hands 
but is likely to exist elsewhere on the body and in close contacts 
with the same symptoms. Crusted scabies may be confused with 
hyperkeratotic hand eczema. 

Hand, foot and mouth disease (coxsackie A16 viral infection) 
presents with typical oval lesions in all three sites and is self-limiting. 
It can be confused with pompholyx. Management with topical cor- 
ticosteroids and moisturisers may appear to ‘cure’ it but it usually 
resoves spontaneously. 

Secondary syphilis also presents with palmar hand _ lesions 
(Chapter 29). 

A total skin examination should be performed in any case of hand 
eczema where the diagnosis is in doubt. There may, for example, be 
evidence of nickel allergy or tinea pedis, or small patches of psoriasis 
of which the patient is unaware. 


Classification of severity 

A photographic guide for assessing the severity of chronic hand 
dermatitis has been developed and validated, mainly for use in 
clinical trial settings [41]. In daily practice, measurement of quality 
of life using a dermatology-specific index can be done by clinicians 
to quantify disease severity. UK National Institute for Health and 
Care Excellence (NICE) guidelines for alitretinoin for chronic hand 
eczema require a DLQI score [33] to be measured [42,43]. Some 
more recent studies have used the hand eczema severity index 
(HECSI) which is an objective measure of examination features 
complementing the subjective scoring of the DLQI [44]. 


Complications and co-morbidities 

Secondary bacterial infection of hand eczema may occur, usually 
associated with a sudden deterioration, pain and/or exudate from 
the affected areas. In pompholyx eczema, infection may also be 
indicated by the new onset of pustules rather than vesicles, usually 
in association with pain. 


Disease course and prognosis 

Unless a responsible allergen can be identified and removed, the 
prognosis of hand eczema for an individual is uncertain. Even if a 
relevant allergen is identified, it may be difficult to avoid all contact 
with the hands for allergens such as nickel and fragrance. Atopy, 
sensitisation to one or more contact allergens and extent of disease 
are all risk factors for a worse prognosis [3]. Smoking is also associ- 
ated with a worse prognosis. 

Following an acute attack of pompholyx, about one-third of 
patients experience no further episodes, one-third suffer from 
recurrent episodes and in the remainder the condition develops 
into a chronic, possibly hyperkeratotic phase. Those forms of hand 
eczema that are due in part or wholly to the effects of irritants carry a 
particularly poor prognosis unless these irritants can be completely 
removed. Patients who have suffered from severe hand eczema will 
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often remain vulnerable to mild irritants for several months after 
the eczema has apparently cleared. Interdigital dermatitis has been 
shown to be a potential precursor to more severe hand dermatitis 
in hairdressers. Recognition of this sign by the patient may allow 
early intervention to prevent progression of the disease [45]. 

A questionnaire follow-up answered by 868 of 1115 persons with 
hand eczema, identified 15 years previously in a population-based 
study, found that 44% had experienced hand eczema in the previous 
year [46]. For about 5%, the hand eczema had resulted in a major life 
change such as long sick leave periods, early retirement or a change 
of occupation. 


Investigations 

A circumscribed and asymmetrical area of scaling and vesiculation 
of the palm or sole should suggest the possibility of dermato- 
phytosis, and scrapings should be examined for fungus. If the 
redness is limited to one or two interdigital clefts, or is asym- 
metrical, or involves the dorsal skin to any extent, the possibility 
of contact dermatitis must be considered and investigated by 
patch testing. If there are immediate symptoms on wearing latex 
gloves, then type I latex hypersensitivity should be excluded with 
latex prick testing and specific IgE to latex (in the context of a 
total IgE). 


Management 

Chronic hand eczema 

Management of chronic hand eczema, defined as persisting for at 
least 3 or 6 months, is similar to eczema affecting other skin sites 
and involves the avoidance of irritants, frequent application of emol- 
lients and use of topical corticosteroids when indicated. 

Avoidance of irritants is particularly difficult for patients with 
hand eczema because they are so ubiquitous and the very function 
of the hand is contact. Patient education is of paramount importance 
and this can be reinforced by printed or online advice sheets. Gloves 
usually provide the best protection against irritants and allergens; 
the optimal choice of glove should be considered in terms of the 
material, size and weight depending on the individual’s particular 
needs. Natural rubber latex (NRL) gloves generally give good 
protection for housework. In patients with a latex allergy, nitrile 
or polyvinyl chloride household gloves should be worn instead. It 
should be noted that some allergens, such as acrylates and epoxy 
resins, can penetrate vinyl or rubber gloves [47]. Gloves that develop 
holes should be discarded immediately and, if sweating makes the 
condition worse, it may be helpful to wear cotton gloves beneath 
the protective ones. 

In an occupational setting, gloves are often worn for a significant 
amount of time to protect against exogenous agents such as hair 
dyes and preservatives. Allergens like hair dyes penetrate NRL 
gloves after 90 min and vinyl ones after 40 min [48]. In general, 
nitrile gloves offer the most resistance to penetration but no gloves 
prevent absorption completely. Changing gloves frequently helps 
prevent this but there may be an added factor of being allergic 
to contents in the glove itself. Latex allergy is on the decline, but 
rubber accelerators designed to speed up the hardening of glove 
materials can be found in both NRL and nitrile glove types. The 
most common accelerators are thiruam mix, mercapto mix and 
mercaptithiobenzole and carba mix. 


Barrier creams are used to prevent hand eczema of occupational 
origin, however in practice they may not be applied effectively [49], 
and the debate continues about their actual benefit [50]. A Cochrane 
review of interventions such as emollients and barrier creams for 
preventing occupational irritant hand dermatitis found generally 
positive results but no statistical significance was reached [51]. 

Emollients should be applied frequently, and containers should 
be left at convenient locations at home and at work so that they 
are readily available. In general, choice of emollient is directed by 
the patient to ensure maximal compliance. Soap substitutes should 
be used in place of soap for all hand washing. Patients should be 
warned that some topical preparations sold over the counter by 
pharmacists as antipruritics or emollients can contain irritants such 
as alcohol or propylene glycol. 

Topical corticosteroids are required for all but the mildest cases of 
hand eczema. For severe hand eczema, potent or very potent topical 
corticosteroids may be needed. Applying topical corticosteroids at 
night (in bed) can increase contact time as the hands are used less. 
Painful fissures of the fingertips are a particular therapeutic problem 
and these can be treated with corticosteroid-impregnated adhesive 
tape, which provides both physical protection and local delivery of 
topical corticosteroid. 

In difficult, unresponsive cases the use of a topical corticosteroid 
under occlusion may be considered. The corticosteroid is applied at 
bedtime, and polythene gloves, sealed at the wrist with sticky tape, 
are worn overnight. This can be an effective treatment, but it greatly 
increases the risk of atrophy and secondary bacterial infection and 
should be discontinued as soon as the eczema shows satisfactory 
improvement. After improvement with daily corticosteroid use, it 
is safe to use a potent corticosteroid cream intermittently to prevent 
relapse [52]. 

If hand eczema does not respond to topical corticosteroid 
therapy, the diagnosis should be reviewed, particularly with 
regard to the possibility of tinea. The patient should be asked 
again about exposure to irritants or allergens, and the possibility 
of contact sensitisation to medicament bases, preservatives or the 
corticosteroid itself should be considered, with patch testing if 
necessary. 

Topical calcineurin inhibitors provide a further option for treat- 
ing hand eczema. In a left/right comparative trial with 16 subjects, 
topical tacrolimus 0.1% proved similar in efficacy to mometasone 
furoate [53]. Calcipotriol has also been used to good effect in hand 
eczema, although traditionally it was used for psoriasis. 

Intradermal injection of triamcinolone (10 mg/mL) into recalci- 
trant, localized patches of hand eczema may also be beneficial [54]. 
For pompholyx eczema, iontophoresis has been used successfully 
[55]. Tar and Grenz rays have gone out of favour considering newer 
therapies and risk of malignancy [56]. 

At present, the retinoid alitretinoin (9-cis retinoic acid) is the only 
licensed systemic therapy for chronic hand eczema. It interacts with 
both retinoid X and retinoic acid receptors and has been shown to 
improve chronic hand eczema [57]. In the UK, NICE has approved 
alitretinoin for patients who have severe chronic hand eczema, de- 
fined by the physician’s global assessment and a DLQI of 15 or more, 
and in whom potent topical corticosteroid therapy has failed [43]. 

A small RCT involving 29 patients with hyperkeratotic hand 
eczema suggested some benefit from acitretin [58], however this is 
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unsuitable for women of child-bearing age due to its long half-life 
and teratogenicity. An RCT of 41 patients compared ciclosporin 
(licensed for atopic eczema) 3 mg/kg daily with a potent topical 
corticosteroid, betamethasone diproprionate, and found no signif- 
icant difference between the two groups [59]. Ciclosporin can be 
used for up to 6 months according to European guidelines [60]. A 
brief report of an RCT comparing azathioprine 50 mg daily and a 
very potent topical corticosteroid with the very potent topical corti- 
costeroid alone suggested possible additive benefit from low-dose 
azathioprine [61], but effectiveness was limited. 

Oral PUVA therapy and UVB therapy have been used to treat 
chronic hand eczema; there is no evidence to suggest that UVB 
is better than PUVA or that oral PUVA is any better than topical 
PUVA [56]. Topical hand PUVA soaks are frequently used in clini- 
cal practice although there is only limited published evidence for 
hand eczema. Methotrexate is now well established as a treatment 
for both eczema and psoriasis, but there is limited evidence for 
effectiveness in hand eczema. 

Dupilumab is an IL-4 receptor a-inhibitor, blocking the Th2 
cytokines of atopy. Relatively low-powered retrospective and 
prospective studies have demonstrated improvement in hand 
eczema but, in many cases, atopic eczema was also present or it was 
unclear if it was present. 

Emerging therapies in eczema include the JAK and tyrosine kinase 
(TYK) inhibitors. Topical delgocitinib, a JAK1, JAK2, JAK3 and TYK2 
inhibitor in early development, has shown some positive results in a 
phase II trial [62]. A 2022 case report has demonstrated the success- 
ful use of baricitinib in hand eczema [63]. 


Acute hand eczema 

For hand eczema that presents acutely, it is important to eliminate 
any precipitant, for example a contact allergen. Emollients should 
be applied copiously and, if the eruption involves exudate or 
pompholyx vesicles, then dilute potassium manganite (VII) soaks 
are helpful. Large bullae may be aspirated using a sterile syringe. 
Systemic antibiotics will be required if secondary bacterial infec- 
tion develops and empirical therapy with flucloxacillin to provide 
cover for staphylococci is generally effective, pending culture and 
sensitivity results from swabs. 


Treatment ladder for dermatitis and eczema of 
the hands 


First line 

e Hand care advice 

e Irritant and allergen avoidance 
e Emollients 

e Soap substitute 


Second line 
e Potent or very potent topical corticosteroids, 
steroid-impregnated tape 


Third line 
e Alitretinoin/PUVA/azathioprine/ciclosporin/ methotrexate 
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Resources 


Patient resources 


British Association of Dermatologists, patient information leaflets: https: //www.bad 
.org.uk/for-the-public/patient-information-leaflets 

DermNet NZ, hand dermatitis: https://dermnetnz.org/topics/hand-dermatitis/ 
(Both last accessed September 2023.) 


Dermatitis and eczema of th 
legs 


Definition and nomenclature 


Dermatitis and eczema of the lower legs are subclassified by 
ICD-11 as venous eczema, stasis dermatitis and allergic contact 
dermatitis. Lower limb venous eczema encompasses the skin 
changes that result from venous hypertension. Stasis dermatitis 
relates to the skin changes that result from reduced lower leg 
venous flow. 


NOWN as varicose eczema 
re used interchangeably 


Introduction and general description 

Venous eczema and stasis dermatitis both result from dysfunc- 
tional venous and lymphatic drainage of the lower legs. There is 
a great deal of overlap between the two skin conditions, which 
share the same clinical features, and they are distinguished by 
the presence or absence of venous hypertension. Allergic contact 
dermatitis of the lower legs is a common complication of both skin 
conditions. 


Epidemiology 

Incidence and prevalence 

The combined prevalence of venous eczema and venous stasis is 
estimated to be between 3% and 11% of the population [1,2]. 


Age 
Venous eczema patients are usually middle-aged or elderly. The 
incidence in the over-seventies is 70% [20]. 


Sex 

There is an increased incidence in females, which may be due to 
hormonal effects and the tendency for deep-vein thrombosis (DVT) 
to occur during pregnancy. 


Ethnicity 
Venous eczema affects all ethnicities. 


Associated diseases 
There is an association between venous eczema and allergic contact 
dermatitis. 
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Pathophysiology 

Predisposing factors 

Venous eczema is more likely after a previous DVT and in the 
presence of venous stasis, which is itself linked to obesity, immobil- 
ity and previous cellulitis [2]. In a study of 170 people with varicose 
veins, 27% went on to develop eczematous changes [3]. 


Pathology [4-7] 

In venous eczema, the oxygen content in the femoral venous blood 
of the leg affected by venous hypertension is increased, and the 
venous blood in such limbs has a faster circulation time than 
normal [8,9]. These observations could be explained by the devel- 
opment of arteriovenous shunts in the affected areas, but the use of 
radioactively labelled macroaggregates or microspheres has failed 
to provide any evidence for such shunts. 

An alternative explanation for these findings has been provided 
by Browse and Burnand [5], who suggested that the high ambula- 
tory venous pressure within the calf muscle pump is transmitted to 
the capillary circulation in the skin and subcutaneous tissues of the 
calf. This distends the local capillary bed and widens the endothelial 
pores, thus allowing fibrinogen molecules to escape into the inter- 
stitial fluid, where they form a fibrin sheath around the capillaries. 
This layer of fibrin presumably forms a pericapillary barrier to the 
diffusion of oxygen and other nutrients that are essential for the 
normal vitality of the skin. The hypothesis that pericapillary fib- 
rin impedes oxygen diffusion has been supported by a study using 
positron emission tomography [10]. 

It has also been suggested that cutaneous inflammation in venous 
hypertension may result from increased sequestration of leukocytes 
in the venules, with a consequent release of proteolytic enzymes 
and free radicals which produce tissue damage [6]. In normal 
subjects, leukocytes are sequestered in the limb when venous pres- 
sure is elevated; in patients with venous insufficiency the effect is 
enhanced, with increased endothelial contact and adhesion of white 
cells [11]. This effect may be related to an increase in the expression 
of adhesion molecules intercellular adhesion molecule 1 (ICAM-1) 
and vascular cell adhesion molecule 1 (VCAM-1) on the vascular 
endothelium in affected skin [12]. 


Causative organisms 

This is not applicable except in cases of secondary infection where 
standard organisms such as Staphylococcus and Streptococcus are 
implicated. 


Genetics 
No strong genetic links have been identified to date. 


Clinical features 

History 

Venous eczema may develop suddenly or insidiously. It may occur 
as a late result of DVT, cellulitis or recent surgery. 


Presentation 

Venous eczema and stasis dermatitis are both red, scaly and often 
exudative eruptions usually seen around the ankle and lower leg 
(Figure 39.14). Occasionally, similar changes occur at other sites 
of venous hypertension such as the pendulous skin over an obese 


Figure 39.14 Venous (gravitational) eczema. 


Figure 39.15 Venous eczema of the ankle with ulceration at the medial malleolus. 


os 
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abdomen or in association with an ateriovenous fistula in the upper 
limb [13]. The eczema is often accompanied by other manifestations 
of venous hypertension, including dilatation or varicosity of the 
superficial veins, oedema, purpura, haemosiderosis and ulceration 
(Figure 39.15), or small patches of white, atrophic, telangiectatic 
scarring (‘atrophie blanche’). These changes, which occur in var- 
ious combinations, are discussed in more detail in Chapter 102. 
Leashes of dilated venules around the dorsum of the foot or ankle 
are particularly common. There may be a subepidermal vascular 
proliferation producing purple papules around the ankle, which 
may resemble Kaposi sarcoma [14]. 
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Figure 39.16 Contact eczema of the lower legs due to allergy to paste bandages. 


Clinical variants 

Secondary patches of eczema may develop on the other leg, even 
when it is not affected by obvious venous insufficiency. Generalised 
secondary dissemination may occur, and occasionally this can 
progress to erythroderma. 


Differential diagnosis 
In children or young adults, atopic eczema may manifest as licheni- 
fied patches around the ankle or behind the knees. Allergic contact 
dermatitis of the lower legs is usually due to topical medicaments 
and components of dressings (Figure 39.16). Patch testing is often 
indicated. An infected ulcer may be complicated by infective 
eczema spreading from the edge of the ulcer, which should respond 
to appropriate antibiotic therapy. Nummular dermatitis is common 
on the lower leg, usually on the anterior or anterolateral aspect. 
Asteatotic eczema commonly affects the legs of elderly patients. 
Psoriasis may present as a single, irritating plaque on the leg, 
but is usually scalier and clearly marginated. Hypertrophic lichen 
planus of the lower leg may occasionally be mistaken for eczema if 
there are no characteristic lesions elsewhere. Dermatophyte infec- 
tion may present as diffuse redness and scaling and may be difficult 
to recognise, particularly if it has been treated with topical steroids. 
Profuse actinic keratoses may cause red, irritable patches on the 
lower legs in sunny climates. In the late stage of borreliosis, the leg 
can feel heavy, with thick cyanotic itchy skin that may mimic the 
changes of venous hypertension [15]. 


Classification of severity 
The Clinical Etiological Anatomical Pathological (CEAP) classifica- 
tion is a linear system that divides venous eczema by the presence or 
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absence of signs [16]. However, some signs do not necessarily follow 
in order and this classification is not routinely used (Chapter 102). 


Complications and co-morbidities 

Allergic contact dermatitis. Clinically this may present as an 
eczematous eruption with a sharp, linear cut-off matching the appli- 
cation of a topical therapy, wound dressing or compression hosiery. 
Allergic contact dermatitis is a common complication of venous 
eczema, possibly because of the large number of antigen-presenting 
cells in the inflamed skin [17] and the resultant barrier dysfunction, 
and also because of prolonged contact with topical therapies and 
compression hosiery. The most common allergen is myroxylon 
pereirae (balsam of Peru) followed by fragrances, topical antibiotics 
and components of dressings [18]. Like venous eczema, this too 
is more common in women and polysensitisation is also more 
common due to multiple exposures [19]. Allergic contact dermatitis 
of the lower leg is covered in more detail in Chapter 127. 


Secondary infection. This usually presents as a sudden worsening 
of eczema. If cellulitis ensues, the patient may experience pain and 
increased skin temperature and swelling of the affected area, as well 
as malaise and rigors if infection becomes systemic. The mode of 
antibiotic administration depends on the severity of the infection, 
ranging from topical antibiotics for mild infection, oral for moderate 
and intravenous for severe. 


Lipodermatosclerosis. Chronic venous insufficiency may result in 
lipodermatosclerosis, described in more detail in Chapter 101. 


Venous ulceration. There is an association between venous eczema 
and venous ulceration because these are both the result of venous 
hypertension. Ulcer healing is inhibited by both venous eczema and 
stasis dermatitis, in part due to chronic lower leg swelling. Itch is a 
common symptom often overlooked [20]. 


Disease course and prognosis 

Venous eczema is a chronic condition that undergoes relapse and 
remission. Long-term improvement may be provided by effective 
lower limb compression, if tolerated, or in some cases by varicose 
vein surgery. 


Investigations 

Ankle brachial pressure index (ABPI) measurement is required prior 
to consideration of compression therapy. An ABPI of more than 0.8 
in the absence of vessel calcification due to diabetes or atheroscle- 
rosis, which can give a falsely high reading, indicates suitability for 
graduated compression bandages (Chapter 102). 


Management 

Any underlying venous hypertension and/or pedal oedema should 
be controlled. Obese patients should be encouraged to lose weight. 
Well-fitted support stockings or firm bandages can be helpful if 
worn regularly and care is taken to avoid the formation of a band 
at the top of the leg. The legs should be elevated as effectively as 
possible. Exercise also encourages flow away from peripheral cir- 
culation [21]. As a preventative measure, compression postvenous 
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thrombosis can reduce the risk of developing venous eczema as 
well as reduce the risk of further thrombi [22]. 

Mild topical corticosteroids may be used to relieve irritation, but 
the use of potent corticosteroids should be limited to short periods 
of a few days as they may cause cutaneous atrophy and increase 
the risk of ulceration. Topical tacrolimus has been reported to be 
effective [23]. However, when necessary, the inflammation should be 
reduced. Bacterial infection must be treated where appropriate, but 
the risk of sensitisation to topical antibiotics and antiseptics should 
be borne in mind; systemic antibiotics may be preferable. Bacteria 
cultured from a swab do not necessarily have a pathogenic role. If 
trauma is thought to be playing a part, and the patient cannot resist 
scratching, a paste bandage may be helpful. 


Treatment ladder for dermatitis and eczema of 
the lower legs 


First line 

¢ Skin care, including leg elevation and exercise 
e Emollients 

¢ Topical corticosteroids 


Second line 
¢ Compression hosiery 


Third line 
e Referral to a vascular surgeon to consider surgical 
intervention 


Resources 


Patient resources 


British Association of Dermatologists, patient information leaflets: https: //www.bad 
.org.uk/for-the-public/patient-information-leaflets 

DermNet NZ, Leg dermatitis: https://dermnetnz.org/cme/dermatitis/leg- 
dermatitis / 

National Institute for Health and Care Excellence, Clinical Knowledge Summaries, 
Venous eczema and lipodermatosclerosis: https: //cks.nice.org.uk/topics/venous- 
eczema-lipodermatosclerosis/ (All last accessed September 2023.) 


Dermatitis and eczema 


Definition 
This is eczema affecting predominantly the eyelids and is covered in 
more detail in Chapter 107. 


Introduction and general description 

This is acommon and distressing clinical presentation [1,2]. The skin 
is an organ of communication as well as other established functions. 
When people communicate ‘with their eyes’ it is not the eyeball itself 
offering that information but the configuration of the eyelids, brows 
and periorbital skin that does so. 


Figure 39.17 (a) Eyelid atopic eczema (note the infraorbital Dennie—Morgan fold). 
(b) Allergic contact dermatitis of the eyelid due to the airborne fragrance linalool. 


The delicate skin of the eyelid is only 0.55 mm thick and contains a 
complex layer of musculature, vasculature and secretory organs [3]. 
Unlike other areas of the body, there is no subcutaneous fat and 
the skin is firmly attached to the underlying tarsal plate [4]; the 
remaining skin is loosely attached to underlying structures. The 
skin thickness changes from the eyelid to the periorbital and facial 
skin. The most common cause of eyelid dermatitis and periorbital 
dermatitis is contact dermatitis, followed by atopic dermatitis 
(Figure 39.17). It is likely that many cases represent mild atopic 
eczema without other manifestations [5]. Several studies have 
reported a female preponderance [6]. 

Other dermatoses like seborrhoeic dermatitis, rosacea or lupus 
may also underlie the presentation or indeed be a differential. 
Dermatomyositis should also be considered. Contact allergy to 
various components of eye make-up, nail varnish, fragrance, rubber 
[7] or ophthalmic medicaments [8] is responsible for some cases. 
Allergy to nickel in spectacle frame screws may cause eczema near 
the temples and periorbital areas. In some cases the cause remains 
obscure. 


Assessment, investigation and management of eczematous disorders 


Eyelid eczema can also be complicated by the presence of 
concomitant eye diseases associated with eczema such as allergic 
conjunctivitis, keratoconus and cataract [9]. 

The skin of the rest of the face varies subtly from the eyelids and 
periorbital skin with changes in apocrine glands and vasculature. 


Pathophysiology 

The thin nature of the eyelid predisposes to diffusion of potential 
allergenic substances across the epidermis, more so than with other 
body sites. Concomitant dermatoses of the eyelid can also worsen 
this, with inflammation reducing barrier function and increasing 
diffusion capacity. Rubbing the eyelids due to itch exacerbates this 
further. 

Allergic contact dermatitis of the eyelids can be from direct 
application of allergenic substances such as make-up, transfer of 
substances on the hands or even from volatile airborne allergens. 
Despite a larger area of facial skin being exposed, the eyelids may 
be the only areas manifesting dermatitis due to the different nature 
of the skin and possible concentration of previously sensitised cuta- 
neous memory T cells in that area. However, allergens can migrate 
and manifest in adjacent skin [6]. 

The most common allergens reported are metals such as nickel 
or gold sodium thiosulphate [10], although relevance may not be 
significant. This is followed by fragrances such as Myroxylon pereirae 
that are often contained in make-up products. Topical medications 
can also cause problems with either the medications themselves or 
the preservatives contained in them [11,12]. 


Investigation 

Patch testing should be considered when reviewing a patient with 
eyelid dermatitis as allergic contact dermatitis is the most common 
cause. Due to the different nature of eyelid skin, prepreparing the 
back to increase diffusion capacity may be necessary with tape strip- 
ping. However, if ruled out or the allergen is not relevant, clinical 
diagnosis of the differentials may be all that is required. 


Management 

When the condition is not amenable to removal of the cause, 
treatment with hydrocortisone cream is often effective. Topical 
calcineurin inhibitors (tacrolimus, pimecrolimus) can be particu- 
larly useful in this setting, and avoid the risks of inducing atrophy, 
rosacea or raised intraocular pressure associated with prolonged 
use of topical corticosteroids. 

Crisaborole is a topical boron-based phosphodiesterase 4 inhibitor 
which has as yet weak evidence for reducing inflammation in 
eczema. Because it is not a corticosteroid, skin atrophy and 
telangiectasia are less of a problem, making it more acceptable 
in sensitive sites such as the eyelids [13]. 


Treatment ladder for dermatitis and eczema of 
the eyelids 


First line 

¢ Patch test 

e Avoid allergens /irritants (if relevant) 
e Emollient 
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Second line 
e Hydrocortisone 21-acetate 1% cream 


Third line 
e Tacrolimus 0.03% or 0.1% ointment or pimecrolimus 1% 
cream 


Juvenile plantar dermatosis 


Definition and nomenclature 
This condition is characterised by shiny, dry, fissured dermatitis of 
the plantar surface of the forefoot. 


Introduction and general description 
The first record of this condition appeared in 1968, and since then 
it has been described under a variety of names depending on the 
authors’ beliefs concerning pathogenesis and the possible associa- 
tion with atopy. The name ‘juvenile plantar dermatosis’ has the merit 
of making no presumptions about cause. 


Epidemiology 

Incidence and prevalence 

There is little up-to-date information on incidence and prevalence, 
possibly due to differences in coding and classification. A review of 
389 children aged 0-16 years referred to a paediatric dermatology 
clinic over 19 years found juvenile plantar dermatosis in 8 of them 
(15.4%) [1]. However, this study is skewed by the referral indication 
being suspected contact dermatitis. 


Age 
It occurs mainly in children aged 3-14 years. Only occasional cases 
are seen in adults or infants. 


Sex 
There is a slight preponderance of male children. 


Associated diseases 

An association with atopy has been proposed but the evidence for 
this is not convincing. In a controlled study, a personal or family 
history of eczema or other atopic illness was no more common in 
cases than in controls [2]. 


Pathophysiology [3,4] 

Some authors consider juvenile plantar dermatosis to be an irritant 
contact dermatitis caused by excessive humidity and maceration of 
the skin leading to a barrier compromise [5]. Histology shows a mild, 
non-specific eczema. An inflammation of eccrine sweat ducts can be 
identified in many cases [6]. 
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Genetics 
It has been reported in identical twins [7]. 


Environmental factors [2,3,5,8-10] 

It seems likely that changes in fashion, and the resulting changes 
in the composition of children’s socks and shoes, may have been 
responsible for the emergence of this disease. Waxing and waning 
fashions for the use of synthetic materials such as nylon and plastics, 
compared with more porous natural materials such as cotton, wool 
and leather, may have been the cause. However, the exact patho- 
genesis of the disease remains uncertain [8]. Occasional cases have 
occurred in children wearing open leather sandals and cotton socks. 
Many of the affected children are keen on dancing or sports, and 
this suggests that friction and enhanced sweating may be playing 
some part. 


Clinical features 
The presenting features of juvenile plantar dermatosis are redness 
and soreness on the plantar surface of the forefoot, which assumes a 
shiny, ‘glazed’ and cracked appearance (Figure 39.18). The condition 
is most severe on the ball of the foot and toe pads and tends to spare 
the non-weight-bearing instep. The toe clefts are normal and this 
helps to distinguish the condition from tinea pedis. The symmetry 
of the lesions is a striking feature. Occasionally, the disease can affect 
the hands, resulting in sore, shiny, fissured palms or fingertips. This 
is more likely in atopic subjects [11]. 

Most cases will clear spontaneously during childhood or 
adolescence, but the condition may persist into adulthood [12]. 


Investigations 

The diagnosis is clinical, although skin scrapes to exclude fungus 
and patch tests to exclude footwear allergy may be helpful if there 
is any doubt. Consultation with the manufacturer of the shoes 
may help to identify potential allergens. Fungal infections and 
erythrasma typically affect the interdigital spaces whereas allergic 
contact dermatitis typically does not. 


Figure 39.18 Juvenile plantar dermatosis, showing the characteristic glazed appearance 
of the forefoot skin. 


Management 

Patients are usually advised to change from non-porous footwear 
to 100% cotton socks and leather shoes or sandals, although this 
strategy may not resolve the problem [2,5,12,13]. A variety of topical 
preparations may help, including urea preparations, Lassar paste, 
white soft paraffin, tar or tacrolimus ointment, but no single prepa- 
ration is always effective [3,14—16]. 


Treatment ladder for juvenile plantar dermatitis 


First line 
e Change to leather footwear and cotton socks/open sandals 


Second line 
e Emollients, including urea-containing preparations 


Third line 


¢ Lassar paste/tar/tacrolimus ointment (Protopic™) 


MISCELLANEOUS SPECIFIED 
DERMATOSES 


Infective dermatitis — 


Definition and nomenclature 

Infective eczema is caused by microorganisms or their products, 
and that by definition clears when the organisms are eradicated 
(Figure 39.19). This should be distinguished from infected eczema in 
which eczema due to some other cause is complicated by secondary 
bacterial or viral invasion of the skin (Figure 39.20). In practice, 
however, the two conditions can coexist, and the distinction may be 
difficult. 


Figure 39.19 Infective eczema in a non-atopic man. Histology of this localised rash 
showed eczema, and Staphylococcus aureus was repeatedly isolated. There was no 
response to topical corticosteroid therapy but the condition cleared rapidly with oral 
flucloxacillin. 


Figure 39.20 Infected dermatitis. This man had a patch of nummular dermatitis that 
became secondarily infected with Staphylococcus aureus. 


Synonyms and inclusions 


© Microbial eczema 


Intr e n 

Infective dermatitis is a controversial entity and some dermatolo- 
gists never make the diagnosis. This is because the bacterial flora 
of an eczematous lesion differs quantitatively from that of normal 
skin [1] and the demonstration that organisms are present does 
not establish that they are modifying the lesion. The distinction 
between colonisation and infection can be very difficult, but the 
presence of an increased venous C-reactive protein level may offer 
a useful clue [2]. The skin is a distinct ecosystem with interactions 
between microbial flora, secretions and keratinocytes [3]. In a way, 
the stratum corneum could be viewed as the product of a holocrine 
secretion. 

Nevertheless, cases are seen occasionally in which bacterial or 
viral invasion of the skin seems to occur as the primary event and is 
followed by secondary eczematisation which can spread for several 
centimetres beyond the area of obvious infection. The patches of 
eczema that occasionally develop around lesions of molluscum 
contagiosum are a good example (Figure 39.21). The pearly papules 
of molluscum are the initiating event and eczema can develop in the 
surrounding skin some days later, even when the lesions have not 
been scratched or traumatised. The eczema generally clears when 
the molluscum lesions subside. Similarly, eczematous skin is occa- 
sionally seen around infected wounds; this clears with antibiotic 
treatment alone. 


Figure 39.21 An area of eczematisation developing around lesions of molluscum 
contagiosum. The skin had previously appeared normal, and it returned to normal when 
the molluscum infection cleared. Courtesy of Dr D. A. Burns, Leicester Royal Infirmary, 
Leicester, UK. 


The mechanism by which microorganisms cause eczema is not 
understood. Bacterial antigens can promote a cytotoxic reaction in 
the skin, but this is perhaps more likely to aggravate or perpetuate 
than initiate the eczematous process [4-7]. Bacterial superantigens 
such as staphylococcal protein A and enterotoxin B [7] may be 
profound immune stimulants and may aggravate atopic eczema 
(Chapter 41). They induce a T-cell response without being presented 
on the usual major histocompatibility complex (MHC) molecule 
and recognised by the T-cell receptor (TCR). Instead, they bind 
to non-active site aspects of both molecules in a non-immune 
recognition manner [8]. Bacterial antigens may play this role in 
a variety of syndromes, including nummular dermatitis, and not 
merely in infective dermatitis. Cultured staphylococci applied 
topically to human skin can also provoke an eczematous delayed 
hypersensitivity reaction [9,10]. 

It is accepted that eczematous reactions can occur as an 
allergic reaction to a fungal infection elsewhere in the skin (der- 
matophytide). 


Pathology 

The histological picture of infective eczema is generally of subacute 
or chronic eczema in which spongiosis is combined with acantho- 
sis, hyperkeratosis and patchy parakeratosis. The dermis shows 
inflammatory changes, with polymorphonuclear and lymphocytic 
infiltration invading the epidermis to a variable extent. In some 
stages, subcorneal pustulation may be conspicuous. 
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Clinical features 
The distinction between infective and infected eczema can be 
difficult. 


Infected eczema. This shows redness, exudation and crusting. Exu- 
dation may be profuse, generating crusting, or slight, with the accu- 
mulation of layers of somewhat greasy, moist scale, beneath which 
the surface is raw and red. The margin is characteristically sharply 
defined, and the horny layer is often split to form an encircling col- 
laret. There may be small pustules in the advancing edge and in flex- 
ures, often a deep and persistent fissure. This may spread to distal 
sites of existing eczematous skin with possible systemic symptoms. 


Infective eczema. This usually presents as an area of advancing red- 
ness, sometimes with microvesicles. It is seen predominantly around 
discharging wounds or ulcers, or moist skin lesions of other types. 
It is relatively common in patients with venous leg ulcers, but care 
must be taken to distinguish it from contact dermatitis due to the 
application of topical medicaments. 

Tinea pedis may also become eczematous due to the overgrowth 
of Gram-negative organisms [11]. Infective dermatitis may also 
complicate chronic threadworm infestation, pediculosis or scabies. 
It is not always clear how much of the eczematous change is due to 
repeated scratching, secondary impetigo or a direct response to the 
infestation. 


Clinical variants 

Infective dermatitis of the forefeet is a distinctive pattern of eczema 
that mainly affects the interdigital spaces on the dorsum of the 
medial toes. Staphylococci or streptococci can be cultured, and the 
lesions respond to antiseptic or antibiotic therapy [12]. This condi- 
tion seems to occur particularly in patients with poor standards of 
hygiene, and is predisposed by hyperhidrosis and heavy footwear. 
In children, the condition must be distinguished from juvenile 
plantar dermatosis. 


Management 

Factors predisposing to infection should be sought and eliminated 
when possible. Although topical antibacterial agents are effective in 
mild forms of infective eczema due to bacteria, systemic antibiotics 
may be needed. In acute exudative lesions, potassium manganate 
(VID) (KMnO,) soaks are helpful for the first 2 or 3 days, in combina- 
tion with a systemic antibiotic. 


Treatment ladder for infective dermatitis 


First line 
¢ Treat primary cause (e.g. ulcer) or modify footwear if relevant 


Second line 
¢ Topical antibiotics (for mild presentations) 


Third line 
¢ Systemic antibiotics (also potassium manganate (VII) soaks 
for forefeet variant) 


Pityriasis alba — 7" 


Definition 

This is a pattern of dermatitis in which hypopigmentation is 
the most conspicuous feature. Redness and scaling usually pre- 
cede the development of hypopigmentation but these are often 
relatively mild. 


Epidemiology 

Incidence and prevalence 

The incidence of pityriasis alba has been estimated to be between 
1.9% and 5.2% in children [1]. 


Age 
Pityriasis alba occurs predominantly in children between the ages of 
3 and 16 years. 


Sex 
The sexes are equally susceptible. 


Ethnicity 
Pityriasis alba presents more commonly in those with darker skin 


type [2]. 


Associated diseases 
It is often a manifestation of atopic eczema, but is not confined to 
atopic individuals. 


Pathophysiology 

Sun-exposed sites are at higher risk. Pityriasis alba can be associated 
with excessive washing, long bathing and exfoliation reducing skin 
defensive mechanisms. 

The histological changes are unimpressive — acanthosis and mild 
spongiosis, with moderate hyperkeratosis and patchy parakerato- 
sis. There may be follicular plugging, spongiosis and sebaceous 
gland atrophy [3-6]. On electron microscopy there are reduced 
numbers of active melanocytes and a decrease in the number and 
size of melanosomes in affected skin [5]. Although pigment is 
reduced, melanocyte numbers are not and may even be increased 
relative to healthy skin [7]. 


Clinical features [4,7-9] 

The individual lesion is a rounded, oval or irregular hypopigmented 
patch that is usually poorly demarcated. Lesions are often slightly 
red with a raised edge and have fine scaling. Initially, the redness 
may be conspicuous and there may even be minimal serous crusting. 
Later, the redness subsides completely and, at the stage at which the 
lesions are commonly seen by a physician, they show only persistent 
fine scaling and hypopigmentation. It is this that usually induces the 
patient to seek advice. The hypopigmentation is most conspicuous 
in pigmented skin, and in lighter skins may become more evident 
after sun tanning (Figure 39.22). 


Figure 39.22 In pityriasis alba the failure of the affected patches to tan may first bring 
them to the patient's notice. Courtesy of Dr A. Marsden, St George’s Hospital, 
London, UK. 


In classic pityriasis alba there are usually several patches ranging 
from 0.5 to 2 cm in diameter, but they may be larger, especially 
on the trunk. In children the lesions are often confined to the face 
but can affect the neck, shoulders, trunk and limbs. A pigmenting 
pityriasis alba is found in the Middle East and darker skin types 
in South Africa. These lesions are blue from deep melanin with 
a halo of depigmentation and can coexist with classic pityriasis 
alba [1]. Extensive pityriasis alba affects teenagers and young 
adults, more often females. Lesions of extensive pityriasis alba are 
typically larger than other variants at 2 cm and are not limited to 
the face. 


Differential diagnosis 

The age incidence, fine scaling and distribution of the lesions usu- 
ally suggest the diagnosis. Conspicuous hypopigmentation may 
lead to a misdiagnosis of vitiligo. Naevus depigmentosus most 
commonly presents at birth or before 3 years of age and most often 
causes single, well-marginated lesions on the trunk [10]. Naevus 
anaemicus is also detected most commonly at birth. However, this 
condition may be difficult to distinguish from pityriasis alba when it 
occurs on the face and in cases of later onset. Nummular dermatitis 
in an atopic child is intensely pruritic, and the lesions are larger 
and more oedematous. In older children and adults, early trunk 
lesions may be mistaken for psoriasis, but the distribution and the 
relatively mild scaling should exclude this diagnosis. Mycosis fun- 
goides, although relatively rare, may present with lesions clinically 
resembling pityriasis alba [11]. This condition may also be difficult 
to distinguish histologically and so follow-up and repeated biopsies 
are sometimes required. 


Disease course and prognosis 
The course is extremely variable. Most cases persist for some 
months, and some may still show hypopigmentation for a year or 


more after all scaling subsides. Recurrent crops of new lesions may 
develop at intervals. The average duration of the common facial 
form in childhood is a year or more. 


Management 

Response to treatment is often disappointing, mainly because the 
pigmentation takes a long time to recover. However, complete 
repigmentation is the normal outcome. The scaling may be reduced 
by a bland emollient cream. Reduction in excessive skin care and 
washing may remove precipitating factors. Mild topical cortico- 
steroids are helpful if inflammation persists. Topical tacrolimus and 
pimecrolimus are effective in facial atopic eczema and seem likely 
to prove helpful, if required, in pityriasis alba [12]. Sunblock will 
help reduce the contrast with surrounding skin. 


Treatment ladder for pityriasis alba 


First line 

e Emollient 

e Sun protection 

e Reduction of excessive skin care 


Second line 
e Mild topical corticosteroids 


Third line 
¢ Topical tacrolimus or pimecrolimus 


Chronic superficial scaly d 


This is a chronic condition with round or oval, red, slightly scaly 
patches on the limbs and trunk, histologically showing mild eczema- 
tous changes with little or no dermal infiltrate (Figure 39.23). It is 
characterised as small plaque parapsoriasis (EA95 in ICD-11) and is 
covered extensively in Chapter 134. 
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Figure 39.23 Chronic superficial scaly dermatitis. 
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Dermatophytide 


This is a reaction, at a remote site, to a dermatophyte infection [1-3], 
covered extensively in Chapter 32. 


Halo dermatitis 


Definition and nomenclature 
Halo dermatitis is the occurrence of an eczematous ring surrounding 
a melanocytic naevus. 


Synonyms and inclusions 
e Meyerson naevus 
e Meyerson phenomenon 


Introduction and general description 

Meyerson [1] described two patients with multiple, pruritic, papu- 
losquamous lesions surrounding melanocytic naevi (Figure 39.24). 
More than 20 similar cases have since been described [2-4], mainly 
in young adults. Histology shows a benign naevus surrounded by a 
dermal lymphocytic and eosinophilic infiltrate, with overlying acan- 
thosis, spongiosis and parakeratosis. One case developed during 
treatment with interferon a-2b in a patient with dysplastic naevus 
syndrome and Behcet disease [5]. The condition usually resolves 
spontaneously within a few months, without involution of the nae- 
vus. It differs from Sutton halo depigmentation, although the two 
conditions have been reported to coexist in the same patient and in 
one case progression to Sutton naevus occurred [6]. Similar changes 
are not infrequently seen around seborrhoeic keratoses [7] and other 
elevated skin lesions [8] and are termed the Meyerson phenomenon. 


Murray Williams warts 


Multiple seborrhoeic keratoses occurring in areas of resolved 
eczema have only occasionally been reported since the phenomenon 


Figure 39.24 Halo dermatitis showing eczema around a mole. 


was described by Williams in 1956 [1,2]. Multiple seborrhoeic ker- 
atoses arise in the few months following resolution of the eczema 
and tend to gradually resolve by 5-6 months. It has been reported 
following allergic contact dermatitis [3]. 


Lichen simplex and lichenification 


Definition and nomenclature 

Lichen simplex is an eczematous dermatosis characterised by a 
small number of heavily thickened (lichenified) plaques or, very 
often, a single lesion. Lichen simplex chronicus of genital regions is 
covered in more detail in Chapters 110 and 111. 


Synonyms and inclusions 
¢ Circumscribed neurodermatitis 


Introduction and general description 

Lichenification is a change in appearance and texture of the skin 
associated particularly with pruritic dermatoses. Mild or early 
lichenification presents as a rather subtle coarsening of the skin 
surface markings on a background of dry and usually red skin. 
As the condition progresses, the skin becomes markedly thick- 
ened and hyperkeratotic (Figure 39.25). Lichenification may occur 
spontaneously, when it is known as lichen simplex, or may occur 
as a secondary consequence of eczema and other inflammatory 
dermatoses. 


Epidemiology 

Age 

The peak incidence is between 30 and 50 years of age, but it is seen 
at any age from adolescence onwards. Secondary lichenification of 
atopic eczema can occur in any age group and broadly mirrors the 
prevalence of atopic eczema in the particular age group. 
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Figure 39.25 Lichenification of the arm in a patient with atopic eczema. 


Sex 
Women are affected by lichen simplex more often than men. 


Ethnicity 
There is no conclusive evidence of a link with particular ethnicities. 


Associated diseases 

A dermatomal pattern of lichen simplex chronicus has been 
described as the initial presentation of an intramedullary neoplasm 
with syringomyelia [1]. 


Pathophysiology 

Predisposing factors 

Patients with lichen simplex are more readily conditioned to 
scratch following an itch stimulus than are control subjects [2]. 
Lichenification frequently occurs as a manifestation of atopic 
eczema [3] but is not universally present and lichen simplex occurs 
in many individuals who show no stigmata of atopy. In the pre- 
disposed subject, emotional tensions play an important role in 
favouring the development of lichen simplex and ensuring its 
perpetuation [4]. 


Pathology [5,6] 

The histological changes of lichen simplex vary with site and 
duration. Acanthosis and variable degrees of hyperkeratosis are 
usually observed. The rete ridges are lengthened. Spongiosis is 
sometimes present, and small areas of parakeratosis are occasion- 
ally seen. There is hyperplasia of all components of the epidermis 
[7]. The labelling index has been shown autoradiographically to be 
over 25%, but the transit time is longer than in psoriasis [8]. 

The dermis contains a chronic inflammatory infiltrate, and in 
very chronic lesions there may be some fibrosis. Silver impregna- 
tion techniques show proliferation of the Schwann cells, which may 
make up an appreciable proportion of the cellular infiltrate. 

In very chronic lesions, especially in giant lichenification, the 
acanthosis and hyperkeratosis are gross, and the rete ridges are 
irregularly but strikingly elongated and widened. 


Genetics 
There are no specific genetic links reported for lichen simplex. 


Environmental factors 
Lichenification can arise as a result of allergic contact dermatitis. 
Lichen simplex has been linked in a case series to allergic contact 
dermatitis to hair dye [9]. 


Clinical features 

History 

In all forms of lichenification, pruritus is a prominent symptom, and 
is often out of proportion to the extent of the objective changes. It 
may develop in paroxysms of great intensity. Scratching tends to 
give initial satisfaction, but is then continued until the skin is sore. 
There then follows a refractory period before another intense bout 
of pruritus; however, habit can perpetuate excoriation [10]. 


Presentation 
In lichen simplex, single and multiple sites are involved with 
about equal frequency. Almost any area may be affected, but the 


(b) 


Figure 39.26 Lichen simplex. (a) On the lower leg. (b) On the ankles. (a) Courtesy of Dr 
D. A. Burns, Leicester Royal Infirmary, Leicester, UK. 


commonest sites are those that are conveniently reached. The 
usual sites are the nape of the neck, lower legs (Figure 39.26a) and 
ankles (Figure 39.26b), sides of the neck, scalp, upper thighs, vulva, 
pubis or scrotum and extensor forearms. In lichenified eczema and 
secondary lichenification, the sites are those affected by the primary 
dermatosis, for example limb flexural sites in atopic eczema. 
During the early stages of lichen simplex, the skin is red and 
slightly oedematous, and normal skin markings are exaggerated. 
The redness and oedema subside and the central area becomes 
scaly and thickened and sometimes pigmented. Surrounding this 
central plaque is a zone of lichenoid papules and beyond this an 
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Figure 39.27 Follicular papules of lichenification adjacent to the elbow. 


indefinite zone of slight thickening and pigmentation merging with 
normal skin. These features may be greatly modified by the site and 
duration of the lesion. In mild cases, follicular eczematous papules 
may be seen, particularly on the forearms and elbow regions of 
children (Figure 39.27). 


Clinical variants 

Lichen simplex of the nape of the neck (lichen nuchae) is usually 
confined to women. The plaque may be limited to a small area 
around the midline of the nape or may extend some distance 
into the scalp and over the neck. Scaling is often profuse and 
psoriasiform, and episodes of secondary infection are frequent. 
The fold behind the ear may also be involved. Scaling, crusting 
and fissuring are more evident than the usual changes of licheni- 
fication. Other regions of the scalp are less often affected. The 
presenting manifestation is an area of scaling, with twisted, broken 
hairs. The epidermal thickening may be great enough to form a 
nodule. 

If lichenification occurs at sites where the subcutaneous tissues 
are lax and excoriation continues for many years, solid tumour-like 
plaques may be formed, with a warty, cribriform surface. This 
variant is known as giant lichenification of Pautrier [11] and occurs 
mainly in the genito-crural region. 

The descriptive term pebbly lichenification has been applied to a 
distinctive clinical variant, consisting of discrete, smooth nodules, 
seen occasionally in atopic and seborrhoeic subjects, and in photo- 
dermatitis. Clinically it may simulate lichen planus. 


Differential diagnosis 
The morphological diagnosis of lichenification is usually charac- 
teristic. However, lichen planus, lichen amyloidosus and psoriasis 
are differential diagnoses that may be elicited by checking other 
anatomical sites. Sometimes, however, no conclusive diagnosis is 
possible on either clinical or histological grounds. A patient with 
psoriasis may develop lichen simplex that combines the histological 
features of both conditions. 

Once the diagnosis of lichenification has been established its 
causation must be carefully investigated. Secondary lichenification 


complicates persistent skin lesions of many types. It occurs on the 
lower leg in the presence of venous insufficiency, in atopic eczema, 
in asteatotic eczema, in low-grade chronic contact dermatitis and 
in some chronic infections with Trichophyton rubrum. Symmetri- 
cal lesions may suggest secondary lichenification from a contact 
dermatitis. 


Complications and co-morbidities 
An association has been reported between lichen simplex and 
depression and dissociative experiences [12]. 


Disease course and prognosis 
Lichen simplex tends to follow a chronic course unless the 
itch-scratch cycle can be broken. 


Investigations 

Skin scrapings for mycological investigation may be indicated. Sus- 
picion of allergic contact dermatitis should be investigated by patch 
testing. 


Management 

A careful psychological history should be taken to elucidate 
any underlying problems. The nature of lichen simplex and the 
need to break the scratching habit should be explained. Sedative 
antihistamines may be helpful and antibiotics may be necessary if 
secondary infection is present. 

Neurological itch stimulus and inflammation may both need to be 
addressed [13]. A potent or very potent topical corticosteroid can be 
very helpful in some cases but seems to have no effect in others. 

On an arm or leg it is useful to apply an occlusive zinc paste 
bandage, if tolerated, which prevents scratching and improves 
skin hydration. Self-adhesive, steroid-impregnated tape (e.g. flu- 
droxycortide tape) can often be effective for localised lesions. 
Alternatively, a potent steroid ointment under polythene occlusion, 
for short periods, may also be considered. Modest improvement 
has also been shown with 5% doxepin cream [14]. 

For solitary, circumscribed, chronic lesions, dermal infiltration 
with triamcinolone (10 mg/mL) can be effective. Improvement has 
been reported with cislosporin and methotrexate [15]. 

Response has also been reported to capsaicin cream [16]. 
Gabapentin, pregabalin and opioid receptor antagonists have 
been used in nodular prurigo and may have a role in lichen sim- 
plex. More recently, the biologics nemolizumab and dupilumab 
have also been used in nodular prurigo as well as opioid receptor 
modulators such as naloxone and naltrexone [17]. 


Treatment ladder 


First line 
e Patient education 


Second line 
¢ Topical corticosteroids, including impregnated adhesive tape 


Third line 
e Zinc paste bandages for limbs or intralesional triamcinolone 
for solitary lesions 


Resources 


Patient resources 


DermNet NZ, lichen simplex: https: //dermnetnz.org/topics/lichen-simplex/ (last 
accessed September 2023). 


Erythroderma -— Saxo 


Definition and nomenclature 
Erythroderma is the term applied to any inflammatory skin disease 
that affects more than 90% of the body surface. 


ugh the degree of exfoliation is sometimes quite mild) 


Introduction and general description 

Erythroderma is included in this chapter because eczema is one of 
the commonest underlying causes. Erythroderma may be the initial 
presentation of eczema in an individual or, more commonly, arises 
in the context of longstanding eczema. 


Epidemiology 

Incidence and prevalence 

The most recent study estimated the European annual incidence at 
1 to 2 per 100 000 population [1]. An Indian study found incidence 
to be 20 per 19 000 person-years, while in Tunisia the rate was 30-44 
per 100 000 [2]. 


Age and sex 
It is more common in middle age between 41 and 61 years with a 
male to female ratio of 2-4: 1 [3]. 


Ethnicity 
There have been no specific ethnic variations reported. 


Associated diseases 
This will vary depending on the underlying cause of the 
erythroderma. 


Pathophysiology 
Predisposing factors [4-8] 
The main causes of erythroderma in adults are listed in Table 39.3 
and are discussed here. The figures vary somewhat with the age 
of the population, and are based on several published studies. 
In younger people, for example military personnel, there will be 
a larger proportion due to drug allergies [8]. Drugs commonly 
causing erythroderma are listed in Chapter 118. In some commu- 
nities, the incidence of erythroderma may be higher because of 
self-medication and use of herbal remedies such as St John’s wort 
[9]. The causes of erythroderma in the newborn are considered in 
Chapter 114. 

Other rare causes of erythroderma include sarcoidosis [10], 
Hailey—Hailey disease [11], pemphigoid [12], toxic shock syndrome 


Table 39.3 Causes of erythroderma and relative prevalence in adults [3-7,54]. These 
data are an approximation of different studies worldwide. 


Condition causing erythroderma Relative prevalence (%) 


Eczema of various subtypes 20.0 

Psoriasis 27.0 

Lymphoma and leukaemias 11.0 

Drugs (including phenylbutazone, phenytoin, 12.0 
carbamazepine, gold salts, lithium, cimetidine) 

Unknown 14.0 

Hereditary disorders (ichthyosiform erythroderma, 2.0 
pityriasis rubra pilaris) 

Pemphigus foliaceus 3.0 

Other skin diseases (lichen planus, dermatophytosis, 11.0 


crusted scabies, dermatomyositis) 


[13], lupus erythematosus [14], angioimmunoblastic lymphadenopa- 
thy [15] and dermatomyositis [16]. Graft-versus-host disease may 
progress to erythroderma in some cases. A related disorder was 
reported in Japan, where cases of fatal erythroderma occurred 
following major surgery. It was suggested that these cases were 
examples of post-transfusion graft-versus-host disease [17]. 

Erythroderma has occasionally been reported with seroconver- 
sion following human immunodeficiency virus (HIV) infection [18]. 
In established acquired immune deficiency syndrome (AIDS), 
erythroderma may arise from a variety of causes including 
seborrhoeic dermatitis, lymphoma or an unknown cause [19]. 
However, it should be noted that CD4+ T lymphocytopenia 
has been associated with erythroderma in the absence of HIV 
infection [20]. 


Pathology 

Histopathology can help identify the cause of erythroderma in up to 
50% of cases, particularly if multiple skin biopsies are examined [21]. 
The histological appearances vary depending upon the severity and 
duration of the inflammatory process. In the acute stage, spongio- 
sis and parakeratosis are prominent, and a non-specific inflamma- 
tory infiltrate permeates a grossly oedematous dermis to a variable 
depth. In the chronic stage, acanthosis and elongation of the rete 
ridges become more prominent. 

In erythroderma due to lymphoma the infiltrate may become 
increasingly pleomorphic and eventually acquire specific diag- 
nostic features such as a band-like lymphoid infiltrate at the 
dermal-epidermal junction, with atypical cerebriform mononuclear 
cells and Pautrier microabscesses [22]. In other cases, however, 
it remains non-specific throughout its course, and the distinc- 
tion can be difficult. Patients with Sézary syndrome often show 
some features of chronic dermatitis, and benign erythroderma 
may occasionally show some features suggestive of lymphoma. 
Immunophenotyping of the lymphoid infiltrate may not solve the 
problem as it generally shows features of mature T cells in both 
benign and malignant erythroderma [23]. 

In psoriasis, papillomatosis and clubbing of the papillary zones 
may be seen, and in pemphigus foliaceus, superficial acantholysis 
will be present. In ichthyosiform erythroderma and pityriasis rubra 
pilaris, repeated biopsies from carefully selected sites may reveal 
their characteristic features. 
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The causes of congenital erythroderma depend on the nature of 
the disorders of the stratum corneum such as dysregulated lipid 
metabolism and transport as well as keratin structure. Acquired 
erythroderma, despite its many different causes, tends to have 
certain common elements such as raised serum IgE and a predom- 
inance of ILC2 cytokines like IL-4 and IL-13. This favours a Th2 
cell type. There is also increased expression of adhesion molecules 
like VCAM-1, ICAM-1, E-selectin and P-selectin on the endothe- 
lial cells near erythrodermic skin, facilitating the extravasation of 
inflammatory cells to the tissues [1]. 


Genetics 
This will depend on the underlying condition. 


Clinical features 

History and presentation 

Acquired erythroderma developing in primary eczema or associated 
with a lymphoma is often of sudden onset. Patchy red skin, which 
rapidly generalises, may be accompanied by fever, shivering and 
malaise. Hypothermia may develop. 

The redness extends rapidly, and may be universal in 12-48 h. 
Scaling appears after 2-6 days, often first in the flexures, but it varies 
greatly in degree and character from case to case. The scales may be 
large or fine and bran-like. At this stage the skin is bright red, hot 
and dry and palpably thickened. The intensity of the redness may 
fluctuate over periods of a few days or even a few hours. Irritation 
is sometimes severe, but a sensation of tightness is more character- 
istic. Many patients complain of feeling cold, especially when the 
redness is increasing. The redness can be less visible in darker pig- 
mented skin; however this can contrast more greatly the dry and 
flaky skin giving an appearance of being covered in ash. 

When the erythroderma has been present for some weeks, the 
scalp and body hair may be shed and the nails become ridged 
and thickened and they may also be shed. The periorbital skin is 
inflamed and oedematous, resulting in ectropion, with consequent 
epiphora. In very chronic cases there may be pigmentary distur- 
bances, especially in darker skin, where patchy or widespread loss 
of pigment is often seen. 

The degree of enlargement of the lymph nodes in the absence of 
an underlying malignant lymphoma is variable. They are usually 
slightly or moderately enlarged and of rubbery consistency, but in 
some cases the enlargement may be gross. It is important that this 
dermatopathic lymphadenopathy is not mistaken for lymphoma. In 
difficult cases, lymph node biopsy may be advisable, but the pathol- 
ogist must be told that the patient is erythrodermic for a reliable 
histological interpretation to be made. 

The general picture is modified according to the nature of any 
underlying disease and the patient’s age and general physical 
condition. 


Clinical variants 

Clinical variants are considered in terms of the underlying cause of 
the erythroderma. Papuloerythroderma of Ofuji is also discussed as 
a distinct clinical variant. 


Eczematous dermatoses. Generalisation of an eczema occurs most 
frequently in the sixth and seventh decades when venous eczema is 


Figure 39.28 Erythrodermic psoriasis. 


a common precedent. However, atopic erythroderma may occur at 
any age, although it is uncommon in neonates [55]. Exacerbation of 
existing lesions usually precedes the generalisation, which follows 
the usual pattern. Pruritus is often intense. 


Psoriasis. In erythrodermic psoriasis (Figure 39.28) the clinical 
picture may be highly desquamative, but when the erythroderma 
is fully developed the specific features of psoriasis are often lost. 
In some cases, crops of sterile miliary pustules may develop at 
intervals, and transition to generalised pustular psoriasis may 
occur, especially in cases treated with potent topical corticosteroids 
or systemic steroids that are abruptly stopped [24]. Emotional 
stress, intercurrent illness and phototherapy overdosage may also 
precipitate erythroderma. 


Lymphoma, leukaemia and other malignancy. Cutaneous T-cell 
lymphoma is the commonest malignancy to cause erythroderma 
(Figure 39.29), followed by Hodgkin disease. Non-Hodgkin lym- 
phoma, leukaemias and myelodysplasia have also been reported 
as causes. Association with other internal malignancies has been 
observed less often [7]. 

Pruritus is often very severe. The erythroderma is universal, 
and infiltration of the skin may be so severe that the patient’s 
facial features are deformed. Rubbing and scratching may pro- 
duce secondary lichenification. Enlargement of lymph nodes may 
be considerable, even if histologically they are not infiltrated by 
lymphoma. 

A biopsy of involved skin may show only non-specific features 
initially, and may need to be repeated several times before infil- 
tration with atypical lymphocytes becomes evident. A skin biopsy 


Figure 39.29 Erythroderma in Sézary syndrome. Courtesy of Dr B. Dharma, University 
Hospitals Coventry and Warwickshire, UK. 


for analysis of T-cell receptor gene rearrangement, to determine 
whether clonality is present in the infiltrate, may be helpful [25,26]. 
Lymph node biopsy may be diagnostic of lymphoma but often 
shows only the features of dermatopathic lymphadenopathy. There 
may be hepatosplenomegaly. A differential white blood cell count 
should be performed and the blood examined for abnormal cells. 
Eosinophilia may suggest Hodgkin disease. Atypical lymphocytes 
with cerebriform nuclei (Sézary cells) are often observed in ery- 
throderma regardless of cause. When they constitute more than 
20% of the circulating peripheral blood mononuclear cells they 
become diagnostic of the leukaemic variant of cutaneous T-cell lym- 
phoma known as Sézary syndrome. Large Sézary cells (15-20 pm in 
diameter) are diagnostic even in small numbers [27]. The demon- 
stration of a clonal T-cell population in the peripheral blood by 
analysis of T-cell receptor genes, using polymerase chain reaction, 
appears to offer high diagnostic specificity for Sézary syndrome. 
The sensitivity also appears high, but on occasion the test may need 
to be repeated if initial results are negative and this diagnosis is still 
suspected [27]. 


Drugs. Among the more commonly implicated drugs are 
phenylbutazone, phenytoin, carbamazepine, cimetidine, gold 
salts and lithium [28]. The eruption may start as a generalised 
eczema, or scarlatiniform or morbilliform redness, often accompa- 
nied by some irritation, which increases steadily in severity. Skin 
redness may first appear in the flexures or over the whole skin 
(Figure 39.30). This group has the best prognosis of all the causes 
of erythroderma [4,29], often resolving in 2-6 weeks [30]. However, 
it is important to remember that the cutaneous manifestations of 
drug hypersensitivity may be accompanied by the involvement of 
other organs, for example haematological abnormalities, hepatitis, 
nephritis or pneumonitis. An example is the DRESS syndrome 


Figure 39.30 Widespread drug rash. This will progress rapidly to erythroderma if the 
drug is continued. 


(drug reaction with eosinophilia and systemic symptoms; Chapter 
118) which is a type IVb hypersensitivity reaction [31]. 


na of un 1. This is rarely below 10% of cases 
despite thorough investigation [1,5,6,30]. The cutaneous changes 
may precede any other evidence of a lymphoma by many months 
or years. If these cases are excluded, the remaining patients with 
chronic erythrodermas of unknown origin consist mainly of elderly 
men, in whom the condition runs a very long course with partial 
and temporary remissions, sometimes also known as the ‘red man 
syndrome’. It is characterised by marked palmoplantar kerato- 
derma, dermatopathic lymphadenopathy and a raised serum IgE 
[32,33]. This condition is not established erythrodermic cutaneous 
T-cell lymphoma, which is occasionally referred to as ‘I‘homme 
rouge’. 

The three commonest causes of idiopathic protracted erythro- 
derma are probably atopic eczema of the elderly, intake of drugs 
overlooked by the patient and pre-lymphomatous eruptions [5]. 


Ick na. This congenital erythroderma is usu- 
ally present from birth or early infancy. Non-bullous ichthyosiform 
erythroderma is an autosomal recessive condition with multiple 
gene defects. Children are born with a thick collodion membrane in 
90% of cases which sheds over the proceeding weeks [34]. The ery- 
throderma then presents. They may have eclabium and ectropion; 
it is important to check the external auditory canal for obstruction 
with skin debris [35]. 


Pityr ! pilaris. The erythrodermic forms may begin in 
childhood or adult life. The presence of follicular, horny plugs on 
the knees and elbows, and on the backs of the fingers and toes, is 
distinctive. In many cases, scattered islands of normal skin persist in 
the erythrodermic regions, and horny plugs may be evident around 
their margins. These normal pale ‘islands’ of sparing are highly 
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suggestive of the diagnosis; the skin on the palms and soles often 
has an orange discoloration. See Chapter 36. 


Pemphigus foliaceus. Moist, crusted lesions on the face and upper 
trunk often precede the development of the erythroderma. Scaling is 
conspicuous, moist and adherent. Crops of thin-walled bullae may 
erupt, especially on the limbs. Taking a biopsy for immunofluores- 
cence will be difficult as perilesional skin needs to be taken. See 
Chapter 50. 


Lichen planus. Erythrodermic lichen planus is very rare but 
lichenoid reactions to gold, quinine and other drugs have resulted 
in erythroderma. As the initial redness and oedema subside, indi- 
vidual violaceous papules may be revealed. The buccal mucous 
membrane may show typical lacy, bluish white streaks. It is very 
rare but possible to present in children [36]. See Chapter 37. 


Dermatophytosis. Generalised erythroderma has very rarely 
resulted from chronic infection with organisms such as Trichophyton 
violaceum. 


Norwegian scabies. The heavily crusted hands and feet, with 
thickened nails, characteristic of Norwegian scabies may occa- 
sionally be accompanied by generalised redness and scaling. The 
condition is often mistaken for erythrodermic psoriasis. The occur- 
rence of scabies in others in the same environment, or in the medical 
or nursing staff caring for the patient, may reveal the diagnosis. 


Papuloerythroderma of Ofuji [37-41]. This differs from ordinary 
erythroderma in that papulation is prominent, it tends to spare 
the face and flexures, and is often intensely pruritic. It is not yet 
clear whether this represents a distinct disease or a reaction pattern. 
Although most cases are idiopathic, several have been reported 
in association with other diseases including atopy, malignancies, 
infections and drugs [42]. It is more common in later life, with ages 
at diagnosis ranging from 57 to 100 years. Many cases occur in the 
eighth or ninth decades. Males are predominantly affected, with the 
male to female ratio estimated at 4.7 : 1 [38]. 

Histological features are usually non-specific. In the epidermis 
there are generally mild degrees of acanthosis, spongiosis, hyper- 
keratosis and focal parakeratosis with marked lymphohistiocytic 
infiltration of the dermis, predominantly perivascular in distri- 
bution, and eosinophils are often conspicuous. A mild degree of 
epidermotropism has been observed and, rarely, plasma cells and 
multinucleate giant cells may be present. Immunofluorescence is 
negative. 

The erythroderma typically begins with an eruption of brownish 
red, flat-topped papules that become confluent (Figure 39.31a). The 
limbs and trunk are affected and the face and flexures tend to be 
spared. A characteristic and distinctive pattern of sparing of the 
abdominal flexures has been termed the ‘deck-chair sign’ [39], indi- 
cating a similarity to the distribution of sunburn in one who has 
been sitting out in a deckchair for too long (Figure 39.31b). The 
lesions sometimes develop along scratch marks. Pruritus is a con- 
sistent feature and ranges from moderate to very severe. Additional 
features often observed include hyperkeratosis and fissuring of the 
palms and soles, and benign lymphadenopathy. There is usually 


(b) 


Figure 39.31 Papuloerythroderma of Ofuji. (a) The papules. (b) The ‘deck-chair sign’ 
(sparing of the body folds). Courtesy of Dr M. J. Tidman, Edinburgh Royal Infirmary, 
Edinburgh, UK. 


circulating eosinophilia and a raised IgE, as well as a mild degree 
of absolute or relative lymphocytopenia. In terms of prognosis, 
papuloerythroderma typically persists for many years, although 
some cases have remitted. 

Reports of papuloerythroderma occurring in association with 
malignancies, which have included T-cell [40,41] and B-cell [41] 
lymphomas and gastric [41], lung [41], colon [43], prostate [38] and 
hepatocellular [44] carcinomas, would suggest that this eruption 
may sometimes occur as a paraneoplastic phenomenon. There are 
also several reports that papuloerythroderma may progress into 
mycosis fungoides [38,45,46], in one case 11 years after the onset 
of symptoms [47]. In some cases, papuloerythroderma therefore 
seems to be a presentation of cutaneous T-cell lymphoma. One case 
developed into psoriasis [38]. Papuloerythroderma has also been 
reported in association with HIV infection [48,49] and, in one case, 
biliary sepsis [50]. 


In terms of management, emollients, topical corticosteroids 
and antihistamines have produced a response, although slow, in 
some cases. The condition can respond well to oral prednisolone, 
although high doses are sometimes required. PUVA, including bath 
PUVA, has proved effective in several reports. Azathioprine [51], 
ciclosporin [52] and etretinate [53] may be effective. Retinoids or 
phototherapy may be preferable to immunosuppressants because 
of the possible progression to cutaneous T-cell lymphoma and 
association with malignancy. However, papuloerythroderma is 
sometimes very refractory to treatment. In paraneoplastic cases, 
treatment of the malignancy can resolve the eruption [42]. 


Allergic contact dermatitis [3,54]. Widespread exposure to contact 
allergens presenting as erythroderma is not common and can be the 
result of a systemic contact dermatitis. 


Differential diagnosis 
See Table 39.3 for possible underlying causes. 


Classification of severity 
By definition, erythroderma involves more than 90% of the body sur- 
face. No subclassifications are used. 


Complications and co-morbidities 

The main complications of erythroderma are haemodynamic and 
metabolic disturbances. Blood flow through the skin is markedly 
increased and this can result in high-output cardiac failure, espe- 
cially in elderly patients [55,56]. The increased skin perfusion 
may lead to hypothermia [57]. Fluid loss by transpiration is much 
increased and is roughly proportional to the basal metabolic rate. 
Hypoalbuminaemia is in part due to increased protein loss from 
exfoliated scale, which may reach 9 g/m? of body surface or 
more each day [58]. This in turn results in peripheral oedema. 
Immune responses may become altered, reflected by an increase 
in y-globulins or CD4+ T lymphocytopenia in the absence of HIV 
infection [20]. Pain may also be a feature not often considered. 


Disease course and prognosis 
Erythroderma is a potentially fatal condition. Current mortality 
rates are probably lower than historically reported, varying from 
18% to 64% [4,6,8], but erythroderma remains particularly danger- 
ous in elderly people. Cutaneous, subcutaneous and respiratory 
infections are common and pneumonia remains the common- 
est cause of death [24]. Complications resulting from systemic 
treatment of the erythroderma also contribute to mortality rates. 
The more frequent forms of erythroderma, including eczematous, 
psoriasis or of unknown origin, may continue for months or years 
and often follow a relapsing—remitting course [24]. 


Investigations 

The greatest diagnostic yield to determine an underlying cause is 
obtained from multiple skin biopsies; however, characteristic his- 
tological features are often lacking despite this [59]. A detection of 
T-cell clonality in the skin or peripheral blood should be sought if 
lymphoma is suspected, as described earlier. 


Management 
Treatment in hospital is frequently necessary, especially in acute and 
fulminant cases, because some patients may develop profound loss 


of homeostasis. In these cases the protein and electrolyte balance, 
circulatory status and body temperature require close monitoring. 
Appropriate fluid intake should be maintained and cardiac failure 
must be treated if it develops. Hypothermia can be corrected with 
emollients and warm blankets. All non-essential drugs should 
be withdrawn if they might be responsible for the erythroderma. 
Patients should be monitored for infection to ensure timely instiga- 
tion of antibiotics if needed. Analgesia may be needed but opioids 
can worsen pruritus. 

The cutaneous inflammation should be treated in the first 
instance with greasy emollients in order to restore skin barrier 
function. These need to be applied very frequently initially as 
excessive xerosis leads to rapid absorption. Other topical treat- 
ments should be used with caution because systemic absorption 
is greatly increased. The majority of patients will improve over a 
week or two with this regimen, during which time the diagnosis 
of the underlying condition will probably be established. Systemic 
therapy is usually necessary and will depend on the underlying 
cause identified. Systemic corticosteroids should be avoided for 
erythroderma due to psoriasis to avoid pustular transformation 
[24]. In erythroderma due to psoriasis, second line treatments 
may be necessary such as methotrexate, acitretin or biologics [3]. 
Ciclosporin will achieve a rapid improvement but caution should 
be taken over the renal function, especially with the potential of 
haemodynamic compromise. 

Erythroderma is a skin emergency. Many of the underlying causes 
can be addressed once a level of resolution with basic measures has 
been achieved. 


Treatment ladder for erythroderma 


First line 

e Consider hospital or day unit admission 

e Withdraw or switch medications that may be implicated as a 
cause 

¢ Monitor and correct loss of homeostasis including 
temperature and fluid balance 

e Treat any secondary infection 

e Frequent application of greasy emollients 

e Analgesia if needed 


Second line 
e Systemic therapy dependent on underlying cause 
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Introduction and general description 


Seborrhoeic dermatitis (SD) is a common, chronic skin disease 
characterised by red or pink patches with superficial scaling. It 
affects areas with a high density of sebaceous glands — namely the 
scalp, face, central chest and anogenital region. Dandruff is gener- 
ally regarded as the mildest form of SD localised to the scalp and 
lacking visible inflammation [1]. The diagnosis is based on clinical 
findings. SD has a predilection for the skin folds including large 
flexures and submammary areas, and the distribution is usually 
symmetrical. A variant of SD may affect young infants; the disease 
otherwise occurs at any time from puberty throughout adult life. 
The cause remains unclear, but the skin surface microbiome, in par- 
ticular lipophilic Malassezia yeasts, sebum secretion and individual 
susceptibility, appear relevant [2]. Sebo-psoriasis is a psoriasis-like 
variant of SD with coarser, well-defined scaling and inflammation 
in an SD distribution. It may represent koebnerisation of psoriasis 
into areas of SD. 


Epidemiology 


SD is a common dermatosis globally, but estimates of its true 
prevalence in different populations are still limited by a lack of 
validated diagnostic criteria. A retrospective case note study of 


50 237 first attendances at the dermatology out-patients in a Greek 
teaching hospital reported an overall prevalence of 4% [3] and a 
recent large study by dermatologists of 161269 German employees 
identified SD in 3.2% (men 4.6%, women 1.4%) [4]. The authors 
found age-related increases in the prevalence of SD. These are likely 
to explain the higher prevalence of 14.3% in the Rotterdam study 
of 5498 participants whose median age was 67.9 years [5]. SD is 
approximately twice as common in men than women [4,5]. It is 
unclear whether this relates to sebum excretion, differences in skin 
care or other factors. An increased rate of SD has been reported in 
fair skin [5] with lower rates in skin of colour [6]. This may be due 
to an under recognition of inflammation in darker skin, or related 
to racial variation in stratum corneum ultrastructure and barrier 
function. Dandruff (pityriasis capitis) has been estimated to affect 
up to half of the world’s population post puberty and is associated 
with stratum corneum dysfunction [7]. 

An infantile variant of SD and pityriasis capitis (‘cradle cap’) is 
well recognised. An Australian study of preschool children found 
a peak prevalence of approximately 72% in the first 3 months of 
life with most cases clearing by 1 year of age [8]. Similarly, a high 
prevalence of 56% was also found in a study of infants in Northern 
India [9]. SD occurs frequently and early in the course of HIV infec- 
tion with rates of 35% in early disease, increasing to 85% in patients 
with AIDS [10] in whom it may be widespread [11]. A twofold 
increase in the rate of SD has also been reported in HTLV-1 seropos- 
itive Brazilian patients [12]. Higher rates of SD have been found 
in organ transplant recipients [13,14] increasing with duration of 
immunosuppression [13]. The prevalence of SD is also increased 
in patients with chronic neurological disease, including Parkinson 
disease (PD) [15], spinal cord injury [16] and a 31% prevalence of SD 
was reported in a study of 71 children with Down syndrome [17]. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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This may be due to lack of facial movement and reduced clearance 
of sebum in patients with the aforementioned conditions. 


Pathophysiology 


The pathogenesis of SD is not clearly understood. While much 
attention has focused on the role of Malassezia yeasts, these are 
the main fungal component of the normal skin microbiome so 
they are not conventional pathogens. The situation is complicated 
by the existence of multiple species and strains of Malassezia. M. 
globosa and M. restricta are the commonest species on the head and 
neck and have been most frequently associated with SD. Sebum 
plays a key role in SD as a nutrient for Malassezia and source of 
inflammatory mediators. Release of lipases from these lipid- 
dependent organisms leads to formation of oleic acid (OA) which 
has irritant effects on the epidermis and can lead to SD-like changes 
in the absence of the yeast. Alterations in the bacterial microbiome 
have also recently been identified in SD [18,19]. Variations in indi- 
vidual susceptibility are important, especially skin barrier function, 
which can be affected by environmental factors such as climate and 
skin care. The importance of the host’s immune response to the 
yeast is highlighted by the high prevalence of SD in those with HIV 
infection and other forms of immunosuppression. Genetic studies 
have so far failed to show any clear genetic predisposition, but SD 
shares an association with the LEC3 gene cluster similar to atopic 
eczema and psoriasis. Malassezia may have complex interactions 
with the skin’s innate immune system and potentially relevant 
mechanisms include release of immunoregulatory indole metabo- 
lites, oxidative stress and activation of Th17 immunity, which plays 
a key role in defence against fungi and inflammation. 


Causative organisms 

A connection between fungi and SD was first proposed by 
Louis-Charles Malassez in 1874 [20] whose name is given to 
the genus of lipophilic yeasts that are present in lesional skin in SD 
and dandruff. A pathogenic role in SD was supported by studies 
showing that their clearance with antifungal agents leads to the 
remission of SD [21] and relapse of SD and dandruff is associated 
with reappearance of Malassezia [22]. In addition, antifungal activity 
is a common mechanism of many treatments for SD. However, 
Malassezia are part of the normal skin microbiome and how the 
yeast-host interaction changes from a commensal to pathogenic 
relationship remains a conundrum [23]. Intrinsic host factors such 
as altered sebum, impaired skin barrier and an aberrant host 
response may be more relevant than the yeast itself [24]. Genetic 
engineering of Malassezia is now possible and should help elucidate 
the mechanisms that may lead to pathogenicity [25]. 

Malassezia have undergone confusing nomenclature changes since 
their identification, including renaming as Pityrosporum (-ovale, 
orbiculare and pachydermatis) in the 1950s. Contemporary molecular 
phylogenetic and genomic studies have revealed the complex- 
ity of this genus which it is now agreed comprises 18 species and 
numerous functionally distinct strains. At least 10 species have been 
identified on human skin. Different species have been associated 
with SD, atopic eczema, pityriasis versicolor, dandruff, psoriasis 
and folliculitis [26]. 


Understanding of the skin mycobiome (fungal community) is 
being revolutionised by advances in molecular techniques which 
overcome the limitations of culture-based methods. These have 
identified Malassezia as the predominant organism at all body sites 
except the feet [27]. Skin colonisation starts within hours of birth, 
increasing with time and acquiring an adult diversity type simi- 
lar to the mother’s within the neonatal period. [28]. In childhood, 
fungal diversity is broader, with profound alteration during puberty, 
presumably due to increased sebaceous gland activity and altered 
sebum composition [29]. The proportion of Malassezia species varies 
according to body site and geographic variations have also been 
reported, but these may be affected by methodology. Culture in 
particular favours rapid-growing species such as M. sympodalis over 
M. restricta. M. globosa and M. restricta are the predominant species 
on the head and facial sites and have been most commonly associ- 
ated with SD and dandruff. M. sympodialis, M. furfur, M. sloofiae, M. 
obtuse and most recently M. arunalkei have also been isolated from 
SD patients [22,30,31]. Detailed genotypic analysis of M. globosa 
and M. restricta suggests that specific strains are associated with 
SD compared with healthy controls [32,33]. There is conflicting 
evidence on whether the quantity of yeast correlates with disease 
severity in SD [31]. Alterations in the bacterial microbiota have also 
been identified in areas of SD, with predominance of Staphylococcus 
and Acinetobacter, Streptococcus or Pseudomonas, so other microbes 
may also be relevant in the dysbiosis of this disease [18,19]. 

Malassezia have several pro-inflammatory effects that may be 
relevant in SD pathogenesis [34]. Having evolved for a nutrient-poor 
environment, the yeast possesses many hydrolytic enzymes includ- 
ing extracellular lipases, phospholipases, acid sphingomyelinases 
and proteases that allow it to utilise skin lipids and proteins [35,36]. 
Increased secretion of lipases and phospholipases has been found 
in vivo in patients with SD [37] and liberated but unconsumed 
free fatty acids such as OA have direct irritant effects on the skin 
and arachidonic acid, a precursor of pro-inflammatory mediators. 
OA causes increased desquamation of keratinocytes and impaired 
barrier function, and can trigger dandruff in susceptible individuals 
[38]. It also promotes yeast growth and development of hyphae ex 
vivo [39]. The activity of Malassezia lipases varies according to skin 
pH and M. restricta lipase 5 has been speculated to play a role in 
severe disease as its activity increases at the higher skin surface 
PH associated with diseased skin [40]. Changes in the proteolytic 
balance may also influence the effects of fatty acids, as increased 
kallikrein 5 (KLK5) has been identified in the stratum corneum in 
dandruff [41], whereas absence of its neutralising peptidase was 
associated with high susceptibility to OA-induced ‘dandruff’ in a 
mouse model [42]. 

In vitro studies have shown that Malassezia elicit secretion of 
a range of cytokines (IL-1b, IL-6, IL-8, IL-10, TNF-« and TGF-f) 
from isolated keratinocytes and peripheral blood mononuclear 
cells [26,43]. However, the results vary according to the clinical and 
experimental context. The thick cell wall of Malassezia is charac- 
terised by a lipid-rich outer layer and its components are recognised 
by various membrane-bound receptors on immune cells. It remains 
unclear how these influence commensalism, inflammation and 
adaptive immunity [26]. Figure 40.1 summarises alterations in the 
skin microbiome and inflammatory response (described in more 
detail later) that occur in SD compared with normal skin. 
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Figure 40.1 The skin microbiome and inflammatory response in normal skin and seborrhoeic dermatitis (SD). In the healthy state (a) the skin maintains high microbial diversity when 
compared with SD (b). Keratinocytes sense microbial populations through recognition of microbial pathogen-associated molecular patterns (PAMPs) motifs via their pattern recognition 
receptors (PRR), leucine-rich repeats (LRR) and Toll-like receptors (TLR), as shown in (a). The binding of PAMPs to PRRs, LRRs and TLRs triggers innate immune responses, resulting in the 
secretion of antimicrobial peptides that can rapidly inactivate a diverse range of pathogens including fungi and bacteria. Langerhans cells interact with microbial antigens in the 
epidermis to detect barrier breach and maintain homeostasis. The skin tolerance is dependent on regulatory T cells (Tregs), a subset of lymphocytes that control the immune response 
to antigens via release of inhibitory cytokines including TGF-8 and IL-10. In SD, alteration in sebum content favours expansion of Malassezia as the dominant species that may cause the 
disease (b). Increased Malassezia colonisation and secretion of lipases convert sebum and stratum corneum fatty acids into by-products such as oleic acid and arachidonic acid which 
irritate and cause inflammation in the skin. Indole metabolites such as malassezin, a potent ligand of the aryl hydrocarbon receptor, may alter gene expression, leading to keratinocyte 
proliferation and inflammation. Accumulation of histamine in SD lesions suggests mast cell degranulation. Reproduced from Vijay Chandra, Srinivas, Dawson and Common 2021 [26]. 


The host response to Malassezia may also be influenced by a 
range of immunoregulatory metabolites secreted by the yeast. M. 
furfur strains isolated from the skin of patients with SD have been 
found to produce increased levels of bioactive indolic substances 
from tryptophan metabolism [44] including formylindolocarbazole, 
indolocarbazole, malassezin and pityriacitrin. These are potent 
ligands for the aryl hydrocarbon receptor, a nuclear receptor and 
transcription regulator with pleiotropic effects including modula- 
tion of Toll-like receptor function [45,46] and regulation of oxidative 
stress. Increased oxidative stress may play a pathogenic role in 
SD [47] leading to high levels of squalene peroxides as found in 
dandruff-affected scalps [48]. Normal function of the NADPH 
(nicotinamide adenine dinucleotide phosphate) oxidative system is 
important in the oxidative burst for phagocyte microbe killing. A 
defect in the neutrophil cytosolic factor 1 (NCF1) component of this 
pathway was speculated to play a role in the severe, early-onset 
SD observed in two sisters with autosomal recessive chronic 
granulomatous disease [49]. 

TH-17 immunity could be relevant as it protects host barriers 
against fungal infection as well as having pro-inflammatory effects. 
Indeed, application of Malassezia in a mouse model of SD was found 
to trigger rapid induction of IL-17 expression by innate immune cells 


followed by fungal elimination within about 2 weeks [50]. Increased 
IL-17 expression has also been observed in a Mpzl3 knockout mouse 
model of SD [51]. However, although IL-17 pathway defects under- 
lie chronic mucocutaneous candidiasis, SD is not a notable feature of 
this disease. Most recently, Malassezia has been shown to increased 
production of IL-18, an IL-1 type pro-inflammatory cytokine, in an 
ex vivo human skin model of SD [39]. 

Sebum is a key pathogenic factor in SD although the sebum excre- 
tion rate is not increased in affected individuals compared with 
healthy controls. Abnormalities in epidermal surface lipids have 
been considered to be secondary to Malassezia rather than a primary 
abnormality because they are absent in non-lesional skin [22]. 
However, an increased sebum excretion rate, combined with facial 
immobility, has been thought to account for the high prevalence of 
SD in patients with PD [31] in whom high yeast densities have been 
demonstrated [52]. Polymorphisms in lipid-regulating genes have 
been found to confer an increased risk of PD and this may in part 
explain the association with SD. These include LRRK2 and PINK1 
which increase lipid droplet size and a variant of the SNCA gene 
that increases lipase susceptibility of lipid droplet coatings [53]. 

Depletion and disorganisation of stratum corneum lipids 
have been found in ultrastructural studies of dandruff, and this 
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subclinical barrier defect may predispose to further inflammation [2]. 


Raised levels of cathepsin S and histamine have been identified in 
scalp samples from patients with SD/dandruff [54] and may play 
a role in the pruritus that usually accompanies the disease [55]. In 
addition, changes in epidermal morphology with increased thick- 
ness, convolution and increased expression of Ki-67 [56] indicate 
that dandruff is a hyperproliferative state, despite its lack of overt 
inflammation. 


Genetics 

Unlike in atopic eczema and psoriasis, there is no clear under- 
standing of the inheritance or genetic basis of SD. An association 
between SD and HLA alleles A*32, DQB1*05 and DRB1*01 has been 
reported [57]. However, a more recent search of candidate genes 
and genome-wide association study (GWAS) of 4500 participants 
of whom 15% had SD did not show any specific locus for SD, 
but suggested some overlap with psoriasis and atopic eczema, 
particularly in the LCE3 gene cluster. The GWAS identified two 
significant single nucleotide polymorphisms in the MAT4 gene that 
is expressed in hair follicle keratinocytes and close to the PRIT gene 
that modulates TRPV1 and TRPV8, which are involved in itch and 
epidermal homeostasis respectively [58]. 

There are a handful of reports of rare gene mutations or 
protein deficiencies associated with SD in humans and in animal 
models [59]. These include mutations in ACT1 (involved in IL-17 
signalling), complement component C5 in Leiner disease, nuclear 
factor (NF)-«B essential modulator (NEMO), which regulates 
NF-«B signalling, and SKT4, which is important for lymphocyte 
maintenance. A mutation within a zinc finger transcription factor 
ZNF750 — a master regulator of late epidermal differentiation — has 
been reported in a family with an autosomal dominant, early-onset, 
severe SD-like rash [60], suggesting that primary skin barrier defects 
may be relevant in SD. Studies of the knockout mouse Mpzl3 which 
lacks the promotor required for ZNF750 binding and develops an 
early-onset rash resembling SD [61] should aid further study of this 
topic. 


Environmental and lifestyle factors 

SD has been reported to occur more commonly in winter, when skin 
barrier function is impaired due to low temperature and humidity, 
and although a disease of sebum-rich areas, it is often accompa- 
nied by generalised skin dryness [5]. It is not clear if ultraviolet 
(UV)-induced immunosuppression plays any role in the improve- 
ment of SD in summer [5,62] because this was proposed to be the 
reason for a high rate of facial SD observed in alpine mountain 
guides in one study [63]. 

Skin care and grooming practices may affect SD because 
cosmetic products contain various components that can influ- 
ence the skin microbiome. Proteins, lipids and carbohydrates can 
promote microbial growth while biocides have an inhibitory effect. 
Use of cosmetics was speculated to account for the lower level of 
Malassezia observed in healthy young Japanese women [64]. Hair 
styling practices may also be important and a study of African 
American girls up to the age of 15 found a significant association 
between SD and use of hair extensions and infrequent hair oil 
application [65]. The choice of oil may be important because a study 
of Malassezia cultures in the presence of a wide range of cosmetic 


ingredients found that natural oils, especially olive and avocado 
oils, waxes, primary alcohols and certain fatty acid esters, promoted 
growth whereas other ingredients including lanolin, paraffin and 
silicone-based substances, polymers and fatty alcohol ethers had 
no effect [66]. However, coconut oil has been reported to help 
dandruff [67], so the effects may be different when cosmetics are 
applied to the skin. This complex topic deserves further exploration. 
The Rotterdam study included evaluation of dietary patterns 
in 4397 participants. The authors found that a high fruit intake 
was associated with a lower prevalence of SD whereas a west- 
ern dietary pattern in females was associated with more SD [68]. 
An association between SD and vitamin D deficiency has also 
been reported [69]. No association between SD prevalence and 
alcohol or smoking was found in the Rotterdam study, whereas a 
case-crossover study reported an association between flares and 
higher alcohol consumption as well as psychological stress [70]. 


Clinical features 


History 

SD usually starts in adolescence or early adult life with localised 
inflammation and superficial flaking of the skin. Affected areas 
may be asymptomatic or intensely itchy and symptoms may be 
disproportionate to the clinical signs, especially on the scalp. The 
condition usually runs a chronic, relapsing course. 


Presentation 

Facial SD typically affects the cutaneous folds - nasolabial, 
ear creases, eyelids and glabellar area — and medial eyebrows 
(Figures 40.2 and 40.3). Fine scaling of the skin with localised red 
or pink patches is often present around the alar creases and nasal 
side walls and posterior ear folds. The ear canals often have light 
scaling and inflammation — otitis externa may occur with secondary 
bacterial or Candida infection. Scalp involvement ranges from mild 
small grey—white scales without underlying red or pink patches (i.e. 
dandruff) to a more inflammatory eruption with thicker, yellow, 
greasy scales and crusts. Similar changes can occur in the beard 
(Figure 40.4). Inflammation of the anterior eyelid margin (anterior 
blepharitis) may occur in SD, presenting with flaky debris around 
the base of eyelashes which can fall into the eye, leading to conjunc- 
tival irritation and red eye [71]. Consequent meibomian gland loss 
may lead to dry eye disease [72]. 

On the torso, several forms of SD may occur. In men, involvement 
of the presternal area is typical with petaloid (petal-shaped) lesions 
that may be localised (Figure 40.5). More widespread involve- 
ment may extend to the upper back, umbilicus, axillae, groins and 
submammary area. In the large flexures, the affected areas may 
appear glazed and pink (Figure 40.6). ‘Pityriasiform’ SD is a more 
inflammatory and widespread variant, involving the torso and 
sometimes the limbs. Anogenital involvement may occur in both 
genders. Endogenous vulvar dermatitis is not always classified fur- 
ther, but in one study 40% of women also had extragenital features 
of SD [73]. 

Hypopigmentation may be a prominent feature of SD in 
darker-skinned individuals with little obvious inflammation. In 
adults, arcuate and petaloid lesions may affect the hairline and 


(a) 


(b) 


Figure 40.2 Facial seborrhoeic dermatitis. (a) Early changes of scaling and mild 
erythema in the medial eyebrow. (b) Pronounced inflammation of medial brows and 
glabellar folds. (c) Diffuse involvement of the forehead, eyebrows and scalp margin. 


face with multiple pale or pink polycyclic coalescing lesions with 
little scale [74]. A hyperpigmented variant termed ‘seborrhoeic 
melanosis’, in which typical SD areas show hyperpigmentation 
with epidermal acanthosis and hyperpigmentation on dermoscopy, 
has been reported in Indian patients [75] (Figure 40.7). 


Clinical variants 

Infantile SD presents with cradle cap and/or napkin dermatitis. 
It usually appears by the age of 3 months, disappearing sponta- 
neously by 1 year of age. Additional involvement of the eyebrows, 
paranasal areas and large flexures is often present and this distribu- 
tion has been considered helpful in distinguishing infantile SD from 
atopic eczema [76]. Darker-skinned children usually present with 


Figure 40.3 Severe facial seborrhoeic dermatitis with prominent involvement of the 
naso-labial grooves. 


Figure 40.4 Seborrhoeic dermatitis of the beard area. 


mild erythema, flaking and hypopigmentation rather than a typical 
cradle cap and often have overlapping features of atopic eczema 
[74]. The distinction between infantile SD and atopic eczema is not 
always clear-cut. A retrospective study of infants with SD found that 
a higher-than-expected number developed atopic eczema within a 
short period of time [77]. The features of infantile SD also overlap 
with so-called psoriasiform napkin dermatitis (see Chapter 35). 

In adults, SD may occur in association with other common 
dermatoses with a predilection for the sebaceous areas including 


Figure 40.5 Seborrhoeic dermatitis of the presternal area. Courtesy of Dr D. A. Burns, 
Leicester Royal Infirmary, UK. 


Figure 40.6 Seborrhoeic dermatitis of the axilla. The large flexures may become 
secondarily infected. 


acne, rosacea, pityriasis versicolor and pityrosporum folliculitis [76], 
as well as onychomycosis and tinea pedis [4]. Widespread SD may 
rarely evolve into an exfoliative dermatitis with erythroderma 
(Chapter 35). 


Differential diagnosis 

The diagnosis of SD is usually straightforward, but in atypical 
cases the differential diagnosis is wide. Scalp scaling is a common 
feature of psoriasis, but psoriatic scaling is usually well- 
circumscribed, thicker and silvery. General examination of the 
skin should be carried out to look for nail changes and typical 
plaques of psoriasis. The term ‘sebopsoriasis’ has been used to 
describe patients with psoriasiform scaling in an SD distribution, 
but this entity is not clearly defined. Scaling is more pronounced 
than in SD and individuals may have plaque psoriasis elsewhere. It 
may represent koebnerisation of psoriasis into areas of SD (Chapter 
35). It has been reported to arise in HIV-positive men established on 
antiretroviral therapy with an undetectable viral load [78]. Allergic 
contact dermatitis may mimic or complicate SD at various sites 
including the face. Patch testing should be considered in atypical 


Figure 40.7 Post-inflammatory hyperpigmentation in seborrhoeic dermatitis of the 
nasal crease (‘seborrhoeic melanosis’). Courtesy of Dr S. B. Varma. 


cases and in patients with eyelid dermatitis. Mild cases of Darier 
disease and Hailey—Hailey disease may be misdiagnosed as SD 
due to their predilection for sebaceous areas and large flexures, 
respectively. In Darier disease, lesions are typically more dome- 
shaped and papular. If either disease is suspected, a skin biopsy is 
indicated. Perioral dermatitis also typically affects the naso-labial 
folds with superficial scaling. Presence of inflammatory papules in 
a diamond-shaped distribution in the periocular area and perioc- 
ular papules are helpful diagnostic features. Pemphigus foliaceus 
and pemphigus erythematosus may affect seborrhoeic areas on 
the face and torso, mimicking SD. If suspected, skin biopsy and 
immunofluorescence studies are indicated. 

Pityriasis rosea may mimic the pityriasiform variant of SD in 
which there is no herald patch, and involvement beyond the torso is 
typical. Early cutaneous T-cell lymphoma may present with SD-like 
lesions. Erythrasma may mimic SD of the large flexures. 

The differential diagnoses in infants include psoriasis, histiocyto- 
sis, zinc deficiency, acrodermatitis enteropathica and Leiner disease 
(erythroderma desquamativum) in which SD is typically severe and 
widespread and occurs in association with recurrent infections, fail- 
ure to thrive and deficiencies of various complement components. 
SD-like changes may also be a feature of biotidinase deficiency [79], 
a rare, inherited neurocutaneous disorder that leads to reduced lev- 
els of biotin (vitamin B7). 

Prepubertal children with scalp scaling should be carefully 
examined for hair loss and broken hairs to exclude tinea capitis. 
Pediculosis is also a common infestation in this age group so those 
with itchy scalps should be inspected for lice and their eggs. 
ited seborrhoeic dermatitis 
A range of drugs may produce SD-like eruptions, including those 
containing sulphydryl groups (captopril, D-penicillamine, sodium 
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aurothiomalate) [80] and other gold salts, lithium, buspirone, 
methyldopa, chlorpromazine and cimetidine. A longitudinal study 
of patients with hepatitis C virus infection treated with interferon-o 
and ribavirin found that SD was one of the most frequent muco- 
cutaneous complications [81]. SD-like rashes [82,83] and reactiva- 
tion of SD [84] have been reported in patients receiving recombinant 
IL-2. SD-like eruptions may also feature among the range of adverse 
skin reactions to targeted chemotherapeutic drugs including the 
epidermal growth factor inhibitor erlotinib [85,86], the multikinase 
inhibitors sorafenib [87] and sunitinib [88], dasitinib [89] and the 
BRAF inhibitor vemurafenib [90], which has also been reported to 
cause pityriasis amiantacea [91]. Topical 5-fluorouracil has been 
reported to trigger or exacerbate SD at distant sites and flares may 
also be induced by systemic therapy [92]. 

New-onset SD and sebopsoriasis have been reported in patients 
with severe atopic eczema treated with dupilumab [93] and a 
retrospective study of 1000 patients treated with this anti-IL-4/IL-13 
biologic reported that 4.2% developed new or worsening non-specific 
head and neck dermatitis [94]. 


Classification of severity 

The severity of SD and dandruff is highly variable. Unlike atopic 
eczema and psoriasis there is no validated scoring system, so many 
studies have simply used descriptive categories. Some studies have 
used a clinical score termed the SD area severity index (SDASD) that 
was proposed by a Turkish group in 2007 and based on the psoriasis 
area severity index (PASI) [95]. 


Complications and co-morbidities 

SD is one of the most common HIV-associated dermatoses and 
occurs early in the course of HIV disease [96]. It may therefore 
be an initial clinical marker of HIV infection. SD is one of several 
‘indicator diseases’ that should prompt testing for HIV in order 
to decrease the probability of late HIV diagnosis [97,98]. Late HIV 
diagnosis is associated with a poorer response to antiretroviral 
treatment and increased rates of HIV transmission. SD may also 
develop as part of an immune reconstitution inflammatory syn- 
drome in HIV-infected patients starting highly active antiretroviral 
therapy [99]. The German employees study reported that when 
controlling for age and sex, adults with SD had an increased preva- 
lence of folliculitis, contact dermatitis, intertriginous dermatitis, 
rosacea, acne, pyoderma, tinea corporis, pityriasis versicolor and 
psoriasis [4]. This supports the concept that SD is associated with a 
broader susceptibility to dysbiosis and inflammation. 

Patients commonly report that an outbreak of SD is preceded by 
a stressful event [100-102] and this has been supported by findings 
of a case-control and case-crossover study [70]. One study of 150 
patients with psychiatric disorders reported that the higher rate of 
SD was entirely ascribable to patients with depression [103]. Other 
studies have specifically reported higher anxiety scores among 
adults with SD [101,104]. 

A case-control study of 50 dermatology outpatients with SD 
found high rates of somatisation, depression, anxiety and neuroti- 
cism [105]. However, this may reflect increased health care-seeking 
behaviour among people with these personality traits, because 
the Rotterdam study found no significant association between 


SD and depression [5]. SD has also been associated with anorexia 
nervosa [106]. 

It is difficult to separate out the role of disease, lifestyle, nutrition 
and psychological problems in these situations. In patients over the 
age of 65, SD was found to be independently associated with age 
and loss of self-sufficiency, suggesting a role of senescence [107]. 
Although there have been reports of an association between SD and 
features of the metabolic syndrome, namely hypertension [108] and 
higher body fat content [109], this was not confirmed in the recent 
Rotterdam study [5]. 


Quality of life 

As with other inflammatory dermatoses, SD has been reported to 
be associated with an impaired quality of life (QoL). High disease 
severity and facial involvement have been found to have greater 
impact [110]. A multicentre Spanish study of 2159 adults showed a 
mean Skindex-29 global score of 20.5 [101], which is in the range of 
mild impairment [111]. A smaller study of 312 outpatients with SD 
in China found a higher mean Skindex-29 score of 33.97 with severe 
emotional problems in nearly half of all patients [112]. 


Disease course and prognosis 

Longitudinal studies are lacking, but SD is usually a chronic condi- 
tion, punctuated with flares, which requires long-term /maintenance 
treatment. 


Investigations 


The diagnosis of SD is usually made on clinical grounds without the 
need for diagnostic tests. HIV testing should be considered if the 
history indicates. 

Dermoscopy/trichoscopy may help distinguish scalp SD from 
psoriasis, with SD showing a characteristic vascular pattern of 
arborising vessels, atypical vessels and the absence of red dots and 
globules (which are features of psoriasis) [113] (Figure 40.8). White 
scales and red and yellowish areas can also be seen [114]. 


Figure 40.8 Trichoscopy of seborrhoeic dermatitis showing dilated vessels, redness and 
scaling. 
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Chapter 40: Seborrhoeic Dermatitis 


Histology is not diagnostic and usually shows overlapping 
features of psoriasis and chronic dermatitis. Spongiosis is a helpful 
distinguishing feature, but less evident in older lesions where 
psoriasiform features of follicular plugs of orthokeratosis and para- 
keratotic cells and uneven rete ridges predominate [115]. Shoulder 
parakeratosis and a more prominent lymphocytic infiltrate favour 
SD [116]. The perifollicular infiltrate includes increased numbers 
of dendritic cells [117]. The primary histological lesion of SD first 
identified by Civatte [118], then later by Pinkus and Mehregan [119], 
is the ‘squirting papilla’ which involves capillary dilatation in the 
papillae, followed by migration of granulocytes into the epidermis 
where they incite spongiosis. 

Immunohistochemistry including Ki-67, keratin 10, caspase-5 
and GLUT-1 was not helpful in differentiating psoriasis from 
SD [116]. Presence of nucleated cells in dandruff permits DNA 
extraction and forensic identification of an individual from a single 
skin squame [120]. 


Management 


There is no definitive cure for SD. Long-term maintenance treatment 
may be required but some patients only use treatment intermit- 
tently for acute, symptomatic flares. Although successful treatment 
improves symptoms and can improve quality of life, it is important 
to explain that some symptoms may remain or recur because this 
helps set a realistic expectation and can free the patient from a life 
overly limited by their condition [121]. A range of topical agents 
may be used and systemic therapy is rarely indicated. The treatment 
approach depends on patient age, disease severity and distribution. 
Three broad categories of topical therapy are antifungals, kera- 
tolytics and anti-inflammatory/immunomodulatory agents. Many 
plant-derived treatments have also been proposed. 


Topical antifungals 

Topical antifungals are the first line therapy of therapy for SD due 
to their safety in all ages. The 2015 Cochrane systematic review 
of topical antifungals for SD in adolescents and adults concluded 
that ketoconazole 2% and the broad spectrum antifungal ciclopirox 
olamine 1% had similar remission failure rates but were superior 
to placebo [122]. The long-established azoles, miconazole and 
clotrimazole, were found to have comparable efficacy with topical 
steroids in short-term studies but there was an overall lack of 
evidence comparing one antifungal to another or for symptom 
clearance beyond 4 weeks. Small studies have reported benefit with 
2% sertaconazole [123,124] whereas 1% bifonazole was found to 
lack efficacy in a high-quality randomised controlled trial (RCT) 
[125,126]. Despite lacking activity against Malassezia species, topical 
use of the allylamines terbinafine [127] and naftitine [128] has been 
reported to be effective in SD, suggesting that other mechanisms 
may be involved. 

The availability of different formulations improves patient choice 
and may aid adherence. For example, 2% ketoconazole foam [129] 
was found to be popular and effective as a long-term treatment 
of SD for up to 52 weeks. When treating scalps, it is important to 
consider hair texture and grooming practices. White patients may 
prefer antifungal foams, gels and sprays, whereas black patients 


prefer ointment or oil preparations [130]. African American women 
may be cautious about use of ketoconazole shampoo due to con- 
cerns about hair fragility [74]. Although most Malassezia species are 
sensitive to azole drugs, long-term use of antimicrobials may drive 
resistance. Indeed, a recent study identified ketoconazole-resistant 
M. restricta strains from patients with severe dandruff. Possible 
mechanisms include multiplication of genes involved in ergosterol 
synthesis and oxidative stress responses and overexpression of 
drug efflux proteins [131]. 

Other antifungal active agents present in antidandruff shampoos 
include zinc pyrithione, piroctone olamine and coal tar. Selenium 
sulfide has both antifungal and keratolytic effects and is available 
in several formulations such as shampoo, lotion, cream foam and 
suspension [71,132]. Topical antifungals often have low efficacy in 
dandruff due to poor bioavailability and short duration at the site of 
application. Newer formulations such as liposomes and nanoparti- 
cles should aid drug delivery and improve efficacy [133]. 


Keratolytics 

Topical keratolytics break down corneocyte bonds and are helpful 
in removing adherent scale with improved penetration of topical 
agents. They include salicylic acid, sulphur, coal tar (which also 
has antiproliferative and cytostatic effects), urea, lactic acid and 
propylene glycol. Some keratolytic agents also inhibit growth of 
fungi and have been found to reduce signs of scalp SD but may 
cause stinging [134]. Although these agents have been used for 
many years there is little robust evidence of their efficacy, partic- 
ularly in infantile SD and cradle cap [135]; topical salicylic acid is 
contraindicated in infancy due to toxicity. 


Topical anti-inflammatory agents 
Topical corticosteroids may be used as monotherapy or in combi- 
nation with antifungals where the results are superior to antifungal 
monotherapy [136]. Short-term use of a mild topical corticosteroid 
is recommended by the National Institute for Health and Care 
Excellence (NICE) for SD in adults when topical antifungal therapy 
has failed [137] (Table 40.1). Concerns about atrophy limit the 
long-term use of corticosteroids, especially in delicate sites such as 
the eyelids, and topical calcineurin inhibitors have emerged as an 
effective alternative for treatment and maintenance. High-quality 
RCT evidence supports the use of pimecrolimus and tacrolimus 
in facial SD [126] although neither is licensed for this indication. 
Improvement is apparent within 2 weeks of starting topical cal- 
cineurin inhibitors and a reduction in severity of subsequent SD 
relapses has been noted [138]. One RCT found that maintenance 
treatment with twice weekly 0.1% tacrolimus was effective (and 
superior to once a week treatment) compared with vehicle [139] 
and a long-term 24-week study reported longer remissions than 
with ciclopirox olamine 1% cream twice a week in adults with facial 
SD [140]. Application site adverse effects are common with topical 
calcineurin inhibitors and include flushing, burning and irritation. 
Patients should be forewarned and reassured that this does not 
indicate an allergic reaction. 

There is high-quality evidence for the efficacy of topical lithium 
in reducing the severity of clinical symptoms and signs of SD [126] 
and one study of patients with facial SD reported that 8% lithium 


Type of seborrhoeic 


dermatitis First line therapy 


2% ketoconazole shampoo or selenium sulphide 
shampoo twice a week for a month, then 
once or twice a week for symptom control 


Scalp and beard 


Ketoconazole 2% cream OD/BD, clotrimazole 
1% cream BD/TDS, econazole 1% cream BD, 
miconazole 2% cream BD 


Face and body in adults 


Use as above for at least 4 weeks, then less 


frequently 

Severe Review diagnosis, consider specialist referral, HIV 
testing 

In infants Removal of scalp crusts with baby shampoo and 


gentle brushing. Overnight soak of petroleum 
jelly or warmed vegetable oil if needed. Daily 
bathing with soap substitute 


Adapted from National Institute for Health and Care Excellence [137]. 


gluconate was more effective than 2% ketoconazole in inducing 
complete remission [141]. Anti-inflammatory effects include inhibi- 
tion of pathways such as glycogen synthase kinase 3 beta (GSK3§), 
nuclear factor (NF)-«B and signal transducers and activation of tran- 
scription (STAT) [142]. Lithium salts also precipitate free fatty acids 
thereby limiting their availability for growth of lipid-dependent 
yeasts [143]. 

Other treatments reported to be of benefit in facial SD include 4% 
nicotinamide cream [144] and metronidazole 0.75% gel [145], which 
may be particularly useful in patients with coexistent acne/rosacea. 
A small open study has reported efficacy of 2% crisaborole, a 
phosphodiesterase (PDE) 4 inhibitor approved for atopic eczema 
[146], and another highly potent PDE4 inhibitor, roflumilast, is in 
a phase 3 clinical trial for use in SD. Photodynamic therapy with 
indole-3-acetic acid, which has sebum-reducing, anti-inflammatory 
and antimicrobial activity, has been proposed as an option for 
both SD and acne [147,148]. Promiseb™ also marketed in Europe 
as Sebclair® - a non-prescription, non-steroidal emollient with 
reported antifungal and anti-inflammatory properties — showed 
similar efficacy in facial SD to desonide, a mild-potency steroid, in 
a 28-day trial [149]. 

Many herbal treatments have been reported to be of benefit in 
dandruff/SD [133] but for most the level of evidence is very low. 
High-quality evidence exists for 30% aloe vera extract [150], 5% 
tea tree oil (Melaleuca alternifolia extract) [151] and 4% Quasia amara 
extract [152] in the treatment of facial SD [126]. In infantile SD, 
short-term treatment with a moisturiser containing the liquorice 
derivative licochalcone was reported to be equally effective to 1% 
hydrocortisone in a split-site, double-blind study [153]. Phyto- 
cannabinoids have been found to have anti-inflammatory and 
sebosuppressive actions which suggest therapeutic potential in 
SD [154]. A 2-week open study reported improvement in scalp 
SD and psoriasis with a shampoo containing 0.075% cannabidiol 
[155]. However, phytocannabinoids have complex actions on the 
human hair follicle and may inhibit growth [156], so further study 
is needed. 


Second line therapy 


Medicated shampoos with zinc 
pyrithione, coal tar or salicylic acid 


Mild topical corticosteroids for 1-2 
weeks 


Topical imidazole cream: clotrimazole 
1% cream BD/TDS, econazole 1% 
cream BD, miconazole 2% cream BD 


Additional therapy 


Topical keratolytic or mineral/olive oil for the 
removal of scale and crust 

Potent topical corticosteroid scalp application for 
4 weeks if there is severe scalp itch 

Antifungal shampoo, e.g. 2% ketoconazole, as a 
body wash 

Hygiene measures for eyelid involvement using 
cotton buds moistened with baby shampoo 


Topical corticosteroids not routinely advised but 
may be used for certain infants with nappy rash 


Systemic treatment 

Oral antifungal therapy is occasionally advocated for recalcitrant 
or widespread SD, although high-quality studies are lacking [157]. 
Itraconazole has been the most frequently reported oral treatment 
for SD and a pulse regimen has generally been associated with good 
clinical and mycological responses. An RCT of oral itraconazole 
200 mg daily for 1 week followed by 200 mg daily for the first 2 days 
of the month was more effective than placebo, though an improved 
quality of life was observed in both groups [158]. A small open 
study reported improvement with narrow-band UVB therapy in all 
18 SD patients treated [159], but the median time for relapse was 3 
weeks, thus benefit appears short lived. Low-dose oral isotretinoin 
may be an (unlicensed) option in those with severe seborrhea and 
an RCT showed improvement in SD [160]. Despite clinical simi- 
larities between infantile SD and inborn errors of biotin synthesis, 
oral biotin supplements were not found to be effective in normal 
infants [135]. 

Looking to the future, antimicrobial peptides may provide 
another treatment option for SD [132,161]. In vitro studies of a mod- 
ified synthetic antimicrobial peptide, P5, found this to be three or 
four times more potent against M. furfur than ketoconazole or itra- 
conazole, with additional anti-inflammatory properties, inhibiting 
keratinocyte expression of IL-8 and TLR2 [162]. Other possibilities 
include lipase inhibitors [163] and selective inhibitors of Malassezia 
carbonic anhydrase include natural polyphenols [164]. 
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Definition, nomenclature and classification 


Concise definition and diagnostic criteria 

Atopic eczema, which is synonymous with atopic dermatitis, is a 
difficult condition to define robustly because it lacks a diagnostic 
test, except skin biopsy, and shows variable clinical features across 
patients of different ages and ethnicities. The following definition 
is in accord with most consensus groups: atopic eczema is an itchy, 
chronically relapsing, inflammatory skin condition that often starts 
in early childhood (usually before 2 years of age) [1,2] (Box 41.1). 
The rash is characterised by inflammation (redness in light skin 
and often increased pigmentation in dark skin) and skin surface 
change (fine scaling, excoriations and lichenification from recur- 
rent scratching, oedema/papulation, oozing/crusting in case of 
skin infections and vesicle formation). It typically has a flexural 
distribution (Box 41.1 and Box 41.2) but non-flexural involvement 
is common in infants and those with skin of colour. The eruption is 


frequently associated with other atopic conditions in the individual 
or other family members [1-3]. In patients harbouring a filaggrin 
mutation, the main genetic predisposing factor, clinical features 
may additionally include ichythosis vulgaris, keratosis pilaris and 
hyperlinear palms (Table 41.1). 


Box 41.1 Clinical features of atopic eczema 


° Itching 

¢ Macular erythema 

¢ Papules or papulovesicles 

e Eczematous areas with crusting 
¢ Lichenification and excoriation 
e Hyper- or hypopigmentation 

¢ Dryness of the skin 

¢ Secondary infection 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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41.2. Chapter 41: Atopic Eczema 


Box 41.2 Diagnostic criteria of atopic dermatitis 
(eczema) 


In order to qualify as a case of atopic eczema with the UK diagnostic 
criteria, the child: 

Must have: 

An itchy skin condition in the last 12 months 

Plus three or more of: 

Onset below age 2° 

History of flexural involvement 

e History of a generally dry skin 

¢ Personal history of other atopic disease 
¢ Visible flexural dermatitis as per photographic protocol 


b 


* Not used in children under 4 years 
> In children aged under 4 years, history of atopic disease in a first 
degree relative may be included 


Synonyms and inclusions 
Debate has added to the already wide variety of historical names 
for the condition (Table 41.2). Gradually, as the understanding of 
the association with atopy and allergic immune responses grew, 
‘atopic dermatitis’ became the accepted name. More recently, 
‘atopic eczema’ has become widely used. It is likely that molecular 
biomarkers such as filaggrin status will become more central to the 
disease description. 

Classification links: ICD-10: L20; ICD-11: 215767047; MIM: 603165. 


Introduction and general description 


Atopic and non-atopic eczema 

One of the difficulties in defining atopic eczema arises from the 
impreciseness of its association with atopy and the nature of atopy 
itself. Atopic eczema and disorders that cause anaphylaxis, for 
example those resulting from insect stings and food allergies, may 
be associated with IgE antibodies and are therefore grouped with 
the atopic diseases. Such grouping is not ideal, as individuals with 
atopic eczema can have a normal total IgE level (see later) [7], and 
atopic eczema is rarely attributable to a specific allergic reaction. It 
is still a matter of debate whether the group with dermatitis and 


Table 41.1 Clinical features associated with Filaggrin gene status [4]. 


FLG null homozygotes? 


Skin phenotype or clinical feature (n = 9), n(%) 


Table 41.2 Different names that have been used for atopic eczema. 


Besnier (1892) 
Brocq (1902) 
Rasch (1903) 
Brocq (1927) 
Rost (1928) 


Prurigo diathésique 

Névrodermite diffuse 

Prurigo Besnier 

Eczéma constitutionel 

Early and late exudative eczematoid 

Eczema infantum 

Eczema flexurarum 

Neurodermatitis disseminate and pruriginosa 
Hay fever eczema-—asthmatic eczema 


Neurodermitits Rost and Marchionini (1932) 
Atopic dermatitis Wise and Sulzberger (1935) 
Endogenous eczema Korting (1954) 
Neurodermitis constitutionalis sive atopica Schnyder and Borelli (1967) 
Neurodermitis atopica sive constitutionalis Wuthrich (1983) 

Pure-mixed atopic eczema Wuthrich (1989) 
Atopiforme dermatitis Bos (1998) (2002) 
Extrinsic-intrinsic atopic eczema Wuthrich (1989) 


IgE-mediated—non-lgE-mediated atopic eczema 
Allergic-non-allergic atopic eczema dermatitis 
syndrome 


Johansson et a/. (2001) [5] 


Adapted from Novak et a/. (2003) [6]. 


normal IgE levels, termed intrinsic atopic eczema or non-atopic 
dermatitis, can be distinguished clinically and prognostically 
from extrinsic atopic dermatitis. Thus, positive skin tests for 
allergen-specific IgE responses or raised levels of allergen-specific 
IgE titres in serum are found in 40-90% of patients (extrinsic atopic 
dermatitis) [8,9]. However, not all cases of atopic eczema have high 
levels of IgE and some studies suggest that ‘non-atopic’ atopic 
eczema (known as intrinsic atopic dermatitis) may represent >50% 
of cases [9-11], but with time atopic features become more prevalent 
and the intrinsic form may be found in only 5.4% of adult patients 
[12]. Furthermore, the predisposition to extrinsic atopic eczema 
is associated with genetic abnormalities in the gene encoding 
filaggrin [13]. 

Because current understanding supports a principal role of the 
epidermis in disease pathogenesis (Figure 41.1), some experts have 
questioned the word ‘atopic’ in the title. The European Academy 
of Allergy and Clinical Immunology proposed a definition of: 
‘Atopy is a personal or familial tendency to produce IgE antibod- 
ies in response to low doses of allergens, usually proteins, and 
to develop typical symptoms of asthma, rhinoconjunctivitis or 


FLG null heterozygotes 
(n = 98), n (%) 


FLG wild-type homozygotes 
(n = 671), n (%) 


Flexural eczema 5 (55.6) 
Ichthyosis vulgaris 9 (100) 
Milder ichthyosis 222.2) 


Xerosis 0 (0) 


Keratosis pilaris 9 (100) 
Hyperlinear palms 9 (100) 
Clinically normal skin 0 (0) 
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Genotyping results for all six of the screened mutations (R501X, 2282del4, R2447X, $3247X, 3702delG, 3673delC) were available for these 778 children out of the 792 children 
included in this cohort study. Analysis is performed using a combined null genotype, in which the different FLG null mutations are considered to be equivalent, on the basis of their 
equivalent effects demonstrated in previous biochemical and immunohistochemical studies. The group of FLG null homozygotes includes one R501X homozygote and eight 


compound heterozygotes. 
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Figure 41.1 Schematic of the pathophysiology of atopic eczema. 


eczema/dermatitis’ [14]. Based on this, the World Allergy Organi- 
zation suggested that ‘eczema’ should be used as an umbrella term 
and subdivided it into atopic eczema and non-atopic eczema [15]. 
However, this definition did not achieve international consensus. 
Here, we use the term ‘atopic eczema’ in keeping with the latest 
ICD-11 nomenclature. 


Diagnostic criteria 

Hanifin and Rajka [16] proposed major and minor diagnostic criteria 
based on their clinical experience. These criteria allow a uniformity 
of diagnosis for hospital-based and experimental studies but were 
considered not helpful for population-based studies [17]. Conse- 
quently, Williams coordinated a UK working party to refine the 
criteria of Hanifin and Rajka into a repeatable and validated set of 
diagnostic criteria for atopic eczema which were shown to have an 
80% positive predictive value and 97% negative predictive value 
in UK populations [18,19] (Box 41.2). These diagnostic guidelines 
appear to be valid for adults, children and non-white ethnic groups 
suffering from atopic eczema [20], and have been validated in 
various population settings, including in skin of colour. They were 
primarily developed for epidemiological studies and, of necessity, 
exclude some signs that could be useful for diagnosis in individuals 
but are not common enough for use when assessing large popula- 
tions. More recently, other modifications of the diagnostic criteria 
have been proposed, but these have been less rigorously validated 
[21,22]. 


Epidemiology 


Prevalence across the life course 

Some of the most valuable atopic eczema prevalence and trend data 
have come from the International Study of Asthma and Allergies 
in Childhood (ISAAC) [23-26]. With close to two million chil- 
dren from 106 countries, ISAAC is the biggest and only allergy 
study that has taken a truly global approach. These data showed 
that prevalence varied greatly between geographical settings; 
for instance, from fewer than 2% in Iran to over 16% in Japan 
for those aged 6-7 years. In addition, a systematic review of 69 
cross-sectional and cohort studies has confirmed that atopic eczema 
is now a worldwide phenomenon with life-time atopic eczema 
prevalence of well over 20% in many affluent country settings 
[27]. There is also good evidence for an increase in prevalence in 
low-income countries, in particular in Africa and East Asia [27]. The 
Global Burden of Disease (GBD) project showed similar prevalence 


patterns recently, not just for children but also in adult populations. 
Apart from the well-established overall high prevalence of atopic 
eczema in children and young adults, the GBD project also found 
a gradual increase in the prevalence of atopic eczema in middle 
aged and older adults (Figure 41.2) [28]. This may be due to a 
gradual decline in the hydrophilic properties of the skin barrier in 
older age. These observations are also consistent with reports from 
large population-based studies in the UK and the USA, suggesting 
that adult atopic eczema may be more common than previously 
believed, and likely includes both persisting or recurring disease 
from childhood and new-onset adult disease [29-31]. Further 
research is required to better characterise adult atopic eczema. 


Disease severity 

In public health terms, the severity distribution of atopic eczema is 
more significant than its total prevalence (which may include many 
mild asymptomatic cases), as severity is likely to determine those 
who use, or need to use, available health services. Few studies have 
rigorously examined the severity distribution of atopic eczema in 
the community, but indications are that severe cases are unusual, 
affecting fewer than 5% of total cases [29,32,33]. Even for those with 
moderate-to-severe disease who receive treatment with systemic 
immunosuppressants, a strong negative effect of atopic eczema on 
quality of life remains [34,35]. 


Age and sex 

In the majority of cases, atopic eczema starts during infancy (usu- 
ally younger than 2 years of age) [18], although age of onset might 
be later, even into adulthood [35,36]. Minor sex differences, with a 
slightly higher prevalence among females, have been noted previ- 
ously, but this is not a consistent finding [29,37]. 


Morbidity and cost 

According to GBD data, atopic eczema is the skin disease with the 
highest burden in terms of disability adjusted life years (DALY) 
among all skin diseases, ranking 25th among all diseases [38]. 
Cases of atopic eczema often achieve the highest morbidity scores 
on generic disability measures when compared with other skin 
diseases, and the health state utilities of severe atopic eczema are 
comparable to rheumatoid arthritis and multiple sclerosis [38]. 
Furthermore, impairment of quality of life appears to be directly 
related to the severity of atopic eczema [39]. The psychological 
morbidity associated with a lifetime of scratching, sleep loss and 
the stigma of a visible skin disease can also affect families to a 
considerable degree, and there are significant associations with 
attention-deficit-hyperactivity disorder, anxiety and depression 
[40-42]. These associations are more pronounced with more severe 
disease, also including suicidality [43]. 

Assessing the economic burden of atopic eczema is complex as it 
consists of costs for medical care and non-medical care and indirect 
costs (e.g. loss of education and workdays). The degree to which 
medical costs are an individual (out-of-pocket) burden or a collec- 
tive one depends largely on the health care system. This diversity is 
reflected in the studies on this subject. Firstly, two studies from the 
USA reported direct and indirect costs totalling about USD 3300 per 
person per year (PPPY) for children and adults in 2013 [44,45]. Three 
European studies reported out-of-pocket costs for medical care as 
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Figure 41.2 The global age-standardised prevalence of atopic dermatitis in all individuals per 100 000 persons. Blue areas indicate low prevalence and red areas indicate high 
prevalence. Source: Global Burden of Disease project 2017 data, Institute for Health Metrics and Evaluation, University of Washington, Seattle, WA, USA. Reproduced from Laughter 


et al. (2021) [28]. 


USD 1500 PPPY for Italian children (2016), €351 for French adults 
(2018) and €927 for adults with moderate-to-severe atopic eczema in 
nine European countries (2018) [46-48]. In the latter study, German 
patients’ costs were higher for atopic eczema than for psoriasis and 
rheumatoid arthritis (€941, €224 and €628, respectively). Similar cost 
estimates have been published for Singapore, the Asia Pacific region, 
Thailand, South Korea and Vietnam [49,50]. Understandably, cost 
increases with disease severity. 


What can we learn from prevalence surveys? 

Population-based surveys show significant atopic eczema preva- 
lence differences not only between but also within countries, 
suggesting environmental rather than genetic factors as the main 
drivers of changes in disease burden [51] (Figure 41.2). Significant 
changes in the burden of disease over short periods of time, such as 
observed before-and-after German reunification, offer opportunities 
to detect environmental risk factors. While the incidence of atopic 
eczema was stable among pre-schoolchildren in West Germany 
after the country’s reunification, East Germany saw a more than 
doubling in the number of newly diagnosed atopic eczema cases 
in children up to the age of 6 years from 9.6% in 1991 to 23.4% in 
1997 [52]. Similar observations can be made in association with 
urbanisation in developing countries and by studying migrant pop- 
ulations, who move from regions of low to high disease prevalence, 
typically adopting the atopic eczema risk of their new environment. 


Such changes in disease risk identified by standardised method- 
ology and diagnostic criteria have been attributed to the adoption 
of a ‘western’ lifestyle [51]. However, the precise lifestyle and 
other environmental ingredients that are responsible remain to be 
determined. 


Pathophysiology 


Atopic eczema is a complex disorder, reflecting interplay between 
genetics, epigenetic factors and the environment, including the skin 
microbiome. These disease drivers coalesce to result in aberrant 
epithelial barrier formation and dysregulated immunity in the skin 
giving rise to cutaneous inflammation. In turn, atopic inflammatory 
processes can alter epidermal function, indicating that epidermal 
barrier function and the cutaneous immune system regulate each 
other. By better understanding the mechanistic pathways in individ- 
ual patients, we will be better placed to stratify therapies to disease 
endotypes [53]. Key pathways are summarised in Figure 41.3. 


Genetic influence 

The importance of genetic factors in determining the expression 
of the atopic phenotype is reflected in data from twin studies. 
Thus, monozygotic twins have a concordance rate of 0.72, whereas 
dizygotic twins have a concordance rate of only 0.23 [54-56]. These 
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Figure 41.3 Pathophysiology of atopic eczema (AE). 
LN, lymph node; TSLP, thymic stromal lymphopoietin. 


findings have been further validated by a more recent systematic 
review of 35155 twin pairs and suggest overall heritability to be 
approximately 75% [57]. Therefore, although an undoubted central 
genetic effect is clear, it is important to consider that one quarter of 
cases have strong environmental factors significant in causality. 

Genome-wide association studies (GWAS) compare cohorts of 
individuals with disease to control populations. These studies utilise 
DNA chip analysis to compare up to 2.4 million single nucleotide 
polymorphisms (SNP) and associate SNP allele frequencies with 
disease status. To date GWAS have identified 25 loci of relevance, 
but cumulatively these only account for 20% of the heritability of 
atopic eczema [58], suggesting that there is much left to discover. 
Of these loci, most have not been fully characterised to define the 
functional genetic effect. However, the regions contain genes impli- 
cated in immunity and skin barrier formation. The immune-related 
genes regulate T-cell activation and type 2 differentiation, perhaps 
suggesting that there is genetic regulation of the ‘predisposition’ to 
type 2 cytokines, rather than excessive ‘normal’ immune activation 
along the type 2 cytokine pathway. 

To address the gap in heritability and discovery by GWAS, recent 
approaches have begun to utilise whole genome and whole exome 
sequencing to identify rare genetic variants. To date the cohorts stud- 
ied have been small and have replicated the gene encoding filaggrin 
(FLG) as well as identifying new genes [59,60], but as cost reduces, 
it is expected that this approach will provide increasingly impor- 
tant data. 


Filaggrin genetics and the epidermal barrier 

in atopic eczema 

In individuals without atopic eczema who have no skin barrier 
defect, there is full integrity of the epidermis, marked by minimal 
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transepidermal water loss (TEWL) and adequate protection against 
microbes and environmental allergens. Data demonstrating skin 
barrier function is defective in lesional > non-lesional atopic eczema 
> controls [61,62] and that impaired barrier function parallels dis- 
ease severity [63] support the view that the skin barrier is critical in 
pathogenesis of the disease. A landmark paper in 2006 identified 
the association of loss-of-function variants of FLG in approximately 
50% of severe atopic eczema, thus underlining the critical role of 
the epidermal barrier in pathogenesis [64]. Filaggrin is encoded 
within the epidermal differentiation complex (EDC) on 1q21, which 
comprises a large number of diverse proteins critical for skin bar- 
rier formation including loricrin, involucrin and S100 proteins. 
Profilaggrin, made up of 10-12 repeats of filaggrin monomers, is 
expressed in keratinocytes where it makes up the dominant compo- 
nent of keratohyalin granules in the stratum granulosum. All atopic 
eczema associated FLG mutations reported to date are nonsense 
mutations which insert a premature stop codon or frameshift result- 
ing in absent or reduced profilaggrin and subsequently filaggrin 
expression. The keratinocyte undergoes terminal differentiation 
to form the stratum corneum, during which dephosphorylation 
of profilaggrin is followed by cleavage with matriptase and other 
proteases [65]. This process requires inhibition of LEKTI, a serine 
protease inhibitor expressed at epithelial and mucosal surfaces and 
frees filaggrin monomers which bind and aggregate keratin bundles 
and intermediate filaments to form the cellular scaffold in corneo- 
cytes and squames. Mutations in SPINK5, which encodes LEKTI, 
determine Netherton syndrome, and variants in the gene have also 
been associated with atopic eczema [66-68]. Metabolism of filaggrin 
monomers, higher in the stratum corneum, releases component 
amino acids that have been reported to contribute to epidermal 
water retention through their hygroscopic properties (‘natural 
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moisturising factor’). Further reduction of the histidine-rich protein 
to trans-urocanic acid and pyrrolidone-5-carboxylic acid (PCA) is 
important in maintaining the epidermal pH gradient [69]. At least 
20 FLG variants have been identified in European populations, but 
two (R501X and 2282del4) account for 80% of all FLG alleles and 
are present in 7-10% of the population [69]. In Asian populations a 
different repertoire of FLG variants exists. The clinical phenotype of 
FLG loss-of-function variants is described in Table 41.1. 

The risk of FLG mutation status on atopic eczema can be gleaned 
from the estimated 30% of ichthyosis vulgaris individuals who 
suffer concomitant atopic eczema. Genetic studies have shown 
that this equates to an odds ratio (OR) for homozygous mutations 
or compound heterozygote cases of 85.9 (20.1-367.6) [70]. Indeed, 
more than 30 studies have replicated the association between 
FLG mutations and atopic eczema. The majority of these have 
been case-control studies where cases have been recruited from 
dermatology outpatients and therefore generally more severe 
disease. Meta-analyses estimate an overall allelic risk (increased 
risk of atopic eczema for those carrying one FLG mutation and 
one wild-type gene) of 3.39-4.78 [71,72]. However, family studies 
and population-based studies that are more likely to indicate the 
background risk of atopic eczema from a FLG null allele show 
an odds ratio of 1.99-2.19 [71,72]. A meta-analysis, pooling data 
from high risk and low risk cohorts, has suggested that 20% of 
individuals with atopic eczema carry FLG mutations [71] and in 
those with heterozygote filaggrin mutations, atopic eczema only 
develops in approximately 42% of cases [73]. Therefore, although 
the strong association with atopic eczema and FLG variants is 
unprecedented for complex diseases, there remains a significant 
genetic component of atopic eczema associated with other genes, 
which is likely to reflect complex interactions between multiple 
common variants. 

FLG variants also confer a risk of asthma and peanut allergy but 
only in the context of atopic eczema [74-76] and sensitisation to 
food allergens in infancy in association with FLG mutations has 
been shown to predict childhood asthma [77]. In addition to atopic 
eczema, FLG deficiency has been reported to confer a risk of eczema 
herpeticum [78]. 

Proteomic approaches to identify the protein signature of atopic 
eczema skin have been limited but have shown evidence of reduced 
expression of epidermal barrier proteins including 5100/A11 [79], 
reduced tight junction proteins including Claudin 1 and 23 [80], and 
increased inflammatory proteins related to dendritic cell markers 
and T-cell activation [81]. Knockdown and proteomic studies in an 
epidermal equivalent model indicated that filaggrin deficiency in 
the absence of inflammation was sufficient to alter the expression 
level of proteins relevant to atopic eczema pathogenesis, including 
kallikrein 7 and cyclophilin A [82]. Recent studies have suggested 
that tape strip approaches to sample the skin non-invasively offer a 
useful approach for future proteomic studies in atopic eczema [83]. 


Lipids 

It has been recognised for many years that reduced extracellular 
lipids and impaired ceramide production are characteristic of atopic 
eczema epidermal barrier defects. Increased activity of serine pro- 
teases in the epidermis is analogous to what is seen in Netherton 
syndrome [84]. Recent work comparing body sites in atopic eczema 


and controls has shown that body sites regulate skin lipid profile, 
and that there are differences in individuals with atopic eczema 
including higher levels of ceramide species [85]. Early findings 
have suggested that these differences may be exacerbated by FLG 
mutations. 


Environmental risk and protective factors 

Climate 

One potential explanation for prevalence differences between 
populations is climate - an area that has received little attention 
with regard to atopic eczema. Based on the ISAAC Phase One data 
set, an ecological analysis was conducted using information on 
long-term climatic conditions in the different study areas from the 
World Weather Guide [86]. Variables that were examined included 
latitude, altitude, average outdoor temperature and relative out- 
door humidity. The results, which were adjusted for countries’ 
gross national per capita income (GNP), suggest that symptoms 
of atopic eczema correlate positively with latitude and negatively 
with annual outdoor temperature but none of the other factors. 
These findings have been supported by cross-sectional studies in 
Spain [87] and Taiwan [88] and could be due to direct climatic 
influences, especially UV radiation exposure, as also suggested by 
a recent ecological analysis in a US cohort [89,90]. UV radiation has 
a well-established immuno-suppressive effect [91], partly because 
it facilitates the conversion of the skin barrier filaggrin (FLG) break- 
down product trans-urocanic acid into the immuno-suppressive 
cis-urocanic acid isoform [92] and is an effective therapy for atopic 
eczema. 

Research that has looked at flare factors in established atopic 
eczema supports this notion, as lower outdoor temperatures, 
especially in combination with skin irritants, can contribute to 
disease worsening, whereas indoor conditions seem less important 
[93,94]. However, the relationship between outdoor climate and 
disease flares is complex with some children reporting worsening 
in summer and others in winter, as shown in a small longitudinal 
study among German children [95]. The effects of outdoor tem- 
perature, UV radiation and humidity as well as seasonal changes 
in pollen counts are likely to interact, and further studies, which 
also take skin barrier function, FLG status and hydration status as 
well as bacterial skin colonisation into account, are required. Shifts 
in atopic eczema prevalence through climate change, in particular 
the interaction between UV radiation, air pollution, outdoor tem- 
perature, humidity and pollen count, are expected and will be an 
important area for future research [96]. 


Urban vs rural living 

Another important place for epidemiological investigations are 
areas where people of a similar ethnic makeup and genetic back- 
ground show significant prevalence differences within close 
geographical proximity [97]. A systematic review of 26 studies 
showed good evidence of higher disease burdens in cities com- 
pared with the countryside, and this was particularly the case in 
less affluent settings [98]. Where an attempt has been made to iden- 
tify responsible environmental risk factors linked to urbanisation, 
differences in hygiene-related exposures (parasitic, bacterial and 
viral infections, vaccination, antibiotics and farm environment), 
environmental pollution, including smoking, allergen exposure 


and sensitisation, diet, and infant feeding practices have received 
particular attention. 


Diet 

Given how uncommon atopic eczema and other allergies still are 
in most developing nations, an important question is whether 
consumption of a ‘western’ affluent diet (i.e. high intake of refined 
grains, cured and red meats, as well as saturated and unsatu- 
rated fatty acids) leads to an increase in atopic eczema risk. This 
was explored in ISAAC Phase Three and a consistent protec- 
tive effect was found between frequent consumption of fresh 
fruits (1-2x/week) and atopic eczema risk (adjusted OR = 0.81, 
0.67-0.97), whereas the opposite was true for fast food consumption 
(=3x/week, adjusted OR = 1.70, 1.48-1.95) [99]. An ecological 
analysis based on the ISAAC data set came to similar conclusions, 
showing a consistent inverse association between atopic eczema 
prevalence and per capita consumption of vegetables, protein from 
cereal and nuts, as well as all fresh and frozen fish, even after 
adjustment for GNP [100]. 

The latter finding is supported by a number of longitudinal 
studies that suggested a high fish intake during pregnancy lowers 
atopic eczema risk in the offspring up to 5 years of age by 25-43% 
[101,102]. Similar risk reductions have been described in children 
with a high fish intake during late infancy [103,104]. These results 
have been attributed to fish being rich in anti-inflammatory n-3 
polyunsaturated fatty acids (n-3 PUFA). Western diets have become 
low in n-3 PUFAs over past decades with a corresponding increase 
in pro-inflammatory n-6 PUFA, such as linoleic acid [105,106]. 

A Cochrane systematic review of the benefit of maternal dietary 
interventions during pregnancy or lactation concluded that during 
pregnancy there was a low likelihood of any dietary intervention 
reducing the risk of the child’s development of atopic diseases 
but that there was evidence that this was associated with adverse 
outcomes on maternal or fetal nutrition or both. Similarly, during 
breastfeeding, no strong evidence supports the role of dietary mod- 
ification to lower the risk of atopic eczema or allergic sensitisation 
[107]. Similarly, no role for dietary supplements for established 
atopic eczema has been shown [51]. 


Breastfeeding and delayed weaning 

Breastfeeding has been advocated as a way of preventing allergies, 
including atopic eczema. For instance, the World Health Organi- 
zation (WHO) recommends that babies are exclusively breastfed 
for 6 months, and most European ministries of health advocate 
at least 4 months of exclusive breastfeeding to aid allergy pre- 
vention [108]. It is therefore conceivable that differences in the 
length of breastfeeding and the age infants are weaned onto solids 
could explain part of the atopic eczema prevalence differences 
between study populations. However, data from cross-sectional 
studies in developed and developing countries, including 51119 
schoolchildren in ISAAC Phase Two, offer little support for this 
notion [25]. Furthermore, a meta-analysis of 27 prospective cohort 
study populations failed to show a statistically significant benefit 
with exclusive breastfeeding (pooled OR = 0.89, 0.76-1.04) [109]. 
However, the promotion of breastfeeding, as opposed to exclu- 
sive breastfeeding, does appear to have a protective effect into 
adolescence [110,111]. 


Obesity and physical exercise 

Increasing numbers of children in affluent settings are overweight. 
Three studies, including a UK cohort study and a substantial world- 
wide series of cross-sectional surveys based on the ISAAC Phase 
Three data set, found an association with obesity for all atopic 
eczema (OR = 1.42, 1.23-1.64) and severe atopic eczema (OR= 
1.94, 1.52-2.46) at 13-14 years, while no association was detected 
in a number of other cross-sectional studies [112-116]. The ISAAC 
analysis also examined the effect of TV viewing (5 h), which 
showed a positive relationship with atopic eczema risk (OR = 
1.16, 1.06-1.28), and this was stronger in obese vs overweight vs 
normal/underweight children in a dose-response fashion [117]. It 
remains unclear whether the positive associations seen are causal, 
for instance due to inflammation mediated by adipokines such as 
leptin, or related to dietary factors, which could facilitate atopic 
eczema through oxidative stress pathways, as diets excluding 
antioxidant food, such as fruits and vegetables, are related to 
increased obesity and atopic eczema. 


Pollution and tobacco smoke 

A population-based cross-sectional survey among more than 
300000 Taiwanese schoolchildren with sophisticated, objective 
measurement of traffic-related air pollutants, including nitrogen 
oxides (NO,) and carbon monoxide (CO), suggested that air pollu- 
tion may contribute to atopic eczema risk, but this association, albeit 
statistically significant, was weak (OR = 1.12, 1.04-1.22) [88]. Simi- 
larly, a cohort study among 3000 schoolchildren in West Germany 
with repeat objective pollutant measurements reported that NO, 
exposure was positively associated with physician-diagnosed 
atopic eczema at age 6 years (OR = 1.18, 1.00-1.39) [118]. Fur- 
thermore, a French cross-sectional survey among more than 5000 
schoolchildren in six cities showed a stronger positive relationship 
with fine particle pollution (OR = 2.51, 2.06-3.06) [119]. Other work 
has shown similar positive associations with measures of outdoor 
pollution [118,120]. There is less evidence that atopic eczema risk 
in the offspring increases in association with maternal smoking 
during pregnancy or environmental tobacco exposure postnatally 
[121-125]. 


The Hygiene Hypothesis 

The notion that microbial exposure might influence the develop- 
ment of atopic eczema originally stemmed from the observation 
that disease risk is inversely related to sibship size, an effect that has 
been observed in many different settings, since the original descrip- 
tion in a large UK birth cohort in the late 1980s [126,127,128,129,130]. 
There have been two systematic reviews on microbial exposure and 
atopic eczema risk [131,132]. Individual risk factors, including pets 
and farm animals because of their potential link with endotoxin 
exposure, are briefly discussed below. 


Basic hygiene 

One large birth cohort study (n >10000), the Avon Longitudinal 
Study of Parents and Children (ALSPAC), has examined the ques- 
tion whether general hygiene measures at age 15 months, such as 
frequency of washing and use of household cleaners and wet wipes, 
are weakly associated with atopic eczema between 2.5-3.5 years 
of age, and a proportional increase in disease risk was found per 
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increase in hygiene score (adjusted OR = 1.04, 95% CI 1.01-1.07) 
[133]. However, a Japanese cohort with 865 mother-infant pairs 
found an inverse relationship between a daily bath or shower 
vs washing less frequently (adjusted OR = 0.26, 0.10-0.77) [134]. 
None of these studies took potential gene-environment interactions 
between hygiene practices, skin barrier gene mutation inheritance 
and skin barrier (dys)function into account, and microbial exposures 
were not measured objectively. 


Day care 

There is consistent evidence that day care attendance is associated 
with increased microbial exposure, in particular respiratory tract 
infections, and there are some cohort studies that have reported 
a reduction in atopic eczema risk in children attending day care 
facilities during the first year of life [135-137]. However, others 
have found the opposite effect [138-140], and day care attendance 
in the first 2 years of life has been identified as the main risk factor 
to explain the atopic eczema prevalence gradient between East and 
West Germany [140]. 


Farm environment and animals 

The influence of farm environments and animals have also been 
extensively studied but no convincing protective effect of living on 
a farm has been found per se [141-146]. Interestingly, consumption 
of unpasteurised farm milk during the first 2 years of life is an 
independent protective factor against atopic eczema development 
[144,145], even in non-farming families [147]. This inverse relation- 
ship is independent of a family history of allergic disease. Once the 
raw cow’s milk is boiled, the protective effect is lost. The mechanism 
for these properties of unpasteurised farm milk remains uncertain 
and could either be related to microbial contamination or other con- 
stituents of unprocessed cow’s milk [147-149]. In addition, direct 
contact with farm animals reduces atopic eczema risk in early life 
in some settings [150], especially where mothers have regular direct 
contact with farm animals during pregnancy, and this protective 
effect appears even stronger in those who are exposed both pre- 
and postnatally [150,151], suggesting that perinatal priming of the 
immune system may be of particular importance. 


Pets 

Like farm animals, pets have been implicated as potentially protec- 
tive against atopic eczema. A meta-analysis of studies revealed an 
almost uniform protective effect of dog exposure (pooled OR = 0.61, 
0.50-0.74), especially where this occurred in early life [152]. The pic- 
ture is less clear for cats. Although the same meta-analysis showed a 
protective effect (pooled OR = 0.83, 0.74-0.95], study heterogeneity 
was significant. It is interesting to note that where FLG skin barrier 
mutation inheritance was taken into account, there was a signifi- 
cantly higher risk of atopic eczema in those with FLG mutations 
compared with wild-type children, suggesting that cat sensitisation 
can be facilitated by an impaired skin barrier and then contribute to 
atopic eczema risk [153-155]. 


Endotoxin exposure 

Some have argued that the risk reduction seen with farm animal 
and pet exposure, in particular during pregnancy, is due to endo- 
toxins, a group of lipopolysaccharides found on the cell surface of 


Gram-negative bacteria, not least because endotoxins are known 
to be inducers of interleukin (IL)-10 and interferon (INF)-gamma 
[156]. Birth cohort studies have suggested an up to 50% reduction in 
atopic eczema risk associated with endotoxin exposure [132]. How- 
ever, this effect tended to be confined to high endotoxin exposure 
levels [25]. 


Helminth parasites 

Helminth parasites, such as hookworm and Ascaris lumbricoides, 
are potential candidates to explain prevalence gradients between 
rural and urban areas of tropical developing countries, where such 
infections remain endemic in the countryside but become rare, once 
the life cycle of the parasite is interrupted due to improved hygiene. 
There is some support for this from cross-sectional studies, but 
the relationship between helminth parasites and the effect on the 
immune system of their human hosts is rather complex and depends 
on the type and burden of the parasite (host invasive helminths 
and a higher parasite burden have a stronger immuno-modulatory 
effect) as well as the timing of infection, especially if this occurs 
in early life or during pregnancy [157]. The strongest evidence 
for a protective effect of helminth infections on the risk of atopic 
eczema comes from a double-blind randomised controlled trial with 
deworming therapy conducted among >2500 pregnant mothers 
during the last trimester of pregnancy in a helminth-endemic area 
in Uganda, which found an approximately two-times increased 
atopic eczema risk up to 1 year of age in the intervention groups 
[158]. Interestingly, loss of helminth exposure does not appear to 
affect atopic eczema risk later in life [159,160], further supporting 
the notion that perinatal priming of the immune system can provide 
protection against atopic eczema [157]. 


Childhood infections and vaccinations 

The protective effect of parasitic infections does not apply to child- 
hood vaccinations, including the BCG vaccine, or common viral 
and bacterial infections, which are the common infection-related 
exposures in affluent settings [106]. As for antenatal infections, a 
British historical cohort study, using a general practitioner research 
database, examined the effect of infections during pregnancy on 
atopic eczema in the offspring and found a small increase in risk 
associated with two or more antenatal infections (adjusted HR = 
1.16, 95% CI 1.07-1.26) [161]. However, a more recent analysis based 
on historical data on acute viral respiratory infection notifications 
in former Eastern Germany suggested the opposite: a reduction 
in atopic eczema risk associated with exposure to prenatal viral 
respiratory infections. This effect was particularly strong for expo- 
sures during the last trimester (adjusted HR = 0.70, 0.52-0.95) and 
extended into the postnatal period up to 7 months of age [162], 
but this finding has not been replicated in a number of more recent 
cohorts from New Zealand, the Netherlands and Germany, which 
found either positive or no association between infections in early 
life and subsequent development of atopic eczema [132]. 

Where specific viral and bacterial childhood infections, such as 
chickenpox, mumps, whooping cough and measles, have been 
examined, the majority of studies have shown either positive or no 
associations, although a US case-control study suggested a 50% risk 
reduction with parent-reported chickenpox infection that occurred 
between 0 and 8 years of age (adjusted OR = 0.57, 0.34-0.96); 


this effect was particularly strong for children with moderate to 
severe atopic eczema and was associated with a reduced risk of 
allergic sensitisation [25]. However, these studies typically rely 
on parent-reported exposures, rarely take vaccination history into 
account and also tend to ignore concomitant antibiotic prescribing 
as an important confounding factor. 


Antibiotics 

Schmitt et al. examined the complex relationship between respira- 
tory, gastrointestinal and ear infections, as well as antibiotic pre- 
scribing and atopic eczema risk and found that it was the antibiotics 
that seemed causally linked to an increased risk of developing atopic 
eczema rather than the infections themselves [163]. A recent system- 
atic search identified 17 studies on the association between postnatal 
antibiotic exposure and the development of atopic eczema in the 
offspring and found an overall risk increase of 41% in those who 
received at least one course of antibiotics in early life (pooled OR 
= 1.41, 1.30-1.53) [164]. This association remained significant when 
only longitudinal studies (n = 10) were taken into account (pooled 
OR = 1.40, 1.19-1.64). There was also a significant dose-response 
association, suggesting a 7% risk increase in atopic eczema risk with 
each additional antibiotic course (pooled OR = 1.07, 1.02-1.11), an 
effect that was particularly strong for broad spectrum antibiotics vs 
penicillins. It is possible that the risk increase associated with antibi- 
otics is due to changes in the host microbiota, leading to an altered 
development of the infant’s immune system or enhanced immune 
responses to environmental allergens. 


The microbiome of the gut and skin 

There is some evidence using conventional culture-based tech- 
niques that the early gut microflora of children who later develop 
atopic eczema has more Staphylococcus aureus and coliforms and 
fewer lactobacilli and bifidobacteria [165]. However, culture-based 
methods miss around 80% of human bacteria compared with 
culture-independent approaches (e.g. next generation pyro- 
sequencing) that study bacterial DNA directly and these new 
technologies promise a deeper understanding of the interactions 
between the host microbiome of the gut, the skin, the respiratory 
tract and the immune system. 

Having been sterile in utero, the infant’s skin, gut and respira- 
tory tract quickly become colonised with a broad range of bacterial 
species postnatally. It is not surprising that environmental factors, 
such as mode of delivery and feeding practices (breastfeeding vs 
formula milk and time of weaning), influence the host microbiota 
in the immediate postnatal period [166]. In addition, exposure to 
antibiotics alters the natural balance of the host bacterial communi- 
ties and encourages the emergence of ‘nosocomial’ species, such as 
certain types of staphylococci. It is well established that S. aureus is 
a major cause of skin infection, disease exacerbation and chronicity 
in atopic eczema [167,168]. There is also evidence from animal mod- 
els to support the role of the skin microbiota in the (dys)regulation 
of the cutaneous immune system [169]. Next generation sequencing 
has confirmed the cross-sectional association between atopic eczema 
and S. aureus colonisation. Disease flares are associated with a signif- 
icant fall in skin microbiota diversity and an increase in the relative 
abundance of S. aureus. Interestingly, S. aureus elimination does not 
appear to be the main reason why atopic eczema improves after 


a flare, and antimicrobial and anti-inflammatory therapy enhances 
bacterial diversity. Early-life colonisation with commensal staphy- 
lococci is associated with a lower risk of developing atopic eczema 
[170]. At the gut interface, there is an association between low diver- 
sity of the infant gut microbiota in early life and an increase in atopic 
eczema risk during infancy, especially in high-risk children [171]. 
The main environmental risk factor impacting the gut microbiota in 
early life is mode of delivery, with caesarean section being associ- 
ated with a reduced abundance of bacterial flora as well as a higher 
risk of developing atopic eczema. Increased relative abundance of 
Clostridium sensu stricto at 3 months was associated with the pres- 
ence of atopic eczema on examination at ages 3 and 12 months ina 
UK study [172]. 


Immune dysregulation 

A variety of primary immune deficiencies including Wiskott— 
Aldrich syndrome, hyper IgE (Job) syndrome and Omenn syndrome 
give rise to eczematous lesions, which suggests that immunological 
dysfunction alone can result in cutaneous inflammation typical of 
atopic eczema. However, individuals with atopic eczema are not 
systemically immunocompromised and show balanced profiles 
of immunological subsets in blood as compared with controls 
[173-175]. Furthermore, atopic eczema patients can make appro- 
priate responses to systemic infection and vaccination [176] and 
do not suffer increased mortality. Thus, it seems most likely that 
any immunological dysfunction is confined to the skin and this 
deduction is borne out by detailed investigations as described 
below. 

Biopsy of developing lesions of atopic eczema reveals that T cells 
infiltrate the skin early in the disease process [177,178]. The cellular 
infiltrate in early lesional atopic eczema is comprised predominantly 
of T lymphocytes (CD4+:CD8+ ratio = 7:1) but eosinophils are also 
present, albeit at lower frequencies [179,180]. The immunological 
bias towards type 2 cytokine responses (IL-4, -5 and -13) in atopic 
eczema is well established in early lesional atopic eczema skin as 
compared with non-lesional or control skin [181,182]. The cytokine 
profiles in atopic eczema at least partly explain the pathology of 
the disease: IL-4 and IL-13 downregulate filaggrin expression in 
keratinocytes thereby inducing further epidermal barrier disrup- 
tion [183]. Furthermore, IL-4 is known to downregulate expression 
of cutaneous defensins [184] and increase expression of bacterial 
adhesion molecules, both of which facilitate S. aureus colonisation 
[185,186]. 

Exposure of antigen through ‘healthy’ skin induces Th2 responses 
in atopic eczema but not in controls. Furthermore, Th2 polarisation 
is not dependent upon FLG mutations [173]. Thus, it seems that 
altered immune regulation in atopic eczema epidermis plays a 
key role in mediating Th2 responses critical to pathogenesis and 
that this is distinct from the role of filaggrin deficiency. It seems 
reasonable to surmise that a combination of both epidermal barrier 
disruption and altered epidermal immune function are required for 
the manifestation of the disease. 

In chronic as opposed to acute atopic eczema lesions IL-5, granu- 
locyte macrophage colony stimulating factor (GM-CSF), IL-12 and 
IFN-y predominate. IL-5 and GM-CSF production are important in 
promoting the growth and survival of eosinophils and macrophages 
whereas IL-12 is important for the polarisation of IFN-y producing 
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Th1 cells which induce keratinocyte apoptosis associated with 
epidermal spongiosis [187]. A Th17 signature is also present in 
chronic atopic eczema and is reduced in line with improvements 
in disease severity following treatment with ciclosporin [188]. IL-22 
(from Th22 cells) is increasingly recognised as a key cytokine in 
atopic eczema pathology as it is detected at high levels in lesions of 
chronic disease and is known to enhance keratinocyte proliferation 
and reduce expression of antimicrobial proteins [189-192] as well 
as downregulate filaggrin expression [193]. Single cell transcrip- 
tomic studies showed enrichment of cytotoxic T cells expressing 
IL-13, IL-22 and IFN-y (Tc IL13/1L22) in lesional atopic eczema skin 
and increased clonality of Tc IL13/IL22 cells [194]. Additionally, 
a shared macrophage programme (Mac-2) between fetal skin and 
atopic eczema was identified although similar changes were also 
found in psoriasis. Increased numbers of Mac-2+ cells in atopic 
eczema lesional skin were reduced 12 weeks into therapy with 
methotrexate in line with clinical response [194]. In view of the 
highly regulated mechanisms for activation of T cells through inter- 
action between the T-cell receptor and its cognate MHC:peptide 
ligand, the precise pathway to T-cell activation in atopic eczema 
remains poorly understood. While antigen specificity to envi- 
ronmental allergens can be demonstrated and these interactions 
account for associated allergen specific IgE synthesis, T cells in 
the skin are polyclonal [195], and aero- or food allergen avoidance 
has been disappointing as a therapeutic option, suggesting that 
T-cell activation is not constrained to one or even a few antigens 
[196-198]. Additionally, there is no evidence of a primary abnormal- 
ity in dendritic cell function, which would result in type 2 skewing 
of T-cell responses. Dendritic cells (DCs) in atopic eczema have 
a highly upregulated expression of the high affinity IgE receptor 
(FceR1) [199,200] but this most likely reflects higher circulating 
levels of total IgE [199]. 

The long-standing consensus of the role of type 2 cytokines in 
atopic eczema has been recently validated by the development 
of anti-IL4Ra therapy (dupilumab), which is highly effective in 
approximately two-thirds of cases. Therefore, understanding the 
drivers of type 2 cytokine production offers the next therapeu- 
tic horizon. There is strong evidence that the keratinocyte derived 
IL-7-like cytokine thymic stromal lymphopoietin (TSLP) can directly 
induce neuronal triggering of itch [201] and also epidermal pro- 
gramming of cutaneous DCs, via increased expression of OX40, 
to induce the generation of inflammatory Th2 cells characterised 
by the co-production of TNF-a in addition to the classical Th2 
cytokines [202]. Indeed, mice that have TSLP overexpressed in the 
epidermis spontaneously develop an inflammatory skin condition 
that resembles atopic eczema. Therefore, it seems that the epidermis 
is critical to regulation of Th2 responses. However, TSLP expression 
in non-lesional atopic eczema skin has been found to be normal, 
thus constitutive overactivity of this pathway is an unlikely primary 
dysfunction in the condition. Other important immune-related neu- 
rosignalling molecules critical to itch in eczema include IL-31, and 
inhibition of this with monoclonal antibody therapy has proven the 
importance of this pathway [203]. Histamine H1 and H4 receptors 
and TRPV1 (vanilloid receptor 1) channels also regulate itch in 
atopic eczema and although improvement in skin inflammation is 
minimal with H1 antihistamines, studies are underway to examine 
the potential to block H4. 


Microbial responses 

Patients with atopic eczema are particularly susceptible to cer- 
tain cutaneous infections [204], the most common being S. aureus. 
However, human papillomavirus-induced warts, fungal infections, 
viruses (such as HSV1 and 2, vaccinia, coxsackie A and the pox virus 
of molluscum contagiosum) are also frequent pathogens causing, in 
some cases, severe complications. 

Innate immunity is compromised in atopic eczema, as demon- 
strated by reductions in keratinocyte-derived antimicrobial peptides 
(cathelicidin LL-37, B-defensin 2 and f-defensin 3) [205,206—207], 
neutrophil chemoattractant IL-8 [206], and inducible nitric oxide 
synthetase (iNOS) [206], which mediates pathogen death through 
release of NO [208]. Further antimicrobial compromise occurs as a 
result of defective dermcidin-derived antimicrobial peptides, pro- 
duced by eccrine glands [209]. Production of IgA, a key epithelial 
antimicrobial immunoglobulin, is also reduced in the sweat and 
tears of atopic eczema patients [210,211], which may help to explain 
the concordance between staphylococcal growth on both mucosal 
and skin surfaces in these patients. 

Most individuals with atopic eczema have S. aureus identifi- 
able on skin swabs, often at very high density, and more often 
present on lesional than non-lesional skin [212,213]. Furthermore, 
S. aureus present on the skin of atopics is significantly more likely 
to express superantigen than in non-atopics, and indeed the lev- 
els of superantigen expression correlate with disease severity 
[214-216]. In support of the role of superantigen, eczematous 
responses were found to be elicited by concomitant exposure of 
skin to staphylococcal superantigen and house dust mite allergen 
in humans in a patch test model. In contrast, either superantigen 
or allergen alone failed to induce positive reactions, suggesting a 
synergistic enhancement of allergen-specific responses by super- 
antigen [217]. Further work has demonstrated that keratinocytes 
show enhanced allergen presentation to T cells following expo- 
sure to staphylococcal enterotoxin B (SEB)-stimulated peripheral 
blood mononuclear cells (PBMC) in vitro through upregulation of 
HLA class If and ICAM-1 expression [218], providing evidence 
of a potent adjuvant effect of staphylococcal products for human 
allergen-specific Th2 responses. Furthermore, staphylococcal super- 
antigen has been documented to reduce regulatory T-cell activity 
in humans [219] and to confer T-cell steroid resistance [220], both 
of which may contribute to the association with more severe atopic 
eczema. 

Herpes simplex virus poses an increased risk for individuals with 
atopic eczema and superficial dissemination on the skin known 
as ‘Kaposi varicelliform eruption’ or eczema herpeticum, which, 
although rare, has long been recognised as a complication more 
prevalent in people with atopic eczema. Interest in the genetic 
basis for eczema herpeticum has identified multiple risk genes 
including filaggrin (combined null mutation vs controls, OR = 
10.1, 4.7-22.1; vs individuals with atopic eczema without eczema 
herpeticum OR = 2.2, 1.3-3.8) [78], TSLP [221], INF regulatory 
factor (IRF) 2 (OR 0.46-0.66) [222], INF-« receptor 1 [223] and 
INF-y receptor 1 [223]. Further work, characterising gene expres- 
sion (RNA sequencing) in immune cells in atopic eczema has 
shown a defect in type I and III IFNs mediated by IRF 3 and 7 
inhibition [224]. 


Innate immune cells 

The role of natural killer (NK), gamma delta (y5) T cells and other 
innate immune cells has been of interest in atopic eczema research 
because of their potent ability to secrete cytokines including those 
classically associated with a type 2 cytokine profile. Previous work 
has suggested that type 1 cytokine secreting NK and yé T cells in 
atopic eczema patients undergo selective apoptosis leading to a 
predisposition to type 2 cytokine skewing [225]. A subset of innate 
immune cells (nuocytes; innate lymphoid cells (ILCs)) have been 
shown to secrete type 2 cytokines (ILC2s) in atopic eczema and in 
human skin after allergen challenge in an IL-33 dependent man- 
ner, but that E-cadherin, which is expressed on keratinocytes and 
Langerhans cells, can bind receptors on the surface of the ILC2s 
resulting in downregulated cytokine secretion. These data suggest 
that downregulated E-cadherin expression as seen in atopic eczema 
and in models of filaggrin gene knock-down may be an important 
mechanism which licenses ILC2 type 2 cytokine production in the 
skin in the context of a defective epithelial barrier [226]. Observed 
reductions in ILC2 activity in allergic contact dermatitis may sug- 
gest that rather than purely activators of atopic inflammation, these 
cells may play a regulatory role in the skin [227]. 


IgE, allergy and the ‘atopic march’ 

The term ‘atopic march’ describes the progression within an indi- 
vidual from atopic eczema to other atopic diseases including 
allergic rhinitis, food allergy and asthma. The association between 
atopic eczema and subsequent development of these conditions 
has been shown in multiple longitudinal studies [228-234]. Inter- 
relationships between atopic conditions have also been shown 
[235-238]. Whether this progression from atopic eczema to other 
atopic conditions is causal or reflects co-manifestation is the subject 
of significant debate. Indeed, some groups have challenged the 
impact of the atopic march, for instance finding in a longitudinal 
study of 9801 children that progression through atopic diseases 
only occurred in approximately 7% of cases [239]. Other reports 
have suggested that adjustment for early life wheeze and sensitisa- 
tion abrogates the association between atopic eczema and asthma 
[240,241] while others found this nullified only asthma in girls 
[241] yet none of these studies controlled for filaggrin status [35]. 
Whether sensitisation should truly be considered a confounding 
factor is uncertain. However, it seems clear that in individuals with 
atopic eczema and sensitisation, there is an increased risk of asthma 
in childhood. 

This observation has raised the intriguing possibility that sen- 
sitisation through the skin is critical for asthma pathogenesis and 
that the impaired skin barrier in atopic eczema is to blame. As a 
consequence, a number of studies have examined the potential to 
prevent atopic eczema by early use of emollients, but so far, these 
studies have shown no evidence that this approach reduces the risk 
of atopic eczema or allergic disorders [242,243]. 

Previous studies have associated total IgE, specific IgE and num- 
ber of IgE mediated allergic reactivities with atopic eczema severity. 
Although not all cases of atopic eczema have high levels of IgE 
(intrinsic atopic dermatitis), identification of specific-IgE to envi- 
ronmental allergens beyond those from aeroallergens and foods 
may be extended by testing to microbes which colonise the skin 
and cutaneous autoantigens [244-246]. Both intrinsic and extrinsic 


atopic eczema demonstrate raised levels of circulating eosinophils 
[9]. This gives rise to the question: is there any meaningful differ- 
ence between individuals with the same clinical phenotype (atopic 
eczema) who have raised levels of IgE as compared with those who 
do not? The answer to this question is currently unclear. 

One possible explanation for the high levels of IgE is that 
production may be induced by S. aureus antigens [247]. Staphy- 
lococci colonise the skin of atopic eczema patients, and exotoxins 
with superantigen properties have been isolated from them and 
contribute to IgE production [205,248,249]. Some staphylococcal 
exotoxins are superantigens [250], which activate a greater number 
of lymphocytes than those stimulated by specific antigen, resulting 
in a ‘superstimulation’. 

Direct examination of the role of IgE in atopic eczema is illustrated 
through studies of omalizumab, anti-IgE, therapy that has been 
shown to be ineffective in its treatment [251]. This emphasises the 
consensus that IgE does not play a major role in atopic eczema 
pathogenesis. Therefore, allergic sensitisation is likely to be a sec- 
ondary phenomenon in atopic eczema, which acts as an important 
trigger for disease flares and possibly disease chronicity but is not 
the primary defect. Hence, diagnostic tests to identify key allergens 
of relevance to disease flares are of limited clinical utility. 


Food allergy 

The prevalence of food allergy in atopic eczema varies with age 
and severity of the condition [252]. In a study of 4453 1-year-old 
children, 20% with atopic eczema were food allergic compared with 
4% of those without (P <0.001) [253]. However, data for older chil- 
dren and adults are far fewer and less convincing. The prevalence of 
food allergy associated with atopic eczema has been estimated to be 
approximately 30-40% in unselected infants with the disease [254], 
but even in those confirmed as allergic by challenge testing, the 
benefit to atopic eczema of dietary avoidance is much lower [255]. 
Confusion often surrounds the nature of the reaction. Immediate 
urticarial reactions secondary to food, arising in an individual with 
atopic eczema, inevitably lead to a deterioration following increased 
scratching. Therefore, food allergen avoidance can be beneficial to 
atopic eczema in allergic individuals even if not ‘curative’. Allergic 
responses to milk, egg, wheat, soy, peanut and fish account for 
85% of reactions in this group [256,257]. Data from double-blind 
placebo-controlled food challenges have shown that more than 90% 
of food allergic reactions arise within 2 hours and are urticarial in 
nature, frequently involving concomitant gastrointestinal and res- 
piratory reactions [256-258], while it seems that screening with skin 
prick tests has a reasonable negative predictive value for benefit 
from food avoidance. Indeed, screening for IgE to foods has been 
shown to have little utility in predicting onset of food allergy in 
atopic eczema [259]. 

It therefore seems possible that the eczematous inflammation in 
early onset eczema facilitates transcutaneous sensitisation through 
environmental exposure to food protein in house dust and through 
direct contact with food protein contaminated hands, for instance 
through moisturiser application [260,261]. This is currently an 
area of intensive research, as the prevention of atopic eczema and 
changes in skin care practices may well prevent the development of 
food allergy. 
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While it is important to take a good history looking for immediate 
and delayed type reactions to foods in infants and younger children 
and to perform allergy testing accordingly to identify potential foods 
that are contributing to disease flares and chronicity, routine imple- 
mentation of exclusion diets is not advocated [197,198,262]. 


Allergic contact dermatitis 

Allergic contact dermatitis (ACD) describes immune responses 
principally targeting chemicals applied directly to the skin. 
Although ACD is an important consideration (see later), and 
demonstrates clinical and histological similarities to atopic eczema, 
the immunophenotypes are distinct and there is no suggestion that 
in general atopic eczema reflects unidentified ACD. 


Autoimmunity 

Autoimmunity in atopic eczema is a relatively underexplored area 
of research in disease pathogenesis [263]. A variety of autoantigens 
have been characterised in atopic eczema as well as the presence 
of autoreactive T cells and IgE against autoallergens, which cor- 
relate with disease activity [245,264,265]. It has been suggested 
that scratching may release membranous and intracellular antigens 
from keratinocytes which result in Th2 responses and IgE targeting 
self-proteins. Whether autoreactivity is a primary disease mecha- 
nism or develops secondary to the chronic exposure to skin-derived 
antigens remains to be established. However, it is thought that once 
present, autoreactivity may contribute to the chronicity and severity 
of the dermatitis. A recent systematic review of this area estimated 
that autoreactivity, as defined by demonstration of the presence of 
IgE specific for self-proteins, is evident in 25% of atopic eczema and 
is associated with more severe disease [245]. 


Pruritus 

The sensation of itch is central to atopic eczema. Non-histaminergic 
signalling is thought to be more relevant for chronic itch condi- 
tions. Protease activated receptor-2 (PAR2) has been shown to 
be overexpressed in atopic eczema skin [266] and this receptor, 
along with PAR4, have been implicated in itch triggered by mast 
cell tryptase, trypsin and thrombin [267] as well as TSLP release 
from keratinocytes [201]. Undoubtedly, pruritus is closely linked 
to the inflammatory component of atopic eczema as suggested by 
rapid resolution of itch with anti-inflammatory treatments such as 
ciclosporin and the novel biologics and selective janus kinase (JAK) 


Table 41.3 History at the initial assessment. 


Impact on quality of life 


Atopic eczema history (consider visual analogue scales) 


| Multiple trigger factors may provoke atopic eczema 
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Figure 41.4 Trigger factors for atopic eczema. 


inhibitors. Cytokines, such as TSLP and IL-31 are thought to be 
critical to the pathogenesis of itch in atopic eczema [201]. 

Overexpression of IL-31 in mice led to progressively worsening 
itch, excoriation and dermatitis [268-270], and in humans, levels of 
IL-31 correlate with disease severity [271]. The receptor for IL-31 is 
expressed by keratinocytes and infiltrating macrophages [272] and 
IL-31 expression is strongly induced by staphylococcal superantigen 
[273], thereby linking changes in the cutaneous microbiome with 
atopic eczema itch. 


Clinical features 


Important aspects to the history (Table 41.3) 

The majority of patients with atopic eczema will present with 
symptoms in childhood, usually younger than 2 years of age and 
typically between 2 and 6 months, but it may start at any age, 
even within the first few weeks of life and during adulthood. The 


Personal and family 
history of atopic disease 


Trigger factors 
(Figure 41.4) 


Age of onset Patient's/carer’s assessment of severity 
Areas of skin affected Sleep 

Severity Itch 

Dietary history Effects on family dynamic 

Seasonal variation - 

Response to previous treatment - 

Current treatment - 

Frequency of flares - 

Frequency of skin infections - 


Asthma Exposure to irritants, e.g. bubble bath, etc. 
Hay fever Skin infections 

Food allergies Dry skin 

- Food allergens 

- Contact allergens 

- Exposure to pets or animals 


- Air-borne allergens 


(a) 


Figure 41.5 Active eczema and papulovesicules (a) adjacent to hypopigmentation and (b) Affecting extensor dermatitis in an infant. 


Figure 41.6 Flexural atopic eczema of the wrist in a child, with papulovesicles and an 
ill-defined border. 


cardinal symptom is itch associated with a chronic fluctuating rash 
with a range of features. Itch often causes significant sleep distur- 
bance, irritability and distress and can be aggravated by warmth, 
sweating, bathing, exercise, emotional upset and woollen clothes 
worn against the skin. The skin is inflamed and may be painful. 


Clinical features present at all ages 

Although the clinical phenotype and distribution of atopic eczema 
changes with age and varies according to ethnic background, 
atopic eczema is characterised by a typical constellation of clinical 


(b) 


Figure 41.7 Adult flexural dermatitis. 


signs. Acute atopic eczema is symmetrical with ill-defined, slightly 
raised inflamed areas that may be weepy. Papulation and oedema 
are mostly seen in acute eczematous inflammation (Figures 41.5 
and 41.6). Flexural changes are distinctive, particularly over the 
limbs (Figure 41.7). In the chronic phase, thickening of the skin 
typically occurs which may progress to lichenification, with accen- 
tuation of skin markings and hyperpigmentation, especially in 
those with darker skin types (Figure 41.8). Secondary changes may 
be observed as a result of scathing or rubbing. Yellow crusting and 
oozing indicate secondary infection (Figure 41.9). 
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Figure 41.8 (a) Lichenification, crusting 
and excoriation in the popliteal fossae. 

(b) Post-inflammatory hyperpigmentation. 
(c) Flexural dermatitis causing 
hyperpigmentation. (d) Flexural dermatitis. 
(e) Lichenification. 


Figure 41.9 Atopic eczema: erythema, papules, excoriations, crusting and secondary 
infection. 


Dry skin 

This is acommon feature of atopic eczema and features prominently 
in its management. It is likely that it occurs because of increased 
water loss through an abnormal stratum corneum, which may also 
correlate with disease activity. The dry skin is a consequence of 
abnormal ceramide and sphingosine synthesis and has an impor- 
tant role in the development of the skin inflammation. Ichthyosis 
vulgaris and keratosis pilaris may also be seen in association with 
the condition, with loss-of-function variants of the skin barrier 
protein filaggrin being the link between these conditions and atopic 
eczema (Table 41.1). 


Endotypes 

In line with many immune-mediated inflammatory diseases, there is 
an increasing emphasis on delineation of specific subgroups within 
the atopic eczema disease spectrum, called ‘endotypes’. 

‘Endotype’ refers to a subgroup of patients with atopic eczema 
who show distinct genetic or molecular profiles and can be broadly 
subdivided into ‘disease endotypes’ and ‘drug endotypes’. ‘Disease 
endotypes’ are separated by their clinical features (e.g. flexural ver- 
sus discoid versus follicular), while ‘drug endotypes’ are associated 
with underlying pharmacology, mechanism of action, efficacy and 
adverse effects. As there is intense interest in focusing drug devel- 
opment on molecular mechanisms of disease, the connectivity and 
overlap between disease and drug endotypes will increase. 

The association between ichthyosis vulgaris and atopic eczema 
has been known for many years (hyperlinear palms were, for 
instance, noted back in 1981) [274]. Interestingly, the association 
between hyperlinear palms and ichthyosis vulgaris combined with 
atopic eczema was first reported in 1981 [275] and subsequently 
linked to underlying FLG mutations in 85-100% of individuals [4]. 
Further studies delineated that the constellation of palmar hyper- 
linearity, keratosis pilaris, flexural eczema and ichthyosis/xerosis 
were strongly associated with FLG mutations [276,277], essentially 
defining a filagerin-related endotype of atopic eczema. Addition- 
ally, irritant hand dermatitis, involvement of exposed skin sites 
and susceptibility to water hardness has also been associated with 
filagerin-related endotype of atopic eczema [277-279]. 


Figure 41.10 Atopic eczema: infantile phase. 


Importantly, filaggrin-associated atopic eczema is linked to a 
number of clinically relevant outcomes. Thus, for example, patients 
with filaggrin loss of function mutation tend to have early onset 
disease that is more chronic and severe. This endotype is also 
associated with atopic asthma, allergic rhinitis and peanut allergy 
[280-282] with subjects carrying filagegrin mutations showing dis- 
trict longitudinal disease clustering and time courses of atopic 
eczema persistence [35]. In addition, patients with atopic eczema 
carrying the FLG R501X mutation have a greater risk of eczema 
herpeticum [78]. Interestingly, FLG mutations also influence the 
cutaneous microbiome and the skin microbiome in healthy subjects 
carrying a FLG mutation is shifted towards that seen in patients 
with atopic eczema [283]. 

More recently, distinct clinical phenotypic differences in patients 
from different ethnic backgrounds have been associated with 
particular molecular endotypes [284]. For example, innate immune 
activation and Th1 and Th17 pathway activation was attenuated 
in African American patients compared with European American 
participants [285]. 


Infantile phase 

During infancy, atopic eczema is commonly present on the face 
(Figure 41.10) but also commonly occurs elsewhere in a flexural and 
non-flexural/extensor distribution (Figure 41.5). 


Childhood phase 

Beyond infancy, the sites most characteristically involved are 
the elbow and knee flexures (Figure 41.8a—d), the sides of the 
neck, wrists and ankles (Figure 41.8e and Figure 41.6). The 
extensor distribution is commoner in black and Asian patients 
(Figures 41.11 and 41.12), but these patient groups also frequently 
show flexural involvement. In addition, discoid patches can occur 
(Figure 41.13). Involvement of the hands, sometimes with vesicu- 
lation (pompholyx) can also be present (Figures 41.14 and 41.15). 
Acute generalised or localised vesiculation should always suggest 
the possibility of secondary bacterial or viral infection (eczema 
herpeticum). 


Adult phase 

The picture is essentially similar to that in later childhood, with 
lichenification, especially of the flexures and hands. Frequently, 
facial and hand involvement is more problematic in adulthood and 
many adults find the flexural inflammation less troublesome. 
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Figure 41.11 Marked lichenification on the knees in an African child. The popliteal 
fossae were spared. 


Figure 41.12 Persistent lichenification in an extensor distribution. 


Skin of colour 

The presentation of atopic eczema in skin of colour is as equally 
variable as in light coloured skin. A key difference from fair skin is 
the reduced redness evident in inflamed dark skin (Figure 41.11). 
Therefore, clinicians may have to rely on the symptoms of itch to 
grade inflammatory activity. As with other conditions affecting 
skin of colour, there is an increased risk of pigmentary changes 
after therapy and/or disease resolution. Although potent topical 
corticosteroids can modify (reduce) pigmentation in prolonged 
treatment, mostly post-inflammatory hypopigmentation is due to 
the inflammation rather than the treatment as suggested by the fact 
that most areas where topical corticosteroids are applied do not 
suffer any pigmentary abnormality, and that at sites where topical 
calcineurin inhibitors are used, pigmentary abnormalities have 
been identified after completed treatment. 

Coloured skin shows some specific variants of atopic eczema 
including follicular and discoid patterns. Post-inflammatory 
changes of lichenified eczema often show hyperpigmentation 
(Figure 41.12). 


Measuring disease severity 

The classic concept of disease treatment determined by the pref- 
erence of the attending physician is becoming largely redundant 
and health care systems are increasingly requiring measures of 
disease severity to justify specific treatments and reimbursement. 
Interestingly, in the USA, driven in large part by the Food and Drug 
Administration, the ‘Investigator Global Assessment’ (IGA) remains 
the gold standard measure of severity and encompasses five points: 
clear, almost clear, mild, moderate and severe. In Europe, greater 
emphasis is placed on ‘objective’ scores, which take into account 
clinical signs (e.g. redness, papulation/oedema, lichenification and 
scratch marks) as well as body surface area involvement. 

The Harmonising Outcome Measures for Eczema (HOME) ini- 
tiative has led the global consensus on measurements for atopic 
eczema severity measures used in clinical trials (http://www. 
homeforeczema.org) and has provided guidance on which tools 
to use. The cross-disciplinary group, which includes patients, has 
selected specific key outcomes, which include both objective (doc- 
tor/nurse scored) and subjective measures (patient reported) of 
disease severity (Table 41.4). 

It is widely accepted that the measures of quality of life are critical 
in understanding how the condition affects individuals with atopic 
eczema. It is important that clinicians undergo training in scoring 
atopic eczema to reduce interobserver variability. 


Clinical variants 

The clinical phenotype of atopic eczema changes with age and ethnic 
background and may include, for example, non-flexural patterns, 
such as discoid and follicular eczema, as already outlined above. 
Similarly, nodular prurigo lesions can occur in atopic eczema, more 
commonly in those with skin of colour (Chapter 81). 

Infra-auricular dermatitis is quite frequently seen in atopic 
eczema patients and infra-auricular fissures appear to be quite 
specific to the condition. The sides of the neck may show a striking 
reticulate pigmentation, sometimes referred to as ‘atopic dirty neck’ 
(Figure 41.16). 

Localised patches of atopic eczema can occur on the nipples, espe- 
cially in adolescent and young women, often associated with skin 
infection. Involvement of the vermilion of the lips and the adjacent 
skin is commonly an additional manifestation. Follicular lichenified 
papules (Figure 41.17a) are a frequent feature in black and Asian 
patients. A distribution on the face and neck may correlate with 
areas of maximal thermal sweating or Malassezia furfur colonisation 
and sometimes sensitivity. 

Photo-aggravation or sensitivity may occur. Management of such 
cases requires a combination of approaches used for ordinary atopic 
eczema and for photosensitivity. Pityriasis alba and juvenile plantar 
dermatosis are more commonly seen in people with atopic eczema. 


Hand involvement 

Hand involvement is common and its prevalence increases with 
age. A patchy, somewhat vesicular and lichenified eczema is a 
common manifestation of atopic eczema in childhood. The nails 
are often involved, resulting in coarse pitting and ridging. A more 
diffuse, chronic lichenified eczema of the hands is frequently found 
in cases of extensive atopic eczema which persists into adult life 
(Figure 41.17b). Involvement of the feet is also common. 


(c) 


(d) 


Figure 41.13 (a) Discoid eczema lesions. (b) Discoid lesions on the face. Saliva is a common irritant in young children. (c) Discoid lesion aggravated by thumb sucking. 


(d) Postinflammatory hyperpigmentation and lichenification in a discoid pattern. 


A previous history of atopic eczema, and more particularly hand 
involvement, is a highly significant risk factor for the develop- 
ment of occupational dermatitis particularly if associated with 
loss-of-function filaggrin mutations. Atopics may be at risk of 
occupational food-related hand dermatoses. 


| 


Pityriasis alba describes poorly defined patches of post-inflammatory 
hypopigmentation usually identified on the cheeks of children with 
atopic eczema. The skin scale is usually minimal. At the time 
of presentation, it is unusual to demonstrate active inflammation 


although the child will usually give a history of preceding itch at the 
site. The differential diagnosis of vitiligo is often questioned but the 
anatomical preference and incomplete loss of pigment in the context 
of an individual with atopic eczema is usually clear. Treatment is to 
prevent inflammation by strategies to treat before eczema arises, for 
example with twice weekly mild potency topical corticosteroids or 
calcineurin inhibitors. Pityriasis alba is self-limiting. 


hite d 
This phenomenon is poorly understood but reflects vasospasm in 
superficial cutaneous vessels in response to scratching. While this is 
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Figure 41.15 Nail involvement in atopic eczema in childhood. 


Table 41.4 Preferred measures of disease severity, impact on quality of life and disease 


control for use in clinical trials. 


Disease measure 


Clinician 
measured 
disease severity 
Patient-reported 
symptoms 


Short-term control 


Long-term control 


Quality of life 


Validated preferred assessment tool 


Eczema Area and Severity Index 
(EASI) 


Patient-Oriented Eczema Measure 
(POEM) 

Numerical Rating Scale (NRS-11), 
for peak itch over past 24 
hours 

Recap of Atopic Eczema (RECAP) 
or Atopic Dermatitis Control 
Test (ADCT) 

Dermatology Life Quality Index 
(DLQI), Childrens DLQI 
(CDLQI), Infants Disease 
Quality of Life (IDQoL) 


Figure 41.16 Atopic ‘dirty neck’; reticulate pigmentation on the neck of a patient with 
longstanding atopic eczema. 


an unusual complaint, patients can identify ‘white lines’ where they 
scratch. 


Sweating 

Many patients are aware that sweating induces itching and aggra- 
vates their condition. This may reflect altered sensations associated 
with the neuropeptides released in the neurogenic control of 
sweat glands. Altered inflammatory responses to acetylcholine 
are described above, and increased numbers of nerve fibres have 
been described around the sweat glands in atopic non-lesional skin 
compared with lesional and healthy control skin [286]. Sweating 
responses to neurogenic stimuli are altered in atopic eczema suf- 
ferers, although there is lack of agreement between findings, and 
diverse methods have been used to quantify sweat production. 
Sweating in response to cholinergic stimulation was found to be 
reduced in volume by one group [287,288] but normal in volume, 
although of more prolonged duration by another group [289]. 

A possible explanation for the differences comes from the study 
of Eishi et al. [290], who measured both direct cholinergic effects 
on sweat glands and distant effects mediated via the axon reflex. 
They found that directly induced sweat production hardly dif- 
fered from that in healthy controls, whereas axon reflex induced 
sweating was of lower volume with a longer latency. In a study 
of the response to adrenergic stimulation, sweating was similar 
between atopic eczema patients and non-atopic controls at low 
concentrations of adrenaline, but at higher concentrations sweating 
in non-atopic individuals was increased compared with a decrease 
in atopic eczema patients [291]. Sweating in response to the thermal 
stress of sitting in a heated room was found to be reduced in atopic 
eczema patients [292]. However, there was no difference in sweating 
responses induced by hard cycling on a bicycle ergometer between 
atopic eczema sufferers and healthy controls [293]. 

Another way in which sweating may induce itching and aggra- 
vate eczema is related to the observation that there may be 
IgE-mediated allergic reactivity to components of sweat [294]. 
Thus, skin challenges with autologous sweat induced positive 
responses in 56 of 66 (84%) patients compared with three of 27 (11%) 
healthy controls. Also, basophils were induced to release histamine 
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in an IgE-dependent process [294]. The nature of the sweat reactivity 
has been suggested to be IgE mediated although this does not seem 
compatible with the lack of response to antihistamines [295,296]. 


Endocrine and psychological factors 

Patients with atopic eczema commonly complain that their 
condition is exacerbated by episodes of psychological stress, a 
situation that is also found in many inflammatory dermatologi- 
cal conditions. Buske-Kirschbaum et al. [297] showed that formal 
stressing of people who experience recurrent herpes simplex lesions 
could significantly increase the recurrence rate of cold sores, and 
that there was also a rise in plasma levels of TNF-a. The role and 
mechanisms of psychosocial stress on the clinical course of atopic 
eczema still remain to be elucidated. When volunteers are sub- 
jected to formal stress tests in the form of public speaking and 
performance of mental arithmetic, a wide range of endocrinological 
changes occur. These include increased production of adrenaline, 
ACTH, corticotrophin releasing factor (CRF) and cortisol, and 
reduced production of growth hormone, prolactin and proges- 
terone [298]. The stress-induced rise in free cortisol is reportedly 
lower in patients with atopic eczema [299]. 

Another humoral influence that appears to modulate atopic 
eczema is mediated by sex steroids. One third of 133 patients 
questioned claimed there was a significant premenstrual flare of 
atopic eczema [300]. Pregnancy exacerbated eczema in 52% of 
(a) women, whereas it ameliorated eczema in 24% [301]. It has been 
proposed that a possible mechanism by which sex steroids alter 
susceptibility to inflammatory skin diseases is by modification of 
sensitivity to anti-inflammatory effects of glucocorticoids (GC). 
In a comparison of differences in susceptibility between men and 
women, Rohleder et al. [301] psychologically stressed volunteers; 
women were tested in the luteal phase of the menstrual cycle. Sensi- 
tivity to GC was assessed in vitro by measurement of dexamethasone 
inhibition of lipopolysaccharide-stimulated production of IL-6 and 
TNF-a. Salivary cortisol levels increased equally between the sexes. 
However, in men, GC sensitivity was markedly increased one 
hour after stress, whereas GC sensitivity decreased significantly in 
women. Similarly, lipopolysaccharide-induced cytokine production 
decreased in response to stress in men but increased in women. 
It is not clear whether this is the result of the increased cortisol 
production suppressing cytokine production in men or a change 
in responsiveness to lipopolysaccharide itself. Hence, the premen- 
strual flares of atopic eczema could reflect the reduced sensitivity to 
the anti-inflammatory effects of endogenous cortisol. 
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Psychosocial aspects 
Atopic eczema has a profound effect, equal to or greater than that 
of asthma and diabetes, on many aspects of patients’ lives and the 
lives of their families [302]. The psychological disturbance caused 
by atopic eczema is increasingly recognised and may be amenable to 
specific interventions. In children, the most troublesome symptoms 
are itching, distress at bath time and difficulty going to sleep. Itch- 
ing, scratching and sleep disturbance in moderate to severe atopic 
eczema results in impairment in quality of life to an equivalent 
degree as rheumatoid arthritis or multiple sclerosis. Severe atopic 
) eczema promotes family dysfunction, causing exhaustion, sleep 
Figure 41.17 (a) Follicular lichenification on the surface. (b) Atopic hand eczema. deprivation and emotional distress and may predispose to later 
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Figure 41.18 Eczema herpeticum. 


problems with mental health. Indeed, partial sleep disturbance is 
increasingly recognised to result in neurocognitive impairment. 
Teasing because of abnormal skin appearance can lead to con- 
cerns over contagion and social exclusion. This in turn can lead 
to negative effects on self-image and self-esteem, particularly dur- 
ing adolescence. Higher trait anxiety and stress vulnerability are 
also recognised in atopic eczema patients [303]. Attention deficit 
hyperactivity disorder (ADHD) is commoner in children with 
atopic eczema. Depression, anxiety, conduct disorder and autism 
are similarly increased in frequency in atopic eczema. Topical 
steroid phobia is common and leads to reduced adherence to 
treatment [304]. 


Complications and other associated diseases 
Bacterial infections 

Secondary bacterial infection with staphylococci or streptococci is 
common [305]. It contributes to disease exacerbations, even without 
grossly visible purulent exudate. Widespread impetigo may some- 
times closely mimic Kaposi varicelliform eruption and any acute 
vesicular eruption in an atopic person should suggest the diagnosis 
of secondary bacterial or viral infection. 


Viral infections 

Patients with atopic eczema, both active and quiescent, are liable 
to develop acute generalised infections with herpes simplex virus 
(eczema herpeticum) (Figure 41.18) [306]. Such episodes may 
present as a severe systemic illness with high fever and a widespread 
eruption. However, there may be no systemic disturbance, and at 
times the eruption may be localised, often to areas of pre-existing 
atopic eczema. The individual lesions start as the characteristic viral 
papulovesicles, but not necessarily with herpetiform grouping. 
There may then be rapid evolution to a state in which extensive 
purulent exudate masks the initial papulovesicles, or superficial 
scattered erosions may be the only clue to the cause of a rapid 
deterioration of the AE. The differential diagnosis includes bacterial 
impetigo and chickenpox. Herpes zoster and chickenpox behave as 
in those without atopic eczema. 

The population level frequency of molluscum contagiosum in 
atopic eczema patients is not clear. However, the clinical impression 
is that widespread molluscum contagiosum is more common in 
children with atopic eczema. Additionally, there is good evidence 
that common HPV-associated warts are more common in children 
with atopic eczema. 


Food allergy 

Both immediate and delayed atopic eczema flares due to food 
sensitisation occur, in the case of immediate reactions usually 
associated with other symptoms (urticarial wheals, gastrointestinal 
upset, wheezing or rhinitis and conjunctivitis). Gastrointestinal 
reflux is a common feature of detailed type hypersensitivity to 
foods associated with atopic eczema in infancy. For further details 
on the association between food allergy and atopic eczema see 
above. 


Asthma 

Atopic eczema, in particular in those with early onset, more severe 
and persistent disease, allergic sensitisation and a family history of 
atopy, is an important risk factor for the development of allergic 
airways disease, including asthma. This is most likely due to a 
combination of shared genetic loci, shared environmental risk fac- 
tors (e.g. environmental pollutants and irritants) and percutaneous 
sensitisation to aeroallergens through an abnormal and inflamed 
cutaneous barrier [307]. 


Allergic rhino-conjunctivitis 

Allergic rhino-conjunctivitis is a common co-morbidity in those 
with atopic eczema, affecting well over 50% of those with 
moderate-to-severe disease [308]. The main sources of sensiti- 
sation are tree and grass pollen as well as house dust mite, leading 
to either seasonal or more perennial symptoms. The severe itching 
of the eyes and/or nose commonly exacerbates periorbital eczema, 
with disease flares typically seen during the pollen season in an 
airborne pattern (face, head and neck) in patients where aeroaller- 
gen sensitisation plays an important role. Better symptom control 
of rhino-conjunctivitis can lead to improved atopic eczema and 
close working with allergists as part of a multidisciplinary team 
approach is advocated in those who are significantly affected. 


Ocular surface disorders (Chapter 107) 

A number of ocular changes can occur in atopic eczema [308]. The 
Dennie—Morgan fold (Figure 41.19) is often present as a fold of skin 
under the lower eyelids. However, this change is not specific to 
eczema, and is commonly seen in non-atopic black children. 


Figure 41.19 Periorbital dermatitis with Dennie—Morgan fold. 


Eye lid eczema, conjunctival irritation, atopic keratoconjunctivi- 
tis and superficial punctate keratopathy are common in patients 
with atopic eczema [308] and until recently (with the advent of 
dupilumab) were probably under-reported. Herpes simplex infec- 
tion should be considered within the differential diagnosis, as this 
may lead to severe complications if unrecognised and not managed 
appropriately. 

Ocular surface disease induced by dupilumab appears more 
common in real-life studies (~25%) [309-311] compared with 
reports from randomised controlled trials (RCTs) [312] and appears 
more frequent in patients with a past history of atopic keratocon- 
junctivitis [313]. A spectrum of clinical presentations have been 
observed from a mild conjunctivitis with dry eyes and a superficial 
punctate keratitis to a more severe conjunctivitis associated with 
blepharitis, limbitis and ectropion in some cases [310,311,314]. 

Histopathological examination has shown distinct features com- 
pared with allergic conjunctivitis with reduced intra-epithelial 
goblet cells, which may account for mucin deficiency and stabil- 
ity of the tear film. Symptoms may be troublesome and include 
stinging, burning, tearing, photophobia and eyelid swelling [309]. 
Pre-treatment with artificial tears containing hyaluronate, topical 
antihistamine/ketotifen drops and early intervention with topical 
steroid drops/ointment (in conjunction with ophthalmologists) 
may reduce incidence and severity [309,310,315], but adds consider- 
able burden to the patient. The management of severe ocular surface 
disease requires referral and ideally a close working relationship 
with ophthalmology. 

Keratoconus [29], or conical cornea, is a rare but important condi- 
tion, most frequently diagnosed in adolescence. It may occur in the 
absence of any other disease or in association with atopic eczema. 
It is due to a degenerative change and thinning of the cornea, 
which is forced outwards by the intraocular pressure, giving rise 
to marked visual disturbances. Onset is in childhood, and after 
some years progress of the disease becomes arrested. Eye rubbing 
is significantly associated with keratoconus, suggesting a potential 
link to eyelid involvement and the need for appropriate treatment 
[316]. Contact lenses may be helpful to improve visual acuity but 
many cases require surgical treatment. During early stages, corneal 
cross-linking may arrest disease progression. However, in severe 
cases with corneal scarring, corneal keratoplasty may be required 
[317]. Cataract associated with atopic eczema (Figure 41.20) is 
thought to arise due to a combination of rubbing and the use of top- 
ical corticosteroids. There is some association with disease severity, 
IgE levels and also with a polymorphism in the IFNyR1 gene [318]. 
Although both posterior and anterior subcapsular cataracts are 
more common, and in line with population prevalence, posterior 
cataract is most common in atopic eczema. The prevalence of ante- 
rior cataract is significantly more common in atopic eczema than in 
the population as a whole [319]. It occurs in up to 10% of the more 
severe adolescent and adult cases. It may start in early childhood or 
up to the age of 30 years, but the peak incidence is between 15 and 
25 years. It is almost always bilateral. The appearances on slit lamp 
examination are characteristic but not diagnostic. In the early stages, 
translucent globules and small opacities appear at the pole in front 
of the posterior capsule and also in the anterior subcapsular zone. 
The final appearance may resemble a mature cortical senile cataract. 
Ophthalmological management of the cataract is not specific for 


Figure 41.20 Atopic cataract. 


atopic eczema, although subsequent control of periocular atopic 
eczema is important. 

Retinal detachment has been reported, particularly in Japanese 
patients with atopic eczema, and appears to be identical to the retinal 
detachment seen following trauma [33]. Although one of the most 
severe eye complications, the incidence in atopic eczema may be 
decreasing [320]. 


Developmental 

Growth delay may be associated with atopic eczema, but it is 
usually only seen in severely affected children. It used to be seen 
in severe cases before the advent of corticosteroid therapy and 
can therefore be mainly attributed to the disease, rather than the 
treatment. While inappropriate use of topical corticosteroids can 
induce inhibition of the pituitary axis (Cushing syndrome) in both 
children and adults, there is no evidence that the appropriate use of 
topical corticosteroids affects growth adversely [321]. 


Cardiovascular 

A systematic review of the literature including 19 studies concluded 
that there was an independent, albeit small association in terms 
of absolute risks, with increased risk of cardiovascular disease 
[322,323]. The effects of atopic eczema reported in cross-sectional 
studies were particularly heterogeneous, with no evidence for 
pooled associations with angina, myocardial infarction, heart 
failure or stroke. 


Malignancies 

It has been suggested that atopic eczema is associated with a 
reduced overall cancer risk, potentially due to more active immune 
surveillance in those with Th2 inflammation. However, the lit- 
erature is heterogeneous, and the results depend on study type 
(generally population-based studies vs case-control and other 
cross-sectional analyses) and the cancer type examined [324]. At the 
same time, chronic inflammation has also been associated with an 
increase in malignancy risk. Atopic eczema has been reported to be 
associated with lymphoma in cohort studies, including cutaneous 
T-cell lymphoma [325]. This may at least in part be due to the poten- 
tial misdiagnosis of cutaneous T-cell lymphoma as atopic eczema. 
However, these findings are not consistent across all studies, similar 
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to reports on the association between atopic eczema and other skin 
cancers, such as malignant melanoma. 


Urticaria 

Urticaria is more common in those with an atopic background, 
including atopic eczema. Chronic urticaria, when significant, can be 
an important contributor to atopic eczema flares, especially in those 
with dermographism, as the additional histamine release leads to 
more itching and scratching. 


Autoimmune diseases 

Several studies have shown an increased susceptibility to autoim- 
mune disease in people with atopic eczema including alopecia 
areata, rheumatoid arthritis and inflammatory bowel disease, but 
have often been restricted to adult atopic eczema patients in hospital 
settings [326-328]. 


Differential diagnosis 

A number of other common conditions need to be considered 
and are listed in Box 41.3. Scabies should always be excluded and 
can cause confusion when superimposed on pre-existing atopic 
eczema. In the first few months of life, the differentiation of infan- 
tile seborrhoeic dermatitis from atopic eczema can be difficult, 
although with time the distinction becomes apparent. Immuno- 
deficiency states should also be considered in infants in whom 
the disease is unusually severe, when there are recurrent systemic 
and cutaneous infections, and if there is failure to thrive, malab- 
sorption or petechiae (Box 41.4). An eruption resembling atopic 
eczema, with or without other atopic disorders, and sometimes 
with raised IgE levels may be found in several rare disorders 
(Box 41.4). 

In adults, flexural eczema may be a consequence of secondary dis- 
semination of other types of eczema, for example in nickel allergy 
and occupational contact dermatitis; occasionally contact dermatitis 
can mimic atopic eczema in children. 


Box 41.3 Common disorders that may mimic atopic 
eczema 


¢ Scabies 

e Infantile seborrhoeic dermatitis 

¢ Contact dermatitis 

¢ Skin lymphoma 

e Rare primary immunodeficiencies 


Box 41.4 Rare disorders that may have an atopic 
eczema-like rash 


e Hyper-IgE syndrome 

e Hypereosinophilic syndrome 

e Agammaglobulinaemia 

e Anhidrotic ectodermal dysplasia 

e Ataxia telangiectasia 

e Netherton syndrome (ichthyosis, bamboo hairs) 

e Phenylketonuria 

e Wiskott—Aldrich syndrome (infections and thrombocytopenia) 


I Eczema 


[i Eczema + hay fever 
1 Eczema + asthma + hay fever 
1 Eczema + asthma 


Figure 41.21 (a) Lip-lick cheilitis. (b) Lip-lick dermatitis with mild impetiginisation. (c) 
Lip-lick dermatitis with hyperpigmentation. 


Other patterns of eczema 

Infantile seborrhoeic dermatitis 

This condition is discussed in Chapter 40. It normally starts earlier 
than atopic eczema and it may be possible to distinguish between 
the two conditions clinically. However, there are a number of chil- 
dren who present with what appears to be seborrhoeic dermatitis 
and then progress to typical atopic eczema. 


Allergic contact dermatitis (see earlier) 

It is clear that atopic eczema patients are at greater risk of devel- 
oping irritant contact dermatitis than non-atopic individuals and 
this risk may be increased in patients with filaggrin mutations. 
However, there is a dispute about whether they are at greater risk 
of developing allergic contact dermatitis. Nonetheless, patients can 
develop sensitivity to a variety of contact allergens such as topical 
medicaments, including topical corticosteroids, fragrances and 
metals. There is also a risk of protein contact sensitivity, such as that 
associated with latex in rubber gloves (Chapter 128). 


Lip-lick cheilitis 


Moist or fissured eczema around the mouth is common in children 
with atopic eczema. It can also occur as a result of food allergy 
and in children with no known atopy. Frequently spreading some 
distance around the mouth, it may become secondarily infected and 
crusted, and cause hyperpigmentation in darker skin (Figure 41.21). 
Its persistence, and perhaps its origin, is attributable to habits of 
lip licking, thumb sucking, dribbling or chapping. It is easily trans- 
formed into true perioral dermatitis by the application of potent 
corticosteroids. The regular application of 1% hydrocortisone 
ointment is usually most helpful. Contact sensitivity, for example to 
toothpaste ingredients, can occasionally be demonstrated. 


Primary disease prevention advice 

Ways to reduce the incidence or severity of atopic eczema have 
been explored as early as the perinatal period [329]. For many years, 
these attempts centred around allergen avoidance. However, partly 
driven by disappointing results but also an improved understand- 
ing of the role of allergic sensitisation in the development of atopic 
eczema, we are increasingly moving away from strict allergen 
avoidance towards methods of tolerance induction. 


Infant feeding and dietary allergen avoidance 

The role of breastfeeding promotion and its protective effect has 
already been discussed earlier, and there is no evidence that routine 
dietary allergen avoidance either during pregnancy or postnatally 
prevents atopic eczema, even in high-risk infants. Along the lines 
of food allergen avoidance, partially and extensively hydrolysed 
(hypoallergenic) formulas have also been studied, and it has been 
suggested that prolonged feeding with a hydrolysed formula, 
compared with a cow’s milk formula, may result in an around 30% 
reduction in infantile atopic eczema. However, there is no evidence 
to support feeding with a hydrolysed formula for the prevention of 
atopic eczema per se compared with breast-feeding. 

However, there is some evidence that maternal and infant 
pre- and probiotic (especially lactobacilli and bifidobacteria) sup- 
plementation during pregnancy and breastfeeding reduces the risk 
of atopic eczema in the offspring, an effect that may be mediated 
by the gut microflora by up to 50%. However, these studies are 
hampered by methodological diversity, and it is therefore diffi- 
cult to recommend a specific probiotic preparation to pregnant 
mothers. 


House dust mite avoidance 

The association between house dust mite (HDM) and atopic eczema 
is strong: 50-80% of atopic eczema patients show sensitisation to 
HDM; experimental cutaneous HDM exposure can induce atopic 
eczema flares in the atopy patch test; and inhalation of HDM 
allergen can provoke eczematous skin lesions in pre-disposed 
patients. However, even the most rigid methods to reduce HDM 
exposure have shown mixed results on disease activity, even in sen- 
sitised individuals. Somewhat paradoxically, a longitudinal study 
showed that children with allergic mothers who were randomised 
to receive mite allergen-impermeable mattress covers actually 
had a higher occurrence of atopic eczema and a recent system- 
atic review found no evidence for prevention by HDM avoidance 
[330]. Interestingly, and consistent with the latter trial and similar 
to work on endotoxin and parasite exposure, there is evidence 
that high environmental HDM levels in early life reduce atopic 
eczema risk. 


Water hardness 

Given the association between exposure to hard domestic water 
and development of atopic eczema in infancy in those with FLG 
mutation inheritance, it is possible that installation of a water soft- 
ener in early life can prevent the development of atopic eczema. 
This is currently assessed in the SOFtened watER eczema pre- 
vention trial in the UK [331] (SOFTER: https://www.isrctn.com/ 
ISRCTN71423189). 


Preventing skin barrier breakdown 
Skin barrier dysfunction plays a major role in atopic eczema 
development and dry, cracked skin is often the precursor of 
eczematous skin inflammation. Children carrying the FLG skin 
barrier gene show an increase in TEWL, even before atopic eczema 
develops. Intensive emollient use in early life in addition to soap 
and detergent avoidance may therefore be a powerful and cheap 
method of primary prevention, especially in children who carry 
skin barrier gene mutations and show early signs of skin barrier 
impairment, such as dry skin and an increase in TEWL. 

Several pilot studies using daily emollients from early life showed 
a promising reduction in the development of atopic eczema. How- 
ever, two large randomised controlled trials with an emollient 
intervention have shown no benefit, even in children with a family 
history of atopic eczema [242,243]. Others are working on new 
barrier enhancing topical and systemic preparations, which are able 
to upregulate FLG expression in the epidermis and improve skin 
barrier function as a potential means of disease prevention but also 
causative treatment. 


Occupational advice 

A number of occupational aspects are relevant to atopic eczema 
patients because they run a significant risk of developing occu- 
pational contact dermatitis. Atopy amplifies the effects of irritant 
and allergen exposure in several professions such as hairdressers, 
nurses, metalworkers, mechanics and cleaners, where hand eczema 
is a very common disease [332]. The risk for hand eczema in 
atopic eczema patients is increased about fourfold [333]. Physicians 
should inform atopic eczema patients about this increased risk and 
provide good guidance about prophylactic skin protection and 
irritant/contact allergen avoidance. All dermatologists treating 
adolescent patients with atopic eczema should advise them early 
about the occupational aspects of their skin disease and suitable 
career choices. 


Investigations 


The initial diagnosis of atopic eczema is rarely aided by inves- 
tigations. The role of diagnostic testing for allergenic triggers of 
atopic eczema has best been examined in the context of food allergy. 
A prospective study of 107 children with atopic eczema who had 
never ingested egg compared the outcome of an oral challenge with 
egg against skin prick test or detection of serum specific IgE. While 
the detection of specific IgE or positive skin prick test >3mm or 
serum specific IgE 0.35 kU/L are sensitive and specific for diagnos- 
ing type 1 allergic reactions to egg, it is important to recognise that 
positive oral challenge reactions to egg yolk arose with negative 
skin prick tests or specific IgE measurements in 20% and 30% of 
cases respectively [334]. Furthermore, negative oral challenge reac- 
tions were observed in 6% of cases with positive skin or serum tests. 
These findings have been replicated in multiple subsequent studies 
and it is recognised that there is no evidence that either wheal 
size or specific IgE level predict likelihood of relevance in atopic 
eczema and that many individuals with a positive test for IgE lack 
clinical reactivity [335]. Therefore, even in the context of immediate 
hypersensitivity, e.g. anaphylaxis, where avoidance is mandatory, 
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correlation between diagnostic tests and clinical benefit of allergen 
avoidance in atopic eczema is poor. Thus, diagnosis of food-induced 
atopic eczema is best diagnosed by the gold standard challenge 
exposure. Certain important differences from challenge testing for 
immediate hypersensitivity is required, including the need to wait 
48 hours to assess deterioration of eczema, before introduction of 
an alternative allergen, and the importance of stabilising topical 
therapy before and during the test. 

To explore allergens implicated in atopic eczema further, and to 
replicate the skin exposure better, development of the ‘atopy patch 
test’ (APT) initially ignited great interest as a tool to detect clini- 
cally relevant allergic sensitisations [336]. However, its use remains 
controversial, in particular due to the risk of skin irritation and the 
lack of standardisation [337]. Thus, for food allergy, where challenge 
testing is feasible, the APT adds minimal benefit to the work-up. 

Suspicion of allergic contact dermatitis should be considered in 
all cases failing to respond to standard therapy and investigated 
by patch testing. Topical drugs along with emollients are frequent 
sensitisers and should be included in the patch test series. In addi- 
tion, positive responses can be elicited in atopic eczema sufferers 
to Malassezia yeasts [338-341]. The clinical relevance of allergy to 
Malassezia yeast is indicated by studies showing that treatment 
with itraconazole to eradicate the yeast resulted in improvement of 
the atopic eczema comparable to that obtained with betamethasone 
valerate [340,342]. Patch testing is increasingly recognised as impor- 
tant in children with atopic eczema [343]. Recent evidence suggests 
that allergic contact dermatitis in atopic eczema is identified at least 
as frequently as in controls [344]. Apart from nickel allergy [345] 
there is a lack of association between FLG mutations and individuals 
with atopic eczema who develop allergic contact dermatitis [346]. 
This is in line with experimental data which suggest that immuno- 
logical sensitisation in atopic eczema may be underestimated by 
patch testing due to impaired cutaneous responsiveness to haptens 
in atopic eczema [347] (Chapter 127). 

If there is failure to thrive or one suspects immunodeficiency with 
atopic eczema, the appropriate investigations should be performed, 
for example Ig levels and subclasses, IgE levels, white cell count, 
platelets, complement levels and function, and T-, B- and phagocyte 
cell numbers and functions. If clinically appropriate, one may also 
consider testing for HIV or HTLV-1. 

Bacteriology and virology swabs may be helpful in identifying 
causes for deterioration of atopic eczema. Although atopic eczema 
skin is often colonised by S. aureus, bacterial culture can identify 
antibiotic resistance and detect B-haemolytic streptococci. Patients 
with severe furuncles or deeper skin infections should have swabs 
to identify S. aureus producing Panton—Valentine leukocidin toxin 
because of the risk of systemic infections. Herpes simplex is usually 
readily confirmed by polymerase chain reaction, but it can also be 
identified by culture, a Tzanck smear, an immunofluorescence slide 
test or electron microscopy. Treatment should not be delayed. 


Management 


Treatment should be tailored to an individual’s needs, bearing in 
mind age, gender, social conditions, sites of involvement and sever- 
ity. A treatment strategy based on consistent advice and cooperation 


between health carers, including experienced nurses, and the patient 
should be developed. However, recent years have seen the emer- 
gence of several new treatment approaches that hold promise for 
the near future. Management is summarised in Figure 41.22. 


First Assessment 
In all settings the initial assessment is very important. Although over 
80% of suffers have mild disease it is important to take a compre- 
hensive history of the patient’s disease, family history, recognised 
trigger factors and the home environment (Table 41.3). 
Examination should include an assessment of the whole skin to 
assess severity, complications and comorbidities. Additionally, mea- 
surement of the impact on the patient’s quality of life should be 
considered (Table 41.4). 


First line treatment (Table 41.5) 

In most patients (for simplicity, the term patient will be used to 
include interactions with individuals, parents and carers), even 
with severe atopic eczema, initial management comprises advice 
and education, advice on the reduction of trigger factors, use of 
bathing /showering with emollients, regular emollient application, 
and suppression of inflammation with a topical corticosteroid to 
induce remission. An explanation about the role of barrier dys- 
function in the pathogenesis of atopic eczema helps to reinforce 
the critical role of emollients. In all cases, emollients should be 
maintained during remission and in more severe cases maintenance 
of topical anti-inflammatory therapy is valuable to reduce the fre- 
quency of flares (see later). Almost always this can be initiated as a 
written home treatment plan. 

Often there is significant reluctance to use topical corticosteroid 
therapy, so called steroid phobia [348]. Frequently patients arrive at 
the consultation requesting, often inappropriate, identification and 
management of allergy (usually dietary) and need to be persuaded 
to leave with the appropriate use of topical corticosteroid therapy. 


General advice and education 

In order to develop a treatment strategy, the patient’s specific 
requirements should be discussed, and achievable aims agreed. 
These may include improvement ina range of factors, such as reduc- 
ing itch, improving sleep, reducing absenteeism from school/work 
or improving family interactions. 

It is the clinician’s responsibility to determine a balance between 
effective control of the condition and improved quality of life, and 
safe long-term therapy. 

Clear and consistent advice from doctors, nurses, pharmacists, 
self-help groups and national support groups is also very helpful 
in achieving these aims. Information about current knowledge 
of the disease, the types of trigger factors, the treatment options 
and their likely benefits and risks and demonstration of the use of 
topically applied medications, bandages or wet wraps may improve 
compliance and disease control. However, there is still debate about 
the value of formal education programmes in improving patient 
outcomes [349,350]. 


Reduction of trigger factors 
Atopic eczema can be aggravated by a variety of trigger factors 
acting in concert (Figure 41.4). These will vary at different ages 


ASSESSMENT 

: FIRST LINE 
History Emollients 
Examination 


TCS according to severity 
+/- Sedating antihistamines 
+/- Antibiotics 


Confirm diagnosis (exclude 
differential diagnoses, investigate as 
necessary) 

Assess severity — subjective and 
objective measures as appropriate 
Identify exacerbating factors and 
disease triggers (investigate and 
treat as necessary) 

Patient / family education 

Consider need for multi-disciplinary 


SECOND LINE 
Review assessment 

Consider diet in young children 
Short course potent TCS 


Emollients +/- 
| remission [Weekend TCS or 
y 2x Weekly TCI 


TCI to sensitive areas 
advice regarding co-morbidities / - 


disease associations 


>| remission 


Maintenance therapy 


Admission 


THIRD LINE 

Review assessment 

Systemic Therapy 

-Methotrexate 

-Ciclosporin 

Less used: 

-Mycophenolate Mofetil 

-Oral Corticosteroids (short course) 
-Azathioprine 


Patient dependent: 


Wet wrap therapy 
Phototherapy (Adults) 


FOURTH LINE 
Review assessment 
Biologic/small molecule therapy 


—— >| remission 


Intensify topical treatment 


Consider changing systemic 


relapse 


Maintenance therapy 
Monitor and review need for 


>| systemic treatment 
Emollients 
Weekend TCS 


relapse 


Intensify topical treatment 


Consider changing systemic 


-Dupilumab = Maintenance therapy 
-Barcitinib —= — Monitor and review need for 
| 
-Abrocitinib [remission | systemic treatment 
-Updacitinib Consider dose reduction 
Figure 41.22 Atopic eczema treatment algorithm. TCS, topical corticosteroids; TCI, topical calcineurin inhibitors. 
Table 41.5 First line therapy in atopic eczema. 
Severity Clear Mild Moderate Severe 
Treatment for body Emollients Emollients Emollients Emollients 
Mild potency topical Moderate potency topical corticosteroids (use for Potent topical corticosteroids (use for axillae and 
corticosteroids axillae and groin flares for 7-14 days only) groin flares for 7-14 days only) 
Night-time sedating antihistamines (if sleep Night-time sedating antihistamines (if sleep 
disturbed) disturbed) 
Oral antibiotics (if clinically infected) Oral antibiotics (if clinically infected) 
Treatment for face Emollients Emollients alone or mild Emollients Emollients 
and neck potency topical Mild potency topical corticosteroids For severe flares, use moderate potency topical 
corticosteroids Night-time sedating antihistamines (if sleep corticosteroids for 3-5 days only 
disturbed) Night-time sedating antihistamines (if sleep 


Oral antibiotics (if clinically infected) 


(Figure 41.23), between patients, and may differ at various times in 
an individual patient. 

All patients have dry skin; soaps and detergents can further dam- 
age the barrier and exacerbate the eczema. Avoidance of irritants, 
soap substitutes and emollients are particularly important for these 
patients. Many patients will suffer seasonal exacerbations and will 
recognise summer or winter deterioration. In those with summer 
worsening, photosensitivity should be considered. Simple measures 


disturbed) 
Oral antibiotics (if clinically infected) 


such as turning down the central heating, not heating the bedroom, 
avoiding contact of wool with the skin and wearing cotton clothing 
may also make life more comfortable. 

Formal dietary manipulation is rarely necessary but should be 
discussed. Many patients have already started a restricted diet 
before seeing a doctor, so dietary assessment is important to con- 
firm adequate nutrition. If the patient clearly identifies aggravating 
foods then avoidance should be tested. Airborne allergens are also 
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Most common at the top 
? Irritants (saliva, soaps 
detergents, foods, clothing) 
? Sweat, drying (central ? Irritants (saliva, soaps, 


Most common at the top 
? Sweat, drying (central heating), 
scratching 


heating), scratching detergents, clothing) 


? Foods (eggs, cow’s milk, ? Infections 
wheat, etc.) ? Airborne allergens (grass and tree 
? House dust mites, pets pollens, HDM, animal dander) 
? Family dynamics ? Contact allergies (including 
topical treatments) 
? Stress 
? Occupation 
? Food 


Figure 41.23 The spectrum of trigger factors at different ages. Adapted from Katayama 
et a/. 2011 [13]. Reproduced with permission from the Japanese Society of Allergology. 


often aggravating factors (see earlier), but again formal manipula- 
tion of the environment is not required for most patients. A further 
consideration with the concept of allergen avoidance is that of tol- 
erance. There is a complex relationship between levels of exposure 
and tolerance, and it seems that high levels of exposure may be 
important for induction of tolerance. Thus, allergen avoidance regi- 
mens may in fact increase allergic responses on accidental allergen 
exposure due to loss of tolerance. 

Most patients with atopic eczema are sensitised to HDM, but 
allergen avoidance is challenging and a systematic review of 
interventions such as mattress covers, vacuuming and acaricidal 
sprays showed only modest treatment responses in sensitised 
individuals [196]. 

Not only can stress aggravate atopic eczema, but the severely 
affected child is also a source of stress to the whole family. The 
doctor’s role in giving simple reassurance and listening to family 
problems should not be underestimated. Stress can respond to treat- 
ment and the atopic eczema can be improved by using a variety of 
cognitive behavioural techniques and group therapy [351]. 

Parents should be advised about the risk of herpes simplex infec- 
tion in a child with atopic eczema and told to avoid contact of active 
cold sores with the child’s skin. 


Topical therapy 

Bathing and showering 

Bathing is soothing for the majority of patients and is helpful as long 
as the skin is moisturised immediately afterwards. The frequency of 
bathing or showering is an individual choice and clear evidence as to 
the benefit or otherwise of frequent or infrequent regimes is lacking 
[352]. Foaming detergents (bubble bath and shower gels) and soaps 
should be avoided [353,354] and a soap substitute emollient used 
for cleansing. Dispersible bath oils can be helpful for some patients 
but do not maintain skin hydration and their use was not shown 
to benefit standard management of atopic eczema in a randomised 
clinical trial [355]. One previous study has convincingly shown that 
dilute bleach baths reduced the S. aureus bioburden and improved 
the overall disease severity score [356] but four other studies did 
not show convincing results to support this intervention [357]. 


Emollients 

Emollients have been the mainstay of treatment regimens for atopic 
eczema for the last century. They undoubtedly have a low adverse 
event profile and therefore their liberal application is recommended. 
However, as with many older treatments, evidence for their benefit 
is limited. A recent systematic review demonstrated the heterogene- 
ity in reported studies, but did find evidence to support the role of 
emollients in improving atopic eczema disease severity when com- 
bined with anti-inflammatory treatment, extending time between 
flares, and reducing the requirement for topical corticosteroids 
[358]. As discussed earlier, two large studies have independently 
confirmed no evidence that emollient application can act as a means 
for primary prevention of atopic eczema [242,243]. 

Important gaps in clinical trial evidence remain including which 
emollients are most effective and how to personalise their use. 
In general, in chronic lesions of atopic eczema, ointments are pre- 
ferred, particularly when lichenification is prominent. In certain 
individuals, ointments can cause irritation and less oily prepa- 
rations may be required. If lesions are exudative then creams or 
lotions may be required for a short time until ointments become 
more appropriate. One must be careful of preparations that con- 
tain irritants or surfactants such as sodium lauryl sulphate [359]. 
In order to identify the emollient that best suits an individual it may 
be useful to provide small quantities of several agents, so that they 
may choose which they prefer. A generous quantity (150-250 g per 
week for children through to 500 g per week for adults) should then 
be prescribed to encourage their frequent use throughout the day. 
There is no evidence that the order of application of emollient and 
topical corticosteroid affects response rates. 

Since the recognition of the importance of barrier function in 
atopic eczema there are numerous ‘designer emollients’ being 
researched containing ingredients such as ceramide. There are 
suggestions that these can be effective in barrier repair and sup- 
pression of inflammation. However, there are limited studies and 
few comparisons with standard paraffin-based emollients. 


Topical suppression of eczematous inflammation 

Topical corticosteroids are the predominant treatment for the 
inflammation of atopic eczema and if applied correctly are very 
safe. Anxiety among both the general public and family doctors 
about potential adverse effects of topical corticosteroids has led 
to undertreatment of the skin in many sufferers. The strength and 
mode of application of the topical corticosteroids depends on the 
severity of the dermatitis, the sites to be treated and the age of the 
patient. 

Once daily treatment in the evening, with morning application 
of emollients, may be as effective as twice daily corticosteroid 
treatment. There appear to be no differences in efficacy or side 
effects between pulsed potent corticosteroid creams and the con- 
tinuous use of mild topical corticosteroids in patients with mild 
to moderate disease [360]. Corticosteroid-resistant or infected or 
crusted dermatitis may respond better to corticosteroid /antibiotic 
or corticosteroid/antiseptic combinations. However, in young chil- 
dren there is some concern about the potential systemic toxicity 
of some antiseptics, such as clioquinol, and the risk of bacterial 
resistance development, especially if large surface areas are to be 
treated [361]. 


Monitoring corticosteroid use 

Complications related to systemic absorption of topical corticos- 
teroids are very rare but prolonged application of potent or very 
potent preparations can induce adrenal suppression [362]. It is 
advisable to educate patients about the quantities to apply, for 
example the fingertip unit [363]. A strip of ointment measured from 
the distal phalangeal crease to the tip of the finger will treat two 
palm-sized areas of skin. It is also helpful to ask how long a standard 
30 g tube of ointment has lasted. Even with limited dermatitis in a 
child, 10 g per week would not be excessive. Local side effects, such 
as permanent telangiectasia on the cheeks in babies and striae of 
the breasts, abdomen and thighs in adolescents, may be minimised 
if appropriate corticosteroid strengths are used. Particular care is 
required around the eyes, as glaucoma and cataracts have been 
associated with periocular topical steroids, but evidence for this 
effect is weak [364]. When there are concerns about side effects the 
topical calcineurin inhibitors, pimecrolimus and tacrolimus may 
prove to be helpful (see later). 


Itch and antihistamines 

Itch is the most important symptom of atopic eczema for patients 
and is associated with significant loss of quality of life. The 
use of emollients and reduction of trigger factors remains the 
initial approach. Emollients will usually provide short-term relief 
(2-4 hours) that can be beneficial before sleep, but for longer ben- 
efit, treatment with anti-inflammatory preparations is required. 
In atopic eczema, itch is initiated by inflammatory mediators and 
cytokines in the skin and this underlines why the priority in treating 
itch is controlling the inflammation. 

Sometimes first generation oral antihistamines can be used for 
their sedative properties where sleep loss is significant, but it is 
important to acknowledge that antihistamine action is not bene- 
ficial in atopic eczema, as histamine is not the main mediator of 
pruritus in the disease [365,366]. 


Infection and antibiotics 

Although 90% of patients with atopic eczema are colonised with 
S. aureus, exudation and pustule formation often implies staphylo- 
coccal and sometimes streptococcal infection of the skin. Topical or 
oral antibiotics may be beneficial for short periods (when there is 
clinical evidence of infection) but a randomised clinical trial showed 
no benefit from this approach [367] and therefore oral antibiotics are 
best reserved for those with signs of severe infection. 


Topical calcineurin inhibitors 

Topical calcineurin inhibitors (TCI) do not cause the cutaneous 
side effects of skin atrophy, striae, telangiectasia and bruising that 
may been seen with prolonged or inappropriate corticosteroid use. 
Therefore, they are particularly useful for eczema at sensitive sites 
such as the face, or as steroid-sparing agents where large quantities 
of topical corticosteroids are required [368,369]. 

Tacrolimus ointment use is licensed for patients aged 16 years 
and above at 0.1% strength and for children between 2 and 15 
years of age at 0.03% strength. However, in practice the higher 
strength is commonly used in younger age groups where a potent 
anti-inflammatory effect is needed. Pimecrolimus 1% cream may 
be considered for use in corticosteroid-resistant facial dermatitis in 


children between 2 and 16 years. Generally, all TCIs are perceived 
as second line agents, but conditions of use vary. Many studies have 
demonstrated their efficacy. Tacrolimus 0.03% is considered to be 
more effective than mild potency topical corticosteroids but has less 
than moderate potency, whereas tacrolimus 0.1% is as effective as 
moderate potency topical corticosteroids [370]. Pimecrolimus 1% 
cream is less effective than moderate potency corticosteroids [370]. 

Both preparations can cause stinging and burning on initial appli- 
cation. This sensation often settles with continued use and can often 
be avoided through the initial use of topical corticosteroids. 

The US Food and Drug Administration placed a black box 
warning on TCI because of widespread off-label use in under 
2-year-olds and the theoretical risk of skin malignancy based on 
evidence from transplant patients and animal studies at 25-50 times 
the maximum recommended human dose. Since initial concerns 
over the risk of lymphoma and skin cancer, 10-year data do not 
show an increased risk [371,372]. Indeed, in recent studies of vitiligo 
tacrolimus and phototherapy were combined [373]. Although these 
concerns appear to be disproven, they should be discussed with 
patients. 


New topical treatments 

Crisaborole is a topical phosphodiesterase 4 (PDE,) inhibitor that 
was shown to be effective for the treatment of mild—moderate atopic 
eczema compared with vehicle [374]. Active comparator trials are 
currently lacking. Use of crisaborole was approved for the treat- 
ment of atopic eczema in adults and children by the US Food and 
Drug Administration in 2016 and the European Medicines Agency 
(EMA) in 2020 although the EMA subsequently withdrew mar- 
keting authorisation. Further topical (PDE,) inhibitors are under 
development. 


Topical JAK inhibitors 

JAK inhibitors (JAKi) target proteins in the Janus kinase-signal 
transducer and activator of transcription (JAK-STAT) pathway and 
inhibit downstream inflammatory cytokine production. They can 
be used orally or topically and are discussed under the section on 
novel small molecules below. 


Maintenance therapy 

The majority of patients will respond to initial treatment regimens. 
At follow-up, the importance of continuing to reduce exposure 
to trigger factors, as far as is practical, should be discussed. Partic- 
ularly in children, one needs to strike a balance between social and 
physical development and avoidance of trigger factors. 

The continuous use of emollients should be emphasised, as often 
in mild disease prolonged control can be obtained with the addition 
of very intermittent use of topical corticosteroids. In more severe 
disease, the addition of twice-weekly application of potent topical 
corticosteroids to the healed areas (the ‘weekender approach’) can 
safely and significantly reduce relapses [375]. If relapse occurs 
then topical corticosteroids should be used daily again for a week 
and then stepped down to the ‘weekender approach’ once more. 

TCI have also been used to maintain control by twice weekly 
applications [375]. Adding mid-week use of tacrolimus ointment to 
the topical corticosteroid ‘weekender approach’ has been used to 
improve control of severe atopic eczema [376]. 


Management 41.27 


> 
= 
< 
= 
= 
s 
re 
< 


DERMATOSES 


PART 4 


41.28 Chapter 41: Atopic Eczema 


> 
& 
2 
< 
= 
= 
<q 
= 
L 
= 


DERMATOSES 


PART 4 


Unresponsive disease 

Patients who fail to respond should be reviewed to check adher- 
ence, as this is the commonest cause for treatment failure in the 
management of atopic eczema even in severe disease and especially 
in children. Adherence can be improved by taking a structured 
approach to the consultation to address trust between doctor and 
patient/family, giving clear instructions with written action plans 
and, in resistant cases, employing psychological techniques such as 
shortening gaps between follow ups, and using rewards [377]. Anx- 
ieties about the treatment such as steroid phobia may be preventing 
appropriate therapy and can occur in all demographics [378-380]. 
It is also important to check that significant trigger factors have not 
been missed, to exclude recurrent or antibiotic-resistant infection 
and to consider more intensive treatment. 


Intensive topical treatment 

The potency of topical corticosteroid treatment can be increased 
for a short period. In-patient treatment is rarely used but can be 
particularly helpful in children with severe disease to both improve 
disease control but also explore the parental engagement with treat- 
ment protocols. During admission, the skin frequently improves 
using the same treatment that was unsuccessful as an out-patient. 


Wet-wrap technique 
This can be a useful technique for the control of severe atopic eczema 
in younger children. Classically, two layers of absorbent tubular 
bandage are applied to the skin. The inner layer is pre-soaked in 
warm water and the outer layer is dry. A generous quantity of a 
low potency topical corticosteroid is applied to the skin before the 
dressings. The dressings can be used overnight or changed every 
12-24h. More recently, the widespread availability of elasticated 
garments has prompted most centres to switch the regimen to 
application of topical therapy under a warm damp inner and an 
outer dry garment. This regimen can be used in hospital or for 
short-term out-patient treatment. Caution should be employed 
when applying moderate to high potency topical corticosteroids 
under the wet-wrap because suppression of the hypothalamopitu- 
itary axis can occur [381]. Regimens using emollient only under the 
wet dressings have become popular but are somewhat less effective. 
Localised areas of severe lichenification can be treated with 
occlusive colloid dressings or paste banding that is left on for 
several days [382]. 


Phototherapy 

Numerous types of phototherapy have undergone trials for the 
treatment of moderate to severe atopic eczema and show efficacy, 
albeit to a lesser degree than psoriasis. These include broad-band 
ultraviolet B (UVB), narrow-band UVB, medium- and high-dose 
UVA1 and PUVA [383]. Currently, narrow-band phototherapy 
seems to be the preferred option for chronic disease [384]. Its use 
in adults is supported by a strong evidence base and narrow-band 
UVB also appears effective in children. On average, disease activ- 
ity is reduced by approximately 30-50% at the end of a typical 
24-treatment course. Moreover, improvement may be maintained 
for several months. Patients should continue with routine topical 
corticosteroids and emollients. Acute flares of atopic eczema should 
be treated with intense topical treatment prior to narrow-band 


UVB phototherapy and secondary infection should also be treated 
beforehand. A careful history prior to phototherapy should exclude 
photosensitive eczema. Assessment of the patient’s minimal ery- 
thema dose (MED) may help to reduce burning episodes and 
optimise dosimetry. 

The availability of medium- and high-dose UVA1 is generally 
restricted to specialist units but UVA1 may also improve acute 
atopic eczema [385]. A practical consideration is the relative timing 
of the use of phototherapy and topical/systemic immunosuppres- 
sant therapy because of the concerns about skin cancer development 
in later life. Home phototherapy under consultant guidance may be 
considered for patients who are unable to travel for phototherapy. In 
general, phototherapy courses should be limited to one per annum. 


Third line therapy for atopic eczema 

A number of interrelated clinical and holistic factors contribute to 
the decision process leading to the initiation of systemic therapy 
[386]. These include disease severity, patient and carer education 
over optimal use of topical treatments, adherence, sites affected, 
failure of first line and second line treatments to control the atopic 
eczema adequately (including the occurrence of repeated flares), 
avoidance of trigger factors, side effects from first line and second 
line treatments, patient choice, age of patient and co-morbidities. In 
addition, it is important to consider potential modifying factors that 
may account for lack or loss of therapeutic response such as sec- 
ondary infection, allergic contact dermatitis and also re-evaluation 
of clinical differential diagnoses. If phototherapy is impractical, 
ineffective or there is rapid relapse then this may again lead to the 
consideration of systemic treatment. Finally, the development of 
unacceptable side effects from a primary therapy such as marked 
skin atrophy from overuse of topical corticosteroids or intolerability 
of TCI may again feed into the decision-making process. 

Patients should receive adequate information about the proposed 
systemic treatments including their side-effect profile and proposed 
duration. This is particularly relevant if systemic therapy is being 
considered to gain rapid control of a severe acute flare. Systemic 
agents, such as ciclosporin, used in this situation may not be so suit- 
able for longer term maintenance therapy. 

The choice of systemic therapy is complicated by a relative lack of 
licensed medication for moderate-to-severe atopic eczema and a 
lack of comparative trial data particularly with respect to longer 
term maintenance therapy. 

Of therapies available in clinical practice, randomised controlled 
trials provide evidence of efficacy for ciclosporin, azathioprine, 
methotrexate and mycophenolate mofetil, biologics (dupilumab, 
lebrikizumab, tralokinumab) and the selective JAK-kinase inhibitors 
abrocitinib, baracitinib and upadacitinib. 

The introduction of biologics and small molecule inhibitors sig- 
nificantly changed the therapeutic landscape. In the UK, these drugs 
have been approved by NICE in circumstances when ‘the disease 
has not responded to at least one systemic immunosuppressant, 
such as ciclosporin, methotrexate, azathioprine and mycophenolate 
mofetil, or these are not suitable’ [387]. However, in some European 
countries, such as Germany, and the USA (dupilumab), the pre- 
scribing of these drugs does not depend on prior systemic therapy 
and therefore they are often used as first line systemics, depending 
on local funding arrangements. In the UK, care pathways have also 


changed with fewer patients cycling through several conventional 
systemics before commencing a novel systemic agent. 


Conventional systemic agents 
Ciclosporin 
Ciclosporin is an effective treatment in both adults and children. An 
initial dose of 2.5-3.5 mg/kg/day is recommended with a maximal 
daily dose of 5mg/kg/day [388] but there is a narrow therapeutic 
index. Virtually all patients respond rapidly with a reduction in 
disease severity by approximately 55% at 6-8 weeks [389-391]. 
However, symptoms recur rapidly when the drug is discontinued 
[390]. In the UK, ciclosporin is licensed for an 8-week course from 
age 16. Longer term use of ciclosporin is associated with an increased 
side-effect profile, in particular renal function impairment. How- 
ever, if the dose can be reduced down to or below 2.5mg/kg and 
regular monitoring of renal function and blood pressure are satisfac- 
tory, ciclosporin may be continued, typically for up to 1 year. Longer 
term use for inflammatory skin disease is not recommended [392]. 
Low-dose ciclosporin may be used ‘off label’ in severe and refrac- 
tory disease in children [393,394] and is the commonest first line con- 
ventional systemic agent prescribed in Europe and the USA [395]. 


Azathioprine 

The short-term use of azathioprine for the control of moderate-to- 
severe atopic eczema is supported by a good evidence base [396,397]. 
Its onset of action is slower than ciclosporin. An improvement in 
disease activity of approximately one third can be expected over 
the first 3 months of therapy, matched by improvements in patient 
orientated symptoms (including itch and quality of life) [398,399]. 
Clinical improvement may be maintained for several months after 
discontinuation of azathioprine therapy [397,399]. However, with 
the introduction of newer therapies, the use of azathioprine is 
declining, in part because of concerns over longer term potential 
side effects, such as risk of malignancy [400]. 

The dosage of azathioprine should be adjusted according to the 
patient’s ability to metabolise the drug as determined by the activ- 
ity of the enzyme thiopurine methyltransferase (TPMT) measured 
in red blood cells [388,396]. Patients with absent TPMT activity 
should not receive azathioprine; those with normal or high TPMT 
activity should receive azathioprine at a dose of 1-3mg/kg/day, 
and those with low TPMT activity should receive azathioprine as a 
dose of 0.5-1 mg/kg/day [396]. TPMT-based dosimetry for patients 
with low TPMT activity appears to maintain efficacy, minimise 
side effects and has potential safety benefits [396]. Regular blood 
monitoring is still required for patients receiving azathioprine 
as TPMT polymorphisms account for only 65% of azathioprine 
induced neutropenia [396]. It is also important to bear in mind the 
potential for drug interactions with commonly prescribed drugs 
such as allopurinol [396]. 6-mercaptopurine may be considered in 
patients who are intolerant of azathioprine as imidazole moiety 
has been implicated in azathioprine-induced gastrointestinal side 
effects [396]. 

Formal trial data are lacking in children but azathioprine is pre- 
scribed as a first line systemic treatment in approximately one fifth 
of cases of severe eczema in children across Europe but less com- 
monly in the USA [395,401]. Nevertheless, longer term continuation 
of azathioprine should be used with caution in children in view of 


potential concerns regarding the potential risk of malignancy and 
photosensitivity [402]. 


Methotrexate 

The use of systemic methotrexate for atopic eczema is supported by 
a moderate evidence base [403], typically at a dose of 15 mg per week 
in adults and a therapeutic dose of 0.4mg/kg/week in paediatric 
patients. Methotrexate appears equally efficacious as azathioprine 
[397]. Also, and similar to azathioprine, methotrexate has a relatively 
slow onset of action but may result in persistent improvement after 
discontinuation. Clinical experience suggests that it may be better 
tolerated than azathioprine and has also shown to have clinical util- 
ity and efficacy in children [404]. While non-specific symptoms such 
as nausea, headache and a feeling of tiredness, are most common, 
serious side effects such as bone marrow suppression, liver and pul- 
monary fibrosis should be monitored for carefully [405]. 


Mycophenolate mofetil 

For patients who have failed to respond or are intolerant of 
azathioprine and/or methotrexate, mycophenolate, may be con- 
sidered as a fourth line agent, with dosage up to 2¢/day [388]. 
Importantly, enteric-coated mycophenolate mofetil (1.4g daily) 
appeared as efficacious as ciclosporin (mg/kg/day) as main- 
tenance treatment for 30 weeks [364]. Side-effects include gas- 
trointestinal disturbance, leukopenia, lymphopenia and anaemia, 
which should be monitored appropriately. In the UK, prescribing 
of mycophenolate to treat atopic eczema has declined significantly 
because of its lesser efficacy as compared with methotrexate and 
availability of newer highly effective therapies. 


Alitretinoin (9-cis retinoic acid) 

Alitretinoin has been established as an efficacious systemic treat- 
ment for chronic hand eczema patients. An open study has also 
suggested benefit in more general atopic eczema [406]. 


Biologics for atopic eczema 

There is no evidence to support the efficacy of anti-TNF therapy 
in atopic eczema. Omalizumab, a monoclonal antibody against IgE, 
has shown some benefit for asthma but variable outcomes in studies 
of atopic eczema. A small open study of six patients reported a ben- 
efit of rituximab following two infusions of 1000 mg, 2 weeks apart, 
but confirmatory reports are lacking. 


IL-4/IL-13 inhibitors 

Dupilumab is a fully human monoclonal antibody to the alpha sub- 
unit of the IL-4 receptor that inhibits IL-4 and IL-13 signalling. It was 
the first biologic to receive a licence for atopic eczema. Dupilumab 
is highly effective based on short-term RCTs (risk ratio (RR) com- 
pared with placebo for achieving 75% improvement in Eczema 
Area and Severity Index (EASI75) 3.04, 95% confidence interval (CI) 
2.51-3.69; improvement in mean difference compared with placebo 
Patient Orientated Eczema Measurement (POEM) 7.30, 95% CI 
6.61-8.00 (<16 weeks). While comparative RCTs against abrocitinib 
and upadacitinib suggest that the JAK1 inhibitors may be more 
effective, the studies were not designed to explore superiority. 
However, dupilumab also appears safer than other agents over the 
short term [407]. Common adverse events included conjunctivitis, 
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nasopharyngitis and injection-site reactions. A systematic review 
and metanalysis of observational studies covering 3303 atopic 
eczema patients supported the short-term efficacy of dupilumab in 
the real-world [408]. However, side effects appeared more frequent 
than reported in RCTs. For example, conjunctivitis was reported 
in 26.1% of subjects. Patients with a previous history of ocular 
surface disease may be more at risk of developing ocular adverse 
events. Close liaison with ophthalmic colleagues is indicated and 
prophylactic topical eye therapy may be helpful (see earlier). On 
the other hand, the evidence from longer term studies for sustained 
efficacy is of low certainty [407]. There are currently no concerns 
over longer term adverse events apart from those noted earlier. 
However, clinical trials are not powered to detect rare but impor- 
tant adverse events. Further data will emerge from post-market 
surveillance studies and national/international registries that have 
been established. There is currently a lack of data about biomarkers 
that may help to predict clinical response and adverse events from 
dupilumab. Dupilumab has been explored as a therapy for nodular 
prurigo and to date the data looks promising [409]. 


New biologics in late phase trials 

A number of new biologic therapies targeting key cytokines 
implicated in atopic eczema pathogenesis are in late phase clinical 
trials (Tables 41.6 and 41.7) and some of these are now licensed 
and in clinical practice (e.g. tralokinumab). Anti-IL-13 agents 
(e.g. lebrikizumab and tralokinumab) look promising [410-412]. 
Although comparison between placebo-controlled trials is difficult 
and depends on selection criteria, wash-out periods and in particu- 
lar the concomitant topical therapies used, these drugs may not be as 
effective as dupilumab (Table 41.6) [407] although the evidence sug- 
gests that lebrikizumab may be more effective than tralokinumab. 
Side-effect profiles are similar to dupilumab. IL-31 plays an impor- 
tant role in itch and rapid improvement in itch was reported in 
trials of anti-IL-31 therapy (nemolizumab) [413]. Improvement in 
disease activity appears a little slower with overall improvement 
of 31-56%. TLSP is an important keratinocyte-derived cytokine 
that triggers itch and immune cell activation [201] (Figure 41.24). 
Consequently, it was a logical target for therapeutic development. 
An RCT of anti-TSLP (tezepelumab) though showed that just 24% 
of subjects achieved EASI75 and the primary end point was not 
achieved [414]. IL-22 is a cytokine produced by Th17, Th22 cells and 
innate lymphocytes that regulates keratinocyte proliferation and 
cell survival and has been implicated in the epithelial thickening 
response of atopic eczema [415]. Although the RCT of anti-[L-22 
(fezakinumab) did not meet its primary endpoint, subset post hoc 
analysis identified a responsive sub-group with severe eczema 
[416]. Interestingly, the most severe patients with high baseline 
IL-22 expression showed the most pronounced transcriptomic 
improvements to fezakinumab [417]. 


New small molecules 

JAK inhibitors 

Increased understanding about the inflammatory cascade in atopic 
eczema led to the application and development of systemic and 
topical agents that target the JAK/STAT pathway. In particu- 
lar, engagement of Th2 and other key cytokines involved in the 
pathogenesis of atopic eczema including IL-4, IL-5, IL-13, IL-22, 


IL-31 and TSLP with their receptors leads to activation of specific 
JAK/STAT molecules [418]. This signal transduction pathway 
regulates important cellular processes relevant to atopic eczema 
including immune cell activation, eosinophil apoptosis, mast cell 
homeostasis, keratinocyte proliferation and differentiation, and 
itch. Hence JAKi would be expected to exert broader immuno- 
logical effects than biologics targeting single molecules. The first 
generation of JAKi (e.g. tofacitinib) bound to and inhibited all 
three JAKs. The development of relatively selective drugs target- 
ing specific components of this pathway represents a potentially 
important advance, given that the use of non-selective JAKi in other 
fields resulted in significant systemic adverse events (including 
stroke, myocardial infarction, venous embolic events and death). 
JAKi currently in clinical practice include abrocitinib, baricitinib 
and upadacitinib. However, studies comparing the clinical out- 
comes of JAKi to other systemic agents and biologics in atopic 
eczema are currently limited. This lack of evidence hinders clin- 
ical decision making. However, until long-term safety studies 
are available, concerns over cardiovascular and venous embolic 
events may mitigate against the use of these agents in ‘at risk 
populations’. 

Baricitinib is an oral selective JAK1-2 inhibitor that was approved 
for atopic eczema by the EMA and authorities in Japan in 2020. 
Metanalysis of three RCTs with topical steroids showed baracitinib 
was superior to placebo for EASI75 with a risk difference (RD) of 
0.16, (95% CI 0.10-0.23) at 16 weeks [419]. An RD of 0.16 means that 
the ‘risk’ of achieving EASI75 is 16% more likely with baricitinib 
compared with placebo. Side effects appear more common than 
targeted therapies and include acne, nasopharyngitis, upper respi- 
ratory tract inflammation, elevated blood creatine phosphokinase 
levels and headache. Baricitinib was approved for rheumatoid 
arthritis in 2017; treatment-emergent infections including herpes 
zoster and deep venous thrombosis has been reported as a rare 
event in this context [420,421]. Pooled analysis across eight RCTs, 
involving 2531 subjects, identified two major adverse cardiovascu- 
lar and two venous thrombosis events and one death [422]. Notably, 
the NICE appraisal committee commented in 2021 that ‘baricitinib 
was not a “step change” in the same way as dupilumab’, although 
the sequence of use of the two systemic agents is currently left to 
physician choice [423]. 

Upadacitinib and abrocitinib are oral selective inhibitors of JAK1. 
One RCT of upadacitinib showed significant superior efficacy to 
placebo for the primary end point percentage improvement in 
EASI score from baseline to week 16 [424] but was rated by the 
Cochrane risk-of-bias tool (RoB) for randomised trials as having 
‘some concerns’ [407]. In a comparative study against dupilumab, 
a greater proportion of subjects in the upadacitinib group achieved 
the primary endpoint of EASI75 at week 16 (1 = 692) [425]. The side 
effect profile appeared similar to baricitinib. Abrocitinib appeared 
as effective as dupilumab in a phase 3 study (n = 838) [426]. Side 
effects appeared similar to other JAKi (Table 41.6). Upadacitinib is 
also currently licensed for rheumatoid arthritis and reports from 
this field should be monitored. 

Histamine 4 (H4) receptor is a recently discovered receptor 
subtype that contributes to histamine-induced inflammation and 
pruritus. A RCT showed that the H4 receptor inhibitor ZPL389 did 
not achieve the primary end point of significant change in NRS 


Table 41.6 Conventional systemic agents, biologics and novel small molecules in clinical practice or in late phase clinical trials. 


Approved for 


Estimated efficacy 


Common or 


Relative effect 


Therapeutic atopic (mean % reduction in serious Recommended (Cochrane 
Drug target dermatitis? eczema severity scores) Dose range side effects monitoring review) [407] 
Conventional systemic agents 
Azathioprine TPMT No 2-39% [304] Adult: 1-3 Bone marrow suppression, | TPMT prior to 
mg/kg/day haematological and LFT initiation; FBC, 
Paediatric: 1-4 abnormalities, skin and U&Es, LFTs 
mg/kg/day (based other malignancies; drug every 3 months 
on TPMT activity) interactions 
Ciclosporin Calcineurin No in USA, yes 53-95% [304] Adult and Renal impairment; FBC, U&Es, LFTs 
in Europe paediatric: 2.5-5 hypertension; drug every 3 months 
mg/kg in split interactions 
doses 
Methotrexate Folic acid No 42% [304] Adult: 7.5-25 mg Hepatoxicity, FBC, U&Es, LFTs 
antagonist weekly orally or haematological every 3 months 
by subcutaneous abnormalities, 
injection teratogen, 
Paediatric: gastrointestinal 
0.2-0.7 mg/kg intolerance, nausea and 
weekly orally or fatigue; drug 
by subcutaneous _ interactions 
injection 
Mycophenolate Purine No 1.0-1.5 g orally Gastrointestinal, teratogen FBC, U&Es, LFTs 
biosynthesis twice daily every 3 months 
Paediatric: 30-50 
mg/kg daily 
Biologics 
Dupilumab Alpha subunit of Yes 98% at week 16 [419] Adult: 600 mg Injection site reactions and —_- FBC, U&Es, LFTs RR 3.04 
IL-4 receptor loading followed ocular surface disease every 12 (2.51-3.69) 
by 300 months (8 RCTs; 1978 
m/alternate participants) 
weeks 
Tralokinumab IL-13 Yes 56% EASI75 week 16 [431] Viral upper respiratory tract RR 2.54 
infection, conjunctivitis, (1.21-5.34) 
headache and (1 RCT; 153 
injection-site reaction participants) 
New small molecules 
Baricitinib JAK1 and JAK2 Yes Metanalysis of three RCTs 2-4mg OD Acne, nasopharyngitis, 
with topical steroids upper respiratory tract 
allowed showed inflammation, elevated 
baricitinib superior to blood creatine 
placebo for EASI75 RD of phosphokinase levels 
0.16 (95% Cl 0.10-0.23) and headache; 
and EASI90 RD 0.14 treatment-emergent 
(95% Cl 0.09-0.20) at infections including 
16 weeks [419] herpes zoster and DVT in 
rheumatoid arthritis 
[420,421] 
Upadacitinib JAK1 Yes Phase 3 study EASI75 1mg OD or 30mg Upper respiratory tract 
responses at week 24: OD infection, worsening of 
71% 30mg OD atopic dermatitis and 
upadacitinib compared acne 
with 61.1% dupilumab 
[425] 
Abrocitinib JAK1 Yes Phase 3 study EASI75 100mg OD or Upper respiratory tract 
response at week 12: 200mg OD infections, nausea, acne, 


70.3% (200mg 
abrocitinib), 58.7% 
(100 mg abrocitinib), 
58.1% (dupilumab) and 
27.1% (placebo) groups 
[426] 


herpes simplex, herpes 
zoster, 
thrombocytopenia 


Cl, confidence interval; DVT, deep vein thrombosis; EASI, Eczema Area and Severity Index; FBC, Full blood count; JAK, Janus kinase; LFT, liver function test; OD, once daily; RCT, 
randomised controlled trial; RD, risk difference; RR, risk ratio; TPMT, thiopurine methyltransferase; U&E, urea and electrolytes 
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Table 41.7 New drugs for atopic dermatitis in late phase trials. 


Estimated efficacy 


Relative effect 


Therapeutic (mean % reduction in eczema Common or serious EASI75 short-term follow-up 
Drug target severity scores) Dose range side effects (Cochrane review) [407] 
Biologics 
Fezakinumab IL-22 14% (NS); 22% in severe subset Loading dose of 600 mg Facial cellulitis, viral upper 
post hoc at 12 weeks [416] followed by 300 mg respiratory tract 
every 2 weeks IV infections 
Lebrikizumab IL-13 Phase II studies; 55% achieved 125mg every 4 weeks Injection-site reactions, RR 1.40 (0.83 to 
EASI75 but high placebo (250 mg LD), 250mg herpesvirus infections 2.36) 
response in TREBLE (TCS every 4 weeks (500 mg and conjunctivitis 1 RCT; 46 
allowed) [411] LD), or 250mg every 2 participants) 
41% at week 16 (monotherapy, weeks (500 mg LD at 
no TCS) [410] baseline and week 2) 
Nemolizumab IL-31 31-56% (systematic review) [413] 0.1-2 mg/kg q4w; No difference compared 
10-90 mg q4w with placebo 
Tezepelumab TLSP 65% achieved EASI50 and 24% 80mg every 2 weeks, plus Injection-site erythema 


EASI75 at week 12 but large TGS, 
placebo response and not 
statistically significant [414] 

New small molecules in late phase trials 
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ZPL389 Histamine 4 50% reduction in EASI score 30 mg once daily Similar to placebo 
receptor compared with 27% for 
placebo at week 8 [430] 

ee New topical agents 
= Delgocitinib Pan JAKi 52% improvement in modified 0.5% ointment Nasopharyngitis, eczema 
c EASI50 and 28% herpiticum 
<x improvement in modified 
a EASI75 at week 52 [431] 

Tofacitinib JAK3 (+JAK1/2) 2% ointment 


82% at week 4 [432] 


EASI, Eczema Area and Severity Index; IV, intravenous; JAK, Janus kinase; JAKi, JAK inhibitor; LD, loading dose; NS, not significant; q4w, every 4 weeks; RCT, randomised controlled 
trial; RR, risk ratio; TCS, topical corticosteroid; TLSP, thymic stromal lymphopoietin. 
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Figure 41.24 Targeting of key 
pathophysiological pathways (red boxes) by 
biologic and novel therapies in atopic 
eczema. 


score for pruritus or secondary end point of reduction in EASI score 
compared with placebo from baseline to week 8. ZPL389 induced 
50% reduction in EASI score compared with 27% for placebo. 
Further larger studies are required. 


A variety of topical JAKi have been developed. RCTs have shown 
that topical cerdulatinib, delgocitinib, elgocitinib, ifidancitinib, 
ruxolitinib and tofacitinib are effective in treating atopic eczema in 
adults [427]. However, most studies are of limited duration (1-4 


weeks) and active compactor trials are limited. Longer studies (>12 
weeks) are to date confined to delgocitinib, ruxolitinib and tofac- 
itinib. Active compactor trials are to date confined to delgocitinib 
and ruxolitinib. Their side-effect profile within RCTs appears good 
and largely confined to local adverse reactions. Compared with oral 
JAKi, systemic side effects are limited although nasopharyngitis has 
been reported (delgocitinib). 

Delgocitinib is a topical pan-JAKi, not yet approved in the USA 
or Europe for atopic dermatitis, but is approved in Japan. Clinical 
response is dose dependent and >50% of subjects achieved EASI75 
response at higher doses (3%) with rapid improvement in symptoms 
including itch [427]. A recent phase 3 study reports promising results 
for the use of delgocitinib in moderate to severe hand eczema [428]. 
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Urticaria -— ve 


Definition and nomenclature 

The term urticaria defines an illness that may present with 
short-lived itchy weals, angioedema or both [1]. It also describes an 
eruption of weals. It may be spontaneous or inducible. There may 
be overlap between patterns of urticaria. Similarly, angioedema is 
used as a disease term and as a physical sign. 


oedema, Quincke’s oedema) 
ticaria 
-and contact) urticarias 


Terminology 

A weal is a descriptive term for transient, well-demarcated, super- 
ficial red, skin-coloured or pale swellings of the dermis due to 
reversible exudation of plasma in the skin that fade, usually within 
hours, without leaving a mark (Figure 42.1). Weals are usually 
very itchy and often associated with a surrounding red flare when 
they arise. 

Angioedema swellings are deeper than weals affecting, primarily, 
subcutaneous or submucosal tissues (Figure 42.2) but merging with 
weals may be seen. They are usually painful, rather than itchy, 
poorly defined and normal in colour. They can occur anywhere 
on the skin, mouth or genitalia and usually last longer than weals. 
Angioedema presenting without weals may be mast cell mediated 
(e.g. spontaneous urticaria) or, much less commonly, bradykinin 
mediated (e.g. hereditary angioedema, angiotensin-converting 
enzyme-induced angioedema), when involvement of the larynx 
and bowel may occur. 


Anaphylaxis is a sudden, severe, life-threatening reaction due to 
systemic mast cell activation, usually involving the skin with flush- 
ing, weals or angioedema. 


Classification 

Urticaria may be acute (the disease resolving in less than 6 weeks) or 
chronic (continuous disease lasting for 6 weeks or more). Recurrent 
intermittent or episodic presentations of urticaria also occur [2]. 
They are often included within the definition of chronic urticaria 
[1,3] but the terms can be used to describe disease behaviour 
(e.g. acute intermittent or chronic intermittent) for the purpose of 
clinical care. The acute and chronic terminology is usually applied 
to spontaneous urticaria but inducible urticarias may also be 
acute or chronic, depending on their duration. The main types of 
urticaria and differential diagnoses of urticarial rashes are shown 
in Box 42.1. 


Box 42.1 Main subtypes of urticaria and 
differential diagnoses of urticarial rash 


Subtypes 
e Spontaneous urticarias: 
¢ Acute 
¢ Intermittent (episodic) 
¢ Chronic (syn. ‘idiopathic’) 
¢ Inducible urticarias (including physical, cholinergic and contact 
urticarias) 


Differential diagnoses 

¢ Urticarial vasculitis 

e Autoinflammatory syndromes with urticarial rash 

¢ Hereditary and acquired angioedema without weals 
(bradykininergic) 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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(d) 


Urticaria has been recognised since the days of Hippocrates. The 
term dates back to the 18th century, when the stinging and burn- 
ing was likened to the sting of a nettle (Urtica dioica) by Cullen 
and Bateman [4]. 


Figure 42.1 (a—d) Different morphology of urticarial 
weals. Courtesy of St John’s Institute of 
Dermatology, London, UK. 


Incidence and prevalence 

Early studies suggested that one in five of the general population 
may develop some form of urticaria over their lifetime, although 
this figure may be an overestimate [5]. A point prevalence between 


Figure 42.2 Angioedema of the eyelid. Courtesy of St John’s Institute of Dermatology, 
London, UK. 


0.5% and 1.0% for chronic spontaneous urticaria has been pro- 
posed [5]. Lifetime prevalence estimates range from 0.6% [6] to 
1.8% [7]. A 1-year prevalence estimate in European children was 
0.75% [8]. Regional differences in point prevalence of chronic 
urticaria were identified in a recent meta-analysis (Asia 1.4%, 
Europe 0.5%, North America 0.1%) [9]. 


Age 

Urticaria may occur at any age. Acute spontaneous urticaria often 
presents in childhood but the peak incidence of chronic spontaneous 
urticaria is in the fourth to fifth decades [5]. 


Sex 

Women outnumber men by 2: 1 with chronic spontaneous urticaria 
but there is no consistent sex difference in acute spontaneous 
urticaria or the inducible urticarias. 


Ethnicity 
No difference in prevalence has been reported for race or ethnic 
groups although data on this are scarce. 


Associated diseases 

Autoimmune disease. An association between chronic sponta- 
neous urticaria and autoimmune thyroid disease was first reported 
by Leznoff and Sussman [10] and confirmed subsequently by many 
others. The association is particularly strong at 30% for patients 
with a positive basophil histamine release test as a marker of 
functional autoantibodies [11]. There also appears to be a higher 
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frequency of autoimmune disease in patients with autoimmune 
urticaria [12]. The most frequent organ-specific autoimmune 
co-morbidities after thyroid disease (Hashimoto disease being more 
common than Graves disease) are pernicious anaemia and vitiligo 
followed by coeliac disease, rheumatoid arthritis and insulin- 
dependent diabetes [13]. Little evidence is available on the 
co-morbidity of systemic lupus erythematosus with chronic spon- 
taneous urticaria, with estimates ranging from 0% to 21.9% in a 
systematic review [14]. 


Infection. The association of chronic urticaria with infection is less 
clear. The older literature suggests that chronic ‘idiopathic’ urticaria 
may be associated with chronic infections, especially dental, and 
Candida infections of the bowel, but in the authors’ experience 
this occurs rarely, if at all. A meta-analysis of therapeutic trials 
for patients with active Helicobacter pylori infection and chronic 
urticaria showed that those who responded to eradication treat- 
ment were more likely to go into remission of urticaria than those 
who did not respond [15]. Bowel parasitic infection as a cause of 
chronic urticaria is rare in developed countries but should always 
be considered in countries where it is endemic. The evidence 
linking chronic urticaria and infections has been reviewed [16]. 
These authors described a link between H. pylori and a positive 
autologous serum skin test (ASST). They drew attention to the 
relatively high frequency of upper respiratory tract viral infections 
(47%) with acute urticaria and concluded that the evidence base 
to link viral, bacterial, parasitic and fungal infection with chronic 
urticaria is lacking. Chronic spontaneous urticaria patients were 
more often diagnosed with protozoa and had a significantly higher 
risk of toxocariasis seropositivity and Anisakis simplex sensitisation 
when compared with healthy controls [17]. 


Malignancy. Although there have been anecdotal reports of 
urticaria occurring with systemic malignancies, no overall asso- 
ciation was found in a large epidemiological study [18]. An 
increased risk of cancer (standardised incidence ratio 2.2), includ- 
ing haematological malignancies (standardised incidence ratio 4.1), 
especially non-Hodgkin lymphoma, was observed in a retrospective 
population-based cohort study using data from a national health 
insurance research database in Taiwan [19]. Anecodotal series of 
patients with chronic urticaria that cleared after treatment of cancer 
provide indirect evidence for a possible link [20]. 


Pathophysiology 

Urticaria is primarily a mast cell-driven disease, although the 
importance of cross-talk between the cutaneous mast cell and the 
inflammatory infiltrate and the relevance of T helper 2 (Th2) cell 
inflammation is increasingly being recognised in chronic sponta- 
neous urticaria. A range of immunological and non-immunological 
stimuli can degranulate cutaneous mast cells in vivo and in vitro 
(Figure 42.3), releasing histamine, tryptase and preformed cytokines 
and generating eicoanoids. Cross-linking of mast cell-bound specific 
immunoglobulin E (IgE) by exogenous allergens may be relevant 
to acute spontaneous urticaria, but type I allergy is probably never 
the cause of continuous chronic spontaneous disease. Binding of 
pathogen-associated molecular patterns (PAMPs) on microbes to 
Toll-like receptors on mast cells may be relevant to the pathogenesis 
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Figure 42.3 Immunological and some non-immunological mast cell degranulation 
stimuli. The mast cell responds with degranulation to non-immunological as well as 
immunological stimuli in vitro. It is often difficult, if not impossible, to know the exact 
cause of degranulation in vivo. 


of acute urticaria, which is more often linked to acute viral or 
bacterial infections than any other aetiology, but experimental proof 
for this is lacking. 

There is convincing evidence of functional IgG autoantibodies 
against IgE or the high-affinity IgE receptor in 25-30% of patients 
with chronic spontaneous urticaria. They cause degranulation of 
healthy donor basophils and cutaneous mast cells in vitro and 
ex vivo [21,22,23,24]. C5a complement is a cofactor for mast cell 
degranulation in vitro [25]. The subclass of IgG appears to deter- 
mine functionality: IgG1 and IgG3 are closely linked with histamine 
release from basophils, but IgG2 and IgG4 are not [26]. The autoim- 
mune hypothesis of chronic spontaneous urticaria proposes that 
functional autoantibodies are of direct pathogenic importance. 
Circumstantial and indirect evidence is available to support this 
hypothesis [27]. A proportion of patients with chronic spontaneous 
urticaria show upregulation of activation markers on circulating 
basophils [28] with reduced responsiveness to anti-IgE stimulation 
that appears to recover with spontaneous disease remission [29]. 
While type I allergy is exceptional as a cause of chronic spontaneous 
urticaria, IgE antibodies have been described against self-antigens 
including thyroid peroxidase (TPO) [30], interleukin 24 (IL-24) 
[31] and eosinophil peroxidase [32], giving rise to the concept of 
autoallergic urticaria [33]. 

Weals and angioedema result from transient vasopermeability 
and vasodilatation of the dermal and subcutaneous vasculature 
following the release of preformed and newly synthesised mast 
cell mediators. Histamine is the major preformed mediator in 
most patients. Newly formed mediators include prostaglandin D2 
and platelet-activating factor. Preformed tumour necrosis factor 
(TNF-a) upregulates adhesion molecules with recruitment of acute 
inflammatory cells, including neutrophils and eosinophils, into the 
weal. Basophils are likely to contribute to prolongation of the weal 
response by releasing histamine after migrating into the weals. 
Other cyokines are almost certainly involved. Increased periph- 
eral blood levels of IL-8 and IL-10 [34] have been found in acute 
urticaria. IL-6 and IL-8 were found to be increased within induced 
cold urticaria weals by sampling dermal fluids using microdialysis 
[35]. The role of infiltrating T cells in relation to other inflammatory 
cells has been reviewed [36]. Increased expression of Th2-initiating 


cytokines has been shown in lesional skin biopsies [37]. IL-17 in 
plasma and lesional skin biopsies supports a pathogenic role of 
Th17 lymphocytes [38]. Increased vascular markers are expressed 
in lesional skin [39]. 

Activation of H, receptors on nerve endings induces itch, with 
redness, oedema and flare from binding receptors on the smooth 
muscle cells of small blood vessels. However, activation of H, 
receptors in skin, including smooth muscle cells, contributes to 
redness and wealing but not itch or flare. H; receptors, identified 
on inhibitory neurons in the brain, act as inhibitory autoreceptors 
by reducing biosynthesis and release of histamine; they have not 
been identified in human skin. Although H, receptor activation on 
granulocytes, including mast cells, leads to scratching behaviour in 
mice [40], there is currently no evidence of its relevance to urticaria 
symptoms. Compared with normal controls, cutaneous mast cells 
from chronic urticaria release more histamine spontaneously and 
in response to non-specific degranulating agents such as codeine 
and morphine [41]. There is no evidence of reduced skin histamine 
metabolism by N-methylhistamine in chronic urticaria, although 
reduced metabolism of dietary histamine by diamine oxidase in the 
bowel has been reported [42]. Tryptase is released in conjunction 
with histamine. It can induce mast cell degranulation and cleave C3 
to C3a and C3b. C3a can activate mast cells, and C3b can activate 
the alternative complement pathway. 


Predisposing factors 

No predisposing genetic or environmental factors for developing 
spontaneous or inducible urticarias have emerged to date. How- 
ever, several polymorphisms have been linked to aspirin-sensitive 
urticaria and a very strong association between patients with func- 
tional autoantibodies and human leukocyte antigen (HLA) DR4 in 
patients with chronic spontaneous urticaria has been described (see 
‘Genetics’ later in this chapter). 


Aetiology 

Although some cases of acute urticaria can be ascribed to type I 
hypersensitivity, infection, food or drug intolerance, the cause in at 
least 60% of patients remains unknown and may be multifactorial. 
The cause of acute urticaria in more than 50% of patients present- 
ing to a city ‘walk-in’ dermatology centre remained unexplained 
after investigation [43]. In the others, the most common preceding 
event was an upper respiratory tract infection, followed by drug 
ingestion, but food allergy or intolerance was rare. 

Approximately 50% of patients with chronic spontaneous 
urticaria will react with a red weal response to intradermal injection 
of their own serum known as the ASST response [44] as evidence of 
autoreactivity. Around half of these will have functional autoanti- 
bodies on the basophil histamine release assay [45]. A much smaller 
number will show evidence of dietary pseudoallergens, including 
food additives, histamine and salicylates [46], or chronic infec- 
tion as aggravating factors that may be augmenting their illness. 
A cause will not be identified, even after looking for functional 
autoantibodies (where this option is available to clinicians) in at 
least 50% of patients with chronic spontaneous urticaria. Some 
of these may have autoallergic urticaria defined by specific IgE 
against autoantigens, although no commercial test is currently 
available for this. The term ‘idiopathic’ is still favoured by some 


specialists for patients with chronic spontaneous urticaria to reflect 
increasing understanding of the complex events resulting in clinical 
disease activity beyond the presence or absence of detectable serum 
histamine release autoantibodies in vitro. Although the trigger for 
inducible urticarias is defined by challenge testing, the underlying 
cause of the mast cell releasability remains unknown, except in 
allergic contact urticaria where skin or mucosal contact with the 
relevant allergen elicits local mast cell degranulation with mediator 
release. The response of some patients with inducible urticarias to 
omalizumab (anti-IgE) suggests that IgE directed against neoanti- 
gens generated by the inducing stimulus could be a factor. However, 
other mechansisms are needed to explain the rapid onset and off- 
set of wealing that characterise this group of patients, with the 
exception of delayed pressure urticaria. 


Acute spontaneous urticaria 

Allergic. Any drug, food, foreign substance from blood transfu- 
sion, injection, implant, contactant and inhalant should be consid- 
ered as a potential allergen (Box 42.2). Acute urticarial reactions 
from drugs are common, usually occurring within hours of drug 
administration in presensitised patients, although it should be 
noted that urticarial drug reactions (i.e. reactions with an urticarial 
component) are not synonymous with acute urticaria due to a 
drug. It is often difficult to know whether acute urticaria following 
infection treated with antibiotics is due to the infection or the drug 
and it may merit investigation later to confirm or exclude antibiotic 
allergy. 


Box 42.2 Potential causes of acute urticaria 


¢ Idiopathic 
e Infections: 
* Viral, e.g. upper respiratory tract infections, hepatitis B and C, 
SARS-CoV-2 (Covid-19) 
¢ Bacterial, e.g. Streptococcus pyogenes 
¢ Parasitic, e.g. Anisakis simplex 
¢ Foods, e.g. cow’s milk, hen’s egg, nuts, seeds, lipid transfer proteins, 
alpha gal 
e Drugs, e.g. B-lactam antibiotics 
° Stings, e.g. bee, wasp venoms 
¢ Blood products, e.g. transfusions 
e Vaccines 
¢ Contactants, e.g. latex 


Acute urticarial reactions to food are believed to be common 
and many go unreported [47]. Urticarial reactions may not be to 
the main food itself but to other ingredients, such as seeds or 
spices. Rarely, allergic reactions to food occur only if intake is 
followed by exercise, with neither food nor exercise alone induc- 
ing weals (food-dependent exercise-induced anaphylaxis) [48]. 
Substances reported to cause this include wheat and shellfish. 
Wheat-dependent exercise-induced anaphylaxis is associated with 
IgE against omega-5-gliadin (a gluten component). Delayed reac- 
tions have also been described to galactose alpha-1,3-galactose 
(alpha gal) in red meat after IgE sensitisation from exposure to 
cetuximab or tick bites [49]. 
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Non-allergic. These include the following. 

1 Histamine liberators. Mast cell histamine release is non-immuno- 
logical and may occur after first exposure. Examples include 
morphine, codeine, neuromuscular blocking agents, such as 
atracurium, and antibiotics, such as polymyxin and vancomycin. 
Iodinated radiocontrast dyes may cause non-allergic anaphy- 
laxis. Exactly how radiocontrast media, low- and high-molecular 
dextran plasma expanders cause these reactions is not known. 
Complement activation is thought to play a role in serious dex- 
tran reactions. 

2 Pseudoallergic reactions. Intolerance reactions are not substance- 
specific and may occur in response to unrelated compounds 
in the same individual. The severity of reaction is usually dose 
related. Drug causes include aspirin and other non-steroidal anti- 
inflammatory agents. By inhibiting the cyclo-oxygenase (COX-1) 
pathway of arachidonic acid metabolism, pro-inflammatory 
lipoxygenase pathway products leukotriene C,, D, and E, are 
generated with inhibition of prostaglandin E,, which is inhibitory 
for immunological mast cell degranulation [50]. 

Alcohol-induced urticaria is rare; the mechanism of causation is 
unknown, but appears not to be allergic [51]. Alcoholic beverages 
can aggravate urticaria non-specifically. White wines are often 
treated with sulphites, which have rarely been reported to cause 
urticaria and anaphylaxis [52,53]. Some red wines contain mea- 
surable concentrations of vasoactive amines including histamine, 
which could aggravate urticaria, but cutaneous symptoms relate 
poorly to histamine content [54]. 

Food may also contain vasoactive amines including histamine 
(such as in cheese, fish, processed meat, tomatoes, pineapple and 
avocados) or histamine-releasing substances (such as in strawber- 
ries). Histamine generated in scombroid fish (underprocessed tuna, 
mackerel or swordfish) by histidine decarboxylase from bacteria 
can cause acute flushing, urticaria, vomiting and diarrhoea. High 
levels of histamine can usually be found in affected fish [55]. 


Infections. Urticaria may follow non-specific viral infections, 
Epstein-Barr [56] or acute hepatitis B viral infections, Covid-19 
[57], anisakiasis (infection by a fish parasite in presensitised indi- 
viduals) [58], streptococcal throat infections in children and, rarely, 
Campylobacter jejuni infections [59]. 


Chronic spontaneous urticaria 

Idiopathic. Nearly all patients were considered to have ‘idiopathic’ 
urticaria before autoimmunity was recognised as a cause in some 
patients. Clinical experience suggests that chronic urticaria is often 
a multifactorial disease and that its day-to-day activity is deter- 
mined by aggravating factors (see ‘Clinical features’ later in this 
chapter) over and above its primary aetiology. 


Allergic. IgE-mediated allergy is probably never the cause of 
chronic spontaneous urticaria in adults, except in the rare event 
that unrecognised food allergy might present with recurrent weals 
over a period of 6 weeks or more until the cause is suspected and 
withdrawn. 


Autoallergic. The response of many patients with chronic spon- 
taneous urticaria to anti-IgE (omalizumab) and the finding of 
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autoantigen-specific IgE in the blood of some patients with urticaria 
suggests that autoallergy is a potential mechanism for spontaneous 
urticaria. Demonstrating a weal and flare response by passive 
transfer of IgE anti-TPO from a patient with chronic spontaneous 
urticaria to healthy controls followed by skin testing with recom- 
binant TPO supports the concept of potential functionality for 
these autoantibodies [60]. An animal model is not available and the 
proportion of patients with chronic spontaneous urticaria driven by 
autoallergy is currently unknown. 


Autoimmune. The concept of autoimmune urticaria is based on 
indirect and strong circumstantial evidence [27] for functional IgG 
against the high-affinitiy IgE receptor on mast cells and basophils 
or cell-bound IgE, but an animal model has not been developed. 
No routine tests are available to clinicians although the basophil 
histamine release assay or basophil activation tests using sera of 
patients incubated with healthy donor basophils are commercially 
available in some countries. Low total IgE and raised IgG anti-TPO 
appear to be useful surrogate markers of functional autoantibodies 
and are widely available [61]. 


Pseudoallergic. Food additives, natural salicylates, amines, spices, 
green teas and alcohol may aggravate existing chronic spontaneous 
urticaria in up to 30% of patients [37,62] but are very rarely the 
cause. A 3-week trial of a low pseudoallergen diet (Table 42.1) may 
be considered as a diagnostic investigation [1] in well-motivated 
patients. 


Infection and infestation-related. The incidence of bacterial infec- 
tions, such as dental sepsis, sinusitis, urinary tract and gallblad- 
der infections, in chronic urticaria varies in different series. If 
present, treatment of the infection usually does not cure urticaria. 
Helicobacter pylori infection of the stomach, which has variable 
prevalence worldwide, has been associated with chronic sponta- 
neous urticaria [13]. Linear urticated lesions may follow migration 
of Ancylostoma and Strongyloides worms but are not urticaria. Tox- 
ocara canis antibodies have been associated with chronic urticaria, 
but a causal relationship is unproven [63]. 


Table 42.1 Low pseudoallergen diet. 


Pathology 

The histology of weals is usually non-specific, with vascular and 
lymphatic dilatation, oedema and a variable perivascular cellular 
dermal infiltrate consisting of lymphocytes, neutrophils and eosino- 
phils (Figure 42.4). The number of mast cells in chronic spontaneous 
urticaria biopsies is probably increased but the evidence from 
studies is inconsistent. In one study, dermal mast cells in weals of 
chronic urticaria were increased by 10 times [64] compared with 
non-urticated skin, using conventional histochemical stains, but this 
increase was not confirmed in a study using tryptase and chymase 
as markers [65]. Tryptase-positive mast cells were increased in 
chronic spontaneous urticaria biopsies compared with controls but 
there was no difference between lesional and non-lesional skin [39]. 
In the majority of weals, there is a sparse perivascular infiltrate, 
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Figure 42.4 Histology of a spontaneous weal from a patient with chronic spontaneous 
urticaria showing dermal oedema with a moderate perivascular and interstitial mixed 
inflammatory infiltrate, including intravascular neutrophils (inset), lymphocytes and a 
few eosinophils but no vasculitis. Courtesy of Dr Alistair Robson, St John’s Institute of 
Dermatology, London, UK. 


Food type Allowed Not allowed 

Carbohydrate Organic (preservative-free) bread, potatoes, rice, flour (not self-raising), pasta All others, e.g. pasta with egg, noodles, popcorn, fruit muesli, 
without egg, plain cereals (e.g. porridge, muesli without fruit, Cornflakes) potato chips and crisps, biscuits, cakes 

Fat and oils Butter, cold-pressed plant oils (e.g. olive, sunflower) All others, e.g. margarine, mayonnaise, butter substitute 

Dairy Fresh milk, cream, white cheese (e.g. Brie), fromage frais, Gouda (small amounts) All others, e.g. yoghurt, Cheddar, Stilton, Gorgonzola, Parmesan 


Meat, fish, eggs Fresh meat without seasoning, organic eggs 


All others, e.g. non-organic eggs, fish, seafood, processed and 
smoked meats (e.g. sausages, meat pies, smoked salmon) 


Vegetables All vegetables and salads, except those listed as not allowed Tomatoes and tomato products, peas, spinach, sweet peppers, 
olives, mushrooms, artichokes, rhubarb 
Fruits None All fresh, dried and sugared fruits (e.g. glace cherries), fruit juices 
Herbs, spices and nuts Salt, sugar, onions, chives, all nuts (unless allergy has been shown, and avoid All others, e.g. curries, chillies, garlic, coriander 
walnuts) 


Desserts, spreads and sweets None except honey 
Drinks Milk, water, coffee, black tea (Indian and Ceylon) 


Adapted from Zuberbier et a/. 1995 [83]. 


All others, e.g. jams, Nutella, toppings, sweets, chewing gum 
All others, e.g. beer, wine, spirits, herbal and green teas Japanese 
or China), fruit squashes and cordials 


predominantly of helper T lymphocytes [66,67] with a THy cytokine 
profile expressing mRNA for IL-4, IL-5 and interferon y (IFN-y) 
[68]. Th2 initiating cytokines IL-33, IL-25 and thymic stromal lym- 
phopoetin were identified in lesional but not non-lesional skin 
[37]. In a minority of weals, neutrophils are a conspicuous feature 
within the vessel walls or scattered in the dermis [69]. Eosinophils 
may play a more important role than their sparse numbers seen 
on light microscopy would suggest, as extracellular eosinophil 
major basic protein is frequently deposited in spontaneous weals 
[70] and they stain for activation markers [71]. The spectrum of 
cellular changes may depend on the age of weals and their under- 
lying cause. Biopsies are generally performed if individual weals 
are persistent, and they may show features of delayed pressure 
urticaria or urticarial vasculitis. In delayed pressure urticaria, the 
infiltrate is denser, with neutrophils often present in early weals 
and eosinophils extending deep into the fat in early and late weals. 
These cellular changes correlated with moderate upregulation of 
the vascular endothelial adhesion molecules E-selectin, intercel- 
lular adhesion molecule 1 (ICAM-1) and vascular cell adhesion 
molecule 1 (VCAM-1) on perivascular cells [72]. Urticaria with 
histological evidence of small-vessel vasculitis (venulitis) is defined 
as urticarial vasculitis (Chapter 44). 


Genetics 

There is a highly significant linkage of HLA DRB1*04 (DR4) and 
its associated allele DQB1*0302 (DR8) with histamine-releasing 
autoantibody-positive chronic spontaneous urticaria [73]. Poly- 
morphisms of the FceRla promoter [74] and leukotriene C, 
synthetase genes [75] have been associated with aspirin-sensitive 
urticaria. Families with cholinergic urticaria have been reported. 
Mutations in ADGRE2 have been reported in hereditary vibratory 
angioedema [76]. 


Environmental factors 

Urticaria is a worldwide illness. Prevalence of infection as a 
co-morbidity will vary between countries and communities: 
for example, bowel parasites (tropical countries), hepatitis C 
(South-East Asia), anisakiasis (Mediterranean) or Helicobacter pylori 
(eastern Europe). Environmental triggers of inducible urticarias (e.g. 
heat, cold, sun, water) that provoke the rash should be mimimised 
where possible. 


Clinical features 

History 

Taking a thorough history is essential in the assessment of a patient 
with urticaria to make a diagnosis (often in the absence of lesions 
at the time of examination) and to understand possible causes, 
co-morbidities, aggravating factors and the impact of disease on 
quality of life. As a rule, itchy weals erupt anywhere, anytime, spon- 
taneously and fade without a mark over 24 h or less, although giant 
or coalescing weals may last longer. Completing health-related 
quality of life scores such as the dermatology life quality index 
(DLQD [77] or disease-specific tools such as the chronic urticaria 
quality of life questionnaire (CU-Q2oL) [78] is very helpful and 
should be considered an essential step in the initial assessement of 
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a patient with urticaria (see also section on classification of severity 
later in this chapter). 


Presentation of spontaneous urticaria 

The itchy red macules develop into weals consisting of well-defined 
red or skin-coloured, raised areas of superficial skin oedema often 
with initial pale centres and a surrounding red flare. They may occur 
anywhere on the body, including the scalp, palms and soles, in vari- 
able numbers and sizes, ranging from a few millimetres to lesions 
covering large areas, and of varying shapes including rounded, 
annular, serpiginous and bizarre patterns due to the confluence 
of adjacent lesions (see Figure 42.1). Very rarely, bullae may form 
when oedema is intense. Patients tend to rub rather than scratch, so 
excoriation marks are unusual, but occasionally bruising may result 
which may be seen particularly on the thighs. Weals may be more 
pronounced in the evenings or premenstrually. 

Around 50% of patients with chronic spontaneous urticaria 
describe angioedema associated with wealing at some time in their 
illness and less than 10% describe angioedema without weals. These 
deep swellings, which may be the same colour as normal skin, occur 
most frequently on the face, affecting the eyelids and lips, but any 
other area of the body may be affected, such as the ears, neck, 
hands, feet and genitalia. Mucosal swellings may also occur inside 
the oral cavity on the buccal mucosa, tongue and pharynx, but 
laryngeal involvement is fortunately rare and not life-threatening 
in chronic spontaneous urticaria. Angioedema may be preceded by 
an itching or tingling sensation, but it is not always itchy and may 
be painful. It may last from hours to days and the swellings resolve 
without skin dryness, unlike acute contact dermatitis, which may 
resemble angioedema on the face but typically resolves over days 
rather than hours with scaling and may last up to a week. 


Aggravating factors (Box 42.3). Even though a specific cause of 
urticaria may not be identified in individual patients, it may be 
possible to identify non-specific aggravating factors in chronic 
urticaria, such as heat and clothing pressure or dietary pseudoal- 
lergens in spontaneous urticaria, avoidance of which can help to 
minimise exacerbations through lifestyle changes. 


Box 42.3 Aggravating factors for spontaneous 
urticaria 


e Physical: 
e Pressure 
¢ Overheating (passive or active) 
¢ Infections, e.g. upper respiratory tract infections 
° Drugs: 
¢ Non-steroidal anti-inflammatory drugs (common) 
¢ Opiates (rarely) 
e Dietary pseudoallergens: 
¢ Natural salicylates 
e Histamine 
¢ Food additives 
e Spices 
¢ Alcohol 
¢ Menses (especially premenstrual) 
¢ Stress 
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Drugs. Aspirin and other related non-steroidal anti-inflammatory 
drugs (NSAIDs), such as ibuprofen, naproxen or diclofenac, can 
aggravate urticaria and asthma by non-allergic mechanisms. 
Patients usually react with either urticaria or asthma, but not both 
[79]. The percentage of patients whose urticaria is exacerbated by 
aspirin (acetylsalicylic acid) varied from 20% to 30% in different 
studies [40,80]. 


Dietary pseudoallergens. There are many reports that food addi- 
tives aggravate chronic urticaria, but the high incidence of 33% 
from self-reporting [81] has not been confirmed in double-blind 
studies [82]. Only 19% of in-patients responding to a low pseudoal- 
lergen diet reacted to double-blind placebo-controlled challenge 
with food additives [83]. The most frequently implicated food 
additives are tartrazine (E102) and other azo dyes, including sun- 
set yellow (E110). Reactions to benzoate preservatives (E210-219) 
and antioxidants, such as butylated hydroxytoluene (E321) and 
butylated hydroxyanisole (E320), are reported less often. Sulphites 
(E223-228), monosodium glutamate (E621) and sorbic acid are very 
rare causes of urticaria, which is usually of the acute type. The 
sensitivity to additives gradually lessens as the urticaria resolves 
and may disappear. There is also a literature on histamine, his- 
tamine liberators and salicylate-rich foods aggravating chronic 
urticaria but strict avoidance is difficult and benefit is uncertain. 
Diets are becoming less popular with the introduction of effective 
pharmacological and biologic treatments. 


Infections. Chronic spontaneous urticaria is often temporarily 
exacerbated by upper respiratory tract viral infections. This may be 
a non-specific effect of circulating pro-inflammatory cytokines or 
chemokines. 


Menstrual cycle and pregnancy. Urticaria may worsen premen- 
strually, but if urticaria occurs predominantly or only premen- 
strually, it may be due to progesterone sensitivity [84] or more 
rarely oestrogen sensitivity [85], usually on an autoimmune basis. 
Skin prick and intradermal testing may confirm progesterone 
sensitivity [86]. A non-immune mechanism has been suggested 
for ‘autoimmune’ progesterone urticaria [87]. Chronic sponta- 
neous urticaria may remit or worsen during pregnancy but often 
recurs after delivery. Half the chronic urticaria patients surveyed 
rated their chronic urticaria as improved, 30% worse and 20% 
unchanged [88]. Exacerbations were most common in the first or 
third trimesters. 


Stress. Psychological factors appear to play a contributory role in 
a proportion of patients, and flare-ups of urticaria do occur at times 
of psychological stress [89]. Psychological factors are often wrongly 
thought to contribute to angioedema because of the historical term 
‘angioneurotic oedema’, which implied something very different 
when it was first introduced. The importance of psychological fac- 
tors is challenging to evaluate scientifically. Depression and anxiety 
are found more frequently in chronic urticaria as co-morbidities 
[90]. A meta-analysis showed that almost one in three chronic 
urticaria patients have an underlying psychiatric disorder but 
there was little evidence that treatment improved urticaria activ- 


ity [91]. Depression may reduce the threshold for pruritus [92], 
and the effect of chronic urticaria on quality of life should not be 
underestimated [93]. 


Presentation of inducible urticarias 

The inducible urticarias are a distinct subgroup of urticarias in 
which a specific stimulus induces reproducible wealing. This 
feature is the basis of diagnosis and classification (Box 42.4). Cholin- 
ergic urticaria occurs in response to sweating caused by an active 
or passive increase in core temperature, so it is frequently included 
in the inducible urticaria group, but it may also be triggered by 
emotional and gustatory sweating. The currently accepted chal- 
lenge procedures for the diagnosis of inducible urticarias are 
summarised in Box 42.5 [94]. 


Box 42.4 Classification of inducible urticarias by 
eliciting stimulus 


Mechanical 
¢ Skin stroking: 
¢ Immediate: 
¢ Symptomatic dermographism (always itchy) 
¢ Simple dermographism (physiological, no itch) 
¢ Cholinergic dermographism 
¢ Red dermographism (punctate weals after skin rubbing) 
¢ Delayed 
¢ Vibration: 
e Acquired vibratory angioedema 
e Familial vibratory angioedema 


Thermal 
¢ Cold contact: 
¢ Immediate: 
¢ Primary cold contact urticaria (idiopathic) 
¢ Secondary cold contact urticaria (to cryoproteins) 
¢ Delayed (rare) 
° Localised 
e Heat contact (rare) 
¢ Generalised chilling: 
¢ Reflex cold urticaria (drop in body core temperature) 
¢ Cold-dependent cholinergic urticaria (after exercise in the cold) 
¢ Generalised overheating: 
e Exercise-induced anaphylaxis (active overheating only) 
¢ Food- and exercise-induced anaphylaxis (e.g. after 
omega-5-gliaden in gluten or shrimp in IgE presensitised 
individuals) 


Cholinergic urticaria (sweating induced) 

¢ Overheating (passive (e.g. showering, bathing /hot rooms) or active 
(exercise) 

° Stress 

¢ Spicy foods (gustatory) 


Others 
¢ Solar 
¢ Aquagenic 
e Contact urticarial: 
e Allergic (immunological) 
¢ Non-allergic (non-immunological) 


Box 42.5 Challenge procedures for inducible 
urticarias 


¢ Symptomatic dermographism: skin stroking stimulus, read after 
5-10 min: 
¢ Frictest® (Moxie GmbH, Berlin) on volar forearm 
* Calibrated dermographometer on upper back at <36 g/mm? 
¢ Delayed pressure urticaria: read after 2-6 h and the following day: 
¢ Calibrated dermographometer (HTZ, East Grinstead, UK) over 
the scapula at 100 g/mm? for 70 s 
¢ Weighted rod (1.5 cm diameter, 2.5 kg anterior thigh, 20 min) 
¢ Cold urticaria: localised cold stimulus, usually volar forearm, read 
after 10 min: 
¢ Melting ice cube in a thin polythene glove or bag, 5 min standard 
(up to 20 min for non-reactors) 
° TempTest® (Moxie GmbH, Berlin) for 5 min, read at 10 min 
¢ Heat urticaria: localised heat stimulus, usually volar forearm, read 
after 10 min: 
¢ TemptTest for 5 min, read at 10 min 
e Warm water in a glass or copper beaker, 38—44°C for 5 min 
¢ Cholinergic urticaria: aim to bring out a sweat, read after 5-10 min: 
¢ Passive heating in a bath or shower (maximum temperature 42°C) 
e Exercise to the point of sweating in a warm environment 
¢ Solar urticaria: exposure to sunlight or solar simulator, read after 
10 min: 
¢ Ultraviolet A (UVA) (2.4-4.2 J/cm?) 
e Broad-band UVB (0.024—0.042 J/cm?) 
¢ Monochromator light testing (specific wavelengths of UVB 
(290-320 nm) and UVA (320-400 nm)) 
e Aquagenic urticaria: room temperature water contact on normally 
affected skin: 
¢ Wet towel or cloth applied for 5 min, read at 5-10 min 
e Water immersion at any temperature for 5 min, read at 5-10 min 
¢ Vibratory angioedema: inspect for angioedema 10 min after vibratory 
challenge: 
¢ Laboratory vortex mixer 
¢ Other vibratory stimulus relevant to the story, e.g. jogging on the 
spot 


The frequency of inducible urticarias in the general population 
is unknown, but they accounted for 19% of urticaria cases in a 
dermatology clinic [95], with dermographism making up 9% and 
cholinergic urticaria 4%. However, mixtures of various types of 
inducible urticaria or of an inducible urticaria with spontaneous 
urticaria are common — for example, dermographism or delayed 
pressure urticaria in patients with spontaneous chronic urticaria. 

Wealing caused by inducible stimuli usually occurs within min- 
utes at the site of exposure and persists for less than 30-60 min 
(e.g. symptomatic dermographism and cold contact urticaria). 
However, sometimes a generalised stimulus affecting the whole 
body is necessary (reflex type, e.g. cooling the body core tempera- 
ture to induce reflex cold urticaria and a rise in core temperature to 
induce cholinergic urticaria). In a few forms of physical urticaria, 
a delay of several hours from the physical stimulus occurs before 
weals appear — for example, delayed dermographism, delayed 
pressure urticaria and the rare delayed cold urticaria. 

If the stimulus is sufficiently great or the patient is very sensi- 
tive, angioedema and systemic reactions may occur from mediator 
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release in many forms of inducible urticaria but this is not seen in 
symptomatic dermographism. 


Urticaria due to mechanical forces 

Dermographism. This includes the following. 

© Symptomatic dermographism (syn. factitious urticaria). The triple 
response of local redness due to capillary vasodilatation, followed 
by oedema and a surrounding flare due to axon reflex-induced 
dilatation of arterioles after stroking the skin, first described by 
Lewis [96], is commonly elicited in chronic urticaria patients and 
may be seen in healthy individuals. This is known as simple (or 
physiological) dermographism. However, in less than 5%, it is 
accompanied by severe itching and a low threshold for wealing 
(symptomatic dermographism). Dermographism has been suc- 
cessfully transferred when IgE [97] (and occasionally IgM [98]) 
in patients’ sera has been injected into normal recipients. It has 
been proposed that mast cells sensitised with immunoglobulins 
(especially IgE) react to a neoantigen induced by mechanical stim- 
ulation of the skin and release their mediators. Neuropeptides 
may contribute to the reaction through binding the MRGPRX2 
receptor on skin mast cells. 

Symptomatic dermographism can occur at any age, but the 
greatest incidence is in young adults. Patients complain of 
wealing and itching at sites of trauma, friction with clothing or 
scratching the skin. The itching is disproportionately severe with- 
out antihistamines compared with wealing and is often worst at 
night. The eliciting stimulus determines the shape of the weals 
(Figure 42.5). They are often linear from scratching or stroking 
but large patches at the sites of repeated scratching are also seen. 
There is no association with systemic disease or food allergy [99]. 
Dermographism is usually idiopathic, but may sometimes follow 
a drug reaction (e.g. penicillin [100]) or an infestation, including 
scabies. Dermographism may last for months or years, or be 
present intermittently. 

Symptomatic dermographism is most easily diagnosed by 
using a calibrated instrument, the dermographometer, which has 
a spring-loaded stylus, the pressure of which can be adjusted to 
a predetermined setting. Stroking the skin at a tip pressure of 


Figure 42.5 Dermographism, meaning ‘skin writing’. Courtesy of St John’s Institute of 
Dermatology, London, UK. 
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less than 36 g/ mm? [94] induces a linear itching weal within 
10 min. Treatment of symptomatic immediate dermographism 
with low-sedating H, antihistamines is often effective, but some 
patients do not respond. 
¢ Other forms of dermographism. Much less common forms of dermo- 
graphism exist, including red dermographism, where repeated 
rubbing is necessary to induce small punctate weals [101]. Cholin- 
ergic dermographism is seen in some patients with cholinergic 
urticaria, whose dermographic response consists of a red line 
studded with punctate weals characteristic of cholinergic weals 
[102]. Delayed dermographism is rare. After normal fading of 
an immediate dermographic response, a weal returns in the 
same site, but is usually tender and persists for up to 48 h. 
The mechanism is unknown, but it is closely related to pres- 
sure urticaria in which a delayed dermographic response is not 
unusual [103]. 
Not all dermographism is urticaria. White dermographism (due 
to capillary vasoconstriction following light stroking of the skin) 
occurs normally but is particularly pronounced in atopic eczema. 


Delayed pressure urticaria. Delayed pressure urticaria [104-106] 
in its predominant form is uncommon (about 2% of urticarias) 
but pressure exacerbation occurs to some degree in about a third 
of patients with chronic spontaneous urticaria, although they 
may be unaware of this unless directly questioned. Patients with 
predominantly delayed pressure urticaria nearly always have a 
component of chronic spontaneous urticaria. Wealing occurs at sites 
of sustained pressure applied to the skin after a delay of 30 min to 9 
h, but usually 4-8 h, and lasts 12-72 h. 

Weals occur frequently under tight clothing, on the hands 
after manual work, on the buttocks and lower back after sitting 
(Figure 42.6) and on the feet after walking. Lesions may be itchy, but 
are often tender or painful, particularly on the soles and scalp. 
The severity is variable, but it may be accompanied by systemic 
symptoms of malaise, flu-like symptoms, arthralgia, myalgia and 
leukocytosis. The condition may be mistaken for urticarial vasculitis 
or angioedema. 

The diagnosis can usually be made by careful questioning and 
can be confirmed by testing. Objective testing is performed by using 
a dermographometer set at 100 g/mm/? pressed perpendicularly 
on the upper back for 70 s, or rods with a convex end diameter of 
1.5 cm weighted with 2.5 kg for 20 min or 4.5 kg for 15 min on the 
back or thighs [94]. A positive response is when indurated lesions 
are present at test sites at 6 h. Areas of delayed pressure urticaria 
may be refractory to further pressure-induced lesions for up to 48 h. 

The prognosis is variable. The symptoms fluctuate in severity; 
they may show spontaneous improvement, or last for many years. 


Vibratory angioedema. Vibratory urticaria is a very rare form of 
urticaria, which was first described in its familial form [107]. It is 
associated with a missense mutation in the ADGRE2 gene [76]. Any 
vibratory stimulus such as jogging, vigorous towelling or using 
lawnmowers induces a localised red itchy swelling within minutes, 
lasting less than a few hours. If the stimulus is severe, generalised 
redness and headache may occur. Vibratory angioedema may occur 
in an acquired form [108]. 


Figure 42.6 Extensive delayed pressure urticaria over the back after sitting against a 
hard surface. Induced delayed dermographism is also seen on the upper back. Courtesy 
of St John’s Institute of Dermatology, London, UK. 


Temperature-dependent urticaria 
Heat contact urticaria. Heat contact urticar (syn. heat urticaria) is 
one of the rarest forms of inducible urticaria [109-111]. Localised 
warming of skin at temperatures from 38 to 44°C for 2-5 min induces 
wealing at the test site lasting 1h. 


Cold contact urticaria. Cold contect urticaria (syn. cold urticaria) 
encompasses a variety of syndromes in which cold induces urticaria 
[112,113]. Idiopathic cold contact urticaria is the most common, 
comprising 96% of a series of cold urticaria patients [114], while 
others are rare. What is known and what is unknown at the present 
time have been reviewed recently [115]. In some patients with 
idiopathic cold contact urticaria, the serum can passively transfer 
the cold urticarial response to normal recipients. This autoantibody 
is usually IgE [116], but IgM has been reported. It is important to 
warn against cold water bathing due to the risk of anaphylaxis and 
drowning. Treatment with low-sedation antihistamine is helpful. 
Induction of tolerance by repeated graduated exposures to cold has 
been used [117], but is time consuming and not always effective. 

A genetic defect in factor XII has been reported in familial 
cold urticaria that appears to be bradykinin rather than mast cell 
dependent and unrelated to mutations in the NLRP3 gene seen in 
familial cold autoinflammatory syndrome [118]. Cold urticaria is 
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also a regular feature of PLCy,-associated antibody deficiency and only 3% of people with cryoglobulinaemia [123]. Blood samples 

immune dysregulation (PLAID) [119]. This is a rare, complex, mast for cryoprotein estimation must be kept warm until laboratory 

cell driven, dominantly inherited disorder with a high frequency of testing. Treatment is directed against the underlying condition. 

positive antinuclear antibodies, granulomatous rash and negative Cryofibrinogen occurred in the blood of 3.4% of a large hospital 

ice cube test. population [124] and in 3% of patients in cold urticaria [125]. 

¢ Primary cold contact urticaria. This includes immediate and Its significance in relationship to cold urticaria remains to be 
delayed types. Immediate primary cold contact urticaria is by far determined. Cold agglutinins are not usually associated with 
the commonest form, occurring at any age but most frequently cold urticaria [126]. Cold haemolysins have not been detected. 
in young adults. It may be preceded by non-specific upper res- ¢ Systemic cold urticaria. In generalised reflex cold urticaria, 
piratory tract viral infections, infectious mononucleosis or insect widespread wealing occurs in response to cooling of the core 
stings. Itching and wealing of the skin occur on cold exposure body temperature, but a local ice cube test is negative [127]. Test- 
within minutes and last up to 1 h. Cold winds and cold rain are ing is performed by placing the patient, in lightweight clothes, 
particularly effective stimuli. Sometimes, the mouth and phar- in a cold room at 4°C for 30 min. In cold-induced cholinergic 
ynx may swell after drinking cold liquids. Systemic symptoms urticaria, additional exercise is necessary in the cold room to ra 
include flushing, palpitations, headache, wheezing and loss of induce weals. fe) 
consciousness, and drowning is a risk of cold water bathing. ¢ Familial cold autoinflammatory syndrome. This rare form is - Nn 
Diagnosis is made by the application of a melting ice cube in inherited as an autosomal dominant trait and is now known to [3 A 
thin plastic (or Clingfilm®) onto the skin for 5-20 min; wealing be caused by the same gene mutation as Muckle—Wells syndrome [b=ffe) 
occurs within 10 min, usually during rewarming (Figure 42.7a). (Chapter 45). The ice cube test is negative. 4 - 
Sometimes a more extensive local challenge, such as immersion = S 
of a forearm in iced cold water, is necessary to induce aresponse. Cholinergic urticaria. Cholinergic urticaria is a very distinctive [Far 
A Peltier-based temperature-testing device (TempTest®, Moxie __ type in which characteristic small weals appear in association with c ra} 
GmbH, Berlin) allows temperature thresholds to be established — sweating. It accounts for about 5% of chronic urticaria, and often a 
for individual patients (Figure 42.7b) as well as cold stimulation —_ presents in adolescents. Wealing occurs on stimulation of sweating, [4 
time as a measure of severity [120]. whether induced by a rise in core temperature, emotion or gustatory < 

Delayed primary cold contact urticaria, where wealing occurs after stimuli. 

a delay of hours after cold contact, is very rare [121]. A familial The pathogenesis is still not clear. It is thought to be related to 
form has been reported [122]. stimulation of the cholinergic postganglionic sympathetic nerve 

¢ Secondary cold contact urticaria. Cold urticaria secondary to supply to the sweat glands. Increased histamine levels have been 
cryoproteins is rare. It is usually associated with other manifes- detected in the blood of patients with cholinergic urticaria. It 
tations such as Raynaud phenomenon, purpura or skin necrosis. was originally proposed that acetylcholine can release histamine, 


Cryogobulinaemia may be idiopathic or occur in autoimmune __ perhaps in an indirect way, but such a mechanism is conjectural. 
collagen vascular disease, chronic lymphocytic leukaemia, Passive transfer tests with sera of affected individuals are some- 
myeloma and in infectious disease, including viral hepatitis and times positive, probably due to an immunoglobulin [128]. Such 
Epstein-Barr virus infections. Cold urticaria is said to occur in —_an antibody may prime the mast cell for activation. An allergy to 


Figure 42.7 (a) Wealing following application of a melting 
ice cube for 20 min. (b) The critical temperature threshold of 
16°C using TempTest®. (a) Courtesy of St John’s Institute of 
Dermatology, London, UK. 
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sweat itself has been proposed [129]. It has also been proposed that 
cholinergic urticaria should be classified into two subtypes based 
on intradermal skin test reactions to autologous sweat and serum 
[130]. Decreased levels of the protease inhibitor antichymotrypsin 
have been detected in the serum of some patients [131]. 

The disease typically occurs in adolescents of either sex and may 
be worse in the winter months [132], for instance after exercising 
in the cold. It has been reported to occur in families [133] and often 
occurs in atopics. The patient complains of itching weals that appear 
within minutes of exertion, when overheated or after emotional 
disturbances or even after eating spicy food. The weals character- 
istically are small, 1-3 mm across, and may coalesce (Figure 42.8). 
Sometimes the red component is more pronounced, especially in 
the ‘blush areas’, and is confluent and studded with weals. Oblique 
lighting is helpful for observing the weals, especially in darker 
skin types. The lesions persist for an hour or so. Spontaneous 
urticaria may be associated with cholinergic urticaria. Although 
micropapular weals resembling those of cholinergic urticaria can 
occur in spontaneous urticaria, these usually last for hours. Cholin- 
ergic angioedema has been reported [134]. Cholinergic pruritus 
without weals has been described [135] but is rare. In cholinergic 
erythema, multiple small red macules are distributed symmetri- 
cally on the trunk and limbs, increasing in number after exercise. 
Individual macules are short-lived, but appear at different sites over 
a prolonged period, giving the overall impression of a persisting 
rash [136]. 

The diagnosis of cholinergic urticaria is best confirmed by 
provocation, with the appearance of typical itchy weals on a red 
background after warming — for example in a hot bath at 42°C for 
15 min, to raise the core temperature by 0.7-1°C — or exercise in a 
hot environment [94]. A few patients find that if they can bring on 
a severe attack by mild exertion they can achieve freedom for up to 
24 h afterwards, analogous to temporary desensitisation. In some 
patients with cholinergic urticaria, systemic symptoms of flushing, 
faintness or asthma may occur [137-139]. Rarely, a generalised 
eruption resembling cholinergic urticaria may be provoked by 
systemic chilling [140]. 


Exercise-induced anaphylaxis. Exercise-induced anaphylaxis does 
not appear to be associated with cholinergic urticaria and cannot 
be reproduced by hot bathing. It occurs in patients sporadically 


Figure 42.8 Close-up of small monomorphic lesions of cholinergic urticaria on the 
back. Courtesy of Norfolk and Norwich University Hospital, UK. 


and unpredictably. It appears to be a distinct entity [141]. It is 
possible that some are examples of unrecognised food-dependent 
exercise-induced anaphylaxis. 


Other types of inducible urticaria 

Solar urticaria. Weals develop at the site of exposure within min- 
utes of exposure to visible, long- or short-wave ultraviolet radiation 
(Figure 42.9) [142-144] and usually fade within 2 h, in contrast 
to polymorphic light eruption, in which urticated lesions appear 
hours later and last for days. A rare, delayed form has been 
described [145]. The cause of solar urticaria is usually unknown 
(idiopathic) but can be secondary to porphyrias [146]. 


Aquagenic urticaria. Contact with water at any temperature 
induces an eruption resembling cholinergic urticaria, although 
the weals are few in number and are surrounded by a wide flare 
(Figure 42.10) [147]. Other urticarias that can also be induced 
by water, such as cold urticaria, cholinergic urticaria and der- 
mographism, must be excluded. This is a different entity from 
aquagenic pruritus, in which there is water-induced itching but no 
wealing [148]. 


Figure 42.9 Solar urticaria. 
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Figure 42.10 Aquagenic urticaria on the back after swimming, showing a few small 
papular weals surrounded by wide flares. Courtesy of Norfolk and Norwich University 
Hospital, UK. 


Contact urticaria. This is now included with the inducible urticarias 

[1]. Contact urticaria is quite common, but is not usually a cause 

of hospital referral unless there is an occupational problem, for 

instance latex allergy due to glove use. The term simply means 
urticaria resulting from skin or mucosal contact with the provoking 
substance. It may be allergic or non-allergic (also called immuno- 
logical and non-immunological). The range of chemical, plant, 
animal and food exposures causing contact urticaria is very wide 

(Box 42.6) [149]. 

e Allergic. Percutaneous or mucosal penetration of an allergen to 
which the individual has already developed specific IgE will 
provoke a type I hypersensitivity response involving mast cell 
degranulation with histamine release. This results in an imme- 
diate, localised weal and flare resolving within 2 h, generalised 
urticaria or even anaphylaxis if the individual is extremely 
hypersensitive. It is easily missed when it is responsible for 
exacerbations of a pre-existing eczema, for example in atopic 
children. Weals occur at sites of contact with the allergen, usually 
on the hands and face. The commonest causes are foods (e.g. 
nuts, fish, fruits) or latex. Diagnosis can be confirmed in vitro 
by detecting specific IgE against whole allergens or components 
(e.g. ImmunoCAP® fluoroimmunoassay) if there is a history of 
anaphylaxis, or by skin prick testing. Management is largely 
directed at avoidance of the allergen. 


Box 42.6 Some causes of contact urticaria 


Allergic (immunological) 
¢ Foods: 
¢ Cow’s milk 
¢ Cod 
¢ Kiwi fruit 
e Peanuts 
e Spices 
¢ Celery 
e Animals: 
e Saliva 
¢ Moths/caterpillars 
e Urine 
e Human: 
e Semen 
© Other: 
e Fragrance 
e Latex 


Non-immunological 
e Histamine liberators: 
° Cobalt 
e Dimethyl sulphoxide 
e Vasoactive: 
¢ Nettle stings 
e Jellyfish stings 


Undetermined action 
¢ Bleaching agent: 
e Ammonium persulphate 
e Fragrance: 
e Balsam of Peru 
e Flavouring agents: 
e Cinnamic acid 
e Cinnamic aldehyde 
e Preservatives: 
¢ Benzoic acid 
¢ Sorbic acid 


Oral allergy syndrome is a form of allergic contact urticaria 
involving the mouth, characterised by immediate itching, 
swelling and burning after eating a wide range of fresh fruits, 
including apples, pears, cherries, plums, celery, spices and hazel- 
nuts [150]. Eating cooked, dried, peeled or bottled fruit does not 
often cause symptoms. The symptoms are due to cross-reactions 
between profilins (ubiquitous pan-allergens in plants, including 
grass and mugwort in north Europe) and pathogenesis-related 
protein 10 (PR10) (e.g. Bet v 1, the major allergen in silver 
birch pollen) and homologous proteins in plants, especially 
fruits. Oral allergy syndrome therefore occurs in patients with 
respiratory allergies to common pollens (pollinosis). Diagno- 
sis is by skin prick testing with the fresh fruit. ImmunoCAP 
and skin prick testing with commercial standardised solutions 
may be negative. Fortunately, the condition rarely progresses to 
angioedema, and treatment with antihistamines is not usually 
necessary. 

Non-allergic. This form of contact urticaria may be caused by 
direct injection of vasoactive chemicals by plants (e.g. nettles) or 
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animals (e.g. caterpillars, jellyfish). A more common form though 
is from exposure to cosmetics (e.g. cinnamic aldehyde, balsam of 
Peru) or food additives (e.g. sorbic acid, benzoic acid) in foods 
such as tomato ketchup. Occupational exposures include ammo- 
nium persulphate in hairdressing. The reaction may take up to 
45 min to develop and is thought to be due to prostaglandin D, 
formation rather than histamine release, since it can be blocked 
by NSAIDs. The relevant investigation is either a prick test or 
patch test, read at 20 min rather than 48 h. 


Presentation of chronic urticaria 

A comprehensive history is essential for the diagnosis and eluci- 
dation of any causative factors as weals are often not present at 
the time of consultation. Performing an extensive panel of inves- 
tigations in addition to a standardised questionnaire was found 
to add little to making a final diagnosis [151]. Information should 
be obtained regarding the onset, duration and course of the dis- 
ease. The duration of individual weals and presence of purpura 
are important. Weals lasting more than 24-48 h, particularly if 
painful or tender, suggest urticarial vasculitis or delayed pressure 
urticaria, but can occur in spontaneous urticaria. Purpura, although 
rare, suggests urticarial vasculitis, but can occur rarely in sponta- 
neous urticaria, especially on the legs. Dermoscopy of weals may 
demonstrate the presence of linear vessels in urticaria compared 
with red-purple dots or globules seen in urticarial vasculitis [152]. 
Drawing a line around the outline of a weal with daily phone 
photographs can be useful to determine its duration. The location, 
numbers and shapes of weals vary and are usually not helpful 
in differentiating most urticarias, except for the typical small, 
monomorphic, short-lasting weals of cholinergic urticaria and the 
linear weals of dermographism. The occurrence of angioedema 
should be noted, particularly if it has affected the oro-pharynx with 
difficulty in swallowing or breathing. Enquiry should be made 
for systemic symptoms sometimes associated with severe chronic 
spontaneous urticaria, including malaise, headache, abdominal 
pain, arthralgia, wheezing and syncope [153]. Possible precipitating 
or aggravating factors — including physical factors such as heat, 
cold, localised pressure on the skin, friction and sunlight — should 
be sought directly. It is important to ask about any association with 
recent acute infection, drugs, non-prescription medicines and foods, 
although the latter are rarely a cause for chronic urticaria. A family 
history of atopy, autoimmunity or angioedema may be relevant. 
Enquiry should be made about drug intake including NSAIDs. 


Differential diagnosis 

The diagnosis of urticaria is rarely a problem. Weals are distin- 
guished by their evanescent nature and normal overlying epidermis 
without scaling. Papular urticaria, erythema multiforme and pre- 
bullous eruptions must be distinguished. Acute contact dermatitis, 
lymphoedema and collagen vascular disease (such as dermato- 
myositis) may mimic angioedema, but these conditions last longer 
than 24-48 h. 


Classification of severity 

The severity of chronic spontaneous urticaria is assessed by a com- 
posite 42-point urticaria activity score (UAS-7) of itch intensity and 
weal numbers over a week [154]. The angioedema activity score 


(AAS) [155] is applicable to both histaminergic and bradykininergic 
angioedema. Relevant quality of life scores include the generic 
dermatology quality of life score (DLQI) [78], the disease-specific 
health-related quality of life score (CUQ2oL) [79], validated in sev- 
eral European languages, and the angioedema quality of life score 
(AE-QoL) [156]. The urticaria control test (UCT) [157] and quality of 
life scores can be used in the assessment of both spontaneous and 
inducible urticarias. 


Complications and co-morbidities 

There are no long-term complications of urticaria. The illness 
resolves without damage in everyone but can last for decades. 
There is some limited evidence from the literature of potential extra- 
cutaneous organ disease in chronic urticaria (respiratory, muscu- 
loskeletal, central nervous system, cardiac, gastrointestinal) [158]. 
Whether this represents chance or causal association is not yet 
clear. The main concern of angioedema affecting the oro-pharynx 
is acute respiratory compromise with suffocation, but this is not a 
known risk of chronic spontaneous urticaria. 

Metabolic syndrome (increased body mass index, cardiovascular 
disease, hyperlipidaemia and type 2 diabetes) has been proposed 
as a co-morbidity in patients with chronic urticaria [159] as well as 
autoimmune disease, malignancy and infections (see ‘Associated 
diseases’ earlier in the chapter) and mental health disorders (see 
‘Stress’ earlier in the chapter). Atopic disorders are more frequent 
in chronic spontaneous as well as acute urticaria, raising the pos- 
sibility of a predisposition to developing a Th2 phenotype. Korean 
patients with chronic spontaneous urticaria had a 4.7-fold higher 
likelihood of developing allergic rhinitis, drug or other allergies, or 
asthma than expected [160]. Adolescents with chronic spontaneous 
urticaria had significantly more food allergy, allergic rhinitis, atopic 
dermatitis and asthma [161]. Children with a history of early-onset 
atopic dermatitis are at increased risk of chronic spontaneous 
urticaria later [162]. 


Burden of chronic urticaria on the patient and to society 

A recent review identified the limitations imposed by chronic 
urticaria on daily life, work and sports activities, interfering with 
life within the family and in society, including performance at 
school and work (6% absenteeism and 25% presenteeism), and a 
high consumption of medical resources and indirect costs (including 
loss of earnings) [163]. 


Disease course and prognosis 

Acute attacks may last a few hours or days and be of great severity. 
There is no way to predict the duration of an initial attack at its onset. 
Chronic cases where no diagnosis is established may last for weeks, 
months or even years, or be intermittent with repeated episodes 
occurring over decades. The severity is often greatest at the onset, 
with subsequent waning. New lesions appear daily or at irregular 
intervals, and there may be periodic exacerbations, sometimes 
associated with intercurrent infections or NSAID intake. In general, 
natural improvement occurs even in the absence of diagnosis or 
treatment. Of patients with weals alone attending a specialist clinic 
50% can be expected to clear within 6 months of onset, but 50% 
of those with associated angioedema can still be expected to have 
their condition 10 years later (Figure 42.11) [164]. Another survey 
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Figure 42.11 The natural history of urticaria in 554 hospital patients. The expected percentage of patients with active urticaria, with 95% confidence limits, by the total duration of 


disease (log scale). Reproduced from Champion et a/. 1969 [164]. 


of the prognosis of patients attending a tertiary referral clinic in the 
Netherlands confirmed the poor outlook for many patients with 
chronic urticaria, especially those with cold urticaria [165]. The 
prognosis for patients in primary care is likely to be better than 
for those patients whose disease is bad enough to be referred to 
secondary or tertiary clinics. Studies of chronic urticaria in children 
suggest that it may run a more protracted course, with more than 
30% of patients still requiring treatment after 5 years [166]. 


Investigations (Box 42.7) 


Box 42.7 Investigation of spontaneous urticaria 


Acute urticaria 
e Infection: 
¢ Throat swab if pharyngeal symptoms 
¢ Other appropriate samples for suspected viral or bacterial infection 
¢ Drugs: 
¢ Withdraw suspected drugs 
¢ Foods: 
¢ Investigate for IgE sensitisation (skin prick tests or ImmunoCAP® 
where appropriate from the history) 


Chronic urticaria 


H, antihistamine responsive 
e Full blood count, ESR or CRP 
¢ Others, as indicated by the presentation 


H, antihistamine unresponsive 
¢ Thyroid autoantibodies (all patients) 
e Thyroid function tests (all patients) 
e Additional tests dependent on clinical presentation: 
¢ C4 complement (angioedema without weals) 
¢ Non-organ-specific autoantibodies (if associated autoimmune 
disease possible) 
¢ Total IgE 
¢ Basophil histamine release assay or basophil activation tests (if 
functional autoantibodies suspected) 
¢ Helicobacter pylori (stool antigen or urea breath test) 
¢ Stool for ova, cysts and parasites (foreign travel) 
¢ Chest X-ray + other imaging (if lymphoma considered) 
¢ Optional tests for extensive work-up when other tests non-revealing: 
e 25-hydroxycholecalciferol (vitamin D) 
¢ D-dimer 
¢ 3-week trial of a low pseudoallergen diet 


CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IgE, 
immunoglobulin E. 


Acute urticaria 

In patients with potentially life-threatening reactions to an aller- 
gen, confirmation is by ImmunoCAP fluoroimmunoassay, which 
measures serum allergen-specific IgE to the allergen or skin prick 
testing, for example for peanut sensitisation. In most cases of acute 
urticaria in which no cause is suggested in the history, investigation 
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rarely provides an answer. Prick testing is possibly risky if there is 
a history of anaphylaxis. The clinical relevance of the results of skin 
prick and ImmunoCAP tests needs careful assessment. 


Chronic spontaneous urticaria 

A thorough history of the rash and any associated systemic symp- 
toms is essential. It is useful to identify any associated inducible 
urticaria, especially delayed pressure urticaria, by appropriate 
testing. If weals persist and are painful, with systemic symptoms 
of fever or arthralgia, urticarial vasculitis should be considered 
and a skin biopsy performed of a spontaneous lesion, preferably 
one that is 12-15 h old. Direct immunofluorescence may provide 
additional information if complement and immunoreactants are 
found within blood vessel walls of early lesions. Patients frequently 
suspect allergy to foods, but this is rarely if ever found in adults 
with chronic spontaneous urticaria. Routine allergy testing in con- 
tinuous chronic urticaria is therefore of no value. A food diary may 
be helpful, especially in episodic urticaria, but it should be remem- 
bered that the time interval may vary from minutes with allergy 
and up to 24 h with dietary pseudoallergens, and the substance 
may have been consumed regularly for years. If the patient suspects 
food additives, or if they have improved substantially on elimina- 
tion of the substance or on a diet free of food additives, challenge 
testing can be carried out on a single-blind placebo-controlled 
basis. This is performed when the patient is in relative remission. 
A low pseudoallergen diet may be helpful for some patients [84], 
especially if antihistamines have failed or are not accepted. 

A full blood count and erythrocyte sedimentation rate (ESR) 
should be performed routinely. An elevated ESR suggests the pos- 
sibility of an underlying systemic disease (lupus erythematosus, 
urticarial vasculitis, macroglobulinaemia, autoinflammatory syn- 
dromes), and an eosinophilia should prompt a search for parasitic 
disease. C-reactive protein (CRP) and p-dimers may be increased 
in severe chronic spontaneous urticaria but a CRP >30 mg/L 
would suggest an autoinflammatory disease. Thyroid function 
tests and thyroid autoantibodies are worthwhile as around 14% of 
patients with chronic spontaneous urticaria may have thyroid 
autoimmunity [10]. Clinical experience indicates that the propor- 
tion of severe chronic urticaria patients with thyroid autoimmunity 
is higher than this and it may be a useful surrogate marker for 
autoimmune urticaria [167], particularly in the presence of a low 
total IgE [168]. 

Further tests depend on the history. Routine biochemistry, com- 
plement levels, serum proteins and electrophoresis, serum immuno- 
globulins, non-organ-specific and organ-specific autoantibodies, 
specific IgE and fastidious searching for evidence of infection 
are not indicated [169]. There is currently no simple clinical test 
for serum histamine-releasing autoantibodies. The ASST appears 
to be a reasonably sensitive and specific marker for a positive 
serum basophil histamine release assay [170], but is no longer 
much used since it is not specific for functional autoantibodies 
and there are regulatory concerns about skin testing with blood 
products. The basophil histamine release assay and basophil acti- 
vation tests are useful to demonstrate functional autoantibodies 
indirectly but are not routinely available and are not specific for 
chronic urticaria. C4 complement should be measured as a screen- 
ing test for hereditary or acquired C1 esterase inhibitor deficiency 


if angioedema presents without weals. It is reduced and rarely, if 
ever, reaches normal values even between attacks of C1 esterase 
deficiency angioedema. Functional C1 esterase inhibitor is reduced 
in hereditary and acquired disease. A lesional skin biopsy should be 
considered if weals persist for more than 48 h and do not respond 
to antihistamines. Urticarial vasculitis or delayed pressure urticaria 
is then suspected. 


Management (Figure 42.12) 

Advances in the pharmacological treatment of chronic urticaria 
have transformed management for patients with severe disease; 
however, treating the cause (where one can be identified), avoidance 
of aggravating factors and triggers and managing co-morbidities 
are important. Explanation and non-specific measures, including 
the wearing of loose-fitting clothing and application of soothing 
creams containing menthol, may be helpful. Patients should min- 
imise identifiable aggravating factors including overheating, stress 
and alcohol. Aspirin, aspirin-containing compounds and other 
NSAIDs should be avoided if possible. Paracetamol is usually a 
satisfactory alternative. Selective COX-2 inhibitors may be tolerated 
by aspirin-sensitive patients if an anti-inflammatory drug is essen- 
tial. If food additives, colourings or preservatives are suspected to 
be a problem, diets excluding these substances may be of value 
for a limited number of patients. Pharmacological therapies can 
be first, second or third line, the choice of treatment depending 
upon the response to previous measures and the degree of impair- 
ment in quality of life for the patient. The strongest quality of 
evidence is for non-sedating H, antihistamines and omalizumab 
(anti-IgE) and these dominate current evidence-based guidelines 
[171,172]. However, there remain a place for low-evidenced treat- 
ments that can be targeted at specific indications and a need for 
better, safer, cost-effective treatments for the different presentations 
of acute and chronic urticaria in the future. Even though many 
treatments suppress the symptoms of urticaria, there are currently 
no cures. 


First line 

Non-sedating second-generation H, antihistamines are the first 
line treatment of all types of urticaria. They are rapidly absorbed, 
reaching peak serum concentrations in 1-3 h, and are often effective 
for mild disease as monotherapy. However, some are metabolised 
in the liver, and some active metabolites have a longer half-life 
than the parent compound (e.g. desloratadine, the active metabolite 
of loratadine). The main pharmacokinetic and clinical properties of 
second-generation antihistamines currently licensed in the UK are 
summarised in Table 42.2. 

The second generation of potent, specific, low-sedation H, anti- 
histamines are now the treatment of choice. Their main advantage 
is low sedation at doses recommended by the manufacturer and 
with minimal anticholinergic side effects, although an occasional 
individual may develop sedation with any of them. They are at least 
as effective as hydroxyzine and generally as effective as each other. 
There is no evidence that tolerance develops. Very rarely, antihis- 
tamines appear to make urticaria worse. This has been reported 
anecdotally with cetirizine but clinical experience suggests that 
most if not all antihistamines may be implicated in those who are 
affected. 


RECOGNISE AGGRAVATING 
FACTORS, MINIMISE TRIGGERS 
WHERE POSSIBLE 


Overheating (active and 
passive) 


FIRST LINE 


licence)* 


Tight clothes 

Stress (emotional and 
physical) 

Sleep deprivation THIRD LINE 
Acute viral infections 
Alcoholic beverages 


Dietary pseudoallergens, . 
e.g. histamine, salicylate, 
food additives 

AVOID 

e = Aspirin and NSAIDs 


e¢ Caution with opiates 


TREAT THE CAUSE 
MANAGE CO-MORBIDITIES 


NON-RESPONDERS 
e Reconsider diagnosis 


PHARMACOLOGICAL TREATMENTS 


Recommend: 2nd-generation H1 antihistamines (up to fourfold above 


Consider: add-on trial of montelukast + H2 antihistamine 
SECOND LINE (specialist care) 

Recommend: omalizumab 

Consider: ciclosporin (especially for autoimmune CSU)** 


Consider: targeted therapies*** 

RESCUE TREATMENT 

Short courses of prednisolone up to 0.5 mg/kg (e.g. acute severe 
exacerbations, angioedema only) 


e¢ Consider mixing second and third line drugs 


* See caution about up-dosing above licence (text) 


** Increased anti-TPO and low IgE as potential surrogate markers for positive basophil histamine release or activation assays 
*** Low-evidence drugs used off-label for targeted phenotypes (see Box 42.8) 


Figure 42.12 Management of chronic spontaneous urticaria. CSU, chronic spontaneous urticaria; IgE, immunoglobulin E; NSAIDs, non-steroidal anti-inflammatory drugs; 


TPO, thyroid peroxidase. 


Acrivastine (adult dose 8 mg three times a day) has a rapid onset 
and duration of action and is excreted predominantly in the urine. 

Cetirizine (adult dose 10 mg/day) is poorly metabolised in the 
liver and is excreted, predominantly in the urine, unchanged. It is 
also rapidly absorbed. It is more sedative than placebo in some stud- 
ies and is best taken at night. There are no studies to show that its 
active enantiomer, levocetirizine, has an advantage in the treatment 
of chronic urticaria. 

Fexofenadine (adult dose 180 mg/day) is the active metabolite 
of terfenadine (now withdrawn) but appears to be devoid of 
cardiotoxicity at clinically relevant doses and has the widest thera- 
peutic window of the second-generation antihistamines in terms of 
being least likely to cause sedation. 

Loratadine (adult dose 10 mg daily) is a derivative of azatadine. 
Although loratadine is metabolised in the liver by cytochrome 
P450, so far not clinically proven, relevant drug interactions have 
been reported. It is not clear whether its metabolite, desloratadine 
(adult dose 5 mg daily), offers a clinical advantage in urticaria. 

Rupatadine (adult dose 10 mg daily) is a low-sedation anti- 
histamine that is also effective in chronic urticaria. It should not 
be administered with other drugs that inhibit CYP3A4 such as 
erythromycin or ciclosporin. 

Low-sedation antihistamines are used to control the symptoms 
of urticaria but do not influence the disease course. Individual 
response is variable, but adequate dose and timing in relationship 
to maximal urticarial activity are important. If one antihistamine 
does not work it is worth trying another. Increasing the dose of 
second-generation H, antihistamines up to fourfold above licence 


in adults when lower doses do not provide adequate symptom con- 
trol has become common practice. This is a strong recommendation 
in the latest international consensus paper on urticaria [171] and in 
the guidelines of the British Association of Dermatologists [172]. 
Although it used to be common practice to recommend additional 
sedating antihistamines at night when sleep was disturbed, there 
is evidence that this is no more effective than increasing the dose 
of a second-generation antihistamine and it may cause unwanted 
sedation the following day [173]. 

The use of classic antihistamines is limited by their side effects, 
including sedation, anticholinergic properties and paradoxical 
excitation in children. There may be carry-over effects of sedation 
in the morning and patients should be warned of this. Hydroxyzine 
is the most potent of the classic antihistamines. Twenty-five mil- 
ligrams of hydroxyzine is equivalent to 10 mg of cetirizine. A few 
classic antihistamines are available for parenteral administration 
(e.g. chlorphenamine, promethazine). 


Adverse effects of antihistamines. Sedation is the major risk of 
classic antihistamines and may be seen in some patients with 
second-generation antihistamines, particularly at above licensed 
doses. Concerns about the potential cardiotoxity of antihistamines 
have receded since terfenadine and astemizole were withdrawn 
from the market. Elucidation of the HERG1 gene encoding the major 
K* cardiac repolarisation channels offers a molecular understand- 
ing of the cardiotoxic properties of terfenadine and astemizole, 
which block the channels at clinically relevant concentrations [174]. 
Mizolastine, which also undergoes limited conversion by hepatic 
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Table 42.2 Properties of currently licensed non-sedating H, antihistamines in the UK. 


(a) Pharmacokinetic properties 


Th (h) 
5xT% Principal 
Name een) Adults Children (days) elimination 
Acrivastine 1.5 15 <1 Renal 
Bilastine 
Cetirizine 0.5-1 10 2 Renal 
Levocetirizine 0.9 8 6 2 Renal 
Loratadine 1(2 h after food) (8.4) (2) Hepatic (CYP3A4) 
Desloratadine 3 27 6 Hepatic 
Fexofenadine 1-3 11-15 3 Biliary 
Mizolastine 1.5 13 3 Hepatic 
Rupatadine 0.75 5.9 1.25 Hepatic 
(b) Clinical properties 
Interaction 
Dose Age 
Drug (mg) (years)? Sedation Metabolism Drug Food 
Acrivastine 24 >12 - - - - 
Bilastine 
Cetirizine 5-10 22 +/- - - - 
Levocetirizine 5 22 +/- - - - 
Fexofenadine 180 >12 - - - 
Loratadine 5-10 >2 - + + - 
Desloratadine 1.25-5 31 - + - - 
Mizolastine 10 >12 - + + - 
Rupatadine 10 212 - + + + 


@ Current UK licence. 


CYP3A4, is able to block HERG1 channels to some degree. Its use 
with drugs that prolong the Q-T interval —- such as amiodarone, 
quinidine, neuroleptic drugs and tricyclic antidepressants — and 
with electrolyte disturbance should be avoided. The classic anti- 
histamines hydroxyzine and diphenhydramine may induce Q-T 
prolongation, emphasising that higher than licensed doses of these 
antihistamines should be used only with caution. 


Antihistamines in pregnancy. Antihistamines cross the placenta. 
There is no reliable evidence that they are teratogenic, but they 
should be avoided in pregnancy and particularly in the first 
trimester if possible. Current guidelines on urticaria support the 
use of cetirizine and loratadine beyond the first trimester of preg- 
nancy if the benefits of an antihistamine are considered to outweigh 
any risks of administration for an individual patient [171,172]. 
Chlorphenamine has been used based on its long availability and 
excellent safety record. However, cardiotocography demonstrates 
reduced fetal heart rate consistent with sedation during treatment 
of pregnant women with first-generation antihistamines, although 
it is not clear whether this has long-term effects. 


Antihistamines in childhood. The principles of prescribing of anti- 
histamines in childhood are the same as for adults, with second- 
generation non-sedating antihistamines being preferred. Doses 
should follow the relevant manufacturer’s recommendations. 


Second line 

Omalizumab. Large phase III studies of omalizumab (anti-IgE) 
showed very good results in H, antihistamine-unresponsive chronic 
spontaneous urticaria [175,176]. The patient population in the piv- 
otal GLACIAL study took H, antihistamines at above approved 
doses with or without H, antihistamines and montelukast, compar- 
ing 300 mg omalizumab every 4 weeks versus placebo. The data 
were used by the National Institute for Health and Care Excellence 
(NICE) as the basis for subsequent approval in the UK of omal- 
izumab for severe chronic spontaneous urticaria not responding 
to full-dose H, antihistamines with montelukast at 300 mg every 
4 weeks. Subsequent studies showed that omalizumab is effective 
and safe in patients with chronic spontaneous urticaria treated for 
48 weeks and that most patients retreated with omalizumab after 
relapse following withdrawal regained symptomatic control. Omal- 
izumab reduced angioedema-burdened days per week by threefold 
when compared with placebo in patients with chronic spontaneous 
urticaria and angioedema, with first recurrence of angioedema 
after 57-63 days with omalizumab and <5 days with placebo [177]. 
Shortening dose intervals or increasing the dose can benefit patients 
with inadequate response to standard-dosed omalizumab. Patients 
with partial response to omalizumab treatment experienced sub- 
stantial or complete response when switched to 450 mg/month or 
600 mg/month where funding allows [178]. A systematic review 
of more than 40 studies including several investigator-initiated 
randomised controlled trials showed that omalizumab treatment 
in patients with chronic inducible urticaria results in substantial 
or complete response in most patients [179]. The evidence for the 
efficacy of omalizumab in patients with chronic inducible urticaria 
when used off-label is strongest for symptomatic dermographism, 
cold urticaria, solar urticaria and cholinergic urticaria. 


Ciclosporin. Ciclosporin at 2.5-3.5 mg/kg/day for 1-3 months 
improved or temporarily cleared severe urticaria in the majority 
of patients [180,181] and its efficacy has been confirmed in a ran- 
domised placebo-controlled study at 4 mg/kg/day for 4 weeks 
[182]. Fewer therapeutic failures occurred with a reducing dose of 
ciclosporin over 4 months than over 8 weeks [183], although the 
optimal dose and duration of treatment have yet to be defined. 


Rescue medication 

Corticosteroids. Oral corticosteroids are effective in severe urticaria 
at high doses (e.g. prednisolone 0.5 mg/kg/day) and may be used 
as rescue treatment over 1-3 days for angioedema in chronic 
urticaria. Prolonged use should be avoided because of the risk of 
side effects. Oral corticosteroids have been used for disease control 
in severe delayed pressure urticaria and urticarial vasculitis, but 
every attempt should be made to minimise their dose and duration. 


Epinephrine. Epinephrine (syn. adrenaline) (300-500 pg by intra- 
muscular injection) may be needed very rarely for anaphylaxis 
complicating chronic urticaria (e.g. cold urticaria or food- and 
exercise-induced anaphylaxis) or histaminergic non-hereditary 
angioedema causing respiratory compromise in acute urticaria. 
It acts rapidly by vasoconstriction and by stabilising mast cells 
through f-adrenoceptor stimulation. 


Third line (targeted therapies) 

Beyond antihistamines, it is often possible to use additional treat- 
ments off-label that have been shown by clinical experience or lim- 
ited trial evidence to benefit specific presentations of urticaria or 
specific populations (Box 42.8). 


Box 42.8 Targeted therapies 


Pharmacological 
e Antidepressants: 
¢ Doxepin 
e H, antidepressants: 
e Famotidine 
e Nizatadine 
¢ Cimetidine 
e Anticoagulants: 
¢ Warfarin 
¢ Heparin 
¢ Immunosuppressives: 
¢ Methotrexate 
¢ Mycophenolate 
e Azathioprine 
¢ Immunomodulators: 
e Hydroxychloroquine 
e Plasmapheresis 
e Intravenous immunoglobulins 
¢ Leukotriene receptor anatagonist: 
¢ Montelukast 
¢ Sulphones 
¢ Dapsone 
¢ Sulphasalazine 


Non-pharmacological 
e Phototherapy/PUVA 
e Diet 

e Psychological 


PUVA, psoralen and ultraviolet A. 


Pharmacological treatments 

H, antihistamines. Combining an H, antihistamine with a non- 
sedating H, antihistamine may be more effective for redness and 
wealing (but not itch) although there is little published evidence 
from clinical trials. Famotidine or nizatidine as alternatives to ran- 
itidine (currently unavailable) are preferable to cimetidine, which 
has antiandrogenic side effects and potential drug interactions. 


Leukotriene receptor antagonists. These have been shown to 
benefit aspirin-sensitive urticaria and may be of value in delayed 
pressure urticaria and autoimmune urticaria when added to 
antihistamines [184]. 


Doxepin. Doxepin, a tricyclic antidepressant with H, and H, anti- 
histaminic activity, may be used at night in a starting dose of 10-30 
mg, but it also reacts with a-adrenergic receptors and should not be 
taken with monoamine oxidase inhibitors. It may help with sleep 
disturbance and anxiety but is unlikely to be effective as an antide- 
pressant at the lower doses used for urticaria. 


Anabolic steroids. Danazol may be beneficial for patients with 
refractory cholinergic urticaria [185], but it is more likely to be 
tolerated by men than women because it potentially has unwanted 
virilising effects. 


Thyroxine. Thyroxine has been reported to reduce urticarial activ- 
ity in some clinically euthyroid patients with thyroid autoimmunity 
but clinical experience has been disappointing [186]. 


Sulphonamides. Sulphasalazine [187] and dapsone [188] may be 
useful for delayed pressure urticaria, especially when oral corti- 
costeroids are otherwise required for disease control, although the 
literature on these useful agents is small. 


Tranexamic acid. Tranexamic acid may suppress non-histaminergic 
idiopathic angioedema [189]. 


Immunomodulatory and immunosuppressive treatments. Plas- 
mapheresis improved six out of eight patients with autoimmune 
urticaria for 3-8 weeks only [190], highlighting the likely rele- 
vance of functional autoantibodies to disease activity. Intravenous 
immunoglobulin infusions, at 0.4 g/kg/day for 5 days (total 2 g), 
improved 9 out of 10 patients, 2 of whom remained clear for 
2 years [191], but controlled studies are unavailable. Open stud- 
ies of tacrolimus [192] and mycophenolate mofetil [193] suggest 
that they may have similar efficacy in severe chronic spontaneous 
urticaria. There is an anecdotal literature on methotrexate [194] and 
cyclophosphamide [195]. Azathioprine was found to be non-inferior 
to ciclosporin [196]. 


Non-pharmacological treatments. Narrow-band ultraviolet B 
phototherapy may help some patients with chronic urticaria [197], 
especially those with symptomatic dermographism [198], although 
controlled studies are needed. Cold desensitisation may be effective 
for well-motivated patients with cold contact urticaria [199]. There 
is an anecdotal literature on ‘curative’ antibiotic therapy for the 
same group [200]. A whole person treatment approach to explore 
unique meanings and emotional states resulted in a significant 
clinical benefit for symptoms in a small series of patients with 
chronic urticaria [201]. Autologous blood or serum injection was 
no better than placebo for chronic spontaneous urticaria in a recent 
meta-analysis [202]. 
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Recurrent angio-oedema w 
weals 


Definition and nomenclature 

Angio-oedema is a deep, localised and self-limiting swelling of 
the skin and submucosal tissues due to a temporary increase in 
vascular permeability resulting from vasoactive mediators. 

Angio-oedema without weals should be considered separately 
from angio-oedema with weals. The former may be a presenta- 
tion of the uncommon but very important bradykinin-induced 
angio-oedemas, including hereditary angio-oedema (HAE), or the 
much more common mast cell mediator-induced angio-oedema, 
sometimes also called histaminergic angio-oedema. The latter 
falls within the spectrum of spontaneous or inducible urticarias 
(Chapter 42) resulting from mast cell degranulation. Bradykinin- 
induced angio-oedema may cause fatal laryngeal obstruction 
or painful bowel obstruction, sometimes presenting as an acute 
abdomen. Mast cell mediator-induced angio-oedema, by compar- 
ison, is a common presentation of spontaneous urticaria and may 
occur without weals. It affects the skin and/or oropharynx, but 
life-threatening laryngeal involvement in chronic urticaria does not 
occur even though patients may describe throat symptoms and the 
bowel is never affected. 

The spectrum of disease includes HAE and acquired angio- 
oedema (AAE). The former is always bradykinin mediated and 
is usually linked to Cl-esterase inhibitor (C1-INH) deficiency or 
impaired function. The latter is either mast cell mediator mediated 
in patients with urticaria, or bradykinin mediated in patients with 
angio-oedema due to acquired C1-INH deficiency or angiotensin- 
converting enzyme inhibitor (ACE inhibitor)-induced angio- 
oedema (Table 43.1). It is nearly always possible to distinguish 
between these subtypes of angio-oedema, or at least suspect the 
correct diagnosis, by careful history taking and appropriate blood 
tests. 


istorically as Quincke’s oedema or angioneurotic 


d C1-INH deficiency was formerly known as AAE 
ended for all types of non-HAE [1] 


Introduction and general description 

Angio-oedema without weals affects the subcutaneous and sub- 
mucosal tissues rather than the dermis. Almost any part of the 
body may be involved, but the most common sites are the lips 
(Figure 43.1), eyelids and genitalia due, in part, to the laxity of the 
dermal and subcutaneous tissues at these sites. The tongue and 
pharynx may also be affected, but this is much less common in mast 
cell mediator-induced angio-oedema than bradykinin-induced 
angio-oedema. Individual lesions may be either single or multiple, 
unilateral or symmetrical, and may appear suddenly. Itching is 
often absent. The lesions last from a few hours to several days. They 
resolve without scaling or dryness. 


Mast cell mediator-induced angio-oedema 

Mast cell mediator-induced angio-oedema without weals is mainly 
spontaneous (syn. histaminergic, idiopathic). Around 5% of 
patients with chronic spontaneous urticaria develop angio-oedema 
without weals. Delayed pressure urticaria weals are usually 
deep and may resemble angio-oedema. A rare presentation of 
inducible urticaria, vibratory angio-oedema, appears to be caused 
by IgE-independent vibration-induced mast cell degranulation. 


Hereditary angio-oedema 

This is a rare disorder, accounting for fewer than 2% of all cases of 
angio-oedema without weals. A family history is usually, but not 
always, present because up to 25% of cases appear to result from 
de novo mutations of C1-INH. However, it must be remembered 
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Table 43.1 The different types of angio-oedema presenting without weals.? 


Mast cell mediator induced Bradykinin induced 


Chronic spontaneous urticaria without weals — Hereditary angio-oedema (HAE) 


e Known causes Type 1 and Type llb © Type | (C1-INH concentration low) 


autoimmunity © Type Il (C1-INH activity low) 


e Unknown cause (idiopathic) e HAE with normal C1-INH 
Chronic inducible urticarias (only rarely present Acquired angio-oedema 
with pure angio-oedema), e.g. . ae 
e Acquired C1-INH deficiency 


e Vibratory angio-oedema ¢ Drug induced (e.g. ACE inhibitor) 


e Cholinergic urticaria spectrum 


*In some patients, acquired angio-oedema is idiopathic and not linked to mast cell 
mediators or bradykinin. The prevalence of this entity is unknown and it is poorly 
defined as there are no diagnostic tests. 


(a) 


(b) 


Figure 43.1 Spontaneous mast cell mediator-induced angio-oedema of the lips, 
(a) during and (b) 3 days after an attack. Courtesy of St John’s Institute of Dermatology. 


that a family history of urticaria is not infrequent because the 
estimated lifetime prevalence of all types of urticaria (acute and 
chronic) is in the region of 20%. Spontaneous urticaria can also 
occur in an HAE patient as an exceptional event. HAE due to 
C1-INH deficiency (CI-INH-HAE) is the most common form of 
HAE. It results from a quantitative (Type 1, approximately 85% 
of patients) or functional (Type 2, approximately 15%) deficiency 
of C1-INH. C1-INH, which is synthesised in the liver, is the main 
plasma serine-protease inhibitor in the contact system, the activa- 
tion of which through Factor XII (FXII) results in the generation of 
bradykinin. Types 1 and 2 C1-INH-HAE are caused by mutations 
in the C1-INH gene, SERPING 1, and show autosomal dominant 
inheritance [2]. 

Several types of HAE with normal C1-INH (nC1-INH-HAE) have 
been reported [3]. The clinical appearance of nC1-INH-HAE is sim- 
ilar to that of C1l-INH-HAE but most patients are female and their 
C1-INH and complement levels are normal. As of now, six types of 
nC1-INH-HAE have been linked to distinct mutations. The genes 


affected include F12 (Factor XII) [4], PLG (plasminogen) [5], ANGPTI 
(angiopoietin-1) [6], KNG1 (kininogen-1) [7], MYOF (myoferlin) [8] 
and HS3ST6 (heparan sulfate 3-O-sulfotransferase 6) [9]. FXII-HAE, 
PLG-HAE and KNGI-HAE are considered to be bradykinin- 
mediated forms of recurrent angio-oedema with excess formation 
of bradykinin, whereas ANGPT1-HAE and MYOF-HAE are held 
to be due to vascular endothelial growth factor (VEGF) receptor 
modulation and VEGF signal transduction. 


Angiotensin-converting enzyme inhibitor-induced 
angio-oedema 

ACE inhibitors (ACEi) may cause angio-oedema by inhibiting 
ACE (kininase II) resulting in reduced bradykinin metabolism 
(Figure 43.2). Most cases develop within 3 weeks of commencing 
treatment, but can occur at any time, even more than 10 years after 
starting. It is a class effect seen with all ACEi and only occasionally 
with angiotensin receptor blockers. Angio-oedema affects predom- 
inantly the face and oropharynx. Symptoms may be severe and 
laryngeal involvement may be life threatening. Gliptins and mTor 
inhibitors augment the risk of angio-oedema with ACEi [10,11]. 
Sacubitril-valsartan is an angiotensin receptor-neprilysin inhibitor 
combination drug (ARNI) used in the management of heart fail- 
ure with reduced ejection fraction. ARNIs should not be given to 
patients with previous angio-oedema to an ACEi, because they 
cause angioedema at rates similar to ACEi. 


Epidemiology 

Incidence and prevalence 

Mast cell mediator-induced angio-oedema is the commonest pre- 
sentation of angio-oedema without weals, representing 5-10% of 
patients with chronic spontaneous urticaria. The prevalence of 
HAE types 1 and 2 is around 1:50000 (ie. a lifetime prevalence 
of 0.002%) without evidence of any sex, ethnic or racial differ- 
ences [2]. More than 400 and 100 patients with FXII-HAE and 
PLG-HAE have been reported, respectively. Only a few families with 
ANGPT1-HAE, KNG1-HAE, MYOF-HAE and 3-OST-6-HAE have 
been described as of now. ACE inhibitor-induced angio-oedema 
affects up to 1% of patients on treatment with a 3.5-4.0-fold 
higher incidence in those with an Afro-Caribbean ethnicity [1]. 
Angio-oedema due to acquired C1-INH deficiency is extremely 
rare; its prevalence is unknown. 


Age 

Mast cell mediator-induced angio-oedema can present at any age 
but more often in the fourth or fifth decades of life in line with 
chronic spontaneous urticaria. Over 75% of patients with HAE 
will have had their first attack by the age of 15 years although 
onset may be delayed until adult life [12]. ACE inhibitor-induced 
angio-oedema is predominantly a problem of older people requiring 
antihypertensive treatment. 


Sex 

Mast cell mediator-induced angio-oedema and ACE inhibitor- 
induced angio-oedema [1] are more common in women. There is 
no sex bias for HAE types I or I, but HAE with normal C1-INH 
presents mainly in women. 


Recurrent angio-oedema without weals 43.3 


LMWK 


Tissue 
kallikrein 


Kallidin 


Figure 43.2 Bradykinin formation and breakdown. 
Bradykinin is formed predominantly from 
high-molecular-weight kininogen (HMWK) by plasma 
kallikrein. Binding of bradykinin to the B2 receptor 
(B2R) on the endothelium of small blood vessels causes 
vasodilatation and vasopermeability. Bradykinin is 
broken down by a multistage process primarily involving 
angiotensin-converting enzyme (ACE), also known as 
kininase Il. LMWK, low-molecular-weight kininogen. 


Ethnicity 

There is no known racial or ethnic predilection for any type of 
angio-oedema without weals except for ACE inhibitor-induced 
angio-oedema where the incidence can be as high as 4% in patients 
of Afro-Caribbean ancestry taking an ACE inhibitor. 


Associated diseases 

Mast cell mediator-induced angio-oedema is associated with thy- 
roid autoimmunity in common with spontaneous urticaria [13]. 
Although a weak association between HAE with autoimmune 
diseases, including Sjégren syndrome and systemic lupus erythe- 
matosus, has been proposed [14], a large case-control study found 
no increase in the prevalence of autoimmune disease in HAE [15]. 
However, the severity and effectiveness of long-term treatment 
of HAE were influenced by the autoimmune disorder in affected 
patients. 


Pathophysiology 

Mast cell mediator-induced angio-oedema without weals 
Most cases are due to mast cell degranulation as evidenced by their 
response to H, anti-mast cell mediator drugs and omalizumab, 
a monoclonal antibody that specifically binds to free human 
immunoglobulin E. The cause of degranulation is held to be auto- 
allergic and autoimmune mechanisms with functional IgE and IgG 
autoantibodies in common with spontaneous urticaria (Chapter 42). 
Stress, infections and non-steroidal anti-inflammatory drugs are 
held to trigger mast cell mediator-induced angio-oedema in some 
patients. A few patients with angio-oedema resembling C1-INH 
deficiency with normal investigations, no family history and no 
response to H, antihistamines are thought to have idiopathic 
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non-histaminergic angio-oedema but little is known about this 
entity because it is difficult to diagnose (see footnote to Table 43.1). 


ACE inhibitor-induced angio-oedema 

ACE cleaves bradykinin and ACE inhibitors prevent this resulting 
in an increase in bradykinin levels. However, several enzymatic 
pathways are involved in bradykinin degradation and the patho- 
physiology is more complicated than is often assumed (Figure 43.2). 


Acquired idiopathic angio-oedema 

In some patients, acquired angio-oedema is idiopathic and not 
linked to mast cell mediators or bradykinin. The prevalence of this 
entity is unknown and it is poorly defined as there are no diagnostic 
tests. 


Hereditary angio-oedema 

Patients with HAE types I and II are deficient in a natural inhibitor 
of C1-INH, which is made under genetic control in the liver. It 
has an autosomal dominant pattern of inheritance. It seems to 
require the activity of both alleles of SERPING1 to maintain normal 
levels. The inhibitor is present either in reduced amounts (Type I) 
or, in 15% of affected families, in an inactive form, although it 
can be detected in normal amounts immunologically (Type 2). 
NC1-INH-HAE, which was initially referred to as HAE type III 
or oestrogen-dependent angioedema [16] because the original 
cases were exclusively in women, results from mutations that do 
not affect C1-INH. The diagnosis of HAE with normal C1l-INH 
is defined by a family history of recurrent angio-oedema with- 
out weals in more than one generation with normal C1-INH and 
confirmed by genetic testing. 
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C1-INH is a natural inhibitor of the activated first component 
of complement, kallikrein and the fibrinolytic and intrinsic coagu- 
lation systems. Attacks are triggered by stimuli that activate FXII 
(Hageman factor) and hence consume the deficient inhibitor. This 
C1-INH deficiency may be detected antigenically, but functional 
assays are necessary to confirm type II HAE. Most components 
of complement are normal, but C, is nearly always low during, 
after and usually between attacks. The diagnostic work-up in 
patients suspected of having HAE should therefore include mea- 
surements of C, as well as C1-INH levels and function. There is 
no clear correlation between the clinical severity and laboratory 
abnormalities. 


Angio-oedema due to acquired C1-INH deficiency 

Two types are recognised. Type 1 is due to continuous activation 
of complement by lymphoproliferative disease, including parapro- 
teinaemia due to increased catabolism of C1-INH. Type 2 is due 
to autoantibodies that recognise C1-INH and inactivate it with- 
out triggering its target proteases. Both forms will have reduced 
antigenic and functional C1-INH levels. 


Infections 
There is some evidence that HAE may be destabilised by Helicobacter 
pylori infection of the stomach [17]. 


Genetics 

Types I and II HAE are inherited as an autosomal dominant trait 
on chromosome 11q 12.1. Over 500 different mutations of the gene 
controlling C1-INH (SERPING1) have been identified. Gain-of- 
function mutations of F12 that have been described in about 
20% of patients with nC1-INH-HAE relate to north European 
ancestry [18]. NC1-INH-HAE has autosomal dominant inheri- 
tance. Other types of C1-INH-HAE are linked to mutations in 
PLG, ANGPT1, KNG1, MYOF and HS3ST6. A missense variant in 
ADGRE2 has been described in patients with autosomal dominant 
vibratory angio-oedema [19] presenting with or without weals. 


Environmental factors 

All types of HAE are aggravated by oestrogen in contraceptive 
and hormone replacement therapies [20] but not non-steroidal 
anti-inflammatory drugs (NSAIDs). 


Clinical features 

Mast cell mediator-induced angio-oedema 

The presentation of mast cell mediator-induced angio-oedema 
without weals is the same as angio-oedema that presents in 
patients with spontaneous urticaria who also exhibit weals (Chapter 
42). Oro-pharyngeal involvement is unusual and life-threatening 
laryngeal oedema does not occur. Abdominal angio-oedema does 
not occur. 


ACE inhibitor-induced angio-oedema 

Swellings are confined to the face and oropharynx. Larnygeal 
angio-oedema may occur and may be fatal without prompt recogni- 
tion and treatment. Rare abdominal symptoms due to small bowel 
oedema have been reported [21]. 


Hereditary angio-oedema 

The clinical picture of HAE usually facilitates strong suspicion of 
the diagnosis before laboratory confirmation. There are recurrent 
swellings of the skin and mucous membranes throughout life, often 
associated with nausea, vomiting, colic and urinary symptoms. 
These attacks may occur regularly every few days or weeks or may 
be less frequent. Abdominal symptoms may occur in the absence of 
skin changes and cause great diagnostic difficulty. In one series [22], 
34% of patients had undergone abdominal surgery. Pharyngeal, 
laryngeal and even bronchial involvement are especially significant 
and dominate the prognosis. The skin and mucosal lesions are 
often solitary and may be painful. They seldom itch and they may 
occur spontaneously or after trauma; dental trauma and intubation 
are especially hazardous. Weals do not occur, but many patients 
exhibit a rather distinctive reticulate erythema, perhaps with min- 
imal oedema, which occurs prodromally [23] (Figure 43.3). A few 
patients have a relatively minor disability and most patients are 
severely debilitated. In other families, before the advent of modern 
therapy, over 20% of patients used to die of respiratory obstruction 
before early middle age, and fatalities still occur and remain a 
risk [24]. 


Clinical variants 

Systemic capillary leak syndrome (syn. Clarkson syndrome). 
This is a rare syndrome in which there are dramatic recurrent 
episodes of exudation of fluid into various organs including the 
skin. Angio-oedema has been reported. A severe shock-like state 
may ensue and the eventual mortality is high. There is an IgG 
paraproteinaemia [25]. 


Episodic angio-oedema with eosinophilia (syn. Gleich syndrome) 
[26]. Recurrent episodes of angio-oedema associated with pyrexia, 
blood eosinophilia and infiltration of the dermis with eosinophils 
have been described. There is no evidence of systemic involvement 


Figure 43.3 Reticulate prodromal erythema seen in some families with hereditary 
angio-oedema (HAE). ‘Chicken-wire’ reticulate erythema/urticaria, non-pruritic, on the 
trunk of a woman aged 38 years who had had numerous episodes over many years, 
each one lasting many hours or even days. Many attacks, but not all, were followed 
within 24h by classical attacks of HAE, confirmed by history and laboratory 
confirmation of C1-esterase deficiency. Courtesy of Dr A. P. Warin. 


or progression to a cardiomyopathy, in contrast to hypereosinophilic 
syndrome where this is a recognised complication. Each episode 
resolves with prednisolone treatment. During an attack, elevated 
serum levels of interleukin 5 (IL-5) have been demonstrated in some 
cases [27] and IL-6 in others [28]. 


Other differential diagnosis. Other differential diagnosis of angio- 
oedema without weals includes oro-facial granulomatosis, acute 
dermatitis (especially of the eyelids), cellulitis, connective tissue 
diseases and idiopathic scrotal oedema. 


Assessment of disease activity and impact on patients 
Scoring systems for patients for patients with recurrent angio- 
oedema without weals have been published and are used and 
useful in routine clinical practice. They include the angio-oedema 
activity score (AAS, for disease activity) [29], the angio-oedema 
quality of life questionnaire (AE-QoL for disease impact) [30] and 
the angio-oedema control test (AECT for disease control) [31]. They 
are also suitable for use in patients with recurrent angio-oedema 
and weals. 


Disease course and prognosis 

Chronic mast cell mediator-induced angio-oedema usually lasts 
for several months to years. Spontaneous resolution is the rule. 
HAE is lifelong with variations in activity corresponding to envi- 
ronmental factors, lifestyle, drugs (especially exogenous oestrogens 
and ACE inhibitors) and endogenous factors (e.g. puberty and 
pregnancy). The main risk of HAE is suffocation and death [24]. 
Treatment of the underlying B-cell lymphoproliferative disorder 
may lead to resolution of type 1 acquired C1-INH deficiency. ACE 
inhibitor-induced angio-oedema remits after discontinuation of the 
drug but may take up to 6 months to subside after stopping. The 
reason for this is unknown. 


Investigations 

In patients with mast cell mediator-induced angio-oedema, spon- 
taneous and inducible forms should be considered. They can occur 
in the same patient. Severe inflammatory disorders should be 
ruled out by checking C-reactive protein (CRP) and a white blood 
cell differential. Patients with frequent attacks and/or longstanding 
disease should be checked for underlying causes. 

C, complement is a good screening blood test for HAE types I 
and II, especially during attacks. It should be less than 30% of 
mean normal in affected patients [12]. Measurement of functional 
C1-INH is necessary to diagnose type II HAE. Both C, and C1-INH 
will be normal in nC1-INH HAE. C, and functional C1-INH are 
low in acquired C1-INH deficiency and Clq is also reduced. The 
laboratory profile of the different types of angio-oedema without 
weals is shown in Figure 43.4. 


Management 
The management of mast cell mediator-induced histaminergic 
angio-oedema is essentially the same as for chronic sponta- 
neous urticaria patients with weals, except that oro-pharyngeal 
lesions may occur and cause great distress. Non-sedating, second- 
generation H, antihistamines are the first line treatment. They 
should be used on a daily basis until spontaneous remission. 
Higher than standard doses (up to fourfold) may be required 
to achieve sufficient protection [32] (Chapter 42). Omalizumab 
(anti-IgE) is licensed in Europe and the USA for the use of anti- 
histamine refractory cases of chronic spontaneous urticaria and 
should be considered as third line therapy. Emergency treat- 
ment with epinephrine is discussed along with anaphylaxis in 
Chapter 42. 

The treatment of recurrent angio-oedema due to C1-INH defi- 
ciency is completely different and is discussed here. H, anti- 
histamines, steroids and epinephrine are ineffective for HAE 


Normal C1-INH 
Normal function 


Spontaneous 
urticaria 
NSAID 
Inducible 


Figure 43.4 Laboratory profiles of different types of 
angio-oedema without weals. HAE, hereditary 
angio-oedema; NSAID, non-steroidal anti-inflammatory 
drugs. 
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or angio-oedema due to acquired C1-INH deficiency. Oestrogen 
therapies, such as the oral contraceptive pill, and ACE inhibitor may 
induce or exacerbate HAE and should be avoided. Management 
should be considered under emergency treatment of an established 
attack, short-term and long-term prophylaxis (Box 43.1). 


Box 43.1 Treatment summary for angio-oedema 
without weals 


Mast cell mediator-induced angio-oedema 
¢ As for chronic spontaneous urticaria (Chapter 42) 


Bradykinin-induced angio-oedema 
e Hereditary types 1, 2, HAE with normal C1-INH* 
e Emergency 
¢ Icatibant (bradykinin receptor 2 antagonist) (SC) 
e Plasma-derived C1-INH (IV) 
e Recombinant C1-INH (IV) 
e Ecallantide (kallikrein inhibitor) (SC) 
¢ Short-term prophylaxis 
e Plasma-derived C1-INH (IV) 
e Long-term prophylaxis 
e Plasma-derived C1-INH (IV or SC) 
e Lanadelumab (SC) 
e Berotralstat (PO) 
e Tranexamic acid (PO) 
e Anabolic steroids (danazol) (PO) 
e Acquired C1-INH deficiency 
e Emergency 
e Plasma-derived C1-INH 
¢ Icatibant (bradykinin receptor 2 antagonist)* 
¢ Prophylaxis 
e Plasma-derived C1-INH 
e Tranexamic acid 
e Anabolic steroids 
e ? Rituximab® 
e ACE inhibitor-induced angio-oedema 
¢ Stop and avoid all ACE inhibitors 
e ?Icatibant* 


* Unlicensed use. 


Emergency treatment of hereditary angio-oedema 

Purified plasma-derived C1-INH (pdC1-INH) given by bolus 
intravenous infusion based on body weight or the bradykinin 2 
receptor antagonist, icatibant, given by subcutaneous injection [33] 
are the primary emergency treatments for oro-facial or laryngeal 
oedema and abdominal attacks. Twenty units/kg body weight of 
pdC1-INH is recommended. Self-administration by patients at the 
first sign of an attack is now encouraged since it leads to more rapid 
resolution of symptoms and less risk of progression of swellings. 
Symptom relief should be seen within 30-90 min of administra- 
tion but it may take 6-8h for complete resolution. C1-INH is also 
available as a recombinant product prepared from the milk of 
transgenic rabbits [34]. A 60-amino-acid kallikrein inhibitor pro- 
duced by recombinant DNA technology, ecallantide [35], given 
by subcutaneous injection is available only in the USA and a few 


other countries. Solvent detergent-treated plasma, or, when not 
available, fresh frozen plasma containing C1-INH, can be given in 
an emergency if other products are unavailable. 


Short-term prophylaxis of hereditary angio-oedema 
Plasma-derived C1-INH concentrate should be given shortly before 
medical procedures involving trauma, especially dental work or 
intubation during general anaesthetic [3]. For relatively minor 
dental procedures, such as dental cleaning, ensuring availability 
of pdC1-INH or icatibant should be sufficient. Where C1-INH is 
not available, anabolic steroids and plasmin inhibitors, including 
tranexamic acid, may also be used for short-term prophylaxis, for 
example 48 h before and 2-5 days after dental surgery, at the higher 
dose ranges [12]. 


Long-term prophylaxis of hereditary angio-oedema 
Plasma-derived C1-INH replacement therapy and the plasma 
kallikrein inhibitors lanadelumab (SC) and berotralstat (PO) are 
the preferred prophylactic treatment for HAE patients where they 
are available. For pdC1-INH patients, twice-weekly subcutaneous 
or intravenous infusions are sufficient in most patients to greatly 
reduce or completely prevent the occurrence of attacks. With 
lanadelumab, a fully human, monoclonal antibody (IgG1/«-light 
chain) against kallikrein, given every 2 weeks or 4 weeks subcuta- 
neously, most patients experience complete response. Once-daily 
berotralstat, a small molecule oral kallikrein inhibitor, also protects 
from attacks. Both are approved for HAE patients aged 12 years or 
older. 

Attenuated androgens/anabolic drugs such as danazol and 
stanozolol are second-line prophylactic options and should only be 
used when pdC1-INH, lanadelumab or berotralstat is not available. 
They are still used in adults but may not work or be tolerated, 
especially by women in whom androgenic side effects including 
menstrual irregularities, acne and hirsutism may be unacceptable. 
They stimulate production of the deficient inhibitor by the liver 
under the control of the remaining functioning C1-INH allele in 
heterozygotes. The usual starting dose of danazol is 100-200 mg 
daily but lower doses may be effective in some patients [12]. 
Tranexamic acid, an antifibrinolytic that inhibits activation of plas- 
minogen to plasmin at 2.0-4.5 g daily, has been found to help some 
patients, but is contraindicated by a past history of thrombosis or 
inherited thrombophilia. Epsilon aminocaproic acid (not available 
in the UK), 12-18¢ daily is also used. Antifibrinolytics are less 
effective than anabolic steroids but may be useful where C1-INH, 
lanadelumab and berotralstat are unavailable and androgens 
are contraindicated, especially for short-term prophylaxis and in 
children. 


Treatment of angio-oedema due to acquired C1-inhibitor 
deficiency 

Icatibant and C1-INH are the treatment of choice. Lanadelumab and 
berotralstat may be of benefit but there are no reports to support 
this. Danazol is helpful in some cases, but not the autoantibody 
type, which also fails to respond to replacement therapy but may be 
helped by tranexamic acid and corticosteroids. Rituximab has 
been reported to give longlasting improvement [36]. 
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Definition and nomenclature 


Urticarial vasculitis is a rare disease characterised clinically by 
urticarial lesions with histological evidence of leukocytoclastic 
vasculitis. Clinicopathological correlation is essential for diagnosis. 


Introduction and general description 


Urticarial vasculitis is a rare immune-mediated disease charac- 
terised by continued wealing associated with histopathological 
evidence of leukocytoclastic vasculitis [1]. If associated with sys- 
temic involvement, urticarial vasculitis can lead to substantial 
morbidity [2]. Distinguishing between hypocomplementaemic 
(HUV) and normocomplementaemic urticarial vasculitis (NUV) is 
important since the former may have multisystem involvement, 
including nephritis and lung disease, whereas the latter usu- 
ally runs a benign and, ultimately, self-limiting course. Urticarial 
vasculitis is a complex dynamic process with incompletely under- 
stood pathophysiology [3]. The diagnosis relies on both clinical 
features and a lesional skin biopsy and can be challenging in 
clinical practice for both clinicians and histopathologists because 
there is considerable overlap with its main differential diagno- 
sis of chronic spontaneous urticaria [4,5]. Additionally, thorough 


laboratory work-up is essential in patients with urticarial vasculitis 
in view of potential multisystem involvement and the possibility 
of identifying associated diseases relevant to its pathogenesis [6]. 
Successful management of urticarial vasculitis can be difficult and 
includes antihistamines, oral corticosteroids, immunomodulating 
and immunosuppressive agents [7]. Also, biological agents have 
been used in the treatment of urticarial vasculitis [8,9]. 


Epidemiology 


Incidence and prevalence 

The lifetime prevalence of urticarial vasculitis has not been stud- 
ied but may be in the region of 0.025% (estimated as 5% of the 
estimated prevalence of chronic urticaria). It is a rare disease that 
occurs in about 1-20% of patients presenting with a chronic urticar- 
ial illness [2,10,11]. The use of different diagnostic criteria has 
resulted in considerable variation in the reported frequencies of 
urticarial vasculitis in patients with chronic urticarial disease [10]. 
A US-based population study reported an incidence of 0.5 per 
100000 person-years [12]. 


Age 

Urticarial vasculitis may occur at any age but shows a peak 
incidence in the fourth decade of life [4,13]. The incidence of 
hypocomplementaemic variants including urticarial vasculitis syn- 
drome (HUVS) peaks in the fifth decade [14]. All forms are rare in 
children [15]. 
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Sex 

Women are more often affected than men. Studies with a sizeable 
number of patients reported 57-80% of participants to be females 
[16,17,18]. 


Ethnicity 

Ethnic predisposition to urticarial vasculitis is unknown; it has been 
reported primarily in European, American and Asian populations 
[4,7,16]. 


Associated diseases 
Several diseases are associated with urticarial vasculitis [1] although 
it is unknown whether these represent causality or coincidence. 

Common associations with urticarial vasculitis are attributed to 
connective tissue diseases including systemic lupus erythematosus 
[19] and Sjégren disease [20]. Chronic hepatitis B and C are frequent 
associations [13,21] although other infections such as infectious 
mononucleosis [22] and Lyme borreliosis [23] have been also linked. 
Serum sickness represents an acute form of urticarial vasculitis [6]. 
Recently, a number of case reports described urticarial vasculitis 
during or after Covid-19 infection [24-26]. 

Urticarial vasculitis has been reported in association with haema- 
tological disorders (essential cryoglobulinaemia and idiopathic 
thrombocytopenia) and malignancies (non-Hodgkin lymphoma, 
acute non-lymphocytic leukaemia, acute myelogenous leukaemia, 
B-cell chronic lymphocytic leukaemia [27] and immunoglobulin A 
(IgA) myeloma) [7,28,29]. An association between urticarial vas- 
culitis and adenocarcinoma of the colon has also been described 
in a single case report [30]. Although urticarial vasculitis has been 
reported in Schnitzler syndrome [31] it is now accepted that the 
histopathological changes seen in Schnitzler syndrome [32] and 
other urticarial autoinflammatory syndromes should be regarded 
as a neutrophilic urticarial dermatosis (NUD) rather than vasculitis 
(Chapter 45). 


Pathophysiology 


Urticarial vasculitis is a type III hypersensitivity reaction, in which 
intravascular antigen-antibody complexes result in complement 
activation. Its pathophysiology is incompletely understood mainly 
due to great interpatient variability and the scarcity of sequen- 
tial histological studies of disease development and progression. 
Several factors are thought to be of pathogenic importance in this 
disease, including circulating immune complexes, complement acti- 
vation via the classical pathway, mast cell activation, production of 
pro-inflammatory cytokines, endothelial cell activation and damage 
as well as inflammatory cell infiltration, neutrophil karyorrhexis 
and fibrin deposition [2,3,33,34]. 

Urticarial vasculitis predominantly affects postcapillary venules 
in the superficial dermis. The vascular endothelial damage is 
thought to be mediated by circulating immune complexes [34]. 
Deposition of IgG and IgM and C3 within and around the vessel wall 
and at the dermoepidermal junction is a common feature [13,17]. 

Hypocomplementaemia in urticarial vasculitis is consistent 
with complement activation via the classical complement path- 
way caused, presumably, by circulating immune complexes [1,34]. 


Patients with HUVS usually have IgG autoantibodies directed 
against the collagen-like region of Clq (anti-C1q) and low levels of 
Clq [2]. 

A spectrum of autoantibodies has been observed in urticarial vas- 
culitis including antinuclear antibodies, extractable nuclear antigens 
[35], antiphospholipid [19] and antiendothelial antibodies [36]. Skin 
autoreactivity to patient’s serum has been reported occasionally in 
urticarial vasculitis [37] although there has been no systematic study 
to ascertain how commonly this occurs. The pathogenic importance 
of these observations is unclear and further research may elucidate 
their clinical relevance. 

Mast cell activation is thought to occur early in the formation 
of vasculitic lesions [33]. This is associated with the release of the 
pro-inflammatory cytokine tumour necrosis factor-a [33]. Inter- 
leukin (IL)-6 and IL-1 receptor antagonist are also increased in the 
serum of patients with urticarial vasculitis [8]. 

The mechanisms of activation and damage of endothelial cells 
in urticarial vasculitis are poorly understood. Microscopically, 
endothelial cell involvement is characterised by swelling and necro- 
sis [10,38]. Endothelial cell activation is reflected by upregulation 
of cell adhesion molecules [3,33]. In vasculitis, endothelial cell 
activation is known to result in the loss of anticoagulant and fibri- 
nolytic properties, thereby leading to fibrin deposition and fibrinoid 
degeneration of the affected vessels. Also, activation of endothe- 
lial cells contributes to the recruitment of inflammatory cells into 
the perivascular infiltrate [39]. Unresolved questions remain as to 
whether this activation is caused by antiendothelial antibodies, 
complement activation or transmigration of inflammatory cells. 

The dynamic nature of the inflammatory infiltrate has been 
reported [33,40]. In serial biopsies from a patient with exercise- 
induced urticarial vasculitis, eosinophils were the first cells recruited 
at 3 h, followed by neutrophil predominance at 24 h [33]. Histo- 
logical studies have shown extracellular deposition of eosinophil 
peroxidase and neutrophil elastase. Neutrophil-rich infiltration 
with leukocytoclasis is a common feature [18]. As described in other 
autoimmune diseases of the skin such as lupus erythematosus, 
neutrophil extracellular trap formation, that is web-like structures 
of decondensed chromatin, histones, and antimicrobial peptides 
released by neutrophils, were shown in lesional skin of urticarial 
vasculitis too [41]. 

Lymphocytes are thought to be the predominant cells in the 
perivascular infiltrate in the lesions older than 48 h [2,40]. Other 
authors have reported lymphocyte-dominated infiltrates in younger 
lesions as well [42]. The true relevance of lymphocytic infiltration 
to the vasculitic process needs to be clarified further [43]. 


Predisposing factors 

Urticarial vasculitis is considered to be of unknown cause in the 
majority of patients [4] with only few hard data on predisposing 
factors (see Genetics and Environmental factors later). 


Pathology 

Classical histopathological features of fully developed urticarial 
vasculitis are: (i) endothelial cell damage and swelling and loss 
of integrity of the vessel wall; (ii) fibrin deposits in the affected 
postcapillary venules; (iii) neutrophil- or lymphocyte-predominant 
perivascular infiltrate with leukocytoclasis; and (iv) erythrocyte 


extravasation [10,44]. However, not all of these features may be 
present at the same time, thereby causing diagnostic uncertainty. 
Furthermore, the well-recognised continuum of histological changes 
between urticaria and urticarial vasculitis [5,45] may contribute to 
uncertainty over diagnosis. In addition, differences in weal duration 
and body sites may further complicate the histological classification 
of skin biopsies. 

Immunoglobulin G, IgM and/or C3 within or around the vessels 
of lesions is seen more often in patients with hypocomplemen- 
taemic than NUV [13]. Immunoglobulin deposits can also be found 
at the dermal-epidermal junction [17]. However, the detection 
of immunoglobulins or complement within vessel walls largely 
depends on the duration of weals and timing of biopsy. Thus, nega- 
tive immunofluorescence does not rule out a diagnosis of urticarial 
vasculitis [46]. There may be eosinophil predominance in NUV, 
whereas patients with HUV have more neutrophil-rich perivascular 
infiltrates [47]. 

Lymphocytic predominance in perivascular infiltration is often 
seen in skin biopsy specimens from lesions older than 48 h [2]. 
Lymphocytic vasculitis is not a common feature in urticarial vas- 
culitis [43] and the histological diagnosis in these cases should be 
based on the histological evidence of vessel damage with fibrinoid 
degeneration [10]. 


Genetics 

The genetic basis of urticarial vasculitis is largely unknown. It is not 
known to be familial but the concordance of HUVS was described 
in identical twins [48]. Homozygous mutations in DNASE1L3 
encoding an endonuclease have been identified in two families with 
autosomal recessive HUVS [49]. Mutations in DNASE1L3 were also 
linked to familial forms of systemic lupus erythematosus [50]. 


Environmental factors 

Potential causes or triggers include drugs, infections and physical 
factors. Drugs implicated in the development of urticarial vasculi- 
tis include cimetidine, diltiazem, procarbazine, potassium iodine, 
fluoxetine, procainamide and etanercept [1,7,10]. Infections include 
hepatitis B and C, infectious mononucleosis, Lyme disease and lately 
Covid-19. Rarely, the disease is induced by physical factors such as 
exercise and exposure to sun or cold [1]. 


Clinical features 


History 

In some cases, infection or drug intake may precede the onset of 
urticarial vasculitis. Patients complain of recurrent weals which 
are typically painful rather than itchy, lasting longer than 24h and 
often leaving residual hyperpigmentation (Figure 44.1) [2]. Patients 
often complain about fatigue, malaise, musculoskeletal symptoms 
or fever associated with weals [16]. 


Presentation 

Although the duration of the weals is typically longer than 24h, in 
some patients, the weals in urticarial vasculitis are indistinguishable 
from those in chronic urticaria. Evidence suggests that urticarial vas- 
culitis may be an underlying process in 20% of patients with clinical 


Figure 44.1 Urticarial vasculitis lesions resembling weals of chronic spontaneous 
urticaria. These sometimes fade to leave bruising. 


presentations of chronic urticaria resistant to treatment with anti- 
histamines [11]. Of note, two recent studies reported longer weal 
duration as well as occasional bruising in a subgroup of patients 
with chronic spontaneous urticaria showing no signs of vasculitis 
upon skin histopathology [5,18]. In addition to weals, other cuta- 
neous signs in urticarial vasculitis may include livedo reticularis, 
Raynaud phenomenon and very occasionally bullous lesions [10,14]. 
Angioedema occurs in the majority of patients (51-70%) [14,18]. 

Joint involvement is common; usually arthralgia and joint 
stiffness and, rarely, arthritis or synovitis [16,51]. Patients with 
HUV may present with gastrointestinal features including nausea, 
vomiting, abdominal pain, intestinal bleeding or diarrhoea [16]. 
Also, gastrointestinal complaints are frequent in children [15]. Some 
patients develop transient or persistent microscopic haematuria and 
proteinuria [13]. Pulmonary symptoms may include cough, dysp- 
noea or haemoptysis and occasionally the development of chronic 
obstructive pulmonary disease [52]. Leukocytoclastic vasculitis has 
been detected on lung biopsy in these patients [1]. The pulmonary 
involvement tends to be more severe in smokers [1]. Other clinical 
presentations may include lymphadenopathy, splenomegaly or hep- 
atomegaly as well as ocular involvement with uveitis, conjunctivitis 
and scleritis [14]. Rare neurological (pseudotumour cerebri, optic 
nerve atrophy) manifestations and rhinitis or chondritis may occur 
[1,14]. Of interest, a few case reports suggested a distinct association 
of cardiac valvulopathy, Jaccoud arthropathy with HUV [53]. 


Clinical variants 
Urticarial vasculitis can be divided into the following subtypes: 
NUV, HUV and HUVS. The normocomplementaemic variant rep- 
resents the most common and mildest form (about 80% of patients) 
and usually comes without organ involvement [7]. 
Hypocomplementaemic disease tends to be more severe [54]. 
Some authors suggest that HUV and HUVS could be part of a dis- 
ease continuum ranging from isolated vasculitic lesions with low 
complement levels to a more systemic disease with organ involve- 
ment and anti-C1lq antibodies [14]. Hypocomplementaemia is often 
associated with long duration, systemic symptoms and underlying 
disease such as lupus erythematosus. Inflammation of the skin is 
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characterised by diffuse neutrophil-rich infiltrates [7]. Anti-C1q anti- 
bodies are not specific to HUVS. For instance, they may be a useful 
marker of overall disease activity in systemic lupus erythematosus 
and particularly of renal involvement [55]. They are not always 
accompanied by complement consumption, especially at low titres. 

HUVS is the most severe subtype identified in about 5% of 
patients with urticarial vasculitis of more than 6 months’ duration 
[2] with the following diagnostic criteria: (i) biopsy-proven vasculli- 
tis; (ii) arthralgia or arthritis; (iii) uveitis or episcleritis; (iv) recurrent 
abdominal pain; (v) glomerulonephritis; and (vi) decreased Clq or 
presence of anti-Clq autoantibodies [54]. Also, neurologic manifes- 
tations may occur. Not all systemic features are required to make a 
diagnosis. 


Differential diagnosis 

In clinical practice, chronic spontaneous urticaria is the most impor- 
tant differential diagnosis of urticarial vasculitis. The continuum 
of histological changes between urticaria and urticarial vasculitis 
has been well recognised and confirmed by a series of patients 
with intermediate histological features [5,56]. This suggests that 
there may not be a clear-cut histological distinction between these 
two conditions. Therefore, the concept of minimal diagnostic his- 
tological criteria for urticarial vasculitis has been introduced. Some 
authors suggest that leukocytoclasis and/or fibrin deposition with 
or without erythrocyte extravasation may be sufficient for diagnosis 
in difficult cases [10]. A recent study developed a quantitative histo- 
logical tool, the urticarial vasculitis score, to differentiate urticarial 
vasculitis from urticaria by combining the three criteria leukocyto- 
clasia, fibrin deposits and extravasated erythrocytes [18]. Clinically, 
the additional use of dermoscopy may discriminate urticarial lesions 
in urticarial vasculitis (showing purpuric patches) from those in 
chronic spontaneous urticaria (no purpuric patches) [57,58]. Besides 
urticaria, other differential diagnoses of urticarial vasculitis are 
urticarial autoinflammatory diseases such as Schnitzler syndrome 
and cryopyrin-associated periodic syndrome [59]. Schnitzler syn- 
drome is an acquired disease of unknown cause that starts around 
the age of 50 years. It is characterised by recurrent urticarial rash 
combined with a variety of systemic symptoms including fever, 
fatigue, arthralgia and bone pain. Laboratory work-up reveals mon- 
oclonal gammopathy (IgM, rarely IgG) as a defining feature [60]. 
Cryopyrin-associated periodic syndrome is caused by a mutation 
in NLRP3 and usually starts in early childhood. In addition to the 
recurrent urticarial rash, fever and musculoskeletal complaints 
it presents with eye inflammation and sensoneurinal hearing loss 
[61]. As opposed to urticarial vasculitis, urticarial autoinflammatory 
diseases do not show leukocytoclastic vasculitis but neutrophil-rich 
infiltrates only upon skin histology [62]. 


Classification of severity 

Severity of urticarial vasculitis varies from mild to life-threatening; 
there is no established consensus on the severity grading. A 
patient-reported urticarial vasculitis activity score (UVAS) has 
been developed for research applications [8]. Patients with cuta- 
neous involvement only are considered to have milder disease. 
Patients with severe urticarial vasculitis present with hypocomple- 
mentaemia, systemic involvement or treatment-refractory disease. 
HUVS is at the very severe end of the spectrum [2]. 


Complications and co-morbidities 

Patients with urticarial vasculitis may present with renal involve- 
ment (most often microscopic haematuria or proteinuria) at disease 
onset or later in the disease course but it rarely progresses to renal 
failure. Renal biopsy may reveal glomerulonephritis [63]. Patients 
with urticarial vasculitis, who have deposits of immunoglobu- 
lins or complement at the dermal-epidermal junction on direct 
immunofluorescence, are more likely to develop glomerulonephri- 
tis [64]. 

Chronic obstructive pulmonary disease is considered as a 
life-threatening late complication of urticarial vasculitis [2]. Further 
complications include uveitis and scleritis due to ocular involve- 
ment. Also, biopsy-proven gastrointestinal vasculitis has been 
reported in a patient with HUVS [65]. 

Connective tissue diseases and haematological malignancies are 
potential co-morbidities in urticarial vasculitis [7]. More than 50% of 
patients with HUVS develop systemic lupus erythematosus [16,66]. 
In some patients, urticarial vasculitis can be the first presentation of 
these diseases while in others urticarial vasculitis can present in the 
context of these diseases. Lately, thyroid autoimmune disease has 
also been linked to urticarial vasculitis [67]. 


Disease course and prognosis 

In most patients, urticarial vasculitis is a self-limiting disease but 
in some it may last for several years [10]. Patients with NUV lim- 
ited to the skin tend to have a benign disease with a good progno- 
sis. Conversely, HUV is associated with a more severe course and 
more frequent systemic involvement [2]. The most severe course is 
described for HUVS with a high risk for the development of systemic 
lupus erythematosus [66]. In HUVS, chronic obstructive pulmonary 
disease (COPD) or laryngeal angio-oedema can be a life-threatening 
complication [2]. 

Prognosis in urticarial vasculitis depends on the presence of 
systemic involvement. Systemic involvement may occur early on 
although late-onset complications have been described. A recent 
study from Sweden reported a 10-year survival rate of 83% in 
patients with HUV. Reasons for disease-associated deaths were 
COPD and renal failure [68]. 


Investigations (Table 44.1) 


Lesional skin biopsy of lesions over 12 hours old is the cornerstone 
of the diagnosis of urticarial vasculitis (Figure 44.2). Several skin 
biopsies may be required for the confirmation of the diagnosis 
of urticarial vasculitis [10]. Routine use of direct immunofluo- 
rescence on frozen lesional tissue is not recommended unless 
HUV/HUVS is suspected, in which case, an early lesion (<3h) 
should be selected. 

All patients with urticarial vasculitis should undergo a labora- 
tory work-up consisting of full blood count, blood biochemistry 
and C-reactive protein or erythrocyte sedimentation rate. Urinalysis 
and liver function tests are essential in the laboratory work-up 
for systemic involvement [4]. Transient or permanent microscopic 
haematuria or proteinuria can be observed. In the case of abnormal 
urinalysis, 24-h urine protein and creatinine clearance should be 
checked. Complement profile (C3, C4, Clq and anti-C1lq antibodies) 


Table 44.1 Diagnostic work-up in urticarial vasculitis. 


Extended work-up (dependent 
Initial work-up on clinical presentation) 
Direct immunofluorescence studies of skin 
biopsy 
C1q anti-C1q antibodies 
Cryoglobulins 
Hepatitis B and C serology 
Thyroid function and autoantibodies 
24-h urine protein and creatinine clearance 
Serum protein electrophoresis 
Chest X-ray, lung function tests 
Assessment of visual acuity and slit lamp 
examination 


Lesional skin biopsy (diagnostic) 

Full blood count 

C-reactive protein, erythrocyte 
sedimentation rate 

Biochemical profile 

C3, C4 complement components 
(serial testing) 

Antinuclear antibodies 

Anti-extractable nuclear antigens 

Circulating immune complexes 

Urinalysis 


Figure 44.2 Urticarial vasculitis — histopathology of lesional skin typically shows a heavy 
mixed infiltrate within and around blood vessels with predominant neutrophils, 
leukocytoclasia and evidence of structural vasculitis of postcapillary venules associated 
with fibrin deposition (H&E, high power). 


is important for differentiating between normocomplementaemic 
and hypocomplementaemic disease. Antibody screen in patients 
with urticarial vasculitis should include antinuclear antibodies, 
antibodies against extractable nuclear antigens, rheumatoid factor 
and circulating immune complexes. Testing for hepatitis B and C is 
important [1]. 

The extent of the laboratory work-up should be guided by the 
patient’s history and presentation. For example, suspicion of pul- 
monary involvement should trigger a work-up including chest 
X-ray and lung function testing. If eye involvement is suspected, 
ophthalmic examination should be performed. 


Management 


Management of urticarial vasculitis is mostly based on case reports, 
small patient series and a few open-label, non-controlled studies. 


Table 44.2 Therapeutic algorithm in urticarial vasculitis. 


First line treatments Second line treatments Third line treatments 


Azathioprine 

Ciclosporin 

Mycophenolate mofetil 
Methotrexate 

Intravenous immunoglobulins 
Cyclophosphamide 
Omalizumab 

Interleukin antagonists 
Rituximab 

TNF antagonists 


Non-sedating H1 
antihistamines 

Short trial of 
corticosteroids 


Dapsone 
Colchicine 
Hydroxychloroquine 


Adapted from Black 1999 [10], Berg et a/. 1988 [69], Kolkhir et a/. 2019 [7]. 


There is no general agreement on a stepwise approach to the treat- 
ment of urticarial vasculitis; however, some guidance can be derived 
from published experts’ opinions and experience [7,10,14]. 

First line therapy for urticarial vasculitis largely depends on 
disease severity and organ involvement. In normocomplemen- 
taemic mild disease, the use of standard-dosed or up-dosed 
H1 antihistamines is well-established [4,69] (Table 44.2). How- 
ever, a recent meta-analysis demonstrated efficacy in only 24% 
of cases [7]. Still, antihistamines may be beneficial in reducing 
pruritus and burning sensations and their use is often combined 
with other anti-inflammatory /immunosuppressive therapies. High 
efficacy on cutaneous and extracutaneous symptoms was shown 
for oral corticosteroids (prednisolone at doses of 0.5-1 mg/kg/day) 
in all subtypes of urticarial vasculitis [14,15,69]. Nevertheless, 
their prolonged use should be avoided in view of their toxic- 
ity. For non-responders, immunomodulators such as dapsone 
75-100 mg/day, colchicine 1.0-1.5 mg/day and/or hydroxychloro- 
quine 200-400 mg/day can be used as second line treatments [7,69] 
and to taper the doses of oral corticosteroids. For severe refrac- 
tory cases and patients with HUV or HUVS, immunosuppressive 
agents (e.g. methotrexate, ciclosporin, mycophenolate mofetil, 
cyclophosphamide, azathioprin), may be beneficial [1,14,69]. 

Other approaches such as intravenous immunoglobulins, pentox- 
ifylline and plasmapheresis have also been used [4]. 

Recently, several biological therapies have shown promise for 
urticarial vasculitis in anecdotal reports or small series. So far, 
the best evidence exists for anti-IgE (omalizumab) treatment. A 
number of cases and non-controlled studies showed favourable 
clinical responses in the majority of patients with NUV [9,70,71]. 
As in chronic spontaneous urticaria, non-response was linked to 
lower total IgE levels [9]. Mixed responses were reported for anti-IgE 
treatment in HUV and/or systemic involvement [72]. Also, anti-IL-1 
with anakinra (IL-1 receptor antagonist) or canakinumab (human- 
ised anti-IL-1B) was beneficial in several reported cases [73,74] 
and an open-label study [8]. A patient with urticarial vasculitis 
associated with cutaneous lupus erythematosus was treated with 
anti-IL-6 (tocilizumab) with favourable outcome [75]. Furthermore, 
B cell-targeted treatment with rituximab (anti-CD20) was shown to 
be effective in therapy-refractory (hypocomplementaemic) urticar- 
ial vasculitis with organ involvement [76]. Likewise, anti-TNF 
blockers may be used, if first and second line therapies fail [7]. 
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Integration of biological agents into the management protocol 
for urticarial vasculitis in the future may help overcome the issue 
of toxicity associated with the use of conventional treatments for 
urticarial vasculitis, especially long-term oral corticosteroids. 

The choice of treatment should take co-morbidities and disease 


associations into account. Stratification of patients in terms of sys- 
temic involvement and prognosis may facilitate more targeted and 
individualised treatment approaches in the future. 

At present, there is a strong need for double-blind placebo- 
controlled studies to evaluate the efficacy of conventional and novel 
therapeutic approaches to urticarial vasculitis. This may be achiev- 
able by collaborative multicentre and multidisciplinary efforts 
given the rarity and complexity of this disease. From a clinical 
perspective, a consensus on the management of urticarial vasculitis 
is much needed and would harmonise the treatment approaches to 
this rare condition. 


Resources 


Patient resources 


http:/ /www.vasculitisfoundation.org /education/forms/urticarial-vasculitis/ (last 
accessed February 2022). http://www.vasculitis.org (last accessed February 2022). 
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Introduction 


Autoinflammatory diseases are characterised aetiologically by 
abnormal activation of the innate immune system and clini- 
cally by recurrent inflammation and, in many cases, fever and 
rash. Cutaneous clinical features may include urticarial reactions, 
oedema, erysipelas-like lesions, pustulosis, pyoderma gangreno- 
sum, chilblain and livedo. The majority of these conditions are 
rare, hereditary, monogenic syndromes. There is also an increasing 
number of complex, polygenic, inflammatory disorders in which 


abnormalities of the innate immune system play an important 
pathogenic role. These conditions typically present later in life 
and include, among others, Schnitzler syndrome and adult-onset 
Still disease. The neutrophilic dermatoses (Chapter 49) can also 
be considered as autoinflammatory syndromes. Some adult-onset 
autoinflammatory disorders result from acquired somatic muta- 
tion in haematopoietic cells, such a UBA1 mutation in the VEXAS 
(Vacuoles, El enzyme, X-linked, Autoinflammatory, Somatic) syn- 
drome, the hallmarks of which are fever, relapsing polychondritis 
and Sweet syndrome in adult men [1]. 
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Neutrophilic urticarial dermatosis is the most typical dermatolog- 
ical presentation of those autoinflammatory syndromes that present 
with an urticarial or maculopapular rash [2,3]. 

The dermatological signs of monogenic autoinflammatory syn- 
dromes and related complex disorders are illustrated in Table 45.1. 

For all the genetic autoinflammatory syndromes and related 
complex disorders, diagnosis is suspected on clinical or clinico- 
pathological grounds and confirmed by more specific analyses. Skin 
biopsy is helpful and demonstrates the nature of the inflammatory 
infiltrate, which can provide some guidance to treatment strategies. 
In patients with recurrent fever and rash for example, the finding 
of a neutrophilic infiltrate strongly points to cryopyrinopathies or 
Schnitzler syndrome [4]. 

Acute phase reactants, neutrophils and C-reactive protein (CRP) 
levels are usually increased. Serum amyloid A levels are also 
increased and this is predictive of an increased risk of amyloidosis, 
the major complication of many autoinflammatory syndromes. 

Genetic diagnosis is often the next step and will be guided by 
the clinical context. Other investigations will depend on the specific 
disorder, as for example hearing tests in the cryopyrinopathies. 


HEREDITARY MONOGENI: 
AUTOINFLAMMATORY S' 


Definition 


Monogenic autoinflammatory syndromes encompass a group of 
rare hereditary disorders, the commonest of which is familial 
Mediterranean fever (FMF) (Tables 45.2 and 45.3). They typically 
present in early childhood and are characterised by seemingly 
unprovoked bouts of recurrent inflammation. Inflammatory flares 
can occur in many organs, especially the skin, joints, eyes and serous 
membranes. An underlying genetic abnormality predisposes the 
affected individual to activation of the innate immune system and 
an exaggerated inflammatory response to exogenous or endogenous 
triggers. Markers of autoimmunity are classically absent. 


Introduction and general description 


The spectrum of individual monogenic, autoinflammatory syn- 
dromes has dramatically expanded in the last 15 years. They 
include the periodic (hereditary) fever syndromes, a range of syn- 
dromes of which pustular eruptions form a component, disorders 
with Behcet disease-like or inflammatory bowel disease (IBD)-like 
presentations, type I interferonopathies, granulomatous disorders 
and disorders of keratinisation. It is continuously expanding as 
new entities are being described and/or characterised genetically, 
sometimes in only a few individuals or families. Some autoinflam- 
matory syndromes will also include a part of autoimmunity and/or 
immune deficiency or even allergy [5]. The term autoinflammation 
has been immensely helpful to nosologically delineate, within the 
broad group of inflammatory diseases, those that do not need inter- 
vention of the adaptive immune system. However, diseases that are 
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exclusively autoinflammatory are rare. Autoinflammation should 
therefore rather be conceptualised as a mechanism explaining part 
or all the clinical manifestations in each patient, than explaining the 
disease per se. It then remains a helpful concept guiding therapeutic 
choices. The most relevant of these entities are summarised in 
Tables 45.1, 45.2 and 45.3. They are usually classified either by clin- 
ical criteria, especially mode of inheritance, major signs and type 
of rash, pattern of recurrence and duration of the inflammatory 
flare, or according to the genetic abnormality. Another meaning- 
ful way to classify them is according to the main inflammatory 
pathway that is involved and their response to treatment; it is 
particularly useful to separate those entities that are responsive to 
interleukin (IL)-1 blockade, tumour necrosis factor (TNF)-blockade 
or JAK-inhibition. 

The detailed phenotypical analysis and the pathogenic decipher- 
ing of monogenic autoinflammatory syndromes have led to a new 
classification of inflammatory diseases in general [5,6]. The same 
mechanisms which contribute to inflammation in these rare diseases 
are shared by many more common late-onset sporadic or polygenic 
disorders. Their relevance reaches far beyond an understanding of 
their role just in this group of diseases. Skin lesions can be the pre- 
senting sign or one of the main clinical findings in many of these 
disorders, thus it is important that dermatologists are familiar with 
them [7]. 


Epidemiology 


Some entities such as chronic infantile neurological and articular 
(CINCA) syndrome (syn. neonatal onset multisystem inflammatory 
disease (NOMID)) start in the newborn while others can present for 
the first time from early childhood to late adulthood, e.g. FMF or 
TNF receptor-associated periodic syndrome (TRAPS). Epidemiolog- 
ical and clinical features of the major monogenic autoinflammatory 
syndromes are summarised in Table 45.3. 

FMF and TRAPS are the two most common monogenic autoin- 
flammatory syndromes. Prevalence of FMF, the commonest, 
depends on genetic background. The highest prevalence rates 
are found in the Sephardic Jewish, Turkish, Armenian and Arab 
populations: prevalence rates of 1:248 to 1:1000 and carrier rates 
of 1:3 to 1:7 are reported [8]. The incidence of TRAPS in German 
children has been estimated as 0.56 per million person-years [9]. 
The same German investigators found an incidence rate of meval- 
onate kinase deficiency (MKD) manifesting as hyper-IgD syndrome 
(HIDS) of 0.39 per million person-years [10]. The other monogenic 
autoinflammatory syndromes are even rarer and some have so far 
been described only in a few families. 


Pathophysiology 


Those disorders result from exaggerated activation of the innate 

immune system, which can occur on multiple levels [5]: 

¢ Activation of inflammasome and _ associated inflammatory 
pathways (e.g. FMF, cryopyrinopathies). 

e Dysregulation of NF«B pathway (e.g. Blau syndrome, HA20). 


Hereditary monogenic autoinflammatory syndromes 


Table 45.1 Key dermatological signs and entities occurring in hereditary monogenic autoinflammatory syndromes and related acquired/complex disorders.? 


Predominant skin and/or 
mucosal manifestation 


Maculopapular rashes, red plaques, 
erysipela-like lesions, migratory 
eruption, periorbital oedema, various 
types of non-urticarial rashes 

Histopathology variable; lymphocytic 
(MVKD), neutrophilic (FMF), 
monocytic (TRAPS)‘, atypical 
(CANDLE) or mixed infiltrates 

Urticarial rashes 

Histopathology variable; some eruptions 
characterised by a neutrophilic 
infiltrate 


Pustules (aseptic) 
Histopathology generally not helpful 


Ulceration (nosology = pyoderma 
gangrenosum in most cases) 
Histopathology: neutrophilic infiltrate 


Oedematous plaque (nosology = Sweet 
syndrome) 
Histopathology: neutrophilic infiltrate 


Deep dermal and subcutaneous nodules 
and plaques as manifestations of 
panniculitis; lipodystrophy 

Histopathology variable; septal and/or 
lobular lymphohistiocytic, 
neutrophilic, atypical or mixed 
infiltrates 


Hereditary autoinflammatory syndrome 
(transmission)/treatment of choice” 


FMF (AR>AD)/colchicine, IL-1 inhibitor 

TRAPS (AD)/NSAID, steroids on demand, etanercept, IL-1 inhibitor 

MVKD (AR)/NSAID, steroids on demand, IL-1 inhibitors, etanercept, tocilizumab 
Other: 

CANDLE 

ORAS 


Neutrophilic urticarial dermatosis 

CAPS¢ (AD)/IL-1 inhibitor 

NLRP12-AID$ (AD)/AL-1 inhibitor 

NOCARH syndrome® (AD)/IL-1 inhibitor/IFNy-inhibitor 

Non-neutrophilic urticaria 

NLRC4-AID2(AD)/NSAID, steroids, IL-1 inhibitor, IL-18 inhibitor, anti-IFNy 

PLAID (AD)/avoidance of cold temperatures, oral glycopyrrolate/IglV 

Vibratory urticaria (AD)/antihistamines 

Rarely presenting as urticaria 

TRAPS 

MVKD 

Bone involvement with multifocal osteomyelitis 

DIRA (AR\/IL-1 inhibitor 

Majeed syndrome (AR)/IL-1 inhibitor 

Pyoderma gangrenosum usually present 

PAPA (AD) spectrum disorders/IL-1 inhibitor, glucocorticoids, TNFa-inhibitor 

PAAND (ADY/IL-1 inhibitor, TNFo-inhibitor, IL-6 inhibition 

Behcet disease-like or inflammatory bowel disease phenotype, mucosal 
ulcerations usually present 

ADAM 17-deficiency (AR)/?/IL-1 inhibitor 

IL-10 signalling defects (AR)/?/HSCT 

HA20 

Monogenic forms of pustular psoriasis 

DITRA (AR/Y/acitretin, TNFa-inhibitor, IL-36 inhibitor 

CAMPS (AD)/classic treatments of psoriasis or of pityriasis rubra pilaris, especially 
ustekinumab and acitretin 

AP1S3 (AD)/IL-36 inhibitor 

Other 

ORAS 

SAVI 

AGS 

Authentic pyoderma-gangrenosum 

PAPA 

PAAND 

CAIN 

Pyoderma gangrenosum-like necrotising fasciitis 

F«xB1-associated necrotising neutrophilic dermatosis (FANF) (AD)/steroids, IL-1 inhibitors, 

TNF inhibitors 

Other 

PFIT 
ajeed syndrome 
VKD 


PRAAS (AR)/CANDLE' (AR > AD)JAK inhibitors, glucocorticoids 
SIFD (AR)/TNF inhibitors, IglV 

ORAS! (AR)/TNEF inhibitors 

SAMDS9L-SAAD':9 (ADWJAK inhibitors, glucocorticoids/HSCT 
NEMO-NDAS* (XL)/2/TNE inhibitors?/HSCT 

Other 

DADA2 


Related acquired sporadic 
or complex disorder 


Delayed pressure urticaria 
Gout 

Some drug reactions 

Yao syndrome 


Schnitzler syndrome 

Adult-onset Still's disease 

Systemic-onset juvenile idiopathic 
arthritis 

Cystic fibrosis-associated episodic 
arthritis 


Generalised pustular psoriasis 
Impetigo herpetiformis 
SAPHO syndrome 

Acne fulminans 
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Pyoderma gangrenosum ‘idiopathic’ or 
occurring in the setting of a 
nosologically characterised 
inflammatory disease 

Necrotising fasciitis 


Sweet syndrome either ‘idiopathic’ or 
occurring in the setting of a 
nosologically characterised 
inflammatory disease or in patients 
with myelodysplasic syndromes with 
acquired mosaic MEFV or UBA7 
(VEXAS syndrome) mutations 

Dermatomyositis, Barraquer—Simons 
syndrome, lupus panniculitis 

Recurrent lipoatrophic panniculitis of 

children 
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Table 45.1 (continued) 


Predominant skin and/or 
mucosal manifestation 
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Hereditary autoinflammatory syndrome 
(transmission)/treatment of choice? 


Related acquired sporadic 
or complex disorder 


Aphthous stomatitis and mucosal ulceration 
Biopsy usually not performed 


Violaceous areas of skin with telangiectasia 
and surface alterations (atrophy, scales, 
ulceration, crusts, necrosis, scarring) on 
fingers, toes, nose, cheeks, ears (nosology 
= vasculopathy or chilblain-like) 

Histopathology: dermal lymphocytic infiltrate 

with characteristic perisudoral topography 
(inflammatory chilblain pattern) and/or 
enlarged vessels and/or vasculitis and/or 
thrombosis of superficial dermal vessels 
(‘small vessel’) 

Raynaud phenomenon 

Livedo, nodules, digital necrosis (nosology = 
vasculopathy) 

Histopathology: vasculitis and/or thrombosis 
of deep dermal vessels (medium-sized 
vessel) 

Granulomatous disorder (clinical 
manifestations protean: papules, plaques, 
nodules, ulceration, ichthyosis-like, ... ) 

Histopathology: sarcoidal (Blau, PLAID) or 
interstitial granulomatous dermal 
infiltrate (APLAID) 

Disorders of keratinisation 

Histopathology variable, sometimes highly 
characteristic (e.g. cornoid lamella in 
porokeratosis) 


AD, autosomal dominant; AGS, Aicardi-Goutiéres syndrome; APLAID, autoinflammation and PLCy 2-associated antibody deficiency and immune dysregulation; AR, autosoma 
recessive; CAIN, CCAAT enhancer binding protein e (C/EBPe)-associated autoinflammation and immune impairment of neutrophils; CAMPS, card14 mediated psoriasis; CANDLE, 
chronic atypical neutrophilic dermatosis with lipodystrophy and elevated temperature; CAPS, cryopyrin-associated periodic syndrome; CRIA, cleavage resistant RIPK1-induced 

autoinflammatory; DADA2, deficiency of adenosine deaminase 2; DIRA, deficiency of interleukin 1 receptor antagonist; DITRA, deficiency of interleukin 36 receptor antagonis 


HA20 (AD)/colchicine, TNFa-inhibitor, IL-1-inhibitor, IL-6 inhibitor, glucocorticoids 

RELA haploinsufficiency (AD)/colchicine, TNFa-inhibitor, IL-1-inhibitor, IL-6 inhibitor, 
glucocorticoids 

NFKB1-associated Behcet disease (AD)/colchicine, TNFa-inhibitor, IL-1-inhibitor, IL-6 
inhibitor, glucocorticoids 

CAIN (AR)/dapsone/colchicine/IL-1 inhibitors 

HOIL-1 deficiency (AR)/TNF inhibitors, steroids, HSCT 

CRIA/IL-6 inhibitors 

PFIT/\glV, colchicine, antibiotics/HSCT 

Other 

IL-10 signalling defects 

SIFD 

MVKD 

TRAPS 

DADA2 

SAVI 

PRAAS 

SAVI (AD and ARJAK inhibitors 

AGS (AR or rarely AD)JAK inhibitors, reverse transcriptase inhibitors 

PRAAS 


DADA2 (AR)/TNFa- inhibitor, HSCT 


Blau syndrome (AD)/ glucocorticoids/TNFa-inhibitor 
APLAID (AD)/?/ TNFa-inhibitor/IL-1 inhibitor/IglV 
PLAID 


Familial porokeratosis/?/topical retinoids/imiquimod/laser 
Familial keratosis lichenoides chronica/?/acitretin/dapsone/ 
methotrexate/phototherapy 

Multiple self-healing palmoplantar carcinoma/?/acitretin 
NAIAD (AD or AR)/?/acitretin/IL-1 inhibitor 

CARD-14 associated papulosquamous eruption/ustekinumab 


Behcet disease 
Inflammatory bowel disease 
PFAPA 


Lupus erythematosus 
Dermatomyositis 
Antiphospholipid syndrome 
Levamisole-induced vasculopathy 
Symmetric peripheral gangrene 
ANCA+ vasculitis 


Vasculitis 
Sneddon syndrome 


Sarcoidosis 

Crohn's disease 

Combined variable immunodeficiency 

Granuloma annulare 

Interstitial granulomatous dermatitis 

Other granulomatous disorders 

Porokeratosis, all types 

Keratosis lichenoides chronica/lichen 
planus/ lupus erythematosus 
/keratoacanthoma/squamous cell 
carcinoma/ 

Pityriasis rubra pilaris 


familial autoinflammatory necrotising fasciitis; FMF, familial Mediterranean fever; HA20, Haploinsufficiency of A20; IFN, interferon; IL, interleukin; NAIAD, NLRP1-associated 
autoinflammation with arthritis and dyskeratosis; NEMO-NDAS, NF«B essential modulator-A-exon 5-autoinflammatory syndrome; NF«B1, nuclear factor « light-chain enhancer of 
activated B-cells 1; NLRC4-AID, NLR family, caspase recruitment domain-containing 4-auto inflammatory disease; NLRP12-AID, NLR family, pyrin domain-containing 12-auto 


inflammatory disease; NOCARH, neonatal onset of pancytopenia, autoinflammation, rash and episodes of haemophagocytic lymphohistiosis; NSAID, non-steroidal anti-inflammatory 


drugs; ORAS, otulin-related autoinflammatory syndrome; PAAND, pyrin-associated autoinflammation with neutrophilic dermatosis; PAPA, pyogenic arthritis-pyoderma 
gangrenosum-acne; PFAPA, periodic fever, aphthous stomatitis, pharyngitis and cervical adenitis; PFIT, periodic fever, immunodeficiency and thrombocytopenia; PLAID, PLCy 
2-associated antibody deficiency and immune dysregulation; PRAAS, proteasome associated autoinflammatory syndromes; SAMD9L-SAAD, sterile alpha motif domain-containing 
protein domain 9 like associated autoinflammatory disease; SAPHO, synovitis, acne, pustulosis, hyperostosis and osteitis; SAVI, STING-associated vasculopathy with onset in infancy; 
SIFD, sideroblastic anaemia with B-cell immunodeficiency, periodic fevers and developmental delay; TNF, tumour necrosis factor; TRAPS, TNF receptor-associated periodic syndrome; 
UBA1, ubiquitin-like modifier-activating enzyme 1; XL, X-linked. 
? Other autoinflammatory disorders, such as those characterised by pigmentary changes (e.g. X-linked pigmentary reticulate disorder, AGS/dyschromatosis symetrica hereditary, 
H-syndrome), or by ectodermal dysplasia (NEMO-AID) were not included in the table. 

5 In case of multiple occurrences in the table, transmission and treatment are only specified in the main category. 


“Extensive soft tissue masses histologically consistent with mononuclear myofasciitis have also been reported in one patient with SIFD. 


4 Cold-induced urticaria. 


©The few published photographs suggest that the rash might be a neutrophilic urticarial dermatosis. 


Can evolve to lipodystrophy. 


93 SAMD9L-SAAD is a newly recognised type 1 interferonopathy with a dermatological presentation similar to CANDLE, but with a more severe interstitial lung disease. Patients develop 


B and Nk-cell cytopenia. 


" NEMO-NDAS: those patients have a phenotype of ectodermal dysplasia with lymphohistiocytic panniculitis, progressive B-cell lymphopenia and hypogammaglobulinaemia. 


; FANE, 


Hereditary monogenic autoinflammatory syndromes 


Table 45.2 Selected autoinflammatory syndromes: terminology and international classification. 


Disease/gene ICD-11 MIM Orphanet Synonyms and inclusions 
Familial Mediterranean fever (FMF)/MEFV 4A60.0 134610/249100 ORPHA342 Periodic disease 
Benign paroxysmal peritonitis 
Benign recurrent polyserositis 
Familial paroxysmal polyserositis 
Tumour necrosis factor receptor 1 4A60.2 142680 ORPHA32960 Familial hibernian fever 
associated periodic syndrome Autosomal dominant periodic fever 
(TRAPS)/TNFRSF1A Familial periodic fever 
Familial cold autoinflammatory syndrome 4A60.1 120100 ORPHA47045 Familial cold urticaria 
(FCAS)/NLRP3 
Muckle—Wells syndrome/NLRP3 4A60.1 191900 ORPHAS75 Urticaria-deafness-amyloidosis 
Chronic infantile neurological cutaneous 4A60.1 607115 ORPHA1451 Prieur—Griscelli syndrome 


and articular syndrome (CINCA)/ 
neonatal onset multisystem 
inflammatory disease (NOMID)/NLRP3 


Pyogenic arthritis-pyoderma 4A60.Y 604416 ORPHA69126 
gangrenosum-acne (PAPA) 
syndrome/PSTPIP1 

Deficiency of interleukin 1 receptor 4A60.Y 612852 ORPHA210115 


antagonist (DIRA) syndrome/IL-7RN 


Mevalonate kinase deficiency/ 4A60.Y 251170/260920 ORPHA343 
hyperimmunoglobulinaemia D with 
recurrent fever/MVK 

Chronic atypical neutrophilic dermatosis 4A60.Y 256040 ORPHA325004/ 
with lipodystrophy and elevated 2615 
temperature (CANDLE)/PSMB8 


Aicardi-Goutiéres syndrome 4A60.Y 225750/610181/ ORPHAS1 
(AGS)/multiple genes, AR: TREX7, 610329/610333/ 
SAMHD1, RNASEH2A, RNASEH2B, 612952/615010/ 
RNASEH2C, ADAR7 or AD: IFIH7 615846 
STING-associated vasculopathy with 4A60.Y 615934 ORPHA425120 
onset in infancy (SAVI)/STING1 
Blau syndrome/NOD2 4A60.Y 186580/609464 ORPHA90340 
PLCy 2-Associated Antibody Deficiency 4A60.Y 614468 ORPHA300359 
and Immune Dysregulation 
(PLAID)/PLCy 2 
Autoinflammation and PLCy 2- 4A60.Y 614878 ORPHA324530 


associated antibody deficiency and 
immune dysregulation (APLAID)/ 


PLCy 2 

Haploinsufficiency of A20 4A60.Y 616744 ORPHA476102 
(HA20)/TNFAIP3 

NLRC4-Associated autoinflammatory 4A60.Y 616115/616050 ORPHA576349/ 
disease 436166 

(NLRC4-AID)/NLRC4 

Deficiency of adenosine deaminase 2 4A60.Y 615688 ORPHA404553 
(DADA2)/ADA2 


nfantile-onset multisystem inflammatory disease (IOMID) 


Familial recurrent arthritis 


Sterile multifocal osteomyelitis with periostitis and pustulosis 

Autoinflammatory disease due to IL-1 receptor antagonist 
deficiency 

Hyper-IgD syndrome (HIDS) 

Partial MKD 

Hyperimmunoglobulinaemia D with periodic fever 

Nakajo—Nishimura syndrome 

Asian autoinflammatory syndrome 

Joint contractures-muscular atrophy-microcytic 
anaemia-panniculitis-induced lipodystrophy syndrome 

. Proteasome-associated autoinflammatory syndrome 1 
(PRAAS1) 

Familial infantile encephalopathy with intracranial 
calcifications 

Pseudotoxoplasmosis syndrome 

Cree encephalitis 
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PART 4 


Early-onset sarcoidosis 

Autoinflammatory granulomatosis of childhood 
OD2-related systemic autoinflammatory granulomatosis 
Granulomatous arthritis of childhood 

uvenile systemic granulomatosis 

Caspase recruitment domain containing protein 15 deficiency 
CARD 15 deficiency 

Familial juvenile sarcoidosis 

abs syndrome 

Familial atypical cold urticaria 

Familial cold urticaria with common variable 
immunodeficiency 

Familial cold autoinflammatory syndrome 3 


Behcet-like disease due to HA20 

Behcet disease due to haploinsufficiency of A20 

Autoinflammatory syndrome, familial, Behcet-like (AISBL) 

NLRC4-related cold autoinflammatory syndrome 

NLRC4-MAS (macrophage activating syndrome) 

Syndrome of colitis and autoinflammation associated with 
mutations of NLRC4 (SCAN4) 

Periodic fever-infantile enterocolitis-autoinflammatory 
syndrome 

Familial cold autoinflammatory syndrome 4 

Autoinflammation with infantile enterocolitis (AIFEC) 

Vasculitis, autoinflammation, immunodeficiency, and 
haematological defects syndrome (VAIHS) 

Childhood onset polyarteritis nodosa 
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e Dysregulated type 1 interferon signalling (e.g. Aicardi-Goutiéres 
syndrome, CANDLE, SAVI). 

e Protein misfolding and endoplasmic reticulum stress (e.g. 
TRAPS; see Tables 45.2 and 45.3). 

Activation can involve gain of function mutations of receptors or 
signal transduction elements or loss of function mutations of regu- 
latory elements. Multiple mechanisms are involved since defective 
DNA, RNA or protein processing, transport or metabolism induce 
accumulation of increased or abnormal (e.g. misfolded) substrates 
that will activate the innate immue system. Many diseases with 
abnormal intracellular protein metabolism (e.g. those involving 
ubiquination) result in autoinflammatory syndromes. 

Many environmental factors can induce flares of the different 
monogenic autoinflammatory syndromes, including trauma, cold 
temperature and common infections. 

The pathological hallmark of many monogenic autoinflammatory 
syndromes with cutaneous manifestations, those that are most fre- 
quently encountered by dermatologists, is a neutrophilic (aseptic) 
dermatosis. Neutrophilic urticarial dermatosis (NUD) is a term 
coined to describe the combination of an urticarial eruption with 
infiltration by neutrophils: it is strongly suggestive of a monogenic 
autoinflammatory syndrome, or of complex disorders with an 
underlying autoinflammatory mechanism [2,3]. Patients with NUD 
often have fever and joint pain, as well as biological markers of 
inflammation with leukocytosis and elevated CRP. Nuclear dust 
(leukocytoclasia) and marginating of neutrophils along collagen 
bundles resembling urticarial vasculitis is typical. Foci of interstitial 
collagen degeneration, reminiscent of interstitial granulomatous 
dermatitis, can be present. In addition to the aforementioned fea- 
tures dilated dermal vessels filled with neutrophils are a hallmark 
of cryopyrin-associated periodic syndrome. 

Other important pathological findings of monogenic autoinflam- 
matory syndromes include: 
¢ Vasculopathy, either thrombotic or inflammatory, especially in the 

type 1 interferonopathies and DADA2. 

¢ Granulomas, in Blau syndrome or phospholipase Cy 2-associated 
disorders. 

e Disorders of keratinisation: keratinocytic autoinflammatory dis- 
orders is a relatively new concept and includes entities such as 
linear porokeratosis or NLRP1-associated autoinflammation with 
arthritis and dyskeratosis. 
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Cryopyrin-associated periodic syndrome 


Introduction and general description 

Cryopyrin-associated periodic syndrome (CAPS) is a paradigm 
of IL-1 mediated autoinflammation [11]. The syndrome includes 
three partially overlapping entities related to mutations in the 
NLRP3/CIAS1 gene: familial cold autoinflammatory syndrome 
(FCAS), MWS and CINCA/NOMID. Within the CAPS spectrum, 
FCAS is the least severe entity while CINCA is the most severe. A 
closely related syndrome to the milder FCAS/MWS variants has 
been described in patients with a NLRP12 mutation [12]. 


Chapter 45: Autoinflammatory Diseases Presenting in the Skin 


Pathophysiology 
These autosomal dominant disorders are associated with predom- 
inantly missense mutations in the NLRP3/CIAS1 gene encoding 
a death domain protein known variously as NLRP3, NALP3 or 
cryopyrin. This protein is expressed in epithelial cells of the skin 
and mucosa, granulocytes, dendritic cells and in T and B lympho- 
cytes. A variety of danger signals, including ‘pathogen-associated 
molecular patterns’ (often referred to as PAMPs) induce association 
of NLRP3 with other members of the death domain superfam- 
ily to form a cytosolic protein complex which has been named 
the ‘inflammasome’ [13]. This results in activation of caspase 1, 
which cleaves biologically inactive pro-IL-1f$ into biologically 
active IL-1f. It also upregulates NF«B expression and thereby 
increases IL-1 gene expression and overproduction of IL-1f pro- 
tein. IL-1B is a major pro-inflammatory cytokine and the key 
mediator of the manifestations of CAPS. This assumption is sup- 
ported by the observation that IL-1 blockade (e.g. anakinra; see 
Table 45.3) induces rapid and complete response in patients with 
CAPS. 

All patients with CAPS have a persistent neutrophilia, chronic 
anaemia and raised acute phase proteins. 


Histopathology 

In CAPS, an urticarial rash with a neutrophilic intravascular, 
perivascular, peri-eccrine and interstitial infiltrate on histopatholog- 
ical evaluation is typical. In the authors’ experience, leukocytoclasia 
is frequent in patients with NUD in the context of Schnitzler 
syndrome but much less so in children with CAPS; intravascu- 
lar accumulation of neutrophils in enlarged dermal vessels is 
characteristic of CAPS [2,4]. 


Clinical features 

The three disorders usually start in the newborn or during early 
infancy with fever, fatigue, a ‘flu-like syndrome’ and rash [11]. 
Late-onset has been described in patients with somatic mosaicism 
(detected in blood) [14]. The flares are triggered by exposure to 
cold in FCAS and partially in MWS, while they are continuous in 
CINCA. Typically, a non-itchy symmetrical urticarial rash without 
angio-oedema arises on the trunk and limbs during the day as fever 
and malaise develop (Figure 45.1). 

FCAS is characterised by rash, fever, conjunctival redness, joint 
pain, intense fatigue, thirst and transpiration occurring 1-2h after 
exposure to cold. The flare lasts up to 24h. Patients may experience 
profuse sweating, thirst, dizziness and nausea. 

In MWS, cold dependency of flares is less marked, but patients 
develop sensorineural hearing loss and polyarthritis and are at risk 
of AA amyloidosis. 

CINCA (NOMID) is the most severe CAPS syndrome and is 
characterised by continuous flares with neutrophilic aseptic menin- 
gitis, dysmorphism, mental retardation, sensorineural deafness and 
deforming arthropathy. Children present in the first few weeks of 
life with urticated erythematous papules and plaques, often in a 
figurate pattern. Lesions feel tight and warm and are generally not 
pruritic. The facies is characteristic, with frontal bossing, midfacial 
hypoplasia and saddle nose. Arthralgia can progress to a large joint 
polyarthritis with joint enlargement and loss of function. Radio- 
logically, there is abnormal endochondral ossification, leading to 


Figure 45.1 Cryopyrin-associated periodic syndrome (CAPS): non-itchy symmetrical 
urticarial weals lasting hours on the thigh after cold exposure in a patient with familial 
cold autoinflammatory syndrome (FCAS). 


calcified masses in the joints [15]. The risk of renal impairment from 
amyloidosis is greatest in these patients. 


Investigations 

Diagnosis is based on typical clinical and biological findings and it 
is helpful if these are supported by the Eurofever/printo classifica- 
tion criteria [16]; evidence of an autosomal dominant mutation in the 
NLRP3/CIAS1 gene is helpful, but the mutation will not be present 
in all patients. Cold stimulation tests (ice cube, immersion) can be 
negative, as exposure to cold air is the usual trigger. Regular high fre- 
quency audiograms and eye examinations are necessary, especially 
in patients with the Muckle—-Wells phenotype [17]. 


Differential diagnosis 

In newborns with a severe systemic disorder and uticarial rash, 
NLRC4-AID (presence of IBD and MAS) and NOCARH (neonatal 
onset of pancytopenia, autoinflammation, rash and episodes of 
haemophagocytic lymphohistiosis) syndrome (presence of cytope- 
nia) should also be considered. In children with cold-induced 
urticaria: NLRP12-AID [12], NLRC4-AID [18] and PLAID (PLCy 
2-associated antibody deficiency and immune dysregulation) [19] 
are the main other diagnostic considerations. Cold-induced urticaria 
is however ‘idiopathic’ in most cases. 


Management 
See Table 45.3. 
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Tumour necrosis factor associated periodic syndrome 


Introduction and general description 

Tumour necrosis factor associated periodic syndrome (TRAPS), an 
autosomal dominant disorder, is one of the more common mono- 
genic autoinflammatory syndromes and can be caused by mutations 
which affect the ability of the tumour necrosis factor (TNF) receptor 
to bind circulating TNF. AA amyloidosis is a feared complication of 
TRAPS. 


Pathophysiology 

TRAPS is associated with mutations in the gene for TNF receptor 
superfamily 1A (TNFRSF1A), encoding a p55 TNF receptor 
(TNFR1). It is thought that intracellular accumulation of misfolded 
mutant protein leads to endoplasmic reticulum stress and enhanced 
inflammatory responses through constitutive activation of vari- 
ous immune pathways [20]. This observation explains why IL-1 
blockade is often more effective than TNF blockade (see Table 45.3). 


Histopathology 

A deep perivascular monocytic infiltrate is characteristic. Lesional 
skin biopsy usually reveals a perivascular and interstitial mononu- 
clear cell infiltrate with CD68+ histiocytes and CD3+ lymphocytes 
in TRAPS [21]. 


Clinical features 

TRAPS usually first manifests in childhood or adolescence and is 
characterised by episodes of pyrexia lasting 1-3 weeks (mean, 13 
days) [21,22] associated with abdominal or chest pain, myalgia, 
arthralgia, conjunctivitis and periorbital oedema [23]. Late-onset 
cases can be the consequence of somatic mosaicism [24]. 

A migratory redness is present in 60-80% of patients [22]. Red 
macules and patches, most commonly on the extremities, coa- 
lesce and expand centrifugally into extensive oedematous dermal 
plaques, which typically overlie an area of local muscle tenderness, 
representing contiguous inflammation extending from muscle to 
skin. Usually only one anatomical area is affected in any single 
episode. 

A variety of other skin manifestations unassociated with muscle 
pain have been described. They may resemble urticaria, hereditary 
angio-oedema or erysipelas. Residual ecchymoses may be noticed 
after resolution of the inflammatory component [21]. Arthralgia may 
also occur, but this rarely progresses to a destructive arthritis. 


Investigations 

Diagnosis relies on the typical clinical context and the Eurofever/ 
printo classification criteria are helpful [16]. It is supported by 
detecting autosomal dominant mutations in the TNFRSF1A gene. 


Management 
See Table 45.3. 


Familial Mediterranean fever 


Introduction and general description 

Familial Mediterranean fever (FMF) is an autoinflammatory disease 
associated with mutations in the MEFV gene, which encodes for 
pyrin. This results in enhanced IL-16 production. 
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Pathophysiology 

The pathophysiology of FMF is less clear than that of CAPS. FMF is 
usually an autosomal recessive disorder related to gain of function 
mutations in the MEFV gene, although rare dominant mutations 
exist [25]. MEFV encodes pyrin, which probably plays an important 
role in the modulation of caspase 1, and thus the production of IL-1B 
and IL-18. 


Histopathology 

A sparse neutrophilic infiltrate in the upper dermis is the hallmark 
of the erysipelas-like erythema (ELE) of FMF [26,27]. Leukocytocla- 
sia can be present but without significant vasculitis. Histiocytes and 
eosinophils can also be present. 


Clinical features 

FMF usually presents in childhood or early adulthood and gener- 
ally before the age of 30, with recurrent flares of fever, abdominal 
pain, sometimes mimicking an acute abdomen, pleurisy and large 
joint arthritis lasting between 1 and 3 days. The major risk is the 
development of inflammatory AA amyloidosis but this risk can be 
largely prevented by continuous treatment with colchicine. Diag- 
nosis is based on the Livneh or Tel Hashomer criteria (Box 45.1) 
[28,29] and is supported by the Eurofever/printo classification 
criteria [16]. 


Box 45.1 Tel Hashomer criteria set for the diagnosis 
of familial Mediterranean fever (FMF)? 


Major criteria 


Typical attacks 

1 Peritonitis (generalised) 

2 Pleuritis (unilateral) or pericarditis 
3 Monoarthritis (hip, knee, ankle) 

4 Fever alone 


Minor criteria 
1-3 Incomplete attacks involving one or more of the following sites: 
1 Abdomen 
2 Chest 
3 Joint 
4 Exertional leg pain 
5 Favourable response to colchicines 


Supportive criteria 

1 Family history of FMF 

2 Appropriate ethnic origin 

3 Age <20 years at disease onset 

4-7 Features of attacks: 

4 Severe, requiring bed rest 

5 Spontaneous remission 

6 Symptom-free interval 

7 Transient inflammatory response, with one or more test result(s) 
for white blood cell count, erythrocyte sedimentation rate, serum 
amyloid A and/or fibrinogen 

8 Episodic proteinuria/haematuria 

9 Unproductive laparotomy or removal of white appendix 

10 Consanguinity of parents 
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From Livneh et al. 1997 [22] © American College of 

Rheumatology /JohnWiley & Sons. 

* The requirements for diagnosis of FMF are >1 major criteria, or >2 
minor criteria, or >1 minor criterion plus >5 supportive criteria, or >1 
minor criterion plus >4 of the 5 supportive criteria. Typical attacks are 
defined as recurrent (>3 of the same type), febrile (rectal temperature 
of 38°C or higher) and short (lasting between 12 h and 3 days). 
Incomplete attacks are defined as painful and recurrent attacks that 
differ from typical attacks in one or two features, as follows: (1) the 
temperature is normal or <38°C; (2) the attacks are longer or shorter 
than specified (but not shorter than 6 h or longer than a week); (3) no 
signs of peritonitis are recorded during the abdominal attacks; (4) the 
abdominal attacks are localised; and/or (5) the arthritis is in joints 
other than those specified. Attacks are not counted if they do not fit 
the definition of either typical or incomplete attacks. 


Skin involvement is absent in more than 50% of patients but occurs 
more frequently in those with an early age of onset of symptoms. The 
most typical cutaneous finding is the so-called ‘ELE’ [26,27,30,31] 
(Figure 45.2). It consists of a warm swollen redness more often than 
a circumscribed plaque. The redness is usually localised to the distal 
lower limbs, typically in the perimalleolar area or the dorsum of the 
foot. It may be either unilateral or bilateral and symmetrical. Phys- 
ical effort seems to be a triggering factor for some patients. Fever 
can be present and thus initial differential diagnosis from cellulitis 
or erythema nodosum is difficult, if the context of FMF is not known. 

ELE usually regresses spontaneously within 3 days, especially 
with bed rest. If ELE is the first manifestation of FMF, a very rare 
situation, patients seem to have a somewhat less severe phenotype 
[30], although patients with ELE usually have a more severe disease 
[32]. Other cutaneous manifestations of FMF include acute scrotal 
inflammation, localised redness of the face or of the palmoplantar 
regions with secondary desquamation, scattered non-vasculitic pur- 
pura on the face, trunk and extremities or vasculitic purpura related 
to IgA vasculitis (Henoch-Schénlein) or polyarteritis nodosa: these 


Figure 45.2 Familial Mediterranean fever (FMF): oedematous warm, swollen erythema 
on the ankle. Courtesy of Dr Barzilai, Tel Hashomer, Israel. 


occur much more often in children than in adults [33,34]. It is 
noteworthy that patients with FMF are at increased risk of vasculitis 
[33] and thus a diagnosis of IgA vasculitis in a child should not rule 
out the possibility of associated FMF [34]. 


Investigations 
Diagnosis is supported by detection of a pathogenic autosomal 
recessive MEFV gene mutation; a rare dominant variant also exists. 


Management 
See Table 45.3. 


Pyrin-associated autoinflammation with neutrophilic 
dermatosis 


\der the heading: neutrophilic dermatosis, acute febrile 


ith neutrophilic dermatosis 


Pyrin-associated autoinflammation with neutrophilic dermatosis 
(PAAND) is a dominant disorder caused by mutations in the same 
MEEFV gene that is mutated in FMF, leading to activation of the 
pyrin inflammasome. It has childhood onset with fever that can last 
several weeks, joint and muscle pain, skin lesions and increase in 
acute phase reactants [35]. 

Skin manifestations include numerous types of aseptic neu- 
trophilic dermatoses: pyoderma gangrenosum, pustules, aseptic 
skin abscesses, acne, hidradenitis suppurativa, neutrophilic pan- 
niculitis; it is thus a differential diagnosis of pyogenic arthritis- 
pyoderma gangrenosum-acne (PAPA) spectrum disorders. 

Just as in FMF, inflammatory (AA) amyloidosis can be a serious 
complication [36], and the aim of treatment should be control of 
inflammation. 

Treatment relies on anakinra and in case of poor response, TNF 
inhibitors or IL-6 inhibitors [36]. 


Mevalonate kinase deficiency with recurrent fever 
and hyper-lgD syndrome 


Pathophysiology 

Mutations in the mevalonate kinase (MVK) gene may result in a 
partial or complete inability to metabolise mevalonic acid. MVK 
plays a key role in the biosynthesis of cholesterol and non-sterol 
isoprenoids. How deficiency results in inflammation is not fully 
understood but it seems that shortage of isoprenoids is associated 
with a predisposition to inflammatory attacks. 

MKD is inherited in an autosomal recessive pattern. The defi- 
ciency may be partial or complete. Partial MKD is associated with 
recurrent fevers and usually but not always with overproduction 
of immunoglobulin D (HIDS). Complete deficiency (MVK activity 
<1%) induces mevalonic aciduria, a severe form of MKD associated 
with dysmorphism, growth retardation, neurological impairment, 
recurrent febrile flares and early death if untreated; treatment relies 
on bone marrow transplantation. These entities overlap and there is 
a continuous spectrum between HIDS and mevalonic aciduria [37]. 
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Clinical features 

The disease usually first presents in infancy and almost always 
before 3 years of age. It manifests with recurrent flares of 3-7 days 
duration with fever, chills, headache, polyarthralgia, abdominal 
pain with diarrhoea and bilateral cervical tender lymphadenopathy. 
Enlargement of the axillary or inguinal lymph nodes and spleen 
occurs less frequently. Immunisation, surgery, trauma and stress 
are classic triggering factors. Importantly, it does not respond to 
colchicine. The frequency of flares diminishes in adulthood. An 
increase of acute phase reactants is observed during the inflam- 
matory flares and increased IgA and IgD levels are characteristic 
although not specific: IgD levels can be normal. 

Dermatological findings occur in about two thirds of patients [38]. 
Aphthous stomatitis is the most common mucocutaneous manifes- 
tation, occurring in 60% of patients [39]. Different types of cutaneous 
involvement have been reported: red macules, maculopapular 
rashes (sometimes referred to as ‘morbilliform’), urticaria, purpura 
and erythema nodosum. Macules, papules and plaques are inter- 
mittent and sometimes painful. Lesions are usually referred to as 
being fixed and not migrating. Pigmentary sequelae can persist 
after redness has cleared. The trunk, extremities, buttocks and face 
can be involved. Telangiectasia has been reported in two patients, 
but neither type nor anatomical site was specified [40]. 

Amyloidosis is a very rare complication, but patients are at 
increased risk of severe infection (especially pneumococcal) and of 
macrophage-activating syndrome. There is probably an increased 
risk of renal angiomyolipoma [40]. 


Investigations 

Diagnosis is supported by the Eurofever/printo classification cri- 
teria [16] and the presence of mevalonate aciduria with increased 
excretion of mevalonic acid during attacks. 


Management 
See Table 45.3. 


Autoinflammatory diseases wit 
granuloma 


Autoinflammatory granulomatosis of childhood (Blau 
syndrome) 


Introduction and general description 

This rare autosomal dominant multisystem disorder is a monogenic 
autoinflammatory disorder due to mutations in the pattern recog- 
nition receptor gene NOD2 (CARD15). The first reports of a familial 
granulomatous disorder characterised by early-onset chronic gran- 
ulomatous arthritis, uveitis and rash appeared simultaneously by 
Blau [41] and Jabs [42]. Sporadic cases were originally reported 
under the name of early-onset sarcoidosis but subsequently shown 
to be genetically indistinguishable from the familial form: transmis- 
sion from affected mother to child has been documented. Diagnosis 
is based on typical clinicopathological findings and confirmed by 
detecting mutations in the NOD2 (CARD15) gene. 


INFLAMMATORY 
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Pathophysiology 

NOD2 is a member of a family of pattern recognition receptors 
involved in innate immune defence against invading pathogens. 
It is hypothesised that the mutations responsible for this disorder 
confer gain of function, promoting inflammation and ultimately 
increasing activation of NF«B and release of a range of inflam- 
matory cytokines including IL-1, IL-6 and IFNy, the latter being 
possibly the key mediator of the disease [43]. 


Clinical features 

Presentation is characterised by early onset, usually before 4 years 
of age, of chronic granulomatous polyarthritis and a rash. Arthri- 
tis affects principally the peripheral joints (wrists, knees, ankles 
and proximal interphalangeal joints) and may be accompanied by 
tenosynovitis. Cystic swelling on the dorsal side of the wrists or the 
ankle is highly characteristic. Uveitis develops in 80% of cases at a 
median age of about 4 years [44]. If untreated, joint destruction and 
blindness can occur. 

The rash presents during the first 10 years of life, sometimes as 
early as the neonatal period, as a widespread papular eruption. The 
primary lesion is a discrete skin-coloured or slightly yellowish to 
red-brown coloured papule measuring 1-5 mm in diameter. Indi- 
vidual papules are grouped, sometimes in linear arrays, and can be 
confluent: they usually first involve the face and extremities, and 
later spread to the trunk. They may fade spontaneously then recur 
and can leave pitted scars as a result of follicular atropho-derma. 
Histopathologically, there is a non-caseating granulomatous inflam- 
matory infiltrate located in the adventitial dermis. Ichthyosiform 
skin changes, erythema nodosum and leukocytoclastic vasculitis 
have all been reported in patients with Blau syndrome. 


Management 
See Table 45.3. 


Autoinflammation and PLCy 2-associated antibody 
deficiency and immune dysregulation (APLAID) 


APLAID is a dominant disorder caused by mutations in the PLCy 2 
gene resulting in hyperactivation of the PLCy2 pathway [45]. PLCy 
2 plays a key role in the regulation of immune responses. Patients 
have early-onset blistering skin lesions, eye inflammation (conjunc- 
tivitis, episcleritis, uveitis), IBD, interstitial pneumonitis, joint pain 
and recurrent upper airway infection related to humoral immuno- 
deficiency with almost absent switched memory B cells. 
Dermatological findings include [45-48]: early-onset papules that 
evolve to pustular or vesiculobullous blistering lesions with crusts 
that can mimic epidermolysis bullosa, as well as boggy pustular 
masses, especially on the back of the hands, that ulcerate and evolve 
with time to plaques, sometimes with cribriform scarring. At some 
stage, a co-existence of pustules, papules and plaques is present. 
Cutis laxa-like lesions have been reported. Histopathological eval- 
uation of the infiltrated lesions can show an interstitial granuloma 
annulare rich in neutrophils, with leukocytoclasia and sometimes 
transepidermal elimination of basophilic material through follicular 
channels. Mucin is present in the areas of degenerated collagen. 
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Management 
See Table 45.3. 


PLCy 2-associated antibody deficiency and immune 
dysregulation (PLAID) 


PLAID is also a dominant disorder due to mutation of PLCy 2 [49]. 
Skin involvement is characterised by early-onset pruritus, red mac- 
ules and urticaria after generalised exposure to cold air or evapora- 
tive cooling, but with a negative cold stimulation time test [50,51]. 
Vesiculobullous eruptions in the first days of life on the colder areas 
of the body such as the tip of the nose, the ears and the fingers, 
sometimes evolving into crusted ulcerations, can occur; the lesions 
usually resolve spontaneously but in a few patients the rash wors- 
ens with time and leads to destruction of ear and nose cartilage 
[49]. Plaques and nodules sparing the warmer regions of the body 
appear; the latter can also involve the mucosa. Histopathology 
of urticarial lesions shows a slight increase in dermal mast cells. 
Biopsy of the plaques reveals sarcoid type granulomas or diffuse 
granulomatous inflammation of the dermis. Additional immuno- 
logic abnormalities are often present: antibody deficiency, recurrent 
infections, autoimmune disease (vitiligo, Hashimoto’s thyroiditis) 
and symptomatic allergic disease (rhinitis, asthma). 


Management 
See Table 45.3. 


Autoinflammatory syndrom 
pustulosis 


Deficiency of interleukin 1 receptor antagonist 


Introduction and general description 

Deficiency of interleukin 1 receptor antagonist (DIRA) is an 
autosomal recessive disorder related to a deficiency of the nat- 
urally occurring antagonist of the IL-1 receptor (IL-1Rn) [52,53]. The 
result is an excess of IL-1-mediated inflammation. 


Clinical features 

DIRA presents in neonates with aseptic pustular dermatitis, mul- 
tifocal osteomyelitis and periostitis. Fever is usually absent, but 
acute phase reactants are elevated during flares. Grouped pustules 
appear on a red base in the newborn or within the first 3 weeks; 
these may then develop yellowish crusts [52,53]. The lesions can 
be localised or widespread, including face and scalp involvement. 
Bullae with hypopyon can be present. The skin may become dif- 
fusely red and ichthyotic with diffuse desquamating scales. Oral 
mucosa and nails can be affected, with pitting and onychomadesis. 
One child also developed pyoderma gangrenosum [52]. Late-onset 
forms (adolescence) have been reported [54]. 


Investigations 

Diagnosis relies on clinical and radiological findings (widened ribs 
and clavicles, osteolytic lesions of the long bones) and is supported 
by detecting a homozygous or compound heterozygous loss of 
function mutation in the IL-1RN gene [52,53]. 


Management 
See Table 45.3. 


Deficiency of interleukin 36 receptor antagonist 
(DITRA) 


antagonist (DITRA) 


Severe early-onset pustular psoriasis has been associated with 
homozygous or compound heterozygous mutations in the gene 
encoding IL-36 receptor antagonist, [L36RN. This is discussed fully 
in Chapter 35. 


Pyogenic sterile arthritis, pyoderma gangrenosum and 
acne syndrome 


Introduction and general description 

Pyogenic sterile arthritis, pyoderma gangrenosum and acne (PAPA) 
syndrome is a rare autosomal dominant pustular autoinflammatory 
disorder affecting principally the skin and joints [55]. It is due to 
mutations in the PSTPIP1 gene which encodes a protein which is 
involved in the inflammatory pathway associated with other autoin- 
flammatory disorders such as FMF [56]. Indeed, the PSTPIP1 gene 
encoded protein binds to pyrin and exerts a dominant negative effect 
on its activity [56]. 

Many related pyoderma gangrenosum (PG)/acne syndromes 
have been reported under different acronyms [57]: PASH (Pyo- 
derma gangrenosum, Acne, Hidradenitis Suppurativa), PAPASH 
(PASH with pyogenic arthritis), PsAPASH (PASH with psoriatic 
arthritis), PASS (PG, acne, seronegative spondyloarthritis, with or 
without hidradenitis suppurativa), PAC (PG, acne, ulcerative coli- 
tis) and PAMI (PSTPIP1-associated myeloid-related proteinaemia 
inflammatory syndrome). They should nosologically be considered 
as PAPA spectrum disorders. 


Clinical features 

It presents in early childhood with a recurrent painful sterile 
pauciarticular non-axial arthritis, often apparently precipitated by 
trauma and occasionally resulting in significant joint destruction. By 
puberty, joint symptoms tend to subside while skin manifestations 
predominate. Pyoderma gangrenosum is variable; pathergy may 
occur. PAPA should be considered in every patient with a familial 
history of pathergy and/or pyoderma gangrenosum. Severe nodu- 
lar acne develops in most from puberty onwards [58]. Hidradenitis 
suppurativa may also be associated [59]. PAAND can mimick PAPA 
syndrome [60]. 


Investigations 
Typical presentation and genetic testing for mutations in the PST- 
PIP gene. 


Management 
See Table 45.3. 
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Type 1 interferonopathies — SF 


They include the different genetic variants of the Aicardi-Goutiéres 
syndrome (AGS), proteasome associated autoinflammatory 
syndromes (PRAAS) such as CANDLE, and SAVI. Those disorders 
are IFN-mediated and are referred to as ‘type 1 interferonopathies’. 
Typical manifestations are calcifications of basal ganglia (AGS), 
interstitial lung disease (SAVI), muscle involvement, glaucoma, 
glomerular nephropathy, lymphopenia; CRP levels are usually 
normal or only mildly elevated. Autoantibodies can be present. 
Irreversible end-organ damage is common. Typical skin manifesta- 
tions pointing to type 1 interferonopathies are cold-sensitivity with 
inflammatory (e.g. chilblains) or vasculopathic (e.g. telangiectasia, 
violaceous skin areas evolving into ulceration and necrosis) changes 
in cold-exposed areas (fingers, toes, tip of the nose, ears) that can 
progress to tissue loss and scarring. Neutrophilic panniculitis is 
another skin finding present in some in patients with a high inter- 
feron type 1 gene score [61]. Interferonopathies involve mainly 
small vessels, while medium-sized vessels are involved in DADA2. 
Classic immunosuppressors and most biologicals (anti-IL-1, TNF 
and IL-6) are not helpful. JAK-inbitors are the treatment of choice. 


Aicardi-Goutiéres syndrome 


Introduction and general description 

Aicardi-Goutiéres syndrome (AGS) comprise a group of six reces- 
sively inherited (TREX1, SAMHD1, RNASEH2A, RNASEH2B, 
RNASEH2C, ADAR1) and one dominantly inherited ([FIH1) mono- 
genic disorders characterised by inflammation affecting particularly 
the brain and the skin [62,63]. Mutations in some genes that are 
responsible for recessive AGS (e.g. TREX1, SAMHD1) can give rise 
to dominant familial chilblain lupus erythematosus [64,65] and 
possibly minor forms of AGS (TREX1, ADAR!1 [66)). 


Clinical features 

The most severe forms of AGS mimic TORCH (Toxoplasmo- 
sis, Other agents, Rubella, Cytomegalovirus, Herpes) syndrome. 
Signs include neonatal encephalopathy with severe developmen- 
tal delay, axial hypotonia, peripheral hypertonia with spasticity, 
microcephaly, progressive cerebral atrophy and basal ganglia calci- 
fications; and loss of previously acquired skills in case of postnatal 
onset [62,63]. Fever and hepatosplenomegaly, as well as abnormal 
liver tests, can be present. Lymphocytosis with elevated IFNa level 
in an aseptic cerebrospinal fluid are typical. Signs of autoimmunity 
such as arthritis, presence of antinuclear antibodies, lymphopenia 
and thrombocytopenia can appear. 

In this context, the following skin findings are highly suggestive: 
acral redness, red papules and plaques typical of chilblains on 
hands, feet, ears; more rarely are necrotic acral lesions, Raynaud 
phenomenon and livedo reticularis. 

Histopathological analysis of acral papuloerythematous lesions is 
consistent with chilblains [67]. 

AGS6 is caused by homozygous or compound heterozygous 
mutations in ADAR1, the gene involved in dyschromatosis 
symmetrica hereditary, explaining overlap between those two 
entities [68]. AGS7 is caused by mutations in IFIH1 and can display 
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Figure 45.3 Acral erythematous and atrophic lesions that can evolve to amputation of distal phalanges in patients with STING-associated vasculopathy with onset in infancy (SAVI); 


one patient with livedo. Courtesy of Professor Didier Bessis, Montpellier, France. 


overlapping features with Singleton—Merten syndromes and at 
least in one family multiple lentigines were part of the clinical 
spectrum [69]. 


Investigations 
Diagnosis relies on clinical findings. It is supported by high inter- 
feron levels in cerebrospinal fluid and confirmed by genotyping. 


Management 
See Table 45.3. 


STING-associated vasculopathy with onset in infancy 


Introduction and general description 

STING-associated vasculopathy with onset in infancy (SAVI) is 
a dominant disorder caused by gain of function mutations in 
stimulator of interferon cGAMP interactor 1 or STING1 (formerly 
TMEM173) encoding STING, a sensor of cytosolic DNA that 
activates IRF3 and induces transcription of IFN-1 related genes [70]. 
A recessive form of SAVI has also been reported [71]. 


Clinical features 

SAVI is characterised by neonatal-onset of recurrent fever with 
rash, failure to thrive and interstitial lung disease that can progress 
to end-stage respiratory failure, contributing to the high mortal- 
ity rate [72]. Arthralgia and arthritis are common. During flares, 
acute phase reactants are elevated. Patients have autoantibod- 
ies, such as ANA, ANCA and antiphospholipid antibodies. Rare 
cases of adult-onset SAVI have been reported manifesting as 


ANC A-associated vasculitis in one family [73]. STING1 mutations 
also account for isolated lung fibrosis and isolated familial chilblain 
lupus [74]. Some patients have recurrent infections and present as 
common variable immunodeficiency. 

Skin signs are usually the first manifestations. The most typi- 
cal lesions are violaceous, scaly and atrophic skin areas, that can 
ulcerate and/or progress to necrosis of the extremities, the cheeks, 
the ears and the nose [70]. Telangiectatic erythema, acral cyanosis 
or livedoid erythema in cold-sensitive areas are other typical man- 
ifestations. Livedo reticularis, Raynaud phenomenon, periungual 
erythema are also often present. Digital gangrene and nasal per- 
foration can occur. Vesicles or blisters can appear on cold-exposed 
sites. Localised, or more often generalised, pustules have been 
reported, as well as oral ulcers. Nails can become dystrophic or 
be completely destroyed and alopecia areata may occur [73]. The 
skin lesions can evolve to definitive damage of the fingers and the 
toes with amputation, as well as tissue loss and scarring of the ears 
and the nose (Figure 45.3). On the face, redness is situated in the 
cold-sensitive areas on the tip of the nose and on the middle part 
of the cheeks, below the malar area, thus it is relatively different 
from the malar rash observed in systemic lupus erythematosus. 
Histopathological evaluation reveals a mixed pattern, consisting of 
a prominent dermal inflammatory infiltrate with features of leuko- 
cytoclastic vasculitis and microthrombotic angiopathy of small 
dermal vessels. 


Investigations 
Diagnosis relies on clinical, biological and imaging findings and is 
supported by genotyping. 


Management 
See Table 45.3. 


Chronic atypical neutrophilic dermatosis with 
lipodystrophy and elevated temperature 


Introduction and general description 

Chronic atypical neutrophilic dermatosis with lipodystrophy and 
elevated temperature (CANDLE) is an autosomal recessive syn- 
drome, first reported in Japan as Nakajo—-Nishimura syndrome, 
and is characterised by abnormal signalling in the interferon 
pathways. It is related to a mutation in the PMSB8 gene, which 
encodes the {&5i subunit of the immunoproteasome: the latter is 
highly expressed in haematopoietic cells and is involved in pro- 
tein degradation [75]. Diagnostic criteria have been published by 
authors in Japan [76]. PMSB8 mutation is also found in the JMP 
syndrome (joint contractures, muscle atrophy, microcytic anaemia 
and panniculitis-induced childhood-onset lipodystrophy), which 
shares clinical features with CANDLE [77]. PMSB4, PSMB9, PSMA3 
and POMP are other proteasome genes identified as causing 
PRAAS/CANDLE. POMP mutations cause an autosomal dominant 
disorder [78]. SAMD9L-SAAD is a newly recognised type 1 interfer- 
onopathy with a dermatological presentation similar to CANDLE, 
but with a more severe interstitial lung disease, B and NkK-cell 
cytopenia [61]. 


Histopathology 

There is a dense dermal infiltrate of mononuclear cells intermingled 
with mature and immature neutrophils, with karyorrhexis [79]. 
Mononuclear cells were found to be ‘atypical’ because of a large 
vesicular elongated or kidney-shaped nucleus, scant eosinophilic 
cytoplasm and frequent mitotic figures. There are foci of inter- 
stitial collagen degeneration. Immunohistochemistry reveals the 
mononuclear cell component is either myeloperoxidase positive, 
Leder staining positive (naphthol AS-D chloroacetate esterase or 
specific esterase, which specifically identifies cells of the granulocyte 
lineage from the early promyelocyte stage to mature neutrophils) 
or CD68+ and CD163+ and was thus interpreted as being com- 
posed of immature neutrophils/myeloid precursors and activated 
macrophages. This infiltrate is admixed with eosinophils. 


Clinical features 

Children usually present in early life with recurrent fever, rash and 
arthralgia or arthritis. These may first develop within 2 or 3 weeks 
of birth but then continue episodically during the first year of life 
with violaceous or red, often annular and oedematous plaques on 
the face and trunk and over the interphalangeal joints. Each episode 
lasts from a few days to several weeks and resolves with purpura or 
pigmentation [77,79]. 

Later these children develop persistent violaceous periorbital 
oedema and swelling of the fingers and toes reminiscent of 
perniosis; later still, recurrent episodes of panniculitis evolve to 
lipoatrophy. Other signs include thickened lips, hypertrichosis, 
mouth ulcers and muscle atrophy. Enlarged lymph nodes, spleen 
and/or liver with abnormal liver function tests are frequently 
found. Chondritis and episcleritis, aseptic meningitis, parotidi- 
tis, as well as inflammation in other organs are further possible 
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complications. Basal ganglia calcification can occur. Acute phase 
reactants are raised and liver and often muscle enzymes are 
elevated. 

Without treatment, up to 50% of patients die before adulthood. 
The remainder risk development of muscle atrophy, cardiac arrhyth- 
mias and dilated cardiomyopathy. 


Investigations 
These are genetic testing for mutations in the PMSB8 and other 
proteasome genes and imaging of the basal ganglia for calcification. 


Management 
See Table 45.3. First-line treatment should include JAK inhibi- 
tors [80]. 


Behcet disease-like or inflar 
bowel disease-like autoinf 
syndromes 


There is a growing number of monogenic autoinflammatory 
disorders with features suggestive of early-onset Behcet disease or 
IBD. Some of these diseases also display immune deficiency and/or 
autoimmunity. Mucocutaneous manifestations include aphthous 
stomatis and numerous aseptic neutrophilic infiltrates: pustules, 
Sweet syndrome, pyoderma gangrenosum, as well as early-onset 
periorificial redness with fissuring. 


Haploinsufficiency of A20 


Haploinsufficiency of A20 (HA20) is a dominant disorder caused 
by mutations in the TNFAIP3 gene encoding protein A20, a cru- 
cial negative regulator of inflammation, leading to increased 
NF«B signalling [81]. The clinical triad of orogenital ulcers, ocular 
inflammation and non-deforming polyarthritis is characteristic. 
Other manifestations include recurrent fever, hepatosplenomegaly, 
gastrointestinal ulcers, serositis, pharyngitis, retinal vasculitis 
and central nervous system vasculitis. It is a cause of early-onset 
IBD with perianal lesions [82]. Acute phase reactants are ele- 
vated during flares. Age of onset is usually before 10 [83]. Several 
organ-specific autoimmune diseases can occur: cytopenia, type 
1 diabetes, Hashimoto thyroiditis, glomerulonephritis, interstitial 
lung disease. Some systemic autoimmune diseases, such as systemic 
lupus erythematosus, can also occur. Autoantibodies can be present. 
HA20 is a heterogeneous disorder as some patients will only have 
autoimmune manifestations [84] or immune deficiency [85]. 

Dermatological manifestations are very common: oral and gen- 
ital ulcerations, as well as gastrointestinal ulcerations. Numerous 
neutrophilic aseptic dermatoses can occur: pustules, abscesses, 
erythema-nodosum-like lesions. Pathergy can be present. Histo- 
pathology of skin lesions is a neutrophilic dermatosis and mucin 
deposition has been reported. 


Management 
See Table 45.3. 
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RELA haploinsufficiency 


onic (CMCU) 


It is a dominant disorder caused by mutations of RELA which 
encodes RelA, a subunit of NF«B [86]. The subunit RelA/NFKB1 
constitutes the predominant form of NF&«B, critical for cell survival. 
Patients have a Behcet disease-like presentation reminiscent of A20 
(TNFAIP3) haploinsufficiency, with mucosal ulceration, IBD, fever 
and elevated acute phase reactants. Oral and genital ulcers are 
the most common dermatological manifestations. Some patients 
with RELA haploinsufficiency will not have autoinflammatory 
manifestations, but rather autoimmunity [87]. 

Treatment with steroids and TNF inhibitors is efficient for the 
autoinflammatory variant. 


NLRC4-associated autoinflammatory disease 


This group of autosomal dominant disorders is related to gain 
of function mutations in NLRC4 leading to constitutive acti- 
vation of the NLRC4 inflammasome and increased secretion 
of active IL-1 and IL-18. It is characterised by extremely high 
IL-18 levels. It includes NLRC4-associated macrophage activating 
syndrome (NLRC4-MAS) [88,89] and familial cold autoinflamma- 
tory syndrome 4 (FCAS4) [90]. NLRC4-MAS is a multisystemic 
disease starting early in life with chronic IBD (AIFEC: autoin- 
flammation and infantile enterocolitis), that usually subsides over 
time. Patients can have severe inflammation with signs similar 
to CINCA/NOMID and they are prone to develop MAS. FCAS4 
is very reminiscent of FCAS with urticaria, arthralgia, ocular 
inflammation and fever after exposure to cold stimuli. Painful 
nodules can occur on lower extremities, especially in adult patients. 
Histopathological evaluation of urticarial lesions reveals a lym- 
phohistiocytic infiltrate, different from the neutrophilic infiltrate 
seen in CAPS [91]. Biopsy of a nodular lesion reveals a deep 
dermal and subcutaneous septal and lobular lymphohistiocytic 
infiltrate. 


Management 
See Table 45.3. 


Nuclear factor « light-chain enhancer of activated 
B-cells 1 (NF«xB1)-autoinflammatory disease 


rotising fasciitis 
able, 12 


This comprises different dominant disorders due to NF«B1 
mutations, encoding p105, resulting in increased expression of 
IL-1 and sometimes TNF and IFNy. Those patients have common 
variable immune deficiency with autoimmunity, and some of them 
have an associated autoinflammatory phenotype, which can either 
be a Behcet-like disease, or a necrotising neutrophilic dermatosis 
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phenotype, reminiscent of postoperative pyoderma gangrenosum 
(familial autoinflammatory necrotising fasciitis, FANF) [92,93]. 

Manifestations of immune deficiency and autoimmunity start 
in infancy and include recurrent respiratory tract infections 
with bronchiectasis, diarrhoea, lymphadenopathy, splenomegaly, 
thyroiditis, and autoimmune cytopenias. They have hypogam- 
maglobulinaemia, deficient production of specific antibodies, and 
decreased classed-switched memory B cells [94]. Those with Behcet 
disease-like have immune deficiency and mucocutaneous ulcer- 
ations, sometimes gastrointestinal inflammation, arthritis, and 
uveitis. They often have leukocytosis. 

Dermatological manifestations of patients with the Behcet-like 
variant are aphthae of the oral and genital mucosa, as well as 
ulcerations of the oesophagus. Pathergy can be present. Aseptic 
necrotising-fasciitis-like lesions characterise the patients with FANF. 

Interestingly, mutations in NF«B2 were also reported in patients 
with common variable immune deficiency and autoimmunity 
(vitiligo, alopecia areata) and recently in a patient with a neu- 
trophilic panniculitis [95]. 

If immune deficiency is present, treatment includes antibiotics 
and intravenous immunoglobulins. Behcet-like manifestations are 
treated like classic Behcet disease, with potential utility of IL-1 and 
TNF-inhibitors. 


ADAM17 deficiency 


liseases, neonatal, 1 


An extremely rare recessive disease related to ADAM17 mutations 
encoding TNF-« converting enzyme which is necessary for the 
cleavage and secretion of different molecules including TNF-a, 
epidermal growth factor, transforming growth factor-B and some 
desmogleins. Affected patients have neonatal onset of IBD, mild 
cardiomyopathy and rashes [96]. 

Skin findings include pustules, peri-orificial redness with 
fissuring and evolution to exfoliative dermatitis. Hair was reported 
as fragile, nails are thickened and paronychia common. Skin 
infections were reported as frequent and overall prognosis as 
good. Histopathology reveals a perifollicular and epithelial T-cell 
infiltrate. 


IL-10 signalling disorders (IL-10/IL-10R colitis) 


early onset, autosomal recessive 
, early onset, autosomal recessive 


Different disorders with aberrant IL-10 signalling, as for example 
autosomal recessive mutations of the gene encoding the IL-10 recep- 
tor a (IL-10RA) or 6 (IL-10RB), are causes of early-onset IBD [97]. 
Those patients often have folliculitis, perianal abscesses and ente- 
rocutaneous fistula. Treatment of choice is haematopoietic stem cell 
transplantation. 
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Miscellaneous mo 
autoinflammatory 


This group includes a growing number of autoinflammatory 
diseases that will probably be more accurately classified in the 
coming years. 


CCAAT enhancer binding protein ¢ (C/EBPe)-associated 
autoinflammation and immune impairment 
of neutrophils (CAIN) 


CAIN is a recessive disorder caused by gain of function muta- 
tions in CEBPE encoding C/EBPée, a transcription factor expressed 
in myeloid and lymphoid lineage, that regulates cellular dif- 
ferentiation and function of late myeloid lineage as well as the 
inflammasome. The disease is characterised by neutrophil dys- 
function, hyposegmented neutrophils, recurrent abscesses, mild 
bleeding (epistaxis, haematomas after needle sticks) and recur- 
rent fever [98]. It starts after adolescence with recurrent attacks 
of abdominal pain, fever and an increase in acute phase reactants 
lasting 4-5 days. Flares recur every 2— 4 weeks. Recurrent puru- 
lent skin, and mucosal and upper respiratory tract infection were 
reported, but it was not documented whether those were authentic 
infections or recurrent aseptic abscesses. Other findings include 
episcleritis, myalgia, joint pain, pleurisy and aphthous colitis. 

Dermatological findings include crater-like buccal ulcerations, 
pyoderma gangrenosum, purulent paronychia with lymphangitis 
and recurrent skin abscesses. 

Treatment modalities are not defined but if neutrophil modulators 
such as dapsone or colchicine are not effective, IL-1 inhibitors could 
potentially be helpful. 


Cleavage resistant RIPK1-induced autoinflammatory 
syndrome 


lymphadenopathy (AIEFL) 


Cleavage resistant RIPK1-induced autoinflammatory (CRIA) 
syndrome is a dominant disorder related to RIPK1 mutations result- 
ing in early-onset fever occurring every 2-4 weeks, of 1-7 days 
duration, continuing through adulthood, with enlarged lymph 
nodes, and hepatosplenomegaly in some individuals [99,100]. 
Fever can reach temperatures as high as 41°C with coincident 
chills, headaches and hallucinations. Joint pain and gastrointestinal 
symptoms (abdominal pain, nausea, diarrhoea, constipation, loss 
of appetite, weight loss) are common. Oral ulcerations have been 
reported. Tocilizumab is the treatment of choice. 


Deficiency of adenosine deaminase 2 


Introduction and general description 

Deficiency of adenosine deaminase 2 (DADA2) is a recessive disor- 
der related to biallelic hypomorphic mutations in ADA2 (formerly 
CECR1) encoding ADA2, a growth factor in the myeloid lineage 
promoting differentiation into anti-inflammatory macrophages 


[101,102]. The deficit promotes differentiation towards the pro- 
inflammatory M1 subset. ADA2 also plays a role in the homeostasis 
of endothelial cells and its deficiency promotes vascular damage. 


Clinical features 

Affected patients can have persistent and/or recurrent fever, 
livedo and/or nodules, and ischaemic and/or haemorrhagic stroke 
[101,102,103]. Vasculitis and inflammation can affect multiple 
organs, which explains intestinal, cardiac, hepatological, neurologi- 
cal and renal manifestations. Acute phase reactants are increased in 
about 50% of patients. 

Other presentations include: 
¢ Haematological manifestations: hypogammaglobulinaemia, mar- 

row aplasia, pure red cell aplasia, immune thrombocytopenia and 

neutropenia. 

e Immunodeficiency, and some patients will present as common 
variable immunodeficiency. 

¢ Lymphoproliferation with generalised lymphadenopathy and 
splenomegaly. 

The disease usually starts early in life (about 80% before age 10), 
although a few cases with adult-onset have been reported. The male 
to female ratio is close to 1. In some patients, the disease is indistin- 
guishable from polyarteritis nodosa and DADA2 can be considered 
as a monogenic variant of polyarteritis nodosa. 

Skin manifestations are the most common feature of DADA2, 
present in approximately 75% of patients. Livedo reticularis or more 
often livedo racemosa is a typical manifestation (Figure 45.4). Biopsy 
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Figure 45.4 Racemosa type livedo in a patient with deficiency of adenosine deaminase 
2 (DADA2). Courtesy of Professor Didier Bessis, Montpellier, France. 
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reveals an interstitial infiltrate of neutrophils and macrophages, 
with perivascular T cells without vasculitis. Nodules are another 
typical manifestation, displaying histopathological features of 
non-granulomatous vasculitis of small and medium-sized vessels 
in the skin. Other findings include digital necrosis and skin ulcers, 
Raynaud phenomenon, aphthous ulcers and poorly described 
rashes. 


Management 
See Table 45.3. 


HOIL-1 deficiency 


It is a recessive disorder caused by HOIL-1 mutations, encoding 
Hoil-1, a component of linear ubiquitin chain assembly complex 
(LUBAC) [104,105]. Mutations destabilise expression of the entire 
LUBAC complex, the consequences of which are defective activa- 
tion of the immune signalling with failure of B cells to upregulate 
on one hand, and increased IL-1 susceptibility of peripheral blood 
monocytes on the other hand. Thus, patients combine an immune 
deficiency syndrome with recurrent bacterial infections and an 
autoinflammatory syndrome with recurrent fever, failure to thrive, 
gastrointestinal symptoms (diarrhoea with blood and mucus), lung 
involvement and lymphadenopathy. Patients also develop amy- 
lopectinosis (intracellular glycogen inclusions) by a mechanism so 
far not understood. Cutaneous manifestations are erythroderma 
and exfoliative dermatitis as well as ‘eczema’ and oral ulcerations. 


Majeed syndrome 


This is a rare autosomal recessive monogenic autoinflammatory 
disorder related to germline LPIN2 mutations, in which chronic 
recurrent multifocal osteomyelitis (CRMO) is associated with 
dyserythropoietic anaemia and a neutrophilic dermatosis resem- 
bling Sweet syndrome [106,107]. It is mainly reported in the Arab 
and Turkish literature, more rarely in Indian and Chinese patients 
and IL-1 inhibition is treatment of choice [108]. 


NLRP1-associated autoinflammation with arthritis 
and dyskeratosis 


Introduction and general description 

NLRP1-associated autoinflammation with arthritis and dyskeratosis 
(NAIAD) can be caused by homozygous or heterozygous mutations 
of the NLRP1 gene, encoding NLRP1, a key inflammasome in the 
skin. It is a paradigm of autoinflammatory keratinisation diseases. 
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Figure 45.5 Multiple minute digitate keratosis in a patient with NLRP1-associated 
autoinflammation with arthritis and dyskeratosis (NAIAD). Courtesy of Professor Didier 
Bessis, Montpellier, France. 


Clinical features 

The disease starts during childhood with a recurrent fever last- 
ing 3-4 days, polyarthritis, repeated infections, eye involvement 
(xerophthalmia with punctate keratitis, photophobia with corneal 
dyskeratosis, or uveitis) and keratotic skin lesions [109]. In some 
families, failure to thrive and hepatosplenomegaly were reported. 
CRP is elevated during flares, low titre antinuclear antibodies, 
elevated titres of IgA, IgG or IgE, neutrophilia, and a high tran- 
sitional B-cell level are present. Vitamin A deficiency is common. 
Organ autoimmunity was reported in a few individuals (immune 
haemolytic anaemia, thyroiditis). 

Dermatological findings include diffuse xerosis with multiple 
minute digitate keratosis (Figure 45.5) covering extensive areas of 
limbs, shoulders and flanks, with brownish purple pigmented mac- 
ules with indistinct edges present in the area of keratotic lesions. 
Other reported skin lesions are: symmetric tender warty keratotic 
lesions on soles and in the larynx; comedo-like papules and ver- 
miculated atrophic scars on the cheeks; perifollicular cylindrical 
keratotic sheaths (hair casts) on hair of the vertex and occipital 
region. Histopathological hallmarks are acanthosis with scattered 
to confluent dyskeratotic keratinocytes of the supra-basal layers. 
In some areas, the granular cell layer is completely replaced by 
dyskeratotic keratinocytes. Some patients with NAIAD go on to 
develop hidradenitis suppurativa (Professor D. Bessis, personal 
communication). 


Investigations 
Diagnosis relies on clinical features and genotyping. 


Management 
Treatment relies on acitretin and anakinra. 


Neonatal onset of pancytopenia, autoinflammation, 
rash and episodes of haemophagocytic 
lymphohistiosis (NOCARH) syndrome 


NOCARH syndrome is related to a heterozygous mutation in the cell 
division cycle 42 (CDC42) gene. The syndrome associates neonatal 
onset of persistent fever, rash, hepatosplenomegaly, pancytopenia, 
transaminitis and persistently elevated markers of inflammation 
[110]. Patients go on to develop often fatal haemophagocytic 
lymphohistiocytosis; high ferritin and IL-18 levels are found, fea- 
tures shared with NLRC4-AID and X-linked inhibitor of apotosis 
(XIAP) deficiency. Most patients have mild dysmorphism (frontal 
bossing, hypertelorism, nasal bridge depression). The eruption is 
urticarial with petaloid and/or polycyclic confluence of lesions. 
Histopathology reveals perivascular lymphocytic and neutrophilic 
infiltration [111]. The disease is severe with no established treat- 
ment; IL-1 inhibition was very efficient in a few patients [111] and 
IFNy inhibitors could be helpful [110]. 


Otulin-related autoinflammatory syndrome 


itis and dermatosis syndrome (AIPDS) 


Otulin-related autoinflammatory syndrome (ORAS) is a rare 
recessive autoinflammatory disease related to mutations in the 
OTULIN/FAM105B gene encoding otulin, a deubiquitinase acting 
as negative regulator of the NF«xB pathway by counter regulating 
LUBAC [112]. Affected individuals have early-onset fever, failure to 
thrive, joint and abdominal pain, diarrhoea, lymphadenopathy and 
elevated acute phase reactants. Cutaneous manifestations include 
red plaques and nodules, pustules and lipoatrophy. Histopatho- 
logical evaluation of skin findings is poorly documented and was 
reported as ‘panniculitis’ and ‘neutrophilic dermatosis’. Authen- 
tic vasculitis has been documented in some patients [105,113]. 
Untreated, ORAS can be fatal. TNF inhibitors are a very efficient 
treatment. 


Periodic fever, immunodeficiency 
and thrombocytopenia syndrome 


Periodic fever, immunodeficiency and thrombocytopenia (PFIT) 
syndrome is a recessive disorder caused by WDR1 gene muta- 
tions, encoding WDR1 which regulates actin assembly [114]. It is 
characterised by recurrent fever, oral ulcers, intermittent throm- 
bocytopenia and immune deficiency. Flares of fever last 3-7 days, 
and they recur with a periodicity of 6-12 weeks. Raised acute phase 
reactants, leukocytosis, hyperferritinaemia and thrombocytopenia 
are present during the flares. Other findings in WDR1-deficient 
patients include intellectual impairment, recurrent infections, 
abnormal herniation of nuclear lobes in the neutrophils on blood 
smear and aberrant T-cell activation and B-cell development. 
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Oral ulcers are the most typical dermatological manifestation; 
they can be very severe and induce microstomia because of scarring. 
Poorly described skin ulceration resembling pyoderma gangreno- 
sum have been reported. As WDR1 is an actin skeleton regulator 
similar to the Wiscott-Aldrich protein, WDR1 deficiency might 
possibly also be associated with an enhanced risk of malignancy, 
especially myelodysplasia and acute leukaemia, although this has 
so far not been demonstrated. 

Treatment has yet to be defined; colchicine, steroids and anakinra 
were not efficient. IgIV and antibiotics are administered for recur- 
rent infections. Haematopoietic stem cell transplantation could be 
the treatment of choice for some patients. 


Sideroblastic anaemia with B-cell immunodeficiency, 
periodic fevers and developmental delay (SIFD) 


SIFD is a recessive disorder caused by mutations of TRNT1, encod- 
ing the nucleotidyl transferase enzyme. Mutations are responsible 
for a spectrum of diseases ranging from neonatal onset to adult 
presentation, but the severe form is often a lethal disorder [115]. 
Manifestations include recurrent fever, failure to thrive, devel- 
opmental delay, diarrhoea, vomiting and sideroblastic anaemia, 
cataract and sensorineural deafness. Hypogammaglobulinaemia is 
usually present. Dermatological manifestations include oral ulcers, 
red nodules and plaques on the trunk and limbs. Biopsy revealed 
neutrophilic infiltrates of the deep dermis and the hypodermis, with 
enlarged septa. Numerous atypical myeloid cells can be present 
raising the question of leukaemia cutis [116]. Partial response was 
reported with TNF inhibitors. 


VEXAS (vacuoles, E1 enzyme, X-linked, 
autoinflammatory, somatic) syndrome 


Introduction and general description 

VEXAS syndrome is a paradigm of an acquired autoinflamma- 
tory syndrome arising from myeloid lineage restricted somatic 
mutation in UBA1, an X-chromosome gene encoding ubiquitin-like 
modifier-activating enzyme 1 (UBA1), first identified in 2020 [1]. 


Clinical features 

VEXAS syndrome is the cause of a late-onset systemic inflamma- 
tory disease in men. Patients develop fever, elevated concentrations 
of C-reactive protein and haematological abnormalities, which can 
be subtle, such as isolated macrocytosis or thrombopenia. Vacuoles 
are present in the bone marrow. Most patients go on to develop an 
overt myelodysplastic syndrome. Some have polyarteritis nodosa or 
giant cell arteritis. Thromboembolic complications are common. The 
cutaneous expression of VEXAS are relapsing polychondritis, Sweet 
syndrome and interstitial granuloma annulare (D. Lipsker, personal 
observation). 

VEXAS syndrome should be considered in every adult man with 
otherwise unexplained systemic inflammation and minor haemato- 
logical abnormalities such as macrocytosis and/or thrombopenia. 
The diagnosis can be confirmed by demonstrating a pathogenic 
mutation in the UBA1 gene. 
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Management 

VEXAS patients are extremely resistant to treatment and the disease 
is often exacerbated by IL-1 inhibitors. Corticosteroids, anti-IL-6 and 
azacytidine are the treatments of choice. 


Vibratory urticaria 


Autosomal dominant vibratory urticaria related to ADGRE2 
mutations is just briefly mentioned here (Chapter 42), as it is 
also an autoinflammatory disorder [117]. One of the most serious 
complications is recurrent angioedema of the hypopharynx related 
to snoring. 


COMPLEX AND POLYGENI 
AUTOINFLAMMATORY D 
PRESENTING WITH URTI 
MACULOPAPULAR RAS 


Schnitzler syndrome —l Fae 


Introduction and general description 

This syndrome, first reported by Liliane Schnitzler in 1972, is now 
considered as a paradigm of a sporadic acquired autoinflamma- 
tory disorder manifesting usually in an adult patient, typically 
aged 50 years or older [118,119]. It comprises a chronic urticarial 
eruption with a persistently raised monoclonal IgM, plus at least 
two of the following features: recurrent fever above 40°C, bone or 
joint pain (especially over the ilium or tibia), lymphadenopathy, 
hepatomegaly or splenomegaly, neutrophilia, elevated acute phase 
reactants or abnormal bone imaging (e.g. osteocondensation, par- 
ticularly around the knee joint) (Table 45.4). Although arthralgia is 
common, arthritis is rare. 


Pathophysiology 
For the following reasons, Schnitzler syndrome is regarded as a 
late-onset acquired autoinflammatory syndrome: 


Table 45.4 Clinical and biological findings in patients with Schnitzler syndrome. 


% 


Urticarial rash 100 
Elevated ESR (>30 mm/h) 95 
Fever 93 
Monoclonal IgM gammopathy 89 
Kappa light chain 89 
Arthralgia/arthritis 77 
Leukocytosis (>10000 x 10%/L) 76 
Bone pain 68 
Abnormal bone morphology? 62 
Palpable lymph nodes 47 
Pruritus 45 
Liver and/or spleen enlargement 34 


@ As usually assessed by conventional X-rays. ESR, erythrocyte sedimentation rate. 
From Simon et al. [122]/John Wiley & Sons. 
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e Strong clinicopathological similarities with CAPS. 

e High spontaneous and lipopolysaccharide-induced IL-1 release 
from peripheral blood mononuclear cells of affected patients 
[120]. 

e Dramatic and immediate responsiveness to IL-1 inhibitors. 


Histopathology 
This shows a mainly interstitial neutrophilic skin infiltrate. 


Clinical features 
A recurrent urticarial rash is usually the first sign (Figure 45.6), 
although some patients will first complain of bone and/or joint 
pain [121]. Skin lesions include non-pruritic macules, papules or 
plaques, particularly on the trunk. Most patients will also develop 
fever. Therefore, Schnitzler syndrome should be suspected in any 
patient with a recurrent urticarial rash and/or fever and/or fatigue 
and/or general malaise and/or increase in acute phase reactants 
and/or joint and/or bone pain and/or enlarged lymph nodes, 
liver or spleen and/or a neutrophilic infiltrate on biopsy [4,122]. 
Immunoelectrophoresis is then mandatory. 

An IgG variant of Schnitzler syndrome has been reported but 
whether it is true Schnitzler syndrome is a matter of debate [123]. 

The rash is typically NUD. Validated diagnostic criteria 
(the ‘Strasbourg criteria’), summarised in Box 45.2, underline the 
diagnostic importance of the neutrophilic skin infiltrate [122,124]. 


Box 45.2 Schnitzler syndrome: Strasbourg 
diagnostic criteria 


Obligate criteria 
e Chronic urticarial rash 
¢ Monoclonal IgM or IgG 


Minor criteria 

e Recurrent fever* 

¢ Objective findings of abnormal bone remodelling with or without 
bone pain? 

¢ A neutrophilic dermal infiltrate on skin biopsy‘ 

* Leukocytosis and/or elevated CRP? 
Definite diagnosis if: 

¢ Two obligate criteria and at least two minor criteria if IgM, and three 
minor criteria if IgG 
Probable diagnosis if: 

¢ Two obligate criteria and at least one minor criterion if IgM, and two 
minor criteria if IgG 


® A valid criterion if objectively measured. Must be >38°C, and 
otherwise unexplained. Occurs usually — but not obligatory — together 
with the skin rash. 

> As assessed by bone scintigraphy, MRI or elevation of bone alkaline 
phosphatase. 

© Corresponds usually to the entity described as ‘neutrophilic urticarial 
dermatosis’ [2]; absence of fibrinoid necrosis and significant dermal 
oedema. 

4 Peripheral blood neutrophils >10000/mm° and/or C-reactive protein 
>30 mg/L. From Simon et al. [122]/John Wiley & Sons. 


Figure 45.6 Schnitzler syndrome: the non-itchy symmetrical urticarial eruption 
resembles the weals of chronic spontaneous urticaria. 


Differential diagnosis 

The main differential diagnosis is systemic adult-onset Still disease, 
but patients with the latter entity usually have a very high ferritin 
concentration (of which only a low proportion is glycosylated) 
and lack a monoclonal gammopathy [121]. Hypocomplementaemic 
urticarial vasculitis, cryoglobulinaemia and systemic lupus ery- 
thematosus are usually easily ruled out. Mosaic CAPS syndrome 
should be ruled out in younger patients or patients with eye or ear 
involvement [14]. 


Disease course and prognosis 

Frequency and intensity of the clinical manifestations, mainly 
pain, rash and fever, as well as persistent elevation of acute phase 
reactants, determine the severity of the disease. Profound alter- 
ation in quality of life, refractory inflammatory anaemia and AA 
amyloidosis are severe complications of Schnitzler syndrome 
[118,121,125]. 

Between 15% and 20% of patients will develop a B-cell lym- 
phoproliferative disorder, a percentage close to patients with 
monoclonal IgM gammopathies in general. Rarely reported and 
possibly coincidental co-morbidities include: autoimmune periph- 
eral neuropathy; C4 deficiencies; nodular regenerative hyperplasia 
of the liver; pancreatitis; pseudoxanthoma elasticum; impair- 
ment of renal function; antiphospholipid antibodies; and hearing 
loss [121,125]. 

Disease course is protracted and only two patients with sponta- 
neous remission have appeared in the published literature [118,126]. 
Prognosis depends on the development of AA amyloidosis or 
haemoproliferative disorder. 


Management 

Patients with altered quality of life or persistent inflammation 
(CRP >30mg/L) should be treated with anti-IL1 agents, e.g. 
anakinra. 


polygenic autoinflammatory diseases presenting with urticarial or maculopapular rash 
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Figure 45.7 Adult-onset Still disease: the rash is a subtle salmon-coloured 
maculopapular exanthem. 


Adult-onset Still disease (AOSD) is rare. It occurs in young to 
middle-aged adults with 75% of cases presenting before the age of 
50 years [127]. The cause is unknown. Patients are as likely to present 
to rheumatologists as dermatologists with intermittent episodes 
of high fever (>39°C) for at least a week, severe pharyngitis, lym- 
phadenopathy, arthralgias and a salmon-coloured maculopapular 
exanthem (Figure 45.7), which typically appears with the onset of 
fever in the evenings and decreases in the morning. 

Arthritis is generally less prominent in AOSD than in systemic- 
onset juvenile idiopathic arthritis (SoJIA). There appear, however, 
to be two phenotypes in adults. In addition to the classical systemic 
febrile form, a more indolent variant has been described in which 
arthritis predominates [127]. A variant in which more persistent 
pruritic papules and plaques develop on the trunk, neck, face or 
extensor limbs has also been described [128-130]. Such persistent 
lesions, qualified or ‘atypical’, have been associated with a worse 
prognosis [131]. Persistent eyelid oedema sometimes mimicking 
dermatomyositis and flagellate lesions are other rare manifestations 
[132]. Histopathological changes of evanescent lesions are char- 
acterised by an interstitial and perivascular neutrophil-dominant 
mixed infiltrate or a mild lymphocytic infiltrate, possibly depend- 
ing on timing of biopsy. In the case of persistent lesions, epidermal 
involvement is frequent (acanthosis, spongiosis and superficial 
necrotic keratinocytes). 

A neutrophil leukocytosis is present during the attacks. Very 
high serum ferritin levels (approximately 1000 ,g/L) help to dis- 
tinguish this rare entity from other complex autoinflammatory 
syndromes, urticarial vasculitis and infectious disease. With catas- 
trophic antiphospholipid syndrome, septic schock, macrophage 
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activating syndrome and severe Covid-19, AOSD belongs to the 
hyperferritinaemic syndromes [133]. 

Treatment relies on corticosteroids, methotrexate and IL-1 and 
IL-6 antagonists. 


Systemic-onset juvenile i 
arthritis 


Introduction and general description 

Systemic-onset juvenile idiopathic arthritis (SoJIA) occurs in 
children. The presentation is similar to AOSD with spiking fevers 
and a maculopapular rash, but the occurrence of arthritis is a 
mandatory diagnostic criterion. The lack of autoantibodies or HLA 
associations suggests that SoJIA is a polygenic autoinflammatory 
disease rather than an autoimmune disorder [134,135]. A monogenic 
autosomic recessive form of SoJIA with an underlying mutation in 
LACC17 has been described; its protein product regulates metabolism 
within macrophages [136]. 


Histopathology 
Skin biopsy reveals a perivascular and interstitial dermal infiltrate 
of neutrophils and monocytes [129,130]. 


Clinical features 

Classical features include high spiking fever once or twice daily 
associated with equally evanescent salmon pink macules on the 
trunk and lower legs. There may be a history of sore throat, 
arthralgia or serositis. 

Laboratory investigations typically reveal neutrophilia, raised 
ferritin and abnormal liver function tests. Oligo- or polyarthritis 
may antedate other symptoms; it is slowly progressive. Macrophage 
activating syndrome and severe lung involvement with alveolar 
proteinosis and/or endogenous lipoid proteinaemia are serious 
complications [137]. 

In a subset of children, more persistent pruritic papules and 
plaques develop on the trunk, neck, face or extensor limbs. These 
may be urticated or violaceous [128,130]. Histologically, a distinc- 
tive distribution of dyskeratotic keratinocytes is seen in the stratum 
corneum [128,130]. Similar findings have been reported in adults. 


Management 

Methotrexate has been the mainstay of management of juvenile 
idiopathic arthritis, although blockade of IL-1 and IL-6 with 
drugs such as anakinra or tocilizumab is especially valuable in 
this systemic variant [138]. Macrophage activation syndrome 
is a potentially fatal complication of Still disease. Expansion of 
haemophagocytic macrophages and lymphocyte activation leads to 
a cytokine storm, which requires steroids, cyclosporine and specific 
anticytokine therapy such as IL-1 or IL-18 blockade and/or JAK 
inhibitors [139]. 


Chapter 45: Autoinflammatory Diseases Presenting in the Skin 


Synovitis, acne, pustulos 
hyperostosis and osteiti 


‘osis and osteitis (SAPHO) syndrome 
\dylarthritis 


Introduction and general description 

The association of synovitis, acne, pustulosis, hyperostosis and 
osteitis was first described in 1987 [140]. Together with CRMO, it 
resembles monogenic syndromes such as Majeed syndrome (see 
earlier) but no genetic basis has been determined as yet. Synovitis, 
acne, pustulosis, hyperostosis and osteitis (SAPHO) syndrome 
is rare, with a prevalence of fewer than four per 10000. Female 
children and young adults are predominantly affected. 


Clinical features 

Skin manifestations are commoner in adults than in children. A 
neutrophilic palmoplantar pustulosis is the commonest dermatosis. 
Acne conglobata, acne fulminans and hidradenitis suppurativa 
occur predominantly in men [141]. Pyoderma gangrenosum and 
Sweet syndrome are rare. 

There may be associated IBD and systemic features such as 
fever in around 10% of patients [142]. Musculoskeletal changes 
can occur without skin lesions [140]. Bone pain can be severe and 
recurrent, often worse at night. The sternoclavicular joint is most 
affected, although it can involve other sites such as the thoracic 
spine and mandible [143]. Long bone involvement is commoner in 
children [142], whereas adults may develop synovitis at remote sites 
[144-146]. There may be associated soft-tissue swelling and redness, 
raising the possibility of a suppurative osteomyelitis. Radiological 
features may support this misdiagnosis; the affected bones show 
osteosclerosis with cortical thinning and a narrowed medullary 
canal with blurring and irregularity of the external surface. Bone 
histology reveals a sterile inflammatory infiltrate [145,146]. Cutibac- 
terium acnes and other organisms have been isolated in bone lesions, 
although their significance remains uncertain [147]. 


Management 

Treatment of the musculoskeletal symptoms includes non-steroidal 
anti-inflammatory drugs, corticosteroids and bisphosphonates, 
notably intravenous pamidronate [148,149]. Several biological 
agents have been used to good effect, including anti-TNF and 
anti-IL-1 drugs and more recently ustekinumab (anti-IL-12/IL-23), 
anti-IL-17 and JAK inhibitors [149-153]. 


Yao syndrome — 


Yao syndrome is a sporadic disease occurring in patients in their 
forties characterised by recurrent fever, fatigue, rash, polyarthritis 
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Mastocytosis | 


Definition and nomenclature 

Mastocytosis is a rare condition characterised by too many neoplas- 
tic mast cells in the skin and other tissues. A bone marrow biopsy 
usually reveals an aberrant mast cell immunophenotype, with clonal 
mast cells expressing mutations in KIT encoding the receptor for 
stem cell factor (KIT). 

The term maculopapular cutaneous mastocytosis (MPCM) used 
in the World Health Organization (WHO) classification of masto- 
cytosis embraces urticaria pigmentosa and telangiectasia macularis 
eruptiva perstans (TMEP). This is logical because some patients with 
extensive urticaria pigmentosa have a marked red, patchy compo- 
nent (Figure 46.1) and the original descriptions of TMEP included 
classic lesions of urticaria pigmentosa (see Clinical features later in 
this chapter). 


Classification 
The 2016 WHO classification of mastocytosis [1] is shown in 
Box 46.1. 

Most cases presenting to dermatology clinics with skin lesions will 
be cutaneous in children or indolent systemic in adults. However, 
the distinction between cutaneous and systemic disease is becom- 
ing blurred by finding clonal KIT mutations in the peripheral blood 
of most adults and some children with cutaneous signs of masto- 
cytosis who have not had a bone marrow biopsy. Aggressive sys- 
temic mastocytosis (ASM) and mast cell leukaemia (MCL) are rare. 
Patients with systemic mastocytosis with an associated haemato- 
logical (non-mast cell lineage) neoplasm (SM-AHN), ASM or MCL 
are said to have advanced SM. Within the advanced systemic mas- 
tocytosis category up to 70% of the patients may have an AHN, 
most commonly myeloid. It should be noted that the WHO classifi- 
cation carries no implication that one pattern will naturally evolve 
to another more serious form although this may occur. 


Introduction and general description 
The first description of mastocytosis was made by Nettleship and 
Tay in 1869 [2]. The term urticaria pigmentosa was used by Sangster 


Figure 46.1 Patient with maculopapular cutaneous mastocytosis showing urticaria 
pigmentosa and telangiectasia macularis eruptiva perstans. 


to describe the skin lesions in 1878 [3], but it was not until 1936 that 
the term ‘mastocytosis’ was proposed by Sézary to describe skin and 
systemic involvement together [4]. 

Distinguishing between cutaneous and systemic mastocyto- 
sis in patients presenting with skin lesions depends on further 
investigation, including bone marrow biopsy and blood tryptase 
measurements. Most adult cases will have systemic disease when 
investigated by bone marrow biopsy but other tissues, including 
the gut and liver, may be involved (see criteria for the diagnosis of 
systemic mastocytosis later in this chapter). Those with confirmed 
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Box 46.1 Classification of mastocytosis 
(World Health Organization 2016 revision) 


Cutaneous mastocytosis (CM) 

e¢ Maculopapular cutaneous mastocytosis (MPCM)?: 
¢ Monomorphic (usually adults) 
¢ Polymorphic (usually children) 

¢ Mastocytoma 

e Diffuse cutaneous mastocytosis (DCM) 


Systemic mastocytosis (SM) 

¢ Indolent systemic mastocytosis (ISM) 

¢ Smouldering indolent systemic mastocytosis 

e Systemic mastocytosis with an associated haematological (non-mast 
cell lineage) neoplasm (SM-AHN) 

¢ Aggressive systemic mastocytosis (ASM) 

¢ Mast cell leukaemia (MCL) 


Mast cell sarcoma 


* Urticaria pigmentosa and telangiectasia macularis eruptiva perstans 
(TMEP) are not included in the WHO classification. They should be 
considered as useful descriptive terms within MPCM. 


skin involvement who have not been investigated with bone mar- 
row for systemic disease are said to have ‘mastocytosis in the 
skin’ [5]. About 10% of patients with systemic mastocytosis do not 
have skin lesions (known as bone marrow mastocytosis (BMM) in 
patients with indolent systemic disease). Some will present with 
anaphylaxis, especially after hymenoptera stings. 


Aetiopathogenesis 

The symptoms of mastocytosis are primarily due to mast cell medi- 
ator release. There is increasing evidence that mast cells accumulate 
in tissues as a direct consequence of acquiring a gain-of-function 
mutation of KIT, which encodes the transmembrane receptor for 
stem cell factor (KIT). Activation of KIT enhances the survival and 
migration of tissue mast cells. Several amino acid substitutions 
have been described in KIT, the commonest being D816V in the 
intracellular TK2 domain (Figure 46.2). About 90% of adults with 
systemic mastocytosis have this mutation. Extracellular, transmem- 
brane and juxtamembrane mutations have also been reported, 
especially in childhood mastocytosis where the common activating 
D816V mutation is less frequently present [6]. Three of six chil- 
dren were found to have a novel dominant inactivating mutation in 
codon 839 [7]. Another study, using archived skin biopsies, reported 
a mutation of codon 816 (exon 17) in 42% of children with cutaneous 
mastocytosis and mutations outside exon 17 in 44%. There was no 
clear phenotype-genotype correlation or relationship between 
familial versus spontaneous disease [8]. KIT is also expressed on 
haemopoietic stem cells and melanocytes, which might be relevant 
to the development of myeloproliferative and myelodysplastic 
disorders in mastocytosis. The reason for hyperpigmentation in 
lesions of urticaria pigmentosa is unclear. 


Extracellular Del D419 
(23-520) K5091 
Transmembrane 
(521-543) F22C, A533D 
Juxtamembrane 
(544-581) V5591, V560G 
TK1 
(582-684) 
Activating loop 
TK2 mutations, 
(762-937) e.g. D816V 


Figure 46.2 Schematic diagram of KIT, the receptor for stem cell factor on mast cells. 


Epidemiology 

Incidence and prevalence 

Mastocytosis is uncommon. Population estimates suggest a lifetime 
prevalence in the region of 1 in 10 000 to 1 in 30 000 including 
children and adults although reliable data are not available. The 
incidence of new cases of mastocytosis is bimodal with about one 
third of cases presenting in childhood. 


Age 

The majority of childhood mastocytosis cases present in the first 
2 years of life. Adults generally present between their third to sixth 
decades [9]. 


Sex 
There is no gender difference. 


Ethnicity 

Most of the reported cases of mastocytosis have been in white people 
but whether this represents a greater susceptibility of white-skinned 
individuals to develop the disease or a reporting bias is unknown. 


Associated diseases 

Despite a higher incidence of anaphylaxis in systemic than cuta- 
neous mastocytosis [10], there is no increase in atopy [11] or specific 
sensitisation to inhalant, food or sting allergens. Hereditary alpha 
tryptasaemia (HAT) is more prevalent in mastocytosis than in the 
general population [12] and may be an augmenting factor for ana- 
phylaxis. About 20% of adults with indolent systemic mastocytosis 
(ISM) have osteoporosis [13] and a higher proportion have osteope- 
nia. Osteosclerosis, osteolysis and bone cysts may occur. Vertebral 
fractures are seen in about 20% of patients with osteoporosis, espe- 
cially in men. The lifetime risk of adults developing an associated 
non-mast cell haematological disorder should become clearer as 


cumulative data from the European Competence Network Registry 
become available but it has been estimated at around 20% of adults 
with ISM [14]. 


Pathophysiology 

Pathology 

Skin. Dermal mast cell numbers are increased in cutaneous mas- 
tocytosis [15]. The epidermis is normal apart from an increase 
in melanin. The mast cells are usually oval or spindle shaped 
(Figure 46.3a) with granules that stain metachromatically with 
toluidine blue but may be large and clustered in mastocytoma 
(Figure 46.3b). They are also well demonstrated by Giemsa, 
tryptase, CD117 or chloroacetate esterase (Figure 46.3a, inset) stains 


(b) 


Figure 46.3 Histopathology of skin lesions. (a) Urticaria pigmentosa in an adult showing 
mast cell infiltrates predominantly around blood vessels and skin appendages in the 
papillary dermis. Magnification 100x (H&E); inset stained with chloroacetate esterase, 
magnification 400x. (b) Skin biopsy of a child with mastocytomas showing large 
numbers of well-defined dermal mast cells in clusters. Magnification 100x (H&E); inset 
with detail, magnification 200x (H&E). Courtesy of Alistair Robson. 


in formalin-fixed biopsies. Mast cell infiltrates are predominantly 
found around blood vessels and skin appendages in the papillary 
dermis. In urticaria pigmentosa, they are increased up to 15-fold 
above normal [16], estimated to be around 40 mast cells /mm2 [17]. 
A careful technique when taking the skin biopsy, to minimise 
traumatic degranulation, is important. Injecting local anaesthetic 
around the lesion to be biopsied may yield a higher number of mast 
cells identified by granule stains. Full-thickness infiltration of the 
skin or a band-like involvement of the upper dermis are seen in 
mastocytomas and diffuse cutaneous mastocytosis. By contrast, 
mast cells are confined to superficial capillaries and dilated venules 
in TMEP and may be only slightly increased over the numbers seen 
in normal skin. 


Bone marrow. Bone marrow involvement typically presents with 
focal aggregates of mast cells seen on biopsy (Figure 46.4). The 
infiltration may be diffuse and spindle shaped. Mast cell infiltra- 
tion of the marrow is often accompanied by increased numbers of 
immature neutrophils, phagocytosing macrophages, eosinophils 
and lymphocytes and sometimes by fibrosis [1,18]. Clonal mast cells 
typically co-express the aberrant markers CD25 and/or CD2 with 
tryptase, CD117 or both. The prognostic role of CD30 positivity is 
currently uncertain. 


Genetics 

Most mastocytosis is sporadic but familial mastocytosis has been 
reported [19]. Most of these families had urticaria pigmentosa, but 
four cases of TMEP occurred in three generations of one family, 
with an autosomal dominant pattern of inheritance. Heritability 
associated with germline mutations is extremely rare [17]. Eight 
germline KIT mutations have been reported, mainly in exons 8, 
9, 10, 13 and 17 in contrast to somatic mutations that are mainly 
in exon 17. In families with autosomal dominant mastocytosis, 
patients usually have increased tryptase levels, systemic features 
and a chronic course [17]. Germline mutations in KIT have been 
reported in a few cases of familial mastocytosis with gastrointestinal 
stromal tumours [20]. 


Clinical features 

Cutaneous mastocytosis 

Maculopapular cutaneous mastocytosis 

Urticaria pigmentosa 

This is the commonest pattern of cutaneous mastocytosis in adults 
and children. Urticaria pigmentosa developed in the first year of life 
in 84% of 67 children [21]; the most common age of onset for adult 
disease is 20-40 years. Numerous reddish brown or pale monomor- 
phic maculopapules, plaques or nodules appear in a symmetrical 
distribution anywhere on the body, with the highest concentra- 
tion usually being on the lower trunk (Figure 46.5) and thighs 
(Figure 46.6). Lesions may be seen in the hairline of children and on 
the neck of adults but it is unusual for the face to be affected. They 
characteristically urticate within minutes of gentle rubbing (Darier 
sign) in children and some adults causing localised pruritus, redness 
and wealing (Figure 46.7), which subside within an hour. Gentle skin 
stroking does not produce wealing between lesions of urticaria pig- 
mentosa (Figure 46.8). Stroking lesional and perilesional skin with 
a calibrated dermographometer at 20-36 g/mm/? provides a useful 
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Figure 46.5 Urticaria pigmentosa lesions on the trunk of a child. Courtesy of St John’s 
Institute of Dermatology. 


demonstration of selective wealing within lesions. A positive result 
can substitute for skin biopsy in very young children. However, 
the Darier sign is not always demonstrable, especially in the adult 
form of urticaria pigmentosa with a long history of the disorder or a 
child with resolving lesions; nor is it 100% specific for mastocytosis, 
since it has been described very rarely in juvenile xanthogranuloma 
[22] and acute lymphoblastic leukaemia of neonates [23]. Lesions 
may blister in infancy, and this may be the presenting feature, 
but heal without scarring. Bullous mastocytosis is not a specific 
clinical pattern. It is most often seen in infants with mastocytomas 


Figure 46.4 Systemic mastocytosis involving the bone marrow (H&E). 
Malignant whorls of rounded and spindle-shaped mast cells are seen 
infiltrating the bone marrow in a paratrabecular distribution (circle). 
Expression of CD2, CD25 and mast cell tryptase (MCT) is seen. 
Courtesy of Dr Deepti Radia. 


Figure 46.6 Monomorphic urticaria pigmentosa on the thighs of an adult. Courtesy of 
St John’s Institute of Dermatology. 


and diffuse cutaneous mastocytosis due to intense subepidermal 
oedema resulting from mast cell degranulation. A recent consen- 
sus statement recommended that urticaria pigmentosa should be 
subdivided into two variants: a monomorphic variant with small 
maculopapular lesions, which is typically seen in adult patients, 
and a polymorphic variant with larger lesions of variable size and 
shape, which is typically seen in paediatric patients (Box 46.1). Clin- 
ical observation suggests that the monomorphic variant, if present 
in children, often persists into adulthood, whereas the polymorphic 
variant may resolve around puberty [24]. 

Flushing occurs in about 50% of patients, alcohol intolerance and 
pruritus in slightly less [25]. Other symptoms may include heat or 
cold intolerance, recurrent diarrhoea, acid dyspepsia and urinary 
frequency. Depression and headache are common. Wheezing is 
often quoted but is, in reality, extremely rare as a presentation of 
mastocytosis. Syncope due to hypotension is usually a presenting 
feature of anaphylaxis. Early studies indicated that about 60% 
of adult patients have bone marrow involvement [26,27] but it 
is now thought that the proportion of adults with skin lesions 
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Figure 46.7 Positive Darier sign in a nodule of urticaria pigmentosa in a young child. 
Courtesy of Norfolk and Norwich University Hospital. 


Figure 46.8 Wealing is confined to the lesion of urticaria pigmentosa, not the adjacent 
skin at three different settings of a calibrated dermographometer (0, 2, 5). 


who have ISM is as high as 90-95% [9]. There is no obvious rela- 
tionship between finding ISM on biopsy and symptomatology 
or prognosis [26]. Using sensitive molecular genetic techniques 
(e.g. digitial droplet polymerase chain reaction, ddPCR) on bone 
marrow aspirate, blood or skin, up to 95% of adults with MPCM 
have evidence of a clonal mast cell disease [28]. Clearance or fading 
of urticaria pigmentosa was observed in 12 of 106 adult patients 
with confirmed bone marrow involvement who were followed for 
12-20 years, with a parallel overall improvement in the patients’ 
well-being [29]. 


Telangiectasia macularis eruptiva perstans. Fixed red patches 
may rarely be the predominant clinical feature of cutaneous mas- 
tocytosis. Patients are usually adults presenting with persistent red 
patches that usually do not show obvious telangiectasia, especially 


Figure 46.9 Telangiectasia macularis eruptiva perstans. Courtesy of St John’s Institute of 
Dermatology. 


Figure 46.10 Pink mastocytoma in an infant. Courtesy of St John’s Institute of 
Dermatology. 


on the trunk, which flush but usually do not urticate on rubbing 
(Figure 46.9). Finding excess mast cells on skin biopsy will confirm 
the clinical suspicion, although they are usually not numerous. It 
has been discussed whether the term TMEP should include patients 
with urticaria pigmentosa or should be restricted to those without 
it [30]. Whether the very rare ‘pure’ TMEP without urticaria pig- 
mentosa carries a better overall prognosis when it is restricted to 
the skin is unclear. It tends to be persistent and unresponsive to 
treatment. 


Mastocytoma. Cutaneous mastocytosis may present with red, pink 
or yellowish nodules or plaques in infancy or early childhood, 
measuring up to 3-4 cm in diameter (Figure 46.10). They are usually 
solitary. About 15% of young children will present with mastocy- 
tomas [31]. If multiple, the lesions can be difficult to distinguish 
from nodular urticaria pigmentosa. They tend to blister if rubbed, 
especially in the napkin area of infants and flushing can be induced 
by rubbing a solitary mastocytoma [32]. Nearly all mastocytomas 
involute over the first few years of childhood. 
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Figure 46.11 Diffuse cutaneous mastocytosis on the back. 


Diffuse cutaneous mastocytosis. This is a very rare form of mas- 
tocytosis in which mast cells infiltrate the entire skin diffusely. It 
usually presents in the neonatal period. The skin tends to be thick- 
ened and doughy in consistency (Figure 46.11) but may be smooth. 
Skin colour may be normal or almost red. Pigmentation is usually 
absent. Blistering after minor trauma or scratching is common and 
pruritus for the child may be intense. The epidermis may be lost 
temporarily due to the intense dermal oedema over a large area and 
can resemble impetigo. Patients with this type of mastocytosis are 
at risk of systemic disease and severe complications including ana- 
phylaxis and diarrhoea [33], but it usually improves naturally over 
childhood and may resolve. 


Systemic mastocytosis 

Patients must meet at least one major and one minor, or three minor, 
criteria from the WHO criteria (Box 46.2) to be diagnosed with sys- 
temic disease [1]. 


Box 46.2 World Health Organization criteria for 
systemic mastocytosis 


Systemic mastocytosis is defined by finding 1 major + 1 minor or 

3 minor criteria on bone marrow biopsy 

1 Major: multifocal aggregates of at least 15 mast cells in bone marrow 
or other organ (not skin) 

2 Minor: 

a. More than 25% of mast cells in infiltrates are spindle shaped or 
atypical in bone marrow biopsy or other tissue, or >25% of mast 
cells in bone marrow aspirate smears are immature or atypical 

b. Activating mutations in KIT (e.g. codon 816) in bone marrow, 
blood or other tissue (not skin) 

c. Coexpression of CD117 with CD2 and/or CD25 in bone marrow 
mast cells, blood or other tissue (not skin) 

d. Serum tryptase >20 pg/L (unless associated with clonal myeloid 
disorder) 


Not all patients with proven bone marrow involvement will be 
symptomatic, but in those who are nausea, cramping, hyperacidity, 


diarrhoea, palpitations, hypotension, syncope, headache, dyspnoea 
(and occasionally wheeze in children), itch, fatigue and ‘brain foggi- 
ness’ may feature as significant symptoms. This is partly due to the 
release of cutaneous mast cell mediators which have distant effects 
and partly to direct local effects of infiltration in other tissues, such 
as the gastrointestinal tract. Bone pain, bone cysts, premature osteo- 
porosis, osteosclerosis or spontaneous fractures should prompt fur- 
ther investigation. 

Most adult patients investigated for urticaria pigmentosa with 
bone marrow biopsy will have ISM. Blood tryptase and urinary 
methylhistamine or methylimidazole acetic acid may be useful 
markers for bone marrow involvement. A persistent blood tryptase 
of 20 pg/L or greater is one of the WHO minor criteria for the diag- 
nosis of systemic mastocytosis [1]. However, a persistently raised 
blood tryptase is not diagnostic of systemic mastocytosis since it can 
occur in other conditions, including myeloproliferative neoplasms, 
hereditary o-tryptasaemia, chronic kidney disease and rarely in 
chronic spontaneous urticaria (Box 46.3) [34,35]. A diagnosis of 
systemic mastocytosis may be made in patients with a tryptase of 
less than 20 pg/L if other criteria are met. 


Box 46.3 Reasons for a persistently raised blood 
tryptase in a patient without skin lesions 


Haematological 

¢ Systemic mastocytosis 

¢ Chronic myeloid leukaemia 

¢ Myelodysplastic syndrome 

e Myeloproliferative neoplasm 

¢ Others, e.g. eosinophilic and basophilic leukaemias 


Increased copy number of the TPSAB1 gene 
¢ Hereditary a-tryptasaemia 


Others 
e Renal failure 
¢ Chronic spontaneous urticaria 


An algorithm for the assessment of patients with an elevated 
blood tryptase without skin lesions of mastocytosis is shown in 
Figure 46.12 [35]. 

Although there is a risk of progression of ISM to SM-AHN or 
aggressive systemic mastocytosis, the literature indicates that this 
is unusual and there are no reliable markers to identify subgroups 
of patients at greater risk of this. Mast cell leukaemia is much more 
likely to present to a haematologist de novo than to a dermatologist, 
with changes in the peripheral blood picture against a background 
of being unwell with lymphadenopathy or organomegaly. 


Monoclonal mast cell activation syndrome 

Patients with evidence of episodic mast cell activation who show 
evidence of clonality on bone marrow biopsy (CD25 expression on 
mast cells and/or KIT D816V mutation) but do not meet the crite- 
ria for systemic mastocytosis are said to have monoclonal mast cell 
activation syndrome. There is an implication that these patients are 
at risk of developing systemic mastocytosis and, as a consequence, 
should be under review. 


Mastocytosis 46.7 


Serum tryptase 
<15 ng/mL 


Y 


Suspected mastocytosis in 
adult without MIS 


Serum tryptase 
>25-30 ng/mL 


Serum tryptase 
15-25 ng/mL 


REMA score 22, typical clinical symptoms or 
KIT D816V detectable in peripheral blood cells 


Follow-up 


Figure 46.12 Algorithm for the assessment of patients 
with a raised tryptase but no evidence of mastocytosis in 
the skin (MIS). BM, bone marrow; REMA, Red Espanola de 
Mastocitosis. 


BM studies and staging 
investigations 


Mast cell activation syndrome 

Patients may present with episodic symptoms of systemic mast 
cell mediator release. The term ‘mast cell activation syndrome’ 
has been applied to patients with primary clonal mast cell disease 
(mastocytosis or monoclonal mast cell activation syndrome), mast 
cell activation secondary to known causes (e.g. immunoglobulin 
E (IgE) mediated or non-IgE mediated anaphylaxis), or idiopathic 
anaphylaxis [36]. Mast cell activation syndrome may be considered 
when patients present with mast cell mediator symptoms in at 
least two body systems (e.g. skin/respiratory /gastrointestinal/ 
cardiovascular), respond to antimast cell mediator therapies and 
can be shown to have evidence of mast cell mediator release 
during an episode (rise and fall in blood tryptase or increase in 
urinary histamine breakdown products including N-methyl his- 
tamine, leukotriene C, or prostaglandin 11BPGF2-« (a metabolite of 
prostaglandin D,)). 


Co-morbidities 

In a population-controlled study of the national Danish registry for 
systemic mastocytosis, there was an increased risk of solid can- 
cers, including melanoma and non-melanoma skin cancers, and 
venous thromboembolism in addition to known increased risks 
of anaphylaxis and osteoporosis [37]. Anaphylaxis after bee and 
wasp stings and drugs (including some anaesthetic agents) is 
increased in adults, especially with systemic mastocytosis, but may 
be multifactorial and unpredictable. 


Disease course and prognosis 

Most mastocytomas resolve in the first decade. Over 50% of chil- 
dren with urticaria pigmentosa clear by adolescence. In a review 
of 67 paediatric cases, five resolved over 2 years of follow-up and 
20 improved but did not clear over a mean period of 6 years [38]. 
Complete regression of skin lesions is mostly seen in mastocytomas 
and paediatric MPCM [17]. Spontaneous resolution of cutaneous 


mastocytosis was observed in about 10% of adults [39]. The main 
problems likely to be experienced by patients relate to the risks 
of anaphylaxis and osteoporosis. Patients with ISM/smouldering 
systemic mastocytosis have a better overall survival than those 
with advanced systemic mastocytosis. Prognostic scores for sys- 
temic mastocytosis have been developed to predict and improve 
outcomes and now include the mutational landscape in these 
patients in addition to the KIT D816V mutation; additional muta- 
tions including the presence of SRSF2, ASXL1 and RUNX1 confer 
a poorer prognosis. The prognosis of advanced mastocytosis with 
an associated blood disorder will relate to the associated haema- 
tological disorder, and management will be directed primarily 
towards this. 


Investigations 

A skin biopsy should be done to confirm a clinical diagnosis of 
mastocytosis in the skin in adults although observation alone is 
often appropriate in very young children unless there is diagnostic 
doubt, especially those with a solitary mastocytoma, in whom sys- 
temic disease is very unlikely and those with a convincing positive 
Darier sign. As a general rule, children with mastocytomas and 
urticaria pigmentosa do not require extensive investigation if they 
are well. Taking a history, examination for hepatosplenomegaly, 
full blood count and differential, liver function, InmununoCAP® 
for IgE sensitisation to bee and wasp venoms, and tryptase with 
skin biopsy (unless there are clinical reasons for not doing so) is 
sufficient. 

A full blood count, biochemical profile, total IgE with specific 
IgE to bee and wasp venoms, vitamin D and tryptase should be 
performed at presentation in adults (Box 46.4). A dual-energy 
X-ray absorptiometry (DEXA) scan should be done at baseline 
and every 3-5 years in adults but not children. A blood count, 
liver profile and tryptase should be done annually at least when 
systemic disease is either suspected or proven (Figure 46.13). 
Other investigations should be guided by the clinical presentation. 
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46.8 Chapter 46: Mastocytosis 


Box 46.4 Protocol for the diagnostic work-up of 
adults with suspected mastocytosis 


Initial assessment 
¢ History, to include specific enquiry about: 
e Allergic reactions, including Hymenoptera stings and bites 
¢ Bowel symptoms, including dyspepsia, diarrhoea and abdominal 
pain 
¢ Bone pain 
e Examination, to include: 
¢ Head to toe skin assessment (including melanoma) 
e Abdominal and lymph node examination 
¢ Blood pressure and weight 
¢ Clinical photography 
¢ Standard investigations, to include: 
¢ Skin biopsy: 

e Atraumatic sample of lesional skin using a 4 mm punch biopsy 
(with an option of accompanying normal skin biopsy for 
comparative mast cell number counts) if the clinical diagnosis is 
uncertain 

¢ Local anaesthesia (preferably ring block) 

e Formalin preservative for routine histopathology and mast cell 
stains 

¢ Blood tests: 

¢ Full blood count 

¢ Clinical chemistry profile 

¢ Tryptase 

e Vitamin D 

* Total IgE with ImmunoCAP® for specific IgE to bee and wasp 
venoms (and other relevant allergens, as suggested by the 
history) 

e DEXA (not in children) 

e Urine assays, none routinely 


Further investigations (to be guided by the initial assessment) 

e If full blood count is abnormal (e.g. unexplained eosinophilia, 
persistent leukocytosis or cytopenias), refer for further assessment 
by the haematology department 

e Ifrandom tryptase is above 20 ng/mL on at least two occasions or 
there is a high clinical suspicion of systemic disease, refer for staging 
work-up to include: 
¢ Bone marrow biopsy and KIT D816V mutational analysis (adults, 

and children only if clinically necessary) 

e X-rays of thoraco-lumbar spine if fracture or collapse is 
suspected in adults with indolent systemic mastocytosis, 
especially men 

e If hepatosplenomegaly, perform an abdominal ultrasound scan 
proceeding to CT scan when appropriate 

e If allergic disease is suspected on the history, especially in the context 
of anaphylaxis, refer for a full allergy assessment 

e If peptic ulceration is suspected, refer for gastroscopy 

e If there is bone pain, refer for X-ray examination (and ongoing 
referral to metabolic bone disease specialist) 

¢ Repeat blood tryptase annually for monitoring if the initial level is 
greater than the laboratory normal range 


CT, computed tomography; DEXA, dual-energy X-ray absorptiometry; 
IgE, immunoglobulin E. 


Bone marrow examination is not obligatory in the absence of other 
features, such as anaemia, persistent leukocytosis, unexplained 


eosinophilia, hepatosplenomegaly or lymphadenopathy. Blood 
tryptase is a useful surrogate marker for bone marrow involve- 
ment but not diagnostic of systemic disease without other features 
being present [1]. A basal tryptase of 20 pg/L on at least two 
occasions in patients with skin lesions is a useful threshold for 
bone marrow biopsy in adult patients, although the significance 
of a raised tryptase in very young children with extensive skin 
involvement is less certain [40]. Adults may have ISM with a 
blood tryptase less than 20 pg/L. An abdominal ultrasound scan 
may be informative for suspected hepatosplenomegaly but should 
not form part of the routine investigation. Thoraco-lumbar spine 
X-rays should be performed in adult patients with systemic mas- 
tocytosis if the patient is symptomatic with vertebral bone pain. 
Current evaluation of highly sensitive mutation analysis enabling 
the detection of KIT D816V in peripheral blood leukocytes is 
increasingly being used and may, in future, provide a useful 
non-invasive test in children or adults with borderline tryptase 
levels [41,42]. 


Management (Box 46.5) 

Most patients presenting to dermatology clinics with cutaneous 
mastocytosis or ISM will have an excellent prognosis, particularly 
children, thus it is important to provide reassurance about the 
nature and prognosis of the condition. A retrospective study from 
the Mayo Clinic of 159 adult patients showed no difference in 
lifetime survival between those with and those without ISM [43]. 
Management hinges on the avoidance of trigger factors for mast 
cell degranulation, symptomatic relief with antimast cell mediator 
drugs, provision of epinephrine, immunotherapy when appropri- 
ate (e.g. venom allergy) and early detection of systemic disease 
causing significant blood or bone complications. No cure is cur- 
rently available but there is increasing evidence of the benefit of 
cytoreductive therapies in patients with organ dysfunction (B find- 
ings) or damage/failure (C findings) including tyrosine kinase 
inhibitors. 

The flushing and itching experienced by many patients with 
cutaneous mastocytosis are due to the release of mast cell media- 
tors. This can be exaggerated by physical stimuli, such as extremes 
of temperature, towelling, massage or alcohol. Potential triggers 
of mast cell degranulation include known allergens, non-steroidal 
anti-inflammatories, opiates, Hymenoptera venoms (even in the 
absence of IgE sensitisation), iodinated contrast media (especially 
ionic), dextrans and some muscle relaxants (Box 46.6). The impact 
of skin lesions on quality of life should not be underestimated. 

Up to 50% of adults and 20% of children experience one or more 
episodes of anaphylaxis [17] so epinephrine autoinjectors should 
be prescribed for all adults with mastocytosis, especially those with 
proven or suspected systemic disease, children with widespread 
cutaneous mastocytosis and those with relevant IgE sensitisations, 
such as to bee or wasp venoms. Oral antihistamines are helpful 
for milder attacks of flushing or pruritic weals without respiratory 
difficulty or hypotension. Venom immunotherapy for patients with 
Hymenoptera sting anaphylaxis should be for life [44]. Fatal car- 
diovascular collapse during general anaesthesia has been reported 
[45]. Prophylactic corticosteroids and antihistamines before general 
anaesthesia are usually given [46] but will not prevent mast cell 
degranulation. 


Mastocytosis 46.9 


Initial work-up: 
dermatology 


CHILD 


ADULT 


IF CM 


Figure 46.13 Algorithm for reviewing adults and children with 
mastocytosis. ASM, aggressive systemic mastocytosis; BM, bone 
marrow; CM, cutaneous mastocytosis; FBC, full blood count; LFT, 
liver function test; MCL, mast cell leukaemia; SM, systemic 
mastocytosis; SM-AHN, systemic mastocytosis with an associated 
haematological (non-mast cell lineage) neoplasm. 


discharge 


Follow-up by 
dermatology until 
remission then 


IF SM IF CM 


Lifetime follow-up by 
dermatology or 
haematology 


IF SM-AHN, ASM, MCL 
Manage by haematology 


Consider discharge 
to primary care 
for annual FBC, 

LFT, tryptase 


Box 46.5 Summary of management options for 
mastocytosis 


e Avoid triggers of mast cell degranulation (Box 46.6) 
¢ Treat systemic and skin symptoms due to mast cell mediator release: 
¢ Non-sedating (second generation) H, antihistamines (up-dosing 
allowed in line with chronic urticaria) 
¢ H, antihistamines (hyperacidity or dyspepsia) 
¢ Proton pump inhibitors 
¢ Sodium cromoglycate (orally for bowel symptoms) 
¢ Consider skin-directed treatments for symptoms and for improving 
the appearance of lesion: 
¢ Topical corticosteroids (e.g. 0.05% clobetasol propionate cream 
twice daily for up to 6 weeks for urticaria pigmentosa on the body 
in adults but avoiding the face) 
¢ Topical 4% sodium cromoglycate cream for children, especially for 
bullous mastocytosis (if available) 
¢ Narrow-band ultraviolet B phototherapy or photochemotherapy 
(PUVA) 
¢ Cytoreductive treatments for systemic mastocytosis with organ 
dysfunction or failure: 
e Oral corticosteroids (short term) 
¢ Interferon-a 
¢ Cladribine 
¢ KIT tyrosine kinase inhibitors 
e Imatinib (not effective for D816V-positive systemic 
mastocytosis) 
¢ Midostaurin 
e Avapritinib 
¢ Investigational drugs (e.g. masitinib) 
e Manage complications: 
¢ Osteopenia and osteoporosis: 
e Vitamin D and calcium supplements 
¢ Bisphosphonates 
¢ Haematological (chemotherapy protocols for AHN) 
e Anaphylaxis (epinephrine autoinjectors should be offered to all 
adults with mastocytosis and children with extensive cutaneous 
mastocytosis) 


AHN, associated haematological neoplasm; PUVA, psoralen and 
ultraviolet A. 


Box 46.6 Potential mast cell degranulating stimuli 


¢ Physical triggers (especially rubbing, heat or exertion) 
¢ Non-steroidal anti-inflammatory drugs (e.g. aspirin, ibuprofen, 
diclofenac) 
¢ Some general anaesthetic drugs: 
¢ Some non-depolarising muscle relaxants (e.g. atracurium, 
mivacurium) 
¢ Opiates (e.g. morphine, codeine) 
e Plasma volume expanders (e.g. dextrans) 
e Anticholinergics (e.g. hyoscine) 
¢ Radiocontrast media (especially iodine-based ionic agents) 
¢ Insect and snake venoms (allergic and non-allergic effects) 
¢ Other allergens (e.g. latex) 
¢ Alcohol 


First line 

Antihistamines. Non-sedating H1 antihistamines are the mainstay 
of therapy for mast cell mediator symptoms and may be given at 
higher than licensed doses. Itching and flushing can be controlled by 
antihistamines in many patients but can be refractory to treatment. 
Ketotifen has theoretical mast cell stabilising properties and is pre- 
ferred by some patients but is often sedating. H, antihistamines and 
proton pump inhibitors are used for gastrointestinal symptoms, 
including indigestion. 


Second line 

Mast cell stabilising and anti-inflammatory drugs. Abdominal 
pain, nausea and diarrhoea also respond to sodium cromoglycate; 
however, this has little if any value for other systemic symptoms 
because it is not absorbed from the gut in any significant amount [47]. 
Aspirin and other non-steroidal anti-inflammatory drugs have been 
reported to ameliorate prostaglandin-mediated flushing in some 
patients, but must be introduced with caution, under cover of 
antihistamines and with initial observation, if there is any history 
of intolerance. 
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Photochemotherapy and phototherapy. Although oral psoralen 
and ultraviolet A (PUVA) may help pruritus and wealing and 
improve the appearance of urticaria pigmentosa [48], the benefits 
are only temporary so the risks of long-term treatment need to be 
considered carefully. The mechanism for improvement is not cer- 
tain, but probably involves a reduction of mast cell numbers in the 
papillary dermis and of total histamine content in lesional skin [49], 
with some cosmetic improvement due to tanning. Narrow-band 
UVB therapy may be effective for pruritus when PUVA is not 
tolerated. 


Topical corticosteroids and calcineurin inhibitors. Potent or very 
potent topical corticosteroids applied under polythene occlusion 
for 2 weeks or used without occlusion twice daily for 6 weeks 
in adults, or intralesional injection of corticosteroids into masto- 
cytomas, can lead to clearance of mast cells and a reduction of 
pigmentation for at least a year [50]. Steroid atrophy is an important 
risk of continued treatment, especially in body flexures. Restriction 
to limited areas, such as the forearms and legs, will minimise signif- 
icant adrenocortical suppression. Improvement was observed with 
1% pimecrolimus cream in a small series of young children with 
cutaneous mastocytosis studied retrospectively [51], but efficacy of 
topical calcineurin inhibitors has not been confirmed in controlled 
studies. 


Omalizumab. Omalizumab may be effective for recurrent ana- 
phylaxis in systemic mastocytosis and improving mast cell 
mediator-related symptoms, especially in the skin, when insuf- 
ficiently controlled by conventional therapy [52]. 


Third line 

Cytoreductive treatment. Oral corticosteroids at high doses can 
offer temporary symptomatic improvement for patients with 
ASM. Patients with ISM who are symptomatic despite maxi- 
mal antimast cell mediator treatments and those with advanced 
mastocytosis should be considered for cytoreductive or targeted 
treatments. Interferon a, usually given in combination with oral 
corticosteroids [53,54], and cladribine have been found to result in 
partial remissions in some patients but the latter can cause severe 
myelosuppression with risk of infections [55]. 

Tyrosine kinase inhibitors (TKIs) demonstrate efficacy in patients 
with advanced systemic mastocytosis, while imatinib shows efficacy 
in KIT D816V negative patients or those with unknown mutational 
status and in patients with a well-differentiated systemic masto- 
cytosis variant with F522C transmembrane mutation/wild type 
KIT. Midostaurin — an oral multikinase inhibitor of wild type 
and D816V-mutated KIT as well as FLT3 and PGRFRa/B — has 
been approved for patients with advanced systemic mastocytosis 
demonstrating decreases in overall mast cell burden, a reduction in 
spleen size, and decreases in bone marrow mast cell burden with 


improved symptom scores [56]. The US Food and Drug Adminis- 
tration recently approved avapritinib (June 2021), an oral directed 
KIT D816V inhibitor for patients with advanced systemic masto- 
cytosis. Significant reductions were seen in mast cell burden, with 
improved clearance of mast cell aggregates and a reduction in KIT 
allele burden becoming undetectable in some patients. 

Finally, allogeneic bone marrow transplantation is an option 
for those patients with a suitable donor and more so with the 
promising results shown in the clearance of mast cells with the new 
TKls. Treatment of an associated haematological disorder should 
be undertaken as appropriate for that disorder and the overall 
prognosis is usually that of the latter. 


Resources 


Patient resources 
UK Masto: http://www.ukmasto.org/ (last accessed October 2022). 
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The full list of references can be found in the online version at 
https://www.wiley.com/rooksdermatology10e 
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Introduction 


Cutaneous annular erythemas may be classified as either (i) those 
due to a specific skin disorder such as psoriasis and tinea corporis; 
or (ii) a cutaneous inflammatory reaction to a trigger such as a 
drug, infection or malignancy or in some cases an unknown cause. 
Cases where no trigger is identified are described as idiopathic 
annular erythemas. This chapter describes the known patterns of 
reactive inflammatory erythemas, namely erythema multiforme 
(EM), annular erythema of infancy, necrolytic migratory erythema 
(NME), erythema annulare centrifugum, erythema chronicum 
migrans, erythema gyratum repens and erythema marginatum. 
When assessing a patient with a likely reactive erythema, knowl- 
edge of local disease prevalence and local use of therapeutics will 
be useful. For example, the advancement of immunotherapy for 
the treatment of metastatic melanoma with checkpoint inhibitors 
and the evolution of new infections such as SARS-CoV-2 are two 
recently identified triggers for these reactive erythemas. By infer- 
ence, therefore, disease associations will be influenced by local 
population health and socioeconomic factors and will vary with 
geography and over time. 

In contrast, the decline in streptococcal infections in certain parts 
of the world has made erythema marginatum relatively less com- 
mon. When assessing a patient presenting with annular lesions, 
first decide whether this is specific to a known dermatological 
diagnosis such as psoriasis or whether it is a reactive erythema. It 
is also important to elicit a very comprehensive medical history 
including current and recent medication, symptoms of infection 
and occult malignancy, as the rash may herald the opportunity for 
early detection and treatment of an underlying cause. If a reactive 
erythema is considered likely, then identifying the subtype might 
be helpful, although there may be overlap between these. In the 
sections that follow the types of reactive erythemas are described 
and some of their associated triggers, with cross-referencing to 
other relevant chapters. 


Erythema multiforme — 


Introduction and general description 

Erythema multiforme is an immune-mediated disease charac- 
terised by target lesions that can occur anywhere on the skin and 
mucous membranes. They occur most commonly on the extremities 
on the hands and feet. Causality, for instance associations with 
infections, autoimmune disease and drugs, might be found but not 
always. 

EM, Stevens-Johnson syndrome (SJS) and toxic epidermal necrol- 
ysis (TEN or Lyell syndrome) were considered to form a spectrum 
from mild to severe cases. There has been a re-evaluation of this con- 
cept and a tendency to consider EM minor and EM major as part 
of one spectrum, commonly following infections (especially with 
herpesvirus) where it is often recurrent in nature. Sometimes EM 
is due to drug reactions and in many cases no underlying cause is 
found. 

SJS and TEN are discussed in detail in Chapter 118 and are more 
closely linked to drug sensitivities, although cases of TEN in chil- 
dren secondary to mycoplasma and herpesvirus infections have 
been reported. SJS and TEN may be regarded as severe variants of 
a single disease [1,2-5]. In this chapter, we will describe EM and its 
associated drug and infection triggers. 

EM is best regarded as a self-limiting cytotoxic dermatitis result- 
ing from cell-mediated hypersensitivity most commonly to drugs 
or infection. It presents clinically with a spectrum of macular, papu- 
lar or urticarial lesions, as well as the classic acral iris or ‘target 
lesions’ (Figure 47.1). Lesions may involve the palms or trunk, 
as well as the oral and genital mucosal membranes, which are 
associated with erosions. On the other hand, SJS, first described in 
1922, comprises extensive EM of the trunk and mucous membranes 
(Figure 47.2), accompanied by fever, malaise, myalgia and arthralgia 
[6,7]. Lyell first reported TEN in 1956 [8], which was characterised 
by extensive, sheet-like skin erosions with widespread purpuric 
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Figure 47.1 Classic target lesion in erythema multiforme. 


Figure 47.2 Mucosal lesions in erythema multiforme. 


macules or flat, atypical target lesions (Figure 47.3), accompanied 
by severe involvement of the conjunctival, corneal (Figure 47.4), 
irideal, buccal, labial and genital mucous membranes [9,10]. 

EM major occurs in younger males, frequently recurs, has less 
fever and milder mucosal lesions, and lacks an association with 
collagen vascular diseases, human immunodeficiency virus (HIV) 
infection or cancer. Herpes simplex is associated with SJS in up to 
10% of cases and may be recurrent [10]. SJS, with occasional skin 
blisters and erosions covering less than 10% of the body’s surface 
area, is differentiated from TEN, in which, typically, sheet-like 
erosions involve more than 30% of the body surface. However, 
there are several cases (10-20% in adults, and a higher percentage 
in children) that even experienced clinicians and histopathologists 
are unable to classify as they seem to have features of both groups. 
As such each case requires careful and ongoing evaluation for 


(b) 


Figure 47.3 (a) Widespread acutely inflamed target lesions, including blisters, in 
erythema multiforme on the hands and arm in a 33-year-old Asian man. (b) Classic 
target lesions in erythema multiforme on the thighs in an adult white man. 


disease progression, especially if more than 10% of body surface 
area is affected and/or there are signs of systemic disease, espe- 
cially in the first few days of presentation, and escalation in disease 
management if indicated (Chapter 118). 


Immunology 

The clinical reaction pattern of EM is associated with many dif- 
ferent triggering factors in genetically predisposed individuals. 
The immune profile of lesional skin from both infection-associated 
and drug-triggered EM gives clues to the pathogenesis. Human 
leukocyte antigen (HLA) studies have shown an association with 
HLA-B62 (B15), HLA-B35 and HLA-DR53 in recurrent cases of 
EM [1-3]. Immune complexes, both in the skin and circulation 
[4,5], autoantibodies against epithelial cells [6] and autoantibodies 
against desmosomal plaque proteins desmoplakin I and II, with 
suprabasal acantholysis, have also been demonstrated [7,8]. CD4+ 
T cells have been found in the dermis and CD8+ T cells in the 
epidermis of lesional skin. 


Figure 47.4 Eye involvement in erythema multiforme. 


Herpesvirus-infected peripheral blood mononuclear cells 
(PBMCs) induce upregulation of CD54+ and major histocompati- 
bility complex class I molecules in adjacent, non-infected, human 
dermal microvascular endothelial cells in vitro, and a consequent 
increased endothelial binding of PBMCs [9]. Herpes simplex virus 
(HSV) DNA has been identified in lesions of herpes-induced EM 
[10,11]. It has been proposed that PBMC antigen-presenting cells 
(macrophages, dermal dendritic cells or Langerhans cells) phago- 
cytose HSV DNA and transport fragments to distant skin sites. 
This leads to recruitment of HSV-specific CD4+ T helper 1 (Th1) 
cells, thereby enhancing interferon a (IFN-a) production [12-14]. 
Thereafter an inflammatory cascade is initiated that includes the 
expression of IFN-a-induced genes, increased sequestration of 
circulating leukocytes, monocytes and natural killer (NK) cells, 
and the recruitment of autoreactive T cells. By extrapolation, 
drug hapten-specific T cells could be involved in the pathogen- 
esis of drug-induced EM. PBMCs obtained from a patient with 
carbamazepine-induced EM at the time of disease showed increased 
binding to intercellular adhesion molecule 1 (ICAM-1) positive het- 
erologous keratinocytes, and to autologous keratinocytes in vitro, 
which could be inhibited completely by antibodies to lymphocyte 
function-associated antigen 1 (LFA-1), the ligand for ICAM-1 [15]. 
Perforin-positive cells may mediate apoptotic cell death in EM 
and SJS [16]. Monocyte chemotactic protein 1 (MCP-1), RANTES 
(regulated upon activation, normal T-cell expressed and secreted), 
macrophage IFN-a-inducible gene (Mig) and IFN-a-inducible pro- 
tein 10 (IP-10) were expressed by basal keratinocytes above, and 
mononuclear cells within, inflammatory foci. These cytokines con- 
tribute to the cell-specific and spatially restricted recruitment of 
mononuclear cells in the acute inflammation of EM [17]. Recently, 
EM major has been reported after the sequential use of two immune 
checkpoint inhibitors, nivolumab and ipilimumab, for the treatment 
of advanced melanoma. These drugs work by reversing the imbal- 
ance of antitumour self-tolerance and enhance T-cell response, 
which in this report blocked both the PD-1 (programmed cell 
death protein 1) and CTLA-4 (cytotoxic T-lymphocyte-associated 
protein 4) pathways. 


Erythema multiforme 47.3 


Triggering factors 

Potential triggering factors are listed in Box 47.1 [1-4,5,6-24,25,26]. 
The most common association is with a preceding herpes simplex 
infection (facial or genital) [1-3] or with a Mycoplasma infection [4,5], 
especially when conjunctival and corneal involvement occurs. Other 
viral or bacterial infections and vaccination have also been incrimi- 
nated. More recently SARS-CoV-2 has been associated with EM-type 
lesions in adults and children, often in association with peripheral 
chilblain-like lesions [25,26]. Other cases are caused by drugs but in 
up to 50% no associated trigger may be identified. 


Box 47.1 Some triggers of erythema multiforme 


Viral infections [1] 

Herpes simplex virus [2,3] 
Mycoplasma infections [4,5] 
Acquired immune deficiency syndrome 
Adenovirus [6] 
Cytomegalovirus [7,8] 

Hepatitis B [9] 

Infectious mononucleosis [10,11] 
Lymphogranuloma inguinale 
Milker nodules 

Mumps 

Orf [12] 

Poliomyelitis 

Psittacosis 

SARS-CoV-2 [25,26] 

Vaccinia 

Varicella [13] 

Variola 


Bacterial infections 
A wide range has been recorded including rickettsiae [14] 


Fungal infections [15,16] 
¢ Histoplasmosis [17,18] 


Drug reactions 
¢ Including vaccinations 


Contact reactions 

Miscellaneous 

Carcinoma, lymphoma, leukaemia 

Granulomatosis with polyangiitis 

Lupus erythematosus (Rowell syndrome) 

Polyarteritis nodosa 

Polymorphic light eruption [19] 

Pregnancy, premenstrual, ‘autoimmune progesterone dermatitis’ [20] 
Sarcoidosis [21] 

X-ray therapy [22-24] 


Drug reactions 

Erythema multiforme was regarded as a well-recognised pat- 
tern of adverse cutaneous drug reaction [1-7]. As new drugs 
develop, EM-type lesions are reported in association with them. 
However, ina prospective study of cases of EM, only 10% were drug 
related [2]. In another study, antecedent medication use, especially 
cephalosporins, was recorded in 59% of EM patients and 68% of 
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SJS patients [4]. Perhaps all too frequently, and controversially, 
drugs are implicated on inadequate evidence; description of some 
reactions as ‘EM like’ does not help in this regard. Confirmation of 
drug sensitivity really necessitates re-exposure to the drug, which 
may carry an unacceptable risk and is not usually performed, which 
makes diagnosis uncertain. 

Some of the drugs with notoriety for triggering EM are shown in 
Box 47.2. These range from historical and infrequently used thera- 
pies to the newer agents and include antibiotics, anticonvulsants, 
non-steroidal anti-inflammatory drugs, statins, immunotherapy 
and vaccinations [8—55,56—58]. 


Box 47.2 Drugs reported as causing erythema 
multiforme 


Antibiotics 
¢ Cephalosporins: 
° Ceftazidime 
e Erythromycin 
e Penicillins and ampicillin 
¢ Quinolones 
¢ Rifampicin 
¢ Sulphonamides: 
¢ Co-trimoxazole 
¢ Sulfadoxine-pyrimethamine 
¢ Sulphones 
e Tetracyclines 
¢ Thiacetazone 
e¢ Vancomycin 


Antifungal preparations 
° Griseofulvin 

e Nystatin 

e Terbinafine 


Antiretroviral drugs 
e Abacavir 
¢ Nevirapine 


Non-steroidal anti-inflammatory drugs 
e Fenbufen 
e Ibuprofen 
e Paracetamol (acetaminophen) 
e Pyrazolone derivatives: 
e Antipyrine 
e Phenylbutazone 
e Phenazone 
° Salicylates 
e Sulindac 


Immunotherapy 
¢ Ipilimumab 

e¢ Nivolumab 

e¢ Pembrolizumab 


Metals and other elements 
e Arsenic 

e¢ Bromides 

° Gold 

e Todides 


¢ Mercury 


Anticonvulsants 

e Barbiturates 

¢ Carbamazepine 

e Hydantoin derivatives 
e Lamotrigine 

e Trimethadione 


Antihypertensives 
e Furosemide 

e Hydralazine 

e Minoxidil 

e Thiazide diuretics 


Statins 
e Pravastatin 
e Simvastatin 


Drugs acting on the central nervous system 
e Lithium 

e Mianserin 

¢ Phenothiazines 

e Trazodone 


Miscellaneous 

e Allopurinol 

¢ Chlorpropamide 

¢ Codeine 

¢ Cyclophosphamide 
e Danazol 

¢ Methaqualone 

e Nitrogen mustard 
¢ Pentazocine 

¢ Phenolphthalein 

¢ Progesterone 

¢ Topical agents (see text) 
e Vaccination 


Topical agents triggering erythema multiforme-like reactions 
Allergic contact dermatitis may present with EM-like reactions [1]. 
The substances involved are usually potent sensitisers such as 
Primula obconica [2,3], poison ivy [4], a variety of weeds [5], laurel 
oil [6], Alpinia galanga (spicy edible Thai ginger) [7], diphenyl- 
cyclopropenone and bromofluorene [8-10]. A large number of 
topical medications can induce EM-like eruptions, including 
balsam of Peru, chloramphenicol, econazole, ethylenediamine, 
furazolidone, mafenide acetate cream used to treat burns, the 
muscle relaxant mephenesin, neomycin, nifuroxime, prometh- 
azine, scopolamine, sulphonamides, ophthalmic anticholinergic 
preparations (scopolamine hydrobromide and tropicamide drops), 
vitamin E, the antimycotic agent pyrrolnitrin, as well as proflavine, 
topical steroids [11,12], topical nitrogen mustard [13], sesquiter- 
pene lactones in herbal medicine [14], bufexamac [15] and 
phenylbutazone [16], nitroglycerin patch [17], tea tree oil [18] 
and para-phenylenediamine, including in a henna tattoo [19-21]. 
A topical ketoprofen-containing tape provoked a photocontact 
dermatitis and subsequent EM [22]. 

EM has been reported with use of rubber gloves [23] and with 
blister beetle dermatitis [24]. In addition, contact with several 


environmental substances may induce EM-like reactions [25], 
including nickel, formaldehyde, trichloroethylene, phenyl sul- 
phone derivative, the insecticide methyl parathion, a glyphosate 
pesticide [26], epoxy compounds, trinitrotoluene, cutting oil [27] 
and bisphenol A [28]. 


Pathology [1-5] 

Although some authors refer to ‘epidermal’ and ‘dermal’ subtypes 
of EM, this is just a function of the timing of the biopsy in relation 
to the development of the lesion. The most important changes are 
necrotic keratinocytes in the epidermis which can be zonal and in 
the upper dermis — that is, a spectrum belonging to the lichenoid, 
band-like or cytotoxic CD8+ T-cell reaction patterns. The pathol- 
ogy of EM is variable and may overlap with fixed drug eruption 
and SJS, and is most florid in TEN, requiring good clinicopatholog- 
ical correlation to guide diagnosis. The timing of the biopsy in the 
evolution of the reactive erythema is important and is described later 
in this chapter. 

Initially in EM there is a dermal, angiocentric, mixed infiltrate 
with progressive alignment and tagging of cytotoxic lymphocytes 
along the dermal-epidermal junction. This results in degenerative 
alterations in the basal keratinocytes and, with chronicity, progres- 
sive squamatisation and dyskeratosis. Some cases have prominent 
dermal inflammatory changes, with an interstitial and perivascular 
lymphohistiocytic infiltrate, sometimes with eosinophils if drug 
related, papillary oedema and vasodilatation. Rarely, red blood 
cell extravasation can occur without vasculitis. There is vacuolar 
liquefaction degeneration of the basal layer, epidermotropism of 
CD8+ lymphocytes, subepidermal blister formation and often, if 
chronic, individually necrotic apoptotic cells (Figure 47.5) and pig- 
mentary incontinence with papillary melanophages. Such changes 
occur especially in classic EM with target lesions. In more severe 
bullous cases, there are subepidermal bullae (Figure 47.6) and 
necrosis of the whole epidermis, as in TEN. The histology of oral 
lesions is similar to that in the skin, and there may be a spectrum 
of similar pathological changes with very marked degenerative 
changes in the epithelium [6]. 


Figure 47.5 Necrosis of individual keratinocytes, exocytosis of lymphocytes and 
hydropic degeneration of basal cells in erythema multiforme (H&E). Courtesy of Dr E. 
Calonje. 


47.5 


Erythema multiforme 


Figure 47.6 Subepidermal blister in erythema multiforme. Courtesy of Dr E. Calonje. 


Clinical features [1-4] 
Erythema multiforme can occur at any age, including in neonates 
[5,6] or young children [7]. In general, the course is that of an 
eruption developing over a few days and resolving in 2-3 weeks 
usually without scarring. Repeated attacks associated with recur- 
rent herpes simplex are frequent and are optimally managed with 
adjunctive antiviral medication to suppress future outbreaks. 
Lesions of EM classically evolve as macular, papular or urticar- 
ial lesions, developing into the classic iris or target lesions 
(see Figure 47.1), with a preferential distribution on the distal 
extremities. Lesions may involve the palms or trunk, as well as the 
oral (Figure 47.7) and genital mucous membranes. The lesions are 
dull red, flat or slightly raised maculopapules, which may either 
remain small or increase in size to reach a diameter of 1-3 cm in 
48 h. Target lesions are usually less than 3 cm in diameter, rounded 
and have three zones: a central area of dusky redness or purpura, 
a middle paler zone of oedema and an outer ring of redness with 


Figure 47.7 Erythema multiforme minor. Mucosal lesions. 
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a well-defined edge. Atypical target lesions have only two zones. 
The lesions appear in successive crops for a few days and fade in 
1-2 weeks, sometimes leaving dusky discoloration. Lesions may be 
either few or profuse. 

Characteristically, the dorsa of the hands, palms, wrists, feet and 
extensor aspects of the elbows and knees are affected, less com- 
monly the face. Sometimes the outbreak is localised to just the lips 
or hands. There may be occasional red or pink lesions, erosions 
or bullae limited to the mucous membranes while the patient is 
otherwise well. Photoaggravation of EM is well recognised in 
association with HSV and statins [8,9]. 

Because the diagnosis of EM depends on the clinical and patho- 
logical appearance, criteria for the diagnosis of atypical cases are 
difficult to apply. However, there are cases where the clinical picture 
is atypical, but the histology nevertheless shows the characteris- 
tic changes. EM-like lesions have been reported in the setting of 
acute generalised exanthematous pustulosis [10]. Lesions, many 
centimetres in diameter, may remain stationary or enlarge slowly 
over several weeks or months (persistent EM) [11,12]. On rare 
occasions, cases with otherwise typical morphology and histology 
may develop lesions almost continuously rather than episodi- 
cally [11]. EM along the Blaschko lines has been reported [13], as 
has disseminated granuloma annulare following EM minor [14]. 

Rowell syndrome comprises lupus erythematosus associated with 
EM-like skin lesions, and immunological findings of speckled antin- 
uclear antibodies, anti-La or anti-Ro antibodies, and a positive test 
for rheumatoid factor [15-20]. However, the wide acceptance of this 
syndrome as a distinct entity is not universal [20]. 


Differential diagnosis 

The differential diagnosis is wide and is that for most bullous dis- 
orders, particularly when there is predominantly mucosal involve- 
ment and obvious blistering clinically. Drug eruptions, such as 
vancomyin-induced linear immunoglobulin A (IgA) disease [21] 
and lupus erythematosus, must be excluded, along with pem- 
phigoid and other autoimmune bullous conditions, and toxic 
erythemas of unknown cause [22,23]. Stem cell transplantation 
reactions may be difficult to differentiate from EM [24]. The distinc- 
tion between atypical EM and urticarial vasculitis can be difficult 
but histology should be helpful. Kawasaki disease (Chapter 26) 
may resemble EM, but the characteristic red lips, strawberry 
tongue, red and swollen palms and soles and lymphadenopathy 
should permit a clinical diagnosis. The differential diagnosis of 
mouth lesions is considered elsewhere (Chapter 108). 


Management [1,2] 

Management is dependent on the extent of the disease. Localised 
bullous forms may be self-limiting or require topical cortico- 
steroids for limited disease and/or oral corticosteroids if more 
widespread and symptomatic relief is required [3-5]. Ocular 
involvement requires early referral to an ophthalmologist. In 
the more severe cases, good nursing is of paramount impor- 
tance and such cases may require the sort of attention used for 
TEN, in a dermatological high-dependency unit or intensive ther- 
apy or burns unit. The value of systemic corticosteroids is still 
debated [1,2,6,7], but relief of systemic symptoms such as fever is 
achieved. For more severe cases, prednisolone at an initial dosage 


of 30-60 mg/day, decreasing over a period of 1-4 weeks, may be 
used [4,5]. 

Antiviral therapy with agents such as aciclovir for EM triggered 
by overt herpes simplex infections tends to be disappointing once 
the eruption has appeared; this is also true for recurrent cases, even 
when prescribed at the first sign of recurrent herpes. However, 
long-term prophylactic use may be quite helpful [8-10]. A dosage of 
200 mg three times daily may be appropriate, but smaller or 
larger doses may be needed. Relapses tend to occur when the 
drug is omitted. It is of interest that some patients who suffer 
from recurrent EM without overt herpes infection can be helped 
by prophylactic aciclovir, implying that recurrent herpes infec- 
tion may nevertheless be responsible [11]. Aciclovir has also 
been reported to prevent recurrent polyarthritis associated with 
EM [12]. Burnett et al. found the HSV DNA polymerase and 
VP5 protein was expressed in 75% of those with HSV-associated 
EM [13]. 

Thalidomide has been used in a few cases to prevent relapses 
of recurrent EM [14-16]. Other drugs used mainly in idiopathic or 
postherpetic EM have included dapsone [17,18], azathioprine [17], 
mycophenolate mofetil [19] and ciclosporin [20]. 


Erythema annulare centrift 


Definition and nomenclature 

Erythema annulare centrifugum (EAC) is a figurate dermatitis that 
is typically characterised by annular, polycyclic, red or pink plaques 
with scaling behind the advancing edge (Figure 47.8). Lesions first 
appear as red indurated papules that slowly enlarge to form a ring 
as the central area flattens and fades. The lesions may be static, 
have a varied rate of expansion (typically 2-3 mm/day) and the 
extension may be irregular, producing arciform segments [1-6]. 
EAC can have a variable maximum size (6-8 cm), different degrees 
of induration (from flat to cord like) and the lesions may either 
have an overlying scale, be vesicular or have no surface change. 
Lesions may be solitary or, more often, multiple and last from a few 
days to months or years. Itching is variable, but seldom intense. 
The commonest sites are the buttocks, thighs and upper arms, but 
any areas may be involved. Purpura and pigmentation may occur 
within the lesions. 


Introduction and general description 

There has been great controversy as to the classification of the 
gyrate erythemas [7] and since its initial description, the term 
EAC has grown to include several histological and clinical 
variants. Several authors have suggested a classification of two 
types of gyrate erythema, a superficial (pruritic, scaling) and a 


(b) 


Figure 47.8 Erythema annulare centrifugum. (a) Multiple polyclic annular lesions, some 
of which have an urticated edge. (b) Close-up view of a lesion. 


deep (non-pruritic, non-scaling) type, but in this chapter EAC is 
considered to include all the gyrate erythemas, except for erythema 
marginatum, erythema chronicum migrans and erythema gyratum 
repens. 


Epidemiology 
Incidence and prevalence 
There is approximately one case per 100 000 population per year [5]. 


Age 
It can occur at any age. 


Sex 
There is no difference between sexes. 


Ethnicity 
There is no obvious predilection. 


Erythema annulare centrifugum 47.7 


Associated diseases 

Erythema annulare centrifugum is a reactive process most probably 
associated with a concurrent infection. It can also be associated 
with drugs or malignancy [3-6]. Many of the described associated 
causes may be coincidental but the infective causes may be viral 
(Epstein-Barr virus), including more recently SARS-CoV-2 [8], 
bacterial (streptococcal infections, Escherichia coli), mycobacterial, 
fungal (dermatophytes) or parasitic. Several systemic diseases 
(thyroid and liver) have also been associated with EAC but in the 
majority of cases no underlying cause is identified. 


Pathophysiology 

Predisposing factors 

Many disease states have been associated with EAC and it is 
possible that the association is coincidental, since there is a lack 
of good evidence for true disease association. In some cases the 
eruption is likely to be an unusual presentation of diseases mimick- 
ing EAC. The most common underlying association is concurrent 
infection, and usually this is within the skin, with dermatophyto- 
sis being implicated in up to 48% of cases. The causes described 
in the literature are summarised in Table 47.1 [1-6,8-32]. 
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Pathology 
A spectrum of non-specific histological findings is seen in EAC 
and clinicopathological correlation is critical [33]. The characteristic 
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Table 47.1 Reported causes and associations of erythema annulare centrifugum. 


Cause Associations 


Idiopathic [1-6] 
Familial 


Dominant inheritance [9], twins [10] 

Infantile onset Annular erythema of infancy [11] 

Bacterial infections Mycobacteria, streptococci, Escherichia coli, syphilis, 

{1-6] Pseudomonas septicaemia [12] 

Viral infections [1-6] | Epstein-Barr virus, HIV, herpes simplex, herpes zoster [13], 
molluscum contagiosum [14], viral hepatitis, 
SARS-CoV-2 [8] 

Fungal infections Candida [15], dermatophytosis 

[1-3] 


Parasitic infections Ascaris lumbricoides [16], Phthirus pubis [17] 


Drugs [1-6] Acetazolomide, amitriptyline [18], ampicillin, chloroquine, 
cimetidine, co-trimoxazole, finasteride, gold [19], 
hydrochlorothiazide, hydroxychloquine [20], non-steroidal 
anti-inflammatory drugs [21], penicillins, salicylates, 
spironolactone 

Endocrine Autoimmune progesterone dermatitis [22], hyperthyroidism, 
pregnancy 

Neoplasia: 


Keratinocyte Squamous cell carcinoma 

Haematological [3] Acute myelogenous leukaemia, chronic lymphocytic 
leukaemia [23], hypereosinophilic syndrome [24], 
lymphomas [25,26], myeloma 

Breast, bronchial, naso-pharyngeal, ovarian, prostatic and 
gastric carcinomas 

Autoimmune hepatitis, lupus erythematosus, polyglandular 
autoimmune disease type 1 [28], relapsing polychondritis 
[29], Sjogren syndrome [30] 

Appendicitis [31], blue cheese, cholestatic liver disease, 
inflammatory bowel disease, sarcoidosis [32] 


Internal [3,5,27] 


Autoimmune [1,5] 


Miscellaneous 
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Figure 47.9 Histology of erythema annulare centrifugum showing a perivascular 


‘sleeve-like’ lymphohistiocytic infiltrate. Courtesy of Dr Florence Deroide, The Royal Free 
Hospital, London, UK. 


histological feature in EAC is a perivascular ‘sleeve-like’ lympho- 
histiocytic infiltrate which may be mainly superficial, mainly deep 
or mixed (Figure 47.9). The pathological changes may be entirely 
within the dermis, whereas in other cases there is a much more 
obvious epidermal change (spongiosis and parakeratosis). There 
is dispute about whether these represent two separate diseases 
or a continuous range. A study of 82 biopsies from 73 patients 
suggested that EAC with a superficially situated infiltrate is dif- 
ferent to that with a deeper dermal infiltrate [6]. The superficial 
pattern was associated clinically with a collarette of scale that 
was not seen in the deeper pattern. Histologically, the superficial 
pattern was more likely to have spongiosis, parakeratosis, epider- 
mal hyperplasia and papillary dermal oedema, while the deeper 
pattern more commonly had a sleeve-like infiltrate, melanophages 
and individual necrotic keratinocytes. However, neither pattern 
appeared to have any consistent association to systemic disease 
nor to the timing of the biopsy in relation to the evolution of the 
lesions. Thus, the clinical utility of this histological distinction is 
unclear. 

Eosinophils may occasionally be seen around superficial vessels. 
Significant peripheral eosinophilia raises the possibility of parasitic 
infection as the underlying cause. A very rare eruption that has 
clinical features of EAC but with a frank eosinophilic infiltrate has 
been described under the name ‘eosinophilic annular erythema’ 
[34,35]. It has been suggested that this may be a variant of Wells 
syndrome (eosinophilic cellulitis). Other cases described as EAC 
have shown a pseudolymphomatous reaction pattern with positive 
staining to spirochaetes and this would extend the spectrum of 
EAC [36]. 


Genetics 
No genetic cause is known. 


Clinical features 

Presentation 

The presentation is with expanding polycyclic, annular, red plaques 
that may expand by up to 2-3 mm per day with central clearing 
(Figure 47.8). 


Differential diagnosis 

There are multiple annular dermatoses that could enter the differ- 
ential diagnosis; these include tinea corporis, subacute cutaneous 
lupus erythematosus, annular sarcoidosis, necrolytic migratory 
erythema, granuloma annulare, cutaneous T-cell lymphoma, gran- 
uloma faciale, drug eruptions, erythema multiforme, erythema 
gyratum repens, erythema marginatum and Wells syndrome 
(eosinophilic cellulitis). 


Disease course and prognosis 
It may be of variable duration, lasting from days to decades, with a 
mean of 2.8 years. 


Investigations 

These are aimed at excluding alternative diagnoses and identify- 
ing an underlying cause. As fungal infections are the commonest 
cause, a culture of affected skin and nails should be undertaken 
if a dermatophyte infection is suspected. Biopsy of lesional skin 
and direct immunofluorescence will help to confirm the diagnosis 
and to exclude differential diagnoses. Additional investigations 
would include a full blood count, liver and thyroid function tests, 
abdominal ultrasound and chest X-ray. An antinuclear antibody 
profile, serum angiotensin-converting enzyme (ACE) and HIV 
serology should also be checked. If a malignancy is suspected, 
positron emission tomography/computed tomography (PET/CT) 
scanning should be undertaken. 


Management 


Treatment ladder for erythema annulare 
centrifugum 


First line 

The first goal is to identify and treat any underlying condition, 
but if this is not possible treatment with moderately potent or 
potent topical corticosteroids or topical calcipotriol [37] is 
appropriate 


Second line 
¢ Topical tacrolimus [38] 
¢ Phototherapy 


Third line 
¢ Chloroquine or hydroxychloroquine 
e Systemic steroids 


Annular erythema of infancy) 


Definition 

There is some doubt as to whether annular erythema of infancy 
(AEI) represents a separate entity or whether it is merely EAC 
occurring in a younger individual. AEI occurs in young children 
where the primary lesion adopts an annular, arcuate or polycyclic 
form, with a circinate or polycyclic pattern. The condition usually 
resolves spontaneously over a few weeks without any scarring or 
pigmentary changes. Several mechanisms have been postulated to 
explain the annular pattern of the lesion. The clinical morphology 
is the same as EAC and although one has to consider the spectrum 
of diseases associated with EAC, underlying malignancy is rare and 
annular erythemas in general are more common in children than 
adults. 


Introduction and general description 

Annular erythema of infancy was first described as a distinct der- 
matosis in 1981 [1] and further cases have been reported [2-4,5,6]. 
The lesions are identical to those of EAC with asymptomatic, red, 
maculopapular lesions enlarging and evolving into variably sized, 
single or grouped annular plaques, predominantly localised to the 
face, trunk and proximal limbs with a scaly edge (Figure 47.10). Indi- 
vidual lesions last from days to weeks and there may be a cyclical 
pattern of new lesions appearing every 5-6 weeks. The eruption may 
start in infancy or in teenage years, is self-limiting and has no asso- 
ciated systemic symptoms. An autosomal dominant inherited form 
has been described [7]. 


Epidemiology 

Pathology 

The appearances are typically the same as in cases of EAC with 
a dermal perivascular and interstitial lymphocytic infiltrate 
(Figure 47.11). There have been reports of a prominent eosinophilic 
infiltrate [3,4] and an associated peripheral blood eosinophilia [8]. 
A neutrophilic variant has also been reported [6,9,10]. 


Causative organisms 

Heavy intestinal colonisation with Candida albicans [11], concurrent 
Epstein-Barr virus [12] and Malassezia infections [13] have been 
documented. 


Clinical features 

Presentation 

Polycyclic, annular, red plaques that may expand by up to 2-3 mm 
per day with central clearing and a scaly edge. 


Differential diagnosis 

This includes familial annular erythema, urticaria, erythema gyra- 
tum atrophicans, neonatal lupus erythematosus [14], erythema 
chronicum migrans, tinea corporis, mycosis fungoides [15] and 
annular lichenoid dermatitis of youth [16]. 


Disease course and prognosis 
Annular erythema of infancy is self-limiting. 


Erythema marginatum 47.9 


Investigations 

Investigations include microscopy and culture of skin scrap- 
ings, antinuclear antibodies including antibodies to dsDNA and 
extractable nuclear antigen (Ro, La, Sm and RNP), electrocardio- 
gram and skin biopsy and serology for Lyme disease. 


Management 


Treatment ladder for annular erythema of 
infancy 


First line 
e Any associated infection should be treated 


Second line 
¢ Potent topical steroids 


Third line 
¢ Topical tacrolimus 


Erythema chronicum migra n 


This is considered one of the most common annular erythemas in 
paediatric patients where Lyme disease is endemic. This disorder 
is caused by a bite from a tick of the genus Ixodes and infection 
by the Borrelia burgdorferi spirochete. It is reported to occur in 
up to 90% of children infected by Lyme disease [1,2]. Lyme disease 
is described in detail in Chapter 26. It is an important diagnosis 
to make and treat with antibiotics to prevent systemic disease. 
Children should be treated with antibiotics such as doxycycline, 
ampicillin or azithromycin depending on their age, weight and 
antibiotic sensitivity [3]. 


Erythema marginatum —_ 


Definition 

Erythema marginatum is an annular and sometimes polycyclic, 
serpiginous, red eruption. Together with carditis, migratory pol- 
yarthritis, chorea and subcutaneous nodules it is one of the Duckett 
Jones major criteria for the diagnosis of rheumatic fever [1]. 
Erythema marginatum occurs in about 10% of patients with 
rheumatic fever [2,3,4,5]. 


Epidemiology 

Incidence and prevalence 

Erythema marginatum as a manifestation of rheumatic fever is 
now predominantly a disease of developing countries and the 
incidence declines as socioeconomic conditions improve. 


Age 
It is most common in children between the ages of 5 and 15 years. 
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Figure 47.11 Histopathology of lesional skin showing upper dermal and perivascular 
lymphohistiocytic infiltrate. Courtesy of Dr Jane Ravenscroft, Consultant Dermatologist, 
Queen's Medical Centre, Nottingham, UK. 


Figure 47.10 Scattered lesions of annular 
erythema of infancy on (a) the back, (b) the 
upper leg and (c) the feet. (b, c) Courtesy 
of Dr Jane Ravenscroft, Consultant 
Dermatologist, Queen's Medical Centre, 
Nottingham, UK. 


Sex 
There is no difference between the sexes. 


Associated diseases 

These include rheumatic fever, psittacosis [6] and angioedema (C1 
inhibitor deficiency acquired or hereditary) [7,8]. A firm diagnosis 
of rheumatic fever requires that two major or one major and two 
minor criteria are satisfied (Box 47.3), in addition to evidence of 
recent streptococcal infection. 


Pathophysiology 

Pathology 

The histological features are non-specific and include a perivas- 
cular polymorphous infiltrate of neutrophils and mononuclear 
cells in the papillary dermis and upper portion of the reticular 
dermis [9]. Nuclear debris suggestive of leukocytoclasia is often 
present but vasculitis is not seen. There are reports of cases devoid 
of neutrophils where the infiltrate consisted of a sparse, super- 
ficial, perivascular, mononuclear infiltrate composed entirely of 
lymphocytes and histiocytes. 


Box 47.3 Duckett Jones criteria for the diagnosis of 
rheumatic fever 


Major criteria 

¢ Carditis: all layers of cardiac tissue are affected (pericardium, 
epicardium, myocardium, endocardium). The patient may have a 
new or changing murmur, with mitral regurgitation being the 
most common, followed by aortic insufficiency 

¢ Polyarthritis: migrating arthritis that typically affects the knees, 
ankles, elbows and wrists. The joints are severely painful and 
symptoms are dramatically responsive to anti-inflammatory 
medicines 

¢ Chorea: also known as Sydenham chorea or St Vitus dance. 
There are abrupt, purposeless movements. This may be the only 
manifestation of acute rheumatic fever and its presence is 
diagnostic. May also include emotional disturbances and 
inappropriate behaviour 

e Erythema marginatum: a non-pruritic rash that commonly affects 
the trunk and proximal extremities, but spares the face. The rash 
typically migrates from central areas to the periphery and has 
well-defined borders 

¢ Subcutaneous nodules: usually located over bones or tendons, these 
nodules are painless and firm 


Minor criteria 

e Fever 

e Arthralgia 

e Previous rheumatic fever or rheumatic heart disease 

e Raised acute phase reactants, e.g. leukocytosis, elevated erythrocyte 
sedimentation rate and C-reactive protein 

¢ Prolonged P-R interval on electrocardiogram 


Causative organisms 
It is predominantly associated with a p-haemolytic streptococcal 
infection but has also been described in association with psittacosis. 


Clinical features 

Presentation 

The lesions of erythema marginatum can be distinguished from 
other annular erythemas due to their transient clinical presentation. 
These typically begin as red macules or papules (which may be 
urticated) that spread peripherally and may merge to produce the 
typical serpiginous, polycyclic annular eruption. As the lesions 
advance, sometimes with a rapid spread of 2-10 mm in 12 h, the 
pattern may change sometimes within an hour, completely resolv- 
ing and then reappearing. The edges become raised and red, and 
the centre clears. These lesions are neither pruritic nor painful and 
sometimes go unnoticed by the patient; they may fade and reappear 
within hours or may persist intermittently for weeks to months. 
The rash blanches on pressure, is transient and tends to migrate 
from one part of the body to another. It is associated with rheumatic 
fever but this only occurs in 1-18% of patients. 


Differential diagnosis 
This includes annular erythema, urticaria, toxic erythema and ery- 
thema multiforme. 


Complications and co-morbidities 

Rheumatic fever is an autoimmune inflammatory process that 
develops as a sequela of a streptococcal infection, most often 
pharyngeal infection with rheumatogenic group A streptococci in 
a susceptible individual. The disease manifests as polyarthritis, 
carditis, chorea, erythema marginatum and/or subcutaneous nod- 
ules. Carditis, the most serious complication, occurs in 30-45% of 
rheumatic fever patients and leads to chronic rheumatic heart dis- 
ease which is characterised by progressive and permanent valvular 
lesions. 


Investigations 

Erythema marginatum is part of a clinical syndrome for which no 
specific tests exist. However, to aid the diagnosis the following 
would be appropriate: full blood count, urea and electrolytes, liver 
function tests, erythrocyte sedimentation rate, C-reactive protein 
and ferritin, throat swab, antistreptolysin O titre, psittacosis serol- 
ogy, blood cultures, electrocardiogram and echocardiography and 
skin biopsy. 


Management 


Treatment ladder for erythema marginatum 


First line 
e Aspirin or non-steroidal anti-inflammatory drugs 
¢ Penicillin or erythromycin 


Erythema gyratum repens — Fe 


Definition 

Erythema gyratum repens isa rare, distinctive, figurate eruption con- 
sisting of mobile, concentric, often palpable, red, wave-like bands, 
which give a ‘wood-grain’ appearance to the skin [1]. A peripheral 
scale or collarette may be present. Lesions often commence on the 
limbs and the whole torso may be affected. There is often associated 
severe pruritus, and sometimes ichthyosis and bullae may develop 
within the red area. The lesions migrate from day to day, usually 
changing position by about 1 cm per day. See also Chapter 148. 


Introduction and general description 

Erythema gyratum repens has long been considered to be a para- 
neoplastic cutaneous eruption, but a similar or possibly identical 
eruption has been described in the absence of malignancy. Unfortu- 
nately, histological appearances are not diagnostic. The clinical fea- 
tures are distinctive, and patients should be investigated to exclude 
underlying neoplasia. 

Originally, 80% of cases were described as having an associated 
underlying internal malignancy [2,3,4,5]. Six per cent of patients 
have a tumour of unknown primary origin but, if identified, resec- 
tion of the tumour often results in resolution of the eruption. 


Erythema gyratum repens 47.11 


> 
= 
< 
= 
= 
s 
LL 
< 


DERMATOSES 


PART 4 


47.12 Chapter 47: Reactive Inflammatory Erythemas 


> 
<a 
2 
< 
= 
= 
< 
= 
LL 
c= 


DERMATOSES 


PART 4 


More recently, an erythema gyratum repens-like eruption has been 
reported in the absence of an underlying malignancy and may 
be associated with pityriasis rubra pilaris, psoriasis, ichthyosis, 
connective tissue diseases and, on occasion, is drug induced [6,7]. 


Epidemiology 

Age 

It usually presents after the age of 40 years, characteristically in the 
seventh decade with a mean age of 63 years. However, it has been 
reported to occur from age 16 to 75 years. 


Sex 
The male to female ratio is 2 : 1. 


Ethnicity 
It has been reported to occur predominantly in white people. 


Associated diseases 

Although erythema gyratum repens is strongly associated with 
underlying malignancy, it has also been described in association 
with infections, drugs and autoimmune disease [8]. The most fre- 
quent underlying malignancies in descending order are carcinoma 
of the lung (47%) followed by oesophagus, breast, stomach, kidney, 
cervix, pharynx, urinary bladder, uterus and/or cervix, pancreas, 
prostate and haematological neoplasia. Treatment of the cancer 
may result in clearance of the eruption, and tumour recurrence or 
metastases can precipitate a recurrence. Erythema gyratum repens 
has also been described in the absence of an underlying malignancy 
associated with pityriasis rubra pilaris [9], psoriasis, ichthyosis, 
mycobacterial infections, connective tissue diseases (lupus erythe- 
matosus, Sjogren syndrome, rheumatoid arthritis and scleroderma) 
and the hypereosinophilic syndrome. An erythema gyratum 
repens-like eruption may be a manifestation of another cutaneous 
disease, diagnosis being made on histology (lupus erythematosus, 
immunobullous disorder [10], mycosis fungoides, erythrokerato- 
derma variabilis, urticarial vasculitis and neutrophilic dermatosis). 
Close clinicopathological correlation is required, but the caveat of 
a patient presenting with erythema gyratum repens is that there is 
an underlying malignancy present even if this cannot be diagnosed 
at presentation, so ongoing surveillance is warranted. 


Pathophysiology 

Pathology 

The histological features are not diagnostic. There is a superficial 
and occasionally deep perivascular lymphohistiocytic infiltrate in 
the papillary dermis associated with hyperkeratosis, parakeratosis, 
acanthosis and spongiosis. Granular deposits of IgG and C3 have 
been found at the basement membrane zone of both involved and 
uninvolved skin, supporting the concept that this dermatosis has 
an immunological pathogenesis [11]. 


Clinical features 

Presentation 

Regular waves of redness spread over the body to produce a series 
of concentric, figurate bands in a pattern resembling wood grain. 
The characteristic feature is the way the rings, swirls or waves 
appear within existing lesions to form a concentric pattern of 


sequential eruptions, with day to day migration of the leading edge 
by about 1 cm. Scaling, typically at the trailing edge, and itch are 
usually prominent. This contrasts with the more common ‘annular 
erythemas’ of the EAC pattern, in which each lesion is usually a 
distinct ring or arc with variable but mostly without prominent 
scaling, and not in a concentric arrangement. Hyperkeratosis of 
the palms occurs in about 10% and has been reported in both 
paraneoplastic and idiopathic cases. 


Differential diagnosis 

The diagnosis can be challenging and relies on the clinical history 
and examination since the histology is not pathognomic. Differential 
diagnoses include EAC, erythema multiforme, necrolytic migratory 
erythema, subacute cutaneous lupus erythematosus, lupus ery- 
thematosus gyratum repens, erythema chronicum migrans, tinea 
corporis, erythrokeratoderma variabilis, subacute annular (Lapiére) 
variant of psoriasis and pityriasis rubra pilaris, all of which may 
morphologically present with erythema gyratum_ repens-like 
lesions. Diagnosis is therefore often one of exclusion. 


Disease course and prognosis 
This is dependent on the underlying disease. If associated with 
malignancy it may recur if the neoplasia relapses. 


Investigations 

Useful investigations include a full blood count, biochemistry, anti- 
nuclear antibody profile, chest X-ray, mammogram, cervical smear, 
prostate-specific antigen, CT scan of the thorax, abdomen and pelvis 
and, if indicated, endoscopy or colonoscopy and PET scan. 


Management 


Treatment ladder for erythema gyratum repens 


First line 
e Identify the underlying disease with extensive investigation 
to exclude neoplasia 


Second line 
e Treat the underlying disease 


Necrolytic migratory erythem 


Definition and nomenclature 

Necrolytic migratory erythema (NME) is, in most cases, consid- 
ered to be a paraneoplastic cutaneous eruption associated with a 
pancreatic neuroendocrine tumour (NET) - an a-cell pancreatic 
islet cell tumour (with an anatomical predilection towards the tail 
of the pancreas). These tumours are described as ‘glucagonoma’ 
secreting glucagon. The eruption can precede the diagnosis of 
glucagonoma by several years and may be misdiagnosed as an 
atypical eczematous/psoriasiform eruption before the characteristic 
histopathological features are identified [1,2-5]. The triad of unusual 
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dermatosis, recent-onset diabetes and weight loss should trigger 
consideration of NME. It may occur in the setting of glucagonoma 
associated with multiple endocrine neoplasia or glucagon-secreting 
tumours (bronchial or naso-pharyngeal carcinomas) or in the 
absence of a glucagon-secreting tumour (pseudoglucagonoma syn- 
drome) with pancreatic insufficiency, coeliac disease and intestinal 
malabsorption syndromes, inflammatory bowel disease, cirrhosis, 
non-pancreatic malignancies and myelodysplastic syndrome [6]. 


Introduction and general description 

Pancreatic neuroendocrine tumours are rare, representing 3-5% of 
all pancreatic malignancies. Hormonally active NETs are classi- 
fied by the hormonal products they produce (e.g. insulinomas, 
gastrinomas, glucagonomas) and are associated with a myriad of 
clinical syndromes including hypoglycaemia, diarrhoea and pep- 
tic ulceration. NME is the hallmark cutaneous manifestation of a 
glucagonoma but may, in its absence, also occur in association with 
other diseases [7]. The key features of the ‘glucagonoma syndrome’ 
are NME and diabetes. 


Epidemiology 

Incidence and prevalence 

More than 400 cases of glucagonoma have been reported in the 
literature to date. The estimated incidence has been reported to 
be 2.4/100 million population per year [8], but other authors have 
reported an incidence of 1 in 20 million [9]. 


Age 

The median age at diagnosis has been reported at 53.5 years with 
a range of 19-84 years; the median time from onset of symptoms to 
diagnosis was 39 months [6]. 


Sex 
Males and females appear to be equally affected. 


Pathophysiology 

The pathogenetic mechanism of NME is not certain, but the con- 
dition could possibly be due to amino acid deficiency (particularly 
histidine and tryptophan) caused by high glucagon levels [3] or by 
intestinal protein loss or malabsorption. There may be contributory 
roles for essential fatty acid and zinc deficiencies, but abnormal 
zinc levels or response to zinc supplementation are not consistent, 
and treatment with amino acid infusions may lead to a resolution 
of the skin eruption [6]. It is characteristic that all skin changes 
disappear after complete surgical removal of the tumour where 
this is the cause [10], and correction of malabsorption secondary to 
coeliac disease is usually effective [2]. 


Pathology 
A skin biopsy should be taken from the edge of early lesions and, 
in view of the evolving nature of the eruption, serial biopsies 


Figure 47.12 Necrolytic migratory erythema showing necrosis and separation of the 
upper layers of the epidermis. Courtesy of Dr Ed Rytina, Addenbrooke's Hospital, 
Cambridge, UK. 


may be required. Histology shows parakeratosis with loss of the 
granular cell layer, necrosis and separation of the papillary epider- 
mis with vacuolar degeneration of the keratinocytes, dyskeratotic 
keratinocytes and the presence of neutrophils (Figure 47.12). Many 
cases may just have local or diffuse parakeratosis, creating a vast 
differential diagnosis. Early lesions may present as a ‘dyskera- 
totic dermatitis’ with superficial perivascular inflammation in the 
dermis, and minor spongiosis and dyskeratotic or vacuolated epi- 
dermal cells [11,12]. In the dermis, a mild perivascular lymphocytic 
and histiocytic infiltrate occurs. Older lesions show various degrees 
of dyskeratosis, acanthosis and a lymphocytic infiltrate in the 
dermis. Direct immunofluorescence reveals staining of apoptotic 
keratinocytes with immunoglobulins, fibrinogen and C3. The histo- 
logical changes are similar to those observed in acute zinc deficiency, 
in which cell degeneration and the formation of clefts and vesicles 
are predominant at the level of the basal layer of the epidermis. 


Clinical features 

History 

Most cases of NME have an underlying glucagonoma and patients 
present with weight loss (67%), anaemia (33%), glucose intolerance 
(56%), diarrhoea (20%), venous thrombosis (10%), malaise and 
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oral symptoms including angular cheilitis and glossitis [9]. In 
those patients with NME in the absence of a glucagon-secreting 
tumour (pseudoglucagonoma syndrome) underlying diseases 
include chronic pancreatitis, alcoholic liver disease, gastrointestinal 
malabsorption, hepatic cirrhosis and aberrant glucagon-secreting 
tumours such as bronchial or naso-pharyngeal carcinomas. 


Presentation 

Necrolytic migratory erythema may present initially with a non- 
specific itchy or tender macular patch of red skin with a predilec- 
tion for the groin, genitalia or buttocks (Figure 47.13). It then 
evolves to form a centrifugally extending, annular, red eruption 
with a crusted edge that may be itchy, burning, painful, blis- 
tered or eroded. It often displays a fluctuating or cyclical pattern 
and predominantly affects the flexural sites on the lower abdomen, 
groins, buttocks and thighs. Eczematous or psoriasiform features 
may be seen. Central areas may heal over 7-14 days, leaving 
postinflammatory hyperpigmentation. Perianal and genital lesions 
are common and one-third of patients have angular cheilitis and 
painful, beefy-coloured glossitis [8]. Twenty per cent of patients 
with glucagonomas will also exhibit neurological and/or psychi- 
atric disturbances such as dementia, psychosis, agitation, paranoid 
delusions, ataxia and hyperreflexia [13]. Patients may also present 
with thromboembolic complications such as pulmonary embolus 
or deep vein thromboses and rarely dilated cardiomyopathy. 


Figure 47.13 Necrolytic migratory erythema in the groin area. 


The primary 
pancreatic 
tumour 


Liver 
metastases 


Figure 47.14 Single-photon emission computed tomography (SPECT), CT and fused 
SPECT/CT images showing the primary pancreatic tumour and liver metastases. Courtesy 
of Dr S. Navalkissoor, The Royal Free Hospital, London, UK. 


(a) (b) 


Figure 47.15 '''ln-DTPA octreotide scan showing abnormal uptake in the liver and 
upper abdomen in a patient presenting with necrolytic migratory erythema secondary to 
a glucagonoma. (a) Anterior image; (b) posterior image. Courtesy of Dr S. Navalkissoor, 
The Royal Free Hospital, London, UK. 


(a) 


(d) 
(e) 
(f) 


(c) 


Figure 47.16 Necrolytic migratory erythema pre-treatment (a—c) and (d-f) post-treatment with octreotide. 


Clinical variants progressing to form keratotic erythrokeratoderma-like chronic 
Necrolytic acral erythema presents with well-demarcated, acral inflammation. Histology is that of a necrolytic process, but the 
(mainly hands and feet but can affect forearms, knees and lower distribution and laboratory tests (positive hepatitis C serology and 
legs), dusky discoloration with peripheral blister formation normal glucagon) confirm the diagnosis [14]. 
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Differential diagnosis 

The differential diagnosis can include eczema, impetiginised 
eczema, psoriasis, pemphigus foliaceous, annular lesions of pustu- 
lar psoriasis and subcorneal pustular dermatosis. 


Classification of severity 

A TNM staging classification for pancreatic NETs derived from 
the staging algorithm for exocrine pancreatic adenocarcinomas has 
been proposed, but this has not yet been validated [15]. 


Disease course and prognosis 

Fifty per cent of patients with NME secondary to glucagonoma 
will have metastastic disease (to liver, regional or cervical lymph 
nodes, bone and lung) at the time of diagnosis, in part because of 
the invariable delay in reaching a diagnosis. Because of the rarity 
of glucagonoma, the 5-year survival rate has not yet been deter- 
mined. However, one study reported an overall median survival 
of 66 months in a group of 12 patients [16], and in another study 
half of those with metastatic disease survived 10 years and up to 
21 years in one published case [17]. The skin changes resolve after 
complete surgical removal of the tumour and following treatment 
with the somatostatin analogue octreotide [5]. 


Investigations 

Useful investigations include a full blood count, biochemistry and 
glucose, serum glucagon level, skin biopsy, abdominal ultrasound, 
CT scan of the chest, abdomen and pelvis, PET/CT scan, coeliac axis 
angiography and single photon emission CT (SPECT) (Figure 47.14). 
Somatostatin receptor imaging using 'In-octreotide (octreotide is 
a somatostatin analogue and is taken up by NETs as they overex- 
press somatostatin receptors) can also be useful (Figure 47.15). 


Management 


Treatment ladder for necrolytic acral erythema 


First line 

¢ Surgery is the cornerstone of management for pancreatic 
endocrine tumours, but curative surgery is rarely obtained in 
most cases because of metastatic disease at time of 
presentation 


Second line 

¢ Somatostatin is a polypeptide produced by gastrointestinal 
paracrine cells and inhibits the release of hormones such as 
glucagon. Long-acting somatostatin analogues (e.g. 
lanreotide or octreotide) provide good control of symptoms 
(Figure 47.16) but do not influence tumour growth 


Third line 

¢ Chemotherapy with 5-fluorouracil, dacarbazine, streptozocin 
or doxorubacin 

e Embolisation of hepatic metastases 

¢ Peptide receptor radioligand therapy 

e Everolimus (an oral inhibitor of mammalian target of 
rapamycin) [18] 

e Sunitinib (multitargeted tyrosine kinase inhibitor) [19] 


Wells syndrome —c 


Introduction and general description 

Wells syndrome is a rare disorder of uncertain aetiology first 
described in 1971 by Wells [1]. Multiple triggers and diseases have 
now been reported in association with the disorder, such as infec- 
tion (mycoplasma), insect bites, haematological disorders (chronic 
lymphocytic leukaemia), medications such as non-steroidal anti- 
inflammatory drugs, Covid-19 vaccination and targeted immuno- 
therapies including ustekinumab, infliximab and adalimumab [3-5]. 
The exact pathogenesis remains unclear, although recent case series 
reporting successful treatment with baracitinib suggest upreg- 
ulation of JAK2/STAT5 signalling pathways [6]. In addition, 
interleukin-5 blockade with mepolizumab in resistant cases sug- 
gests a role for interleukin-5 in disease severity and upregulation of 
the TH2 pathway in disease pathogenesis [7]. 


Pathophysiology 

Pathology 

The classical histology shows an eosinophil-rich diffuse inflamma- 
tory infiltrate with characteristic ‘flame figures’ (Figure 47.17). This 
is associated with marked dermal oedema and in some cases there 
may be evidence of intradermal and subepidermal blisters with neg- 
ative immunofluorescence. 


Clinical features 

Presentation 

Affected individuals present at any age with annular red/pink 
plaques, blisters and nodules which feel warm and are described 
by the patient as both itchy and burning. Lesions characteristically 
remit after 4-8 weeks but typically may continue to relapse over 
months to years [2] (Figure 47.18). 


Figure 47.17 Wells syndrome. Note formation of flame figures in which numerous 
eosinophilic granules cover collagen bundles. Courtesy of Eduardo Calonje. 


Figure 47.18 Wells syndrome. Lesions may be bullous and often resolve to leave a 
green discoloration of the skin. 


Differential diagnosis 

The varied morphology of the lesions can pose a diagnostic chal- 
lenge as they can resemble annular erythema of infancy and 
eosinophilic annular erythema. The characteristic histology of Wells 
syndrome histology from an affected area showing the eosinophilic 
dermal infiltration and ‘flame figures’ can aid diagnosis. However, 
clinicopathological overlap with other annular erythemas may be 
observed. 


Treatment 

The rarity and heterogeneity of Wells syndrome means there is 
limited and inconsistent evidence about the best approaches to 
treatment. Most of the evidence is at the level of case series or case 
reports. Systemic corticosteroids have historically been the mainstay 
of therapy, often with limited success. Dapsone and hydroxychloro- 
quine are often cited as steroid-sparing agents. More recent case 
series, however, are beginning to report treatment success with 
JAK pathway inhibition with baricitinib [6]. There are additional 
case reports of success with dupilumab [8] and with mepolizumab 
for resistant cases [7]. Omalizumab has been reported to induce 
long-term remission [9]. 
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Adamantiades-Behcet dise 


Definition and nomenclature 

Adamantiades—Behcet disease (ABD), otherwise known as Behcet 
disease, is a multisystem inflammatory disease of unknown aetiol- 
ogy, classified as a systemic vasculitis and as a neutrophilic dermato- 
sis involving all types and sizes of blood vessels. It is characterised 
clinically by recurrent courses of oral aphthous ulcers, genital ulcers, 
skin lesions (papulopustules, erythema nodosum) and iridocyclitis/ 
posterior uveitis. It is occasionally accompanied by arthritis and vas- 
cular, neurological, gastrointestinal or other manifestations [1,2]. 


Epidemiology 

Incidence and prevalence 

Adamantiades—Behcet disease has a worldwide occurrence with 
varying prevalence, being endemic in eastern and central Asian and 
eastern Mediterranean countries (along the so-called Silk Road) and 
rare in northern European countries, central and southern Africa, 
the Americas and Australia [3]. A prevalence of 660 patients per 
100 000 inhabitants has been reported in northern Jordan [4], 80-420 
patients per 100 000 inhabitants in Turkey (Anatolia and Istanbul 
420/100 000) [3,5], 7-30/100 000 in the rest of the Asian conti- 
nent (Japan 14-31/100 000, Korea 32.8-35.7/100 000 [6], northern 
China 14/100 000, Saudi Arabia 20/100 000 and Iran 17/100 000), 
3.6/100 000 in Egypt [7] and 1.5-7.5/100 000 in southern Europe 
[3]. In northern European populations (0.27—1.18/100 000), the USA 
(0.75/100 000) [3,8] and South America (Colombia 1.10/100 000) 
[9], the disease is rare. An unexpectedly high estimated prevalence 
has recently been reported from the UK (14.6/100 000) [10] and 
southwest USA (8.9-10.6/100 000) [11]. A meta-analysis of publica- 
tions between 1974 and 2015 assessed an estimated prevalence of 


10.3/100 000 inhabitants for all studies, 119.8/100 000 for Turkey, 
31.8/100 000 for the Middle East, 4.5/100 000 for Asia and 3.3/100 
000 for Europe [12]. The increasing estimated prevalence of the 
disease is due to its chronic character [6]. On the other hand, the 
annual incidence is low with 0.05 new cases/100 000 inhabitants in 
Poland (2014) [13], 0.75-1.0/100 000 in Japan (1990) and Germany 
(2005) [14], 2.4/100 000 in Taiwan [15] and 4.0/100 000 from 2006 to 
2015 in Korea [16] and is steadily declining (from 8.15/100 000 in 
2004 to 1.51/100 000 in 2017 in Korea [17] and from 8.9/100 000 in 
1984 to 7.5/100 000 in 1990 in Japan [18]) together with a decreasing 
disease severity. 


Age 

Adamantiades—Behcet disease most often affects patients in their 
twenties and thirties; however, early and late onsets (first year of 
life to 72 years of age) have been reported. Juvenile disease rates are 
2-5% in different ethnic groups [19]; its prevalence was estimated to 
be 0.17/100 000 in France and 0.42/100 000 in the UK [20], and the 
annual incidence 0.05/100 000 in the UK. Pediatric ABD also differs 
from adult ABD in the frequency and distribution of clinical find- 
ings, as well as through lower disease severity score and better out- 
come [19]. While gastrointestinal system involvement, neurological 
findings, arthralgia and positive family history are more common 
in children, genital and vascular lesions are more common in adult 
patients. 


Sex 

In contrast to old Japanese and Turkish reports of male predomi- 
nance, the male to female ratio has decreased drastically in the last 
30 years. In the years 1983-2012 significant proportional declines 
occurred with respect to male sex, complete type of the disease and 
the major presenting features (genital ulcers, ocular involvement 
and skin lesions) in 3674 hospital-based patients of the Korean 
registry, whereas the mean patient age rose progressively, as did 
the frequencies of joint, gastrointestinal and central nervous system 
manifestations [21]. Currently, both sexes are equally affected; a 
male predominance is still observed in Arab populations, whereas 
female predominance is evident in Korea, China, some northern 
European countries and the USA. 
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Ethnicity 
Some ethnic populations, such as those of Turkmen and Mongol 
descent, are more often affected. 


Associated diseases 
Recurrent aphthous stomatitis (benign aphthosis) is an associated 
disease. 


Pathophysiology 

The aetiology of the disease remains unknown, although genetic 
factors, infectious agents, environmental pollution, immunological 
mechanisms and endothelial and clotting factors have been impli- 
cated and studied intensively [22,23-25]. The endemic occurrence 
along the historical Silk Road, the major involvement of certain eth- 
nic groups (mostly of Turkmen and Mongol descent) and associ- 
ated immunogenetic data support the hypothesis that the disease 
followed the migration of these old nomadic tribes. On the other 
hand, the wide variation of disease prevalence in the same ethnic 
group living in different geographic areas indicates an additional 
environmental triggering factor. Therefore, transfer of genetic mate- 
rial and/or an unknown exogenous agent may have been responsi- 
ble for the expansion of the disease. 


Pathology 

Characteristic histopathological features of ABD are vasculitis 
and thrombosis (Figure 48.1). Biopsies from early mucocutaneous 
lesions show a neutrophilic vascular reaction with endothelial 
swelling, extravasation of erythrocytes and leukocytoclasia or a 


Figure 48.1 Abundant mixed inflammatory infiltrate dominated by neutrophils in an 
oral ulcer of Adamantiades—Behcet disease. 


fully developed leukocytoclastic vasculitis with fibrinoid necrosis of 
the blood vessel walls [1,14]. There are reports of lesions, especially 
ocular ones, that consist primarily of a lymphocytic perivasculitis 
due to lymphangiogenesis [26]. The neutrophilic vascular reaction 
should be considered the predominant histopathological finding 
[27]. Aneurysms can also develop in large arteries as a result of 
vasculitis of the vasa vasorum with penetration of the lamina 
elastica. 


Causative organisms 

Adamantiades—Behcet disease is not considered contagious as 
no horizontal transmission has ever been reported. However, 
viral and bacterial infections have been implicated in initiating 
immunopathological pathways, leading to the onset of the disease 
[22,23,24,28]. 


Viral agents. Early theories of the pathogenesis of ABD proposed 
a viral or other infectious aetiology [3]. Partial transcription of her- 
pes simplex virus type 1 (HSV-1) DNA in patients’ peripheral blood 
lymphocytes has been reported [22,24]. HSV-1 DNA was detected 
in patients’ saliva and oral and genital ulcers, and HSV-1 antibodies 
were found in patients’ sera. 


Bacterial agents. Disease activity has been known to correlate with 
bacterial infection, particularly with streptococci [22,24]. Strepto- 
coccus sanguinis dominates the flora of the oral mucosa in patients 
with the disease and appears to be the most relevant Streptococcus 
strain as a provoking factor for initiation of the disease [28]. Strep- 
tococcus antigens and antistreptococcal antibodies are frequently 
found in the oral mucosa and serum of patients. The involvement of 
immunoglobulin A protease-producing S. sanguinis is proposed as 
an explanation for a chronic infection leading to initiation of ABD. 
High titres of the immunogenic S. sanguinis antigen KTH-1 have 
been detected in patients. In addition, exposure of the patients to 
Streptococcus antigens may be a major provoking factor for disease 
activity [29]. The lipoprotein of Mycoplasma fermentas MALP-404 was 
found in the sera of patients with ABD but not in healthy controls 
[30]. Interestingly, MALP-404 contains a peptide motif, which can be 
presented by human leukocyte antigen B51 (HLA-B51). A possible 
role for bacterial stimulation of monocytes via Toll-like receptor 
2 (TLR-2) producing neutrophil-stimulating pro-inflammatory 
factors in ABD was detected. Moreover, markedly higher expres- 
sion at the mRNA and protein level of TLR-2, TLR-3, TLR-4 and 
TLR-8 was observed in patients with active ABD as compared with 
controls [31]. 


Genetics 

There is no specific mode of Mendelian transmission in ABD 
[22,23,24]. Familial occurrence with regional differences has been 
reported, being more frequent in Korea (15%) than in Japan or 
China (2-3%), and in Arab countries, Israel and Turkey (2-18%) 
than in Europe (0-5%). An earlier disease onset in children com- 
pared with their parents and a higher frequency of familial cases 
in juveniles than in adults has been observed. ABD heritability has 
been estimated to be at least 16% [32]. In a Korean study, a familial 
incidence of 3.57/104 person-years was calculated; familial risks 
were higher within generation (sibling-sibling) versus between 


generations (parent—offspring) [33]. Formal twin studies have not 
been reported. 

A significant association exists between the disease and HLA-B51 
in Japan, the Middle East and the Mediterranean countries; how- 
ever, this relationship is not as strong in western countries [34]. The 
allele also seems to be associated with a more severe prognosis [35]. 
Its exact role in the disease mechanism is still unknown, although 
it may be involved in disease development through specific anti- 
gen presentation, molecular mimicry with microbial antigens or 
participation in linkage disequilibrium with a presently unknown 
susceptibility gene [36,37]. Various KIR alleles (natural ligands of 
HLA-B51) and their functional polymorphisms influence the risk 
of presenting with various subtypes of ABD [38]. Among the 24 
described alleles, HLA-B5101 and -B5108 have most frequently been 
associated with ABD [39]. Shared amino acid residues (defining 
the Bw4 epitope) are crucial for antigen binding and natural killer 
cell interactions [40], and Bw4 was also reported to contribute to 
the severity of the disease [41]. Genes possibly associated with the 
disease have been localised on chromosome 6 in the region between 
the tumour necrosis factor (TNF) gene and HLA-B or -C genes, 
including the major histocompatibility complex class I chain A gene 
(A6 allele) and genes for heat shock proteins (HSPs) [23,34,39,42]. 
In addition, a novel susceptibility locus mapped to 6p22-23 was 
detected [39]. Associations on chromosomes 1p31.3 (interleukin 23R 
(IL-23R)/IL-12RB2) and 1q32.1 (IL-10) were found by genome-wide 
association studies [40,43]. A haplotype association of IL-8 gene 
with ABD was also detected [44]. Polymorphisms in genes encoding 
for host effector molecules may contribute to the disease suscepti- 
bility and/or severity of the disease, such as in IL-23R reported in a 
Chinese Han population [45]. New gene associations with ERAP-1, 
CCR1-CCR3, KLRC4 and STAT4 genes have been reported [46]. 

Another genome-wide association study has shown that ERAP-1 
is associated with ABD, and that ERAP-1 is epistatic with HLA-B*51 
allele [47]. Therefore, the activation of immune response could 
depend on the antigen presentation to T cells in the context of the 
HLA-B*51. The latter is able also to activate an innate immune 
response interacting with natural killer and yST cells. Moreover, 
polymorphisms of ERAP-1 could lead to an unfolded protein 
response, thus favouring an autoinflammatory process [48]. 

A next-generation sequencing study in 60 Egyptian ABD patients 
and 160 controls revealed the following gene associations for 
ABD: HLA-B*51:08 (odds ratio (OR) 19.75), HLA-B*15:03 (OR 
12.15), HLA-C*16:02 (OR 6.53), HLA-A*68:02 (OR 3.14) [24,49]. 
By contrast, HLA-A*03:01 (OR 0.13) and HLA-DPB1*17:01 (OR 
0.27) were found to be protective. A strong linkage disequilib- 
rium between HLA-B*51:08, -C*16:02 and -A*02:01 was found. 
In another genetic association study in ABD with 9444 multina- 
tional patients and controls, two novel genetic susceptibility loci, a 
risk locus in IFNGR1 (OR 1.25) and another within the intergenic 
region LNCAROD/DKK1 (OR 0.78), were detected and six previ- 
ously identified susceptibility loci were confirmed (IL-10, IL-23R, 
IL-12A-AS1, CCR3, ADO and LACC1) [50]. Last, HLA-26 has been 
shown to be associated with ocular lesions [51]. 


Immunogenetic factors 
Immunological mechanisms are considered to play a major role in 
the pathogenesis of ABD [22,23,39,42]. The disease has currently 
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been classified among the autoinflammatory disorders [48]. An 
inverse correlation between the degree of DNA methylation and 
FKBP5 mRNA expression in ABD was shown [52]. FKBP5 is the 
gene that plays an important role in the TNF-a nuclear factor kB 
(NF«B) signalling pathway. 


Autoimmune mechanisms. The major microscopic finding at 
most sites of active disease is an immune-mediated occlusive 
vasculitis [25]. The pathergy reaction (see ‘Clinical features’ 
later in this chapter) is induced by the rapid accumulation of 
neutrophils (hyperchemotaxis) and later by T lymphocytes and 
monocytes /macrophages at the needle-prick sites. A Th17 polarisa- 
tion was confirmed with five highly connected clusters enriched in 
T- and B-cell activation pathways and two clusters enriched in type I 
interferon (IFN), JAK/STAT and TLR signalling pathways [53]. The 
identified gene classes (vascular damage, blood coagulation and 
inflammation) are involved in the pathogenesis of the typical fea- 
tures of ABD. Patients’ lymphocytes also express CD29 molecules 
and bind to endothelial cells in active disease. In addition to defec- 
tive T-cell immunity, B-cell activation is impaired. Circulating 
immune complexes, together with enhanced neutrophil migration, 
may be involved; the diversity of T cells indicates that specific T-cell 
responses to several antigens may lead to the variety of symptoms 
[54]. Iropomyosins and the 160 kDa polypeptide kinectin have been 
detected as autoantigens in ABD [55,56]. In a transcriptome analysis 
of CD8+ T-cell subsets in patients with ABD, COL5A1 expression 
was significantly associated with CD8+CD27-CD28- T cells and 
TRPV3 and ARHGEF10 with CD8+CD27+CD28+ T cells [57]. A 
genome-wide association study identified CCR1 and IL-10 loci as 
contributing to M1 macrophage-predominant inflammation in ABD 
[58]. Current single-cell analyses highlighted the pro-inflammatory 
contribution of Clq-high monocytes to the disease [59]. 


Heat shock proteins. Increased levels of HSP-specific antibodies in 
the serum have been found in ABD [24,60,61]. T cells respond to 60 
kDa HSP, and four different peptide determinants within 60 kDa 
HSP identified by T-cell epitope mapping have been suggested to 
be involved in the pathogenesis of the disease. 


Cytokine mediators. Various pro-inflammatory cytokines, such as 
IL-1, -6, -8, -12, -18, -22, -23, -33, -38 and TNF-a, are elevated in the 
sera of patients with active ABD [62-73]. In particular, IL-8 seems to 
play an important role, can also be released by endothelial cells, has a 
potent effect on the inflammatory response and is a sensitive marker 
of disease activity [62-64,68,70]. Cytokine release may be dependent 
on the involved organ [60,61,64,67]. 


Endothelial cells. The endothelium seems to be the primary target, 
or it may only be involved as an innocent bystander of pathological 
changes of the immune system [74]. An immunoglobulin M type, 47 
kDa, cell surface HSP against endothelial «-enolase has been iden- 
tified in the serum of patients with ABD [29,75]. Plasma endothelin 
1 concentrations were found to be significantly increased, perhaps 
indicating vasoconstriction and being the direct result of elevated 
synthesis by injured vascular endothelial cells. Thrombomodulin, 
a cell surface glycoprotein of vascular endothelium, which is also 
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increased in the plasma of patients with active disease, potentially 
damages the endothelial cells. 

Oxidative stress-mediated circulating haematopoietic progenitor 
cell dysfunction in ABD may counteract the cells’ vascular repair 
function, thereby contributing to the pathogenesis and the progres- 
sion of vascular disease in ABD [76]. 


Covid-19. In contrast with other immunological diseases, ABD 
patients presented a lower prevalence of Covid-19 compared with 
the general population [77] and when infected they exhibited a low 
Covid-19 severity without flares of ABD [78]. 


Clinical features 

History 

Hippocrates of Kos (460-377 BC) used the designation otopata 
apOwden, eAxwdea (oral aphthous ulcers) in a probable first descrip- 
tion of a patient with the disease (Epidemion book III, case 7). The 
disease is named after Benediktos Adamantiades, a Greek ophthal- 
mologist, and Hultisi Behcet, a Turkish dermatologist, who, in 1931 
and 1937, respectively, described patients with the characteristic 
clinical complex and argued for this to be a single clinical entity [79]. 
The first international multidisciplinary conference was organised 
by two dermatologists, M. Monacelli and P. Nazarro, in 1964 in 
Rome, Italy. 


Presentation 

Adamantiades—Behcet disease is a chronic, recurrent, multisystem 
and, occasionally, life-threatening disorder [1,3]. Recurrent oral 
aphthous ulcers, recurrent genital ulcers, skin manifestations, ocu- 
lar lesions and arthritis/arthropathy are the most frequent clinical 
features. Vascular, neurological, gastrointestinal, psychiatric, pul- 
monary, renal and cardiac manifestations, epididymitis and other 
findings can also occur. The clinical picture usually develops within 
a few months after the presenting sign. Both an acute multisystem 
presentation and long-term development of the disease over years 
are possible. 

Diagnosis of ABD is based on clinical signs as neither a pathog- 
nomonic laboratory test nor histological characteristics are available. 
There are several sets of diagnostic criteria, the most popular among 
the older ones being the criteria of the International Study Group 
[80] and those of the Behcet’s Disease Research Committee of Japan 
[81]. However, there have been several problems with these crite- 
ria, including their performance in selectivity and specificity, so that 
both of them have been revised. The currently published Revised 
International Criteria for Behcet’s Disease provides the most accu- 
rate diagnosis (Table 48.1) [82,83]. 


Clinical variants/phenotypes 

It has been proposed that different populations with ABD should be 
stratified using cluster analysis and association studies. The main 
clinical phenotypes described are the ‘mucocutaneous and articu- 
lar’, ‘vascular’, ‘neurological and ocular’ and ‘gastrointestinal’ ones 
[84,85]. 


Mucocutaneous and articular phenotype. Recurrent oral aphthous 
and genital ulcers are the most frequently observed mucosal man- 
ifestations. Oral aphthous ulcers are the presenting sign in more 


Table 48.1 Revised international criteria for Adamantiades—Behcet disease. 


Clinical feature Points? 


Ocular lesions (recurrent) 

Oral aphthosis (recurrent) 
Genital aphthosis (recurrent) 
Skin lesions (recurrent) 
Central nervous system lesions 
Vascular manifestations 
Positive pathergy test® 


a es eed RIN 


Adapted from ITR-ICBD 2013 [82]. 

4 Scoring: a score >4 indicates Adamantiades—Behcet disease. 

> Although the main scoring system does not include a pathergy test, where pathergy 
testing is conducted, a positive result may be included for one extra point. 


than 80% of patients (Figure 48.1) [1,14,42]. Although recurrent 
aphthous stomatitis is a common disorder, only a few patients 
progress to ABD, and it is not possible to determine in whom or 
when the transition may occur [86]. Typically, lesions are mul- 
tiple, painful, 1-3 cm in diameter and sharply margined with a 
fibrin-coated base and surrounding erythema (Figure 48.2). Oral 
aphthous ulcers usually heal without scarring (92%). Genital ulcers 
may not recur as often and usually heal with a characteristic scar 
(64-88%) (Figure 48.3). Spontaneous healing of aphthae occurs 
within 4 days to 1 month; genital ulcers may persist longer. Large 
oral ulcerations can also be associated with problems such as pha- 
ryngeal involvement, dysphagia and dyspnoea or fistulae involving 
the pharynx, larynx, trachea or oesophagus. Genital ulcers can occur 
on the penis, scrotum, vagina, labia and urethra, and also in the 
anal, perineal and inguinal regions. 

Skin lesions that should be accepted as diagnostically relevant 
in ABD should be confined to pustular vasculitic lesions (includ- 
ing pathergy lesions), erythema nodosum-like lesions, Sweet 
disease-like lesions, pyoderma gangrenosum-like lesions and pal- 
pable purpuric lesions of necrotising venulitis. All lesions are 
characterised in their early stages by a neutrophilic vascular reac- 
tion. Acneform lesions or follicle-based pustules should not be 
considered relevant [27]. 


Systemic lesions. Ocular involvement is the major cause of morbid- 
ity in patients with ABD. The most diagnostically relevant lesion 
is posterior uveitis (also called retinal vasculitis), which can lead 
to blindness (Figure 48.4). Just over 4% of Japanese ABD patients 
present with posterior uveitis, making it the one of the six diseases 
in Japan most likely to exhibit uveitis [87]; compared with previ- 
ous surveys between 1994 and 2003, the rate of ABD has decreased 
[88]. Other ocular lesions include anterior uveitis, hypopyon (pus in 
the anterior chamber of the eye, which is now — due to early treat- 
ment — uncommon) and secondary complications such as cataract, 
glaucoma and neovascular lesions [89]. Retinal inflammation can 
lead to vascular occlusion and, ultimately, tractional retinal detach- 
ment. Severe vitreous involvement, chronic cystoid macular oedema 
and possible — presumably also vasculitic — involvement of the optic 
nerve can result in loss of vision. Recurrent vasculitic changes can 
ultimately lead to ischaemic optic nerve atrophy. 

The characteristic arthritis is a non-erosive, asymmetrical, sterile, 
seronegative oligoarthritis,; however, symmetrical polyarticular 


(a) 


(b) 


Figure 48.2 Single (a) and multiple (b) oral aphthous ulcers. (a) Reproduced from Altenburg et a/. 2006 [14] with permission of John Wiley & Sons. 


Figure 48.3 Genital ulcer (a) healing with a 
demarcated flat scar (b). (a) 


involvement is common. Joint manifestations frequently occur first 
in one knee or ankle and then the other as a migratory monoarthri- 
tis, then in both joints simultaneously, and finally affecting nearly all 
joints. An HLA-B27-positive erosive sacroiliitis has to be excluded. 


(b) 


Systemic vascular involvement can be significant and includes 
venous occlusions and varices, arterial occlusions and aneurysms, 
often being migratory. Cases of large-vein thrombosis (inferior 
vena cava, cranial venous sinuses) or large-artery aneurysms are 
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(a) 


(b) 


Figure 48.4 (a) Posterior uveitis with remarkable reduction of intact arterioles due to thrombosis and/or interstitial bleeding. (b) Hypopyoniritis as a result of recurrent iritis. 


Reproduced from Altenburg et a/. 2006 [14] with permission of John Wiley & Sons. 


potentially fatal [1,14]. Arterial involvement is rather rare and 
usually presents in the form of thromboses and, less often, of 
aneurysms, resulting from multicentric arteritis. Pulmonary artery 
aneurysms are the principal feature of pulmonary involvement 
in ABD, occasionally resulting in coughing and haemoptysis. 
Cardiac involvement can include myocarditis, coronary arteri- 
tis, endocarditis and valvular disease. A wide spectrum of renal 
manifestations can occur, varying from minimal change disease to 
proliferative glomerulonephritis and rapidly progressive crescentic 
glomerulonephritis. Immune complex deposition is thought to 
be responsible for the underlying pathogenesis in some cases of 
glomerulonephritis. Gastrointestinal complaints can be a symptom 
for aphthae throughout the gastrointestinal tract and can rarely 
result in perforation and peritonitis (0.5%). The distribution of 
intestinal ulcers (ileo-caecal and colorectum), erythrocyte sedi- 
mentation rate >24 mm/h, persistence of inflammation despite 
treatment and poor compliance are independent risk factors for 
poor outcomes in non-surgical intestinal ABD patients [90]. Inflam- 
matory bowel disease has to be excluded. Sterile prostatitis and 
epididymitis can be present in male patients without genital ulcers. 

Significant neurological manifestations occur in approximately 
10% of patients and may be delayed in onset. Meningoencephalitis, 
cerebral venous sinus thrombosis, benign intracranial hyperten- 
sion, cranial nerve palsies, brainstem lesions and pyramidal or 
extrapyramidal lesions have been described. Poor prognosis is 
associated with a progressive course, relapses after treatment, 
repeated attacks and cerebellar symptoms or parenchymal disease. 
Neurological manifestations usually present with severe headache. 
Further symptoms include gait disturbance, dysarthria, vertigo and 
diplopia, as well as hyperreflexia, epileptic seizures, hemiplegia, 
ataxia or a positive Babinski reflex. Psychiatric symptoms, such 


as depression, insomnia or memory impairment, are also signs of 
neurological involvement. 


Differential diagnosis [14,91] 
There are many possible differential diagnoses (Box 48.1). 


Classification of severity 

A severe course, including blindness, meningoencephalitis, 
haemoptysis, intestinal perforation and severe arthritis, occurs 
in approximately 10% of patients. Lethal outcome has been seen in 
0-6% of affected patients in different ethnic groups. Central nervous 
system and pulmonary and large-vessel involvement, as well as 
bowel perforation, are the major life-threatening complications; 
death may also result as a complication of immunosuppressive 
therapy. 


Complications and co-morbidities 

Ophthalmic and neurological sequelae are leading causes of morbid- 
ity, followed by severe vascular and gastrointestinal manifestations. 
Their effects on morbidity may be cumulative. 


Disease course and prognosis 

The clinical course of ABD is variable. There can be a delay of up to 
several years before the diagnosis is made, and this may influence 
the prognosis [92]. Mucocutaneous and joint manifestations usually 
occur first. Recurrent erythema nodosum and HLA-B51 positivity 
are risk factors for the development of superficial thrombophlebitis 
and vision loss; superficial thrombophlebitis, ocular lesions and 
male sex are risk factors for the development of systemic ves- 
sel involvement [35,93,94]. Blindness can often be prevented 
with early aggressive therapy of posterior uveitis, such as TNF-o« 


Box 48.1 Differential diagnoses for 
Adamantiades-Behcet disease 


¢ Oculocutaneous/mucocutaneous syndromes 

e Erythema multiforme exudativum and variants, including 
Stevens—Johnson syndrome 

¢ Vogt-Koyanagi—Harada syndrome 

¢ Reactive arthritis 

¢ Bullous autoimmune diseases: pemphigus vulgaris, cicatricial 
mucous membrane pemphigoid, epidermolysis bullosa acquisita 

¢ Viral infections (herpes, coxsackie, echo) 

¢ Syphilis 

e Articulomucocutaneous syndromes 

e Systemic lupus erythematosus 

e MAGIC syndrome (mouth and genital ulcers with inflamed cartilage) 

¢ Yersiniosis 

e Arthropathic psoriasis 

¢ Gastrointestinal/mucocutaneous syndromes 

¢ Ulcerative colitis, Crohn disease 

¢ Tuberculosis 

¢ Bowel-associated dermatitis—arthritis syndrome 

e Aphthae 

¢ Recurrent aphthous stomatitis 

¢ Cyclic neutropenia 

e Herpes oralis/labialis/genitalis recidivans 

¢ Genital ulcers 

¢ Ulcus vulvae acutum (Lipschiitz ulcer) 

¢ Sexually transmitted infections 

¢ Uveitis 

¢ Other forms of uveitis 

e Arthritis 

e Ankylosing spondylitis 

e Juvenile rheumatoid arthritis 

¢ Central nervous system manifestation 

¢ Multiple sclerosis 

¢ Neuro-Sweet disease 

e Lung manifestation 

¢ Sarcoidosis 


inhibitors, high-dose ciclosporin A and high-dose intravenous and 
intraocular corticosteroids. Spontaneous remissions of certain or all 
manifestations of the disease have been observed. In a study with 
245 ABD patients with a mean follow-up of 35 years starting at the 
age of 16, 63.2% of the patients no longer fulfilled the diagnostic 
criteria of ABD, 51.8% of them were in sustained remission, and 
36.2% of them were asymptomatic [90]. Predictors of sustained 
remission were remission induction in the first 2 years of treatment, 
adherence to therapy and treatment for more than 6 years. Poor 
outcome was observed in 31.8% of patients. HLA-B51 positivity, 
male sex, obesity, early development of systemic signs and having 
active severe disease are the risk factors of poor outcome [35,92]. 
Onset in childhood does not necessarily predict a poor prognosis. 
In a 3-year follow-up comparison of Turkish patients with ocular 
involvement during the years 1990-94 and 2000-04 [95], disease 
was milder at referral — as has been reported for Korean patients 
[5]. Posterior segment involvement was less common and visual 
acuity was better. The follow-up revealed no significant difference 
in number of uveitis attacks in the first 3 years, but fewer eyes lost 
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useful vision, no patient became legally blind and fewer severe 
ocular complications occurred in the 2000s [95]. 

Disease duration (<60 months), neutrophil : lymphocyte ratio 
(=2), C-reactive protein (>10 mg/L), erythrocyte sedimentation rate 
(=20 mm/h) and albumin : globulin ratio (<1.5) are independent 
risk factors of disease activity in ABD patients [96]. 


Investigations 

Pathergy test 

A positive pathergy test (hyperreactivity reaction) manifests within 
48 h as a red papule (>2 mm) or pustule at the site of a skin nee- 
dle prick or after intracutaneous injection of 0.1 mL isotonic salt 
solution using a 20-gauge needle without prior disinfection of the 
injection site. The skin prick is generally placed at an angle of 45 
degrees 3-5 mm intracutaneously on the volar forearm. Redness 
without infiltration is considered a negative finding. Provoked oral 
aphthae and genital ulcers after injection or injury (such as chori- 
oretinitis in the corneal region of the eye after photocoagulation of 
the ocular fundus region) can be considered as positive pathergy 
phenomena. Broader pathergy phenomena also include the occur- 
rence of aneurysms around vascular anastomoses as well as a local 
recurrence of ulcers after resection of affected bowel segments. 
Although a positive pathergy reaction is a sign of ABD, it is not 
pathognomonic, as it can also occur in patients with pyoderma 
gangrenosum, rheumatoid arthritis, Crohn disease and genital 
herpes infection. 


Radiological findings 

Scintigraphic evidence of arthritis is found in 50% of the patients 
[14]. Cranial magnetic resonance imaging allows documentation 
of hypodense or atrophic changes in the brain. Electroencephalo- 
graphic detection of diffuse a-waves is considered a positive 
finding. Vascular lesions can be detected by angiography. 


Diagnostic tests 

An ophthalmological examination with fundus evaluation after 
mydriasis should be performed regularly in ABD patients, even 
without ocular symptoms, since initial retinal vessel changes 
can develop asymptomatically. The diagnostic tests of other 
organs reported here have to take place following respective 
symptoms. 


Management 

A multidisciplinary approach in the management of ABD patients is 
mandatory. The choice of treatment for patients with ABD depends 
on the site and severity of the clinical manifestations of the disease 
[97]. Recurrent aphthae are most often treated with palliative agents 
such as mild diet, avoidance of irritating agents and potent topi- 
cal glucocorticoids and local anaesthetics [98,99,100-104]. Lately, 
topical hyaluronic acid 0.2% gel applied twice a day over 30 days 
has been found to be effective (Box 48.2) [101]. For the topical 
treatment of genital ulcers and skin lesions, corticosteroid and 
antiseptic creams can be applied for up to 7 days. Painful genital 
ulcerations can be managed by topical anaesthetics in cream. Cor- 
ticosteroid injections (triamcinolone acetonide 0.1-0.5 mL/lesion) 
can be helpful in recalcitrant ulcerations. They can also be beneficial 
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Table 48.2 Systemic treatment of Adamantiades—Behcet disease with grade A evidence of effectiveness (randomised, double-blind, placebo-controlled trial against placebo unless 


otherwise mentioned). 


Drug and reference 


Dose 


Indications 


Methylprednisolone [108] 


Rebamipide [109] 
Colchicine [110] 


Colchicine [111] 
Colchicine [112,113] 


Colchicine versus colchicine + 
benzathine penicillin [114] 


Colchicine versus colchicine + 
benzathine penicillin [115] 

Zinc sulphate [116] 

Dapsone [117] 


Azathioprine [118] 


Interferon-a2a [119] 


Interferon-a [120] 
Thalidomide [121] 


Ciclosporin A versus colchicine [122] 


Ciclosporin A versus conventional 
treatments (prednisolone, 
chlorambucil) [123] 

Ciclosporin A versus conventional 
treatments (prednisolone, 
chlorambucil) [124] 

Ciclosporin A versus conventional 
treatments (prednisolone, 
azathioprine) [125] 


Ciclosporin A versus 
cyclophosphamide pulses [126] 
Cyclophosphamide + corticosteroids 

versus corticosteroids [127] 
Etanercept [128] 


Rituximab versus cytotoxic 
combination therapy [129] 


Aciclovir [130] 
Azapropazone [131] 


Daclizumab (anti-CD25) [132] 
Apremilast [133] 


40 mg/every 3 weeks IM 


300 mg/day PO (caveat: pregnancy, lactation) 

1 mg/day PO (caveat: pregnancy, lactation — induces 
oligozoospermia) 

1.5 mg/day PO 

1-2 mg/day PO 


1-2 mg/day PO; 1.2 mega units x 3/week IM 


1 mg/day PO;1.2 mega units/month IM 


300 mg/day PO 

100 mg/day PO (caveat: pregnancy, lactation; 
methaemoglobin increase: ascorbic acid 500 mg/day) 

2.5 mg/kg/day PO (caveat: pregnancy, lactation, severe 
liver disease, bone marrow depression, severe 
infection, children) 

6 x 10° IU x 3/week SC (caveat: pregnancy, 
lactation — induces psychotic signs, psoriasis, 
myopathy) 

1000 and 2000 !U/day PO 

100 mg/day or 300 mg/day PO (caveat: pregnancy, 
lactation — induces polyneuropathy; minimised at 25 
mg/day) 

10 mg/kg/day PO; 1 mg/day PO (caveat: lactation, renal 
insufficiency — induces pathological central nervous 
system findings) 

10 mg/kg/day PO 


10 mg/kg/day PO 


5 mg/kg/day PO 


5 mg/kg/day PO 

1 g/month IV; 2 g/month IV 

25 mg x 2/week PO (caveat: pregnancy, lactation) 

Two 1000 mg PO courses (15-day interval) 

800 mg x 5/day for 1 week + 400 mg x 2/day PO for 
11 weeks 

900 mg/day over 3 weeks PO 


1 mg/kg/fortnight IV 
30 mg x 2/day PO (caveat: diarrhoea, nausea, headache) 


Erythema nodosum (in females), but not oro-genital 
ulcers 

Oral ulcers 

Oral aphthous ulcers, genital ulcers, folliculitis, erythema 
nodosum 

Erythema nodosum and arthralgia 

Genital ulcers, erythema nodosum, arthritis (females), 
arthritis (males) 

Ineffective: does not reduce the use of 
immunosuppressives 

Combined treatment more effective in reducing 
frequency of arthritic episodes, duration and 
frequency of oral ulcers and erythema nodosum, and 
frequency of genital ulcers 

Combined treatment more effective than colchicine or 
penicillin alone 

Mucocutaneous lesions 

Oral ulcers, genital ulcers, skin lesions, pathergy test, 

arthritis, epididymitis 

Oral ulcers, genital ulcers, arthritis, recent-onset ocular 

disease 

Prevents the development of new eye lesions 

Oral ulcers, genital ulcers, papulopustular lesions, 

erythema nodosum, articular symptoms 


Ineffective 
Oral ulcers, genital ulcers, papulopustular lesions 


Ocular manifestations, oral ulcers, skin lesions, genital 
ulcers (stronger and sustained effectiveness of 
ciclosporin A versus colchicine) 

Ocular attacks (conventional therapy superior in 
controlling oral ulcers, genital ulcers and arthritis) 


Hearing loss (25%) (significant improvement under 
ciclosporin A versus any other conventional 
treatment) 

Oral ulcers, genital ulcers, cutaneous lesions, 
thrombophlebitis, articular and neurological 
symptoms (significant improvement under ciclosporin 
A versus any other conventional treatment) 

Visual acuity (significant improvement under ciclosporin 
A but not under cyclophosphamide) 

Combined more effective in eye disease 


Oral ulcers, nodular skin lesions, papulopustular lesions 
(not pathergy test) 

Significant improvement in total adjusted disease activity 
index (under rituximab but not under cytotoxic 
combination treatment) 

Ineffective 


Arthritis 
Ineffective (eye disease) 
Oral aphthous ulcers (reduction of number) 


Adamantiades-Behcet disease 


48.9 


Table 48.3 Systemic treatment of Adamantiades-Behcet disease (ABD) with grade B evidence (well-conducted open clinical trial) or grade C evidence (small open clinical trial) of 


effectiveness. 


Drug and reference 


Dose 


Indication 


Corticosteroids [2,42,97] 


Indomethacin [2,43] 
Pentoxifylline [97] 
Irsogladine [134] 
Ciclosporin [97,135] 


Sulfasalazine [97] 
Thalidomide [97,136] 


Tacrolimus [97] 
Interferon-a [137-139] 


Cyclophosphamide [2,42,97] 

Cyclophosphamide + azathioprine + 
prednisolone [140] 

Chlorambucil [97] 


Methotrexate [2,42] 
Methotraxate + prednisolone [141] 


5-60 mg/day prednisolone equivalent PO 

100-1000 mg/day over 1-3 days IV (alone or in 
combinations) (caveat: diabetes — induces psychosis) 

100 mg/day PO 

300-400 mg x 1-3/day PO 

2-4 mg/day PO 

3-6 mg/kg/day PO (serum levels: 100-150 ng/mL) 
(caveat: lactation, renal insufficiency — induces 
pathological central nervous system findings) 

1.5-3 g/day PO 

2 mg/kg/day PO; increased to 3 mg/kg/day if necessary 
or decreased to 1-0.5 mg/kg/day PO according to 
response (caveat: neurotoxicity) 

0.05-0.2 mg/kg/day PO (serum levels: 15-25 ng/mL) 

9 x 10° IU x 3/week or 3-9 x 10° IU x S/Aweek SC 
(3 x 10° IU x 3/week SC maintenance dose) (caveat: 
pregnancy, lactation — induces psychotic signs, 
psoriasis, myopathy) 

1.5-3 x 10° IU x 3/week SC according to body weight 

1 g/month IV bolus (caveat: haemorrhagic cystitis give 
mesna 200 mg) 

Cyclophosphamide 1 g/month IV (for 6 months); 
azathioprine 2-3 mg/kg/day IV (for 2-3 months); 
prednisolone 0.5 mg/kg/day IV (for 2-3 months) 


0.1 mg/day PO (2 mg/day maintenance dose) (caveat: 
cumulative toxicity) 

7.5-20 mg x 1/week PO (caveat: pregnancy, lactation, 
severe bone marrow depression, liver dysfunction, 
acute infections, gastrointestinal ulcers, kidney 
insufficiency) 


Active disease 


Acute exacerbation (particularly uveitis, neurological 


manifestations) 
Mucocutaneous lesions, arthritis 
Oral ulcers (particularly in children) 
Recurrent aphthous ulcers 


Uveitis, mucocutaneous signs, thrombophlebitis, 


acute hearing loss 


Gastrointestinal ulcers 
Intestinal involvement (in children) 


Refractory uveitis 


Ocular lesions, long-term visual prognosis, arthritis, 


vascular lesions 


Cortico-dependent uveitis in children 
Uveitis, neurological manifestations 


Improvement of visual acuity (44%), active posterior 
uveitis (73%) and retinal vasculitis (70%) of eyes. 
Improvement of total adjusted disease activity 


index in 72% of patients 


Neurological manifestations, uveitis, thrombosis, 


mucocutaneous lesions 


Severe mucocutaneous lesions, arthritis, progressive 


psychosis or dementia 
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7.5-15 mg x 1/week PO; 0.5 mg/kg/day PO Improvement of visual acuity (46.5%), active 
posterior uveitis (75.4%) and retinal vasculitis 
(53.7%) of eyes. Improvement of total 
inflammatory activity index in 74% and total 
adjusted disease activity index in 69.4% of 
patients 

Acute uveitis, refractory posterior uveitis, 
neurological manifestations, intestinal 


Infliximab [142-148] 5 mg/kg IV on days 1, 7, 14 and 28 and every 2 weeks/ 


4 weeks/6 weeks subsequently (caveat: pregnancy, 


lactation) involvement 
Infliximab (long-term) [149,150] 3-5 mg/kg IV at 0, 2, 6 and then every 4-8 weeks over Remission of uveitis refractory to conventional 
2-3 years immunosuppressant agents (73.2%) 
Adalimumab [151-153] 160 mg on day 1 SC, 80 mg on day 14 and 40 mg every Refractory ocular lesions, arthritis, mucocutaneous 


2 weeks lesions; effectiveness in intestinal manifestations 
(84.6%) — recurrence after discontinuation 

Severe uveitis 

Articular disease refractory to colchicine and 
DMARDs 

Refractory oral ulcers and ABD current activity form 


Gevokizumab (anti-IL-18) [154] 
Apremilast [155] 


0.3 mg/kg IV 

30 mg x 2/day PO 

Apremilast [156] 30 mg x 2/day PO over 3 months (caveat: diarrhoea, 
nausea) 

5 mg x 2/day PO 

8 mg/kg/4 weeks IV 


Tofacitinib [157] 
Tocilizumab [158] 


Refractory vascular and articular involvement 

Refractory ocular, neurological and vascular disease 
as well as secondary amyloidosis 

Partial reduction of disease activity 

Aphthous oral ulcers 


IL-2 [159] 0.5 million |U/day SC for 5 consecutive days 
Ustekinumab [160] 90 mg SC on days 1, 28 and every 12 weeks 


DMARDs, disease-modifying antirheumatic drugs. 
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on panuveitis and cystoid macular oedema as a single intravitreal 
injection (triamcinolone acetonide 4 mg) [102,103]. 


Box 48.2 Treatments of oral aphthous ulcers 


General 

e Mild diet 

e Avoidance of hard, spicy or salty nutrients and irritating chemicals, 
such as toasted bread, nuts, oranges, lemons, tomatoes, spices 
(pepper, paprika, curry), alcohol- or CO,-containing drinks, 
mouthwashes and toothpastes containing sodium lauryl sulfate* 

e An association of active smoking with a decrease of recurrence of 
oral aphthous ulcers and of the incidence of the disease has been 
described [162] 


Topical 

¢ Caustic solutions (silver nitrate 1-2%; tinctura myrrha 5-10% 
weight/volume; H,O, 0.5%; methyl] violet 0.5%) once or twice a day 

e Antiseptic and anti-inflammatory preparations (amlexanox 5% in 
oral paste once a day’; triclosan 0.1% mouthwash solution and in 
toothpastes*; amyloglucosidase- and glucose oxidase-containing 
toothpastes?; hexetidine 1%, chlorhexidine 1-2% mouthwash 
solutions; benzydamine; camomile extracts), 3% diclofenac in 2.5% 
hyaluronic acid*; hyaluronic acid 0.2% gel; tetracycline mouthwash 
(as glycerine solution 250 mg/5 mL glycerine) for 2 min 4-6 times a 
day* (caveat: pregnancy); minocycline 0.2% mouthwash; 
doxymycine in isobutyl cyanoacrylate* 

¢ Corticosteroids (triamcinolone mucosal cream, ointment or paste 
0.1%; dexamethasone mucosal paste or solution 0.5 mg/5 mL; 
betamethasone pastilles) once a day or during the night 
(ointment/ paste); intrafocal infiltrations with triamcinolone 
suspension (5-10 mg/mL) 0.1-0.5 mL per lesion 

e Anaesthetics (lidocaine 2-5%; mepivacaine 1.5%; tetracaine 0.5-1% 
gel or mucosal ointment) BD or TDS (caveat: allergy) 

e 5-Aminosalicylic acid (5% cream) TDS reduces the duration of 
lesions and pain intensity 

¢ Ciclosporin 500 mg solution as a mouthwash TDS is effective as a 
topical immunosuppressive drug 

¢ Sucralfate suspension 1 g/5 mL once a day? for oral aphthous and 
genital ulcers 


@ Small, randomised, double-blind, placebo-controlled trial against 
placebo. 


Patients with mucocutaneous lesions resistant to topical treat- 
ment, those with systemic involvement and patients with mark- 
ers of poor prognosis are candidates for systemic treatment 
[97,104,105,106,107]. Several compounds have been found to be 
effective in randomised, double-blind, placebo-controlled trials 
(Table 48.2) [99,107,108-132,133]. Additional treatments have been 
successful in studies with a lower grade of evidence (Table 48.3) 
[2,42,97,134-160]. Oral and intravenous prednisolone can be com- 
bined with other immunosuppressants, colchicine, dapsone, 
sulfasalazine or IFN-a. A synergistic effect with ciclosporin A 
has been described in patients with ocular involvement. Pred- 
nisolone is one of the few medications that can be used during 
pregnancy. Colchicine can be combined with immunosuppres- 
sants and IFN-a. A rapid relapse often occurs after discontinuing 


dapsone, ciclosporin A, IFN-a or infliximab [117,135,137,142]. 
Among biologics, large clinical studies have shown that TNF-a 
inhibitors and IFN-o are effective and safe treatment options for 
refractory and major organ involvement, such as ocular, neurologi- 
cal, vascular and gastrointestinal [161]. Anakinra and ustekinumab 
seem to be promising agents for refractory mucocutaneous dis- 
ease. IL-1 inhibitors and tocilizumab may be alternatives for the 
treatment of patients with refractory eye involvement. How- 
ever, data for the treatment of major organ involvement are still 
insufficient. 


Treatment ladder for Adamantiades-Behcet 
disease 


Mucocutaneous lesions [163] 


First line 

¢ Topical: antimicrobial agents, sucralfate, corticosteroids 

e Systemic: corticosteroids, colchicine, colchicine + benzathine 
penicillin, apremilast (aphthous ulcers) 


Second line 

¢ Topical: anti-inflammatory agents, amlexanox 

e Systemic: dapsone, azathioprine, thalidomide, anti-tumour 
necrosis « (TNF-a) agents 


Third line 
¢ Topical: anaesthetics, silver nitrate 
e Systemic: zinc sulphate, rebamipide, pentoxifylline, 
methotrexate, ciclosporin A, interferon a (IFN-«), other 
biologics 
Since the effectiveness of topical treatment is generally 
limited to the application area, it should almost always be 
combined with systemic therapy. 


Ocular disease [164,165] 


First line 

¢ Topical: corticosteroids + mydriatics + cycloplegic agents 

e Systemic: corticosteroids, ciclosporin A, azathioprine, 
adalimumab 


Second line 
¢ Infliximab, IFN-a, other biologics 


Third line 
¢ Cyclophosphamide, methotrexate 

Topical treatment as a sole agent should be restricted to 
patients with mild uveitis (anterior uveitis). 


Articular involvement 


First line 
¢ Colchicine, colchicine + benzathine penicillin or 
anti-inflammatory analgesics 


Second line 
e Azathioprine, corticosteroids 
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Pyoderma gangrenosum 


Definition and nomenclature 

Pyoderma gangrenosum (PG) is a rare non-infectious, auto- 
inflammatory neutrophilic dermatosis commonly associated with 
underlying systemic disease. Diagnosis is based on typical clinical 
features and the exclusion of other cutaneous ulcerating diseases. 
The classic ulcerative type presents as a rapidly expanding painful 
ulcer with a purple undermined edge (Figure 49.1). 


ology or by clinical phenotype 


lammatory conditions 


je been included within the PG classification 
ding of the underlying aetiology: 
id 


Introduction and general description 
PG is a reactive non-infectious dermatosis that shares many com- 
mon features with other neutrophilic dermatoses. It is now regarded 


as an autoinflammatory condition whereby the triggering of the 
inflammatory process begins with abnormal activation of the innate 
immune system, distinct from an autoimmune process involving 
T cells or antibody production. Once the inflammation has been 
triggered a wide selection of other inflammatory mechanisms can 
be recruited [1,2] (for paper test). A number of syndromic variants 
of PG have also been identified such as PASH (Pyoderma, Acne, 
Suppurative Hidradentis), which have been linked to mutations in 
genes controlling elements of the innate immune system (see later). 

Although classic PG is the most common presentation, several 
clinical variants have been described. Diagnostic criteria were orig- 
inally published for the classic form in 2004 [3]. These criteria have 
been updated more recently by Maverakis et al. [4]. A Delphi con- 
sensus exercise led to the generation of one major and eight minor 
criteria. The presence of the major and at least four minor criteria 
maximised discrimination, yielding sensitivity and specificity of 
86% and 90%, respectively (Table 49.1). 

Another scoring system, the Paracelsus score, has also been 
published [5] and uses a similar list of criteria to the Maverakis 
diagnostic criteria, with each being given points based on predic- 
tive power. The score has been shown to be effective and sensitive 
for PG diagnosis. 


Epidemiology 

Incidence and prevalence 

The best population-based estimate of incidence comes from a study 
of the UK general practice research database which suggests that the 
incidence is 0.63 (95% confidence interval (CI) 0.57-0.71) per 100 000 
person-years [6]. 


Age 
The incidence of PG increases with age, with a median age of 59 
(interquartile range 41-72) years [6]. 


Sex 
PG is more common in females: 59-76% of cases [7]. 
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Figure 49.1 Ulcerative pyoderma gangrenosum large plaque on lower leg. 


Ethnicity 
There is no association of PG with ethnicity. 


Associated diseases 

As with other neutrophilic dermatoses, there are classic accepted 
diseases that occur in association with PG in 33-75% of cases [8-10], 
suggesting an aetiopathological link. There is some evidence that 
the pustular form of PG may be associated mainly with inflamma- 
tory bowel disease (IBD) and the bullous form with haematologi- 
cal malignancies; the vegetative form is usually not associated with 
underlying disease [11]. 

Estimates vary but the most frequent disease associations 
[6,7,12,13] include IBD, with a similar incidence of Crohn disease 
and ulcerative colitis, present in up to 65% of cases [10]. Rheuma- 
toid arthritis and seronegative arthritides, which may themselves 
be IBD related, occur in about 10-20% of cases; haematological 
malignancy or monoclonal gammopathy in up to 19% and other 
visceral malignancies in 5% [7]. 

Other co-morbidities of PG that may either predispose to the 
condition or result from the disease itself or its treatment include 
diabetes, depression, peripheral vascular disease and possibly 
obesity [7]. 


Table 49.1 Maverakis diagnostic criteria for classic ulcerative pyoderma gangrenosum. 


Major 
Minor 


Biopsy of ulcer edge showing neutrophilic infiltrate 

Exclusion of infection 

Pathergy 

History of papule, pustule, or vesicle ulcerating within 4 days of appearing 
Personal history of inflammatory bowel disease or inflammatory arthritis 
Peripheral redness, undermining border, tenderness 

Multiple ulcerations (at least one on lower leg) 

Cribriform or wrinkled paper like scars at healed sites 

Decrease in ulcer size within 1 month of initiating immunosuppression 


Table 49.2 Syndromes associated with pyoderma gangrenosum (PG). 


Syndrome Gene 

PAPA Pyogenic arthritis, PG, acne PSTPIP1 

PASH PG, acne, severe suppurative hidradenitis PSTPIP1, NCSTN 

PASS PG, acne, suppurative hidradenitis, seropositive Unknown 
spondyloarthritis 

PAPASH _ Pyogenic arthritis, PG, acne, suppurative hidradenitis PSTPIP1 


NCSTN, nicastrin; PSTPIP, proline-serine-threonine phosphatase-interacting protein 1. 


Furthermore, there are numerous case reports of disease associ- 
ations, which due to rarity and overlapping disease entities remain 
of uncertain significance. These include thyroid disease, spondylitis, 
osteoarthritis, psoriatic arthritis, chronic active hepatitis, hepatitis C 
viral infection, primary biliary cirrhosis, systemic lupus erythemato- 
sus, complement deficiency, hypogammaglobulinaemia, hyperim- 
munoglobulin E syndrome, AIDS, sarcoidosis, Takayasu arteritis, 
hidradenitis suppurativa, acne conglobata and chronic obstructive 
pulmonary disease [7,12]. 

A number of syndromes are now recognised as having an associ- 
ation with PG, cystic acne and either hidradenitis or inflammatory 
arthritis (Table 49.2) [14,15,16,17-19]. 

Mutations in the gene proline-serine-threonine phosphatase- 
interacting protein 1 (PSTPIP1) have been identified. This protein 
interacts with the pyrin inflammasome and mutations lead to a 
reduced threshold for innate immune activation. It seems likely 
that a combination of a reduced threshold for inflammation, other 
genetic predispositions and environmental factors could together 
explain these syndromes. There is likely to be great heterogene- 
ity in the aetiology which remains incompletely defined [20]. 
PSTPIP1-associated autoinflammatory diseases (PAIDs) are now a 
recognised entity [21]. 


Pathophysiology 
Predisposing factors 
Pathergy is the phenomenon whereby skin trauma provokes lesions 
or the first onset of the disease at the site of injury. This most fre- 
quently follows surgical wounds or penetrating injury. Pathergy is 
likely to play a role in peristomal PG. In patients with ulcerative col- 
itis, the incidence of extraintestinal manifestations, including PG, is 
independently promoted by smoking and by appendicectomy [22]. 
The development of peristomal PG is predisposed to by female 
sex, high body mass index (BMI) and the presence of autoimmune 
disorders [23]. 


Pathology 

Skin biopsies should be taken (for histology and culture) to exclude 
other causes of ulceration, but histology is not diagnostic. The value 
of a skin biopsy is the exclusion of other diseases that mimic PG 
(see Differential diagnosis) [24]; there is no typical histopathology 
of PG. Early lesions display neutrophilic pustules but in general the 
features are non-specific. Typical findings include central necrosis 
and ulceration of the epidermis and dermis surrounded by an 
intense inflammatory cell infiltrate, with a more peripheral mixed 
to chronic inflammatory cell infiltrate [24,25]. Each clinical variant 
has additional, more specific, histopathological findings: in the 
ulcerative variant of PG, there is a massive dermal-epidermal neu- 
trophilic infiltrate with suppuration/abscess formation; in pustular 
PG, a perifollicular neutrophilic infiltrate with subcorneal pustule 
formation; the bullous variant shows a neutrophilic infiltrate with 
intraepidermal vesicle formation; and in vegetative PG, there is 
a granulomatous reaction with peripheral palisading histiocytes 
and giant cells [12]. The presence of vasculitis in PG is an area 
of debate. Many investigators have reported findings consistent 
with a neutrophilic vascular reaction or leukocytoclastic vasculitis, 
fibrinoid necrosis, segmental necrotising vasculitis, granulomatous 
vasculitis and lymphocytic vasculitis [24,25]; this may be secondary 
to ulceration. If vasculitis is evident, true vasculitides and infective 
causes should be excluded, including culture and staining of biopsy 
tissue for fungi, mycobacteria and other organisms. 


Pathomechanism of pyoderma gangrenosum 

The pathomechanism of PG is complex and multifactorial [2,10,26]. 
Many phenomena, including its association with IBD, its aggressive 
local destruction of tissues and the pathergy phenomenon, suggest 
a cascade of inflammatory events, including activation of innate 
immunity, autoinflammatory pathways, neutrophil dysfunction, 
recruitment of the adaptive immune response and tissue destruc- 
tion. Overactivation of numerous cytokines is reported including 
interleukin (IL)-1f, tumour necrosis factor (TNF), IL-8, IL-17, IL-23, 
VEGF, CCR5, CXCR3, matrix metalloproteinases (MMPs) and 
chemokines with neutrophil trafficking and activation. PG is not 
usually associated with vasculitis, but patients with positive tests 
for either C-antineutrophilic cytoplasmic antibody (C-ANCA) or 
P-ANCA are occasionally reported in drug-induced PG, typically 
with thiouracils [27]. 

There are five components to the pathogenesis of PG. 


Genetic predisposition. Most of the genetic factors predisposing to 
PG remain unclear [10]. Genetic variations promoting the develop- 
ment of IBD and inflammatory arthritis are likely to influence the 
inflammation of PG [28]. Mutations in JAK/STAT pathways that 
predispose to haematological malignancies may also be associated 
with PG [29]. Gene mutations in PSTPIP1 have been shown to be 
influential in some PG acne syndromes [20]. It seems likely that fur- 
ther gene variations in elements of the innate immune system may 
influence the threshold for triggering PG [30]. 


Activation of the innate immune system. Activation of innate 
immunity is suggested by the finding of overexpression of IL-1f 
and its receptor [31] and by the occurrence of PG in genetic autoin- 
flammatory syndromes such as PAPA and PASH [32]. The successful 
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treatment of PG by canakinumab also supports the involvement of 
IL-1 [33]. 


Neutrophil activation. Neutrophils play a key role in the develop- 
ment of PG and other neutrophilic dermatoses. Clonality in neu- 
trophils infiltrating skin lesions has also been demonstrated in 81% 
of 15 patients with Sweet syndrome and PG [34]. Neutrophil chemo- 
taxis was impaired in five patients with PG [35]; IL-6 can induce 
accumulation of neutrophils and is elevated in PG lesions [36]. The 
neutrophil chemokine IL-8 has been identified in lesions of PG and 
can produce similar lesions in an animal model [37]. It appears to 
be produced by fibroblasts from the PG ulcer [38]. Overexpression 
of IL-8, chemokine (C-X-C motif) ligand (CXCL) 1/2/3, CXCL 16 
and regulated upon activation normal T cell expressed and secreted 
(RANTES) have been shown to be overexpressed in PG lesions [31]. 


Recruitment of other inflammatory pathways. Clonal expansion 
of T cells has been shown in peripheral blood in five patients with PG 
[39]. Clonal expansion of y and f T-cell receptors have been found in 
PG associated with haematological disease with splenomegaly [40]. 
The antigen to which T cells are responding is unknown and could 
be an autoantigen, microbial antigen or a shared epitope. A putative 
autoantigen, M(r) 40 K epithelial autoantigen, was identified in the 
skin, colonic mucosa and biliary epithelium, and has been consid- 
ered speculatively as a relevant autoantigen linking extraintestinal 
manifestations of IBD [41]. Cell-mediated defects include cutaneous 
anergy to Candida, streptokinase and purified protein derivative, as 
well as altered production of macrophage inhibition factor (MIF) by 
lymphocytes [42]. 

The expression of inflammatory cytokines in tissue affected by PG 
has been investigated, with increases in IL-17, TNF-a, IL-8, IL-36a 
and IL-23 reported [43,44] 

Data regarding the involvement of antibody-mediated inflamma- 
tion and immunofluorescence findings in PG are conflicting. Several 
studies have shown positive direct immunofluorescence of lesional 
skin [13,25,45]. The most frequently observed pattern is perivascu- 
lar or intravascular deposition of C3 or IgM, but deposition of C3 
at the dermal-epidermal junction also occurs [45]. However, other 
studies have shown negative immunofluorescence [46,47] and the 
positive findings may be non-specific reactive changes following 
ulceration of the skin. The positive response of PG to intravenous 
immunoglobulin (IVIG) has suggested antibody involvement, 
although IVIG has multiple anti-inflammatory mechanisms in 
addition to antibody depletion [48]. 


Tissue destruction. Although the primary pathology appears to be 
a neutrophilic pustule, tissue destruction can be rapid and exten- 
sive. Once the skin becomes ulcerated, the appearance of acute and 
chronic perivascular inflammatory cell infiltrates may be secondary 
to the ulceration rather than a primary event. However, a series of 58 
skin biopsies revealed a mild to moderate perivascular lymphocytic 
infiltrate associated with endothelial swelling in early lesions [13]. 
Necrosis was a feature of more developed lesions with a dense lym- 
phocytic infiltration surrounding as well as involving the blood ves- 
sels. Bister et al. [49] examined 24 skin biopsies and found a pattern of 
abundant MMP expression, particularly MMP 9 and 10 and TNF-a, 


rm) 
wu 
m7) 
= 
< 
= 
ce 
uw 
Q 


PART 4: INFLAMMATORY 


rm) 
wu 
m7) 
2 
9 
= 
ce 
wi 
=) 


PART 4: INFLAMMATORY 


49.4 


Chapter 49: Neutrophilic Dermatoses 


which could lead to tissue destruction and degradation of the stro- 
mal matrix needed for migration and healing. They also found sim- 
ilar expression of MMPs to that found in ulcerative lesions of IBD. 
Thus, TNF-« was proposed, and proved to be an important target 
for therapy. 


Causative organisms 

Although no pathogen has ever been attributed to causing PG, bul- 
lous PG-like skin lesions were reproduced by injection of heat-killed 
Escherichia coli in a patient with IBD and previous PG [50]. This sug- 
gests that gut flora antigens presenting in the skin of a susceptible 
individual might have importance while not fulfilling Koch postu- 
lates for primary causation. 


Genetics 

The genetic basis of PG has not been elucidated but is likely to be 
complex and heterogeneous. Mutations in genes regulating inflam- 
mation may play a direct role and mutations in genes predisposing 
to PG-associated diseases will also be relevant. Defilippis et al. [10] 
have summarised publications relating to gene mutations and PG. 
One specific example of clues to the pathogenesis of PG comes from 
the association of PG with the PAPA syndrome in which a muta- 
tion was found in the PSTPIP1/CD2BP1 gene on chromosome 15 
[51], which encodes for a proline/serine /threonine-interacting pro- 
tein 1. This autoinflammatory syndrome (Chapter 45) links to other 
cryopyrine syndromes as CD2BP1, now known as PSTPIP1, which 
binds pyrin [52,53]. Thus, a defect in negative regulators of inflam- 
mation links the pathology of PAPA with familial Mediterranean 
fever [54]. Genetic factors are suggested by the occurrence of PG in 
siblings [55] and familial clustering of cases [56]. 


Environmental factors 

Skin trauma (pathergy) can induce lesions of PG in 25% of cases. 
Drug-induced PG is a relatively new concept and remains poorly 

understood. Most reported cases relate to colony-stimulating factors 

(Sweet syndrome) and small-molecule tyrosine kinase inhibitors 

[57]. Possible mechanisms include effects on neutrophil migration 

and function, inflammation and keratinocyte apoptosis. 


Clinical features 

History 

Brocq first described PG in 1916 [58]. It was later described in 1930 
by Brunsting et al. [59]. The prevalence of PG in IBD was discussed 
by Greenstein et al. in 1976 [60]. 


Presentation 

PG can have a variety of clinical presentations. Diagnostic criteria 
have been proposed for the cutaneous lesions of classic ulcerative 
PG, as discussed earlier. 


Clinical variants 

Classic ulcerative PG [8,13,61,62]. This is the commonest and 
best recognised variant of PG, presenting with small, tender, 
red-blue papules (Figure 49.2), plaques or pustules that evolve into 
painful ulcers with characteristic violaceous undermined edges 
(Figure 49.3). There may be granulation tissue, necrosis or purulent 


Figure 49.2 Early lesion of pyoderma gangrenosum. 


exudate at the ulcer base. Lesions may be solitary or multiple and 
occur most commonly on the legs (in 70%), but may affect any body 
site including the genitals and mucosae. Healing usually occurs 
with an atrophic cribriform (sieve-like) scar (Figure 49.4). Associated 
symptoms include fever, malaise, myalgia and arthralgia. 


Parastomal PG. Parastomal or peristomal PG may arise as a pather- 
gic response to the trauma of stoma formation surgery, stoma 
appliances and faecal irritation. It is most common with ileostomy 
for active IBD [23] and the risk is greater with high BMI, female 
sex and autoimmune disorders [23] (Figure 49.5). General surgeons 
must be aware of the phenomenon to avoid inappropriate resiting 
of stomas following ulceration complications. 


Pustular PG. Pustular PG is a variant that often occurs during 
acute exacerbations of IBD [63-65]. Discrete painful pustules, 
with a surrounding halo of redness, develop on normal skin [66]. 
These pustules commonly arise with a scattered distribution on 
the extensor aspects of the limbs. Other painful pustular eruptions 
in this spectrum [67] of IBD need to be distinguished, including 
bowel-associated dermatitis—arthritis syndrome (BADAS, Chapter 
45), subcorneal pustular dermatosis and pyostomatitis vegetans 
where the pustules are predominantly mucosal. 


Bullous PG. This atypical presentation presents with rapidly arising, 
superficial, haemorrhagic bullae, often located on the arms. It shares 
clinical and histopathological findings with Sweet syndrome, but 
typically ulcerates and heals with scarring. Bullous PG is especially 
associated with myeloproliferative disorders [68]. Bullous PG, asso- 
ciated with an older age group, upper limb distribution and haema- 
tological malignancy with quicker remission, was termed atypical 
PG in the series of Bennett et al. [8]. Other reports describe areas of 


Figure 49.3 Classical pyoderma gangrenosum. 


concentric bullae that rapidly become confluent and ulcerate [69,70]. 
PG can precede the onset or detection of the myeloproliferative dis- 
order, and patients with bullous PG should be investigated with a 
high index of suspicion for a haematological malignancy [71,72]. 


Vegetative or granulomatous superficial PG. This is a variant of 
PG with superficial lesions with a granulomatous histology [73,74]. 
Most cases begin as a single superficial ulcer with granulations 
and an elevated edge (Figure 49.6). A review of all reported cases 
in 2005 [74,75] found the lesions were most often located on the 
trunk (52%) and had a lower incidence of associated conditions. 
This variant also tended to be more responsive to therapy. Although 
39% required systemic corticosteroids, many healed with topical 
or intralesional corticosteroids, minocycline or dapsone. Very few 
cases required other forms of systemic immunosuppression. 


Neutrophilic dermatosis of the dorsal hand. See later in this 
chapter. 


Extracutaneous PG. PG is not exclusive to the skin and, although 
rare, PG and other neutrophilic dermatoses can involve other 
organs, often with aseptic abscesses, most commonly in the lungs 
[76-78]. Also, PG may affect the bones [79,80], liver [81], heart, 
brain, gastrointestinal tract [82] and muscle [83]. See also Aseptic 
abscess syndrome later. 


Figure 49.4 Healing ulcer of pyoderma gangrenosum with the beginning of cribriform 
(sieve-like) scarring. 


Figure 49.5 Peristomal pyoderma gangrenosum. 


Differential diagnosis 

PG is a diagnosis of exclusion with a wide range of alternative 
pathologies that can appear similar. Ninety-five patients with 
lesions masquerading as PG were reviewed by Weenig et al. 
(2002) [84]. In non-classic PG, biopsy and culture are impor- 
tant and there should be targeted enquiry, examination and 
investigation for differential diagnoses. These include vascular 
occlusive or venous disease, vasculitis, cancer, primary infection, 
drug-induced or exogenous tissue injury, and other inflamma- 
tory disorders, fungi, atypical mycobacteria and opportunistic 
infections [84], sporotrichosis [85], fusariosis, mycosis fungoides 
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Figure 49.6 Superficial granulomatous or vegetative pyoderma gangrenosum. 


[86], mucormycosis [87], histoplamosis [88], blastomycosis [89] and 
drug-induced, including nicorandil [90]. 


Classification of severity 

A simple measure of the size of skin ulceration or measuring the 
longest axis of the wound and perpendicular maximum width can 
be used to monitor therapy and with the formula length x width x 
0.785 [91] can be used to approximate to an ellipse, which has been 
used as a measure in clinical trials and is an important predictor of 
healing and a confounder in clinical studies. An inflammation scale 
has been developed for quantifying the degree of inflammation in 
PG [92]; this was modified in recent trials to include the degree of 
exudate [91]. Patient-reported outcome measures (PROMS) are also 
important in documenting disease severity, and measures such as 
dermatology life quality index and pain visual analogue scale can 
be useful in the management of PG. 


Complications and co-morbidities 

PG has a significant all-cause mortality — 16% over 8 years [7]. In an 
epidemiological study of a large UK database, including 313 cases 
of PG over 16 years, the relative risks of mortality were compared 
with those of normal subjects and those with either IBD without PG 
or rheumatoid arthritis without PG. The risk of death for those with 
PG was three times higher than that for general controls, 72% higher 
than that for IBD controls, with a borderline increase compared with 
RA controls [6]. This suggests an independent risk of PG, but it is 
not possible to determine whether this is due to complications of 
PG such as infection, management of PG with potent immunosup- 
pressive agents or a combination of these factors. 


Associated diseases are discussed earlier; patients also have 
co-morbid diseases that may predispose to leg ulceration or that are 
found in association with other chronic inflammatory conditions. 
These include anaemia, renal impairment, thyroid disease, obesity, 
diabetes [93], depression and peripheral vascular disease [7]. 


Disease course and prognosis 

PG is achronic condition often taking many months or years to com- 
pletely resolve [93,94]. Once healed, PG may be recurrent in 16-61% 
of cases [9,78,95] and consideration should be given to long-term 
systemic preventative therapy. 


Investigations 

Investigations should be guided by a thorough clinical evaluation. 
Skin biopsy is not diagnostic in PG but is required to exclude other 
conditions that may mimic PG. As many of these conditions are 
infective, it is advisable to send tissue for culture for bacterial, 
atypical mycobacterial, viral and fungal pathogens to rule out other 
causes. 

Due to the possibility of association with an underlying malig- 
nancy, it is important for the clinician to make a firm diagnosis of 
the triggering mechanism of the PG. If no inflammatory condition, 
malignancy or drug trigger can be identified, appropriate inves- 
tigations to exclude an underlying malignancy or undiagnosed 
inflammatory condition are needed. Investigations will be guided 
by the individual clinical circumstances. A thorough work-up 
should include examination for lymphadenopathy, blood count, 
biochemical profile, blood culture, ulcer tissue culture, chest X-ray, 
other X-rays as indicated, endoscopy, bone marrow aspirate and CT 
scan [66]. 


Management 

Management of PG is often complex and will depend on co- 
morbidities, associated diseases and the site and extent of the 
lesions (Table 49.3). The basic principles consist of: 

¢ 1a: Induction of remission 

e 1b: Analgesia 

e 2a: Maintenance of remission 

e 2b: Wound healing 

The importance of analgesia and wound healing must be empha- 
sised, as often much attention is given to the choice of immunosup- 
pression. Optimising the conditions for wound healing is important 
from the start. Frequent review is needed to ensure adequate analge- 
sia and also to judge when the inflammation has been controlled and 
the healing phase has begun. At this stage the immunosuppression 
can often be slowly reduced and more attention paid to optimisation 
of wound healing. 

The evidence base for treating PG is almost entirely anecdotal and 
subject to publication bias. There have only been two randomised 
clinical trials (RCTs) for PG treatment. In 2006 infliximab was shown 
to be superior to placebo [96] and in 2015 ciclosporin (4mg/kg/day) 
was shown to be equivalent to prednisolone (0.75 mg/kg/day) [97]. 

The number of suggested therapies is indicative of the difficulty 
in achieving a successful outcome for these patients. The potential of 
new biologic drugs is probably not being harnessed as it should be 
due to a lack of clinical trials, although analysis of real-life data and 
use of registries could be employed to inform treatment decisions. 


Table 49.3 Treatment of pyoderma gangrenosum. 


Biologic/small- Target 
Oral - conventional molecule inhibitor cytokine 
Prednisolone 0.5-1 mg/kg Infliximab TNF-o 
Ciclosporin 5 mg/kg Adalimumab TNF-a 
Combined prednisolone and ciclosporin Etanercept TNF-a 
Pulsed prednisolone 1 g/day for 5 days Ustekinumab IL-12, IL-23 
Methotrexate Guselkumab L-23 
Mycophenolate mofetil Ixekizumab L-17 
Dapsone Brodalumab L-17R 
Tetracyclines Secukinumab L-17 
Thalidomide Anakinra L-1 
Tacrolimus Canakinumab L-1B 
Cyclophosphamide Gevokizumab IL-1B 
Chlorambucil Tocilizumab IL-6 
Azathioprine Tofactinib AK 1 and 3 
Colchicine Ruxolitinib JAK-2 

IMIG 


IL, interleukin; IVIG, intravenous immunoglobulin; JAK, Janus kinase; TNF, tumour 
necrosis factor. 


Where PG is associated with specific diseases (e.g. Crohn), control- 
ling activity of the underlying condition is thought to be important 
and may influence therapeutic decision making. Biologics targeting 
IL-17, IL-23 and IL-1 are not being investigated due to the difficulty 
and low profitability in conducting clinical trials in rare diseases. 
The lack of a licence then makes it very hard to get approval for 
treatment in most health care systems. There are numerous reviews 
and case series examining outcomes of therapy [2,9,94,95,98-101]. 
The available treatments can be divided into three groups. 


First line 

As PG occurs most frequently on the legs and can be associated with 
vascular disease and obesity, consideration should be given to pro- 
viding the most favourable conditions for wound healing, includ- 
ing compression in some instances. Supportive therapy will include 
attention to dressings, pain relief and topical agents for cleansing, 
debriding and keeping the wound moist. For smaller lesions, potent 
topical corticosteroids [102], intralesional corticosteroids [102] and 
topical tacrolimus [103,104] can be used. 


Second line 

For more severe disease or for PG not responding to simple mea- 
sures, systemic therapies are often required, with corticosteroids 
being the most frequently used and the mainstay of therapy. Sys- 
temic prednisolone and ciclosporin either alone or in combination 
are preferred treatments [98,99]. A large multicentre RCT compared 
ciclosporin 4mg/kg/day and prednisolone 0.75mg/kg/day in 
121 subjects and found no difference between these monothera- 
pies, with only 50% achieving complete healing on either therapy 
over 6 months of follow-up [97]. Many other anti-inflammatory 
or immunosuppressive drugs are used as alternative therapies, 
combination or maintenance therapies (Table 49.3). Second line 
immunosuppressive drugs are frequently used as steroid-sparing 
agents. PG often requires prolonged treatment courses and all 
efforts must be made to minimise steroid side effects. 
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Third line 

Biologics 

Anti-TNF-a. The lack of licensed indications for biologics for PG 
and cost mean that most patients will first receive a non-biologic sys- 
temic therapy. However, growing evidence suggests that anti-TNF 
biologic therapy should be considered more often as first line ther- 
apy (particularly for those with associated IBD) with 92% healing 
rates in a systematic review, although this may have been subject to 
reporting bias [105]. A growing body of evidence supports superior- 
ity of anti-TNF therapy to oral prednisolone. A retrospective obser- 
vational study of 67 IBD patients with associated PG found that oral 
corticosteroids were used in 76% and that 29 of 31 (93.5%) subjects 
treated at some point with anti-TNF therapy infliximab or adali- 
mumab healed in 4-8 weeks, while for prednisolone 38% defini- 
tively healed over a 1-3-month period. Infliximab or adalimumab 
was used in 75% of cases in this series since 2000. Biologics were 
first line treatments in 14% [106]. An RCT which randomised only 
the first dose of infliximab provided strong evidence for the effi- 
cacy of infliximab [96]. Overall, there are more series and reports 
of successful therapy with infliximab than for any other biologics 
[107-111], although adalimumab has been beneficial in case reports 
[112-116] and in a series of three patients [117]. Etanercept has also 
been successful in case reports and small case series [118-121]. How- 
ever, paradoxical onset of PG has also occurred with etanercept [122] 
and with adalimumab [123]. 


Other biologics. Ustekinumab has been reported as effective [124] 
and guselkumab has been reported as effective in a case of severe 
ulcerating lower leg PG [125-128,129]. The use of IL-17 blocking 
biologics has been reported, although clinicians must remember the 
potential adverse effect of IL-17 blockade in IBD [130]. In PAPA syn- 
drome associated with PG, treatment with IL-1RA agents has been 
successful including anakinra [17] and canakinumab [131]. In PASH 
syndrome, anakinra was found to be helpful [15] (see Table 45.3, 
Chapter 45). Gevokizumab, anti-IL-1B, has shown benefit in a small 
pilot study of six patients [2]. 


JAK/STAT inhibitors. Both tofactinib and ruxolitinib have been 
reported to play a significant role in healing recalcitrant PG. Tofac- 
itinib has been used in patients with Crohn disease-associated PG 
[132] and ruxolitinib in a patient with polycythaemia vera [133]. 
The impact on the underlying associated conditions may, however, 
have played a key role in the successful treatment. 


IVIG. Seven out of 10 patients responded to IVIG in one case 
series [134]. A systemic review of IVIG for PG reported complete 
or partial response in 43 of 49 cases [48]. Concurrent diagnoses 
included malignancy (22 cases), IBD (12 cases), post-traumatic 
(11 cases) and autoimmune (8 cases). Despite the lack of evi- 
dence for antibody-mediated inflammation in PG the success 
of IVIG, which decreases antibody half-life, raises the possi- 
bility of antibody-mediated inflammation. IVIG also reduces 
complement-mediated tissue destruction. 


Alternative therapies. Although surgery should be avoided in the 
inflammatory stage and can frequently induce PG, skin grafting 
can be very successful if the inflammation has already resolved 
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following systemic therapy such as with corticosteroids [135,136]. 
Previous editions of this book have discussed case reports of ther- 
apies such as topical nicotone, topical sodium cromoglycate and 
hyperbaric oxygen, but these should now be regarded as historical 
rather than recommended options. 


Sweet syndrome — CSV? 


Definition and nomenclature 

Sweet syndrome is an inflammatory neutrophilic dermatosis char- 
acterised by tender, tumid, red, dermal nodules and plaques with 
a predilection for the arms, upper body and face. The syndrome 
is often associated with peripheral neutrophilia and fever and may 
occur primarily or as a cutaneous manifestation of systemic disease. 
Histological features classically display a striking band of dermal 
oedema overlying a dense neutrophilic infiltrate. 


dermatosis 


Introduction and general description 

In 1964, R.D. Sweet used the term acute febrile neutrophilic dermato- 
sis in describing a case series of eight women with progressive red 
plaques, fever and non-specific infection, all of whom had similar 
skin histology changes of neutrophilic infiltrates with oedema [1]. 
Over the following decades, understanding of the presentation and 
spectrum of this constellation of symptoms — subsequently named 
Sweet syndrome — has expanded, though the exact aetiology is not 
fully understood and oral corticosteroids still remain the mainstay 
of treatment. The pathogenesis is likely to rely on a number of fac- 
tors dependent on the underlying cause, including various inciting 
factors, genetic or acquired, impacting on cell signalling pathways to 
lead to an increase in neutrophil production and migration and accu- 
mulation into tissues [2]. Three subtypes are recognised as follows: 


¢ Classic. Classic Sweet syndrome (CSS) is the most common sub- 
type with a female predominance, no racial predilection, and 
is often idiopathic, though it can be associated with underlying 
infection, autoimmune and/or inflammatory conditions, and 
pregnancy [2,3]. CSS usually presents with fever and tender 
red plaques and nodules affecting the face, neck and upper 
extremities, and atypical bullous lesions can occur. 

Malignancy-associated. This subtype was first described by Cohen 
and Kurzrock in 1993, although case reports detailing what we 
now know as malignancy-associated Sweet syndrome (MASS) 
date back to 1955, before Sweet himself published the defining 
characteristics of the syndrome [4,5]. MASS can follow, fall con- 
currently with or even precede a diagnosis of cancer; it accounts 
for around 21% of all Sweet syndrome diagnoses and can occur 
secondary to both haematological or solid organ malignancies, 
but most commonly acute myelogenous leukaemia [3,5]. Lesions 
are more often vesicular, bullous or ulcerative [6]. Patients 


are also more likely to have abnormalities in their full blood 
count — usually anaemia or deranged platelet count. 
Drug-induced. The least common of the subtypes, drug-induced 
Sweet syndrome (DISS) was first reported in 1986 [7]. While a 
number of culprit medications have been reported, the most com- 
mon are granulocyte-colony-stimulating factor (G-CSF), azathio- 
prine and all-trans retinoic acid (ATRA) [2,8,9]. 


Epidemiology 

Incidence and prevalence 

Sweet syndrome occurs worldwide. Cohen and Kurzrock attempted 
to estimate the proportion of cases associated with malignancy, and 
in reviewing 15 studies found 96/448 (21%) had either solid organ 
or haematological malignancy [4]. A recent UK study by Gopee et al. 
[10] retrospectively reviewed 64 cases, finding a female to male ratio 
of 2.8: 1 for CSS, associated underlying infection in 17 (27%) of CSS, 
inflammatory conditions in 8 (12.5%) and no identifiable trigger 
in 24 cases (37.5%). MASS accounted for 20% of the cohort, with a 
far higher proportion of patients with a haematological rather than 
solid organ malignancy (85% compared with 15%). Three per cent 
of the cohort had DISS [10]. 


Age 

Sweet syndrome occurs at any age but most commonly affects peo- 
ple between 30 and 60 years of age [11]. The mean age of onset in the 
previously mentioned study was 54 years [10]. 


Sex 
The disease is more common in females with a ratio of 4:1 female 
to male. 


Ethnicity 

There is no confirmed racial predilection although a high number 
of publications exist in the Japanese literature. However, this may 
represent reporting bias. 


Associated diseases 

Associated diseases are numerous and somewhat dependent on 
the different subtypes of Sweet syndrome (Table 49.4) [8,12,13]. The 
original paper by Sweet proffered an association with a non-specific 
gastrointestinal or respiratory infection. Streptococcal respiratory 
tract infections, gastrointestinal infections caused by Salmonella 
and Yersinia and mycobacterial infections are all confirmed triggers 
for Sweet syndrome. Other reported associations of CSS include 
IBD [14-16], sarcoidosis [17-19], rheumatoid arthritis [20], Behcet 
disease [21] and erythema nodosum [22]. A non-bullous Sweet-like 
neutrophilic dermatosis in patients with lupus erythematosus has 
also been described [23-25]. 

Cohen et al. have calculated that 10-20% of cases of Sweet syn- 
drome have an associated malignancy, the vast majority of these 
being haematological [6,8]. The syndrome can occur either as a para- 
neoplastic phenomenon or a sentinel of evolving malignancy that 
is otherwise undetectable, the latter particularly proving an issue 
in cases associated with solid organ cancer. This can prove to be 
challenging in deciding who and how to investigate. Acute myelo- 
cytic leukaemia and promyelocytic leukaemia are the most common 


Table 49.4 The wide variety of diseases that have been associated with Sweet syndrome. 


Category 


Examples 


Sweet syndrome 


Comment 


49.9 


Infections 


Inflammatory bowel disease 
Endocrine 


Immunological disorders 


Haematological malignancy and related 
conditions, immunodeficiencies 


Other malignancies 


Other medical conditions 


Medications 


Other neutrophilic dermatoses and related 
conditions 


Mucosal manifestations of Sweet syndrome 


Systemic manifestations of neutrophilic 
dermatoses, and deeper variants 
Unusual consequences of Sweet syndrome 


Streptococcal and upper respiratory tract 

Gastrointestinal (especially Salmonella, Yersinia) 

Mycobacterial infections (including vaccinations) 

Many others 

Ulcerative colitis 

Crohn disease 

Pregnancy 

Autoimmune thyroid disease 

Collagen vascular disorders: lupus erythematosus, Sjogren 
syndrome, others 

Others: autoimmune thrombocytopenic purpura, pemphigus 

Acute myelogenous leukaemias 


Myelodysplastic conditions, polycythaemia 

Aplastic anaemia 

Fanconi anaemia 

Monoclonal gammopathy 

Lymphomas (various, less common) 

Chronic granulomatous disease 

Congenital deficiencies: neutropenia, T-cell immunodeficiency, 
complement deficiency 

Genito-urinary 

Breast 

Gastrointestinal 

Prostate 

Larynx 

Many others 

Sarcoidosis 

Rheumatoid arthritis 

Still disease 

SAPHO 

Numerous; the most consistently associated agents are: 

¢ Colony-stimulating factors (including recent pegylated types) 

¢ Neutrophil-maturation drugs (all-trans retinoic acid) 

© Other haematological treatments (imatinib mesylate, 
bortezomib) 

e Contraceptives 

e Propylthiouracil 

Physical treatments for haematological malignancy have also 
been implicated, in a patient having splenic irradiation 

Pyoderma gangrenosum 

Neutrophilic dermatosis of the dorsal hands 

Erythema elevatum diutinum 

Relapsing polychondritis 

Neutrophilic eccrine hidradenitis 

Subcorneal pustular dermatosis 

Erythema nodosum 

Behcet disease 

Vasculitis (various) 

Oral or genital mucosa ulceration 

Ocular inflammation especially conjunctivitis, also nodular 
episcleritis 

Bone, muscle, tendons, neuro-Sweet, heart, lung, liver, 
intestine, spleen, kidney, subcutaneous (Sweet panniculitis) 

Acquired cutis laxa, mid-dermal elastolysis, elastophagocytosis 


ANCA, antineutrophilic cytoplasmic antibody; SAPHO, synovitis, acne, pustulosis, hyperostosis, osteomyelitis. 


Upper respiratory tract infections: Salmonella and Yersinia are 
well-documented causes of ‘classic’ Sweet syndrome 
See also text for discussion of human granulocytic anaplasmosis 


Well-documented causes of ‘classic’ Sweet syndrome 


Pregnancy and thyroid disease are relatively well documented 


Strong evidence linking leukaemias and myelodysplastic 
disorders 

Some series suggest a significant association with 
paraproteinaemias; chronic granulomatous disease, see text 


No specific site association apparent other than the 
haematological group 


Many reports of sarcoidosis 


Although most colony-stimulating factor-related Sweet 
syndrome has been reported in patients with haematological 
malignancy, there are also several reports of the same 
phenomenon in other contexts (e.g. congenital 
immunodeficiencies) 

As with vasculitis, there may be positive ANCA with thiouracils 


In some cases, several are associated either concurrently or 
sequentially 


Oral lesions especially in cases with haematological malignancy; 
conjunctivitis mainly in classic Sweet syndrome 


Several cases of acquired cutis laxa 
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malignancies reported although chronic myeloid leukaemia [26], 
multiple myeloma [27,28] and myelodysplastic syndrome have 
also been described as triggers. Principally, solid organ tumours 
implicated in Sweet syndrome include adenocarcinomas of the 
breast, gastrointestinal tract and urinary tract [3,6,29,30]. 


Pathophysiology 

Predisposing factors 

Acquired predisposing factors tend to be the various associated 
conditions which are generally diseases of excessive inflammation 
or, in the case of malignancy-associated disease, one of a base- 
line pro-inflammatory state and conditions in which malignant 
transformation of neutrophils or dysfunction of their progenitors 
may increase susceptibility to developing Sweet syndrome. Under 
these conditions, alterations in pro-inflammatory cell signalling 
pathways and cytokine production may produce a lower threshold 
for neutrophil proliferation [2]. 


Pathology 

Proliferation of neutrophils in the bone marrow is not enough to 

cause Sweet syndrome alone, and tissue neutrophil levels are con- 

trolled by the following variables, with disruption leading to devel- 

opment of Sweet syndrome: 

¢ Bacterial or fungal triggers for neutrophil migration 

¢ Bone marrow granulopoiesis 

¢ Bone marrow neutrophil storage 

e Bone marrow release (and movement from the marginated gran- 
ulocyte pool of the liver and spleen) 

e Transendothelial migration 

e Rate of neutrophil destruction 

While the exact triggering factor of Sweet syndrome is yet to be 
determined, haematological malignancy and use of G-CSF, ATRA 
and fms-like tyrosine kinase 3 (FLT3 inhibitor) demonstrate one pro- 
posed mechanism [2]. 

Significantly increased serum G-CSF levels have been found in 
patients with Sweet syndrome, particularly those with active disease 
[31]. Furthermore, many different malignancies can produce G-CSF, 
which may partly explain the existence of MASS [32,33,34-37]. 
Exogenous administration of G-CSF is a main cause of DISS. It is 
thought that G-CSF therapy for haematological malignancies may 
encourage differentiation and maturation of leukaemic neutrophils 
which then migrate to the skin [2,38,39]. ATRA therapy leads to 
promyelocyte differentiation in acute promyelocytic leukaemia and 
may, in a similar fashion to G-CSF, lead to increased numbers of 
mature dermal neutrophils in the dermis [40]. 

Neutrophilic clonality in Sweet syndrome may be secondary 
to malignant transformation of dermal neutrophils (in the case 
of haematological malignancy) or non-malignant aggregations of 
neutrophils in the skin which are derived from a dysfunctional 
progenitor [2,41]. FLT-3 gene mutations have been found in 39% of 
patients with acute myeloid leukaemia and Sweet syndrome, both 
in leukaemic cells and in dermal neutrophils. This gene encodes 
tyrosine kinase 3 receptors within the bone marrow and regulates 
progeny, survival and differentiation of myeloid progenitor cells, 
and thus mutation results in persistent activation and proliferation 
[2,42-44]. 


One further possibility in CSS could be that an individual may 
fail to respond to an infection either promptly or effectively, lead- 
ing to a greater stimulus for granulocyte migration and increased 
neutrophil production with the sequela of developing Sweet syn- 
drome [31]. An immune reaction to a drug, pathogen, tumour or 
even UV exposure or trauma may lead to a cytokine cascade in 
which Sweet syndrome is the end point. The presence of pathergy 
in this condition, and the enduring efficacy of corticosteroids in 
the management of Sweet syndrome, would support this pro- 
posed mechanism [2]. A number of cytokines have been shown 
to be increased in Sweet syndrome including (but not limited to) 
IL-1(a and ), IL-2, IL3, IL-6, IL8 and interferon-gamma [8,31,45]. 
Many of these cytokines are produced by Th1 cells that may play 
a significant role in activation and aggregation of neutrophils in 
the dermis. Th17 cells have also been identified as having a role in 
Sweet syndrome in recruitment and aggregating of neutrophils via 
production of pro-inflammatory cytokines such as IL-17 [46]. 

The classic and diagnostic histopathological features are a dense 
infiltrate of neutrophils in the dermis and prominent dermal pap- 
illary oedema (Figure 49.7). Subepidermal vesicles may be seen. 
The infiltrate, while predominantly neutrophilic, can also include 
lymphocytes, histiocytes and eosinophils. While the inflammatory 
infiltrate is usually in a diffuse dermal band, perivascular patterns 
can occur. Genuine vasculitis is not seen, although leukocytoclasis 
is acommon finding and endothelial swelling but without fibrinoid 
necrosis is also seen. Although the overlying epidermis is usually 
normal, the neutrophilic infiltrate may spread into it or occasionally 
to adipose tissue [47,48]. 


Causative organisms 

Most patients presenting with classic Sweet syndrome have a fever 
and a history of infection. Upper respiratory tract infections com- 
monly precede the appearance of the skin lesions by 1-3 weeks [8]. 
Intestinal infection by Yersinia has also been reported [49]. There are 
a few reports of triggering infectious associations such as tuberculo- 
sis [50], Campylobacter [51] and sporotrichosis [52]. 


Genetics 

The Sweet syndrome variant ‘neutrophilic dermatosis of the dorsal 
hands’ has been reported in HLA-B54 positive Japanese patients 
[53]. Elsewhere, heterozygous mutations of MEFV (the defective 
gene in familial mediterranean fever (FMF)) has been identified in 
some patients with Sweet syndrome, and the two conditions concur- 
rently [54,55]. MEFV codes for expression of pyrin, an amino acid 
protein produced in leukocytes which activates an inflammasome 
complex in response to pathogens. When an MEFV mutation exists, 
reduction in the amount or function of pyrin means the inflam- 
matory response is poorly controlled and an autoinflammatory 
state ensues (Chapter 45). Further genetic mutations in isocitrate 
dehydrogenase-1 have been implicated in MASS, and mutations in 
genes coding for protein tyrosine phosphatase non-receptor type 6 
(PTPN6) have also been identified in mouse models and humans 
with Sweet syndrome [56-58]. 


Environmental factors 
Drug-induced Sweet syndrome is an established phenomenon that 
can be divided into two main types: (i) G-CSF associated; and 
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Figure 49.7 (a,b) Histology of classic Sweet syndrome revealing a normal epidermis 
overlying confluent papillary dermal oedema and a band-like inflammatory cell infiltrate 
throughout the reticular dermis. On higher-power (b) it is apparent the infiltrate is 
predominantly composed of neutrophils, and neutrophilic debris is also seen as well as 
histiocytes and occasional eosinophils. (a) H&E x10. (b) H&E x40. 


(ii) other drugs. G-CSF-triggered Sweet syndrome is more com- 
monly described [38,59,60]. For other drugs a true association can 
only be confirmed if recurrence occurs on rechallenge. For obvious 
reasons, this is often not done, which leaves uncertainty about many 
proposed drug associations. The duration between drug exposure 
and disease was examined by Walker and Cohen who suggested 
that there should be a close relationship between drug ingestion 
and clinical symptoms [9]. 

Cohen has produced a detailed summary of DISS reports 
[8]. Medicines with possible associations to Sweet syndrome 
include antibiotics, anticonvulsants, highly active antiretroviral 
therapy (HAART), antihypertensives, chemotherapeutic agents, 
colony-stimulating factors, contraceptives, diuretics, non-steroidal 
anti-inflammatory drugs (NSAIDs) and retinoids. 


Clinical features 

History 

The clinical history may establish the specific subtype of Sweet syn- 
drome and identifying the trigger is important in directing further 
investigations [10]. Specific questioning must elucidate whether the 
following are present: 

e Any prior history of fever or infective symptoms 

e Pregnancy 

¢ Inflammatory conditions 

¢ Current or previous malignant disease 

¢ New medication administration 


Presentation 

The classic appearance is of tender red papules, nodules and 
subsequent plaque formation predominantly distributed over the 
head and neck, upper trunk and upper limbs. MASS may have a 
more widespread distribution. The plaques are classically tumid 
and oedematous, and as the inflammatory process progresses may 
become studded with pseudovesicles (Figure 49.8) or pseudopus- 
tules. Definite vesicles and pustules, developing into ulceration, 
may occur. Patients will often have a fever and feel unwell, although 
this is not always the case. Figures 49.9 and 49.10 show the typical 
red plaques that characterise Sweet syndrome. 


Figure 49.8 Sweet syndrome. Pseudovesicles may occur within the inflammatory 
plaques. 


Sweet syndrome 49.11 


ze 
= 
Ei 
= 
= 
a 
oll 
LL 
< 


DERMATOSES 


PART 4 


49.12 Chapter 49: Neutrophilic Dermatoses 


> 
& 
2 
< 
= 
= 
<q 
= 
LL 
c= 


DERMATOSES 


PART 4 


Figure 49.9 Sweet syndrome. The face is often affected. 


An associated arthralgia is described in approximately one-third 
of patients. Ocular involvement is also relatively common with con- 
junctivitis, panuveitis and episcleritis occurring [61,62]. 

Most organs have been reported to be affected by Sweet syn- 
drome [8]. The specific involvement of other organs is known as 
extracutaneous Sweet syndrome. Central nervous system involve- 
ment or ‘neuro-sweets’ may involve, although not be limited to, 
benign encephalitis; aseptic meningitis; brainstem lesions; and psy- 
chiatric symptoms [63,64]. Respiratory involvement may include 
neutrophilic inflammation of the bronchi or aseptic pulmonary 
effusion with abundant neutrophils [65]. 

Spontaneous resolution may occur, often within 3 months, or a 
pattern of fluctuating exacerbations may be seen in untreated cases. 


Clinical variants 

Neutrophilic dermatosis of the dorsal hands. This entity is gener- 
ally accepted as a variant of Sweet syndrome with identical clinical 
lesions, histology, HLA type [53], demographic features and disease 
associations [66]. It is characterised by bluish or haemorrhagic 
papules, bullae and nodules on the dorsal hands (Figures 49.11 
and 49.12). In 50% of cases, typical Sweet syndrome lesions are 
seen at other sites and the condition responds promptly to pred- 
nisolone or dapsone. Clinical distinction from PG - especially 
the bullous variant — and pustular vasculitis may be difficult 
[53,66-69]. Cases have been associated with myeloproliferative 
disorders, occult malignancy, IBD and rheumatoid arthritis. It has 
been suggested that this variant may have a greater association 
with malignancy [70]. 


Figure 49.10 Sweet syndrome. Multiple large lesions on the leg. 


Subcutaneous Sweet syndrome. This entity presents with 
erythema nodosum-like tender, subepidermal nodules on the 
extremities, usually the legs. There are a number of reports of atyp- 
ical lesions with Sweet syndrome histology presenting in patients 
with haematological malignancy [8,71]. These are best defined 
within the entity of subcutaneous Sweet syndrome. 


Histiocytoid Sweet syndrome. This variant is characterised by 
an infiltrate composed of large histiocytoid mononuclear cells (i.e. 
they look like histiocytes; Figure 49.13). Immunohistochemical 
staining for myeloperoxidase is positive, suggesting they are imma- 
ture myeloid cells and neutrophil precursors [72]. Haematological 
malignancy-associated, idiopathic and drug-induced cases have 
been reported. Clinically, they may resemble classic Sweet syn- 
drome or may present with subcutaneous erythema nodosum-type 
lesions. 

Diagnostic criteria for Sweet syndrome have been suggested, ini- 
tially by Su and Liu in 1986, and later modified by von den Driesch 
in 1994 [7,73] (Box 49.1). Both major criteria and two minor criteria 
are required for diagnosis. Walker and Cohen developed separate 
criteria for DISS [9,74]. 


Figure 49.11 Neutrophilic dermatosis of the dorsal hands. 


Box 49.1 
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Major criteria 

1 Abrupt onset of tender or painful red plaques, or nodules, 
occasionally with vesicles, pustules or blisters 

2 Predominantly neutrophilic dermal infiltrate in the absence of 
leukocytoclastic vasculitis 


Minor criteria 

1 Preceded by a non-specific respiratory or gastrointestinal tract 
infection or vaccination or associated with: 
¢ Inflammatory diseases such as chronic autoimmune disorders, 

infections 

e Haemoproliferative disorders or solid malignant tumours 
e Pregnancy 

2 Fever >38°C 

3 Abnormal laboratory values at presentation (three of four required: 
ESR >20 mm, leukocytes >8000, neutrophils >70%, elevated 
C-reactive protein) 

4 Excellent response to treatment with systemic corticosteroids or 
potassium iodide 


Diagnostic criteria for drug-induced Sweet syndrome 

Criteria 1 and 2 are the same as the major criteria for Sweet syndrome 
diagnosis. However, the remainder must also be satisfied to meet 
criteria for a diagnosis of drug-induced Sweet syndrome. 

3 Fever >38°C 

4 Temporal relationship between drug ingestion and clinical 
presentation OR temporally related recurrence post oral challenge 

5 Temporally related resolution of lesions following drug withdrawal 
or treatment with systemic corticosteroids 


Differential diagnosis 
There is a long list of clinical and histological differential diagnoses 
for Sweet syndrome described in detail by Cohen [8]. The following 
conditions should always be considered: 
1 Clinical. 

¢ Infectious disorders: erysipelas, cellulitis, herpes simplex. 

e Inflammatory: panniculitides, pyoderma gangrenosum, 

syphilis, tuberculosis. 


(b) 


Figure 49.12 (a,b) Bullous variants of neutrophilic dermatosis of the dorsal hands. 


¢ Neoplastic: metastases. 

e Reactive erythemas: erythema nodosum, erythema multi- 
forme, urticarial. 

e Systemic disease: Behcet disease, cutaneous lupus, bowel 
bypass syndrome. 

e Vasculitis: erythema elevatum diutinum, polyarteritis nodosa, 
granuloma faciale. 

2 Histological. 

e Leukaemia cutis (particularly in the histiocytoid variant). 

e Leukocytoclastic vasculitis. 

¢ Neutrophilic eccrine hidradenitis. 
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Figure 49.13 High-power image of the dermal infiltrate in lesional skin of a patient 
with histiocytoid Sweet disease. The arrows point to large, immature histiocyte-like 
‘histiocytoid’ cells of myeloid lineage. H&E x40. 


Classification of severity 

There is no formal grading system for Sweet syndrome. Details to 
be recorded include the type of lesions and their distribution, the 
presence of extracutaneous signs such as ocular disease and any his- 
tory of symptoms related to Sweet syndrome such as fever, shortness 
of breath, arthralgia, myalgia or arthritis. 


Complications and co-morbidities 

In the vast majority of cases, Sweet syndrome resolves with no 
sequelae. Severe skin lesions with ulceration or with delayed treat- 
ment can lead to scarring. Extracutaneous involvement can rarely 
lead to complications such as systemic inflammatory response 
syndrome with pleural effusion [75]. 


Disease course and prognosis 

Without treatment, the disease will often resolve within 3 months. 
Approximately one-third of cases will recur. The response to corti- 
costeroids is usually rapid. 

Gopee et al. [10] recommend discharging patients who are clas- 
sifiable into subtypes of CSS, DISS or MASS once they have been 
managed, referred to other clinical services as appropriate, and their 
lesions have resolved. However, due to the risk that Sweet syndrome 
may be the sentinel of a yet undetectable malignancy or another 
underlying condition, they recommend repeating full blood count 
on a 6-monthly basis and following up patients who are unclassifi- 
able and without a clear trigger for 24 months [10]. 


Investigations 

Historically, there has been a lack of guidelines centred around 
classification, investigation and management of patients with 
Sweet syndrome, which has led to patients being either over- or 
under-investigated with potential delays in diagnosis of relevant 
underlying conditions. Gopee et al. [10] have suggested an inves- 
tigation algorithm that is guided by disease subtype and potential 
triggers. 


Baseline investigations include the following: 

e Lesional skin biopsy. 

¢ Serology including full blood count, ESR, C-reactive protein, renal 
and liver function, thyroid profile, rheumatoid factor, antinuclear 
antibodies and extractable nuclear antigens, anti-DS DNA, ASO 
titre, blood film, serum electrophoresis. 

e Chest X-ray. 

e Urinalysis and microscopy. 

e Pregnancy test (if appropriate). 

Additional tests should be guided by clinical subtypes and extra- 
cutaneous symptoms. Targeted investigations including imaging 
with CT or positron tomography—CT may be required if possible 
underlying malignancy is suspected after assessment of ‘red flag’ 
symptoms, lifestyle factors such as smoking and results of national 
cancer screening [10]. However, literature to date discourages 
aggressive investigation without a reasonable clinical suspicion in 
the absence of other potential triggers for Sweet syndrome [3,10]. 
Cohen et al. in 1993 [6], Cohen in 2007 [8] and Jung et al. in 2022 [76] 
made specific recommendations regarding exclusion of malignancy, 
including a full clinical history and medical examination including 
examination of the lymph nodes and mouth, and furthermore 
considering assessments of the breasts and pelvis in women and 
the prostate and testicles in men [6,8]. 


Management 

First line 

For mild cases of localised disease, topical treatments may be tried. 
In the majority of cases, systemic agents are needed and pred- 
nisolone is the most common first choice, typically 0.5-2 mg/kg 
daily within a period of 4-6 weeks [77]. Appropriate guidelines for 
the prevention of osteoporosis must be adhered to, as well as con- 
sideration of gastric protection. If remission has not been induced 
after 3 months, a second line anti-inflammatory agent should be 
added. 


Second line 
There is no evidence base to determine which of the three second 
line drugs (dapsone, potassium iodide and colchicine) should 
be tried first. Dapsone requires pre-treatment assessment of 
glucose-6-phosphate dehydrogenase (G6PD) activity, and close 
monitoring of haemoglobin levels and reticulocyte count to detect 
haemolysis. A cautious approach is often beneficial with lower 
doses such as 50 mg taking time to be effective, but not triggering 
haemolysis. Haematological side effects are more frequent with 
doses of 100 mg or more. 

Colchicine may be poorly tolerated due to gastrointestinal side 
effects such as nausea, vomiting and diarrhoea. The side effects are 
generally dose related. 


Third line 

NSAIDs such as indomethacin may be effective. In 1997 one study 
treated 18 patients with indomethacin, with clearance of lesions in 17 
of 18 subjects within 7-14 days [78]. Other, older agents mentioned 
in the literature include chlorambucin, cyclophosphamide, thalido- 
mide, clofazamine and interferon-a«. However, these all relate to case 
reports and small studies only [8]. 


The advent of monoclonal antibodies has heralded novel ther- 
apeutic approaches in the management of Sweet syndrome. It is 
worth highlighting the caveat that these agents should be used with 
caution when possible infection is underlying the inflammatory 
process, and unfortunately patients have died due to disseminated 
infective processes after initiation of biologic agents [70,79]. Further- 
more, in cases of malignancy-associated Sweet syndrome, biologic 
therapies would usually be an inappropriate choice of treatment 
due to the significant and enduring immunosuppressive effects. 

Anti-TNF-« agents are effective for patients with Sweet syndrome, 
particularly in those with coexistent inflammatory bowel disease. 
Infliximab is the most used biologic agent in the management of 
recalcitrant Sweet syndrome, either as monotherapy or in combi- 
nation with oral corticosteroids [15,78,80]. Adalimumab and etaner- 
cept have also been reported as effective in managing patients with 
Sweet syndrome, the former also being used with success in patients 
who fail to respond adequately to infliximab [81-85]. 

To date, ustekinumab is ineffective and no anti-IL-17 biologic 
agents have as yet been reported in the use of Sweet syndrome [86]. 
Anti-IL-1 (anakinra) has been used successfully alongside pred- 
nisolone in the treatment of refractory Sweet syndrome (including 
failure to respond to anti-TNF agents) [87-89]. 

While biologic treatments are felt to be efficacious, reports of para- 
doxical Sweet syndrome in patients receiving anti-TNF treatment for 
IBD or inflammatory arthritis exist [90,91]. 


Treatment ladder 


First line 

¢ Systemic corticosteroids (0.5-2 mg/kg prednisolone for 4-6 
weeks) 

¢ Potent topical or intralesional corticosteroids may be tried for 
mild localised disease [92] 


Second line 

e Dapsone (50-100 mg/day) [93] 

¢ Potassium iodide (300 mg three times each day) [94] 
¢ Colchicine (0.5 mg three times each day) [95,96] 


Third line 

e Anti-TNF agents +/— oral corticosteroids (including 
infliximab, adalimumab or etanercept) [79] 

e Anakinra +/— oral corticosteroids [79] 

¢ Indomethacin, ciclosporin, clofazamine, [VIG [78,97-99] 


Bowel-associated dermatitis- 
syndrome 


Definition and nomenclature 

Bowel-associated dermatitis—arthritis syndrome (BADAS) is 
defined by the presence of pustular vasculitic lesions associated 
with blind loops of bowel or other causes of stasis of bowel content. 


Bowel-associated dermatitis-arthritis syndrome 49.15 
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Introduction and general description 

BADAS was first described in 1971 as pustular vasculitis, cutaneous 
lesions and serum sickness-like reactions in patients who had 
undergone jejuno-ileal bypass surgery for morbid obesity [1-3]. 
The term has been extended to include the same syndrome in 
patients with inflammatory bowel disease (IBD), those who have 
had creation of a blind loop following surgery for peptic ulcer 
disease [4] or with other causes of stasis of bowel content, such as 
in achalasia or related to a defunctioning colostomy, or in complex 
IBD [5]. Recently PASH syndrome (pyoderma gangrenosum acne 
and hidradenitis suppurativa) has been described following bowel 
bypass bariatric surgery [6]. 


Epidemiology 


Pathophysiology 

Vascular damage secondary to bowel flora antigen-associated 
circulating immune complexes is thought to be the pathogenesis 
of the cutaneous lesions. In these patients, peptidoglycans from 
gastrointestinal flora may be the antigenic trigger for immune 
complex-mediated vessel damage [1]. Therapeutic response to 
antimicrobials in some cases supports this concept and immune 
complexes have been demonstrated [4,7]. 


Predisposing factors 

BADAS may be related to jejuno-ileal bypass [1-3,8], gastric resec- 
tion [4], blind loops (Bilroth II or Roux-en-Y) [4,9], defunctioning 
ileo-anal pouch procedures [10] and bilio-pancreatic diversion [11]. 
It has also been related to other bowel disease: ulcerative colitis [4]; 
Crohn disease [4]; diverticulitis of the colon [12]; jejunal diverticula 
[13]; appendicitis [14]; and achalasia of the cardia [15]. 

In some cases, there are combined causes (e.g. surgery for IBD). In 
most instances related to surgery, the loop of bypassed bowel, or a 
blind loop, is contiguous with the intestine, but may be separated as 
a defunctioning segment of bowel [10]. 


Pathology 

The changes noted in the dermal blood vessels from early lesions 
of pustular vasculitis in patients with BADAS are similar to those 
in biopsies from patients with Sweet syndrome [4,7,8,9] and Behcet 
disease. Several cases have clinical and pathological overlap with 
other neutrophilic dermatoses. 


Clinical features 

Presentation 

The cutaneous manifestations of BADAS usually begin as small 
macular lesions that progress to papules and then pustules on 
a purpuric base, most often on the arms and the upper body 
(Figure 49.14). The pustules measure 0.5-1.5cm in diameter 
(Figure 49.15) and typically occur in crops, with each crop last- 
ing up to 2 weeks, and recurring at intervals of several months 
[14,8]. Other clinical presentations include erythema nodosum-like 
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Figure 49.14 BADAS showing crops of large pustules on an erythematous purpuric 
base on the trunk. 


Figure 49.15 A typical initial lesion in BADAS showing a large deep pustule on an 
erythematous base. 


lesions, urticarial plaques (Figure 49.16) and also larger pyoderma 
gangrenosum-like pustular lesions. Pathergy occurs in BADAS as it 
does in other neutrophilic dermatoses. The cutaneous lesions may 
be preceded by fever, flu-like symptoms, myalgia or gastrointestinal 
upset. Arthralgia or non-erosive polyarthritis affecting the hands, 
wrists and other peripheral joints is common (Figure 49.17); ocular 
involvement such as episcleritis [16] (Figure 49.18) and haematuria 
or proteinuria [8,14] may also occur. Rarely, severe skin lesions and 
marked systemic manifestations may occur [17]. 


Differential diagnosis 

It is important to distinguish between BADAS and Behcet disease 
(Chapter 48), as both may include oral aphthae and lesions of pus- 
tular vasculitis. 


Figure 49.16 Urticarial plaques in BADAS associated with inflammatory bowel disease. 


Figure 49.17 Acute inflammatory distal arthritis with tenderness and swelling in 
BADAS. 


Investigations 

Clinicopathological evaluation of skin lesions is required but does 
not exclude lesions of Behcet disease or early lesions of either; some 
patients appear to exhibit a spectrum of neutrophilic dermatoses. 
Pustules should be swabbed for microbiological assessment. It 
is advisable to perform urinalysis in patients with BADAS as, 
unlike classic Sweet syndrome, there may be haematuria or pro- 
teinuria, possibly representing an immune complex-mediated 
glomerulonephritis [8]. 


Management 

For patients with BADAS following bowel bypass surgery, surgical 
correction of bowel anatomy often eliminates the signs and symp- 
toms. In other cases, such as patients with blind loops, surgical cor- 
rection may be difficult and resolution of symptoms is therefore less 
likely. 


Subcorneal pustular dermatosis 49.17 


Figure 49.18 BADAS-associated episcleritis. 


First line 

Manifestations of BADAS may often be controlled by systemic tetra- 
cycline, metronidazole, ciprofloxacin or erythromycin [1,7,11]; this 
further suggests the important role of bowel bacterial colonisation 
in triggering the systemic response in BADAS. 


Second line 

Systemic corticosteroids are usually unnecessary for the treatment of 
BADAS but may be justified depending on the degree of skin, joint or 
systemic symptoms, or to concurrently treat IBD. Other treatments 
including oral colchicine [18], dapsone [16] and mycophenolate [10] 
have been used; systemic immunosuppressants may need to be com- 
bined with an appropriate antibiotic. In cases associated with IBD, 
control of the underlying condition is important. Treatment with 
biologic drugs has been reported including ustekinumab [19,20]. 


Subcorneal pustular « 


Definition and nomenclature 

This is a rare neutrophilic dermatosis, with sterile subcorneal pus- 
tules typically affecting the flexural areas of the trunk and proximal 
extremities. 


Epidemiology 

Incidence and prevalence 

A rare condition with about 200 cases described. It occurs most fre- 
quently in adults aged 40-60 years. 


Sex 
The disease is more common in females with a ratio of 4:1 female 
to male. 


Associated diseases 

Subcorneal pustular dermatosis is associated with benign mono- 
clonal gammopathy, more commonly immunoglobulin A (IgA) [1] 
(occasionally IgG), IBD [2], multiple myeloma, lymphomas, PG [3], 
rheumatoid arthritis [4] and connective tissue disease, including 
systemic lupus erythematosus. 


Pathophysiology 

The pathogenesis is obscure. The condition is characterised by sub- 
corneal accumulation of neutrophils. It has also occurred at injec- 
tion sites of GM-CSF in a patient with IgA myeloma [5]. Excessive 
production of TNF-a has also been linked with the lesions, as has 
neutrophil activation [6]. Thus, subcorneal pustular dermatosis has 
much in common with other neutrophilic dermatoses. However, it 
has also been considered to overlap with pemphigus, although in 
most cases immunofluorescence is negative. In a subgroup, IgA is 
deposited in the upper dermis and is directed against the extracellu- 
lar domains of desmocollin 1 [7,8,9]. The relationship between inter- 
cellular IgA pemphigus and classic subcorneal pustular dermatosis 
is unclear [10,11]. 
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Pathology 

Biopsies from early lesions show a perivascular inflammatory infil- 
trate with occasional eosinophils. The pustules sit on the surface of 
the epidermis rather than within it, spongiosis and spongiotic pus- 
tules are absent and acantholysis is only seen in old lesions [12,13]. 
Immunofluorescence in the classic form is negative [14] but may be 
positive to IgA in a subgroup [15-17] (Figure 49.19). 


Causative organisms 
Culture of the pustules is sterile. 


Figure 49.19 Subcorneal pustular dermatosis. Histology showing subcorneal 
neutrophils. Pustules sit on the surface of the epidermis without spongiosis or 
acantholysis. Courtesy of Dr Ehab Hussain, Aberdeen Royal Infirmary, Aberdeen, UK. 
H&E x10. 
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Figure 49.20 Subcorneal pustular dermatosis, showing flexural distribution notably in 
the groins. 


Figure 49.21 Typical appearance of pustules in subcorneal pustular dermatosis. 


Clinical features 
History 
Subcorneal pustular dermatosis was first described in 1956 [12,13]. 


Presentation 

The eruption occurs with acute flares lasting for several days or 
weeks. The distribution is mainly in the flexures of the trunk and 
proximal limbs, including axillae, groins, submammary area, neck 
and inframammary and apron area, sparing the face and mucous 
membranes (Figure 49.20). Lesions are oval, pea-sized flaccid pus- 
tules on a normal or red base (Figure 49.21). A characteristic fluid 
level with pus in the lower half and clear fluid in the upper half 
may be seen. Pustules may be isolated or grouped and coalescent to 
form annular or serpiginous patterns. Successive waves may pass 
over the same area [13]. In the flexures, these pustules may rupture, 
thereby becoming indistinct (Figure 49.22). 


Differential diagnosis 
The differential diagnosis includes impetigo, pustular psoria- 
sis, pemphigus foliaceus, dermatitis herpetiformis, intercellular 


Figure 49.22 Subcorneal pustular dermatosis. Pustules may rupture and be 
inconspicuous in the skin folds. 


IgA pemphigus and acute generalised exanthematous pustulosis 
(AGEP). 

In pustular psoriasis, the presence of spongiform pustules on his- 
tology is characteristic. These are not found in subcorneal pustular 
dermatosis [18], although cases are described where histopathology 
was indistinguishable from pustular psoriasis [19,20]. These features 
are also helpful in distinguishing AGEP, which occurs in a febrile 
subject with a history of recent drug exposure. Immunofluorescence 
will identify pemphigus. In one report, 10 of 23 patients originally 
diagnosed with subcorneal pustular dermatosis developed classic 
lesions of pustular psoriasis or chronic plaque psoriasis 3-40 years 
after onset [21]. 


Disease course and prognosis 
The condition is benign but chronic with an average duration of 5.8 
years [12], although serious associated disease may have a worse 


prognosis. 


Investigations 

Investigations should include skin biopsy. It is important to biopsy 
early pustules and to avoid sampling later lesions, where pustules 
may have burst, and also to perform immunofluorescence. Bacterial 
culture of skin swabs should be taken to exclude impetigo and lab- 
oratory investigation for underlying associated pathologies should 
be guided by clinical signs. Investigations to exclude myeloma and 
other associated conditions are also recommended [22]. 


Management 

As with other neutrophilic dermatoses, therapy for the condition 
needs to be considered along with therapy directed at any associ- 
ated disease. Mostly, the basis for recommending therapy is based 
on anecdote and the distinction between the classic form and IgA 
subcorneal pemphigus is not always clear in case reports. Response 
to therapy in these different types might be expected to differ as one 
of them involves humoral autoimmunity. 


First line 
Dapsone 50-150 mg daily is the treatment of choice leading to either 
a partial or a complete response [23]. 


Second line 

Some cases respond to potent topical or oral corticosteroids but over- 
all these are not particularly effective. Acitretin [24] and tacalcitol 
have been used effectively [25]. 

Narrow-band UVB phototherapy [26] has been very effective as 
have psoralen and UVA (PUVA) [27,28] and retinoids plus PUVA 
(RePUVA) [29]. Ciclosporin in combination with prednisolone was 
helpful in one severe case [30]. 


Third line 

Ketoconazole has been reported to be of benefit [31]. Sulfapyridine 
has been used successfully [32]. There are also reports of effective 
use of anti-TNF therapy alone [33] or in combination, including etan- 
ercept [34,35]. Adalimumab has been used successfully [33]. Inflix- 
imab can produce a rapid response [36] and has also been used in 
combination with standard immunosuppression [37]. 


Other neutrophilic derma 
variants 


Pyodermatitis-pyostomatitis vegetans 


Definition 


Pyodermatitis-pyostomatitis vegetans (PD-PSV) is a disorder dis- 
tinct from PG in which there is oral mucosal thickening with mul- 
tiple pustules and ‘snail track’ superficial ulceration on a red base 
(at any site, especially the gingivae, the tongue is less affected), and 
also pustular skin lesions. 


Pathophysiology 

Little is known about the pathogenesis of this disorder. Although 
there are similarities with other neutrophilic dermatoses, the dif- 
ferences are clinical and histological, particularly the unexplained 
eosinophilia which may hold clues to the aetiology. 


Predisposing factors 

The strongest association, particularly for oral lesions, is with IBD, 
particularly ulcerative colitis [1]. Leukaemias, lymphoma, diabetes, 
acne conglobata, hidradenitis suppurativa and dissecting cellulitis, 
immunosuppression and malnourishment are also associated. 


Pathology 

Histology shows intraepithelial and/or subepithelial abscesses 
containing large numbers of eosinophils [2]. Although deeper 
tissues have a mixed inflammatory infiltrate including neu- 
trophils, eosinophils are prominent and there is often an associated 
peripheral blood eosinophilia. Skin lesions show pseudoepithe- 
liomatous hyperplasia and neutrophilic microabscesses with 
negative immunofluorescence [3,4]. 


Other neutrophilic dermatoses and variants 


Figure 49.23 Pyostomatitis vegetans. 


The pathogenesis is as yet unknown, although immunological and 
microbial factors have been suggested as possible aetiological fac- 
tors. Various bacteria have been reported as causative and the dis- 
order may represent an abnormal response to infection. In one case, 
antibodies to BP230 antigen were found [5]. 


Clinical features 

Typical presentation includes extensive oral mucosa involvement 
(Figure 49.23) [6] characterised by multiple friable, yellow-cream 
pustules, on a thickened red base, which ulcerate and form a classic 
‘snail track’ appearance. The skin lesions, if present, are often flexu- 
ral and clinically suggestive of pemphigus vegetans with verrucous 
plaques studded with pustules [7,8]. There may be associated dorsal 
hand lesions that are morphologically very similar to neutrophilic 
dermatosis, and a rash resembling Sweet syndrome. Lesions may 
display pathergy. 


Investigations 

Laboratory findings include raised inflammatory markers and 
peripheral eosinophilia in two-thirds of patients [3]. Bacterial, 
viral and fungal cultures, including tuberculosis and atypical 
mycobacterium, are typically negative [1,3,9]. Direct and indirect 
immunofluorescence are often negative or weakly positive in 
PD-PSV [1,9]. Histology characteristically reveals intraepithelial 
and subepithelial splitting with numerous eosinophils and neu- 
trophils forming microabscesses, leading to ulceration. Possible 
diagnostic clues include raised IgE in some cases, and eosinophilia 
which is present in 50-90% of cases. 


Management 

First line 

Systemic prednisolone is usually effective [10,11]. Dapsone and 
sulfapyridine can be helpful [3] and can be used as steroid-sparing 
agents. The oral disease may respond to topical corticosteroids [12] 
or tacrolimus [13,14]. Antiseptic, anaesthetic and steroid mouth 
washes can assist in providing symptomatic relief. 
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Second line 

Prednisolone and ciclosporin have been used successfully in cases 
where dapsone was ineffective [15]. Azathioprine in combination 
with oral steroids and monotherapy with adalimumab have been 
effective [16]. Crohn disease-associated cases have been treated suc- 
cessfully with a combination of methotrexate and infliximab [17,18]. 


Amicrobial pustulosis of the skin folds 


Synonyms and inclusions 

e Amicrobial pustulosis associated with autoimmune diseases 

e Amicrobial pustulosis 

e Follicular impetigo or pyodermatitis vegetans associated with lupus erythematosus 
or other autoimmune diseases 


Most cases occur in patients with systemic lupus erythematosus 
[19,20], but can occur with coeliac disease and other autoimmune 
conditions including autoimmune thyroid disease [21,22] and 
autoimmune hepatic disease [19]. Cases have also been reported 
in association with Crohn disease [23], Sjogren disease and IgA 
nephropathy [24,25]. 


Extensive gene expression in lesions was reported in a single 
case [26]. 


This is a condition of rapidly evolving small semi-confluent pustules 
that predominantly affect the flexures with one major or minor skin 
fold usually affected, that is the face or scalp (causing alopecia) [27] 
(Figures 49.24, 49.25 and 49.26). 


Neutrophilic epidermal and ostial exocytosis occurs with spongi- 
form pustules and a neutrophilic dermal infiltrate. Positive direct 


Figure 49.24 Sterile pustules, erosions and crusts on the axillary fold of a patient with 
amicrobial pustulosis of the skin folds. Courtesy of Professor A.V. Marzano, Fondazione 
IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Universita degli Studi di Milano, 
Milan, Italy. 


Figure 49.25 Amicrobial pustulosis of the skin folds. Erosions and crusts extensively 
involving the retro-auricular region. Courtesy of Professor A.V. Marzano, Fondazione 
IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Universita degli Studi di Milano, 
ilan, Italy. 


Figure 49.26 Amicrobial pustulosis of the inguinal folds. Erosive and exudating lesions, 
partially covered by crusts, symmetrically involving the inguinal folds and extending to 
the genital region. Courtesy of Professor A.V. Marzano, Fondazione IRCCS Ca’ Granda 
Ospedale Maggiore Policlinico, Universita degli Studi di Milano, Milan, Italy. 


immunofluorescence for IgM, C3 and less often IgG is variable and 
may be in the endothelium or a lupus band. 


Diagnostic criteria 

The following criteria have been proposed. Essential criteria 
include pustulosis involving one or more major skin fold, one or 
more minor folds in the ano-genital area, a histological pattern 
of intraepidermal spongiform pustules and a mainly neutrophilic 
dermal infiltrate, and negative culture from an unopened pustule. 
Minor criteria include an association with one or more autoimmune 
disorders, positive antinuclear antibodies 1:160 or higher and 
the presence of autoantibodies (anti-extractable nuclear antigens 
(ENA), anti-dsDNA, anti-smooth muscle, anti-mitochondrial or 
anti-endomesial [20]). 


Differential diagnosis 
This includes subcorneal pustular dermatosis, pustular forms of 
psoriasis and erosive pustular dermatosis of the scalp [28]. 


Management 
First line 
Oral corticosteroids are effective in most cases. 


Second line 

Dapsone or ciclosporin is sometimes used; oral zinc was effective 
in two cases. Topical corticosteroids and colchicine have also been 
reported as useful in some cases. Cimetidine and ascorbic acid have 
been advocated as safe treatments in some patients [20]. Complete 
remission after anakinra has been reported in one case where IL-1 
was demonstrated to be involved [26]. 


Aseptic abscess syndrome 


Introduction and general description 

As with many of the neutrophilic dermatoses, systemic aseptic 
abscesses may occur and may precede the onset of the cutaneous 
manifestations. The term neutrophilic abscess syndrome is now 
more frequently applied to describe this phenomenon that often 
occurs in association with IBD [29,30,31]. Joints, pulmonary and 
intra-abdominal neutrophilic infiltrates or abscesses may occur, 
and bone, muscle, lymph nodes, ocular and brain involvement 
are possible [32,33]. Patients are often misdiagnosed with bacterial 
infections, leading to inappropriate antibiotic therapy [34]. 


Pathophysiology 

In a series of 38 patients with aseptic abscess syndrome, 57% were 
associated with Crohn disease and 20% with neutrophilic der- 
matoses, this condition being linked in some cases to mutations 
in the promoter of the PSTPIP1 gene similar to those found in the 
PAPA syndrome [33]. 


Management 
Systemic corticosteroids are usually an effective therapy and 
they have been used in combination with infliximab followed by 
etanercept [35]. 
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Introduction 


The immunobullous disorders represent a group of conditions char- 
acterised by antibody-mediated autoimmune responses against 
structural elements of the skin resulting in blistering of the 
skin and/or mucosae. Antibody targets include proteins in the 
hemidesmosomes basement membrane zone and superficial der- 
mis (pemphigoid group), desmosomes (pemphigus group) and 
epidermal and tissue-type transglutaminase (dermatitis herpeti- 
formis). If left untreated, immunobullous disorders are associated 
with significant morbidity and mortality and thus prompt, accu- 
rate diagnosis and treatment are mandatory. Therapeutic options 
include corticosteroids, steroid-sparing immunosuppressants such 
as azathioprine, mycophenolate mofetil and anti-inflammatory 
agents such as dapsone and tetracyclines. In severe and/or refrac- 
tory patients, intravenous immunoglobulin, immunoadsorption 
and anti-B-cell agents such as rituximab may be of benefit. Indeed, 
recently international and European guidelines have recommended 
the use of rituximab as first line treatment in moderate and severe 
pemphigus vulgaris and foliaceous. 


Pemphigus —l Fae 


Definition, nomenclature and classification 

Pemphigus is a group of chronic autoimmune blistering diseases 
characterised by the presence of antibodies against desmosomal 
adhesion proteins. 


Introduction and general description 

The term ‘pemphigus’ derives from the Greek pemphix meaning 
blister or bubble. Several distinct subgroups of pemphigus have 
emerged and their relevant autoantigens have been characterised. 
The primary pathogenic antibodies are directed against desmogleins 
1 and/or 3, members of the cadherin family of calcium-dependent 
cell-cell adhesion molecules that contribute to the structure of 
the desmosome. The two main clinical variants are pemphigus 
vulgaris (PV) and pemphigus foliaceus (PF) [1]. Characteristic 
immunopathological features of the various pemphigus disorders 
are summarised in Table 50.1. 


Epidemiology 

Incidence and prevalence 

The incidence of pemphigus is low but variable worldwide, ranging 
from 0.5 to 16/million/year (reviewed in [2]). PV is generally the 
commoner form, although there is some geographical variation 
in the incidence of the different subtypes; thus, PV is more com- 
mon in Europe, the USA and India whereas PF is more common 
in Brazil and Africa. Recent data from the UK suggests that the 
incidence of PV may be increasing [3], although the reasons behind 
this are uncertain. 
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Table 50.1 The intraepidermal immunobullous diseases: immunopathology. 


Disease Direct IMF findings Indirect IMF substrate 


Target antigens Antigen location 


Pemphigus vulgaris and 
pemphigus vegetans 

Pemphigus foliaceus 

IgA pemphigus 

Paraneoplastic pemphigus 


Intercellular IgG and C3 Mucosa (e.g. primate 
oesophagus) 
Normal human skin 


Normal human skin 


Intercellular IgG and C3 
Intercellular IgA and C3 
Intercellular and 
subepidermal IgG, C3 
rat bladder) 


BMZ, basement membrane zone. 


Age 

Pemphigus can occur at any age but is usually seen between the 
fourth and sixth decades of life [4], although there is some variabil- 
ity in different countries. In Iran, North India and Pakistan patients 
with PV have a relatively low age of onset of disease (mean c.40 years 
of age) [5-7]. In endemic PF in Tunisia, young women tend to be 
affected [8]. Although pemphigus is rare in childhood it has been 
reported in children as young as 3 years of age [9]. Children usually 
develop PV rather than PF [10,11] and the disease may be severe [4]. 


Sex 
Men and women are equally affected, alalthough some studies have 
suggested a slight female preponderance [7,8,12]. 


Ethnicity 

PV has been reported in all ethnic groups, but is more common in 
Ashkenazi Jews, Mediterranean, Iranian and Indian populations 
[13]. Genetic variations are likely to play a major role. 


Associated diseases 

PV has been associated with many other autoimmune diseases, par- 
ticularly thyroid disease and rheumatoid arthritis [14,15]. A novel 
disease cluster of PV, thyroid disease, rheumatoid arthritis and type 
1 diabetes has recently been described [16] and there is increasing 
recognition of a link between pemphigus and neuro-psychiatric dis- 
ease [17-19]. Paraneoplastic pemphigus occurs in association with 
haematological malignancy and is described in more detail below. 


Pathophysiology 

Pemphigus target antigens and the desmoglein compensation 
hypothesis. The principal target antigens in pemphigus are 
desmogleins 1 and 3, which are expressed in skin and in mucosal 
tissue (reviewed in [20]). However, the distribution of the two 
proteins varies in different epithelia, such that in skin there is 
high-level expression of desmoglein 1 throughout the epidermis 
whereas desmoglein 3 is found only in the basal and immediate 
suprabasal layers. In oral epithelium, desmoglein 3 is expressed 
throughout all layers whereas desmoglein 1 is only present at a 
low level. The two desmogleins act cooperatively and consequently 
antibodies against desmoglein 1 are unable to destabilise oral 
mucosa whereas they have a marked effect in skin where there 
is little desmoglein 3 to compensate [21]. In contrast, antibodies 
against desmoglein 3 lead to severe oral mucosal blistering as there 
is little desmoglein 1. Consequently, patients with PF, who have 


Mucosa, normal human skin, 
transitional epithelia (e.g. 


Desmoglein 3, desmoglein 1, rarely desmocollins Desmosome 
Desmoglein 1 Desmosome 
Desmoglein 1, desmoglein 3, sometimes desmocollins Desmosome 


Multiple (desmoglein 1, desmoglein 3, envoplakin, 
desmoplakin Ill, periplakin, epiplakin, a2 
macroglobulin-like 1, BP230) 


Desmosome, BMZ; 
stratified, simple and 
transitional epithelia 


anti-desmoglein-1 antibodies alone, exhibit skin blistering without 
mucosal involvement. In PV, where anti-desmoglein-3 antibodies 
predominate there is generally marked mucosal blistering. 


T cells in pemphigus. While pemphigus is conventionally consi- 
dered to be a prototypic antibody-mediated disorder, and thus 
heavily B-lymphocyte dependent, there is increasing evidence that 
antibody-specific T cells also play a role in pathogenesis [22]. Anti- 
body production generally requires T-cell help and the significant 
MHC class-II associations of pemphigus imply a T-cell role in the 
development of pathogenic antibodies. Antigen-specific Thl and 
Th2 cells are present in patients with pemphigus and interestingly 
seem to be modulated by therapy [23]. Very recently, genetically 
modified T cells have been shown to have utility in highly specific 
B-cell depletion in patients with pemphigus [24]. 


Pemphigus antibodies. The predominant class of tissue-bound 
pemphigus antibody in pemphigus is IgG, which can be demon- 
strated on direct and indirect immunofluorescence (IF) testing 
(Figure 50.1). Less commonly IgM, IgA and IgE antibodies are 
present. There is now considerable evidence confirming the patho- 
genicity of the IgG fraction of pemphigus sera. Consistent with 
this, early observations suggested that there was a correlation 
between intercellular antibody titre and severity of disease [25]. 
Subsequently, passive transfer experiments with purified IgG 
autoantibodies derived from pemphigus sera were shown to induce 
blister development with histological and immunological features 
typical of pemphigus [26]. In vitro, IgG purified from pemphi- 
gus patient sera demonstrates a direct effect on dissociation of 
keratinocyte monolayer cultures [27]. 

Although there is a large body of evidence that supports the 
role of desmoglein 1 and 3 as targets for pathogenic antibodies in 
pemphigus, other antigenic targets have been implicated. Thus, 
some patients have active pemphigus with intercellular antibodies 
detectable on direct or indirect IF but have negative desmoglein 
antibodies as assessed by specific ELISA assays. One explana- 
tion for this is that in some patients there may be significant 
non-desmoglein targets and antibodies against desmocollins, 
plakoglobin, E-cadherin, collagen XV11/BP180 and acetylcholine 
receptors have been reported [28]. Indeed, acetylcholine receptor 
antibodies have been found in up to 85% of pemphigus patients [29]. 
These antibodies may weaken desmosomal junctions by inducing 
phosphorylation of adhesion molecules and prevent desmosomal 
reassembly. 


Figure 50.1 Direct immunofluorescence of pemphigus vulgaris. Antibody is deposited 
around the cell membrane of epidermal keratinocytes. 


Figure 50.2 Direct immunofluorescence of paraneoplastic pemphigus. Intercellular 
antibody deposition is seen as in pemphigus vulgaris but in addition there is labelling of 
the basement membrane zone as a result of the broad-spectrum antibody response. 


In paraneoplastic pemphigus (reviewed in [30,31]) there is par- 
ticularly good evidence that antibodies develop against multiple 
epidermal antigens in addition to desmogleins 1 and 3. Not only 
are these antibodies directed against desmosomal proteins such 
as desmoplakins 1 and 2, envoplakin and periplakin but also 
constituents of the hemidesmosome including the 230-kD bullous 
pemphigoid antigen-1. Consequently, direct IF of tissue from para- 
neoplastic pemphigus patients has features of pemphigus as well 
as basement membrane labelling (Figure 50.2). 


Acantholysis. The key pathological process in PV and PF is sep- 
aration of keratinocytes from one another, a change known as 
acantholysis. While acantholysis is not pathognomonic of pem- 
phigus, all subtypes of the disease demonstrate this feature to 
some degree. A number of mechanisms have been suggested to be 
involved including steric hindrance by anti-desmoglein antibodies 
[32], protease activation [33], disruption of intracellular signalling 


Pemphigus 50.3 


pathways [34,35], and redistribution of desmoglein expression 
[36]. Some features of apoptosis may also play a role and can be 
detected in pemphigus skin lesions [37] and is induced by PV-IgG 
in cultured keratinocytes [38]. Pemphigus antibodies can trigger 
secretion of factors from keratinocytes which are involved in apop- 
tosis such as Fas ligand. However, evidence of apoptosis is seen 
late in development of the pemphigus lesions and after acanthol- 
ysis. More recently a new term ‘apoptolysis’ has been proposed to 
explain acantholysis and keratinocyte damage in pemphigus [39]. 
It is suggested that there are a series of events that follow binding 
of autoantibodies to pemphigus antigens resulting in epidermal 
growth factor receptor activation with initiation of cell death cas- 
cades, basal cell shrinkage, degradation of structural proteins and 
apoptosis of acantholytic cells. 

The true mechanism for acantholysis is most likely a combina- 
tion of multiple molecular and structural events and further work 
is needed to clarify this. 


Genetics 

The genetic basis of pemphigus is complex [40,41]. Familial cases 
have been reported but are few [42,43]. The presence of low titres 
of anti-desmoglein antibodies in healthy relatives of patients with 
PV has been shown to be as high as 70% in some studies [44,45] 
suggesting genetic control of the relevant immune response. 

The primary genetic association in pemphigus in a number of 
populations appears to be with class II HLA alleles. Many popula- 
tion studies have shown strong associations between PV and HLA 
DRB1*04 and *14 alleles and with DQB1*0503 and *0302 [13]. Some 
class I HLA genes have been implicated in PV including HLA-A10 
and HLA-B38 [46,47]. 

Interestingly, desmoglein 3 polymorphisms have been observed 
in association with HLA class II pemphigus susceptibility alleles, 
which may contribute to development of PV [48]. Other non-HLA 
genes which have been implicated include the immunoglobulin 
heavy chain [49] and pemphigus-relevant cytokine genes such as 
interleukin (IL)-10 [50]. 

Although the MHC clearly has a role in pemphigus suscepti- 
bility, this alone cannot explain disease development as: (a) not 
all pemphigus patients have the disease associated alleles; and 
(b) healthy relatives of patients may have the relevant HLA allele(s) 
but do not develop disease. This supports the notion that pemphi- 
gus is most likely a multifactorial disease with a polygenic genetic 
component. 


Environmental factors 
A role for environmental factors in the pathogenesis of pemphigus 
is underscored by the recognition of an endemic form of the disease 
(fogo selvagem, reviewed in [51-54]) in several parts of the world, 
most notably rural Brazil and Tunisia. The disease is clinically and 
immunological similar to PF, although it tends to affect children 
and young adults rather than the older population affected by 
sporadic PF. The majority of patients live near rivers and black 
flies (Simulium spp.) have been thought to be involved in disease 
pathogenesis [55]. In endemic areas as many as 50% of normal 
individuals have anti-desmoglein-1 antibodies. 

Anumber of reports have suggested that smoking may have a pro- 
tective or beneficial role in pemphigus [56,57]. Human keratinocytes 
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have both nicotinic and muscarinic receptors for acetylcholine [58] 
and these receptors may play a role in regulating keratinocyte 
cell-cell adhesion. 

Pesticides have also been postulated as possible triggers in dis- 
ease development and an increased risk of pemphigus has been 
shown in exposed individuals [59]. Organophosphate pesticides 
block the acetylcholine breakdown pathway and so may lead to 
acetylcholine accumulation with resulting loss of cell-cell adhesion 
in the epidermis [60]. Pesticides implicated in contact pemphigus 
include glyphosate [61] and dihydrodiphenyltrichlorethane [62]. 

A link between diet and disease development in pemphigus has 
been suggested but difficult to substantiate. Although garlic has 
been proposed as a trigger for disease development [63] — and has 
been shown to induce acantholysis in vitro [64] - this area remains 
controversial. 


Drug-induced pemphigus 
Drug-induced pemphigus is rare [65]. Most cases have been in asso- 
ciation with drugs containing a thiol group such as penicillamine 
although non-thiol drugs including angiotensin converting enzyme 
inhibitors and glibenclamide have also been implicated [66]. An 
additional group of drugs that may be responsible for induction of 
pemphigus are those with a phenol group such as cephalosporins, 
rifampicin, pyritinol, phenobarbital and aspirin; both PV and 
PF can occur. While immune check point inhibitor therapy has 
generally been associated with the development of subepidermal 
immunobullous disease, pemphigus has also been reported [67,68]. 
Historically, penicillamine has been the most common culprit in 
drug-induced pemphigus which may occur in 3-10% of patients 
on the drug, typically after around 1 year of exposure [69]. 
Penicillamine-induced pemphigus tends to occur in individu- 
als with other autoimmune disorders such as rheumatoid arthritis 
suggesting that immune dysregulation may be an underlying factor 
[70], although of course penicillamine tends to be used in patients 
with underlying immunologically mediated inflammatory disease. 
Genetic factors may also play a role as an increase in frequency of 
HLA-B15 has been reported in penicillamine-induced pemphigus 
[71]. In some patients, simple withdrawal of the drug is insufficient 
to induce remission, although in others treatment with cortico- 
steroids and immunosuppressive medication may be required. 


Clinical features 

Pemphigus vulgaris 

Nearly all patients have mucosal lesions and PV presents with oral 
lesions in 50-70% of patients. These may precede cutaneous lesions 
by months or be the only manifestation of the disease. Intact bullae 
are rare in the mouth and more commonly patients have ill-defined, 
irregularly shaped buccal or palatal erosions that are slow to heal 
(Figure 50.3). The erosions extend peripherally with shedding of 
the epithelium. Other mucosal surfaces may be involved, including 
the conjunctiva, nasopharynx, larynx, oesophagus [72], urethra, 
vulva and cervix [73]. 

Most patients develop cutaneous lesions. Involvement occasion- 
ally remains localised to one site but more commonly becomes 
widespread. The disease has a predilection for the scalp, face, neck, 
upper chest and back (Figures 50.4 and 50.5). Flaccid blisters filled 
with clear fluid either arise on normal skin or a reddish base. The 


Figure 50.3 Pemphigus vulgaris. Mucosal erosions are an early sign in pemphigus 
vulgaris, often preceding the cutaneous changes. Courtesy of Dr R.J. Pye, 
Addenbrooke's Hospital, Cambridge, UK. 


Figure 50.4 Pemphigus vulgaris. Cutaneous lesions typically affect the chest and back in 
addition to the scalp. Courtesy of Dr R.J. Pye, Addenbrooke's Hospital, Cambridge, UK. 


contents may become turbid or the blisters rupture, producing 
painful erosions that extend at the edges as more epidermis is 
lost. At this stage, firm sliding pressure with a finger will separate 
normal-looking epidermis from dermis, producing an erosion — the 
Nikolsky sign — although this is not specific for pemphigus. Healing 
occurs without scarring, but pigmentary change may occur in 
resolving lesions. 

Lesions in skin folds may form vegetating granulations (Figure 
50.6) and flexural PV merges with its variant pemphigus vegetans. 
Nail dystrophies, acute paronychia and subungual haematomas 
have been observed in pemphigus [74,75]. Occasional patients 
are described with typical PV type lesions confined to the skin 


Figure 50.5 Pemphigus vulgaris. Because bullae occur within the epidermis they are 
fragile and frequently break down to leave widespread erosions. Courtesy of Dr R.J. Pye, 
Addenbrooke's Hospital, Cambridge, UK. 


Figure 50.6 Pemphigus vegetans. Vegetating lesions typically occur in the flexures, 
often without evident blistering. Courtesy of Dr R.J. Pye, Addenbrooke's Hospital, 
Cambridge, UK. 


and sparing the mucosae despite the presence of antibodies to 
desmoglein-3 [76,77]. Additionally, some patients will undergo 
phenotypic and immunological conversion from PV to PF or vice 
versa over the course of their disease [78-80]. 

Pemphigus may deteriorate in pregnancy and the puerperium, 
and close observation is required at this time. In some patients, 
initial presentation is in pregnancy. Severe pemphigus in preg- 
nancy may be associated with fetal prematurity and death, but it 
is difficult to separate the effects of treatment from those of the 
disease [81,82]. Generally, the baby is healthy although neonatal 
pemphigus may occur (as IgG crosses the placenta) with mucosal 
or mucocutaneous lesions which are generally short-lived [81]. 


Pemphigus foliaceus 

PF is often regarded as less severe than PV, although it can be as 
challenging to manage. The onset is usually insidious with scat- 
tered, scaly lesions involving the ‘seborrhoeic’ areas of the scalp, 
face, chest and upper back (Figure 50.7). Individual lesions typically 


Figure 50.7 Pemphigus foliaceus. There are superficial erosions, frequently without 
obvious bullae. 


Figure 50.8 Pemphigus foliaceus. Lesions frequently have a fine superficial scale, 
sometimes as a collarette. 


have a fine collarette of scale (Figure 50.8). Localised disease slowly 
extends. Blistering may not be obvious because the cleavage is 
superficial and the small flaccid blisters rupture easily. Scales sep- 
arate leaving well-demarcated, crusted erosions surrounded by 
erythema, sometimes with small vesicles along the borders. In 
severe cases the patient may become erythrodermic with crusted, 
oozing red skin (Figure 50.9). 

Although the antibodies in PF can cross the placenta, the neonate 
is not usually affected. In two cases in which the neonate did develop 
PF, both mother and neonate had very high antibody titres. 


Clinical variants 
Pemphigus vegetans. Pemphigus vegetans is a rare variant of PV 
characterised by vegetating erosions, primarily in flexures [83]. 
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Figure 50.9 Pemphigus foliaceus. Occasionally pemphigus foliaceus becomes 
widespread and can result in erythroderma. 


Two subtypes are recognised that represent a clinical spectrum 
from the severe Neumann type to the milder Hallopeau type [84]. 
Patients have circulating IgG antibodies against desmoglein-3, as 
in PV. Insome cases antibodies in patients with pemphigus vegetans 
react with desmocollin molecules [85,86]. The mechanism by which 
antibody deposition leads to the vegetating change remains unclear. 

The vegetating lesions are hyperkeratotic, papillomatous and 
acanthotic. Some suprabasal clefts may contain eosinophils but few 
acantholytic cells are present. Intraepidermal eosinophilic abscesses 
may be present in older lesions. Early lesions in the Neumann type 
show suprabasal acantholysis and intraepidermal vesicles without 
eosinophils. Eosinophilic spongiosis or eosinophilic microab- 
scesses are common in the early pustular lesions of the Hallopeau 
type. The dermis contains a heavy infiltrate of lymphocytes and 
eosinophils with few neutrophils. 

The disease chiefly affects middle-aged adults. Involvement of 
the oral mucosa is almost invariable, often with cerebriform changes 
on the tongue. Elsewhere, lesions are primarily flexural, although 
vegetations may occur at any site. In the Neumann type, vesicles 
and bullae rupture to form hypertrophic granulating erosions, 
which bleed easily. The lesions evolve into vegetating masses 
exuding serum and pus. The edges are studded with small pus- 
tules. Erosions at the edge of the lesions induce new vegetations, 
which eventually become dry, hyperkeratotic and fissured. In the 
Hallopeau type, pustules rather than vesicles characterise early 
lesions but these soon progress to vegetating plaques. 


Pemphigus herpetiformis. This is a rare and atypical variant of 
pemphigus that clinically resembles dermatitis herpetiformis 
[87,88]. Widespread clusters of pruritic papules and vesicles develop 
on a reddish background. Biopsies show subcorneal pustules, 
eosinophilic spongiosis or features of dermatitis herpetiformis often 
without acantholysis but IF studies reveal intercellular staining. 
Patients possess circulating IgG autoantibodies which recognise 
either desmoglein-1 or desmoglein-3 and some patients sera recog- 
nise desmocollins 1 or 3 [89,90]. The condition may evolve into 
classical PF but has also been described preceding PV [91]. In 
general, the clinical course is benign. 


Pemphigus erythematosus. Pemphigus erythematosus is a 
localised variant of PF, originally described by Senear and Usher 
[92]. Patients have immunological features of both lupus ery- 
thematosus and pemphigus, with granular IgG and C3 at the 
basement membrane zone, intercellular IgG and C3 in the epider- 
mis and circulating antinuclear antibodies. The antibodies recognise 
desmogleins together with Ro, La and double-stranded DNA anti- 
gens [93]. Progression to systemic lupus erythematosus is rare. 
Pemphigus erythematosus may be associated with myasthenia 
gravis or thymoma [94]. 

Reddish, scaly lesions over the nose and cheeks in a butterfly dis- 
tribution simulate cutaneous lupus erythematosus or seborrhoeic 
dermatitis. Sunlight may exacerbate the disease. Lesions on the 
trunk, either localised or generalised, are similar to those in PF. 


Paraneoplastic pemphigus/paraneoplastic autoimmune multi- 
organ syndrome (PAMS). Paraneoplastic pemphigus has been 
reported in association with a variety of neoplasms, almost exclu- 
sively of haematological origin [30]. The commonest association is 
with non-Hodgkin lymphoma but chronic lymphocytic leukaemia, 
Castleman disease, thymoma and Waldenstrém macroglobuli- 
naemia have all been associated. Immunofluorescence changes are 
characteristic, with features of both pemphigus and pemphigoid 
reflecting the broad spectrum of circulating anti-epithelial antibod- 
ies [95], characteristically including antiplakin antibodies detected 
in serum using transitional epithelium as a substrate [96]. The early 
histopathology is frequently lichenoid [97]. 

Paraneoplastic pemphigus is characterised clinically by severe 
stomatitis, conjunctivitis, which may be scarring and oesophageal, 
genital mucosal and flexural involvement together with bullous 
and erosive lesions elsewhere [98]. The respiratory tract may be 
severely affected in some patients. Because of this multiorgan 
involvement, the term paraneoplastic autoimmune multiorgan syn- 
drome has been proposed [31,99]. Cutaneous lesions may be 
variable with erosions or blistering as in PV, although tense 
pemphigoid-like blisters may occur as well as erythema multiforme 
or lichenoid changes. 


IgA pemphigus. Two histological forms of IgA pemphigus have 
been described; an intraepidermal neutrophilic type and a 
subcorneal pustular dermatosis type, both of which may be clin- 
ically indistinguishable from subcorneal pustular dermatosis 
(Sneddon-Wilkinson disease) [100]. Both are characterised by the 
deposition of IgA (in some also with IgG) within the epidermis 
and, in some patients, by detectable circulating antiepidermal IgA 
antibodies. In the subcorneal pustular dermatosis type, antibodies 
appear to be directed against desmocollin-1 [101], although the 
target in the intraepidermal neutrophilic type is uncertain. Some 
patients seem to have IgA anti-desmoglein 1 or 3 antibodies also 
[102,103]. 

The disease chiefly affects adults [104], although childhood cases 
have been reported [105]. Patients with both histopathological 
types have flaccid vesicles or pustules arising on either red or 
normal skin. The lesions may be intensely pruritic and show a 
circinate or annular configuration with central clearing, evolving 
to crusted or scaly red macules. The sites of predilection are the 
axillae and groin although the trunk, face, scalp and proximal limbs 


may be affected. While some patients are indistinguishable from 
Sneddon—Wilkinson disease, others may resemble PF or pemphi- 
gus herpetiformis. Flexural, oozing, verrucous plaques mimicking 
pemphigus vegetans have been described in a child [106]. Mucosal 
involvement is unusual. Most run a chronic, indolent course. 

The most frequently reported association is with monoclonal IgA 
gammopathy in the subcorneal type, a feature it has in common 
with classical subcorneal pustular dermatosis. Other cases have 
been linked with HIV infection [107], inflammatory bowel disease 
[108], rheumatoid arthritis and thiol drugs [109]. 


Differential diagnosis 

PV. Patients with mucosal lesions are likely to present to dental sur- 
geons, oral surgeons or gynaecologists. Erosions may simulate acute 
herpetic stomatitis, erythema multiforme, aphthous ulcers, lichen 
planus or mucous membrane pemphigoid. Bullae are transient 
in the mouth and biopsies of erosions may not be diagnostic. The 
diagnosis is less difficult when the patients have cutaneous blisters 
or erosions, although pemphigoid and its variants, linear IgA dis- 
ease and erythema multiforme, may need to be ruled out. Blisters 
in pemphigoid are typically more tense than in pemphigus and 
may be haemorrhagic. Vegetating, pustular lesions in flexures must 
be differentiated from chronic infections or Hailey—Hailey disease 
(benign familial pemphigus). Vegetating plaques mimicking pem- 
phigus vegetans may occur in IgA pemphigus and paraneoplastic 
pemphigus and the hyperkeratotic lesions of chronic pemphigus 
vegetans may simulate cutaneous tumours. The histological dif- 
ferential diagnosis of PV includes Darier disease, Hailey—Hailey 
disease (benign familial pemphigus) and transient acantholytic 
dermatosis (Grover disease). These conditions have distinctive 
clinical features in addition to negative IF studies. Eosinophilic 
spongiosis may be an early histological manifestation of either 
pemphigus or bullous pemphigoid. Immunofluorescence studies 
are required to confirm the diagnosis. 


PF. This may resemble seborrhoeic dermatitis or impetigo, but 
the histological and immunopathological features are diagnostic. 
Pemphigus erythematosus needs to be distinguished from both 
seborrhoeic dermatitis and chronic cutaneous lupus erythemato- 
sus. PF may occasionally simulate dermatitis herpetiformis both 
clinically and histologically, but immunopathological studies dif- 
ferentiate the two. Histological features may not be diagnostic in 
the early stages. Eosinophilic spongiosis may be an early manifes- 
tation. Immunofluorescence studies should always be performed if 
pemphigus is suspected. 

Paraneoplastic pemphigus: in most patients the diagnosis (and 
treatment) of the underlying malignancy precedes the development 
of pemphigus, but this is not universally the case. The clinical 
differential diagnosis will include PV, erythema multiforme, graft 
versus host disease, lichen planus and viral infections including 
herpes simplex. 


Classification of severity 

A number of severity indices (reviewed in [110]) including the 
pemphigus disease area index (PDAI [111]) and the autoimmune 
bullous skin disorder intensity score (ABSIS [112]) have been 
proposed in order to standardise assessment of patients with 
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autoimmune blistering disorders, the most frequently used being 
PDAI [113,114]. At the time of writing, an investigator global assess- 
ment (IGA) score is being developed for PV and PF to fulfil the FDA 
requirements in clinical trials. 


Disease course and prognosis 

Pemphigus in its various forms typically has a chronic course with 
an average disease duration of 10 years [115]. However, there is 
great variability in disease length in patients. Various factors have 
been suggested to influence this including the site and severity of 
initial disease, with oral involvement an adverse prognostic factor 
[116-118]. Immunologically, the presence of both anti-desmoglein 1 
and 3 antibodies tends to associate with more active disease [119]. 
Recent data suggest that early age of onset and Asian ancestry 
associate with more prolonged disease activity [120]. While pem- 
phigus was associated with a high mortality in the era before 
systemic steroids this has improved hugely, although there is still 
an excess mortality in treated patients related to the effects of 
immunosuppression and associated disorders (reviewed in [2]). 


Investigations 

Histopathology 

The earliest histological changes consist of intercellular oedema 
with loss of intercellular attachments in the basal layer. Suprabasal 
epidermal cells separate from the basal cells to form clefts and 
blisters. Basal cells remain attached to the basement membrane but 
separate from one another and stand like a ‘row of tombstones’ on 
the floor of the blister. Blister cavities contain rounded-up acan- 
tholytic cells, which can be found in smears taken from the base of a 
blister or an oral erosion (Tzank preparation). Clefting may extend 
into the walls of adnexae. Blistering is preceded by eosinophilic 
spongiosis in some cases. The superficial dermis has a mild, super- 
ficial, mixed inflammatory infiltrate that may include eosinophils. 


Direct immunofluorescence microscopy 

Direct IF is the most accurate way to diagnose mucosal pemphi- 
gus [121,122]. Specimens may be transported to a suitable laboratory 
in Michel’s medium if facilities for snap-freezing and storage of the 
tissues are not available locally [123]. 

The diagnosis of pemphigus is confirmed by direct IF which 
shows IgG and often C3 deposited on the surface of keratinocytes 
throughout the epidermis in perilesional skin (Figure 50.2). IgG1 
and IgG4 are the most common subclasses; IgM and IgA are present 
less frequently than IgG. 


Serological assays 
Circulating pemphigus autoantibodies are detected by indirect IF in 
over 80% of patients. The use of more than one substrate improves 
sensitivity, oesophageal mucosal substrates being preferable for 
the detection of antibodies to desmoglein-3 [124] whereas normal 
human skin shows higher sensitivity for the detection of antibodies 
against desmoglein-1. Rat bladder, which is a transitional epithe- 
lium devoid of desmoglein proteins, has proven a useful indirect 
IF substrate in the diagnosis of paraneoplastic pemphigus [125]. 
Recombinant desmogleins (Dsg1 and Dsg3) have been used to 
develop sensitive and specific ELISA assays for the serological 
diagnosis of pemphigus [126]. Using ELISA over 95% of PV patients 
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have detectable desmoglein-3 antibodies and around 50% have 
desmoglein-1 antibodies. In appropriate dilutions, anti-desmoglein 
ELISA assays can be used to monitor disease activity [127,128]. 
Pemphigus-like circulating intercellular antibodies have been 
reported in conditions such as thermal burns [129], toxic epidermal 
necrolysis [130] and in first-degree relatives of pemphigus patients 
[131,132]. 


Management 

General principles of management 

Because of the rarity of the pemphigus group of diseases, progress 
with informative randomised, controlled trials has been slow. 
However, systemic corticosteroid therapy remains the mainstay of 
therapy, generally in combination with a steroid-sparing immuno- 
suppressant. Treatment has been the subject of a number of reviews 
[1,133-135]. 


Topical therapy 

Patients who present with oral disease and mild cutaneous involve- 
ment may remain in this localised phase for months. Potent topical 
or intralesional steroids may reduce the requirement for oral 
steroids. Good oral hygiene, including treatment of periodontal 
disease, is important. 

In patients with widespread blistering, intensive nursing care 
is mandatory. Opportunist infection is the major cause of death 
in patients with widespread blistering who are also immunosup- 
pressed, and potassium permanganate and topical antiseptics may 
help reduce the risk of cutaneous infection. Liberal use of emollients 
will reduce frictional stress on affected skin. 


Corticosteroids 

Prednisolone, together with a steroid-sparing adjuvant, is the initial 
treatment for most patients with PV. Prednisolone 0.5-1 mg/kg/day 
in combination with adjuvant immunosuppression and appropri- 
ate topical therapy is sufficient to initiate disease control in many 
patients [136]. There seems to be little benefit in using higher doses 
[137]. Once control is established the steroid dose should be titrated 
according to clinical response. 

Patients with generalised disease may require aggressive immuno- 
suppression to suppress blistering and a major difficulty in 
managing these patients is achieving a balance between the risks 
associated with high-dose steroid therapy and those of poorly 
controlled disease. In this situation intravenous (IV) pulses of either 
1g methylprednisolone or 100mg dexamethasone are safer alter- 
natives, often together with intravenous immunoglobulin (IVIG), 
immunoadsorption or plasmapheresis. While steroid pulses have 
been shown to be useful in some studies [138], in others they did 
not show benefit [139,140]. 


Azathioprine 

Azathioprine has been widely used in the management of pem- 
phigus at a dose of 2-3mg/kg/day and multiple case series 
support its use. The combination of prednisolone and azathio- 
prine is more effective than prednisolone alone both in terms of 
mortality and remission [141]. One randomised, controlled trial 
of pemphigus treatment found azathioprine to be the most effec- 
tive steroid-sparing agent, followed by cyclophosphamide (pulse 


therapy) and mycophenolate mofetil [136]. Another trial found 
azathioprine and mycophenolate mofetil to be equally effective 
[142]. Potential adverse effects of azathioprine include bone mar- 
row suppression, nausea and liver dysfunction and careful blood 
monitoring is therefore mandatory, particularly in the early stages 
of treatment. Azathioprine toxicity is more frequent in patients 
with low levels of activity of the enzyme thiopurine methyl trans- 
ferase (TPMT) and activity of the enzyme should be checked prior 
to treatment wherever possible [143]. In patients with low levels 
of TPMT, azathioprine dose should be adjusted accordingly and 
avoided in patients who have absent TPMT. 


Mycophenolate mofetil 

Mycophenolate mofetil (1-3 g/day) has been found helpful as a 
steroid-sparing agent [142,144,145] in pemphigus. Mycophe- 
nolate mofetil is a pro-drug of mycophenolic acid and has a 
relatively selective effect on T and B lymphocytes through its 
effect on inhibition of inosine monophosphate dehydrogenase. 
A double-blind randomised controlled study comparing azathio- 
prine and mycophenolate showed no significant difference in 
efficacy between the two drugs although there was a trend towards 
fewer adverse effects and more rapid remission in the mycophe- 
nolate group [142]. Adverse effects of mycophenolate include bone 
marrow suppression and gastrointestinal symptoms and, as with 
azathioprine, patients require close monitoring in the early stages 
of treatment. Gastrointestinal symptoms may respond to the use 
of enteric-coated delayed release mycophenolic acid in place of 
mycophenolate mofetil. 


Cyclophosphamide 

Cyclophosphamide is a potent anti-B-cell agent with significant 
activity in pemphigus and other antibody-mediated autoimmune 
diseases [146,147]. Its use is limited by its significant adverse 
effects, including gonadal failure, haemorrhagic cystitis, bone 
marrow suppression and an increased risk of bladder cancer. It 
is consequently generally reserved for the rare patients who have 
failed to respond to rituximab and conventional immunosuppres- 
sion with azathioprine or mycophenolate mofetil. Monthly IV 
pulses of cyclophosphamide with dexamethasone combined with 
low-dose oral cyclophosphamide have been used, as has daily oral 
treatment [148]. 


IVIG 

IVIG is a potentially attractive treatment option because of its rel- 
ative lack of immunosuppressive effects in comparison with most 
other pemphigus treatments. It is generally used at a dose of 
22/kg split over 3-5 days and treatment may need to be continued 
monthly for prolonged periods [149]. Its mechanisms of action have 
not been fully elucidated yet. One of its main effects is the blockage 
of the neonatal Fc receptor (FcR) preventing the recycling of IgG 
from the endothelium to the circulation. In addition, IVIG may 
have anti-idiotypic effects [150]. A multicentre double-blind con- 
trolled study in Japan has confirmed its effectiveness [151]. While 
IVIG is generally well tolerated it can cause headaches, ‘flu-like’ 
symptoms and hypotension. Anaphylaxis may occur in patients 
with complete IgA deficiency, which should be excluded prior to 
treatment. 


Rituximab 

Depletion of B lymphocytes using the anti-CD20 monoclonal anti- 
body rituximab has been shown to be effective in the management of 
pemphigus in several case series. Initial regimens used 375 mg/m? 
weekly for 4 weeks but two infusions of 1g, 2 weeks apart have 
now become established [152-154]. The mechanism of action of 
rituximab is likely through B-cell regulatory pathways as plasma 
cells, which are responsible for antibody production, do not express 
the CD20 molecule. Interestingly, T-cell responses to desmogleins 
are suppressed following rituximab therapy suggesting a broader 
mechanism of action than simply on the B-cell pathway [23]. Onset 
of action of rituximab is typically 8-16 weeks following the first 
infusion, although it may take longer and improvement may persist 
for 12-18 months. Rituximab may be combined with conventional 
steroid therapy and adjuvant immunosuppression, although care 
needs to be taken to avoid excessive immunosuppression and 
increased infection risk. In some centres immunoadsorption has 
been combined with rituximab [155]. 

The place of rituximab in the hierarchy of pemphigus treatment 
is evolving and its first line use has been explored. In one recent 
study, first line use of rituximab was compared against standard 
corticosteroid therapy. Complete remission off treatment was seen 
in 89% of patients in the rituximab group, compared with 34% in 
the corticosteroid group. In addition, in the rituximab arm, the 
cumulative prednisone dose and the number of severe adverse 
events were significantly lower compared with the prednisone 
alone arm [156]. In another study comparing the effect of rituximab 
and mycophenolate, sustained complete remission was observed 
in significantly more patients in the rituximab arm compared with 
the mycophenolate mofetil arm [157]. Based on the available data 
a large international panel of experts and the S2 guidelines of the 
European Academy of Venereology and Dermatology (EADV) 
have recommended the use of rituximab as first line treatment in 
moderate and severe PV and PF [158,159]. 

In general, rituximab is well tolerated. Infusion reactions may 
occur but seem less frequent than when the drug is used in the 
treatment of B-cell malignancies. Infection has been reported [160], 
and particular care needs to be taken to avoid reactivation of viral 
hepatitis — patients should be rigorously screened prior to treatment 
[161]. Late onset neutropenia is recognised but uncommon [162]. 


Immunoadsorption and plasmapheresis 

Removal of circulating antibodies by plasmapheresis was first used 
in 1978 [163] and is theoretically an attractive way of managing 
pemphigus in the acute stage, although other studies have not 
shown benefit [164]. More recently, selective immunoadsorption of 
IgG using columns containing protein A or other immunoglobu- 
lin binders [165-167] has been effective at inducing remission in 
pemphigus patients, but concomitant immunosuppression with 
steroids, steroid sparing adjuvants or anti-B-cell therapy is required 
to prevent rebound increase in the synthesis of antibody [168,169]. 


Other therapies 

Although initial case reports were suggestive of the benefit of 
ciclosporin in pemphigus [170,171], more recent studies cast doubt 
on this [172]. Topical ciclosporin mouthwash may be helpful in 
severe oral pemphigus [173]. 
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Gold may have a modest effect in pemphigus [174,175], although 
toxic effects limit its utility. Dapsone has been advocated as an 
adjunct in some patients with mild disease [176] and a recent 
prospective, placebo-controlled study showed a modest steroid- 
sparing effect [177]. Dapsone may be of particular utility in pemphi- 
gus herpetiformis and in IgA pemphigus [104]. Acetretin has been 
used in conjunction with prednisolone in pemphigus vegetans [178]. 

Methotrexate is now seldom used, although there is some sug- 
gestion that it may have a steroid-sparing effect and moderate 
doses of methotrexate may permit withdrawal of prednisolone in 
steroid-dependent patients [179,180]. 

Other therapies that have been used in resistant cases of pemphi- 
gus include extracorporeal photopheresis [181,182] and the tumour 
necrosis factor (TNF) inhibitors infliximab [183] and adalimumab 
[184] have also been reported as beneficial, although autoimmune 
bullous disease has been reported as a consequence of TNF block- 
ade [185]. Tetracycline antibiotics with or without nicotinamide may 
be helpful as steroid-sparing agents in some patients [186,187]. 

Many novel therapies are currently under investigation, including 
repurposing existing drugs such as veltuzumab and ofatumumab 
with higher binding affinities to CD20, novel anti-B cell agents [188] 
and cell-based therapies designed to eliminate pathogenic B-cell 
clones [189]. 


SUBEPIDERMAL IMMUNOB 
DISEASES 


Introduction 


These bullous disorders include pemphigoid diseases and der- 
matitis herpetiformis. Pemphigoid diseases are characterised by 
autoantibodies against structural proteins of the dermal—epidermal 
junction (DEJ), while in dermatitis herpetiformis, the autoantigen is 
epidermal transglutaminase (TG, TG3) with most sera also reacting 
against TG2 (tissue-type TG) [1,2-5]. Via proteins of the DEJ, the 
cytoskeleton of the basal keratinocytes is linked to the extracel- 
lular matrix of the dermis (Chapter 2). Binding of pemphigoid 
autoantibodies to their target antigens leads to the separation of 
epidermis and dermis. In bullous pemphigoid (BP), mucous mem- 
brane pemphigoid, and the inflammatory variant of epidermolysis 
bullosa acquisita (EBA), considerable progress has been made to 
understand this complex process. 

Subepidermal bullous diseases share some clinical characteristics, 
such as tense blisters and erosions and, in contrast to pemphi- 
gus, a negative Nikolsky sign, i.e. friction of non-lesional skin 
does not lead to intraepidermal disruption and visible erosion. 
These disorders are, however, heterogeneous with regard to the 
clinical presentation, target antigen(s), autoantibody isotype, and 
immunopathology. Importantly, prognosis and treatment may vary 
considerably, and therefore require exact diagnosis. 

The target antigen(s) have been identified on the molecular 
level in most of the distinct entities, among them BP, by far the 
most common pemphigoid disorder, mucous membrane pem- 
phigoid, linear IgA disease, pemphigoid gestationis, anti-p200 
pemphigoid, EBA, bullous systemic lupus erythematosus, lichen 
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Table 50.2 Pemphigoid diseases. Autoantibody specificities and diagnostically relevant clinical signs. 


Disease Autoantibody 


Clinical signs of diagnostic relevance 


Bullous pemphigoid (BP) BP180° NC16A, BP230 
Mucous membrane pemphigoid 
Linear IgA disease (LAD) 
Pemphigoid gestationis 
Anti-p200 pemphigoid 


BP180°, laminin 332, BP230, «6B4 integrins 
LAD-1¢, BP230 (IgA reactivity) 

BP180? NC16A, BP230 

Laminin B4 

Laminin y1 

Type VII collagen 

Type |: type VII collagen? 

Type Il: BP180%, BP230, laminin 332 

BP180? NC16A, BP230 

BP1809, BP230, laminin 332 


Epidermolysis bullosa acquisita 

Bullous systemic lupus 
erythematosus (SLE) 

Lichen planus pemphigoides 

Cicatricial pemphigoid 


Tense blisters, erosions®, urticarial plaques, intense pruritus, old age (>75 years); no 
predominant mucosal involvement 

Predominant mucosal involvement; oral and ocular mucosae are most frequently affected 

Tense blisters, erosions; no predominant mucosal involvement 

Red macules, papules, rarely vesicles, intense pruritus; pregnancy or post-partum period 

Tense blisters, erosions; <75 years of age; no predominant mucosal involvement 


Mechanobullous (like epidermolysis bullosa) and inflammatory variant (like BP or LAD) 

SLE present; tense blisters, erosions; no predominant mucosal involvement; excellent 
response to dapsone 

Tense blisters independent of lichen planus lesions 

Blisters and erosions that heal with scarring and/or milia formation. No predominant 


mucosal involvement 


Main target antigens are indicated in bold. For target antigens in italics, commercial detection systems are available. Modified from [1]. 


2 Also termed type XVII collagen. 


>In about 20% of patients, blisters and erosions are absent and eczematous lesions, red macules and urticarial plaques are seen. 


“Reactivity against «684 integrin needs further confirmation. 
4 The soluble ectodomain of BP180. 


planus pemphigoides and cicatricial pemphigoid (Table 50.2). 
Pemphigoid gestationis is detailed in Chapter 113. In addition, 
small numbers of patients with a pemphigoid disease characterised 
by renal insufficiency and autoantibodies against the a5 chain 
of type IV collagen or with autoantibodies against different not 
fully characterised antigens, among them 105kDa, 168kDa and 
285 kDa proteins, have been reported [6-10]. New target antigens 
are still being described and it seems likely that many more yet only 
poorly characterised or undiscovered molecules within the DEJ 
may function as autoantigens in subepidermal blistering diseases. 


Bullous pemphigoid — a 


Definition, nomenclature and classification 

BP is not only the most common disorder within the group of 
subepidermal immunobullous disorders but also represents the 
most frequent autoimmune blistering disease in general. BP mainly 
affects elderly people although younger patients may also be 
affected, and often starts with pruritus and urticated and reddish 
lesions. Later, tense blisters are characteristic both on reddish and on 
normal skin. Mucosal involvement only develops in a minority of 
patients and is not predominant. Histopathology of a lesional biopsy 
reveals subepidermal splitting. Autoantibodies, chiefly IgG, recog- 
nise two proteins of the DEJ, BP180 (type XVII collagen) in almost 
all patients and, in about half of them, BP230. The typical clinical 
features and immunopathology of BP are summarised in Table 50.2. 


Introduction and general description 
BP was first differentiated from pemphigus in 1953 by Walter Lever 
who described intraepidermal split formation and loss of cell 


adherence between keratinocytes (acantholysis) as the histopatho- 
logical hallmark of pemphigus, whereas he coined the term 
‘pemphigoid’ for conditions in which a subepidermal split for- 
mation was present [11]. A decade later, Jordon et al. demonstrated 
that in BP, tissue-bound and serum autoantibodies against proteins 
of the DEJ were present [12]. Further milestones in the under- 
standing of BP included the immunochemical characterisation of 
the hemidesmosomal target proteins BP180 (type XVII collagen, 
also termed BPAG2) and BP230 (BPAGI1-e), the cloning of their 
genes, and the demonstration that autoantibodies against BP180 are 
pathogenic [13-17]. 


Epidemiology 

Incidence and prevalence 

The reported incidence of BP ranges between 2.5 and 76 new 
cases /million/year depending on the studied population. The low- 
est incidences have been reported from Romania (2.5/million/year) 
[18], Kuwait (2.6/million/year) [19], Poland (4.5/million/year) 
[20] and Singapore (7.6/million/year) [21]. In Scotland, Italy 
and Switzerland, the incidences range from 10.0 to 14.0/mil- 
lion/year [22,23], whereas higher incidences of 20 to 24 new 
cases/million/year have been recently estimated in Germany, 
France, Guadeloupe and the USA (Olmsted County, Minnesota) 
[24-27]. An even higher incidence of 66 and 76/million/year was 
reported in the UK and of 71/million/year in Sweden based on 
data registries [28,29,30]. Interestingly, in Germany, France, the 
USA (Olmsted County, Minnesota) and the UK, the incidence of 
BP appears to have increased considerably within the last 20 years 
(between 0.2-fold and 4.8-fold) [24,26-28,29,31-33]. This may be 
due to: (i) the increasing age of the general population, (ii) the 
increased prevalence of debilitating neurological disorders (shown 
to be major risk factors for BP [34]), (iii) the increasing use of 
diuretics, psycholeptics and dipeptidyl peptidase 4 inhibitors 
(DPP4-inhibitors) that were associated with BP [35], (iv) improved 
diagnostic assays, and (v) increased awareness of prodromal and 
non-bullous forms of BP. 


The prevalence of BP has been calculated to be 26/100000 in 
2014 and 48/100000 people in 2017 in Germany and England, 
respectively [29,36]. 


Age 

BP is predominantly a disease of the elderly with a mean age at 
disease onset between 69 and 83 years [24,37—41]. A somehow lower 
mean age of 64 years at disease onset was reported from China [42]. 
The incidence significantly rises with age to 190-312/million/year 
in individuals older than 80 years of age [22,23,28,31]. With the 
changing age structure of many populations worldwide even more 
people are expected to suffer from BP in the coming decades. In 
individuals younger than 50 years, BP rarely occurs (incidence 
of <0.5/million/year) [23,28,31,43]. Only about 80 cases of BP in 
children and adolescents have been described and the prevalence 
of BP in minors was estimated to be 5/million persons below the 
age of 18 years [44-47]. In contrast, a retrospective study from 
Israel has indicated that BP in the first year of life occurs with an 
estimated incidence rate of 23.6/million infants under the age of 
1 year/year [48]. 


Sex 

A slight female predominance (52-60% of BP patients) was observed 
[24,28,39,40]. After age adjustment the incidence was, however, 
higher in men [24,43] due to the generally higher life expectancy of 
women and the increasing incidence of BP with age. 


Ethnicity 

The incidence varies considerably between different countries 
(see earlier). In England, the incidence was highest in patients of 
Asian ethnicity [29]. Most likely, both genetic and environmental 
factors may contribute to the wide range of incidence. In addition, 
different diagnostic standards and health care systems may influ- 
ence reported incidence. In New York, USA, the only difference 
seen between white patients and those with skin of colour was the 
significantly lower age in the latter [49]. 


Associated diseases 

Neurological and psychiatric disorders including cognitive impair- 
ment, Parkinson disease, stroke, epilepsy, multiple sclerosis, 
and uni- and bipolar disorders have been associated with BP 
[34,37,38,41,50-54]. In fact, between a third and half of all BP 
patients suffer from neurological diseases (odds ratios 2.4-10.6) 
[37,41,50,53,54] considerably increasing disease burden in this 
elderly patient population. These findings are intriguing since 
both target antigens, BP180 and BP230, are expressed in the central 
nervous system [55,56] and mice with mutations in the dystonin 
gene encoding for various isoforms of BPAG1 including the epithe- 
lial isoform BP230 develop severe dystonia and sensory nerve 
degeneration [57]. Three studies based on patient registries in 
Germany, England and Taiwan, including more than 11000 BP 
patients, identified a clear association with haematological malig- 
nancies including various lymphomas and leukaemias [58,59,60]. 
Furthermore, significant associations with cardiovascular disease 
(mainly hypertension), other autoimmune diseases (in particular 
dermatitis herpetiformis and coeliac disease), ulcerative colitis, 
diabetes mellitus, allergic asthma and psoriasis have been reported 
in different populations [60-66]. 
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Figure 50.10 Sequence of events leading to blister formation in bullous pemphigoid. 
Binding of autoantibodies (green) against BP180 (orange) initiates Fc-independent 
events resulting in the secretion of IL-6 and IL-8 from basal keratinocytes as well as in 
internalisation and decreased expression of BP180 (1). Complement is activated at the 
dermal-epidermal junction (DEJ) (2) and mast cells degranulate (3). Complement 
activation and chemokine gradients trigger the infiltration of inflammatory cells into the 
upper dermis (4). Their secretion of additional inflammatory mediators further increases 
the inflammatory reaction. Finally, granulocytes at the DEJ release reactive-oxygen 
species and proteases (5) that ultimately induce dermal-epidermal separation (6). 
Adapted from Schmidt and Zillikens 2013 [1] © Elsevier. 


Pathophysiology 

Summary 

The pathogenic importance of humoral and cellular autoim- 
munity against BP180 has clearly been demonstrated. Both Fc 
receptor-independent and, importantly, Fc-receptor-mediated 
effects were shown to be essential for blister formation in BP using 
in vitro, ex vivo and various animal models. More specifically, 
complement activation at the DEJ and the activation of mast cells 
appeared to be crucial to attract neutrophils and macrophages at 
the DEJ. Subsequent release of reactive oxygen species and various 
proteases then induced dermal-epidermal splitting (Figure 50.10). 
Targeting mast cells, neutrophils, complement activation and the 
cytokine network may open novel therapeutic avenues for this 
disease [67]. 


Autoantibodies. In nearly all BP patients, autoantibodies bind to 
BP180 (also termed type XVII collagen and BPAG2) (see Chapter 2) 
[68]. The extracellular portion of the 16th non-collagenous domain 
(NC16A) located directly adjacent to the cellular membrane is the 
immunodominant region in BP and is recognised by autoantibodies 
in 75-90% of BP patients [69-75]. The importance of anti-BP180 
NCI16A reactivity is further highlighted by the observation that 
serum levels of BP180 NC16A-specific IgG antibodies correlate with 
the disease activity in BP patients [68,72,75-78]. IgG4 and IgG1 
are the major IgG subclasses of anti-BP180 NC16A antibodies [79]. 
The majority of patients also raises IgG antibodies against epitopes 
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outside the NC16A domain [68,80,81] while initial reactivity 
appeared to target the NC16A [82]. IgG reactivity with C-terminal 
epitopes appeared to be associated with mucosal involvement and 
more severe skin disease, whereas the intracellular domain was 
preferentially targeted at an early clinical stage [81,83]. 

The majority of BP patients also develop, beside IgG, IgA and 
IgE anti-BP180 reactivity [79,84-88]. Serum anti-BP180 NC16A IgE 
occurs in about half of BP patients and correlates with disease 
activity within the same patient [88,89]. IgE anti-BP180 NC16A was 
also associated with a longer duration for remission and require- 
ment for more intensive therapies [84]. 

BP230 (also known as BPAG1-e, and BPAG1) is recognised by 
50-70% of BP sera [90-96] (Chapter 2). As for BP180, B-cell epi- 
topes are not equally distributed on the molecule but preferentially 
localise to the globular C-terminal domain of BP230 [68,94,97]. 
In addition to IgG reactivity, IgE antibodies against BP230 were 
detected in the majority of BP sera [88,98]. 


Cellular immune response. In contrast to the humoral immune 
response, the cellular immune response has been less widely studied 
in human BP [99]. T- and B-cell reactivity against the NH,-terminal 
portion of the BP180 ectodomain is associated with severe BP, 
while the central portion is more frequently recognised in patients 
with limited disease. In contrast, combined T- and B-cell response 
against the COOH- and NH,-terminal globular domains of BP230 
were found in less than 50% [100]. The response to the BP180 
ectodomain is restricted to the DQB1*0301 allele [101,102]. Autore- 
active T cells in BP patients produced a Th1/Th2 mixed cytokine 
profile [100,101]. Reports of circulating and skin T regulatory 
cells in BP patients are conflicting with increased and decreased 
numbers being reported [103-106]. The number of peripheral fol- 
licular helper T cells, a T-cell subset known to be pivotal for B-cell 
activation, was higher in patients with active disease compared 
with those in healthy volunteers and BP patients in remission and 
correlated with serum levels of anti-BP180 antibodies [107]. More 
recently, the potential role of Th17 cells in BP was highlighted [104]. 
Increased numbers of IL-17A+ cells were found in BP skin lesions; 
the main source has been identified as granulocytes and T cells, 
respectively [108,109]. 


Cytokines and chemokines. Elevated levels of IL-1f, IL-2, IL-4, 
IL-5, IL-6, IL-8, IL-10, IL-15, IL-16, IL-17, IL-21, eotaxin, MCP-4, 
TNF-a, CCL-2, CCL 10 and CCL-18 have been found in the sera 
and/or blister fluids of BP patients (reviewed in [110-112]). Serum 
levels of TNF-a, IL-6, IL-8, IL-15, IL-17, IL-21, IL-23, CCL-2, CCL 
10, CCL17, CCL18 and eotaxin correlated with the extent of BP 
skin lesions [107,110-114] pointing to a pathological relevance of 
these mediators [115]. The assumption that Th2-type cytokines are 
important in human BP is supported by the increased frequency 
of cutaneous lymphocyte-associated antigen-positive IL-4- and 
IL-13-producing cells in the peripheral blood [116]. 


Functionally relevant pathogenic mechanisms. Data about the 
functionally relevant pathogenic mechanisms in BP have been 
generated by in vitro studies using cultured human keratinocytes, 
ex vivo studies using cryosections of human skin, and, importantly, 
various animal models. 


When cultured normal human keratinocytes were treated with 
anti-BP180 IgG a signal-transducing event leading to a dose- and 
time-dependent release of IL-6 and IL-8 was observed [117]. In the 
same model, internalisation and creased expression of BP180 and 
weakening of keratinocyte attachment in response to anti-BP180 
IgG were seen [118,119]. Recently, release of IL-6 and IL-8 and 
reduction of the number of hemidesmosomes was also seen after 
incubation with anti-BP180 IgE [120] (Figure 50.10). 

Using cryosections of normal human skin, BP180 NC16A-specific 
IgG induced a dermal-epidermal separation when co-incubated 
with leukocytes from healthy volunteers [121]. This effect was medi- 
ated by the Fe portion of autoantibodies and the Fcy receptors 
IIA and IIIA on human neutrophils resulting in the release of 
matrix metalloproteinase-9 and neutrophil elastase [121-123]. Both 
enzymes were found in blister fluid and lesional biopsies from BP 
patients and were capable to degrade BP180 [124-126]. 

Passive transfer of rabbit IgG raised against the murine homo- 
logue of the human BP180 NC16A domain into neonatal wild-type 
mice produced clinical, histopathological and immunopatholog- 
ical alterations similar to those seen in BP patients [16]. In this 
model, blister formation was dependent on the activation of com- 
plement [127,128], degranulation of mast cells [129], recruitment 
of macrophages [129] and neutrophils [130], and the release of 
various proteases including the plasminogen/plasmin system 
[131], mast cell proteinase-4 [132], matrix metalloproteinase-9 [133], 
o1-proteinase inhibitor [134] and neutrophil elastase [65-68,135,136]. 
More specifically, in the early stages of blistering, matrix metallo- 
proteinase-9 is mainly activated by plasmin, which is formed by 
activation of plasminogen by tissue plasminogen activator and/or 
urokinase plasminogen activator. Plasmin and the mast cell-specific 
serine protease-4 can activate matrix metalloproteinase-9 which 
then inactivates «1-proteinase inhibitor, the physiological inhibitor 
of neutrophil elastase. The unrestrained activity of neutrophil 
elastase is then responsible for the degradation of structural pro- 
teins of the DEJ including BP180 (Figure 50.10). A recent passive 
transfer model in adult mice highlighted the importance of FcyR 
IIB, FceyR If and FeyR IV [137]. 

Subsequently, further mouse models were developed that allowed 
exploration of additional pathogenic mechanisms. Among these 
models, three distinct lines of transgenic mice that expressed 
human BP180 in murine skin elegantly replicated essential features 
of human BP [17,138,139]. In one of these models, the comple- 
ment dependency of experimental BP was questioned when the 
passive transfer of F(ab’), fragments of human BP led to skin frag- 
ibility in Col17-humanised mice [140]. Subsequently, two ‘active’ 
mouse models were developed that do not depend on the transfer 
of anti-BP180 antibodies: wild-type mice were immunised with 
recombinant murine NC15A and in the second model, Rag-2°/ “/ 
COL17™/~"+ mice (immunocompromised mice expressing human 
BP180) received splenocytes from wild-type mice that had been 
immunised by grafting of COL17™/""+ mouse skin and sub- 
sequently developed anti-BP180 antibodies and a blistering 
phenotype [141,142]. In the latter model, the importance of 
NC16A-reactive CD4* T cells has corroborated previous in vitro 
studies with human cells that showed a restriction of NC16A- 
reactive CD4* T cells to the HLA-DQB1*301 allele [101,143]. 


In several mouse models of BP, complement-independent for- 
mation of skin lesions has been observed [140,144,145] reshaping 
the previous picture of complement being a prerequisite of blister 
formation in BP. 

The functional importance of IL-17A was indicated when 
IL-17A-deficient mice were largely protected from the otherwise 
pathogenic effect of anti-BP180 IgG and prophylactic adminis- 
tration of an IL-17A-blocking antibody led to significantly fewer 
skin lesions in wild-type mice [108]. Further anti-inflammatory 
agents have shown anti-inflammatory activity in the mouse models 
of BP-like inflammatory EBA (see later) and may prove valuable 
future treatment options also for BP. 

Experimental evidence for the pathogenic role of IgE anti-BP180 
autoantibodies was provided in three mouse models [146-148] 
supporting the data observed in BP patients shown above. In 
one model, eosinophils were identified as drivers of anti-BP180 
IgE-mediated pathology [148]. Later findings were supported 
by the observation that eosinophils can induce dermal-epidermal 
separation after incubation of cryosections of human skin treaded 
with anti-BP IgG [149]. 

Compared with BP180, the pathogenic relevance of autoantibod- 
ies against BP230 is less well defined. Studies on the correlation of 
serum anti-BP230 autoantibodies with disease have been con- 
tradictory, most of them finding no correlation between serum 
anti-BP230 levels and disease activity [68,82,92]. However, the 
injection of a monoclonal anti-BP230 IgG antibody in mice resulted 
in subepidermal splitting [150]. The latter finding was corroborated 
by the induction of subepidermal blistering in immunodeficient 
Rag2- mice after transfer of splenocytes from BPAG1e (BP230)/- 
mice that had been immunised with the recombinant C-terminus of 
BPAGIe (BP230) [151]. 


Predisposing factors 

Several triggers have been implicated in BP onset including trauma 
[152,153], burns [154], skin grafting [155,156], radiotherapy 
[157,158], and UV radiation including sunlight [159], UVA1 [160], 
PUVA [161] and photodynamic therapy [162]. Furthermore, about 
20 case reports have described the association of vaccination with 
the onset of BP, most frequently against influenza [153,163]. Never- 
theless, an epidemiological study over 9 years in Spain did not find 
a higher incidence of admissions for BP in the 10-week influenza 
vaccination period compared with the rest of the year [164]. 

Numerous case reports and several case-control studies have 
described the triggering of BP by drugs. A recent meta-analysis 
reported significant associations with aldosterone antagonists, 
DPP-4 inhibitors (gliptins; most frequently vildagliptin), anticholin- 
ergics and dopaminergic medication [35]. It is recommended to 
omit these drugs in BP patients [165]. Not unsurprisingly, BP has 
been reported following anti-PD-1/PD-L1 therapy [166]. Immune 
checkpoint inhibitor-induced BP was reported to occur after a 
median of 6-9 months and to have a longer pruritic phase without 
skin lesions, to be less likely to present with tense blisters and more 
likely to present with peripheral eosinophilia [167,168]. 

Mice with dysfunctional BP180 spontaneously developed 
elevated serum IgE, anti-basal membrane zone reactivity, an 
eosinophil-rich skin inflammation, and microscopic subepidermal 
blistering [169,170]. How far degradation of BP180 in an elderly 


subepidermal splitting and a dense inflammatory infiltrate of eosinophils and neutrophils 
in the upper dermis. 


individual may contribute to the induction of anti-BP180/BP230 
reactivity and BP remains to be determined. 


Pathology 

Histopathology. Light microscopy of lesional skin typically shows 
a subepidermal blister with a dense eosinophil-rich infiltrate within 
the papillary dermis and along the DEJ that usually also includes 
neutrophils, macrophages and T lymphocytes (Figure 50.11). The 
histopathological picture may vary considerably with the clinical 
picture and the age of the lesion. Patients with a predominant 
lymphocytic infiltration had a higher BPDAI score and those with 
predominantly neutrophil infiltration revealed lower serum levels 
of anti-BP180 NC16A IgG levels [171]. 


Electron microscopy. By electron microscopy the split was shown 
to occur within the lamina lucida. 


Tissue-bound autoantibodies. Tissue-bound autoantibodies can 
be visualised by direct IF microscopy of a perilesional biopsy in 
almost all patients. Linear deposits of IgG (IgG4 and IgG1 are 
the predominant subclasses) and/or C3, and to a lesser extent 
of IgA and IgE, are seen along the DEJ (Figure 50.12) [172]. This 
binding pattern is observed in all pemphigoid disease. For further 
differentiation of the anti-DEJ staining, the n- versus u-pattern 
analysis can be performed [173] (Figure 50.12b, insert). At higher 
magnification and in thin sections (41m), IgG deposition appears 
serrated with arches closed at the top referred to as an ‘n-serrated’ 
pattern. In all pemphigoid disease except EBA, an n-serrated pat- 
tern is seen. Alternatively, the perilesional biopsy is treated with 
1M NaCl solution to induce an artificial split in the DEJ at the 
lamina lucida level [174]. Autoantibody specificities can then be 
detected, similarly to indirect IF microscopy, on 1M NaCl-split skin 
(see later; Figure 50.13). Further, although not routinely available, 
computer-aided fluorescence overlay antigen mapping (FOAM) 
[175] and double IF labelling of tissue-bound and defined antigens 
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Figure 50.12 Direct immunofluorescence microscopy of bullous pemphigoid. In a perilesional biopsy, linear binding of IgG at the dermal-epidermal junction is seen (a). At higher 
magnification and in thin sections (4 um), IgG deposition is no longer linear but appears curved with arches closed at the top referred to as ‘n-serrated’ pattern (b; insert). 


Bullous pemphigoid 

Mucous membrane pemphigoid 
Pemphigoid gestationis 

Linear IgA disease 


BP180 
BP230 
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Mucous membrane pemphigoid 
Laminin 332 

Anti-p200 pemphigoid 

Laminin 64, laminin y1 
Epidermolysis bullosa acquisita 
Type VII collagen 


(b) 


Figure 50.13 Serological screening for autoantibodies in pemphigoid diseases: indirect immunofluorescence microscopy on 1M NaCl-split human skin. Autoantibodies against BP180, 
BP230, and «664 integrin show a linear binding at the roof of the artificial split (a). Antibodies to laminin 332, laminin y1/ p200 antigen and type VII collagen label the floor (b). The 
specific disorders and the corresponding target antigens are indicated to the left of (a) and to the right of (b). 


of the DEJ analysed by laser scanning confocal microscopy [176] 
can be used to differentiate BP from anti-laminin 332 pemphigoid, 
anti-p200 pemphigoid, for example, and EBA. 

The detection rate of IgG in paraffin sections of BP is poor and in 
a recent meta-analysis only reached 75% and 86% for C4d and C3d, 
respectively [177]. As such, paraffin sections cannot be recom- 
mended in the routine diagnosis of tissue-bound immunoreactants 
and may be reserved for selected cases when a biopsy specimen for 
direct IF is not available 


. Major characteristics of serum autoantibod- 
ies ae hen, described above (see Pathophysiology). Circulating 
autoantibodies can be detected by: (i) indirect IF microscopy on 
monkey oesophagus, 1M NaCl-split human skin and a commer- 
cial IF BIOCHIP™ mosaic (described later); (ii) immunoelectron 
microscopy [178] (not routinely available); (iii) commercial ELISA 
systems; and (iv) various in house ELISA, immunoblotting and 
immunoprecipitation analyses using cell-derived or recombinant 
forms of BP180 and BP230 [172]. 

Indirect IF microscopy has traditionally been performed on mon- 
key oesophagus with a sensitivity of 60-70% [12,95,179]. Higher 


sensitivities between 70% and 95% were obtained with normal 
human skin in which splitting of the DEJ had been induced by 
incubation in 1 M NaCl solution [96,179-182]. Moreover, in this tech- 
nique, BP autoantibodies bind to the roof of the artificial split and 
can therefore be differentiated from autoantibodies in anti-laminin 
332 pemphigoid, anti-p200 pemphigoid and EBA (Figure 50.13). 
While IF binding signals by direct IF appear to be mainly due to 
anti-BP180 antibodies, signals by indirect IF on oesophagus and 
salt-split skin correlate with anti-BP230 antibodies [183,184]. More 
recently, a BIOCHIP™ mosaic has become available (Euroimmun, 
Luebeck, Germany). This indirect IF microscopy test allows the 
simultaneous analysis of several substrates including monkey 
oesophagus, salt-split skin, BP180 NC16A, a C-terminal stretch of 
BP230, desmoglein 3 and desmoglein 1 in a single incubation field 
(Figure 50.14). This BIOCHIP™ mosaic has been shown to provide 
a similar diagnostic accuracy compared with the routine multistep 
procedure and can be extended by cells recombinantly expressing 
laminin 332 and type VII collagen, respectively [185,186]. 

BP180 NC16A- and BP230-specific ELISA systems are available by 
two companies (Euroimmun; MBL, Nagoya, Japan) [74,75,94,187]. 
Both BP230 ELISA systems are based on recombinant C-terminal 


Monkey. oesophagus Salt-split skin 


BP180 NC16A 


Desmoglein 3 


Desmoglein 1 BP230 C3 


Figure 50.14 Serological screening for autoantibodies in pemphigoid diseases: indirect 
immunofluorescence microscopy using a BIOCHIP Mosaic™. Ten incubation fields each 
with six different BIOCHIPs are placed on a standard-sized slide (upper panel). This 
technology allows the simultaneous testing for serum autoantibodies against various 
substrates including monkey oesophagus, salt-split human skin, recombinant BP180 
NC16A and mammalian cells expressing the ectodomains of desmoglein 1 and 3, and 
the C-terminus of BP230 (lower panels) in patients with suspected autoimmune 
blistering diseases. Here, serum from a patient with bullous pemphigoid binds to 
monkey oesophagus, the roof of salt-split human skin, BP180 and BP230, but as 
expected not to desmoglein 1 or 3. This commercially available assay has a high 
agreement compared with the conventional multistep approach and similar specificities 
and sensitivities as the corresponding ELISA assays [185]. Adapted from [185] with kind 
permission from BioMed Central. 


fragments that in one ELISA is combined with an N-terminal 
fragment. By the combined use of the BP180 and BP230 ELISA, the 
diagnostic sensitivity can be increased by 4-8% to 87-91% compared 
with application of the BP180 ELISA alone [94-96]. Low serum levels 
of anti-BP180 or -BP230 antibodies may also be found in about 4% 
of dermatological patients not suffering from BP, in particular in the 
elderly and patients with chronic pruritus [188-191]. In all patients 
with low serum levels of anti-DEJ antibodies and in all patients 
with chronic pruritus of unknown aetiology older than 70 years of 
age, direct IF microscopy is mandatory to exclude BP [192]. 


Interestingly, 6-18% of patients with Alzheimer disease or mul- 
tiple sclerosis have antibodies against epitopes mainly outside 
the NC16A domain of BP180 [193,194]. Non-NC16A anti-BP180 
reactivity has also been associated with a non-inflammatory variant 
of BP [195,196]. Combining different detection systems, autoanti- 
bodies against BP180 can be found in virtually all BP sera [68,197]. 
Currently, no standardised widely available assay for the detection 
of anti-BP180 antibodies outside the NC16A domain is available 
and the pathogenic relevance of these antibodies has not been 
demonstrated yet. 


Genetics 

Data about a genetic background in BP are sparse and partly 
inconsistent. In 21 white patients a significant association with 
DQB1*0301 was detected [198], an observation that was partly 
confirmed by the demonstration that the primary response of 
CD4-positive T cells to BP180 in vitro is restricted to DQB1*0301 
[101]. DQB1*0301 has also been reported as the susceptibility 
allele for BP in Chinese Hans, Iranian and Brazilian people, and 
male white people, as well as Japanese patients with DDP-4 
inhibitor-associated BP [199-204]. In contrast, in 25 patients from 
northern China, DRB1*08 and DRB1*08/DQB1*06 were detected 
with a lower frequency compared with controls [205] and in 23 
Japanese BP patients, HLA-DRB1*04/DQA1*0301/DQB1*0302, 
DRB1*1101/DQA1*0505/DQB1*0302, DRB1*1101 and DQB1*0302 
were associated with BP [206]. The first genome-wide association 
study in BP including 446 BP patients and 433 age-and sex-matched 
controls with Germany ancestry revealed a strong association with 
DQB1*0301 and DQA1*05:05 after deep sequencing of the HLA 
locus and confirmation with other cohorts [207]. 


Environmental factors 
No environmental factors have been discovered so far. Trigger fac- 
tors are described in Predisposing factors, earlier. 


Clinical features 

History 

A prodromal non-bullous phase usually precedes the development 
of tense generalised blisters. This prodromal phase may last for 
several weeks or even months. In this stage, clinical diagnosis is 
difficult. Pruritus, from mild to intractable, is typical and may even 
occur without skin lesions. In the prodromal phase, excoriated 
papules, eczematous or urticarial lesions, haemorrhagic crusts and 
excoriations prevail. 


Presentation 

The bullous stage is characterised by intense pruritus accompanied 
with widespread tense blisters and vesicles on apparently normal 
or reddish skin (Figure 50.15). Frequently, partly haemorrhagic 
crusts and urticated and infiltrated erythematosus plaques with an 
occasionally annular or figurate pattern are present (Figure 50.16) 
[208]. The blisters may reach a diameter of many centimetres 
and contain a clear sometimes haemorrhagic exudate; the Nikol- 
sky sign is negative. Pruritus, which may be incapacitating, is 
almost constantly present [179]. Blisters are typically symmetrically 
distributed and may persist for several days. After mechanical 
irritation, erosions and yellowish or haemorrhagic crusts develop. 
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Figure 50.15 Classical bullous pemphigoid. Tense 
blisters and erosions on the arm (a), hand (b), and 
gluteal region (c). Blisters may arise on erythematous 
(a, c) or otherwise normal skin (b). 


(a) 


Predilection sites involve the flexural aspects of the limbs and 
abdomen [209]. In the intertriginous regions, vegetating plaques 
may occur. Mucosal lesions develop in 10-20% of cases, mostly in the 
oral cavity [210-212], and were associated with lack of anti-BP230 
serum reactivity and lower levels of peripheral eosinophils com- 
pared with BP patients without mucosal lesions [212,213]. The 
mucosae of eyes, nose, pharynx, oesophagus and ano-genital areas 
are rarely affected (reviewed in [214,215]). Without severe superin- 
fection all lesions heal without scarring. Red macules may persist 
at the sites of previous blisters for many weeks or months. Milia 
formation only rarely occurs. 


(b) 


Figure 50.16 Classic bullous pemphigoid. Tense blisters, erosions, and partly haemorrhagic crusts on back and left arm (a) and left hand (b). 


Clinical variants 

Cutaneous manifestations of BP can be highly polymorphic. This 
notion has led to the description of several clinical variants 
(reviewed in [215]). In all of them, direct IF microscopy of a 
perilesional biopsy reveals linear deposits of IgG and/or C3 at the 
DEJ. At present, the fine specificities of serum autoantibodies were 
not shown to differ from the classical form. 

Several clinical variants of BP have been described with a vari- 
ety of different denominations, such as dyshidrotic [216], prurigo 
nodularis-like [217,218], prurigo-like [219], erythrodermic, ecthyma 
gangrenosum-like [220], intertrigo-like, papular, eczematous, 


(a) 


Figure 50.17 Clinical variants of bullous pemphigoid. 
Eczematous lesions with some erosions and crusts 
(a, b), prurigo-like variant with multiple excoriated 
papules (c), and papular variant (d). (c) 


lymphomatoid papulosis-like, vegetating [221-223], vesicular [224] 
and toxic epidermolysis-like pemphigoid [225,226] (Figures 50.17 
and 50.18). Some forms, such as prurigo-like, papular, eczematous, 
vesicular and erythrodermic pemphigoid may later develop tense 
blisters and transform into the classical type. In a prospective study, 
20% of patients presented with a non-classical BP variant at the 
time of diagnosis [210]. In a systematic review, reddish urticarial 
plaques and papules/nodule were with 52% and 21%, respectively, 
the most common clinical manifestations of non-bullous BP. About 
10% of these patients developed blisters during the later course of 
the disease [227]. 


Localised bullous pemphigoid. In some patients, the disease is 
limited to certain body parts, most frequently the lower extremi- 
ties notably the pretibial area [228-230]. Also, other regions such 
as the flexures, palms, soles, the genital area and the umbilicus 
have been described [231,232] as well as around stomata and 
haemodialysis fistulae (Figure 50.19) (see Predisposing factors, 
earlier). Localised lesions may remain as such or develop into 
classical BP. 


(b) 


(d) 


Childhood bullous pemphigoid. Two peaks of incidences of BP in 
childhood were reported: in the first year of life (infantile BP) and 
around the age of 8 years [48]. Multiple cases with a close associ- 
ation with preceding vaccinations were reported, most of them in 
infants. Due to the high rate of vaccinations in this age group, a 
causative relation is difficult to confirm. In infants, the distribution 
of the lesions is often acral, in particular palmar and plantar [48]. 
In older children, involvement of the genital region occurs in almost 
half of the cases [48] (Figure 50.20). No immunopathological dif- 
ferences between BP in childhood and adults have been reported. 
Autoantibodies mainly target the NC16A domain of BP180 [233]. 
Generally, infants and children with BP have a good prognosis 
with remissions within weeks to a few months under therapy. 
For treatment, systemic corticosteroids are usually combined with 
dapsone or sulphapyridine [47,234]. 


Differential diagnosis 

BP must be differentiated from other blistering autoimmune 
dermatoses (see Investigations, later; Figure 50.21). Diagnostic 
hallmarks are summarised in Table 50.2. In brief, diseases of the 
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pemphigus group can be easily differentiated on the basis of dis- 
tinctive clinical (positive Nikolsky sign) and immunopathological 
features. Mucous membrane pemphigoid is differentiated from 
BP by its predominant involvement of mucosal surfaces [235]. In 
contrast, the distinction of BP from linear IgA disease, EBA and 
anti-p200/laminin y1 pemphigoid based simply on clinical and 
histopathological features is usually impossible and requires direct 
IF microscopy (for linear IgA disease) and serological analyses 
(for the latter two entities). In dermatitis herpetiformis, direct IF 
microscopy findings, and particularly the serological profile (pres- 
ence of anti-transglutaminase 1 and 2 as well as anti-gliadin IgA 
antibodies), are often required for diagnosis [208]. 

Furthermore, in the non-bullous prodromal stage or in atypical 
presentations, BP can closely resemble a variety of dermatoses 
including localised or generalised drug reactions, contact and 
allergic dermatitis, prurigo, urticaria, urticarial vasculitis, arthro- 
pod reactions, scabies, ecthyma or even pityriasis lichenoides. 
A detailed patient history, clinical evaluation, histopathological fea- 
tures and, above all, direct IF microscopy and serology, are essential 
to distinguish these disorders from BP [208]. 


Classification of severity 

An international panel of experts has recently proposed outcome 
measures for clinical studies and a clinical scoring system, the 
BP Disease Area Index [236]. The index records severity of: (i) skin 
lesions separately for classical lesions, i.e. erosions and blisters, and 
atypicial lesions such as red macules, urticaria and others in 12 body 
regions; (ii) mucosal lesions; and (iii) pruritus. In an international 
prospective study, cut-offs defining mild, moderate and severe 
disease based on the 25th and 75th percentiles has proposed BPDAI 
activity scores of 20 and 57 [237]. The guideline of the German 


Figure 50.18 Clinical variants of bullous pemphigoid. 
Urticarial and erythematous plaques (a—c) 
accompanied by erosions and excoriations (c). 


Society of Dermatology proposed involvement of <10%, 10-30%, 
and >30% of the body surface as classification for mild, moderate 
and severe BP [165]. 

Currently, an investigator global assessment (IGA) score is being 
validated to fulfil the FDA requirements in clinical trials. 


Complications and co-morbidities 

Patients with BP have a significantly higher risk for septicaemia, 
pulmonary and urinary tract infections, embolism, osteoporo- 
sis, and pathological fractures compared with controls [238-241]. 
Co-morbidities at the time of diagnosis are detailed in Associated 
diseases, earlier. 


Disease course and prognosis 

Untreated BP runs a chronic, self-limiting course over a number 
of months and, more frequently, years. Relapses are frequent 
and appear in about half of the patients [208] and were associ- 
ated with extensive disease, dementia and high serum levels of 
anti-BP180 NC16A antibodies at the time when treatment was 
omitted [242,243]. The disease duration is usually 3-6 years, with 
most patients achieving complete remission off treatment. 

The first-year mortality rates range from 10% to 40%, which is 
about two- to sixfold higher compared with age- and sex-matched 
controls [24,28,37,42,210,244]. Mortality varies considerably between 
different populations (outpatients versus inpatients, different coun- 
tries, secondary or tertiary referral centres), and treatments, e.g. 
a 1-year mortality as high as 41% was observed in patients with 
extensive disease treated with prednisolone 1mg/kg/day [245], 
while it was only 8% when class IV topical corticosteroids were com- 
bined with methylprednisolone 0.5 mg/kg/day and dapsone [246]. 


Figure 50.19 Localised bullous pemphigoid. Tense 
blisters and erosions limited to the umbilical area (a). 
Single tense blister at the site of major surgery (b). 
Eczema, erosions and tense blisters restricted to the 
site of percutaneous endoscopic gastrostomy (c). (c) 


In a meta-analysis, the pooled 1-year mortality was 23.5%, with 
higher rates in Europe compared with the USA and Asia [247]. 
Another meta-analysis calculated the 1-year standardised mortal- 
ity ratio to 2.93 with no significant differences between the tree 
continents [248]. 


(b) 


Risk factors for lethal outcome are old age (greater than 80 years), 
extensive disease, high doses of prednisolone (>35 mg/day), serum 
albumin levels of less than 3.6 g/dL, a Karnofsky score of 40 or less, 
and the presence of heart disease, diabetes, or neurological diseases, 
dementia, and elevated anti-BP180 antibodies [37,39,40,249-252]. 
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Figure 50.20 Childhood bullous pemphigoid. Disseminated tense blisters, erosions and 
crusts on the lower abdomen, genitalia and lower extremities in an infant (a). 
Generalised erythema, numerous tense vesicles and some erosions on the back of a 
3-year-old boy (b). 


Inv ons c s 
The diapansia is based. on the “otabination of the clinical picture, 
direct IF microscopy and serology (Figure 50.21) [1,172,208,253]. 
Direct IF microscopy and the serological assays are described above 
in more detail (see Pathology, earlier). About 90% of patients can 
be diagnosed based on the clinical picture and commercially avail- 
able BP180- and B230-specific serological tests such as ELISA and 
indirect IF microscopy [94-96,172,185,186]. 

Histopathology cannot differentiate BP from other pemphigoid 
diseases such as anti-laminin 332 mucous membrane pemphigoid 
and anti-p200/ laminin y1 pemphigoid in all cases [254,255]. The 
knowledge of the histopathological spectrum of BP, however, allows 
the histopathologist to arrange for direct IF microscopy and appro- 
priate serological analyses to obtain a definite diagnosis. 

Table 50.3 summarises the recommendations of the S2k guideline 
of the German Society of Dermatology for diagnosis of BP [256]. 


Management 

The aim of treatment is to suppress disease activity with the mini- 
mum dose of drugs necessary. BP patients are elderly, with usually 
several co-morbidities, are commonly on many drugs and suscepti- 
ble to adverse reactions. 

Topical and systemic steroids are the mainstay of treatment. 
Very potent topical corticosteroids (0.05% clobetasol propionate 
ointment) should be considered in all patients. For localised BP, the 
lesional application of very potent topical corticosteroids is often 
sufficient. 


Cc a Ilan im 
Controlled rat 


on trials. Only 13 controlled prospective 
studies on treatment at BP have been published including oral 
corticosteroids (in several studies), the long-term whole-body use 
of very potent topical corticosteroids (in two), azathioprine (in 
three), plasmapheresis (in two) as well as mycophenolate mofetil, 
doxycycline, nicotinamide plus tetracycline dapsone, IVIG and 
mepolizumab (Table 50.4) [257,258,259-261]. 

Joly et al. showed in patients with moderate BP that clobetasol 
propionate 0.05% ointment (40 g/day applied over the whole body, 
tapering over 12 months) was as effective and safe as oral pred- 
nisolone 0.5 mg/day [245]. In a subsequent study, lower doses of 
this high-potent topical corticosteroid (10-30 g daily, tapering over 
4 months) did not differ in the time to achieve disease control com- 
pared with the more intensive topical regimen and was associated 
with less severe adverse events but more relapses in patients with 
moderate disease [262]. In patients with extensive disease, treat- 
ment with oral prednisolone at an initial dose of 1.0mg/kg/day 
resulted in significantly more severe adverse events compared with 
application of long-term very potent topical corticosteroids [245]. 

In a pragmatic study design, Williams et al. showed that the 
treatment with doxycycline 200 mg/day was within a preselected 
37% acceptable margin not inferior compared with prednisolone 
0.5mg/kg/day (in both groups <30g/week class 3 topical cor- 
ticosteroids was allowed within the first 3 weeks) with respect 
to treatment success after 6 weeks (defined as <3 fresh blisters/ 
erosions) and was associated with significantly less severe adverse 
events after 52 weeks [258]. Since after 6 weeks 74% of patients 
achieved disease control, clinical efficacy of doxycycline has been 
shown indirectly. 
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Figure 50.21 Diagnostic pathway for bullous pemphigoid. (10-15%) 


The diagnostic gold standard is still direct immunofluorescence 
(IF) microscopy of a perilesional biopsy. About 90% of patients 
can be diagnosed based on the clinical picture and serological 
tests. 1, Commercially available assay; 2, only available in 
specialised diagnostic centres; 3, reactivity with laminin 332 
has only been described in individual patients without 
predominant mucosal manifestations; 4, with positive direct IF 
microscopy and epidermal binding of IgG by indirect IF 
microscopy on salt-split skin or n-serrated/undetermined IgG 
binding by direct IF microscopy and no reactivity against p200 
antigen, laminin y1 and type VII collagen. 


Controlled randomised trials with dupilumab (anti-IL-4oR), 
benralizumab (anti-IL-5R), bertilimumab (anti-eotaxin 1), nomaco- 
pan (anti-C5a/LTB4), avdoralimab (anti-C5aR1) and efgartigimod 
(anti-FcRn inhibitor) are performed or scheduled. 


Other clinical studies. Larger uncontrolled studies were performed 
with chlorambucil (prospective) as well as with dapsone, methotrex- 
ate and low-dose oral cyclophosphamide (all retrospective) 
[246,270-273]. In addition, in small patient cohorts and individ- 
ual cases, the successful use of erythromycin [274], ciclosporin 
[275], leflunomide [276], rituximab [277-279], immunoadsorption 
[280-282], omalizumab [279,283], dupilumab [284] and nomacopan 
(anti-C5a/LTB4) has been reported [285]. 


Treatment guidelines. Guidelines from different national and inter- 
national organisations have been established including the 
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Brazilian, British, French, German, Italian and Japanese derma- 
tological societies as well as the EADV [165,286,287,288-290,291]. 

British colleagues proposed the lesional application of topical 
clobetasol propionate 0.05% ointment with or without prednisolone 
0.3mg/kg/day or the combination of the topical corticosteroid 
with anti-inflammatory antibiotics, e.g. doxycycline, tetracycline, 
minocycline and erythromycin as initial treatment for mild disease 
[287]. For moderate and severe disease, they recommend: (i) topical 
clobetasol propionate 0.05% (5-15 g twice daily to the whole skin 
surface); (ii) prednisolone 0.5-1.0 mg/kg/day plus lesional topical 
corticosteroid; or (iii) the combination of the topical corticosteroid 
with anti-inflammatory antibiotics. 

German colleagues recommend topical clobetasol propionate 
0.05% for mild BP, and for moderate BP the same regimen alone 
or, if required, combined with systemic treatment. For severe 
BP, the combination of topical clobetasol propionate 0.05% and 
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Table 50.3 Diagnosis of bullous pemphigoid (BP) according to the recommendations of 
the S2k guideline of the German Society of Dermatology [256]. 


BP can be diagnosed in case of the following constellations: 

¢ Compatible clinical picture and positive direct IF microscopy and reactivity with 
BP180? and/or BP2304 

Compatible clinical picture and positive direct IF microscopy and epidermal binding 
of IgG by indirect IF microscopy on salt-split skin 

Clinical picture with tense blisters and epidermal binding of IgG by indirect IF 
microscopy on split skin or monkey oesophagus and reactivity with BP180? and/or 
BP230° 

Clinical picture with tense blisters and corresponding histopathology and epidermal 
binding of IgG in indirect IF microscopy on salt-split skin 

Compatible clinical picture and corresponding histopathology (with subepidermal 
cleavage) and reactivity with BP180 

Clinical picture with tense blisters and pronounced reactivity with BP180° (e.g. > 3 
times the lower detection threshold) 


2 In commercial assays (ELISA or indirect IF microscopy). IF, immunofluorescence. 


systemic treatment is recommended. As systemic treatment, pred- 
nisolone at an initial dose of 0.5mg/kg/day is recommended with 
or without azathioprine, dapsone, doxycycline, methotrexate or 
mycophenolate. Dapsone, doxycycline or methotrexate can also 
be used without the systemic corticosteroid. In refractory patients, 
immunoadsorption/plasmapheresis, rituximab or IVIG is recom- 
mended [165]. The EADV guideline was updated in 2022 [291]. 


Management algorithm 

Most clinicians would treat localised and mild BP with lesional, 
very potent topical corticosteroids alone (see Treatment ladder, 
below). For moderate BP, very potent topical corticosteroids can 
be combined with oral prednisolone <0.5 mg/kg/day, dapsone or 
doxycycline (see Treatment ladder, below). For severe BP, the com- 
bination of very potent topical corticosteroids with prednisolone 
0.5mg/kg/day and dapsone, doxycycline, methotrexate, azathio- 
prine or mycophenolate is proposed. The corticosteroid-sparing 
agent may be chosen depending on personal experience; the high- 
est evidence has been provided for doxycycline and dapsone. In 
refractory patients, immunoadsorption/plasmapheresis, rituximab 
or IVIG may be added (see Treatment ladder, below). 


Treatment ladder for bullous pemphigoid? 


Localised and mild disease? 
e Lesional very potent topical corticosteroids 2x/day 


Moderate disease” 

First line 

e Very potent topical corticosteroids on the whole body surface 
2x/day* 


Second line 
e Very potent topical corticosteroids on the whole body surface 
2x/day* 


plus 

¢ Doxycycline 200 mg/day or 

¢ Dapsone 1.0-1.5mg/kg/day (with normal 
glucose-6-phosphate dehydrogenase levels) 


or 
e Prednisolone 0.5mg/kg/day tapering 
e with or without doxycycline or dapsone 


Third line 

e Very potent topical corticosteroids on the whole body surface 
2x/day* or 

e Prednisolone 0.5mg/kg/day tapering 


plus 

e Azathioprine 2.5mg/kg/day (with normal TPMT activity) or 

¢ Methotrexate 10-20 mg/week or 

¢ Mycophenoles (mofetil 2 g/day, gastroresistant 
mycophenolic acid 1.44 g/day) 


Severe disease” 
First line 
e Very potent topical corticosteroids on lesions x2/day 


plus 

e Prednisolone 0.5mg/kg/day tapering 

with 

¢ Doxycycline or dapsone or second line azathioprine, 
methotrexate or mycophenoles 
In case of insufficient response increase prednisolone to 

0.75 mg/kg/day, and if still insufficient to 1.0 mg/kg/day 
In refractory patients, add immunoadsorption, rituximab 

or IVIG 


*Guidelines differ considerably [299]; here, the preferred approach of 
the authors is presented. 

’Localised and mild disease has been defined as involvement of <10% 
of body surface of BPDAI <20, moderate disease as involvement of 
10-30% of body surface or BPDAI between 20 and 57, and severe 
disease as >10 new lesions per day, involvement of >30% of body 
surface or BPDAI >57 [165,237,245]. 

‘If not possible, prednisolone 0.5 mg/kg/day tapering can be used. 
IVIG, intravenous immunoglobulin; TPMT, thiopurine methyl 
transferase. 


Mucous membrane pemphigoid = 


Definition, nomenclature and classification 

An international consensus conference defined mucous membrane 
pemphigoid (MMP) as an immunobullous disease with autoanti- 
bodies against components of the DEJ and predominant mucosal 
involvement [1] (Table 50.2). Previously, the term cicatricial pem- 
phigoid was used synonymously for MMP. Currently, cicatricial 
pemphigoid only refers to the rare clinical variant in which mucous 
membranes are not predominantly affected and skin lesions heal 
with scarring (see Rare pemphigoid variants) [1]. Due to this defini- 
tion, there is some overlap with linear IgA disease (in patients with 
predominant IgA anti-DEJ antibodies) and EBA in patients with 
autoantibodies against type VII collagen) [2] (Figure 50.22). Later 
patients are now classified as MMP irrespective of the predominant 
autoantibody isotype or specificity [3,4]. The previously used syn- 
onym benign MMP has been abandoned. Patients with single site 


Table 50.4 Randomised controlled trials in bullous pemphigoid. 


Number of 
Year Intervention patients Outcome Comment 
2020 [261] Mepolizumab (anti-IL-5 antibody) 750 mg 30 No difference between number of relapses at No evidence to support mepolizumab 
every 4 weeks over 12 weeks versus weeks 16 and 36 and the median time until 
placebo; both with standard oral relapse 
corticosteroids 
2017 [259] Azathioprine 1.5-2.5 mg/kg/day versus 54 The primary endpoint, i.e. time until complete Underpowered study which indicated the 
dapsone 1.5 mg/kg/day; both with tapering of methylprednisolone was not corticosteroid-sparing potential of 
methylprednisolone 0.5 mg/kg/day significantly different between the two dapsone 
arms; the cumulative methylprednisolone 
dose was lower in the dapsone arm 
(P = 0.06) 
2017 [258] Mild to severe disease: doxycycline 253 Treatment success at week 6 in 92% of the Both primary endpoints were met; 
200 mg/day versus prednisolone prednisolone group compared with 74% in doxycycline was non-inferior to 
0.5 mg/kg/day; both combined with the doxycycline arm; difference was not prednisolone after 6 weeks and resulted 
topical mometasone furoate <30/week significantly inferior to the predefined 25% in less severe adverse effects after 
for the first 3 weeks margin; at week 52 significantly less severe 52 weeks. Unusual study design that 
adverse events in patients started with evaluated the treatment approach rather 
doxycycline than the efficacy of the drugs 
2017 [260] Patients refractory to prednisolone 56 Disease activity score at day 15 was IVIG has clinical efficacy in BP 
0.4 mg/kg/day: single cycle of IVIG 2 g/kg significantly lower in the IVIG group 
versus placebo 
2009 [262] Moderate disease: topical clobetasol 312 Moderate disease: twofold lower risk for 1-year mortality: 28-45% 
propionate 0.05% 40 g/day for 1 year death and severe adverse events in the 
(high dose) versus topical clobetasol low-dose group. More relapses in the 
propionate 0.05% 30 g/day for 4 months low-dose group (51% versus 32%) 
(low dose) Extensive disease: no difference in efficacy and 
Extensive disease: low-dose versus high-dose adverse events 
regimen 
2006 [292] Azathioprine 2 mg/kg/day versus 73 No difference in time to healing of all lesions 
mycophenolate mofetil 2 g/day; both and cumulative corticosteroid dose (primary 
with methylprednisolone 0.5 mg/kg/day endpoints). More patients with elevated 
liver enzymes in the azathioprine arm 
2002 [245] Moderate disease: topical clobetasol 341 Moderate disease: no difference in efficacy Landmark study that showed the efficacy of 
propionate 0.05% 40 g/day for 1 year and adverse events topical corticosteroids and the high risk of 
versus prednisolone 0.5 mg/kg/day Extensive disease: lower 1-year mortality long-term higher dose (1. mg/day) 
Extensive disease: topical clobetasol (primary endpoint) and less severe adverse prednisolone 
propionate 0.05% 40 g/day for 1 year events with topical steroids 
versus prednisolone 1.0 mg/kg/day 
1994 [293] Nicotinamide 3 x 500 mg/day plus 20 Less adverse events in the tetracycline arm. Low number of patients 
oxytetracycline 4 x 500 mg/day versus No difference in efficacy 
prednisolone 40-80 mg/day 
1993 [294] Prednisolone 1 mg/kg/day versus 100 No difference in efficacy (disease control after Termination of the study following interim 
prednisolone 1 mg/kg/day plus 4 weeks and 6 months). More severe analysis after 6 months due to severe 
azathioprine 100-150 mg/day versus adverse events in the azathioprine arm adverse events in 30% of patients, in 
prednisolone 1 mg/kg/day plus 14% fatal 
plasmapheresis (x4 one- to fivefold 
plasma volume within 2 weeks) 
1993 [295] Prednisolone versus methylprednisolone, 57 No difference in efficacy after 5 days. After Double blinded; only 10 days follow-up 
1.0-1.5 mg/kg/day prednisolone 10 days less pruritus in the 
equivalent methylprednisolone group. Four severe 
adverse events within the first 10 days 
1984 [296] Prednisolone 0.75 mg/kg/day versus 46 No difference in efficacy after 21 and 51 days 
prednisolone 1.25 mg/kg/day for 3 (complete healing of lesions) and number 
weeks, then tapering of adverse events 
1984 [297] Prednisolone 0.3 mg/kg/day versus 4 Higher efficacy in the plasmapheresis group Only mild adverse reactions of 
prednisolone 0.3 mg/kg/day plus (more patients could be treated with the plasmapheresis 
plasmapheresis (x8 1.5-fold plasma initial prednisolone dose, lower cumulative 
volume within 2 weeks). When no steroid dose) 
response after 1 week, prednisolone 
1 mg/kg/day 
1978 [298] Prednisolone 30-80 mg/day versus 25 Lower cumulative steroid dose with Long follow-up time 


prednisolone 30-80 mg/day plus 
azathioprine 2.5 mg/kg/day 


azathioprine after follow-up of 3 years 


ze 
2 
E 
= 
= 
q 
oll 
LL 
< 


PART 4 


Subepidermal immunobullous diseases 50.23 


DERMATOSES 


DERMATOSES 


> 
c 
= 
< 
= 
= 
< 
oll 
LL 
= 
oe 
- 
c 
a 


50.24 Chapter 50: Immunobullous Diseases 


Bullous 
pemphigoid 


Mucous membrane 
pemphigoid 


Linear IgA 


disease 


Cicatricial 
pemphigoid 


Brunsting—Perry 
pemphigoid 


Figure 50.22 Diagnostic overlap between mucous membrane pemphigoid (MMP), 
linear IgA disease, epidermolysis bullosa acquisita (EBA), cicatricial pemphigoid and 
bullous pemphigoid. MMP is diagnosed in any patient with predominant mucosal lesions 
and antibodies against proteins of the basal membrane zone of surface-close epithelia 
irrespective of the autoantibody isotype and specificity [3]. Brunsting—Perry pemphigoid 
can be regarded as variant of cicatricial pemphigoid or EBA. The size of the circles 
approximates the incidence of the diseases. 


involvement are termed ocular MMP, oral MMP, laryngeal MMP, 
etc., for example. 


Introduction and general description 
MMP is the second most frequent autoimmune blistering disease in 
Central Europe. By definition, it predominantly affects the mucous 
membranes, most frequently the oral cavity followed by conjuncti- 
vae, nasopharynx, skin, the anogenital region, larynx and oesoph- 
agus [1,3,5,6]. Severe complications may arise with laryngeal and 
oesophageal involvement; conjunctival lesions result in scarring 
with a high risk of vision impairment and, ultimately, blindness. 
The disease was first differentiated from pemphigus and BP in 
1953 by Walter Lever as benign MMP or pemphigus conjunctivae 
[7]. Earlier reports of the disease are available by Wichmann (1798), 
Cooper (1858), Morris and Roberts (1889), and Thost (1911) [8-10]. 
As defined in the 1st International Consensus on MMP in 2002 [1] 
and elaborated in the 53 guideline of the EADV in 2021 [3,4], diag- 
nosis is based on the clinical presentation of predominant mucosal 
manifestations and the detection of linear deposits of IgG and/or 
IgA and/or C3 at the DEJ by direct IF microscopy of a perilesional 
biopsy. Serum autoantibodies are only present in low titres com- 
pared with BP and detectable in 50-60% of patients. In about half 
of the patients, indirect IF microscopy on salt-split human skin, the 
standard screening test for serum autoantibodies in pemphigoid 
diseases, is negative [11,12]. In MMP, four target antigens have 
been well characterised on the molecular level: BP180 (type XVII 
collagen), BP230, laminin 332 and type VII collagen [2,4]. Additional 
data are required to confirm studies that described «6f4 integrin as 


target antigen in MMP [4]. Reactivity with laminin 332 was shown 
to be associated with a malignancy in 25-30% of patients [4,13-18]. 
The clinical features and immunopathology are summarised in 
Table 50.2. 


Epidemiology 

Incidence and prevalence 

In the early 1990s, the incidence was determined to be 0.9 and 
1.3/million/year in Germany and France, respectively. Ten years 
later, the incidence appeared to have increased to 2.0/million/year 
in Germany [19-21]. In a prospective study, the incidence in the 
state of Schleswig-Holstein, Germany, was 2.1/million/year in 2016 
[22]. The incidence of ocular MMP was calculated to be 0.7 and 
0.8/million/year in the Australia/ New Zealand and UK, respec- 
tively [23,24]. In 2014, the prevalence of MMP has been calculated 
to be 24.6/million inhabitants in Germany [25]. 


Age 

MMP is a disease of late middle to old age with a mean age of onset 
between 60 and 70 years [6,25-29]. It very rarely affects children 
and teenagers with only a few cases reported [30,31,32]. 


Sex 
In a compilation of a large case series, a female predominance of 
1.5- and 2.3-fold was reported [26,29]. 


Ethnicity 
No geographical or racial predilection was observed. 


Associated diseases 

In several patient cohorts, 25-30% of patients with anti-laminin 
332 antibodies presented with a solid cancer [13,14-17]. Recently, 
in a bicentric study with more than 150 MMP patients, a 6.8-fold 
higher risk of malignancy was calculated in anti-laminin 332 MMP 
patients compared with the general population [18]. In this study 
also, ocular lesions were associated with an increased risk of internal 
malignancies [18]. The S3 EADV guideline recommends a tumour 
search in every MMP patient with laminin 332-specific serum IgG 
[4]. No association with a malignancy was found in MMP patients 
overall irrespective of the target antigen as well as in patients with 
anti-«6B4 reactivity [33-35]. In some patients, an association with 
other autoimmune disorders such as thyroid diseases, rheumatoid 
arthritis, systemic lupus erythematosus and polyarthritis nodosa 
was observed [1,36]. 


Pathophysiology 

Four different target antigens in patients with MMP have been 
recognised at the molecular level: BP180 (in about 75% of patients) 
[11,37], laminin 332 [38] (formerly termed laminin 5 and epili- 
grin; in 10-20%) [11,39-41], BP230 (in 25%; nearly exclusively in 
conjunction with anti-BP180 reactivity) [42] and type VII collagen 
(in <5% of patients) (Table 50.2) [4]. Reactivity against multiple 
antigens has repeatedly been reported [37,43-45]. In contrast to 
BP, C-terminal epitopes on BP180 are predominantly recognised 
in MMP rather than the NC16A domain, which is targeted by 
about 50% of BP180-reactive sera [11,37,43,46,47—-50]. In about a 


third of BP180-reactive sera, additional reactivity against epitopes 
on the intracellular portion of the molecule were described [11]. 
Antibodies against laminin 332 mainly react with the 03 chain with 
frequent reactivities against more than one chain [4]. Autoantibod- 
ies against an additional structural protein of the DEJ, «664 integrin, 
have been reported. IgG against «6 integrin was associated with 
oral lesions and reactivity against B4 integrin with ocular involve- 
ment [51-53]. Reactivity against «684 integrin, however, awaits 
confirmation by independent laboratories [4]. 

Autoantibodies in MMP may be IgG, IgA or of both isotypes 
[11,12,54-56]. A dual IgG and IgA autoantibody reactivity and 
antibodies against laminin 332 were associated with a more severe 
clinical phenotype [39,57]. Reactivity with BP180NC16A was more 
frequent in monosite mucosal lesions [18]. Higher disease activity 
was also linked to reactivity with multiple BP180 epitopes, and the 
HLA class II alleles DQB1*301, DRB1*04 and DRB1*11 [12,37]. 

The pathogenic relevance of autoantibodies in MMP has been 
demonstrated both in vitro and in vivo. Incubation with anti-BP180 
NC16A IgG resulted in more prominent BP180 depletion in cultured 
skin compared with oral keratinocytes, whereas IgG against the 
BP180 C-terminus, which alone was not pathogenic in this in vitro 
system, led to BP180 depletion from both skin and oral keratinocytes 
when co-incubated with anti-BP180 NC16A IgG [58]. This observa- 
tion was explained by the higher BP180 expression in oral compared 
with skin keratinocytes as well as the impaired interaction of the 
BP180 C-terminus with collagen type IV in oral keratinocytes upon 
treatment with IgG against the BP180 C-terminus [58,59]. The 
pathogenic relevance of antibodies against the BP180 C-terminus 
has not yet been shown in vivo. 

Passive transfer of anti-laminin 332 IgG to neonatal or adult mice 
induced subepidermal blisters of skin and mucous membranes 
reproducing clinical, histological and immunopathological features 
of human MMP [60]. Of note and in contrast to BP, injection of 
Fab fragments against laminin 332 resulted in lesion formation and 
lesions could also be induced in mice lacking complement, mast 
cells or T cells, suggesting that such anti-laminin 332 antibodies 
elicit epidermal detachment in an Fc-independent manner [60,61]. 
In contrast, injection of IgG against the murine «6843 chain in adult 
mice resulted in predominant oral and conjunctival as well as skin 
lesions. Lesion formation was completely dependent on Fcy recep- 
tors and drastically reduced in C5a receptor-deficient mice [62]. In 
the latter model, dapsone significantly mitigated the development 
of both oral and skin lesions [63]. 

Antibodies to the «6 and B4 subunits of «684 integrin were shown 
to induce separation along the DEJ in organ cultures of oral and 
conjunctival mucosa [52,64-66] and injection of rabbit IgG against 
intracellular fragments of 64 integrin in neonatal mice induced 
subepidermal skin blisters [67]. 

Limited data about the role of T cells are available in MMP. In a 
subgroup of patients, peripheral T cells released IFNy after stimula- 
tion with NC16A peptides [68]. 

Since scarring is the major pathogenic process in conjunctival dis- 
ease, fibrosis has been intensively studied in biopsies and cultured 
conjunctival fibroblasts. Various profibrotic factors were identified, 
including heat shock protein 47, connective tissue growth factor, 
TGF-8, IL-4, IL-5, IL-13 and TNF-o [69-71]. 


Predisposing factors 

No predisposing factors are known. It may be speculated that in the 
subgroup of anti-laminin 332 MMP associated with solid cancers, 
pathological expression of laminin 332 in the tumour tissue may 
have triggered the autoimmune disease. 


Pathology 

Histopathology. Histological examination of a blister is helpful 
only if the blister is intact and recent. Biopsy of an erosion is not 
adequate. Blisters in the mouth and on the skin show subepithelial 
or subepidermal blister formation, but often lack distinctive and 
diagnostic features. There are usually fewer eosinophils present 
in the cutaneous lymphohistiocytic infiltrate than in BP. However, 
MMP cannot be differentiated from other pemphigoid diseases 
based on histopathology [9,72]. At a later stage, fibrosis, the distinc- 
tive feature of MMP, may develop. The conjunctiva shows epithelial 
metaplasia, reduced numbers of goblet cells, and an lymphocytic 
infiltrate with plasma cells and an increased number of mast cells in 
the substantia propria, fibrosis of the lamina propria accompanied 
by inflammatory cells and an appearance of granulation tissue in 
the submucosa [73]. 


Tissue-bound autoantibodies. Tissue-bound autoantibodies can 
be visualised by direct IF microscopy of a perilesional biopsy. Linear 
deposits of IgG, C3 and/or IgA at the DEJ are diagnostic together 
with a compatible clinical phenotype (Figure 50.12) [1]. For further 
differentiation of the anti-DE] staining, the n- versus u-pattern anal- 
ysis can be performed [15] (Figure 50.12, insert). In all pemphigoid 
disease except EBA, an n-serrated pattern is seen. Alternatively, the 
biopsy is treated with 1M NaCl solution to induce an artificial split 
in the DEJ at the lamina lucida level [74]. Autoantibody specificities 
can then be detected in a similar way to indirect IF microscopy on 
1M NaCl-split skin (see later; Figure 50.13). A further, not routinely 
available method is the double IF labelling of tissue-bound and 
defined antigens of the DEJ analysed by laser scanning confocal 
microscopy [75] that differentiates anti-laminin 332 MMP from 
BP, anti-p200 pemphigoid and reactivity with type VII collagen. 
The sensitivity of detection of linear C3d or C4d at the DEJ in 
paraffin-embedded issue biopsies was about 50% significantly 
lower compared with the same approach in BP [76]. 


Serum autoantibodies. Major characteristics of serum autoanti- 
bodies have been described above (see Pathophysiology, earlier). 

For routine analysis of circulating autoantibodies, indirect IF 
microscopy on 1M NaCl-split human skin is most appropriate 
(Figure 50.13). Its sensitivity of 50-70% is considerably lower as in 
BP [11,77-79]. Reactivity depends on the target antigen(s) and can 
be epidermal (most cases), dermal, or both (Figure 50.13). Monkey 
oesophagus, a BIOCHIP™ mosaic (Figure 50.14) and ELISA systems 
for anti-BP180 NC16A and anti-BP230 antibodies and a BIOCHIP™ 
mosaic with recombinant laminin 333 are commercially available 
[4,80,81,82]. 

Using skin from patients with epidermolysis bullosa that lack 
laminin 332 or type VII collagen expression by indirect IF in com- 
parison with normal skin is an elegant method to detect antibodies 
against the two antigens [83]. Furthermore, indirect immuno- 
electron microscopy (rarely available) [84] and various in-house 
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ELISA, immunoblotting and immunoprecipitation analyses using 
cell-derived or recombinant forms of BP180, BP230, laminin 
332, 684 integrin and type VII collagen are used in specialised 
laboratories. 


Genetics 

Associations with HLA-DQB1*03(01) [85-90], DRB1*04 [89] and 
DRB1*11(01) [88,89] have been reported. In contrast, a decreased 
frequency of the HLA-DRB1*02 allele was noted [88]. In MMP 
with ocular involvement, associations with HLA-DQB1*03(01) 
[85,87,91-93], DRB1*04 [87] and HLA-B12 [94] were found. In a 
genome-wide association study with British and German patients, 
the p-galactocerebrosidase (GALC) gene was associated with 
susceptibility to MMP [95]. 


Environmental factors 
No environmental factors have been discovered so far. 


Clinical features 

Presentation 

MMP most frequently affects the oral cavity (in 85% of patients) fol- 
lowed by conjunctivae (65%), skin (25-30%), nasal cavity (40-20%), 
anogenital area (20%), pharynx (20%), larynx (5-10%) and oesoph- 
agus (5-15%) [1,3,5,6,27]. Involvement of the trachea, urethra 
and anal canal has been reported in individual patients [96-98]. At 
all affected body sites except the oral cavity, lesions tend to heal 
with scarring. The various clinical manifestations of MMP have 
been extensively reviewed in the EADV S3 guideline [3]. 

The extent of oral lesions may vary considerably from mild 
almost asymptomatic erosions and chronic gingivitis to exten- 
sive extremely painful ulcers (Figure 50.23). Nasal lesions may 
present as haemorrhagic crusts and epistaxis, and can finally lead 
to disfiguring fibrosis and septum perforation. Pharyngeal lesions 
manifest with odynophagia, with initial involvement of the larynx 
as hoarseness. Oesophageal disease becomes symptomatic with 
dysphagia, odynophagia and heartburn. Genital lesions usually 
present with erosions (Figure 50.24). Scarring may lead to labial 
fusion and introital shrinkage with end-stage scarring that may be 
indistinguishable from lichen sclerosus [99]. Skin lesions may either 
resemble BP or heal with scarring and milia formation (Figure 50.25). 

Ocular lesions usually start unilaterally with subtle symptoms 
such as burning, dryness and foreign body sensation, and may 
proceed to scar formation causing shortening of the inferior fornix, 
symblepharon, trichiasis, neovascularisation and, finally, blindness 
(Figure 50.26) (reviewed in [3,69]). Within 2 years, the disease 
is usually bilateral [5]. All patients with MMP should be seen 
by an ophthalmologist to recognise subtle changes by slit-lamp 
examination and measurement of the fornix depth (Figure 50.27). 
The latter is an objective clinical parameter for disease activity. 
In patients without initial ocular involvement, the annual risk 
for developing eye lesions was 5% over the first 5 years [6]. Of 
interest, ocular lesions have recently been associated with internal 
malignancies [18]. 

So far, reactivity with a specific target antigen has not been linked 
with a specific clinical presentation. Some data about a more fre- 
quent oral and pharyngo-laryngeal involvement in patients with 
anti-laminin 332 reactivity have been presented [100]. Of note, 


because 25-30% of patients with anti-laminin 332 MMP have a solid 
cancer is present, a thorough tumour search is required in patients 
with this subtype of MMP [3]. 


Clinical variants 

Oral pemphigoid. The term oral pemphigoid is used when the 
disease is restricted to the oral cavity. The predominant symptoms 
upon presentation include discomfort, burning, gingival bleeding, 
mucosal peeling and difficulty in eating. Desquamative gingivitis 
is the most frequent manifestation. Extragingival lesions present as 
reddish patches, erosion and blisters [3,101]. 


Ocular pemphigoid. When MMP is confined to the conjunctivae, 
which is found in about 20% of patients, the term ocular pemphigoid 
is applied [1,6]. Many patients initially complain of redness, tearing, 
burning, decreased vision and foreign body sensation. By the time 
of diagnosis, most patients have moderate to severe conjunctival 
inflammation with advanced cicatrising disease and symblepharon 
formation [3]. 


Vulvar pemphigoid. This rarely reported entity is characterised 
by recurrent blistering confined to the vulva of young girls, which 
does not result in scarring [102,103]. This form usually responds 
well to topical corticosteroids. 


Differential diagnosis 

The oral lesions, which may appear first, must be differentiated from 
PV, paraneoplastic pemphigus, oral lichen planus, Behcet disease, 
Stevens-Johnson syndrome and bacterial gingivitis [6]. Pemphi- 
gus can be excluded by direct IF microscopy or serologically. 
Lichen planus and Stevens-Johnson syndrome may be diagnosed 
histopathologically or, more easily, when skin or nail involvement 
is present. 

For ocular disease, in particular when the conjunctivae are the 
only site of manifestation (ocular pemphigoid) and direct IF 
microscopy is negative (in about 20% of ocular pemphigoid), diag- 
nosis can be challenging. Ocular rosacea, chronic anti-glaucoma 
therapy, conjunctival lichen planus, Stevens-Johnson syndrome, 
toxic epidermal necrolysis, Sjogren syndrome, graft-versus-host 
disease, chronic allergic conjunctivitis, severe atopic dermatitis, 
trauma, and viral and bacterial infections need to be excluded 
[4,6,23,69,104]. 


Classification of severity 
Several classifications for ocular involvement of MMP have been 
proposed (reviewed in [3]). The classification of Foster is relatively 
simple and may also be applied by dermatologists [105]. The 
Mondino and Tauber systems require the measurement of fornix 
depth and better allow the documentation of disease progression 
(Table 50.5) [106-109]. An international panel of experts has recently 
proposed definitions for outcome measures and a clinical scoring 
system, the MMP Disease Area Index. The index records severity of 
skin lesions at 12 anatomical sites, scalp, mucosal lesions at 10 sites 
and both eyes [110]. The Oral Diseases Severity Score has also 
been validated for oral lesions in MMP [111]. 

The S3 guideline has defined mild and moderate MMP as dis- 
eases limited to the oral mucosa with or without skin involvement 
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Figure 50.23 Oral lesions in mucous membrane pemphigoid. 


50.28 Chapter 50: Immunobullous Diseases 


> 
& 
2 
< 
= 
= 
¢ 
al 
Li. 
= 


DERMATOSES 


PART 4 


(b) 


Table 50.5 Classification of ocular disease in mucous membrane pemphigoid. 


Stage Foster [105] Mondino [106-108] Tauber [109] 


Loss of inferior fornix 
0-25% 
25-50% 


| Subconjunctival 
scarring/fibrosis 
ll Shortening of fornix 


Subconjunctival scarring/ 
fibrosis 

Shortening of fornix 

a-d describes loss of 
inferior fornix depth 

a. 0-25% 

b. 25-50% 

c. 50-75% 

d. 75-100% 

Ill Symblepharon 50-75% Symblepharon 

a-d describes horizontal 
involvement by 
symblephara 

a. 0-25% 

b. 25-50% 

c. 50-75% 

d. 75-100% 

75-100% 


IV Ankyloblepharon Ankyloblepharon 


replacing the term ‘low-risk’ MMP of the 2002 consensus. Severe 
MMP is now defined as MMP affecting an extraoral/cutaneous site 
replacing the term ‘high-risk’ MMP [1,3,4]. 


Complications and co-morbidities 

Ocular inflammation and fibrosis can lead to the destruction of 
the tear ducts, corneal ulceration, corneal pannus and, ultimately, 
blindness. If laryngeal involvement is severe, life-threatening 
stenosis can occur requiring tracheotomy [112]. Deafness from 


Figure 50.24 Genital involvement in mucous 
membrane pemphigoid. 


involvement of the middle ear has been reported [27] as well as 
carcinoma arising from chronic oral and oesophageal lesions [113]. 

In 25-30% of patients with anti-laminin 332 MMP, a solid cancer 
develops [3]. 


Disease course and prognosis 

MMP is typically a chronic and progressive disease. The disease 
often extends over many years with periods of activity and exten- 
sion followed by quiescent phases. Unlike BP and linear IgA disease, 
MMP rarely goes into spontaneous remission except in localised 
oral disease [9,114,115]. Patients with dual IgG and IgA anti-DEJ 
autoantibodies were shown to have a more severe and persistent 
disease [12]. 


Investigations and diagnosis 
Diagnosis is based on the combination of the clinical picture, 
direct IF microscopy, and serology. In contrast to BP, diagnosis is 
complicated by the generally lower amounts of autoantibodies 
both tissue-bound and circulating. In ocular involvement, close 
collaboration with an ophthalmologist experienced with the disease 
is mandatory for diagnosis, treatment decisions and follow-up. 
Direct IF microscopy is the major diagnostic test for MMP with 
a sensitivity between 70% and 88% [4,116,117]. Indistinguishable 
from BP, deposition of IgG and/or C3 and, to a lesser degree, of IgA 
along the DE] is detected. Serration pattern analysis (Figure 50.12, 
Figure 50.33) is not helpful in mucosal biopsies to differentiate 
deposition of anti-type VII collagen antibodies from other antibody 
specificities [118]. In ocular MMP, detection of autoantibodies by 
direct IF microscopy may fail in up to 20% [6,119]. The site for 
biopsy often presents a challenge. Direct IF of a biopsy from skin 
was more sensitive than from conjunctiva in MMP with ocular 
involvement, biopsies from normal buccal mucosa revealed a 


Figure 50.25 Skin lesions in mucous membrane 
pemphigoid. Brownish erythema, erosions and 
some crusts on the right thigh (a). Erosions, 
ulcerations and some atrophic scars on the right 
buttock (b). Multiple crusted erosions on the right 
hand (c). Atrophic alopecic scar on the right 
occiput (d). Of note, all patients had concurrently 
predominant mucous membrane lesions (not 
shown). 


(c) 
similar sensitivity compared with perilesional oral mucosa, and 
importantly, repeated biopsies for direct IF increased the sensitivity 
from 70% to 95% [117,120,121]. According to the S3 guideline [4], 
we recommend a perilesional skin biopsy in patients with skin 
involvement, and in patients without skin involvement the intact 
buccal mucosa as the biopsy site. This also applies for patients 
without oral lesions. If negative, a repeated biopsy preferentially 
from another mucosal site is recommended. If a conjunctival biopsy 
is required on suspicion of ocular pemphigoid, to avoid the risk of 


disease exacerbation, infiltration anaesthesia should be avoided, 


biopsy size limited to 2 x 3mm, the upper fornix or limbus chosen 
as the biopsy site, and surgery may follow topical treatment with 
corticosteroids and antibiotic for 1 week. 

By indirect IF microscopy on salt-split skin, epidermal and/or 
dermal staining of the artificial split is seen depending on the target 
antigen (Figure 50.13). In contrast to BP, MMP sera contain anti-DEJ 
reactivity at low titres (1:10-1:40) and in a lower percentage (50-80%) 
[4,5,11,12,43]. In about 60% of MMP sera, IgA autoantibodies can be 
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Figure 50.26 (a) Ocular disease in mucous membrane pemphigoid. Conjunctival 
hyperaemia, inferior fornix shortening and loss of the plica in early disease (Foster Il, 
Mondino Il, Tauber IIb). (b) Loss of the temporal fornix and symblepharon with loss of 
lashes (Foster Ill, Mondino Ill, Tauber Id). (c) Intensive conjunctival injection with discrete 
shortening of the inferior fornix and periocular erosions and crusts. (d) Shortening of the 
inferior fornix and limbal scarring (white arrows. (e) Complete loss of inferior fornix with 
some symblephara and loss of lashes (Foster Ill, Mondino IV, Tauber Ild, IIIb). (f) End stage 
disease showing a ‘frozen globe’ and keratin covering the dry surface (Foster IV, 
Mondino IV, Tauber IV) (f). 


detected [11,12,37,43,122,123] and in 10-30% of sera, autoantibody 
reactivity is restricted to the IgA isotype [11,116,123]. Due to the rel- 
atively low indirect IF microscopy reactivity it is also recommended 
to use antigen-specific highly standardised test systems to detect 
serum autoantibodies in indirect IF-negative patients. Commercial 
test systems for serum IgG against BP180 NC16A, BP230, type VII 
collagen and, more recently, against laminin 332 are available [4]. 
Latter indirect IF assay is based on the BIOCHIP™ technology and 
uses a human cell line recombinantly expressing laminin 332 on 
the cell surface. In a large multicentre study, this method revealed a 
sensitivity of 84% and a specificity of 100% (Figure 50.28) [81]. Due 
to the associated malignancy in 25-30% of patients, detection of 
anti-laminin 332 serum IgG is recommended in every patient with 
negative indirect IF on salt-split skin or dermal binding [4]. IgA and 
IgE antibodies against laminin 332 have also been reported in indi- 
vidual MMP patients [124,125]. Elegantly, indirect IF microscopy on 
laminin 332-deficient skin can be applied in salt-split skin-reactive 
sera [83]. 

So far, no widely available assay for antibodies against the BP180 
C-terminus has been established. For detection of these antibodies, 
various assays based on recombinant fragments or cell-derived 
forms of BP180, including the soluble ectodomain of BP180 (LAD-1) 
in conditioned concentrated medium of cultured keratinocytes, as 


Figure 50.27 Fornix meter. Measurement of the fornix depth by an experienced 
ophthalmologist is important for objective assessment of ocular disease activity. Courtesy 
of Dr Gerd Geerling, Department of Ophthalmology, University of Dusseldorf, Germany. 


well as, for example, extract of human oral mucosa, amniotic mem- 
brane and cultured oral keratinocytes are employed in specialised 
laboratories [11,37,41,43,46-50,123,126-128]. Immunoblotting with 
bovine gingiva lysate, hemidesmosomal-rich extract, and recombi- 
nant fragments have been used to determine serum a6P4integrin- 
specific antibodies in three specialised laboratories [51-53,129]; 
currently, this service is limited to anti-B4 integrin IgG in one 
of them. 

Lesional histopathology facilitates differentiation of MMP from 
PV and is helpful to evaluate differential diagnoses if direct IF and 
serology are negative [4]. 

The diagnostic work-up in MMP is summarised in Figure 50.29. 


Management 

General principles of management 

The treatment of MMP is challenging for several reasons: (i) only 
three controlled therapeutic trials have been conducted; (ii) clinical 
response to immunosuppression in patients with severe disease, 
in particular with ocular lesions, is poor; and (iii) conjunctival 
fibrosis is irreversible and, in contrast to other pemphigoid dis- 
eases, causes permanent damage when treatment is delayed or 
ineffective [1,73]. In fact, conjunctival, laryngeal and oesophageal 
scarring may even continue for some time after inflammation has 
been successfully treated. The primary treatment aim is to stop 
the inflammation without delay. Management of MMP warrants 
a multidisciplinary approach involving specialists from dermatol- 
ogy, ophthalmology, otorhinolaryngology, gastroenterology and 
gynaecology /urology [4]. 


Controlled randomised trials. In all three trials, only ocular involve- 
ment was studied. One trial with 24 patients showed a superior 
effect of oral cyclophosphamide 2 mg/day plus prednisolone 
1.0mg/kg/day versus prednisolone 1.0mg/kg/day alone. The 
other trial included 40 patients and compared dapsone 2 mg/kg/day 
and cyclophosphamide 2mg/day with response in 14 and 20 
patients, respectively [73,130]. In a more recent study with 30 MMP 
patients from Egypt, the IV administration of the anti-TNF-o 
drug pentoxifylline in combination with corticosteroid and 


Figure 50.28 Biochip™ mosaic for detection of serum anti-laminin 332 IgG. 
HEK293 cells recombinantly express the laminin 332 heterotrimer on their 
cell surface. IgG reactivity is seen with an MMP serum (a) but not a normal 
human serum (b). Of note, transfection of cells is suboptimal to also provide 
laminin 332-negative cells as an internal negative control. (a) 


cyclophosphamide pulses was more effective than corticosteroid 
and cyclophosphamide pulses alone [131]. 


Other clinical studies. Larger uncontrolled studies showed efficacy 
of the sulpha drugs dapsone, sulphapyridine and sulphamethoxy- 
pyridazine (in oral, ocular and generalised MMP) [130,132], 
cyclophosphamide (ocular, oral and generalised MMP) [130,133], 
minocycline (oral MMP) [130], topical mitomycin (ocular MMP) 
[134,135], methotrexate (ocular MMP) [136,137], mycophenolate 
mofetil (ocular MMP) [138,139] and IVIG (ocular and oral MMP) 
[140-142]. 

A retrospective study with 115 patients with ocular lesions 
(223 eyes) reported the highest efficacy for cyclophosphamide 
followed by mycophenolate, azathioprine and dapsone, with the 
lowest number of adverse reactions for mycophenolate and the 
highest for azathioprine [139]. In a similarly designed study with 
15 MMP patients, colchicine was identified as the most effective 
drug in combination with prednisolone 40 mg/day compared with 
azathioprine, cyclophosphamide, tetracycline and dapsone [143]. 

Since the first use of rituximab in severe treatment refractory MMP 
that led to healing of all oral lesions but could not prevent progres- 
sion of ocular disease [144], data from more than 100 patients, 
mostly with generalised MMP, are available [145]. The two largest 
studies included 24 and 25 cases [146,147]. All 24 rituximab-treated 
patients reached disease control (as defined in [110]) compared with 
40% of 25 MMP patients treated with conventional immuno- 
suppression [147]. A systematic review, including the latter 
two studies, concluded that in about 70% of the 112 included 
rituximab-treated MMP patients, all lesions had healed, which 
is about 10-20% fewer compared with pemphigus [148-150]. Of 
note, relapses occurred in about a third of rituximab-treated MMP 
patients [145,147,151,152]. To this end, five rituximab-unresponsive 
patients rapidly achieved complete remission on IVIG [153]. In 
the above-mentioned systematic review, complete remission was 
reported in 62% of 154 MMP patients treated with IVIG and 71% of 
seven patients following use of TNF-« inhibitors [145]. 

In addition, individual patients were successfully treated with 
the proteasome-inhibitor bortezomib and the JAK1/2 inhibitor 
baricitinib, respectively [154,155]. 

Comprehensive overviews about all published clinical studies 
were provided by the Cochrane Collaboration (until 2005) and, 
more recently, the 53 guideline [4,156]. 


(b) 


Treatment guidelines. National guidelines for the management of 
MMP have been proposed by French, Japanese and Brazilian soci- 
eties of dermatology [157-159]. The recommendations of the EADV 
53 guideline are presented later [4]. 

In mild and moderate MMP, i.e. in patients with lesions limited 
to the mouth with or without skin involvement, high-potency 
topical corticosteroids as adhesive paste, mouthwash or spray are 
proposed as first line therapy either alone or in combination with 
dapsone, methotrexate or doxycycline [4]. In refractory oral MMP, 
intralesional triamcinolone has been applied successfully [160]. 
High-potency topical corticosteroids are also recommended as 
first line approach for genital MMP, in particular in vulvar MMP 
in minors. Secondary infection of oral and genital mucosae with 
candida is common and should be treated with antifungal therapy. 
Oral hygiene, including patient instructions and professional peri- 
odontal therapy, is recommended since periodontal plaques and 
bleeding in oral MMP are significantly reduced if recommendations 
are followed [161]. In all other forms of severe MMP, defined as 
MMP with extraoral manifestations excluding the skin, systemic 
medication in addition to topical treatment is recommended [4]. 


Management algorithm 
The treatment ladder is modified from the EADV S3 guideline [4]. 
In ocular involvement, close cooperation with an ophthalmol- 
ogist experienced in MMP is required to monitor ocular disease 
activity, adjust topical treatment including corticosteroids, tetracy- 
clines, cyclosporine and lubricants, as well as surgical therapy for 
control of trichiasis [4]. Treatment of ocular MMP, i.e. in patients 
with lesions limited to the eyes, is detailed elsewhere [4,162-164]. 


Treatment ladder for mucous membrane 
pemphigoid 


Oral pemphigoid (mild and moderate MMP)? 


Mild 

First line 

¢ Oral hygiene and 

¢ Topical high-potency topical corticosteroids 


Second line 
e As in moderate oral MMP 
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- Compatible with mucous membrane pemphigoid 
- Predominant mucosal lesions 


Direct immunofluorescence (IF) microscopy 


Perilesional 


Intercellular IgG/C3 IgG/igA/C3 Negative 


in the epithelium/epidermis along the DEJ y 
t { Repeat biopsy 
Pemphigus If negative and 
(vulgaris or paraneoplastic) high ae Suspicion 
zevseecaneesonsscensscenssesosecs Y nn Repeat biopsy 
Reactivity with | frsssssssesseesseeesnesnseensesnsesnsesnsnensnennneeed If negative 
type Vil collagen | ¢ _ y-serrated n-serrated or y 
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Indirect immunofluorescence microscopy! 


on human salt-split skin 


IgG/IgA at . or IgG/IgA at 
blister roof Negative (COS 07) blister floor 


BP180 and BP230 ELISA or indirect IF® ELISA or indirect IF? 


es Laminin332 TYPE VII Negatives 
collagen 
ELISA/ Western blotting 
with recombinant or 
cell-derived forms of geeteeeeeeeeeensecaneeennneeaeeeeens ‘ 


BP180/ BP2304 ? Tumour search 
~y vt v 


Figure 50.29 Diagnostic pathway for mucous membrane pemphigoid (MMP) (adapted from the EADV S3 guideline). 1, Unlike in ocular MMP; in ocular MMP, the combination of 
direct immunofluorescence (IF) and serology is negative in up to 20-50% of patients; 2, serum autoantibodies are recommended to be determined irrespective of the direct IF result; 3, 
commercially available (for IgG antibodies); 4, only available in specialised diagnostic centres; 5, with positive direct and/or indirect IF microscopy. 


Moderate 

First line 

e Asin mild oral MMP plus 

¢ Dapsone 1.0-1.5mg/kg/day? or 

e Tetracyclines, e.g. doxycycline 200 mg/day or minocycline 
50 mg/day 


Second line 
e As in severe oral MMP 


Severe 

e As in moderate oral MMP plus 

e Prednisolone 0.5 mg/kg/day tapering plus 

¢ Mycophenoles (mofetil 2 g/day, gastroresistant 
mycophenoloic acid 1.440 g/day) 


Severe MMP? 

First line 

¢ Dapsone 1.0-1.5 mg/kg/day? plus prednisolone 
0.5-1.0mg/kg/day tapering® 

¢ incase of rapid progression in conjunctivae, larynx or 
oesophagus plus 

¢ Cyclophosphamide (50 mg/day p.o. or 500-50 mg/ 
3-4 weeks IV)4 


Second line 

e Prednisolone 0.5-1.0 mg/kg/day tapering‘ plus 

¢ Dapsone 1.0-1.5mg/kg/day” or mycophenoles (see above) 
plus 

e Rituximab 2x 1g 


Third line 
e plus IVIG 


As defined by [3,4]. 

>With normal glucose-6-phosphate-dehydrogenase level. 
‘Alternatively, IV dexamethasone pulses (100 mg on 3 consecutive days 
every 3-4 weeks) can be applied. 

4 After disease control has been achieved, mycophenolates (mofetil 

2 g/day, gastroresistant mycophenoloic acid 1.440 g/day) can be given. 


Linear IgA disease -— 


Definition, nomenclature and classification 

This pemphigoid disease is defined by its main immunopathologi- 
cal feature, the exclusive or predominant binding of IgA along the 
DEJ (Table 50.2). Linear IgA disease (LAD) is the most frequent 
autoimmune blistering disease in infants and children. For this 
age group, several terms have been designed (see Synonyms and 
inclusions). It later became clear that, immunopathologically, dis- 
eases in children and adults are identical, although some clinical 
features may slightly differ. The use of the term LAD for both age 
groups is therefore recommended. Some overlap is seen with BP 
(in patients with dual IgG and IgA deposition along the DEJ) and 
EBA (in patients with IgA autoantibodies against type VII colla- 
gen) [1,2]. The recent EADV S3 guideline for mucous membrane 
pemphigoid has classified patients with predominant mucosal 


lesions irrespective of the autoantibodies isotype as MMP [3,4] 
(Figure 50.22). 


tosis of childhood 


ropriate) 
dermatosis of childhood), L12.8 (other pemphigoid 


Introduction and general description 

Tense blisters, vesicles and annular erythema are the clinical hall- 
marks. Frequently, blisters are arranged annularly, a formation 
referred to as ‘crown of jewels’ or ‘string of pearls’ and mucous 
membrane lesions are present. Skin lesions have the same morphol- 
ogy in children and adults. However, they arise more abruptly in 
children and predilection sites are different [5,6]. 

LAD was first differentiated from dermatitis herpetiformis in 
1975 by Chorzelski and Jablonska by the finding of linear deposits 
of IgA antibodies at the DEJ by direct IF microscopy [7-9]. The 
linear deposits of predominant or exclusive IgA antibodies at the 
DEJ are still the diagnostic hallmark of LAD [1]. As for the other 
pemphigoid diseases, indirect IF microscopy on human salt-split 
skin is an appropriate screening test for serum IgA antibodies 
in suspected LAD [10,11]. Inmunodominant epitopes were later 
localised on the ectodomain of BP180 [12,13]. Reactivity with type 
VII collagen, BP230, laminin 332 and various not molecularly 
characterised antigens have also been described [14,15-21]. 

The clinical features and immunopathology are summarised in 
Table 50.2. 


Epidemiology 

Incidence and prevalence 

An incidence of 0.25-1.0 patients with LAD/million/year was 
reported in Central Europe, Singapore and Kuwait [22-25]. In a 
prospective study, the incidence in the state of Schleswig-Holstein, 
Germany, was 1.0/ million/year in 2016 [26]. LAD is the most 
frequent autoimmune blistering diseases in children, while the 
majority of LAD patients are adults. In 2014, the prevalence of LAD 
has been calculated to be 10.3/million inhabitants in Germany [27]. 
In minors, the prevalence was 24.5/million in the age group below 
18 years of age [28]. The incidence appeared to be higher in devel- 
oping countries such as Malaysia, India, Thailand, Tunisia, Mali, 
South Africa and Uganda [29-35]. It may be speculated that this is 
related to the different age distribution of the populations with up 
to half of the population being minors in these countries [29]. 
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Age 

LAD is the most frequent immunobullous disorder in children [36]. 
As such, two peaks of onset are recognised, below the age of 5 and 
between the age of 60 and 65 years [5,27]. 


Sex 
A slight female predominance was observed [5]. However, larger 
studies are lacking. 


Ethnicity 
No geographical or racial predilection was observed. 


Associated diseases 

A slightly higher frequency of lymphoproliferative disorders and 
non-lymphoid malignancies as well as ulcerative colitis compared 
with the general population has been found [37-39]. A recent 
literature review showed that in 94% of LAD patients with con- 
comitant ulcerative colitis, the colitis preceded the autoimmune 
blistering diseases indicating that the bowel disease most likely 
triggers the immunobullous disorder [40]. Of interest, BP180, 
the only target antigen identified in these LAD patients, is also 
expressed in the basement membrane zone of colon. Furthermore, 
numerous case reports with a variety of concomitant diseases in 
LAD have been published [6]. 


Pathophysiology 

The major target antigen is the ectodomain of BP180. Initially, two 
target molecules in LAD were described. Zone et al. reported a 
97kDa protein in the extract of human epidermis and dermis 
termed the linear IgA bullous dermatosis antigen (LABD) 97 and 
Marinkovich et al. a 120kDa protein in the conditioned culture 
supernatant of human keratinocytes, referred to as linear IgA 
antigen-1 (LAD-1) [12,13]. Later, it became clear that both anti- 
gens represent C-terminal portions of BP180 [41,42] (Figure 50.30). 
The N-termini of both antigens were localised within the NC16A 
domain of BP180 [43]. LAD-1 has different N-termini since the 
shedding of this fragment from the cell surface is mediated by at 
least three different sheddases (ADAM 9, 10, and 17) [44] producing 
BP180 fragments with different cleavage sites between Asp514 and 
Ala531 [42,43,45] (Figure 50.30). Some of them may function as 
neoepitopes [45,46]. LABD97 appears to be generated from BP180 
by plasmin [47]. 

In contrast to BP and MMP, the BP180 NC16A domain is targeted 
in only 20% of LAD patients [48]. Exclusive IgA reactivity against 
the NC16A domain has only been described in individual patients 
[48,49]. Most patients react with multiple epitopes on the BP180 
ectodomain [48,50]. In line with this, NC16A-specific T cells have 
been identified in LAD patients [51]. 

IgA antibodies in LAD were reported to be exclusively of the IgA1 
subclass [52]. In fact, the majority of LAD sera, in addition to IgA 
anti-BP180 antibodies, also contain IgG antibodies against BP180 
[50,53]. Interestingly, in most BP sera, IgA anti-BP180 antibodies 
can also be detected [53]. The two diseases may thus be regarded 
as different ends of a continuous spectrum with some overlap [53] 
(Figure 50.22). This notion is supported by the finding that the 
isotype of anti-DEJ reactivity was associated with the age of the 
patients: in younger patients, IgA autoantibodies predominated, 


514-531 


Figure 50.30 Schematic diagram of BP180 (type VII collagen) and its cell-derived 
fragments recognised by linear IgA disease (LAD) sera. Most LAD sera contain IgA 
reactivity against two fragments of the BP180 ectodomain, the 97 kDa linear IgA 
bullous dermatosis antigen (LABD97) and the 120 kDa linear IgA disease antigen 1 
(LAD-1). While LABD97 is present in extract of human epidermis and dermis, LAD-1 is 
shed by ADAM 9, 10, and 17 from membrane-bound full-length BP180 of cultured 
human keratinocytes and, depending on the particular ADAM, has different N-termini. 
In only about 20% of LAD sera, IgA antibodies against the extracellular portion of the 
16th non-collagenous domain (NC16A), the immunodominant region in bullous 
pemphigoid and pemphigoid gestationis, are found. Green boxes, collagenous domains; 
yellow, cell membrane. Amino acid numbers are depicted above the molecules. 


whereas in older patients preferentially anti-DEJ antibodies of the 
IgG isotype were found [29]. For patients with equal IgG and IgA 
reactivity against the DEJ, the diagnosis ‘mixed immunobullous 
dermatosis’ or ‘linear IgA/IgG bullous dermatosis’ was proposed 
[54,55] (see Clinical variants, later). 

The mechanism of blister formation in LAD is not fully under- 
stood but is likely to involve IgA- and complement-mediated 
neutrophil chemotaxis. The pathogenic role of autoantibodies was 
first suggested by the adherence of stimulated human neutrophils 
along the DEJ after preincubation with LAD serum [56]. In line 
with this, in cultured human skin samples, the incubation with 
LAD sera resulted in dermal-epidermal separation [57]. In both 
approaches, the direct effect of serum proteases or IgG antibodies 
could not be excluded. The injection of monoclonal IgA anti-LAD-1 
antibodies in human skin grafted onto SCID mice leading to 
microscopic subepidermal splitting in some of the mice, was the 
first direct proof of the pathogenic potential of IgA antibodies 
in LAD [58]. In line, monoclonal IgA against type VII collagen 
induced dermal-epidermal separation in normal human skin after 
incubation with normal human leukocytes [59]. 

In conjunction with anti-BP180 antibodies, IgA reactivity against 
BP230 can be found in some LAD sera [18,60]. Predominant or 
exclusive IgA antibodies against type VII collagen have been 
reported in a number of patients [15,19,61,62]. These patients can be 
attributed to the sublamina densa variant of LAD [63] and may also 
be diagnosed as IgA EBA (see below) (Figure 50.22). In individual 
patients, IgA antibodies against laminin 332 and the p200 antigen 
were reported [16,17,64]. 


Predisposing factors 

LAD can be triggered by various drugs, most frequently van- 
comycin (in 50-60% of reported cases), followed by penicillins, 
non-steroidal anti-inflammatory drugs and phenytoin (all in about 


5% of reported cases) [5,37,65—-70]. In line, in a retrospective study 
with 69 drug-associated LAD patients retrieved from the French 
Pharmacovigilance network, 57% patients used vancomycin [71]. 
Of note, in some cases of vancomycin-induced LAD, IgA reac- 
tivity only reacted by indirect IF microscopy on human skin as 
well as with recombinant type VII collagen by immunoblotting 
and ELISA when sera were co-incubated with vancomycin [72]. A 
large number of other drugs were also associated with the onset 
of LAD [6,70,71,73]. Furthermore, infections, trauma, vaccination, 
UV-radiation exposure and building work in the home were also 
reported as precipitating factors [5,37,69,74-76]. 


Pathology 
Histopathology of a lesional biopsy typically shows subepider- 
mal splitting and in the majority of patients, an infiltrate with 
neutrophils in the papillary dermis sometimes forming microab- 
scesses as typically seen in dermatitis herpetiformis. In about a 
quarter of patients, eosinophils predominate and in about 50% of 
patients, lymphocytes are present [5,62,77,78] (Figure 50.31). Similar 
alterations may be seen in other pemphigoid diseases including 
BP, MMP and anti-p200 pemphigoid. Accumulation of IL-8 was 
observed in the epidermis and perivascularly and of IL-5 at the site 
of blistering [78]. 

Tissue-bound autoantibodies can be visualised by direct IF 
microscopy of a perilesional biopsy. Linear deposits of IgA, fre- 
quently accompanied by weaker staining of IgG and/or C3, at the 
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Figure 50.31 Lesional histopathology of linear IgA disease. H&E staining shows 
subepidermal splitting with a dense inflammatory infiltrate in the blister cavity and the 
underlying upper dermis composed of neutrophils, eosinophils and some lymphocytes. 
A similar histopathological pattern may also be seen in bullous pemphigoid, mucous 
membrane pemphigoid and anti-p200 pemphigoid. 


DE] are diagnostic (Figure 50.32). By serration pattern analysis, a 
u-serrated pattern is seen with anti-type VII collagen autoantibodies 
(Figure 50.33). In all other autoantibody specificities, an n-serrated 
pattern is observed [61,79-81] (Figure 50.12, insert). 

By direct immunoelectron microscopy three binding patterns of 
IgA autoantibodies have been described; at the lamina lucida, at or 
below the lamina densa, and, reported by Prost et al., above and 
below the lamina lucida in a so-called mirror image [82-85]. These 
observations have led to the concept of classifying LAD in a lam- 
ina lucida type and a sublamina densa type. The latter type is most 
likely characterised by autoantibodies against type VII collagen [63] 
and may also be classified as IgA EBA. 


Figure 50.32 Direct immunofluorescence microscopy of a perilesional biopsy in linear 
IgA disease. Linear deposition of IgA at the dermal-epidermal junction. 


Figure 50.33 Direct immunofluorescence microscopy of a perilesional biopsy of a 
patient with epidermolysis bullosa acquisita. Linear deposition of IgG at the 
dermal-epidermal junction. A u-serrated pattern is seen (inset) with IgA reactivity in IgA 
epidermolysis bullosa acquisita (not shown). 
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Genetics 

The only study on the genetic susceptibility of LAD identi- 
fied an association with HLA-B8, HLA-Cw7, DR3, DR2 and the 
TNEF2 allele as well as in children, with B8, DR3, DQ2, and also 
TNEF2 [86]. In addition, five of 20 South African children with LAD 
(all black Africans) had the B8 allele, which is uncommon in this 
population [31]. 


Environmental factors 
No environmental factors have been discovered so far. Trigger fac- 
tors were described in Predisposing factors, earlier. 


Clinical features 

Presentation 

In both children and adults, the individual lesions are similar, 
including tense blisters and vesicles, urticated plaques, erosions 
and red macules (Figures 50.34 and 50.35) [5]. Blisters and vesicles 
frequently arise in an annular pattern with blistering along the edge 
of lesions forming the so-called ‘string of pearls’, ‘crown of jewels’, 
or ‘cluster of jewels’ sign (Figure 50.36a) [6]. Of note, this sign is not 
pathognomonic for LAD and may also be seen in BP (Figure 50.36b). 
Pruritus is variable from absent to severe. In children, lesions arise 
more abruptly compared with adults and tend to involve the peri- 
oral area and perineum in addition to the other predilection sites, 
trunk and limbs. The latter localisations are mainly involved in 
adult patients [5,87]. Mucosal involvement is common (in about 
60-70% of patients) with mostly oral erosions and ulcers; nasal 
crusting and genital lesions may also occur [5,62]. When mucous 
membrane lesions are predominant, MMP is diagnosed [3,4] 
(Figure 50.22). As in BP, lesions tend to heal without scarring unless 
extensive superinfection occurs. Milia formation is uncommon. 


Clinical variants 
Mixed immunobullous disease and linear IgA/IgG bullous der- 
matosis. For patients with equal IgA and IgG deposits at the DEJ, 


Figure 50.34 Linear IgA disease. Erosions and tense blisters on the trunk in a Ugandan 
child. Lesions were also present on the face. 


as defined by direct or indirect IF microscopy, these two terms have 
been proposed [54,55,88]. No specific clinical phenotype was identi- 
fied in these entities. Since in most LAD patients, IgG autoantibodies 
against proteins of the DEJ can also be found [50,53,54,88,89] and 
most BP sera also contain IgA autoantibodies, these cases may 
represent the centre of an LAD-BP spectrum. 


Sub-lamina densa variant and IgA EBA. The sub-lamina densa vari- 
ant as defined by the direct immunoelectron microscopical appear- 
ance, dermal binding of IgA along the floor of the artificial blister 
by indirect IF microscopy of human salt-split skin, or IgA reactiv- 
ity against type VII collagen, is a rare subtype comprising 2—9% of 
LAD patients [90,91]. Classification of this variant as LAD or EBA is 
currently debated [2]. In a study with four patients with this vari- 
ant, they appeared to differ from patients with the lamina lucida 
subtype with respect to higher co-morbidities and refractory treat- 
ment responses [91]. 


Differential diagnosis 
In young children, bullous impetigo may resemble initial lesions. 
Hereditary epidermolysis bullosa is often present at birth and the 
family history is helpful. The adult disease may be confused with 
atypical erythema multiforme, neurotic excoriations and prurigo. 
In both age groups, dermatitis herpetiformis (antibodies against 
epidermal and/or tissue transglutaminase with granular deposits 
of IgA in the dermal papillae by direct IF microscopy), BP (autoan- 
tibodies against the DEJ preferentially of the IgG isotype and 
reactivity against BP180 and/or BP230), MMP (predominant 
mucosal involvement) and EBA (reactivity against type VII colla- 
gen) need to be distinguished. Key clinical and immunopathological 
features of these diseases are detailed in the corresponding chapters 
and summarised in Table 50.2. 


Classification of severity 

No scoring system for the quantification of disease activity has been 
validated in LAD. The BPDAI score, developed for BP, or the ABSIS 
score may be applied [92,93]. 


Complications and co-morbidities 
No specific complications and co-morbidities related to the pem- 
phigoid disease have been described. 


Disease course and prognosis 

Patients with LAD almost always respond well to treatment. 
Preliminary data suggest a more refractory course in patients with 
the sub-lamina densa variant [91]. Relapses may occur over the next 
2-4 years but are usually less severe than the initial disease episode. 
During pregnancy, the disease appears to improve with relapses 
within a few months post-partum [94]. Most children go into com- 
plete remission within 2 years of disease onset and only very rarely 
does the disease persist after puberty [5,95,96]. Drug-induced LAD 
usually heals within 4-8 weeks after discontinuation of the drug. 
Some cases, however, have persisted for months [97]. 


Investigations and diagnosis 
Diagnosis is based on the combination of the clinical picture and 
direct IF microscopy. Linear deposits of predominant or exclusive 


Figure 50.35 Linear IgA disease. Tense blisters in an 
annular pattern on the thighs (a), erosions on the tongue 
(b), erythema and blisters on the right gluteal region (c), 
and tense blisters and crusted erosions on the penis (e) in 
adult patients. 


(a) (b) 


Figure 50.36 ‘Cluster of jewels’ or ‘string of pearls’ sign. The peculiar appearance of vesicles in an annular pattern or along the edge of a lesion is frequently seen in linear IgA disease 
(a). However, it is not pathognomonic and may also be observed in bullous pemphigoid (b). 
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IgA deposits at the DEJ are diagnostic for LAD. Patients meeting 
these criteria and predominant mucosal involvement are diagnosed 
as MMP [3,4]. Whether patients with predominant IgA reactivity 
against type VII collagen are classified as sub-lamina densa type 
of LAD or as IgA EBA will be clarified in the EADV S2k guideline 
of LAD. 

For screening of serum autoantibodies, indirect IF microscopy 
on monkey oesophagus or, even more sensitive and informative, 
on 1M NaCl-split human skin, can be used. The latter assay 
usually reveals IgA binding at low titres (1:10-1:40) with a 
sensitivity of 60-70% [10,11,21,48,90] and can differentiate anti- 
BP180/BP230 reactivity (epidermal binding) from anti-type VII 
collagen reactivity (dermal binding) (Figure 50.13). Blister fluid can 
be applied as an alternative to serum and may be easier to obtain in 
a child [98]. 

To pinpoint the fine specificities of serum autoantibodies, various 
assays, all of them not commercially available, can be performed. 
Antibodies against the ectodomain of BP180 can be detected by 
immunoblotting with extracts of epidermal, dermal and amniotic 
membrane (LADB-97) [13,62], conditioned medium of cul- 
tured keratinocytes and extract of amniotic membrane (LAD-1) 
[12,62,90,99,100] and various recombinant fragments [50,99,101], as 
well as by ELISA [102]. Assays for serum antibodies against type 
VII collagen are described in the Epidermolysis bullosa acquisita 
section, later. 


Management 
General principles of management 
No prospective controlled clinical trial or larger case series have 
been reported. Patients usually respond well to treatment. When 
drug-induced LAD is suspected, in particular in patients using 
vancomycin, penicillins, non-steroidal anti-inflammatory drugs 
or phenytoin, the drug needs to be suspended before treatment 
is initiated. In localised or limited disease potent topical corti- 
costeroids may suffice. Otherwise, dapsone 1.0-1.5mg/kg/day 
in combination with potent topical corticosteroids is regarded as 
first line treatment [1,87,103,104]. Glucose-6-phosphate dehydroge- 
nase deficiency should be excluded before dapsone is prescribed. 
The most frequent adverse events are anaemia (a reduction of 
haemoglobin of 1-2g¢/dL can be expected), methaemoglobuli- 
naemia and increased liver enzymes. Agranulocytosis is rare but 
can be fatal and at least monthly blood counts are required. In 
cases of fever, agranulocytosis needs to be excluded [105]. Sulpha- 
pyridine and, often better tolerated, sulphamethoxypyridazine 
are an alternative to dapsone. Some patients may require con- 
comitant low-dose prednisone (0.25-0.5 mg/kg/day) to suppress 
blister formation [1,103]. In refractory patients, erythromycin, 
colchicine, flucloxacillin, methotrexate, cyclosporine, tetracy- 
cline and nicotinamide, IVIG, azathioprine, mycophenolates and 
immunoadsorption have been employed successfully [106]. 
Guidelines of both the French and Brazilian Societies of Der- 
matology recommend dapsone as first line treatment followed by 
sulphones. While the French guideline reserves topical corticos- 
teroids for severe and refractory cases, the Brazilian colleagues 
recommend them as the first line approach in mild LAD [104,107]. 


Treatment ladder for linear IgA disease? 


First line 
¢ Dapsone 1.0-1.5 mg/kg/day? plus 
¢ Potent topical corticosteroids 


Second line 

¢ Other sulpha drugs (sulphapyridine, 
sulphamethoxypyridazine) plus 

e Potent topical corticosteroids 


Third line 
e plus prednisolone 0.25-0.5 mg/kg/day 


Fourth line 

¢ Mycophenoles (mofetil 2 g/day, gastroresistant 
mycophenolic acid 1.440 g/day) plus 

e Prednisolone 0.25-0.5 mg/kg/day 


In refractory cases 
e plus IVIG 2g/kg/month or plus 
¢ Immunoadsorption 


In the sub-lamina densa type/reactivity with type VII collagen, the 
treatment ladder for epidermolysis bullosa acquisita (see later) is 
recommended. 

>With normal glucose-6-phosphate-dehydrogenase level. 


Anti-p200 pemphigoid — Fae 


Definition, nomenclature and classification 

Anti-p200 pemphigoid is a distinct subepidermal bullous skin 
disease characterised by autoantibodies against a 200 kDa protein 
(p200) of the DEJ detected by Western blotting with extract of 
human dermis or epidermis. Clinically, patients resemble bullous 
pemphigoid, but tend to be younger and show more hand and foot 
involvement [1,2]. Laminin y1 is recognised by 70-90% of anti-p200 
pemphigoid sera while, recently, laminin B4 was identified as a 
major autoantigen of this disease [2-4]. 


appropriate) 
has no specific ICD and can be encoded as ICD-10 L12.8 
t otherwise classified) 


Introduction and general description 
Anti-p200 pemphigoid was first described in 1996 by Zillikens and 
Hashimoto [5,6]. Subsequently, the p200 protein was shown to be 


an acidic non-collagenous N-linked glycoprotein that was localised 
within the lower lamina lucida outside of hemidesmosomes by elec- 
tron microscopy [5,6-9]. The p200 protein is different from all major 
target antigens of the DEJ including BP180, BP230, «664 integrin, 
laminin 332, laminin 331, type VI collagen and nidogen [1,3,10]. 
It is synthesised by both keratinocytes and dermal fibroblasts [10]. 
In 2009, Dainichi et al. reported that 90% of anti-p200 pemphigoid 
sera contained antibodies against the C-terminal 245 amino acids 
of laminin y1 and coined the term anti-laminin y1 pemphigoid [3]. 
Subsequently, 70-90% of anti-p200 patients were reported to recog- 
nise laminin y1, while the pathogenic role of anti-laminin y1 antibod- 
ies remained enigmatic [2,11,12]. Recently, laminin B4 was described 
as autoantigen of this disease targeted by nearly all patients [4,13]. 

Traditionally diagnosis is made by the detection of autoantibodies 
against the p200 protein by Western blotting against an extract of 
the upper portion of human dermis [1,5]. Alternatively, epidermal 
extract or recombinant laminin y1 can be applied by Western blotting 
or [3,11,14]. Recently, an indirect IF assay based on the BIOCHIP™ 
technology using recombinant laminin B4 became widely available 
[13]. The detection of the target antigen(s) is of importance, since 
serum autoantibodies in anti-p200 pemphigoid label the dermal side 
of the artificial blister by indirect IF microscopy on salt-split skin and 
thus EBA could mistakenly be diagnosed. In contrast to the latter 
disease, patients with anti-p200 pemphigoid usually well respond 
to topical or medium-dose oral corticosteroids [1]. 

The clinical features and immunopathology are summarised in 
Table 50.2. 


Epidemiology 

Incidence and prevalence 

Anti-p200 pemphigoid is a rare chronic autoimmune disease with 
an increasing number of published cases [1,2,15]. The actual inci- 
dence is considerably higher compared with EBA based on the 
analysis of 141 consecutive pemphigoid sera with dermal binding 
by indirect IF microscopy on human salt-split skin received in 
our routine laboratory from our routine senders. In this cohort, 
reactivity with p200/laminin y1 was about sixfold higher compared 
with reactivity against type VII collagen or laminin 332 [16]. This 
assumption is in line with the incidence of 0.7/million inhabitants 
in 2016 retrieved from the autoimmune blistering disease (AIBD) 
registry in Schleswig-Holstein, a state in northern Germany [17]. 


Age 

The mean age of 113 published patients was 65.5 years, ranging 
from 5 to 94 years [2]. In the so far largest cohort of 245 patients 
diagnosed in Ltibeck, Germany, the mean age was 74 years ranging 
from 28 to 98 years [18]. 


Sex 

A clear male predominance is apparent with 73% of 113 published 
patients and 63% of 245 patients in the Ltibeck cohort being male 
[2,18]. 


Ethnicity 

Since the main diagnostic laboratories for anti-p200 pemphigoid 
are situated in Japan and Central Europe, most published cases 
originate from these regions. When consecutive sera of patients 


from Germany, India and Iran with dermal binding by indirect IF 
microscopy on salt-split skin were examined in the same laboratory, 
the frequency of anti-p200 pemphigoid was about 70%, 30% and 
5%, respectively [16,19,20]. These data are indicative of different 
frequencies in different populations. 


Associated diseases 
Psoriasis was associated in about 30% of the published cases; most 
were Japanese [1,2,15]. 


Pathophysiology 

The C-termini of laminin 64 and laminin y1 have been described as 
an immunodominant region in anti-p200 pemphigoid [3,4,11,12]. 
Laminins are cross- or T-shaped heterotrimers and composed of 
three non-identical protein chains, laminin a, 6 and y [21]. Laminins 
are extracellular matrix glycoproteins and major constituents 
of basement membranes. They interact with nidogen (via the 
N-terminus), perlecan and integrins (via the C-terminus) [22], for 
example. Laminin 64 and laminin y1 are components of various 
laminins of which laminin 311 (with an «3, 61 and y1 chain), laminin 
321 and laminin 511 are expressed in the DEJ [21,23]. Laminin 4 
has previously not been described as a component of the DE). 

Most autoantibodies belong to the IgG4 subclass. An individ- 
ual patient with exclusive IgA autoantibodies against the p200 
antigen but unreactive with laminin y1 has been reported [24]. 
Intermolecular epitope spreading appears to be relatively frequent 
in anti-p200 pemphigoid. In a cohort of 245 sera, one third reacted 
with at least one other antigen in addition to p200/laminin y1, most 
frequently with BP180, followed by BP230 and more rarely with 
type VII collagen and laminin 332 [16,18]. 

To investigate the role of IL-8 in the neutrophil infiltration fre- 
quently seen in the patients’ upper dermis by histopathology, 
Iwata et al. determined the IL-8 release of cultured human ker- 
atinocytes in response to anti-p200 pemphigoid IgG. In contrast 
to BP IgG, incubation with anti-p200 IgG did not result in the 
secretion of IL-8 [25]. These results point to different mechanisms 
of neutrophil accumulation in skin lesions in the two pemphigoid 
diseases. 

Recently, like BP and EBA sera, anti-p200 pemphigoid sera were 
shown to induce dermal-epidermal separation when employed in 
an ex vivo model using cryosections of human skin incubated with 
patients’ sera or IgG and subsequently, with leukocytes from healthy 
volunteers [12]. Of note, anti-p200 pemphigoid IgG affinity-purified 
against various forms of the C-terminus of laminin y1 as well as 
the entire laminin y1 molecule had no effect in this model [12]. 
Interestingly, patients’ sera depleted from laminin y1 reactivity led 
to the same extent of dermal-epidermal separation as patients’ sera 
without depletion [12]. In contrast, anti-laminin B4 IgG induced 
split formation in this ex vivo assay (data unpublished). In the same 
line, we and others were unable to induce clinical disease in mice 
after transfer of anti-murine laminin y1 IgG or immunisation of 
mice with recombinant murine laminin y1 [12,26]. Since laminin 
£4 is not expressed in rodents, demonstrating in vivo pathogenic- 
ity of laminin B4-specific antibodies is challenging. Subsequently, 
antibodies against the N-terminus of laminin y1, that are found in 
about a third of anti-p200 pemphigoid sera, were shown to induce 
dermal-epidermal separation in the cryosections model [12,27]. 
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Figure 50.37 Lesional histopathology of anti-p200 pemphigoid. Subepidermal splitting 
and a dense neutrophilic infiltration below the blister. 


Taken together, the ex vivo and in vivo data indicate that laminin 
B4 can be regarded as the main autoantigen in anti-p200 pem- 
phigoid. Further experiments addressing the in vivo pathogenicity 
of anti-laminin B4 IgG are being awaited. 


Predisposing factors 
None described. 


Pathology 

As for all pemphigoid diseases the histopathological hallmark of 
a lesional biopsy is the subepidermal split accompanied by the 
accumulation of eosinophils and neutrophils in the upper dermis 
[2,28] (Figure 50.37). In some patients, an exclusively lymphocytic 
infiltrate was found. In other patients, microabscesses at the tips of 
dermal papillae may develop [2,28]. Importantly, histopathology 
was shown to not allow the differentiation of anti-p200 pemphigoid 
from other pemphigoid diseases [28]. 

As for all pemphigoid disorders, tissue-bound autoantibodies can 
be visualised by direct IF microscopy of a perilesional biopsy as lin- 
ear deposits of IgG at the DEJ. Pattern analysis reveals an n-serrated 
pattern (Figure 50.12). Exclusive IgA deposits were described in a 
single patient [24]. 


Genetics 
No data available. 


Environmental factors 
None described. 


Clinical features 

Presentation 

Most patients present with tense blisters on reddish or normal 
skin resembling BP [1,2,29,30] (Figure 50.38). Palms, plants and 
head appear as predilection sites (Figure 50.39) [2,31]. As is the 
case for BP, the clinical picture may vary between different patients 


and cases reminiscent of LAD or dermatitis herpetiformis have 
been described as well as predominant eczematous, urticarial and 
prurigo-like variants [14,24,31,32]. In about 40% of patients, mucosal 
surfaces are involved, mostly oral followed by anogenital mucous 
membranes [2,14,25,31]. Lesions usually heal without scarring; 
milia formation has been observed in about 15% of patients [1,2]. 


Clinical variants 
None described. 


Differential diagnosis 

Clinically, BP and LAD are the most relevant differential diagnoses. 
With involvement of hands and feet, pompholyx may be considered. 
Because indirect IF microscopy on salt-split skin IgG autoantibod- 
ies label the dermal side of the artificial blisters, EBA needs to be 
excluded by the detection of antibodies against the p200 antigen 
and/or laminin y1. 


Classification of severity 

No scoring system for the quantification of disease activity has been 
validated in anti-p200 pemphigoid. The BPDAI score, developed for 
BP, or the ABSIS score may be recorded [33,34]. 


Complications and co-morbidities 

No specific complications and co-morbidities related to the pem- 
phigoid disease have been described. The association with psoriasis 
has been described earlier. 


Disease course and prognosis 

The disease typically shows a prompt response to treatment clearly 
contrasting with patients with EBA. Although clinical studies are 
lacking, patients appear to respond to lower doses of corticos- 
teroids compared with BP, and most patients remain in remission 
after tapering of the immunosuppressive medication. 


Investigations and diagnosis 

Like in all AIBD, diagnosis is based on the combination of the clini- 
cal picture, direct IF microscopy and serology. Direct IF microscopy 
of a perilesional biopsy reveals linear labelling of IgG and/or C3 
at the DEJ in an n-serrated pattern, rarely accompanied with linear 
IgA deposits (Figure 50.12). Like this, EBA, that reveals a u-serrated 
pattern (Figure 50.33), can be excluded. By indirect IF microscopy 
on 1M NaCl-split normal human skin, autoantibodies label the 
floor of the artificial split (Figure 50.13). The final diagnosis is then 
made by the demonstration of serum autoantibodies against the 
p200 antigen by immunoblotting with extract of normal human 
dermis or epidermis [5,14,31], laminin 64, and/or against laminin 
y1 (Figure 50.40). Recently, a standardised indirect IF assay based on 
the BIOCHIP™ technology using recombinant laminin B4 became 
widely available. The assay revealed a sensitivity of 99.2 and a 
specificity of 99.3% analysing 239 anti-p200 pemphigoid and 479 
control sera (Figure 50.40). 


Management 

General principles of management 

Due to the rarity of this entity, no randomised controlled studies 
or case series following a specific treatment regimen are available. 


Figure 50.38 Anti-p200 pemphigoid. Erosions, 
haemorrhagic crusts, and tense blisters on the face 
(a), palm (b) and foot (c). 


Figure 50.39 Anti-p200 pemphigoid. 

Erythematous, partly excoriated papules and 
erythema on the right axilla and vesicles and 
erythematosus papules on the right wrist in a | 
52-year-old patient. (a) 


Therapy of anti-p200 pemphigoid may best follow the estab- 
lished algorithms for BP, although in our experience, patients 
usually respond faster to topical and oral corticosteroids. To avoid 
overtreatment, exact diagnosis and differentiation from BP, and 
more importantly, from EBA is warranted. 

Most patients have been treated with tapering doses of pred- 
nisolone 0.5 mg/kg/day in combination with an immunomodulant, 
most frequently by dapsone (in 41% of 113 reviewed cases) followed 


(b) 


by tetracyclines (in 20%) and ciclosporin (in 17%). About one third 
of cases were managed with oral or topical corticosteroids alone 
[35]. Relapses are not uncommon and were observed in about 
40% of 113 reviewed cases, most frequently when topical corti- 
costeroids were used as monotherapy [35]. Individual patients 
were successfully treated with adjuvant colchicine, azathioprine, 
mycophenolate, IVIG, rituximab, ustekinumab, plasmapheresis and 
immunoadsorption [1,30,35-38]. 
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Treatment ladder 


First line 

e Very potent topical corticosteroids on the whole body surface 
2x/day or 

e Prednisolone 0.25-0.5 mg/kg/day tapering plus lesional very 
potent topical corticosteroids 2x/day 

e plus 

¢ Dapsone 1.0-1.5, mg/kg/day or 

¢ Doxycycline 200 mg/day 


Second line 

e Prednisolone 0.5 mg/kg/day tapering plus 

e Azathioprine 2.5mg/kg/day (with normal TPMT activity) or 
mycophenolate (mofetil 2 g/day, gastroresistant 
mycophenolic acid 1.440 g/day) 


Third line 
e Addition of IVIG or immunoadsorption 


Epidermolysis bullosa acquisit 


Definition, nomenclature and classification 

EBA is a clinically heterogeneous subepidermal AIBD defined by 
autoantibodies against type VII collagen [1,2]. Here, EBA is classified 
as pemphigoid disease although originally this term was reserved 
for AIBD with reactivity against hemidesmosomal proteins, thus 
excluding EBA. Since this differentiation is rather subtle, EBA is 


Recombinant C-terminus 


of laminin y1 


— 40 kDa 
— 30 kDa 


— 25 kDa 


Figure 50.40 Anti-p200 pemphigoid: serum 
autoantibodies against the p200 antigen, laminin p4 
and laminin y1. By Western blotting with extract of 
human dermis a 200 kDa protein is recognised in all 
three patients (p200-1-3) as well as with recombinant 
laminin y1 (p200-4—6), while reactivity against 
recombinant laminin y1 is only seen in two patients 
(p200-7-8), but not in patient p200-9 with anti-p200 
pemphigoid. The migration positions of molecular 
weight markers, the p200 antigen (left panel), 
recombinant laminin B4 (middle panel) and 
recombinant the C-terminus of laminin y1 (right 
panel) are indicated. By indirect immunofluorescence 
on HEK293 cells recombinantly expressing laminin B4 
on their cell surface, IgG reactivity is observed with an 
anti-p200 pemphigoid (p200) serum but not a normal 
human serum (NHS). Of note, transfection of cells is 
suboptimal to provide laminin B4-negative cells as 
internal negative control. 
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increasingly included in the group of pemphigoid disorders [3]. 
In patients with predominant IgA anti-type VII collagen antibodies, 
there is diagnostic overlap with LAD (Figure 50.22). Patients with 
predominant mucosal involvement and autoimmunity against type 
VII collagen are classified as MMP [4,5]. 


s (as appropriate) 


Introduction and general description 

EBA is a rare pemphigoid disorder with autoantibodies against 
type VII collagen. Two main clinical subtypes can be differentiated, 
the so-called classic or mechanobullous form initially described 
by Roenigk et al. resembling hereditary dystrophic epidermoly- 
sis bullosa [6] and an inflammatory variant that mimics BP or 
LAD [7-9]. 

The first cases of what we now call EBA were most likely described 
by Elliot in 1895 when reporting two patients with adult onset of 
skin fragility, erosions and blisters healing with scarring, and milia 
formation [10]. In 1970, Roenigk et al. proposed clinical criteria 
for EBA including: (i) negative family or personal history for skin 
blistering; (ii) adult disease onset; (iii) skin lesions that resemble 
hereditary dystrophic EB; and (iv) the exclusion of all other bullous 
diseases [6]. Three years later linear deposits of IgG and C3 at the 
DE] were noted in an EBA patient by direct IF microscopy [11]. In 
1976, direct immunoelectron microscopy localised Ig deposition in 
EBA in the sublamina densa area differentiating the disease from 
BP [12]. In 1984, Woodley et al. described a 290 kDa protein of the 
DEJ as target of serum autoantibodies in EBA [13] and, four years 
later, identified this target antigen as type VII collagen [1]. 


Diagnosis is made by the detection of autoantibodies against 
type VII collagen. An ELISA and IF microscopy-based assay for 
serum anti-type VII collagen antibodies are currently commercially 
available [14,15]. Importantly, since in only half of the EBA patients 
circulating autoantibodies can be detected, the visualisation of 
skin-bound type VII collagen-specific antibodies is paramount. 
This can be achieved by direct immunoelectron microscopy or, 
more practically, by serration pattern analysis of a routine direct IF 
microscopy [2,16]. The pathogenesis of the inflammatory variant of 
EBA is relatively well understood due to recent advances based on 
several in vitro and in vivo models [17,18]. The two mouse models 
of the inflammatory variant of EBA [19,20] have not only generated 
novel insights into the pathophysiology of the disease but also 
allowed the functional preclinical validation of a large variety of 
anti-inflammatory mediators valuable for future therapeutic use 
not only in pemphigoid diseases but also in other inflammatory 
skin disorders. The clinical features and immunopathology of EBA 
are summarised in Table 50.2. 


Epidemiology 

Incidence and prevalence 

The estimated incidence of EBA lies between 0.2 and 0.5 new 
cases/million/year in central Europe, Kuwait and Singapore 
[21-25]. The rarity of the disease in Central Europe is reflected by 
the lack of a newly diagnosed patient in 2016 in the prospective 
Schleswig-Holstein (Northern Germany) registry of autoimmune 
blistering diseases covering a population of 2.86 million. In line with 
this, the prevalence was calculated to be 2.8/million inhabitants, 
e.g. a total of 230 patients, in Germany in 2014 [26,27]. 


Age 

The disease occurs at any age with reported mean ages of disease 
onset of 44, 54 and 57 years in large case series and a mean of 50 years 
in a review of all reported cases [28,29,30,31]. About 5% are children 
and adolescents, a relatively high rate compared with pemphigus, 
BP, MMP and anti-p200 pemphigoid [26,28,31-38]. In contrast, data 
of the largest German insurance company with 1.716 million minors 
based on ICD10 coding revealed only two EBA patients below the 
age of 18 years in 2016 [39]. 


Sex 
In all larger studies, an about equal sex distribution has been 
reported [26,31,40]. 


Ethnicity 

In two studies, EBA occurred more frequently in black patients of 
African descent (66% and 54% of patients, respectively) [41,42]. The 
incidence may vary between different populations as indicated by 
the analysis of consecutive sera with dermal binding by indirect 
IF microscopy on human salt-split skin that showed a relative 
frequency of 95% and 60% in Iran and Southern India compared 
with about 12% in Germany [43-45]. 


Associated diseases 

While two case series from the USA and France revealed an asso- 
ciation with inflammatory bowel disease, in particular Crohn dis- 
ease, in 25% and 16% of patients, respectively, this association was 


not found in 30 Korean patients [29,42,46]. The latter observation is 
supported by the association with Crohn disease in only 0.9% of all 
reviewed EBA cases [31]. Two studies detected antibodies to type 
VII collagen in 6% and 60% of patients with inflammatory bowel 
disease [46,47]. In line with these findings, expression of type VII col- 
lagen was found in the oral cavity, oesophagus, small intestine and 
colon. In fact, in two murine models of EBA, intestinal inflammatory 
lesions were seen in about 20% of animals [48]. 

Associations with numerous systemic diseases, e.g. rheumatoid 
arthritis, diabetes, cryoglobulinaemia and psoriasis were reported 
in individual patients [31,49-51]. Recently, an association with 
haematological malignancies, i.e. lymphoma, was observed in 
about 8% of EBA patients [52]. 

Autoantibodies against type VII collagen are also characteristic for 
bullous systemic lupus erythematosus (see Bullous systemic lupus 
erythematosus, earlier). 


Pathophysiology 

The autoantigen of EBA is homotrimeric type VII collagen, a con- 
stituent of the anchoring fibrils (Chapter 2) [1,13]. Its N-terminal 
145 kDa NC1 domain has been identified as the immunodominant 
region with epitopes spreading across all of this region [1,53-56]. 
Only rare cases with reactivity against the C-terminal NC2 or the 
central collagenous domain are reported [34,57,58]. Patients with 
intermolecular epitope spreading and reactivity with other DEJ 
antigens, i.e. BP180, BP230, laminin 332 and the p200 antigen, in 
addition to type VII collagen-specific antibodies, may occasionally 
been found [28,44,59-61]. 

The pathogenic relevance of autoantibodies in EBA has been 
shown unequivocally. Serum levels of anti-type VII collagen 
antibodies correlate with the disease activity in patients and tran- 
sient neonatal disease was observed following placental transfer 
of autoantibodies from an affected mother [62,63]. Furthermore, dif- 
ferent in vitro and in vivo models have been established that 
have resulted in a relatively well understood pathophysiology 
[19,20,55,64-68]. In these models, patient or rabbit anti-murine 
type VII collagen IgG was incubated with skin sections leading 
to dermal-epidermal splitting or injected into mice resulting in a 
disease phenotype clinically and immunopathologically mimicking 
human EBA. These models are suitable to explore the process of 
tissue destruction induced by anti-type VII collagen antibodies. In 
a further model, immunisation of susceptible mouse strains with 
the recombinant murine NC1 domain triggered a long-standing 
autoimmune response resulting in a subepidermal blistering skin 
disease in 80% of mice [20]. These mouse models, which reproduce 
the inflammatory variant of EBA, have been vigorously employed 
to study its pathophysiology [18,69]. In short, CD4 T cells are piv- 
otal for the induction of autoimmunity against type VII collagen 
with important roles also for B cells, dendritic cells, macrophages 
T regulatory cells and T follicular helper cells [68,70]. In human 
EBA, only limited data are available about the role of T cells that 
were shown to recognise identical regions on the NC1 domain as B 
lymphocytes [71]. 

For tissue destruction by anti-type VII collagen antibodies, 
complement activation in particular of the alternative pathway 
is crucial, as well as neutrophils recruited and activated via the 
murine Fcy receptor IV following interaction with the Fc portion 
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of skin-bound type VII collagen-specific antibodies [19,72-75]. 
Finally, the release of reactive oxygen species, elastase and 
matrix metalloproteinase-9 from neutrophils was shown to induce 
dermal-epidermal splitting [76,77]. In addition, glycosylation of 
autoantibodies was highlighted to be essential for the interaction 
of autoantibodies with their Fcy receptors as well as their interplay 
with complement activation [70,78,79]. The following inflammatory 
markers were described as relevant for EBA tissue inflamma- 
tion: heat-shock protein-90, CARD9, TGFB, IL-1RA, IL-1f, IL-6, 
GM-CSF, LTB4, p38 MAPK, ERK1/2, PI3Kb, RORa, flightless 1, G 
protein-couples receptor 15, phosphodiesterase-4, granzyme B as 
well as Scr and Syk tyrosine kinases [17,72,80-91]. 

Furthermore, the mouse models of EBA have been applied to 
evaluate successfully the anti-inflammatory properties of a variety 
of agents. Among them are, in addition to drugs already in clinical 
use for EBA (e.g. methylprednisolone, [VIG and dapsone), calcitriol, 
etanercept, anakinra, PI3k6 inhibitor, LTB4-C5a inhibitor, soluble 
CD32, propranolol and dimethylfumarate [72,92-102]. The latter 
agents now await clinical application not only for EBA but also in 
other pemphigoid diseases. 


Predisposing factors 

Penicillin, vancomycin in conjunction with gentamycin, UV- 
radiation and contact allergy to metals have been implicated as 
precipitating factors [103-106]. 


Pathology 

As for all pemphigoid diseases, the histopathological hallmark is 
subepidermal blistering. Depending on the clinical subtype, the 
inflammatory infiltrate in the dermis is variable, scarce in the 
mechanobullous variant and dense with predominant neutrophils, 
eosinophils, monocytes and lymphocytes reminiscent of BP in the 
inflammatory subtype [50]. The cleavage plane of the blister may 
be within the lamina densa corresponding to the autoantibody 
deposits as seen by direct electron microscopy or within the lam- 
ina lucida [107-109]. The latter finding may be explained by the 
lamina lucida as the locus minoris resistentiae most susceptible to the 
proteolytic enzymes secreted within the vicinity of the DEJ. 


(b) 


Tissue-bound autoantibodies can be detected by direct immuno- 
electron microscopy or direct IF microscopy of a perilesional biopsy 
as linear deposits of IgG, and/or IgA, and/or C3 at the DEJ. By a 
400-fold magnification the linear binding shows a u-serrated pat- 
tern with a grass-like appearance of Ig deposits [16] (Figure 50.33). 
This pattern is unique to EBA and of particular importance since 
only in about half of patients, can circulating autoantibodies be 
detected. In all other pemphigoid diseases, an n-serrated pattern 
is seen (Figure 50.12). By direct immunoelectron microscopy of a 
perilesional biopsy, a thick band of immune complexes is located 
below the lamina densa in the anchoring fibril zone. Transmission 
electron microscopy of a lesional biopsy demonstrates splitting 
below the lamina densa [2,12,107,108,110,111]. 


Genetics 

EBA is associated with HLA-DR2 (corresponding to HLA-DRB1*15) 
and DRB1*15:03, an allele found frequently in the general popu- 
lation [41,42]. Korean patients more frequently carried DRB1*13 
compared with controls [112]. The relevance of HLA (H2s) and 
non-HLA genes for disease susceptibility was also described in the 
immunisation-induced mouse model of EBA [113,114]. 


Environmental factors 
No environmental factors have been discovered so far. For trigger 
factors see Predisposing factors, earlier. 


Clinical features 

Presentation 

Two main clinical forms can be differentiated, the classical mechano- 
bullous variant, in about a third of patients, and the inflammatory 
subtype [6,28,29,115,116]. The classical mechanobullous phenotype 
mimics hereditary dystrophic epidermolysis bullosa when it is 
severe and porphyria cutanea tarda when it is mild [6]. Clinical 
characteristics are skin fragility, erosions, blisters, crusts and scars 
on trauma-prone areas such as hands, knuckles, elbows, knees and 
toes (Figures 50.41 and 50.42). Scarring alopecia and nail loss may 
occur [6]. The inflammatory variant resembles other pemphigoid 
diseases such as BP and LAD [28,29] (Figures 50.43 and 50.44). 


Figure 50.41 Epidermolysis bullosa acquisita, 
mechanobullous variant. Erythema, erosions and 
crusts on the left knee (a) and erythematous plaques, 
atrophic scars, milia, crusts and a tense blister on 
trauma-prone extensor surface of the left hand of a 
75-year-old man (b). 


(a) (b) 


Figure 50.42 Childhood epidermolysis bullosa acquisita, mechanobullous variant. Erythema, erosions and tense blisters on the trauma-prone dorsal aspects of the toes (a) and 
erosions of the buccal mucosa (b) in a 5-year-old boy. 


Figure 50.43 Epidermolysis bullosa acquisita, 
inflammatory variant. Erosions and tense blisters 
(insert) on the upper back (a), milia (b) and erosions of 
the buccal mucosa (c). (b) 
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Figure 50.44 Childhood epidermolysis bullosa acquisita, inflammatory variant. Perioral 
yellowish crusts and erosions. 


However, both the classic and the inflammatory form may coexist 
in the same patient and the clinical presentation of a given EBA 
patient may change during the disease course [117-119]. Differ- 
entiation between the inflammatory subtypes remains somehow 
arbitrary. Both subtypes may occur in adults (Figures 50.41 and 
50.43) and children (Figures 50.42 and 50.44). Mucous membranes 
are affected in about half of the patients [28,30,40] (Figures 50.42 
and 50.43). Patients with predominant mucosal lesions and autoim- 
munity against type VII collagen are classified as MMP [4,5,120] 
(Figure 50.22). 


Clinical variants 

Brunsting and Perry described patients with a subepidermal blis- 
tering autoimmune disease and skin lesions of the head and neck 
region that healed with scarring [121]. These patients are best 
classified as a variant of cicatricial pemphigoid [120] (see Rare pem- 
phigoid disorders, later). In some patients with the Brunsting—Perry 
phenotype, autoantibodies against type VII collagen have been 
described [28,29,122-124]. These patients may also be classified as 
EBA [28,29,50] (Figure 50.22). 


Differential diagnosis 

Patients with the mechanobullous subtype need to be distin- 
guished from dystrophic epidermolysis bullosa (manifestation at 
birth or in childhood, positive family history in dominant inher- 
itance, negative direct IF microscopy) and porphyria cutanea 
tarda (porphyrins in urine, compatible direct IF microscopy). The 
inflammatory variants mimic BP (reactivity with BP180) and LAD 
(predominant IgA autoantibodies). There is a diagnostic overlap 
with LAD (Figure 50.22). We recommend the diagnosis of EBA in 
all patients with antibodies to type VII collagen irrespective of the 
autoantibody isotype, i.e. sub-classifying patients with exclusive or 
predominant anti-type VII collagen IgA as IgA EBA. This view is 
based on the comparison of IgA EBA cases with both LAD patients 
without type VII collagen reactivity (also sub-classified as lamina 
lucida variant of LAD; see LAD section, earlier) and IgG-EBA 
patients that showed IgA EBA patients to require more intensive 


therapy compared with the LAD patients with the lamina lucida 
variant, as such resembling IgG EBA more [125]. 


Classification of severity 

No scoring system for the disease activity has been validated in 
EBA. The BPDAI score, developed for BP, or the ABSIS score may 
be applied [126,127]. 


Complications and co-morbidities 
No specific complications and co-morbidities related to the pem- 
phigoid disease have been described. 


Disease course and prognosis 

EBA is a chronic relapsing disease that usually is more difficult to 
treat compared with other pemphigoid disorders except MMP with 
ocular, oesophageal and laryngeal involvement [3]. A better over- 
all prognosis was attributed to children with EBA compared with 
adults [33,37]. No difference with respect to response to treatment 
was observed between the mechanobullous and the inflammatory 
variants [29]. 


Investigations and diagnosis 

As is the case for all AIBD, diagnosis is based on the combination of 
the clinical picture, direct IF microscopy and serology (Figure 50.45). 
The present diagnostic hallmark is direct IF microscopy including 
pattern analysis. Pattern analysis, introduced by Vodegel et al. [16], 
is a major step in the diagnosis of EBA, since serum autoanti- 
bodies can be detected in only about half of the patients. The 
previous diagnostic gold standard, i.e. direct electron microscopy, 
is currently only performed in a handful of specialised laboratories 
and has the disadvantage that biopsies need to be processed rapidly 
and thus cannot be sent to these specialised centres [2]. 

Pattern analysis of direct IF is based on careful examination 
of the DEJ that in a 400-fold magnification appears as an undu- 
lated rather than linear labelling. When arches are closed at the 
top, an n-serrated pattern is present (Figure 50.12). When arches 
are closed at the bottom resembling ‘growing grass’, a u-serrated 
pattern is recognised (Figure 50.33). The latter pattern is unique 
to reactivity with type VII collagen in EBA and the rare cases of 
type 1 bullous SLE, whereas all other pemphigoid diseases reveal 
an n-serrated pattern [16]. Serration pattern diagnosis: (i) can be 
used with snap frozen biopsies or biopsies stored in 0.9% NaCl 
solution or Michel’s medium; (ii) can be performed on routine 6 pm 
cryosections; (iii) can be evaluated using a normal IF microscopy 
with a 400-fold magnification (no need for oil); (iv) is easy to learn 
with an online learning tool available (www.nversusu.umcg.nl); 
(v) has a high interrater conformity; (vi) can be applied on IgG and 
IgA deposits; and (vii) allows the recognition of a specific pattern 
in about 75% of skin samples. Mucosal lesions, however, are not 
suitable for serration pattern analysis [128,129-132]. 

In biopsies in which the serration pattern analysis remains incon- 
clusive, more sophisticated alternatives comprise the computer- 
aided fluorescence overlay antigen mapping (FOAM) [133], the 
double IF labelling of tissue-bound and defined antigens of the DEJ 
analysed by laser scanning confocal microscopy [134], and the 
treatment of biopsies with 1M NaCl solution to induce an artifi- 
cial split at the lamina lucida level and subsequent autoantibody 
detection by indirect IF microscopy on 1M NaCl-split skin [135]. 
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Figure 50.45 Diagnostic pathway for epidermolysis bullosa acquisita (EBA). 1, Patients 
with predominant mucosal lesions are classified as mucous membrane pemphigoid [4,5]; 
2, patients with exclusive or predominant IgA reactivity are best diagnosed as IgA-EBA 
(detailed in text); 3, commercially available; 4, depending on availability; 5, only available 
in specialised laboratories; 6, from patients with hereditary dystrophic epidermolysis 
bullosa; positivity in any of the four assays will allow diagnosis of EBA. AIBD, 
autoimmune bullous disease; BP, bullous pemphigoid; LAD, linear IgA disease; IF, 
immunofluorescence. 


The latter approach, however, cannot differentiate between EBA 
and anti-p200 pemphigoid and anti-laminin 332 reactivity. 
Exclusive or predominant IgA deposits by direct IF microscopy 
has been described in several patients [136-139]. In two larger 
studies, about one third of EBA patients revealed exclusive IgA 
reactivity [28,125]. As discussed above, these patients may be 
diagnosed as IgA-EBA rather than as LAD although no general 


consensus has been reached here (Figure 50.22). Anti-type VII 
collagen IgE was observed in about a third of EBA sera in patients 
with both the classical and the inflammatory variant [140]. No 
patient with exclusive IgE reactivity has been recognised as yet and 
individual patients with IgM EBA based on direct IF microscopy 
were described [140-143]. 

Like in all pemphigoid diseases, indirect IF microscopy on 1M 
NaCl-split normal human skin is a useful screening test for serum 
autoantibodies in EBA with a sensitivity of about 50% [28,29]. In 
this assay, autoantibodies in EBA label the floor of the artificial split 
(Figure 50.13). Importantly, testing for IgA antibodies is essential 
since about a third of EBA sera also contain IgA reactivity [28,144]. 
In about 15% of EBA patients, exclusive serum IgA reactivity was 
found. In this subgroup, patients are more likely to have the inflam- 
matory phenotype [28]. 

Two assays for the detection of serum IgG autoantibodies against 
type VII collagen are commercially available [14,15]. Both assays 
are based on recombinant NC-1 domain of type VII collagen [14,15]. 
Both assays have a very high specificity of >98% and sensitivities 
between 89% and 100% for the IF test, and 82% and 93% when sera 
reactive by indirect IF microscopy on human salt-split skin were 
assayed [14,15,145-147]. Alternative methods for the detection of 
serum type VII collagen-specific antibodies are immunoblotting 
with various recombinant forms of type VII collagen, dermal extract, 
human placental amnion or cultured A431 cells and, elegantly, indi- 
rect IF microscopy on hereditary dystrophic epidermolysis bullosa 
skin, deficient of type VII collagen [148-151]. If serology is negative 
and pattern analysis of the direct IF microscopy was inconclu- 
sive, the visualisation of Ig deposits by direct immunoelectron 
microscopy is the diagnostic gold standard [107,108,111]. 

The algorithm proposed for diagnosis of EBA is shown in 
Figure 50.45. 


Management 
General principles of management 
Treatment of EBA is challenging: disease activity is more difficult to 
suppress compared with most other pemphigoid diseases and no 
controlled prospective trials are available [3,49,152-155]. The main- 
stay is systemic corticosteroids (prednisolone 0.5-2.0 mg/kg/day, 
depending on disease severity) in combination with colchicine 
[156-158] and dapsone [152]. For refractory patients or severe forms, 
ciclosporin, azathioprine, mycophenolate mofetil, cyclophospha- 
mide, extracorporal photophoresis, anti-CD25 therapy (daclizumab, 
basiliximab) [159,160], plasmapheresis and immunoadsorption 
[161], IVIG [162], rituximab [163-165], and the combination of IVIG 
with rituximab [166] have been successfully used (reviewed in 
[31,153-155,167,168]). In meta-analysis of all reported EBA cases, 
IVIG and rituximab were significantly associated with complete 
remission [31]. 

Most children have been treated with a combination of sys- 
temic corticosteroids (prednisolone 1mg/kg/day) plus dapsone 
[33,36,37,58]. 


Treatment recommendation. Treatment recommendations were 
provided by the French, Japanese and Brazilian Societies of Derma- 
tology, with considerable variations between them with respect to 
both mild and severe disease [155,169,170]. Giircan and Ahmed [167] 
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emphasised that the benefit of systemic corticosteroids is low in 
EBA and proposed the following algorithm: in limited disease or 
paediatric patients — dapsone, colchicine, dapsone + colchicine + 
low-dose prednisolone, [VIG and/or rituximab; for moderate or 
mucocutaneous disease — dapsone, IVIG, rituximab, IVIG + ritux- 
imab (without financial restrictions) or <6 weeks of prednisolone, 
cyclosporine, myophenolates, mycophenolates + immunoadsorp- 
tion, [VIG and/or rituximab (with financial restrictions) [167]. 


Treatment ladder 


First line 

e Prednisolone 0.5-2.0 mg/kg/day (depending on disease 
severity) plus 

Lesional (very) potent topical corticosteroids plus 
Colchicine 0.5-3.0 mg/day (the highest dose that does not 
lead to diarrhoea) or 

Dapsone 1.5mg/kg/day (with normal glucose-6-phosphate 
dehydrogenase levels) 


Second line 

¢ Prednisolone 0.5-2.0 mg/kg/day (depending on disease 

severity) plus 

Lesional (very) potent topical corticosteroids plus 

e¢ Mycophenolate (mofetil 2 g/day, gastroresistant 
mycophenolic acid 1.440 g/day) or 

¢ Ciclosporin 3-6 mg/kg/day 


Third line 
¢ plus IVIG 2g/kg/month or 
e Rituximab 2x 1g 


Bullous systemic lupus eryth 


Definition, nomenclature and classification 

Bullous systemic lupus erythematosus (BSLE) is an autoimmune 
subepidermal blistering disease that occurs in patients with SLE 
[1,2,3]. Blisters and erosions are not restricted to LE lesions, tend 
to arise in sun-exposed skin and heal without scarring. Most BSLE 
patients have antibodies against type VII collagen and were desig- 
nated as type I BSLE. Type II BSLE is characterised by antibodies 
against other antigens of the DEJ [4,5,6]. As in SLE, BSLE typically 
affects women with an African background in the third decade. 
Bullous lesions usually rapidly respond to dapsone [7]. 


Introduction and general description 

BSLE is a clinically and immunopathologically distinct subepi- 
dermal autoimmune bullous disease that arises in patients with 
SLE. Diagnostic criteria by Camisa and colleagues from the 1980s 
comprised: (i) a diagnosis of SLE based on the American Rheuma- 
tism Association; (ii) blisters predominantly but not exclusively in 
sun-exposed areas; (iii) histopathology compatible with dermatitis 
herpetiformis; (iv) serum reactivity by indirect IF microscopy on 
salt-split skin; and (v) linear or granular deposits of IgG, and/or 
IgA, and/or C3 at the DEJ by direct IF microscopy and immune 
reactants below the basal lamina by direct electron microscopy 
[1,2,3]. Gammon et al. recognised that the majority of BSLE patients 
have autoantibodies against the same antigen as EBA patients [4] 
later identified as type VII collagen [8]. In the mid-1990s, Gammon 
and Briggaman as well as Yell et al. proposed a broader definition 
and subdivided BSLE in type I (with reactivity against type VII 
collagen) and type II (with anti-DE] reactivity without anti-type VII 
collagen antibodies) [5,6]. Meanwhile, autoantibodies against other 
target antigens of the DEJ including BP180, BP230 and laminin 332 
were found in BSLE [9,10] and patients with concomitant SLE and 
BP, LAD or MMP were reported [5,11,12,13]. 

The first historical case compatible with BSLE was described in 
1889 and a patient with positive direct IF microscopy was reported 
in 1973 before in 1982, Hall et al. assembled the first case series of 
BSLE and recognised the high efficacy of dapsone [7,14]. 

Diagnosis is still based on the criteria proposed by Camisa and 
colleagues [1,2,3]. In addition, serum autoantibodies against con- 
stituents of the DEJ may be detected using modern diagnostic 
assays including immunoblotting and ELISA with cell- or tissue- 
derived and recombinant forms of the target antigen [15]. Further- 
more, serration pattern analysis of direct IF microscopy has been 
established as a practical tool to differentiate tissue-bound autoan- 
tibodies against type VII collagen (u-serrated pattern) from all other 
anti-DEJ antibodies (n-serrated pattern) [16,17,18]. The clinical fea- 
tures and immunopathology of BSLE are summarised in Table 50.2. 


Epidemiology 

Incidence and prevalence 

The incidence of BSLE was estimated to be 0.22 and 0.26 cases/ 
million/year in France and Singapore, while no cases were found 
in three epidemiological studies in Germany and Kuwait [19-23]. 
About 0.5-1.0% of patients with SLE are diagnosed with BSLE 
[24,25]. However, up to 10% of patients with SLE were reported to 
develop bullous skin eruptions attributed to acute LE with blister- 
ing eruption that needs to be differentiated from BSLE [24,26]. In 
large cohorts of sera with immunobullous disorders, 1-2% were 
identified as BSLE [16,23,27]. 


Age 

Most patients are in the second, third or fourth decade of life 
reflecting the age distribution known for SLE [27]. BSLE may, 
however, also affect children, and patients in their 60s and 70s were 
described [27]. 


Sex 
The female preponderance of 90% in BSLE reflects the sex distribu- 
tion of SLE. 


Ethnicity 
Although BSLE manifests in all ethnicities, as in SLE, black patients 
of African descent have a higher risk of developing BSLE [11]. 


Associated diseases 
No particular diseases are associated with BSLE. 


Pathophysiology 

The target antigen in type I BSLE is type VII collagen [4,8]. Like 
in EBA, autoantibodies in BSLE predominantly bind to the NC1 
domain, in particular the fibronectin-like region [28]. The pathogenic 
relevance of anti-type VII collagen antibodies has been shown in 
various in vitro and in vivo models [29-35] and is detailed earlier (see 
EBA). In an individual patient with BSLE, anti-type VII collagen 
serum IgG paralleled skin disease activity [36]. In type Il BSLE, 
either no serum autoantibodies or antibodies against structural 
proteins of the DEJ other than type VII collagen, such as BP180, 
BP230 and laminin 332, were reported [5,9-13,37]. The pathogenic 
effect of autoantibodies against these antigens is discussed in the 
corresponding chapters. 

It may be speculated that, as discussed for lichen planus pem- 
phigoides (see Very rare pemphigoid disorders, later), the interface 
dermatitis typically present in skin lesions of LE may have triggered 
an additional autoimmune response against proteins of the DEJ 
and transglutaminases, resulting in a second autoimmune disease, 
BSLE. Alternatively, other factors that mediate the increased occur- 
rence of several autoimmune diseases in individual patients may 
be responsible. Thus, the association of SLE and pemphigus or 
dermatitis herpetiformis can be explained [5]. 


Predisposing factors 

Precipitating factors have only been described in individual patients 
and comprise drugs (hydralazine, penicillamine, methimazole) 
and UVB radiation [38-41]. 


Pathology 

Histopathological findings are relatively uniform and resemble 
dermatitis herpetiformis with subepidermal splitting, a dense 
neutrophils-dominated infiltrate in the upper dermis sometimes 
accumulating in microabscesses of the papillary tips, and dermal 
oedema [3,6,7,42,43]. In addition, mucin depositions are usually 
seen in the reticular dermis and sometimes there are signs of leuko- 
cytoclastic vasculitis [44]. Basal layer vacuolisation characteristic 
for cutaneous LE is not present. 

Direct IF microscopy of a perilesional skin biopsy shows linear 
(in about 40% of cases) and granular (in about 60%) staining of 
the DEJ by IgG. Additional linear or granular labelling of IgM, 
IgA and/or C3 at the DE is found in about 70-80% of the biopsies 
[39]. In the major BSLE form (type J), a u-serrated staining pat- 
tern is seen [16] (Figure 50.40). By immunoelectron microscopy, 
immunoreactants were localised beneath the lamina densa as in 
EBA [6]. The cleavage plane is usually in the area of Ig deposition. 
However, patients with splitting in the lamina lucida have been 
described [45]. These discrepancies are best explained by the differ- 
ent autoantibody specificities that have not always been explored 
in the initial reports. 


Genetics 

Ina North American cohort, the presence of autoantibodies against 
type VII collagen (in BSLE and EBA) was associated with DRB1 
1501 allele [46]. 


Environmental factors 
No environmental factors have been discovered so far. For trigger 
factors see Predisposing factors, earlier. 


Clinical features 

History 

The disease has an acute onset with usually generalised vesicles and 
blisters in patients with SLE [27]. 


Presentation 

Primary lesions comprise tense vesicles and bullae with a clear or 
haemorrhagic content on otherwise normal or reddish skin 
(Figures 50.46 and 50.47). In addition, reddish plaques in an annular 
or targetoid configuration may arise in about a third of cases [43]. 
Lesions are usually generalised with predilection for sun-exposed 
areas, neck, upper trunk and proximal extremities [27,43]. In con- 
trast to other pemphigoid diseases, the face is relatively often 
affected and in some patients the only site of manifestation [45,47]. 
Clinically, BSLE may mimic BP, LAD, dermatitis herpetiformis 
and EBA. When associated with autoantibodies against type VII 
collagen (type I BSLE), patients with the classic mechanobullous 
phenotype and the inflammatory variant known from EBA were 
described [16,27]. Mucosal lesions are found in about half of patients 
and healing with scar or milia formation occurred in about 20% 
of cases [43]. Pruritus is present in about half of patients but usu- 
ally not intense and a burning sensation may occur instead [43]. 
Haematological abnormalities were present in nearly all BSLE 
patients, and renal involvement, mostly class III or IV according to 
the International Society of Nephrology/Renal Pathology Society 
classification, also appeared to be high (in 50-90% of patients) 
[25,43,48]. Interestingly, the onset of the bullous eruption does not 
necessarily correlate with the activity of the systemic involvement 


Figure 50.46 Bullous systemic lupus erythematosus. Tense blisters on erythematosus 
skin. 
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Figure 50.47 Bullous systemic lupus erythematosus. Violaceous maculae and patches 
and a flaccid blister some days after initiation of systemic corticosteroids. Courtesy of 
Dr K. Steinbrink, University of Mainz, Mainz, Germany. 


[6,7,27]. In about 40% of patients, BSLE was the first manifestation 
of SLE [43,48]. 


Differential diagnosis 

Skin lesions of SLE may blister due to the high disease activity of the 
systemic disease. In these patients, extensive vacuolisation of the 
DE] with subepidermal cleavage and a mononuclear cell infiltrate 
in the upper dermis is seen by histopathology. Alternatively, blisters 
may arise due to photosensitivity or a hypersensitivity reaction 
to drugs. By direct IF microscopy, band-like deposits of IgG, IgM 
and IgA may be present. However, there are no linear or granular 
Ig depositions [5]. Other pemphigoid diseases, i.e. BP, LAD, EBA, 
anti-p200 pemphigoid, as well as dermatitis herpetiformis, can be 
differentiated by the absence of SLE based on the American College 
of Rheumatology criteria for SLE, the generally good prognosis of 
BSLE and its rapid response to dapsone. 


Classification of severity 
No scoring system for the disease activity has been validated 
for BSLE. 


Complications and co-morbidities 
No specific complications and co-morbidities related to the pem- 
phigoid disease have been described. 


Disease course and prognosis 

In most patients, the disease is transient. Unlike the other pem- 
phigoid diseases (except pemphigoid gestationis), BSLE usually 
completely regresses with no further flares irrespective of the 
disease activity of the systemic disease [27]. 
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Figure 50.48 Serum autoantibodies in bullous systemic lupus erythematosus type I. 


IgA autoantibodies label the 290 kDa type VII collagen by immunoblotting with 
dermal extract (a) and the 140 kDa recombinant NC1 domain of type VII collagen by 
immunoblotting (b). The clinical picture of this patient is shown in Figure 50.47. 


Investigations and diagnosis 

Diagnosis is still based on the criteria of Camisa with some mod- 
ifications with respect to further observations in larger patient 
cohorts and the development of novel tools for the detection of 
serum autoantibodies [1,2,3,5,6]. In addition to the vesicobullous 
eruption, sine qua non conditions for BSLE are a known SLE and 
linear or granular deposits of IgG, and/or IgA, and/or C3 at the 
DEJ by direct IF microscopy. By serration pattern analysis, a 
u-serrated pattern is seen with reactivity against type VII collagen 
(Figure 50.40) [16]. Histopathology is helpful and typically shows 
a neutrophil-rich infiltrate in the upper dermis and a subepidermal 
split formation. Serum autoantibodies are directed against type VII 
collagen in about 70% of patients (type I BSLE) but reactivity against 
BP180, BP230 and laminin 332 were also found (in BSLE type II) 
[5,9,10,12,13,37,43] (Figure 50.48). Serum anti-type VII collagen IgG 
levels were described to parallel the extent of bullous lesions in two 
patients with BSLE [36,49]. 


Management 

General principles of management 

Dapsone is effective in about 90% of BSLE patients and leads to 
clinical improvement of the vesicular eruption within days or a 
few weeks [27,43,50]. In fact, the rapid response to dapsone is 
one of the characteristics that differentiate BSLE from SLE with 
concomitant pemphigoid disease. In patients unresponsive to 
dapsone or in those that do not support the use of dapsone due 
to haematological involvement of SLE, prednisolone, hydroxy- 
chloroquine (mostly combined with dapsone or immunosuppres- 
sants), azathioprine and mycophenolate have been advocated 
[6,43,51-53]. Individual patients effectively treated with methotrex- 
ate (10mg/week), IVIG or rituximab have also been reported 
[43,54-57]. 


Treatment ladder for bullous systemic lupus 
erythematosus 


First line 
e Dapsone 1.0-1.5mg/kg/day (exclude 
glucose-6-phosphate-dehydrogenase deficiency) 


Second line 

e Prednisolone 0.5-1.0 mg/kg/day (depending on disease 
severity) plus 

e Azathioprine 2.5 mg/kg/day (with normal TPMT activity) or 

¢ Mycophenolate (mofetil 2 g/day, gastroresistant 
mycophenolic acid 1.44 g/day) or 

¢ Hydroxychloroquine 200-400 mg/day 


Lichen planus pemphigoides 


Lichen planus pemphigoides (ICD-10: L43.1) always arises in con- 
junction with lichen planus and can affect both adults and children 
[1-3]. At present, fewer than 100 patients have been described in 
the literature and, as such, no reliable data about its incidence are 
available. In any case, incidence can be estimated clearly to be 
below 1/million/year [4]. In contrast to BP, the disease: (i) affects 
relatively young patients (average disease onset in the forties); 
(ii) mainly arises on the extremities; (iii) preferentially targets 
C-terminal epitopes within the immunodominant NC16A domain; 
and (iv) tends to be less severe [4,5]. For these reasons, lichen 
planus pemphigoides can also be regarded as a distinct entity 
within the pemphigoid disorders [6]. Like in bullous systemic lupus 
erythematosus, it may be speculated that the chronic interface 
dermatitis may trigger the immune response against BP180. This 
hypothesis is supported by the notion that lichen planus pem- 
phigoides only remits after lichen planus lesions are sufficiently 
controlled. 

Of note, lichen planus pemphigoides has been reported in asso- 
ciation with ACE inhibitors, simvastatin and increasingly with 
PD-1/PD-L1 inhibitors [4,7-11]. The latter association is intriguing 
since PD-1/PD-L1 inhibitors were linked to both the development 
of lichen planus and pemphigoid diseases [12]. 

Diagnosis is made by the presence of tense blisters also outside 
of lichen planus lesions (Figure 50.49). In contrast, in bullous lichen 
planus, blisters are confined to lichen planus lesions. Further diag- 
nostic criteria are the detection of linear deposits of IgG and/or 
C3 at the DEJ by direct IF microscopy of a perilesional biopsy 
and serum IgG against BP180 NC16A. Several patients have been 
diagnosed with oral lichen planus pemphigoides based on the 
clinical appearance with or without histopathology [13]. These 
patients may be difficult to differentiate from mucous membrane 
pemphigoid, since in the latter disease, patients with clinical and 
histopathological features of oral lichen planus were described [14]. 

Treatment requires therapy of lichen planus to avoid further 
stimulation of the anti-DEJ autoimmune process. Otherwise, 
treatment may follow the same algorithm as in BP. As such, acitretin 


Figure 50.49 Lichen planus pemphigoides. Erosions, red macules, partly ruptured and 
subsequently desiccated blisters, and a tense vesicle on the left foot. In addition, a lichen 
planus lesion is seen. Of note, erosions and blisters are separate from the lichen planus 
lesion. 


(20mg/day) can be combined with very potent topical corticos- 
teroids and in severe or refractory cases, with prednisolone (tapering 
doses of 0.5mg/kg/day) with or without dapsone, doxycycline, 
azathioprine or mycophenoles [4]. 


Cicatricial pemphigoid 


The term cicatricial pemphigoid has previously been used for 
patients who are now classified as MMP [15]. Following an interna- 
tional expert conference, the term cicatricial pemphigoid is currently 
only used for the rare clinical variant of a pemphigoid disease in 
which mucous membranes are not predominantly affected and 
skin lesions heal with scarring [15]. In case of a u-serrated pattern 
by direct IF microscopy or serum autoantibodies against type VII 
collagen, the patient would be classified as EBA (Figures 50.22, 
50.50 and 50.51). 

Brunsting—Perry pemphigoid is, at present, best regarded as a 
clinical subtype of cicatricial pemphigoid. Fewer than 100 patients 
with this phenotype have been reported. In 1957, Brunsting and 
Perry described a group of patients without mucous membrane 
involvement who developed subepidermal blisters, erosions, haem- 
orrhagic crusts and atrophic scars on the head and neck [16]. The 
disease is common in middle-aged and elderly populations. Skin 
lesions are characteristically confined to the head, neck and upper 
trunk (Figures 50.52 and 50.53). Mucous membranes can also be 
involved, however not predominantly [17-19]. Direct IF microscopy 
shows linear deposits of IgG and/or C3 at the DEJ. Brunsting—Perry 
pemphigoid probably represents a heterogeneous disorder with 
several target antigens including type VII collagen, BP180, BP230, 
laminin 332 and desmoplakin [18-29,30]. Type VII collagen is the 
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most frequent target antigen, therefore representing a localised 
form of EBA in these patients [17,18,26,27]. In line with this, in most 
patients with Brunsting—Perry pemphigoid, electron microscopy 
revealed split formation below the lamina lucida [31]. In a series 
of 12 patients, four revealed anti-BP180 and/or BP230 serum reac- 
tivity while in the remaining eight, the target antigen was not 
recognised and pattern analysis of direct IF microscopy was not 
performed [30]. In individual patients, disease onset was associated 


Figure 50.50 Cicatricial pemphigoid. 
Thirty-six-year-old woman with tense vesicle between 
digitus | and Il and several atrophic papules and 
plaques on the dorsum of the left hand (a), milia, 
crust and erosion on the right ear (b), and crusts on 
the right thigh (c). Mucous membranes were not 
involved (not shown). Direct immunofluorescence (IF) 
microscopy showed linear deposits of IgG and C3 at 
the DEJ. Serum autoantibodies labelled the epidermal 
side of human salt-split by indirect IF microscopy but 
no reactivity with BP180, BP230 and «6 integrin was 
detected by various ELISA and immunoblotting 
analyses. 


with trauma [32], and the combination of frusemide intake and 
sun exposure [33]. Differential diagnosis includes squamous cell 
carcinoma, basal cell carcinoma [34], pyoderma, erosive pustulosis 
of the scalp and dermatitis artefacta. 

Treatment usually comprises topical corticosteroids [30]. Good 
responses to topical tacrolimus, the combination of topical corticos- 
teroids with colchicine or dapsone, as well as dupilumab have also 
been reported [23,25,35,36]. 


Figure 50.51 Cicatricial pemphigoid. Tense vesicles, erosions, milia and scarring on the 
right arm of a 24-year-old Ugandan man. Few oral lesions were present without 
conjunctival involvement. Serum autoantibodies reacted with BP180, BP230 and laminin 
332 [72]. 


Figure 50.52 Brunsting—Perry pemphigoid. Erosions and some crusts on the scalp of a 
76-year-old woman. By direct immunofluorescence microscopy linear deposits of IgG 
and C3 were seen at the DEJ and serum autoantibodies recognised multiple epitopes on 
BP180 (NC16A, LAD-1, C-terminus) and BP230. 


Anti-type IV collagen pemphigoid 


Ghohestani et al. reported three patients with generalised blistering 
and renal insufficiency [37,38]. By lesional histopathology, subepi- 
dermal splitting and a dense eosinophilic infiltration of the upper 
dermis were seen. Direct IF microscopy revealed linear staining 
of IgG in two patients, of IgA (in one patient) and C3 (in all three 
patients) at the DEJ. After splitting of the DEJ by 1M NaCl solu- 
tion, binding of IgG/IgA at the floor of the artificial blister was 
seen by direct IF microscopy. Serum autoantibodies reacted with 


(b) 


Figure 50.53 Brunsting—Perry pemphigoid. Erosions on the scalp (a), chest, and upper 
left arm as well as atrophic scars (b) in a 95-year-old man. Linear staining of IgG and C3 
were seen at the DEJ by direct immunofluorescence (IF) microscopy. Serum 
autoantibodies exclusively labelled the epidermal side by indirect IF microscopy on 
salt-split skin and reacted with BP180 NC16A. 


the glomerular basement membrane and the «5 chain of type IV 
collagen. In one of the three patients, additional reactivity against 
the a6 chain of type IV collagen was seen [37,38]. 


IgM pemphigoid 


Exclusive labelling of IgM along the DEJ by direct IF is rare with 
only individual patients being reported [39,40,41-45,46]. In some 
patients, IgM deposits together with C3 at the DEJ have been 
described [39,44,47-51], while additional labelling with IgG or 
IgA is found in 6-18% of pemphigoid patients [52-54]. Some 
patients with IgM EBA and two with IgM MMP were described 
and, recently, in three patients with IgM (bullous) pemphigoid, 
BP180 has been identified as the target antigen [40,42,43,46,55]. 
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Of interest, patients with sole IgM deposits at the DEJ presented 
with erythema, pruritic papules and plaques without frank blister- 
ing (Figure 50.54) [44,45,46]. A similar clinical phenotype was found 
in patients with exclusive IgM deposition at the DEJ and Walden- 
str6m macroglobulinaemia [56-65] and in pregnancy [66,67]. It 
remains to be elucidated whether a pemphigoid disease with pure 
IgM deposits at the DEJ is always associated with this distinct 
non-bullous phenotype and can thus be regarded as a true entity of 
its own. 


Orf-induced pemphigoid 


About a dozen patients with immunopathologically confirmed 
pemphigoid disease following orf have been reported [68,69,70]. 
Orf, also known as ecthyma contagiosum, is an infection with orf 
virus, a DNA parapoxvirus of the Poxviridae family, that primar- 
ily affects sheep and goats. The infection is usually transmitted 
to humans by caring for infected sheep or goats, classically by 
bottle-feeding infected orphaned lambs without wearing gloves. 
In humans, orf presents as a pustule on the hand that develops 
into a nodule and subsequently ulcerates before healing over sev- 
eral weeks later (Chapter 25). The pemphigoid disorder manifests 
2-4 weeks after the orf lesion has appeared with tense blisters, 
erosions and red macules. Mucosal involvement occurs in about 
60% of patients (Figure 50.55). In all patients with mucosal lesions, 
the oral mucosa was affected [70]. Of note, only a single patient 
with predominant mucosal lesions was reported [71]. In most 
patients, the pemphigoid disease resolved over a few weeks with 
topical corticosteroids or moderate doses of oral prednisolone with 
or without additional immunomodulants/immunosuppressants 


Figure 50.54 IgM pemphigoid. Reddish papules on 
the abdomen and chest (a). Sparse lymphocytic 
infiltrate in the upper dermis without subepidermal 
split formation by lesional histopathology (b) and 
linear IgM deposits at the dermo-epidermal junction 
by direct immunofluorescence microscopy (c). The 
patient is described in more detail as Patient 2 in [46]. 


[69,70]. Two patients were described that required more intensive 
immunosuppressive therapy for up to one year before complete 
remission without therapy was achieved [68]. In only a few patients, 
the target antigen has been identified; in all but one patient with 
reactivity against type VII collagen, IgG1 and/or IGg3 against 
laminin 332 was found (Figure 50.55) [70,72]. Anti-laminin 332 
reactivity is only seen, with the exception of individual patients 
with additional autoantibodies against other DEJ proteins, in MMP 
and with predominant IgG4 autoantibodies [73]. 

Orf-induced pemphigoid appears to be a distinct entity based 
on: (i) predominant skin involvement with tense blisters and red 
macules; (ii) a high rate of concomitant mucosal involvement; 
(iii) relatively young patient age compared with BP and MMP; 
(iv) limited disease course that requires a less intensive and short 
therapy; and (v) IgG1 and IgG3 autoantibodies against laminin 332 
in the majority of cases. 


Dermatitis herpetiforr 


Definition, nomenclature and classification 

Dermatitis herpetiformis is a chronic, intensely pruritic skin condi- 
tion associated with gluten sensitive enteropathy. It results in depo- 
sition of IgA anti-transglutaminase autoantibodies in the dermal 
papillae which leads to neutrophil infiltration and blister formation. 


Figure 50.55 Orf-induced pemphigoid. About 

5 weeks after the appearance of the orf lesion on the 
left index finger (a), generalised tense blisters and 
reddish plaques developed in a 37-year-old female (b). 
A tense vesicle was present on the lower lip (c) and a 
few small erosions on the palate (not shown). 

A lesional histopathology of a blister showed 
subepidermal splitting and a mixed inflammatory 
infiltrate including eosinophils in the upper dermis (d). 
Splitting of a perilesional biopsy by 1M NaCl solution 
revealed binding of IgG at the floor of the artificial 
blisters by direct immunofluorescence (IF) 

microscopy (e). IgG1 reactivity with recombinant 
laminin 332 expressed in human HEK293 cells by 
indirect IF microscopy of the patient's serum (f). No 
serum antibodies against type VII collagen or the 
p200 antigen were detectable (not shown) [70]. 


Classification links (as appropriate) 
e ICD-10: L13.0 

¢ Snomed CT: 111196000 

e¢ OMIM: 601230 

© Orphanet: ORPHA1656 


Dermatitis herpetiformis (DH) was first described by Duhring 
in 1884 [1]. It is a chronic autoimmune blistering disease that 
results in an intensely pruritic rash that predominantly affects 
extensor surfaces [2,3,4,5]. The characteristic vesicles are frequently 
not apparent as they are destroyed by excoriation. DH is closely 
associated with gluten sensitive enteropathy (GSE [6,7]): both con- 
ditions are characterised by the development of IgA autoantibodies 
against transglutaminases that, in the case of DH, are deposited 
in the superficial papillary dermis. Therapy of DH involves strict 
gluten avoidance and the use of sulphonamide drugs such as 
dapsone [8]. 


Incidence and prevalence 

DH is most common in people of Northern European descent, 
where prevalence ranges from 1.2 to 75 per 100000 people and an 
incidence range of 0.4-2.6 per 100000 people/year [9-11]. A large 
population-based study from the UK suggests that, although the 
incidence of GSE increased over the period 1990-2011, the incidence 
of DH fell from 1.8/100000 to 0.8/100000 person-years over the 
same period [12], raising the possibility that improved manage- 
ment of GSE and consequently less pronounced gut inflammation 
may translate to lower incidence of DH. Interestingly, patients with 
DH seem to have lower mortality than expected, possibly as a 
result of the modifications required to their diet as a result of the 
disease [13]. 


Age 

Onset of DH is most commonly in adult life, typically in the fourth 
decade, although cases have been reported from childhood to old 
age [14]. 
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Sex 
Several studies have suggested that DH is more common in men 
than women, with M:F ratios of 1.5-2:1 [15]. 


Ethnicity 

DH is largely a condition of people of Northern European descent 
and is uncommon in Asian and African populations, although occa- 
sional cases have been reported [16]. Interestingly, the incidence and 
prevalence of the disease is similar in North American populations 
of European descent to those seen in Northern Europe, suggesting 
that genetic factors are important in disease susceptibility [15]. 
Asian patients with DH tend to have a distinct fibrillar pattern of 
IgA deposition in the skin and is only very rarely associated with 
GSE [17,18]. 


Associated diseases 

The commonest association of DH is with GSE. However, the 
severity of GSE in DH patients varies hugely, and may be clinically 
silent or mild [19,20]. Consequently, all patients with DH should 
be reviewed by a gastroenterologist and investigated accordingly. 
All patients with DH can be expected to have at least some degree 
of small bowel inflammation by histopathology. An important 
consequence of a diagnosis of DH is an increased risk of small 
bowel lymphoma [21]. 

Autoimmune diseases tend to associate with one another, pre- 
sumably because of genetic susceptibility factors, and DH is no 
different. The commonest association is with autoimmune thyroid 
disease [22,23], and all patients with DH should be screened for 
this. Additionally, patients with DH have an increased risk of type-1 
diabetes [24], Addison disease [25] and vitiligo [22]. DH and coeliac 
disease have been suggested to be risk factors for the development 
of pemphigoid [26], although whether this is due to a predisposition 
to autoimmunity or whether the relationship is causal remains to 
be determined. 


Pathophysiology 

Pathology 

The pathology in DH and GSE results from an IgA dominant autoim- 
mune response to transglutaminase molecules [2]. In GSE the 
principal target is tissue-type transglutaminase 2 (TG2) [27] whereas 
in DH there is increasing evidence that epidermal transglutami- 
nase 3 (TG3) may be the dominant autoantigen [28]. Both proteins 
have significant homologies in their enzymatic domains and 
are expressed in normal epidermis, where TG3 is important in 
cross-linking and maintenance of the cornified envelope [29]. 

The series of events that results in inflammation in DH remains to 
be fully elucidated [30,31], although it is clear that in both GSE and 
DH, exposure to gluten triggers an autoimmune response against 
gliadin. One hypothesis is that when gliadin (the alcohol-soluble 
fraction of gluten) is absorbed, glutamine residues within gliadin 
are deamidated by TG2, a process that leads to optimal antigen 
presentation to T cells by HLA-DQ2-positive antigen-presenting 
cells. Then, IgA antibodies against gliadin, deamidated gliadin, 
gliadin cross-linked to TG2 and TG2 are generated. By epitope 
spreading to TG3, IgA reactivity against TG3 develops during the 
continued exposure to gliadin later in the disease course [30,32]. 


Subsequent release of TG3 from keratinocytes into the papillary 
dermis, where it is able to bind circulating IgA antibodies, or 
deposition of circulating complexes of TG3 and IgA, may lead to 
the neutrophilic infiltration, inflammation and clefting within the 
lamina lucida typical of DH. 

Observations that the incidence of GSE is rising while that of DH 
is falling is consistent with this hypothesis: higher awareness and 
improved diagnostic tools leads to earlier diagnosis of GSE at a time 
point with less severe gastrointestinal disease and consequently 
less time for raising an anti-TG3 IgA response by epitope spreading 
from TG2 [30]. 


Genetics 

Multiple studies have revealed an association between DH and 
certain HLA types, particularly HLA-DQ2 and, to a lesser extent, 
HLA DQ8 [33,34], although these associations are less common 
in Japanese patients [35]. The central role of the MHC in patho- 
genesis has been confirmed by studies using HLA DQ8 transgenic 
mice, which develop GSE following gluten challenge [36,37]. Other 
non-MHC genes have been linked to GSE in genome-wide asso- 
ciation studies including myosin IXB, IL12, IL23 and CCR3 [2], 
although the relevance of these to the pathogenesis of DH (or for 
that matter GSE) remains unclear. 

First-degree relatives of patients with GSE or DH are significantly 
more likely to be affected by one or other disorder and thus fam- 
ily screening may be indicated [38,39]. Monozygotic twins have a 
disease concordance rate of over 0.9 [40]. 


Environmental factors 

The principal environmental factor involved in the pathogenesis 
of GSE and DH is dietary gluten and its constituent gliadin [2]. 
Interestingly, tTG is responsible for the modification of gliadin into 
a more immunogenic form capable of better binding to HLA-DQ2 
[41]. Other environmental factors relevant to DH include iodine 
exposure (which can precipitate flares of the disease [42]) and 
tobacco smoking, which may ameliorate it [43,44]. 


Clinical features 

History 

The principal symptom of patients with DH is itch. Patients report 
a rash, most typically over extensor surfaces of the elbows, knees, 
buttocks and scalp. There may also be symptoms of associated 
disorders such as GSE, with bloating, diarrhoea and other gas- 
trointestinal complaints or of other autoimmune diseases including 
hypothyroidism. 


Presentation 

The characteristic lesions of DH are grouped reddish papules and 
vesicles located over extensor sites (Figure 50.56). Because the con- 
dition is so pruritic, intact vesicles are rarely seen and the patient 
may simply present with excoriations [45]. Lesions tend to be sym- 
metrical and heal without scarring. Patients may develop punctate 
purpura on the palms and soles [46,47]. Mucosal change may occur 
[48] and dental abnormalities have been reported, particularly 
enamel pits [49,50]. Interestingly, first-degree relatives of patient 
with GSE may also show enamel defects [51]. 


Figure 50.56 Dermatitis herpetiformis: clinical features. (a) 
Herpetiform vesicles. (b,c,d) Typical excoriated vesicles on 
buttocks and extensor surfaces of arms and legs. 


Differential diagnosis 

The differential diagnosis of DH includes many pruritic and vesicu- 
lobullous disorders including linear IgA disease, pemphigoid, 
eczema and scabies. Because of the often non-specific nature of 
DH lesions, skin biopsy for direct IF should be considered in the 
investigation of patients with unexplained or treatment-refractory 
pruritic rashes. 


Complications and co-morbidities 

The principal complications and co-morbidities of DH relate to 
GSE and the associated risk of small bowel lymphoma [52]. GSE 
may lead to malabsorption resulting in anaemia, weight loss and 


osteoporosis. In children, short stature is a risk. Rarely, GSE (and 
consequently DH) may be associated with neurological changes 
including ataxia and neuropathy [53,54]. 


Disease course and prognosis 

DH is a chronic disease that requires patients to adopt a life-long 
gluten-free diet. Those that are able to do this, and respond, seem 
to have excellent long-term survival [13] and are able to decrease 
or discontinue dapsone treatment. Recent data suggest that patients 
with GSE who do not respond to a gluten-free diet do poorly [55]. 
While the disease is a chronic one, remission is recognised and seems 
to be more common in adult patients over the age of 40 [56]. 
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Figure 50.57 Dermatitis herpetiformis: histopathology. There is prominent accumulation 
of neutrophils in the dermal papillae with clefting and incipient vesicle formation. 


Investigations 
The diagnosis of DH is made by the presence of characteristic clinical 
features, histopathology, direct IF testing and serology [3]. 

The histopathology of an intact vesicle in DH demonstrates 
sub-epidermal blister formation with neutrophils located at the tips 
of the dermal papillae (Figure 50.57). There is frequently an associ- 
ated perivascular inflammatory cell infiltrate. Because vesicles may 
not survive the pruritus, clefting may not be seen. 

Direct IF samples are best taken from perilesional skin as 
characteristic changes may be lost in lesional tissue [57,58]. The 
diagnostic finding is that of deposition of IgA in the papillary dermis 
(Figure 50.58) in a granular or fibrillar pattern, the fibrillary pattern 
being particularly associated with DH in Asian patients. Comple- 
ment 3 may also be found in association with the IgA deposits. 
Circulating endomysial antibodies may be detected by indirect IF 
on monkey oesophagus substrate and specific anti-TG2, TG3 and 
deamidated gliadin antibodies by ELISA. 


Management 

There are no randomised clinical trials in the management of 
DH. Therapy is thus based on clinical experience and case series. 
Pharmacological management is outlined in the Treatment ladder, 
later. 

The cornerstone of long-term DH management is strict adher- 
ence to a gluten-free diet [59,60,61]. Not only does this improve 
skin changes over time but it is essential in the management of 
associated GSE. It should be remembered that the improvement 
in skin changes can be slow, taking months or years. Patients are 
best managed in consultation with an experienced dietitian who 
will be able to provide appropriate support as maintenance of a 
strict gluten-free diet can be challenging. Pure uncontaminated 
oats do not cause problems but patients need to avoid all expo- 
sure to wheat, barley and rye. Effective gluten avoidance, with 
resolution of manifest or subclinical GSE, will lead to an increased 
sense of general well-being and may decrease the long-term risk of 
lymphoma [62]. 


Figure 50.58 Dermatitis herpetiformis: direct immunofluorescence. Note granular IgA 
deposition in the dermal papillae. 


Because of the slow response to gluten-free diet, most patients 
with DH require pharmacological intervention to control their 
disease in the short to medium term. Dapsone and related sulphona- 
mide drugs have proven highly effective, often suppressing pruritus 
within days of initiation of treatment. It should be noted that 
dapsone does not impact on the gastrointestinal aspects of associ- 
ated GSE. 

The mechanism of action of dapsone in DH is through its effects 
on neutrophil function and recruitment [63] and the drug is typ- 
ically used at doses of 25-150mg daily [64]. It is generally well 
tolerated although haematological side effects may occur including 
haemolysis [65], methaemoglobinaemia [66] and agranulocytosis 
[67]. Consequently, patients require regular blood monitoring, 
particularly in the early stages of treatment (see General principles 
of management in section on LAD, earlier). Non-haematological 
adverse effects include a severe drug sensitivity reaction (‘dapsone 
hypersensitivity syndrome’ [68]) and a peripheral neuropathy 
[69]. Patients with glucose-6-phosphatase deficiency (G6PD) are 
more prone to adverse effects of dapsone [70)] and G6PD activity 
should be checked before treatment wherever possible. Concur- 
rent administration of cimetidine, via inhibition of cytochrome 
p-450, has been shown to decrease the adverse effects of dapsone 
[71-73] and may be helpful in some patients. Dapsone should 
always be used in combination with a gluten-free diet and with 
time it may be possible to decrease and potentially withdraw dap- 
sone without relapse, as long as the patient is able to adhere to 
the diet. 

Other sulphonamide drugs have utility in DH including sulpha- 
methoxypyridazine [74], sulphapyridine [75] and sulphasalazine 
[76]. Their mechanism of action is similar to that of dapsone, and 
they may be of benefit in patients intolerant of dapsone. At the 
time of writing, however, sulphamethoxypyridazine is currently 
unavailable. Systemic steroids are of little benefit, although potent 
topical steroids may be of use in the short term to lessen pruri- 
tus. Colchicine is sometimes considered when other options fail, 
but evidence supporting benefit is weak [77]. A recent report has 
suggested that JAK inhibition may also be of benefit [78]. 
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Treatment ladder 


All patients should be screened for GSE and follow a gluten-free 
diet as appropriate. 


First line 
e Dapsone 25-150 mg daily 
¢ Potent topical corticosteroid 


Second line 
¢ Sulphamethoxypyridazine 0.5-1.5 ¢ daily 


Third line 

e Sulphapyridine 250-750 mg daily 
° or 

Sulphasalazine 1-2 g daily 

° or 

Colchicine 500-1500 pg daily 


Experimental 
¢ Tofacitinib 5 mg twice daily 


Resources 


International management guidelines 

Pemphigus vulgaris and pemphigus foliaceus 

Joly P, Horvath B, Patsatsi A et al. Updated S2K guidelines on the management of 
pemphigus vulgaris and foliaceus initiated by the European Academy of Dermatol- 
ogy and Venereology (EADV). J Eur Acad Dermatol Venereol 2020;34:1900-13. 

Murrell DE, Pena §, Joly P et al. Diagnosis and management of pemphigus: recommen- 
dations of an international panel of experts. J Am Acad Dermatol 2020;82:575-85.e1. 


Paraneoplastic pemphigus 

Antiga E, Bech R, Maglie R et al. S2k guidelines on the management of paraneo- 
plastic pemphigus /paraneoplastic autoimmune multiorgan syndrome initiated by 
the European Academy of Dermatology and Venereology (EADV). J Eur Acad Der- 
matol Venereol 2023; 37:1118-34. 


Bullous pemphigoid 

Borradori L, Van Beek N, Feliciani C et al. Updated S2 K guidelines for the manage- 
ment of bullous pemphigoid initiated by the European Academy of Dermatology 
and Venereology (EADV). J Eur Acad Dermatol Venereol 2022;36:1689-704. 


Mucous membrane pemphigoid 

Rashid H, Lamberts A, Borradori L et al. European guidelines (S3) on diagnosis 
and management of mucous membrane pemphigoid, initiated by the European 
Academy of Dermatology and Venereology — Part I. J Eur Acad Dermatol Venereol 
2021;35:1750-64. 

Schmidt E, Rashid H, Marzano AV et al. European Guidelines (S3) on diagnosis 
and management of mucous membrane pemphigoid, initiated by the European 
Academy of Dermatology and Venereology — Part II. J Eur Acad Dermatol Venereol 
2021;35:1926-48. 


Epidermolysis bullosa acquisita 

Prost-Squarcioni C, Caux F, Schmidt E et al. International Bullous Diseases Group: 
consensus on diagnostic criteria for epidermolysis bullosa acquisita. Br J Dermatol 
2018;179:30-41. 


Dermatitis herpetiformis and coeliac disease 
Gorég A, Antiga E, Caproni M et al. S2k guidelines (consensus statement) for 
diagnosis and therapy of dermatitis herpetiformis initiated by the European 


Academy of Dermatology and Venereology (EADV). J Eur Acad Dermatol Venereol 
2021;35:1251-77. 

Al-Toma A, Volta U, Auricchio R et al. European Society for the Study of Coeliac Dis- 
ease (ESsCD) guideline for coeliac disease and other gluten-related disorders. United 
European Gastroenterol J 2019;7:583-613. 


Further information (links to important guidelines) 

Guidelines initiated by the European Academy of Dermatology and Venereology: 
https: / /www.eadv.org/clinical- guidelines 

British Association of Dermatologists’ guidelines for the management of pemphigus and 
the management of bullous pemphigoid: www.bad.org.uk/healthcare-professionals / 
clinical-standards /clinical-guidelines 

Guidelines of the German Dermatological Society for the diagnosis of pemphigus 
and bullous pemphigoid and treatment of pemphigus and bullous pemphigoid and 
mucous membrane pemphigoid: www.awmf.org /leitlinien 

French guidelines (protocole national des soins) for the management of pemphigus, 
management of bullous pemphigoid, management of mucous membrane pem- 
phigoid, management of linear IgA disease, management of epidermolysis bullosa 
acquisita, and management of dermatitis herpetiformis: www.has-sante.fr 


Patient resources 

Support groups 

Australia: www.blisters.org.au 

Canada: www.pemphigus.ca 

France: www.pemphigus.asso.fr 

Germany: www.pemphigus-pemphigoid-selbsthilfe.de 

International Pemphigus and Pemphigoid Foundation: www.pemphigus.org 
Italy: www.assoc-apai.org and www.pemfigo.it 

Turkey: www.turkdermatoloji.org.tr 

UK: www.pemfriends.co.uk and www.pemphigus.org.uk 


Patient information 

Information leaflets for patients can be found on the webpage of the Euro- 
pean Academy of Dermatology and Venereology (EADV; www.eadv.org/patient- 
corner/patient-leaflets) and the British Association of Dermatologists (www.bad 
.org.uk/patient-information-leaflets). 
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Introduction 


Systemic lupus erythematosus (SLE) is a complex autoimmune dis- 
ease characterised by multiorgan involvement and immunological 
abnormalities. There is a greater prevalence and incidence of SLE in 
black, Asian and Hispanic population groups, with young females 
disproportionately affected [1]. Extracutaneous organ systems most 
commonly affected include the joints, renal system, hematological 
system, pulmonary system, central nervous system and cardio- 
vascular system. Cutaneous disease is the second most frequently 
affected organ in SLE and occurs in 80% of patients during their 
disease course. Skin involvement can be divided into specific and 
non-specific manifestations depending on the histological presence 
of an interface dermatitis. The non-specific skin disease of lupus is 
diverse and includes photosensitivity rash, non-scarring alopecia, 
bullous lupus erythematosus, neutrophilic dermatoses, vasculitis 
and vasculopathy. The specific cutaneous manifestations of SLE, all 
characterised by the histological presence of interface dermatitis, 
can be subclassified into chronic, subacute and acute cutaneous 
lupus erythematosus (CLE). CLE can exist as an independent entity 
or be associated with SLE [2,3]. Collectively, CLE and SLE are forms 
of lupus erythematosus (LE). 


Discoid lupus erythematosus 


Definition and nomenclature 

Discoid lupus erythematosus (DLE) is a benign inflammatory 
disorder of the skin, most frequently involving the face and scalp, 
and characterised by well-defined, red, scaly patches of variable 
size, which heal with atrophy, scarring and pigmentary changes. 
The disease may also be more generalised, affecting areas away 
from the face and scalp. The histology is characteristic. There are 
haematological and serological changes in approximately half 
of patients, and these changes, with other evidence, suggest an 


autoimmune aetiology. The condition forms one end of a spectrum 
of skin and internal organ disease, ending with SLE [1]. 


erythematosus (CCLE) 
thematosus 


Introduction and general description 

Discoid lupus erythematosus is one of the forms of cutaneous 
disease seen within the spectrum of CLE; others are subacute 
cutaneous lupus erythematosus (SCLE) and acute cutaneous lupus 
erythematosus (ACLE), the latter seen in patients with the systemic 
form of the disease, usually in those with severe internal organ 
disease. DLE is the most common subtype of cutaneous lupus, 
comprising 80% of all CLE cases [2]. 

A fourth subtype — lupus tumidus — is also described, but it is 
unclear where this fits into a lupus classification [3]. In general, 
the histological hallmark of cutaneous lupus is interface dermatitis, 
with lymphocytic infiltration, but interface change is absent in lupus 
tumidus. The same is true of Jessner lymphocytic infiltrate, which 
is thought by many to be a dermal variant of cutaneous lupus. 
It can predate classic DLE but has similar genetic predispositions, 
responds to the same treatments and may occur in patients already 
known to have DLE [4]. The scarring nature of the classic forms of 
DLE means that early diagnosis and active treatment are important 
to avoid irreversible, long-term sequelae. 


Epidemiology 

Incidence and prevalence 

In a large Scandinavian study, the annual incidence of cutaneous 
lupus was 4/100 000, with 80% being DLE [2]. The prevalence in 
an American cohort was reported as around 70/100 000 with an 
annual incidence similar to the Scandinavian study [5]. Overall, 
the prevalence of CLE without concurrent SLE is similar to the 
prevalence of SLE. 
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Age 

Peak age of onset is the fourth decade in females, slightly later in 
males, although it can occur at any age [6]. For example, in a large 
series, 3% of cases began earlier than 15 years of age and 2.5% after 
the age of 70 years [7]. 


Sex 
The disease affects twice as many females as males [6,7] with a 
greater male predilection than in SLE. 


Ethnicity 

The disease is more common in Asians, African Americans, 
Afro-Caribbeans and Hispanic Americans than those Americans of 
European origin, and is more common in those of Asian origin in 
the UK [6]. It is also more severe in African Americans and Asians 
compared with white people [7]. Black patients present with more 
dyspigmentation, scalp and ear involvement and scarring alopecia 
compared with non-black patients [8]. 


Associated diseases 

Porphyria (including cutanea tarda [9], variegate [10], acute 
intermittent and erythropoietic protoporphyria [11]), pemphi- 
gus, myasthenia gravis and thymoma [12] have all been reported to 
occur in association with DLE. 


Pathophysiology [13] 

Cutaneous inflammation in DLE is a process in which interferons 
(IFNs) — type I and type III - induce Th1-biased inflammation, with 
a predominantly lymphocytic infiltration (Figure 51.1) [14]. This 
inflammatory pattern mirrors that of the innate immune system in 
response to cutaneous viral infection, followed by epidermal dam- 
age, basement membrane thickening and a scarring tissue response 
associated with a loss of follicular stem cells [15]. With CD4 and CD8 
T cells, natural IFN-producing plasmacytoid dendritic cells (PDCs) 
are the predominant cell type, and numbers of granzyme B-positive 
cells correlate with the extent of scarring [16]. Compared with 
lichen planopilaris, there is a greater number of PDCs, as well as the 
presence of PDCs in the dermis, perieccrine and dermal-epidermal 
junction in DLE of the scalp [17]. IFN-a, possibly produced mainly 
by PDCs [18], and IFN-y produced by keratinocytes [19] induce 
the keratinocyte expression of pro-inflammatory chemokines, as 
well as the apoptosis-inducing TRAIL molecule (tumour necrosis 
factor-related apoptosis-inducing ligand) and its receptors [20]. 
A gene expression array study of lesional DLE skin showed a 
relative enrichment of IFN-y-associated genes and B-cell-associated 
genes compared with SCLE or ACLE [21]. Regulatory T cells are 
reduced in number [22]. The stimuli to this pattern of inflamma- 
tion include ultraviolet (UV) radiation, acting through molecules 
such as heat shock proteins, Toll-like receptors and other DAMP 
(danger-associated molecular pattern) molecules [23]. 

Treatment failure and progression of disease are common in CLE. 
This may in part be due to the strong presence of dysregulated tis- 
sue resident memory T (Irm) cells, a subset of memory T cells that 
persist long term and through treatment in diseased inflammatory 
skin. A higher density of Trm cells has been identified in DLE and 
SCLE skin lesions compared with ACLE, which may explain the 
duration of the disease [24]. The survival of Trm cells is mediated by 
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Figure 51.1 Discoid lupus erythematosus showing atrophy of the epidermis, keratotic 
plugging, liquefaction degeneration of the basal layer, oedema and hyalinisation of the 
connective tissue below the epidermis and a marked inflammatory infiltrate. 
Magnification 40x. 


interleukin 7 (IL-7) and IL-15 cytokines that result in downstream 
JAK/STAT (Janus kinase/signal transducers and activators of tran- 
scription) signalling. A better understanding of Trm cells in CLE 
may lead to novel and targeted therapeutic strategies to prevent dis- 
ease recurrence [25-27]. 


Predisposing factors 
Predisposing factors are shown in Box 51.1 [28-38]. 


Box 51.1 Predisposing factors to discoid lupus 
erythematosus (DLE) (percentages of patients 
affected) 


¢ Trauma (11%) [28], including X-rays [29] and thermal burns [30] 

e Stress (12%) 

¢ Ultraviolet exposure (5%) [31], including psoralen with UVA [32] and 
laser light [33] 

¢ Infection (3%), including herpes zoster and old smallpox vaccination 
[34] 

e Drugs: many drugs are associated with the precipitation or 
exacerbation of DLE, including isoniazid, penicillamine, griseofulvin 
and dapsone [35-37] 

e Seasonal exacerbation, both in winter (10%) and summer (50%) 

¢ Cold exposure (2%, but 17% of patients reported disease 
exacerbation due to cold) [38] 

Unpublished data from Chapel Allerton Hospital, Leeds, UK unless 

referenced. 


Pathology 

The various clinical types of CLE show an essentially similar histo- 
logical picture (Figure 51.2), and the subsets of CLE cannot be easily 
distinguished histologically [39]. The salient features are shown in 
Box 51.2 [40]. In more acute forms there is less hyperkeratosis and 
dermal infiltration, but more dermal oedema, liquefaction necrosis 
and atrophy. In tumid lesions the dermal infiltrate can be very dense, 


(b) 


Figure 51.2 Discoid lupus erythematosus. (a) The degeneration of the basal layer and 
predominantly lymphocytic infiltration are well shown. (b) CD8-stained section showing 
stem cells visible in the bulge region of uninvolved follicles. Magnification 40x. 


and sometimes almost granulomatous. Dermal deposits of mucin 
occur, which may be either diffuse or localised, and form nodular 
lesions [41,42]. Although keratotic plugs are usually found in the 
openings of the hair follicles, they may also block the sweat ducts or 
occur independently of either structure. 


Box 51.2 Histological features of cutaneous lupus 
erythematosus 


e Lymphocytic interface dermatitis with basal layer degeneration 
e Apoptotic keratinocytes 

e Basement membrane thickening (greatest in discoid lupus 
erythematosus) 

Perivascular and periadnexal lymphohistiocytic infiltrate 
Follicular plugging 

Dermal mucinosis 

Epidermal atrophy 


Discoid lupus erythematosus 51.3 


Causative organisms 

There are increasing numbers of reports of the involvement of a 
range of organisms — bacterial and viral — that may be implicated in 
the onset and exacerbation of lupus, including cutaneous disease. 
None is confirmed as yet, but the subject has been well reviewed 
[43,44]. 


Genetics 

A family history was found in 4% of cases [45]; the condition is 
reported in identical twin sisters and in two or more family mem- 
bers. Recent studies also indicated a striking relationship between 
polymorphic light eruption (PLE) and DLE, first in twins [46] and 
then in a large cohort of patients and their relatives, suggesting a 
common genetic background for these disorders [47]. Differences 
in the incidence of histocompatibility antigens [48,49] have sup- 
ported the concept of multiple genotypes. Positive associations 
with human leukocyte antigen B7 (HLA-B7), -B8, -Cw7, -DR2, -DR3 
and -DQw1 are reported, but not always confirmed. The relative 
risk is increased with certain combinations of antigens: HLA-Cw7, 
-DR3 and -DQw1 and for HLA-B7, -Cw7 and -DR3. The extended 
haplotype — HLA*01, B*08, DRB1*0301 — is associated with both 
SCLE and DLE, and the A*03, B*07, DRB1*15 haplotype has been 
associated with DLE alone [50]. Patients of either sex who develop 
skin lesions between the ages of 15 and 39 years have an increased 
incidence of HLA-B7, and females over the age of 40 years with 
HLA-B8, compared with controls [48]. 


Clinical features 

The patient usually presents with a rash, but a history of Raynaud 
phenomenon, chilblains or poor peripheral circulation is often 
obtained [51]. In 120 patients with DLE seen at Chapel Allerton 
Hospital, Leeds, UK, 14% had Raynaud phenomenon and 22% had 
chilblains; a poor peripheral circulation, without a definite story 
of Raynaud phenomenon, was noted in a further 26% of patients. 
Joint pains may occur. Most patients have no symptoms of systemic 
upset, even with widespread cutaneous disease, although fatigue is 
not uncommon [52]. 


Presentation 

Most patients have disease limited to the head and neck (localised 
DLE), but a few have much more extensive disease, potentially 
affecting any area of the skin (disseminated DLE). 


Localised disease. The face and scalp are most commonly affected. 
The circumscribed or discoid form is the most frequent type of 
disease (Figure 51.3), and occurs particularly on the cheeks, bridge 
of the nose, ears, side of the neck and scalp. Alopecia occurs in 
the scalp lesions in approximately one-third of patients [53], and is 
usually permanent (Figure 51.4). The eyebrows may be sparse, with 
redness of the eyebrow skin. Usually, lesions occur as well-defined 
red or pink patches, varying in size from a few millimetres to 
10-15 cm. There is adherent scale in many cases, and when this 
is removed its undersurface shows horny plugs that have occu- 
pied dilated pilosebaceous canals. This so-called ‘tin-tack’ sign can 
sometimes also be seen in localised pemphigus foliaceus [54]. The 
surface may present a dirty, brownish yellow appearance that is 
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Figure 51.3 Localised discoid lupus erythematosus showing typical scaling on the 
fingers. 


Figure 51.4 Localised discoid lupus erythematosus of the scalp showing follicular 
plugging. 


rough to the touch because of follicular plugging. A hypertrophic or 
verrucous variant of DLE has also been described, with hallmarks of 
hyperkeratosis overlying discoid lesions, chronicity and resistance 
to treatment. These hyperkeratotic and warty indurated plaques 
of DLE may occur on the face, scalp, extensor forearms and upper 
trunk but also on the palms and soles and cause difficulty with 
walking (Figure 51.5) [55-57]. Over the course of some months, par- 
ticularly if treated, lesions flatten and may clear completely without 
much scarring. If left untreated, the lesions expand with periph- 
eral inflammation and hyperpigmentation and central depressed 


Figure 51.5 Warty lesions of the feet in chronic lupus erythematosus. 


atrophy, scarring, telangiectasia and hypopigmentation. More fre- 
quently, a thin, white scarred area remains (Figure 51.6a). Localised 
cribriform scarring occurs, particularly on the face (Figure 51.6b). 
Wide follicular pits occur mainly in the concha or triangular fossa 
of the ear (Figure 51.7) in up to one-third of cases of DLE [58]. In 
approximately 7.5% of patients, the lesions on the face resemble 
rosacea (Figure 51.8), and differentiation from true rosacea can 
be difficult. Low-titre antinuclear antibody (ANA) also occurs in 
rosacea, complicating assessment, but has no clinical relevance [59]. 
Usually, there are no pustules as in true rosacea. Biopsy may be 
required to distinguish between LE and rosacea. Tumid lesions 
may occur, in which the tissues are swollen, brawny, warm and 
tense (Figure 51.9). This type of lesion may be many centimetres in 
diameter and involve the whole of one cheek, or even the whole 
of a limb. Another clinical type of DLE results in annular atrophic 
plaques [60] on the face, neck and behind the ears. The centre of the 
plaques is depressed and sclerotic, and lesions resemble morphoea, 
lichen sclerosus or ‘annular atrophic plaques’ [10]. 

Dermoscopic features of non-scalp DLE include follicular kera- 
totic plugs, white perifollicular halo, white scale, speckled brown 
pigmentation, white structureless areas and arborising vessels [61]. 
Nearly 60% of patients with DLE will have scalp involvement, in 
which one-third will lead to scarring alopecia. Trichoscopic features 
may include follicular red dots, large yellow dots, absent follicular 
openings, thick arborising vessels, speckled brown or blue-grey dots 
and discoloration [62]. 


ring. Scarring is common and may be atrophic, hypertrophic, 
cribriform or acneform [63]. Pigmentary disturbances are common, 
especially in dark-skinned people (Figure 51.10). Patches of leuko- 
derma may be interspersed with hyperpigmented areas; not all of 
this is scarring and may be reversible post inflammatory change. 
Once scarring has occurred, no further inflammation is seen, so that 
if relapse occurs it usually starts in the reddish zone surrounding the 
scar. Calcification may occur in plaques [64]. Lesions on the ear lead 
to considerable atrophy and scarring (Figure 51.11). 


minated DLE. Characteristic lesions of DLE may occur in a 
widespread pattern on the trunk and limbs, or may be localised 


Figure 51.6 Scarring in discoid lupus erythematosus 
(DLE). (a) Preauricular DLE with pigmentation around 
the scarred area. (b) Cribriform scarring in DLE. 


Figure 51.7 Typical lesions in the ear in discoid lupus erythematosus. 


to other body sites. This occurs most often in women, and they are 
usually cigarette smokers. The appearance may be indistinguish- 
able from the papulosquamous type of SCLE, but scarring occurs 
in most patients. This variety tends to be persistent, resistant to ther- 
apy and associated with severe psychological upset. Lesions on the 
dorsa of the hands (Figure 51.12a), palms [65] or toes (Figure 51.12b) 


Figure 51.8 Rosaceous pattern seen in 7.5% of patients with discoid lupus 
erythematosus. 


[66] occurred in 6% of patients at Chapel Allerton Hospital [67]. 
Purplish plaques may occur on the front of the knees and on 
the back of the heels. Non-itching, hyperkeratotic, papulonodular 
lesions on the arms and hands, resembling keratoacanthoma, hyper- 
trophic lichen planus or nodular prurigo, also occur. Sometimes, 
the appearance resembles psoriasis. In other cases, there may be 
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51.6 


Figure 51.9 Tumid lesions of the face in discoid lupus erythematosus. 


very little hyperkeratosis. Another disseminated variety results in 
a reticulate telangiectasia (Figure 51.13), usually seen on the arms, 
legs and back of the calves, but potentially widespread. This type of 
telangiectasia is probably similar to ‘lupus erythematosus telang- 
iectoides’, first described by Crocker [68]. A further, more annular 
variant has been called ‘lupus erythematosus gyratus repens’ and 
consists of a migratory gyrate annular patch of red skin with the 
histological features of LE (Figure 51.14), although the lupus band 
test is negative [69]. There may be an underlying carcinoma. Rarely, 
bullous lesions may occur [70]. Arteritic lesions resembling those 
of Degos syndrome or disseminated atrophie blanche occasion- 
ally occur, and linear lesions that follow Blaschko lines have been 
reported [71]. 


Relationship of DLE to SLE. DLE can be subdivided into a localised 
form in which lesions are confined to the face above the chin, 
the scalp and the ears, and a disseminated form in which lesions 
also occur elsewhere on the body [72,73]. Although haematological 
and serological abnormalities occur slightly more frequently in the 
disseminated form, the natural history of the two subgroups is 
similar, and it is likely that they are subsets of the same disorder. 
SCLE has been described as a subset intermediate between DLE 
and SLE [74]. 

The more controversial point is whether DLE and SLE are variants 
of the same disease. The evidence in favour of this may be sum- 
marised as follows: 

e The cutaneous lesions of SLE and DLE may be clinically and his- 
tologically indistinguishable. 
e Certain clinical features are found in both conditions (Table 51.1). 
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¢ Similar haematological, biochemical and immunohistochem- 
ical abnormalities can be demonstrated in both conditions 
(Table 51.1), although the incidence of abnormalities is lower in 
DLE. 

e Patients with DLE occasionally develop evidence of overt SLE. 

e Patients with SLE may develop typical lesions of DLE in the 
chronic phase of their disease [75]. 

¢ Conditions such as lupus panniculitis, a recognisable clinical and 
pathological entity, occur in both DLE and SLE. 

This seems to be formidable evidence, but the following observa- 
tions require explanation: 

1 The risk of a patient with DLE developing overt SLE is small. It 
varies from 1.3% (76) to about 6.5% [67,77]. The risk is higher in 
patients with disseminated DLE (22%) than in DLE confined to 
the head and neck (1.2%) [77]. In some series [78], such conver- 
sion was not encountered despite follow-up for nearly 30 years. 
In a retrospective study, progression to SLE was noted in 19% at 
20 years with an average time to progression of 8.2 years from 
diagnosis of cutaneous disease [5]. 

2 The presence of laboratory abnormalities in DLE does not in itself 
appear to predispose to the development of SLE [5], although 
they are common in disseminated DLE [77,79]. The same prog- 
nosis was found in a subgroup intermediate between DLE and 
SLE as in patients with uncomplicated LE [78]. 

3 Immunoglobulins and complement are present in uninvolved 
skin of patients with SLE and absent in patients with DLE [80]. 

4 Most patients with DLE exposed to UV radiation (UVR), stress, 
trauma, etc. do not develop the systemic disease. 

5 The age and sex distribution of SLE [81] is strikingly different 
from that of DLE [82]. On this basis, it has been proposed [7,67] 
that genetic predisposition determines the level of risk of devel- 
oping one or both patterns of disease, and that the risk may be 
related to one or more genotypes. Genes associated with CLE 
include C1QA, CSNK2B, CTLA4, HLA-DRB3, HLA-DQAI1, IL10, 
IRF5, ITGAM, IZKF, MICA, MICB, MSH5, RPP21, TRAF3IP2, 
TRIM39 and TYK2 [83]. 

At present, it is not possible to determine the genetic pattern of 
individual patients or to predict accurately the small proportion of 
patients with DLE-like lesions who will develop SLE, although a 
link with HLA-B8 and CLE has already been noted [48]. From con- 
sideration of the clinical features, the natural history, the age and 
sex distribution, and studies of histocompatibility antigens, most 
patients with DLE and haematological and serological abnormali- 
ties are not cases of SLE in disguise, but are cases of DLE, which is a 
separate entity from SLE, and has a different genetic background. 


Clinical variants 

Chilblain lupus. This may occur in patients with either DLE or SLE 
[84]. Chilblain lupus is a subtype of chronic CLE characterised by 
painful or pruritic red to violaceous papules and plaques involving 
the hands and feet, primarily the fingers and toes. Involvement of 
the nose and ears may also occur. Secondary sequelae may include 
ulceration, fissuring and hyperkeratosis [84]. Approximately 6% 
of patients with cutaneous lupus, predominantly female, develop 
chilblain-like lesions chiefly on the toes and fingers (Figure 51.15), 
but occasionally more generally. The lesions are triggered by cold 
or damp exposure. It can be precipitated by pregnancy [85]. Most 


Figure 51.10 Pigmentary changes in discoid lupus erythematosus (DLE). (a) Patches on the scalp of a black person. (b) DLE in an Asian patient showing marked hyperpigmentation at 
the border of the affected area. 


Figure 51.11 


Discoid lupus erythematosus of the ear with scarring and atrophy. 


patients will have a positive ANA, anti-Ro/SSA or anti-La/SSB [86]. 
Some patients may have cryo-fibrinogenaemia or cold agglutinins. 
They are also either smokers or have markedly abnormal peripheral 
circulation with low resting blood flow. Occasionally, one or more 
fingers may show a curious atrophic spindling, sometimes with 
hyperextension of the terminal phalanges and dystrophy of the 
nails (Figure 51.16). The fingers and toes may become markedly 
atrophic, with patchy redness and tuft resorption on X-ray. Fifteen 
per cent of patients develop SLE. 

Familial chilblain lupus has been described as the result of auto- 
somal dominant, heterozygous mutations in TREX1, SAMHD1 
and STING (protein stimulator of interferon) genes with disease 
manifesting in early childhood. These genes encode intracellular 
nucleases, and their mutation results in activation of antiviral 
type I interferons and the development of autoimmunity [87]. 
Management includes maintaining a warm core and peripheral 
temperature, and avoiding damp conditions. Topical treatments 
include high-potency corticosteroids, tacrolimus and pimecrolimus 
[88,89]. Improvement of skin disease has been observed with the 
use of oral nifedipine [90], hydroxychloroquine, quinacrine [91], 
mycophenolate mofetil [92] and JAK inhibitors [93,94]. 


US [ undaus 


Lupus erythemat 3). Lupus panniculitis 
is an unusual clinical variety of LE in which the cutaneous infiltrate 
occurs primarily (but not always exclusively) in deeper portions 
of the corium (Figure 51.17) [95]. There are only microscopic epi- 
dermal changes, giving rise to firm, sharply defined nodules from 
one to several centimetres in diameter, lying beneath clinically 


(a) 


(atrophie blanche) proximal to the great toenail. 


Figure 51.13 Telangiectatic lupus erythematosus of the cheek. 


normal skin and followed by atrophy of fat. It disproportionately 
affects middle-aged women (85%) [96] and presents as chronic and 
recurring tender, red, indurated subcutaneous nodules or plaques 
located on fatty areas of the body. Lesions are primarily located 
on the proximal extremities, face, back and scalp [96]. Long-term 
sequalae include ulceration, atrophy, calcinosis and disfigurement. 
Coexistence with an overlying DLE is termed lupus profundus and 
occurs in more than one-third of patients [96]. Clinical LE profun- 
dus occurred in 3-5% of patients with DLE [97], but histological 


(b) 


fey Figure 51.12 Disseminated discoid lupus erythematosus. (a) Plaques on the back of the hands. (b) Characteristic redness and scaling of the toes. Note the white atrophic scars 


Figure 51.14 Gyrate erythema in lupus erythematosus. 


disease may be found in up to 30% [98]. Kaposi first described 
subcutaneous nodules in LE in 1883 [99], but Irgang [100] first used 
the term ‘lupus erythematosus profundus’ in 1940. Some authors 
have considered the lesions to be sarcoid [101], but it is now usually 
accepted as a variant of LE [102], related more to DLE than to SLE 
[103]. Approximately one-fifth of patients have concurrent SLE. 
Histologically LE profundus is characterised by lymphoplasma- 
cytic lobular or mixed panniculitis with hyalinising fat necrosis and 
lymphoid follicles. Chronic lesions may display dermal or subcuta- 
neous calcium deposits. Treatment is effective if started early and 
targeted during the active phase of the disease. Antimalarial med- 
ications are first line [104,105]. A short course of systemic cortico- 
steroids may be used initially to reduce active inflammation [106]. 
Intralesional steroids, dapsone [107], mycophenolate mofetil [108], 
ciclosporin [109], rituximab [110] and intravenous immunoglobulins 
(IVIg) [111] have been reported in case reports with variable results. 


Table 51.1 Comparison of data on a series of patients with discoid and systemic lupus 
erythematosus seen at Chapel Allerton Hospital, Leeds, UK. 


Discoid lupus 
erythematosus 
(n = 120) (%) 


Systemic lupus 
erythematosus 
(n = 40) (%) 


Rash 100 80 
Joint pains 23 70 
Fever 0 40 
Raynaud phenomenon 14 35 
Chilblains 22 22 
Poor peripheral circulation 26 32 
ESR >20 mm/h 20 85 
Serum globulin >3 g (%) 29 76 
LE cells 1.7 83 
Antinuclear factor(s): 35 87 
Homogeneous 24 74 
Speckled 11 26 
Nucleolar 0 5.4 
Precipitating autoantibodies 4 42 
WR positive 5 22 
Rheumatoid factor positive 15 37 
Direct Coombs test positive 25 15 
Leukopenia 12.5 37 
Thrombocytopenia 5 21 


ESR, erythrocyte sedimentation rate; LE, lupus erythematosus; WR, Wassermann 
reaction. 


Figure 51.15 ‘Chilblain’ lesions in a patient with Ro-positive systemic lupus 
erythematosus. 


Tumid It us. Tumid lupus erythematosus (TLE) is 
a rare subtype of chronic CLE. Due to the small number of patients 
with ANA positivity and a weak association with SLE, some con- 
sider TLE to be a unique subtype of CLE or a separate disease from 
lupus altogether [112,113]. TLE shares similar histological features 
with reticular erythematous mucinosis and Jessner lymphocytic 
infiltrate, and some consider them to be on the same spectrum [114]. 
Lesions typically present as asymptomatic, annular or urticarial, 
red, oedematous papules and plaques with minimal or no epi- 
dermal change. Lesions are often located on sun-exposed sites 
including the face, neck and upper trunk and are exacerbated by 
UV exposure [115]. 


Figure 51.16 Unusual spindling of the fingers and hyperextension of the distal 
phalanges in discoid lupus erythematosus. 


Figure 51.17 Lupus erythematosus profundus. 


TLE is distinguished histologically by well-demarcated intense 
periadnexal lymphocytic infiltrates, superficial and mid-dermal 
perivascular lymphocytic infiltrate and abundant interstitial dermal 
mucin deposition [116]. There may be focal or minimal vacuolar 
interface changes, epidermal atrophy and oedema in the papillary 
dermis [3,117]. Typically, there is no scarring, follicular plugging or 
dyspigmentation. Differential diagnoses of TLE include DLE, SCLE, 
Jessner lymphocytic infiltrate, reticular erythematous mucinosis, 
PLE, pseudolymphoma and leukaemia/lymphoma cutis. Man- 
agement includes UV protection, antimalarials and high-potency 
topical steroids. Lesions resolve without scarring, atrophy or 
hypopigmentation [118,119]. 


Differential diagnosis 

The annular atrophic plaque variety of DLE may resemble mor- 
phoea or lichen sclerosus [58]. Jessner lymphocytic infiltration may 
be confused with the more acute localised oedematous lesions of LE, 
but the marked histological lymphocytic infiltration in the former 
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should help to distinguish it from the latter, and immunoglobulin 
deposition does not occur at the dermal-epidermal junction in 
Jessner lymphocytic infiltration. There is still disagreement on the 
relationship between DLE and Jessner infiltration. Indeed, some 
authors believe the latter to be a precursor of classic CLE [4]. Benign 
lymphocytic infiltration of the skin may be a further form of CLE, as 
indicated by photo testing [120]. Reticular erythematous mucinosis 
syndrome (Chapter 57), which can show clinical and histological 
features similar to DLE, may also be induced by UVR but is a 
discrete clinical entity [121]. 

The history and the presence of lesions elsewhere should exclude 
contact eczema, seborrhoeic eczema and psoriasis. Lupus vulgaris 
may resemble DLE, but the lesions of the former usually occur at 
an early age, are rarely symmetrical, may be ulcerated and usually 
show characteristic ‘apple-jelly’ nodules on diascopy. Necrobiosis 
lipoidica can give facial lesions similar to those in DLE. The rosa- 
ceous type of LE can usually be differentiated from true rosacea by 
the absence of pustules and the histology. 

Chronic DLE has been found in 12% of patients diagnosed as 
having scarring alopecia of the pseudopelade type [122]. Lesions 
on the lips, tongue, scalp and buccal mucosa may be confused 
with lichen planus, and the skin of some patients may show clin- 
ical, histological and immunological features of both diseases 
[123]. Overlap cases, in addition to LE-like lesions, have lichenoid 
papules, verrucous lesions, anonychia and oral and vulval lesions 
resembling lichen planus. Patients with lichen planus do not have 
features of LE immunopathologically or by HLA typing [124]. 
Overlap cases either have both diseases or are variants of LE. In 
favour of the latter, the verrucous lesions show immunofluorescent 
findings of LE [125]. 

LE of the legs and feet may resemble chilblains. Plaques of sar- 
coidosis and lesions of eosinophilic granuloma may cause diagnos- 
tic difficulties that can only be resolved histologically. Occasionally, 
lesions resembling DLE are caused by dermatophytes [126]. 

The distinction from plaque-type PLE may be difficult, but 
the absence of both antinuclear factor from the serum and of 
dermal-epidermal immunoglobulin deposits in PLE may be help- 
ful [127]. PLE may either coexist with or precede DLE by many 
years. Infants may show sharply marginated, reddish, finely scaling 
plaques on the cheeks and bridge of the nose, sometimes exacer- 
bated by the sun, or a transitory rash with telangiectases on the face, 
particularly around the eyes, which clinically and histologically 
resembles LE [128]. These rashes probably are part of so-called 
neonatal LE (see separate section later in this chapter). An LE-like 
rash on the face with sun sensitivity occurs in Bloom syndrome 
(Chapter 14), which is thought to be caused by an autosomal reces- 
sive gene. A congenital telangiectatic area of reddish skin occurs 
in people with well-proportioned dwarfism, who look similar 
because of their bird-like facial appearance. The skin changes occur 
in infancy and may be associated with ectodermal and mesodermal 
defects [129]. 


Classification of severity 

The accepted system for assessment is the cutaneous lupus erythe- 
matosus disease area and severity index (CLASI), which quantifies 
disease activity and monitors response to treatment and is a useful 
clinical and research tool [130]. This activity score measures degree 
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of redness, scale, mucous membrane lesions and non-scarring 
alopecia [130]. 


Disease course and prognosis 

In general, the course of the disease is chronic and relapsing, with 
exacerbations in spring and summer, but some patients have mild 
disease that settles spontaneously. Most disease will produce scar- 
ring if it is untreated, and the disease will continue episodically for 
many years. A minority will burn out completely, but may be left 
with significant and permanent damage to affected areas [67]. 


Investigations 

Patients may require a skin biopsy to confirm the diagnosis, and 
should have an ANA test, extractable nuclear antigens (ENAs), 
anti-double-stranded DNA (dsDNA) antibodies and complement 3 
and 4 determined to assess the possibility of them having the sys- 
temic form of the disease. Routine haematology and biochemistry 
and urine testing for proteinurea are sensible as baseline investiga- 
tions. Assessment of visual acuity is also necessary in those needing 
systemic therapy with antimalarials. 


Management 

It is important to carry out a complete medical survey of the patient 
at the first attendance to establish a diagnosis of the subtype of 
DLE, a likely prognosis and a baseline by which later progress may 
be judged. Patients should be advised to avoid overwork, mental 
stress and fatigue, and enquiry should be made for symptoms of 
depression (often related to facial scarring). Scarred lesions may be 
camouflaged. Patients should avoid excessive exposure to sunlight 
and phototoxic medications, and use appropriate sun protection 
against UVA and UVB. The application of sunscreen should be fre- 
quent — preferably every 2-3 h in bright sunlight [131]. Vasodilator 
drugs, particularly calcium-channel blockers such as nifedipine, are 
helpful in those with Raynaud phenomenon and chilblain lesions 
[84]. Patients should have annual assessments for SLE, and regular 
assessments of disease severity and impact [132]. Guidelines for 
therapy have been published by several societies [133-135]. 


First line 

Topical therapy can frequently control and sometimes clear lesions 
without the need for systemic treatment; 0.025% fluocinolone cream 
or 0.1% betamethasone 17-valerate cream alone can be effective 
without inducing epidermal atrophy [136]. There are few data sup- 
porting the use of one topical corticosteroid over another, although 
more potent agents appear generally to be more effective. Occlusion 
may help further. Intralesional corticosteroid injections are helpful 
in resistant cases [137], even on the lips, mouth and ears. Topical cal- 
cineurin inhibitors, such as tacrolimus, provide a useful alternative 
to corticosteroids in those with localised disease [138]. 


Second line 

For patients with severe, extensive or scarring disease, particularly 
affecting the scalp, oral prednisolone is often the most helpful initial 
treatment. A dosage of 0.5 mg/kg, rapidly tapered over 6 weeks, is 
quickly effective, minimises scarring and allows the slower-acting 
agents such as antimalarials to work. Long-term therapy with oral 
corticosteroids is best avoided because of side effects, but may be 


Response rate as 


Response rate as 


Drug Daily dosage first line treatment(%) second line treatment(%) Side effects 

Hydroxychloroquine [88,100] | 200-400 mg 60-75 20 See Box 51.3 

Chloroquine [101] 200-400 mg 60-75 20 See Box 51.3 

Acitretin [102] 25-100 mg 50-75 15-20 Dry skin, hair loss, liver or lipid abnormalities, bony ankylosis 
Auranofin [103] 3-9 mg 50 15-20 Gastrointestinal upset, haematological, renal or liver abnormality 
Dapsone [104] 50-150 mg 25-50 10-20 Rash, haemolysis, dapsone syndrome 

Methotrexate [105] 5-30 mg - 25-50 Gastrointestinal upset, hepatitis, hepatic fibrosis, pulmonary fibrosis 
Ciclosporin [106] 2.5-5 mg/kg - 30-50 Hypertension, renal function abnormalities 

Sulfasalazine [107] 1.5g - 5-15 

Isotretinoin [108] 20-80 mg - 15-20 

Thalidomide [93,94] 50-150 mg 80-90 40-50 Drowsiness, constipation, teratogenicity, polyneuropathy 
Clofazamine [109] 50-150 mg 40-60 5-15 Orange-pink to brown skin discoloration 

Phenytoin [110] 200-300 mg - - 

Azathioprine [111] 75-200 mg - 20-30 Photosensitivity, skin cancer 

Cyclophosphamide [95] 50-200 mg = - 

Mycophenolate [112] 0.5-3g - 40-50 Bone marrow suppression, hepatitis 

Mepacrine [113] 100-200 mg 50-60 Hepatitis, yellow skin colour 


necessary in a small number of patients resistant to other mainte- 
nance therapy. In such circumstances, patients should also receive 
bone protection with vitamin D and calcium supplementation as 
well as bisphosphonates or related drugs to avoid osteoporosis. 
Methylprednisolone 500-1000 mg/day for 2 or 3 days, given as an 
intravenous pulse therapy, may help resistant lesions. 

First-line systemic treatment for ongoing use should be with one 
of the oral antimalarials (Table 51.2). Most would start therapy with 
hydroxychloroquine, initially at 200 mg twice daily, reducing to 200 
mg/day once a response is achieved [139]. Chloroquine phosphate 
is equally effective, usually at a dosage of 250 mg twice daily, but 
hydroxychloroquine is used first by most prescribers because side 
effects, particularly eye toxicity, are less likely provided that the 
dosage limitations of 5 mg/kg real body weight are adhered to 
[140,141]. 


Box 51.3 Side effects of antimalarials 


Mild 
e Nausea and vomiting 
e Abdominal pain 


Severe 

¢ Corneal deposits 

¢ Retinopathy 

e Pigmentation of the palate, nails and legs 
¢ Bleaching of hair 

e Exfoliative dermatitis 

¢ Lichenoid rashes 

e Myasthenia 

e Extrapyramidal involuntary movements 
e Neuropathy 

¢ Psychiatric syndromes 

¢ Myopathy 


The comparable safe daily dosage for chloroquine is unclear, but 
is probably around 4 mg/kg/day of chloroquine base. Cumulative 


toxicity is rarely a problem with hydroxychloroquine prior to 
10 years of therapy, although it can occur with chloroquine [142]. 
Mepacrine is also useful, and is safe from an ophthalmological point 
of view [143], but it is often reserved for later use (because of yellow 
skin pigmentation). It may be used alone, or as part of a combination 
of antimalarials, which may be more effective than the equivalent 
amount of each drug given individually [144]. Monitoring during 
therapy should include annual ophthalmological screening begin- 
ning at no more than 5 years after treatment initiation [145]. The 
side effects of antimalarials are listed in Box 51.3. 


Third line 

For cases not responding to topical corticosteroids, antimalarials 
and sunscreens, oral thalidomide, lenalidomide [146], methotrex- 
ate and mycophenolate are the most effective third line agents, 
although all of the agents listed in Table 51.2 may have a role in 
individual patients. Thalidomide at a dose of 100 mg/day seems to 
be as effective as higher doses. If used as initial therapy, response 
rates of 80-90% may be achieved, but when used as second line 
treatment the response rate is nearer 50% [147,148]. Short courses are 
preferable because of the risk of polyneuropathy and its teratogenic 
effects. The prescription of thalidomide is tightly regulated with 
a pregnancy prevention programme: patients are allowed only 
monthly amounts of drug, and all women of fertile potential should 
be using double contraception and require monthly pregnancy 
tests. 

IVIg may be useful in resistant cases of diffuse disease [149] or 
panniculitis. Rarely, intravenous pulses of cyclophosphamide may 
be used, usually at a dosage of 10 mg/kg, at 3-4-weekly intervals. 
It is usually given in combination with intravenous methylpred- 
nisolone [150]. Most recently, immunomodulating biologic agents 
have been used, but an effective agent, efalizumab [151], has 
been withdrawn from the market because of the occurrence of 
progressive multifocal leukoencephalopathy. 

Rituximab [152] and belimumab [153] have been investigated in 
the context of SLE and found to be helpful for skin involvement, 
but personal experience suggests that discoid lesions do not respond 
well to B-cell antagonists. 


Discoid lupus erythematosus 51.11 


Table 51.2 Oral agents useful in the management of chronic discoid lupus erythematosus. 
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Emerging therapies 

Belimumab was approved for the treatment of SLE in 2011 in the 
USA. Belimumab is a recombinant human immunoglobulin G i 
(IgG-A) monoclonal antibody that inhibits the B-cell-activating 
factor (BAFF), which is important in the proliferation, differentia- 
tion and immunoglobulin secretion of B cells. Inhibition of BAFF 
targets autoreactive B cells that are active in SLE and results in their 
apoptosis. A case series and a small open-label study comprising a 
total of 12 patients with recalcitrant DLE have shown potential in 
improving disease activity in some patients [154,155]. 

Apremilast, a phosphodiesterase 4 inhibitor, works to inhibit 
dendritic cells and leukocyte production of IFN-a and IFN-y, 
respectively. In an open-label study of eight patients taking apremi- 
last 20 mg twice daily, four patients had marked reduction in DLE 
activity at day 85. Scalp lesions also completely regressed in two 
patients [156]. 

Fumaric acid esters are small molecules with immunomodulat- 
ing, anti-inflammatory and antioxidative effects that have been used 
as a systemic therapy for plaque psoriasis for half a century. An 
open-label study for their off-label use has shown improvement of 
longstanding therapy-refractory DLE [157]. 

There is low to moderate evidence for treatment with pulsed 
dye laser (585-595 nm) in the treatment of DLE. Not only has there 
been improvement in symptoms and cosmetic outcomes, but also 
in disease activity. However, caution is warranted with the use 
of laser due to the theoretical risk of DLE exacerbation [158-163]. 
Repairing cosmetic defects in inactive DLE is challenging because 
they are composed of scarring, hyperpigmentation and telangiecta- 
sia. A combination of Q-switched neodymium:yttrium-aluminium- 
garnet (Nd:YAG) laser and intense pulse light (IPL) may be a 
treatment to target both dermal melanosomes and superficial telang- 
iectasia, respectively [164]. Caution should be taken when using IPL 
as it can exacerbate disease and in patients with darker skin types it 
can further enhance dyspigmentation. Argon lasers have also been 
shown to improve superficial vascular changes such as redness 
and telangiectasia in DLE [165]. Erbium:yttrium-aluminium-garnet 
(Er:YAG) laser has been reported to treat scarring in inactive DLE, 
without exacerbating disease [166]. In patients with LE panni- 
culitis and lipoatrophy, fat transfer and lipofilling have been the 
mainstay aesthetic therapy [167-172]. More recently, autologous 
cell-assisted lipotransfer with the addition of adipose-derived stem 
cells has shown promising results in improving disfigurement, the 
survival of grafts and reduction of postoperative atrophy [173]. 
Dermal fillers using hyaluronic acid [174], poly-t lactic acid [174], 
polymethylmethacrylate [175] and polyacrylamide [176] have all 
been reported to establish satisfactory correction of lipoatrophy in 
patients with LE panniculitis. A common side effect of dermal fillers 
has been nodularity immediately post-injection. This may improve 
over time or mitigated by injection of normal saline. 

Anifrolumab, JAK inhibitors and a novel humanised IgG1 mono- 
clonal antibody that blocks blood dendritic cell antigen 2 are promis- 
ing medications on the horizon for the targeted inhibition of type 
I interferon in DLE [177-179]. Anifrolumab, an antibody to type I 
interferon receptor subunit 1, has been shown to improve CLASI 
scores by 50% in 3 months in patients with SLE and CLE [180]. Case 
series have demonstrated rapid and excellent response of previously 
drug-resistant DLE to anifrolumab [181-184]. 
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Subacute cutaneous lupus 
erythematosus 


Definition 

Subacute cutaneous lupus erythematosus is a specific ‘subset’ of 
cutaneous lupus first described by Sontheimer et al. in 1979 [1]. 
Patients exhibit mainly cutaneous disease and usually have a good 
prognosis. Antibodies to the Ro/SS-A antigen are closely associated 
with this subgroup. 


Introduction and general description 

This subgroup of lupus is very characteristic clinically and immuno- 
logically, is usually photoaggravated and may be associated with 
a limited degree of systemic involvement. Approximately 15% 
of patients fulfil the 2019 European League Against Rheumatism 
(EULAR)/American College of Rheumatology (ACR) criteria for 
SLE at the time of diagnosis [2], with arthralgia/arthritis being the 
most frequent feature. Fever, malaise and central nervous system 
involvement occur, but renal disease is mild and infrequent. Pro- 
teinuria, haematuria and casts may occur [3] but a recent study 
suggests that only 1.1% of patients develop lupus nephritis [4]. 


Epidemiology 

Incidence and prevalence 

The incidence of Ro/SS-A-positive SCLE in Stockholm was 
estimated to be 0.7 per 100 000 persons per year; the prevalence 
is estimated to be 6.2-14 per 100 000 persons [5]. In a European 
database study, patients with SCLE made up 236 of 1002 regis- 
tered patients with cutaneous LE (23.5%) [6]. Separate nationwide 
cohort studies in Sweden and Denmark found that approximately 
16% and 20% of CLE patients, respectively, were diagnosed with 
SCLE [7,8]. 


Age 
The disease predominantly affects adults, however there have been 
increasing reports in children [9-11]. 


Sex 
The disease has a female predominance, with 75-85% of the diag- 
noses occurring in females [5,6]. 


Associated diseases 

Some patients with SCLE also have Sjégren syndrome [12], 
rheumatoid arthritis [4], vasculitis [13], Sweet syndrome [14], 
Crohn disease [15], lichen planus [16], psoriasis [17], hereditary 
angioedema [18], porphyria cutanea tarda [19], gluten-sensitive 
enteropathy [20], toxic epidermal necrolysis [21,22], inclusion body 
myositis [23], calcifying lupus panniculitis [24] or Kikuchi-Fujimoto 
disease (KFD; necrotising lymphadenitis) [25]. Morphoea [26] and 
dystrophic calcinosis cutis [27] have sometimes followed the pre- 
sentation of SCLE. Some patients develop lesions related to mucin 
deposition [28]. 


Pathophysiology 
Antibodies to the Ro/SS-A antigen are an almost universal finding 
in this subset of lupus. That these antibodies may be pathogenic 


was first suggested by LeFeber et al. in 1984 [29], who demonstrated 
that sublethal doses of UVR induced the synthesis and surface 
expression of Ro/SS-A antigen by cultured human keratinocytes. 
In 1988, Ro/SS-A antigen was identified in both adult and neonatal 
epidermis in vivo [30]. Subsequent studies have confirmed that 
UVR increases Ro/SS-A antigen expression on the surface of ker- 
atinocytes [29,30] and that this is increased by oestrogen [31]. Thus, 
it has been postulated that in photosensitive lupus, UVR exposure 
leads to increased synthesis and subsequent expression of Ro/SS-A 
antigen on the surface of keratinocytes where it binds antibodies 
and initiates disease [32]. Further support for this hypothesis comes 
from a demonstration that photosensitivity and the titre of Ro/SS-A 
antibodies correlated with the expression of Ro/SS-A in the skin 
biopsies of patients with LE [33]. Although attractive, this hypoth- 
esis does not explain why other patients with Ro/SS-A antibodies 
(e.g. patients with Sjogren syndrome) do not exhibit photosensi- 
tivity and why in the clinical setting Ro/SS-A titres rarely reflect 
disease activity [34]. 


Pathogenesis of drug-induced SCLE 

Drug-induced SCLE is common, but differs from other drug- 
induced skin diseases in a number of ways: the onset is often 
delayed after the introduction of the drug, both on first occur- 
rence and on subsequent exposures, indicating a lack of immune 
sensitisation. Resolution is also slow after discontinuation of the 
drug [35]. Antihypertensive agents, such as thiazides and calcium 
channel blockers, and terbinafine are the commonest causes. Over 
the last decade, there has been a rise in the association of proton 
pump inhibitors, statins, non-steroidal anti-inflammatory drugs 
(NSAIDs), immunomodulators and immune checkpoint inhibitors 
with SCLE [36,37]. 

A systematic review of therapeutic monoclonal antibody- 
associated SCLE found that nearly half of cases were induced 
by tumour necrosis factor « (TNF-a) inhibitors, with a stark rise in 
the rates of PD-1 checkpoint inhibitor-induced SCLE, relative to 
their global use [38]. While the mechanisms of drug-induced SCLE 
are unclear, they may involve both photoinduction [39] and direct 
epidermal cytotoxicity of reactive drug metabolites [40]. 


Autoantibody status 

Subacute cutaneous LE was originally labelled ANA-negative 
lupus, as these patients often exhibited negative autoantibody 
screens. This was probably because of the use of test substrates that 
did not contain suitable antigens for the antibodies found in this 
group of patients. Using human cell lines as substrates, homoge- 
neous ANAs are found in approximately 60% and anti-Ro/SS-A 
antibodies in approximately 80% of patients [1], rising to higher 
levels in females [40]. The next common serological associations 
include rheumatoid factor or anticyclic citrullinated peptide (39%) 
and anti-La/SSB (38%) [4]. Antihistone and anticardiolipin antibod- 
ies occur in approximately 17% and 16% of patients, respectively 
[4,41]. The prevalence of the autoantibody status outlined is 
similarly found in patients with drug-induced SCLE [42]. 


Predisposing factors 
A number of drugs have been reported to precipitate or exacerbate 
SCLE and these are listed in Box 51.4. Up to 65% of cases of SCLE 


Box 51.4 Drugs associated with the development 
of subacute cutaneous lupus erythematosus 


Antibiotics 

¢ Doxycycline [122] 

¢ Minocycline [123] 

¢ Nitrofurantoin [125] 

e Amoxicillin clavulanate [44] 
¢ Ciprofloxacin [125] 

¢ Norfloxacin [126] 

¢ Rifampicin [127] 


Anticoagulants 
e Rivaroxaban [128] 
e Apixaban [129] 


Anticonvulsants 

¢ Carbamazepine [130] 
¢ Oxcarbazepine [44] 
¢ Phenytoin [131] 

¢ Lamotrigine [132] 


Antifungals 
¢ Terbinafine [133] 
© Griseofulvin [134] 


Antihypertensive 

e Thiazide diuretics [135] 

¢ Calcium-channel blockers [136,137] 
ACE inhibitors / ARB [138-140] 
Beta-blockers [44,140,141] 

e Furosemide [44] 


Chemotherapeutics 

¢ Capecitabine [142-144] 

¢ Gemcitabine [145,146] 

¢ Carboplatin [44,147] 

¢ Cisplatin [44] 

° Docetaxel [148] 

° Paclitaxel [149] 

e Doxorubicin [150] 

¢ Systemic 5-fluorouracil [151] 

e Tyrosine kinase inhibitors [152-154] 


Cholesterol lowering agents 
e Simvastatin [155,156] 

e Pravastatin [139,157] 

e Ezetimibe [44] 


Monoclonal antibodies [38,158-160] 
e TNF-o inhibitors 

e IL-17 inhibitors 

IL-12/23 inhibitors 

PD-1/PDL-1 inhibitors 

e Abatacept 

e Natalizumab 

¢ Denosumab 


Non-steroidal anti-inflammatories [44,161,162] 
¢ Ibuprofen 

e Diclofenac 

¢ Naproxen 

e Piroxicam 

¢ Acetylsalicylic acid 
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Proton pump inhibitors [37,163] 
¢ Lansoprazole 

e Esomeprazole 

¢ Omeprazole 

¢ Pantoprazole 


ACE, angiotensin-converting enzyme; ARB, angiotensin receptor 
blocker; IL, interleukin; PD-1, programmed cell death protein 1; PD-L1, 
programmed cell death ligand 1; TNF, tumour necrosis factor. 


may be drug-induced [7,42,43]. Drug-induced SCLE varies from 
idiopathic disease in a number of ways, as well as showing dif- 
ferent characteristics. Compared with idiopathic disease, it occurs 
in older patients (mean age 59 years) and is generally milder, 
but may involve the face and may show bullous and erythema 
multiforme-like patterns. A higher number of systemic symptoms 
such as arthralgias/arthritis and xerostomia has also been reported 
in drug-induced SCLE [44]. 


Pathology 

Histopathologically, SCLE can be differentiated from DLE by the 
presence of more epidermal atrophy and less hyperkeratosis, 
basement-membrane thickening, follicular plugging and inflam- 
matory infiltration [45]. Colloid bodies and epidermal necrosis 
are present in more than 50% of cases, especially in those with 
Ro/SS-A antibodies [22]. Immunofluorescence studies have shown 
that approximately 60% of patients with SCLE demonstrate depo- 
sition of IgG and/or complement in a granular pattern at the 
dermal-epidermal junction [46]. This is more frequent in papu- 
losquamous (88%) than annular (29%) lesions [1]. Dust-like particles 
of inter- and intracellular IgG in the basement layers of the epi- 
dermis may be a specific feature [46]. It has been suggested that 
pilosebaceous atrophy is the only significant predictor of DLE 
versus SCLE [22,47]. Excessive basement membrane deposition of 
laminin and collagen VII is seen in DLE but not SCLE [48]. Studies 
have shown significant numbers of cells expressing lymphocyte 
chemokine receptors CCR4 and CXCR3, chemokine ligands CXCL9, 
CXCL10 and CXCL11 [49] as well as cytotoxic T cells in the basal 
layers of the epidermis where keratinocytes show apoptotic death 
[50] and strongly positive staining for TNF-a and IFN-x« in involved 
skin [51,52]. Additionally, patients with SCLE have high serum 
levels of TNF-a, IFN-y, IL-12 and IL-18 [53,54]. Drug-induced 
SCLE may be differentiated from idiopathic SCLE by distinct 
histopathological features including the presence of leukocytoclas- 
tic vasculitis, reduced dermal mucin deposition and the absence 
of direct immunofluorescence positivity for granular IgM and C3 
deposits at the basement membrane zone [44]. 


Genetics [55] 

Human leukocyte antigen status may have a role in disease sus- 
ceptibility. The most common haplotype in SCLE is HLA-DR3 
and -B8, -DR3 being most commonly associated with the annular 
phenotype and the expression of Ro/SS-A antibodies [56]. This was 
determined by classic serological HLA typing, using white-skinned 
controls. A more recent study has suggested an association with 
the HLA-A1, -B8, -DR3, -DQ2, -DRw2 and -C4 null haplotype [57]. 
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HLA-DR2 has been associated with an older age of disease onset 
and papulosquamous lesions [58]. Complement genes are located 
in the HLA region and patients with SCLE have been reported to 
have deficiencies in the second, third and fourth components of 
complement [59]. A single nucleotide polymorphism leading to 
decreased levels of Clq antigen has been reported in patients with 
SCLE, the only genetic association of the disease that lies outside the 
HLA region [55]. Studies have reported an association of SCLE with 
the TNF-a 308A polymorphism, which may be pathogenic or act 
as a marker for the HLA-A1, B8, DRB1*0301 haplotype associated 
with other autoimmune conditions [60]. 


Environmental factors 

As well as the well-known relationship to UV exposure, SCLE may 
occur in the course of psoralen with UVA (PUVA) treatment of pso- 
riasis [61], radiotherapy [62] and IFN-B-1o therapy [63]. 


Clinical features 

History 

Patients may have a history of previous sun-induced skin problems, 
and often classic polymorphic light eruption. Raynaud phenomenon 
may occur before the characteristic skin rash, and patients may have 
mild arthralgia, although frank arthritis is unusual before the onset 
of the skin rash. 


Presentation 

This subset presents with either a non-scarring papulosquamous 
eruption (two-thirds of patients) (Figure 51.18a) or annular poly- 
cyclic lesions (one-third of patients) [55]. Lesions usually occur 
above the waist and particularly around the neck, on the trunk 
and on the outer aspects of the arms (Figure 51.18b) and have been 
reported to occur along the lines of Blaschko [64]. The borders 
may show vesiculation and crusting and occasionally bullae [65], 
which may be associated with coexistent porphyria cutanea tarda 
[19,65]. Follicular plugging and hyperkeratosis are not prominent, 
and the lesions resolve to leave grey-white hypopigmentation 
and telangiectases. The pigmentary changes usually resolve com- 
pletely. Diffuse non-scarring alopecia and photosensitivity occur in 
approximately half of patients, and other features include mouth 
ulceration (especially of the palate), reticular livedo and periun- 
gual telangiectasia. Presentation with pityriasiform lesions [29], 
erythroderma [66] and poikilodermatous lesions [67] have been 
described. Dermoscopic features include patchy distributions of 
scarce white-yellow scales, pink and white structureless areas and 
a mixed vascular pattern including dotted, linear branching and 
linear curved vessels [68]. The latter characteristic may be helpful in 
differentiating between SCLE and its differential diagnoses includ- 
ing nummular dermatitis and psoriasis that demonstrate dotted 
vessels exclusively [69]. 


Clinical variants 

While these are classic skin eruptions, a chilblain pattern and 
vasculitis, particularly in those with concomitant Sjégren syn- 
drome, are both described. Occasionally, the annular lesions may 
resemble the lesions of Rowell syndrome or the gyrate erythema 
secondary to occult malignancy [70]. 


; Subacute cutaneous lupus erythematosus 51.15 


(a) 


(b) 


Figure 51.18 Subacute cutaneous lupus erythematosus. (a) Papulosquamous eruption 
on the back. (b) Annular polycyclic lesions on the chest. 


Differential diagnosis 
Box 51.5 shows the most common differential diagnoses. 


Complications and co-morbidities 

Urticarial vasculitis, chronic interstitial pneumonitis and hypo- 
kalaemic tetraparesis have been reported in association with SCLE 
[71-73]. There have been occasional reports of associations with 
cancer, namely breast carcinoma [74], meningioma [75], colon 
cancer [76], gastric adenocarcinoma [77], pancreatic adenocarci- 
noma [78], hepatocellular carcinoma [79], cholangiocarcinoma [80], 
non-Hodgkin lymphoma [84], Hodgkin disease [81], lung cancer 


Box 51.5 Differential diagnoses of subacute 
cutaneous lupus erythematosus 


Dermatomyositis 

Lupus erythematosus, acute or discoid 
Erythema annulare centrifugum 
Erythema gyratum repens 

Erythema multiforme 

Granuloma annulare 

Lichen planus 

Psoriasis 

Tinea corporis 


[82], prostate cancer [83], melanoma [85] and squamous carcinoma 
of the head and neck [86-88]. Occasional patients may develop overt 
SLE with severe internal organ disease [55,89]. 


Disease course and prognosis 

Subacute CLE often shows a variable exacerbating and remitting 
course over time, possibly in relation to sun exposure. Studies have 
shown that over a 3-year period, 17-25% of patients with SCLE 
developed SLE [7,90]. Worsening CLASI scores over time may be a 
risk factor to progression to SLE [90]. Median time to SLE diagnosis 
was 1.65 years in patients with SCLE [8]. 


Investigations 

Due to the possible concurrent diagnosis or eventual develop- 
ment of SLE, patients with SCLE should be screened for internal 
organ involvement. An initial evaluation includes a thorough 
history and physical examination including the EULAR/ACL 
clinical criteria [91]. The initial blood work may include com- 
plete blood count with differential, liver enzymes, creatinine and 
blood urea nitrogen levels, urinalysis, ANA, ENA, dsDNA, com- 
plement levels and erythrocyte sedimentation rate or C-reactive 
protein. Patients with active disease should be followed monthly, 
whereas patients with stable disease can be seen on a biannual 
basis [92]. 


Management 

The treatment of SCLE is based upon extrapolation of studies of 
the treatment of DLE (detailed in section on DLE earlier in this 
chapter) and upon case reports. Patients should avoid UV exposure, 
particularly in the spring in the northern latitudes, since they tend 
to flare rapidly in response to the first significant UV exposure of 
the year. 


First line 

The condition in most patients is controlled by sunscreens 
[93], moderate- to high-potency topical or intralesional cortico- 
steroids [94,95] or the topical macrolides, pimecrolimus [96] and 
tacrolimus [97]. 


Second line 

In those not responding to first line agents, antimalarial drugs are 
often helpful [98]. These can be used as either hydroxychloroquine 
or chloroquine (sulphate or phosphate), although the former is 
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Table 51.3 Systemic Lupus International Collaborating Clinics classification criteria for systemic lupus erythematosus (SLE), 2012.3 


Criteria Definition 


Clinical criteria 
1. Acute cutaneous lupus 


2. Chronic cutaneous lupus 
3. Oral ulcers 


4. Non-scarring alopecia 
5. Synovitis 


6. Serositis: pleurisy or pericarditis 
7. Renal disorder: persistent proteinuria 
(>0.5 g/day) or cellular casts 
8. Neurological disorder 
causes 
9. Haemolytic anaemia 
10. Leukopenia (<4000/mm? at least once) or 
lymphopenia (<1000/mm?) 
11. Thrombocytopenia (<100 000/mm? at least 
once) 
Immunological criteria 
1. ANA above reference laboratory range 


ncluding: lupus malar rash (do not include if malar discoid), bullous lupus, toxic epidermal necrolysis 
variant of SLE, maculopapular rash, photosensitive lupus rash in the absence of dermatomyositis or 
subacutue cutaneous lupus 
ncluding classic discoid rash, hypertrophic (verrucous) lupus, lupus panniculitis (profundus), mucosal 
lupus, lupus erythematosus tumidus, chilblain lupus, discoid lupus/lichen planus overlap 
Palate, buccal, tongue or nasal ulcers in the absence of other causes 
Diffuse thinning or hair fragility with broken hairs in the absence of other causes 
nvolving two or more joints characterised by effusion or swelling or tenderness in two or more joints and 
at least 30 min of morning stiffness 
ore than 1-day duration of pleural/pericaridal effusions or pleural/pericardial rub 


Seizures, psychosis, mononeuritis multiplex, myelitis or acute confusional state in the absence of other 


2. Anti-dsDNA antibody above reference laboratory range (or more than twofold the reference range if tested by ELISA) 


3. Anti-Sm: presence of antibody to Sm nuclear antigen 

4. Antiphospholipid antibody positivity 

5. Low complement (low C3, C4 or CH50) 

6. Direct Coombs test in the absence of haemolytic anaemia 


Adapted from Petri et a/. 2012 [3]. 


@ Criteria are cumulative and need not be present concurrently. A patient should be classified as having SLE if they satisfy four of the clinical and immunological criteria, including at 
least one clinical criterion, or if they have biopsy-proven nephritis compatible with SLE in the presence of ANAs or anti-dsDNA antibodies. 
ANA, antinuclear antibody; anti-dsDNA, anti-double-stranded DNA; ELISA, enzyme-linked immunosorbent assay. 


safer from the ophthalmological point of view and requires less 
monitoring. However, evidence suggests that long-term use of 
more than 7 years, or a large cumulative dose, may still be prob- 
lematic [99]. Hydroxychloroquine should be dosed at no more 
than 5 mg/kg of real body weight per day. Dosing may need to 
be adjusted or require discontinuation altogether in patients with 
significant renal disease, retinal or macular disease or concurrent 
use of tamoxifen [100]. The antimalarial mepacrine (quinacrine) 
does not have ocular side effects but does induce a yellow dis- 
coloration of the skin. There is evidence that a combination of 
hydroxychloroquine or chloroquine with mepacrine may be more 
effective than either alone [101] and that they are less effective in 
smokers [102]. 


Third line 

Patients not responding to antimalarials may respond to (in order 
of benefit risk and evidence): oral corticosteroids or methylpred- 
nisolone [103], acitretin [104], isotretinoin [105], dapsone [106], 
oral and subcutaneous methotrexate [107-109], azathioprine [4], 
mycophenolate mofetil [110], the cereblon inhibitors thalidomide 
[111,112] or lenalidomide [113], IVIg [114,115], rituximab [116,117] 
and JAK inhibitors [118-120]. Phototherapy with UVA has also 
paradoxically been reported to be useful [121]. 


Systemic lupus erythematosus os 


Introduction and general description 

Systemic LE is a systemic disease characterised by multisystem 
organ inflammation, most commonly the skin, joints and vascula- 
ture, and associated immunological abnormalities. The main clinical 
features include fever, rashes and arthritis, but renal, pulmonary, 
cardiac and neurological involvement may occur, with increased 
mortality. The first classification criteria were developed by the 
American Rheumatism Association in 1971 and modified in 1982 
[1] and in 1997 [2]. The Systemic Lupus International Collaborat- 
ing Clinics (SLICC) identified 17 criteria that resulted in greater 
sensitivity but somewhat lower specificity for the diagnosis of SLE 
than the 1982 ACR criteria [3]. Specifically, terms relating to the 
cutaneous manifestations of lupus were redefined. According to 
the 2012 SLICC rules for classification, a patient needed to satisfy at 
least four criteria, including at least one clinical and one immuno- 
logical criterion, or the patient must have had biopsy-proven lupus 
nephritis in the presence of ANAs or anti-dsDNA antibodies. For 
any individual patient, the SLICC criteria may be used as an aid and 
guide to diagnosis (Table 51.3). The criteria were further modified 
in 2019 to improve detection of early SLE and to make a positive 


Figure 51.19 European League Against 
Rheumatism/American College of Rheumatology criteria for 
the diagnosis of systemic lupus erythematosus (SLE). 
Reproduced from Aringer et a/. 2019 [4] with permission 
from John Wiley & Sons. 


Entry criterion 
Antinuclear antibodies (ANAs) at a titre of >1:80 on HEp-2 cells or an equivalent positive test (ever) 
v 
If absent, do not classify as SLE 
If present, apply additive criteria 
v 
Additive criteria 
Do not count a criterion if there is a more likely explanation than SLE 
Occurrence of a criterion on at least one occasion is sufficient 
SLE classification requires at least one clinical criterion and >10 points 
Criteria need not occur simultaneously 
Within each domain, only the highest weighted criterion is counted toward the total score 
Clinical domains and criteria Weight | Immunology domains and criteria_| Weight 
Constitutional Antiphospholipid antibodies 
Fever 2 Anticardiolipin antibodies OR 
Hematologic Anti-B2GP1 antibodies OR 
Leukopenia 3 Lupus anticoagulant 2 
Thrombocytopenia 4 Complement proteins 
Autoimmune haemolysis 4 Low C3 OR low C4 3 
Neuropsychiatric Low C3 AND low C4 4 
Delirium 2 SLE-specific antibodies 
Psychosis 3 Anti-dsDNA antibody OR 
Seizure 5 Anti-Smith antibody 6 
Mucocutaneous 
Non-scarring alopecia 2 
Oral ulcers 2 
Subacute cutaneous OR discoid lupus 4 
Acute cutaneous lupus 6 
Serosal 
Pleural or pericardial effusion 5 
Acute pericarditis 6 
Musculoskeletal 
Joint involvement 6 
Renal 
Proteinuria >0.5 kg/24 h 4 
Renal biopsy class II or V lupus nephritis 8 
Renal biopsy class III or IV lupus nephritis 10 
Total score: 
V 
Classify as systemic lupus erythematosus with a score of 10 or more if entry criterion fulfilled 


ANA test an entry criterion [4]. The current EU 


LAR/ACKR criteria population and 200/100 000 in the Afro-Caribbean population [6], 


have a sensitivity of 96% and a specificity of 93%, work well in 
early disease and across ethnicities, and are becoming the standard 
in clinical research (Figure 51.19). Nuances in the definitions of 
SLE may result in reclassification of some cases of SLE as skin-only 
disease or CLE [5]. 


Epidemiology 

Incidence and prevalence 

Systemic LE is an uncommon disease. A study in Birmingham, 
UK, estimated the prevalence of SLE at 30/100 000 in the white 


with an incidence estimated at 3.8 per 100 000 per year. In compari- 
son, for every case of SLE there are six cases of pernicious anaemia 
and 10 of leukemia. In a New Zealand study, SLE was found to 
be more common in Chinese and in New Zealand Polynesians [7]. 
The pattern of disease appears to be different in different ethnic 
subgroups, with black Americans and Hispanics having the highest 
rate of internal organ damage [8]. Black Americans have an earlier 
age of diagnosis, more common renal disease and more progression 
to end-stage renal disease than white Americans [9]. Familial cases 
are uncommon, but kindreds have an increased incidence of other 
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autoimmune diseases such as thyroid disease and rheumatoid 
arthritis [10,11]. 


Age 

The condition tends to occur in early adult life, and the peak age 
of onset of the first symptom or sign in females is approximately 
38 years (35.5 in black women and 40.7 in white women); it is 
44.2 years in men [12]. The manifestations of the disease are the 
same in all age ranges, although serositis and Sjogren syndrome 
are more common disease manifestations in the elderly [13]. Older 
individuals, with less severe disease, may have a longer time from 
symptom onset to diagnosis [14]. Paediatric SLE is uncommon, 
accounting for approximately 20% of all SLE patients with higher 
initial disease activity and earlier onset of damage [15]. 


Sex 

The female to male ratio is 7 : 15 [16]. Men with lupus tend to have 
higher frequencies of renal disease, skin manifestations, cytopenia, 
serositis, neurological involvement, thrombosis and vasculitis [17]. 


Pathophysiology 
Pathology 
The primary lesions of SLE are fibrinoid necrosis, collagen scle- 
rosis, necrosis and basophilic body formation, and vascular 
endothelial thickening. The basophilic (haematoxylin) bodies 
are aggregates of homogeneous material staining blue with haema- 
toxylin and staining positively for DNA by the Feulgen technique. 
This material is similar to that of the homogeneous nuclear material 
of the LE cell (a neutrophil that has engulfed nuclear material from 
dying cells) (Figure 51.20). 

Box 51.6 lists the main macroscopic and microscopic features 
of SLE. 


Macroscopic appearances. Even in the presence of widespread 
clinical manifestations and fatal outcome, it is often disappointing 
to find no macroscopic changes at autopsy. Sometimes, terminal 
changes and infection obscure the picture. Frequent macroscopic 


Figure 51.20 Lupus erythematosus cells: the phagocytosed nuclear material is 
homogeneous and displaces the polymorph nucleus to one side. 
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Figure 51.21 Libman-Sacks endocarditis. Note the warty vegetations on the heart 
valves. 


findings include pleurisy with adhesions and effusion, and peri- 
carditis, especially if the patient has died with uraemia. The 
verrucose vegetations of Libman-Sacks endocarditis are diagnostic 
(Figure 51.21) [18]. These are small, firm, warty deposits, up to 
0.5 cm in diameter, adherent to the valves of both sides of the heart 
and adjacent endocardium of the ventricles, chordae tendinae and 
on the papillary muscles. Sometimes, lesions of subacute bacterial 
endocarditis may be superimposed on the warty lesions. 


Box 51.6 Pathological features of systemic lupus 
erythematosus 


Macroscopic features 

e Pleurisy 

e Pericarditis 

e Libman-Sacks endocarditis 
¢ Lymphadenopathy 

¢ Splenomegaly 

e May be none 


Microscopic features 

¢ Immunoglobulins and complement at the dermal—epidermal 
junction in skin lesions (90%) and uninvolved skin (60%) 

e Haematoxylin bodies in the endocardium, renal glomeruli and 
elsewhere 

¢ Periarterial fibrosis of the spleen 

¢ Wire-loop lesions in the kidneys 


Microscopic appearances. Usually, pathological diagnosis requires 
histology, but in some cases histological changes can be demon- 
strated only by immunohistochemistry (Figure 51.22) [19]. 


Figure 51.22 Immunoglobulin at the dermal-epidermal junction in systemic lupus 
erythematosus. 


Skin. There is no single diagnostic pathological feature for SLE 
in the skin, but a combination of features aids diagnosis [20]. The 
histopathology of the skin is similar in each of the different forms of 
LE-specific skin disease (ACLE, SCLE and CCLE) and thus can be 
useful in contributing to the diagnosis of SLE but not in the deter- 
mination of the clinical subtype of CLE. In ACLE, there is a sparse 
dermal cellular infiltrate, focal liquefactive degeneration of the basal 
epidermis and upper dermal oedema [21]. Epidermal necrolysis 
has been reported [22]. The dermal tissues may be oedematous, 
and sometimes vesicle formation occurs at the dermal—-epidermal 
junction, with dilatation of the superficial vessels and perivascular 
lymphocytic infiltration. Mucin may be found in the reticular der- 
mis [23]. Using monoclonal antibodies, the infiltrate is shown to 
consist of abundant T cells and Ia-positive cells, with rather fewer 
B cells and macrophages. Helper or inducer T cells and suppressor 
or cytotoxic T cells occur in equal numbers [24]. All forms of cuta- 
neous lupus have been shown to demonstrate an increase in the 
expression of type I IFN-related proteins such as MXA [25]. Recent 
studies demonstrate an increase in the production of type III IFNs 
by keratinocytes (particularly IFN-« and IFN-A) as another common 
abnormality [26,27]. Neutrophilic infiltrates, with dermal perivas- 
cular and interstitial neutrophils, including neutrophilic debris, 
have been recognised recently to form a cutaneous histological 
variant that can be indicative of systemic involvement in SLE [28]. 


Immunohistology. The lupus band test (LBT) was historically 
used as a diagnostic aid in SLE [29]. The sensitivity of the LBT 
varies between 10.5% and 78.9% and the specificity between 
47.8% and 97.8% depending upon the defining criteria used [29]. 
Immunoglobulins, predominantly IgG, but less frequently IgM and 
IgA, together with complement (C1, C3) can be demonstrated at 
the dermal—epidermal junction by immunofluorescence techniques. 
Such deposits were first described in skin lesions [30] but are also 
present in clinically normal skin of SLE subjects [31]. They occur 
in more than 80% of skin lesions of DLE and SLE, and may be pre- 
ceded by basement membrane abnormalities in red and purpuric 
lesions [32]. Deposits occur more frequently in light-exposed areas 
and are invariably present in acute lesions, although in early and 


late stages the test may be negative. If IgG, IgM and IgA are all 
present, the diagnosis of SLE is likely, and the more common combi- 
nation of IgG and IgM is also suggestive. The basement-membrane 
phenomenon can also be demonstrated in the uninvolved skin in 
three-quarters of active cases of SLE if the biopsy specimens are 
taken from the exposed skin, preferably from the dorsum of the 
wrist or forearm. This test is no longer used as a diagnostic criterion 
in clinical practice and thus is only of historical interest. In addi- 
tion to dermal-epidermal immune reactant deposition, epidermal 
nuclear deposits, usually giving a speckled IgG pattern, occur in the 
basal epidermal nuclei and cells of the lower epidermis in nearly 
one-third of patients [33]. 


Internal organs. The characteristic microscopic features in the 
internal organs include haematoxylin bodies in the heart valves 
and elsewhere, periarterial fibrosis of the spleen, and the so-called 
‘wire-loop’ lesions in the kidneys. Lymph node enlargement is usu- 
ally associated with retention of normal architecture, but sometimes 
necrosis and haematoxylin bodies may be found. 

Kidney disease is noted in up to 50% of patients with SLE and 
is the strongest overall predictor of morbidity and mortality [34]. 
Decreased levels of C3 and C4 correlate with active SLE and the 
presence of renal disease. The so-called ‘wire-loop’ appearance 
in the kidneys is caused by thickening and hyalinisation of the 
capillary basement membrane of the glomerular tufts. Although 
this change may be seen in other diseases such as systemic scle- 
rosis, chronic glomerulonephritis and malignant nephrosclerosis, 
the changes in SLE are more likely to be localised to one part of 
the glomerulus. Thickening of the glomerular capillary basement 
membrane and alterations in reticular tissue in the media of arte- 
rioles are associated with deposits of IgG and C3. Lupus nephritis 
is classified into six types according to location and extent of renal 
damage as detected by light microscopy, immunofluorescence and 
electron microscopy using the International Society of Nephrology 
(ISN) system devised in 2004 [35] and revised in 2018 [36]. In 
minimal mesangial lupus nephritis (class I), normal glomeruli by 
light microscopy are found to have mesangial immune deposits by 
immunofluorescence or electron microscopy. In mesangial prolifer- 
ative lupus nephritis (class II), mesangial hypercellularity is present. 
In focal (class III) and diffuse (class IV) proliferative nephritis, there 
is endocapillary proliferation and inflammation with subendothe- 
lial immune deposits. Immunosuppressive therapy is required to 
manage these types of renal lupus. Membranous nephritis (class V) 
displays a global thickening of the glomerular capillary walls and 
is associated with an increased risk of renal vein thrombosis and 
nephrotic syndrome. Advanced sclerosing nephritis (class VI) is 
the result of end-stage damage. All patients who develop glomeru- 
lonephritis (with active renal sediment) should have a renal biopsy 
to accurately stage disease and plan therapy (Table 51.4). 


Genetic factors 

There is considerable evidence to suggest that genetic factors play 
a part in the pathogenesis [37]. Historically, the condition has been 
reported in identical twins, with a concordance rate of 65% [38]. 
However, most individuals with SLE have no family history of the 
disease. Rare monogenic mutations resulting in deficiencies of the 
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Table 51.4 International Society of Nephrology classification of lupus nephritis (LN). 


Class Description 


inimal mesangial LN: normal glomeruli by light microscope (LM) but 

mesangial immune deposits by immunoflouorescence 

| esangial proliferative LN: mesangial hypercellularity with no 

subendothelial depositis by LM in 20% of cases; renal failure rare 

ll Focal LN: segmental and/or global endocapillary and/or extracapillary 

glomerulonephritis involving <50% of all glomeruli in 25% of cases; 

renal failure uncommon 

V Diffuse LN: glomerulonephritis involving >50% of all glomeruli in 40% of 

cases; renal failure common 

V embranous LN: global or segmental subendothelial deposits by LM in 
10% of cases; renal failure uncommon 

VI Advanced sclerosing LN: >90% of glomeruli sclerosed 


classic complement system or defective degradation of DNA invari- 
ably result in the development of SLE. Deficiencies of Clq result in 
SLE-like disease in 93% of individuals. Likewise, a majority of indi- 
viduals with C1R/C1S deficiency or CD4 deficiency and up to 25% 
of C2-deficient individuals develop SLE [39]. Mutations in TREX1 
(three prime repair exonuclease 1), a gene encoding an intracellular 
nuclease, are associated with Aicardi Goutiéres syndrome, a neu- 
rodegenerative disorder with hypocomplementaemia and ANA for- 
mation and familial chilblain lupus [40,41]. Mutations in this gene 
that result in frameshift missense mutations or that alter subcellular 
protein targeting are also found in up to 2.7% of patients with SLE 
and are associated with neurological manifestations. In the absence 
of TREX1, accumulation of endogenous DNA induces IFN-a pro- 
duction eventually leading to autoimmunity [42]. 

In most cases, disease occurrence does not follow simple 
Mendelian inheritance. Studies have used linkage analysis within 
kindreds, candidate gene studies and genome-wide association 
studies (GWAS) to map and identify genes associated with SLE sus- 
ceptibility. Over 90 genetic loci, replicated in more than one study, 
have been identified with most disease-specific genes grouped 
into four immunological pathways: innate and adaptive immune 
response, immune complex clearance and mixed (Table 51.5) [43]. 
Class II HLA molecules are important for the presentation of anti- 
gen to CD4 T cells and the promotion of T-cell-dependent antibody 
responses. Associations between HLA genes and SLE have been 
studied for over 40 years. The most consistent associations are 
between HLA-DR2 and HLA-DR3 in white people [44] and these 
have been recapitulated in African Americans [45]. There is a 
close association between HLA alleles and autoantibody subsets 
in patients with SLE, with the strongest association (linkage dise- 
quilibrium) between anti-Ro/La antibodies and DR3 and DQ? [46]. 
In aggregate, currently identified loci explain about 30% of disease 
heritability. 

The identification of SLE risk loci by GWAS has been recapitu- 
lated with the identification of risk loci for other autoimmune dis- 
eases. Many autoimmune diseases, including rheumatoid arthritis, 
systemic sclerosis, type 1 diabetes, inflammatory bowel disease and 
Behcet disease, share risk loci [48]. Shared genes include HLA class 
II genes, PTPN22 and TNFSF4, important in controlling the adaptive 
immune response, and innate immune response genes such as IRF5, 
STAT4 and TNEAIP3 [37]. 
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Table 51.5 Important immunological pathways identified through susceptibility gene 
analysis. 


Pathways Genes 


Innate immune response 
TLR/IFN signalling 
NF«B signalling 


IRF5/7, STATA, TLR7/8, IRAK1, ACP5, SPP! 
TNFAIP3, TNP1, PRKCB 


Immune complex clearance 
Complement 

Phagocytosis 

DNA degradation 


CIQIR/S, 4A&B, C2, C3, CFHR3&1, CR2 
FCGR2A, FCGR3A, FCGR2B, FCGR3B, ITGAM 
TREX1, DNASE1 


Adaptive immune response 
Antigen presentation 
T-cell signalling 
B-cell signalling 


HLA-DR2&DR3, HLA class Ill genes 
PTPN22, TNFSF4, CD$$ 
BLK, BANK1, LYN, ETS1, PRDM!, IKZF1 


Cytokine IL10, IL21 
Mixed 
Epigenetic modification 
DNA methylation MECP2 
Other 
Unknown PXK, XKR6 and others 


Adapted from Deng and Tsao 2013 [47]. 
HLA, human leukocyte antigen; IFN, interferon; NF«B, nuclear factor «B; TLR, Toll-like 
receptor. 


Autoantibodies 

Non-organ-specific humoral autoantibodies are the hallmark 
of SLE [49]. A range of autoantibodies may be present in the dis- 
ease, although some are more disease-specific (anti-dsDNA and 
anti-Sm antibodies), and some are much more common (antinuclear 
and anti-Ro antibodies). Autoantibodies found in SLE are either 
germline-encoded or the product of somatic hypermutation. The 
autoantibodies in SLE show characteristics of an antigen-selected 
response promoted by B- and T-cell interaction. The B cells that 
make autoantibodies are activated by elevated levels of B lympho- 
cyte stimulator (BLys, also BAFF), a growth factor that is particularly 
important for the survival of T-cell-dependent B cells that promote 
autoantibody formation. Belimumab is a monoclonal antibody to 
BAFF that improves mucocutaneous and arthritis symptoms, as 
well as lupus nephritis in patients with SLE. This drug was US Food 
and Drug Administration (FDA) approved for therapy for muco- 
cutaneous and joint symptoms of SLE in 2011 [50] and for active 
lupus nephritis in 2020 [51]. B-cell-directed therapies continue to 
be studied for the treatment of lupus nephritis and co-stimulatory 
molecules remain potential novel targets in the SLE therapeutic 
armamentarium [52]. 

In SLE, antigen-antibody complexes containing DNA and RNA 
products activate the innate immune system through the stimu- 
lation of Toll-like receptor 9 (TLR-9) and TLR-7, respectively [53]. 
Innate immune activation culminates in IFN-o release by dendritic 
cells and TNF-a release promoting T cells to release IFN-y, IL-6 
and IL-10, all cytokines that promote continued antibody formation 
[54]. These autoantibody-producing cells are subsequently not 
adequately downregulated by anti-idiotypic antibodies and regula- 
tory T cells. There is considerable evidence that non-organ-specific 
autoantibodies, such as anti-DNA and anti-RNA antibodies, are 
not primarily pathogenic because (i) they are not specific to any 


disease manifestation; (ii) they are not present in all cases; and (iii) 
their titres are sometimes independent of the activity of the disease. 
In contrast, anti-Ro or closely related antibodies are implicated in 
the development of the rash and heart block found in neonatal LE 
[55]. Antiphospholipid antibodies, including the so-called lupus 
anticoagulant, are linked to thrombosis and abortion in patients 
with SLE. Antiribosomal P proteins have been detected in lupus 
psychosis [56]. 


Other immune factors [57] 

Patients with SLE have dysregulated production of type I IFNs, 
principally IFN-«. This results in the dendritic cell activation 
of autoreactive B and T cells [58]. Using gene-array technology, SLE 
patients have been stratified into individuals demonstrating high, 
moderate or weak expression of IFN-a-related genes, suggesting 
that individuals could be stratified into good and poor responders 
to IFN-o neutralisation [59]. IFN-« dysregulation also results in acti- 
vation of the innate immune system and vascular disease, common 
in SLE. In addition to an increase in memory B cells and circulating 
plasma cells whose numbers correlate with disease activity [60], 
there are defects in other cellular immune lineages. For example, 
there are deficiencies in the function of regulatory T-cell subsets 
[61]. Cytolytic CD8+ T cells sustain rather than suppress B-cell 
responses and lymphocyte transformation responses to common 
antigens [62]. Early signalling events in T cells and B cells are ampli- 
fied [57]. A recent concept is the role of IL-2 as primary activator 
of regulatory T cells rather than general T-cell growth factor [63]. 
In SLE, the production of IL-2 by peripheral blood leukocytes is 
impaired, thus reducing the inhibitory effects of regulatory T cells 
upon activated B cells, and the increased longevity of autoreactive 
T cells [64]. 


Environmental factors 

Environmental factors associated with the onset of SLE include 
exposure to sunlight and UVR, smoking, infections and medica- 
tions such as TNF inhibitors [65]. Silica and solvents have also been 
linked to the onset of SLE [66]. In a Finnish case-control study 
smoking was significantly, although modestly, associated with 
SLE [67]. 


Ultraviolet radiation. Reacting to midday sun with a blistering 
sunburn or rash has been associated with the onset of SLE [66]. 
Clinical photosensitivity in the form of polymorphous light reaction 
and pruritus is associated with more severe systemic disease [68]. 
Thus UVR may precipitate the onset or exacerbate the course of SLE 
in up to 60% of patients [69]. Phototesting to UVB and UVA shows 
reduced minimal erythema doses and the development of skin 
lesions in patients with LE [70]. The mechanism of action of UVR in 
exacerbating SLE remains incompletely understood. UV-mediated 
oxidative DNA damage has been shown to induce resistance to 
TREX1-mediated degradation resulting in increased local type I 
IFN production [71]. 


Infections, stress and hormonal factors. Other factors may pre- 
cipitate the onset of SLE, and these include bacterial infection, 
viruses and mental or physical stress. Studies in children sug- 
gest that Epstein-Barr virus (EBV) infection may be a trigger 


initiating SLE [72]. Oestradiol, prolactin, testosterone and pro- 
lactin are thought to modulate the incidence and activity of SLE 
[73-75]. Oestrogen-containing contraceptive compounds, early 
menarche and postmenopausal oestrogen use all increase the 
risk of SLE [73]. Men with Kleinfelter syndrome have a higher 
incidence of SLE, possibly related to hormonal factors [76]. Pro- 
lactin is an immunoregulator: the hormone interferes with B-cell 
tolerance induction and enhances B-cell proliferative responses 
to antigens [76]. Prolactin levels are increased in patients with 
SLE and gonadotropin-releasing hormone (GnRH) is secreted by 
immunologically active cells, further elevating prolactin levels and 
suggesting an autocrine effect [75]. 


Drugs [77]. The precipitation of SLE by drugs [78,79], especially 
the antihypertensive hydralazine, is well known. However, 
drug-induced SLE differs from the spontaneous disease: it is 
uncommon in black people, it occurs in an older age group, renal 
and central nervous system involvement are infrequent, antihis- 
tone antibodies are frequent, anti-DNA antibodies are absent and 
serum complement is normal [80]. Hydralazine is known to inhibit 
binding of complement component C4, and this action, with sub- 
sequent lack of control of complement activity, may explain the 
development of lupus-like syndromes [81]. More recent observa- 
tions have demonstrated that procainamide and hydralazine are 
potent DNA methylation inhibitors, with procainamide inhibit- 
ing DNA methyltransferase 1 [82] and hydralazine inhibiting the 
extracellular signal-regulated kinases (ERK) pathway [83], both 
effects ultimately resulting in the increased activation of autoreac- 
tive T cells. It has been proposed that drug-mediated alterations 
in DNA methylation may underlie the initiation of most forms of 
drug-induced SLE. 

Cutaneous involvement in drug-induced SLE may be vasculitic, 
bullous, erythema multiforme-like or resemble pyoderma gan- 
grenosum. Patients who develop ANAs during drug treatment 
do not need to have the drug stopped unless they have clinical 
features of the lupus syndrome [84]. Minocycline-induced SLE is 
uncommon [85] but use of this drug carries a definite associated 
risk (odds ratio of 4.23) [86]. It often occurs after 2 years of therapy. 
Patients who require more than 1 year’s therapy should have ANA 
and liver function tests monitored. Other drugs, particularly cer- 
tain anticonvulsants, are known to precipitate SLE-like syndromes 
(Table 51.6). The biologic agents targeting TNF-« are now well 
known to produce ANA, and occasionally clinical manifestations 
of lupus [77]. In these patients, arthritis often predominates over 
cutaneous manifestations and some patients tolerate a switch to a 
different TNF inhibitor [87]. 


Clinical features 

Clinical features of several series are summarised in Table 51.7. 
Due to the clinical and serological diversity, the disease may affect 
almost any organ of the body and can manifest in a broad variety of 
ways. Large case series have been reported [88] and the subject has 
been reviewed [89]. Despite the female sex predominance, potential 
distinguishing features exist in organ involvement and prognosis 
between sexes. Several authors have reported more damage accrual, 
particularly renal insufficiency /failure in men [90-92]. In one of the 
largest cohorts (the Hopkins lupus cohort — John Hopkins Lupus 
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Table 51.6 Drugs inducing systemic lupus erythematosus-like syndromes. 


Drug High risk Moderate risk Low risk Very low risk 
Antiarrythmics Procainamide (15-20%) Quinidine (<1%) Disopyramide 
Propafenone 
Antihypertensives Hydralazine (5-8%) Methyldopa Clonidine Minoxidil 
Captopril Enalapril Pindolol 
Acebutol Labetalol Prazosin 
Antipsychotics Chlorpromazine Chlorpothixene Phenelzine 
Lithium carbonate 
Antibiotics Isoniazid itrofurantoin 
Minocyline Cefepime 
Anticonvulsants Carbamazepine Ethosuximide Phenylbutazone 
Propylthiouracil Phenytoin NSAIDs 
D-penicillamine Primidone Chlorthalidone 
Sulfasalazine Trimethadione Hydrochlorothiazide 
Anticholesterolemics Atorvastatin Pravastatin 
Fluvastatin Simvastatin 
Lovastatin 


Proton pump inhibitors 


Lanzoprazole 


Pantoprazole 


Chemotherapeutic agents 


Antiaggregants 
Biologics 


Adapted from Dalle Vedove et a/. 2012 [77]. 
IFN, interferon; IL, interleukin; NSAIDs, non-steroidal anti-inflammatory drugs. 


Table 51.7 Clinical features of systemic lupus erythematosus (SLE). 


Clinical feature Occurrence in SLE (%) 


Fever 90 
Arthritis and arthralgia 90 
Skin lesions 80 
Renal involvement 67 
Lymphadenopathy 50 
Pleurisy 40 
Raynaud phenomenon 35 
Pericarditis 25 
Hepatomegaly 25 
Central nervous system involvement 25 
Abdominal symptoms 20 
Splenomegaly 15 


Center, USA), men were more likely to have haematological and 
serological manifestations with an increased risk of myocardial 
infarction, possibly due to an increased frequency of hypertension 
and positive lupus anticoagulant [92]. Men may also be more 
liable to seizures and have less skin disease, particularly in white 
patients [92]. 


Presentation 

The initial manifestations vary [89]. The most commonly observed 
presenting symptoms are arthralgias followed by cutaneous 
involvement, with large case series reporting up to 57% of patients 
presenting with the latter finding [93]. Presentation with serositis 


Omeparazole 


Taxane Fluorouracil 
Cyclophosphamide Anastozole 
Doxorubicin Bortezomib 
Ticlopidine 

Etanercept IL-2 
Infliximab IFN-o 
Adalimumab IFN-B 


and renal abnormalities is less common, however in a large cohort 
of 1000 patients with early and late manifestations it was found 
that the majority of manifestations occurred more frequently dur- 
ing the first 5 years of follow-up [93]. In fulminating cases, there 
is usually marked constitutional disturbance, with fever, weight 
loss, anorexia, malaise and joint pains; the skin may be involved 
later, if at all. On the other hand, the evolution can be gradual, 
starting with localised skin lesions and systemic involvement 
developing later [94]. The diagnosis in many cases is made only 
by considering the condition in a patient with an obscure illness. 
As most cases are females, sex is an important diagnostic point. 
Constitutional symptoms are common in patients with SLE and 
fatigue is reported in up to 80% of patients [95]. Similarly, fever 
is common, particularly during active SLE [89]. Although weight 
loss is a feature in up to 50% of cases [96], some patients may 
gain weight, and 18% actually did so in the Leeds series, which 
included several patients with long histories. Menstruation is 
irregular in 18% and absent in 75%. Late-onset SLE, defined in 
the literature as onset >50 years, is uncommon (approximately 
12-18%) [97]. 

Approximately 57-85% of cases have cutaneous findings at some 
stage [98-100]. The prevalence varies between series. The typical 
cutaneous findings of a UK population are shown in Figure 51.23 
[101]. The classification of LE-related skin disease described by 
Gilliam is divided between (i) those specific for LE, and showing 
the characteristic histopathological appearances of interface der- 
matitis of LE; and (ii) those that are less specific in their origin 
and not showing histological changes of LE (Table 51.8). Many of 


(a) (b) 


Figure 51.23 Systemic lupus erythematosus. (a) Typical symmetrical, slightly scaling redness of the face and neck. (b) Redness of the dorsa of the hands and forearms. Identical 
changes may occur in discoid lupus erythematosus. Note the chloroquine pigmentation of the distal part of the nails. (c) Gross involvement of the back. 


Table 51.8 Cutaneous features of systemic lupus erythematosus (SLE) in 73 patients. 


Cutaneous feature Occurrence in SLE (%) 


Butterfly rash as part of ACLE 51 
Chronic DLE 25 
Scarring DLE alopecia 14 
Subacute cutaneous LE 7, 
Photosensitivity 63 
Raynaud phenomenon 60 
Chronic urticaria (>36 h) 44 
Non-scarring alopecia 40 
Mouth ulceration 31 
Chilblain lupus 20 
Cutaneous vasculitis 11 
Bullous eruptions 8 
Facial oedema 4 
Livedo reticularis 4 
Episcleritis 4 
Cheilitis 4 


Adapted from Yell et a/. 1996 [100]. 

The cutaneous features in the shaded area are considered LE-specific skin changes, with 
the characteristic histology of cutaneous lupus. The other cutaneous features are 
considered non-LE-specific cutaneous features. 

ACLE, acute cutaneous lupus erythematosus; DLE, discoid lupus erythematosus; LE, 
lupus erythematosus. 


these are also seen in the other connective tissue diseases [101]. 
Non-specific LE skin diseases are more frequently associated 
with SLE than LE-specific lesions [102] and are characteristically 
associated with clinically significant SLE [103]. 


ipus-specific changes. The LE-specific cutaneous changes can 
be divided into three groups based on the amount of time that 
the skin symptoms typically take to present. These include DLE, 
SCLE and ACLE. DLE includes localised and generalised DLE, 
hypertrophic LE, lupus profundus and lupus tumidus. SCLE 
includes both annular and psoriasiform variants and acute LE both 
localised and generalised LE and toxic epidermal necrolysis (TEN)- 
like variants. Patients with any of these LE-specific features may 
have skin disease alone or SLE if they fulfil the new SLICC or 
2019 EULAR/ACR criteria. The risk of SLE with localised versus 
generalised DLE is 5% versus 20% over time, whereas it is rarely 
seen with lupus erythematosus tumidus [104]. Lupus panniculitis 
is reported to occur in approximately 2-3% of patients with SLE 
[105,106]. Conversely, patients with lupus panniculitis may have 
up to a 35% chance of preceding, concurrent or subsequent diag- 
nosis of SLE, thus these patients should be followed closely for 
the development of systemic disease [107-109]. Similarly, although 
the incidence of SLE in patients with SCLE is approximately 50%, 
10-15% have serious organ involvement [110]. 

ACLE is often associated with active SLE [99], however a small 
percentage of such patients can experience recurrent ACLE in 
an isolated fashion over years [111]. Redness is the most com- 
mon feature, particularly on light-exposed areas (Figure 51.24a). 
In localised ACLE, a butterfly blush or discrete maculopapular 
eruption with fine scaling or oedema on the butterfly area of the 
cheeks is frequently found, typically sparing the naso-labial folds 
(Figure 51.24b). In generalised LE, a diffuse or papular redness of the 
face, upper trunk and extremities is described that can resemble a 


(b) 


Figure 51.24 Systemic lupus erythematosus showing acute cutaneous lupus of (a) the 
arms and (b) the face. 


viral exanthema or drug eruption [99]. Photosensitivity is very com- 
mon and has been observed in 63% in one UK study of 73 patients 
[100]. Sunlight may either precipitate or aggravate existing disease 
[112]. UVR from fluorescent lighting [113] and UVA from photo- 
copiers [114] may also cause exacerbations, as can chronic exposure 
to indoor light sources [115]. Because UV-induced lesions of CLE are 
characterised by a latency period of up to several weeks, a negative 
history of photosensitivity does not exclude sensitivity to light as 
the patient may be unaware of the relationship [104]. In addition, 
although cutaneous manifestations are more common in the sum- 
mer months and in days to weeks following UV exposure [104], 


Figure 51.25 Systemic lupus erythematosus showing discoid lesions on the hands 
characteristically sparring the interphalangeal joints. 


systemic disease activity is increased in the 3-6 months following 
maximal sun exposure [112]. Oedema, especially of the face, may 
resemble contact dermatitis, seborrhoeic dermatitis, dermatomyosi- 
tis or erysipelas, and can follow tooth extraction [116]. Occasionally, 
more acute lesions with bullae may follow exposure to the sun, and 
bullae may be haemorrhagic. Importantly, the rash in generalised 
LE and the generalised form of DLE usually spares the distal inter- 
phalangeal, proximal interphalangeal and metacarpo-phalangeal 
joints, an important distinguishing feature from dermatomyositis 
(Figure 51.25) [99]. 

Epidermal necrosis or acute syndrome of apoptotic pan- 
epidermolysis [117] may give an appearance resembling TEN 
and this must be differentiated from drug-induced TEN in a patient 
with SLE [118]. Patients with this form of CLE often have signif- 
icant systemic disease activity such as cerebritis or nephritis. In 
other cases, lesions are like those of erythema multiforme (Rowell 
syndrome) (Figure 51.26). 


Figure 51.26 Annular lesions of discoid lupus erythematosus resembling erythema 
multiforme and associated with characteristic immunological abnormalities (Rowell 
syndrome). 


; Systemic lupus erythematosus 51.25 


Lesions resembling chronic discoid lesions are initial manifesta- 
tions in approximately 10% of patients and occur in 20% of patients 
at some point in the disease course [99,100]. 

Chilblain LE is an uncommon form of DLE. There is a familial 
form presenting in childhood, which is autosomal dominant [119], 
and a sporadic form usually affecting middle-aged females. This 
is associated with DLE in 50% of cases and persists beyond the 
cold season in over 30% of cases. Up to 20% of patients with the 
perniotic lesions of chilblain lupus (see earlier in this chapter) 
may go on to develop SLE [111]. These lesions may ulcerate, as 
may the hyperkeratotic kerato-dermatous skin sometimes found 
[120]. Mutations in TREX1, an intracellular DNAse that digests 
cytosolic DNA thereby preventing activation of the cell intrinsic 
type I IFN response pathway, have been described in familial cases 
of chilblain lupus and SLE [121]. The same mutation is observed 
in Aicardi-Goutiéres syndrome, whose clinical phenotype shows 
chilblain LE-like acral skin disease in addition to progressive fa 
neurological disease [122]. 


Lupus non-specific changes. Sometimes, lesions may be minimal. 
Redness can be seen over the thenar and hypothenar eminences 
of the palms and may be confused with palmar erythema of liver 
disease [104]. Reticulated palmar redness may also be associated 
with vasculopathy of antiphospholipid syndrome. Non-specific 
changes in the skin associated with SLE include nail changes, hair 
changes, urticarial lesions, vasculitis, mucinoses, bullous lesions, 
mucosal lesions and others. These are detailed here. 
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Nail changes. A variety of nail changes have been reported in SLE 
including nail fold erythema, splinter haemorrhages, red lunulae 
and nail fold hyperkeratosis (Figure 51.27a) [123]. Other nail 
findings include nail ridging (Figure 51.27b), onycholysis, ony- 
chomadesis and punctate or striate leukonychia caused by altered 
keratinisation of the nail matrix [124]. Blue-black nail pigmenta- 
tion may also be observed, most commonly in African American (b) 

patients with SLE, and is thought to occur from increased melanin Figure 51.27 (a) Extensive nail fold necrosis and (b) nail ridging in systemic lupus 
deposition [125]. This dyschromia may be diffuse or longitudinal erythematosus. 

and may be caused by medications, most frequently antimalarials 
(Figure 51.28), but is occasionally associated with methotrexate, 
cyclophosphamide and gold. Nail fold capillaroscopy (NFC) may 
reveal glomerulisation of the capillaries [126]. In one series, telang- 
iectasias and erythema of the nail fold were found in 76% of patients 
with both DLE and SLE, but in no patients with DLE alone, suggest- 
ing that this sign is sensitive for systemic disease activity [102]. In 
addition, although capillary loop drop-out and dilated capillaries 
are more commonly found in systemic sclerosis and dermatomyosi- 
tis, this pattern has been found in patients with SLE and appears 
to be strongly correlated with Raynaud phenomenon and anti-U1 
ribonucleoprotein (anti-U1-RNP) antibodies [127]. To date, NFC 
alone cannot reliably differentiate lupus from dermatomyositis [128] 
but changes on NFC may be correlated with disease activity [129]. 


Hair changes. This can be scarring or non-scarring [130]. Non- 
scarring alopecia remains a diagnostic criterion in the 2019 
EULAR/ ACR classification criteria for SLE [131]. The most common 
non-specific skin manifestation of SLE is the diffuse non-scarring 
alopecia known as telogen effluvium, which occurs in more than 


Figure 51.28 Blue nail discoloration as a result of antimalarial therapy. 
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Figure 51.29 Unruly ‘lupus hair’ with diffuse alopecia. 


60% of cases either as a transient phenomenon or during increased 
disease activity [104]. Alternatively, the alopecia can be chronic 
and associated with disease activity leading to coarse, dry and 
fragile hair along the peripheral hairline during a systemic flare 
2-3 months later, so-called ‘lupus hair’ (Figure 51.29) [132,133]. 
Alopecia areata is also more often reported, in approximately 10% 
of patients with SLE [134]; however recent evidence suggests that 
non-scarring patchy alopecia in patients with SLE is different from 
that in alopecia areata [124]. Permanent scarring alopecia is similar 
to that found in DLE [123]. Frontal fibrosing alopecia is another scar- 
ring alopecia that has been associated with autoimmune diseases 
including SLE [135]. 


Cutaneous vascular reactions. Vascular reactions are important 
to recognise in SLE as they frequently indicate underlying vascular 
pathology [123]. They can be divided into vasculitis or vasculopa- 
thy and the distinction between the two conditions is important 
as their management is distinctly different. Vasculitis is caused by 
primary inflammation of the vessel walls with secondary occlusion 
by fibrin, whereas vasculopathy can be defined as narrowing of 
the vessel walls (ie. ischaemic) or non-inflammatory vessel lumen 
occlusion from thromboembolic disease. However, both conditions 
may present similarly and may coexist. 
¢ Vasculitis. Arterioles and venules of the skin are frequently 
affected in SLE, although any size of blood vessel may be 
affected — the size of the vessel affected and the intensity of 
the inflammation determining the appearance. Vasculitis in the 
context of SLE most commonly affects the skin, and usually 
presents as a small-vessel leukocytoclastic vasculitis (LCV) with 


Figure 51.30 Necrotic crusted leg ulcers in systemic lupus erythematosus. 


palpable petechiae or purpura in dependent areas (Figure 51.30) 
[112,136]. It is seen in 10-30% of patients with SLE [98,136,137]. 
Vasculitis in SLE is associated with juvenile disease onset, livedo 
reticularis, Raynaud phenomenon, haematological manifesta- 
tions and higher disease activity scores at disease onset [137]. 
Before LCV is attributed to SLE, other causes such as drugs and 
infection should be excluded. Involvement of medium and/or 
large vessels may manifest as retiform or stellate purpura with 
or without necrosis and ulceration or as subcutaneous nodules 
[99]. Other manifestations include gangrene, periungual infarcts, 
splinter haemorrhages and urticarial and bullous changes [104]. 
Gangrene of the fingers and toes [138] may also develop either 
acutely or insidiously and can occur in patients with both 
vasculitis and vasculopathy due to thrombosis. 

¢ Vasculopathy. Raynaud phenomenon can be seen in 25-60% of 
patients with SLE and has been observed to be the most common 
non-specific finding in studies of such patients [98,102]. It is 
characterised by reversible vasospasm of the fingers and toes, 
often caused by cold exposure with triphasic colour change: 
cold-induced pallor, followed by cyanosis pain and numbness, 
and then red discoloration on rewarming [104]. Predictors asso- 
ciated with LE and Raynaud phenomenon include persistent 
periungual telangiectasia, involvement of the thumbs, ears, nose 
and toes, ice-pick or pitted scarring of the pulps and high ANA, 
anti-RNP and nucleolar antibodies [104]. Raynaud phenomenon 
in SLE is also associated with migraine [139], pulmonary artery 
hypertension [140], neurological or neuropsychiatric manifesta- 
tions and anti-RNP antibodies [141]. 
Livedo reticularis is seen in up to 35% of SLE patients [142]. 

It may be seen in patients with SLE both with and without the 


Figure 51.31 Extensive livedo reticularis in the setting of systemic lupus erythematosus. 


antiphospholipid syndrome [99] and presents as a fishnet-like, 
mottled or bluish red discoloration, which blanches on pressure, 
most commonly on the buttocks and legs, followed by the outer 
aspects of the arms and less commonly on the trunk (Figure 51.31) 
[103]. The net-like discoloration results from hypo-oxygenation due 
to slow arterial blood flow in dermal arterioles and the collection 
of the hypo-oxygenated blood in the dermal venules causing the 
discoloration. Livedo racemosa is distinguished from livedo retic- 
ularis based on a ‘broken net’ type pattern and is thought to be 
a sign of more severe disease due to the presence of cholesterol 
and fibrin thrombi and calcification in the vessels [103]. Livedo 
reticularis in patients with SLE and antiphospholipid syndrome has 
been associated with central nervous system involvement [143]. In 
addition to livedo reticularis, patients with both antiphospholipid 
antibodies (APAbs) and SLE may present with retiform purpuric 
plaques, which may ulcerate, as well as ecchymoses, purpura, dig- 
ital gangrene and thrombophlebitis [103]. Lesions are more likely 
to present at acral locations as smaller blood vessels are more likely 
to become occluded. Catastrophic antiphospholipid syndrome 
(CAPS) is rare (<1%), but has a high mortality of approximately 
50% [104]. CAPS presents in patients with antiphospholipid syn- 
drome with a disseminated intravascular coagulation-type picture 
with purpura fulminans [144]. The diagnosis is made on the basis 
of evidence of thrombosis in at least three organs and histological 
finding of small-vessel occlusion in at least one organ, a labora- 
tory confirmation of APAbs and the rapid development of clinical 
manifestations [144]. 

Atrophie blanche-type lesions (ivory, stellate, painful scars on the 
lower extremities) with lesions similar to those in Degos disease 
(malignant atrophic papulosis) — small porcelain-white atrophic 
macules with peripheral redness and telangiectasia — may also occur 
in patients with APAbs (Figure 51.32) [145]. In SLE patients with 
Degos-like lesions, a more benign course without the characteristic 
visceral involvement (digestive tract or central nervous system) that 
is commonly described in Degos syndrome is usual. It is thought 
that because of the broad overlap in clinical and histological find- 
ings, cutaneous lesions of Degos disease may represent a common 
end point to a variety of vascular insults, rather than a specific 
entity [146]. Lesions of primary anetoderma may also be seen and 


Figure 51.32 Degos-like lesions in a patient with systemic lupus erythematosus. 


consist of localised areas of herniated sac-like or flaccid skin as a 
result of localised elastic loss [147]. 

e Other causes of vasculopathy. Cryoglobulins have been 
observed in 25-66% of patients with SLE, with the vast majority 
having type II or III cryoglobulinaemia [148,149]. Type II or mixed 
cryoglobulinaemia usually presents with palpable purpura of 
a small-vessel vasculitis, with ulceration and necrosis in severe 
cases. Hepatitis C virus, rheumatoid factor, low complement and 
cutaneous vasculitis were more frequent in patients with cryo- 
globulinaemia than those without in one study [148]. Cholesterol 
emboli may result from the release of cholesterol crystals during 
spontaneous break-up of atherosclerotic plaques or intravascular 
procedures, which travel to smaller vessels and impede blood flow. 
The presentation in the digital vessels can be similar to SLE vas- 
culitis or antiphospholipid-associated vasculopathy with purpuric 
infarction of the tips of the fingers or toes. Calciphylaxis may also 
occur in patients with SLE and end-stage renal disease [150]. Ery- 
thromelalgia is characterised by burning pain in the hands and feet 
aggravated by heat and dependence and accompanied by redness 
and warmth. It can be primary or secondary (e.g. underlying SLE 
or blood dyscrasias) and is thought to be caused by microvascular 
arteriovenous shunting [151]. 


Urticaria. Urticarial lesions occurred in up to 44% of 73 patients 
with SLE in one series [100]. Hypocomplementaemic urticarial vas- 
culitis [152] can also be seen and consists of painful urticarial lesions 
lasting 24 h or longer which characteristically leave postinflamma- 
tory hyperpigmentation and demonstrate findings of LCV on histol- 
ogy. Anti-inflammatory treatment commonly used to treat SLE may 
be useful in the management of chronic urticaria [153,154]. However, 
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Figure 51.33 Multiple papules on the back due to mucinosis in systemic lupus 
erythematosus. 


antimalarials have been reported to induce aquagenic pruritus and 
thus an accurate drug history remains paramount [155]. 


Mucinosis. Although mucin deposits are found frequently on skin 
biopsy specimens from patients with cutaneous lupus, specific 
clinical patterns of mucinosis also occur. Papular or nodular lesions 
resulting from mucinous deposits in the dermis (papulonodular 
mucinosis) without microscopic features of LE have been reported 
[156] and form a distinct entity, which may be the presenting feature 
of LE [157]. It presents as multiple, asymptomatic, flesh-coloured 
papules, usually on the trunk, arms or head and neck, and can be 
associated with SLE, SCLE or DLE or can occur alone (Figure 51.33). 
The differential diagnosis includes TLE, which can be excluded 
both clinically and histologically. Other differential diagnoses of 
flesh-coloured papules in this setting include reticular erythema- 
tous mucinosis and scleromyxoedema, lichen myxoedematosus 
and thyroid disease-associated mucinoses. 


Other connective tissue changes. Dystrophic calcinosis is rare, 
and is most often seen in association with lupus panniculitis [158] 
but can also occur in association with SLE. It occurs most often 
on the extremities and buttocks as asymptomatic nodules discov- 
ered by radiology. Occasionally, the skin overlying the calcinosis 
can ulcerate leading to the extrusion of chalk-like material. The 
mechanism underlying calcinosis cutis in SLE is unknown, but 
may be due to increased calcium concentration in the presence of 
necrotic and apoptotic cells, secondary to trauma or tissue damage 
[159]. Subcutaneous nodules occur in approximately 5% of patients 
[160]. They occur mainly over the backs of the proximal phalangeal 
joints and wrists, but are also found on the elbows, knees, occiput 
and flexor aspects of the fingers. They may resemble rheumatoid 
nodules and can respond to hydroxychloroquine [161]. Some are 
histologically identical to classic rheumatoid nodules [161]. 


Pigmentary changes. Pigmentary disturbances are not uncommon 
and hypopigmentation may result from both SCLE and DLE. In 
addition, a bluish black pigmentation of the skin may result from 
antimalarial therapy. In part, this pigmentation is thought to be 
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Figure 51.34 Bullous lupus erythematosus of the face and neck. 


due to trapped haemosiderin [162]. Yellow discoloration from 
mepacrine therapy is reversible upon either stopping the drug or 
modifying the dose. 


Bullous lesions in SLE. Blistering is uncommon in SLE and can be 

divided into three categories: 

1 Subepidermal bullae in SCLE and ACLE: these lesions are due 
to separation of the epidermis and dermis as a result of severe 
liquefaction degeneration of the basal layer and dermal oedema 
(TEN-like ACLE and Rowell syndrome) [117]. 

2 SLE-associated autoimmune bullous disease: this includes der- 
matitis herpetiformis, pemphigus vulgaris (so-called pemphigus 
erythematosus), pemphigus foliceous, paraneoplastic pem- 
phigus, bullous pemphigoid, pseudoporphria, epidermolysis 
bullosa acquisita and IgA disease [104]. 

3 A separate subset, bullous SLE (BSLE): this is a distinct type of 
autoantibody-mediated cutaneous SLE that results in a subepi- 
dermal blister (Figure 51.34) [163,164]. 

The diagnosis of BSLE requires (i) SLE; (ii) a vesiculobullous 
eruption arising but not limited to sun-exposed skin; (iii) a 
histopathological subepidermal blister and neutrophilic upper der- 
mal infiltrate; and (iv) immunoglobulin and complement deposition 
at the basement-membrane zone with direct immunofluorescence 
(DIF) [163,164]. DIF demonstrates linear IgG (+ IgA and IgM or 
C3) deposits at the basement-membrane zone, contrasting with the 
granular immunostaining seen in LE interface dermatitis. Evidence 
of antibodies to type VII collagen can be demonstrated by indirect 
immunofluorescence (IDIF) or DIF on salt split skin, immunoblot- 
ting, immunoprecipitation, enzyme-linked immunosorbent assay 
(ELISA) or immunoelectron microscopy [112]. 


Clinically, the bullous lesions arise predominantly on normal or 
red sun-exposed or flexural skin, but may be more widespread, and 
can heal with milia formation (Figure 51.34). Blistering often paral- 
lels systemic flares of SLE, particularly affecting the kidneys [112]. 
Given that BSLE occurs in the setting of SLE, ANA is generally pos- 
itive and anti-dsDNA, anti-Sm, anti-Ro, anti-La and anticardiolipin 
antibodies may also be detected. Low complement, proteinuria or 
cellular casts on urinalysis as well as haematological abnormalities 
may also reflect disease activity. 

Dapsone either alone or in combination with prednisone is the 
treatment of choice. The response may be dramatic with cessation of 
new bullae within 1-2 days. However, rapid recurrence may occur 
upon withdrawal of dapsone, with remission after reinitiation of 
therapy. Refractory disease may respond to rituximab [165]. 

Pemphigus erythematosus combines the immunological features 
of pemphigus and LE and presents with red, scaly, hyperkeratotic 
or crusted lesions, sometimes adversely affected by the sun. The 
lesions occur in a butterfly distribution on the cheeks and in a 
seborrhoeic distribution on the trunk of patients with Senear—-Usher 
syndrome [166]. DIF demonstrates immunoglobulin and comple- 
ment in the intercellular substance and at the dermal-epidermal 
junction of perilesional and, to a lesser extent, of light-exposed 
and non-exposed skin. Circulating pemphigus-like antibodies and 
antinuclear factor occur in 80-100%, but anti-DNA and ENA anti- 
bodies are not found. Antidesmoglein antibodies 1 and 3 have 
also been found. The condition occurs spontaneously, but has been 
induced by penicillamine, propranolol, captopril, pyritinolol and 
thiopronine. Topical corticosteroids alone may control the condi- 
tion, but systemic corticosteroids, other immunosuppressives or 
dapsone may be required. 


Mucous membrane lesions. Oral ulcers are one of the 2019 
EULAR/ACR criteria for identifying patients with SLE and are 
associated with increased disease activity [167]. These lesions are 
often non-specific, shallow and tend to occur in crops [168]. LE 
ulcers are usually non-painful and commonly affect the hard palate 
(Figure 51.35). Non-LE ulcers such as those in recurrent aphthous 
stomatitis, which affects up to 20% of the general population, are 
usually painful and range from a few millimeters in size (minor) 
to centimetres (major). Recurrent aphthous stomatitis occurs com- 
monly in the setting of SLE; however, in this context, compared 
with the non-painful ulcers of LE, it is not usually associated with 
systemic disease activity [169]. Mucous membrane lesions can also 
occur in the context of DLE, affecting the buccal mucosa most 
often but also the hard palate and vermilion border of the lower 
lip [170,171]. Lesions can be of three types — red, discoid or ulcer- 
ous — and the three types may coexist [172]. The morphology varies, 
for example in acute mucosal lesions red macules, red palatal skin, 
ulcers, blisters or erosions may predominate [173]. Discoid lesions 
begin as red papules that enlarge into chronic plaques [174], usually 
appearing as reddish central areas surrounded by well-demarcated 
irregular white borders and telangiectasia [175]. The appearance 
can resemble oral lichen planus. Superficial palatal lesions may 
have a honeycombed appearance. Histologically, a lymphocyte-rich 
interface mucositis is seen. DIF is similar to that seen in CLE [175]. 
Cheilitis also occurs in approximately 6%, the lips having a silvery 
appearance, with redness, scaling and blurring of the vermilion 


Figure 51.35 Systemic lupus erythematosus involving the palate. 


border [176]. Malignant transformation was reported to occur in up 
to 6.9% in a series of 87 patients, and may be related to increased 
age (>60 years) [176]. Given the potential risk of transformation to 
squamous cell carcinoma in these patients, mucosal biopsy should 
be considered in any non-healing or irregularly ulcerated lesion. 


Differential diagnosis [177] 

The manifestations of SLE are so varied that the disease is often 
referred to as the ‘great mimicker’. Multiple physician assessments 
are often required to arrive at a diagnosis. The current EULAR/ACR 
classification criteria, although not designed for diagnosis, may help 
in individual patients, and have a sensitivity of 96% and a specificity 
of 93% [167]. Many patients suspected of having a connective tissue 
disease may, even after thorough investigation, present problems of 
categorisation. 

The differential diagnosis of SLE includes connective tissue dis- 
eases such as rheumatoid arthritis, mixed connective tissue disease, 
undifferentiated connective tissue disease, KFD, acute viral syn- 
dromes (parvovirus, Epstein-Barr virus, infectious mononucleosis 
and human immunodeficiency virus (HIV)), Behcet disease, familial 
Mediterranean fever, amyopathic dermatomyositis, drug-induced 
lupus and others. These differential diagnoses should always be 
considered when presented with a patient with possible SLE. Coex- 
istent autoimmune diseases such as antiphospholipid antibody 
syndrome, rheumatoid arthritis, scleroderma, Sjogren syndrome, 
autoimmune hepatitis, psoriasis, primary biliary sclerosis, thyroid 
disorders and diabetes may complicate the diagnosis as up to 
one-third of patients have other autoimmune diseases [178]. 

Following clinical assessment, if the pre-test probability of SLE is 
high, ANA testing should be ordered to support the diagnosis. This 
test is 95-100% sensitive for the diagnosis of SLE [179]. Guidelines 
for the use of the ANA test are available [179]. Patients may present 
with a positive ANA as the first criterion of diagnosis and autoan- 
tibodies have been noted a mean of 3.3 years prior to diagnosis in 
a cohort of soldiers who ultimately developed SLE [180]. The terms 
undifferentiated connective tissue disease or ‘latent lupus’ may be 
used in patients with symptoms suggestive of SLE (for example with 
two or three ACR criteria) but not yet clearly ascribable to SLE [181]. 
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ANA positivity is central to the diagnosis of SLE yet patients 
may be diagnosed without a positive ANA. The incidence of 
ANA-negative SLE has been estimated to be 1-5% [182]. The 
concept of ANA-negative SLE arose prior to the use of modern 
microscopes and use of the HEp-2 (laryngeal) cell line and was 
described in patients with photosensitivity and anti-SSA/Ro [183]. 
Solid phase methods may have increased false negative rates for 
SLE. In one study comparing autoantibody tests on patients from 
a single lupus clinic using IDIF and a solid phase method, ANA 
levels measured by IDIF and anti-dsDNA levels by ELISA were 
81% and 47% compared with 76% and 32% by solid phase assay 
(BioPlex system) [184]. Currently, if an ELISA test or solid phase 
assay has been used and the clinician’s suspicion for SLE is strong, 
an ANA test with immunofluorescence is recommended. 


Complications and co-morbidities 

Arthritis [185]. Involvement of the joints occurs at some time 
in approximately 90% of patients, arthralgia being more common 
than arthritis. A rheumatoid-like deformity is present in approxi- 
mately 25% of cases, with marked soft-tissue swelling, especially 
of the dorsa of the fingers, hands and wrists, although joint ero- 
sions on X-ray are not a feature. The deformity is usually less, 
but the soft-tissue swelling is more marked, than in rheumatoid 
arthritis. Rarely, erosive symmetrical polyarthritis with rheumatoid 
arthritis-like deformities, termed rhupus, can occur [186]. These 
patients may be distinguished from those with lupus arthropathy 
due to the presence of anticyclic citrullinated peptide antibodies. 
Jaccoud arthropathy, severe deformity of the hands with ulnar 
deviation and swan-neck configuration, often with little pain and 
good function, occurred in 13% and fixed flexion contractures 
of the elbows in 11% in one series [187,188]. The progressive 
rheumatoid arthritis-like deformities in this syndrome are due 
to tenosynovitis rather than synovial inflammation as seen in 
rheumatoid arthritis. Tendinopathy may result in tendon rupture 
[189]. The elbows, shoulders, knees and feet may also be involved 
and soft-tissue nodules may occur, usually indicating calcinosis. 
Features distinguishing SLE from rheumatoid arthritis are shown 
in Table 51.9. 


Muscle changes. Muscle pain occurs in approximately 50% 
of patients, and this may be confused with the pain of arthritis. 
Muscle weakness is a less common feature, and can be related 
to steroid myopathy or other drug effects. Inflammatory myopathy 


Table 51.9 Features distinguishing systemic lupus erythematosus (SLE) from rheumatoid 
arthritis (RA). 


Distinguishing feature SLE (%) RA (%) 
Deforming arthritis 25 Common 
Subcutaneous nodules 5 25 
Radiological erosions Rare Common 
Involvement of kidneys Common Rare 
Positive LE cell test 80 15 
Positive ANA test 90 20 
Rheumatoid factor present 40 80 


ANA, antinuclear antibody; LE, lupus erythematosus. 
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occurs in 5-10% of patients and is indistinguishable from idiopathic 
inflammatory myopathy [190]. 


Bone changes [191]. Avascular necrosis of the bones occurs 
in 5-30% of patients with SLE [192,193]. Interruption of blood flow 
to the bony epiphysis results in bone necrosis and subchondral frac- 
tures. Risk factors include the presence of Raynaud phenomenon, 
vasculitis, antiphospholipid syndrome and glucocorticoid use. 
Glucocorticoids are thought to promote adipogenesis and fatty 
infiltration of osteocytes, enhancing apoptosis. Glucocorticoid dose 
and length of use correlate with risk of avascular necrosis. The 
femoral head or condyle is most frequently involved [194], but the 
condition also may involve the knees, ankles, humerus, metatarsals 
and the carpal bones. It is commonly bilateral, with involvement of 
multiple joints. The diagnosis should be considered in patients with 
persistent pain over one or several joints, when there is little activity 
in other systems. X-rays may be normal, but the diagnosis is often 
clear on magnetic resonance imaging (MRI) or bone scintigraphy 
[195]. Surgical management options include core decompression, 
bone grafting and joint replacement. The condition is thought to be 
associated with increased pressure in the bone marrow because of 
altered venous drainage, and core decompression may be successful 
[196]. Total hip replacement may be required if the hip fails, or in 
the late stages of disintegration. 

Osteoporosis with consequent increased fracture risk is another 
important bone-related problem in SLE [197]. The prevalence of 
osteoporosis may attain 50%, with fractures occurring in up to 
20% of individuals with SLE. Factors contributing to bone loss 
include chronic inflammation, glucocorticoid use, renal dysfunc- 
tion, vitamin D deficiency, ovarian failure and concomitant thyroid 
disease. Identification of risk factors, regular bone mineral density 
measurement and appropriate therapy are critical. 


Heart [198]. Cardiovascular disease is one of the main prognostic 
predictors in SLE and is responsible for the increase in late mortal- 
ity of the disease [199]. Pleurisy and pericarditis have a prevalence 
of 17% at disease onset and a cumulative incidence of 36%. Patients 
with pericarditis typically present with tachycardia, substernal chest 
discomfort and positional pain [198]. Clinically significant valvular 
dysfunction secondary to Libman-Sacks endocarditis occurs in just 
1-2% of patients [200]. The valves on the left side of the heart are 
commonly involved. Both systolic and diastolic murmurs may be 
found depending upon the site of the lesion, and bacterial endo- 
carditis can occur on the damaged heart valves. 

Coronary artery disease is the most common cause of death 
in patients with longstanding SLE [201]. A recent meta-analysis 
ascribed a relative risk of 2.9 for myocardial infarction [202]. The 
presence of antiphospholipid antibodies may predict the atheroscle- 
rosis independently of other risk factors. Young women with SLE 
are at an increased risk of developing myocardial infarction [203]. 
Treatment with corticosteroids increases the risk of developing 
coronary artery disease by contributing to hyperlipidaemia, hyper- 
tension and weight gain such that patients on 30 mg of prednisone 
have a 60% greater 2-year risk of cardiovascular events compared 
with disease activity-matched patients not taking corticosteroids 
[204]. The myocardium may also be affected, resulting in cardiac 
failure, but this is rare [205]. 


Figure 51.36 Pulmonary infiltration in systemic lupus erythematosus. This cleared in 
approximately 2 years on treatment with corticosteroids. 


Lungs. The incidence of involvement of the pulmonary system 
varies [206,207]. Transient pleurisy is the most common feature, 
and in approximately two-thirds of these cases some fluid devel- 
ops, occasionally haemorrhagic. Pleural thickening can be shown 
radiographically. Involvement of the lungs is less frequent, and is 
shown mainly as transient infiltration, sometimes with mottling 
and reticulation (Figure 51.36). Acute pneumonitis with severe dys- 
pnoea and fever is rare, with an incidence between 1% and 19%, but 
may be a presenting manifestation of SLE [208]. Chest radiographs 
show diffuse alveolar infiltrates with a predilection for the bases. 
Diffuse pulmonary haemorrhage [209] and pulmonary infections 
must be considered within the differential diagnosis. Shrinking 
lung syndrome is a condition that is typical of SLE and that consists 
of a restrictive lung disease without parenchymal changes but with 
decreased lung volumes associated with elevated hemidiaphragms 
and basal atelectasis on radiography [201,210]. Diaphragmatic 
fibrosis has been proposed as a possible mechanism. Pulmonary 
hypertension occurs rarely compared with systemic sclerosis and 
is likely multifactorial with factors including vasospasm, vasculitis 
and thrombotic occlusion. 


Renal changes [211]. The renal changes in SLE are very important 
in assessing the prognosis (see later in this chapter). Renal disease 
in lupus accounts for 3% of end-stage renal failure, and is an impor- 
tant cause of mortality in SLE [212]. The need for regular screening 
by urinalysis, blood pressure monitoring, assessment of renal func- 
tion and early renal biopsy is critical. Usually, renal exacerbations 
are associated with high titres of antinuclear factor, elevated DNA 
binding and low serum complement. 

The course is variable, and albuminuria and casts may persist for 
years without marked deterioration in renal function. Kidney dam- 
age, if this is going to develop, usually appears early (within the 
first 3 years) and is more frequent and severe in younger patients 
[212]. However, renal involvement may appear up to three decades 


after the diagnosis of SLE [213]. Nephrotic syndrome and renal vein 
thrombosis have been associated with membranous nephritis (ISN 
class V). Thus, a renal biopsy in every patient with haematuria, pro- 
teinuria or elevation of serum creatinine is advised. 


Gastrointestinal tract [214]. Gastrointestinal symptoms occur 
in about 50% of patients but are usually mild with anorexia, nausea 
and vomiting being the most frequent. Abdominal pain may be 
due to mesenteric vasculitis, hepato-biliary disease, pancreatitis or 
causes unrelated to SLE such as gastroenteritis or appendicitis. In 
patients with active SLE and abdominal pain, vasculitis may be 
present in up to 53% [215] and thus comprehensive and aggres- 
sive evaluation including complete blood count, amylase, blood 
chemistry and abdominal radiography is required. Oesophageal 
dysmotility is common, resulting in heartburn and regurgita- 
tion. However, oesophageal dysmotility is not related to activity, 
duration or therapy of SLE [216]. Pancreatitis is a rare complica- 
tion of SLE sometimes associated with corticosteroid use [217]. 
In childhood-onset SLE, pancreatitis has been associated with 
macrophage activation syndrome [218]. Ascites can occur as a 
manifestation of nephrotic syndrome, but may be an initial presen- 
tation of SLE [219]. Causes can include heart failure, protein-losing 
enteropathy, constrictive pericarditis or lupus serositis. 


Hepatic lesions [220]. Liver disease is present in approximately 
one-third of patients, but it is usually mild and often asymptomatic. 
Histology typically shows steatosis (possibly related to gluco- 
corticoid use) or mild hepatitis. Lesions include granulomatous 
hepatitis, chronic active hepatitis and cirrhosis. There may be a 
link between antiribosomal P antibody and SLE-associated hepati- 
tis [221]. Autoimmune hepatitis is diagnosed by the presence of 
interface hepatitis, hypergammaglobulinaemia and the presence 
of autoantibodies [222]. Type 1 autoimmune hepatitis, previously 
named ‘lupoid hepatitis’, involves mainly young women who have 
antibodies to smooth muscle. Of those with autoimmune hepatitis, 
only 10% fulfil the criteria for SLE [223]. 


Thyroid disease. Both hyperthyroidism and hypothyroidism occur 
in SLE, and there is a high frequency of abnormal thyroid function 
tests and thyroid autoantibodies in patients without diagnosed thy- 
roid disease [224]. 


Nervous system. The involvement of the nervous system by SLE 
results in neurological and psychiatric manifestations [225,226]. 
To begin to address the diagnostic and therapeutic challenges 
presented by multiple neuropsychiatric manifestations, the ACR 
produced a standard nomenclature and case definitions for 19 
neuropsychiatric syndromes known to occur in patients with SLE 
[227]. Using these case definitions, the prevalence of neuropsy- 
chiatric disease still varies from 37% to 95%. In decreasing order 
of frequency these are cognitive dysfunction (55-80%), headache, 
mood disorders, cerebrovascular disease, seizures, polyneuropathy, 
anxiety and psychosis (0-8%) [228]. Attribution to SLE has remained 
difficult. There is no direct correlation between neurological and 
psychiatric disease and clinical or laboratory indices of disease 
activity. Primary proposed mechanisms include vascular occlu- 
sion or haemorrhage, autoantibody-mediated effects and cytokine 
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effects [229]. Neurological and psychiatric events commonly occur 
within the first year after SLE diagnosis and in the presence of 
generalised disease activity [226]. Peripheral sensorimotor and 
autonomic neuropathy occurs, brought about by vasculitis in the 
vasa nervorum. SLE may also cause psychiatric symptoms, includ- 
ing anxiety, hypomania, emotional lability, memory defects and 
depression. 

Diagnostic work-up should be similar to that in non-SLE patients 
presenting with the same manifestations. This may include lumbar 
puncture and cerebrospinal fluid analysis to exclude infection, elec- 
troencephalogram, conventional computed tomography scanning 
and MRI. Although antiribosomal P antibodies have been associ- 
ated with psychiatric SLE [230], they may have limited diagnostic 
accuracy [231]. 


Involvement of the eyes. Ocular changes in SLE are not uncom- 
mon [232] and visual loss may be the presenting symptom [233]. 
The most common ocular manifestation is dry eyes or keratocon- 
junctivitis sicca (KCS) caused by secondary Sjogren syndrome [234]. 
Retinal vasculopathy in the form of cotton wool spots is the next 
most common manifestation and suggests active SLE and lupus 
cerebritis [235]. Although rare, optic neuropathy is associated with 
a poor visual prognosis [234]. Ocular manifestations also include 
episcleritis and scleritis, keratitis secondary to KCS (most often 
due to poor tear film and secondary changes such as superficial 
punctate keratopathy), uveitis, orbital inflammation, antimalarial 
toxicity and APAb retinopathy [234]. 


Involvement of the ears. Sudden sensorineural hearing loss may 
occur in patients with SLE and may be associated with the antiphos- 
pholipid syndrome. Treatment with anticoagulation may be indi- 
cated in these patients [236]. 


Complications and co-morbidities 

SLE in childhood. Approximately 15-20% of SLE has childhood 
onset [237]. The clinical picture, course and treatment are similar 
to the disorder in adults, but on the whole, children have more 
severe disease [237]. A meta-analysis of 16 studies comparing the 
clinical features of childhood- versus adult-onset SLE demonstrated 
that malar rash, mucocutaneous involvement, haematological 
abnormalities, seizures, renal involvement, urinary cellular casts 
and proteinuria, adenopathy and fever were more common in 
children [238]. 


SLE in the elderly [239,240]. The onset of disease over 50 years 
of age occurs in 12-18% of patients. There is an increased inci- 
dence of Raynaud phenomenon, sicca symptoms and pleuritis 
with increased damage accrual and morbidity despite a reduced 
incidence of renal disease. Antibodies to Ro and La are frequent 
and there appears to be an association with HLA-DR3. 


SLE in contraception and pregnancy [241]. Fertility is normal if 
renal function is good. Worsening of SLE is uncommon in preg- 
nancy, especially in those on immunosuppressive therapy [241]. 
Clinical remission or minimal lupus activity in the 6 months 
before conception lowers the chances of a significant flare and 
should indicate an uncomplicated pregnancy and a live birth [241]. 
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There is a higher risk of complicated pregnancies in all patients 
with SLE, regardless of whether or not SLE is active. Active 
lupus nephritis poses the greatest risk to pregnancy outcomes in 
lupus, with a history of lupus nephritis posing a risk of 8-36% of 
non-elective pregnancy loss [242-244]. Up to 20% will be affected 
by pre-eclampsia, one-third will have preterm delivery and another 
third will have a caesarian section [245,246]. Antiphospholipid 
syndrome, characterised by the presence of APAbs in the setting of 
either vascular thrombosis or recurrent pregnancy complications, 
when untreated, may lead to an increased rate of fetal loss in 
45-90% of pregnancies [247]. This falls considerably, to less than 
30%, if treatment is given [248]. Based on current available evidence 
and expert opinion, treatment is recommended with prophylactic 
low-molecular-weight heparin (LMWH) and low-dose aspirin for 
women with APAbs and a history of pregnancy complications. Sim- 
ilarly for women with APAbs and a history of vascular thrombosis, 
treatment with full-dose LMWH and low-dose aspirin is indicated, 
with no treatment recommended for those women with APAbs 
only [241]. 

Regarding management of lupus during pregnancy, oral cor- 
ticosteroids are relatively safe [241]. Side effects include a small 
absolute risk of cleft lip or palate [249], and as in women who 
are not pregnant, an increased risk of maternal hypertension and 
diabetes [250]. Prednisone and prednisolone are recommended, 
as less than 10% of the dose will cross the maternal—fetal mem- 
branes. Steroids may also need to be temporarily increased at the 
time of delivery and postpartum. If the patient is on azathioprine, 
this should be continued as there is no evidence of an increase in 
the rate of malformations. Mycophenolate mofetil is contraindi- 
cated and it is recommended that women transfer to an alternate 
immunosuppression prior to conception, such as azathioprine [251]. 
Hydroxychloroquine may be continued and there is evidence that 
it can reduce disease flares and may decrease the risk of recurrent 
cardiac neonatal lupus and heart block in mothers with anti-Ro 
antibodies [250]. 

Although traditionally it was recommended that oestrogen- 
containing contraceptives should be avoided in women with SLE, 
clinical trials have now shown that the use of oral contraceptives 
in women with stable disease does not increase the risk of flare 
[252]. However, oestrogen-containing contraceptives should be 
avoided in lupus patients with positive anticardiolipin + lupus 
anticoagulant. Conversely, it is recommended that patients with 
SLE wishing to commence this method of contraception should be 
screened for these antibodies. The progesterone-only contraceptive 
Depo-Provera® is an alternative option, however its use for more 
than 2 years may increase the risk of osteoporosis. 

In patients taking azathioprine no adverse events have been 
reported in breast-fed infants exposed to azathioprine, but a small 
study showed that the majority of azathioprine is excreted within 
4h of ingestion, prompting the recommendation that feeds be 
given at least 4 h after the maternal dose [250]. Breastfeeding is 
probably safe if the patient is on aspirin, low-dose corticosteroids 
or hydroxychloroquine, but should probably be avoided if other 
immunosuppressives are used. 


Association with other diseases. SLE can occur concurrently 
with other connective tissue diseases such as rheumatoid arthritis, 
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so-called rhupus as described by Schur [253]. Systemic sclerosis 
and SLE may occur in the same patient. A subset of patients with 
scleroderma and antitopoisomerase and anti-U1-RNP antibodies 
share a high lupus-like IFN gene expression pattern [254]. SLE 
occurs rarely in association with lichen sclerosus, with ‘en coup 
de sabre’ morphoea [255] and linear and plaque morphoea [256]. 
Secondary Sjégren syndrome can also occur in SLE and is associ- 
ated with older age, a higher prevalence of Raynaud phenomenon, 
rheumatoid factor and anti-Ro and anti-La antibodies [256]. 

Many skin conditions are associated with SLE anecdotally; how- 
ever, repeated associations with neutrophilic dermatoses, palisaded 
neutrophilic and granulomatous dermatitis (PNGD), KFD and 
erythema elevatum dilutinum have been reported. Both pyoderma 
gangrenosum [257] and Sweet syndrome may be the presenting 
feature in SLE, with the latter associated with drug-induced and 
neonatal LE [258]. PNGD, or Churg-Strauss granuloma, is an 
uncommon condition, most often associated with rheumatoid 
arthritis [259] but that may occur in the setting of SLE. The clinical 
presentation varies and may present as asymptomatic papules, nod- 
ules or annular plaques which appear symmetrical, often affecting 
the lateral trunk, abdomen or extensor extremities [260]. Another 
recently reported entity, amicrobial pustulosis of the folds, is rare 
and characterised by relapsing pustular lesions involving mainly 
the cutaneous folds, and typically occurring in the setting of an 
autoimmune disorder, particularly in young women with SLE 
[261,262]. It is also classified within the neutrophilic dermatosis 
spectrum [261]. 

SLE has been reported with other autoimmune diseases including 
Hashimoto thyroiditis and pernicious anaemia [263] and may fol- 
low primary biliary cirrhosis [264]. Reports also exist of associations 
with myasthenia gravis, multiple sclerosis and insulin-dependent 
diabetes [265]. SLE may coexist with psoriasis [266]. Relative risks 
in individuals with a first-degree relative with SLE for various 
autoimmune diseases vary from 5.87 for primary Sjégren syn- 
drome, 5.40 for systemic sclerosis, 2.95 for myasthenia gravis, 2.77 
for inflammatory myositis, 2.66 for rheumatoid arthritis, 2.58 for 
multiple sclerosis, 1.68 for type 1 diabetes, 1.39 for inflammatory 
bowel diseases to 0.86 for vasculitis [267]. An unusual syndrome 
of breast hypertrophy, or gigantomastia, has been reported [268]. 
Eruptive dermatofibromas have been reported [269]. 

Finally, the risk of malignancy has been evaluated in patients with 
SLE and there is an increased risk of haematopoetic malignancy, 
particularly non-Hodgkin lymphoma, as well as an elevated risk 
of lung, hepato-biliary, cervical and vulvo-vaginal cancers but a 
decreased risk of breast cancer [270]. 


Kikuchi-Fujimoto disease and SLE. KFD is a benign and usually 
self-limiting histiocytic necrotising lymphadenitis of unknown aeti- 
ology [271,272]. Reported cases are predominantly female, but it can 
occur in males, and can affect all ages. Clinical features at presen- 
tation include tender lymphadenopathy most commonly involving 
the cervical lymph nodes, associated with fever, weight loss and 
night sweats in the more severely affected cases. Associations have 
been reported with SLE, which can present concurrently or follow a 
diagnosis of KFD. Common features include leukopenia, myalgias 
and fever. Skin changes have been reported in up to 40% of patients 
and are usually non-specific and include red papules, patches 


Figure 51.37 Red facial plaques in Kikuchi-Fujimoto disease. 
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Figure 51.38 Histiocytic necrotising lymphadenitis (Kikuchi-Fujimoto disease) of the 
lymph node. Courtesy of Dr W. Merchant, Leeds General Infirmary, Leeds, UK. 


and plaques and less commonly nodules, bullae and acneform 
eruptions. In our experience KFD can present concurrently with 
SLE with a photo-distributed eruption consisting of red, vesicular 
‘erythema multiforme’ like lesions, predominantly on the face, with 
associated vasculopathic lesions on the fingers, tops and palms 
(Figure 51.37). 

Histology of the skin shows oedema of the papillary dermis, 
with a patchy perivascular infiltrate in the dermis and subcuta- 
neous fat. The infiltrate consists of histiocytes containing nuclear 
debris, and small lymphocytes. The nuclei of the histiocytes may 
be deformed. The lymph nodes show focal or complete loss of 
follicular architecture, with necrosis of cortical and paracortical 
areas (Figure 51.38). The extensive infiltrate consists of small lym- 
phocytes, immunoblasts, macrophages and so-called plasmacytoid 
T cells [273]. Neutrophils are rarely seen, a feature that may help 
to distinguish this condition from SLE. The disorder can also be 
accompanied by macrophage activation syndrome. The natural 
history is for spontaneous healing in a few months but it can be 
fatal as a result of heart failure brought about by microscopic 
myocardial necrosis [274]. There was a 3.3% recurrence rate in 
one series [275]. In most cases no treatment is required, but a 
course of prednisolone may speed resolution. Various triggers have 
been incriminated, including the human herpesvirus 6, parvovirus 
B19, Epstein-Barr virus, dengue virus and infection with Yersinia 
enterocolitica, Toxoplasma, cytomegalovirus and HIV [276]. 
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Disease course and prognosis 

The course of SLE is very variable. Acute fulminating cases are 
much less common than subacute cases, which smoulder on for 
many years. The 5-year survival rate for patients with SLE was 
as low as 50% in the 1950s, varied between 64% and 87% in the 
1980s and reached 95% in the 21st century. In a large, multicen- 
tre, international SLE cohort, Bernatsky et al. found decreasing 
standardised mortality ratios (SMRs) compared with the general 
population [277]. Survival is related to organ involvement and to 
frequency of exacerbations [278]. The highest SMRs were seen in 
female patients, those with younger age, SLE duration <1 year and 
black/ African American populations. Serological as well as clinical 
remission is uncommon and occurred in 4% of 305 patients [279]. 
Exacerbations are more frequent in the first 5 years of the disease 
[278]. Pregnancy does not affect long-term survival. Prolonged 
survival is associated with an increased risk of atherosclerosis, 
avascular necrosis and neuropsychiatric dysfunction [280]. In 
elderly people the presentation is insidious and the clinical course 
is relatively benign. Renal disease and serological abnormalities 
are less frequent, and arthritis, with subcutaneous nodules, and 
pleuropericarditis are more prominent in elderly people [281]. 

The better prognosis of the more recent series is a result not only 
of the administration of corticosteroids, but also of earlier diag- 
nosis, the avoidance of stress and drugs such as sulphonamides, 
and the control of infections by antibiotics. Persistent causes of 
death include renal disease, severe lupus disease activity, infection 
and cardiovascular disease. In the SLICC multicenter interna- 
tional cohort study, a lower total cancer mortality risk in SLE was 
observed with an increased mortality from haematological cancers 
such as non-Hodgkin lymphoma and lung cancer, but a decreased 
mortality from breast cancer [277]. 


Investigations 

Because of the varying clinical morphologies, implications of the 
diagnosis and potential need for systemic therapy, a skin biopsy is 
often necessary to confirm the diagnosis. Biopsy for DIF is unnec- 
essary if the case is diagnostic and may indeed be false positive 
if taken from photo-exposed skin [282]. A positive ANA test is 
required to fulfil the 2019 EULAR/ANA criteria for diagnosis [283]. 
Thus, laboratory investigations are now necessary to confirm the 
diagnosis, although even after extensive investigations it may be 
impossible to be entirely dogmatic in view of the overlap of the 
manifestations of connective tissue diseases. Most patients with 
LE will develop anaemia at some point during the disease course. 
The most prevalent type is anaemia of chronic disease, however 
iron deficiency, autoimmune haemolytic anaemia, drug-induced 
myelotoxicity and anaemia of chronic renal disease are less com- 
mon causes. In autoimmune haemolytic anaemia, a positive direct 
antiglobulin test (Coombs test) in the context of haemolytic anaemia 
generally confirms the diagnosis. Both pure red cell aplasia and 
aplastic anaemia with immune-mediated haematopoietic failure 
have been reported. Reactive haemophagocytic syndrome can also 
occur with a reported incidence in SLE of 2.4% [283]. Leukopenia 
occurs in roughly 50% of patients with SLE [284]. More specifically, 
lymphopenia has been reported in one study with a cumulative 
frequency of up to 93% [285]. Leukocytosis may occasionally be 
found. Thrombocytopenia (platelets <100 000/mm*) is a common 
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clinical manifestation in SLE, present in up to 37% of patients 
[284], and is usually below 40 000/mm‘ in patients presenting with 
thrombocytopenic purpura. The presence of thrombocytopenia cor- 
relates with increased morbidity and cumulative damage accrual 
[286]. The erythrocyte sedimentation rate is raised at some time 
in nearly 90% of patients; the C-reactive protein (CRP) is usually 
normal in the absence of infection, however elevated CRP may also 
indicate disease activity, therefore these values should be inter- 
preted in context. Polyclonal gammopathy is commonly observed 
in patients with SLE and is an indication of an autoimmune reaction. 
Hypoalbuminaemia is also reported in 30-50% of patients [287], 
and measurement of baseline immunoglobulins may help diagnose 
primary or secondary immunodeficiencies associated with SLE 
and treatment, respectively. IgE antibodies may be raised and may 
correlate with disease activity including nephritis in SLE [287]. 
Thrombosis occurs with the lupus anticoagulant, but occasionally 
haemorrhage results from other haematological abnormalities such 
as disseminated intravascular coagulation or thrombocytopenia, 
seen in up to 50% of patients with CAPS [288]. The lupus anticoagu- 
lant is one of a number of APAbs found in up to 15-34% of patients 
with SLE, with anticardiolipin antibody found in 12-30% [287]. 

The LE cell phenomenon, first described by Hargraves et al. 
[289], is the basis for the LE cell test, which is positive in over 
80% of patients. LE cells are neutrophils that have engulfed the 
nuclear material from degenerative white cells, in the presence 
of an antibody to deoxyribonucleoprotein (the LE cell factor) (see 
Figure 51.20) [290]. Sometimes, large masses of nuclear material 
are found extracellularly and, with surrounding leukocytes, form 
rosettes. LE cells, if present in large numbers, are highly suggestive 
of SLE. A positive LE cell test is also a feature of drug-induced LE. 
The LE cell test has now been superseded by tests for antinuclear 
factors and anti-DNA antibodies. 

One or more ANAs can be detected by fluorescent antibody 
techniques in over 80% of cases. The incidence depends on the 
substrate used. Most British laboratories now use human cell lines 
for antibody testing, particularly Hep-2 cells derived from a human 
laryngeal cell line. This produces a reduction in the proportion 
of patients said to be antinuclear factor negative. Previously, the 
standard substrate was rat or mouse liver. Using rat liver, four 
staining patterns were historically demonstrated [291] represent- 
ing four systems of ANAs that are also noted using Hep-2 cells 
(Figure 51.39): 

1 In the homogeneous pattern, produced by antinucleohistone, the 
nuclei are stained all over. 

2 The speckled pattern shows minute points of fluorescence scattered 
all over the nucleus, the antigens being saline-soluble proteins. 

3 The nucleolar pattern shows uniform staining of each nucleolus. 

4 Sera containing anti-DNA antibody give rise to the fourth periph- 
eral or membranous pattern in which staining occurs at the periph- 
ery of the nucleus. 

These staining patterns are produced by separate antibodies, but 
more than one antibody may be present in a single serum, usually 
in different titres. No particular antibody is specific for any disease. 
Discrepancies in the incidence between series probably depend on 
differences in techniques and the substrate used. 

Homogeneous antinuclear factor (which is the same factor as 
the LE cell factor, although the fluorescent antibody test is more 


(a) 


sensitive than the LE cell test) is more than twice as common as 
the speckled factor, but antinucleolar antibody is only occasionally 
found. Any person in apparently good health found to have a high 
titre of antinuclear factor should be followed up for years as there 
is a considerable likelihood of developing LE or systemic sclerosis. 
In one retrospective US study of 130 SLE patients, 78% had positive 
ANA testing at a titre of 1 : 120 or more at an average of 3.3 years 
prior to diagnosis [192]. 

When Hep-2 cells are used as substrate, as well as being more 
sensitive to the presence of ANA, further patterns can be identified 
[293]. These include centromere staining associated with the CREST 
syndrome (calcinosis, Raynaud phenomenon, oesophageal dys- 
function, sclerodactyly and telangiectasia) and in 6% of patients 
with SLE, homogeneous, peripheral (specific to SLE), fine and 
coarse speckles and a ground-glass appearance produced by the 
Scl-70 antibody found in systemic sclerosis. There are also several 
patterns of nucleolar staining: homogeneous, speckled and clumpy. 

Advances in the technology of immunoassays now permit the 
rapid and simultaneous detection of multiple autoantibodies 
and include the use of microarrays, laser beads and nanobar- 
code particles [294]. Circulating antibodies to DNA are almost 
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(b) 


(d) 
Figure 51.39 Different types of antinuclear factor demonstrated on Hep-2 cells: (a) homogeneous type, (b) peripheral type, (c) speckled type, (d) nucleolar type. 


always present in active disease. Their demonstration by the Farr 
radioimmunoassay technique is the most specific aid to diagnosis 
and is present in approximately 60-70% of patients with SLE at some 
time during the course of their illness [287]. Levels often correlate 
with disease activity. The use of serial immunofluorescent ANA 
testing in SLE patients with known positive ANA is not clinically 
useful for disease monitoring, however changes in anti-dsDNA 
antibody titres sometimes correlate with disease activity and lupus 
nephritis and can be useful in monitoring disease activity [295]. 
Indeed high (>200 IU/mL) titers of anti-dsDNA have been shown 
to be an independent predictor of moderate to severe SLE flares 
[296]. Low C3 has been shown to be an independent predictor of 
severe lupus flare in a post hoc analysis of belimumab clinical trials 
[296]. Despite this, a subset of patients with elevated anti-dsDNA 
titres and hypocomplementaemia did not demonstrate evidence of 
clinical disease activity when followed up. 

Several other antibodies occur in patients with SLE. Anti-Smith 
(anti-Sm) antibodies are present in approximately 30% of patients 
with SLE, but are considered specific for the disease and are 
included in the ACR criteria, although they are not of use in 
monitoring overall lupus disease activity [287]. The association 


INFLAMMATORY 


DERMATOSES 


PART 4 


DERMATOSES 


> 
c 
= 
< 
= 
= 
¢ 
oll 
LL. 
= 
oe 
- 
c 
a 


51.36 


of anti-Sm antibodies and organ involvement is conflicting, but 
reported to include nephritis, neuropsychiatric lupus, pulmonary 
fibrosis, serositis and peripheral neuropathy. Antihistone antibod- 
ies are associated with drug-induced lupus and are of limited 
value in the diagnosis or clinical assessment in patients with SLE. 
Anti-RNP antibodies occur in approximately 23-40% of patients 
with SLE and are higher in African American patients compared 
with white populations. The presence of high titres of anti-RNP 
antibodies is characteristic of mixed connective tissue disease. 
Among patients with SLE, the presence of anti-RNP antibodies 
does not predict neuropsychiatric manifestations or lupus nephritis 
or other manifestations of SLE [297]. 

Anti-Ro antibody occurs in approximately 30-40% of patients 
who have an increased tendency to photosensitivity, secondary 
Sjogren syndrome and interstitial pneumonitis, shrinking lung 
syndrome and deforming arthropathy, as well as being a marker 
for neonatal lupus. It is also found in 60-90% of patients with SCLE 
as well as ANA-negative SLE patients and in lupus-like syndromes 
with genetic deficiencies of Clq, C2 or C4. Anti-Ro is an antibody to 
an RNP derived from RNA polymerase III-transcribed Y RNAs with 
a protein component that appears to be the main target. Two differ- 
ent proteins, one of 60 kDa and another of 52 kDa, react with most 
positive sera. The 60 kDa protein predominates in SLE, the 52 kDa 
in Sjogren syndrome [298]. Anti-La, an antibody to another RNP 
product of RNA polymerase III, is present in 10-15% of patients, 
often with Sjogren syndrome and with anti-Ro antibody. Anti-Ro 
and anti-La antibodies should be tested in any female patient with 
SLE, mixed connective tissue disease, Sjogren syndrome or other 
systemic rheumatology conditions who is planning a pregnancy 
because of the increased risk of neonatal lupus syndrome. The 
concept of ANA-negative lupus was introduced in 1976 [299] with 
many patients presenting to dermatologists with cutaneous findings 
similar to SCLE, positive anti-Ro antibodies and photosensitivity 
[300]. This is a problem in less than 2% if appropriate substrates 
are used (such as Hep-2 cell or solid-based assays). Rarely, chronic 
variable immune deficiency and associated conditions may be 
associated with a loss of autoantibodies in SLE [301]. 

Inherited deficiencies of the major complement components may 
occur in SLE. Patients with homozygous deficiencies in C1, C2 and 
C4 early components of the classic pathway are particularly at risk 
[302]. The most common is homozygous C2 deficiency in which 
SLE occurs in approximately 30% of patients [303]. Clinically, the 
lupus-like syndrome in C2 deficiency shows a low incidence of renal 
disease, but more cutaneous involvement and arthralgia. Serum 
ANAs and anti-dsDNA antibodies are often lower in patients with 
complement deficiency-associated SLE, compared with idiopathic 
SLE, however anti-Ro antibodies appear more frequent. Isolated 
Clq deficiency has also been reported, and there is an association 
between C1-esterase inhibitor deficiency and SLE. In addition to a 
tendency to SLE, patients with homozygous deficiencies of C1, C2 
or C4 often have a high risk of recurrent bacterial infections [303]. 


Assessment of disease activity [304,305] 

In large cohorts, 70% of SLE patients have a course of disease flares 
and remissions [306]. Due to the multisystem nature of the disease, 
there is a need for disease activity indices to guide therapy. A num- 
ber of attempts have been made to devise definitions of disease 
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activity, accompanied by scoring systems using combinations of 
clinical and laboratory parameters to allow comparative and lon- 
gitudinal studies. The following systems are useful in the context 
of clinical trials in patients with active systemic disease: SELENA 
(safety of oestrogens in LE national assessment), SLEDAI (SLE dis- 
ease activity index) [307], SLEDAI-2K [308] and BILAG (British Isles 
lupus activity grading) [309]. Organ damage, as assessed by the 
SLICC/ACR damage index [310], has been associated with adverse 
clinical outcomes. The use of validated activity and damage indices 
is included in current EULAR management guidelines [311]. How- 
ever, none of the general activity scores is specifically designed for 
the assessment of patients who most concern dermatologists, and 
they do not grade skin disease in any meaningful way. The CLASI 
has been described for the assessment of cutaneous disease [312] 
and is increasingly used in clinical trials. A study demonstrated the 
validity of the CLASI for skin outcomes when compared with the 
cutaneous domains of the SLEDAI and SDI in individuals with SLE 
[313]. The CLASI provides a quantitative measure of skin-specific 
burden of disease allowing for standardised measurements of dis- 
ease progression. It also distinguishes clearly between activity and 
damage, which is important for disease management. 


Management 

General principles of management 

The goal of the management of SLE should be to aim for remis- 
sion of disease activity, to prevent organ damage and to minimise 
side effects of therapy, all to increase quality of life [314]. The 
management of SLE can be divided into non-pharmacological 
and pharmacological (Figure 51.40). Although limited data exist, 
consensus opinion suggests that general measures for SLE patients 
should include avoidance of sun exposure. Patients should be 
advised to wear broad-brimmed hats, to cover the “V’ of the neck 
and the arms and to use a sunscreen with at least a sun protection 
factor of 30, as patients with photosensitivity may develop fatigue 
and disease flares following UV light exposure [315]. Sunscreen 
with avobenzone (blocks UVA1), titanium dioxide or zinc oxide 
(block UVB and UVA1) are also recommended to block longer UVA 
wavelengths [316]. Smoking cessation should also be encouraged as 
cigarette smoking may exacerbate the disease [317]. Furthermore, 
patients with SLE are at increased risk of accelerated atherosclerosis 
[318]. Because patients with SLE are advised to avoid UVR, it is 
important to monitor serum 25-hydroxy vitamin D (25(OH)D) at 
baseline and treat appropriately to ensure that a recommended 
minimum serum level of 30 ng/mL (75 mmol/L) is achieved [319]. 
To correct vitamin D deficiency, 1000 IU per day of oral vitamin D, 
(cholecalciferol) is recommended as this is more effective than vita- 
min D, [320]. In the authors’ practice, patients with SLE are advised 
to take oral vitamin D, 1000 IU daily PO to supplement dietary 
vitamin D. Symptomatic therapy for joint pain using NSAIDs is 
valuable. 

Regarding pharmacological therapy, the choice is individualised 
and depends on the degree of organ involvement and disease 
severity. It is important to assess the patient’s progress considering 
general well-being and relief of symptoms, and the use of vali- 
dated damage and activity indices is recommended in the current 
EULAR guidelines for the management of SLE [314]. The erythro- 
cyte sedimentation rate and DNA antibodies are variable and a 
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Figure 51.40 Treatment of non-renal SLE: recommended drugs with respective grading of recommendation. aPL, antiphospholipid antibodies; AZA, azathioprine; BEL, belimumab; 
BILAG: British Isles lupus assessment group disease activity index; BSA, body surface area; CNI, calcineurin inhibitor; CYC, cyclophosphamide; GC, glucocorticoids; HCQ, 
hydroxychloroquine; IM, intramuscular; IV, intravascular; MMF, mycophenolate mofetil; MTX, methotrexate; PLTs, platelets; PO, per os; Pre, prednisone; RA, rheumatoid arthritis; RTX, 
rituximab; SLEDAI, systemic lupus erythematosus disease activity index; TTP, thrombotic thrombocytopenic purpura. Reproduced from Fanouriakis et a/. 2019 [314] with permission 


from the British Medical Journal. 


poor guide to the adequacy of therapy and the titre of ANAs often 
persists unchanged despite clinical remission. Anti-dsDNA anti- 
body and serum complement levels may be helpful in predicting 
exacerbations [314]. Despite this, a subset of patients with elevated 
anti-dsDNA titres and hypocomplementaemia do not demonstrate 
evidence of clinical disease activity when followed up [321]. 


First line 

For skin disease alone, topical therapy is an appropriate first line 
treatment or adjunct for individual lesions. Potency depends on 
the site, but generally potent fluorinated corticosteroids should 
only be used for short periods on very inflammatory lesions on 
the face because of the risk of atrophy and telangiectasia, with 
1-2.5% hydrocortisone used subsequently. Alternatively, the cal- 
cineurin inhibitors tacrolimus [322] and pimecrolimus [323] may 
be equally efficacious when compared with clobetasol propionate 
0.05% and betamethasone valerate 0.1%, respectively, particularly 
for TLE. Intralesional triamcinolone acetonide (2.5-5 mg/mL) may 
also be useful for individual lesions, particularly on the scalp. For 
patients with extensive or resistant disease, antimalarials are used 
in regimens as discussed in other chapters. 

The use of the antimalarials chloroquine or hydroxychloroquine 
should also be encouraged, not only in the management of mild 
disease but in all disease subtypes [324]. A systematic review has 
shown that antimalarials prevent lupus flares and increase the 
long-term survival of patients [325]. Antimalarials have also been 
found to work synergistically with mycophenolate mofetil for the 
treatment of membranous nephritis and are recommended by the 
EULAR guidelines for patients with lupus nephritis [326]. Addi- 
tionally, they have a modest effect on lipid profile, cardiovascular 


disease and thrombotic risk, and hydroxychloroquine in particular 
has been found to decrease lupus activity in pregnancy without 
harming the baby [325]. Quinacrine is contraindicated in pregnancy 
as it crosses the placenta. Guidelines provided by ophthalmology 
address dosing (5.0 mg/kg actual body weight for hydroxy- 
chloroquine) and surveillance [327]. There is still debate about 
the optimal dosing of hydroxychloroquine as doses of 5.0 mg/kg 
(actual weight) have been associated with an increased rate of flare 
[328]; in inactive disease, a decreased dose of 200 mg per day is 
favoured [329]. 

Corticosteroids are useful, but dosage depends on the degree 
of organ involvement and disease severity. Low-dose oral pred- 
nisolone (0.1-0.2 mg/kg) may be useful in patients with mild SLE 
and musculoskeletal manifestations resistant to other therapies 
[330]. High doses of oral prednisolone (1-1.5 mg/kg) or IV methyl- 
prednisolone 1 g daily for 3 days (pulse therapy) are used for severe 
disease with major organ involvement (e.g. renal, systemic vasculi- 
tis or neurological involvement) [330]. Once the condition appears 
to be under control, the dosage may be reduced until a maintenance 
dose is reached, ideally <6 mg, as the Hopkins lupus cohort have 
demonstrated that doses of greater than 6 mg increase the risk of 
organ damage by more than 50% [331]. A single dose daily, given in 
the morning, produces fewer side effects than split dosing and does 
not impair the therapeutic response. 


Second line 

For more severe disease, immunosuppressive drugs are used to 
minimise the risk of damage and to act as steroid-sparing agents. 
When considering the choice of immunosuppressant, as well 
as disease severity, the long-term risk of malignancy must be 
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considered. Cyclophosphamide has been associated with bladder 
cancer, myelodysplastic syndromes, haematological malignancies, 
cervical atypia and skin cancers [332]. Mesna may reduce urotoxic 
side effects, and monthly IV therapy, with adequate hydration, is 
rarely complicated by bladder injury [332]. Azathioprine is associ- 
ated with phototoxicity and the generation of carcinogenic DNA 
adducts [333], as well as a significant increase in the risk of malig- 
nancy [334], decreasing our enthusiasm for the use of this drug. 
Methotrexate is teratogenic and contraindicated in females within 
6 months of planned conception. Additionally, mycophenolate 
mofetil is contraindicated in pregnancy, and in patients wishing 
to become pregnant a transition from this drug to azathioprine 
should be made in the preceding months because of the teratogenic 
risk [332]. 

Cyclophosphamide is a derivative of mechlorethamine which is 
metabolised into active metabolites [332]. For induction therapy in 
lupus nephritis, pulsed IV cyclophosphamide is preferred to oral 
cyclophosphamide due to reduced toxicity, particularly bladder 
injury [332], and may be followed by mycophenolate mofetil or 
azathioprine (the former may be more efficacious as maintenance 
therapy) [335,336]. However, mycophenolate mofetil may also be 
used as an alternative for induction treatment of mild to moderate 
lupus nephritis with similar efficacy to cyclophosphamide [337]. 

Because of its slower onset of action, azathioprine is often used as 
a steroid-sparing agent and as a maintenance drug following control 
of more acute SLE [332]. It has also been reported to be effective 
in severe cutaneous disease and in the treatment of chronic active 
hepatitis complicating lupus [338,339]. Azathioprine may be used in 
pregnancy as there have been no reports of teratogenicity. We pre- 
fer to minimise use of this agent due to the recent appreciation of 
risk of malignancy when compared with other immunosuppressive 
agents [340]. 

Mycophenolate mofetil is the morpholinoethyl ester of mycophe- 
nolic acid (MPA), which is a non-competitive reversible inhibitor of 
inosine-5’-monophosphate dehydrogenase, a necessary enzyme in 
the de novo pathway of purine synthesis [332]. This de novo synthesis 
pathway is uniquely essential to activated lymphocytes. Inhibition 
of both T and B lymphocyte proliferation, inhibition of antibody for- 
mation and prevention of leukocyte migration by MPA activity are 
the result. As well as its efficacy in lupus nephritis (as discussed ear- 
lier in this chapter), the Aspreva Lupus Management Study (ALMS) 
trial showed consistent and similar improvement in assessment of 
eight organ systems [341]. For patients with significant gastrointesti- 
nal side effects, which can occur in up to one-third of patients [342], 
titrating the dose from 500 mg twice daily to 1-1.5 g twice daily 
with weekly increases may be useful. In those that are still intoler- 
ant, switching to sustained release MPA may be better tolerated and 
can smooth out blood levels [332]. 

Methotrexate may be a useful adjunct in patients with mild 
to moderate SLE and recalcitrant mucocutaneous lesions and 
musculoskeletal symptoms [343]. A steroid-sparing effect has 
also been shown by Fortin et al., who compared methotrexate 
with placebo and found a significantly reduced prednisone dose 
was given in the methotrexate treated arm [344]. Islam et al. 
demonstrated similar effectiveness of methotrexate 7.5 mg/week 
compared with chloroquine 150 mg daily over 24 weeks, with 


Chapter 51: Lupus Erythematosus and Antiphospholipid Syndrome 


similar articular and cutaneous manifestations of SLE and accept- 
able toxicity profile [345]. In the authors’ experience, following a 
failure of antimalarials in patients with predominant skin disease, 
methotrexate at doses of 7.5-15 mg is an effective and quick acting 
therapy. Patients should be monitored regularly for decline in 
renal function, and their full blood picture and liver function tests 
followed. In addition, meticulous contraception is mandatory when 
used in women at risk of pregnancy. 

IVIg may be a useful adjunct in resistant skin disease and is 
used for haematological disease at 1 g/kg/day for 1-2 days for 
steroid-refractory thrombocytopenia [330]. A trial of 400 mg/kg/ 
day over 5 days led to a partial or complete remission of skin 
disease in 63% (10/16) of patients [346]. Ciclosporin has been used 
in resistant cases of skin disease and for non-renal lupus. One 
trial of patients with active SLE despite prednisone (>15 mg/day) 
evaluated ciclosporin (2.5 mg/kg) compared with azathioprine 
(2 mg/kg) [347]. After 12 months there was no significant differ- 
ence in the reduction of prednisone or adverse outcomes with no 
sustained increase in creatinine observed in the ciclosporin group. 
Voclosporin, a novel calcineurin inhibitor, has shown favourable 
results when combined with mycophenolate for lupus nephritis 
[348]. The treatment of lupus-specific cutaneous features (ACCLE, 
DLE and SCLE) is discussed elsewhere in this chapter, however 
for patients with non-lupus-specific skin eruptions, dapsone may 
be useful for the treatment of urticarial lesions [349] and bullous 
eruptions [350]. 


Third line 

An increasing understanding of the pathophysiology of lupus and 
the recognition of the multifaceted role that B cells play in lupus 
have led to the development of the novel biologic drugs to treat the 
disease, including rituximab (a monoclonal antibody to CD20), beli- 
mumab (a BLys inhibitor) and obinutuzumab (a humanised mono- 
clonal antibody to CD20) [330]. In a post hoc analysis, two phase III 
trials (BLISS-52 and BLISS-76) of belimumab have shown improved 
overall SLE activity, particularly mucocutaneous and musculoskele- 
tal at week 52 and 76, respectively [351]. Belimumab has also shown 
activity in lupus nephritis [352]. The EULAR supports the use of rit- 
uximab in the treatment of refractory nephritis [13]. Potent B-cell 
depletion with obinutuzumab is effective in lupus nephritis [353] 
and B-cell depletion with chimeric antigen receptor T-cell therapy 
can induce remission in refractory disease [354]. 

It is now known that increased serum concentration of IFN-« is 
associated with a distinct IFN signature in the peripheral blood 
and may relate to increased disease activity [355]. Recent studies 
have confirmed that anifrolumab, an antibody that binds to the 
type I interferon receptor, improves SLE disease activity [353,356] 
and may have particular utility for skin disease. The two TULIP 
(Treatment of Uncontrolled Lupus via the Interferon Pathway) 
showed an improvement of more than 50% of the CLASI score 
for skin disease when compared with placebo and a more pro- 
nounced effect in those with a high interferon gene signature. The 
integration of B-cell modulation with belimumab and interferon 
signalling with anifrolumab into the therapeutic armamentar- 
ium provides new options for limiting corticosteroid use and the 
potential improvement of long-term outcomes. 


Neonatal lupus erythemato 


Definition 

Neonatal lupus erythematosus (NLE) is a well-recognised subtype 
of LE and an acquired syndrome of clinical symptoms caused by the 
transplacental passage of maternal antibodies to SSA or SSB, or both 
[1]. The most frequent clinical manifestations are cutaneous lesions 
and congenital heart block (CHB). 


Introduction and general description 

Congenital heart block was first reported in the children of a mother 
with Sjogren syndrome in 1928 [2]. McCuiston and Schoch [3] were 
the first to suggest that NLE may be related to the transplacental 
transfer of ‘a transmittable aetiological agent’, reinforced by the fact 
that NLE skin lesions resolve as maternal antibodies are cleared 
from the infant’s serum [4]. The syndrome has been increasingly 
investigated, and the role of the antibodies confirmed, the anti- 
body subtypes delineated and treatment options considered and 
investigated. 


Epidemiology 

Incidence and prevalence 

Congenital heart block occurs in 1-2% of children born to mothers 
positive for the Ro antibody, while neonatal lupus rash occurs in 
8-10% of offspring of these mothers [5]. The risk of CHB in a subse- 
quent pregnancy is 10-fold (20%) if a previous child had NLE [6,7]. 


Age 
Neonates may present up to the age of 12-16 weeks postpartum. 


Sex 
The condition affects the sexes equally [8]. 


Associated diseases 

The condition occurs in the offspring of women with positive 
Ro/SSA antibodies and occasionally La/SSB antibodies, which are 
transmitted across the placenta during pregnancy. Less frequently, 
anti-U1-RNP antibodies have been found to cause the classic lesions 
of NLE but not CHB [9,10]. The aforementioned autoantibodies are 
present in 90% of patients with Sjogren syndrome [11], 20-30% of 
patients with SLE [12] and 3% of patients with rheumatoid arthritis 
[13] as well as in SCLE, mixed connective tissue disease or an 
undifferentiated autoimmune syndrome. However, in 25-60% of 
cases mothers may not have clinical evidence of an autoimmune 
disease; half of these asymptomatic mothers will go on to develop 
an autoimmune disease after 3 years [14]. Up to 1.5% of healthy 
pregnant women may have the antibodies [15]. Hypothyroidism 
may also be another associated disease, as women with both 
hypothyroidism and anti-Ro/SSA were nine times more likely to 
give birth to children with CHB than women with only anti-Ro/SSA 
antibodies [16]. 


Pathophysiology 
The presence of the Ro/SSA antibody is strongly associated with 
NLE, being present in 82-100% of infants and 92-100% of mothers 


[17-20]. Studies have suggested that the 52 kDa protein version is 
more frequently found in CHB [21,22] while the 60 kDa one is more 
frequently associated with cutaneous disease [23], although this is 
disputed [24]. The aa200-239 (p200) locus on the 52 kDa RO/SS-A 
protein may be a more specific predictor of CHB [25] but this is not 
confirmed [26]. La/SS-B antibodies are less frequent in 50% of NLE 
infants and 60% of mothers, usually in association with Ro/SS-A 
antibodies [17]. A further study suggested that 50 kDa La/SS-B anti- 
bodies were associated with cutaneous disease [27], while another 
suggested that anti-idiotype antibodies to La/SS-B antibodies were 
protective against the development of NLE [28]. U1-RNP antibod- 
ies are detected as the only antibody in a limited number of patients 
with cutaneous NLE [29], but not with CHB. 

Lee et al. [30] showed that purified Ro antibody bound to human 
skin that was grafted onto nude mice occurred in a pattern similar 
to that found in typical LE lesions, and that Ro/SS-A antigen is also 
present in neonatal skin [31]. Studies have suggested two possible 
mechanisms for the development of conduction abnormalities in 
NLE. One hypothesis suggests that fetal autoantigens Ro/SSA and 
La/SSB translocate to the surface of cardiomyocytes during cellular 
apoptosis, with the subsequent formation of complexes with mater- 
nal antibodies. The complexes are opsonised and phagocytosed 
by macrophages that release pro-inflammatory cytokines (TNF-« 
and transforming growth factor B (TGF-B)) leading to atrioven- 
tricular node dysfunction and conduction abnormalities [32]. A 
second hypothesis suggests molecular mimicry, whereby autoan- 
tibodies cross-react with cardiac L-type calcium channels, disrupt 
calcium homeostasis and disrupt potential propagation, leading 
to arrhythmias [32]. Other workers argue that these antibodies are 
only indirectly related to disease, the disease process being caused 
by either (i) the 52 kDa Ro/SS-A antigen showing homology with 
the 5-hydroxytryptamine-4 serotoninergic receptor, which mediates 
cardiac damage [21]; (ii) the presence of antibodies to a completely 
separate 57 kDa protein [33]; (iii) the presence of the TNF-a 308A 
allele (associated with high TNF-a production), HLA-DRQB1*02, 
HLA-DRB1*03 and TGF-f polymorphisms [34]; or (iv) via maternal 
microchimerisms [35]. Differences in clinical features of NLE may 
depend on the cytokine profile of patients. A report on the cytokine 
profile of two siblings with NLE showed that although both infants 
had elevated IL-6, IL-8, IFN-y and monocyte chemoattractant pro- 
tein 1, serum levels of IL-12, IL-13 and IL-17 were elevated only in 
the newborn with skin lesions [36]. 


Pathology 

Following antibody binding, a sequence of opsonisation, apoptosis 
and fibrosis has been proposed in both skin and the cardiac conduct- 
ing system [37]. The histopathology in the skin is that of a classic 
lupus histology. 


Genetics 

Maternal anti-Ro/SSA antibodies are major risk factors for CHB, 
however only 12-20% of subsequent pregnancies lead to CHB, 
despite persisting maternal autoantibodies. Thus additional risk 
factors are likely involved in fetal CHB susceptibility. The major his- 
tocompatibility complex locus has been implicated in autoimmune 
diseases. Mothers with the HLA-DR3 and HLA-B8 haplotypes, 
when associated with DQA1 and DQB1, may have offspring more 
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likely to have NLE and atrioventricular heart blocks [38-41]. Infants 
with cutaneous disease may carry all three HLA alleles - DRB1*03, 
DQB1*02 and TNF-«-308A promoter polymorphism - twice as 
frequently as unaffected children [34]. Additionally, a study per- 
forming single nucleotide polymorphism genotyping of individuals 
in the Swedish Congenital Heart Block study population identi- 
fied HLA-DRB1*04 and HLA-Cw7*05 as fetal HLA allele variants 
that confer susceptibility to CHB in response to Ro/SSA autoan- 
tibody exposure, whereas DRB1*13 and Cw*06 confer protection 
[42]. Another case series identified the presence of HLA-B*15, 
HLA-C*02, HLA-DQ5 and HLA-DR10 alleles in a mother and both 
of her children with NLE [43]. 


Environmental factors 

As in classic SCLE, UV exposure of the neonate may be relevant to 
the onset of cutaneous disease. UV may increase the expression of 
antigens on the surface of keratinocytes, thereby increasing interac- 
tions with autoantibodies resulting in exacerbation of skin lesions 
[44]. However, NLE skin lesions may be present at birth or involve 
UV-protected sites, suggesting that UV exposure may not be neces- 
sary for the development of cutaneous disease [45]. 


Clinical features 

Many cases present with either skin or heart problems with no pre- 
ceding disease in the mother. Others occur in neonates of mothers 
known to carry the associated antibodies. The presentation may be 
either cutaneous or cardiac, although rarely other systems may be 
involved early. 


Presentation 

Cutaneous features. Approximately half of NLE infants manifest 
skin lesions [17], which may be present at birth or occur in the first 
few weeks of life. The most common finding is a red, slightly scaly 
eruption on the face and periorbital skin (raccoon sign/owl eye/eye 
mask) (Figure 51.41), with the scalp, trunk, extremities, neck and 
intertriginous areas involved in decreasing order of frequency [46]. 
There is resemblance to SCLE on pathology [47]. The eruption can 
be exacerbated by UV exposure and there are reports of the rash 
being precipitated by phototherapy for neonatal jaundice [48,49], 
although the rash is sometimes present at birth [45]. Other man- 
ifestations include a vitiligo-like eruption in a black infant [50], 
morphoea-like lesions [51], atypical targetoid-like lesions [52], cutis 
marmorata telangiectatica congenita-like lesions [53], transient 
bullae [54] and papules on the feet [55]. 


Cardiac features. NLE is typically associated with a structurally 
normal heart. CHB occurs in approximately 60% of white infants 
with NLE [17], and may be less common in Japanese patients 
[56]. Moderate to high levels of maternal anti-Ro/SSA antibody 
titres appear to be a risk factor for the development of CHB [57]. 
Associated features may also include pericardial effusions, pleural 
effusions, ascites, intrauterine growth retardation and hydrops 
fetalis [58]. Up to 50% of infants with CHB will require pacing in the 
neonatal period and others will require a pacemaker at a later date 
[59]. Dilated cardiomyopathy occured in up to 23% with CHB in 
one Finnish cohort, and has a significant mortality in the first year 
of life [59]. 
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Figure 51.41 Typical ‘raccoon’ eyelid lesions in neonatal lupus erythematosus. 


CHB usually develops between the 18th and 24th gestational 
weeks. Fetal bradycardia with a ventricular rate of 40-60 beats 
per minute can be detected prenatally [60]. The CHB is usually 
complete or third-degree, but first- and second-degree blocks may 
also occur and resolve completely during the first few months 
after birth or develop into an irreversible CHB with time [61-63]. 
Additionally, conduction abnormalities may less frequently result 
in Wolff—Parkinson—White syndrome, sinoatrial node dysfunction, 
prolongations of the QT interval and transient sinus bradycardia 
[62]. Dilated cardiomyopathy is usually detected in utero but may 
develop after birth [9]. Although structural cardiac abnormali- 
ties are rare, defects such as patent foramen ovale, ventricular or 
atrial septal defect, pulmonary stenosis, persistent patent ductus 
arteriosus and fusion of the chordae tendinae have been reported 
[64-67]. 


Haematological features. Approximately 10-20% of infants 
with NLS develop haematological symptoms such as anaemia 
(less frequently haemolytic or aplastic anaemia), thrombocytopenia 
and neutropenia [68]. Cytopenias develop due to immunological 
suppression of the fetal bone marrow by maternal autoantibodies 
and to a lesser extent by peripheral destruction of blood com- 
ponents. Other reported haematological manifestations include 
thrombosis and disseminated intravascular coagulation, microan- 
giopathic haemolytic anaemia and immune thrombocytopenia 
[69,70]. 


Hepatic features. The most common hepato-biliary manifestations 
affecting 10-25% of NLE infants include asymptomatic eleva- 
tion of aminotransferases, y-glutamyl transferase, hepatomegaly 
and splenomegaly [60,71]. Cholestasis and cholestatic hepatitis 
have been described and hepato-biliary disease was found in 
19 of 219 patients with NLE, and in three this was the only find- 
ing [72]. Hepato-biliary and haematological manifestations can 
either be isolated symptoms or accompany cutaneous or cardiac 
abnormalities [60]. 


Neurological features. Central nervous system abnormalities are 
uncommon in NLE and symptomatic neurological expressions 


are even rarer. The percentage of macrocephaly with or without 
associated hydrocephalus is higher in infants with NLE compared 
with the general population, although most cases are asymptomatic 
[73,74]. Additionally, other structural abnormalities reported 
include subependymal pseudocysts, subependymal haemorrhage, 
cerebral haemorrhage, ventriculomegaly, lenticulostriate vascu- 
lopathy, vasculitis and calcification of the basal ganglia [75-77]. 
Symptomatic central nervous system manifestations in NLE are 
more commonly associated with cutaneous disease than in those 
with CHB. Reported clinical manifestations include myelopathy, 
changes in consciousness, focal seizure, spastic paraparesis and 
neuropsychiatric disorders [75,78-80]. 


Differential diagnosis 

The condition is easily recognised in neonates of at-risk mothers. In 
those with no known risk, the skin rash may be confused with con- 
genital infections or inherited immune disorders such as the Bloom, 
Cockayne or Rothmund-Thompson syndromes. Based on mor- 
phology, annular erythema of childhood, annular urticaria, tinea 
faciei/capitis/corporis, seborrhoeic dermatitis, atopic dermatitis, 
Langerhans cell histiocytosis, congenital rubella and congenital 
syphilis should also be considered in the differential diagnosis 
of NLE. 


Complications and co-morbidities 

Case reports have associated NLE with pneumonitis [18], haemo- 
chromatosis [81], aseptic meningitis [82], transient myasthenia 
gravis [83] and chondrodysplasia punctata [84]. 


Disease course and prognosis 

The rash improves over the first few months of life and has usually 
resolved without scarring by 12 months of age. Occasional patients 
exhibit residual telangiectasiae, dyspigmentation or atrophy [46] 
and atrophic scarring [85]. The heart block, seen in roughly 2% of 
children born of mothers with anti-Ro antibody, is permanent and 
requires a permanent pacemaker in roughly 50%. 


Infant. Although follow-up data are limited, less than 5% of chil- 
dren go on to develop autoimmune diseases such as juvenile 
idiopathic arthritis, psoriasis, Hashimoto thyroiditis, nephritic 
syndrome, iritis and type 1 diabetes [86,87]. Follow-up is therefore 
advised. 


Mother. Although mothers are often asymptomatic at the time 
of the birth, long-term follow-up studies by several groups have 
shown that many develop signs and symptoms of autoimmune 
disease, especially Sjogren syndrome, SLE and undifferentiated 
connective tissue disease [87]. Follow-up is therefore advised. 


Investigations 

Although the skin rash is reasonably characteristic, skin biopsy is 
usually required to confirm the diagnosis; exclusion of infection or 
the rare inherited syndromes mentioned earlier may be necessary. 
Antibody testing is required in both the child and mother. Investiga- 
tions for a complete blood count with differential and liver enzymes 
should be considered, especially if there are signs of anaemia 


and/or hepatic dysfunction. Cardiac investigations including an 
electrocardiogram and echocardiogram are recommended after 
birth. Mothers with known anti-Ro/SSA and/or anti-La/SSB anti- 
bodies should have screening with fetal echocardiography initiated 
during the pregnancy. 


Management 

Recognition of the condition in a neonate is important for this and 
subsequent children, and monitoring of at-risk pregnancies should 
always occur. Manifestations other than heart block are usually 
temporary. 


Cutaneous lesions 

Skin disease is often mild and usually requires no treatment. Sun 
avoidance should be advised and low-potency topical steroids may 
be of benefit [17,59]. Antimalarials may be necessary for persistent 
skin disease. Persistent telangiectasia has been reported to respond 
to tunable dye laser [88]. 


Cardiac problems 

The mortality rate in neonates with CHB is approximately 20% [65]. 
A higher risk of mortality is associated with the diagnosis of CHB in 
<20 weeks’ gestational age, hydrops fetalis, low ventricular late (<50 
beats per minute), impaired left ventricular function, cardiomegaly, 
endocardial fibroelastosis, atrioventricular valve regurgitation and 
low aortic flow velocity [65,89,90]. Up to 50% of infants with CHB 
may require pacing in the newborn period, and others may require 
pacemaker insertion at a later date [58]. 

There has been increasing research addressing whether CHB and 
its consequences can be prevented or treated in utero. Despite initial 
reports suggesting benefit of fluorinated steroids in the prevention 
of cardiac abnormalities, recent large cohort studies do not support 
its use [91,92]. However, in several studies, the maternal intake of 
hydroxychloroquine has shown to decrease the risk of developing 
primary CHB, recurrent CHB where there is a prior history of a 
sibling with CHB, and skin disease. Hydroxychloroquine is used 
safely in pregnant or breastfeeding mothers with SLE to prevent 
flares [93-95]. It is proposed that hydroxychloroquine 400 mg daily 
should be taken between the 6th and 10th gestational weeks [95]. 
The use of IVIg for both the prevention and treatment of CHB 
remains of unproven value [96-99]. Plasmapheresis three times 
weekly with systemic steroids during gestation may have helped to 
protect an at-risk pregnancy [82]. 


Haematological and hepatic problems 

Most resolve spontaneously without treatment. Symptomatic 
anaemia and thrombocytopenia may require blood and platelet 
transfusion, respectively. 


Pregnancy 

A pregnant patient who is known to have Ro/SS-A or La/SS-B 
antibodies and her obstetrician should be counselled of the possible 
problems. The risk of NLE in a Ro/SS-A-positive mother without 
connective tissue disease or a previous history of NLE is probably 
low, perhaps about 2%. The risk may or may not be higher for 
symptomatic Ro/SS-A-positive mothers, but for women who have 
already had a baby with NLE, the estimated risk of having another 
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affected child ranges widely between studies, but is probably about 
25% [87]. Prenatal screening for anti-Ro/SSA and anti-La/SSB 
antibodies should be undertaken in individuals who are more likely 
to have these antibodies based upon pre-existing connective tissue 
diseases. Monitoring of fetal cardiac function in this circumstance 
is standard practice [39]. It is a safe and non-invasive assessment of 
heart structure, extranodal disease and conduction abnormalities. 
Currently, the treatment of first-degree heart block with fluori- 
nated steroids is controversial due to the risks of medication side 
effects, the spontaneous reversion to normal sinus rhythm with- 
out treatment, and the lack of evidence suggesting that untreated 
first-degree block in the fetus leads to more advanced heart block 
[100-103]. However, fluorinated steroids may be beneficial for 
second-degree heart blocks identified in utero, as it may decrease 
inflammation and/or prevent progression to CHB, which is not 
reversible [101,103]. Weekly screening with pulsed-Doppler fetal 
echocardiography can be initiated at a 16-week gestational age, and 
the frequency decreased after 26-week gestational age in the absence 
of abnormalities, given that less than 20% of CHB cases are detected 
later on in pregnancy [104]. Observation is a reasonable approach 
during the first month of life as 2% of reported cases of CHB are 
diagnosed postnatally [65,103]. Ro/SS-A and La/SS-B antibodies in 
human breast milk had no pathological consequences [105]. 


Antiphospholipid antibody 


Definition and nomenclature 

The antiphospholipid antibody syndrome (APLS) is an autoim- 
mune disease with clinical features of thrombosis (venous, arterial 
and microvascular) and pregnancy complications, which include 
recurrent fetal loss, preterm delivery and placental insufficiency 
[1]. The condition is associated with a spectrum of autoantibodies 
directed against the cellular phospholipid component (hence the 
term ‘antiphospholipid antibodies’ or APAs); most commonly 
lupus anticoagulant, anticardiolipin and anti-B,-glycoprotein I 
(anti-B2GPI). 


Introduction and general description 

Antiphospholipid syndrome was first described by Graham Hughes 
in 1983, regarding a group of patients with SLE who had lupus 
anticoagulant and clinical signs of recurrent thrombosis [2]. There- 
after, patients without features of SLE were noted to develop APAs 
and thus the concept emerged that APLS could exist as a primary 
syndrome [3,4]. APLS is diagnosed in a patient with thrombosis 
and/or defined pregnancy morbidity in the presence of persistent 
APA. The term ‘primary APLS’ is used when the condition occurs 
in the absence of any other related disease. The term ‘secondary 
APLS’ is used when the condition occurs in the context of other 
autoimmune diseases, such as SLE. 
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The most recent criteria for the classification of APLS were devel- 
oped in 2006. Although classification criteria should not be used 
for diagnostic purposes, they can serve to guide clinicians in estab- 
lishing a diagnosis or documenting essential features. According 
to the revised international APLS classification criteria, a patient is 
classified as having true APLS when at least one of the two clinical 
criteria and one of the three laboratory criteria are present. Clinical 
criteria include the presence of vascular thrombosis or obstet- 
ric complications as described later. Laboratory criteria include 
the presence of anticardiolipin antibodies, anti-B2GPI antibodies 
and/or lupus anticoagulant on two or more occasions at least 
12 weeks apart [5]. However, the classification criteria exclude other 
clinical, immunological and haematological domains relevant to 
APLS [6]. An international effort is underway to establish more 
comprehensive classification criteria to include other clinical mani- 
festations as well as stratification based on both the associated risk 
factors and APA profile [7]. 


Epidemiology 

Incidence and prevalence 

The true prevalence of the syndrome is unclear [8]. In the general 
population, APA can be detected in about one in five patients who 
have had a stroke at less than 50 years of age [9]. Approximately 
half of the patients with APA will develop SLE or another autoim- 
mune disease [10]. Conversely, about 40% of patients with SLE have 
APA [11]; 26% have lupus anticoagulant, 47% anticardiolipin and 
28% anti-B2GPI [12]. In SLE, the lupus anticoagulant is more preva- 
lent in men (40% versus 24.5%) and in white populations compared 
with African Americans (28% versus 23%) [12,13]. In patients with 
SLE and lupus anticoagulant, around 40% will eventually develop 
venous thromboembolism [14]. Approximately one in four patients 
with a venous thromboembolism, tested for thrombophilia, exhibit 
APA [15]. Approximately 1 in 10 women with recurrent miscarriage 
are diagnosed with APLS [16]. 


Age 
The disease is commonest in young to middle-aged adults; however, 
it also manifests in children and elderly people. 


Sex 

As with many autoimmune diseases, APLS is more common in 
women than in men [17]. The apparent female preponderance may 
be related to the issue that recurrent pregnancy loss is a prominent 
feature of the disease and that early reported series of patients with 
APLS were often confined to those with SLE. 


Ethnicity 

A number of populations have been reported with APLS includ- 
ing white people, Hispanics, Asians, Afro-Caribbeans and native 
Americans [18]. 


Associated diseases 

Secondary APLS is associated with SLE and other autoimmune 
diseases such as rheumatoid arthritis, Sjogren syndrome and sys- 
temic sclerosis. The development of APAs can occur with syphilis 
and hepatitis C. Approximately half of the patients with APLS 
and thrombosis have additional risk factors for thrombosis at the 


time of the event, including genetic prothrombotic phenotypes, 
prolonged immobilisation, surgery, use of oral contraceptives or 
hormone replacement therapy, pregnancy, nephrotic syndrome, 
ongoing chronic inflammation and cardiovascular risk factors such 
as smoking, obesity or diabetes [19]. 

Approximately 40-80% of patients with Sneddon syndrome have 
the presence of APAs [20,21]. Some consider Sneddon syndrome 
to be on a spectrum of APLS. It occurs most commonly in women 
(80%) with a median age of diagnosis at 40 years. Sneddon syn- 
drome can be inherited in an autosomal dominant fashion with 
variable penetrance in rare familial cases. Autosomal recessive 
loss-of-function mutations have recently been identified in a muta- 
tion of the cat eye syndrome region, candidate 1 (CERC1), encoding 
adenosine deaminase 2 [22]. Cutaneous manifestations of Sneddon 
syndrome include livedo racemose/reticularis, acrocyanosis and 
Raynaud phenomenon. Neurological manifestations occur in three 
phases including prodromal symptoms of headache, vertigo and 
light-headedness in the first phase, followed by recurrent episodes 
of transient ischaemic attacks and strokes in the second phase and 
completed by cognitive decline and early-onset dementia in the 
third phase [23]. 


Pathophysiology 

Lupus anticoagulant is a heterogenous group of autoantibodies, 
predominantly IgM and IgG but including anticardiolipin and 
anti-B2GPI antibodies, that target the phospholipid—protein compo- 
nent of the cell membrane. It is a misnomer in that only a minority 
of patients with lupus anticoagulant are diagnosed with lupus and 
the ‘anticoagulant’demonstrates anticoagulant activity only in vitro. 
Of the three antibody tests, the presence of lupus anticoagulant has 
the strongest association with thrombosis and pregnancy loss [24]. 
The positivity of all three tests (lupus anticoagulant, anticardiolipin 
and anti-B2GPI) — also referred to as ‘triple positive’ APLS — confers 
the greatest thrombotic risk [25]. 

Many mechanisms for thrombosis in APLS have been suggested. 
The key target of APA is B2GPI, a plasma protein that binds to 
phospholipid surfaces, particularly when bound and dimerised 
by anti-B2GPI antibodies. B2GPI (apolipoprotein H) is a cofactor 
required for APA to bind to cardiolipin [26]. An increase in the risk 
of thrombosis has not been associated with congenital deficiency in 
B2GP1. However, the binding of APA to B2GPI on cellular surfaces 
stimulates endothelial cells, monocytes and platelets resulting in 
pro-inflammatory and prothrombotic phenotypes such as upreg- 
ulation of E-selectin and tissue factor [19,27]. Additionally, APA 
binding to B2GPI downregulates the activity of the tissue fac- 
tor inhibitor [27], activates complement [28,29], interferes in the 
protein C anticoagulant pathway [30,31] and inhibits fibrinolysis 
and annexin V binding to phospholipids [32]. Recent studies sug- 
gest that the involvement of neutrophil activation and the release 
of neutrophil extracellular traps and IL-8 [33-35], as well as the 
upregulation of mammalian target of rapamycin (mTOR) com- 
plex on endothelial cells, contribute to endothelial proliferation 
and APA-related vasculopathy [36-38]. The mTOR activation also 
increases expression of tissue factor, TLR-4 and IL-8 [39,40] and 
leads to B-cell proliferation and T-cell differentiation and activation 
[41-43]. 


Genetics 

Hudson et al. found a possible linkage between the HLA-DRB1*14 
allele on chromosome 6p21.3 and familial primary APLS [44]. Ever 
since, a myriad of DR and DQ alleles have been reported but their 
association with APLS is difficult to ascertain due to studies with 
small sample sizes and low statistical power, complexity of the 
HLA region and differences among ethnicities [45]. In studies of 
genetic susceptibility outside of non-HLA genes, a meta-analysis 
showed that the B2GPI Val/Leu(247) polymorphism was associated 
with susceptibility to APLS and thrombosis and with anti-B2GPI 
positivity (odds ratio 1.514; 95% confidence interval 1.017-1.253; 
P = 0.041) [46]. Additionally, the genes encoding signal transducer 
and activator of transcription 4 (STAT4) and B lymphocyte kinase 
(BLK) are considered common genetic factors for autoimmune 
diseases such as lupus [47-49], and genetic polymorphisms in both 
STAT4 and BLK have been associated with primary APLS [50,51]. 


Clinical features 

History 

Patients have one or more clinical episodes of arterial, venous or 
small-vessel thrombosis. Venous thrombosis in APLS is most com- 
monly lower limb deep-vein thrombosis or pulmonary embolism 
but any part of the venous system may be involved, including 
superficial, portal, renal, mesenteric and intracranial veins [1]. The 
most frequent site of arterial thrombosis in APLS is in the cere- 
bral vasculature, resulting in transient cerebral ischaemia/stroke. 
Myocardial infarction is less common, although subclinical myocar- 
dial ischaemia may be underrecognised [52]. In a small number 
of patients, thrombosis occurs in microvessels of the skin, lungs, 
kidneys, eyes, heart and other organs. Pregnancy morbidity [1] 
consists of: 

1 One or more unexplained deaths of a normal fetus after the 10th 
week of gestation. 

2 One or more preterm births of a normal fetus before the 34th week 
of gestation because of (i) eclampsia; or (ii) recognised features of 
placental insufficiency. 

3 Three or more unexplained consecutive spontaneous mis- 
carriages before the 10th week of gestation (with maternal 
anatomical and parental chromosomal causes excluded). 


Presentation in the skin 

Cutaneous lesions include thrombophlebitis, purpura and ecchy- 
moses, livedo reticularis/racemosa, livedoid vasculopathy, cuta- 
neous necrosis, gangrene, atrophie blanche, subungual splinter 
haemorrhages, anetoderma and purpura fulminans as seen in 
CAPS. Histologically, non-inflammatory thrombosis of small der- 
mal blood vessels can be demonstrated, but necrotising vasculitis is 
usually not a feature. 


Differential diagnosis 

Other prothrombotic thrombophilias should be considered. Con- 
ditions presenting with thrombocytopenia and thrombosis include 
heparin-induced thrombocytopenia, thrombotic thrombocytopenic 
purpura and disseminated intravascular coagulation. 


Complications and co-morbidities 
In addition to thrombosis and pregnancy morbidity, thrombocy- 
topenia, occult heart valve disease, chorea, cognitive impairment, 
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avascular necrosis, haemolytic anaemia and nephropathy are poten- 
tial complications of APLS. Transverse myelopathy occurs in SLE 
and may be more frequent in those with APLS [53]. Of patients 
with APLS 1% develop CAPS, which is defined as microvascular 
thrombosis in three or more organs developing within 7 days in a 
patient with persistently elevated APAs. CAPS confers a high risk 
of mortality (37%). Organ involvement includes renal dysfunction 
with hypertension (70%), pulmonary thromboembolism and pul- 
monary hypertension (70%), cutaneous manifestations including 
livedo, necrosis, digital gangrene or purpura fulminans (66%), cere- 
bral manifestations including infarcts, seizures, encephalopathy or 
venous occlusions (60%) and cardiac (53%). Approximately half of 
the patients with CAPS have an identifying trigger: infection being 
the most common, followed by trauma, surgery and anticoagulant 
withdrawal. Co-morbidity with SLE is a poor prognostic factor [54]. 


Disease course and prognosis 

The long-term prognosis of APLS is largely dictated by the risk and 
effects of recurrent thrombosis and any underlying autoimmune 
condition in those with secondary APLS. Those with primary APLS 
have a poor prognosis, with one-third having organ damage and 
one-fifth unable to perform everyday activities [55]. APLS may con- 
tribute to an increased frequency of strokes especially in younger 
individuals [56]. Strokes may develop secondary to in situ throm- 
bosis or embolisation that originates from the valvular lesions of 
Libman-Sacks (sterile) endocarditis, which may be seen in patients 
with APLS. Valvular heart disease may be severe enough to require 
valve replacement. Recurrent pulmonary emboli or thrombosis can 
lead to life-threatening pulmonary hypertension. 


Investigations 

When testing for APLS is indicated, testing for lupus anticoagulant 
and for IgG and/or IgM antibodies to cardiolipin and/or B2GPI 
(via ELISA assays) should be performed. With regard to antibody 
testing, titres above 40 units (or above the 99th percentile) are 
deemed significant positives [1]. Initial positive tests should be 
repeated to check for persistence at least 12 weeks later. This is to 
prevent patients with transient positive tests (due to infection, etc.) 
being diagnosed as having APLS. Testing for IgA antibodies is not 
recommended [1]. 

Functional detection of lupus anticoagulant activity requires a 
multistep procedure of screening, mixing and confirmation steps. 
The initial step or the ‘screening’ test involves using a control or 
limiting phospholipid-containing reagent to measure the time for a 
plasma sample to clot. When clotting times are prolonged beyond 
the upper limit of reference with the screening reagent, a ‘confir- 
matory’ test is then performed where an excess phospholipid is 
added to shorten or correct the prolonged coagulation test. Lupus 
anticoagulant may be present when clotting times are prolonged 
with the screening reagent and corrected with the excess phospho- 
lipid reagent. Thereafter a mixing study is performed where the 
patient’s plasma is mixed with an equal volume of normal plasma. 
If the clotting time continues to be prolonged then the possibility of 
a coagulation factor deficiency is eliminated and the presence of an 
inhibitor is assumed [57]. The activated partial thromboplastin time 
(aPTT), dilute Russell’s viper venom time (dRVVT), kaolin clotting 
time (KCT), dilute thromboplastin time (dTT) or prothrombin time 
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(using a lupus-sensitive thromboplastin) are the principal func- 
tional tests used for the detection of lupus anticoagulant. Lupus 
anticoagulants are caused by a heterogeneous group of antibodies, 
thus a combination of two phospholipid-dependent clotting assays 
is needed as no single test has sufficient sensitivity and specificity 
[57]. Patients who are on an anticoagulant can have a prolonged 
aPTT on that basis, making the interpretation of the aPTT or other 
lupus anticoagulant screening tests difficult. 

Other laboratory abnormalities in APLS may include otherwise 
unexplained thrombocytopenia, anaemia, schistocytes on a periph- 
eral blood smear, or a history of a false positive serological test for 
syphilis. The presence of an APA in the absence of a thrombotic 
event or an obstetric complication is not sufficient to make the diag- 
nosis of APLS. APA can be detected in association with infections 
(e.g. syphilis, Lyme disease, tuberculosis, leprosy, hepatitis A, B 
and C, HIV, cytomegalovirus, Epstein-Barr virus, SARS-CoV-2 
and malaria) [58,59], malignancies (solid and hematological can- 
cers) [60,61] and concurrent intake of medications (e.g. phenytoin, 
hydralazine, amoxicillin and propranolol) [62]. 

The type of APA, the presence of a single compared with multiple 
(double or triple) APA types, their titre and the persistence of APA 
positivity with repeated measurements define the APA profile. The 
APA profile allows for evaluation of thrombotic risks and obstetric 
complications and consequently the intensity of treatment as out- 
lined here [63]. 


Management 

The treatment approach to APLS can be categorised into risk fac- 
tor modification, primary thromboprophylaxis, secondary thrombo- 
prophylaxis, treatment of CAPS, pregnancy prophylaxis and treat- 
ment of non-criteria manifestations. 

Patients with APA positivity should be encouraged to lead a 
healthy lifestyle with moderate physical activity. Modifiable risk 
factors such as hypertension, hyperlipidaemia, diabetes and smok- 
ing should be managed, and exogenous oestrogen avoided. The 
2019 EULAR recommendations for the pharmacological manage- 
ment of APLS in adults suggest initially identifying major risk 
factors for thrombotic and obstetric events. Major risk factors 
include a high-risk APA profile defined as the presence of lupus 
anticoagulant, the presence of double or triple APA positivity, 
the presence of a persistently high APA titre, coexistence of other 
systemic autoimmune diseases such as SLE, a history of thrombotic 
and/or obstetric APLS and the presence of cardiovascular risk 
factors [63]. For primary thromboprophylaxis, low-dose aspirin 
(75-100 mg daily) is recommended in asymptomatic APA carriers, 
patients with SLE without prior thrombotic or obstetric events and 
in non-pregnant patients with a history of obstetric complications, 
all with high-risk APA profiles [63]. Although more robust data 
are needed, there may be a role for vitamin D supplementation 
and statins for primary prophylaxis [64]. In APA-positive patients 
with SLE, hydroxychloroquine may have a protective effect against 
thrombosis and is thus recommended to be taken concurrently with 
low-dose aspirin [63,64]. Rituximab may be promising for prevent- 
ing thromboses in APA-positive patients with SLE refractory to 
conventional anticoagulant treatment [65]. 

For secondary thromboprophylaxis, long-term warfarin treat- 
ment with a target international normalised ratio (INR) of 2-3 is 
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recommended in patients with APA and a first unprovoked venous 
thrombosis. In patients with arterial thrombosis, warfarin treatment 
to a target INR of 2-3 or up to 3-4 can be considered after factoring 
the patient’s thrombosis and bleeding risk. If arterial or venous 
thrombosis recurs despite warfarin therapy, the INR target can be 
increased to 3-4, and the addition of low-dose aspirin or change 
to LMWH can be considered. In general, the use of direct oral 
anticoagulants is discouraged, in particular in patients with triple 
positive APA and/or arterial thrombosis due to the high risk of 
recurrent thrombosis [63]. Sirolimus, an mTOR inhibitor, may be an 
emerging therapy for APLS, as it has been shown to reduce active 
vasculopathy [36,66]. 

Skin changes associated with APLS, including livedoid vascu- 
lopathy and cutaneous ulcers, have been reported to be refractory 
to glucocorticoids; low-dose aspirin, clopidogrel, sildenafil, IVIg, 
hyperbaric oxygen therapy or a combination of these interven- 
tions can be tried. Rituximab or belimumab can be considered in 
refractory cases [65,67—70]. 

For pregnant women with APLS and a history of recurrent fetal 
loss, close liaison with an obstetrician and haematologist is advised. 
Antenatal administration of heparin combined with low-dose 
aspirin throughout the pregnancy may be advisable — warfarin is 
avoided because of teratogenicity. In general, treatment is often 
begun as soon as pregnancy is confirmed. 

Treatment of CAPS includes early diagnosis, as well as man- 
agement or minimising of any underlying precipitating factors 
(infections, malignancies, surgical procedures or anticoagulation 
discontinuation). Patients should receive appropriate multidisci- 
plinary care in the intensive care unit and this may necessitate the 
use of external ventilation support, inotropes or haemodialysis. 
Triple therapy, which includes intravenous heparin, high-dose 
glucocorticoids and IVIg and/or plasmapheresis, is recommended. 
Rituximab or complement inhibition via eculizumab can be tried 
for refractory CAPS [71]. 


Treatment ladder for antiphospholipid antibody 
syndrome 


First line 


Primary prophylaxis 

¢ Low-dose aspirin (75-100 mg daily) in asymptomatic carriers 
and non-pregnant patients with prior history of obstetric 
complications 


Secondary prophylaxis 

e Anticoagulation (heparin/warfarin) in the non-pregnant 
patient 

e Heparin and low-dose aspirin to be considered in the 
pregnant patient 


Second line 


¢ Oral direct thrombin and antifactor Xa inhibitors (e.g. 
rivaroxaban, apixaban) only in venous thrombotic events 


with single or double positive APA and contraindication to 
warfarin 

¢ Combination antiaggregant therapy (low-dose aspirin plus 
clopidogrel or dipyridamole) 

e Low-dose aspirin combined with hydroxychloroquine in 
those with SLE 


Third line 


¢ Immunomodulatory therapies: plasmapheresis, intravenous 
human IgG and rituximab 


e Inrefractory cases, plasmapheresis 
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Dermatomyositis — ae 


Definition 

Dermatomyositis (DM) is an autoimmune disorder affecting, pre- 
dominantly, the skin and skeletal muscle. It is classified alongside 
polymyositis in the idiopathic inflammatory myopathies (IIMs). 

The Bohan and Peter classification for dermatomyositis and 
polymyositis has been in use since 1975 (Table 52.1) [1]. While these 
classification criteria remain the most cited they do not acknowl- 
edge amyopathic DM and fail to distinguish polymyositis from 
inclusion body myositis. Therefore, the Griggs criteria for inclusion 
body myositis should be used in addition when this diagnosis is 
suspected. The Bohan and Peter criteria also perform poorly at 
discriminating polymyositis from some of its imitators. 

In view of the limitations of the Bohan and Peter classification, 
a new set of criteria encompassing amyopathic DM and inclusion 
body myositis have been developed, the 2017 European League 
Against Rheumatism/American College of Rheumatology clas- 
sification criteria for adult and juvenile idiopathic inflammatory 
myopathies and their major subgroups [2]. 

Sontheimer defines amyopathic DM as ‘a subset of DM charac- 
terized by biopsy-confirmed hallmark cutaneous manifestations of 
classic DM occurring for 6 months or longer with no clinical evi- 
dence of proximal muscle weakness and no serum muscle enzyme 
abnormalities’ [3]. If more extensive muscle testing is carried out, the 
results should be within normal limits; however, if these investiga- 
tions are positive or abnormal, the patient can be classified as having 
hypomyopathic DM. Exclusion criteria for amyopathic DM are (i) 
treatment with systemic immunosuppressive therapy for two con- 
secutive months or longer within the first 6 months after skin disease 
onset; and (ii) the use of drugs known to be capable of producing 
DM-like skin changes (e.g. hydroxyurea) [3]. Clinically amyopathic 
dermatomyositis (CADM) is a functional designation used to refer 
to either amyopathic DM or hypomyopathic DM [3]. 


Introduction and general description 
In DM, autoimmune inflammation damages the skin, muscle and, in 
certain cases, internal organs such as the lungs, joints, oro-pharynx 


Table 52.1 The Bohan and Peter classification for polymyositis and dermatomyositis. 


Features Polymyositis Dermatomyositis 


Definite: all of 
features 1-4 

Probable: any three of 
features 1-4 

Possible: any two of 
features 1-4 


1 Symmetrical proximal 
muscle weakness 

2 Muscle biopsy evidence of 
myositis 

3 Elevation in serum skeletal 
muscle enzymes 

4 Characteristic 
electromyography pattern 
of myositis 

5 Typical rash of 
dermatomyositis 


Definite: feature 5 plus 
any three of 1-4 
Probable: feature 5 plus 

any two of 1-4 
Possible: feature 5 plus 
any one of 1-4 


Adapted from Bohan and Peter 1975 [1]. 


and heart. At one end of the spectrum myopathy predominates, 
at the other end skin disease is prominent with minimal or absent 
myositis (amyopathic DM). Interstitial lung disease (ILD) may affect 
a patient with DM, irrespective of their muscle-skin phenotype. 
Myositis-specific antibodies can help predict phenotype and inter- 
nal organ involvement although their availability remains limited. 

Mortality is increased in DM; modern IIM series indicate a 10-year 
survival of up to 90%, with slightly higher mortality in DM than 
polymyositis [4,5]. Although there is great variability in the precise 
figures between studies, the main causes of death in IIM are cardiac 
disease (15-64% of deaths), respiratory disease (5-36% of deaths) 
and malignancy (10-47% of deaths) [6]. 


Epidemiology 

Incidence and prevalence 

The IIMs are rare, with a reported annual incidence varying 

widely from 0.1 to 6.7 per 100 000 person-years [7,8,9,10]. The 

highest estimates come from recent epidemiological studies from 

large administrative claims databases and the lower estimates from 

studies based on hospital admission data confirmed by chart review. 
The prevalence of IIM is in the region of 5.1—-22 per 100 000 [7,8,11]. 

The relative proportion of DM within IIM appears to enlarge with 

increasing southerly latitude in Europe [12]. Similarly, there was an 
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association between regional ultraviolet (UV) radiation exposure 
and the proportion of female IIM patients with DM and Mi-2 anti- 
bodies in a study in the USA [13]. As such, it would appear that UV 
radiation may have an influence on the presentation and phenotype 
of DM. 


Age 

The peak incidence of DM occurs around 50-60 years of age [14,15]. 
DM occurs in children although it is much rarer in this age group, 
with an incidence of around two cases per million children under 16 
years old per year, with a median age of onset of 6.8 years [16]. 


Sex 

The incidence of adult DM is approximately twice as high in women 
[8,9], with some studies suggesting an even greater female predomi- 
nance in child-bearing years. Although the overall incidence of juve- 
nile DM is much lower than for adults, the female preponderance in 
children is greater at 5 : 1 [16]. 


Ethnicity 
As with systemic lupus erythematosus, the incidence of DM is 
greater in African Americans than in white Americans [7]. 


Associated diseases 

There is a strong association between internal malignancy and adult 
DM. In a large Scandinavian population-based study, 32% of adult 
DM patients had an associated malignancy, with a standard inci- 
dent ratio of 3 compared with the general population. However, 
the reported frequency in the literature varies between 7% and 60% 
[17,18-20]. Unlike adult DM, juvenile DM is not thought to be asso- 
ciated with an increased risk of malignancy, even though one study 
did suggest a possible association [21]. 

The risk of malignancy rises with increasing age, severe skin 
disease with necrosis, dysphagia, diaphragmatic weakness, lack 
of extramuscular systemic features (e.g. ILD) and antibodies to 
antitranscription intermediary factor ly (anti-TIF-ly) or nuclear 
matrix protein 2 (NXP-2) [22-25]. 

Neoplasms may be identified in patients before, at or after the 
onset of DM. In one study, 58% of the malignancies presented after 
the diagnosis of DM [17]. The risk of cancer is greatest in the first 
few years after the diagnosis of DM, but there remains an increased, 
albeit lower, risk more than 5 years after diagnosis [21]. 

Tumours of many types have been associated with DM although 
the majority are adenocarcinomas [17]. In a Scandinavian 
population-based study, carcinomas of the breast and ovary were 
the commonest malignancies in women, while lung cancer was the 
leading malignancy both overall and in men [17]. However, in two 
studies set in the Far East (one in Singapore and the other in Taiwan), 
naso-pharangeal carcinoma was the commonest myositis-associated 
malignancy, reflecting the high incidence of naso-pharangeal cancer 
in this region [18,26]. 


Pathophysiology 

An early histological feature of DM in muscle, which is not found in 
polymyositis, is the deposition of the membrane attack complex, the 
terminal complement component C5b-9 within capillaries [27,28]. 
Human leukocyte antigen (HLA) class I, which is usually absent on 


the cell membrane of muscle fibres, is diffusely upregulated even 
in areas apparently unaffected, without inflammatory cell infiltra- 
tion [29]. Capillary drop-out occurs with a compensatory increase in 
calibre of the remaining capillaries [28]. In the perifascicular areas 
muscle fibre atrophy occurs, which has been hypothesised to be a 
result of hypoxic stress, although models of ischaemic myopathy 
have not supported this theory [30,31]. The inflammatory infiltrate, 
which comprises B cells, CD4+ T cells, macrophages and plasmocy- 
toid dendritic cells, is found predominantly in the perivascular and 
perifascicular areas [32]. 

These features suggest a humorally mediated microvasculopa- 
thy in DM, in contrast to polymyositis where there is evidence 
of cell-mediated cytotoxicity with CD8+ T cells invading muscle 
fibres. Consistent with the notion of humoral activation in DM is 
the recognition that most patients have disease-associated autoanti- 
bodies. These may be myositis-specific antibodies (MSAs), such as 
anti-Mi-2, TIF-ly, MDA-5 and SUMO-activating enzyme which are 
only found in myositis patients, or myositis-associated antibodies 
(MAAs), such as anti-52kD Ro, U1 RNP, PM-Scl and Ku, which also 
occur in myositis-overlap syndromes and in other diseases [33]. 

For two of the MSAs, MDA-5 and anti-Jo-1, antibody titres 
show some correlation with disease activity suggesting a possible 
pathogenic role [34,35]. Intriguingly, the N-terminal proteolytic frag- 
ment of histidyl tRNA synthetase, the target antigen for anti-Jo-1 
antibodies, is chemotactic to lymphocytes and activated monocytes 
[36]. 

The autoantigens in inflammatory myositis are not organ-specific 
but are molecules ubiquitous to all human cells. Nonetheless, at 
least in some cases, they have been found in increased concentra- 
tions in target organs. Increased concentrations of the granzyme 
B-cleavable conformation of histidyl tRNA synthetase (Jo-1) are 
found in the lung (ILD), the target of antihistidyl tRNA synthetase 
(Jo-1) disease [37]. Several myositis autoantigens including Mi-2, 
Ku and the aminoacyl tRNA synthetases are upregulated in dis- 
eased muscle due to increased expression in regenerating fibres 
[38]. Thus, target antigen expression is increased following muscle 
damage, potentially creating a positive feedback loop. Notably, Mi-2 
expression is increased specifically in DM but not in polymyositis, 
showing disease specificity [38]. 

Type I interferon-inducible gene expression is increased in DM 
in both muscle tissue and in the peripheral blood [32,39]. Both 
anti-Jo-1 and anti-52kD Ro antibodies when combined with necrotic 
cell material can induce type I interferon production from periph- 
eral blood mononuclear cells [40]. However, pretreatment of the 
necrotic cell debris with RNAse prevents type I interferon expres- 
sion, demonstrating that immune complex formation containing 
RNA is required [40]. Immune complex internalisation via Fc 
receptors with subsequent stimulation of Toll-like receptors by the 
ribonucleic acid component of the immune complexes has been 
proposed as a potential mechanism for this effect [40]. It is notable 
that other autoantigens in DM, aside from Jo-1 and Ro, bind directly 
or via macromolecules to nucleic acids and could potentially cause 
type | interferon induction by similar mechanisms [41]. 


Pathology 
Skin. Despite striking clinical signs in the skin, the dermatopathol- 
ogy of DM is often subtle. A lichenoid tissue reaction with vacuolar 


Figure 52.1 Skin histopathology (medium power). There is a mild lichenoid tissue 
reaction with subtle vacuolar change in the basal layer and occasional Civatte bodies. 
There is a sparse, superficial, perivascular infiltrate of lymphocytes with upper dermal 
oedema. Courtesy of Eduardo Calonje. 


changes in the basal layer and occasional Civatte bodies is typical 
(Figure 52.1) [42]. In some cases, there is only a sparse superficial 
perivascular infiltrate of lymphocytes with upper dermal oedema 
and mucinous change. The basement membrane may be thickened. 
In acute DM the changes resemble those of subacute lupus erythe- 
matosus, although the dermal oedema may be more extensive and 
involve all layers of the dermis. In poikilodermatous DM there is epi- 
dermal atrophy, dilatation of superficial vessels and melanin inconti- 
nence. Hyperkeratosis, acanthosis and mild papillomatosis are seen 
in a biopsy from a Gottron papule. Unusual skin biopsy findings 
in DM include subepidermal blistering, dystrophic calcification and 
lobular panniculitis. 


Muscle. Muscle biopsies in DM require specialist staining and 
should be performed in a specialist neuropathology laboratory 
experienced in the preparation and reporting of muscle histopathol- 
ogy. Cellular infiltrates containing B cells and CD4+ cells are seen 
predominantly in the perivascular and perifascicular areas. Muscle 
fibres show perifascicular atrophy (Figure 52.2a). An early change 
is C5b-9 deposition on the capillary walls (Figure 52.2b). Capillary 
drop-out is a common feature and rarely overt muscle infarcts 
may be seen. Tubuloreticular inclusions are found on electron 
microscopy within the capillary endothelial cells. HLA class I, 
which is not usually expressed on muscle fibres, is upregulated 
and, while myositis is a patchy process, HLA class I upregulation 
is also found in areas where no inflammatory infiltrates are seen 
(Figure 52.2c). 


Clinical features 

History 

A dermatosis is the presenting feature in over 50% of DM cases 
and across the spectrum of clinical presentations skin involvement 
is a prominent part of the syndrome [43]. Most patients develop 
a facial rash initially. In some cases this is an acute inflammatory 
eruption accompanied by oedema; more typically the facial der- 
matosis begins insidiously and extends over a few weeks. A rash on 
the hands, extensor surfaces of the limbs and upper torso tends to 
occur subsequently. In the acute phase, the dermatosis is typically 
itchy and sore [44]. A proportion of patients give a clear history of 
photosensitivity [45]. 


Dermatomyositis 52.3 


Muscle disease in DM usually becomes clinically apparent in the 
weeks to months after the onset of skin signs. However, occasion- 
ally the dermatosis of DM occurs in isolation, when it is known 
as amyopathic DM (DM sine myositis). The initial symptoms of 
myositis are weakness and fatigue. Patients have difficulty in 
climbing stairs, raising their arms and standing from a sitting 
position. There may be myalgia but muscle tenderness is rela- 
tively rare. If untreated, the weakness will usually progress over 
a matter of weeks; severe loss of power may result in a patient 
becoming bed-bound. Respiratory muscle involvement can lead to 
the development of respiratory failure. Problems with swallowing 
and aspiration reflect involvement of the pharyngeal and upper 
oesophageal musculature. Dysphagia occurring early in the disease 
indicates an aggressive course and is associated with a poor progno- 
sis. Patients should be directly asked whether they have swallowing 
problems, which may present as a tendency to cough on their food 
and/or difficulty clearing food from their throats, requiring water 
and several attempts to swallow a bolus. Other clues for bulbar 
muscle involvement include recent weight loss, recurrent lower 
respiratory tract infections and a quiet, nasal voice. As well as 
involvement of the muscles of ventilation, a proportion of patients 
develop dyspnoea from interstitial lung disease. It is important 
to ask about the presence, and extent, of exertional breathlessness 
and/or cough. 

Raynaud phenomenon in DM is particularly associated with 
the antisynthetase syndrome and mixed connective tissue disease. 
Joint involvement occurs in approximately one-quarter of cases and 
presents as generalised arthralgia and morning stiffness. 


Presentation 

Skin signs. Dermatomyositis is distinguished by a broad spectrum 
of cutaneous manifestations. Diagnostically, the dermatologist 
needs to be familiar with the atypical as well as the more com- 
mon skin signs [43]. Variation in the severity and extent of skin 
involvement in DM is usual. 


Involvement of the face and scalp. The involvement of facial skin 
is usually a prominent feature of DM. Lilac or violaceous colour- 
ing of the skin of the upper eyelids (also termed the ‘heliotrope 
rash’) is pathognomonic of DM although this distinctive hue is 
only appreciable in fair-skinned patients (Figure 52.3). Oedema 
of the eyelids and periorbital skin also occurs and often reflects 
activity of the myositis. In most patients extraocular facial skin is 
affected as well: sometimes the whole face is red, more typically 
involvement is zonal with certain sites being spared, a variability 
which may present diagnostic problems. Although usually seen 
in systemic lupus erythematosus, redness over the bridge of the 
nose and extending onto the cheeks (butterfly distribution) occurs 
in some DM patients (Figure 52.4). Involvement of the margins of 
the face and extending into the scalp is another DM pattern, a con- 
figuration which can be mistaken for sebo-psoriasis [46]. There are 
patients who present with a rosacea-like erythema of the face and 
those with a photosensitive dermatosis similar to photo-aggravated 
seborrhoeic dermatitis, drug-induced photosensitivity or chronic 
actinic dermatitis. 

Involvement of the scalp in DM occurs in approximately one-half 
of DM patients. A lesional scalp is usually intensely itchy, but pain 
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Figure 52.2 Muscle biopsy. (a) Capillary staining for C5b-9, the membrane attack complex, is an early pathological finding in dermatomyositis. (b) Diffuse upregulation of HLA class | 
is another early pathological finding in the inflammatory myopathies and can occur in the absence of a cell infiltrate. (c) In dermatomyositis muscle fibre atrophy occurs in a 
perifascicular distribution. Courtesy of Dr Safa Al-Sarraj, Brain Bank, King’s College Hospital, London. 


can also be prominent. Symptoms which disturb sleep are not 
unusual. On examination there is diffuse inflammation of the scalp, 
most marked at the vertex (Figure 52.5) [47]. Telangiectasis and 
sclerosis occur in longstanding scalp DM. Milia may accompany 
severe scalp involvement. Some decreased hair density is usual 
but this is typically less marked than the alopecia of discoid lupus 
erythematosus or lichen plano-pilaris. 


Involvement of the torso. Almost all DM patients will have 
redness of the upper torso. Some patients, but not all, are photo- 
sensitive in which case the redness of the upper chest has a clear 
V-shaped demarcation, which in the American literature is known 
as the ‘V-sign’. More often patients have a red patch, which extends 
in a semicircular distribution over the whole upper anterior chest, 


known as the ‘bib sign’ (Figure 52.6). The ‘shawl sign’ is a zone of 
redness which lies across the upper back and commonly extends 
onto the shoulders (Figure 52.7). When cutaneous DM is active the 
dermatosis will extend down to the abdomen anteriorly and to the 
mid/low back posteriorly (Figure 52.8). 

In hyperacute DM, blisters or erosions may occur within lesional 
skin, a presentation which is associated with an aggressive disease 
phenotype. Flagellate erythema, another sign of acute DM, is char- 
acterised by multiple, red, macular streaks occurring on the trunk 
and proximal limbs. Each flagellate streak is 0.5-1 cm in diameter 
and may be several centimetres in length. The stripes are aligned 
diagonally, sometimes in a criss-cross pattern, giving the appearance 
of a scourging or whipping. A folliculotropic pattern of erythema 
can be seen in some cases, while hyperkeratotic follicular papules, 


(b) 


Figure 52.3 Eyelid involvement in dermatomyositis (DM). (a) There is lilac erythema of 
the upper eyelids, which are also oedematous. In this patient with DM the facial skin is 
generally red. (b) Dusky redness affecting both the upper and lower eyelids. The rest of 
the facial skin is normal. 


termed Wong-type DM, can also occur. Poikiloderma (a triad of 
telangiectatic erythema, epidermal atrophy and dyspigmentation) 
is an expression of skin damage in longstanding DM and is most 
clearly observed on the torso in patients with fair skin (Figure 52.9). 
In darker skin the atrophy and hyper/hypopigmentation of 
poikiloderma will be apparent but telangiectasis is difficult to 
discern. 


Involvement of the hands and limbs. Gottron papules, which are 
pathognomonic of DM, are flat or slightly raised lichenoid lesions 
on the skin overlying the dorsal aspect of the interphalangeal and 
metacarpophalangeal joints of the fingers (Figure 52.10a). Red 
linear streaks over the extensor tendons of the hands may accom- 
pany Gottron papules (Figure 52.10b). Patients can also develop 
small inflammatory papules on the palmar surface of the finger 
creases, termed inverse Gottron papules [48]. Larger lichenoid 
plaques on the elbows and knees are referred to as the Gottron 
sign. 

A combination of hyperkeratotic inflammation and fissuring on 
the sides of the fingers, most prominent on the radial border of 
the index fingers, is known as ‘mechanic’s’ or ‘machinist’s hands’ 
(Figure 52.11a). These changes are usually seen in the antisynthetase 
syndrome, a form of DM characterised by the presence of one of the 
antisynthetase antibodies (e.g. anti-Jo-1). Similar changes can occur 


Figure 52.4 Facial involvement in dermatomyositis is often widespread and can mimic 
many dermatoses, including lupus erythematosus. 


Figure 52.5 A diffuse, non-scarring alopecia is common in dermatomyositis. The scalp 
is inflamed with violaceous erythema and mild scaling. 


on the lateral borders of the feet (Figure 52.11b). Distinctive vascu- 
lopathic ulcers, which tend to be punched out and surrounded by a 
zone of dusky erythema, may occur on the fingers and dorsal aspect 
of the hands. Ulcerative vasculopathy is seen most commonly in 
patients carrying the anti-MDA-5 MSA (Figure 52.12) [49]. 

Erythema of the fingernail folds is almost always present in 
DM and is accompanied by hypertrophic and ragged cuticles 
(Figure 52.13). Dermoscopic examination of the nail folds demon- 
strates microvascular changes similar to those observed in systemic 
sclerosis, including enlarged capillary loops, loop loss or fall-out, 
capillary bed disorganisation, budding of capillaries and capillary 
haemorrhages [50]. On the arms, the rash of DM preferentially 
affects the extensor surfaces and is characterised by zones of livid 
erythema with mild scaling (Figure 52.14). The buttocks are often 
involved in DM; erythema over the hips and lateral thighs has been 
termed the ‘holster sign’ (Figure 52.15). 
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Figure 52.6 The upper torso is a common site of skin involvement in dermatomyositis. 
A semicircular zone of erythema over the anterior chest is known as the ‘bib sign’. 


Figure 52.7 Erythema of the upper central back is known as the ‘shawl sign’. 


Panniculitis and calcinosis. Panniculitis occurs in a subpopula- 
tion of patients and presents with multiple, painful, deep-seated 
nodules and plaques on the buttocks, upper thighs and upper 
arms [51]. In contrast to lupus panniculitis, the face is rarely 
involved in DM. Panniculitis has been widely described in 
juvenile DM (JDM) and may occur more frequently in patients 
with anti-MDA-5 antibodies and rapidly progressive inter- 
stitial pneumonia. A biopsy of a fresh lesion demonstrates a 
lobular panniculitis with an infiltrate rich in lymphocytes and 
plasma cells. 

Although more typically recognised as a manifestation of sys- 
temic sclerosis, calcinosis occurs quite commonly in DM. It is a 
frequent complication of JOM and is not uncommon in adult DM: 
in a large cohort of adult patients the prevalence of calcinosis was 


Figure 52.8 In severe dermatomyositis there is skin involvement of the abdomen and 
low back. 


Figure 52.9 Poikiloderma occurs in dermatomyositis; it is composed of telangiectatic 
erythema, epidermal atrophy and dyspigmentation. 


approximately 6% [52]. Calcinosis is more common in patients with 
longer periods of sustained disease activity and digital ulceration. 
Typical sites of involvement are the pressure areas: the buttocks, 
thighs and distal limbs. The lesions can be superficial or deep and 
form nodules, plaques or sheets. The lesions of DM calcinosis are 
bony-hard and often tender on palpation. Anti-NXP-2 antibody is 
the MSA most strongly associated with cutaneous calcinosis [53]. 


Figure 52.10 Gottron papules. (a) 
Violaceous, flat-topped, shiny papules on 
the skin overlying the interphalangeal 
joints and metacarpophalangeal joints. (b) 
There are streaks of redness on the dorsal 
aspects of the fingers, extending onto the 
backs of the hands. (a) 


Muscle signs. Dermatomyositis is a proximal myopathy and, as 
such, patients frequently present with problems climbing stairs, 
getting out of a chair and performing tasks that require lifting 
their hands above the head, such as brushing hair. However, 
since the onset of weakness can be quite insidious, patients may 
not appreciate that they are weak, particularly if there is asso- 
ciated arthritis or breathlessness. Even in patients who do not 
complain of weakness, muscle strength should still be assessed 
by manual muscle testing. A brief screen for muscle involve- 
ment can be made by assessing hip flexion, shoulder abduction 
and elbow extension. If the patient cannot be overcome on these 
assessments by the examining physician there is unlikely to be 
demonstrable muscle weakness on formal muscle testing. If there 
is evidence of weakness, formal manual muscle testing should be 
performed. 

Muscle strength has traditionally been assessed using the Medical 
Research Council 0-5 grade scale for muscle strength, although the 
extended 0-10 grade scale may be a more sensitive tool for assessing 
changes in patients with moderate weakness [54]. The International 
Myositis Assessment and Clinical Studies IMACS) group has intro- 
duced the MMT8 and MMT26 tools for IIM. These clinical assess- 
ment measures grade the strength of specific muscle groups on a 
scale of 0-10 and produce an overall score which can be compared 
over time [55]. The MMTS tool is increasingly being used in research 
and clinical practice. 

Patients with normal muscle strength on manual muscle testing 
may complain of ongoing weakness with lack of stamina: more 
subtle changes such as these may be picked up using the Function 
Index-3 scale which assesses muscle stamina in several muscle 
groups [56]. 


Respiratory and other systemic features. Respiratory compro- 
mise in DM may be caused by ILD, respiratory muscle weakness 
or aspiration in patients with dysphagia or immunosuppression. 
Although estimates vary, ILD is found in around 20-40% of IIM 
cases [57,58,59,60-62] — therefore all patients should be assessed 
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for this at presentation to allow appropriate therapy and moni- 
toring. Patients usually present with a dry cough and exertional 
dyspnoea and have fine, late inspiratory crepitations on chest aus- 
cultation. However, in mild or early disease these pointers may 
be absent and in the presence of significant muscle disease can be 
easily overlooked by both the patient and physician alike. Notably, 
patients with CADM commonly have coexistent ILD which may 
be rapidly progressive. As such it is sensible to perform lung 
function tests and in appropriate cases high-resolution computed 
tomography (CT) at presentation (see ‘Investigations’ later in this 
chapter). 

The majority of ILD is non-specific interstitial pneumonitis 
[60]. Usual interstitial pneumonitis (UIP), cryptogenic-organising 
pneumonia (COP) and diffuse alveolar damage (DAD) occur less 
frequently [60]. As its name suggests, COP may be difficult to dis- 
tinguish from an infective pneumonia. While these are histological 
subtypes of ILD they have characteristic features on CT, and in the 
context of dermatomyositis a lung biopsy is rarely required. COP 
and DAD tend to present the most acutely. Generally, COP has 
a very good prognosis, responding rapidly to steroids, but in the 
context of DM a more sinister fibrosing form may occur. DAD is 
usually a severe disorder and carries a poor prognosis. A presenting 
carbon monoxide transfer factor (T;.co) of <45%, excess neutrophils 
on bronchoalveolar lavage fluid, and histology showing DAD or 
UIP are all associated with poor prognosis [62]. 

The oro-pharynx and the upper oesophageal sphincter are 
frequently affected in DM, causing dysphagia. The severity of 
dysphagia does not correlate well with the severity of limb weak- 
ness and patients may not volunteer the symptoms of dysphagia. 
Proactive screening for the symptoms of dysphagia is neces- 
sary; early detection of this complication is important to prevent 
aspiration. 

While mild cardiac abnormalities such as minor rhythm distur- 
bances can frequently be found in DM, clinically overt disease, 
which generally manifests as cardiac failure, is rare. Cardiac failure 
due to myocarditis responds to immunosuppression. 
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Figure 52.11 Non-inflammatory hyperkeratosis occurring on (a) the fingers and (b) the 
feet may be seen in Jo-1-positive dermatomyositis. Involvement of the radial surfaces of 
the fingers resembles the callosities seen in manual workers, so-called ‘mechanic's 
hands’. 


A symmetrical, non-deforming arthritis may develop, usually 
affecting the small joints of the hands, wrists and ankles. In the 
antisynthetase syndrome a more aggressive, erosive arthritis may 
occur and may be the presenting feature in these patients. 


Clinical variants 

Overlap syndromes. Mixed connective tissue disease is an overlap 
connective tissue disease characterised by high-titre anti-RNP anti- 
bodies, Raynaud phenomenon, sclerodactyly, inflammatory myosi- 
tis, ILD and pulmonary hypertension. 


Antisynthetase syndrome. The antisynthetase syndrome occurs 
in the presence of antisynthetase antibodies, most commonly anti- 
histidyl] tRNA synthetase (anti-Jo-1) antibody, which is found 
in 10-20% of DM cases. There are seven other, much rarer, 


Figure 52.12 Vasculopathic ulcers, which have dusky margins and are ‘punched out’, 
may occur in dermatomyositis patients, particularly those who are positive for 
anti-MDA-5 antibody. The fingers and knuckles are the usual sites of involvement. 


antisynthetase antibodies described: threonyl tRNA synthetase 
(anti-PL-7), alanyl tRNA synthetase (anti-PL-12), glycyl tRNA syn- 
thetase (anti-EJ), isoleucyl tRNA synthetase (anti-OJ), asparaginyl 
tRNA synthetase (anti-KS), tyrosyl tRNA synthetase and pheny- 
lalanyl tRNA synthetase (anti-Zo) [63]. 

The antisynthetase syndrome is characterised by myositis, arthri- 
tis, Raynaud phenomenon, ILD, fever and acral skin changes, called 
‘mechanic’s hands’ (see ‘Presentation’ earlier in this chapter). ILD 
is particularly common, occurring in around 75% of cases [64,65]. 
The non-anti-Jo-1 patients have a slightly lower frequency of myosi- 
tis and a slightly higher incidence of ILD than Jo-1-positive patients 
[65]. 


Juvenile dermatomyositis. Juvenile dermatomyositis may be 
superficially considered as DM presenting in childhood. However, 
there are a few subtle but important distinctions. Unlike adult 
DM there does not seem to be an increased risk of malignancy 
in JDM. However, calcinosis, which is relatively rare in adults, is 
found in 6-50% of children with JDM [66]. Calcinosis is associated 
with increased disease activity, being commoner in those with a 
delayed diagnosis and inadequately treated disease. In children 
four forms of calcinosis occur, a superficial cutaneous or subcuta- 
neous calcinosis, intramuscular tumourous calcification, calcinosis 
of the myo-facial planes and, in severe cases, an extensive encasing 
calcinosis or ‘exoskeleton’. 

Acquired lipodystrophy, a rarely reported feature in adult DM, is 
a relatively common finding in patients with JDM, occurring in the 
region of 10% of children [67]. It is associated with insulin-resistant 
type 2 diabetes and acanthosis nigricans. It may be generalised, 
partial or focal. In focal disease there may be an associated 
panniculitis. 


(b) 


Figure 52.13 The nail folds and cuticles are usually affected in dermatomyositis. (a) 
Dilated nail fold capillary loops are visible. (b) The cuticles are hypertrophic and ragged. 
There are infarcts within the cuticles. 


Figure 52.14 Involvement of the extensor surfaces of the arms is typical in 
dermatomyositis. 


Antibody frequency and phenotype association differ somewhat 
between adult DM and JDM. For example, anti-Jo-1 occurs in around 
20% of adult myositis cases but occurs in only a few percent of JOM 
patients [68]. Anti-TIF-ly is associated with cancer in adult disease 
whereas in juvenile disease there is an association with ulcerating 
skin lesions [69]. 


Figure 52.15 The dermatosis of dermatomyositis can affect the gluteal skin and 
proximal thighs. Involvement of the skin overlying the hips is known as the ‘holster sign’. 


amyopathic de . This is characterised by 
the presence of cutaneous manifestations of DM in the absence 
of clinical signs of muscle involvement (see ‘Classification of 
severity’ later in this chapter). In a series of 103 DM cases from a 
single centre, eight were diagnosed with CADM; six of these had 
subclinical myositis and were subsequently classified as having 
hypomyopathic DM [70]. Despite the lack of myositis, patients with 
CADM appear to be at risk for developing cancer and ILD. In a 
number of studies from East Asia, anti-MDA-5 antibodies have 
been detected at a significantly higher frequency in CADM patients 
than in DM patients [71]. In Japanese populations a high incidence 
of rapidly progressive ILD with a mortality of around 50% has 
been reported in patients with clinically amyopathic disease and 
anti-MDA-5 antibodies [72]. Consequently, it is important to make 
a thorough assessment for ILD in patients with amyopathic disease 
(see ‘Investigations’). 


induc lermatom . Dermatomyositis has occasion- 
ally been attributed to an savers drug reaction. A review of 70 
reported cases of drug-induced DM demonstrated pathognomonic 
cutaneous findings in three-quarters of patients and compatible 
skin signs in one-quarter [73]. Hydroxycarbamide was identified 
as the culprit in 50% of cases. None of the hydroxycarbamide 
patients had evidence of myositis, whereas myositis was described 
in 80% of non-hydroxycarbamide cases [73]. Despite many other 
drugs reported as inducing DM, no other specific agent has the 
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same association as hydroxycarbamide. Clinically, the hydroxy- 
carbamide cases are characterised by a violaceous, lichenoid and 
scaly eruption on the backs of the fingers and the dorsum of the 
hands, and the tops of the feet and elbows. The eruption can be 
atrophic and poikilodermatous. Histologically, there is hydropic 
degeneration with scattered dyskeratotic cells and a lichenoid lym- 
phocytic infiltrate; telangiectatic vessels occur within the dermis. 
Although similar to the dermatosis of DM, the features of this 
reaction are distinct, and it is best described as ‘hydroxycarbamide 
dermopathy’ [74]. Most reports occur in patients who have received 
hydroxycarbamide for many years, the commonest indication 
being myeloproliferative disorders such as polycythaemia vera 
[74]. Hydroxycarbamide dermopathy tends to improve within 12 
months of drug discontinuation [73]. 


Differential diagnosis 

The skin signs in DM can mimic several other dermatoses. When 
myositis is prominent the diagnosis of DM is usually easily made. 
However, in amyopathic DM a few differential diagnoses should be 
considered (Box 52.1). 


Box 52.1 Differential diagnosis of the cutaneous 
signs of dermatomyositis 

Lupus erythematosus 

Seborrhoeic dermatitis 

Rosacea 

Allergic contact dermatitis 

Psoriasis 

Lichen planus 

Lichenoid drug eruption 

Cutaneous T-cell lymphoma 


Classification of severity 

Various measures have been developed to assess myositis activity 
and damage in DM. The DM skin severity index (DSSI), developed 
by Carroll et al., is calculated from a visual inspection of lesional 
skin in four main body areas, quantifying redness, induration and 
scaliness in the same way used for the psoriasis activity and severity 
index (PASI) [75]. The DSSI has shown significant correlation to 
the physician’s global assessment, assessments of poikiloderma 
and self-assessment of pruritus [75]. Clinical research studies typ- 
ically prefer the CDASI (cutaneous dermatomyositis disease area 
and severity index) as the disease-specific scoring system. Cal- 
culation of the CDASI is also increasingly a requirement for the 
prescription of certain drugs for DM in the UK, notably intravenous 
immunoglobulin (IVIg). 

The IMACS group has also proposed composite measures for the 
measurement of disease activity in myositis — the MITAX (myosi- 
tis intention to treat index), the MYOACT (myositis disease activ- 
ity assessment visual analogue scales) and the MYODAM (myositis 
damage index) for measuring damage for use in clinical trials [76]. 


Complications and co-morbidities 
Patients with severe muscle weakness may develop hypoventila- 
tory respiratory failure. In the acute setting, monitoring the forced 


vital capacity (FVC) serially at the bedside is the best way to mon- 
itor this, with blood gas measurements to assess for hypoxia and 
hypercapnia. Another measurement, the sniff nasal inspiratory pres- 
sure (SNIP), may be a more accurate predictor of ventilatory failure, 
with hypercapnic respiratory failure not usually occurring until the 
ventilatory muscle strength falls below 40% predicted. In contrast, 
hypercapnia may occur with a FVC >55% predicted. Patients with 
less critical respiratory muscle weakness and normal daytime blood 
gases may develop hypercapnia overnight. Thus, in patients with a 
low SNIP or FVC, overnight pulsoximetry should be performed to 
assess for nocturnal hypoventilation which may need non-invasive 
positive pressure ventilation. 

Involvement of the oro-pharynx and the upper oesophageal 
sphincter in DM causes dysphagia. Aspiration pneumonia, exac- 
erbated by respiratory muscle weakness, is the life-threatening 
complication of oro-pharyngeal involvement. Where dysphagia is 
prominent patients may present with dramatic weight loss in the 
absence of an underlying malignancy. 

An inflammatory cardiomyopathy may occur in DM. Not surpris- 
ingly, cardiac involvement is a poor prognostic factor [77]. As with 
other autoimmune diseases there is evidence emerging that acceler- 
ated atherosclerosis is a cause of late mortality and morbidity [78,79]. 

Several studies have suggested an increased incidence of cardio- 
vascular disease in patients with DM. As such it is important to 
minimise modifiable risk factors in these patients such as obesity, 
hypertension, hypercholesterolaemia, steroid therapy and smoking. 


Disease course and prognosis 
The disease course is variable, with the majority of patients requir- 
ing ongoing long-term immunosuppression. Around 20-35% of sur- 
viving myositis patients have a monophasic illness, with around 
20-30% following a relapsing, remitting course and the remainder 
following a chronic, continuous course [4,80]. 

Prognosis relates closely to systemic features, with cancer and ILD 
being the two major causes of death. In modern series the 10-year 
survival is in the order of 90% [4,77]. 


Investigations 

Patients with suspected DM should have a full biochemical pro- 
file, full blood count, inflammatory markers and muscle enzymes 
performed. Where available, troponin I should be performed to 
screen for subclinical myocardial involvement. Troponin T is not 
cardio-specific and will therefore be raised in parallel with creatine 
kinase. Where myocarditis is suspected cardiac magnetic resonance 
imaging (MRI) with T, and T, mapping should be performed. 
Inflammatory markers may be normal, as may creatine kinase 
levels, particularly in clinically amyopathic patients. As an inflam- 
matory myositis may occur in lupus erythematosus and other 
connective tissue diseases, the following serology tests must be 
performed: antinuclear antibody (ANA), extractable nuclear anti- 
gen (ENA), double-stranded DNA (dsDNA), lupus anticoagulant, 
complement levels, anticardiolipin antibodies and B,-glycoprotein 1 
antibodies. Approximately 80% of DM patients will have a positive 
ANA, often at a low titre, which would not generally be considered 
significant in other clinical scenarios [81]. However, many of the 
autoantibodies in DM are predominantly cytoplasmic and as such 
will not cause a positive ANA. 


MAAs are antibodies that occur in myositis but are not specific 
for it. As such they can support the diagnosis, but not confirm it. 
Anti-52kD Ro antibodies are the commonest MAA, found in 20% 
of IIM cases, and may be found in conjunction with other myosi- 
tis antibodies particularly anti-Jo-1 [82]. Anti-Ku, anti-U1-RNP, 
U3-RNP and PM-Scl antibodies may occur in myositis, usu- 
ally in the context of overlap syndromes with sclerodermatous 
features. 

The separation of patients into subgroups according to shared 
traits has developed in parallel with the identification of MSAs [83]. 
MSAs target either nuclear or cytoplasmic components involved in 
gene transcription, protein translocation and antiviral responses, 
and evidence suggests that these autoantigens may be targets in DM 
pathogenesis. Subsequent studies have demonstrated that clinical 
phenotypes appear to be aligned to individual MSAs, although 
the strength of the association varies between different MSAs and 
between patients (Table 52.2). Interestingly, the MSAs are almost 
always mutually exclusive: an individual patient with DM will 
possess only one MSA. 

The antisynthetase antibodies are the commonest, occurring in 
approximately 20% of IIM patients, with anti-Jo-1 being by far 
the commonest and the other seven antisynthetase antibodies 
accounting for only a few percent of cases. They delineate a spe- 
cific phenotype, as discussed earlier, with arthritis, fever, Raynaud 
phenomenon, ILD, myositis and ‘mechanic’s hands’. There is a 
spectrum of disease with some patients having little in the way 


Table 52.2 Clinical associations with myositis-specific antibodies (MSAs) in 
dermatomyositis. 


MSA? Clinical manifestations 


Mi-2 Typical cutaneous features 
ild myositis 
Severe skin disease 
alignancy-associated 
Can be associated with CADM 
Ulcerative vasculopathy 
Panniculitis 
LD which may be rapidly progressive with a high 
mortality, particularly in Far East populations 
Can be associated with CADM 
NXP-2 DM 
Calcinosis 
SAE Severe skin disease 
alignancy-associated 
yositis/dysphagia may develop later 
LD uncommon 
Can be associated with CADM 
‘Mechanic's hands’ 
Antisynthetase syndrome 
ILD 


TIF-1y 


MDA-5 


Jo-1, PL-7, PL-12, EJ, OJ, 
KS, Zo and Ha 


4 Myositis-specific antibodies (in order on table): Mi-2, nucleosome deacetylase complex; 
TIF-1y, transcription intermediary factor 1-gamma; MDA-5, melanoma 
differentiation-associated gene 5; NXP-2, nuclear matrix protein 2; SAE, small 
ubiquitin-like modifier-1 (SUMO-1) activating enzyme; Jo-1, histidyl tRNA synthetase; 
PL-7, threonyl tRNA synthetase; PL-12, alanyl tRNA synthetase; EJ, glycyl tRNA 
synthetase; OJ, isoleucyl tRNA synthetase; KS, asparginyl tRNA synthetase; Zo, 
phenylalanyl tRNA synthetase; Ha, tyrosyl tRNA synthetase. 

CADM, clinically amyopathic dermatomyositis; ILD, interstitial lung disease; JDM, 
juvenile dermatomyositis. 


of skin disease. With some of the rarer antisynthetase antibod- 
ies, lung disease may be the predominant clinical feature with 
clinically amyopathic disease, Raynaud phenomenon and only 
subtle skin changes. Antisynthetase antibodies are extremely rare 
in JDM. 

Antibodies to MDA-5 were first described in Japan, where they 
were found in 19-35% of DM patients and were associated with 
a high incidence of CADM (85-100%) and ILD (92%), with half 
developing rapidly progressive ILD [72,84]. In western popula- 
tions MDA-5 antibodies are less frequent, at around 13% of DM 
patients in an American cohort [85]. In the anti-MDA-5-positive 
patients there was a high incidence of clinically amyopathic disease 
(50%) and ILD (67%). Anti-MDA-5 antibodies are associated with 
a distinctive cutaneous phenotype characterised by vasculopathic 
ulcers on the fingers, knuckles, elbows and knees (see Figure 52.14) 
[86]. These ulcers are usually small in diameter but are deep, 
punched out and surrounded by a dusky violaceous border. Painful 
red papules on the palmar surfaces of the metacarpophalangeal 
and interphalangeal joints are also observed with anti-MDA-5 
antibodies [86]. 

Anti-TIF-1y antibodies are specific to DM and are found in around 
15-20% of cases [87]. They are associated with severe skin disease 
and a high incidence of cancer (50% in one series) [24,87]. As such, 
these patients should have a thorough screen for malignancy. 

Anti-NXP-2 antibodies are frequent in JDM (11-23%) where they 
are associated with calcinosis [88]. In JDM, patients with anti-NXP-2 
appear to have a more severe disease course and worse functional 
status [88]. Anti-NXP-2 antibodies are rare in adults. 

Anti-Mi-2 antibodies are specific to DM and are found in around 
10-20% of cases [89]. Patients with this antibody generally have 
classic cutaneous features of DM with Gottron papules, heliotrope 
rash, upper chest erythema (‘V’ sign) and the shawl sign [89]. Mus- 
cle disease tends to be mild and ILD rare in patients with anti-Mi-2 
antibodies. 

Anti-SUMO-activating enzyme antibodies occur in approxi- 
mately 8% of adult DM patients [90]. Most patients present with 
skin disease and in one series a high increased frequency of 
dysphagia was reported [90]. 

Electromyography can confirm a myopathic process with early 
recruitment of multiple, small-amplitude, short-duration motor unit 
action potentials [91]. However, the presence of spontaneous fibrilla- 
tions, positive sharp waves and bizarre high-frequency discharges is 
more specific for the inflammatory myopathies. Estimates of the pro- 
portion of patients with spontaneous fibrillations vary from 45% to 
100% in different studies, possibly relating to the number of muscles 
sampled [91]. Although relatively specific for myositis, spontaneous 
fibrillations may also be found in other primary myopathies with 
muscle fibre degeneration, such as muscular dystrophies and acid 
maltase deficiency [91]. 

MRI of the proximal muscles may show oedema suggestive, but 
not diagnostic, of muscle inflammation. It can be helpful in assess- 
ing the extent of disease and guiding where the muscle biopsy 
should be taken when indicated; normal MRI does not exclude 
myositis. 

In patients with the typical rash of DM a muscle biopsy is not 
required to confirm the diagnosis. When needed, muscle biopsy 
should, if possible, be performed prior to the start of systemic 
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corticosteroid therapy to maximise diagnostic yield. Muscle biop- 
sies should be assessed in an experienced specialist laboratory 
where immunohistochemistry can be performed on frozen muscle 
tissue. 

Plain radiography is an effective method of detecting and moni- 
toring calcinosis in DM. 

ILD is a major cause of mortality in DM and should be actively 
screened for. Lung function tests should be performed at pre- 
sentation to include FVC, FEV, (forced expiratory volume in 1 
s) and T;cg; in ILD these show a restrictive pattern with all of 
them reduced in equal proportion. If there is concern regarding 
respiratory muscle weakness, a SNIP or lying and sitting FVC 
should be performed. A non-contrast CT scan of the chest should 
be performed if lung function tests show a restrictive pattern. 
If lung function is normal in patients at high risk of developing 
ILD, such as those with anti-MDA-5, antisynthetase or anti-RNP 
antibodies, an initial non-contrast CT of the chest should be con- 
sidered at presentation and annual lung function tests performed 
subsequently. 

In view of the increased risk of an underlying tumour in DM, 
screening for malignancy is necessary. There is no agreed protocol 
on the set of investigations needed. A detailed history and examina- 
tion should be taken to guide investigations, with one study show- 
ing 54% of targeted investigations detecting a malignancy compared 
with 18% for non-targeted screening investigations [92]. CT scans of 
the neck, thorax, abdomen and pelvis or a positron-emission tomog- 
raphy CT scan should be performed on all adult patients and will 
also screen for ILD. 

Further investigations should be organised as indicated following 
a full clinical assessment and risk assessment. Higher rates of malig- 
nancy are found with increasing age, severe skin disease, cutaneous 
ulceration, dysphagia, diaphragmatic weakness and _ anti-TIF-ly 
and NXP-2 antibodies [92]. If there is a high index of suspicion 
for an underlying malignancy more extensive initial screening and 
serial screening at 6-monthly intervals for the first 2 years should 
be considered. 


Management 

Multidisciplinary care is espoused in the management of patients 
with DM. A combined treatment programme delineated by spe- 
cialists in dermatology and rheumatology is necessary in most 
cases. Clinical input from respiratory medicine and other special- 
ties is often also necessary. Systemic corticosteroid is the primary 
treatment for DM when both skin and muscles are involved. Oral 
prednisolone, given at a dose of 0.5-1.0 mg/kg, is usually effective 
in controlling the symptoms; many patients report improvement 
in the rash and muscle weakness within 1-2 weeks of starting 
systemic corticosteroids. If oral prednisolone is lacking in efficacy, 
or the severity of the muscle disease is life threatening, then pulsed 
intravenous methylprednisolone can be administered, 0.5-1 g/day 
for three consecutive days. The chronic nature of DM is such that 
systemic corticosteroids are usually required for a prolonged period. 
If the dose is not reduced, then the patient will inevitably be at risk 
of the side effects of long-term glucocorticosteroid therapy. Several 
immunosuppressant drugs are used to control the inflammatory 
process as the dose of prednisolone is slowly tapered [93]. There 
are very few controlled trials of immunosuppressant use in DM, 


however the following have been administered with varying bene- 
fit: azathioprine 100-200 mg daily, methotrexate 10-20 mg once per 
week, mycophenolate mofetil 500-1500 mg twice daily, ciclosporin 
3.0-5.0 mg/kg/day and tacrolimus [93]. 

Intravenous immunoglobulin can be used as a_ disease- 
modifying therapy in DM and as a steroid-sparing agent. In 
1993 Dalakas et al. reported a double-blind, placebo-controlled trial 
of IVIg in 15 patients with DM [94]. The patients were maintained 
on prednisolone, at a mean dosage of 25 mg daily, and given either 
IVIg 2 g/kg body weight or placebo, each delivered monthly for 3 
months. The patients who received IVIg demonstrated significant 
improvement in muscle strength and an observable improve- 
ment in skin disease [94]. More recently, a larger double-blind, 
placebo-controlled trial of IVIg in 95 patients also randomised to 
IVIg 2 g/kg body weight or placebo monthly showed significant 
improvement in the ACR/EULAR (American College of Rheuma- 
tology/European Alliance of Associations for Rheumatology) 
response criteria and the manual muscle testing and CDASI score 
at 16 weeks [95]. However, the evidence for long-term IVIg therapy 
is based on case series only [96,97]. 

A few published studies have investigated the role of rituximab 
in DM. An open-label pilot trial of seven patients studied outcome 
following 1 g of rituximab administered 2 weeks apart [98]. Three 
patients had a partial response with a reduction of muscle disease; 
the dermatosis did not improve. In a multicentre controlled trial, 
patients were randomised to receive rituximab at either weeks 0 and 
1, with placebo at weeks 8 and 9, or placebo at weeks 0 and 1, with 
rituximab at weeks 8 and 9. Neither the primary nor the secondary 
end points, based on muscle parameters, were met. However, there 
was improvement in overall disease activity in both groups with 
83% reaching the IMACS definition of improvement [99]. Addition- 
ally, in a subsequent post hoc analysis, anti-Jo-1 and Mi-2 antibodies 
strongly predicted clinical improvement [100]. 

Management of the skin involvement in DM is the prime concern 
for dermatologists. Systemic corticosteroid in combination with a 
steroid-sparing immunosuppressant is usually effective, however 
complete clearance of the dermatosis may take many months of 
therapy. In amyopathic DM, aggressive systemic immunosup- 
pression may seem inappropriate and therefore topical therapy or 
milder oral treatment is usually tried. The efficacy of topical cor- 
ticosteroid, including super-potent steroid, is often disappointing; 
however, benefit from topical tacrolimus 0.1% ointment has been 
observed [101]. Uncontrolled studies of hydroxychloroquine, either 
alone or in combination with mepacrine, have been reported as 
effective in clearing the cutaneous signs of DM [102]. Methotrexate 
can also be beneficial in the management of skin disease in DM 
[103]. Recent case series and case reports have suggested efficacy 
of Janus kinase (JAK) inhibitors for skin disease, with the largest 
case series comprising 25 JDM children treated with ruxolitinib or 
tofacitinib. All showed improvement in their skin disease with 16 
(66.7%) showing complete resolution [104]. 

Calcinosis cutis is a troublesome and symptomatic complication 
of severe or poorly treated DM. Effective treatment of the underlying 
DM may lead to an improvement of calcinosis. Various therapeutic 
modalities have been tried, but studies are lacking to support the 
unequivocal benefit of any one particular treatment. 
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Undifferentiated connective 
disease (UCTD) and mixed c 
tissue disease (MCTD) 


Introduction and general description 
Undifferentiated connective tissue disease (UCTD) encompasses 
a cohort of patients with clinical, serological and pathological fea- 
tures of an autoimmune connective tissue disease (CTD) for which 
more precise diagnostic classification is not possible [1]. Over time 
the patient may develop new signs and symptoms which meet 
classification criteria for a defined CTD, including systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA), dermatomyositis / 
polymyositis and systemic sclerosis (SSc). A diagnosis of UCTD is 
observed in up to 25% of patients referred to rheumatology clinics 
and avoids premature classification of a traditional CTD [2,3]. 
Mixed connective tissue disease (MCTD), first described in 1972, 
is generally considered a distinct disease with clinical overlap to 
UCTD but characterised by the presence of U1 ribonucleoprotein 
antibodies (anti-U1-RNP) [4]. Unlike UCTD, patients with MCTD 
are not considered to have the potential to progress to a traditional 
CTD. The overlap of UCTD and MCTD with traditional CTDs has 
resulted in ongoing debate and difficulty in classification. 


Epidemiology 
Data on incidence and prevalence of UCTD are limited due to 
the diagnostic challenges already outlined. Approximately 25% 


of patients presenting with a CTD could be classified accordingly, 
highlighting the frequency of this clinical syndrome. In a Scandina- 
vian population, annual incidence of UCTD has been estimated at 
13.6/100000 (9.0-19.6) [5]. Prevalence of MCTD has been reported 
at 1.9 per 100000 population in a US population with an aver- 
age delay of 3.6 years in diagnosis [6]. A Norwegian cohort of 
147 patients reported a prevalence of 3.8 (95% confidence interval 
(CI) 3.2-4.4) per 100000 adults, with a female to male ratio of 3.3:1 
and mean age at onset of 37.9 years [7]. Juvenile onset may account 
for up to a quarter of patients in some studies [8]. 


Pathophysiology 

The pathogenesis of MCTD remains to be clearly elucidated but 
genetic and environmental factors are important. A hallmark 
of MCTD that is seen in the majority of patients includes the 
U1-RNP antibody which binds U1 small nuclear ribonucleoprotein 
(U1-snRNP) complex, and specifically a 70 kDa motif [8]. The gen- 
eration of these 70 kDa motifs is associated with cellular apoptosis. 
Generation of U1-RNP antibodies has been demonstrated through 
ultraviolet B radiation (UVB) induced cellular injury and suggests a 
role of photosensitivity in pathogenesis [9]. 

Autoreactive B and T cells against the Ul-snRNP in MCTD 
have been identified and highlight the broad immune activation 
associated with disease [10]. Evidence supports the development 
of epitope spread and may provide some explanation for disease 
evolution and heterogeneity of clinical phenotype [11,12]. 

Raynaud phenomenon (RP) is associated with hypertrophy and 
proliferation of the small- and medium-sized blood vessels [13]. 
Elevated levels of endostatin, an inhibitor of angiogenesis, have 
been associated with all-cause mortality and digital ulceration and 
may be a useful marker for risk of ulceration [13]. 
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Small studies have identified a number of genetic risk factors 
for MCTD including HLA-DRB1*0401, -DRB4*0101, -DQA1*03, 
-DQB1*0301 and HLA-B*08 haplotypes [14-16]. Ultraviolet radia- 
tion may predispose to a clinical phenotype more in keeping with 
lupus, although evidence of photosensitivity has been mixed [17,18]. 
Vitamin D deficiency is common in patients with MCTD, having 
been observed in 59% of patients in one study [19]. The aetiology 
of vitamin D deficiency is likely to be multifactorial but may relate 
to limited UVB exposure due to photosensitivity and impaired 
ability to get outdoors due to the physical limitations of the primary 
disease. Vitamin D may also have a role in regulating immune 
function and therefore be a risk factor for autoimmunity [20]. 

Rarely, MCTD has been reported to be drug induced and reports 
include tumour necrosis factor (TNF) inhibitors, vinyl chloride and 
silica [21-25]. 


Clinical features 

UCTD 

A diagnosis of UCTD may be considered in any patient for whom a 
traditional CTD is being considered but distinct criteria are not met. 
In a dermatological setting the commonest presentations include: 

1 RP in isolation of other symptoms of a CTD. This should be more 
strongly suspected when serology is positive and nail fold capil- 
lary examination is abnormal. 

2 Variable rash in a patient with positive serology, other non- 
diagnostic features of a CTD and skin biopsy which demonstrates 
vacuolar interface change. 

Other presentations more commonly observed in rheumatology 
services include polyarthritis in a patient not meeting diagnostic 
criteria for RA or patients with immunological and/or serological 
abnormalities and multiple non-specific symptoms of an inflamma- 
tory diathesis (e.g. fatigue, myalgia, arthralgia). 

RP is a common feature of UCTD. Examination of the nail folds 
for evidence of vascular abnormalities (capillary drop-out, engorged 
capillary loops, haemorrhage or irregular vessels) is easily assessed 
with dermoscopy and diagnostically helpful (Figure 53.1) [26]. 


Figure 53.1 Abnormal nail fold in patient with mixed connective tissue disease 
demonstrating dilated capillary loops, capillary drop-out and thrombosed vessels. 
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Table 53.1 Diagnostic criteria for mixed connective tissue disease. 


Serology Clinical Diagnostic criteria 
Alarcon- Anti U1-RNP 1 Swollen hands — Serology and 3 clinical 
Segovia’s Titre >1: 1600 2 Synovitis signs (must include 
criteria 3 Myositis myositis or synovitis) 
4 Raynaud 
phenomenon 
5 Acrosclerosis 
Kahn’s criteria Anti U1-RNP 1 Swollen fingers Serology, Raynaud 
Titre >1:1200 2 Synovitis phenomenon and two 
3 Myositis of remaining clinical 
4 Raynaud features 
phenomenon 


RNP, ribonucleoprotein. Adapted from Alarcon-Segovia and Cardiel 1989 [39]. 


Other cutaneous features observed in UCTD are poorly defined 
but may include dermatitis, photosensitivity, urticaria, unexplained 
oedema and psoriasis [27]. Non-specific red macules, papules and 
patches which demonstrate interface change are common and may 
appear as an annular erythema. 

Approximately one-third of patients with a diagnosis of UCTD 
will subsequently meet diagnostic criteria for a defined CTD, the 
remaining patients retaining a diagnosis of UCTD [28]. Approxi- 
mately 10% of patients with UCTD will achieve clinical remission. 
The risk of disease progression appears highest during the first 
2 years after onset. While prognosis in UCTD patients is similar 
to the background population there is a large impact on qual- 
ity of life that is comparable to SLE, despite a shorter disease 
course [29]. 


MCTD 

Patients with MCTD may present after an initial diagnosis of 
UCTD following a period of diagnostic uncertainty. Diagnostic 
classification criteria have been proposed (Table 53.1). Other clinical 
presentations, which overlap with SSc, include RP with oedema and 
swelling of the hands (puffy hands), sclerodactyly, facial redness, 
calcinosis cutis, vasculitis of the digits, telangiectasia, livedoid vas- 
culopathy, livedo reticularis (Figure 53.2), oral ulcers (Figure 53.3), 
urticarial vasculitis, peritendinous or subcutaneous nodules, and 
dry eyes and mouth [30-34]. Patients may present with atrophie 
blanche-like lesions associated with vasculopathic changes that 
may be indistinguishable from lupus on skin biopsy (Figure 53.4). 
Non-scarring alopecia and facial redness are common clinical prob- 
lems in patients with CTDs and have both been reported to affect 
approximately 40% of patients [30,35]. 

Non-dermatological features are highly variable but include 
arthritis, myositis, cardiac (13-65%), pulmonary (interstitial lung 
disease, pulmonary hypertension) and gastrointestinal dysmotility 
(50%). Renal disease may occur but is typically less severe than 
that observed in SSc [7,30,36-38]. Prognosis following a diagnosis 
of MCTD is comparable with the background population with the 
exception of individuals who develop cardiac or pulmonary disease 
[6,8,18]. 
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Investigations 

Antibody profiles are a key investigation for patients with a 
suspected CTD but require careful interpretation. Antibodies to 
U1-RNP are detectable in 75-90% of patients with MCTD but may 
also be observed in up to 40% of patients with SLE [10,40,41]. This 
overlap in serology emphasises the importance of clinical classifi- 
cation in addition to serology to ensure accurate diagnosis. Other 
antibodies observed in UCTD include: Scl-70 1.8%, Ro/SSA 10.8%, 
La/SSB 4.5%, double-stranded DNA 27%, Sm 3.6%, rheumatoid 
factor (RF) 22.5%, anticardiolipin 5.4%, lupus anticoagulant 11.7% 
and Jo-1 1.8% [42]. In patients presenting with RP alone, assessment 
of antinuclear antibodies (ANA) is required if there is any sugges- 
tion that it may be secondary RP as suggested by signs or symptoms 
of a CTD [43]. 

Dermatopathology findings will depend on the clinical phenotype 
and disease expression may be consistent with findings observed in 
other CTDs [44]. The presence of basement membrane staining with 
immunoglobulin G (IgG) or IgM helps support a diagnosis of MCTD 
when trying to distinguish from SSc. 

Given the co-morbid disease associated with MCTD, screening 
at baseline and annually is recommended and should include 
pulmonary function test (PFT), diffusing capacity of lung for carbon 
monoxide (DLCO), transthoracic echocardiogram (TTE), B-type 
natriuretic peptide (NT-pro BNP), urinalysis, blood pressure and 
electrocardiogram [45]. Consideration of other investigations will 
be determined by the clinical presentation. Blood abnormalities 
are common, with approximately 75% of patients having low-grade 
anaemia and hypergammaglobulinaemia [36,46]. 
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_ . Management 


Figure 53.2 Extensive livedo reticularis observed in a patient with mixed connective Given the limited evidence for treatment most clinicians recommend 
tissue disease. managing clinical signs and symptoms according to algorithms 


associated with traditional CTDs. It is essential to address lifestyle 
factors that may impact on disease severity and should include 
smoking cessation and hand and skin care advice, particularly when 
RP is an issue. Inflammatory lesions including pleurisy, arthritis 
and pericarditis are considered responsive to corticosteroids at a 
variable dose of 0.5-1 mg/kg. It is important to consider prompt 
dose reductions to limit complications of corticosteroids. RP is typ- 
ically managed with calcium channel blockers, phosphodiesterase 
inhibitors, prostacyclin analogues (i.e. iloprost) or endothelin recep- 
tor antagonist (i.e. bosentan). In patients with an inflammatory 
disease pattern, antimalarials and methotrexate may be trialled 
in an attempt to stabilise/reduce corticosteroid requirements. Evi- 
dence to support this practice is limited. Other treatment options are 
likely to be guided by complications of disease and guided in part 
by cohort studies. Rituximab has been investigated for interstitial 
lung disease associated with CTDs, including MCTD [47]. 


Figure 53.3 Oral erosion on hard palate of patient with mixed connective tissue . “as 
disease. Rheumatoid arthritis 


Introduction and general description 
The diagnosis of UCTD or MCTD should always be approached = Rheumatoid arthritis (RA) is an autoimmune disease characterised 
with classic CTD differential diagnoses in mind. A broader differen- _ by an inflammatory polyarthritis, but is best considered a multisys- 
tial diagnosis may be appropriate according to the constellation of | tem disease and may be associated with a range of extra-articular 
symptoms and clinical findings. features including skin manifestations [48]. 
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Epidemiology 

RA affects around 0.25-1% of adults depending on the popula- 
tion being studied [49]. It is common in women with a relative 
risk of 4-5:1 and a typical age of onset between 30 and 40 years 
[50]. Concordance between genetically identical twins is approx- 
imately 15% and supports an important role for genetic and 
environmental aetiopathogenesis [51]. Multiple genetic HLA 
haplotypes have been observed in RA, notably the *0401/0404 
genotype [52]. 


Pathophysiology 

RA is characterised by immunological injury of the synovium. 
Conversion of the amino acid arginine to citrulline is an important 
early step and may be induced by smoking. Repeat activation 
of innate immunity with fixing of complement establishes the 
inflammatory diathesis and promotes neovascularisation. The syn- 
ovium develops a progressive, destructive inflammatory pathology 
resulting in progressive joint damage. Cytokines implicated in RA 
pathogenesis include interleukin (IL)-1, -6, -17A, -18, -23, -27, TNF-a, 
vascular endothelial growth factor, alarmins, high-mobility group 
box protein 1 (HMGB1) and chemokines. This broad immune 


Figure 53.4 Acral lesions of mixed connective tissue 
disease (MCTD). (a—c) Atrophie blanche-like changes on 
hands and elbows of a patient with MCTD. (d) Retiform 
purpura due to vasculopathy in a patient with MCTD. 


activation and inflammatory milieu result in increased bone 
turnover, destruction and joint damage. It is increasingly recognised 
that individuals with RA may respond to different therapeutic 
targets, suggesting divergent endotypes [53]. This insight pro- 
vides an opportunity to personalise therapeutic approaches to 
optimise treatment response. This has been demonstrated in 
recent clinical studies that identified superior clinical response to 
tocilizumab (anti-IL-6) compared with rituximab (anti-IL-20) in 
B-cell-poor RA, as determined by RNA sequencing of synovial 
biopsies [54]. 


Clinical features 

RA typically presents with joint pain, swelling and _ stiffness. 
Extra-articular involvement of RA has been reported in 40-50% 
of patients, with cutaneous disease affecting one-third of patients 
[55,56]. Extra-articular manifestations are listed in Box 53.1. It is 
increasingly clear that the extra-articular manifestations of RA 
are related to disease severity and the advent of advanced ther- 
apies and a treat-to-target approach have seen a reduction in 
extra-articular manifestations [57,58]. Factors associated with more 
severe disease include positive ANA, RF and smoking [59]. 


Box 53.1 Extra-articular manifestations associated 
with rheumatoid arthritis (RA) 


Dermatological manifestations 

¢ Rheumatoid nodules 

e Rheumatoid vasculitis 

e Pyoderma gangrenosum 

e Reactive granulomatous dermatitis 
e Interstitial granulomatous dermatitis 
e Palisaded neutrophilic and granulomatous dermatitis /rheumatoid 

neutrophilic dermatitis 

¢ Sweet syndrome 

e Raynaud phenomenon 

e Livedo racemosa 

¢ Livedo reticularis 

e Palmar and periungual redness 

¢ Nail abnormalities (longitudinal ridging, nail beading, clubbing, 
onycholysis, red lunula, pterygium inversum and yellow 
discoloration) 

¢ Chronic spontaneous urticaria 

¢ Non-melanoma skin cancer (basal cell carcinoma > squamous cell 
carcinoma) 


Non-dermatological manifestations 
¢ Osteopenia 
e Ocular disease 
¢ Episcleritis, uveitis, iritis 
e Lung disease 
¢ Pleuritis, pleural effusion, interstitial fibrosis, pulmonary nodules, 
bronchiolitis obliterans 
e Cardiac disease 
¢ Pericarditis, myocarditis, ischaemic heart disease, peripheral 
vascular disease, atrial fibrillation 
¢ Glomerulonephritis 
e Anaemia 
e Sjégren syndrome 
¢ Felty syndrome — RA with neutropenia, anaemia, splenomegaly, leg 
ulcers 


Rheumatoid nodules 

Rheumatoid nodules (RN) are the most common cutaneous man- 
ifestation of RA observed in approximately 20% of patients and 
typically have an indolent course [60]. The most common site is 
on the ulnar border of the forearm, but they may occur anywhere 
(Figure 53.5). RN vary in size from 2mm to several centimetres in 
diameter, are firm in consistency and may ulcerate with trauma 
(Figure 53.6). RN may precede typical clinical features of RA by 
years [60]. Severe and rapidly progressive nodulosis, often over the 
dorsal hands, may be precipitated by drugs, notably methotrex- 
ate, but has been seen with biologic therapies [49,61]. Accelerated 
rheumatoid nodulosis induced by treatment often improves on 
drug withdrawal. Risk of developing RN has been linked with 
homozygosity for HLA-DR4 and DRB1, RF positivity and smoking 
[62-64]. 

Histology of rheumatoid nodules includes three zones: a necrotic 
granuloma containing cellular debris, fibrin and collagen; a middle 
layer of macrophages palisading this inner zone; and surrounding 
perivascular granulation tissue with inflammatory cells composed 
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Figure 53.5 Rheumatoid nodules over the elbow. 


of lymphocytes, plasma cells and histiocytes. Vasculitis may be 
observed. 

Clinical differential diagnoses include subcutaneous granuloma 
annulare, infectious granuloma, sarcoidal granuloma, xanthoma 
and foreign body granuloma. The subcutaneous nodules of 
rheumatic fever can be distinguished histologically from those 
of RA; there is much fibrinoid material and considerable oedema of 
the collagen, but relatively little infiltration with fibroblasts, histio- 
cytes or lymphocytes [65]. The nodules with Still disease resemble 
those seen in rheumatic fever [65]. 


Reactive granulomatous dermatitis 

Reactive granulomatous dermatitis (RGD) includes palisaded and 
neutrophilic granulomatous dermatitis (PNGD) and _ interstitial 
granulomatous dermatitis (IGD). Other diagnostic labels have 
been proposed but not widely adopted, including linear subcuta- 
neous bands, rheumatoid papules, Churg-Strauss granuloma and 
cutaneous extravascular necrotising granuloma of Winkelmann. 
Debate as to whether PNGD and IGD are distinct entities continues, 
with many supporting that they represent a spectrum of disease. 
RGD is almost universally associated with an underlying autoim- 
mune disease and most commonly RA (other associations include 
eosinophilic granulomatosis with polyangiitis, SLE and Behcet 
disease). The pathogenesis of RGD has not been extensively studied 
but may relate to immune complex deposition. 

Symmetrical red or skin-coloured papules typically coalesce over 
extensor surfaces. IGD presents on the trunk and may form linear 
bands (rope sign) (Figure 53.7) [66]. The lesions of PNGD are more 
typically umbilicated, ulcerate and have a predilection for the limbs 
(Figure 53.8). 

Skin biopsy of IGD demonstrates a CD68 positive histiocytic 
aggregate in the reticular dermis around degenerate collagen and 
absence of vasculitis. In contrast, lesions of PNGD are associ- 
ated with leukocytoclastic debris, fibrin and degenerate collagen. 
Palisaded granuloma become more prominent in later lesions. 


Rheumatoid neutrophilic dermatosis 
Rheumatoid neutrophilic dermatosis (RND) is a rare neutrophilic 
dermatosis associated with RA. Symmetrical red nodules and 


INFLAMMATORY 


m) 
wu 
m7) 
= 
< 
= 
ce 
wi 
Q 


PART 4 


Figure 53.6 Ulcerated rheumatoid nodule on the ear. 


‘urticaria-like’ plaques on the dorsa of the hands and arms, extensor 
aspects of the joints, neck, scalp and trunk are reported in individu- 
als with severe seropositive disease [67]. It should be considered in 
RA patients who have a biopsy consistent with a dense and diffuse 
neutrophilic infiltrate in the absence of vasculitis. 

The differential diagnosis includes other neutrophilic dermatoses, 
particularly pyoderma gangrenosum and Sweet syndrome [68-70]. 
Dapsone, either alone or combined with colchicine, may help 
rheumatoid vasculitis and neutrophilic dermatosis [71]. 


Pyoderma gangrenosum 

Pyoderma gangrenosum (PG) is a well-established complication 
of CTDs including RA. The reader is directed to Chapter 49 for a 
comprehensive review. 


Vascular lesions associated with rheumatoid arthritis 

RA is associated with a number of vascular pathologies includ- 
ing RP, atherosclerosis, thrombotic risk, vasculitis and leg ulcers 
[72-74]. RP is associated with numerous autoimmune CTDs, most 
notably systemic sclerosis and dermatomyositis. Its prevalence is 
variable in RA but has been reported in 17% [75,76]. 


(b) 


Figure 53.7 (a,b) Interstitial granulomatous dermatitis in a patient with rheumatoid 
arthritis. 


Rheumatoid vasculitis 
Rheumatoid vasculitis (RV) affects small- and medium-sized ves- 
sels and is associated with adverse morbidity and mortality, with 
studies indicating a 40% mortality at 4 years [77,78]. Incidence of 
RV appears to be reducing and may reflect improved treatment and 
reduced smoking rates [55,79]. Anticardiolipin antibodies may be 
detected, but do not appear to increase risk of thrombotic events 
[80]. It is hypothesised that immune complex activation, via a type 
3 hypersensitivity reaction, results in neutrophil recruitment with 
endothelial injury [81-83]. Genetic associations have been reported 
with HLA DRB1*04/04, HLACO03 and KIR2DS2 [59,64,84]. 
Approximately 90% of patients with RV have cutaneous mani- 
festations and typically high levels of RF and reduced complement 
levels [85]. Clinical presentation includes livedo reticularis, pur- 
pura, atrophie blanche and cutaneous ulcers. Digital lesions are 
common. The pulps of the fingers show small, painful, pur- 
puric nodules (Bywaters lesions). Initially thought to be a marker 
for progressive vasculitis, they are now considered benign [86]. 
Histologically, lesions show leukocytoclastic vasculitis [80]. The 


Figure 53.8 (a—d) Palisaded and neutrophilic 
granulomatous dermatitis in a patient with rheumatoid 
arthritis. 


occurrence of digital necrosis is closely correlated with the presence 
of RF and rheumatoid nodules [73,87]. Vasculitis of medium vessels 
may be indistinguishable from polyarteritis nodosa. The ulcers 
are well-defined, with a surrounding bluish-red halo, and must 
be distinguished from pyoderma gangrenosum (Figure 53.9) [88]. 
Healing occurs with scarring and may be slow [89]. 

Other manifestations of RV include scleritis, pericarditis, 
mononeuritis multiplex and gastrointestinal involvement. 

Management of RV is difficult due to the lack of clinical trials. 
Historically, cyclophosphamide was used, although more recently 
rituximab has developed an established role in management of RA 
and systemic vasculitides [90]. 


Leg ulcers 
Leg ulcers are a common problem in the elderly and cause 
significant morbidity with a large financial burden to health care. 
A single study of 813 patients with RA reported a cumulative 
incidence of first leg ulcer of 4.8% at 5 years, increasing to 26.2% at 
25 years, which was associated with increased mortality, indepen- 
dent of age and sex (HR 2.42; 95%CI 1.71-3.42) [91]. 

The role of vasculitis in precipitating leg ulceration is complex, 
in part since clinical overlap with other pathologies is significant 
[92,93]. Arteritic ulcers are more common in males, particularly 
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those with subcutaneous nodules and RF. Leg ulcers are more 
common in Felty syndrome, in which arteritis is associated with 
splenomegaly, leukopenia, RN and hyperpigmentation [94]. Venous 
insufficiency, complicated by immobility and postural factors, 
occurs in nearly half of leg ulcers observed in RA. Other factors 
include trauma, pressure or arterial insufficiency [92,93,95]. 

RA-associated leg ulcers are challenging to manage and multi- 
disciplinary input is encouraged. Treatment must ensure adequate 
dressing support while also considering underlying inflammatory 
pathologies. Balancing the need for immunosuppression while min- 
imising risk of infection is crucial. 


Other dermatological associations of rheumatoid arthritis 
Nail changes including ridging (onychorrhexis), clubbing, 
onycholysis, red lunula and telangiectasia are reported [96]. Palmar 
erythema has been reported in 18% [97]. 


Fibroblastic rheumatism 

This rare entity, described by Chaouat et al. in 1988 [98], occurs at 
all ages and affects both sexes equally [1,99]. Clinically, it starts 
suddenly with symmetrical polyarthritis and cutaneous nodules. 
The nodules are 5—20cm in diameter and can occur before the 
onset of arthritis. RP, sclerodactyly, joint effusions and stiffness are 
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Figure 53.9 Rheumatoid arthritis-associated medium vessel vasculitis. This may be 
indistinguishable from polyarteritis nodosa on clinical and histological features. Clinical 
features suggestive of medium vessel vasculitis include the presence of livedo reticularis. 


frequent. The nodules occur over the joints including hands, elbows 
and knees (Figure 53.10). They are smooth, firm and skin coloured. 
They resolve in 6 months to a few years. 

Histology shows a marked proliferation of spindle cells and 
dermal fibrosis. The hyperplastic cells have the phenotypic features 
of muscle, suggesting myofibroblastic differentiation [100]. There 
is a reduction of collagen and non-collagen protein synthesis by 
the fibroblasts from involved skin, which contrasts markedly with 
the increase in collagen synthesis in systemic sclerosis. Systemic 
involvement does not usually occur — all laboratory tests are nega- 
tive — and spontaneous resolution of the nodules may be expected. 
Joint erosions may develop and changes tend to persist, despite 
treatment. 


Investigations 

Baseline investigations for RA will include serology (including 
RF and cyclic citrullinated peptide (CCP)), inflammatory markers 
(erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)) and 
radiological assessment of the musculoskeletal system. Additional 
investigations will be guided by clinical presentation. 
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Figure 53.10 Nodules on the dorsa of the interphalangeal joints in fibroblastic 
rheumatism. Courtesy of Dr M.H.A. Rustin, The Royal Free Hospital, London, UK. 


Management 

Management of RA is beyond the scope of this chapter, although it is 
noteworthy that novel therapies have heralded a major advance in 
disease control and co-morbid disease. A ‘treat-to-target’ approach 
to clinical care has resulted in reduced prevalence of typical 
features of RA and reduction in extra-articular manifestations. 
Management of vasculitis, PG and leg ulcers overlaps significantly 
with non-RA manifestations and the reader is directed to the rel- 
evant chapter. Evidence supporting treatment of other cutaneous 
manifestations of RA is limited to case series and often follows 
treatment of underlying RA disease. 


OTHER RHEUMATOID DISEASES 


Still disease -— LL 


General description and pathophysiology 

Still disease is an inflammatory condition manifest as arthritis asso- 
ciated with daily fevers and rash. Aetiology is unclear, although 
onset has been linked to various infectious pathogens. In addition 
to environmental factors, genetic risk has been identified, with 
a single study reporting association with HLA (HLA)-B17, -B18, 
-B35 and -DR2 genes [101]. Increasingly it is considered to be part of 
an autoinflammatory disease spectrum with implicated cytokines 
including IL-1, -6 and -18 [102]. 


Clinical features 
To consider a diagnosis of Still disease a fever should have been 
ongoing for a minimum of 2 weeks and arthritis for 6 weeks. 


Table 53.2 Diagnostic criteria for Still disease. Five of the features including at least two 
major features were >90% specific and sensitive [108]. 


Diagnostic criteria for Still disease 


Major criteria 
° Fever 

e Arthralgia 

© Typical rash 
© Leukocytosis 


Minor criteria 

¢ Sore throat 

e Lymphadenopathy 

© Splenomegaly 

e Liver dysfunction 

¢ Absence of rheumatoid factor and antinuclear antibodies 


The fevers are short lived (<24 hours) and normalise between 
episodes. There are juvenile (<16 years old) and adult-onset (>16 
years old) variants which are increasingly considered part of a 
disease continuum. Diagnostic criteria are outlined in Table 53.2. 
Diagnosis may be challenging due to the potential variability in 
presentation. 

Clinical features of SJIA include fever (98%), arthritis (88%) and 
rash (81%) [103]. Lymphadenopathy is reported in 31%. Constitu- 
tional symptoms may be diverse including myalgia, weight loss, 
pleurisy and pleuritis. Mast cell activation syndrome is reported in 
approximately 15% of patients with AOSD and can be life threat- 
ening [104]. The rash consists of small, non-pruritic salmon-pink 
macules or papules, with an irregular margin, and is tempo- 
rally associated with fever. AOSD presents with clinical features 
similar to those of SJIA with additional features reported includ- 
ing pharyngitis, myalgia and lymphadenopathy [105,106,107]. 
Both sexes are equally affected and the onset is usually in the 
mid-twenties. Histologically, there is a perivascular dermal infil- 
trate of lymphocytes and histiocytes. Immunofluorescence is 
negative. Subcutaneous nodules may occur in Still disease with 
clinical similarity to RA. The histology resembles that seen in the 
nodules of rheumatic fever rather than in those of RA [65]. 


Investigations 

Serology is negative. Inflammatory markers are elevated during 
attacks but often normalise between episodes. This includes ESR, 
CRP and ferritin. Demonstrating transient elevation in inflamma- 
tory markers can be diagnostically helpful. Ferritin levels may be 
helpful in monitoring activity of disease [109]. 


Management 

Oral corticosteroids (0.5-1mg/kg/day) are considered first line 
treatment. Other traditional immunosuppressive therapy such as 
methotrexate may be considered, although appreciation of Still 
disease as an autoinflammatory disorder has seen increasing use 
of targeted therapy including anakinra (anti-[L1RA), canakinumab 
(anti-IL-18) and tocilizumab (anti-IL-6) [110-112]. 
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Sjogren syndrome -— FR 


Introduction and general description 

First described in 1933 by Sjégren, the hallmark feature of this 
autoimmune disease is dryness of the mucosal surfaces of the eyes 
(keratoconjunctivitis sicca) and mouth (xerostomia). Inflammation 
in the salivary, lacrimal and sweat glands may be primary, in 
which case the exocrine dysfunction occurs alone, or, as secondary 
Sjégren syndrome (SS), in association with another CTD [113]. In 
a prospective study of patients presenting with dry eyes 23% had 
associated CTD [114]. 


Epidemiology 

Incidence of SS has been reported as 7 per 100000 person-years 
in a meta-analysis in 2014 [115], although geographic variation 
may be significant [116,117]. Estimated prevalence is 43 per 100000 
people [115]. 

The onset occurs most frequently over 40 years old and is rare in 
childhood [118]. There is a strong female predisposition to disease 
that varies according to geographic location, with a ratio of 27:1 
reported in an Asian study compared with 7:1 in black/ African 
American patients [117]. 


Pathophysiology 

A prominent feature of SS is B-cell hyperactivity with high levels 
of circulating immunoglobulin. The underlying mechanisms that 
drive the hyperactivity of B cells remain to be fully defined but envi- 
ronmental factors are considered important. Plasma cells infected 
by Epstein-Barr virus have been shown to produce Ro and La 
antibodies [120]. Autoantibodies may be detected 4-6 years before 
developing symptoms [121]. Innate immune activation of dendritic 
cells with production of type I interferons promotes immunoglobu- 
lin production by B cells, leading to apoptosis of acinar and ductal 
epithelial cells [122-124]. Recent gene expression profile data from 
peripheral blood and salivary gland samples demonstrated upreg- 
ulation of type I interferon-inducible genes and importance of Th17 
cells [124-126]. The consequent effect of immune activation through 
multiple pathways results in cellular injury of glandular tissue with 
functional impairment. 

There is infiltration of salivary and lacrimal glands by lympho- 
cytes and plasma cells with characteristic pathological findings 
including lymphocyte and plasma cell infiltration, connective tis- 
sue proliferation, glandular cell apoptosis, followed by atrophy of 
glandular structures in affected tissues [122,123]. 

A genetic predisposition is indicated by the finding of an 
increased incidence of HLA-B8 and -DR3 in patients with SS 
[127,128]. Associations with the complement allele C4 AQO and 
HLA-DRw52 in Japanese patients have been reported [114,128,129]. 
Recent genome-wide association studies have identified further 
immune-related loci including L12A, BLK and CXCR5 [130,131]. 
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Clinical features 

The clinical picture is extremely variable although most patients 
present with a dry mouth and/or dry eyes. A recent study utilis- 
ing the UK Primary Sjégren’s Syndrome Registry (UKPSSR) has 
reported four clinical subtypes: low symptom burden (LSB), high 
symptom burden (HSB), dryness dominant with fatigue (DDF) 
and pain dominant with fatigue (PDF) [132]. This classification 
recognises the importance of fatigue as a manifestation of SS. Addi- 
tionally, these clinical and biological subtypes also demonstrated 
variability in therapeutic response. Other symptoms include a 
reduction in taste and smell [133]. Lacrimal gland enlargement is 
unusual in SS and should prompt a search for other differential 
diagnoses. Manifestations of SS are identified in Box 53.2. The diag- 
nostic criteria, including these features and objective demonstration 
of exocrine dysfunction, are shown in Table 53.3 [134]. 


Box 53.2 Manifestations of Sjégren syndrome 
[135,136] 


¢ Joint symptoms: arthralgia and arthritis 

e Myalgia and myositis 

e Sinusitis and hearing problems including deafness 

¢ Tracheal and oesophageal reflux 

e Interstitial pneumonitis, pulmonary fibrosis and pulmonary 
hypertension 

¢ Interstitial nephritis 

¢ Gastrointestinal conditions, including primary biliary cirrhosis 

° Fatigue 

¢ Neurological abnormalities: migraine, neuropathies and cerebral 
vasculitis 

¢ Higher rates of fetal loss 


Cutaneous manifestations of Sjogren syndrome 

¢ Xeroderma, pruritus 

¢ Subacute cutaneous lupus erythematosus-like rash 

e Annular erythema 

¢ Vasculitis and hypo/hypergammaglobulinaemic purpura 
¢ Raynaud syndrome 

e Hyperglobulinaemic purpura and inflammatory vasculitis 
e Abnormalities of sweating 

e Alopecia — diffuse and generalised 

e Erythema nodosum 

¢ Livedo reticularis 

¢ Lichen planus 

¢ Granuloma annulare 

e Angular cheilitis 


Mucocutaneous features of Sjogren syndrome 

The saliva is at first thick and mucoid with salivary volume 
decreasing through the disease course. The lips and tongue are red, 
smooth and dry [137]. Dental caries are often severe and chronic 
candidiasis is common. Recurrent episodes of swelling of one or 
both parotid glands or, less often, the submaxillary and sublingual 
glands may be due to inflammation or infection [138]. Mikulicz syn- 
drome, manifest as parotid and lacrimal gland enlargement, may be 
observed in association with SS. Other causes of Mikulicz syndrome 
include sarcoid, IgG4-related disease and tuberculosis. Atrophic 
changes in the mucous membranes of the upper respiratory tract 


Table 53.3 Classification criteria for Sjogren syndrome. Adapted from Shiboski et al. 
2017 [119]. 


Diagnosis of Sjogren syndrome may be made for an individual who 
reports symptoms of ocular or oral dryness (Section 1), meets 
inclusion criteria (Section 2) and does not have any of the alternative 
diagnoses listed below (Section 3). 


Section 1 
Questions (1 or more) 


1 Have you had daily, persistent, troublesome dry eyes for more than 
3 months? 

2 Do you have a recurrent sensation of sand or gravel in the eyes? 

3 Do you use tear substitutes more than three times a day? 

4 Have you had a daily feeling of dry mouth for more than 3 months? 

5 Do you frequently drink liquids to aid in swallowing dry food? 


Section 2 Score 
Inclusion criteria (score of >4) 
1 Labial salivary gland with focal lymphocytic sialadenitis and focus 3 
score of >1 foci/4 mm? 
2 Serology — anti-SSA/Ro positive 3 
3 Ocular staining score >5 (or van Bijsterveld score >4) in at least one 1 
eye 
4 Schirmer’s test <5 mm/5 min in at least one eye 1 
5 Unstimulated whole saliva flow 1 rate <0.1 mL/minute 1 
Section 3 


Alternative diagnoses 


1 Previous head and neck radiation treatment 
2 Active hepatitis C infection 

3 Acquired immunodeficiency syndrome 

4 Sarcoidosis 

5 Amyloidosis 

6 Graft-versus-host disease 

7 |gG4-related disease 


lead to crusting and dryness, recurrent episodes of infection, hoarse- 
ness and/or aphonia [139]. Pulmonary infiltration, atelectasis or 
fibrosis may occur. Digestive symptoms are attributable to atro- 
phy of the gastric mucous membrane with achlorhydria. Similar 
changes in the vulva and vagina give rise to pruritus and vaginitis, 
and dryness of the anal and rectal mucous membranes leads to 
dyschezia and pruritus. 

Skin involvement occurs in 16-67% of patients. The commonest 
manifestation, often unrecognised, is dry skin, which is reported in 
two-thirds of patients [140,141]. Other significant features include 
eyelid dermatitis 42% [142], angular cheilitis 38% [143] and pruritus 
53% [144]. The xerosis in SS does not appear to be a result of glandu- 
lar dysfunction but barrier disruption, involving cytokeratins and 
involucrin [140]. RP is reported in approximately 13% [145]. 

Annular erythema has been subdivided into three clinical types: 
(i) Sweet disease-like annular erythema; (ii) subacute cutaneous 
lupus erythematosus (SCLE)-like [146,147]; and (iii) papular ery- 
thema [148]. It may occur in patients with cutaneous lupus or SS and 
does not appear to be photo aggravated [149]. Recurrent annular 
erythema is associated with anti-La antibodies [147]. The nail fold 
capillaries are often abnormal [150]. 

Purpura and vasculitis are relatively common findings in SS. In 
a cohort of 558 patients with SS 9.4% (n = 52) patients had cuta- 
neous vasculitis [151]. Non-thrombocytopenic purpura may occur 


Figure 53.11 Hyperglobulinaemic purpura in a patient with Sjdgren syndrome (benign 
hypergammaglobulinaemic purpura of Waldenstrom). 


as recurrent crops of round, pink lesions in dependent areas and 
typically has a more benign course with negative cryoglobulins. 
This entity, observed in approximately 50% of patients with vas- 
culitis, has been referred to as benign hypergammaglobulinaemic 
purpura of Waldenstrom (Figure 53.11) [151]. This is thought 
to be a consequence of B-cell proliferation and may be associ- 
ated with an elevated ESR, anaemia, leukopenia and polyclonal 
hypergammaglobulinaemia [152]. 

Cryoglobulins should be assessed in all patients with SS and 
vasculitis, which is an independent risk factor for lymphoma and 
renal involvement. Complement may be normal despite positive 
cryoglobulins [153]. 

In patients with ocular or oral dryness the diagnosis is identified 
early. Infection, salivary stones, tumours of the parotid gland and 
nasal allergy and inflammation all form part of the potential differ- 
ential diagnosis. In patients with more insidious onset and varied 
presentation the diagnosis is frequently not considered. 

A number of severity measures have been developed, but the 
European League Against Rheumatism (EULAR) scoring system 
is perhaps the best assessed and may be valuable for clinical trial 
use [154]. 

The potential complications are many, and include cerebral 
vasculitis, renal disease and lymphoma, which may occur at any 


stage and should be suspected in a patient whose symptomatology 
changes or who becomes generally unwell [155]. Studies suggest 
the standardised incidence ratio for non-Hodgkin lymphoma in 
patients is 4.6, 95%CI 3.4-6.0 [156]. Risk factors for lymphoma 
include IgM kappa monoclonal protein, low complement and 
cryoglobulins [157]. 

The disease is chronic, but variably progressive. Some patients 
have minor persistent sicca symptoms while others will suffer 
more severe and debilitating disease. Outcome is influenced by 
any associated CTD, and most significantly by the occurrence of 
lymphoma [158]. 


Investigations 

Hypergammaglobulinaemia and RF are common, even in patients 
without arthritis, and serum viscosity is usually raised. ANAs are 
present in more than 50% of patients. Antibodies to Ro/La have 
been observed in 53% of patients with SS [113], and along with 
anti-La/SS-B are an important part of the diagnostic profile of 
the disease. Anti-Ro antibodies are particularly associated with 
vasculitis, purpura, lymphadenopathy and haematological and 
serological abnormalities [133]. Biopsy of the labial salivary glands 
[148], nasal mucosa [149] and lip may be helpful [146]. 


Management 

It is generally recommended that patients with SS are managed in 
close collaboration with specialised centres. Evidence-based guide- 
lines have been challenging to develop due to the paucity of clin- 
ical trial data, although a recent EULAR task force has provided 
guidelines for standardisation of care [159]. Symptomatic treatment 
for the dryness of the mucosa and skin is universally required and 
best managed by lubricating agents (i.e. artificial saliva and tears) 
and emollients. Additional skin care regimens will be guided by 
clinical presentation [160]. Lifestyle modification and education are 
important and should include smoking cessation and avoidance of 
anticholinergic medications. 

Management of systemic disease should be guided by specific 
symptoms. Oral corticosteroids may be used, generally at a dose 
of 0.5mg/kg or less. Treatment with oral corticosteroids should be 
used cautiously due to the myriad of symptoms associated with 
long-term use, only for active systemic disease, and should be 
titrated to 5mg daily or less where possible. The use of hydrox- 
ychloroquine is not currently recommended for symptoms of 
dryness. Limited data suggest hydroxychloroquine may have a 
modest role in management of musculoskeletal symptoms associ- 
ated with SS [161]. With respect to standard immunosuppressive 
therapies the EULAR task force recommended use of these agents to 
reduce dependence on corticosteroids with no ability to differentiate 
leflunomide, methotrexate, azathioprine, mycophenolate mofetil 
and cyclophosphamide based on available evidence [159]. There is 
no single therapy that helps hyperglobulinaemic purpura, although 
graduated compression hosiery may be valuable. While no treat- 
ment has so far modified disease progression in SS, B-cell-directed 
therapies are being investigated [162]. 

B-cell-directed therapies are increasingly the focus of clinical 
research with trials including rituximab and ianadumab [163,164]. 
The current EULAR recommendations are for consideration of 
rituximab in severe, refractory systemic disease. 
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Rheumatic fever —_ | 


Rheumatic fever is a rare systemic inflammatory disease that may 
occur following untreated streptococcal throat infection. Joint pain, 
fever and rash may occur 2-4 weeks after infection. Cardiac disease 
occurs in about half of cases. Erythema marginatum is the charac- 
teristic rash of rheumatic fever and occurs in 25% of cases [165]. It 
appears as evanescent, asymptomatic, pinkish, superficial semicir- 
cles and rings, which disappear without scaling or pigmentation 
in a few days. Histologically, there is a perivascular infiltration of 
neutrophils in the papillary dermis, and biopsy may help in the 
early diagnosis of rheumatic fever when the rash precedes arthritis 
and carditis [166]. Erythema multiforme, petechiae and urticaria 
may sometimes be seen in rheumatic fever. The overall clinical 
picture must be distinguished from post-streptococcal reactive 
arthritis [167]. 

Subcutaneous nodules occur particularly on the occiput, wrist and 
the backs of the forearms, and are smaller and more transient than 
those seen in RA, from which they can be distinguished histologi- 
cally [168]. Generalised eruptive histiocytomas [169] and erythema 
elevatum diutinum [169] have also occurred with rheumatic fever. 
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Definition and nomenclature 

Systemic sclerosis is a multisystem autoimmune disease that 
causes fibrosis in the skin and internal organs with associated 
vascular and inflammatory manifestations including the Raynaud 
phenomenon. It has high mortality because of major internal 
organ complications and substantial morbidity from pain, digital 
ulceration, calcinosis, telangiectases, and gastrointestinal tract and 
musculoskeletal involvement [1,2]. 


Synonyms and inclusions 

Systemic sclerosis is one of the scleroderma spectrum disorders and 
is sometimes referred to as scleroderma. ‘Scleroderma’ is best kept 
as an umbrella term for the group of conditions that includes both 
localised forms (morphoea; Chapter 55) and systemic forms that 
manifest vascular and internal organ features. Two major subsets of 
systemic sclerosis, the limited and diffuse forms of the disease, have 
historically been differentiated based on the extent of cutaneous 
involvement [3,4]. The term progressive systemic sclerosis is no 
longer in current usage. In North America the acronym CREST 
(calcinosis, Raynaud phenomenon, oesophageal dysfunction, scle- 
rodactyly and telangiectasia) is still in use, referring to a subgroup 
of cases of limited systemic sclerosis (see the section on clinical 
variants in this chapter). The most generally accepted abbreviation 
for systemic sclerosis is SSc, with dcSSc and lcSSc used for the 
diffuse and limited cutaneous forms respectively. The abbreviations 
ISSc and dSSc have lost favour as more precise subset definitions 
based on combined skin, antinuclear autoantibody and genetic 
profiles have been developed (see section on classification). Up to 
20% of cases of SSc have features of another autoimmune rheumatic 
disease and are termed SSc overlap [5-8]. A rare group (2-8%) of 
SSc cases do not have cutaneous features of skin thickening and are 
termed SSc sine scleroderma [9-12]. 


Classification 

Systemic sclerosis can be reliably defined using validated classifi- 
cation criteria [13]. These criteria provide a weighted score based 
on specific clinical and immunological features to determine if 
a patient may be classified as having SSc, but do not define the 


subset of disease. There is congruity with previous preliminary 
classification criteria that have been in use for many years [14], but 
the updated criteria are more sensitive, especially in patients with 
either early or limited SSc [15]. These criteria take account of better 
disease assessment and the identification of specific SSc features in 
investigations such as SSc-specific autoantibodies and/or nail fold 
capillaroscopy patterns (Table 54.1). Any patient with a score of 9 or 
more based on the ACR/EULAR 2013 criteria [13] may be classified 
as definite SSc provided there is no alternative diagnosis that better 
explains the clinical features (Table 54.1). It should be noted that the 
classification criteria are weighted for specificity, although opera- 
tionally they are often used for diagnosis. A diagnosis of SSc could 
also be made in some cases that do not fulfil the classification crite- 
ria, since these have been selected for specificity rather than absolute 
sensitivity. This is because of their core value to ensure comparable 
and homogeneous study populations for clinical research. 

Subset definition is important and until recently has been based 
solely upon the extent of skin involvement [3,4]. In IcSSc, which 
accounts for two-thirds of SSc cases in most series, skin changes 
occur distally on the limbs, with or without involvement of the head 
and neck. Involvement of skin areas proximal to the knees or elbows 
or of the trunk determine dcSSc. In dcSSc, cases have a higher fre- 
quency of major internal organ disease, a greater overall mortality 
and a tendency to maximal activity of the disease within the first 
3 years [16]. There is then often greater stability and even improve- 
ment of the skin sclerosis. The major features of limited or diffuse 
subsets are summarised and illustrated in Table 54.2 and Figure 54.1. 

One aim of classifying SSc into subsets has been to assist with 
risk stratification for the development of severe organ-based com- 
plications. Increasingly, studies with larger sample sizes have 
highlighted that there is significant heterogeneity within the cuta- 
neous subsets, and that major complications, such as interstitial 
lung disease (ILD) can affect up to a third of patients with lim- 
ited cutaneous disease [18,19]. It has become clear that dividing 
patients according to cutaneous phenotype alone is not sufficient 
and alternative models are being sought [17,18]. There are emerging 
data linking molecular classification from skin biopsy to clinical 
phenotype in systemic sclerosis [20]. 
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Table 54.1 Classification criteria for systemic sclerosis. 


Item Subitem Score 


Skin thickening of the fingers of both 9 
hands extending proximal to the MCP 
joints (sufficient criterion) 

Skin thickening of the fingers (only count 2 


the highest score) Puffy fingers 
Thickening (sclerodactyly) 


distal to MCP but proximal 
to PIP joints (i.e. whole 
finger distal to MCP joint) 
Digital tip ulcers 
Pitting scars 


Fingertip lesions (only count the highest 
score) 

Telangiectasia 

Abnormal nail fold capillaries 

Pulmonary arterial hypertension and/or 
interstitial lung disease 

Raynaud phenomenon 

Scleroderma-related antibodies (any of 3 
anticentromere, antitopoisomerase-1 
(anti-Scl-70) or anti-RNA polymerase Ill) 

Total score: 

Add the maximum score in each category to calculate total score 

Patients having a total score of 9 or more are classified as having definite systemic 
sclerosis 


NNN WN 


Adapted from van den Hoogen et a/. 2013 [13]. Reproduced with permission of Wiley. 
MCP, metacarpophalangeal; PIP proximal interphalangeal. 


Table 54.2 Typical features of limited and diffuse cutaneous forms of systemic sclerosis 
(SSc). 


Limited cutaneous SSc Diffuse cutaneous SSc 


ACA+ in >50% of cases 

Long history of pre-existing 
Raynaud phenomenon 

Slower onset and progression of 
skin sclerosis 


RNAP+ in 25% or ATA+ in >50% of cases 

Short history or concomitant-onset Raynaud 
phenomenon 

Rapid onset and progression skin signs in first 
6-18 months Skin disease may plateau 
and improve in years 2 and 3 

Peak skin sclerosis score (MRSS) >14 

Digital ulcers 

High-risk of organ-based complications and 
severe disease 

Survival 72% at 10 years and 40% at 20 years 


Peak skin sclerosis score (MRSS) <14 

Digital ulcers, calcinosis 

Lower risk of severe organ-based 
complications 

Survival: 88% at 10 years and 61% 
at 20 years 


ACA, anticentromere antibody; ATA, antitopoisomerase; RNAP, anti-RNA polymerase; 
MRSS, modified Rodnan skin score; Survival data from Nihtyanova et a/. [17]. 


Autoantibodies are present in 95% of SSc patients at the time 
of diagnosis, and typically remain unchanged and detectable 
throughout the course of the disease. Autoantibody patterns in 
SSc generally include one of the hallmark reactivities including 
antitopoisomerase-1 antibody (anti-Scl-70 or ATA), anticentromere 
antibody (ACA), anti-RNA polymerase III antibody (ARA, RNAP or 
anti-RNApol-I]) and others [21-24]. These autoantibody specifici- 
ties are mutually exclusive of each other in over 99% of patients [17]. 
They are associated with different risks of complications and appear 
to cross disease subsets that are based solely on skin (Table 54.3) 
[25-27]. Thus, while 57% of dcSSc patients are ATA+, this antibody 
is also present in 20% of cases with limited cutaneous disease. 
Similarly, >50% of IcSSc patients are ACA+, but this antibody is 


also present in up to 10% of patients with dcSSc [19]. This ACA+ 
dcSSc group has recently been characterised and exhibits an inter- 
mediate phenotype between ACA+ IcSSc and non-ACA+ dcSSc 
[28]. ACA+ patients with dcSSc have a higher incidence of internal 
organ involvement, ILD, cardiac scleroderma and scleroderma renal 
crisis (SRC), compared with ACA+ patients with IcSSc. The course 
of disease in this group was slower than in non-ACA+ dcSSc, with 
a longer time to peak modified Rodnan skin score (MRSS) and 
ILD diagnosis, and a comparable overall survival to the ACA+ 
IcSSc group, confirming a protective role of ACA positivity, even 
in diffuse cutaneous disease [28]. This highlights the importance 
of autoantibody specificities in subsetting. Consequently, a more 
outcome-based classification is now proposed by Nihtyanova et al. 
who have combined autoantibody specificity and extent of skin 
involvement in a well-defined cohort of 1325 SSc patients and 
identified seven subsets of patients, allowing more precise risk 
stratification for organ-based complications and overall mortality 
(summarised in Table 54.4) [17]. This new classification has the 
advantage of being easy to apply in routine clinical practice. 

Another new approach to classification involves using gene 
expression signatures of skin which are distinct in patients with 
dcSSc, lcSSc, and normal controls [30]. To date this has shown most 
promise for the diffuse subset of SSc. Intrinsic gene expression sub- 
sets have been identified, including inflammatory, fibroproliferative 
and normal-like subgroups [30-32]. These subgroups have been 
used experimentally in clinical trials and correlated with response 
to immunosuppressive therapies such as mycophenolate, abatacept 
and nilotinib [33-36]. More recently studies linking SSc autoan- 
tibodies (ATA, ARA) with gene expression profiles in skin have 
identified upregulated pathogenic pathways which differ according 
to autoantibody subtype and link with cutaneous phenotype, serum 
markers of fibrosis and progression of disease, particularly in early 
dcSSc [32,37]. For example, the fibroproliferative subset appears 
to be enriched for males, African Americans/black individuals 
and Scl-70 positivity, whereas RNA pol I and III positivity and 
shorter disease duration appear more likely in the inflammatory 
subset [20]. The development of a novel and highly accurate, 
machine-learning based classifier for SSc molecular subsets for 
individual patient skin samples could now facilitate the targeting 
of particular therapies to appropriate patient subsets [38]. 

With improving technologies, signatures based on metabolomics 
[39-42], radiomics and assessment of the ‘exposome’ (reviewed 
in [43]) may in future be combined with cutaneous, autoantibody 
and genetic profiling, and ultimately integrated using machine 
learning. These refinements of SSc classification should allow more 
accurate ‘phenome’ determination, SSc subsetting, risk assessment 
and personalisation of SSc care. 


Introduction and general description 

Systemic sclerosis is rare but important because it has the highest 
case-specific mortality of any autoimmune rheumatic disease and 
because it has a major non-lethal burden. Early manifestations 
are frequently cutaneous and may thus present to dermatology. 
Awareness of SSc and its cutaneous manifestations is thus 
paramount for dermatologists, as early diagnosis and treatment 
leads to markedly improved outcomes. Skin manifestations include 
thickening or fibrosis, mostly over the extremities and face in 


(d) 


(g) 


Figure 54.1 Cutaneous features of systemic sclerosis. (a) Raynaud phenomenon showing the typical white discoloration of the fingers caused by vasospasm (i) and bluish 
discoloration of the fingertips (ring and middle fingers) with digital pitted scars (ii) (arrows). (b) Puffy fingers in early disease. (c) Sclerodactyly and sclerosis extending proximal to the 
metacarpophalangeal joints. (d) Advanced-stage sclerodactyly with contractures and vasculopathic ulcers over the bony prominences. (e) Loss of fingertip pulps, digital ulceration (*) 
and pitted scars (arrows). (f) Digital ulceration and necrosis. (g) Advanced disease showing severe flexion contractures and calcinosis (arrow). (h) Typical facial features: note the 
expressionless facies, mat-like telangiectases, microstomia, perioral furrowing, lip and nasal thinning. (i) Microstomia and sclerosis of the frenulum. (j) Sclerosis of the forearms (i, ii), 
upper back (iii) and chest (iv) in early progressive antitopoisomerase (Scl-70) positive diffuse disease. (k) Severe sclerosis with contractures and cobblestone appearance (arrow). (I) The 
abdomen in a white patient with dSSc (diffuse disease) showing mixed hyper- and hypopigmentation. All images courtesy of Dr C.H. Orteu, Royal Free London NHS Foundation Trust. 
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(i) 
Figure 54.1 (Continued) 
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(k) 
Figure 54.1 (Continued) 


Table 54.3 Autoantibodies in systemic sclerosis and their common clinical associations. 


Frequency in 
Autoantibody Target antigen SSc cohorts [26] Skin subset [25] Clinical features 


INFLAMMATORY 


Antitopoisomerase Topoisomerase-1 60-70% are Rapid progression of diffuse skin sclerosis 
(ATA, anti-Scl-70) diffuse High peak skin scores in first 3-5 years 

Skin may plateau and improve slowly 

Severe digital vasculopathy/digital ulcers 

Tendon friction rubs 

LD and pulmonary fibrosis 

+ Severe cardiac disease 

Secondary pulmonary hypertension 

Highest overall mortality 

80% 10-year, 47% 20-year survival 

Association with HLA-DQB1*03:01 and DPA1*02:01 

Higher prevalence in African Americans 


DERMATOSES 


9-39% 


PART 4 


Antiribonucleoprotein RNA polymerase III 85% are diffuse Rapidly progressive diffuse skin sclerosis (in first 3 years) 
(ARA, RNAP) Shortest time from first symptom to peak MRSS 

Highest peak skin scores 

Skin may plateau and improve over 2-3 years 

Tendon friction rubs 

Hypertensive renal crisis (first 3 years) in 14-51% 

Gastric antral vascular ectasia (watermelon stomach) 

Risk isolated PAH (late in disease course) 

Lower risk ILD and cardiac disease 

High overall mortality 

75% 10-year, 47% 20-year survival 

Association with malignancy (11%) within 36 months of 
diagnosis 

Association with HLA-DRB1* 11:04 

Higher prevalence in white people 


4-25% 


Anticentromere (ACA) — CENP-B protein (centromere protein B) >90% are limited Slow progression of skin sclerosis over years 

Two epitopes 2.7-7.2% are Long history of Raynaud phenomenon (may be >10 years) 
recognised: 16-39% diffuse [28] Frequent digital ulcers 
centromere A and Severe gastrointestinal disease +/— malabsorption 
centromere B isolated PAH in 10-20% (late in disease course) 

Protective for PF and SRC 

Lowest overall mortality 

89% 10-year, 65% 20-year survival 

Association with HLA-DRB1*07:01 and DRB1*08:01 

Higher prevalence in white people 


(continued) 
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Table 54.3 (continued) 


Frequency in 


Autoantibody Target antigen SSc cohorts [26] Skin subset [25] Clinical features 
Anti-polymyositis- PM-Scl-75 and -100 3.6-6% 70% are limited Overlap syndromes, also found in isolated PM/DM, SLE, 
scleroderma 20-30% are Sjogren syndrome and in 9% of patients with isolated 
(anti-PM-Scl) [29] diffuse inflammatory myopathy 
Found in 33% of Inflammatory myopathy in 60% 

patients with Gastrointestinal involvement in 63% 

SSc/myositis Pulmonary fibrosis in 57% 

overlap Inflammatory arthropathy in 38% 


Calcinosis in 38% 
Association with malignancy in 20% 
96% 10-year, 59% 20-year survival 


> 
5 Antifibrillarin (U3-RNP) — Fibrillarin >50% are diffuse High peak skin scores 
= Isolated PAH, non-inflammatory myopathy, myositis, 
qn 1-6% gastrointestinal disease and malabsorption, vasculopathy 
= a + Cardiac disease 
= ro) May be rapidly progressive with poor prognosis 
¢- Younger age at onset 
oll < Commoner in African Americans — associated with 
LS HLA-DRB1*08:04 - and males 
2 c Higher mortality in first 10 years then stabilises 
¢ ra} 76% 10-year, 60% 20-year survival 
P= Anti-U1RNP Directed against the 70 K, Aand C proteins = 5-35% 80% are limited Overlap syndromes, arthritis and myositis 
<q associated with U1 RNA 20% are diffuse Occasional but severe PAH and ILD 
a Younger age at onset 
44% SSc/SLE Commoner in African American and Asian patients 
overlap 78% 15-year survival 
Also found in MCTD, SLE, DM/PM and Sjégren syndrome 
Th/To Ribonucleoprotein 1-7% <10% diffuse Limited skin sclerosis 
directs against Shorter time from onset Raynaud to puffy fingers compared 
subunits of with ACA+ IcSSc 
mitochondrial RNA Early PAH (25%) and/or pulmonary fibrosis (45%) 
processing and Less severe digital vasculopathy 
ribonuclease P Poor prognosis compared with other IcSSc groups 
complexes Higher prevalence in white people 
Anti-U11/U12RNP Spliceosome components 50% are diffuse Limited data 
Speckled nuclear staining ay coexist with anti-U1RNP 
1.6-5% 


Pulmonary fibrosis (80%) 

may be rapidly progressive with high mortality 
Anti-Ku Heterodimer of 70kD and 80kD subunits Most are limited ot specific for SSc (found in other CTDs) 

ainly SSc overlap with myositis or SLE features 


1-3% nflammatory muscle and joint disease 
Few vascular manifestations 
Younger age at onset (<40years) 
Anti-RuvBL1/2 Nucleoplasm double hexamer of RuvBL1 1-2% Most are diffuse ostly males 
and RuvBL2 yositis overlap 
Speckled nuclear staining Occasional cardiac involvement 


Generally mild internal organ disease 


CTD, connective tissue disease; dcSSc, diffuse cutaneous SSc; DM, dermatomyositis; HLA, human leukocyte antigen; ILD, interstitial lung disease; IcSSc, limited cutaneous SSc; MCTD, 
mixed connective tissue disorders; MRSS, modified Rodnan skin score; PAH, pulmonary arterial hypertension; PF, pulmonary fibrosis; PM, polymyositis; RNP, ribonucleoprotein; SSc, 
systemic sclerosis; SLE, systemic lupus erythematosus; SRC, scleroderma renal crisis. Data from Bruni et a/. [29], Caetano et a/. [28], Steen [25] and Nihtyanova et al. [26]. Table courtesy 
of Dr C.H. Orteu. 
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Table 54.4 Outcome-based classification of SSc. Combining skin and autoantibody profiles identifies seven subsets and allows improved stratification of risk of complications and 
mortality in SSc. 


Cutaneous 
subset 


SSc-specific 
autoantibody Prevalence Survival at 10 and 20 years 


Risk of complication (cumulative incidence at 20 years) 


Pulmonary fibrosis Scleroderma renal crisis Cardiac scleroderma 


Pulmonary hypertension 


LceSSc ACA 28.2% Highest 89.3%/65.3% Lowest 8.5% Lowest 0.3% Low 4.9% Cohort mean* 20.4% 

IcSSc ATA 10.4% 2nd highest 89.1%/61.8% Highest 86.1% Low 3.8% Cohort mean 7% Lowest 6.9% 

dcSSc ATA 11.3% Lowest 72%/32.4% 2nd highest 84% Cohort mean 8.3% 2nd highest 12.9% Low 15.3% 

dcSSc or IcSSc_ Anti-RNAP 11.1% Cohort mean 76.4%/47.1% Cohort mean 44.5% Highest 28.1% Lowest 2.2% Cohort mean 23.3% 

dcSSc or IcSSc_ Anti-U3RNP A2% Above cohort mean 76%/60.5% Low 21.5% Cohort mean 11% Highest 13.2% Highest 33.8% 

IcSSc Other 22.3% Cohort mean 87.1%/56.2% Cohort mean 53.9% Low 2.7% Low 2.4% Cohort mean 24.3% 

dcSSc Other 12.5% 2nd lowest 68.3%/33.6% Cohort mean 53.8% Above cohort mean 15.6% Above cohort mean 8.4% Above cohort mean 16.4% 
ACA, anticentromere; ATA, anti-topoisomerase; Anti-RNAP, anti-RNA polymerase; ENA, anti-extractable nuclear antigens. ‘Other’ includes ANA+ENA-, U1RNP, Th/To, SL, Ku, Jo1, Ro, 


La, XR, PL-7, heterogeneous nuclear RNP and SM antibodies and ANA- patients. ‘Cohort mean’ signifies ‘at or around’ the mean level for the whole cohort (n = 1325). Table Courtesy 


of Dr C.H. Orteu adapted from data in Nihtyanova et al. [17]. 


limited forms of SSc and much more extensively in diffuse cases. 
Associated features include severe pruritus, digital ulceration, 
telangiectasia, calcinosis, diffuse hyperpigmentation and ‘salt and 
pepper’ dyspigmentation [1] (Figure 54.1). While skin signs will 
aid diagnosis, SSc is a systemic multisystem disease, thus the main 
focus of investigation and treatment needs to be on manifestations 
beyond the skin. Typically, a patient will present with Raynaud 
phenomenon and symptoms of gastro-oesophageal reflux. This is 
followed by a phase of non-pitting digital oedema, after which the 
skin thickens, and sclerodactyly develops. Inflammatory muscu- 
loskeletal symptoms may also be present at this stage. These may 
be the main features, but severe internal organ manifestations such 
as cardiac, lung or renal complications are a major concern and 
may already be present at the time of presentation to a specialist. 
Systematic investigation and treatment of these complications is 
mandatory for all new cases of SSc and is a cornerstone of modern 
management. 


Epidemiology 

Incidence and prevalence 

Historically it has been difficult to determine precise or accurate 
incidence or prevalence figures for SSc. Key factors that have 
confounded assessment are disease rarity, clinical heterogeneity, 
case definition and the methodology used to assess frequency 
[44-46]. This especially reflects whether a population-based or 
hospital-based approach is used. Subset distribution should also 
be considered, as it is more likely that diffuse disease will present 
early and be diagnosed, compared with limited SSc. In the UK, 
a historical cohort study using data from the GP clinical practice 
research datalink has estimated the annual incidence of SSc to be 
19.4 per million person years between 1994 and 2013. Prevalence 
was estimated at 307 per million population in 2013 [47,48]. 

A review of 32 publications from 1969 to 2006 found a range of 
prevalence from 7 per million to 489 per million, and incidences 
of 0.6 per million per year to 122 per million per year [46]. A 
systematic review of 50 publications from 2000 to 2016 found a 
prevalence of 7.2-33.9 per 100000 individuals and 13.5-44.3 per 
100 000 individuals in Europe and North America respectively. The 
annual incidence estimates were 0.6-2.3 per 100000 individuals 
and 1.4-5.6 per 100000 individuals in Europe and North America 


Table 54.5 Geographical variation in pooled prevalence and incidence rates of systemic 
sclerosis. 


Pooled incidence rate 
per 100 000 person-years 


Pooled prevalence rate 


Geographical area per 100 000 individuals 


Africa N/A 0.2 
Asia 6.8 0.9 
Europe 14.8 1.0 
Oceania 23.8 1.6 
South America 24.8 1:5 
North America 25.9 2.0 


Adapted from Bairkdar et al. [44]. 


respectively [45]. A more recent systematic review of English lan- 
guage literature to October 2020 found an overall global pooled 
prevalence of 17.6 per 100000 individuals (range 3.1-144.5) and 
an overall pooled incidence rate of 1.4 per 100000 person years 
[44]. The significant geographical variation identified (Table 54.5) 
corroborates with previous suggestions that prevalence in Europe 
is higher than in Japan and other Asian populations, but lower 
than in the USA [49-52]. The highest rate described has been in 
Choctaw American Indians and is likely to have a genetic basis 
[53]. Geographical clustering may equally be influenced by envi- 
ronmental factors as has been suggested for sporadic clusters of 
increased prevalence seen, for instance, within areas of London, 
Rome and Ontario [46,54]. In the UK incidence appears to have 
remained stable over the 20-year period from 1994 to 2013 [48]. 
Worldwide, however, there seems to be a trend toward an increase 
in the incidence of SSc over time, but this tendency is unproven 
because of lack of uniformity in study method and design [44]. 


Age 

Although SSc may occur at any age it is very rare in childhood 
(the UK incidence rate is 0.27 per million per year [55]) and is most 
often seen in young and middle-aged adults. There may be two 
peaks of onset, between 25 and 40 years of age (predominantly in 
women), and between 45 and 60 years of age. Overall, the mean age 
of onset of SSc in many cohort studies is estimated at 45-55 years. 
Men may develop disease on average a little later than this [56]. 


INFLAMMATORY 
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There appear to be distinct clinical presentations and outcomes in 
patients with later-onset disease, with those presenting over the 
age of 60 years of age suffering more frequently from the limited 
subtype, pulmonary hypertension and cardiovascular disease, and 
less often with digital ulcers [57-59]. This older age group may, 
however, exhibit more rapid disease progression and higher mor- 
tality [59-62]. Patients with onset in childhood are more likely to 
have limited or overlap forms of the disease and a better overall 
survival [63-66]. An exception to this may be children with SSc sine 
scleroderma who seem to have poorer outcomes linked to delayed 
diagnosis and cardiac involvement [9]. 


Sex 

Overall, there is a four- to five-fold female predominance in SSc 
[44,48,67,68]. This predominance is most marked in premenopausal 
women [69,70]. Female reproductive hormones, fetal micro- 
chimerism, X-linked genetic factors such as skewed inactivation, 
X-linked non-coding RNA and X-linked nucleotide polymorphisms, 
as well as environmental/occupational exposures, may influence 
the differences in prevalence and outcomes [70]. In vitro studies 
have shown increased cell growth and fibronectin synthesis by 
scleroderma fibroblasts exposed to female sex hormones [71,72]. 
Agonist antibodies to oestrogen receptors have been identified 
in SSc sera and are associated with diffuse disease and nail fold 
capillary changes [73]. A recent review of the available evidence 
suggests that oestradiol plays a profibrotic role, but also has a 
vasodilatory effect at macrovascular level. The proposed protec- 
tive role of female hormones on the development of pulmonary 
arterial hypertension (PAH) and the increased prevalence of PAH 
in males and postmenopausal females are consistent with this 
[69]. The effects of androgens have been more difficult to eluci- 
date [69]. However, males are more likely to have diffuse disease 
(50%), anti-topoisomerase antibodies, ILD and a higher mortality 
[49,61,74,75]. They are at greater risk of developing scleroderma 
heart disease, SRC, digital vasculopathy, digital ulcers and digital 
gangrene (reviewed in [76)). 


Ethnicity 

All ethnic groups can be affected by SSc but there are apparent 
differences in the clinical features and subgroups that occur in 
different populations [50,67,77-81]. Some of these differences may 
correlate with immunogenetic and ANA differences between pop- 
ulations [81-83]. Patients’ perception of disease severity and their 
perceived mental and physical functioning may also vary according 
to ethnic background [84,85]. A multicentre cohort of 1009 African 
American SSc cases found a younger age at symptom onset, and 
higher prevalence of diffuse disease, of scleroderma cardiac disease, 
pulmonary fibrosis and SRC compared with European cohorts [81]. 
African American women appear twice as likely as white women 
to have diffuse disease [86], and African American patients have 
increased mortality; 43% at 10 years compared with 35% among 
white patients [87]. These findings have been confirmed by other 
groups who have shown a higher prevalence of anti-U3-RNP, 
anti-U1-RNP and ATA antibodies, which are associated with a 
worse prognosis in African Americans and more ACA antibodies 
in white people [78,79,87-89]. ATA positivity is also more prevalent 
in Chinese (59.9%), Korean (62.2%) and Thai (76%) SSc cohorts and 


this has been associated with diffuse disease, and with pulmonary 
fibrosis in cases of Han Chinese descent [90]. Conversely, the fre- 
quency of anti-RNA pol III positivity and SRC appears to be less 
common in Chinese and East Asian populations [49,90,91]. 

Increasing evidence suggests that ethnicity is associated with 
specific HLA subtypes and that HLA may determine SSc-specific 
autoantibody specificities. For example, in North American white 
and Hispanic subjects, strong positive associations have been 
found with the DRB1*1104, DQA1*0501, DQB1*0301 haplotypes 
and DQB1 alleles encoding a non-leucine residue at position 26, 
while the DRB1*0701, DRB1*1501, DQA1*0201, DQB1*0202 haplo- 
types appeared protective against the development of SSc. SSc in 
African American subjects was associated with DRB1*0804, DRB1* 
11:02 and DQA1*0501, DQB1*0301 alleles [83,92]. HLA-DRB1*15:02 
and DRB5*01:02 alleles have been associated with SSc in Thai 
patients while HLA-DRB1*04 was protective [93]. A systematic 
review of studies examining the association with HLA-DRB1 
allele polymorphisms indicates that DRB1*11:01 and DRB1*13:01 
confer a protective effect in white populations, but DRB1*11:04 
was associated with a higher risk of SSc, while in Asian popula- 
tions, DRB1*13:02 was found to be a protective factor [94]. The 
presence of different scleroderma-specific antibodies (e.g. ATA, 
ACA and RNAP) has also been linked to different HLA-DR and 
-DQ haplotypes in particular ethnic groups [92,94,95]. Gourh et al. 
found HLA-DRB1*0804 strongly associated with the antifibril- 
larin (U3RNP) positive subset of SSc in African Americans and 
HLA-DPB1*13:01 with the ATA+ subset in African and European 
Americans, while HLA-DRB1*07:01 was associated with ACA+ 
subsets in European Americans [83]. Interestingly, there was a 
direct correlation between SSc prevalence and HLA-DPB1*13:01 
frequency in several populations around the world [83,96]. Ethnic 
differences are also seen for associations with non-MHC genes, 
such as FBN1 (fibrillin) genes, in Choctaw American Indians and 
the Japanese, and SPARC (osteonectin) in white, Hispanic and 
Choctaw people [97-99]. These findings support the notion that 
race is related to distinct immunological and phenotypic profiles 
in SSc. 


Associated diseases 

Other autoimmune disease. A systematic review and meta-analysis 
of 10 studies published between 1960 and 2013, corresponding to a 
total of 6102 SSc patients, identified a second autoimmune disease 
in 25% of SSc cases and a third in 4%. The most common associ- 
ations were autoimmune thyroid disease (AITD, 10.4%), Sjogren 
syndrome (SjS, 7.7%) and dermatomyositis/polymyositis (5.6%) 
[100]. Primary biliary cirrhosis, rheumatoid arthritis (RA) and 
systemic lupus erythematosus (SLE) have also, but less frequently, 
been associated. The presence of another autoimmune disease was 
more common in patients with the limited subtype and relatively 
mild disease [101]. In a study of 719 Canadian and Columbian SSc 
patients, 36% of patients had first-degree relatives with at least one 
autoimmune disease, of which the most frequent were RA (18%) 
and AITD (9%) [102]. 


Overlap connective tissue disorders. Systemic sclerosis can occur 
as a component of an overlap connective tissue disorder such as 
mixed connective tissue disease (MCTD) [15,103-105], and in SSc 


Table 54.6 Type and frequency of autoantibodies in 332 patients with systemic sclerosis 
(SSc) overlap syndromes. 


SSc overlap syndromes Autoantibody Percentage of patients 


All (100%) ANA >95% 
Rheumatoid factor >50% 
ACA 13% 
ATA (Scl-70) 17% 
RNAP <5% 
U3-RNP <6.5% 
Myositis (43%) Anti-PmScl 33% 
Jol 6% 
Anti-Ku 2% 
Rheumatoid arthritis (32%) Anti-CCP 58% 
Sjogren syndrome (17%) ACA 45% 
Ro 30% 
SLE (8%) U1-RNP 44% 


Data from Pakozdi et a/. 2011 [7]. 

ACA, anticentromere antibody; ANA, antinuclear antibody; anti-CCP, anticyclic 
citrullinated peptide antibody; anti-PmScl, antipolymyositis/scleroderma antibody; ATA, 
antitopoisomerase antibody; RNAP, RNA polymerase; RNP, ribonucleoprotein; SLE, 
systemic lupus erythematosus. 


cohorts 10-20% of cases have features of overlap with another 
autoimmune rheumatic disease [6-8,81]. Such patients exhibit 
features of at least two connective tissue diseases (CTDs) con- 
comitantly and present a highly heterogeneous group of disorders 
with prevailing clinical features of SSc. A diagnosis of SSc overlap 
syndrome is usually made when manifestations of myositis, arthri- 
tis or another autoimmune rheumatic disease are much greater 
than normally seen in SSc. In a single-centre UK study of 1700 
SSc patients, 20% had SSc overlap syndromes — the commonest 
SSc overlap was with myositis (42.8%), followed by RA (32%), SjS 
(16.8%) and SLE (8.4%) [6]. The proportion of overlap patients with 
IcSSc and dcSSc was similar to that seen in the SSc population: 
71.7% and 27%, respectively. Patients with myositis overlap, how- 
ever, were more likely to have dcSSc. Distinct autoantibody profiles 
appear associated with specific clinical presentations and disease 
courses (Table 54.6). In the UK study, while ANA was positive in 
96.6% overall, myositis overlap patients exhibited antipolymyosi- 
tis/scleroderma antibody (anti-PmScl) in 33%, anti-Jol antibody in 
6% and anti-Ku antibody in 2%. In 94% of myositis overlap cases 
anti-PmScl was the only additional antibody. Anticentromere anti- 
body was absent and antitopoisomerase infrequent in this group. 
Anticentromere antibodies (45%) and anti-Ro antibodies (30%) were 
commonest in the Sjégren syndrome overlaps. Anti-U1-RNP was 
significantly more frequent in SLE overlaps (44%). Rheumatoid fac- 
tor was unhelpful, being positive in 50% of patients, but anticyclic 
citrullinated peptide antibody (anti-CCP) was more frequent in 
patients with RA features [6]. 

It has been suggested that SSc overlap patients should be con- 
sidered a distinct subset of the disease, since in addition to their 
specific autoimmune profiles, they also exhibit differential expres- 
sion of genes involved in iNOS and toll-like receptor signalling in 
blood and appear to run a slightly different disease course [106]. 
In the German SSc registry, which includes 3240 patients from 
multiple centres, 10% had SSc overlap syndromes and this group 
of patients developed earlier and more extensive musculoskeletal 
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disease. Pulmonary fibrosis and heart disease occurred earlier than 
in IcSSc but later than in dcSSc; oesophageal and renal disease, 
and pulmonary hypertension, ran a similar course to that in IcSSc 
[8]. Current evidence suggests that patients with SSc-myositis and 
SSc-Sjégren syndrome overlaps may have a worse overall prognosis 
and mortality [5,107], whereas those with SSc-SLE overlap may be 
younger, have more PAH, but show a tendency towards better 
median survival [108]. 

There has been controversy concerning MCTD as a separate entity 
because of its heterogeneous clinical manifestations and the fact 
that a subgroup of patients evolve into another CTD during disease 
progression. It consists of a combination of Raynaud phenomenon, 
puffy fingers, polyarthritis, oesophageal dysmotility and myositis, 
in association with anti-U1-RNP antibodies and antibodies against 
U1-70KD small nuclear ribonucleoprotein (snRNP). PAH and ILD 
can develop with time and result in increased mortality [103,104]. 
Up to 10% of patients with MCTD meet the 2013 ACR/EULAR 
criteria for SSc [15] and in over 20% either SLE or SSc may develop 
over 10 years. Cluster analysis has revealed three patient groups: 
one with associated antiendothelial cell and anticardiolipin antibod- 
ies who have an increased frequency of PAH, venous thrombosis 
and cerebrovascular disease; a second with myositis, oesophageal 
dysmotility and pulmonary fibrosis; and a third with erosive 
arthropathy, osteoporotic fractures and anti-CCP antibodies [109]. 
Initial clinical features and autoantibody profiles can be useful for 
predicting disease evolution [105,109]. 


Malignancy. Malignancies are reported for between 3.6% and 10.7% 
of patients diagnosed with SSc [110] and have been associated with 
older age at SSc onset, male sex and certain SSc-specific autoantibod- 
ies (reviewed in [111]). In 2013, three meta-analyses were published 
examining the incidence of cancer in SSc [112-114]. The conclu- 
sions varied according to whether population-based cohort studies, 
observational studies or all published articles linking SSc to the 
risk of cancer development were included in the analyses. Overall, 
an increased risk of cancer in SSc was demonstrated. The pooled 
standardised incidence rates (SIR) from population-based cohort 
studies was 1.41 (95% confidence interval (CI) 1.18-1.68) and this 
was higher in men (1.85 95% CI 1.49-2.31) than women (1.33 95% 
CI 1.18-1.49) [113]. Interestingly, in this analysis, the pooled SIR 
increased to 2.79 (95% CI 1.81-4.31) for cancers diagnosed within 
the first year after SSc diagnosis. An increased risk of lung cancer, 
non-Hodgkin lymphoma and haematopoietic cancer was con- 
firmed in all three meta-analyses, while an increased risk of bladder 
(SIR 2.0) and liver cancer (SIR 4.36) was only found in one [113]. The 
relation with breast cancer, suggested in some previous epidemio- 
logical studies, was not confirmed in these meta-analyses. However, 
in 2014 a large, retrospective, single-centre UK study of 2177 SSc 
patients identified 7.1% with cancer, the major subtypes being 
breast (42.2%), haematological (12.3%), gastrointestinal (11.0%) and 
gynaecological (11.0%) [115]. Other published associations have 
included oesophageal, oro-pharyngeal and non-melanoma skin 
cancers [116]. The reason why men with SSc seem to be at greater 
risk of developing cancer than women is poorly understood and 
often attributed to cytotoxic therapies or damage from scleroderma 
[113,117]. Recognition that some patients have a close temporal 
relationship between cancer diagnosis and clinical onset of SSc has 
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raised the possibility that it may be a paraneoplastic syndrome in a 
subset of patients [118,119]. 

Earlier suggestions of increased cancer risk in patients with IcSSc 
and ACA positivity have not been confirmed [115,120-122]. Indeed, 
the presence of anticentromere autoantibodies has now been asso- 
ciated with a lower risk of cancer in patients with limited SSc [123]. 
In contrast, anti-RNA polymerase IIT (RNAP) antibodies have been 
associated with cancer in some SSc cohorts, particularly breast 
cancer in females and in patients presenting within 36 months of 
SSc diagnosis [115,124-126]. A unique nucleolar RNAP expression 
pattern has been identified in malignant tissue from some such 
SSc patients suggesting that autoantigen expression in the cancer 
and the autoantibody response are associated [127]. This theory 
is further supported by the presence of missense mutations in the 
RPC155/POLR3A gene in the cancer tissue and mutation-specific 
T-cell responses in SSc patients with RNAP antibodies, but not 
in those with ATA or ACA [119]. This has led to the suggestion 
that malignancy may initiate the SSc-specific immune response 
and drive disease in this subset of patients. In a different cohort 
of Canadian patients, ATA and anti-U1RNP, but not anti-RNAP 
antibodies were associated with increased cancer risk within 2 years 
of diagnosis [128]. A further group of patients with a similar tem- 
poral clustering of SSc and cancer diagnoses has been identified 
that is ANA positive but negative for the most commonly known 
SSc autoantibodies (ATA, ACA and RNAP) suggesting that other 
autoantigens of relevance to the cancer-SSc relationship remain to 
be defined [123,126]. A recent association with PMScl positivity sup- 
ports this [29] and suggests a more generic role for tumour directed 
autoimmunity in SSc aetiopathogenesis. Interestingly, some ANA 
patterns, including antibodies to the large subunits of RNApol I and 
III, and to Th/To, appear to be associated with reduced cancer risk 
and this may have implications for antitumour immune response 
[129,130]. 


Pathophysiology 

Predisposing factors. The aetiology of SSc is poorly understood. 
It is likely that the disease occurs in a multistep process, as a 
consequence of triggering events, in a susceptible individual. Gen- 
der, ethnicity and environmental exposures are clearly important. 
Robust data now support genetic susceptibility factors includ- 
ing a strong HLA association, particularly with DPB1, DRB1 
and DQB1 haplotypes, and also altered immune inflammatory 
genes, especially within the innate immune system (see the section 
on genetics). The significance of epigenetic modifications is now 
evident but requires further investigation. 


Pathology. The pathology of SSc includes three major facets: vas- 
culopathy; immune-mediated inflammation, involving innate and 
adaptive immunity; and fibrosis. Exactly how these interact to cause 
disease is not yet fully understood but there has been significant 
progress in the last decade and multiple pathogenic mechanisms 
and different cell types are implicated. 


Vasculopathy. The earliest pathological change is microvascular 
injury with a reduction in capillary density and evidence of endothe- 
lial cell (EC) activation [131-133]. Recognised triggers for EC 


damage include infection, immune-mediated cytotoxicity, antien- 
dothelial autoantibodies, reactive oxygen species and ischaemia- 
reperfusion injury. Injured ECs may then either undergo apoptosis, 
endothelial-to-mesenchymal transition (endo-MT) or other forms 
of activation [134-136]. EC apoptosis results in damage to vessel 
walls and, because of impaired angiogenesis in SSc, ultimately 
leads to loss of capillaries with associated tissue ischaemia. EC 
activation leads to increased endothelin-1 and chemokine produc- 
tion, and impaired nitric oxide and prostacyclin release, resulting 
in vasospasm. In addition, upregulated expression of cytokines 
and adhesion molecules facilitates early perivascular infiltration 
with monocytes/macrophages [137] followed by T and B cells 
[138,139], dendritic cells [140], and mast cells promoting inflam- 
mation [135,141]. Vascular injury also activates platelets not only 
promoting intravascular fibrin deposition and luminal narrowing, 
but also providing B-cell co-stimulation, platelet-derived growth 
factor (PDGF), CXCL-4 and TGF-B release [142,143]. Further, throm- 
bin activates Th2 cells, stimulates fibroblast proliferation and 
myofibroblast transition, also suggesting a role for coagulation in 
inflammatory and immune responses in SSc [144,145]. 


Endothelial-to-mesenchymal transition. Endo-MT is a process by 
which vascular EC transdifferentiate into profibrotic myofibroblasts. 
Cell-cell junctions and EC markers, such as Von Willebrand factor 
(vWF), CD31 and vascular endothelial-cadherin (VE-cadherin) are 
lost, and cells acquire contractile, ‘invasive’ properties associated 
with the gain of mesenchymal markers, such as «-smooth muscle 
actin («-SMA), smooth muscle 22 (Sm22), and collagenl (Col1A1). 
Endo-MT can be triggered by cytokines and growth factors includ- 
ing TGFB, endothelin-1, IL-1B, tumour necrosis factor « (TNF-a), 
notch and wnt ligands, IFN, miRNA, caveolin 1 deficiency, hypoxia 
and oxidative stress [134,146]. In small arteries and arterioles 
endo-MT results in myofibroblast accumulation in the media and 
subintima, thickening of the vessel wall and luminal narrowing. 
This obstructive vasculopathy may ultimately lead to digital ulcers, 
PAH, SRC and cardiac manifestations of SSc. In thin-walled capil- 
laries, endo-MT results in wall damage because of loss of EC, which 
migrate out into the perivascular space as myofibroblasts, causing 
tissue fibrosis and a destructive vasculopathy, as is seen in nail fold 
capillaries in SSc [147,148]. While their relative contributions are as 
yet uncertain, pericytes, vascular smooth muscle cells, adipocytes, 
epithelial cells, macrophages and possibly lymphatic endothelial 
cells, may also transdifferentiate into myofibroblasts and contribute 
to fibrosis in SSc [136]. 


Immune-mediated inflammation. Recent studies have identified 
monocytes and macrophages as key drivers of inflammation and 
fibrosis in SSc, highlighting the role of innate immunity [149]. 
Pro-inflammatory M1 macrophages induced by Th1 cytokines, IFN 
and TLR4 are prominent in the very early stages of disease. Profi- 
brotic M2 macrophages induced by Th2 cytokines IL-4 and IL-13 
are able to secrete TGF-B, FGF, CCN2, PDGF and CCL18 and partic- 
ipate a little later [150,151]. Impaired efferocytosis, that is a reduced 
ability of macrophages to phagocytose apoptotic debris, may pro- 
mote chronic inflammation and also drive autoantibody formation 
through failed clearance of autoantigens exposed on damaged or 


apoptotic cells [152]. The role of the epidermis has until recently 
been underestimated [153]. In the early stages of SSc, the epidermis 
shows a wound healing phenotype, with upregulated expression 
of keratin 6 and 16, IL-1-a and connective tissue growth factor 
(CCN2) [154] and with partial epithelial-mesenchymal transition 
[155]. There is cross-talk between the activated or altered epidermal 
keratinocytes and dendritic cells, vasculature and fibroblasts. NF-KB 
upregulation and/or PPAR-g inhibition, and upregulation of IL-6, 
TNF-« and CCL5 expression in keratinocytes correlate with skin 
score in SSc [153,156]. Endothelial cell and keratinocyte derived 
IL-1 can modulate fibroblast properties increasing endothelin-1 
and TGF-$ production and promoting longevity in myofibroblasts 
[157,158]. Cytokines, including IL-4,6,8,10,13 and 17, TGF-B, PDGF 
and endothelin-1 are all overexpressed in skin [135,159]. Dermal 
mast cells, another source of TGF-f, are increased in number in 
early disease and have been associated with more severe sclero- 
sis and ATA positivity in dSSc [160,161]. Mast cell degranulation 
and abnormalities of lymphatic drainage may both contribute to 
the oedema and the pruritus associated with active disease [162]. 
Lymphatic microangiopathy has been linked to the progression of 
skin involvement and a progressive disappearance of lymphatic 
vessels occurs in late SSc [163]. 

There is some evidence for a functional role of autoantibodies in 
systemic sclerosis pathogenesis. For the diagnostic ANA patterns, 
evidence is strongest for anti-topoisomerase-1 and this may account 
for the poor outcome associated with this reactivity through promo- 
tion of fibroblast activation [164] and endothelial damage induced 
by immune complexes [165]. There is also increasing evidence that 
antibodies targeting vascular receptors including endothelin and 
angiotensin may contribute to vascular damage and link adaptive 
autoimmunity to vascular dysfunction [166]. 

IL-4, TGF-B and IL-6 are all able to enhance production of col- 
lagen and other ECM proteins and are considered to be the main 
profibrotic cytokines in SSc [160]. TGF-f activates fibroblasts and 
promotes inflammatory signalling via SMAD, MAPK, p38 and 
ERK; it may also recruit T cells into skin. IL-6 acts via soluble IL-6R 
and STAT-3 to enhance collagen production, but also causes EC 
activation and apoptosis, suggesting it is also important in the early 
inflammatory stage of SSc. IL-4 can also induce TGF-f production 
by fibroblasts and macrophages. IL-13 and IL-31 have more recently 
been identified as important contributors to the fibrotic process 
[134,167]. Elevated levels of IL-31 have been associated with disease 
severity and pruritus in atopic eczema, and blockade of the IL-31RA 
with therapeutic benefit [168,169]. Pruritus in SSc has been associ- 
ated with more severe skin and gastrointestinal disease suggesting 
a link between pruritus and fibrosis (see section on pruritus). The 
identification of raised IL-31 levels in plasma and fibrotic skin and 
lung lesions in a subset of SSc patients is supportive of this link 
[170]. The relative contributions of different members of the IL-17 
family is still under investigation [171]. 

The role of dysregulated, activated B cells and elevated BAFF in 
SSc pathogenesis is now established [172]. B cells produce IL-6 and 
TGF-B, may directly stimulate fibroblasts by a contact-dependent 
mechanism and/or through autoantibodies, and may damage 
vessels through immune complex and antiendothelial cell antibody 
binding [135,173]. DNA and ssRNA released from damaged EC and 
nucleic acid-containing immune complexes may activate Toll-like 


receptors, increase the expression of interferon-responsive genes 
and cause an increased expression of IL-1, IL-6 and TNF-a [174,175]. 
Polymorphisms in Type I interferon regulatory genes IRF4,5,7 and 
8 and STATA, the finding of excess Type I IFN, CXCL4 and aberrant 
plasmacytoid dendritic cells in SSc skin and blood, and the correla- 
tion of IFN inducible chemokines with disease severity, link Type I 
IFN activation to pathogenesis in SSc [140,150,176]. Another innate 
immune pathway thought to be important in mediating fibrosis 
involves NALP3-mediated inflammasome activation of caspase-1 
and the conversion of pro-IL-1 to IL-1. Accordingly, the inhibition of 
caspase-1 in SSc dermal and lung fibroblasts prevents the secretion 
of collagens, IL-1f and IL-18 [177]. 


Fibrosis. Ultimately the profibrotic growth factors and cytokines 
produced by these various cell types (T and B cells, macrophages, 
dendritic cells, mast cells and keratinocytes) cause recruitment 
of circulating fibrocytes, activation and differentiation of resident 
fibroblasts and mesenchymal transition in other susceptible cell 
types (see above). The resultant chronically activated, apoptosis 
resistant « smooth muscle actin expressing myofibroblasts produce 
excessive extracellular matrix proteins, ROS, tenascin C, fibronectin 
and DAMPs [135]. Proinflammatory and profibrotic pathways are 
integrated through STAT3 dependent signals and further fibroblast 
activation is then elicited through biomechanical, integrin and TLR 
dependent signalling, ultimately leading to a self-sustaining cycle 
of fibrosis [178,179]. 

The broad mechanisms involved in the cellular and molecular 
pathogenesis of SSc are summarised in Figure 54.2. and are reviewed 
in more detail in [134,136,180]. 

The histological appearances in SSc are diverse and depend upon 
the stage and subset of disease and on the affected organ. 

In the skin, early vascular injury and EC activation, followed by 
infiltration of inflammatory cells, occur as described above, 
although the intensity of the inflammatory infiltrate may be less 
marked in SSc than is seen in morphoea [131,138,139]. Ultimately, 
a fibrotic change occurs in the dermis with increased « smooth 
muscle actin expressing myofibroblasts. The dermis becomes thick- 
ened because of increased collagen production, mainly collagen 
types I and III, without any compensatory increase in collagenase. 
The process may extend into the fibrous septae of the subcutis. The 
initially swollen, pale collagen bundles become hyalinised, closely 
packed and orientated horizontally in parallel to the skin surface. 
The epidermis may become atrophic with loss of rete ridges. Asso- 
ciated changes such as loss of secondary skin appendages including 
hair follicles and sweat glands occur [181,182]. In established skin 
sclerosis a severe reduction in the number of lymphatic capillaries 
and lymphatic pre-collector vessels occurs that correlates with 
the risk of developing fingertip ulceration [183]. Interestingly, in 
those patients who experience resolution of skin disease, some 
of these cutaneous features can reverse. The typical cutaneous 
histopathological features are shown in Figure 54.3. 

Within the interstitial connective tissue of many internal organs 
there is increased extracellular matrix deposition, which may be 
confined to the normal fascial planes. There is often very little evi- 
dence of inflammatory change although biopsy material is difficult 
to obtain. At postmortem there are often increased amounts of 
connective tissue and collagen rich extracellular matrix, but this 
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Figure 54.2 The cellular and molecular pathogenesis of systemic sclerosis (SSc): a summary of the complex and multifaceted pathogenesis of SSc that involves cells and mediators of 
the innate and adaptive immune system, vasculature and mesenchymal compartments as well as epithelial structures and more specialist organotypic cell types. Although the aetiology 
and triggers are often not known, there is a stereotypical evolution that involves the development and inappropriate persistence of a profibrotic population of active fibroblasts and 
myofibroblasts. These are likely to arise from at least three lineages: resident fibroblasts, circulating progenitor cells (e.g. fibrocytes) and as a result of transdifferentiation of other 
specialised cell types such as epithelial or endothelial cells. This transdifferentiation may not be complete or persistent and once fully characterised, the key mediators or factors that 
regulate these events may be logical targets for therapeutic intervention. ECM, extracellular matrix; IgG, immunoglobulin G; NK cell, natural killer cell. 


(a) (b) 


Figure 54.3 Histopathological features of systemic sclerosis. (a) Low-power view showing ‘squared’ edges due to thickening of the dermis and extension of fibrosis into the 
subcutaneous septae. There is a superficial and deep perivascular mononuclear cell infiltrate. Dermal collagen is densely eosinophilic and appears homogenised/‘sclerotic’ in the lower 
part of the dermis. Courtesy of Dr Eduardo Calonje. (b) At a higher magnification, collagen bundles are seen to be swollen, eosinophilic and orientated parallel to the epidermis. 
Courtesy of Dr N. Krassilnik, Department of Pathology, Royal Free London NHS Foundation Trust, UK. 


may be spread through relevant organs such as the heart or kidney 
without necessarily having major functional impact, thus its clinical 
significance remains uncertain [184]. 

A key pathological feature of SSc that crosses multiple organ beds 
is a proliferative vasculopathy with neointimal hyperplasia and 
luminal narrowing [132]. This is often associated with adventitial 
fibrosis and, notably in the renal and intrarenal arterial circulation 
and the pulmonary arterial tree, accompanied by thickening or 
hypertrophy of the smooth muscle medial layer. The similarities of 
these vascular histological changes across multiple relevant organ 
beds suggests that this pathology is as much a hallmark of SSc 
in internal organs as is fibrosis of the skin. The extent to which it 
compromises tissue perfusion and leads to other complications is 
unclear, but it is likely to be especially relevant to the development 
of digital ischaemia. 

Secondary changes leading to other complications are seen in SSc. 
Thus, lung involvement shows a similarity to other types of lung 
fibrosis although a non-specific interstitial pneumonia (NSIP) pat- 
tern of disease is the most frequent manifestation. NSIP in SSc may 
have a cellular or fibrotic histological subtype although there is no 
clear evidence that the histological pattern of lung fibrosis impacts 
substantially on outcome [185]. 

The histology of PAH in SSc is broadly similar to that of idiopathic 
PAH (iPAH), although there is more likely to be associated lung 
fibrosis [186]. In addition, it has been suggested that the coexis- 
tence of features of pulmonary vascular occlusive disease may be 
relatively common and could contribute to differences in clinical 
outcome [187]. Some studies suggest that plexiform lesions are less 
common in SSc-associated PAH, but they are present in autopsy 
cases and one suggestion has been, that as the SSc cases have a 
poor outcome and lower long-term survival, they may have less 
time to develop these hallmark luminal lesions of recanalisation 
[188]. Key histological features of PAH in SSc include endolumi- 
nal proliferation and associated perivascular inflammatory cell 
infiltrate. 

The histological features of SRC overlap with those of related 
renal pathologies such as pre-eclampsia, accelerated phase hyper- 
tension and thrombotic thrombocytopenic purpura [189]. The 
histological appearances may resemble other forms of throm- 
botic microangiopathy but are often superimposed upon a greater 
degree of background fibrotic change and may be associated with 
intravascular thrombosis. In addition, there is evidence of upregu- 
lation of a number of markers of vascular proliferation and damage, 
including endothelin ligand and receptors, and vascular endothe- 
lial growth factor [190]. However, there is a spectrum of severity 
in terms of vascular damage and proliferative changes and the 
amount of fibrosis also varies. Interestingly, the severity of acute 
vascular injury and change appears to correlate with poor long-term 
outcome and less renal recovery, whereas the extent of scarring or 
fibrosis, unlike in many chronic renal diseases, seems less important 
[191,192]. This ability to score biopsies and predict outcome is one 
justification for renal biopsy in SRC. The other major indication 
is the presence of clinical or serological features of vasculitis or 
lupus that may raise the possibility of an alternate renal pathology 
requiring different treatment. 


Causative organisms 

It has not been proven that infectious agents have a role in the devel- 
opment of SSc. This may only be relevant in a small proportion of 
cases or as a co-factor in its complex multistage pathogenesis. 
Viral-induced autoimmunity can be activated through multiple 
mechanisms including activation of interferon-inducible genes, 
molecular mimicry, epitope spreading, bystander activation and 
immortalisation of infected B cells [193]. Some studies have impli- 
cated viruses such as cytomegalovirus, Epstein-Barr virus and 
parvovirus B19 [194,195] and endogenous retroviruses (reviewed in 
[196]) in triggering the disease, but there have also been reports of 
SSc improving dramatically after a severe systemic viral infection 
perhaps because of immune perturbation [197]. Two cases of SSc 
after SARS-CoV-2 infection have been reported, with increased 
NETosis and molecular mimicry proposed as possible mechanisms 
triggering autoimmunity [198,199]. Interestingly, a recent study 
which bioinformatically predicted immunodominant peptides of 
topoisomerase-1, fibrillarin and centromere protein A found that 
they are homologous to viral protein sequences from the mimiviri- 
dae and phycodnaviridae families. This suggests a possible role for 
infectious triggers in autoantibody generation and pathogenesis 
in some SSc cases [83]. In most, infection is more relevant because 
of the risk of opportunistic infection in patients who are immuno- 
suppressed, or through susceptibility to infection of digital ulcers 
or fibrotic lungs and reduced respiratory reserve. Intestinal tract 
infection may be relevant; certainly, it contributes to the develop- 
ment of small intestinal bacterial overgrowth, but the intestinal 
microbiome may also be relevant, thereby explaining the apparent 
benefit of some antibiotic regimens or approaches such as probi- 
otics for gastrointestinal symptoms [200,201]. Emerging reports 
have identified unique microbial taxa alterations in the gastroin- 
testinal microbiome of patients with SSc as compared with healthy 
controls [202,203] and trials of faecal microbiota transplantation are 
now underway [204]. 


Genetics 

The highest risk factor for developing SSc is having a sibling or 
first-degree relative with the disease (13-15-fold increased risk) 
[205]. Early studies identified a genetic predisposition to vasculopa- 
thy, Raynaud phenomenon, autoimmune inflammatory diseases 
(SLE, thyroid disease) and ILD in SSc pedigrees [206,207], and that 
chromosomal breakage was a feature in familial SSc (reviewed 
in [208]). Initial candidate gene approaches (reviewed in [209]) 
have been superseded by genome-wide association studies and 
Immunochip analyses that have started to dissect both the suscepti- 
bility factors and the factors that are associated with the individual 
subtypes of SSc. This work has confirmed the major role of the HLA 
region in susceptibility to SSc and in determining autoantibody 
and clinical features [83,210]. In a large population of European 
ancestry, Immunochip-based gene mapping identified independent 
associations for variants of HLA-DPB1, -B and -DOA with SSc per 
se, for HLA-DRB1, -DQA1 and -DOA with ACA-positive SSc, and 
for HLA-DRB1 and -DPB1 with ATA-positive SSc. Associations for 
the non-HLA gene TAP2 were found with SSc and ACA positivity 
[210]. These findings have been confirmed and extended in recent 
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studies using imputation analysis of meta-GWAS data from 9095 
SSc cases and 17584 healthy controls [96,211]. These show strong 
associations between SSc and HLA-DRB1*11:04, HLA-DQB1*02:02, 
HLA-DPB1*13:01 and interestingly also the class I HLA-B*08:01. 
Further stratified analysis revealed different HLA-DQA1 haplo- 
type associations in lcSSc and dcSSc, as well as HLA associations 
exclusive to particular autoantibody subsets (see Table 54.3) [96]. 
Some of these genes code for products that are involved in the 
MHC receptor complex (DPB1), peptide loading on MHC class 
II molecules (DOA) and antigen presentation (TAP2), others are 
closely linked to the production of ACA (DRB1, DQA1) and ATA 
(DRB1, DPB1). 

Multiple susceptibility loci for SSc have also been identified at 
non-HLA loci [208,211,212]. The most reproducible evidence exists 
for STAT4, CD247, IRF5, TNFAIP3 and DNASE1L3 [213]. Robust 
evidence also links type I interferon activation to SSc, including 
polymorphisms in interferon regulatory factor (IRF)5, IRF7 IRF8, 
tyrosine kinase2 (TK2) and STAT4 and a prominent IFN signa- 
ture in gene expression studies from peripheral blood and skin 
(reviewed in [176]). In 2019, the largest meta-GWAS to date, encom- 
passing 14 European cohorts, identified 27 signals at the following 
non-HLA loci: ARHGAP31, BLK, CD247, TNIP1, CSK, STAT4-a, 
STAT4-b, DGKQ, NUP85-GRB2, IL12RB1, IL12RB2, TNFSF4, 
NAB1*, FLNB-DNASE1L3-PXK, IL12A, NFKB1, ATG5, IRF5-TNPO3, 
RAB2A-CHD7, CDHR5-IRF7, TSPAN32, CD81-AS1, DDX6, IRF8, 
IKZF3-GSDMB that were independently associated with SSc [211]. 
In the first 10 listed, the 95% credibility set comprised one or two 
SNPs only, with a high probability of causality. Stratified analysis 
revealed different loci associations for limited and diffuse cutaneous 
subsets, and for different autoantibody subsets (ACA, ATA, RNAP). 
In some cases these were stronger than in the global meta-analysis 
[211]. This study suggested that most of the genetic variations 
underlying SSc susceptibility are related to transcriptional regula- 
tory mechanisms, including mRNA processing or stability mediated 
by non-coding-RNAs. Collectively, the results point towards molec- 
ular pathways involved in B- and T- cell activation and innate 
immunity, in inflammatory cytokine-induced collagen production, 
in VEGF signalling and in transcription, kinase activity, DNA cleav- 
age and repair, apoptosis, pyroptosis, and autophagy. Genomic risk 
scores are now being established and may eventually translate into 
an individualised risk assessment for development of SSc [214]. 

Many of the genetic susceptibility loci identified are shared with 
other autoimmune diseases such as SLE and RA. One interpreta- 
tion of this is that innate immune components of SSc are entirely 
genetically determined, but it is also likely that the factors and 
processes central to the development of SSc outside the immune 
component are more complex, with multiple potential interactions 
at a genetic and epigenome level as well as functionally. Current 
evidence demonstrates alterations in DNA methylation, histone 
code modifications, differential expression of regulatory micro- 
RNAs and long non-coding mRNAs in SSc cells, mainly in 
fibroblasts, but also in monocytes, macrophages, dentritic and 
endothelial cells, some of which are important in TGF-B path- 
ways and downstream signalling cascades (reviewed in [215,216]). 
Histone modifications regulate expression of genes involved in 
fibroblast activation to myofibroblasts [217]. TGF-6 mediated 
hypermethylation of DNA in SSc fibroblasts leads to repression 


of genes responsible for downregulating fibrosis such as SOCS3 
[218]. Dysregulated miRNAs in SSc skin and blood are involved in 
profibrotic pathways as well as impaired angiogenesis and altered 
immune responses [219]. Epigenetics is thus emerging as a poten- 
tially exciting and fruitful approach, especially as it may underlie 
genetic programmes that are disrupted across multiple loci and may 
also offer real potential for novel disease-modifying therapeutic 
strategies [215]. 


Environmental factors 

One of the important aspects to have emerged from epidemiolog- 
ical studies of SSc has been the impact of environmental factors 
[46,49,196]. This may include infectious agents as discussed above 
or factors such as vaccination that may trigger immune alteration. 
It is likely that multiple environmental factors may be important, 
or that timing and context are critical for environmental triggers to 
contribute to SSc development. 

There are many examples of SSc being triggered by environmen- 
tal exposures [220]. Silica exposure probably explains the historical 
association of SSc with mining in the USA and South Africa [221]. 
Environmental exposure to vinyl chloride and many other organic 
chemicals have been implicated [49,222]. In a case-control study of 
100 SSc cases and 300 controls, occupational exposure — particularly 
high cumulative exposure to crystalline silica, white spirit, aromatic 
solvents, chlorinated solvents, trichlorethylene, ketones and weld- 
ing fumes — was associated with an increased risk of developing 
SSc. Interestingly, however, no association between SSc and the 
use of drugs such as anorexigens, pentazocine, bromocriptine, 
l-tryptophan or hair dyes was found [223]. The possible associa- 
tion between the presence of silicone breast implants and SSc has 
proved controversial. The case-control study above, and five out of 
six meta-analyses of previous publications have found no associa- 
tion (reviewed in [220,224]). However, several recent publications 
have reopened the debate, suggesting an association between 
ruptured silicone implants, breast cancer and anti-polymerase III 
antibody positive SSc [224-226]. Smoking does not increase the 
risk of developing SSc but does appear to impact upon the severity 
of the disease, particularly in relation to vasculopathy [196,220]. 
The association between SSc and occupational exposure may 
vary according to gender. A marked association between SSc and 
occupational exposure to crystalline silica, chlorinated solvents, 
trichloroethylene, white spirit, ketones and welding fumes was 
identified in male patients, and to white spirit, aromatic and other 
solvents and ketones in female patients [223]. 

A recent summary of all investigated potential environmental 
risk factors identified strong level II evidence (>20 observational 
studies and meta-analyses) for silica and organic solvents, and 
probable associations with asbestos, epoxy resins and particulate 
matter (5-10 observational studies each). Insufficient evidence was 
identified to clearly implicate welding fumes, pesticides and heavy 
metals. SSc linked to silica and organic solvent exposure was more 
common in men and associated with higher mortality and mor- 
bidity from cutaneous pulmonary and cardiac disease, and cancer 
[196]. Similarly, a recent Brazilian study found a preponderance 
of males, shorter disease duration, increased associated myopathy, 
more severe ILD in IcSSc and lower levels of ANA positivity in 
dcSSc linked to environmental exposures [222]. 


Susceptibility to environmental triggers may also be linked to 
underlying genetic factors, for instance an enhanced profibrotic 
response to silica has been linked in vitro to genetic polymorphisms 
in TNF-a-induced protein 3 (TNFAIP3) [227]. 


Clinical features 
History 
Systemic sclerosis is a clinical diagnosis and good history taking is 
critical. The clinical diversity of SSc means that a number of stereo- 
typical patterns are observed and this is reflected in the history. 
Most cases have onset in the adult years and many patients describe 
Raynaud phenomenon: a change in colour of the fingers and/or 
toes triggered by exposure to cold or emotional stress both in winter 
and summer, as the first symptom. Occasionally the ears and nose 
can be affected. In classic triphasic Raynaud phenomenon the digits 
become white, then blue (cyanotic) and then red (hyperaemic) and 
painful on rewarming. In some cases, only biphasic colour changes 
occur. This may be a new feature, and any case of new-onset 
Raynaud phenomenon occurring over the age of 40 years is more 
likely to be associated with an underlying CTD [228]. Another 
key aspect of Raynaud phenomenon in SSc is that it is more likely 
to be associated with complications such as pitted digital scars, 
digital ulceration, paronychia or trophic changes in the finger pulps 
[229,230]. At its most severe, critical digital ischaemia can lead to 
gangrene and auto-amputation. Sometimes there is a long history 
of Raynaud phenomenon from teenage or early adult life and this 
is more likely to be the case in patients with IcSSc [231]. In cases 
of dcSSc there is often a less clear pre-existing history of Raynaud 
phenomenon and in some cases the vascular features may occur 
simultaneously or even after the onset of other features [232,233]. 
Another key early symptom is gastro-oesophageal reflux or 
dysphagia. This may initially be dismissed as a common symptom 
and treated symptomatically. Often treatment with proton pump 
inhibitors is very effective, thus a careful history is required. 
Swelling and stiffness of the digits is often described in the 
early stages of SSc and may lead to simple practical problems 
with jewellery (e.g. rings needing removal or enlargement). More 
widespread swelling of the extremities may be reported including 
lower limb oedema, widespread pain or functional limitation in 
range of movement. Itch is a hallmark of diffuse skin involvement 
and may be intense during the early or active stages of disease 
[234]. Skin tightness or thickening depends upon the subset and 
severity of the SSc. In the most severe cases the oedematous phase 
of hand and limb swelling quite rapidly develops into skin sclerosis 
with limited or fixed digits [235]. Associated musculoskeletal pain 
and skin ulceration as well as vascular insufficiency with Raynaud 
phenomenon culminate in the very disabling and severe impact 
of the most severe cases of diffuse SSc. Constitutional symptoms 
of fatigue and weight loss are common, especially in early diffuse 
disease [236,237]. The most common cause for weight loss is mal- 
nutrition because of reduced appetite, the physical difficulty with 
eating because of sicca symptoms and dysphagia. In addition, post- 
prandial bloating, and other gastrointestinal tract symptoms impact 
on nutrition. However, specific complications of small and large 
intestinal involvement or ano-rectal disease are generally seen in 
established SSc. When there are delays in presentation or diagnosis, 
which is more likely in cases of milder lcSSc or SSc sine-scleroderma, 


then features of more established SSc may be present at diagnosis 
or extracted from a careful chronological history. Finally, any of 
the major internal organ complications of SSc may occasionally 
be presenting features of the disease, thus breathlessness, chest 
pain and other cardiovascular symptoms need to be explored. A 
proportion of cases present with complications such as PAH, lung 
fibrosis or SRC, as outlined in the next section. 


Presentation 

The typical presenting features of SSc are Raynaud phenomenon, 
symptoms of gastro-oesophageal reflux and swelling or discomfort 
in the extremities. This is followed by specific skin manifestations 
such as puffiness, tightness, hardening or itching (see section on 
history). Digital ulcers occur up to 5 years earlier in patients with 
ATA+ diffuse disease and can be a presenting feature [238]. Telang- 
iectasia and calcinosis tend to occur later in the disease, as do 
features of internal organ manifestations including cardiorespira- 
tory and more severe gastrointestinal tract involvement. Some cases 
of SSc will present to rheumatologists, others to dermatologists, 
and sometimes to organ-based specialists in those cases where a 
complication of the disease such as lung fibrosis or renal crisis is the 
first major manifestation. This makes appropriate multidisciplinary 
care and engagement an important aspect of early management as 
well as patient education and systematic investigation. 


Raynaud phenomenon. The Raynaud phenomenon occurs in >95% 
of patients with SSc, is usually present at diagnosis and may be the 
only presenting feature (see section on history also). Tests such as 
autoantibody profile and nail fold capillaroscopic examination are 
very helpful in making an early diagnosis and in identifying cases 
of isolated Raynaud phenomenon that are at risk of progression to 
CTD [239,240]. Such patients are more likely to have an SSc pattern 
on nail fold capillaroscopy, sclerodactyly and scleroderma-specific 
antibodies (ACA, ATA, ARA) [230]. The typical capillaroscopic find- 
ings of capillary dilatation, haemorrhages and focal capillary loss 
(Figure 54.4) can be assessed more easily and with comparable accu- 
racy with a dermatoscope [241,242]. If there is uncertainty with this 
method, videocapillaroscopy should be performed [243]. Recently, 
very early diagnosis criteria for SSc (VEDOSS) have been proposed 
and these appear to predict progression to definite SSc in more than 
50% of cases [244]. This is important for risk stratification in patients 
with Raynaud phenomenon and confirms that the absence of ANA 
is a strong protective factor identifying patients at very low risk of 
developing SSc over a 5-year period. Conversely, the presence of 
one or two VEDOSS criteria, namely ANA positivity, puffy fingers, 
SSc-specific autoantibodies and abnormal nail fold capillaroscopy, 
in patients with Raynaud phenomenon confers a progressively 
higher risk of fulfilling classification criteria for SSc over time [244]. 
The highest risk of progression at 5 years was in those Raynaud 
cases with SSc-specific autoantibodies and puffy fingers at baseline. 
Time from onset of Raynaud phenomenon to the first non-Raynaud 
symptom in SSc is associated with severity of disease, short intervals 
being more likely in severe diffuse disease [245]. 


Cutaneous manifestations. 
Skin thickening. The earliest cutaneous manifestations are non- 
pitting oedema and puffiness, which tend to be seen first in the 
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Figure 54.4 (a) Normal nail fold capillaroscopy. (b-e) Typical capillaroscopic findings in 
systemic sclerosis (SSc): changes seen with disease progression. (b) Isolated dilated loops 
in early disease. (c) Tortuous loops and reducing capillary density in active disease. 

(d) ‘Megacapillaries’ and progressive drop-out in active SSc. (e) Few remaining dilated 
loops, but extensive avascularity in late-stage SSc. 


fingers, hands and face. Rapid progression can then occur, usually 
over 6-12 months particularly in diffuse disease. The skin becomes 
taught, indurated, thickened and then fixed to deeper structures 
on the fingers resulting in sclerodactyly with distal tapering. The 
extension of these changes proximally to the metacarpophalangeal 
joints is critical to the diagnosis of SSc. Skin sclerosis leads to pro- 
gressive loss of skin appendages, reduced hair growth, reduced 
sweating and joint contractures. Mask-like facies develop as the 
facial skin becomes waxy and wrinkles are diminished. Nasal 
and lip thinning, radial furrowing of perioral skin, reduced oral 
aperture and sclerosis of the frenulum may be present. This fibrotic 
phase may last from 1 to 4 years or longer, and this varies between 
patients and according to serum autoantibodies. Ultimately, the 
skin may soften and becomes atrophic, although in rare cases a 
recurrence of skin thickening may occur. Patients with the most 
extensive, severe skin thickening in early disease, for example 
RNAP+ patients, show greater subsequent improvement at 1 and 
5 years than ATA+, anti-U3RNP+ and ACA+ patients [17]. Rapidly 
progressive skin thickening is predictive of internal organ involve- 
ment and mortality [246]. In early diffuse disease, changes in skin 
thickness scores parallel changes in global disease severity [247] 
and the extent of skin sclerosis is used as a surrogate for disease 
activity, disease severity and mortality in SSc [248,249]. It can be 
measured, most commonly employing an MRSS. By this method 
the degree of skin sclerosis is scored from 0 to 3 by manual pal- 
pation at 17 different body sites giving a maximum score of 51 
(Table 54.7) [250]. This method has been validated and shown to 
correlate with skin biopsy thickness, overall disease severity and 
long-term outcome [248,251]. A number of other methods have 
been described to monitor skin thickness. These include durometry 
[252,253], 20 MHz ultrasonography [254,255] and, more recently, 
optical coherence tomography. The latter has shown a reduction in 
optical density of the papillary dermis that parallels the increase in 
dermal fibrosis and MRSS scores [256,257]. A self-assessment skin 
severity score has recently been described (PASTUL) and is cur- 
rently being further validated [258] and integrated with the robust 
SSc skin PRO that measures patient-reported impact of skin disease 
[259]. These approaches may underpin future clinical assessment 
to focus on meaningful changes in skin involvement in clinical 
practice or trials. 


Pruritus. Itch is present in 40-60% of SSc cases. It preferentially 
involves the forearms, scalp and back, but can be generalised. It is 
associated with xerosis, but thought to be primarily neuropathic in 
nature [260]. It correlates with the extent of skin sclerosis, MRSS 
and gastrointestinal symptoms [234]. Interestingly, raised levels of 
IL-31, a recognised pruritogen, now also implicated in fibrosis, have 
been found in plasma and fibrotic skin and lung in SSc patients 
[170]. Although it generally improves over time, itch may be one 
of the most disabling symptoms of SSc, affecting sleep, overall 
functioning and quality of life [234,260-262]. 


Telangiectasia. These may be mat-like or square-shaped and may 
be large. Telangiectases are most frequently seen on the hands, 
face and upper trunk, but may also occur on the lower limbs. 
Histopathology of established telangiectases in patients with LcSSc 
has shown dilated postcapillary venules located in the papillary and 


Table 54.7 The modified Rodnan skin score (MRSS) is used to assess the degree of skin 
sclerosis in a standardised and reproducible manner [248,250]. 


Site Maximum score 


Face 3 
Anterior chest 3 
Abdomen 3 


Subtotal: 9 


Upper arm 
Forearm 
Hand 
Fingers 
Thigh 

Leg 

Foot 


Subtotal: 21 21 
Maximum score: 51 


The scoring of each skin region is determined by skin thickness and tethering: 0 = 
normal; 1 = mild skin thickening (easily able to make skin folds between 2 fingers, fine 
wrinkles acceptable); 2 = moderate skin thickening unable to pinch the skin (difficulty 
making skin folds and no wrinkles); 3 = severe skin thickening unable to move the skin 
(which is fixed to deeper tissues) (inability to make skin folds between two fingers). This 
modified score omits assessment of the neck and back. If these areas are included the 
maximum score increases to 57. 


superficial reticular dermis [263]. They may be a marker for more 
widespread microvascular disease in SSc and have been associated 
with more severe nail fold videocapillaroscopy changes and higher 
rates of digital ulcers, RP and PAH [264,265]. 


Dyspigmentation. A variety of patterns of dyspigmentation are 
seen in SSc. Diffuse hyperpigmentation with or without accentua- 
tion at sun-exposed sites, and ‘salt and pepper’ vitiligo-like focal 
depigmentation occurring over the upper chest and back, on the face 
at the anterior hairline, at acral sites or in a more generalised distri- 
bution are the commonest pigmentary changes seen (Figure 54.1),1). 
Dyspigmentation occurs in 37% of SSc cases but is more likely in 
dcSSc than IcSSc. Diffuse hyperpigmentation in particular has been 
associated with the presence of digital ulcers [266]. 


Digital ulcers. Digital ulcers occur in up to 50% of patients with 
SSc, are associated with nail fold capillary abnormalities, and occur 
earlier and more frequently in patients with dcSSc and pulmonary 
disease [232,267]. They occur as complications of ischaemic vascu- 
lopathy and/or trauma. Ulcers develop on the hands and feet, on 
the tips of fingers and toes, over extensor surfaces and bony promi- 
nences, and in association with calcinosis. They are frequently 
complicated by infection and occasionally gangrene. Gangrene 
occurs in about 9% of SSc patients and is more likely in patients 
with a past or current history of digital ulcers and diffuse disease 
[268]. Digital ulcers significantly impact on quality of life because 
of pain, functional impairment and delayed healing. Removal of 
necrotic tissue, treatment of infection and maintenance of the correct 
moisture balance with appropriate dressings are key in promoting 
ulcer healing [269]. Clinical tools to stratify risk of developing 
digital ulcers in SSc may allow earlier institution of prophylactic 
vasoactive therapies [270,271]. 


Calcinosis. Calcinosis is because of the deposition of hydroxya- 
patite crystals in the dermis and subcutis. It is determined by 
physical examination, imaging techniques or a clear history of 
extruded calcium. It occurs in 25-38% of SSc cases, most often on 
the hands and particularly the thumbs, causing impaired hand 
function and pain. It is more common in patients with longer dis- 
ease duration, ACA positivity, digital ischaemia, digital ulcers and 
acro-osteolysis [272,273]. The cause is uncertain but abnormalities 
in mineralisation pathways involving inorganic pyrophosphate, 
in genes involved in regulation of ectopic calcification and in 
poly(ADP-ribose) polymerase (PARP) enzymes are currently under 
investigation [274]. 


Gastrointestinal manifestations. A majority of SSc patients will 
develop gastrointestinal manifestations that occur predominantly 
as a consequence of reduced or abnormal motility. This has been 
attributed to a combination of myopathic and neuropathic changes 
[275], but changes to the gut microbiome may also play a role 
[203,276]. At the level of the oesophagus this occurs in >90% of SSc 
patients leading to dysphagia and symptoms of gastro-oesophageal 
reflux disease. Lower gastrointestinal manifestations tend to occur 
more commonly and more severely in patients with limited SSc. In 
the stomach, impaired acid secretion, mucosal atrophy and reduced 
gastric emptying result. When the small bowel is involved, bacterial 
overgrowth and atonic dilatation result in bloating, malabsorp- 
tion, malodorous diarrhoea, and episodes of pseudo-obstruction. 
Involvement of the sigmoid colon and rectum cause constipation 
and overflow incontinence [277]. Using a validated patient reported 
outcome measure, the SCTC-UCLA GIT2.0, it has recently been 
shown that over half of patients with SSc have a moderate or severe 
gastrointestinal burden despite best current treatment and this 
represents a major unmet medical need [278,279]. 


Cardiac and pulmonary vascular manifestations. Cardiopulmo- 
nary manifestations vary according to disease subsets as previously 
described. They include ILD, pulmonary fibrosis, PAH — either iso- 
lated or in the context of pulmonary fibrosis — and cardiac myositis 
and interstitial fibrosis, which lead to cardiomyopathy and cardiac 
arrhythmias. Interstitial lung disease and PAH are currently the 
most common causes of disease-related death in SSc [280-283]. 
The symptoms are largely overlapping and comprise dry cough, 
breathlessness, palpitations, syncope and peripheral oedema. They 
require baseline and regular repeat assessments in order to ensure 
early optimisation of treatment. The gold standard for the diagnosis 
of PAH is right heart catheterisation showing a mean pulmonary 
pressure of at least 25 mmHg at rest with a pulmonary capillary 
wedge pressure of less than 15 mmHg. This is an invasive test and 
the DETECT study developed an evidence-based detection algo- 
rithm for PAH in SSc patients that would minimise the number of 
missed PAH diagnoses while optimising the use of diagnostic right 
heart catheterisation [284]. In a two-step process, combined assess- 
ments of per cent predicted forced vital capacity (FVC)/diffusing 
capacity for carbon monoxide (DLCO), past or present telangiec- 
tasias, ACA positivity, N-terminal probrain natriuretic peptide and 
urate levels, and right axis deviation on electrocardiogram lead 
to a score. If over a threshold level (>300), an echocardiogram is 
indicated and measurements of tricuspid valve regurgitant velocity 
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and right atrial area then determine the need for cardiac catheter- 
isation to establish whether or not there is PAH [284]. Although 
all of the current routine treatments for PAH are approved based 
upon mPAP of at least 25 mmHg the most recent World Symposium 
for Pulmonary Hypertension has proposed lowering the mPAP to 
above 20 mmHg. This may broaden the use of treatment and permit 
intervention at an earlier stage of disease but impact on long-term 
outcome remains to be determined [285]. 


Pulmonary manifestations. Although commoner in dcSSc, pul- 
monary fibrosis occurs in all types of SSc and has emerged as one 
of the most lethal complications [281]. Of SSc-patients, 50-65% 
have or will develop ILD during the course of their disease, most 
within 5 years, and in the most severe cases within 3 years [286,287]. 
Changes in pulmonary function tests (PFT: including FVC, total 
lung capacity, DLCO) are a marker of disease severity, but normal 
values do not rule out early SSc-ILD. It is now recommended that 
both PFT and high-resolution computed tomography scan (HRCT) 
should be performed for initial screening and diagnosis. SSc-ILD 
may be classified into subclinical ILD with no ILD specific symp- 
toms, minimal changes on HRCT and normal PFT; and clinical 
ILD in those who are symptomatic, have decrements in PFT and/or 
moderate to extensive disease on HRCT. Risk factors for progression 
include male sex, Afro-Caribbean ethnicity, being ATA+, ACA-, 
having progressive diffuse cutaneous disease and raised inflamma- 
tory markers (CRP) [281,288]. Biomarkers for diagnosis, severity 
and ILD progression are being identified [289]. There have been 
considerable advances in diagnosis [290] and treatments that limit 
the decline in lung function are now available [291,292] (see section 
on management). This has resulted in a paradigm shift in approach 
to management, such that early treatment is recommended in 
patients with subclinical ILD at high risk of progression [292]. 


Renal manifestations. A core set of items that characterise SRC 
has recently been defined and includes blood pressure, acute kid- 
ney injury, microangiopathic haemolytic anaemia, target organ 
dysfunction and renal histopathology [293]. It is still an important 
complication of SSc occurring in 5-15% of patients, usually within 
the first 5 years [191,294]. Headaches, fever, malaise, hyperten- 
sion with associated retinopathy and encephalopathy, pulmonary 
oedema and acute renal failure may develop suddenly. RNA poly- 
merase III antibodies are present in 59% of patients and confer 
increased susceptibility. Additional genetic susceptibility in this 
population of high-risk SSc is also being defined [295]. SRC is rare 
in patients with anticentromere antibodies. It may be commoner in 
black SSc cases, in whom it has been associated with anti-Ro anti- 
body positivity rather than RNAP [296]. Most patients have diffuse 
or rapidly progressive disease. Treatment with oral corticosteroids 
at doses >10-15 mg/day may increase the risk of developing SRC. 
Early, aggressive treatment with angiotensin-converting enzyme 
(ACE) inhibitors in patients with accelerated hypertension in the 
early stages of SRC has improved the prognosis, such that SRC 
is no longer the leading cause of death in SSc. Nevertheless, 40% 
require dialysis ‘short term’ for up to 3 years, 40% require long-term 
dialysis and the 5-year survival is 60-70% [294,297]. In addition, it 
is now recognised that chronic kidney disease is also frequent in SSc 
and new markers of the process, such as increased urinary levels of 


MCP!1 and ICAM1, that may permit more accurate detection and 
allow better future management, are being evaluated [298]. 


Musculoskeletal manifestations. Tendon friction rubs — a feeling 
of ‘coarse cracking and crepitus’ over the finger flexors and exten- 
sors, wrists, elbows, knees and ankle joints — occur in approximately 
10% of patients at presentation. They have been variably attributed 
to thickening of the tendon retinacula [299] and to deep connec- 
tive tissue infiltrates surrounding the tendons [300]. Their presence 
in early SSc has been associated with diffuse disease and reduced 
5- and 10-year survival [301]. They are a marker of active disease 
and increased risk of systemic organ complications [302,303]. 

Muscle weakness is a common symptom occurring in some 90% 
of cases. Two patterns of muscle involvement are recognised: a 
low-grade myopathy with mild weakness, minimal creatine kinase 
elevation, minimal electromyographic findings and mild fibrotic 
changes on histology; and a less common inflammatory myositis, 
usually in the context of an overlap syndrome and anti-PM-Scl pos- 
itivity [304]. A Canadian study of >1000 patients found abnormal 
creatine kinase levels in 5.6% of cases, and a history of myosi- 
tis/myopathy in 10% [305]. Muscle involvement was associated 
with male sex, early diffuse disease, ATA or RNAP positivity, ILD 
and reduced survival. 


Clinical variants 

Although all cases can be classified into limited or diffuse subsets 
based on the extent of skin involvement, SSc is a much more hetero- 
geneous disease. Combining the extent of skin sclerosis with autoan- 
tibody and gene expression profiles is allowing improved risk 
stratification and appreciation of further distinct clinical subsets 
of the disease (see section on classification). It is likely that clinical 
variants will be defined more precisely as molecular and genetic 
technologies improve. It is important to identify patients with SSc 
overlap (see Associated diseases earlier) because the overlap mani- 
festations need to be treated in the context of SSc. For example, it is 
often important to minimise glucocorticoid exposure as it may be 
associated with risk of SRC. Also, the overlap features may be more 
significant for the patient than the features of SSc, and so must be 
treated effectively and optimally. Roughly 2-8% of SSc cases present 
with internal organ involvement in the absence of skin sclerosis 
and have been termed SSc sine-scleroderma (ssSSc) [9-11]. Half 
of these cases go on to develop sclerotic skin over the following 
2 years in an lcSSc distribution [12]. Some authors include patients 
with non-sclerotic skin manifestations of SSc such as calcinosis, 
telangiectasia, digital ulcers as a subset of ssSSc, others reserve 
the term for patients with no skin signs of SSc whatsoever [306]. 
Demographic characteristics are similar to those of lcSSc cases, but 
autoantibody profiles vary, and include ACA and ATA in equal 
measure in some studies [306]. Raynaud phenomenon, abnormal 
nail fold capillaries, gastrointestinal disease, pulmonary fibrosis, 
PAH and SSc cardiac disease are frequent but SRC, myositis and 
SSc overlap disease seem less common in ssSSc [11,12,307]. 


Differential diagnosis 

Establishing a secure diagnosis of SSc depends upon excluding sev- 
eral related, scleroderma-like conditions, as well as appreciating the 
associations with other autoimmune rheumatic diseases, or causes 


of clinical conditions that can be a part of SSc but can also occur in 
other contexts (Box 54.1). 


Box 54.1 Scleroderma spectrum disorders 


¢ Inflammatory /autoimmune 
e Systemic sclerosis 
e Morphoea (limited, generalised, pansclerotic, linear and mixed 
types) 
e Eosinophilic fasciitis 
e Lichen sclerosus et atrophicus 
e Paraneoplastic scleroderma 
e Sclerodermoid chronic graft-versus-host disease 
¢ Scleromucinoses 
e Scleroedema (post infectious, diabetic, paraproteinaemia/ 
haematological malignancy associated) 
° Scleromyxoedema 
e Chemically induced /toxic 
° Nephrogenic systemic fibrosis 
° Toxic oil syndrome 
e Eosinophilia—myalgia syndrome 
¢ Metabolic and endocrine 
° Porphyria cutanea tarda 
° Myxoedema 
° Carcinoid syndrome 
e Amyloidosis 
¢ Sclerodermoid genodermatoses 
e Acrogeria, progeria, Werner disease 
° Stiff skin syndrome 
e Acrodermatitis chronica atrophicans (borrelia infection) 


Isolated or primary Raynaud phenomenon is very common and 
is associated with normal nail fold capillaroscopy and negative 
ANA testing [228,308]. This is the most frequent type of Raynaud 
phenomenon and occurs in up to 10% of otherwise healthy women, 
although less commonly in men [309]. Typically, there is a family 
history and onset of vasospastic symptoms in the teenage years or as 
a young adult. It is not associated with major complications, trophic 
changes or digital ulcer disease. Causes of secondary Raynaud 
phenomenon should be excluded (Table 54.8). 

The other major subgroup is morphoea. Localised forms of sclero- 
derma including plaque, nodular and linear morphoea can coexist 
in patients with established SSc but are not generally a source of 
diagnostic difficulty [310,311]. Nodular lesions tend to be seen more 
frequently in diffuse disease, with plaque and linear lesions appear- 
ing more often in limited SSc (personal observation). The most 
likely form of morphoea to be confused with SSc is the pansclerotic 
subtype of morphoea. Typically, in this variant, rapidly progressive 
circumferential involvement of the trunk and limbs occurs [312]. 
Absence of Raynaud phenomenon or any internal organ fibrosis, 
and relative sparing of the hands and fingers are a clue, but in the 
early stages it may resemble some cases of diffuse SSc. A positive 
ANA is seen in a proportion, but SSc-specific autoantibodies such 
as ACA, ATA, ARA are rarely present (Chapter 55). Nail fold 
capillaroscopy is usually normal, which provides a robust inves- 
tigational test to discriminate cases. Cases of fasciitis, especially 
eosinophilic fasciitis, often present with swelling and limitation 


Table 54.8 Causes of Raynaud phenomenon. 


Type Causes and clinical features 


Primary Raynaud Familial, onset in adolescence/early adulthood 


phenomenon Absence of trophic changes or digital ulceration 
Normal capillaroscopy/dermoscopy 
Negative autoantibodies 
Secondary Raynaud 
phenomenon 


CTD-associated SSc, SLE, APL, Sj6gren syndrome, DM, overlap or mixed 
CTD, undifferentiated CTD, systemic vasculitis, 
eosinophilic fasciitis, morphoea 


Obstructive arterial Atherosclerosis, thromboembolism, Buerger disease, 


disease thoracic outflow obstruction 
Hyperviscosity Cryoglobulins, cold agglutinins, paraproteinaemia, 
thrombocytosis 
Mechanical Vibration white finger, thoracic outflow obstruction 


Drugs and toxins Beta-blockers, ergotamines, oral contraceptives, 
bleomycin, vinblastine and inadvertent intraarterial 
injection of many drugs 

Carpal tunnel syndrome, reflex sympathetic dystrophy, 


hemiplegia, multiple sclerosis, syringomyelia 


Neurological disease 


APL, antiphospholipid syndrome; CTD, connective tissue disease; DM, dermatomyositis; 
SLE, systemic lupus erythematosus; SSc, systemic sclerosis. 


of movement of the extremities [313]. Usually sparing the face 
and initially more severe in the lower limbs, the condition later 
spreads to the upper limbs and trunk and can be incapacitating. 
The woody induration classically spares the hands and feet, and the 
skin overlying vessels shows typical guttering or the ‘groove sign’. 
Internal organ manifestations are rare but can be present when there 
is marked and persistent eosinophilia. Eosinophilic myocarditis is 
a particular concern in such cases but is rare. There is significant 
overlap between eosinophilic fasciitis and pansclerotic morphoea 
in adults. The latter may involve deeper tissues including fascia, 
cause similar ‘guttering’ and start on distal extremities rather than 
the trunk (personal observation). In addition, some 30-40% of cases 
of fasciitis later develop features of morphoea at other body sites 
[314-316], emphasising that they are likely a spectrum of disease. 
Widespread skin thickening may also occur as a paraneoplastic 
phenomenon and phenotypically may resemble either pansclerotic 
morphoea or systemic sclerosis. 

Other important scleroderma-like diseases to be considered 
include scleromyxoedema, scleroedema, nephrogenic systemic 
fibrosis, and pretibial and generalised myxoedema. The clinical 
pattern of skin changes, absence of Raynaud phenomenon and 
of SSc-specific ANA help discriminate these conditions from SSc 
(Table 54.9), but in practice a diagnostic skin biopsy, preferably a 
deep incisional ellipse, may be required. The presence of leonine 
facies and waxy papules, giving the skin a cobblestone appearance, 
help to distinguish scleromyxoedema from scleroedema and SSc. 
However, some patients with scleromyxoedema have a scleroder- 
miform appearance without papules, and in such cases the more 
superficial dermal changes and preservation of skin appendages 
on histology and the presence of a paraprotein may aid diagnosis. 
Scleroedema occurs in children and adults and typically affects 
the upper back, neck and face. The skin induration is non-pitting 
and hard and there is no sharp demarcation between normal 
and affected skin. Diabetes (typically longstanding and insulin 
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Table 54.9 Comparative features of generalised morphoea, eosinophilic fasciitis, scleroedema, scleromyxoedema and nephrogenic systemic fibrosis. 


Feature 


Hypercellular dermis 
(CD34+ fibrocytes) 

Mucin 

Depth of skin 
involvement 

Inflammation 


Typical site and clinical 
features 


ANAY eosinophilia 
SSc specific ANA 
Other associations 


Pansclerotic morphoea 


No 


+ 

Into subcutis fascia and 
muscle 

Perivascular lymphocytic 


with plasma cells in 75% 


and some histiocytes 


prominent early in disease 


course 


Truncal, proximal limbs, can 


be generalised; spares 
fingers, toes and 
periareolar skin 
ANA+/- eosinophilia +/— 
Rare 
Raynaud phenomenon 
usually absent, normal 
nail fold capillaries 


Eosinophilic fasciitis 
No 


No 
Fat and deep fascia 


Yes + eosinophils 


Extremities (lower limbs 
especially) but can be 
generalised; spares fingers 


and toes; typical ‘groove sign’ 


ANA+/- eosinophilia + 

Very rare 

Polyclonal 
hypergammaglobulinaemia, 
morphoea plaques, immune 
cytopenias, haematological 


malignancy 


ANA, antinuclear antibody; Ig, immunoglobulin; SSc, systemic sclerosis. 


dependent), recent infection (particularly streptococcal) and IgG-« 
paraproteinaemia are associated. Both scleroedema and scleromyx- 
oedema may be associated with plasma cell dyscrasias, and less 
commonly with multiple myeloma. Nephrogenic systemic fibrosis 
involves the extremities and rarely the face. Normal renal func- 
tion and absence of exposure to less stable linear gadolinium-based 
contrast media exclude the condition, which is now rarely seen. Nor- 
mal thyroid function and absent thyroid autoantibodies exclude 
both generalised and pretibial myxoedema. Associated clinical 
features and age at presentation should help identify the genoder- 
matoses. Stiff skin syndrome is a rare, scleroderma-like disorder 
with autosomal dominant inheritance that presents in infancy or 
early childhood with rock-hard skin, limited joint mobility and 
mild hypertrichosis. Normally, it occurs in the absence of visceral 
or muscle involvement. Patients do not present immunological 
abnormalities or vascular hyperactivity. It is caused by a mutation 
in the gene for fibrillin-1, which regulates activation of TGF-f. There 
is a resultant increased collagen microfibril deposition, impaired 
elastogenesis and increased dermal TGF-f expression [317,318]. 

A more challenging group of patients are those that demonstrate 
one of the major internal organ manifestations of SSc but little 
in the way of other SSc features. Thus, cases of PAH, idiopathic 
lung fibrosis, primary biliary cirrhosis or severe hypertensive renal 
failure (such as those presenting with features of thrombotic throm- 
bocytopenic purpura) may also have some laboratory and/or 
clinical features of SSc. Operationally, the 2013 classification criteria 
for SSc [13] may be used to help to differentiate these cases as 
confirmed or definite SSc, but there are always cases that might be 
considered a form fruste of SSc. This is only of major relevance if 
there are other clinical features that require treatment but generally 
in these situations the predominant organ-based manifestation 
takes precedence for management. 


Nephrogenic systemic 


Scleroedema Scleromyxoedema fibrosis 
No Yes Yes 
++ +444 +4/4+4++ 


Into subcutis (fat To mid-reticular dermis 
replaced by collagen) 


No Perivascular upper dermis 


Into panniculus 
(thickened septae) 
No/less obvious 


Extremities, lower trunk 
(brawny induration, 
burning sensation) 


Face, neck, hands and 
forearms (waxy papules, 
leonine facies); normal 


Back, sides of neck, 
face; can be 
generalised; spares 


hands and feet hair growth 

No ANA+/— No 

No No No 

Diabetes, infection Paraprotein IgG-A Renal failure, exposure 
(especially to linear non-ionic 


streptococcal), 
paraprotein, IgG-K«, 
IgA, myeloma 


forms of gadolinium 


Classification of severity 

The considerable case-to-case heterogeneity is a challenge in SSc. 
The important differentiation between limited and diffuse cuta- 
neous disease can generally be made early and certainly within 
the first 12-18 months of disease. Combining this with subgroup- 
ing based on which of the hallmark SSc-specific autoantibodies is 
present provides an ‘outcome-based’ classification (summarised in 
Table 54.4) that has become an important operational aspect of SSc 
care [17]. The major associations for SSc hallmark ANA patterns are 
summarised in Table 54.3. These findings have been replicated in 
a number of different geographical and ethnic groups [26]. While 
a number of severity scoring systems have been proposed in SSc 
[319,320], in general, cases associated with diffuse disease or a 
specific complication such as PAH or lung fibrosis can be regarded 
as more severe [75,321,322]. 

An important assessment of severity in all SSc cases is early 
systematic screening for internal organ disease. This can be proto- 
coled and is important as it permits earlier intervention and greater 
vigilance for future progression in high-risk cases [323-325]. All 
patients should have these standard tests within the first 12 months 
of diagnosis and every 1-2 years in follow up independently of 
subset (see Investigations later). 

Skin scores can be helpful in predicting severity since those 
patients with the highest MRSS at baseline, even if their skin scores 
improve, have a worse overall outcome [326]. A weighted 10-point 
index which includes skin manifestations (patient assessed skin 
worsening, MRSS, digital ulcers) has been developed and validated 
to identify patients with active disease [302]. There are now emerg- 
ing risk scores for other organ-based features that are likely to be 
useful in clinical practice [324,327,328]. Thus, cases at increased risk 
of major lung complications may be predicted using a weighted 
score. There are specific tools now developed and validated for 


lung fibrosis based upon spirometry and extent of disease on high- 
resolution computed tomography scan [329,330], and also the com- 
posite DETECT tool to assess the risk of PAH in selected at risk 
cases of SSc (see Cardiopulmonary manifestations earlier) [284,331]. 


Complications and co-morbidities 

Systemic sclerosis is a prototypic multisystem disease and com- 
monly affects many internal organs. Almost all patients will have 
associated gastrointestinal tract manifestations such as gastro- 
oesophageal reflux. A proportion will develop more severe gas- 
trointestinal tract involvement and others pulmonary fibrosis, PAH, 
cardiac disease or SRC. Digital vascular disease is almost universal 
and, in addition to Raynaud phenomenon, structural vascular 
damage is associated with ischaemia and digital ulceration. This 
occurs in up to half of SSc cases in the course of their disease and is a 
major clinical problem. Inflammatory muscle involvement together 
with contractural changes in the skin and tendons causes major 
functional limitations. Myositis, arthritis and the typical cutaneous 
features of lupus erythematosus or dermatomyositis may occur 
in cases of SSc overlap. Common co-morbidities include thyroid 
and other organ-based autoimmune disease. There are also some 
associated medical conditions such as primary biliary cirrhosis 
that occur more commonly in SSc than in the general population, 
although they are not regarded as a part of the SSc disease (see Asso- 
ciated diseases earlier). In addition, common conditions such as 
macrovascular or coronary atherosclerosis are important especially 
in the context of the age and treatment profile of patients with SSc. 


Disease course and prognosis 

As might be predicted based upon the diverse patterns and severity 
of SSc, there is a large variation in disease course and prognosis. 
Overall, standardised mortality ratios of 2.72-4.06 are reported 
[281,322,332]. The average life expectancy of patients with SSc 
is 16-34 years less than age- and sex-matched population peers 
[333,334]. The case-specific mortality is high, with up to half of cases 
diagnosed with SSc ultimately dying from the disease. Between 
2000 and 2011, 9.6% of 11193 SSc cases in the EUSTAR database 
died. Mean age at time of death was 63.6 + 13.4 years and mean 
disease duration was 12.3 + 12.4 years. Death was considered 
SSc-related in 57.6%. The main causes of death were ILD (16.8%), 
PAH (14.7%), cancer (13.1%), primary heart disease (mainly heart 
failure and arrhythmias) (12.0%) and infection (9.1%). Males and 
patients <60 years of age had a fourfold and tenfold higher mortal- 
ity from respiratory disease respectively. SSc cases were five times 
more likely to die from infection than the general population [75]. 
Established prognostic factors including male sex, older age, dcSSc, 
lung and cardiac involvement (including PH and ILD), kidney 
involvement, and inflammation are now included in the SCOpE 
score, a robust mortality score to estimate 3-year survival and risk 
stratify patients [75]. 

There have been improvements in outcome over the past two 
decades [323,335]. This reflects better education and awareness of 
the condition and early systematic assessment of complications 
that may be more treatable in milder forms than when advanced 
[323,326]. There has been a major improvement since the 1980s 
in survival from SRC associated directly with the use of ACE 
inhibitors [394]. Better treatment of PAH and lung fibrosis is 


emerging and there is more robust support for organ-based disease 
that has certainly also improved survival [292,336,337]. The result 
of improved survival is that the non-lethal burden of SSc becomes 
much more important and this appropriately is becoming more of a 
priority for SSc care. 


Investigations 

Investigation of SSc is important in diagnosis and also in the classi- 
fication and clinical stratification of cases. The tests needed depend 
upon the stage and subset of the disease. There should be a system- 
atic approach to assess risk and/or confirm diagnosis of specific 
complications such as pulmonary hypertension. Once a significant 
organ-based complication or co-morbidity has been identified this 
will require detailed specific assessment that goes beyond the scope 
of this textbook although the key tests and evaluations that are 
needed are summarised below. 


Diagnosis 
This requires careful clinical assessment as outlined above. The most 
important generic tests are ANA reactivity, nail fold capillaroscopy 
and investigations to exclude or confirm other autoimmune 
rheumatic diseases. Recent efforts to diagnose SSc earlier in the 
course of disease, before significant internal organ damage, have led 
to the development of criteria for the very early diagnosis of sys- 
temic sclerosis (VEDOSS). These are the presence of Raynaud 
phenomenon, puffy fingers and ANA positivity, abnormal nail fold 
capillaroscopy with an SSc pattern and SSc-specific autoantibodies. 
The VEDOSS study has demonstrated a positive predictive value 
of 88.5% for a diagnosis of SSc, when Raynaud phenomenon is 
present with ANA positivity and puffy fingers [230,338]. This 
positive predictive value increases further to 94.1% if SSc-specific 
autoantibodies are present [244] (see Raynaud phenomenon earlier). 
An overwhelming majority of SSc patients have either detectable 
ANA or Raynaud phenomenon (99.8% in the European League 
Against Rheumatism (EULAR) Scleroderma Trials and Research 
Group (EUSTAR) database) [339]. Diagnosis of the Raynaud phe- 
nomenon is usually based on history, but thermography if available 
can be an extremely useful confirmatory tool when there is doubt 
(Figure 54.5). In their absence, alternative causes of skin sclerosis 
and the possibility of a paraneoplastic cause should be considered. 
In addition, there should be routine assessment of biochemical 
and haematological laboratory tests and assessment for typical 
organ-based complications (including a baseline assessment of 
cardiac status by electrocardiogram and echocardiography, and of 
the lungs by chest radiograph and lung function test) are essential. 
Any abnormality should lead to assessment by more sophisticated 
tests such as HRCT, which is helpful in the detection of minor basal 
or posterior changes of fibrosis; or additional cardiac tests that may 
include cardiac magnetic resonance, rhythm assessment or stress 
echocardiography. Some cases may need cardiac catheterisation 
(see Cardiopulmonary manifestations earlier). It is important to 
determine all the aspects of the disease that are related to the 2013 
EULAR ACR classification criteria (summarised in Table 54.1) as 
these provide a robust platform to manage and move forward with 
further assessment and treatment. It should be emphasised that the 
final diagnosis of SSc is clinical. Skin biopsy is not needed unless 
there are atypical features or an alternate diagnosis is considered. 
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Figure 54.5 Infrared thermograms recorded 10 min after immersion of the hands in 
water at 15°C for 1 min for (a) normal fingertip rewarming (temperature 33°C) and 

(b) fingertip rewarming in a patient with Raynaud phenomenon (temperature 21°C). 
Courtesy of Dr K Howell, Royal Free London NHS Foundation Trust. 


In particular, if deep forms of morphoea or fasciitis are in the 
differential diagnosis, then a deeper full-thickness fascial biopsy 
and MRI may be necessary. 


Assessment of organ-based disease and systematic follow-up 
investigations 

A cornerstone of the modern management of SSc is the systematic 
assessment at baseline for involvement of the major internal organs 
and then systematic or triggered further testing during long-term 
follow up. At present, annual echocardiography and lung function 
testing together with systematic symptom assessment is recom- 
mended. Other tests may be indicated by clinical developments 
such as muscle weakness, arthritis or nutritional problems. There 
are programmes being developed to improve the effectiveness of 
systematic testing for complications such as PAH, and the DETECT 
tool may help with this. Risk scores that are weighted composites 
of multifaceted investigations are being validated and may help to 
identify cases that are at particular risk to be targeted more effec- 
tively [75]. The main regular investigations for major complications 
of SSc are summarised in Tables 54.10, 54.11 and 54.12. 


Management 

The management of SSc is complex and depends upon correct 
diagnosis and appropriate investigation as outlined in previous 
sections. It is crucial to identify the burden of disease and to attempt 
to individualise risk so that investigations can be most effective, 
borderline test results can be interpreted and treatments can be 
initiated or continued for important aspects of the disease [2,340]. 
A simple algorithm summarising the broad principles of manage- 
ment of SSc is included in Figure 54.6. This emphasises that some 
aspects of treatment are generic, especially the use of vasodilators 
for the Raynaud phenomenon and antacids, especially proton pump 
inhibitors, for gastro-oesophageal reflux. 

A multitude of therapies have been trialled in SSc. Double-blind, 
randomised placebo-controlled trials (RCTs) have shown no signif- 
icant benefit in the treatment of skin or systemic manifestations of 
disease in SSc with N-acetylcysteine [341], chlorambucil [342], inter- 
feron a [343], minocycline [344] and recombinant human relaxin 
[345]. Early controversy as to the effectiveness of d-penicillamine 
in SSc [346,347], particularly in light of its unfavourable side-effect 
profile, was resolved in an RCT of high versus very low dose 
d-penicillamine which showed no difference between treatments 
or overall [348]. Its use is no longer recommended. Mild beneficial 
effect on skin scores and disease-associated symptoms, but with 
variable side effects, was found with interferon y in one small RCT 
[349] and several uncontrolled or open label studies [350-352]. In 
a trial of treatment with oral bovine type I collagen, although the 
overall findings were not significant, a subgroup analysis showed a 
reduction in MRSS and suggested possible benefit in patients with 
late-phase dSSc [353]. 

Initial findings from non-randomised, open-label or retrospective 
studies, in just under 100 patients, suggested that UVA1 photo- 
therapy may reduce skin thickness and stiffness (reviewed in 
[354]). However, a randomised investigator-blinded, controlled 
study with half-side comparison analysis in nine patients showed 
improvement overall, but no difference in acrosclerosis between the 
treated and untreated hand with low-dose UVA1 [355]. Systematic 
examination of the effect of UVA1 on diffuse skin involvement 
outside the hands in patients with early inflammatory disease is 
warranted [356]. 

A trend towards improvement in skin scores was seen with 
extracorporeal photopheresis [357,358], and a recently published 
retrospective study suggests favourable 20-year survival (86.4%) in 
SSc patients treated with extracorporeal photopheresis [359]. 

In experimental models of SSc, the tyrosine kinase inhibitors 
imatinib, nilotinib and dasatinib demonstrated strong antifibrotic 
effects [360]. Subsequent open-label studies in SSc seemed promis- 
ing, but two placebo-controlled trials showed only minimal effects 
on skin and lung fibrosis at the expense of very significant side 
effects [361-363]. Low-dose treatment in patients with pulmonary 
fibrosis unresponsive to cyclophosphamide was better tolerated 
and may remain an option in selected patient groups [361,364]. 

Ina RCT in 63 dcSSc cases, intravenous immunoglobulin at a dose 
of 400 mg/kg/day for five consecutive days significantly reduced 
skin scores when two courses of treatment were given, but not 
after a single course [365]. The benefit disappeared at the end of 
the study suggesting that, as in dermatomyositis and scleromyx- 
oedema, maintenance therapy may be required. A recent systematic 


Table 54.10 Investigation and management of non-cutaneous organ-based complications in systemic sclerosis, with levels of evidence. 


Disorder Investigation Management Evidence 
Cardiorespiratory 
Pulmonary fibrosis PFTs (FVC/ DLCO) Immunosuppression 
Cough HRCT chest Oral MMF 2-3 g/day la 
Dyspnoea Clinical features (bibasal coarse Nintedanib la 
crepitations) Rituximab* la 
Tocilizumab* la 
Consider combination therapy, e.g. 
MMF + nintedanib 
MMF + tocilizumab 
Nintedanib + tocilizumab 
Consider (see text): 
Cyclophosphamide IV or oral (6-12 months) with MMF (2-3 g/day la 
or if appropriate (see text) Azathioprine (150 mg/day) 
maintenance lla 
Palpitations Prednisolone 10 mg daily lla 
Syncope Rigorous antireflux therapy: PPI, H,-antagonist, prokinetic IV 
Other interventions: 
Oxygen — intermittent or long-term low flow 
Identification and treatment of pulmonary hypertension if present 
PAH PFTs (FVC/DLCO) Treatment escalated according to WHO FC stage I-IV 
Cough ECG Endothelin receptor blockers: 
Dyspnoea ACA, troponin T, urate Ambrisentan, bosentan, macitentan la 
Palpitations 6 min walk test PDES inhibitors: sildenafil, tadalafil la 
Syncope Doppler echocardiogram (right Initial combination therapy recommended la 
atrial area, TR) 
24h BP Guanylate cyclase stimulator: riociguat la [417] 
Right heart catheterisation Prostacyclin analogues: epoprostenol (continuous) IV, iloprost la 
inhaled or IV, treprostinil oral/SC/V 
Cardiac dysfunction Troponin T Background therapy: All are 
Dyspnoea ECG Diastolic dysfunction — diuretics category Ill 
Palpitations 24h tape and BP Systolic dysfunction — ACEi + carvedilol + selective B-blocker 
Syncope ECG Immunosuppression (if raised troponin T) 
Hypotension Cardiac MRI Cyclophosphamide oral or IV 
Chest pain Left heart catheter (if LVEF Oral MMF (2 g/day) or azathioprine (150 mg/day) (if TPMT normal) 
(pericarditic) <50%) 
ECG abnormality Endomyocardial biopsy Prednisolone 10 mg daily 
Pacemaker/implantable defibrillator (if significant arrhythmia) 
Gastrointestinal 
Reflux/dysphagia Oesophageal scintigra- PPI: omeprazole, lansoprazole lla 
phy/fluoroscopy/manometry 
Endoscopy H,-receptor blocker (famotidine 20-40 mg daily) | 
Prokinetics (short courses of domperidone/metoclopramide) | 
Diarrhoea/constipation Barium follow Loperamide, opiates | 
through/MR\I/motility 
studies 
Colonoscopy Laxatives — non-stimulant | 
Bloating, flatulence, Hydrogen breath test Rotating antibiotics/probiotics | 
nausea (SIBO) 
Faecal incontinence Colonoscopy, rectal Bulking agents | 
manometry, anal 
ultrasound/MRI 
Biofeedback therapy | 
Sacral nerve stimulation | 
Weight loss Nutritional support: IV 


Upper and lower 
gastrointestinal 


Oral supplements 

Naso-jejunal feeding/PEJ feeding 
Parenteral nutrition 

High dose IVIg (2 g/kg/month) 


(continued) 
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Table 54.10 (continued) 


Disorder Investigation Management Evidence 
Renal 
Hypertensive renal Review risk factors Prompt initiation of ACEi IIb [191,418] 
crisis Close monitoring of BP 
U&E, eGFR Additional antihypertensives (ARB, CCB, a-blocker) Il 
Proteinuria ACEI, iloprost lll 


Renal ultrasound 


AVOID HIGH-DOSE STEROIDS 


(can precipitate SRC) 


@ Not currently commissioned for this indication in England. 

Grading of evidence: 

a: systematic review or meta-analysis of randomised controlled trials; 

b: at least one randomised controlled trial; 

la: at least one well-designed controlled study without randomisation; 

Ib: at least one well-designed quasi-experimental study, such as a cohort study; 


ll: well-designed non-experimental descriptive studies, such as comparative studies, correlation studies and case-control studies and case series; 

\V; expert committee reports or opinions or clinical experience of respected authorities, or both. 

ACA, anticentromere antibody; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; b.d., twice daily; BP, blood pressure; CCB, calcium channel blocker; 
DLCO, diffusing capacity for carbon monoxide; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; FVC, forced vital capacity; HRCT, high-resolution computed 


tomography scan; IV, intravenous; IVIg, intravenous immunoglobulin; LVEF, left ventricular ejection fraction; MMF, mycophenolate mofetil; MRI, magnetic resonance imaging; PAH, 
pulmonary arterial hypertension; PDES, phosphodiesterase type 5; PEJ, percutaneous endoscopic jejunostomy; PFT, pulmonary function test; PPI, proton pump inhibitor; SC, 
subcutaneous; SIBO, small intestinal bacterial overgrowth; SRC, scleroderma renal crisis; TPMT, thiopurine methyl transferase; TR, tricuspid regurgitation; U&E, urea and electrolytes; 


WHO FC, World Health Organisation functional capacity. 


review of 207 cases of SSc treated with intravenous immunoglobulin 
suggests improvement in skin thickness, gastrointestinal, muscle 
and joint manifestations. This approach may be particularly ben- 
eficial in overlap SSc patients with myositis. The optimum dose 
(0.4-2 g/kg/month) and duration of treatment remain to be firmly 
established [366]. 

In two RCTs, treatment of early diffuse disease with low-dose 
methotrexate (15-25mg/week) showed non-significant trends 
towards improvement in skin scores, DLCO and physician global 
assessment (PGA) [367,368]. However, when data was re-evaluated 
using Bayesian methods there was a 96% probability that skin scores 
and PGA were better on treatment [368,369]. Methotrexate is rec- 
ommended in early dcSSc, especially in patients with milder (MRSS 
<25), more slowly progressive skin disease and in patients with 
SSc-associated inflammatory arthritis [370]. It is usually avoided in 
patients with ILD or rapidly progressive skin disease. 

Azathioprine has shown variable benefit used alone or in com- 
bination with cyclophosphamide treatment regimens [371-373]. 
Current evidence suggests that it is not effective as monotherapy, 
but may be beneficial for SSc-ILD and skin disease as follow-up 
maintenance therapy after cyclophosphamide induction [374,375]. 
It may be a useful adjunct in female patients wishing to conceive and 
in patients intolerant of mycophenolate or methotrexate. Cyclophos- 
phamide has shown benefit in pulmonary fibrosis in randomised, 
double-blind, placebo-controlled trials [371,376,377], which also 
showed a significant improvement in skin scores [368,369]. Oral and 
intravenous treatment regimens may be equally effective for lung 
and skin disease but further controlled studies are needed [378]. 

Earlier observational data suggested that mycophenolate was 
effective in improving or stabilising ILD and skin involvement in 
SSc (reviewed in [379]). This has now been confirmed in larger 
clinical trials which demonstrate that oral cyclophosphamide and 
mycophenolate have similar beneficial effects on lung function and 
MRSS [380-382]. Patients with the ‘inflammatory’ gene expression 


profile in their skin may be more responsive to mycophenolate 
mofetil (MMF) therapy and show greater reduction in MRSS 
[33,383]. Because of its better safety profile, mycophenolate has now 
become ‘standard of care’ for early progressive dcSSc and SSc-ILD 
[384,385]. 

The last 5 years have seen the introduction of more targeted 
therapies [159]. Nintedanib, a newer intracellular inhibitor of tyro- 
sine kinases, blocks FGF receptor-1, VEGF receptor-2 and PDGF 
receptor-a. It is well tolerated and is now approved as treatment for 
SSc-ILD based upon the results of the large SENSCIS randomised 
clinical trial [375] that showed reduced progression of lung fibro- 
sis that was numerically greater in cases that were also receiving 
background immunosuppression with MMF [386]. Overall, though, 
no improvement in MRSS was seen with nintedanib in this study. 
However, the ATA negative patients in SENSCIS showed numer- 
ically greater preservation of lung function and improvement of 
MRSS than the ATA+ group [387]. 

Tocilizumab, an IL-6 receptor-« inhibitor, has also been approved 
by the FDA for treatment of SSc-ILD based upon the results of recent 
randomised clinical trials [388-390] including a Phase 3 trial that 
demonstrated only a trend of benefit for skin fibrosis [388] but a 
robust response for lung function [391,392]. In a post hoc analysis, 
a much greater benefit was seen in patients with ATA positivity, 
disease duration <2 years and CRP >6¢/1 [393]. Recent real-world 
evidence suggests that it is effective in patients with refractory joint 
and skin involvement, regardless of disease duration or skin sub- 
type, both in adults [394] and in children [395]. 

Rituximab is a chimeric monoclonal antibody that targets CD20 
on B cells, causing depletion of B cells. An observational study of 
254 rituximab-treated patients from EUSTAR showed significant 
improvement in skin fibrosis [396]. A smaller open label RCT found 
rituximab to be of comparable efficacy to cyclophosphamide for 
skin and lung manifestations, with a better safety profile [397]. 
In England, rituximab is available for use in CTD-associated 


Table 54.11 Investigation and management of digital vasculopathy in systemic sclerosis, with levels of evidence. 


Disorder Investigation Management Evidence? 
Raynaud Cold challenge/cold Warm clothing, gloves, electric handwarmers, avoid cold, stop smoking and stop caffeine. Avoid IV 
phenomenon provocation test nasal decongestants, review migraine and ADHD treatments if appropriate 
Nail fold videocapillaroscopy Topical nitrate preparations (GTN microemulsion (1%, 2%), MQX-503) b [419] 
Nail fold dermatoscopy Dihydropyridine CCBs: nifedipine 10 mg t.d.s. or sustained release 30-120 mg daily (but lowers a [420] 
oesophageal sphincter tone) or amlodipine 5-10 mg/day (but causes ankle oedema) 
Serology Diltiazem extended-release 30-180 mg once-twice/day Ib [421] 
ARB: losartan 25-100 mg/day b [422] 
PDES inhibitor: sildenafil 25-50 mg t.d.s., tadalafil 10 mg alternate daily or 20 mg daily a [423] 
SSRI: fluoxetine 20 mg/day Ib [424] 
Prostacyclin analogues: IV iloprost (0.5-2 ng/kg/min for 3-5 days) or epoprostenol ja [425,426] 
Botulinum toxin injection to interdigital spaces (dorsal approach less painful) b [427,428] 
Statin II [429] 
Complimentary therapies 
Vitamins C and E, Gingko biloba iV 
Digital sympathectomy ll 
Critical digital Swab, culture, X-ray, MRI Optimise vasodilatory therapies, prompt assessment and treatment of infection, hydrocolloid 
ischaemia/ occlusion, wound care, pain control 
ulceration PDES inhibitor: sildenafil 25-50 mg t.d.s. (healing). Discontinue CCB before starting PDES inhibitor a [430,431] 
ERB: bosentan (reduction in new ulcers, improved hand function) ja [432,433] 
Parenteral prostacyclin/iloprost or epoprostenol (healing) — further study of oral treprostinil and a [425,426,434] 
topical treprostinil delivered via iontophoresis is warranted 
Combination of ERB + PDES inhibitor +/— ARB ll 
Statin ll 
Antithrombotic therapy: ll 
clopidogrel, aspirin, LMW heparin ll 
Surgical approaches: Il [435] 
Digital injection of adipose-derived stromal vascular fraction ll 
Botulinum toxin injection ll 
Radical microarteriolysis ll 
Sympathectomy ll 


Extracorporeal shock wave therapy 


@ For categories of evidence see footnote to Table 54.9. 


ADHD, attention deficit hyperactivity disorder; ARB, angiotensin receptor blocker; b.d., twice daily; CCB, calcium channel blocker; ERB, endothelin receptor blocker; GTN, glyceryl 
trinitrate; IV, intravenous; LMW, low molecular weight; MRI, magnetic resonance imaging; PDE5, phosphodiesterase 5; SSRI, selective serotonin reuptake inhibitor; t.d.s., three times 


daily. 


myositis and inflammatory arthritis and may thus be accessed in SSc 
overlap patients for these indications. Rituximab is now approved in 
Japan as treatment for SSc based on the recently reported DESIRES 
randomised controlled trial [398] that demonstrated benefit for skin 
and lung involvement. Higher CD19 count and MRSS at baseline, 
and lower B cell counts 2 weeks post-treatment may predict a more 
favourable response of skin and lung involvement respectively 
[399,400]. A possible role in treating SSc-PAH and calcinosis have 
also been proposed [401,402]. Other clinical trial outcomes are 
awaited, including the RECITAL trial [403] an RCT comparing 
intravenous cyclophosphamide with rituximab as first line treat- 
ment in connective tissue disease associated ILD (including patients 
with SSc). The optimal timing, duration of treatment and role 
of combination therapy, e.g. with mycophenolate or autologous 
haematopoietic stem cell transplantation still needs to be defined. 
Other approaches for skin fibrosis have been promising, includ- 
ing targeting IL-4/IL-13 with the bispecific monoclonal antibody 
romilkimab. IL-4 and IL-13 are elevated in skin biopsies and 
serum in SSc and have been implicated in fibrosis. In a phase 2A 
double-blind RCT, romilikimab resulted in a significant reduction of 
MRSS at 24 weeks. There was also indication of a possible additive 
effect in patients receiving concomitant immunosuppressive 


therapy [404]. This has prompted a study of dupilumab in morphoea 
(Chapter 56). Abatacept, a recombinant fusion protein binding to 
CD80 and CD86, prevents CD28 mediated T-cell co-stimulation 
and has shown clinically meaningful improvements in MRSS and 
HAQ-DI in the open label extension of the ASSET trial [36,405]. 
Interestingly, the clinical response to abatacept appears greater 
in patients with the ‘inflammatory’ intrinsic gene expression pro- 
file in skin [34]. Riociguat, a soluble guanylate cyclase stimulator 
with effects on vascular remodelling and antifibrotic properties, 
is approved for the treatment of SSc-PAH [406], but effects on 
skin and lung manifestations are less clearcut [407]. Prevention of 
MRSS progression with riociguat was seen in the ARA+ patients 
but not the ATA+ group in this study. There has also been interest 
in the antifibrotic effects of cannabinoids. Encouraging results 
from a phase II RCT of lenabasum in early dcSSc [408] have not 
been been confirmed in the subsequent phase III study [159,409], 
although subgroup analysis is awaited. The roles of BAFF, JAK, 
LPA (lysophosphatidic acid) and autotaxin inhibitors and a-MSH 
agonists, among others, are now under investigation, but require 
further evaluation (for an excellent recent review see [159]). 

For the most severe cases of poor prognosis systemic sclero- 
sis, high dose chemotherapy with immunoablation followed by 
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Table 54.12 Investigation and management of skin manifestations in systemic sclerosis, with levels of evidence. 


Detection 


Management 


Evidence® 


General 


Topical therapies 


Diffuse progressive skin sclerosis only 


Diffuse or progressive skin sclerosis with lung 
involvement 


Diffuse or progressive skin sclerosis if intolerant 
of MTX/MMF or trying to conceive 

Diffuse or progressive skin sclerosis with 
associated myositis or inflammatory arthritis 


Pruritus 


Calcinosis 


Telangiectasia 


@ For categories of evidence see footnote to Table 54.9. 


Clinical features 
MRSS 
Durometer 
Ultrasound 


X-ray 
MRI '8F-NaF PET/CT 
Ultrasound 


Clinical features 
Dermatoscopy 


Manual lymphatic drainage (Vodder technique) 

Physiotherapy and hand stretching exercises 

At least daily emollient +/— topical antipruritic agent (e.g. lauromacrogols) 

Topical corticosteroids 

Calcineurin inhibitors (evidence in morphoea) 

Vitamin D analogues (evidence in morphoea) 

Phototherapy UVA1 PUVA (in SSc) 

MTX 15-25 mg/week (first line) 

MMF 2-3 g/day (first line if MRSS >24) 

IV cyclophosphamide 600 mg/m?/month for 6 months or 500 mg/m? for 
the first month increasing to 750 mg/m? 

Consider UVA1 

MMF 2-3 g/day 

IV cyclophosphamide 600 mg/m?/month for 6 months or 500 mg/m? for 

the first month increasing to 750 mg/m? 

Oral cyclophosphamide up to 2 mg/kg/day for 1 year 

Rituximab* 

Tocilizumab* 

Romilkimab* 

Azathioprine 2-3 mg/kg/day (if TPMT normal) 


MTX 

Rituximab 1g twice 2 weeks apart 
Abatacept 125 mg weekly 

IVIg 2 g/kg over 2-5 days monthly 
Ketotifen 6 mg/day 

Lenabasum 

Naltrexone 2-4.5 mg/day 
Gabapentin/pregabalin/amitriptyline 
Montelukast 

Glucocorticoids 

TLO1/PUVA 

Surgery, CO, laser 

CCB: diltiazem 

Intralesional sodium thiosulphate 
Extracorporeal shock wave therapy 
Minocycline 
Colchicine/rituximab/anakinra 
Pulsed dye laser: better outcomes 
IPL: fewer side effects 

Both are effective (avoid IPL in SLE overlap) 
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CCB, calcium channel blocker; CO, carbon dioxide; CT, computed tomography; IPL, intense pulsed light; IVIg, intravenous immunoglobulin; MMF, mycophenolate mofetil; MRI, 
magnetic resonance imaging; MRSS, modified Rodnan skin score; MTX, methotrexate; PET, positron emission tomography; PUVA, psoralen with UVA; SLE, systemic lupus 
erythematosus; SSc, systemic sclerosis; UV, ultraviolet; TLO1, narrow-band UVB; TPMT, thiopurine methyl transferase. 


autologous stem cell transplantation (SCT) has been shown to be 
superior to cyclophosphamide in three clinical trials. This includes 
use of a myeloablative strategy in the SCOT study that had partic- 
ular benefit on lung function as well as ‘event-free survival’ [410]. 
In suitable cases it can lead to excellent short- and longer term 
outcome [411]. However, case selection for SCT and the morbidity 
and mortality associated with this form of treatment limit adoption 
into routine practice, where current standard of care can also give 
an acceptable event-free survival [412]. 

A schematic of SSc pathogenesis that highlights the potential 
targets for disease modifying therapies is reproduced from Cam- 
pochiaro and Allanore [413] in Figure 54.6. The marked increase 
in the arsenal of drugs now available for treatment of SSc is 


encouraging. However, evidence is still lacking as to how to best 
stratify their use in particular patient subgroups. 

The best responses to treatment are seen if given early, in patients 
with rapidly progressing diffuse disease. In all cases of diffuse skin 
disease, treatment with immunosuppression should be considered 
and this should include either methotrexate or mycophenolate 
[414,415,416]. In patients with milder skin disease or inflammatory 
arthritis, methotrexate is favoured. In those with higher baseline 
skin scores (MRSS >24) and/or concomitant ILD, mycopheno- 
late is first line treatment. Rituximab, abatacept or intravenous 
immunoglobulin may be considered in patients with associ- 
ated myositis. For refractory or severe skin disease, parenteral 
cyclophosphamide is currently still recommended. However, as 
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Figure 54.6 Schematic of systemic sclerosis pathogenesis highlighting the potential targets for disease modifying drugs. CTGF, connective tissue growth factor; DAMPS, 
damage-associated molecular patterns; ECM, extracellular matrix; IFNAR, interferon receptor; JAK, Janus kinase; LPA, lysophosphatidic acid receptor; PDGF, platelet-derived growth 
factor; PF4, platelet-factor 4; PPAR, peroxisome proliferator-activated receptor; ROS, reactive oxygen species; TGF, tissue growth factor; TLR4, toll-like receptor 4; VEGF, 
vascular-endothelial growth factor. Reproduced with permission from Campochiaro and Allanore [405]. 


tocilizumab, romilkimab and rituximab become available for this Traditionally, patients with lcSSc have not been treated with 
indication, and in patients with appropriate other organ involve- | immunosuppression. However, increasing appreciation of the 
ment, their more favourable side-effect profile will place them prevalence and progression of SSc-ILD and digital ulcers in this 
ahead of cyclophosphamide in the treatment algorithm. group suggests a need for more aggressive therapy [20]. This will be 


INFLAMMATORY 


rm) 
uu 
m7) 
2 
< 
= 
ce 
ul 
Q 


PART 4 


54.28 Chapter 54: Systemic Sclerosis 


> 
c 
2 
< 
= 
= 
<q 
= 
LL 
c= 


DERMATOSES 


PART 4 


Systemic sclerosis 


General management of common morbidities 
Raynaud: ARB, CCB, SSRI, iloprost 
GORD: PPI, H, receptor blocker 


Telangiectasia: vascular lasers 
Calcinosis: curettage/excision 


Ano-rectal disease: loperamode/opiates, laxatives, rotating antibiotics, bulking agents 
Erectile dysfunction: sildenafil, treatment of non-SSc-related risk factors 


IcSSc dcSSc 


eee | 


Overlap SSc 


| 


Therapy directed at Immunosuppressive and 
vascular complications potential antifibrotic therapies 


Manage according to severity 
and activity of dominant overlap 
features: arthritis/myositis/SLE 


Figure 54.7 Management of systemic sclerosis. While a 
range of supportive therapies may be appropriate for all 
SSc patients, treatment should be tailored according to 


Severe/active skin involvement 
MMF, MTX, cyclophosphamide, rituximab, IVIg 


individual patients’ needs based on the disease subtype, 
stage and presence of organ-based complications (see 
Tables 54.9, 54.10 and 54.11). ARB, angiotensin 


Identification and treatment 
of severe organ-based complications 


Consider haematopoietic stem cell transplantation 


Lung, heart, kidney: MMF/cyclophosphamide/rituximab 


in suitable poor-prognosis patients without contraindications 


receptor blocker; CCB, calcium channel blocker; dSSc, 
diffuse SSc; GORD, gastro-oesophageal reflux disease; 
IVIg, intravenous immunoglobulin; |SSc, limited SSc; 
MMF, mycophenolate; MTX, methotrexate; PPI, proton 
pump inhibitor; SLE, systemic lupus erythematosus; SSRI, 
selective serotonin reuptake inhibitor. Courtesy of Dr 
C.H. Orteu and Professor C. Denton. 


examined in the MINIMISE study (NCT04927390), which will assess 
benefit of mycophenolate in prevention of disease progression 
in IcSSc. 

There are specific approaches to the management of individual 
organ-based complications of SSc and these largely follow the 
management of these manifestations when they occur outside the 
context of SSc. This is especially the case for PAH. Most patients will 
be treated with a combination of PDE5 inhibitors and endothelin 
receptor antagonists. In patients not responding to this combina- 
tion, addition of a prostacyclin receptor agonist (selexipag) or a 
prostacyclin analogue (oral/or inhaled treprostinil or intravenous 
iloprost) or both, should be considered [337,436]. Conversion from 
a PDE5 inhibitor to riociguat may also be appropriate at this stage 
[406] and early studies suggest a role for rituximab also [401]. 

SRC requires early diagnosis, and this may impact greatly on 
outcome. ACE inhibitors supplemented by other antihypertensives 
remain the cornerstone of management of SRC [294]. Endothelin-1 
is overexpressed in glomeruli and arterioles of patients with 
SRC [437]; use of endothelin receptor blockade is promising, and 
may delay onset of SRC, but still requires further investigation 
[190,438]. 

It is increasingly clear that the burden of ILD has been underes- 
timated and that there is a window of opportunity for treating this 
in its early stages before fibrosis develops. Therapeutic strategies 
are described above as there is marked overlap between treat- 
ment for skin and lung involvement in SSc. First line treatment 
with MMF may be supplemented with nintedanib or cyclophos- 
phamide in England as rituximab and tocilizumab are not yet 
approved for SSc-ILD. Supportive measures are also critical and 
include effective treatment of gastro-oesophageal reflux to help 
prevent ILD progression because of microaspiration at night, iden- 
tification of associated pulmonary hypertension, management of 


infections, and approaches such as cardiopulmonary rehabilitation 
and supplementary oxygen where appropriate. 

Although no RCTs are available, TNF inhibition with infliximab 
or etanercept may improve the inflammatory arthritis of SSc and 
may also reduce the risk of cardiopulmonary complications, includ- 
ing PAH [439]. 

Severe erectile dysfunction affects 70-80% of men with SSc. In a 
prospective multinational study of the EULAR database, only 18% 
of 130 males had normal erectile function [440]. It is associated with 
severe cutaneous, muscular or renal involvement of SSc, elevated 
pulmonary pressures and restrictive lung disease. While its efficacy 
is unproven, sildenafil is the most frequently employed treatment 
[440,441]. No RCTs exist to guide management of calcinosis in 
SSc. Multiple therapies have been reported in individual cases 
and small series including warfarin, bisphosphonates, minocy- 
cline, ceftriaxone, diltiazem, aluminium hydroxide, probenecid, 
intralesional corticosteroids, intravenous immunoglobulin, curet- 
tage, surgical excision, carbon dioxide laser and extracorporeal 
shock wave lithotripsy (reviewed in [274]). Based on the association 
between calcinosis and ischaemia, vasodilators such as diltiazem are 
commonly used. Intralesional sodium thiosulphate and extracorpo- 
real shock wave therapy may be of benefit in localised deposits, and 
anti-inflammatories such as minocycline, colchicine and rituximab 
may be trialled in patients with more widespread involvement 
[402,442,443]. 

Although evidence in many areas is still patchy, EULAR and 
EUSTAR have established recommendations for the treatment of 
SSc based on a combination of evidence and expert consensus that 
are widely used, revised and are currently being updated [414,444]. 
In the UK there are NICE accredited treatment guidelines produced 
by the British Society for Rheumatology (BSR/BHPR), which also 
include general and non-pharmacological measures [445]. Specific 


Key references 54.29 


approaches to the investigation and treatment of individual aspects Key references 
of SSc are summarised in Tables 54.10, 54.11 and 54.12. 
Recent clinical trials have identified differential responses to new The full list of references can be found in the online version at 
treatments according to intrinsic skin gene expression subsets and https://www.wiley.com/rooksdermatology10e 
to autoantibody status. Better understanding of disease biology, 
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progress in managing SSc. There is reason for cautious optimism 17 Nihtyanova SI, Sari A, Harvey JC et al. Using autoantibodies and cutaneous sub- 
based upon progress in these areas and emerging data from clinical set to develop outcome-based disease classification in systemic sclerosis. Arthritis 


Rheumatol 2020;72:465-76. 

96 Acosta-Herrera M, Kerick M, Lopéz-Isac E et al. Comprehensive analysis of 
the major histocompatibility complex in systemic sclerosis identifies differen- 
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trials that are starting to better define the potential benefit or toxicity 
of treatment in particular patient subgroups [340,413]. 
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Definition and nomenclature 


The term scleroderma derives from the Greek skleros, meaning 
hard, and derma, meaning skin. It has been used to encompass a 
spectrum of disorders (Chapter 54) that include systemic sclerosis 
(SSc), covered in Chapter 54, and localised forms of the disease. 
Morphoea, a term used in preference to ‘localised scleroderma’, 
encompasses a group of related conditions in which inflammation 
drives fibrosis and which are characterised by varying degrees 
of inflammation, fibrosis, sclerosis and atrophy in the skin and 
subcutaneous tissues, sometimes extending deeply into muscle, 
bone, eye and brain. Extracutaneous manifestations, most com- 
monly musculoskeletal, occur in 22-75% of cases overall and 
46-74% of paediatric onset cases in prospective studies. They may 
be more prevalent in children than adults. In contrast to SSc, no 
internal organ fibrosis or vascular changes occur. Antinuclear anti- 
body (ANA) positivity is common but the specific autoantibodies 
seen in SSc are rarely present. There is no increased mortality, but 
substantial morbidity may occur as a result of joint contractures, 
facial and limb asymmetry, extracutaneous manifestations and the 
psychological impact of the condition [1,2-6]. 


aque morphoea, circumscribed plaque 


yhoea, nodular scleroderma 
ed deep morphoea, solitary morphoea 


norphoea, morphoea profunda 


gressive facial hemiatrophy, progressive 
g syndrome 


localised scleroderma, generalised plaque 
rphoea 


Terminology 

The nomenclature is confusing for patients and doctors. On hear- 
ing the term scleroderma, even when it is prefixed by ‘localised’, 
many patients assume they have SSc. This is compounded by the 
results of online searches that frequently find the terms used syn- 
onymously and rarely give much information on localised forms 
of the disease. The terminology can be confusing for doctors too, 
for instance when terms such as ‘limited scleroderma’, meaning 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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limited systemic sclerosis, or ‘generalised localised scleroderma’ 
meaning widespread morphoea are used. Localised scleroderma 
is an umbrella term employed in the literature to encompass the 
various forms of morphoea — namely limited (circumscribed), gen- 
eralised, linear, pansclerotic and mixed morphoea — which do not 
usually involve internal organs such as the lungs, heart and kid- 
neys. Linear forms, which are commoner in childhood, are generally 
referred to in the paediatric and rheumatology literature as linear 
scleroderma. The term morphoea is preferred by dermatologists 
for the various subtypes and will be employed throughout this 
chapter. 


Classification 


There has been controversy as to which conditions should be 
included within the morphoea spectrum. This applies particularly 
to eosinophilic fasciitis and lichen sclerosus, and to atrophic vari- 
ants, such as atrophoderma of Pasini—Pierini, linear atrophoderma 
of Moulin and progressive hemifacial atrophy. There has also been 
debate over whether deep, keloidal and bullous morphoea should 
be considered as disease modifiers or separate subtypes, and over 
what, exactly, constitutes generalised morphoea. 

Several different classification systems are currently in use 
(Table 55.1) [7-10]. The most widely used in the literature has been 
that of Peterson et al. [7]. This classification remains controversial, 
firstly because it includes atrophoderma of Pasini—Pierini, lichen 
sclerosus and eosinophilic fasciitis, which are not universally 
agreed to be within the morphoea spectrum, and secondly because 
it does not include a category for the 2.6-23% of patients who 
present a ‘mixed’ subtype (e.g. linear limb with truncal plaque 
morphoea) [1,11,12]. To address this, the Paediatric Rheumatology 
European Society proposed the ‘Padua’ or ‘PRES classification’ 
excluding atrophoderma, lichen sclerosus and eosinophilic fasci- 
itis, but including separate pansclerotic and mixed subtypes [8], 
which appears the most accurate (see later). In 2009 the German 
Dermatological Society proposed a third classification subdividing 
morphoea into limited, generalised, linear and deep types, includ- 
ing atrophoderma and eosinophilic fasciitis within the classification, 
but not lichen sclerosus or the mixed subtype [9]. This classifica- 
tion was later revised by the European Dermatology Forum to 
include separate subtypes for mixed morphoea and eosinophilic 
fasciitis [10]. 

The variation between classification systems has caused confusion 
and difficulty in interpretation of the published literature on mor- 
phoea. For example, there has been a lack of agreement as to what 
constitutes ‘generalised morphoea’ with at least three different defi- 
nitions proposed (see Table 55.1 and the section on generalised sub- 
types in clinical variants, later). Pansclerotic morphoea has variably 
been included within deep, generalised or as a separate subtype. 
Mulltisite linear morphoea which may fulfil the criteria for gener- 
alised morphoea might be included within that subtype, when it 
is in fact associated with very different risks of damage, extracuta- 
neous involvement and relapse compared with, for instance, isomor- 
phic generalised plaque morphoea. Circumscribed deep morphoea 
is the only subtype of morphoea ascribed a ‘deep variant’ in the 
PRES classification, even though involvement of the deep dermis, 


subcutis, fascia and muscle can occur across all morphoea subtypes. 
In contrast, but equally unsatisfactory, other classifications include 
a ‘deep subtype’ which could include patients with deep involve- 
ment in linear, circumscribed, generalised or pansclerotic disease all 
with very different features and complication risks. Similarly, bul- 
lous morphoea is a separate subtype in Peterson’s classification but 
can occur in any subtype of morphoea, usually in the context of the 
active inflammatory phase of the disease. 

Two important studies have been published since the last edition 
of this text which help to better define and classify morphoea 
subtypes. In the first, the performance of the various morphoea 
classifications was evaluated in a prospective cohort of 944 patients 
(444 with adult-onset and 500 with paediatric-onset morphoea) [13]. 
The PRES criteria [8] performed best and successfully classified 95% 
of patients into the most relevant disease subtypes with cohesive 
demographic and clinical features. By comparison, the Peterson’s 
and the European Dermatology Forum (EDF) criteria successfully 
classified only 56% and 52% of patients respectively [13]. The 
second study is a cross-sectional study employing the PRES classi- 
fication subtype criteria, in which computerised skin mapping was 
undertaken in a cohort of 123 patients with generalised morphoea 
(a discovery cohort of 73 and validation cohort of 44 patients) and 
compared with clinical and demographic features. Two lesional 
distribution patterns, isomorphic and symmetric (see Table 55.2 
and section on generalised plaque morphoea, later) encompassed 
most cases and were associated with distinct demographic and 
clinical features, allowing much better definition of the ‘generalised 
morphoea’ subtype [14]. 

While there has been significant improvement, there are still issues 
with classification and terminology, and controversies regarding 
whether some sclero-atrophic conditions should be included within 
the morphoea spectrum. The classification employed here is an 
‘inclusive’ one, based on the PRES classification, but which for 
completeness, incorporates some elements from other classifica- 
tions which are viewed as controversial (Tables 55.1 and 55.2). It 
distinguishes limited, generalised, linear, pansclerotic and mixed 
subtypes as well as a separate morphoea-lichen sclerosus over- 
lap group. The various atrophic variants are included since they 
frequently overlap with other forms of morphoea, although it 
is accepted that this remains controversial. The PRES classifica- 
tion definition of generalised morphoea is retained and refined 
based on Teske et al. [14], defining two distinct isomorphic and 
symmetric patterns of disease, and exclusion of multisite linear 
disease. The term ‘disseminated plaque morphoea’ was used 
in the previous edition of Rook's Textbook of Dermatology, and in 
the author’s view this terminology gives a better description of 
what constitutes ‘generalised morphoea’ - i.e. plaques at mul- 
tiple sites which may coalesce —- and could be used instead of 
this term. Alternatively, the term ‘generalised plaque morphoea’ 
could be used to clarify that the generalised morphoea subtype 
represents patients with widespread coalescent plaque disease, in 
an either isomorphic or symmetric pattern, but not widespread 
linear or circumferential pansclerotic disease. Pansclerotic mor- 
phoea, as defined by Kim et al. [15] is included as a separate 
subtype. Eosinophilic fasciitis, another controversial inclusion, can 
occur in a widespread fashion on trunk and all limbs resembling 
pansclerotic disease, or in a limited fashion on the lower limbs, 


Table 55.1 Classification systems for morphoea. 


Peterson et al. 
1995 [7] ‘Mayo’ 


Plaque morphoea 


Laxer and Zulian 
2006 [8] ‘PRES’ 


Circumscribed morphoea 


Kreuter et al. 
2009 [9] ‘AWMF’ 


Limited type 


Knobler et al. 
[10] ‘EDF’ 


Limited type 


Classification 55.3 


Classification and terminology 
used in this chapter 

Disease modifiers — see Table 55.2 
Depth, bullae, keloids/nodules 


Limited morphoea 


e Morphoea en plaque e Superficial e Morphoea (plaque type) e Plaque morphoea e Circumscribed plaque morphoea 
° Guttate morphoea e Deep ° Guttate morphoea e Guttate morphoea ° Guttate morphoea 
e Atrophoderma of e Atrophoderma of e Atrophoderma of e Atrophoderma of Pasini-Pierini 
Pasini-Pierini Pasini—Pierini Pasini-Pierini/superficial 
© Lichen sclerosus morphoea 
e Keloidal morphoea 
Generalised morphoea Generalised type Generalised type Generalised plaque 


Induration of the skin starting 
as four or more individual 
plaques which are larger 
than 3cm and become 


Generalised morphoea 
(lesions at three or more 
of seven anatomical 


Lesions at three or more of 
seven anatomical sites? 


Four or more indurated 
plaques of more than 3 cm 
in diameter, involving two 
or more of seven 


morphoea/disseminated 
plaque morphoea 


Induration of the skin starting as four 


sites)? confluent, involving at least anatomical sites? or more individual plaques that 
two of seven anatomical become confluent and involve at 
sites? least two of seven anatomical 
sites? 
° Generalised localised e Generalised lichen sclerosus e Isomorphic pattern 
scleroderma morphoea e Symmetric pattern 
¢ Disabling pansclerotic e Disabling pansclerotic 
morphoea morphoea 
e Eosinophilic fasciitis 
Linear morphoea Linear morphoea Linear type Linear type Linear morphoea 
. : : . . . . Trunk/limb variant 
e Linear morphoea of the e Trunk/limb variant e Linear localised e Linear lichen sclerosus 


limbs or trunk e Head variant 
e En coup de sabre 
morphoea 


Progressive hemifacial 


extremities) 
Linear localised 


atrophy/Parry-Romberg sabre type 
syndrome e Progressive facial 
hemiatrophy 
Deep morphoea Pansclerotic morphoea Deep type 


Circumferential involvement 
of limbs +/— other areas, 
affecting the skin 
subcutaneous tissue, 
muscle and bone. No 
internal organ involvement 

Mixed morphoea 


e Subcutaneous 
morphoea 

e Morphoea profunda 

Eosinophilic fasciitis 

Disabling pansclerotic 

morphoea 

Bullous morphoea 


scleroderma (usually of the 


scleroderma en coup de 


e Linear morphoea 

e Linear atrophoderma of Moulin 
e Linear deep atrophic morphoea 
Head/neck variant 

e Morphoea en coup de sabre 

¢ Progressive hemifacial atrophy 
Multisite linear morphoea 


/morphoea of the 
extremities 

Linear lichen sclerosus 
/morphoea en coup de 
sabre 

Progressive facial 
hemiatrophy/ 
Parry-Romberg syndrome 


Deep type Pansclerotic morphoea 
Eosinophilic fasciitis 
Mixed type Mixed morphoea 


Eosinophilic fasciitis Lichen sclerosus with morphoea 


@The seven anatomical sites include the head-neck, right and left upper limbs, right and left lower limbs, anterior trunk and posterior trunk. 


when it occurs in association with plaque morphoea elsewhere 
in 20-40% of cases [16-19]. It is included as a separate subtype 
but on the understanding that there is significant clinical over- 
lap with pansclerotic disease suggesting that they are part of 
a spectrum [17-19]. Several recent studies have confirmed that 
deep involvement can occur in any of the morphoea subtypes 
and should thus be considered a disease modifier rather than 
a separate subtype [12,13,20]. Bullous and keloidal lesions may 
also occur across subgroups and, as suggested by Prasad et al. 
[13] and Abbas ef al. [2], are also to be considered as disease 
modifiers. 


The above classifications remain based on morphology, extent 
and distribution of morphoea. More recent transcriptomic data 
from RNA sequencing in paediatric morphoea skin has shown 
overlapping gene expression profiles across the different morphoea 
clinical subtypes and unique profiles for active versus inactive dis- 
ease [21,22]. ‘Inflammatory’, ‘fibroproliferative’ and ‘healthy-like’ 
skin cell specific gene expression subsets which correlate with 
histological inflammatory cell infiltration, disease activity scores 
and ANA positivity are being characterised [21,22]. Ultimately it is 
hoped that molecular endotype cross-referencing will help resolve 
the confusion over clinical classifications. 
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Table 55.2 Proposed classification of morphoea and subtype characteristics (based on Laxer and Zulian [8] with modifications as per the text). 


Main division 


Subtype 


Description 


Limited morphoea 


Generalised plaque morphoea 


Linear morphoea 
Trunk/limb variant 


Head/neck variant 


Pansclerotic morphoea 


Eosinophilic fasciitis 


Mixed type 


Morphoea-lichen sclerosus 
overlap 


Disease modifiers 


@The seven anatomical sites include the head-neck, right and left upper limbs, 


Circumscribed plaque morphoea 


Guttate morphoea 


Atrophoderma of Pasini—Pierini 


Isomorphic pattern 


Symmetric pattern 


Linear morphoea 
Linear atrophoderma of Moulin 


Linear deep atrophic morphoea 
orphoea en coup de sabre 


Progressive hemifacial atrophy/Parry-Romberg 
syndrome 


Deep 


Bullous 
Keloidal/nodular morphoea 


Extracutaneous manifestations 


Single or multiple round to oval lesions >1 cm in diameter in up to two anatomical 
regions.*? May be oedematous, erythematous to bruise-like, yellowish white, 
indurated + a lilac ring, or atrophic and pigmented. Usually involves epidermis and 
dermis. May involve deeper structures 

Multiple small <1 cm erythematous to yellowish white, round to oval lesions, usually 
on the trunk. Involves the papillary and superficial dermis 

Multiple, round to oval, non-indurated, sharply demarcated, depressed patches, 
‘cliff-drop’ edge, and usually hyperpigmented. Involves the superficial reticular 
dermis 

Induration of the skin starting as four or more individual plaques that become 
confluent and involve at least two of seven anatomical sites? 

Plaques coalesce in the inframammary area and bra-line, waistband and around the 
hips and inguinal regions at sites of repeated minor trauma from clothing. Usually 
superficial. Frequently coexists with extragenital and genital lichen sclerosus 

Multiple individual plaques are distributed symmetrically about the midline on the 
trunk and limbs. Frequent ‘horseshoe distribution’ of plaques across the lower 
abdomen. Deep involvement is more frequent 


w 


aschkoid linear induration of the limbs or trunk +/— dyspigmentation, +/— atrophy. 
May involve the dermis, subcutaneous tissue + underlying muscle and bone 
aschkoid hyperpigmented linear atrophic limb/trunk lesions. Involves superficial 
dermis 
Linear atrophic lesions involving the deep dermis and subcutis 
aschkoid linear band of induration, +/— dyspigmentation, +/— atrophy affecting the 
forehead, face and scalp, may involve underlying muscle, bone, eye, oral cavity and 
brain 
jon-indurated skin, occasional bruise-like pigmentation with associated underlying 
atrophy on one side of the face. Probable Blaschkoid distribution. May involve the 
dermis, subcutaneous tissue, muscle, bone, eye, oral cavity and brain 
Circumferential involvement of the majority (85%) of body surface areas with sparing 
of fingers, toes and nipples. Skin is thickened and may be bound down to 
underlying structures. There may be puckering or a peau d’orange appearance. 
Affects the dermis and frequently the subcutis, fascia, muscle and/or bone. No 
internal organ fibrosis 
Symmetrically involves the extremities, but spares the fingers and face, and affects the 
trunk in one third. Painful, burning erythema and swelling followed by progressive 
induration and thickening with a peau d’orange appearance and guttering around 
vessels and tendons. Skin is bound down to underlying structures. Involves deep 
fascia, tendons and muscle. Dermis may be sclerotic or normal. Concomitant 
plaque morphoea in 20-40% 
A combination of two or more of the above subtypes, most often linear and 
circumscribed plaque 
Most often seen in post-menopausal women with isomorphic generalised plaque 
morphoea. Extragenital lichen sclerosus lesions may occur at the same site as 
morphoea or at different sites. Small patches of lichen sclerosus may arise within a 
larger plaque of morphoea. Usually truncal but may be widespread. Increased 
prevalence of genital lichen sclerosus 
If deep dermis, subcutis and deeper structures involved, lesions may be less well 
defined, thickened and bound down, sometimes with guttering or a cobblestone 
or peau d’orange appearance. Overlying skin may appear normal or puckered. 
Superficial and deep lesions may occur in the same morphoea subtype and in the 
same patient. Deep involvement associated with more functional impairment and 
severe disease 
Tense subepidermal bullae overlying typical morphoea, usually in patients with active 
inflammatory often deep disease, most often on lower limbs 
Keloid-like or nodular lesions arising from normal or sclerodermatous skin, usually on 
the trunk, often at keloid prone sites 
Musculoskeletal, neurological, ophthalmic, dental (see later section on extracutaneous 
manifestations) 


Ww 


w 


right and left lower limbs, anterior trunk and posterior trunk. 


(a) 


ae (ii) 
(b) 


| 


(iii) 


Figure 55.1 (a) Female with widespread, thickened, waxy plaques (i-iii) with a crinkled, hyperkeratotic surface (iv), occurring in an isomorphic pattern, i.e. at sites of pressure from 
clothing in the waistband, bra-line and inframammary areas (i-iii). (b) Histological appearances confirmed the presence of morphoea at low power (i) and features of lichen sclerosus 
(orthokeratosis, flattened epidermis, pigmentary incontinence (ii), colloid bodies (arrows) and hyalinisation of papillary dermis (asterisks) (iii)) were seen at a higher power in the same 
biopsy specimen. Courtesy of Dr V. Swale, Department of Dermatology, Royal Free London NHS Foundation Trust, UK. 


Morphoea comprises a group of related diseases that share a com- 
mon underlying pathophysiology of inflammation and increased 
collagen deposition in an autoimmune setting (Table 55.2). They are 
largely confined to the skin and subcutaneous tissues, including 
the underlying fat, fascia, muscle, bone and joints and occasion- 
ally with involvement of the mouth, eye and brain [1,3,23,24]. 
Extracutaneous manifestations, including musculoskeletal, neuro- 
logical, ocular, oral and dental complications are increasingly well 
defined and occur in up to 75% of cases. The highest association 
is in linear and mixed morphoea with onset under the age of 10 
years [4,6,12,25-28]. They are 2.5-fold more common in patients 
with childhood rather than adult-onset linear disease and usually 


develop after the onset of skin disease [1,5]. ANA is positive in 
23-68% of morphoea cases, and appears associated with more 
severe, deeper disease and an increased risk of relapse after suc- 
cessful treatment [29,30]. Antihistone and anti-ssDNA may also be 
present, but the SSc-specific autoantibodies such as antitopoiso- 
merase, anticentromere and anti-RNA polymerase are less common 
[29]. It is distinguished from SSc by the absence of puffy fingers, 
sclerodactyly and nail fold capillary changes [31] (see also Chapter 
54, VEDOSS criteria). The internal organ involvement typical of SSc, 
namely pulmonary fibrosis and pulmonary hypertension, hyperten- 
sive renal crisis, and infiltration and fibrosis of the gastrointestinal 
tract, do not occur in morphoea. Although previously considered a 
self-limiting condition, there is now emerging evidence that a pro- 
tracted, relapsing—remitting course may be common [30,32,33,34]. 
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(a) (b) 


Figure 55.2. Varied clinical appearances of lichen sclerosus morphoea overlap: (a) 
porcelain white plaque with follicular delling overlying a hyperpigmented superficial 
morphoea plaque. (b) Thickened erythematous plaque with telangiectases, white 
papules and hyperkeratosis. 


If left untreated, lesions may result in significant cosmetic and 
functional sequelae. In consequence, even though there is no 
increased mortality, significant morbidity can occur because of 
facial and limb asymmetry, flexion contractures, extracutaneous 
manifestations and psychological disability. As in SSc, there is an 
early, inflammatory, active phase, followed by a sclerotic and then 
atrophic phase. The key to successful treatment involves initiation 
during the active inflammatory stage before significant damage 
has occurred. Factors that have hampered physicians’ evaluation 
and treatment of the condition include its frequently insidious 
nature, the potential for spontaneous remission and a lack of val- 
idated methods to assess disease activity. There has been a recent 
international effort, not only to better understand the impact that 
morphoea can have on patients, but also to develop and validate 
clinical outcome measures [35-39,40], consensus best practice 
[41,42] and treatment guidelines [41-45]. In the future, it is hoped 
that, as is becoming possible in systemic sclerosis, transcriptomic 
immunophenotyping will permit better classification and predic- 
tion of patients therapeutic responses and allow the development 
of more personalised medicine (Chapter 54). 


Epidemiology 


Incidence and prevalence 

The overall incidence of morphoea is widely quoted as 4-27 per 
million per year. However, population-based studies and preva- 
lence data are sparse. In a landmark population-based study in the 
USA conducted between 1960 and 1993 by Peterson et al. [46] and 
employing her classification system (Table 55.1), an annual age- and 
sex-adjusted incidence of 27 per million overall and of 5 per million 
for linear disease were documented. In 2010 a study of UK and Irish 
children, based on new presentations to appropriate secondary and 
tertiary care physicians, identified 3.4 cases of morphoea per million 
children (<16 years) per year and 2.5 per million per year for linear 
disease [47]. There was no data on prevalence. 

Peterson et al. estimated prevalence at 5 per 10 000 at age 18 years 
and at 22 per 10000 at age 80 years [46]. These prevalence figures 
are supported by a 2019 US study employing administrative claims 
data, which estimates the prevalence of morphoea in children (<16 


years) to range from 3.2 to 3.6 per 10000 children (equivalent to 
320-360 per million children) [48]. They contrast markedly with UK 
adult prevalence figures of 2 per million males and 4.7 per million 
females in the West Midlands obtained based on physician recall in 
1988 [49]. 

Peterson's original population-based study comprised 82 mor- 
phoea patients and found that overall, plaque morphoea was the 
commonest subtype (56% of cases), followed in order of frequency 
by linear (20%), generalised (13%) and deep (11%) subtypes. Coex- 
isting morphoea subtypes (mixed morphoea) were seen in 11% of 
cases [46]. More recent data from a cross-sectional study of two 
prospective cohorts including 944 participants (500 with childhood 
onset) seen at US tertiary referral centres, identified linear disease 
as the commonest subtype overall: 50% had linear morphoea, 
26% generalised, 15% circumscribed plaque, 4% mixed and 0.3% 
pansclerotic disease [13].This difference likely reflects that more 
patients with linear disease, at the severe end of the morphoea 
spectrum, are seen in a tertiary care setting. 


Age 

Morphoea can occur at any age. Twenty-five cases of congenital 
morphoea presenting at birth are published, a majority with the 
linear head subtype [50]. Approximately 35-50% of cases begin in 
childhood (<16 years) [6,12,13,32]. The distribution is bimodal with 
a mean age at onset of 7-9 years in children and 44-47 years in 
adults [6,11,13,28,32,51-53]. 

The peak age of onset differs for the different clinical subtypes of 
disease. In general, 75% of plaque disease occurs between the ages of 
40 and 50 years, whereas 75% of linear disease occurs between the 
ages of 2 and 14 years [24]. In Peterson’s population-based study, 
the mean age at onset of disease was 12.2 years in linear, 31.5 years 
in plaque, 39.9 years in generalised and 45.1 years in deep forms 
of the disease [46]. In the UK/Irish childhood study, 67% had lin- 
ear disease (roughly equally distributed between head/neck and 
limb variants), 29% had non-linear forms and 4% a mixed pattern 
[47]. In the largest published childhood study to date, Peterson’s 
classification was used in a series of 750 children from 70 centres 
worldwide. Linear morphoea was again the most frequent child- 
hood subtype (65%), followed by plaque morphoea (26%), gener- 
alised morphoea (7%) and deep morphoea (2%) [11]. These data are 
corroborated by two further large North American studies together 
covering 503 children. Linear morphoea occurred in 42-54%, fol- 
lowed by plaque in 15-28%, generalised forms in 7-9%, and panscle- 
rotic morphoea/eosinophilic fasciitis in 2.1% [6,53]. In these studies, 
19-23% of children had a mixed subtype, and linear—plaque was the 
most frequent combination (60-85%) [6,11,53]. 

In adults, circumscribed plaque morphoea is the commonest 
subtype (44-65% of cases), followed by generalised (20-24%), linear 
(9-13%) and mixed (4-6%) forms [6,28,32,53]. In Prasad’s recent 
large tertiary centre study, of the 53% of participants (500/944) with 
paediatric onset disease, 70% had linear, 11% circumscribed plaque, 
9% generalised and 1% mixed morphoea. Among patients with 
adult-onset morphoea, 45% had generalised morphoea, 28% linear, 
20% circumscribed plaque and <1% mixed morphoea [13]. Data col- 
lated from 10 paediatric rheumatology and/or dermatology cohorts, 
including 1997 patients with paediatric onset and 893 with adult 
onset morphoea confirms that circumscribed plaque morphoea 


(61%) and generalised plaque morphoea (22%) are commonest in 
adult-onset disease, with linear (56%), circumscribed (22%) and 
mixed (14%) subtypes commonest in patient with childhood-onset 
morphoea [1]. These studies likely underestimate the numbers 
of patients with mild circumscribed plaque disease, particularly 
those with adult-onset disease, who are less likely to access tertiary 
centres [13]. 


Sex 

Most studies suggest that morphoea is commoner in women. This 
female preponderance is less marked in children, in congenital 
morphoea, in linear morphoea [12] and in adult pansclerotic disease 
[15]. Overall figures from 10 cohort studies give ratios of 2.7 F: M in 
childhood onset and 3.4 F: M in adult onset morphoea [1]. Reported 
ratios vary from 7:1 to 2.6:1 in adults and 3:1 to 1.5:1 in children 
[6,11,46,53-55]. 


Ethnicity 

Although it affects all races, between 72.7% and 82% of published 
cases are in white people and a lower than expected prevalence has 
been identified in African Americans [6,11,12,13,47,53]. In two US 
studies from Texas and Illinois the racial distribution in 381 adult 
and paediatric morphoea subjects was 73-82% white, 12-14% His- 
panic, 3-4% African American, 2-3% Asian and 6.5% other (Pacific 
Islander, American Indian, etc.) [6,27]. 


Associated diseases 

Autoimmune diseases 

That morphoea lies within the autoimmune spectrum of dis- 
ease is supported by the increased prevalence of autoimmune 
disease described in patients and in their relatives [4,6,53,56]. Dis- 
orders reported to occur concomitantly with morphoea include 
autoimmune thyroid disease, psoriasis, vitiligo, alopecia areata, 
autoimmune hepatitis, primary biliary cirrhosis, inflammatory 
bowel disease, type 1 diabetes, polyglandular autoimmune disease 
type 2, Méniére disease, coeliac disease, multiple sclerosis, systemic 
lupus erythematosus, rheumatoid arthritis, Sjogren syndrome, 
antiphospholipid syndrome, Stills disease and mixed connective 
tissue disease [56-59] and reviewed in [4,6]. A study comprising 
123 adults and 122 children from Texas identified concomitant 
rheumatic or other autoimmune disorders in 18% of patients. These 
were much commoner in adults (29%) than children (3%) [6]. This 
association was most marked among adults and children with 
generalised morphoea, occurring in 49% of this group versus 9% in 
the other subtypes combined. In this study the prevalence of psori- 
asis, systemic lupus erythematosus, multiple sclerosis and vitiligo 
appeared significantly higher in patients with morphoea than in the 
background population. Sixteen to 25% of patients report a family 
history of other autoimmune disease ([6,53], see section on genetics, 
later). In a multicentre worldwide study of 750 children, concomi- 
tant autoimmune disease was identified in 1.7% overall, and most 
frequently included vitiligo, insulin-dependent diabetes, autoim- 
mune thyroid disease and ulcerative colitis [4]. In a retrospective 
German study of 472 patients (381 adults), the most frequently 
associated autoimmune diseases were Hashimoto thyroiditis 
(3.4%), rheumatoid arthritis (1.9%), alopecia areata (1%) and type 1 
diabetes (0.8%) [55]. Interestingly, the offspring of parents with 


morphoea appear at greater risk of developing rheumatoid arthritis 
[60]. Furthermore, significant associations with the same group 
of autoimmune diseases — namely autoimmune thyroid disease, 
rheumatoid arthritis and systemic lupus erythematosus — have been 
found in SSc probands and their families, supporting a common 
pathogenesis (Chapter 54) [61-63]. 


Other disease associations 

While there is evidence of increased risk of cardiovascular disease in 
many autoimmune diseases, including systemic sclerosis, no associ- 
ation has been identified in patients with morphoea [64]. 

An association with cancer has been reported anecdotally and 
been much debated. However, a recent association with pancreatic 
adenocarcinoma (OR 1.27) was identified in a population-based, 
nested case-control study [65]. A further US study examined the 
prevalences of melanoma and non-melanoma skin cancers in adult 
patients with morphoea compared with the general Johns Hopkins 
Hospital adult patient population and found odds ratios of 6.6 for 
melanoma, 12.8 for squamous cell carcinoma and 13.1 for basal 
cell carcinoma in patients with morphoea [66]. The relative contri- 
butions of systemic immunosuppressive therapies, phototherapy 
and chronic inflammation, as well as the possible impact of an 
anti-cancer immune response on the development of autoimmunity 
are yet to be established. 


Lichen sclerosus—-morphoea overlap 

Lichen sclerosus (Chapters 110 and 111) is an autoimmune 
inflammatory dermatosis with a prevalence estimated at 0.1-3 % 
[67-69]. It most often affects the anogenital region but can occur at 
extragenital sites in 11% of women with anogenital disease [68,70]. 
Anogenital lichen sclerosus may present with pruritus, pain, 
dysuria or dyspareunia, but extragenital lesions are usually asymp- 
tomatic. Lesions may occur anywhere but are frequently at sites 
of friction and are typically ivory white papules or plaques often 
with follicular delling. Varying degrees of hyperkeratosis, follicular 
plugging, eres, and through its binding to a variety of extracellular 
matrix components including perlecan (a heparin sulphate proteo- 
glycan), type IV collagen, laminin 332, matrix metalloproteinase-9 
(MMP-9) and fibulin (a calcium-binding proteoglycan), has a role 
in the structural organisation of the dermis [103-105]. The gene 
encoding this protein is mutated in patients with lipoid proteinosis, 
an inherited disorder characterised clinically by skin and mucosal 
infiltration and scarring, and histologically by reduplication of 
basement membranes and hyalinisation of the underlying dermis 
[104,106]. In both conditions the skin microvasculature is altered 
with reduplication of vascular basement membranes, loss of pap- 
illary dermal capillary loops and enlarged vessels in the deeper 
dermis [107]. The significance of these changes in the pathogenesis 
of lichen sclerosus is unclear, but the disruption of ECM-1-mediated 
control of MMP-9 activity may be important [108]. Antibodies to 
ECM-1 have not been documented in morphoea, although antibod- 
ies to another extracellular matrix microfibrillar protein, fibrillin 1, 
have been seen and implicated in pathogenesis in patients with 
linear and plaque morphoea as well as in SSc [109-111]. Upreg- 
ulated miR-155, TNF and IL-6 may represent further overlaps 
in pathogenesis of lichen sclerosus and morphoea and potential 
treatment targets [67]. 
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Pathophysiology 


Predisposing factors 

The aetiology of morphoea is poorly understood. Trauma, radia- 
tion, medications, vaccination and infection have all been proposed 
to act as triggering events in its development in susceptible indi- 
viduals [23,24,112]. Evidence for morphoea as an autoimmune dis- 
ease includes the presence of autoantibodies, HLA associations, and 
family and personal history of autoimmune disease. The very rare 
familial cases, the predominance of female gender and Blashkoid 
nature of linear disease further point to underlying genetic factors. 
It seems likely that an environmental ‘signal’, on a background of 
genetic susceptibility, triggers a sequence of events including vas- 
cular activation, inflammation and subsequent fibrosis. 


Pathology 

Autoimmunity 

Autoimmune mechanisms are thought to play an important role 
in the induction of morphoea and this is supported by the find- 
ing of a variety of autoantibodies in all subtypes of the disease 
[29] and of increased serum levels of B-cell activating factor, a 
potent B-cell survival factor [113]. The published prevalence of 
ANA positivity in larger morphoea cohorts varies from 23% to 
68% [4,6,11,30,53,55,114,115-120]. The prevalence and distribution 
in a UK childhood incidence cohort was similar at 43% [52]. The 
role and clinical application of autoantibodies in morphoea is 
not as clear-cut as in SSc where they predict internal organ com- 
plications and prognosis (Chapter 54). In a recent meta-analysis, 
pooled ANA positivity was 29.9%, but in paediatric-onset disease 
it ranged from 5.9% to 68%. ANA positivity was more frequent in 
linear versus non-linear disease but was present across subtypes. 
In both adults and children it was associated with more severe, 
more extensive and deeper disease and in children it also associated 
with extracutaneous manifestations and more disease damage 
[29,53,116]. In the largest paediatric cohort of 750, ANA positivity 
was similarly associated with extracutaneous manifestations and 
those with extracutaneous manifestations also had an increase in 
other immune activation markers: erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), creatinine kinase (CK), IgG and 
rheumatoid factor [4]. Further, in a prospective cohort of 77 paedi- 
atric morphoea patients, baseline ANA positivity was associated 
with a 4.8 times greater odds of disease relapse (after successful 
treatment) at 5 years [30]. Titres of more than or equal to 1/160 
were found in 50% and as many as 11% had titres of 1/1520 in 
this paediatric study. Speckled, homogeneous and nucleolar ANA 
staining patterns have been identified [116,120,121]. The speckled 
pattern appears predominant, occurring in 50-81% [116,120]. ANA 
positivity may also be directed against a variety of recognised 
extractable nuclear antigens including histones, single-stranded or 
denatured DNA [116,118,122,123] and topoisomerase II alpha [124]. 
An increased prevalence of antihistone antibodies (12% versus 
2% in controls) [116] has been recorded in morphoea overall and 
in the linear subtype in particular (32-39%) [116,118]. Like ANA 
positivity, antihistone antibodies correlated with more extensive 
disease, higher skin scores and greater functional impairment, 
suggesting that they may identify a group of patients who require 
more aggressive therapy. Anti-ssDNA antibodies found in between 
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7% and 51% of cases have also been associated with more exten- 
sive skin involvement, active and deep disease and increased 
IFN-o2 and IL-33 [116,117,125]. Unlike ANA positivity, neither 
AHA nor anti-ss-DNA positivity predict increased risk of relapse 
[30]. Although earlier studies had suggested that titres of ANA and 
antihistone antibodies may parallel disease activity, this has not 
been borne out in larger studies [11,116,118]. 

Antibodies that are usually deemed to be specific markers of 
SSc, namely anti-topoisomerase antibody (anti-Scl-70 or ATA) and 
anticentromere antibody (ACA) (Chapter 54), have been identified 
at lower frequency — for example in 3.2% and 1.7% of 750 children 
with morphoea, respectively [4,11]. This is comparable to published 
figures of 0.8-3% for ATAs, although ACA prevalences are more 
variable 0-12% [6,28,55]. This variability may reflect the use of 
different assay methods and small numbers in some of the studies. 
A more recent study evaluated a panel of classic-SSc associated 
antibodies including ATA, ACA (CENP A), RNApol III in a paedi- 
atric morphoea cohort of 69 and found a frequency ranging from 6% 
to 14%. These three autoantibodies, in particular, were associated 
with deep tissue involvement, signified by joint contractures, nerve 
entrapment and muscle involvement, with more skin symptoms 
of tingling and pain, and skin thickness, but not with specific 
morphoea subtypes [120]. 

Other antibodies pathogenically specific to sclerotic skin diseases 
include antibodies to fibrillin 1, a major component of microfibrils 
in the extracellular matrix [109], and antibodies to MMP-I, which 
inhibit collagenase activity [126,127]. Both of these have been iden- 
tified in patients with linear, plaque and generalised morphoea as 
well as in SSc. 

Antibodies to dsDNA have also been reported in between 
2.3% and 14% of cases, but with no clear clinical correlations 
[4,6,11,55,120]. 

Rheumatoid factor (RF) was positive in 3-16% of morphoea 
cohorts [4,11,55,128]. In Zulian’s paediatric cohort, 16% of 464 
children tested were positive and this correlated with the presence 
of arthritis [11]. The most recent study of morphoea autoantibody 
biosignatures from 70 morphoea patients with active inflammatory 
skin lesions, identified autoantibodies to myelin basin protein 
(directed against different epitopes to those recognised in multiple 
sclerosis) in 27% of cases, and this was associated with perineural 
inflammation and clinical symptoms of pain [129]. 

A variety of other autoantibodies, including anticardiolipin 
antibody [11], antimitochondrial antibodies [130] and antibodies 
to the ribonucleoproteins anti-U1-RNP [131], anti-U3-RNP [132] 
and anti-Th/To [133] may rarely be present, but are of uncertain 
significance. It is important to emphasise that the presence of these 
connective tissue disease associated antibodies has not been asso- 
ciated with the development of other connective tissue diseases 
such as SLE, Sjégren or SSc in morphoea cohorts studied to date. 
Nevertheless, such patients warrant increased surveillance. 

In summary, although their exact roles are as yet incompletely 
defined, there is evidence for an association between autoantibody 
profiles and clinical phenotypes in morphoea (Figure 55.3 and for 
a recent review see [29]). Positive ANA, AHA, anti-ssDNA and RF 
are prevalent in morphoea cohorts, and significantly correlated with 
disease severity, depth of involvement and extracutaneous involve- 
ment. The association between ANA positivity at baseline and the 
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Figure 55.3 General overview of morphoea autoantibodies in relation to clinical features. Reproduced from Khatri et a/. [29]/Frontiers Media /CCBY 4.0. Ab, antibody; ACA, 
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erythematosus; VEGF, vascular endothelial growth factor. 


potential for subsequent disease relapse suggests its possible use as 
a biomarker [30]. 


Immunopathology 

Vascular activation and damage 

Although vascular damage is well recognised to be one of the 
earliest features involved in the pathogenesis of SSc, it is less well 
studied in morphoea. Nevertheless, microvascular changes occur, 
and endothelial cell swelling and apoptosis have been identified 
in early morphoea lesions, with enlarged vessels, vessel wall redu- 
plication and reduced capillary density in later stages [134-136]. 
Direct immunofluorescence studies have shown immunoglobulin 
M (IgM) and C3 staining in the small blood vessels of the papillary 
dermis [137]. Upregulation of expression of the endothelial cell 
adhesion molecules vascular cell adhesion molecule 1 (VCAM-1), 
intercellular adhesion molecule 1 (ICAM-1) and E-selectin [138,139], 
antiendothelial cell antibody-mediated antibody-dependent cyto- 
toxicity [135] and autologous complement activation [140] have 
been proposed as mechanisms for endothelial cell injury and 
activation in morphoea [141]. Direct damage through trauma, 
infection and radiation may be contributory factors in some cases. 
Thus, although endothelial-mesenchymal transition contributing 
to fibrosis has not been documented in morphoea, endothelial cell 


activation and damage may be an important driving factor in the 
early inflammatory stages, promoting cytokine release and T-cell 
recruitment [142]. 


Epidermal—dermal interaction 

The Blaschkoid nature of linear morphoea not only suggests the 
possibility of genomic mosaicism but also that epidermal ker- 
atinocytes may be involved in its pathogenesis. Keratinocytes may 
affect the extracutaneous manifestations by altering expression 
of connective tissue growth factor (CTGF), fibronectin or type I 
collagen. Keratinocytes are known to produce an array of cytokines, 
growth factors and chemokines including TNF-a, TGF-f, IL-1, IL-6, 
platelet-derived growth factor (PDGF), FGF, CCL2, endothelin1, fib- 
rillin1, o-MSH and Fli-1 many of which are implicated in fibrosis or 
wound healing. In addition, epidermal—dermal signalling, involv- 
ing, for example, Wnt-Beta-catenin, and jagged-notch pathways 
may not only be important in promoting fibrosis (as suggested by 
studies in SSc), but may also be a determinant of morphoea pat- 
terning through their roles in embryonic development (reviewed in 
[143]). No primary somatic epidermal mosaicism has been identi- 
fied in linear morphoea [144]. Nevertheless, further investigation of 
the role of keratinocytes and the epidermis in driving dermal and 
subcutaneous inflammation and fibrosis in morphoea is warranted. 
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Cytokines and cellular signatures 

Current evidence suggests that a T helper type 1 (Th1) pheno- 
type, with a strong IFN-y signature, predominates in the early 
inflammatory stage of morphoea and later switches to a Th2 
predominant profibrotic immunophenotype in the sclerotic and 
damage phase. 

Elevated levels of Th1 and Th2 related cytokines, chemokines 
and receptors have been found in peripheral blood in morphoea 
patients. These include Th1 related IL-2, IL-2R, IL-12, TNF-a, 
TGF-B, MCP-1 and IFN-y related proteins: CXCL9(MIG), CXCL10 
(IP-10), CXCL11 and IFN-y chemokine receptor (CXCR3), and 
Th2 related IL-4, IL-6 and IL-13 [119,145-154] (reviewed in Torok 
et al. [155]). More recently, increased levels of CCL18, CXCL13, 
TNFRIL, galectin-9, TIE-1, sVCAM, IL18 and CCL19 have also been 
identified in sera from 74 morphoea patients (versus 22 healthy 
controls) [156]. 

IL-4 stimulates B-cell and fibroblast proliferation, synthesis 
of extracellular matrix components and immunoglobulin and 
adhesion molecule production (reviewed in [157]). IL-6 is an inflam- 
matory and profibrotic cytokine, involved in regulation of B cells, 
fibroblast activation and Th17 cell differentiation. In patients with 
early stage generalised and linear morphoea, increased serum levels 
of IL-2, IL2-R and TNF-a were shown to correlate with increased 
serum IL-4 and IL-6 concentrations, skin scores, anti-ssDNA and 
antihistone antibodies [146,147]. Elevated IL-1 and IL-6 were found 
in serum of children with morphoea and disease duration fewer 
than 24 months, and elevated IL-17 F and IL-22 in disease durations 
of 24-48 months [119,157]. The latter correlated with ANA, anti- 
histone and ssDNA antibody positivity, and it was suggested that 
the Th17 signature may reflect more severe or active inflammatory 
disease. The proposed role of Th17 cells in driving inflammation 
and early fibrosis [157] has been called into question, however, by 
the finding of reduced Th17 cells in morphoea skin, despite ele- 
vated levels of IL-17A and IL-23 in blood [119,151]. A role for IL1 is 
suggested in SSc. Endogenous IL-1a from SSc fibroblasts stimulates 
collagen production by inducing IL-6 and PDGF [158]. Endothelial 
cell-derived IL-1 and IL-1f and fibroblast growth factor may be 
produced in response to cellular injury and are also capable of acti- 
vating SSc fibroblasts [159,160]. Interestingly, although there was 
no increase in IL-1 family cytokines in morphoea sera at baseline, 
IL1a levels increased after effective treatment whereas IL-33 levels 
dropped compared with healthy controls [161]. 

Increased CD4+ and CD8+ T cells and CDla+ CD86+ dermal 
Langerhans cells are known to be present in lesional skin in mor- 
phoea [162]. In more recent studies, however, peripheral blood 
and skin show a marked predominance of CD4+ Th1 cells with 
reduced functional regulatory T cells [145,163]. Patients with active 
disease demonstrate larger populations of IFN-y expressing T cells 
(CD4+ IFN-y+ Th1 cells) and NK cells. When comparing active 
versus inactive disease, CXCL-9, IL-12, MIP-1la, HGF, IL-4 and 
TNF-a were seen with increased frequency in blood and skin in 
adults [145], and CXCL9, CXCL10, CXCL11, MIP-38, IL-9, IL-2 and 
CCL-1 in paediatric patients [153,155]. Peripheral blood levels of 
CXCL9 and CXCL10 have been correlated with disease activity 
measures mLoSSI and PGA-A, underscoring their potential use as 
serological markers [119,145,152,153]. Gene expression profiling did 
not reveal a transcriptional IFN signature in blood monocytes, but 


immunohistochemistry of affected skin has shown co-localisation 
of CXCL-9 with CD68+ dermal macrophages in close proxim- 
ity to CXCR3 expressing CD4+ T cells in dermal perivascular 
inflammatory cell infiltrates. This suggests potential lymphocyte 
macrophage interaction via IFN-y signalling and implicates skin 
rather than PBMCs as the source of circulating CXCL9 [145,152]. 
CCL18 is a chemokine produced by dendritic cells, monocytes 
and macrophages and induced by Th2 cytokines IL-4 and IL-13. It 
induces Th2 cell chemotaxis and macrophage differentiation to a 
profibrotic M2 phenotype. CCL18 has recently been shown to be 
increased in skin from the inflammatory edge of morphoea lesions, 
but not in unaffected skin. Serum levels of CCL18 may more accu- 
rately discriminate between active and inactive disease than CXCL9 
and CXCL10 and were shown to mirror mLoSSI and response to 
effective therapy in morphoea of all subtypes [156]. 

More recently, RNA sequencing in paediatric morphoea has 
allowed transcriptomic analysis of the different phases of mor- 
phoea. This has revealed a distinct inflammatory response gene 
signature (IRGS) composed of IFN-y, IFN-« and TNF-a associated 
genes in morphoea skin, including interferon inducible chemokines 
CXCL9, CXCL10, CXCL11 and IFN-y which are more highly 
expressed in inflammatory lesions. In contrast, inactive lesions 
differentially expressed genes encoding for extracellular matrix 
organisation, collagen and keratinisation, including COL17A1, 
KRT173, FLG and COLI17A. In addition, transcription factors 
involved in epithelial-mesenchymal interaction, proliferation and 
extracellular matrix production such as WNT, ERK, PI3K-TBX, 
FOX, RUNX and SRF were highly expressed [22]. Interestingly 
TGF-B was absent from the morphoea gene signature in this study. 
When comparing active versus inactive morphoea samples the most 
significant differences were seen in genes involved in KRAS sig- 
nalling, epithelial-mesenchymal transition, IL-2 STAT5 signalling, 
IL6 JAK/STATS signalling, and TNF-a signalling via NFKB. The 
KRAS and JAK/STAT pathways were the most significantly upreg- 
ulated pathways associated with disease activity suggesting JAK 
inhibition as a new potential therapeutic option [22]. Future studies 
could usefully be informed by single-cell RNAseq studies and the 
application of spatial transcriptomics. 


Fibroblast activation and sclerosis 

Sclerosis involves the production of extracellular matrix compo- 
nents and is thought to result from a combination of increased 
collagen deposition by fibroblasts and reduced extracellular matrix 
turnover in morphoea. Th2 related cytokines IL-4 and IL-13 upreg- 
ulate collagen synthesis, inhibit collagenase activity [164], and are 
both elevated in morphoea, IL-13 more evidently in later stage 
disease [146,147,165]. The importance of IL-13 is supported by early 
gene expression profiling studies in three morphoea patients that 
suggested robust activation of IL-13 signalling [166]. No TGF-f 
responsive signature was identified in morphoea biopsies in this 
study. Linear morphoea fibroblasts have been shown to have a 
specific cell phenotype which exhibits increased growth, migration 
and a paradoxically reduced response to TGF-B1. They more often 
differentiate into myofibroblasts and have a specific, altered cell 
secretome. Thus, key modulators of the TGF-8 superfamily mem- 
bers SOSTDC1 and ADAMTS8 are dysregulated in morphoea and 
altered SMAD phosphorylation ensues [167]. 


Enhanced type I and type III collagen mRNA and protein expres- 
sion have been identified in morphoea fibroblasts and lesional 
skin [168,169]. Glycosaminoglycan and fibronectin synthesis is also 
increased. Constitutive overexpression of CTGF combined with 
increased TGF-B and PDGF production by dermal fibroblasts may 
contribute to the sustained fibrotic response [170]. CTGF mRNA 
and protein have been identified in fibroblasts scattered throughout 
the dermis in morphoea skin sections [171,172]. In contrast to recent 
transcriptomic studies, skin biopsies and sera of morphoea patients 
have demonstrated increased TGF-f expression and co-localisation 
with activated fibroblasts. Upregulation of TGF-$ and TGF-f recep- 
tors I and II in perivascular lymphocyte-like cells and interstitial 
fibroblasts have been identified by immunohistochemistry and in 
situ hybridisation in involved skin [173,174]. Increased expression 
of the matrix-associated tissue inhibitor of metalloproteinase-3 
(TIMP-3) in fibroblasts within fibrotic collagen fibres or in the vicin- 
ity of inflammatory cells suggests a role for reduced collagenolysis 
in addition to increased collagen synthesis in the development of 
fibrosis [175]. 

Myofibroblasts are the key effector cells in fibrosis. In morphoea 
patients, enhanced dermal expression of «-SMA, as well as TGF-B1 
and fibronectin, all of which are involved in fibrosis, and, at the 
same time, enhanced expression of Snaill and reduced expression 
of E-cadherin, which are involved in epithelial-mesenchymal tran- 
sition, were observed in the dermal eccrine glands suggesting that 
epithelial-mesenchymal transition may be involved in the fibrotic 
process [176]. Fibrocytes are CD34+ cells bone marrow-derived 
mesenchymal progenitor cells that are recruited from the circu- 
lation into sites of injury. During tissue remodelling they lose 
CD34 expression and gain smooth muscle actin (SMA) expression 
to become myofibroblasts. Factor XIIIa is a protransglutaminase 
expressed on a population of dermal dendritic cells now thought to 
be macrophages, which is involved in cross-linking matrix proteins. 
CD34 positivity is lost, and factor XIIla expression is increased in 
areas of fibrosis in morphoea [177-179]. Together, these findings 
suggest that a profibrotic wound-healing environment may develop 
in morphoea as a result of transformation of CD34+ fibrocytes to 
CD34-— myofibroblasts. The increase in factor XIIa-expressing cells 
may then function in cross-linking newly formed collagen fibrils 
and matrix proteins, thereby enhancing the fibrotic process [179]. 

By these mechanisms, vascular injury leading to recruitment 
and activation of lymphocytes and mononuclear cells, secretion of 
pro-inflammatory mediators and fibroblast activation are thought 
to lead to eventual fibrosis, sclerosis and damage. 


Histopathology 

There have been few systematic studies of the histopathology of 
morphoea. However, all subtypes share similar findings of an early 
active inflammatory phase, in which newer lesions demonstrate a 
lymphocyte and plasma cell-rich infiltrate. As lesions evolve, the 
numbers of inflammatory cells reduce as collagen bundles thicken 
and skin sclerosis increases in the later fibrotic phase. An intermedi- 
ate picture is frequently found on skin biopsy (Figure 55.4). 

The epidermis may be normal, flattened with loss of rete ridges, or 
slightly acanthotic [180]. In the early inflammatory phase, oedema 
and a dense predominantly perivascular infiltrate of lymphocytes, 
plasma cells and macrophages, eosinophils and occasional mast 


Figure 55.4 Typical histopathological appearances in morphoea. (a) Low power view 
showing an expanded dermis, superficial and deep perivascular and periadnexal 
inflammation dense horizontally orientated collagen bundles, loss of adnexal structures 
and extension into the subcutis. H&E. (b) Higher power view showing broad and thick 
collagen bundles, scattered aggregates of lymphocytes and plasma cells perivascularly 
and at the dermal-hypodermal junction. H&E. Courtesy of Dr F. Deroide, Department of 
Histopathology, Royal Free London NHS Foundation Trust, UK. 


cells, is present in the reticular and occasionally the papillary dermis 
[181-183]. The infiltrate may extend into the lower dermis, around 
the eccrine glands, into the subcutaneous fat and beyond. The retic- 
ular dermis shows swollen collagen bundles running parallel to the 
skin surface. The subcutaneous fat may be replaced by thickened, 
wavy fibres of newly formed collagen, rich in type II] collagen and 
fibrillin 1 [184-186]. Vascular changes in the dermis and subcutis 
consist of endothelial swelling and oedema of the vessel walls. 
In the sclerotic stage there are few recognisable fibroblasts and 
little inflammation. Collagen bundles are closely packed, highly 
eosinophilic and orientated horizontally. The dermal appendages 
and subcutaneous fat are progressively lost. Reduced numbers of 
eccrine glands are entrapped by collagen and thus appear higher 
in the dermis. Fewer blood vessels are seen within the thickened 
hyalinised collagen; those that are present may show intimal thick- 
ening. The fascia and striated muscles underlying the lesions may 
likewise show fibrosis and sclerosis. Deeper structures including 
the eye and brain are involved in a significant number of patients 
with linear morphoea of the face or scalp [187,188]. Brain biopsies 
performed in some patients with neurological involvement have 
shown dilated blood vessels, a perivascular lymphocytic infiltrate 
with features of vasculitis, gliosis and sclerosis of the leptomeninges, 
and intravascular and intraparenchymal calcification [187-190]. 

In a recent review of 51 skin biopsies in 40 patients by Chiu 
et al. the most common features were dermal sclerosis (defined as 
a combination of collagen thickening and homogenisation) in 90%, 
dermal thickening in 78% and collagen homogenisation in 86%. 
An inflammatory infiltrate which was composed of lymphocytes 
and plasma cells was present in all cases, described as moderate to 
abundant in 73%, with moderate or abundant plasma cell numbers 
in 55%. Eosinophils were present in only 4/51 biopsies. The inflam- 
matory infiltrate was superficial and deep in 76%, and superficial 
only in 25%. Fourteen of 51 biopsies showed overlying features of 
lichen sclerosus. Periadnexal fat loss and/or reduced appendages 
occurred in 71% and perineural inflammation in 63% [95]. 

These findings resemble those in the published literature, which 
describe an inflammatory infiltrate in 84—100%, moderate to abun- 
dant plasma cells in 84%, eosinophils in 10-21% and perineural 
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inflammation in between 52% and 84% [183,191,192]. Interestingly, 
there was no significant difference between active and inactive dis- 
ease histology in this study. Diagnostic difficulty was encountered 
in 24/51 biopsies, and the authors suggested that subtle and focal 
collagen homogenisation and presence of plasma cells may serve as 
diagnostic clues in such cases [95]. 

While histopathological changes are similar in all subtypes of mor- 
phoea, they do vary in relation to the depth of involvement. In deep 
forms changes may be confined to the deep dermis and subcutis, or 
solely involve deeper structures such as the underlying fascia and 
muscle [193]. In some cases, changes may be entirely superficial and 
confined to the reticular dermis [178]. 

In a cross-sectional study of 83 patients (mean age 41 + 21 
years, 91 biopsies) with the range of morphoea subtypes, specific 
microanatomical locations of sclerosis and inflammation were asso- 
ciated with morphoea subtype and clinical symptoms of pain, skin 
tightness and functional impairment [194]. The location of sclerosis 
was defined as a ‘top-heavy’, ‘full-thickness’ or ‘bottom-heavy’ pat- 
tern. It mirrored the clinical phenotype, with a top-heavy pattern 
in isomorphic generalised plaque morphoea and morphoea-lichen 
sclerosus overlap, and a bottom heavy or full thickness pattern 
in patients with symmetric generalised plaque morphoea and 
morphoea profunda (involving the subcutis or deeper). All three 
patterns were seen in all morphoea variants, supporting the sugges- 
tion that depth should be considered a disease modifier rather than 
a separate subtype of disease. A mild to moderate inflammatory 
infiltrate was present in 80%, located in the papillary and deep 
reticular dermis, the dermal-subcutaneous interface, perivascular, 
periadnexal and perineural areas. It was lymphocyte predominant 
(91%), but also rich with plasma cells in 75% and eosinophils in 
21%. Patient symptoms of pain, tightness and functional impair- 
ment were associated with a bottom-heavy pattern of sclerosis and 
more severe inflammation on the biopsy [194]. 

In a study of 16 patients, vacuolar degeneration at the dermal— 
epidermal junction was a common histological feature in morphoea 
en coup de sabre and a perivascular and/or periappendageal lym- 
phocytic infiltrate and vacuolar degeneration of follicular epithe- 
lium were seen in early disease [195] suggesting that there may be 
an autoimmune attack of basal keratinocytes. 

While prior studies implicate a stepwise progression from inflam- 
matory to sclerotic phases [181], the high proportion of cases with 
concomitant sclerosis and inflammation in this study (46.2%) [194] 
suggest that ongoing inflammation may continue to drive fibrosis 
resulting in a more protracted disease course in a significant number 
of patients. 

The cutaneous histopathological findings in morphoea and SSc 
are similar [196]. Diagnostic difficulties can sometimes arise in 
patients with the pansclerotic variant. Features that favour mor- 
phoea over SSc include more intense inflammation, the presence 
of perineural inflammation and more diffuse dermal sclerosis, 
simultaneously involving the papillary and deeper dermis, which 
is not usually seen in SSc [183,191]. 


Causative organisms 

A putative role for Borrelia species in triggering morphoea was 
initially proposed by Aberer et al. in 1985 [197]. It was suggested 
because of: (i) the clinical and histological similarities between 
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morphoea and acrodermatitis chronica atrophicans, a cutaneous 
manifestation of late-stage Lyme disease (Chapter 26) [198]; (ii) the 
finding that lichen sclerosus was observed to coexist with acro- 
dermatitis chronica atrophicans in 12% of cases [199]; and (iii) the 
response of certain cases of morphoea to antibiotics. Since then, the 
proposed association has been studied extensively with different 
outcomes in Europe and North America. It has been suggested that 
the geographical differences reflect the fact that different subspecies 
of Borrelia predominate in different parts of the world. Borrelia 
burgdorferi sensu stricto is prevalent in the USA and B. afzelii and B. 
garinii predominate in Eurasia. High rates of Borrelia infection have 
been documented prior to the onset of morphoea in some European 
studies, but not in those from the USA [200-204]. In a retrospective 
review of 90 European morphoea patients, a statistically highly 
significant association between morphoea, serological evidence 
of Borrelia infection and high-titre ANA positivity was observed 
when disease onset was in childhood or adolescence, suggesting 
possible relevance in a subset of morphoea patients [205]. However, 
a significant number of studies from both sides of the Atlantic have 
found no association between the two entities [206-212]. The wide 
range of diagnostic tests used, which include immunoperoxidase, 
silver stain, focus-floating microscopy, tissue culture, serology and 
polymerase chain reaction, make it difficult to interpret the data. 
A literature review identified Borrelia DNA in only one of 49 mor- 
phoea cases investigated [209]. In summary, there is no conclusive 
evidence to date that morphoea is caused by Borrelia infection. 
However, immune activation as a result of infection per se could act 
as a trigger for morphoea in some cases. Possible infectious triggers 
for morphoea reported in the literature include hepatitis C [213], 
varicella [214], herpes zoster [215] and SARS-CoV-2 [216]. 


Genetics 
Rare cases of familial morphoea in father and son [217], linear 
morphoea in sisters [78], first-degree cousins [80] and in monozy- 
gotic twins [81,218] are published. A family history of rheumatic 
or autoimmune disease in first- or second-degree relatives seems 
more common and was reported in 12% of 750 children [11]. This 
family history was significantly more likely in patients with gener- 
alised morphoea (23.5%) than in those with plaque (12.5%) or linear 
(9%) disease. Rheumatoid arthritis, systemic lupus erythematosus, 
psoriasis, vitiligo, lichen sclerosus, autoimmune thyroiditis and 
insulin-dependent diabetes appear particularly associated [6,11]. 
A family history of scleroderma was identified in 1.5% of chil- 
dren (although no mention is made whether this was systemic or 
localised disease) [11]. In a further study, including 123 adults and 
122 children, 2% reported a family history of morphoea in a first- 
or second-degree relative [6]. At 18% overall, the prevalence of 
familial rheumatic and autoimmune disease was increased fourfold 
compared with that in the general population [6,46], and was higher 
in children (22%) than adults (11%). Children with generalised or 
mixed morphoea and adults with generalised disease had the high- 
est frequencies. Taken together, the increased frequency of personal 
and familial autoimmunity in the generalised subtype indicates a 
possible common susceptibility locus for this group of disorders. 
There is still a great deal of work to be done to understand the 
genetic influences underlying morphoea. However, genome-wide 
gene expression profiling of skin biopsies from three morphoea 


patients has demonstrated an inflammatory gene expression profile 
identical to that seen in limited and some diffuse cutaneous SSc 
patients [166] (Chapter 54). This profile has been linked to T-cell 
infiltration, early growth response 1 (Egr-1) and IL-13 pathway 
activation [219] and to CCL2 up-regulation [220]. In a case-control 
study of peripheral blood of 158 predominantly female and white 
morphoea patients (adults and children), increased frequencies of 
class IT HLA-DRB1*04:04 (OR 2.3), HLA-DQB1*02:01 (OR 1.89), 
DRB1*03:01 (OR1.6), DQA1*03:00 (only seen in morphoea cases) 
and class | HLA-B*37 (OR 3.2), HLA-C*08 (OR 2.6), HLA-C*15 
(OR2.7) alleles were demonstrated, with HLA-DRB1*15 particularly 
associated with the generalised morphoea subtype. The strongest 
associations were found with HLA-DRB1*04:04 and HLA-B*37 
and one risk allele DRB*04:04 in common with SSc was identified 
[221]. Other HLA-DRB1, -DPB1, -DQB1 and -DQA1 variants are 
strongly associated with SSc [86] (Chapter 54), and HLA-DRB1 
and -DQB variants appear more frequently in patients with lichen 
sclerosus [67]. Interestingly, HLA-DRB1*04:04 is strongly associated 
with rheumatoid arthritis, providing further support for a common 
susceptibility and potential explanation for the high prevalence 
of rheumatoid factor positivity in morphoea cohorts [60]. RNA 
transcriptome expression analyses of the skin of 28 children with 
morphoea has identified 589 differentially expressed genes. His- 
tological skin inflammation scores correlated with the expression 
levels of genes related to MHC class II antigen presentation and 
IFN-y signalling, including HLA-DQB1, HLA-DRB5, HLA-DRB1, 
HLA-DPB1,HLA-DQA2, HLA-DPA1 and HLA-DQA1, GBP1, GBP2, 
GBP4, IRF1 and STAT1 [21]. Average dermal collagen thickness cor- 
related with expression of genes involved in IFN-y signalling and 
MHC class II antigen presentation and collagen organisation, specif- 
ically IFITM3, CD63 and COL12A1. Strong upregulation of the same 
class II genes HLA-DRB1, -DQB1 and -DQAI, previously identified 
in blood [221], correlated with both skin inflammatory and fibrosis 
scoring [21]. In this study, Schutt et al. demonstrated three distinct 
immunophenotypic clusters: ‘inflammatory’ associated with strong 
upregulation of class II-related genes, ‘fibroproliferative’ associated 
with FGFR1 amplification, collagen formation and keratinisation 
pathways, and ‘healthy-like’ seen in patients in long-term remis- 
sion. These groups did not correlate with the clinical morphoea 
subtypes (linear, generalised, circumscribed), but patients in the 
inflammatory cluster were more likely to have active disease, 
higher mLoSSI and histological inflammation scores and ANA 
positivity [21]. Ultimately, as in SSc, it is hoped that identification of 
these intrinsic skin cell-specific gene expression subsets, potentially 
linked to differential treatment responses, will allow better tailoring 
of therapeutics in patients with severe inflammatory morphoea. 
Epigenetics has been a recent focus of attention in various fibrotic 
disorders. MicroRNAs (miRNAs) are small non-coding RNAs 
that bind to messenger RNAs inhibiting their translation into 
protein (reviewed in [222]). Downregulated miRNAs, in partic- 
ular miR-7 [223], miRNA-let-7a [224] and miRNA-196a [225], in 
the serum and skin of morphoea patients may contribute to the 
pathogenesis of skin fibrosis by allowing increased type I colla- 
gen expression in morphoea fibroblasts. Increased expression of 
profibrotic miRNA-155 which regulates Akt, Wnt/beta-catenin 
pathways and endothelial to mesenchymal transition (Chapter 54), 
and miRNA-483-5p which promotes myofibroblast differentiation 


and regulates extracellular matrix has been found in morphoea 
sera and endothelial cells [222,226]. More recently, increased serum 
levels of miRNA-181b-5p, miRNA-223-3p, miRNA-21-5p, let-7i-5p, 
miRNA-29a-3p and miRNA-210-3p have been identified although 
their significance as yet remains unclear [227]. Levels of let-7i 
inversely correlated with extent and activity of disease, suggesting 
its possible future use as a biomarker. 


Environmental factors 

Trauma and vaccination 

A small number of case reports in children specifically document 
the onset of morphoea at the site of, and in a close temporal rela- 
tionship to, vaccination for hepatitis B, MMR (measles, mumps 
and rubella), diphtheria, tetanus, pertussis, pneumococcus, BCG 
(bacille Calmette-Guérin) [228-234] and, most recently, Covid-19 
[235]. The onset of morphoea has also been reported after injection 
with vitamin B,, and K [236-238], interferon-betalb [239] and 
enfuvirtide [240]. It has been suggested that morphoea may reflect 
an immunological response triggered by vascular injury and tissue 
hypoxia because of trauma at the injection site in susceptible indi- 
viduals. Others have argued that since multiple vaccines have been 
implicated, it is the adjuvants in the vaccines that act as the trigger 
[241]. Newer mRNA vaccines have the potential to trigger innate 
immunity via TLR activation and generation of type I interferons, a 
possible mechanism for triggering morphoea [242]. 

Anecdotal reports and early case series have suggested a potential 
role for trauma in the development of morphoea and particularly 
in linear disease [54,117,243]. In large paediatric cohorts compris- 
ing 886 children, 13% reported a specific potential triggering event, 
such as trauma, infection or exposure to a drug, occurring close to 
the time of morphoea onset [11,27]. Mechanical trauma (including 
accidental trauma, insect bite reactions and vaccinations) accounted 
for two-thirds of these cases, infections for a quarter of cases, and 
drugs and psychological distress for 5% and 3%, respectively. Inter- 
estingly children with generalised morphoea had a lower reporting 
frequency for such events (6%). In contrast, there appeared to be a 
trend for mechanical factors to act as a trigger in linear and deep 
morphoea cases [11]. 

The association of morphoea with skin trauma was systematically 
investigated in a cohort of 329 adult and childhood cases. Evidence 
of skin trauma or friction in the distribution of morphoea lesions 
at the onset of disease was identified in 52 patients (48 adults) 
(15.8%) [112]. The development of morphoea in the same area as 
previously healed skin disease or injury, also referred to as Wolf 
isotopic response [244], occurred in 6%. Skin lesions occurring 
at sites of repeated current trauma, referred to as the isomorphic 
response of Koebner [245], were identified in 9% of patients [112]. 
Isotopic patients were defined as those who had trauma occur at 
the site of the initial lesion within 6 months of onset of morphoea. 
Isomorphic patients were those with lesions distributed exclusively 
in areas of friction in the bra-line, waistband area and inguinal 
creases. Both groups were female predominant, and the mean age 
of onset was lower in the isotopic (44.4 years) versus the isomorphic 
(52.4 years) group. In contrast to the findings in children [11], in this 
predominantly adult group (48/52 cases), 87% of trauma-induced 
cases had generalised morphoea (defined in this study as the occur- 
rence of indurated plaques that have become confluent on at least 
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PART 4 


Table 55.3 Other causes of skin sclerosis. 


Disorder Examples 


Autoimmune disorders 
Metabolic disorders 


Systemic sclerosis, sclerodermoid GVHD 


thickening 
Deposition disorders 
Genetic disorders (see 
also [359]) 


Porphyria cutanea tarda, phenylketonuria, muscle glycogenosis, hypothyroidism, carcinoid syndrome, diabetic cheiroarthropathy with skin 


Scleroedema, scleromyxoedema, primary systemic amyloidosis 
GEMSS (glaucoma, lens ectopia, microspherophakia, stiffness of joints, short stature), Werner syndrome, progeria, acrogeria and 
poikilodermatous epidermolysis bullosa, Moore Federman syndrome (short stature, stiff joints, characteristic facies), stiff skin syndrome, 


melorheosthosis, scleroatrophic Huriez syndrome (scleroatrophy hands and feet, nail hypoplasia, keratoderma hypohidrosis), Myhre 
syndrome (skin sclerosis, joint contractures, cardiorespiratory and gastrointestinal abnormalities, hearing loss, dysmorphic features) 


Occupational causes 
Chemically induced 


Vinyl chloride disease, perchlorethylene, trichloroethylene, organic solvents, pesticides, epoxy resins, silicone 
Eosinophilia myalgia syndrome (L-tryptophan), toxic oil syndrome (ingestion of rapeseed oil contaminated with aniline), nephrogenic 


systemic fibrosis (gadolinium exposure on a background of renal failure, GFR <30 mL/min) 


Drug induced (see section 
on environmental 
factors, later) 

Associated with 
haematological disease 


GFR, glomerular filtration rate; GVHD, graft-versus-host disease. 


two anatomical sites), compared with 33% of the cohort overall. 
Isotopic patients also included some cases of linear morphoea 
and had more severe disease as measured by modified Rodnan 
skin score (mRSS; Chapter 54) and dermatology life quality index 
scores [112]. The proposed triggering events in the isotopic group 
were surgery in 43%, penetrating trauma in 19%, injection in 14%, 
herpes zoster infection in 10% and radiotherapy, diagnostic X-ray 
and extreme exercise in 5% each. The majority of lesions occurred 
on the chest, breasts or abdomen. The underlying mechanism for 
such trauma-induced morphoea remains uncertain. However, the 
induction of an aberrant wound healing response with upregu- 
lation of endogenous toll-like receptor (TLR) ligands, enhanced 
innate immune signalling and resultant fibroblast activation may 
be involved [143,246,247]. 


Radiation 

Most published cases of post-irradiation morphoea have been 
linked to radiotherapy for breast cancer [248-252]. It is estimated 
to occur in 1/500 breast cancer patients [252]. More rarely, it has 
occurred after treatment for gynaecological and head and neck 
malignancies, subcutaneous lymphoma and metastatic adeno- 
carcinoma [250,251]. Age, radiotherapy parameters and initial 
post-treatment reaction do not appear to influence the risk of devel- 
oping post-irradiation morphoea, although a prior diagnosis of 
SSc may do. Most cases develop within 1-3 years of completing 
radiotherapy, but rarely delays of 10-32 years are reported [248,251]. 
In most cases, morphoea develops within the radiotherapy field, 
but in up to 50% of cases it can extend beyond this [250,251]. The 
differential diagnosis can be challenging and includes chronic 
radiation dermatitis, radiation-induced fibrosis, cancer recurrence, 
post-irradiation recall dermatitis and cellulitis. Histological con- 
firmation is usually necessary to exclude the possibility of cancer 
recurrence. In terms of pathogenesis, radiation-induced increases in 
IL-4, IL-5 and TGF-B have been implicated, with resultant fibroblast 
activation, collagen synthesis and fibrosis [253]. Limited data sug- 
gest that patients treated with systemic (rather than topical) agents, 
most often methotrexate or narrowband ultraviolet-B phototherapy, 
are more likely to achieve a good clinical response [251]. PDT may 


Bleomycin, pentazocine, progestin, vitamin B,,, vitamin K, cocaine, D-penicillamine, peplomycin, interferon B-1a, uracil-tegafur, taxanes 
(e.g. paclitaxel, docetaxel), methysergide, gemcitabine, bromocryptine, bisoprolol, L-5-hydroxytryptophan with carbidopa, ibuprofen, 
mitomycin C, balicatib, odanacatib, PD1 inhibitors (e.g. nivolumab, pembrolizumab), etanercept, adalimumab, golimumab, ustekinumab 

POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, sclerodermoid skin changes), myeloma 


also be an effective therapeutic option since it raises MMP1 and 
MMP3 RNA and protein levels and reduces collagen I expression 
in scleroderma fibroblasts in vitro and has proven beneficial in case 
reports [254-256]. 


Drugs 

A variety of drugs have been implicated in the development of 
morphoea-like lesions usually within 9-12 months of treatment 
initiation (Table 55.3) [257-261]. A literature review in 2008 iden- 
tified 15 cases, 7 male, median age 57 years with onset ranging 
from 1 to 36 months after treatment initiation and in four cases 
after treatment was stopped [260]. In five cases, typical plaque 
morphoea occurred at the site of vitamin K, vitamin B12 or penta- 
zocine injections and persisted at 12 months where documented. 
Two cases of bullous morphoea with eosinophilia were associated 
with L-5-hydroxytryptophan and carbidopa. Bisoprolol (one case), 
bleomycin (three cases), peplomycin (one case), D-penicillamine 
(two cases) and bromocriptine (one case) were reported as possible 
morphoea triggers, with only partial improvement in four and stable 
disease in three cases documented 1-12 months after drug cessation 
in the seven cases for which data were available (reviewed in (260]). 
New onset morphoea is reported in nine patients (six plaque, one 
pansclerotic, one linear, one not-specified) on biologic therapies 
including etanercept, adalimumab, golimumab and ustekinumab 
with latency periods of 2.8-36 months [262]. Mechanisms suggested 
include the development of drug-specific lymphocyte responses 
and autoantibody production causing endothelial damage [263], 
direct vascular damage, generation of reactive oxygen species and 
upregulation of IL-1, TNF-« and TGF-f [264]. Toxic effects of the 
vehicle or preservative at the injection site may also be of relevance 
in some cases [265]. 

Further mechanistic insight is suggested by the development of 
morphoea in patients on high-dose balicatib and odanacatib (both 
subsequently withdrawn) which inhibit the collagenolytic activ- 
ity of cathepsin K within lysosomes in skin fibroblasts [265-267]. 
Lesions consistent with morphoea clinically and histologically 
developed in 0.16% of 8043 patients treated with odanacatib, versus 
0.04% of those on placebo in the 5-year LOFT study [265]. Lesions 


began from study day 100 to 1300 but improved or resolved on 
treatment discontinuation in all cases. Similarly, 9/709 (1.27%) 
patients on balicatib developed morphoea which resolved com- 
pletely in eight and partially in one over 5-31 months following 
treatment discontinuation [261]. Truncal involvement, particularly 
over the chest and abdomen occurred in 19/22 cases in these two 
studies. Cathepsin K is involved in intracellular collagen degra- 
dation. Its expression is upregulated by IL-la and inhibited by 
TGF-f1. This suggests a role for failed intracellular degradation 
of extracellular matrix proteins in the generation of fibrosis and 
represents a different mechanism to the previously proposed 
impairment of metalloproteinase-mediated collagen degrada- 
tion and/or increased collagen production in the extracellular 
space [267]. Recent increased use of taxanes, including paclitaxel 
and docetaxel in anticancer therapy has highlighted the variety 
and high prevalence cutaneous side effects [268]. In a review of 
taxane-induced scleroderma to April 2022, Ketpueak et al. [269] 
identified 33 cases, 28 of which had sufficient data for analysis. 
Typical features were onset within 4 months of treatment initiation, 
with bilateral oedema of the extremities, most often beginning on 
the lower limbs (in >96%), with associated erythema mimicking 
cellulitis in 40% and followed by progressive proximal extension 
and development of skin thickening and sclerosis. ANA posi- 
tivity and Raynaud phenomenon were occasionally present, but 
SSc-specific autoantibodies and systemic organ involvement were 
generally absent. The descriptions in most cases appear very sim- 
ilar to eosinophilic fasciitis or adult pansclerotic morphoea. Skin 
improvement usually occurred 4-6 months after discontinuing tax- 
anes and in one case recurred after reintroduction of paclitaxel [257]. 
Increased serum IL-6, reduced dermal fibroblast endothelin1 and 
Flil (a repressor of type I collagen synthesis) and increased versican 
levels have been suggested as contributory factors in pathogen- 
esis [268]. Scleroderma-like lesions including morphoea plaques, 
lichen sclerosus, extensive circumferential sclerosis and eosinophilic 
fasciitis-like presentations are described in around 50 patients on 
immune checkpoint inhibitors including ipilimumab, nivolumab 
and pembrolizumab, mostly after 1-6 cycles, with sclerosis appear- 
ing most rapidly and extensively with pembrolizumab [270-274]. 
Relapse of morphoea on nivolumab after a 6-year remission and 
improvement on cessation of the PD1 inhibitor is supportive of cau- 
sation [275]. These scleroderma-spectrum anti-PD1 adverse events 
appear to occur later than autoimmunity involving other organs 
(thyroid, GI tract, liver) and are often preceded by a significant 
eosinophilia [271]. 

The slow or delayed onset of ‘drug-induced morphoea’ is com- 
mon and could suggest that onset is coincidental. Other possibilities, 
however, include that drugs may act as triggers in susceptible indi- 
viduals, a time-delay may be required to generate autoimmunity, 
and/or that the rarity and insidious onset of cutaneous lesions may 
delay diagnosis. 


Clinical features 
History 


The onset and progression of morphoea is usually insidious. 
Patients may describe changes in skin texture or colour, sometimes 


with associated itch, burning sensation, pain or numbness. When 
lesions extend into deeper tissues or across joints, reduced mobil- 
ity or contractures, and limb girth and length discrepancies may 
occur. In linear disease of the face and head, asymmetry of facial 
features, alopecia, indentation or grooves in the skull, ocular 
pain, altered vision, temporomandibular joint clicking and pain, 
and oral and dental abnormalities may develop. Headaches and 
seizures may occur. In generalised subtypes fatigue, myalgia and 
arthralgia are frequent. Occasionally, patients describe symptoms of 
gastro-oesophageal reflux. In cases where there is widespread chest 
wall sclerosis, respiratory symptoms may occur due to a restrictive 
defect. 


Presentation 

Individual lesions of morphoea generally begin with an erythema- 
tous, oedematous, inflammatory phase, which may be subtle and 
‘bruise-like’ in appearance. The onset is often slow and insidious. 
Oedematous induration is followed by the development of central 
sclerosis associated with a change in skin colour and texture to 
thickened, waxy, yellowish white. There may be loss of hair and 
absent sweating. This central sclerotic area may be surrounded by 
an erythematous to violaceous so-called ‘lilac ring’, reflecting ongo- 
ing active disease. Over months or years, lesions become atrophic 
and hyper- or hypopigmented. In some cases, no sclerotic phase is 
seen and lesions progress straight to the atrophic hyperpigmented 
stage. Depending on the depth and type of lesion, changes in the 
subcutis, muscle, fascia, bone and underlying brain may be present. 
The average delay between onset of symptoms and diagnosis is 2.9 
years in congenital morphoea [50] and ranges from 11 to 24 months 
in most childhood series [11,52,276]. In North American studies, 
63% of 224 patients (129 adults) were given a diagnosis >6 months 
after onset of disease [51] and 17% of 381 children had a >2-year 
delay from symptom onset to their first paediatric rheumatology 
appointment [53]. Similar delays occur in the UK [276]. There was 
a suggestion that the delays in making a diagnosis might be greater 
in adults than in children and in patients with plaque or generalised 
morphoea rather than linear disease [51]. In fact delays to diagnosis 
of head variant linear disease may be even greater with a mean of 
8.9 years in one study [277]. Such delays may have a significant 
impact on outcome, since they delay onset of treatment, which in 
turn has been shown to impair responses to methotrexate, may 
result in physicians missing the early ‘active’ phase of disease that 
is more amenable to treatment and increase the risk of developing 
disease-related irreversible damage. 


Disease modifiers 

Keloidal/nodular morphoea. The terms keloidal and nodular mor- 
phoea have been used interchangeably in the literature. Keloid-like 
nodules are seen in patients with previous or coexistent morphoea 
or, more often, in fact, in patients with 1SSc (Figure 55.5) [278-283]. 
Clinically, keloidal or nodular lesions arising from sclerodermatous 
skin may reveal a histological appearance typical of either keloid or 
morphoea [284]. More rarely histological features of hypertrophic 
scarring [278,285] or homogenisation and thickening of collagen 
bundles with an increase in mucin are described. Lesions are most 
common on the upper body where they may coalesce or occur in 
a linear pattern [279,285,286]. In some cases, nodules arise from 
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Figure 55.5 (a) Keloidal morphoea in a patient with limited cutaneous systemic sclerosis. Courtesy of Dr C.H. Orteu, Royal Free London NHS Foundation Trust. (b) Low power view 
showing a thick dermis, dense collagen and reduced adnexal structures. Keloidal changes are just visible (circled). Magnification 40x. H&E. (c) Higher power view showing swollen 
collagen bundles of the keloidal collagen. Magnification 100x. H&E. Courtesy of Dr F. Deroide, Department of Histopathology, Royal Free London NHS Foundation Trust, UK. 


normal skin in patients genetically predisposed to keloid forma- 
tion [284]. Increased levels of epidermal growth factor and CTGF 
have been implicated in pathogenesis [287]. In a histological and 
ultrastructural analysis in a patient with nodular morphoea on a 
background of diffuse cutaneous systemic sclerosis, Moinzadeh 
et al. found that increased density of immature collagen fibrils 
and absence of myofibroblasts characterised nodular lesions [288]. 
There was increased deposition of cartilage oligomeric matrix 
protein (COMP), collagen XII and fibrillin 1 within nodules in a 
distribution resembling that seen in keloids rather than normal 
skin. The authors suggested that COMP may promote fibroblast 
proliferation and increase production of extracellular matrix as a 
result of its ability to present TGF-f to fibroblasts and to bind to 
collagen I and XII. A more recent analysis of keloidal morphoea in 
patients with background systemic sclerosis reveals a distinct gene 
expression signature driven by differential expression of fibroblast 
rather than keratinocyte- or melanocyte-related genes with an even 
more extreme profibrotic pattern than is seen in diffuse cutaneous 


SSc [289]. 


. The only mention of deep morphoea in the PRES 
classification is in regard to ‘circumscribed deep morphoea’. In 
other classifications it refers to a separate subtype (see section 
on classification, earlier). However, the term ‘deep morphoea’ 
describes morphoea in which inflammation and sclerosis are found 
in the deep dermis, panniculus, fascia or muscle (Figure 55.6). 
Deep involvement has been documented in up to half of morphoea 
patients in some series [13]. It can occur in all subtypes of morphoea 
and is best viewed as a disease modifier [2,13] rather than a separate 


| 


Figure 55.6 Deep involvement in morphoea. The skin is tethered to the underlying 
involved deep tissues giving a puckered appearance, deep nodularity and bound-down 
feeling. 


subtype. Deep lesions are firm to hard, bound down to underly- 
ing structures, edges may be less well defined, the overlying skin 
may be normal, or puckered, have a cobblestone or peau d’orange 
appearance, with variable hyperpigmentation. Later, in the dam- 
age phase, there is atrophy of the skin, subcutis and underlying 
tissues, causing significant asymmetry and functional impairment 
(Figure 55.6c). The characteristics of deep morphoea (synonym 
morphoea profunda) as described in the literature are included 
here for completeness. In their original description of morphoea 


profunda in 23 patients, Person and Su’s diagnostic criteria included 
the presence of diffuse, taut, bound-down, deep cutaneous scle- 
rosis, and of significant hyalinisation and thickening of collagen 
bundles in the deep dermis, in the septa of subcutaneous fat and 
in the fascia [193,290]. Although most of the cases they described 
had widespread, deep involvement, some had individual plaques 
in keeping with a diagnosis of circumscribed deep morphoea 
(synonym solitary morphoea profunda). Solitary lesions of deep 
morphoea were first described by Whittaker et al. in five patients 
who had solitary, ill-defined, indurated and deeply tethered plaques 
with a peau d’orange appearance involving the upper trunk [291]. 
The main histopathological features were sclerosis and hyalinisa- 
tion of collagen, and a striking accumulation of inflammatory cells 
in the deep dermis as well as in the subcutaneous tissue, which was 
predominantly composed of plasma cells and T and B lymphocytes 
[291]. Involvement below the subcutaneous fat was not identified 
in Whittaker’s five cases, but only one had a deep biopsy. Increased 
numbers of eosinophils may be present in the skin and circulation 
[291,292]. Rarely, a plasma cell panniculitis has been described 
(synonym morphoea panniculitis) [293,294]. The condition has been 
reported in children and adults [291,295]. Several cases have been 
documented post-vaccination [229,230,296]. Occasionally, lesions 
present as non-inflammatory, cupuliform, depressed plaques with 
no associated induration, pigmentation or texture change, but with 
excessive dermal collagen deposition and thickened hyalinised 
collagen bundles in the deep dermis and subcutis on histology 
[296]. Deep morphoea can thus mimic lipoatrophy clinically and 
should be considered in patients presenting with asymptomatic 
atrophic lesions. 


Bullous morphoea. Bullous morphoea is characterised by tense 
subepidermal bullae on a background of typical morphoea. It is 
rare, with <100 cases reported to date. It represented 1.4% of a Sar- 
dinian cohort of 137 morphoea patients seen over 11 years [297] and 
7.5% of a cohort of 53 scleroderma cases (morphoea and SSc) [298]. 
Aetiology is likely multifactorial; bullae may develop as a result of 
subepidermal oedema induced by lymphangiectasias secondary to 
dermal sclerosis, and/or from excessive skin trauma or friction at 
susceptible sites [297,299]. In addition to sclerosis, marked lympho- 
cytic infiltration in the reticular dermis is documented, suggesting 
it occurs on a background of active inflammatory phase disease 
[300]. It is best considered as a disease modifier since it has been 
documented in association with all morphoea subtypes. It occurs 
most often on the lower legs and, in this author’s experience, at sites 
of chronic friction such as waistband and groins. 


Limited morphoea 

Circumscribed plaque morphoea. This commonest form of 
morphoea presents with single or multiple, round to oval lesions 
>1cm in diameter, in up to two of seven anatomical regions 
(head-neck, each limb, anterior trunk, posterior trunk) (Figure 55.7). 
Histopathological changes are usually limited to the epidermis and 
dermis (circumscribed superficial plaque morphoea). Sometimes 
plaques extend more deeply (circumscribed deep plaque mor- 
phoea) and involve the subcutis, fascia and underlying muscle 
(Figure 55.7). There may be puckering or a peau d’orange appear- 
ance. Occasionally the primary site of involvement is the subcutis 


without involvement of the overlying skin (see section on deep 
morphoea, earlier and Figures 55.6 and 55.8). Plaques can occur 
anywhere but are most frequently located on the trunk (41-74%). 
The breasts are often involved, but the nipples and areolae are uni- 
formly spared. Plaques may occur on the face and neck in 12-13% 
of patients and need to be distinguished from linear morphoea at 
these sites as the trajectory and outcomes are different [7,54]. 


Guttate morphoea. This is a rare variant, similar to plaque 
morphoea, in which multiple, small (<1cm), erythematous or 
yellowish white, mildly indurated lesions develop, most frequently 
on the trunk. Lesions are superficial and may have a shiny, crin- 
kled surface, clinically resembling extragenital lichen sclerosus. It 
may be difficult to distinguish guttate morphoea from extrageni- 
tal lichen sclerosis on clinical and histopathological grounds and 
some consider guttate morphoea to be a type of lichen sclerosis 
associated with morphoea [74,301,302]. In contrast to extragen- 
ital lichen sclerosus, however, lesions generally resolve leaving 
hyperpigmentation. 


Atrophoderma of Pasini-Pierini. There are divergent opinions as 
to whether atrophoderma of Pasini—Pierini represents a separate 
entity or is a primarily superficial and atrophic variant of morphoea 
[178,303-306] (Figure 55.9). It is a rare condition that represents 
0.1% of childhood morphoea cases [11] and that usually occurs 
in adolescence and young adult life. Three congenital cases are 
published [307]. Symmetrically distributed truncal lesions are the 
most common but single lesions and zosteriform distributions 
are described [304,308,309]. Typically, lesions are non-indurated, 
blue-grey to brown, hyperpigmented and sharply demarcated 
depressed patches, with a ‘cliff-drop’ edge [304,308]. A more recent 
publication of 16 cases found only 19% to be hyperpigmented, 
the remainder were either hypopigmented or skin coloured [305]. 
Histological appearances are variable: they may be normal or show 
mild lymphocytic infiltration, reduced dermal thickness and normal 
or sclerotic and hyalinised collagen [303,305]. Elastic stains may 
also show a spectrum of changes ranging from normal to severe 
diminution and fragmentation of the elastic fibre network [305]. The 
inclusion of atrophoderma of Pasini—Pierini within the spectrum 
of morphoea is supported by the coexistence of areas of induration 
more typical of morphoea in some patients [303,304]. In a study of 
139 patients followed for a mean of 10 years, areas of induration 
appeared within existing lesions in 17% and plaques of morphoea 
were found elsewhere on the body in 22% of cases [304]. 


Generalised plaque morphoea 

‘Generalised morphoea’ has been defined in a variety of ways 
in the literature (see section on classification, earlier). Falanga 
suggested five or more lesions, bilateral lesions and evidence of 
joining together of at least two individual patches [310]. The PRES 
classification [8] defined generalised morphoea as induration of 
the skin starting as four or more individual plaques, larger than 
3cm, that become confluent and involve at least two out of seven 
anatomical sites (head-neck, right upper extremity, left upper 
extremity, right lower extremity, left lower extremity, anterior trunk, 
posterior trunk). Peterson e¢ al. [7] and Kreuter et al. [9] define it 
more simply as plaques involving three or more of these same 
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Figure 55.7 (a,b) Early, inflammatory, superficial plaque of morphoea with erythema and bruise-like appearance. (c) Sclerotic centre with inflammatory, peripheral red-lilac ring. 
(d) Hyperpigmented, atrophic late-stage disease. Courtesy of Dr C.H. Orteu Royal Free London NHS Foundation Trust. 


Figure 55.8 Plaque morphoea with deep involvement. Courtesy of Dr C.H. 
Orteu Royal Free London NHS Foundation Trust. 
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Figure 55.9 Atrophoderma of Pasini and Pierini multiple non-indurated 
hyperpigmented plaques with visible vessels (stars) and cliff drop edge (arrow). Courtesy 
of Dr C.H. Orteu Royal Free London NHS Foundation Trust. 


seven anatomical sites. Based on these definitions, the literature 
suggests that generalised morphoea accounts for 7-9% of childhood 
morphoea cases [11,27,28,53] and between 13% and 52% of adult 
cases [6,12,13,28,46,54]. Plaques gradually develop at multiple sites, 
enlarge and become confluent. They may occur in different stages 
of evolution. Both adults and children initially presenting with 
circumscribed plaque morphoea may, because of ongoing or recur- 
rent disease activity, progress to fulfil the criteria for generalised 
plaque morphoea [13]. Extracutaneous symptoms including myal- 
gia, arthralgia and fatigue are common, and a higher prevalence 
of concurrent and familial autoimmune disease are documented 
(see the sections on autoimmunity (earlier), genetics (earlier) and 
complications and co-morbidities (later)). The term ‘generalised 
plaque morphoea’ is preferred to generalised morphoea and is 
synonymous with ‘disseminated plaque morphoea’. Based on the 
findings of Prasad et al. and Teske et al. multisite linear disease and 
pansclerotic morphoea are not included in this subtype [13,14]. 
Two subsets of generalised plaque morphoea, ‘symmetric’ and 
‘isomorphic’, with distinctive demographic and clinical features 
have now been defined through computerised mapping of the 
distribution of cutaneous lesions and correlation with demographic 
variables [14]. There is a female preponderance in both subsets, the 
isomorphic subset being entirely female in this study. The isomor- 
phic subset were older (55.6 + 12.7 years), and areas of morphoea 
unique to this subset were the bra-line and waistband. Bilateral 
inguinal areas and a diamond-shaped region over the mid-lower 
back were also commonly involved (Figure 55.10a,b). The isomor- 
phic pattern has been attributed to koebnerisation of lesions into 
sites of low-level trauma from clothing [112,311]. Lesions were 
superficial and overlying lichen sclerosus was commoner (28% 
vs 18%). In the symmetric subset, morphoea typically affected a 
butterfly-shaped area on the lower abdomen below the umbilicus, 
the anterior tibia, popliteal and antecubital fossae, and arcuate areas 
on the breasts sparing the areolae (Figure 55.10c). Deep involvement 
occurred more often (23% in symmetric vs 3% in the isomorphic 
pattern). The symmetric subset was younger (42.2 + 20 years) 
with a bimodal distribution, 21% having childhood onset disease 
[14]. Genital lesions in keeping with lichen sclerosus were present 
in 10.3% of 232 generalised plaque morphoea patients, almost 


exclusively in postmenopausal females with isomorphic superficial 
disease and accompanying extragenital lichen sclerosus [73]. A 
small retrospective French study of 27 patients with generalised 
plaque morphoea has confirmed the segregation of patients into 
isomorphic and symmetric subsets. They found a 56% prevalence 
of genital lichen sclerosus overall, which was 80% in the isomorphic 
subset. There was a higher prevalence of associated autoimmunity 
in the symmetric group (55%) [312]. 


Pansclerotic morphoea 

Pansclerotic morphoea has variably been included within either 
the generalised [9] or deep [7] subtypes or as a separate subtype of 
morphoea [8] in published classifications. This is a rarer presenta- 
tion characterised by extensive, often circumferential involvement 
of the majority of body surface areas with sparing of the fin- 
gers and toes [15] (Figure 55.11). This term has traditionally been 
used to describe a very rare, widespread and severe progressive 
disease occurring predominantly in children in which deep fibro- 
sis progresses rapidly to involve muscle, fascia and underlying 
bone [313,314]. 

It is mainly referred to as disabling pansclerotic morphoea of 
childhood in the literature and is frequently complicated by severe 
joint contractures, chronic ulceration and the development of 
squamous cell carcinoma [315-318]. Increased serum IgG, a pos- 
itive ANA and peripheral eosinophilia are documented in some 
cases [313,317,319,320]. By virtue of the number of body sites 
involved, this subtype meets the classification criteria for gener- 
alised morphoea, but it is a clinically distinct condition, and based 
on Prasad et al.’s evaluation of morphoea classifications, should 
be viewed as a separate subtype [13]. It is unclear whether the 
particularly severe phenotype described in children occurs as a 
consequence of growth impairment or because they have a more 
severe disease pattern than adults. 

While the previous descriptions of pansclerotic morphoea in 
childhood suggest deep tissue involvement, including subcuta- 
neous tissue, muscle and bone in all cases [313,315], the actual 
definition and frequency of involvement beyond the dermis has 
been inconsistent [314,321-324]. In a cross-sectional study of the 
Morphoea in Adults and Children (MAC) cohort, an ongoing 
prospective registry of patients with morphoea in Texas, USA, the 
demographic and clinical features of patients with the pansclerotic 
subtype were described [15]. Because of the relative ambiguity with 
regard to depth of involvement, in the literature this criterion was 
removed, and pansclerotic morphoea was defined as the presence 
of near total body surface area involvement with sparing of the 
fingers and toes (Table 55.2). The distinction from SSc is made based 
on the absence of sclerodactyly, nail fold capillary changes and 
internal organ involvement. Of the 360 patients (97 children, 263 
adults) in the MAC cohort at that time, 113 patients with generalised 
morphoea were identified. Thirteen of these patients, 3.6% of the 
cohort, met the above criteria for pansclerotic morphoea. A majority 
had onset of lesions on the trunk with rapid centrifugal spread 
and abrupt cut-off at the metacarpo- and metatarsophalangeal 
joints. None had demonstrable bony involvement. They had a more 
rapidly progressive and severe phenotype than the generalised 
plaque morphoea group but were distinct from SSc. Interestingly, 
there were no significant differences between the generalised 
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Figure 55.10 Generalised plaque morphoea. (a) Isomorphic pattern: active inflammatory stage with no deep involvement, and an isomorphic pattern of lesions around the bra, 
waistband area and groins. (b) Isomorphic pattern: early central sclerosis and prominent peripheral inflammatory lilac ring with no deep involvement, and a symmetrical isomorphic 
pattern involving the inframammary and waistband areas. (c) Symmetric pattern: widespread shiny yellowish and hyperpigmented sclerotic indurated plaques distributed symmetrically 
on the trunk and limbs. The patient is younger than in (a) and (b) and plaques are deeper, thicker and more tethered. Courtesy of Dr C.H. Orteu, Royal Free London NHS Foundation 


Trust. 


morphoea and pansclerotic groups for age at onset of disease (mean 
49 years, standard deviation 19), or prevalence of ANA (29-31%) 
and antihistone antibodies (7-10%). However, patients with the 
pansclerotic subtype were more likely to be male (46% versus 
6% of generalised morphoea patients) and have a shorter time to 
diagnosis, higher rates of functional impairment (61% versus 16%) 
and higher skin sclerosis and damage scores. Even though it was 
not a defining factor, a high frequency of deep involvement on 
tissue biopsy (61% versus 17%) was observed. Restrictive defects 
on pulmonary function tests, dysphagia and/or hand oedema 
were identified in 4/13 patients and following investigation were 
attributed to severe, extensive skin sclerosis rather than internal 
organ involvement per se [15]. 


There is significant clinical overlap between pansclerotic mor- 
phoea as defined previously and the various forms of deep 
morphoea described in the literature. The term subcutaneous mor- 
phoea was initially coined by Person and Su in 1979, who described 
16 cases with biopsy-proven inflammatory sclerosis of the pannicu- 
lus or fascia, 13 of whom had extensive, ill-defined, bound-down 
plaques with a rapid centrifugal progression [290]. Three years 
later they added seven cases and reviewed the published literature 
describing patients with deep involvement [193]. On the basis 
that involvement of the deep dermis, subcutaneous fat, fascia or 
muscle can be present alone or in any combination, they renamed 
the condition morphoea profunda, and included eosinophilic fasci- 
itis within its spectrum [193]. The distinction between morphoea 
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Figure 55.11 Pansclerotic morphoea in one patient showing circumferential involvement of the lower limbs and trunk with sparing of the areolae and hands. Courtesy of Dr C.H. 
Orteu, Royal Free London NHS Foundation Trust. 


profunda, pansclerotic morphoea (as defined previously) and 
eosinophilic fasciitis remains blurred. The terminology is confus- 
ing, as evidenced by the recent use of ‘disseminated morphoea 
profunda’ to describe a patient with an isomorphic pattern and 
deep involvement [325] and of ‘generalised deep morphoea’ to 
describe a case with a pansclerotic pattern of disease [326]. 


Eosinophilic fasciitis 

Eosinophilic fasciitis (synonym Shulman syndrome) (Figure 55.12) 
was first described by Shulman in 1975 [327]. The inclusion of this 
subtype within the morphoea spectrum is debated but supported 
by the coexistence of other subtypes of morphoea in 29-41% of 
cases [16-18,328]. It is usually extensive and involves deep tis- 
sues. When included in previous classifications of morphoea it 
has variably been assigned to the generalised or deep groups. 


It symmetrically involves the extremities, particularly the lower 
limbs, but typically spares the fingers and face [329,330]. Trun- 
cal involvement was said not to occur in early reports, but is 
described in roughly a third, and there is considerable clinical 
overlap with pansclerotic morphoea in such cases [16,331]. In 
the early stages there is intense inflammation with painful, burn- 
ing erythema and marked pitting oedema of the limbs. This is 
replaced by induration and fibrosis resulting in puckering and a 
typical peau d’orange appearance, with tethering around vessels 
producing guttering referred to as the groove sign (Figure 55.12). 
The sclerotic process involves the fibrous septa of the subcutis 
and deep fascia and may extend into the underlying muscle. 
A significant eosinophilic infiltrate in the panniculus and deep 
fascia may be present in the early stage of disease [16,332,333] 
but is not invariable [193]. In a recent retrospective observational 


(a) (b) 


(c) 


study of 70 cases, 59% were male with a mean age of 53.8 years. 
Prodromal constitutional symptoms were present in one quarter 
of cases. Skin induration affected all four limbs in 67% and the 
trunk in 34%. Cutaneous features included hyperpigmentation 
and erythema in 30%, groove sign in 20% and peau d’orange in 
17%. Extracutaneous manifestations included arthritis, joint con- 
tractures, myalgia and weakness. Arthralgia was the commonest 
extracutaneous manifestation and occurred in >50% of cases [17]. 
Unaccustomed severe exercise may precede the onset of disease 


Figure 55.12 Eosinophilic fasciitis. (a) Limited disease involving the lower legs and 
ankles. The skin appears shiny and taut. (b) Deep involvement, including fascia, with 
puckering of overlying skin and a groove sign on the forearm. Courtesy of Dr C.H. 
Orteu. Royal Free London NHS Foundation Trust. (c) T2-weighted MRI image 
showing bilateral interfascial oedema more marked on the left. Courtesy of Dr Brian 
Holloway, Consultant Radiologist, Royal Free London NHS Foundation Trust. 


in up to 50% of cases [17,329]. It can result in severe joint contrac- 
tures and associated morbidity. A high ESR and C-reactive protein 
(CRP), hypergammaglobulinaemia and peripheral eosinophilia 
(present in 55-90% of cases) are typical [16-18], but can occur 
in other morphoea subtypes also. Haematological abnormalities 
including thrombocytopenia, aplastic anaemia and leukaemia 
have been associated [16,334]. A deep biopsy of the clinically 
affected tissue showing inflammation and thickening of deep fas- 
cia or an MRI establishing evidence of fasciitis are essential to 


establish the diagnosis [330] (Figure 55.12c). Multivariate analysis 
in 128 cases revealed that eosinophilia and fibrosis are predictive 
of relapse. Of 109 patients followed for >1 year, 45% relapsed 
and 44% had sequelae, highlighting the potential severity of the 
condition [19]. 


Linear morphoea 

Linear morphoea accounts for 10-20% of morphoea cases in adults 
[646,54] and 42-67% of cases in children [6,11,27] in published 
cohorts. Vasquez-Canizares and Li combined the data from 10 
paediatric rheumatology and dermatology cohorts, including the 
largest paediatric cohort [11] and five paediatric and adult onset 
cohorts [6,28,32,46,55]. Linear morphoea accounted for 1127/1997 
(56.4%) of paediatric onset and 87/893 (9.7%) of adult-onset mor- 
phoea [1]. Roughly one-third of patients with linear morphoea have 
adult-onset disease [12]. It may be subdivided into limb/trunk and 
head variants. In most studies, the limb/trunk variant occurs more 
often (54-65%) than the head variant (23-41%) [1,11,33]. In contrast, 
one study of 823 patients with childhood onset disease found a 
higher frequency of head and neck lesions [25]. Linear head and 
trunk/limb variants have been found to coexist in 1% of children. 
It is quite common for the upper and lower limb on the same side 
to be affected. Although mostly unilateral, bilateral involvement 
is reported in 2.5-47% of cases [11,12,27,335,336]. Patients with 
linear morphoea lesions occurring at two or more anatomical body 
sites potentially fulfil the criteria for inclusion into the generalised 
morphoea subset. This group exhibit features of the linear subtype 
and should be referred to as having multisite linear disease, and 
be excluded from the generalised subset [2,14]. Linear morphoea 
appears to follow Blaschko lines (Figure 55.13) in the majority of 
cases suggesting that genetic mosaicism is important in pathogen- 
esis [335,337,338]. Roughly a quarter of patients with linear disease 


have another form of morphoea elsewhere (mixed subtype) and 
most often this is plaque morphoea [1,11]. 


Head/neck variant 

The head variant includes morphoea en coup de sabre (ECDS) 
and progressive hemifacial atrophy (PHA), which is also known 
as Parry-Romberg syndrome and progressive facial hemiatrophy 
(Figure 55.14). In roughly two-thirds of cases disease onset is in 
the first two decades. Some descriptions suggest that lesions of the 
forehead and scalp represent morphoea ECDS and that those below 
the forehead should be considered to be PHA. However, sclerotic 
lesions can occur on the cheeks, chin and neck and atrophic lesions 
can occur on the forehead and scalp. ECDS lesions are commoner 
than PHA, representing 61-73% of head variant lesions overall 
[1]. In a retrospective cross-sectional study of 96 patients from five 
German tertiary referral centres, 70 patients had morphoea ECDS, 
16 had PHA and 10 had overlap ECDS/PHA [114]. Sclerotic lesions, 
typical of morphoea ECDS, overlying atrophic areas of PHA are 
well described and more prevalent in paediatric cases [1,11,277,339]. 
Cases of typical morphoea ECDS have been reported to evolve into 
PHA, emphasising the overlap and common pathogenesis [340]. 
While linear morphoea of the head/neck occasionally has a sudden 
onset and rapidly progressive course, in many cases the onset of 
both subtypes of disease is insidious and may progress slowly 
over many years. While three-quarters of patients experience skin 
tightening or thickening in the initial stages of disease, some 13% 
have no clinically obvious inflammatory or sclerotic phase [341]. 
Concomitant morphoea lesions at other sites, mainly truncal plaque 
and linear limb lesions, may occur and appear more frequent in 
PHA (37.5%) and ECDS/PHA overlap (40%) than in ECDS (20%) 
[11,114]. Head lesions have a higher risk for neurological, oral and 
eye complications [4,188], particularly if on the superior anterior 
portion of the head in childhood onset disease [25]. 


Figure 55.13 Blaschkoid nature of linear morphoea 
on the face (a, d), back (b, e) and chest (c, f). From 
Weibel and Harper 2008 [335]. Reproduced with 


permission of Wiley. 
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Figure 55.14 Linear morphoea en coup de sabre. (a) Hyperpigmention on the forehead with subcutaneous atrophy and a subtle indentation of bone. (b,c) Alopecia with more 
sclerotic changes on the scalp. Note the Blaschkoid distribution. (d) Thermographic image of the same patient showing increased temperature of the skin at a site corresponding to 
disease activity and extension on the left paramedian forehead. (e) Early left paramedian linear depressed narrow groove with normal overlying skin. (f) Longstanding right paramedian 
linear band of hyperpigmentation and dermal atrophy, with visible vessels and hair loss involving scalp and eyebrow. 


; . Morphoea ECDS typically presents 
as a index band which aati the paramedian forehead and/or 
the frontoparietal scalp and follows Blaschko lines [335,342] 
(Figure 55.13). Bilateral and midline lesions occur more rarely 
[117,336]. Concomitant linear limb/trunk and plaque lesions may 
occur [114,117]. Sclerosis is thought to involve the skin and sub- 
cutis first and then later extend to the underlying fascia and bone. 
Varying degrees of sclerosis, hyperpigmentation and atrophy may 
be observed (Figure 55.14). Linear depressions in the skull bones 
are a common consequence. Alopecia of the eyelashes, eyebrows 
and scalp occur if they are involved in the band and are generally 
thought to be irreversible. However, a recent publication described 
partial resolution of skin sclerosis and regrowth of hair in children 
treated with corticosteroids and methotrexate [343]. Extracutaneous 
manifestations are common and neurological, ocular and oral 


complications are well recognised [1,4]. A variety of abnormali- 
ties are seen on computed tomography (CT) scan and MRI (see 
the section on extracutaneous manifestations, complications and 
co-morbidities, later) [187,336]. 


( ] ! . Progressive hemifacial atrophy 
(synonym Parry-Romberg ane progressive facial hemiatro- 
phy) has traditionally been described as affecting the area supplied 
by one or multiple branches of the trigeminal nerve [188,344]. More 
recently it has been suggested that lesions are Blaschkoid, as is 
the case for other types of linear morphoea [335]. A majority of 
cases begin in the first decade, but occasional adult onset cases 
are described [345-347]. It is a unilateral, progressive, primary 
atrophic disorder of the skin, subcutaneous tissue, muscle and 
underlying cartilage and bone (Figure 55.15). Overlying skin may 


(b) 


Figure 55.15 (a) Progressive hemifacial atrophy involving the left side of the mandible and chin. (b) Mildly hyperpigmented skin overlies atrophic deeper structures. Note the facial 
asymmetry, with loss of soft tissue over the chin, jawline and neck. There is frequently a significant delay to diagnosis (5-10 years) in this type of morphoea. (c) MRI-generated 3D 
reconstruction showing severe combined right-sided linear morphoea en coup de sabre and hemifacial atrophy. Courtesy of Dr G Chow and Dr F Jabeen, Royal Free London NHS 


Foundation Trust. 


appear normal, hyperpigmented, usually a brownish or bruise-like 
change, but occasionally hypopigmented. Sclerosis is not a feature. 
A progressive facial asymmetry develops as a result of a grad- 
ual loss of fat and muscle, and atrophy of the frontal, maxillary 
and/or mandibular bones. Temporomandibular joint involvement 
may cause pain and clicking. The mouth and nose may become 
deviated towards the affected side while mandibular and intraoral 
involvement may lead to dental malocclusion and hemiatrophy of 
the tongue [188,277]. 


Trunk/limb variant 

As in morphoea ECDS, linear bands seem to follow Blaschko lines 
and may exhibit varying degrees of erythema, sclerosis, atrophy and 
hyperpigmentation (Figure 55.16) [335,337]. Linear sclerotic bands 
may appear suddenly or insidiously and then progress. In some 
cases, small lesions spread widely, but in a piecemeal linear fashion 
along a limb and then coalesce over time to form a more obvious lin- 
ear band. Coexistent or preceding plaque morphoea, most often on 
the trunk (i.e. mixed morphoea), is most common in linear limb dis- 
ease. A majority of linear lesions are unilateral but bilateral lesions 
were found in 11% in the largest childhood study [11] and in 5.5-46% 
of other published series [1,12,27,54,117]. Multisite linear disease (at 
two or more body sites) may occur in roughly 40% of cases overall 


and is more common in paediatric onset disease [1,12,341]. The 
dermis, subcutis, underlying muscle and bone may be involved. In 
limb lesions, generalised arthralgias and oedema of the involved 
extremity can precede the onset of disease [11,54,117]. Myalgia and 
arthralgias are common, occurring in 24% and 34% respectively 
in one study [12]. Deep disease occurs in some two-thirds of cases 
and is associated with limitation of range of motion, and thus with 
functional limitation [12]. Lesions extending across joints result 
in flexion contractures or limited range of motion in up to 15% of 
adults and 30% of children [1]. Myopathic changes, atrophy and 
weakness of involved and adjacent muscles may occur [348]. In 
adults, limb girth asymmetry results, and in children growth failure 
causes additional limb length discrepancies. Joint contractures, 
muscle atrophy and limb shortening cause pain and significant 
functional limitations, which in turn lead to a reduction in quality 
of life and to significant psychological morbidity [4,53,349]. 


Linear atrophoderma of Moulin. The original 1992 publication 
described five patients with unilateral, depressed, hyperpigmented 
Blaschkoid lesions on the trunk and limbs, with onset between 6 
and 20 years of age. Histology showed epidermal hyperpigmenta- 
tion, but a normal dermis and normal collagen on histology [350]. 
The authors suggested that the impression of skin atrophy might 
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(a) linear morphoea left leg at presentation (b) at 6 months (c) at 42 months 


Figure 55.16 Linear morphoea of the left arm (top) and leg (below). (a,b) Active inflammatory phase showing (a) the shiny waxy appearance at presentation and (b) a marked 


increase in sclerosis with peripheral erythema at 6 months. (c) Softened, atrophic, hyperpigmented appearance of late-stage inactive disease after successful treatment with 
corticosteroids and methotrexate at 42 months. 
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Table 55.4 Differential diagnosis of the different phases of circumscribed plaque morphoea, pansclerotic morphoea, and eosinophilic fasciitis and linear morphoea. 


Circumscribed plaque morphoea 


Early inflammatory phase Sclerotic phase 


Hyperpigmented phase Atrophic phase 


Granuloma annulare 

Early extragenital lichen sclerosus 

Lyme disease —-erythema migrans 

Mycosis fungoides 

Cutaneous mastocytosis 

Radiation dermatitis 

Fixed drug eruption 

Pansclerotic morphoea and eosinophilic fasciitis 
Systemic sclerosis 

Sclerodermoid graft-versus-host disease 
Scleroedema 

Scleromyxoedema 

Porphyria cutanea tarda 

Primary systemic amyloidosis 

Nephrogenic systemic fibrosis 

Carcinoid syndrome 

Drug-induced morphoea 

Chemical and occupational causes of skin sclerosis (Table 55.3) 


Necrobiosis lipoidica 
Pretibial myxoedema 


therefore be due to atrophy of subcutaneous structures, and this 
was confirmed in one case by ultrasonography [351]. Subsequently, 
a variety of pathological findings have been described [352]. In one 
case, clinical overlap with atrophoderma of Pasini—Pierini and mor- 
phoea were seen and, histologically, perivascular inflammation and 
thickening of collagen fibres in the mid-reticular dermis constituted 
a significant histopathological overlap [353]. Although it is not 
universally agreed, linear atrophoderma of Moulin appears to lie 
within the morphoea spectrum and be akin to a linear Blaschkoid 
form of atrophoderma of Pasini—Pierini. 


Linear deep atrophic morphoea. Three cases of linear primary 
atrophic morphoea with no preceding clinical inflammation or 
sclerosis, involving the subcutis and deep dermis, and resembling 
PHA on a limb, have been reported [354]. Although progressive in 
nature, they did not result in joint contractures. In one of these and 
two further cases, linear limb lesions occurred in association with 
PHA, confirming the relationship between these two presentations 
[355,356]. 


Mixed morphoea 

Mixed morphoea is the coexistence of more than one subtype of 
morphoea. The most common combination is linear limb/trunk 
and plaque morphoea, but any combination can occur. Combining 
data from 10 large case series suggests that mixed morphoea occurs 
in 2.6% of patients with adult-onset and 13.6% of patients with 
childhood-onset morphoea [1]. 


Differential diagnosis 

Skin sclerosis may be seen in a number of conditions that are neither 
morphoea nor SSc. These include metabolic, deposition and genetic 
disorders, disease caused by exposure to chemicals, toxins and 
drugs, graft-versus-host disease and nephrogenic systemic fibrosis 
(Table 55.3) [357,358]. Increasing knowledge of the genetic basis for 


Postinflammatory hyperpigmentation 
Actinic lichen planus 

Café au lait macule 

Erythema dyschromicum perstans 


Lipodystrophy 

Steroid-induced atrophy 

Lupus profundus 

Acrodermatitis chronica atrophicans 
Panniculitis (late stage) 

Lichen sclerosus 


Linear morphoea 


Linear panniculitis 

Linear lichen planus 

Linear lupus erythematosus 
Linear lichen sclerosus 
Lipodystrophy 

Focal dermal hypoplasia 
Steroid atrophy 


monogenic diseases with sclerodermatous features may provide 
clues to the pathogenesis of autoimmune sclerosing conditions 
including morphoea and SSc. For further details see the excellent 
summary table in Jensen et al. [359]. The differential diagnosis 
of morphoea depends on the subtype and stage of disease and 
is summarised in Table 55.4 (see also Box 54.1 and Table 54.9 in 
Chapter 54). 


Classification and assessment of severity 

Severity of disease in morphoea depends largely on the age at 
onset, extent and depth of disease, and whether there are extracu- 
taneous manifestations, such as bone, joint, central nervous system 
(CNS), ocular or oral involvement. Measures of severity should 
assess disease activity, the potential for damage, the degree of 
irreversible damage caused by previously active disease, associated 
extracutaneous involvement and the impact on quality of life. The 
development of composite scores which encompass all of these ele- 
ments is now underway [36,360]. Until relatively recently there was 
no uniformly accepted scoring system for assessing disease activity 
in morphoea. A wide variety of imaging techniques and skin scor- 
ing systems have been employed, making it difficult to compare 
outcomes in different clinical studies and disease registries. The 
development and validation of the localised scleroderma cutaneous 
assessment tool or LoSCAT has helped significantly in this regard 
(see the section on outcome measures in Investigations) [37,39,40]. 
For example, LoSCAT activity (LoSAI) scores of 0-4, -12 and >13 
were found to correspond with mild, moderate and severe disease 
activity levels [38]. 

Severity levels for juvenile localised scleroderma have been 
proposed by the Childhood Arthritis and Rheumatology Research 
Alliance (CARRA) [361]. High severity was defined as presentation 
with generalised or pansclerotic morphoea, craniofacial linear mor- 
phoea or another subtype with evidence of high morbidity such as 
CNS involvement, limb shortening or joint contracture. Moderate 
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severity was defined as circumscribed deep morphoea or linear 
morphoea of the trunk or limb without evidence of high morbidity. 
Low severity disease was defined as superficial, circumscribed 
plaque morphoea. These measures of severity should be equally 
applicable to adult patients. There is also some evidence that 
patients with extracutaneous manifestations, particularly children 
[14], appear to have more severe disease, as suggested by greater 
levels of systemic inflammation and a greater need for systemic 
immunosuppression [5]. This should prompt a search for evidence 
of extracutaneous involvement at regular intervals. These can be 
assigned a score using the recently developed Total Morbidity Score 
[360] (see section on outcome measures in Investigations, later) 

Functional limitation is defined as a clinically appreciable limited 
range of motion of a joint secondary to contracture or to skin and 
subcutaneous tissue involvement, but not due to abnormality of the 
joint itself and/or limb-length discrepancy [116]. This should also 
be considered a marker of disease severity since it is closely asso- 
ciated with quality-of-life scores and psychological morbidity. The 
latter should also be assessed as they contribute to severity. A vari- 
ety of scoring systems are in routine clinical use, most frequently 
Dermatology Life Quality Index (DLQD, Children’s Dermatology 
Life Quality Index (CDLQD, Health Assessment Questionnaire 
(HAQ), Children’s Health Assessment Questionnaire (CHAQ) and 
Hospital Anxiety and Depression Score (HADS). The recent devel- 
opment of the Localised Scleroderma Quality of Life Instrument 
(LoSQI) for children is a positive step towards a more directed 
assessment of the impact that morphoea has on children [362] (see 
section on outcome measures, later). 


Complications and co-morbidities 
Extracutaneous manifestations 
Although the classic description of morphoea suggests no internal 
organ or systemic manifestations, there is now a wealth of evi- 
dence to challenge this assumption. Early small series in adults and 
children identified extracutaneous features in 21-27% of patients 
[363-365] and described mild degrees of frequently asymptomatic 
oesophageal dysmotility, mild gas transfer defects, restrictive 
changes in lung function and myositis. Electrocardiographic 
abnormalities, particularly incomplete right bundle branch block 
and echocardiographic abnormalities, and especially involving 
the mitral valve and left ventricle, were documented in children 
with varying frequencies [366], but are in fact rare (1-2%) [1/4]. 
Larger and prospective studies have now confirmed the signifi- 
cant morbidity and high prevalence of extracutaneous manifesta- 
tions reported in 20-57% of cases in most studies, but up to 75% of 
children requiring systemic therapy [1,4,5,6,25,44,53]. Children with 
extracutaneous manifestations have a higher burden of disease, 
with more extensive cutaneous involvement, a higher number of 
symptoms, more frequent family history of autoimmunity, ANA 
and rheumatoid factor positivity, and are less responsive to current 
standard therapy [4,5,53]. Extracutaneous manifestations are asso- 
ciated with greater functional impairment and lower quality of life 
scores [53,367]. In a US review of 245 adults and children, patients 
with generalised morphoea (n = 35) had the highest frequencies of 
arthralgia (24%), dysphagia (14%), dyspnoea (20%) and vascular 
complaints (mainly Raynaud phenomenon, 8%). In contrast, the 
linear subtype (1 = 86) was associated with neurological (31%) and 


ophthalmological (8%) complications related to the affected site on 
the face or scalp [6]. 

In the largest study in childhood, 22.4% of 750 children had 
one or more extracutaneous manifestation including arthritis and 
neurological, ocular, vascular and gastrointestinal complications 
[4,11]. In this study, symptoms of arthritis were the most common, 
encountered in 11%, particularly in children with linear disease 
and rheumatoid factor positivity. Arthritis was unrelated to the site 
of the morphoea in a quarter of cases, suggesting that a systemic, 
rather than a local, inflammatory process is involved. Six per cent 
of children had an oligoarthritis (up to four joints) and 5% a poly- 
arthritis (more than four joints); 30% of the children with arthritis 
had a positive rheumatoid factor. 

Overall, musculoskeletal extracutaneous manifestations are the 
most common with joint contractures or reduced range of move- 
ment in 31% of children and 15% of adults with linear disease [1]. 
Interestingly, Kunzler et al. have found similar limitations in range 
of movement and joint contractures in patients with linear and 
generalised morphoea in 581 patients from the morphoea in adults 
and children (MAC) cohort, suggesting that adults with generalised 
morphoea also experience significant functional impairment [12]. 
In a prospective paediatric study, including a greater range of 
musculoskeletal involvement such as arthralgia, joint limitation or 
contracture, muscle spasm, myalgia, myositis, muscle atrophy and 
bone growth differences, half of the subjects had musculoskeletal 
involvement and 25% had bony undergrowth/hemiatrophy [5]. 
This higher prevalence is in line with other prospective paedi- 
atric studies [53,368,369] and highlights the impact of morphoea 
in causing growth impairment, facial hemiatrophy, limb length 
discrepancies and asymmetry of muscle bulk. Indeed, a study 
comprising 51 children with linear limb disease identified 51% with 
orthopaedic complications including joint contractures in 88%, limb 
atrophy (31%), angular deformity/malalignment (18%) and limb 
length discrepancies (16%). Fourteen per cent required orthopaedic 
surgery [369]. 

Adults and children with head and neck disease have a higher 
risk of developing neurological, oral, dental and ocular manifes- 
tations and this is highest in children with combined ECDS/PHA 
lesions [5,114] and reviewed in [23]. In a retrospective German 
study of 96 patients with linear head morphoea, 28% of the cohort 
had neurological symptoms and/or radiological CNS abnormal- 
ities [114]. In a retrospective US study of 73 paediatric patients, 
neuroimaging was abnormal in 25, mainly identifying ipsilateral 
white matter lesions. Twelve of 25 had headaches and/or seizures. 
A majority had stable neuroimaging findings at 1 year [370]. A 
cross-sectional prospective study of 753 adults and children with 
morphoea identified neurological symptoms in 55 (7%), a majority 
(89%) with linear craniofacial disease, independently of morphoea 
depth and activity [371]. Headache, migraine and epilepsy are the 
commonest manifestations occurring in 1-5% of subjects overall 
[1,4,5,114,339,371,372]. Cranial nerve palsies, movement disor- 
ders including masticatory spasms, trigeminal and peripheral 
neuropathy, neuropsychiatric problems, vascular malformations 
and CNS vasculitis are also documented, but with much lower 
frequencies [339,371]. Combining data from 10 adult and paedi- 
atric cohorts Vasquez-Canizares and Li identified abnormal CNS 
imaging findings in 42% of paediatric onset and 29% of adult-onset 


craniofacial linear morphoea [1]. A variety of abnormalities are 
described, including bone thinning, cerebral atrophy, gliosis, white 
matter lesions, focal subcortical calcifications and meningocortical 
changes [372]. Scalp and calvarial abnormalities such as atrophy, 
T,-hyperintensities, calcifications and ipsilateral cerebral atrophy 
are the most commonly reported [187,339,372]. The long-term clini- 
cal significance, relationship to activity of skin disease and potential 
for progression of CNS lesions need further investigation, although 
current evidence suggests that neurological manifestations are 
largely unrelated to the activity and severity of cutaneous disease 
in linear head and neck morphoea [371]. Importantly, while some 
symptomatic patients have normal imaging, substantial numbers 
of asymptomatic patients have significant CNS abnormalities on 
imaging, highlighting the need for screening in patients with disease 
involving the head and neck [114,187,336,339]. Our appreciation 
of the prevalence and impact of these abnormalities will likely 
improve with increased prospective screening in patients with head 
and neck disease. 

Oral and dental problems can also occur. In one study of 16 
patients these included malocclusion (94%), an overgrowth ten- 
dency of the anterior lower third of the face (82%), abnormal 
mastication (69%), dental anomalies (63%), skeletal asymmetry 
(56%), bone involvement (50%) and temporomandibular joint 
involvement (19%) [373]. Abnormalities of the teeth, oral mucosa, 
salivary glands, tongue, gingivae, jaw and temporomandibular 
joint may occur and are reviewed by al-Aizari et al. [374]. 

Ocular complications were seen in 2.1% of 750 children — most fre- 
quently episcleritis, anterior uveitis and keratitis, but also glaucoma, 
xerophthalmia, strabismus, mydriasis and papilloedema [4,375]. 
In 25% of cases these were unrelated to the site of the skin lesions. 
Enophthalmos caused by a combination of progressive fat atrophy, 
shrinkage of the eyeball and thinning of the extraocular muscles 
[376], xerophthalmiachoroidal and retinal folding, hyperopia, reti- 
nal vasculitis, glaucoma and third nerve palsies are also documented 
and may threaten vision [188,377]. Increased awareness of the risk 
of silent ‘white uveitis’ where inflammation occurs without overt 
symptoms of eye pain or redness, and which occurs in 3.2-8.3% 
of paediatric morphoea cases has prompted the recommendation 
that children and adults should have ophthalmology assessment 
6 monthly in craniofacial morphoea for the first 4 years [42,336]. 

There is much less data available with respect to vascular and 
internal organ manifestations, but these appear to be rare and are 
not associated with progression to other connective tissue disease 
such as SSc. Of 750 children, 2.4% had vascular abnormalities. 
There was one case of cutaneous vasculitis and one of deep-vein 
thrombosis. The other 2.1% (16 patients) had Raynaud phenomenon 
which, in a minority, preceded the onset of morphoea. Ten of these 
patients had a positive ANA but none had any SSc-specific autoan- 
tibodies. Nine of the children with Raynaud phenomenon had 
more than one extracutaneous manifestation, including arthritis, 
gastro-oesophageal reflux and cardiac arrhythmia. Respiratory 
(0.7%), cardiac (0.3%) and renal (0.3%) complications were rarer. 
Four per cent of children had more than one extracutaneous man- 
ifestation and again this occurred predominantly in patients with 
linear disease. 

Symptomatic oesophageal involvement, including dysphagia, 
heartburn and gastro-oesophageal reflux, confirmed on appropriate 


investigations, was identified in 1.6% of 750 children [4], but also in 
8/14 (57%) and 23/56 (41%) of juvenile morphoea cases on smaller 
studies, up to a third of which were asymptomatic [378,379]. The 
presence of oesophageal involvement was associated with other 
extracutaneous involvement 

Together these findings suggest a more widespread inflammatory 
and/or autoimmune process in morphoea, as well as aneed for more 
systematic multiorgan baseline assessments. 


Psychological manifestations 

Several studies suggest that morphoea has only a mild to moderate 
impact on quality of life in children and that they have good emo- 
tional coping strategies [380-382]. Existing dermatology quality of 
life measures (CDLOI, DLQI) may not capture important aspects of 
disease impact in morphoea [383,384]. In a single centre longitudinal 
study of paediatric cases, the number of extracutaneous manifesta- 
tions (e.g. joint contracture and hemifacial atrophy) and female sex 
were more predictive of QoL impact than cutaneous features [367]. 
A focus group based qualitative approach has recently been used in 
11 9-16-year-olds and 16 caregivers and has confirmed that lichen 
sclerosus affects health-related quality of life across multiple dis- 
tinct domains, including uncomfortable skin sensations, impacts on 
body image, bullying and teasing from peers, unwanted intrusive 
questioning, physical limitations, extracutaneous manifestations 
and high treatment burden [385]. 

In adults, increased risk of anxiety and depression was reported 
in 38% of 74 adult patients, with highest psychological morbidity 
in those with more severe disease, greater levels of pain and fatigue 
and a greater impact of disease on daily life and social support [386]. 
In 277 adults and children, reductions in quality of life correlated 
with functional impairment and symptoms of active disease such 
as pain and pruritus, independently of disease subtype, age and 
sex [349]. Evaluation of QoL in morphoea remains challenging and 
would benefit from the further development of morphoea-specific 
assessment tools. 

A recent publication employed a novel unbiased statistical 
approach to explore drivers in QoL in 719 morphoea patients. 
This identified subsets of patients with morphoea based on shared 
clinical and QoL themes. One group of patients with linear and gen- 
eralised disease appeared to have substantial morbidity associated 
with musculoskeletal involvement and functional limitation, and 
another group had morbidity driven by somatic complaints (fatigue 
headaches arthralgia) and depression. Older patients were affected 
by social isolation and younger ones experienced anger and shame 
emphasising the difference in impact of morphoea in different age 
groups [387]. 


Disease course and prognosis 
Early studies indicated that the duration of disease activity, although 
variable, was usually 3-5 years [54], with plaques generally resolv- 
ing earlier than other subtypes. In Peterson et al.’s series [46], overall, 
50% of the patients had at least 50% softening or resolution by 3.8 
years after diagnosis. Fifty per cent resolution occurred on average 
at 2.7 years in the plaque group, at 5 years in the generalised and 
linear groups and at 5.5 years in the deep group. 

Data on natural history and long-term outcome are difficult to 
compare due to the heterogeneity of morphoea subtypes, treatments 
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and evaluation methods. There is increasing evidence from retro- 
spective and cross-sectional studies to suggest that in certain types 
of morphoea permanent remission is not the rule. In a study of 
113 adults and 126 children referred over a 20-year period to 2001, 
mean disease duration of childhood-onset morphoea was twice 
as long as that for adult-onset disease (13.5 versus 5.8 years). 
Children with mixed forms of disease were more likely to run a 
more protracted and complicated course, and relapse was more 
frequent in generalised, deep and mixed forms [28]. In 52 paedi- 
atric patients with linear morphoea seen between 1990 and 2010, 
although disease stabilised after a mean duration of 5.4 years, 38% 
had functional limitations. Reactivation of disease was frequent, 
even after seemingly effective courses of methotrexate and corticos- 
teroids, such that 31% of patients reported active disease after 10 
years [33]. A chart review of 344 patients, 119 with childhood-onset 
disease, identified disease recurrence in 27% of the paediatric-onset 
group and 17% of the adult-onset group. Relapse was seen in all 
morphoea subtypes, but the risk was highest in the linear limb 
variant (36%), irrespective of age at the onset of disease [32]. The 
median time between disease remission and first relapse was 26 
months in paediatric-onset and 27 months in adult-onset disease 
[32]. Further, in a study of 133 adult patients with linear mor- 
phoea, those with childhood-onset disease exhibited more severe 
cumulative damage, greater functional impairment and had 2.6 
times greater odds of active disease [341]. The long-term impact of 
paediatric-onset morphoea was further highlighted in a group of 
27 adult patients (mean age 30.6 years, range 18-78 years, median 
26 years) with a mean age at onset of 11.5 years (range 3-17 years, 
median 13 years) [34]. Seventy-four per cent had linear morphoea 
and 18.5% had plaque morphoea at disease onset that progressed 
to meet the criteria for generalised disease over time. Overall, 
81% had persistent symptoms of pain, itch or numbness; 89% of 
patients had persistent disease activity, continuous in 8/27, and 
with a remitting-relapsing course in 16/27. Seven of 27 (29%) 
patients described flares of activity triggered by trauma, pregnancy 
or reduction or discontinuation of systemic therapy. Fifteen of 20 
patients with linear disease had permanent sequelae including 
reduced range of motion and deep atrophy. In 22% there was a 
‘moderate to very large’ impact on quality of life [34]. In a larger 
study of 133 childhood-onset patients followed between January 
1991 and December 2016, disease was still active at >10 years in 
12.5%, all with linear morphoea. Twenty-two per cent experienced 
at least one disease relapse, with first flare most frequently observed 
20 months after first treatment discontinuation. Moderate or severe 
tissue damage was identified in 48.4% and 19.8% presented a func- 
tional limitation [388]. Delays in initiation of systemic treatment, 
even by fewer than 3 months, have been associated with longer 
disease activity, lower response rates to methotrexate, and higher 
relapse rates in adults and children [388,389]. Increased risk of 
relapse, up to 45% at 2 years, in a paediatric cohort has been linked 
to older age at morphoea onset and ANA positivity. Sixty-eight per 
cent of relapses occurred between 5 and 37 months after treatment 
completion. Patients with extracutaneous manifestations were less 
likely to relapse, possibly due to earlier institution and longer 
duration of systemic therapy [30]. Further study is needed to better 
predict those at risk of relapse. 
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These studies highlight the need for careful counselling of patients 
and their families on the potentially chronic and often relapsing 
nature of morphoea and the need for continued vigilance. 

There is still uncertainty regarding the relationship between 
morphoea and SSc. Concomitant morphoea, including plaque, 
generalised and nodular forms, have been reported in 12/370 
(3.2%) [390] and 9/135 (6.7%) [391] of patients with SSc. Increased 
epidermal IL-1la, dermal mast cell infiltration and degranulation 
were documented in a small study of nine such cases [392]. Tran- 
sition from morphoea to SSc is very rare but has been reported in 
0.13-1.3% of morphoea cases [54,363,393]. SSc-specific antibodies 
have been identified in up to 16% of morphoea patients. However, 
none of these cases have been reported to progress to SSc after 3 
or more years of follow-up [4,6,11] and reviewed in [29]. Although 
such patients should be kept under close review, in the absence 
of VEDOSS criteria (Chapter 54) including SSc-specific nail fold 
capillary abnormalities, puffy fingers or sclerodactyly, a transition 
to SSc is extremely unlikely. 


Investigations 


The diagnosis of morphoea is largely clinical, but an assessment 
of disease burden and activity are crucial in determining need for 
therapy (Table 55.5). Accordingly, a number of investigations can be 
helpful in guiding assessment and management and may be used 
in conjunction with clinical scores (such as LoSCAT), quality of life 
measures and patient reported outcome measures (PROMs). 


Blood tests. There are no diagnostic blood tests for morphoea. 
Routine blood investigations are usually normal in circumscribed 
superficial plaque morphoea. In patients with generalised, pan- 
sclerotic, deep or linear disease, consideration should be given 
to measuring baseline eosinophils, serum immunoglobulins, 
ESR/CRP, CK, lactase dehydrogenase and/or aldolase, Borrelia 
serology, ANA, rheumatoid factor and thyroid function test at 
baseline (Table 55.5). An eosinophilia (>0.5 x 10°/L) is typical in 
eosinophilic fasciitis, but is also documented in deep and more 
severe forms of all subtypes of morphoea including generalised, 
pansclerotic [11,27] and linear, where absolute counts are higher in 
multisite than single site disease [341]. Raised immunoglobulins and 
ESR may be a pointer to active, systemic inflammation. Increased 
levels of creatine kinase and aldolase have been associated with 
the development of new lesions, muscle atrophy and limb shorten- 
ing, and may thus suggest deep disease with muscle involvement 
and possibly disease activity [53]. Borrelia serology need only be 
checked if there is a relevant clinical history or an atypical disease 
presentation. ANA positivity at baseline has been associated with 
more severe disease in adults and children, and with increased 
risk of relapse post-treatment in childhood onset disease [29,30] 
suggesting that this group may require more aggressive systemic 
therapy and closer long-term follow-up. Rheumatoid factor posi- 
tivity points to an increased risk of inflammatory arthritis [4]. Other 
frequently associated autoimmune diseases such as autoimmune 
thyroid disease should be excluded. If there is concern about the 
possibility of SSc (e.g. in cases of new or rapidly progressing pan- 
sclerotic morphoea or eosinophilic fasciitis) evidence of Raynaud 


Table 55.5 Assessment of the patient with morphoea. 


Clinical assessment 


Investigations 


Are lesions symptomatic? Ask about 
itch, numbness and tingling, 
burning 

Are there new or extending lesions? 


Are there extracutaneous 
manifestations?: musculoskeletal: 
arthralgia, arthritis, joint 
contracture, myalgia, myositis, 
muscle atrophy 

Headache, migraine, seizures, ocular 
or oral/orthodontic symptoms, 
dyspepsia, Raynaud 
phenomenon, etc. 

Ask about ocular, oral and TMJ 
symptoms in linear disease of 
the head 


Full skin examination to determine 
extent and activity of lesions 


Assess for activity: erythema, 
violaceous colour, tactile warmth, 
abnormal skin texture 

Examine for genital lichen sclerosus in 
isomorphic generalised morphoea 


Measure LoSCAT score (includes 
mLoSSI, LoSDI, PGA-A, PGA-D 

DLQI/CDLQI, HAQ/CHAQ, HADS, 
patient VAS, LoSQI (see outcome 
measures, later) 

Photography (3D if available) + 
thermography + ultrasonography 
+ scanning laser Doppler 


Skin biopsy (if diagnosis or depth in 
doubt): deep incisional ellipse 
(through the edge of the lesion, 
to include fascia and muscle if 
deep involvement suspected) 

MRI (images brain and depth of 
extent on limbs), CT (images bony 
contours) for linear lesions 

Electroencephalogram (head variant) 
if symptoms suggestive 


CK, LDH, aldolase (if muscle/deep 
involvement suspected) 

Full blood count, eosinophils, 
immunoglobulins, TFT, ESR, CRP 

ANA, ENA, rheumatoid factor at 
baseline/first visit 

Borrelia serology if relevant history 

Referral to allied specialties as 
appropriate: ENT, ophthalmology, 
oral medicine, orthopaedics, 
plastic surgery, physiotherapy 


ANA, antinuclear antibody; CDLQI, Children’s Dermatology Life Quality Index; CHAQ, 
Children’s Health Assessment Questionnaire; CK, creatinine kinase; CRP, C-reactive 
protein; CT, computed tomography; DLQI, Dermatology Life Quality Index; ENA, 


extractable nuclear antigen; ENT, ear, nose, throat; ESR, erythrocyte sedimentation rate; 
HADS, Hospital Anxiety and Depression Score; HAQ, Health Assessment Questionnaire; 


LDH, lactase dehydrogenase; LoSCAT, Localised Scleroderma Cutaneous Assessment 
Tool; LoSDI, Localised Scleroderma Skin Damage Index; LoSQI, Localised Scleroderma 
Quality of Life Instrument; mLoSSI, Modified Localised Scleroderma Skin Activity Index; 
MRI, magnetic resonance imaging; PGA-A, Physician Global Assessment of Activity; 
PGA-D, Physician Global Assessment of Damage; TMJ, temporo-mandibular joint; TFT, 
thyroid function test; patient VAS, Visual Analogue Scale. 


phenomenon, puffy fingers, sclerodactyly, nail fold capillaroscopic 
abnormalities and SSc-specific autoantibodies (e.g. anticentromere, 
anti-topoisomerase and anti-RNA polymerase) should be sought 
(Chapter 54). CXCL9 and CCL18 have recently been identified as 
markers of disease activity and may have potential use as biomark- 
ers [145,152,156]. Routine laboratory measurement is not widely 
available as yet. 


Skin biopsy. A biopsy is not usually required, but can be under- 
taken if the diagnosis or the depth of involvement are in doubt. If a 
biopsy is performed, an incisional ellipse through the violaceous/ 
inflammatory edge of a lesion, into the sclerotic centre and extending 


down into the subcutis is preferred, although a punch biopsy may 
be acceptable. The site should be clearly indicated for the pathol- 
ogist (e.g. inflammatory edge, sclerotic centre, etc.). If fasciitis is 
suspected the biopsy should extend into the fascia and underly- 
ing muscle and referral to a plastics or general surgeon may be 
required. 


Photography. Regular photographic imaging (e.g. every 6 months) 
and where available 3D photography are useful adjuncts in moni- 
toring for disease stability or progression. 


MRI. MRI (with or without contrast) is a useful tool for assess- 
ing the depth and extent of involvement, particularly to assess 
for fasciitis, tendon and muscle involvement in pansclerotic mor- 
phoea/eosinophilic fasciitis and linear limb lesions [394,395] 
(Figure 55.12c). It identifies clinically occult disease, and is respon- 
sive to and a useful measure of change during therapy in linear 
limb disease [396,397]. 

In line with recently published minimum standards of care for 
paediatric morphoea, a contrast-enhanced craniofacial and brain 
MRI (which may need to include the jaw and neck — depending 
on the site of the lesion) at baseline is recommended in patients 
with linear head/neck disease to screen for CNS abnormalities 
(frequently asymptomatic and unsuspected), and also to assess for 
disease extent, depth and presence of inflammation [41,398]. This 
can be used to generate 3D reconstructions which may also aid 
in assessing for progression of soft tissue loss (Figures 55.15c and 
55.17). It is as yet unclear how frequently neuroimaging should be 
carried out. Up to 20% of CNS lesions may progress and this may 
occur independently of skin changes [339]. Currently a frequency of 
every 1-2 years for MRI is suggested [336] and/or if new symptoms 
develop [42]. 


CT scan. In some cases, a CT scan can be more helpful than MRI if 
the extent of bony involvement is in question. Three-D-multidetector 
CT reconstruction can also be helpful in assessing progression 
and planning corrective surgery in inactive disease [336]. 


Other imaging modalities. Multiple imaging modalities are used 
to evaluate and monitor the skin in morphoea. These have recently 
been reviewed by Lis-Swiety et al. [399] and compared by Pain et al. 
[400]. Serial ultrasonography can be used to evaluate skin thickness 
and loss of muscle and fat [401,402]. Disease activity can be corre- 
lated with echogenicity and tissue blood flow measured by colour 
Doppler [403] and laser Doppler [404,405], ultrasound techniques 
[406] and infrared thermography [115,400,407], although the latter 
gives false positive results in patients with atrophy. Ultrasonog- 
raphy is only useful in the hands of a musculoskeletal imaging 
expert with experience in morphoea. A durometer is a hand-held 
instrument that measures the depth of skin indentation after the 
application of a standardised amount of force. Durometry measures 
skin hardness, a recognised surrogate for skin thickness [408], 
and has been shown to objectively discriminate affected versus 
unaffected skin on the trunk and limbs in children with morphoea 
[409]. Goniometry can be used to assess range of motion across 
joints. 
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Figure 55.17 Three-D surface rendered image post processed from volumetric isotropic 
axial T1 MRI imaging of the head showing facial asymmetry involving the right lower 
hemiface in a patient with progressive hemifacial atrophy. Courtesy of Dr Farrah Jabeen, 
Royal Free London NHS Foundation Trust. 


Referrals to allied specialties such as ophthalmology, ENT 
and maxillofacial should be considered for patients with head 
involvement and to orthopaedics and physiotherapy for linear limb 
disease, particularly in children. Patients with craniofacial mor- 
phoea should also have a dental assessment including panoramic 
radiographs and an assessment of the temporomandibular joint by 
a rheumatologist at baseline. In children, 6-monthly rheumatology 
and ophthalmology review is suggested [41]. There are currently 
insufficient data to make such a recommendation in adults but 
baseline assessment may be prudent. 


Outcome measures 

Defining outcome measures in morphoea has proved difficult 
because morbidity is caused by a combination of cutaneous and 
subcutaneous damage as well as disease activity. Trying to find 
accurate measures of disease activity has been a particular chal- 
lenge. Recent evidence points to ANA positivity and IFN-related 
pathway chemokines including CCL18 and CXCL9 as promising 
biomarkers which could in future give simple objective measures 
of disease activity and response to treatment. In the meantime, 
a variety of imaging techniques are employed, including serial 
photography, infrared thermography, Doppler flowmetry, ultra- 
sonography and MRI [399,10], and more recently a computerised 


skin scoring method [411]. Of these methods only the computerised 
skin score, ultrasonography and MRI have been validated. Variable 
frequency ultrasound (7-15 MHz linear probes) with colour Doppler 
is a non-invasive technique that reveals details of skin morphol- 
ogy and function. It has shown high specificity and sensitivity for 
assessing disease activity [403]. The most accurate sonographic 
signs of activity are increased subcutaneous echogenicity and 
increased cutaneous blood flow. Laser Doppler imaging measures 
blood flow within the dermis and is a more accurate reflection of 
skin inflammation than infrared thermography, which is difficult 
to interpret when there is soft tissue atrophy. Single-point laser 
Doppler flowmetry measurements correlate with clinical disease 
activity [343,404,412]. Scanning laser Doppler imaging had a posi- 
tive predictive value of 87% and negative predictive value of 94% in 
a small study evaluating its use in assessing activity and predicting 
progression [405]. 

Clinical scoring techniques have the advantage of not requiring 
expensive or cumbersome equipment. The mRSS, a measure of 
skin thickness which has been validated in SSc [413], has also been 
used in morphoea, but is not validated in this condition and does 
not assess damage. The DIET score (dyspigmentation, induration, 
erythema, telangiectasia; each scored 0-3, with a maximum score 
of 12) [414] has the advantage of simplicity, but may not pro- 
vide an accurate assessment of damage. Four measures of disease 
activity and damage have recently been combined to develop a 
morphoea-specific skin scoring system — LoSCAT (Figure 55.18). 
Initially, two measures of disease activity, the physician global 
assessment of activity (PGA-A) and the modified localised scle- 
roderma skin index (mLoSSI) were developed and validated in 
2009 [37,415]. The PGA-A is graded on a 100mm analogue scale 
and includes the following cutaneous variables: the development 
of new lesions and/or enlargement of existing lesion within the 
previous month, erythema/violaceous colour and skin thicken- 
ing/induration at the border of lesions. The mLoSSI includes the 
sum of three separate scores from the following domains: erythema 
(none, mild, moderate, severe), skin thickness (none, mild, moder- 
ate, severe) and new lesion/lesion extension (present, not present). 
A patient is classified as having active disease if they have a PGA-A 
of greater than 0 and a mLoSSI of greater than 0. 

Subsequently, two measures of disease damage, the localised 
scleroderma skin damage index (LoSDI) and the physician global 
assessment of disease damage (PGA-D), were developed. Disease 
damage was defined as irreversible or persistent changes of the 
lesion due to previous active disease or complications of therapy. 
The LoSDI was calculated by summing three scores for cutaneous 
features of damage: dermal atrophy, subcutaneous atrophy and 
dyspigmentation measured at 18 anatomical sites, recording the 
most severe score from each domain if multiple lesions were present 
within one anatomical site [39]. The PGA-D is graded on a 100mm 
analogue scale and is anchored by ‘no damage’ at 0 and ‘markedly 
damaged’ at 100. Based upon consensus agreement, both cuta- 
neous and extracutaneous manifestations are taken into account 
when scoring the PGA-D. The cutaneous manifestations include 
hyper/hypopigmentation and subcutaneous and dermal atro- 
phy. The extracutaneous manifestations include: musculoskeletal 
involvement (skeletal muscle atrophy, bone atrophy, facial atrophy, 
limb length discrepancy, physical disability, joint contracture), 
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neurological involvement (CNS symptoms, abnormal brain MRI, 
eye involvement) and psychosocial quality of life impairment [39]. 

The LoSCAT was later modified, replacing the mLoSSI with 
the LoSAI (Localised Scleroderma Activity Index) in which ‘skin 
thickness’ is replaced with ‘induration (skin swelling at the edge)’ 
and the LoSDI was changed to include ‘skin thickness at the 


centre’ as a further variable. Both versions of LoSCAT are now 
validated tools to measure both disease activity and damage in 
morphoea [38,39,40,416,417] and both mLoSSI and LoSAI are in 
current use. The LoSCAT is now being used routinely in clinical 
practice and as an outcome measure in clinical trials. It can be used 
to classify patients with morphoea by disease severity and identify 


Localised scleroderma cutaneous assessment tool 
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Figure 55.18 (a) Localised scleroderma cutaneous Physician global assessment of disease damage 
assessment tool (LoSCAT) including mLoSS! and P 166 
Lospl. Enon Arkachaisri et al. zu) [39]. Reproduced Nowdaniage Markedly damaged 
with permission of Oxford University Press. (b) Gomment: 
Revised modified LOSCAT including LoSAI and 
modified LoSDI adapted from Teske and Jacobe [38]. 
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LoSCAT LoSAl LoSDI 
Localized (Localized Scleroderma Skin Activity Index) Localized Scleroderma Skin Damage Index 
Scleroderma New/Enlarged Erythema Induration Dermal atrophy Sub Q/ Deep Dyspigmentation Skin Thickness (at 
Cutaneous (past month) (skin swelling atrophy (hyper or hypo) CENTER) 
Assessment at EDGE) 
Tool 0=none 0=none 0 =none 0=none 0=none 0=none 0=none 
3=N/E 1= pink 1 =mild 1 = shiny 1 = flat 1=mild 1 = mild 
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PGA-A (Physician Global Assessment of Disease Activity) 
(O=inactive) (100=markedly active) 
PGA-D (Physician Global Assessment of Disease Damage) 
(0=no damage) (100=markedly damaged) 
Figure 55.18 (Continued) 


clinically significant improvement in activity [38,418]. Erythema, 
violaceous colour, tactile warmth, waxy white/yellow change and 
skin thickening have also been identified as features tracking with 
disease activity [35]. Based upon these variables the CARRA have 
developed a further skin activity measure — the Localised Sclero- 
derma Cutaneous Activity Measure (LSCAM) which has also been 
found to be valid and reliable [419]. LSCAM differs from mLoSSI in 
including more skin variables and weighing them equally. LSCAM 
was found to correlate better with PGA-Activity than the mLoSSI 
in a 1-year prospective study [419]. These measures do not take 
into account the impact of extracutaneous manifestations and to 
remedy this the CARRA group also recently developed the Total 
Morbidity Score (TMS). It includes modules for cutaneous features 
(i.e. dyspigmentation, subcutaneous atrophy) and extent, mus- 
culoskeletal (i.e., arthritis, myositis), growth difference of body 
(i.e. limb girth or length difference), head/neuro (i.e. facial hemi- 
atrophy, brain involvement), and other organ (i.e. vasculopathy) 
involvement to give a global assessment of cutaneous damage and 
morbidity from extracutaneous features, and is thought to provide 
a more accurate assessment of disease burden [36,360]. More study 
is needed to further assess the performance of the LSCAM and 
TMS scores. 


Efforts to develop patient reported outcome measures are ongo- 
ing for morphoea and some progress has been made within 
paediatric rheumatology. The CDLQI and CHAQ have been shown 
in some studies to positively correlate with mLoSSI and the CDLQI 
with LoSDI [400]. However, although widely used, the CDLQI 
has suggested only modest effects of morphoea on quality of 
life (QoL) in children. Further study has shown that although it 
captures the functional and psychosocial domains of quality of 
life in morphoea, it includes some items of limited relevance and 
incompletely explores skin symptoms and treatment burdens [383]. 
Further exploration employing focus groups has identified areas 
of impact which include uncomfortable skin symptoms, physi- 
cal functioning limitations, extracutaneous manifestations, body 
image, bullying and teasing, unwanted questioning from others, 
and treatment side effects and burden [385]. This has led to the 
development of the Localised Scleroderma Quality of Life Instru- 
ment (LoSQI) [362], which is currently undergoing validation. 
A number of patient-reported visual analogue scales have been 
developed (see examples in Box 55.1) and are under evaluation. 
Further study is needed to adapt these or develop similar PROMs 
and morphoea-specific health-related quality of life measures for 
use in adult morphoea patients. 
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Box 55.1 Selection of suggested patient reported 
outcomes included in VAS in paediatric morphoea 
[362] and adapted from the LoSQI [362], the 
CHAQ and CARRA jLS pilot consensus treatment 
plan study [420] with personal communication 
with Dr Suzanne C Li, Division of Paediatric 
Rheumatology, Joseph M Sanzari Children’s 
Hospital, Hackensack Meridian School of Medicine, 
Hackensack, NJ, USA and Dr Clare Pain, Consultant 
Paediatric Rheumatologist, Honorary Clinical 
Associate Professor, University of Liverpool, UK 


Patient Reported Outcome Measures (PROM) and suggested Visual 

Analogue Scale (VAS) questions: 

e Since my last visit to the doctor, my morphoea is: better/the 
same /worse 

¢ Considering all the ways that morphoea affects you, rate how you 
are doing (over the last week) by placing a single mark on the line 
below (0 very well, 10 very poor) 

¢ How much impact has your disease had on your life in the past 
month? (0 none, 10 worst possible) 

¢ How much has your morphoea affected you overall in the past 
month? (0 none, 10 worst possible) 

¢ How itchy and/or scratchy have your lesions felt in the past month? 
(0 none, 10 worst ever) 

e How numb, tingly and/or ‘funny’ has your skin felt in or around 
your lesions in the past month? (0 none, 10 worst ever) 

¢ How much pain do you think you had because of your morphoea in 
the past week? (0 none, 10 worst ever) 

e How much worry do you have about long-term problems from your 
condition? (0 none,10 worst ever) 

e How much worry do you have about problems from medications 


used to treat your condition? (0 none, 10 worst ever) 


Management 


Morphoea can lead to permanent cosmetic and functional impair- 
ment. Early intervention can limit disease progression and its 
consequences. However, treatment of patients with significant 
damage but inactive disease exposes them to the potential side 
effects of the medications, without providing significant bene- 
fit. Patient selection and appropriate timing of interventions is 
paramount. The management of morphoea has been challenging 
because of a lack of standardised evaluation methods, randomised 
controlled trials and prospective national/international registries 
resulting in a dearth of evidence-based treatments. Much of the 
literature on morphoea treatment is retrospective, uncontrolled 
and composed of small case series. A Cochrane review examined 
publications to July 2018 and included only 14 trials, with a total 
of 429 randomised participants, aged between 3 and 76 years. 
The studies were heterogeneous such that no meta-analyses were 
possible. The reviewers concluded that available results were based 
on low-quality evidence with studies at high risk of performance, 
detection, attrition and reporting bias [421]. 

Currently available treatments remain largely untargeted, and 
none are licensed for use in morphoea. In 2012, Johnson and Jacobe 
[51] found that the treatment prescribed in morphoea depended 


more on the specialty of the treating physician than the patient or 
their type of disease. Thus, from a total of 531 prescriptions for 
224 patients (95 children), dermatologists prescribed topical corti- 
costeroids in 41%, other topical treatment in 25%, phototherapy in 
16% of cases, systemic corticosteroids in 5% and methotrexate in 
4% of cases. Rheumatologists, in contrast, prescribed methotrexate 
in 34%, systemic corticosteroids in 31% of cases, topical treatments 
in 10% and phototherapy in only 2% [51]. In this study, 68% of 
patients with linear morphoea received topical corticosteroids as 
the mainstay of treatment if they saw a dermatologist (4% received 
methotrexate), whereas 39% of linear morphoea patients seen by 
rheumatologists received methotrexate and 8% topical corticos- 
teroids [51]. In a survey of UK dermatologists published in 2014 
[422], clinicians were asked which treatment option produced the 
best outcome in active morphoea based on their experience. There 
was a wide range of responses: methotrexate with corticosteroids 
was the most frequent response (37.3%), followed by methotrexate 
alone (25.4%), phototherapy (18%) and topical steroids (13%). These 
surveys underscored the need for a joined up multidisciplinary 
approach to establish effective treatment guidelines and to ensure 
that patients are not undertreated. As a consequence, in 2017, the 
European Dermatology Forum developed guidelines for diagnosis 
and management of sclerosing diseases of the skin applicable to 
all age groups [10]. In 2018 Constantin et al. proposed minimum 
standards of care for children with morphoea [41] and in 2019 
the Paediatric Rheumatology European Society (PRES) developed 
consensus-based recommendations for the management of mor- 
phoea in children [42]. Subsequently, a multicentre audit comparing 
UK practice with PRES recommendations in 149 paediatric patients 
identified significant room for improvement since outcome mea- 
sures such as LoSCAT, MRI of the brain in craniofacial disease 
and screening for uveitis were still not widely utilised. In contrast, 
95% were appropriately treated with methotrexate first line (and 
mycophenolate second line), 83% received corticosteroids and 
34% required two or more disease modifying antirheumatic drugs 
(DMARDs)/ biologics [368]. Current guidelines are largely based on 
expert opinion and consensus best pactice. It is recommended that 
the initial evaluation of a patient with morphoea should include an 
assessment of the type, extent and activity of disease and whether 
there is extracutaneous involvement (Table 55.5). Treatment can 
then be based on the subtype, activity, extent and depth of disease, 
potential for permanent damage/functional impairment, patient 
symptoms and impact of the morphoea on quality of life [3,10,423]. 


Topical therapies 

Circumscribed superficial forms of morphoea can generally be 
treated topically. The small size and frequently uncontrolled nature 
of published studies for topical morphoea treatments means that 
they are at high risk of bias and should be interpreted with cau- 
tion. Topical steroids remain the most commonly used topical 
treatment, although there is no direct evidence to support their 
use. Topical and intralesional corticosteroids are frequently used 
with good effects, particularly in the early inflammatory stages 
of disease or if there are pronounced epidermal changes [422]. 
The EDF guideline recommends that superpotent topical steroids 
(clobetasol propionate) be used for up to 4 weeks and potent topical 
steroids (mometasone furoate) for up to 3 months, with intermittent 
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therapy beyond that if needed [10]. Case reports and a prospective 
open-label study in 13 patients initially suggested a role for topical 
tacrolimus 0.1% [424-426]. Two small placebo-controlled trials 
support the use of twice-daily topical tacrolimus 0.1% ointment 
(10 patients) [427], and daily 5% imiquimod cream (22 patients) 
[428]. The latter was also found to be safe and beneficial when 
used 3-7 times weekly, over a 9-month period, in 21 adult and 
paediatric patients in two small prospective open-label studies 
[414,429]. Benefit in prospective but uncontrolled studies has been 
shown for twice-daily application of topical vitamin D analogues 
(calcipotriol/calcipotriene 0.005%), either alone under occlusion 
(12 patients) [430] or in combination with topical steroids (six 
patients) [431] or with low-dose UVA-1 phototherapy (19 children) 
[432]. Tranilast (N-[3,4-dimethoxycinnamoy]l]-anthranilic acid) is 
approved in Japan and South Korea for the management of allergic 
and fibrotic disorders. It is thought to act via inhibition of fibrob- 
last proliferation and collagen production and modulation of the 
kynurenine pathway. There is one small case series comparing 
0.1% betamethasone valerate with 0.1% betamethasone valerate 
and 1% tranilast which showed benefit after daily application for 3 
months in three patients with morphoea (two of whom were also on 
methotrexate) [433]. Pirfenidone is a non-peptide synthetic chemical 
that inhibits the production of TGF-61, TNF-a, PDGE, IL-1, and col- 
lagen I and III, all of which have been linked to fibrosis. There is one 
open phase II study in 12 morphoea patients using 8% pirfenidone 
gel three times daily for 6 months which suggested improvement 
based on mLoSSI, durometer and histological assessments [434]. 
Assessment of topical JAK inhibitors in morphoea is awaited. 


Phototherapy 

If there is no deep involvement, circumscribed and generalised 
plaque morphoea — particularly the isomorphic subset — can be 
treated with phototherapy, preferably UVA-1, but when this is not 
available topical psoralen and UVA (PUVA), broad-band UVA or 
narrow-band UVB therapy are alternatives (reviewed in [435]). 
The rationale for using phototherapy in morphoea is based on 
the ability of UVA and UVB to induce MMPs such as collagenase 
[436,437]. UVA wavelengths (320-400nm) penetrate deeper into 
the dermis than UVB (280-320nm). UVA-1 (340-400 nm) is less 
erythemogenic and penetrates deeper than UVA-2 (320-340 nm). 
In addition to collagenase, UVA-1 has been shown to upregulate 
antifibrotic haem oxygenase-1 [438], to cause T-cell apoptosis, to 
deplete dermal Langerhans and mast cells, to induce interferon-y 
(INF-y), IL-1 and IL-6 production, and to inhibit TGF-B production 
[439,440]. This latter effect may involve the SMAD family of proteins 
involved in TGF-f signal transduction [441] and a stimulatory effect 
on the antifibrotic protein decorin [442,443]. In a mouse model of 
bleomycin-induced fibrosis, a high-dose of UVA-1 therapy reduced 
dermal thickness, increased MMP-1 and MMP-3 expression, and 
reduced expression of collagen types I and III [444]. Although a 
variety of treatment doses and regimens have been employed, 
there is consensus that low-dose (10-20J/cm?), medium-dose 
(>20-70J/cm*) and high-dose (>70-130J/cm?) UVA-1 have all 
shown efficacy, significantly reducing skin thickness and stiffness 
in adults and children with all forms of morphoea (reviewed in 
[440,445,446]). Early inflammatory and sclerotic lesions appear 
to respond most favourably, and cases with deep involvement 


least favourably. Outcome measures recorded in over 90% of cases 
include variable combinations of clinical examination, skin scores, 
ultrasound measurement of skin thickness, cutometer measure- 
ments and skin biopsies. UVA-1 appeared to be effective in all skin 
types in a retrospective review of treatment responses in 47 mor- 
phoea patients [447]. This is in contrast to Wang et al.’s findings that 
suggested that the antifibrotic effects of UVA-1 were determined by 
skin type, and that skin darkening as a result of UVA-1 treatment 
may attenuate its antifibrotic effects [448]. The duration of responses 
is variable and up to half of the patients may develop recurrence of 
active morphoea lesions at 2-3 years [449]. 

Sixty-four patients with morphoea were consecutively included 
in a prospective, open, randomised controlled three-arm study 
comparing low (20J/cm?) and medium (50J/cm?) dose UVA-1 with 
narrow band UVB five times weekly for 8 weeks. Based on skin 
scores, visual analogue scales for itch and tightness, histology and 
20MHz ultrasound, significant benefit was noted in all patients 
who completed the treatment protocol [450]. Based on this study, 
a Cochrane review concluded that there may be little or no differ- 
ence between medium- (50J/cm?), low-dose UVA-1 (20J/cm?) and 
narrow-band UVB treatment modalities in global improvement of 
disease activity or damage in adults and children [421]. It has, nev- 
ertheless, been suggested that medium-dose UVA-1 may be more 
effective than low-dose UVA-1 based on ultrasound measurements 
of skin thickness of individual morphoea plaques [451] and may 
give better long-term results [452,453]. It is preferred to high doses 
because of the lower cumulative UV exposure. Although UVA-1 has 
not been associated with increased skin cancer risk thus far, it has 
been shown to produce cyclobutane pyrimidine dimers in humans, 
and so has the potential to be carcinogenic [454]. 

UVA-1 is not widely available and this has led physicians to inves- 
tigate the efficacy of other forms of phototherapy in addition to 
narrow-band UVB. Broad-band UVA has been used at varying doses 
in a total of 114 patients across three controlled trials, with positive 
responses documented by clinical examination and skin biopsies 
[439,455,456]. Bath PUVA resulted in reductions in skin thickness 
and clinical improvement in 15/19 patients and cream PUVA in 4/4 
cases [457-460]. Response rates to UVA therapies are good, ranging 
from 60% to 80% after a full course of treatment [461], but relapse 
rates of almost 50% at 3 years follow-up are reported [449]. 


Corticosteroids, methotrexate and mycophenolate 

In patients with progressive disease despite topical agents and/or 
phototherapy, and in patients with active disease and a moderate to 
high morbidity risk including linear, deep or disseminated forms of 
disease (e.g. morphoea en coup de sabre, pansclerotic morphoea or 
eosinophilic fasciitis), systemic therapy is indicated. There is broad 
agreement that combinations of pulsed intravenous and/or oral 
steroids with methotrexate should be used first line. 

An open study of 17 patients with severe morphoea (lin- 
ear/ generalised) found that oral corticosteroids (0.5-1 mg/kg/day 
for 6 weeks then reducing over a mean of 18 months) produced a 
marked improvement, with reduced inflammation, cessation of new 
lesion formation and skin softening. A third of patients relapsed 
on discontinuing therapy [462]. Systemic corticosteroids should 
be considered in patients with severe, active inflammatory disease 
and in patients with eosinophilic fasciitis who appear particularly 


steroid responsive [16,17]. Although effective in the short term, the 
high rate of relapse on treatment discontinuation necessitates the 
addition of other agents such as methotrexate. 

Methotrexate is a cornerstone of morphoea management 
[115,128,343,463-468]. Methotrexate is thought to exert its effects 
at multiple levels [469]. It has been shown to enhance monocyte 
differentiation [470], reduce peripheral blood mononuclear cell 
production of IL-8 [471] and stimulate IL-1 receptor antagonist 
and soluble TNF receptor p75 in vitro in rheumatoid arthritis [472]. 
Reductions in circulating sIL-2R and IL-6 following successful 
therapy with methotrexate in children and adults with rheumatoid 
arthritis [473,474] suggest a possible mechanism for its effects in 
morphoea, since reductions in serum IL-2, -4 and -6 have been found 
to parallel improvement in cutaneous sclerosis [146]. Furthermore, 
mast cell numbers and levels of tenascin — an extracellular matrix 
protein previously shown to be increased in the skin and circulation 
of morphoea patients [475,476] — are both reduced in lesional skin 
after methotrexate therapy [477]. 

Two early uncontrolled case series (17 patients, 9 adults) sug- 
gested some improvement in skin lesions with methotrexate alone 
[277,463]. Four retrospective reviews documented the response to 
methotrexate alone in 52 cases, and in combination with cortico- 
steroids in 67 cases [465,478-480]. Improvement was described in 
79% of cases but was more variable in those treated with methotrex- 
ate alone. In three prospective studies, a total of 60 patients (15 
adults) were treated with either monthly pulsed intravenous (1g, 
3 days per month for 6 months in the adults and 30 mg/kg, 3 days 
per month, for 3 months in nine children) or daily oral cortico- 
steroids (2mg/kg/day (maximum dose 60mg/day), tapered to 
0.25 mg/kg/day for 12 months in 36 children) and methotrexate 
at doses of 0.3-1 mg/kg/week (maximum dose 25 mg) in children 
and 15 mg/week in adults [464,467,468]. In these studies, significant 
improvements were noted based on mLoSSI (mLoSSI score of 0 in 
32/36 cases at 36 months) and PGA-A [467] or physician assessment 
[464] in children. A 50% reduction in skin scores, corroborated by 
biopsy and ultrasound measurements, was documented in 13/15 
adults after a mean treatment duration of 9.8 months [468]. This 
benefit was then confirmed in a randomised placebo-controlled 
trial in 70 children with active linear, generalised or mixed mor- 
phoea, comparing 12 months of oral methotrexate (15 mg/m? /week 
(maximum dose 20 mg/week), n = 46) with placebo (n = 24) [115]. 
All patients received a concomitant 3-month course of oral pred- 
nisolone (1 mg/kg/day (maximum dose 50mg)). Response was 
assessed objectively with infrared thermography, a computerised 
skin scoring system, by physician global assessment of disease 
severity and the development of new lesions. Methotrexate was 
well tolerated, and resulted in a reduction in new lesion formation, 
computerised skin score and lesion temperature at 12 months. As 
suggested by a previous study [462], corticosteroid monotherapy 
resulted in a sustained improvement in approximately 30% of 
patients at 12 months. However, the likelihood of experiencing a 
disease flare in the methotrexate-treated group was approximately 
one-third of that in the corticosteroid-alone-treated placebo group. 
Over two-thirds of patients were judged to have responded, and 
in over 50% the clinical improvement persisted long after the 
discontinuation of methotrexate. Fifteen per cent relapsed at 24 
months [115,128]. The open-label extension of this study suggested 


that 70% of responders maintained clinical remission off treatment 
for a mean of 25 months, but that treatment courses of at least 24 
months were needed to ensure a sustained remission [128]. Others 
have suggested that 4 years of treatment may be required to reduce 
the risk of relapse [481]. The efficacy of methotrexate in achieving 
disease inactivity and remission of treatment has now been docu- 
mented via retrospective reviews of large patient cohorts including 
adults and children [341,389,480,482-484], and in line with the 
findings of a Cochrane review [421] there is broad agreement that 
combinations of pulsed intravenous and/or oral corticosteroids 
with methotrexate should be used first line in patient with mod- 
erate to severe, active disease. There remains a lack of consensus 
regarding the optimum dosing, duration and mode of delivery of 
corticosteroids in morphoea. Dosing regimens vary for methotrex- 
ate, being 15-25mg/week in adults and 15mg/m*/week in the 
UK and EU and 1mg/kg/week in the USA for children, with a 
maximum dose of 25 mg/week in all age groups. The subcutaneous 
route of administration is recommended for its reduced side effects 
and superior efficacy. The time course of response to methotrexate 
is suggested by two studies showing a significant reduction of skin 
activity scores at 3 months, with most of the response occurring 
by 6 months of treatment. Thus, if there is worsening of disease 
at 3 months or disease has not stabilised or become inactive at 6 
months, further additional treatment may be needed. Of note, a 
majority of patients in these studies received corticosteroids for the 
first 3 months also [343,419]. Relatively high relapse rates have been 
documented after completion of a full course of systemic treatment, 
with percentages of 12.5% [32], 27% [128], 29% [481], 44% [478] and 
41% [30] reported after methotrexate and systemic corticosteroids, 
and 46% after successful UVA-1 phototherapy [449]. Whether some 
of this may be linked to the use of short treatment courses or to 
poor compliance due to limited tolerability is unclear, but these 
figures suggest a need for alternative therapies [30,44,343]. Thus 
up to 44% of cases may relapse after successful treatment and 
require a further course [32,466,481,484]. Current data suggest that 
a second course of methotrexate with corticosteroids is effective 
in a majority [128,466]. A quarter to a third of patients, however, 
may not respond to methotrexate therapy. Pansclerotic, and mixed 
morphoea subtypes, patients with extracutaneous manifestations 
and greater disease burden appear more likely to relapse or be 
non-responders [5,44,485]. Delays to treatment initiation, shorter 
duration of treatment and speed of tapering have also been impli- 
cated in methotrexate treatment failure (reviewed in [423]). Further 
work is needed to establish which patient groups are less likely to 
respond to methotrexate. 

The choice of second line agent was prompted by studies in 
SSc, which showed efficacy of mycophenolate in improving or 
stabilising interstitial lung disease and skin thickening (reviewed 
in [486]). This benefit in SSc has been confirmed in larger clinical 
trials [487,488], which also showed a recurrence of skin thickening 
after discontinuation or dose reduction of mycophenolate [489]. 
Patients with SSc and an ‘inflammatory’ gene expression profile in 
skin, identical to that seen in morphoea skin samples [490] are more 
responsive to mycophenolate (Chapter 54) providing a rationale 
for its use in morphoea. Martini et al. initially published 10 cases 
in 2009 that suggested benefit in morphoea, used alone (one case) 
or in combination with methotrexate in patients who failed on or 
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were unsuitable for monotherapy [491]. Mertens added seven cases 
with favourable responses in 2016 [492]. Two further retrospective 
studies (including 22 children and 77 adults) now support its value 
for treating morphoea patients who are intolerant of or unrespon- 
sive to methotrexate [485,493]. Most of these patients had more 
severe subtypes (e.g. mixed or pansclerotic morphoea) and many 
added mycophenolate to methotrexate and corticosteroids. Martini 
et al.’s recent retrospective longitudinal study of paediatric mor- 
phoea compared long-term follow-up in 22 mycophenolate-treated 
methotrexate-resistant patients with 47 methotrexate responsive 
patients. After a mean 9.4 years of follow-up, 90.9% of patients on 
mycophenolate and 100% of those on methotrexate had inactive 
disease. No significant difference in relapse-free survival between 
the groups was found [485]. Arthur et al. documented disease 
stability in 66/73 patients after 3-6 months of treatment and remis- 
sion in 35% at 9-12 months [493]. Half of children and a quarter 
of adults were no longer on mycophenolate at the time of last 
follow-up [485,493]. Moreno-Arquieta et al. reviewed the use of 
mycophenolate in 29 cases of eosinophilic fasciitis, in combination 
with corticosteroids. Nineteen had a complete response and six a 
partial response [494]. Current published evidence is retrospective, 
involving small numbers of patients and of low quality. Further, 
randomised, controlled studies on the relative efficacy of and opti- 
mum patient selection for mycophenolate versus methotrexate 
treatment are needed. It is nevertheless recommended as second 
line therapy by PRES, EDF and CARRA. Dosing regimes sug- 
gest gradual escalation to 1g twice daily in adults and doses of 
600 mg/m? in children <1.25 m7, 750 <mg twice daily in between 
1.25 and 1.5m? and 1 g twice daily for patients >1.5 m? [10,361]. In 
2012, in response to the then lack of consensus on treatment regi- 
mens among clinicians caring for patients with morphoea [51,495], 
the CARRA developed consensus-derived standardised treatment 
plans for the initial 12 months of therapy for childhood morphoea 
of moderate or high severity [361]. These plans have established 
clinical assessment methods and treatment response criteria. 
They also recommended defined treatment protocols employing 
methotrexate alone or in combination with oral or intravenous 
corticosteroids, with mycophenolate mofetil used in addition to 
or as a replacement for methotrexate according to physician pref- 
erence. The aim was to reduce the variability in medication and 
methods of assessment used to facilitate the evaluation of treatment 
strategies in future comparative effectiveness studies. Results from 
the initial pilot show efficacy of all three regimens with >75% 
improvement from baseline. Differences in response were linked 
to disease subtype and activity at baseline, suggesting that this 
type of comparative study may ultimately facilitate appropriate 
patient selection for different treatment regimens [44]. Further, data 
from one institution shows that the publication of these consensus 
treatment plans has led to their increased use (from 8% to 78% 
of patients), which in turn has led to improved patient outcomes, 
including a reduced need for second line therapy (from 44% of 
cases to 11.5%) [45]. Similarly, it is hoped that the publication of 
guidelines for adults [10], and minimum standards of care and 
consensus-based recommendations for management of children 
[41,42] will enable a more unified approach, better assessment of 
extracutaneous manifestations, and better overall care for this rare 
patient group. 
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For those patients who are unable to tolerate or fail to respond to 
the above standard of care there are a number of potential options. 


Other DMARDs 

A retrospective review of 105 cases seen between 1996 and 2013 
at the Mayo clinic treated with hydroxychloroquine monotherapy 
showed a complete response in 45%, a >50% partial response in 
39%, a <50% partial response in 12.4% and no response in 12.4%. 
The median time to initial response was 5 months, and to maximum 
response 14 months, suggesting slow but significant improvement 
in 84% with a low rate of adverse events [496]. A more detailed 
report of 84 of these same patients identified complete or >50% 
partial remission in 21/29 linear, 28/29 plaque, 9/14 generalised, 
8/10 deep and 2/2 mixed morphoea. Eleven of 36 complete respon- 
ders relapsed [497]. Although the evidence in this study is low 
quality, it suggests a possible role for hydroxychloroquine in treat- 
ing mild—moderate, more superficial disease and warrants further 
study. 

The efficacy of ciclosporin was reported in a single case of 
childhood linear disease [498] and in two adults with pansclerotic 
disease [499]. Bali et al. identified three other published cases, two 
of whom improved, and reported 12 cases, four with eosinophilic 
fasciitis/morphoea overlap, four pansclerotic, two generalised and 
two linear. Relatively low dose (median 2.4 mg/kg) ciclosporin was 
used for a median of 14 months. Improvement was reported in nine 
patients with long-term complete remission in four [500]. These 
patients all had severe inflammatory disease providing a rationale 
for use of a T-cell directed therapy. Its side-effect profile precludes 
prolonged or high dose use, but low dose adjunctive therapy in 
patients with severe inflammatory morphoea may be beneficial in 
some cases. There is no evidence to support the use of oral calcitriol 
[501], INF-y [502] or D-penicillamine [43]. 

Finally, ulceration occurring in the context of severe, deep or pan- 
sclerotic disease has shown improvement in a small cases series with 
sildenafil [315]. In one case, improvement of limb ulcers, skin scle- 
rosis and joint mobility was noted with the dual oral endothelin 
receptor antagonist bosentan [503]. 


Biologics 

Newer T-cell-directed therapies are now being considered and abat- 
acept is commissioned in England for use in patients with severe 
morphoea unresponsive to standard care (https://www.england 
nhs.uk/publication/abatacept-for-treatment-of-severe-treatment- 
resistant-morphoea-localised-scleroderma/). Abatacept is a cyto- 
toxic T-lymphocyte antigen 4 (CTLA4) IgG1 recombinant fusion 
protein that selectively inhibits T-cell activation via competitive 
binding to CD80 or CD86. It has shown clinically significant 
improvement in SSc skin disease and particularly so in patients 
with the ‘inflammatory’ gene signature in skin which was also 
found in morphoea [504]. Reports on 46 patients (21 adults) with 
severe extensive or deep morphoea treated with abatacept are now 
published. Previous treatment with methotrexate, mycophenolate 
and corticosteroids have failed in the majority. A majority remained 
on their DMARD and abatacept was added (either intravenous or 
subcutaneous) [325,505-510]. In the largest childhood series of 18 
cases skin activity and PGA-A scores improved at 6 months and 
by 12 months showed an 83% response rate. This response was 
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Table 55.6 Consensus-based recommendations for diagnosis, assessment and treatment of paediatric morphoea (juvenile localised scleroderma, jLS) from the European SHARE (Single 
Hub and Access point for paediatric Rheumatology in Europe) initiative which was set up in 2012 to optimise and disseminate diagnostic and management regimens in Europe for 


children and young adults with rheumatic diseases. Adapted from Zulian et al. [42]. 


L Ss Agreement (%) 
Diagnosis and assessment 
Overarching principle 
All children with suspected localised scleroderma should be referred to a specialised paediatric rheumatology 4 D 100 
centre. 
1 LoSSI, which is part of LoSCAT, is a good clinical instrument to assess activity and severity in JLS lesions and is 3 C 90 
highly recommended in clinical practice 
2 LoSDI, which is part of LoSCAT, is a good clinical instrument to assess damage in JLS and is highly recommended 3 C 90 
in clinical practice 
3 Infrared thermography can be used to assess activity of the lesions in JLS, but skin atrophy can give false-positive 4 D 90 
results 
4 A specialised US imaging, using standardised assessment and colour Doppler, may be a useful tool for assessing 4 D 100 
disease activity, extent of JLS and response to treatment 
5 All patients with JLS at diagnosis and during follow-up should be carefully evaluated with a complete joint 2a C 100 
examination, including the temporomandibular joint 
6 MRI can be considered a useful tool to assess musculoskeletal involvement in JLS, especially when the lesion 3 G 100 
crosses the joint 
7 It is highly recommended that all patients with JLS involving face and head, with or without signs of neurological 3 C 90 
involvement, have an MRI of the head at the time of the diagnosis 
8 All patients with JLS involving face and head should undergo an orthodontic and maxillofacial evaluation at 2b B 90 
diagnosis and during follow-up 
9 Ophthalmological assessment, including screening for uveitis, is recommended at diagnosis for every patient with 2a C 100 
JLS, especially in those with skin lesions on the face and scalp 
10 Ophthalmological follow-up, including screening for uveitis, should be considered for every patient with JLS, 3 C 100 
especially in those with skin lesions on the face and scalp 
Treatment 
Systemic corticosteroids may be useful in the active inflammatory phase of JLS. At the same time as starting systemic corticosteroids, 2b E 00 
MTX or an alternative DMARD should be started 
All patients with active, potentially disfiguring or disabling forms of JLS should be treated with oral or subcutaneous MTX at 1b A 100 
15 mg/m*/week 
If acceptable clinical improvement is achieved, MTX should be maintained for at least 12 months before tapering 3 C 00 
Mycophenolate mofetil may be used to treat severe JLS or MTX-refractory or MTX-intolerant patients 2a B 100 
Medium-dose UVA-1 phototherapy may be used to improve skin softness in isolated (circumscribed) morphoea lesions 1b A 100 
Topical imiquimod may be used to decrease skin thickening of circumscribed morphoea 3 GC 00 


DMARD, disease-modifying antirheumatic drug; JLS, juvenile localised scleroderma; L, level of evidence; LOSCAT, Localised Scleroderma Cutaneous Assessment Tool; LoSDI, Localised 
Scleroderma Skin Damage Index; LoSSI, Localised Scleroderma Skin Severity Index; MTX, methotrexate; S, strength of recommendation; UVA1, ultraviolet A1; US, ultrasound. 


maintained in 44% at 24 months [508]. In the largest adult series 
of 13 patients, significant reductions in activity and damage scores 
were recorded in 8/13 cases [510]. Musculoskeletal manifestations 
also improved. These are encouraging results, although more robust 
data collection is required to assess outcomes fully. With the recent 
advent of available treatment in England, further data should be 
forthcoming. 

Tocilizumab is an IL-6 receptor-« antagonist with proven benefit 
in skin fibrosis and lung function in SSc, particularly in ATA posi- 
tive patients [511]. It has now been used to treat some 25 morphoea 
cases refractory to other therapies, including 24 children, with some 
improvement in most [512-521]. In the largest paediatric series, 9/11 
cases showed a reduction in mLoSSI on treatment and improvement 
in joint inflammation (in 3/3) [519]. 

Both abatacept and tocilizumab appear well tolerated and effec- 
tive and further study is warranted. 

A small case series of five patients have received apremilast, an 
orally available small-molecule inhibitor of PDE4. PDE4 blockade, 


by limiting M2 macrophage differentiation and IL-6 release, may 
reverse or prevent fibrosis. Four improved within one month, and 
reductions in LoSCAT scores were reported. One patient discontin- 
ued treatment due to nausea [522]. 

There are eight cases reported of patients with severe mor- 
phoea (e.g. pansclerotic/ generalised bullous, eosinophilic fasciitis), 
unresponsive to multiple therapies, treated with JAK inhibitors, 
including one child [523-525]. A majority were given tofacitinib, 
one baricitinib and one ruxolitinib. All adults responded positively; 
time to meaningful improvement ranged from 5 to 9 months. 
Beneficial effects were also documented in bleomycin treated mice. 
Inhibition of STAT3 phosphorylation and downregulation of fibro- 
blast COLA1 have been proposed as potential mechanisms. There 
are no published data on use of topical JAK inhibitors in morphoea, 
but there is a rationale for their use. 

Rituximab is effective in the treatment of SSc, but benefits in 
morphoea are less certain. There are three cases of morphoea and 
four of eosinophilic fasciitis, six of whom showed some benefit 
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Table 55.7 Morphoea treatments and levels of evidence (in brackets).? 


Type of disease First line therapies 


Tacrolimus ointment 0.1% b.d. 
(+ occlusion) (Ila) 
Imiquimod 5% cream (Ila) 


Circumscribed plaque or 
superficial disease 


Topical/intralesional corticosteroids (III) 


Superficial generalised plaque 
disease 


In addition to topical therapies 


Pansclerotic, linear or deep 
disease (any subtype) or 
disease unresponsive to other 
treatments and with 

significant impact on quality 

of life 


VIG, intravenous immunogloblulin; MTX, methotrexate: MMF, mycophenolate. 
@ Categories of evidence: 

a: evidence for meta-analysis of randomised controlled trials; 

b: evidence from at least one randomised controlled trial; 

la: evidence from at least one controlled study without randomisation; 

Ib: evidence from at least one other type of quasi-experimental study; 


[526-530]. Three of these patients had concomitant hypergamma- 
globulinaemia. Despite the increased evidence of a role for ANA 
and autoantibodies to myelin basic protein [129] and endothe- 
lial cell components [512] in morphoea, the link to pathogenesis 
and morbidity remains less clear cut than in SSc. Infliximab was 
reported to induce remission in a case of generalised morphoea 
with lichen sclerosus overlap unresponsive to conventional ther- 
apies [531], an adolescent with mixed morphoea in combination 
with leflunomide [532] and an adult with generalised morphoea 
spondylarthritis and primary biliary cholangitis [533]. Imatinib 
has been used successfully in conjunction with methotrexate and 
prednisolone in one case but has significant toxicity [534]. Success- 
ful therapy with extracorporeal photopheresis has been reported 
in SSc (reviewed in [535]), and in a small number of morphoea 
cases including generalised morphoea and eosinophilic fasciitis 
[326,536-538]. Based on early results in SSc, there may also be 
some rational for using high-dose intravenous immunoglobulin in 
resistant cases [539,540]. 

Improved understanding of the immunopathogenesis of mor- 
phoea should help direct future therapies. Appreciation of the role 
of the Th2 pathway, IL-4 and IL-13 in driving fibrosis has led to 
investigation in phase II studies of the benefits of bispecific mono- 
clonal antibodies such as romilkimab, associated with a significant 
reduction in mRSS at 24 weeks in SSc [541] and dupilumab, currently 
ongoing in morphoea (see https://clinicaltrials.gov/ct2/show/ 
NCT04200755?term=dupilumab&cond=Localised+Scleroderma& 
draw=2&rank=1). A potential role for STAT3 and STAT4 inhibition, 
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Third line therapies 


ll: evidence from non-experimental descriptive studies, such as comparative studies, correlation studies and case-control studies; 
\V: evidence from expert committee reports or opinions or clinical experience of respected authorities, or both. 


alpha-MSH analogues, IL-1 blockade and topical PDE4 inhibition, 
among others, requires further investigation. 

The treatments discussed thus far are aimed at switching off 
active disease and preventing damage. Once damage such as dys- 
pigmentation, atrophy or bony asymmetry has occurred, treatment 
should aim at improving function and cosmetic appearances, pro- 
vided that the disease is no longer active. In addition to standard 
orthopaedic and plastic surgery, various techniques of autologous 
fat grafting, either alone or in combination with surgery have 
gained popularity in the treatment of tissue defects of the face and 
limbs [542,543]. Autologous fat transfer is a safe procedure, useful 
for reconstructing soft-tissue volumetric defects. Recent research 
has also demonstrated regenerative and antifibrotic properties, 
linked to the presence of adipose derived stem cells, and likely 
through enhanced angiogenesis, inhibition of TGF-B and increased 
collagenase activity [542,544-546]. Mortality is rare in morphoea, 
but permanent damage and functional impairment may develop in 
20-40% of cases. Outcomes have improved significantly with the 
increased use of methotrexate therapy since 2000. Earlier disease 
recognition, increased appreciation of the prevalence, variety and 
clinical impact of extracutaneous involvement in morphoea, and 
more widespread use of early aggressive treatment will likely 
lead to further improvements. The recent introduction of simple 
effective clinical outcome measures such as the LoSCAT [418], of 
management guidelines [10], minimum standards of care [41] and 
consensus treatment plans [42,361] in morphoea is beginning to 
have an impact, allowing better data collection, better assessment 


Management 


Active disease 


New or extending lesions, red or violaceous, tactile warmth, abnormal skin texture (yellow/ white, waxy, abnormally smooth), skin thickening, mLoSSI >0 


and or 
New or progressing: deep tissue involvement, inflammatory arthritis, seizures, headaches or CNS vasculitis, uveitis or visual disturbance, joint contractures, 
limb or facial asymmetry 


Circumscribed superficial Generalised plaque Pansclerotic morphoea/eosinophilic fasciitis 
plaque morphoea morphoea Linear morphoea including craniofacial 


All subtypes with deep disease 
Rapidly progressive or extensive disease 
superficial deep Extracutaneous manifestations 


Topical/intralesional Topical therapy + 


corticosteroids Phototherapy UVA-1, No 
Tacrolimus ointment 0.1% bd.| | PUVA, BB-UVA, NB-UVB | improvement | Methotrexate or mycophenolate 
(+ occlusion) According to availability + prednisolone or pulsed IV methylprednisolone 


Imiquimod 5% cream od Hydroxychloroquine 


If no better|after 8 weeks 


Worse at 3 months or no better at 6 months 


Calcipotriol-betamethasone 
bd + occlusion 
Calcipotriol bd + occlusion 


Switch to or add mycophelonate to methotrexate 
+ corticosteroids 


Consider abatacept (usually with either MTX or MMF) 


If no beer ote 8 weeks 


improving No response or rapidly progressive or 


Phototherapy UVA-1, New extracutaneous manifestations 
PUVA, BB-UVA, NB-UVB 


? Sciaais Continue regimen for minimum 
According to availability 


of 12 months from time of 
inactive disease and then wean 
gradually 


Combination therapies 
Ciclosporin 
Phototherapy 
Tocilizumab 


Long-term monitoring- ; : JAK inhibitor 
high relapse rate especially Inactive disease Apremilast 
in childhood onset disease Atrophy, dyspigmentation ECP 

most commonly at around non-progressive lesions Ivig 


2 years post-treatment beeen , 
completion Consider autologous 


haematopoetic stem 


cell transplantation 
Autologous fat transfer + stem cells 


Dermal fillers 
Botox for muscle and TMJ spasm 
Surgical correction plastics, maxillofacial, orthopaedics 


All cases 
Physiotherapy, occupational therapy 
Psychological and social support 
Manual lymphatic drainage massage 


55.41 


Figure 55.19 Therapeutic algorithm for the treatment of morphoea based on existing evidence. BB, broad-band; b.d., twice a day; CNS, central nervous system; ECP extracorporeal 


photophoresis; IV, intravenous; lvlg, intravenous immunoglobulin; MLD, manual lymphatic drainage; mLoSSI, Modified Localised Scleroderma Skin Activity Index; MMF, 
mycophenolate; MTX, methotrexate; NB, narrow-band; o.d., once a day; PUVA, psoralen and UVA; s.c., subcutaneous; TMJ, temporo-mandibular joint; UV, ultraviolet. 
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of therapeutic efficacy and facilitating management decisions 
(Table 55.6). Involvement of allied specialists including rheuma- 
tologists, orthopaedic surgeons, neurologists, ophthalmologists, 
orthodontists, physiotherapists and clinical psychologists as part 
of a multidisciplinary team is crucial to achieving optimum patient 
outcomes in morphoea and patients with moderate to severe dis- 
ease should be cared for by doctors experienced in the diagnosis 
and management of morphoea, with easy access to support from 
these other specialisms. A therapeutic algorithm and suggested 
first, second- and third-line therapies are outlined with levels of 
evidence in Table 55.7 and Figure 55.19. 


Resources 


Patient resources 


Fett NM. Morphea (localised scleroderma). JAMA Dermatol 2013;149:1124. 

https: / / www.sruk.co.uk/media/filer_public/00/c0/00c05£90-4962-464b-beb6-823e 
505af9db /20-19517_sruk-ssc_morphoea_a5_28pp_print.pdf 

https: //www.rheumaderm-society.org /morphea-information-for-patients / 

https: / /www.osmosis.org /answers/morphea-scleroderma 

https: / /rheumatology.org / patients /localised-scleroderma-juvenile 

https: / /www.england.nhs.uk/publication/abatacept-for-treatment-of-severe- 
treatment-resistant-morphoea-localised-scleroderma/ 


Patient support group 

Scleroderma & Raynaud’s UK, 18-20 Bride Lane, London EC4Y 8EE, UK 
Email: info@sruk.co.uk 

Web: https://www.sruk.co.uk/ 

(All last accessed November 2023) 
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https://www.wiley.com/rooksdermatology10e 
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Introduction 


Amyloid means ‘starch like’ (Latin: amylum), a term introduced 
by Rudolf Virchow, who described extracellular precipitates that 
turn brown after incubation with iodine [1]. Even though these pre- 
cipitates are proteins, and not carbohydrates, the terms ‘amyloid’ 
and ‘amyloidosis’ are still used. The key feature of amyloidoses is 
the extracellular deposition of autologous proteins as morpholog- 
ically characteristic amyloid fibrils [2-4]. Amyloid proteins show 
a highly conserved antiparallel B-sheet conformation and form 
non-branching linear fibrils of variable lengths, with diameters of 
7.5-10nm. 

Amyloidoses may be acquired or hereditary. Subclassification 
differentiates between localised cutaneous amyloidosis and cuta- 
neous amyloidosis due to systemic disease. Amyloid can originate 
from various precursor proteins. The pathogenetic modification of 
these precursor proteins may be triggered by chronic inflammation, 
malignancies, mutations, pro-amyloidogenic peptide sequences 
and microenvironmental changes. 

Cutaneous amyloidoses and cutaneous manifestations of sys- 
temic amyloidoses are rare in Europe but far more frequent in 
South-East Asia, China and South America [5,6]. Even though the 
clinical presentation varies, particular clinical features may point 
to amyloidosis. Cutaneous signs are often also the key finding 
for the initial diagnosis of an underlying systemic amyloidosis. 
Depending on distribution and amount, amyloid may only lead to 
localised skin problems or cause progressive and life-threatening 
organ dysfunction. 


Ultrastructure and amyloidogenesis 


Amyloid deposits consist of a loose network of unbranched fibrils 
measuring 7.5-10 nm in diameter [7,8]. The ultrastructural feature 


of the different amyloid precipitates is a fibrillary antiparallel 
B-sheet structure. The filaments are composed of protofilaments 
and filaments aggregate to form fibrils. Fibrils are found in the 
extracellular space and small amounts are phagocytosed by fibro- 
blasts, sometimes causing a so-called pyknotic degeneration of 
keratinocytes [7,9]. Fibroblasts may also be involved in the process 
of amyloid precipitation [10]. The second component of amyloid 
precipitations is the amyloid P component, which can be detected 
in almost all deposits amounting to approximately 15% of the total 
weight of the extracted amyloid [3,4,11]. In contrast to the respective 
amyloid protein, the amyloid P component is non-fibrillary and 
shows a pentagonal ultrastructure [11]. 

The basic pathogenetic principle of amyloidogenesis is extra- 
cellular fibrillar protein aggregation. Some experiments suggest 
the occurrence of various protein conformations with specific 
biological properties [12]. This may be due to different enzy- 
matic cleavage products of precursor proteins. Two examples 
include, firstly, a specifically truncated form of B,-microglobulin 
(in haemodialysis-associated amyloidosis), obtained from amy- 
loid deposits, which shows amyloidogenic potential, but this 
cleavage product is absent in the circulation [13]. Secondly, in 
gelsolin amyloidosis, distinct mutations disrupt Ca”* binding of 
the protein gelsolin, making it susceptible to abnormal cleavage 
by furin, a subtilisin-like convertase in the Golgi apparatus [14]. 
As a consequence, amyloid multimers may be polymorphic and 
polyfunctional, both also depending on the local microenvironment 
[12,15]. For instance, it has been shown that heparin enhances 
B,-microglobulin amyloidogenesis (haemodialysis patients) in the 
presence of collagen type I [16]. The amyloid precursor serum 
amyloid A (SAA) contains a pH-sensitive binding site for heparin 
and heparan sulphate [17]. Depending on pH, this molecular switch 
may lead to SAA aggregation, thereby facilitating amyloid A (AA) 
amyloidosis, for example, in inflammatory microenvironments. 
Interestingly, glycoaminoglycans such as heparan sulphate are 
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ubiquitously present in amyloid deposits [15]. Additionally, it is 
known that transition metal ions, such as Cu*+ and Zn?*, play a 
crucial role in the formation of AB plaques in Alzheimer disease, 
the most frequent amyloidopathy [18]. 

Once amyloid has aggregated, serum amyloid P component 
stabilises the aggregates together with other molecules such as 
glycoaminoglycans [15] and collagen fibres. In addition, macro- 
molecular crowding reduces the configurational entropy of amyloid 
proteins, which fosters amyloid aggregation under certain micro- 
environmental conditions [19,20]. Thus, abnormal cleavage of 
proteins and microenvironmental factors seem to be common 
processes involved in amyloidogenesis. Furthermore, specific 
pro-amyloidogenic peptide sequences of amyloid precursors have 
been identified [21-28]. A list of relevant pro-amyloidogenic 
amino acid sequences can be found in the supplement to Schreml 
et al. [29]. One of the best-known pro-amyloidogenic sequences, 
(G)NNOQONY, was found in yeast prion protein Sup35p [30-32]. 
Interestingly, molecular chaperones inhibit or alter these amyloid 
aggregation processes, for example af-crystallin and clusterin in 
haemodialysis-associated amyloidosis [25]. 


Functional and disease-causing amyloids 


It has been found that amyloid proteins also fulfil various bio- 
logical tasks [33-36], while others lead to serious diseases, such 
as Alzheimer disease [37]. Therefore, we have to discriminate 
between functional and disease-causing amyloids, the latter 
being the focus of this chapter. Functional amyloid not only 
occurs in mammals, but also in insects, fungi and bacteria [38]. In 
Homo sapiens, Pmel17 serves as a structural scaffold for covalent 
polymerization of molecules during melanin assembly; chorion 
S18/S36 is a structural protein of insect egg shells (e.g. Drosophila 
melanogaster); hydrophobins are key components of fungal coats 
(e.g. Aspergillus fumigatus); and bacteria like Escherichia coli and 
Salmonella typhimurium need major curlin subunits (csgA) for 
biofilm formation and host invasion [34,38-43]. Other interesting 
functional amyloids are specific adhesins for cellular aggregation in 
yeast cells [44] or type I antifreeze protein (ice-structuring protein 
preventing ice growth) in winter flounders [45]. These examples 
show how nature uses the very stable amyloid structure for proteins 
involved in protection from environmental influences (e.g. Pmel17 
in human melanin assembly to prevent UV damage). Additionally, 
it has been found that peptide and protein hormones in secretory 
granules of the mammalian endocrine system are sometimes stored 
in an amyloid-like cross B-sheet-rich conformation [46]. The natural 
storage of hormones in amyloid-like structures seems not to be toxic 
for neuronal cells, whereas it is well known that AB-polypeptide 
causes severe neurodegeneration in Alzheimer disease. 


Basic classification 


Various classification systems for amyloidoses affecting the skin 
have been proposed. In older classification systems, amyloi- 
doses were mainly classified according to their clinicopathological 
features. Over the last decades, the proteins involved in the different 


types of amyloidoses have been characterised, so that there was a 
tendency to only use biochemical features for classification. How- 
ever, several different amyloid subtypes may be present in one 
clinical entity, and the same amyloid precursor may be involved in 
clinically different amyloidosis subtypes. Therefore, amyloidoses 
affecting the skin should be distinguished based on both clinical 
and biochemical investigations. 

Amyloidoses are subclassified as primary localised cutaneous 
amyloidosis (PLCA), secondary localised cutaneous amyloidosis 
(SLCA), systemic amyloidosis with cutaneous involvement, and 
secondary cutaneous amyloidosis originating from other systemic 
diseases [3,4,47]. 

In PLCA, amyloid precipitates are normally found in the papillary 
dermis [9]. Nodular PLCA is an exception to the rule, as amyloid 
is frequently found in the deeper layers of the skin. This is similar 
to the findings in systemic amyloidosis with cutaneous involve- 
ment where subpapillary layers (stratum reticulare, subcutis), 
dermal appendages and blood vessels may also be involved [48]. 


Clinical presentation 


There are varied clinical presentations of the different amyloidoses 
affecting the skin. Tables 56.1 and 56.2 provide information on 
clinical presentation, amyloid precursor proteins, associations and 
variants as well as on extracutaneous findings in systemic amyloi- 
doses. Localised cutaneous amyloidoses often show yellowish or 
brownish macules, papules or plaques of varying configuration, 
whereas cutaneous amyloidosis due to systemic disease often 
initially presents with petechiae, ecchymosis and non-healing 
ulcers. These differences in clinical presentation are due to the amy- 
loid deposition which in localised cutaneous amyloidoses occurs 
mainly in the papillary dermis, whereas in systemic amyloidosis, 
it also affects deeper skin layers. Amyloid precipitation in blood 
vessel walls makes vessels fragile, eventually causing intracuta- 
neous micro- and macrohaemorrhages. For cutaneous amyloidoses, 
pruritus is a typical and very common symptom. 


Investigations 


The most important diagnostic step is a lesional skin biopsy, which 
should be sent for histology, immunohistochemistry and electron 
microscopy (Boxes 56.1 and 56.2). In patients with nodular PLCA, 


Box 56.1 Investigations for cutaneous amyloidoses 


e Biopsy and histology 
¢ Standard stainings: H&E, toluidine blue and alkaline fuchsin 
e Amyloid stainings: Congo red, thioflavin T, uncommon (crystal 
violet and methyl violet) 
¢ Immunohistochemistry: pancytokeratin-antibodies (AK amyloid), 
immunoglobulin light chain antibodies (AL amyloid) 
e Electron microscopy 
e From skin sample: for all kinds of amyloidoses affecting the skin 
e Abdominal fat or rectum biopsy: for nodular primary localised 
cutaneous amyloidosis 


Table 56.1 Localised cutaneous amyloidoses. 


Type of amyloidosis 
(amyloid subtype) 


Cutaneous findings and 
common distribution 
(less common in brackets) 


Amyloid fibril 
precursor 


Important differentials 


Investigations 56.3 


Associated diseases and variants 


Non-hereditary localised cutaneous amyloidosis = sporadic localised cutaneous amyloidosis 


Papular (lichenoid) PLCA = 
lichen amyloidosus (AK) 
(Figure 56.6) 


Macular PLCA (AK) 
(Figure 56.7) 


Nodular (tumefactive) PLCA 


(AL) (Figure 56.8) chains (AL-« : with atrophic epidermis and/or 
AL-A = 1 : 2) telangiectasia 
Distribution: feet, nose, genitals 
(legs, head) 
SLCA (AK) Cytokeratin See associations 


Cytokeratin 
(predominantly 
cytokeratin 5) 


Soft or hyperkeratotic, partially 
confluent papules 

Distribution: lower leg, forearm, 
trunk 


Cytokeratin 
(predominantly 
cytokeratin 5) 


Vaguely demarcated, pigmented 
plaques; lesions often 
associated with areas of 


friction (e.g. scratching due to 


pruritus; syn. friction or brush 
amyloidosis) 


Distribution: interscapular region, 


(extremities, trunk) 
Immunoglobulin light 


(predominantly 
cytokeratin 5) 


Hereditary localised cutaneous amyloidosis 


Familial PLCA (AApoE4, AK) 
(Figure 56.9) 


e.g. apolipoprotein E4, 
cytokeratin 


Papules (often tiny and 
dome-shaped), macules 
Distribution: similar to that in 
papular or macular PLCA 


Solitary or multiple, waxy nodules 


Lichen simplex chronicus, 
hypertrophic lichen planus 


Atopic eczema, postinflammatory 
hyperpigmentation, lichen 
simplex chronicus, fixed drug 
eruption, atrophoderma of 
Pasini and Pierini, anetoderma, 
morphoea 


Naevus lipomatosus, cutaneous 
lymphomas 


Depends on the clinical 
presentation (see associations) 


See differentials under papular 
(lichenoid)/macular 
amyloidosis 


Associations: MEN2a 

Variants: mixed (syn. biphasic or allotropic) 
PLCA (= papular and macular), 
poikilodermatous variant (= lichenoid 
papules, blisters, poikilodermatous lesions) 

Associations: MEN2a, primary biliary cirrhosis 

Variants: mixed (syn. biphasic or allotropic) 
PLCA (= papular and macular), 
poikilodermatous PLCA (macules, blisters, 
poikilodermatous lesions), anosacral PLCA 
(predominantly in Japan), amyloidosis cutis 
dyschromica (hyper- and hypopigmented 
macules) 

Associations: paraproteinaemia, diabetes, 
SjOgren syndrome, ?CREST syndrome 


Associations: skin tumours, discoid lupus 
erythematosus, PUVA therapy 


Mutations: oncostatin M receptor B (OSMRB) 
mutations (sometimes also found in 
non-hereditary AK amyloidoses) 

Associations: lipid metabolism disorders 


4 Skin tumours: naevi, sweat gland tumours, pilomatrixomas, actinic keratoses and seborrhoeic keratoses, porokeratosis of Mibelli, Bowen disease, basal cell carcinoma and 


trichoepithelioma. 


AK, amyloid cytokeratin; AL, amyloid from immunoglobulin light chains; AApoE4, amyloid apolipoprotein E4; MEN2a, multiple endocrine neoplasia 2A; PLCA, primary localised 
cutaneous amyloidosis; PUVA, psoralen and UVA radiation; SLCA, secondary localised cutaneous amyloidosis. 


Box 56.2 Investigations for systemic amyloidosis. 


¢ Baseline investigation 
¢ Creatinine, GFR, proteinuria, full blood count, ECG, coagulation, 
NT-proBNP, troponin T/I 
e Histology 
e Abdominal fat, rectum biopsy or direct tissue biopsy: for all 
suspected systemic amyloidoses 
e Amyloid stainings: Congo red, thioflavin T 
¢ Immunotyping: immunohistochemistry, immuno electron 
microscopy or laser capture microscopy with mass spectrometry 
e Amyloid subtype-dependent investigations 
¢ Suspected AL amyloidosis: serum and urine protein 
electrophoresis and immunofixation, free light chains in serum, 
bone marrow biopsy, skeletal imaging 
¢ Suspected cardiac amyloidosis: ECG, cardiac MRI, 
99mTcDPD/pyrophosphate scan 
¢ Suspected hereditary amyloidoses: genetic sequencing 
e Whole body amyloid load determination: I-SAP=123-iodine-labelled 
serum amyloid P component. 


Adapted from [49] 


it is appropriate to assess for progression to systemic amyloi- 
dosis on a regular basis. This assessment should include a full 
history and physical examination along with an electrocardiogram, 
complete blood count, serum creatinine level, serum liver-associated 
enzymes levels, serum protein electrophoresis and urine protein 
electrophoresis. It has also been suggested that an abdominal fat 
biopsy (incisional or aspiration, easy access for screening) can be 
performed to rule out systemic disease [47]. Any indication of 
systemic disease requires immediate attention as it may be rapidly 
progressive. 


Histology 

In papular (lichenoid) and macular PLCA, amyloid is found in 
the papillary dermis directly below the basal epidermal layer 
(Figure 56.1). The overlying epidermis often shows acanthosis and 
hyperkeratosis. Common histological features of biochemically 
heterogeneous human amyloids are eosinophilia (Figure 56.2), 
periodic acid-Schiff (PAS) positivity, staining with Congo red 
[51] and thioflavin T [48], as well as metachromasia after staining 
with crystal violet or methyl violet. Using Congo red, amyloid 
exhibits characteristic apple-green birefringence when viewed 
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Table 56.2 Cutaneous amyloidoses due to systemic disease: typical features of systemic amyloidoses comprise the occurrence of petechiae or haemorrhages (Figures 58.10 and 
58.11, often in the periorbital region), mucocutaneous infiltrates (Figures 58.12 and 58.13, especially macroglossia) and sometimes nail dystrophy (Figure 56.15) or bullous 


manifestations (Figure 56.14). 


Type of amyloidosis 
(amyloid subtype) Amyloid fibril precursor Cutaneous findings 
Non-hereditary systemic amyloidoses with cutaneous involvement 
Primary systemic and Immunoglobulin light chains 
myeloma- or Immunoglobulin heavy chains 
plasmocytoma-associated 
amyloidosis (AL), 
amyloidosis associated 
with M. Waldenstrom (AL 
and/or AH) 
Secondary systemic SAA 
amyloidosis associated 


with inflammation/tumour alopecia 
(AA) 
Secondary B,-microglobulin Soft plaques 


haemodialysis-associated 
systemic amyloidosis 
(AB, M) 


Hereditary systemic amyloidoses with cutaneous involvement 
Hereditary transthyretin Transthyretin 
amyloidosis/familial 
amyloid polyneuropathy 
(ATTR) 


petechiae 


Hereditary ApoA1 Apolipoprotein A1 Maculopapular lesions, petechiae 
amyloidosis (AApoA1) 

Hereditary lysozyme Lysozyme Ecchymoses, petechiae 
amyloidosis (AALys) 

Hereditary cystatin C Cystatin C Clinically asymptomatic, but positive 
amyloidosis (ACys) histology 

Hereditary gelsolin Gelsolin Cutis laxa, pruritus, petechiae, 


amyloidosis (Meretoja 
syndrome) (AGel) 


Hereditary systemic diseases with secondary cutaneous amyloidosis 
Muckle-Wells syndrome (AA) SAA 
urticaria-like lesions 


TNF receptor 1 associated SAA 
periodic fever syndrome 
(TRAPS) (AA) 


Petechiae, haemorrhages, nail dystrophy, 
waxy papules/nodules/plaques, 
tumourous lesions, scleroderma-like 
infiltration, purpura, papules, nodules, 
bullous lesions, alopecia, cutis laxa 


Minor cutaneous involvement, 
sometimes petechiae, purpura and 


Atrophic scars, non-healing ulcers, 


ecchymoses, hypotrichosis, alopecia 


Cold sensitivity, pruritus, cold 


Periorbital oedema, migrating cutaneous 
erythemas, conjunctivitis 


Extracutaneous findings Associated diseases and variants 


Macroglossia, nephropathy, 
cardiomyopathy, neuropathy, 
intestinal involvement, CTS 


Associations: acquired von 
Willebrand syndrome 

Variants: bullous amyloidosis, oral 
mucosal bullous amyloidosis 


Nephropathy, 
hepatosplenomegaly, 
gastrointestinal disorders 
(bleeding, motility disorders) 


Associations: chronic infections (e.g. 
osteomyelitis, bronchiectasis), 
rheumatoid disease, neoplasia 
(e.g. thyroid carcinoma, Hodgkin 
disease) 

CTS, bone cysts, destructive Associations: nephropathy, diabetes 


arthropathy 


Peripheral and autonomic 
neuropathy, CTS (especially 
His 114 variant), 
cardiomyopathy, nephropathy 

Cardiomyopathy 


Mutations: predominantly Val30Met 


Renal impairment, GI symptoms, 
sicca syndrome, rarely cardiac 
invovement 

Multiple cerebral haemorrhages 


Mutations: Trp82Arg, Leu102Ser, 
Phe57lle 


Corneal dystrophy, neuropathy 
often with cranial nerve 
involvement, CTS, minor 
nephropathies 


Variants: Dutch type (654G—T), 
Finnish type (654G—A) 


Fever, chills, arthralgia, 
leukocytosis, lancinating limb 
pain 

Prolonged episodic fever periods, 
abdominal pain, myalgia 


Mutations: extracellular domain of 
TNF receptor 1 
(c. 40 distinct mutations) 


AA, amyloid SAA; AApoA1, amyloid apolipoprotein A1; ABM, amyloid B,-microglobulin; ACys, amyloid cystatin C; AGel, amyloid gelsolin; AH, amyloid from immunoglobulin heavy 
chains; AL, amyloid from immunoglobulin light chains; ATTR, amyloid transthyretin; CTS, carpal tunnel syndrome; Gl, gastrointestinal; SAA, serum amyloid A; TNF, tumour necrosis 


factor. 


under polarised light, a phenomenon called dichroism [52,53]. After 
staining with thioflavin T, fluorescence microscopy may show the 
amyloid deposits (Figure 56.3). Blood vessels remain unaffected 
in lichenoid and macular amyloidoses. In contrast, subcutis and 
vessels may be diffusely infiltrated in nodular (tumefactive) PLCA 
[3,54,55]. 


Immunohistochemistry 

For immunohistochemistry, antibodies are available for the sub- 
classification of amyloid precipitates, directed against cytokeratin 
(papular/macular PLCA or SLCA) or immunoglubulin light 
chains (systemic AL (amyloid from immunoglobulin light chains) 


amyloidosis or nodular PLCA) (see Tables 56.1 and 56.2, Figures 56.3 
and 56.4). A cytokeratin profile of PLCA and SLCA has shown pos- 
itivity for cytokeratin 5 (CK5) in all investigated cases in both 
formalin-fixed paraffin-embedded tissue sections and frozen tissue 
sections. CK5 is predominantly found in basal keratinocytes. In 
descending frequency, other cytokeratins are also present in pri- 
mary (CK5 > 1 > 14 > 10) and secondary (CK5 > 1 > 10 > 14) 
cutaneous amyloidoses [56]. Antibodies against CK5 may be 
used for diagnosing amyloidosis. Also, pan-CK antibodies and, for 
instance, 34BE12 antibodies are suitable for staining CK5, CK1, CK10 
and CK14. Another way of detecting specific amyloid subtypes is 
to use in situ hybridization. 


Figure 56.1 Semi-thin tissue section showing amyloid deposition in the papillary dermis. 
Extensive amyloid deposits are visible as light-blue precipitates within the papillae. 
Original magnification 20x (plastic-embedded, double staining with toluidine blue and 
alkaline fuchsin). Reproduced from [47] with permission from John Libbey Eurotext. 


Electron microscopy 

Definitive confirmation of amyloidosis in tissues can be achieved 
with electron microscopy, which shows the typical aggregates 
of amyloid with fibrils 7.5-10nm in diameter (Figure 56.5). 
Amyloidoses may even be subclassified according to the dif- 
ferent underlying amyloid protein by electron microscopy after 


56 


Figure 56.3 Thioflavin staining of primary localised cutaneous amyloidosis viewed 
under fluorescence microscopy to show the bright yellow to green staining of amyloid. 
Original magnification 50x. 


immunogold labelling [57]. This is especially important in systemic 
amyloidoses. 

Sometimes, differentiation between nodular PLCA and systemic 
variants may be extremely difficult, and a sophisticated diagnostic 
approach is needed to diagnose other organ involvement. Apart 
from organ biopsies, biopsies taken from the rectal submucosa or 
from abdominal subcutaneous adipose tissue contribute to the diag- 
nosis of systemic amyloidosis. In recent years, abdominal fat pad 
fine-needle aspiration biopsy has become an important diagnostic 
tool for diagnosing systemic amyloidosis. This is because of its 
practicality [58,59] and high sensitivity. Even though only minimal 
amounts of amyloid are present, a definitive diagnosis of systemic 
amyloidosis may be achieved by scanning subcutaneous tissue 
samples or biopsies from the rectal submucosa with an electron 
microscope. 


(b) 


Figure 56.2 Nodular or tumefactive cutaneous amyloidosis. Amorphous masses of eosinophilic amyloid are present in the entire dermis (a = H&E, b = toluidine blue and alkaline 


fuchsin). Reproduced from [50] with permission from S. Karger AG. 
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(a) 


(b) 


Figure 56.4 Immunohistochemistry of nodular amyloidosis. Dermal deposition of (a) « light chains and (b) 4 light chains. 


(b) 


Figure 56.5 Electron microscopy of amyloid. (a) Fibrillary extracellular amyloid deposition next to collagen fibres. Bar 500 nm. (b) Amyloid fibrils (thickness 7.5-10 nm). Bar 200 nm. 


Courtesy of Josef Schréder. 


Localised cutaneous a 


Definition 

In localised cutaneous amyloidoses, amyloid precipitates are lim- 
ited to the skin, mostly to the papillary dermis. Hereditary and 
non-hereditary types of localised amyloidoses can be differentiated. 
Primary (PLCA) and secondary (SLCA) forms have been described 


as subentities of non-hereditary localised cutaneous amyloidoses 
(Table 56.1). 


Introduction and general description 

The group of localised cutaneous amyloidoses comprises papular 
(lichenoid) PLCA (Figure 56.6), macular PLCA (Figure 56.7), nodu- 
lar (tumefactive) PLCA (Figure 56.8), secondary localised cutaneous 
amyloidosis (SLCA) and familial PLCA (Figure 56.9). These forms 


Figure 56.6 Lichenoid primary localised cutaneous amyloidosis on the ankle of a male 
patient. Reproduced from [47] with permission from John Libbey Eurotext. 


are described in detail here. Rare variants are briefly described in 
the section on clinical variants. 


Epidemiology 

Incidence and prevalence 

Macular (* 35%), papular (* 35%) and mixed (biphasic, allotropic) 
maculopapular (~ 15%) PLCA account for the vast majority of 
localised cutaneous amyloidoses, whereas nodular (tumefactive) 
PLCA (& 1.5%) is quite rare [5]. 


Sex 

Women seem to be more frequently affected by PLCA than men 
(female: male = 2-3:1) [5]. In contrast to the lichenoid form, mac- 
ular PLCA occurs more frequently in women. 


Ethnicity 

It has been reported that in countries nearer to the equator the 
prevalence of PLCA is higher. The ethnic origin of the patients 
seems to be of great importance as in Asia, papular PLCA ( 75%) is 
far more frequent than macular PLCA (~ 10%). Interestingly, mixed 
maculopapular PLCA is more frequent (~ 15%) in Asia than the 
macular type [6]. 

The most common entity of non-hereditary PLCA is papular 
(lichenoid) amyloidosis (syn. lichen amyloidosus) (Figure 56.6), 
which is far more common in South America [5] and Asia [6] than in 
Europe or the USA. Data on the exact prevalence of these diseases 
are unreliable but it is known that mixed-race and white patients 
are the main affected patient groups in South America [5]. 

The overwhelming majority of localised cutaneous amyloidoses 
occur sporadically. Case reports on familial PLCA (Figure 56.9) 
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(b) 


Figure 56.7 Macular primary localised cutaneous amyloidosis. (a) Macular cutaneous 
amyloidosis on the chest. Reproduced from [47] with permission from John Libbey 
Eurotext. (b) Macular cutaneous amyloidosis at the interscapular space. Reproduced 
from [166] with permission from Springer Nature. 
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(a) 


(b) 


(c) 


Figure 56.8 Nodular (tumefactive) primary localised cutaneous amyloidosis. (a) On the side of the nose. Courtesy of St John’s Institute of Dermatology. (b) Multiple areas on the toes 
and sole of the foot. Courtesy of Thomas F. Beachkofsky. (c) Nodular amyloidosis resembling a tumour. Reproduced from [50] with permission from S. Karger AG. 


mainly originate from South America, Taiwan and South-East Asia. 
In white people, hereditary cutaneous amyloidoses are very rare 
and only a few families have been reported [60,61]. 


Associated diseases 
Associations between papular/macular PLCA and multiple 
endocrine neoplasia 2a (MEN2a) have been reported [62-65]. 
A case report has also described a possible association of macular 
PLCA with primary biliary cirrhosis [63]. 

Nodular PLCA (Figure 56.8) is the rarest form of the three 
[50,67,68] and is often found together with diabetes and Sjégren 


syndrome [54,55]. One case report has also described the simul- 
taneous appearance of CREST syndrome (calcinosis, Raynaud 
syndrome, oesophageal involvement, sclerodactyly and telangiec- 
tasia) and nodular PLCA [69]. 

While lichenoid PLCA is the only type that has been specifi- 
cally associated with the Koebner phenomenon [70], it appears 
that nodular PLCA can also occur at sites of prior trauma [71,72]. 
Nodular PLCA shares a feature with macular and lichenoid PLCA, 
which can be linked to autoimmune diseases such as Sjégren 
syndrome [54,73-75]. As Sjégren syndrome causes lymphoprolif- 
eration, it is possible that this leads to the local clonal plasma cell 


Figure 56.9 Familial primary localised cutaneous amyloidosis showing lichenification 
and tiny dome-shaped papules on the ventral ankle. Reproduced from [103] with 
permission from John Wiley & Sons. 


expansion seen in nodular PLCA. There have been sparse reports of 
nodular PLCA being associated with other autoimmune diseases, 
such as CREST syndrome [69] and primary biliary cirrhosis [74], but 
currently Sjgren syndrome appears to be the main one frequently 
reported [54,73,74]. 

Often, secondary amyloid deposition (SLCA) is found in asso- 
ciation with skin tumours (basal cell carcinoma, actinic keratoses, 
squamous cell carcinoma, skin appendage tumours) and benign 
lesions (e.g. seborrhoeic warts), solar elastosis, collagenoses (e.g. 
lupus erythematosus) and after PUVA (psoralen and UVA radiation) 
therapy [76-81]. 


Pathophysiology 
A commonly accepted theory for papular and macular PLCA is 
that apoptotic basal keratinocytes release cytokeratins, which are 
then covered with autoantibodies, phagocytosed by macrophages, 
and enzymatically degraded to amyloid K (cytokeratin). Cyto- 
keratin 5 (and cytokeratins 1, 10 and 14) is the major constituent 
of amyloid in papular and macular PLCA. In addition, the lipid 
transport protein apolipoprotein E4 (ApoE4) has been found to 
be a component of amyloid precipitates in a study on 14 Japanese 
patients suffering from either papular or macular PLCA [82,83]. 
Amyloid K is therefore a key feature of localised cutaneous amyloi- 
doses [3,56,84,85]. The reason for keratinocyte apoptosis in PLCA, 
however, remains unclear. Some have claimed that a mechanism 
of apoptosis regulation involving transglutaminase 2 may play a 
pivotal role in the pathogenesis of PLCA [86,87]. 

In macular PLCA, friction may play a key pathogenetic role 
as a mechanical stimulus that may induce apoptosis of basal 
keratinocytes with subsequent additional cytokeratin (amyloid 
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K precursor) release. In this context, pruritus which provokes 
scratching of the skin is thought to induce additional amyloid K 
deposition, which in turn leads to intensified pruritus in a cyclical 
pattern. However, scratching of intact skin may be the starting 
point for amyloid K deposition, which is also known as friction or 
brush amyloidosis. Therefore, friction amyloidosis is sometimes 
also classified as a form of secondary cutaneous amyloidosis [88,89]. 
However, there is still controversy regarding friction as a factor in 
macular PLCA and SLCA. Interestingly, in SLCA, cytokeratin 5 is 
also the predominant amyloid precursor [56]. 

The rare form of nodular PLCA is characterised by amyloid that 
is composed of immunoglobulin light chains (AL amyloid). Plasma 
cells infiltrating the skin (e.g. in extramedullary plasmocytoma) 
produce monoclonal immunoglobulin light chains of k- or A-type as 
amyloid precursors. There are two major factors that differentiate 
nodular amyloidosis from macular and lichenoid amyloidosis. 
Firstly, nodular amyloid is composed of immunoglobulin light 
chains derived from a monoclonal expansion of plasma cells 
[90-92], whereas in papular/macular PLCA amyloid consists of 
cytokeratins. Secondly, the amyloid of nodular PLCA infiltrates the 
entire dermis, from the papillary dermis to the subcutis. 

In a genome-wide screening of Taiwanese families, evidence for 
a susceptibility locus on chromosome 5 (5p13.1-q11.2) was found 
for familial PLCA [93]. Based on this, two distinct mutations of the 
oncostatin M receptor (OSMR) gene (chromosome 5p13.1) in three 
families with amyloidosis were detected [94]. A linkage of familial 
PLCA to a locus on 1q23 has also been published [95]. Recently, 
mutations have been discovered in the interleukin 31 (IL-31) recep- 
tor A (IL-31RA) gene of Taiwanese families with primary familial 
cutaneous amyloidosis [96]. Interestingly, both OSMR and IL-31RA 
are encoded on chromosome 5p, both are cytokine receptors and 
OSMRf and IL-31RA can form a heterodimeric receptor. Multiple 
mutations in the OSMRB gene have been described for familial 
PLCA [97-102]. All mutations affect the extracellular fibronectin 
type Il-like domain of OSMR®, which then fails to heterodimerise 
and interact with IL-31RA. This results in impaired oncostatin M 
(OSM) and IL-31 signalling, and subsequently in a reduced acti- 
vation of the JAK/STAT, MAPK and PI3K/Akt pathways [94,103]. 
The associated increase in apoptotic keratinocytes leads to the 
accumulation of degenerate keratinous material, which may cause 
pruritus and thereby promote amyloid formation [94]. Addition- 
ally, OSMRfB mutations affect the expression of genes involved in 
epidermal differentiation and proliferation [98]. These altered gene 
expression patterns probably account for the lichenification found 
in patients with familial PLCA. 

It has to be noted, however, that OSMR/IL-31 mutations can also 
be found in sporadic PLCA [102]. 


Clinical features 

Presentation 

A characteristic clinical correlate of cutaneous amyloid precipitates 
is intense pruritus. In papular PLCA, firm papules with pink to 
brownish lichenoid glossiness (Figure 56.6) are often found on the 
legs or on the trunk, whereas in macular PLCA, well or vaguely 
demarcated, hyperpigmented, yellowish to brownish macules 
(Figure 56.7) often present in the interscapular space or elsewhere on 
the trunk. Nodular PLCA presents with solitary or multiple, mostly 
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asymptomatic, brownish to red, firm plaques or nodules, typically 
on the nose (Figure 56.8a), legs (especially the feet) (Figure 56.8b), 
genitalia or trunk [69]. However, predilection sites and presen- 
tations are quite variable. The clinical presentation of hereditary 
(familial) PLCA (autosomal dominant) does not significantly differ 
from non-hereditary papular PLCA. Often lichenification of the skin 
and tiny dome-shaped papules (Figure 56.9), both predominantly 
on the ventral body areas, are found. 


Clinical variants 

A variant of lichenoid and macular amyloidosis is called mixed 
(biphasic, allotropic) PLCA, in which both lichenoid and macu- 
lar lesions occur [3,104,105]. In addition, a rare poikilodermatous 
form of PLCA exists, in which lichenoid or macular lesions occur 
in combination with blisters and poikilodermatous skin lesions 
[106]. A familial variant of poikilodermatous PLCA has also been 
reported [107]. Furthermore, amyloidosis cutis dyschromica is a 
rare variant with only a few cases reported worldwide [108-110]. 
The basic clinical features are mottled hyper- and hypopigmented 
macules with amyloid deposits derived from cytokeratins [108]. 
Bullous forms of amyloidoses occur both in PLCA and in systemic 
amyloidoses with cutaneous involvement [111-114]. 


Differential diagnosis 

The differential diagnoses for lichenoid and macular PLCA (see 
Table 56.1) include xanthomas, perforating dermatoses (col- 
lagenoses), nodular PLCA, lichen planus and mycosis fungoides. 
Differential diagnoses for nodular PLCA include squamous 
cell carcinoma, verruca vulgaris, adnexal tumours and keloid/ 
hypertrophic scars. The lesions found in different types of PLCA 
may appear similar to many of the already mentioned diseases, and 
a diagnostic biopsy is warranted. 


Complications and disease course 

Data on the disease course of the different forms of PLCA are 
sparse. While in papular and macular PLCA the aesthetic aspect is 
often quite problematic and pruritus may be a debilitating symp- 
tom, nodular PLCA can even progress to systemic amyloidosis. 
The rate of progression of nodular PLCA to systemic amyloido- 
sis is controversial [71]: figures between 5% and 50% have been 
quoted. In 1970, Brownstein and Helwig determined that the risk 
for this progression was 50% based on a cohort of 10 patients [104]. 
Woollons and Black looked retrospectively at 15 cases of nodular 
PLCA and found only one case that progressed to systemic amy- 
loidosis [115]. Northcutt and Vanover determined a progression 
rate of 15% based on 47 cases of PLCA [116]. However, this study 
included the original Brownstein and Helwig study, thus adding 
five patients that may have had systemic amyloidosis to begin 
with. Because of this, the true rate of progression of the 47 cases 
researched by Northcutt and Vanover is anywhere between 5% and 
15%. Given the data available and the understanding that nodular 
PLCA appears to be a localised clonal plasmacytoma [3,117,118], it 
is likely that the true rate of progression is quite low. 


Management 
See later. 


Cutaneous amyloidoses due 
to systemic disease 


Definition 

Cutaneous amyloidoses due to systemic disease comprise three 
groups: (i) non-hereditary systemic amyloidoses with cutaneous 
involvement; (ii) hereditary systemic amyloidoses with cutaneous 
involvement; and (iii) hereditary systemic diseases with secondary 
cutaneous amyloidosis. In the group of non-hereditary systemic 
amyloidoses with cutaneous involvement, there are primary and 
myeloma- or plasmocytoma-associated amyloidoses as well as 
amyloidosis due to Waldenstrém macroglobulinaemia (amyloid 
light and/or heavy chains, AL/ AH), secondary amyloidoses associ- 
ated with inflammation or tumours, and haemodialysis-associated 
forms. The group of hereditary systemic amyloidoses with cuta- 
neous involvement comprises hereditary transthyretin amyloidosis 
(familial amyloid polyneuropathy), hereditary apolipoprotein 
Al amyloidosis, hereditary cystatin C amyloidosis and heredi- 
tary gelsolin amyloidosis (Meretoja syndrome). The last group of 
hereditary systemic diseases with secondary cutaneous amyloid 
precipitation consists of Muckle-Wells syndrome and tumour 
necrosis factor (TNF) receptor 1 associated periodic fever syndrome 
(TRAPS) (Chapter 45). Details are given in Table 56.2. 


Introduction and general description 

Systemic amyloidoses (Table 56.2) are often characterised by amy- 
loid deposition in mesenchymal structures of the internal organs 
such as heart muscle, liver and kidneys which may lead to a progres- 
sive loss of function and eventually to death. As mentioned, there 
are also hereditary systemic amyloidoses and systemic diseases 
with secondary cutaneous involvement. In cutaneous involvement, 
all skin layers as well as vessel walls may be affected. 


Epidemiology 

Systemic amyloidoses show cutaneous involvement in about 50% 
of patients which allows physicians to diagnose the underlying 
systemic disease at an early stage [119]. An association of acquired 
von Willebrand syndrome (avWS) and immunoglobulin light 
chain amyloidosis has been described [120]. For the epidemiology 
of the different forms of cutaneous amyloidoses due to systemic 
disease, see Table 56.2 and the full reference list. 


Pathophysiology 

Most non-hereditary primary systemic amyloidoses are caused 
by monoclonal plasma cell proliferation. The underlying diseases 
comprise entities such as multiple myeloma, Waldenstrém disease, 
Bence Jones plasmocytoma, heavy chain disease and malignant 
lymphomas. The common feature of these diseases is the production 
of monoclonal immunoglobulins [47,121]. Mostly immunoglobulin 
light chains (isotypes « and A) serve as amyloid prescursors (AL = 
light chain type/Bence Jones amyloid; AL-« : AL-A ratio of 1 : 2). 
However, patients with Waldenstr6m macroglobulinaemia can 
develop immunoglobulin heavy chain amyloidosis (AH = heavy 
chain amyloid) and/or immunoglobulin light chain amyloido- 
sis [122]. Despite the clinical variability of AL-type amyloidoses, 
petechiae and purpura of the face (Figure 56.10) or intertriginous 
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Figure 56.10 Primary systemic amyloidosis with cutaneous involvement showing 
prominent periorbital bleeding following coughing. Courtesy of St John’s Institute of 
Dermatology. 
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areas (which may be additionally triggered by friction; Figure 56.11) 
can be considered as cutaneous features of amyloid. Among the 
suspected reasons for hemorrhages are that factor X is decreased by 
binding to amyloid fibrils and that amyloid deposits in the blood 
vessel walls increase vessel wall fragility. 

Amyloid precipitation within the oral cavity mucosa may 
present as papules in a local deposition (e.g. infiltrates in the 
lower lip; Figure 56.12) or as macroglossia in a diffuse infiltration 
(Figure 56.13). 

In secondary systemic amyloidoses, a specific underlying dis- 
ease leads to the deposition of amyloid in different tissues. The 
disease determines the amyloid precursor structure and hence the 
type of amyloid, with the most common variant being AA-type 
amyloidosis. Chronic inflammation (infectious or non-infectious) 
or neoplastic diseases, as well as sporadic gene defects, lead 
to enhanced production of SAA, an acute phase protein. Inter- 
estingly, experimental cutaneous amyloidosis due to Leishmania 
infection has been described [123]. Hepatic production of SAA 
is stimulated by IL-1 (and other interleukins), and macrophages 
degrade SAA to amyloid A. However, skin signs are very rare and 
manifest as purpura, plaques or nodules. Clinically normal skin (b) 
may show amyloid A deposition. Secondary amyloidoses of the AA Figure 56.11 Plasmacytoma-associated systemic amyloidosis with cutaneous 


type show a tendency to regress if the underlying disease is treated involvement: (a) submammary region and (b) inguinal region. From [127]/The Korean 
effectively. Dermatological Association and The Korean Society for Investigative Dermatology. 


METABOLIC & 


PART 5 
NUTRITIONAL DISORDERS 


56.12 


Chapter 56: Cutaneous Amy 


Figure 56.12 Systemic amyloidosis with mucocutaneous involvement showing nodular 
amyloid infiltrates on the lower lip. 


Figure 56.13 Macroglossia in a patient with primary systemic amyloidosis. Courtesy of 
St John’s Institute of Dermatology. 


Another variant of secondary systemic amyloidosis with 
cutaneous involvement occurs in haemodialysis patients with 
By-microglobulin (B-sheet structure) as the amyloid precursor 
(Table 56.2) [3,124]. 

In TRAPS, a mutation of the extracellular domain of the TNF 
receptor 1 leads to inflammatory reactions with subsequent SAA 
precipitation. Muckle-Wells syndrome is one of the cryopyrin- 
associated periodic (fever) syndromes (CAPS) and is caused by 
NLRP3 mutations. These lead to increased IL-1 signalling, which 
again triggers hepatic SAA synthesis. 


Clinical features 

The clinical presentation of cutaneous involvement in systemic 
amyloidoses is often characterised by petechiae, haemorrhages, 
ecchymosis and pruritus. Bleeding is often seen in the periorbital 
(Figure 56.10) or intertriginous (Figure 56.11) regions [125-127] 
due to the deposition of amyloid in and around vascular struc- 
tures, a deposition pattern that is rarely seen in localised cutaneous 
amyloidoses. The only exception to this rule is nodular amyloidosis, 
in which perivascular amyloid deposition may also be encoun- 
tered and in which the histology may bear a strong resemblance to 
systemic amyloidosis with cutaneous involvement. 

Typically, amyloid purpura occurs above the nipple line, mostly 
on the head and neck, especially on the eyelids [47,125]. As pur- 
pura may be the first sign of systemic amyloidoses, it is important 
to bear this sign in mind. The suspected diagnosis of amyloidosis 
may be the starting point for a multidisciplinary treatment approach 
as different organs may be involved [128]. 

As a clinical variant of light chain amyloidoses, bullous cutaneous 
manifestations (Figure 56.14) [112] (sometimes haemorrhagic [114]) 
or bullous manifestations of the mucosa [113] may occur. 

Confluent white to yellowish, waxy, partially haemorrhagic 
papules or nodules can be found that predominantly occur on the 
face, eyelids and scalp. In severe cases, these lesions may lead to 
ulceration and scarring alopecia. If the dermis is extensively infil- 
trated by amyloid, scleroderma-like skin changes (especially of 
the fingers) may occur, known as scleroderma amyloidosum Got- 
tron. Also, blisters and nail dystrophy (Figure 56.15) have been 
reported as manifestations of myeloma-associated amyloidosis 
[111]. Bullous forms of amyloidoses occur both in PLCA and in 
systemic amyloidoses with cutaneous involvement (Figure 56.14) 
[111-114]. 

Among the hereditary subtypes, the most common is familial 
amyloid polyneuropathy due to the deposition of altered trans- 
thyretin (a protein of the prealbumin fraction) [129,130]. This 
form is mainly caused by a Val30Met mutation [131]. Other forms 
of hereditary amyloidoses are associated with cardiomyopathy 
(apolipoprotein Al amyloidosis), multiple cerebral haemorrhages 
(cystatin C amyloidosis) or carpal tunnel syndrome (familial 
amyloid polyneuropathy) [132]. In contrast to apolipoprotein Al 
amyloidosis, cystatin C amyloidosis is clinically asymptomatic 
with no skin signs, but histology may show typical amyloid depo- 
sition. Massive deforming cutis laxa, extensive petechiae and 
haemorrhages, as well as hypotrichosis or alopecia, can be seen in 
gelsolin amyloidosis, also known as Meretoja syndrome [133,134]. 
Different mutations result in an amino acid exchange [135]. A Dutch 
(654G-T) and a Finnish (654G-A) variant have been described [136]. 


Figure 56.14 Haemorrhagic bulla in primary systemic amyloidosis. Courtesy of St John’s 
Institute of Dermatology. 


The combination of prolonged fever episodes, abdominal pain, 
myalgia and migrating cutaneous erythemas is characteristic of 
the rare TRAPS [137,138], which results in secondary cutaneous 
amyloidosis (presumably amyloid SAA). Another rare syndrome 
also associated with secondary cutaneous amyloid deposition 
(presumably amyloid SAA) is Muckle—Wells syndrome, which is 
characterised by cutaneous amyloid deposition, periodic urticaria- 
like skin lesions and the development of sensorineural hearing loss 
[139,140]. 


Management of cutaneous amyloidoses 


The treatment of the different forms of cutaneous amyloidosis 
remains a challenge for all medical disciplines involved. A mul- 
tidisciplinary approach should be undertaken, and in cases of 
systemic amyloidosis the treatment of any underlying disease has 
the highest priority. 

In all types of cutaneous amyloidosis, pruritus is often a major 
problem leading to further skin irritation, which can cause sec- 
ondary amyloid precipitation. Therefore, antipruritic treatment 
should be one component of the treatment regimen. Due to the low 
number of affected patients, few treatment strategies have been 
studied in detail, and most of the treatment options are therefore 
recommended based on studies with small sample sizes or case 
reports. 

Topical treatment should be tried in cases of PLCA (Figure 56.16) 
with conservative treatment modalities being first line. These 
options may be followed or combined with laser or surgical 


Figure 56.15 Nail dystrophy in a patient with primary systemic amyloidosis. Courtesy of 
St John’s Institute of Dermatology. 


PLCA 


Conservative treatment 
(topical corticosteroids or DSMO) 


g 
Localized PLCA | Widespread PLCA 


l 


Corticosteroid injections 
Surgery (excision, skin grafting) 
Laser (ablative CO> lasers) 


@ 


Photo(chemo)therapy 
(narrow-band UVB, PUVA) 


y 


Systemic drug treatment 
(acitretin, cyclophosphamide, 
nemolizumab) 


Figure 56.16 Treatment options for primary localised cutaneous amyloidosis (PLCA). 
DMSO, dimethyl sulfoxide; PUVA, psoralen and UVA radiation; UV, ultraviolet. 
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approaches in cases of localised lesions. In contrast, PLCA with 
widespread lesions may require the additional use of photo(chemo)- 
therapy and/or systemic drug treatment (dimethyl sulfoxide 
(DMSO), acitretin, cyclophosphamide). In systemic amyloidoses, 
the major principle is to treat the underlying disease. 


Topical treatment 
Topical administration of corticosteroids (with occlusive dressings) 
or intralesional corticosteroid injections are the classic standard 
treatments [2]. Others have reported success with phototherapy 
(narrow-band UVB) and photochemotherapy (PUVA) [141]. Other- 
wise, DMSO (up to 50%) may be topically applied to relieve pruritus 
[142]. However, some researchers have not found DMSO to have 
antipruritic effects or amyloid-dissolving properties [143]. 
Depending on the clinical presentation, surgical treatment 
strategies may be helpful when conservative treatments are of 
limited efficacy (e.g. in nodular PLCA). Efficient surgical treatment 
strategies involve excision and split-thickness skin grafting [144], 
dermabrasion [145] and shave excision [75], as well as curettage and 
cautery [90]. Other modalities such as pulsed dye laser treatments 
[146] and carbon dioxide laser evaporation [147] have also been 
successfully used in some cases. 


Systemic treatment 

Localised amyloidosis. There is one review of case reports dis- 
cussing the effect of oral retinoids, such as acitretin, in the treatment 
of lichen amyloidosis [148]. This review shows that oral retinoids 
administered over about 6 months may lead to a complete remis- 
sion of papular PLCA (lichen amyloidosis). A case has also been 
reported regarding the use of oral acitretin in the treatment of mixed 
(biphasic, allotropic) PLCA. Relief of pruritus, an improvement of 
the papules and discrete clearance of hyperpigmentation were 
observed after 4 months’ treatment with 0.5 mg/kg body weight 
of oral acitretin daily [148]. DMSO can be topically applied, but 
there are also reports on the efficacy of oral DMSO in the treatment 
of systemic amyloidoses with cutaneous involvement [149]. With 
respect to papular PLCA, there is one study reporting on signifi- 
cantly reduced pruritus, hyperpigmentation and lesion size after 
50mg per day oral cyclophosphamide over 6 months [150]. Often, 
the same treatment modalities are used for macular PLCA. 


Systemic amyloidosis. In systemic amyloidoses, it is crucial to treat 
the underlying cause if possible (e.g. multiple myeloma, plasmo- 
cytoma, renal insufficiency). Future treatments with siR-NAs or 
anti-amyloid antibodies are under development [151,152]. The find- 
ing of IL-31 as a key player in pruritus has led to the development 
of an antibody against IL-31 (nemolizumab), which shows great 
promise in the treatment of atopic dermatitis, prurigo nodularis 
and potentially cutaneous amyloidosis [153-155]. Interestingly, 
the role of IL-31 was found to be crucial in familial PLCA (see 
previously). 


Primary systemic amyloidoses or diseases with secondary cuta- 
neous amyloid precipitation should always be treated by a multi- 
disciplinary team. When there is an identifiable underlying disease 
leading to cutaneous amyloid deposition, all efforts should be made 
to slow down or stop the progress of the disease [156]. 

Immunosuppression is a core component in the treatment of 
systemic amyloidoses secondary to inflammation. For instance, 
AA amyloidosis resulting from familial Mediterranean fever (FMF) 
can be improved using colchicine [156]. The addition of anakinra 
(IL-1 receptor antagonist, IL-1Ra) [157] to colchicine may be bene- 
ficial in the treatment of FMF-associated amyloidosis as it tempers 
the underlying inflammatory reactions. TRAPS-associated amyloi- 
doses may also be treated by TNF blockade and IL-1 antagonists 
[156]. Muckle-Wells syndrome is one of the cryopyrin-associated 
periodic (fever) syndromes caused by NLRP3 mutations. IL-1f 
is up-regulated in this group of diseases, and therefore treat- 
ment options include canakinumab (IL-1 antibody), rilonacept 
(IL-1-binding protein) and anakinra (IL-1Ra) [158-162]. Other 
strategies, such as the administration of intravenous immunoglob- 
ulins and plasma exchange, have also been successfully used in 
the treatment of primary systemic amyloidoses [163]. An increas- 
ing number of patients with AB, amyloidosis are expected as 
haemodialysis has enabled the long-term survival of patients with 
severe chronic renal failure [164,165]. Improvement of renal func- 
tion so that haemodialysis may be stopped is the key to improving 
and possibly completely resolving AB, amyloidosis. 
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Introduction and general description 


The cutaneous mucinoses are a heterogeneous group of disorders 
whose main characteristic is abnormal mucin deposition in the 
skin [1]. Mucin or protein-hyaluronic acid complex is a normal 
component of the dermal extracellular matrix produced in small 
amounts by fibroblasts. It is a jelly-like amorphous mixture of acid 
glycosaminoglycans (formerly called acid mucopolysaccharides) 
that are repeating polysaccharides forming a complex carbohy- 
drate. The acid glycosaminoglycans may be fixed on both sides of 
a protein core (proteoglycan monomer) as in the case of dermatan 
sulphate or chondroitin-6-sulphate and chondroitin-4-sulphate, or 
they may be free as in the case of hyaluronic acid, which is the most 
important component of dermal mucin. 

Mucin is capable of absorbing 1000 times its own weight in water, 
thus playing a major role in maintaining the salt and water balance 
of the dermis. However, in disease conditions, mucin is increased 
and since it holds water (hygroscopic), the dermal connective tissue 
is oedematous. Mucin may be seen on haematoxylin and eosin stains 
as a light blue-stained material between collagen bundles; however, 
to highlight these changes special stains are usually needed such as 
Alcian blue at pH 2.5 (negative at 0.4) or colloidal iron and toluidine 
blue at pH 4.0. Furthermore, mucin is hyaluronidase sensitive and 
periodic acid—Schiff (PAS) negative [2]. 

Mostly for experimental research, monoclonal or polyclonal anti- 
bodies have been used to detect heparan sulphate proteoglycans, the 
three isoforms of hyaluronan synthase and the CD44 surface recep- 
tor for hyaluronate [3,4,5]. The pathogenesis of increased mucin 
deposition in pathological states is unclear. It has been postulated 
that serum factors such as cytokines and/or immunoglobulins may 


induce upregulation of glycosaminoglycan synthesis. Cytokines 
that may play a role in the process include tumour necrosis factor 
a (TNF-«) and TNF-B, interleukin 1 (IL-1), IL-6 and transforming 
growth factor B (TGF-f) [1]. A decrease in the catabolic process of 
mucin degradation could also be involved. Many of the cutaneous 
mucinoses show increased levels of polyclonal or monoclonal 
immunoglobulin (e.g. scleromyxoedema, pretibial myxoedema and 
papulonodular mucinosis of lupus erythematosus). 

In Chinese Shar-Pei dogs, known for their distinctive features 
of deep wrinkles, mucin deposition in the skin is a typical condi- 
tion and considered to be a consequence of a genetic defect in the 
metabolism of hyaluronic acid [6]. 

The cutaneous mucinoses are divided into two groups: primary 
(idiopathic) cutaneous mucinoses in which the mucin deposit is the 
main histological feature resulting in clinically distinctive lesions; 
and secondary mucinoses in which histological mucin deposition is 
only an additional finding and secondary phenomenon (Box 57.1). 
Primary mucinoses can be divided into dermal and follicular muci- 
noses. The former includes lichen myxoedematosus (generalised 
and localised), reticular erythematous mucinosis, scleroedema, 
mucinoses in thyroid disease, papular and nodular mucinosis in 
connective tissue diseases, self-healing cutaneous mucinosis, cuta- 
neous focal mucinosis and myxoid cyst, while the latter include 
Pinkus follicular mucinosis and urticaria-like follicular mucinosis. 
Systemic manifestations associated with mucinoses include mono- 
clonal gammopathies in scleromyxoedema and scleroedema, dia- 
betes or infections in scleroedema, hyperthyroidism in pretibial 
myxoedema, hypothyroidism in generalised myxoedema and 
lupus erythematosus, and dermatomyositis or scleroderma in 
papular and nodular mucinosis in connective tissue diseases. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Box 57.1 Classification of cutaneous mucinoses 
Primary 
Dermal mucinoses 


e Lichen myxoedematosus (papular mucinosis): 
¢ Generalised and sclerodermoid lichen myxoedematosus 
(scleromyxoedema) 
¢ Localised lichen myxoedematosus: 
¢ Acral persistent papular mucinosis 
¢ Discrete papular lichen myxoedematosus 
¢ Cutaneous (papular) mucinosis of infancy 
¢ Nodular lichen myxoedematosus 
e Reticular erythematous mucinosis 
° Scleroedema 
e¢ Myxoedema in thyroid disease: 
¢ Localised (pretibial) myxoedema 
¢ Generalised myxoedema 
¢ Papular and nodular mucinosis in connective tissue diseases 
° Self-healing (juvenile) cutaneous mucinosis 
¢ Cutaneous focal mucinosis 
e Digital myxoid (mucous) cyst 


Follicular mucinoses 


¢ Pinkus follicular mucinosis (alopecia mucinosa) 
¢ Urticaria-like follicular mucinosis 


Secondary 
Epidermal 


e Mycosis fungoides 
e Keratoacanthoma 
¢ Basal cell carcinoma 


Dermal 


¢ Granuloma annulare 

¢ Connective tissue diseases (lupus erythematosus, dermatomyositis) 
e Degos disease 

¢ Nephrogenic systemic fibrosis 

¢ Hereditary progressive mucinous histiocytosis 

° Obesity-associated lymphoedematous mucinosis 

¢ Hypertrophic scars 

¢ Chronic graft-versus-host disease 

¢ Cutaneous reactions to interferon 

e Herpes zoster 

¢ Stasis dermatitis due to venous insufficiency 

e Epithelial tumours (basal cell carcinoma) 

¢ Mesenchymal tumours (dermatofibrosarcoma protuberans) 
¢ Neural tumours (neurofibroma) 


Follicular 


¢ Haematological malignancies (mycosis fungoides) 
e Eczematous dermatoses 

¢ Lupus erythematosus 

¢ Cutaneous drug reactions (imatinib, captopril) 

¢ Insect bites 


PRIMARY MUCINOSE 


DERMAL MUCINOSES 


Lichen myxoedematosus (f 
mucinosis) 


Definition 

Lichen myxoedematosus (LM) is a comprehensive term to define a 
chronic, idiopathic cutaneous mucinosis characterised by lichenoid 
papules, nodules and/or plaques due to abnormal dermal mucin 
deposition and a variable degree of fibrosis and fibroblast prolifera- 
tion in the absence of thyroid disease. Two clinicopathological sub- 
sets are included: (i) a generalised papular and sclerodermoid form 
(also called scleromyxoedema of Arndt—Gottron) with a monoclonal 
gammopathy and systemic, sometimes lethal, manifestations; and 
(ii) a localised papular form which does not have systemic impli- 
cations. Occasionally, patients with LM have overlapping or atyp- 
ical features and fall between scleromyxoedema and localised LM 
(Table 57.1) [1]. 


Scleromyxoedema 


Definition and nomenclature 

Scleromyxoedema is the sclerotic variant of LM characterised by 
a generalised papular eruption on a sclerodermoid background, 
mucin deposition, increased fibroblast proliferation, fibrosis and 
monoclonal gammopathy [2]. It has systemic implications. 


ar eruption (Montgomery and Underwood) 


Epidemiology 

Scleromyxoedema is a rare disease that usually affects adults 
between the ages of 30 and 80 years. The mean age of patients is 59 
years. The illness has no ethnic or sex predominance and has rarely 
been reported in infants and young children [2]. 


Pathophysiology 

The pathogenesis of scleromyxoedema is unknown. Some cytokines 
such as TNF-a, TNF-B, IL-1, IL-6 and TGF-B and/or polyclonal 
and monoclonal immunoglobulins and other unidentified fac- 
tors in the serum of affected patients may induce upregulation 
of glycosaminoglycan synthesis from fibroblasts. Although 
monoclonal paraprotein has been considered pathogenic, the stimu- 
lation of fibroblasts occurs even after the removal of the paraprotein 


Table 57.1 Classification of lichen myxoedematosus with diagnostic criteria. 


Scleromyxoedema 


Localised variants of lichen myxoedematosus 


Primary mucinoses 57.3 


Atypical forms of lichen myxoedematosus 


Generalised papular eruption and sclerodermoid features 


Microscopic triad (mucin deposition, fibroblast proliferation, 
fibrosis) or interstitial granulomatous pattern 

Monoclonal gammopathy 

Absence of thyroid disorder 


and absent fibrosis 


Subtypes: 


Discrete papular mucinosis 


Papular eruption (or nodules and/or plaques due to 
confluence of papules) 
Mucin deposition with variable fibroblast proliferation 


Absence of monoclonal gammopathy 
Absence of thyroid disorder 


Scleromyxoedema without monoclonal gammopathy 


Localised lichen myxoedematosus with monoclonal 

gammopathy and/or systemic symptoms 
Localised forms with mixed features of the subtypes 
Other poorly defined variants 


Acral persistent papular mucinosis 
Papular mucinosis of infancy 


Nodular form 


Figure 57.1 (a) Scleromyxoedema. The typical triad of microscopic features with diffuse dermal mucin deposition, fibroblast proliferation and fibrotic collagen. (b) Increased dermal 


mucin stained with Alcian blue at pH 2.5. 


[3]. In addition, paraprotein levels usually do not correlate with the 
severity of disease, disease progression or the response to treatment 
[2]. An abnormally high IL-4 secretion and a profibrotic cytokine 
have been recently found in the serum of scleromyxoedema patients 
suggesting a chronic T helper 2 (Th2)-skewed T-cell response against 
an unknown target antigen [4]. Finally, case reports documenting 
the development of scleromyxoedema following a cutaneous gran- 
ulomatous reaction after intradermal hyaluronic gel injections 


or after breast silicone implantation [5] may suggest a type of 
autoimmune syndrome induced by adjuvants. 


Pathology 

Scleromyxoedema is characterised by a triad of microscopic features 
(Figure 57.1a): (i) a diffuse deposit of mucin composed mostly of 
hyaluronic acid in the upper and mid-reticular dermis confirmed 
with an Alcian blue stain at pH 2.5 (Figure 57.1b) or an iron colloidal 
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(c) 


Figure 57.2 Scleromyxoedema. (a) Widespread eruption of closely spaced papules on the back of the hand. (b) Papules on the thigh. (c) Papules behind the ear. 


stain and hyaluronidase digestion; (ii) an increase in collagen depo- 
sition; and (iii) a proliferation of irregularly arranged fibroblasts 
[6]. The epidermis may be normal or thinned, the hair follicles may 
be atrophic and a slight perivascular superficial lymphoplasma- 
cytic infiltrate is often present. The elastic fibres are fragmented 
and decreased in number. An interstitial granuloma annulare-like 
pattern with histiocytic CD68+ or CD163+ infiltrate has been 
described [6,7]. In addition to skin involvement, mucin may fill 
the endocardium, the walls of myocardial blood vessels as well as 
the interstitium of the kidney, lungs, pancreas, adrenal glands and 
nerves. Lymph node involvement may occur [8]. 


Clinical features 

The typical skin features are those of a widespread eruption of 
2-3 mm, firm, waxy, closely spaced, dome-shaped or flat-topped 
papules involving the dorsal aspect of the upper limbs, head and 
neck region, upper trunk and thighs (Figure 57.2) [1,2]. Papules 
often are arranged in a strikingly linear pattern; the surrounding 
skin is shiny and thick (i.e. sclerodermoid in appearance). Rarely, 


non-tender nodules may develop. The glabella typically is involved 
with deep longitudinal folding that gives the appearance of a 
leonine face (Figure 57.3). Deep furrowing is also evident on 
the trunk, shoulders and limbs (Shar-Pei sign) giving patients a 
cutis-laxa like aspect (Figure 57.4). Redness, oedema and a brown- 
ish discoloration may be seen in the involved areas, and itching is 
not uncommon. Eyebrow, axillary and pubic hair may be sparse. 
Mucosal lesions are absent. As the condition progresses, red and 
infiltrated plaques develop with skin stiffening, sclerodactyly and 
reduced mobility of the mouth and the joints of the hands, arms 
and legs. Over the proximal interphalangeal joints, a central depres- 
sion surrounded by an elevated rim (due to the skin thickening) 
is referred to as the ‘doughnut sign’ (Figure 57.5). Telangiectasia 
and calcinosis are lacking but Raynaud phenomenon may rarely 
occur. 


Differential diagnosis 
These are listed in Table 57.2 [9]. 


Figure 57.3 Scleromyxoedema. Deep, longitudinal, reddened folding of the skin on the 
forehead (leonine face). Courtesy of D. Metze, MD, Munster, Germany. 


Figure 57.4 Scleromyxoedema. Deep furrowing on the shoulders and back (Shar-Pei 
sign). 


Complications and co-morbidities 
Systemic implications are listed in Table 57.3. 


Disease course and prognosis 

The prognosis of scleromyxoedema is variable. Scleromyxoedema 
follows a chronic, progressive and sometimes unpredictable 
course [2]. Involvement of the central nervous system, heart, 
kidney or progression to overt myeloma worsens the prognosis. 
The main causes of death include dermatoneuro syndrome (scle- 
romyxoedema with concomitant fever, convulsions and coma), 
cardiovascular complications and haematological malignancies 
[2,10]. Septic complications are mostly linked to melphalan ther- 
apy, which is now less commonly used [1]. Over the last 30 years, 
there has been a progressive improvement in the mortality of scle- 
romyxoedema patients decreasing from 35% in 1995, to 23.8% in 
2013, and to 3% in a 2020 study that has been partially attributed 
to the influence of therapy, especially the use of intravenous 
immunoglobulin [10]. 


Figure 57.5 Scleromyxoedema. ‘Doughnut sign’ on the proximal interphalangeal joints. 


Table 57.2 Differential diagnoses of scleromyxoedema. 


Disease Differences from scleromyxoedema 


Scleroderma (systemic sclerosis) Absence of papules 

Antinuclear antibodies 

Anticentromere antibody 

AntiScl70 antibody 

Symmetrical non-pitting induration of neck and 
upper trunk without papules 

Antecedent upper respiratory infection 

Diabetes 

Renal dysfunction and exposure to gadolinium 

Lack of facial involvement and lack of monoclonal 
gammopathy 


Scleroedema 


Nephrogenic systemic fibrosis 


Adapted from Ferreli et a/. [9]. 


Investigations 

In addition to skin biopsy, serum electrophoresis with immunofix- 
ation is mandatory. Thyroid function test results are normal. Other 
laboratory tests are usually normal, except in cases of specific extra- 
cutaneous symptoms where the internal organs affected should 
be evaluated. There is little value in imaging studies, although 
high-resolution cutaneous ultrasonography may become a useful 
diagnostic and disease activity monitoring tool for skin thickening. 


Management 

There is no evidence to support any specific definitive treatment 
for scleromyxoedema because of the rarity of the disorder. There 
is a limited number of case reports and a lack of randomised con- 
trolled trials with incomplete aetiopathogenetic understanding of 
the disease. In addition, significant toxicity including death, often 
associated with some therapies such as melphalan, make thera- 
peutic choices more difficult. Intravenous immunoglobulin therapy 
(alone or in combination with other drugs) has gained widespread 
acceptance as the first line therapy for both skin involvement 
and extracutaneous manifestations [2,9-12]. Although remissions 
persisting for a few months and up to 3 years after cessation of 
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Table 57.3 Systemic implications of scleromyxoedema [2,9,10]. 


Systemic implications Type % 


Haematological Monoclonal gammopathy (> 100 (diagnostic 
immunoglobulin G lambda) criterion) 
Myeloma, Hodgkin and non-Hodgkin Rare 
lymphoma, Waldenstrom 
macroglobulinaemia, myelomonocytic 
leukaemia 
Carpal tunnel syndrome, peripheral 30 
sensory and motor neuropathy, 
central nervous system symptoms 
(memory loss, vertigo, gait problems, 
stroke, seizures, psychosis, 
dermatoneuro syndrome) 
Arthralgias/arthritis, inflammatory 25 
myopathy and fibromyalgia 


Neurological 


Rheumatological 


Cardiovascular Congestive heart failure, myocardial 5-22 
ischaemia, heart block and pericardial 
effusion 

Pulmonary Obstructive or restrictive lung 17-35 
involvement 

Gastrointestinal Dysphagia 3-60 

Renal Acute renal failure Rare 


intravenous immunoglobulin infusions have been reported, the 
response is not permanent and maintenance infusions every 6-8 
weeks are required [11]. Thalidomide (or lenalidomide) and/or 
systemic steroids are considered the second line of treatment, more 
often in combination with intravenous immunoglobulins than 
as monotherapy [2,12,13,14]. Autologous peripheral blood stem 
cell transplantation can be considered as a third line of treatment 
[2,9,12,15]. In patients with severe or refractory disease (cases with 
central nervous system or cardiac involvement) and recurrent 
disease, plasma cell-directed therapies using lenalidomide and/or 
bortezomib with dexamethasone and intravenous immunoglobulin 
should be considered [10]. Combined plasmapheresis, intravenous 
immunoglobulin and high-dose corticosteroids seemed to yield 
benefit in cases of dermatoneuro syndrome [2,9,16]. 


Localised lichen myxoedematosus 


Introduction and general description 

In localised LM, patients have small, firm, waxy papules (or nodules 
and plaques produced by the confluence of papules) confined to 
only a few sites. There are no sclerotic features, no paraproteinaemia, 
no systemic involvement and no association with thyroid disease. 
Localised LM is classified into four subtypes: (i) acral persistent 
papular mucinosis; (ii) discrete papular lichen myxoedematosus; 
(iii) cutaneous (papular) mucinosis of infancy; and (iv) nodular 
lichen myxoedematosus [1]. 


Epidemiology 

The exact incidence and prevalence rates of the variants of 
localised LM are unknown as they are rare diseases. Both sexes 
are equally affected in discrete papular LM. A female predomi- 
nance (female : male ratio of 3 : 1) has been noted in acral persistent 
papular mucinosis. 


Treatment ladder for scleromyxoedema 


First line 
e Intravenous immunoglobulin (at a dose of 2 g/kg for 3-5 
days for at least 6 months) 


Second line 
e Thalidomide (lenalidomide) (100-400 mg/day) 
e Systemic corticosteroids 
Both commonly used in combination with intravenous 
immunoglobulin rather than as monotherapy. 


Third line 
e Autologous peripheral blood stem cell transplantation 


Severe, refractory, relapsed disease 
e Lenalidomide and/or bortezomib with dexamethasone and 
intravenous immunoglobulin 


Dermatoneuro syndrome 
¢ Combined plasmapheresis, intravenous immunoglobulin and 
high-dose corticosteroids 


Additional therapies 


Medical 

¢ Oral retinoids 

¢ Ciclosporin A 

e Interferon a 

e Hydroxychloroquine 

¢ Chemotherapeutic agents: 
¢ Melphalan 
e 2-Chlorodeoxyadenosine 
¢ Cyclophosphamide 
¢ Methotrexate 


Physical 

e Plasmapheresis 

e Psoralen and ultraviolet A (PUVA), UVA1 
e Electron beam 

e Extracorporeal photochemotherapy 


Pathophysiology 

In localised LM, the histological changes are less characteristic than 
in scleromyxoedema. Mucin accumulates in the upper and mid 
reticular dermis, fibroblast proliferation is variable and fibrosis is 
not marked and may even be absent. In acral persistent papular 
mucinosis, mucin accumulates focally in the upper reticular der- 
mis (sparing a subepidermal zone) and fibroblasts are not increased 
in number (Figure 57.6). In cutaneous mucinosis of infancy, the 
mucin may be so superficial as to look as if it were ‘enclosed’ by 
epidermis [1] but mucin deposition may also occur in the reticular 
dermis. 


Clinical features 
In acral persistent papular mucinosis, first described in 1986 [17], 
multiple ivory to skin-coloured papules develop exclusively on the 
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Figure 57.6 (a) Microscopic features of acral persistent papular mucinosis. Focal mucin 
accumulation in the upper dermis sparing a grenz zone without fibroblast proliferation. 
(b) Mucin stained with colloidal iron. 


Figure 57.7 Acral persistent papular mucinosis. Multiple skin-coloured papules on the 


dorsal aspect of the hand. 


Figure 57.8 Discrete papular lichen myxoedematosus. Mucinous skin-coloured papules 
on the trunk. 


dorsal aspect of the hands and extensor surface of the distal fore- 
arms (Figure 57.7) [18]. Discrete papular LM presents with reddish 
or skin-coloured papules, 2-5 mm in size, numbering from just a 
few to hundreds and affecting the trunk and limbs in a symmetrical 
pattern (Figure 57.8) [19]. In cutaneous (papular) mucinosis of infancy, 
firm opalescent papules appear on the upper arms, neck and trunk 
[20]. Nodular LM is characterised by multiple nodules on the limbs 
and trunk, with a mild or absent papular component [20,21]. 

Localised LM may be observed in association with human 
immunodeficiency virus (HIV) infection, exposure to toxic oil 
or L-tryptophan, or hepatitis C virus infection [1,22]. Anecdotal 
cases of localised cutaneous mucinosis after joint replacement, 
drug exposure including biologic therapy (anti-TNF-« and 
anti-IL-12/23) [23] and familial forms of papular mucinosis have 
also been reported [1]. Whether they are distinct entities or atypical 
and/or familial forms of localised LM is still unclear. 
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Differential diagnosis 

Histological examination of the skin helps to distinguish localised 
LM from several papular eruptions that have a similar appearance 
such as granuloma annulare, lichen amyloidosis, lichen planus and 
other lichenoid eruptions, and eruptive collagenoma. 


Disease course and prognosis 

Localised LM in all its variants runs a chronic but benign course 
in the absence of systemic involvement. Progression to scleromyx- 
oedema has never been proven. 


Management 

Localised LM is a benign condition that often does not require any 
therapy (a ‘wait and see’ approach). Many treatments have been 
tried including dermabrasion, CO, laser, electrocoagulation, topical 
and intralesional corticosteroids or hyaluronidase injections, oral 
retinoids and psoralen with ultraviolet A (PUVA) with variable 
results [1]. Topical calcineurin inhibitors [24] may be of some bene- 
fit. However, spontaneous resolution may occur, even in the setting 
of HIV-associated cases [14]. 


Reticular erythematous mu: 


Definition and nomenclature 


Reticular erythematous mucinosis (REM) is a rare, chronic, primary 
cutaneous mucinosis characterised by a persistent reticular macular 
redness or red papules and plaques in the midline of the back or 
chest. 


cinosis 
nucinosis syndrome 


Epidemiology 

Reticular erythematous mucinosis is a rare disease that has been 
described worldwide in patients with different ethnic backgrounds. 
It affects predominantly middle-aged women, although men and 
children are not spared [1]. 


Associated diseases 

In general, REM is not related to systemic diseases. However, 
certain disorders, especially malignancies (e.g. haematological, 
breast, lung, colon) and thyroid dysfunction have sometimes been 
associated [1,2]. Autoimmune disorders such as systemic lupus 
erythematosus, diabetes, idiopathic thrombocytopenic purpura and 
also HIV infection have been anecdotally reported in patients with 
REM [2]. 


Pathophysiology 
The aetiopathogenesis is unclear. Viral diseases and immunologi- 
cal disturbances have been implicated. The fibroblasts of patients 


with REM exhibit an abnormal response to stimulation by exoge- 
nous interleukins [3]. 


Predisposing factors 

Although REM has been considered a photoaggravated disorder, 
the role of sunlight is controversial [1]. Oral contraceptives, preg- 
nancy, menses, heat, X-ray therapy and perspiration have also been 
implicated in promoting or exacerbating REM [2]. The occurence 
on traumatic sites such as a mastectomy scar and the relapse after 
mammary reconstruction suggests a possible link with trauma [4]. 
Familial cases suggesting a genetic predisposition have been 
reported [5]. 


Pathology 

Interstitial deposits of mucin are seen in the upper dermis, along 
with a perivascular and, at times, perifollicular T-cell infiltrate 
with variable deep perivascular extension. There is slight vascu- 
lar dilatation. The epidermis is typically normal. Usually direct 
immunofluorescence is negative but, rarely, granular deposits of 
immunoglobulin M, immunoglobulin A and C3 have been seen at 
the dermal-epidermal junction [5]. 


Clinical features 

Reticular erythematous mucinosis is characterised by red mac- 
ules and indurated papules or plaque-like lesions with a reticular 
configuration and lack of scale or other surface changes in the 
midline of the chest (Figure 57.9) or back. Atypical areas such as the 
arms, abdomen, face and legs are occasionally involved. The lesions 
are occasionally pruritic. 


Differential diagnosis 

There may be significant overlap between REM and lupus erythe- 
matosus tumidus. Both conditions show clinical and histological 
similarities, lack immune serological abnormalities, respond well 
to antimalarials and resolve without residual lesions. However, 
patients with lupus tumidus who do not exhibit reticulate-patterned 
lesions on the midline, are strongly photosensitive, have a higher 
rate of immune reactants on direct immunofluorescence, have 
a higher tendency to recur and occasionally present with other 
clinical manifestations of lupus [6]. Seborrhoeic dermatitis and 
pityriasis versicolor involve the central chest, but they have associ- 
ated scale and different colour, as has the confluent and reticulated 
papillomatosis of Gougerot—Carteaud. 


Disease course and prognosis 

Reticular erythematous mucinosis is a chronic disease which if left 
untreated has a prolonged duration. The lesions may clear sponta- 
neously, even after 15 years. 


Investigations 
In general, REM is not associated with abnormal laboratory tests and 
no extensive work-up is recommended. 


Management 
Antimalarials (e.g. hydroxychloroquine) are the first line of treat- 
ment and they generally result in improvement or healing within 


Figure 57.9 Reticular erythematous mucinosis in the midline of the chest and abdomen. 


1-2 months [7]. Relapses are not uncommon. The effectiveness of 
other therapies such as topical and systemic corticosteroids, topical 
tacrolimus and pimecrolimus, oral antihistamines, tetracyclines, 
ciclosporin and pulsed dye laser are quite variable [2,8,9]. Despite 
the potential for an exacerbation of the condition, successful treat- 
ment with ultraviolet B (UVB) and UVA1 irradiation have been 
reported [10,11]. 


Treatment ladder for reticular erythematous 
mucinosis 


First line 
e Antimalarials (e.g. hydroxychloroquine) 


Second line 
¢ Topical and systemic corticosteroid 
¢ Topical calcineurin inhibitors 


Third line 
¢ Phototherapy (UVA1, UVB) 
e Pulsed dye laser 
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Table 57.4 Types of scleroedema adultorum. 


Type % of total Characteristics 


Diabetic 25-50 Slowly progressive, non-resolving course; occurs in 
patients with poorly controlled, 
insulin-dependent diabetes 


Non-diabetic 25 Idiopathic 


25-50 With preceding febrile illness (poststreptococcal) and 
complete resolution in months to 2 years 

10-20 Associated with monoclonal gammopathy including 
multiple myeloma and slowly progressive, 
non-resolving course 

Anecdotal Associated with miscellaneous conditions (e.g. HIV, 


internal malignancies, autoimmune disorders) 


Scleroedema | | 


Definition and nomenclature 

Scleroedema is a symmetrical, diffuse, progressive, non-pitting 
swelling and induration of the upper part of the body caused by a 
thickened dermis and deposition of mucin. Types of scleroedema 
adultorum are listed in Table 57.4. 


1s and inclusions 
a adultorum of Buschke 


1a diabeticorum 


1a adultorum 


Introduction and general description 

Scleroedema is a rare condition characterised by a non-pitting 
induration of the upper part of the body, associated with diabetes 
or with a history of infection or blood dyscrasia [1]. 


Epidemiology 

Scleroedema is rare and occurs in patients of all ages and eth- 
nic backgrounds. The age distribution varies with the different 
subtypes. Among patients with diabetes, scleroedema has been 
diagnosed in 2.5-14%. The form that is associated with diabetes is 
more prevalent in men (10 : 1), while other forms are seen more 
commonly in women (2 : 1) [2,3]. 


Associated diseases 

Scleroedema can be divided into diabetic and non-diabetic 
types (Table 57.1). The former is considered the most common 
type, accounting for 25-50% of cases. It occurs mainly in obese 
middle-aged men with poorly controlled insulin-dependent 
diabetes [1,3]. The non-diabetic form includes (i) an idiopathic 
type; (ii) a postinfective type with acute onset, usually follow- 
ing a streptococcal upper respiratory infection (and also after 
influenza, measles, mumps, chickenpox, cytomegalovirus, diph- 
theria, encephalitis and dental abscesses); and (iii) a monoclonal 
gammopathy-associated type. Other types described anecdotally 
are associated with miscellaneous conditions such as autoimmune 
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disorders (e.g. rheumatoid arthritis, primary biliary cirrhosis, Sj6- 
gren syndrome, dermatomyositis, anaphylactoid purpura), internal 
malignancies (malignant insulinoma, gallbladder carcinoma, car- 
cinoid tumour, pituitary—adrenocortical neoplasms), sclerosing 
disorders (lichen sclerosus, scleroderma), exposure to organic 
solvents and HIV infection [2,4,5]. 


Pathophysiology 

The pathogenesis is unknown. An increase of type I collagen syn- 
thesis by dysfunctional fibroblasts has been demonstrated in the 
affected skin. In diabetic scleroedema, the accumulation of collagen 
may be due to irreversible non-enzymatic glycosylation of colla- 
gen and resistance to degradation by collagenase. Alternatively, 
excess stimulation by insulin, microvascular damage and hypoxia 
may induce the abnormal synthesis of collagen and mucin. Strepto- 
coccal hypersensitivity, injury to lymphatics and paraproteinaemia 
may also play a role [1]. 


Pathology 

The epidermis is not involved. The dermis is 3-4 times thicker than 
normal. The collagen fibres appear swollen and are separated by 
wide spaces. Acid mucopolysaccharides are found in the fenes- 
trated spaces with special stains. However, negative staining does 
not exclude the diagnosis. The subcutaneous tissue is also involved 
with fat being replaced by coarse collagen fibres. A slight perivas- 
cular lymphocytic infiltrate may be seen but it is uncommon [6]. 
Fibroblast proliferation is absent. Mucin also accumulates in skeletal 
muscle and the heart. 


Clinical features 

Scleroedema is characterised by firm, non-pitting oedema and 
induration that typically begin on the posterior neck and spreads 
to the upper back (Figure 57.10), shoulders and scalp. Redness and 
a peau d’orange appearance of the skin are commonly observed. 
The hands and feet are characteristically spared. Unusual cases 
with limited site involvement have been reported [7]. Depending 
on the involved sites, patients often complain of movement restric- 
tions comprising limited body mobility and facial expressions, or 
difficulties in mastication and articulation. 


Differential diagnosis 

In contrast to systemic sclerosis, scleroedema is not associated with 
sclerodactyly, Raynaud phenomenon, nail fold capillary changes 
or serum autoantibodies [8]. Additional differential diagnoses 
include myxoedema, amyloidosis, lymphoedema, cellulitis, der- 
matomyositis, trichinosis and oedema of cardiac or renal origin. 


Complications and co-morbidities 

Systemic involvement in scleroedema is not frequent. Extracuta- 
neous complications, in all forms, include serositis, dysarthria, 
dysphagia, myositis, parotitis, hepatosplenomegaly and ocular and 
cardiac abnormalities [9]. 


Disease course and prognosis 
Prognosis is largely dependent on the underlying aetiology. Postin- 
fectious scleroedema runs a benign course because it is self-limiting 


Figure 57.10 Scleroedema in a diabetic patient with firm, non-pitting oedema and 
induration on the upper back, neck and shoulders on a red background. 


in duration and resolves spontaneously within 6 months to 2 years. 
Scleroedema associated with diabetes or monoclonal gammopathy 
runs a chronic and disabling course with little tendency to remission. 
Rarely death may occur when internal organs are involved. 


Investigations 

Laboratory investigations are useful for detecting an underly- 
ing disorder. A recent infection should be excluded (with throat 
swab culture and antistreptolysin titres). Fasting blood glucose 
or glycosylated haemoglobin measurements and serum protein 
electrophoresis and immunofixation should be obtained. Ultra- 
sonography can be performed to evaluate skin thickness at baseline 
and after treatment while magnetic resonance imaging may be 
useful for determining the extent of disease progression due to 
better soft-tissue contrast than ultrasound evaluation [10]. 


Management 

The therapy of scleroedema is quite difficult and has limited 
success. At present, no effective treatment is known for this dis- 
ease. For patients with disabling manifestations, initial treatment 
with phototherapy is suggested as first choice (grade of recom- 
mendation is weak). UVA1, PUVA and narrow-band UVB have 
all been found to be effective [1,11]. Therapy is unnecessary for 
scleroedema associated with streptococcal infections because it 
resolves spontaneously. In patients with associated conditions, 
the disorder can resolve or improve if treatment of the primary 
disease is successful. In patients with scleroedema-associated mul- 
tiple myeloma, therapy targeting the plasma cell dyscrasia such as 
bortezomib may be effective [12]. Some but not all patients with 
diabetes-associated scleroedema appear to improve with better 
glucose control. 


Other therapies, used in reduced patient numbers and with 
overall limited success, include immunosuppressive agents such 
as ciclosporin A and methotrexate, high-dose penicillin, corticos- 
teroids (local, intralesional and systemic), tranilast, tamoxifen and 
allopurinol [13]. Electron-beam radiotherapy and extracorporeal 
photopheresis may also give some improvement. Intravenous 
immunoglobulin seems to be a promising therapy [14]. Patients 
with motion or respiratory disability should be referred to a physical 
therapist for musculoskeletal rehabilitation. 


Treatment ladder for scleroedema 


First line 

e Treatment of primary disease 

e Phototherapy with UVA1, PUVA or narrow-band UVB 
e Physical therapy 


Second line 

e Electron-beam radiotherapy 
e Photopheresis 

e Intravenous immunoglobulin 


Third line 
e Immunosuppresive agents 


Myxoedema in thyroid 


Localised (pretibial) myxoedema 


Definition and nomenclature 

Localised (pretibial) myxoedema is an infiltrative dermopathy due 
to mucin deposition, usually arising on the shins. It is one of the 
signs of hyperthyroidism, especially of Graves disease [1]. 


Epidemiology 

Localised (pretibial) myxoedema is found in 1-5% of patients with 
Graves disease, but in up to 25% of patients who have exophthal- 
mus. Women are affected more often than men (3 : 1) with a peak of 
incidence at age 50-60 years [2]. 


Pathophysiology 

The demonstration of thyroid-stimulating hormone (TSH) receptor 
protein expression by normal dermal fibroblasts suggests that TSH 
receptor antibodies may stimulate the production of mucin from 
these cells. Some cytokines such as TNF-a and y-interferon secreted 
by T-helper 1 lymphocytes activated by TSH receptor antigen 
could also induce glycosaminoglycan synthesis from fibroblasts. 
Fibroblasts from the dermis of the lower extremities have been 


Figure 57.11 Pretibial myxoedema. Hyperkeratosis and irregular acanthosis with 
collagen fibres in the reticular dermis separated by deposits of mucin with a normal 
number of fibroblasts. 


found to be more sensitive to this factor than are fibroblasts from 
other areas of the body [2,3-5]. Insulin-like growth factor 1 receptor 
antibodies, tyrosine kinase receptor antibodies, trauma, tobacco 
and lymphatic obstruction may also play a role. 


Pathology 

Histopathology reveals hyperkeratosis with follicular plugging, 
acanthosis and sometimes papillomatosis (Figure 57.11). The reticu- 
lar dermis, particularly the mid to the lower part, shows separation 
of collagen bundles by large quantities of mucin. A perivascular 
lymphocytic infiltrate and an increase in mast cells may be found 
with a normal or increased number of fibroblasts. Elastic fibres are 
reduced in number [2]. 


Clinical features 

Pretibial myxoedema is one of the signs of Graves disease. Other 
findings may include goitre, exophthalmus, thyroid acropachy and 
high levels of long-acting TSH stimulator antibodies. Less com- 
monly, pretibial myxoedema has been described with Hashimoto 
thyroiditis and in patients with no past or present history of thy- 
roid dysfunction. It is characterised by bilateral thickening and 
induration of the skin on the shins and dorsa of the feet. There 
are four main clinical variants: diffuse non-pitting oedema (43%) 
(Figure 57.12); plaque type (27%); nodular (18%) (Figure 57.13); and 
elephantiasis (5%) (Figure 57.14) [2,6]. The lesions can vary in colour 
and may exhibit a characteristic orange peel appearance and texture 
due to prominent hair follicles. The toes, thighs, upper extremities 
and face can be involved (Figure 57.15) [7]. Overlying hyperhidrosis 
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Figure 57.12 Pretibial myxoedema with diffuse non-pitting oedema and plaque-like 
lesions on the legs. 


Figure 57.13 Pretibial myxoedema of nodular type. 


or hypertrichosis may be associated. In skin of colour, variations of 
colour are more likely with pigmentary changes of the skin. 


Differential diagnosis 

In addition to lichen simplex chronicus and hypertrophic lichen 
planus in which mucin is lacking, pretibial myxoedema should 
be differentiated from obesity-associated lymphoedematous muci- 
nosis seen in patients without thyroid disease [8]. 


Disease course and prognosis 

Apart from the appearance, associated morbidity is usually not 
severe, except for patients with elephantiasis who are less likely 
to have remission. Entrapment of peroneal nerves by mucinous 
connective tissue may cause foot drop or impaired dorsiflexion. 


Figure 57.14 Elephantiasic pretibial myxoedema. Courtesy of B. Cribier, MD, 
Strasbourg, France. 


Figure 57.15 Localised myxoedema on the preradial area. Note the orange peel 
appearance. Courtesy of S. Verma, MD, Vadodara, Gujarat, India. 


Investigations 
Thyroid-stimulating hormone is abnormally low and long-acting 
thyroid stimulator antibodies are elevated in 50% of patients with 
Graves disease. 


Management 

The initial treatment includes minimising risk factors, such as reduc- 
ing weight, reducing tobacco use and normalising thyroid function. 
However, therapy for the associated hyperthyroidism does not 
improve the cutaneous lesions, and often localised myxoedema 
develops after treatment has been instituted. Severe myxoedema 
is most often encountered in patients with longstanding untreated 
Graves thyroid disease. The first line of pharmacological therapy 
is medium- to high-potency topical corticosteroids applied under 
occlusive dressings or delivered by intralesional injection (grade 
of recommendation is weak) [2,9,10]. Intralesional hyaluronidase 
or pentoxifylline should be considered in cases refractory to 
conventional therapy [11]. 

For the severe elephantiasic form, rituximab, plasmapheresis, 
intravenous immunoglobulins and octreotide with and without 
surgical shave removal have been tried with some benefit in uncon- 
trolled case reports [12,13,14]. Usually, skin grafting is followed by 
relapse. The use of compression stockings and gradient pneumatic 
compression is useful as it improves lymphoedema. Teprotu- 
mumab, a human monoclonal antibody inhibitor of insulin-like 
growth factor 1 receptor, has been used in patients with severe 
ophthalmopathy and has been proposed for refractory thyroid 
dermopathy [15]. 

Localised myxoedema may also clear spontaneously (on average 
after 3.5 years) [16]. 


Treatment ladder for localised (pretibial) 
myxoedema 


First line 

¢ Medium- to high-potency topical corticosteroids applied 
under occlusive dressings or delivered by intralesional 
injection 

¢ Compression stockings 

Second and third line 

e Intralesional hyaluronidase 


¢ For elephantiasic form: rituximab, plasmapheresis, 
intravenous immunoglobulin and octreotide 


Papular and nodular n 
in connective tissue di 


Definition 
A distinctive cutaneous mucinosis characterised by skin-coloured 
papules, nodules (Figure 57.16) and plaque-like lesions on the 


Figure 57.16 Papular and nodular mucinosis in connective tissue disease. 


Figure 57.17 Abundant mucin deposition throughout the reticular dermis (colloidal iron 
stain) in papular and nodular mucinosis in connective tissue disease. 


trunk and upper extremities may accompany or even antedate a 
connective tissue disease, mostly lupus erythematosus (cutaneous 
lupus mucinosis) and rarely dermatomyositis or scleroderma [1]. 


Epidemiology 

Cutaneous lupus mucinosis occurs in 1.5% of patients with lupus 
erythematosus in the fourth and fifth decades of life, with a pre- 
dominance in adult males in East Asian patients and white-skinned 
females [2]. 


Pathophysiology 

The pathogenesis is unknown but increased glycosaminoglycan 
production by dermal fibroblasts stimulated by some cytokines 
or immunoglobulins, or an abnormal immune response linked to 
human leukocyte antigens HLA-B8 and HLA-DR3 haplotypes have 
been suggested [1,2]. 
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Pathology 

Histologically, mucin is abundant throughout the dermis and some- 
times subcutaneous fat (Figure 57.17), occasionally in association 
with a slight to moderate perivascular lymphocytic infiltrate. 
The epidermal changes of lupus erythematosus are absent or 
mild, but a positive lupus band is seen on direct immunofluores- 
cence [1,2]. 


Clinical features 

The clinical course may or may not be related to the underlying 
connective tissue disease activity. Usually patients with lupus 
erythematosus who develop papular and nodular mucinosis have 
systemic disease in about 75% of cases but discoid and subacute 
cutaneous lupus erythematosus may also be associated with it. 
Periorbital mucinosis is an unusual presentation [3]. Cutaneous 
mucinosis in dermatomyositis usually follows the myositis and 
is characterised by red nodules and plaque-like lesions on the 
trunk [4]. The development of papular and nodular mucinosis has 
also been associated with scleroderma in both the systemic and the 
cutaneous form [5]. 


Management 

Therapy of papular and nodular mucinosis is the same as for the 
connective tissue disease. However, the evolution of the muci- 
noses does not always follow the course of the underlying disease. 
Sunscreens, topical or intralesional corticosteroids and oral anti- 
malarials can be effective in cutaneous lupus mucinosis. Systemic 
corticosteroids and oral tacrolimus are used for resistant cases [6]. 


Self-healing cutaneous | 


Definition 
A self-healing mucinosis affecting young people with transient cuta- 
neous lesions and mild inflammatory symptoms. 


Introduction and general description 

Self-healing juvenile cutaneous mucinosis is a rare disease of 
unknown aetiology occurring in young people (from 13 months to 
15 years of age) characterised by transient cutaneous lesions and 
sometimes mild inflammatory symptoms [1]. 


Pathophysiology 

Abnormal mucin production and fibroblast proliferation are sug- 
gested to be secondary to a reactive or reparative response to 
chronic antigenic stimulation, as can occur in viral infection or 
inflammation. 


Pathology 

Histologically, papular lesions show mucin deposition with mild 
inflammation and a small increase in fibroblasts while nodules 
show deep mucinous areas associated with bands of fibrosis, 
multiple capillaries, fibroblastic proliferation and gangliocyte-like 
giant cells in the subcutis consistent with nodular or proliferative 
fasciitis [1,2]. 


Figure 57.18 Self-healing cutaneous mucinosis. Mucinous subcutaneous nodules and 
papules on the periarticular areas of the hand in a 6 year-old child. 


Clinical features 

Self-healing cutaneous mucinosis is characterised by the following 
criteria: (i) acute eruption of multiple papules, sometimes in linear 
infiltrated plaques, on the face, neck, scalp, abdomen and thighs; 
(ii) mucinous subcutaneous nodules on the face with periorbital 
swelling and on periarticular areas of the limbs which sometimes 
are the predominant lesions (Figure 57.18); (iii) systemic symptoms 
such as fever, arthralgias, weakness and muscle tenderness in the 
absence of paraproteinaemia, bone marrow plasmacytosis and 
thyroid dysfunction; and (iv) spontaneous resolution in a period 
ranging from a few weeks to many months (usually from 2 to 8 
months) [1,2]. It has also been described in adults [3]. 


Management 

Despite the worrying presentation, the disease heals spontaneously 
and aggressive therapy should be avoided. Although sponta- 
neous complete regression is expected, the possible development 
of dermato-rheumatological conditions has been highlighted and 
hence long-term follow-up could be considered [1] . 


Cutaneous focal muci 


Definition 
Cutaneous focal mucinosis is a benign localised form of cutaneous 
dermal mucinosis. 


Epidemiology 
Cutaneous focal mucinosis occurs in adults of either sex but it has 
also been reported in children [1]. 


Pathophsiology 
Cutaneous focal mucinosis is a reactive lesion in which trauma may 
act as a trigger [1]. 


Figure 57.19 Cutaneous focal mucinosis: a solitary whitish papule with cystic 
appearance. 


Pathology 

The histology is essential for diagnosis and shows a diffuse, 
ill-defined dermal accumulation of mucin, sparing subcutaneous 
tissue, with a normal or slight increase of fibroblasts and absence of 
inflammation [1,2]. Spindle-shaped fibroblasts are the predominant 
cell type, with occasional admixed factor XIIIa-positive dendritic 
cells. The epidermis may be normal or hyperplastic, sometimes 
forming a collarette. Additionally, the absence of elastic fibres 
without increased vascularity is seen. 


Clinical features 

Cutaneous focal mucinosis presents as an asymptomatic, solitary, 
skin-coloured papule or nodule, sometimes with a cystic appear- 
ance, that can occur anywhere on the body (Figure 57.19) or in 
the oral cavity, but not in proximity to the joints of the hands, 
wrists or feet [1]. Occasionally, cutaneous focal mucinosis has been 
reported as a soft fibroma-like polyp or a plaque-like lesion [2,3]. 
Multiple lesions have been rarely described, sometimes after bio- 
logic drugs [4], but they are likely to represent cases of localised 
lichen myxoedematosus. 


Differential diagnosis 

The main differential diagnosis is with angiomyxoma, a benign 
neoplasm which may be associated with the Carney complex. 
Angiomyxoma, however, is larger (size over 1 cm) and shows 
subcutaneous involvement by mucin and increased vascularity [5]. 


Complications and co-morbidities 

Contrary to other forms of primary mucinoses, cutaneous focal 
mucinosis is not usually related to systemic manifestations. 
Anecdotal associations with hypothyroidism and myxoedema 
or other forms of mucinoses such as scleromyxoedema and REM 
and with biological therapy have been described [4,6]. 


Management 
Surgical excision is the treatment of choice and relapse is uncom- 
mon. 


Digital myxoid (mucous) 


Definition 
Digital myxoid cyst is a benign ganglion cyst of the digits. 


Epidemiology 
Women are affected more than twice as often as men. 


Pathophysiology 

There are two varieties of lesion: the ganglion type derived from 
joint fluid and synovial cells, which is located over the joints; and 
the myxomatous type, derived from dermal-based fibroblasts, 
which is located between the interphalangeal joints [1]. 


Pathology 

There are two types of cysts. The first type is similar to a ganglion, 
showing a cystic space limited by a fibrous wall with peripheral 
thickening and sometimes a synovial lining. The second type is 
similar to cutaneous focal mucinosis, showing a large deposit of 
mucin-containing stellate fibroblasts with vascular spaces and 
multiple clefts. The overlying epidermis is acanthotic laterally and 
more atrophic centrally. Transepidermal elimination of mucoid 
material may be seen [1]. 


Clinical features 

It is a translucent, dome-shaped, soft or fluctuant 3-10 mm nodule 
with or without visible semitransparent contents located on the 
dorsal skin on or near a distal interphalangeal joint of the finger in 
middle-aged patients (Figure 57.20) [1]. Cysts may also be found on 
the toes. The surface may be smooth or verrucous. Subungual and 
multiple forms have been reported [2]. Clinical and radiographic 
evidence of osteoarthritis is common. Grooving of the nail may be 
associated with or even precede the cyst itself by up to 6 months [3]. 
Antecedent trauma has been documented in a small minority of 
cases. A connection of the ganglion cyst to the underlying joint can 
be shown by means of magnetic resonance imaging [4]. Puncture 
or skin biopsy results in drainage of viscous mucin from the cyst. 
Dermoscopy shows arboriform telangiectasias over white, bluish 
and reddish orange diffuse background [1]. 


Management 

None of the existing treatments is consistently successful. Digital 
myxoid cyst can be excised but relapse is not uncommon and 
many dermatologists recommend more conservative treatments 
such as multiple needling or aspiration followed by steroid injec- 
tion, sclerosant injection, cryotherapy, infrared coagulation or CO, 
laser [5]. 


FOLLICULAR MUCINOSES 


Mucin accumulates in the epithelial hair follicle sheaths and 
sebaceous glands in two primary (idiopathic) distinctive clinical 
disorders: Pinkus follicular mucinosis and urticaria-like follicular 
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Figure 57.20 Digital myxoid cyst. A translucent dome-shaped nodule on the distal 
interphalangeal joint of the finger with grooving of the nail. 


mucinosis [1]. Follicular mucinosis can also occur as a histological 
epiphenomenon most often seen in cutaneous T-cell lymphomas 
(Chapter 139) and other skin diseases [2]. 


Pinkus follicular mucinosis 


Definition and nomenclature 

Pinkus follicular mucinosis is an uncommon inflammatory disor- 
der, usually not linked with lymphoma, that has a predilection for 
children, and young adults aged 11-35 years (mean 20.4 years) [1,2]. 


Synonyms and inclusions 
e Alopecia mucinosa 

e Follicular mucinosis 

¢ Mucinosis follicularis 


Pathophysiology 
It is far from clear why dermal-type mucin is deposited selectively 
within an epithelial structure. Although follicular keratinocytes 


have been considered to be the source of the mucin, an aetiological 
role for cell-mediated immune mechanisms has been proposed. 
A reaction to persistent antigens such as Staphylococcus aureus or 
Demodex follicolorum has also been considered [1]. Familial cases 
suggest a genetic predisposition [3]. 


Pathology 

Mucin accumulates within the follicular epithelium and seba- 
ceous glands causing keratinocytes to disconnect from each other 
(Figure 57.21). In more advanced lesions, the follicles are converted 
into cystic spaces containing mucin, inflammatory cells and altered 
keratinocytes. A perifollicular infiltrate of lymphocytes, histio- 
cytes and eosinophils is seen. The differentiation between Pinkus 
follicular mucinosis and mycosis fungoides-associated follicular 
mucinosis is very difficult and there is no single reliable criterion. 
Although the existence of primary follicular mucinosis has been 
questioned, as it has been considered as an ‘indolent’ localised form 
of cutaneous T-cell lymphoma, clues in favour of a primary form 
are the young age of the patient, a solitary lesion on the head or 
neck and the absence of histological features of epidermotropism 
or atypical lymphocytes [2,4]. Clonal T-cell rearrangement is not 
always useful to differentiate the two types. In these cases, clinical 
follow-up is mandatory. 


Clinical features 

Pinkus follicular mucinosis presents as an acute or subacute erup- 
tion characterised by one or several sharply demarcated pink to 
red plaques with follicular prominence (Figure 57.22a), scaling and 
alopecia (Figure 57.22b) [1,4]. Nodules, annular plaques, folliculi- 
tis, follicular spines, acneiform eruptions and alopecia areata-like 
presentation [5] have also been described. A second type which 
is characterised by a more generalised chronic form in a slightly 
older age group, with larger and more numerous plaques on the 
extremities, trunk and face, is probably best regarded as a follicular 
mucinosis associated with cutaneous T-cell lymphoma rather than 
a primary condition. 


Management 

There is no specific treatment for Pinkus follicular mucinosis [1,2]. 
A wait and see approach should be considered as many cases heal 
spontaneously in 2-24 months. Topical, intralesional and systemic 
corticosteroids, topical retinoids, topical calcineurin inhibitors, top- 
ical bexarotene, imiquimod, dapsone, antimalarials, indometacin, 
minocycline, oral isotretinoin, interferon «-2b, photodynamic ther- 
apy and UVA1 phototherapy have been reported to be of benefit on 
an anecdotal basis [6-8]. 


Urticaria-like follicular mucinosis 


Definition 

This is a follicular mucinosis presenting with a cyclic eruption of 
urticaria-like lesions on the face on a ‘rosaceiform or seborrhoeic’ 
background. 


wed 


PSSA 
(a) 
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Figure 57.21 Pinkus follicular mucinosis. (a) Mucin accumulates within the follicular epithelium and sebaceous glands causing keratinocytes to disconnect. (b) Follicular mucin stained 


with Alcian blue. 


(a) 


Introduction and general description 

This is a very rare cyclic eruption of urticaria-like lesions that occurs 
primarily on the head of middle-aged men [1] in the absence of sys- 
temic manifestations. 


Pathophysiology 

On histopathological examination, urticaria-like follicular muci- 
nosis presents with mucin deposition inside the hair follicles 
associated with a perivascular and perifollicular infiltrate of lym- 
phocytes and eosinophils. Rearrangement of T-cell receptors is 


(b) 


Figure 57.22 Pinkus follicular mucinosis. (a) A sharply demarcated pink to red plaque with follicular prominence. (b) Alopecic plaque in follicular mucinosis. 


more frequently polyclonal and it is not decisive in the differential 
diagnosis. 


Clinical features 

Urticaria-like follicular mucinosis presents with recurrent pruritic 
urticarial papules and plaques of the face and neck on a ‘rosaceiform 
or seborrhoeic’ background. As lesions resolve, red macules persist 
for a few weeks. Hair-bearing regions may be involved, but neither 
follicular plugging nor alopecia is seen. The diagnosis is usually 
delayed since the dermatitis is often misinterpreted as urticaria, 


rs] 
U 
= 
Oo 
fea] 
< 
lu 
= 


PART 5 
NUTRITIONAL DISORDERS 


METABOLIC & 


PART 5 
NUTRITIONAL DISORDERS 


57.18 


Chapter 57: Cutaneous Mucinoses 


seborrhoeic dermatitis, rosacea or lupus tumidus before a biopsy is 
taken. 


Management 

Urticaria-like follicular mucinosis has a good prognosis although 
it may last up to 15 years. Therapy is difficult. Antimalarials and 
dapsone have been reported as beneficial [10]. 


SECONDARY MUCII 


Secondary cutaneous mucinoses include all those entities in which 
mucin deposition simply represents an additional histological find- 
ing and not the main feature (see Box 57.1) [1]. 
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Introduction 


The porphyrias are a group of disorders caused by defects in the 
biosynthesis of haem. Their relevance to the skin arises from the 
phototoxic properties of the porphyrins, which accumulate in most 
porphyrias and cause photosensitivity. 

The majority of the porphyrias are inherited. Many of them affect 
other organs as well as the skin. The recognition and management of 
both the genetic and internal consequences of porphyrias presenting 
in the skin are a key challenge for the dermatologist. 

Clinical management in these disorders is made easier when the 
clinician understands their theoretical basis. Thus, this chapter is 
divided into two sections. The first section provides a theoretical 
basis for understanding the porphyrias, the general principles of 
clinical management and a clinician’s guide to laboratory testing. 
The second section covers individual porphyrias in detail. 


Theoretical basis for understanding 
the porphyrias 


Phototoxicity of porphyrins 

The phototoxic properties of porphyrins are responsible for the cuta- 
neous features of the porphyrias. Porphyrins are intermediates in 
the biosynthesis of haem, and consideration of the chemical features 
of the haem and porphyrin molecules is necessary to understand the 
cause of porphyrin phototoxicity. 


Chemistry of porphyrins and haem 

A pyrrole is a ring composed of four carbon atoms and one nitro- 
gen atom. Four pyrroles linked into a ring create a tetrapyrrole, a 
remarkable and biologically critical molecular structure found in 
chlorophyll, haem and vitamin B,,. A porphyrin is a special type 
of tetrapyrrole in which four pyrrole rings are linked by methine 
bridges into a large ring structure [1]. 

Haem is the molecule created by the insertion of ferrous iron 
into the centre of the porphyrin molecule protoporphyrin IX 
(Figure 58.1). Essentially, incorporation of iron into the porphyrin 
molecule enables it to become biologically useful. Iron’s capacity 
to bind to molecular oxygen and to transfer electrons (by moving 
between the 2+ and 3+ oxidation states) makes it potentially useful 
in biological systems, but free iron precipitates in the presence of 
water. For iron to be useful, it has to be kept soluble by protecting 
its binding sites against water. In addition, subtle modification of 
the electronic structure of the iron atom can optimise its ability to 
transfer electrons and reversibly bind molecular oxygen. Binding of 
iron to the porphyrin molecule solubilises iron and also optimises 
its electronic structure. The porphyrin’s central cavity is the right 
size to fit an iron atom, and its four central nitrogen atoms occupy 
four of the iron’s coordination binding sites, leaving only two 
free. A key feature of the porphyrin structure is that each double 
bond is adjacent to a single bond, so it is ‘aromatic’ with 18 of its 
electrons being delocalised and free to move around the molecule 
(Figure 58.1). This electron current results in the central nitrogen 
atoms tending to donate electrons to the iron atom, as well as other 
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Figure 58.1 The haem molecule and its key structural features. The alternation of 
single and double bonds around the tetrapyrrole ring indicates the aromaticity of the 
molecule, central to its chemical characteristics. The four coordination bonds between 
iron and nitrogen atoms are shown. The two remaining bonds between the iron and 
either molecular oxygen or amino acid residues lie perpendicular to the page. 


subtler electronic interactions involving transient changes in the 
porphyrin’s electronic state [2]. 

Haem can bind to a variety of proteins, and the nature of this 
interaction reflects the protein’s function. In proteins with electron 
transport functions, such as respiratory cytochromes, amino acids 
bind to both remaining coordination binding sites on the iron so 
that haem can transfer electrons through alterations in the iron’s 
oxidation state. In proteins with oxygen-binding functions, such 
as haemoglobin, an amino acid binds to one of the iron’s remain- 
ing coordination binding sites, leaving the sixth site free to bind 
to oxygen. In summary, the aromatic porphyrin structure is well 
suited to complexing with iron to form haem, rendering the iron 
useful for electron transfer (respiratory cytochromes), reversible 
oxygen binding (haemoglobin and myoglobin) and oxidation and 
reduction reactions (cytochrome P450, catalase), with fine tuning 
of the iron’s functionality being determined by the apoprotein that 
binds to the haem. 


Photochemistry of the porphyrins 

The complex electronic structure of the large aromatic porphyrin 
molecule results in its 18 delocalised electrons having unusual exci- 
tation characteristics. These electrons are excited by relatively long 
wavelength light. The main absorption peak is at 408 nm (‘Soret 
band’) [3], and this long wavelength of exciting light predisposes 
to phototoxic behaviour by the porphyrin. These photons have 
insufficient energy to chemically alter the porphyrin structure, so 
that alternative fates for the energy, particularly fluorescence and 
phosphorescence, become more likely [4]. Thus, following excita- 
tion by light around the 408 nm peak, electrons either return to the 
non-excited ground state by releasing the energy as characteristic 
red fluorescence, or the porphyrin’s excited singlet state transforms 
(by intersystem crossing) to the longer lived excited triplet state. 
Transfer of energy from this excited triplet state to neighbouring 
molecules leads to the phototoxicity responsible for the clinical 
features of the cutaneous porphyrias. Thus cutaneous disease in 


the porphyrias can be thought of as a by-product of the unusual 
porphyrin structure which enables haem proteins to fulfil their 
biological functions. 


Enzyme deficiencies and the porphyrias 

The porphyrias all result from a partial deficiency of one of the 
enzymes required for the biosynthesis of haem, thus causing 
accumulation of the enzyme’s substrate. The toxicity profile of 
the accumulated molecule determines the clinical features of the 
resulting porphyria. A basic understanding of the biosynthetic 
pathway enables the clinician to interpret laboratory results and to 
predict the clinical features of each porphyria on the basis of each 
porphyrin’s properties. 


Biosynthesis of haem [5,6] 

Haem is synthesised from simple biochemicals (glycine and suc- 
cinyl coenzyme A (CoA)) via an eight-step pathway, each step 
being catalysed by an enzyme (Figure 58.2). Synthesis of the pyr- 
role ring (porphobilinogen (PBG)) is followed by assembly of the 
tetrapyrrole structure (hydroxymethylbilane). One of the pyrrole 
rings (the ‘D’ ring) is ‘flipped’ around to create the II isomer 
(the alternative I isomer forms in the absence of the cosynthase 
enzyme). Next, the carboxylic acid side chains of uroporphyrinogen 
III are progressively decarboxylated via coproporphyrinogen III 
to protoporphyrinogen, which is then oxidised to protoporphyrin 
IX. It is likely that the progressive decarboxylation to remove six 
of the eight electron-withdrawing carboxylate groups increases 
the flux of electrons onto the molecule’s central nitrogens to facil- 
itate coordination with iron. Finally, ferrous iron is chelated into 
the protoporphyrin’s central cavity to form haem. Around 80% 
of haem is synthesised in erythroid cell precursors in the bone 
marrow (for haemoglobin production). The decarboxylation of 
uroporphyrinogen to coproporphyrinogen, and thence to protopor- 
phyrinogen, decreases water solubility, so that uroporphyrinogen 
is only excreted via the kidneys whereas hydrophobic protopor- 
phyrinogen and protoporphyrin are exclusively excreted into the 
bile. Coproporphyrinogen is excreted by both routes. Physiological 
concentrations of porphyrins stay low because of the high efficiency 
of haem synthesis. 


Clinical features of the porphyrias: general 
considerations 


Porphyrias present with either skin disease or acute attacks or both. 


Classification of the porphyrias 

In any porphyria, a partial enzyme deficiency causes the accu- 
mulation of porphyrins [1,2]. The enzyme deficiency associated 
with each disorder is shown in Figure 58.3. The porphyrias have 
previously been classified, according to the predominant site of 
porphyrin accumulation, into the erythropoietic group (congenital 
erythropoietic porphyria and erythropoietic protoporphyria) and 
the hepatic group (all the others). This division is not of value clini- 
cally. For the clinician, the key division is between porphyrias that 
cause acute attacks and those that cause skin disease. In this chapter 
the following classification is used for the six common porphyrias: 
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Figure 58.3 The pathway of haem biosynthesis showing the enzyme deficiency 
associated with each porphyria. AIP, acute intermittent porphyria; ALA, aminolaevulinic 
acid; CEP, congenital erythropoietic porphyria; CoA, coenzyme A; EPP, erythropoietic 
protoporphyria; HC, hereditary coproporphyria; PCT, porphyria cutanea tarda; VP, 
variegate porphyria. 


1 Cutaneous disease only: 
e Porphyria cutanea tarda (PCT). 
¢ Congenital erythropoietic porphyria (CEP). 
e Erythropoietic protoporphyria (EPP). 
2 Cutaneous disease and acute attacks: 
¢ Hereditary coproporphyria (HC). 
e Variegate porphyria (VP). 
3 Acute attacks only: 
e Acute intermittent porphyria (AIP). 


Porphyria and the skin 

The cutaneous porphyrias share many features. Consideration of 
these underlying similarities is necessary for a logical approach to 
the clinical management of patients. 

All the cutaneous porphyrias, except EPP, present with fragility 
and blistering of light-exposed skin. The term ‘bullous porphyrias’ is 
often used for this group of diseases. Not only can they appear very 
similar clinically, but the mechanism underlying the skin disease in 
all cutaneous porphyrias is a local porphyrin phototoxicity reaction. 
This shared pathogenetic mechanism means that the histopatholog- 
ical appearances in these conditions are also similar. As a result, 
these disorders can only be reliably differentiated by biochemical 
analysis. The other important similarity between them is that they 


are all caused by Soret wavelength light (408 nm), so the same strat- 
egy for photoprotection applies to them all, as detailed here. 


Pathophysiology of skin disease in porphyria 

Photons of violet light, with a wavelength peak at 408 nm, transform 

the porphyrin molecule into an excited singlet state (Figure 58.4) 

[1-3]. This may revert to the unexcited ground state by emission 

of the characteristic red porphyrin fluorescence. However, intersys- 

tem crossing can convert the porphyrin to the excited triplet state 
which is long lived enough to interact with other molecules, particu- 
larly molecular oxygen, converting it to excited singlet oxygen in the 
process. The singlet oxygen stimulates the production of hydroxyl 
radicals, which damage tissue directly and also indirectly by stim- 
ulating complement activation [4], mast cell degranulation [5] and 

matrix metalloproteinase activity [6]. 

The site of this phototoxic reaction in the skin determines the clin- 
ical characteristics of the porphyria. 

e In EPP, lipophilic protoporphyrin tends to localise to membranes 
including endothelial cell membranes and to remain within 
erythrocytes. The phototoxic reaction involves the upper dermal 
blood vessels causing pain. 

e In PCT, the water-soluble uroporphyrin diffuses easily into sur- 
rounding tissues and the phototoxic reaction occurs in the upper 
dermis. This causes lysis of cells in the superficial dermis with the 
formation of membrane-limited vacuoles that merge to produce 
a blister under the basal lamina, producing the characteristic clin- 
ical presentation [7]. 

e In VP, copro- and protoporphyrin accumulate (Figure 58.3), 
but patients suffer from PCT-like upper dermal blisters rather 
than EPP-like acute pain. This is likely to be because, although 
hydrophobic porphyrins predominate in the plasma in VP, 
hydrophilic porphyrins, particularly uroporphyrin, predominate 
in the skin, probably due to secondary local photoinactivation 
of uroporphyrinogen decarboxylase (UROD) in the skin by 
coproporphyrin [2]. In addition, the protoporphyrin in VP is 
conjugated to a peptide which may reduce its phototoxicity. 
There is no simple correlation between the plasma porphyrin 

concentration and the severity of cutaneous disease in porphyria. 

This is because of the large number of local variables that can alter 

the extent of the phototoxic reaction in the skin, and because an 

increased plasma porphyrin concentration is not always associated 

with cutaneous disease [8]. 


Histopathology of the skin in porphyria 
In all the cutaneous porphyrias, homogeneous material is seen 
within the vessel walls of the upper dermal and papillary vascular 
plexus [9,10]. It is periodic acid—Schiff (PAS) positive and diastase 
resistant and contains a protein polysaccharide complex, lipids 
and tryptophan. Immunofluorescence reveals immunoglobulins 
(mainly IgG) in a similar vascular distribution and IgG at the 
dermal-epidermal basement membrane zone in involved skin. 
Electron microscopy shows reduplication of the vascular basal 
lamina and the presence of masses of fine fibrillar material, mainly 
around these blood vessels and often also at the dermal—-epidermal 
junction. 

In EPP, the vessel wall changes are more pronounced, whereas 
the basement membrane zone changes predominate in affected skin 
in PCT and VP. In bullous porphyrias, bullae are subepidermal with 
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Figure 58.4 The pathogenesis of skin disease in porphyria. 


the split occurring in the lamina lucida (Figure 58.5) [11] leaving 
the dermal papilla protruding into the blister cavity, an appearance 
called ‘festooning’ [10]. The findings in bullous porphyrias are indis- 
tinguishable from those of pseudoporphyria. In EPP, in the acute 
phase, there is visible endothelial damage in superficial dermal 
vessels [12]. Electron microscopy shows the ‘amorphous’ material 
seen in vessel walls on light microscopy in light-exposed skin to 
be a replicated, layered and fragmented basement membrane, with 
fine fibrillar material permeating the capillary connective tissue 
sheath and extending beyond the vessel walls, caused by repeated 
episodes of damage [13,14]. 


(a) 


Figure 58.5 Typical subepidermal bulla in a bullous porphyria: (a) clinical appearance, and (b) histological appearance. 


General considerations in the management of skin 

disease in porphyria 

Apart from PCT, and to some extent CEP, where effective specific 
treatments exist, the management of the skin in the other cutaneous 
porphyrias is based on preventing violet (Soret wavelength) light 
penetrating the epidermis. The connection between sun exposure 
and symptoms is obvious in EPP, but is not obvious to patients 
with the bullous porphyrias where fragility and blistering are 
not related to individual episodes of sun exposure. It can there- 
fore be difficult to convince these patients of the importance of 
photoprotection. 
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Basic measures include sun avoidance behaviour, sun protective 
clothing and hats. Most sunscreens, including ultraviolet (UV) 
absorbent chemical ‘total sunblocks’, do not protect against the 
visible violet Soret wavelength [15]. Any sunscreen providing 
significant visible light protection will be opaque rather than trans- 
parent. Sunscreens containing reflectant particles, particularly large 
particle size titanium dioxide (pigmentary grade), zinc oxide and 
iron oxide, can effectively protect against violet light [16]. Cos- 
metically acceptable sunscreens with reasonable protection up to 
430 nm are available commercially, for example Dundee sunscreen 
(Tayside Pharmaceuticals, Dundee, UK) [15,16]. Dihydroxyacetone 
paint induces the formation of a light-absorbing brown pigment 
in the stratum corneum and has been used in some patients with 
EPP [17]. Some reasonably clear window films can absorb some 
violet light and are useful on car or home windows particularly in 
EPP and CEP [18]. In this author’s practice two films are currently 
recommended which are clear and provide reasonable, although not 
complete, protection against Soret wavelength light (Dermagard 
film, Bonwyke, Hants, UK; CLS200XSR film, Madico, Tampa Bay, 
FL, USA). The Madico TA81XSR film is yellower but provides better 
protection. Films applied to car windows must comply with local 
legislation which varies considerably in different parts of the world. 


Acute attacks of porphyria 

Acute intermittent porphyria, HC and VP can all cause acute attacks, 
and HC and VP may also cause cutaneous disease [1,2]. A rare 
autosomal recessive acute porphyria, aminolaevulinic acid (ALA) 
dehydratase porphyria, has also been reported but this does not 
cause skin disease and will not be discussed further. 


Definition 

An acute prophyria is a potentially fatal illness frequently trig- 
gered by drugs and hormones which are metabolised by cytochrome 
P450. It is characterised by an acute neurotoxic reaction in many 
tissues. 


Epidemiology 

The commonest acute porphyria is AIP, followed by VP. HC is rare. 
The prevalence of clinically overt acute porphyria in Europe is 1-2 
per 100 000 inhabitants, but over 90% of individuals possessing AIP 
or VP gene defects are asymptomatic, so the enzyme deficiencies are 
common. PBG deaminase deficiency, which causes AIP, is present in 
0.2% of all blood donors [3]. 


Pathophysiology 

Impaired activity of PBG deaminase is associated with acute attacks 
[4]. The deficiency can be primary (as in AIP) or secondary, the latter 
being due to inhibition of the enzyme by accumulated copropor- 
phyrinogen and protoporphyrinogen (as in HC and VP) [5]. In the 
liver, haem is mostly incorporated into cytochrome P450 proteins, 
whose production is induced by many of the drugs and hormones 
metabolised by the P450 system. When a drug or hormone induces 
cytochrome P450, and hence acutely increases the hepatic require- 
ment for haem, the inability of the pathway to respond adequately 
because of the PBG deaminase deficiency is exposed. This acute hep- 
atic haem deficiency in turn causes secondary accumulation of ALA 
and increased ALA synthase activity due to loss of end-product 
negative feedback. The symptoms of the acute attack result from 


neuronal dysfunction, however the pathogenesis of this is not fully 
understood. Postulated mechanisms include disturbed metabolism 
of neurotransmitters (due to reduced activity of haem-containing 
hepatic tryptophan dioxygenase), direct neurotoxicity of accu- 
mulated ALA (which structurally resembles the neurotransmitter 
y-aminobutyric acid) and acute haem deficiency within neurons. 


Factors that may precipitate an acute attack 

The most common precipitants are drugs and the menstrual cycle, 
with recurrent attacks often occurring in the late luteal phase [1]. 
Alcohol, cannabis, fasting, stress and infection may also trigger 
attacks. It is not possible to predict whether a specific drug will 
provoke an attack in an individual. Drugs should be prescribed only 
after reference to an up-to-date drug list. Recommended drug lists 
are available on the Internet from the Welsh Medicines Information 
Centre [6] or the European Porphyria Initiative [7]. These lists are 
regularly reviewed and updated by experts, and are lists of drugs, 
by type, that are known to be safe in acute porphyria. Hence, the 
lists are designed to answer questions such as ‘Which antihyper- 
tensive can be safely used in a patient with acute porphyria?’ The 
drug recommendations on these lists are not absolute and are not 
a substitute for clinical experience and judgement. The risk of a 
drug provoking an attack is obviously highest where that drug has 
previously caused an attack in that patient, and in any patients who 
have previously had symptoms suggestive of an acute attack. 


Clinical features 

Acute attacks are five times more common in females, and most 
frequently occur between the ages of 10 and 40 years. They are 
rare before puberty. The severity of acute attacks varies from mild 
abdominal pain, sometimes accompanied by vomiting and con- 
stipation, through to very severe attacks with bulbar palsy and 
respiratory paralysis [1,2]. Severe, constant abdominal pain occurs 
in almost all acute attacks. It can be in any abdominal quadrant 
or even occur in the back, buttocks and thighs, and may require 
large amounts of opiate analgesia. There may be guarding but there 
should be no true peritonism. Vomiting and constipation (due to 
partial ileus) occur in at least 50% of attacks. The pulse rate and 
blood pressure are often moderately raised, dehydration is common 
and hyponatraemia (probably caused by inappropriate secretion 
of vasopressin) may be severe enough to cause convulsions. The 
pain, tachycardia, hypertension and partial ileus are all caused by 
an acute autonomic neuropathy. 

Sensory or sympathetic involvement which manifests as severe 
dysaesthesia or causalgia is rarer. A motor neuropathy occurs in 
5-10% of cases, usually heralded by aching pains in the limbs and 
sometimes by disappearance of the abdominal pain. It may cause 
a severe acute Guillain-Barré-type syndrome. The motor neuropa- 
thy usually occurs when porphyrinogenic drugs have been admin- 
istered inadvertently during the developing acute attack. Respira- 
tory paralysis is the commonest cause of death. Confusion, abnor- 
mal behaviour, agitation and hallucinations occur in up to 50% of 
attacks. Porphyria is not related to any chronic psychiatric disease 
except generalised anxiety. 


Investigations 
The diagnostic finding is of increased urinary PBG excretion. 
Although qualitative screening tests may be useful in an emergency, 


their low sensitivity makes it essential to also carry out a quantita- 
tive assay [8,9]. Commercially available kits can provide a rapid and 
reasonably sensitive semiquantitative assay, after which a specific 
quantitative assay should be carried out (reliable quantitative assay 
kits are commercially available). A normal urinary PBG concentra- 
tion excludes an acute porphyric attack (except in ALA dehydratase 
porphyria). An increased PBG concentration does not necessarily 
mean that an acute attack is occurring since urinary PBG falls 
between attacks but does not always return to normal, particularly 
in AIP. The higher the PBG concentration the more likely an acute 
attack, but in the presence of an increased urinary PBG, an acute 
attack can only be diagnosed on clinical grounds. Urinary ALA is 
also increased during an acute attack but to a lesser extent than PBG 
and is not as useful diagnostically (the only exception being ALA 
dehydratase porphyria in which only ALA is increased and urinary 
PBG is normal). 


Management 

Long-term management of patients with acute porphyria 
Dermatologists may diagnose VP (or less commonly HC) on the 
basis of cutaneous disease before any acute attack has occurred. 
Once an acute porphyria has been diagnosed [1,2], the patient 
should be given a list of drugs with information about their safety 
in acute porphyria. Many lists exist both of ‘safe’ drugs and ‘unsafe’ 
drugs [6,7]. It is obviously vital for clinicians and patients to be 
clear about whether they are dealing with a list of safe or unsafe 
drugs, and there are advantages to using a safe list, as discussed 
earlier. It is important to recognise that a list of safe drugs is a guide, 
and that no drug can be guaranteed to be safe in an individual 
patient. Conversely, drugs which do not appear ona safe list should 
not be withheld in patients who need them to treat a serious or 
life-threatening illness; in that situation expert advice should be 
sought from a specialist centre. 

The patient should also be advised to abstain from alcohol, 
cannabis and prolonged calorie-restricted diets, and to wear an 
emergency identification bracelet (e.g. MedicAlert) so that medical 
staff are aware of the diagnosis if the patient is ever found in an 
unconscious or confused state. Screening of relatives is essential to 
identify those with clinically latent disease who are also at risk of 
acute attacks. The choice of test and interpretation of results can be 
complex and details are covered in the laboratory testing section 
and under each individual disorder in this chapter. Such testing 
is ideally carried out in a specialist centre. Relatives diagnosed 
with an acute porphyria need the same advice as the index case. 
Conversely, patients with PCT, EPP and CEP can be reassured that 
acute attacks are not part of their disease. 


Treatment of acute attacks 

The key to managing an acute attack is early diagnosis [1,2]. Once 
the diagnosis has been made, the avoidance of acute attack-inducing 
drugs is essential to prevent exacerbation. Supportive treatment 
includes analgesia, sedatives and antiemetics (in each case using 
drugs known to be safe in acute porphyria) and careful management 
of fluid balance with rehydration and correction of hyponatraemia. 
The specific treatments are intravenous haematin or haem arginate 
(Normosang, Recordati Rare Diseases UK Ltd, Bracknell, UK), 
which have now replaced carbohydrate as the treatment of choice. 
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Clinician’s guide to laboratory testing in porphyria 


These drugs suppress hepatic ALA synthase activity and so reduce 
ALA and PBG accumulation. Haem arginate is more effective when 
given earlier during an attack, increasing the importance of early 
diagnosis. Advice from a specialist centre should be sought when 
treating an acute attack. 


Clinician’s guide to laboratory testing 
in porphyria 


Although clinical features may raise the possibility of a porphyria, 
the cutaneous presentations of several porphyrias are very similar. 
Precise diagnosis is essential in porphyria because of the differences 
in clinical management between porphyrias that can be clinically 
indistinguishable [1-3]. An accurate diagnosis can only be made on 
the basis of porphyrin analyses carried out in an experienced labo- 
ratory. The clinician’s role is to suspect the diagnosis of cutaneous 
porphyria, and then to use laboratory testing to confirm whether 
this is the diagnosis, and if so to precisely identify the porphyria. 
For any porphyria characterised by acute attacks, testing for latent 
porphyria in relatives will then be necessary. 


What samples to send 

In an adult with suspected bullous porphyria, it is generally suffi- 
cient to analyse the urine and either plasma (where fluorimetry is 
available) or faeces (where it is not) (Table 58.1). However, urine, 
plasma and faeces all need to be analysed in children because of the 
increased complexity of the differential diagnosis. Faecal analysis is 
also necessary in instances when urine and plasma results do not 
differentiate HC from CEP, and in renal failure, where urine may 
be unavailable and plasma analysis unhelpful because renal failure 
increases plasma porphyrins. In suspected EPP, red cells and either 
plasma or faeces should be analysed. 


Handling of samples 

Laboratory testing of body fluids measures porphyrins since 
porphyrinogens are spontaneously oxidised to their respective 
porphyrins outside the body. PBG has a tendency to polymerise 
to other molecules but porphyrins are reasonably stable when 
protected from light and oxidants. Thus, all specimens should be 
kept at room temperature or at 4°C in the dark and ideally should 
be analysed within 48 h of collection. 

For urine and faecal analysis, fresh random specimens (10-20 mL 
urine or 5-10 g dry weight faeces) are preferable to 24 h collections. 
Random specimens yield equally useful results, and 24 h collections 
delay samples reaching the laboratory. Very dilute urine (creatinine 
<4 mmol/L) is unsuitable. 


Table 58.1 Which samples to send for porphyrin analysis in the cutaneous porphyrias 


Clinical presentation Samples required 


Suspected bullous porphyria: adult 
Suspected bullous porphyria: child 
Suspected erythropoietic protoporphyria 


Urine plus either plasma or faeces 
Urine, plasma and faeces 
Red cells and either plasma or faeces 
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Figure 58.6 High-performance liquid chromatography (HPLC) analysis: the more 
carboxylate groups it possesses, the faster a porphyrin molecule passes through the 
column. After passing through the column, porphyrins are detected by fluorimetry. This 
HPLC trace of urine shows the porphyrin profile typical of porphyria cutanea tarda. 
Courtesy of Dr A. Deacon, King’s College Hospital, London, UK. 


Laboratory analysis of porphyrins 

Old-fashioned qualitative screening methods for detecting por- 
phyrins in specimens (often involving a Wood light) are insensitive, 
and negative results from such tests are not of value. Whether test- 
ing urine, faeces, red cells or whole blood, quantitative screening 
using spectrophotometric or fluorimetric techniques is necessary 
and yields results as a total porphyrin concentration. Whole blood 
or red cell porphyrin testing measures both the total and free pro- 
toporphyrin concentrations. Plasma is analysed by fluorimetric 
scanning: a diagnostically powerful and simple qualitative tech- 
nique. In urine and faeces, the finding of an increased porphyrin 
concentration will lead on to high-performance liquid chromatogra- 
phy (HPLC), which can be used to rapidly identify the accumulated 
porphyrins (Figure 58.6). For PBG measurement in urine, qualitative 
tests are insensitive, and quantitative measurement, usually using a 
kit, is required. Semiquantitative test kits are useful in emergencies 
where a result is needed quickly. 


Table 58.2 The major biochemical findings in the cutaneous porphyrias 


Porphyria Urine Faeces 


Interpretation of results [4] 

In cutaneous porphyrias, the accumulated porphyrin can usually 

be detected in plasma as an emission peak on spectrofluorimetry 

(Table 58.2). Uro- and coproporphyrin are excreted into the urine 

and copro- and protoporphyrin into the faeces. Protoporphyrin 

accumulates in red cells in EPP. 

1 Plasma spectrofluorimetry. In plasma spectrofluorimetry, the sam- 
ple is excited by 410 nm light, and fluorescent emissions detected. 
An emission peak at 615-620 nm indicates the presence of uro- 
or coproporphyrin and suggests a diagnosis of PCT, HC, CEP or 
hepatoerythropoietic porphyria (HEP) (urine analysis will dif- 
ferentiate PCT and HEP from the other two conditions). A peak 
at 624-626 nm indicates the presence of a porphyrin—peptide 
conjugate diagnostic of VP. This 624-626 nm peak is a sensitive 
indicator of VP and may even persist during periods of clinical 
remission when faecal excretion becomes normal. It is also posi- 
tive in most cases of latent VP (in relatives) [5,6]. A peak around 
633 nm (it can lie between 626 and 634 nm) is caused by proto- 
porphyrin and suggests EPP, and EPP is an unlikely diagnosis 
in the absence of this peak. Plasma porphyrin concentrations, 
particularly uroporphyrin, increase in renal failure and can be 
as high as those found in patients with PCT. 

2 Whole blood/red cell. An increased free protoporphyrin concentra- 
tion is the diagnostic finding in EPP. The total protoporphyrin 
concentration includes both free and zinc-protoporphyrin. 
Zinc-protoporphyrin is also increased in iron deficiency, lead 
poisoning and certain anaemias. In a child with plasma, urine 
and faecal results typical of PCT, red cell UROD activity needs 
to be measured to exclude HEP. 

3 Urinary and faecal analysis. An increased total porphyrin concen- 
tration suggests a diagnosis of cutaneous porphyria. The total 
urinary porphyrin concentration is used to monitor disease activ- 
ity in PCT. HPLC analysis is used to identify the porphyrins once 
an increased concentration has been found. 
¢ In urine. An increase in uroporphyrin (and other highly car- 

boxylated porphyrins especially heptacarboxyporphyrin) is 
typical of PCT although this does not exclude VP. Plasma spec- 
trofluorimetry differentiates these two conditions and faecal 
analysis is required where this is unavailable. When PCT goes 
into remission and the total urinary porphyrin concentration 
returns to normal, it may still be possible to diagnose PCT from 
the characteristic urinary HPLC pattern. Coproporphyrinuria, 
in the presence of normal faecal porphyrin levels, does not 


Red cell Plasma fluorimetry 


Congenital erythropoietic 
porphyria 


Uroporphyrin |; coproporphyrin | 


Coproporphyrin | 


Zinc- and free protoporphyrin; Peak at 615-620 nm 
uroporphyrin |; 


coproporphyrin | 


Porphyria cutanea tarda Uroporphyrin Ill; Isocoproporphyrin; heptacarboxyporphyrin Normal Peak at 615-620 nm 
heptacarboxyporphyrin 

Hereditary coproporphyria Coproporphyrin Ill Coproporphyrin Ill Normal Peak at 615-620 nm 

Variegate porphyria Coproporphyrin Ill Protoporphyrin; coproporphyrin Ill; X-porphyrin — Normal Peak at 624-627 nm 

Erythropoietic protoporphyria Normal Protoporphyrin (not diagnostically helpful) Free protoporphyrin Peak at 626-634 nm 


Adapted from Deacon and Elder 2001 [4]. 


indicate porphyria and can be caused by certain drugs, lead 
toxicity and hepatobiliary disease. 

In urine and faeces. Increased coproporphyrin suggests VP, but 
does not exclude HC. Isomer III to isomer I ratios are increased 
in every porphyria except CEP (where they are decreased). 
In CEP, excess type I isomers of uro- and coproporphyrin are 
present in urine and type I coproporphyrin in faeces. 

In faeces. In the presence of a plasma spectrofluorimetry peak 
at 615-620 nm, if urine HPLC does not show the PCT pattern, 
faecal analysis is required to differentiate HC (increased 
coproporphyrin III concentration) from CEP (increased 
coproporphyrin I concentration). Increased faecal isocopropor- 
phyrin is characteristic of PCT. In renal failure, faecal analysis 
is vital since urine may be unavailable and plasma porphyrins 
are increased (PCT is the porphyria most commonly associated 
with renal failure). Increased faecal protoporphyrin is sugges- 
tive but not diagnostic of EPP, since it can also derive from 
bacterial degradation of haem in the gut and may indicate 
gastrointestinal haemorrhage when porphyrin concentrations 
are normal elsewhere. 


Biochemical diagnosis of an acute attack 

of porphyria 

This is discussed earlier in this chapter. A definitive diagnosis of 
VP or HC can usually be made on the basis of detailed porphyrin 
analysis [3,4]. A definitive diagnosis of AIP requires enzyme or 
genetic tests. 


Screening of relatives 

In VP and HC, porphyrin levels are normal before puberty. Over the 
age of 15 years, a plasma fluorimetry scan is a reasonably sensitive 
biochemical test for latent VP in asymptomatic relatives of patients, 
picking up most cases. A positive scan is diagnostic of latent VP but a 
negative result is uninformative [5,6]. Faecal analysis, to measure the 
ratio of coproporphyrin isomers, will pick up some cases of latent 
HC after puberty [7]. In VP and HC, a negative porphyrin screen- 
ing test in a relative needs to be followed by DNA analysis before 
latent disease can be excluded. The lack of any common mutations 
in porphyria (apart from South African VP) means that the causative 
mutation usually has to be identified for each family. 


INDIVIDUAL PORPHYRIA 


PORPHYRIAS THAT CAUSE CUTANEOUS 
DISEASE BUT NOT ACUTE ATTACKS 


Definition and nomenclature 
This is a severe and rare childhood porphyria causing lifelong muti- 
lating photosensitivity and haematological disease. 


Individual porphyrias 58.9 


Epidemiology 

This is a rare disease: the incidence in Europe is 0.007 per year per 
10 million population [1], and only about 200 cases have ever been 
reported worldwide. Rare adult-onset cases of acquired CEP have 
been reported secondary to myelodysplasia [2]. 


Pathophysiology 

Congenital erythropoietic porphyria is caused by an autosomal 
recessive inherited deficiency of the uroporphyrinogen III cosyn- 
thase enzyme usually due to mutations in the gene encoding that 
enzyme. Less commonly this enzyme deficiency is caused by muta- 
tions in the GATA1 gene. Since this enzyme is required to form the 
biologically useful type III porphyrin isomers, its absence results in 
non-enzymatic reactions producing large amounts of type I isomer 
porphyrins which cannot participate in haem formation, and which 
massively accumulate in erythroid cells and then gradually leak 
into the plasma. 


Clinical features 

Presentation 

Congenital erythropoietic porphyria has a wide spectrum of pre- 
sentation, from hydrops fetalis through to severe disease starting in 
infancy and also mild forms presenting later in life. The first sign 
of CEP is often the child’s mother noting brown discoloration of 
amniotic fluid at the onset of labour, or observing pink or brown por- 
phyrin staining of nappies (which fluoresce red-orange under Wood 
light). 

Severe photosensitivity begins in infancy, often in the neonatal 
period, with blisters developing in light-exposed skin on minimal 
light exposure [3,4,5]. Phototherapy for neonatal jaundice may 
trigger lesions. Most children are so sensitive to the light that 
they have problems throughout the year. Exposed (and sometimes 
non-exposed) skin is fragile. The repeated bouts of inflammation 
with vesicles and bullae, often complicated by secondary infec- 
tion, cause mutilating scarring, particularly of the face and hands 
(Figure 58.7). This photomutilation is associated with erosion of the 
terminal phalanges, onycholysis and destructive changes affecting 
the pinnae and nose. A diffuse pseudosclerodermatous thicken- 
ing of exposed skin often gradually develops, with microstomia 
and sclerodactyly-like changes. Hypertrichosis is found in most 
patients, particularly on the upper arms, temples and malar region. 
Patchy hypo- and hyperpigmentation occur even in minimally 
exposed areas. 

A milder late-onset form, presenting at any age from the third 
decade onward, has been described. This presents in a manner 
similar to PCT and occurs either as a result of mild inherited gene 
mutations [6] or as an acquired disease secondary to bone marrow 
myelodysplasia [2]. 

The eyes and internal organs are frequently involved [4,5]. 
¢ Eyes. Keratoconjunctivitis, blepharitis, cataracts, corneal ulcers, 

scars, cicatricial ectropion and scarring alopecia of eyelashes and 

eyebrows may all occur. Scleromalacia, pterygium formation, 
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Figure 58.7 Congenital erythropoietic porphyria: scarring of skin with resorption of 
terminal phalanges. Courtesy of Dr A. du Vivier. 


optic atrophy, retinal haemorrhage and scleral necrosis are less 
common. 

e Bones and teeth. When teeth emerge, they are almost always 
stained brown (and fluoresce under Wood light). Decreased bone 
density, osteopenia and osteolytic lesions secondary to erosion by 
hyperplastic bone marrow are seen on X-ray and are associated 
with vertebral compression and collapse and with pathological 
fractures. In the hands there is resorption of terminal phalanges 
with acro-osteolysis and cortical bone rarefaction. Occasionally, 
strict avoidance of the sun may impair vitamin D metabolism. 

¢ Haematology [4,5]. The high concentrations of porphyrins in red 
cells cause haemolytic anaemia, severe enough to induce marrow 
hyperplasia often with visible expansion of the maxillary bones in 
the face. Hypersplenism is common. The haemolysis can be fully 
compensated or may cause a severe anaemia and is occasionally 
so severe that some patients become transfusion dependent. The 
severity of the anaemia often fluctuates strikingly over time. 
Very severe haemolytic anaemia may even cause hydrops fetalis. 
Bone marrow examination reveals normoblastic hyperplasia. 
Under violet illumination most normoblasts have persistent 
red fluorescence localised to their nuclei, with haem-containing 
inclusion bodies being seen in the nuclei of these fluorescent 
cells. 


Differential diagnosis 

The photosensitivity differentiates CEP from other scarring, blis- 
tering disorders of childhood including epidermolysis bullosa 
dystrophica. The cutaneous changes may resemble HEP (the 
homozygous form of familial PCT) or homozygous VP. The cuta- 
neous disease in late-onset CEP is clinically indistinguishable from 
PCT or VP. 


Disease course and prognosis 

In the past, most patients died by the age of 40 years but improve- 
ments in supportive care (particularly the use of antibiotics) have 
improved the prognosis, although the haematological complications 
may be fatal [7]. Long-term hypertransfusion causes significant 
problems with iron overload as patients reach adulthood, even 
when iron chelation has been used. Bone marrow transplantation 
now holds out the promise of cure for these patients. The key mark- 
ers of poor prognosis in CEP are early onset of disease (especially in 
the first year of life) and significant haematological involvement [7]. 


Investigations 

The uroporphyrinogen III cosynthase enzyme deficiency results 
in the massive accumulation in all tissues of type I isomers of 
porphyrins, mainly uroporphyrin, along with coproporphyrin and 
smaller amounts of 7-, 6- and 5-carboxylic acid porphyrins [3]. 
Red cells and urine contain large amounts of uro- and copropor- 
phyrin (mainly type I) and faeces contain increased concentrations 
of coproporphyrin (mainly type I). A plasma spectrofluorimetry 
peak is seen at 615-620 nm. The absence of isocoproporphyrins 
and the normal level of 5-carboxylic porphyrin excretion in faeces 
distinguish CEP from HEP. Since GATA1 mutations cause uropor- 
phyrinogen III cosynthase deficiency, the biochemical findings are 
the same in GATA1-related cases. 


Management [7] 


Treatment 

The photosensitivity is so severe that photoprotection is crucial. Sun 
avoidance and use of sun protective clothing and hats are essential. 
Opaque sunscreens containing pigmentary grade titanium dioxide 
or zinc oxide, possibly with added iron oxide, may be of limited 
value [8,9]. Amber window films (e.g. Madico TA81XSR) on home 
or car windows can reduce exposure to Soret wavelength light [10], 
although more opaque films may be necessary (which are obviously 
not allowed on car windows). 

Prompt treatment of secondary infection is important. Many 
therapies reduce the porphyrin concentrations by suppressing 
erythropoiesis. Hypertransfusion with regular blood transfusions 
to maintain a polycythaemia inhibits endogenous haemoglobin 
production and decreases porphyrin formation and may reduce 
haemolysis and cutaneous symptoms in moderately affected 
patients. However, splenomegaly may increase transfusion require- 
ments and the value of hypertransfusion often decreases at puberty 
[6]. Hypertransfusion is frequently complicated by iron over- 
load, even when desferrioxamine has been used, and blood-borne 
infections can be a complication. Intravenous haematin has been 
tried in late-onset disease [11]. Haemolysis worsens the porphyria 
by causing anaemia and usually necessitates blood transfusion. 
Splenectomy may reduce haemolysis although the improvement 
may be temporary. Lights during surgical procedures may cause 
phototoxic reactions and filters should be used over the operation 
lights during any unavoidable surgery, preferably a yellow filter 
(e.g. Madico TA81XSR). Overall, the results from all systemic ther- 
apies in CEP are disappointing [7] and the mainstay of treatment 
is strict photoprotection and treatment of haemolytic anaemia by 
hypertransfusion. 


Since 1991, allogeneic bone marrow transplantation (bone mar- 
row or umbilical cord blood stem cells) from a human leukocyte 
antigen-compatible donor has emerged as the treatment of choice 
in severe CEP. It provides a long-term cure [7,12] although the 
difficulties of finding a tissue-matched donor, and the dangers of 
marrow transplantation, mean that it should be reserved for the 
most severely affected patients and in children with markers of 
poor prognosis [4,7]. Gene therapy has been successfully used in 
vitro, but no in vivo studies have been carried out yet [13]. 

Recently, phlebotomy has been found to be an unexpectedly effec- 
tive treatment, leading to improvements in haemolysis, porphyrin 
levels and photosensitivity [14]. 


Genetic counselling 

Since the usual form of CEP, due to uroporphyrinogen III cosynthase 
mutations, is autosomal recessive, parents will be unaware of the 
risk until an affected child has been born and the risk of disease is 
in further offspring rather than subsequent generations. For parents 
of an affected child, the chance of each future offspring suffering 
from the disease is 25%. The diagnosis may be made before birth 
by measuring the uroporphyrin I concentration in amniotic fluid, 
which is increased as early as 16 weeks in utero. If the mutations 
in the index case have been identified, or the fetus is homozygous 
for the common C73R mutation, prenatal diagnosis from chorionic 
villous biopsy is possible [15]. GATA1 CEP is an X-linked disease 
affecting males [16]. 


Porphyria cutanea tarda — axa 


Definition 

Porphyria cutanea tarda is the commonest of all the porphyrias [1,2]. 
It is characterised by fragility and blistering of exposed skin. It is 
usually acquired and is often associated with liver disease. It does 
not cause acute attacks. 


Epidemiology and pathophysioloogy 

Porphyria cutanea tarda results from a deficiency of UROD [3]. 
This causes an accumulation of uroporphyrin and other highly 
carboxylated porphyrins. Seventy-five per cent of patients have the 
type I (sporadic) form in which the enzyme deficiency is acquired 
and restricted to hepatocytes, due to inhibition of a normal UROD 
enzyme [3]. Twenty-five per cent have type II (familial) disease 
where the enzyme deficiency is hereditary, present in all tissues 
and associated with a UROD gene mutation. The penetrance of this 
autosomal dominant inherited form is so low that a family history 
is present in less than 7% of cases, and since at least a 75% reduction 
in enzyme activity is required for clinical expression, some enzyme 
inhibition in the liver also occurs in familial PCT. Thus, UROD 
mutations are increasingly considered to be a risk factor for the 
development of PCT, rather than as representing a completely 
separate familial form of the disease. Other genetic factors causing 
susceptibility to the development of PCT are polymorphisms in 
the cytochrome P450, glutathione-S-transferase and glyceronephos- 
phate O-acyltransferase genes [4,5]. Type IIII disease is rare and 


characterised by a hereditary enzyme deficiency localised to the 
liver. Toxic porphyria, in which halogenated aromatic hydrocarbons 
inhibit the enzyme, is rare and mainly affects workers making 
herbicides [6]. A major epidemic of toxic porphyria in the 1950s in 
Turkey was caused by hexachlorobenzene added as a fungicide to 
seed wheat [7]. 

In PCT, the UROD enzyme is inactivated by uroporphomethene, 
a competitive inhibitor of UROD, which is formed by the oxidation 
of uroporphyrinogen [8]. The inhibitor is generated in the liver by 
reactive oxygen species in the presence of iron (Figure 58.8) [9]. The 
accumulated uroporphyrin diffuses from the plasma into the sur- 
rounding tissues, causing a phototoxic reaction in the upper dermis 
in sun-exposed skin. This leads to lysis of cells in the superficial der- 
mis with the formation of membrane-limited vacuoles which merge 
to produce a blister cavity under the basal lamina [10]. 

The prevalence varies but in most countries is around 1 in 
10000 [2]. 


Clinical features [11] 

Presentation 

Sporadic PCT usually presents in middle age while the familial 
form can occur at a younger age. Almost all patients notice increased 
fragility on light-exposed skin, particularly the backs of the hands 
and forearms, with minor trauma shearing the skin to leave sharply 
marginated erosions (Figure 58.9). Most patients suffer from bullae 
which can be over 1 cm in diameter and may be painful. They crust 
and resolve over a few weeks, leaving atrophic scars, milia and 
often mottled hyper- or hypopigmentation. Patients rarely associate 
the development of new lesions with sun exposure but symptoms 
are generally worse in the summer. 

Other common features include patches of scarring alopecia fol- 
lowing resolution of bullae on the scalp, hypertrichosis usually on 
the upper face and forehead (sometimes on the ears or arms [12] 
and occasionally affecting the whole body) and hyperpigmentation 
in a melasma-like pattern on the cheeks and around the eyes (or ina 
diffuse pattern on light-exposed skin or occasionally in a reticulate 
distribution) [11,12]. 

Photo-induced onycholysis [13] and accelerated solar elastosis 
[12] may also occur. Morphoea-like plaques may develop par- 
ticularly on the head and upper trunk. They are histologically 
indistinguishable from true scleroderma and mainly occur in long- 
standing untreated disease. It has been postulated that they arise 
as a result of the induction of collagen synthesis by uroporphyrin 
I [14]. These plaques may calcify and may require excision and 
grafting, if they ulcerate [15]. 

On the scalp, the morphoea-like change may cause a slowly 
expanding scarring alopecia starting in the frontoparietal and 
occipital areas [11,12,16]. Even sclerodactyly or the facial changes 
of systemic sclerosis have been reported. Rare presentations of PCT 
include cicatricial conjunctivitis [17] and hair darkening [18]. 


Clinical variants 

The homozygous form of familial PCT, HEP, is associated with 
over 90% reduction in UROD activity [12,19]. It usually causes 
a severe disease clinically similar to CEP, with photosensitivity 
during infancy causing immediate pain on sun exposure, blisters 
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Figure 58.8 Porphyria cutanea tarda is caused by production of an 
inhibitor of uroporphyrinogen decarboxylase (UROD) in the liver, in the 
presence of iron. Adapted from Elder 1998 [2]. 


Figure 58.9 Porphyria cutanea tarda: erosions, blisters, pigmentary changes and 
scarring. 


on sun-exposed skin and mutilating scarring of the face and fingers. 
Prominent hypertrichosis, fluorescent teeth, eye involvement and 
shortened distal phalanges also occur. Haemolysis is milder than in 
CEP, and life expectancy is normal. HEP can occasionally present 
with a milder disease similar to PCT. Since the mutated alleles in 
HEP have to be associated with some residual enzyme activity to 
be compatible with life, the UROD gene mutations in HEP patients 
are different from those found in type II PCT [20]. 


Differential diagnosis 

Porphyria cutanea tarda can be clinically indistinguishable from 
VP, drug-induced pseudoporphyria, renal pseudoporphyria, HC, 
late-onset Giinther disease or mild HEP. Biochemical analysis is nec- 
essary to diagnose PCT and it is particularly important to exclude 
VP and HC among the differential diagnoses as they can cause 
acute attacks. 


Investigations 

Looking for relevant systemic disease 

Porphyria cutanea tarda is essentially a liver disorder with sec- 
ondary effects in the skin. It is crucial to investigate patients 


thoroughly both regarding other systemic diseases predisposing 
to the development of PCT and to assess the severity of any liver 
disease. 


Biochemical findings 

In PCT, the urinary porphyrin concentration is increased, consisting 
mainly of uroporphyrin, some heptacarboxylic acid porphyrin, 
and sometimes also hexa- and pentacarboxylic acid porphyrins [2]. 
A plasma spectrofluorimetry peak is seen at 615-620 nm. Isoco- 
proporphyrin accumulates in the faeces. Urine analysis alone is 
insufficient to diagnose PCT, since a few patients with VP have 
the PCT urine pattern (‘dual porphyria’) [21]. In patients with 
renal failure, faecal analysis is essential, since plasma porphyrins 
are increased by haemodialysis, and urine collection may not be 
possible. The biochemical marker of disease activity and response 
to treatment is quantitative urinary porphyrin excretion measured 
in a random urine sample. In HEP, the findings are as in PCT, but 
with the additional finding of a raised red cell zinc-protoporphyrin, 
and lower red cell UROD activity than occurs in type II PCT. 


Histopathology 

The bullae in PCT are subepidermal with a sparse inflammatory 
infiltrate and ‘festooning’ of dermal papillae into the bullae [22]. 
There is deposition of PAS-positive diastase-resistant fibrillar gly- 
coprotein material in and around the upper dermal blood vessel 
walls and reduplication of the basement membrane. Immunofluo- 
rescence reveals IgG, a little IgM, fibrinogen and complement at the 
epidermal—dermal junction. Morphoea-like lesions in PCT are his- 
tologically indistinguishable from other forms of morphoea. 


Risk factors for the development of PCT 

The major risk factors for developing PCT are subclinical genetic 
haemochromatosis, hepatitis C infection, alcohol and oestrogens 
[23]. They all predispose to inhibition of the UROD enzyme in the 
liver. Since some inhibition of the hepatic enzyme is also required 
for clinical expression of familial PCT, the same risk factors apply 
to sporadic and familial PCT. Since most of the risk factors have 
significant implications both for treatment and for the patient's 
general health, it is essential to investigate for risk factors in all 
patients diagnosed with PCT. 


e Haemochromatosis. As expected in a disorder where hepatic iron 
plays a key role, almost all patients have increased stainable iron 
in the liver, and total body iron stores are increased in at least 60% 
of patients [2,23,24]. In the USA and northern Europe, around 20% 
of PCT patients have true hereditary haemochromatosis [23,25] 
with homozygosity for the Cys282Tyr haemochromatosis muta- 
tion. Homozygosity for this mutation increases the risk of devel- 
oping PCT 60-fold [23]. The clinical relevance of heterozygosity 
for the mutation is unclear. In southern Europe, haemochromato- 
sis is a less important risk factor. The iron overload found in PCT 
patients who do not have haemochromatosis is milder, and its 
cause is obscure. 

e Hepatitis C infection. In southern Europe, 70-90% of all PCT 
patients are infected with the hepatitis C virus [26,27], compared 
with around 60% of patients in the USA [23] and 7-36% in 
northern Europe [28,29]. 

e Alcohol. Between 30% and 90% of PCT patients consume over 40 
g of alcohol daily, and 2% of all alcoholics with cirrhosis develop 
PCT [9]. 

¢ Oestrogens. Ingested oestrogens, in the oral contraceptive pill or in 
hormone replacement therapy, are the sole risk factor in over 25% 
of female patients [23]. Stopping the hormone may be sufficient 
to induce remission if the duration of therapy has been short [30]. 
If it is not possible to stop the hormone therapy, transdermal drug 
delivery is a safer alternative than the oral route [31]. 

There are other less common risk factors for developing 
PCT. Haemodialysis predisposes to PCT [32], although PCT is 
less common in renal failure than pseudoporphyria and faecal 
porphyrin analysis differentiates these disorders. Human immuno- 
deficiency virus (HIV) infection predisposes to PCT [33], an 
association mainly due to co-infection with the hepatitis C virus 
[34]. Non-insulin-dependent diabetes, systemic lupus erythemato- 
sus, dermatomyositis, hepatitis A and B infection, haematological 
malignancy, sideroblastic anaemia, thalassaemia and the drug 
tamoxifen have also all been reported to be associated with PCT 
[2,12,35,36]. 

Most patients possess more than one risk factor for developing 
PCT, with hepatitis C infection and alcohol being strongly linked 
in men. 


Liver disease in porphyria cutanea tarda 

Since PCT is primarily a liver disorder with secondary effects in 
the skin, liver disease is a major concern [24]. In almost all cases, 
liver biopsy reveals increased stainable iron, fatty change and 
intracellular porphyrin crystals. Fifty per cent of patients have more 
severe changes (lobular necrosis or inflamed fibrotic portal tracts) 
and cirrhosis occurs in 15% [24]. As expected, the most severe liver 
disease tends to occur in patients who have alcoholism, hepatitis 
C infection and iron overload [23]. The accumulated porphyrins 
are carcinogenic to the liver, so PCT confers an additional risk 
for developing hepatocellular carcinoma in addition to the risk 
conferred by the hepatitis C infection present in many patients 
[37]. In southern Europe, around 3% of PCT patients develop 
hepatocellular carcinoma during the decade after presentation [38] 
although the incidence of hepatic malignancy is probably lower 
than this in countries with lower hepatitis C infection rates. Risk 
factors for developing hepatocellular carcinoma are thought to be a 


symptomatic period of more than 10 years prior to treatment, severe 
changes on hepatic histology at presentation, hepatitis C infection, 
male sex and age over 50 years at presentation [39,40]. The converse 
situation, where a primary hepatic tumour secretes porphyrins to 
cause a PCT-like skin disease, is rare [41]. Hepatic function must be 
assessed at presentation in all PCT patients, and patients at high risk 
of hepatic malignancy require regular ultrasound scans and serum 
a-fetoprotein measurement to detect carcinoma at a treatable stage 
[39]. PCT should be managed as a liver disorder, and the threshold 
for referral to a hepatologist should be low. 


Management 

Photoprotection 

Visible light sunscreens containing pigmentary grade titanium diox- 
ide or zinc oxide, sometimes with added iron oxide [42,43], filter 
films for car and home windows, gloves, hats and clothes play an 
important role in controlling symptoms during the period of several 
months before specific therapies take effect. 


Elimination of risk factors 

The treatment of hepatitis C infection with antivirals results in rapid 
remission of PCT [44]. Stopping oestrogen therapy [30], if it has not 
been used for more than 2 years, can induce remission. However, 
elimination of the underlying cause by abstaining from alcohol 
does not always induce remission. All patients should be advised to 
abstain from alcohol or oestrogen therapy to prevent exacerbation 
of the disease. 


Specific treatments 

Definitive treatment with venesection or low-dose antimalarials is 
required in almost all cases. Venesection depletes iron stores and 
eliminates hepatic iron overload thus restoring normal enzyme 
activity. Around 500 mL of blood is removed every 1-2 weeks 
aiming to decrease transferrin saturation to 15%, haemoglobin to 
11-12 g/dL and plasma ferritin to below 25 pg/L [45,46]. Blister- 
ing usually resolves within 2-3 months, skin fragility within 6-9 
months [47], and porphyrin concentrations generally normalise 
within 13 months [12], at which point treatment should be stopped. 
Hypertrichosis [12] and sclerodermoid lesions [16] respond more 
slowly during the years after treatment has stopped. Excision and 
grafting may be needed for ulcerated sclerodermoid lesions [12]. 

Desferrioxamine leads to earlier remission than venesection 
because it rapidly chelates hepatic iron and it may be of value in 
PCT with renal failure, but it is expensive and requires a subcu- 
taneous pump at night [48,49]. Erythropoietin mobilises hepatic 
iron into haemoglobin and is the treatment of choice for PCT in 
renal failure where patients are too anaemic for venesection and 
cannot excrete chloroquine [50]. PCT in renal failure can improve 
if the patient is changed from conventional high-flux hemodial- 
ysis to haemodiafiltration with ultrafiltrate regeneration by resin 
adsorption (Supra-HFR) [51]. 

Low-dose antimalarials are a very effective treatment for PCT. 
They work by complexing with uroporphyrin and promoting its 
excretion into the bile [52]. Daily doses of chloroquine cause a 
potentially dangerous acute hepatitis, but chloroquine at the low 
dose of 125 mg [53,54] or 250 mg [55,56] taken twice a week is safe 
and effective. It leads to clinical remission within 6 months and 
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biochemical remission after 6-15 months, at which point treatment 
is stopped [53,54,55]. Retinopathy does not seem to occur with such 
low doses of chloroquine [55]. Hydroxychloroquine (100 mg twice 
weekly) is also effective [57]. 

Low-dose chloroquine is the treatment of choice except in the 
following situations in which venesection is preferable: (i) patients 
who do not respond to chloroquine; (ii) patients with a patholog- 
ically high serum ferritin concentration or homozygous for the 
Cys282Tyr mutation (if genetic analysis is available), who require 
iron depletion to protect internal organs; and (iii) patients with 
significant hepatitis C liver disease, who require iron depletion 
since hepatic siderosis increases their virally induced liver dam- 
age [58] and reduces the effectiveness of interferon [59]. Anyway, 
chloroquine is usually less effective in patients with haemochro- 
matosis [60]. However, chloroquine is not contraindicated in these 
situations and may be needed when venesection is not possible, 
particularly in patients with hepatitis C liver disease where venous 
access is impaired by previous intravenous drug abuse. Remission 
with low-dose chloroquine generally lasts 17-24 months [53,54]. 
With venesection, relapse generally occurs around 2.5 years after 
the end of treatment [11,53]. Long-term follow-up is necessary for 
all patients to monitor for relapse (by measuring urinary porphyrin 
excretion) and for the management of coexisting liver disease. 


Genetic counselling [61] 

Familial and sporadic PCT can be differentiated by measuring 
red cell UROD activity. Since additional inhibition of the hepatic 
enzyme is required for clinical expression of disease in familial PCT, 
UROD mutations can be considered as a risk factor for developing 
the disease rather than as a different form of PCT. It is difficult 
to justify family screening in familial PCT in view of the identical 
management of sporadic and familial PCT, the lack of evidence that 
identifying latent PCT in relatives alters outcomes and the very low 
penetrance of familial PCT. It is therefore of little value to measure 
red cell UROD activity unless one is trying to differentiate HEP 
from PCT. 


Mortality in PCT 

Overall, patients with PCT have increased mortality compared with 
age-matched controls. This is partly due to co-morbidities asso- 
ciated with PCT, and partly due to diseases related to associated 
lifestyle factors found in PCT patients, such as the high prevalence 
of smoking [62]. 


Erythropoietic protopc¢ 


Definition 

Erythropoietic protoporphyria is a hereditary porphyria charac- 
terised by painful, lifelong photosensitivity and occasionally liver 
disease. 


Epidemiology 
The incidence of EPP in Europe varies between countries (from 0.03 
new cases/million per year in Spain to 0.36 in the UK) [1]. 


Pathophysiology 

Erythropoietic protoporphyria usually results from deficient activity 
of ferrochelatase, the final enzyme of haem biosynthesis. In a minor- 
ity of cases, it is caused by gain-of-function mutations in ALAS2 
(the first enzyme in the pathway) [2]. This causes the accumula- 
tion of protoporphyrin predominantly in cells of the erythroid series, 
which causes a phototoxic reaction as the porphyrin-laden cells pass 
through the small upper dermal blood vessels and are exposed to the 
Soret wavelength in sunlight. The photoactivated porphyrin from 
red cells and plasma causes an acute injury to the endothelium medi- 
ated by singlet oxygen and the hydroxyl radical [3,4]. Many fer- 
rochelatase gene mutations have been identified in EPP patients and 
none are particularly common [5]. A few adult-onset cases have been 
reported that are associated with haematological malignancy and 
may be associated with chromosomal deletions involving the fer- 
rochelatase gene [6]. 


Clinical features 

Unlike the other cutaneous porphyrias, EPP causes immediate pain 
on exposure to bright sunlight [7,8]. It presents most commonly in 
the first year, quite often in babies who usually present with crying 
in their prams in sunny weather or crying for no obvious reason at 
night in the summer. Onset later in childhood does occur but onset 
in adulthood is rare. In spring and summer, with sun exposure last- 
ing from a few minutes up to 1-2 h, patients describe discomfort, 
tingling or itching in exposed skin, affecting particularly the dor- 
sae of the hands and the face. If exposure continues, severe burning 
pain follows which can last anywhere from an hour to several days. 
Children often find partial relief with cold water and wet cloths and 
this feature may be diagnostically useful. Usually the only physical 
sign during an attack is oedema which may be subtle (Figure 58.10). 
Redness is less common and may be more difficult to detect in skin 
of colour. The lack of physical signs often leads to delay in diagnosis 
with some patients initially being labelled as malingerers. 


Figure 58.10 Oedema during an acute painful attack in a child with erythropoietic 
protoporphyria. 


Figure 58.11 Typical scars on the cheeks in erythropoietic protoporphyria. 


Many patients experience a ‘priming phenomenon’ in which 
sunlight tolerance is reduced on the day after significant sun expo- 
sure [9]. In severe attacks, purpuric lesions and crusted erosions 
or vesicles may occur; these take a week or two to resolve after 
the attack settles down, and the pain may be severe enough to 
require hospital admission. Rare cases of EPP have prominent 
purpura and histological changes resembling a leukocytoclastic 
vasculitis [10], acute photo-onycholysis [11] or reddish plaques [12] 
have been described. Solar urticaria can occur in addition to the 
EPP photosensitive reaction in some patients [13]. Physical signs 
may develop during childhood with slight thickening of skin over 
the metacarpophalangeal and interphalangeal joints, superficial 
vermicular waxy scarring on the nose, shallow linear, punctate or 
small circular scars on the cheeks and forehead, and radial scars 
around the lips (Figure 58.11). The skin over the nose, cheeks and 
forehead can become roughened and ‘pebbly’ in texture. Fifteen per 
cent of patients have no physical signs at all [7]. 

Mild variants of EPP may cause diagnostic confusion because of 
delayed onset of symptoms, shortened duration of attacks and occa- 
sionally absence of pain. Oedema and predilection of the reaction 
to the face and dorsal hands and feet are diagnostic clues. There is 
an occasional association between EPP and a seasonal palmar ker- 
atoderma. The keratoderma is more commonly seen in autosomal 
recessive EPP [14]. 

Children with EPP suffer from social isolation due to difficulty 
joining friends to play outside, and sensitivity to psychosocial issues 
is important for clinicians to be aware of. Although EPP is lifelong, 
childhood and adolescence are frequently the most difficult times 
because it is potentially easier for adults to organise their lives to 
reduce sun exposure. Overall, it is not surprising that the disease 
has such a profound impact on quality of life [7]. 

Symptoms often improve and porphyrin levels fall during preg- 
nancy [7,15]. Patients may develop a mild hypochromic microcytic 
or normocytic anaemia which can be associated with decreased 
serum iron levels and increased serum iron binding capacity [8]. 

With the exception of patients with EPP liver failure, operating 
theatre lights do not cause any problems during or after surgery 


in EPP patients [16]. Anaesthetists can also be reassured that acute 
attacks do not occur in EPP. In contrast, operating theatre lights 
can cause a devastating and potentially fatal phototoxic reaction in 
patients undergoing liver transplantation for protoporphyric liver 
failure. 


Investigations 

Biochemical investigation 

The diagnostic finding is of an increased red cell-free protopor- 
phyrin concentration [17]. Protoporphyrin is seen as a peak at 633 
nm on plasma fluorimetric scanning. Sixty per cent of EPP patients 
have an increased faecal protoporphyrin concentration, though this 
is not very useful diagnostically because of its lack of specificity. 
Urinary porphyrins are normal except in biliary impairment, when 
coproporphyrinuria develops. Umbilical cord protoporphyrin 
concentration is not a useful test to identify EPP in newborns [18]. 


Histopathology [19,20] 

In the acute phase, there is visible endothelial damage in super- 
ficial dermal vessels [21]. In the chronic phase, in exposed areas 
of skin, the repeated episodes of damage to small vessels in the 
upper dermis cause deposition of PAS-positive diastase-resistant 
hyaline material in the walls of blood vessels of the upper der- 
mal and papillary vascular plexuses. Immunofluorescence shows 
immunoglobulins (mainly IgG) in a similar distribution. On elec- 
tron microscopy, the hyaline material can be seen to be a greatly 
replicated, layered and fragmented basement membrane, with fine 
fibrillar material permeating the capillary connective tissue sheath 
and extending beyond the vessel walls [19,22]. 


Management [7] 

Afamelanotide, the « melanocyte stimulating hormone (a-MSH) 
analogue, is the first effective treatment for EPP, significantly 
decreasing photosensitivity [23]. No other therapy has ever been 
proven to be effective in EPP although many have been proposed. 
Attention to sunlight protection remains the key to management 
until «-MSH analogues become widely available in clinical practice. 


Photoprotection 

Basic measures include sun avoidance behaviour, sun protective 
clothing and hats. It is important to use correct sunscreens [24,25]. 
Dihydroxyacetone paint has been used in some patients with EPP 
[26] and window films that absorb violet light can be useful for car 
or home windows, particularly in severely affected patients. All 
of these are discussed in detail in the general management section 
earlier in this chapter. 


Acute reactions 

For an acute reaction, complete sun avoidance (even through win- 
dows) leads to earlier resolution, and fans and cold water provide 
some pain relief. Antihistamines and most analgesics are of little 
value. For severe attacks, hospital admission may be necessary for 
light avoidance and analgesia (usually opiate). 
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Specific therapies 
Until a-MSH analogues are widely available in clinical practice, 
older treatment options will continue to be relevant. Oral B-carotene 
has previously been the most widely used treatment, usually at a 
dose around 180 mg daily in adults (90 mg daily in children) taken 
throughout the spring and summer. It is postulated to scavenge free 
radicals involved in the acute phototoxic reaction. Although some 
patients report that it reduces symptoms, others do not and proof of 
efficacy from controlled trials is lacking. Patients may need to take it 
for several months before any effect is observed. The most common 
adverse effect of B-carotene is reversible skin discoloration. 
Controlled trials of N-acetylcysteine and colestyramine have 
been shown to be of no benefit [27,28]. Short courses of a few 
weeks of psoralen and long-wave UVA radiation (PUVA) [29] and 
narrow-band UVB [30] used in the early spring may be valuable, 
particularly in milder cases. These probably increase photoprotec- 
tion by inducing epidermal thickening and pigmentation. Unlike 
PUVA, narrow-band UVB does not overlap with the EPP action 
spectrum and so cannot trigger attacks of pain. Many other systemic 
treatments with antioxidant or free radical scavenging properties 
have been used in EPP in an uncontrolled way on small numbers of 
patients with conflicting and generally unconvincing results. 


Bone health 

Osteoporosis, often in young adults, is common in EPP [31]. Photo- 
protection causes vitamin D deficiency and reduced outdoor phys- 
ical exercise. It is crucial to supplement vitamin D and carry out 
regular bone density scans. 


Genetic counselling 

Erythropoietic protoporphyria is generally an autosomal dominant 
disorder with incomplete penetrance although rare cases of classic 
autosomal recessive inheritance of two pathogenic mutations have 
been reported [32,33]. The disease results from co-inheritance of a 
gene mutation on one ferrochelatase allele with a low expression 
variant on the other allele. Since the low expression variant is 
generally considered a common non-pathological polymorphism, 
the inheritance may be described as ‘autosomal dominant disorder 
with incomplete penetrance’ although some geneticists consider 
this common polymorphic variant as pathological and so describe 
the inheritance as ‘autosomal recessive’. This low expression variant 
is present in around 10% of the white population and is associated 
with reduced ferrochelatase mRNA levels resulting from the pres- 
ence of the polymorphic variant IVS3-48C [34]. This low expression 
variant is common in Japan and South-East Asia and rare in Africa, 
which may explain the observed variations between continents 
[35]. Overall, the probability of each offspring of an EPP patient 
suffering from the disease is under 10%. Testing for the IVS3-48C 
polymorphism in a patient’s partner is now available and can 
indicate more precisely whether there is a significant probability 
of future offspring being affected. This is useful for patients who 
would not consider having children if there were a significant 
likelihood of them having the disease. For a disorder that is rarely 
life-threatening, termination of pregnancy and thus antenatal 
diagnosis are not relevant. 


Figure 58.12 Liver biopsy in protoporphyric liver disease showing nodules of cirrhosis 
and black staining by deposits of protoporphyrin. 


Liver disease in EPP 

Protoporphyrin is excreted exclusively into the bile. It precipitates to 
form gallstones in around 12% of patients. It is also hepatotoxic, par- 
ticularly to bile canaliculi, and severe liver damage occurs in around 
1% of patients. EPP liver failure requiring transplantation may occur 
at almost any age [36]. Usually a patient develops jaundice, worsen- 
ing photosensitivity and often upper abdominal pain over a period 
of weeks or months. Investigation shows severe or total cholestasis 
and a dramatically high red cell protoporphyrin concentration (due 
to its impaired excretion), which causes the worsening photosensi- 
tivity [32]. 

Liver histology reveals deposition of protoporphyrin in vacuoles 
within bile canaliculi and hepatocytes, which may be accompanied 
by cirrhosis (Figure 58.12). Although such acute episodes may 
resolve spontaneously, the porphyrin-induced cholestasis may 
become increasingly severe and itself further increase the protopor- 
phyrin concentration in a vicious cycle, in which case the patient 
will die unless a liver transplant can be performed. Unless filter 
films are used over operating theatre lights [16], the very high proto- 
porphyrin concentration may result in a severe phototoxic reaction 
with postoperative burns. A severe and prolonged neuropathy 
may also occur after liver transplant [36]. Even if these immediate 
postoperative complications are avoided, protoporphyric liver dis- 
ease recurs in the graft in 69% of patients over several years which 
can be severe enough to require retransplantation in a minority. 
Patients with severe liver disease have been treated by bone marrow 
transplantation. Although the marrow transplantation does cure 
the EPP, the dangers of the procedure mean that it is reserved for 
these rare, life-threatening situations [37]. In severe liver disease, 
liver transplant followed by hematopoietic stem cell transplantation 
has been carried out [38]. 

It is vital to recognise impending protoporphyric liver failure early 
enough so that arrangements can be made for a liver transplant, if it 
should become necessary. Thus, all EPP patients should have liver 
function tests and red cell protoporphyrin concentration checked at 
least once a year. The appearance of coproporphyrin in the urine has 
been proposed as an indicator of significant liver disease in EPP [39]. 
Worsening photosensitivity may be the only clinical indication of 
the development of severe liver disease. Although protoporphyric 
liver failure is rare, mild abnormalities of liver function tests are 


common in EPP [39]. Since the significance of these abnormalities 
is unclear, it is advisable to monitor them closely in these patients, 
and to refer the patient to a hepatologist if the abnormality is persis- 
tent or deteriorating. In such patients, an ion exchange resin such as 
cholestyramine may protect the liver against further porphyrin toxi- 
city. The major difficulty for dermatologists is the lack of any means 
of identifying those EPP patients at risk of liver failure. Since sev- 
eral cases have been described in siblings, patients with a relative 
who has suffered protoporphyric liver failure should be treated as 
being at increased risk of developing liver failure themselves. Classic 
recessive inheritance of EPP may increase the risk of severe hepatic 
disease, though it is not clear how significant this association is [32]. 

Iron deficiency anaemia may trigger or exacerbate hepatic dis- 
ease by increasing porphyrin accumulation [32] and subsequent iron 
replacement may make the situation temporarily worse by acutely 
stimulating haem biosynthesis. 


PORPHYRIAS THAT CAUSE CUTANEOUS 
DISEASE AND ACUTE ATTACKS 


Hereditary coproporphyria — Sx3 


Definition 
This is a rare inherited disease usually characterised by acute attacks 
that involve the skin as well in a minority of patients. 


Clinical features 

Like VP, this porphyria presents from puberty onwards. The skin 
is not affected in most patients suffering from this rare acute por- 
phyria. However, around 10-20% [1] of patients have cutaneous 
involvement with fragility and blistering in sun-exposed areas, 
indistinguishable from that seen in PCT or VP. The skin disease may 
be triggered or exacerbated by intercurrent liver disease [2]. Rare 
variants include a homozygous form characterised by short stature, 
acute attacks and skin changes with prominent hypertrichosis and 
pigmentation [3]. Another rare variant, ‘harderoporphyria’, causes 
haemolysis in the neonate or bullae. HC is caused by an autosomal 
dominant inherited deficiency of coproporphyrinogen oxidase. 


Investigations 

The biochemical findings are of a 615-620 nm peak on plasma spec- 
trofluorimetry, increased uro- and coproporphyrin concentrations in 
urine and increased coproporphyrin in faeces. Predominance of the 
type II isomer in faeces is a sensitive indicator of HC [1]. 


Variegate porphyria — Fa 


Definition 
This is a rare inherited disease usually characterised by photo- 
induced skin fragility and blistering that may cause acute attacks. 


Epidemiology 

In South Africa, VP is common (due to a founder effect [1]) with a 
prevalence in whites and Afrikaner-descended non-whites of 1 in 
200. The incidence of VP in Europe varies between countries, in the 
range 0.01-0.26 new cases/million/year [2]. Elsewhere the preva- 
lence is around 0.5—1 in 100 000 [2]. 


Pathophysiology 
Variegate porphyria is caused by an autosomal dominant inherited 
deficiency of protoporphyrinogen oxidase. In addition to causing 
photosensitisation, accumulated coproporphyrinogen and proto- 
porphyrinogen also inhibit PBG deaminase, the probable mecha- 
nism for acute attacks in VP [3]. At least 80% of South African carri- 
ers of a pathogenic VP mutation are completely asymptomatic [4]. 
It is perhaps unexpected that the accumulated copro- and pro- 
toporphyrin should cause PCT-like upper dermal blistering rather 
than EPP-like acute pain. This is likely to be because, although 
hydrophobic porphyrins predominate in the plasma, hydrophilic 
porphyrins, especially uroporphyrin, predominate in the skin. 
This local accumulation is thought to result from secondary local 
photo-inactivation of UROD in the skin by coproporphyrin [4]. In 
addition, the protoporphyrin in VP is conjugated to a peptide which 
may reduce its phototoxicity. 


Clinical features [4,5,6] 

Skin 

Of those patients with symptomatic VP, around 70% of patients 
have cutaneous involvement, and only around 17% of these patients 
will ever suffer an acute attack [7]. VP only very rarely presents 
before puberty and usually the skin disease begins in adolescence 
or young adulthood. Patients describe skin fragility, usually fairly 
mild, affecting sun-exposed skin particularly on the backs of the 
hands [4,5]. The skin disease is generally indistinguishable from 
PCT, with painful tense bullae occurring in sun-exposed skin, as 
well as scarring, pigmentary abnormalities, sometimes pseudoscle- 
rodermatous changes of the hands and fingers, and occasionally 
photo-onycholysis. However, a significant number of patients do 
not describe worsening in the summer and the patients who do 
describe seasonal variation often have their worst problems in late 
summer and autumn. In addition, around 50% of patients with 
VP describe mild, transient, sunlight-related eruptions in the early 
summer. The examination findings of scarring, patches of hypo- 
and hyperpigmentation at the sites of blisters, milia and mild hyper- 
trichosis, particularly around the eyes, are indistinguishable from 
PCT. Intercurrent biliary obstruction exacerbates the cutaneous 
disease since the accumulated porphyrins are excreted into the bile. 
Acute photosensitivity can occur in patients with disturbed liver 
function. Hormonally induced hepatic dysfunction may explain 
the exacerbations of skin disease seen in females taking oral contra- 
ceptives and during pregnancy. VP can sometimes improve in old 
age with clinical and biochemical remission. Patients with VP have 
recently been shown to be at increased lifetime risk of hepatocellular 
carcinoma [8]. 


Acute attacks [4,5,7,9] 
As in other acute porphyrias, women are three times as frequently 
affected as men and 70% of acute attacks occur between the ages 
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of 20 and 40 years. Around 17% of patients with cutaneous VP ever 
suffer an acute attack and the number has declined recently due 
to improved use of prophylactic measures. The severity of acute 
attacks varies from mild abdominal pain, sometimes accompa- 
nied by vomiting and constipation, through to very severe attacks 
with bulbar palsy and respiratory paralysis. The presentation, diag- 
nosis and management of acute attacks is covered in the section 
on acute attacks of porphyria earlier in this chapter. 


Clinical variants 

In homozygous VP, a mutation on both protoporphyrinogen oxi- 
dase alleles results in an enzyme activity less than 20% of normal, 
compared with the 50% in other VP patients [10]. Fragility, bul- 
lae and often hypertrichosis develop in exposed (and sometimes 
non-exposed) skin in neonates or infants and the skin disease may 
be severe. Delayed development, epilepsy, sensory neuropathy, 
nystagmus, various hand deformities and growth retardation also 
commonly occur. Acute attacks do not occur in these patients. The 
biochemical findings are the same as in VP except for the lower 
enzyme activity. 


Differential diagnosis 

Variegate porphyria cutaneous disease is easily distinguished from 
non-photosensitive blistering disorders. It can be clinically very sim- 
ilar to PCT, late-onset CEP, HC and pseudoporphyria. Biochemical 
analysis is required to diagnose VP. 


Investigations 

A plasma spectrofluorimetry peak around 626 nm (caused by a 
porphyrin-protein complex) is diagnostic of VP in the absence of 
a raised free red cell protoporphyrin level and is present in vir- 
tually all symptomatic cases of VP. It may persist during periods 
of clinical remission when faecal excretion becomes normal and 
is a more sensitive test than measurement of faecal porphyrins 
[11]. A persistently normal faecal protoporphyrin concentration in 
adulthood in patients with the VP genetic defect has been proposed 
as a prognostic marker indicating a greater likelihood of the VP 
never causing any clinical problems and staying clinically latent 
[9]. The urine contains increased levels of coproporphyrin and 
increased concentrations of copro- and protoporphyrin are found 
in the faeces. In a few patients, the urine shows the typical PCT 
pattern of uroporphyrin accompanied by hepta- and sometimes 
hexa- and pentacarboxylic acid porphyrins, a situation known as 
‘dual porphyria’ [12]. Thus, urinary analysis alone can result in 
the misdiagnosis of VP as PCT, with potentially disastrous conse- 
quences. During acute attacks, urinary PBG (and ALA) are raised. 
The urinary PBG usually falls to normal levels within weeks of 
the attack resolving but may remain slightly increased outside the 
context of an acute attack [13]. 


Management 

Treatment 

The key to successful management of the skin disease is photopro- 
tection with sun avoidance using clothes, hats and gloves. Opaque 
sunscreens, containing pigmentary grade titanium dioxide or zinc 
oxide sometimes with the addition of iron oxide, are protective 
against Soret wavelength light [14,15]. The skin disease is rarely 


severe enough to require filter films for car and home windows. 
As the relationship between sun exposure and skin lesions is not 
obvious, the role of light in producing the skin lesions should be 
explained to the patient. B-carotene and canthaxanthin have also 
been claimed to provide limited protection in some patients and 
UVB phototherapy may also be of value [4]. If liver function tests 
indicate biliary obstruction, relief of this will reduce cutaneous 
symptoms. 

The risk of acute attacks is the key issue for the safe management 
of patients and their families. Patients should be directed to a list 
of drugs to avoid [16], including those that can induce attacks, and 
also those known to induce cholestasis, as well as cannabis. They 
should also be advised to wear an emergency identification bracelet, 
to avoid low-calorie diets and to avoid all alcohol intake. Liver trans- 
plantation has been successfully used to cure variegate porphyria 
(and acute intermittent porphyria) in cases where acute attacks are 
frequent, severe and uncontrollable by medical treatment alone [17]. 


Genetic counselling 

It is important to identify relatives who have latent VP because of 
the risk of acute attacks. The plasma 624-626 nm peak is found in the 
majority of cases of latent VP but only from teenage years onwards. 
A positive plasma fluorimetry result is diagnostic of latent VP but 
a negative result is uninformative [18,19]. The only completely reli- 
able way to identify those carrying the VP gene defect, if the plasma 
scan is negative, is to identify the protoporphyrinogen oxidase gene 
mutation in the index case and then assess its presence or absence 
in relatives. This is labour intensive because, outside South Africa, 
most families have their own private mutation. Relatives found 
to have the gene defect are at a low risk (roughly 5-10%) of acute 
attacks and should take all the precautions taken by any patient 
diagnosed with an acute porphyria. The risk of a patient passing 
the mutated gene on to each offspring is 50%, and around 20% of 
those carrying the mutation will eventually develop symptoms. 


MISCELLANEOUS 


Pseudoporphyria —_ 


Definition 

Pseudoporphyria is a non-porphyric dermatosis clinically and histo- 
logically indistinguishable from porphyria cutanea tarda. Porphyrin 
concentrations are entirely normal. Pseudoporphyria is one of the 
clinical presentations of drug-induced photosensitivity and there are 
other non-drug-related causes. 


Epidemiology and pathophysiology 

The causes of pseudoporphyria are photosensitising drugs, 
haemodialysis and sunbeds [1]. Since pseudoporphyria is one 
of the presentations of drug photosensitivity, it is unsurprising 
that the relevant drugs are generally recognised photosensitisers. 
The most common causes of pseudoporphyria are non-steroidal 
anti-inflammatory drugs (NSAIDs), especially naproxen and 
nabumetone. Oxaprozin, ketoprofen, mefenamic acid and diflu- 
nisal are also reported causes. NSAID-induced pseudoporphyria 


is common: in one group of patients treated with naproxen for 
juvenile rheumatoid arthritis, 12% developed pseudoporphyria [2]. 
Other drugs reported to induce pseudoporphyria include nalidixic 
acid, tetracyclines including minocycline, bumetanide, furosemide, 
isotretinoin, olanzapine, imatinib, dapsone and self-medication 
with commercially available chlorophyll preparations. 

The second group of patients in whom pseudoporphyria is com- 
mon is those with chronic renal failure undergoing haemodialysis 
(or less commonly peritoneal dialysis). 

The third group of patients are those whose pseudoporphyria is 
induced by UVA tanning beds. Although some of the reported cases 
were of patients also taking photosensitising medications, in some 
patients the use of UVA sunbeds appears to be the sole causative 
factor [3]. 


Clinical features 

Presentation 

The clinical features in the skin are indistinguishable from porphyria 
cutanea tarda [1] with vesicles, bullae, fragility, milia and scarring 
on exposed skin, particularly the dorsal hands, but also the face, 
chest and occasionally other sites. However, hypertrichosis, hyper- 
pigmentation, sclerodermoid changes and dystrophic calcification 
are much less commonly seen than in PCT. In children, the facial 
scarring can resemble that seen in EPP but without the painful bouts 
of photosensitivity seen in that disease. Unlike the porphyrias, pseu- 
doporphyria has no manifestations except in the skin. 


Differential diagnosis 

The main differential diagnoses are PCT and EPP if there is EPP-type 
scarring. The diagnosis requires the presence of clinical features of 
PCT in the skin with normal urine, faecal and plasma porphyrin 
concentrations reported by an experienced porphyrin laboratory. It 
is preferable, though not essential, to identify a recognised cause 
of pseudoporphyria in the patient. Other relevant diseases also 
need to be excluded such as epidermolysis bullosa acquisita and 
bullous pemphigoid. The situation is more complex in patients with 
renal failure. Haemodialysis is associated with increased plasma 
porphyrin concentrations [4] and urine may be unavailable to test 
in these patients. The situation is further complicated by the fact 
that PCT can also be induced by chronic renal failure. Conclusive 
differentiation of PCT from pseudoporphyria in the context of 
renal failure and dialysis is not always possible, but can sometimes 
be achieved on the basis of the degree of increase in porphyrin 
concentrations in plasma, faeces and (where available) urine. It 
is important to try to differentiate the two diseases in renal fail- 
ure because of the implications regarding aetiological factors and 
treatment options. 


Investigations 

By definition, the porphyrin concentrations in urine, plasma, red 
cells and faeces must be normal for a diagnosis of pseudoporphyria 
to be made. The histopathological and immunofluorescent appear- 
ances of affected skin are essentially identical in pseudoporphyria 
and PCT. Blood vessel thickening and sclerosis of collagen are less 
common in pseudoporphyria but the two diseases cannot be reliably 
differentiated with skin biopsies alone [5]. 


Management 

In drug-induced and sunbed-related pseudoporphyria, the key to 
management is to remove the provoking factor by stopping the 
relevant drug or sunbed usage. However, symptoms may continue 
for several months after the discontinuation of a causative drug 
[6], and scarring may persist. Dialysis-related pseudoporphyria 
generally persists until renal transplantation removes the need for 
dialysis. UV light, especially UVA, causes the photosensitive reac- 
tion in pseudoporphyria, in contrast to PCT. Hence, broad spectrum 
UV protection is vital until the disease resolves. As expected, the 
treatments for PCT such as antimalarials and venesection are not 
effective in pseudoporphyria. 
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Dystrophic calcification se 
to inflammatory disease 
and infections 


Definition and nomenclature 


This is calcification in the skin and/or subcutaneous tissues result- 
ing from inflammation (without any disturbance of systemic 
calcium homeostasis). 


Introduction and general description 

Inflammatory, particularly autoimmune, processes in the skin may 
result in calcification. Dermatomyositis and scleroderma are the 
best recognised and most troublesome. CREST (calcinosis, Ray- 
naud phenomenon, oesophageal dysfunction, sclerodactyly and 
telangiectasia) syndrome is specifically associated. Calcinosis has 
been described in several variants of lupus erythematosus, partic- 
ularly lupus panniculitis, and, in contrast, is often asymptomatic. 
Infections are a relatively rare cause of cutaneous calcification. 


Epidemiology 

Incidence and prevalence 

Cutaneous calcification is thought to occur in 20% of adults with 
dermatomyositis and approximately 40% of children [1]. In common 
with autoimmune disease generally, autoimmune-associated calci- 
nosis is also more common in women (male : female 1 : 4 in one 
series [2]). 


Ethnicity 
There is no particular predisposition. 


Associated diseases 

Connective tissue diseases are associated, particularly dermato- 
myositis and scleroderma, but also all types of lupus. Rarer 
associations include pancreatitis-induced panniculitis, porphyria 
cutanea tarda, morphoea and lichen sclerosus. Calcinosis is also seen 
in association with infection occasionally, most notably onchocerci- 
asis and cysticercosis. 


Pathophysiology 

Pathology 

In addition to the characteristic histopathology of the underlying 
disorder, calcium deposits stain blue with haematoxylin and eosin 
(H&E) and black with von Kossa stain [3]. Fine granules are seen 
in the dermis and large irregular masses occur when the disease 
involves the subcutis [4]. A chronic lymphohistiocytic infiltrate 
may be seen at the edge of deposits. Transelimination of calcium 
is common in dermatomyositis and CREST syndrome. In pan- 
creatic panniculitis, there is fat necrosis with ghost lipocytes and 
calcification within the cytoplasm. 


Causative organisms 

Larvae of the filarial Onchocerca volvulus and the tapeworm Taenia 
solium may cause calcification. Hepatic, pulmonary and central 
nervous system calcification is well described following herpetic 
infection. Cutaneous calcification from intrauterine herpes simplex 
infection has also been described [5]. 


Clinical features [6] 

History 

Cutaneous calcification usually presents many years after the 
onset of the underlying disease. This is reported to be around 
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10 years after onset in scleroderma and adult dermatomyositis, 
but with a shorter duration of 2-3 years in childhood dermato- 
myositis [2]. 


Presentation 

In dermatomyositis, calcification develops on the trunk and limbs 
in both childhood and adult forms of the disease. Yellow-white 
nodules and plaques frequently ulcerate, discharging chalky 
material. In its most extensive form involving much of the body, 
it is sometimes termed calcinosis universalis. Calcification of 
the underlying muscles with contracture and deformity is also 
common. 

Calcinosis is part of the definition of CREST syndrome, present- 
ing with nodules and plaques that ulcerate and extrude chalky 
material at sites of trauma, particularly the elbows, knuckles and 
volar aspects of the fingers. It has also occasionally been described 
in generalised scleroderma and localised morphoea [7,8]. 

Cutaneous calcification has been described in association with 
porphyria cutanea tarda, particularly when associated with pseu- 
doscleroderma. Ulcerating plaques exuding chalky material 
develop on the head and neck or dorsum of the hands, healing 
with scarring and causing alopecia on the scalp. Three of 40 patients 
in one series developed this complication [9]. 

Cutaneous calcification is a rare complication of systemic lupus 
erythematosus (SLE); it is often asymptomatic and may be noticed 
incidentally on radiological examination. Typically, nodules develop 
in the subcutaneous tissues of the buttocks [10], often at sites of 
cutaneous involvement by the lupus. Calcification may also develop 
in lupus panniculitis and has occasionally been described in discoid 
lupus [11] and subacute lupus [12]. 

There are occasional case reports of cutaneous calcification in 
association with overlap connective tissue disease, polymyositis 
and rheumatoid arthritis [2]. 

Subcutaneous calcification is seen in panniculitis, particularly 
when associated with pancreatic disease (pancreatitis or malig- 
nancy) but also when it occurs in association with lupus and 
occasionally other diseases [13]. Cutaneous and subcutaneous 
calcification is an occasional complication of chronic leg ulcers, 
irrespective of the cause, and may impair healing. Wollina et al. [14] 
reported calcification in 18% of 212 patients with treatment-resistant 
ulcers who had been admitted for surgery and grafting. 

Subcutaneous fat necrosis of the newborn is seen in premature 
infants, particularly those treated with whole body hypothermia 
for perinatal asphyxia. Red well-defined nodules and plaques on 
the cheeks, back and buttocks usually resolve spontaneously, but 
may calcify and may be associated with hypercalcaemia. The cause 
is unknown [15]. 

Rarely, infections may cause calcification of the skin and/or 
subcutis. The most commonly cited causes are onchocerciasis and 
cysticercosis, which may cause calcified nodules of the head, pelvis 
or pectoral areas. There is one report of cutaneous calcification due 
to intrauterine herpetic infection. 


Differential diagnosis 
Other causes of cutaneous calcification are discussed elsewhere in 
this section. 
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Complications and co-morbidities 

Ulceration with secondary infection is the main complication of 
cutaneous and subcutaneous infection. When widespread (calci- 
nosis universalis), contracture and deformity may result. 


Disease course and prognosis 
If untreated, calcification rarely regresses. 


Investigations 

As well as serological assessment for connective tissue disease, full 
biochemical assessment is required to exclude any abnormality of 
systemic calcium homeostasis. This should include serum calcium, 
phosphate, alkaline phosphatase, vitamin D and parathormone 
(PTH) estimation. X-ray and/or skin biopsy may help to confirm 
the diagnosis if there is uncertainty. 


Management 

Treatment of the underlying connective tissue disease helps to 
prevent and improve calcinosis [16]. Surgical excision of localised 
disease, if symptomatic, is the treatment of choice. Surgery may 
also be appropriate for localised problematic areas in more exten- 
sive disease. The plethora of treatments anecdotally reported to 
be effective is an indication of the therapeutic difficulties that this 
condition presents [17]. Other treatments for localised disease 
include intralesional steroids [18], CO, laser [19], extracorpo- 
real shockwave lithotripsy [20] and topical and _ intralesional 
sodium thiosulphate [21,22]. Systemic agents for more extensive 
disease are of questionable efficacy and include calcium antag- 
onists [2], bisphosphonates [23], minocycline [24], ceftriaxone 
[25], aluminium hydroxide [26], probenicid [27], intravenous 
immunoglobulin [28] and autologous stem cell transplant [29]. 
Warfarin was reported to be effective in the past [30] but is no 
longer recommended [17]. 


Treatment ladder for dystrophic calcification 
secondary to inflammatory disease and 
infections 


First line 


¢ Treatment of underlying disorder (connective tissue disease, 
infection) including rituximab, tumour necrosis factor 
(TNF-a) blockers and intravenous immunoglobulin (IVIg) 

e Surgical excision/wound care/debridement 

¢ Topical sodium thiosulphate (10% solution twice weekly) 

e Intralesional sodium thiosulphate (0.1 mL of 25% solution) 


Second line 


e Diltiazem (up to 480 mg/day) 

¢ Bisphosphonates (oral: alendronate 10 mg/day, etidronate 
800 mg/day; IV: palmidronate 1 mg/kg/day for 3 days every 
3 months) 

e¢ Aluminium hydroxide (up to 2.4 g/day) 

e CO, laser 


Dystrophic calcification secondary to tumours and genetic disease 


e Extracorporeal shockwave lithotripsy 
¢ Intralesional steroid (20 mg/mL every 4-8 weeks) 


Third line 


¢ Minocycline (up to 200 mg/day) 
© Colchicine 

° Ceftriaxone 

e Probenicid 


Dystrophic calcification s¢ 
to trauma or injection/infu 
of calcium-containing mat 


Definition and nomenclature 


This is calcification in the skin and/or subcutaneous tissues 
resulting from trauma or injection/infusion of calcium-containing 
materials. 


Introduction and general description 

Calcinosis may develop at the site of trauma, probably as a con- 
sequence of cell death, with the release of alkaline phosphatase, 
intracellular calcium and an alteration of local pH resulting in 
the precipitation of calcium. Typical examples include heel cal- 
cinosis after heel prick testing in infants [1,2-5], calcification of 
burns [6,7] and keloids after abdominal surgery [8,9]. A leakage 
of infusions containing calcium salts causes inflammation and cell 
death, which may initiate calcification. Collagen appears to play 
an important part in the process, triggering mineralisation [10]. 
The cause of calcinosis in these cases is usually fairly obvious 
although clinicians may not have been aware of the presence of 
calcium in the infusion, such as in heparin or low-molecular-weight 
heparin. 


Epidemiology 

Calcinosis from calcium-containing heparin injections is more com- 
monly seen in renal patients with abnormal calcium homeostasis 
[11,12] but has been described in patients without underlying 
predisposition [13]. 


Pathophysiology 

Pathology 

Trauma-induced calcinosis is characterised by a dermal collection 
of calcium with variable inflammatory infiltrate and overlying 
acanthosis and hyperkeratosis of the epidermis. Evidence of 
transepidermal elimination may also be seen [1]. Extravasation 
of intravenous (IV) solutions containing calcium [13] results in 
calcium deposition around collagen bundles. Heparin solutions 
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deposit calcium in septae, lipocytes and fat lobules as well as the 
media of small dermal and subcutaneous vessels [11,14,15]. 


Clinical features 

History 

The history of trauma or recent infusion is usually evident, 
although calcinosis can occasionally take months or even several 
years to develop. Heel prick calcinosis was initially reported after 
multiple heel pricks carried out in the neonatal period, however it 
may develop after just one test [1]. 


Presentation 

Heel prick calcinosis presents as a firm papule on the heel, which 
becomes symptomatic if it persists until the infant starts to wear 
shoes [1]. Calcinosis postinfusion or injection of calcitum-containing 
materials presents with a warm, tender swelling at the site of 
injection, usually within days to weeks. Ulceration and necrosis 
may occur. Calcification at the sites of electroencephalogra- 
phy due to the use of calcium electrode paste has also been 
reported [16]. 


Disease course and prognosis 

Heel prick calcinosis may resolve without treatment [2,3,5], 
although persistent symptomatic lesions may require excision [1]. 
Infusion/injection calcinosis tends to resolve once the heparin is 
stopped, although surgical excision may be needed. 


Investigations 

It is probably sensible to exclude systemic causes of calcinosis 
by checking for serum calcium, phosphate, alkaline phosphatase, 
vitamin D and PTH. X-ray and/or skin biopsy may help to confirm 
the diagnosis if there is uncertainty. 


Management 
Conservative management with local wound care of any ulcerated 
areas is usually all that is needed. Persistent lesions may be excised. 


Dystrophic calcification se 
to tumours and genetic di 


Definition 
This is calcification in the skin and/or subcutaneous tissues result- 
ing from genetic and neoplastic changes in the skin. 


Introduction and general description 

Calcification and subsequent ossification of benign and malignant 
tumours are a relatively common occurrence although often only 
noted histologically. Hair follicle cysts and tumours are the most 
common lesions displaying this tendency, most notably piloma- 
tricomas in approximately 75% of cases. A wide variety of other 
lesions including basal cell carcinomas, epidermoid cysts and 
vascular and melanocytic lesions may also calcify. Calcification of 
the skin is seen in genetic disorders of collagen (Ehlers—Danlos 
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disease) and elastin (pseudoxanthoma elasticum (PXE)) as well as 
Werner syndrome and Rothmund-Thomson syndrome. 


Epidemiology 

Associated diseases 

There are several associated diseases, including benign and malig- 
nant tumours of the skin, PXE, Ehlers-Danlos disease, Werner 
syndrome and Rothmund-Thomson syndrome. 


Pathophysiology 

Pathology 

Pseudoxanthoma elasticum is characterised by fragmented calcified 
elastic fibres and the accumulation of proteoglycans in the extracel- 
lular matrix. 


Clinical features 

History and presentation 

Calcification and ossification of tumours are often asymptomatic 
and only noticed when removed for histopathological examina- 
tion. The best recognised tumour is the pilomatricoma which 
calcifies in 75% of cases and is readily identified as a mobile, 
hard, subcutaneous papule or nodule [1]. In many other lesions, 
calcification may go unnoticed. The patient may complain of a 
hard cutaneous/subcutaneous nodule. Occasionally these become 
inflamed and tender and may perforate, exuding chalky material. 
Other hair follicle tumours such as pilar cysts commonly contain 
foci of calcification, as do epidermoid cysts. Calcification has been 
reported in a wide variety of benign and malignant tumours [2]. 
Melanocytic naevi, particularly intradermal ones, occasionally cal- 
cify and ossify, as may basal cell carcinomas, pyogenic granulomas, 
neurilemmomas, seborrhoeic keratoses, atypical fibroxanthomas 
and melanomas [3,4]. 

Calcification of elastic fibres is a central feature of PXE. The first 
signs are usually evident in the skin as yellow papules on the neck, 
flexures and abdomen. In Ehlers—Danlos syndrome, calcification 
may develop at sites of scars or as calcified subcutaneous spheroids. 
Werner syndrome is characterised by progeria with scleroder- 
moid changes in the skin. Calcification of the skin, soft tissues, 
tendons and periarticular areas has been described [5-9]. 


Investigations 
A biopsy may be required to confirm the diagnosis. 


Management 
Excision of localised areas of calcification/calcified tumours is the 
only useful treatment. 


Idiopathic calcification of t 
and subcutaneous tissues 


Definition and nomenclature 
This is calcification in the skin and/or subcutaneous tissues with no 
identifiable cause. 
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Introduction and general description 

There are several clinical presentations of calcinosis cutis without 
a definite cause: idiopathic scrotal calcinosis [1], subepidermal 
calcified nodules [2] and tumoral [3] and miliary [4] calcinosis cutis 
are the most well recognised. Localised calcinosis of the vulva, 
penis, breast and other areas is also well described. It may be 
that many of these cases represent dystrophic calcinosis related to 
benign neoplasms or unrecognised disturbance of systemic calcium 
homeostasis. Possible causes for several of these entities have been 
proposed, for example calcification of pre-existing epidermoid or 
eccrine cysts in scrotal calcinosis [5-7], hyperphosphataemia in 
tumoral calcinosis [8], calcification of adnexal structures in subepi- 
dermal calcified nodules [9] and calcification of syringomas in 
miliary calcinosis [10]. 


Epidemiology 

Sex 

As is self-evident, scrotal calcinosis is exclusive to males. Tumoral 
calcinosis is twice as common in females [11]. 


Ethnicity 
Tumoral calcinosis [11,12,13] is more commonly seen in Africa 
(southern, central and eastern) and Papua New Guinea. 


Pathophysiology 

Calcium deposits will stain blue with H&E and black with von 
Kossa stain. Fine granules are seen in the dermis and large irregular 
masses occur when the disease involves the subcutis [11]. A vari- 
able, chronic lymphohistiocytic infiltrate may be seen at the edge of 
deposits. Scrotal calcinosis is characterised by epidermal inclusion 
cysts (which may rupture), calcified keratin and calcified dermal 
nodules with surrounding fibrous stroma. 


Clinical features [14] 

History and presentation 

Scrotal calcinosis presents as white, subcutaneous, firm nodules, 
which are usually multiple (Figure 59.1). Subepidermal calcified 
nodules present frequently in childhood on the head and extremi- 
ties with solitary, hard, yellow-white papules/nodules up to 1 cm 
in diameter (Figure 59.2). Tumoral calcinosis presents with large 
subcutaneous masses around the major joints and is most usually 
seen in adolescents. Miliary calcinosis cutis is a rare form of cal- 
cification seen most commonly in children with Down syndrome. 
Idiopathic calcinosis universalis has been described although some 
of the cases may represent early or amyopathic dermatomyositis. 


Investigations 

Biopsy and/or radiology can be used to confirm the diagnosis. In 
extensive disease, assessment of systemic calcium homeostasis may 
be indicated to exclude other causes. 


(b) 


Figure 59.1 (a) Calcinosis scrotalis. (b) Solitary nodules after removal. 


Management 
Excision where practical is the treatment of choice. Spontaneous res- 
olution may occur, particularly in miliary calcinosis. 


Metastatic calcification 


Definition and nomenclature 
Cutaneous metastatic calcification is the deposition of calcium salts 
resulting from abnormal systemic calcium homeostasis. 
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fietastatic calcification 


Figure 59.2 Idiopathic calcinosis cutis on the chin of a child. 


Synonyms and inclusions 

e Metastatic calcinosis cutis 

e Hypervitaminosis D 

¢ Milk alkali syndrome 

e Albright hereditary osteodystrophy 


Introduction and general description 

Metastatic calcification results from an underlying disorder of sys- 
temic calcium homeostasis. Cutaneous involvement results most 
commonly in nodular calcification in a periarticular distribution. 


Epidemiology 

Incidence and prevalence 

The incidence and prevalence of metastatic calcification are 
unknown. 


Age 
Metastatic calcification can present at any age. 


Associated diseases 

Metastatic calcification is seen in hyperparathyroidism, hypervita- 
minosis D, milk alkali syndrome, sarcoidosis and bone metastases. 
Hyperphosphataemia and vitamin D deficiency are rarer causes. 


Pathophysiology 
In metastatic calcification, the precipitation of calcium in tissues 
results from high circulating levels of calcium and/or phosphate [1]. 


Predisposing factors 
Abnormalities of systemic calcium homeostasis are responsible for 
metastatic calcification. 


Pathology 

In metastatic calcification, deposits of calcium which appear blue 
with H&E and black with von Kossa stains are seen in the dermis 
and subcutis with variable surrounding inflammatory infiltrate [2]. 
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Figure 59.3 Miliary calcinosis cutis. 


Clinical features 
History 
Lesions of metastatic calcification are often asymptomatic. 


Presentation 

Metastatic calcification presents with predominantly periarticular 
calcification in addition to signs and symptoms of hypercalcaemia 
(i.e. abdominal pain, renal failure, cardiac arrhythmias and depres- 
sion [3]). Extensive miliary calcification (Figure 59.3) has also been 
reported in hyperparathyroidism resulting from renal failure [4]. 


Differential diagnosis 
Other causes of cutaneous calcification should be considered. 


Complications and co-morbidities 
These include renal impairment and features of systemic metastatic 
calcification. 


Disease course and prognosis 
Metastatic calcification generally resolves once the underlying 
hypercalcaemia/hyperphosphataemia has been corrected. 


Investigations 

A full biochemical work-up is needed as well as a clinically directed 
search for malignancy. In metastatic calcification, radiology and/or 
biopsy will confirm the diagnosis. 


Management 

Correction of the underlying hypercalcaemia/phosphataemia is 
often all that is required in metastatic calcification. Surgical excision 
may occasionally be needed. 


Calciphylaxis — 


Definition and nomenclature 

Calciphylaxis is a life-threatening vasculopathy characterised by 
calcium deposition in the skin and subcutis both within vessels and 
in the surrounding tissues. 


Chapter 59: Calcification of the Skin and Subcutaneous Tissue 


Introduction and general description 

Calciphylaxis is a serious, life-threatening thrombo-occlusive disor- 
der most commonly seen in the setting of renal failure. The patho- 
physiology of this condition is poorly understood and there is no 
universally accepted treatment. Death usually results from either 
sepsis or systemic thrombosis. 


Epidemiology 

Incidence and prevalence 

Calciphylaxis is estimated to have an incidence of 4.5 per million 
of the population per year [1]. The prevalence in chronic renal 
failure is reported to be approximately 1% [2,3] although recent 
publications suggest that it may be less common, with an annual inci- 
dence of 0.04-0.35% [4], and that it occurs in up to 4% of haemodial- 
ysis patients [5]. 


Age 

The majority of patients with calciphylaxis are middle-aged or 
elderly, although it has been reported in infants as young as 
6 months [6]. 


Sex 

A female preponderance is generally reported in calciphylaxis 
(female : male >4 : 1) although Reed and Davis did not find this in 
their population-based study [1]. 


Associated diseases 

Calciphylaxis is associated with renal failure. It has also been 
reported in association with hyperparathyroidism, hepatic failure 
and malignancy [7]. Other reported risk factors include obesity, 
warfarin and corticosteroid use, diabetes, connective tissue disease 
and protein S and protein C deficiency [8-10]. McCarthy e¢ al. [11], 
in a case-control retrospective series of 101 patients, confirmed 
an association with obesity, age, female sex, thrombophilia and 
warfarin use. 


Pathophysiology 

The aetiology of calciphylaxis is uncertain. Abnormalities of 
systemic calcium homeostasis are common but not invariable. 
Coagulation abnormalities have been recorded but not consis- 
tently. It is likely that the pathophysiology is multifactorial. It 
has been proposed that a final common pathway might be via 
receptor activator of nuclear factor kB (RANK), RANK ligand and 
osteoprotogenerin, which appear to regulate extraskeletal miner- 
alisation [12]. Parathyroid hormone, corticosteroids, aluminium 
(used in dialysis solutions), liver disease and various forms of 
inflammation can activate this system, which may have a role 
in calciphylaxis. Matrix Gla protein and fetuin A, which inhibit 
extraosseous calcification, may also be important [13,14]. A poten- 
tial role for warfarin could be explained by the inhibition of vitamin 
K-dependent y-carboxylation of matrix Gla protein. 


Predisposing factors 

Renal failure, obesity, abnormalities of systemic calcium homeosta- 
sis, hepatobiliary disease and malignancy are recognised predispos- 
ing factors for calciphylaxis. Other possible factors include diabetes, 
warfarin and steroid use and coagulation abnormalities. 


Pathology 

Medial calcification, intimal fibroplasia and thrombosis of pannic- 
ular arterioles with cutaneous necrosis are seen [12]. Extravascular 
calcium deposition is variable. 


Clinical features 

History 

Painful, often purpuric, areas on the lower abdomen, thighs or lower 
legs are the hallmarks of calciphylaxis. The severity of pain is often 
disproportionate to the clinical appearance and may be the first sign 
of disease progression. 
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Calciphylaxis 


Presentation 

The presentation of calciphylaxis is quite variable. The original 
description by Selye et al. in 1961 in rats [15] was followed in 1968 
by a case report typical of calciphylaxis in end-stage renal failure 
[16]. The patient, an obese woman with acute renal failure, pre- 
sented with extensive purpuric calcified plaques on the thighs and 
feet, which subsequently ulcerated. She died 6 months later. 

The typical presentation is with purpuric, ulcerating, necrotic, 
calcified plaques on the lower abdomen or thighs (Figure 59.4). On 
the lower legs calcification may be less obvious clinically but livedo 
is characteristic (Figure 59.5). In some cases there is little cuta- 
neous involvement, with more diffuse subcutaneous calcification, 
which may have a better prognosis. Calciphylaxis has also been 
reported on the penis [17], breasts [18], tongue [19] and occasion- 
ally internal organs [20]. The ulcers are usually irregular, stellate 
and deep. Surrounding livedo is evidence of the local vascular 
thrombosis. 


(b) 


Figure 59.4 Calciphylaxis with painful purpuric lesions on the thigh in a 53-year-old diabetic patient with renal failure. (a) At presentation. (b) Progressing to gangrenous plaques 3 


weeks later. 


(a) 


Figure 59.5 (a) Typical livedo in early calciphylaxis on the lower leg. (b) Progression to ulceration with surrounding livedo. 


(b) 
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Table 59.1 Distinguishing features of calciphylaxis and its differential diagnoses. 


Chapter 59: Calcification of the Skin and Subcutaneous Tissue 


Calciphylaxis Pyoderma gangrenosum Warfarin necrosis Hypertensive ulcer (Martorell) 
Male : female 1:4 4:6 1:4 1:4 
Age >40 years Any age >50 years >55 years 
Site Abdomen, thighs, lower leg Legs most common Breast, hip, buttocks, thighs Lower leg 
Pain Severe Severe Moderate Severe 
Edge Purpuric, livedoid Purpuric, raised, inflamed Redness Purpuric, livedoid 
Surrounding tissues Livedo and firm, subcutaneous, nflamed - Livedo 


calcified nodules/plaques 
Often abnormal - 
Chronic renal failure, dialysis, hepatic 
failure, diabetes 


Calcium homeostasis 
Associated diseases 


Medial calcification, extravascular 
calcium deposition 


Histology 


Differential diagnosis 

Other causes of cutaneous calcification should be considered. 
Calciphylaxis may be mistaken for vasculitis or pyoderma gan- 
grenosum. Warfarin and heparin necrosis may also look similar 
(Table 59.1). 

Some overlap exists between distal calciphylaxis and the rarer 
hypertensive ulcer of Martorell and treatment of these cases is 
similar. In its more severe form, necrotising fasciitis may be a con- 
sideration although calciphylaxis is rarely as rapidly progressive. 


Classification of severity 

It is difficult to predict which cases of calciphylaxis will have bet- 
ter outcomes. It has been suggested that those patients with more 
obvious subcutaneous calcification without livedo or necrosis may 
have a benign course. 


Complications and co-morbidities 
The principal complication is septicaemia. Internal organ involve- 
ment is rare. 


Disease course and prognosis 

The rate of progression of calciphylaxis is variable but secondary 
sepsis is common. Although calcification of cardiac, gastrointesti- 
nal and other systemic arteries may be demonstrated, an ischaemic 
process similar to that found in the skin is not usually seen inter- 
nally [21]. The mortality is very high (up to 80%) and the median 
survival is <3 months. Even in those cases where treatment seems 
to improve the cutaneous features, the mortality is still >60% [22]. 


Investigations 
A full biochemical work-up is needed and a clinically directed 
search for malignancy. As trauma may aggravate calciphylaxis, 
several authors suggest that a clinical diagnosis should be made 
without a biopsy. However, in clinical practice, the need for defini- 
tive histology in such a serious condition often outweighs the 
risk. A single deep biopsy of an indurated plaque is needed to 
demonstrate calcification of subcutaneous fat and the involvement 
of vessels (Figure 59.6). 

In addition to the assessment of systemic calcium homeostasis, 
levels of glucose and HbA\1c, liver function tests and coagulation 


nflammatory bowel disease, 
rheumatoid arthritis, 
haematological malignancy 

on-specific acute inflammation, 
necrosis and ulceration 


Protein C deficiency Hypertension 


Fibrin, thrombi, small veins 
and venules 


Hyaline arteriosclerosis, intimal 
thickening, luminal narrowing 


screen should also be checked. As secondary septicaemia is com- 
mon, samples of tissue, swabs and blood should be sent for culture. 
X-rays of soft tissues may reveal ‘net-like’ patterns of calcification 
(Figure 59.7) [23] or diffuse calcification of small to medium-sized 
arterioles out into the dermis [24]. Bone scintigraphy has been 
reported to be both sensitive and specific in the diagnosis of calci- 
phylaxis [25]. Computed tomographic radiography, ultrasound and 
mammography may also be useful. 


Management 

There is no universally accepted treatment regimen for calciphy- 
laxis [26]. The most promising treatment reported to date is IV 
sodium thiosulphate. This certainly does seem to improve symp- 
toms quickly (generally within a week) and the short-term outcome 
appears to be better although the long-term impact is uncertain. 
Noureddine et al. [27] reported 71% mortality in a cohort of 14 
patients treated with IV sodium thiosulphate over a 5-year period. 
A recent review of the literature is also supportive [28] although 
controlled studies are lacking. Long-term oral sodium thiosulphate 
has been reported to be effective at maintaining remission [29]. 
The correction of abnormal calcium homeostasis is sensible but 
may not affect outcome. There are several case reports in the litera- 
ture of successful treatment with cinacalcet [30-33], a calcimimetic 
agent that reduces PTH levels. It is often used in combination with 
other agents targeting calcium homeostasis. One paper reported 
successful treatment of five patients with a combination of sodium 
thiosulphate, cinacalcet and the phosphate binder sevelamer [34], 
although other groups report high mortality despite all treat- 
ments [35,36]. Parathyroidectomy is of questionable benefit in most 
cases [11,37] and should be reserved for refractory hyperparathy- 
roidism. Local debridement has been shown to improve survival in 
one series [11]. General supportive measures including compression 
if the peripheral circulation is not compromised, treatment of sec- 
ondary infection and adequate pain control are important as with 
most atypical ulcers [38]. Anticoagulation is logical but controversial 
and it is important to exclude warfarin or heparin necrosis before 
recommending this. Thrombolysis has been proposed as a useful 
treatment, but a recent retrospective review showed modest benefit, 
significant morbidity and no significant survival advantage [21]. 
Hyperbaric oxygen has been reported to be helpful [39]. 


Key references 59.9 


Figure 59.6 (a) Calcification of two arterioles. (b) Calcification of small vessels in a background of fat necrosis. (a) Courtesy of Eduardo Calonje. (b) Courtesy of Dr J. Fitzgibbon, Cork 


University Hospital, Cork, Ireland. 


Figure 59.7 Soft tissue radiography showing calcification of vessels of the abdominal 


wall. Reproduced from Hackett et a/. 2009 [40] with permission of John Wiley & Sons. 


Treatment ladder for calciphylaxis 


First line 


¢ Correct abnormalities of systemic calcium homeostasis 

e Debride necrotic tissue 

¢ Optimise treatment of underlying renal/hepatic failure or 
malignancy 

¢ General wound care including treatment of secondary 
infection, compression if appropriate and adequate pain 
control 

e Intravenous sodium thiosulphate (25 g three times per week) 


Second line 


e Thrombolysis and anticoagulation 
e Parathyroidectomy 


Third line 
e Hyperbaric oxygen 


Key references 


The full list of references can be found in the online version at 
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Introduction 


Disorders of lipid metabolism are heterogeneous. They range from 
the very rare to the very common including monogenic diseases 
with high penetrance through to polygenic disorders and those 
that are paradigms of gene-environment interactions. Some are 
entirely or partially secondary to diabetes, hypothyroidism, renal 
failure or liver disease. Dyslipidaemias are associated with an 
increased risk of atherosclerosis and its complications. They are of 
particular relevance to dermatologists because they may present 
with subcutaneous lipid deposits (xanthomas). These may require 
treatment for the relief of the symptoms they cause, as well as 
enabling the identification and treatment of a dyslipidaemia before 
the premature onset of clinical cardiovascular disease. 

This chapter includes an overview of the classification of the 
xanthomas and primary and secondary dyslipidaemias relevant 
to dermatologists and the overall management of dyslipidaemia. 
More detailed information on the metabolic non-dermatological 
issues is available in the third edition of Hyperlipidaemia: Diagnosis 
and Management by P. N. Durrington [1] and the eighth edition of 
The Metabolic and Molecular Bases of Inherited Disease [2]. 


Classification of dyslipidaemias 


There are a number of classifications of disordered lipid and 
lipoprotein metabolism, none of which is entirely satisfactory. 


Table 60.1 World Health Organization classification of hyperlipoproteinaemias. 


Type Lipoprotein abnormality 

| Hyperchylomicronaemia 

lla Elevated LDL 

IIb Elevated LDL and VLDL 

Ill Broad B-VLDL 

IV Elevated VLDL 

Vv Elevated chylomicrons and VLDL 


Adapted from Fredrickson et a/. 1967 [1]. 
LDL, low-density lipoprotein; VLDL, very low-density lipoprotein. 


The most straightforward is the World Health Organization (WHO) 
classification, usually referred to as the Fredrickson classification 
[1], based on the class of excess lipoprotein present (Table 60.1). 
However, this requires plasma ultracentrifugation or lipoprotein 
electrophoresis, does not include disorders characterised by low 
levels of high-density lipoprotein (HDL) cholesterol or secondary 
dyslipidaemias, and is not a diagnostic classification. 

For most patients, all that is available is a blood lipid profile 
comprising total cholesterol, triglycerides and HDL cholesterol 
measurements with a calculated low-density lipoprotein (LDL) 
cholesterol. Thus, in practice, patients are classified more broadly 
as having hypercholesterolaemia, hypertriglyceridaemia, combined 
(or mixed) dyslipidaemia or other dyslipidaemia, with further 
characterisation and diagnosis wherever possible based on further 
tests (Table 60.2). 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Table 60.2 Working classification of dyslipidaemias. 


Chapter 60: Xanthomas and Abnormalities of Lipid Metabolism and Storage 


Lipid abnormalities _WHOtype Primary dyslipidaemias Secondary causes Cutaneous features 
Hypercholesterolaemia TTC lla Familial hypercholesterolaemia Hypothyroidism Tendon xanthomas (FH) 
t LDL-C Polygenic hypercholesterolaemia Anorexia Xanthelasmas 
Normal Tgs Cholestatic liver disease Interdigital plane xanthomas 
Nephrotic syndrome (homozygous FH) 
Acute intermittent porphyria 
Drugs: thiazide diuretics, corticosteroids 
Combined dyslipidaemia TTC Ill Familial dysbetalipoproteinaemia Diabetes Tuberous xanthomas 
¢ LDL-C Ilb Familial combined hyperlipidaemia etabolic syndrome (in WHO type Ill) 
t Tgs IV Lipodystrophies Palmar xanthomas 
+ | HDL-C Hypothyroidism (in WHO type Ill) 
Hepatocellular liver disease 
Nephrotic syndrome 
Chronic renal failure 
Paraproteinaemias 
Pregnancy 
Drugs: B-blockers, antiretrovirals, 
retinoic acid derivatives 
Hypertriglyceridaemia tt Tgs | Lipoprotein lipase deficiency Diabetes Eruptive xanthomas 
Tic IV, V ApoCll deficiency Alcohol excess 
| HDL-C Chronic renal failure 
Paraproteinaemias 
Pregnancy (especially 3rd trimester) 
Drugs: retinoic acid derivatives, oral 
contraceptives 
Other dyslipidaemias J HDL-C only Tangier disease Alcohol 
ApoAl Milano Anabolic steroids 
t HDL-C Hyperalphalipoproteinaemia 
44 LDL-C Abetalipoproteinaemia 
{ LDL-C Hypobetalipoproteinaemia 


FH, familial hypercholesterolaemia; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; Tgs, triglycerides; WHO, World Health 


Organization. 


XANTHOMAS 


Introduction 


The term xanthoma (Greek ‘xanthos’ meaning yellow) describes 
a variety of subcutaneous lipid deposits. All xanthomas contain 
macrophages loaded with cholesterol and cholesterol esters (‘foam 
cells’). There are a number of clinical types, most of which are 
associated with hyperlipidaemia. 


Classification 


Xanthomas are divided into those that are secondary to disor- 
ders of lipid metabolism (Box 60.1) and those that are classed 


Box 60.1 Xanthomas 


¢ Tendon xanthoma 
¢ Tuberous xanthoma: 
¢ Tuberoeruptive xanthoma 
e Eruptive xanthoma 
¢ Dyslipidaemic plane xanthoma: 
e Xanthelasma 
e Plane xanthoma 
e Palmar xanthoma 


under histiocytic disorders. Those due to histiocytic disorders are 
discussed elsewhere (Chapter 135). 


Tendon xanthoma — FZ 


Definition and nomenclature 
Tendon xanthomas occur as subcutaneous nodules or papules in 
relation to tendons. 


Epidemiology 

Associated diseases 

Tendon xanthomas are most frequently seen in familial hyper- 
cholesterolaemia (FH) (see later in this chapter) but are also 
a feature of the secondary hypercholesterolaemia seen in pro- 
longed cholestasis. They occur in rare lipid disorders such as 
cerebrotendinous xanthomatosis and sitosterolaemia in which the 
tendon xanthomas are not associated with raised serum cholesterol 
levels. 


Clinical features 

Tendon xanthomas occur most commonly attached to the extensor 
tendons over the knuckles and in the Achilles tendon, although 
other tendons can sometimes be affected. In these sites they can 
usually be moved from side to side. Occasionally they can involve 
the periosteum at the site of insertion of the patellar tendon 
where they cannot be moved. As the accumulation of cholesterol is 
deep within the tendons, the overlying skin does not appear yellow. 
The xanthomas contain collagen in addition to foamy macrophages 
and so feel quite hard. 


Investigations 

Investigations should include a full lipid profile (where an LDL 
cholesterol level of >4.9 mmol/L may indicate FH) and liver 
function tests. 


Management 

Tendon xanthomas sometimes improve with cholesterol reduction 
but do not tend to resolve completely. Where the tendon xanthomas 
are painful, this symptom usually responds to LDL cholesterol 
reduction. 


Tuberous xanthoma 7 — 


Definition 

Tuberous xanthomas are firm, yellow-red nodules that occur over 
sites of pressure, commonly the elbows and knees. Where a central 
tuberous xanthoma is surrounded by several smaller lesions it may 
be termed a ‘tuberoeruptive xanthoma’. 


Epidemiology 

Associated diseases 

Tuberous xanthomas usually indicate the presence of type III hyper- 
lipoproteinaemia (see later in this chapter). 


Clinical features 

They start as small xanthomas, usually over the extensor aspects 
of the elbows and knees (Figure 60.1), but can develop into quite 
exuberant exophytic lesions several centimetres in diameter and 
height. They can develop over other pressure sites, particularly 
the heels and plantar surfaces of the feet. They can occasionally 
occur in the bone marrow. They tend to be painless although they 
can be itchy and are susceptible to traumatic damage given their 
position. 


Investigations 

Initial investigations should include a lipid profile and further 
investigations could include apolipoprotein E (apoE) genotyping, 
and lipid electrophoresis or ultracentrifugation. 


Management 
They respond well to effective treatment of the combined dyslipi- 
daemia with which they are associated. 


60.3 


Xanthomas 


(c) 


Figure 60.1 (a) Tuberous xanthomas. (b) Lipid-laden lobules within a tuberoeruptive 
xanthoma excised from the elbow of a 40-year-old man with familial type III 
hyperlipidaemia (triglycerides up to 73 mmol/L; cholesterol >24 mmol/L). 

(c) Tuberoeruptive xanthomas with numerous yellow-red papules and nodules over 

the knees. (a) Courtesy of Addenbrooke's Hospital. (b, c) Reproduced from Pearson et al. 
2017 [1] with permission of John Wiley & Sons. 
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Figure 60.2 Eruptive xanthomas. Courtesy of Addenbrooke's Hospital. 


Eruptive xanthoma 


Definition 
Eruptive xanthomas appear as multiple small papules over extensor 
surfaces (Figure 60.2). 


Epidemiology 

Associated diseases 

Eruptive xanthomas can be associated with any cause of severe 
hypertriglyceridaemia. 


Clinical features 

These small xanthomas consist of yellow papules 2-5 mm in diam- 
eter arising on a red base. They usually appear in large numbers 
over extensor surfaces, particularly the buttocks, back, legs and 
arms. In extreme cases they are pruritic and are more widely 
distributed. Their foamy macrophages contain triglycerides as 
well as cholesterol. Resulting from hypertriglyceridaemia, they are 
almost always accompanied by lipaemia retinalis, a creamy yellow 
discoloration of the retinal blood vessels, and a lipaemic appearance 
of blood or serum samples. 


Investigations 
Investigations should include fasting lipids (especially triglycerides) 
and glucose. 


Management 
Eruptive xanthomas resolve within 2 weeks or so of the normalisa- 
tion of triglyceride levels. 


Dyslipidaemic plane (planar) 
xanthoma 


This group consists of xanthelasmas, plane xanthomas and palmar 
xanthomas. 


(b) 


Figure 60.3 Xanthelasma palpebrarum over bilateral eyelids: (a) extensive and 
(b) discrete and coalescing lesions. (a) Courtesy of Addenbrooke's Hospital. 
(b) Reproduced from Pandhi et a/. 2012 [1] with permission of BMJ Publishing. 


Xanthelasma 


Definition and nomenclature 
Xanthelasmas are plane xanthomas that develop around the eyes 
(Figure 60.3). 


Synonyms and inclusions 
e Xanthelasma palpebrarum 


Epidemiology 

Associated diseases 

Xanthelasmas are seen in FH, type II hyperlipoproteinaemia and 
chronic cholestasis (especially primary biliary cirrhosis), but are 
also often seen in people with circulating lipid levels considered 
normal in the western population. 


Clinical features 

They most commonly affect the upper eyelids and the area around 
the medial canthus. They are relatively soft on palpation and range 
from pale yellow to yellow-orange in colour. In skin of colour, 
variations of skin pigmentation may be seen. 


Complications and co-morbidities 

Although previous small studies failed to identify xanthelasma 
as a risk factor for cardiovascular disease, recent analysis of 
12745 participants in the Copenhagen City Heart Study who were 
followed up for 33 years found xanthelasma to be an independent 
predictor of coronary heart disease, although not of ischaemic 
stroke [2]. 


Investigations 
Investigations should include a full lipid profile and liver function 
tests. 


Management 
Given their prominent site, xanthelasmas are often a cosmetic prob- 
lem. Treatments include surgical excision, electrocautery, topical 
trichloracetic acid, silver nitrate or lasers. However, they often recur 
after treatment. 

If LDL cholesterol levels are high, then treatment to lower the LDL 
cholesterol (e.g. statins) seems sensible, and anecdotally reduces 
the risk of recurrence of the xanthelasmas after excision, even if 
this is not yet confirmed by clinical trial. The statin treatment is 
often associated with regression of xanthelasmas in hypercholes- 
terolaemic patients without the need for other intervention. 


Plane xanthoma 


Definition and nomenclature 
Plane xanthomas are flat, smear-like lesions that can occur anywhere 
on the body (Figure 60.4). 


Epidemiology 
Associated diseases 
Plane xanthomas can be a feature of homozygous FH. 


Clinical features 

These xanthomas are wide-based, flat and macular, although they 
may develop into raised plaques. They can occur anywhere on the 
body. Plane xanthomas affecting the interdigital webspace between 
the first and second fingers are only seen in homozygous FH. 
Diffuse dyslipidaemic plane xanthoma is less common and more 
widespread. 


Differential diagnosis 
Diffuse plane normolipidaemic xanthomatosis (Chapter 135) is a 
rare form of histiocytosis, often associated with paraproteinaemia 


60.5 


Xanthomas 


Figure 60.4 Plane xanthomatosis. Courtesy of Addenbrooke's Hospital. 


or an underlying systemic disorder, usually of the haematological 
or lymphoproliferative type. Lipid levels are normal. 

Necrobiotic xanthogranuloma (Chapter 135) is a rare, chronic, 
progressive histiocytosis that is strongly associated with haemato- 
logical malignant conditions. 


Investigations 

Familial hypercholesterolaemia and type II hyperlipoproteinaemia 
may be associated. Initial investigations should include a full 
lipid profile, serum electrophoresis and autoimmune screen. Further 
tests could include a skeletal survey and bone marrow examination 
if necessary. 


Management 


Like tuberous xanthomas, plane xanthomas respond well to treat- 
ment of the dyslipidaemia. 


Palmar xanthoma 


Definition and nomenclature 
Palmar xanthomas run in the palmar creases (Figure 60.5). 


Epidemiology 
Associated diseases 
They are pathognomonic of type III hyperlipoproteinaemia. 
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Figure 60.5 Xanthomatosis and yellow palmar creases. Courtesy of Addenbrooke's 
Hospital. 


Clinical features 

Linear palmar xanthomas consist of an orange-yellow lipid deposi- 
tion running along the palmar creases, and occasionally the flexor 
creases of the wrists. 


Investigations 

Initial investigations should include a full lipid profile, fasting 
glucose, urea and electrolytes, liver function tests and thyroid- 
stimulating hormone levels. Further specialist tests include apoE 
genotyping, and lipid electrophoresis or ultracentrifugation. 


Management 
They usually respond well to treatment of the causes of the type LII 
hyperlipoproteinaemia. 


PRIMARY DYSLIPIDAEMIAS: 
HYPERCHOLESTEROLAEMIA 


Familial hypercholesterolae 


Definition 

Familial hypercholesterolaemia is an autosomal co-dominant condi- 

tion characterised by the following: 

¢ High total and LDL cholesterol, slightly low HDL cholesterol and 
normal triglyceride concentrations. 

e Frequent tendon xanthomas (especially of the Achilles tendons). 

e Premature onset of cardiovascular disease (CVD). 


Epidemiology 
Homozygotes number about one in 1 x 10° in white populations. 
Heterozygotes occur at a frequency of about one in 250-500 in most 
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white populations. However, there is notably higher frequency in 
certain groups such as Afrikaners and the Lebanese, where there are 
marked founder gene effects. 


Pathophysiology 

Genetics 

The familial clustering of the three features listed (high total and 
LDL cholesterol, tendon xanthomas and premature CVD) has been 
recognised since at least the late 19th century and was the subject 
of detailed studies in the 1930s [1,2]. In the 1950s, the development 
of ultracentrifugation for quantifying lipoproteins revealed that the 
biochemical hallmark of FH is an accumulation of LDL [3], and 
in 1973 Goldstein and Brown discovered the LDL receptor and 
showed that its defective functioning was the underlying cause of 
the condition [4]. 

The majority of patients with FH have mutations in their LDL 
receptor associated with a variable degree of loss of function. 
As a result, there is both defective clearance of very low-density 
lipoprotein (VLDL) from the circulation with consequent increased 
conversion to LDL, and impaired clearance of LDL resulting in the 
significant elevation of LDL cholesterol concentration that accounts 
for the raised plasma total cholesterol. 

Over 1000 disease-associated mutations have so far been described 
in the LDL receptor gene, which is one of the largest human genes. 
They have been classified on the basis of the effect they have on the 
synthesis, expression and processing of the LDL receptor: 
¢ Type 1 mutations prevent receptor synthesis. 

e Type 2 mutations impair transport of the receptor from the 
endoplasmic reticulum to the Golgi apparatus. 

¢ Type 3 mutations affect receptor binding of circulating LDLs. 

e Type 4 mutations prevent clathrin-mediated receptor clustering 
and internalisation. 

¢ Type 5 mutations interfere with receptor recycling from the 
endosome. 

Type 1 mutations tend to result in a complete absence of LDL 
receptor activity (‘receptor negative’), while the other classes of 
mutations usually cause markedly reduced but not completely 
absent activity (‘receptor defective’). 

Ina small proportion of patients with FH (around 2%), the muta- 
tion affects not the LDL receptor but the receptor-binding domain 
in the LDL apoB100 (familial defective apoB100). This is almost 
always due to a mutation in codon 3500 (R3500Q) resulting in a 
substitution of arginine for glutamine. Rarely it is due to a different 
mutation in codon 3500 (R3500W — in which tryptophan replaces 
arginine) or in codon 3531. Such patients are phenotypically indis- 
tinguishable from those with LDL receptor mutations. A new 
genetic locus has been found to account for some of the previously 
mutation negative cases of FH. The gene codes for proprotein con- 
vertase subtilisin kexin 9 (PCSK9), a serine protease whose activity 
appears to decrease LDL receptor expression and LDL clearance 
and hence increase LDL cholesterol concentrations [5,6]. It has 
emerged that loss-of-function polymorphisms in the PCSK9 gene 
are associated with lower levels of LDL cholesterol and much lower 
levels of CVD in a wide range of populations. Consequently, meth- 
ods of inhibiting PCSK9 are now being developed and deployed 
to reduce cardiovascular risk. Finally, a small group of patients, 
initially all from Sardinia, have a phenotype similar to homozygous 


FH but inherited in a recessive pattern called autosomal recessive 
hypercholesterolaemia (ARH) [7,8]. 


Clinical features 

The presence of tendon xanthomas (see earlier in this chapter) is the 
principal cutaneous manifestation of FH and may often be helpful 
in establishing the diagnosis. They are usually present in childhood 
in homozygotes and become more common with age in untreated 
heterozygotes. The prevalence rises from 12.5% in those aged 10-19 
years, to 69.2% in those between 20 and 29, and up to 90% by the 
age of 40 years. This frequency has been reduced significantly by 
the earlier introduction of effective cholesterol-lowering medica- 
tion. Plane and tuberous xanthomas may occasionally be seen in 
FH homozygotes, but not in heterozygotes. Xanthelasmas are not 
commonly seen in FH. 


Differential diagnosis 
Very rarely, immunoglobulins directed against the LDL receptor can 
produce a hypercholesterolaemia with total and LDL cholesterol 
levels similar to those seen in FH homozygotes but without any 
tendon xanthomas. This has been referred to as ‘pseudo-familial 
hypercholesterolaemia’. 


Complications and co-morbidities 

Homozygotes can have total cholesterol levels of 15 mmol/L or 
higher, be born with tendon xanthomas and suffer from the clinical 
effects of coronary heart disease as early as their teens. They can 
also develop a supravalvular aortic stenosis. 

Heterozygotes have less marked elevations in their cholesterol 
than homozygotes (Table 60.3), but 50% of untreated males will 
have suffered a myocardial infarction and 24% will have died by 
the age of 50. Heterozygous females have a slightly delayed onset 
of CVD compared with males but 58% will have had a myocardial 
infarction and 15% will have died by the age of 60 if not treated 
[9]. FH thus accounts for a significant proportion of premature 
CVD and of premature sudden cardiac death. There is a striking 
preponderance in FH of coronary arterial disease, as opposed to 
cerebrovascular or peripheral vascular disease. 


Investigations 
Lipid concentrations in FH are listed in Table 60.3. 

Given the genetic heterogeneity underlying FH, diagnosis has 
largely rested on clinical and biochemical criteria. In the UK, the 
criteria used by the Simon Broome Register of patients with FH 
have been widely adopted (Box 60.2) [10]. Other sets of diagnostic 
criteria have also been developed, such as the Dutch Lipid Clinic 


Table 60.3 Lipid concentrations in familial hypercholesterolaemia. 


Total LDL HDL 

cholesterol cholesterol cholesterol Triglycerides 

(mmol/L) (mmol/L) (mmol/L) (mmol/L) 
Normal 4.52 + 0.72 2.84 + 0.64 1.37 + 0.33 0.68 + 0.28 
Heterozygotes 7.73 + 1.63 6.23 41.55 1.11+0.31 0.93 + 0.58 
Homozygotes 17.5+4.39 16.144.13 0.88 + 0.26 1.144 0.58 


Data taken from Goldstein and Brown 1973 [4]. 
HDL, high-density lipoprotein; LDL, low-density lipoprotein. 
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Network Criteria and its UK derivative the FH Wales criteria (www 
.fhwalescriteria.co.uk; last accessed February 2023), and the Make 
Early Diagnosis to Prevent Early Disease on Medical Pedigree 
(MEDPED) system [11,12]. Increasingly, advances in molecular 
biological techniques are proving helpful in diagnosing FH. This 
is particularly true where a disease-causing mutation has been 
identified in one family member. Genetic cascade screening for FH 
has been adopted in a number of countries and work is underway 
to develop a systematic approach to this in the UK. 


Box 60.2 Simon Broome Register criteria for 
diagnosing familial hypercholesterolaemia (FH) 


Definite FH 

e Total cholesterol >6.7 mmol/L or LDL cholesterol >4.0 mmol/L in 
children under 16 years, or total cholesterol >7.5 mmol/L or LDL 
cholesterol >4.9 mmol/L in adults 


Plus 

e Tendon xanthomas in patient or first- or second-degree relative 
or 

e FH mutation detected 


Possible FH 

e Total cholesterol >6.7 mmol/L or LDL cholesterol >4.0 mmol/L in 
children under 16 years, or total cholesterol >7.5 mmol/L or LDL 
cholesterol >4.9 mmol/L in adults 


Plus 

e Family history of myocardial infarction <50 years in second-degree 
relative or <60 years in first-degree relative 
or 

e Family history of total cholesterol >7.5 mmol/L in first- or 
second-degree relative 


Adapted from Scientific Steering Committee of the Simon Broome 
Register Group 1991 [10]. 


Management 

Statins have now become the mainstay of treatment and have 
played a large part in the reduction of cardiovascular mortality 
seen in recent years in FH. For each 1 mmol/L reduction in LDL 
cholesterol, there is a 22% reduction in cardiovascular risk, at least 
up to 3 mmol/L. In comparison with the general population, statins 
usually have to be started at a much earlier age in patients with FH. 
To achieve the desired reduction in LDL cholesterol, the National 
Institute for Health and Care Excellence (NICE) in the UK has 
advised reducing LDL cholesterol by at least 50%, so higher doses 
of the more potent statins may have to be used. The same guidance 
recommends offering statins to those identified as having FH by 
the age of 10 years. Referral to a specialist lipid clinic is advised 
to allow counselling of young patients starting life long therapy, 
especially young women where the specific issue of the potential 
teratogenicity of the statins and family planning needs to be fully 
explored. These clinics will have experience of other therapies 
that can prove helpful including bile acid sequestrants and LDL 
apheresis. 
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Ezetimibe reduces intestinal cholesterol absorption mediated by 
the intestinal sterol transporter NPC1L1 (Niemann-Pick C-1-like 
protein 1). It is well tolerated and can augment the LDL reduction 
achieved by statins by a further 20%. Ezetimibe reduces cardiovas- 
cular risk in line with the LDL cholesterol reduction achieved [13]. 
Recently, two monoclonal antibodies directed against PCSK9 
(alirocumab and evolocumab) have been licensed for use in treating 
patients at high cardiovascular risk whose LDL cholesterol remains 
inadequately controlled despite maximally tolerated statin and 
ezetimibe [14,15]. In the UK, patients with FH are eligible for this 
treatment if their LDL cholesterol is greater than 3.5 mmol/L if they 
have CVD, or if it is greater than 5.0 mmol/L if they do not. Tendon 
xanthomas and xanthelasmas may respond to the reduction in 
LDL cholesterol; corneal arcus does not. FH homozygotes must be 
referred for specialist assessment and treatment. Their cholesterol 
does not respond well to statins or other drug therapies that work 
by upregulating LDL receptor expression. Treatments available 
for these patients include high-dose evolocumab, mipomersen 
(an antisense oligonucleotide directed against apoB100 mRNA) 
and lopitamide (an inhibitor of microsomal triacylglycerol trans- 
fer protein). The latter two treatments suppress the production 
of VLDL [16]. FH homozygotes can also require LDL aphere- 
sis and occasionally liver transplantation as well as coronary 
revascularisation and aortic valve surgery. 


Al, 
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Type Ill hyperlipoproteinaen 


Definition and nomenclature 

Type III hyperlipoproteinaemia is associated with combined dyslip- 
idaemia, palmar and tuberous xanthomas and early-onset CVD and 
peripheral vascular disease. 


Epidemiology 

Incidence and prevalence 

Estimates of the frequency of type III hyperlipoproteinaemia vary 
between about 1 and 10 in 10 000. 


Pathophysiology 

Patients with type III hyperlipoproteinaemia have a characteristic 
lipoprotein electrophoretic pattern that is the gold standard diagnos- 
tic test. There is an increase in small VLDL and intermediate-density 
lipoprotein and a decrease in LDL. VLDL isolated from type III 
patients is uncharacteristically enriched with cholesterol esters 
and gives rise to a broad-f migrating band, rather than the usual 
pre-B band [1,2]. This results from an accumulation of VLDL 
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remnants and chylomicron remnants and produces a marked 
increase in plasma total cholesterol and triglycerides. 


Genetics 

The underlying defect is an abnormal apoE [3], the apolipoprotein 
in remnant lipoproteins that mediates their binding to the LDL 
receptor and the LDL receptor-related protein. There are three 
common isoforms of apoE: apoE2, -E3 and -E4, each differing by 
one amino acid: 


E2 E3 E4 
Residue 112 Cysteine Cysteine Arginine 
Residue 158 Cysteine Arginine Arginine 


ApoE2 homozygosity represents the commonest abnormality 
associated with type III hyperlipoproteinaemia; its cysteine at 
residue 112 is within the receptor-binding domain of the protein 
and its cysteine at residue 158 affects salt bridges within the 
protein and thereby the conformation of the receptor-binding 
domain. Very occasionally other apoE mutations are associated 
with type III hyperlipoproteinaemia, many of which severely 
reduce apoE-mediated receptor binding and can cause the disorder 
in heterozygotes [4]. 


Environmental factors 

Less than 10% of subjects homozygous for apoE2 develop type 
III hyperlipoproteinaemia, and most of the rest have lower than 
average lipid levels. It is clear that a second factor is required 
for the development of type III hyperlipoproteinaemia, either 
environmental or genetic. Increased production of chylomicrons 
or VLDL can be one such factor and may result from excessive 
caloric intake, increased alcohol consumption, obesity, type 2 dia- 
betes, the metabolic syndrome or from an interplay of multiple 
genetic influences on lipoprotein metabolism (as presumed to 
underlie familial combined hyperlipidaemia). Equally, increasing 
age, hypothyroidism or postmenopausal oestrogen deficiency can 
further impair apoE-mediated receptor catabolism of lipoproteins 
and result in the development of the disorder. 


Clinical features 

The most characteristic skin manifestations are palmar xanthomas 
(Figure 60.5). Tuberous xanthomas (Figure 62.1) may also be 
present. Patients with particularly high triglyceride concentrations 
may also develop lipaemia retinalis and eruptive xanthomas over 
their buttocks (Figure 62.2). 


Complications and co-morbidities 

There is evidence of an increased risk of both coronary artery and 
peripheral arterial disease, especially in those with all the clinical 
and biochemical features of the disorder — in whom up to 50% have 
premature CVD [5]. Gout also appears common in this group of 
patients [6]. Type III hyperlipoproteinaemia has been associated 
with lipoprotein glomerulopathy, manifesting as proteinuria or 
the nephrotic syndrome [7]. Renal biopsy shows glomerular foam 
cells; the condition usually resolves with successful treatment of 
the abnormal lipid profile. 


Management 

Identification and treatment of any contributing lifestyle factors or 
diseases are central to the management of these patients. Patients 
should be screened for obesity, diabetes and hypothyroidism and 
treated accordingly. Dietary advice should be given and exercise 
encouraged as it increases the activity of lipoprotein lipase and 
thereby increases chylomicron and VLDL remnant clearance. Such 
measures are often successful in improving the lipid profile on 
their own; in their absence, drug therapy is usually less effective. 
Normally both statins and fibrates work well, both in improving the 
lipid profile and in causing regression of the palmar and tuberous 
xanthomas [8,9]. Occasionally, combined statin and fibrate therapy 
may be required. 


PRIMARY DYSLIPIDAE 
HYPERTRIGLYCERIDA 


Type | hyperlipoproteinaer 


Definition 

Type I hyperlipoproteinaemia is an autosomal recessive condition 
in which there is an accumulation of chylomicrons alone due to a 
deficiency of lipoprotein lipase (LPL). 


Epidemiology 

Incidence and prevalence 

The condition is extremely rare with a frequency of perhaps one 
per million in most populations but with higher frequency in some 
populations such as French Canadians due to founder gene effects. 


Pathophysiology 

It results from a deficiency of LPL and as such shows an autosomal 
recessive pattern of inheritance. However, there is accumulating 
evidence that some heterozygotes for LPL deficiency may show 
a milder degree of hypertriglyceridaemia. An increasing number 
of mutations in the LPL gene have been described. Some cases 
result from deficiency of activators of LPL, for example apoClI 
deficiency. This discovery followed the observation that hyperchy- 
lomicronaemia was alleviated in some patients following plasma 
infusions. 

It remains unclear why LPL deficiency can cause an isolated accu- 
mulation of chylomicrons, given the role of the enzyme in VLDL 
catabolism. However, with increasing age there is a progressive 
shift towards a type V hyperlipoproteinaemic pattern. 


Clinical features 
The characteristic skin finding in patients with type I hyperlipopro- 
teinaemia is eruptive xanthomas (Figure 62.2). 


Complications and co-morbidities 

The principal concern in type I hyperlipoproteinaemia is the 
increased risk of acute pancreatitis with its associated morbidity 
and mortality. While hypertriglyceridaemia may be a consequence 
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of acute pancreatitis, there is clear evidence it may also be a cause, 
accounting for up to 10% of cases. The risk increases with increasing 
triglyceride levels, with a threshold around fasting triglycerides 
of 10 mmol/L, with the risk rising markedly beyond 20 mmol/L. 
Other factors must play a part as some patients seem remarkably 
immune from acute attacks despite grossly elevated triglyceride 
concentrations. The mortality is further increased because the serum 
amylase, so often used as a sole diagnostic test for acute pancreatitis, 
may not be elevated. 

Clearance of chylomicrons from the circulation by cells of the 
reticuloendothelial system can result in hepatomegaly and spleno- 
megaly, with splenic infarcts in some cases. 


Investigations 

Familial LPL deficiency causes extremely elevated levels of serum 
triglycerides, often greater than 20 mmol/L. Total cholesterol lev- 
els are often substantially elevated as well, reflecting the extreme 
concentrations of chylomicrons, which contain some cholesterol 
and cholesterol esters as well as their predominant triglycerides. 
Blood, serum or plasma from such patients will appear milky and 
a creamy layer will separate on top of the sample if centrifuged or 
allowed to stand for some hours. Hyperchylomicronaemia will be 
present from childhood onwards in homozygous LPL deficiency. 


Management 
The treatment of severe hypertriglyceridaemia involves strict 
restriction of all dietary fats to 20-25 g per day to reduce chylomi- 
cron production as much as possible. Attention must be paid to 
any other factors that may increase the production or decrease the 
clearance of the triglyceride-rich lipoproteins (TRLs). Good control 
of diabetes, weight reduction where appropriate, alcohol restriction 
and a review of all other medications are particularly important. 
Intake of refined carbohydrates should also be limited. Fibrates 
usually have little effect in genetic LPL deficiency. Nicotinic acid 
derivatives can be helpful. Bile acid sequestrants are contraindi- 
cated as they may increase the triglyceride level. Infusions of fresh 
frozen plasma are beneficial in those with apoCII deficiency who 
present with acute pancreatitis. Antioxidant therapy has proved 
very effective in reducing the frequency of attacks of acute pancre- 
atitis in a number of patients with severe hypertriglyceridaemia. 
All patients with severe hypertriglyceridaemia should have access 
to specialist lipid clinics, to be considered for volanesorsen, an 
antisense oligonucleotide that binds the mRNA for apoCIII. This 
reduces fasting triglyceride levels by 75% and three-quarters of 
those treated achieved levels less than 8.5 mmol/L [1]. 

Eruptive xanthomas respond to lowering of the triglycerides 
although they tend to last a few days longer than the lipid 
abnormality. 


Type V hyperlipoproteinaemia 


Definition 
Type V hyperlipoproteinaemia is due to an accumulation of VLDL 
as well as chylomicrons. 
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Epidemiology 
Incidence and prevalence 
Type V hyperlipoproteinaemia affects one in every 5000-10 000. 


Pathophysiology 

Although it can result from LPL deficiency, this only accounts for a 
very small proportion of cases. Patients with type V hyperlipopro- 
teinaemia may have relatives with hypertriglyceridaemia, though 
many of these will have a type IV lipoprotein pattern. This has led to 
the hypothesis that most type V patients have a reasonably marked 
defect in the catabolism of TRLs combined with some additional 
factor that either further decreases catabolism or additionally 
increases the production of TRLs. Such factors include obesity, 
poor diabetic control, alcohol consumption, pregnancy, drugs (oral 
contraceptives, highly active antiretroviral therapy, p-blockers 
and thiazide diuretics being the main offenders), hypothyroidism, 
lipodystrophy and renal failure. 


Clinical features 

Acute pancreatitis, eruptive xanthomas, hepatosplenomegaly, 
lipaemia retinalis and all the other clinical features of type I hyper- 
lipoproteinaemia may be present. Additionally, hyperuricaemia, 
glucose intolerance and hepatic steatosis are often seen. 


Investigations 

Patient samples will demonstrate some milkiness with the separa- 
tion of a creamy layer (made up of chylomicrons) after standing or 
centrifugation, but the serum or plasma will be opaque represent- 
ing the presence of VLDLs. Lipid levels in type V hyperlipopro- 
teinaemia may be as markedly elevated as in type I. 


Management 
The treatment of type V hyperlipoproteinaemia is exactly as for 
type |, though fibrates are generally far more effective. 


Type IV hyperlipoproteinaem 


Definition 
In type IV hyperlipoproteinaemia, VLDLs accumulate but without 
any increase in chylomicrons. 


Pathophysiology 

Patients with type IV hyperlipoproteinaemia are heterogeneous 
and the common abnormality is an increased production of 
VLDLs by the liver, often accompanied by a partial defect in 
their catabolism. As with other forms of hypertriglyceridaemia, 
LDLs tend to be smaller and denser, and this pattern is associated 
with increased cardiovascular risk. 


Clinical features 

Apart from those rare type IV patients with marked hypertriglyc- 
eridaemia, the clinical features of type I and type V hyperlipopro- 
teinaemia are not present. 
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Investigations 

The degree of hypertriglyceridaemia is usually much less marked 
than in type I or type V hyperlipoproteinaemia, with many patients 
having fasting triglycerides of less than 6 mmol/L and most less 
than 10 mmol/L. 


Management 

Lifestyle modification along the lines of that advocated for severe 
hypertriglyceridaemia (see previous section in this chapter) 
is appropriate for type IV hyperlipoproteinaemia. However, 
dietary fat restriction does not have to be so marked and can 
be mainly restricted to saturated fats. The need for drug therapy 
will largely be guided by estimations of the 10-year CVD risk. 
Many type IV patients will require such treatment and the first line 
will often be statins because of their proven efficacy in reducing 
that risk, even though they do not usually affect hypertriglyceri- 
daemia much. 


OTHER PRIMARY DYSL 


Cerebrotendinous xanthomatosis 


Definition 
Cerebrotendinous xanthomatosis is an autosomal recessive condi- 
tion and is a rare cause of tendon xanthomas and xanthelasmas. 


Epidemiology 
Presentation occurs during childhood or early adult life. 


Pathophysiology 

This condition results from a defect in sterol-27-hydroxylase with 
consequent increased production of cholestanol and 7-hydro- 
xycholesterol, which accumulate in the plasma and throughout 
the body. 


Clinical features 

Cutaneous features include tendon xanthoma and xanthelasma. 
The accumulation of cholestanol and 7-hydroxycholesterol in 
the central nervous system causes myelin destruction leading 
to intellectual disability, seizures, spasticity and ataxia. Periph- 
eral neuropathy results from similar pathology in the peripheral 
nervous system. Early-onset cataracts, diarrhoea and premature 
osteoporosis are additional features. Patients have an increased risk 
of CVD. 


Investigations 
Plasma cholesterol levels are normal. 


Management 

Treatment with chenodeoxycholate reduces plasma cholestanol 
concentrations and improves the neurological manifestations of the 
disease. 


Sitosterolaemia -— (SF? 


Definition 
Sitosterolaemia is a rare autosomal recessive cause of tendon and 
tuberous xanthomas. 


Pathophysiology 

Genetics 

This condition results from mutations in the genes ABCG5S or 
ABCG8, which encode the proteins sterolin-1 and sterolin-2 in 
enterocytes and hepatocytes. Sterolin-1 and sterolin-2 act together 
to form a lipid transporter that is thought to facilitate immediate 
excretion of any plant sterols absorbed across the small intestinal 
brush border. Defective function thereby allows a much greater 
absorption of plant sterols into the body, principally B-sitosterol but 
also sitostanol, campesterol and stigmasterol. 


Clinical features 

Patients with sitosterolaemia suffer from impaired growth, 
anaemia, thrombocytopenia and arthritis and are at risk of pre- 
mature CVD. Cutaneous features include tendon and tuberous 
xanthomas. 


Investigations 
Diagnosis is made by measuring serum plant sterol concentrations. 


Management 

It has recently been shown that ezetimibe reduces plant sterol levels 
effectively in this condition, suggesting a role for the Niemann—Pick 
C1-like protein in plant sterol transport in the intestine. 


SECONDARY DYSLIPIDA 


Dyslipidaemias are frequently secondary to or exacerbated by a 
range of other diseases or medications. The following account is far 
from exhaustive but will concentrate on those that may produce 
xanthomas or follow from the use of drugs used by dermatologists. 


Secondary dyslipidaemia 
and diabetes 


The commonest cause of secondary dyslipidaemia is likely to be 
diabetes (Chapter 62). People with type 1 diabetes frequently have 
quite high HDL cholesterol levels, but they also have a number 
of abnormalities of their LDLs and VLDLs and they are at high 
risk of CVD. People with type 2 diabetes have insulin resistance 
and their typical lipid profile includes relatively normal total and 
LDL cholesterol levels, but often increased triglyceride and reduced 
HDL cholesterol concentrations. These quantitative abnormalities 
are usually accompanied by qualitative changes in the LDLs with a 
preponderance of highly atherogenic, small, dense LDLs. As a result 
patients with type 2 diabetes are also at high risk of developing 
premature CVD. 


It is now recommended that statins should be considered for 
all people with diabetes over the age of 40, and also in younger 
patients with other CVD risk factors including microalbuminuria. 
In some patients the development of type 2 diabetes, or worsening 
of its glycaemic control, can cause marked hypertriglyceridaemia 
(with type IV or V hyperlipoproteinaemia) with all its clinical fea- 
tures, including eruptive xanthomas, lipaemia retinalis and acute 
pancreatitis. This is most likely to occur on the background of some 
mild defect of triglyceride-rich lipoprotein clearance and may be 
further exacerbated in the concomitant presence of obesity and 
excess alcohol intake. Diabetes can also precipitate the development 
of type III hyperlipoproteinaemia in those with the appropri- 
ate genetic background (usually homozygosity for apoE2). Such 
patients may present to a dermatologist with the typical xanthomas 
of this condition. It follows that in any patient presenting with 
eruptive, tuberous or plane xanthomas, a fasting glucose and/or 
HbAtc should be requested along with the lipid profile and other 
appropriate tests. 


Secondary dyslipidaemia 
resistance 


Patients with insulin resistance but without type 2 diabetes have a 
similar combined dyslipidaemia. In some, a marked hypertriglyceri- 
daemia can develop which is sufficient to cause eruptive xanthomas. 
This is seen quite commonly in the lipodystrophies, a group of 
disorders with either partial or generalised loss of subcutaneous 
fat. They can be inherited (e.g. Dunnigan—K6bberling syndrome) or 
acquired. The latter is now most commonly seen in patients with 
HIV/AIDS treated with protease inhibitors (Chapter 31), especially 
saquinavir and ritonavir. Management of lipodystrophy-associated 
dyslipidaemia is likely to require specialist input. The princi- 
ples are lifestyle change, especially strict dietary fat restriction in 
hypertriglyceridaemia, optimisation of the drug regimen in HIV, 
and judicious, monitored use of lipid-modulating drug therapy, 
given the potential for significant interactions between statins, 
fibrates and the antiretroviral agents. 


Secondary dyslipidaemia c 
to chronic cholestasis 


It has already been noted that xanthelasmas can be a feature of 
chronic cholestasis. This can occur, for example, in primary bil- 
iary cirrhosis, and the presence of xanthelasmas should prompt a 
request for blood tests including bilirubin and alkaline phosphatase. 
Longstanding cholestasis is associated with hypercholesterolaemia 
due to the accumulation of an abnormal lipoprotein (lipopro- 
tein X). It remains unclear whether this dyslipidaemia increases 
CVD risk but it can cause a wide range of xanthomas as well 
as xanthelasmas. Both the dyslipidaemia and the xanthomas 
improve with the relief of biliary obstruction but where this is 
not possible bile acid sequestrants can be helpful (and may also 
relieve the cholestasis-associated pruritus). Where necessary, statins 
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must be used cautiously to avoid accumulation and _ toxicity. 
Hepatocellular liver disease leads to specific lipoprotein abnor- 
malities, principally abnormal HDL secondary to progressive 
deficiency of lecithin-cholesterol acyl transferase with mild hyper- 
triglyceridaemia, but these are not usually severe enough to cause 
xanthomas. 


Secondary dyslipidaemia an 
nephrotic syndrome 


Nephrotic syndrome is complicated by hypercholesterolaemia or 
a combined dyslipidaemia that can prove difficult to treat. Hyper- 
triglyceridaemia is not usually marked although occasionally a 
type IV hyperlipoproteinaemia may occur. Xanthomas are not a 
frequent feature and the dyslipidaemia resolves if the nephrotic 
syndrome responds to therapy. Chronic renal failure leads to hyper- 
triglyceridaemia, often exacerbated by haemodialysis or peritoneal 
dialysis, and this can sometimes lead to eruptive xanthomas, espe- 
cially if other risk factors are present. Lipoprotein(a) levels are 
elevated and may contribute to the increased CVD risk in this 
population but do not produce any dermatological signs. 


Secondary dyslipidaemia du 


Many drugs can produce dyslipidaemia, with alcohol perhaps 
being the commonest example and a frequent contributor to marked 
hypertriglyceridaemia. Prescription drugs used by dermatologists 
such as corticosteroids, ciclosporin and retinoic acid derivatives 
should be considered as causes. 

Systemic corticosteroids increase total LDL and HDL cholesterol 
levels. Unless they precipitate diabetes in a susceptible individual 
they do not cause hypertriglyceridaemia. 

Ciclosporin increases LDL cholesterol levels, sometimes quite 
significantly. It also inhibits cytochrome P450 3A4, the isoforms 
responsible for the metabolism of fluvastatin, simvastatin and 
atorvastatin, so patients taking these statins should be advised of 
the possible interaction and the risk of myalgia. In some patients 
(e.g. those with hepatic or renal impairment, or taking other drugs 
that affect CYP450 3A4), it may be appropriate to reduce the statin 
dose or change to an alternative such as pravastatin or rosuvastatin 
which are less dependent on CYP450 3A4. 
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Retinoic acid derivatives often induce hypertriglyceridaemia 
but this is usually mild and does not necessarily require anything 
other than dietary modification. Occasionally, however, marked 
hypertriglyceridaemia with a type IV or V hyperlipoproteinaemic 
pattern can be provoked, usually in a susceptible individual who 
may have had evidence of dyslipidaemia prior to treatment. It is 
therefore sensible to include a full lipid profile on any pre-treatment 
blood tests and to repeat this several weeks after starting any 
retinoids. 
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NUTRITION 


woramion 


Definition and nomenclature 

Malnutrition is defined as the imbalance between the intake of 
necessary nutrients and physiological needs. Sufficiently pro- 
longed imbalances result in derangements of normal physiological 
processes. 

Protein-energy malnutrition describes the group of conditions 
characterised by the imbalance between protein and carbohydrate 
intake and physiological needs leading to characteristic cutaneous 
and systemic changes. Two phenotypic forms are classically recog- 
nised: kwashiorkor and marasmus [1], although variants such as 
marasmic kwashiorkor have been described [2]. Patients affected 
by these forms of undernutrition can be identified on the basis of 
their delayed or decelerated growth parameters, clinical features 
and underlying aetiology. 
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Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Chapter 61: Nutritional Disorders Affecting the Skin 


Introduction and general description 

Protein-energy malnutrition indicates a state of undernutrition that 
is caused by imbalances between the deficient intake of protein in 
relation to carbohydrate, fat and physiological needs. 

Macronutrients refer to carbohydrates, fat and proteins, the three 
major components of our diet. 

The classic phenotypic forms include kwashiorkor and maras- 
mus. Kwashiorkor refers to the disease state that arises from the 
prolonged disproportionate intake of carbohydrate (energy or calo- 
ries) in excess of other macronutrients, specifically protein. As a 
result of hypoproteinaemia, affected individuals manifest signs of 
growth retardation and most notably oedema. 

Marasmus, by contrast, refers to the disease state resulting from 
globally decreased intake of all macronutrients, including carbo- 
hydrate, protein and fat. By definition, marasmus patients show 
growth retardation but do not demonstrate hypoproteinaemia or 
oedema. 

The syndrome referred to as marasmic kwashiorkor describes 
a variant state in which those affected are not only significantly 
growth retarded (stunting) as in marasmus but also show evidence 
of hypoproteinaemia and oedema as in kwashiorkor. 

Forms of severe malnutrition can be classified on the basis of spe- 
cific growth parameters. These have included weight below median 
weight-for-age [3], ratio of mid-upper arm circumference to head 
circumference [4] or abnormally low z-scores (standard deviations) 
below standardised growth parameters such as weight-for-age, 
height-for-age or body mass index [5-7]. 

In this context, in 1999 the World Health Organization (WHO) 
defined paediatric malnutrition utilising z-scores, or numbers of 
standard deviations below the reference medians established by the 
US National Center for Health Statistics. A negative number would 
indicate the number of standard deviations below that median 
reference. For children 6-60 months of age, moderate malnutrition 
was defined as having a z-score for weight-for-height between -3 
and —2 and severe malnutrition noted when the weight-for-height 
z-score was <-3 [8]. In 2005, having a mid—-upper arm circumference 
of <115mm was recommended as an additional screening measure 
of undernutrition [9]. 

Malnutrition can also be classified on the basis of the underlying 
aetiology. These classification schemes have been commonly used 
in characterising adults with undernutrition, and typically describe 
three broad categories: malnutrition due to decreased nutrient 
intake (starvation); malnutrition resulting from acute stress (infec- 
tious disease or trauma); and malnutrition secondary to chronic 
disease with associated end-organ dysfunction, malignancy or 
rheumatological disease. These last two forms describe disease 
states related to increased physiological needs outpacing what 
might otherwise be considered normal nutrient intake [10,11]. 

Assessing malnutrition in adults with chronic illnesses can be 
challenging at different states of disease. For example, in patients 
with liver disease, the presence of oedema and ascites makes tra- 
ditional anthropometric measurements like body mass index less 
reliable, whereas tests measuring muscle mass and eliciting muscle 
function may more accurately reflect risk of malnutrition. Specif- 
ically, in one study involving patients with ascites, non-dominant 
handgrip strength has been found to be a more sensitive and 


specific predictor of malnutrition compared with body mass index, 
mid-arm muscle circumference and triceps skin-fold thickness [12]. 


Epidemiology 
Incidence and prevalence 
Over the past two decades, there has been a significant improvement 
in the worldwide burden and prevalence of undernutrition for chil- 
dren under 5 years of age. In 2000, 125 million children were under- 
weight and 197 million were stunted. By 2012, the number of under- 
weight children had decreased to 99 million [13], but as of 2020, the 
number of stunted children was 149 million [14]. These numbers are 
staggering and further improvements are clearly needed. 
Hospitalised patients are at special risk of protein—-energy mal- 
nutrition. While there has been some variability in the definition of 
malnutrition in published studies, the prevalence of protein—energy 
malnutrition among hospitalised children has varied widely and 
has been estimated at between 4.5% [15] and 34% [16], although 
there are figures suggesting the rate of children considered at risk 
for undernutrition to be as high as 62% [17]. Prevalence rates of 
malnutrition of 17-50% have been reported among hospitalised 
adults, depending on the population of patients studied [18-20]. 
The prevalence of protein-energy malnutrition or wasting syn- 
drome among outpatient adult dialysis patients also falls into this 
range [21]. The prevalence of malnutrition generally tends to be 
greater among adults with increasing age [22]. In the Philippines, 
malnutrition among adult patients hospitalised with coronavirus 
disease (Covid-19) was as high as 71% and strongly associated 
with co-morbidities of advancing age, chronic kidney disease and 
pneumonia severity [23]. 


Age 

Malnutrition is typically a disease seen among infants and younger 
children, and is conventionally evaluated in those under 5 years 
of age. However, protein-energy malnutrition has been well docu- 
mented among adults, particularly those who are elderly, debilitated 
with chronic illness or hospitalised [24]. 


Sex 

Sex differences in undernutrition are largely determined by regional 
and cultural differences. It has been hypothesised that scarce 
resources may be preferentially provided to male children than 
to female children resulting in a higher prevalence for undernour- 
ished girls, particularly among those with more severe malnutrition. 
While some studies have documented a greater prevalence of under- 
nutrition among females in Bangladesh (for paediatric patients) [25], 
the Netherlands [26], Spain [27] and the UK (for geriatric patients) 
[28], a higher prevalence is noted among males in studies in western 
Maharashta (India) [29], Ecuadorian Highlands [30], Ethiopia [31] 
and Guinea-Bissau in West Africa [32]. No sex differences were 
noted in a study of hospitalised patients in Guangzhou, China [19]. 
Data are conflicting even within the same country regarding this 
issue. 


Ethnicity 

The role of ethnicity is confounded by socioeconomic factors. How- 
ever, the majority of children with undernutrition live in Asia and 
Africa. Among those with stunting under the age of 5, 53% lived in 


Asia and 41% in Africa. For those with wasting under the age of 5, 
70% lived in Asia and 27% in Africa [14]. 


Associated diseases 

Although protein-energy malnutrition is classified as a macronu- 
trient deficiency disorder, it is often a manifestation of globally 
disordered nutrient intake. As a result, micronutrient deficiencies 
may also be present, including but not limited to zinc [33,34], sele- 
nium and copper [35], ascorbic acid [36], biotin [37,38], iron [39] and 
folate [40]. 


Pathophysiology 

In kwashiorkor, excess carbohydrate without significant protein 
intake suppresses insulin production, resulting in the inhibition of 
protein synthesis [41,42]. Patients with this condition manifest clin- 
ically with signs of hypoproteinaemia, including oedema and fatty 
infiltration of the liver due to deficiencies in lipoproteins. Those 
chronically affected also demonstrate immune suppression due to 
decreased production of immune proteins such as immunoglobu- 
lins and are therefore at risk for opportunistic infections. Growth 
retardation is noted but typically falls between 60% and 80% of 
ideal body weight. 

In marasmus, because global macronutrient intake is decreased, 
the catabolic state leads to fat breakdown and growth retardation 
which is typically <60% of ideal body weight [43]. 

Patients with chronic diseases may have physiological needs that 
exceed available nutritional intake. 


Predisposing factors 

In paediatric protein—energy malnutrition, factors such as political 
instability and war, natural disasters, residence in inhospitable 
environments and economically disenfranchised populations lead 
to suboptimal and imbalanced diets which may be largely deficient 
in protein and mostly reliant on carbohydrates such as corn, rice or 
beans. 

Protein-energy malnutrition is significantly less common in 
industrialised nations. In this setting, this form of malnutri- 
tion has been identified in a number of prototypical situations. 
Altered nutrient intake can result from perceived (real or imag- 
ined) food allergies. Several cases of protein—energy malnutrition 
have been documented from parents switching from milk-based 
formulas or milk itself to rice beverages due to perceived dietary 
milk allergies [44-49]. Hypermetabolic (catabolic) states asso- 
ciated with inflammatory or infectious diseases can result in 
significantly increased physiological needs for protein leading to 
protein—energy malnutrition. This is exemplified by patients with 
chronic liver disease [50], AIDS [51] or those undergoing dialysis 
for chronic renal insufficiency who have what has been termed 
a ‘protein—wasting syndrome’ [52]. Decreased absorption of pro- 
tein from gastrointestinal disorders such as inflammatory bowel 
disease [53], protein-losing enteropathies (seen in association with 
systemic lupus erythematosus) [54], cystic fibrosis [55] or following 
bariatric surgery [56]. Finally, decreased synthesis of protein due 
to an underlying metabolic disorder has also been suspected as a 
contributing factor to protein-energy malnutrition in single case 
reports of glutaric acidaemia [57] and Hartnup disease [58]. 


Chronic diseases affecting multiple organ systems, like systemic 
sclerosis, can be associated with both micronutrient deficiencies like 
selenium and vitamin C [59], as well as global undernutrition and 
malnutrition [59,60] due to decreased oral intake with microstomia 
and impaired protein absorption when bowel involvement results 
in end-organ dysfunction [61]. 


Pathology 

Histologically, skin biopsies from those with protein-energy malnu- 
trition show psoriasiform hyperplasia, hyperkeratosis and epider- 
mal pigmentation; atrophy or rete flattening may be present. Focal 
dyskeratosis may be observed. If there is accompanying micronu- 
trient deficiency, parakeratosis and epidermal pallor may also be 
present [62]. 


Causative organisms 

Evidence from mouse models and one study in Malawi suggests that 
alterations in the gastrointestinal microbiome might also serve as a 
predisposing factor to protein-energy malnutrition [63]. Depletion 
of bifidobacteria, anaerobic bacteria found in gastrointestinal tract 
microbiota, has also been seen in conjunction with severe states of 
malnutrition [64]. 


Environmental factors 

Environmental factors may contribute to protein-energy malnutri- 
tion by creating a lack of access to necessary nutrients. These may 
include political or economic instability, war, famine, chronic disease 
and natural disasters. 


Clinical features 

History 

A history should be elicited to determine whether the malnutri- 
tion stems from global nutrient deprivation, imbalanced nutrient 
intake (i.e. carbohydrate intake in excess of available protein intake) 
or increased catabolism resulting in increased nutrient needs, as 
might be seen with infections (e.g. HIV disease, malaria, diarrhoeal 
illness) or underlying chronic disease (chronic renal or hepatic 
dysfunction). For children who are breastfeeding, an evaluation of 
maternal diet and breast milk production should be performed if 
other aetiologies are not apparent. Patients with protein—-energy 
malnutrition are immune suppressed, so special attention should 
be paid to the possibility of co-morbid opportunistic infections. 


Presentation 

Children with protein-energy malnutrition show signs of failing to 
thrive. Their growth velocity is decreased, and weight and eventu- 
ally length percentiles fall. 

Those with marasmus tend to show loss of subcutaneous fat 
which may result in a wizened or prematurely aged appearance 
when the buccal fat pads are affected. The loss of perianal fat can 
result in rectal or anal prolapse. The abdomen may become dis- 
tended due to hypotonia of the abdominal musculature. The skin is 
typically wrinkled, loose and dry (Figure 61.1). The hair and nails 
often grow slowly and may show brittleness. The hair often falls 
out easily and areas of alopecia may be evident. Lanugo hair may 
be observed on the face and neck. 
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Figure 61.1 Marasmus. Note the loss of subcutaneous tissue, growth stunting, 
dyspigmentation and desquamative changes. Reproduced from [65] with permission 
from John Wiley & Sons. 


In kwashiorkor, affected individuals may also exhibit loss of 
subcutaneous fat. Peripheral oedema is a consistent feature due to 
the associated hypoproteinaemia. Abdominal distention is a feature 
observed in children and has been attributed to hepatomegaly 
from increased fatty deposition due to lack of available apolipopro- 
teins. The skin findings are highly characteristic and include a 
dermatosis (Figure 61.2) that has been likened to ‘cracked skin’, 
‘peeling paint’, ‘enamel paint’, ‘flaky paint’ or ‘crazy paving’ due 
to the typical scale and irregular fissuring noted on examination 
(Figure 61.3). Over time, more defined plaques may arise that may 
be more concentrated in areas of friction such as the intertriginous 
areas. As with marasmus, the hair and nails grow slowly and 
may be brittle. The hair often develops a lustreless, red—brown 
colour that may show alternation with more normal colour; this 
so-called ‘flag sign’ corresponds to alternating periods of significant 


Figure 61.2 Erythrodermic findings in kwashiorkor. This patient was fed rice ‘milk’ as a 
primary food source due to parental concerns over presumed food allergies. 


Wa 


Figure 61.3 Kwashiorkor manifesting as peripheral oedema and a ‘flaky paint’ 
dermatitis. 


undernutrition and improved nutrition (Figure 61.4). Inflamma- 
tory changes of the mucous membranes, such as xerophthalmia, 
cheilitis, stomatitis and vulvovaginitis, may arise in associa- 
tion with other co-morbid vitamin and mineral micronutrient 
deficiencies [66]. 

Those with marasmic kwashiorkor typically have oedema and 
demonstrate overlapping features of marasmus and kwashiorkor. 


Clinical variants 

e Marasmus 

¢ Kwashiorkor 

e Marasmic kwashiorkor 


il 
- 

Figure 61.4 Flag sign. The reddening of the hair is associated with periods of 

protein—-energy malnutrition. Note the reddening at the tips of the hair. 


Differential diagnosis 

There are several important considerations in the differential diag- 
nosis of protein-energy malnutrition (Table 61.1). The diagnosis 
of protein-energy malnutrition may be challenging, so it is impor- 
tant to maintain an index of suspicion when evaluating patients 
with rash and oedema. The skin findings are often initially mis- 
taken for atopic eczema, seborrhoeic dermatitis or even contact 
dermatitis. It is important to note that some patients may have a 
pre-existing history of atopic eczema prompting the installation of 
restrictive diets that may result in a superimposed protein-energy 
malnutrition dermatosis. Heavy metal toxicities related to mercury 
or selenium can present with erythroderma and oedema. Other 
nutritional deficiencies may resemble protein-energy malnutri- 
tion or may present as co-morbid skin conditions, particularly 
acrodermatitis enteropathica or acquired zinc deficiency and 
pellagra. 


Classification of severity 
Paediatric. The WHO has defined severe acute malnutrition in 
children below the age of 5 as a weight-for-height z-score of <-3. 


Table 61.1 Skin signs of nutritional disease. 


Type of skin change Associated nutritional disorder 


Additionally, a mid—upper arm circumference <115 cm (in children 
6-60 months) can serve as an independent criterion [67]. 

For moderate malnutrition, the WHO uses a weight-for-age 
z-score between —3 and —2, and z-score between —2 and —1 as mild 
malnutrition. Wasting (weight-for-height) and stunting (height-for- 
age) are defined as being between 3 and 2 standard deviations 
below their respective median reference values [67] (Table 61.2). 


Table 61.2 Assessing the severity of paediatric malnutrition. 


Weight-for- Height-for- Weight-for- 
Classification Z-score values height (%) age (%) age (%) 
Adequate -2 <z-score<+2 90-120 95-110 
Mild malnutrition 80-89 90-94 
Moderate -3 < z-score <-2 70-79 85-89 60-80 
malnutrition 
Severe z-score <-3 <70 <85 <60 
malnutrition 


Adapted from [67]. 


Selected differential diagnosis 


Skin texture changes 
Erythroderma (exfoliative) 
fatty acid deficiency 


Phrynoderma 
fatty acids 

Skin colour changes 
Petechiae, purpura Deficiencies of vitamin A, K 


Excess intake of vitamin E 


Carotenaemia 
Deficiencies of folate or vitamin B,, 


Yellow-orange skin changes 
Darkening of skin (diffuse or macular 
hyperpigmentation) 
Photodistributed dermatitis 
Hartnup disease); pyridoxine deficiency 


Seborrhoeic dermatitis-like changes 
pyridoxine, biotin) 
Mucous membrane changes 


Protein-energy malnutrition (kwashiorkor); essential 


Deficiencies of vitamin A, B-complex, C, E, and essential 


Pellagra and related disorders (carcinoid syndrome, 


Deficiencies of B-complex vitamins (riboflavin, 


Primary skin diseases (atopic eczema, psoriasis, congenital ichthyosis, 
pityriasis rubra pilaris); drug eruption; malignancy (cutaneous T-cell 
lymphoma); infection (staphylococcal scalded skin, toxic shock 
syndrome); immune deficiency syndrome (Omenn) 

Keratosis pilaris 


Various causes of consumptive coagulopathy (severe infection, 
malignancy, tissue injury, liver disease, toxic exposures, obstetric 
complications, vascular tumours, rheumatological disorders), 
coagulation disorders, thrombocytopenia, vascular fragility 
syndromes (Ehlers—Danlos syndrome) 

Jaundice 

Addison disease 


Connective tissue disease (systemic lupus erythematosus, 
dermatomyositis), polymorphous light eruption, solar urticaria; 
defective DNA-repair syndromes (such as xeroderma pigmentosum) 

Seborrhoeic dermatitis, sebopsoriasis, psoriasis 


Angular stomatitis 
Cheilitis/cheilosis 


Glossitis 
Napkin dermatitis 


Adnexal changes 
Lightening of hair colour 


Corkscrew hairs 
Nail changes 


B-complex vitamin deficiencies (riboflavin, pyridoxine) 

B-complex vitamin deficiencies (riboflavin, pyridoxine, 
niacin, B12) 

Deficiencies of iron and B-complex vitamins (riboflavin, 
niacin, pyridoxine, biotin, B12) 

Zinc deficiency; B-complex vitamin deficiencies 
(riboflavin, pyridoxine, biotin) 


Protein-energy malnutrition; deficiencies of B-complex 
vitamins (folate, B12); copper deficiency 

Deficiencies of vitamin A and C 

Beau lines: kwashiorkor 

Koilonychia: iron deficiency 

Half-and-half: pellagra 


Reproduced from [66] with permission from Elsevier. 


Angular cheilitis associated with candidal overgrowth 
Lip-licking dermatitis 


SjOgren syndrome; oral contact dermatitis; oral candidiasis; oral lichen 


planus; syphilis; aphthosis 


Napkin dermatitis (irritant, allergic, monilial); seborrhoeic dermatitis; 


inverse psoriasis; Langerhans cell histiocytosis 
Poliosis, vitiligo 
Beau lines: severe illness 


Koilonychia: chronic diabetes 
Half-and-half: renal disease; psoriasis 
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Chapter 61: Nutritional Disorders Affecting the Skin 


Table 61.3 Classification of severity of protein-energy malnutrition. 


Paediatric Adult 
Source World Health Organization Centers for Disease Control and 
World Food Programme 

Age Children 6-60 months of age Adults 
Definitions 

Mild BMI 17-18.5 

Moderate Weight-for-age z-score BMI 16-17 

between —2 and -3 
Severe Weight-for-height z-score BMI <16 


<-3 or mid-upper arm 
circumference <115cm 


Adult. There are a variety of guidelines for assessing the severity 
of malnutrition in the adult population. These have been based 
in part on composite scores that include body mass index, dietary 
intake, unplanned weight loss, serum albumin levels and presence 
of underlying disease states. 

The United States Centers for Disease Control in conjunction with 
the World Food Programme defines adult malnutrition on the basis 
of body mass index (Table 61.3). Mild malnutrition is defined as hav- 
ing a body mass index between 17 and 18.5; moderate malnutrition 
is defined as having a body mass index between 16 and 17; and 
severe malnutrition is defined as having a body mass index <16 [67]. 

The Malnutrition Universal Screening Tool (MUST) developed by 
the Malnutrition Advisory Group of the British Association for Par- 
enteral and Enteral Nutrition is another assessment tool for adults 
that includes a five-step evaluation process [68]. This tool assigns 
values to body mass index, degree of unplanned % weight loss dur- 
ing the previous 3-6 months, whether acute illness is present, and 
whether the lack of nutritional intake is anticipated for more than 
5 days. Those with a body mass index between 18.5 and 20 (kg/m?) 
are given 1 point, while those with a body mass index <18.5 are 
given 2 points. If body mass index measurements are difficult due 
to illness acuity, mid—upper arm circumference can be measured; if 
the mid—upper arm circumference is <23.5 cm, the body mass index 
is likely to be <20. Those with unplanned weight loss between 5% 
and 10% are given 1 point, while those having >10% are given 
2 points. If acute illness is present and it is anticipated that there 
will be or has been no nutritional intake for >5 days, 2 additional 
points are awarded. Those with a score of 0 are rated at low risk, 
those with 1 are rated as medium risk, and a score of 2 or greater is 
a high-risk classification. Monitoring and nutritional interventions 
vary depending on the degree of risk assessed. 


Complications and co-morbidities 
Complications of protein-energy malnutrition may arise as a result 
of treating the disease, or as sequelae of the disease. 

Refeeding syndrome is a potentially fatal phenomenon that can 
arise when a malnourished patient is given nutrients enterally 
or parenterally after a period of prolonged deprivation. Adapta- 
tions during fasting occur in order to prevent protein and muscle 
catabolism in the malnourished individual. Refeeding provides 
a glycaemic load that then initiates production of glycogen, fat 
and protein, requiring vitamin co-factors and electrolytes such as 
phosphorus and magnesium which can be rapidly depleted during 


the refeeding process. During this phenomenon, acute electrolyte 
disturbances can occur leading to hypophosphataemia, hypomag- 
nesaemia and hypokalaemia (the latter induced by the increase in 
insulin production during refeeding). This can be prevented by 
a process of slow and graduated refeeding limited to no greater 
than 50% of the calculated energy requirements, and then grad- 
ually increased over a period of up to 4-7 days if refeeding is 
tolerated [69]. 

Long-term follow-up of patients with a history of malnutrition 
has identified a number of associated morbidities including den- 
tal caries [70], periodontal disease [71], tooth loss particularly with 
associated malnutrition in renal disease [72], increased infection risk 
due to secondary immunosuppression and decreased skin, respira- 
tory and gastrointestinal mucosal barrier integrity [73], personality 
and mood disturbances [74,75], attention deficit disorder [76], neu- 
rodevelopmental abnormalities including cerebellar development 
and motor coordination [77] and externalising behaviours [78]. 


Disease course and prognosis 

Left untreated, malnourished children have a significantly increased 
mortality risk. When the weight-for-height is more than 3 standard 
deviations below the median reference value (severe malnu- 
trition), the risk of death is ninefold greater than those with a 
weight-for-height above —1 standard deviation. Malnourished chil- 
dren with uncomplicated cases of protein—energy malnutrition have 
a greater than 88% recovery rate and less than 4% case fatality rate 
when treated appropriately, while those with underlying co-morbid 
disease states such as HIV disease have a significantly greater 
case fatality rate, particularly during the first 4 days of treatment 
initiation [67]. 

Among adult haemodialysis patients, the risk of mortality 
increases with the degree of malnutrition, with those having severe 
malnutrition showing a statistically significant 1.33 increased 
relative risk for mortality [79]. 


Investigations 

During the management of the malnourished patient, the following 

is recommended: 

¢ Monitoring of vital signs. 

e Full blood count, to help evaluate for infection and assess the 
degree of iron deficiency. 

¢ Comprehensive metabolic panel (e.g. electrolytes, renal function, 
liver function including total protein and albumin), in addition 
to sodium, potassium, chloride and bicarbonate, calcium, phos- 
phorus and magnesium should be monitored closely. 

e Infectious disease evaluation, which may include a blood smear 
for malaria organisms, blood culture, urine culture, stool for ova 
and parasites, chest X-ray and testing for tuberculosis and HIV 
disease. 


Management 

The goals of management are to replete nutrients and regain 
homeostasis. Chronic malnutrition creates adaptive metabolic 
and hormonal mechanisms that result in decreased protein and 
muscle catabolism. Treatment involves gradual replenishment of 
nutrients to prevent refeeding syndrome and associated electrolyte 
and micronutrient depletion, as well as management of coexisting 


micronutrient deficiencies, immune suppression and co-morbid 
infections. 

The CDC [67] recommends inpatient care for children with evi- 
dence of severe oedema and malnutrition, as well as those with mild 
to moderate oedema and no appetite, or those with associated med- 
ical complications. Those without complications and who have an 
appetite should be managed in the outpatient setting. 

The use of antibiotics is recommended for children with moderate 
to severe malnutrition. Treatment should be directed at identified 
infections; otherwise, empirical therapy with amoxicillin should be 
given. Those with mild undernutrition without evidence of an infec- 
tion should not receive routine antibiotic therapy. 

Patients identified as having malnutrition will benefit from a mul- 
tidisciplinary approach to management, with input provided by 
the hospital medicine team or critical care specialists, nutrition and 
infectious disease. Dermatologists often play a role in establishing 
the diagnosis of protein-energy malnutrition and may help identify 
associated micronutrient deficiencies such as zinc deficiency. 


Resources 


Further information 


Centers for Disease Control and the World Food Programme. A Manual: Measuring and 
Interpreting Malnutrition and Mortality, 2005. http: / / www.unhcr.org /45f6abc92.pdf. 

World Health Organization. Guideline: Update on the Management of Acute Malnutrition 
in Infants and Children, 2013. http://apps.who.int/iris/bitstream/10665/95584/1/ 
9789241506328_eng.pdf. 


Patient resources 

American Society for Parenteral and Enteral Nutrition (ASPEN). Disease-Related 
Malnutrition and Enteral Nutrition. http:/ / www.nutritioncare.org /about-aspen/ 

British Association of Parenteral and Enteral Nutrition (BAPEN). Introduction 
to Malnutrition. http://www.bapen.org.uk/about-malnutrition/introduction-to- 
malnutrition. 

United Nations World Food Programme. Zero Hunger. https://www.wfp.org/zero- 
hunger. 

World Health Organization. Malnutrition. https://www.who.int/health-topics/ 
malnutrition. 

(All last accessed October 2022) 


VITAMINS — 
Vitamin A — 


Vitamin A is a fat-soluble vitamin that plays a crucial role in ker- 
atinisation, epithelial proliferation, vision and development. It 
is primarily derived from precursors found in dietary plant and 
animal sources, where it exists as B-carotene and retinyl esters, 
respectively. Rich sources of vitamin A include dark green leafy 
vegetables, brightly coloured fruits (e.g. tomato, mango, apricot), 
egg yolk, animal liver, fish, red palm oil and fortified milk. Dietary 
carotenes and retinyl esters are converted to retinol, absorbed in 
the small intestine, then transported via chylomicrons to the liver 
where they are either stored as retinyl esters, or exported as retinol 
bound to retinol-binding protein to various tissue sites. Important 
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active metabolites of vitamin A include retinal which functions 
in rhodopsin generation, and retinoic acid which modulates cell 
differentiation [1]. 


Vitamin A deficiency 


Definition and nomenclature 
A deficiency in vitamin A may result in various ocular complications 
including blindness, as well as mucocutaneous disease. 


Epidemiology 

Incidence and prevalence 

In 2009, the WHO estimated globally that 5.2 million preschool-aged 
children were affected with night blindness, and that low serum 
retinol concentrations (<0.70 pmol/L) affected 190 million preschool- 
aged children. Vitamin A deficiency is considered the most com- 
mon preventable cause of blindness in children [2]. In addition to 
children, pregnant and lactating women in low-income countries 
are also at risk, with 10-20% of pregnant women in developing 
countries [3] and up to 19 million pregnant women worldwide 
affected by vitamin A deficiency [4]. Rates of vitamin A deficiency 
are most prevalent in sub-Saharan Africa and South-East Asia [5]. 


Age 
Vitamin A deficiency can present in all age groups, although 
children in developing countries appear to be at greatest risk. 


Sex 
There is no sex predilection for vitamin A deficiency. 


Ethnicity 
There is no ethnic predilection for vitamin A deficiency. 


Associated diseases 
Deficiencies in other fat-soluble vitamins (D, E and K) can occur in 
the setting of fat malabsorption. 


Pathophysiology 

Predisposing factors 

The principal causes of vitamin A deficiency include inadequate 
dietary intake or malnutrition, fat malabsorption, chronic intestinal 
inflammation and liver disease. Poor dietary intake can be observed 
in the setting of eating disorders, restrictive diets (e.g. vegan diet 
[6]), individuals with autism [7]), chronic illness and poverty. Mal- 
absorption of fat and fat-soluble vitamins can occur secondary 
to coeliac disease, cystic fibrosis [8], gastric bypass surgery [9], 
pancreatic insufficiency and biliary duct disease. Chronic intesti- 
nal inflammation and diarrhoea associated with inflammatory 
bowel disease or chronic parasitic infections [10] may result in 
poor absorption of vitamin A. Finally, liver disease including cir- 
rhosis [11] may lead to defective hepatic storage of vitamin A and 
subsequent deficiency. 
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Clinical features 

History 

The earliest sign of vitamin A deficiency is defective dark vision 
adaptation and night blindness (nyctalopia), followed by xeroph- 
thalmia. Aberrant keratinisation in the oral and nasal mucosa 
may result in hyposmia (reduced sense of smell) and hypogeu- 
sia (reduced taste). Patients also often complain of generalised 
xerosis. 


Presentation 
Ocular complications range from night blindness, corneal xerosis 
and Bitot spots (white keratinised lesions) to corneal ulceration, ker- 
atomalacia, corneal perforation, iris prolapse and blindness. 
Cutaneous findings include xerosis and scaling, dermomalacia 
(deep skin fissuring) and phrynoderma (described as ‘toad-like 
appearance’). Phrynoderma is characterised by keratotic follicu- 
lar papules involving the anterolateral thighs and posterolateral 
upper arms, and can spread to the extensor extremities, shoulders, 
posterior neck, back, buttocks and abdomen (Figure 61.5). 


Differential diagnosis 

Phrynoderma is not specific to vitamin A deficiency and has been 
described in association with deficiencies in B-complex vitamins, 
vitamin C, vitamin E and essential fatty acids [12]. More recently, 
zinc deficiency has also been linked to phrynoderma [13]. 


Complications and co-morbidities 
The most significant complication of severe vitamin A deficiency is 
blindness. 


Figure 61.5 Phrynoderma. Reproduced from [12] with permission from John Wiley & 
Sons. 


Disease course and prognosis 

Prognosis is generally good but depends on the severity of defi- 
ciency and clinical findings. Severe ocular complications are typi- 
cally irreversible. 


Investigations 
Diagnosis is confirmed by measurement of serum retinol levels. 
Normal serum levels range from 20 to 50p.g/dL. One study sug- 
gested that testing for the hydrolysis of retinyl glucuronide to 
retinoic acid could be useful in determining marginal vitamin A 
deficiency [14]. 


Management 

The recommended daily intake of vitamin A is 1000-5000 IU. Treat- 
ment is with 50 000-200 000 IU of daily vitamin A supplementation 
until clinical signs/symptoms resolve and serum retinol levels 
normalise. The dose is dependent on age and the treatment period 
varies with clinical severity [15]. 

Public health efforts to prevent and treat vitamin A deficiency 
have included fortifying common food items (such as adding vita- 
min A in the form of retinyl palmitate to sugar in Guatemala [16]) 
or agriculture-integrated programmes that invest in harvesting 
foods rich in B-carotene (such as the orange-fleshed sweet potato in 
sub-Saharan Africa [17]). 


Vitamin A excess 


Definition and nomenclature 

Excessive intake of vitamin A can lead to acute or chronic vitamin A 
toxicity and overconsumption of carotenes can manifest with carote- 
naemia/carotenoderma. 


A, vitamin A toxicity, carotenaemia, 


Epidemiology 


Age 
Vitamin A excess can occur at any age. 


Sex 
There is no sex predilection for vitamin A excess. 


Ethnicity 
There is no ethnic predilection for vitamin A excess. 


Associated diseases 

Studies have suggested that chronic B-carotene supplementation 
(20-30 mg/day) may be associated with an increased risk of lung 
and gastric cancer [18,19], as well as an increased risk of aggressive 
prostate cancer [20] although longer-term follow-up of this supple- 
mented population found no mortality differences between those 
supplemented and those not [21]. 


Pathophysiology 

Predisposing factors 

Vitamin A excess can present as two forms: vitamin A toxicity and 
carotenaemia. 

Vitamin A toxicity can occur as a consequence of an acute 
overdose over the course of hours to days, or chronic excessive 
intake over months to years. In general, hypervitaminosis A results 
from overconsumption of non-prescription nutritional supple- 
ments, prescription medications containing vitamin A derivatives 
[22] and foods high in vitamin A. Ingestion of greater than 20 
times the recommended daily allowance (RDA) of vitamin A in a 
child or greater than 100 times the RDA in an adult may lead to 
toxicity [23]. 

Carotenaemia is a benign disorder caused by excessive B-carotene 
intake. Up to one-third of carotene bypasses conversion to retinol 
and is directly absorbed in the small intestine. Increased absorption 
of carotene can be seen in the setting of hypothyroidism, pancreatic 
lipase and bile acid deficiencies, and with processing of foods 
(e.g. mashing, pureeing) [24]. Conversely, dietary fibre decreases 
absorption of carotenes. Individuals with hyperlipidaemia may 
develop carotenaemia due to a direct relationship and correla- 
tion between f-lipoprotein and f-carotene levels. Furthermore, 
patients with liver disease are predisposed to carotenaemia as a 
result of impaired conversion of B-carotene to vitamin A. Excessive 
ingestion of carotenes does not lead to vitamin A toxicity given 
the slow conversion of carotene to vitamin A in the intestinal 
mucosa [25]. 


Clinical features 
History 
Acute vitamin A toxicity manifests with headaches, vision changes, 
fatigue, anorexia, nausea, vomiting, myalgias and arthralgias. 
Weight loss can be observed with chronic intoxication. 

In carotenaemia, individuals present with yellow discoloration of 
the skin. 


Presentation 

Clinically, individuals with chronic hypervitaminosis A have dry 
and scaly skin, desquamation, cheilitis, alopecia, follicular hyper- 
keratosis and hyperpigmentation [26,27]. Associated liver toxicity, 
pseudotumor cerebri and skeletal changes (premature closure of the 
epiphyses and pathological bone fractures) may occur [28]. 

In carotenaemia, carotenes are excreted from sebaceous glands 
and sweat glands, and ultimately deposit in the stratum corneum. 
This results in carotenoderma, characterised by prominent yellow- 
orange pigmentation of the face, palms and soles of the feet 
(Figure 61.6). 


Clinical variants 
¢ Hypervitaminosis A. 
e Carotenaemia. 


Differential diagnosis 

In carotenaemia, carotenoderma can mimic jaundice and medication- 
induced pigmentation. Unlike jaundice, carotenoderma spares the 
conjunctiva and other mucous membranes. 
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Figure 61.6 Carotenoderma. Note the yellow colour on diascopy of the plantar foot. 


Complications and co-morbidities 

¢ Vitamin A toxicity: long-term toxicity can lead to cirrhosis of the 
liver. 

¢ Carotenaemia: there are no known long-term complications asso- 
ciated with carotenoderma. 


Disease course and prognosis 

¢ Vitamin A toxicity: discontinuation of vitamin A leads to resolu- 
tion of almost all symptoms of vitamin A toxicity, with the excep- 
tion of cirrhosis and sequelae related to pseudotumor cerebri. 

¢ Carotenaemia: excellent prognosis with no clear long-term 
adverse effects. Pigmentary changes resolve within weeks to 
months of decreasing f-carotene intake. 


Investigations 

¢ Vitamin A toxicity: measurement of serum vitamin A level will 
confirm the diagnosis. Associated elevation in calcium and alka- 
line phosphatase may be observed. 

¢ Carotenaemia: elevated serum carotene level >250 pg/dL. 


Management 
The recommended daily intake of vitamin A is 1000-5000 IU. Treat- 
ment is discontinuation of excess vitamin A and B-carotene intake. 


Vitamin D — | 


Vitamin D deficiency 


Definition and nomenclature 
Vitamin D is a fat-soluble vitamin and hormone essential in the reg- 
ulation of calcium and phosphorus metabolism. 


vitamin D-dependent rickets type | and II 
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Introduction and general description 

Vitamin D stimulates intestinal absorption of dietary calcium, acti- 
vates bone resorption and mobilisation of calcium and phosphorus, 
and increases renal tubular reabsorption of calcium and phosphate. 
It is derived from dietary sources (ergocalciferol, vitamin D2), such 
as fish, fish oils, fortified milk, egg, liver and shiitake mushrooms, 
as well as endogenous synthesis from the skin (cholecalciferol, 
vitamin D3). Upon exposure to UV light in the 290-320 nm range, 
photoisomerisation of 7-dehydrocholesterol occurs in the epider- 
mis, producing previtamin D3. This subsequently undergoes a 
spontaneous temperature-dependent isomerisation to cholecalcif- 
erol. Both vitamin D2 and D3 are hydroxylated in the liver to form 
25-hydroxyvitamin D (calcidiol), which then circulates to the kid- 
neys where it is converted to the active form, 1,25-hydroxyvitamin 
D (calcitriol). A deficiency of vitamin D is defined by most experts 
as a 25-hydroxyvitamin D level of <20ng/mL, while a relative 
insufficiency of vitamin D lies between 21 and 29ng/mL [29]. 
Vitamin D deficiency classically results in skeletal abnormalities, 
as seen in vitamin D-deficient rickets. Of note, there are also two 
hereditary forms of vitamin D-dependent rickets. The following 
discussion will focus primarily on acquired vitamin D deficiency. 


Epidemiology 

Incidence and prevalence 

Based on the previous definitions and parameters for vitamin D defi- 
ciency, it is estimated that 1 billion people worldwide have vita- 
min D deficiency or insufficiency. Between 40% and 100% of US and 
European elderly men and women, not living in nursing homes, are 
deficient in vitamin D [29]. Geographic latitude may influence the 
incidence of vitamin D deficiency. 


Age 
Vitamin D deficiency can affect all ages, although newborns and 
institutionalised elderly may be at higher risk. 


Sex 

In the setting of certain cultural or religious practices, women may 
experience less sun exposure, thus predisposing them to higher rates 
of vitamin D deficiency. 


Ethnicity 
Darker-skinned individuals have less cutaneous vitamin D synthe- 
sis compared with lighter-skinned individuals with equivalent UV 
exposure. 


Associated diseases 

Recent studies suggest that vitamin D sufficiency may be protective 
against musculoskeletal disease, infection, autoimmune disease, 
cardiovascular disease, diabetes, neurocognitive dysfunction, var- 
ious common cancers, infertility and adverse pregnancy/birth 
outcomes [30,31]. 

There have been data to suggest an association between low 
vitamin D levels and coronavirus disease 2019 (Covid-19) infec- 
tion, severity and morbidity [32], particularly in individuals with 
profound vitamin D deficiency. Specifically, low serum 25(OH) 
vitamin D levels were associated with increased pneumonia sever- 
ity [33], need for invasive mechanical ventilation and death [34]. 


Nevertheless, the exact protective role of vitamin D in Covid-19 
infection still remains to be fully elucidated. It is postulated that 
vitamin D may regulate the pro-inflammatory cytokine cascade. 
However, at present, no clear guidelines have been established on 
supplementation in different populations. 

Additionally, vitamin D deficiency has been associated with var- 
ious congenital ichthyoses [35-39]. It has also been described in the 
setting of various photosensitivity disorders, including xeroderma 
pigmentosum and porphyria [40,41]. 


Pathophysiology 

Predisposing factors 

Vitamin D deficiency is commonly caused by decreased vitamin 
D synthesis, malabsorption and poor dietary intake. Decreased 
endogenous vitamin D synthesis occurs in individuals with 
increased melanin pigment and/or decreased sun exposure. In 
some cultures, shielding of the skin with clothing is mandated 
and therefore prevents adequate UV light exposure. The use of 
sunscreen can theoretically reduce vitamin D synthesis; however, 
studies have demonstrated that real-life application of sunscreens 
does not result in significant vitamin D deficiency [42]. Fat malab- 
sorption states including coeliac disease, cystic fibrosis, pancreatic 
disease, biliary disease [43] and gastric bypass surgery [44] may 
predispose individuals to vitamin D deficiency. Liver disease, renal 
disease and anticonvulsants can also interfere with vitamin D 
metabolism. Inadequate dietary intake of vitamin D is observed 
in exclusively breastfed infants [45], preterm infants (due to lower 
stores and higher demand) and the elderly or disabled. 


Genetics 

There are two inherited autosomal recessive forms of vitamin 
D-dependent rickets. Type I involves a defect in vitamin D 
la-hydroxylase of the kidneys, while type II is associated with 
defects in the vitamin D receptor, resulting in end-organ resistance 
to physiological amounts of 1,25-hydroxyvitamin D. 


Clinical features 

History 

Patients often present with fractures or dental defects, such as 
delayed tooth eruption and caries. Acute hypocalcaemia, particu- 
larly in infants, can manifest with seizures and tetany. Adolescents 
may complain of carpopedal spasm and limb pain. 


Presentation 
Vitamin D deficiency leads to hypocalcaemia, and consequently 
stimulation of parathyroid hormone secretion and release of cal- 
cium from bone. Resultant poor mineralisation of bone accounts for 
the various skeletal defects, including fraying and widening of the 
metaphysis, prominent costochondral joints (rachitic rosary), cran- 
iotabes, bowing of the lower extremities, frontal bossing, scoliosis 
and fractures. Dental anomalies and poor enamel may be noted. 
The only cutaneous manifestation of acquired vitamin D defi- 
ciency is alopecia. Individuals with type II vitamin D-dependent 
rickets have a clinical phenotype similar to those with generalised 
atrichia. Although both are born with hair, generalised alopecia 
with preservation of the eyebrows and eyelashes is observed within 
a few months. Additionally, small papules and cysts commonly 
arise on the face and scalp [46,47]. 


Differential diagnosis 

Osteomalacia, osteopenia and/or osteoporosis can be associ- 
ated with hormonal imbalances, including hyperparathyroidism. 
Frequent fractures should raise concern for non-accidental trauma. 


Complications and co-morbidities 
Vitamin D deficiency may result in osteopenia or osteoporosis and 
their associated co-morbidities. 


Disease course and prognosis 

Studies suggest that vitamin D-deficient individuals have an 
increased rate of all-cause mortality compared with those who 
are vitamin D replete [48]. There are some data to suggest that 
vitamin D deficiency is also associated with poorer survival in 
patients with malignant melanoma, although clinical trials are 
needed to determine if vitamin D supplementation would be 
beneficial [49]. 


Investigations 

Laboratory abnormalities include low serum 25-hydroxyvitamin 
D, hypocalcaemia, hypophosphataemia, increased alkaline phos- 
phatase and increased parathyroid hormone. 


Management 

The recommended daily intake of vitamin D is 200-600 IU, depend- 
ing on age. Most experts agree that individuals without adequate 
sun exposure require 800-1000 IU daily. 

For patients older than 1 year of age, supplementation with 
500001U of vitamin D2 weekly for 8 weeks is a cost-effective 
method of correcting vitamin D deficiency. Alternatively, taking 
10001U of vitamin D3 or 3000IU of vitamin D2 daily may also be 
effective [29]. 

For patients under 1 year of age, 1000-5000IU of vitamin D2 
should be given daily until radiological abnormalities normalise. 
Allbreastfed infants should be supplemented with 400 IU of vitamin 
D daily as prophylaxis [50]. 

Sun exposure and UV light therapy may be useful in correct- 
ing vitamin D deficiency [51,52]. D-a-tocopheryl polyethylene 
glycol-1000 succinate, a vitamin E compound, has been successfully 
used to treat hepatic rickets [53]. 


Vitamin E is a fat-soluble vitamin and potent antioxidant. It is widely 
available and commonly found in vegetable oils, leafy green vegeta- 
bles, fortified cereals, nuts and seeds. Natural vitamin E is composed 
of four tocopherols (a, B, y, 5) and four tocotrienols (a, B, y, 5). The 
most studied is a-tocopherol [54]. 


Vitamin E deficiency 


Definition and nomenclature 

Vitamin E deficiency primarily leads to neurological sequelae. 
Ataxia with vitamin E deficiency (AVED) is a rare inherited disorder 
caused by mutations in the a-tocopherol transfer protein. 


Epidemiology 
Incidence and prevalence 
Vitamin E deficiency is rarely encountered. 

Population restricted studies have shown that the prevalence of 
AVED is approximately 1: 1800000 in the Alsace region of France, 
and 3.5:1000000 in the Padua province of Italy [55,56]. In the 
USA, less than 0.1% of adults over the age of 20 were found to 
have vitamin E deficiency [57], despite estimations that >90% of 
Americans do not consume sufficient dietary vitamin E [58]. 


Age 
Acquired vitamin E deficiency has no age predilection. AVED man- 
ifests during late childhood or early teens. 


Sex 
There is no sex predilection for acquired vitamin E deficiency. 


Ethnicity 
There is no ethnic predilection for acquired vitamin E deficiency. 


Associated diseases 
Vitamin E deficiency can be associated with deficiencies in other 
fat-soluble vitamins. 


Pathophysiology 

Predisposing factors 

Acquired vitamin E deficiency most frequently develops as a result 
of fat malabsorption. Cystic fibrosis, cholestatic liver disease, short 
bowel syndrome and abetalipoproteinaemia are examples of disor- 
ders with impaired fat absorption. 


Genetics 

AVED is an autosomal recessively inherited disorder characterised 
by a defect in the a-tocopherol transfer protein. Consequently, 
a-tocopherol cannot be incorporated into circulating lipoproteins 
that distribute the vitamin to non-hepatic tissues, making them 
vulnerable to oxidative stress [59]. 


Clinical features 

History 

Patients with vitamin E deficiency may complain of weakness and 
blurred vision. 


Presentation 

Both acquired vitamin E deficiency and AVED can present with 
devastating neurological manifestations including hyporeflexia, 
ataxia, weakness, decreased proprioception and vibratory sense, 
decreased visual acuity, and ultimately dementia, cardiac arrhyth- 
mias and blindness [60]. There are no cutaneous manifestations of 
vitamin E deficiency. 
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Complications and co-morbidities 
Severe vitamin E deficiency can result in significant neurological 
deficits including blindness. 


Disease course and prognosis 
Prognosis is good if recognised and treated early. 


Investigations 
Plasma a-tocopherol concentration can be measured. Genetic testing 
for AVED is available. 


Management 
The recommended daily intake of vitamin E is 4-15 mg, depending 
on age. 

AVED is treated with daily supplementation of a-tocopherol 
800-1200 mg. Vitamin E deficiency secondary to fat malabsorption 
may require higher doses of oral supplementation or parenteral 
supplementation [59]. 


Vitamin E excess 


Definition and nomenclature 
Vitamin E excess can result in easy bleeding and bruising. 


Epidemiology 
Incidence and prevalence 
Vitamin E excess is rarely encountered. 


Age 
Acquired vitamin E excess has no age predilection. 


Sex 
There is no sex predilection for acquired vitamin E excess. 


Ethnicity 
There is no ethnic predilection for acquired vitamin E excess. 


Pathophysiology 
Predisposing factors 
Vitamin E excess can arise secondary to oversupplementation. 


Clinical features 
History 
Patients with vitamin E excess may report easy bruising or bleeding. 


Presentation 

Vitamin E toxicity may predispose patients to develop purpura and 
haemorrhage due to its inherent antiplatelet effects [61], as well as 
its ability to augment the effects of anticoagulant medications. 


Differential diagnosis 
Other causes of haemorrhage should be evaluated, as vitamin E 
excess is rare. 


Disease course and prognosis 
Prognosis is good if recognised and treated early. 


Investigations 
Plasma a-tocopherol concentration can be measured. 


Management 
The recommended daily intake of vitamin E is 4-15 mg, depending 
on age. 

Hypervitaminosis E is treated by discontinuation of excess intake. 
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Vitamin K deficiency 


Definition and nomenclature 
Vitamin K is a fat-soluble vitamin and necessary co-factor in the syn- 
thesis of coagulation factors II, VIL IX and X, and proteins C and S. 


Introduction and general description 

Dietary intake of vitamin K accounts for 50% of the body’s daily 
requirements, while gastrointestinal bacterial synthesis of vitamin K 
is responsible for the other 50%. Dietary vitamin K (phylloquinone) 
can be found in green leafy vegetables, Brussels sprouts, lentils, soy- 
beans and beef liver, and is actively absorbed in the small intestine. 
Vitamin K produced by gastrointestinal flora (menaquinone) is pas- 
sively absorbed in the small bowel and colon. Vitamin K is crucial 
in the carboxylation of glutamate residues on coagulation factors II, 
VIL IX and X, and proteins C and S. A deficiency of vitamin K results 
in impaired coagulation and haemorrhage, so-called vitamin K defi- 
ciency bleeding (VKDB). In the neonatal period, VKDB is classified 
according to age of onset: early (24 hours after birth), classical (24 
hours to 7 days after birth) and late (2-12 weeks after birth) [62]. 


Epidemiology 

Incidence and prevalence 

The incidence of early VKDB in neonates varies from 6% to 12% 
[63,64]. The incidence of classical VKDB in neonates is estimated to 
be 0.25-1.5% in the older literature [65], and 0-0.44% in more recent 
reviews [66]. Late VKDB can be seen in every 4.4—7.2 per 100000 
births [67]. 


Age 
Vitamin K deficiency is more frequently encountered in newborns 
related to both endogenous and exogenous deficiencies. 


Sex 
There is no sex predilection for vitamin K deficiency. 


Ethnicity 
There is no ethnic predilection for vitamin K deficiency. 


Associated diseases 
Deficiencies in other fat-soluble vitamins (A, D and E) can occur in 
the setting of fat malabsorption. 


Pathophysiology 

Predisposing factors 

Neonates are prone to vitamin K deficiency and VKDB secondary to 
poor transplacental transfer, lack of gastrointestinal flora to generate 
vitamin K and often inadequate dietary intake. Early VKDB occurs 
in infants born to mothers taking medications that interfere with 
vitamin K metabolism. Classical VKDB is associated with delayed 
or insufficient feeding. Late-onset VKDB correlates with exclusive 
breastfeeding without vitamin K prophylaxis, or underlying fat 
malabsorption diseases [62,68]. 

Vitamin K deficiency is also observed in the setting of decreased 
dietary intake, malabsorption, liver disease and various medica- 
tions. Individuals with limited diets, including alcoholics, anorexics 
and the elderly, may be at risk for vitamin K deficiency. Impaired fat 
absorption with resultant vitamin K malabsorption can occur with 
coeliac disease, biliary and pancreatic disease, «-1 antitrypsin defi- 
ciency and cystic fibrosis. Prolonged antibiotic therapy may alter 
gastrointestinal flora and reduce vitamin K synthesis. A variety 
of medications can interfere with vitamin K metabolism, includ- 
ing warfarin (inhibits vitamin K epoxide reductase), high-dose 
salicylates, phenytoin, rifampin, isoniazid, cephalosporins and 
cholestyramine [69]. 

Vitamin K deficiency can be seen in adults treated in intensive 
care units (ICU). It is often present at admission, worsens during the 
course of ICU stay, and is thought to be secondary to various factors 
including malnutrition depleting vitamin K stores, prolonged use 
of medications such as antibiotics and anticoagulants, and patho- 
physiological changes that may occur after trauma, surgery, septic 
shock or cardiac arrest [70]. In adults critically ill with Covid-19, 
it has been postulated that vitamin K deficiency may contribute to 
the cytokine storm, coagulation abnormalities and the microvascu- 
lar damage seen [71]. 


Genetics 

Inherited vitamin K-dependent coagulation factor deficiencies sec- 
ondary to mutations in y-glutamyl carboxylase and vitamin K epox- 
ide reductase have been reported [62]. 


Clinical features 

History 

Bleeding and easy bruising are the primary symptoms. Patients may 
complain of gingival bleeding, epistaxis, and genitourinary or gas- 
trointestinal bleeding. 


Presentation 

The clinical presentation of early VKDB is often severe, with 
cephalic (cephalohaematoma, intracranial), intrathoracic and 
intra-abdominal bleeding. Classical VKDB is generally milder, 
and is characterised by umbilical, gastrointestinal, cutaneous and 
nasal mucosal bleeding. Late VKDB is severe, with intracranial 
haemorrhage occurring in most patients, often leading to per- 
sistent neurological sequelae [72]. Vitamin K deficiency in older 
children and adults can present with purpura, ecchymoses and 
gastrointestinal, genitourinary and retroperitoneal haemorrhage. 


Clinical variants 
¢ Neonatal vitamin K deficiency: early VKDB, classical VKDB, late 
VKDB. 


Differential diagnosis 

Anticoagulation, liver disease, haematological malignancies and 
inherited coagulopathies (i.e. haemophilia, von Willebrand dis- 
ease, Wiskott-Aldrich syndrome) may give rise to a bleeding 
diathesis. 


Complications and co-morbidities 
Severe intracranial bleeds can result in long-term neurological 
damage. 


Disease course and prognosis 
Prognosis is generally good if the condition is recognised early and 
treated aggressively. 


Investigations 

Vitamin K deficiency leads to prolonged prothrombin and activated 
partial thromboplastin times. Serum vitamin K levels may be mea- 
sured. Proteins induced by vitamin K absence (PIVKA), including 
des-y-carboxyprothrombin, can be sensitive markers of vitamin K 
deficiency [73]. However, PIVKA have also been reported to be ele- 
vated in the context of hepatocellular carcinoma and lung cancer 
[74,75]. 


Management 
The recommended daily intake of vitamin K is 2-120 pg, depending 
on age and sex. 

Neonates should routinely receive a single prophylactic intramus- 
cular dose of 0.5-1.0 mg of vitamin K at birth. Oral vitamin K as an 
alternative is being evaluated. However, there is currently no con- 
sensus on an optimal oral regimen [76]. 

Vitamin K deficiency is treated with intramuscular or parenteral 
vitamin K. Children are administered 2 mg, while adults are given 
5-10 mg. Acute bleeding is treated with fresh frozen plasma in order 
to correct deficient coagulation factors. 


Vitamin B, Cf 


Vitamin B, deficiency 


Definition and nomenclature 

Vitamin B, (thiamine) is a water-soluble B-complex vitamin and a 
necessary co-enzyme for the metabolism of carbohydrates, lipids 
and branched chain amino acids, as well as the synthesis of nicoti- 
namide adenine dinucleotide phosphate (NADPH). 
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Introduction and general description 

Thiamine is obtained through dietary sources, such as whole grains, 
wheat, peas, beans, potatoes and fish. The cooking and processing 
of these foods, including polishing rice, significantly decrease the 
thiamine content. Thiamine is largely absorbed in the jejunum of 
the small intestine. The active phosphorylated form of thiamine 
is thiamine pyrophosphate (TPP). TPP acts as a co-enzyme for 
a-ketoglutarate dehydrogenase and pyruvate dehydrogenase, 
which are involved in the oxidative decarboxylation of carbohy- 
drates and lipids. It also functions as a co-enzyme for transketolase 
in the pentose phosphate pathway to generate NADPH [77]. Defi- 
ciency of thiamine results in beriberi, which encompasses a variety 
of neurological, cardiovascular and gastrointestinal manifesta- 
tions. Thiamine excess is extremely rare and will not be addressed 
in this section. Most cases occur in the setting of intravenous 
administration of thiamine for suspected thiamine deficiency in 
alcoholics, with generalised pruritus and anaphylactoid reactions 
described [78]. 


Epidemiology 
Incidence and prevalence 
Thiamine deficiency is rare in developed countries. 


Age 
Thiamine deficiency can affect all age groups. 


Sex 
There is no sex predilection for thiamine deficiency. 


Ethnicity 
There is no ethnic predilection for thiamine deficiency. 


Pathophysiology 

Predisposing factors 

Thiamine deficiency is observed in the context of malnutrition 
and poor dietary intake, inadequately supplemented parenteral 
nutrition, gastrointestinal malabsorption and increased metabolic 
requirements. Individuals with a history of particularly alcoholism, 
AIDS, malignancy, hyperthyroidism, systemic infection or criti- 
cal illness are predisposed to thiamine deficiency [77]. Breastfed 
infants of thiamine-deficient mothers are also at risk for thiamine 
deficiency. 


Clinical features 

History 

Fatigue, irritability, apathy, restlessness, nausea and vomiting are 
among the early signs of thiamine deficiency. 


Presentation 
Wet beriberi has prominent cardiovascular involvement, including 
cardiomegaly, cardiomyopathy, congestive heart failure, pulmonary 
hypertension [79], tachycardia, dyspnoea, cyanosis and peripheral 
oedema. A red burning tongue has also been described. 

Dry beriberi has prominent neurological manifestations, includ- 
ing peripheral neuropathy and Wernicke encephalopathy (e.g. oph- 
thalmoplegia, ataxia, nystagmus). 


Aphonia, secondary to laryngeal nerve paralysis, is a charac- 
teristic feature of infantile beriberi. Cardiac disease has also been 
described [80]. In 2003, a series of infants in Israel were diagnosed 
with thiamine deficiency as a result of being fed thiamine-deficient 
formula. Early symptoms included irritability, lethargy, vomiting, 
diarrhoea and developmental delay. Neurological disease was also 
noted, including upbeat nystagmus and ophthalmoplegia [81]. 


Clinical variants 
© Wet beriberi. 
¢ Dry beriberi. 


Differential diagnosis 

Glossitis may be observed in other vitamin B deficiencies, including 
riboflavin deficiency, niacin deficiency, pyridoxine deficiency, folate 
deficiency and cobalamin deficiency. However, beriberi lacks the 
other cutaneous features that define these syndromes. 


Complications and co-morbidities 
Late-stage thiamine deficiency can result in Korsakoff syndrome, 
characterised by anterograde and retrograde amnesia. 


Disease course and prognosis 

Beriberi can be fatal but prognosis is generally good if disease is 
caught early. Response to treatment is often dramatic. Significant 
progression of neurological disease may be irreversible. 


Investigations 

Detection of elevated thiamine pyrophosphate effect (<15% is nor- 
mal) confirms the diagnosis of thiamine deficiency. This is calculated 
by measuring erythrocyte thiamine transketolase before and after 
thiamine pyrophosphate stimulation [82]. Low blood thiamine lev- 
els can also be seen. 


Management 
Daily requirement of thiamine is 0.5mg per 1000 kcal. Individuals 
who ingest a low-calorie diet should maintain a minimum of 1 mg 
daily [83]. 

Beriberi is frequently treated with intravenous or intramuscular 
thiamine, 50-100 mg/day for 7-14 days, then oral supplementation 
until the condition has resolved. 


Vitamin B, —_— | 


Vitamin B, deficiency 


Definition and nomenclature 


Vitamin B, (riboflavin) is a water-soluble B-complex vitamin. It is 
an essential co-factor for cellular oxidation-reduction reactions and 
vitamin B, metabolism. 


-orogenital syndrome 


Introduction and general description 

Riboflavin exists as two biologically active forms: flavin mono- 
nucleotide (FMN) and flavin-adenine dinucleotide (FAD). These 
co-enzymes, along with a small percentage of free riboflavin, are 
found in milk, dairy products, meats, fatty fish, eggs, green leafy 
vegetables, whole grains and enriched breads. Dietary FMN and 
FAD are both hydrolysed to riboflavin, then actively absorbed in 
the proximal small intestine [84]. A deficiency in riboflavin can 
lead to various cutaneous, mucosal and ocular manifestations, the 
so-called oculo-orogenital syndrome. 


Epidemiology 

Incidence and prevalence 

Riboflavin deficiency is endemic in populations whose diets rely 
heavily on unenriched cereals or lack dairy products and meats. 


Age 

Riboflavin deficiency can occur at any age, although it may dis- 
proportionately affect school-aged children, adolescents and the 
elderly. 


Sex 
There is no sex predilection for riboflavin deficiency. 


Ethnicity 
There is no ethnic predilection for riboflavin deficiency. 


Associated diseases 

Studies suggest that riboflavin deficiency may be associated with 
increased plasma homocysteine levels, impaired iron handling and 
anaemia, cardiovascular disease, night blindness, developmental 
abnormalities, peripheral neuropathy and cancer [84]. 


Pathophysiology 

Predisposing factors 

Riboflavin deficiency may develop as a result of decreased dietary 
intake, malabsorption and phototherapy. Adolescents, the elderly, 
alcoholics and individuals with eating disorders are at risk for inad- 
equate nutritional intake. Breastfed infants of riboflavin-deficient 
mothers, as well as infants weaned to non-milk products, are also 
at risk. Impaired absorption of riboflavin has been associated with 
bariatric surgery and the use of various medications, including 
chlorpromazine or other tricyclics [85,86]. Borate can complex 
with riboflavin, increase urinary excretion of riboflavin and inhibit 
riboflavin-dependent enzymes [87]. In the setting of protein—energy 
malnutrition, riboflavin deficiency may worsen due to increased 
renal loss. Finally, phototherapy for neonatal hyperbilirubinaemia 
causes photodecomposition of riboflavin [88]. 


Clinical features 

History 

Acute riboflavin deficiency classically occurs after acute borate 
ingestion. Chronic riboflavin deficiency presents 3-5 months after 
initiation of a riboflavin-deficient diet. With chronic deficiency, 
individuals may complain of photophobia and conjunctivitis. 


Presentation 

Acute riboflavin deficiency presents with deep red skin (or other 
variations in skin of colour), epidermal necrolysis and mucositis. 
The severity of these findings depends on the degree of defi- 
ciency [89]. 

Clinical signs of chronic riboflavin deficiency include angu- 
lar stomatitis, cheilitis, glossitis, dyssebacia (multiple follicular 
papules due to sebum in dilated follicular orifices) of the nose 
and a seborrhoeic dermatitis-like eruption. Angular stomatitis 
initially presents with small papules at the corners of the mouth, 
which subsequently extend laterally, macerate, fissure and bleed. 
Glossitis is characterised by prominent lingual papillae early on, 
with transition to a smooth magenta-coloured tongue over time. 
Riboflavin deficiency dermatitis commonly involves the nasolabial 
folds, nasal ala, nasal bridge, forehead, cheeks and postauricular 
regions, resembling seborrhoeic dermatitis. It can also affect the 
flexural extremities, inner thighs and genitalia. It is worse in areas of 
trauma and chafing, thus making it prominent in the inguinal folds 
and perineum of infants and in individuals who perform heavy 
physical activity [89]. 


Differential diagnosis 

Other B-complex vitamin deficiencies may present with stomatitis, 
cheilitis, glossitis and a seborrhoeic dermatitis-like eruption, includ- 
ing pyridoxine deficiency. 


Disease course and prognosis 
Riboflavin deficiency carries an excellent prognosis with a striking 
response after riboflavin supplementation. 


Investigations 

Diagnosis can be confirmed by measuring erythrocyte glutathione 
reductase activity. Urinary excretion of riboflavin <40 mg/day can 
also suggest riboflavin deficiency [90]. A trial of riboflavin supple- 
mentation may also be effective. 


Management 
The recommended daily intake of riboflavin is 0.3-1.6 mg, depend- 
ing on age and sex. 

Treatment is with riboflavin supplementation of 1-2 mg/day in 
infants and children and 10-20 mg/day in adults. 


Vitamin B3 —l ae 


Vitamin B; deficiency 


Definition and nomenclature 

Vitamin B, (niacin) is a water-soluble B-complex vitamin and 
important component of two co-enzymes, nicotinamide-adenine 
dinucleotide (NAD) and NADP, which act as hydrogen donors and 
acceptors in numerous anabolic and catabolic reactions. 


Vitamins 61.15 


a) 
Y 
mal 
2°) 
a 
< 
Lu 
= 
Pe 
- 
ce 
a 


NUTRITIONAL DISORDERS 


METABOLIC & 


Wn 
ce 
LW 
Q 
c 
‘e) 
wv 
Q 
| 
< 
za 
ind 
EE 
ce 
a5 
2 


61.16 


Chapter 61: Nutritional Disorders Affecting the Skin 


Introduction and general description 

Fifty percent of the body’s niacin is obtained from diet, while the 
other half is synthesised endogenously from the amino acid trypto- 
phan. Niacin exists as NAD and NADP in meats, fish, nuts, eggs, 
dairy products, dried beans and fortified grains. Corn and maize 
contain tightly bound niacin, thus preventing intestinal absorption 
unless the niacin is released by alkaline hydrolysis (i.e. limewater 
washes). Jowar contains usable niacin but also high levels of leucine 
which inhibits conversion of tryptophan to niacin. NAD and NADP 
are hydrolysed to nicotinamide in the intestinal lumen. Intestinal 
bacteria then convert nicotinamide into nicotinic acid. Both nicoti- 
namide and nicotinic acid are absorbed and transported to the liver, 
kidneys and intestines, where they are transformed back to NAD 
and NADP for use in oxidation and reduction reactions. A deficiency 
of niacin results in pellagra, classically characterised by the four Ds: 
(1) dermatitis, (2) diarrhoea, (3) dementia and (4) death [91]. Hart- 
nup disease, a rare metabolic disorder, can be associated with niacin 
deficiency and a pellagra-like presentation. The following discus- 
sion will focus primarily on acquired niacin deficiency. 


Epidemiology 

Incidence and prevalence 

Niacin deficiency is endemic in areas with a high grain (unfortified), 
low meat diet and where corn and maize remain a mainstay, for 
example South Africa, India and China. Pellagra is rare in developed 
countries [92]. 


Age 
Niacin deficiency can manifest at any age. 


Sex 
There is no sex predilection for niacin deficiency. 


Ethnicity 
There is no ethnic predilection for niacin deficiency. 


Associated diseases 

Niacin deficiency can be associated with carcinoid syndrome, where 
excess conversion of tryptophan to serotonin by carcinoid tumours 
leads to depletion of tryptophan stores and insufficient niacin syn- 
thesis [93,94]. 


Pathophysiology 

Predisposing factors 

Decreased dietary intake, defective absorption of niacin or trypto- 
phan, and impaired conversion of tryptophan to niacin predispose 
individuals to the development of niacin deficiency. Individuals 
with alcoholism, eating disorders and presumed food allergies 
are at risk for inadequate intake. Restrictive diets from selective 
eating in children with autism spectrum disorders (ASD) can 
also lead to pellagra [95]. Malabsorption can occur in the set- 
ting of inflammatory bowel disease, gastroenterostomy, subtotal 
gastrectomy, jejunoileitis and gastric bypass surgery. Hartnup 
disease results in impaired absorption of tryptophan, a necessary 
precursor in the synthesis of niacin. Medications, including isoni- 
azid [96], 5-fluorouracil [97] and 6-mercaptopurine, may interfere 


Figure 61.7 Hartnup disease. Reproduced from [101] with permission from John Wiley 
& Sons. 


with the conversion of tryptophan to niacin. Other drugs have 
been implicated in causing pellagra-like symptoms, such as anti- 
convulsants [98,99], antidepressants, sulfonamides, azathioprine 
[100] and chloramphenicol. Carcinoid syndrome also prevents 
appropriate conversion of tryptophan to niacin by diverting as 
much as 60% of tryptophan to serotonin production (normally 
only 1%). 


Genetics 

Hartnup disease is a rare autosomal recessive disorder characterised 
by a defective neutral amino acid transport system, resulting in 
malabsorption of tryptophan, thus giving rise to niacin deficiency. 
It is caused by mutations in the SLC6A19 gene, which encodes 
a neutral amino acid transporter expressed in the intestine and 
kidneys. Hartnup disease presents with cerebellar ataxia, psychi- 
atric symptoms, aminoaciduria and pellagra [102] (Figure 61.7). 


Clinical features 

History 

Dermatitis, diarrhoea and dementia represent the classic manifes- 
tations of pellagra. Gastrointestinal symptoms may present early 
in the course of the disease, and include abdominal pain, anorexia, 
nausea, vomiting and diarrhoea. Neurological symptoms, such as 
headache, anxiety, irritability, fatigue, insomnia, apathy, depression 
and impaired memory, can ultimately progress to psychosis and 
dementia [103]. 


Presentation 

Initially, the dermatitis of pellagra is described as intermittent, 
painful or pruritic redness and oedema in photodistributed areas 
after sun exposure. Vesicles and bullae may develop in severe cases. 
Over time, the eruption becomes fixed and is defined by sharply 
marginated, hyperpigmented and keratotic plaques. The dorsal 
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Differential diagnosis 

Pyridoxine deficiency presenting with a pellagra-like dermatitis 
has been reported. Other photosensitive dermatoses, including 
porphyrias, polymorphous light eruption, chronic actinic dermati- 
tis, photosensitive drug eruptions and cutaneous lupus, should be 
excluded. 


Complications and co-morbidities 
Patients may have severe neurological decompensation, and even- 
tually become stuporous and comatose. 


Disease course and prognosis 
Pellagra is progressive and can be fatal if not treated. Death can 


occur within 4-5 years. 


Investigations 


Treatment includes 500 mg/day of nicotinamide or nicotinic acid 
over several weeks. Nicotinamide is preferred because nicotinic 
acid can cause headaches and flushing. Neuropsychiatric symp- 
toms improve within the first 24-48 h of treatment, while cutaneous 
disease may require weeks to remit [91]. 
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Vitamin B, deficiency 


Definition and nomenclature 

Vitamin B, (pyridoxine) is a water-soluble B-complex vitamin and 
essential co-enzyme for various metabolic processes, including con- 
version of tryptophan to niacin, fatty acid metabolism, gluconeo- 
genesis, decarboxylation and transamination of amino acids, and 
prostaglandin and neurotransmitter synthesis. 


, pyridoxamine, pyridoxal 


Figure 61.9 Broad hyperpigmented ‘collar-like’ scaly plaques on the photo-exposed 7 es care 
area of the neck and upper chest in a patient with pellagra; often referred to as the Introduction and general description 


Casal necklace. Reproduced from [104] with permission from John Wiley & Sons. Pyridoxine, pyridoxamine and pyridoxal represent the three forms 
of vitamin B,. They are available in a variety of foods, including 
meats, vegetables, nuts and whole grains. After dephosphorylation, 

hands are most commonly affected (Figure 61.8). Facial involve- these molecules are absorbed both actively and passively in the 
ment occurs in a symmetrical butterfly distribution. Involvement jejunum and ileum, transported to the liver and rephosphorylated 
of the neck and upper chest is frequently referred to as the Casal __to their active forms. A deficiency in vitamin B, is uncommon, but 
necklace (Figure 61.9) [104]. Pellagra can also manifest with angular can result in cutaneous, neurological and haematological manifes- 
stomatitis, cheilitis, glossitis and oral or perirectal ulcers. Half and _ tations. Features of vitamin B, deficiency may overlap with those of 
half nails have been observed [105]. niacin deficiency. 
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Epidemiology 

Incidence and prevalence 

The incidence of vitamin B, deficiency is not known, as isolated vita- 
min Bg deficiency is rare and usually occurs with other B vitamin 
deficiencies [106]. 


Age 
Vitamin B, deficiency can affect all age groups, with the elderly at 
higher risk. 


Sex 
There is no sex predilection for vitamin B, deficiency. 


Ethnicity 
There is no ethnic predilection for vitamin B, deficiency. 


Associated diseases 
Vitamin B, deficiency can be associated with niacin deficiency. 


Pathophysiology 

Predisposing factors 

Factors contributing to vitamin B, deficiency include decreased 
dietary intake, malabsorption and medications. Alcoholics are 
particularly prone to poor dietary intake. Individuals with Crohn 
disease and coeliac disease may suffer from malabsorption [107]. 
Certain medications bind to vitamin B, and act to increase its 
excretion or decrease its activity, including isoniazid, hydralazine, 
penicillamine and oral contraceptives [108]. Vitamin B, deficiency 
has also been reported in patients undergoing haemodialysis [109]. 


Clinical features 

History 

Individuals may complain of anorexia, nausea and vomiting. 
Neuropsychiatric symptoms, such as confusion, somnolence, weak- 
ness, depression, paraesthesias and peripheral neuropathy, can be 
prominent. 


Presentation 
Classically, patients present with a seborrhoeic dermatitis-like 
eruption involving the face, scalp, neck, shoulders, buttocks 
and perineum. Angular stomatitis, glossitis and cheilitis are also 
observed. There can be significant overlap with niacin deficiency 
and a pellagra-like dermatitis has been reported [110]. 

Patients can also develop a hypochromic microcytic anaemia. 


Differential diagnosis 
Both niacin deficiency and pyridoxine deficiency manifest with 
similar neuropsychiatric and cutaneous symptoms. 


Complications and co-morbidities 
Pyridoxine deficiency has been associated with refractory seizures 
[111]. 


Disease course and prognosis 

Prognosis is generally good. Care should be taken when supple- 
menting with pyridoxine as this can be complicated by toxicity, lead- 
ing to neuropathy and ataxia. 


Investigations 

Low plasma pyridoxal-5-phosphate is indicative of vitamin B, defi- 
ciency. Indirect tests, such as a tryptophan load test or measurement 
of erythrocyte aminotransferase activity, may be useful [112]. 


Management 
The recommended daily intake of vitamin B, is 0.1-2 mg, depending 
on age and sex. 

Treatment of vitamin B, deficiency includes stopping any trigger- 
ing medications and supplementation with pyridoxine 100 mg daily. 
Mucosal lesions resolve within days, while cutaneous and haema- 
tological manifestations improve over weeks and neurological 
sequelae over months. 
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Vitamin B, deficiency 


Definition and nomenclature 

Vitamin B, (folate) is a water-soluble B-complex vitamin and 
important co-enzyme for amino acid, purine and pyrimidine 
metabolism. 


Introduction and general description 

Folate is available in most foods, especially leafy green vegetables, 
dried beans, liver and grains. Tetrahydrofolate is the biologically 
active co-enzyme form of folate. Folate deficiency manifests with 
both haematological and mucocutaneous disease. 


Epidemiology 

Incidence and prevalence 

In the USA, data from the National Health and Nutrition Exami- 
nation Survey (NHANES) reveal that the prevalence of low serum 
folate decreased from 18.4% in 1988-94, to 0.2% in 2001-02 [113]. 
This change was attributed to the nationwide dietary folic acid 
supplementation mandate that was introduced in 1998. Additional 
NHANES data has shown that this decrease has persisted with 
the overall prevalence of folate deficiency being <1% from 1999 to 
2016 [114]. 


Age 
Folate deficiency can present in all age groups. 


Sex 
Pregnant women are at higher risk of developing folate deficiency 
given increased requirements during pregnancy. 


Ethnicity 
There is no ethnic predilection for folate deficiency 


Associated diseases 

Studies suggest an association between folate deficiency and ele- 
vated homocysteine levels and cardiovascular disease, neuropsychi- 
atric disease and certain cancers [115]. 


Pathophysiology 

Predisposing factors 

In the paediatric population, deficient intake of folate can occur 
in the setting of overly boiled cow’s milk or being fed goat’s milk 
exclusively [116]. Alcoholics are at risk of inadequate intake. Malab- 
sorption due to coeliac disease, chronic diarrhoea and gastrectomy 
has been reported. Antifolate medications, such as methotrexate, 
trimethoprim, pyrimethamine and oral contraceptive, can cause 
folate deficiency. Certain antiepileptic medications, including phe- 
nobarbital, phenytoin and carbamazepine, induce microsomal 
hepatic enzymes, thus diminishing folate stores [117,118]. 


Clinical features 

History 

Patients may report having anorexia, nausea, vomiting, abdominal 
pain and diarrhoea. They may also complain of a sore tongue or pain 
with swallowing. 


Presentation 
Folate deficiency is characterised primarily by its haematological 
manifestations, which include a megaloblastic anaemia and hyper- 
segmented neutrophils. Neutropenia and thrombocytopenia can 
also be noted. 

The mucocutaneous manifestations include glossitis with atrophic 
filiform papillae (Hunter’s glossitis), angular cheilitis, mucosal 
ulceration, perineal seborrhoeic dermatitis, and localised or dif- 
fuse hair depigmentation and mucocutaneous hyperpigmentation. 
Hyperpigmentation is frequently seen in the palmar creases and 
flexural regions but can also affect the oral mucosa [119,120]. 


Differential diagnosis 
Vitamin B,, deficiency can mimic folate deficiency. Unlike vitamin 
B,, deficiency, folate deficiency lacks neurological features. 


Complications and co-morbidities 
Folate deficiency in women of childbearing age may result in fetal 
neural tube defects. 


Disease course and prognosis 
Folic acid supplementation is typically curative of folate deficiency. 


Investigations 

Diagnosis is made by measurement of serum and red blood 
cell folate levels [121]. Identifying a megaloblastic anaemia with 
hypersegmented neutrophils is also helpful. 


Management 
The recommended daily intake of folate is 65-600 pg/day, depend- 
ing on age. 

Treatment includes addressing any underlying causes of folate 
deficiency and supplementing with 1-5 mg of folate daily. Concur- 
rent vitamin B,, deficiency should be ruled out prior to initiating 


treatment, as the haematological manifestations of vitamin B,, 
deficiency will respond to folate but the neurological symptoms 
will not. 
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Vitamin B,, deficiency 


Definition and nomenclature 

Vitamin B,, (cobalamin) is a water-soluble B-complex vitamin and 
critical co-enzyme involved in DNA, protein, lipid and carbohydrate 
metabolism. 


nicious anaemia 


Introduction and general description 

Vitamin B,, is obtained through dietary sources such as eggs, milk, 
beef, liver and organ meats. Upon ingestion, gastric acid dissociates 
vitamin B,, from food proteins. After binding to intrinsic factor in 
the duodenum, vitamin B,, is actively taken up by the terminal 
ileum. About 1-5% of free vitamin B,, is absorbed via passive dif- 
fusion. In the enterocyte, vitamin B,, separates from intrinsic factor, 
binds to transcobalamin II and is released into the portal circulation 
for transport to other tissues. The two biologically active forms of 
cobalamin are methylcobalamin and 5’-adenosylcobalamin. Methy]- 
cobalamin is a co-enzyme for methyltransferase, which methylates 
homocysteine to methionine, while 5’-adenosylcobalamin catalyses 
methylmalonyl co-enzyme A (CoA) mutase’s conversion of methyl- 
malonic acid to succinyl CoA [122]. A deficiency in vitamin B,, leads 
to a clinical profile similar to folate deficiency, with mucocutaneous 
and haematological manifestations. The distinguishing feature of 
vitamin B,, deficiency is its important neurological findings. Since 
the body is able to store a large amount of vitamin B,,, symptoms 
of acquired deficiency may take 3-6 years to develop. Vitamin B,, 
deficiency can be associated with both congenital and acquired 
pernicious anaemia. 


Epidemiology 

Incidence and prevalence 

It is estimated that 3.2% of US adults older than 50 years have 
a serum vitamin B,, level <200pg/mL [123]. The prevalence of 
acquired pernicious anaemia ranges from 50 to 4000 cases per 
100000 persons [124]. 


Age 

Acquired vitamin B,, deficiency can be observed in all ages. 
Adult-onset pernicious anaemia usually occurs in people aged 
40-70 years. 


Sex 
There is no sex predilection for vitamin B,, deficiency. 
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Chapter 61: Nutritional Disorders Affecting the Skin 


Ethnicity 
Acquired pernicious anaemia is more common in individuals of 
European and African ancestry. 


Associated diseases 

Acquired pernicious anaemia is an autoimmune gastritis charac- 
terised by destruction of gastric parietal cells and loss of intrinsic 
factor. The lack of intrinsic factor prevents adequate absorp- 
tion of vitamin B,, [125]. Autoimmune gastritis can also cause 
malabsorption of iron and clinical iron deficiency. 


Pathophysiology 

Predisposing factors 

Vitamin B,, deficiency results from inadequate intake, malabsorp- 
tion and inborn errors of transport and metabolism. Populations 
at risk for poor dietary intake include the elderly, vegans and 
their breastfed infants, and individuals with psychiatric dis- 
ease. Defective absorption of vitamin B,, can occur secondary 
to decreased gastric acid production (chronic proton pump 
inhibitors and H, histamine blockers) [126], decreased intrinsic 
factor (pernicious anaemia, atrophic gastritis, postgastrectomy) and 
bacterial overgrowth. Other states of impaired absorption include 
inflammatory bowel disease, coeliac disease, Whipple disease and 
Zollinger—Ellison syndrome [127]. 


Genetics 

Mutations in the gastric intrinsic factor gene cause a rare disorder of 
vitamin B,, absorption known as congenital pernicious anaemia or 
congenital intrinsic factor deficiency. 


Clinical features 

History 

Individuals may report symptoms of fatigue, weakness and possibly 
a sore tongue. 


Presentation 

Similar to folate deficiency, vitamin B,, deficiency is charac- 
terised by haematological manifestations, including megaloblastic 
anaemia and hypersegmented neutrophils, as well as mucocuta- 
neous manifestations such as Hunter glossitis, angular cheilitis, 


(b) 


localised or diffuse hair depigmentation and mucocutaneous 
hyperpigmentation (of the face, nails, palmar creases and flex- 
ural surfaces) [129-133] (Figure 61.10). The morphology of the 
cutaneous hyperpigmentation can present as homogeneous or 
reticulate ‘honeycomb’ patterns when diffuse, and accentuation on 
the joints known as ‘knuckle hyperpigmentation’ when localised 
to the dorsal hands and feet. Mucosal pigmentation can include 
the tongue [134,135]. Hyperpigmentation may be one of the first 
signs of vitamin B,, deficiency and may present prior to anaemia 
being detected on laboratory investigations [135]. Vitamin B,, defi- 
ciency is distinguished from folate deficiency by the development 
of neurological symptoms. Patients normally present with subacute 
combined degeneration of the dorsal and lateral spinal column, 
resulting in generalised weakness, paraesthesias, ataxia and sym- 
metrical loss of vibration and proprioception. If left untreated, 
patients can develop spasticity, paraplegia and incontinence. Other 
symptoms include somnolence, irritability, apathy, memory loss, 
dementia and psychosis. 


Differential diagnosis 
Folate deficiency encompasses similar mucocutaneous and haema- 
tological features. 


Complications and co-morbidities 
Advanced neurological disease may develop, which may be unre- 
sponsive to vitamin replacement therapy. 


Disease course and prognosis 

Prognosis is good with early recognition and treatment. For acquired 
pernicious anaemia, patients should be monitored for possible 
development of gastric cancer. 


Investigations 

Diagnosis is confirmed by detecting a serum cobalamin level 
<200 pg/mL. A serum cobalamin level of 200-300pg/mL is 
borderline low. A megaloblastic anaemia with hypersegmented 
neutrophils is also observed. The Schilling test, serological antibod- 
ies to intrinsic factor and parietal cells, and biopsies of the gastric 
mucosa provide additional information to secure the diagnosis of 
acquired pernicious anaemia. 


Figure 61.10 Vitamin B,, deficiency with 
(a) generalised hyperpigmentation and 

(b) longitudinal hyperpigmented streaks on 
the fingernails. Reproduced from [128] with 
permission from John Wiley & Sons. 


Management 
The recommended daily intake of vitamin B,, is 0.4-2.8 jg, depend- 
ing on age. 

Vitamin B,, can be administered either parenterally or orally. If 
given parenterally, it is recommended that patients receive 8-10 
loading doses of 1mg spaced daily to weekly, and then monthly 
1 mg injections thereafter. If given orally, 1-2 mg daily is considered 
to be effective therapy [124]. 


Vitamin C —l 


Vitamin C deficiency 


Definition and nomenclature 

Vitamin C is a water-soluble vitamin, antioxidant and essential 
co-factor for collagen biosynthesis, carnitine and catecholamine 
metabolism and dietary iron absorption. 


Introduction and general description 

Humans are unable to synthesise vitamin C. As such, vitamin C 
is strictly obtained through dietary intake of fruit and vegetables. 
Citrus fruits, berries, tomatoes, potatoes and green leafy vegetables 
are excellent sources of vitamin C. Although most vitamin C is com- 
pletely absorbed in the small intestine, the percentage of absorbed 
vitamin C decreases as intraluminal concentrations increase [136]. 
Vitamin C is required for the hydroxylation of proline residues 
on procollagen, in turn making it necessary for triple-helix forma- 
tion of mature collagen. The lack of a stable triple helical structure 
compromises the integrity of the skin, mucous membranes, blood 
vessels and bone. Consequently, a deficiency in vitamin C results 
in scurvy, which is composed of haemorrhage, hyperkeratosis and 
haematological abnormalities. 


Epidemiology 

Incidence and prevalence 

One of the largest studies of over 24000 participants, aged 40-72, 
was performed in England from 1993 to 1997 and showed a vitamin 
C deficiency prevalence of 1.4% [137]. According to the NHANES 
(2003-04) study, the overall prevalence of vitamin C deficiency in 
the USA among children and adults older than 6 years was 7.1% 
[138]. Within any given population, vitamin C status can be quite 
variable due to environmental factors (geographic region, season, 
climate, pollution), demographic factors (age, sex, race, socioe- 
conomic status) and health status (pregnancy, smoking, medical 
co-morbidities) [139,140]. 


Age 
Vitamin C deficiency can present at any age, although it is uncom- 
mon in the neonatal period. 


Sex 
There is no sex predilection for vitamin C deficiency. 


Ethnicity 
There is no ethnic predilection for vitamin C deficiency. 


Associated diseases 

Vitamin C deficiency can be associated with both folate and iron 
deficiency. Vitamin C decreases urinary folic acid excretion and 
increases dietary iron absorption. 


Pathophysiology 

Predisposing factors 

Vitamin C deficiency usually arises in the setting of decreased intake 
or increased requirements or losses. The elderly, alcoholics, food 
faddists, anorexics, cancer patients, individuals with presumed 
food allergies, and patients receiving unsupplemented parenteral 
nutrition or with restricted diets secondary to inflammatory bowel 
disease, gastrointestinal reflux or Whipple disease, are all at risk 
for inadequate intake of vitamin C [136]. More recently, numerous 
case reports of scurvy have arisen among children with autism 
spectrum disorders, due to their strong food preferences and aver- 
sions [141]. Increased vitamin C requirements can be observed 
with tobacco smoking, as well as several medications including 
aspirin, indomethacin, oral contraceptives, tetracyclines and cor- 
ticosteroids. Renal failure patients are prone to scurvy due to 
filtration of water-soluble vitamin C during dialysis [142]. Scurvy 
has been reported as a complication of interleukin-2 treatment of 
metastatic renal cell carcinoma and among patients receiving liver 
transplants [143,144]. 


Clinical features 

History 

Scurvy develops 1-3 months after initiating a vitamin C-deficient 
diet [145]. Individuals may complain of lethargy, fatigue, malaise, 
emotional lability, arthralgias, weight loss, anorexia and diarrhoea. 
They may also experience easy bleeding, bruising and poor wound 
healing. 


Presentation 
The cutaneous manifestations of scurvy include phrynoderma, 
corkscrew hairs, perifollicular haemorrhage and purpura, oedema 
of the lower extremities and splinter haemorrhages [136]. Phryn- 
oderma (enlarged hyperkeratotic hair follicles) initially presents 
on the posterolateral aspects of the arms. This can subsequently 
generalise to involve the buttocks, posterior thighs, calves, shins 
and back. Corkscrew hairs represent fractured and coiled hairs 
due to impaired keratin cross-links by disulfide bonds. With time, 
significant vascular congestion occurs, particularly in the lower 
extremities, leading to perifollicular haemorrhage and oedema 
(Figure 61.11). This purpura is occasionally palpable, mimicking a 
cutaneous vasculitis [146]. Blood vessel wall fragility also results in 
splinter haemorrhages of the nail bed. 

Oral disease is prominent among those with pre-existing poor 
dentition. Individuals may develop a haemorrhagic gingivitis, 
where the gingiva is initially red, swollen and shiny, and later 
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Figure 61.11 Scurvy: note the corkscrew-like hairs and the perifollicular purpura. 


becomes purple, necrotic and prone to bleeding [136]. Additionally, 
poorly formed soft teeth are prone to infection. 

Lack of body hair and dentition may make a diagnosis of vitamin 
C deficiency challenging without the presence of hair or gingival 
abnormalities, respectively [147,148]. In these cases, absence of these 
features should not exclude a diagnosis of vitamin C deficiency if 
there is a high level of suspicion. 

Musculoskeletal disease is frequently seen in children. Haem- 
orrhage can be intramuscular, intra-articular or subperiosteal, 
leading to pain and pseudoparalysis. Bowing of the long bones, 
depression of the sternum, and swelling of the costochondral junc- 
tions are noted on physical examination. Radiographic findings 
include a transverse metaphyseal radiolucent band (scurvy line or 
Trummerfeld zone), widening at the zone of calcification (white 
line of Frankel), a ring of increased density around the epiphysis 
(Wimberger ring) and metaphyseal spurs with marginal fractures 
(Pelkan spurs) [149,150]. Conjunctival, intraocular, intracerebral 
and gastrointestinal bleeding have been reported. 


Differential diagnosis 

Trauma, medications, haematological abnormalities, collagen vas- 
cular diseases and infections can cause large ecchymoses and be 
confused with scurvy [151] (Figure 61.12). 


Complications and co-morbidities 

The major complication associated with scurvy is haemorrhage into 
various tissue sites, which has the potential to result in permanent 
functional deficits. 


Disease course and prognosis 
Scurvy generally carries an excellent prognosis if diagnosed and 
treated appropriately. 


Figure 61.12 Scurvy: note the extensive ecchymoses from minor trauma. 


Investigations 
Scurvy is largely a clinical diagnosis. Serum ascorbic acid levels may 
be measured (<11 pmol/L), but this typically reflects recent dietary 
intake. Measurement of leukocyte ascorbic acid levels tends to be 
more accurate, but testing is not widely available. 

A normochromic normocytic anaemia is common resulting from 
blood loss, folate deficiency and iron deficiency. 


Management 
The recommended daily intake of vitamin C is 40-120 mg, depend- 
ing on age and sex. 

Scurvy is treated with ascorbic acid 100-300 mg daily until symp- 
toms remit. Clinical improvement is noted within the first 1-2 
weeks, with resolution of fatigue, joint swelling and ecchymoses, 
and healing of the gingiva. Complete recovery frequently occurs 
within 3 months [136]. 


Biotin deficiency 


Definition and nomenclature 

Biotin is an essential co-factor for four carboxylase enzymes 
involved in fatty acid synthesis and lipogenesis (acetyl-CoA car- 
boxylase), gluconeogenesis (pyruvate carboxylase) and amino acid 
catabolism (propionyl-CoA carboxylase and 3-methylcrotonyl CoA 
carboxylase). 


deficiency, holocarboxylase synthetase 


Introduction and general description 

Biotin is both synthesised by intestinal bacteria and obtained 
through dietary sources. As a result, deficiency states are uncom- 
mon. Good sources of biotin include eggs, cow’s milk, soya beans, 


liver, mushrooms, peanuts, hazelnuts and walnuts. Pancreatic bio- 
tinidase is required to release biotin from dietary proteins. Biotin 
diffuses across the gut epithelium, binds to plasma proteins and 
travels to the liver, where it complexes with various carboxylase 
enzymes via holocarboxylase synthetase. Endogenous biotin is 
recycled by biotinidase. Biotin deficiency can be acquired or inher- 
ited. The two forms of hereditary multiple carboxylase deficiency 
are holocarboxylase synthetase deficiency (neonatal, early onset) 
and biotinidase deficiency (infantile, late onset). 


Epidemiology 

Incidence and prevalence 

The combined incidence of profound and partial biotinidase defi- 
ciency is 1 in 60089 live births [152]. Holocarboxylase synthetase 
deficiency is extremely rare. 


Age 

Acquired biotin deficiency can affect all ages. Holocarboxylase 
synthetase deficiency presents within the first 6 weeks of life. Bio- 
tinidase deficiency presents in infancy or early childhood, typically 
after 3 months of age. 


Sex 
There is no sex predilection for biotin deficiency. 


Ethnicity 
There is no ethnic predilection for biotin deficiency. 


Pathophysiology 

Predisposing factors 

Acquired biotin deficiency is often associated with excessive intake 
of raw egg white [153,154]. Avidin is a glycoprotein found in 
egg whites which binds to free biotin and prevents its absorp- 
tion. When eggs are cooked, this bond is broken and biotin may 
be freely absorbed. Biotin deficiency is also observed in the set- 
ting of receiving unsupplemented parenteral nutrition [155,156], 
unsupplemented infant formula [157], prolonged antibiotic courses 
and long-term anticonvulsants (e.g. valproic acid, carbamazepine, 
phenytoin). Anticonvulsants can increase biotin catabolism and 
disrupt liver function, thus predisposing to biotin deficiency 
[158-160]. 


Genetics 

Both holocarboxylase synthetase deficiency and biotinidase defi- 
ciency are autosomal recessively inherited disorders resulting in 
altered biotin metabolism. 


Clinical features 

History 

Symptoms of acquired biotin deficiency manifest 3-6 months after 
initiation of a diet rich in raw egg white. 


Presentation 

The cutaneous features of acquired biotin deficiency are similar 
to acrodermatitis enteropathica and essential fatty acid deficiency. 
It normally consists of a pink to red, scaly periorificial dermati- 
tis around the eyes, nose, mouth and anus. Alopecia, glossitis 


and conjunctivitis have also been observed. Patients may com- 
plain of lethargy, paraesthesias, myalgias, nausea, anorexia and 
hypotonia. 

Holocarboxylase synthetase deficiency is characterised by sev- 
eral metabolic derangements, including metabolic acidosis (lactic 
acidosis, ketoacidosis), hyperammonaemia and organic aciduria. 
Neonates frequently have hypotonia, ataxia, seizures, lethargy and 
developmental delay. There have been reports of affected indi- 
viduals presenting with a collodion membrane and subsequent 
ichthyosis [161]. Classically, patients develop dermatitis in a sebor- 
rhoeic, periorificial and intertriginous distribution, with or without 
associated alopecia. 

Similarly, biotinidase deficiency can be associated with metabolic 
acidosis, organic aciduria, ataxia, hypotonia, seizures, develop- 
mental delay, periorificial dermatitis and alopecia. Patients may 
also develop keratoconjunctivitis, optic nerve atrophy and sen- 
sorineural hearing loss. Though metabolic encephalopathy has the 
potential to be corrected with biotin replacement [162], hearing loss 
is irreversible [163]. Immune deficiencies have been documented as 
well [164]. 


Differential diagnosis 
Biotin deficiency, zinc deficiency and essential fatty acid deficiency 
all have analogous cutaneous manifestations. 


Complications and co-morbidities 
Patients with multiple carboxylase deficiency may develop perma- 
nent neurodevelopmental deficits. 


Disease course and prognosis 

Prognosis is generally good with early diagnosis and treatment. 
Morbidity will depend on the extent of delay in treatment and 
the degree of metabolic stress. Mortality rate is close to 100% with 
untreated holocarboxylase deficiency. 


Investigations 

The diagnosis can be confirmed by detecting a low serum biotin 
level. However, this may not be the most reliable measurement 
of biotin deficiency; a more sensitive and accurate measure- 
ment is urinary levels of biotin and its metabolites [165,166]. 
Urinary biotin will be decreased and urinary biotin metabo- 
lites, including 3-hydroxyisovaleric acid, 3-methylcrotonylglycine, 
3-hydroxypropionic acid, methylcitric acid and lactic acid, may be 
elevated [167]. Checking ammonia, serum amino acids and urine 
organic acids may be helpful if one suspects an inborn error of 
metabolism. Decreased biotinidase activity in serum, leukocytes 
or cultured skin fibroblasts is indicative of biotinidase deficiency. 
Many states include multicarboxylase deficiency testing as part of 
newborn screening. 


Management 

The recommended daily intake of biotin is 5-35y1g, depending 
on age. Most children and adults meet this requirement through 
their daily diet, and there is no strong evidence supporting biotin 
supplementation outside of known inherited or acquired deficiency 
for hair, nail or skin disorders in healthy individuals [168,169]. 
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Acquired biotin deficiency is treated with 150g of biotin daily 
until symptoms resolve. Biotinidase deficiency often responds well 
to 5-10 mg of biotin daily, while holocarboxylase synthetase defi- 
ciency requires at least 10-40 mg daily, with higher doses frequently 
needed. Metabolic and cutaneous abnormalities respond rapidly. 
However, neurological deficits such as hearing loss and vision 
impairment may be permanent. 

Of note, exogenous biotin supplementation has been found to 
interfere with immunoassays that utilise the streptavidin-biotin 
interaction causing falsely elevated or decreased laboratory values. 
Examples of tests that can be affected include free triiodothyronine 
(fT3), free thyroxine (fT4), thyroid stimulating hormone (TSH), 
prolactin, creatinine kinase-MB (CK-MB), qualitative B-human 
chorionic gonadotropin (hCG), alpha fetoprotein (AFP), cortisol 
and ferritin. In view of this, clinicians should advise patients to 
withhold biotin supplementation at least 48-72h prior to blood 
tests, and if this is not possible, consider enquiring whether dif- 
ferent laboratory assays or techniques can be performed for more 
accurate results [170,171]. 


MINERALS 
Iron —l Fe 


Iron deficiency 


Definition 

Iron is an essential factor for multiple metabolic pathways, including 
collagen synthesis, haem synthesis and various oxidation-reduction 
reactions. It also serves as a co-factor for enzymes such as 
monoamine oxidase and succinic dehydrogenase. 


Introduction and general description 

Iron-rich foods include red meat, egg yolk, green leafy vegetables, 
dried fruits, nuts, dried beans and enriched grain products. Most 
iron absorption occurs in the duodenum and jejunum via ferrous 
iron transporter divalent metal ion transporter 1 (DMT-1). Ferric 
iron is reduced to the ferrous form by ferric reductase along the 
intestinal brush border to facilitate DMT-1 transport. Intestinal 
absorption of ferritin and haem is poorly understood. In addition to 
haematological abnormalities, iron deficiency often manifests with 
nail, hair and mucous membrane changes. 


Epidemiology 

Incidence and prevalence 

In children between 1 and 4 years of age, 14% are iron deficient; the 
prevalence decreases to 4% in children aged 3-5 years [1]. Of men- 
struating females, 9% are iron deficient [1]. 


Age 
Infants are at high risk for developing iron deficiency. In partic- 
ular, infants transitioning from iron-fortified formula to cow’s 
milk are at risk given higher concentrations of calcium in cow’s 
milk competing with iron for absorption in the gastrointestinal 
tract. 


Sex 

Women of childbearing age are at greater risk for iron deficiency as 
a result of blood loss with menses and iron loss during pregnancy. 
Iron deficiency anaemia is the most common cause of anaemia in 


pregnancy [2]. 


Ethnicity 
There is no ethnic predilection for iron deficiency. 


Associated diseases 
Iron deficiency is seen in approximately 17% of children with cystic 
fibrosis [3]. 


Pathophysiology 

Predisposing factors 

Infants and women of childbearing age are at greatest risk for 
iron deficiency. Infants are particularly at risk for deficiency as 
they transition from iron-fortified formula to cow’s milk formula 
due to reduced intestinal absorption in the setting of high calcium 
concentrations. Menstruation and pregnancy predispose women to 
iron deficiency. Conditions resulting in chronic bleeding, such as 
inflammatory bowel disease or gastrointestinal malignancy, may 
lead to deficiency states. Patients treated with roux-en-Y gastric 
bypass surgery can present with iron deficiency, likely related 
to poor gastrointestinal absorption of dietary iron, with the risk 
increasing over time postoperatively [4]. 


Causative organisms 
Helicobacter pylori infection has been associated with iron deficiency 
in children and adolescents [5,6]. 


Clinical features 

History 

Infants present with iron deficiency within 3-6 months of transition- 
ing from iron-fortified formula to cow’s milk. Adults often report 
fatigue. 


Presentation 

Nail changes are characteristically observed in iron deficiency. Nails 
become fragile, longitudinally ridged and brittle with moderate 
deficiency. As iron deficiency progresses, nails become thin, flat and 
often spoon shaped (koilonychia). The third and fourth fingernails 
are most commonly affected. 

Mucous membrane changes include absent or atrophic tongue 
papillae, glossodynia, aphthous stomatitis and angular stomatitis. 
Hair becomes brittle, dry and lustreless with focally narrow or split 
hair shafts. The association between iron deficiency and hair loss 
remains controversial [7,8]. 


Clinical variants 

Plummer-Vinson syndrome is characterised by dysphagia, iron 
deficiency anaemia and oesophageal webs. It is considered a 
pre-cancerous condition due to its association with carcinoma of 
the mouth and upper respiratory tract. 


Differential diagnosis 
Deficiencies in folate, riboflavin, niacin and vitamin B,, can fre- 
quently mimic iron deficiency. 


Complications and co-morbidities 

Severe and chronic iron deficiency can lead to cardiomyopathy and 
cardiac failure. The mechanism by which anaemia contributes to 
cardiomyopathy is not fully understood, but a combination of inad- 
equate myocyte perfusion and increased cardiac output to maintain 
peripheral perfusion is thought to play a role. Cerebral sinovenous 
thrombosis is another reported complication of iron deficiency [9]. 


Disease course and prognosis 
The mucocutaneous and haematological manifestations of iron 
deficiency are responsive to iron supplementation. 


Investigations 

Iron-deficient individuals develop a characteristic microcytic 
anaemia, with a low haemoglobin, low haematocrit, low mean 
corpuscular volume (MCV) and low mean corpuscular haemoglobin 
concentration (MCHC). If a peripheral blood smear is performed, 
red blood cells appear microcytic and hypochromatic. Low serum 
iron, low ferritin and high total iron binding capacity (TIBC) are 
diagnostic of iron deficiency. 


Management 

The recommended daily intake of iron depends on age and sex: 
11 mg/day for infants aged 7-12 months, 7-11 mg/day for children 
aged 1-13 years, 15mg/day for adolescent females aged 14-18 
years as they begin menstruation, 11 mg/day for adolescent males, 
18 mg/day for adult women and 8 mg/day for adult men. Pregnant 
women should increase iron intake to 27 mg/day. 

Treating the underlying cause of iron deficiency is critical. In 
the case of chronic bleeding, if there is continued blood loss, iron 
supplementation may not be sufficient to normalise iron levels. 
Enteral supplementation with ferrous sulphate is recommended. 
In children, the treatment dose is 1-6mg/kg/day, depending on 
the severity of deficiency; 1-2mg/kg/day dosing can be used 
to prevent deficiency. Adult treatment of iron deficiency is with 
60-65 mg 2-4 times daily, with prophylaxis being 60-65mg once 
daily. Common practice has been to encourage concurrent vitamin 
C intake to facilitate absorption of iron. However, results from a 
recent randomised clinical trial demonstrated that iron supple- 
mentation alone was as effective as iron combined with vitamin C 
supplementation in the treatment of iron deficiency anaemia [10]. 


Zinc deficiency 


Definition and nomenclature 

Zinc is an essential mineral that is utilised in over 200 metalloen- 
zymes and plays an important role in many of the body’s biochem- 
ical processes. 


Introduction and general description 

Zinc is an essential trace element that is found in most animal prod- 
ucts, legumes, whole grains and dairy products. About 10-30% of 
dietary zinc is absorbed by a transcellular zinc-specific transporter, 
Zip4, which is found in the small intestine. Zinc deficiency can be 
inherited (acrodermatitis enteropathica) or acquired. The classic 
triad of zinc deficiency is diarrhoea, alopecia and a periorificial and 
acral eruption. 


Epidemiology 

Incidence and prevalence 

About 17% of the world’s population is at risk for inadequate 
dietary zinc intake [11]. The prevalence of acrodermatitis entero- 
pathica is 1-9 per 1000000, with a worldwide incidence of 5 per 
500 000 children [12]. 


Age 

Acrodermatitis enteropathica and transient neonatal zinc deficiency 
present in infancy while acquired zinc deficiency can occur at 
any age. 


Sex 
There is no sex predilection for zinc deficiency. 


Ethnicity 
There is no ethnic predilection for zinc deficiency. 


Associated diseases 
An acrodermatitis enteropathica-like eruption has been described as 
a presenting sign of cystic fibrosis [13]. 


Pathophysiology 

Predisposing factors 

Acquired zinc deficiency is more common than acrodermati- 
tis enteropathica, the inherited form of zinc deficiency. Factors 
that result in decreased dietary intake, decreased absorption or 
increased elimination can lead to zinc deficiency. Anorexia nervosa, 
alcoholism, vegetarianism and inadequately supplemented total 
parenteral nutrition represent risk factors for decreased dietary 
intake of zinc. Phytates in grains and legumes bind zinc and inhibit 
intestinal absorption. As such, diets high in grains and low in 
meats, notably in South-East Asia, sub-Saharan Africa and rural 
areas of the Middle East, may result in zinc deficiency. Acquired 
zinc deficiency has also been seen in a child placed on a liquid 
ketogenic diet for severe epilepsy [14]. 

Gastrointestinal disorders such as inflammatory bowel disease, 
coeliac disease, short bowel syndrome, chronic diarrhoea and gas- 
tric bypass surgery can disrupt intestinal zinc absorption. Increased 
zinc elimination can be observed in the setting of alcoholism, malig- 
nancy, burns, infections, pregnancy and renal disease. Medications 
including diuretics, penicillamine and valproate may decrease 
serum zinc levels. 
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Premature infants are at high risk for developing zinc deficiency. 
Not only do premature infants have higher metabolic demands, 
they also have inadequate stores since maternal transfer of zinc 
typically occurs during the last 10 weeks of gestation. Moreover, 
immature gut epithelium absorbs zinc poorly and premature infants 
suffer greater urinary, faecal and cutaneous zinc losses compared 
with full-term infants. 

Breastfed infants with acrodermatitis enteropathica present later 
than formula-fed infants. This is a consequence of superior zinc 
absorption from human milk over bovine milk. The reason for 
this difference is unknown; however, it has been postulated that a 
high molecular weight protein associated with zinc in bovine milk 
hinders absorption. 

Some mothers carry mutations in mammary gland zinc trans- 
porters, thus reducing the amount of zinc secreted into breast milk 
and predisposing infants to zinc deficiency while they are still being 
breastfed. This presentation has been termed ‘transient neonatal 
zinc deficiency’, or more specifically, ‘transient zinc deficiency from 
low maternal breast milk zinc levels’ [15]. 


Genetics 

Acrodermatitis enteropathica is an autosomal recessive disor- 
der caused by a mutation in the intestinal zinc transporter gene, 
SLC39A4, found on chromosome 8q24.3. This gene encodes for a 
ZIP4 transporter on enterocytes. 

A maternal mutation in SLC30A2, found on chromosome 1p36.11, 
which encodes for zinc transporter ZnT-2 in epithelial mammary 
gland cells, results in decreased secretion of zinc into breast milk. 
Clinicians should provide counselling to families indicating that this 
condition can occur with subsequent children who are exclusively 
breastfed by an affected mother. 


Clinical features 

History 

Acrodermatitis enteropathica manifests as breastfeeding infants are 
weaned from the breast, or between the fourth and tenth weeks of 
life in formula-fed infants. Infants are often described as listless and 
apathetic. 


Presentation 
The classic clinical triad of acrodermatitis enteropathica is diar- 
rhoea, alopecia and a periorificial and acral cutaneous eruption. 
Children commonly present with symmetrical, eczematous plaques 
that become vesicular, bullous, pustular or erosive with character- 
istic crusting at the edges. The perioral eruption usually spares the 
upper lip, giving it a ‘U-shaped’ or ‘horseshoe-shaped’ appearance 
(Figure 61.13). Superinfection with bacteria (especially Staphylo- 
coccus aureus) and yeast (Candida albicans) can occur because of 
immune abnormalities. Hair is dry and brittle, and large areas 
of alopecia may arise. Other cutaneous findings include angular 
cheilitis, paronychia, delayed wound healing and _ vitiligo-like 
hypopigmentation [16]. 

Infants with transient zinc deficiency from low maternal breast 
milk can present with similar lesions to those with acrodermatitis 
enteropathica [17], although unique presentations with annular 


Figure 61.13 Facial eruption of acrodermatitis enteropathica. Note the U-shaped 
distribution. 


Figure 61.14 Psoriasiform plaques on the extremities of this patient with acquired zinc 
deficiency associated with nephrotic syndrome. 


papulosquamous plaques on the facial cheeks and trunk have been 
described in the literature [15]. 

Mild zinc deficiency presents in children and adolescents with 
a psoriasiform dermatitis on the hands, feet and knees. Growth 
retardation, hypogonadism in males, abnormal dark adaptation 
and dysgeusia are also seen. 


Clinical variants 
A form of zinc deficiency associated with nephrotic syndrome has 
been reported [18] (Figure 61.14). 


Differential diagnosis 

The differential diagnosis of acrodermatitis enteropathica or 
acquired zinc deficiency includes psoriasis, seborrhoeic dermatitis, 
biotin deficiency, kwashiorkor and irritant dermatitis. Acrodermati- 
tis dysmetabolica is an acrodermatitis enteropathica-like eruption 
reported in association with methylmalonic aciduria, propionic 


aciduria, maple syrup urine disease, citrullinaemia, ornithine 
transcarbamylase deficiency and glutaric aciduria type I [19]. 


Complications and co-morbidities 
Zinc deficiency can be complicated by infection and may be fatal if 
untreated. 

The SLC30A2 gene implicated in transient zinc deficiency from 
low maternal breast milk zinc levels is present in highest concen- 
tration in placental tissue; low zinc levels in placental tissue and 
amniotic fluid are correlated with oligohydramnios, suggesting a 
possible link between both conditions in affected children [20]. 


Disease course and prognosis 

Rapid clinical improvement within 24-48h is expected with zinc 
supplementation. If untreated, zinc deficiency ultimately can be 
fatal. 


Investigations 

Diagnosis is confirmed by a combination of clinical and labora- 
tory findings. Low zinc levels (<70pg/dL fasting or <65g/dL 
non-fasting) are diagnostic, but obtaining an accurate level can be 
challenging. Zinc levels can vary with inflammation, stress, trauma, 
time of day and phlebotomy method. It should be measured in the 
morning, and care should be taken to ensure the needles, catheters, 
rubber stoppers and collection tubes do not contain zinc, and that 
the sample is not haemolysed. Hypoalbuminaemia may contribute 
to a low zinc level and therefore serum albumin should be mea- 
sured. Measurement of alkaline phosphatase, a zinc-dependent 
enzyme, can be helpful. 

To confirm the diagnosis of transient zinc deficiency from low 
maternal breast milk levels, both the mother’s serum and breast 
milk zinc levels should be obtained, in addition to the infant’s 
serum zinc levels. 

Skin biopsies are not diagnostic, but often show psoriasiform 
hyperplasia with confluent parakeratosis, spongiosis, pallor of the 
upper epidermis and focal dyskeratosis. 


Management 

The recommended dietary intake of zinc is 2-3 mg/day for children 
up to 3 years of age, 5mg/day for children 4-8 years of age and 
8mg/day for children 9-14 years of age. Adolescents and adults 
require 8-13 mg/day. 

Zinc deficiency is managed with enteral supplementation (zinc 
sulphate or zinc gluconate) or parenteral supplementation (zinc 
chloride). Patients with acrodermatitis enteropathica require life- 
long supplementation with 3mg/kg/day of elemental zinc (50 mg 
elemental zinc per 220mg zinc sulphate; 50 mg elemental zinc per 
50 mg zinc gluconate). It is important to differentiate acrodermatitis 
enteropathica from transient zinc deficiency from low maternal 
breast milk zinc levels, since the latter requires zinc supplementa- 
tion only for the duration of breastfeeding. Supplementation for 
acquired zinc deficiency ranges from 0.5 to 1.0mg/kg/day of ele- 
mental zinc for children and up to 15-30 mg elemental zinc per day 
for adults. If deficiency is secondary to intestinal malabsorption, 
higher doses may be necessary. 


Copper -— U/L 


Copper deficiency 


Definition and nomenclature 
Copper is an essential co-factor for several metalloenzymes in the 
human body, including tyrosinase and lysyl oxidase. 


Introduction and general description 

Copper-rich foods include chocolate, dark leafy greens, eggs, beef 
and pork liver, whole grains, fish and oysters. Absorption of copper 
occurs through the intestinal copper transporter ATP7A. Deficiency 
states result from decreased absorption or decreased dietary intake, 
and are characterised by various neurological, dermatological 
and musculoskeletal abnormalities. Copper deficiency in Menkes 
disease is related to a congenital defect in copper transport. 


Epidemiology 

Incidence and prevalence 

The birth incidence of Menkes disease is 1 per 300000 in Europe 
and 1 per 360 000 in Japan [21,22]. The prevalence and incidence of 
acquired copper deficiency after roux-en-Y gastric bypass is 9.6% 
and 18.8%, respectively [23]. 


Age 
Menkes disease presents at 2~3 months of age. Acquired copper defi- 
ciency can manifest at any age if predisposing factors are present. 


Sex 
Menkes disease is an X-linked recessively inherited disorder affect- 
ing males. Females are unaffected carriers. 


Ethnicity 
There is no ethnic predilection for either inherited or acquired 
copper deficiency. 


Pathophysiology 

Predisposing factors 

Decreased dietary intake from malnutrition or chronic unsupple- 
mented parenteral nutrition can lead to acquired copper deficiency. 
Individuals with excessive intake of iron, zinc, antacids or vita- 
min C can develop copper deficiency due to inhibition of intestinal 
copper absorption. Gastric bypass surgery, short gut syndrome, 
cystic fibrosis and coeliac disease also place individuals at risk for 
impaired copper absorption. 
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Figure 61.15 Menkes syndrome: pale skin and kinky hair. Reproduced from [28] with 
permission from John Wiley & Sons. 


Genetics 

Menkes disease is an X-linked recessive disorder caused by a 
mutation in ATP7A, which encodes for a copper transporting 
ATPase-polypeptide. 


Clinical features 

History 

Preterm labour, large cephalic haematomas, hypothermia, hypo- 
glycaemia, fractures and prolonged neonatal jaundice can be early 
signs of Menkes disease. A case of neonatal erythroderma has been 
reported in Menkes disease [24]. Classic symptoms usually present 
at 2-3 months of age. Adults with acquired copper deficiency 
tend to have a history of predisposing factors, but onset of clinical 
symptoms of deficiency may take months to years. 


Presentation 

The primary manifestation of acquired copper deficiency is a 
myeloneuropathy that affects both sensory and motor nerves. 
Patients experience progressive symmetrical sensory loss in addi- 
tion to weakness of the upper and lower extremities [25,26]. 
Progression to optic neuropathy, with possible permanent vision 
loss, can occur if the deficiency is left untreated [27]. Other symp- 
toms include hypopigmentation of the hair and skin, and bony 
abnormalities, such as osteoporosis, fractures and flaring of the 
anterior ribs. 

At 2-3 months of age, children with Menkes disease present with 
loss of developmental milestones, hypotonia, seizures and failure 
to thrive. These infants have a characteristic cherubic appear- 
ance with a depressed nasal bridge, pudgy cheeks, ‘Cupid’s bow’ 
upper lip and doughy skin. The skin is depigmented and feels 
soft and inelastic, especially at the nape of the neck, axillae and 
trunk (Figure 61.15). Hair changes can be the first sign of disease 
at 1-2 months of age. Scalp and eyebrow hair resemble steel wool, 
appearing short, sparse, lustreless, tangled and depigmented. Pili 
torti (Chapter 66) is the classic finding on trichogram (Figure 61.16), 
but monilethrix (Chapter 66) can also be seen. A high arched palate 
with delayed tooth eruption may be observed on oral examination. 
Osteoporosis, scalloping of the posterior aspects of the vertebral 
bodies, subperiosteal new bone formation, ossification of sutures, 
diaphyseal periosteal reaction, metaphyseal widening and lateral 
spur formation are frequent bone findings, most often affecting 
the long bones and the skull. Subdural haematomas, metaphyseal 
widening and frequent bony fractures can mimic child abuse. 
Hydronephrosis, hydroureter and bladder diverticula are common 
renal abnormalities. 


Figure 61.16 Menkes syndrome: pili torti of patient in Figure 61.15. Reproduced from 
[28] with permission from John Wiley & Sons. 


As in acquired copper deficiency, neurological deficits are a 
prominent feature of Menkes disease. Infants have severe truncal 
hypotonia with poor head control but increased tone in the extrem- 
ities. Deep tendon reflexes are increased. Severe developmental 
delay occurs, with children only able to smile and babble. Visual 
fixation and tracking are impaired and optic discs are pale on 
examination. Hearing, suck and cry remain normal. Seizures can be 
difficult to treat. Death occurs around 3-4 years of age secondary 
to elongation and tortuosity of large blood vessels and resultant 
vascular complications. 


Differential diagnosis 

The anaemia and neutropenia of acquired copper deficiency should 
be distinguished from myelodysplastic syndrome. Cutis laxa, child 
abuse, osteogenesis imperfecta and Ehlers—Danlos syndrome may 
mimic Menkes syndrome clinically. 


Complications and co-morbidities 

Neurological manifestations are prominent in both acquired copper 
deficiency and Menkes disease. Sensory and motor myeloneu- 
ropathy occurs in acquired copper deficiency. Infants with Menkes 
disease have severe truncal hypotonia, increased deep tendon 
reflexes and significant developmental delay. Seizures are also 
common in Menkes disease. 


Disease course and prognosis 
Copper supplementation in acquired copper deficiency can prevent 
further neurological degeneration but does not guarantee recovery 
of lost function. Vision loss from optic neuropathy can be perma- 
nent [27]. 

For Menkes disease, if treatment is initiated during the neonatal 
period or early infancy, neurological deterioration can be mitigated. 
However, once disease is present, it may not be reversed [29,30]. 


Investigations 

In acquired copper deficiency, normocytic or macrocytic anaemia 
and neutropenia are prominent findings [31]. Hypocupraemia and 
hypoceruloplasminaemia may also be noted. 


Diagnosis of Menkes disease is made by a combination of clini- 
cal, laboratory and genetic testing. Hypocupraemia and hypoceru- 
loplasminaemia are seen. Copper and ceruloplasmin can be low in 
healthy neonates. Dopamine p-hydroxylase is a copper-dependent 
enzyme and measurement of the ratio of plasma dihydroxypheny- 
lalanine (DOPA) to dihydroxyphenylglycol may be useful in diag- 
nosing Menkes disease [32]. Testing for mutations in ATP7A can 
confirm the diagnosis of Menkes disease. 


Management 

The recommended daily intake of copper for infants up to 12 months 
of age is 200-220pg/day. Children 1-13 years of age require 
340-700 pg /day, with the recommended intake increasing with age. 
Adolescents and adults require 890-900 pg /day. 

Treatment of copper deficiency includes copper supplementation 
and addressing the underlying cause. Children with Menkes disease 
require lifelong supplementation with parenteral copper, usually 
cupric chloride, in order to bypass impaired intestinal absorption. 
Vitamin C has been reported to prevent binding of copper to met- 
allothionein, theoretically increasing the availability of copper for 
absorption. The evidence for use of vitamin C in Menkes disease is 
limited [33]. In acquired copper deficiency, intravenous copper can 
be used to correct deficiency rapidly and copper gluconate can be 
used for long-term enteral supplementation. 


Selenium -— Va 


Selenium is a necessary component of several proteins, known 
as selenoproteins, including glutathione peroxidase, thioredoxin 
reductase and iodothyronine diodinase. Selenium is obtained 
through dietary intake of selenium-rich foods such as seafood, red 
meat, egg yolks, grains, Brazil nuts and chicken. The amount of 
selenium in plant-based food correlates with the amount found in 
the soil from which it was grown. Selenium exists in either organic 
or inorganic forms. The inorganic form of selenium or selenite is 
well absorbed, but not as well retained in the body as the organic 
forms, selenomethionine or selenocystine. 


Selenium deficiency 


Definition and nomenclature 
Selenium deficiency, also known as Keshan disease, is caused by 
inadequate intake, defective absorption or increased losses. 


Epidemiology 

Incidence and prevalence 

Selenium deficiency is uncommon. The highest incidence is reported 
in parts of China where the soil is selenium deficient. 


Age 
Children are more likely to be affected by Keshan disease. 


Sex 
Women of childbearing age are more likely to be affected by Keshan 
disease. 


Ethnicity 
There is no ethnic predilection for selenium deficiency. 


Associated diseases 

Selenium deficiency has been associated with the development of 
dilated cardiomyopathy in patients with recessive dystrophic epi- 
dermolysis bullosa. Although no causative link has been identified, 
selenium deficiency likely represents one of multiple factors that 
predispose these patients to cardiomyopathy [34]. Primary heart 
disease in systemic sclerosis is associated with selenium deficiency 
and selenium testing is recommended when cardiac involvement is 
suspected [35]. 


Pathophysiology 

Predisposing factors 

Patients receiving total parenteral nutrition require selenium sup- 
plementation and deficiency may result if there is inadequate 
parenteral selenium [36]. Protein-restrictive diets can increase the 
risk of developing selenium deficiency. Gastrointestinal diseases 
may lead to decreased selenium absorption or increased selenium 
excretion [37]. In a prospective observational study of 50 children 
and young adults with congenital ichthyoses from Spain, selenium 
was the most common micronutrient deficiency (seen in 34%) 
followed by iron, vitamin D and zinc [38]. 


Environmental factors 

If soil is selenium deficient, then the grains grown in the soil may 
also be selenium deficient. Certain regions of China including 
Keshan and Tibet have documented low soil selenium levels, and 
selenium deficiency is endemic in these regions. Heavy erosion 
of surface soil can lead to selenium-deficient soil because of trace 
mineral depletion [39]. 


Clinical features 

History 

Patients with selenium deficiency will commonly present with a his- 
tory of a predisposing factor for deficiency. It is important to elicit 
whether a patient has lived in or travelled to a selenium deficiency 
endemic region. Keshan disease and Kashin—Beck disease have only 
been described in endemic areas of Asia. 


Presentation 
Keshan disease is characterised by a multifocal myocarditis 
that can progress to a fatal cardiomyopathy. Acute or chronic 
cardiac dysfunction, cardiomegaly, arrhythmias and electrocardio- 
graphic abnormalities have been described. Extracardiac findings 
include muscle pain or weakness, erythrocyte macrocytosis without 
anaemia, pancreatic exocrine dysfunction, hepatic congestion and 
mesenteric lymphadenosis. Cutaneous manifestations of Keshan 
disease are non-specific and include Terry nails-like white nail beds 
and hypopigmentation of the skin and hair. 

Kashin—Beck disease describes selenium deficiency with predom- 
inantly bony disease. This osteoarthropathy affects the epiphyseal 
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and articular cartilage and the epiphyseal growth plates. Enlarged 
joints and shortened fingers and toes may be noted. 


Clinical variants 
e Keshan disease. 
e Kashin—Beck disease. 


Differential diagnosis 

The differential diagnosis for Keshan disease includes hepatic 
cirrhosis and kwashiorkor. Kashin—Beck disease should be distin- 
guished from rickets. 


Complications and co-morbidities 
Myocarditis from Keshan disease can lead to long-term cardiac dys- 
function and cardiomyopathy. 


Disease course and prognosis 

If diagnosed and treated early, the long-term prognosis for selenium 
deficiency is good and cutaneous findings respond well to supple- 
mentation. If left undiagnosed or untreated, permanent cardiac 
damage and cardiomyopathy may result. 


Investigations 
Measurement of plasma selenium levels and glutathione peroxidase 
activity confirms the diagnosis of selenium deficiency. 


Management 

For children less than 3 years of age, the recommended daily intake 
of selenium is 15-20pg/day. Children 3-13 years of age require 
20-40 pg/day. The recommended intake for adolescents and adults 
is 55 g/day, but women who are pregnant or breastfeeding should 
increase to 60 and 70 g/day, respectively. 

Treatment is with selenium supplementation enterally or par- 
enterally. Enteral selenium is available as selenomethionine, 
selenium-enriched yeast or sodium selenite. Parenteral selenium 
supplementation of 5-7 pg/kg/day can be used for acute correction 
of selenium deficiency [40]. 


Selenium excess 


Definition 
Selenium toxicity results from excess ingestion of selenium, whether 
intentional or unintentional. 


Epidemiology 

Incidence and prevalence 

Selenium toxicity is not common. With the exception of occurrences 
in endemic areas such as Hubei in China, sporadic outbreaks have 
been reported from increased dietary intake. 


Age 
There is no age predilection for selenium excess. 


Sex 
There is no sex predilection for selenium excess. 


Ethnicity 
There is no ethnic predilection for selenium excess. 


Pathophysiology 

Predisposing factors 

Selenium toxicity has been reported as a consequence of excess sup- 
plement ingestion [41,42]. Other documented causes include inges- 
tion of glass blue used in the manufacturing of stained glass [43], 
selenite broth used to isolate Salmonella and gun blueing agent used 
for finishing firearms [44]. 


Environmental factors 

Endemic selenium toxicity was described in Enshi County in 
Hubei, China, in the 1960s as a result of selenium-contaminated 
soil. Selenium-containing coal was used to fertilise the soil in that 
region [45]. 


Clinical features 

History 

A thorough history, including use of nutritional supplements, occu- 
pation history and hobbies, can reveal where exposure may have 
occurred. 


Presentation 

White horizontal streaks appear on the surface of nails and as the 
nails become increasingly brittle, breakage eventually leads to nail 
loss. New nail growth is also fragile, although the nails can be thick- 
ened with a rough surface. Hair is brittle and may be associated 
with an exfoliative dermatitis on the scalp. Teeth, hair and nails can 
develop a reddish hue. The neck and extremities become red and 
swollen and develop blisters and slow-healing ulcerations. 

Acute selenium toxicity can be fatal. Neurological signs include 
peripheral paraesthesias, hyperreflexia, numbness, seizures and 
paralysis. Acute tubular necrosis leading to acute renal failure 
requiring dialysis has been reported [46]. Nausea, vomiting, diar- 
thoea, hypersalivation, garlic or sour-milk smelling breath and 
severe corrosive gastritis with resultant deep gastric ulcers can 
occur. 


Complications and co-morbidities 
Acute selenium toxicity is complicated primarily by neurological 
deficits, including peripheral anaesthesia, seizures and paralysis. 


Disease course and prognosis 

The cutaneous findings of selenium toxicity are reversible once 
the source of excess selenium is removed. Renal and neurological 
dysfunction can be permanent if irreversible organ damage has 
occurred. 


Investigations 
Plasma selenium levels are diagnostic of selenium toxicity. 


Management 

For children less than 3 years of age, the recommended daily intake 
of selenium is 15-20pg/day. Children 3-13 years of age require 
20-40 g/day. The recommended intake for adolescents and adults 
is 55 pg/day, but women who are pregnant or breastfeeding should 
increase to 60 and 70 pg /day, respectively. 


Treatment involves supportive management of the complications 
of toxicity such as gastric ulcers and acute renal failure. Removing 
the source of excess selenium is essential. 


Manganese .—l 


Manganese deficiency and excess 


Definition and nomenclature 

Manganese functions as an important co-factor for pyruvate 
carboxylase and superoxide dismutase and activates glycosyl- 
transferases necessary for glycoprotein and glycosaminoglycan 
synthesis. 


Introduction and general description 

Manganese is found in nuts, leafy greens, legumes, whole grains 
and tea. Humans absorb about 5% of dietary manganese but the 
mechanism is poorly understood. Iron, magnesium and calcium 
may reduce manganese absorption. Manganese deficiency results 
from inadequate dietary intake, while manganese excess is due to 
excessive consumption. Both manganese deficiency and excess are 
uncommon. 


Epidemiology 
Incidence and prevalence 
Manganese deficiency and excess are extremely uncommon. 


Age 
There is no age predilection for either manganese deficiency or 
excess. 


Sex 
There is no sex predilection for either manganese deficiency or 
excess. 


Ethnicity 
There is no ethnic predilection for either manganese deficiency or 
excess. 


Pathophysiology 

Predisposing factors 

Long-term parenteral nutrition predisposes individuals to an 
imbalance in manganese through either inadequate or excess 
supplementation. Manganese toxicity has been reported after 
ingestion of well water with toxic levels of manganese [47,48], 
with abuse of a combination of ephedrine, acetylsalicylic acid and 
potassium permanganate, also known as ‘Russian Cocktail’ [49], 
and with ingestion of incorrectly manufactured Epsom salts [50]. 
Selenium may be protective against manganese toxicity, specifically 
in neonates at risk for manganese neurotoxicity from prenatal 
exposure [51]. 


Clinical features 

History 

The cause of manganese deficiency or excess may be elicited by his- 
tory but this may not be apparent initially. Patients with manganese 
deficiency may present with nausea, vomiting and weight loss. 


Presentation 

The cutaneous manifestations of manganese deficiency are 
non-specific and include mild dermatitis, lightening of hair colour, 
miliaria crystallina and slowed hair and nail growth. 

There are no characteristic cutaneous changes associated with 
manganism. Neurological symptoms predominate, ranging from 
hyperactivity and oppositional behaviour [52] to Parkinson-like 
symptoms [53]. 


Complications and co-morbidities 
Manganism can result in neurological symptoms that mimic Parkin- 
son disease. 


Disease course and prognosis 

The symptoms of manganese deficiency are reversible with supple- 
mentation. Removing the source of manganese toxicity may lead to 
resolution of symptoms, but disease can sometimes progress even 
without further exposure [54]. 


Investigations 
Blood manganese levels are used to diagnose manganese deficiency 
or manganism. 


Management 

Adequate intake of manganese for children is 1.2-1.5 mg/day. Ado- 

lescents require 1.6—1.8 mg/day, while adults require 1.8-2.3 mg/day. 
Manganese deficiency is treated with supplementation. Calcium 

disodium ethylenediamine tetra-acetate (CaEDTA) increases 


urinary excretion of manganese by 3.8 times and can be used 
as chelation therapy in manganism [55]. Eliminating the source of 
excess manganese is essential. 


ESSENTIAL FATTY ACI 


Essential fatty acid deficiency 


Definition and nomenclature 


Introduction and general description 

Fatty acids are composed of variable-length hydrocarbon chains 
that have methyl and carboxyl groups at either end. They may be 
unsaturated (with at least one double bond) or saturated (without 
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double bonds) in the acyl chain. The human body can make most 
fatty acids or can obtain them from the diet. However, two polyun- 
saturated fatty acids, linoleic acid (LA; 18:2n-6, an n-6 fatty acid) 
and «-linolenic acid (ALA: 18:3n-3, an n-3 fatty acid) cannot be syn- 
thesised because humans lack the desaturase enzymes that insert 
double bonds into the n-6 and n-3 positions of the hydrocarbon 
chains. These fatty acids are instead obtained solely from the diet 
and are therefore deemed essential fatty acids (EFAs) [1,2]. 

The EFAs, LA and ALA are desaturated and elongated into 
longer-chain fatty acids, with LA specifically converted to arachi- 
donic acid (AA; 20:4n-6) and ALA converted to docosahexaenoic 
acid (DHA; 22:6n-3) and eicosapentaenoic acid (EPA; 20:5n-3) 
[1,3]. It is from these longer-chain fatty acids that eicosanoids (e.g. 
prostaglandins, thromboxanes and leukotrienes), which behave as 
inflammatory mediators and growth factors, are generated [1,4]. The 
n-6 eicosanoids derived from AA are pro-inflammatory, whereas 
the n-3 eicosanoids generated from EFA are anti-inflammatory 
[5]. EFAs are also critical bioactive and structural components of 
phospholipid membranes that ensure normal physiological func- 
tion of virtually every tissue including the epidermal barrier. It 
is therefore not surprising that prolonged EFA deficiency (EFAD) 
is characterised by a wide variety of clinical manifestations [1,2] 
including a characteristic dry scaly rash, alopecia, impaired wound 
healing, liver dysfunction related to mitochondrial dysfunction 
and diminished adenosine triphosphate synthesis, and increased 
susceptibility to infections. In infants and children it causes reduced 
growth rates as well as altered neural and retinal development. 


Epidemiology 

Incidence and prevalence 

EFAD is rarely diagnosed in healthy adults or children in the 21st 
century, especially when fat intake as part of a regular diet is unre- 
stricted. This is uncommon because close to 10% of adipose tissue is 
composed of LA, which can be mobilised in patients with adequate 
fat stores to prevent EFAD when exogenous fat is insufficient [6]. 
However, it has been demonstrated to occur in individuals ingesting 
low-fat diets, on restricted or fat-free parenteral nutrition, or with 
severe fat malabsorption [7]. There is very little reported in the liter- 
ature on prevalence of EFAD given infrequent testing and previous 
lack of sensitive detection methods, but ina study of 47 patients with 
chronic intestinal disease (25 with Crohn’s disease, 11 with ulcera- 
tive colitis, 7 with short bowel syndrome, 4 with coeliac disease), 
>25% had laboratory evidence of EFAD [8]. Strandvik et al. eval- 
uated 110 cystic fibrosis patients on a normal diet and found that 
those with severe mutations in CFTR had significantly lower con- 
centrations of LA and DHA regardless of pancreatic function [9]. 
Finally, it has been reported that up to 60% of infants who receive 
lipid-restricted parenteral nutrition may develop EFAD [10,11]. 


Age 

There is no reported age predilection for acquired EFAD, although 
infants, who do not efficiently convert lipid precursors into EFAs, 
are particularly susceptible, with preterm infants having an even 
higher risk secondary to limited fat stores [10,11-13]. 


Sex 
There is no sex predilection for acquired EFAD. 


Ethnicity 
There is no ethnic predilection for acquired EFAD. 


Associated diseases 

Please see ‘Predisposing factors’ later for a broad description of 
associated diseases. In addition, recent studies suggest that an 
aetiological basis of neuropsychiatric disorders is the dysregulation 
of phospholipid metabolism. The literature suggests the clinical 
signs and symptoms of EFAD occur more frequently in children 
with attention deficit hyperactivity disorder (ADHD) and autism 
spectrum disorder (ASD) [14-16]. 


Pathophysiology 

Predisposing factors 

Acquired or secondary causes of EFAD include chronic malnutri- 
tion, gastrointestinal disorders that lead to fat malabsorption, and 
lipid-restricted parenteral nutrition. Any gastrointestinal condi- 
tion that interferes with digestion, absorption and/or metabolism 
of EFAs may lead to EFAD. This includes but is not limited to 
bowel resection, especially involving the distal jejunum and ileum, 
bariatric procedures, inflammatory bowel disease, short bowel syn- 
drome, coeliac disease, cholestatic liver disease, cystic fibrosis and 
pancreatic insufficiency [17]. Lipid-restricted parenteral nutrition 
is proactively prescribed in patients with significant hypertriglyc- 
eridemia to decrease the risk of pancreatitis and to prevent the 
development of intestinal failure-associated liver disease (ILFAD). 
The latter is often seen with long-term use of lipid injectable 
emulsion (ILE) made primarily from soybeans in those receiving 
long-term parenteral nutrition [17,18]. A recently recognised risk 
factor for the development of EFAD is related to the increasing 
incidence of ILE product shortages [19]. 


Genetics 

In addition to secondary aetiologies, clinical manifestations of 
EFAD are also seen in genetic deficiencies in elongase and desat- 
urase enzymes that metabolise LA and ALA into AA and DHA 
end-products. Typical examples include Sj6gren—Larsson syndrome 
and certain forms of acrodermatitis enteropathica, in which patients 
develop intellectual disability, extensive ichthyosis and altered 
prostaglandin metabolism despite sufficient intake of EFAs [20]. 

In addition, there is genetic variability among two key enzymes 
in EFA metabolism, delta 6 desaturase (FADS2) and delta 5 desat- 
urase (FADS1), with two commonly occurring haplotypes that differ 
significantly in their ability to convert LA and ALA to AA, DHA 
and EPA [21]. They are associated with variability of serum concen- 
trations of fatty acids, but whether either of these is preferentially 
linked to EFAD is unknown [22]. 


Clinical features 

History 

EFAD can be avoided if at least 2-4% of total caloric intake is from 
LA and 0.25-0.5% is from ALA, and it is not difficult for healthy 
individuals to meet these requirements [23-25]. Given the low inci- 
dence of EFAD, a high degree of suspicion is warranted, especially 
since biochemical abnormalities often precede the development of 
obvious clinical signs. Physicians should consider this diagnosis 
in patients with a dry and scaly rash with severely limited intake, 


digestion, absorption and/or metabolism of fat, as in the clinical 
conditions described previously. Special attention should also be 
paid to preterm infants and chronically malnourished individuals 
who have a propensity towards inadequate fat stores, and therefore 
greater reliance on exogenous fat. In infants receiving parenteral 
nutrition without fat, EFAD becomes clinically apparent within 1 
week. In adults, it may present as early as within 10 days but may 
be delayed for up to 4-6 weeks [26-29]. Patients with chyle leaks 
who are maintained on very low-fat diets for at least 3 weeks are 
also at risk of EFAD [30-32]. Detection of physical signs suspicious 
of deficiency should prompt laboratory evaluation. 


Presentation 
In the initial description of EFAD, Burr and Burr reported in 1929 
that rats on a fat-free diet had poor weight gain versus normally 
fed controls despite equivalent caloric intake, and developed exces- 
sive thirst and a scaly, dandruff-like rash on their paws and tails, 
followed by alopecia; these symptoms were reversible only with 
addition of LA [33]. In humans, Holt et al. first demonstrated in 1935 
that infants on diets containing <0.1% calories from LA developed 
EFAD characterised by a dry, leathery and eczematous eruption, 
along with superficial erosions in the intertriginous zones [34]. 
Since these early investigations, a flurry of case reports towards 
the end of the 20th century, in infant and adult patients, established 
that EFAD may affect every organ system and manifest with a 
diverse set of clinical findings. The skin is the most frequently 
affected tissue and hallmark findings include a dry, thick, scaly 
and often eczematous dermatitis with flexural accentuation in a 
background of generalised, desquamating redness, coarse, sparse 
hair with the development of alopecia, brittle nails and poor wound 
healing. Hepatomegaly secondary to fatty infiltration of the liver is 
also common. Neurological deficits including weakness, reduced 
sensation and blurry vision occur infrequently. EFAD in infants 
and children is often associated with poor growth and increased 
susceptibility to infection [7,17,35,36]. 


Differential diagnosis 

It is important to realise that EFAD may occur with many other 
nutritional deficiencies including the B vitamins, vitamin C and 
zinc. Many of these other deficiencies may present with similar 
findings [17]. 


Disease course and prognosis 
With effective repletion, clinical and laboratory abnormalities of 
EFAD can reverse relatively quickly [7,17,36]. 


Investigations 

There are no universally defined criteria for at-risk screening 
for EFAD, although some suggest baseline screening in selected 
patients who are receiving fat-free parenteral nutrition for >4 weeks 
and up to every 3-4 months. Regardless, it is important to note that 
laboratory findings associated with EFAD appear before clinical 
signs and symptoms are apparent [17,36]. These include decreased 
plasma levels of LA and ALA and an elevated triene: tetraene 
(T:T) ratio, the latter indicating biochemical evidence of EFAD. 
Triene and tetraenes are hydrocarbons with 3 and 4 double bonds 
between carbon atoms, respectively. As noted earlier, desaturases 


that catalyse formation of these double bonds and elongases that 
extend hydrocarbon chains act on LA to yield AA and on ALA to 
yield DHA and EPA [1,3]. When levels of LA and ALA are inade- 
quate, the non-essential n-9 fatty acid oleic acid (18:1n-9) becomes 
the substrate for these enzymes, driving production of Mead acid 
(20:3n-9), a triene. Taken together with the decreased production 
of AA (tetraene) from LA, the result is an elevated T:T ratio [7,36]. 
Traditionally, a T:T ratio >0.2 is considered to be diagnostic of 
EFAD and will manifest before any other laboratory anomalies or 
clinical symptoms [37]. More recent assays are using thresholds an 
order of magnitude lower than 0.2, based on improved methods 
of measuring EFA levels, and are reporting reference ranges for 
the T:T ratio reflective of typical values and EFA intake of a given 
population [38,39]. Importantly, the T:T ratio does not account for 
ALA levels and may be affected by the EFA profile of the specific 
ILE that a patient is receiving. Some suggest that a complete fatty 
acid profile be obtained when evaluating for EFAD [7,39,40]. 

In addition to the T: T ratio, non-specific biochemical abnormali- 
ties are seen in EFAD. These include elevated liver enzymes, hyper- 
lipidemia, thrombocytopenia and aberrant platelet aggregation [17]. 
Notably, these may also occur as a consequence of ILE administra- 
tion [41]. 

While the T : T ratio is the gold standard diagnostic test for EFAD, a 
non-invasive, observational test known as the Fatty Acid Deficiency 
score (FAD) has been developed recently. The FAD correlates with 
laboratory findings of EFAD and measures seven clinically percepti- 
ble signs of EFAD including excessive thirst, frequent urination, dry 
skin, dry hair, soft or brittle nails, dandruff and rough, dry, bumpy 
skin [15,16]. 


Management 
Patients with EFAD may be treated with parenteral nutrition for- 
mulations with ILE containing LA and ALA. It is recommended to 
provide at least 10% of total energy from polyunsaturated fat and 
2-4% of total calories should be derived from LA [17,23-25]. For 
example, for patients treated with standard, soybean oil-based ILE 
that contains 50% LA, the minimum amount of fat to prevent EFAD 
is 100g (ie. 500mL of 20% ILE) per week [42]. Greater amounts 
may be needed to treat pre-existing EFAD, although dosing guide- 
lines regarding how much more ILE to administer are lacking 
[17]. Newer ILE formulations are blends of soybean oil and addi- 
tional lipid components and thus have lower percentages of LA. 
These include Smoflipid® (Fresenius Kabi, Lake Zurich, IL, USA) 
that has 21.4% LA as well as medium-chain triglycerides, olive 
oil and fish oil; ClinOleic 20% (Baxter Corporation, Mississauga, 
ON, Canada) has 18.5% LA and also contains olive oil. To ensure 
adequate replacement, the clinician needs to calculate the amount 
of LA delivered based on the composition of the administered 
ILE [17,41]. Some recommend cycling parenteral nutrition to help 
meet EFA requirements. This approach takes advantage of the fact 
that human adipose tissue is 10% LA and therefore a substantial 
source of EFAs. With cycling, insulin secretion and lipogenesis are 
relatively suppressed when parenteral nutrition is hypocaloric or 
‘off’, enabling release of LA from fat stores [6,7]. 

For patients receiving parenteral nutrition who cannot receive 
ILE, such as those with high risk of hypertriglyceridaemia or 
an allergy to ILE, oral and topical preparations with EFAs are 
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alternative treatment options [17,36]. Richardson and Sgoutas 
reported that in 2 of 4 patients with EFAD receiving fat-free par- 
enteral nutrition, oral LA supplementation in the form of safflower 
oil reversed the EFAD [43]. Oral EFA preparations are likely to 
be at least partially effective in patients with sufficient intestinal 
absorption. These patients should also be encouraged to consume 
foods rich in EFAs such as condiments containing corn, sesame, 
safflower, soybean or sunflower oils as well as fatty fish or omega-3 
fatty acid supplements [17]. 

Data regarding the topical administration of LA containing oils 
have been mixed and some studies suggest that topical application 
has no impact on infant or adult EFAD [17,36]. However, in one 
study, topical application of sunflower seed oil was associated with 
rapid reversal of both clinical and laboratory findings of EFAD in 
two infants receiving fat-free parenteral nutrition. In another study, 
EFAD patients received topical sunflower or olive oil applied to the 
right or left arm, respectively, with resolution of the scaly rash and 
higher levels of LA in the right arm [35,44]. In another report, topi- 
cal application of safflower oil in three infants on fat-free parenteral 
nutrition improved their scaly dermatitis but did not normalise their 
elevated T: T ratios [45]. 

Regardless of the method of EFA repletion, consensus guidelines 
for monitoring EFA status are lacking [17]. Some suggest evaluating 
T:T ratios and EFA levels every 2-4 weeks until normalisation, 
but the selected approach should be tailored based on clinical 
judgement. 
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Introduction 


Diabetes is classified loosely into four types: 

1 Type 1: insulin dependent; usually juvenile onset, associated with 
human leukocyte antigen (HLA) -DR3, -DQB1*0201 and -DR4 and 
diabetes-associated autoantibodies, and prone to ketoacidosis. 

2 Type 2: generally non-insulin dependent; usually adult onset and 
associated with other features of the metabolic syndrome such as 
obesity. 

3 Secondary diabetes: iatrogenic or associated with pancreatic, 
hormonal and genetic disease. 

4 Gestational diabetes: associated with pregnancy. 

However, there is considerable overlap between these groups [1]. 

Diabetes is linked to a considerable number of skin disorders [2-8]. 

These are grouped below on a pathophysiological basis. 


Vascular damage 


Several processes are involved in diabetic vascular damage. Accu- 
mulation of advanced glycation end-products (AGEs) due to 
hyperglycaemia and oxidative stress is thought to be pivotal 
[9]. AGE deposits can be demonstrated non-invasively by auto- 
fluorescence in the skin and are a measure of local and systemic 
damage from diabetes [10]. Hyperglycaemia also increases flux 
through the polyol and hexosamine pathways with activation of 
protein kinase C, nuclear factor kB (NF«B), mitogen-activated pro- 
tein kinase (MAPK) and other intracellular messengers [11]. The 


resulting cascade of metabolic events leads to endothelial prolif- 
eration, thickened basement membrane with deposits of periodic 
acid—Schiff (PAS) stain-positive material, and narrowing of arteri- 
oles, capillaries and venules [12,13]. Microangiopathy is responsible 
for the retinopathy, nephropathy and probably also neuropathy and 
diabetic dermopathy. Larger vessel disease manifests as atheroscle- 
rosis leading to peripheral vascular disease, ischaemic heart disease 
and cerebrovascular accidents. Doppler waveform measurement 
may be a more accurate method of assessment of peripheral vascu- 
lar disease in diabetics rather than ankle brachial pressure index, 
which may be falsely elevated due to stiffer calcified vessels [14]. 


Leg ulceration 

Ulceration of the leg and foot may be due to vascular and/or neuro- 
logical damage involving a range of cellular and humoral processes. 
There is both structural impairment of cutaneous blood flow due 
to vascular damage and functional impairment, probably result- 
ing predominantly from autonomic neuropathy [15]. Functional 
impairment is characterised by altered vascular resistance and fail- 
ure of the normal hyperaemic response to stresses such as trauma 
and infection. These lead to chronic inflammation, impairment of 
circulation on a macrovascular and microvascular level, localised 
tissue hypoxia, autonomic and sensory neuropathy and impaired 
paracrine signalling. Elevated tissue glucose levels further com- 
pound matters by impairing healing interfering with the key cellular 
processes of haemostasis, inflammation, cellular proliferation and 
remodelling [16]. The main principles of ulceration management 
are wound debridement, pressure off-loading, revascularisation 
and antimicrobial therapy when infection is present. 
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Wet gangrene of the foot 

In someone suffering from diabetes, a sudden loss of perfusion to 
the already compromised cutaneous microcirculation (e.g. due to 
local infection or heart failure) may result in a wet necrotic area. 
This differs from the dry peripheral gangrene seen in arteriopathies. 
It is a late manifestation of diabetic microangiopathy [3]. 


Erysipelas-like reaction 

Well-defined red skin on the legs and feet of elderly diabetic patients 
may be related to diabetic vascular disease [13]. Similar changes on 
the feet may herald the onset of Charcot arthropathy (see the section 
on the diabetic foot later in this chapter). 


Diabetic dermopathy 

Asymptomatic, oval, dull-red papules 0.5-1 cm in diameter evolve 
slowly on the shins, forearms, thighs and over bony prominences 
(Figure 62.1), producing a superficial scale and, ultimately, atrophic 
brown scars. It is common (approximately 10% of diabetic cases) 
and is a marker for complications of diabetes such as retinopa- 
thy, nephropathy and neuropathy [17,18]. Pathologically, there 
is hyperpigmentation of the epidermal basal layer, deposition of 
haemosiderin and melanin in the dermis and arteriolar basement 
membrane thickening [19]. 


Rubeosis 

This peculiar rosy reddening of the face, and sometimes of the hands 
and feet, in longstanding diabetes has been attributed to microan- 
giopathy or decreased vascular tone. Recent surveys [17,20] sug- 
gest a prevalence of less than 10% in contrast to 50-60% found in 
previous studies [21,22]. 


Figure 62.1 Diabetic dermopathy on both shins. 


Neurological damage 


Approximately 50% of those with diabetes develop a chronic, 
symmetrical, length-dependent sensorimotor polyneuropathy [23], 
probably due to damaged endoneurial microvessels. It is closely 
related to poor glycaemic control and AGE deposition with resultant 
inflammation also plays a role here [24]. Autonomic dysfunction 
and neuropathic pain are later features. Patients complain of numb- 
ness, tingling, aching and burning of the legs, which intensifies in 
bed at night. Autonomic neuropathy impairs sweating of the legs 
with compensatory sweating elsewhere and oedema, redness and 
atrophy in advanced cases [3]. 


Diabetic foot 

Diabetic Charcot arthropathy [25] typically presents as a warm, 
swollen and red foot and ankle, which may mimic cellulitis. It is 
principally due to a combination of motor, sensory and autonomic 
neuropathy leading to a painless, degenerative and progressive 
destruction of the architecture of one or more joints in the ankle 
and/or foot. Circulatory abnormalities, unprotected trauma and 
abnormal pressure points lead to dislocation and the fusion of joints, 
fracture and resorption of bone. The foot becomes deformed with 
distally displaced plantar fat pads, depressed metatarsal heads, 
hammer toes and pes cavus. Proper foot care is essential to prevent 
the formation of indolent perforating ulcers (‘mal perforans’). 


Diabetic foot ulcer 

The lifetime risk for a patient with diabetes of developing a foot 
ulcer is estimated to be 15% although it may be higher [26]. A pain- 
less and slowly penetrating ulcer of the sole and of other pressure 
sites is suggestive of diabetic neuropathy. The ulcer is circular 
and punched out in shape, occurring in the middle of a callosity 
(Figure 62.2). An initial subepidermal haemorrhagic bulla may give 
rise to discoloration of the surrounding skin [4]. The principal risk 
factors for diabetic foot ulceration are duration of diabetes, poor 
control of HbA1c level and peripheral neuropathy [27]. Vascular 
disease, secondary trauma and maceration with infection also 


Figure 62.2 Diabetic foot with neurotrophic ulceration and necrosis (‘mal perforans’). 
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Figure 62.3 Velvety warty hyperpigmentation on the front (a) and back (b) of the neck in acanthosis nigricans. Courtesy of Dr Robin A. C. Graham-Brown. 


contribute. Digital thermography has been proposed as a way of 
preventing diabetic ulceration by early detection of raised foot 
temperature in Charcot arthropathy and/or cellulitis [28]. 

Multidisciplinary management should address the need for revas- 
cularisation, offloading pressure by appropriate footwear, crutches 
and occasionally surgery (arthroplasty, ulcer excision and grafting). 
The multidisciplinary team should include access to an endocri- 
nologist, neurologist, podiatrist, orthotics, orthopaedic surgeon, 
vascular surgeon, plastics and reconstructive surgeon, infectious 
disease specialist and diabetic foot nurse as needed. Local treatment 
includes debridement, pressure off-loading, treatment of infection 
and dressings [29]. There is little evidence that newer dressings are 
more effective [30-33]. 


Infections 


Infections may be a presenting feature of diabetes, particularly 
type 2. Although case-control studies have largely not shown 
diabetes to be a risk factor for cellulitis and dermatophyte infection 
of the feet [34,35], population-based studies do appear to demon- 
strate an increased risk of skin and soft tissue bacterial and fungal 
infections [36-38] and recurrent erysipelas is more common in 
diabetics [39]. Candida of the mucous membranes, nail folds and 
flexures, and balanitis, and consequent phimosis, are more common 
particularly in poorly controlled diabetes [40-42]. Certain rare 
infections are particularly associated with diabetes. Fournier gan- 
grene and melioidosis are two such examples [43,44]. There are also 
reports of a possible link between Fournier gangrene and sodium 
glucose co-transporter 2 (SGLT2) inhibitors [45]. Pseudomonas infec- 
tion of the ear can cause serious infection due to local invasion of the 
surrounding bone, nerves and arteries, with significant mortality 
[46,47]. 


Obesity, hyperlipidaemia and the metabolic 
syndrome 


Acanthosis nigricans (Chapter 85) 

Smooth, velvety, hyperkeratotic, hyperpigmented skin (Figure 62.3) 
predominantly affecting the flexures is most commonly seen 
in obese type 2 diabetic patients. Skin tags are also commonly 
present. It is also seen in malignancy where it may be much 
more extensive and occurs in a variety of syndromes associated 
with insulin resistance (leprechaunism, Rabson—Mendenhall, 
Berardinelli-Seip, Dunnigan, Alstrom, Laurence-Moon-Bardet— 
Biedel and Prader-Willi syndromes, and congenital lipodystrophy) 
as well as Cushing syndrome and acromegaly. The final common 
pathway is probably via stimulation of tyrosine kinase growth 
factor receptors in the epidermis [48]. In the setting of insulin resis- 
tance, the relevant receptor is insulin-like growth factor 1 receptor, 
which is present on fibroblasts and keratinocytes in the skin. 


Skin tags 

Skin tags are small, soft, pedunculated lesions occurring on the 
eyelids, neck and axillae, often associated with obesity. They 
appear to be a marker for diabetes, independent of obesity and 
acanthosis nigricans (most studies have been hospital-based 
[49-53]). Among 216 patients with skin tags, 57 (26%) had dia- 
betes of the non-insulin-dependent type, of whom only about 25% 
were classified as obese [54]. 


Eruptive xanthomas of the skin 

Eruptive xanthomas may develop quite dramatically in diabetic 
patients with hyperlipidaemia, resulting in a significant risk of 
pancreatitis (Figure 62.4) [55]. The lesions slowly resolve when the 
diabetes and hyperlipidaemia are properly managed. 
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Figure 62.4 Eruptive xanthomas in a diabetic patient with hyperlipidaemia. 


The metabolic syndrome 

The metabolic syndrome was first used in 1977 by Herman Heller to 
describe a constellation of risk factors associated with atherosclero- 
sis. These are hypertension, insulin resistance, hyperinsulinaemia, 
glucose intolerance and/or obesity. There has been increasing 
recognition of the relationship between various skin diseases 
and the metabolic syndrome and thus with type 2 diabetes. 
Links associating the metabolic syndrome with both psoriasis 
and hidradenitis are well documented [56,57]. Association with 
other diseases is less clear [58]. 


Treatment-related skin manifestations 


Insulin lipodystrophy 

Both atrophy and hypertrophy may occur even with newer syn- 
thetic insulins and analogues. Lipohypertrophy affected almost 
two-thirds of patients in one survey [59]. It is more common in 
patients who do not rotate the site of injection of insulin and can 
lead to impaired insulin absorption and poorer diabetic control. 
Lipoatrophy appears to be an immunological reaction [60]. The 
introduction of synthetic insulin has made it much less common 
(in 1-2% of cases). 


Allergic reactions to insulin and glucose monitors 

Localised allergic reactions to insulin including newer insulin 
analogues and its excipients include urticaria, painful nodules 
and granulomas (Figure 62.5) [61]. The use of continuous subcu- 
taneous insulin pumps may help, but contact dermatitis from the 
presence of acrylates, epoxy resin, glue components and nickel 
needles has been reported [62-66]. Percutaneous glucose monitors 
have become much more widely used in recent times and allergic 


Figure 62.5 Urticarial reaction to insulin. 


reactions to acrylates, particularly isobornyl acrylate, have caused 
significant problems with some models [67]. 


Allergic reactions to oral hypoglycaemic drugs 

A wide range of drug reactions to diabetic medications has been 
described. Sulphonylureas are the most common culprits, par- 
ticularly a disulfiram-like reaction to chlorpropamide. Photo- 
sensitivity, pruritus, erythema multiforme, erythema nodosum, 
urticaria and lichenoid and morbilliform eruptions have all been 
described [3,68]. 


Disease associations and genetic syndromes 


Reactive perforating collagenosis (folliculitis) 

This has been reported in patients with diabetes with and with- 
out renal insufficiency (Figure 62.6). It is attributed to glycation of 
collagen and minor injuries such as pressure or scratching [8,69]. 


Autoimmune disease 

Genetic risk for several autoimmune diseases overlaps, resulting 
in greater frequency of other autoimmune disorders in patients with 
type 1 diabetes [70,71]. These include thyroid disease (occurring 
in 15-30% of patients; more commonly hypothyroidism), coeliac 
disease (4-9%), vitiligo (4.5%) and Addison disease (0.5%), and 
the associated dermatological manifestations of those diseases 
(dermatitis herpetiformis and pretibial myxoedema). The associa- 
tion with alopecia areata is less clear [72,73]. 


Genetic and other systemic diseases 

Diabetes is a feature of several genetic diseases [3,74] including 
Werner syndrome, lipoid proteinosis and autoimmune polyen- 
docrine syndrome. It is also seen in many systemic diseases 
including haemochromatosis, Cushing syndrome, acromegaly and 


(a) (b) 


Miscellaneous disorders 


Figure 62.6 (a) Perforating collagenosis on the back of a 64-year-old woman with diabetic retinopathy. (b) Close-up view. 


the lipodystrophies (familial partial lipodystrophy, acquired partial 
lipoatrophy and human immunodeficiency virus (HIV) associated 
lipodystrophy). A reduced risk of atopy has been reported in 
diabetes [75]. 


Miscellaneous disorders 


Granulomatous disorders (Chapter 95) 

Necrobiosis lipoidica (NLD) is probably the most widely recognised 
diabetic skin disorder (Figure 62.7). The lifetime risk of diabetes 
in patients with NLD may not be as high as the 65% previously 
indicated. One recent study found that only 22% of NLD patients 
developed diabetes or impaired glucose tolerance over a 15-year 
follow-up [76]. NLD is uncommon in the diabetic population as a 
whole (0.3-1.2%) although it may be seen in 2-3% of type 1 diabetes 
[77-79]. 

Granuloma annulare (Figure 62.8) is probably not associated 
with diabetes [8]. Retrospective case series [80,81] suggest a link 
with generalised granuloma annulare (21% in one series of 100 
patients) but there are no case-control studies confirming these 
figures. 

Annular elastolytic giant cell granuloma is a rare disorder of connec- 
tive tissue affecting the head and neck areas that is most commonly 
associated with diabetes in up to 40% of cases. It is described in detail 
in Chapter 94. 


Stiff skin and joints 

Skin thickening and stiff joints are also attributed to irreversible 
cross-linking of collagen and other proteins in the skin and accumu- 
lation of AGEs such as carboxymethyl lysine and pentosidane [8]. 


Receptors for AGE products (RAGEs) have been described that 
stimulate several inflammatory and fibrogenic growth factors 
and cytokines via protein kinase C. There is no definitive treatment 
for any of the following conditions. Improved diabetic control is 
likely to be helpful. Aspirin reduces glycoxidative damage but the 
effect is slow. Physiotherapy may help to maintain mobility. Other 
treatments, of uncertain benefit, include phototherapy, photophor- 
esis, radiotherapy, prostacyclin, high-dose penicillin, ciclosporin, 
factor XIII and sorbinol. Research into agents blocking cross-linking 
of proteins or interfering with AGE-RAGE interaction is at an early 
stage with some encouraging animal studies [8]. 


Cheiroarthropathy 

This is characterised by waxy tight skin on the backs of the hands 
(Figure 62.9) and limited joint mobility (‘prayer sign’). Originally 
reported in patients with type 1 diabetes, it has also been found 
in type 2 diabetes [82]. It is an index of underlying microvascular 
changes [83], neuropathy, retinopathy and also of stiff cervical joints, 
which may cause difficulties with intubation in anaesthesia [84]. 


‘Finger pebbles’ 

These are multiple, grouped, minute papules on the extensor sur- 
face of the fingers in or near the knuckle pads or periungual region. 
They are more common in, but not exclusive to, those with diabetes 
[85]. They are distinct from knuckle pads and may be seen with or 
without acanthosis nigricans. 


Scleroedema diabeticorum 
There is uncertainty as to whether scleroedema associated with 
diabetes is a separate form of the condition or not [86,87]. It is 
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(d) 


Figure 62.7 (a—d) Necrobiosis lipoidica with ulcerations on the shins at various stages of evolution. 


characterised by ill-defined induration of the skin, most commonly 
on the neck and upper back (Figure 62.10). The condition is mainly 
seen in overweight adults with type 2 diabetes. It is essentially 
permanent and does not respond to treatment, but is painless and 
usually causes little morbidity. 


Pruritus 

Although some textbooks report an association with diabetes, there 
are few detailed studies. A recent paper from Japan reported an 
increased prevalence of truncal pruritus compared with controls 
(11.3% versus 2.9%) and detected an association with autonomic 


Figure 62.8 Granuloma annulare of the foot. 


Figure 62.9 Cheiroarthropathy of the hands. Courtesy of Dr Robin A. C. 
Graham-Brown. 


neuropathy [88]. Ano-genital pruritus may be due to secondary 
infection with candidiasis or p-haemolytic streptococci [3]. 


Diabetic bullae 

Non-scarring subepidermal bullae up to several centimetres in 
diameter on a non-inflamed base may affect the lower legs and feet, 
and occasionally the hands and fingers (Figure 62.11) [89,90]. They 
are uncommon but believed to be a distinct marker for diabetes. 
They heal over several weeks. 


Figure 62.10 Scleroedema diabeticorum with a ‘buffalo hump’ in a young woman with 
diabetes. 


Figure 62.11 A large diabetic bulla on the shin of a patient with diabetes. 


Other associations 

There are indirect associations between diabetes and both calci- 
phylaxis and nephrogenic fibrosing dermopathy related to diabetic 
nephropathy, although a recent review of the literature called the 
link with the latter into question [91,92]. Yellow skin and nails have 
been reported to be more frequent in patients with diabetes with 
a questionable relationship to carotene [3]. The evidence for a link 
with lichen planus is conflicting [93-95]. 
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Introduction 


This chapter deals with ichthyoses, palmoplantar keratodermas 
(PPKs) and miscellaneous inherited or acquired cornification disor- 
ders. The majority of keratinisation disorders are nowadays referred 
to as Mendelian disorders of cornification (MeDOCs) [1]. This is a 
very broad group that is clinically characterised by hyperkeratosis 
or visible scaling or both. The term ‘Mendelian’ implicates that 
these diseases are genetically determined in nature. In many of 
them distinct genetic defects can be elucidated revealing quite a 
few mechanisms, and sometimes even pathways (for example the 
hepoxilin pathway [2]), that underlie their pathology. The work of 
the group of Peter Elias [3] and of Masashi Akiyama [4] has made it 
clear that numerous genes defective in different types of ichthyosis 
such as ABCA12, ALOXE3, ALOX12B, CPY4F22, CERS3, ABHD5 
and ELOVL4 are essential for the formation of the corneocyte lipid 
envelope and that this is a key structure for skin barrier function 
and ichthyosis pathogenesis. From a molecular perspective, it 
would therefore be tempting to provide a classification based on 
molecular grounds, sorting out for instance keratinopathies relating 
to mutations in keratin genes from diseases relating to defects in 
corneocyte lipid envelope formation or cholesterol biosynthesis. 
However, mutations, for instance in keratin genes, can cause very 
variable clinical phenotypes ranging from bullous diseases as in 
epidermolysis bullosa simplex (KRT5 and KRT14) [5] to ichthyosis 
Curth Macklin (KRT1) [6], not to mention pigmentation disorders 
like Galli-Galli or Dowling—Degos disease caused by KRT5 muta- 
tions [7]. Since this textbook is aimed primarily at dermatologists 
and physician scientists who have the task of making a clinical 
diagnosis and providing adequate management for the patients 
they care for, this chapter uses a classification scheme that is based 
upon clinicogenetic and morphological features. These clinical 
diagnoses are then discussed with their molecular pathology. 

From a ‘classic dermatological’ perspective, we distinguish today 
among the many MeDOC ichthyoses, PPKs and a remaining group 
of miscellaneous keratinisation disorders, such as the various forms 
of porokeratosis. Darier disease is dealt with elsewhere in this 
textbook (Chapter 64). It should be noted that at the First Ichthyosis 
Consensus Conference it was decided to no longer make a distinc- 
tion between erythrokeratodermas and ichthyoses, but rather to 
group them together [1]. In PPK, unlike ichthyosis, the cornification 
disorder is not widespread, but almost exclusively affects the hands 
and feet. 

There are entities that could be regarded as either belonging 
to the ichthyosis or the PPK group. One such example is loricrin 


keratoderma [8,9]. Still, for the clinician the distinction between 
ichthyosis and PPK is diagnostically valuable and helpful. It 
dates back more than 100 years and was first introduced by 
Peukert in 1899 [10]. This chapter will also cover cornification 
disorders that do not have a genetic basis, but are acquired or of 
unknown etiology, for example acquired ichthyoses or pityriasis 
rotunda. 


ICHTHYOSES -.— a 


The term ‘ichthyosis’ was first introduced more than 200 years 
ago by Willan in his textbook on cutaneous diseases [1]. The word 
ichthyosis is derived from the Greek word ‘ichthys’, which means 
fish. It was coined at a time when characteristics of human diseases 
were compared with those occurring in the animal kingdom. The 
literal translation ‘scaly fish disease’ is embarrassing and should 
be avoided. As a technical term it is deeply entrenched in the 
medical literature and today refers to those MeDOCs that share 
a conspicuous scaling which is generalised and affects the whole 
integument [2,3]. 

An important advance of the First Ichthyosis Consensus Con- 
ference [4] was that we now differentiate between non-syndromic 
(Table 63.1) and syndromic (Table 63.2) forms of ichthyoses — a 
distinction already proposed by other authors [2,5,6]. In contrast, 
onset of the disease — namely the distinction between congenital 
and non-congenital onset — is no longer used as a major criterion, 
since some diseases such as recessive X-linked ichthyosis manifest 
at birth in some patients and after several months in others. Instead, 
it is suggested to distinguish between common and rare forms of 
the diseases. Common forms include ichthyosis vulgaris (IV) and 
X-linked ichthyosis (XLI). However, one should keep in mind that 
XLI has a prevalence of 1 : 2000-3000 in European populations and 
would be considered a rare disease according to the criteria of the 
European Union [7]. 

In order to avoid redundancy, the pathophysiology of the 
ichthyoses is not discussed in a special chapter of its own, but 
covered here with the respective entities. All types of ichthyoses 
result in abnormal differentiation and/or abnormal desquamation 
showing, for example, impaired corneocyte shedding (retention 
hyperkeratosis) or accelerated keratinocyte production (epidermal 
hyperplasia/hyperproliferative hyperkeratosis). The development 
of hyperkeratosis in these diseases may be understood as a home- 
ostatic repair response aimed at compensating for an abnormal 
epidermal barrier [3,4]. 


Table 63.1 Clinicogenetic classification of inherited ichthyoses: non-syndromic forms. 


Mode of 


Disease inheritance Genes 


Common ichthyoses 


Ichthyosis vulgaris (IV) Semidominant FLG 


Non-syndromic (recessive) XR STS 
X-linked ichthyosis (XLI) 
Autosomal recessive congenital ichthyosis (ARCI) 
Harlequin ichthyosis (HI) AR ABCA12 
Lamellar ichthyosis (LI) AR TGM1, NIPAL4, ALOX12B, 
ABCA12, PNPLA1, CERS3, LIPH® 
Congenital ichthyosiform AR ALOXE3, ALOX12B, ABCA12, 


erythroderma (CIE) CYP4F22, NIPAL4, TGM1, 


PNPLA1, CERS3, LIPH? 


Self-healing collodion baby (SHCB) AR TGM1 

Self-improving congenital AR ALOXE3, ALOX12B, PNPLAT, 
ichthyosis (SICI) CYP4F22 

Acral self-healing collodion baby AR TGM1 

Bathing suit ichthyosis (BSI) AR TGM1 

Keratinopathic ichthyosis (KPI) 

Epidermolytic ichthyosis (El) AD KRT1, KRT10 

Superficial epidermolytic AD KRT2 
ichthyosis (SEI) 

Congenital reticular ichthyosiform AD KRT1, KRT10 
erythroderma (CRIE) 

Annular epidermolytic AD KRT1, KRT10 
ichthyosis (AEl) 

Ichthyosis Curth—Macklin (ICM) AD KRT1, KRT10 

Autosomal recessive AR KRT10 


epidermolytic ichthyosis (AREI) 


Epidermolytic naevi or Somatic KRT1, KRT10, KRT2 
systematised mosaic mutations 
presentations? 

Other non-syndromic forms 

Loricrin keratoderma (LK) AD LOR 

Erythrokeratodermia variabilis AD GJB3, GJB4 
(EKV) 

Recessive progressive symmetrical AR KRT83 
erythrokeratoderma (RPSE) 

Autosomal dominant lamellar AD ASPRV1 
ichthyosis (ADLI) 

Peeling skin syndrome type B AR CDSN 

Exfoliative ichthyosis (EX!) AR CSTA, SERPINB8 

Peeling skin syndrome type A AR FLG2 

Keratosis linearis—ichthyosis AR POMP 


congenita—keratoderma (KLICK) 


Adapted from Oji et a/. 2010 [4]. 

@ ARCI of late onset. 

> May indicate a gonadal mosaicism, which can cause generalised El in the offspring 
generation. 

AD, autosomal dominant; AR, autosomal recessive; XR, X-linked recessive. 


COMMON ICHTHYOSES 


ichthyosis vulgaris .— (“s SVh3a 


Definition and nomenclature 

Ichthyosis vulgaris is a mild scaling disorder with a prevalence in 
Europe of 1: 100 according to data from a population study in north- 
ern England [1]. 


Ichthyoses 63.3 


Table 63.2 Clinicogenetic classification of inherited ichthyoses: syndromic forms. 


Mode of 
Disease inheritance Genes 
X-linked ichthyosis syndromes 
X-linked ichthyosis (XLI)? XR STS (and others®) 
ichthyosis follicularis alopecia photophobia XR MBTPS2 
(IFAP)® 
Conradi—Htinermann-Happle syndrome (CDPX2) XD EBP 


Autosomal ichthyosis syndromes with prominent hair abnormalities 


Netherton syndrome (NS) AR SPINKS 
Ichthyosis with hypotrichosis‘ AR ST14 
Neonatal ichthyosis-sclerosing cholangitis AR CLDN1 
(NISCH)4 
Autosomal ichthyosis syndromes with prominent neurological signs 
Refsum syndrome (HMSN4) AR PHYH, PEX7 
Multiple sulphatase deficiency (MSD) AR SUMF1 
Gaucher syndrome type 2 AR GBA 
Sjégren-Larsson syndrome (SLS) AR ALDH3A2 
Neutral lipid storage disease (NLSD) with AR ABHD5 
ichthyosis 
Trichothiodystrophy (TTD) AR C7ORF11, 
ERCC2, XPD, 
ERCC3, XPB, 
GTF2H5, TTDA 
Cerebral dysgenesis—neuropathy-ichthyosis— AR SNAP29 


palmoplantar keratoderma (CEDNIK) 


Arthrogryposis—renal dysfunction-cholestasis (ARC) AR VPS33B 
Stormorken syndrome AR STIM1, ORA1 
Coloboma-heart defect-ichthyosiform AR PIGL 
dermatosis—mental retardation—ear anomalies 
(CHIME) syndrome 
Neu-Laxova syndrome (NLS) AR PHGDH, PSAT1, 
PSPH 
Autosomal ichthyosis syndromes with deafness 
Keratitis—ichthyosis—deafness (KID) AD GJB2 (GJB6) 
Desmons syndrome (DS)* AR AP1B1 
Mental retardation—enteropathy—deafness— AR AP1S1 
neuropathy-ichthyosis—keratodermia (MEDNIK) 
syndrome 
ELOVL4 deficiency AR ELOVL4 
Autosomal ichthyosis syndromes with potential systemic distress 
Ichthyosis—prematurity syndrome (IPS) AR SLC27A4 
Severe wasting—multiple allergies-metabolic AR DSG1 


wasting syndrome (SAM) 


Adapted from Oji et a/. 2010 [4]. 

In the context of a contiguous gene syndrome. 

> Genetically and clinically different from autosomal dominant IFAP syndrome (IFAP2) 
“Allelic variant: congenital ichthyosis—follicular atrophoderma-hypotrichosis— 
hypohidrosis (IFAH). 

4 Also known as ichthyosis—leukocyte vacuoles—alopecia—sclerosing cholangitis (ILVASC). 
® Also published as MEDNIK-like syndrome or autosomal recessive KID syndrome. 

AD, autosomal dominant; AR, autosomal recessive; CDPX2, chondrodysplasia punctata 
type 2; HMSN4, hereditary motor and sensory neuropathy type 4. 


Pathophysiology 
Ichthyosis vulgaris is due to mutations in filaggrin (FLG), which 
are inherited as an autosomal semidominant trait [2,3]. Only a 
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Table 63.3 Keratinopathic ichthyoses. 


Features 


MIM number 
Mode of inheritance 


Gene 
Onset 
Initial clinical presentation 


Disease course 


Cutaneous findings: 
Distribution of scaling 


Scaling type 

Scaling colour 

Skin redness 
Palmoplantar involvement 


Hypohidrosis 
Scalp abnormalities 
Other skin findings 


Extracutaneous involvement 


Risk of death 
Skin ultrastructure 


Epidermolytic ichthyosis (El) 


113800 

AD (rarely AR in KRT70) 

Systematised mosaic presentations 
possible 

KRT1 or KRT10 

At birth 

Large erosions, mild scaling, 
erythroderma at birth 


Resolution of erosions replaced by 
hyperkeratosis in the first months 

Annular type: development of 
numerous annular polycyclic red 
scaly plaques on the trunk and 
extremities that enlarge slowly, and 
then resolve (intermittent 
presentations of El) 


Generalised, or predilection of 
friction areas over joints 

Adherent, moderate 

White-brown 

Frequent 

KRT1: epidermolytic PPK 

KRT10: palms and soles are spared 
(exceptions possible) 


Possible 

Scaling 

Pruritus, blisters after minor trauma, 
proneness to skin 
infections/impetigo 

Growth failure with some severe 
phenotypes 

Elevated during neonatal period 

EHK, aggregations and clumping of 
keratin filaments in suprabasal 


cells; partly cytolysis, lamellar body 


accumulation 
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Superficial epidermolytic 
ichthyosis (SEI) 


146800 

AD 

Systematised mosaic 
presentations possible 

KRT2 

At birth 

Erythroderma, widespread 
blistering 


Within weeks development of 
hyperkeratosis particularly 
over extensor sides of 
joints 


Friction areas 


Adherent, fine to moderate 
Brown (‘moulting’) 

Initially, fades 

Usually no 


Possible 

Pruritus, bullae may occur 
after minor mechanical 
trauma, hypertrichosis 


Superficial EHK, cytolysis in 
granular cells of affected 
body areas; no keratin 
clumping 


Ichthyosis Curth-Macklin (ICM) 


146600 
AD 


KRT1 or KRT10 
Early childhood 
Spiky diffuse PPK 


Progressive worsening of PPK and 
development of hyperkeratotic 
plaques over joints and/or 
hyperkeratotic papules on the 
trunk and extremities 


Palms and soles, large joints, 
rarely extremities and/or trunk 

Thick spiky hyperkeratosis 

Yellow-brown hyperkeratoses 

Erythroderma possible 

Massive PPK leading to deep, 
bleeding and painful fissures, 
flexural contractures, 
constriction bands 

None 

None 


Gangrene and loss of digits 


Binuclear cells, particular 
concentric perinuclear ‘shells’ 
of aberrant — putatively — 
keratin material 


Congenital reticular ichthyosiform 
erythroderma (CRIE)? 


609165 
AD 


KRT10 or KRT1 

At birth 

Exfoliative CIE, larger areas forming a 
reticular pattern predominantly on 
the extremities 

During childhood and puberty a 
characteristic patchy pattern starts 
to evolve 


Generalised, later reticular 
ichthyosiform pattern 

Fine 

Yellow-brown 

Pronounced 

Yes 


Scaling 


Growth failure with some severe 
phenotypes 

Elevated during neonatal period 

Vacuolisation of superficial granular 
cells and filamentous material in 
vacuolated cells 


Adapted from Oji et a/. 2010 [12]. 
4 Also known as ichthyosis variegata and ichthyosis en confetti. 


AD, autosomal dominant; AR, autosomal recessive; CIE, congenital ichthyosiform erythroderma; EHK, epidermolytic hyperkeratosis; PPK, palmoplantar keratoderma. 


minority of those individuals who harbour only one FLG mutation 
develop clinically obvious ichthyosis, although they do exhibit 
accentuated palmar and plantar creases and may have somewhat 
dry skin. About two-thirds of IV patients have two FLG mutations 
and present with a clear-cut clinical phenotype. In one-third of the 
patients who have only one FLG mutation, disease expression is 
much milder [4]. This clinical difference relating to the mutation 
load is reflected by functional studies concerning, for example, skin 
hydration, transepidermal water loss [5,6] and/or different gene 
expression in the epidermis [7]. FLG mutations result in impaired 
epidermal barrier formation and a marked reduction of natural 
moisturising factors which play a critical role in hydration of the 
stratum corneum. Irrespective of the presence of IV, FLG muta- 
tions predispose to atopic eczema (AE), allergic rhinitis, asthma, 
food allergies, hand eczema, nickel sensitisation and eczema 


herpeticatum in AE [1,8,9]. Of note, FLG mutations are prevalent in 
the healthy population (up to approximately 10%) [7]. 


Clinical features 

Ichthyosis vulagris is not present at birth. It usually develops during 
the first months of life. Wells and Kerr [10] found demonstrable 
scaling in 40% of their patients at the age of 3 months. Even careful 
parents may have difficulties in reporting the exact time of disease 
onset and it should be noted that scaling may disappear or be 
reduced markedly in the summertime due to seasonal variation 
and increased humidity. IV patients present with light grey scales 
covering mainly the extensor surfaces of the extremities and the 
trunk (Figure 63.1a). The scales tend to be smaller than in XLI, 
and the groin and larger flexures are always spared. Almost all 
IV patients exhibit accentuated palmar creases (Figure 63.1b), and 


(b) 


Figure 63.1 Ichthyosis vulgaris. (a) Fine scaling and (b) accentuated palmar creases. (a) 
Courtesy of Dr M. Judge, Salford Royal NHS Trust, UK. (b) Courtesy of the Department 
of Dermatology, University Hospital Munster, Munster, Germany. 


this clinical feature is not influenced by factors such as season or 
humidity. A considerable number of patients indicate that they 
suffer from hypohidrosis and cannot perspire well [4]. Other fre- 
quent features of the disease are keratosis follicularis and mostly 
mild concomitant AE, and allergic rhinitis [1,4,8]. Recently, there 
has been described a mild autosomal recessive inherited ichthyosis 
that is due to mutations in the CASP14 gene, encoding caspase 14 
(CASP14), which should be considered as a differential diagnosis 
of IV and mild forms of autosomal recessive congenital ichthyoses 
(ARCI). CASP14 is involved in the degradation of filaggrin [11]. 


Investigations 

Histology reveals orthohyperkeratosis with a diminished or absent 
granular layer. Immunohistochemical studies show an absent or 
markedly reduced filaggrin signal. Ultrastructure reveals scarce and 
crumbly keratohyalin granules. The ultrastructural and immuno- 
histological defects correlate very well with the number of FLG 
mutations in their severity [4,6,12]. 
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Management 

Ichthyosis vulgaris patients benefit from ointments that hydrate the 
stratum corneum [13], and from creams containing glycerol [14]. In 
those patients without concomitant AE, urea-containing creams (up 
to 10%) or creams containing lactic acid (up to 12%) also work well. 
In contrast to ARCI, excessive bathing procedures are not necessary, 
but showering and subsequent application of ointments are advis- 
able. In the future, topical protein substitution therapy may become 
a promising approach [15]. 


Recessive X-linked ichthyosis — | 


Definition and nomenclature 

Recessive X-linked ichthyosis is a rather mild scaling disorder. 
Based on systematic screening of pregnancies for steroid sulphatase 
deficiency, a prevalence in males of 1 : 1500 has been determined [1]. 


Pathophysiology 

Recessive X-linked ichthyosis is caused by mutations in the STS gene 
encoding steroid sulphatase [2]. Around 90% of cases are caused by 
deletions which in 75% span the whole gene sequence [3]. These 
deletions can extend to adjacent genes which may occasionally 
result in more complex phenotypes such as XLI occurring together 
with Kallmann syndrome, with the recessive form of X-linked 
chondrodysplasia punctata or with brain abnormalities including 
intellectual disability, unilateral polymicrogyria and retinitis pig- 
mentosa [4]. Disease severity may be enhanced by a concomitant 
filaggrin mutation [5,6] as well as by a further, still unidentified, 
modifier. As a result of enzyme deficiency, cholesterol sulphate 
accumulates in the epidermis. High concentrations of cholesterol 
sulphate inhibit proteases such as kallikrein 5 and kallikrein 7 
that are pivotal for normal degradation of corneodesmosomes. 
Indeed, in XLI skin, serine protease activity was found to be 
markedly reduced [7]. This in turn leads to decreased desqua- 
mation, and as a consequence to hyperkeratosis. XLI can thus be 
considered as a prototypic example of a retention hyperkerato- 
sis. Measurements of transepidermal water loss have revealed a 
clear-cut increase of transepidermal water loss that is even more 
pronounced than, for example, in IV patients, while skin surface 
pH was not significantly altered [8]. 


Clinical features 

The disease affects almost exclusively boys although female patients 
have been documented [9]. The mothers of affected children 
frequently report birth complications relating to the presence of the 
enzyme defect in the placenta. Insufficient cervical dilatation is often 
found in pregnant women with placental sulphatase deficiency and 
may cause prolonged delivery necessitating caesarean section or 
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(b) 


(d) 


Figure 63.2 Recessive X-linked ichthyosis. (a) Scaling on the arm, (b) on the legs, (c) on the trunk and (d) patient with light grey scaling. (a-c) Courtesy of Dr M. Judge, Salford Royal 
NHS Trust, UK. (d) Courtesy of the Department of Dermatology, University Hospital Munster, Munster, Germany. 


forceps delivery. About 15-20% of patients show manifestations at 
birth [10]. Typically, patients develop large, thick, dark brown to 
yellow-brown hyperkeratoses covering the trunk, the extremities 
and the neck at an age of 2-6 months (Figure 63.2). The antecubital 
folds and the popliteal folds are usually spared as in IV. The palms 
of the hands and the soles remain unaffected. In around 30% of 
patients, the colour of the scale is light grey (Figure 63.2d). These 
patients are often misdiagnosed as having IV. Dark hyperkeratosis 
giving the lateral aspects of the trunk and the back of the neck a 
‘dirty look’ is a further feature which is typical of XLI and is usually 


not present in IV. Recently, a high prevalence of FLG mutations 
was found in a European cohort with XLL. Patients with additional 
FLG mutations tend to show a more severe phenotype. XLI with 
and without additional FLG mutations was associated with atopic 
manifestations [11]. 

Deep stromal corneal opacity is a frequent finding if patients 
undergo an expert ophthalmological examination, but it usu- 
ally does not affect visual acuity. XLI may be associated with 
cryptorchidism in up to 20% [12], with attention-deficit hyperac- 
tivity disorder (ADHD) in up to 40% or with autism in around 


25% [13]. It is of note that steroid sulphatase-deficient mice carrying 
a deletion of the STS gene exhibit behavioural abnormalities rel- 
evant to ADHD such as inattention and hyperactivity. Moreover, 
these mice display altered serotonergic function that may account 
for their abnormal behaviour [14]. Of note, there is a high prevalence 
of epilepsy in patients with XLI [15]. Itch is common in XLI but less 
prevalent than in other subtypes of ichthyosis [16]. 


Investigations 

If multiple family members are affected, careful scrutiny of the pedi- 
gree tree is instrumental in establishing the mode of inheritance of 
the disease. The existence of an affected grandfather or of affected 
uncles on the maternal side is suggestive of the diagnosis of XLI in 
a patient with ichthyosis. 

Histology shows orthohyperkeratosis and a well-maintained, 
often thickened stratum granulosum. Marked follicular plugging 
can be noted in around 30% of patients although clinically there 
is no obvious keratosis follicularis. Ultrastructurally, a marked 
increase of persistent corneodesmosomes typical for retention 
hyperkeratosis can be seen. 

Analysis making use of fluorescent in situ hybridisation (FISH) 
or comparative genomic hybridisation/comparative microarray 
analysis (CMA) allows rapid diagnosis in those cases with large 
deletions [17], but will miss around 10% of cases. Standard sequenc- 
ing techniques are used to identify point mutations. Likewise 
it is possible to measure steroid sulphatase activity biochemi- 
cally, for instance in fibroblasts or in plasma. Also, lipoprotein 
electrophoresis is a simple but useful tool revealing increased 
mobility of B-lipoproteins. Analysis of plasma levels for cholesterol 
sulphate by quantitative high-performance liquid chromatogra- 
phy (HPLC)/mass spectrometry is a very elegant method, but 
unfortunately currently available only for research purposes. 


Management 

Recessive X-linked ichthyosis patients benefit from the same thera- 
peutic strategy that is applied for IV, namely the use of moisturisers. 
Again, excellent results can be achieved with a glycerol-containing 
cream. In the summertime, often spontaneous marked improve- 
ment can be observed, while in winter the skin condition becomes 
worse. It is of note that treatment with moisturisers does not 
normalise the transepidermal water loss but rather tends to fur- 
ther increase it, whereas skin dryness does improve [8]. Systemic 
retinoids may be given at low dosage during periods of disease 
exacerbations or for patients with severe manifestations [18]. 


NON-SYNDROMIC CONGENITAL ICHTHYOSES 
See Table 63.1. 

AUTOSOMAL RECESSIVE CONGENITAL 
ICHTHYOSIS 

Definition and nomenclature 


Unlike for example IV or XLI, the term ARCI does not denote a 
single MeDOC, but rather is an umbrella term that includes all 
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non-syndromic autosomal recessive congenital forms of ichthyosis 
without a tendency towards blistering [1]. Thus the spectrum 
includes harlequin ichthyosis (HI), bathing suit ichthyosis (BSD, 
lamellar ichthyosis (LI), congenital ichthyosiform erythroderma 
(CIE), self-improving congenital ichthyosis (SICI), as well as tran- 
sient manifestations such as collodion baby [2,3]. These diseases 
and their diverse genetic defects will be discussed separately. 


‘ends of the clinical spectrum, but are used in 


Epidemiology 

Prevalence 

Registry-based data from Spain [4] and Germany [5] show that the 
prevalence of ARCI in Europe is in the range of 1.6 per 100 000. 


Pathophysiology 

Autosomal recessive congenital ichthyosis is associated with muta- 
tions in a plethora of genes (see Table 63.1), which encode proteins 
involved in lipid transport, such as ABCA12 [6], in lipid biosyn- 
thesis such as CERS3 [7] and in fatty acid metabolism or have a 
role in assembling suprastructures such as the cornified envelope. 
A definite ‘unified field theory’ explaining how these various pro- 
teins interact with each other and result in a barrier defect and in 
hyperkeratosis is still lacking, but it seems that the corneocyte lipid 
envelope provides a bidirectional scaffold required for both lamel- 
lar membrane formation and generation of a replete, underlying 
cornified envelope [8]. 

Genotype—phenotype correlations have been reported for some 
of these disorders. This is best illustrated by the ABCA12 gene. 
Missense mutations in this gene cause either LI [9] or CIE [10] 
whereas nonsense or frameshift mutations result in life-threatening 
HI [6]. The combination of the two types of mutations results in 
an intermediate phenotype [12]. Similarly, BSI has been associated 
with distinct temperature-sensitive mutations in TGM1 [13]. The 
numerous remaining ARCI types resolve into clinical phenotypes 
like LI, CIE or SICI, all of which can be caused by mutations in 
a number of different genes with no clear genotype—phenotype 
relationships. Around 10-20% of ARCI cases cannot be attributed 
to known genes [14]. 


Clinical features 
See the relevant sections in the following ARCI disease types. 


Mangement 
See ‘Management of congenital ichthyoses’ later in this chapter. 


Harlequin ichthyosis — CC 


Definition 
Harlequin ichthyosis is the most devastating type of ARCI. It is 
still often lethal in around 44% of cases [1]. Based on preliminary 
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data from the Network for Ichthyoses and Related Keratinization 
Disorders (NIRK) registry in Germany, the prevalence of HI is esti- 
mated to be in the region of 1 in 2 million. It appears to be roughly 
10 times lower than transglutaminase 1 (TG1)-deficient ARCI. 


Pathophysiology 

It has already been pointed out that peculiar nonsense and/or 
frameshift mutations in the ABCA12 gene cause HI [2,3]. These 
types of mutations usually result in mRNA decay and loss of 
expression of the protein [4,5]. Heterozygous mutations have a 
survival advantage over homozygotes [1]. 

ABCA12 transfers lipids such as glucosylceramides, which are 
essential for epidermal barrier formation, into lamellar bodies. 
It plays an essential role in the formation of lamellar bodies 
that also transport proteases such as kallikrein 5, 7 and 14 and 
secrete these proteins into the intercellular space in the stratum 
corneum [6]. These proteases play an important role in desquama- 
tion by degrading corneodesmosomes [7], thus leading to retention 
hyperkeratosis [8]. 


Clinical features 

Neonates are born with armour-like skin (truncal plates with fissur- 
ing) (Figure 63.3a) which can considerably impair movement and 
the ability to drink and breathe. Bilateral ectropion and eclabium 
are present and hyperkeratotic skin may result in ears lacking 
retroaural folds. Around 10% of children develop autoamputation 
of digits [1]. A major problem in early infancy is a proneness to 
infection of the skin, as well as other organs such as the lungs. 
Respiratory problems are the major cause of death in neonates. 
Data from an animal model seem to implicate that HI is not only 
a skin disease, but can also affect lung function causing alveolar 
collapse [9]. In those children who survive the critical initial phase 
of the disease, the thickening of the stratum corneum improves 
somewhat and large lamellar scales, accompanied by marked 
ichthyosiform erythroderma, develop (Figure 63.3b, c). In later life 
persistent ectropion is a frequent major problem, and often these 
patients have problems achieving and maintaining normal body 
weight despite high-calorie supplementation. Vitamin D deficiency 
causing rickets and osteomalacia can occur [1]. 


Investigations 

Harlequin ichthyosis has a striking histology showing enormous 
thickness of the stratum corneum. There is parakeratosis and 
hypergranulosis and non-polar lipids are reduced, while expres- 
sion of proteases like kallekrein 5 and cathepsin D is dramatically 
reduced [10]. Electron microscopy reveals numerous abnormal 
lamellar bodies in the stratum granulosum and accumulation of 
extruded irregular lamellar bodies as vesicular structures between 
the epidermal cornified cells. This defect of lamellar bodies is highly 
pathognomic for HI allowing its diagnosis (Figure 63.4). 


Management 

Management requires an interdisciplinary approach and will be 
discussed in detail in the later section on the management of a 
collodion baby; see also the reviews by Rajpopat and co-workers [1] 
and Glick and co-workers [11]. 


Collodion baby and sel 
congenital ichthyosis 


Definition 

The term collodion baby describes a transient condition in new- 
borns. Except for HI, most ARCI patients present at birth as 
‘collodion babies’ [1], but it should also be noted that several 
syndromic types of congenital ichthyosis such as trichothiodys- 
trophy (TTD) or Gaucher syndrome type 2 typically present as 
collodion baby. 


Pathophysiology 
See the relevant sections in BSI, LI and CIE. 


Clinical features 

The neonate is encased in a shiny parchment-like membrane, 
which cracks within a few days after birth (Figure 63.5) and usu- 
ally peels off within the first 4 weeks of life. Initially, the clinical 
presentation can be quite severe and often includes ectropion and 
everted lips of different degrees. Afterwards for a brief time healthy 
skin becomes visible. In other cases, the collodion membrane 
is very mild and needs to be differentiated from physiologi- 
cal desquamation [2]. Collodion babies look very much alike at 
birth, but later take different clinical courses. In around 80% of 
cases, collodion baby is then followed by the onset of an ARCI 
subtype. The clinical presentations may evolve into BSI or into 
the phenotypes of LI (e.g. in severe TG1 deficiency) or CIE (e.g. 
in lipoxygenase deficiency). However, around 10-20% of cases 
develop into SICI [3] or self-healing collodion baby (SHCB) [4]. 
It is possible that in some cases specific mutations particularly 
sensitive to average hydrostatic water pressure during pregnancy 
may underlie the dynamic phenotype of SHCB. Patients with SICI 
have very mild involvement but most of them have facial redden- 
ing, thickened skin on the dorsal hands and feet and thickened 
palms and soles with hyperlinearity but without hyperkeratosis 
(Figure 63.6) [5]. 


Differential diagnosis 
Ichthyosis prematurity syndrome (IPS) (see later in this chapter) is 
an important differential diagnosis of SIC] and SHCB. 


Management 
See ‘Management of congenital ichthyoses’ later in this chapter. 


Bathing suit ichthyosis -.— VL 


Definition 

Bathing suit ichthyosis is a peculiar type of ARCI first recognised in 
South African Bantu of the Nguni ethnic group [1]. While children 
are born as collodion babies, they later develop a lamellar type of 
ichthyosis that spares the face and the extremities and follows the 
distribution pattern of bathing suits. 


(b) 
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Figure 63.3 Harlequin ichthyosis. (a) Neonate, (b) aged 6 weeks on retinoid therapy and (c) aged 6 months. Courtesy of Dr M. Judge, Salford Royal NHS Trust, UK. 


Pathophysiology 

Bathing suit ichthyosis was found to be due to peculiar missense 
mutations in TGM1 that render the enzyme TG1 temperature 
sensitive [2,3]. Recombinant expression of the TGM1 mutations 
in BSI showed that they exhibit a marked shift in temperature 


optimum from 37°C to 31°C. Deficient activity of BSI mutants could 
be rescued and even reconstituted by decreasing the temperature 
to below 33°C. All BSI mutations showed an activity above 10% 
at their temperature optimum at 31°C and a dramatic decrease at 
37°C [4]. It is of note that the vast majority of BSI-causing mutations 
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(b) 


Figure 63.4 Ultrastructural diagnosis of harlequin ichthyosis. (a) Abnormal lamellar 
bodies in ABCA12 deficiency. (b) Morphology of normal lamellar bodies in granular layer 
cells with their diverse cargos: mostly lamellated, but also homogeneous areas (higher 
magnification). Courtesy of Dr |. Hausser, Heidelberg, Germany. 


affect arginine residues (e.g. p-Arg315His) and often affect exons 5, 
6 or 7 [5-8]. A few of these patients eventually heal completely and 
could also be regarded as examples of SICI [5,8]. 


Clinical features 

The most striking aspect is the dynamic of the phenotype. Children 
are born as collodion babies involving the entire skin. Shedding 
of the collodion membrane is followed by the development of 
large, dark grey/brownish scales affecting the trunk and the scalp, 
but sparing the face and extremities (Figure 63.7). The palms and 
soles are dry and diffusely mildly hyperkeratotic. Digital ther- 
mography has validated a striking correlation between warmer 
body areas and the presence of scaling in patients [2]. The disease 
tends to become worse in the summer months and to improve 
in winter [9]. Hypohydrosis as is often seen in ARCI may play 
a crucial role in local heat accumulation that results in an addi- 
tional reduction of TG1 activity [10]. In the authors’ experience, 
hyperkeratoses can develop in the ear canal affecting the ability 
to hear. 


Figure 63.5 Autosomal recessive congenital ichthyosis. Sheddding of collodion 
membranes after 1 week. 


Investigations 

In situ assessment of TG1 activity reveals a deficiency only in 
affected skin, with sufficient activity in unaffected healthy- 
appearing skin [2]. Likewise, ultrastructural analysis reveals a 
massively thickened stratum corneum displaying multiple choles- 
terol clefts which are typical for TG1 deficiency, while the stratum 
corneum is of normal thickness in healthy skin and shows no 
cholesterol clefts [2]. 


Management 

Management corresponds to that of LI, but special attention should 
be given to the ears and to removing keratotic material from the 
ear canal. 


Lamellar ichthyosi 
ichthyosiform e 


Definition 

When the term ‘lamellar ichthyosis’ was coined by the American 
dermatologist Phillip Frost in the 1960s [1], it was used to denote a 
type of ARCI that is characterised by large, plate-like, dark-brown 
hyperkeratoses covering the entire body, but usually presenting 
rather mild palmoplantar involvement (Figure 63.8a). At the other 
end of the clinical spectrum, ARCI patients may present with very 
marked erythroderma and mostly fine often whitish or grey scales. 
These patients often have pronounced palmoplantar keratosis and 
have been referred to as having CIE (Figure 63.8b). 


Epidemiology 

Prevalence 

Deficiency of TG1 as the most frequent cause of ARCI is respon- 
sible for 32% of ARCI cases in Germany, while in the USA it has 
been found in up to 55% of the cases studied [2]. In Europe, muta- 
tions in ALOX12B account for 12% of ARCI, and ALOXE3 muta- 
tions are responsible for a further 5% of cases. NIPAL4 mutations 
account for 16% of ARCI and are thus a frequent cause. Around 8% 
of ARCI cases are due to mutations in the CYP4F22 gene [3,4]. 


a 


Figure 63.7 Bathing suit ichthyosis. Lamellar scaling on areas with a high skin 
temperature. Courtesy of the Department of Dermatology, University Hospital Munster, 
Munster, Germany. 


Pathophysiology 

Cell kinetic studies in the 1980s seemed to discriminate between the 
phenotypes of LI and CIE [5], which at that time were considered 
to represent distinct entities. However, genetic studies disclosed 
that the LI phenotype as well as the CIE phenotype is by no means 
specific for a certain gene, but mutations in the same gene may be 
associated with both phenotypes [6]. The specific pathogenesis may 
concern a malfunction of the following proteins. 


Transglutaminase-1 critically contributes to the assembly of 
the cornified envelope by catalysing calcium-dependent cross- 
linking of proteins, such as involucrin-, loricrin- and proline-rich 
proteins, and by binding Q-hydroxy ceramides to proteins such as 
involucrin, thus connecting the lipid envelope with the cornified 
envelope [7,8]. 


(b) 
Figure 63.6 Self-improving congenital ichthyosis. (a) Collodion baby at birth. (b) Mild ichthyosis and lichenification of the skin of the hand. 


The epidermal lipoxygenases E3 and 12B act on adjacent steps 
in the hepoxilin pathway and are believed to play a role in 
the secretion of lamellar bodies so that mutations in the genes 
encoding these enzymes result in impaired secretion of lipids 
and formation of the intercellular lipids in the stratum corneum 
[9-12]. 

The NIPAL4 gene encodes for the protein ichthyin. Patients hav- 
ing a NIPAL4 mutation show a markedly increased expression 
of epidermal lipoxigenases and TG1 in their skin, indicating a 
common metabolic pathway essential for skin barrier homeosta- 
sis [13,14]. The precise function of this protein is not entirely 
understood. It appears to localise to desmosomes and keratins 
[15] and to interact with fatty acid transporter protein 4 [16], 
which is defective in IPS. 

The gene CYP4F2 encodes a cytochrome P450 polypeptide that 
is a homologue of a leukotriene B4 Q-hydroxylase. The actual 
function of this gene for the epidermal barrier has not been 
established, but it has been hypothesised that it participates in 
the hepoxilin pathway by catalysing the conversion of trioxilin 
A3 to 20 hydroxy-(R) trioxilin [17]. 

Mutations in the CERS3 gene encoding ceramide synthase 3 are 
a rare cause of ARCI [18,19]. Inactivating mutations in this gene 
are associated with a loss of very long acyl chains from C26 up to 
C34 in terminally differentiating keratinocytes of affected patients 
and thus impairing epidermal barrier formation. 

LIPN encodes an acid lipase that is involved in triglyceride 
metabolism in mammals and is expressed exclusively in the 
epidermis. A 2 bp deletion in LIPN was found to be associated 
with a mild form of CIE showing diffuse ichthyosis [20]. 
SDR9IC7 belongs to the short-chain dehydrogenase/reductase 
family and has been identified as the causative gene in several 
Lebanese families [21]. SDRIC7 seems to be involved in vita- 
min A metabolism and to have a potential role in epidermal 
differentiation. 
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Figure 63.8 (a) Lamellar ichthyosis. (b) Congenital ichthyosiform erythroderma. 
Courtesy of the Department of Dermatology, University Hospital Munster, Munster, 
Germany. 


¢ Mutations in SULT2B1 have been reported in three independent 
families [22]. SULT2B1 is a member of the large cytosolic sul- 
fotransferase superfamily that is engaged in the synthesis and 
metabolism of steroids in humans. It is specifically expressed in 
the stratum corneum/granulosum, suggesting a function in late 
keratinocyte differentiation and epidermal homeostasis. 

¢ PNPLAI belongs to the patatin-like phospholipase family and is 
related to PNPLA2, which causes neutral lipid storage disease 
with myopathy but without ichthyosis. PNPLA1 mutations were 


first identified as a cause of ichthyosis in golden retriever dogs 
and afterwards in humans, who feature fine white scales and 
moderate erythroderma and PPK and a pseudosyndactyly of the 
second and third toes [23]. 


Clinical features 

A definite genotype-phenotype relationship for LI and CIE has 
not yet been achieved, but in the authors’ experience there are 
clinical clues in ARCI that tend to be indicative for certain genes. 
The majority of patients having TGM1 mutations present with 
classic LI (see earlier definition), often having complaints such 
as ectropion or alopecia ichthyotica. There is no obvious erythro- 
derma, but beneath the thick scales some erythema can be present. 
Ears are often deformed and small. As indicated earlier, specific 
temperature-sensitive mutations in TGM1 are associated with 
BSI. Moreover, there is a group of patients who initially present 
as collodion babies, progress to mild CIE and later may present 
with very mild or even absent scaling. This phenotype is referred 
to as SICI (see Figure 63.6) [6,24]. TGM1 patients who carry pre- 
mature termination codon mutations (e.g. nonsense or frameshift 
mutations) are more likely to report sweating abnormalities such 
as hypohidrosis and overheating than those who have missense 
mutations [2]. 

Neonates with lipoxygenase mutations are often born with a 
mild type of collodion and in later life mostly present with the CIE 
phenotype, although some also present brownish scales. Typically, 
they show a striking palmoplantar hyperlinearity (Figure 63.9), 
which is reminiscent of the accentuated creases in IV [10]. However, 
mild keratotic lichenifications of the elbow fossa or of the dorsum 
of the hands help to rule out this differential diagnosis. Patients 
may progress to SICI [24]. Those with ALOX12B mutations more 
often exhibit pronounced palmoplantar keratosis than patients with 
ALOXE3 mutations [10]. Many of these patients report reduced 
or completely absent sweating ability [25], and many complain of 
pruritus. 

Patients with a NIPAL4 mutation often present with a CIE/LI 
overlapping phenotype, ectropion, clubbing of the nails and a 
pronounced and diffuse yellowish keratoderma on the palms and 
soles (Figure 63.10a, b) [26]. This may be reminiscent of classic PPKs 
such as a focal non-epidermolytic type. Scaling may be reticulate on 
the trunk (Figure 63.10c). 

Most patients with CYP4F2 mutations present with a CIE or mild 
collodion baby phenotype at birth [27]. As the children grow older, 
they develop whitish-grey scales which are more pronounced in 
the periumbilical region [17]. Palms and soles show pronounced 
hyperlinearity or even PPK. 

Patients with mutations in CERS3 are born as collodion babies 
and then progress to CIE often with improvement of the ichthyosis 
phenotype in the summertime. Also, patients have marked 
plantar hyperlinearity (Figure 63.11) and may experience pru- 
ritus and recurrent uncomplicated bacterial and Pityrosporum 
infections [18]. 

LIPN mutations cause a late-onset form of ichthyosis at the age of 
5 years, but have been linked to the ARCI spectrum [20]. 

Reported patients with SDR9C7 mutations present with con- 
genital ichthyosiform erythroderma and have suffered persistent 
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Ultrastructural investigations reveal so-called cholesterol clefts 
in the stratum corneum (Figure 63.12) [29]. NIPAL4 mutations 
may correlate with the ultrastructure of abnormal lamellar bodies 
and elongated membranes in the stratum granulosum classified 
as ARCI electron microscopy type III [30]. Direct sequencing is 
necessary for the diagnosis of lipoxygenase deficiency and other 
ARCI subtypes (CERS3, CYP4F2, LIPN, SDR9C7, PNPLA1 or 
SULT2B1) that lack specific ultrastructural markers. Biochemical 
measurements of lipoxygenase activity is feasible but is cur- 
rently available only in specialised research laboratories [31]. The 
same applies for ultrastructural methods with frozen sections or 
osmium tetroxide and ruthenium tetroxide postfixation that may 
enable advanced electron microscopic diagnostics of all ARCI 
subtypes [32]. 


KERATINOPATHIC ICHTHYOSES 


Definition 

Keratinopathic ichthyoses (KPIs) are a group of very severe, 
ultra-rare cornification disorders (Tables 63.1 and 63.3). In Denmark 
they have a prevalence of 1 in 350 000 [1]. Patients often present at 
birth with erythroderma, scales and erosions. The term 
‘keratinopathic’ was coined at the Soréze Consensus Conference 
as an umbrella term for all types of ichthyoses that are caused by 
mutations in one of the keratin genes [2]. 


GENETIC 


Pathophysiology 

Epidermal keratins are intermediate filaments that contribute to the 
formation of the keratinocyte cell cytoskeleton. This cytoskeleton 
extends from the nucleus of the keratinocyte to the cell membrane 
where keratins attach either to desmosomes or hemidesmosomes 
[3]. Mutations in keratin genes like KRT1, KRT10 or KRT2 are 
usually associated with epidermolytic hyperkeratosis (EHK) on 
histology (Figure 63.13) and with the occurrence of cytoplasmic 
keratin aggregates (keratin clumps) or perinuclear shell formation, 
which can be seen only with electron microscopy [4,5]. 

These keratin aggregates can be induced by trauma or envi- 
ronmental conditions, such as high temperature, fever or skin 
infections, that are known modulators of disease severity. The 
keratin aggregates are reminiscent of those in classic protein folding 
disorders such as neurodegenerative diseases like Huntington dis- 
ease [6]. Cells expressing mutant keratin aggregates have increased 
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(b) sensitivity to hyperosmotic stress which can be reduced, for 
Figure 63.9 (a, b) Clinical phenotype of ALOXE3 mutations. Note palmoplantar example, by the chemical chaperone trimethylamine-N-oxide [7]. 
hyperlinearity resembling accentuated creases in ichthyosis vulgaris (b). Courtesy of the Likewise, it has been shown that retinoids reduce the formation 
Department of Dermatology, University Hospital Munster, Minster, Germany. of keratin aggregates in heat-stressed keratinocytes from an epi- 


dermolytic ichthyosis (EI) patient with a KRT10 mutation [8]. 
fungal cutaneous infections since the first decade. Severity decreases _—_ Keratin aggregates have been shown to interact with activated 
with age [21]. mitogen-activated protein kinase (MAP) kinases, molecular chaper- 

Individuals with SULT2B1 mutations are born as collodion babies —_ ones such as Hsp70 and components of the ubiquitin-proteasome 
and show a variable degree of red skin and hyperkeratosis with — system and may contribute to inflammatory changes seen in the 
mild or no involvement of the axilla, face, popliteal fossa and _ disease [9]. Moreover, KRT1 knock-out mice release large amounts 


back [22]. of the pro-inflammatory interleukin 18 (IL-18); depletion of IL-18 
partially rescued Krtl—/- mice [10], suggesting novel approaches 

Investigations to therapy. 

Diagnosis of TG1 deficiency can be made by sequencing [2,3,8] Although KPIs have been traditionally considered as auto- 


or by measuring in situ TG1 activity in cryostat sections [28]. somal dominant disorders [11], recessive and semidominant 
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(a) 


(c) 


Figure 63.10 Clinical phenotype of N/PAL4 mutations. (a, b) Diffuse yellowish keratoderma on the palms and soles. (c) Reticulate scaling on the trunk. Courtesy of the Department of 


Dermatology, University Hospital Munster, Munster, Germany. 


inheritance of KRT10 [12] and KRT1 [13] mutations has been 
reported, respectively. Gene therapy would have to address the 
dominant negative effect of the mutations to restored filament 
stability [14]. 

The vast majority of mutations in KPIs consist of heterozygous 
single-point mutations that are found in the highly conserved 
helix boundary motives of KRT1 and KRT10 that play a crucial role 
in filament formation [15-17]. Up to 75% of KPI-causing mutations 
are de novo mutations [18,19]. 

Epidermolytic epidermal naevus results from somatic mutations 
in KRT1 or KRT10. Germ-line mosaicism in these cases, which 
may be associated with a small epidermolytic naevus in a patient 
(Figure 63.14a), can result in full-blown disease in his or her off- 
spring [20,21]. Occasionally, forms of EI can be seen where many 
Blaschko linear stripes of the skin are affected by widespread hyper- 
keratosis representing multiple epidermolytic naevi, resulting from 
extensive postzygotic mosaicism [22,23]. 


Epidermolytic ichthyosis — Fae 


Clinical features [1-6] 

At birth, the presentation usually consists of CIE often associated 
with marked blistering. In the classic French literature, this presenta- 
tion was referred to as ‘burned child/enfant brilé’ (Figure 63.14b). 
In neonates, the differential diagnosis therefore often includes 
epidermolysis bullosa. In the first months of life, the blistering 
resolves and hyperkeratosis develops instead. However, fragility 
of the skin remains and when patients suffer from fever or skin 


Figure 63.11 Clinical phenotype of CERS3 deficiency showing mild plantar 
keratoderma with hyperlinearity. Courtesy of the Department of Dermatology, University 
Hospital Munster, Munster, Germany. 


Figure 63.12 Ultrastructure of transglutaminase 1-deficient skin with typical cholesterol 
clefts in the stratum corneum. Courtesy of Dr |. Hausser, Heidelberg, Germany. 


infections or are exposed in the summer to high ambient tempera- 
ture or mechanical friction, bouts of blistering can occur. The older 
child and adult patients usually present with marked keratotic 
lichenification, meaning rippled keratotic ridges, in particular in the 
axilla, the elbows and the flexural aspects of the knees. It is striking 
that this severe involvement correlates with skin regions where the 
body temperature is somewhat elevated and thus this aggravation 
may be induced by differences in body temperature. On the knees 
and lower legs, patients sometimes present with spiny hyperker- 
atosis (Figure 63.15a—c). In patients harbouring KRT10 mutations, 
the palms and soles are usually spared (Figure 63.15d) [1], and they 


Figure 63.13 Histological diagnosis of epidermolytic hyperkeratosis. 


tend to respond well to moderate dosages of systemic retinoids 
(see ‘Management of congenital ichthyoses’ later in this chapter), 
while patients having KRT1 mutations usually have severe involve- 
ment of the palms and soles which can significantly impair walking 
so that some patients actually require a wheelchair. Itch is a 
co-morbidity frequently observed in EI [7]. Urticaria may trigger 
blister formation in EL, and resolution of symptoms after treatment 
with omalizumab has been reported [8]. 


Investigations [9,10] 

The types of KPI mentioned earlier share a striking histology, 
namely EHK. In superficial EI, this finding is less marked and 
expressed mainly in the stratum granulosum and upper epidermis, 
and it may be important to take a biopsy from a site of maximal 
clinical involvement, for instance from the knees. Similar considera- 
tions apply for annular EI. As mentioned, the ultrastructure of these 
diseases is characterised by collapsed keratin aggregates (tonofila- 
ments). These aggregates often form around the cell nucleus, have 
lost their connection to the desmosomes and therefore promote 
intraepidermal blistering. As already discussed, the presence of 
keratin aggregate links the pathology to that of protein folding 
diseases [11]. 


Superficial epidermolytic i 


Clinical features [1-9] 

The clinical presentation of superficial epidermolytic ichthyosis 
(SEI) resembles that of EI. However, the course of the disease is 
milder and more localised, meaning that large parts of the body 
are clear. Typically, the keratosis is limited to the region around the 
navel and on the dorsal aspects of the hands and feet or the arm 
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Figure 63.14 Special genetic aspect in keratinopathic ichthyosis. (a) Epidermolytic 
naevus in a father of an affected boy with generalised epidermolytic ichthyosis due to 
keratin 10. (b) Neonatal presentation of epidermolytic ichthyosis (‘enfant brulé’). (b) 
Courtesy of Dr M. Judge, Salford Royal NHS Trust, UK. 


and the axillary region (Figure 63.16). A phenomenon that is quite 
typical is the presence of superficially denuded areas, for instance 
on the back of the hand (Figure 63.17) [2]. For this phenomenon 
Siemens, who first described the disease in 1937, coined the German 
term ‘Mauserung’ (moulting) [1]. Co-occurrence of hypertrichosis 
of the extremities has often been reported in SEI [10]. 


Annular epidermolytic ichthyosis 


Clinical features 


Annular epidermolytic ichthyosis (AEI) is a rather mild variant 
of EI [1,2], which shares a similar onset at birth, but later greatly 


improves and can feature bouts of disease activity associated with 
the development of numerous annular and polycyclic hyperkera- 
totic lesions especially on the trunk and extremities [1]. Outbreak 
of disease flares can be associated with high temperature in the 
summer, fever or pregnancy [3]. It has been suggested that AEFI 
may be regarded as a mild phenotype of EI rather than as a true 
subtype [4,5]. 


Congenital reticular ichth 
erythroderma 


Pathophysiology 

Congenital reticular ichthyosiform erythroderma (CRIE) is due to 
particular KRT10 or KRT1 mutations [1,2]. Patients initially display 
generalised redness and scaling with subsequent localised spon- 
taneous healing which manifests with small pale white spots. The 
revertant phenotype is due to multiple recombination events in the 
KRT10 gene [1], which can be considered as a kind of natural gene 
therapy. 


Clinical features 

This disease was described independently in 1984 by a German 
group [3] and by a Swiss group [4], who coined the term ‘confetti 
ichthyosis’. It is characterised by very severe CIE and from the age of 
3 years by the gradual onset of hundreds of pale normal-appearing 
confetti-like spots which can grow up to 2 cm in size (Figure 63.18). 
Many of these patients are severely ill and fail to thrive. Further 
clinical features include prominent PPK, hypertrichosis of dorsal 
limbs, extropion, short stature, and contraction neck deformity [5-8]. 


Investigations 

Histology and ultrastructure differ from typical EI showing, 
for example, binuclear cells and perinuclear vacuolisation, and 
probably not the typical keratin aggregates [6]. 


ichthyosis Curth-Macklin 


Pathophysiology 

Pathogenic mutations in KRT1 affect the variable tail domain (V2) 
of keratin 1 and result in a profoundly different abnormality of the 
cytoskeletal architecture than in EI [1,2]. For keratin 10, a deletion 
at the end of the 2B domain of the protein has been reported [3]. 
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(d) 


Figure 63.15 Epidermolytic ichthyosis without mosaicism. (a) Arms, (b) legs, and (c) palms indicative of KRT7 mutations and (d) palms indicative of KRT70 mutations. (a-c) Courtesy of 
Dr M. Judge, Salford Royal NHS Trust, UK. 


Clinical features Investigations 

The skin of patients with ichthyosis Curth-Macklin (ICM) is Histology reveals perinuclear vacuolisation and the formation of 
characterised by extensive spiny hyperkeratosis (‘hystrix’ like) binucleated cells, without keratin aggregates, while ultrastruc- 
covering the entire body and involving the palms and soles tural studies usually reveal a shell-like perinuclear arrangement of 
(Figure 63.19) [4]. keratins [5,6]. 
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Figure 63.16 Superficial epidermolytic ichthyosis, showing involvement around the 
navel. Courtesy of the Department of Dermatology, University Hospital Munster, 
Munster, Germany. 


Figure 63.17 Moulting (‘Mauserung’) phenomenon in superficial epidermolytic 
ichthyosis. Courtesy of the Department of Dermatology, University Hospital Munster, 
Munster, Germany. 


ERYTHROKERATODERMA 


In the past, it was common to distinguish between ‘true’ ichthyosis 
involving the entire body and more localised ichthyosiform con- 
ditions. When these localised conditions were characterised by 
red skin and hyperkeratosis they were called erythrokerato- 
derma or erythrokeratodermia [1-3]. At the Soréze Consensus 
Conference, it was decided that the various conditions that still 
carry the name erythrokeratoderma should also be considered as 
‘ichthyosis’ [4]. Clinical expression of molecular defects can be 
quite variable as is seen for instance in SEI, which likewise would 
qualify as ‘erythrokeratoderma’. Moreover, some syndromic types 
of erythrokeratoderma such as the keratitis—ichthyosis—deafness 
(KID) syndrome have traditionally been regarded by most authors 
as an ichthyosis. 


Figure 63.18 Congenital reticular ichthyosiform erythroderma. Note the pale 
confetti-like spots representing localised spontaneous healing. Courtesy of the 
Department of Dermatology, University Hospital Munster, Munster, Germany. 


Erythrokeratoderma varia bilis 


Definition and nomenclature 
Erythrokeratoderma variabilis (EKV) is a rare disease characterised 
by migrating polycyclic red lesions accompanied by hyperkeratosis. 


Pathophysiology 

Inheritance of EKV is usually autosomal dominant. In many but 
certainly not all families, dominant negative mutations in GJB3 
encoding connexin 31 or GJB4 encoding connexin 30.3 have been 
found [1-4]. Autosomal recessive mutations in GJB3 have likewise 
been reported [5]. Connexins form gap junctions, which are aque- 
ous intercellular channels that are found in all tissues of the human 
body, including the skin, nervous tissue, heart and muscle [2,6]. 
Additional genes have been associated with other forms of EKV or 
EKV-like phenotypes including GJA1 [7], PERP [8], TRPM4 [9] and 
KDSR [10]. 


Clinical features [11,12] 

Onset is usually in infancy. The manifestations vary within a family 
and within the individual. There are two types of lesions: (i) rel- 
atively fixed, well-demarcated keratotic and red plaques, often 
bizarrely shaped, which show a predilection for extensor surfaces, 
the lateral trunk and buttocks and extend and regress in area, thick- 
ness and degree of red skin; and (ii) transient, red, polycyclic or 
comma-shaped macular lesions occurring at any site (Figure 63.20). 


(a) 


(b) 


Figure 63.19 (a, b) Ichthyosis. Hystrix with striate lesions on the hand (b). Courtesy of 
Dr M. Judge, Salford Royal NHS Trust, UK. 


Management 
Acitretin treatment is the treatment of choice [13]. Likewise, the ben- 
eficial effect of low-dose isotretinoin has been reported [14], 


Progressive symmetrical 
erythrokeratoderma 


Definition and nomenclature 
Progressive symmetrical erythrokeratoderma (PSEK) is a rare 
clinical variant of erythrokeratoderma with striking symmetrical 


Ichthyoses 63.19 


Figure 63.20 Erythrokeratoderma variabilis, showing migrating polycyclic red lesions. 


appearance [1]. It is unclear whether this type of erythrokera- 
toderma deserves the status of a distinct clinicogenetic entity 
or rather represents a manifestation of EKV. The umbrella term 
‘erythrokeratoderma variabilis progressiva’ has been suggested [2]. 


nyms and inclusions 
‘ron syndrome 


Pathophysiology 

From a genetic point of view, this clinical presentation is most 
likely also caused by the same connexin genes that underlie EKV. 
Actually, the same mutation G12D in the gene G/B4 has been iden- 
tified in unrelated Dutch patients, some of whom presented as 
having EKV [3], while others were diagnosed as having PSEK [4]. 
The occurrence of both types of erythrokeratoderma sharing the 
same ultrastructure has been reported in siblings [5]. Moreover, a 
homozygous loss-of-function mutation of KRT83 has been described 
for a recessive form of PSEK. This disease would be allelic with 
dominant monilethrix [6]. 


Clinical features 

The skin is usually normal at birth. Large geographical but sym- 
metrical, fine scaly plaques with an orange-red skin appear in 
infancy (Figure 63.21). There is little pruritus and the lesions are 
non-migratory in nature, as opposed to classic EKV. The shoulder 
girdle, cheeks and buttocks are most often affected. Keratoderma 
may be present. 
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Figure 63.21 Symmetrical progressive erythrokeratoderma. Courtesy of Dr A. G. Smith, 
North Staffordshire Hospital, Stoke-on-Trent, UK. 


Management 
Topical calcipotriol may be of benefit [7]. 


Symmetrical acro 


Clinical features 

A Chinese group reported a study concerning 34 cases of sym- 
metrical acrokeratoderma. Here, brown to black hyperkeratotic 
plaques were symmetrically distributed over the acral regions with 
marked worsening of the condition in the summer and improve- 
ment during winter. No genetic studies have been done so far and a 
relationship to IV has been suggested [1]. Clinically, there is whitish 
hyperkeratosis on the back of both hands and fingers, and the 
wrists in particular, after 5 minutes of water immersion reminiscent 
of aquagenic keratoderma. However, the authors emphasised that 
their patients did not suffer from palmoplantar involvement that 
could be typical for cystatin A deficiency [2]. 


OTHER NON-SYNDROMIC FORMS OF ICHTHYOSIS 


There are some distinct generalised cornification disorders that 
are very much characterised by a palmoplantar phenotype. One 
example — loricrin keratoderma - is discussed in the section 
‘Non-syndromic palmoplantar keratoderma’ later in this chapter, 
others are described here. 


Autosomal domin 
ichthyosis 


Definition 

This MeDOC form is a classic non-syndromic type of congenital 
ichthyosis that follows an autosomal dominant inheritance pattern. 
It was first delineated by Traupe et al. in 1984, who described three 
consecutive generations of a family, in whom affected members 
exhibited non-bullous congenital ichthyosis corresponding to a 
mild variant of lamellar ichthyosis [1]. 


Pathophysiology 

A normal keratin pattern and only a limited number of lipid inclu- 
sions were found in the stratum corneum and this permitted a 
clear-cut ultrastructural distinction from ARCI [2]. Lipid chemical 
investigations of plantar scales of the same German family revealed 
an abnormal scale lipid pattern characterised by excessive amounts 
of free fatty acids, triglycerides, elevated n-alkanes, reduced free 
sterol and decreased total ceramides [3]. 

Soon after its first delineation in 1984, a Spanish group reported in 
1986 a second family comprising five affected family members [4]. 
Then it took 24 years before Boyden et al. in 2020 reported three 
further families and elucidated mutations in ASPRV1 as the molec- 
ular cause of autosomal dominant lamellar ichthyosis (ADLI) [5]. 
All affected members of the families including the first German 
family had heterozygous missense mutations of ASPRV1 which 
segregated with the disease and disrupted protein residues within 
close proximity to autocatalytic cleavage sites, resulting in altered 
autocleavage and filaggrin processing. ASPRV1 encodes aspar- 
tic peptidase retroviral-like 1, a protein that acts as skin aspartic 
protease, and shows a strong localisation in the granular layer of 
the epidermis and the inner root sheath of hair follicles. ASPRV1 
has an important role in regulating stratum corneum hydration 
as it cleaves profilaggrin, and in hairless mice a deficiency of this 
enzyme results in dry skin, a thicker and less hydrated stratum 
corneum, an accumulation of aberrantly processed profilaggrin 
accompanied by a marked decrease of filaggrin [6]. ASPRV1 under- 
goes an autoactivation process at pH5 generating a 14 kDa protein. 
Autoactivation of ASPRV1 could be inhibited by site-directed muta- 
genesis and it is of note that the protease inhibitor indinavir, used 
as a human immunodeficiency virus (HIV) drug, likewise inhibits 
autoactivation [7]. In the hairless skin aspartic protease (SASPase) 
deficient mouse model, prominent corneocyte surface protrusions 
were noted but the levels of natural moisturising factors were not 
reduced [8]. It is of interest that a mutation affecting a conserved 
residue close to the autoprocessing cleavage site in ASPRV1 has 


been described as the cause of ichthyosis in a German shepherd 
dog [9]. 


Clinical features [1,4,5] 

Patients with ADLI exhibit large, translucent scales covering the 
entire body including the flexural folds, palms and soles. On the 
back of the feet often a marked keratotic lichenification is noted. 
There are no signs of erythroderma or blistering, but patients can 
suffer from considerable pruritus. The palms may show obvious 
keratoderma or marked hyperlinearity, while the feet usually 
show marked plantar keratoderma. As in most types of congenital 
ichthyosis, sweating is impaired in ADLI. 


Investigations 

Histological examination reveals orthohyperkeratosis and a marked 
and partly increased granular layer. A distinct histological finding 
was that some areas of the biopsies taken showed parakeratosis 
associated with the presence of a marked granular layer, which 
is quite unusual. Because of this peculiar histological pattern in 
conjunction with the autosomal dominant inheritance, ADLI was 
considered a distinct skin disorder. An ultrastructural investigation 
showed that a prominent transforming zone was found between 
the granular and horny layers [1]. 


Keratosis linearis-ict 
congenita-sclerosing 


Definition, nomenclature and classification 
This MeDOC form belongs to the group of ichthyoses, but like lori- 
crin keratoderma, it is dominated by keratoderma [1]. 


Pathophysiology 

The ultrastructural phenotype of the skin pointed to a disorder 
of keratohyaline granules [2]. There is orthohyperkeratosis with 
occasionally a parakeratotic stratum corneum reminiscent of the 
findings in ADLI [2]. Surprisingly, all affected individuals reported 
so far are carriers of a specific homozygous 1 bp deletion located 
upstream to the coding region of the POMP gene [3]. Immuno- 
histochemical staining revealed an altered distribution of the 
proteasome subunits. Proteasome insufficiency results in impaired 
protein degradation and in the accumulation of undegraded ubiq- 
uitinylated protein, thus generating reactive oxygen species, and 
may lead to increased stress of the endoplasmic reticulum (ER). 
The so-called ER stress interferes with epidermal differentiation, 
as has been shown in connexin disorders [4]. Moreover, POMP is 
known to be the causative gene for proteasome-associated autoin- 
flammatory syndrome 2 (PRAAS2), which shows that keratosis 
linearis—ichthyosis congenita-sclerosing keratoderma (KLICK) may 
be regarded an autoinflammatory keratinisation disease [5]. 


Figure 63.22 Keratosis linearis—ichthyosis congenita—sclerosing keratoderma (KLICK). 
Note the linear distribution of the keratotic papules. 


Clinical features [1,2,6,7] 

Clinically, the disorder manifests as a more sclerosing variant of 
loricrin PPK associated with mild congenital ichthyosis. In contrast 
to loricrin keratoderma, it is inherited in an autosomal recessive 
fashion. Affected individuals demonstrate keratotic punctuate 
plugs or papules that are distributed in a linear pattern and are 
found on the flexural areas of the extremities — a distinct and 
probably pathognomonic phenotype (Figure 63.22). However, this 
distinctive clinical finding is not present at birth, but seems to 
appear at the age of 10 years. In younger patients, the KLICK 
syndrome may resemble classic types of erythrokeratoderma [8]. 
There are no associated features, but there is a report of secondary 
squamous cell carcinoma [9]. 


Investigations 
Ultrastructure confirms the histological finding of hypergranulosis 
and shows abnormally big keratohyaline granules. 


Exfoliative ichthyosi 


Pathophysiology 

Loss-of-function mutations in the CSTA gene encoding the protease 
inhibitor cystatin A are the cause of this autosomal recessive dis- 
ease [1]. Functional and ultrastructural data show that the defect 
manifests mainly within the basal and suprabasal layers of the epi- 
dermis characterised by expression of keratin 14. Immunostaining 
reveals that the disease is characterised by the absence of epidermal 
cystatin A and shows no degradation of corneodesmosomes [2]. 
Another gene, which was confirmed for exfoliative ichthyosis, is 
SERPINBS [3]. 
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Figure 63.23 Exfoliative ichthyosis with pronounced plantar keratoderma. Courtesy of 
the Department of Dermatology, University Hospital Munster, Munster, Germany. 


Clinical features [3,4] 

Exfoliative ichthyosis (EXI) is characterised by pronounced PPK 
(Figure 63.23), which tends to be sensible to sweat and water expo- 
sure, similar to acral peeling skin syndrome [4], the Bothnia type 
of non-epidermolytic PPK, or transient aquagenic keratoderma. 
Exfoliative ichthyosis affects the entire integument, showing mild, 
dry and scaly skin, and as such fulfils the criteria of anon-syndromic 
form of congenital ichthyosis. Skin peeling may occur, easily elicited 
by moisture or minor trauma, and resembles the ‘moulting’ phe- 
nomenon in SEI. Differential diagnosis also includes acral peeling 
skin syndrome, which is not always due to TGM5 mutations, but 
can also be caused by CSTA mutations [5,6]. It is of note that cystatin 
A has an additional role as a protease inhibitor in the superficial 
epidermis and has been associated with atopic eczema and house 
dust mite allergy in acral peeling skin syndrome [6]. 


Management 


Efficient symptomatic treatment options seem to be lacking because 
local therapy tends to increase humidity-associated sensibility. 


SYNDROMIC CONGENITAL ICHTHYOSES 


See Tables 63.2, 63.4 and 63.6. 


X-LINKED SYNDROMES CONCERNING DISTAL 
CHOLESTEROL BIOSYNTHESIS 


Conradi-Hiinermann-t 
syndrome 


Definition and nomenclature 

Conradi—Hiinermann-Happle syndrome (CHHS) is an ultra-rare 
X-linked dominant skin disorder that usually affects only females 
and is lethal in males. Clinical hallmarks of CHHS are a mosaic 
presentation of linear ichthyosis, chondrodysplasia punctata, 


asymmetrically shortened limbs, unilateral sometimes sectorial 
cataracts and short stature. 


Pathophysiology 

The mouse model tattered is due to a mutation in the gene for 
emopamil-binding protein (EBP) that functions as a delta8-delta7 
sterol isomerase in the late steps of cholesterol biosynthesis 
[1]. Mutations in the same gene were found to underlie CHHS 
mutations in humans [1-3]. The genetic defect is associated with 
metabolic alterations in the serum, namely markedly elevated levels 
of 8-dehydrocholesterol and of cholest-8(9)-en3-B-ol, that can help 
to identify somatic mosaicism even in clinically unaffected males. 
However, the extent of the metabolic alterations detected in the 
serum does not allow prediction of the severity of the clinical phe- 
notype [3]. The process of X-inactivation underlies the Blaschkoid 
pattern of distribution of skin lesions in CHHS. X-inactivation 
patterns of the patients showed no skewing, thus supporting the 
assumption that inactivation of the EBP gene occurs at random [4]. 
Mosaicism in the parent generation has been reported several times 
[3-5]. The disease is characterised by anticipation, namely worsen- 
ing of disease severity in subsequent generations [6]. Pathogenic 
splicing variants of EBP may cause extreme variability of the dis- 
ease [7]. It is of note that focal dermal hypoplasia can be associated 
with large submicroscopic deletions of the X-linked PORCN gene 
that also includes the adjacent EBP locus, although these patients 
with focal dermal hypoplasia did not exhibit features of CHHS 
[8]. It is believed that the accumulation of 8-dehydrocholesterol 
and other cholesterol precursors interferes with sonic hedgehog 
signalling and thus explains the developmental abnormalities in 
CHHS, such as facial dysmorphism, chondrodysplasia punctata or 
kyphoscoliosis [9,10]. The ichthyosis in CHHS is difficult to explain. 
It has been shown that lamellar bodies lack their normal lamellar 
structure [11]. 


Clinical features 

Affected babies are typically female, premature and born with 
either partial collodion membrane or generalised ichthyosiform 
erythroderma. Within the first year, generalised linear and swirling 
patterns of erythroderma and scaling, following the lines of 
Blaschko, are established (Figure 63.24). Intervening areas of 
skin are unaffected. Palmoplantar hyperkeratosis and nail dys- 
trophy may occur. Recurrent infections especially in the flexures 
can be troublesome, and scalp and eyebrow hair is sparse and 
lustreless. The ichthyosis improves in early childhood and the 
residual signs are often so subtle in adult life that an affected 
mother may be missed. Signs to be sought in older children and 
adults include swirls of fine scales, linear pigmentary change, 
patchy atrophy, follicular atrophoderma mainly on the limbs and 
dorsal hands, and a striate cicatricial alopecia, all in a Blaschkoid 
pattern. 


Figure 63.24 Conradi-Hlnermann-Happle syndrome. Courtesy of Dr D. J. Atherton, 
London, UK. 


Other variable features include rounded or asymmetrical facies 
with frontal bossing and hypertelorism, a broad flat nasal bridge, 
congenital asymmetrical cataracts in 60% of patients, short stature, 
asymmetrical or, rarely, symmetrical shortening of limbs, kyphosco- 
liosis, supernumerary digits and other skeletal defects. Stippled 
calcification (asymmetrical) of the long-bone epiphyses, vertebrae, 
pelvis, carpus and tarsus, and cartilage, including the trachea, is a 
characteristic but not universal radiological finding in the neonatal 
period, and usually resolves by adulthood. Patients have normal or 
mildly impaired intellectual development and neural hearing loss 
has been reported. It is of note that a lack of segmental fusion of the 
liver has been observed in a male patient [12]. 


Differential diagnosis 

Milunsky and co-workers reported on a non-mosaic male with a 
mutation in EBP that presented a much milder phenotype charac- 
terised by failure to thrive, crossed renal ectopia and stenotic ear 
canals, but lacking chondrodysplasia punctata [13]. This unusual 
case was later discussed as a separate and novel clinicogenetic 
entity due to a hypomorphic mutation in EBP, a situation reminis- 
cent of different phenotypes generated by hypomorphic NEMO 
mutations [13]. In the meantime several such cases have been 
recorded and the term MEND syndrome (male EBP disorder with 
neurological defects) has been proposed for this distinct entity [14]. 
It is of note that MEND is inherited as an X-linked recessive trait 
with extreme behavioral symptoms, and female carriers of the 
hypomorphic EBP mutation seem to be unaffected [15,16]. This sit- 
uation is reminiscent of the so-called CK syndrome (MIM: 300831), 
named for the initials of the original proband, which is caused 


by hypomorphic temperature-sensitive mutations in NSDHL [17], 
while classic NSDHL mutations are associated with the X-linked 
dominant congenital hemidysplasia—ichthyosiform naevus-—limb 
defect (CHILD) syndrome [18]. 


Management 

Urea-containing emollients are helpful in controlling ichthyosis, but 
additional antimicrobial therapy may be needed for skin infections 
in infancy. The effect of retinoids is unknown, and the need for 
treatment diminishes with age. Continued orthopaedic surveil- 
lance and appropriate procedures may be indicated for skeletal 
anormalies. Cataracts usually do not affect vision. 


Congenital hemidysplasia— 
ichthyosiform naevus-limb 
syndrome 


Definition 

The CHILD syndrome is a very rare, X-linked dominant, male-lethal 
disorder with distal cholesterol biosynthesis, featuring as a clinical 
hallmark the CHILD naevus. 


Pathophysiology 

The CHILD syndrome also represents a disorder of distal choles- 
terol biosynthesis (see earlier section) and is sometimes confused 
with the CHH syndrome. It was fully delineated in 1980 as an 
X-linked dominant trait that is lethal in males by the German 
dermatologist Happle [1]. In the initial report, the cutaneous phe- 
notype was categorised as ichthyosis, but later the Happle group 
described it as an inflammatory naevus [2] showing a strikingly 
unilateral arrangement and differentiated the CHILD naevus from 
other epidermal naevi such as inflammatory linear verrucous epi- 
dermal naevus (ILVEN). In 2000, the same group established that 
the CHILD syndrome is due to mutations in the NSDHL gene 
encoding a 3f-hydroxysteroid dehydrogenase [3]. This enzyme is 
a decarboxylase that together with the enzymes C4 methyloxidase 
and 3-ketosterol reductase forms the C4 demythelase complex, 
which has an important role in cholesterol biosynthesis. Two mouse 
X-linked dominant male-lethal traits, bare patches (Bpa) and stri- 
ated (Str), had previously been associated with mutations in Nsdhl 
and serve as animal models for this disease [4]. These mouse models 
reveal that Nsdhl deficiency has a deleterious effect on hedgehog 
signalling in early placental development, since male embryos for 
several mutant Nsdhl alleles die in mid-gestation with a thin and 
poorly vascularised placenta [5,6]. It is of interest that hypomorphic 
NSDHL mutations cause a X-linked recessive disease in males that 
has been termed the CK syndrome (see also the section on CHHS). 
CK patients have no cutaneous phenotype, and features in these 
patients have been attributed to the accumulation of toxic sterol 
metabolic intermediates rather than cholesterol deficiency. 


Clinical features 
The hallmark of the CHILD syndrome is the CHILD naevus, which 
is a peculiar inflammatory epidermal naevus having a unique 
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Figure 63.25 Congenital hemidysplasia—ichthyosiform naevus-limb defect (CHILD) 
naevus with yellowish keratosis and ipsilateral limb defect. Courtesy of the Department 
of Dermatology, University Hospital Munster, Munster, Germany. 


lateralisation pattern with a strict midline demarcation and pty- 
chotropism (affinity to body folds) (Figure 63.25). This naevus 
shows hyperkeratosis, which has a typical yellow, wax-like scaling 
that is quite different from that seen in CHHS and allows the paedi- 
atric dermatologist to make the proper diagnosis easily. However, 
an important misdiagnosis of actual CHILD naevi can be ILVEN 
(personal experience of H.T.). Associated ipsilateral extracutaneous 
defects in the form of hypoplasia or aplasia may involve the limbs 
and other skeletal structures as well as internal organs such as the 
lung, heart and kidney [1]. Although most reports deal with spo- 
radic cases — around 60 cases had been reported in 2006 — this may 
be an underestimation of familial occurrence. Thus the molecular 
work-up of a large family revealed segregation of the causative 
NSDHL mutation through three generations affecting five patients 


of whom four presented with very mild or minimal skin lesions 
such as periungual hyperkeratosis and onychodystrophy of the left 
index finger which may reflect extreme lyonisation occurring at 
random [7]. It is of note that the majority of cases affect the right 
side of the body, but left-sided cases have also been reported [8]. 


Management 

The cutaneous phenotype usually improves in the first years of 
life a great deal, however the large lesions that remain constitute 
a serious burden due to itching and oozing. Simple dermabrasion 
has been shown to fail and to be associated with recurrence of 
the naevus [9]. In contrast, dermabrasion followed by immediate 
covering with split-skin grafts from the unaffected contralateral 
side has been effective for long-term therapy and has been inter- 
preted as ‘donor dominance’ that cures the CHILD naevus [10]. 
Recently, a pathogenesis-based topical therapy aiming at sup- 
pression of epidermal cholesterol biosynthesis and simultaneous 
application of topical cholesterol in a cream has been reported 
with excellent clinical response [11]. This elegant therapeutic 
approach prevents the accumulation of toxic sterol metabolites 
by a statin treatment and at the same time addresses the defi- 
ciency of cholesterol. Instead of lovastatin it is also possible to 
use simvastatin [12] and permeation of the 2% cholesterol-2% 
lovastatin cream may be enhanced by adding glycolic acid [13]. 
It is of note that this pathogenesis-directed therapy is likewise 
beneficial in porokeratosis, reflecting a block in early cholesterol 
biosynthesis [14]. 


ichthyosis follicularis—at 
photophobia syndrome 


Definition 

Ichthyosis follicularis—atrichia-photophobia (IFAP) syndrome is 
a rare X-linked recessive trait featuring ichthyosis follicularis, 
atrichia, photophobia and severe retardation of growth and psy- 
chomotor development. It has a clinical and molecular overlap 
with BRESEK/BRESHEK syndrome (brain anomalies, retardation, 
ectodermal dysplasia, skeletal malformations, Hirschsprung dis- 
ease, ear/eye anomalies, cleft palate/cryptorchidism and kidney 
dysplasia/hypoplasia) [1] as well as X-linked keratosis follicu- 
laris spinosa decalvans (KFSD) [2]. The autosomal dominant IFAP 
variant IFAP2 is identical with mucoepithelial dysplasia. 


Pathophysiology 

X-linked recessive inheritance of this condition was already sug- 
gested in 1991 [3] and was firmly established by the observation of 
functional cutaneous mosaicism showing Blaschko linear lesions 
reflecting lyonisation in women heterozygous for the IFAP syn- 
drome [4]. Histologically there is a mild acanthokeratosis and 
hyperkeratosis of the follicular openings and a well-preserved 
granular layer and an absence of sebaceous glands [3]. This his- 
tology differs greatly from hereditary mucoepithelial dysplasia. 
Causative missense mutations were eventually identified in the 


X-linked gene MBTPS2 encoding membrane-bound transcription 
factor protease, site 2 [5]. Shortly afterwards, it was shown that 
KFSD likewise is caused by different mutations affecting other sites 
in the MBTPS2 gene [2] and that the so-called BRESEK/BRESHEK 
syndrome is also due to specific mutations in MBTPS2 [1,6]. Finally, 
even an X-linked variant of Olmsted syndrome has been linked to a 
mutation in MBTPS2 [7]. 

Membrane-bound transcription factor protease site 2 is a zinc 
metalloprotease essential for cholesterol homeostasis as well as ER 
stress response [5,6]. In cultured cells of IFAP patients, residual 
enzyme activity was only about one-third of wild-type activity 
and survival in cholesterol-depleted media was below 10%. It is of 
note that only missense mutations and intron mutations partially 
affecting transcription [8] are known so far. Most likely total loss of 
MBTPS2 is not tolerated by male embryos and a residual enzyme 
activity is required for survival [6]. 


Clinical features 

The full-blown spectrum of the IFAP syndrome is variable and seen 
only in males. All patients have the triad of follicular ichthyosis, 
congenital atrichia of the scalp (absence of hair) and photopho- 
bia. Children can be born as collodion babies. In particular, as 
neonates, they present with generalised follicular keratosis over 
the entire body including the scalp. Follicular involvement can 
be very prominent, for instance over the knees. It can improve 
markedly in early childhood. The most striking abnormality is 
the congenital alopecia (atrichia) (Figure 63.26). A non-cicatricial 
complete body alopecia is almost a classic feature. Psoriasiform 
plaques, angular cheilitis, periungual inflammation, dystrophic 
nails, hypohidrosis and atopic eczema can be present [9]. In contrast 
dental development is normal. Superficial corneal ulceration and 
vascularisation lead to progressive corneal scarring and underlie 
photophobia, the third cardinal feature [9]. Neurological features 


Figure 63.26 Ichthyosis follicularis-alopecia-photophobia (IFAP) syndrome. Courtesy of 
Dr A. S. Paller, Department of Dermatology and Pediatrics, Chicago, USA. 


include intellectual disability and seizures as well as olivocerebellar 
atrophy, malformation of the temporal lobes, mild inner cerebral 
atrophy and hypoplasia of the corpus calllosum [10,11]. The syn- 
drome overlaps with the BRESEK and BRESHEK syndromes [3]. 
Female carriers can present with much milder symptoms such as 
cutaneous hyperkeratotic lesions that follow the lines of Blaschko or 
asymmetrical distribution of body hair or Blaschko-linear presenta- 
tion of hypohidrosis that can be visualised by testing, but otherwise 
goes unnoticed [4,11]. 


Differential diagnosis 

In the past, several cases of hereditary mucoepithelial dysplasia 
(HMD) have been diagnosed as IFAP syndrome [12]. HMD can also 
feature photophobia and keratosis pilaris, and there is a clinical 
and molecular overlap with the autosomal dominant type of IFAP 
syndrome. 


Management 

A moderate response to low-dose acitretin has been reported [13]. 
Emollients are helpful. Intensive lubrication of the ocular surface 
remains the mainstay of therapy for photophobia. 


Autosomal dominant | 
and hereditary muco 
dysplasia 


Definition 

The IFAP syndrome is heterogeneous, and recently a distinct autoso- 
mal dominant form of IFAP syndrome has been described [1]. This 
autosomal dominant IFAP syndrome forms a clinical and molecu- 
lar spectrum with hereditary mucoepithelial dysplasia and is due 
to SREBF1 variants encoding a protein that promotes the transcrip- 
tion of several lipogenes [2,3]. Hereditary mucoepithelial dyspla- 
sia exhibits a psoriasiform histology that clearly differentiates this 
disease from X-linked IFAP syndrome. 


Pathophysiology 

Following the elucidation of the MBTPS2 mutation as the molecular 
cause of X-linked IFAP syndrome it was noted that in some cases 
this mutation could not be found, and that two cases diagnosed 
as IFAP syndrome had been observed in a mother and daughter 
which would not be compatible with classic X-linked IFAP syn- 
drome [3]. Molecular analyses in 11 families revealed heterozygous 
mutations in the gene SREBF1 which encodes a sterol regulatory 
element-binding protein promoting the transcription of lipogenes 
involved in the biosynthesis of fatty acids and cholesterol. This 
transcription requires the cleavage of a site 1 protease. It is of 
note that in the X-linked IFAP syndrome MBTPS2 affects a site 2 
protease of the sterol metabolism in a similar manner [1]. There are 
some histological differences to the X-linked IFAP syndrome. The 
autosomal dominant variant has a clinical and molecular overlap 
with autosomal dominant hereditary mucoepithelial dysplasia and 
shows a psoriasiform histology in addition to dyskeratotic features 
and cytoplasmic vacuoles [4]. 


Ichthyoses 63.25 


DISORDERS 


= 
= 
Lu 
=< 
Lu 
UO 
= 
< 
-¥ 


GENETIC 


Ww 
oc 
Ld 
a 
oc 
2) 
4 
fa) 


PART 6 


63.26 


Chapter 63: Inherited Disorders of Cornification 


Clinical features 

From a clinical point of view the overlap with hereditary mucoepi- 
thelial dysplasia is obvious: cases exhibit in addition to photo- 
phobia and alopecia, in particular, periorificial redness, angular 
cheilitis and psoriasis-like plaques with a psoriasiform histology 
and the presence of dyskeratotic cells can be noted [5,6]. 


EXFOLIATIVE DISORDERS OF CORNIFICATION 


Comel-Netherton syndr 


Definition and nomenclature 

Comel-Netherton syndrome (CNS) is a rare autosomal recessive 
disorder characterised by the triad of congenital ichthyosis, hair 
shaft anomalies and severe atopic diathesis. At birth, patients often 
display CIE, which in around 90% of cases gradually evolves into 
a milder phenotype with polycyclic migrating plaques known as 
ichthyosis linearis circumflexa (ILC). The disease features associ- 
ated symptoms such as life-threatening neonatal hypernatraemic 
dehydration, failure to thrive and recurrent infections [1-3]. 


hypotrichosis and hyper-IgE 


Epidemiology 

Worldwide prevalence is estimated at 1 in 50000-200000. CNS 
may account for up to 18% of all cases of infantile erythroderma; 
however, diagnosis is often delayed [4]. 


Pathophysiology 

The disease is caused by recessive mutations in SPINKS (serine pro- 
tease inhibitor Kazal-type 5) [5], which encodes the multidomain 
serine protease inhibitor LEKTI (lymphoepithelial Kazal-type- 
related inhibitor) expressed in the epidermis, thymus and oral 
and vaginal mucosa [6]. The protein is organised into 15 poten- 
tial inhibitory domains with a four/six-cysteine residue pattern 
(Kazal-type like/Kazal-type). Subtilisin-like proprotein convertases 
like furin proteolytically cleave the LEKTI full-length protein. 
Subsequent processing creates several inhibitors with different 
target specificities [7,8], for example domains 5 and 6 exhibit 
trypsin-inhibiting activity. Hence, LEKTI controls serine pro- 
teases that are part of the kallikrein network of the epidermis, 
for example kallikrein 5 (KLK5) and KLK7 are responsible for the 
processing of corneodesmosin [9-12]. Loss of control within the 
cascade of kallikreins [13] leads to overdesquamation of corneo- 
cytes and degradation of desmosomal proteins (corneodesmosin 
and desmoglein 1), interferes with the Staphylococcus aureus/S. epi- 
dermidis skin homeostasis [14] and induces changes of stratum 
corneum ceramides [15] of the pro-inflammatory skin response. 
The system involves PAR-2 (protease-activated receptor 2) [16] as 
well as thymic stromal lymphopoietin as a biological marker, which 


correlates with disease activity [17-19]. Another target of LEKTI is 
caspase 14 (involved in filaggrin processing) [20,21]. 

Finally, the immunological profile of Netherton syndrome is of 
great interest considering the therapeutic option of repurposing 
biologics [22]. Aberrations in lymphocyte subpopulations have 
been described [23], but primarily Netherton syndrome is regarded 
as a severe local skin barrier defect in the absence of an underlying 
systemic immunodeficiency [24]. The molecular fingerprint shows 
a great T-cell activation and a broad immune phenotype with 
T,1/interferon y, and skewing of T,,2/IL-4 receptor/IL-5 [25]. Of 
note, ablation of KLK5 and KLK7 or induction of the secretory 
leukocyte protease inhibitor (Slpi) that controls KLK5 and KLK7 
fully rescues lethality or reduces the phenotype of Netherton syn- 
drome in mice, respectively [26,27]. For example, a specific therapy 
for Netherton syndrome may be based on KLK5 inhibitors [28]. 
So far, it is unclear whether ex vivo lentiviral gene therapy [29-31] 
might offer a specific therapy to patients in the future. 


Clinical features [1,2,32-36] 

Clinical diagnosis requires a combination of congenital erythro- 
derma, neonatal failure to thrive and early development of atopy 
with high levels of immunoglobulin E (IgE) and hypereosinophilia. 
The hair shaft anomaly of trichorrhexis invaginata (‘bamboo hair’) 
confirms the diagnosis (Figure 63.27a) [3]. 


Skin symptoms. Collodion membrane is not a common fea- 
ture, and erythroderma may also develop a few days after birth 
(Figure 63.27b). A typical ILC lesion is a red, exfoliating or scaly, 
annular or polycyclic patch with an incomplete advancing double 
edge of peeling scale (Figure 63.27c). ILC is episodic, with lesions 
migrating often in a cephalocaudal direction, over several days. 
Lesions without the double-edged scaly margin are commonly seen. 


Hair. Although trichorrhexis invaginata is typical of CNS, other 
anomalies such as pili torti may also be seen. Hair, eyebrows and 
eyelashes can be present, sparse or absent at birth. Children may 
develop rare, thin, spiky and fragile hair of slow growth, but 
interindividual differences are striking. 


Atopy. Recurrent urticaria and facial angioedema, triggered by 
certain foods, are common complications, although the incidence 
varies [37]. The most common food allergens are nuts and fish. 
Reports exist on eosinophilic oesophagitis and colonic mucosal 
eosinophilia [38]. Food allergy can manifest in childhood or even 
in infancy. Most important, pruritus has an extreme influence on 
disease burden [39]. 


Growth retardation. Infants are usually born at term with average 
birth weight, but often develop failure to thrive, which might be 
explained by a frequent ‘dermopathic enteropathy’ and/or high 
energy loss through skin inflammation and hyperproliferation 
[38,40,41]. Nasogastric tube feeding might be required in severe 
cases in early life. However, most of these infants begin to gain 
weight in their second year, although they generally remain below 
the 25th centile for height and weight. One probably often unrecog- 
nised clinical feature is growth hormone deficiency [42] that may 
show good response to growth hormone therapy [26]. 


Ichthyoses 63.27 


Differential diagnosis 

Erythrodermic forms of ARCI are important differential diagnoses, 
considering that atopy and hair shaft anomalies in CNS may not be 
present during the first months of life. Extreme eosinophilia could be 
diagnostic for Omenn syndrome (MIM: 603554). Moreover, ectoder- 
mal dysplasia with eczema, inflammatory peeling skin disease and 
severe dermatitis—multiple allergies—-metabolic wasting (SAM) syn- 
drome need to be considered (see later in this chapter). 


Complications [43-48] 

Perinatal complications include hypernatraemic dehydration, 
severe infections and malnutrition due to high calorie consumption 
and enteropathy. Later in life, bacterial (S. aureus) and yeast coloni- 
sation of the skin and human papillomavirus (HPV)-associated 
viral warts (in older patients) are common. Severe complications 
include HPV-associated papillomatous skin lesions of the groin 
and perineal regions, spinous cell carcinoma and giant condyloma 
of Buschke-Léwenstein [49]. Unexpected complications include 
arterial hypertension or cardiac disease such as pulmonary artery 
stenosis [50,51]. 


Investigations 

Loss of detection of the LEKTI antigen in the epidermis is a useful 
diagnostic feature [8,52,53]. On histology, psoriasiform dermatitis 
with parakeratosis, acanthosis and a peculiar eosinophilic material 
just below the stratum corneum are often observed [54]. Often 
disregarded as artefactual, subcorneal or intracorneal separation 
can consistently be found and is a diagnostically useful hint [55]. 
Microscopic examination of the hairs usually leads to a rapid diag- 
nosis: trichorrhexis invaginata refers to the protrusion of the distal 
part of the hair shaft into the cup shape of its proximal part [2]. 
Of note, this feature may not be apparent before 1 year of age. In 
addition, it is most likely to be found in eyebrow hair [56]. Also, 
at the ultrastructural level, the epidermis in CNS displays features 
such as altered lamellar body secretion and loss of corneocyte adhe- 
sion [57]. In around 90% of the cases, diagnosis can be confirmed 
by SPINK5 sequence analysis [21], which might be important for 
prenatal diagnosis of siblings [58,59]. 
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Management [3,60] 
The impaired epidermal barrier is a major clinical problem, includ- 
ing the risk of systemic toxicity from topically applied agents 
[61,62]. Newborns are prone to hypernatraemic dehydration and/or 
systemic sepsis, and may need intensive medical care immediately 
after birth. The application of amnion membrane allografts has 
been described as helpful in a critically ill infant [63]. Recurrent 
infections require antibiotic treatment. Consequent strengthen- 
ing of the skin barrier relies on regular bathing, emollients and 
ointments (paraffin-based ointments, such as 50/50 white soft 
and liquid paraffin). Antiseptics might be added. Topical steroids 
should be avoided as far as possible or only used for a short 
period [61,62,64]; topical anti-inflammatory immunomodulators 
Figure 63.27 Comel-Netherton syndrome. (a) Trichorrexis invaginata. (b) Congenital (pimecrolimus 1% or tacrolimus 0.05-0.1%) may be offered as an 
Elie eaeett aa a mn ata ae oe linearis circumflexa. (a,c) alternative, but systemic absorption is a concern [65-67]. Topical 
lia oasis el sa calcipotriol [68] and ultraviolet A (UVA) therapy can be tried [69,70]. 
The application of 0.33% brimonidine gel for facial redness may 
have a good effect for 6-7 h [71]. 
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Type I hypersensitivity reactions, in particular food allergies to 
fish and nuts, should be prevented by dietary restrictions or may 
be treated specifically [72]. Hypotrichosis tends to improve after 
puberty; however, girls in particular may profit from wearing a 
wig. Older patients with Netherton syndrome must be checked for 
HPV-induced skin cancers. Surgery, CO, laser, cryotherapy and/or 
imiquimad may be an option for vegetative lesions of the inguinal 
region considering the need for close and intense postoperative 
management [73,74]. 


Systemic therapy 

Intravenous immunoglobulin (IVIg) therapy (0.4 g/kg/month) 
has demonstrated impressive results — especially in children with 
initial failure to thrive [75-78]. Improvement has been reported 
with antitumour necrosis factor « (anti-TNF-a) monoclonal anti- 
bodies (infliximab) in severe forms of CNS [79-81]. Blocking of 
IL-4 and IL-13 (dupilumab) is effective against itch and is possibly 
safer [82-85], although recent case reports show mostly tempo- 
rary improvement of eczematous lesions [86]. An improvement 
of allergic skin manifestations has been described in a single case 
report on omalizumab (anti-IgE-antibody) [87]. Treatment with 
ustekinumab (anti-IL-12/IL-23 antibody) showed a relapse-free 
period for the time of observation of 1 year [88] and appears as a 
safe treatment option also for children. Targeting the IL-17 pathway 
as suggested by Paller et al. [89] using secukinumab [90,91] or 
ixekizumab [92] showed good effects on ichthyosis severity score, 
quality of life and pruritus. So far, no severe side effects have been 
reported on therapies with biologics in CNS. 


Severe dermatitis-mult 
allergies-metabolic \ 
syndrome 


Definition 
The acronym SAM recently introduced by Samuelov et al. (2013) 
refers to severe dermatitis, multiple allergies and metabolic 
wasting [1]. 


Pathophysiology [1,2] 

The disorder results from deficient membrane expression of 
desmoglein 1, which is also involved in the pathogenesis of pem- 
phigus foliaceus and impetigo and is degraded in the absence of 
LEKTI in CNS [3,4]. Loss-of-function mutations in DSG1 encoding 
desmoglein 1 (DSG1) that cause the SAM syndrome are inher- 
ited in a semidominant fashion; heterozygous carriers of DSG1 
mutations show focal PPK (see ‘Striate (and focal) palmoplantar 
keratoderma’ later in this chapter). 


Clinical features 

This autosomal recessive disease is clinically reminiscent of ARCI, 
Netherton syndrome or peeling skin syndrome 1 [1,5]. The pheno- 
type encompasses a broad spectrum [6]. Interestingly, while classic 
SAM syndrome was initially considered to always represent a 


life-threatening condition, several patients have now been described 
with no or little systemic involvement despite having biallelic DSG1 
mutations [6]. 


Investigations 

At the histological level SAM syndrome shows psoriasiform der- 
matitis and demonstrates subcorneal separation and acantholysis 
within the stratum spinosum and granulosum. At the ultrastructural 
level half-split desmosomes may be seen [1]. 


Management 

Above all, Carvajal-Huerta syndrome needs to be differentiated (see 
later in this chapter). Patients with clinical features consistent with 
severe skin dermatitis, multiple allergies and metabolic wasting 
were reported to carry pathogenic mutations in desmoplakin (DSP), 
and a very favourable therapeutic response to ustekinumab has 
been reported [7]. 


Peeling skin syndromes 


Peeling skin syndromes (PSSs) refer to a heterogeneous group of 
generalised and/or palmoplantar disorders and overlap with other 
exfoliative forms of ichthyosis [1]. Clinical, ultrastructural, genetic 
and pathophysiological aspects demonstrate a fascinating relation 
between LEKTI deficiency (Netherton syndrome), desmoglein 
1 deficiency (SAM syndrome) and corneodesmosin deficiency 
(inflammatory peeling skin disease) [2,3]. 


Peeling skin syndrome type B 


Definition and nomenclature 

The term ‘peeling skin syndrome’ was introduced by Levy and 
Goldsmith in 1982 [1]. Traupe differentiated PSS type A and B [2]. 
Inflammatory peeling skin disease initially described by Wile in 
1924 [3] refers to PSS type B and is an ichthyosiform erythro- 
derma characterised by lifelong patchy peeling of the skin with 
accompanying pruritus. 


Pathophysiology 

Peeling skin syndrome type B is due to autosomal recessive 
loss-of-function mutations in CDSN encoding corneodesmosin [4]. 
This finding has been independently confirmed by several groups 
[5-10]. CDSN is a secreted protein expressed in cornified epithelia 
and hair follicles [11]. It is specific to corneodesmosomes, cell-cell 
junction structures responsible for the stratum corneum cohe- 
sion [12]. Corneodesmosin adhesive properties are attributable to 
glycine-rich domains, which undergo sequential proteolysis leading 
to desquamation of corneocytes [13]. The essential role of CDSN 
for maintaining the integrity of the epidermis and hair follicles is 
demonstrated in mice [14]. Inactivation of the gene induces a lethal 


(b) 


Figure 63.28 Inflammatory peeling skin disease (peeling skin syndrome type B). 
Courtesy of the Department of Dermatology, University Hospital Munster, Munster, 
Germany. 


epidermal barrier disruption and hair follicle degeneration [15]. 
Interestingly, dominant nonsense mutations in CDSN, leading to the 
synthesis of an abnormal protein, cause hypotrichosis simplex due 
to the accumulation and toxic effect of abnormal corneodesmosin 
in the hair follicles [16,17] (Chapter 66). 


Clinical features [1-4,18-23] 

Inflammatory peeling skin disease presents at birth or a few days 
later. Infants develop ichthyosiform erythroderma with skin abnor- 
malities consisting of spontaneous patchy peeling affecting the 
entire skin (Figure 63.28). Depending on mechnical stress and 
environmental factors (e.g. low humidity or temperature changes), 
patients experience recurrent episodes of peeling with severe 
pruritus. The presentation might be reminiscent of Netherton syn- 
drome [24,25], however individuals do not show ‘bamboo hairs’ or 
hypotrichosis, and do not develop ichthyosis linearis circumflexa. 
The disease persists throughout life and is often accompanied by 
significant atopic manifestations. 


Differential diagnosis 

Hypotrichosis and failure to thrive seem unusual or less severe 
than in Netherton syndrome [4]. Other exfoliative inflammatory 
phenotypes should be distinguished including SAM syndrome 
and EXI. 


Investigations 

Histopathology reveals subcorneal splitting and/or enhanced 
detachment of corneocytes. As such, Netherton syndrome and PSS 
type B appear similar at the histological and ultrastructural levels 
[4,22,26]. Immunostaining for corneodesmosin and LEKTI may 
help to distinguish between these two disorders [4,21]. 


Management 

There is no effective treatment. Episodes of skin peeling are accom- 
panied by severe and refractory pruritus. Allergies need to be 
prevented; tacalcitol cream [27], emollients with dexpanthenol and 
antiseptics or the use of thermal water spray can be tried. Protein 
replacement therapy might be the sole option for a future effective 
therapy [28]. 


Acral peeling skin syndrome 


Definition and nomenclature 

Acral peeling skin syndrome (APSS) [1] is typically confused with 
epidermolysis bullosa simplex of localised type [2] and was recently 
reclassified as a type of epidermolysis bullosa [3]. 


Pathophysiology 

This autosomal recessive condition [1] is caused by missense 
mutations in TGM5 encoding transglutaminase 5 [4] and rarely by 
pathogenic variants in CSTA encoding cystatin A [5]. 


Clinical features [1,2,5,6] 

The disease is characterised by superficial painless peeling of the 
skin, predominantly on the dorsal aspects of the hands and feet. 
In infants, it frequently manifests with blistering on the palms and 
soles and is aggravated by mechanical factors and by humid warm 
environments. Distinction from epidermolysis bullosa simplex 
[2,7] or EXI [8] may be difficult, but it is clearly different from 
generalised peeling skin diseases. Interestingly, downregulation of 
ALOXE3, which is associated with ichthyosis, suppresses the phe- 
notype of APSS; and this effect might be explained by an increase 
of corneodesmosin [9]. 


Differential diagnosis 

Acral peeling skin syndrome should also be distinguished from 
keratolysis exfoliativa [10,11]. This apparently common but under- 
diagnosed condition affects young adults, usually in the summer 
months, and may be related to sweating. Lesions appear as tiny 
white rings or ‘air bubbles’, which soon rupture and peel off (‘ringed 
keratolysis’) (Figure 63.29). Attempts to identify a specific fungal or 
bacterial agent prove negative. 
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Figure 63.29 Keratolysis exfoliativa of the palms. 


Peeling skin syndrome type A 


Definition and nomenclature 

Fox reported the first case of generalised, non-inflammatory and 
asymptomatic skin shedding called ‘keratolysis exfoliativa con- 
genita’ [1]. Other cases have been described as ‘familial continual 
skin shedding’ [2,3] or ‘decidious skin’ [4]. 


Pathophysiology 

A single recessive missense mutation in CHST8 has been described 
in a large consanguineous kindred with generalised PSS type A, 
but its pathogenic consequences are not well understood so far [5]. 
It appears that the main gene of the non-inflammatory variant 
of peeling skin syndrome is FLG2 [6-8]. Filaggrin 2 is expressed 
throughout the stratum corneum. It might be essential for cell-cell 
adhesion, and its absence leads to a decrease of corneodesmosin [8]. 


Clinical features [5,9-11] 

Non-inflammatory PSS type A usually starts between 3 and 6 years 
of age and is characterised by asymptomatic, generalised skin 
peeling with areas of hyperpigmentation, without skin blistering or 
redness. There are no associated disorders. 


NEURO-ICHTHYOTIC SYNDROMES 


The combination of neurological manifestations and ichthyosis can 
be found in at least 16 distinct genetic disorders (reviewed in [1]). In 
mildly affected patients, cutaneous symptoms may not be apparent, 
or the ichthyosis may have a late onset, as in in Refsum syndrome. 
There is no effective therapy for the neurological symptoms of the 
diseases; however, special dietary restriction in Refsum syndrome 
and zinc acetate therapy in the mental retardation—enteropathy— 
deafness—neuropathy-ichthyosis—keratodermia (MEDNIK)  syn- 
drome [2] are striking examples of successful pathogenesis-based 


treatment. In the realm of bone dysplasias, a novel neuro-ichthyosis 
has been proposed featuring lamellar ichthyosis with acrodysostosis- 
like skeletal dysplasia and cerebellar atrophy, but further case stud- 
ies need to be reported, and no distinct gene defect has been 
identified so far [3]. 


Gaucher disease type Il 
syndrome and MEDNIK 


Gaucher disease type II represents a classic neuro-ichthyosis 
presenting at birth with collodion membranes [1,2]. Other diseases 
in the list of ultra-rare neuro-ichthyoses are the arthrogryposis—renal 
dysfunction-cholestasis (ARC) syndrome [3-8] and the MEDNIK 
syndrome (Table 63.4) [9,10]. 


CEDNIK syndrome 


Pathophysiology (Table 63.4) 

The mouse model for cerebral dysgenesis—neuropathy—ichthyosis— 
palmoplantar keratoderma (CEDNIK) syndrome established the 
pivotal role of SNAP29 in epidermal differentiation [1]; a zebrafish 
model highlights its role for neuromotor development [2]. 


Clinical features 

Patients with CEDNIK syndrome exhibit ichthyosis and/or PPK 
and hypotonia as well as significant developmental delay [3-5]. 
Moreover, hypomyelination, seizures and early puberty emerged 
as previously underrecognised features [6]. 


Stormorken syndrome 


Pathophysiology 

This autosomal dominant disorder belongs to the group of chan- 
nelopathies affecting calcium homeostasis in various tissues. The 
phenotype overlaps with tubular aggregate myopathy and is due 
to dominant gain-of-function mutations in STIM1 or ORA1, which 
induce excessive extracellular Ca** entry and result in a multisys- 
temic disease [1]. 


Clinical features 
Stormorken syndrome [2] is characterised by muscle weakness, mio- 
sis, thrombocytopenia, bleeding, ichthyosis, migraine, dyslexia and 
short stature [3,4]. 


Refsum disease 


Definition and nomenclature 

Refsum disease (RD) is an ultra-rare, autosomal recessive, neuro- 
cutaneous lipid storage disorder featuring deteriorating vision and 
hearing, ataxia, neuropathy and usually mild ichthyosis. 
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Table 63.4 Neuro-ichthyosis syndromes. 


Features Gaucher syndrome type 2 MEDNIK CEDNIK ARC 

MIM number 230900 609313 609528 208085 

Mode of inheritance AR AR AR AR 

Gene GBA AP1S1 SNAP29 VPS33B 

Onset At birth, or later At birth or within first weeks After 5-11 months At birth, can sometimes be late 


Initial clinical presentation 


Disease course 


Cutaneous findings: 
Distribution of scaling: 
Scaling type 
Scaling colour 
Skin redness 
Palmoplantar involvement 
Scalp abnormalities 
Other skin findings 


Extracutaneous involvement 


Risk of death 
Skin ultrastructure 


Special analyses 


CIE or less frequently mild collodion 
membrane 
Ranging from mild to moderate 


Generalised 


Fine or moderate; scaling may resolve 
after neonatal period 

White or grey or brown 

Unusual 


Hydrops fetalis; progressive 
neurological deterioration; 
hepatosplenomegaly, hypotonia, 
respiratory distress, 
arthrogryposis, facial anomalies 


Death often by 2 years of age 


Lamellar/non-lamellar phase 
separations in SC 

Liver function tests; decreased 
B-glucocerebrosidase activity 


of life 

Inflammatory rashes, similar to 
EKV 

Progressive 


Generalised 
EKV-like 


EKV-like 

EKV-like 

Not specifically 

Not specifically 

Nail thickening, mucous 
membrane affected 

Congenital sensorineural 
deafness, peripheral 
neuropathy, psychomotor and 
growth retardation, chronic 
diarrhoea, intellectual 
disability 

Life-threatening congenital 
diarrhoea 

Histology: hyperkeratosis with 
hypergranulosis 

Elevation of VLCFAs (blood), 
treatable by zinc acetate 


Until up to 1 year of age, normal 
skin; thereafter LI type 
Fatal 


Generalised with sparing of skin 
folds 
Coarse and large (plate-like) 


Whitish 

Absent 

Yes 

Fine sparse hair 
None 


Sensorineural deafness; cerebral 
dysgenesis; neuropathy; 
microcephaly; neurogenic 
muscle atrophy; optic nerve 
atrophy; cachexia 


Lethal within the first decade 


Impaired lipid loading onto LB 
and defective LB secretion 

Absent SNAP29 protein on 
immunohistochemistry, 


Xerosis and scaling within a few 
days of birth 
Fatal 


Generalised with sparing of skin folds 
Fine or plate-like (extensor sites) 


White or brownish 
Absent 

Spared 

Mild scarring alopecia 
Ectropion 


Arthrogryposis (wrist, knee or hip); 
intrahepatic bile duct hypoplasia 
with cholestasis; renal tubular 
degeneration; metabolic acidosis; 
abnormal platelet function; 
cerebral malformation 

Lethal within first year of life 


Defective LB secretion 


Liver and renal biopsy 


(leukocytes); Gaucher cells (bone 
marrow); increased acid 
phosphatase (serum) 


therapy 


Adapted from Oji et a/. 2010 [10]. 


magnetic resonance imaging 


AR, autosomal recessive; ARC, arthrogryposis—renal dysfunction—cholestasis; CEDNIK, cerebral dysgenesis—neuropathy-ichthyosis—palmoplantar keratoderma; CIE, congenital 
ichthyosiform erythroderma; EKV, erythrokeratodermia variabilis; LB, lamellar body; LI, lamellar ichthyosis; MEDNIK, mental retardation-enteropathy—deafness—neuropathy— 
ichthyosis—keratodermia (erythrokeratodermia variabilis 3, Kamouraska type); SC, stratum corneum; VLCFAs, very long-chain fatty acids. 


Pathophysiology 

In the early 1960s, accumulation of a storage product identified 
as a branched-chain 20-carbon fatty acid (phytanic acid) in the 
plasma and tissues of patients with RD was reported [1]. Phytanic 
acid is derived from plant chlorophyll and cannot be synthesised 
by human tissues. In normal circumstances it is barely detectable 
in the serum, but in RD it accounts for 5-30% of serum lipids. It 
replaces other fatty acids in lipid-rich tissues thus interfering with 
membrane structure and function. RD was found to be caused by 
inactivating mutations in PHYH encoding a human phytanoyl-CoA 
hydroxylase which is responsible for alpha oxidation of phytanic 
acid [2]. Mutations in PEX7, encoding peroxin 7, were found to 
cause adult RD [3,4]. This gene functions as a receptor for the 
PHYH protein and incorporates it into peroxisomes [5]. It is of note 
that accumulation of phytanic acid does not occur exclusively in 


RD, but can also be found in other diseases like Zellweger syn- 
drome and in children with dysmorphic features, hepatomegaly, 
retinitis pigmentosa and hearing loss [6,7]. For some time this 
latter condition was called ‘infantile Refsum disease’ because of 
the phytanic acid accumulation. However, in the meantime it was 
shown that ‘infantile RD’ is actually a hepatic peroxisome disorder 
and the designation ‘infantile RD’ has been abandoned [5]. 


Clinical features 

The age of onset usually is in late childhood. Diagnosis is often 
delayed until early adult life. Progressive retinitis pigmentosa 
initially causes night blindness and, later, failing vision and con- 
stricted visual fields. Neurological features develop in adolescence 
or in the early twenties. Anosmia and impaired taste is a frequent 
finding. Sensorineural deafness with tinnitus develops in more than 
50%. A mixed sensorimotor polyneuropathy (type IV) with hyper- 
trophied peripheral nerves and elevated cerebrospinal fluid protein 
are characteristic findings. Cerebellar ataxia causes increasing 
disability. Around 30% of patients show deformities of the hands 
or feet such as the presence of shortened metacarpal and fourth 
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metatarsal bones early in life. Ichthyosis occurs in around 25% of RD 
patients and coincides with or postdates the onset of neurological 
signs. It resembles ichthyosis vulgaris. On histological examination, 
many of the basal cells are vacuolated and special lipid stains such 
as oil red O stain will reveal numerous fat globules within the basal 
cell layer and other keratinocytes [8]. Ultrastructural studies of 
the barrier lipid organisation of the stratum corneum in RD have 
revealed a detachment or complete absence of the corneocyte lipid 
envelope [9]. 


Management 

Early diagnosis is key to proper management of these patients 
[10]. Exclusion of sources of chlorophyll in the diet is mandatory 
in the treatment of RD. The major dietary exclusions are green 
vegetables (phytanic acids) and animal fat (phytol) and the aim of 
the dietary treatment is to reduce daily intake from the usual level 
of 50 mg/day to less than 5 mg/day. Rapid weight loss should be 
avoided as it mobilises tissue phytanic acid, which can lead to acute 
clinical manifestations. Nowadays, lipid apheresis (that is the extra- 
corporeal elimination of lipoprotein—phytanic acid complexes) is 
often used in initial treatment [11], followed by a phytanic acid-poor 
diet [10]. 


Multiple sulphatase deficiency 


Definition and nomenclature 
Multiple sulphatase deficiency (MSD) is an exceedingly rare, auto- 
somal recessive, lysosomal storage disorder. 


Pathophysiology 

All known sulphatases are deficient and result in the accumulation 
of glycosaminoglycans and sulphated lipids [1]. The respon- 
sible gene SUMF1 encodes a protein which is responsible for 
post-translational modification of sulphatases and catalyses the 
conversion of a conserved cysteine within the catalytic domain of 
various sulphatases into a C-alpha formyl] glycine [2]. 


Clinical features 

The enzyme deficiency can present as a very severe neonatal MSD 
[3,4], as a severe late-infantile MSD with onset in the first year of life, 
or as a mild late-infantile MSD with symptoms occurring between 
the age of 2 and 4 years, and also as juvenile MSD presenting usu- 
ally only a few of the symptoms such as intellectual disability and 
ichthyosis. The disease is typically characterised by developmental 
delay and failure to thrive and features of Hurler syndrome. A mild 
ichthyosis and progressive neurological degeneration evolve in 
the second or third year, but the phenotype varies according to the 
reduction in the enzyme activity [5]. A first neurological sign is often 
that children can no longer sit unsupported and lose their commu- 
nication skills. Around 80% of children demonstrate motor delay 


and 60% have a language delay [6]. Speech development can be 
further complicated by hearing loss in 65% of affected patients [6]. 


Management 

No specific therapy is available. Children with predominant 
mucopolysaccharidosis (MPS) II or MPS VI-like features may be 
candidates for enzyme replacement therapy. 


Sj6gren-Larsson syndro m «6 0 


Definition 

Sjégren—Larsson syndrome (SLS) is a rare autosomal recessive 
neurocutaneous condition featuring congenital ichthyotic hyper- 
keratosis, spastic diplegia and mild to moderate intellectual 
disability. In the UK prevalence is estimated to be 1:300000, 
while in Sweden it is 1: 100000 and in the Province of Vasterbotten 
in the north of the country it is even higher at 1: 10000. 


Pathophysiology 

Microsomal fatty aldehyde dehydrogenase (FALDH) deficiency 
underlies SLS [1]. FALDH catalyses the oxidation of many differ- 
ent medium- and long-chain fatty aldehydes into fatty acids. Its 
deficiency results in the accumulation of fatty aldehydes and fatty 
alcohols in various tissues. FALDH has also been implicated in 
omega oxidation of the eicasanoid LTB4 [2]. SLS patients excrete 
large amounts of LTB4 in their urine. It is believed that accumula- 
tion of LTB4 explains the marked pruritus in the disease. Further 
supporting this possibility, oral zileuton, which inhibits LTB4 syn- 
thesis, improves the pruritus in SLS but has no effect on ichthyosis 
or neurological disease [3]. The pathogenesis of SLS-associated 
ichthyosis has been linked to the hepoxilin pathway [4]. The neu- 
rological defect results from an abnormal lipid composition of 
the myelin. The gene that codes for FALDH is nowadays called 
ALDH3A2. More than 90 ALDH3A2 mutations have been reported 
in SLS [5,6]. 


Clinical features 

Preterm birth is common and has been attributed to abnormal 
LTB4 inactivation [2]. Children are usually not born as collodion 
babies, but the skin is dry and mildly reddened at birth and scaling 
develops within the first 3 months of life. Thereafter, a mild erythro- 
derma persists and a variable degree of scaling develops consisting 
of diffuse peeling on the trunk and more pigmented, lamellar-type 
ichthyosis on the lower limbs (Figure 63.30). Keratotic lichenifica- 
tion is often seen around the flexures, neck and mid-abdomen. The 
face is usually spared. Severe and persistent pruritus is a notable 
feature of SLS; scratch marks and dermographism are often seen 
on the trunk, but skin infections are rare. Neurological symptoms 
and signs appear during the first 2 years of life and consist of 
delay in reaching motor milestones due to spastic diplegia, or 
much less commonly of spastic tetraplegia. Seizures occur in up 
to 40% of patients. Delayed speech and dysarthria are common. 
Distinctive ophthalmological findings are so-called glistening white 
dots surrounding the fovea that are due to crystalline inclusions [7]. 
Abnormal neurological findings are associated with white matter 
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signal changes on magnetic resonance imaging (MRI) revealing a 
leukoencephalopathy [8]. 

With early physiotherapy, most patients learn to walk unaided or 
with crutches in childhood. Increased muscle tone leads to altered 
posture and movement which predisposes to contractures (ankles, 
knees, hips), kyphoscoliosis and dislocated hips. Patchy leukodys- 
trophy and myelination defects have been reported on computed 
tomography and MRI scanning studies in these patients. 


Management 

Dietary approaches with supplementation of medium-chain fatty 
acids have not been successful so far. Inhibition of LTB4 synthesis by 
zileuton improves pruritus in some patients, but not ichthyosis [3]. 
Retinoid therapy (etretinate, acitretin) has proven effective in 
relieving scaling and disabling keratotic lichenification, but less 
successful in controlling itching [9]. In contrast, IL-13-blocking 
agents represent an effective therapy for pruritus in SLS (based 
on the personal experience of V.O.). Intensive physiotherapy [10] 
and skills learning in early childhood clearly improve motor and 
social development in SLS. Bezafibrate, a lipid-lowering agent, was 
shown to induce FALDH activity in fibroblasts in patients with 
residual enzyme activity, but clinical studies have not been carried 
out so far [11]. 


Keratitis—ichthyosis-de. 
syndrome 


Definition 

Keratitis—ichthyosis-deafness (KID) syndrome and_hystrix-like 
ichthyosis and deafness (HID) syndrome are clinically distinct 
types of congenital ichthyosis featuring severe sensorineural deaf- 
ness. Despite their heterogeneous phenotypic manifestations, 
both conditions are related to mutations in GJB2 encoding con- 
nexin 26. Other diseases like Vohwinkel syndrome, as well as focal 
PPK with deafness and porokeratotic eccrine ostial duct naevus 
(PEN) — a unique type of epidermal naevus — likewise relate to GJB2 
mutations (Table 63.5). 
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Pathophysiology 
Connexins are universal membrane proteins that form inter- and 
intracellular channels for ion and molecule transfer, which is the 
basis of all cellular communication. Mutant connexin expression 
leads to abnormal cellular and calcium homeostasis and, in some 
cases, immune responses which cause cell dysfunction, lysis and 
death. Mutations in genes encoding gap junction proteins, namely 
connexins, have been reported in various epidermal diseases 
including hidrotic ectodermal dysplasia (connexin 30), erythro- 
keratoderma variabilis with and without deafness (connexin 31 
and 30.3), Vohwinkel syndrome (connexin 26), KID syndrome 
(connexin 26), HID syndrome (connexin 26) and in PEN [1-6]. 
Recurrent and novel GJB2 mutations have been recorded in a sig- 
nificant number of patients [7,8]. It is of note that the hearing defi- 
ciencies are often due to recessive mutations, whereas KID and HID 
syndromes are normally transmitted as autosomal dominant traits. (b) 
Bi canis) DN TSUN Bone acai e Be ulenene and Figure 63.30 Sjégren-Larsson syndrome. A 3-year-old girl with (a) keratotic 
therefore a mother affected by FEN sae cls birth fo a child affected lichenification and (b) spastic diplegia. Courtsey of Dr M. Judge, Salford Royal NHS Trust, 
by KID syndrome [5], a situation reminiscent of mosaicism in EI. UK. 
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Table 63.5 Disorders associated with mutations in GJB2 (connexin 26). 


MIM Mode of 
Disease number inheritance Mutation in GJB2 
Keratitis-ichthyosis-deafness 148210 AD G12R, N14Y, S17F, G45E, 
(KID) D50N, D50Y 
AR N176D, G12Vfs*2 
Hystrix-like 602540 AD D50 
ichthyosis—deafness (HID) 
Bart-Pumphrey syndrome 149200 AD N54H, N54K, G59S 
Palmoplantar 148350 AD G59R, G59A, R75W, 
keratoderma—deafness R75Q, E42, G130V 
Vohwinkel syndrome 124500 AD (AR) Y65H, D66H, G130V 
Mucositis—deafness AD F142. 
Hypotrichosis—deafness AD N14K 
Vohwinkel-like papular AD H73R 
palmoplantar 
keratoderma—deafness 
Deafness 220290 ~—AR (AD) 34T, 35delG, 167delT, 
235delC, etc. 
220290 AD R75W, R75Q, etc. 


Adapted from de Zwart-Storm et a/. 2008 [4]. 
AD, autosomal dominant; AR, autosomal recessive. 


Some mutations are closely associated with KID syndrome such 
as the p.D50N mutation, which was detected in 12 of 14 patients 
in one report [8]. Functional studies have highlighted that at least 
two GJB2 mutations, namely p.D50A and p.A88vV, do not simply 
inhibit channel formation, but rather result in high-conductance 
hemichannels at the cell surface. Such gain of function due to 
GJB2 mutation thus creates channels that can result in toxicity by 
accelerating cell death in low extracellular calcium solutions [9]. 
Infant mortality in KID syndrome with the GJB2 mutation p.A88V 
or p.G45G is very high, but death in KID syndrome caused by other 
GJB2 mutations is rare [10]. 


Clinical features 

Many affected neonates have generalised red skin and some have 
diffuse scaling and a leathery skin. They may resemble those with 
ichthyosis prematurity syndrome [11]. But in KID infants develop 
linear and spiny hyperkeratosis around the flexures, elbows and 
knees, and hystrix-like scaling on the limbs. Scattered follicular 
hyperkeratosis appears on the trunk. Typical features are the evo- 
lution of symmetrical, well-demarcated hyperkeratotic and warty 
plaques on the scalp, ears and face and occasionally on the trunk 
and limbs. Some patients develop thick perioral rugae, and an 
aged or leonine facies. Keratotic, hyperplastic and inflammatory 
nodules may develop on the scalp, face, trunk and lower legs, 
and in situ and invasive squamous cell carcinomas arising within 
these dysplastic lesions have been reported in several KID patients 
in adult life (Figure 63.31). A 37-year-old man died of metastatic 
squamous carcinoma of the skin; his daughter also has KID syn- 
drome [12]. Likewise squamous cell carcinoma of the tongue has 
occurred in three young patients [13-15] and a 28-year-old patient 
had a fatal malignant fibrous histiocytoma [16]. Multiple hair 
follicle tumours (including malignant progression to tricholem- 
mal tumours) occurred in an adult with KID syndrome [17] and 
two further adult patients developed metastatic malignant pilar 
tumours [18]. 


Figure 63.31 Keratitis-ichthyosis-deafness syndrome. Adult with squamous cell 
carcinoma on the arm. Courtesy of Dr D. J. Atherton, Great Ormond Street Hospital for 
Children, London, UK. 


Most patients have extensive scarring alopecia of the scalp and 
loss of the eyebrows, eyelashes and body hair resulting from fol- 
licular hyperkeratosis and atrophy. IFAP syndrome needs to be 
considered as a differential diagnosis (see earlier in this chapter). 
A reticulate PPK resembling grained leather is a characteristic 
feature, and progressive nail dystrophy and shedding may occur. 
Acneform eruptions and cysts on the upper trunk are common, 
and chronic deep abscesses and discharging sinuses (follicular 
occlusion triad) are a distressing late complication in some patients. 
Chronic cutaneous, granulomatous fungal and Candida infec- 
tions may develop and contribute to the alopecia, nail dystrophy 
and body odour. Death in infancy from overwhelming infection 
(viral, bacterial and mycotic) has been reported in at least four 
patients with KID syndrome. Premature caries, oral leukoplakia, 
short stature, breast hypoplasia and cryptorchidism are occasional 
complications. 

Congenital severe sensorineural deafness is evident during 
infancy in most patients. In typical KID syndrome, progressive 
corneal vascularisation occurs in early childhood, often after a 
febrile illness, and leads to photophobia and blindness by adoles- 
cence in 75% of patients. A progressive peripheral neuropathy has 
occurred in several adults with KID. 

The HID syndrome in contrast to KID shows full-blown CIE with 
hystrix-like keratosis in particular on the trunk and on the extrem- 
ities and the entire body is affected, while in KID syndrome hyper- 
keratosis is usually confined to sites of predilection and the trunk is 
usually spared in later life. 

Of note, the clinical appearance of PEN — caused by mosaic 
GJB2 mutations — can resemble that of KID syndrome, showing a 
hyperkeratotic verrucous, hard, epidermal naevus that features a 
peculiar histopathology including ortho- or parakeratotic plaques 
protruding from eccrine ducts [19]. 

Recently, a novel autosomal recessive GJB2-associated disorder 
was delineated featuring true ichthyosis follicularis, and as might 
be expected in GJB2 mutations, bilateral sensorineural hearing 
loss and punctate PPK [20]. 


Management 

Early and frequent audiological and ophthamological assessment 
of patients with KID and HID syndrome is necessary to enable 
appropriate treatments such as hearing aids, cochlear implants 
and speech therapy to be instituted in a timely manner [21]. The 
ocular lesions are treated topically with lubricants, antibiotics, 
steroids or ciclosporin drops as indicated. Surgical procedures 
and corneal transplant to treat advanced keratitis of the eye have 
usually failed [22], but ocular surface stem cell transplantation [23] 
or gas-permeable lenses may be an option [24]. 

Ocular antiseptic baths and cleansers, intermittent antibiotic 
and antiviral therapy and prolonged systemic antifungal agents 
play an important role in controlling skin infections and odour 
[25]. Cleansing, debridement, dressing, excision of hyperplastic 
lesions and grafting may become necessary to reduce the potential 
for malignant transformation. Systemic retinoids like acitretin are 
helpful in controlling the disease, including visual symptoms [26], 
but isotretinoin may exacerbate corneal neovascularisation [27]. 
Teatment with alitretinoin resulted in marked improvement of an 
extremely severe case of dissecting cellulitis of the scalp [28]. 


Desmons syndrome — 


Definition and nomenclature 

Desmons syndrome is new in the list of ichthyosis syndromes 
and is characterised by neonatal onset of ichthyosis, erythroderma 
and deafness accompanied by failure to thrive and developmental 
delay [1,2]. 


syndrome 
volvement and deafness 


Pathophysiology 
The neurocutaneous disorder results from recessive loss-of-function 


mutations in the gene AP1B1, which encodes the adaptor-related 
protein complex 1 beta 1 (AP1B1) subunit [3,4]. Similar to MEDNIK 
syndrome [5], which is due to mutations in AP1S1, Desmons syn- 
drome has been linked to those with mutations in adaptor protein 
and other genes central to vesicular function, and is considered 
a copper-related metabolic disease [6]. However, a lack of cop- 
per toxicity may reflect a fundamental difference in the clinical 
presentation and pathogenesis of Desmons disease and MEDNIK 
syndrome [4]. 


Clinical features 

At birth, Desmons disease might present like an inflammatory 
form of autosomal recessive congenital ichthyosis with ectropion 
(Figure 63.32) [1,3,4]. Considering the profound sensorineural deaf- 
ness and vascularising keratitis the disease might be reminiscent 
of KID syndrome [7], but the clinical course of the skin phenotype 
is different. At the same time, there is an enteropathy, hepatopathy 


Figure 63.32 Girl at the age of 1 year suffering from severe erythroderma due to 
Desmons syndrome (AP1B1 deficiency). 


and mild hair phenotype similar to MEDNIK syndrome [5]. Severe 
failure to thrive and developmental delay within the first month of 
life seem to be compensated in later childhood [2]. 


Investigations 

Histopathology of the skin presents epidermal thickening, hyper- 
keratosis [2] and an abnormally high number of basophilic vesicles 
within the proliferative layers of the epidermis [3]. These vesicles 
are also observed via transmission electron microscopy [3]. 


Management 

Management of the disease requires a multidisciplinary approach. 
The inflammatory skin phenotype may show a dramatic response 
to biologics such as ustekinumab (unpublished data). 


ELOVL4 deficiency — 


ELOVL4 deficiency [1,2] has been regarded as an erythrokerato- 
derma with sensorineural deafness [3] — clinically reminiscent of 
KID syndrome. In a five-generation Canadian pedigree, erythro- 
keratoderma appearing in infancy and clearing in later life was 
associated with late-onset ataxia and neuropathy [4]. 


Neutral lipid storage di: 
with ichthyosis 


Definition and nomenclature 

Neutral lipid storage disease with ichthyosis (NLSDI) is a rare type 
of syndromic, autosomal recessive, congenital ichthyosis featuring 
congenital ichthyosiform erythroderma and lipid droplets in vari- 
ous tissues. Most patients originate from Mediterranean countries. 
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Pathophysiology 

The disease is due to mutations in ABHD5 (previously known as 
CGI-58) [1]. Another type of neutral lipid storage disease with- 
out ichthyosis, but with myopathy, has been designated NLSDM 
and is caused by mutations in the PNPLA2 gene [2]. ABHD5 
is widely expressed in tissues such as skin, muscle, liver and 
brain, but also lymphocytes [3], and localises to the surface of 
cytoplasmic lipid droplets [4]. The genetic defect leads to acyl- 
ceramide deficiency, likely contributing to the pathogenesis of 
ichthyosis [5]. For diagnostic purposes, it is useful to search for 
lipid droplets in leukocytes (Jordan anomaly) (Figure 63.33a) 
[6]. It is important to note that the characteristic lipid inclusions 
have to be specifically looked for in both affected patients and 
possible gene carriers. If an automated blood cell count is done, 
a ‘normal’ result will be handed out erroneously. Lipid deposi- 
tion results in a combination of skin, hepatic, muscle and ocular 
abnormalities. 

It is of note that the PNPLA2 gene — associated with NLSDM -— 
encodes adipose triglyceride lipase which is necessary for lipol- 
ysis of cellular fat stores in non-cutaneous tissues [2]. Adipose 
triglyceride lipase requires the ABHD5 gene product as a cofactor, 
which explains the fact that NLSDI and NLSDM share common 
features in non-cutaneous tissues and also suggests the existence of 
an epidermal lipase also utilising ABHD5 as a cofactor [7]. 


Clinical features 

This is a multisystem disorder, but the clinical features are variable 
[8,9]. Affected newborns are either collodion babies or erythro- 
dermic. The pattern of skin disease thereafter resembles mild to 
moderate CIE with fine white scales on a reddish background 
and a lamellar scaling on the trunk and legs (Figure 36.33b). 
Scaling may diminish in warm weather and with advancing age. 
Pruritus is often troublesome and hypohidrosis may occur. Mild 
ectropion, flexural and neck lichenification and palmoplantar 
hyperkeratosis are common. Nail dystrophy and scalp alopecia 
have rarely been reported. 

Muscle involvement ranges from an asymptomatic or subclin- 
ical myopathy with elevated muscle enzymes in most patients 
to marked proximal myopathy in a few cases. Hepatomegaly, 
abnormal liver enzymes and fatty infiltration of the liver are 
common, even in childhood, and liver involvement is observed 
in more than 80% of patients. Cirrhosis may evolve rapidly, 
even in childhood. An Italian cohort study recently reported 
that two out of six patients died of hepatic failure [10]. Liver 
biopsy is more sensitive than biochemical markers in detecting the 
degree of involvement. Spenomegaly and malabsorption, resulting 
from intestinal mucosal lipid deposition, are occasional features. 
Cataracts of the nuclear type (subcapsular) may be detected from 
infancy in over 50% of cases, but rarely affect vision. Nystag- 
mus may occur. Short stature, retinal disease, nerve deafness, 
ataxia, microcephaly, spasticity, neuropathy and developmental 
delay have been reported, but most patients are intellectually nor- 
mal. Fetal renal complications occurred in an infant with NLSDI. 
Prognosis depends on the pattern and degree of organ involve- 
ment. Unlike NLSDM patients, NLSDI patients do not develop 
cardiomyopathy [11]. 


(b) 


Figure 63.33 Neutral lipid storage disease with ichthyosis. (a) Lipid vacuoles Jordan 
anomaly). (b) Ichthyosiform erythroderma. Courtesy of Dr M. Judge, Salford Royal NHS 
Trust, UK. 


Management 

Emollients are helpful and although liver function tests usually 
show abnormalities in these patients, the administration of acitretin 
has been beneficial even in the presence of compromised liver 
function [12]. The effect of dietary approaches is doubtful [13]. 


Trichothiodystrophy 


Definition and nomenclature 

Trichothiodystrophy is a rare and heterogeneous group of neuro- 
cutaneous genodermatoses that have in common a hair defect 
termed TTD or sulphur-deficient brittle hair. 


id nails, intellectual impairment and short 


osis, brittle hair and nails, intellectual 


Pathophysiology 

All types of TTD are autosomal recessive traits. From a genetic 
point of view, one can distinguish a photosensitive TTD group 
with (i) DNA repair anomalies involving various subunits of the 
transcription factor TFIIH; (ii) a non-photosensitive group without 
a DNA repair defect that features mutations in the C7ORF11 gene 
coding for TTDN1 protein; and (iii) a group without a DNA repair 
defect and with still unclear underlying genetic defects [1,2]. Since 
little is known about the function of the C7ORF11 gene that encodes 
the protein for non-photosensitive TTD (TTDN1), pathophysio- 
logical investigations have focused on the photosensitive group, 
in which mutations in ERCC2 (XPD), ERCC3 (XPB) and GTF2H5 
(TTDA) — all of which are subunits of the transcription/DNA repair 
factor IIH (TFIIH) — have been identified [2]. TFI[H is a complex of 
10 proteins that are essential for both nucleotide excision repair and 
transcription [3]. Mutations in TTD-associated genes destabilise 
the superstructure of TFITH and result in a low concentration of 
TFIH, which in turn limits the level of transcription of a variety 
of target genes — in particular deregulation of thyroid hormone 
target genes in the brain occurs. In this way, the TTD phenotype 
is explained [4]. In contrast, TTDN1 is a nuclear protein that is not 
involved in DNA repair, but has several phosphorylation sites and 
is considered a regulator of mitosis [5]. Dysregulation of the liver X 
receptor (LXR) responsive genes such as ABCA12 may contribute to 
the phenotype of ichthyosis in the disorders [6]. 


Clinical features 

Patients affected with the photosensitive forms of TTD are often 
born prematurely and typically present with a collodion membrane 
or with a CIE-like phenotype [3,5]. Pregnancies of TTD neonates 
have to be considered as high-risk pregnancies and are frequently 
complicated by pre-eclampsia, decreased fetal movement, haemoly- 
sis, elevated liver enzymes and low platelets (HELLP syndrome) [7]. 
TTD neonates often have a low birth weight, are small for gesta- 
tional age and require admission to a neonatal intensive care unit [7]. 
In infancy, they have an increased risk of early death from sepsis 
and recurrent infections with chronic neutropenia [2,8]. 

Congenital ichthyosis (collodion baby) —- when present — often 
progresses to only mild ichthyosis, for instance predominantly on 
the trunk (Figure 63.34), histologically showing a thin granular 
layer and thus resembling IV in later life [1]. It has been pointed 
out that the frequency of congenital ichthyosis with initial presen- 
tation as collodion baby is significantly higher in patients carrying 
mutations in genes encoding components of the TFIIH complex, 
while in contrast hypogonadism is significantly more frequent in 
the non-photosensitive group [1]. Scalp and eyebrow hair is fragile, 
sparse, short and unruly, but may improve with age. Associated 


Figure 63.34 Trichothiodystrophy showing lamellar scaling similar to bathing suit 
ichthyosis. 


features are eczema, palmoplantar hyperkeratosis, pulp atrophy, 
digital flexion contractures, fragile small nails and hypoplastic aural 
cartilage [9]. An elfin-like and aged (progeric) face resulting from 
fat atrophy might be seen. 

Photosensitivity and photophobia occur in most patients having 
TFIH-related mutations, but this feature can improve with age. 
In contrast to xeroderma pigmentosum, a highly increased risk of 
malignancy is not regarded as a feature of photosensitive TTD [10], 
but cumulative sun exposure has an effect on the DNA repair defect 
[11]. A temperature-dependent deterioration in hair (e.g. sudden 
loss of all hair) and worsening of skin and neurological features 
have been observed in several patients at the time of febrile illness 
[12] and have been attributed to increased instability in the TFIJH 
complex [13]. 

Mild to moderate intellectual impairment is the rule and hypogo- 
nadism may lead to delayed puberty and infertility in adult patients. 
A friendly disposition and cuddlesome behaviour may be typical for 
TTD [14,15]. Important further characteristics of TTD are cataracts, 
otosclerosis, dental anomalies and neurological signs such as micro- 
cephaly, spasticity, cerebellar dysfunction, seizures and autism [16]. 


Investigations 

On polarising microscopy the typical ‘tiger-tail pattern’ can be 
noted that relates to a low content of the amino acid cysteine in 
the hair. If polarised light microscopy is not available, trichoscopy 
may be applied, which shows alterations such as a wavy con- 
tour of the hair shaft, short broken hair, glomerule-like curls and 
twists of broken hair [17]. Most important in early infancy, patients 
should be checked for immunological abnormalities (haematology, 
immunoglobulins) [8]. 


Management 

Infants with TTD need close surveillance for recurrent infections, 
hypogammaglobulinaemia and/or neutropenia. Supplemental 
immunoglobulins or granulocyte colony-stimulating factor might 
be required [8]. Emollients are helpful in skin comfort. The effect of 
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retinoids on ichthyosis has been disappointing. Strict sun avoidance, 
protective measures and sunscreens are recommended for the pho- 
tosensitive patients [11]. Advice on avoidance of physical hair 
treatment is helpful in reducing fur. 


Neu-Laxova syndrome 


Definition and nomenclature 

This is an lethal, autosomal recessive, malformation syndrome in 
which the cutaneous features (congenital ichthyosis) have never 
been studied adequately. The tight skin described in several reports 
is reminiscent of restrictive dermopathy [1-3]. 


Pathophysiology 

Neu-Laxova syndrome (NLS) is heterogeneous and inherited as an 
autosomal recessive trait. It is caused by mutations in the PHGDH 
gene that lead to phosphoglycerate dehydrogenase deficiency [4]. 
This enzyme is involved in the first and limiting step of L-serine 
biosynthesis. Recently, it has been shown that mutations in PSAT1 
and PSPH encoding two other enzymes of the L-serine biosynthesis 
pathway may lead into NLS [5]. The phenotype, albeit show- 
ing substantial variation in severity, may therefore represent the 
severe end of serine-deficiency disorders [5]. Histology of the skin 
reveals focal parakeratosis. No systematic analysis of the cutaneous 
phenotype with immunofluorescence studies or ultrastructure is 
available. 


Clinical features 

Neu-Laxova syndrome is characterised by congenital ichthyosis, 
marked intrauterine growth retardation, microcephaly, short neck, 
central nervous system anomalies, limb deformities, hypoplastic 
lungs, oedema and abnormal facial features including severe prop- 
tosis with ectropion, hypertelorism, micrognathia, flattened nose 
and malformed ears [1-3]. Prenatal ultrasound findings of marked 
ocular proptosis in a growth-restricted, oedematous fetus are sug- 
gestive of the diagnosis [3,6]. A polyhydramion is typical and most 
likely the result of the congenital ichthyosis as polyhydramion can 
also be seen in harlequin ichthyosis and ichthyosis prematurity 
syndrome. Several cases diagnosed by exome sequencing as having 
mutations in the PHGDH gene showed prenatal skin oedema but 
no obvious ichthyosis [7]. 


Diffential diagnosis 

From a dermatological point of view, restrictive dermopathy is 
the most relevant differential diagnosis. Similar to NLS it is charac- 
terised by intrauterine growth retardation, thin, tightly adherent, 
translucent skin, typical facial dysmorphology with a mouth 
forming an O, generalised joint contractures, fetal akinesia and 
polyhydramion. Most cases are due to mutations in the ZMPSTE24 
gene, while a few seem to be due to mutations in LMNA [8,9]. 


Management 

All reported cases have been lethal so far. Considering the metabolic 
basis of the disorder and similar to other serine deficiency therapies, 
NLS might be a treatable condition when recognised and treated 
early enough [5,9]. A supplement therapy may be provided for 
pregnant women who previously had a child affected by NLS [4], 
which underscores the need for accurate diagnosis of neonates 
with congenital ichthyosis and for an understanding of its lethal 
course [10]. 


CHIME syndrome — Cl 


Definition and nomenclature 

Coloboma-heart defect—ichthyosiform dermatosis—mental retard- 
ation-ear anomalies (CHIME) syndrome is an exceedingly rare, 
autosomal recessive, neurocutaneous condition. 


Pathophysiology 

The CHIME syndrome is due to mutations in the gene PIGL 
which encodes the de-N-acetylase required for glycosyl phos- 
phatidyl inositol (GPI) anchor formation [1]. Large deletions in 
PIGL seem to be a common mutational mechanism [2]. PIGL is 
an ER-localised enzyme that catalyses the second step of GPI 
biosynthesis. It thus is a congenital disorder of glycosylation. 
Glycosylation is the biosynthetic process of adding glycans to pro- 
teins and lipids and is an important modification of secretory and 
membrane-bound proteins [3]. Defects within the N-glycosylation 
or O-glycosylation biosynthesis pathway result in congenital 
disorders of glycosylation [4]. GPI biosynthesis plays a role in 
the anchorage of more than 150 cell surface proteins including 
receptors, enzymes and adhesion molecules [2]. Patients often 
present elevated alkaline phosphatase (ALP) levels, as ALP is a 
GPI-anchored enzyme [2]. 


Clinical features 

In 1983, Zunich and Kaye [5] reported a child with migratory 
CIE, retinal colobomas, neurological disease, fine sparse hair and 
dental abnormalities. Further cases featuring in addition cardiac 
abnormalities have been described [5-8]. Generalised pruritus, skin 
redness and scaling develop within the first month, and figurate, 
red, scaly and itchy patches migrate on the head and body from 
early childhood. The palms and soles are thickened; the scalp 
hair is fine, sparse and hypopigmented. Cranial defects, alopecia, 
hypertelorism, a broad nasal bridge, wide mouth, full lips and 
wide-spaced teeth contribute to a characteristic facial appearance. 
Neurological features include hearing loss, seizures, developmental 
delay and outbursts of violent behaviour. A 4-year-old with CHIME 
syndrome developed leukaemia. The disease is considered to be a 
cancer-prone genodermatosis [9]. 


Table 63.6 Selected syndromic ichthyoses with hair abnormalities and gastrointestinal or respiratory symptoms. 


Features 


MIM number 

Mode of inheritance 
Gene 

Onset 


Initial clinical presentation 


Disease course 


Cutaneous findings: 
Distribution of scaling 
Scaling type 
Scaling colour 
Skin redness 
Palmoplantar involvement 
Hypohidrosis 
Scalp abnormalities 


Other skin findings 


Extracutaneous involvement 


Risk of death 


Skin ultrastructure 


Special analyses 


Adapted from Oji et a/. 2010 [1]. 


Ichthyosis with hypotrichosis (IH)? 


602400 
AR 
ST14 
At birth 


Lamellar ichthyosis, severe hypotrichosis, 
absent eyebrows and eyelashes 


Over time, scalp hair growth and 
appearance/colour may improve 

Generalised, including the scalp; face may be 
unaffected 

Coarse, plate-like, adherent 

Brown to dark 

Unusual 

No 

Yes 

Hypotrichosis in youth; sparse, unruly hair in 
adolescence; recessing frontal hair line in 
adults 

Follicular atrophoderma 


Sparse and curly eyebrows; occasionally 
photophobia and pingueculum 


Normal 


High presence of intact corneodesmosomes 
in the upper SC, residues of membranous 
structures in the SC 

Hair microscopy may reveal dysplastic hair, 
pili torti or pili bifurcate 


Neonatal ichthyosis—sclerosing 
cholangitis (NISCH)® 


607626 

AR 

CLDN1 

At birth (or shortly after) 


ild scaling, neonatal jaundice with 
hepatomegaly; frontal alopecia in 
early childhood 

ild ichthyosis, liver involvement variable 


Predominant on trunk 


Fine to polygonal, thin 
lormal 
Unusual 
lo 
lo 
ajor criterion: coarse thick hair, 
frontotemporal scarring alopecia; 
hypotrichosis, curly/woolly hair 


Major criterion: sclerosing cholangitis or 
congenital paucity of bile ducts 


Not observed, but theoretically possible 
from liver involvement 

Splitting of desmosomal anchoring 
plaques in the SG 


Liver function tests, cholangiography, 
liver biopsy 


9 Allelic variant: congenital ichthyosis—follicular atrophoderma—hypotrichosis-hypohidrosis (IFAH). 


5 Also known as ichthyosis—leukocyte vacuoles—alopecia—sclerosing cholangitis (ILVASC). 


AR, autosomal recessive; IgE, immunoglobulin E; SC, stratum corneum, SG, stratum granulosum. 


Ichthyosis-prematurity syndrome (IPS) 


608649 

AR 

FATP4 

At birth (polyhydramnion, prematurity, >6 
weeks) 

Respiratory distress, generalised skin 
hyperkeratosis with focal accentuation on 
scalp and eyebrows 

Severe at birth, spontaneous improvement 


Focal accentuation (see above) 


Caseous (vernix caseosa-like) 
Whitish 

Mild to moderate 

Yes, initially 

No 
Extensive at birth 


Follicular keratosis (‘toad skin’), atopic 

eczema, asthma, eosinophilia 

Pulmonary involvement and asphyxia at 
birth; later on atopic asthma, eosinophilia 
and occasionally hyper IgE 

Perinatally potentially fatal due to respiratory 
asphyxia; otherwise normal 

Deposits of trilamellar membranous curved 
lamellae in swollen corneocytes and 
perinuclearly in oedematous granular cells 

Blood cell count (eosinophilia) 


Management 
Emollients (moisturisers) have been recommended for the 
ichthyosis [6]. 


MISCELLANEOUS SYNDROMIC ICHTHYOSES 


Table 63.6 describes some syndromic ichthyoses with hair abnor- 
malities and gastrointestinal or respiratory symptoms. 


Ichthyosis-prematurity syndrome 


Clinical features 

The disease is characterised prenatally by polyhydramnion and 
increased echogenic signals of amniotic fluid [1]. Affected neonates 
are often born between the 30th and 35th gestational weeks, and 
suffer from transient, potentially life-threating asphyxia, which is 


the result of reduced lung function and bronchial obstruction from 
keratin plugs [2-4]. One neonate has been described who developed 
a compartment syndrome on one hand [5]. The neonatal erythro- 
derma (Figure 63.35a) evolves into a mild ichthyosis reminiscent 
of SICI (Figure 63.35b) [6], but patients are prone to pruritus and 
atopic manifestations [4]. 


Pathophysiology 

Ichthyosis—prematurity syndrome (IPS) is caused by recessive 
mutations in the FATP4 gene [1,2], which encodes a fatty acid trans- 
porter and acyl coenzyme A synthetase expressed in the suprabasal 
layers of the epidermis [3]. Reduced function leads to disturbance 
of the intercellular lipid layer of the stratum corneum [4,5]. It can 
be concluded from the mouse model that FATP4 might be more 
important for the generation of the epidermal barrier than for its 
maintenance, which may explain the transient character of the 
disease [6,7]. In addition deletions of FATP4 may interfere with the 
enzyme synthesis of the visual cycle, but clinical symptoms have 
not been reported [8]. 
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(b) 


Figure 63.35 Ichthyosis prematurity syndrome. (a) Neonatal presentation. (b) The same 
patient after 3 months. Note the mild velvet-like skin texture. Courtesy of the 
Department of Dermatology, University Hospital Minster, Munster, Germany. 


Investigations 

Ultrastructure reveals the distinct phenotype of so-called ‘ichthyosis 
congenita type IV’, which is characterised by irregular lentiform 
depositions of membrane-like material in granular cells and horny 
scales [9]. 


Management 

Considering the similar skin phenotype at birth, KID syndrome 
should be excluded [10]. Information about the risk of IPS, for 
instance for subsequent pregnancies of parents who have previ- 
ously had a child affected by IPS, may decide between a benign 
or unfavourable course of the condition as treatment can start 
early. Optimal treatment with adequate bronchial suction, if 
initiated early enough, and optimal perinatal care will avoid 
life-threatening hypoxaemia and/or complications such as infantile 
cerebral paresis [6]. 


Further syndrom 
with prominent 


Netherton syndrome or neuro-ichthyoses such as trichothiodys- 
trophy or MEDNIK syndrome feature a distinct hair phenotype 
(see earlier in this chapter). Moreover, the group of ichthyoses 
with prominent hair abnormalities includes the ichthyosis with 
hypothrichosis (IH) and neonatal ichthyosis—sclerosing cholangitis 
(NISCH) syndromes [1,2]. 


Ichthyosis with hypotrichosis 


Definition and nomenclature 

The ichthyosis presents at birth, but without collodion membranes. 

Two allelic variants have been described. 

1 Autosomal recessive ichthyosis with hypotrichosis (ARIH) 
features ichthyosis and whole-body hypotrichosis, but no 
atrophoderma [1,2]. 

2 Congenital ichthyosis—follicular atrophoderma-hypotrichosis— 
hypohidrosis (IFAH) refers to a very similar phenotype asso- 
ciated in addition with follicular atrophoderma (e.g. follicular 
pitting on the dorsal aspects of the hands and fingers) [3,4]. 


potrichosis and hypohidrosis 


Pathophysiology 

Both phenotypes are associated with autosomal recessive muta- 
tions in the ST14 gene [1,2], which encodes matriptase, a novel 
key player of the epidermal protease network [5,6]. The trans- 
membrane serine protease is an efficient activator of epidermal 
prokallikreins. Matriptase deficiency leads to a decrease of filaggrin 
processing [7]. An elegant LEKTI-deficient mouse model showed 
that corneodesmosome integrity was restored when matriptase 
was ablated [8]. As such, ST14 deficiency might be seen as the 
functional counterpart to LEKTI deficiency, which leads to an 
increase of epidermal kallikrein activity [6,9]. Clinical hetero- 
geneity may be caused by different types of ST14 mutations 
[1,4,9-13]. The hair phenotype can be explained by the fact that 
matriptase is expressed in the cortex cells and shaft of the anagen 
hair [14]. 


Neonatal ichthyosis-sclerosing cholangitis 


g cholangitis 
laudin 1 deficiency 


Pathophysiology 

Neonatal ichthyosis-sclerosing cholangitis belongs to the disor- 
ders of tight junctions due to autosomal recessive mutations in 
CLDN1 encoding claudin 1 [1-3]. Claudin 1 is part of the epidermal 
tight junctions, but is also expressed in human cholangiocytes and 
hepatocytes [4]. The primary lack of claudin 1 leads to increased 


paracellular permeability between epithelial cells, which may 
explain the phenotype of hypercholanaemia or epidermal barrier 
defect [1]. In mice, homozygous deletion of CLDN1 leads to neonatal 
lethality because of transepidermal loss of water and desiccation. In 
humans, other tight junction components may partially compensate 
for claudin 1 deficiency [2]. 


Clinical features 

Sclerosing cholangitis is a severe, chronic condition characterised by 
inflammation and obliterative fibrosis of the intra- and extrahepatic 
bile ducts. NISCH syndrome is characterised by scalp hypotri- 
chosis with scarring alopecia and ichthyosis, and shows a primary 
sclerosing cholangitis of variable severity [5-9]. Hence, infantile 
jaundice and ichthyosis may be an important clinical symptom of 
the disease, but early molecular analysis is reeommendated as the 
disease also presents without signs of liver disease [10]. Histol- 
ogy of the skin reveals normal epidermis with a compact, mildly 
orthohyperkeratotic stratum corneum. The amount of keratohyalin 
is described as reduced, and ultrastructural features show a large 
number of corneodesmosomes [7]. 


Management of congenital ichthyoses 


Inherited ichthyoses require lifelong management based on the 
establishment of the correct molecular diagnosis (Figure 63.36). 
This section focuses on autosomal recessive congenital ichthyoses 
as well as keratinopathic ichthyoses; however, it may be applicable 
to other forms of hereditary ichthyosis. 


General aspects of therapy 

Congenital ichthyoses are hereditary, non-curable diseases, in 
which currently only symptomatic relief can be provided. Their 
variable degrees of scaling, hyperkeratosis and skin inflamma- 
tion require different approaches. Ocular and ear complications 
are common in neonates and infants — in both syndromic and 
non-syndromic ichthyoses; and children often suffer from pruritus, 
fissuring, sweating impairment (hypohidrosis) and superinfections 
that need individualised care. Although some types of congenital 
ichthyoses may show spontaneous and seasonal variations, most 
patients will require daily therapy throughout life. In infancy and 
childhood almost all cases need to be managed with topical ther- 
apy/balneotherapy, while systemic treatment options — namely oral 
retinoids — are limited for most severe cases. 

Since the ichthyoses are chronic lifelong diseases, there is a 
need for well-tolerated, safe and effective treatments. However, 
the degree of scientific evidence on the benefits and risks of the 
available treatments is low. A recent review of clinical trials of 
treatment for congenital ichthyoses revealed only six trials that 
met the criteria of the methodology of the Cochrane Collabo- 
ration [1] and therefore most of what is stated here cannot be 
considered to be evidence based. The small number of patients 
included in the studies, the high risk of bias and the short follow-up 
of patients require careful evaluation of the results. The diffi- 
culties that are encountered when carrying out randomised, 
double-blind, multinational, placebo-controlled studies in these 
ultra-rare diseases are highlighted by a recent report on treat- 
ment with liarozol for moderate and severe LI. This retinoic acid 


metabolism-blocking agent resulted in good clinical improve- 
ment and was well tolerated, but the study failed to meet the 
end points, possibly owing to the small sample size following 
premature termination [2]. National guidelines for the manage- 
ment of ichthyoses are available in Germany. In 2019 the first 
European guidelines of care for the management of congenital 
ichthyoses were published [3,4]. Given that there are no studies 
focused on long-term adverse effects, on optimal management of 
particular forms of ichthyoses such as collodion baby, or about 
ocular and auditory complications, most recommendations in 
these guidelines are therefore mainly based on experts’ recom- 
mendations, patients’ and caregivers’ experience, and an exchange 
with patient organisations such as the German SI e.V. (Selb- 
sthilfe Ichthyose e.V.) or the European Network for Ichthyosis 
(END) [5]. 

Non-specific measures are primarily needed to alleviate symp- 
toms [6], and one has to keep in mind that ichthyosis (hyperker- 
atosis) develops as a repair response to an inherent defect of the 
epidermal barrier. In a skin humanised mouse model of TG1 defi- 
ciency, topical enzyme replacement therapy restored TG1 activity 
and showed a healing of the ichthyosis [7]. However, as long as no 
targeted therapy is available for patients, most treatments have the 
goal of reducing scaling, but will enhance the barrier defect to some 
degree [8]. Thus transepidermal water loss increases after success- 
ful treatment of ARCI with either systemic retinoids [8] or topical 
keratolytics [9]. 


Topical treatment options. Topical therapy is aimed at restoring 
the epidermal barrier, facilitating desquamation and improving the 
overall cutaneous appearance. It is the mainstay of treatment in 
all types of congenital ichthyosis, regardless of type and severity. 
A variety of topical products including emollients, topical kera- 
tolytics and epidermal proliferation modulators have been assayed 
with variable efficacy (Table 63.7) [3] but, in practice, choice will 
depend on patients’ and clinicians’ own experience and personal 
preferences. Also, local availability can vary depending on the 
country. Thus, in Germany and France, ointments with higher 
water content are preferred for the treatment of ichthyoses, while 
in other countries petrolatum-like ointments requiring bandages 
seem popular — often not allowing the direct wearing of normal 
cloth. The therapeutic outcome of topical therapy is largely limited 
by non-adherence, as treatments are not only time consuming and 
include greasy products but often show disappointing results. 


Emollients. Emollients include both moisturisers and lubricants. 
Moisturisers increase the ability of the stratum corneum to incor- 
porate water while lubricants are occlusive substances with a high 
content of lipids that form a layer on the skin, preventing water 
loss. Moisturisers are used in creams and contain mainly sodium 
chloride, urea and glycerol. Petrolatum and paraffin are common 
lubricating agents; however, although safe and inexpensive, they 
are greasy, may impair sweating and are cosmetically unacceptable 
for some patients. Emollients are usually safe and can be applied 
on all body surfaces. The frequency of application depends on the 
ichthyosis severity and patient’s choice, but most individuals need 
topical therapy at least twice a day. 
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Skin phenotype 


e Initial clinical presentation? 

© Collodion membrane? 

¢ Congenital ichthyosiform erythroderma? 
¢ Scaling type, colour and distribution? 
¢ Erythema? 

e Lichenification? 

¢ Involvement of palms and soles? 

¢ Erosions/blistering? 

© Hypohidrosis? 

¢ Frequent skin infections? 

e Pruritus? 


Skin biopsy 

(supporting clinical diagnosis, screening 
of genetic subtypes) 

° Epidermolytic hyperkeratosis? 

¢ Stratum granulosum? 

e Ultrastructural subtype? 

¢ Staining of filaggrin, LEKTI, etc.? 

¢ Transglutaminase activity? 


Mutation analysis 


Family and medical history 


¢ Disease onset? 
e Suspected mode of inheritance? 
e Syndromic versus non-syndromic? 


Extracutaneous symptoms? 
¢ Hair abnormalities? 
¢ Neurological signs? 
¢ Internal organs? 
¢ Hearing? 
¢ Prematurity? 

° Birth complications? 

¢ Failure to thrive? 

¢ Growth retardation? 
© Cryptorchidism/smell? 
e Allergic diseases? 


Other analyses 
(based on symptoms/check for 
extracutaneous signs) 
¢ WBC, RBC, general serum parameter, 
including IgE level? 
¢ Microbiology? 
e Abdominal ultrasound? 
¢ Ophthalmological, ENT, neurological 
check-up? 
¢ To be considered, if applicable: 
° Hair shaft/polarizing microscopy/ 
sulphur content? 
e Liver function tests? 


Figure 63.36 Diagnostic management and clinical 


¢ Confirming diagnosis 
° Targeted testing of at-risk family e X-ray? 


members 
¢ Genetic counselling 
¢ Prenatal diagnosis (if applicable) e etc. 


¢ Steroid sulphatase activity (RXLI)? 


¢ GC-MS (CDPX2)? 
© Phytanic acid? 


monitoring in ichthyosis. CDPX2, chondrodysplasia 
punctata type 2; ENT, ear, nose and throat; GC-MS, gas 
chromatography—mass spectrometry; IgE, 
immunoglobulin E; LEKTI, lymphoepithelial Kazal-type 
related inhibitor; RBC, red blood cell; RXLI, recessive 
X-linked ichthyosis; WBC, white blood cell. 


Keratolytics. Randomised controlled trials (RCTs) assessing the 
best keratolytic agents are scarce and only include small numbers 
of patients with each ichthyosis type, preventing any definite con- 
clusion regarding the best keratolytic agent. Different options are 
shown in Table 63.7. The patient’s age, ichthyosis type and severity, 
as well as extent and location of the lesions must be taken into 
consideration before prescribing keratolytic agents. Children have 
a thinner skin and a higher skin surface area : body mass ratio, and 
therefore are at higher risk of systemic absorption. In particular, all 
kinds of keratolytics should be avoided in newborns and young 
infants, in particular salicylic acid. The frequency of application is 
variable, and can be tapered depending on the clinical response. 
Side effects are usually mild and include itching, a burning sensa- 
tion and irritation. In areas such as the face or the folds, less potent 
keratolytics are recommended to prevent irritation, and in areas 
of fissuring they should be avoided. Systemic toxicity due to cuta- 
neous absortion of salicylic and lactic acid is a rare but worrisome 
event. 

Salicylic acid may cause life-threatening poisoning in neonates 
and long-term toxicity in older patients. Systemic toxicity or sali- 
cylism develops when blood concentrations of salicylates exceed 
35 mg/dL and it is characterised by nausea, vomiting, confusion, 
stupor, coma and eventually death. Acidosis and hypoglycaemia in 


children and hyperglycaemia in adults may occur as well. Several 
cases of salicylism in patients with ichthyosis have been reported, 
including some babies extensively treated with concentrations 
of salicylic acid as low as 1% [10]. The potency and toxicity of 
salicylic acid formulations depend on their concentrations, but 
also on the vehicle (mineral oil or petrolatum versus solution) and 
the status of the epidermal barrier. In general, preparations for 
ichthyosis treatment should contain concentrations lower than 5% 
of salicylic acid. N-acetylcysteine (NAC) is a thiol derivative used 
as a mucolytic agent that inhibits both keratinocyte and fibroblast 
proliferation by reversibly blocking the cell cycle in the G1 phase 
[11]. Its effectiveness and tolerance have been reported in a series 
of five patients with lamellar ichthyosis [12] and in a number of 
isolated case reports. No significant side effects have been recorded 
except for mild and transient burning. An important disadvantage 
of NAC is the unpleasant sulphuric smell (‘rotten eggs’). Impor- 
tantly, the compound needs buffering because the final formula 
may have a pH as low as 2; however, excessive buffering may 
inactivate NAC. Topical retinoids modulate keratinocyte prolif- 
eration and differentiation. Tazarotene and adapalen have been 
tried with variable results [3]. An RCT with trifarotene, a novel 
third-generation retinoid, is currently in progress in patients with 
moderate to severe ARCI. 


Table 63.7 Emollients and keratolytics commonly used for topical therapy of ichthyoses. 


Concentration (%) 


Comment 


Group Agent 

Lubricating agents Petrolatum/vaseline 
Paraffin 

Hydrating agents Urea <5 
Lactic acid 
Sodium chloride 3-10 
Dexpanthenol 5-10 
Macrogol 400 20-30 
Propylene glycol 15-20 
Vitamin E acetate 5 
Glycerol 10-15 
Urea >5 

Keratolytic agents Propyleneglycol >20 


a-Hydroxy acids (glycolic acid) 
Tretinoin, tazarotene, adapalene 


Better avoided during first year of life because of 
possible systemic absorption 

Alternative to urea. Commercial preparations are 
often optimised by buffering. 

Ointments often have adverse effects, e.g. 
irritation/stinging; possible as bath additive 

Supporting normal epidermal differentiation 

Moisturiser and keratolytic 

Moisturiser and keratolytic 

Moisturiser 

Moisturiser 

Humectant and keratolytic 


Critical in children 


Frequent stinging/risk of absorption and 


teratogenicity in women of child-bearing age 


Keratolytic agents with effects on 
epidermal differentiation 


N-acetylcysteine 
Calcipotriol, tacalcitol 


Dexpanthenol 


High risk of systemic absorption; treat less than 
10% of body surface 
Supporting normal epidermal differentiation 


Warning: salicylic acid might cause life-threatening poisoning in neonates and long-term toxicity in older patients. 


Hydrotherapy. Patients with ARCI or KPI generally need to bath 
at least once a day. Bathing helps to mechanically remove the scales 
and reduces discomfort. However, it is time consuming, lasting 
approximately 30-60 min daily or twice daily. Additives such as 
salt, oil or sodium bicarbonate can be added to provide additional 
hydration and promote exfoliation. The benefit of sodium bicar- 
bonate (commonly known as baking powder) was established by 
the work of the late dermatologist Wolfgang Ktister, who treated 
more than 300 in-patients with these diseases by this manner [13]. 
The mechanism behind the effectiveness of sodium bicarbonate is 
still unclear, but it has been pointed out that the addition of two 
handfuls of baking soda to a bath tub raises the pH from 5.5 to 
7.9 [14]. Normal desquamation requires the enzymatic dissolution 
of corneodesmosomes by serin proteases such as kallikrein 5 and 
kallikrein 7, which have alkaline pH optima. Interestingly, most 
fresh water or lake water has a pH of around 5, while sea water, 
which many patients also report to be beneficial, usually has a pH 
above 8.1. Mild non-allergenic soaps and syndets are necessary to 
remove residual fat-soluble substances. After soaking the skin for 
around 20-30 min, a sponge, microfibre cloth, silk glove or even 
pumice stone can be used to rub the skin and facilitate mechanical 
scale removal. This can take additional 20-30 min. Drying with 
a towel and the immediate application of large amounts of oint- 
ment onto the still ‘hydrated’ skin are beneficial to help retain 
hydration. Bathing is also recommended for hygienic reasons. 
Antiseptics such as triclosan (contained in a number of soaps), 
chlorhexidine (dilution 5/1000 to 5/10 000), octenidine 0.1%, poli- 
hexanide 0.1% and potassium permanganate (dilution 1/10 000) 
can be used to target bacterial colonisation and infections. Also, 
diluted bleach baths (0.005%) may lessen microbial overgrowth and 


odour. Hydrotherapy with thermal water has proved useful in an 
open-label prospective study [15]. 


Management of collodion baby 

Collodion baby as well as HI should be regarded as dermatolog- 
ical emergencies and require an interdisciplinary approach [1,2]. 
Infants suffering from collodion baby as well as from HI [3,4] have 
a profoundly disturbed epidermal barrier which is associated with 
increased transepidermal water loss [5] and may result in hypother- 
mia and/or hypernatraemic dehydration. Further problems are 
proneness to infection, ectropion, poor sucking, restricted pul- 
monary ventilation and occasionally digital vascular constriction 
[6,7]. These neonates are best taken care of in a neonatal intensive 
care unit [1,6,7]. A disease severity score may help to monitor 
response to treatment [8]. 

Neonates should be transferred to a neonatal intensive care unit 
and placed in a high-humidity incubator with close monitoring 
of body temperature. Typically, it is recommended to start with 
humidity in the range of 60-80%, and to decrease every 3-4 days 
in order to reach normal humidity conditions, so that the children 
can be transferred to an open crib. In the authors’ experience, it is 
sufficient to use bland ointments (e.g. a dexpanthenol-containing 
ointment) two to four times a day. A report from the Netherlands 
casts doubt on the value of emollients, arguing that particular occlu- 
sive emollients, such as petrolatum or lanolin, predispose to skin 
infections. However, in most institutions, water-in-oil emollients are 
applied at least twice daily. Percutaneous absorption is very high 
and substances typically used in older children with ichthyosis, 
such as urea or lactic acid, should be avoided in the first year of life. 
In particular, the use of salicylic acid is strictly forbidden, as its use can 
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result in metabolic acidosis within 72 h even when used in very low 
concentrations [9]. 


Conventional systemic treatment options 

Systemic retinoids (SRs) are synthetic analogues of all-trans retinoic 
acid, a vitamin A derivative, that bind to retinoid acid receptors 
(RARs) and retinoid X receptors (RXRs) regulating the transcrip- 
tion of genes involved in keratins, growth factors and cytokines 
expression [1]. In ichthyotic skin, oral retinoids seem to promote 
a reduction of hyperkeratosis, a tendency to normalisation of 
keratinocyte proliferation and differentiation, and a lessening of 
coexisting inflammation. Different SRs have been used in ichthyosis 
therapy, including etretinate (which is no longer available in most 
European countries), acitretin, isotretinoin and alitretinoin [2]. 
Acitretin, a second-generation retinoid, is the first choice in the 
treatment of ichthyoses because of numerous published studies, 
however there are no studies comparing its efficacy and tolerability 
profile to isotretinoin. 

SRs improve scaling, hyperkeratosis, hair regrowth, hypohidro- 
sis and ectropion. However, they tend to increase skin fragility 
and are only effective for as long as they are used. Although SRs 
have been largely used, especially in ARCI and keratinopathic 
ichthyosis, there are no RCTs assessing the minimum starting 
age and optimal dose. In general, daily doses of up to 0.5 mg/kg 
adequately control the disease, but lower maintenance doses are 
often sufficient. SRs have a slow turnover in the body and the 
clinical effects last for days or even weeks; therefore, they can 
be administered once daily or even every second day, and an 
interruption of therapy is not reflected in clinical changes imme- 
diately [3]. Thus, some patients may benefit from discontinuous 
therapy (‘therapy holidays’) particularly those with CIE during 
warm weather. The clinical response is observed after 2-4 weeks 
of treatment initiation. Although SRs have numerous and feared 
potential side effects, they are usually mild and reversible. Acute 
and chronic toxicities must be discussed before starting therapy. 
Acute mucocutaneous toxicity including xerosis, cheilitis, dry nose 
and conjunctiva irritation are common. Analytical abnormalities 
can be observed in liver enzymes, lipids and blood cell counts. 
Chronic toxicity mainly affects the skeletal system and consists 
of diffuse skeletal hyperostosis, that is, spurs and calcifications 
along the spine (usually the anterior spinal ligament) and at tendon 
and ligamentous insertions around the joints [4]. Side effects are 
usually mild and reversible except teratogenicity and bone changes. 
Patients need analytical assessment (blood cell count, biochemistry 
panel and human chorionic gonadotropin in female adolescents) 
before starting treatment and periodic follow-up during therapy. 
Blood tests should be performed every 2-4 weeks at the beginning 
of treatment and every 3-6 months in long-term therapy, or more 
often if there are laboratory abnormalities or pregnancy issues. 
The optimal periodicity of skeletal surveys is controversial in chil- 
dren. Baseline radiographs can be obtained but frequency of the 
follow-up is not well established. 

SRs are teratogens and this issue requires thorough discussion 
and adequate contraception in female adolescents. SRs are lipophilic 
drugs that are slowly eliminated from the body [5]; in particular, 
acitretin has the potential to persist in the body because of its con- 
version to etretinate, and therefore pregnancy must be avoided for 


3 years following acitretin therapy [6]. The shorter teratogenicity 
period of isotretinoin makes it a good therapeutic alternative for 
female adolescents [7]. 

Acitretin therapy noticeably improves symptoms in the majority 
of patients with ARCI. Patients with CIE may respond less well 
to systemic retinoids — some even can get worse — and also they 
tolerate moisturisers such as lactic acid or urea less well, and may 
require lower doses [8]. While the effect of acitretin on ARCI phe- 
notypes seems not to be related to the genetic abnormality, KPI 
shows a clear correlation between the mutated keratin gene and 
the response to SRs. In superficial KPI, caused by KRT2 mutation, 
a silencing of this gene by retinoid therapy will be beneficial, while 
in KPI caused by KRT1 mutation, downregulation of KRT2 will 
be deleterious because wild-type keratin 2 partially compensates 
for mutated keratin 1 in the dimerisation process with keratin 10. 
Therefore, the response to acitretin will be better in superficial KPI 
than in KRT10-deficient KPI but the latter is still better than in 
KPI due to KRT1 deficiency [9]. In KPI, red skin and blistering are 
commonly exacerbated after starting SR therapy, particularly in hot 
and humid climates. To avoid this, it is recommended to start with 
a low dose, followed by a slow increasing of the dose. 

SRs have been used with some success in a few syndromic forms 
of congenital ichthyoses including KID syndrome, SLS, IFAP syn- 
drome, Chanarin—Dorfman syndrome (CDS), NISCH syndrome and 
CNS [10]. However, they should be used with caution in forms with 
liver involvement or biliary disease such as CDS or NISCH, and in 
congenital ichthyoses with bone anomalies such as CHHS. 

Dermatologists who want to start a patient on a systemic retinoid 
should be aware of the relevant side effects, such as teratogenicity 
or hepatotoxicity, to name but a couple. There is an excellent set 
of guidelines on the efficacy and use of acitretin in dermatology 
from the British Association of Dermatologists [11]. More recently, 
consensus recommendations for its use in children and adolescents 
have been published by a panel of US experts [12]. The attitude 
of physicians in the UK towards the use of acitretin is shared in 
most European countries [13]. In Germany, there is a reluctance to 
use long-term retinoid therapy in children mostly because of fear 
of interference with bone development, such as premature closure 
of the epiphyseal growth lines. Patients with ichthyosis may be 
treated when they are over the age of 16 or have stopped growing 
significantly. Only a detailed survey on a larger cohort of patients 
from several countries could provide definite data to answer satis- 
factorily whether there is a significant risk of bone growth toxicity 
for children [14]. 

In women of child-bearing age, a major advantage of isotretinoin 
over acitretin may be its short half-life. While isotretinoin is cleared 
within several months, acitretin can persist in the body for up to 
2 years because of conversion to etretinate, in particular when taken 
with alcohol [15]. ‘Drug holidays’ are an option, in particular when 
using isotretinoin. 

There is very limited experience in congenital ichthyosis with 
oral alitretion, a drug used for hand eczema. Alitretion is rapidly 
cleared and, in contrast to acitretin and isotretinoin, binds to both 
types of nuclear retinoid receptors (ie. RARs and RXRs). In a recent 
clinical trial, two of four patients who had previously been on 
acitretin preferred to continue with alitretinoin. A side effect of 


alitretinoin therapy may be hypothyroidism that can cause tired- 
ness, and it seems to be advisable to monitor thyroid-stimulating 
hormone levels in these patients [16]. A dramatic improvement 
of dissecting cellulitis of the scalp has been reported in a patient 
with KID syndrome who had not responded to previous acitretin 
therapy [17]. 


Immunophenotyping and target therapy 

The immune abnormalities underlying the ichthyoses are poorly 
understood [1]. In recent years, studies on immunophenotyping 
have aimed to determine a target therapy based on molecular patho- 
genesis [2]. Histopathological and immunological data show that 
patients with ichthyoses resemble patients with atopic dermatitis 
and/or psoriasis [3]. O’Shaughnessy et al. published an improve- 
ment of hyperkeratosis in an in vitro model of lamellar ichthyosis 
after treatment with an IL-1 receptor antagonist [4]. Immunolog- 
ical fingerprinting show an IL-17-dominant profile in patients 
with inherited ichthyoses, suggesting that IL-17/IL-36-targeted 
medication may be beneficial [5]. 

Remarkably, significant numbers of case reports have been pub- 
lished on therapeutic attempts with biologics. Results for Netherton 
syndrome are particularly promising (see earlier in this chapter). The 
efficacy of secukinumab in ABCA12 deficiency has been described 
[6]. Omalizumab has been successfully used in a specific case of 
epidermolytic ichthyosis, and apremilast seems efficient in the inter- 
mediate types of ARCI associated with ABCA12 [7]. Ustekinumab 
showed a prompt effect in a patient with autosomal recessive con- 
genital ichthyosis due to NIPAL4 mutations [8] or with SAM-like 
syndrome (see ‘Carvajal-Huerta syndrome’ later in this chapter) [2]. 

A better understanding of the molecular basis of inflammation in 
MeDOCs may lead to novel targeted therapies that are more benefi- 
cial than retinoids or broad immunosuppressants; as such, the gap 
between autoinflammatory diseases and inflammatory MeDOCs 
seems to become smaller [9,10]. So far, therapy with biologics 
appears to be well tolerated and helpful for specific presentations 
of ichthyoses. Hence, the discussion has been opened to distinguish 
between the innate immunophenotype of MeDOCs addressed by 
‘drug repurposing’ and those addressed by ‘in label treatment of 
co-morbidity’. 

In any case, even though the inflammation should be successfully 
mitigated in ichthyosis, clinicians should be aware of the primary 
barrier defect, which has to be treated continuously. With regard 
to safety and long-term effects, clinical trials and case series with 
longer treatment periods are required. 


Special aspects of treatment 
Most ichthyoses — syndromic or not — require a multidisciplinary 
approach that clearly extends beyond topical and systemic therapy. 


Eye. Eye problems are common in all types of ichthyosis. Scales on 
the eyelashes, blepharoconjunctivitis, madarosis, lagophthalmos 
and ectropion may eventually lead to corneal damage [1-3]. 
The main goal of eye care is maintaining the ocular surface 
integrity, so careful prophylactic ocular lubrication is strongly 
recommended. In patients who require frequent eye drop admin- 
istration, preservative-free topical medication is preferred [4,5]. In 
addition to ocular lubrication, room humidifiers may also improve 


the corneal hydration status. Intensive treatment with eyelid emol- 
lients and massage may improve eyelid retraction, ectropion and 
lagophthalmos. Although surgical techniques may be required in 
severe cases, therapy with topical retinoids, N-acetylcsteine and 
hyaluronic acid fillers has proved useful [6-8] and may prevent or 
postpone the need for surgery in cases with mild ectropion. Patients 
with chronic corneal involvement, persistent corneal epithelial 
defects or ectropion and eyelid retraction require specialised oph- 
thalmic care and should be followed up regularly. Severe ectropion 
has to be addressed to avoid complications such as corneal per- 
foration [9-11]. For severe cases, there are different methods for 
surgical corrective treatment of chronic ectropion [12-14], including 
repeated hyaluronic acid gel filler injections aimed at delaying 
invasive surgical procedures [15]. Basal cell carcinoma may be 
masquerading as chronic ectropion in LI [16]. 


Ear. Patients with ichthyosis have a significant prevalence of oto- 
rhino-laryngological symptoms. Excessive desquamation within 
the external auditory canal promotes ear plugging and predisposes 
to outer ear infections and conduction deafness [17]. In a recent 
prospective study of 76 children and young adults with ichthosis, 
10.5% of them had both obstructive clusters and abnormal tym- 
panic membranes [18]. Children with severe involvement were 
most commonly affected. Patients with BSI have also been shown 
to have the same issue [9]. Since hearing loss in children can harm 
their intellectual development, early comprehensive assessment 
and periodic follow-up by an ear, nose and throat (ENT) specialist 
are needed to prevent irreversible hearing loss. Ear pruritus and 
ear pain are also important complaints in congenital ichthyoses in 
all age groups [19]. Therefore, involvement of ENT specialists in 
the management of patients with congenital ichthyoses is crucial 
to ensure the application of the best therapeutic and preventative 
measures [19,20]. 


Hair. Scalp desquamation is a common issue in all types of 
ichthyosis. It ranges from fine scaling, such as in IV and XLI, 
to adherent scales and thick crusts in severe types. Although 
early treatment of scalp desquamation is believed to help prevent 
cicatricial alopecia, no solid evidence exists supporting this theory. 
Mechanical removal of the scales with brushes and combs is advised 
to avoid excessive thickening of the scales and potential microbial 
superinfection. In general, lotions, solutions and shampoos are 
more cosmetically acceptable than greasy products; however, in 
some instances oil-in-water creams may be needed to remove thick 
adherent scales, with or without occlusion. Keratolytics may also be 
useful but attention must be paid to increased absorption through 
the scalp. Brushing and scalp care must be particularly careful 
in ichthyosis with brittle hair such as Netherton syndrome and 
trichothiodystrophy [21]. 


Pruritus. Itch is a major concern in patients with ichthyosis and 
has a significant impact on daily life, being present in up to 93% 
of all patients [22]. Patients with Netherton syndrome are the most 
severely affected, while those with XLI had a lower itch profile. 
Weather changes, hot environment and stressful situations seem 
to worsen itch. The most significant consequences of itching were 
lesions from scratching, difficulties in falling asleep, bad mood 
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and loss of concentration. Regular topical skincare, such as wet 
wrappings with emollients, helps to reduce itch. Antihistamines 
and antidepressants are of little value in improving pruritus. 


Hypohydrosis and lifestyle recommendations. Sweating impair- 
ment is a major problem in congenital ichthyoses, in particular 
in the summer time [23], even in patients with a mild phenotype 
such as SICI. Patients are at risk of overheating, heat exhaustion 
and heat stroke. Physical activity must be limited, particularly in 
warm and humid weather, and natural fibre clothing is preferred 
over synthetic fabrics. Children should stay in a fresh environ- 
ment with air conditioning, fans or other cooling devices. Sun 
exposure has pros and cons; although it improves some types of 
ichthyosis (IV and XLI) and may prevent rickets, it may worsen 
heat intolerance and sun protection may be difficult. Interestingly, 
oral retinoid treatment can normalise sweat gland function and 
markedly improve the quality of life in ARCI patients [23]. 


Musculoskeletal system. In many cases, in particular in infants 
and small children, physiotherapy is of enormous value (e.g. to 
treat flexural contractions). 


Nutritional issues and growth. Impairment of the epidermal bar- 
rier and increased transepidermal water loss have been proven to 
play a central role in congenital ichthyosis-associated growth fail- 
ure [24]. Additionally, increased epidermal turnover, chronic skin 
inflammation and cutaneous protein losses, especially in congenital 
ichthyosis patients with erythroderma, contribute to increased 
resting energy expenditure [25]. A recent prospective observational 
study of 50 children with ichthyosis emphasised the risk of under- 
nutrition in this age group, particularly in the most severely affected 
patients and in the youngest ones [26]. Micronutrient deficiencies 
were found in 60% of patients, including deficiencies of selenium 
(34%), iron (28%), vitamin D (22%) and zinc (4%). Vitamin D defi- 
ciency has been reported in up to 41% of children with congenital 
ichthyosis [27], particularly in those with darker phenotypes and 
suffering from ARCI or KPI Scale thickness, low sun exposure and 
low vitamin D intake have been the advocated causes. In one French 
study [28], ichthyosis severity, dark skin and winter/spring seasons 
were identified as independent risk factors for vitamin D deficiency 
[29]. Also, the possible causative effect of SR in vitamin D-deficiency 
rickets has been pointed out [30]. Recently, dramatic improvement 
of congenital ichthyosis with vitamin D supplements has been 
reported [31], supporting the role of vitamin D as a regulator of 
genes involved in epidermal differentiation [32]. Consequently, 
regular monitoring for clinical, biochemical, hormonal and nutri- 
tional parameters is strongly recommended to provide adequate 
vitamin D and micronutrient supplementation according to the 
degree of deficiency. Special attention should also be paid to signs 
of delayed puberty in older school children and adolescents. 


Superinfections. Epidermal barrier disturbance significantly mod- 
ifies the cutaneous microbiome and promotes bacterial and fungal 
colonisation. These changes are illustrated for many forms of 
congenital ichthyoses, in which patients develop a characteristic 
and sometimes unpleasant smell. The exact frequency and type 
of cutaneous infections are unknown, but some ichthyoses such 


as forms of ARCI or KID syndrome seem to be associated with a 
higher incidence of dermatophytosis [33,34] (Trichophyton rubrum 
infection may even mimic EI if patients have not been seen before; 
authors’ own experience). KPI, KID syndrome, peeling skin disease 
and Netherton syndrome can be complicated by bacterial superin- 
fections, often caused by Staphylococcus aureus [35,36]. A thorough 
periodic physical examination for signs of infections is needed at 
regular intervals. Microbiological samplings should be performed if 
an infection is suspected. Clinically obvious skin infections require 
specific therapy with topical or systemic agents [37]. 


Psychosocial aspects. Congenital ichthyoses are characterised 
by visible clinical signs and distressing symptoms such as pru- 
ritus, pain or heat intolerance that can disturb patients’ personal 
well-being and social relationships. In addition, the topical treat- 
ment is time consuming and expensive and interferes in daily life 
and budgets. It has been shown not only that congenital ichthyoses 
impact negatively the quality of life of both the patient and their 
relatives [38], but that the economic impact of the disease is con- 
siderable when there is no reimbursement possibility [39]. It is not 
clear when the ideal moment is to offer specialised psychological 
support. New parents can be devastated in the early stages but may 
need some time to adapt before seeking psychological support. 
Children may need help to cope with bullying issues, particularly 
when transitioning to adolescence. Dermatologists in charge of the 
patients must address this issue and direct patients and caregivers 
to receive psychological support when needed. 


Patient organisations and other resources 

Patient organisations for ichthyoses are non-profit organisations 
that inform, educate and support patients and their families, often in 
collaboration with health professionals (Table 63.8). They organise 
meetings where members can meet others in the same situation and 
share experiences, uncertainties and advice. Considering the disease 
severity in ichthyoses, membership in a patient organisation can be 
extremely helpful for the patients and their families and should be 
recommended. There are active patient associations in many Euro- 
pean countries. At the European level these national self-support 
groups have formed the European Network for Ichthyosis (ENI; 
www.ichthyose.eu). In the USA, the Foundation for Ichthyosis and 
Related Skin Types (FIRST) has been active since 1981 and has the 
aims of educating, inspiring and connecting all those touched by 
ichthyosis and related disorders. Sources for general information on 
the disease are, for example, the homepage of the German network 
for ichthyoses, NIRK (www.netzwerk-ichthyose.de), or the net- 
work of FIRST (www. firstskinfoundation.org). Genetic analysis can 
be done in expert centres throughout Europe; detailed information 
is provided at www.orpha.net. Finally, social media such as Face- 
book, Twitter and Instagram allow an easy and quick connection of 
worldwide patients, caregivers and all interested individuals in the 
field. 


ACQUIRED ICHTHYOSES 


Acquired or late-onset ichthyosis presents with features similar to 
IV and must be distinguished from xerosis, eczema, IV, XLI and RD, 
in which scaling develops in early adult life [1]. 


Table 63.8 Resources and further information. 


Websites 


Patient organisations for ichthyosis 


Austria www.selbsthilfe-tirol.at 
Belgium https://ichthyosis.be/nl 
Denmark www. iktyosis.dk 
Finland www. iholiitto.fi 

France https://ichtyose.fr 
Germany www.ichthyose.de 
Italy www. ittiosi.it 

Spain www. ictiosis.org 
Sweden https://iktyos.se 
Switzerland www.ichthyose.ch 

UK www.ichthyosis.org.uk 
USA www.firstskinfoundation.org 


Other databases and internet links 

Website hosted at National www.genetests.org 
Center for Biotechnology 
Information (NCBI) 

Orphanet (portal for rare 
diseases and orphan drugs) 

Human Intermediate Filament 
Database 

German guidelines for 
ichthyoses 


www.orpha.net 
www. interfil.org 


https://www.awmf.org 


All websites in table and accompanying text last accessed June 2022. 


Pathophysiology 

Differential diagnoses of the underlying cause include malignancies 
and autoimmune, nutritional, metabolic, infectious and neurologi- 
cal diseases as well as medications [2]. 


Clinical features 

Scaling is usually not associated with inflammation and ranges 
from pityriasiform to lamellar; it might be more obvious on the 
extensor aspects of the limbs. 


Malignancies. Increased expression of transforming growth factor « 
(TGF-a) or epidermal growth factor receptors (EGFRs) medi- 
ated by a tumour may cause hyperproliferative paraneoplastic 
cutaneous conditions. The most common ichthyosis-associated 
malignancy is Hodgkin disease, and the skin changes may occur 
simultaneously, postdate or rarely precede the diagnosis [3-5]. The 
fine scaling affects the trunk and limbs, usually spares the flexures 
and histologically resembles IV with orthohyperkeratosis and a 
reduced or absent granular layer. It clears with effective anticancer 
treatment and can be an early marker of subsequent recurrence. 
It may be associated with pruritus, an independent symptom 
of lymphoma. Reduced dermal lipogenesis, measured by radio- 
labelled carbon uptake, paralleled the severity of the ichthyosis and 
contrasted with results in IV in one study [6]. 

Acquired ichthyosis has also been reported in association with 
non-Hodgkin lymphoma _ [5,7,8], cutaneous T-cell lymphoma 
(Figure 63.37a) [8,9], lymphomatoid papulosis [10,11], multiple 
myeloma [12], breast, lung, cervix, renal cell or liver carcinoma 
[13,14], leiomyosarcoma [15], rhabdomyosarcoma [16] and Kaposi 
sarcoma [17]. It has been the presenting sign of myelodysplasia [18], 


has followed on from bone marrow transplant [19] or has occurred 
with graft-versus-host disease [20]. 


Metabolic and distinct internal diseases. Disturbances of lipid 
and vitamin absorption may cause those ichthyoses that develop 
with chronic metabolic derangement such as malnutrition or 
malabsorption (including coeliac disease and Crohn disease) [1,2], 
essential fatty deficiency [21] and Shwachman syndrome (pancreatic 
insufficiency) [22]. Ichthyosis may be a presenting feature of inborn 
errors of metabolism, such as methylmalonic acidaemia [23] and 
holocarboxylase and biotinidase deficiencies [24]. It may compli- 
cate renal failure with or without secondary hyperparathyroidism 
[25], primary hyperparathyroidism [26], autoimmune thyroiditis 
[27] and diabetes, where it affects the shins [28]. Ichthyosis may 
rarely occur with connective tissue diseases such as systemic lupus 
erythematosus [29], sarcoidosis (Figure 63.37b) [34], dermatomyosi- 
tis without associated malignancy [30], systemic sclerosis/lupus 
overlap [31], so-called Haber syndrome [32] and eosinophilic 
fasciitis [33]. 


Infections. Ichthyosis has been noted in patients with leprosy 
[35], HIV infection with or without malignancies [2,36,37] and 
human T-cell lymphotropic virus type 1 (HTLV-1)-associated 
myelopathy [38]. 


Drugs. The cholesterol-lowering drugs, triparanol and nicotinic 
acid, induce ichthyosis in a proportion of patients [39,40]. Triparanol 
also causes poliosis and alopecia. Normal desquamation depends 
on the conversion of cholesterol sulphate (which maintains the 
structure of intercellular lipid lamellae in the subcorneal layers) to 
cholesterol, by cholesterol sulphatase, located on keratinocyte 
cell membranes. This enzyme is unaffected by hypocholes- 
terolaemic agents. Keratinocytes lack low-density lipoprotein 
receptors, which may explain why so few treated patients show 
this complication. Hydroxymethylglutaryl coenzyme A (HMG- 
CoA) reductase inhibitors are also a rare cause of ichthyosis [41]. 
Ichthyosis and variable effects on hair have been attributed to 
certain butyrophenones, the phenothiazine dixyrazine, maprotiline 
[42], cimetidine (an antiandrogen) [43], allopurinol, hydroxyurea 
[44], clofazamine [45] and of course acitretin [46]. 


Pityriasis rotunda — Cl 


Definition 

Pityriasis rotunda describes a rare, persistent, sharply defined, cir- 
cular patch of ichthyosiform scaling with no inflammatory changes. 
This name is preferred to pityriasis circinata, reported by Toyama 
in 1906, and to acquired pseudo-ichthyosis [1,2]. 


Epidemiology 

Pityriasis rotunda is relatively common in the Far East, espe- 
cially Japan, where it accounts for some 0.2% of dermatological 
cases [2]. It has been reported also in South African Bantus [3], in 
an Egyptian [4], in Afro-Caribbeans living in London [5] and an 
African Canadian woman [6]. It has been described in a Mediter- 
ranean woman [7] and in two cohorts from Sardinia [8,9]. Its true 
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Chapter 63: Inherited Disorders of Cornification 


(a) 


Figure 63.37 Acquired ichthyosis. (a) Man with cutaneous T-cell lymphoma. (b) Asian man with multisystem sarcoidosis. (b) Courtesy of Dr M. Judge, Salford Royal NHS Trust, UK. 


incidence and geographical distribution are unknown. It is possible 
that genetic factors are involved and familial occurrence has been 
observed [8-12]. A familial association with IV has also been noted 
[2,9,12]. 


Pathophysiology 

Systemic illnesses, particularly tuberculosis and malnutrition, 
coexist in up to 50% of South African patients [2,3,13]. It may rarely 
be an acquired cutaneous marker of malignancy [14-16]. Pityriasis 
rotunda was observed in 16% of 63 South African black patients 
with hepatocellular carcinoma and nearly 5% of those with tuber- 
culosis in one report [17]. Other reports mention association with 
hepatitis C [18]. However, cases reported from Sardinia had no 
associated systemic disorders and pityriasis rotunda tended to 
occur at a younger age [8,9]. 


Clinical features 

Typical lesions of pityriasis rotunda are circular, sharply defined, 
hyperpigmented patches of dry skin with ichthyosiform scaling, 
usually 2-3 cm in diameter but sometimes much larger, up to 
14 cm (Figure 63.38). Lesion numbers range from 4 to 200. They 
rarely itch, but slowly enlarge and coalesce. A hypopigmented 
halo has been described in some patients, and sometimes the entire 
lesion can be hypopigmented. Onset in childhood carries a bet- 
ter prognosis, with remission seen in later childhood in almost 
50% [8,9]. Lesions are commonly situated on the buttocks, thighs, 
abdomen, back or upper arms, and may be solitary or multiple. 
They most often develop between the ages of 20 and 45 years (2 and 
76 years are the reported extremes) and may remain unchanged 
throughout life. 


Investigations 

The age of onset, distribution, strikingly circular outline and absence 
of pruritus and inflammatory change should suggest the diagno- 
sis. The histological changes resemble those of IV, with compact 
orthohyperkeratosis and a reduced granular layer. There may be 
loss of the epidermal ridge pattern, pigmentary incontinence and 
mild perivascular lymphocytic infiltrate. Immunohistochemical 


Figure 63.38 Pityriasis rotunda. Courtesy of Dr M. Judge, Salford Royal NHS Trust, UK. 


studies have shown a marked reduction in loricrin and filag- 
grin expression in lesional skin [18], the latter caused by loss of 
the profilaggrin N-terminal domain [19]. Electron microscopy in 
one case revealed epidermal lipid vacuoles and other changes 


[8]. 


Management 

Investigations for an underlying cause may be indicated. In 
pre-lymphomatous eruptions the lesions show atrophy and telang- 
iectasia. Dermatophytosis and pityriasis versicolor can be excluded 
based on negative mycological studies (microscopy and culture). 
Emollients, urea compounds and topical keratolytics may help. 
Topical tretinoin cream or systemic retinoids in more extensive 
disease can be useful to some extent but topical steroid and anti- 
fungal agents are not. Where malnutrition, infection or malignancy 
is the underlying cause, appropriate therapy should clear the 
lesions. 


PALMOPLANTAR KERAIT 


Definition and diagnostic approach 

Palmoplantar keratodermas form a heterogeneous group of 
hereditary or acquired disorders defined by excessive epidermal 
thickening of the palms and soles (see Tables 63.9, 63.11, 63.13, 63.14 
and 63.15 below) [1,2]. This clinical finding is observed as an iso- 
lated symptom and non-syndromic entity, but can also be part 
of a more complex (syndromic) phenotype, for instance in PPK 
with cardiomyopathy. Of note, many generalised MeDOC forms 
manifest with PPK [3], for example palmoplantar hyperkeratosis 
in ARCI is a ‘key feature’ of ichthysosis due to NIPAL4 muta- 
tions [4,5]. This section focuses on inherited ‘classic PPKs’ that 
are characterised by prominent or predominant palmoplantar 
involvement. A number of classifications of keratodermas have 
been published [1,2,6-11], but none unites satisfactorily the clinical 
presentation, pathology and molecular pathogenesis. However, 
syndromic and non-syndromic hereditary forms may be dis- 
tinguished (Table 63.9) and differentiated from acquired PPKs. 
Finally, there are various other monogenetic diseases that may 
have a palmoplantar phenotype with features of hyperkeratosis 
(Table 63.10). 


Clinical features 

The ‘clinical pattern’ is sometimes helpful. Diffuse, focal/areate, 
striate or punctate patterns can be distinguished, but there 
are no absolute boundaries between these groupings. In dif- 
fuse keratodermas, the whole of the palmar or plantar epider- 
mis, usually including the centripalmar skin and the instep, 
is uniformly thickened. In focal, areate or nummular kerato- 
dermas, the areas of palmoplantar skin under most pressure 
are disproportionately thickened. Striate keratoderma overlaps 
clinically with focal keratoderma, but the lesions are conspic- 
uously longitudinal, particularly on the fingers, where ker- 
atoderma overlies the flexor tendons. Punctate, papular or 
disseminated keratoderma consists of multiple scattered dis- 
crete round lesions. Transgredient keratoderma extends beyond 
palmoplantar skin, contiguously or as callosities on pressure points 
on the fingers or knuckles, or elsewhere. Confluent hyperkerato- 
sis may extend around whole digits. Cicatrising keratodermas 
(‘mutilating’) are those in which constricting bands appear 
around the digits. Such pseudo-ainhum is found in many severe 
transgredient keratodermas, and is not diagnostic of any one 
syndrome. 


General diagnostic aspects and morphology 

Associated hyperhidrosis or fungal infections are common clinical 
symptoms, as many keratodermas, particularly on the feet, are 
spongy and malodorous. Water retention by abnormally keratotic 
and porous stratum corneum contributes to maceration and micro- 
bial overgrowth. Sometimes minor extrapalmoplantar signs such as 
insulated hyperkeratosis can be found. Therefore, the overall integu- 
ment including mucous membranes, nails, hair, ability to sweat, 
etc. needs to be examined. Diagnosis of suspected extracutaneous 
symptoms may require a multidisciplinary approach, and a thor- 
ough family history is mandatory. Skin biopsy for histology and/or 
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Table 63.9 Palmoplantar keratodermas (PPKs). 


Mode of 
Disease inheritance Genes 
Non-syndromic forms 
Epidermolytic palmoplantar keratoderma AD KRT9 
(EPPK) 
Pachyonychia congenita (PC): 
PC6a AD KRT6A 
PC16 AD KRT16 
PC6b AD KRT6B 
PC17 AD KRT17 
PC6c AD KRT6c 
Non-epidermolytic palmoplantar keratoderma (NEPPK): 
Mal de Meleda AR SLURP1 
Type Gamborg-Nielson AR SLURP? (variant) 
Type Nagashima AR SERPINB7 
Autosomal recessive AR SERPINA12 
Type Bothnia AD AQP5 
Type Kimonis AD KRT1 (V1 domain) 
Loricrin keratoderma (LK) AD LOR 
Striate (and focal) palmoplantar keratoderma (SPPK): 
SPPK1 AD DSG1 
SPPK2 AD DSP 
SPPK3 AD KRT1 (V2 domain) U 
Punctate palmoplantar keratoderma (PPPK) AD AAGAB, COL14A1 p= 
Spiny keratoderma (SK) AD? Unknown 7 7) 
Marginal papular keratoderma (MPK): 2a ff 
Acrokeratoelastoidosis (AKE) AD? Unknown Q 
Focal acral hyperkeratosis (FAH) AD? Unknown ~] [a 
Cole disease (CD) AD/AR ENPP1 o (e) 
Transient aquagenic keratoderma (TAK) AD/AR? Unknown i Ww 
<a 
Syndromic forms P= 
Palmoplantar keratoderma and cardiomyopathy: a. 
Naxos syndrome AR (or AD) JUP. 
Carvajal-Huerta syndrome AR (or AD) DSP. 
Palmoplantar keratoderma and hearing impairment: 
Vohwinkel syndrome AD GJB2 
Bart-Pumphrey syndrome AD GJB2 
Keratitis-ichthyosis—deafness (KID) AD GJB2 
Other G/JB2-associated diseases AD/AR GJB2 (see Table 63.5), 
Mitochondrial PPK with hearing Maternal MT-TS1 
impairment 
Palmoplantar keratoderma and cancer: 
Huriez syndrome (HS) AD SMARCAD1 
Tylosis with oesophageal cancer (TOC) AD RHBDF2 
PPK, sex reversal and cancer AR RSPO1 
Palmoplantar keratoderma in ectodermal dysplasia and related diseases: 
Clouston syndrome AR GJB6 
Schdpf-Schulz-Passarge syndrome AR WNT10A 
Papillon—Léfévre syndrome AR CTSC 
Haim—Munk syndrome AR CTSC 
Olmsted syndrome (OLS) AD TRPV3 
XR MBTPS2 


Palmoplantar keratoderma and ophthalmic manifestations: 
Oculocutaneous tyrosinaemia AR TAT 


Palmoplantar keratoderma and neurological manifestations: 
See neuro-ichthyotic syndromes (CEDNIK, SLS, NLSDI, TTD) 


AD, autosomal dominant; AR, autosomal recessive; CEDNIK, cerebral 
dysgenesis—neuropathy—ichthyosis—palmoplantar keratoderma; NLSDI, neutral lipid 
storage disease with ichthyosis; SLS, Sj6gren—Larsson syndrome; TTD, 
trichothiodystrophy; XR, X-linked recessive. 
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Table 63.10 Other inherited diseases with a palmoplantar phenotype. 


Chapter 63: Inherited Disorders of Cornification 


Disease Genes Cross-reference 
Ichthyoses:? 

ARCI (NIPAL4, TGM7, CERS3, See Table 63. 

ALOXB12) 

El See Table 63. 

SE See Table 63. 

CRIE See Table 63. 

EKV See Table 63. 

LK See Table 63. 

KLICK See Table 63. 

EX! See Table 63. 

FAP See Table 63.2 

SA See Table 63.2 

CEDNIK See Table 63.2 

SLS See Table 63.2 

KID See Table 63.2 

NLSD with ichthyosis See Table 63.2 

TTD See Table 63.2 
Naegeli-Franchescetti-Jadassohn KRT14 Chapter 68 

syndrome 
Epidermolysis bullosa simplex KRT5, KRT14 Chapter 69 
Kindler syndrome KIND1 Chapter 69 
Hypohidrotic ectodermal dysplasia EDA Chapter 65 
Autosomal recessive ectodermal GRHL2 Chapter 65 

dysplasia 
Ectodermal dysplasia-skin fragility PKP1 Chapter 65 

syndrome 
Dyskeratosis congenita DKC1, TERC, TERT, TINF2, Chapter 68 

NOLA2, NOLA3, 
TCAB1, RTEL 

Darier disease ATP2A2 Chapter 64 
Pityriasis rubra pilaris CARD 14 Chapter 36 
Rapp-Hodgkin syndrome TP63 Chapter 65 
Hay—Wells syndrome TP63 Chapter 65 
Acro-dermato-ungual-lacrimal- TP63 Chapter 65 

tooth (ADULT) syndrome 
Cowden syndrome PTEN Chapter 78 
Hypertrophic osteoarthropathy/ HPGD, SLCO2A1 Chapter 70 


pachydermoperiostosis 


4 See Tables 63.1 and 63.2 for abbreviations. 


ultrastructure still plays a critical role in the diagnosis of ker- 
atodermas as it can provide essential clues for further genetic 
analyses [11], for instance distinguishing between epidermolytic 
and non-epidermolytic hyperkeratosis or demonstrating signs of 
disadhesion. 


NON-SYNDROMIC PALMOPLANTAR 
KERATODERMAS 


Epidermolytic palmo 
keratoderma 


Definition and nomenclature 

Palmoplantar keratoderma is associated with epidermolytic 
changes on histology and is due to mutations localised to a hotspot 
region of KRT9 or infrequently to specific domains of KRT1. Voerner 


described diffuse PPK with autosomal dominant inheritance, clini- 
cally indistinguishable from that described by Thost and Unna but 
with histological features of EHK in affected palms and soles [1]. 
Thost’s original family in fact was apparently also affected with 
epidermolytic palmoplantar keratoderma (EPPK). 


eratosis and palmoplantaris diffusa 


Epidemiology 

Epidermolytic palmoplantar keratoderma is probably the most com- 
mon form of diffuse keratoderma [2,3]. A prevalence of 4.4/100 000 
was found in Northern Ireland [4]. 


Pathophysiology 

Epidermolytic palmoplantar keratoderma was initially found to 
map to the type 1 keratin gene cluster on chromosome 17 and was 
subsequently shown to result from rare mutations in KRT1 and 
more common mutations in KRT9 [5-8], which is preferentially 
expressed in palmoplantar skin [9,10]. The disruption of intermedi- 
ate filament integrity due to these mutations is predicted to reduce 
the resilience of the cytoskeleton to minor external trauma, leading 
to blistering and hyperkeratosis as well as epidermolysis with 
tonofilament clumping. Most mutations identified to date affect the 
helix initiation peptide, but a 3 bp insertion in the helix termina- 
tion motif has also been identified [11]. Infrequently, keratin 1 is 
involved: KRT1 gene mutations affecting the 2B domain, in the helix 
termination peptide, and splice site mutations have been described 
[12-15]. EPPK with unusual ‘tonotubular’ filaments on electron 
microscopy [16] is due to mutations altering the 1B rod domain of 
keratin 1 [17,18]. 


Clinical features [1,19] 

Diffuse keratoderma develops in infancy. In adults, there is con- 
fluent keratoderma (Figure 63.39), sparing the dorsal surfaces, 
with a sharp demarcation and red edge (Figure 63.40). Blistering 
is not a major feature, but a history of blisters or fissuring of the 
palms may hint at reduced structural strength. The hair, teeth and 
nails are normal, but knuckle pads [20] and nail changes were 
found in several patients [1], many of whom have KRT9 mutations. 
Disabling pain especially on the palms might indicate the subtype 
of ‘tonotubular’ PPK [18]. Moreover, limited transgredient lesions 
(e.g. at the dorsum of the Achilles tendon, often referred to as 
Greither keratoderma) may indicate an EPPK form associated with 
KRT1 mutations. Clinically, pure EPPK can be distinguished from 
epidermolytic ichthyoses which often involve the palms, soles and 
flexural areas [12]. 


Investigations 

Histologically, EPPK shows epidermolytic change in suprabasal 
keratinocytes. Round or ovoid eosinophilic inclusions may be 
detected [21], with large tonofilament aggregates visible on electron 


Figure 63.39 Epidermolytic palmoplantar keratoderma caused by a mutation in KRT9 
encoding keratin 9. 


Figure 63.40 Voerner-Unna-Thost keratoderma: even yellow hyperkeratosis of the sole 
with red border. 


microscopy [22,23]. Moreover, the ultrastructure may reveal the 
peculiar finding of whorls of keratins containing tubular structures 
observed in transverse and longitudinal sections (‘tonotubules’) 
[16-18]. It may be advisable to take biopsies from different pal- 
moplantar sites because focal EHK may escape diagnosis in mild 
forms [15]. 


Management 

The mainstay is mechanical debridement, followed by mild ker- 
atolytic relubrication to help avoid fissures. Oral retinoids can be 
tried at a low dose, but excessive peeling may be a problem [24]. 
Topical calcipotriol has reportedly been helpful [25]. 


Pachyonychia congenita — (FR 


Definition and nomenclature 
Pachyonychia congenita (PC) is a group of autosomal dominant 
keratinisation disorders caused by a mutation in one of five keratin 


genes KRT6A, KRT16, KRT6B, KRT6C or KRT17. The variable clinical 
findings affect a number of ectodermal structures, including the 
nail bed, oral mucosae, palmoplantar skin, teeth and pilosebaceous 
unit [1-3]. 


Epidemiology 

Hypertrophic nail dystrophy gave rise to the name of PC [4]; how- 
ever, the most problematic manifestation of the disease is focal 
plantar keratoderma with severe and often profoundly incapac- 
itating pain [1]. Historically, PC has been classified under two 
major categories: PC type 1 (Jadassohn—Lewandowsky) and PC 
type 2 (Jackson—Lawler) [5-10], caused by mutations in genes 
encoding two pairs of dimerising keratins, KRT6A/KRT16 and 
KRT6B/KRT17, respectively. PC type 1 was thought to be associated 
with PPK and oral leukokeratosis while PC type 2 was thought to 
be associated with pilosebaceous cysts and neonatal teeth [11]. A 
large-scale genotype/phenotype analysis of hundreds of patients 
did not confirm these associations [1,12,13], which led to a novel 
classification system that specifically relies on the causative ker- 
atin mutation, for example PC-6a, PC-6b, PC-6c, PC-16 and PC-17 
[11,14-17]. Extensive clinicogenetic information on the diseases is 
provided by the International PC Consortium (IPCC). 


Pathophysiology 

Similar to several other keratin disorders, the majority of causative 
mutations in PC-related keratins are heterozygous missense 
mutations or small insertions/deletion mutations that disrupt 
cytoskeletal function via dominant negative interference leading 
to cell fragility [14]. The variable distribution of lesions in PC cor- 
responds to different expression patterns of the mutant keratins 
[11,15-17]. For example, mutations in the prominent nail keratin 
K6a additionally affect oral mucosae [18]. In contrast, K17 is consti- 
tutively expressed in the pilosebaceous unit with lesser expression 
in palmoplantar skin and mucosae [18-20]. 


Clinical features [1,3,14] 

A comprehensive analysis of clinical symptoms has been pub- 
lished [13]. Three clinical features are reported in more than 90% 
of patients across all mutation subtypes: toenail dystrophy, plantar 
keratoderma and plantar pain which in patients older than 3 years are 
highly diagnostic for PC (Figure 63.41). 

Thickened toenails, that is hyperkeratosis of the nail bed, appear 
within the first to ninth years of life. KRT6A mutation carriers show 
an early age of onset. Of note, in many cases not all 20 nails are 
involved. 

Plantar keratoderma variably manifest as calluses, fissures and 
thickened skin. Thick yellow keratoses are found on sites of pres- 
sure. Frictional blisters may occur, especially in hot weather in 
childhood. Plantar pain is a very common symptom of PC and has 
an important impact on the quality of life. Around a quarter of 
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(b) 


Figure 63.41 Pachyonychia congenita: (a) focal keratoderma on mechanically stressed 
areas; and (b) a typical wedge-shaped nail. 


patients with PC regularly require analgesic medication and many 
are confined to wheelchairs. The source of this exceptional pain 
is still a matter of debate but may be related to the conspicuous 
presence of blisters underneath the plantar calluses [21]. 

Additional diagnostic findings include follicular hyperkeratoses 
on the knees and elbows, oral leukokeratosis, palmoplantar hyper- 
hydrosis, cysts and natal teeth [22-26]. Patchy, white, thickened 
areas are seen on the tongue and oral mucosa. Severe oral lesions 
resemble candidiasis [27]. Laryngeal involvement may produce 
hoarseness and in infancy even fatal respiratory obstruction [28]. 
Some individuals — particularly if carrying KRT17 mutations — 
develop cysts in the form of steatocystomas and/or pilosebaceous 
cysts. The phenomenon of erupted teeth present at birth has pri- 
marily been reported in KRT17 mutation carriers [13,29]. Axillary 
cysts may mimic hidradenitis suppurativa [30]. 

A recent analysis of 815 individuals with PC registered with 
the International PC Research Registry (IPCRR) revealed further 
genotype—phenotype correlations and predictive genetic variants. 
Distinct KRT16 mutations were associated with a milder phenotype 


whereas an increased number of involved fingernails was found ina 
KRT17 mutation [31]. Mutations in K6c seem to be more associated 
with a mild focal keratoderma when compared with any other type 
of PC [32]. 


Investigations 

Tonofilament aggregates seen on electron microscopy demonstrate 
the intermediate filament disorder [14,22]. On histology, the pal- 
moplantar epidermis shows gross hyperkeratosis with alternating 
ortho- and parakeratosis. Acanthosis is present with patchy hyper- 
granulosis, in which large and malformed keratohyalin granules 
are present, but there is no gross epidermolysis [33,34]. Cysts may 
be keratinous epidermoid cysts, eruptive vellus hair cysts or true 
steatocysts. 

Mutational analysis of the keratin genes may be provided by the 
IPCC. Molecular differential diagnosis includes the frizzled 6 gene 
(FZD6), which is associated with autosomal recessive twenty nail 
dystrophy [35]. Heterozygous missense mutations in the connexin 
30 gene, normally associated with Clouston syndrome, have been 
identified in a number of families with pachyonychia-like nail 
changes and no other phenotype [36]. 


Management 

Mechanical reduction of hyperkeratosis and of nails, by filing, 
cutting, grinding and soaking supported by medical professional 
treatment, produces symptomatic benefit; attention to footwear 
and orthotics may reduce blistering and callosities. The treatment 
for patients with cysts is surgical removal/incision and drainage. 
Emollients and keratolytics may only help in milder cases of kera- 
toderma [37,38]. Systemic retinoid treatment is often unsatisfactory 
due to increased tenderness [37,39]. The treatment of hyperhidrosis 
may reduce blistering [40]. Botulinum toxin injection has been 
found to be remarkably effective at restoring functionality as well 
as attenuating pain [41,42]. Because of a dependence of the consti- 
tutive KRT6A promoter activity on STAT, statins are effective in 
the treatment of PC. They can thus reduce the expression of distinct 
keratin genes (KRT6A and KRT17). A successful treatment with 
rosuvastatin has been described, however topical treatment with 
statins was not effective [43]. 


Resources 

International PC Consortium (IPCC): www.pachyonychia.org (last 
accessed June 2022). (Patients or clinicians may contact the IPCC 
via email or register online. Detailed information on disease expres- 
sion (including photographs for each type of PC), diagnostics and 
updates on clinical studies are provided.) 


Painful hereditary c 


The term painful hereditary callosities most probably encompasses 
many different aetiological entities. In fact, plantar callosities of 
sufficient size are inevitably painful. Reported cases with blisters 
and tonofilament clumping are likely to correspond to an epider- 
molytic or keratinopathic disorder [1-4]. ‘Painful callosity’ is a 
clinical feature seen in PC; a novel minor variant has been described 


Table 63.11 Isolated non-epidermolytic palmoplantar keratoderma (NEPPK). 


Features Mal de Meleda? NEPPK type Nagashima AR PPK NEPPK type Bothnia NEPPK type Kimonis ‘Greither keratoderma’® 

Synonyms Keratosis Keratosis - Non-epidermolytic Non-epidermolytic Keratosis extremitatum 
palmoplantaris palmoplantaris palmoplantar tylosis keratinopathic PPK hereditaria progrediens 
transgrediens of Nagashima 
Siemens 

MIM number 248300 603357 - 600231 600962 144200 

Inheritance AR AR AR AD AD AD 

Gene SLURP1 SERPINB7 SERPINA12 AQP5 KRT1 (V1 domain) E.g. KRT1 and others 


Age of onset 


Palmoplantar key 
features 


Other clinical 
findings 


Histology and 
ultrastructure 


Remarks 


* Keratoderma of Gamborg-Nielsen (MIM: 244850) represents a clinical variant of mal de Meleda. 


Before 2 years, mainly 
under 20 years 


At birth or in early 
infancy, mild and 
non-progressive 


Transgredient massive Well-demarcated 


PPK, malodorous 
maceration, 
functional 
handicap with 
reduced mobility of 
hands and feet, 
nail involvement, 
asymmetrical 
presentations, 
hyperhidrosis, 
dermatophyte 
superinfection 
Perioral redness, 
insulated keratotic 
skin lesions 
particularly over 
the joints, 
amputation of 
digits possible 


Orthohyperkeratosis 
and papillomatosis, 
acanthosis without 
cytolysis, 
dermatophyte 
infections 

1/100 000 in general 
population 


reddish and diffuse 
palmoplantar 
hyperkeratosis 
extending to the 
dorsal surfaces of 
the hands, feet, 
inner wrists and 
ankles, water 
sensitivity, 
hyperhidrosis 


Achilles tendon, 
ankles, elbows and 
knees can be 
involved 


Orthohyperkeratosis, 
acanthosis without 
cytolysis 


High frequency in 
Japan and China 
(1.2-3.1/10 000) 


5 Greither keratoderma is not considered a clearly defined entity. 
© Histology may show the presence of spongiosis, vesiculation and neutrophils. 
AD, autosomal dominant; AR, autosomal recessive; PPK, palmoplantar keratoderma. 


Early infancy 


Well-demarcated 
palmoplantar 
yellowish diffuse 
hyperkeratosis 


Extending to the 
Achilles tendon 
and associated 
with slight peeling 
of skin 


Hyperorthokeratosis, 
acanthosis and 
widening of 
intercellular spaces 
in one individual 


Worsens with 
exposure to water 


During childhood 


Diffuse hyperkeratosis with 
yellowish tint over the 
whole of the palms and 
soles, sometimes 
transgredient, white 
spongy appearance upon 
exposure to water, distinct 
margin between affected 
and normal skin, 
sometimes with papular 
border, hyperhidrosis, 
superinfection 


Orthohyperkeratosis without 
cytolysis, dermatophyte 
infections 


Improvement after oral 
erythromycin 


At birth or in early 
infancy 


Diffuse palmoplantar 
hyperkeratosis, 
discrete papules on 
the dorsa of 
fingers, 
hyperkeratotic 
pads over 
knuckles, red halo 
separating 
hyperkeratotic 
from healthy skin, 
superinfection 


Extending to skin over 
the Achilles 
tendon, 
hyperkeratosis of 
the umbilicus and 
nipple areolae, very 
mild keratosis and 
dryness of the 
knees and elbows 

Orthohyperkeratosis 
without cytolysis 


Similar to Unna—Thost 
keratoderma 


After 2 years, may 
disappear in later life 


Transgredient and 
progressive PPK, 
hyperkeratosis on 
ventral aspect of 
wrists, papules on the 
dorsa of fingers and 
knuckle pads, red 
border separating 
hyperkeratotic from 
healthy skin, 
hyperhidrosis 


Extending to skin over the 
Achilles tendon, 
flexural areas, elbows 
and knees, amputation 
of digits or blistering 
described 


Unspecific and ill defined, 
keratin intermediate 
filament aberrations 
possible 


If woolly hair is present 
exclude 
Carvajal-Huerta 
syndrome 


(PC-6c) [5]. Painful keratoderma may also refer to desmosomal 
diseases [6], to oculocutaneous tyrosinaemia (type II) [7] or may be 
associated with othopaedic diseases such as hallux valgus [8]. 


Non-epidermolytic paln 
keratoderma 


Definition 
Non-epidermolytic palmoplantar keratoderma (NEPPK) refers 
to a heterogeneous group of non-syndromic forms of diffuse 


keratoderma that histologically do not show cytolysis in the upper 
spinous or granular layers (Table 63.11). 

Historically, the eponym Thost-Unna keratoderma referred to 
NEPPK characterised by diffuse, thick, yellow hyperkeratosis 
[1,2]. Meanwhile, the original Thost family was found to have 
EPPK [3]. Considering mal de Meleda (MDM) as an important 
differential diagnosis, at least three different NEPPK entities can be 
distinguished: the Bothnia type [4-6], the Kimonis type [7] and the 
Nagashima type [8,9]. Greither described an autosomal dominant 
PPK with gradual onset and a tendency to improve in the fifth 
decade [10]. This eponym now lacks a clear definition [11,12] and it 
is likely to be genetically heterogeneous [13,14], either belonging to 
the EPPK group or overlapping with erythrokeratoderma [15]. 
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Pathophysiology 

Studies of a family from Bothnia in northern Sweden and three 
English pedigrees showed linkage centromeric to the type 2 ker- 
atin gene cluster on chromosome 12 [16-18]. Using linkage data 
and exome sequencing it has now been shown that this form of 
NEPPK is caused by dominant missense mutations in the AQP5 
gene [19], encoding aquaporin 5 (AQP5). Aquaporins are a family 
of cell membrane proteins that allow the osmotic movement of 
water across the cell membrane. AQP5 is localised to the plasma 
membrane of the keratinocytes of the stratum granulosum. The 
causative mutations exert a gain-of-function effect leading to 
increased keratinocyte water uptake rather than transepidermal 
water loss [19]. Another autosomal dominant NEPPK entity has 
been described by Kimonis et al., found in one family to be due 
to a mutation occurring in a highly conserved lysine residue in 
the V1 domain of keratin 1 [7]. In contrast, the Nagashima PPK 
is an autosomal recessive disorder almost exclusively observed in 
Asia and caused by nonsense mutations in the SERPINB7 gene. 
SERPINB7 codes for a serine protease inhibitor, whose target pro- 
tease in the skin still needs to be identified [20]. More recently, a 
novel form of autosomal recessive PPK was found to result from 
loss-of-function mutations in SERPINA12, encoding another serine 
protease inhibitor [21]. Decreased SERPINA12 activity was found 
to result in reduced inhibition of kallikrein 7 activity as well as 
decreased levels of desmoglein 1 and corneodesmosin, two known 
kallikrein 7 substrates, which are required for normal epidermal 
differentiation. 


Clinical features [5,7,8,10,22,23] 

Non-epidermolytic PPK may present in the first few months of 
life and is usually obvious after 2 years of age. An even, variably 
thick, often yellow hyperkeratosis occurs over the whole surface 
of the foot, starting on the heel and anterior arch, spreading later 
to the palms (Figure 63.42). NEPPK can be transgredient and is 
characterised by a well-defined red border. Hyperhidrosis is usual, 
and dermatophyte infections and pitted keratolysis are frequent. 
The nails, hair and teeth are normal. 


Differential diagnosis 
Mal de Meleda as well as EXI and aquagenic PPK are important dif- 
ferential diagnoses. 

Non-epidermolytic keratoderma reported by Sybert ef al. [22] 
resembled mal de Meleda, including autoamputation of the toes, but 
dominant inheritance was suggested. The description of recessive 
non-epidermolytic keratoderma reported by Gamborg-Nielsen [6] 
also sounds similar to mal de Meleda. 


Investigations 

A biopsy serves mainly to exclude epidermolytic keratoderma. 
Because of the variable findings in EHK, detailed light and/or 
electron microscopic studies are useful in most cases of diffuse PPK 
[3]. Otherwise, histological changes are non-specific: orthokeratotic 
hyperkeratosis, hypergranulosis or normogranulosis and moderate 
acanthosis are often seen. Spongiosis due to dermatophyte infection 
may be a source of confusion. Genetic analyses can help to confirm 
the diagnosis. 


Figure 63.42 Girl with a non-epidermolytic palmoplantar keratoderma due to an 
AQP5 mutation, who additionally suffered from Trichophyton rubrum superinfection. 
Courtesy of the Department of Dermatology, University Hospital Munster, Munster, 
Germany. 


Management 

Keratolytic therapy, such as 5-10% salicylic acid in white soft paraf- 
fin, or a gel of 5-6% salicylic acid in 70% propylene glycol, may be 
used. Occlusion with polythene for a few nights enhances the effi- 
cacy of the keratolytics. Low-dose systemic acitretin (0.2-0.5 mg/kg) 
may be tried - especially in patients with functional impairment. 
Importantly, fungal superinfection and bacterial overgrowth should 
be treated. Response to erythromycin has been described in NEPPK 
Bothnia type [23], and topical tacrolimus has been reported to be of 
benefit in NEPPK Nagashima type [24]. 


Mal de Meleda 


Definition and nomenclature 

Mal de Meleda is a rare autosomal recessive transgredient kerato- 
derma named after the Croatian island of Meleda (Mljet) where it 
was first identified [1,2]. The disease has been reported widely in 
the Mediterranean littoral. 


Pathophysiology 

Mal de Meleda is caused by biallelic mutations in SLURP] (secreted 
Ly-6/PLAUR related protein 1) [3-6]. Almost all cases occur in 
consanguineous pedigrees, and families from Croatia (includ- 
ing Meleda), Algeria, Israel and Tunisia share very few ancestral 
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haplotypes, indicating founder mutations [3-8]. Haplotype analysis 
in western European patients with the disease showed a founder 
effect for the W15R mutation [9]. SLURP1 represents an auto- and 
paracrine ligand of the «7 nicotinic acetylcholine receptor (nAChR) 
involved in the fine tuning of physiological cell activation and 
adhesion, for instance by upregulated expression of transglutam- 
inase 1, K10, p21 and caspase 3 [10]. The gene is expressed late in 
epidermal differentiation, in the granular layer, and particularly in 
association with the acrosyringium [3,11]. 


Clinical features [2,12-15] 

Onset is in early childhood, and the development of hyperkeratosis 
is preceded by red skin changes. Patches of waxy, ivory-yellow 
hyperkeratosis extend across the whole surface of the palms and 
soles (Figure 63.43), and on to the dorsal surfaces of the hands 
and feet (‘glove-and-socks’ distribution). Insular lesions of the 
knees and elbows represent a key feature of this PPK. The red- 
dened component often persists in the central palms and soles, 
typically with hyperhidrotic maceration and malodour. Fungal 
superinfection is common (Figure 63.44) [16]. Circumferential 
hyperkeratosis of the fingers may lead to sclerodactyly and digital 
constrictions (pseudo-ainhum) (Box 63.1); nail changes include 
hypercurvature, thickening and koilonychia [14,15]. Angular 
cheilitis and lip involvement are possible [17]. Hyperpigmented 
spots [18], melanoma arising within the affected skin [19,20] and 
Bowen disease of the sole have been reported [21]. Heterozygous 
female carriers may have a mild clinical phenotype [22]; also 
pseudodominant inheritance has been reported [23]. 


Figure 63.43 Mal de Meleda. Plantar phenotype without superinfection. Courtesy of 
the Department of Dermatology, University Hospital Munster, Munster, Germany. 


Figure 63.44 Mal de Meleda. Trichophyton rubrum superinfection of the left hand. 
Courtesy of the Department of Dermatology, University Hospital MUnster, Munster, 
Germany. 


Box 63.1 Inherited skin diseases and 
pseudo-ainhum 


Keratodermas 

¢ Vohwinkel syndrome (and Bart-Pumphrey syndrome) 

¢ Clouston syndrome 

¢ Mal de Meleda 

¢ Papillon-Léfévre syndrome 

¢ Olmsted syndrome 

e Loricrin keratoderma or KLICK (less common and severe than in 
Vohwinkel syndrome) 


Generalised MeDOCs 
¢ Lamellar ichthyosis 
e Erythrokeratodermia variabilis 


Inherited epidermolysis bullosae 
e Chronic epidermolysis bullosae 
e Kindler syndrome 


Others 
e Tuberous sclerosis 
e Erythropoietic protoporphyria 


KLICK, keratosis linearis—ichthyosis congenita—sclerosing 
keratoderma; MeDOCs, Mendelian disorders of cornification. 


Differential diagnosis 

See the other NEPPKs described in Table 63.11. Keratoderma of 
Gamborg-Nielsen (MIM: 244850) represents a clinical variant of 
mal de Meleda. Keratoderma described by Sybert et al. [24] also 
resembles mal de Meleda. 


Investigations 

There is a greatly thickened corneal layer and an increased stra- 
tum lucidum, with marked acanthosis but without cytolysis [12]. 
The association of papillomatosis is a typical finding (authors’ 
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experience). A prominent perivascular lymphohistiocytic infil- 
trate may be seen, and sweat glands may be enlarged. Electron 
microscopy indicates a less abrupt transition from granular to 
cornified layers [18]. 


Management 

Oral retinoids are effective but the hyperkeratosis may respond 
better than the inflammation of the skin [25-29]. The excision of 
keratoses and split-thickness skin grafts can be an option in order to 
relieve functional impairment. Long-term follow-up in one patient 
demonstrated no recurrence of keratosis on surgically treated areas 
[30]. Patients with a long history of mal de Meleda should be regu- 
larly seen for secondary malignancies [21]. Fungal superinfections 
should be treated. 


Loricrin keratoderma 


Definition and nomenclature 

In two related pedigrees, Camisa and Rossana et al. delineated 
a diffuse transgredient honeycomb keratoderma with annular 
constrictions around the digits, accompanied by a mild ichthyosis 
[1-3]. In true Vohwinkel syndrome, there is impaired hearing but 
no generalised ichthyosis [4]. 


Pathophysiology 

Loricrin keratoderma is caused by mutations in the LOR gene 
encoding loricrin, a glycine-rich cornified envelope protein [3,4]. 
Several different single nucleotide insertions have been identified 
in this gene, which uniformly result in frameshift and lead to 
expression of an abnormal protein with an abnormal, arginine-rich 
C-terminal peptide containing nuclear recognition signals [3-11]. 
The mutant protein is transported to the nucleus, where it is thought 
to interfere with the regulation of cornification [12]. Direct or indi- 
rect consequences include moderate alterations on the cornified 
envelope, increased corneocyte fragility and abnormal epidermal 
barrier function with accelerated repair kinetics [13]. Transgenic 
mice in whom loricrin has been knocked out are largely asymp- 
tomatic [14], but mice expressing a pathogenic loricrin mutation 
showed generalised scaling, thickened footpads and a constrict- 
ing band causing autoamputation of the tail [15,16]. Progressive 
symmetrical erythrokeratoderma has been attributed in one case 
to a mutation in LOR [17], although these findings have not been 
reproduced [18] and are still debated. 


Clinical features [4-11] 

Generalised desquamation may be noted at birth, and collodion 
babies are reported [6,7,10]. However, the ichthyosis is generally 
mild and may pass unnoticed. A rugose keratoderma develops 


Figure 63.45 Loricrin keratoderma. 


during childhood, gradually extending to a confluent honey- 
comb pattern (Figure 63.45). Cases with PPK but without typical 
honeycomb-like appearance have been described [19]. The edges 
of the keratoderma are diffuse (in contrast to true Vohwinkel syn- 
drome) and cicatricial bands (pseudo-ainhum) may develop around 
the digits. Knuckle pads and warty keratoses have been reported, 
but are not a prominent feature. Hence, the combination of honey- 
comb keratoderma with mild non-syndromic ichthyosis is typical 
[7], but in sporadic cases autosomal recessive KLICK syndrome 
(see earlier in this chapter) should be considered an important 
differential diagnosis. 


Investigations 

In addition to hyperkeratosis, histological features include hyper- 
granulosis and parakeratosis, that is, nuclei may be retained in the 
stratum corneum [1,7]. Electron microscopy shows dense intra- 
nuclear granules in granular cells, and a thin cornified cell envelope 
in the lower cornified layers with abnormal extracellular lamel- 
lae [13]. Immunoelectron microscopy shows the presence of loricrin 
in these nuclei [3,4]. 


Management 

A beneficial use of isotretinoin, with effects on constructional 
bands and thus prevention of autoamputation, has been described 
[1,20]. Results from a mutant loricrin HaCaT model demon- 
strate increased vascular endothelial growth factor (VEGF) release 
that may be the cause of pathogenic keratinocytic proliferation. 
Inhibitors of VEGF receptor 2 might be attractive to treat loricrin 
keratoderma [21]. 


Striate (and focal) pal 
keratoderma 


Definition and nomenclature 
Isolated striate palmoplantar keratoderma (SPPK) is usually trans- 
mitted as an autosomal dominant trait and is caused by defects in at 


Table 63.12 Isolated or syndromic palmoplantar keratoderma (PPK) associated with keratinocytic disadhesion. 


Features Striate palmoplantar keratodermas (SPPK) Naxos syndrome Carvajal-Huerta syndrome 

Synonyms SPPK1 SPPK2 SPPK3 PPK with arrhythmogenic PPK with left ventricular 
cardiomyopathy cardiomyopathy 

MIM number 148700 612908 607654 601214 605676 

Inheritance AD AD AD AR (or AD) AR (or AD) 

Gene DSG1 (Desmoglein 1) DSP (Desmoplakin) KRT1 (V1 domain of K1) JUP (Plakoglobin) DSP (Desmoplakin) 

Age of onset First or second decade of life First or second decade of life Early childhood Early childhood, adolescence Early childhood, childhood 
cardiomyopathy cardiomyopathy 


Palmoplantar key 


Striate hyperkeratosis on the flexure site of fingers and palms, more diffuse and focal 


Less electron-dense KIF 


features changes on the soles; triggered by manual work/mechanical stress 
Other clinical Hyperhidrosis and pain Woolly hair without 

findings cardiomyopathy is possible 
Histology and Disadhesion of keratinocytes  Disadhesion of keratinocytes 


ultrastructure and widening of the 
intercellular spaces, 


cytoplasmic densities 


and widening of the 
intercellular spaces, 
possibly less pronounced 
than in DSP mutations 
Remarks Same gene as for 
Carvajal-Huerta syndrome, 
skin fragility, woolly hair 
and lethal acantholytic EB 


Same gene as for severe 
dermatitis—multiple 
allergies—metabolic 
wasting (SAM) syndrome 


Striate or focal keratoderma 


Woolly hair, dilated 
cardiomyopathy 


Disadhesion of keratinocytes 


Striate or focal keratoderma, 
can spread over the 
Achilles tendon 

Woolly hair, possibly short, 
keratoses on knees/ 
elbows, right/biventricular 
cardiomyopathy 

Wide intercellular spaces, 


Similar mutation as in 


within the SP, normal 
desmosomes, their 
insertion with KIF 
network seems 
attenuated 


and widening of the 
intercellular spaces, 
clumping of 
desmosomes and KIF 


clustering of desmosomes, 
ultrastructural signs for KIF 
disruption 


Same gene as for 
acantholytic EB 


Same gene as for SPPK2, skin 
fragility, woolly hair, 
acantholytic EB 


ichthyosis 
Curth—Macklin 


AD, autosomal dominant; AR, autosomal recessive; EB, epidermolysis bullosa; KIF, keratin intermediate filament; SP, stratum spinosum. 


least three different genes (Table 63.12) [1-3]. It is associated with a 
spectrum of Mendelian diseases of the desmosomes [4]. Most impor- 
tant, keratoderma with cardiomyopathy should be excluded. 


Introduction and general description 

Historically, the occurrence of both insular and striate keratodermas 
within one family led Wachters [5] to suggest a single entity, kera- 
toderma varians. Today, several distinct keratodermas with striate 
and/or focal pattern are recognised; moreover, some of them may 
be associated with a syndromic entity. Considering the influence 
of environmental factors such as mechanical stress, the recognition 
of predominantly striate and/or focal presentations may, however, 
still serve as a clinical clue for diagnosis: striate hyperkeratosis 
is particularly but not uniquely associated with ‘keratinocytic 
disadhesion’. This histological clue may support the diagnosis of a 
desmosomal defect. 


Pathophysiology 

Initially, autosomal dominant striate keratoderma was mapped 
to the desmosomal cadherin cluster on 18q12.1 [6]. SPPK has 
been shown to result from haploinsufficiency for desmoglein 1 
due to heterozygous mutations in DSG1 [1,2,7-11]. Heterozy- 
gous mutations in DSG1 are not exclusively associated with a 


striate pattern of hyperkeratosis as they have also been found 
to cause focal and diffuse PPK [12,13]. Moreover, since carriers 
of heterozygous mutations in DSG1 display PPK only while the 
offspring of two such heterozygous carriers can be affected by 
a life-threatening condition known as SAM syndrome (see ear- 
lier in this chapter), DSG1 mutations are actually inherited in a 
semidominant fashion [12,14]. 

The second SPPK locus on 6p21 is linked to dominant nonsense 
mutations in the desmoplakin gene (DSP) also leading to haplo- 
insufficiency [15,16]. The majority of genetic reports on isolated 
striate keratoderma show dominant DSG1 mutations [1], whereas 
there are several reports on striate or focal keratoderma with cardiac 
involvement due to recessive (or dominant) DSP mutations (see 
‘Carvajal-Huerta syndrome’ later in this chapter) [17,18]. Finally, 
there is one report on a frameshift mutation in the V2 tail domain 
of keratin 1 [19]. The mutation is similar to those being reported for 
ichthyosis Curth-Macklin [20,21]. 


Clinical features 

As the name implies, there is a linear pattern of skin thickening on 
the palms and flexor aspects of the fingers [21-23]. However, lesions 
on the soles may be more areate or confluent (Figure 63.46), and 
striate lesions can be seen in affected members of pedigrees in which 
other patterns of keratoderma predominate. Mechanical stress is 
important; pain, hyperhidrosis and mild hyperkeratosis of the knees 
have been reported [1]. The presence of other features, especially 
woolly hair, should be specifically sought, and the possibility of 
cardiac disease considered. In summary, striate keratoderma is a 
striking key feature but not a specific one. 
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(b) 


Figure 63.46 Striate and focal palmoplantar keratoderma of the (a) hands and (b) feet 
in the same patient. Courtesy of the Department of Dermatology, University Hospital 
Munster, Minster, Germany. 


Differential diagnosis 

In addition to EPPKs, connexinopathies [24] and other syndromic 
diseases [25,26] as well as acquired keratodermas [27] have to be 
considered. Importantly, Howel-Evans syndrome should be consid- 
ered if focal and nummular keratoderma predominate and histology 
is unspecific (see “Iylosis with oesophageal cancer/Howel-Evans 
syndrome’ later in this chapter). 


Investigations 
Disadhesion of keratinocytes with widening of the intercellular 
spaces is an important histological clue for these cell-cell junction 


diseases [28]. Moreover, electron microscopy of keratoderma asso- 
ciated with DSP mutations shows abnormal keratin filaments with 
loss of desmosome connections. Desmosome size seems reduced in 
DSG1, and perinuclear aggregation of keratin filaments seems more 
marked in DSP-associated disease [29]. 


Management 
Several reports point to a good response to systemic acitretin treat- 
ment and/or application of high-percentage urea creams [30-32]. 


Palmoplantar keratoderma punctata 


Definition and nomenclature 

This autosomal dominant keratoderma is clinically characterised by 
small rounded papular lesions on the palms and soles that tend to 
coalesce over pressure points [1-3]. 


lusions 

palmoplantaris type Buschke—Fischer—Brauer 
ttoderma punctata type 1 (PPKP1) 

um. 


acrokeratoderma 


Epidemiology 

Prevalence 

The incidence of palmoplantar keratoderma punctata (PPKP) is esti- 
mated as 1.17/100 000 individuals in Croatia [4]. 


Pathophysiology 

The disorder has been mapped to two chromosomal regions, 15q22 
[5-7] and 8q24.13-8q24.21 [8]. The first locus harbours the AAGAB 
gene in which mutations have been found in patients with PPKP1 
[9,10]. AAGAB encodes the a- and y-adaptin-binding protein p34 
[9-16]; p34 deficiency results in increased epidermal growth factor 
signalling which in turn may drive keratinocyte proliferation [13]. 
The second locus on 8q was found to be associated with one mis- 
sense mutation in the gene COL14A1 in a Chinese family [17], which 
needs to be confirmed for other families [15]. 


Clinical features [1-4] 

This autosomal dominant condition often has a later onset with 
lesions appearing in early adolescence but also up to the sixth 
decade of life [1]. Pinpoint keratotic papules, initially translucent 
and with a depression in the centre but later opaque and warty, 
appear on the palms and soles (Figure 63.47). Interfamilial variable 
severity is typical [13]. Enviromental factors and personal skincare 
regimes may affect the degree of hyperkeratosis [18]. In many fami- 
lies, small and large lesions coexist, including broader focal plantar 
callosities. Lesions are more florid in manual workers. There is no 
involvement of the dorsa of the hands or legs, nor of the knees or 
elbows. Hyperhidrosis and fungal infections are unusual [1]. It is 
not fully understand if PPKP is truly associated with an excess of 


(b) 


Figure 63.47 Punctate palmoplantar keratoderma. (a) Small, even keratotic papules on 
the palms and (b) confluent hyperkeratosis on the feet of the same patient. Courtesy of 
the Department of Dermatology, University Hospital Munster, Munster, Germany. 


malignancies, however an increased prevalence of malignancies in 
patients with PPKP has been described [13,19]. 


Differential diagnosis 

Most importantly, focal keratoderma associated with malignan- 
cies such as breast and colonic adenocarcinoma [20,21] should be 
differentiated (see ‘Tylosis with oesophageal cancer /Howel-Evans 
syndrome’ later in this chapter). Autosomal dominant punctate 
porokeratosis (also referred to as PPKP2) may present with similar 
clinical features [22]. In acrokeratoelastoidosis (referred to as PPKP3) 
disorganised elastic fibres are a histopathological hallmark [23]. 


Investigations 

Punctate lesions are orthohyperkeratotic on histology with com- 
pact acanthosis and hypergranulosis with a depression in the 
centre of the lesion, but may also show hypogranulosis and (focal) 
parakeratosis [1]. 


Management 

Careful choice of footwear and regular use of a pumice stone are 
useful in alleviating discomfort. Literature reports indicate no 
major beneficial effects of keratolytic ointments, topical retinoids or 
topical calcipotriol on the keratoses [1,24,25]. Systemic treatment 
with oral retinoids may yield a small effect depending on the dosage 
(0.5-1.0 mg/kg/day) [1,3,26]. Receptor tyrosine kinase inhibitors 
that are involved in p34 signalling are under development and of 
potential relevance for future treatment [9,27]. 


Spiny keratoderma _ | 


Definition and nomenclature 


Spiny keratoderma is a rare condition of unknown aetiology and 
exists as a hereditary /benign or idiopathic form [1-3]. Importantly, 
aquired digitate keratoses [4] need to be excluded. Brown [1] 
described the first case as ‘punctuate keratotic projections’ (‘punc- 
tate keratoderma’), and since then the disease has been described 
under a variety of terms, of which ‘porokeratosis’ is a misleading 
misnomer. 


otic keratoderma [2,6,7] 
 palmoplantar digitate hyperkeratosis [4]) 
tosis [8]) 


Clinical features 

Fine 1-2 mm papules that project from the palmoplantar surface 
are described as filiform, spiked, prickly, minute digitate or music 
box-like spines (Figure 63.48). Unilateral presentations have been 
reported [9]. Spiny keratoderma may be inherited as an autosomal 
dominant trait. The lesions may start in early childhood and gradu- 
ally increase in number; they appear in the first up to the fifth decade 
[1-3]. Discomfort can be caused by a tendency to catch on clothing 
and other objects [9]. 


Differential diagnosis 

Darier disease [10,11], epidermodysplasia verruciformis [12], 
arsenic keratosis [4], multiple filiform verrucae, paraneoplastic 
follicular hyperkeratosis [13] and/or multiple minute digitate 
hyperkeratosis (reviewed in [4]) should be differentiated. 


Investigations 
Histology demonstrates dense columns of parakeratosis above a 
hypogranular epidermis [2,3,9,14]. The absence of dyskeratosis 
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Figure 63.48 Spiny keratoderma that have been present since the age of 20 on the 
palms and soles. Their son and daughter are also affected. 


and vacuolated keratinocytes below the parakeratotic columns 
differentiates the disease from porokeratosis [3,15]. Autoimmune 
screen, blood investigations for a full blood count, renal/liver func- 
tion and radiological tests are necessary to exclude an associated 
condition such as polycystic kidneys and liver [16], renal failure 
[17], tuberculosis [18], hyperlipidaemia [19], malignancy such as 
multiple myeloma [8,20-23] or HIV-associated type 6 pityriasis 
rubra pilaris [24]. 


Management 

Mechanical debridement (e.g. dermabrasion) may be more effective 
than topical keratolytics [9]. Etretinate or actitretin has a tempo- 
rary effect [8,12,25]. Topical 5-fluorouracil ointment has been tried 
with differing results [14,16]. 


Definition and nomenclature 

Marginal papular keratoderma (MPK) is heterogeneous and refers 
to acrokeratoelastoidosis as well as focal acral hyperkeratosis, 
which are both characterised by papules, plaques and nodules 
located at the junction between the palmar and dorsal skin of 
the hands or feet along the thenar and hypothenar eminences 
(Figure 63.49) [1,2]. 


Pathophysiology 
Autosomal dominant inheritance with linkage to chromosome 2p or 
sporadic occurrence has been described [4]. 


Figure 63.49 Marginal papular keratoderma (acrokeratoelastoidosis, punctate 
palmoplantar keratoderma type 3): crateriform punctate keratosis at the margin of the 
sole (Wallace line). 


Clinical features 

Costa [5,6] reported 13 cases with cornified and umbilicated papules 
distributed along the borders of the hands and feet. He noted frag- 
mentation and rarefaction of elastic fibres in the dermis, and 
introduced the term acrokeratoelastoidosis. Fiallo et al. [7] argued 
that the primary defect is in the elastic tissue. However, Dowd 
et al. [8] reported 15 cases, several familial, with similar oval or 
polygonal crateriform papules along the borders of the hands and 
feet in whom there was no solar damage or elastorrhexis. To distin- 
guish this entity, it was termed focal acral hyperkeratosis. However, 
eight of Costa’s 13 patients appeared identical [5]. Rongioletti et al. 
[1] suggested unifying the marginal papular keratodermas with 
a pragmatic division into the hereditary type with elastorrhexis 
(acrokeratoelastoidosis), or without it (focal acral hyperkeratosis). 


Differential diagnosis 
The following entities may be differentiated from marginal papular 
keratodermas. 


Punctate keratosis of the palmar creases. This condition most 
commonly occurs in Afro-Caribbean or black individuals, may 
be transmitted in an autosomal dominant fashion and may be 
associated with AE and/or manual labour [9-14]. It clinically 
shows sharply defined 1-4 mm hyperkeratoses — hard warty 
lesions — confined to the palmar creases [15]. This location is possi- 
ble but unusual for punctuate keratoderma [16]. Around one-third 
of black but rarely white individuals may show hyperkeratotic pits 
involving the flexural creases of the palms [17,18]. 


Keratoelastoidosis marginalis. This is an acquired condition also 
known as digital papular calcific elastosis [19,20]. It presents with 
degenerative collagenous plaques that are firm, sometimes concave, 
forming a linear band principally around the web of the thumb and 
index finger at the margin of the volar and dorsal surfaces. There is 
histological evidence of solar damage [21-23]. 


Mosaic acral keratosis. Mosaic acral keratosis [24], reported in 
African patients with widespread polygonal papular lesions over 
the ankles and shins, may present with marginal keratoderma [25]. 


Investigations 

Histology shows focal orthohyperkeratosis. The key microscopic 
finding in acrokeratoelastoidosis is the presence of massive elas- 
tosis, whereas no elastic fibre changes are present in focal acral 
hyperkeratosis [1,13]. 


Cole disease 


Definition and nomenclature 

This genodermatosis features punctuate keratoderma and pig- 
mentary anomaly. Cole disease is characterised by congenital 
or early-onset punctate keratoderma with irregularly shaped 
hypopigmented macules of the extremities [1-4]. 


Synonyms and inclusions 
© Guttate hypopigmentation 
| e Punctate PPK with or without ectopic calcification 


Pathophysiology 

Ultrastructural analyses suggest a defective melanosome transfer 
from melanocyte to keratinocyte, as melanocytes show numerous 
melanosomes in the cytosol and dendritic extensions, whereas 
neighbouring keratinocytes are almost devoid of melanin [2]. Eytan 
et al. [4] demonstrated that specific missense mutations in the 
gene ENPP1 underlie the disorder. The gene product ENPP1 is 
a cell surface protein that catalyses the hydrolysis of adenosine 
triphosphate (ATP) to adenosine monophosphate and generates 
extracellular inorganic pyrophosphate, which is a major inhibitor of 
mineralisation. While recessive mutations in ENPP1 cause a range 
of inherited forms of ectopic calcifications, dominant mutations in 
this gene cause Cole disease. Cole disease-causing mutations affect 
a specific domain of ENPP1 which regulates insulin signalling. The 
fact that insulin signalling impacts on epidermal growth factor 
signalling suggests a pathophysiological link between Cole disease 
and punctate keratoderma due to AAGAB mutation [5]. In addition, 
there are recessive mutations that cause a clinical spectrum of 
dyschromatosis and a more severe form of Cole disease [6]. 


Clinical features 

The disease manifests during the first year of life. Affected individ- 
uals present with a relatively mild focal or punctuate keratoderma 
(Figure 63.50). In addition, they develop sharply demarcated, irreg- 
ular macules with varying degrees of hypopigmentation, mainly 
located over the extremities [1-3]. There might be an early-onset 
calcific tendinopathy or calcinosis cutis [4]. 


Differential diagnosis 

Epidermolysis bullosa simplex with mottled pigmentation and 
Naegeli—Franceschetti-Jadassohn syndrome (Chapter 68) may be 
confused with Cole disease. 


(b) 


Figure 63.50 Cole disease. (a) Forearm with hypopigmentation and (b) mild 
keratoderma in the same patient. Courtesy of Dr Y. Gilaberte, Hospital San Jorge, 
Huesca, Spain. 


Investigations 

Histology shows hyperorthokeratosis, hypergranulosis and acan- 
thosis. Ultrastructure confirms a reduction of the melanin content 
of keratinocytes with disproportionately large melanosomes of 
melanocytes. The number of melanocytes is normal. 


Transient aquagenic keratoderma 


Definition and nomenclature 

This peculiar, mainly palmar, disorder represents a mild kerato- 
derma that is triggered or exacerbated by contact with water or 
sweat [1]. 
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Figure 63.51 Transient aquagenic keratoderma showing whitish maceration of the 
palmar skin following immersion. Courtesy of Dr G. Kavanagh, Royal Infirmary of 
Edinburgh, UK. 


pulotranslucent acrokeratoderma 
‘al acrokeratoderma 


Pathophysiology 

Most cases of transient aquagenic keratoderma (TAK) appear to 
be acquired, but autosomal recessive [1] or dominant [2] cases 
have been described. The disease may be associated with the use 
of cyclo-oxygenase 2 inhibitors [3]. The relationship with other 
diseases such as asthma is unknown [4]. It may be differentiated 
from hereditary papulotranslucent acrokeratoderma (MIM: 101840), in 
which lesions are persistent once they appear [5,6]. 


Clinical features [1-4,6-13] 

Affected individuals aged 6-45 years, more often women, typi- 
cally show a subtle keratoderma appearing after a few minutes of 
immersion of their hands in water or after sweating (Figure 63.51). 
Only in some patients are the soles affected. One characteristic 
sign might be that patients bring with them a vessel to immerse 
their hands in water (‘hands in the bucket’ sign) [13]. The painful, 
burning or itching, whitish papular lesions are associated with 
dilated acrosyringeal ostia, which can be seen by dermoscopy [14]. 
Lesions subside shortly after drying the hands, leaving minimal 
hyperkeratosis in the centre of the palms. 


Differential diagnosis 

Transient aquagenic keratoderma should be differentiated from 
other keratodermas that are sensitive to exposure to water, for 
example Bothnia type NEPPK [15,16]. Importantly, aquagenic wrin- 
kling of the palms (Figure 63.52) is associated with cystic fibrosis 
(in about 50% of affected patients) and can be observed in up to 10% 
of heterozygous CFTR gene mutation carriers [17-21]. 


Investigations 
Histology might reveal hyperplasia of the eccrine sweat glands, with 
slight dilatation of the lumen [4]. 


Figure 63.52 Aquagenic palmar wrinkling in cystic fibrosis. 


Management 
Treatment with 20% aluminium chloride hexahydrate followed by 
urea cream [4,11] or botulinum toxin [22] may lead to significant 
improvement. 


SYNDROMIC KERATODERMAS 


PALMOPLANTAR KERATODERMA AND 
CARDIOMYOPATHY 


Whenever woolly hair is associated with any kind of PPK, especially 
in striate keratoderma, a search for possible cardiac abnormalities 
is recommended [1,2]. Like isolated striate keratoderma (type I/ID, 
the following syndromic disorders are histologically characterised 
by keratinocytic disadhesion [3]. 


Naxos syndrome —6—eF 


Definition 

The disease is associated with arrhythmogenic right ventricular 
cardiomyopathy/cardiomyopathy [1] and is accompanied by PPK 
and woolly hair (see Table 63.12) [2,3]. 


Pathophysiology 
The first reported seven pedigrees from the Greek islands of Naxos 
and Milos have been found to share a 2 bp deletion within the 


JUP gene encoding plakoglobin [4], a cell junction protein found 
in desmosomes in the epidermis and cardiac muscle. As can be 
seen in other desmosomal genodermatoses [5], different mutations 
of JUP show a large phenotypic spectrum, for example mutations 
allowing expression of altered plakoglobin may show mild skin 
fragility, keratoderma and woolly hair only [6]. Of note, autosomal 
dominant JUP mutations underlie isolated arrhythmogenic right 
ventricular cardiomyopathy [7] and a Naxos variant with leukony- 
chia and oligodontia [8]. Finally, complete loss of plakoglobin 
due to homozygous nonsense mutations may lead to acantholytic 
epidermolysis bullosa [9]. 


Clinical features 

Woolly hair develops from birth while diffuse or striate hyperker- 
atoses of the palms and soles appear during the first year of life, 
when the skin starts to become mechanically stressed. Cardiomyo- 
pathy manifests by adolescence and shows 100% penetrance [10]. 


Carvajal-Huerta syndrome ‘C 


Definition 
The disease represents a cardiocutaneous syndrome with NEPPK, 
woolly hair and dilated cardiomyopathy (see Table 63.12) [1]. 


Pathophysiology 
Recessive desmoplakin (DSP) mutations producing a premature 
stop codon and leading to a truncated protein cause this disorder [2]. 
Other genetic defects in DSP have been found to generate a wide 
range of phenotypes. A 10 amino acid insertion in DSP exerting a 
dominant negative effect on desmosomal assembly has been found 
to be associated with cardiomyopathy and mild hyperkeratosis of 
the elbows and knees [3]. Heterozygous carriers of the missense 
mutation p.S299R showed isolated arrhythmogenic right ventric- 
ular cardiomyopathy without cutaneous phenotype [4]. Complete 
loss of the tail domain of desmoplakin presents as acantholytic 
epidermolysis bullosa [5]. Hence, dosage of desmoplakin is critical 
in maintaining epidermal integrity, as illustrated by compound 
heterozygote patients carrying one null allele and one missense 
mutation, who developed pronounced skin fragility and alopecia 
without cardiac anomalies [6]. 

Of note, a novel entity combining woolly hair, hypotrichosis and 
PPK but no cardiac abnormalities was recently reported. The disease 
was found to be caused in one report by a mutation in KANK2 [7]. 


Clinical features 

The three Equadorian pedigrees initially described by Carvajal- 
Huerta displayed recessive inheritance of a striate keratoderma 
with woolly hair and associated cardiomyopathy developing in the 
teenage years [1]. As such, the syndrome resembles Naxos disease, 
but it presents at a younger age with bilateral predominantly left 
ventricular involvement leading to early heart failure with cardiac 
enlargement and disrupted cardiac contraction [8,9]. Moreover, 
patients have been described showing an ichthyosis similar to SAM 
syndrome [10]. 


Investigations 

Histological studies demonstrate large intercellular spaces of 
suprabasal keratinocytes (keratinocytic disadhesion). Ultrastruc- 
ture may reveal clumping of desmosomes [2,11] or signs for 
intermediate filament disruption such as perinuclear localisation 
of keratin in suprabasal keratinocytes [1]. On resting electrocardio- 
gram, affected patients exhibit repolarisation and/or depolarisation 
abnormalities; structural/functional abnormalities of the ventri- 
cle(s) will be found on echocardiography or cardiac MRI [3,12]. 


Management 

Cardiac function in patients with striate keratoderma should be 
investigated as early diagnosis and intervention may improve 
outcome. Depending on the myocardial symptoms, implantation 
of an automatic cardioverter defibrillator with/without anti- 
arrhythmic drugs or, at the end stages, heart transplantation are 
options [7]. Screening of possibly affected family members should 
be initiated considering dominant as well as recessive inheritance 
[3,13,14]. Desmoplakin deficiency showing a SAM syndrome-like 
presentation may well respond on therapy with ustekinumab [10]. 


PALMOPLANTAR KERATODERMA AND HEARING 
IMPAIRMENT 


The association of hereditary keratoderma with hearing loss is most 
commonly caused by defective connexin function [1,2], whereby 
premature termination codons in the gap junction beta 2 (G/B2) gene 
encoding connexin 26 are the most common cause of non-syndromic 
autosomal recessive deafness [3-5]. In several pedigrees with diffuse 
or transgredient autosomal dominant keratoderma and varying 
degrees of prelingual deafness, missense mutations in connexin 26 
have been found (MIM: 148350) [6-10]. 

Notwithstanding, in ‘palmoplantar keratoderma with hearing 
impairment’ establishment of a thorough family history is crucial 
considering that maternal inheritance possibly points to a rare 
mitochondrial type of keratoderma [11]. 


Vohwinkel syndrome anc 
Bart-Pumphrey syndrome 


Definition and nomenclature 


Vohwinkel [1] and Wigley [2] independently reported honeycomb- 
like keratoderma associated with stellate keratoses on the knuck- 
les and the formation of circumferential bands around digits 
(pseudo-ainhum). Vohwinkel’s family had moderate sensorineural 
deafness [3], and subsequent cases have confirmed autosomal 
dominant inheritance [4-7]. 
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Pathophysiology 

In three unrelated English, Spanish and Italian pedigrees with 
‘classic’ Vohwinkel syndrome, Maestrini et al. [8] found the same 
mutation, p.D66H, in GJB2 encoding connexin 26, a gene also impli- 
cated in Bart-Pumphrey syndrome [9] as well as KID syndrome [10]. 
The phenotypic variants related to mutations in GJB2 are reviewed 
in Table 63.5. A full list of dominant and recessive mutations in 
GJB2 can be found on the connexin-deafness homepage [11]. 

Connexin 26 is expressed in the cochlea where it may permit the 
recycling of potassium to endolymph [12,13]. In skin, the protein is 
found in palmoplantar epidermis and sweat glands, and is upregu- 
lated in conditions such as psoriasis [14,15]. Patients homozygous 
for mutations preventing any expression of connexin 26 have no 
discernible skin phenotype, indicating that dominant negative or 
gain-of-function effects may be involved in the pathogenesis of cuta- 
neous manifestations of mutations in GJB2. 

There are various mechanisms which may underlie the pheno- 
typic effects of connexin gene mutations [16,17]: mutant proteins 
are sometimes unable to form functional gap junction channels; in 
other cases, aberrant trafficking of mutant proteins may prevent 
some of them reaching the cell surface membrane and lead to their 
accumulation in organelles triggering the ER stress response [18]; 
finally, mutant proteins may exert deleterious effects on other con- 
nexins’ function (e.g. c.del42E has been shown to exert a dominant 
negative effect on the wild-type connexin 43) [19]. 


Clinical features [1-7,20] 

Palmoplantar keratoderma begins in childhood as shiny or translu- 
cent papular hyperkeratosis, gradually becoming confluent on the 
hands and feet. Striate lesions may be seen. Warty papules on the 
knuckles and other extensor sites coalesce into the pathognomonic 
‘starfish’ keratoses. The edge of the keratoderma at the wrists 
and Achilles tendon consists of spiky, digitate, hyperkeratotic 
projections onto normal skin. This contrasts with the diffuse edge 
seen in loricrin keratoderma [21]. Multiple keratoses on the digits 
produce circumferential hyperkeratosis, which predisposes to the 
formation of cicatricial bands and autoamputation (Figure 63.53). 
The little finger and fifth toe are commonly affected. A high-tone 
sensorineural hearing loss [6] is probably present from birth, 
but may escape detection unless tested. It does not appear to 
be progressive. Focal epilepsy has been described in Vohwinkel 
syndrome [22]. 


Bart-Pumphrey syndrome 

The allelic condition (MIM: 149200) is characterised by knuckle 
pads (similar to the focal keratoses of Vohwinkel syndrome), 
keratoderma, leukonychia and mixed sensorineural and conductive 
deafness [9,23-25]. 


Investigations 
Histology may be non-specific, showing papillomatosis with promi- 
nent orthohyperkeratosis. 


Management 
Vohwinkel syndrome has been successfully treated by etretinate 
[7] and acitretin [26] and the cicatricial bands released surgically 


(b) 


Figure 63.53 Vohwinkel syndrome: (a) ‘starfish’ lesions and (b) pseudo-ainhum. 


[27-29]. Early screening for hearing impairments and appropriate 
rehabilitation (hearing aids, speech therapy, language training, 
cochlear implantation, educational programmes) for the hear- 
ing loss are important to achieve auditory speech recognition 
effectively [30]. 


Mitochondrial palm 
keratoderma and he 


In a Scottish family, Reid et al. [1] reported familial progressive 
post-lingual deafness with variable plantar keratoderma (Figure 
63.54) caused by a specific mutation in mitochondrial DNA 
(mtDNA), encoding both a serine transfer RNA and the first 
subunit of cytochrome oxidase [2]. 

The same point mutation, namely m.7445A>G, was identi- 
fied in a New Zealand family, in Japanese patients [3,4] and 
other pedigrees [2,5,6], who demonstrated PPK, mainly plantar, 
and sensorineural deafness (Table 63.13). Among those patients 
with clinical and audiological features of hearing loss due to 


Features Clouston syndrome Odonto-onycho-dermal dysplasia _ Papillon—Léfévre syndrome Mitochondrial PPK 
Synonyms Hidrotic ectodermal dysplasia 2 PPK with cystic eyelids, hypodontia Keratoderma with periodontitis Mitochondrial sensorineural hearing 
(HED2) and hypotrichosis, eccrine loss with PPK 
tumours with ectodermal 
dysplasia, Schépf-Schulz—Passarge 
syndrome 
MIM number 129500 224750, 257980 245000 590080 
Inheritance AD AR (minor symptoms if heterozygous) AR Maternal 
Gene GJB6 WNT10A CTSC MT-TS1 (A7445G, mtDNA) 
Connexin 30 Wingless-type MMTV integration site Cathepsin C Mitochondrial tRNA serine 1 
family, member 10A 
Age of onset Early life Early life Before second year of life Early childhood 


Palmoplantar key 


Combination of nail 


Macerated PPK with late onset, acral 


features dystrophy, hypotrichosis and hyperhidrosis 
PPK (papillomatous, fissured 
and transgredient), 
pseudo-ainhum possible 
Other clinical Dystrophic nails, often small and —_ Cysts of the eyelids (not necessarily in 
findings thickened, with clubbing, pale early age), reduced primary and/or 
and fine hair with (progressive) lack of secondary dentition, nail 
hypotrichosis, eyebrows sparse dystrophy, hypotrichosis, smooth 
or absent, hyperpigmentation tongue, follicular and other 
over the joints adnexal tumours occur in older 
patients 
Histology and Targeted mutation analysis, Histology of hidrocystomas 


ultrastructure 


Remarks 


exclude pachyonychia 
congenita 


Special hair care, wigs, artificial 
nails, keratolytics 


Different manifestations may be 
regarded as allelic disorders 


Transgredient PPK, preceded by red skin, 
hyperhidrosis, pseudo-ainhum 
possible 


Periodontosis, severe gingivitis, loss of 
deciduous teeth by the age of 4-5 
years, psoriasiform plaques on the 
knees and elbows, tendency to 
pyogenic infection, hair may be sparse 

Haim—Munk syndrome (MIM: 245010) + 

onychogryphosis, arachnodactyly and 
acro-osteolysis 

Hyperkeratosis with irregular 
parakeratosis and a moderate 
perivascular infiltrate, ultrastructural 
lipid-like vacuoles in granulocytes and 
corneocytes, tonofilament reduction, 
irregular keratohyalin granules 

Good response to retinoids, combination 
with antibiotics and dental care 
lessening the gingival inflammation 
and saving the teeth 


PPK with early honeycomb 
appearance, mainly plantar, focal 
or diffuse, alongside the fingers, 
callus on the heels and toes, with 
or without red border 

Progressive sensorineural hearing loss 
with onset during childhood, 
variable severity, coincidence with 
warty linear epidermal naevus, 
ichthyosis vulgaris and/or 
cholesteatoma are described 


Increased granular layer, moderate 
acanthosis without epidermolytic 
changes 


Targeted mutation analysis, hearing 
aids, cochlear implantation, 
speech therapy, educational 
programmes 


AD, autosomal dominant; AR, autosomal recessive; MMTV, mouse mammary tumour virus. 


Figure 63.54 Mitochondrial keratoderma with deafness. 


mitochondrial mutations, around one-quarter may have the 
A7445G substitution [7]. Individual differences in the mitochon- 
drial contents of wild-type and mutant DNA (‘heteroplasmy’) 
affect the resulting phenotype including the severity of hearing 


loss, keratoderma and age of onset. Of note, mtDNA mutations 
may be responsible for ~3.5% of patients with hereditary deafness; 
but other mutations (e.g. m.1555A>G) are not associated with 
keratoderma [8]. 


PALMOPLANTAR KERATODERMA AND CANCER 


Skin malignancies arising from PPK skin have been observed 
in mutilating keratoderma [1], porokeratosis [2] and Clouston 
syndrome [3] as well as non-syndromic focal or diffuse PPKs 
[4,5]. Melanoma of the affected skin has been reported in vari- 
ous keratodermas (Table 63.14) [6-12]. It may be more common 
in Japanese patients, because of the higher incidence of acral 
melanoma in this population [13]. The reported association 
between EPPK and breast/ovarian cancer [14,15] is not a gen- 
eral feature of the disease. Reports on punctate/focal keratoderma 
with malignancies [16-18] may include cases of Howel-Evans 
syndrome and should be differentiated from punctate PPK due to 
an AAGAB mutation, which is not clearly associated with malig- 
nancies (see ‘Palmoplantar keratoderma syndrome’ earlier in this 
chapter). 
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Table 63.13 Palmoplantar keratoderma (PPK) in ectodermal dysplasias and mitochondrial diseases. 
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Table 63.14 Palmoplantar keratoderma (PPK) associated with cancer. 


Features Huriez syndrome Tylosis with oesophageal cancer (TOC) Palmoplantar keratoderma, sex reversal and cancer 
Synonyms Scleroatrophic and keratotic dermatosis Howel-Evans syndrome Palmoplantar hyperkeratosis with SSC and 46, XX sex 
of limbs reversal, true hermaphroditism with PPK 
MIM number 181600 148500 610644 
Inheritance AD AD AR 
Gene SMARCAD1 RHBDF2 (iRhom2) RSPO7 (R-spondin protein 1) 
Age of onset Early infancy Puberty Infancy (?) 
Palmoplantar Accentuated scleroatrophy on the palms Focal non-epidermolytic PPK Mild PPK with sclerodactyly, nail hypoplasia, 
key features and fingers, hyperkeratosis and dry hyperhidrosis 


skin, soles less often affected, 
dermatoglyphics often absent 


Other clinical Malignant degeneration of the affected 
findings skin at a young age with a 100x 
higher risk of SCC 
Histology and Hypergranulosis and acanthosis, reduced 


ultrastructure numbers of Langerhans cells 


Oral leukokeratosis, follicular 
hyperkeratosis, high life-time risk 
of squamous oesophageal cancer 
(95% by age of 65) 


Non-epidermolytic hyperkeratosis, 
abnormal cytoplasmic staining of 


Male patient: hypospadia, hypogenitalism, 
gynaecomastia 

Female patient: true hermaphroditism (clitorial 
enlargement, ambiguous external genitalia, 
ovotesticular gonads) 

Premature loss of permanent teeth due to chronic 
periodontal disease, predisposition to SCC and 
laryngeal carcinoma 

Non-epidermolytic hyperkeratosis, karyogram, shares 
features of Huriez syndrome 


iRhom2 in the epidermis 


Remarks Acitretin may reduce painful 


hyperkeratosis and incidence of skin 


cancer endoscopy 


AD, autosomal dominant; AR, autosomal recessive; SCC, squamous cell carcinoma. 


Huriez syndrome -.—c La 


Introduction and general description 

This syndrome represents a prototypic form of a cancer-prone 
keratoderma [1,2], in which the risk of squamous cell carcinoma of 
the affected skin is increased by around 100-fold [3,4]. The disease 
is characterised by a triad of diffuse scleroatrophy of the hand, 
mild PPK and hypoplastic nail changes (Figure 63.55) [5,6]. Kindler 
disease and cryptic forms of junctional epidermolysis bullosa as 
well as dyskeratosis congenita must be differentiated. 


Pathophysiology 

SMARCADI1, the gene associated with Huriez syndrome, codes 
an ATP-dependent chromatin remodeller of the Snf2 ATPase 
family. The disease is caused by haploinsufficiency of a mutated 
SMARCAD1 isoform that affects the homologous recombination 
repair of DNA double-strand breaks [7,8]. Mutations affecting the 
same SMARCAD1 splice site are linked to adermatoglyphia [9] 
and Basan syndrome [10], two autosomal dominant genoder- 
matoses that share adermatoglyphia, hypohydrosis and nail 
abnormalities with Huriez syndrome. Whereas the develop- 
ment of squamous cell carcinoma has only been observed in 
Huriez syndrome, skin blistering and facial milia were only 
reported in Basan syndrome. Thus, Huriez syndrome, adermato- 
glyphia and Basan syndrome are allelic disorders with variable 
expressivity [7]. 


Genetic counselling, screening of 
mutation carriers and preventative 


Karyogram in male or female patient: 46, XX (SRY—) 


Tylosis with oesophag 
cancer/Howel-Evans s 


Pathophysiology 

The disorder maps to a 42.5 kb segment of chromosome 17q23 [1-3]. 
The region is commonly deleted in oesophageal carcinomas [4]. 
Missense mutations in RHBDF2 (rhomboid 5 homologue 2) encod- 
ing an intramembrane protease underlie the disease as first shown 
by Blaydon et al. [5] and then confirmed [6,7]. The RHBDEF2 pro- 
tease regulates the maturation of TNF-a convertase (TACE) in the 
skin [8,9]. Functional data suggest that mutant RHBDF2 increases 
signalling through EGFR resulting in hyperproliferation and dys- 
regulation of wound repair, which might stimulate the subsequent 
development of precancerous lesions [5]. 


Clinical features 

Howel-Evans described two families with autosomal dominant 
keratoderma associated with later development of oesophageal 
cancer [10]. Pressure points of the sole are predominantly affected, 
and less so the palms (Figure 63.56) [11]. There is variable oral 
leukokeratosis and follicular accentuation. Thirty-seven per cent 
of the original affected family members developed oesophageal 
cancer. A further, extensive German American family has been 
reported, with an increased (38-fold) risk of oesophageal cancer [1]. 
The disorder can be distinguished from PC by the absence of nail 
changes [12]. 


(b) 


Figure 63.55 Huriez syndrome showing (a) keratoderma and (b) atrophic skin over the 
dorsa of the hand and sclerodactyly. Courtesy of Dr M. van Steensel, Department of 
Dermatology, University of Maastricht, the Netherlands. 


Palmoplantar keratoderma, sex 
reversal and cancer 


Introduction and general description 

This form of PPK entity is inherited in an autosomal recessive fash- 
ion and is characterised by female-to-male sex reversal in females. 
Consequently, most affected individuals with this keratoderma 
present as male individuals with or without signs of hypogeni- 
talism. (This is in contrast with true hermaphroditism which is 
characterised by the coexistence of male and female gonadal struc- 
tures.) Sex reversal is most often due to translocation of the SRY gene 
encoding the testis-determining factor (XX males SRY+) [1]. In PPK 
with sex reversal and cancer, male patients carry a normal female 
chromosome set without the SRY gene (XX male, SRY-) [2], but also 
XY males without sex reversal may display the keratoderma. Inter- 
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(b) 


Figure 63.56 Tylosis with oesophageal cancer (Howel-Evans syndrome). (a) 
Keratoderma and (b) oral mucosal lesions. Courtesy of Professor W. R. Tyldesley, 
Liverpool University School of Dentistry, Liverpool, UK and Dr M. S. Lewis-Jones, 
Ninewells Hospital, Dundee, UK. 


estingly, the skin phenotype is reminiscent of Huriez syndrome; 
affected patients have a predisposition to squamous cell carcinoma 
[2-5]. 


Pathophysiology 
Homozygous loss-of-function mutations in RSPO1, encoding 
respondin 1, were shown to cause scleratrophic PPK associated with 
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either female-to-male sex reversal and squamous cell carcinoma 
[6] or true hermaphroditism, congenital bilateral corneal opaci- 
ties, onychodystrophy and hearing impairment [7]. R-spondins 
are a small family of growth factors interacting with the so-called 
FZD-LRP receptor complexes [8]. Mutations in RSPO1 were shown 
to be associated with larger intercellular spaces suggesting that 
the RSPO1 defect impairs desmosomal junctions [6]. Disruption 
of R-spondin 1 remarkably illustrates the fact that mutations in a 
single gene, namely RSPO1, can lead to complete female-to-male 
sex reversal even in the absence of the testis-determining factor 
(SRY) [8]. Of note, the pedigree of the affected families may show 
a recessive mode of inheritance, in which only males seem to be 
affected due to the female-to-male sex reversal phenotype. 


PALMOPLANTAR KERATODERMA IN ECTODERMAL 
DYSPLASIA AND RELATED DISEASES 


Table 63.13 gives some details of these keratoderma diseases. 


Clouston syndrome (I 
ectodermal dysplasia ‘ 


Introduction and general description 

The combination of small dystrophic nails developing in early 
infancy with hypotrichosis and brittle hair in conjunction with 
papillomatous and fissured transgredient keratoderma [1-3] is 
suggestive [4], but the presentation may resemble PC [5]. Recently, 
there have been reported patients with Clouston syndrome and 
absence of PPK [6]. 


Pathophysiology 

This autosomal dominant ectodermal dysplasia is caused by muta- 
tions in the gap junction B-6 (GJB6) gene encoding connexin 30 [7,8], 
which is a potential target of p63 [9]. 


Odonto-onycho-derma 


ind hypotrichosis 
splasia 


Introduction and general description 

This term encompasses a large and heterogeneous group of auto- 
somal recessive disorders that are allelic, sharing various common 
dental anomalies in association with PPK and nail dystrophy [1-3]. 
Several specific subtypes have been recognised based on specific 
clinical manifestations such as Schépf—Schulz—Passarge syndrome. 
This presentation is characterised by hypotrichosis, nail fragility, 
early loss of deciduous teeth, hydrocystomas of the eyelids or other 


follicular and adnexal tumours occurring in older patients [4-7]. 
The diffuse PPK may develop due to multiple palmoplantar eccrine 
syringofibroadenoma [8]. 


Pathophysiology 

The diseases are caused by mutations in the WNTI10A gene 
encoding a signalling molecule expressed in skin critical for 
the development of ectodermal appendages [1,2]. Phenotypic 
heterogeneity is the rule with mutations in WNTI10A causing 
disorders ranging from monosymptomatic severe oligodontia to 
Schépf-Schulz—Passarge syndrome. Of interest, heterozygotes 
(mostly males) can also display clinical features such as tooth and 
nail anomalies [2]. 


Papillon-Léfévre and F 
syndrome 


Introduction and general description 

In Papillon—Léfévre syndrome, redness and thickening of the palms 
and soles are associated with periodontitis and frequent bacterial 
skin infections (Figure 63.57). Hyperkeratotic lesions can also affect 
the elbows and knees, and pseudo-ainhum (see Box 63.1) has been 
described in this syndrome. Dural and choroid plexus calcifications 
have also been reported. The prevalence has been estimated as 1-4 
in 1 million [1-9]. The first symptoms usually appear between 1 and 
4 years [10]. Haim—Munk syndrome is allelic with Papillon—Léfévre 
syndrome, combining its features with onychogryphosis, arach- 
nodactyly and acro-osteolysis [11-13]; this latter condition has been 
reported mostly in a single Jewish family of South Indian origin 
(so-called ‘Cochin Jews’) [14]. Retinoids have been shown to be of 
benefit to patients, including in the treatment of oral disease and 
the prevention of autoamputation [15,16]. 


Pathophysiology 

The conditions are both caused by homozygous mutations in 
the CTSC gene encoding the lysosomal protease cathepsin C 
[13,17,18]. Cathepsin C is expressed in various tissues, that is, 
cells of the immune system such as nuclear leukocytes, in the 
lung, kidney and other epithelial tissues. Its main functions are 
protein degradation and proenzyme activation. Thus, the activ- 
ity of several critical proteases is decreased in Papillon—Léfévre 
syndrome [19]. Neutrophil phagocytosis and reactivity to T- and 
B-cell mitogens are impaired [20-22] explaining the predisposition 
to pyogenic infection, which may also involve internal organs 
[23-25]. High levels of oxidative stress markers, the role of mito- 
chondrial dysfunction and a deficiency of coenzyme Q10 have 
been described [26,27]. Natural killer cell cytotoxicity seems to 
be impaired [28]. Severe gingivitis and periodontitis affect both 
deciduous and permanent dentition leading to loss of teeth unless 
treated [5-7,29,30]. Virulent Gram-negative organisms invade the 
alveolar socket, usually including Actinobacillus actinomycetemcomi- 
tans [31-33]. Moreover, there are some reports on melanoma and/or 
squamous cell carcinoma associated with cathepsin C deficiency 
[34-36]. 


(b) 


Figure 63.57 Papillon—Léfévre syndrome: (a) Loss of dentition. (b) Diffuse plantar hyperkeratosis. (c) Psoriasiform palmar phenotype. 


Olmsted syndrome -— (a 


Definition and nomenclature 

The disease often presents sporadically, and is clinically char- 
acterised by severe, mutilating, transgredient keratoderma with 
prominent periorificial hyperkeratosis. Recently, autosomal domi- 
nant, autosomal recessive and X-linked recessive forms have been 
confirmed and the responsible genes identified [1-6]. 


al keratotic plaques 


Epidemiology 
A total of 65 cases have been reported worldwide, of which only 16 
cases were familial with different modes of inheritance [4-8]. 


Pathophysiology 

The disease may be added to the list of skin channelopathies: 
gain-of-function mutations in the transient receptor potential 
vanilloid 3 (TRPV3) gene were identified as a cause for autoso- 
mal dominant Olmsted syndrome [4]. Sporadic cases are caused 
by de novo dominant mutations [8]. Autosomal recessive inher- 
itance of mutations in the same gene has also been reported 
[6]. TRPV3 encodes a critical element for a member of the TRP 
cation selective ion channels that are involved in the regulation 
of skin barrier formation, hair growth, epidermal differentiation 
(through TGF-«/EGFR signalling), skin inflammation, pain and 
pruritus [9,10]. 

In contrast, patients suffering from an X-linked recessive vari- 
ant with alopecia universalis and severe nail dystrophy were 
shown to carry specific mutations in MBTPS2, the same gene 
that is associated with IFAP, KFSD and BRESEK/BRESHEK syn- 
drome [5,11-13] (see ‘Ichthyosis follicularis—atrichia-photophobia 
syndrome’ earlier in this chapter). It was shown that there are 
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a number of mutation-specific phenotypes due to this gene 
defect, as predicted by Oeffner et al. [11]. MBTPS2 encodes a 
zinc metalloprotease essential for cholesterol homeostasis and the 
ER stress response [11]. 


Clinical features 

Onset is in the first year of life, with symmetrical, sharply defined 
palmar and plantar keratoderma surrounded by red skin, and 
flexion deformities, constriction or spontaneous amputation of 
the digits (Figure 63.58) [1]. The disease tends to have a slow but 
progressive course. The keratotic lesions are pruritic and mildly 
painful with pressure [3,14,15]. Periorificial plaques present with 
skin inflammation and warty hyperkeratosis involving the mouth 
and perianal regions. Massive hyperkeratosis and/or fissuring 
of the gluteal cleft may cause pain and considerable discomfort. 
Keratoses extending to the flexor sites of the forearms or knees may 
show a follicular and striate aspect [14,16]. Alopecia, nail and tooth 
anomalies, joint laxity and corneal dystrophy have been observed 


(b) 


Figure 63.58 Olmsted syndrome: (a) gross keratoderma with striate features and (b) 
periorificial hyperkeratosis. Courtesy of Professor R. K. Winkelmann, Mayo Clinic, 
Scottsdale, AZ, USA. 


[3,17]. Recurrent skin infections [18] and the development of squa- 
mous cell carcinoma or malignant melanoma have been reported 
in a considerable number of cases of Olmsted syndrome [3,4,19,20]. 
High IgE levels with eosinophilia, erythromelalgia and deafness 
have been rarely observed in association with TRPV3 mutations 
[21-24]. 


Differential diagnosis 

Palmoplantar keratodermas with periorificial lesions and digital 
constrictions may be reminiscent of mal de Meleda, acroder- 
matitis enteropathica, mucocutaneous candidiasis, psoriasis 
inversa, hidrotic ectodermal dysplasia (Clouston syndrome), PC, 
Papillon—Léfévre syndrome and Vohwinkel keratoderma [3,25,26]. 


Investigations 

Histopathology reveals psoriasiform hyperplasia, orthohyperker- 
atosis and parakeratosis with perivascular inflammatory infiltration 
including increased numbers of mast cells [4,27]. Cytochemical 
staining indicates hyperproliferation of the epidermis [24,28]. 


Management 

Treatment of the disorder is problematic. Variable improvement 
has been seen with etretinate [29,30] or acitretin [8,15]. Topical 
keratolytics, emollients and corticosteroid as well as calcineurin 
inhibitors may offer temporary relief of hyperkeratosis, pain or 
itching [3,21,31]. Excision and skin grafting of severe keratoderma 
showed favourable long-term clinical results in some patients [32]. 
Erlotinib (an EGFR inhibitior) led to thinning of keratoderma, 
reduction of pain and pruritus and resolution of perioral plaques 
within 3 weeks to 3 months [33-35]. Improvement of quality of life 
has been reported too [34]. The initial significant response was not 
fully maintained over the years in one publication [33]. 


Resources 
Ectodermal Dysplasia Society: www.ectodermaldysplasia.org. 
National Foundation for Ectodermal Dysplasias (NFED): www.nfed 
.org. 

(Both last accessed June 2022.) 


PALMOPLANTAR KERATODERMA AND 
OPHTHALMIC MANIFESTATIONS 


Oculocutaneous tyrosin 
(tyrosinaemia type II) 


Definition and nomenclature 


Tyrosine aminotransferase deficiency causes herpetiform corneal 
ulcers and painful palmoplantar keratoses with progressive mental 
impairment [1,2]. 


Figure 63.59 Oculocutaneous tyrosinaemia (Richner—Hanhart syndrome) with 
callosity-like hyperkeratoses. 


Pathophysiology 

This autosomal recessive condition is caused by biallelic muta- 
tions in TAT encoding tyrosine aminotransferase [3]. Tyrosine 
aminotransferase deficiency impacts on the degradation pathway 
of tyrosine and phenylalanine [4-6]. The keratinocytic ultrastructure 
reveals clumped tonofilaments with adherent globoid keratohyalin 
granules, suggesting enhanced microfilament aggregation due to 
an excessive amount of intracellular tyrosine [7]. 


Clinical features 

In the first year of life, photophobia and corneal ulcers occur. 
A year or two later, red crusts appear on the pressure-bearing 
areas of the soles (Figure 63.59), followed by painful circumscribed 
hyperkeratosis [1,2], typically making the child walk on their toes. 
The keratoses vary from gross keratoderma to patchy hyperker- 
atotic yellow-white papules. Bullous lesions and hyperhidrosis 
are sometimes seen. In incomplete forms, keratoderma may be 
the presenting feature [8], although conversely keratoderma may 
be delayed until the second decade [9]. Unless correctly treated, 
behavioural problems arise within a few years and progressively 
worsen, ending in inanition or death [10]. 


Investigations 

Elevated tyrosine levels in newborn screening by tandem mass 
spectrometry and analysis of the tyrosine aminotransferase gene 
can confirm the diagnosis. In urine, high levels of tyrosine and 
its metabolites are present [11]. Slit lamp examination may reveal 
tyrosine crystals in ocular lesions [12]. Histology shows acanthosis 
with hyperkeratosis with thickening of the granular layer [7]. 


Management 
In general, reduction of plasma tyrosine can be achieved by restrict- 
ing the intake of natural protein. To avoid deficiency of essential 


amino acids, a phenylalanine- and tyrosine-free amino-acid formula 
is used (plasma tyrosine level below 600 pmol/L). Early initiation 
of diet causes prompt resolution of the ocular and cutaneous 
symptoms and prevents the development of mental manifestations 
[11,13-15]. 


PALMOPLANTAR KERATODERMA AND 
NEUROLOGICAL MANIFESTATIONS 


This category largely overlaps with the neuro-ichthyotic syn- 
dromes, for example CEDNIK, SLS and Chanarin—Dorfmann 
syndromes as well as TTD (see Tables 63.2 and 63.4). It seems 
that there are only a few genetic diseases in which pure PPK 
manifests together with neurological symptoms. Some reports 
associate neuropathy or spastic paralysis with keratoderma. These 
include striate keratoderma with spastic paraplegia, pes cavus and 
intellectual disability in four brothers [1]; autosomal dominant 
punctate keratoderma and spastic paralysis [2]; autosomal domi- 
nant focal keratoderma with nail dystrophy and motor and sensory 
neuropathy [3]; and Charcot—Marie-Tooth disease [4]. Atypical 
erythrokeratoderma with deafness has also been associated with 
peripheral neuropathy [5]. 

As an example of a differential diagnosis, acro-osteolysis with 
keratoderma (Bureau-Barriére syndrome) [6,7] may show diffuse 
keratoderma with osteolysis in the forefoot area, polyneuropa- 
thy of the lower legs and painless ulcers of the feet. The disease is 
non-familial and often subsumed under the concept of neurotrophic 
ulcers [8]. 


ACQUIRED KERATODERMAS 


This disease group refers to numerous underlying causes sum- 
marised and reviewed by Patel et al. [1]. Callosities or more 
extensive thickening of plantar epidermis commonly accompanies 
obesity and occurs with increasing age or orthopaedic problems [2]. 


Keratoderma climactericum (Haxthausen disease) [3,4]. The speci- 
ficity of this entity described in women over the age of 45 is 
uncertain. For more than 30 years no new reports were available. 
A strong association with obesity and hypertension has been 
noted, with pressure areas of the heel and the forefoot involved 
first (Figure 63.60). Skin inflammation and heavy hyperkeratosis 
with fissuring make walking painful. The hyperkeratotic areas 
slowly extend to become confluent. Later, the central palms may 
be affected. Symptoms may be worse in winter. Deschamps et al. 
[4] excluded endocrine dysfunction, contact dermatitis and fungal 
infection, and found normal serum vitamin A levels. However, 
Wachtel [5] described three young women in whom an identical 
condition arising following bilateral oophorectomy was reversed by 
oestrogen replacement. Laurent et al. [6] implicated keratinisation of 
the acrosyringium by the finding of composite keratohyaline gran- 
ules in the granular cells of the interductal granular cells, believed 
to serve as a marker for acrosyringeal differentiation [7]. In one 
report, topical 0.05% oestradiol in a water-in-oil base was successful 
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Figure 63.60 Keratoderma climactericum. 


where keratolytics and emollients had failed [8]. Given the success 
of etretinate, acitretine may be the treatment of choice [1]. 


Inflammatory dermatoses. In psoriasis, both diffuse gross and cen- 
tripalmar hyperkeratosis are seen. A scalloped margin (‘festonné’), 
Caro-Senear lesions (depressed plaques) on the sides of the fingers 
and involvement of the knuckles may suggest the diagnosis. The 
lesions of reactive arthritis are compact, heaped up and resemble 
the heads of nails (keratoderma blenorrhagica). Extensive hyper- 
keratotic eczema may be difficult to distinguish on clinical and 
histological grounds but marked itching may indicate eczema. The 
even orange hyperkeratosis of pityriasis rubra pilaris is associated 
with an acute follicular eruption in adults and by lesions on the 
knees and elbows in children. Lupus erythematosus may show 
dry and atrophic [9], hypertrophic (Figure 63.61) [10] or ulcerative 
[11] palmar lesions. Keratoderma is also reported in association 
with acrocyanosis and livedo reticularis [12]. Antidesmocollin 
3 antibodies were found in a patient with an immunobullous 
disorder and acquired diffuse PPK [13]. In lichen planus, warty 
lesions may be mistaken for viral warts; lichen planus and other 
lichenoid eruptions such as lichen nitidus may mimic punctate 
keratoderma [14]. 


Infections. Trichophytosis, especially resulting from Trichophy- 
ton rubrum, may be unilateral and lacking inflammatory signs. 
Keratoderma may be seen in crusted scabies (Figure 63.62). The 
tendency of secondary syphilis lesions to involve the palms is well 
known, and hyperkeratotic late syphilides may be warty or focal 
[15]. Tropical diseases such as late yaws may be complicated by 
keratoderma. In immunocompromised patients, viral warts may be 
confluent on the palms or soles. 


Figure 63.61 Keratoderma associated with lupus erythematosus. Courtesy of Dr I. 
Sarkany, Royal Free Hospital, London, UK. 


Figure 63.62 Norwegian scabies manifesting with keratoderma. Courtesy of Dr. N. 
Walker, Oxford Radcliffe Hospital, Oxford, UK. 


Myxoedema and lymphoedema. Palmoplantar hyperkeratosis 
with myxoedema, improving with treatment, has been reported 
on several occasions [16,17]. As such, hypothyroidism must be 
suspected in patients with acquired PPK [18]. In chronic lym- 
phoedema, the skin overlying the lymphoedematous area first 
becomes diffusely thickened, and then develops into a velvety 
papillomatous surface, which is ultimately covered by large irreg- 
ular warty projections (lymphostatic verrucosis or mossy foot) 
[19-21]. The condition may simulate chromoblastomycosis. Lym- 
phoedematous keratoderma occurs most characteristically in 


filariasis, but may develop in the context of chronic lymphoedema 
of any origin. Histologically, there is hyperkeratosis, acanthosis and 
papillomatosis. The dermis is oedematous with dilated lymphatics, 
conspicuous new-vessel formation, some sclerosis and a variable 
infiltrate of inflammatory cells. Both the hyperkeratotic component 
and the lymphoedema improved in three cases given etretinate 
0.6 mg/kg/day [19]. 


Malignancy. In addition to ‘tripe palms’ (Chapter 148) and Bazex 
acrokeratosis paraneoplastica (Chapter 148), acquired diffuse PPK 
has been observed with cancer of the bronchus [22,23], and fil- 
iform PPK has been reported with cancer of the breast, colon 
and kidney [24-26]. As for acquired ichthyoses, mycosis fun- 
goides is an important differential diagnosis for acquired PPK [27]. 
Carcinogens, of which the best documented example is arsenic, 
may produce both keratoderma and internal malignancy [28,29]. 
One survey showed that palmar keratoses occur four to five 
times more frequently in patients with cancer than in controls 
[30]. An increased incidence of keratoses in patients with lung 
or bladder cancer has been debated [31-33]. Smoking [31] and 
papillomavirus infection [32] are suggested culprits. Keratoses 
associated with cancer are histologically distinct from arsenical 
keratoses [34]. 


Drugs. Keratoderma may be seen as a result of hypersensitivity to 
drugs such as iodine. Keratoderma may result from tegafur, glucan, 
lithium and halogenated weed-killers, and dioxin intoxication 
[35-39]. Arsenical-induced irregular warty keratoses, or more even 
glassy lesions, are still occasionally seen [40]. Agents used in can- 
cer treatment commonly cause palmoplantar redness (hand-foot 
syndrome) and may cause keratoderma [35,41,42]. 


MISCELLANEOUS DISORDER 
KERATINISATION 


Keratolytic winter eryth 


Definition and nomenclature 

This rare epidermal disorder, characterised by recurrent skin peel- 
ing, palmoplantar erythema and seasonal variation, was originally 
described as erythrokeratolysis hiemalis in 1977. 


Epidemiology 

It has been observed in at least 35 South African families of European 
descent originating from the Oudtshoorn district of Cape Provence 
[1,2]. The incidence in this population is 1/7000. Cases have since 
been identified in several other countries, and a familial link to the 
Oudtshoorn cluster is evident in most. 


63.73 


Miscellaneous disorders of keratinisation 


Pathophysiology 
This an autosomal dominant disorder with variable penetrance and 
linkage to chromosome 8p22-p23 has been reported in five South 
African and one German kindreds [3]. No pathogenic mutations 
were initially found in candidate genes within the disease region, 
cathepsin B (CTSB) and farnesyl-diphosphate farnesyltransferase 
1 (FDFT1) [4,5]. However, a duplication of an intergenic enhancer 
element upstream of the cathepsin B gene on chromosome 8 has 
been identified that leads to upregulation of cathepsin B in the 
stratum granulosum and subsequent detachment of the epider- 
mis [6]. The genetic alteration may have originated in a French 
immigrant in the late 1700s. Over 400 descendants are affected. 
A Norwegian family with four affected members did not show link- 
age to chromosome 8p22-p23, suggesting genetic heterogeneity [7]. 
A frequent precipitant is cold dry weather and, although in South 
Africa it is most active in the winter months, it may be perennial in 
temperate climates. Other triggers include febrile illness, surgery, 
stress and menstruation, and it improves in pregnancy and with 
age. The father of an affected toddler was unaffected but paternal 
aunts and other family members had similar palmoplantar erup- 
tions and her paternal great-great-grandmother originated from 
Oudtshoorn [8], suggestive of partial penetrance. 

Of note, a point mutation in the CTSB gene was found to result 
in increased cathepsin B proteolytic activity and PPK, with no appar- 
ent season-related fluctuation in disease activity [9]. 


Clinical features 

Symmetrical keratolysis of the hands and feet may begin at any 
age from infancy to early adult life but it is not usually present 
at birth. Cyclical centrifugal peeling (sometimes preceded by 
erythema multiforme-like papules) at several sites on the palms 
(Figure 63.63a) and soles is a constant feature, and may spread to 
the dorsal hands and feet, and the interdigital spaces. Episodes 
may be preceded by itch and hyperhidrosis and associated with 
pustulation. Palmoplantar inflammation develops, and is followed 
by the evolution of painless, superficial, opaque, dry blebs, which 
peel or can be pulled away, leaving a red base with intact markings. 
A second wave may begin at the centre of a lesion, resulting in 
gyrate and polycyclic annular erythema, which eventually resolves. 
Cycles repeat every few weeks and the palms and soles appear 
normal between attacks. Similar rosette lesions may arise on the 
lower legs, knees and rarely the thighs (Figure 63.63b), upper arms 
and shoulders. Truncal lesions were reported in one patient [2], and 
facial involvement in another [10]. 


Differential diagnosis 

This includes familial peeling skin syndromes, pustular bacterids, 
annular erythema, erythema multiforme, Hailey—Hailey disease, 
erythrokeratoderma and localised epidermolysis bullosa simplex. 
A similar phenotype affecting the palms, more active in sum- 
mertime, was reported in two siblings (British) who had atypical 
autosomal recessive erythropoietic protoporphyria [11]. 


Investigations 
A biopsy of the advancing edge of a lesion shows hyperplasia, spon- 
giosis and, in the upper stratum spinosum, keratinocytes with pale 
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(b) 


Figure 63.63 Oudtshoorn disease: (a) palmar lesions, and (b) truncal lesions. 


cytoplasm, perinuclear vacuolisation and pycnotic nuclei. In the 
abscence of a granular layer, the epidermis forms a parakeratotic 
wedge, which becomes sandwiched within the hyperkeratotic stra- 
tum corneum and is shed [2]. During regeneration, undifferentiated 
keratinocytes are not confined to the basal layer but appear in the 
lower half of the epidermis [12]. Skin histology in the Norwegian 
family was non-specific [6]. 


Management 

There is no effective treatment, and topical keratolytics, retinoids 
and steroids may aggravate the condition. Urea and tar com- 
pounds, antiperspirants, oral retinoids and photodynamic therapy 
have been tried [13]. 


Porokeratoses -— UL 


Definition and nomenclature 
Porokeratoses refer to a heterogeneous group of keratinisation dis- 
orders, in which the presence of a so-called ‘cornoid lamella’ in a 


lesion can be seen. Clinical distinction between the various forms of 
disseminated porokeratosis may not be justified [1]. 

The disorders are characterised by marginate keratotic lesions, 
histologically showing a column of parakeratotic keratinocytes (the 
cornoid lamella). Various forms are recognised, but terminology 
and classification are still debated [2,3]. Some forms appear to be 
premalignant [4]. 


Pathophysiology 

Disseminated superficial (actinic) porokeratosis (DSAP) has been 
mapped in Chinese pedigrees to 12q [5], 15q [6], 18p [7] and 
16q [8]. Loss of heterozygosity at 12q and sequence variations 
in genes at this locus have been reported, but the significance of 
these findings is uncertain [9-13]. More recently, heterozygous 
germline mutations in the mevalonate pathway genes have been 
reported in familial and sporadic porokeratosis of Mibelli and 
in DSAP [14-20]. Second-hit somatic mutations were detected in 
linear porokeratosis [21,22]. The mevalonate pathway regulates 
keratinocyte growth and differentiation, cytoskeleton assembly and 
intracellular signalling. Of note, biallelic mutations in MVK are 
associated with a neurological disorder called mevalonic aciduria. 
It is still unclear why no cutaneous phenotype is seen in the parents 
of children with mevalonic aciduria, who are obligatory carriers of 
MVK mutations. 

The centrifugal progress of individual lesions is thought to 
reflect the migration of a clone of abnormal cells [23]. There is 
keratinocyte dysplasia, and Otsuka et al. [24,25] have reported 
aneuploidy and chromosomal abnormalities in lesional keratino- 
cytes. The tumour suppressor protein p53 is overexpressed in the 
cornoid lamella [26-29], but D’Errico et al. [29] found no evidence 
of p53 mutations or radiation hypersensitivity in DSAP-derived 
keratinocytes and fibroblasts. Cytogenetic anomalies in fibroblasts, 
particularly chromosome 3, are also recorded [30]. An association 
with immunosuppression [2] suggests impaired immunity is per- 
missive, perhaps by reduced immune surveillance of dysplasia, 
but the possibility of an infective aetiology [31] remains. Esser et al. 
[32] found evidence of HPV types 66 and 14, respectively, in two 
patients with porokeratosis of Mibelli. 


Clinical features 

Clinical variants 

Disseminated superficial actinic porokeratosis. This form is the 
most common presentation, with multiple lesions of up to 10 mm 
predominantly found in sun-exposed sites in middle-aged individ- 
uals, in particular on the extremities of women, especially those 
with sun-sensitive skin (Figure 63.64). The papules are surrounded 
by a keratotic ridge albeit finer than in Mibelli porokeratosis. They 
are easily mistaken for actinic keratoses, with which they may 
coexist. Lesions are not induced by artificial light exposure [33], but 
have been provoked by photochemotherapy [34]. Radiotherapy has 
also been shown to exacerbate the disease. No evidence that skin 


Figure 63.64 Disseminated superficial actinic porokeratoses: annular keratotic lesions 
with a raised margin. 


cancer arises in the porokeratotic lesions was found in a study of 29 
patients [35]. 


Disseminated superficial porokeratoses of immunosuppression. 
This variant has been reported after renal, hepatic, cardiac and 
bone marrow transplantation, and in AIDS [2]. The distribution of 
the lesions is similar to DSAP, but a history of sun exposure is less 
likely [36]. 


Disseminated superficial porokeratosis of childhood. The con- 
dition may be inherited as an autosomal dominant disorder, but 
sporadic cases are seen. Widely disseminated flat lesions usu- 
ally begin in childhood, the majority appear between the ages 
of 5 and 10 years, but they may be present at birth or may first 
appear at puberty or later. Palmoplantar lesions may be associated 
(porokeratosis palmaris et plantaris disseminata) [37]. Widespread 
lesions appeared first at the age of 1 month in a male infant with 
craniosynostosis and other congenital abnormalities [38]. 


Porokeratosis of Mibelli [39,40]. The eponym Mibelli is sometimes 
used generically for porokeratoses, but usually refers only to the 
form with single or scanty and larger lesions. These develop as annu- 
lar dry plaques (Figure 63.65) surrounded by a raised, fine, keratotic, 
elevated border with a central groove. Lesions are most common on 
the limbs and by centrifugal spread may achieve several centimetres 
in diameter. The centre is usually atrophic but may be hyperkera- 
totic [41]. The face, scalp, nails, genitalia, oral mucosa and cornea 
may also be affected. The condition may be familial, inherited as an 
autosomal dominant trait with onset in childhood (MIM: 175800), or 
sporadic and of later onset. 


Giant porokeratoses. These are up to 20 cm in diameter with a sur- 
rounding elevated edge of 1 cm. They are very rare [42], and are most 
often found on the foot. Large lesions are said to have the highest 
potential for malignant transformation [4,42,43]. 


Palmoplantar porokeratosis (of Mantoux). Parakeratotic hyper- 
keratosis histologically reminiscent of the cornoid lamella occurs in 


Figure 63.65 Porokeratosis of Mibelli. 


some punctate keratodermas, but the absence of marginate lesions 
distinguishes this entity from true porokeratosis [44]. Nonetheless, 
annular lesions of the palms and soles with a cornoid lamella are 
recognised [32,45]. 


Linear porokeratosis [43,4647]. Linear porokeratoses showing 
typical cornoid lamellae and following the lines of Blaschko usu- 
ally appear in childhood. These lesions probably result from a 
predisposition to porokeratosis in an abnormal clone of epidermal 
precursors. Malignant degeneration and metastasis have been 
reported in this variant [43,48]. Linear accentuation of disseminated 
actinic porokeratosis has also been reported [49-51]. 


Porokeratosis ptychotropica [52-54]. This rare type of porokerato- 
sis is confined to body folds (‘ptyche’, Greek for a fold). Brownish 
to reddish macules or plaques usually develop symmetrically 
on the perianal region, and, as reported in one patient, on the 
scrotum. The typical presence of multiple cornoid lamellae as seen 
histologically (punctate type of porokeratosis) explains the keratotic 
or verrucous appearance and expansile papular growth. The highly 
pruritic disease is mostly confined to men ranging from 6 to 84 
years of age. Linear porokeratoses or DSAP may coexist. 


Investigations 

The characteristic histopathology is seen on the edge of the lesion 
when cut at right angles. The stratum corneum is hyperkeratotic, 
and at the raised border a column of poorly staining parakera- 
totic stratum corneum cells, the cornoid lamella, is seen running 
obliquely through the surrounding normal-staining cells. The 
underlying keratinocytes are large, vacuolated, with some of them 
dyskeratotic and pleomorphic. The granular layer is absent beneath 
the parakeratotic column. Beneath, a variably dense lichenoid 
lymphocytic infiltrate, less frequently colloid bodies and amyloid 
material, may be present [55,56]. These changes can also affect the 
hair follicles or acrosyringia. The involvement of the sweat pores 
explains the term ‘poro’ keratosis. The central area of a lesion is 
usually atrophic, but may occasionally show gross hyperkeratosis. 
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The papillary dermis is fibrotic and contains melanophages [57]. 
Cornoid lamellae may also be found in other conditions, such as 
viral warts, some ichthyoses and naevoid hyperkeratoses, but the 
characteristic changes of the underlying keratinocytes are absent. 


Management 

Treatment of disseminated superficial porokeratoses is usually 
unnecessary. Photoprotection should be recommended. Kera- 
tolytics offer little relief. Topical tacalcitol [58], topical retinoids, 
5-fluorouracil ointment [59,60], imiquimod cream [61] and oral 
etretinate [62] have been effective. Diclofenac gel was disappointing 
[63]. Cryotherapy, carbon dioxide, pulsed dye laser therapy and 
photodynamic treatment have all been used with variable results 
[64-66]. Deep dermabrasion by a dermatome is useful in poroker- 
atosis ptychotropica [67]. Only recently, a pathogenesis-directed 
therapy was shown to improve various forms of porokeratosis in a 
case series with five patients [68]. Topical application of cholesterol, 
an essential mevalonate pathway end-product, together with lovas- 
tatin, seems to effectively block the accumulation of mevalonate 
pathway toxic metabolites. 


Perforating keratotic disorders 


The nature of perforating (epidermal elimination) disorders is 
uncertain [1]. They present as keratotic papules, but as epidermal 
involvement may be secondary to dermal disease they are probably 
not true disorders of keratinisation. The unifying term ‘acquired 
perforating dermatosis’ and a subclassification have been pro- 
posed [2,3]. Many patients suffer from chronic pruritus and can be 
diagnosed as having an umbilicated type of prurigo [4]. 


Pathophysiology 

The concept of a genuine perforation is increasingly disputed 
[5]. Trauma from scratching is thought to initiate the lesions. An 
umbilicated type of prurigo shares many clinical and histological 
features with acquired reactive perforating dermatosis. A reduced 
wound healing capacity due to underlying systemic disorders, 
particularly diabetes mellitus and uraemia, has been assumed for 
the development of umbilicated skin lesions with a perforating 
aspect [6]. Familial occurrence, with ocular involvement, is reported 
(MIM: 149500) [7,8]. 


Clinical features 

Follicular or non-follicular keratotic papules or nodules up to 1 cm 
in diameter are seen mainly on the limbs (Figure 63.66). Some of the 
lesions show a central depression containing an adherent necrotic 
plug. It is most often seen with diabetes or before, during or after 
dialysis for renal failure [9]. Eleven per cent of 72 British patients 
on renal dialysis developed a perforating dermatosis [10]. Many 
individual reports of association with malignancy, infection or 
inflammatory conditions have been published, but often also with 
renal failure or diabetes [6,11]. A patient who developed a perforat- 
ing folliculitis with two anti-TNF agents improved on withdrawal 
[12]. 


Figure 63.66 Kyrle disease/acquired perforating dermatosis: large keratinous plugs on 
the thigh. 


Clinical variants 

Necrotising infundibular crystalline folliculitis. Lucke et al. [13] 
reported two cases of a disorder characterised by transepidermal 
elimination of negatively birefringent, needle-shaped crystals sim- 
ilar to monosodium urate. Kossard et al. [14] reported a similar 
case and suggested that the disorder was due to the initiation of 
crystal formation around microorganisms from follicular lipids at 
critical concentrations. Clinically, multiple waxy papules develop 
with a predilection for the forehead, neck and back. A dermatomal 
distribution on the chest and back has been described following an 
episode of herpes zoster in a patient on PD-1 immune checkpoint 
inhibitor therapy [15]. Histology reveals necrosis of the follicular 
epithelium and sometimes a perifollicular neutrophilic infiltrate. 
Crystalline deposits with yeasts and Gram-positive bacteria are 
found in the follicular ostia and are enclosed by parakeratotic 
columns [16]. In addition, these histological changes can also be 
found as a coincidental finding in the vicinity of epithelial skin 
neoplasms [16]. Resolution of the lesions after topical or systemic 
antimycotic treatment suggests a microbial pathogenesis [16]. 


Elastosis perforans serpiginosa (Chapter 94). This presents as 
grouped arcuate or serpiginous keratotic papules and is associated 
with Down syndrome, disorders of connective tissue and peni- 
cillamine treatment. Histologically, amorphous masses that bind 
elastic tissue stains can be seen traversing the epidermis [17]. 


Reactive perforating collagenosis (Chapter 94). This mainly affects 
children, with the formation of 2-5 mm papules, usually on the 
limbs. Lesions in all stages of eruption and resolution are present at 
any one time [18]. 


Investigations 

Histology of acquired perforating dermatoses may show follicular 
and non-follicular lesions with broad or narrow ulcer craters [11]. 
Degenerate collagen, elastic tissue and keratin are seen mixed 
with an unidentified clear material, which has been regarded by 
some as an accumulation of a metabolite [2]. Changes diagnosed 


as perforating folliculitis, reactive perforating collagenosis or Kyrle 
disease (hyperkeratosis follicularis et parafollicularis in cutem 
penetrans) may all be found [19-21]. 


Management 

In most cases of acquired perforating dermatosis, lesions can be 
cleared by treatment with potent topical or intralesional steroids and 
antipruritic therapy [22]. Success with conventional or narrow-band 
ultraviolet B phototherapy has also been recorded [23-25]. Topical 
tretinoin may reduce the lesions. Other agents reported to be 
effective include allopurinol [26] and doxycycline [27]. 


Multiple minute digi 
hyperkeratoses 


Definition and nomenclature 

A number of entities have been described using names including 
minute and filiform keratoses, disseminated spiked hyperkeratosis, minute 
aggregate keratosis or digitate keratosis [1-4]. An inclusive approach to 
classification has been proposed under the name ‘multiple minute 
digitate hyperkeratoses’ [5]; and a useful algorithm is given in Cac- 
cetta et al. [6]. 


Clinical features 

Cases may be sporadic [3] or familial with probable autosomal 
dominant inheritance [2,7,8], early or late onset, transient or per- 
sistent. Non-follicular spiky keratoses develop on the trunk and 
limbs (Figure 63.67) [6]. Reported associations include drugs, 
malignancy, especially haematological, and X-irradiation [4,5,8-13]. 
Hyperkeratotic spicules on the face, particularly on the nose, are 
follicular and often associated with paraproteinaemia, multiple 
myeloma and croyglobulinaemia, but may be also idiopathic 
[10,11]. One case associated with carcinoma of the larynx cleared 
following surgery [14]. Filiform keratoses occur with a pityria- 
sis rubra pilaris-like eruption and acne conglobata in association 
with HIV infection [15]. A familial form of filiform keratosis has 


Figure 63.67 Digitate hyperkeratosis. Courtesy of Dr F. A. lve, Dryburn Hospital, 
Durham, UK. 
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been described to be associated with thickened nails, plantar 
hyperkeratosis, joint laxity and long fingers [16]. 


Differential diagnosis 
Spiny palmoplantar keratosis [17,18] is recognised as a particular 
type of PPK (see ‘Spiny keratoderma’ earlier in this chapter). 


Investigations 

Histologically, there are focal areas of compact orthohyperkera- 
totic spicules mostly arising from a pointed epidermal elevation. 
The stratum granulosum usually is prominent [6,19]. Parakerato- 
sis may be present [16,20] but use of the term porokeratosis is 
misleading [5,6]. Hyperkeratotic spicules associated with para- 
proteinaemia reveal eosinophilic inclusions in the hyperkeratotic 
columns that represent immunoglobulin deposits [10]. 


Management 
Treatment including keratolytics and retinoids is often unsuccess- 
ful [6]. 


Flegel disease —'§s§ Ss3e?. 


Definition and nomenclature 

Flegel disease is a rare and benign cornification disorder of older 
individuals characterised by multiple, reddish-brown, keratotic 
papules affecting the extremities [1,2]. 


Pathophysiology 

This is inherited as an autosomal dominant condition [3]. Despite 
the strong genetic component in the disorder, no reports identifying 
a candidate gene have appeared to date. A low proliferation rate 
of keratinocytes together with downregulation of filaggrin, loricrin 
and high-molecular-weight keratins and loss of the keratin pattern 
in the horny layer suggest a retention hyperkeratosis and complex 
dysregulation of the epidermal differentiation [4]. 


Clinical features 

Keratotic red-brown papules 2-3 mm in diameter with discrete 
irregular margins (‘cornflake sign’) appear over the dorsa of the 
feet and on the lower parts of the legs, after the third or fourth 
decade. Dermoscopy may support the diagnosis by showing white 
scales, a brownish background and sparse brown dots [5]. The 
lesions may spread to the upper part of the legs and thighs, also 
disseminating over the arms and trunk or concha of the ear. Fine 
points may appear on the palms and soles (Figure 63.68) [1,6]. Some 
patients complain of pruritus. The keratotic scale can be removed, 
leaving a non-exudative, red bleeding base. 


Investigations 

Histologically, there is hyperkeratosis with a focal parakeratosis 
overlying a thinned flat epidermis with a loss of keratohyalin 
granules. In the periphery of the lesions, the epidermis is acanthotic 
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Figure 63.68 Flegel disease: polygonal keratotic lesions on the legs. 


with collarette-like elongated rete ridges. A lymphocytic lichenoid 
infiltrate can be found in early lesions. Upon electron microscopy, 
membrane-coated granules (Odland bodies) appear reduced and 
malformed at least in evolving lesions [1,3,4,7,8]. 


Management 

Treatment remains difficult and many modalities have been rec- 
ommended, including cryotherapy, topical corticosteroids, topical 
and systemic retinoids, calcipotriol, psoralen and UVA (PUVA) and 
5-fluorouracil, albeit with variable efficacy [2,4,9]. 


Circumscribed palmoplantar 
hypokeratosis 


Definition and nomenclature 


Circumscribed palmoplantar hypokeratosis presents with well- 
demarcated, depressed patches of reddened skin on the palms or 
soles. 


isions 
ypokeratosis 
tosis of the hand 


Pathophysiology 
This condition is considered a localised keratinisation disorder of an 
expanding clone of keratinocytes [1]. Acanthosis, dilated tortuous 


Figure 63.69 Circumscribed hypokeratosis on the inner part of the forefoot of a female 
patient. Courtesy of Dr F. Schedel, Department of Dermatology, University Hospital 
Munster, Munster, Germany. 


capillaries and coarse keratohyalin granules are also suggestive of a 
viral origin. Molecular studies failed to detect HPV apart from one 
report that found HPV-4-specific DNA [2]. 


Clinical features 

Circumscribed hypokeratosis of the palms and soles is characterised 
by a solitary, red, sharply circumscribed depression on the thenar 
or hypothenar region of the palms or on the soles (Figure 63.69). 
Only rarely more than one lesion appears. Most patients are women 
between the ages of 42 and 84 years [3,4]. Congenital cases are 
exceptional [5]. Sometimes there is a history of prior trauma or 
burn at the site [6]. Circumscribed acral hypokeratosis is considered 
to be a benign process; however one case each of actinic kerato- 
sis and Bowen disease have been described in association with 
circumscribed acral hypokeratosis [7]. Alternatively, the features 
of circumscribed acral hypokeratosis may occure secondary to an 
underlying squamous cell carcinoma in situ [8]. 


Investigations 

Histologically, an abrupt thinning of the stratum corneum over 
a diminished granular layer forms a sharp stair between normal 
and involved skin [6]. Some histological features suggest a trau- 
matic genesis [9]. Malignant transformation is unlikely although 
susceptibility to photocarcinogenesis has been assumed [7,10]. 


Management 

Topical calcipotriol [11], cryotherapy [12], photodynamic therapy 
[13] or fluorouracil cream [14] can be tried. However, total excision 
of the lesion is the definite treatment. 


Waxy keratoses of childhood —_ 


Definition and nomenclature 
This condition appears typically in children presenting with asymp- 
tomatic small hyperkeratotic papules, for instance on the trunk or 


proximal limbs. The aetiology is unknown, and only a few cases 
have been reported so far [1]. 


Clinical features 

Three children in two families showed generalised, discrete, domed 
keratotic papules, which were flesh coloured or yellowish [2]. 
Dermatoscopy reveals a cribriform pattern [3]. Two young patients 
reported earlier with ‘disseminated hypopigmented keratoses’ 
appeared to be identical [4]. Late manifestation in an adult has 
been observed [5]. The disorder has been reported in a linear 
form [6] and as a linear exacerbation in generalised disease [7], 
further supporting the notion that it could be a genodermatosis. 
The pattern resembles confluent and reticulated papillomatosis 
(Gougerot-Carteaud syndrome), but waxy keratosis shows more 
hyperkeratosis. Differential diagnosis includes the leukodermic 
macules in Darier disease in dark skin [8]. Larger papules with 
a mosaic pattern and acral distribution have been diagnosed as 
mosaic acral keratosis (see also ‘Marginal papular keratoderma’ 
earlier in this chapter) [9]. 


Investigations 

Histological findings are marked orthokeratotic hyperkeratosis, 
tenting and papillomatosis of the epidermis, and mild acanthosis. 
The detection of HPV-57 might hint at an etiological role of HPV [3]. 


Hyperkeratosis of the n 


Definition 
This condition is defined by progressive diffuse hyperkeratotic 
thickening of both areolas, with a predominance in women. 


Pathophysiology 
The occurrence and aggravation around puberty, pregnancy or sys- 
temic hormone treatment suggest a hormonal influence [1]. 


Clinical features 

The lesions are bilateral and involve predominantly the top of 
the nipple. Lesions may cause tenderness or discomfort, pru- 
ritus, sensitivity to touch or discomfort with breastfeeding [2]. 
Naevoid hyperkeratosis of the nipple and areola may either appear 
isolated or associated with an epidermal naevus and other der- 
matoses such as acanthosis nigricans, Darier disease, chronic 
eczema, chronic mucocutaneous candidiasis or cutaneous T-cell 
lymphoma [3,4]. 


Differential diagnosis 
The most important differential diagnosis is Paget disease. 


Investigations 

Histologically, papillomatosis, acanthosis and hyperkeratosis of 
the epidermis can be found. The rete ridges are filiform and 
anastomising and the basal layer appears hyperpigmented. A 
sparse lymphocytic infiltrate and intraepidermal collections of 
lymphocytes must not be confused with T-cell lymphoma. 


Management 

Treatment includes topical agents (keratolytics, steroid, retinoic 
acid, calcipotriol) [5,6] and ablative modalities (cryotherapy, carbon 
dioxide laser, radiofrequency, shave excision) [7-9]. 
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DARIER DISEASE 


Definition, nomenclature and classification 

Darier disease (DD) is an autosomal dominant genodermatosis char- 
acterised by a chronic eruption of keratotic papules, the histology of 
which shows acantholysis and dyskeratosis. 


Introduction and general description 

Darier disease was first described independently by Darier and 
White in 1889 [1,2]. It is characterised by chronic and recurrent focal 
and aggregated keratotic papules, generally of teenage or adult 
onset, predominantly in seborrhoeic areas. Other lesions include 
distinctive nail and palmoplantar abnormalities [3,4,5] and mucosal 
involvement. Histology of the keratotic lesions shows suprabasal 
acantholysis with overlying dyskeratosis [3]. The disorder is inher- 
ited in an autosomal dominant manner [4] but new mutations are 
relatively common and the eruption may present in a naevoid 
distribution. Although DD has no consistent extracutaneous associ- 
ations, an increased frequency of neuropsychiatric disease has been 
noted [6-9]. It is generally managed with topical antimicrobials and 
corticosteroids, but oral retinoids are the mainstay of management 
in severe cases. 


Epidemiology 

Darier disease has a worldwide distribution; prevalence is estimated 
at 1 : 30 000-55 000 [3,4,7,10-12]. Men and women are equally often 
affected, with the rash usually first appearing in early teenage years, 
but patients may present in childhood or not until their sixth or 
seventh decade [3]. Penetrance is complete in adults [4], although 
phenotypic expression may be variable with some patients featuring 


nail changes only [5]. In some families, plane wart-like keratoses, 
known as acrokeratosis verruciformis, predominate [10,13,14]. 


Pathophysiology 

Histologically, DD shows disordered cell adhesion (acantholysis) 
and differentiation (Figure 64.1), and lesions are not only perifollic- 
ular [15]. Lacunae appear suprabasally in the earliest lesions, and 
extend irregularly throughout the Malpighian layer [3,5]. In the 
overlying epidermis, rounded dyskeratotic cells with eosinophilic 
cytoplasm (‘corps ronds’) give rise to small cells with shrunken 
cytoplasm (‘grains’) and the stratum corneum is hyperkeratotic. 
Immunohistochemistry shows desmosomal components diffusely 
distributed in the cytoplasm of acantholytic cells, and their intra- 
and extracellular domains are dissociated [16-18]. Ultrastructurally, 
tonofilaments separate from the desmosomes with aggregation of 
keratin filaments around the cell nucleus [19]. 

DD and also Hailey—Hailey disease (HHD) are due to mutations 
in the intracellular calcium pumps, members of an evolutionarily 
ancient family of P-type cation transport adenosine triphos- 
phatases (ATPases) [20]. In DD mutations are found in ATP2A2 
[21,22-25,26], a gene at chromosome locus 12q24.1 [27,28], encoding 
sarco/endoplasmic reticulum Ca*+-ATPase type 2 (SERCA2) [21] 
located in the endoplasmic reticulum (ER). SERCAs are trans- 
membrane channels that pump Ca** against a calcium gradient 
[29]. When ATP phosphorylates the channel, the resultant confor- 
mational change causes the release of the Ca”* ions into the ER 
lumen [30]. The pump is then dephosphorylated and the cycle can 
recommence. The ATP2A2 gene has 20 or 21 exons depending on 
the isoform and encodes a 4.4 kb transcript with four isoforms due 
to alternative splicing [30]. SERCA2a is expressed in slow-twitch 
skeletal and cardiac muscle [29,31-33]; SERCA2b and SERCA2c are 
more widely expressed. SERCA2d exists in muscle [32]. SERCA2b 
is the major isoform in the epidermis [12,34]. 

Over 280 different pathogenic mutations in ATP2A2 have now 
been reported in patients with DD [21,22-25,26,35-44] (see also 
LOVD, www.lovd.nl/, last accessed February 2022), which include 
missense, nonsense and frameshift mutations, and in-frame dele- 
tions, splicing or insertions scattered throughout the sequence of 
ATP2A2. At least 75% are unique mutations to the family affected 
[44] but in 12-40% of patients no mutations are found [12]. Many 
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Figure 64.1 Histology of Darier disease demonstrating (a) acantholysis with suprabasal clefting; and (b) in close-up, rounded dyskeratotic cells with eosinophilic cytoplasm (corps 


ronds) and hyperkeratosis with pyknotic retained nuclei (grains). 


are predicted to produce haploinsufficiency in SERCA2, with 
consequent reduction in function, but the mechanisms are not fully 
understood [45]. Epidermal keratinocyte differentiation and adhe- 
sion are dependent on high concentrations of Ca?* [46]. Functional 
studies have shown most variants cause normal to reduced Ca** 
ATPase activity, and/or reduced levels of Ca”* transport rate and/or 
reduced levels of phosphorylation at the catalytic site independent 
of mutation type and location [26,35,45,47,48]. This is predicted to 
result in increased cytoplasmic and reduced ER calcium levels. At 
elevated temperatures, specific missense mutations have also been 
shown to permit leakage of Ca** back to the cytoplasm [49], offering 
a mechanism for exacerbation by heat. It has been suggested that 
missense mutations are associated with more severe disease [23], 
possibly due to a dominant negative effect on the normal allele [45]. 
Some studies have suggested a correlation between specific muta- 
tion types and neuropsychiatric disease [50]. However, clear 
genotype—phenotype correlation has not been clearly established 
[21,23,26,44] and phenotypic variability within families suggests 
that other genetic, epigenetic or environmental factors also modify 
the phenotype. 

In DD, the normal increase of epidermal Ca** gradient from 
basal to superficial layers is disrupted [51,52]. ER calcium stores 
are necessary firstly for intracellular calcium-dependent sig- 
nalling, which, amongst other roles, regulates the transport 
of adhesion proteins to the cell membrane [53]. On receipt of 
purinergic signals, mediated by G-protein-coupled cell mem- 
brane receptors and inositol trisphosphate (IP3), ER calcium 
is rapidly discharged into the cytoplasm. Increasing cytoplas- 
mic calcium in turn causes the cell-membrane-store-operated 
channel TRPC1 (transient receptor potential cationic 1) to admit 
extracellular calcium, increasing the calcium flux [30]. Compro- 
mised SERCA2 function in DD is associated with upregulation of 
TRPC1, which augments cell proliferation and restricts apop- 
tosis [54]. A second SERCA2-dependent signalling pathway 
in keratinocytes is mediated by sphingolipids [55]. Reduced 


ER Ca** interferes with correct protein folding, sorting and 
post-translational modification by the molecular chaperones 
calreticulin and calnexin [56,57]. Cultured DD keratinocytes 
[58] or SERCA2-deficient cells [58] show impaired trafficking 
of the adhesion molecule desmoplakin to the cell membrane. 
Ca?+ depletion-induced ER stress impairs the formation of both 
adherens junctions and desmosomes [59], with desmosomal loss 
permitting invasion of herpes simplex virus 1 (HSV-1) with 
suppression of interferon 6 (IFN-B) and the antiviral factor 
ISG14 [60]. 

SERCA2 is sensitive to ER stress, resulting in insolubility and 
aggregation. Pathogenic missense mutants in SERCA2 are more 
prone to aggregate and are resistant to proteasome degradation 
[61]. Conversely, nonsense mutations and frameshift deletions 
were subject to increased proteasomal degradation [45]. Reduced 
expression of antiapoptotic proteins of the Bcl-2 gene family, 
although possibly secondary to other changes, may contribute to 
apoptosis [62-64]. 

Nevertheless, ATP2A2 is widely expressed, yet the phenotype 
is primarily cutaneous. Mice haploinsufficient in SERCA2 have 
impaired cardiac function and develop squamous cell carcinomas 
[65-68], features not seen in DD. Cutaneous localisation may be 
explained by the absence of compensatory mechanisms such as 
SERCAS3 in the epidermis [34,69]. However, onset is relatively late, 
only part of the skin is affected, and the lesions are focal and not 
limited to adnexal structures. 


Clinical features 

History 

The peak age of onset is between 6 and 20 years but disease may 
present in infants or old age [3]. Minor nail or palmar changes or 
acrokeratoses may be detected before the rash appears [4]. The dis- 
ease usually runs a chronic relapsing course although spontaneous 
remissions can occur. Aggravating factors include friction, heat, 
sweating and sunlight or ultraviolet B (UVB) [3,4]. 


Presentation 

Discrete or confluent rough, greasy, skin-coloured or yellowish 
brown papules are commonest on the seborrhoeic areas of the 
trunk, face, scalp margins, temples, ears, scalp, neck and flexures: 
the perineum, axillae and groin (Figure 64.2). Hair growth is unaf- 
fected. The disease often begins with small groups of keratotic 
papules on sun-exposed sites such as the neck. Isolated nipple 
hyperkeratosis may precede other signs of disease [70]. Coalescing 
papules, particularly in the axillae, perineum, groin and natal cleft, 
may form irregular, warty, fissured plaques (Figure 64.3), sometimes 
becoming vegetating and malodorous [3]. Scattered papules may 
be present on the limbs, but in some cases confluent hyperkeratotic 
plaques on the limbs are the major site of disease [23,71]. 

Acrokeratosis verruciformis (AKV), plane wart-like lesions best 
seen by transverse illumination, are commonest on the dorsal hands 
but can be detected in other sites (Figure 64.4). Hands including 
nails may show the earliest signs of disease [3,4]. Nail fragility, 
painful longitudinal splits or distinctive red and white longitudinal 
bands terminating in V-shaped nicks are typical (Figure 64.5). Over 
time nails may become severely dystrophic. Focal palmoplantar 
lesions, pits (Figure 64.6) or keratoses are common, occasionally 
causing a more diffuse keratoderma. Filiform keratoses have been 
noted [72,73]. Mucosal involvement presents with white umbilicate 
or cobblestone papules (Figure 64.7). Oral, oesophageal, cervical 
and rectal mucosa may be affected [74-82]; diagnosis in these cases 
will require pathological examination (Figure 64.8). Oral lesions are 
most common on the palate [74,83-87]. Confluent buccal lesions 
may resemble leukoplakia. Salivary duct occlusion and recurrent 
sialadenitis are recognised [86,88-90]. 

Ocular manifestations include hyperkeratotic plaques and sebor- 
thoeic debris at the eyelid margin with typical histological changes 
[91,92]. The chronic blepharitis is associated with dry eye syndrome 
and corneal erosions [93] and endophthalmitis following cataract 
surgery has been reported [94,95]. A variety of corneal abnormalities 
may occur [96,97]. 

Extensive, malodorous and painful skin in DD impacts on social 
interaction, work or school [98]. The extent of skin area affected and 
clinical severity have a negative impact on health-related quality of 
life [99]. 


Clinical variants 

There is considerable variation in severity of disease, even within 
families, from subtle palmar or nail changes to widespread involve- 
ment. Reported variants include erosive or vesiculobullous disease, 
especially in flexures [100,102-104], and eroded or hyperkeratotic 
plaques (Figure 64.9a), particularly of distal limbs [23,71,105-108]. 
Patients may have multiple comedones or nodulocystic acne with 
typical DD histology, causing deeply pitted scars (Figure 64.9b) 
[109-112]. Palmoplantar haemorrhagic macules with irregular 
margins (Figure 64.9c) [23,113-117] occur consistently within fam- 
ilies and may be due to specific mutations [23,118]. Pigmented 
papular lesions of the trunk resembling Grover disease have been 
described [119]. In type IV/V skin, focal lesions also produce 
guttate leukoderma - confetti-like hypopigmented macules and 
papules (Figure 64.10a) [120-125]; similar lesions in type II/III skin 
are sometimes detectable (Figure 64.10b). It is possible that DD in 
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Figure 64.2 Lesions of Darier disease: (a) profuse keratotic papules in the seborrhoeic 
areas; (b) early keratotic papules developing on the sun-exposed skin of the neck of a 
9-year-old girl; and (c) confluent lesions on the ear of a 57-year-old man. 
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(b) 


Figure 64.3 Darier disease: (a) confluent papules forming irregular, warty, fissured 
plaques in the axilla; and (b) confluent inflamed and eroded lesions of the chest. 


type V skin may have a mitigated course, and thus be underdiag- 
nosed [126]. 


Differential diagnosis 

Darier disease may resemble seborrhoeic dermatitis, particularly in 
the scalp, or acne, and nail and hand signs may help to distinguish 
these. Erosive, bullous or hypertrophic lesions of the flexures clini- 
cally and histologically overlap with HHD, but other cutaneous evi- 
dence of DD is often present elsewhere; HHD usually presents later 
[127]. Dowling—Degos disease and acanthosis nigricans present with 
pigmented flexural lesions and confluent reticulate papillomatosis 


with flat lesions mainly limited to the upper trunk. Erosive or bul- 
lous flexural DD may suggest pemphigus vulgaris /vegetans or pyo- 
derma vegetans. Acral papules can resemble plane warts or AKV, 
which may be allelic to DD [128]. Papular acantholysis of the vulva 
may in some cases be an expression of DD or HHD [78,129,130]. 

Acantholysis is an incidental feature of many other epidermal 
disorders. DD is often suggested by pathologists in cases of transient 
or persistent acantholytic dermatoses (Grover disease) [131,132], 
but the clinical presentation and absence of family history or sup- 
portive signs may help to distinguish this. ATPA2 mutations are 
not found [133]. Galli-Galli disease, which presents with acan- 
tholytic flexural papulovesicules or freckles, is an allelic variant of 
Dowling-Degos disease (MIM: 179850) due to mutation in KRT5 
encoding keratin 5 [134-137]. 

In AKV of Hopf (MIM: 101900), multiple flesh-coloured or lightly 
pigmented papules are seen on the dorsa of the hands, feet and 
other sites [138]. The lesions are clinically identical to those seen in 
DD [128,139,140]. Histology shows a ‘church spire’ pattern of hyper- 
keratosis (see Figure 64.4b), but acantholysis is not usually found. 
In some but not all pedigrees, AKV of Hopf has been found to be 
allelic to DD [26,128,141-145]. 

Localised or segmental epidermal naevi following the lines 
of Blaschko, which have the clinical features and acantholytic 
dyskeratotic histology of DD (Figure 64.11), are frequently reported 
[146-149]. In view of late onset, photoaggravation and occasional 
associated signs, such naevi have been thought to be a mosaic 
form of DD. Type 1 somatic mosaicism for ATP2A2 mutations has 
been confirmed in some such naevi, but not in all those studied 
[150,151-153], and may present later [154]. In theory, an individual 
mosaic for ATP2A2 mutations could transmit DD to a child if the 
mutation was also present in the gonads [152], but this has not as 
yet been reported. 

In rare cases, a severely affected linear eruption of DD is superim- 
posed on generalised disease. This is suggested to be due to type 2 
mosaicism in which a heterozygous individual suffers a postzygotic 
loss of heterozygosity causing localised homozygosity or hemizy- 
gosity for the underlying mutation [152,155,156]. A localised acan- 
tholytic lesion in an infant from a family with DD may have a similar 
explanation [157]. 


Classification of severity 

The following grades are proposed: 

¢ Grade 0: subclinical; the typical rash is absent or subtle and asymp- 
tomatic but associated features such as acrokeratoses or nail dys- 
trophy are present. This grade is usually only recognised in the 
context of a family history. 

¢ Grade I: mild; localised keratotic papules occupy up to 10% of 
affected areas (e.g. trunk or flexures) and may give rise to pru- 
ritus or mild irritation. Many cases of naevoid DD fall into this 
group. 

¢ Grade II: moderate; extensive papular and subconfluent lesions 
with crusting or secondary infection affect 10-30% of the affected 
area, or there is extensive and symptomatic papular flexural 
involvement. 

° Grade III: severe; widespread confluent, crusted, eroded or bul- 
lous rash affects >30% of the trunk or confluent, eroded or hyper- 
keratotic disease of the limbs or flexures. 
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Figure 64.4 Acrokeratosis verruciformis (AKV) in Darier disease: (a) plane wart-like lesions on the dorsal hands in a 15-year-old boy; (b) ‘church spire’ pattern of hyperkeratosis in 
biopsy; (c) multiple AKV lesions best detected with oblique illumination in a 45-year-old man; (d) similar lesions on the forearm of a 31-year-old woman; and (e) the hand of a 
4-year-old boy with molecularly confirmed Darier disease. 
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(b) 


Figure 64.5 Nail dystrophy of Darier disease: (a) fragile nails with longitudinal splitting 
and terminal notching; and (b) early nail changes in a 28-year-old woman showing a 
fine white band and a longitudinal red band terminating in a notch. 


Any assessment of clinical severity used to guide treatment deci- 
sions should also take into account variation over time and the effect 
of the disease on the patient and their quality of life. 


Complications and co-morbidities 

Impetiginisation and eczematisation are common, and patients 
have an increased susceptibility to infection with herpes simplex 
(Figure 64.12), herpes zoster or cowpox; severe infections may 
be disseminated or fatal [158-166]. There is conflicting evidence 
regarding cell-mediated immunity defects in DD [167-170] and 
there may be an increased risk of chronic pyogenic infection 
[171]. There are reports of squamous cell carcinomas of the skin 
or mucosa [172-177] and mammary Paget disease [178], but the 
true incidence is not known. Bone and renal cysts have been 
recorded [179-182]. Despite the importance of SERCA2a in the 
heart, there is no evidence of a general cardiac dysfunction in DD 
[183,184]. 


(c) 


Figure 64.6 Palmoplantar lesions of Darier disease: (a) pitting in a 15-year-old boy; (b) 
palm print demonstrating interruptions to the print pattern; and (c) keratotic and pitted 
lesions in a 57-year-old man. 


(b) 


Figure 64.7 Oral mucosal involvement in Darier disease: (a) umbilicated and 
cobblestone papules in a 31-year-old woman, and (b) confluent buccal lesions in a 
51-year-old man. (a) Courtesy of Dr R. |. Macleod, Royal Victoria Infirmary, Newcastle 
upon Tyne. 


Neuropsychiatric features, including depression, bipolar dis- 
order, epilepsy, intellectual disability, subclinical impairment in 
cognitive ability and attempted suicide, have been reported in 
association with DD [6-9,43,185-187]. It has been suggested that 
the accumulation of mutant protein aggregates in neurons could 
provide a mechanism for these features [58]. ATP2A2 has been 
excluded as a common susceptibility gene for bipolar disorder, but 
co-segregation of closely linked loci may explain families in whom 
the disorders are associated [188-193]. Lithium may exacerbate 
cutaneous disease, possibly by suppressing levels of epidermal 
SERCA2 [194-197]. 


Disease course and prognosis 
Darier disease has a chronic, relapsing course, with unpredictable 
severity. It can both improve and deteriorate in old age [3]. 
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Figure 64.8 Oesophageal biopsy demonstrating suprabasal clefting and dermal villi, 


associated with dyskeratotic cells (corps ronds). Magnification 400x (H&E). Courtesy of 
Dr H. Telfah, University Hospital Crosshouse, Kilmarnock. 


Investigations 

The disorder is usually diagnosed clinically, with histological confir- 
mation. No specific systemic features need be sought in the absence 
of symptoms. Commercial ATP2A2 gene sequencing is available, 
but is not generally needed for genetic counselling, and molecular 
diagnosis in presymptomatic children has no specific implications 
for care. In symptomatic or overtly infected lesions, specimens 
should be taken for bacteriological culture, and virological or 
fungal investigations should be considered in exacerbations or 
treatment-resistant disease. A high index of suspicion of herpes 
simplex superinfection should be maintained, even in the absence 
of apparent vesicle formation. 


Management 

There are no large controlled studies of treatment for DD [198]. 
Isolated reports of successful approaches may be unrepresentative. 
Mild disease may only require emollients, including those with urea 
or lactic acid to minimise hyperkeratosis, simple hygiene to prevent 
secondary infection and avoidance of excessive heat or sun [199]. 
Topical antiseptics such as chlorhexidine skin cleanser or potassium 
permanganate baths, and topical antibiotics and antifungals, may 
be used to prevent or treat secondary infection, with improvement 
in malodour [200]. Long-term oral antibiotics are not generally 
recommended. 

In acute, symptomatic and inflammatory disease, topical corti- 
costeroids are commonly used. In general, potent or even highly 
potent steroids are necessary and are often combined with topical 
antimicrobials. Chronic use of potent topical corticosteroids should 
be avoided, especially in the flexures. Infected exacerbations are 
most commonly due to staphylococcal infection and short courses 
of appropriate oral antibiotics may be necessary. In view of the 
risk of multiresistant Staphylococcus aureus and terbinafine-resistant 
Trichophyton rubrum [201] microbiological investigations are recom- 
mended. Herpes simplex infection complicating DD needs urgent 
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Figure 64.9 Variant forms of Darier disease: (a) cornifying plaques on the lower legs; (b) 
multiple comedones and deep pitted scars; and (c) haemorrhage into palmoplantar 
lesions of Darier disease is found with specific ATP2A2 mutations. Reproduced from 
Ruiz-Perez et a/. 1999 [24] with permission of Oxford University Press. 


oral or parenteral antiviral agents such as aciclovir [160]. Cidofovir 
has been used in cutaneous cowpox infection [164]. 

A variety of topical retinoids have been reported as effective 
[202-207]. Topical tacalcitol helped one case, but calcipotriol irri- 
tated 8 of 12 patients [208]. Many topical agents prove to be irritant, 
but success with tazarotene in aqueous dilution to 0.01% [205] with 
intermittent use has been suggested [198]. The topical immuno- 
suppressive agents tacrolimus and pimecrolimus have been used 
[209-211] but herpesvirus infection must first be excluded. Topical 
5-fluorouracil was effective in a few patients [212-216], and both 
diclofenac sodium 1% gel [217] and topical glypyrronium have been 
reported [218]. 

Oral retinoids are the mainstay of treatment of severe disease. 
Acitretin 0.25-0.5 mg/kg/day or isotretinoin 0.5 mg/kg/day reduce 
hyperkeratosis and malodour with safe long-term data emerging 
[219-224]. Oral alitretinoin provides an alternative, although ben- 
efits can be short-lived [225], and may be useful in women of 
child-bearing potential [226-231]. Ciclosporin has no effect in 
chronic stable disease but has been reported to be effective in severe 
inflammatory or eczematised episodes [232-235] and vulval disease 
[235]. UVB phototherapy or psoralens and UVA are probably inef- 
fective and risk exacerbating the disease but have been successfully 
used [236]. Four of six patients benefited from photodynamic 


Treatment ladder of Darier disease 


First line 
e Emollients and topical antiseptics 
e Avoid excess heat or UVB 


Second line 
¢ Moderately potent/potent topical combination 
corticosteroids with antifungals /antibiotics 
¢ Topical retinoids (consider dilution or intermittent use) 
e Exacerbations: 
¢ Oral antibiotics (subject to bacteriology) 
e Antifungal agents for proven infection 
¢ Oral antivirals, e.g. aciclovir 
e Chronic disease: oral acitretin 0.25-0.5 mg/kg/day, 
isotretinoin 0.5 mg/kg/day 


Third line 
¢ Topical 5-fluorouracil cream 
¢ Topical tacrolimus 
¢ Topical tacalcitol 
¢ Topical diclofenac gel 1% 
¢ Oral alitretinoin 
¢ Low-dose naltrexone 
¢ Photodynamic therapy 
e Intravenous immunoglobulin 
¢ Surgical or physical therapies 
¢ Inflammatory disease: oral ciclosporin 2.5 mg/kg/day; 
exclude infection 
e Flexural disease: 
¢ Botulinum toxin 
e Breast reduction 


(a) 


64.9 


Darier disease 


Figure 64.10 Guttate leukoderma: (a) hypopigmented macules and papules in pigmented skin, and (b) similar lesions on the back of a 31-year-old white woman. (a) Courtesy of Dr 


Yoseph Legesse, University of Addis Ababa, Ethiopia. 


Figure 64.11 Epidermal naevus following the lines of Blaschko; the clinical and 
histological appearances are those of Darier disease. 


therapy [237,238], but this provoked a flare in another case [239]. 
Low-dose intravenous immunoglobulin has been used for recalci- 
trant disease [240], and variable responses to low-dose naltrexone 
3-5 mg, with/without oral magnesium supplements, have been 
reported [241,242]. Physical therapies used to treat localised disease 
include excision and grafting, electrodessication, dermabrasion and 
ablative laser and radiation therapy [104,198,217—254]. Botulinum 
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Figure 64.12 (a, b) Herpes simplex superinfection of skin lesions in a patient with Darier 
disease. 
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toxin can be considered to reduce maceration in flexural or lum- 
bosacral disease, sometimes proving effective rapidly [255-260], 
and breast reduction has been used for inframammary disease [261]. 


HAILEY—HAILEY DISEAS! 


Definition and nomenclature 

Hailey—Hailey disease is an autosomal dominant genodermatosis 
characterised by erosions and blistering, most prominently in the 
flexures and sites of friction or trauma. 


Introduction and general description 

The disorder, first described by the Hailey brothers in 1939, typi- 
cally presents as erosions and blistering, maceration and commonly 
secondary infection, affecting flexures and sites of friction [1,2]. 
Histology of lesions shows widespread acantholysis with minimal 
dyskeratosis. A family history is often obtained, but the disorder is 
not fully penetrant and in mild cases may never be diagnosed. HHD 
follows a chronically relapsing course. It is generally managed with 
a combination of simple measures, topical and oral antimicrobials, 
topical corticosteroids and oral retinoids. 


Epidemiology 

Incidence and prevalence 

An incidence of 1 in 50 000 has been reported, although HHD is 
probably underrecognised [1]. 


Pathophysiology 

Hailey—-Hailey disease is a disorder of keratinocyte adhesion 
[3]. Histological analysis of lesional skin from HHD demon- 
strates widespread partial loss of cohesion between suprabasal 
keratinocytes, or acantholysis, said to resemble a ‘dilapidated 
brick wall’ (Figure 64.13). Acantholytic clefts and bullae form 
suprabasally, and may contain floating clusters of loosely adherent 
cells. Adherens junctions may allow keratinocytes to continue to 
adhere [4]. Mild dyskeratosis may be present. 

HHD is due to mutations in ATP2C1, a gene at chromosome 
3q21-24, which encodes human secretory pathway Ca*+/Mn?+ 
ATPase isoform 1 (SPCA1) [5,6,7,8], a calcium pump of the Golgi 
apparatus membrane. It is analogous in structure and function to 
the SERCA pumps in the ER, although only one Ca?* or Mn?* is 
transported per cycle. Over 190 missense, nonsense and other muta- 
tions throughout the ATP2C1 gene have been described [6,9,10-26]. 
The disease is likely to be due to haploinsufficiency: most muta- 
tions are predicted to result in reduced or absent expression of 
SPCAI or to affect highly conserved, functionally critical domains. 
There appears to be no consistent genotype-phenotype correlation 
[9,12,27]. 

SPCA1 is found in the membrane of the Golgi complex, but 
its distribution is limited to tubular parts of the trans-Golgi net- 
work [28]. ATP2C1 is most highly expressed in the basal layer of 


Figure 64.13 Lesional skin in Hailey—Hailey disease showing prominent acantholysis 
throughout the spinous layer, giving a so-called ‘dilapidated brick wall’ appearance. 
There is overlying scale and crust, but little dyskeratosis. Courtesy of Professor R. A. J. 
Eady, St John’s Institute of Dermatology, London, UK. 


epidermis [29], but it is also present in suprabasal keratinocytes 
[5]. Calcium sequestration into the Golgi is reduced in HHD 
keratinocytes [30]. SPCA1 is less important than SERCA2 for 
the regulation of cytoplasmic calcium, and reported effects of 
pathogenic mutations in ATP2C1 on resting cytosolic calcium levels 
vary [6,31]. However, small interfering RNA (siRNA) inactiva- 
tion of ATP2C1 expression increased resting cytosolic Ca?* [32]. 
Transient release of Ca*+ from the Golgi lumen to the cytosol 
stimulates the fusion of membranes containing cargo proteins and 
Golgi cisternae, and is crucial for the secretion and progression 
of newly synthesised proteins through the Golgi apparatus [33]. 
The restoration of cytoplasmic calcium to basal levels by SPCA1 is 
necessary for delivery to their targets [33]. In yeast, loss of PMR1, 
the homologue of SPCA1, causes defects in protein processing and 
trafficking and defective degradation of misfolded ER proteins [5]. 
In HHD keratinocytes, trafficking of desmoplakin and desmoglein 
3 to the cell membrane is reduced [34]. SPCA1 deficiency also 
renders keratinocytes more vulnerable to the ER stress response 
[35,36]. In vitro effects of downregulation of ATP2C1 expression 
also reduced actin reorganisation [37]. Mice haploinsufficient in 
SPCA1 did not show cutaneous changes, but had an increased 
incidence of squamous papillomas and carcinomas of skin and 
oesophagus [38]. 

As with Darier disease and SERCA2, the gene for SPCA1 is 
widely expressed, so that it is unclear why the loss of one allele of 
ATP2C1 leads to a phenotype confined to the skin [5,39-41]. A lack 
of compensatory mechanisms in keratinocytes may be responsible 
[5,42]. Additional factors such as heat, friction or infection are 
clearly required to trigger the clinical disorder, as presentation is 
late and localised. In vitro studies suggest that pro-inflammatory 
cytokines such as interleukin 6 (IL-6) and IL-8 may regulate 
ATP2C1 gene expression, and triggers such as UVB may reduce 
SPCAI to critical levels [43-45]. The reduction of ATP2C1 mRNA 
expression by UVB irradiation in keratinocytes was prevented by 


(a) 


(c) 


Hailey-Hailey disease 64.11 


(d) 


Figure 64.14 Lesions of Hailey—Hailey disease: (a) typical fissured plaque in the axilla; (b) inflamed, macerated and fissured lesions of the groin in a 40-year-old man; (c) annular 
plaque with a crusted rim; and (d) indeterminate lesion resembling discoid eczema. (a—c) Courtesy of Professor R. A. J. Eady, St John's Institute of Dermatology, London, UK. 


retinoids, corticosteroids, ciclosporin, tacrolimus and vitamin D3 
[44,45]. 


Clinical features 

History 

Hailey—Hailey disease typically presents between the second and 
fourth decades [3] with painful, pruritic and often malodorous 
lesions of flexures or other sites of friction (Figure 64.14a, b). HHD 
may be localised or generalised, occasionally causing erythroderma 
[46-48]. In the axilla, inframammary or abdominal folds, groin 
or perineum, lesions show fissuring and erosion with macerated 
epidermis progressing in more severe cases to vegetations. Less 
occluded areas, such as truncal or neck lesions, are more likely to 
show vesicopustules or flaccid bullae, but may simply be crusted 


erosions resembling discoid eczema, or annular plaques with 
peripheral scales (Figure 64.14c, d), often with postinflammatory 
hyperpigmentation. Common precipitating factors include heat, 
sweating, friction and infection. Other reported triggers include 
contact allergy, adhesive dressings or electrocardiogram electrodes, 
UV irradiation and scabies [1,3,49-55]. Lesions may localise at the 
sites of inflammatory dermatoses such as psoriasis, seborrhoeic 
dermatitis or drug eruptions [50,56,57]. Linear white bands (lon- 
gitudinal leukonychia) are present in the nails of some patients 
(Figure 64.15a), but without the nail fragility of DD [1,58-62]. Oral 
(Figure 64.15b), conjunctival, oesophago-gastric or vaginal involve- 
ment is rarely described, usually in association with trauma or 
infection [1,63-68]. Even mild disease has been shown to reduce 
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Chapter 64: Inherited Acantholytic Disorders 


(b) 


Figure 64.15 Extraepidermal lesions in patients with Hailey—Hailey disease: (a) linear 
white bands in the nails; terminal notches of Darier disease are not found; and (b) 
painless oral erosions; biopsy confirmation was not possible. 


quality of life, and flexural or groin involvement can be particularly 
disabling [69]. 


Clinical variants 

Papular acantholytic dermatosis of the genito-crural area with- 
out other features of HHD [70-72] is in some cases allelic to 
HHD [73-75]. 

Reports of relapsing linear acantholytic dermatoses with 
histopathological and ultrastructural features of HHD [76] sug- 
gest disease due to type 1 mosaicism, with some cases presenting 
in childhood [77,78], and one associated with familial HHD [79]. 
Mosaic variants in ATP2C1 have been confirmed [80,81]. 


Differential diagnosis 
The diagnosis of HHD is often delayed or missed [1,49,82]. Iso- 
lated intertriginous erosions suggest flexural seborrhoeic eczema 


or psoriasis, with bacterial or fungal superinfection, which may 
indeed be present, but the existence of fissures may be a clue. 
In non-occluded areas, lesions resemble tinea corporis or discoid 
eczema, or autoimmune pemphigus. HHD vesicles may mimic 
herpes simplex, which may also complicate the disorder [83-88]. 
Apparent response to antibacterials and/or topical corticosteroids 
can further delay diagnosis. Severe bullous and erosive lesions can 
suggest erythema multiforme or even toxic epidermal necrolysis 
[54]. Hypertrophic or vegetating flexural HHD overlaps clinically 
and histologically with flexural DD. Typical papular or nail lesions 
of DD elsewhere may help to differentiate the disorders. Simi- 
larly, in pemphigus vegetans, the presence of oral lesions may aid 
distinction. Hypertrophic vulval HHD may mimic viral warts 
[71,89] or vulval intraepithelial neoplasia [1,90]. Reported reactions 
to adhesive dressing mimicking contact allergy may be due to HHD 
[53]. Clinically, the presence of longitudinal leukonychia may help 
to diagnose HHD [1,57,58]. Histology, including immunofluores- 
cence, may be necessary to exclude autoimmune pemphigus. DD 
typically shows less marked acantholysis and more dyskeratosis, 
but the distinction may not be easy in the presence of florid and 
superinfected flexural disease. 


Classification of severity 

The following are proposed: 

¢ Grade 0: subclinical; an obligate carrier in a family, with no appar- 
ent disease or nail lesions only. 

¢ Grade I: mild disease; localised (e.g. perineal or axillary) and inter- 
mittent lesions responding to simple topical therapies. 

¢ Grade II: moderate; chronic lesions at two or more body sites (e.g. 
axillary and groins) or locally severe and refractory to topical 
treatment. 

° Grade III: severe; extensive or chronically disabling disease 
despite topical and systemic treatment. 
In Burge’s study [1], although criteria were not defined, 20 of 

58 patients had mild, 36 moderate, and 2 severe disease. 


Complications and co-morbidities 

Secondary bacterial and candidal infections are common [82,91], 
and unrecognised tinea may be present. Herpes simplex should 
be suspected, especially for painful or disseminated exacerbations 
[84], and scabies infection may exacerbate HHD [55]. Human papil- 
lomavirus (HPV) may be present in verrucous perineal lesions 
[92,93]. Squamous cell carcinoma reported in association with HHD 
may be related to HPV carriage [94-97], but HPV was not detected 
in a case associated with the use of topical tacrolimus [98]. Bullous 
pemphigoid following HHD is also reported [99]. As with any 
chronic dermatosis, the possibility of allergic contact dermatitis 
should be considered [100,101]. Affective disorder has been found 
to co-segregate in three families with HHD [102-104]. 


Disease course and prognosis 
Hailey-Hailey disease pursues a chronic relapsing and remitting 
course but may improve in old age [1]. 


Investigations 
Skin biopsy demonstrates the characteristic features described 
earlier. Swabs for bacterial, fungal and viral culture or other 


investigation should be taken to exclude complicating infection. 
Sequencing of the responsible gene, ATP2C1, is not generally 
needed for diagnosis or genetic counselling, but is available 
commercially. 


Management 

Basic measures include loose clothing, absorbent pads in flexures 
and, where appropriate, weight loss. Emollients and antimicrobial 
agents may in theory prevent exacerbations [1,49,105]. 

Potent or highly potent topical corticosteroids can be effective, 
especially combined with antibacterial/antifungal agents. Their 
prompt and early use for exacerbations is recommended [1], but 
extended treatment should be avoided because of the risk of cuta- 
neous atrophy, especially in the flexures [106]. Topical antimicrobial 
agents used have included tetracyclines, aminoglycosides, fusidic 
acid and imidazoles. Broad spectrum agents such as oral flu- 
cloxacillin, erythromycin or tetracyclines may be helpful, but skin 
swabs for bacterial, fungal and yeast culture, and viral polymerase 
chain reaction (PCR), are important in guiding treatment. Painful, 
recalcitrant disease may indicate superinfection by herpes simplex 
and systemic antiviral treatment should be considered if PCR results 
are not promptly available. Analgesia, even oral morphine in severe 
disease, is necessary. 

Successful topical use of tacrolimus has been reported [107-111], 
although it may be an irritant [112]. Herpes simplex and other 
infections should be excluded, and one patient treated with topical 
tacrolimus developed a vulval squamous cell carcinoma [98]. Other 
topical agents reported to help include calcitriol, tacalcitol, Castel- 
lani paint [113-116] and, in a single case, 5-fluorouracil [117]. The 
ability of gentamicin to induce readthrough of nonsense mutations 
in ATP2C1 has been demonstrated in vitro but its relevance to 
patient care is unproven [118]. 

The evidence base for systemic agents is also limited, but sys- 
temic cortiocosteroids are useful for acute severe inflammatory 
disease [46,49,119]. Oral acitretin [91,120-123] or alitretinoin [124], 
ciclosporin [22,125-129], methotrexate [130,131], azathioprine [132], 
dapsone [133-135], calcitriol [136] and oral glycopyrrolate [137] 
have all been reported as beneficial. It is recommended that sys- 
temic agents be withdrawn when control is achieved. Long-term 
oral doxycycline [138], minocycline [139-141] and sustained remis- 
sion following oral terbinafine have been reported [142]. Low-dose 
naltrexone with/without oral magnesium has been used in both 
widespread and limited vulval disease [143-147] but response to 
apremilast has been variable [148-150]. Oral magnesium chloride 
[151,152], vitamin D [153,154] and the melanocortin analogue 
afamelanotide [155] are emerging. The biologic agents etanercept 
[156] and alefacept [157], and oral thalidomide [158], have been 
used with success in single cases. 

Physical interventions reported include ablative treatments 
such as cryosurgery [46], dermabrasion [159-163], electrodessi- 
cation [164], various forms of laser therapy [165-172] and argon 
plasma coagulation [173]. A novel treatment, cold atmospheric 
argon plasma, may also be effective [174]. Surgical excision of 
flexural disease, with or without grafting [175-178], and breast 
reduction for inframammary disease [179,180] have been reported. 
Superficial radiotherapy has had mixed results [181,182], and elec- 
tron beam therapy [183,184] has also been advocated. Axillary 


or inframammary use of botulinum toxin can reduce sweating 
[5,162,185-192]. 

UVB phototherapy with/without acitretin, and excimer light, 
have controlled HHD in single case reports [193-196], despite UV 
light usually exacerbating HHD [197]. Photodynamic therapy can 
be painful and has variable outcomes [198-201]. 


Treatment ladder of Hailey-Hailey disease 


First line 

e Reduce heat, friction and sweating 
e Weight loss 

e Emollients and topical antiseptics 


Second line 

¢ Moderately potent/potent topical combination 
corticosteroids with antifungals / antibiotics 

¢ Oral antibiotics and/or antivirals for secondary infection 

¢ Oral prednisolone 20-30 mg/day; short course in acute flares 


Third line 
¢ Topical tacrolimus 
¢ Low-dose long-term antibiotics, e.g. doxycycline/minocyline 
¢ Oral ciclosporin or methotrexate 
¢ Oral retinoids 
¢ Oral naltrexone 
¢ Oral vitamin D/magnesium chloride 
e Flexural disease: 
¢ Surgical ablation or excision 
e Breast reduction 
e Botulinum toxin 
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Ectodermal dysplasias — CC 


Definition and nomenclature 

Ectodermal dysplasias, a large group of heterogeneous heritable 
conditions, are characterised by congenital defects in two or more 
ectodermal structures, one of which at least involves the hair 
(trichodysplasia), teeth (dental defects), nails (onychodysplasia) 
or sweat glands (dyshidrosis) [1]. Mesodermal and occasionally 
endodermal disturbances of development may coexist. Mutations 
in genes that are involved in development or homeostasis of ecto- 
dermal structures are causatives [2]. The molecular basis of more 
than 100 out of approximately 220 known ectodermal dysplasias 
has been deciphered. 

Traditional classification schemes based on purely clinical crite- 
ria lack practicality as, when applied strictly, they encompass many 
groups of diseases (e.g. keratodermas with additional skin or nail or 
hair alterations or ichthyoses with associated features) [3], leading to 
endless lists of disorders of little use to the clinician. Recent evidence 


implicates genetic defects in different key pathways orchestrating 
ectodermal organogenesis. It is likely that with the increasing num- 
ber of disorders of known aetiology, a better understanding of the 
pathogenesis of ectodermal dysplasia will lead to their reclassifi- 
cation based on a combination of clinical and molecular defining 
features [2]. 


Introduction and general description 

Ectodermal dysplasias form a complex and highly diverse group of 
heritable disorders. Although several syndromes have very specific 
features, many of them have common clinical characteristics. By 
some authors’ estimations, the broader definition of ectodermal 
dysplasias encompasses some 200-220 individual conditions [4]. 
Any approach to summarising current knowledge about this group 
of conditions presents several challenges [5]. Firstly, and most 
importantly, how is an ectodermal dysplasia defined, and which 
distinct entities should be labelled under this broad term? The 
first well-documented patients with what we now call ectoder- 
mal dysplasia were described by Danz in 1793 [6]. He reported 
on two Jewish boys with congenital absence of hair and teeth. In 
1875 Charles Darwin reported on a Hindu family with hypodon- 
tia and malformed teeth: ‘The men thus affected have very little 
hair on the body and become bald early in life. They also suffer 
much during hot weather from excessive dryness of the skin’. This 
family would now be recognised as having X-linked hypohidrotic 
ectodermal dysplasia, but the term ‘ectodermal dysplasia’ did not 
appear until 1929 [7]. Prior to this report, a small series of cases 
with hypotrichosis, hypodontia, onychodysplasia and anhidrosis 
had been described under various names such as ‘dystrophy of 
hair and nails’, ‘imperfect development of skin, hair and teeth’ 
and ‘congenital ectodermal defect’. The designation outlined by 
Weech specified three essential aspects of ectodermal dysplasias: (i) 
most of the disturbances must affect tissues of ectodermal origin; 
(ii) these disturbances must be developmental; and (iii) heredity 
plays a causal role. Weech had in mind the X-linked anhidrotic 
form of ectodermal dysplasia (Christ-Siemens—Touraine syndrome 
(CST) or hypohidrotic ectodermal dysplasia (HED); MIM: 305100) 
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in males but noted that it had also been reported in females. He also 
noted that this pattern of involvement was occasionally inherited as 
a non-sex-linked trait [7]. For some authors and clinicians, the term 
ectodermal dysplasia is still used specifically with reference to the 
CST syndrome and the autosomal dominant and recessive forms of 
HED. As more clinical reports of patients with similar but subtly 
distinct patterns of anomalies were recorded, the term ‘ectodermal 
dysplasia’ became extended to include many different genetic enti- 
ties. In an attempt to encapsulate this heterogeneity and diversity 
of symptoms seen, Touraine suggested the expression ‘ectodermal 
polydysplasia’. Attempts at more formal classification soon fol- 
lowed; initially conditions were classified as hidrotic or anhidrotic, 
but this simple classification failed to reflect the complexity of nail, 
hair and dental anomalies associated with the various forms of 
ectodermal dysplasias. 

Currently, the most widely accepted and used definition of the 
ectodermal dysplasias is of a group of inherited disorders that 
share in common developmental abnormalities of two or more Figure 65.2 Hypodontia and dental malformations in ectodermal dysplasia. 
of the following: skin, hair (Figure 65.1), teeth (Figure 65.2), nails 
(Figure 65.3), sweat and sebaceous glands and other ectodermal 


structures. Additional organs derived from embryonic ectoderm - 
include the mammary gland, central nervous system, external . 
ear, melanocytes, cornea, conjunctiva, lacrimal gland and lacrimal 


duct. There are advantages and disadvantages of this approach ; 
to ectodermal dysplasia definition. One definite benefit is that the 
problems encountered by many patients and families are sim- Lj j 

4 


GENETIC 


ilar regardless of the specific subtype of ectodermal dysplasia; 

parents and children can benefit by being part of large support 

networks, exemplified by the UK Ectodermal Dysplasia Soci- 
ety (http://www.ectodermaldysplasia.org) and the US National / 
Foundation for Ectodermal Dysplasias (http://www.nfed.org). % 
Although a broader definition has the benefit of inclusivity, many 

conditions encompassed by this definition are not usually consid- 

ered as primarily ectodermal dysplasias. For example, inherited 
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Figure 65.1 Hair shaft abnormalities such as trichorrhexis nodosa in ectodermal Figure 65.3 Nail dysplasia of the fingers (a) and toes (b) can be a marker of ectodermal 
dysplasia. dysplasia. 


Table 65.1 Classification of ectodermal dysplasias. 


Ectodermal dysplasias 65.3 


Ectodermal dysplasia (ED) MIM Inheritance 
Subgroup hair—teeth-nails—sweat glands 
1 Acro-renal field defect-ED-lipoatrophic diabetes (AREDYLD) 207780 AR 
2 Alopecia—contractures—dwarfism—mental retardation syndrome 20355 AR 
3 Ankyloblepharon—-ectodermal defects—cleft lip/palate (AEC) 06260 AD 
4 Anonychia with flexural pigmentation 06750 AD 
5 Arthrogryposis and ED 601701 AR 
6 Cleft lip/palate-ED (CLPED1) syndrome (Zlotogora—Ogur syndrome; Margarita Island syndrome) 225060 AR 
7 Curly hair-acral keratoderma-caries syndrome (Van Steensel et a/. 2001 [60]) 607656 AD 
8 Dyskeratosis congenita, AD (dyskeratosis congenita; Scoggins type) 27550 AD 
9 Dyskeratosis congenita, AR 224230 AR 
10  Dyskeratosis congenita, X-linked (Zinsser—Cole-Engman syndrome) 305000 XR 
11 Ectrodactyly-ED-cleft lip/palate syndrome 1 (EEC1) 29900 AD 
12 Ectrodactyly-ED-cleft lip/palate syndrome 3 (EEC3) 604292 AD 
13 Hypohidrotic ED with acanthosis nigricans (Lelis syndrome) 608290 ? 
14 ED with natal teeth, Turnpenny type 601345 AD 
15 Hypohidrotic ED with hypothyroidism and agenesis corpus callosum 225040 AD? AR? X-linked, contiguous gene syndrome? 
16 Focal dermal hypoplasia (FDH) 305600 XD 
17 Hypohidrotic ED, AD (ADHED) 129490 AD 
18  Hypohidrotic ED, AR (ARHED) 224900 AR 
19 Hypohidrotic ED, X-linked (XLHED; Christ-Siemens—Touraine syndrome) 305100 XR 
20  Hypohidrotic ED with immunodeficiency 300291 XD 
21 Hypohidrotic ED with immunodeficiency, osteopetrosis and lymphoedema (OLEDAID) syndrome 300301 XD 
22 Hypomelanosis of Ito (HMI; incontinentia pigmenti type | (IP1)) 300337 XD 
23 Keratitis—ichthyosis-deafness (KID) syndrome, AD 48210 AD 
24 Keratitis—ichthyosis-deafness (KID) syndrome, AR 242150 AR 
25 Naegeli-FranceschettiJadassohn syndrome (NFJS) 61000 AD 
26 Odonto-onycho-dermal dysplasia (OODD) 257980 AR 
27 Odonto-trichomelic syndrome 273400 AR 
28  Pachyonychia congenita, type 1 (PC1) 67200 AD 
29  Pachyonychia congenita, type 2 (PC2) 67210 AD 
30 Papillon—Lefevre syndrome 245000 AR 
31 Rosselli-Gulienetti syndrome 225000 AR 
32  Scalp-ear—nipple syndrome (Finlay—Marks syndrome; ED with adrenal cyst) 81270; AD 
29550 
Subgroup hair—teeth-nails 
33 Ackerman syndrome 200970 AR 
34 Acro-dermato-ungual-lacrimal-tooth (ADULT) syndrome 03285 AD 
35 Arthrogryposis—-ED-cleft lip/palate-developmental delay 301815 XR 
36 Cardio-facio-cutaneous (CFC) syndrome 15150 AD 
37 Clouston syndrome 29500 AD 
38  Coffin-Siris syndrome 35900 AD? AR? XD? 
39 Costello syndrome 218040 AD 
40 Cranio-ectodermal dysplasia (Sensenbrenner syndrome) 218330 AR 
41 Dermo-odontodysplasia 25640 AD 
42 ED syndrome with distinctive facial appearance and preaxial polydactyly of feet (single case) 29540 AD? 
43 ED, tricho-odonto-onychial type 29510 AD 
44 Ellis-van Creveld (EvC) syndrome 225500 AR 
45 GOMBO syndrome 233270 AR 
46 Growth retardation—alopecia-pseudo-anodontia—optic atrophy (GAPO) syndrome 230740 AR 
47 Hidrotic ED, AR (Fried tooth and nail syndrome) 602401 AR 
48 Incontinentia pigmenti 2 (IP2) 308300 XD 
49  Oculo-trichodysplasia (OTD) 257960 AR 
50 Odonto-tricho-ungual-digital-palmar syndrome 601957 AD? XD? 
51 Pineal hyperplasia—insulin-resistant diabetes 262190 AR 
52 Rothmund-Thomson syndrome (RTS) 268400 AR 
53. Schinzel-Giedion midface—-retraction syndrome 269150 AR? AD? 
54 Schoepf-Schulz—Passarge syndrome 224750 AR 
55 Sener syndrome 606156 ? 
56 Thumb deformity and alopecia 188150 AD 
57  Tricho-dento-osseus (TDO) syndrome 190320 AD 
58 Tricho-odonto-onychial dysplasia 275450 AR? 
59 Tricho-rhino-phalangeal syndrome, type 1 (TRPS1) 190350 AD 
60 Tricho-thio-dystrophy, photosensitive (TTDP) 601675 AR 
61 Witkop syndrome 189500 AD 
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Table 65.1 (continued) 


Ectodermal dysplasia (ED) MIM Inheritance 


Subgroup hair—teeth-sweat glands 


62 Bddk syndrome 112300 AD 
63 Ichthyosis follicularis—atrichia-photophobia (IFAP) syndrome 308205 XR 
64 Johnson neuroectodermal syndrome 147770 AD 
65 Leukomelanoderma-infantilism—retardation—hypodontia—-hypotrichosis 246500 AR 
66 Ulnar-mammary syndrome (UMS) 181450 AD 
67 Hypohidrotic ED with hypothyroidism and ciliary dyskinesia (HEDH syndrome) 225050 AR 
68  ED/skin fragility syndrome 604536 AR 
Subgroup teeth-nails—sweat glands 
69 Amelo-onycho-hypohidrotic syndrome 104570 AD 
70 Limb-mammary syndrome (LMS) 603543 AD 
Subgroup hair—teeth 
71 Barber-Say syndrome 209885 AR? AD? XD? 
72  Blepharo-cheilodontic syndrome 119580 AD 
73  Brachymetapody—anodontia—hypotrichosis—albinoidism 211370 AR 
74  Cataract-hypertrichosis—mental retardation (CAHMR) syndrome 211770 AR 
75 Cerebellar ataxia-ED 212835 AR 
76 Dubowitz syndrome 223370 AR 
77 ED-neurosensory deafness 224800 AR 
78 €D-ectrodactyly-macular dystrophy (EEM) syndrome 225280 AR 
79 Gingival fibromatosis with hypertrichosis 135400 AD 
80 Gorlin—Chaudhry—Moss syndrome 233500 AR 
81 Hallermann-Streiff syndrome (HSS) 234100 AR 
YU 82  Hypertrichosis universalis 145700 AD 
LF (7) 83 Johanson-Blizzard syndrome (JBS) 243800 AR 
Zz ~ 84 Oculo-dento-osseous dysplasia, AR 257850 AR 
Ww ra) 85 Oculo-dento-digital dysplasia (ODDD) 164200 AD 
U oc 86 Oro-facio-digital syndrome 1 (OFD1) 311200 XD 
o (eo) 87 Pili torti 261900 AR 
—n 88 Pilodental dysplasia with refractive errors 262020 AR 
re ra 89 Progeroid short stature with pigmented naevi (Mulvihill-Smith syndrome) 176690 AD 
Pd 90 Rodrigues blindness (microphthalmia, microcornea and sclerocornea with short stature and hair 268320 AR 
a and dental abnormalities) 
91 Trichodental dysplasia 601453 AD 
92 Uncombable hair-retinal pigmentary dystrophy—dental anomalies—brachydactyly 191482 AD 
93 Zunich neuroectodermal syndrome 280000 AR 
Subgroup hair—nails 
94 Alopecia congenita with keratosis palmoplantaris 104100 AD 
95 Anonychia-onychodystrophy with hypoplasia or absence of distal phalanges (Cooks syndrome) 106995 AD 
96 Cartilage—-hair hypoplasia (CHH) 250250 AR 
97 Curly hair—ankyloblepharon-nail dysplasia syndrome (CHANDS) 214350 AR 
98 Hidrotic ED, Christianson—Fourie type 601375 AD 
99 ED, ‘pure’ hair-nail type 602032 AD? 
00 Hairy elbows (hypertrichosis cubiti) 139600 AD 
01 Ichthyosis and male hypogonadism 308200 XR? 
02 Ichthyosis with alopecia, eclabion, ectropion and mental retardation 242510 AR 
03 Lymphoedema-hypoparathyroidism syndrome 247410 AR? XR? 
04 Monilethrix 158000 AD 
05 Onycho-trichodysplasia and neutropenia 258360 AR 
06 Polyposis-skin pigmentation—alopecia—fingernail changes 175500 ? 
07  Popliteal pterygium syndrome, lethal type 263650 AR 
08 T-cell immunodeficiency-congenital alopecia—nail dystrophy 601705 AR? 
09 Trichomegaly with mental retardation, dwarfism and pigmentary degeneration of retina 275400 AR 
10 Tricho-thio-dystrophy, non-photosensitive 1 (TTDN1) 234050 AR 
Subgroup hair-sweat glands 
11 Focal facial dermal dysplasia types I-IV 136500; AD, AR 
227260 
12 Tetra-amelia—ED-lacrimal duct abnormalities (single case) 273390 AR 
Subgroup teeth-nails 
13 Corneo-dermato-osseous (CDO) syndrome 122440 AD 
14 Deafness, congenital, and onychodystrophy, AD 124480 AD 
15 Deafness—onychodystrophy—osteodystrophy—mental retardation (DOOR) syndrome 220500 AR? AD? 
16 Dermato-osteolysis, Kirghizian type 221810 AR 
17 Haim—Munk syndrome (HMS) 245010 AR 
18 Hearing loss, sensorineural, with enamel hypoplasia and nail defects (Heimler syndrome) 234580 AR 


Table 65.1 (continued) 
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Ectodermal dysplasia (ED) MIM Inheritance 
119  Lacrimo-auriculo-dento-digital syndrome (LADD) 149730 AD 

120 Odonto-micronychial dysplasia 601319 AR 

121  Oto-palato-digital syndrome, type 1 (OPD1) 311300 XD 

122  Pycnodysostosis 265800 AR 

123  Weyers acrofacial dysostosis 193530 AD 

124 Williams-Beuren syndrome (WBS) 194050 AD 
Subgroup teeth-sweat glands 

125  Kohlschutter—Tonz syndrome (epilepsy-dementia—-amelogenesis imperfecta) 226750 AR? XR? 
126 Marshall syndrome | 154780 AD 
Subgroup nails—sweat glands 

127 ED-absent dermatoglyphic pattern—changes in nails-simian crease 129200 AD 


Adapted from Visinoni et a/. 2009 [3]. 


AD, autosomal dominant; AR, autosomal recessive; XD, X-linked dominant; XR, X-linked recessive. 


conditions as diverse as incontinentia pigmenti, dyskeratosis con- 
genita, trichothiodystrophies, cardiofaciocutaneous syndrome, 
pachyonychia congenita and Goltz syndrome by this definition are 
ectodermal dysplasias, but common practice has been to consider 
many of these as separate entities. 


Classification: clinical approaches 

The second challenge presented by this group of conditions is that 
of designing a meaningful and functional classification system. 
Until the end of the 20th century, classification systems for ecto- 
dermal dysplasias were based on clinical manifestations. Several 
authors addressed the issue of delineating nosological groups of 
conditions linked by shared phenotypical traits. The most compre- 
hensive accounts of clinical phenotypes and inheritance patterns of 
ectodermal dysplasia were produced by Pinheiro and Freire-Maia 
in their classic monograph and in subsequent writings [8]. Their 
classification designated conditions by groups depending on the 
presence of hair, nail, tooth or sweat gland abnormalities, and 
assigned conditions to groups using a ‘1-2-3-4 system’ to collate 
conditions that had involvement of hair (1) (89%), teeth (2) (78%), 
nails (3) (73.5%) or sweat glands (4) (38%) (Figures 65.1, 65.2 and 
65.3). This classification was a comprehensive attempt to bring 
order to an unwieldy group of conditions but was difficult to use 
and grouped together disparate clinical entities such as Goltz syn- 
drome and pachyonychia congenita. In common with any other 
classification of ectodermal dysplasias based on clinical findings, 
this system is confounded by the subtleties of inheritance such as 
incomplete penetrance and variable expressivity of phenotype. This 
is especially true in the ectodermal dysplasias, in which sweating 
is often not formally measured and tooth or nail anomalies may 
be mild. A comprehensive contemporaneous consideration of the 
breadth of ectodermal dysplasia conditions in the tradition of 
Freire-Maia and Pinheiro is given by Visinoni et al. (Table 65.1) [3]. 
Clinical classifications now need to become more focused and better 
integrated with phenotype, genotype and molecular pathways [2]. 
Difficult decisions will need to be made to balance inclusiveness (of 
every possible ectodermal dysplasia) with accessibility and practi- 
cality of usage. In addition, the new classification should allow the 
inclusion of oligosymptomatic or even monosymptomatic variants 
of ectodermal dysplasia, which will be only possible by integrating 
clinical and molecular data. 


Classification: molecular approaches 

The last two decades have seen several important insights into the 
molecular basis of a number of the ectodermal dysplasias [1]. In 
some cases the molecular data have confirmed clinical impressions, 
for example the Hay—Wells syndrome and ectrodactyly—ectodermal 
dysplasia—cleft lip / palate (EEC) syndrome have ectodermal dyspla- 
sia and clefting of the palate and lip in common and these conditions 
are now known to be allelic [9]. Prompted by the great advances 
in molecular knowledge, several authors have proposed new 
molecular-based classification systems [1,2,3,10]. These approaches 
classify conditions based on the class of molecule responsible for the 
disorder, for example categorising together those with mutations 
in structural or developmental molecules (Box 65.1). This approach 
has many advantages, especially for the characterisation of defects 
in preparation for molecular diagnostics and, hopefully, molecular 
therapy. These systems, however, need to be integrated with clinical 
findings and need to be accessible to all clinicians involved in 
the care of these patients. Importantly, it has to be realised that 
currently it is not possible to provide a molecular diagnosis for all 
patients, even in those with classic clinical features of conditions 
well characterised at a molecular level. In addition, access to and the 
affordability of molecular diagnostics often represent an obstacle to 
molecular characterisation. 


Box 65.1 Molecular pathways that are important in 
ectodermal dysplasias 


¢ Hedgehog signalling pathway 
e Wingless signalling pathway 
e TNF-a signalling pathway 

¢ NF-«B signalling pathway 

e ED signalling pathway 

° p63 signalling pathway 

¢ Gap junctions—connexin pathway 
e Axin pathway 

¢ Bone morphogenic protein 

e Fibroblast growth factor 

¢ Notch pathway 


GENETIC 


m) 
oc 
uu 
ia) 
oc 
je) 
mS 
ia) 


PART 6 


65.6 Chapter 65: Ectodermal Dysplasias ; 


GENETIC 


Ww 
a 
Lid 
a 
oc 
2) 
2 
fa) 


PART 6 


Epidemiology 

Incidence and prevalence 

A study by Nguyen-Nielsen et al. [11] documented an occurrence of 
1.6 hypohidrotic ectodermal dysplasia patients in 100 000 people in 
Denmark when only molecularly confirmed X-linked hypohidrotic 
ectodermal dysplasia were taken into account. Therefore the preva- 
lence rate of all ectodermal dysplasias must be higher. Ectodermal 
dysplasias are observed globally. 


Age 

The diagnosis of ectodermal dysplasias is made within the first years 
of life, often after complications such as hyperthermia or pneumonia 
have occurred. 


Sex 

As all inheritance patterns occur, males and females are affected. In 
conditions inherited in an X-linked fashion, females often have less 
severe disease but are not free of manifestations. 


Ethnicity 
Ectodermal dysplasias have been observed in all parts of the world 
and in all races. 


Associated diseases 
Often atopic eczema, allergic asthma, rhinitis and food allergies are 
associated. 


Pathophysiology 
The skin and its appendages are mainly composed of ectodermal 
structures but the development of appendages is orchestrated by 
signals from the mesoderm with the help of ectodermal placodes. A 
rather complicated network of signalling pathways coordinates the 
formation and function of ectodermal structures [2]. In recent years 
much has been learned about the molecular mechanisms of ectoder- 
mal embryogenesis and this has allowed the establishment of a more 
rational basis for the classification of ectodermal dysplasias. Inter- 
estingly, not only full-blown ectodermal syndromes but also mono- 
or oligosymptomatic ectodermal malformations may result from a 
mutation in an ectodermal key gene. Embryogenesis occurs in dis- 
tinct tissue organisational fields and specific interactions among the 
germ layers may lead to a wide range of ectodermal dysplasias. 
The skin is the product of ectodermal and mesodermal stem cell 
differentiation [12]. However, according to the Spemann organiser 
theory, even the endoderm has a role in all organ formations includ- 
ing the skin [13]. Orchestrated skin development is only possible by 
intensive information exchange, especially between the mesoderm 
and ectoderm. Mesodermal signalling pathways such as wingless 
(Wnt) are crucial for the induction of appendages of the skin. Wnt 
signalling, for example, has influences on mesenchymal cells and 
on epithelial cells [14]. The same is true for the ectodysplasin cas- 
cade [14]. Whereas the mesoderm induces the placodes through 
Wnt signalling, the ectoderm evolves into epidermis through acti- 
vation of the ectodysplasin and sonic hedgehog pathways [15]. 
There is a cross-talk of several signalling cascades, such as the 
ectodysplasin and p53 signalling pathways. Genetic defects in 
signalling pathways, which disturb the interaction between the 


ectoderm and mesoderm, lead to ectodermal dysplasia. Dickkopf 
expression leads to the positioning and orientation of the placode 
and the sonic hedgehog cascade is responsible for the formation of 
hair germ. Ripply, which is a retinoic acid-inducible repressor, is 
required for setting the borders of the pre-placodal ectoderm [16]. 
Work by Mikkola and co-workers shows that numerous genes and 
gene pathways such as the tumour necrosis factor (TNF), NF-«B 
(nuclear factor ‘kappa light chain enhancer’ of activated B-cells) 
and Wnt pathway, transforming growth factor B (TGF-B) pathway, 
fibroblast growth factor pathway and chemokine pathway are 
involved in hair development [17]. Embryo development network 
analysis revealed a relationship between disease genes and embryo 
development-associated genes [18]. A similar transcription factor 
and microRNA profile is found during embryonic and disease 
development in numerous organs including the skin. 

Ectodermal dysplasias manifest mainly in ectodermal structures 
and often involve a key gene affecting embryogenesis of the skin, 
such as ectodysplasin, wingless, p63 or sonic hedgehog (SHH) [1,19]. 
The ectodysplasin A (EDA) pathway plays a conserved role in 
fine-tuning the size, spacing and position (and probably thereby 
shape) of ectodermal organs in vertebrates. EDA has a dual role in 
ectodermal organogenesis: inhibition of bone morphogenetic pro- 
tein (BMP) activity and induction of SHH expression [20]. The Wnt 
pathway regulates both EDA and ectodysplasin A receptor (EDAR), 
and the activin and BMP pathways also regulate EDAR [19]. The role 
of Wnt in physiology and disease is well documented in numerous 
papers [21]. In the skin, Wnt signalling is important for the estab- 
lishment of the dermatome architecture, dermis, skin regions with 
individual appendages, axial determination and intra-appendage 
regions [22]. Focal dermal hypoplasia, a multiorgan develop- 
mental disorder, underscores the importance of Wnt proteins in 
ectodermal—mesodermal communication as causative mutations 
were found in PORCN encoding a member of the Wnt cascade. 
WNT10A mutations are frequent causes of a broad spectrum of 
ectodermal dysplasias with teeth, nail, skin and hair abnormalities. 
Also the rare syndrome of odonto-onycho-dermal dysplasia is 
caused by mutations in the same gene. Schdpf-Schulz—Passarge 
syndrome is a consequence of a homozygous nonsense mutation in 
WNT10A [23]. The fact that isolated hypodontia can also be found 
in 50% of patients with WNT10A mutation underscores the fact that 
ectodermal dysplasias are often clinically heterogeneous [24]. 

It has been shown that pathogenic variants in only four genes 
(EDA1, EDAR, EDARAAD and WNT10A) account for 90% of hypo- 
hidrotic/anhidrotic ectodermal dysplasia cases [1,25]. p63 plays 
a crucial role in the maturation of the epidermis; it is important 
for barrier formation, terminal differentiation of keratinocytes, 
adhesion and proliferation as well as for basement membrane 
formation [26]. Non-syndromic cleft lip has been observed with 
mutations in p63 [27], which underlines the fact that monosymp- 
tomatic ectodermal malformations may result from a mutation in 
an ectodermal key gene. Fibroblasts from healthy donors and two 
EEC syndrome patients carrying two different point mutations in 
the DNA-binding domain of p63 were reprogrammed into induced 
pluripotent stem cell (iPSC) lines [28]. EEC syndrome iPSC from 
both patients showed early ectodermal commitment into K18(+) 
cells but failed to further differentiate into K14(+) cells (epider- 
mis/limbus) or K3/K12(+) cells (corneal epithelium). APR-246 


(PRIMA-1(MET)), a small compound that restores functionality 
of mutant p53 in human tumour cells, was able to revert corneal 
epithelial lineage commitment and reinstate a normal p63-related 
signalling pathway. This study shows a possible avenue for future 
therapy. 

Signalling pathways in human skeletal dysplasias often also have 
an impact on the skin. They include TGF-B, Wnt, hedgehog, Notch, 
BMP, fibroblast growth factor (FGF) and others. Mutations in genes 
encoding FGF receptors cause Crouzon syndrome, Apert syndrome, 
Beare-Stevenson syndrome and numerous other syndromes that 
show cutaneous involvement. Sclerosteosis or Van Buchem disease 
also features nail alterations and the responsible gene is SOST 
(sclerostin) [29]. AXIN2 mutations can lead to tooth agenesis as well 
as to ectodermal dysplasia with malignant tumours [30]. Patched 
gene (PTCH) mutations or SHH mutations can lead to basal cell 
naevus syndrome and other malformations mainly in ectodermal 
structures. Numerous mutations in genes that encode for adhesion 
molecules can lead to ectodermal dysplasia, including mutations 
in connexin genes causing keratitis—ichthyosis—-deafness syndrome, 
oculo-dento-digital dysplasias, Clouston syndrome, Vohwinkel 
syndrome, Bart-Pumphrey syndrome and others. However, muta- 
tions in the structural components of desmosomes can also lead 
to isolated heart diseases, which have no relation to ectodermal 
dysplasia. In addition, mutations in desmosome-forming genes 
can also lead to combined skin and cardiac problems. There are 
numerous diseases with mutations in genes important for cell to 
cell adhesion that are placed within the ectodermal dysplasias but 
without clear systematics [31]. 

The following section reviews some of the commoner ectodermal 
dysplasias, classified according to the signalling pathway most 
prominently associated with their pathogenesis. 


Ectodermal dysplasias due to mutations in TNF-like/NF-«B sig- 
nalling pathways. The transcription factor NF-KB regulates the 
expression of multiple genes encoding important mediators of 
immune and stress responses, cell adhesion, protection against 
apoptosis and inflammatory reactions [32]. In addition, this 
transcription factor plays critical roles in the development and 
homeostasis of the epidermis and the proper function of lymphatic 
vessels [33]. NF-KB is composed of homo- or heterodimers of five 
proteins belonging to the Rel family. NF-«B is usually maintained 
in an inactive state within the cytoplasm when bound to inhibitory 
proteins of the IkB family: IkBa, IkBB and IkBe. IkB molecules 
are phosphorylated on two critical serine residues in response to 
multiple stimuli such as cytokines, various stress signals and viral 
and bacterial infections. Phosphorylation at these sites enables 
recognition of IkB molecules by a ubiquitation complex. Follow- 
ing polyubiquitation, IkBs are degraded by the proteasome, thus 
releasing free NF-kB which then enters the nucleus and activates 
target genes [34]. The kinase that phosphorylates IkB has been 
designated IxK (for IkB kinase) and has been shown to consist of 
two catalytic subunits (IkKa/IkK1 and IkK®/IkK2) and a third 
component IxKy (more usually known as NEMO) that plays a 
structural and regulatory function within the complex. Cell lines 
lacking NEMO are unable to activate NF-«B in response to most 
stimuli. Extensive work with mouse models has confirmed the 
centrality of the NF-KB pathway in apoptosis, inflammatory and 


Ectodermal dysplasias 65.7 


immune functions. A complete absence of NF-kB leads to prenatal 
death due to massive TNF-induced liver apoptosis, and more subtle 
knock-outs that alter NF-«B activity all lead to immune defects. 
The NF-«B pathway has been found to be defective in a num- 
ber of ectodermal dysplasias. In many cases these predominantly 
phenotype-driven, mouse-human comparison studies have yielded 
significant new insights into molecular pathways. One of the best 
characterised NF-«B-related systems is the ectodysplasin pathway, 
which serves as an upstream activator of NF-«B. Since 1997, defects 
in this pathway have been demonstrated in the X-linked, autosomal 
dominant and recessive subtypes of HED. Subsequently, mutations 
in downstream components of the pathway have been shown to 
underlie familial incontinentia pigmenti and HED associated with 
immunodeficiency and/or osteopetrosis. 

The X-linked HED gene, EDA, which maps to Xq12-13.1 and is 
also mutated in the mouse orthologue tabby, was first described in 
1996 [35]. EDA encodes two isoforms of a transmembrane protein, 
ectodysplasin A, that has homology to the TNF family [36]. The 
extracellular domain of EDA has a collagen-like repeat and a furin 
cleavage site, unique among TNF proteins. Cleavage is necessary 
to enable solubility and functionality of EDA. The two longest 
isoforms, EDA-A1l and EDA-A2, bind to two different receptors: 
EDA-A1 binds to the EDAR protein and EDA-A2 binds to another 
X-linked receptor, XEDAR [19]. Mutations have been identified 
in all domains of EDA in patients with HED, and many of these 
mutations are thought to have an effect on solubility or cleavage of 
EDA, rendering it non-functional. The physiological role of EDA 
in hair follicle morphogenesis was demonstrated with the isolation 
of the gene for autosomal dominant/recessive HED. Patients with 
autosomal dominant or recessive HED are phenotypically identical 
to those with X-linked HED. The EDAR gene carrying mutations 
in this disorder is homologous to the downless (DL) mouse gene 
and encodes a member of the tumour necrosis factor receptor 
(TNFR) superfamily which functions as an ectodysplasin receptor, 
EDAR. Loss-of-function mutations in EDAR have been reported 
in autosomal recessive HED while dominant negative mutations 
affecting the death domain of EDAR cause autosomal dominant 
HED [37]. 

The EDA/EDAR pathway was further refined when the molec- 
ular basis of a third mouse homologue was identified. The crinkled 
(cr) is a spontaneous mouse mutant with a phenotype identical to 
downless and tabby [19]. Using positional cloning techniques, the 
causative gene was found to encode an adapter protein termed 
EDARADD (EDAR-associated death domain) for the EDA/EDAR 
complex. Mutations in the human homologue of this gene, named 
EDARADD, were identified as a cause for autosomal recessive HED 
[38]. The EDARADD interacts with the intracellular death domain 
of EDAR, linking it to downstream signals, leading to NF-kB acti- 
vation [39]. EDARADD associates with TRAF 1, 2 and 3. NF-KB 
activation by the EDAR pathway is NEMO dependent [39], and 
the relevance of this interaction to human ectodermal dysplasias 
became clearer when loss-of-function mutations were identified 
in the X-linked IKBKG gene (more usually known as NEMO) in 
incontinentia pigmenti [39]. Mutations in this gene are usually 
lethal in males. However, less severe (hypomorphic) mutations 
in IKBKG have been described in several male patients with an 
unusual phenotype of HED associated with immune deficiency 
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(EDA-ID) [40]. Mutations in the coding region are associated with 
the EDA-ID phenotype, while specific mutations affecting the stop 
codon of IKBKG cause a more severe syndrome of osteopetrosis 
and/or lymphoedema associated with EDA-ID [41]. 
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Two other EDAR-related members of the TNFR superfamily, 


XEDAR and TROY/TAJ, have been reported [19]. Signals from each 
of these receptors were shown to activate NF-«B, providing further 
candidate genes and candidate signalling systems for human HED. 
The TNFR-associated factor 6 (TRAF-6) is a cytoplasmic adapter 
protein that links signals from members of the TNFR superfam- 
ily to activation of transcription factors such as NF-«B through 
IKK (inhibitor of kB kinase) complex activation. TRAF-6 —/— mice 
display HED, revealing yet more complexity to these signalling 
systems. HED can result from mutations in TRAF-6 [42]. 


TP63-related phenotypes: overview of the molecular pathway. 
p63 plays a crucial role during the formation of the epidermis [43]. 
p63 is important for barrier formation, terminal differentiation 
of keratinocytes, adhesion and proliferation as well as for base- 
ment membrane assembly [26]; it is also involved in cleft palate. 
p63 has numerous target genes including EDAR, NOTCH, BMP, 
CTNNB1 and FAS. Because p63 is linked with many other signalling 
pathways, the clinical features of p63-related diseases are rather 
heterogeneous and broad [44]. p63 regulates human keratinocyte 
proliferation via the MYC-gene network [45]. The expression of 
numerous genes is altered in the absence of a fully functional p63. 
Accordingly, mutations in TP63 encoding p63 have been found in 
ankyloblepharon—-ectodermal defects-cleft lip/palate (AEC) syn- 
drome skin to disrupt several signalling pathways [46]. Epigenetic 
modifications have been shown to affect p63 regulation of terminal 
differentiation genes. p63 mutations can lead to altered stability 
and transcriptional activity in distinct ectodermal dysplasias [47]. 
Non-syndromic cleft lip has been observed with mutations in TP63 
[27] which underlines the fact that monosymptomatic ectodermal 
malformations may result from a mutation in an ectodermal key 
gene. The E3 ligase itch mediates the degradation of p63, providing 
another level of regulation and thus suggesting novel therapeutic 
strategies for ectodermal dysplasia [48]. 


The p53 gene family comprises key regulators of the cell cycle, 


which are mutated in more than 50% of human cancers. p63 
regulates human keratinocyte proliferation via a MYC-regulated 
gene network and differentiation commitment through a cell 
adhesion-related gene network [45]. p63 and p73 are related 
molecules that share high amino acid identity with p53. p63 and 
p93 are critical regulators of gene expression during embryogenesis. 
They regulate the development of facial prominence and limb buds, 
and are essential for cranial closure and development of the lens. 
Limb defects are best explained by a failure of the apical ectodermal 
ridge to develop [49]. The role of p63 and p73 in human cancers 
has been extensively studied. Whereas p53 has an important role 
in tumorigenesis, this is not as prominent in p63. The TP63 and 
TP73 genes also differ from TP53 in that they each encode several 
different isoforms by utilising two different transcription initiation 
sites (for a review see [50]). 


Mutations in p63 have now been identified in five distinct human 


phenotypes, all of which have ectodermal dysplasia as a key feature 


AEC SHFM4 EEC 


Split hand/foot 
malformation 


Ectrodactyly-ectodermal 
dysplasia—clefting 


Ancyloblepharon-ectodermal 
defects-cleft lip/palate 


DIx3 P-cadherin DIx5/6 
Tricho-dento-ocular Ectodermal dystrophy Split hand/foot 
syndrome ectrodactyly macular dystrophy malformation 

TDO EEM SHFM1 


Figure 65.4 The central role of p63 in ectodermal dysplasia. Adapted from Koster 2010 
[26]. 


(Figure 65.4) [26,44]. Some genotype-phenotype correlations have 
been identified (for a review see [50]). 


EEC syndrome. TP63 mutations account for most cases of EEC 
syndrome. Van Bokhoven et al. [51] were able to demonstrate 
mutations in 40 out of 43 families with EEC. All but one of these 
mutations were sited within the DNA-binding domain, and 
sequence alterations affecting five amino acid residues accounted 
for 75% of all mutations. 

AEC syndrome. In the AEC syndrome (also known as Hay—Wells 
syndrome), where the limb abnormalities are absent or minimal, 
mutations have been exclusively detected within the sterile alpha 
motif (SAM) domain-encoding region of the TP63 gene and are 
associated with complex gain-of-function as well as loss- and 
change-of-function effects [51]. 

Limb mammary syndrome (LMS). This autosomal dominant syn- 
drome was first reported in a Dutch family with a constellation 
of features that had not previously been reported, including hand 
and foot anomalies and mammary gland aplasia/hypoplasia. The 
skin and hair were normal in all affected individuals, but some 
had lacrimal duct atresia, nail dysplasia, hypohidrosis, hypodon- 
tia or cleft palate [50]. In addition, internal female genital dys- 
plasias have been observed [52]. LMS is distinguished from EEC 
syndrome by the consistent finding of mammary anomalies in 
LMS (infrequent in EEC), and the much more frequent finding 
of skin, nail and tooth anomalies in EEC syndrome. The clefting 
in LMS is of the palate only, whereas in EEC syndrome the lip and 
palate are affected. In LMS, TP63 frameshift mutations leading to 
truncations of p63 protein have been reported in exon 13 in two 
unrelated patients [51], and an N-terminal mutation in a further 
family [26]. 

ADULT syndrome. Mutations in the acro-dermato-ungual— 
lacrimal-tooth (ADULT) syndrome have yielded interesting 
insights in that the first mutation was identified in exon 3’, 
which is only expressed in the transactivating isotypes of p63 
and causes an amino acid substitution outside the DNA-binding 
domain [53]. A subsequent report has demonstrated a mutation 
that confers significant transactivation activity on AN-p63y, an 
otherwise inert isoform of p63 [50]. 


¢ Non-syndromic split-hand-split-foot malformation (SHFM) syndrome. 
This condition has no dermatological features and therefore is 
not discussed in detail here. However, the molecular basis of the 
isolated SHFM syndrome is also a mutation in p63 [45]. SHFM 
syndrome is a genetically heterogeneous group of conditions, but 
some cases (possibly around 10%) are attributable to TP63 muta- 
tions [51]. Some of these mutations seem specific for SHFM but 
others underlie both EEC and SHFM [50]. 


Defects in transcription factors other than p63. In addition to the 
p63 pathway, several other ectodermal dysplasias have now been 
attributed to defects in transcription factors that control the expres- 
sion of several target genes important in ectodermal morphogene- 
sis [54]. In many cases, positional cloning studies have yielded the 
primary mutation in a specific gene but the detailed molecular sig- 
nalling pathways have yet to be delineated. 

Ellis-van Creveld (EvC) syndrome is a recessive ectodermal dys- 
plasia that is characterised by a skeletal dysplasia with short limbs, 
short ribs, postaxial polydactyly and congenital heart defects. 
The gene has been identified [55]. There is evidence that the 
two ciliary proteins, Evc and Evc2, the products of human dis- 
ease genes associated with the EvC syndrome, act downstream 
of smoothened to transduce sonic hedgehog signalling. Loss of 
Evc/Evc2 does not affect sonic hedgehog-induced smoothened 
phosphorylation and ciliary localisation but impedes sonic hedge- 
hog pathway activation mediated by constitutively active forms of 
smoothened [56]. 

Witkop syndrome (MIM: 189500) is an autosomal dominant 
ectodermal dysplasia with primary manifestation in the teeth (tau- 
rodontia and partial or complete anodontia) and nails (koilonychia, 
longitudinal ridging and nail pits) [57]. Mutations have been identi- 
fied in the MSX1 gene, a member of the homeobox gene family and 
an important regulator of transcription. 

Of the ectodermal dysplasias more likely to be seen by a derma- 
tologist, tricho-dento-osseous (TDO) syndrome and tricho-rhino- 
phalangeal syndrome (TRPS) are both caused by mutations in genes 
coding for important transcription factors. The causative gene for 
TDO syndrome is DLX3, encoding a homeodomain transcription 
factor that is developmentally expressed in many structures derived 
from epithelial-mesenchymal interactions, such as the teeth, hair 
follicles and limb buds. A dominant mutation responsible for TDO 
syndrome was found to impair the ability of DLX3 to downregu- 
late SNp63« [58]. TRPS types I and III are caused by mutations in 
TRPS1 which is important in the development and differentiation 
of bone, kidney and hair follicles [59]; a microdeletion syndrome 
(8q42.11 to 8q24.1), that includes TRPS1 and EXT1, underlies TRPS 


type II. 


Genetics 

As ectodermal dysplasias are such a heterogeneous group of dis- 
eases, autosomal recessive, autosomal dominant, X-linked and mito- 
chondrial inheritance have been described. 


Environmental factors 
Epigenetic factors seem to be important for the phenotypical expres- 
sion of the disease. 


X-linked hypohidrotic EDA-ID 


65.9 


Resources 


Further information 
Canadian Ectodermal Dysplasia Syndromes Association: http://ectodermaldys 
plasia.ca/. 
Ectodermal Dysplasia Society: http: / / www.ectodermaldysplasia.org/. 
Ectodermal Dysplasias International Network: https: //edinetwork.org/. 
National Foundation for Ectodermal Dysplasias: http://nfed.org/. 
(All last accessed February 2022.) 


X-linked hypohidroti 
dysplasia with immun 


Definition, nomenclature and classification 

X-linked hypohidrotic ectodermal dysplasia with immunodefi- 
ciency (EDA-ID) is a rare disease with the clinical hallmarks of 
hypohidrosis, delayed teeth eruption, coarse hair and immuno- 
deficiency complicated by frequent bacterial infections. Causative 
mutations have been identified in the IKBKG gene, which codes 
for the inhibitor of « light polypeptide gene enhancer in B-cell 
kinase-y, better known as NF-«B essential modulator (NEMO). 
NEMO phosphorylates and degrades IkB to activate NF-kB. NEMO 
dysfunction leads to an impaired antimicrobial response to polysac- 
charides, impaired NK-cell activity, hyper immunoglobulin M (IgM) 
syndrome and hypogammaglobulinaemia. Often patients have 
co-morbidity with inflammatory bowel disease and rheumatoid 
arthritis. 


A ith immunodeficiency, osteopetrosis and 


Introduction and general description 

The observation of unusually severe recurrent infections in a 
small subset of patients with otherwise typical HED features led 
to the suggestion that there may be a specific syndrome of HED 
and immunodeficiency (EDA-ID) [1]. The EDA-ID syndrome was 
first reported in a boy with miliary tuberculosis, and the second 
reported case had recurrent life-threatening infections caused by 
Pseudomonas aeruginosa, Mycobacterium avium and cytomegalovirus. 
A third child had a milder phenotype with repeated infections due 
to Staphylococcus aureus and Streptococcus pneumoniae, and three 
further siblings from a different kindred had recurrent severe infec- 
tions with S. pneumoniae, with impaired response to polysaccharide 
antigens. All of these cases were males, suggesting X-linked inheri- 
tance. Since these original reports, the disease phenotypic spectrum 
has been delineated and includes severe life-threatening or recur- 
rent bacterial infections in the lower respiratory tract, skin, soft 
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tissues, bones and gastrointestinal tract, as well as meningitis and 
septicaemia in early childhood. Overall, the causative pathogens 
have most often been Gram-positive bacteria (S. pneumoniae and 
S. aureus), followed by Gram-negative bacteria (Pseudomonas spp. 
and Haemophilus influenzae) and mycobacteria. Most patients have 
severe hypogammaglobulinaemia, with low serum IgG levels and 
varied levels of other immunoglobulin isotypes (IgA, IgM and IgE). 
Some patients have massively elevated IgM levels, and an impaired 
antibody response to polysaccharides is the most consistent feature 
of this condition. 

Hypomorphic mutations in the X-linked IKBKG gene or somatic 
mutations in this gene result in various forms of anhidrotic 
ectodermal dysplasia with immunodeficiency [2]. Missense muta- 
tions in the gene encoding NEMO are associated with reduced 
signal-induced nuclear translocation of NF-«B proteins, resulting 
in defective expression of NF-«B target genes [3,4]. It has been 
shown that the pathogenic mutation preferentially impairs the 
interaction with K63 and M1-linked di-Ub, which correlates with 
its ubiquitin-binding defect in vivo [5]. Impaired NK cell activity is 
reported in some, but not all, patients with EDA-ID; the degree and 
range of immunological abnormalities seen may relate to the type 
of NEMO mutation involved. 


Epidemiology 

Incidence and prevalence 

Prevalence is not known in any detail. The incidence has been 
assumed to be approximately 1 in 250 000 live male births for the 
X-linked form. 


Age 

Typical signs and symptoms may develop early. Sparse hair with 
hypotrichosis or complete alopecia, abnormal teeth with conical 
shape or missing teeth and sweating impairment, combined with 
recurrent infections, are the leading clinical findings to make an 
early diagnosis. The disease can be associated with lymphoedema 
and osteopetrosis. 


Sex 

Transmission is X-linked recessive in patients with mutations in the 
coding regions of NEMO. This means that the disease usually occurs 
in males. 


Ethnicity 
There is no ethnic preponderance. 


Associated diseases 

Twenty-five per cent of patients have inflammatory bowel dis- 
ease and rheumatoid arthritis. There is a variant associated with 
osteopetrosis and lymphoedema. Recurrent bacterial infections are 
common [1]. 


Pathophysiology 

Genetics 

The disease is usually inherited in an X-linked recessive fash- 
ion. Somatic mosaicism is also frequently observed. Fewer than 


10 patients have been reported with an autosomal dominant form 
of the disease due to mutations in the NFKBIA gene encoding the 
NF-«B, subunit 1, which is related to the NF-«B signalling pathway 
as well. 


Environmental factors 
Absent or decreased sweating leads to heat intolerance. 


Clinical features 

History 

The lack of normal hair growth is typical. Many patients fail to 
thrive. Fever of unknown origin as a child and later heat intolerance 
are typical manifestations. Missing teeth or malformed teeth are 
also characteristic and a clue for diagnosis in children. Mutations in 
IKBKG should be considered in male infants with recalcitrant seb- 
orrhoeic or atopic eczema-like eruptions and intertrigo, especially 
when features of ectodermal dysplasia are present [6]. 


Differential diagnosis 

Apart from recurrent bacterial infections, the clinical manifestations, 
differential diagnosis and natural course are very similar to those in 
patients with classic HED. The ectodermal dysplasia-related signs 
and symptoms, however, are less pronounced than in the classic 
form and osteopetrosis and lymphoedema are features uniquely 
found in X-linked EDA-ID. 


Hypohidrotic ectoderm: 


Definition, nomenclature and classification 

X-linked hypohidrotic ectodermal dysplasia (Freire-Maia 1-2-3-4) 
is the most common of the ectodermal dysplasias. However, 
autosomal dominant and autosomal recessive forms have been 
described. The disorder is characterised by hypotrichosis with fine, 
slow-growing scalp and body hair, sparse eyebrows, hypohidrosis, 
nail anomalies and hypodontia. Peg-shaped primary and secondary 
teeth are typical. Decreased sweating leads to heat intolerance and 
enhances dryness of the skin. X-linked hypohidrotic ectodermal 
dysplasia (ECTD1, HED/EDA) is caused by a mutation in the EDA 
gene, which encodes ectodysplasin. In addition, autosomal reces- 
sive forms (ECTD10B, ECTD11B) and autosomal dominant forms 
(ECTD10A, ECTD11A) of HED are caused by mutation in the EDAR 
and EDARADD genes, respectively. About 90% of hypohidrotic 
ectodermal dysplasias are caused by mutations in four genes 
(EDA1, EDAR, EDARADD and WNT10A). These genes are impor- 
tant in two signalling pathways which are involved in early steps 
of ectodermal placode formation: ectodysplasin/ NF-KB and Wnt/B 
catenin. Treatment needs a multidisciplinary approach. Early diag- 
nosis is imperative to avoid life-threatening complications induced 
by hyperthermia and infections. 


e ectodermal dysplasia 


305100, 612132, 614940, 614941 


Introduction and general description 

X-linked HED was first described by Danz in 1792 and then by 
Charles Darwin in 1875. HED is a monogenic disorder inherited in 
an X-linked fashion, but autosomal dominant and recessive inher- 
itance types have been described too. A fourth and rare type with 
immunodeficiency also exists. Hypohidrotic or anhidrotic ectoder- 
mal dysplasia is the most prevalent type within the spectrum of 
ectodermal dysplasias. Clinical hallmarks are hypotrichosis on the 
scalp but also of the eyebrows and eyelashes, hyperpigmentation 
around the eyes, dry skin and peg-shaped primary and secondary 
teeth with hypodontia (Table 65.2). Teeth abnormalities occur in 79% 
of all cases. Frontal bossing and a saddle-bridged nose may occur. 
The most important finding is anhidrosis or hypohidrosis. Affected 
individuals show heat intolerance with episodes of hyperpyrexia, 
which may result in seizures and neurological damage [1]. 


Epidemiology 

Incidence and prevalence 

In a study by Nguyen-Nielsen et al., the population-based preva- 
lence was 21.9 per 100 000 [2], as recently confirmed [3]. 


Age 
The most frequent age at time of X-linked HED diagnosis occurs 
between the ages of 11 and 18 years. 


Sex 

Females with X-linked HED show less prominent findings, often 
displaying patchy lesions arranged along the lines of Blaschko, as 
opposed to the generalised presentation seen in males. 


Ethnicity 
There is no ethnic dominance. 


Associated diseases 

Immunodeficiency, sometimes associated with osteopetrosis and 
lymphoedema, may occur together in several subtypes of HED. 
Breast hypoplasia or aplasia might be an additional finding [4]. 


Table 65.2 Clinical features in patients with autosomal dominant hypohidrotic 
ectodermal dysplasia. 


Complication Occurrence (%) 
Smooth, dry skin 78 
Sparse hair 89 
Sparse eyebrows 100 
Sparse body hair 62 
Decreased sweating 85 
Heat intolerance 50 
Onychodysplasia 39 
Dental anomalies 100 


Adapted from Aswegan et a/. 1997 [11]. 


Pathophysiology 

Hypohidrotic ectodermal dysplasia results from mutations in genes 
encoding members of the ectodysplasin/NF-«B pathway [5]. In 
50% of cases, mutations in EDA encoding the epithelial morphogen 
ectodysplasin A of the TNF family, cause X-linked HED. Muta- 
tions in EDAR, which encodes the ectodysplasin A receptor, or 
EDARADD, encoding the EDARADD protein, cause both autoso- 
mal recessive and autosomal dominant HED. NEMO (also known 
as inhibitor of NF-«B kinase subunit y (IKK-y)) is a protein that in 
humans is encoded by the IKBKG gene located on Xq28. IKBKG 
mutations cause HED with immunodeficiency. Other forms of HED 
have been shown to result from mutations in: (i) WNT10A encoding 
wingless 10A; (ii) TRAF6 encoding TNFR-associated factor 6; (iii) 
NFKBIA encoding the nuclear factor of « light polypeptide gene 
enhancer in B-cell inhibitor a; and (iv) EDA2R (also known as 
XEDAR) encoding the ectodysplasin 2A receptor. 


Pathology 

Histology shows missing or reduced sweat glands and also reduced 
sebaceous glands. The epidermis is thin with flattening of the 
rete ridges. Hair follicles and their sebaceous glands are variably 
reduced in number. Apocrine glands may be absent, sparse or 
even normal. Mucous glands of the upper respiratory tract may be 
sparse or absent. Hair shaft abnormalities are variable and include 
longitudinal clefts or grooves and transverse fissuring. Radiographs 
of the jaws may reveal dental hypoplasia or aplasia [1]. 


Genetics 
X-linked, autosomal dominant and autosomal recessive traits exist. 


Environmental factors 

Patients should avoid hot places and extensive physical activity 
without cooling devices and special clothes. Patients should drink 
cool liquids in warm environments. Wearing a hat in sunny climates 
is obligatory. 


Clinical features [5] 

History 

A history of heat intolerance is characteristic but not obliga- 
tory. Sometimes other family members have been affected in the 
pedigree. Missing or malformed teeth can lead to the diagnosis. 


Presentation (Table 65.2) 

¢ Hair. In a recent review, hypotrichosis was reported in 88.1% for 
males and in 61.6% for females [3]. The hair is sparse (76%) and 
mostly straight, dry and lustreless with a heterogeneous hair 
colour (Figure 65.5a). Decreased hair density is most prominent 
at the temporal and occipital regions. There is a marked increase 
of single hair follicular units. The bar code appearance on hair 
microscopy that mirrors a microscopic artefact is often seen in 
patients with HED. There are parallel dark bands of different 
lengths running across the full width of the shaft. Scanning 
electron microscopy studies have shown follicular distortion, 
follicular ridging and distorted bulbs but these findings are 
non-specific. Eyebrows are scanty or absent (Figure 65.5b); occa- 
sionally just the outer two-thirds are missing. The eyelashes may 
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Figure 65.5 (a) Hypotrichosis and (b) reduced eyebrows and cilia in hypohidrotic 
ectodermal dysplasia. 


be normal, sparse or completely absent. Secondary sexual hair in 
the beard, pubic and axillary regions is variably present and may 
be normal. Hair on the torso and extremities is usually absent. 
Approximately 70% of obligate female carriers of X-linked HED 
describe their hair as being sparse or fine. Light and electron 
microscopy shows variable hair shaft defects and diameter, 
including twisting, trichoptilosis, pili canaliculi and trichorrhexis 
nodosa [1]. 


e Teeth. In several studies a prevalence of more than 95% for 


hypodontia is given [3]. A wide range of dental abnormalities 
may be associated, ranging from a complete absence of teeth 
(anodontia) to sparse, abnormally shaped teeth (Figure 65.6). 
Studies reveal a mean of 24 missing teeth, out of a total of 28, 
in affected males. Dentition is delayed and the erupted teeth 
tend to be small, widely spaced and frequently conical or peg 
shaped. Both deciduous and permanent teeth are affected. The 
alveolar ridges are hypoplastic, which gives rise to full, everted 


(b) 


Figure 65.6 (a) Hypodontia and (b) conical teeth and hypodontia in hypohidrotic 
ectodermal dysplasia. 


lips. About 80% of obligate female carriers of X-linked HED have 
distinct dental abnormalities including absent permanent teeth 
and small or peg-shaped teeth. 


¢ Nails. Onychodysplasia has been reported in 39% of cases. 
¢ Sweat glands. Reduced or absent sweating was found in 95.7% in 


males and 71.6% in females [3]. Sweating is often severely dimin- 
ished or absent due to a paucity or absence of eccrine glands. An 
absence of sweating leads to an inability to thermoregulate by 
evaporative cooling, and hyperthermia can occur with physical 
exertion or in a warm environment. Due to a lower body sur- 
face area ratio, thermoregulation is most problematic in infants 
and young children who may experience recurrent bouts of fever 
as high as 42°C. Heatstroke is the most common cause of death 
in patients with anhidrotic ectodermal dysplasia within the first 
years of life. Heat intolerance does occur in older children and 
adults, but is less problematic as they are better able to control 
their body temperature by drinking cold liquids, wetting their 
skin or clothing and seeking out cool surroundings. Up to 25% of 


Figure 65.7 Rudimentary dermatoglyphics in hypohidrotic ectodermal dysplasia. 


heterozygous females experience heat intolerance and almost half 
notice their ability to sweat is reduced. The hypohidrotic areas of 
skin in female carriers of X-linked HED occur in defined linear 
patterns corresponding to the lines of Blaschko. 

e Skin. At birth, affected males may demonstrate marked scaling 
or peeling of their skin which may be mistaken for a collodion 
membrane. In children and adults, the skin is fine, smooth and 
dry. Periorbital hyperpigmentation and fine wrinkling around the 
eyes are characteristic features of the disorder. Eczema is common 
and is prominent in the flexural areas. Small milia-like papules 
may be found on the face. Dermatoglyphics are often reduced 
or even absent (Figure 65.7). Lower lips are often rather promi- 
nent and ears show a characteristic deformation (‘Spock ears’) 
(Figure 65.8). 


Clinical variants 

Clinical manifestations are highly variable between individuals. 
Some have only slight, subjective heat intolerance although reduced 
to missing sweat glands are almost always identifiable. 


Differential diagnosis 

Differential diagnosis of HED includes other forms of HEDs includ- 
ing ectodermal dysplasia with immunodeficiency or deafness. In 
addition, Sjégren syndrome with symptomatic sicca syndrome 
should be ruled out in oligosymptomatic patients. 


Classification of severity 

Inter- and intrafamilial clinical heterogeneity has been observed 
in X-linked HED, suggesting that additional genetic factors may 
influence the severity of this condition. It has been shown that the 
EDAR 370A allele attenuates the severity of HED caused by EDA 
gene mutations. 


Complications and co-morbidities 

Anhidrotic ectodermal dysplasia is associated with mortality rates 
as high as 21%. Severe non-fatal illness was reported in 14 of 49 
documented cases within the first year and total episodes of severe 
illness were observed in 43% [6]. More recent studies documented a 


Figure 65.8 ‘Spock ears’ in hypohidrotic ectodermal dysplasia. 


much more favorable natural course within the first 5 years of life [7]. 
Other complications in survivors were eczema in 71%, asthma and 
recurring wheezing in 65%, nasal crusting in 79%, recurring upper 
respiratory tract infections in 44% and feeding problems in infancy 
in 68% (Table 65.3). 


Disease course and prognosis 

Early diagnosis is imperative to avoid life-threatening complica- 
tions induced by hyperthermia and infections [7]. Avoiding heat 
and physical overexertion is the most important preventative mea- 
sure to recommend. Cooling the body with wet clothing and cool 
drinks is the only efficient way of treating hyperthermia. Orthodon- 
tic intervention is necessary, particularly for language development. 
Meticulous dental hygiene should be taught to the children as caries 
develop early. 


Investigations 

Gaide and Schneider [8] showed that treatment of pregnant Tabby 
mice, a mouse model for anhidrotic ectodermal dysplasia with 
a recombinant form of EDA1, engineered to cross the placental 
barrier, permanently rescued the Tabby phenotype in the offspring. 
Notably, sweat glands can also be induced by EDA1 after birth. The 
same group showed that in dogs postpartum treatment induced 
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Table 65.3 Complications of hypohidrotic ectodermal dysplasia at different ages. 


Complication Rate of occurrence 
First year 
Mortality 9/43 (21%) 


14/49 (29%) 
25/58 (43%) 


Severe non-fatal illness 

Total episodes of severe illness 

Years 0-3 

Mortality 

Severe non-fatal illness 

Total with episodes of severe illness 

Other complications in survivors 

Eczema 

Asthma or recurring wheezing 

Nasal crusting 

Recurrent fevers in infancy 

Recurrent upper respiratory tract 
infections in childhood 

Feeding problems in infancy 

Specific allergies 


12/43 (28%) 
18/51 (49%) 
32/65 (49%) 


39/55 (71%) 
35/54 (65%) 
42/53 (79%) 
) 
) 


27/50 (54% 
21/47 (44% 


32/47 (68%) 
14/53 (26%) 


Reproduced from Clarke et a/. 1987 [6] with permission of BMJ Publishing Group. 


tooth growth. The first successful human study was published 
recently by Schneider et al. [9]. 


Management 

Exposure to heat must be monitored. Strict monitoring of body 
temperature is necessary for babies in an incubator. Older chil- 
dren should learn to handle heat and heat-generating activities 
with physical cooling measures, such as frequent drinking of cool 
liquids, wetting the clothes or wearing special cooling vests and 
caps. Early dental management may lead to restoring function and 
improving the appearance of the teeth. Orthodontic treatment often 
includes bone grafting or sinus-lift procedures followed by the 
placement of dental implants supporting dental prostheses. HED 
with immunodeficiency requires immune-based therapies plus 
aggressive management of infections or haematopoietic stem cell 
transplantation. 

The high prevalence of asthma-like symptoms in X-linked HED 
patients as young as 6 years and a similar prevalence of dry eye 
problems indicate that screening evaluation, regular monitoring 
and consideration of therapeutic intervention should begin in early 
childhood. 

Hypohidrotic ectodermal dysplasia with severe atopic dermatitis 
was successfully treated with tofacitinib [10]. Twice daily 3% minox- 
idil 1 mL was applied with success in a patient with HED. After 1 
month the patient showed growth of vellus hair and after 1 year 
dramatic hair growth was observed. 


Resources 


Further information 

National Center for Biotechnology Information, GeneReviews fact sheet: http:// 
www.ncbi.nlm.nih.gov/books/NBK1112/. 

National Foundation for Ectodermal Dysplasias, fact sheet: http://nfed.org/ 
index.php /about_ed/types_of_ectodermal_dysplasias. 

National Organization for Rare Diseases, fact sheet: http: / /www.rarediseases.org / 
rare-disease-information/rare-diseases /byID/804/view Abstract. 

Online Mendelian Inheritance in Man, fact sheet: http://omim.org/entry/305100. 
(All last accessed February 2022.) 


Ankyloblepharon-ect 
defects-—cleft lip/pala 


Definition, nomenclature and classification 
Ankyloblepharon-ectodermal defects-cleft lip/palate (AEC) 
syndrome is the result of missense mutations in TP63 affecting 
the p63 SAM of the gene, which is a protein-protein interaction 
domain. AEC syndrome is inherited in an autosomal dominant 
fashion. The syndrome is characterised by cleft lip/palate, severe 
scalp erosions and abnormalities of the epidermal appendages, 
including hypotrichosis, hypodontia, absent or dystrophic nails and 
mild hypohidrosis (Box 65.2). One distinctive feature is ankyloble- 
pharon filiforme adnatum — partial thickness fusion of the eyelid 
margins. 


fodermal dysplasia—cleft palate syndrome 


Box 65.2 Clinical features of the AEC syndrome 


Main clinical features 

¢ Craniofacial anomalies: midfacial hypoplasia with high forehead, 
small mouth, narrow nose, short philtrum and short vermillon 
border of the upper lip 

¢ Severe erosive scalp dermatitis with secondary infections 

¢ Cleft lip or palate 

¢ Hypoplasia of the uvula 

¢ Poor dentition: hypodontia and conically shaped teeth 

¢ Poor hair growth: sparseness of eyebrows and eyelashes, pili torti 
and pili canaliculi 

e Dystrophic nails: hypertrophy, brittleness, narrow shape and 
chromonychia 

¢ Hypohidrosis 

¢ Hypospadias in boys 


Other clinical features reported 

e Erythroderma and scaling skin at birth 

¢ Short stature 

¢ Low intellectual capacity 

¢ Depapillated tongue 

¢ Conductive hearing loss 

¢ Hypoplastic maxilla 

e Atretic ear canal 

¢ Dysplastic eustachian orifices 

¢ Ophthalmological complications: bilateral punctal atresia, 
underdevelopment of lacrimal ducts and corneal scarring 


Adapted from Camacho et al. 1993 [11]. 


Introduction and general description 

In 1976, Hay and Wells described a syndrome inherited in an 
autosomal dominant fashion with ankyloblepharon, ectodermal 
defects and clefting of the lip and palate [1]. The disorder is today 
considered to be identical with Rapp—Hodgkin syndrome (MIM: 
129400) [2]. 


Epidemiology 

Incidence and prevalence 

The AEC syndrome is rare and its precise incidence and prevalence 
are not known. 


Age 
The AEC syndrome manifests at birth with eroded scalp dermatitis 
and collodion membrane. 


Sex 
Both sexes are equally affected as the syndrome is inherited in an 
autosomal dominant pattern. 


Ethnicity 
No ethnic predominance is known. 


Associated diseases 
There are no associated disorders in the AEC syndrome. 


Pathophysiology 
The AEC syndrome belongs to the TP63-related phenotypes (see 
overview of molecular pathology earlier in this chapter). 


Predisposing factors 
If one parent has the syndrome, the chance of disease transmission 
to the next generation is 50%. 


Pathology 

Histopathology of lesional skin shows mild atrophy, focal ortho- 
keratosis and mild superficial perivascular lymphocytic infiltrates. 
Melanophages reflect postinflammatory changes. Examination of 
the hair shafts reveals thin hair and loss of melanin pigment in 
some patients. In addition, structural abnormalities include pili 
torti, pili trianguli et canaliculi and irregular indentation and shal- 
low grooves [3]. Scanning electron microscopy of the affected hair 
shaft shows various defects, including fractures of the cuticle and 
pili torti, none of which is specific for the disorder. Nails may be 
hyperconvex and thickened, dystrophic or absent. Skin biopsy 
of involved scalp tissue shows a thin granular layer and stratum 
corneum. Hair follicles are reduced in size and arrector pili muscles 
appear hypertrophic. Sweat stimulation tests reveal a patchy loss of 
sweat glands over most of the body. 


Genetics 

The AEC syndrome follows an autosomal dominant mode of trans- 
mission. About 70% of cases are caused by a de novo mutation in 
TP63. 


Clinical features (Box 65.2) 

History and presentation 

At birth about 90% of patients feature a collodion-like picture. In one 
series, 75% of patients had eroded skin at birth and 63% of patients 
continued to suffer from chronic scalp erosions and recurrent scalp 
infections [4]. Three of the seven initial patients had scalp infections 
or folliculitis of the scalp in association with hair loss. The scalp 
is commonly involved with severe and erosive dermatitis with 
secondary crusting and superinfection. Scalp hair is sparse in 89%, 
wiry in 100% and rather fair in 89% [5]. Focal or diffuse alopecia is 
common. Patients have rudimentary eyelashes and the eyebrows 
are also often affected. Absent fingernails occur in 39% and absent 
toenails in 11%. Dystrophic nails were found in 18 out of 18 patients. 
Ankyloblepharon refers to fusion of the eyelids, and in its mildest 
variant there is a partial thickness fusion of the central portion of 
the eyelid margins with sparing of the canthi (ankyloblepharon 
filiforme adnatum). Conjunctivitis and blepharitis may result from 
eye abnormalities. The original family featured partial or complete 
hair loss, absent or dystrophic nails, widely spaced teeth and partial 
anhidrosis. Decreased sweat production was found in 16 out of 16 
patients although a recent study suggested a lower prevalence of 
this complication [5,6]. Additional anomalies may include lacrimal 
duct atresia, supernumerary nipples, syndactyly and auricular 
deformities. Ichthyosiform scaling is found in 17% and hyperker- 
atosis in 39%. Pigment changes occurred in all patients with AEC 
syndrome. 


Clinical variants 

CHAND syndrome — which stands for curly hair, ankyloblepharon 
and nail disease — is most likely identical with AEC syndrome 
[7]. McGrath et al. [8] have shown that the syndrome is caused 
by heterozygous missense mutations in the SAM domain of p63. 
Mutations in TP63 have highly pleiotropic effects, as they can cause 
several allelic disorders including the EEC and ADULT syndromes, 
LMS and SHFM type 4. Rapp-Hodgkin syndrome is no longer 
considered as a separate entity, but is a clinical variant of AEC 
syndrome. Interestingly, in AEC syndrome the mutations give rise 
to amino acid substitutions in the SAM domain. However, in EEC 
syndrome mutations were found to result in amino acid substitu- 
tions in the DNA-binding domain. A newborn with overlapping 
features of AEC and EEC syndrome has been reported [9]. 


Differential diagnosis 
Differential diagnosis includes epidermolysis bullosa simplex and 
hypohidrotic ectodermal dysplasia. 


Complications and co-morbidities 

Palate clefting and teeth abnormalities interfere with eating and talk- 
ing, so that early surgery is necessary to prevent long-term complica- 
tions. Abnormalities of the external ear canals and palate frequently 
cause problems with chronic otitis media and secondary hearing 
loss. Atresia of the lacrimal duct can lead to epiphora, chronic con- 
junctivitis and photophobia. Scalp erosions and chronic scalp infec- 
tions may be severe enough to warrant surgical intervention with 
skin grafting [10]. 
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Figure 65.9 After erosive dermatitis on the vertex, marked hypotrichosis remains in the 
frontal part of the scalp. A mutation in p63 was documented in this patient. 


Disease course and prognosis 

At birth, over three-quarters of affected newborns have red, eroded, 
peeling skin resembling a collodion membrane. This resolves over 
the first few weeks and the underlying skin is dry (Figure 65.9). Over 
two-thirds of individuals have chronic problems with severe, recur- 
rent scalp erosions and scalp infections with eventual scarring which 
is a major feature of AEC syndrome. Palmoplantar keratoderma was 
reported in four of the original seven patients described by Hay and 
Wells and later palmoplantar changes were found in 18 out of 18 
patients [5]. 


Management 

Emollients are appropriate for the collodion-like membrane in the 
newborn. Neonates with AEC often have marked skin fragility 
and they should be handled with extreme care. Neonatal inten- 
sive care nursing protocols such as those existing for neonates 
with epidermolysis bullosa should be used. Ankyloblepharon 
filiforme adnatum may require surgical correction or may lyse 
spontaneously. Lacrimal duct atresia is surgically correctable. The 
scalp requires aggressive wound care and treatment with topical or 
systemic antibiotics as warranted. Other abnormalities such as cleft 
lip/palate, hypospadias and maxillary hypoplasia need to be sur- 
gically corrected. Teeth preservation and restoration is imperative. 


Resources 


Further information 
Ectodermal Dysplasia Society: http: / / www.ectodermaldysplasia.org/. 
Genetic and Rare Diseases Information Center, fact sheet: http:/ /rarediseases.info. 
nih.gov/gard/2076/eec-syndrome/resources/. 
National Foundation for Ectodermal Dysplasias: http:// www.nfed.org/. 
(All last accessed February 2022.) 


Definition, nomeclature and classification 

The main features of the EEC syndrome are ectrodactyly (split-hand 
or -foot deformity), cleft lip/ palate, tear duct anomalies and abnor- 
malities of the epidermal appendages including hypotrichosis, 
hypodontia, dystrophic nails and occasional hypohidrosis. 


ting syndrome 


Introduction and general description 

The EEC syndrome was initially described by Eckholdt and Matens 
in 1804 and since then the clinical spectrum has been further delin- 
eated. Rosselli and Gulienetti described in 1961 a patient with 
typical features of the EEC syndrome. In 1970 Riidiger et al. sug- 
gested the designation EEC for the syndrome. In more than 90% 
of cases, the syndrome is caused by mutations in the TP63 gene. 
The EEC syndrome is inherited in an autosomal dominant man- 
ner. It can be phenotypically highly variable with subtle limb and 
cranio-facial involvement even with apparently classic EEC muta- 
tions [1]. Management typically needs the cooperation of various 
specialists. 


Epidemiology 

Incidence and prevalence 

The EEC syndrome is very rare and only about 300 cases have been 
reported. Out of 312 cases with oro-facial clefts included in the 
French registry between 1995 and 2006, only two patients with EEC 
syndrome were included [2]. 


Age 
Normally the disease manifests at birth or at a very young age. 


Sex 
Both sexes are affected equally as the syndrome is inherited as an 
autosomal dominant trait. 


Ethnicity 
There is no specific ethnicity affected. 


Associated diseases 

Associated diseases include malformations of the genito-urinary 
system with renal agenesis, urethral atresia or hydronephrosis, 
conductive or sensorineural hearing loss, choanal atresia, mammary 
gland/nipple hypoplasia, several ophthalmological pathologies 
such as lacrimal duct alterations with atresia or hypoplasia of the 
lacrimal duct (which are seen in over 90% of affected individuals), 
photophobia, corneal ulcerations, keratitis, blepharitis, entropion 
and endocrine pathologies (hypoplastic thymus, hypopituitarism, 
growth hormone deficiency). 


Pathophysiology 

In about 90% of cases, EEC is the result of missense mutations in the 
TP63 gene (3q27) encoding the p63 transcription factor. This tran- 
scription factor is crucial for the development of the ectoderm and 
limbs. A complex series of genetic experiments revealed that the 
presence or absence of one variant type of the p63 protein, called 
TAp63, determines whether or not a child with a TP63 mutation will 
develop EEC. It has been reported recently that clefting and skin 
defects are caused by a loss of p63 function, and limb anomalies are 
due to gain- and/or dominant-negative mutations [3]. TAp63 is a 
strong modifier of EEC-associated phenotypes with regard to both 
penetrance and expressivity [3]. 


Pathology 

Radiographs of hand or foot deformities show missing or hypoplas- 
tic metacarpals and metatarsals. Scanning electron microscopic 
studies of the hair shafts of affected individuals show longitudinal 
grooves, distorted bulbs and cuticular defects. These findings can 
be seen in a number of other ectodermal dysplasias and are not 
specific to the EEC syndrome. 


Genetics 

The disease is inherited in an autosomal dominant fashion with 
incomplete penetrance and variable expression. Five hotspot 
mutations are responsible for almost 90% of all cases of EEC [4]. 


Environmental factors 

As a reduction or absence of sweat glands may occur, hot and dry 
environments can be dangerous and lead to heat stroke, epilepsy or 
even death. 


Clinical features 
History 
Often a positive family history is given. 


Presentation 

Patients present with the major signs of the syndrome: ectrodactylia 
(Figure 65.10), syndactylia of the hands and feet and clefting of the 
lips and palate (Box 65.3). In addition, numerous alterations in the 
ectoderm may be present such as hypopigmented dry skin, hypotri- 
chosis with fine hairs of the scalp and eyebrows (Figure 65.11), 
small, malformed or missing teeth and nail dystrophies. Often 
sweat and sebaceous glands are missing or reduced. The clinical 
presentation can be highly variable and oligosymptomatic cases are 
common [5,6]. Common associated findings include malformations 
of the uro-genital system, deafness, choanal atresia, hypoplasia of 


Figure 65.10 Ectrodactyly in the ectrodactyly-ectodermal dysplasia—cleft lip/palate 
syndrome. 


the breast or nipples, ophthalmological pathologies with abnormal- 
ities of the lacrimal ducts, photophobia, ulcerations of the cornea, 
keratitis, blepharitis and ectropion, and hormonal dysregulations. 
Prenatal diagnosis of the EEC syndrome based on the identification 
of the ‘lobster claw’ anomaly is possible by three-dimensional 
ultrasound [7]. 


Box 65.3 Criteria used in the diagnosis of the EEC 
syndrome 


Major criteria 

¢ Ectodermal dysplasia 

¢ Ectrodactyly 

° Cleft lip/palate 

e Lacrimal duct anomalies 


Minor criteria 

¢ Renal anomalies 

e Deafness 

¢ Mental retardation 
¢ Choanal atresia 


Differential diagnosis 

Differential diagnosis includes the whole spectrum of p63 syn- 
dromes including the AEC and ADULT syndromes, LMS and 
non-syndromic SHFM [4]. In addition, EvC syndrome has to be 
separated from the EEC syndrome [8]. Finally, van der Woude 
syndrome features cleft lip and cleft palate as with p63 syndrome 
[9]. Hypodontia and lower lip pits are typical. This syndrome was 
found to be caused by mutations in IRF6 [10], which is under the 
regulation of p63, explaining the phenotypic overlap. Of interest, 
lower lip pits were also recently reported in association with a TP63 
mutation [11]. 


Classification of severity 
There is a genotype-phenotype association of severity. 


Complications and co-morbidities 

Malformations of the kidneys with dilated ureters or urethral 
atresia, double ureters, hydronephrosis, multiple renal cysts and 
renal agenesia or dysplasia may coexist. Endocrine abnormalities 
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Figure 65.11 Hair shaft alterations in the ectrodactyly-ectodermal dysplasia—cleft 
lip/palate syndrome. 


include absent thymus, hypopituitarism, isolated growth hormone 
deficiency and pituitary diabetes insipidus. 


Investigations 

In patients with the typical signs and symptoms of EEC, the diagno- 
sis is straightforward. However, molecular genetic confirmation by 
documentation of a TP63 mutation is recommended. 


Management 

Management is mainly symptomatic [12]. However, molecular 
genetic research slowly improves gene therapy possibilities as 
mentioned earlier [13]. 


Resources 


Further information 
Ectodermal Dysplasia Society: http: / /www.ectodermaldysplasia.org /. 
Genetic and Rare Diseases Information Center, fact sheet: http://rarediseases.info. 
nih.gov/gard/2076/eec-syndrome/resources/. 
National Foundation for Ectodermal Dysplasias: http:// www.nfed.org/. 
(All last accessed February 2022.) 


Tricho-dento-osseous : 


Definition, nomenclature and classification 
Tricho-dento-osseous syndrome is a rare autosomal dominant 
disease characterised by curly hair, enamel dysplasia with pitted 
teeth, enamel hypomineralisation, precocious dentition and scle- 
rotic bones [1,2]. In addition, cranio-facial morphology is highly 
variable. Lichtenstein et al. [3] defined the features of this disorder 
in 107 individuals and proposed the name tricho-dento-osseous 
(TDO) syndrome. 


Introduction and general description 
Tricho-dento-osseous syndrome is a very rare ectodermal dysplasia 
with dense bones, especially in the skull. 


Epidemiology 
Incidence and prevalence 
The disease is very rare and no epidemiological data exist. 


Age 
The disease manifests at birth with thick and kinky or curly hair on 
the scalp. The hair may straighten in later life. 


Sex 
It is an autosomal dominant disorder and therefore both sexes are 
equally affected. 


Ethnicity 
There is no ethnic predilection. 


Associated diseases 
Clinodactyly is rarely seen. 


Pathophysiology 

Pathology 

On dental radiographs, unerupted teeth and taurodontia (increased 
size of the tooth pulp chamber) are found [1,2]. Scanning electron 
microscopic analysis of affected teeth shows pits and depressions 
in the tooth enamel, uniformly thin tooth enamel and an abnormal 
collagenous membrane around the open apices. Radiographs of the 
skull reveal sclerosis and sometimes thickening of the calvarium. 
The long bones may also be sclerotic. 


Genetics 

Mutations in the distal-less homeobox 3 (DLX3) gene are causative 
for the syndrome [2]. This gene is important for enamel mineralisa- 
tion and bone formation [4]. 


Clinical features 

History 

Often there is a positive family history for the disease. Unruly hair 
at birth is typical. 


Presentation 

Patients have kinky hair at birth but, with age, show increasingly 
less uncombable hair. There are several dental malformations, 
including enamel hypoplasia, which lead to pitted teeth, taurodon- 
tism and caries [1,2]. Fingernails are thin, brittle and peel readily. 
Toenails may be thickened or normal. Sweat and sebaceous glands 
are normal and the skin is unremarkable. There is frontal bossing, 
the jaw is square and the head is elongated. Partial premature fusion 


of the cranial sutures occurs in three-quarters of affected individuals. 
The bones of the skull are radiographically dense and may be thick. 
This is not problematic for the patient and may be found incidentally 
when radiographs of the skull are obtained for unrelated reasons. 


Clinical variants 
Cranio-facial variations in the tricho-dento-osseous syndrome are 
well documented. 


Differential diagnosis 

Curly hair and nail dysplasia are also seen in CHAND (curly hair, 
ankyloblepharon and nail dysplasia) syndrome, but ankyloble- 
pharon makes this disorder distinct. Witkop syndrome (tooth and 
nail syndrome) lacks kinky or curly hair. 


Disease course and prognosis 
Hair alterations can ameliorate over time. Affected individuals are 
healthy, but lose most of their teeth by the age of 30 years. 


Investigations 
Confirmation of the clinical diagnosis can be made by mutation anal- 
ysis. 


Management 
Treatment includes appropriate dental care and restoration. 


Tricho-rhino-phalange: l 


Definition, nomenclature and classification 
Tricho-rhino-phalangeal syndrome is an ectodermal dysplasia char- 
acterised by malformations of the hair and nail combined with facial 
abnormalities and cone-shaped epiphyses of the middle phalanges 
of some fingers and toes. 


Introduction and general description 

This syndrome was first described by Giedion in 1966 [1]. Three 
subtypes of TRPS with considerable clinical overlap can be distin- 
guished. 


Epidemiology 

Incidence and prevalence 

This syndrome is very rare and no prevalence and incidence num- 
bers exist. 


Age 
Hypotrichosis, bulboid nose and short fingers may be obvious very 
early after birth depending on the severity of the phenotype. 


Sex 
Both sexes are equally affected in this autosomal dominant genoder- 
matosis. 


Pathophysiology 

Genetics 

Tricho-rhino-phalangeal syndrome I is an autosomal dominant 
disorder caused by mutations in the TRPS1 gene which encodes a 
GATA~-type transcription factor that has nine zinc-finger motif [2]. 
Thus TRPS is today classified within the spectrum of ectodermal 
dysplasias as a transcription factor disease [3]. TRPS1 is a transcrip- 
tional repressor that mediates cell differentiation in several tissues 
[4,5] including the chondrocyte and perichondrium [6]. TRPS II 
(Langer—Giedion syndrome) represents a continuous gene deletion 
syndrome including the loss of the TRPS1 and EXT1 genes. Patients 
with more severe shortening of phalanges and metacarpals and 
marked growth retardation (TRPS III) have missense mutations in 
the GATA-type DNA-binding zinc finger domain [7]. 


Clinical features 

Clinically, the syndrome is characterised by growth retardation, 
cranio-facial abnormalities, brachydactyly of the hands and feet, 
sparse and slow-growing hair, a pear-shaped nose, elongated 
philtrum and thin upper lip (Box 65.4) [8]. Typical radiological find- 
ings include cone-shaped epiphyses, shortening of the metacarpals 
and phalanges, hip malformations and short stature. Nails have 
been described as dystrophic, hypoplastic, brittle, slow growing, 
koilonychotic and leukonychotic. In addition, longitudinal striation 
is often observed. 

Three subtypes of TRPS with considerable clinical overlap can be 
distinguished (Table 65.4). Type I may feature, in addition to the 
above mentioned characteristics, moderate postnatal growth retar- 
dation, rarely intellectual disability and moderate brachydactyly 
with shortened phalanges and metacarpals. Eyebrows are generally 
sparse or may be medially thick and laterally thin. 

Type II is usually called the Langer—Giedion syndrome. TRPS II 
is characterised by the presence of multiple cartilaginous exostoses 
which clearly distinguishes it from TRPS I and III [9]. Intellec- 
tual disability and microcephaly are typical features of TRPS II. 
Eyebrows are generally thick, broad and bushy. Redundant and 
loose skin in infancy, disappearing during childhood, has been 
reported in TRPS II. Growth retardation is only moderate and 
mild brachydactyly may be present. Most cases are sporadic. It has 
been shown that Langer-Giedion syndrome is a true contiguous 
gene syndrome due to the loss of functional copies of at least two 
genes, TRPS1 and EXT1, encoding exostosin glycosyltransferase 1, 
which is also involved in the pathogenesis of hereditary multiple 
exostoses [10]. 

Type IIL, also known as Sugio-Kajii syndrome, is the rarest 
form [11,12]. It is characterised by marked short stature, severe 
brachydactyly due to shortening of the phalanges and metacarpals 
and pronounced cone-shaped epiphyses. The eyebrows are normal; 
exostoses and mental deficiency are absent. Inheritance is autosomal 
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dominant. Sporadic cases have been reported. Ltidecke et al. [13] 
performed extensive mutation analysis and concluded that TRPS 
III is at the severe end of the TRPS spectrum and that it is caused 
by missense mutations in the GATA-type DNA-binding zinc finger 
domain. 


Box 65.4 Clinical findings in patients with 
tricho-rhino-phalangeal syndrome (TRPS) types [-Ill 


Skin appendages 

e Fine, sparse, slowly growing scalp hair 
e Flattening of hair shafts 

¢ Sparse eyebrows and eyelashes 

¢ Sparse body hair 

° Brittle, slow-growing nails 


Cranio-facial abnormalities 

¢ Pear-shaped and bulbous nose 

e Elongated philtrum 

¢ Thin upper lip and bulge under the lower lip 

¢ Hypoplastic mandible and midfacial hypoplasia 
¢ Microcephaly 

¢ Retrognathia 

e High-arched palate 

¢ Small and supernumerary teeth 

° Large, laterally protruding ears 


Skeletal abnormalities 

¢ Short metacarpals and phalanges 

¢ Bulbous ends of metacarpals 

¢ Cone-shaped epiphyses 

¢ Winged scapulae and lax joints 

e Perthes-like changes in the hips and laterally placed patellae 
e Exostoses 


Other abnormalities 

¢ Melanocytic naevi 

e¢ Growth retardation 

¢ Intellectual disability 


Reproduced from Itin et al. 1996 [12] with permission of Karger 
Publishers. 


Table 65.4 Clinical findings in the major forms of tricho-rhino-phalangeal syndrome (TRPS). 


Resources 


Patient resources 
TRPS Support Group UK: http://trpsuk.org/ (last accessed February 2022). 


Hidrotic ectodermal « 


Definition, nomenclature and classification 

Hidrotic ectodermal dysplasia is a rare genodermatosis within the 
spectrum of ectodermal dysplasias [1]. The disorder affects the skin, 
nails and hair but sweating is normal in affected patients. Mutations 
in a connexin gene lead to the symptom complex characterised by 
hypotrichosis and brittle hair, dystrophic nails and clubbing with 
prominent dermal ridges on the finger pulps and variable kerato- 
derma. Hyperpigmentation especially over the joints is common [2]. 


Introduction and general description 

Hidrotic ectodermal dysplasia or Clouston disease is an autosomal 
dominant inherited disorder and is characterised by the clinical 
occurrence of nail dystrophy, alopecia and keratoderma. 


Epidemiology 

Incidence and prevalence 

The prevalence of hidrotic ectodermal dysplasia is given at 1-9 per 
100 000 although no exact epidemiological studies exist [3,4]. 


Age 
Sparse hair and dystrophic nails are seen in early life. Continuous 
hair loss may lead to partial or total alopecia until puberty. Hair is 


TRPS | TRPS II TRPS Ill 
Inheritance Autosomal dominant Mostly sporadic Autosomal dominant 
Exostoses - +++ 7 
Eyebrows Normal or sparse Normal or bushy Normal 
Loose skin - + - 
Intellectual disability — (described in single cases) Often present - 
Microcephaly = + - 
Growth retardation (+) - + 
Brachydactyly + + + 
Abnormalities of metacarpals and phalanges + + +++ 


Genetic defect 


Adapted from Itin et a/. 1996 [12]. 


Nonsense mutation in TRPS7 gene 


Deletion in 8q24.11-13 Missense mutation in TRPS7 gene 


sparse and brittle from early childhood. Palmoplantar keratoderma 
begins in childhood but aggravates with age. There is marked vari- 
ability in the phenotype expression even within the same family. 


Sex 
As the disease has an autosomal dominant inheritance pattern, both 
sexes are equally affected. 


Ethnicity 

Initially, most cases were described in French Canadian families. 
Later, a family of Chinese Malay and individuals of African, Spanish 
and Irish descent have been described so that the disease seems to 
occur globally. 


Associated diseases 

Secondary conjunctivitis and blepharitis are due to sparse or absent 
eyelashes. Strabismus and cataract have been reported sporadically. 
Photophobia, conjunctivitis, blepharitis and sparse eyelashes and 
eyebrows are often present. Thickened skull bones without func- 
tional consequences may be observed. In single cases Clouston syn- 
drome has been reported with mild sensorineural deafness and pho- 
tophobia. 


Pathophysiology 

Mutations in GJB6, which is located on chromosome 13q12 and 
codes for connexin 30 (Cx30), are responsible for the disorder. This 
is an autosomal dominant inherited disorder due to a mutation in 
Cx30 [5]. Several cases of eccrine syringofibroadenomas have been 
described in hidrotic ectodermal dysplasia. Immunostaining in nor- 
mal human skin sections demonstrates a predominant expression of 
Cx30 in the hair follicles, nails and palmoplantar epidermis, which 
partially overlaps with p63 expression. In addition, the coexpression 
of Cx30 and p63 in developing mouse hair follicles and nail units 
has been documented. In cultured cells, Cx30 protein expression 
was significantly upregulated by the ANp63a isoform. Further in 
vitro analyses suggested that ANp63a regulates Cx30 expression via 
binding to sequences in intron 1 of the Cx30 gene [6]. 


Pathology 

Conventional histology of palms and soles shows orthohyper- 
keratosis with a normal granular layer. Under electron microscopy 
an increased number of desmosomes can be seen in the stratum 
corneum. 


Clinical features 

History 

A positive family history may be present in this autosomal domi- 
nant disorder. As the clinical manifestations are highly variable, the 
history is not straightforward. About one-third of patients have nail 
dystrophy only. Hypotrichosis can be diffuse or patchy. Paronychial 
infections are rather common and persistent. 


Presentation 

Patients present with partial or total alopecia (Figure 65.12). There 
are sparse scalp hairs and in infancy hairs are twisted, brittle and 
pale. Hair loss may lead to total alopecia by puberty. Eyelashes are 


Figure 65.12 Hypotrichosis in hidrotic ectodermal dysplasia. 


Figure 65.13 Hidrotic ectodermal dysplasia with micronychia, yellowish-coloured nail 
plates and pronounced dermatoglyphics. 


short and sparse and eyebrows as well as axillary and pubic hair are 
also sparse or absent. The nails may be whitish in early childhood 
and then have a tendency to thicken. The nails are slow growing and 
often have striations and thickening and distal onycholysis. Affected 
nails are a very constant finding. The nails may be malformed and 
also small and short. A variable expression of palmoplantar kerato- 
derma is known, and pronounced dermatoglyphics may exist on the 
finger tips (Figure 65.13). Hyperpigmentation especially over joints 
is common. 


Clinical variants 
Phenotypic expression is highly variable. 


Differential diagnosis 

Differential diagnosis includes pachyonychia congenita and pure 
hair—nail ectodermal dysplasia. In 1996, an African family with six 
affected people over three generations was described with short 
and sparse scalp hair and eyelashes. The nails were dystrophic and 
thickened but sweating, skin and teeth were normal. 
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Classification of severity 

Mono- or oligosymptomatic expression of the disease is quite com- 
mon. One-third of all patients with hidrotic ectodermal dysplasia 
have nail dystrophy as the only manifestation. The severity of the 
disease is highly variable, even in the same family. 


Disease course and prognosis 
The clinical features increase over time but the expected lifetime is 
normal. 


Investigations 
To confirm the clinical diagnosis mutation analysis for Cx30 is 
mandatory. 


Management 

There is no causal or specific treatment for this syndrome. Keratolyt- 
ics and emollients should be used for palmoplantar keratoderma 
and, in severe cases of alopecia, wigs can be helpful. Professional 
pedicures and manicures can help to reduce the obvious aspects of 
nail dystrophy. It has been reported that tretinoin — which enhances 
the absorption of minoxidil and acts by enlarging the miniaturised 
hair follicles - can be effective in hidrotic ectodermal dysplasia 
[7]. In mutant mice with Clouston syndrome a potent antagonist 
antibody targeting connexin hemichannels alleviated the clinical 
symptoms [8]. 


Resources 


Further information 
GeneReviews. Hidrotic ectodermal dysplasia 2: http://www.ncbi.nlm.nih.gov/ 
books/NBK1200/ (last accessed February 2022). 


Definition, nomenclature and classification 

Focal dermal hypoplasia (FDH) is a rare genodermatosis that affects 
tissues of ectodermal and mesodermal origin. Clinically the syn- 
drome is characterised by cutaneous, skeletal, dental, ocular and 
soft tissue defects. FDH has been associated with a mutation in the 
PORCN gene on the X chromosome that encodes a protein involved 
in the WNT signalling pathway. An X-linked dominant inheritance 
pattern is documented in numerous pedigrees with lethal effects in 
males which survive only in the case of mosaicism. Recently, Hap- 
ple pointed out that non-syndromic anophthalmia/microphthalmia 
caused by a novel PORCN mutation indicated that PORCN muta- 
tions can occur as hypomorphic alleles, giving rise to survival of 
male non-mosaic patients [1]. 


Introduction and general description 

In 1962 Goltz and co-workers defined a syndrome now known as 
FDH with numerous ectodermal and mesodermal malformations 
[2]. Only 200-300 cases have been described in the literature so 
far. Clinical key features are linear enamel hypoplasia according to 
the Blaschko linear pattern, periorificial papillomas, fat herniations 
and linear telangiectasias and pigmentation anomalies along the 
Blaschko lines [3]. 


Epidemiology 

Focal dermal hypoplasia is very rare and the prevalence is esti- 
mated at less than 1 in 1 000 000; 90% of affected patients are 
females. Mosaicism for mutations in PORCN or chromosomal 
anomalies underlie FDH in about 10% of affected males [4]. 


Age 
Patients are born with multiple malformations and diagnosis is pos- 
sible at birth. 


Sex 
Of affected patients, 90% are female. 


Ethnicity 
No ethnical predisposition is known. 


Associated diseases 
It is an ectodermal—mesodermal malformation disease with numer- 
ous organs involved. 


Pathophysiology 

Focal dermal hypoplasia is inherited as an X-linked dominant trait, 
with 90% of affected individuals being female; 95% of the mutations 
are new. FDH is caused by mutations in the PORCN gene encoding 
an important element of the WNT signalling pathway. WNT pro- 
teins play important roles in embryo development, tissue homeosta- 
sis and stem cell maintenance. Consistent with the female-specific 
inheritance pattern of FDH, PORCN hemizygous Drosophila male 
embryos show growth arrest during early embryogenesis and fail 
to generate mesoderm, a phenotype previously associated with loss 
of Wnt activity and similar to the human homologue. 


Pathology 

Skin biopsies from the reddish lesions show acanthosis and slight 
hyperkeratosis of the epidermis, sometimes with subepidermal cleft 
formation. In atrophic lesions the epidermis shows atrophy and 
hyperpigmentation of the basal cell layer. A wedge-shaped area of 
scar formation composed of hyaline collagen bundles in parallel 
arrangement and numerous fibroblasts often is found beneath the 
epidermis. The fatty tissue almost reaches the epidermis because 
collagen fibres of dermal tissue are scarce. This phenomenon has 
been described as heterotopic fat [5]. Blood vessels with prominent 
endothelial cells are found in large numbers within and at the 
periphery of lesional tissue. Some blood vessels may be densely 
filled with erythrocytes, and extravasations of red blood cells with 
small areas of haemorrhage can be seen. Small islands of adipose 
tissue are common in close vicinity to the fibrous tissue in the lower 


reticular dermis. A positive immunohistochemical reaction for 
vimentin, fibronectin and collagen type III is observed in the scar 
tissue. No collagen type IV is detected in the basement membrane 
zone of the epidermis covering the lesion [6]. 


Genetics 

An X-chromosomal dominant inheritance pattern with lethality in 
males is typical in FDH [7]. Mutations in the PORCN gene lead 
to changes in the WNT cascade, which is very important during 
embryogenesis. 


Clinical features 

History 

The clinical spectrum of FDH includes abnormalities of the skin 
and various defects of the eyes, bones, teeth, nails, oral structures 
and soft tissue [4]. The most prominent clinical features of the cuta- 
neous disease are reddish or red-yellow cribriform atrophic skin 
lesions. Hyperpigmentation or hypopigmentation is common in 
atrophic sites. Telangiectases in atrophic skin is a common finding 
(Figure 65.14). A Blaschko linear distribution pattern is typical 
and the areas involved are usually the trunk and extremities but 
the lesions may be found on any part of the body. Linear enamel 
hypoplasia is an important key feature (Figure 65.15). Numerous 
oral alterations have been described including hypodontia, jaw 
cysts, clefting, hemihypoglossia of the tongue and papillomatosis. 
Other cutaneous abnormalities include lipomatous nodules and 
papillomatous lesions. Ocular abnormalities occur in about 40% 
and include coloboma, strabism, microphthalmia and nystagmus. 
Skeletal changes include syndactyly (Figure 65.16), polydactyly, lob- 
ster claw deformation and osteopathia striata. Additional features 
associated with FDH include facial dysmorphism, supernumerary 
nipple or nipple hypoplasia, hernias, abnormal genito-urinary 
development, and occasionally structural brain abnormalities. 


Differential diagnosis 
Differential diagnoses include the group of focal facial dermal dys- 
plasias types 1-4 and MIDAS syndrome (see following section). 


Figure 65.14 Striate atrophic and telangiectatic lesions in focal dermal hypoplasia. 
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Figure 65.15 Blaschko linear enamel hypoplasia in focal dermal hypoplasia. 


Figure 65.16 Operated syndactyly in focal dermal hypoplasia. 


Management 

Interdisciplinary clinical management of patients with FDH should 
be organised. Children should be presented to the dentist and oph- 
thalmologist as soon as possible. Orthopaedic specialists are also 
important in the treatment of affected patients. In addition, psycho- 
logical and behavioural management is necessary. 


Resources 


Patient resources 
National Center for Advancing Translational Sciences, overview of organisa- 
tions supporting patients with FDH: http://rarediseases.info.nih.gov/gard/ 
6457 /focal-dermal-hypoplasia /cases /54865 (last accessed February 2022). 


MIDAS syndrome — = 


Definition, nomenclature and classification 
MIDAS syndrome (microphthalmia, dermal aplasia and sclero- 
cornea), coined by Happle, is also named microphthalmia with 
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linear skin defects syndrome. It is an X-linked dominant disorder 
with male lethality characterised by unilateral or bilateral microph- 
thalmia with linear skin defects limited to the face and neck. It is a 
very rare disease with less than 1 in 1 000 000 affected. 

A related form of congenital linear skin defects with micro- 
cephaly, facial dysmorphism and additional malformations exists 
and is caused by a mutation in the COX7B gene on chromosome 
Xq21. 


Introduction and general description 

MIDAS syndrome is a rare X-linked male-lethal disorder with 
microphthalmia and other ocular malformations and linear aplastic 
skin lesions which are usually limited to the face and neck and 
develop hyperpigmented skin alterations in healed aplastic skin 
with age. In addition, microcephaly, intellectual disabilities, age- 
nesis of corpus callosum and cardiac malformations may occur. 
Most patients have a cytogenetically visible deletion or unbalanced 
translocation leading to Xp22 monosomy. Heterozygous intragenic 
mutations in HCCS have been shown to be responsible for the dis- 
ease [1]. HCCS encodes the holocytochrome c-type synthase, which 
catalyses the incorporation of heme moieties into cytochrome c 
and cytochrome cl. Cytochrome c plays a crucial role in oxidative 
phosphorylation, but also has been shown to regulate apoptosis. 
Cells lacking HCCS activity may therefore be prone to undergo 
apoptosis, which in turn may affect tissue formation. Further sup- 
porting a role for mitochondrial enzymes in the pathogenesis of 
MIDAS syndrome, mutations in another gene, COX7B on Xq21.1, 
encoding a structural subunit of cytochrome c oxidase, have been 
found in females with the MIDAS phenotype [2]. 


Epidemiology 
Incidence and prevalence 
The disease is very rare with fewer than 1 : 1 000 000 cases. 


Age 

Clinical manifestations are partially apparent at birth and internal 
malformations or intellectual impairment become evident within 
the first years of life. 


Sex 
It is an X-linked dominant disorder with lethality in males. 


Ethnicity 
No racial predilection has been reported. 


Associated diseases 

The syndrome may be complicated by cardiac malformations 
(18%), hypoplastic corpus callosum and abnormal myelination, 
microcephaly, mild to severe intellectual disability (25%), hearing 
loss, diaphragmatic hernia, anterior-placed anus or imperforate 
anus and genito-urinary malformations. 


Clinical features 
History 
Family history may reveal a mother to daughter transmission. 


Presentation 

The most consistent clinical features are microphthalmia/ 
anophthalmia (93%) and sclerocornea/corneal opacity and con- 
genital linear skin defects in a Blaschko-line pattern on the head 
and neck (95%) (Box 65.5) [3]. Additional manifestations are 
various ocular anomalies, cardiac defects, brain imaging abnor- 
malities, microcephaly, postnatal growth retardation and facial 
dysmorphism. Nail dystrophies may occur. 


Box 65.5 Criteria used in the diagnosis of the 
MIDAS syndrome [3] 


Major criteria 
e Linear skin defects (dermal aplasia) 
¢ Microphthalmia 


Minor criteria 

¢ Other ocular abnormalities 

¢ Central nervous system involvement 
¢ Developmental delay 

Congenital heart defects 
Diaphragmatic hernia 

Nail dystrophy 

Preauricular pits and hearing loss 
Genito-urinary malformations 


Clinical variants 

A related form of congenital linear skin defects with microcephaly, 
facial dysmorphism and additional malformations exists and is 
caused by a mutation in the COX7B gene on chromosome Xq21. 


Differential diagnosis 

Differential diagnoses include focal dermal hypoplasia, incontinen- 
tia pigmenti (Bloch-Sulzberger disease), oculocerebrocutaneous 
syndrome and Aicardi syndrome. 


Investigations 

Ophthalmological and dermatological examinations, brain mag- 
netic resonance imaging with and without contrast, hearing 
evaluation and cardiac evaluation are indicated. Clinically sug- 
gestive constellations for MIDAS syndrome should be confirmed 


by chromosome analyses and molecular genetic analyses which 
document a mutation in HCCS or COX7B. 


Management 

Eye and skin problems should be managed by specialists. Patients 
with MIDAS syndrome should be checked for cardiac, uro-genital 
and central nervous malformations. Learning disability should be 
evaluated early on. 


Focal facial dermal 


Definition, nomenclature and classification 

Focal facial dermal dysplasia (FFDD) represents a heterogeneous 
group of rare disorders with bilateral facial developmental defects. 
The lesional skin resembles aplasia cutis congenita. There are four 
types of FFDD [1]. Type 1 is also called Brauer syndrome and is 
inherited in an autosomal dominant pattern; the skin abnormal- 
ities in the bitemporal area resemble forceps marks. In addition, 
sparse lateral eyebrows, a flattened nasal tip and distichiasis can be 
observed. Type 2 is also called Brauer—Setleis syndrome. The clinical 
features are very similar compared with type 1 but the periorbital 
skin is also affected with atrophic and wrinkling skin. Inheritance 
is also autosomal dominant. Type 3 is called Setleis syndrome and 
has the same clinical characteristics as type 2 but inheritance is 
autosomal recessive. Causative mutations have been identified 
in the TWIST2 gene [2]. Type 4 shows isolated preauricular skin 
lesions and the inheritance pattern can be autosomal recessive or 
dominant [3]. It is caused by mutations in the CYP26C1 gene [4]. 


Epidemiology 
Focal facial dermal dysplasia is a very rare disease group with an 
incidence of less than 1 in 1 000 000. 


Clinical features 
The common denominator in all types in FFDD is atrophic skin 
changes in the bitemporal region. 
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Definition 

Congenital and inherited disorders of hair growth and differ- 
entiation, also known as genotrichoses, can be subdivided into 
conditions associated with either excessive hair growth, known as 
hypertrichoses, or defective hair development, termed alopecias [1]. 
Diseases in which hair is absent from the entire surface of the skin 
are known as atrichias whereas disorders featuring hair paucity 
are named hypotrichoses. Some of these disorders are associated 
with structural abnormalities of the hair shafts. For example, patients 
featuring woolly hair often display hypotrichosis as well [2]. 
Finally, inherited disorders of the hair follicle unit can present 
in isolation or as part of more complex clinical entities in which 
case they are known as syndromic genotrichoses. In the following 
sections, the clinical and pathogenetic features of representative 
genotrichoses are provided. A list of all major disorders associated 
with hypertrichoses and alopecias is provided in Tables 66.1, 66.2 
and 66.3. 


Introduction and general description 

The past two decades have witnessed dramatic developments in 
the field of hair research and the number of inherited hair disorders 
whose molecular basis has been discovered has grown exponen- 
tially [3]. Two major reasons underlie this recent trend. First, the 
hair follicle is regarded today as a unique model for the study 
of complex developmental and regulatory interactions between 


epithelial and mesenchymal tissues [4,5,6,7]. Second, hair disorders 
are known to be the source of considerable morbidity. Absence 
(alopecia) or excess (hirsutism) of hair is obviously compatible with 
normal lifespan; yet individuals affected with these conditions 
often experience aberrant hair growth as a significantly detrimen- 
tal event, affecting many aspects of their personal and social life 
[3-12]. 

Because most of these disorders are exceedingly rare, epidemio- 
logical data are mostly non-existent. 


HYPERTRICHOSES — 


GENERALISED HYPERTRICHOSES 


This group of very rare disorders manifests generally at birth with 
generalised hypertrichosis (Figure 66.1). The various forms of gen- 
eralised hypertrichosis are recognised on the basis of the presence of 
specific extracutaneous manifestations. Unfortunately, because the 
molecular basis of many of these diseases is still elusive, it is often 
not clear whether they are distinct entities or represent different 
clinical manifestations of common underlying genetic defects (see 
Table 66.1). 
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66.2 Chapter 66: Inherited Hair Disorders 


Table 66.1 Hypertrichoses. 


Disease name MIM Inheritance Gene or genetic defect Cutaneous features Extracutaneous features 

A Hypertrichosis as main disease feature 

Cantu syndrome 239850 AD ABCC9 Hypertrichosis Macrosomia 

KCNI8 (?) Facial dysmorphism 
Gingival hyperplasia 
Bone abnormalities 
Cardiac defects 
Mild intellectual disability 

Congenital generalised 307150 RXL Insertions on chromosome Congenital generalised Scoliosis 
hypertrichosis Xq27.1/possible hypertrichosis in males; patchy Dental/palate anomalies 

involvement of FGF13 hypertrichosis in females Deafness 

Generalised hypertrichosis 135400 AD CNV variations on Excessive terminal hair growth Facial dysmorphism 
terminalis chromosome 17/possible involving face and body Gingival hyperplasia 

involvement of SOX9 or 
ABCAS (autosomal 
recessive hypertrichosis 
also described in 
association with a 
loss-of-function mutation 
in ABCA5) 

Histiocytosis and 602782 AR SLC29A3 Hyperpigmentation, localised Hepatosplenomegaly, heart 
lymphadenopathy hypertrichosis anomalies, hearing loss, 
syndrome (H hypogonadism, short 
syndrome) stature, hyperglycaemia 

Hypertrichosis universalis 145700 AD Unknown Excessive lanugo-type hair growth - 

Double eyebrows 

Hypertrichosis universalis 145701 AD Complex rearrangements on Excessive vellus hair growth Facial dysmorphism 
congenital, Ambras chromosome 8/possible involving entire body surface Skeletal abnormalities 
type involvement of TRPS7 

Trichomegaly 190330 AR FGF5 Long eyelashes - 

Hypertrichosis of eyebrows, 
cheeks and forehead 
B Hypertrichosis as minor disease feature 
Barber-Say syndrome 209885 AD TWIST2 Hypertrichosis Facial dysmorphism including 
Lax and atrophic skin prognathism, abnormal 
ears, bulbous nose, 
macrostomia and thin lips 
Hypoplastic nipples 
Abnormal external genitalia 
Coffin-Siris syndrome 135900 AR ARID1A, ARID1B, ARID2, Generalised hypertrichosis with Short stature 
DPF2, SMARCD1, scalp hypotrichosis Psychomotor developmental 
SMARCC2, SMARCE1, Nail dysplasia delay 
SMARCA4, SMARCB1, Cutis marmorata Agenesis of the corpus 
SOX11, SOX4 callosum 
Coarse facial features 
Skeletal dysplasia 
Cardiac defects 
Kidney defects 
Gastrointestinal complications 

Congenital generalised 608594 AR AGPAT2 Hypertrichosis Decreased adipose tissue 
lipodystrophy 269700 BSCL2 Acanthosis nigricans Diabetes 
(Berardinelli-Seip 612526 CAVI Hypertriglyceridaemia 
syndrome) 613327 PTRF Hepatic steatosis 

Cornelia de Lange 122470 AD NIPBL Low posterior hairline Short stature, hearing loss, 

300590 RXL SMCIA Hypertrichosis microcephaly, facial 
610759 AD SMC3 Exuberant eyebrow growth dysmorphism, cleft 
614701 AD RAD21 Curly eyelashes lip/palate, cardiac defects, 
300882 RXL HDAC8 Cutis marmorata kidney defects, intellectual 


Single transverse palmar crease 


disability 


(continued) 


Table 66.1 (continued) 


Hypertrichoses 66.3 


Disease name MIM Inheritance Gene or genetic defect Cutaneous features Extracutaneous features 
Craniofacial 614132 AR TMCO1 Hypertrichosis Facial dysmorphism including 
dysmorphism, skeletal Low hairline wide nasal bridge with small 
anomalies and mental Gingival hyperplasia nose, bushy eyebrows, flat 
retardation syndrome face, low-set ears and 
macrocephaly 
Cleft lip/palate 
Skeletal dysplasia 
Neuropsychiatric manifestations 
Donohue syndrome 246200 AR INSR Hypertrichosis/hirsutism Severe failure to thrive 
(leprechaunism) Acanthosis nigricans Elfin facies 
Dysplastic nails Abdominal protuberance 
Keratoderma Oversized penis/clitoris 
Loose and wrinkled skin due to loss Polycystic ovaries 
of adipose tissue Gingival hyperplasia 
Large hands and feet 
Premature breast and nipple 
enlargement 
FHEIG syndrome 618381 AD KCNK4 Generalised hypertrichosis Neurological and skeletal 
abnormalities 
Facial dysmorphism 
Hurler syndrome 607014 AR IDUA Hypertrichosis since early infancy or Short stature, coarse face, 
childhood gingival hyperplasia, abnormal 
Prominent over the eyebrows dentition, macroglossia, eye 
Dermal melanocytosis problems, cardiac, 
gastroenterological, skeletal 
and neurological defects 
KINSSHIP syndrome 619297 AD AFF3 Abnormalities of teeth and gums Horseshoe kidney, Nievergelt/ 
and hypertrichosis (limbs) Savarirayan type of mesomelic 
dysplasia, seizures, intellectual 
disability, respiratory distress, 
bulbous nasal tip, wide mouth 
often with a square upper lip 
Leigh syndrome 256000 AR Mutations in genes encoding Generalised hypertrichosis Progressive neurological 
the various components of deterioration, 
the mitochondrial ophthalmoplegia, lactic 
respiratory chain acidosis 
complexes I-V 
Lymphoedema- 153400 AD FOXC2 Growth of extra row of eyelashes Lymphoedema 
distichiasis syndrome 
Schinzel-Giedion midface 269150 AD SETBP1 Hypertrichosis Failure to thrive 
retraction syndrome Facial haemangioma Facial dysmorphism with 
Hypoplastic dermal ridges proptosis due to shallow orbits, 
Clubbing prominent forehead and 
macroglossia 
Genito-urinary abnormalities 
Skeletal dysplasia 
Neurological defects and mental 
disability 
Trisomy 18 - - - Generalised hypertrichosis See Chapter 74 
Wiedemann-Steiner 605130 AD KMT2A Thick eyebrows Facial dysmorphism 
syndrome Hairy elbows Skeletal abnormalities 
Generalised hypertrichosis (in some Short stature, FTT 
patients) Delayed psychomotor 
development 
Zimmerman-Laband 135500 AD KCNH1 Generalised hypertrichosis Facial dysmorphism including 
syndrome KCNN3 Gingival fibromatosis bulbous soft nose, thick lips 
ATP6V1B2 Nail dysplasia and thick floppy ears 


Skeletal dysplasia and joint 
hyperextensibility 
Hepatosplenomegaly 
Cardiovascular defects 
Intellectual disability 


AD, autosomal dominant; AR, autosomal recessive; CNV, copy number variations; FHEIG, facial dysmorphism, hypertrichosis, epilepsy, intellectual disability/developmental delay, and 


gingival overgrowth; FTT, failure to thrive; KINSSHIP, horseshoe kidney, Nievergelt/Savarirayan type of mesomelic dysplasia, seizures, intellectual disability, pulmonary involvement; RXL, 


recessive X-linked. 
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66.4 Chapter 66: Inherited Hair Disorders 


Table 66.2 Atrichias. 


Disease name MIM Inheritance Gene or genetic defect Cutaneous features Extracutaneous features 
A Non-syndromic atrichias 
Alopecia universalis 203655 AR HR Atrichia None 
congenital 
Atrichia with papular 209500 AR HR Atrichia None 
lesions Papular lesions 
Ectodermal dysplasia 9, 614931 AR HOXC13 Atrichia (some cases hypotrichosis) None 
hair/nail type Koilonychia and micronychia 
Lethal acantholytic 609638 AR DSP Generalised atrichia None 
epidermolysis bullosa Generalised skin blistering 
Anonychia 
B Syndromic atrichias 
AEC syndrome 106260 AD TP63 Sparse, coarse, wiry hair Hearing loss 
EEC syndrome 604292 AD Scalp erosions and red peeling skin Ankyloblepharon, lacrimal duct 
Rapp—Hodgkin syndrome 129400 AD Palmoplantar keratoderma atresia, blepharoconjunctivitis 
ADULT syndrome 103285 AD Dystrophic nails Cleft lip/palate 
Abnormal dentition 
Syndactyly 
Cardiac defects 
Kidney defects 
Breast and mammary gland 
hypoplasia 
Frontonasal dysplasia 613451 AR ALX4 Atrichia Frontonasal dysplasia (large skull 
type 2 defect, coronal craniosynostosis, 
hypertelorism, severely depressed 
nasal bridge and ridge, bifid 
nasal tip) 
Cryptorchidism 
Agenesis of the corpus callosum and 
mental disability 
Growth retardation, 230740 AR ANTXR1 Scalp hair permanently lost in Facial dysmorphism with protruding 
alopecia, childhood ears and prominent lips 
pseudoanodontia, Failure of tooth eruption 
optic atrophy (GAPO) Optic atrophy 
syndrome 
Ichthyosis follicularis, 308205 RXL MBTPS2 Atrichia or near-atrichia Photophobia, vascularising keratitis, 
atrichia, photophobia AD SREBF1 Dystrophic nails BRESHECK syndrome 
syndrome (allelic to Erythroderma 
keratosis follicularis Ichthyosis 
spinulosa decalvans) Follicular hyperkeratosis 
Palmoplantar keratoderma 
Keratitis-ichthyosis-deafness 148210 AD GJB2 Atrichia/hypotrichosis Keratitis 
syndrome ichthyosis Deafness 
Oral leukoplakia 
Palmoplantar keratoderma 
Bacterial and fungal skin infections 
Squamous cell carcinoma 
Mitochondrial complex III 618775 AR UQCRF1 Atrichia Fetal bradycardia, hypertrophic 
deficiency, nuclear cardiomyopathy 
type 10 Delayed motor development 
Lactic acidosis 
Thrombocytopenia and 
normochromic anaemia 
T-cell immunodeficiency, 601705 AR FOXN1 Atrichia Severe T-cell immunodeficiency 
alopecia and nail Dysplastic nails 
dystrophy syndrome 
Vitamin D-dependent 277440 AR VDR Atrichia or near-atrichia Growth retardation, rickets, dental 


rickets, type 2A 


Papular lesions 


abnormalities, delayed motor 
development, seizures 


AD, autosomal dominant; ADULT, acro-dermato-ungual-lacrimal-tooth; AEC, ankyloblepharon-ectodermal defects-cleft lip/palate; AR, autosomal recessive; BRESHECK, brain 
anomalies, retardation, ectodermal dysplasia, skeletal malformations, Hirschsprung disease, ear/eye anomalies, cleft palate/cryptorchidism, and kidney dysplasia/hypoplasia; EEC, 


ectrodactyly, ectodermal dysplasia and cleft lip/palate; GAPO, wth retardation, alopecia, pseudoanodontia and optic atrophy; HR, hairless. 


Table 66.3 Hypotrichoses. 


Hypertrichoses 66.5 


Gene or genetic Extracutaneous 
Disease name MIM Inheritance defect Cutaneous features features 
A Non-syndromic hypotrichoses 
Autosomal dominant 605827 AD ? Hypotrichosis None 
generalised basaloid Milia 
follicular hamartoma Palmar pits 
syndrome Hypohidrosis 
Basaloid follicular hamartomata 
Autosomal recessive - AR C3ORF52 Sparse hair over scalp, eyebrows, eyelashes None 
localised hypotrichosis 
Autosomal recessive 616760 AR KRT25 Scalp hypotrichosis None 
woolly hair 3 with Woolly hair 
hypotrichosis 
Ectodermal dysplasia with 604536 AR PKP1 Severe hypotrichosis None 
skin fragility Skin fragility 
Dystrophic nails 
Palmoplantar erosive keratoderma 
Ectodermal dysplasia type 602032 AR KRT85 Localised to generalised hypotrichosis (with pili torti) None 
4, hair/nail type Dysplastic nails 
Generalised hereditary 605389 AD APCDD1 Generalised hypotrichosis, progressing from childhood None 
hypotrichosis simplex with sparing of eyebrows, eyelashes and facial hair 
(hypotrichosis type 1) 
Hypotrichosis simplex of 146520 AD CDSN Scalp hypotrichosis, progressing from childhood None 
the scalp (hypotrichosis 
type 2) 
Hypotrichosis type 3 613981 AD KRT74 Scalp hypotrichosis None 
Woolly hair 
Hypotrichosis type 9 614237 AR Mapped to Hypotrichosis involving scalp, arms, and legs. Eyebrows None 
10q11.23-q22.3 and eyelashes are spared 
Hypotrichosis type 10 614238 AR Mapped to Generalised hypotrichosis None 
7p22.3-p21.3 Scalp papules 
Hypotrichosis type 11 615059 AD SNRPE Generalised hypotrichosis with sparing of pubic hair None 
Hypotrichosis type 12 603636 AD RPL21 Scalp hair loss, progressive, after 2-6 months of age, None 
beard hair unaffected 
Body hair, axillary and pubic hair, eyebrows and 
eyelashes sparse or absent 
Hypotrichosis type 13 608245 AD KRT71 Woolly hair, scalp, eyebrows, eyelashes hair paucity 
Symptoms improve with time 
Hypotrichosis type 14 618275 AR LSS Sparse to absent lanugo-like scalp hair One patient with 
Sparse and brittle eyebrows, eyelashes, body hair, pubic congenital 
and/or axillary hair cataract 
Hypotrichosis and 613102 AR DSC3 Generalised hypotrichosis None 
recurrent skin vesicles Skin vesicles (?) 
Keratoderma and woolly - AR KANK2 Generalised hypotrichosis None 
hair Woolly hair 
Striate palmoplantar keratoderma 
Leukonychia 
Pseudoainhum 
Localised, AR 607903 AR DSG4 Generalised hypotrichosis with sparing of secondary None 
hypotrichosis, type 1 sexual hairs 
(hypotrichosis type 6) Monilethrix and other structural hair shaft abnormalities 
Follicular hyperkeratosis 
Localised, AR 604379 AR LIPH Sparse scalp, eyebrows, eyelashes, up to generalised None 
hypotrichosis, type 2 hypotrichosis; woolly hair in some patients (as well as 
(hypotrichosis type 7) other hair shaft abnormalities) 
Localised, AR 278150 AR LPAR6 Sparse and short scalp, eyebrows, eyelashes, up to None 


hypotrichosis, type 3 
(hypotrichosis type 8) 


generalised hypotrichosis; woolly hair in some 
patients (as well as other hair shaft abnormalities); 
fair hair in some patients; nail pitting or longitudinal 
ridging in some patients 
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66.6 Chapter 66: Inherited Hair Disorders 


Table 66.3 (continued) 


Disease name 


Marie Unna hereditary 
hypotrichosis 
(hypotrichosis type 4) 

Marie Unna hereditary 
hypotrichosis 
(hypotrichosis type 5) 

Monilethrix 


Rombo syndrome 


Skin fragility-woolly hair 
syndrome 


B Syndromic hypotrichoses 
Alopecia-mental 
retardation syndrome 
Type 1 
Type 2 


Alopecia—neurological 
defects—endocrinopathy 
(ANE) syndrome 


Argininosuccinic aciduria 


AR ichthyosis with 
hypotrichosis 


Bachmann-Bupp 
syndrome 


Bazex syndrome 


MIM 


146550 


612841 


158000 


180730 


607655 


203650 
618840 


612079 


207900 


610765 


619075 


301845 


Inheritance 


AD 


AD 


AD 


AD 


AR 


AR 


AR 


AR 


AR 


AD 


XLD 


Gene or genetic 
defect 


U2HR 


EPS8L3 (?) 


DSP 


AHSG 

LSS (note: in some 
families, LSS 
variants associated 
with non-syndromic 
hypotrichosis) 

RBM28 


ASL 


ST14 


ODC1 


ACTRT1 


Cutaneous features 


Sparse to normal hair at birth; coarse, wiry, 
twisted hair in early childhood 
progressing to generalised hypotrichosis 


Hypotrichosis (regional to generalised) due to 
hair fragility, starting during early 
childhood and typically improving over 
time; occipital area most severely involved 

Follicular hyperkeratosis 

Nail dystrophy 

Absent or dystrophic eyelashes and eyebrows 

Bluish discoloration of lips and hands 

Facial milia and telangiectasis 

Follicular atrophoderma 

Basal cell carcinomas 

Hypotrichosis 

Woolly hair 

Palmoplantar keratoderma 

Skin fragility and blistering 

Nail dystrophy 


Hypotrichosis 
ichthyosis (in some families) 


Variable degrees of alopecia 
Flexural hyperpigmentation 


Dry, sparse brittle hair with trichorrhexis 
nodosa 


Generalised hypotrichosis with curly hair and 
long eyelashes 

Multiple hair shaft abnormalities 

ichthyosis 

Hypotrichosis involving scalp, eyelashes and 
eyebrows 


Hypotrichosis with pili torti and trichorrhexis 
nodosa 

Facial hyperpigmentation and milia (which 
disappear in adulthood) 

Follicular atrophoderma 

Comedones 

Keratosis pilaris 

Localised hypohidrosis 

Basal cell carcinomas in second decade of life 


Extracutaneous 
features 


None 


None 


None 


None 


None 


Neurological 
abnormalities 
Autism spectrum 
Intellectual disability 
Psychomotor delay 


Growth retardation 
Hypogonadism 
Addison disease 
Abnormal dentition 
Failure to thrive 
Hepatic fibrosis and 
hepatomegaly 
Encephalopathy 
Poor feeding, vomiting 
Neurological defects 
Intellectual disability 
Photophobia, corneal 
opacities, blepharitis 
Abnormal dentition 


Macrocephaly and high 
forehead 

Hypertelorism 

Developmental delay 
and ADHD 

Short corpus callosum 

Pinched long nose 

Joint hypermobility 


(continued) 


Table 66.3 (continued) 


Hypertrichoses 66.7 


Gene or genetic Extracutaneous 
Disease name MIM Inheritance defect Cutaneous features features 
Biotinidase deficiency 253260 AR BTD Alopecia Hepatosplenomegaly 
Dermatitis Vomiting, diarrhoea 
Skin infections Hearing loss 
Vision loss 
Breathing problems 
Neurological defects 
Bjornstad syndrome 262000 AR BCSIL Hypotrichosis Nerve deafness 
Coarse dry and fragile hair with pili Hypogonadism 
torti 
Cardiofaciocutaneous 115150 AD BRAF Sparse, curly hair Short stature 
syndrome 615278 KRAS Absence of eyebrows and eyelashes Facial dysmorphism 
615279 MAP2K1 ichthyosis Eye defects 
615280 MAP2K2 Haemangiomata Cardiac defects 
Keratosis pilaris Osteopenia 
Lentigines Neurological defects, including seizures and 
Abnormal palmoplantar creases hypotonia 
Intellectual disability 
Cartilage-hair hypoplasia 250250 AR RMRP Generalised hypotrichosis with fair Skeletal dysplasia and short stature 
sparse and fine hair Malabsorption and Hirschprung disease 
Haematological anomalies 
Cellular immunodeficiency 
Increased risk of lymphoma and skin cancer 
Cerebral arteriopathy, 600142 AR HTRA1 Alopecia (sometimes preceding Progressive encephalopathy (onset after 
autosomal recessive, neurological defects) puberty) 
with subcortical 
infarcts and 
leukoencephalopathy 
(CARASIL) syndrome 
Chondrodysplasia 302960 XLD EBP Patchy alopecia Short stature 
punctate 2 Coarse sparse hair Frontal bossing 
ichthyosis Hearing loss 
Follicular atrophoderma along Cataracts, microphthalmia 
Blaschko lines Skeletal dysplasia with epiphyseal stippling 
Impaired mental function 
Cleft 225060 AR PVRL1 Hypotrichosis Facial dysmorphism 
lip/palate-ectodermal Palmoplantar keratoderma Cleft lip/palate 
dysplasia syndrome Dystrophic nails Hypodontia 
Syndactyly 
Clouston syndrome 129500 AD GJB6 Hypotrichosis with wiry, brittle and Short stature 
pale hair Ophthalmological manifestations including 
Palmoplantar keratoderma cataracts, conjunctivitis, strabismus, 
Dysplastic nails photophobia 
Costello syndrome 218040 AD HRAS Curly sparse hair Short stature 
Dystrophic nails Facial dysmorphism with full cheeks, 
Cutis laxa macrocephaly, thick lips and macroglossia 
Periorifical papillomas Cardiac defects 
Acanthosis nigricans Lung defects 
Pyloric stenosis 
Kidney defects 
Delayed psychomotor development and 
neurological defects 
Malignancies 
Cranioectodermal 218330 AR IFT122 Fine sparse hair Abnormal dentition 
dysplasia type 1 Thin short nails Facial dysmorphism 
Cranioectodermal 613610 AR WDR35 Craniosynostosis 
dysplasia type 2 Brachydactyly, short limbs 
Cranioectodermal 614099 AR IFT43 Bicuspid aortic valve 


dysplasia type 3 


Liver disease 


(continued) 
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66.8 


Table 66.3 (continued) 


Chapter 66: Inherited Hair Disorders 


Gene or genetic Extracutaneous 
Disease name MIM Inheritance defect Cutaneous features features 
Cranioectodermal 614378 AR WDR19 Renal failure 
dysplasia type 4 Osteoporosis 
Dermatopathia 125595 AD KRT14 Alopecia Abnormal dentition 
pigmentosa reticularis Reticulate hyperpigmentation 
Hypo-/hyperhidrosis 
Absent fingerprints 
Palmoplantar keratoderma 
Dystrophic nails 
Dilated cardiomyopathy 605676 AR DSP Hypotrichosis Dilated left ventricular cardiomyopathy 
with woolly hair and Woolly hair 
keratoderma Palmoplantar keratoderma 
Dilated cardiomyopathy 615821 AD DSP Hypotrichosis Dilated cardiomyopathy 
with woolly hair, Woolly hair Tooth agenesis/caries 
keratoderma and Palmoplantar keratoderma 
tooth agenesis 
Ectodermal dysplasia, 225280 AR CDH3 Generalised hypotrichosis Progressive retinal macular degeneration 
ectrodactyly and Light-coloured hair Abnormal dentition 
macular dystrophy Ectrodactyly, syndactyly 
Ectodermal dysplasia 14, 61810 AR TSPEAR Hypotrichosis of scalp and extremities Hypodontia 
hair/tooth type with or (hypertrichosis of chest) Conical teeth 
without hypohidrosis Hypohidrosis 
Ectodermal dysplasia 15, 618535 AR CST6 Hypotrichosis involving scalp, Blepharitis and photophobia 
hypohidrotic/hair type eyelashes 
Dry skin with hypohidrosis 
Ectoderma 613573 AR PVRL4 Generalised hypotrichosis with pili Syndactyly 
dysplasia-syndactyly torti Abnormal dentition 
syndrome 1 Dysplastic nails 
Palmoplantar keratoderma 
Ectodermal 613576 AR ? Generalised hypotrichosis Syndactyly 
dysplasia-syndactyly Dysplastic nails Facial dysmorphism 
syndrome 2 Palmoplantar keratoderma Abnormal dentition 
Hyperhidrosis Cardiomegaly 
Gomez-Lopez-Hernandez 601853 Sporadic ? Parieto-occipital alopecia Facial dysmorphism 
syndrome Short stature 
Neurological defects 
Corneal opacities 
Hallerman-Streiff 234100 ? GJAT (?) Hypotrichosis Short stature 
syndrome Light hair Multiple skeletal abnormalities 
Skin atrophy and telangiectases Facial dysmorphism with small pointed nose, 
thin lips, microstomia, frontal bossing, 
micrognathia 
Microphthalmia, cataracts, strabismus, coloboma 
Abnormal dentition 
Tracheomalacia 
Pulmonary hypertension and infections 
Neurological defects 
Hephaestin-like 1 261990 AR HEPHL1 (single Hypotrichosis with sparse eyebrows, Elfin facies 
deficiency case) absent lateral third of eyelashes, Cognitive delay 
pili torti and trichorrhexis nodosa Joint hypermobility 
Hypoplastic nails Small teeth 
Hutchinson-Gilford 176670 AD LMNA Alopecia Growth retardation 
progeria syndrome Absence of subcutaneous fat Osteoporosis 
Wrinkled, atrophic and Premature ageing 
pigmented skin Premature cardiovascular disease 
Scleroderma Insulin resistance 
Hypohidrotic ectodermal 305100 XLR EDA Generalised hypotrichosis Facial dysmorphism including pigmentation 
dysplasia types 1, 10A, 129490 AD EDAR Hypohidrosis under the eyes, everted nose, prominent lips 
10B, 11A, 11B 224900 AR EDARADD Dysplastic nails Conical teeth and hypodontia 
614940 Dry skin Heat stroke 


Hypoplastic mammary glands 
Hoarse voice 


(continued) 


Table 66.3 (continued) 


Hypertrichoses 


66.9 


Gene or genetic Extracutaneous 
Disease name MIM Inheritance defect Cutaneous features features 
Hypotrichosis with 601553 AR CDH3 Generalised hypotrichosis with pili Progressive retinal macular degeneration 
juvenile macular torti 
dystrophy Light-coloured hair 
Hypotrichosis— 607823 AD (?) SOX18 Progressive hair loss since childhood Telangiectases (acral) 
lymphoedema— AR involving scalp, eyebrows and Leg lymphoedema, congenital eyelid oedema, 
telangiectasia eyelashes hydrocele, scrotal oedema 
syndrome 
Macrocephaly, alopecia, 613075 AR RIN2 Alopecia Short stature 
cutis laxa, scoliosis Receding anterior hairline Coarse facies 
(MACS) syndrome Cutis laxa Abnormal dentition 
Scoliosis 
Joint hypermobility 
Mandibulofacial 616367 AD EDNRA Hypotrichosis involving scalp, body Facial dysmorphism 
dysostosis with hair, eyebrows and eyelashes Dental abnormalities 
alopecia 
Menkes disease 309400 XLR ATP7A Steely, kinky sparse hair which can Short stature 
show pili torti, monilethrix and Microcephaly 
trichorrhexis nodosa Joint laxity 
Cutis laxa Osteoporosis 
Hypopigmentation Neurodegenerative manifestations 
Variable vascular pathologies 
Chronic diarrhoea 
Urogenital anomalies 
Skeletal dysplasia (including occipital horns) 
Naxos disease 601214 AR JUP Hypotrichosis Arrhythmogenic right ventricular dysplasia 
Woolly hair Dilated cardiomegaly 
Palmoplantar keratoderma 
Neonatal 607626 AR CLDN1 Hypotrichosis with loss of lateral Sclerosing cholangitis 
ichthyosis-sclerosing eyebrows Hepatomegaly 
cholangitis (NISCH) Sparse eyelashes Hypodontia 
syndrome ichthyosis 
aundice 
Neonatal inflammatory 614328 AR ADAM17 Short and broken hair, disorganised Chronic bloody diarrhoea, malabsorption 
skin and bowel disease eyebrows and eyelashes Left heart ventricular dilatation 
Perorificial erythema High IgE 
Pustular rash 
Dysplastic nails and paronychia 
Netherton syndrome 256500 AR SPINKS Hypotrichosis with abnormal hair Growth retardation 
shaft structure (trichorrhexis Perinatal hypernatraemia 
invaginata) Atopic diathesis 
Congenital erythroderma Multiple food allergies 
ichthyosis linearis circumflexa Recurrent infections 
Gastroenteropathy 
High IgE levels 
Nicolaides—Baraitser 601358 AD SMARCA2 Hypotrichosis Short stature 
syndrome Low anterior hairline Skeletal dysplasia 
Wrinkled or eczematous skin Facial dysmorphism 
Neuropsychiatric manifestations 
Noonan syndrome-like 607721 AD SHOC2 Sparse light-coloured hair Developmental delay 
disorder with loose Hyperpigmentation Macrocephaly 
anagen hair Wrinkled skin Cardiac defects 
Hypotonia and intellectual disability 
Brain abnormalities 
Oculodentodigital 164200 AD GJAI Hypotrichosis Microphthalmia, cataracts, strabismus 
dysplasia Dry hair Abnormal dentition 


Palmoplantar keratoderma 


Cleft lip/palate 

Multiple skeletal abnormalities 
Hearing loss 

Lymphoedema 

Neurological defects 
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: GENETIC 


PART 6 


m) 
oc 
uu 
ia) 
oc 
je) 
mS 
ia) 


GENETIC 


Ww 
a 
Lid 
a 
oc 
2) 
2 
fa) 


PART 6 


66.10 


Table 66.3 (continued) 


Disease name 


Odonto-onychodermal 
dysplasia 


Olmsted syndrome 
Type 1 
Type 2 
Type 3 


Oro-facio-digital syndrome 


Poikiloderma, hereditary 
fibrosing, with tendon 
contractures, myopathy, 
and pulmonary fibrosis 

Rothmund-Thompson 
syndrome 


Schopf-Schulz—Passarge 
syndrome 


Severe dermatitis, multiple 
allergies and metabolic 


wasting (SAM) syndrome 


Short stature, 
onychodysplasia, facial 
dysmorphism and 
hypotrichosis (SOFT) 
syndrome 


Trichohepatoenteric 
syndrome 


MIM 


257980 


614594 
619208 
300918 


311200 


615704 


268400 


224750 


615508 


614813 


222470 
614602 


Chapter 66: Inherited Hair Disorders 


Inheritance 


AR 


AD, AR 
AD 
XLR 


XLD 


AD 


AR 


AR 


AR 


AR 


AR 


Gene or genetic 
defect 


WNT10A 


TRPV3 
PERP 
MBTPS2 


OFD1 


FAM111B 


RECQL4 


WNT10A 


DSG1 


POCIA 


TTC37 
SKIV2L 


Cutaneous features 


Hypotrichosis 

Dry and thin hair 
Dystrophic nails 
Palmoplantar keratoderma 
Hyperhidrosis 

Decreased number of tongue papillae 
Hypotrichosis 

Woolly hair 

Palmoplantar keratoderma 
ichthyosis 

Periorificial hyperkeratosis 
Pseudoainhum 

Alopecia 

Sparse, coarse hair 

Facial milia 


Hypotrichosis involving scalp, 
eyebrows and eyelashes 

Poikiloderma 

Hypohidrosis 

Hypotrichosis involving scalp, face, 
eyebrows and eyelashes 

Poikiloderma mainly evident in 
sun-exposed areas 

Photosensitivity 

Hyperkeratotic lesions over soles and 
knees 

Nail dystrophy 

Non-melanoma skin cancers 

Hypotrichosis 

Dry and thin hair 

Dystrophic nails 

Palmoplantar keratoderma 

Hyperhidrosis 

Decreased number of tongue papillae 

Eyelid hydrocystomata 

Non-melanoma skin cancer 

Hypotrichosis 

Congenital erythroderma with 
acantholysis 

Palmoplantar keratoderma 


Generalised hypotrichosis 
Hypoplastic nails 


Hypotrichosis with trichorrhexis 
nodosa and woolly hair 


Extracutaneous 
features 


Hypodontia 


Caries 
Leukokeratosis of buccal mucosa 
Corneal neo-vascularisation (WBTPS2) 


Short stature 

Microcephaly, frontal bossing, hypoplastic alar 
cartilage 

Hyperplastic oral frenulum, bifid/lobulated 
tongue, tongue hamartoma 

Cleft lip/palate 

Lip anomalies 

Abnormal dentition 

Liver, pancreas, ovarian, kidney cysts 

Clino-/syn-/brachy-/polydactyly 

europsychiatric complications 

nterstitial pulmonary fibrosis 

Contractures of limbs 

Delayed puberty 


Short stature 

Skeletal dysplasia 
Hypogonadism 

Cataracts 

Abnormal dentition 

Risk of osteogenic sarcoma 


Hypodontia 
Bird-like facies 


Growth retardation 

Perinatal hypernatraemia 

Recurrent infections 

Oesophagitis 

Cardiac defects 

High IgE levels 

Short long bones and other skeletal 
abnormalities resulting in short stature 

Macrocephaly 

Facial dysmorphism 

Oligospermia 

High-pitched voice 

Failure to thrive 

Prominent cheeks and forehead 

Congenital heart defects 

Cholestatic jaundice, hepatomegaly, cirrhosis 

Severe secretory diarrhoea 

Intellectual disability 


(continued) 


Hypertrichoses 66.11 


Table 66.3 (continued) 


Gene or genetic Extracutaneous 
Disease name MIM Inheritance defect Cutaneous features features 
Tricho-rhino-phalangeal 190350 AD TRPS1 Hypotrichosis Growth retardation 
syndrome types |, Il, Ill 150230 Dysplastic nails Skeletal dysplasia including various developmental 
90351 abnormalities of hand and feet 
Late-onset osteopenia and osteoarthritis 
Facial dysmorphism including large ears and 
pear-shaped nose 
Abnormal dentition 
Hypotonia 
Trichothiodystrophy, 234050 AR MPLKIP Hypotrichosis resulting from brittle Short stature 
non-photosensitive type TARS1 sulphur-deficient hair Intellectual disability 
GTF2E2 Decreased fertility 
RNF113A 
Trichothiodystrophy, 601675 AR ERCC2 Hypotrichosis resulting from brittle Short stature 
photosensitive type ERCC3 sulphur-deficient hair Progeroid facies 
GTF2H5 ichthyosis icrocephaly 
Photosensitivity Various ocular manifestations including cataracts and 
Brittle nails microcornea 
Lack of adipose tissue Joint contractures 
Hypogammaglobulinaemia 
Recurrent infections 
Hypogonadism 
Asthma 
Intellectual disability J 
Werner syndrome 277700 AR RECQL2 Premature balding Short stature = Wn 
Poikiloderma Prematurely aged facies > eo 
Scleroderma-like changes Cataracts wi Lu 
Loss of adipose tissue Retinal degeneration GU) a 
Hyperpigmentation Osteoporosis and avascular necrosis =O 
Calcinosis cutis Premature cardiovascular disease So) W 
Ulcers Diabetes [Se 
H dism <a 
ypogona 4 
alignancies a. 
Woodhouse-Sakhati 241080 AR DCAF17 Scalp and eyebrows alopecia Deafness 
syndrome Hypogonadism 
Diabetes 
Extrapyramidal abnormalities, intellectual disability and 
other neurological defects 
Yunis—Yaron syndrome 216340 AR FIG4 Hypotrichosis involving scalp, Growth retardation 
eyebrows and eyelashes Facial dysmorphism including dysplastic ears and 
Palmar crease protruding eyes 
Hypoplastic nails Abnormal dentition 


Heart defects 

Pyloric stenosis 

Micropenis and hypospadias 
Severe neurological defects 


AD, autosomal dominant; ADHD, attention deficit hyperactivity disorder; AR, autosomal recessive; XLD, X-linked dominant; XLR, X-linked recessive. 


Hypertrichosis univ 
Ambras type 


Children affected by this disorder present with generalised hyper- 
trichosis which consists of large amounts of velus hair over the 
= entire surface of the skin, with some predilection for the face, ears 
Figure 66.1 Generalised hypertrichosis. Courtesy of Professor Peter Itin. and shoulders. Hypertrichosis of the external ears is typical. Facial 
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Chapter 66: Inherited Hair Disorders 


dysmorphism and skeletal abnormalities have also been reported 
[13]. The disorder has been found to be caused by chromosomal 
rearrangements over 8q23.1 leading to downregulation of the 
TRPS1 gene [14], also known to be involved in the pathogenesis of 
tricho-rhino-phalangeal syndrome, another complex hair disorder 
(Chapter 65). Of interest, a similar defect was also found in a murine 
model of the disease, the ‘Koala’ mouse [14]. 


Generalised hypertri 


This disorder is inherited in an autosomal dominant fashion and 
is characterised by excess of terminal hair and a variable age of 
onset. Many patients demonstrate facial dysmorphism and often 
severe gingival hyperplasia [15]. In several cases, genomic changes 
on chromosome 17q24.2-q24.3 were found to segregate with the 
disease phenotype [16,17]. It has been suggested that these changes 
may impact on the function of SOX9, which is known to play a 
role in the regulation of hair growth. A mutation in the ABCA5 
gene, which maps to the same region, has been identified in a single 
case [18]. 


Cantu syndrome | 0 §$§sSKWi 


Cantu syndrome is inherited in an autosomal dominant fashion 
and features congenital hypertrichosis with long curly eyelashes, 
macrosomia, facial dysmorphism, gingival hyperplasia, skeletal 
anomalies, cardiac defects and occasionally mild intellectual disabil- 
ity [19]. The disease was found to be caused by activating mutations 
in ABCC9 encoding the sulfonylurea receptor 2 [20,21]. This is 
of interest as this molecule is part of an adenosine triphosphate 
(ATP)-sensitive potassium channel complex, targeted by minoxidil 
[22] which is used to treat male and female pattern baldness. 


LOCALISED HYPERTRICHOSES 


Congenital localised hypertrichosis has been reported as an isolated 
finding around the elbows (hypertrichosis cubiti) and the neck 
(posterior and anterior cervical hypertrichosis) [23,24]. Congenital 
localised hypertrichosis has been described in association with 
spinal (faun-tail naevus) or cranial dysraphism (hair collar sign) 
[25-28]. Localised hypertrichosis often accompanies pigmentation 
abnormalities as in congenital melanocytic naevi and Becker nae- 
vus. Localised hypertrichosis is also a classical feature of congenital 
porphyrias (Chapter 58). 

The histiocytosis and lymphadenopathy syndrome (also known 
as H syndrome) is a complex disorder featuring a wide and 
variable constellation of cutaneous and systemic manifestations 
including skin hyperpigmentation, localised hypertrichosis, hep- 
atosplenomegaly, heart anomalies, hearing loss, hypogonadism, 
short stature and hyperglycaemia/diabetes [29,30] (Figure 66.2). 
The disorder was found to be caused by mutations in SLC29A3 
encoding the human equilibrative nucleoside transporter (ENT3) 
[31,32]. Of note, the histiocytes present in dermal infiltrates in the 


Figure 66.2 Hypertrichosis and hyperpigmented plaques localised to the lower limb in 
an adult patient with H syndrome. Courtesy of Professor Avraham Zlotogorski. 


skin of the patients resemble those seen in Rosai-Dorfman dis- 
ease [33]. ENT3 deficiency was shown to affect hematopoietic and 
mesenchymal stem cell fates [34]. 


DIFFERENTIAL DIAGNOSIS 


The most important diagnosis to exclude in any form of hypertri- 
chosis is hirsutism, which results from excessive growth of hair in 
a male pattern distribution and warrants thorough investigations 
in search for an endocrinological, drug or paraneoplastic cause 
(Chapter 148). The late onset of hypertrichosis should always raise 
the possibility of an underlying malignancy [35]. 


TREATMENT 


Hair removal using depilation or laser techniques has been suc- 
cessfully employed [36]. Surgical debulking of the gums and total 
tooth extraction have been reported to result in improved oral 
function in generalised hypertrichosis terminalis [37]. Treatment of 
H syndrome with mycophenolate mofetil and tocilizumab has been 
reported [38,39]. 


Atrichias 66.13 


a to be particularly prominent over the cheeks and scalp but can 
ATRICHIAS involve almost any part of the body [40-42] (Figure 66.3). Although 
APL has been described with mental disability, gastrointestinal 
polyposis and delay in bone age, these associations are considered 
spurious. On histology, APL is characterised by the conspicuous 


presence of dermal cysts, which reflect abortive development of 
different regions of the hair follicles (Figure 66.3c) [43]. 


Atrichias refer to a group of very rare disorders characterised by 
total or near total absence of visible scalp and body hair. 


Pathogenesis 
Clinical features APL is caused by mutations in the HR gene, encoding a transcrip- 
Children affected with atrichia with papular lesions (APL) are tion co-repressor factor called hairless [40,42,44]. Hairless has been 
usually born with normal hair that is shed during the first months — shown to function as a histone H3K9 demethylase [45]. Hairless 
of life, never to regrow thereafter. During the first to second decades _—_— may regulate hair cycling through its effect on the WNT signalling 
of life, patients develop a diffuse papular rash that has been noted — pathway [46], through its effect on polyamine synthesis [47] or 
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Figure 66.3 Total lack of hair (a) and 
follicular lesions (b) in atrichia with papular 
lesions. On histology, note the conspicuous 
presence of dermal cysts (c). 
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Figure 66.4 Wiry, coarse and sparse hair in Marie Unna hereditary hypotrichosis. 
Courtesy of Professor Maurice Van Steensel. 


through additional targets [48]. Regardless of its exact mechanism 
of action, downregulation of hairless is associated with abnormal 
catagen and interferes with the normal hair cycle, leading to the 
abnormal development of hair follicles into epidermal cysts that 
manifest at the clinical level as papules [49]. Of note, overexpression 
of hairless due to heterozygous mutations in a short regulatory 
open reading frame located upstream to the HR gene also leads to 
abnormal hair development in patients affected with Marie Unna 
hereditary hypotrichosis [50], indicating that absence and increased 
expression of hairless are equally detrimental to hair growth and 
development. Marie Unna hereditary hypotrichosis (also known 
as hypotrichoses 4 and 5) is in contrast with APL inherited in an 
autosomal dominant fashion. Affected individuals display sparse to 
normal hair at birth, develop coarse, wiry and twisted hair in early 
childhood, followed by the development of generalised alopecia in 
adulthood [51] (Figure 66.4). 


Differential diagnosis 

Another inherited form of congenital atrichia, termed alopecia uni- 
versalis congenita (MIM: 203655), is also caused by mutations in 
HR and is clinically identical to APL except for the absence of skin 
papules [40,42]. Vitamin D resistant rickets (VDRR; MIM: 277440) 
is inherited in an autosomal recessive fashion. It results from end 


organ unresponsiveness to 1,25-dihydroxycholecalciferol. Affected 
patients display normal serum 25-hydroxyvitamin D, high serum 
1,25-(OH),-cholecalciferol and profound hypocalcaemia, leading to 
rickets and loss of teeth [52]. VDRR with hair loss (type Ila) must be 
differentiated from VDRR without hair loss (type Ib). VDRR type 
Ila patients are born with normal hair, which is shed during the first 
year of life and never significantly regrows thereafter (Figure 66.5). 


a 
| 


(b) 


Figure 66.5 Near total absence of hair in a young patient with vitamin D resistant 
rickets type Ila (a); note the whitish papules over the central part of the face (b). 


In contrast, bony changes can improve with age. Milia-like lesions 
similar to those observed in APL have also been described in VDRR 
[52]. VDRR is caused by mutations in the gene encoding the vitamin 
D3 receptor (VDR). Most VDRR type Ia-causing mutations affect 
the N-terminal DNA-binding domain of the receptor, which har- 
bours two zinc finger domains responsible for DNA binding and 
interactions with other proteins. In contrast, mutations in the vita- 
min D binding domain, situated at the C-terminus, do not cause 
alopecia [53]. Thus, vitamin D binding to the VDR is not necessary 
for normal hair development, which may explain why other forms 
of inherited rickets, with defective vitamin D binding, are not associ- 
ated with alopecia [52,53]. These studies emphasised the importance 
of VDR binding to DNA and its interactions with other transcription 
factors during hair cycling. The fact that hairless functions under 
physiological conditions in association with the VDR explains the 
clinical similarities of the two phenotypes [48]. 

Bazex syndrome should also be included in the differential diag- 
nosis of alopecia associated with a papular rash. This X-linked 
recessive disorder [54] manifests with hypotrichosis, milia, atropho- 
derma of the dorsa of the hands and feet, face and extensor surfaces 
of the elbows and knees, and hypohidrosis of the face [55,56]. Hair 
microscopy can reveal trichorrhexis nodosa and pili torti. Basal 
cell neoplasms often develop after the second decade of life [56]. 
Bazex syndrome (also known as Bazex—Dupre-Christol syndrome) 
was recently shown to result from a genetic variant affecting the 
expression of ARP-T1 which inhibits GLI1 expression; thus, loss 
of ARP-T1 leads to activation of the Hedgehog pathway in indi- 
viduals with the syndrome [57]. In addition, ARP-T1 regulates 
cilia formation [58]. Generalised basaloid follicular hamartoma 
syndrome is clinically similar although basal cell carcinomas do not 
develop [59]. 

Another disorder featuring total absence of hair is the Growth 
retardation, Alopecia, Pseudoanodontia, Optic atrophy (GAPO) 
syndrome [60] (Figure 66.6). This autosomal recessive complex 


Figure 66.6 Alopecia totalis in a patient with growth retardation, alopecia, 
pseudoanodontia and optic atrophy (GAPO) syndrome. Courtesy of Professor David Enk. 


disorder is caused by mutations in the ANTXR1 coding for the 
anthrax toxin receptor, which seems to play an important role in 
actin assembly [61]. 


Treatment 

An accurate diagnosis is critical to prevent unnecessary treatment of 
APL with systemic steroids when misdiagnosed as alopecia univer- 
salis. Oral or intravenous calcium and active vitamin D metabolites 
may attenuate the bone disease of patients with VDRR but do not 
affect hair status [62]. 


ichthyosis follicularis \ 
and photophobia 


Clinical features 

This disorder manifests with congenital total or partial atrichia, 
severe and diffuse follicular hyperkeratosis, different degrees of 
scaling and vascularising keratitis leading to photophobia and 
blindness [63]. Ichthyosis follicularis with atrichia and photo- 
phobia (IFAP) is transmitted as a recessive X-linked trait or in 
an autosomal dominant fashion. Disease severity is highly vari- 
able. IFAP has been reported in association with a wide range 
of extracutaneous manifestations including the BRESHECK con- 
stellation of signs (Brain anomalies (including mental disability, 
corpus callosum dysgenesis, olivo-pontocerebellar atrophy), growth 
Retardation, Ectodermal dysplasia, Skeletal deformities (scoliosis, 
rib and pelvic anomalies), Hirschsprung disease, Ear (hearing 
loss)/Eye anomalies, Cleft palate/cryptorchidism and Kidney dys- 
plasia/hypoplasia) [64]. IFAP has been shown to overlap clinically 
with keratosis follicularis spinulosa decalvans (KFSD), which fea- 
tures scarring alopecia, typically prominent over the occiput and 
involving the eyelashes and eyebrows, facial erythema, follicu- 
lar hyperkeratosis, keratoderma, blepharitis, conjunctivitis and 
keratitis [65]. 


Pathogenesis 
IFAP, BRESHECK syndrome and KFSD as well as Olmsted syn- 
drome (and possibly osteogenesis imperfecta, type XIX) have been 
found to result from mutations in the membrane-bound transcrip- 
tion factor protease, site 2 (MBTPS2) gene [64,66-69] which encodes 
a protein involved in endoplasmic reticulum stress response as 
well as in cholesterol homeostasis. MBTPS2 regulates the translo- 
cation of regulatory molecules and transcription activating factors 
to the nucleus [70]. As the MBTPS2 gene is located on the X 
chromosome, female carriers are either phenotypically normal or 
show patchy alopetic linear lesions of atrophoderma or follicular 
ichthyosis along the lines of Blaschko, reflecting Lyonisation [71]. 
More recently, IFAP has been shown to result from dominant 
mutations in the SREBF1 gene which encodes the sterol regulatory 
element (SRE) binding transcription factor 1 (SREBP1). SREBP1 
regulates the biosynthesis of fatty acids and cholesterols [72]. Of 
note, hereditary mucoepithelial dysplasia (featuring non-scarring 
alopecia, xerosis and abnormal mucosal tissues) is also caused by 
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mutations in SREBF1 [73] and shares many clinical manifestations 
with IFAP [74]. 


Treatment 

Treatment is mainly aimed at maintaining visual function [75] as 
well as preventing or correcting systemic complications of the syn- 
drome. A variable response to acitretin has been reported in several 
patients with improvement in ichthyosiform changes and corneal 
erosions but no change in alopecia or photophobia [63,76—78]. 


HYPOTRICHOSES — 


Hypotrichoses represent a very heterogeneous and vast group 
of disorders characterised by a reduced density of hair follicles. 
Phenotypic variability is the rule and can be striking even amongst 
affected members of the same family, which often complicates the 
diagnosis. These disorders are traditionally classified based on their 
mode of inheritance and based on the presence of extracutaneous 
features [3]. Table 66.3 provides a full list of this group of diseases. 
The major forms of hypotrichoses are described in detail in the 
following subsections. 


NON-SYNDROMIC AUTOSOMAL DOMINANT 
HYPOTRICHOSES 


Autosomal dominant hypotrichosis comprises two major disorders 
known as generalised hereditary hypotrichosis simplex (also known 
as hypotrichosis type 1) and hypotrichosis simplex of the scalp (also 
known as hypotrichosis type 2). 

Individuals with generalised hereditary hypotrichosis simplex 
typically show normal hair at birth, with progressive hair loss 
and thinning starting during early childhood and involving to a 
variable extent all parts of the body except for eyelashes, eyebrows 
and beard [79]. Hair pigmentation can be affected as well but hair 
shaft structure is normal. The disorder has been found to result 
from a recurrent mutation in the APCDD1 gene [79], encoding a 
regulator of the WNT signalling pathway, which is known to play a 
critical role during hair follicle development [46,80,81]. Of note, the 
Wnt/f-catenin pathway requires the lymphoid enhancer-binding 
factor 1 (LEF1) to activate hair follicle ontogenesis and recently hap- 
loinsufficiency for LEF1 has been shown in two individuals to be 
associated with oligodontia, hypotrichosis and hypohidrosis [82]. 

Similar clinical findings are observed in hypotrichosis simplex of 
the scalp except for the fact they are limited to the scalp (Figure 66.7). 
The disease has been found to result in several families from muta- 
tions in the CDSN gene encoding corneodesmosin, a component 
of the corneodesmosomes [83]. Of note, genetic alterations in the 
same gene have been linked to the inflammatory subtype of peeling 
skin syndrome [84] and to psoriasis [85,86]. Each type of mutation 
seems to exert a different deleterious effect: dominant mutations 
associated with hypotrichosis result in the perifollicular accumula- 
tion of a toxic amyloidosis-like material [87]; recessive mutations 
causing peeling skin syndrome lead to absence of expression of 


Figure 66.7 Autosomal dominant hypotrichosis of the scalp, caused by a mutation in 
CDSN. 


corneodesmosin [84]; while a polymorphism in the CDSN gene 
associated with an increased risk for psoriasis seems to result in 
increased CDSN mRNA stability [85]. 

A recent open-labelled clinical trial suggested a beneficial effect of 
topical gentamycin in CDSN-associated hypotrichosis [88]. 


NON-SYNDROMIC AUTOSOMAL RECESSIVE 
HYPOTRICHOSES 


Autosomal recessive localised hypotrichosis (alias hypotrichosis 
types 7 and 8) features varying degrees of hair paucity over most 
parts of the body, with occasionally decreased pigmentation [89,90] 
(Figure 66.8). The disorder overlaps with woolly hair [91], which 
refers to the growth of fine and tightly curled hair (unlike normal 
curly hair, woolly hair grows slowly to a shorter distance than 
normal hair and can be associated with several structural anomalies 
such as trichorrhexis nodosa) [92]. The hypotrichosis is progressive 
and can be limited to the scalp or involve the whole body surface 
including the eyebrows, eyelashes and facial hair [92]. Autosomal 
recessive localised hypotrichosis has been found to be caused by 
mutations in three genes: LIPH [93], LPAR6 [94,95] and C3ORF52 
[96]. LIPH encodes lipase H, which promotes the synthesis of 
lysophosphatidic acid, the natural ligand of a G protein-coupled 
receptor encoded by LPAR6 which is expressed in both the Henle 
and the Huxley layers of the inner root sheath of the hair follicle 
[97]. C3ORF52 is co-expressed with lipase H in the inner root sheath 
of the hair follicle. C3ORF52 serves as a cofactor to LIPH and is 
essential for LPA biosynthesis [98]. 

In a single centre, open-label, prospective interventional study, 
topical minoxidil 1% was found to benefit eight patients with 
LIPH-associated hypotrichosis [99]. Minoxidil 5% was also found 
to benefit a single case with hypotrichosis associated with DSP 
mutations [100]. 


Figure 66.8 Sparse, short and light-coloured hair in a patient carrying a mutation in 
LIPH. 


SYNDROMIC AUTOSOMAL DOMINANT 
HYPOTRICHOSES 


Tricho-rhino-phal 


For a detailed description of the syndrome, see Chapter 65. Three 
subtypes of tricho-rhino-phalangeal syndrome (TRPS) have been 
described. TRPS I patients feature sparse scalp hair as well as thin 
and malformed nails associated with a typical bulbous nose, a long 
philtrum, abnormal dentition and large ears. Patients display short 
metacarpals and metatarsals, brachydactyly with cone-shaped 
epiphyses at the (middle) phalanges, scoliosis, lordosis, hip malfor- 
mations, abnormal patellae, short stature and suffer from osteopenia 
and osteoarthritis in adulthood [101]. The disorder was found to 
be caused by mutations in the TRPS1 gene which codes for a 
GATA-type zinc finger transcription factor regulating cartilage, 
kidneys and hair follicle formation [102]. TRPS IIT is associated with 
more severe skeletal manifestations than TRPS I but is also due to 
mutations in TRPS1 [103]. 

TRPS II (Langer—Giedion syndrome) is characterised by the same 
features as TRPS I apart from the conspicuous presence of multiple 
exostoses and borderline intelligence in some patients [104]. Eye- 
brows are thickened medially and absent laterally (signe du sourcil) 


in TRPS I and II but normal in TRPS IL TRPS II is a contiguous 
gene syndrome caused by deletion mutations affecting both TRPS1 
as well as EXT1 encoding exostosin 1 [105]. 


A number of dominant syndromes caused by defective function 
of connexins are associated with various forms of alopecia [106]. 
Keratitis—ichthyosis—deafness syndrome can manifest with alope- 
cia and dense follicular papules over the scalp (Figure 66.9) and 
results from mutations in the GJB2 gene encoding connexin-26 
[107]. Clouston syndrome is characterised by focal to total alope- 
cia (Figure 66.10) associated with palmoplantar keratoderma 
and nail dystrophy and results from mutations in the G/B6 gene 
encoding connexin-30 [108]. Mutations in the GJA1 gene coding 
for connexin-43 cause oculodentodigital dysplasia (ODDD) syn- 
drome which presents with fine and slow-growing sparse hair, 
palmoplantar keratoderma, facial dysmorphism, a wide range of 
eye anomalies, abnormal teeth, cleft lip or palate, hyperostosis 
and other skeletal problems and numerous neurological defects 
[109,110]. 


SYNDROMIC AUTOSOMAL RECESSIVE 
HYPOTRICHOSES 


Hypotrichosis wit 
dystrophy 


In hypotrichosis with juvenile macular dystrophy (HJMD), short, 
light and sparse hair in early childhood is associated with the later 
development of progressive degeneration of the retinal macula 
leading to blindness during the second to third decades of life 
[111] (Figure 66.11). The disorder was found to result from muta- 
tions in the CDH3 gene [112] encoding P-cadherin, a component 
of the adherens junction which was shown to be expressed in 
the retinal pigment epithelium [113] and to regulate hair growth 
and pigmentation [114,115]. HJMD has been shown to be allelic to 
Ectodermal dysplasia, Ectrodactyly and Macular dystrophy (EEM) 
syndrome, which is characterised by the same clinical features as 
HJMD in association with abnormal development of the teeth and 
limbs [116]. 


Autosomal reces: 
with hypotrichos 


Affected individuals are born with sparse and short hair and 
display generalised scaling (Figure 66.12) with ophthalmologi- 
cal manifestations including photophobia, corneal opacities and 
pinguecula [117]. Abnormal dentition has also been noticed. 
Structural defects are observed on hair microscopy [117]. The dis- 
order was found to result from mutations in the ST14 gene [117] 
that encodes matriptase, a serine protease that functions as a 
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Figure 66.10 Diffuse hypotrichosis in an adult patient with Clouston syndrome. 
Courtesy of Professor Maurice Van Steensel. 


Figure 66.9 A patient with keratitis—ichthyosis—deafness syndrome 
demonstrates atrichia associated with follicular papules in the nape area (a), 
plantar keratoderma (b) and severe nail dystrophy (c). 


membrane-bound cell surface protein or as a soluble extracellular 
protease following release of its ectodomain [118]. Matriptase has 
been shown to have a role in filaggrin processing and regulates 
epidermal proliferation and differentiation [118,119]. Mutations in 
the same gene have been found to cause a disorder called ichthyosis, 
follicular atrophoderma, hypotrichosis and hypohidrosis, which 
in many aspects resembles autosomal recessive ichthyosis with 
hypotrichosis [120]. 


These disorders are easily identified when suspected since examina- 
tion of a hair sample under a light microscope is very often sufficient 
to pose a diagnosis [121]. Rarely, scanning electron microscopy is 


(b) 


Figure 66.11 Sparse and short hair on the scalp of a young patient with hypotrichosis 
and juvenile macular dystrophy (a); fundus examination reveals severe degenerative 
pigmentary changes in the retinal macula (b). 


needed to establish the diagnosis. More recently, dermoscopy has 
been recognised as a useful and cost-efficient adjunct technique for 
the rapid diagnosis of hair shaft abnormalities [122]. 

As a group, hair shaft disorders largely overlap at the clinical and 
molecular level with hypotrichoses because hair shaft anomalies 
often (but not always) result in hypotrichosis [92]. As with other 
genotrichoses, the first step in the diagnosis of hair shaft struc- 
tural disorders is to determine whether the hair disease is isolated 
or is part of a more complex disorder. The following sections 
review those hair shaft disorders inherited as monogenic traits (see 


(b) 


Figure 66.12 Hypotrichosis (a) and lamellar ichthyosis (b) in a patient with autosomal 
recessive ichthyosis with hypotrichosis. 


Table 66.3). This group of hair disorders is reviewed in detail in 
Chapter 87. 


Monilethrix — 


Clinical features 

Beaded hair is the hallmark of monilethrix. Scalp hair is frag- 
ile at constricted sites leading to apparent hypotrichosis [91,121] 
(Figure 66.13). Gradual improvement with age is the rule, with hair 
looking sometimes normal by puberty or early adulthood. Improve- 
ment has also been noted during pregnancy and summertime. Body 
hair as well as eyelashes and eyebrows are less frequently involved. 
Intrafamilial phenotypic variability is common [123]. Associated 
features include follicular papules in the nape area as well as 
keratosis pilaris and nail dystrophy [91,121]. 
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Figure 66.13 Short and sparse hair associated with follicular papules a patient with 
monilethrix; hair beading typical of monilethrix on microscopy. 


Pathogenesis 

Monilethrix is usually transmitted in an autosomal dominant fash- 
ion and is due to mutations in genes encoding several hair keratins 
(KRT81, KRT83, KRT86) [124-126]. Recessive inheritance of muta- 
tions in the DSG4 gene encoding desmoglein 4 have been reported in 
localised autosomal recessive hypotrichosis which is characterised 
by monilethrix-like hairs, fragile scalp and body hairs that break eas- 
ily, and are associated with hyperkeratotic follicular papules [127]. 
Monilethrix has been observed in syndromic forms of hypotrichosis 
such as Menkes disease [128]. 


Differential diagnosis 

Monilethrix must be distinguished from pili torti in which hair shaft 
twisting can generate the false impression of beading [121]. Pseudo- 
monilethrix refers to a poorly defined form of hypotrichosis due 
to fragile and easily breakable hair shafts. On electron microscopy, 
irregular nodes represent the edges of depressions within the 
shafts; in other cases, the beaded appearance of the hair shafts 
reflects irregular twisting without flattening of the hair shafts as in 
pili torti; finally, pseudomonilethrix can result from breaks within 
the shafts. Although autosomal inheritance of pseudomonilethrix 
has been described, many authorities considered it as an artefactual 
finding due to trauma to the hair shafts [129]. 


Treatment 
Monilethrix has been successfully treated in uncontrolled studies 
with minoxidil [130,131] and with oral retinoids [132-134]. 


Woolly hair — CCl 


Clinical features 

Woolly hair refers to generalised or localised occurrence of 
curly hair, which usually demonstrates slow growth and/or 
easy breakage, sometimes associated with hypopigmentation 
(Figure 66.14). The disorder can appear as an isolated dominant 
trait, and in this case can be allelic to autosomal recessive localised 
hypotrichosis [92], but has also been reported in the context of 
various cardiocutaneous disorders [135]. 

Patients with woolly hair may in some cases be affected with 
Noonan syndrome, especially in combination with ulerythema 
ophryogenes [136]. These patients tend to display a short stature, 
ptosis, borderline intelligence, a webbed neck and pulmonic 
stenosis. 


Pathogenesis 

Isolated autosomal recessive woolly hair has been shown to be allelic 
to autosomal recessive localised hypotrichosis (see Non-syndromic 
autosomal recessive hypotrichoses) caused by mutations in LPAR6 
and LIPH [91,95]. Autosomal recessive woolly hair has been 
shown to result from mutations in KRT25, encoding keratin 25 
[137,138]. Autosomal dominant inheritance has also been described 
and linked to mutations in two hair keratin genes, KRT71 and 
KRT74 [139,140]. 

Woolly hair has been described in the context of complex syn- 
dromes. Naxos disease and Carvajal syndrome manifest with 
woolly hair, hypotrichosis, diffuse palmoplantar keratoderma and 
cardiac disease, and are caused by recessive mutations in JUP 
and DSP, respectively, which encode two desmosomal proteins, 
plakoglobin and desmoplakin [141,142]. In fact, pathogenic variants 
in different desmosomal proteins have been found to be associated 
with hypotrichosis and woolly hair [143]. 


Pili torti CC 


Clinical features 

Pili torti refers to hair showing 180 degree twists under the micro- 
scope [121] (Figure 66.15b). Patients with pili torti usually display 
breakable, short and sparse hair over the scalp (Figure 66.15a) 
and body. Isolated pili torti can be congenital but often becomes 
apparent in childhood only, with spontaneous improvement with 
time. 


Pathogenesis 
Pili torti can be inherited in an autosomal dominant fashion. The 
molecular cause for isolated pili torti remains elusive. 


Differential diagnosis 

Pili torti has been reported in the context of complex syndromes. Pili 
torti is typically found in Menkes disease (Chapter 61), an X-linked 
metabolic disorder usually fatal in early life [144]. Menkes disease is 
characterised by paucity of hair that is fine, wiry, fragile and silver 
or white. Phenotypic variability is the rule. Hair microscopy usually 
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reveals pili torti as well as monilethrix and trichorrhexis nodosa. The 
skin can show a mottled discoloration and is often lax. The upper lip 
has an exaggerated ‘cupid bow’ configuration. Of interest, asymp- 
tomatic female carriers can display foci of pili torti and uneven skin 
pigmentation along the Blaschko lines. Systemic manifestations 
include early onset of neurological signs including hypotonia, 
seizures, psychomotor retardation as well as periodic hypothermia. 
Tortuous vessels in the central nervous system can be seen on 
magnetic resonance angiogram (MRA) and are characterised on 
histology by fragmentation of the internal elastic lamina. Osteo- 
porosis, skeletal dysplasia and dental and ocular anomalies are also 
observed [145]. The disorder is caused by mutations in the ATP7A 
gene [146,147] which encodes a trans-Golgi membrane bound 
copper transporter. Accordingly, serum copper and ceruloplasmin 
levels are low. As a result, numerous copper-dependent enzyme 
activities are lost. Among the enzymes most prominently affected 
are tyrosinase, lysyl oxidase, mono-amine oxidase, cytochrome 
Figure 66.14 Woolly hair in a white woman and her son. Courtesy of Professor Rudolf oxidase and ascorbate oxidase, which explain the pigment defects, 
Happle. lax skin, hair abnormalities, hypothermic episodes and skeletal 
changes typically found in patients, respectively. Occipital horn 
disease is allelic to Menkes disease and manifests with more severe 
skin changes, less prominent neurological manifestations and 
the presence of exostoses on the occiput (hence the name of the 
syndrome) and other bones [148]. 

Bjérnstad syndrome features a combination of pili torti and pro- 
gressive sensorineural hearing loss [149]. The syndrome is caused 
by mutations in the BCS1L gene, which plays an important role in 
mitochondrial function [150]. Pili torti has also been seen in Nether- 
ton syndrome [151] (see later), hypotrichosis with juvenile macular 
dystrophy (see earlier) [112], Bazex syndrome [152], citrullinaemia 
[153], pachyonychia congenita [154], Clouston syndrome [155], hep- 
haestin like-1 deficiency [156] and autosomal recessive ichthyosis 
with hypotrichosis [117] (see earlier). 

In addition to the inherited conditions mentioned previously, pili 
torti has been described in association with systemic acquired dis- 
eases such as lupus erythematosus and other forms of cicatricial 
alopecia [157]. 


Trichorrhexis nodosa — Cl 


Clinical features 

Trichorrhexis nodosa is diagnosed under the microscope as irreg- 
ularly spaced swellings along the hair shaft which appear to be 
the consequence of cuticle loss and exposure of cortical fibres. 
These areas are prone to fracture. Trichorrhexis nodosa has seldom 
been described as an isolated finding. It rather accompanies condi- 
tions manifesting with hair fragility, inherited and acquired alike 
[158-161]. 
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Pathogenesis 


(b) No single gene has been associated with isolated trichorrhexis 
Figure 66.15 (a) Pale and sparse hair in a child with Menkes disease. Courtesy of nodosa. Trichorrhexis nodosa has been described in the context of 
Professor Rudolf Happle. (b) Hair twisting along its axis, typical of pili torti. Courtesy of Netherton syndrome [151] (Chapter 63), Menkes syndrome [128] 


Professor Reuven Bergman. 


(Chapter 79) and trichothiodystrophy [162]. Itis also typically found 
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(b) 


Figure 66.16 Typical cutaneous features of the trichohepatoenteric syndrome including 
puffy cheeks (a) and hypotrichosis (b). 


in argininosuccinic aciduria [160] also featuring failure to thrive, 
liver disease and neurological manifestations and caused by muta- 
tions in ASL encoding argininosuccinate lyase [163]. Trichorrhexis 
nodosa has also been observed in association with hypotrichosis 
as part of the trichohepatoenteric (THE) syndrome, which features 
intractable diarrhoea and is caused by mutations in two regulatory 
genes, TTC37 and SKIV2L [164,165] (Figure 66.16). 


Trichorrhexis invagin 


Clinical features 

Hair is sparse, short, very thin and shows under the microscope 
the typical ball and socket (‘bamboo hair’) appearance in which the 
distal part of the hair shaft is compressed against the dilated and 
cupped proximal shaft. Trichorrhexis invaginata is considered as a 
hallmark of Netherton syndrome [166] (Chapter 63) although it can 
be seen in other ichthyosiform disorders as well [167]. Trichorrhexis 
invaginata is often seen only after the first year of life. Examination 


of the eyebrows is recommended to demonstrate the hair shaft 
abnormality [168]. 


Pathogenesis 

Netherton syndrome is caused by mutations in SPINK5, which 
encodes a serine protease inhibitor called LEKTI [169]. LEKTI 
deficiency causes increased degradation of corneodesmosin and 
desmoglein 1 [170]; interestingly, corneodesmosin deficiency does 
not cause hair anomalies [84] and although defective desmoglein 1 
has been linked to hypotrichosis in the context of severe dermatitis, 
multiple allergies and metabolic wasting (SAM syndrome) [171], 
hair microscopy did not reveal trichorrhexis invaginata. Mouse 
studies suggest that LEKTI physiologically inhibits kallikrein 14 
activity; since kallikrein 14 degrades desmoglein 4 which is essential 
for hair shaft formation, LEKTI deficiency may lead to hair shaft 
abnormalities in Netherton syndrome due to kallikrein 14 increased 
activity [172]. 


Trichothiodystrophy — CCl 


Clinical features 

Trichothiodystrophy refers to a strikingly heterogeneous group of 
disorders, all sharing in common brittle and fragile hair, which 
demonstrates on polarised hair microscopy a typical ‘tiger tail 
banding’ pattern [162,173]. Various hair shaft defects such as pili 
torti and trichorrhexis nodosa have also been described. Hypotri- 
chosis involves typically the scalp (Figure 66.17), eyebrows and 
eyelashes, but can also sometimes affect other areas. Nails demon- 
strate a wide range of dystrophic changes. Other clinical features 
include short stature, progeroid facies with loss of adipose tissue, 
microcephaly, various ocular manifestations including cataracts 
and microcornea, joint contractures and asthma [174]. The dis- 
order has been reported in association with a number of clinical 
manifestations which demarcate distinct subsets including mental 
disability and dental caries reported in Sabinas syndrome (MIM: 
211390), infertility, developmental delay found in hair-brain syn- 
drome (MIM: 234050), ichthyosis featured in Tay syndrome (MIM: 
242170), photosensitivity seen in Photosensitivity Ichthyosis, Brittle 
hair, Intellectual impairment, Decreased fertility and Short stature 
(PIBIDS) syndrome (MIM: 278720) and immune defects (MIM: 
258360) (Table 66.4). 


Pathogenesis 

The hair defect results from a decrease in high sulphur protein 
contents in the hair shaft, which are a major component of the hair 
cuticle. The disorder has been found to be caused by mutations in a 
number of genes. Mutations in C7ORF11 (MPLKIP), encoding a pro- 
tein whose function is poorly understood, cause non-photosensitive 
trichothiodystrophy [175]. Mutations in a number of genes encod- 
ing elements of the transcription factor complex, TTFIH [176], 
and involved in nucleotide excision repair cause photosensi- 
tive trichothiodystrophy including ERCC3, ERCC2 and GTF2H5 
[177-179]. 
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Table 66.4 Trichothiodystrophy variants. 


Type Clinical features Syndrome eponym 
A Hair + nails - 
B Hair + nails + intellectual disability Sabinas 
Cc Hair + nails + intellectual disability, Pollitt 
folliculitis, retarded bone age + caries 
D (Brittle) hair + nails + infertility, BIDS 
developmental delay, short stature 
E Ichthyosis + BIDS + intellectual disability + Tay/IBIDS 


decreased gonadal function + cataracts + 
progeroid appearance + microcephaly + 
ataxia + basal ganglia calcifications 


F Photosensitivity and IBIDS PIBIDS 

G Hair + intellectual disability + immune Itin 
defects 

H Trichothiodystrophy with severe intrauterine = 


growth retardation, developmental delay, 
recurrent infections, cataracts, hepatic 
angioendotheliomas 


(a) 


PIBIDS, photosensitivity ichthyosis, brittle hair, intellectual impairment, decreased fertility 
and short stature. 


Pili triangulati et canalic 


Clinical features 

Isolated pili triangulati et canaliculi cause the uncombable hair syn- 
drome [180]. This structural hair defect usually becomes apparent 
in early childhood as dry, coarse, frizzy and light hairs which stand 
straight up from the scalp and cannot be combed (Figure 66.18). 
Microscopic examination of pulled hair can be misleading as the tri- 
angular cross-sectional appearance (at the origin of the name of the 
hair shaft defect) and the typical longitudinal grooves, which confer 
: : ; to the hair its rigidity, are visible only on transverse section (or on 
(b) scanning electron microscopy) [181]. 
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Figure 66.17 (a) Light-coloured and coarse hair in a patient with trichothiodystrophy. 
Courtesy of Professor Peter Itin. (b) Defective cuticle visualised by scanning electron 
microscopy. Courtesy of Professor Peter Itin. (c) Tiger tail banding under polarising light 
microscopy. Courtesy of Professor Reuven Bergman. Figure 66.18 Uncombable hair syndrome. Courtesy of Professor Peter Itin. 
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Pathogenesis 

The uncombable hair syndrome can occur sporadically or be trans- 
mitted as an autosomal trait [182]. It has been shown to be caused by 
mutations in three genes: PADI3 encoding peptidylarginine deim- 
inase 3, TGM3 encoding transglutaminase 3 and TCHH encoding 
trichohyalin [183]. The peptidylarginine deiminase 3 and transglu- 
taminase 3 enzymes mediate post-translational modification of tri- 
chohyalin, which is a critical component of the hair shaft [183]. Of 
great interest, mutations in PADI3 also explain the propensity of a 
large proportion of women of African origin to develop central cen- 
trifugal cicatricial alopecia [184] (Chapter 87). 


Other inherited hair shaf 


Pili annulati and pseudoannulati 


Pili annulati reflects the presence of air-filled cavities within the hair 
shaft, which results in alternating dark and light bands under the 
microscope [185,186]. The disorder has been shown to be inherited 
as an autosomal dominant trait [187]. Pili pseudoannulati results 
from reflection of the light over flattened or twisted surfaces of the 
hair shaft and is considered as a normal variant. 


Loose anagen syndrome 


This disorder starts in early childhood and features hair which is 
easily pulled away from the scalp. The disease is thought to result 
from poor adhesion between the cuticle and the inner root sheath. 
Autosomal dominant inheritance has been suggested. Patients 
often seek medical advice because of slow-growing hair and ensu- 
ing patchy alopecia. Hair can be short, sparse, unruly and is often 
light coloured. Increased shedding is noted [188] (Figure 66.19). 
Improvement over time is the rule. A diagnosis of loose anagen hair 
syndrome is based on the presence of 70% or more loose anagen 
hairs on a standard trichogram [189]. 


Figure 66.19 Loose anagen syndrome. Courtesy of Professor Peter Itin. 


Because symptoms are often mild, the disease may be underdiag- 
nosed. However, because loose anagen hair can often be seen in nor- 
mal children and adults, the disorder may also be overdiagnosed. 
A report suggesting that a keratin defect may underlie the disease 
[190] has not been subsequently replicated. Loose anagen syndrome 
has been reported in association with pili triangulati and canaliculi 
as well as with a Noonan-like phenotype [191]. Treatment of loose 
anagen syndrome with topical or low-dose oral minoxidil has been 
reported to be beneficial [192]. 

Loose anagen syndrome should be distinguished from the short 
anagen syndrome [193] which is characterised by the inability to 
grow long hair because of an idiopathic short anagen phase. In 
contrast with loose anagen syndrome, it is not associated with hair 
unruliness, systemic diseases or skin disorders. Here too, some 
improvement is typical after puberty. 


Kinky hair 


Neonatal kinky hair is typical of the trichodento-osseous syndrome, 
caused by mutations in the DLX3 gene [194,195]. The disorder is also 
associated with dysplastic nails, abnormal teeth and skeletal abnor- 
malities including increased bone density and dolichocephaly due 
to premature fusion of the cranial sutures. Kinky hair is also found 
in Menkes disease, giant axonal neuropathy 1, Noonan syndrome 
and oculodentodigital dysplasia [196,197]. 


Spiky hair 


Spiky hair is a hallmark of the athyroidal hypothyroidism with 
spiky hair and cleft palate (Bamforth-Lazarus) syndrome, which 
also features choanal atresia and bifid epiglottis [198]. The disorder 
is transmitted in an autosomal recessive fashion and is caused 
by mutations in the FOXE1 gene [199], which is a downstream 
target of the Sonic hedgehog signalling pathway during hair follicle 
morphogenesis [200]. 


OVERALL APPROACH 
OF GENOTRICHOSES 


The most important step in the diagnosis of this group of disor- 
ders is to differentiate them from acquired diseases. Family history, 
neonatal or early onset, and associated clinical features can favour 
Mendelian inheritance although they cannot rule out an acquired 
form of hypertrichosis or alopecia. For example, the diagnosis of 
alopecia universalis congenita may require a skin biopsy because 
it is often difficult to distinguish this disorder from autoimmune 
alopecia areata. 

Once it is clear that a patient is affected by an inherited form 
of hypertrichosis (see Table 66.1), atrichia (see Table 66.2) or 
hypotrichosis (see Table 66.3), it is important in order to make a 
diagnosis to establish (i) the mode of inheritance; (ii) the absence 
(see Tables 66.1A, 66.2A and 66.3A) or presence (see Tables 66.1B, 
66.2B and 66.3B) of extracutaneous manifestations; and (iii) the 
absence or presence of microscopic structural hair shaft abnormal- 
ities [3]. Although evidence-based treatment options are mostly 
non-existent at this stage for most genotrichoses, a correct diagnosis 


Key references 66.25 
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Introduction 

Nail changes are a component of many genodermatoses, especially 
the ectodermal dysplasias. Included in this chapter are the more 
common hereditary nail disorders that are not described in detail 
elsewhere and have distinctive manifestations. A comprehensive list 
of additional non-syndromic and syndromic genodermatoses with 
nail abnormalities and their features is given in Table 67.1. 


Pachyonychia congenit 


Definition and nomenclature 

Pachyonychia congenita (PC) is a group of disorders caused by 
dominant mutations in one of five genes encoding nail keratins. 
The clinical features seen in virtually all affected patients are toe- 
nail thickening and plantar keratoderma, often associated with 
plantar pain (Table 67.2). Despite the name of the disorder (pachy = 
large, onyx = nail), about 4% of PC patients lack nail involve- 
ment and plantar foot pain is the most problematic issue for most 
patients. 

PC was originally classified into two subtypes based on clinical 
features, the Jadassohn—Lewandowsky type (PC type 1; MIM: 
167200) and the Jackson—Lawler type (PC type 2; MIM: 167210). 
Based on genotype-phenotype analyses of more than 250 patients 
showing that correlations of clinical features with underlying 
genotype were not absolute, this old terminology has been aban- 
doned [1]. The new classification is based on genotype, with defects 
in one of five different genes encoding keratins underlying the 
disorder (KRT6A, KRT6B, KRT6C, KRT16 and KRT17). The new 
designations are PC-K6a, PC-K6b, PC-K6c, PC-K16 and PC-K17 [2]. 


Introduction 

PC is a group of disorders marked by nail dystrophy, painful focal 
palmoplantar keratoderma, mucosal leukokeratosis, cysts, follicular 
keratoses and, less commonly, natal teeth. This group of disorders 
is typically autosomal dominant in inheritance, although biallelic 
(autosomal recessive) cases have been described. Features of PC are 
generally present by 3 years of age. 


Epidemiology 
Approximately 5000-10000 affected individuals have been des- 
cribed globally, with a prevalence of 0.9 cases per million [2]. 


Pathophysiology 

The keratins affected in individuals with PC (KRT6A, KRT6B, 
KRT6C, KRT16 and KRT17) are expressed in the nail bed, pal- 
moplantar epidermis, mucosae and follicular upper outer root 
sheath [2]. Because keratins provide structural integrity to epithelial 
structures, mutations in the genes encoding keratins cause cell 
fragility and compensatory hyperkeratosis [3]. The severity of nail 
changes may be mutation dependent. For example, individuals with 
PC-K16 and p.Leu132Pro mutations have dystrophy of all finger- 
nails, whereas those with p.Asn125Ser or p.Arg127Cys mutations 
in the same gene generally have no fingernail changes [1]. 

Studies in Krt16 null mice have shown early defects in terminal 
differentiation, with reduction in Krt9 expression and increases in 
expression of compensatory differentiation markers [4], which in 
humans with a missense mutation in KRT6/16 correlates with reduc- 
tion of KRT9 but increases in the mutant KRT6/16. Krt16 null mice 
also show increased oxidative stress responses within palmoplantar 
lesions, with decreased antioxidant glutathione and glutathione 
synthesis genes, attenuated Keap1-Nrf2 signalling (regulate cellular 
antioxidant responses), and misregulation of Danger Associated 
Molecular Patterns (DAMPS) [4,5]. 


Clinical features 
Although the nail dystrophy can cause embarrassment, the often 
exquisitely painful plantar keratoderma exerts the greatest functional 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


GENETIC 


m) 
oc 
uu 
ia) 
oc 
je) 
mS 
ia) 


PART 6 


snsouaye snjonp juajed ‘Ajeydados31W ‘saljewoue 

Jeusays ‘aeIgayaA Jequun| xis ‘AdUeJU! Ul SWa|qosd Hulpaa 
‘aqejed ia ‘seusay JEUINHU! PUe Jed!|IQUUN ‘sUONDa}U! 
Ajoyesidsad Juanbayy ‘aejjayed juasqe JO |jews ‘speay jelpes 
aU} JO UOEDOJsIp JeJa}e]IUN JO Jesa}eI/1G ‘sa0] pue siaHuly 
Jay}o $0 sabuejeyd jeuixoid pue ajppiw jo eise|dodAy 
a|qeuer JO elsejde ‘sa0} pue siabHul} YI, JO sabuejeyd 
JEUIWWIA} JO adUasge ‘s¥aBuUly UIs BY} JO A|ADePOuT) ‘s}UIOf 
xe] ‘e1uojodAy ‘jUawdojarap yyoi6 pue Jo,OWOYdASd 


juasqe JO D11sej|dodAy 


$31}S149}9 e4ey> 21dA}OUaUd 


“siseq daUa6 BulAapuN UMOUy puke sUO!Te}say/UeWU 


suaquosid 


DILANAD -9 LUYWd 


JO uolepsejas ‘sareU paLiaajue YIM di} pue abpiig jeseu Ajjeuoised30 
peoig ‘sdij payare }D1Y} ULM ade} asyeOd ‘saysejaha Huo| SJIEU JAYIO ‘s|IBUaO} Lav OAOU 
‘smoigaha 14} ‘sIsSOudJedAy/usiynsaly ‘(suoibay jesoduay pue sjieujabuly Ulf VLGINV ‘ZVDYVINS ap AjuOWWO> [Z1] (ewopuAs 
“dsa) sey djeds asieds ‘aseasd uelwuis ‘sabueud d14dA|boyewweg dnse\dodAy 0} Juasqy ‘DYDYUVINS ‘LEDYVINS ysou ‘QV OO6SEL YOIp Yip) BWOIPUAS SLIS—UlJOD 
[LL] (Qwospuds 1nBO-e1060}0}Z 
aWOS Ul AjJIGesIP [2N1Da|a}U! ‘sa0} pue eisejdsAp jewsapoyda 
Joypue suabul, Jo AjAyDepuAs ‘saljewoue Jea ‘eiyjeuBosdIW pueys| eyuebieyy se UMOUx 
‘eisejdodAy sejew ‘ayejed/dij 19> ‘sisoupiyodAy ‘eisejdsAp A\JQUUO}) (Ld41D) ewospuAs 
yjaa} ley aul, pue afyjg ‘asyeds ‘uns snoyewazr—a JO Aig anse\dshq LTYAd Mivd 090572 eise|dsAp jewapo}da—a}ejed/di| 149|D 
(Z 40}d 9991 
quunu} pijig Jo peolg ‘sabuejeyd jeisip pue ajppiw ueydo ayI|-aseuly 
JO uolsn} ‘G—Z s}IHIp 4o sebuejeuyd jeysip Juasqe 410 dse|dodAY eisejdeveisejdoddy |ien SUISOJA} JO}daDa/) ZYOY av OOOELL [OL‘6] LQ adhy ‘A\A}DepAYydeI1g 
sISeluyjajoya pue eluajdse ‘(jesouny 
pue Je{n|j9) spajap jed|HojouNWU! ‘sIPANDUN[UCDO}e18> 
isnBeydosao pue esodnwi |eJO Oo PWOUIDJeD |ja> snoWeNbs 
‘(epadoyje pue ojjiiiA) saseasip ulys auNWWIO}Ne ‘sieday 
aade WUOIYD ‘(UONdiosqejew pue elwaeuUe snoldiujad 
‘siiuyse6 14douje 21UOJYD) Saseasip |eul]sa}UIO/jseb 
pajyeipaww-aunwwi! JO auNWWIO}Ne ‘(spajap AVeyNyd pue [g] | adAy 
saseasip ploJAy} auNWWIO}Ne ‘sajaqelp JuaPUadap-ul|NSU! ‘guoipuds Ayyedouldo0puadjod 
‘usipeuoboddy didosjopeuobadAy ‘wisipioiAyyesedodAy) aunwiwloyne ‘awopuAs (qqDJdV) 
salyyedoundopua aunwiwioyne ‘ADUaIDIZNSUI Aydouyshp jewuapo}de ‘siseipipued 
jeuaipe Ajewid ‘siseipipued snoaueynd0nwW IIUOIYUD d1ydouysAp pue pauayxd!UL FUIV Ww o00€orz ‘Ayyedounaopuasjod aunwwioiny 
eiqoydojoyd 
feisauze JONp jewde| ‘ayejed/dij 1ya|D ‘eisauye jeued 
Jea ‘eyjixew dIsejdoddy ‘abpiig jeseu peoig ‘yg ie spijahe 
$0 UOISN} Jensed ULM LuN}eUpe SWJOJI|I, UOIeYda|qo|AxUe 
teluopoddy asanas ‘Y}a9} pa}Ulod pue Pawo Ajsood ‘ey 
Alm ‘asseod ‘sisoudijz0dAy ‘uoisoJa pue uolje|nysnd djeds [Z’9] (awoipuAs ulry6HpoH—ddey 
juadindad aanas ‘sajddiu Ayesauunusadns ‘uoie}uaw6iduedAy SaPN|DU! YDIYM) awWOspPUAS 
aje|NdIa1 |EUOISedDO ‘suJa}ed DIydA|Hoyewap JO UO!}eJa}1|GO (Dav) arejed pue diy 1yaj>-sjajep 
YUM sisojesayjadAy JejUe|doujed ‘ulys yoous pue Aig Aydouyshp aanas €9dL av 097901 JPUJapope-udIeYyda|qo|Ayuy 
eluadoyAdO|NdII}aJ BAIEja/ JO aLNjosge Y}IM elwaeue 
DNADOIIEW ‘S}DIJAP [ed1H0j}OuNaU !(sa0} Jo “dsa) AjA\DepUAS elysAuoue [S] | addy ‘jeyluaHuoD 
‘sabueleyd |ejsip Jo aduasge ‘ulys }o uo!e}UaWbId UMOg Jo eise|dodky len (| uluepod) LNVdD Ww OZ Lv7z dalodosuyAsasAp ‘elwaeuy 
SHIIfop LEdVOHYV L6CSL9 
Jen}da||a}U! ‘Jaa} ay} JO SUOMINpa JJaWUWWASe ‘spUeY aU} JO 90d 6L7vL9 
Huluayoys dJjawwAse ‘sao} Juasge ‘sabuejeud je}sip WOYs 1904 OOE€00L 
‘saunssly jeuqgadjed joys ‘Ajeydadoid!w ‘A|A\epuAs ‘eisejde sind eisejde |ieN Zday av vLS8vL9 [~-Z] awoipuds Janl|O-swepy 
sa|ddiu 
pue sjseaig sIsejdodAy ‘AjAyepuAs ‘AjAyDeposyda ‘else eise|dsAp [L] (@woupuAs yjnpe) awospUAS 
pnp jewLde| teadoye jejuosy ‘eUOpodAy ‘Hulpydai aaisua}u] jleuac} pue Jabul4 €9dL av G8ZE0l Y}00}-]BwuLDe|-;enBun-oyeuap-o1y 
saljewoue |IeU Y}IM saso}eWsapouab d1wWo;puAS 
42u10 s|IeN uoneynw auay a2ue}ayu| “you Asewiid (saweu aaijeusa}je) wen 
/equinu WII 


U YUM SawopUAs dIJaUabH Aa 1°29 BIqQeL 


sy¥aquosid 


DILANAD -9 LUWd 


(panul} Uo) 


epadoye Bulueds ‘eisey\dodAy 
jaweua jejuap ‘abe yyM acid yey} Sua}si}q pasijed07 


sJa3SI|q padnpul-ewnel Jo AyI6e44 US ON 
SaINJDLUIS 
jeabeudosao aed ‘suaysijq jes ‘eli ‘Buluess d1ydouye ‘sialsiig 


sSainyoUIs jeuNsa}UIOIseb ‘eli ‘Yyaa} |eWUOUe ‘sal}IWOJap 
ualjiu ‘}aa} pue spuey Jo sainydeJUOD ‘sJa}si|q Hulwers aanas 


S19 JOS MO] ‘BSOU 
juaulwodd ‘Ajeydadoyaiop ‘eise|dodAy Jeyew *snuusiqe.1s 
AWMIGeSIP JENaljayul ‘salpjewuOUe SND ‘SaipjeuJoUuge 
dIHojopewaey ‘saljeuioue jeuas ‘WSIPIys10}dAID 
‘seipedsoddy ‘suoiewuoyjew Aleuowwjnd ‘sabueyd 
JJEM Jsaup ‘saljewoue delpied ‘A|AjepUAs ‘sabuejeud |jeuUs 
‘AMDepout ‘A\AepAydesg ‘A|A\DepAjod jeixeysod jesaye||q 
‘WSIWeMp a}euolJodoidsip ‘jaweua IsejdodAy jeuoised30 
‘eljuopodhy ‘uole!0}xa snoidoda/d ‘yjaa} JeLeuU ‘Sayse| 
pue smojqafa AjUeDs JO JUase ‘!DiWOIYyDOdAY pue ‘A/G ‘UIYL 
Aydouyshp 
Jejndew ‘(jaa} < spuey) A\AjepuAs ‘A|A}DepO.}Da ‘el}UOPOUe 
jeiued ‘saysejaha pue ‘smoigada ‘ey djeds 40 sisoud}0dAY 


sayse| pue smoiqaia Jo aduasqe ‘sisoysu}odAy :41eH 
uolyesauabap snoued Alea ‘paubije AjJood :yzaeaL 
ealunluod 
pue esyjain ‘snue ‘yynou ‘sdij uo elye|doyna] JueUBIeW 
‘sisoupiuJadAy ‘sisoyesaysadAy Jeyue|dowjed ‘sisoueAd019e 
‘ewaylla de) aIbuela} ‘uoleyUaWbid Uns Je[ND!1}e1 :UD|S 
$90} pue siabulf Jo sabuejeyd 
JEUIWWIA} JO else|de 10 elsejdodAy ‘saonyjey pue squinuy 
yyog fo Abueyeyduiy ‘Ayiqesip jenjda|ja}Ul Pue sainzias 
‘speseyed ‘Aydoye dI4do ‘snuibeysAu ‘eidoAw ‘ayejed payue 
AjyBiy ‘winsy!yd Buoy ‘sisoyd jybIjs ‘jue|s aa plojobuowue 
‘sJea aS-Mo| Ajjuasedde ‘ssaujeap jeunaulJosuas 
Je}1UaHUOd ‘Y{aa} JO JUaWUADe|d JejnHau! ‘eise|\dodAy 
jaweua ‘(uJayed payoue) sanijewuouge d14dA|bo,ewaq 
aseasip |eUal aAissasHod 
‘uondunsAp |euljas ‘Wn}eAedxa snjdad ‘uawopge 
quejaqnioid yyM XeOU} MOeU PU OUS ‘SqUI| JAMO} 
pue Jaddn jo Hbuluayous ‘Hulssog |e}UOJ} ‘sojauedAy 
‘sisoysouAsoluel je} 1I6es ‘Ajeydad0yaijop ‘ssaulous 
DIJawoziUs “WEY Huimos6-mojs pue ‘asieds ‘uiy} ‘exe| si1ND 


Aydouyshp jIeN 
JUDWAA|OAU! 
JI2ua0} pazejos! 

Awofew ‘Aydonskg 


Audouyshp ‘elyskuouy 


Aydoyshp ‘eiysAuouy 


(padojanapuapun 
pue pamouny 
‘aHug) ajqeuy 

‘SIydosysAp ‘d11se|\dodky 


aise\dshq 


eise|dodAy ‘eiyaAuoue 

0} Buipeay Ajjeucised.0 

eiysAuosed }asuo-a}e| 
‘sjleu 214dosysAp uly, 


sleU JO aN}xa} 
Jo ‘adeys ‘ainjniys 
“INO|OD JewuOUge 
isyreu Aveyuauuipns 

Jo ayse|doddy ‘eiyshuouy 


Wous pue peolg 


(7 e}aq ‘UUba}Ul) 
vad LI! ‘(eueb 
ululwue} 7-euweb) 
ZOWVI ‘(ulutwe| 
€-€18q) EANVI 
‘(ululwe| €-eydje) 
EVV ‘(epdedijod 
L-eydye ‘IAX 
uabel|0) LYZL10D 


(L eydye ‘IA 
ad} ‘uabel]Od) | V¥Z10D 

(L eudye ‘IA 
adh} ‘uabe|j0>) LvZ10D 


(L eydye ‘IIA 
adfy ‘uabe||09) L¥Z109 


ZAI ‘LDA 


€Hd)D 
LIL3 
Nuvd 
ESdVUM 
LTdLY 
CdHN 
OLdON 
LSHO9LD 
qgav 
Lust 
CANIL 
DuAL 
LAG 


pedloal 


CCL Ll 


uv 


uv ‘av 


av 


uv 


uv 


uv 


UV ‘dV ‘ux 


uv 


uv 


[EZ] (yaH-uoU gar se UMOU 
A|J@WIO}) BJEIPSWA}U! Pasijesaueb 
059972 ‘euol oun ‘esojjng siskjouapid4y 


[ZZ] (eu-g3q) Ajuo seu 

‘eriydousAp esoljng siskjowwapidy 
[LZ] (daaq) Jueulwop jewosoyne 

OSZLEL ‘eriydousAp esoljng siskjowwapidy 
[LZ] (94qy) arissadaJ |ewoso}ne 

“ea1udouysp esojjng sisKjouapidy 

009972 dnosb esoyjng sisKjouuapidz 


Jae] sisoysosAp 
Jeineyoune Jahan aas [07'61] 
(elsejdsAp jewJapo}da0sawW 
‘eise|dsAp |PWJapo}a0JPUOYD>) 
00SS7z SWOPUAS PjaAel>D ULA-SII|9 
[SL] (QwospuAs 49) Aydosyshp 
Jeyndew pue AjAjDepo}3a 
08zZS7Z YUM eise|dshp jewapop4 


68619 
O6LSL9 
886E19 
L86EL9 
9LCELY 
OECV CT 
68619 
066€19 


OSSZZL [ZL’9L] 1x02 
O000S0E 99s — PIUaHUOD siso}e1ayshq 


[SL] (@wopuds YOO) 
awolpuAs sainzias pue Ayyigesip 
jenqda}jayu! ‘AydosysApoayso 
00S07Z ‘AydouysApoyaiuo ‘ssauyeaq 


[vL‘€L] (awospuAs 
JauUaquasuas ‘| awWOJpUAS 
O€E8LZ UIAA]) BWOIPUAS |BWWJ9PO}D9-OlUeI> 


spue|6 aulud.e pue Yea} saleds 
‘snueudayq pue sipANUN[UOD JUaLINIAI ‘siso}eraxJadAy 


sjleu saouid 

‘saqed jeu sejnbuelsy 
!sIXa@YUOYDAUO 
‘(2IUDAUOIDIW) S|IeU 
pauayoys ‘saje|d jeu 
xaauoaadAy ‘abe yyiM 
Huluayd1U} a}e|d leu 
anissalHold ‘ADuejUI 


[62'8Z] 
(Z7G1D3/ewopuds uo}sno}|>) 


Jejuejdouujed ‘eiadoye Aydjed ‘ey apquq pue aseds ‘All\\ ul |JelUS pue aLYM AyII (O€-UlXeUUOD) 99/9 av 00S6ZL eise|dsAp |eWJapo}de DIOIPIH 
siskjoayso-olDe ‘A|ADepouyeJe 
‘si. uOpolad ‘snue|d sad ‘sisopesay se}Ue|douujed je}iuaHu0D sisoudAiBoysAuQ (D ulsdauyed) 3519 iva OLOSrZ [ZZ] awopuAs yUN\—-WIeH 
elusay Jed1Iquun ‘spue|6 Avewweww 
fo else|dodAy ‘uonepsejas yo ‘snwubejsku ‘snuod0} e194 
‘ewoone|b ‘Aydouye an.do ‘eisndeodAy |eundauOsuas 49410 
eljuopoueopneasd ‘abpiig jeseu passaidap ‘sdij pauaydiy) 
pue Hbulpnijold ‘syea HulpnsjoJd ‘eiyjeubosdIW ‘Hulssog 
JE}UOIJ ‘A}J2UL}UOJ JOLJa]Ue aPIM ‘sisojsosAp Jelejoiuesd :ade4 
sisourodAy ‘eiadoye ‘sulan [9Z] (Qwoipuds OdV5) 
djeds Juaulwod ‘sease pajuawbidap !(sueds passaidap ‘||ews) (sjualed OM}) $90} pue Aydouye 3130 ‘eljuopoueopnasd 
Huljeay punoMm ajenbapeul ym aiHed} ‘}UepUNPaL ‘Ap :UD|S sdabuly UO AyXaAUOIIAdAH LUXLNV wv OvLOEZ ‘elnadoye ‘uonepseja YMOl5 
ayejed paysie A|Yybiy 
‘(2]8 ‘epljiq eulds ‘sisoljods) saljewoue jeiqayan ‘eluay 
J2uInBul Jo/pue jed|Iquun ‘eljeyUab jeusa}xa ay} fo eise|dodAy 
‘A\AepAjod ‘AjA\epuAs ‘aunjeys Yoys ‘Ayigesip jen}da]/a}U! 
‘wsojeyadAy ‘ade} Jejnbueu} ‘ulyd pajuiod ‘iseu aeje 
au} JO Bulyd}ou pue AyjawwAse ‘sajauNne PaWO}jewW !aesa|ds 
aniq ‘snoa}A JO PaUJOD JO Bulpnojd ‘sjidnd jo Aywe;nBau! 
‘eIWWJEYJYCOIDILW ‘SeUOGOJOD ‘sso} HuleaY |EUCISeID0 M@YO 
sisoupAyoddy ‘eidadoye Auayed “Wey 
AM uly} ‘sisopejayJadAy sejUe|dowjed ‘snue pue sdij punole 
sajnpou snoyewoiqyoibue ‘sajnded do} e1ay4JadAY J2}ND1||O} 
‘saBueud Uys sNOJeWOd|) ‘UNS JeI1JUOLed pue saueIqWIaLU elysAuoue 
snodnu Jo sewoy|ided ajdijjnw ‘}e} snoaueyndqns ‘Bunuds yum bulbpu 
fo uoelusay ‘eisepaibueja} ‘uoneyUawbidiadAy 40 -odAy jeuipnybuoy ‘urydiu [Sz] (QwospuAs Z21}05) 
Jeaul) ‘yyig 1e sed snoUeA WO} UIs JO JUaSge :4IeY pue UNS padeys-/ ‘elyudAuosd1|\ NDYOd ax 009S0€ awopuAs else|dodAy jewJap [e004 
synpe paydajje 
ul 214do.ysAp aq 
Ae sjieu /pooypy!yd 
eLUJapO}esay JeJUe|dOW|ed “JUa!sUeI} JO ‘AJO}esBiwW ‘Ayeuoijeys Buinp AydosysAp 
aq ued sanbelg ‘ajeds payeHn1Od YIM aWOs ‘a|eIs Sul} yNouUM sjleu |eWIXOJd (€~ UlX@UUOD) 
pue sBulnsew ulys payenjuad.e Yim sanbejd snoyeway Aa dPUM-ulejaq0d “(L eydye ulejod [v7] (dA 3) eAlssasBoud 
JO pajuawbidiadAy I 0}eJay4J8dAY DLJJ@WWAS :ULS JUBUIWOlg uonounl deb) tyro av OOZEEL Jd SIIGeWeA elUUApPO}eJayxOIJYAIA 
[ez] (adh 
SJ9}SI|q |eJO ‘sisoperaxsadAy SIU D.OVeVa>4adAYy eyeay\| —Buljmog se UMoU} 
Jejue|douwjed anissasboud ‘(adueJeadde Wwi0}!]adsay) S4a}si|q ‘Bulppays (yl ules, AjsnoiAaid) aianas pasijeiauab 
jjewus padnowb ajdijjnw so/pue suajsijq aiaAas pue peaidsapi/\\ u ‘Aydo.skp ‘g uljeJay) PLLYY ‘SLY av O9LLEL ‘xajduuis esojjng siskjowuapidy 
(7 e}aq ‘UUHajul) 
SSO] [leu ‘spaq |leu POL ‘(euab ululwe| 
eiadoye Bulueds ‘Hund jaweua YOO} appejq pue $0 anssi} uo!ejnuelH z-ewweb) ZINV1 
pes} Aeun JO SUOEWJOJ|EW [e}IUaHUOD ‘sisdas j2}eUOaU “UONEWULUE JU! ‘(uluIWue| €-219q) [€Z] (ZJBH-ar se UMoUy 
“IAY} O} Binley ‘(AID aSJEOY YeIM) ]UBWAAJOAUI |2eSOdINW jelyuaAuosed EAT ‘(ululWue] AjJ@UIO}) Baas pasijejauah 
‘anssi} uonejnues6 uedipUBIs ‘Gueds TNOYM Jeay Jeu} SJa}S!|g ‘Aydo.ysAp |!2N ¢-eydye) eVWIV1 Nid 002922 ‘euol oun ‘esojing sishjouapid4 
42u10 s|IeN uoneynw auay a2ue} ayy] “you Asewiid (saweu aAijeusa}je) awWweN 
/Asquinu WII 


$31}S149}9 e4ey> 21dA}OUaUd 


suaquosid 


DILANAD -9 LUYWd 


(panuljuod) L°29 aqeL 


(panulUuod) 


eisaiye 
pnp jewde| ‘e|NAN piyig-/+ azejed Yad ‘sajddiu pue spue|b6 
AyewWWeW ay} JO eisejde/eise|dodAy ‘saijewoue 100} pue puey 
suolsoJa pue UO!DafU! |eAIDUN[UOD ‘s4a2/N 
ubys ‘sqam jeabuAse| pue ssauasseoy ‘(eAdunfuod ‘xUAJe}) 
anssi} |ESOONwWNs pue UlyS BY} U! ANssi} UOe|NUeIH aAISSaDxJ 
UOHPESHE|NISEAOBU JEBUJOD YIM SI}1}e19> ‘ssaujeap 
Jeunaulosuas |e}!UaHuOd feldadoje anissasHold ‘ewoulned 
|J]29 snowenbs 0} Ayjiqidadsns paseaioul ‘sajos pue suujed jo 
(Aua\SISUOD A>!|-J94}ea]) HulUayD!1Y} paxJew ‘ae} pue spueY 
$0 esJOp ay} pue ‘saauy ‘smoqgja UO sanbe|d 311}0}e/ayJadAYy 
snoyewayyua ‘uly pue YyINowW puNnole Bulmouny 
‘uonaunjshp snoadegas YIM eWJapOYJAJa WO}ISOAYLYD| 
ainjeys Woys |euoIsed30 ‘AyI|IGesip 
jenyda|jayul ‘Asdajida ‘eiBajdip ‘eibajdiway ‘eibajdejja} 
ayseds :saljewoue SND alaAas JUasa/d sased ay} JO PI} 
auo jnoge ‘Ajeydado.d!w ‘a}ejed Yad ‘}ooyqn)d jeudIsed30 
‘elujeurudossiw ‘Aydouye aniau IIo ‘seisejdoiqi, je} Ua|O1}91 
‘SIHOAN ‘JeIe}eD ‘snuusiqeijs ‘SSaupUl|q apnjdu! sjuaied 
ay} fO YI{y BU JNOge UI SUOHeJA}Je JeD1HOjoWJeYyLYCO ‘sso] 
Huueay jey!uaHuUod |euolsedj0 ‘eljUOpOdAy pue ‘Yj}ae} |e!UO0d 
‘uoluap paXejap ‘nj xe} Jey |eWOUge Jo/pue eldadoje 
‘uone.uawbidodAy Jeaul| pue uone}UaWbidJadAy sejndewW 
HulpiMms Ag pamo}|o} ‘Suoisa] sNodNad Aq palueduore 
JO paMo}jO} poad jeyeEUOaU ay} Ul UOHdNJa snNo||Ng-se|NIISa/\, 
eisejdodAueise|dsAp 
Aauply pue wsipiyr1o.dAssayejed jya]D ‘saljeuioue 
ahajiea ‘aseasip BunsdsydsiiH ‘SaljiWJOjap jejajays ‘eise|dsAp 
JEUUapoype ‘AyJIGesIp Jenyda]ja}UI ‘Salj|eWOUe UleIG »DIHSIYG 
eigoydojoyd pue elyauze ‘sie[ND1]|04 sIsoAY YD! ‘d/l 
eluaeuljngo|bewwebshp ‘suoldajul JUdUNIAI 
‘QAUU} O} BIN|!ef ‘SAOSIDUI! [eED1UOD ‘sISOYdJOdAy ‘sisospIyOdAY 
SWO}dWAS ax!|-eLuYse pue e!UOLUN|U JUANDA 
‘ad10 Adses ‘abpiig jeseu passaidap pue eisej\dodAy 
adeyjpiws ‘aejoase pue sajddiu Aesaunuwadns Jo Juasqe 
‘sabpl |EWaP 4O De] ‘safa Ap ‘uoNejUawbid jeyiquoued 
‘ups Alp yyoous ‘eluopodAy ‘AyiGesy sey ‘(BuIMosB-mojs 
‘pajuawbid Ajyby ‘ulyy) sisoyduodAy ‘sisouplyodAH 


sajddiu padojarapsapun ‘uyjae} Hulssiwu JO |JeWs Ma} 
‘uonunsAp jeams fo UOITNIASIP AYy}ed ‘WEY aU} JO ssauasieds 
swoydwAs axI|-ewyse pue eluounaud 
juaundad ‘ad10A AdseJ ‘Huissog je}Uos abpiig jeseu passaidap 
pue eisejdodAy adeypiu ‘aejoase pue sajddiu Avesauinusadns 
JO Juasge ‘sabpi |eEWUap Jo yDe| ‘sata Aup ‘uoNe}Uawbid 
Jeyquolad ‘(sasod aulidde Juasqe) ulys Aup YOOWUS 
‘adeys-Had yum eiuopoddy ‘Ay6e44 sey “(Bulmos6-mojs 
‘pajuawbid Aj ybi) ‘uly}) sisoydUodAy ‘sisoupiyodAH 
asejeydsoud auljeje 
WNJas payenaja Ajjuaysisiad ‘elsauye Jeue JO sisouays jeue 
‘Juawdojanap Jo}OWOYDAsd pakejap Ajajanas 0} a}eJa POW 
‘yyNoW paj}ua} ‘di pue abpiig jeseu peo YIM asou YoYs 
‘sainssly jesqadjed Buoy ‘safe jas-apim YUM LusiydJouusAp |eie4 


suaquosid 


DILANAD -9 LUWd 


eise|dsAp jIeN 


gjleu fo 
sso| ‘sjleu d1ydo.skq 
Aydo.yshp 
aAlpnsap /(sjleuJaHulf 
ay} Ul paxJeW 
sow) BuluayDI4} 
pue elydAuoxNna| 
‘Wuawudojanep 
pahejap ‘yyig 3e Juasqy 


Bunyd pue 
HulBpi yyM d1Yydosyskq 


ya!yy ‘s!eu D1ydo.yshq 
a sejdodAy sawijawos 
‘yewuou Ajjensy 


ase|dodAy sawijawos 
‘yewuou Ayjensy 


anse\dodAy sawijawos 
‘yeuuou Ajjensy 


juawidojanap 

d}a|dWodul YUM ayWq 

pue ajibe1y s0/pue 

uyig ye Juasqe JO 

d1ydouysAp sawij}awos 
fyewuou Ajyjensry 


saan|jey peoig YM 
sjleu juasge ‘s}161p 
Ylg pue ‘Yip ‘pug 

Ajjepadsa ‘eisejdodAy |len 


(egd 
ulajoid sNOWN}) E9dL 


(€ 
eydye ‘uluwe|) EVV 


(4:|09) 


(euweb aseuly 
‘s}|99 g Ul JaoUeYyUS 
auab apiidaddjod 
1b) eddey 

$0 JOHGIYU!) Day! 


(Z aus ‘asepidad 
4o}9e} UoNdudsued 
punog-aueiquiawu) 

cSdLEW 


OWAN/DEI 


(4oyda dau 
Vv ulse|dskpona) yva3 


(40daDe1 
V ulsejdskpoyda) yvdqg 


(y ulse|dsApoya) Y¥a4 


(ODI) 

O ssejp ‘sisayuAsoig 

Joysue ueds|6 
joysoul|Apeydsoud 


av 


uv 


av 


1X 


ux 


ux 


uv 


av 


ux 


uv 


EVSEOS 


09952 


OLZ8rL 


OOES8OE | 


SO@80€ 


L6OzOOE 


006v 27 


O6v6Z1 


OOLSOE 


6vLv 19 


[9¢] awospuUAs AyeuWUeWU—GU!T 


[Se] (@wospuss siqqeys) 


aWOPUAS SNoauUe}Nd-OYyDAUO-OHUAIe] 


[€€] awospuds (GIy) 
ssaujeap pue sisoAy. yo! 


[vE] (@wopuAs JaBJaqzjns—ydo|g 
‘d| dA} jeujay-ajeu 
jeljiwe}) WUaWHId eUauUUOdU] 


[€€] awoipuds 4D4HSINE 
{NOUUM JO YUM awWoJpUAS 
(eiqoydojoud pue elypije 
YUM SHe|ND!|O4 sIsoAULYD!) dVI 
[L¢] Ouasyapounwiwu! yum 
eise|dsAp |EWJapo}da DILOIpIyOdAH 


[ze'Le'6z] 
BAISSAIBJ |EWIOSO}Ne-gO | 


eise|dsAp |EWJapO}dea DI}OIpIYOdAH 
[ze"Le’6z] 
jUeUIWOP |eWOsO}Ne-VOL 
eise|dsAp |ewWJapoydea IIL}OUp!IyOodAH 


[ZE' LE’6Z] (2woipuAs 

(LSD) aulesno|—suatwals—jsuyd 

“La) parul|-x—eise|dshp 
JEWIaPOde DILOIp!IyOodAH 


{oE] Z awoupuAs AyIGesip 
jenyda|jaU! YUM eiseyeudsoydiadAy 


ADue jul 
JO O/a]N U/ Yeap ‘UOHepse}as YWoIB asanas ‘smef UaaMjaq 
spueg WJOJI|I} ‘Sad JeINefoso ‘UOIeUdajqo|AxUe ‘eIse|dodAy 


(p aseUuly 
SUIUOAJY}-9ULaS 
Hulydesajul-J0}da da) 


[617] (QwopuAs 
sedeg-seroseg) adh} 


adejpilu ‘jaay pue spuey jo A|A\DepuAs ‘eIGAuayd jea}!|dog eise|dsfp |!eN D>dIy uv OS9E9Z jeu] ‘awospuds winiBAsayd jear!|\dog 
(e1qe| [Jews ‘USIPIydIO}dAND ‘WNOIDs 
Pig) saljewoue jeyiuab ‘(sjaay ay} O} Saljisosaqn} |elyds! xnyey aut 
WO} HUlpUa}xa Pjo} Uys sNOWAUOd~) LuNIBAJayd jea}1\dod $0 jleu ay} HulAaro 
‘sa0} Jo/pue siabuly Jo AjADepUAS snoauUe{Nd ‘dijayejed 1Ya|D pjojunys jepiweskd 94ul av OOS6LL [Sv] awoupuAs WiniBAsayd jeaydog 
wsipeuobodAy dIdosjopeuobodAy ‘uolsnujed jeIoeypiw 
‘aunjeys Yous ‘awopuAs dI\se|dshpo|aXw 4O SJ paseadu! 
‘sise—alyDUOIg puke SUONDa}U! AJEUOWUINdouUIS JUaLINIaI 
UUM eluadojnau |ed!]9A9-UOU ‘s499|N UlyS Huljeay-UOU LSHO9LD 
‘sILND SISOUIDeD ‘sIso}erayxJadAy JejUe|dowjed !eusapoj!ylod ‘(L sisauaboiq [Z7] (2Ewuapoy|yiod oferen) 
Moyeuweljuisod Aq pamojjo} Anuejul ul ysed sno}ewaz dy eiysAuoAured VNUs 9N) LESN Ww €L1Lv09 elUadosNaU ULM PWJaPO|I4IOd 
(sisoudAibousAuo 
SUONDAa{U! 0} Aj}Iqideosns paseadul ‘sisoupiysedAy ‘payeLys 
PEW INP ay} JO UOHedIpID]ed ‘Aiqesip jenpayjaqu! pue padeys-uoods) 
Pj! ‘siZWUOPOLIad aaAas ‘sisoyesayJadAy JepUe|dOW|eg Aydouyshp jeuoised3Q 9SL) Miva oo00srz [ZZ] awopuAs aiAayaT-uo||ided 
erysAuoue 
‘sisoyesayJadAy 
jenBungns ‘eiydAuosed 
‘sishjoyoAuo (€ JaquaW 
e1BjejawoiyyAa ‘saunyeAind ‘A Ajiueyqns [9b'St7] (2woipuAs 
‘SISOPLIB}YOHNA| ‘Sisopesay Je|Nd||Ojluad ‘eadoje JejnBaui ‘eiydAuoyna] ‘jauuey> UOo!}eD payswu|Q) sanbe|d 510) e184 
‘sisopesayJadAy Jeiijuolad uoney;Ndweojne pue saljiwwojap ‘syteu yBnol jeljua}od soydadal jeiiuouad ym ‘bulyeyynw 
UOIXa|} YIM BWWapo}esay Je]Ue|dow)ed HulyeyiyNw pue jnjuled pue pabpu ‘ssayia}sn7 quaisuedl) EAdYL av v6SVL9 ‘euapojesay Jejue|dowjed 
uolepiejas YYMosJ6 auaynesul ‘(AleuoWW|Nd ‘Delpued 
‘jeuas) saieusJouge uebJo jeusayU! ‘snjjeydoso!wW ‘(anbuo} 
jJEs ‘AHpig jeseu }e]} YIM aSOU PaLaAoJ}aJ ||EWS ‘s1ea 
jJEuus) sapey d1YdouusAp 'si,0/6ida pig ‘snue aero padi 
‘AAuejeydajayAyseig ym AjADepAydeig “A|A\DepAjod 
‘uolunjskp Aveynyid ‘ewojsejqouewey diwejeurodhH eise|dodAy |leN eno av OLSOVL [vp E17] awospuAs |JeH—-Ja}sI||ed 
ZLLY 
SSaUdSIBOY ‘SISO}EIBYOHNA| JeJO ‘(SPW SAIO}La}S) S}SAD OLLY 
snoadegasojid ajdiqjnws ‘suejid sisoyesay/sasoyesay Je)ND1]]O} D9LNy 
‘suoibal jeayl|dod pue ‘sapyue ‘sxD0],Nq ‘smoq|a ‘saau} Huluayd1U} g9 Ly OLZZ9L ([Zv' Lv] 1x01 
BY} UO SUOISA] SNOINWAA ‘eWJaPO}e1ay Je}Ue|dow|ed jed04 padeys-abpam aianas VOLY av O0ZZ91 gas — eylUuaGuOd eIyDAUOAYDed 
aeyjided 
WJOJI|J PU WIOPHUN, Ul UONINPas YM anbuo} YyLOows 
‘AWIGesIP |ENDda|ja}U! Pjlw ‘smougada asieds ‘ey Ap ‘yj2e} (VOL 
padeys Ajapim pue ‘eise|\dodAy jaweua ‘siosinul padeys-bad Jaquuau ‘AjlWue} ays 
UUM eljuOpoddy JO eluOpoue ‘ade} UO Sayd}ed Diydouje uonesbaiUul ALAW 
snoyewayya ‘sisoupiyadAy ‘ewJapo}esay Je]}Ue|dow|ed seu 21ydouyskq adfj-ssa|BuIM) YOLLNM Ww O86LS7Z [ov] elsejdsAp jewuapoysXuo-0}UopO 
sjleu 
dIydouysAp ‘elyskuoue 
(Sil JO UOIOd JeJJUad ay} PUNOJe UOITeE]UaWUBId Jo adeys ‘aejnun| pawo} (e}8q ‘| 
$29] JAAO|D JO JAMO}}) UBIS Ja}S9q ‘eWWODNe|H ‘AyYedouydau Aysood ‘Aydo.ysAp jeu Joye} UONdUdsued, [6¢'3¢] 1x0} 
‘SUJOY Ell! ‘SalpeUOUge Moja ‘ae|ja}ed IIysejdodAy Jo juasqy Jeyjn ‘aejnuny sejnbuewy xoqoawioy IIT) dLXWV1 OOZLOL aas — awWOJpUAS e|jayed—|le\ 
SSO] YOO} 
UUM UOledIp9]/edap Ayey|iXeW ‘sISOLeJaySAP YIM UOIPed!J1I9edo [LE] (else|dsAp jewsapoyde pue 
Jeausod ‘uonese|Noseroau YIM Ayjedojyesay ‘swelid spaq leu Jo sisoyesaysAp jeljayidaedul |eawod 
sisoyeiayJadAy ‘sisoupiysAp ‘sisoyesaxJadAy se}Ue|doujed Huluayd1Yy} JUaU!LUOJd (| Bululeyuo>d uleWOp se UMOUY AjJaWJO}) PUUOUIDIED 
‘sajos pue sujed ay} UO SeWOY}UeDIeO} ela» JUAINIIY YUM sleu d1ydolyskq uA ‘AjWe}) | dy IN av GZZS1L9 Jejue|dowyed Buljeay-sjas ajdijny\ 
sr lthYe) s|IeN uoneynw auay a2ueyayu| “you Asewiid (saweu aaijeusa}je) aweN 
/Asquinu WII 


$31}S149}9 e4ey> I1dA}OUaUd 


suaquosid 


DILANAD -9 LUYWd 


(panuljuod) L°29 aqeL 


(panujjuo>) 


ainyeys Loys aianas pue AjAyDepAydeIG Baas *||| AdAL 
SUOIJEWJOJ|eLU/eIse|dsAp 
diy ‘sabuejeyd auj ye sasXydida padeys-auod !A\AjDepAYyde1q 
‘auNJeYS LOYs ‘sjsealq ||EWS ‘siea JUaUILUOI ‘abse| 
‘ley HulMmosJ6-Mojs pue ‘pajuawbidap ‘asieds ‘smoiqaka 
peoig pue yD1Y} ‘winsyIyd apim pue Hug] ‘asou padeys-sead 
wsiyjyeubod Jejngipuew ‘eajaduu! sisauabojawe 
“(,4}29} ||NG,) WSUOPOINe} ‘sIsOJajds BuO ‘WEY AND 


eise|de dI1WAY} |e}1uaHu0d 
pue AduaDyapoOUuNWWI ||89-| aadas ‘eIDadoye |eyIUaHuCD 
sabuejeud |e}sip 
asejdoddy ‘A\AepAydesg ‘A|AIDepoutD ‘ley YOUS pue asieds 
Jeyaqndjsod ‘ad10A paysyid-yBiy jensnun ‘suea jews pue 
SSOU JUBUIWWOJ YM ae} JejnbueLy ‘Huo| ‘Ajeydado.0ew 
aAejad ‘UOHepsejas Yoh ‘sauog Huo] yD!4y} pue WoOYS 


AbuejeydAyseiq pue A|A\epuAs ayqeien 

‘sauog Huo] pue |jnys ay} Jo BuluayDIY} ‘AyjauuwAse jele4 
aunssaid jeluesesjU! paseadul ‘Asjed jeey ‘Huissoq 

jequosy ‘mel asenbs ‘yMoOIBJaAO Jejajays aaissasHoid !A\AIDePUAS 
aje| Buidojanap spijahe 
fo sysAd ‘eidoAw ‘puny dOa|DSOUaYe ‘Jese}ed ajluas Alea 
jesayejiq ‘sisoudijodAy ‘euopoddy ‘sisojejay se]Ue|dowwyjed 

(sewoysAdo/ply auldode) ulbiew pijaAe ay} Huoje s}sh> 
(jeljayyidaounau) 
SINOWWNY JUCUHI|eW ‘s}Dajap IeIpsJed !(SAUOG UPILUJOM ‘sq 
peoig ‘ssauxIIY} JO AjIsuap Jed1J09 paseadul ‘sISoIPUOYDUAS 
Jeyidind0 apim ‘aseq |jNys D1.O19}9s) sarjjewsoUge 

Jejajays ‘sisouydauospAy ‘sainzias ‘Aejap jeyuaWdojaAap waYyO 
sJea JaS-MO| ‘slOjaLiadAy je}!QO ‘eise|dodAy 

SDEJPIW ‘peayaso} UBUIWWOId ‘asoU pausNydn ‘Yoys :e2e4 
SUOIEWO}|EW 
jeual ‘saljewoue jejuap ‘AjA\DepuAs snoauend ‘siea |eUIa]X9 

JO saljewoue ‘salpjyewouge seaigq ‘djeds Jo siznd eise|diy 
elsauje jeue pue sisouals IJO|Ad ‘ssaujeap jeinauLOsuas 
‘AWIGeSIP |ENIDa||a}U! |2UOISedDO ‘Hulssog }e}UO} ‘@SOU 
a}ppes ‘aunyeys Woys ‘eworesoa}so JO ¥SIJ paseasdul ‘snipes 
pue eujn Aejuawipn ‘sjeduedejaw Jo aduasqe :AjAyDepuUAS 
‘sabueleyd |eulluia} LOYs ‘Jaa} pue spuUeY ||elUS ‘aeJa|IS 

an|q ‘Aydoujye jeuljas Pue |eaUJOD ‘s]DeVe}eD je197e]I1G @YIO 

saved ‘yjaa} Ae}UaWIPNA ‘eIUOPOIIIW :YyZ@aL 
sayse|aha 

Jo/pue smoigasa ‘djeds uo Jey juasge JO uly} ‘asieds wIeH 
syD0}1Ng pue SWIeaJO} ‘soUeY ‘syaayd ay} UO Aj}ed1}@WULUAS 
Huuleadde saydjed snojewapa0 YUM pajenaja ‘pai SI ysed 
jell YyBijuns 0} AyAtIsuas ‘sisopesaxsadAy sejyue|dowyed 
‘Aydouye pue ‘seisepaibuejay ‘uoneyuawbidodAy 

pue uolejuawbidadAy HBulpnjdul CWapoy!ylod :upjs 
ayejed Jo/pue dij 149]> ‘elyyeuBoudiwW 
‘s|ISOU palel} YIM abpiig jeseu passaidap ‘seunssif 
Jeigadjed apim ‘wsiiojayadAy yum adey ‘Ajeydard0.0ewW 
‘AydosadAy wb ‘ejjas Aydwea ‘eljeyiuab sse\dodAy 

‘AM epAyreig ‘saipjeuuouge jesqayan pue qld ‘ainjeys WOYs 


sY¥aquosid 


DILANAD -9 LUYWd 


(spuey < 1204) 
sjleu 214douysAp pue UU 


sjleu apqig ‘AydouysAp |leN 

saul| sneag ‘Aydoushp 

WJOJI|eUeD ‘eI YDAUO|IO¥ 
‘elydAuoyna| 
‘AydouysAp |IeN 


sjleusabul, 21Se|\dodhy 
syed 

OM} OjU! pa}esedas 

sleu ‘sleu se|dodkY 


eise|dsAp jIeN 
sjleu 


dIYdosAp !AUIHe |IEN 


sabuejeyd 
jeqsIp sejdodAy 
UUM s|IeU X8AUOIIAGAY 


eise|dsAp jIeN 


eiydAuoAyred 
Jo Aydo.yskq 


Aydo.yshp 
Jo eisejdodhy |1eN 


LSdul 


€x1d 


(LN 
xoq peaylo}) LNXO4 


(WLDOd) V 
ula}OJd Je|OWUID |DOd 


rd 
(ulysoua|9s) 10S 


(VOL 
Jaquuay ‘Alle a}Is 


uonei6ayul ALN 
adA}-ssa|buim) VOLLINM 


Lddlds 


LGLDy 


ylOD3¥ 


(Z 40)da001 
ueydio ayI|-aseuly 
aulsosAy 10\d3981) ZYOY 


av 


av 


uv 


uv 


uv ‘av 


uv 


uv 


av 


av 


uv 


uv 


LSEO6L 
OSEO6L 


OCEO6L 


SOLLO9 


EL8VL9 


SOEVLO 


005692 


OSLbCe 


OSL692 


OLZL8L 


007897 


OLE89C 


[Z9’L9] Ill pue | sadAy 
awoJpuds jeabuejeydouiyJouru 


[09] awoupuAs snoasso-o}UapoUDI| 


[6S] (GNVGIL) 
AydouysAp jieu pue elsadoye 


jeyluabuod ‘AdualdyapoUNWW! |ja-| 


[gg] (sisoysj0dAy 

pue wisiydiousp 

jeiney ‘eise|\dsApoudAuo 
‘aunyeys Lous) awolpuAs 1405S 


[ZS] Z s!s0a}sosa|9¢ 


[9S] 1 Sisoaysoua|as 
[SS] (sisoyauiyodAy 
—el,uopodAy-siso} esa} 
Jejue|dowyjed-spijaha 31sA) 
awopuUAs abiesseg—zinyos—}dours 


[7G] awospuAs 
UOIDPIaJ-9IEJPILW UOIPI!D—|aZUIYIS 


(awopuAs syse\\—Ae|ul4) 
[€¢] awopuAs ajddiu—1ea—djeas 


[zs'LS] 
awopUAS UOSWOY,—PUNWY}OY 


[0S] anissaza, 
jewosoyne ‘awoipucs Moulgoy 


subip 


elyduye ayajduo> OZ [Ie e1yDAU|10> (EL [€Z'ZZ] 
0} ssoj Jey pi Wo Buibues ‘yg Jaye Huleys sisoyduoOdAH JO sjieu aie. WoOYs > xoqoawou) €1 DXOH Nid LE6TLO adf} jleusiey ‘6 elsejdsAp jewuapopy 
sJaPJOSIp dVeIyDAsdounau payeosse ‘enibulb 
pue anbuo} ‘esodnw jed9nq ‘ajejed piey Jo Huluojsajqqo> 
J2JOBU! ‘{UOH JO SIWJOJIONUAA SiIsopelayxOIe ‘sajnded 
jee paddo}-je}} ‘syd sejue|dowjed ‘sasojejay ayenjound syeauys JeuIpNyHuo| pad 
Jejue|douwjed ‘uolngiysip daoy.ogas e ul sanbe|d pue ajiyM Buljeusaye 
pue sanded snodn.uaA UMOIG 0} Moj|aA 3110}e1ay Aseald pue Obulydjou padeus-/\ 7VZd1V av OOZPZL [LZ] aseasip saeg 
suusAinaue jelueiejul ‘Aaqnd pakejap ‘eluadoa\so 
‘sJapsosip aunuuWOyNe ‘Aydouze sNojjiA UM Ayjedosajua [0269] (DLE AdualdyapounWWI 
‘suolDajU! |eEHuN, DYydowip payeulwassip ‘suoNdaju! eiyoAuosed (, uondiuosuedy ‘JUBUILUOP |eWOsoO}Ne ‘siselpipued 
Jeuuse|dodAw pue jebuny ‘jeulA ‘jel4a}9eq JUANDA :seunjyeay pue Aydouyshp Buisne> fo JoeAIIDe pue snoaueyndo0 nw dIUOIUD 
J|GeuUeA “SAUeIGWAW SNOINW PUe ULYS JO SUO!}I@JUI BO/PUeD sisooAWOUDAUO eplpueD Jaanpsued |eubIs) | LWLS av ZOLVLO We}) Z ‘elle ‘siseipipue> 
saljewoue [leu YLIM Saso}eWJapouab D1wWojpuAs-uoN 
djey ajed pue asyeds SuBIp Jay}O 
‘abe|ied pue ‘apsnuw ‘suounau ul Juasaid aie sajonsen fo xuejeud jo sso| 
pabie|ua ‘sso| JPUOINSU YIM JUBWAA|OAU! |ed1HO|OJN|U aJaAas Jo eisejdody ‘saonyjey 
‘eise|dsAp jeiuej.opia|> ‘(else|dsp auog dIAjad ‘sajDIAe|> fo pue squuny} juasge 
eise|doddy Jo elsejde ‘sajjaue}UO} apim) salpjewouge |e}a|ay4S ‘sjreu D14se|dodAyjuasqy 23) E Nid OvE9LZ [89] awospuAs UOIeA-sIUNA, 
(syinpe ul juasqe 
aq Aew) abe ym 
SaA01du else|dshp 
leu ‘sjiewabuly 
uey} papajje aiow 
sjleuady ‘ajqexealq 
Ajisea ‘6uibpu [£9] (QwoJpuAs 
juawUbie}ewW YOO} ‘eljuOpodAy ‘uoIsJaAe di] jeulpny6uo| ‘eiydAuojloy LXSI av 005681 jleU pue Y}OO}) aWOJpPUAS doy, 
(AjsnoiAaid aas) 
(JOSIDU! [21]UaD awopuds para 
a|Buls ‘Yyjaa} |Jeus pue JejnHau! ‘el.UOpodAy) saljewioue UPA-SII]J O} IBJI|V x 
jequap ‘AjAjDepAjod jeixejsod ‘aunyeys WOYs PjIW e410 anse|dsAp/aise|dodAy ZAI av O€SE6L [99] sisoysosAp jeinejoine suakap\\ 
Ayigesip jenyda|jayul ‘eryzUeBosd!w ‘winsyIyd apm uauiwod ((elydosoiq) 
‘aa0o16 ulyd je}UOZIIOY daap ‘WsWojayadAy Je;NdI0 Z Hojowoy 
‘Aeydaro.oew ‘abe auog paduenpe ‘YIMOsHJaN0 pasi|eiauas) sjleu jas daap ‘ulUL 94SAZ JO JaDUeYUa) ZHZI ay ‘dIpesods O6SZLZ [S9] awopuAs Janeay\ 
Huluayoys |elped 
sajew ul Ayagnd padejap ‘saryewuouge jeyuab ‘uoNiUap ULM SUHIp JO aduasqe 
jeuuouge ‘salnualayap JO suo}edI|dNp qui] JoWa}sod/s}ayap ‘UBIP ULg JesWUaA aU} 
quul| Jaddn ‘spue|6 auud0de pue Aiewuew jo else|dodky UO |IEU AY} JO UOI]edI|dNq €xXal av OSVLSL [v9] ewospuds AveuuWew-JeUl) 
SUO!}IAJU! O} SSaUaUOIA ‘saled jejUap ‘Hulabe 
ainjewaid ‘sisosodoayso ‘Aja} paseaidap ‘Ajeydad0J91W (VGLL) SHZ4L9 
‘UaLUIeduu! jeNdaIJa}U! ‘ain}eys WOYs ‘sIsOAYy YD! ‘(1YHI] sjleu d1ySse|dsAp ‘s JO ‘(GdX)EDIYA 
pasiiejod Japun wa}jed |1e}-1961) sey JUa!Dyap-snydins ajjiig aj pue rnse|dodAy ‘(ddX) ZDD4S uv SL9L09 ‘Kydo.skpoiyoysuy 
SJIEUGUUN} ade 
‘INO|OD Ul |2WIOU 
pue a>!|-e1y>Auoji0y 
‘pauayjely ‘sanooi6 sauad 1X4 
(a1eJ@POW 0} pj!) jeulpny6uo) buoy yum pue LZ0VY ‘LSd¥L [L9] (@wopuAs UoIpald—sebue)) |I 
SEWUOJPUOYIOI}SO a/dijjNwW snjd aroge sy ‘Yous ‘uIY} |2UOISeI3Q $O UO!ajap snonbAUOD av O€ZOS1 adfj awopuds jeabuejeydourysoysi|, 
4au10 s|IeN uoleynw auay a2ue}ayu| “you Asewiid (saweu aaijeusa}je) aweN 
/squinu |IIIN 


$31}S149}9 e4ey> I1dA}OUaUd 


suaquosid 


DILANAD -9 LUYWd 


(panuyuo>) 1°29 a1qeL 


SUOIJEIDOSSE PAWWIJUOD JAYLO ON 


PjOd 0} SuaHuly JO APANISUAS paxJeLW ‘sisOJp!yadAy seyue|dow|ed 


SUONLIDOSSE PAWWIJUOD J9YLO ON 


SUOHeIDOSsSe PAWUIJUOD J9Y}O ON 


SalpjeuuoUge payeldosse 18410 ON 


wuouge jejuap ‘s]De1e}e9 ‘A\AyDepUAS |eUOISeDD0 
‘seid Sisopesay ‘(YYIG ye JeWuOU) sey alley pue LOYsS 


jeaibulb pue Ayaijisuasojoud ‘Aydouye ulys ‘ewapo 
aAissaJ6old ‘pooupyiyd pue Aduejul ul Bulaysig |eoy 


sajnded Ayem pue Siajsi|q ‘SUOISOsJa |eINXa|4 
OA} 
O} aunyles ‘snyund ‘Huunssi/suoisoja jeauad pue jeuevad 
‘siuiayd/Oulnssy |esouad ‘sisoupiyodAy ‘ewJapojesay 
Jejue|douujed jed04 ‘sisoysiujodAyyeiadoye ‘Aq 6e1, WLS 


Jiey Apog 
pue jeine} juasqe ‘djeds ay} uo sajnded JejndI|}O} asnypip ‘wey 
aber pue afqqq ‘uleY djeds Jo ssoj a}a|dwWod 0} aduasqe pjIV\ 


sy¥aquosid 


DILANAD -9 LUWd 


au} UO Sid jeldiadns 
pue suolelys 
Jeulpny!Buo} aaissaaxX3 
juawydejap 
fo abpa jewixoid 
GACDUOD JO 1YHIeIs 
e pue ‘(sjleu puey 
pue 14}) elydAUOJa}DS 
[EU a4} JO 
uy moJb jo a}eJ paseas.aq 
qed jeu 
ailjUa ay} $O JO UOILIOd 
2 JO UOHLIOJOISIP SUA, 
dn pauiny 
sabpa ay} UUM apis 0} 
apis WOJ} aAeDUOD pue 
uly} Ajjewuouge — sjleu 
uoods/elydAuo||oy 
S|IEUSO} 
Jo/pue sjleuJabuly 
HuIAJOAUI ‘S|IeEU 
au} JO aduasge |e}IuUaHUOD 


U aug ‘elydAUo}IOy 


Aydouyshp jIeN 
S|IEUJaBUl} JO 
eiysAuoxNne] JeUIPNYHuU07 


sjieu D1ydosysAp pue DIY 
S|IEU JO spud |e}SIP 
aj!6e4, pue padeys 
AyejnBaw! ‘e1ydAuosd1WW 
‘Aydo.ysApoudAuo 
jeyluabuoD 


(9 10} da391 
Ayes palzzuu4) 9QZ4 


IN 


LqD 1d 


IN 


(vOdS¥) v7 ulpuods-Y 


98LYy ‘ESLU 'LBSLY 


(| Bojowoy 
Ajiuuej UlpwWe4) | LAMA 


LI@d1V 


doye|d) Ldd 


S8Lun 


“OAISS9DOJ PSAUl|-K ‘YX ‘SAISS9DEJ |eWOSO}Ne ‘YY ‘JUUILUOP |eWOsOjNe ‘GY 


uv 


av 


uv pue dv 


av 


th 


av 


uv 


av 


uv 


uv 


OSOL9L 


008V9L 


OO9LSL 


OOE6rL 


008902 


[€3] (L ‘Jey!ueHuod d!woJpuAs-uoU 
‘rapsosip jieu) Aydo.ysAp jieu ALUaML 


[73] (g ‘Je}1uaBuod I1wWoJpuAs-uOU 

“apsosip leu) siskjoysAuo 

jeqsip Aieqipasay/eiysAuosapps 
YUM sisjOydAUO Jee 

[Lg] (€ ‘leytuabuo> 

DIWOJPUAS-UOU JAPJOSIp |!2U) 
sijelued Jo/pue sije}o} elysAuoyNe7] 


[08] (Z ‘jej1uaBuod d1wWojpuAs-uoU 
“JAPIOSIP |IEU) BIYDAUO|IOY AueyIpaJaH 


[62] (v ‘Je}1uaBuUOD diWoJpUAS-UOU 
apsOsip |leu) eyluaHuod elydXAuouy 


sjleu ay} 0} pay sebueys YUM siapsosiq 


000851 


OS9ELL 


009691 


9€SV09 


cE07OO 


[82] XUYLaIUO 


[ZZ] awospus Jajpuly 
[92] (snbiydwied 
DIuUOIYyD UB!UAaq) aseasip AayleH—AaieH 


[SZ] (@wopuAs 
ULEINI\\|) BwoupuAs 
AyyiGesy Upjsyeise|dsAp jeuapo}dy4 


[2] adAy 
jeusuey and ‘py eisejdshp jewuapoid4 


: GENETIC 


DISORDERS 


PART 6 


67.10 


Chapter 67: Genetic Defects of Nails and Nail Growth 


Table 67.2 Clinical features of pachyonychia congenita. From the International PC Research Registry. 


Clinical feature Overall % PC-K6a % PC-K6b % PC-K6c % PC-K16 % PC-K17 % 
Toenail dystrophy 96 98 97 62 97 95 
Fingernail dystrophy 74 97 43 06 57 84 
Plantar keratoderma 90 86 97 100 98 80 
Plantar pain 94 95 100 91 96 84 
Palmar keratoderma 63 67 48 35 71 51 
Oral leukokeratoses 52 86 24 26 33 25 
Natal teeth 14 05 0 09 01 76 
Cysts 51 58 65 24 23 93 
Follicular hyperkeratoses 36 48 39 0 10 63 


Modified from https://www.pachyonychia.org/pc-data/ Last updated January 2021. 


(d) 


Figure 67.1 Nail dystrophy and plantar keratoderma are the principal features of pachyonychia congenita. (a) Toenails are dystrophic in this patient with PC-K17 (mutation K17 N92S). 
(b) Severe nail dystrophy and obvious plantar keratoderma in PC-K16 (mutation K16 L132P). (c) Fingernail dystrophy in PC-K6a (mutation K6a N172del). (d) Mild plantar keratoderma 
in PC-K6a (mutation K6a N171K). (e) Severe plantar keratoderma in PC-K16 (mutation K16 N125D). Parts a-e courtesy of patients in the International Pachyonychia Congenita 
Research Registry (IPCRR) sponsored by the PC Project. (f) Multiple sebaceous cysts on the neck of a patient with PC. 


limitation and effect on quality of life [3] (Figure 67.1d,e). The 
plantar keratoderma is present at birth in fewer than 10% of 
patients, but is usually present by 5 years of age in PC-K6a, -K16 
and -K17 (the majority of patients), and occurs after 5 years of 
age in most individuals with milder forms, PC-K6b and -Kéc [3]. 
Thickening tends to be focal and is most prominent at pressure 
points on the heel and ball of the foot; diffuse plantar involve- 
ment has occasionally been described. Secondary skin infection 
is common [3]. Transgrediens spread (to the dorsal surface 
of the foot) has also been noted, especially with PC compli- 
cated by infection, trauma from standing or shoes, or exposure 
to foot moisture [6]. Palmar keratoderma occurs in fewer than 


60% of patients, most often in PC-K16, and can involve the 
fingertips [2,3]. 

Hoarseness and oral leukokeratoses typically present in the first year 
of life, particularly in babies with PC-K6a, leading to misdiagnosis 
of a variety of airway issues and thrush, respectively. Overall, 
53% have oral leukokeratoses, with PC-K6a and PC-K17 having 
more severe or earlier onset of the oral leukokeratosis. The most 
commonly affected site is the tongue [3]. Natal teeth in PC are vir- 
tually always a sign of PC-K17 [2]. Other features are pilosebaceous 
cysts (Figure 67.1f), found in most patients with PC-K6a, -K6b and 
-K17, and follicular hyperkeratoses. Cysts and hyperkeratoses most 
often develop in school-aged children, but can occur in younger 


children [3]. Hyperhidrosis affects more than 50% of PC patients, 
particularly in adults. 

The nail changes lead to considerable embarrassment, particularly 
in adolescents, resulting in various strategies to conceal the nails [3]. 
The keratoderma can impede function, including walking, play- 
ing, schoolwork, a variety of other tasks and social development, 
especially in school-age patients and adults. 


Differential diagnosis 

Nail trauma in children from shoe friction can lead to changes that 
resemble PC, but typically affects the fifth toenail without other nail 
involvement. The genetic disorder most often confused with PC is 
hidrotic ectodermal dysplasia (Clouston syndrome; MIM: 604418; 
see Chapter 65), which results from mutations in GJB6, encoding 
connexin 30. Patients typically show toenail and fingernail alter- 
ations at birth and keratoderma that can be indistinguishable from 
PC. However, the plantar keratoderma is typically not as painful 
as that seen in PC. Hearing loss, if present, and thin sparse hair 
during childhood (not a feature of PC unless biallelic keratin gene 
mutations) are distinguishing features of hidrotic ectodermal dys- 
plasia. Mutations on both alleles of FZD6, which encodes frizzled 6, 
a Wnt-signalling pathway receptor in the nail matrix, similarly lead 
to hypertrophic nail dystrophy at birth [7,8]. The so-called ‘recessive 
PC’ was found to represent a different disorder, PLACK (Peeling 
skin, Leukonychia, Acral punctate keratoses, Cheilitis, Knuckle 
pads) syndrome, caused by defective function of calpastatin [9]. 


Investigations 
Genotyping is currently performed at no cost on a research basis for 
patients registered with the International Pachyonychia Congenita 
Research Registry (IPCRR) (www.pachyonychia.org, last accessed 
February 2022). 


Management 

Mechanical treatment of the nails, such as filing, grinding and 
cutting, is most effective, particularly after soaking the nails [10]. 
While antibiotics and antifungal therapy are helpful in managing 
secondary paronychia, they do not improve the nail dystrophy. 
Surgical removal of nails can also be performed but results in 
regrowth unless complete ablation is performed [10]. Mechani- 
cal intervention can also ameliorate the keratoderma, but topical 
agents, such as retinoids, steroids, keratolytics and moisturisers, 
have had mixed results. 

Pain control is critical for the many patients with chronic debilitat- 
ing plantar pain, especially with weight bearing [11]. While blisters 
underlying the keratoderma have been shown, there is also evidence 
through sensory testing that the chronic pain has a neuropathic 
component, suggesting utility of neuropathic pain medications, 
such as tricyclic antidepressants, serotonin-norepinephrine reup- 
take inhibitors, and GABA receptor agonists [5,11]. Botulinum 
toxin injections using a standardised protocol of 500 U of abo- 
botulinumtoxin A or 200U of onabotulinumtoxin A, diluted in 
5mL sterile normal saline 0.9% (0.5-1mL of toxin (50-100U of 
abobotulinumtoxin A or 20-40U of onabotulinumtoxin A) per 
injection site) have been demonstrated to greatly reduce pain, but 
only for a period of up to 3 months; nevertheless, subsequent 
treatments were associated with progressive improvement [12]. 


Oral retinoids can decrease plantar thickening in 50% of patients, 
but only decreased plantar pain in about one-third of cases, led 
to worsening or no improvement in nails in 87% of patients, 
and caused unacceptable side effects, especially at higher doses 
(more than 25mg acitretin daily) [13]. Administration of sys- 
temic rapamycin, which suppresses activation of mTOR but also 
expression of keratin 6a, partially reversed the plantar thickening 
and pain in PC-K6a during a 12-week trial (without affecting the 
appearance of nails) but had unacceptable side effects [14]. Topical 
1% sirolimus ointment resulted in decreased pain and reduced 
keratoderma thickness in two patients with twice daily use [15], 
and a double-blind, placebo-controlled trial is currently in progress 
(NCT02152007) [16]. Statins have also been shown to decrease 
expression of KRT6A in keratinocytes in vivo through inhibition 
of the cholesterol/mevalonate pathway [17]; however, only one 
case describing the clinical use of oral rosuvastatin for PC has been 
reported to date [18]. siRNA injections directed against a mutant 
KRT6A led to dramatic improvement in the plantar keratoderma 
at the localised site of injection in the proof-of-concept human trial, 
but could not be sustained because of pain [19,20]. Topical treatment 
with small natural molecule sulforaphane, which activates Nrf2 
signalling (thought to contribute to the pathogenesis of palmo- 
plantar keratoderma in PC — see pathophysiology earlier), prevents 
PPK-like lesions in Krt16 null male mice, but has not been studied 
in humans [4]. 


Resources 


Patient resources 
Support group: International Pachyonychia Congenita Research Registry or IPCR 
(www.pachyonychia.org; last accessed February 2022). 


Dyskeratosis congenita 


Definition and nomenclature 


\genita (MIM: 305000) 
ccongenita (MIM: 127550) 
genita (MIM: 224230) 


Introduction and general description 

Dyskeratosis congenita (DC) is a heterogeneous group of inher- 
ited disorders of telomere maintenance, characterised by nail 
dysplasia, oral leukoplakia, reticulated hyperpigmentation and a 
tendency towards bone marrow failure, pulmonary fibrosis, and 
malignancy [1]. 


Epidemiology 

The prevalence of DC is estimated to be 1 in 1000000 individuals. 
Most patients are male, and X-linked recessive inheritance accounts 
for approximately half of the cases. Females with heterozygous 
DCK1 mutations may show clinical findings if skewed X-inactivation 
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Table 67.3 Underlying gene mutations in dyskeratosis congenita [2]. 


Chapter 67: Genetic Defects of Nails and Nail Growth 


Inheritance MIM Gene Percentage 
pattern number location Gene Protein name Protein function of cases* 
XLR 305000 Xq28 DKC1 Dyskerin Component of telomerase complex that converts 20-25 
uridine residues of ribosomal RNA to 
pseudouridine 
AD 613990 14q12 TINF2 TRF1-interacting nuclear factor 2 Shelterin complex component that protects telomere 12-20 
ends during DNA replication 
AD 127550 3q26.2 TERC Telomerase RNA component Acts as a template for adding telomere repeats 5-10 
AD or AR 613989 5p15.33 TERT Telomerase Catalytic component of telomerase, which 1-7 
synthesises telomere repeats 
AD or AR ACD ACD Shelterin Complex Subunit and Telomerase recruitment to telomeres <1 
Telomerase Recruitment Factor 
AD or AR 615190 20q13.33 RTEL1 Telomere replication DNA helicase that is crucial for telomere 2-8 
maintenance, DNA repair and prevention of 
excess meiotic crossovers; interacts with TRF1 
AR 613276 16q21 C160rf57 Mpn1 RNA exonuclease Processes small nuclear RNAs post-transcriptionally 2 
AR 224230 15q14 NOP10 Nuclear protein, Family A, member 3 Small nucleolar RNA-binding protein that is <1 
associated with NHP2 and dyskerin in telomerase 
complex; involved in uridine to pseudouridine 
conversion 
AR 613987 5q35.3 NHP2 Nuclear protein, Family A, member 2 Small nucleolar RNA-binding protein that is <1 
associated with NOP10 and dyskerin in 
telomerase complex; involved in uridine to 
pseudouridine conversion 
AR 613988 17p13.1 WRAP53 WD repeat-containing protein Important for telomerase trafficking <1 
encoding RNA Antisense to p53; 
also called TCAB1: telomerase 
Cajal body protein 1 
AR PARN Poly(A)-Specific Ribonuclease Removes oligo(A) tails to prevent degradation of <1 
mature or precursor miRNAs 
AR CcTC1 Conserved telomere maintenance Part of a complex that protects telomeres from 1-3 


component 1 


degradation 


“Not all cases have been associated with a particular genotype, so that the numbers do not add to 100%. 
ACD encodes a protein formerly called Adrenocortical Dysplasia Protein Homology. AD, autosomal dominant; AR, autosomal recessive; XLR, X-linked recessive. 


leads to significant expression of the mutant allele. Autosomal reces- 
sive and autosomal dominant inheritance patterns have also been 
reported (Table 67.3) [2,3]. Autosomal dominant forms exhibit 
genetic anticipation, with disease presenting earlier in life and 
increased penetrance in subsequent generations [4]. 


Pathophysiology 

Dyskeratosis congenita is considered a ‘telomeropathy’, because 
most patients show severe shortening of telomeres. Mutations in 
one of 12 genes are found in approximately 70% of patients, and 
the protein products of these genes affect telomerase maintenance 
(Table 67.3) [2]. Telomeres provide a repetitive template (TTAGGG) 
for repair at the 3’ ends of chromosomes that prevents the loss of 
genetically encoded information after replication. When too short, 
telomeres signal the arrest of cell proliferation and lead to senes- 
cence and apoptosis, which particularly impacts rapidly dividing 
cells. Telomerase catalyses DNA synthesis to maintain telomere 
length; the telomerase catalytic unit contains telomerase reverse 
transcriptase (TERT) and its template, telomerase RNA component 
(TERC) [5]. ‘Shelterin’ is a protein complex of six proteins that 
regulate telomere length by acting as a cap at the telomere (TERF1, 
TERF2, TINF2, TERF2IP, ACD and POT1); mutations in TINF2 
cause at least 10% of cases of DC [5]. Other components of the 
telomerase complex that are mutated in DC are DKC1, encoding 


dyskerin, a small nucleolar protein that binds to RNA, and the 
stabilisers NHP2, NOP10, and GARI [5]. The most common cause 
of DC is mutations in DKC1, but features of DC have been described 
from mutations affecting other telomerase complex components 
(Table 67.3). 


Clinical features 
The phenotype of DC varies widely, including among DC patients 
with mutations in the same gene. Dyskeratosis congenita should 
be considered in patients with at least two of the three features 
of the classic triad: abnormal nails, reticular skin pigmentation, 
and/or oral leukoplakia, or one feature of the triad plus two or 
more other recognised features (Table 67.4) [2,5]. The complete 
triad may be present in up to 37% of patients, whereas a complete 
absence of triad features can be seen in 10% of patients, the latter 
of which is more common in AD DC [3]. A higher number of triad 
features (two or three) is associated with a greater incidence of bone 
marrow failure and death as compared with those with no or one 
feature [3]. 

The thin dystrophic nails usually appear first, between the ages of 
5 and 13 years (Figure 67.2a,b). Mildly affected nails show ridging 
and longitudinal grooving; severely affected nails are shortened 
and show pterygium formation or near complete loss. Cutaneous 


Table 67.4 Clinical features of dyskeratosis congenita [3]. 
Major features (>75% of patients) 
Nail dystrophy 
Leukoplakia 
Abnormal skin pigmentation 
Bone marrow failure 


Other recognised features (10-75% of patients) 

Short stature 

Sparse hair or premature greying 

Hyperhidrosis 

Epiphora 

Blepharitis 

Abnormal eyelashes 

Developmental delay 

Pulmonary disease 

Oesophageal stricture 

Tooth decay and loss 

Squamous cell carcinoma 

Intrauterine growth retardation 

Liver disease, enteropathy 

Hypogonadism, undescended testes, phimosis, urethral stenosis 
Microcephaly 

Osteoporosis, scoliosis, avascular necrosis of the hips or shoulders 
Deafness 


changes usually develop after the onset of nail changes, most com- 

monly during late childhood to teenage years. A fine reticulated 

dusky brown hyperpigmentation, sometimes surrounding hypopig- 

mented, atrophic, telangiectatic patches (‘poikilodermatous’), on 

the face, neck, shoulders, upper back and thighs is characteristic 

(Figure 67.2b,c). Other cutaneous changes may include: 

e Telangiectasia of the trunk. 

e Redness and atrophy of the face with irregular macular hyperpig- 
mentation. 

e Acrocyanosis. 

¢ Palmoplantar hyperkeratosis. 

e Hyperhidrosis and bullae of the palms and soles. 

e Wrinkled atrophic skin over the elbows, knees and penis. 

e A diffuse atrophic, transparent and shiny appearance on the 
dorsal aspects of the hands and feet. 

¢ Sparse and lustreless hair of the scalp, eyebrows, and eyelashes. 

The most common mucous membrane change is leukoplakia 
(Figure 67.2d), which is associated with a 1000-fold increased risk 
of malignant transformation to oral squamous cell carcinoma (SCC) 
compared with oral leukoplakia in the general population. Oral 
cutaneous graft-versus-host disease, which is often seen after stem 
cell transplantation (see management later), is another risk factor 
for development of oral SCC [6]. Rarely, periodontitis and blisters 
and erosions of the oral and anal mucosae, oesophagus and urethra 
may develop. Inflammation of the tarsal conjunctivae may result 
in atresia of the lacrimal ducts, excessive lacrimation, chronic ble- 
pharitis, conjunctivitis and ectropion. The teeth tend to be defective 
and subject to early decay. 

Overall, almost 90% of patients develop life-threatening bone 
marrow failure, characterised by severe aplastic anaemia with neu- 
tropenia, splenomegaly and a haemorrhagic diathesis. Cytopenia is 
often the first sign in DC [5]. Haematologic involvement tends to be 
more severe in patients X-linked recessive, autosomal recessive or 


TINF2-associated DC [3]. Acute myeloid leukaemia and myelodys- 
plastic syndrome have also been described at rates of 73 and 
500 times that of the general population, respectively [4]. Pulmonary 
fibrosis and hepatic cirrhosis are other life-threatening compli- 
cations [4]. Idiopathic pulmonary fibrosis, liver disease, aplas- 
tic anaemia, myelodysplasia and leukaemia as isolated features 
have each been described in patients with mutations in DC genes, 
especially single allele mutations in TERT and TERC. 

Epithelial tumours often first develop by the mid-teens, fre- 
quently in areas of mucosa with leukoplakia. SCC of the tongue is 
most common, but other oral sites, oesophageal, anogenital and 
cutaneous SCC can also occur (Figure 67.2e) [2]. These carcinomas 
are not driven by human papillomavirus (HPV) infection and thus 
HPV vaccination is not predicted to decrease the risk. 

A severe variant, Hoyeraal—Hreidarsson syndrome (HH), shows 
the major features of DC, but in addition cerebellar hypoplasia, 
microcephaly, developmental delay, intrauterine growth retarda- 
tion, and sometimes severe immunodeficiency, enteropathy and/or 
aplastic anaemia. Most patients have mutations in DKC1, but 
mutations in TERT and TINF2 or have been described [5]. Another 
severe variant of DC, Revesz syndrome (RS), has bilateral exudative 
retinopathy, growth retardation, bone marrow failure, and central 
nervous system calcifications, in addition to nail dystrophy, oral 
leukoplakia and sparse fine hair [5]. Mutations have been found in 
TINEF2 [5]. 

The average life expectancy of individuals with DC is 44 years, 
although the life expected is shorter in patients with HH (5 years) 
and RS (11 years) [5]. Patients usually die of bone marrow failure 
(~60-70%), pulmonary disease (~10-15%) or malignancy (~10%). 

Pterygium nail changes of DC can be seen in patients with 
lichen planus and graft-versus-host disease. The poikilodermatous 
change is sometimes confused with Rothmund-Thomson syndrome 
(RECQL4 mutations), epidermolysis bullosa simplex with mottled 
pigmentation (usually KRT5 mutation), Naegeli—Franceschetti-— 
Jadassohn syndrome/dermatopathia pigmentosa reticularis (KRT14 
mutation) or Clericuzio-type poikiloderma with neutropenia 
(another C160rf57 mutation). 


Investigations 

Screening for DC is best performed by flow cytometry and fluores- 
cence in situ hybridisation (flow-FISH) of leukocyte subsets to detect 
telomere shortening [3]. This should be complemented by genetic 
testing using a panel for bone marrow failure (BMF) disorders in 
order to establish a diagnosis [3]. Recommended disease surveil- 
lance includes annual complete blood counts, pulmonary functional 
tests, gynaecological exams and cancer screening (annually by der- 
matology and otolaryngology and twice annually by a dentist) [2]. 


Management 

Treatment of bone marrow failure is recommended when the 
haemoglobin is persistently below 8 g/dL, platelets <30000/mm? 
and neutrophils <1000/mm? [4]. Allogeneic stem cell transplan- 
tation is the only definitive therapy for the haematopoietic and 
immunologic defects in DC. Long-term survival after transplant 
has been poor, generally attributed to fatal pulmonary or vascular 
complications [4], but increases with reduced intensity conditioning 
regimens [3]. Androgens, such as oxymetholone or danazol, have 
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(d) 


Figure 67.2 Nail dystrophy, poikiloderma and oral leukoplakia are the major mucocutaneous findings of dyskeratosis congenita. (a) Pterygium formation. (b) Nail dystrophy with 
poikiloderma (telangiectasia, atrophy and dyspigmentation) of the underlying thigh. (c) Poikiloderma on the neck of a young woman. (d) Leukoplakia on the tongue. (e) Squamous 


cell carcinoma on the hand; mucosa is a more typical location. (e) Courtesy of Dr E. Sprecher. 


been reported to improve blood counts in 80% of treated patients [3]. 
Limiting side effects include virilisation in female patients and 
dyslipidemia, along with hepatic toxicity [3]. Management of 
patients otherwise consists of bougienage for oesophageal stenosis; 
fulguration, curettage and surgical excision of leukokeratosis of the 
buccal and anal mucosae; and lifelong regular supervision for early 
detection of mucosal or cutaneous carcinomas [4]. 


Resources 


Patient resources 

Support group: Team Telomere (https://teamtelomere.org, last accessed February 
2022). 

National Cancer Institute, Inherited Bone Marrow Failure Syndrome Study (IBMFS). 
https: / /marrowfailure.cancer.gov /disorders/telomere.html (last accessed Febru- 
ary 2022). 


Nail-patella syndrome — CF? 


Definition and nomenclature 
Nail-patella syndrome (NPS) is an inherited disorder of nail and 
bone dysplasia. 


iS 
dysplasia (HOOD) 


Introduction and general description 

NPS is an autosomal dominant disorder classically characterised by 
nail changes, dystrophy of the knees and elbows, and the presence 
of iliac horns. Interfamilial and intrafamiliar variability is seen [1]. 
The diagnosis is often missed for several generations, although 
features tend to be present at birth. Males and females are affected 
equally. 


Epidemiology 

NPS has an estimated prevalence of 1 in 50000 individuals, 
although the prevalence could be higher, given the many affected 
individuals with a mild phenotype [2]. De novo mutations occur 
in 12% of affected individuals (ie. 88% have an affected parent) 
[2,3]. 


Pathophysiology 
NPS results from mutations in LMX1B on chromosome 9q33.3, 
which encodes the LIM homeobox transcription factor 1-8. LIMX1B 


is induced by Wnt7a and is required for establishing dorsoventral 
polarity in the dorsal limb mesenchyme during development, as 
well as the development of the kidneys, anterior eyes and bones. 
For additional details on the anatomy and embryological develop- 
ment of the nails, the reader is referred to Chapter 93. Mutations 
in LMX1B can also lead to nail—patella-like renal disease, in which 
skeletal and nail findings are absent [4]. 


Clinical features 

The nails may be absent (anonychia) or underdeveloped and 
discoloured, split, ridged or pitted, but nail dysplasia with the char- 
acteristic triangular Iunula, instead of the normal crescent-shaped 
lunula, occurs in most affected individuals and may be the only 
feature (Figure 67.3). Changes are present at birth in 95% of indi- 
viduals with NPS and are usually bilateral and symmetrical [3]. 
The fingernails are more likely to be affected than the toenails, and 
the thumbnails are usually the most severely affected with severity 
decreasing from the index toward the fifth fingers [1]. In addition, 
the ulnar side of the fingernail is more severely affected than the 
radial side [4]. Patients often show flexion of the distal interpha- 
langeal joints but hyperextension of the proximal interphalangeal 
joints, leading to ‘swan-necking’ [2]. Creases overlying the distal 
interphalangeal joints tend to be absent [4]. 

Knees are involved in 74% of patients [2] and tend to have a flat- 
tened profile. Patellar involvement is often asymmetrical and com- 
monly characterised by a small irregularly shaped or absent patella with 
recurrent dislocation or subluxation. Flexion contractures and early 
degenerative arthritis are common; as a result, patients often 
develop knee pain, locking, instability, and inability to straighten 
the knee. Elbow involvement, resulting in limited elbow extension, 


Figure 67.3 Nail dystrophy with triangular lunula of the nail—patella syndrome. 
Courtesy of Dr Mark Holzberg. 
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Nail-patella syndrome 


Table 67.5 Clinical features of nail-patella syndrome. 


Features % of patients 
Nail changes, especially triangular lunula 96-98 

Digital changes 90 

Small or absent patella 74 

Elbow deformity 70 

lliac horns 70-76 

Renal dysfunction 30-50 
End-stage renal disease Rare to 15 
Ocular hypertension, glaucoma 10-25 


pronation, and supination, is often asymmetrical and occurs in 70% 
of individuals [4]. The characteristic iliac horns are bilateral conical 
bone projections that extend posteriorly and laterally from the 
centre of the pelvic iliac bones. They affect approximately 80% of 
affected individuals, are asymptomatic and are pathognomonic for 
the disorder [1]. Renal changes occur in 30-50% of affected individu- 
als, initially as proteinuria with or without haematuria and hypertension. 
Up to 15% of patients show end-stage renal disease, which may 
occur rapidly or develop gradually [2]. Primary open-angle glau- 
coma and ocular hypertension occur overall in one-third of patients 
and at a younger age than in the general population [4]. Lester iris, 
hyperpigmentation of the central part of the iris, is seen in nearly 
50% of patients [5]. Crumbling teeth and thin dental enamel have 
been described [2]. Patients have an increased risk of attention 
deficit hyperactivity disorder and major depressive disorder, possi- 
bly because of LMX1B expression in embryonic dopaminergic and 
serotonergic neurons [6]. Sensorineural hearing loss, peripheral neu- 
ropathy and epilepsy have also been described [4]. See Table 67.5. 


Investigations 

The diagnosis of NPS is based on clinical findings, supplemented by 
laboratory testing to show the radiographic changes and evidence 
of renal disease, if present. Radiographic evaluation is necessary 
to detect the iliac horns, although large horns may be palpable. 
X-rays are also helpful to confirm the bony changes of the elbows 
and knees. Characteristic modifications of the glomerular basement 
membrane can be observed by electron microscopy. 


Management 

No treatment intervention is needed for the nail abnormalities. 
Orthopaedic complications are treated by physiotherapy, splinting 
or bracing, analgesics and occasionally surgery. However, chronic 
administration of non-steroidal anti-inflammatory drugs (NSAIDs) 
should be avoided because of the risk of renal disease. Annual 
monitoring for hypertension, renal disease (urinalysis) and 
glaucoma is recommended. Hypertension should be controlled 
medically but renal transplantation is occasionally necessary. 
Dual-energy X-ray absorptiometry (DEXA) bone density scans are 
recommended, beginning in young adults. 


Resources 


Patient resources 
Support groups: Nail Patella Syndrome Worldwide (www.npsw.org ) (last accessed 
March 2021). 
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Hereditary anonychi 


Definition and nomenclature 

Hereditary anonychia is a rare autosomal recessive non-syndromic 
disorder characterised by isolated congenital anonychia or hypopla- 
sia of the fingernails and/or toenails [1]. 


General description of hereditary anonychia 

In hereditary anonychia, anonychia or hypoplasia of the fingernails 
and/or toenails is congenital and usually involves all of the nails. 
The disorder results from mutations in the R-spondin 4 (RSPO4) gene 
on chromosome 20p13 [2]. RSPO4 is a member of the R-spondin 
family of secreted proteins, which activates Wnt/f-catenin sig- 
nalling and presumably Wnt7a, which is crucial for embryonic nail 
development. Other RSPO proteins are able to compensate for the 
absence of RSPO4 at all sites except the digital tip, which results in 
the observed isolation of clinical findings at the nail [3,4]. 
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Introduction and general description 


Normal skin colour is determined by a number of variables, the most 
important of which is melanin. Differences in skin and hair colour 
are principally the result of differences in the melanin content of skin 
although other chromophores and skin thickness may also deter- 
mine shade variation in the skin. Besides melanin, haemoglobin 
(in both the oxygenated and reduced state) and carotenoids also con- 
tribute significantly to skin colour (see Chapter 86). 

Melanocytes are responsible for the synthesis of melanin, a com- 
plex quinone/indole-quinone-derived mixture of biopolymers. 
Melanocytes migrate from the neural crest into the epidermis dur- 
ing the first 2 months of gestation. They produce melanin within 
specialised vesicles known as melanosomes. Racial and ethnic 
differences in skin colour are related to variation in the number, 
size, composition and distribution of melanosomes to surrounding 
keratinocytes. Constitutive pigmentation refers to the amount of 
melanin pigmentation that is genetically determined in the absence 
of sun exposure and other influences. Facultative (inducible) pig- 
mentation, or ‘tan’, results from sun exposure (or other exogenous 
influences including drugs). The regulation of human pigmen- 
tation is complex and intertwined with other factors affecting 
epidermal or dermal-epidermal homeostasis. It involves both 
systemic and local factors secreted in the dermal or epidermal com- 
partment. This is reflected in physiological pigmentary changes, 
such as normal palmar hypopigmentation more striking in black 
skin, pigmentary lines enhanced during pregnancy and systemic 


disorders with hyperproduction of pigmentation stimulators, such 
as o-melanocyte-stimulating hormone (MSH) in Addison disease. 

The major precursor of melanins is tyrosine. Tyrosinase cataly- 
ses the hydroxylation of tyrosine to DOPA (3,4-dihydroxyphenylala- 
nine). Once completely formed within melanocytes, melanosomes 
are transported along dendrites towards adjacent keratinocytes. The 
next step involves the extrusion of the melanosomes and their trans- 
fer into neighbouring keratinocytes, by a mechanism which is still 
debated. After being transferred to keratinocytes, melanosomes are 
translocated to the apical pole of the keratinocyte where they pro- 
tect the nucleus from UV mutagenic damage. Keratinocyte termi- 
nal differentiation is accompanied by concomitant degradation of 
melanosomes so that no melanosomes are normally visible in the 
very upper part of the epidermis (Chapter 86). 

Hundreds of genes are known to modulate pigmentation type or 
pattern in the skin, hairs/coat and eyes in mammals during or after 
development by acting directly or indirectly on the pigment cell 
lineage. Among these, only a few have been also found to underlie 
inherited monogenic pigmentation disorders (Table 68.1). Of inter- 
est, some genes known to be important for normal variation in skin, 
eye or hair colour are in this list. These disorders can be classified 
into three major groups: (i) disorders of hypopigmentation, (ii) dis- 
orders of hyperpigmentation and (iii) disorders featuring combined 
hypo- and hyperpigmentation, known as the dyschromatoses. This 
classical clinical classification is, however, in part misleading, since 
an overlap of phenotypes exist between the last two groups, as 
illustrated in this chapter. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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68.2 Chapter 68: Genetic Disorders of Pigmentation 


Table 68.1 Major monogenic inherited pigmentation disorders. 


Disease name Inheritance Genes Clinical features 

Hypopigmentation disorders 

Defects in melanocyte lineage migration 

Piebaldism AD KIT Well-demarcated ventral midline hypopigmentary macules, white forelock 

SNAI2 

Waardenburg syndrome 

WS1 AD PAX3 White forelock, hypopigmented patches, dystopia canthorum, iris 
heterochromia, deafness, synophris and mild facial dysmorphism (broad 
nose root) 

WS2 AD MITFISNAI2 Same as WS1, but no facial dysmorphism 

WS3 AD PAX3 Same as WS1 with musculoskeletal anomalies (syndactyly, carpal bone 
fusion) 

WS4 AR EDN3/EDNRB (Shah-Waardenburg syndrome) WS phenotype accompanied by 

/SOX10 Hirschsprung disease, neurological symptoms if caused by SOX70 

mutation 

Albinism: defects in melanin synthesis 

OCA1 AR TYR Variable degrees of hypopigmentation extending from a complete absence 
of pigmentation to normal pigmentation 

OCA2 AR OCA2 Prevalent in black people, blond to red brown hair with age, ephelides 

OCA3 AR TYRP1 Rufus albinism in black people 

OCA4 AR SLC45A2 Similar to OCA1, more common in Japan 

OCA5 AR Unknown One family described in Pakistan 

OCA6 AR SLC24A5/NCKX5 One family described from China and five from Europe 

OCA7 AR C10orf11 Faroe albinism 

OCA8 AR DCT Mild skin and hair hypopigmentation 

OA1 XLR GPR143 Isolated ocular albinism 


Defects in lysosomal biogenesis and transport, including melanosomes 


Hermansky-Pudlak syndrome 


HPS1 
HPS2 
HPS3 
HPS4 
HPS5 
HPS6 
HPS7 
HPS8 
HSP9 
HPS10 
HPS11 


Chediak-Higashi syndrome 


Griscelli-Pruniéras syndrome 


GS1 
GS2 
GS3 


Hyperpigmentation disorders 
Generalised/diffuse 
Familial progressive hyperpigmentation 


Linear 


Incontinentia pigmenti 


Linear and whorled naevoid hypermelanosis 


> PrPPrPrrrrrrre, 
DPDDDDAADDADADAADAD 


AR 
AR 
AR 


AD 


XLD 


sO 


HPS1 
AP3B1 
HPS3 
HPS4 
HPS5 
HPS6 
DTNBP1 
BLOC1S3 
BLOC1S6 
AP3D1 
BLOC1S5 


CHST/LYST 


MYOS5A 
RAB27A 
MLPH 


KITLG 


IKBKG 


Report of mosaicism 


for KITLG 


Decreased pigmentation in eyes, hair and skin, easy bruisability and 
bleeding tendency, lung interstitial fibrosis, granulomatous colitis 


Partial albinism (blond hair, fair skin) accompanied by immunodeficiency 
(pyogenic infections, haemophagocytic syndrome) and cerebellar 
syndrome 


Silvery grey hair and fair skin, neurological defects 
Silvery grey hair and fair skin, immunological defects 
Silvery grey hair and fair skin 


Congenital sharply and irregular hyperpigmentary patches involving both 
the mucosae and the skin which increase in size and number with age. 
Hypopigmented patches also noted 


Pigmentation abnormalities consisting of whorls and streaks located over 
the trunk 

Usually no extracutaneous features although rarely associated with 
cardiovascular, neurological and musculoskeletal abnormalities 


Table 68.1 (continued) 


Hypopigmentation disorders 68.3 


Disease name Inheritance Genes Clinical features 
Punctate/reticulate 
Dyskeratosis congenita DKC/XLR DKC1 Reticulated pattern of hyperpigmentation, bone marrow dysplasia, 
DKC/AD1 TERC haematological and epithelial malignancies 
DKC/AD2 TERT 
DKC/AD3 TINF2 
Incl. Revesz sy 
DKC/AD4 
DKC/AD6 RTEL1 
DKC/AR1 ACD? 
DKC/AR2 NOP10 
DKC/AR3 NHP2 
DKC/AR4 WRAP53 
DKC/AR5 TERT 
DKC/AR6 RTEL1 
DKC/AR6 PARN 
ACD? 
Naegeli-FranceschettiJadassohn syndrome AD KRT14 Complete absence of dermatoglyphics, reticulate pattern of skin 
and dermatopathia pigmentosa hyperpigmentation, alopecia, palmoplantar keratoderma, abnormal 
reticularis sweating, dental anomalies and nail dystrophy 
Dowling—Degos disease (including AD KRT5 Postpubertal reticulate hyperpigmentation of the flexures 
Galli-Galli disease) POFUT1 Comedo-like lesions on the neck and pitted perioral acneform scars and 
genital and perianal reticulated pigmented lesions have also been 
described 
POGLUT1 Generalised lesions in POGLUT7 mutation 
PSENEN Reticulated pigmentation associated with acne inversa 
Reticulate acropigmentation of Kitamura AD ADAM10 Hyperpigmented atrophic macules on the hand dorsa and ‘pits’ on the 
palms and soles with abnormal dermatoglyphics 
Peutz—Jeghers—Touraine syndrome AD STK11 Macules of the lips, buccal mucosa and digits, gastrointestinal 
hamartomatous polyps, may be associated with an increased risk of 
neoplasms 
Dyschromatoses 
Dyschromatosis symmetrica hereditaria AD ADAR1 Small hyperpigmented and hypopigmented macules on the back of the 
hand and feet 
Dyschromatosis universalis hereditaria AD ABCB6 Hypopigmented and hyperpigmented macules distributed over the entire 


Adapted from Hershkovitz and Sprecher 2008 [103]. 
AD, autosomal dominant; AR, autosomal recessive; SO, sporadic; XLR, X-linked recessive. 


HYPOPIGMENTATION 


Piebaldism — 


Introduction and general description 

Piebaldism is a rare autosomal dominant trait characterised by 
well-demarcated irregular hypopigmented macules [1]. The inci- 
dence of piebaldism is estimated at fewer than 1 in 20000. Both 
sexes are affected equally and no population is spared. 


Pathophysiology 

The disease results from heterozygous mutations in KIT, encod- 
ing c-KIT, a membranal tyrosine kinase receptor responsible for 
triggering cell proliferation and migration [2]. Dominant muta- 
tions in KIT result in impaired migration of melanocytes to the 
skin, as reflected by the absence of melanocytes and melanin in 


surface of the skin 


hypopigmented patches [2]. Piebaldism can also be caused by 
heterozygous mutation in the gene encoding the zinc finger tran- 
scription factor SNAI2 [3]. 

Morphological studies have shown either an absence of melano- 
cytes and melanosomes in the hypomelanotic areas or sometimes 
reduced numbers of abnormal large melanocytes. In the hyper- 
melanotic islands situated in areas of hypomelanosis, melanocytes 
produce normal melanosomes but also abnormal spherical and 
granular melanosomes. 


Clinical features 

The most typical and common clinical feature of the disease 
is a white forelock, often associated with a V-shaped area of 
leukoderma on the mid-forehead. The hypopigmented lesions of 
piebaldism have a predilection for the anterior part of the body 
and the mid-portion of the limbs (Figure 68.1). Often, white patches 
occur on the upper chest, abdomen and limbs, bilaterally but not 
necessarily symmetrically. Occasionally, they are found on the face, 
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Chapter 68: Genetic Disorders of Pigmentation 


Figure 68.1 Typical trunk pattern of hypopigmentation in piebaldism. 


Figure 68.2 Partial repigmentation pattern on the leg in piebaldism. 


particularly the chin. The hands and feet, as well as the back, remain 
normally pigmented. In addition, small spots of hyperpigmentation 
arise subsequently within the hypopigmented lesions or even on 
the background of normal skin (Figure 68.2). 

The extent of the areas of depigmentation is variable. Rarely, the 
white forelock may be the only lesion. Piebaldism is usually not 
associated with extracutaneous manifestations; however, mental 
retardation or deafness have been reported in the context of a large 
deletion [4]. 

Although the skin lesions in piebaldism are quite typical, the 
occurrence of isolated poliosis or skin hypopigmentation can 
suggest a number of inflammatory disorders affecting pigmen- 
tation (e.g. vitiligo, alopecia areata, Vogt-Koyanagi syndrome, 
Alezzandrini syndrome, Woolf syndrome), as well as monogenic 
(e.g. tuberous sclerosis, Waardenburg syndrome (WS)) or somatic 
(naevus depigmentosus) disorders. 

Piebaldism can be distinguished from vitiligo because of 
the neonatal presence of white patches. In cases of fair skin and 
poorly detectable lesions at birth, the medial distribution of lesions 
is quite different from that of vitiligo; hyperpigmented patches 


(b) 


Figure 68.3 (a) Note the mosaic pattern on the trunk in piebaldism. (b) Detail of 
repigmentation pattern (leg). 


which appear at the border or centre of hypopigmented patches are 
quite distinctive (Figure 68.3) and, overall, lesions remain stable in 
adults. 

If the interpupillary distance is increased or the patient is deaf, the 
diagnosis of WS must be considered. The evolution of piebaldism is 
benign. Sun protection is recommended to protect the amelanotic 
areas from burning. Epidermal cell or skin grafting have been suc- 
cessfully tried in piebaldism [5]. In contrast, phototherapy is ineffi- 
cacious, as are topical corticosteroids. 


Waardenburg syndrome 


Introduction and general description 

Waardenburg syndrome is an autosomal dominant genetic dis- 
order characterised by piebaldism and sensorineural deafness. 
A molecular classification is used (WS1-4) based on the mutant 
gene (Table 68.1). It is an autosomal dominant condition except for 
the recessive WS4 with an estimated incidence of 1 in 20 000-40 000. 


Pathophysiology 

All abnormalities seen in WS involve the neural crest lineage. Type 1 
and type 3 result from loss-of-function mutations in the PAX3 
gene [5]. Mutations in MITF result accordingly in WS type 2 [6]. 
WS type 2 is characterised by genetic heterogeneity: it was shown 
to also result from mutations in SNAI2 encoding a zinc finger 
transcription factor [7]. 

Type 4 disease is caused by mutations in at least three genes 
including EDNRB, encoding the endothelin-B receptor, EDN3, 
encoding the ligand of EDNRB, and SOX10, which, like PAX3, 
regulates the expression of MITF. Bi-allelic mutations in EDNRB 
and EDN3 result in WS type 4 whereas heterozygous mutations 
in the same genes cause isolated Hirschsprung disease [8]. Loss 
of SOX10 expression leads to abnormal expression of RET, which 
is known to cause Hirschsprung disease [9]. In addition, lack of 
SOX10 expression is associated with abnormal myelination and 
neurological signs. 


Clinical features 

Waardenburg syndrome features congenital leukoderma reminis- 
cent of piebald pattern in association with sensorineural deafness of 
varying severity. Areas of hypopigmentation may diminish in size 
or even disappear with time [10,11]. 


Clinical variants 

Waardenburg syndrome type 1 is inherited in an autosomal dom- 
inant fashion and is characterised by a white forelock, alopecia, 
hypopigmented patches, dystopia canthorum (increased distance 
between the inner canthi without any change in the distance 
between the pupils) and heterochromia irides associated with deaf- 
ness in one third to one half of cases. Patients may also display 
dysmorphic features including a broad nasal root and synophrys 
(medial hyperplasia of the eyebrows) and mild skeletal anomalies 
(Figure 68.4). WS type 2 (Klein-Waardenburg syndrome) is inher- 
ited as an autosomal dominant trait. Clinical signs are similar to 
those seen in WS type 1 except for absence of facial dysmorphism 
and dystopia canthorum, and a higher frequency of deafness and 
heterochromia. WS type 3, an autosomal dominant disorder, is rarer 
than the other types and presents the same clinical manifestations 
as type 1 in association with musculoskeletal anomalies. WS type 4 
(Shah—Waardenburg syndrome) is inherited in an autosomal reces- 
sive fashion, features the white forelock and is accompanied by 
Hirschsprung disease [5]. 


Management 
Management of the hearing loss associated with WS1 depends on its 
severity. The hearing loss in WS1 is typically non-progressive. 
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Figure 68.4 (a) Typical facial dysmorphic features and (b) supernumerary ribs in 
Waardenburg syndrome. 


Oculocutaneous albinisr 


Introduction and general description 

Oculocutaneous albinism (OCA) is a rare genetic disorder charac- 
terised by generalised depigmentation of the skin, hair and eye, 
and by ophthalmological anomalies caused by a deficiency in 
melanin biosynthesis [12]. 

A molecular classification is used (OCA1-7) derived from mutant 
genes (Table 68.1). 

The appellation of the various OCA subtypes, initially centred 
on clinical findings, has moved towards a molecular classifica- 
tion based upon the identification of causative genes. OCA is a 
genetically heterogeneous disorder. Initially, four types of OCA 
were known and recently three additional forms of OCA have 
been reported. Altogether seven genes have been implicated in the 
pathogenesis of OCA: TYR in OCA1, OCA2 in OCA2, TYRP1 in 
OCA3, SLC45A2 in OCA4, SLC24A5 in OCA6, LRMD5 in OCA7 
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Chapter 68: Genetic Disorders of Pigmentation 


Figure 68.5 White hair in a patient with oculocutaneous albinism type 1A (OCA1) 
at birth. 


and DCT in OCA8 [13-19]. OCA5 has been mapped to 4q24 but the 
gene still remains to be identified [20]. 


Epidemiology 

Oculocutaneous albinism is the most frequent form of diffuse 
hypopigmentation worldwide with a prevalence estimated around 
1/20 000. 

The prevalence of the various OCA subtypes varies considerably 
from one continent to another, but OCA1 is the most frequent 
form worldwide. OCA2 is the most frequent form among African 
patients with a prevalence that reaches 1/1000 in some populations 
in Western Africa. 


Pathophysiology and genetics 

Oculocutaneous albinism is due to a deficiency of melanin biosyn- 
thesis whereas melanocytes are normally present and distributed. 
The reduction of the amount of melanin is responsible for an 
increased sensitivity to UV radiation and for a predisposition to 
skin cancers. The ophthalmological anomalies associated with 
albinism are not only a consequence of a lack of melanin but also of 
a lack of levodopa an early intermediate of the synthesis of melanin, 
which has been shown to be required for normal retinal and visual 
development [21]. 

Oculocutaneous albinism type 1 (OCA1) is caused by mutations 
in TYR, encoding tyrosinase, which is the essential and rate-limiting 
enzyme for melanin production [13]. Variable degrees of hypopig- 
mentation extending from a complete absence of pigmentation 
to normal pigmentation are observed in OCA1 depending on the 
residual level of tyrosinase activity, which constitutes the key step 
in melanogenesis (Figure 68.5) [22]. 

Oculocutaneous albinism type 2 is caused by mutations in the 
OCA2 gene, encoding the P protein, a transmembrane protein of 
importance for melanin biosynthesis and for processing and trans- 
port of other melanosomal proteins such as tyrosinase. It seems that 
OCA2 exerts at least some of its effects by maintaining an acidic pH 
in melanosomes [23]. 


Mutations in TYRP1 are responsible for oculocutaneous albinism 
type 3. The protein encoded by this gene catalyses the oxidation of 
dihydroxyindole-2-carboxylic acid (DHICA) monomers into eume- 
lanin and serves also to stabilise tyrosinase. It is not required for 
phaeomelanin production, explaining the accumulation of the latter 
in the skin and hair in OCA3 [4]. 

Oculocutaneous albinism type 4 is caused by mutations in 
SLC45A2, encoding the membrane-associated transporter protein 
(MATP), a membrane transporter in melanosomes [5]. 

Oculocutaneous albinism type 6 is caused by mutations in 
SLC24A5, coding for a membrane-associated transporter protein 
(NCKX5). This protein is involved in proper maturation of melano- 
somes [6]. 

Mutations in LRMD5, coding a protein involved in melanocyte 
differentiation and function, are associated with oculocutaneous 
albinism type 7 [7]. 

Oculocutaneous albinism type 8 is associated with dopachrome 
tautomerase variants in patients with oculocutaneous albinism [8]. 


Clinical features 

The pigmentation of the skin, hair and eyes is in general reduced but 
its degree varies with the type of albinism. It is important to check 
pigmentary characteristics in siblings and parents to consider the 
diagnosis of albinism in its subtle variants (Figure 68.6). 

All types of OCA and ocular albinism (OA) have similar ocular 
findings, including various degrees of congenital nystagmus, 
hypopigmentation of the iris leading to iris translucency, reduced 
pigmentation of the retinal pigment epithelium, foveal hypopla- 
sia, reduced visual acuity usually in the range 20/60 to 20/400 
and refractive errors, and sometimes a degree of colour vision 
impairment [13,14]. 

Photophobia may be prominent. Iris translucency is demonstrable 
by slit lamp examination. A characteristic finding is misrouting of 
the optic nerves, consisting of an excessive crossing of the fibres 
in the optic chiasma, which can result in strabismus and reduced 
stereoscopic vision [13]. The abnormal crossing of fibres can be 
demonstrated by monocular visual evoked potential [2]. 


Clinical variants 

In the severe OCA1 form, there is a complete absence of pigmenta- 
tion with white hair and pink skin (Figure 68.5). There is no tendency 
to tan. Naevi are achromic. The visual impairment is severe with 
nystagmus, photophobia and errors of refraction. 

In other types initially described as tyrosinase positive, pig- 
mentation is highly variable and influenced by the phototype of 
the patient. Hair colour may range from white to blond to light 
brown (Figures 68.6 and 68.7). Pigmentation can increase with age. 
Dark-brown freckles may develop with age in sun-exposed areas, 
particularly in African patients with OCA2 (Figure 68.8). Visual 
acuity may improve as patients get older and they may have less 
severe nystagmus. 

Rufous albinism (OCA3) was originally described in African 
patients with TYRP1 mutations, but recent molecular investigations 
indicate that it is not restricted to African populations [15,24]. 


Differential diagnosis 
The presence of OA excludes a large number of diseases asso- 
ciated with pigment dilution. Diagnoses to be considered in the 


(b) 


Figure 68.6 Variability of hair colour among patients with OCA1. Patient with OCA1 
and white hair (a) contrasting with light brown hair in a patient with a mild form of 
OCA (b). 


case of ocular and cutaneous hypopigmentation include histidi- 
naemia, homocystinuria, phenylketonuria, Hermansky—Pudlak and 
Chediak—Higashi syndromes, as well as Cross and Tietz syndromes. 
Pure OCA has to be distinguished from syndromic forms of OCA, 
especially Hermansky—Pudlak syndrome, and a platelet secretion 
test is recommended in the initial assessment of an OCA patient 
without family history of albinism. 


Complications and co-morbidities 

The incidence of skin cancer is increased in patients with OCA, 
especially spinous cell carcinoma, which is a cause of mortality in 
Africans with OCA2. Melanoma is far less common, suggesting that 
melanin production is a key factor for melanoma risk in the context 
of UV exposure. 


Disease course and prognosis 

Lifespan in patients with OCA is normal and medical problems 
are generally not increased compared with those in the general 
population. Skin cancers may occur and regular skin checks should 
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(b) 


Figure 68.7 (a) Yellow blond hair in a child presenting with oculocutaneous albinism 
type 2 (OCA2). (b) Brown hair in an adult patient with OCA2. 


be offered. Development and intelligence are normal. Persons with 
OCA have a normal fertility. 


Investigations 

The diagnosis of OCA is based on the association of ophthalmo- 
logical manifestations with hypopigmentation of the skin and hair. 
Ophthalmological examination should include an examination 
with optical coherence tomography (OCT) of the retina showing 
characteristic foveal hypoplasia. Electrophysiological testing can 
demonstrate misrouting of the optic nerves, resulting in strabismus 
and impaired stereoscopic vision [25]. 

Due to the clinical overlap between the OCA subtypes, molecular 
diagnosis is necessary to establish a correct diagnosis, and subse- 
quently provide patients and their families with prognostic infor- 
mation and genetic counselling. 


Management 

Sun protection is mandatory to avoid skin sunburns and skin 
cancers with a special emphasis in patients living in high UV risk 
environments. Early referral to an ophthalmologist is mandatory. 
Decreased visual acuity is usually managed with corrective lenses 
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Figure 68.8 Dark-brown freckles may develop with age in sun-exposed areas 
particularly in African patients with OCA2. 


while strabismus requires eye patching or surgical correction. Dark 
glasses are important to protect the eyes and prevent photophobia. 


Hermansky-Pudlak 


Introduction and general description 

Hermansky—Pudlak syndrome is a rare type of OCA associated with 
a haemorrhagic diathesis [26,27]. Here too, a molecular classification 
has now been universally accepted recognising nine clinicogenetic 
subtypes of the disease (Table 68.1). The disorder is rare except in 
Puerto Rico. 


Pathophysiology 

The disease results from abnormal biogenesis of lysosome-related 
organelles with impaired melanosome maturation and absent dense 
bodies in thrombocytes [27]. Hermansky—Pudlak syndrome is asso- 
ciated with mutations in nine distinct genes: HPS1 (type 1) and 
HPS4 (type 4) encode components of the BLOC3 lysosomal com- 
plex, which is essential for the proper formation of lysosome-related 
organelles; AP3B1 (type 2) encodes a subunit of the AP3 complex, 
which is responsible for mediating protein sorting to lysosomes; 
HPS3 (type 3), HSP5 (type 5) and HSP6 (type 6) all encode compo- 
nents of BLOC2 and DTNBP1 (type 7), BLOC1S3 (type 8), BLOC1S6 
(type 9) and BLOC1S5 (type 11) encode components of BLOC1 
which are all required for proper melanosome maturation [28-33]. 
Mutation in AP3D1 encoding a subunit of the AP3 adaptor-like 
complex, involved in trafficking to lysosomes [34]. 


Clinical features and complications 
All subtypes of the syndrome share common clinical manifestations 
including decreased pigmentation in the eyes, hair and skin, easy 


Figure 68.9 White skin with ecchymotic lesions in a young patient with 
Hermansky-Pudlak syndrome type 4. 


bruisability and bleeding tendency, interstitial pulmonary fibrosis 
and granulomatous colitis (Figure 68.9) [35]. 

The complications of Hermansky—Pudlak syndrome are sec- 
ondary to bleeding problems, pulmonary fibrosis and colitis. Prog- 
nosis is guarded with a life expectancy of 30-50 years. 


Investigations 

Absence of dense bodies on whole mount electron microscopy of 
platelets constitutes a standard diagnostic test. Moreover, upon 
stimulation of platelets, the dense bodies, which contain adenosine 
diphosphate (ADP), adenosine triphosphate (ATP), serotonin, cal- 
cium and phosphate, release their contents to attract other platelets, 
which can be tested to screen for Hermansky—Pudlak syndrome [33]. 
For detection and evaluation of lung fibrosis, pulmonary function 
tests should be performed on a regular basis in adulthood and 
computed tomography (CT) scans when necessary. Molecular anal- 
ysis of the Hermansky—Pudlak syndrome genes helps to confirm 
the diagnosis and to give appropriate genetic counselling. 


Chédiak-Higashi sy 


Introduction and general description 

Chédiak—Higashi syndrome is a rare autosomal recessive disorder 
characterised by hypopigmentation of the skin and eye, immuno- 
deficiency and possibly neurological symptoms [36]. 


Pathophysiology and genetics 

The disease results from loss-of-function mutations in CHS1 (LYST) 
encoding a protein known as lysosomal trafficking regulator. 
The melanocytes contain giant pigment granules which arise by 
autophagocytosis and defective fission of large melanosomes [37]. 


Clinical features 

The skin is fair, the retinae are pale and the irides translucent. 
The diagnosis of Chédiak—Higashi syndrome is suspected in indi- 
viduals with clinical criteria for OCA combined with a significant 
history of pyogenic infections. Neutropenia is noted. The most 
reliable diagnostic clinical criterion for Chédiak—Higashi syndrome 
is the finding of giant inclusions in polymorphonuclear neutrophils. 
Neurological manifestations (e.g. progressive intellectual decline, 
cranial nerve palsies, decreased deep tendon reflexes, tremor and 
abnormal gait, seizures) can appear any time from childhood to 
early adulthood. 

Attenuated forms have been described with genotype—-phenotype 
correlation. Loss-of-function mutations are associated with severe 
childhood-onset form [38,39]. The accelerated phase corresponding 
to a haemophagocytic lymphohistiocytosis, occurs in 85% of indi- 
viduals at any age and can be fatal [40,41]. 

Of note, the tricho-hepato-enteric syndrome caused by muta- 
tions in the TTC37 gene share diffuse hypopigmentation, platelet 
defects and immunodeficiency with Chédiak—Higashi syndrome. 
The presence of brittle hair, liver failure and diarrhoea distinguishes 
this rare condition (Chapter 66). 


Investigations 
Peroxidase-positive giant inclusions seen in leukocytes is a first line 
diagnostic test. Light microscopy of hairs shows pigment clumping. 


Management 

The only curative treatment available for Chédiak—Higashi syn- 
drome is bone marrow transplantation. A case of complete remission 
after a combination therapy with rituximab and ciclosporin has been 
reported [42]. 


Griscelli-Pruniéras sy! 
and Il 


Introduction and general description 
Griscelli-Pruniéras syndrome is a rare autosomal recessive disor- 
der that associates hypopigmentation, characterised by a silver-grey 
sheen of the hair and the presence of large clusters of pigment in 
the hair shaft, and the occurrence of either a primary neurological 
impairment or a severe immune disorder. 


Pathophysiology and genetics 

All genetic alterations associated with Griscelli-Pruniéras syndrome 
result in defective transport of melanosomes and consequently 
abnormal accumulation of melanosomes in melanocytes. Griscelli-— 
Pruniéras syndrome type 1 results from mutations in MYO5A, 
encoding myosin 5a [43]. Type 2 disease results from mutations 
in the RAB27A gene whereas type 3 is caused by mutations in MLPH 
encoding melanophilin or by a specific genetic defect in MYOS5SA 
[44,45]. 


Clinical features 
In 1978, Griscelli et al. described two patients with partial albinism 
of the hair and skin, frequent pyogenic infections and acute 
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episodes of fever, hepatosplenomegaly, neutropenia and throm- 
bocytopenia [46]. 

Dermatological findings included pigmentary abnormalities of 
the hair variably described as silvery grey, silvery, greyish-golden 
or dusty [47]. Neurological involvement is a prominent feature. 
Patients with Griscelli-Pruniéras syndrome type 1 have primary 
central nervous system dysfunction, type 2 patients commonly 
develop haemophagocytic lymphohistiocytosis and type 3 patients 
have only partial albinism. The differential diagnosis of the disease 
in the patient presenting with silvery hair includes primarily the 
Griscelli-Pruniéras, Chédiak—Higashi, and Elejalde syndromes. 
Elejalde syndrome is inherited in an autosomal recessive fashion 
and is characterised by pigment dilution, silvery grey hair and 
neurological defects [48]. Some authors suggest that the disease 
may in fact be identical to Griscelli-Pruniéras syndrome type 1 [48]. 

Patients with Griscelli-Pruniéras syndrome are predisposed to 
the occurrence of ‘accelerated phases’ similar to those encountered 
in Chédiak—Higashi syndrome. Griscelli-Pruniéras syndrome has 
been successfully treated with bone marrow transplantation. 


Oculocerebral syndro' 
hypopigmentation ( 
syndrome/Kramer syr 


The disorder was initially described in an inbred Amish family 
and is characterised by generalised hypopigmentation with white / 
silvery hair, severe mental retardation with spastic tetraplegia and 
athetosis [49]. Ocular anomalies include microphthalmos, a small 
opaque cornea and coarse nystagmus. 

About 10 cases of Cross syndrome have been described in Amish 
and Gipsy families and in South Africa. It is an autosomal reces- 
sive disorder. The disorder maps to chromosome 3q27.1q29 but the 
defective gene remains to be identified [50]. 


Albinism-deafness sy 
(Ziprkowski-Margoli: 
syndrome/Woolf syn 


Albinism-—deafness syndrome is an X-linked disorder consisting 
of congenital deafness and partial albinism (without OA) [51,52]. 
The disease has been mapped to Xq26.3-q27.1 but the causative 
gene is unknown. [53]. Hypopigmentation has a piebald pat- 
tern, but more diffuse. Deafness is of the subtotal sensorineural 
nerve type. 


Hypomelanosis of ri «= VP 


In 1952, Ito described the occurrence of a bilateral systematised 
depigmented naevus in a 22-year-old Japanese woman [54]. 
Hypomelanosis of Ito is a rare neuroectodermal disorder often 
associated with mental retardation and epilepsy [55,56]. Prevalence 
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Figure 68.10 Hypomelanosis of Ito. 


is unknown but incidence has been estimated between 1/10 000 and 
1/8500. The phenotypic presentation is highly variable. The skin 
abnormalities are characterised by unusual unilateral or bilateral 
cutaneous macular hypopigmented whorls, streaks and patches, 
corresponding to the lines of Blaschko (Figure 68.10) [57]. Extracuta- 
neous findings include neurological, ophthalmological and skeletal 
defects. The skin lesions have to be distinguished from other mosaic 
depigmented lesions and from focal dermal hypoplasia where the 
skin shows atrophic changes. Nearly all cases are sporadic suggest- 
ing a postzygotic mutation, which is assumed to be lethal when 
transmitted to offspring. Various chromosomal anomalies have 
been identified in some patients and the current consensus is that 
the phenotype of hyper- or hypopigmentation following Blaschko 
lines is the result of cutaneous mosaicism, either for a monogenic 
or a chromosomal disorder, rather than being a distinct disease 
[57-59]. Postzygotic activating mutations in MTOR and RHOA 
have been found in patients with complex phenotype including 
pigmentary mosaicism [60,61]. 


HYPERPIGMENTATIO 


lentiginosis witho 
systemic sympto 
progressive hype! 
and hypopigmen 


Familial progressive hyperpigmentation is a very rare autosomal 
dominant disorder. The disease is characterised by sharply and 
irregular hyperpigmented patches involving both the mucosae and 


the skin. These patches are present either at birth or in early infancy 
and increase in size and number with age. 

Familial progressive hyperpigmentation-1 (FPH1) has been 
mapped to chromosome 19pter-p13.1 [62] whereas familial pro- 
gressive hyperpigmentation-2 (FPH2; MIM: 145250) is caused by 
mutation in the KITLG gene (MIM: 184745) on chromosome 12q22 
[63], which is also associated with the hyper—hypopigmented 
variant [64]. 


Incontinentia pign 


Definition 

Incontinentia pigmenti (IP) is a rare X-linked dominant multi- 
systemic ectodermal dysplasia that is usually lethal in males and 
presents classically in females with skin lesions, teeth abnormalities, 
alopecia, nail dystrophy, and ocular and neurological findings [65]. 


Epidemiology 
Birth prevalence is 0.6-0.7/1000000. The female to male ratio is 
20:1. 


Pathophysiology and genetics 

IP is caused by mutations of the IKBKG gene encoding the nuclear 
factor (NF)-«B essential modulator (NEMO), also known as the 
inhibitor of the NF-«B kinase subunit gamma (IKK-y) [66]. NEMO 
(IKK-y) is the regulatory subunit of the inhibitor of the I-«B kinase 
(IKK) complex, which activates NF-«B resulting in activation of 
genes involved in inflammation, immunity, cell survival and other 
pathways [67]. IP cells are highly sensitive to tumour necrosis 
factor-induced apoptosis that could explain the development of 
skin, retinal and neurological lesions in patients with IP. IP is an 
X-linked dominant disorder. A recurrent exon 4-10 deletion of 
the gene underlies 85% of cases. The mutation can be inherited 
from an affected mother or occur de novo. When the mother of an 
affected female carries the mutant IKBKG, the risk to siblings of 
inheriting the mutant IKBKG allele at conception is 50%; most male 
conceptuses with loss-of-function mutation of IKBKG are miscar- 
ried. Fertility is normal except for the miscarriage of affected males. 
Genetic prenatal diagnosis is available [68]. 


Clinical features 

IP cutaneous findings typically present perinatally with a red 
vesicular rash (bullous stage I; Figure 68.11a) following Blaschko’s 
lines. Stage I evolves within a few months to a verrucous stage II, 
occurring mainly on the limbs (Figure 68.11b). Stage IIT hyperpig- 
mented streaks and whorls along Blaschko’s lines begin within 
months and fade in adolescence (Figure 68.11c). Stage I rash can 
recur during febrile illness. Stage IV patients have pale, hairless, 
atrophic linear streaks or patches mostly on the lower extremities at 
adolescence. Extracutaneous abnormalities observed in IP include 
delayed dentition and missing or malformed cone-shaped teeth 
(Figure 68.12). Other manifestations include onychodystrophy, 
alopecia and a wide range of ophthalmological abnormalities with 
retinal neovascularisation (Figure 68.13). Central nervous system 
(CNS) abnormalities may comprise microcephaly, seizures and 


(a) (b) 


(c) 


Figure 68.11 (a) Incontinentia pigmenti, vesiculobullous stage, frequently wrongly diagnosed as bullous impetigo. (b) Verrucous stage. (c) Pigmentary stage, with an obvious linear 


pattern following Blaschko’s lines. 


Figure 68.12 Dystrophic teeth in a child with incontinentia pigmenti. 


neurocognitive and motor impairments. The majority (>60%) of 
patients are neurologically normal [69]. 


Differential diagnosis 

Stage I lesions have to be distinguished from other bullous 
dermatoses (bullous impetigo, epidermolysis bullosa, herpes or 
varicella). Differential diagnosis of stage II includes warts or epi- 
dermal naevus syndrome. Any condition with ‘linear and swirled’ 
pigmentation overlaps with stage III. Stage IV resembles scar- 
ring, Ito’s hypomelanosis or other hypopigmentary disorders with 
localised alopecia. 


Complications and co-morbidities 
Life expectancy is normal. Patients without neonatal CNS abnormal- 
ities typically have normal physical and cognitive development. 


Figure 68.13 Cicatricial alopecia of incontinentia pigmenti. 


Management 

No specific treatment is available for IP. Symptomatic treatment 
includes standard management of blisters. Ophthalmological 
follow-up is required for retinal neovascularisation monitoring and 
treatment (cryotherapy and laser photocoagulation) and treatment 
of retinal detachment if it occurs. Dental abnormalities should be 
managed by a paediatric orthodontist in combination with speech 
therapy and a paediatric nutrition programme. Patients should be 
referred to a paediatric neurologist for evaluation if microcephaly, 
seizures, spasticity or focal deficits are present. Brain magnetic 
resonance imaging is indicated in any child with functional neuro- 
logical abnormalities or retinal neovascularisation. 
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Linear and whorled 
hypermelanosis 


Linear and whorled hypermelanosis (LWNH) is a benign skin 
condition characterised by the onset in infancy of hyperpigmented 
regions that follow the lines of Blaschko on the trunk and limbs. 
The soles, palms, face and mucous membranes are spared. In 
general, affected individuals have no accompanying extradermal 
features [70] although the condition has been rarely associated 
with cardiovascular, neurological and musculoskeletal abnor- 
malities [2]. This phenotype is the reverse of hypomelanosis of 
Ito (Figure 68.10). Mosaic chromosomal abnormalities have been 
detected [71]. As stated above for hypomelanosis of Ito, the phe- 
notype of either hyper- or hypopigmentation following Blaschko 
lines (Figures 68.10 and 68.11) is the result of cutaneous mosaicism, 
either for a monogenic or a chromosomal disorder, rather than 
being a distinct disease. KITLG mutations in a mosaic state have 
been associated in LWNH [72]. 


Dyskeratosis congenit 


Dyskeratosis congenita (DKC) is a genetically heterogeneous dis- 
order, showing autosomal recessive, autosomal dominant and 
X-linked inheritance (Table 68.1). DKC is a disease with a highly 
variable phenotype that is classically defined by reticulated skin 
pigmentation, nail dystrophy and leukoplakia of the oral mucosa 
often undergoing malignant transformation (Figure 68.14) [73]. 
The pigmentary change may be limited to the neck, upper chest 
and proximal parts of the limbs initially, but within affected 
areas the involvement is always diffuse. Overall, predisposition 
to malignancy is an important feature and bone marrow dys- 
plasia, haematological and epithelial malignancies are frequent 
complications [74]. The disease is caused by mutations in multi- 
ple genes coding for proteins involved in telomere function and 
maintenance [75]. 

Differential diagnosis includes Fanconi anaemia, a clinically and 
genetically heterogeneous disorder that causes genomic instabil- 
ity. Fanconi anaemia is also sometimes associated with pigmentation 
anomalies including reticulated pigmentation and café-au-lait 
spots. The diagnosis is based mostly on haematological anoma- 
lies, especially pancytopenia and there is an increased risk of 
neoplasia [76]. 


Naegeli-Francesch 
syndrome and derm 
pigmentosa reticula 


These two diseases are closely related autosomal dominant ecto- 
dermal dysplasia syndromes that are both caused by mutations 
specifically located at the start of the KRT14 gene sequence [77]. 
These mutations result in haploinsufficiency for keratin 14 and 


(b) 


Figure 68.14 (a) Pigmentation of the neck associated with (b) dystrophic nails in a 
patient with dyskeratosis congenita. 


are associated with increased susceptibility of keratinocytes to 
proapoptotic stimuli [78]. 

The cardinal features of Naegeli-Franceschetti-Jadassohn syn- 
drome are reticular cutaneous pigmentation (Figure 68.15) starting 
in early life without a preceding inflammatory stage, discomfort 
provoked by heat with diminished sweat gland function, poor teeth 
and moderate hyperkeratosis of the palms and soles [79]. Males and 
females are equally affected. In dermatopathia pigmentosa retic- 
ularis, cutaneous findings include reticulate hyperpigmentation, 
non-cicatricial alopecia and onychodystrophy. These two diseases 
clinically share complete absence of dermatoglyphics, a reticulate 
pattern of skin hyperpigmentation mainly involving the trunk and 
face, palmoplantar keratoderma, abnormal sweating and other 
subtle developmental anomalies including plantar bullae in early 
childhood, dental anomalies and nail dystrophy. 


Figure 68.15 Naegeli-FranceschettiJadassohn syndrome: case of the original family. 
Courtesy of P. Itin. 


Dowling-Degos dis 


Dowling—Degos disease is an autosomal dominant form of retic- 
ulate pigmentary genodermatosis with variable penetrance that 
was first described by Dowling and Freudenthal [80]. The reticu- 
late pigmentation usually has a flexural distribution. Comedo-like 
lesions on the neck and pitted perioral acneform scars and gen- 
ital and perianal reticulated pigmented lesions have also been 
described (Figure 68.16) [81,82]. Onset is usually postpubertal and 
the reticulate hyperpigmentation is progressive and disfiguring. 
No abnormalities of the hair or nails have been reported. Gen- 
eralised Dowling—Degos disease can also occur, with numerous 
hyperpigmented or red macules and papules on the neck, chest 
and abdomen [5]. Histopathology from pigmented lesions discloses 
characteristic thin branch-like patterns of epidermal downgrowth. 


Figure 68.16 Dowling—Degos disease. 


68.13 


Hyperpigmentation disorders 


At least, four genes have been shown to be associated with 
Dowling-Degos disease. Flexural Dowling-Degos disease was 
found to be caused by loss of function mutations affecting the KRT5 
gene region encoding the initial part of keratin 5 [81]. Galli-Galli dis- 
ease, which features acantholysis on histology in addition to clinical 
and histological signs of Dowling—Degos disease, was also shown 
to result from mutations in KRT5 [83]. Generalised Dowling—Degos 
disease was found to be associated with mutations in POFUT1, 
which encodes protein O-fucosyltransferase 1 and in POGLUT1, 
which encodes protein O-glucosyltransferase 1 [84,85]. Knockdown 
of POFUT1 was shown to reduce the expression of KRT5 in ker- 
atinocytes [84]. Mutations in PSENEN are responsible for a subtype 
of DDD associated with an increased susceptibility to acne inversa 
in the presence of particular risk factors [86]. POGLUT1, POFUT1 
and PSENEN are regulators of Notch activity [87]. 


Reticulate acropign 
of Kitamura 


Reticulate acropigmentation of Kitamura (RAK) is a rare pigmentary 
disorder that has an autosomal dominant pattern of inheri- 
tance. Typical features include reticulate hyperpigmented atrophic 
macules on the dorsa of the hands (Figure 68.17) and ‘pits’ on 
the palms and soles in the first or second decade of life [88,89]. 
The macules gradually darken and tend to spread to the proximal 
regions of the extremities with progression of the eruptions that 
stops in middle age. Histopathologically, the pigmented lesions 
show pigmentation in the tip of rete ridges with thinning of the 
epidermis, elongation and thinning of the rete ridges, and slight 
hyperkeratosis without parakeratosis [90]. RAK was found to be 
caused by mutations in ADAM10 [91]. 


Peutz—Jeghers-Tour 


Peutz-Jeghers—Touraine (PJT) syndrome is a rare but very distinc- 
tive lentiginosis syndrome with an autosomal dominant pattern 
of inheritance. Typical cutaneous features include lentigines of the 
lips of early onset (Figure 68.18). Associated melanocytic macules 
of buccal mucosa and digits are common. 

Non-cutaneous features are dominated by hamartomatous 
polyps, which may occur in any part of the gastrointestinal tract but 
more consistently in the jejunum. They may lead to intussusception 
and bleeding. Malignant degeneration of the small intestinal polyps 
is rare [92]. Other polyps have been described in the kidney pelvis, 
ureter, bladder, bronchus and nose. Among non-gastrointestinal 
associated tumours in PJT syndrome, granulosa cell ovarian 
tumours are the most distinctive, but other malignant tumours 
(especially breast and pancreas) have been described [93]. 

Histologically, the oral mucosal lesions resemble lentigo simplex. 
In acral lesions there is an increased number of melanocytes with 
long dendrites filled with melanosomes, but few melanosomes 
in keratocytes, suggesting a pigment block [94]. Gastrointestinal 
hamartomas in PJT syndrome are distinct from those of other 
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(b) 


Figure 68.17 (a,b) Reticulate hyperpigmentation of Kitamura. Molecular diagnosis was 
confirmatory. Courtesy of Dr H. Ujiie and Professor H. Shimizu. 


types and show an elongated, frond-like epithelium with cystic 
dilatation of glands overlying an arborising network of smooth 
muscle bundles [92]. The disorder is due to mutations in the ser- 
ine/threonine kinase (STK11) gene [95]. Mutations in the part of the 
gene involved in ATP binding and catalysis are rarely associated 
with cancer, whereas mutations in the part of the gene involved in 
substrate recognition are more frequently associated with malig- 
nancies. Patients with PJT syndrome with breast cancers have 
predominantly truncating mutations [96]. 


DYSCHROMATOSES jl 


Dyschromatosis symmetrica 
hereditaria 


Dyschromatosis symmetrica hereditaria (DSH) - also called sym- 
metrical dyschromatosis of the extremities and symmetrical or 


Figure 68.18 Peutz—Jeghers—Touraine syndrome. Lentigines on the lower lip of a 
2-year-old girl. 


“d 
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Figure 68.19 Dyschromatosis symmetrica hereditaria. Molecular diagnosis was 
confirmatory. 


reticulate acropigmentation of Dohi [90] — is characterised by 
freckle-like pigmented macules on the face associated with small 
hyper- and hypopigmented macules affecting the back of the hands 
and feet (Figure 68.19). The condition usually begins in early child- 
hood and has been predominantly reported in Japanese and Chinese 
individuals. The prevalence of DSH in the Japanese population is 
estimated to be 1.5 per 100000 [97]. 

Dyschromatosis symmetrica hereditaria has a dominant pattern 
of inheritance and is caused by a heterozygous mutation in the 
ADARI1 gene (adenosine deaminase acting on RNA1) located 
on chromosome 1q21 [97]. ADAR1 mediates a post-transcriptional 
modification of the messenger RNA known as RNA editing. 
Miyamura et al. postulated that impaired RNA editing dur- 
ing melanoblast migration causes their differentiation into either 
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childhood. Involvement of the palms or soles is unusual. Abnor- 
malities of the hair and nails have also been reported. Also, DUH 
has been associated with neurological, ophthalmological and 
haematological complications [99]. 

There is now evidence for genetic heterogeneity in DUH. Het- 
erozygous mutations in SASH1 have associated with DUH1 [99,100], 
DURH2 maps to chromosome 12q21-q23a [99] and DUH3 is caused by 
mutation in the ABCB6 gene on chromosome 2q35 [102]. 
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(Figure 68.20). The lesions usually appear in infancy or early 
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Introduction 


Inherited blistering skin disorders are uncommon but often have 
a dramatic impact on the patient and their family, as well as 
severe economic consequences for individuals and health services. 
These rare diseases have been the subject of intensive study in 
recent years, initially with a focus on trying to identify causative 
genes and mutations, but more recently considerable activity has 
centred on translational work, developing new clinical services 
such as multidisciplinary clinics and prenatal diagnosis, as well 
as generating disease models and research that lead to clinical 
trials and the possibility of disease-modifying interventions and 
improvement in symptoms. Inherited blistering skin disorders 


are clinically and genetically heterogeneous and classification 
tends to undergo periodic revisions as new discoveries are made 
and disease nomenclature is updated. The term epidermolysis 
bullosa (EB) is sometimes used to encompass the spectrum of inher- 
ited blistering skin diseases, although precisely which disorders 
should be included within the classification of EB continues to 
be debated and changed by international consensus, especially 
with the discovery of new candidate genes and disease entities 
in which inherited skin or mucosal fragility can be a major or 
minor clinical feature. Deciphering the molecular basis of EB (and 
related disorders) is fundamental to improving our understand- 
ing of inherited blistering skin diseases, although it is important 
to maintain a practical and clinically useful framework to assist 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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dermatologists and other health care personnel in providing best 
care for patients [1]. 


Definition and classification 


EB comprises a group of genetically determined skin fragility 
disorders characterised by blistering of the skin and mucosae fol- 
lowing mild mechanical trauma. The alternative term therefore 
is mechanobullous diseases. The descriptive term epidermolysis is 
somewhat illogical because epidermal disruption is not the primary 
change in several categories of EB. Nevertheless, the name epider- 
molysis bullosa, as originally used by Koebner [1] in 1886, is now 
so well established in the literature that it remains the preferred 
term. Classification of EB, however, is difficult and not helped by 
the large variety of names and eponyms that have traditionally 
been used. Initial classification schemes were based largely on the 
mode of inheritance and clinical studies involving relatively few 
patients and families. While these early observations were clearly 
important in establishing EB as an entity, a major step forward was 
made by Pearson [2] in the 1960s who used transmission electron 
microscopy to show that the ultrastructural level of tissue cleav- 
age (blister formation) in the skin is distinctive in the three major 
groups: EB simplex, junctional EB and dystrophic EB. In addition 
to defining specific levels of blistering in the different subtypes 
of EB, ultrastructural studies were also able to identify distinct 
morphological abnormalities such as keratin filament disruption 
in EB simplex, poorly formed hemidesmosomes in junctional EB, 
and rudimentary anchoring fibrils in dystrophic EB. During the 
1980s, the immunohistochemical labelling of EB skin with basement 
membrane zone antibodies became a useful diagnostic addition, 
for example showing reduced immunostaining for proteins such as 
laminin 332 in some forms of junctional EB and type VII collagen 
in recessive dystrophic EB, respectively. Then in the 1990s, the 
discovery of candidate genes and pathogenic mutations, such as 
mutations in KRT14 in EB simplex (keratin 14) and COL7A1 in 
dystrophic EB (type VII collagen), heralded the era of molecular 
diagnostics. Subsequent advances in next generation sequencing 
have led to the identification of further skin fragility genes, includ- 
ing EXPH5 (exophilin-5), DST (bullous pemphigoid antigen 230, the 
epithelial isoform of dystonin), KLHL24 (Kelch-like family mem- 
ber 24) in EB simplex and ITGA3 (a3 integrin subunit) in junctional 
EB. Originally viewed as a disorder of blistering at or close to the 
dermal-epidermal junction, the protean variants of EB now include 
both classic forms and other skin fragility disorders (Figure 69.1); 
the major classic subtypes of EB are listed in Table 69.1 and the 
related disorders are shown in Table 69.2. 

This plethora of discoveries has had an impact on the diagnostic 
classification of EB and left dermatologists wondering whether to 
favour a classification based on phenotype, skin pathology or gene 
mutations — or a combination thereof. Mindful of that dilemma, 
over the last two decades an international consensus group has 
met on a number of occasions to review and revise the classification 
of EB. Their most recent guidelines were published in October 
2020 [3]. There has been a trend to eliminate use of historical 
eponyms and instead to use straightforward terms that refer to the 
extent of disease and severity. 


Classic forms 
of EB 


Other skin fragility 
disorders 


Peeling skin syndromes 


Hyperkeratosis with 
: skin fragility 
Erosive disorders 
Lamina lucida 


EB simplex 


Junctional iam 

Kindler EB . 
Connective tissue 
Dystrophic ep_| disorder with skin 


fragility 


Sublamina densa 


Figure 69.1 Epidermis and basement membrane illustrating the different levels where 
blisters occur in classic subtypes of epidermolysis bullosa (EB) as other types of skin 
fragility that are within the broader classification of EB. 


Prevalence and incidence 


The most accurate data available on the incidence and prevalence of 
EB are derived from the National EB Registry (USA) project, a lon- 
gitudinal study of approximately 3300 patients in the USA [1]. The 
incidence and prevalence of EB are estimated to be 19.60 per million 
live births and 8.22 per million population, respectively. Similarly, 
the incidence and prevalence rates for EB simplex are 10.75 and 
4.60; junctional EB 2.04 and 0.44; dominant dystrophic EB 2.86 and 
0.99; and recessive dystrophic EB 2.04 and 0.92, respectively. In 
other parts of the world, where consanguinity rates are higher, the 
prevalence of EB may be three to four times higher for autosomal 
recessive forms of EB, with further differences in disease subtypes 
and epidemiology [2,3]. It should be remembered, however, that 
all reported rates probably underestimate the true prevalence and 
incidence of EB, especially the clinically milder forms, because of 
recruitment or selection bias. 


Skin proteins and genes implicated in classic 
epidermolysis bullosa 


Currently, 16 different genes have been shown to harbour mutations 
germane to the pathogenesis of classic forms of EB (Figure 69.2). 
These genes encode proteins involved in the structural adhesion of 
cell-matrix junctions as well as keratinocyte integrity. Understand- 
ing the function and tissue distribution of these proteins provides 
a useful platform for understanding the clinicopathological basis 
of the protean forms of EB. With increasing understanding of 
the molecular pathology of EB, it is feasible that future classifica- 
tions of this group of disorders will be based on the nature of the 
gene/protein relevant to a particular case, and thus an overview of 
the relevant proteins is presented here before the clinical variants of 
EB are described. 


Keratins 5 and 14: KRT5, KRT14 

Keratins are the most abundant structural proteins in the cyto- 
plasm of epithelial cells, forming a network of 10nm diameter 
intermediate filaments [1]. The keratin filament network helps 


Skin proteins and genes implicated in classic epidermolysis bullosa 


Table 69.1 Classification of classic epidermolysis bullosa (EB). 


Level of skin 


cleavage EB type Inheritance Mutated gene(s) 


Autosomal dominant KRTS, KRT14 

PLEC 

KLHL24 

KRTS, KRT14 

DST 

EXPHS (syn. SLAC2B) 
PLEC 

CD15S1 (syn. TSPAN24) 


Intraepidermal EB simplex 


Autosomal recessive 


Junctional Junctional EB Autosomal recessive LAMA3, LAMB3, LAMBC2 
COL17A1 
ITGA6, ITGB4 
ITGA3 
Dermal Dystrophic EB Autosomal dominant COL7A1 
Autosomal recessive COL7A1 
Mixed Kindler EB Autosomal recessive FERMT1 (syn. KIND1) 


Reproduced from Has et al. [3] with permission from Wiley. 


Table 69.2 Other forms of inherited skin fragility disorders within the classification of EB. 
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Targeted protein(s) 


Keratin 5, keratin 14 

Plectin 

Kelch-like member 24 

Keratin 5, keratin 14 

Bullous pemphigoid antigen 230 (BP230) (syn. BPAG1e, dystonin) 
Exophilin-5 (syn. synaptotagmin-like protein homolog lacking C2 domains b, Slac2-b) 
Plectin 

CD151 antigen (syn. tetraspanin 24) 

Laminin 332 

Type XVII collagen 

Integrin «684 

Integrin «3 submit 

Type VII collagen 

Type VII collagen 

Fermitin family homologue 1 (syn. kindlin-1) 


Level of skin cleavage Disorder name Inheritance 


Mutated gene(s) 


Targeted protein(s) 


Peeling skin disorders 


Intraepidermal Peeling skin disorders 


Erosive disorders 


Intraepidermal Erosive skin fragility disorders 


Hyperkeratotic disorders with skin fragility 


Intraepidermal Keratinopathic ichthyoses 


Autosomal recessive TGMS Transglutaminase 5 
CSTA Cystatin A 
CTSB Cathepsin B 
SERPINB8& Serpin family B member 8 
FLG2 Filaggrin 2 
CDSN Corneodesmosin 
CAST Calpastatin 
DSG1# Desmoglein 1 
SPINKS LEKTI 
Autosomal recessive DSP Desmoplakin 
JUP Plakoglobin 
PKP1 Plakophilin 1 
DSC3 Desmocollin 3 
DSG3 Desmoglein 3 
Autosomal dominant KRT1, KRT10, KRT2 Keratin 1, 10, 2 
Autosomal recessive KRT10 Keratin 10 


Intraepidermal Pachyonychia congenita 


Connective tissue disorder with skin fragility 


Dermal Syndromic connective tissue disorder with skin fragility 


4 Also hyperkeratotic features. 
Reproduced from Has et al. [3] with permission from Wiley. 


maintain the shape of keratinocytes by providing both structural 
stability and flexibility. Many keratin isoforms exist, with keratin 5 
and 14 representing the major keratins in basal keratinocytes. Auto- 
somal dominant mutations in KRT5 or KRT14 result in disruption 
to keratin tonofilament assembly and function [2], and underlie 
the most common EB subtype, localised EB simplex, a condition 
affecting c.8000 people in the UK and close to 400000 worldwide. 
EB simplex usually results in minor blistering that is typically worse 
in the summer months and that does not result in scarring. There 


Autosomal dominant 


Autosomal recessive 


KRT6A, KRT6B, KRT6C, KRT16, KRT17 _— Keratin 6A, 6B, 6C, 16, 17 


PLOD3 Lysyl hydroxylase 3 


are several other clinical variants of EB simplex that also result 
from KRT5 or KRT14 mutations; most of these are dominant but 
semidominant and autosomal recessive keratin mutations have 
been reported [3-5]. 


Kelch-like family member 24: KLHL24 

KLHL24 is part of the family of more than 40 genes with a Kelch-like 
motif that forms part of a ubiquitin-ligase complex [1]. First reported 
in 2016, autosomal dominant mutations in KLHL24 have been 
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Keratinocyte 
Keratin degradation 
and recycling: 
kelch-like family 
member 24 

KLHL24 


Vesicle transport: 
exophilin-5 (slac2-b) 
EXPH5 


Actin attachment: 
kindlin-1 

' : KIND1/FERMT1 
Intermediate filament 


assembly: 
keratin 5 and 14 


KRT5, KRT14 
Basement 


membrane 


Focal contact: 
a3 integrin 
ITGA3 


Hemidesmosome complex: 

plectin, CD151 (tetraspanin), dystonin 
epidermal isoform (BPAG1-e), 

«684 integrin, type XVII collagen, 
laminin-332, type VII collagen 

PLEC, CD151, DST-e, ITGA6, ITGB4, 
COL17A1, LAMA3, LAMB3, LAMC2, 
COL7A1 


Figure 69.2 The collection of proteins involved in the pathogenesis of classic forms of 
epidermolysis bullosa. The genes encoding these proteins are indicated in blue text. 


reported in >40 families worldwide [2,3]. All mutations detected 
thus far reside within the methionine initiation codon which leads 
to adoption of a downstream methionine to initiate transcription 
and consequently truncation of the protein by 28 amino acids. 
The truncated protein is more stable than wild-type protein and it 
promotes excessive ubiquitination and degradation of keratin 14. 
Intermediate filaments become irregular and fragmented leading 
to a variant of EB simplex with cleavage through the lower pole 
of basal keratinocytes. KLHL24 is ubiquitously expressed and in 
addition to skin fragility, individuals with KLHL24 mutations have 
an increased risk of developing cardiomyopathy [4]. 


CD151 antigen/tetraspanin: CD151 

CD151 is a cell surface protein which in skin is expressed on the 
basolateral surface of basal keratinocytes concentrated within the 
hemidesmosomes [1]. It contributes to cell adhesion, motility and 
intracellular vesicular transport of integrins. CD151 is also thought 
to be important for signal transduction and cytoskeleton formation 
due to its association with phosphatidylinositol-4-kinase. A previ- 
ous report described two teenage siblings with hereditary nephritis, 
EB and f-thalassaemia minor [2]. Both showed multiple recurrent 
infected skin blisters of the lower limbs followed by atrophy, nail 
dystrophy, bilateral lacrimal duct stenosis, sensorineural deafness, 
proteinuria and anaemia. These siblings, and one other individual, 
were subsequently shown to be homozygous for a 1 bp insertion in 
CD151. Identification of a further individual with bi-allelic CD151 
mutations has led to inclusion of CD151 as a listed gene for a classic 
form of autosomal recessive EB simplex, although skin fragility is 
only a minor part of the phenotype [3]. 


Exophilin-5: EXPH5 

A consanguineous pedigree has been reported with minor 
trauma-induced skin scaling/crusting and intermittent skin blis- 
tering associated with mottled dyspigmentation [1]. Whole exome 


sequencing was used to identify a homozygous loss-of-function 
mutation in EXPH5 which encodes exophilin-5, also known as 
Slac2-b. EXPH5 is an effector protein of Rab GTPase Rab27B, 
which is thought to have an important role in intracellular vesi- 
cle trafficking along actin and tubulin networks, as well as in 
the transfer of vesicles to cell membranes [2]. Patients with this 
condition demonstrate a loss of exophilin-5 immunostaining, dis- 
rupted keratinocyte adhesion within the lower epidermis and 
increased numbers of perinuclear vesicles. This form of inherited 
skin fragility has been classified as an autosomal recessive form of 
classic EB simplex. 


Plectin: PLEC 

Plectin is an epidermal plakin protein, also found within the Z-lines 
of striated muscle [1]. Although present throughout much of the 
epidermis, in basal keratinocytes it plays a key role in linking 
the keratin filament network to hemidesmosomes at the plasma 
cell membrane. Autosomal recessive mutations in PLEC cause 
EB simplex associated with muscular dystrophy, which manifests 
as relatively minor skin blistering and progressive muscle weak- 
ness [2]. Autosomal recessive mutations in PLEC can also cause 
skin blistering with pyloric atresia, or, occasionally, both mani- 
festations. Autosomal dominant mutations in plectin may also 
occur in other forms of EB simplex; these cases do not usually 
have extracutaneous features. Mutations in PLEC are a common 
but underrecognised cause of EB simplex, accounting for almost 
one-tenth of all cases [3]. 


Dystonin epidermal isoform (BP230): DST 

Autosomal recessive mutations in the epidermal isoform of dys- 
tonin, also known as the 230 kDa bullous pemphigoid antigen 
(BP230), have been shown to result in a relatively mild form of 
inherited skin blistering [1]. Loss-of-function mutations on both 
alleles of the epidermal isoform of DST lead to a complete absence 
of the hemidesmosomal inner plaques — the sites at which ker- 
atin intermediate filaments anchor to the hemidesmosomes. It is 
therefore perhaps somewhat surprising that the clinical blistering 
is relatively trivial. In part, this can be accounted for by a com- 
pensatory upregulation in keratin 14 and plectin [2]. Pathogenic 
mutations are usually sited within the coiled-coil rod domain or 
within the intermediate filament binding domain. Although dys- 
tonin isoforms have a wide tissue distribution, neurological or 
cardiac involvement does not appear to be a clinical feature of the 
subtype classified as an autosomal recessive form of EB simplex. 


«664 integrin: ITGAG6, ITGB4 

Integrins represent a family of cell adhesion receptors that have 
important roles in ligand binding and signalling; the «6$4 inte- 
grin is involved in hemidesmosome assembly and in epithelial- 
mesenchymal signalling [1]. Mutations in ITGA6 or ITGB4 (that 
encode the a6 and {4 integrin subunits, respectively) have been 
shown to result in autosomal recessive junctional EB associated with 
pyloric atresia [2]. The clinical severity of both the skin fragility and 
degree of gastric outflow obstruction in this condition can vary but 
surgical correction of the pylorus is usually required. More severe 
forms of the disease usually result from loss-of-function mutations 
on both alleles of ITGA6 or ITGB4, although missense mutations in 


certain critical cysteine residues may also have devastating clinical 
consequences [2]. Other missense mutations can result in different 
forms of intermediate junctional EB. 


«3 integrin subunit: ITGA3 

The «3 integrin subunit is a component of focal contacts at the 
dermal-epidermal junction, where it may dimerise with 61 integrin 
and contribute to epithelial-mesenchymal signalling [1]. Autoso- 
mal recessive loss-of-function mutations have been reported in 
association with trauma-induced skin fragility [2], but affected 
individuals also displayed more striking clinical pathology with 
pulmonary inflammation and congenital nephrotic syndrome, 
reflecting the important role of «3 integrin in lung and kidney 
biology. The clinical disorder is sometimes referred to as interstitial 
lung disease, nephrotic syndrome and EB (ILNEB). Although initial 
reports indicated early demise because of lung/kidney disease, it is 
evident that ITGA3 mutations may result in varying involvement 
of the key organs with different prognoses [3]. 


Kindlin-1: KIND1/FERMT1 

Kindlin-1 is a component of different cell-matrix complexes at the 
dermal-—epidermal junction — focal contacts, which are important in 
cell migration [1]. Kindlin-1, which is also known as fermitin family 
homologue-1, is associated with anchorage of the actin cytoskeleton 
to focal contacts and the formation of a signalling platform via 
61 integrin. Autosomal recessive mutations in KIND1/FERMT1 
result in Kindler EB, a blistering genodermatosis that may resemble 
dystrophic EB in early life [2]. With increasing age, the blistering 
often diminishes and new features develop: photosensitivity and 
poikiloderma (a combination of hyperpigmentation, hypopigmen- 
tation, telangiectases and skin atrophy), which are most evident in 
sun-exposed areas. Individuals with Kindler EB may also have an 
increased risk of cutaneous malignancy (squamous cell carcinoma). 


Type XVII collagen: COL17A1 

Type XVII collagen, also known as the 180kDa bullous pem- 
phigoid antigen, is a transmembranous protein located within the 
hemidesmosome and lamina lucida [1]. It is the antigenic target 
in the autoimmune blistering disease bullous pemphigoid, but 
loss-of-function mutations on both alleles result in intermediate 
junctional EB (previously known as non-Herlitz or generalised 
atrophic benign EB) [2]. The finding that a complete loss of type 
XVII collagen results in a less severe blistering disease than com- 
plete loss of laminin-332 provides some physiological insight 
into the respective contributions of these two proteins in normal 
epidermal—dermal adhesion [2]. Some dominant missense muta- 
tions in type XVII collagen may result in defective dental enamel 
and occasionally skin fragility, but most pathogenic mutations in 
COL17A1 are autosomal recessive. 


Laminin-332: LAMA3, LAMB3, LAMC2 

Laminin-332, previously known as laminin-5, is a heterotrimeric 
protein consisting of «3, 63 and y2 laminin polypeptide chains 
located within the lamina lucida/lamina densa of the epidermal 
basement membrane [1]. Autosomal recessive mutations affecting 
both alleles of any of the three genes can give rise to severe, inter- 
mediate or more localised forms of junctional EB. Severe disease 
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(previously known as Herlitz junctional EB) is the most devastating 
form of EB, often resulting in widespread mucocutaneous fragility 
and a poor prognosis, with most affected individuals not surviving 
beyond infancy [1]. Clinically less severe forms of junctional EB 
are usually associated with mutations that allow for some residual 
functional laminin-332 protein. Mutations in the LAMA3A isoform 
of the LAMA3 gene are associated with a form of junctional EB 
known as laryngo-onycho-cutaneous syndrome, in which excessive 
granulation tissue can develop leading to laryngeal obstruction and 
blindness [2]. 


Type VII collagen: COL7A1 

Type VII collagen is the major component of anchoring fibrils 
[1]. These adhesion complexes insert into the dermal side of the 
lamina densa and are traversed by dermal collagen fibres to pro- 
vide adhesion between the epidermis and dermis. Mutations in 
COL7A1 underlie both autosomal dominant and autosomal reces- 
sive forms of dystrophic EB. Typically, loss-of-function mutations 
on both alleles of COL7A1 underlie the severe forms of recessive 
dystrophic EB, where affected individuals develop widespread 
trauma-induced blistering [2]. Poor wound healing results in 
chronic wounds, mutilating scar formation and an increased inci- 
dence of early, aggressive cutaneous malignancy. However, there 
is a spectrum of clinical severity in recessive dystrophic EB with 
some less disruptive mutations giving rise to milder phenotypes. 
Dominant dystrophic EB is usually clinically less severe than reces- 
sive disease and most cases result from heterozygous missense 
mutations within the type VII collagen triple helix. 


Other proteins and genes linked to skin 
fragility 


In addition to the above proteins and genes that are currently impli- 
cated in the classic forms of EB, a number of other genetic disorders 
associated with skin fragility have also been described. Whether 
these proteins/genes and clinical entities all should be included in 
the classification of EB is much debated and currently not resolved, 
but they all feature in the latest umbrella classification [1] and are 
therefore detailed in this chapter. 


Transglutaminase 5: TGM5 

Autosomal recessive mutations in TGM5 have been shown to under- 
lie acral peeling skin syndrome [1]. Transglutaminase 5 is one of 
eight different transglutaminase enzymes expressed in the skin and 
has a distinct role in the formation of the cornified cell envelope [2]. 
In acral peeling skin syndrome, the level of blister formation occurs 
above the granular layer, just below the stratum corneum. How- 
ever, given the increased thickness of the stratum corneum in the 
palms and soles relative to other body sites, the clinical appearances 
often resemble the most common form of localised EB simplex and 
indeed may cause some clinical confusion [2]. Acral peeling skin 
associated with TGM5 mutations may be more common than is cur- 
rently appreciated since up to 1.5% of individuals in some popula- 
tions, particularly in northern Europe, may be carriers of a common 
mutant ancestral allele. 
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Cystatin A: CSTA 

Cystatin A (also known as stefin A) is a protease inhibitor which 
targets papain-like lysosomal cysteine proteases, such as cathepsins 
B, H and L [1]. Cystatin A mainly has an intracellular localisation 
but is also detectable in sweat and in the medium of cultured 
keratinocytes. Loss-of-function mutations in CSTA result in auto- 
somal recessive exfoliative ichthyosis [2], although the phenotype 
is sometimes also referred to as acral peeling skin syndrome, other 
cases of which are caused by mutations in TGM5. Dysadhesion 
occurs within the basal and lower spinous layer; loss of the cystatin 
A protein leads to a cell-cell adhesion defect in keratinocytes that is 
prominent when cells are subject to mechanical stress. 


Cathepsin B: CTSB 

Abnormalities in the functioning of the CTSB gene encoding cathep- 
sin B have been implicated in keratolytic winter erythema [1]. 
Initially disregarded as a candidate gene, the molecular pathology 
for this peeling skin condition was finally established as tandem 
duplications in a non-coding genomic region containing an active 
enhancer element for CTSB, resulting in upregulation of this gene 
in affected individuals. Cathepsin B is a cysteine protease involved 
in keratinocyte homeostasis that is found throughout the spinous 
layer and in intercellular spaces [2], but which shows enhanced 
expression in keratolytic winter erythema, particularly in the gran- 
ular layer. Levels of the protease may be modified by environmental 
factors thereby accounting for the seasonal changes in phenotype. 


Serpin B8: SERPINB8& 

SERPINS comprise a large and functionally diverse family of ser- 
ine protease inhibitors. Loss-of-function mutations in SERPINB8 
result in an autosomal recessive form of exfoliative ichthyosis [1]. 
Functionally, loss of SERPINB8 leads to dysadhesion between 
keratinocytes, particularly when cells are subjected to mechanical 
stress. Serine protease cascades appear to be involved in various 
processes that are essential for epidermal differentiation, such as 
lipid barrier formation and assembly of the cornified envelope [2]. 
Clinically, the skin fragility manifests as superficial peeling on 
the hands and feet (palmoplantar and dorsal aspects) and may be 
aggravated by heat, humidity and friction. 


Filaggrin 2: FLG2 

Mutations in FLG1 are known to be implicated in the pathobiology 
of ichthyosis vulgaris and atopic dermatitis, but mutations in a 
different filaggrin gene, FLG2, result in a skin fragility disorder 
referred to as autosomal recessive peeling skin syndrome type A [1] 
or generalised ichthyotic peeling skin syndrome [2]. Filaggrin 2 
is expressed throughout the cornified cell layers and co-localises 
with corneodesmosin which plays a crucial role in maintaining 
cell-cell adhesion in this region of the epidermis. Lack of filaggrin 
2 markedly decreases corneodesmosin expression, which may 
contribute to the peeling phenotype displayed by individuals with 
biallelic FLG2 mutations. In this setting, keratinocyte dysadhesion 
is also aggravated by temperature elevation. 


Corneodesmosin: CDSN 
Corneodesmosin is an essential component of corneodesmosomes 
and must undergo degradation so that desquamation can occur. 


Surprisingly, autosomal dominant mutations in CDSN have been 
shown to underlie hereditary hypotrichosis simplex rather than 
a skin barrier abnormality [1]. However, autosomal recessive 
mutations in CDSN have been described in patients with a form 
of generalised skin peeling disease [2]. Clinically, loss of cor- 
neodesmosin expression results in profound skin barrier disruption 
with marked inflammation and a predisposition to atopy and food 
allergy as well as symptoms of pruritus. The barrier disruption asso- 
ciated with corneodesmosin loss does not resemble trauma-induced 
fragility and the clinical syndrome does not show much overlap 
with other desmosomal blistering genodermatoses. 


Calpastatin: CAST 

Calpastatin is an endogenous specific inhibitor of calpain, a 
calcium-dependent cysteine protease. Loss-of-function mutations 
in the calpastain gene, CAST, are the genetic cause of an autoso- 
mal recessive condition characterised by generalised Peeling skin, 
Leukonychia, Acral punctate keratoses, Cheilitis and Knuckle pads, 
which gives rise to the acronym PLACK syndrome [1]. In normal 
skin, calpastatin is localised throughout the epidermis and has a 
cytoplasmic localisation but is absent in PLACK syndrome skin. 
Calpastatin is a specific endogenous protease inhibitor of calpains 
(u-calpain and m-calpain), cysteine proteases that are involved in 
keratinocyte growth, migration and cell cycle regulation [2]. 


Desmoglein-1: DSG1 

Desmoglein-1 is a transmembranous desmosomal cadherin pre- 
dominantly expressed in the superficial epidermis. It is the autoanti- 
gen targeted in the autoimmune blistering skin disease pemphigus 
foliaceus, and the target for bacterial toxins in staphylococcal 
scalded skin syndrome [1]. Autosomal dominant mutations in DSG1 
have been reported in striate palmo-plantar keratoderma, although 
semidominant inheritance may occur in some pedigrees [2]. This 
condition is not normally associated with skin blistering, although 
histological changes of impaired cell-cell adhesion are often present 
and clinical signs of skin fragility are seen in some cases. Biallelic 
mutations in DSG1 have also been described in individuals with 
disruption of the skin barrier [3]. Notably, loss of cell adhesion 
within the epidermis led to severe dermatitis, multiple allergies and 
metabolic wasting. An upregulation of allergy-related cytokines, 
including interleukin-17, secondary to the loss of cell adhesion was 
also observed. 


Serine protease inhibitor Kazal-type 5: SPINK5 

One of the major proteases involved in stratrum corneum desqua- 
mation is kallikrein 5, the major inhibitor of which is lympho- 
epithelial Kazal-type inhibitor (LEKTI) encoded by the serine 
protease inhibitor Kazal-type 5 (SPINK5) [1]. Biallelic loss-of- 
function mutations in SPINK5 have been shown to result in Nether- 
ton syndrome, a severe autosomal recessive form of ichthyosis 
with defective cornification, hypotrichosis with trichorrexis invagi- 
nata, and atopic manifestations such as atopic dermatitis and hay 
fever, along with high serum IgE levels and hypereosinophilia [2]. 
Increased proteolytic activity in the superficial epidermis caused by 
SPINK5 mutations leads to diminution or loss of the granular and 
horny layers and a distinctive defect in skin barrier function. 


Desmoplakin: DSP 

Desmoplakin is the major intracellular structural component of the 
desmosomal plaque. Autosomal dominant mutations in DSP can 
give rise to striate palmo-plantar keratoderma, a disorder charac- 
terised by linear thickening (but no blisters) on trauma-prone sites 
on the palms or weight-bearing areas on the soles [1]. Other domi- 
nant mutations underlie cases of arrhythmogenic cardiomyopathy, 
often in the absence of any cutaneous abnormalities. Furthermore, 
autosomal recessive mutations in DSP can result in woolly hair 
and keratoderma with or without cardiomyopathy. Some recessive 
mutations in DSP can result in devastating mucocutaneous skin 
fragility, with pan-epidermal acantholysis [2]. Loss of desmoplakin 
expression in these cases leads to early death because of the pro- 
found skin loss and potential involvement of other organs, notably 
the heart. 


Plakoglobin: JUP 

Plakoglobin is an intracellular armadillo protein component of the 
desmosome which helps anchor the constituents of the desmosomal 
plaque to the keratin intermediate filaments [1]. Autosomal reces- 
sive mutations have been reported in individuals with Naxos dis- 
ease — a combination of woolly hair, palmo-plantar keratoderma and 
cardiomyopathy; heterozygous carriers may also be prone to cardiac 
arrhythmias or heart failure [2]. Other autosomal dominant muta- 
tions may cause cardiomyopathy although skin fragility may be an 
unusual feature. In contrast, individuals with recessive mutations 
in JUP may have variable skin fragility, hair abnormalities and ker- 
atoderma with early or late onset cardiac abnormalties [3]. Some 
JUP mutations may result in pan-epidermal acantholysis resulting in 
widespread erosions, transcutaneous fluid loss, onycholysis, alope- 
cia and early demise [4]. 


Plakophilin-1: PKP1 

Inherited skin fragility has also been shown to result from autoso- 
mal recessive mutations in the desmosomal protein plakophilin-1 
resulting in ectodermal dysplasia-skin fragility syndrome [1]. The 
skin fragility results from a loss of keratinocyte adhesion within the 
desmosomal inner plaque; the ectodermal dysplasia partly results 
from altered differentiation and proliferation in the epidermis 
but also from the fact that plakophilin-1 is present in the nuclei 
of cells that lack desmosomes. In those cells, the interactions of 
plakophilin-1 with other signalling molecules involved in epithe- 
lial development may be disrupted. Plakophilin-1 is essential for 
desmosome assembly and stabilisation, particularly in the spinous 
and granular epidermal layers [2], with pathogenic mutations 
leading to acantholysis in the spinous layer but with intact basal 
keratinocyte adhesion. 


Desmocollin 3: DSC3 

Desmocollin 3 is one of the transmembranous desmosomal cad- 
herins that is expressed throughout the epidermis, particularly 
in the basal keratinocyte layer [1]. Interactions between DSC3 
and other desmosomal proteins such as DSG1 and plakophilin-3 
are crucial for keratinocyte cohesion and epidermal integrity. 
Autosomal recessive mutations in DSC3 result in pan-epidermal 
acantholysis with clinical features of skin fragility and hypotri- 
chosis [2,3], although the blistering is highly variable and may 
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not be present in early life. Perifollicular hyperkeratosis and ghost 
follicles are noted on dermoscopy [3]. Mice lacking Dsc3 show 
widespread trauma-induced skin fragility and telogen hair loss and 
thus resemble the key features of the human genodermatosis [1]. 


Desmoglein 3: DSG3 

Desmoglein-3 is a demosomal cadherin that is found predominantly 
in the basal and spinous layers of the cutaneous epidermis, and 
which is expressed in stratified squamous non-cornified epithe- 
lia [1]. The only case thus far of genetic inactivation of DSG3 was a 
Korean girl with congenital blistering and erosions of the oral and 
laryngeal mucosa [2]. A homozygous nonsense mutation in DSG3 
led to absent DSG3 expression in the skin and oral mucosa, although 
no clinical manifestations in the skin. Furthermore, the conjunctival 
and genital mucosa, nails and hair were also unremarkable [2]. The 
compensatory mechanisms underlying the lack of skin blistering 
remain to be characterised. 


Keratins 1, 10 and 2: KRT1, KRT10, KRT2 

The major epidermal keratins in the spinous layer of the epidermis 
(i.e. superficial to the basal keratinocytes) are keratins 1 and 10, 
mutations in which result in epidermolytic ichthyosis, sometimes 
also called keratinopathic ichthyosis [1]. Also expressed in the 
superficial spinous layer is keratin 2, mutations in which cause 
superficial epidermolytic ichthyosis [1]. Although these conditions 
cause microscopic evidence of keratinocyte cytolysis (hence the 
term epidermolytic), and there may be clinical overlap with some 
EB subtypes, particularly with EB simplex in neonates, the major 
pathological consequences are altered epidermal differentiation 
and proliferation leading to scaling (ichthyosis). For that reason, 
genodermatoses involving mutations in KRT1, KRT10 and KRT2 
are classified as forms of ichthyosis rather than primary blistering 
genodermatoses [2]. 


Keratins 6A, 6B, 6C, 16 and 17: KRT6A, KRT6B, 
KRT6C, KRT16, KRT17 

Within the family of epithelial keratins are the differentiation-specific 
keratins that include keratins 6A, 6B, 6C, 16 and 17, which are 
expressed in certain sites including skin, nails and oral mucosa [1]. 
Mutations in these keratins result in a group of autosomal dominant 
conditions called pachyonychia congenita [2]. Affected individu- 
als have a painful and debilitating plantar keratoderma, variable 
hypertrophic nail dystrophy, oral leukokeratosis and epidermal 
cysts. Painful keratoderma can occur due to deep blisters forming 
under the callus. 


Procollagen-lysine,2-oxoglutarate 5-dioxygenase 

3: PLOD3 

PLOD3 encodes lysyl hydroxylase 3 (LH3) which glycosylates 
hydroxylysine residues and, amongst other functions, contributes 
to the post-translational modification of type VII collagen, the major 
component of anchoring fibrils within the cutaneous basement 
membrane zone. Recessive mutations in PLOD3 compromise type 
VII collagen function and lead to skin blistering resembling a form 
of dystrophic EB [1]. However, blistering is a minor part of the 
phenotype which involves widespread connective tissue and bony 
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anomalies [2]. Mutations in PLOD3 are therefore proposed to result 
in a syndromic form of dystrophic EB. 


Clinical subtypes of classic forms of EB 


The classic forms of EB are divided into four groups: EB simplex, 
junctional EB, dystrophic EB and Kindler EB. 


EB simplex 

The subtypes of EB simplex are subdivided into autosomal domi- 
nant and autosomal recessive variants, some of which are listed as 
syndromic disorders because of their extracutaneous manifestations 
(Table 69.3). 


Autosomal dominant localised EB simplex 

This is the most common type of EB. Inheritance is autosomal domi- 
nant. The soles and palms (Figures 69.3 and 69.4) are mainly affected, 
with the exception of the sides of the toes, and blistering may be 
painful [1]. Many patients have blisters only on the feet, and a minor- 
ity (c.10%) will have blisters at other sites, such as the hands, waist 
or neck, especially in hot weather and after friction from clothing 
or other sources. In most individuals blistering starts in childhood, 
but onset may be delayed until early adult life, only manifesting 
after strenuous physical activity. The condition is typically worse in 
warm weather. Hyperhidrosis of the feet is common; this increases 
friction, which also exacerbates blistering. The blisters usually heal 
without clinically significant scarring or milia formation, although 
both may infrequently be seen. Discrete and sometimes punctate cal- 
luses are very common, especially in adults. Although troublesome 


Table 69.3 Epidermolysis bullosa simplex (EBS) clinical subtypes. 
Most common EBS clinical subtypes Targeted protein(s) 


Autosomal dominant EBS 


Localised Keratin 5, keratin 14 
Intermediate Keratin 5, keratin 14 
Severe Keratin 5, keratin 14 
With mottled pigmentation Keratin 5° 

Migratory circinate erythema Keratin 5 
Intermediate Plectin 


Intermediate with cardiomyopathy Kelch-like member 24 


Autosomal recessive EBS 


Keratin 14, keratin 5 

Plectin 

Bullous pemphigoid antigen 
230 (BP230) (syn. BPAG1e) 

Exophilin-5 (syn. Slac2-b) 


Intermediate or severe 
Intermediate 
Localised or intermediate with BP230 deficiency 


Localised or intermediate with exophilin-5 
deficiency 

Intermediate with muscular dystrophy 

Severe with pyloric atresia 

Localised with nephropathy 


Plectin 

Plectin 

CD151 (CD151 antigen) 
(syn. tetraspanin 24) 


@ Typical recurrent mutation in keratin 5, but cases with other keratin 5, keratin 14 or 
exophilin-5 mutations have been reported; bold, syndromic EBS subtypes. 
Reproduced from Has et al. [3] with permission from Wiley. 


Figure 69.3 Blisters on the foot in a patient with localised epidermolysis bullosa simplex. 


Figure 69.4 Blisters, some of which are haemorrhagic, and erosions on the palm in a 
patient with localised epidermolysis bullosa simplex. 


blistering or ulceration of the oral mucosa is rare, at least 25% of 
infants may develop occasional small intraoral lesions, especially 
palatal and worsened by trauma from narrow bore bottle feeding. 
The hair and teeth are normal; nail dystrophy is infrequent and is 
usually localised and mild when it does occur. Most cases result 
from point mutations in KRT5 or KRT14 (encoding keratin 5 and 14, 
respectively) that lead to amino acid substitutions [2]. 


Autosomal dominant intermediate EB simplex 

This subtype of EB includes inherited blistering previously known 
as Koebner EB simplex and generalised intermediate EB sim- 
plex [1]. Most cases are autosomal dominant. Although usually 
mild, approximately 60% of patients have localised scarring and 
approximately 15% have milia. The development of hair, teeth and 
nails is normal. The nails rarely may be affected by acral blisters but 
are only temporarily shed. Blisters appear within the first year and 


may be present at birth. In infancy, they commonly appear on the 
occiput, back and legs, while in childhood the hands and feet are 
often affected, although the palms and soles are not preferentially 
involved, as in localised EB simplex. In common with other forms 
of EB simplex, blistering is worse in warm weather. Although blis- 
tering occurs throughout life, some patients are alleged to improve 
after puberty. In some authors’ experience, this subtype of EB sim- 
plex is rare in comparison with the localised or severe forms of EB 
simplex. At times it may be difficult to readily distinguish this EB 
simplex subtype from patients with localised EB simplex who are 
experiencing a disease flare. Missense mutations in keratins 5 and 14 
have been shown in most cases [2]. Some intermediate forms of EB 
simplex may also arise from mutations in plectin (PLEC); such cases 
may or may not have additional extracutaneous anomalies. Within 
this subtype of EB simplex is the condition previously referred to as 
the Ogna variant. 


Severe EB simplex 

A further common subtype of EB simplex is the severe variant, 
previously known as Dowling—Meara or generalised severe EB sim- 
plex. Inheritance is autosomal dominant although approximately 
30% of cases are sporadic (new mutations). Blisters tend to occur in 
groups reminiscent of those seen in dermatitis herpetiformis, hence 
the earlier use of the term EB herpetiformis. In infancy, blistering 
may be severe and extensive with involvement of the mucous 
membranes, shedding of nails and formation of milia, the latter 
often occurring during the first week of life [1]. The differential 
diagnosis at this age may include both the junctional and recessive 
dystrophic forms of EB. After several months, blistering of the palms 
and soles becomes more frequent, as it does elsewhere. The distinc- 
tive feature of this condition is spontaneous herpetiform, annular 
or arcuate blistering on the trunk, limbs and neck (Figure 69.5). 
Healing of blisters may leave mild hyperpigmentation; localised 
atrophic scarring affects approximately 40% of patients. Irregular 
hyperkeratosis of the palms and soles, eventually developing into 
a confluent keratoderma, first appears in childhood. The general 
condition tends to improve with age. Most cases result from het- 
erozygous missense mutations in KRT5 or KRT14 but unlike those 
in localised EB simplex, the amino acid substitutions involve key 
residues involved in keratin filament polymerisation [2]. 


Autosomal dominant EB simplex with mottled 
pigmentation 

This autosomal dominant condition can be distinguished from other 
forms of EB simplex by the associated pigmentary changes, which 
are present at birth or appear during infancy [1]. There is a reticulate 
pattern of small, tan-coloured macular lesions, which may spread 
from acral sites to the trunk and which fade with age (Figure 69.6). 
They may cover the entire skin surface but preferentially involve 
the neck, upper trunk or extremities. Blistering may be localised or 
become more generalised. Punctate keratoses on the palms and soles 
sometimes progressing to keratoderma have been noted in some 
cases. Mild localised skin atrophy and nail dystrophy are also fea- 
tures of the condition. Previously thought to be rare, more cases have 
been reported in recent years. This increase has been facilitated by 
the discovery that most cases harbour the same heterozygous mis- 
sense mutation in keratin 5 [2], although other mutations in keratin 
14 or exophilin-5 have also been implicated. 
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! 


Figure 69.5 Grouped blisters on an erythematous base in severe epidermolysis bullosa 
simplex. 


Figure 69.6 Epidermolysis bullosa simplex with mottled pigmentation on the lower limb 
in an 18-month-old child. Courtesy of Prof. J. E. Mellerio, St John’s Institute of 
Dermatology, London, UK. 


Autosomal dominant EB simplex with migratory circinate 
erythema 

A small number of individuals and families have been reported 
with an autosomal dominant form of EB simplex characterised by 
migratory circinate redness and postinflammatory hyperpigmenta- 
tion [1]. Present at birth, blistering may be generalised. Following 
signs of skin fragility, there are often centrifugally expanding cir- 
cinate erythematous plaques which may also be itchy. Some cases 
have been misdiagnosed as tinea corporis. The underlying cause 
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of this entity typically involves heterozygous frameshift mutations 
in KRT5 (encoding keratin 5) leading to skin inflammation with a 
T-cell infiltrate [2]. 


Autosomal dominant intermediate EB simplex 

with cardiomyopathy 

Following advances in next generation sequencing technology, 
a new form of autosomal dominant EB simplex was described 
in 2016 [1,2]. Affected individuals often have quite marked birth 
trauma, especially on the lower legs, with additional early blistering 
often involving the trunk and upper limbs. These lesions typically 
heal quickly with subtle atrophic scarring, but blistering persists 
throughout childhood. Nails defects and oral ulceration are com- 
mon; transient milia may also occur (Figure 69.7). With increasing 
age, blistering severity tends to lessen. The molecular pathology 
involves mutations affecting the methionine initiation codon of 
Kelch-like family member 24 (KLHL24). The truncated protein 
results in abnormal autoubiquitination of keratin 14 and reduced 
levels of functional keratin 14. A key clinical point is that individuals 
with KLHL24 mutations are prone to develop cardiac arrythmias and 
cardiomyopathy which may manifest in teenagers and adults [3]. 


Intermediate or severe autosomal recessive EB simplex 

Although most mutations in KRT5 or KRT14 in EB simplex are 
autosomal dominant, pathogenic recessive mutations in both these 
genes have been reported that give rise to autosomal recessive 
forms of EB simplex. Clinically, cases may resemble intermediate 
EB simplex although the latter is typically autosomal dominant 
(Figure 69.8). Blisters are often scattered and there is usually 
minor palmo-plantar keratoderma and varying degrees of nail 
dystrophy, atrophic scarring, hyperpigmentation and oral and 
genital blistering [1]. Nevertheless, it is perhaps surprising that 
a complete absence of keratin 14 usually leads to a less severe 
phenotype than some heterozygous missense mutations, such as 
those that occur in severe EB simplex [2]. Heterozygous carriers of 
these nonsense mutations usually show no phenotypic abnormal- 
ities (although other heterozygous nonsense mutations in KRT14 
underlie Naegeli-Franceschetti-Jadassohn ectodermal dysplasia). 
Homozygous missense mutations or nonsense mutations have also 


been reported in KRT5 [3]. Most cases are phenotypically similar to 
KRT14 knockouts although complete loss of KRT5 in one individual 
was associated with neonatal lethality [3]. Autosomal recessive 
mutations in PLEC may also result in an intermediate form of EB 
simplex that is indistinguishable from other clinical intermediate 
subtypes. Genotype-phenotype correlation for PLEC mutations is 
complex and may relate to the multiple different isoforms of plectin 
expressed in various tissues [4]. 


Autosomal recessive EB simplex with BP230 deficiency 

The 230kDa bullous pemphigoid antigen (BP230) is a structural 
component of the hemidesmosomal inner plaque. An autosomal 
recessive form of EB simplex has been described in which nonsense 
mutations lead to a complete loss of BP230 protein expression in 
skin [1]. Blistering is lifelong and generalised but clinically is mild, 
with only a few predominantly acral blisters that can extend to 
several centimetres in size but which are non-inflammatory and 
which heal with no scarring and only mild postinflammatory pig- 
mentary anomalies (Figure 69.9) [2]. Oral and genital mucosae are 
not affected. The gene encoding BP230 is an isoform of dystonin 
(DST) but the encoded protein is different from the DST transcripts 
expressed in brain and muscle and therefore no extracutaneous 
abnormalities have been noted in patients with inherited skin 
fragility. A variant of this form of EB simplex has been described 
with prurigo-like features [3]. 


Autosomal recessive localised or intermediate EB simplex 
with exophilin-5 deficiency 

Autosomal recessive loss-of-function mutations in EXPH5 (encod- 
ing exophilin-5, also known as Slac2-b) result in mild, scattered, 
trauma-induced skin fragility, although blistering can be gener- 
alised shortly after birth [1,2]. In later infancy, however, the clinical 
features mostly comprise crusted erosions on the limbs with few 
intact blisters. No mucosal abnormalities are noted. Exophilin-5 is 
involved in the intracellular transport of vesicles in keratinocytes 
and in focal adhesion dynamics. The loss of exophilin-5 leads to 
keratin filament disruption and intraepidermal skin fragility, as 
well as intercellular keratinocyte separation, particularly within the 


Figure 69.7 Epidermolysis bullosa simplex with cardiomyopathy due to a mutation in 
KLHL24. Acral blistering, mild atrophic scarring, scattered milia (transient) and minor nail 
dystrophy on the foot in an 8-month-old child. 


Figure 69.8 Acral blistering in a patient with autosomal recessive epidermolysis bullosa 
simplex with loss of keratin 14 expression in the skin. 


Figure 69.9 Localised blistering on the foot in a patient with autosomal recessive 
epidermolysis bullosa simplex due to autosomal recessive mutations in BP230. Courtesy 
of Dr A. Nanda, Kuwait. 


lower epidermis. In some cases there may be pigmentary changes in 
the skin resembling autosomal dominant EB simplex with mottled 
pigmentation (see earlier) [3]. 


Autosomal recessive intermediate EB simplex 

with muscular dystrophy 

Several families have been described in which skin fragility and 
blistering are associated with a neuromuscular disorder, chiefly 
muscular dystrophy, although myasthenia gravis and spinal mus- 
cular atrophy have also been described; cardiomyopathy can occur 
too [1]. The blisters, which affect the skin and oral mucosa, are 
present at birth or soon afterwards. Muscle weakness and wasting 
may be severe and evident in early childhood, or milder and only 
detectable later in life. The blistering may be widespread but can 
be limited to the hands and feet (Figure 69.10). There is associ- 
ated atrophic scarring, milia, nail dystrophy and alopecia, which 
can mimic junctional or dystrophic EB. Supraglottic scarring and 
hoarseness that may necessitate tracheostomy are an important 
potential complication [2]. The disorder is autosomal recessive and 
results from mutations in PLEC, encoding plectin, a component of 
the hemidesmosomal inner plaque in the skin basement membrane 
but also found in the Z-lines of striated muscle. Nevertheless, 
there is a considerable range of phenotypes associated with PLEC 
mutations; PLEC has at least eight isoforms with varying expres- 
sion patterns in different tissues and the sites of the underlying 
mutations have implications for cutaneous and extracutaneous 
manifestations. 


Autosomal recessive severe EB simplex with pyloric 

atresia 

Pyloric atresia may rarely occur in the setting of EB simplex — most 
cases are classified as a junctional form of EB [1]. Affected infants 
tend to have generalised skin disease. Although only a few cases 
have yet been reported, this entity appears to be as severe as junc- 
tional EB with pyloric atresia and clinically impossible to differenti- 
ate from it. There are widespread blisters and erosions that increase 
infection risk with early demise in the neonatal period. As such, this 


Figure 69.10 Acral blisters and nail dystrophy in a patient with epidermolysis bullosa 
simplex with muscular dystrophy due to autosomal recessive mutations in plectin. 


is one of the forms of EB simplex that is associated with a gener- 
ally poor prognosis. Inheritance is autosomal recessive and involves 
mutations in PLEC — usually outside exon 31, the exon in which most 
of the pathogenic mutations that associate with muscular dystrophy 
are located [2]. PLEC mutations are typically associated with a low 
level of cleavage within basal keratinocytes but focal detachment 
within the lamina lucida is also often evident, making the distinction 
between classification as EB simplex or junctional EB challenging. 


Autosomal recessive localised EB simplex 

with nephropathy 

A recent addition to the classification of classic forms of EB simplex 
is a disorder resulting from biallelic mutations in CD151, encoding 
the CD151 antigen which is also known as tetraspanin 24. Although 
autosomal recessive mutations in CD151 were first reported in 
2008 in which skin blistering was documented [1], the predom- 
inant clinical pathology involved the kidneys and therefore the 
clinicopathological manifestations were not included in the list of 
recognised EB subtypes. However, a further case in 2018 led to a 
classification amendment [2]. In that report, the clinical features 
resembled Kindler EB with widespread blistering, especially on the 
shins, as well as poikiloderma, loss of teeth, early-onset alopecia 
and oseophageal stricture. As in the earlier cases, nephropathy with 
proteinuria was a major co-pathology. 


Molecular pathology of classic EB simplex 

To date, mutations in 7 different genes underlie the disease pheno- 
types denoted as classic forms of EB simplex. Mutations in KRT5 
(keratin 5), KRT14 (keratin 14) or PLEC (plectin) may result in 
autosomal dominant or autosomal recessive forms of EB simplex. 
Mutations in KLHL24 (Kelch-like family member 24) exclusively 
result in autosomal dominant EB simplex, whereas mutations in 
DST (dystonin epithelial isoform, 230-kDa bullous pemphigoid 
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antigen), EXPH5 (exophilin-5) or CD151 (tetraspanin 24) all under- 
lie recessive forms of EB simplex. Occasionally digenic (KRT5 and 
KRT14) inheritance can occur. Approximately two-thirds of all 
EB simplex cases have underlying mutations in KRT5 or KRT14. 
With regard to genotype-phenotype correlation, mutations in 
the severe forms of classic autosomal dominant EB simplex are 
usually located within the helix initiation and termination motifs 
of the keratins, critical sites for stacking and assembling keratin 
monomers in the process of intermediate filament polymerisa- 
tion. Other milder intermediate or localised forms of EB simplex 
typically have mutations in less critical parts of the protein such 
as the linker or tail regions. Nevertheless, perhaps up to 25% of 
all cases of classic localised forms of EB simplex do not harbour 
mutations in KRT5 or KRT14; the molecular basis of such cases is 
currently unknown. Heterozygous mutations in PLEC may result 
in autosomal dominant intermediate forms of EB simplex, whereas 
biallelic PLEC mutations are usually associated with autosomal 
recessive EB simplex associated with extracutaneous abnormalities: 
recessive mutations in exon 31 of PLEC are typically associated with 
muscular dystrophy whereas recessive mutations in other parts of 
the gene may feature pyloric atresia, although genotype-phenotype 
discrepancy for this paradigm may occur. Mutations in KLHL24 
result in widespread birth trauma but with clinical lessening of 
the blistering severity with age. In contrast to most other forms 
of EB simplex, some scarring may be present. The major concern 
for KLHL24 gene pathology, however, is the associated risk of 
cardiac arrythmias and cardiomyopathy. KLHL24 mutations affect 
autoubiquitination of keratin 14 leading to reducing functional 
keratin 14 protein. All reported mutations in KLHL24 reside within 
the methionine initiation codon. Mutations in EXPH5 result in 
accumulation of endosomal vesicles close to keratinocyte nuclei. 
Precisely how the loss of exophilin-5 disrupts keratinocyte integrity 
is not yet known. Recessive mutations in KRT14 lead to generalised 
skin fragility, although the phenotypic features are often less severe 
than some of the dominant mutation within the helix initiation 
and termination motifs. Recessive mutations in KRT5 have recently 
been added to the molecular pathology of autosomal recessive EB 
simplex; the clinical features may resemble recessive KRT14 muta- 
tions but may also result in a more severe form of skin blistering. 
Recessive mutations in the epithelial isoform of DST compro- 
mise hemidesmosome integrity through lack of expression of the 
230-kDa bullous pemphigoid antigen. Blisters are typically large 
and acral. Although DST has several different isoforms, including 
some expressed in brain and muscle, the pathogenic DST mutations 
in EB have skin-only manifestations. Mutations in CD151 have been 
reported to result in a Kindler EB-like phenotype with widespread 
blisters, particularly on the shins, poikiloderma, nail dystrophy, loss 
of teeth, early-onset alopecia and oesophageal stricture. However, 
nephropathy with proteinuria occurs and may be the predominant 
abnormality in some cases. 


Junctional EB 

Junctional EB encompasses a collection of autosomal recessive 
forms of EB. Heterozygous carriers of junctional EB mutations do 
not usually have any clinical abnormalities although some may 
have dental enamel anomalies. The latest classification of junctional 
EB no longer uses the word ‘generalised’ because it is often not 


Table 69.4 Junctional epidermolysis bullosa (JEB) clinical subtypes. 


Most common JEB clinical subtypes Targeted protein(s) 


Severe Laminin 332° 

ntermediate Laminin 332 

ntermediate Type XVII collagen 

With pyloric atresia Integrin «6p4 

Localised Laminin 332, type XVII collagen, 
integrin «684, integrin «3 subunit 

nversa Laminin 332 

Late onset Type XVII collagen 

LOC syndrome Laminin «3A 


With interstitial lung disease and nephrotic 
syndrome 


Integrin «3 subunit 


LOC, laryngo-onycho-cutaneous. * JEB severe is rarely caused by pathogenic variants 
affecting the type XVII collagen gene; bold, syndromic JEB subtypes. 
Reproduced from Has et a/. [3] with permission from Wiley. 


an indication of overall severity; instead, the main subtypes are 
described as severe, intermediate and localised. 

The full classification of classic junctional EB is shown in 
Table 69.4. 


Severe junctional EB 

This is the most devastating form of junctional EB, previously 
referred to as Herlitz or generalised severe junctional EB. Blistering 
and erosions are present at or soon after birth and rapidly become 
generalised [1]. The whole skin is extremely fragile and lifting or 
turning the baby may cause extensive blistering or peeling away 
of the epidermis (Figure 69.11). Eroded areas are often very slow 
to heal. Healing may result in atrophic scarring. Milia are not 
generally seen, although they may occur after secondary infection. 
Involvement of the oral and pharyngeal mucosa is frequent and 
may be severe; hoarseness and stridor may indicate laryngeal or 
supraglottic involvement, most notably potentially life-threatening 
stenosis or stricture. Many infants die early in infancy with over- 
whelming infection or from failure to thrive, but those surviving 
the first few months will often develop distinctive lesions char- 
acterised by non-healing, crusted erosions containing exuberant 
granulation tissue [2]. These typical lesions occur symmetrically 
around the nose and mouth but also in other sites, including the 
neck, trunk, buttocks and rarely within the upper respiratory tract. 
The combination of chronic infection and loss of protein and iron 
from the skin, in addition to poor feeding, contributes to impaired 
healing and refractory anaemia. The teeth show abnormal enamel 
formation, but normal dentine, and as a result are malformed, 
pitted and lost prematurely. Following blistering and erosions, 
the formation of exuberant granulation tissue on the nail folds 
and nail bed leads to shedding of the nails and bulbous changes 
of the fingertips (Figure 69.12). Blisters may occur on the cornea, 
resulting in pain, erosions and scarring. A variety of genito-urinary 
tract complications may occur including urethral meatal stenosis, 
urinary retention, hydronephrosis and bladder hypertrophy. 


Intermediate junctional EB 
This form of junctional EB was previously referred to as non-Herlitz 
disease and included entities such as generalised atrophic benign 
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Figure 69.11 Extensive erosions over the buttocks in an infant with severe junctional 
epidermolysis bullosa. 


Figure 69.12 Nail changes with classical paronychia in severe junctional epidermolysis 
bullosa. 


EB. The early clinical course of this subtype of junctional EB may 
be similar to the severe variant with widespread skin fragility 
and blistering, but the patients usually survive to adulthood [1]. 
Although blistering persists, there is a gradual lessening in severity 
of the disease with age (Figure 69.13). Mucous membranes are 
involved, but less severely than in severe junctional EB. The teeth 
show severe enamel defects (Figure 69.14) and may fail to erupt nor- 
mally. The nails are dystrophic or frequently missing (Figure 69.15), 
especially on the toes. Up to 5% of patients may develop a degree 
of pseudosyndactyly, clinically suggestive of dystrophic EB. Typ- 
ically, the lesions in intermediate junctional EB heal with atrophic 
scarring, which can easily be mistaken for the scarring seen in 
dystrophic EB, especially on the lower legs or backs of the hands. 
Postinflammatory hypopigmentation or depigmentation may be 
present in areas of scarring. An important sign of this form of EB 
is poor hair development; the alopecia affects the scalp, eyebrows 
and eyelashes, and body hair is also sparse or absent (Figure 69.16). 


Figure 69.13 Erosions, scarring and atrophy on the buttocks in a patient with 
intermediate junctional epidermolysis bullosa. 


Figure 69.14 Pitting and discoloration of teeth in intermediate junctional epidermolysis 
bullosa. 


Pigmented naevi, or acquired macular hyperpigmented lesions 
with irregular borders, are common, although these are not specific 
for this subtype of EB as they are also observed in EB simplex 
and dystrophic EB. Oesophageal stricture, laryngeal involvement, 
oral erosions, corneal ulcers and urethral stricture have all been 
reported. In this type of junctional EB, it is common to observe 
small patches of skin that do no blister and which, in pale-skinned 
individuals, may appear slightly darker than regions which blis- 
ter [2]. This phenomenon is called revertant mosaicism or natural 
gene therapy; it represents a spontaneous correction of one copy of 
the mutant gene. 


Junctional EB with pyloric atresia 

This rare disorder is normally included as a subtype of junctional 
EB, although, not uncommonly, the true level of blistering has been 
found to be in the cytoplasm of basal keratinocytes, just above 
the plasma membrane, rather than within lamina lucida. Hence 
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Figure 69.15 Nail dystrophy in intermediate junctional epidermolysis bullosa. 


Figure 69.16 Scalp alopecia and hair thinning in intermediate junctional epidermolysis 
bullosa. Courtesy of Professor E. Sprecher, Tel Aviv, Israel. 


there is an overlap with EB simplex both clinically and in the clas- 
sification of EB. Blistering is usually present at birth, following a 
pregnancy complicated by polyhydramnios. The lesions are usually 
widespread and can result in atrophic scarring [1]. The teeth are 
hypoplastic, lacking normal enamel, and the nails are dystrophic. 
Early attempts at feeding result in vomiting. The majority of cases 
do not survive early infancy. In those children who survive, other 
features include haematuria, dysuria and recurrent urinary tract 
infections. Surgical correction of the congenital pyloric atresia 
improves prognosis although the nature of the underlying molecu- 
lar pathology, which involves mutations in ITGA6 (a6 integrin) and 
ITGB4 (B4 integrin), determines the extent of the mucocutaneous 
fragility and whether the disease course will then resemble severe 
junctional EB or an intermediate variant [2]. 


Localised junctional EB 

Localised forms of junctional EB occur: typical clinical manifesta- 
tions include nail dystrophy, dental enamel changes and blistering 
involving the lower legs and feet only [1]. In some individuals, 
chronic, painful erosions associated with hyperkeratosis develop 
on the soles, although it is not clear why the lower legs should 
be a predeliction site for blistering. In some cases, blistering starts 
in neonates, while in others there may be late-onset disease. 
Some cases may result from mutations in COL17A1 (type XVII 
collagen) in which missense rather than nonsense or frameshift 
mutations usually (but not always) predominate, thus providing 
some genotype—phenotype correlation for localised or generalised 
disease [2]. 


Inversa junctional EB 

In the neonatal period in the rare inversa subtype of junctional EB, 
the whole skin may be fragile with generalised blistering. Later, 
however, the lesions affect chiefly the groins, perineum and axillae, 
hence the description of ‘inversa’ [1]. Healing may result in small, 
atrophic, white streaks. Dysplastic teeth, erosions of the cornea 
and feet and nail dystrophy are all features. Why there should be 
a preference for flexural site involvement is not known; for those 
cases associated with mutations in COL17A1 (type XVII collagen) 
it is possible that certain mutant proteins may be more unstable in 
warmer body regions, although genetic heterogeneity is likely [2]. 
Moreover, some historical reports may have combined cases of both 
junctional and dystrophic EB with inversa descriptions. 


Late-onset junctional EB 

This is a rare subtype of autosomal recessive junctional EB that 
may encompass several closely related entities. The clinical features 
overlap with intermediate junctional EB, except that the onset of 
symptoms is delayed — often not starting until childhood, typically 
between 5 and 8 years of age [1]. Initially, the trauma-induced 
blisters mainly occur on the hands and feet, although they may be 
preceded by nail dystrophy. Later, knees and elbows are involved. 
Progressive atrophic changes lead to early loss of fingerprint 
patterns and mild finger contractures. The tooth enamel may be 
defective and the tongue papillae may disappear. The oral mucosa is 
sometimes involved. Underlying mutations in COL17A1 (type XVII 
collagen) provide support for this type of junctional EB being a spe- 
cific clinicopathological entity [2], although genetic heterogeneity is 
also evident. 


Laryngo-onycho-cutaneous syndrome 

This subtype of junctional EB starts in infancy with chronic erosions 
affecting the face (mainly around the nose and mouth) although 
erosions are also seen on the limbs, trunk and genitalia. The nails 
are also involved with marked periungual and subungual inflam- 
mation and a universal feature is hoarseness. The teeth may be 
notched. There is prominent skin and mucosal granulation tissue 
that can lead to delayed wound healing, laryngeal obstruction and 
blindness. The disorder results from autosomal recessive muta- 
tions in a particular splice variant of one of the laminin-332 genes, 
LAMASA (and not LAMA3) [1]. Originally thought to exist only in 
people of Punjabi descent, other mutations in LAMA3A have been 
reported in the laryngo-onycho-cutaneous syndrome [2]. Moreover, 


considerable overlap with some forms of intermediate junctional 
EB can occur in some cases. 


Junctional EB with interstitial lung disease and nephrotic 
syndrome 

This is a syndromic form of junctional EB in which there is congenital 
nephrotic syndrome, interstitial lung disease and skin fragility [1]. 
In most cases the renal and respiratory features predominate clini- 
cally, but considerable variability in the severity of organ involve- 
ment can occur. Blisters or erosions may or may not be present at 
birth. In early reports of this form of junctional EB, small blisters and 
erosions developed after trauma, healed slowly without scarring, 
but with residual redness. There was no mucosal involvement. The 
scalp hair, eyebrows and eyelashes were fine and sparse, and some 
nails were dystrophic. All cases died during infancy with recurrent 
lung infections and multiorgan failure consistent with the known 
distribution of the mutated «3 integrin in several tissues [1], but 
other cases have been associated with better prognoses [2]. 


Molecular pathology of classic junctional EB 

The molecular basis to classic junctional EB may involve mutations 
in eight different genes: LAMA3 (laminin 03), LAMA3A (laminin 
a3A), LAMB3 (63 laminin), LAMC2 (y2 laminin), COL17A1 (type 
XVII collagen, also known as 180-kDa bullous pemphigoid anti- 
gen), ITGA6 (a6 integrin subunit), [TGB4 (64 integrin subunit) and 
ITGA3 (a3 integrin subunit). Severe junctional EB results from 
biallelic loss-of-function mutations in any of the LAMA3, LAMB3 or 
LAMC2 genes, which encode the «3, 83 and y2 polypeptide chains 
of heterotrimeric laminin-332, respectively. Intermediate variants 
may also result from mutations in these three genes although the 
nature of the underlying mutations usually has less disruptive 
consequences, such that there is some residual protein, reduced in 
amount and with impaired function. However, a similar pheno- 
type of intermediate severity can also result from loss-of-function 
mutations in COL17A1 leading to a complete absence of type XVII 
collagen protein. Rarely, digenic inheritance may contribute: junc- 
tional EB can result from a combination of mutations in COL17A1 
and LAMB3. Localised forms of junctional EB, including some 
cases of the inversa subtype, may also result from a range of less 
disruptive mutations in LAMA3, LAMB3, LAMC2, COL17A1 or 
occasionally ITGA6 or ITGB4. Loss-of-function mutations in ITGA6 
or ITGB4 (nonsense, frameshift or occasionally involving critical 
cysteine residue substitutions) underlie junctional EB with pyloric 
atresia. Autosomal recessive nonsense or splice site mutations in 
ITGA3 (a3 integrin) are found in junctional EB with interstitial 
lung disease and nephrotic syndrome. LAMA3A mutations occur 
in laryngo-onycho-cutaneous syndrome, although compound het- 
erozygosity for LAMA3A/LAMA3 mutations can also occur with a 
phenotype that overlaps with intermediate junctional EB. 


Dystrophic EB 

Dystrophic EB can be autosomal recessive or autosomal dominant. 
Clinically, dystrophic EB is characterised by skin fragility, blistering, 
scarring, nail dystrophy and milia formation. Mucosal involvement 
is common, and erosions and scarring can affect the mouth, oesoph- 
agus, genitalia and anus. There may be clinical overlap between 
some cases of recessive and dominant dystrophic EB which, in 


Table 69.5 Dystrophic epidermolysis bullosa (DEB) clinical subtypes. 


DEB subtypes Targeted protein 


Autosomal dominant DEB (DDEB) 


Intermediate 
Localised 
Pruriginosa 
Self-improving 


Type VII collagen 


Autosomal recessive DEB (RDEB) 


Severe 
Intermediate 
Inversa 
Localised 
Pruriginosa 
Self-improving 


Type VII collagen 


Dominant and recessive (compound heterozygosity) 


DEB, severe Type VII collagen 


bold, most common subtypes. 
Reproduced from Has et a/. [3] with permission from Wiley. 


the absence of molecular diagnosis, can make genetic counselling 
difficult, particularly in sporadic cases. All cases of dystrophic EB, 
irrespective of the genotype, result from mutations in a single gene, 
COL7A1, which encodes type VII collagen, the major component 
of anchoring fibril structures beneath the lamina densa. The most 
recent classification of dystrophic EB is presented in Table 69.5. 


Intermediate dystrophic EB (autosomal dominant or 
autosomal recessive) 

Blisters in intermediate forms of dominant or recessive dystrophic 
EB mainly occur following trauma to the skin overlying the bony 
prominences, such as the knees and ankles, and dorsa of the hands 
or feet (Figure 69.17) [1]. The most consistent findings are localised 
scarring with milia formation and dystrophic nails. Nail dystrophy 
is probably the most important diagnostic feature of the disease, 
especially in adults, because many patients have only limited 
scarring, which becomes less noticeable with age. The nail plates, 
particularly of the large toes, are often diminutive (Figure 69.18) 
or entirely absent, where the normal nail is replaced by atrophic 
scar tissue. Blistering in the mouth is usually mild and the teeth 
are generally normal. However, perianal lesions may cause consid- 
erable pain, especially in children. Terms such as Bart syndrome 
are obsolete as the original pedigree described was found to have 
COL7A1 gene pathology typical of a number of families with vari- 
ous forms of dominant dystrophic EB [2]. Cutaneous features such 
as albopapuloid lesions, once thought to be pathognomonic for 
subtypes of dominant dystrophic EB, are now recognised to occur 
in several forms of dominant and even recessive dystrophic EB and 
are therefore not relevant to disease subtyping. 


Localised dystrophic EB (autosomal dominant or 

autosomal recessive) 

The nature of this subtype of dominant or recessive dystrophic 
EB is not precisely defined but embraces individuals with a more 
localised pattern of skin involvement, usually involving the hands 
and feet [1]. Oral or oesophageal involvement can occur despite the 
relative lack of involvement of much of the skin. Trauma-induced 
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Figure 69.17 Scarring on the knees in a 14-year-old patient with intermediate recessive 
dystrophic epidermolysis bullosa. 


Figure 69.18 Nail changes and scarring of skin on the toes in dominant dystrophic 
epidermolysis bullosa. 


blistering, scarring and milia are typically present in acral sites. In 
some cases, blistering may be mainly localised to the shins with just 
minor lesions elsewhere; these cases are often referred to as pretibial 
dystrophic EB. Other individuals may only have nail dystrophy 
with no evident skin fragility, with the condition previously known 
as nails only dystrophic EB [2]. 


Pruriginosa dystrophic EB (autosomal dominant or 
autosomal recessive) 

This subtype of dystrophic EB overlaps with the pretibial variant, 
clinically and genetically. The main difference is the intense pru- 
ritus, the aetiology of which is uncertain. Studies have excluded 
concomitant atopy and a range of possible metabolic, biochemical 
and endocrine factors in disease pathogenesis [1]. Moreover, there 
is no specific genotype-phenotype correlation to implicate certain 
types of COL7A1 mutation in dystrophic EB pruriginosa [2]. The 
clinical features can resemble hypertrophic lichen planus or nodular 
prurigo or autoimmune inflammatory blistering (Figure 69.19), or 
even dermatitis artefacta. Like the pretibial subtype, the initial onset 


& 


Figure 69.19 Inflammatory skin blistering in epidermolysis bullosa pruriginosa 
(dystrophic EB) resembling an acquired immunobullous disease. 


of symptoms and signs may be delayed for several decades, often 
leading to a genetic cause for the skin lesions being erroneously 
discounted. Although the shins are often involved, pruritic skin 
lesions can occur at any site. 


Self-improving dystrophic EB (autosomal dominant or 
autosomal recessive) 

One curious variant of dystrophic EB is when localised or gener- 
alised blistering in neonates starts to show signs of spontaneous 
clinical improvement over the first few weeks or months of life 
(Figure 69.20). The amelioration in phenotype is mirrored by 
improvement of the underlying skin pathology with increased type 
VII collagen at the dermal—epidermal junction. Initial skin biopsies 
reveal punctate intraepidermal labelling for type VII collagen and 
ultrastructural signs of dilated perinuclear vacuoles with a granular 
appearance (stellate bodies). Initially, it was thought that complete 
correction of the type VII collagen secretion and assembly into 
anchoring fibrils occurred, leading to the diagnostic label of ‘tran- 
sient bullous dermolysis of the newborn’ [1]. Now, however, it is 
appreciated that most cases do not resolve completely and that there 
may be permanent stigmata of dominant or recessive dystrophic 
EB, albeit less severe than in early life [2]. This pattern of incomplete 
resolution led to the modified nosology ‘bullous dermolysis of the 
newborn’ but the preferred term now is self-improving dystrophic 
EB. Intraepidermal type VII collagen is not an exclusive finding 
in self-improving dystrophic EB as it can also occur in other sub- 
types of dystrophic EB depending on the nature of the underlying 
COL7A1 mutation(s). 


Severe recessive dystrophic EB 

Bullae are present at birth or appear in early infancy and the skin 
is very fragile (Figure 69.21). The clinical presentation may include 
localised absence of skin especially affecting the lower legs. Blisters 
develop spontaneously or after the mildest trauma on any part 
of the skin and may be haemorrhagic [1]. Healing lesions leave 
atrophic scars, although thicker scars may occur particularly over 
the large joints, such as the knees. Milia formation is a nearly con- 
stant feature. Although the whole of the skin is fragile and at high 
risk of developing blisters, the main sites of predilection are those 


Figure 69.20 Acral blistering in (autosomal dominant) self-improving dystrophic EB in a 
2-month-old male infant. By the age of 9 months the blistering had ceased and only a 
few small scars and some toenail dystrophy persisted (lifelong). 


Figure 69.21 Blisters and erosions on the hand in a 4-week-old child with severe 
recessive dystrophic epidermolysis bullosa. 


subjected to repeated friction and other forms of physical trauma. 
These include the knees, elbows, hands, feet, back of the neck, 
shoulders and over the spine (Figure 69.22). Chronic erosions and 
ulcers tend to become covered with a slough, often associated with 
heaped-up crusting and scaling, increasing the risk of secondary 
infection. Pruritus is frequent and constant rubbing and scratching 
may induce blisters. Considerable pain may be present and exac- 
erbated with dressing changes. The scalp is often involved. Hair 
growth on the scalp and body is impaired and scarring alopecia 
may occur. During childhood, repeated blistering with progressive 
scarring leads to fusion (‘pseudosyndactyly’) of adjacent fingers 
and toes. Digits can undergo progressive contractures and gradu- 
ally become encased in a cocoon-like covering of thin scar tissue, 
resembling a mitten (Figure 69.23). Disuse of the hands results in 


Figure 69.22 Extensive lesions on the back in severe recessive dystrophic epidermolysis 
bullosa. 


Figure 69.23 Mitten hand deformity in severe recessive dystrophic epidermolysis 
bullosa. 


bony resorption and muscle atrophy. Non-cutaneous epithelia are 
also at risk of developing blisters, erosions and scars. 

Oral lesions may be severe, leading to marked ankyloglossia and 
microstomia [2]. The gums are fragile, and gentle tooth brushing 
may induce epithelial disruption with bleeding. The lingual papil- 
lae are lost, and the surface of the tongue becomes smooth, shiny 
and atrophic. Although there is limited evidence for a primary 
abnormality of dental enamel in dystrophic EB, the teeth are at a 
high risk of developing caries (Figure 69.24). Oesophageal involve- 
ment is a serious and invariable complication. It may occur very 
early in life, even in infancy, and by the age of 20-30 years will 
have affected most patients. Blistering in the oesophagus may cause 
acute pain and dysphagia, with difficulty in swallowing solids. With 
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Figure 69.24 Dental caries and blistering on the lips in severe recessive dystrophic 
epidermolysis bullosa. 


Figure 69.25 Squamous cell carcinoma on the scarred hand of a 35-year-old patient 
with severe recessive dystrophic epidermolysis bullosa. 


time, partial or complete obstruction may result from oesophageal 
stricture, caused by scarring and fibrosis, or from web formation. 
Perianal blistering, erosions and painful fissures are common in 
childhood. Later, anal stenosis from scarring may develop leading 
to constipation. The main ocular complications include symble- 
pharon, corneal erosions and corneal opacity or scarring. Most 
patients with severe generalised recessive dystrophic EB are very 
thin and have a short stature. Some blood vitamin and trace metal 
levels are low and refractory anaemia is evident. Osteopenia and 
osteoporosis are not uncommon. Rarely, secondary amyloidosis can 
also develop in cases associated with persistent chronic inflamma- 
tion and extensive scarring. A more common and clinically very 
important complication of this form of EB is the development of 
squamous cell carcinomas (Figure 69.25), even in individuals as 
young as 6 years of age. Most carcinomas are on the limbs, often in 
areas of chronic, non-healing ulceration. Multiple primary tumours 
with progressive loss of differentiation for each subsequent cancer 
is the usual course, and death typically occurs within 5 years of the 
first malignancy. 


Figure 69.26 Scarring and erosions affecting the axilla and neck in inversa recessive 
dystrophic epidermolysis bullosa. 


Inversa recessive dystrophic EB 

In this variant of recessive dystrophic EB, the primary areas of 
blistering and scarring include the groins, axillae (Figure 69.26), 
neck and lumbar area, although in early life the distribution of the 
blistering may be generalised and not indicative of the subsequent 
pattern [1]. Traumatic corneal erosions and oesophageal lesions 
are common. Nail dystrophy, mucous membrane involvement and 
dental changes are similar to those in the other recessive variants. 
Patients are also at risk of developing squamous cell carcinoma. The 
reason for the predominance of flexural involvement is not clear, 
although the specific underlying mutations in COL7A1 and their 
impact on type VII collagen thermal stability may be implicated in 
some cases [2]. 


Combined dominant and recessive dystrophic EB 
Co-inheritance of a dominant COL7A1 mutation and a recessive 
COL7A1 mutation on separate alleles has been reported in a num- 
ber of families [1,2], and the clinicopathological entity is now 
recognised as a distinct subtype of recessive dystrophic EB. In 
several instances, mothers with a localised or intermediate form of 
dominant dystrophic EB gave birth to a child with a more severe 
form of dystrophic EB. The explanation was that the father was 
an asymptomatic carrier of a recessive COL7A1 mutation, and 
the child had inherited both the dominant maternal and recessive 
paternal COL7A1 gene pathology. Clinically, most individuals with 
combined dominant and recessive dystrophic EB have clinical 
features towards the more severe end of the recessive dystrophic 
EB spectrum, i.e. they are phenotypically similar to individuals 
with two recessive COL7A1 mutations resulting in severe recessive 
dystrophic EB. 


Molecular pathology of dystrophic EB 
All forms of dystrophic EB, dominant and recessive, result from 
mutations in COL7AI1 (type VII collagen). More than 1000 different 


mutations have been reported with few recurrent mutations; most 
are specific to families or occasional regional founder effects. The 
spectrum of mutations predominantly includes nonsense, small 
insertions/deletions, missense and splice site mutations. In severe 
recessive subtypes there is usually a complete absence of type VII 
collagen resulting from nonsense or frameshift mutations on both 
COL7AI1 alleles. Intermediate variants usually express some type 
VII collagen, with at least one of the pathogenic COL7A1 mutations 
having a less deleterious effect on protein structure and function. 
Most cases of dominant dystrophic EB result from heterozygous 
glycine substitutions within the type VII collagen triple helix, 
although a minority result from in-frame splice site mutations or 
small insertions/deletions that lead to in-frame exon skipping. 
There is no clear genotype-phenotype correlation for specific 
glycine substitutions which are present in most cases of dominant 
dystrophic EB as well as in some individuals with recessive dys- 
trophic EB. Moreover, a minority of glycine substitutions can cause 
both dominant and recessive disease. What factors determine the 
genotypic implications of certain glycine substitutions remains to 
be determined. Apart from glycine substitutions, a small number of 
missense changes involving other amino acid residues can underlie 
both dominant and recessive dystrophic EB. 


Kindler EB 

Kindler EB, previously termed Kindler syndrome, is listed as a 
separate fourth category of the classic forms of EB. It is an auto- 
somal recessive disorder. Initially it can resemble intermediate or 
localised forms of dystrophic EB, although skin biopsy typically 
shows a variable plane of cleavage and a fragmented or duplicated 
lamina densa in contrast to the specific planes of tissue separation 
that underlie EB simplex, junctional EB and dystrophic EB [1]. In 
most cases of Kindler EB, the initial skin blistering lessens during 
childhood and instead signs of a progressive poikiloderma develop 
(Figure 69.27). At this stage the differential diagnosis includes other 
congenital poikilodermatous disorders, including dyskeratosis con- 
genita and Rothmund-Thomson syndrome. The poikilodermatous 
skin changes are particularly marked in individuals who live in 
sunny climates. Other somewhat variable clinical features include 
gingival inflammation, ectropion, corneal erosions, periodontal 
disease, scarring of the external urethral meatus and an increased 
risk of developing cutaneous squamous cell carcinoma, particu- 
larly on the hands [2]. Chronic colitis may also complicate some 
cases of Kindler syndrome. The hands can also show evidence of 
pseudosyndactyly, similar to some cases of dystrophic EB. 


Molecular pathology of Kindler EB 

Kindler EB arises due to loss-of-function mutations on both alleles 
of the KIND1 gene that encodes kindlin-1, a protein involved in the 
attachment of actin microfilaments to focal contact junctions at the 
dermal-epidermal junction [1,2]. The gene/protein is also known as 
FERMT1 or fermitin family homologue-1, and both terminologies 
are currently used. Thus far, the only other focal contact junction 
protein implicated in the pathophysiology of EB is a3 integrin (junc- 
tional EB with respiratory and renal involvement). Most pathogenic 
mutations in KIND1/FERMT1 are nonsense, frameshift or splice 
site mutations; less commonly, missense mutations, large intragenic 
deletions and promoter region mutations can occur. Heterozygous 
carriers of mutations are asymptomatic with no mucocutaneous 
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Figure 69.27 Poikiloderma in a 12-year-old Indian patient with Kindler epidermolysis 
bullosa. 


abnormalities. Thus far there has been no evidence for genetic 
heterogeneity in Kindler EB, although the advent of next generation 
sequencing may lead to a widening of the spectrum of focal contact 
protein genodermatoses, some of which may feature in future 
classifications of EB, if skin fragility is a core clinical feature. 


Other conditions included within 
the umbrella classification of skin fragility 
disorders 


In addition to the four classic categories of EB (simplex, junctional, 
dystrophic, Kindler), the latest classification of skin fragility dis- 
orders also includes four categories of ‘other disorders’: these are 
divided into peeling skin disorders, erosive disorders, hyperkera- 
totic disorders with skin fragility, and a connective tissue disorder 
with skin fragility (Table 69.5). Some of these disorders were 
previously classified as forms of EB and are therefore discussed 
briefly here. 


Peeling skin disorders 

Within the peeling skin disorder subgroup is the entity of acral 
peeling skin syndrome, an autosomal recessive disorder caused by 
mutations in TGM5 (transglutaminase 5) [1,2]. This condition was 
previously classified as a form of EB because of its clinical similarity 
to some classic forms of EB simplex resulting from mutations in 
KRT5 and KRT14 (Figure 69.28). In acral peeling skin syndrome, 
blisters typically occur on the feet although some of the blisters 
may be more evident on the sides or dorsal aspects of the toes. The 
level of blistering occurs above the granular layer but because of the 
thicker stratum corneum in acral skin, the clinical consequences may 
appear almost identical to blistering through the basal keratinocyte 
layer. The reason why acral peeling skin syndrome resulting from 
mutations in TGM5 has been removed from within the classification 
of EB simplex relates to the very large number of other peeling skin 
disorders that have been characterised at a molecular level: muta- 
tions in at least nine genes have now been implicated in peeling 
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Figure 69.28 Autosomal recessive acral peeling skin syndrome resembling autosomal 
dominant localised epidermolysis bullosa simplex. 


skin disorders (see Table 69.5), several of which are phenotypically 
distinct from what clinicians would diagnose as a form of EB. 


Erosive disorders 

The group of erosive skin fragility conditions comprises five autoso- 
mal recessive desmosomal disorders. Three of these were included 
in previous classifications of EB: mutations in PKP1 (plakophilin 1) 
result in ectodermal dysplasia skin fragility syndrome (Figure 69.29) 
[1], whereas mutations in DSP (desmoplakin) and JUP (plakoglobin) 
result in more extensive skin fragility that can be associated with 
extracutaneous abnormalities. The two new desmosomal dis- 
orders involve mutations in DSG3 (desmoglein-3) and DSC3 
(desmocollin-3). Clinically, mutations in genes encoding desmo- 
somal proteins result in a spectrum of erosive skin and mucosal 
phenotypes that also may affect hair or heart [2]. Notably, mutations 
in DSP or JUP can result in cardiocutaneous syndromes, in which 
the cardiac manifestions can include cardiomyopathy, arrhythmias 
and sudden death. 


Figure 69.29 Erosions on the feet and nail dystrophy in ectodermal dysplasia-skin 
fragility syndrome. 


Hyperkeratotic disorders with skin fragility 

The category of other skin fragility disorders referred to as hyper- 
keratotic disorders with skin fragility comprises the various forms 
of keratinopathic ichthyoses and pachyonychia congenita, con- 
ditions that are more typically classified as inherited forms of 
ichthyosis, keratoderma or nail dystrophy. These disorders have a 
shared pathology in resulting from mutations in keratin genes; they 
also have skin histology features of epidermolysis although in most 
cases this does not manifest as clinical blistering. These disorders 
are discussed in more detail elsewhere (Chapter 63). 


Connective tissue disorder with skin fragility 

This category comprises a single entity with skin blistering only a 
minor part of the phenotype. Affected individuals have widespread 
connective tissue abnormalities and bony deformities [1,2]. How- 
ever, the condition is referred to as a syndromic form of dystrophic 
EB because the causative gene pathology impacts directly on type 
VII collagen function. Notably, autosomal recessive mutations occur 
in PLOD3, which encodes LH3 (lysyl hydroxylase 3), an enzyme 
that has an important function in the post-translational modification 
of type VII collagen. Some of the blistering and scarring, although 
minor, have clinicopathological overlap with dystrophic EB. 


Diagnosis of EB 


Despite impressive advances in elucidating the molecular basis 
of the different forms of EB, optimal diagnosis of EB does not 
depend on next generation sequencing of EB gene panels. Rather, 
initial diagnosis still relies largely on careful clinical examination, 
enquiry into the family history and establishing the level of blister 
formation. Because the clinical features may be unhelpful or even 
misleading, especially in a neonate, the diagnosis will often rely on 
microscopic analysis of a skin biopsy. Traditionally, transmission 
electron microscopy and immunofluorescence microscopy using 
a panel of antibodies against the candidate proteins implicated in 
EB are the preferred methods. However, with increased access to 
molecular diagnostics, some cases of EB — such as clearly autosomal 
dominant EB simplex or dominant dystrophic EB - may merit DNA 
sequencing as a primary diagnostic method and thus avoid the need 
for a skin biopsy. For most recessive forms of EB, however, skin 
biopsy remains key to establishing a rapid diagnosis — although the 
diagnostic information that can be gained from the different micro- 
scopic techniques has evolved in recent years. Many recessive forms 
of EB are characteristically associated with a reduction or complete 
absence of one particular protein, and thus a skin biopsy submitted 
for skin immunolabelling alone often can be fully informative in 
establishing a diagnosis and in identifying a candidate gene for 
sequencing. Thus, the value of transmission electron microscopy 
as a diagnostic tool has diminished somewhat in recent years, 
although it remains a useful investigation in a significant minority 
of cases. 


Skin biopsy 
The main objectives of skin biopsy are first to establish the level 
of blistering or tissue separation and, second, to search for other 


Figure 69.30 Shave biopsy technique suitable for the investigation of suspected 
epidermolysis bullosa. 


clues that may be indicative of the underlying disorder and there- 
fore helpful in the diagnosis [1]. The importance of the correct 
biopsy technique cannot be overstressed. Most blisters that are 
clinically evident, and especially those with bloodstained contents, 
are often more than 12h old and therefore too old for diagnostic 
purposes. Older blisters may cause severe diagnostic difficulty 
because false negative immunostaining caused by proteolytic anti- 
gen degradation can occur. Old blister sampling can also reveal 
re-epithelialisation under the blister roof and multiple cleavage 
planes. A sample of non-blistered skin that has been gently rubbed 
to produce a mild redness is preferable, because this will usu- 
ally contain a cleavage plane with few if any secondary changes. 
Because the diagnostic signs are mostly seen in and around the 
dermal-epidermal junction, shave biopsy samples are preferable 
to thicker specimens (Figure 69.30). Care must be taken to ensure 
that a sufficient amount of dermis is present, to allow examination 
of the entire dermal-epidermal junction. The samples should be 
immediately immersed in suitable fixative for electron microscopy 
or in Michel’s transport medium for immunofluorescence [2]. If 
facilities are available, the skin for immunofluorescence can be snap 
frozen. 


Antigen mapping and antibody probes 

The level of blister formation can be determined using indirect 
immunohistochemical staining. The aim is not to look for reduced 
expression of skin antigens, but to stain the dermal—-epidermal 
junction or other junctional complexes using antibodies to proteins 
that are strongly expressed in both normal skin and skin from 
patients with different forms of EB [1]. For example, antitype IV 
collagen antibody will stain the lamina densa. If this antibody 
labels the roof of a blister then the level of separation must be 
beneath the lamina densa (Figure 69.31). Diagnostically, this indi- 
cates dystrophic EB since for EB simplex and junctional EB, type 
IV collagen immunostaining would map to the blister base. Most 
diagnostic laboratories perform the immunohistochemical studies 
on frozen skin sections, although antigen mapping studies (e.g. with 
antibodies to keratin 14 or type IV collagen) may be informative 


Figure 69.31 Antigen mapping of type IV collagen to a blister roof in a patient with 
dystrophic epidermolysis bullosa (sublamina densa blistering). 


on paraffin-emebdded sections. In addition to antibodies that are 
expressed in all skin, it is also possible to use antibodies against 
proteins that are mutated in the different forms of EB. This strategy 
has been particularly useful for diagnosing recessive forms of EB in 
which the underlying mutations tend to lead to reduced expression 
of the mutated protein, resulting in a reduction or sometimes com- 
plete absence of immunolabelling for the antibody probe targeting 
that particular protein [2]. For example, in recessive dystrophic 
EB, there are mutations in COL7A1 encoding type VII collagen. 
Immunolabelling recessive dystrophic EB skin with an antibody 
against type VII collagen shows reduced labelling, or a complete 
absence of labelling, at the dermal-epidermal junction compared 
with control skin (Figure 69.32). This reveals the diagnosis because 
immunolabelling with other basement membrane antibody probes 
(e.g. to laminin-332 or «664 integrin) shows no differences from 
the control in dystrophic EB patients. Paraffin-emebdded sections 
are not suitable for labelling with antibodies to transmembranous 
proteins (e.g. integrins) and frozen skin is necessary. 

Immunofluorescence microscopy, however, may not be sufficient 
to make the diagnosis in all cases of EB. For example, if there is 
no blister in an EB skin biopsy and there are no clear differences 
in immunolabelling of the skin compared with the control, despite 
using a panel of antibodies targeting all the candidate proteins in EB, 
it cannot be concluded that the skin is normal since some cases of 
autosomal dominant EB simplex and dominant dystrophic EB can- 
not be discounted. Additional diagnostic tests, such as transmission 
electron microscopy or DNA sequencing, may be necessary in such 
cases to reach a precise diagnosis. 


Transmission electron microscopy 

The main purpose of ultrastructural analysis of the skin in cases 
of EB is to demonstrate the level of tissue separation or blistering. 
Viewing skin sections by light microscopy alone is not usually suf- 
ficient to establish a precise diagnosis, although vacuolar changes 
may sometimes be seen in EB simplex, particularly if semi-thin 
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Figure 69.32 Immunolabelling for type VII collagen in normal skin showing bright 
linear staining at the dermal—epidermal junction. In contrast, in a patient with severe 
recessive dystrophic epidermolysis bullosa, there is a complete absence of type VII 
collagen immunoreactivity. Asterisk indicates blister; arrows depict roof and base of 
blister. 


Figure 69.33 Intraepidermal cleavage revealed by light microscopy (semi-thin section) in 
severe epidermolysis bullosa simplex (Huber stain). 


resin-embedded sections (0.5 1m thick) are viewed instead of con- 
ventional paraffin-embedded tissue (Figure 69.33). However, most 
levels of split need to be established by ultrastructural examination. 
In EB simplex the split is intraepidermal, in junctional EB it is 
through the lamina lucida, and in dystrophic EB it is beneath the 
lamina densa [1]. In Kindler EB, the cleavage plane may be variable 
and mixed (all of the above levels). Cleavage in EB simplex may 
feature cytolysis or acantholysis, depending on the underlying 
pathology in certain subtypes (Figure 69.34). Other ultrastructural 
features important for diagnosis are that keratin filaments in the 
basal keratinocytes tend to be disrupted or aggregated or, for other 
variants, desmosome cell junctions, granular layer or cytoplasmic 
vesicles may be abnormal. Hemidesmosomes are generally sparse 
and small in the more severe forms of junctional EB and anchoring 
fibrils are reduced in number, absent or structurally abnormal in 
dystrophic EB [2]. A clear distinction cannot be made between 
some dominant and localised recessive dystrophic forms, even with 
morphometrical analysis of the anchoring fibrils. Certain ultrastruc- 
tural findings in particular subtypes of EB can be diagnostically 
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Figure 69.34 Electron microscopy of part of a basal keratinocyte in severe epidermolysis 


bullosa simplex showing tonofilament clumping (TF) and cytolysis (asterisks). N, nucleus; 
arrows indicate dermal—epidermal junction. 


useful. For example, ball-like clumping of tonofilaments in basal 
keratinocytes is found in severe EB simplex; pallor and lack of 
tonofilaments in basal keratinocytes are associated with reces- 
sive knock-out mutations in keratin 14 or dominant mutations in 
KLHL24; grouped perinuclear vesicular endosomes typify EB sim- 
plex with exophilin-5 pathology; and intracellular stellate bodies 
can indicate self-improving dystrophic EB. 

It is important to remember that preparing skin for electron 
microscopy requires attention to detail, which includes choice of 
optimal fixative, tissue processing and recognition of what repre- 
sents genuine pathology or artefact. Overall, electron microscopy 
now provides a useful contribution to EB diagnostics in fewer than 
10% of cases; the remainder can usually be diagnosed through 
a combination of immunofluorescence microscopy and DNA 
sequencing. Thus, it is now common practice to process the initial 
diagnostic skin biopsy and mount in resin but only continue to 
tissue sectioning and examining the skin if the other techniques fail 
to reveal a clear diagnosis. 


Sanger sequencing 

To date 16 different genes have been implicated in the molecular 
pathology of classic forms of EB, which increases to 40 genes if the 
other skin fragility disorders are included. Most of the pathogenic 
mutations are point mutations or involve small insertions or dele- 
tions. As such, mutation detection strategies have been established 
that are based on Sanger sequencing of DNA - directly sequencing 
polymerase chain reaction (PCR) products spanning the exons and 
flanking intronic sequences that cover all the coding regions and 
splice sites of all known EB genes (Figure 69.35) [1]. Thus, for the 
known EB genes, this equates to more than 400 PCR products. 
However, it is not usual practice to sequence all these PCR prod- 
ucts for all patients. Usually, the genes to amplify and sequence 
are influenced (or determined) by a preceding combination of 
the clinical features and skin biopsy data implicating a candidate 


Figure 69.35 Sanger sequencing. The upper image shows a wild-type DNA sequence 
but in the lower image there is a 1 bp deletion (G nucleotide) that induces a frameshift, 
resulting in a downstream premature termination codon. This type of mutation can be 
found in several recessive forms of epidermolysis bullosa. 


gene/protein. For example, if a patient’s skin biopsy showed a 
reduction in type VII collagen, the Sanger sequencing would focus 
on the COL7A1 gene and not the other genes [2]. For some subtypes 
of EB, including autosomal dominant EB simplex and dominant 
dystrophic EB, Sanger sequencing of the KRT5 (keratin 5), KRT14 
(keratin 14) and COL7A1 (type VII collagen) genes may be used as 
a first line diagnostic. Most diagnostic DNA sequencing in cases 
of EB is undertaken using DNA extracted from peripheral blood 
or saliva samples, although in cases of mosaic disease (including 
revertant mosaicism) it is usually also necessary to obtain DNA 
from affected and unaffected skin for sequencing and mechanistic 
studies. 


Next generation sequencing 

Recent advances in DNA technologies have led to the introduction 
of next generation sequencing (NGS) techniques that have had a 
major impact on DNA diagnostics for inherited disorders such as 
EB [1]. The aim of NGS is to sequence in one go all of the genome 
(whole genome sequencing) or all the exons and flanking introns 
of the 21 000 or so known genes (whole exome sequencing) and 
then apply a series of bioinformatic filters to identify disease-causing 
mutations. This approach has been highly informative in a research 
setting in identifying novel disease—gene associations (e.g. the iden- 
tification of EXPH5 mutations in autosomal recessive EB simplex) 
and is now used for diagnostic purposes [2]. The overall costs of 
using NGS for EB diagnostics are similar to the combination of skin 
biopsy and Sanger sequencing, but costs of NGS are expected to fall 
further in coming years. The major obstacle, however, is the time it 
takes to make a diagnosis. Establishing a rapid diagnosis is often 


important to clinicians, especially for those involved in the manage- 
ment of neonates with suspected EB. Currently, a skin biopsy can 
be used to make the diagnosis of most forms of EB within 2-3 days. 
By contrast, NGS may take several weeks or months to complete. 
Even with preferential access to sequencing machines and with the 
sequencing focused on a limited panel of known EB genes, a mini- 
mum of 1 week (and often considerably longer) is needed to reach 
the diagnosis. Nevertheless, technology continues to evolve rapidly 
and the era of being able to sequence a ‘genome in a day’ is not too 
far away. NGS, if backed by adequate bioinformatic support, has the 
potential to become a preferred diagnostic modality for all inherited 
skin diseases, with the capacity to identify pathogenic mutations 
without detailed a priori clinical or skin biopsy data, and to provide 
a data file of other known and unknown potential genetic modi- 
fiers. As a technology, additional techniques have been added to 
the repertoire of NGS diagnostic tools, for example RNA sequenc- 
ing for transcriptomics or whole genome sequencing with long-read 
sequencing. 


Differential diagnosis 


Differentiating EB from non-EB, or one form of EB from another, can 
be very difficult, especially in the neonatal period (Figure 69.36). 
At this stage, the following disorders may need to be included 
in the differential diagnosis of EB: bullous congenital ichthyosi- 
form erythroderma; staphyloccocal scalded skin syndrome; 
bullous impetigo; incontinentia pigmenti; neonatal herpes simplex; 
autoimmune bullous disease, such as pemphigus or pemphigoid 
gestationis, acquired transplacentally; aplasia cutis; focal dermal 
hypoplasia; and Gunther disease. In infants, older children or 
adults, some autoimmune bullous diseases, such as bullous pem- 
phigoid, mucous membrane pemphigoid or linear IgA disease, 
may show overlapping features with junctional EB or severe gen- 
eralised EB simplex. EB acquisita may resemble dystrophic EB. 
Usually, the timing of the onset of blistering will allow inherited 
EB to be distinguished from the autoimmune immunobullous 
disorders. Pachyonychia congenita and epidermolytic ichthyosis 
may also be confused with EB in some children or adults. Peeling 
skin syndromes are heterogeneous and some may resemble EB. 
Finally, factitial skin damage, including child abuse, may also be a 
diagnostic consideration in some cases. 


Other blistering genodermatoses 


In addition to the classic forms of EB, and the entities listed as other 
skin fragility disorders in the most recent international consensus 
classification of EB [1], two other groups of disorders may have fea- 
tures of skin fragility: calcium pump disorders and certain metabolic 
or signalling disorders. 


Calcium pump disorders 

Darier disease is a severe dominant genetic skin disorder charac- 
terised by the loss of cell-to-cell adhesion and abnormal keratini- 
sation. The defective gene, ATP2A2, encodes sarco/endoplasmic 
reticulum Ca?+-ATPase isoform 2 (SERCA2), an intracellular 
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Figure 69.36 Differential diagnosis of skin blistering in a neonate. 


Ca**-ATPase pump. Mechanistically, desmosome and adherens 
junctions are immature and there is abnormal keratinocyte differ- 
entiation [1]. Acantholytic dyskeratosis is seen on light microscopy. 
Greasy papules and plaques arise on the seborrhoeic areas and in 
the flexures and almost all patients have nail abnormalities, with 
V-shaped nail plate notches and longitudinal violaceous/white 
band-like streaks. Hailey—Hailey disease (familial benign chronic 
pemphigus) is also autosomal dominantly inherited and manifests 
as uncomfortable erosions or vegetating lesions at sites of friction. 
It results from mutations in a different calcium pump gene, ATP2C1 
[2]. In Hailey—Hailey disease the skin is more fragile than in Darier 
disease. Flexural skin may become somewhat thickened and papil- 
lomatous, but patients do not develop the hyperkeratotic papules 
seen in Darier disease. 


Metabolic and signalling disorders 

Acrodermatitis is an inherited disorder of zinc deficiency. The clini- 
cal manifestations include eczematous, pink, scaly plaques that can 
become vesicular, bullous, pustular or desquamative skin lesions 
that mostly occur around the body orifices and on the extremities. 
Angular cheilitis, also known as perléche, is a common early mani- 
festation followed closely by paronychia. Subsequently, the features 
include alopecia and diarrhoea. The condition usually presents in 
infancy within days if an infant is bottle-fed and days to weeks after 
weaning in breast-fed infants. The disorder is caused by autosomal 
recessive mutations in a zinc transporter gene, SLC39A4 [1], and 
responds to zinc supplementation. Incontinentia pigmenti is an 
X-linked dominant genodermatosis that is lethal in utero in males. It 
results from abnormalities affecting the transcription factor NF-«B 
with dysregulation of the immune and stress responses, inflam- 
mation, cell adhesion and protection against apoptosis [2]. An 
internal deletion within the IKBKG (previously known as NEMO, 
NF-«B essential modulator) gene accounts for 85% of incontinentia 


pigmenti patients and results in absent NF-«B activation. Clinically 
there is an inflammatory and vescular eruption along Blaschko lines 
that later becomes hyperpigmented and warty in appearance. 


Treatment of EB 


At present there is no curative treatment for any form of EB, and 
the mainstay of clinical management is based on protection and 
avoidance of provoking factors and attention to patient symptoms 
such as itch and pain [1,2]. In the more severe forms of EB, it should 
be remembered that the whole skin and other stratified squamous 
epithelia, including the oral mucosa, are extremely fragile and 
vulnerable to blistering from the slightest friction or scrapes. In the 
milder forms, blistering may not always result from minor friction 
and may only follow sharp knocks to the skin. Major challenges 
include the treatment of the neonate with severe disease and the 
older child, adolescent or adult with the chronic disability that 
accompanies severe recessive dystrophic EB. 


Management of neonates and infants 

Because severe blistering and erosions may be associated with 
junctional, dystrophic or simplex forms of EB in the neonate, an 
early objective is to establish the diagnosis from an appropriate 
skin biopsy. This may be particularly relevant for a newborn with 
severe EB simplex, where the clinical appearance may be confused 
with generalised forms of junctional EB or even dystrophic EB, 
suggesting a much graver prognosis. A key to successful man- 
agement of neonates with EB is expert nursing care [1]. Paediatric 
nurse specialists with experience of caring for babies and children 
with EB are often best placed to help with coordinating hospital 
or home treatment, initiating diagnostic tests and training parents. 
Ideally, babies with EB are nursed on thick foam pads, which are 
covered by a silk sheet. This allows the babies to be held, fed and 
nursed without subjecting them to undue trauma. The erosions 
are cleaned with sterile normal saline and covered in comfortable 
non-adherent dressings [2]. Some EB specialists may prefer to use 
a topical antiseptic such as stabilised hydrogen peroxide cream 
(e.g. Hioxyl®, Quinoderm, UK) or 1% chlorhexidine cream, rather 
than topical antibiotics, chiefly because of the risk of emergence 
of antibiotic-resistant bacteria. Another preference is to treat open 
wounds with 1% silver sulfadiazine cream (Flamazine®, Smith 
and Nephew, UK) or an ointment containing polymyxin B or baci- 
tracin, although use of topical silver preparations should be limited 
because of the potential for systemic absorption. The topical antibi- 
otic mupirocin is not recommended for regular use, especially in 
hospital practice, because of the emergence of mupirocin-resistant 
Staphylococcus aureus. However, its use for short periods (up to 7 
days) in the home, for localised infected areas, is normally safe 
and effective. Among the newer dressings now favoured for use in 
children and older patients are Mepitel® and Mepilex® (Molynycke, 
Luton, UK). Mepitel is a porous, mildly adherent silicone-based 
material, which can be left in place for up to 7 days. Any exudate 
is usually able to pass through the holes in this dressing to be 
absorbed by a secondary gauze dressing, which can be changed 
more frequently. Mepilex has a foam backing that provides more 
protection where needed. Other dressings that have been found to 


be useful include Urgotul® (Urgo Medical, Loughborough, UK) and 
PolyMem® (Ferris Mfg. Corp., Fort Worth, TX, USA). 


Management of EB simplex 

Heat and humidity lower the threshold for blistering in patients 
with EB simplex, and measures to reduce both these factors are 
therefore important [1]. Patients with localised or more extensive 
forms of EB simplex should wear well-fitting, well-ventilated 
shoes, preferably with a soft inner lining. Cooling insoles such as 
CoolSorb® (Algeos Ltd, Liverpool, UK) can be helpful, especially 
in hot weather. Cotton socks are preferable to wool or synthetic 
fibres, and double-layer sports socks provide extra protection from 
friction and absorb sweat well. Heat-dissipating silver fibre socks, 
such as Carnation Silversocks® (Cuxson Gerrard and Co., Oldbury, 
UK) can be useful for many patients. Turning ordinary socks (and 
sometimes T-shirts) inside out can be helpful in reducing friction 
between the creases on clothes and the skin. Use of 20% aluminium 
chloride hexahydrate for the hyperhidrosis that can exacerbate 
blistering can be used for the treatment of localised EB simplex, 
although it does not help everyone. Botulinum toxin injections can 
also improve acral hyperhidrosis in some individuals. Dressings are 
not always needed in EB simplex — sometimes they can exacerbate 
the blistering. The use of non-sterile cornflour (cornstarch) can 
sometimes be preferable in reducing blisters and improving wound 
healing. The cornflour can be applied directly to the skin (including 
blistered sites) or sprinkled into socks or shoes. There are no proven 
systemic therapies to improve EB simplex, although in some people 
oral tetracycline may reduce the numbers of new blisters [2]. 


Management of severe junctional EB 

Individuals with the more severe form of junctional EB usually 
have a poor prognosis and mostly do not survive for more than 
a few weeks or months. However, the prognosis is variable and 
in a small minority of cases there can be a lessening of clinical 
severity and survival for several years. Extreme care should be 
taken in handling affected children because of the profound muco- 
cutaneous fragility. Non-adhesive dressings should be used (see 
section on neonatal management). Assessment should also be 
made for extracutaneous abnormalities, that is, whether this is 
a subtype of junctional EB associated with muscular dystrophy, 
pyloric atresia, etc. Facial erosions and periungual inflammation are 
common. Many wounds display exuberant granulation tissue that 
can improve following the application of potent topical steroids 
for a few days. Skin grafting may also help, although the extent of 
the erosions and underlying tissue fragility, in combination with 
the poor prognosis, may influence what is clinically feasible [1]. 
Some children require tracheostomy because of vocal hoarseness 
and airways obstruction [2]. 


Management of severe recessive dystrophic EB 

Patients with the more severe forms of recessive dystrophic EB will 
often survive into middle age and will therefore require continu- 
ing care throughout life. Ideally, they should be seen at 6-monthly 
intervals in a multidisciplinary clinic with expertise to help with 
the particular needs of these patients. Special precautions should 
be taken in the use of adhesive tapes, blood presssure cuffs, tourni- 
quets and any other instruments or appliances that might lead to 


blister formation or shearing of the skin or mucous membranes. The 
following systems require particular attention. 


Oral and dental care 

Microstomia, intraoral fibrosis and tethering of the tongue (anky- 
loglossia) make access and examination of the teeth and mucosa 
difficult [1]. Treatment should start in early childhood, so the 
involvement of a paediatric dentist with specialist knowledge of 
the dental complications affecting children with EB is important [2]. 
Whenever necessary, reconstructive measures should be applied to 
permanent and primary teeth to maintain function; this includes 
treatment of caries and meticulous cleaning of tooth surfaces (pae- 
diatric electric toothbrushes are ideal). Crown placement and even 
tooth implants (in adults) have been used successfully in some 
patients. More frequent preventative measures include daily fluo- 
ride supplements and the use of a mouthwash containing sodium 
fluoride and aqueous chlorhexidine. 


Gastrointestinal tract and nutrition 

Dysphagia and pain on swallowing are common [1]. Oesophageal 
strictures may be demonstrated by X-ray examination (includ- 
ing barium swallow and cine radiography) (Figure 69.37) or by 
endoscopy. Oesophageal spasm, often accompanying an acute 
obstruction, can sometimes be relieved by the administration 
of calcium-channel blocking agents (e.g. sublingual nifedipine). 
The treatment of established strictures requires an endoscopically 
guided balloon dilatation, which will usually have to be repeated 
every few months. Most patients have gastro-oesophageal reflux, 
which should be treated with a proton pump inhibitor to prevent 
further damage to the lining of the oesophagus. Constipation is 
inevitable and often chronic. The cause is complex and associated, 
to some degree, with inadequate fibre in the diet. A high-fibre diet 
is therefore important, and patients who have difficulty in eating 
sufficient fibre may benefit from nutritional supplements such as 
Enrich® (Abbot Laboratories Ltd, Maidstone, UK). Osmotic and 
stimulant laxatives, as well as faecal softeners, may all have a role 
and be prescribed according to an individual patient’s needs. Anal 
blistering and erosions contribute to the constipation and faecal 
retention, especially in children. Glycerol suppositories used in con- 
junction with a topical anaesthetic preparation may help. Trying to 
ensure adequate nutrition with a balanced diet is especially impor- 
tant to maintain growth in children. A deficiency of vitamins and 
trace elements (including zinc, iron and selenium) is frequent [2]. 
Comprehensive nutritional supplementation is only partly effective 
in maintaining adequate growth and in controlling anaemia and 
wound healing. Feeding through a gastrostomy allows appropriate 
nutrition in addition to the administration of supplements, which 
children may find difficult to take by mouth. Gastrostomy feeding 
can be delivered overnight in the home and is well tolerated. 


Eyes 

External abrasions should be dealt with urgently; they usually 
require topical treatment with an antibiotic and anaesthetic [1]. 
Eyepads may need to be worn for 2-3 days following corneal injury 
until pain diminishes. Scarring of the lids following blistering may 
result in inadequate lid closure and loss of normal protection to the 
eyes [2]. Plastic surgical reconstruction may be indicated. Artificial 
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Figure 69.37 Barium swallow radiograph showing constriction in the upper 
oesophagus in recessive dystrophic epidermolysis bullosa. Courtesy of Professor R.A.J. 
Eady, St John’s Institute of Dermatology, London, UK. 


tears are a useful lubricant during the daytime, with lubricant 
ointments applied at night. 


Musculoskeletal system 

Although early exercises and physiotherapy may be helpful, the 
progress of finger and hand contractures with eventual mitten-type 
deformity is virtually inevitable [1]. Contractures and tight teth- 
ering by scar tissue may also affect elbows and knees. Surgical 
release of the contracted fingers is a highly specialised procedure 
and requires skin grafting, postoperative splinting and intensive 
physiotherapy and occupational therapy [2]. The benefit from 
surgery is only temporary, however, and most patients need further 
surgical treatment within a few years. The feet may be involved in 
a similar scarring process, but surgery is rarely undertaken because 
the foot deformities do not usually prevent patients from standing 
or walking. 


Anaemia 

All patients with the more severe forms of recessive dystrophic EB 
are anaemic, and the picture is that of anaemia of chronic disease [1]. 
Despite the administration of oral iron supplements, the iron stores 
are usually low as assessed by serum ferritin levels. In patients with 
widespread lesions and secondary infection, the serum ferritin may 
not accurately reflect the need for supplementary iron. Instead, the 
serum iron level may be a better indicator of the requirement for 
iron replacement in these patients. Parenteral iron is painful if given 


intramuscularly, especially where the muscles are thin and wasted, 
and intravenous administration is preferred [2]. Anaphylaxis is a 
potential risk of intravenous administration although the risk is low 
with preparations such as Ferinject® (ferric carboxymaltose; Vifor 
Pharma, Wigan, UK). Following intravenous iron, haemoglobin 
levels generally increase, and the patient’s sense of well-being 
improves. Transfusion of packed red cells may be required in some 
patients, especially when the blood haemoglobin level falls below 
c.7.00 g/dL or when the patient becomes short of breath and more 
easily fatigued than usual. 


Bony abnormalities 

Virtually all patients have bony changes, mainly osteoporosis [1]. 
The cause is multifactorial and is related to poor nutrition, vitamin 
D deficiency, relative immobility in some patients and previ- 
ous treatment with systemic glucocorticoids. This last point is 
especially relevant in older patients. Regular checking of bone 
density, especially of the hips and spine, usually by dual-energy 
X-ray absorptiometry (DEXA), is now part of routine manage- 
ment [2]. Treatment with calcium supplements, vitamin D and 
biphosphonates is usually indicated. 


Genito-urinary tract abnormalities 

Patients may infrequently develop a variety of genito-urinary and 
renal complications [1]. These may include stenosis of the external 
urethral meatus. Urological intervention is recommended when- 
ever function is compromised although occasionally may result in 
more scar formation [2]. Dialysis has been successfully performed 
in occasional patients with end-stage renal disease. 


Systemic treatments for recessive dystrophic EB 
Long-term systemic corticosteroid treatment is not used now 
because of the high risk of complications, and phenytoin has 
not proved to be more effective than placebo [1]. Other systemic 
drugs that have been tried with mixed results in small numbers of 
patients include vitamin E, minocycline, ciclosporin and retinoic 
acid, although the number of randomised clinical trials in EB has 
been few [2]. Although, theoretically, the systemic use of a retinoid 
such as isotretinoin or acetretin might reduce the risk of squamous 
cell carcinomas in these patients, there is no evidence yet in sup- 
port of this presumably lifelong treatment. In addition, increased 
mechanical fragility, blistering and/or itching may occur for doses 
approaching 0.5 mg/kg/day. 


Cancer and recessive dystrophic EB 

Squamous cell carcinomas (SCCs) are expected to occur in nearly 
every patient with severe recessive dystrophic EB, as well as in 
a minority of patients with intermediate and inversa variants [1]. 
Meticulous surveillance of the skin, particularly over bony promi- 
nences and in areas of greatest scarring and delayed wound healing, 
preferably with the aid of serial photography, should be performed 
regularly (at least every 6 months) from the age of 5 years, and any 
suspicious lesion should be immediately biopsied. Those lesions 
that fail to reveal cancer histologically, and yet remain atypical 
in appearance or healing pattern, such as a non-healing erosion, 
should be re-biopsied. This is because it is possible to miss an early 


SCC, given the tendency of these tumours to be well-differentiated 
histologically and to show only focal areas of neoplastic change. 
Large SCCs (>5 cm in diameter) or those overlying difficult anatom- 
ical sites should be imaged with magnetic resonance imaging or 
computed tomography to assess tumour extent. Surgical excision 
is recommended, and careful serial follow-up examinations should 
be implemented, seeking possible local or regional recurrences. 
Amputation of an affected limb may eventually be required in some 
cases. Although still unproven, there may be a role for sentinel node 
biopsy in the management of these patients. There is no evidence to 
support use of Mohs micrographic surgery instead of conventional 
surgical excision. Regional metastases, for example those arising 
within the axillary vault, may benefit from at least partial surgical 
debulking, even if extensive, to reduce the size of non-healing, 
painful, malodorous or chronically infected lesions. Neither con- 
ventional chemotherapy nor radiotherapy has been shown to 
provide lasting benefit in the treatment of primary or secondary 
tumours, although epidermal growth factor receptor antagonists or 
immune checkpoint inhibitors may have some impact in lessening 
early-stage cancer progression. Radiotherapy, like surgery, may be 
used for reducing the tumour mass. Best practice guidelines for 
managing malignancy in EB have been published [2]. 


Pain management 

Patients with EB frequently experience severe pain, which is 
unresponsive to conventional treatment with non-opiate-based or 
non-steroidal anti-inflammatory agents [1]. Unfortunately, systemic 
opiates are addictive and tend to exacerbate chronic constipation, 
making their long-term use highly undesirable. However, the use 
of topical opiates, including diamorphine, may be effective in the 
treatment of pain in EB patients, reducing the need for powerful 
systemic analgesia [2]. Its use is particularly beneficial when chronic 
pain is associated with chronic ulcers and erosions, accompanied 
in some patients by SCC. Amitriptyline is useful in pain manage- 
ment in both adults and children, and benzodiazipines such as 
midazolam can be helpful in reducing pain associated with chang- 
ing dressings. Psychological support and cognitive—behavioural 
techniques may also be helpful in managing pain. 


Skin grafting 

Autologous split-thickness skin grafts have had short- to longer- 
term beneficial effects in the treatment of chronic ulcers or ero- 
sions in patients with some forms of recessive dystrophic EB or 
pretibial EB. Cultured autologous keratinocytes have also been 
used successfully in the treatment of junctional EB. Allogeneic ker- 
atinocyte grafting may be helpful in reducing wound pain although 
the cells do not survive more than a few days post-transplantation 
[1]. Skin bioequivalents (use of epidermal and dermal components 
in the skin grafts) have also been used in the treatment of EB 
simplex, junctional EB and dystrophic EB, with mixed results [2]. 
Concerns have been raised about the relative efficacy, especially 
in the long term, of treatment with bioequivalents, until more 
comprehensive data based on controlled trials become available (or 
alternative therapies are introduced). Some data from the National 
EB Registry suggest that such treatments are often either ineffective 
or any benefits may be relatively short lived. 


Innovative therapies 


Although there is currently no cure for EB, clinical testing of differ- 
ent forms of gene, cell, protein, small molecule and other forms of 
therapy is widely pursued. An update on the status of clinical tri- 
als in EB is available online: www.clinicaltrials.gov. At any given 
time, there are usually more than 100 active clinical trials assess- 
ing innovative therapies for EB. Selected examples of some of these 
treatments follow. 


Recombinant protein therapy 

One potentially attractive approach is recombinant protein ther- 
apy — if conditions such as recessive dystrophic EB lack type VII 
collagen protein in the skin, then why not simply make artificial 
type VII collagen and restore this to the defective skin? Topically 
applied recombinant protein therapy is unlikely to be successful 
because of the degree of infection and protease activity in EB 
wounds. Moreover, the extent of both cutaneous and mucosal and 
other organ involvement in EB makes systemic protein replacement 
amore attractive option. Following testing in small and large animal 
models of dystrophic EB [1,2], trials of intravenous type VII collagen 
protein therapy started in humans in February 2019. Although full 
data are yet to be published, thus far no safety concerns have been 
raised, either in the form of allergic reactions or autoantibodies to 
the type VII collagen as a neoantigen. 


Gene therapy 

Most recessive blistering genodermatoses are associated with 
loss-of-function mutations on both alleles. The result of these muta- 
tions is that no functional protein is being generated and therefore 
gene replacement strategies are being pursued. The most dramatic 
example of successful gene therapy for EB was reported in 2017 [1]. 
Ex vivo keratinocyte gene therapy using a LAMB3 transgene was 
used to correct 80% of the skin of a boy with an intermediate form of 
junctional EB. This study also showed the importance of targeting 
keratinocyte holoclone stem cells for permanent correction; physical 
functional correction of the skin has been maintained for >5 years. 
For recessive dystrophic EB, attempts to replace COL7A1 gene 
expression have been assessed in autologous keratinocyte sheets 
grafted on to wounds, as well as autologous fibroblasts injected into 
intact and wounded skin. For optimal gene replacement therapy 
in recessive dystrophic EB wounds, it may be advantageous to 
COL7AI1 correct both keratinocytes and fibroblasts and to graft 
composite skin equivalents. Delivering COL7A1 gene therapy 
topically to wounds in a gel or cream base is also being assessed 
but no clinical trial results have yet been published. Gene editing 
approaches have not yet been tested in clinical trials in EB but 
technological advances in a technique called prime editing offer 
great promise for future clinical translation [2]. 


Cell therapy 

Keratinocytes (autologous, allogeneic), fibroblasts (allogeneic), mes- 
enchymal stromal cells (autologous, allogeneic, haploidentical — 
from bone marrow, umbilical cord, adipose tissue) and bone marrow 
transplantation have all been tested in patients with EB, particularly 
in severe forms of recessive dystrophic EB [1]. At present, no single 
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approach provides universal benefit. Some approaches address the 
primary genetic abnormality underlying the EB, such as punch 
grafting of revertant mosaic skin or bone marrow transplantation. 
For these therapies, there may be restoration of the defective pro- 
tein underlying the EB. Most other approaches, however, target 
inflammation in the skin, for example intravenous allogeneic mes- 
enchymal stromal cells release various cytokines and chemokines 
that reduce redness, pain and itch and promote wound healing [2], 
albeit for just a few months. Inducible pluripotent stem cells cur- 
rently present a means of generating model systems for studying 
EB and for therapeutic screening but have yet to feature in human 
clinical trials for any subtype of EB. 


Small molecule therapy 

Small molecules are chemicals of <900Da that can pass across 
cell membranes and interact or interfere with target biomolecules. 
For EB, there are typically more than 30 active clinical trials 
of small molecule therapy ongoing at any time [1]. Of cur- 
rent interest is gentamicin (results in readthrough of nonsense 
mutation-associated RNA decay), which is being tested topically, 
intradermally and intravenously in individuals with dystrophic 
and junctional forms of EB in which the underlying gene pathol- 
ogy involves nonsense mutations [2]. Other studies are assessing 
topical betulin (betulin-enriched triterpene extract from birch 
bark to improve wound healing), topical diacerin (derived from 
rhubarb root to target interleukin-1f associated inflammation) 
in severe EB simplex, oral serlopitant (a neurokinin-1 receptor 
antagonist) to reduce itch severity, and epigallocatechin-3-gallate 
(inhibitor of matrix metalloproteinase 7) to reduce blister numbers 
in recessive dystrophic EB. Additional clinical testing is being 
undertaken for coenzyme Q10 (topically to improve wound heal- 
ing); intradermal botulinum toxin for plantar pain and blistering 
in EB simplex; oral pregabalin (neurotransmitter modulation) to 
reduce pain and itch in recessive dystrophic EB; topical sirolimus 
(mTOR inhibitor) for EB simplex keratoderma; oral/intravenous 
rigosertib (a polo-like kinase-1 inhibitor) for SCC in recessive dys- 
trophic EB; and topical ropivocaine (local anaesthetic) to reduce 
wound pain. 
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INHERITED DISORDERS ( 


Ehlers-Danlos syndrom 


Definition and nomenclature 

The Ehlers—Danlos syndromes (EDS) are a heterogeneous group 
of inherited disorders of connective tissue that variably impair the 
structure and function of the skin, joints, internal organs, eyes and 
blood vessels. They are characterised by joint hypermobility, skin 
hyperextensibililty and tissue fragility. 


Introduction and general description 

The original classification divided EDS into 11 clinical types and, 
in 1986, the International Nosology of Heritable Disorders of 
Connective Tissue redefined EDS into subtypes I-VIII and X [1]. 
Progress in molecular biology led to the Villefranche classification 
in 1997 [2]. Further subtypes have been described, with molecular 


characterisation, resulting in the 2017 International Classification 
which recognises 13 subtypes [3]. Since then, another distinct 
subtype has been identified [4]. 


Epidemiology 

Incidence and prevalence 

Data for the prevalence of EDS is incomplete. All types of EDS 
combined are estimated to occur in 1 per 5000-10 000 [5]. Hypermo- 
bility type (hEDS) is the most common (1/10 000-15 000), although 
its true incidence is unknown. hEDS combined with hypermobility 
spectrum disorder, using data from Wales, UK suggests a prevalence 
of 194.2 per 100 000 [6]; classical EDS (cEDS) is 1/20 000-40 000 
and vascular type is 1/50 000-250 000 [7,8]. The other subtypes are 
much rarer, with only a small number of patients reported for each. 


Age 

Whilst features may be present at birth most patients present later 
in childhood as the diagnosis can be difficult to make, particularly 
in classical and hypermobile types, until the child starts to walk. 


Sex 
There is no sex predilection although more females present with 
hypermobility type. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Ethnicity 
There is no racial variation. 


Associated diseases 

Type III collagen production by fibroblasts is decreased in some 
patients with ruptured cerebral aneurysm, even though they have 
no other stigmata of EDS [9]. The collagen deficiency in these 
patients does not appear to arise from COL3A1 mutations, but 
may relate to abnormal post-translational modification or altered 
collagen metabolism [10]. 

Hypermobile EDS and hypermobility spectrum disorder patients 
are increasingly reported to exhibit extra-articular manifestations 
involving postural orthostatic intolerance, gastrointestinal symp- 
toms and features of mast cell activation syndrome (MCAS) [11]. 


Pathophysiology 

Defects directly affecting fibrillar collagens and in intracellular 
trafficking, secretion and assembly of extracellular matrix (ECM) 
molecules, including proteoglycans and tenascin-X, are causal in 
different types of EDS [3]. 


Pathology 

Skin histology is variable and often within normal limits. Typically, 
there is a loose, disordered dermal collagen network. Elastic fibres 
are usually increased and orientated irregularly. The ‘pseudotu- 
mours’ seen in cEDS consist of fat and mucoid material in fibrous 
capsules; they may be calcified. Bone mineralisation is decreased, 
and the collagen fibres are irregular. Adventitial defects of the 
small arteries and inadequate support from the surrounding con- 
nective tissue account for the vascular vulnerability in vascular 
EDS (vEDS) [12,13]. Often, in vEDS, the skin is reduced to 25% of 
normal thickness, with small collagen fibre bundles. Fibril diameter 
is markedly variable in some patients [13]. In many patients, the 
fibroblasts contain prominent rough endoplasmic reticulum con- 
taining abnormal type III procollagen [14,15]. Although bruising 
can be explained on the basis of skin and blood vessel fragility, a 
few patients also exhibit both ultrastructural and functional platelet 
defects [16,17]. Clotting factor deficiencies have been only rarely 
reported. 

Electron microscopy of dermal collagen may show irregularities of 
fibril shape and size. Although reliable subclassification of the more 
common subtypes is not possible, it can help contribute to the diag- 
nosis [18,19]. Cauliflower-like fibrils mainly occur in cEDS, and vari- 
able small diameter fibrils in vEDS. Tenascin-X-deficient patients 
have uniform collagen fibrils which are less densely packed and not 
as well aligned [16]. In musculo-contractural EDS, the collagen fib- 
rils are less densely packed although their size and shape are not 
altered [20]. In contrast, arthrochalasia-type EDS is characterised by 
angular fibrils in cross-section, and dermatosparaxis by grossly dis- 
torted hieroglyphic fibrils. 


Genetics 
Spontaneous mutations occur in 30-50% of the autosomal dominant 
subtypes. The less common types are autosomal recessive. The pre- 
viously described X-linked variant has been removed from the clas- 
sification. 

The different molecular abnormalities corresponding to the vary- 
ing subtypes are listed in Table 70.1 [20,29,30,31-50]. 
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Clinical features 

Presentation 

A diagnosis of EDS should be considered in anyone with the car- 
dinal manifestations of skin hyperextensibility, skin fragility, easy 
bruising and joint laxity. Further features will depend on the EDS 
subtype. However, great phenotypic overlap occurs often making it 
difficult to rely on clinical features alone. Skin fragility, for example, 
may not be apparent until the child is at walking age [51]. 


Clinical variants 

Classical Ehlers-Danlos syndrome (cEDS). The skin is soft, velvety 
and hyperextensible (Figure 70.1) but retains its normal recoil. The 
skin on the palms and soles may be hyperlinear and loose. The skin 
is not usually otherwise lax until later in life, when redundant folds 
occur on the eyelids (blepharochalasis), face and limbs. Secondary 
cutis laxa has been described on the lower back of a patient with 
mild cEDS [52]. Striae often do not develop during pregnancy. 
Trivial lacerations form gaping wounds that heal very slowly to 
leave broad, atrophic ‘cigarette paper’ scars (Figures 70.2 and 70.3). 
Sutures may tear out repeatedly. Blue-grey, spongy tumours (mol- 
luscoid pseudotumours), due to accumulation of connective tissue, 
may form on the skin, especially in scars or over pressure points. 
Smaller, firm, subcutaneous nodules (spheroids), which show calci- 
fication on X-ray, develop on the shins and forearms in up to a third 
of patients. 

Easy bruising may be the presenting symptom, and pigmentation 
due to haemosiderin deposition is often found on areas of repeated 
trauma. 

The facies may be distinctive, with widely spaced eyes, a wide 
nasal bridge and epicanthic folds. Gorlin sign, the ability to touch 
the nose with the tip of the tongue, is more common in those with 
EDS. The sclerae are sometimes blue. 

There is marked joint hypermobility, which can impair walking, 
especially during pregnancy. Subluxation of the large joints may 
occur [53]. Muscle tone is often poor, and hernias develop. Pedal 
piezogenic papules are seen more frequently. Diaphragmatic even- 
tration and gastric torsion have been reported [54]. Symptomatic 
bladder diverticula may develop [55]. Varicose veins may develop in 
early life. Prematurity due to ruptured fetal membranes is common. 

As physical and mental developments are normal, life expectancy 
is not reduced, hence large family pedigrees are not unusual. 


Hypermobile Ehlers-Danlos syndrome (hEDS). The 2017 classifi- 
cation of EDS has redefined hEDS and distinguishes it from other 
hypermobility disorders, referred to as hypermobility spectrum 
disorders [3,56]. Currently no molecular cause has been identified. 
The Beighton score (Table 70.2) is the most common, quick method 
for assessing global joint hypermobility and a score of 5 or more 
out of 9 under the age of 50 years old is considered diagnostic 
for joint hypermobility [3,57]. Ultimately, molecular analysis will 
determine whether these two groups are genetically heterogeneous. 
Haploinsufficiency of tenascin-X results in reduced dermal collagen 
and may account for 5-10% of hEDS, although this has been found 
only in females [58]. 

The skin is only minimally affected by scarring and hyperextensi- 
bility, whereas joint mobility is markedly increased, and dislocation 
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PART 6 


Figure 70.1 Cutaneous hyperextensibililty in classical Ehlers—Danlos syndrome. 


Figure 70.2 Atrophic scarring of the elbow in classical Ehlers-Danlos syndrome. 


Figure 70.3 Scarring of the forehead in classical Ehlers-Danlos syndrome. 


Table 70.2 The Beighton score. 


Movement Score 


Dorsiflex L and R fifth finger >90° 
Apposition L and R thumb to forearm 
Hyperextend L and R elbow >10° 
Hyperextend L and R knee >10° 
Palms to floor 

Total 


Oo SFNNNN 


Adapted from Beighton PH et a/. 1973 [57]. 


and joint pains are common [3]. Extra-articular manifestations of 
dysautonomia are significantly more common in joint hypermobil- 
ity patients [59]. Although the mechanisms remain unclear there is 
increasing evidence suggesting a link to mast cell activation disor- 
der [11]. The symptoms include tachycardia, hypotension, gastroin- 
testinal dysmotility and disturbed bladder function and sweating 
regulation [60,61]. Failure to respond adequately to local anaesthetic 
is reported more commonly in this subgroup [62,63]. 


Vascular Ehlers-Danlos syndrome (vEDS). This severe form is 
inherited as an autosomal dominant trait. Tissues rich in type 
III collagen, notably arterial media, bowel and uterus are mainly 
affected. 

Clubfoot and/or congenital dislocation of the hips may be present 
at birth. Other features include prematurity (due to rupture of friable 
placental membranes), easy bruising, which may lead to the mis- 
taken accusation of child abuse [64], inguinal hernia and pneumo- 
thorax [65]. Many individuals have an acrogeric appearance con- 
sisting of prematurely aged, thin, translucent and fragile skin 
(Figure 70.4), a hollow-eyed appearance, thin peaked nose and 
thin lips. Elastosis perforans serpiginosa is seen more commonly in 
vEDS [66]. Unlike other forms of EDS, the skin is not hyperextensi- 
ble, and joint hypermobility is chiefly restricted to the small joints of 
the hands and feet. Surface veins are usually readily visible. There 
is a tendency to form keloid scars. 


Figure 70.4 Cutaneous atrophy in vascular Ehlers—Danlos syndrome. 


The major complications arise following spontaneous rupture of 
large arteries, the colon and gravid uterus. The largest case series 
to date of vEDS patients showed a median survival of 48 years, 
with 25% of index cases having their first significant complication 
by 20 years [30]. Most deaths follow arterial dissection or rup- 
ture, mainly of the thoracic and abdominal vessels. In the same 
series, complications of pregnancy led to death in the peripartum 
period in 12 of 81 women who had a total of 183 pregnancies [30]. 
Seven died following vessel rupture and five following uterine 
rupture. 


Kyphoscoliotic Ehlers-Danlos syndrome (kEDS). This autosomal 
recessive condition was the first true disorder of collagen struc- 
ture to be described [32,67,68]. The biochemical abnormality is a 
deficiency of lysyl hydroxylase, now known as procollagen-lysine 
2-oxoglutarate 5-dioxygenase, which is encoded by the PLOD1 gene. 
Deficiency of this enzyme leads to reduced hydroxylation of lysyl 
residues in types I and III collagen in skin; hydroxylysine-containing 
cross-links are not formed [69] and lysine-derived cross-links are not 
as stable as those from hydroxylysine [70]. The detection of abnor- 
mal pyridinoline cross-links in urine can be used as a diagnostic 
aid [71]. 

Clinical features include soft, velvety, hyperextensible skin and 
joint hypermobility and (sub)luxations. Kyphoscoliosis is congenital 
or early onset. Eye manifestations include microcornea, glaucoma, 
keratoconus and ocular fragility. Some patients have a Marfanoid 
habitus. Bleeding may occur from major wounds, and there may be 
delayed motor development [72]. 

A second type of autosomal recessive kEDS with additional fea- 
tures of congenital hearing impairment, muscle atrophy and bladder 
diverticulae is caused by mutations in FKBP14 resulting in impaired 
collagen folding [32,33]. Urinary pyridinoline cross-links levels are 
normal. 


Musculocontractural Ehlers-Danlos syndrome (mcEDS). This 
form of EDS was originally reported under the terms adducted 
thumb-clubfoot syndrome, Kosho type and D4ST1-deficient 
EDS [20,4446]. Features in addition to EDS include a distinctive 
cranio-facial appearance and congenital multiple contractures, typ- 
ically adduction/flexion contractures and talipes equinovarus [73]. 


Spondylodysplastic Ehlers-Danlos syndrome (SpEDS). Three con- 
ditions caused by B4GALT7, B3GALT6 and SLC39A13 mutations 
with overlapping phenotype are now grouped in this subtype [73]. 
In addition to hyperextensible skin which is soft, doughy, thin 
and translucent, patients commonly exhibit short stature, muscle 
hypotonia (ranging from severe congenital to mild later-onset) 
and bowing of the limbs [74]. Other features more specific to the 
molecular subtype occur (see Table 70.1) [75]. 


Arthrochalasia Ehlers-Danlos syndrome (aEDS). This rare auto- 
somal dominant condition, like osteogenesis imperfecta, results 
from mutations causing defects in type I collagen. Phenotypic 
overlap therefore occurs. The most important clinical features 
for the diagnosis of aEDS are hypermobility and recurrent joint 
dislocations, typically bilateral congenital hip dislocation. The cuta- 
neous features are milder than in most other EDS types. There is 
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significant skin redundancy, resulting in one of the key features of 
arthrochalasia type, namely a criss-cross pattern on the palms and 
soles [40,73]. 


Cardiac-Valvular Ehlers-Danlos syndrome (cvEDS). This is due to 
recessive mutations in COL1A2 and manifests with EDS features in 
association with severe, progressive aortic and mitral valve diseases 
[24,73]. 


Dermatosparaxis Ehlers—Danlos syndrome (dEDS). This very rare 
autosomal recessive form is characterised by premature rupture 
of the membranes, extreme skin fragility and laxity and bruis- 
ing (Figure 70.5) [41,76-79]. Facial appearance is characterised by 
blue sclera, puffy eyelids, epicanthic folds, downslanting palpe- 
bral fissures, micrognathia with gingival hyperplasia and dental 
anomalies [80]. Other features include umbilical hernia, variable 
joint laxity that becomes more prominent with age, delayed clo- 
sure of the fontanelles, short stature and brachydactyly. Serious 
complications include spontaneous rupture of the bladder or 
diaphragm. 

Two cases with congenital skull fractures and skin lacerations after 
birth have been reported [81,82]. 


Periodontal Ehlers—Danlos syndrome (pEDS). The features are sim- 
ilar to cEDS but often with only moderate small joint hypermobil- 
ity and milder skin manifestations. The distinguishing clinical fea- 
tures are premature periodontal recession (Figure 70.6), resulting 
in loss of teeth by the third decade, and heavily pigmented pretib- 
ial plaques (Figure 70.7) [42,83,84]. pEDS arises due to mutations 
in the classical complement pathway, resulting in activation of the 
local complement cascade in the periodontal region, with possible 
other effects on ECM proteins at sites of complement 1 expression 
[42,85]. 


Classic-like Ehlers—Danlos syndrome (clEDS). Tenascin-X deficiency 
causes a clinically distinct, autosomal recessive form of EDS [24,25]. 
Patients have hyperextensible skin, bruising and joint laxity, but no 


Figure 70.5 Extreme cutaneous fragility and laxity in dermatosparaxis Ehlers—Danlos 
syndome. 
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Figure 70.6 Premature periodontal recession in periodontal Ehlers—Danlos syndrome. 


Figure 70.7 Pigmented pretibial plaques in periodontal Ehlers—Danlos syndrome. 


scarring [86,87]. Generalised muscle weakness and distal contrac- 
tures are also features [86]. Tenascin-X encodes a large ECM protein 
that appears to be an essential regulator of collagen deposition by 
dermal fibroblasts and interacts with many other ECM components 
in the organisation of the ECM [88,89]. 

The diagnosis is confirmed by the absence of tenascin-X in serum 
and mutation analysis of the TNX-B gene. 


Classic-like (type 2) Ehlers-Danlos syndome (clEDS2). This 
subtype was described after the 2017 classification and has pro- 
visionally been referred to as type 2 cIEDS. Pronounced cEDS 
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skin changes occur in addition to generalised joint hypermo- 
bility, foot deformities and early-onset osteopenia. Autoso- 
mal recessive mutations in AEBP1, which encodes the aortic 
carboxypeptidase-like protein, alter the association with fibrillar 
collagens [4]. 


Brittle cornea syndome (BCS). Brittle cornea syndrome is a rare 
autosomal condition due to mutations in ZNF469 or PRDM5 
genes encoding zinc finger proteins. It shows significant pheno- 
typic overlap with kEDS [90,91]. Thin brittle cornea and ocular 
fragility, blue sclera and keratoconus are prominent features but 
it can be associated with skin fragility, joint hypermobility and 
kyphoscoliosis [3]. 


Myopathic Ehlers-Danlos syndrome (mEDS). This autosomal 
recessive phenotype shows features of EDS and a myopathy, com- 
bined with proximal joint contractures and distal hypermobility. It 
occurs due to abnormalities of type XII fibril-associated collagen 
with interrupted triple helices (FACIT) collagen [3,50]. 


Differential diagnosis 

Ehlers—Danlos syndrome should be distinguished from cutis laxa 
(Chapter 77), in which the skin hangs in flaccid, redundant folds. In 
EDS, redundant skin folds may develop in late adult life, but they are 
usually limited to the elbows and around the eyes. Hyperextensible 
soft skin is seen as a minor feature of many other genetic conditions 
including Williams syndrome, Down syndrome, arterial tortuosity 
syndrome and Costello syndrome. These syndromes can be easily 
differentiated by their other major features. 

Vascular EDS overlaps clinically with an autosomal dominant 
aneurysmal disorder, Loeys—Dietz syndrome (LDS). LDS type 
I patients overlap clinically with Marfan syndrome and hEDS, 
whereas type II patients have a phenotype similar to vEDS [92]. 
LDS occurs due to mutations in the transforming growth fac- 
tor B (TGF-B) receptor genes TGFBR and less commonly SMAD 
genes. 

Marfan syndrome should be considered if the presenting vascular 
complication is an aortic aneurysm or dissection. 


Complications and co-morbidities 
Complications vary according to the underlying molecular mecha- 
nisms and phenotype of the different EDS subtypes. 


Disease course and prognosis 
The prognosis depends on the subtype of EDS. Life expectancy is 
reduced in those who have vascular or bowel fragility. 


Investigations 

Molecular characterisation should be sought whenever possible. 
A baseline echocardiogram will enable assessment for valvular 
prolapse. Views of the aortic arch should also be obtained to 
look for aortic dilatation. This is, however, much less common 
in the classical and hypermobility types. Adults with vEDS are 
at risk for arterial aneurysm and rupture, and non-invasive visu- 
alisation of the arterial tree from head to iliac arteries may be 
indicated [93]. 


Analysis of the urine for an increased deoxypyridinoline: pyridi- 
noline ratio may be used as a screening test for PLOD1-related kEDS. 

In patients with significantly reduced physical activity, a 
dual-energy X-ray absorptiometry (DEXA) scan should be con- 
sidered to assess for low bone density. 


Management 

Attempts should be made to delineate the clinical and, if possible, 
the molecular abnormalities in a patient with EDS in view of the 
widely differing prognosis between different types. A multidisci- 
plinary approach is required with involvement of appropriate spe- 
cialists. Patients should receive genetic counselling. 


First line 

Joints. Patients should avoid excessive activities that produce addi- 
tional stress on their hypermobile joints. Physiotherapy is aimed at 
increasing tone and strength around joints, neuromuscular coordi- 
nation and joint proprioception. 


Skin. Advice should be given about simple precautionary mea- 
sures to lessen the chances of accidental trauma, scarring or 
bruising. It is advisable for children to avoid contact sports. Exces- 
sive sun exposure to minimise skin damage should be started early. 
High-dose (1-4 g/day) ascorbic acid (vitamin C) therapy may 
reduce bruising and can also improve wound healing in patients 
with kEDS [94,95]. 

Wounds should be closed without tension, preferably in two lay- 
ers. Deep stitches should be applied generously. Cutaneous stitches 
should be left in place twice as long as usual, and additional fixation 
of adjacent skin with adhesive tape can help prevent stretching of 
the scar. 


Pregnancy. There is a greater prevalence of obstetric and gynaeco- 
logical symptoms reported by women with EDS than in the gen- 
eral population [96]. Pregnancy represents a special issue in patients 
with certain types of EDS. Maternal risks include cervical insuffi- 
ciency, uterine prolapse, uterine tear, poor wound healing during 
the postpartum period and excessive bleeding both during and after 
delivery [97]. 

Infant risks include premature rupture of membranes with sec- 
ondary premature delivery and all the inherent complications. 

Patients with vEDS should be advised to avoid pregnancy as 
maternal mortality is high. The largest series found 12 maternal 
deaths in 81 women due to uterine and arterial rupture [30]. It 
is unclear whether elective caesarean section reduces these risks. 
Patients should be managed in specialist obstetric units with 
multidisciplinary input. 


Vascular EDS-specific precautions. Patients should avoid trauma, 
including physical contact sports, and avoid activities that raise 
intracranial pressure by the Valsalva effect. Bleeding should be 
managed conservatively if at all possible. 

Celiprolol, a long-acting 6,-antagonist with partial B,-agonist 
properties, has been shown in a randomised trial to reduce the 
incidence of arterial dissection or rupture [98]. Patients should 
be advised to carry medical alert identifiers in case of an acute 
complication. 


Resources 


Patient resources 

Ehlers—Danlos Support UK: https: //www.ehlers-danlos.org/. 

The Ehlers—Danlos Society, the International Consortium on EDS and HSD: https:// 
www.ehlers-danlos.com/international-consortium/ 

(Both last accessed February 2022.) 


Prolidase deficiency — CC 


Definition 

Deficiency of prolidase is a rare inborn error of collagen metabolism, 
associated with chronic skin ulceration, intellectual disability, 
splenomegaly and recurrent respiratory infections [1,2]. 


Introduction and general description 

Prolidase (peptidase D) is involved in the latter stages of degrada- 
tion of endogenous and dietary proteins and is particularly impor- 
tant in collagen catabolism. Deficiency of prolidase is a rare, clini- 
cally heterogeneous, multisystem disorder. 


Epidemiology 

Incidence and prevalence 

This is a rare disorder occurring in approximately 1/1-2 million 
births. Approximately 100 cases have been reported. 


Age 
Features typically first appear in infancy to young adult life. 


Sex 
There is equal sex incidence. 


Ethnicity 
It is more common in certain areas in northern Israel [3]. 


Associated diseases 

Approximately 10% of cases have been reported to also have 
features of systemic lupus erythematosus. It is therefore possible 
that prolidase deficiency is a risk factor for the development of 
systemic lupus erythematosus due to loss of immune tolerance to 
lupus-associated autoantigens [4,5]. 


Pathophysiology 

Collagen is degraded to iminodipeptides, which are then broken 
down into amino acids that can be recycled to form collagen. Pro- 
lidase cleaves dipeptides with proline or hydroxyproline at the 
C-terminus end. Decreased prolidase activity therefore leads to 
impaired collagen synthesis and wound healing [6]. It is not well 
understood how prolidase deficiency causes the other different 
clinical features. 


Pathology 

Light and electron microscopy of cultured fibroblasts from affected 
patients suggest necrosis-like cell death with abnormal morphology 
and increased cytosolic vacuolisation, and abnormal plasma mem- 
branes and mitochondria [7]. 
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Genetics 


The deficiency is inherited as an autosomal recessive trait [2,8]. 
Mutations in the prolidase gene PEPD result in loss of prolidase 
activity [7]. Heterozygotes have no clinical features [9]. 


Clinical features 

History 

The severity of symptoms varies greatly among affected individ- 
uals; however, the most characteristic feature is recalcitrant skin 
ulcers. 


Presentation 

Most patients have intellectual and developmental impairment 
and abnormal facies, which includes prominent eyes with hyper- 
telorism, a high forehead, saddle nose and micrognathia. Skin 
changes occur in about 85% of cases. The skin may feel spongy, 
with pitting and scarring, especially on the legs (Figure 70.8). The 
skin is fragile and leg ulcers are common. Occasionally, there may 
be photosensitivity, telangiectasia, purpura, premature greying and 
lymphoedema [10]. 

Splenomegaly, recurrent skin, ear or chest infections and obesity 
or a protuberant abdomen occur in about 30% of cases. Families 
have been described with associated chronic lung disease, resem- 
bling cystic fibrosis [11]. 


Differential diagnosis 
The presence of splenomegaly, photosensitive rash and autoanti- 
bodies can mimic systemic lupus erythematosus [12]. 


Figure 70.8 Pitted skin in prolidase deficiency. Courtesy of Addenbrooke's Hospital, 
Cambridge, UK. 
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Complications and co-morbidities 
Recurrent infections and skin ulceration are the most troublesome 
complications. 


Disease course and prognosis 
Prolidase deficiency is a chronic disorder with quite variable prog- 
nosis. 


Investigations 

Large amounts of imidodipeptides are excreted in the urine [13,14], 
and the proline : hydroxyproline ratio in collagen is increased. 
Reduced or absent prolidase activity can be detected in the red 
and white blood cells or cultured fibroblasts. Other abnormal 
laboratory findings include mild anaemia, thrombocytopenia and 
hypergammaglobulinaemia. 


Management 
Treatment is limited to improving the skin ulcers. 


First line 

Topical 5% proline and 5% glycine combined in an ointment base 
have been shown to be more effective in healing the ulcers than top- 
ical 5% proline in ointment alone [15]. Oral proline administration 
produces no clinical improvement. 


Second line 

A combination of topical and systemic growth hormone healed 
recalcitrant leg ulcers in one patient [16] and dapsone in another [17]. 
Enzyme replacement by transfusion of prolidase-containing red 
cells [18], pulsed corticosteroids [19] and apheresis exchange [20] 
and low-molecular-weight anticoagulants [21] have all improved 
skin ulceration. Various combination therapies have also been 
used [22]. 


Resources 


Patient resources 


Genetic and Rare Diseases Information Center: https://rarediseases.info.nih.gov / 
diseases /7473/prolidase-deficiency (last accessed February 2022). 


Osteogenesis imperfecta — Fa? 


Definition and nomenclature 


This is a heterogeneous group of heritable disorders characterised 
by osteoporosis with fractures, due predominantly to type I collagen 
abnormalities. 


Introduction and general description 

In 1979 Sillence classified osteogenesis imperfecta (OD) into types 
I-IV [1], with these four accounting for 85% of all subtypes that have 
been identified. The classification has been expanded due to new 
molecular findings [2,3]. 


Epidemiology 
Incidence and prevalence 
This condition affects approximately 1 in 10 000-20 000 [3]. 


Age 

The age of onset depends on the severity of the disease. The severest 
forms are lethal perinatally, with the mildest forms not being diag- 
nosed until adulthood. 


Sex 
There is no sex bias. 


Ethnicity 
There is no racial bias. 


Associated diseases 
An overlap may be seen with some forms of EDS due to collagen I 
abnormalities [4]. 


Pathophysiology 

Pathology 

Clinical features arise due to defects in collagen synthesis, assembly 
and processing as well as bone mineralisation and osteoblast dif- 
ferentiation. The bones are markedly collagen deficient, and often 
have a distorted architecture [5]. The dermis is thin, with a relative 
increase of argyrophilic and elastic fibres, and a deficiency of adult 
collagen [6]. 


Genetics 

Osteogenesis imperfecta is usually inherited in an autosomal domi- 
nant fashion, with a high frequency (c.25-30%) of de novo mutations; 
autosomal recessive forms are much less common. Mutations 
in COL1A1 and COL1A2 genes cause the autosomal dominant 
subtypes and account for approximately 85% of all cases [3]. 


Clinical features [1,3,7] 

Presentation 

In addition to fractures, patients may also have blue sclerae 
(Figure 70.9), deafness, skeletal deformity, abnormal dentine 
formation (dentinogenesis imperfecta), mild joint hypermobility, 
hernias, mitral valve prolapse, microvascular fragility leading to 
bruising and thin fragile skin [1]. 


Clinical variants 

The most common types are types I-IV relating to collagen 
I abnormalities, with rarer types V-XVIII showing molecular 
heterogeneity. 
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Figure 70.9 Blue sclera in osteogenesis imperfecta. 


Type IA: classical form. This is the commonest form. It is inher- 
ited as an autosomal dominant trait, although sporadic cases also 
occur [8]. Fractures are common in childhood. The sclerae are blue 
or grey, and easy bruising and early-onset deafness are common, 
but skeletal deformity is absent or mild. Joint laxity is common. 
The incidence of mitral valve prolapse is increased, and the aortic 
valves are thin and occasionally incompetent [9,10]. A few patients 
(type IB) have dentinogenesis imperfecta, but this is more common 
in the type IV group. Most patients have increased skin collagen, 
with an increased ratio of type I : type III collagens [11]. Other 
patients have an abnormal «,-chain, which is unduly susceptible to 
proteolysis by pepsin [12]. 


Type Il: lethal perinatal form. There are multiple fractures in utero 
and infants rarely survive for more than a few days after birth [3]. 
Avulsion of the limbs may occur during delivery due to a gener- 
alised connective tissue fragility. Radiography shows beaded ribs, 
crumpled femora and little skull calcification. This form has been 
subdivided on the basis of rib and limb bone abnormalities [13]. 
Inheritance is usually autosomal dominant. Multiple recurrence 
due to gonadal mosaicism can mimic autosomal recessive inheri- 
tance [14]. 


Type Ill: progressively deforming form. This is the most severe 
form of OI compatible with survival beyond infancy [3]. The long 
bones are thin and occasionally cystic. As the child grows older, 
progressive scoliosis and bowing of the long bones cause crippling 
deformities. The sclerae are blue in childhood but become normal 
in the adult. 


Type IV: mild form with normal sclerae. This condition is similar 
to type I in clinical features and inheritance, but the sclerae are 
not blue, dentinogenesis imperfecta is frequent and deafness is 
rare [1,3]. 


Differential diagnosis 
Patients with short extremities and a large skull may be confused 
with having achondroplasia, but bone fragility and thin skin do 
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not occur in achondroplasia. The multiplicity of fractures seen in OI 
commonly raises the issue of possible child abuse. 


Classification of severity 
The different subtypes of OI reflect not only molecular but also phe- 
notypic variability. 


Complications and co-morbidities 
These will vary according to the subtype. 


Disease course and prognosis 

The prognosis varies depending on the severity of symptoms. 
Respiratory failure followed by accidental trauma are the common- 
est causes of premature death. However, despite complications 
of OL, most children and adults lead productive and successful 
lives. 


Investigations 

Prenatal diagnosis of the more severe forms is possible using ultra- 
sonography from week 16 [15]. The preferred examination for the 
initial investigation of OI is plain radiography. Some radiographic 
features are specific to certain subtypes [16]. 


Management 

A multidisciplinary approach, including medical, orthopaedic, 
physiotherapy and rehabilitation input, is required with the aim 
of preventing fractures and disability, and improving function and 
quality of life [17]. 

Bisphosphonates have become standard care for patients although 
they are not associated with a significant reduction in long bone 
fracture in children [18]. It is also unclear how long therapy should 
be maintained [19]. Ongoing prevention of vitamin D and calcium 
deficiency is important. 

Denosumab, an anti-RANK (receptor activator of nuclear factor 
«B) ligand antibody that inhibits osteoclastic activity, and teri- 
paratide, a human parathyroid analogue, have shown preliminary 
effectiveness [3]. Somatic cell therapy using allogeneic bone mar- 
row and mesenchymal stromal cell transplantation have been 
used [20,21]. 


Resources 


Further information 


National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
.gov/omim. 

National Organization for Rare Disorders: http: //rarediseases.org/. 

Steiner RD, Basel D. COL1A1/2 osteogenesis imperfecta. GeneReviews® [Internet] 
2005;PMID 20301472. https: / /pubmed.ncbi.nlm.nih.gov /20301472/. 


Patient resources 
Brittle Bone Society: http://www. brittlebone.org. 
(All last accessed February 2022.) 
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Inherited generalised cuti 


Definition and nomenclature 

Cutis laxa is characterised clinically by lax pendulous skin that 
only slowly recoils when pulled [1]. Histologically, there is loss and 
fragmentation of elastic tissue in the dermis. It is a heterogeneous 
condition and may be inherited or acquired. The inherited forms 
include autosomal dominant and recessive types and an X-linked 


type. 


Introduction and general description 

Generalised cutis laxa is rare. The clinical presentation and the 
mode of inheritance show considerable heterogeneity. Cutis laxa 
variably affects connective tissue in the skin as well as other parts 
of the body, including the heart, blood vessels, joints, intestines and 
lungs. 


Epidemiology 

Incidence and prevalence 

No reliable data have been published but the prevalence at birth is 
estimated at around 1/1000 000. Autosomal recessive types (ARCL1 
and ARCL2) are the most common [2]. 


Age 
Presentation is at birth or early infancy although the autosomal 
dominant type has a later and milder onset. 


Sex 
Both sexes are affected equally in the autosomal dominant and reces- 
sive forms. X-linked cutis laxa affects males only. 


Ethnicity 
There is no racial variation. 


Associated diseases 

It is important to differentiate cutis laxa from other inherited disor- 
ders of connective tissue although it may also accompany disorders 
such as pseudoxanthoma elasticum and EDS [3]. 


Pathophysiology 

Cutis laxa is caused by disruption to normal elastic tissue function. 
Three main groups of proteins have so far been identified as being 
responsible for the abnormal elastic fibre morphology: 


e Proteins that are directly incorporated into elastic fibres, includ- 
ing fibulin-4, fibulin-5 and latent TGF-B-binding protein. 

e Proteins involved with synthesis, modification and secretion of 
elastic fibres. 

e Proteins involved in mitochondrial function [4]. 


Pathology 

The skin is of normal thickness, but the elastic fibres are sparse, 
short, fragmented and clumped, particularly in the upper dermis, 
and they show granular degeneration [5]. Similar changes in elastic 
fibres may occur in the lungs and aorta. 

Various ultrastructural changes have been described, depending 
on the subtype. These include separation of the elastin microfibrils 
from the amorphous matrix, the presence of a ‘wood-grain’ pat- 
tern and aggregation, fragmentation and clumping of the elastic 
fibres [5-7]. 


Genetics 

There is genetic and phenotypic heterogeneity (Table 70.3). Approx- 
imately 30% of patients with autosomal dominant cutis laxa have 
de novo mutations with no family history [8]. 


Clinical features 
Clinical variants 
Various clinical types have been described (Table 70.3) [8-11,12]. 


Autosomal dominant cutis laxa. The skin changes may develop at 
any age (Figure 70.10a) but tend to be less pronounced, compared 
with the recessive forms, in those who present later (Figure 70.10b). 
A minority of patients (25%) show skin redundancy only in the 
facial, neck, inguinal and/or axillary regions, whereas it is more 
widespread in the remainder [13]. The skin is soft and variably 
hyperextensible. Facial dysmorphism is mild but a beaked nose is 
common. Inguinal hernias are also common. Although autosomal 
dominant cutis laxa is considered to be a milder form of the disease, 
systemic involvement can range from mild to severe, including 
bronchiectasis and emphysema, hernias, mitral and_ tricuspid 
valvular prolapse, pulmonary stenosis, aortic and arterial dilatation 
and tortuosity, gastrointestinal and uro-genital diverticuli [8,12,14]. 
In the largest series reported to date, 35% had lung and 57% had 
aortic involvement [13]. 


Autosomal recessive cutis laxa. Several autosomal recessive forms 
of cutis laxa (ARCL) are known, and categorised into types 1 
(ARCLIA, -B and -C), 2 (ARCL2A and -B) and 3 (ARCL3A and 
B/de Barsy syndrome) [2,8,12,15]. Infant and childhood mortality is 
high. The typical facies comprises downward slanting palpebral fis- 
sures, a broad flat nose, sagging cheeks and large ears (Figure 70.11). 
There are prominent skin folds around the knees, abdomen and 
thighs. Herniae, diverticula, arterial tortuosity and aneurysms, 
severe pulmonary emphysema and cor pulmonale and develop- 
mental delay are variable but important complications. Death due 
to respiratory complications is common in the first few years of 
life. The various ARCL1 subtypes are characterised by prominent 
vascular and visceral involvement, while the different ARCL2 
subtypes feature prominent neurological manifestations and brain 
structural abnormalities. Of note, the de Barsy syndrome which is 
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distinguished by developmental delay and corneal clouding due to 
degeneration of the tunica elastica of the cornea [16-18], is caused 
by mutations in genes also involved in ARCL2 [19], suggesting that 
this subtype of cutis laxa does not need to be separately classified. 
Finally, beyond the current classification of ARCL, new forms of 
this condition continue to emerge but seem to share with classical 
types of ARCL similar manifestations, as in LTBP1-associated cutis 
laxa featuring facial dysmorphism, heart defects and prominent 
skeletal abnormalities [20]. 


X-linked recessive form (occipital horn syndrome). Affected 
males in occipital horn syndrome, previously known as EDS 
type IX, have a defect in the distribution of intracellular cop- 
per to copper-dependent enzymes [21]. Lysyl oxidase is a major 
copper-dependent enzyme, and its activity is markedly decreased 
in some patients [22], resulting in defective collagen and elastin 
cross-links. Occipital horn syndrome is considered a less severe 
form of Menkes syndrome, and both conditions are caused by 
mutations in the ATP7A gene [23,24]. Clinical manifestations 
include the development of bladder diverticula during childhood, 
inguinal herniae, mild laxity of the skin and skeletal defects such 
as short humeri and clavicles. Bony occipital horns appear during 
adolescence [22]. Other features include mild chronic diarrhoea and 
orthostatic hypotension. 


Differential diagnosis 

Although there are many similarities between the wrinkly skin 
syndrome and cutis laxa type 2 (both are caused by mutations in 
ATP6VO0A2), the skin changes in the former are limited mainly to the 
abdomen, hands and feet. Facial dysmorphism is less pronounced 
in wrinkly skin syndrome and large fontanelles have not been 
described [25]. 

Acquired cutis laxa (Chapter 94) may rarely develop at any age but 
often follows an inflammatory process or an associated disorder. 

In EDS the skin is hyperextensible but not lax, and it recoils 
quickly. In pseudoxanthoma elasticum the skin may be lax, but it is 
yellowish and the face is usually spared. It is distinguished histolog- 
ically by the presence of calcification. There may be circumscribed 
folds of lax skin in neurofibromatosis, and loose folded skin may 
also occur in leprechaunism, Patterson syndrome and trisomy 18, 
but these conditions are distinguished by their associated features. 

Excessive skin wrinkling of the forehead has been reported in 
Apert syndrome [26], although this and the other craniosynos- 
tosis syndromes are easily distinguished by their cranio-facial 
dysmorphism and recognised associations (Table 70.4). 


Disease course and prognosis 
The prognosis depends on the subtype of cutis laxa but in general 
autosomal dominant types tend to have a better prognosis. 


Investigations 

A skin biopsy can be helpful. An echocardiogram, chest X-ray and 
lung function testing should be performed. Neurological examina- 
tion and imaging are mandatory in ARCL2. If acquired cutis laxa is 
suspected, a primary cause should be sought. Molecular testing is 
possible for congenital and inherited cutis laxa. 
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Table 70.3 Cutis laxa and related synromes [12]. 
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Type Molecular defect Major clinical features MIM Additional references 
Autosomal ELN, FBLN5? Symptoms less severe than autosomal recessive types ADCL1 [30-32] 
dominant (ELN)123700 
(ADCL1 and 2) Onset usually childhood/early adult ADCL2 (FBLN5) [33] 
614434 
Cutis laxa, gastrointestinal diverticula, herniae, uterine prolapse, 
aortic dilatations 
Autosomal recessive FBLNS5S Cutis laxa, pulmonary emphysema, gastrointestinal and bladder 219100 [34] 
type 1A diverticula, arterial tortuosity and aneurysms, pulmonary artery 
stenosis, hernia, bone fragility 
Autosomal recessive FBLN4/EFEMP2 As for type 1A with additional propensity to supravalvular aortic 614437 [35] 
type 1B stenosis 
Autosomal recessive LTBP4 Cutis laxa, microretrognathia, flat mid face, receding forehead, 613177 [36] 
type 1C/URDS wide fontanelle, minimal cardiovascular complications limited to 
pulmonary artery stenosis and patent foramen ovale, severe 
genito-urinary and gastrointestinal involvement 
Autosomal recessive Loss-of-function Cutis laxa, growth and developmental delay, skeletal abnormalities, 219200 [37] 
type 2A mutations ATP6VOA2 large fontanelle with delayed closure, oxycephaly, herniae, hip 
dislocations, abnormal glycosylation of proteins 
Autosomal recessive PYCR1 Cutis laxa, growth and developmental delay, joint laxity, 612940 [38,39] 
type 2B microcephaly, triangular face, large ears, premature aged 
appearance, osteoporosis, normal glycosylation of proteins 
Autosomal recessive ALDH18A1 and PYCR1 Cutis laxa, progeroid appearance, corneal opacities, intellectual ARCLIIIA [40,41] 
type 3A and 3B disability, pseudoathetoid movements (ALDH18A1) 
(de Barsey 219150 
syndrome) ARCL3B (PYCR1) [42] 
614438 
X-linked (occipital ATPZA (allelic with Bladder diverticula, inguinal hernias, slight skin laxity and 304150 [22,23,43] 
horn syndrome) Menkes syndrome) hyperextensibility, joint laxity, coarse hair, skeletal abnormalities, 
including persistent open anterior fontanelle and occipital 
exostoses 
Other syndromes with cutis laxa 
Gerodermia GORAB/SCYL1BP Dwarfism with premature aged appearance, lax skin, osteoporosis, 231070 [44,45] 
osteodysplastica Wormian bones, mandibular prognathism, malar hypoplasia 
MACS RIN2 Macrocephaly, alopecia, cutis laxa 613075 [46] 
SCARF syndrome Unknown X-linked SCARF acronym: skeletal abnormalities, cutis laxa/craniostenosis, 312830 [47] 
recessive ambiguous genitalia, retardation, facial abnormalities 
Arterial tortuosity SLC2A10 Long face, sagging cheeks, downslanting and short palpebral 208050 [48] 
syndrome fissures, large ears, beaked nose, malar hypoplasia, 
micrognathia, hernia, cutis laxa, arterial tortuosity and 
aneurysms of large and medium vessels; lungs not affected 
Costello syndrome HRAS Phenotypic overlap with cardio-facio-cutaneous syndrome 218040 [49,50] 
Characteristic coarse facies, short stature, cutis laxa particularly 
hands and feet, severe feeding difficulty and failure to thrive, 
cardiac anomalies, facial warts 
Often presents in childhood 
Transaldolase TALDO1 Cutis laxa, growth retardation, dysmorphic features, congenital 606003 [51] 
deficiency heart disease, hepatosplenomegaly, abnormal platelet 
aggregation 
Lenz—Majewski PIDSS1 Intrauterine growth retardation, postnatal short stature, 151050 [52,53] 
syndrome disproportionately large head, distinct cranio-facial and dental 
anomalies, distal limb anomalies, particularly brachydactyly and 
symphalangism. Progressive bone sclerosis evident on X-ray. 
Moderate to severe intellectual disability. Cutis laxa in infancy, 
thin skin with prominent veins especially on the scalp. Cutis 
marmorata 
COG7-related COG7 Hypotonia, hepatosplenomegaly, growth retardation, microcephaly, 608779 [54] 
disorder variable skeletal anomalies, developmental delay, loose wrinkled 
skin 
Adapted from Beyens et a/. 2021 [12]. 


@ Only one family reported. 


COG, component of oligomeric Golgi complex; MACS, macrocephaly—alopecia—cutis laxa—scoliosis; URDS, Urban-Rifkin—Davis syndrome. 


(b) 


Figure 70.10 (a) A 1-year-old female with autosomal dominant cutis laxa due to a 
heterozygous ELN mutation. (b) Autosomal dominant cutis laxa in a 13-year-old male. 
(a) Courtesy of Dr Gabriela Petrof, consultant dermatologist at Great Ormond Street 
Hospital for Children. London, UK. (b) Reproduced from Berk et a/. 2012 [8] with kind 
permission of Elsevier. 


Management 

Treatment is limited and is directed towards alleviating complica- 
tions. Surgical removal of lax skin can be undertaken as patients 
generally heal well although the benefits are not long term [13,27]. 
Botulinum toxin has been used successfully as a less invasive 
modality to improve facial defects in one case [28]. Although par- 
enteral copper-histidine treatment has been of benefit to patients 
with Menkes disease, it appears to have less effect on the connective 
tissue abnormalities [29]. 


Inherited disorders of elastic fibres 


Figure 70.11 Autosomal recessive type 1A cutis laxa due to FBLN5 mutation in a 
4-year-old girl. Generalised loose skin affects the trunk and limbs and is most evident on 
the face, with a ‘droopy’ appearance giving the impression of downward slanting eyes. 
Reproduced with permission of Dr Nik Kantaputra, Chiang Mai University, Chiang Mai, 
Thailand. 
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Table 70.4 The main craniosynostosis syndromes. 


Other features in addition Chromosomal 


Syndrome to craniosynostosis localisation Gene 
Apert Mid-face malformations, 10q26 FGFR2 
syndactyly of hands and feet, 
acne 
Crouzon Proptosis, acanthosis nigricans 10q26 FGFR2 
(AN) 
4p16.3 FGFR3 (with AN) 
Pfeiffer Broad halluces and thumbs 8p11.2-11.1/ FGFR1/FGFR2 
10q26 
Saethre— Ptosis, facial asymmetry, low 7p21 TWIST1 
Chotzen hairline 
Beare— Cutis gyrata 10q26 FGFR2 
Stevenson 


FGFR, fibroblast growth factor receptor gene; TWIST1, encoding a basic helix-loop-helix 
transcription factor. 


Resources 


Patient resources 


Contact.org: https: / /contact.org.uk/help-for-families /information-advice-services /. 
There is no support group for cutis laxa in the UK but this may be a useful resource 
for carers and patients. 

Cutis Laxa Internationale: https://www.cutislaxa.org/. 

(Both last accessed February 2022.) 
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Williams—Beuren syndrome 


Definition and nomenclature 

The Williams—Beuren syndrome (WBS) is a multisystem disorder 
characterised by premature laxity of the skin, congenital heart 
disease (notably supravalvular aortic stenosis), metabolic abnormal- 
ities, dysmorphic facial features and developmental problems [1,2]. 
It is caused by deletion of the WBS chromosome region (chromo- 
some 7), containing multiple genes [3]. 


Introduction and general description 
Williams—Beuren syndrome is a rare genetic developmental 
disorder. 


Epidemiology 
Incidence and prevalence 
Approximately 1/10 000 persons are affected [4]. 


Age 
It can start in early adulthood. 


Sex 
There is equal sex incidence. 


Ethnicity 
No racial bias has been reported. 


Pathophysiology 

It is not understood which factors in the contiguous gene defect 
causes the phenotype but it is likely to be related to reduced expres- 
sion of certain genes. Although WBS is not strictly an elastinopathy, 
this region includes the ELN gene [5,6] and WBS shares many 
clinical features associated with elastin deficiency. 


Genetics 

The syndrome is caused by a hemizygous deletion of 1.5-1.8 Mb 
on chromosome 7q11.23, which contains at least 28 genes [3]. The 
deletion arises on either the maternally or the paternally inherited 
chromosome 7 and is sporadic in virtually all cases [7]. Familial cases 
are autosomal dominant. 


Environmental factors 

An ‘epidemic’ of the Williams syndrome was reported in the UK fol- 
lowing the administration of excessive doses of vitamin D to prevent 
rickets in pregnant women [8]. Vitamin D is known to downregulate 
elastin gene expression [9]. 


Clinical features 

Presentation 

The syndrome is characterised by premature laxity of the skin and 
congenital heart disease, notably supravalvular aortic stenosis. 
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Pulmonary artery stenosis is present at birth [10]. Metabolic 
abnormalities occur and dysmorphic facial features include a 
flat nasal bridge, short upturned nose and baggy connective tissue 
around the eyes [1]. Newborns have ‘elfin-like’ faces. As patients get 
older, their features become noticeable and coarser with full cheeks, 
prominent lips and dental malocclusion (Figure 70.12) [7,11]. Prema- 
ture greying of the hair can start in young adulthood. Inguinal (and 
other) hernias may be present. A recent study demonstrated also an 
increased incidence of wrinkles (92%) and abnormal scarring (33%) 
as well as abnormal biomechanical properties of the skin [12]. 

Delayed motor and perceptual development are sometimes 
masked by above-average language skills allied to a ‘cocktail party’ 
personality [13]. 


Differential diagnosis 

Identical cardiovascular abnormalities are seen in familial supraval- 
vular aortic stenosis, due to elastin gene (ELN) mutations, but the 
other features of WBS are lacking [14,15]. 


Complications and co-morbidities 

Endocrine abnormalities occur and include variable hypercal- 
caemia, sometimes with associated symptoms [16], impaired 
glucose tolerance [17] and subclinical thyroid disease [18]. Hyper- 
tension occurs in approximately 50% of patients [19]. Cardiovascular 
complications are the major cause of death [20]. 


Disease course and prognosis 
Cardiovascular-associated mortality is 25-100 times that among 
controls [20]. 


Figure 70.12 Child with Williams—Beuren syndrome exhibiting later facial features of 
full cheeks and lips, periorbital puffiness and epicanthic folds. Copyright of the 
Addenbrooke's NHS Trust, Cambridge, UK. 


Investigations 

Echocardiography will detect most stenoses. Regular monitoring 
of calcium levels and investigation of other endocrine associations 
should be performed. 


Management 
Therapy is directed to specific complications. Surgery is the pre- 
ferred choice for arterial stenoses [7]. 


Resources 


Further information 
National Organization for Rare Disorders: http: //rarediseases.org/. 


Patient resources 
Williams Syndrome Foundation: https: / /williams-syndrome.org.uk/. 
(Both last accessed February 2022.) 


Michelin tyre baby syn 


Definition and nomenclature 
This syndrome is characterised by the folding of skin, which leads 
to symmetrical and circumferential ringed creases, primarily of the 
limbs. Affected individuals also exhibit intellectual disability, cleft 
palate and dysmorphic features. 


Itial skin creases 


Introduction and general description 

The physical features resemble the mascot of the tyre manufacturer, 
Michelin, hence the name of the syndrome. The phenotype refers to 
most probably a very heterogeneous group of disorders manifest- 
ing with circumferential skin folds [1]. It can occur either in isolation 
or in association with additional anomalies, in particular facial dys- 
morphism, intellectual disability and cardiac and genital abnormal- 
ities [1,2]. It can be sporadic or inherited as an autosomal dominant 
or recessive trait [3,4]. 


Epidemiology 
Incidence and prevalence 
There are approximately 30 cases reported in the literature [5]. 


Age 
It is present at birth 


Sex 
There is an equal sex incidence. 


Ethnicity 
No racial bias has been reported. 
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Inherited disorders of elastic fibres 


Pathophysiology 

Mutations in TUBB or in MAPRE2 that affect microtubule assembly 
or function underlie this genetic condition [2]. Tubulins consti- 
tute the structural units of microtubules, which are essential for 
a number of cellular processes including intracellular trafficking, 
chromosome separation and cell migration. 


Pathology 
Some cases are associated with underlying smooth muscle hamar- 
tomas [6] or adipose tissue hyperplasia [7]. Scarring instead of 
increased adipocytes has also been reported. Abnormal elastic 
fibres have been observed and in some cases the histology is 
normal [8]. 


Genetics 

There is heterozygosity for a missense mutation in the TUBB gene 
and homozygous and heterozygous mutations in the MAPRE2 
gene [2]. 


Clinical features 

Presentation 

Multiple, symmetrical, circular skin creases are present at birth, on 
the forearms, lower legs and often the neck. Associated abnormali- 
ties vary and may include facial dysmorphism, growth retardation, 
upslanting palpebral fissures, hypertelorism, cleft palate, genital 
anomalies, mild developmental delay and ureterocele [5]. 


Differential diagnosis 
It should be distinguished from other disorders with redundant 
skin folds such as leprechaunism and cutis laxa. Diagnostic criteria 
to help better delineate the syndrome have recently been proposed 
with the suggestion to rename the condition as circumferential skin 
folds syndrome [8]. 

Constriction ring syndrome due to intrauterine amniotic bands 
affects distal extremities like the fingers and toes. 


Disease course and prognosis 
The creases can disappear later in life [9]. 


Investigations 
A skin biopsy may help identify the variable underlying changes 
that may be present. 


Management 
No specific therapy is required. Follow-up to monitor development 
and the possible associations is recommended [10]. 


Resources 


Further information 


National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
.gov/omim (last accessed February 2022). 
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FIBRILLINOPATHY 


Marfan syndrome — 


Definition 

The full syndrome is characterised by aortic dilatation, ectopia lentis 
and skeletal abnormalities. Individuals are disproportionately tall 
and thin with abnormally long extremities [1]. 


Introduction and general description 

Marfan syndrome (MFS) is an autosomal dominant disorder of con- 
nective tissue with variable clinical manifestations, mainly affecting 
the cardiovascular, skeletal and ocular systems. 


Epidemiology 
Incidence and prevalence 
Marfan syndrome affects 1/5000-10 000 individuals [1]. 


Age 
Symptoms can appear at any age and vary greatly between individ- 
uals even within the same family. 


Sex 
There is no sex bias. 


Ethnicity 
There is no racial variation. 


Associated diseases 

Several patients have been reported with concomitant EDS and 
MFS [2]. A specific Marfanoid phenotype with congenital lipodys- 
trophy and a neonatal progeroid appearance has been identified 
with truncating mutations in the penultimate exon 64 of FBN1 
as the cause [3,4]. A Marfanoid habitus has also been reported in 
association with distal pigmentation, neuroma of the eyelids and 
tongue, medullary carcinoma of the thyroid and phaeochromocy- 
toma as part of the multiple endocrine neoplasia type 2B (MEN2B) 
syndrome [5], which has been found to be caused by a specific 
mutation in RET. 


Pathophysiology 

True cases of MFS are due to abnormalities in fibrillin 1 which is 
one component of the elastin-associated microfibrils. It is espe- 
cially important in the ciliary zonule of the eye (the suspensory 
ligament of the lens). Changes in growth factor signalling are also 
critical in MFS. As well as its structural role, fibrillin-1 also binds 
TGF-B, and abnormal fibrillin leads to detrimental, increased TGF-B 
signalling [6]. 


Pathology 

Patients with MFS lack fibrillin in their skin and on culture of their 
dermal fibroblasts [7,8], with accumulation of mucinous material in 
the media of the aorta [9]. Mild to severe degenerative changes in 
elastic tissue are also seen in the lungs [10]. 
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Genetics 
Mutations in the FBN1 gene, which is located on chromosome 
15q21.1 and encodes fibrillin-1, cause the majority if not all cases of 
MEFS [11,12]. Up to 30% of cases are new mutations [13] and a strong 
paternal-age effect occurs. The mean age of fathers of individuals 
who appear to harbour ‘new’ mutations is from 5 to 10 years greater 
than average [14]. 

Mutations in the genes for the TGF-f receptors (TGFBR1 and 
TGFBR2) have been identified in a number of disorders with 
phenotypic overlap with classical MFS [15]. 


Clinical features 

History 

The diagnostic criteria for MFS were revised in 2010 with aor- 
tic root aneurysm and ectopia lentis now considered cardinal 
manifestations [16]. 


Presentation 

The full syndrome comprises skeletal, ocular and cardiovascular 
defects. The patient is often, but not invariably, exceptionally tall, 
and the skeletal proportions are abnormal. The limbs are long, the 
excess being greatest distally, giving rise to arachnodactyly. Simple 
screening tests include the thumb sign (positive if the thumb when 
completely opposed in the clenched hand projects beyond the 
ulnar border), the wrist sign (positive if the thumb and little finger 
overlap when wrapped around the opposite wrist) and the ratio 
of the lower segment (pubic ramus to floor) to the upper segment 
(height minus lower segment); but this latter ratio varies with age 
and sex. 

The skull is dolichocephalic, the paranasal sinuses are large and 
the palate high and arched [17]. Other skeletal changes include 
hyperextensible joints, kyphoscoliosis, pectus excavatum and 
flat foot. Muscles may be underdeveloped and hypotonic, and 
subcutaneous fat is sparse. 

The common ocular abnormalities [18,19] include ectopia lentis 
(usually upward), a trembling iris (iridodonesis), myopia and reti- 
nal detachment; less frequent are blue sclerae and heterochromia of 
the iris. 

Aneurysmal dilatation of the ascending aorta is the most impor- 
tant abnormality of the cardiovascular system. Aortic dilatation may 
begin in childhood. Aortic and mitral incompetence are common, 
with mitral valve prolapse occurring in 80% of cases [20]. 

Striae atrophicae were observed in 7% of children and 35% of 
adults [21]. Other features include papyraceous scars and skin 
hyperextensibility [21]. The MASS syndrome (MIM: 604308), 
standing for mitral valve prolapse, myopia, borderline and 
non-progressive aortic enlargement, and non-specific skin and 
skeletal features, has been used to describe a subset of MFS patients 
with prominent cutaneous manifestations [22]. 

Other abnormalities include nerve deafness, which occurs in 6%; 
pulmonary malformations, which are often reported at autopsy; and 
renal abnormalities, which manifest as proteinuria and microhaema- 
turia [23,24]. 


Clinical variants 
There is significant phenotypic variability of true MFS as well as 
considerable overlap with closely related syndromes. Neonatal 


MEFS is at the most severe end of the spectrum, often with death 
in the first year of life due to congestive heart failure as a con- 
sequence of significant atrioventricular valve dysfunction. This 
phenotype arises due to mutations in two specific regions of the 
FBN1 gene [25]. 


Differential diagnosis 
Homocystinuria (due to cystathionine p-synthetase) should be 
considered in Marfanoid patients with myopia or downward 
ectopia lentis. Urine screening is unreliable; blood levels of methio- 
nine and homocysteine should be measured. Prompt diagnosis 
and treatment of homocystinuria, for example, with pyridoxine 
supplements reduces the risk of coronary artery or cerebrovascular 
thrombosis [26]. 

Significant phenotypic overlap occurs with LDS, caused by muta- 
tions in the TGF-B receptor genes TGFBR1 and TGFBR2 [12,27]. 

MFS also shares some clinical features with the other fib- 
rillinopathies, and in particular: dominant ectopia lentis, Shprintzen— 
Goldberg syndrome (craniosynostosis, cardiac features, delayed 
neurodevelopment and Marfanoid features), Weill-Marchesani 
syndrome (ectopia lentis, short stature, brachycephaly and joint 
stiffness), as well as Beals syndrome (congenital contractural 
arachnodactyly). Overlap is also seen with some forms of EDS 
(see earlier in this chapter), familial thoracic aortic aneurysms and 
arterial tortuosity syndrome [16,28]. 


Disease course and prognosis 

Aortic dissection is the most common cause of mortality; 50% of 
patients <40 years old who remain undiagnosed die from aortic 
dissection, with an increased risk during adolescence [29]. However, 
with the introduction of B-blocking agents, angiotensin II receptor 
1 blockers and improvements in vascular and cardiac surgery, 
the prognosis has improved greatly and treated patients can have 
near-normal life expectancy [30,31]. 


Investigations 

Regular surveillance is recommended with careful imaging and 
monitoring of aortic root width and of the function of the aortic and 
mitral valves. 


Management 

Identification of presymptomatic patients is critical to reduce the fre- 
quency of catastrophic aortic events [29]. The two most important 
risk factors for aortic dissection are maximal dimension and family 
history of dissection. 

Beta-blocker therapy has been used for many years. More recently, 
treatment with angiotensin-converting enzyme inhibitors has been 
advocated due to their inhibitory effect on circulating TGF-B. 
The addition of angiotensin receptor blockers to B-blocker therapy 
slows the progression of aortic route dilatation further [31]. 

A number of criteria exist to determine the need for aortic root 
surgical intervention in adults including those with aortic root diam- 
eter >50 mm (this is indexed for body surface area) [28]. 

The majority of FBN1 mutations are unique to one affected indi- 
vidual or family, but despite this, and the presence of sporadic cases, 
prenatal and preimplantation diagnosis is feasible [32]. 
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Resources 


Further information 

National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
.gov/omim. 

National Organization for Rare Disorders: http://rarediseases.org/. 


Patient resources 
Marfan Trust: https://www.marfantrust.org / 
(All last accessed February 2022.) 
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Hyaline fibromatosis sy 


Definition and nomenclature 
Hyaline fibromatosis is one of several rare syndromes causing hard, 
stiff skin and joint contractures in early life. 
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Introduction and general description 

Both JHF and ISH are rare allelic autosomal recessive disorders of 
the connective tissue with overlapping clinical features comprising 
progressive joint contractures, skin papules and nodules and chronic 
pain [1-3]. 


Epidemiology 

Incidence and prevalence 

These are very rare disorders, with JHF being reported more fre- 
quently than ISH [4]. 


Age 
Presentation is in infancy or childhood. 


Sex 
There is no sex predilection. 


Ethnicity 
No racial variation has been reported. 


Pathophysiology 

Anthrax toxin receptor 2 (ANTXR2 or CMG2) encodes a trans- 
membrane protein that plays a role in basement membrane matrix 
assembly and endothelial cell morphogenesis. Defects in this 
protein leads to extravasation of plasma (hyaline material) [4]. 
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Pathology [4,5-7] 

The dermis is thickened with deposition of hyaline eosinophilic 
material which appears fibrogranular on electron microscopy. 
The hyaline material may also be present in other tissues includ- 
ing bowel, muscle and bone. The dermal collagen is decreased 
and the collagen fibrils are fewer and thinner than in normal 
skin. An absence of pro-a2 chains and type III collagen has been 
demonstrated in affected skin. 


Genetics 

Hyaline fibromatosis is caused by homozygous or compound 
heterozygous mutation in the gene encoding the anthrax toxin 
receptor 2 gene also known as capillary morphogenesis protein 2 
(ANTXR2/CMG2) [1-3,4]. 


Clinical features 

Presentation 

Infantile systemic hyalinosis is the more extreme variant char- 
acterised by the skin becoming diffusely thickened and hard in 
the first few weeks of life, with limited joint mobility. Papules or 
nodules may be present at birth or develop in early childhood, 
particularly on the face, neck or perianal region. In the milder 
phenotypic spectrum of JHF, onset may be delayed until 3 months 
to 4 years [8]. Other variable features include gingival hypertro- 
phy, hyperpigmentation, painful swollen joints with contractures, 
hypotonia, osteopenia, diarrhoea with hypoproteinaemia, severe 
infections and growth failure. 


Differential diagnosis 

Winchester syndrome, stiff skin syndrome, lipoid proteinosis 
(Urbach-Wiethe disease), congenital generalised multiple fibro- 
matosis (MIM: 228550) and mucopolysaccharidosis type II (Hunter 
syndrome) should be considered in the differential diagnosis. Sim- 
ilarly, infants with Farber disease (MIM: 228000) can present with 
a clinical picture very similar to ISH. Here, the yellowish colour of 
the nodules and the presence of granulomas on histology allows the 
diagnosis of Farber disease to be made; this is caused by decreased 
acid ceramidase activity. 


Classification of severity 
Denadai et al. [4] have proposed a grading system of 1-4 for the 
severity of clinical manifestations. 


Disease course and prognosis 

The prognosis is poorer with ISH, with survival beyond the age of 2 
years being unlikely mostly due to recurrent respiratory infections 
and severe diarrhoea [9]. Most patients with JHF survive until the 
fourth decade [10]. 


Investigations 
Molecular testing can be performed, if appropriate. 


Management 

Treatment of these diseases is limited to symptomatic relief. Joint 
contractures and small skin nodules may respond to intralesional 
steroid injections in the early stages and may also respond to sys- 
temic steroids and physiotherapy [11]. 
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The tumours do not respond to radiotherapy and they may recur 
after excision [12]. 


Stiff skin syndrome — 


Definition 
Stiff skin syndrome is one of several rare syndromes causing hard 
stiff skin and joint contractures in early life. 


Epidemiology 
Incidence and prevalence 
Approximately 40 cases have been reported in the literature [1]. 


Age 
Features present in infancy or early childhood. 


Sex 
There is no sex bias. 


Ethnicity 
Of the 43 cases published five have been from Brazil [2]. 


Pathophysiology 

Mutations in the integrin-binding domain of fibrillin 1 leads 
to altered cell-matrix interactions, impaired elastogenesis and 
increased TGF-B signalling in the dermis. Similar observations are 
found in systemic sclerosis [1]. 


Pathology 

A deep sclerosis is found with a lattice-like array of thickened, hor- 
izontally orientated collagen bundles in the absence of inflamma- 
tion [3]. 


Genetics 

This is an autosomal dominant disorder due to mutations in the 
FBN1 gene region encoding the integrin-binding domain of fib- 
rillin 1 [1]. Segmental stiff skin syndrome has been associated with 
IL17C mutation in one case [4]. 


Clinical features 

Presentation 

Patients have diffuse, firm, thick skin, leading to reduced joint 
mobility and causing flexion contractures [5]. More variable fea- 
tures include hypertrichosis, short stature, lipodystrophy, muscle 
weakness, cutaneous nodules over distal interphalangeal joints 
and diffuse entrapment neuropathy [1]. Internal organs are not 
involved [6]. Localised (segmental) involvement accounts for about 
a third of cases and is less severe, with older onset [7]. 


Differential diagnosis 

Mucopolysaccharidoses need to be excluded. Scleroderma and 
neonatal scleredema can be distinguished on skin histology. 
Infantile hyalinosis, restrictive dermopathy and Hutchinson-Gilford 
progeria all present with tight skin but can be excluded by molecular 
analyses [6]. 


There are overlapping features with congenital fascial dystrophy 
(CFD) (MIM: 28020), although this appears to be a distinct, prob- 
able autosomal recessive disorder [8]. CFD is characterised by mild 
hirsutism, limitation of joint mobility affecting the gait and localised 
areas of stony-hard skin, most pronounced on the buttocks and legs, 
which are otherwise normal in appearance [9]. Thickening of the 
thoracic fascia may cause hypoventilation due to thoracic underde- 
velopment. Stiff skin syndrome and CFD also show some similari- 
ties to the tight-skin mouse [10,11] although the gene defect for CFD 
is not known. 


Disease course and prognosis 
There is slow progression of skin involvement. 


Investigations 
Whilst skin histology can be helpful, it is not pathognomonic. Other 
laboratory tests are usually normal. 


Management 

There is no specific treatment but physiotherapy is important to help 
with reduced mobility. Mycophenolate mofetil, losartan and more 
recently secukinumab have all been used with variable degree of 
success for segmental stiff skin syndrome [7]. 


Resources 


Further information 
National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
-gov/omim (last accessed February 2022). 


Winchester syndrome CC 


Definition and nomenclature 


This is one of several rare syndromes causing thickened stiff skin, 
osteolysis, joint contractures, as well as other features, in early 
life [1]. 


lermatoid changes of the skin 


Introduction and general description 

Winchester syndrome is included in the heterogeneous group of 
inherited osteolyses, or ‘vanishing bone’ syndromes. Bone and 
joints abnormalities are the main features seen. 


Epidemiology 
Incidence and prevalence 
The condition is very rare and the true prevalence is not known. 


Age 
Onset is in infancy. 


Sex 
More female cases have been reported although it is an autosomal 
recessive disorder. 


Ethnicity 
There is no known racial variation. 


Pathophysiology 

Mutations in matrix metalloproteinase 14 (MMP14/MT1MMP) 
decrease the membrane location of the metalloproteinase result- 
ing in impairment of MMP2 activation [3]. It is known in mouse 
fibroblasts that this leads to a reduced ability to degrade type I 
collagen [4]. 


Pathology 

Defective collagen remodelling is central to the underlying pathol- 
ogy [5]. The changes in the dermis are variable and may relate 
to the stage of evolution of the disease [6]. In a young patient, 
fibroblastic proliferation was present in the deep dermis, whilst an 
older patient exhibited only swirling masses of abnormal collagen 
with a paucity of fibroblasts throughout the entire depth of the 
dermis. In both patients a lymphocytic perivascular infiltrate was 
present. On electron microscopy, mitochondrial abnormalities are 
present in dermal fibroblasts and include swelling, degeneration 
and vacuolisation. 


Genetics 

Winchester syndrome is an autosomal recessive condition due 
to mutations in MMP14, encoding for a matrix metallopro- 
teinase. 

Previously, Torg syndrome, multicentric osteolysis, nodulosis and 
arthropathy (MONA) and Winchester syndrome were considered 
allelic [7], but with the identification of causal mutations in the 
MMP14 gene exclusive to Winchester syndrome, this is no longer 
the case [3]. 


Clinical features 

Presentation 

This is a disease of infancy characterised by joint contractures, 
gingival hypertrophy, dwarfism, osteolysis, particularly of the 
hands and feet, osteoporosis, arthralgia, corneal opacities and 
hypertrichosis [1,8,9]. Diffusely thickened, leathery skin with 
areas of hyperpigmentation as well as widespread symmetrical 
restrictive banding of the skin have been reported [10]. Abnormal 
electrocardiogram changes suggesting myocardial damage can also 
occur [1]. 


Differential diagnosis 
Patients share clinical similarities to MONA (MIM: 259600) 
caused by heterozygous or homozygous mutations in MMP2, 
but subcutaneous nodules are characteristically absent. Frank-ter 
Haar syndrome is a rare disorder characterised by cranio-facial 
malformations, skeletal and cardiac abnormalities and dermal 
fibrosis [5]. 

The skin changes resemble those of scleroedema of Buschke but 
are distinguished by their early onset. The condition must also be 
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distinguished from sclerema neonatorum, but this is a disorder of 
subcutaneous fat rather than the skin. There is also some clinical 
overlap with the mucopolysaccharidoses. 


Complications and co-morbidities 
Progressive osteolysis can lead to loss of function of large and small 
joints. 


Disease course and prognosis 
The prognosis is relatively good, and many patients survive into 
adult life. 


Investigations 
The osteolytic changes will be detectable by plain radiographs. 


Management 
No specific therapies are reported and treatment is aimed at symp- 
tomatic relief. 


Resources 


Further information 
National Organization for Rare Disorders: http: / /rarediseases.org/. 


Patient resources 
MPS Society: www.mpssociety.org.uk. 
(Both last accessed February 2022.) 


Restrictive dermopathy 


Definition and nomenclature 

Restrictive dermopathy is a very rare autosomal recessive and lethal 
laminopathy that presents at birth with a taut, shiny skin restricting 
movement of the joints. 


Epidemiology 

Incidence and prevalence 

Restrictive dermopathy is very rare with approximately only 60 
cases published [1]. 


Age 
The skin changes are present at birth. 


Sex 
There is no sex bias. 


Pathophysiology 
Mutations in ZMPSTE24 and LMNA lead to accumulation of 
prelamin A with detrimental effect on nuclear function [2,3]. 
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Pathology 

The epidermis shows hyperkeratosis and parakeratosis, and the 
keratohyaline granules are abnormal. The dermal—epidermal junc- 
tion is flat, with a thin dermis and a thick layer of subcutaneous 
fat. The eccrine and pilosebaceous glands are underdeveloped. The 
collagen bundles appear stretched, and orientated in parallel lines, 
as they are in a tendon [4,5]. 


Genetics 

Restrictive dermopathy is autosomal recessive and caused in most 
cases by homozygous or compound heterozygous mutation in the 
ZMPSTE24 gene or less commonly by heterozygous mutations in 
the LMNA gene [1]. 


Clinical features 

Presentation [6-9] 

It is characterised by intrauterine growth retardation and premature 
birth due to ruptured fetal membranes. At birth, the skin is tight, 
red and shiny with flexural erosions. The typical facies comprise 
a small, fixed, round, open mouth, micrognathia, small nose with 
choanal atresia/stenosis, low-set ears and widely spaced cranial 
sutures. Half of the children have neonatal teeth. Skeletal changes 
include enlarged fontanelles, clavicular dysplasia and reduced 
bone density. The joints are all fixed in flexion, and there is gross 
restriction of the respiratory movements. Respiratory insufficiency 
and secondary infections cause death within a few weeks from 
birth. 


Differential diagnosis 

Hutchinson-Gilford progeria syndrome (also caused by LMNA 
mutations) shares some clinical features including hypoplastic 
clavicles, bone density reduction, sparse eyebrows and eyelashes, 
micrognathia and joint contractures. Neu-Laxova syndrome very 
much resembles restrictive dermopathy except for the presence of 
brain structural abnormalities. Collodion membrane may confer to 
the skin an appearance that can be confused with the skin of patients 
with restrictive dermopathy. Sclerema neonatorum should also be 
considered in the differential diagnosis of restrictive dermopathy. 


Disease course and prognosis 
Death usually occurs within the first week of life due to respiratory 
failure [10]. 


Investigations 
Radiological investigations for skeletal changes, skin biopsy and 
molecular analysis can be undertaken. 


Management 


No specific therapies are available. 


Resources 


Further information 
National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
-gov/omim (last accessed February 2022). 


PREMATURE AGEING SYNDRC 


Progeria — 


Definition and nomenclature 

This is a very rare disorder characterised by retarded physical 
development, abnormal facies, skeletal abnormalities and the onset 
in early childhood of scleroderma-like changes. Although progres- 
sive senile degeneration occurs, many of the more common features 
of ageing, such as cataracts, presbycusis and presbyopia, are not 
seen. 


Introduction and general description 

Progeria is derived from the Greek word geras, meaning old age. 
Although death usually occurs in the second decade as a result of 
severe generalised atherosclerosis, Hutchinson-Gilford progeria 
syndrome is considered a segmental ageing syndrome as some of 
the other typical features of ageing, such as cataracts, presbycusis, 
presbyopia, increased incidence of cancer and dementia do not 
occur. 


Epidemiology 

Incidence and prevalence 

Hutchinson-Gilford progeria syndrome is ultra-rare but is the com- 
monest of the progeria syndromes, with a prevalence of approxi- 
mately 1 in 20 million newborns worldwide [1]. 


Age 

Clinical features may not be obvious at birth. The mean age at diag- 
nosis reported in the literature cases is 2.62.9 years [2]. Rarely, some 
patients present with cutaneous manifestations in the third decade 
of life [3]. 


Sex 
There is a slight male predilection; the male to female ratio is 
1.5:1.2 [2]. 


Ethnicity 

Approximately 150 cases have been reported with a significant 
majority in people with white skin. It is possible that this racial 
disparity is due to publication bias. 


Pathophysiology 

Lamin A is an intermediate filament protein which acts as an 
intranuclear scaffold as well having cellular functions affecting 
DNA repair, regulation of gene expression and telomere stabil- 
ity. Mutations in LMNA produce an abnormal lamin A protein 
precursor, progerin, which retains a farnesyl group, that is usu- 
ally removed. This results in genomic instability, decreased cell 
proliferation and premature cell senescence and death [4-6]. 


Pathology 

The major changes are in the skin, bone and cardiovascular tis- 
sues [7]. The skin shows atrophy of epidermis and dermis. There 
may be progressive hyalinisation of dermal collagen and loss of 
subcutaneous fat. Scanning electron microscopy of hairs from 
one patient showed unusual longitudinal depressions with minor 
cuticular defects [8]. 

The cardiovascular system shows extensive atherosclerosis and 
there may be extensive myocardial fibrosis, with extensive lipofus- 
cin (‘age pigment’) deposition characteristic of elderly adults [9,10]. 

The bones show a variety of changes including osteolysis, osteo- 
porosis, necrosis, dislocations and poorly healing fractures [11,12]. 


Genetics 

It occurs due to de novo heterozygous mutations of the lamin A 
gene (LMINA) which encodes for a major constituent of the inner 
membrane lamina [13,14]. Prelamin A is blocked at a critical step 
mediated by the zinc metalloproteinase ZMPSTE24. A small group 
of atypical patients have LMNA mutations with normal processing 
linked to later onset disease [3]. 


Clinical features 

Presentation (Table 70.5) [15,16] 

The commonest presenting feature is failure to thrive, with reduced 
subcutaneous fat on the face and limbs [2,17]. The facial appear- 
ance is reminiscent of a fledgling bird. By the second year of dis- 
ease, the skin has become thin, taut and shiny in some areas but 
lax and finely wrinkled in others. Mid-facial cyanosis is often seen. 
After several years, progressive mottled hyperpigmentation devel- 
ops, most marked on exposed sites, but there is no photosensitiv- 
ity. Thickened sclerotic areas may be present on the lower trunk or 
thighs, and in one case multiple keloids developed on the hands 
and arms [8]. The nails are usually small, thin and dystrophic. The 
nipples may be hypoplastic. 

The dentition is abnormal and delayed, and there may be skeletal 
abnormalities such as dystrophic clavicles and coxa valga, with joint 
contractures and a ‘horse-riding’ stance. Progressive bone resorp- 
tion may lead to frequent fractures [12]. Sexual maturation is absent 
but intelligence is normal. 

Angina and strokes are common. Insulin resistance can often be 
detected although overt diabetes is rare. 


Differential diagnosis 

Other progeroid syndromes that share some similarities include 
mandibuloacral dysplasia [18], Mulvihill-Smith syndrome [19] 
and neonatal pseudohydrocephalic progeroid syndrome of 
Wiedemann-Rautenstrauch [20-22] (see later in this chapter). 

Stunting of growth from early childhood is associated with senile 
changes in the skin but normal scalp hair in gerodermia osteodys- 
plastica (see Table 70.3) [23]. Gerodermia osteodysplastica, wrinkly 
skin syndrome and autosomal recessive cutis laxa type 2 show some 
phenotypic overlap [24-26]. 

A progeroid appearance with distinct facial features is seen in 
neonates with MFS which is associated with congenital lipodystro- 
phy, premature birth and an accelerated linear growth and is due to 
truncating mutations in the penultimate exon 64 of FBN1 [27]. 
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Table 70.5 Clinical features of the classical premature ageing syndromes. 


Pangeria (Werner syndrome) 


Progeria (Hutchinson-Gilford syndrome) 


Acrogeria (Gottron syndrome) 


Bird-like facies with protruding ears, beaked nose, 
thin lips with centrofacial cyanosis, prominent 
eyes, frontal and parietal bossing 
with pseudohydrocephaly, mid-face hypoplasia 
with micrognathia and large anterior fontanelle; 
prominent frontal tuberosities and scalp veins 

Dry, thin and wrinkled with progressive mottled 
pigmentation; may present with scleroderma-like 
changes on limbs; eccrine sweating is decreased 

Hair lost in first 2 years of life 


Prominent eyes; otherwise normal 


Stature Small stature; cessation of growth at 12 years Small stature 
Facies Beaked nose; skin of ears atrophic and tightly bound 
down giving bird-like facies 
Skin Dry atrophic skin; mottled hyperpigmentation 
and telangiectasia particularly over limbs, face 
and neck 
Scalp hair Premature greying at 20 years; loss of hair at 20-25 
years 
Eyes Bilateral juvenile cataracts (20-30 years); 
keratopathy; glaucoma 
Nails Normal Thin and brittle 
Limbs More generally affected than trunk; sclerodactyly; 


restricted movement of joints; lower limb ulcers; 
hyperkeratosis over bony prominences; 


Prominent joints; coxa valga; generalised 
subcutaneous fat loss; poorly developed muscular 
system; no acrosclerosis or Raynaud phenomenon 


Usually normal but some have low birth weight 
and short stature 
Micrognathia; atrophy of skin on tip of nose 


Atrophic transparent skin with telangiectasia 
and mottled hyperpigmentation on extremities; 
easy bruising and prominent veins 

Normal 


Normal 
Dystrophic or thickened 


Atrophy of skin most marked on extremities; no leg 
ulcers; hands and feet may be small 


generalised loss of subcutaneous fat 


Cockayne syndrome (Chapter 76) may cause confusion, but 
progeria is distinguished by the loss of hair, the lack of photosen- 
sitivity and ocular changes, and the absence of disproportionately 
large extremities. 

In metageria, sexual maturation and skeletal growth are nor- 
mal [28]. 

The firm skin of sclerema neonatorum may be confused with this 
syndrome, but these infants lack the other skeletal features. 


Disease course and prognosis 

Death occurs at an average age of 13 years with 80% from myocardial 
infarction or stroke [29]. The prognosis for the rarer, atypical, later 
onset presentation is better, with death expected in middle age due 
to cardiovascular disease [3]. 


Investigations 
Molecular confirmation of the diagnosis is important. Monitoring 
for cardiovascular and cerebrovascular disease is required. 


Management 

First line 

Infants and children may experience feeding difficulties and failure 
to thrive and require advice regarding nutrition. Measures to reduce 
the risk of atherosclerotic disease are important. Early input from 
physiotherapy and occupational therapy should be arranged to help 
reduce the complications of arthritis. 


Second line 

A clinical trial in children of a farnesyl transferase inhibitor, lona- 
farnib, improved weight gain, vascular stiffness, bone structure and 
audiological status [30]. Neurological sequelae were also reduced 
[31]. The results from ongoing trials of lonafarnib combined with 
everolimus are waited [1]. 


Resources 


Further information 


National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
.gov/omim. 
National Organization for Rare Disorders: http: //rarediseases.org/. 


Patient resources 

Progeria Research Foundation (USA), patient support group: www.progeriaresearch 
.org. 

(All last accessed February 2022.) 


Werner syndrome — Cl 


Definition and nomenclature 

Werner syndrome is an inherited premature ageing disorder in 
which the ageing process is accelerated, starting after puberty. 
Cutaneous changes include atrophy, loss of cutaneous fat, wrink- 
ling, canities (greying of the hair), hair loss, nail dystrophy, defec- 
tive pigmentation, poikiloderma, sclerosis and ulceration. 


Introduction and general description 

More than 150 diseases manifest one or more features of apparent 
premature ageing, but there are discrepancies between this process 
and true ageing. Werner syndrome is characterised by multisystem 
involvement and an increased risk of malignancy [1,2]. It is caused 
by mutations in the RECQL2 gene [3]. 


Epidemiology 

Incidence and prevalence 

Werner syndrome is estimated to affect 1/200 000 individuals in 
the USA [4]. It is more common in Japan, affecting 1/20 000-40 000 
people [5]. 


Age 
Development is usually not until the second or third decade. 


Sex 
There is no sex bias. 


Ethnicity 

Relatively higher incidence has been reported in Japan (approxi- 
mately 75% of all cases) and northern Sardinia with founder muta- 
tions in these countries [6,7]. 


Pathophysiology 

RECQL2 (previously denoted WRN) is a member of the RecQ fam- 
ily of DNA helicases and appears to play a critical role in the res- 
cue of impaired replication forks (sites on DNA that unwind thus 
allowing synthesis). Lack of this helicase results in genome instabil- 
ity which may lead to cancer [8]. 


Pathology 

Many tissues show premature ageing, but the changes are not uni- 
form. Microsplanchnia and generalised atherosclerosis are usually 
present. The epidermis is atrophic and some appendages are sparse. 
The dermis is thickened, with replacement of subcutaneous fat by 
hyalinised collagen, increased glycosaminoglycans, abnormal elas- 
tic fibres, disorganised nerves and vessel changes, which resemble 
those seen in diabetes. These abnormalities are more marked in the 
acral skin than on the trunk [9]. 


Genetics 

Werner syndrome is transmitted as an autosomal recessive trait 
and is observed more commonly with parental consanguinity. 
More than 70 disease-causing mutations have been described in 
RECQL2. The majority are stop codon mutations, splice muta- 
tions or small indels producing truncations of the protein and/or 
nonsense-mediated decay of mutant mRNA [10]. 


Clinical features 

Presentation (Table 70.5) [2] 

Greying at the temples is usually the earliest sign and develops 
between the ages of 14 and 18 years but may rarely be present as 
early as 8 years. The first significant changes are usually noticed 
between 18 and 30 years but may begin earlier. A delay in diagnosis 
of up to 15 years is common [11]. 

Cutaneous findings include, in addition to hair thinning and 
greying, loss of subcutaneous tissue and scleroderma-like changes 
with associated telangiectases, calcinosis and ulcerations. Patchy 
pigmentary changes are also typical. 

A high pitched or hoarse voice from thinning of the vocal cords 
and fixation of the epiglottis is characteristic. Intelligence is usually 
normal. Most patients are of small stature. Hypogonadism and 
premature menopause are characteristic, with sparse or absent 


pubic and axillary hair. Some patients yet achieve normal stature 
and successful pregnancies. 

Diffuse early atherosclerosis results in ischaemic and valvular 
heart disease and is a major cause of premature death among 
patients. Diabetes occurs in at least 30%. The diabetes is charac- 
terised by peripheral insulin resistance [12,13]. Cataracts develop 
between the ages of 20 and 35 years in most cases. Other ocular 
defects may occur [14]. Osteoporosis and arthritis can be the source 
of severe morbidity. 


Differential diagnosis 
This includes progeria, Rothmund-Thomson syndrome (Chapter 
75), systemic sclerosis (Chapter 54) and Huriez syndrome 
(Chapter 63). 

Scleroderma can also be misdiagnosed in patients with early 
Werner syndrome. 

The differentiation from some of the other ageing syndromes is 
indicated in Table 70.5. 


Complications and co-morbidities 

A recent study of neoplasias in 189 Werner syndrome patients [15] 
has identified that the most frequent tumours are thyroid carcino- 
mas (16.1%) and, along with malignant melanoma, meningioma, 
soft-tissue sarcoma, haematological and bone neoplasms account 
for two-thirds of all the malignancies reported. 


Disease course and prognosis 
Death usually occurs in the fourth to sixth decade, due to myocardial 
infarction or malignancy [16]. 


Investigations 
Mutations in WRN are identified in approximately 90% of individu- 
als with Werner syndrome [17]. 

Investigations should be directed to assess the known complica- 
tions especially diabetes, arteriosclerosis and hypogonadism. There 
may be calcification of the arteries, ligaments, tendons and subcu- 
taneous tissues, with osteoporosis of the extremities, especially the 
legs. Osteosclerosis of the distal phalanges of the fingers and/or toes 
can also be detected on radiographs [18]. 


Management 

Only symptomatic measures are available. The management of 
recurrent painful ulceration of the feet and legs is difficult, and 
amputation may be needed. Cataract surgery should be under- 
taken with special caution, for it is often complicated by severe 
degenerative changes of the cornea [14]. 


Resources 


Further information 

National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
.gov/omim. 

National Organization for Rare Disorders: http://rarediseases.org/. 


Patient resources 
National Organization for Rare Disorders: http://rarediseases.org/. 
(All last accessed February 2022.) 
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Acrogeria CC 


Definition and nomenclature 

This disorder, first described by Gottron in 1941 [1], is characterised 
by cutaneous atrophy and loss of subcutaneous fat, particularly 
over the distal extremities, but with no tendency to atherosclerosis, 
diabetes or decreased life expectancy. The term ‘acrogeria’ refers to 
premature ageing of the extremities. 


Introduction and general description 
It remains unclear whether Gottron syndrome is a distinct or hetero- 
geneous group of disorders. 


Epidemiology 
Incidence and prevalence 
It is extremely rare with only about 40 cases described. 


Age 
It begins at birth or soon afterwards. 


Sex 
Most patients have been female [2,3]. 


Pathophysiology 

Pathology 

The subcutaneous fat is absent in the most severely affected regions. 
The dermis is atrophic, with sparse thin collagen bundles, but there 
is abundant elastin, which appears clumped due to the deficiency of 
collagen [3,4]. 


Clinical features 

Presentation (Table 70.5) 

The changes develop at or soon after birth. The skin becomes dry, 
thin, transparent and wrinkled, especially over the hands and feet, 
although the trunk and face may be affected to a lesser extent. The 
face appears ‘pinched’, with a hollow-cheeked ‘owl-eyed’ appear- 
ance, a beaked nose and thin lips. The lack of subcutaneous fat accen- 
tuates the appearance of premature senility. 


Clinical variants 

Itis likely that acrogeria includes several subtypes. Firstly, with type 
III collagen deficiency as occurs in vEDS [5,6]. The ultrastructural 
changes in fibroblasts resemble those seen in vEDS [7]. Secondly, 
acrogeria affecting the acral skin but with normal type III collagen 
[4,8]. LMNA mutations have been identified in this type and more 
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recently ZMPSTE24 mutations have been implicated [9,10]. Thirdly, 
cases are occasionally described which do not fit easily into any of 
the previously recognised categories and have been termed metage- 
ria and acrometageria [11,12]. It is not entirely clear, however, 
whether these are separate entities. 


Differential diagnosis 
The lack of other system involvement helps to distinguish the con- 
dition from progeria and pangeria. 

Phenotypic overlap is seen with the LDS due to mutations in 
TGFBR1 and -2 [13]. It is possible that some of the earlier cases 
reported with normal collagen III could be LDS. 


Disease course and prognosis 
General health and life expectancy are normal. 


Investigations 
Vascular EDS and LDS should be excluded by molecular analysis. 


Management 


There is no specific treatment. 


Resources 


Further information 
National Organization for Rare Disorders: http://rarediseases.org/ (last accessed 
February 2022). 


Familial mandibuloac 


Definition and nomenclature 

This is a rare, genetically and phenotypically heterogeneous, auto- 
somal recessive disorder characterised by variable progeroid fea- 
tures, skeletal abnormalities including hypoplasia of the mandible 
and clavicles, and acro-osteolysis, cutaneous atrophy and lipodys- 
trophy [1,2]. 


Epidemiology 
Incidence and prevalence 
The incidence is less than 1/1 000 000. 


Age 

Affected individuals have a normal appearance at birth, then pro- 
gressively develop lipodystrophy and dysmorphic cranio-facial and 
skeletal features. 


Sex 
There is an equal sex incidence. 


Ethanicity 
There is no reported racial variation. 


Pathophysiology 

The underlying fault in mandibuloacral dysplasia is alteration of 
lamin A through mutations in either the LMNA or ZMPSTE24 genes 
[3,4]. Lamin A is an intermediate filament protein which acts as an 
intranuclear scaffold as well as having cellular functions affecting 
DNA repair, regulation of gene expression and telomere stability. 
Cellular senescence probably occurs via a variety of these molecular 
processes [5]. 


Genetics 

Both types of mandibuloacral dysplasia are autosomal recessive, 
with mutations in two genes: LMNA, which encodes lamin A/C 
and is associated with mandibuloacral dysplasia type A, and ZMP- 
STE24, which is associated with mandibuloacral dysplasia type B 
and codes for an endoprotease involved in lamin A maturation 
[3,4]. Some patients with mandibuloacral dysplasia do not have 
mutations in either the LMNA or ZMPSTE24 genes, suggesting the 
existence of other loci for this disorder. 


Clinical features 

Presentation 

The main features are mandibular hypoplasia, delayed cranial 
suture closure, dysplastic clavicles, club-shaped terminal phalanges 
associated with acro-osteolysis and atrophy of the skin over the 
hands and feet (Figure 70.13) [1,2]. Other characteristics may include 
short stature, multiple Wormian bones, prominent eyes and a sharp 
nose [6,7]. Some patients show progeroid features such as bird-like 
facies, high-pitched voice and ectodermal defects, such as skin 
atrophy, mottled pigmentation, alopecia and nail dysplasia [8,9]. 


Clinical variants 

Two types of body fat distribution patterns, both of which are associ- 
ated with insulin resistance, diabetes and hyperlipidaemia, may be 
evident: partial lipodystrophy of the extremities (type A) and gen- 
eralised loss of subcutaneous fat (type B) [10]. 


Figure 70.13 Familial mandibuloacral dysplasia, showing the short club-shaped 
terminal phalanges, the so-called ‘tree-frog’ appearance. Courtesy of Dr A. M. Zina, 
Turin University, Turin. 


Mandibuloacral dysplasia patients with LMNA mutations usually 
have normal development during the first 4 years of life, whereas 
patients with ZMPSTE24 mutations have a more severe pheno- 
type [11]. A form of mandibuloacral dysplasia associated with 
hearing loss and lipodystrophy occurs due to heterozygous POLD1 
mutations [12]. 


Differential diagnosis 

The cutaneous changes resemble a mild form of progeria and some 
cases have been mistakenly diagnosed in the past as acrogeria 
or Werner syndrome. Néstor—Guillermo progeria (MIM: 614008) 
is a newly described progeria syndrome characterised by severe 
osteolysis, osteoporosis, generalised lipoatrophy and a relatively 
long survival [13,14]. Normal development occurs until the age of 
around 2 years and may therefore be confused with mandibuloacral 
dysplasia. It is caused by mutations in the BANF1 gene, the product 
of which is implicated in nuclear envelope assembly and interacts 
with lamin A [15]. 


Complications and co-morbidities 
Due to the association of the development of metabolic disorders, 
the risk of cardiovascular disease is likely to be increased. 


Disease course and prognosis 
The severity of the clinical features increases with time although the 
true prognosis is unclear. 


Investigations 
Molecular analysis and appropriate investigations targeted at pos- 
sible metabolic associations should be undertaken. 


Management 
There is no specific therapy but treatment is aimed at reducing any 
metabolic complications. 


Resources 


Further information 

National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
.gov/omim. 

National Organization for Rare Disorders: http://rarediseases.org/. 


Patient resources 
National Organization for Rare Disorders: http://rarediseases.org /. 
(All last accessed February 2022.) 


Mulvihill-Smith syndror 


Definition and nomenclature 
This is a rare progeroid syndrome with multisystem involvement. 


ture and pigmented naevi 
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Epidemiology 
Incidence and prevalence 
Only 11 cases have been described in the literature [1]. 


Age 
Symptoms become apparent in childhood. 


Sex 
Although both sexes should be affected equally, more male cases 
have been reported. 


Ethnicity 
No variation has been noted. 


Pathophysiology 


The cause is unknown. 


Pathology 

In one patient investigated, the skin fibroblasts were slow to grow in 
culture and they were morphologically different from normal con- 
trols in terms of their size, with a large number of inclusions and 
absence of primary cilia [2]. 


Genetics 
The underlying genetic cause is not yet known. Reported cases sup- 
port probable autosomal recessive inheritance. 


Clinical features 

Presentation 

This rare progeroid syndrome is characterised by low birth weight, 
short stature and moderate intellectual disability, associated with 
multiple pigmented naevi and distinctive bird-like facies with 
microcephaly [2,3]. There is a small chin with a broad forehead, and 
the lack of facial subcutaneous fat gives an appearance of premature 
ageing. Other features include sensorineural hearing loss, hypospa- 
dias, a high-pitched voice, irregular dentition, fine hair, cataracts, 
hepatomegaly and low immunoglobulin G with immunodeficiency. 


Differential diagnosis 

Cockayne syndrome patients exhibit similar facial features, short 
stature and intellectual disability. Patients with multiple lentigines 
syndrome (formerly called LEOPARD syndrome) also have retarded 
growth and the lentigines may be confused. 


Complications and co-morbidities 
Four cases have developed cancers in their twenties involving the 
stomach, tongue, pancreas and skin (melanoma) [4-6]. 


Disease course and prognosis 

The clinical features tend to become more noticeable with increas- 
ing age. Adult manifestations include the development of tumours, 
a sleep disorder with severe insomnia (agrypnia excitata) and cog- 
nitive decline [4]. 


Investigations 
No specific investigations are available but diagnosis will depend 
on the identification of characteristic and associated findings. 
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Management 
Treatment is targeted to specific symptoms. 


Resources 


Further information 

National Center for Biotechnology Information, OMIM: http://www.ncbi.nlm.nih 
.gov/omim. 

National Organization for Rare Disorders: http: //rarediseases.org/. 

(Both last accessed February 2022.) 


Neonatal progeroid syn 


Definition and nomenclature 

This is a rare autosomal recessive disorder with features including 
intrauterine growth retardation, failure to thrive, short stature, 
decreased subcutaneous fat, a progeroid appearance with macro- 
cephaly, variable mental impairment and death in childhood [1]. 


Epidemiology 
Incidence and prevalence 
It is very rare with only less than 40 cases reported [2]. 


Age 
It may present pre- and postnatally with growth retardation. 


Sex 
There is no sex bias. 


Ethnicity 
There is no ethnic variation. 


Pathophysiology 
An increased chromosomal breakage is observed in some cases. 


Genetics 
Biallelic loss-of-function variants of POLR3A, which encodes for the 
largest subunit of RNA polymerase III, are causal [2,3]. 


Clinical features 

Presentation [1-7] 

Intrauterine growth is observed. The facial features include frontal 
and lateral bossing of the skull with small facial bones, a small 
beak-shaped nose, low-set ears, small mouth with dysodontia and 
ectropion. The scalp hair and eyebrows are long and sparse, the 
extremities are thin and the hands are large with long fingers and 
atrophic nails. The subcutaneous fat is decreased, the skin is thin 


Disorders of ectopic calcification and abnormal mineralisation 


and wrinkled and the veins are prominent. It is characterised by 
mild to moderate mental and physical retardation. 


Differential diagnosis 

Wiedemann-Rautenstrauch syndrome should be differentiated 
from other syndromes that exhibit a progeroid phenotype at 
birth, for example Petty-Laxova—Wiedemann syndrome [7] and 
Hallerman-Strieff syndrome [8]. The true progeria syndromes usu- 
ally do not show the characteristics of premature ageing until some 
time after birth. A rare variant of MFS is reminiscent of some of the 
major features of Wiedemann-Rautenstrauch syndrome [9]. 


Disease course and prognosis 

It is usually lethal by the first year of life often due to respiratory 
tract infections. Only a few individuals have lived to their twen- 
ties [10]. 


Management 
There is no specific therapy. 


DISORDERS OF ECTOPIC 
AND ABNORMAL MINI 


Pseudoxanthoma elasti 


Definition and nomenclature 

Pseudoxanthoma elasticum (PXE) is an autosomal recessive mul- 
tisystem disorder characterised by generalised fragmentation and 
progressive calcification of elastic tissue predominantly in the der- 
mis, blood vessels and Bruch membrane of the eye. 


Introduction and general description 

Pseudoxanthoma elasticum is an inherited multisystem disorder 
with considerable morbidity and occasional mortality. Abnormal 
mineralisation of peripheral tissues occurs due to reduced plasma 
levels of inorganic pyrophosphate inhibitor (PPi), an inhibitor 
of ectopic mineralisation. A number of potential therapies are 
currently undergoing trials [1]. 


Epidemiology 

Incidence and prevalence 

The precise prevalence is unknown but it is thought to occur in about 
1/50 000 [2]. 


Age 

The first manifestation of PXE is commonly skin changes which are 
usually noticed around the teenage years but can appear earlier in 
childhood [3]. 


70.31 


Sex 

Although PXE is autosomal recessive, slightly more women 
present with the disease than men (<2: 1). This may in part reflect 
self-selection bias as it appears that women are more likely to have 
skin involvement [3]. 


Ethnicity 
No racial predilection has been observed. 


Associated diseases 

Pseudoxanthoma elasticum-like cutaneous changes are seen in 
several other inherited disorders including PXE-like disorder with 
multiple coagulation factor deficiency caused by mutations in 
GGCX [4]; and generalised arterial calcification of infancy type 1 
(CAGI1), a disorder that is characterised by extensive vascular 
calcification and a poor prognosis, which is due to mutations in 
ENPP1 [4]. CAGI1 can also be caused by mutations in ABCC6, which 
is normally associated with classical PXE [4]. Arterial calcification 
due to CD73 deficiency also results in reduced plasma levels of 
PPi and manifests with juxta-articular joint-capsule and arterial 
calcification in adults [5]. 

Skin changes of PXE and/or angioid streaks are occasionally 
seen in patients with osteitis deformans (Paget disease), sickle 
cell anaemia and familial tumoural calcinosis. PXE has also been 
reported in association with osteoectasia, which is characterised 
by dwarfism, bizarre radiographic changes and elevated serum 
alkaline phosphatase levels [6]. 


Pathophysiology 

Pseudoxanthoma elasticum is caused by mutations in the ABCC6 
gene [7-9]. This is a member of the adenosine triphosphate bind- 
ing cassette (ABC) family and acts as a transmembrane transporter. 
It facilitates transport of adenosine triphosphate (ATP) out of hep- 
atocytes where it is converted to adenosine monophosphate (AMP) 
and PPi [10-12]. 


Pathology 

In the fully developed skin lesions, the elastic fibres in the 
mid-dermis are clumped, degenerate, fragmented and swollen, and 
the abnormal fibres stain positively for calcium. Similar changes 
occur in the connective tissue of the media and intima of the blood 
vessels, the Bruch membrane of the eye, and in the endocardium 
and pericardium. The heart may occasionally be enlarged, with 
extensive calcification [13], and rarely pulmonary calcification has 
been reported [14]. Calcification may occur in other viscera includ- 
ing the placenta, liver, kidneys, testes, spleen and mammary tissue 
[15-17]. 

In patients with angioid streaks but no obvious skin abnormali- 
ties, a biopsy of scar tissue, regardless of site, may provide diagnostic 
pathology [18]. A biopsy of normal-looking flexural skin, in those 
with angioid streaks, may also show pathognomonic changes but 
the yield is lower [19,20]. 


Genetics 

Causative mutations occur in the ABCC6 gene located on chromo- 
some 16p13.1. Approximately 40% of mutations are accounted for 
by two recurrent mutations p.R1141X and g.del23-29 [21]. Familial 
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inheritance is autosomal recessive. Several large studies have failed 
to identify any convincing signs of PXE in heterozygotes [22]. There 
is no genotype-phenotype correlation [21]. 

In keeping with the clinical overlap with generalised arterial cal- 
cification of infancy, occasional reports of ABCC6 mutations leading 
to a predominance of this phenotype and ENPP1 leading to a PXE 
phenotype have been described [4,23,24]. 


Clinical features 

History 

The complete syndrome consists of asymptomatic flexural skin 
lesions, visual disturbances and cardiovascular manifestations due 
to calcification. The features are late onset and slowly progressive. 


Presentation 
An updated diagnostic classification has been proposed [25]. This is 
summarised in Box 70.1. 


Box 70.1 Revised diagnostic criteria for 
pseudoxanthoma elasticum (PXE) 


Major diagnostic criteria 
1 Skin 
a. Yellowish papules and/or plaques on the lateral side of the neck 
and/or flexural areas of the body; or 
b. Increase of morphologically altered elastin with fragmentation, 
clumping and calcification of elastic fibres in a skin biopsy taken 
from clinically affected skin 
2 Eye 
a. Peau d’orange of the retina; or 
b. One or more angioid streaks, each at least as long as one disc 
diameter. When in doubt, fluorescein or indocyanine green 
angiography of the fundus is needed for confirmation 
3 Genetics 
a. A pathogenic mutation of both alleles of the ABCC6 gene; or 
b. A first-degree relative (parent, sibling, child) who meets 
independently the diagnostic criteria for definitive PXE 


Minor diagnostic criteria 
1 Eye 
a. One angioid streak shorter than one disc diameter; or 
b. One or more ‘comets’ in the retina; or 
c. One or more ‘wing signs’ in the retina 
2 Genetics 
a. A pathogenic mutation of one allele of the ABCC6 gene 


Requirements for the diagnosis of PXE 
1 Definitive diagnosis 
a. The presence of two (or more) major criteria not belonging to the 
same category (skin, eye, genetic) 
2 Probable diagnosis 
a. The presence of two major eye or two major skin criteria; or 
b. The presence of one major criterion and one or more minor 
criteria not belonging to the same category as the major criterion 
3 Possible diagnosis 
a. The presence of a single major criterion; or 
b. The presence of one or more minor criteria 


Reproduced from Plomp et al. 2010 [25] with permission from Wiley. 
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Skin changes. The characteristic skin lesions consist of small 
(1-3 mm), yellowish papules in a linear or reticular pattern, which 
tend to coalesce into confluent plaques. The skin is soft, lax and 
slightly wrinkled, and may hang in folds, especially in elderly 
people. There may be a slightly pebbly surface, which has been var- 
iously described as a ‘cobblestone’, ‘Moroccan leather’ or ‘chicken 
skin’ appearance (Figure 70.14). The sites of predilection are the 
sides of the neck, below the clavicles, the axillae (Figure 70.15), 


Figure 70.14 Pseudoxanthoma elasticum, showing the typical ‘chicken skin’ 
appearance involving the neck. 


Figure 70.15 Pseudoxanthoma elasticum of the axilla, showing the characteristic yellow 
discoloration of the skin and the loose folds. The changes in this condition are often 
much more subtle than in this patient. 


Disorders of ectopic calcification and abnormal mineralisation 


abdomen, groins, perineum and thighs. Although usually limited, 
the eruption may occasionally involve most of the body. It rarely 
develops in early childhood, and usually does so in teenage years, 
but it may also first appear in old age. Similar changes may occur 
in the soft palate, inside the lips and in the mucous membranes 
of the stomach, rectum and vagina. In the mouth, the lesions may 
mimic sebaceous glands (Fordyce spots). Reticulate pigmentation 
on the abdomen may occur [26]. Numerous comedonal lesions have 
been reported [27]. Rarely, chronic granulomatous nodules have 
developed in the skin lesions [28]. 

Occasionally, there may be spontaneous perforating lesions, with 
transepidermal elimination of the fragmented elastic fibres (some- 
times assuming the typical appearance of elastosis serpiginosa per- 
forans). 

The presence of an exaggerated mental (chin) crease has recently 
been shown to be a sensitive and highly specific finding in patients 
under the age of 30 years with PXE [29]. 


Cardiovascular changes. Arterial involvement does not usually 
clinically manifest until adult life. Involvement in early childhood 
raises the possibility of overlap with generalised arterial calcifica- 
tion of infancy [30]. The vascular involvement may be generalised 
or may involve predominantly the larger arteries, the mesenteric 
and visceral arteries or those of the extremities [31]. Calcification of 
the internal elastic lamina of the arteries leads to vascular occlusion. 
There may be intermittent claudication with diminished peripheral 
pulses, and accelerated atherosclerosis, often with hypertension 
[32,33]. Lower extremity with periarticular calcification is more 
in keeping with the rare arterial calcification disease due to CD73 
deficiency [5]. 

Aneurysms are infrequent [34]. Rarely death may result from cere- 
bral haemorrhage, coronary occlusion or massive haemorrhage into 
the gut [35]. Intermittent claudication and angina have occurred 
in early childhood [36] but more commonly occurs in (up to 
50%) adults [35]. More recent studies report less frequent cardiac 
complications although cardiomyopathy has been reported [37-39]. 

Nephrolithiases and strokes may be more common than initially 
reported [40]. In fact, ABCC6 variants were found to confer a signif- 
icant risk for ischaemic stroke [41]. 


Ocular changes. The ocular changes are variable. A ‘peau d’orange’ 
fundus, which corresponds to yellowish lesions of the retinal 
pigment epithelium can be present in childhood as the earliest 
ophthalmic sign, but it tends to become less distinct with age 
(Figure 70.16). Angioid streaks of the retina are seen as slate-grey, 
poorly defined streaks radiating from an incomplete greyish ring 
surrounding the nerve head (Figure 70.17) [42,43]. They are usually 
symmetrical and have only rarely been described before 15 years 
of age as they usually first appear between the ages of 20 and 40 
years [36]. Comet-tail lesions are small round white bodies and are 
considered pathognomonic for PXE [44,45]. They appear earlier 
than the other ocular changes. 

Other associated ocular findings include small raised pearly 
white drusen, or punched-out atrophic areas in focal areas of dehis- 
cence of the Bruch membrane [46]. There may also be speckled 
yellowish mottling (leopard spotting) and this may antedate the 
angioid streaks [47]. About 50% of patients also have a random 
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Figure 70.16 Left fundus showing angioid streaks at the macula which have caused 
deterioration of the central vision. A mottled appearance ‘peau d’orange’ can be seen in 
the peripheral retina. Courtesy of Miss Louise Allen, Cambridge University Hospitals NHS 
Foundation Trust, Cambridge, UK. 


Figure 70.17 Right fundus showing angioid streaks radiating from the optic nerve in 
pseudoxanthoma elasticum. Courtesy of Miss Louise Allen, Cambridge University 
Hospitals NHS Foundation Trust, Cambridge, UK. 


scattering of small round pigment dots throughout the macula and 
optic nerve [48]. 

By the age of 50 years, the majority of patients have some visual 
impairment (usually not more than 6/60) which occurs due to mac- 
ular atrophy, choroidal rupture or choroidal neovascularisation, 
with or without choroidal haemorrhage from angioid streaks [49]; 
retinal dysfunction in PXE may also contribute to visual loss [50]. 


Gastrointestinal changes. The most common problem is upper gas- 
trointestinal bleeding, particularly the stomach. Approximately 10% 
develop bleeding complications [51]. The exact cause is unknown 
but may reflect fragility of calcified submucosal vessels which are 
unable to constrict. 


Obstetric risk. Initial reports suggested that there is an increased 
risk of miscarriage in the first trimester, possibly related to failure of 
placental development [52,53] but a larger study of 795 pregnancies 
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in 306 women showed no increased fetal loss or adverse reproduc- 
tive outcomes. Furthermore, the incidence of gastric bleeding and 
retinal complications, at <1%, is lower than previously thought [54]. 
Twelve per cent of pregnancies were associated with worsening of 
skin manifestations [55]. 


Clinical variants 

In most cases, the serum calcium and phosphate levels are normal, 
but in a few patients the phosphate levels are increased, with mild 
hypercalcaemia and abnormalities of vitamin D metabolism [56,57]. 
The biochemical changes resemble those of tumoural calcinosis [58], 
although the clinical changes are those of PXE. This seems to be a 
distinctive rare type of PXE which may be associated with renal fail- 
ure in other members of the family. Some of these patients also have 
systemic sclerosis [59]. 

Other patients have been reported with multiple calcified cuta- 
neous nodules, with angioid streaks and hyperphosphataemia, but 
without pseudoxanthoma [59]. 

The development of both clinical and histopathological PXE-like 
changes, involving the skin, eyes and vasculature, occurs with sickle 
cell disease and f-thalassaemia [60]. The abnormalities are most 
probably acquired and related to the consequences of the primary 
disease. The clinical features are of later onset and milder than in 
inherited PXE. 

A group of patients with PXE-like phenotype with cutis laxa 
and deficiency of vitamin K-dependent clotting factors has been 
identified. This occurs due to mutations in the GGCX gene which 
encodes vitamin K-dependent y-glutamyl carboxylase, which is 
important in the activation of several coagulation factors and a 
systemic inhibitor of calcification, matrix gla protein (MGP) [61,62]. 
Further overlap can occur with typical skin and histological features 
of PXE and pathogenic (compound heterozygote) mutations in both 
GGCX and ABCC6 [62]. 


Differential diagnosis 

The disseminated form of dermatofibrosis lenticularis (Buschke- 
Ollendorff) can be clinically similar, and juvenile elastoma, which 
is a feature of this condition, shows thickened elastic fibres on 
histology. 

Papular elastorrhexis is an uncommon acquired disorder of 
elastic fibres that presents as multiple, whitish or skin-coloured, 
non-follicular papules, with symmetrical distribution on the trunk 
and upper extremities and may be confused with PXE [63]. 

If laxity of the involved skin is extreme, other forms of cutis laxa 
must be excluded. The diagnosis can be difficult in the presence of 
marked solar elastosis and/or macular degeneration. 

There are a number of acquired syndromes that have PXE-like fea- 
tures (Chapter 94). 


Complications and co-morbidities 

Some degree of visual impairment is common in older adults. Up 
to 10% will experience gastrointestinal bleeding and peripheral and 
cardiac complications may occur. Skin changes may progress to 
localised cutis laxa. 


Disease course and prognosis 
Pseudoxanthoma elasticum causes considerable morbidity and only 
occasional mortality [3,64]. 
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Investigations 

Calcium and phosphate levels should be checked. The histological 
changes of PXE are often distinctive and a skin biopsy from the 
side of the neck can be helpful (elastic fibres in the mid-dermis 
are clumped, degenerate, fragmented and swollen, and the abnor- 
mal fibres stain positively for calcium). Soft-tissue or vascular 
calcification may be detectable radiologically [17]. 

Although the true incidence of cardiac anomalies is unclear, it is 
advisable to perform at least a baseline echocardiogram with further 
investigations according to symptoms. Vitamin K clotting factors 
should be assayed if a GGCX gene deficiency is suspected. 

The definitive diagnosis is made by molecular analysis of the 
ABCC6 gene. 


Management 

No specific treatment for PXE exists. The most important aspect of 
management is to ensure that complications are prevented or dealt 
with quickly by the appropriate specialist. Annual ophthalmology 
and cardiovascular assessments are often recommended. Patients 
and their families should also receive genetic counselling. 


Dietary. It has been suggested that individuals with a history of 
high intake of dairy products (rich in calcium and phosphate) 
during adolescence developed more severe disease later in life [65]. 
However, when studied in mouse models of PXE dietary calcium 
did not affect mineralisation and to date there is no strong evidence 
linking dietary calcium intake with severity of PXE [1]. Dietary 
intervention in humans has been with oral phosphate binders but 
this did not result in either a reduction in calcification levels or 
clinical improvement [66]. Recent studies in PXE knock-out mice 
have shown that supplementation with magnesium carbonate com- 
pletely abolishes the abnormal mineralisation [67,68] A 2-year study 
of magnesium supplementation in PXE patients shows promising 
trends in the reduction of skin elastic fibres [69]. 


Ocular. Ophthalmologists will recommend that the patient learns 
to use an Amsler grid in the early detection of visual loss. Patients 
should avoid any activity that might cause a sudden increase in 
blood pressure or contact injury to the eyes. Laser photocoagula- 
tion may be helpful in preventing further retinal haemorrhage but 
recurrence is common [50]. Intravitreal antivascular endothelial 
growth factor (anti-VEGF) therapy is beneficial for the treatment of 
choroidal neovascularisations secondary to angioid streaks, espe- 
cially in the early stages of the disease [70]. Surgical intervention 
may be required for gastrointestinal bleeding and severe peripheral 
vascular disease. 


Cardiovascular. Cardiovascular risks should be minimized with 
control of blood pressure, weight and serum lipids, avoidance of 
smoking and advice about regular exercise. 


Gastrointestinal. Aspirin and non-steroidal anti-inflammatory 
medications should be avoided whenever possible to reduce the 
risk of gastrointestinal bleeding. 


Surgical. The cosmetic appearance of the skin lesions, particularly 
secondary cutis laxa, can be improved by plastic surgery. However, 
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in one report two out of nine patients developed complications with 
calcium extruding from the wound which delayed wound healing 
and resulted in a poorer cosmetic outcome [71]. 


Resources 


Patient resources 

PiXiE (UK support group): www.pxe.org.uk. 

PXE International (US support group): www.pxe.org. 
(Both last accessed February 2022.) 


Definition 


Fibrodysplasia ossificans progressiva is a severe and disabling dis- 
order of ectopic ossification involving the skeletal muscle, fascia, 
tendons and ligaments. 


Epidemiology 
Incidence and prevalence 
The incidence is 1 in 2 million [1]. 


Age 

Ossification is not present at birth but affected individuals have 
abnormalities of the great toe, namely shortening, deviation and 
monophalangic great toe. 


Sex 
There is no sex bias [2]. 


Ethnicity 
There is no racial variation [2]. 


Pathophysiology 

Genetics 

Sporadic (95%) or autosomal dominant gain-of-function mutations 
in the ACVR1 gene encode a type I bone morphogenetic protein 
(BMP) transmembrane receptor [3,4]. 


Environmental factors 

Minor trauma or viral illnesses can trigger acute inflammatory 
myositis leading to progressive ossification, which is further 
aggravated by surgical intervention [5]. 


Clinical features 

Presentation 

Malformed big toes are present at birth but other limb skeletal mal- 
formations may be present. The average age of onset of ossification 
is 5 years with progressive involvement of muscles, ligaments, ten- 
dons and fascia, such that by 15 years of age more than 95% have 
functional restriction of limb movement [6]. The sternocleidomas- 
toid and masseter muscles as well as those of the dorsal trunk and 
proximal limb are particularly affected. Bony exostoses may also 
develop. 
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Differential diagnosis 

In progressive osseous heteroplasia, bone formation can occur in 
skeletal muscle tendon and ligaments but additionally, and initially, 
there is dermal involvement [7]. 


Disease course and prognosis 

Most patients are confined to a wheelchair by the third decade of life 
and require lifelong care. The median lifespan is around 40 years due 
to thoracic restriction and accompanying pneumonia or right-sided 
heart failure [8]. 


Management 

High-dose steroids can be used for acute inflammatory flares. There 
is currently no cure but several approaches in animal models look 
promising [9]. 


Primary hypertrophic 
osteoarthropathy 


Definition and nomenclature 

Primary hypertrophic osteoarthropathy (PHO) is a group of inher- 
ited disorders with shared clinical features involving the bones and 
skin. 


Epidemiology 
Incidence and prevalence 
This is a rare condition. 


Age 
It presents in infancy in type 1 and puberty in type 2. 


Sex 
It is more commonly seen in males possibly due to higher levels of 
prostaglandins. 


Pathophysiology 

Predisposing factors 

Primary PHO has a genetic basis whereas secondary PHO is asso- 
ciated with underlying malignancies and cardiopulmonary and less 
commonly inflammatory bowel disease [1]. 


Genetics 

Homozygous mutations in the HPGD (15-hydroxyprostaglandin 
dehydrogenase) gene, which is the main enzyme in prostaglandin 
degradation, cause autosomal recessive type 1 [2]. It is also respon- 
sible for the allelic variant of craniosteoarthropathy. Autosomal 
recessive type 2 is caused by homozygous or compound het- 
erozygous mutation in the SLCO2A1 gene, involved in cellular 
prostaglandin transport [3]. Autosomal dominant PHO is also 
caused by heterozygous mutation in the SLCO2A1 gene. 
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Clinical features 

Presentation 

Primary hypertrophic osteoarthropathy is characterised by digital 
clubbing osteoarthropathy and acro-osteolysis (more common in 
type 1), variable features of pachydermia, with furrowing of the 
face and scalp and delayed closure of the fontanelles. Oily skin, 
hyperhidrosis, flushing and palmoplantar hyperkeratosis are all 
described. Severe cutis verticis gyrate and myelofibrosis are seen in 
type 2 [4,5]. 


Investigations 
Diagnosis is based on imaging to look for bone abnormalities such 
as diaphyseal periostosis and acro-osteolysis. 


Management [6] 

Non-steroidal anti-inflammatory drugs provide symptomatic relief. 
In addition, corticosteroids or colchicine have been tried. Clini- 
cal improvement of the dermatological symptoms is achieved by 
retinoids. 


MISCELLANEOUS DER 


Adermatoglyphia — Cl 


Congenital absence of epidermal ridges, known as adermato- 
glyphia, is a rare autosomal dominant condition. It was coined the 
‘immigration delay disease’ because affected individuals report 
significant difficulties entering countries which require finger- 
print recording [1]. To date, only a few families with isolated 
congenital absence of fingerprints have been described [1,2]. Asso- 
ciated features may include abnormal palmoplantar sweating, 
skin blisters, congenital facial milia, nail clubbing, calluses and 
fissures associated with heat or trauma [3-5]. Adermatoglyphia 
with congenital acral bullae, congenital milia, hypohidrosis, pal- 
moplantar keratoderma and nail dystrophy is known as Basan 
syndrome [6]. 

Adermatoglyphia and Basan syndrome are caused by muta- 
tions affecting a skin-specific isoform of SMARCAD1 [7-9], a 
member of the SNF subfamily of the helicase protein superfam- 
ily [10]. Of note, Huriez syndrome featuring adermatoglyphia, 
palmoplantar hypohidrosis and keratoderma, nail anomalies and 
scleroatrophy of hands and feet associated with squamous cell 
carcinoma, was also found to be associated with mutations in 
SMARCAD1 [11]. Surprisingly, all causative mutations in the 
three disorders disrupt the same conserved splice site, resulting 
in haploinsufficiency for the skin-specific isoform of SMARCAD1 
[8,10]. Although mostly expressed in skin fibroblasts [8], the 
skin-specific SMARCAD1 isoform was recently found to regu- 
late the expression of numerous genes involved in epidermal 
differentiation [9]. 

Of note, adermatoglyphia is also a feature of several complex ecto- 
dermal dysplasias [8,12]. In addition, acquired adermatoglyphia has 
been reported in chronic dermatitis [10]. 
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Lipoid proteinosis — Cl 


Definition and nomenclature 

Lipoid proteinosis is a rare autosomal recessive disorder, charac- 
terised by infiltration of hyaline material into the skin, oral cavity, 
larynx and internal organs [1]. The exact nature of the hyaline mate- 
rial is still uncertain. 


Epidemiology 
Age 
This presents in early infancy with hoarseness. 


Sex 
There is no sex bias. 


Ethnicity 
Lipoid proteinosis is common in the Namaqualand region of South 
Africa, where cases can be traced back to a German immigrant [2]. 


Pathophysiology 

Pathology 

The epidermis shows acanthosis and irregular acanthosis. The 
dermis is thickened and the upper dermis contains large deposits 
of extracellular hyaline material that stains strongly with periodic 
acid—Schiff (PAS). There is also thickening of the (PAS-positive) base- 
ment membranes at the dermal—epidermal junction and around the 
blood vessels and sweat glands. Immunofluorescence labelling for 
type IV collagen confirms the basement membrane thickening [1]. 
Ultrastructurally, there are multiple concentric rings of basement 
membrane around the blood vessels and irregular reduplication of 
the lamina densa at the dermal-epidermal junction. The hyaline 
deposits are featureless. Histochemical diagnosis is now possible 
using an antibody to extracellular matrix protein 1 (ECM1) [3]. 


Genetics 
The disorder is caused by homozygous or compound heterozygous 
mutation in ECM1 [4]. ECM1 binds to various proteins (perlecan, 
fibulins and MMP9) but its function is unknown [1]. Interestingly, 
antibodies to ECM] are present in 75% of patients with lichen scle- 
rosus [5]. 


Clinical features 

Presentation 

Lipoid proteinosis usually presents in infancy with hoarseness, 
which can progress to complete aphonia. The vocal cords are 
thickened, with nodules here and on the epiglottis. Occasion- 
ally, stridor necessitates a tracheostomy [6]. The lips, pharynx, 
soft palate, uvula and tonsils develop yellow-white submucous 
infiltrates. The tongue is enlarged and firm with infiltrates on its 


undersurface. The frenulum becomes short and thick, restricting 
tongue movement, such that it cannot be protruded. There may be 
recurrent inflammation of the salivary glands [2]. 

The first skin lesions are often blistering in early childhood, 
which become eroded and crusted after minor trauma [2]. Acne- 
form, pock-like scars appear on the face and elsewhere, either 
following trauma or spontaneously. Infiltration of the skin can 
cause waxy papules, hyperkeratosis or warty plaques, which may 
become darker with time. These lesions may affect the palms or 
backs of the hands, forehead or elbows, where they can be promi- 
nent and resemble xanthomas. Characteristic ‘beaded’ papules 
are present along the margins of the eyelids but they may be sub- 
tle (moniliform blepharosis) (Figure 70.18). There may be loss of 
eyelashes or patchy alopecia due to scalp involvement [7]. Some 
patients complain of itching or increased sensitivity to sunlight [2]. 
Visceral involvement has also been reported [8]. Problems progress 
until early adult life but subsequently stabilise. 


Differential diagnosis 

Erythropoietic protoporphyria causes waxy papules and depressed 
scars but the scars are confined to sun-exposed skin. Rarely, hyaline 
deposition in facial skin caused by erythropoietic protoporphyria 
may mimic lipoid proteinosis [9]. Xanthomatosis and amyloido- 
sis are also excluded by the histological appearances. In adults, 
other differential diagnoses include lichen myxoedematosus and 
myxoedema with hoarseness. 


Complications and co-morbidities 

Epilepsy and psychiatric problems occur in a number of patients and 
may be associated with intracranial calcification (e.g. in the temporal 
lobes or amygdala) [10]. 


Investigations 

Histological and ultrastructural analysis of affected skin will show 
the features outlined earlier. The identification of pathogenic muta- 
tions in ECM1 provides a definitive diagnosis. 


Ce 


Figure 70.18 Lipoid proteinosis. Typical ‘beaded’ papules present along the margins of 
the upper eyelids. Courtesy of Dr R. C. D. Staughton, Chelsea and Westminster Hospital, 
London, UK. 


Management 

Microlaryngoscopy and dissection of the vocal cords can be suc- 
cessful. Dermabrasion [11], chemical skin peeling, blepharoplasty 
and carbon dioxide laser therapy [12] may be helpful. Oral dimethyl 
sulfoxide was reported to help one patient [13] but not others [14]. 
Beneficial effects of etretinate [15], acitretin [16] and of penicil- 
lamine [17] have also been reported. 


Pterygium syndrome 


Definition and nomenclature 

The pterygium syndromes are characterised by skin webbing 
around the joints with a tendency to restricted movement and 
variable oro-facial features, most commonly cleft lip and/or palate. 
Some forms are lethal. 


Epidemiology 
Incidence and prevalence 
These are rare disorders. 


Age 
The features present at birth. 


Pathophysiology 

Genetics 

¢ Popliteal pterygium syndrome 1: autosomal dominant mutations 
in IRF6. 

¢ Popliteal pterygium syndrome 2, lethal type: autosomal recessive 
mutations in RIPK4. 

¢ Multiple pterygium syndrome, Escobar type: autosomal recessive 

mutations in CHRNG. 

Multiple pterygium syndrome, Escobar type with myopathy: 

autosomal recessive mutations in TPM2. 

Multiple pterygium syndrome, lethal type: autosomal recessive 

mutations CHRNA1, CHRND or CHRNG. 


Clinical features 
Presentation 
Multiple pterygium syndromes present at birth with webbing 
(pterygium) typically involving the neck, antecubital and popliteal 
fossae. Muscle weakness leads to joint contractures (arthrogryposis). 
Escobar type is the milder of the two types, whereas the lethal 
form is associated with hypoplastic organ development and is typ- 
ically fatal in the second or third trimester of pregnancy or shortly 
after birth [1]. The associated complications of hydrops fetalis or cys- 
tic hygroma of the neck can be picked up on antenatal screening. 
Escobar type with associated myopathy occurs due to mutation in 
one of the genes encoding tropomyosin [2,3]. Skeletal and external 
genitalia malformations may also be present. 
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In type I popliteal pterygium syndrome, webbing of the neck 
and arms does not occur. Most have congenital cleft lip and/or 
palate with a similar oro-facial phenotype to van der Woude 
syndrome (MIM: 119300) to which it is allelic [4]. Some patients 
with the lethal variety of popliteal pterygium syndrome (syn: 
Bartsocas—Papas syndrome) have widespread pterygium. Death is 
usually in infancy, although survival into early adulthood has been 
reported [5,6]. 


Key references 


The full list of references can be found in the online version at 
https:/ /www.wiley.com/rooksdermatology10e 


Ehlers-Danlos syndrome 
3 Malfait F, Francomano C, Byers P et al. The 2017 international classification of the 

Ehlers—Danlos syndromes Am J Med Genet C Semin Med Genet 2017;175C:8-26. 

30 Pepin M, Schwarze U, Superti-Furga A, Byers PH. Clinical and genetic features of 
Ehlers—Danlos syndrome type IV, the vascular type. N Engl J Med 2000;342:673-80. 

56 Castori M, Tinkle B, Levy H et al. A framework for the classification of joint 
hypermobility and related conditions. Am J Med Genet C Semin Med Genet 
2017;175C:148-57. 

73 Brady AF, Demirdas S, Fournel-Gigleux S et al. The Ehlers—Danlos syndromes, rare 
types. Am J Med Genet C Semin Med Genet 2017;175C:70-115. 


Prolidase deficiency 
7 Forlina A, Luupi A, Vaghi P et al. Mutation analysis of five new patients affected 
by prolidase deficiency; the lack of enzyme activity causes necrosis-like cell death 
in cultured fibroblasts. Hum Genet 2002;111:3114—22. 
15 Jemec GB, Moe AT. Topical treatment of skin ulcers in prolidase deficiency. Pediatr 
Dermatol 1996;13:58-60. 


Osteogenesis imperfecta 
1 Sillence DO, Senn A, Danks DM etal. Genetic heterogeneity in osteogenesis imper- 
fecta. J Med Genet 1979;16:101-16. 
3 Marini JC, Dang Do AN. Osteogenesis imperfecta. In: Feingold KR, Anawalt B, 
Boyce A, eds. Endotext [Internet]. South Dartmouth, MA: MDText.com, Inc.; 2000. 
19 Glorieux FH. Experience with bisphosphonates in osteogenesis imperfecta. Pedi- 
atrics 2007;119:S163-5. 


Inherited generalised cutis laxa 
2 Morava E, Guillard M, Lefeber DJ, Wevers RA. Autosomal recessive cutis laxa syn- 
drome revisited. Eur J Hum Genet 2009;17:1099-110. 
4 Urban Z, Davis EC. Cutis laxa: Intersection of elastic fiber biogenesis, TGFP signal- 
ing, the secretory pathway and metabolism. Matrix Biol 2014;33C:16-22. 
12 Beyens A, Boel A, Symoens S, Callewaert B. Cutis laxa: a comprehensive overview 
of clinical characteristics and pathophysiology. Clin Genet 2021;99:53-66. 
13 Hadj-Rabia S, Callewaer BL, Bourrat E et al. Twenty patients including 7 probands 
with autosomal dominant cutis laxa confirm clinical and molecular homogeneity 
Orphanet J Rare Dis 2013;8:36. 


Chapter 70: Disorders of Collagen, Elastin and Dermal Matrix 


Williams-Beuren syndrome 
7 Pober BR. Williams—Beuren syndrome. N Engl J Med 2010;362:239-52. 


Michelin tyre baby syndrome 
2 Isrie M, Breuss M, Tain G et al. Mutations in either TUBB or MAPRE2 cause circum- 
ferential skin creases Kunze type. Am J Hum Genet 2015;97:790-800. 


Marfan syndrome 

16 Loeys BL, Dietz HC, Braverman AC et al. The revised Ghent nosology for the Mar- 
fan syndrome. J Med Genet 2010;47;476-85. 

28 Meester JAAN, Verstraeten A, Schepers D et al. Differences in manifestations of 
Marfan syndrome, Ehlers-Danlos syndrome, and Loeys-Dietz syndrome. Ann Car- 
diothorac Surg 2017;6:582-94. 


Hyaline fibromatosis syndrome 
4 Denadai R, Raposo-Amaral CE, Bertola D et al. Identification of 2 novel ANTXR2 
mutations in patients with hyaline fibromatosis syndrome and proposal of a mod- 
ified grading system. Am J Med Genet A 2012;158A:732-42. 


Stiff skin syndrome 
6 Liu T, McCalmont TH, Frieden IJ et al. The stiff skin syndrome: case series, differen- 
tial diagnosis of the stiff skin phenotype, and review of the literature. Arch Dermatol 
2008;144:1351-9. 


Winchester syndrome 
5 De Vos IJHM, Wong ASW, Coull BJ, van Steensel MAM. Multicentric osteolytic 
syndromes represent a phenotypic spectrum defined by defective collagen remod- 
elling. Am J Med Genet 2019;179A:1652-64. 


Progeria 

1 Gordon LB, Tuminelli K, Andrés V ef al. The progeria research foundation 
10th international scientific workshop; researching possibilities, ExTENding 
lives — webinar version scientific summary. Aging (Albany NY) 2021;13:9143-51. 


Pseudoxanthoma elasticum 

1 Luo H, Li Q, Cao Y, Uitto J. Therapeutics development for pseudoxanthoma 
elasticum and related ectopic mineralization disorders: update 2020. J Clin Med 
2021;10:114. 

3 Neldner KH. Pseudoxanthoma elasticum. Clin Dermatol 1988;6:1-159. 

4 Nitschke Y, Baujat G, Botschen U et al. Generalized arterial calcification of infancy 
and pseudoxanthoma elasticum can be caused by mutations in either ENPP1 or 
ABCC6. Am J Hum Genet 2012;90:25-39. 

25 Plomp AS, Toonstra J, Bergen AAB ef al. Proposal for updating the pseudoxan- 
thoma elasticum classification system and a review of the clinical findings. Am J 
Med Genet A 2010;152A:1049-58. 

36 Naouri M, Boisseau C, Bonicel P et al. Manifestations of pseudoxanthoma elasticum 
in childhood. Br J Dermatol 2009;161;635-9. 

54 Bercovitch L, Leroux T, Terry S, Weinstock MA. Pregnancy and obstetrical out- 
comes in pseudoxanthoma elasticum. Br J Dermatol 2004;151:1011-18. 


CHAPTER 71 


Disorders Affecting Cutaneous Vasculature 


Anne Dompmartin', Nicole Revencu*, Laurence M. Boon? and Miikka Vikkula?* 


‘Consultation of Vascular Anomalies, Université de Caen Basse Normandie, Caen; Department of Dermatology, CHU Caen, Caen, France 


2Center for Vascular Anomalies, Cliniques Universitaires Saint-Luc, Université catholique de Louvain (a VASCERN VASCA European Reference Centre), Brussels, Belgium 
3Human Molecular Genetics, de Duve Institute, Université catholique de Louvain, Brussels, Belgium 


Introduction, 71.1 


CAPILLARY DISORDERS, 71.3 
Capillary malformation, 71.3 
Sturge-Weber syndrome, 71.3 
Capillary malformation with dilated veins, 71.4 
Angioma serpiginosum, 71.4 
Capillary malformation—arteriovenous 
malformation, 71.5 
Cutis marmorata telangiectatica congenita, 71.6 
Microcephaly-capillary malformation 
syndrome, 71.7 
Capillary malformation with overgrowth, 71.7 
PI3K-RELATED OVERGROWTH SYNDROMES, 71.7 
Disseminated capillary malformation 
with overgrowth, 71.7 


CLOVES syndrome, 71.10 
Proteus syndrome, 71.10 


ARTERIOVENOUS DISORDERS, 71.11 

Arteriovenous malformation, 71.11 

Capillary malformation—arteriovenous 
malformation, 71.12 

Hereditary haemorrhagic telangiectasia, 71.12 

PTEN hamartoma tumour syndrome, 71.13 


VENOUS DISORDERS, 71.14 

Venous malformation, 71.14 

Cutaneo-mucosal venous malformation, 71.16 

Blue rubber bleb naevus syndrome, 71.17 

Glomuvenous malformation, 71.18 

Cerebral cavernous malformation-associated 
cutaneous lesions, 71.19 


LYMPHATIC DISORDERS, 71.21 
Lymphatic malformation, 71.21 
Complicated/complex lymphatic anomalies, 71.22 
Schimmelpenning-Feuerstein-Mims 
syndrome, 71.23 
PRIMARY LYMPHOEDEMAS, 71.24 
Hereditary lymphoedema type IA, 71.24 
Lymphoedema-distichiasis syndrome, 71.25 
Hypotrichosis-lymphoedema-telangiectasia 
syndrome, 71.26 
Hennekam lymphangiectasia— lymphoedema 
syndrome, 71.26 
Microcephaly with or without chorioretinopathy, 
lymphoedema and mental retardation, 71.27 
Choanal atresia and lymphoedema, 71.27 
Primary lymphoedema with myelodysplasia, 71.27 


Macrocephaly-capillary malformation 
syndrome, 71.8 
Klippel-Trenaunay-Weber syndrome, 71.8 


Verrucous venous malformation, 71.19 
Maffucci syndrome, 71.20 


Conclusions, 71.28 


Key references, 71.28 


Introduction 


The localised structural abnormalities that develop during vasculo- 
genesis, angiogenesis and/or lymphangiogenesis lead to vascular 
anomalies. On the basis of clinical and biological criteria, they are 
divided into vascular tumours and vascular malformations [1]. 
This classification has been adopted by the International Soci- 
ety for the Study of Vascular Anomalies (ISSVA) and is detailed 
enough to cover all reported entities [2]. The identification of 
disease-causing genes associated with precise clinical delineation 
of the phenotypes has become the foundation for better manage- 
ment of these diseases [3]. For several of the familial forms, a 
paradominant inheritance has been established, with a combination 
of a germinal mutation and a local somatic second hit, whereas 
somatic/mosaic genetic defects cause the more common spo- 
radic vascular malformations [4,5]. Links between phenotypes and 
genotypes have been unravelled for several vascular malformations. 

These genetic mutations associated with inherited and sporad- 
ically occurring vascular anomalies lead to hyperactivity of two 
major signalling pathways: the RAS/mitogen-activated protein 
kinase (MAPK)/extracellular signal-regulated kinase (ERK) 


pathway and the phosphatidylinositol 3-kinase (PI3K)/protein 
kinase B (AKT)/mammalian target of rapamycin (mTOR) pathway 
(Figure 71.1). They are important regulators of cellular growth, 
proliferation, migration and apoptosis, and often implicated in 
cancers. The fact that similar mutations are observed in vascular 
anomalies may be explained by the occurrence of second-hits and 
somatic mutations in vascular endothelial cells and in the con- 
text of a stable genome, whereas in cancers other cell types are 
affected, and commonly an accumulation of somatic mutations 
occur. These discoveries paved the way for the development of 
a theranostic approach for vascular anomalies, testing targeted 
molecular inhibitors already used as anticancer drugs [6]. In con- 
trast, various primary lymphoedemas are associated with mostly 
loss-of-function mutations in a central vascular endothelial growth 
factor C (VEGFC)/vascular endothelial growth factor receptor 3 
(VEGFR3) signalling pathway. However, emerging data suggest 
that the complicated lymphatic anomalies (CLAs), with dysfunc- 
tion of the central conducting lymphatic channels, often associated 
with primary lymphoedema, are due to similar somatic/mosaic 
mutations as seen in localised vascular malformations. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Figure 71.1 Proteins mutated in vascular anomalies with some inhibitors to be studied for therapeutic intervention. PI3K (phosphoinositide 3-kinase)/AKT (protein kinase B)/mTOR 
(mammalian target of rapamycin) signalling and RAS (rat sarcoma)/RAF (rapidly accelerated fibrosarcoma)/MEK (mitogen-activated protein kinase kinase)/ERK (extracellular 
signal-regulated kinases) signalling in vascular anomalies. Red: gain-of-function; blue: loss-of-function; black, circled with red: enhanced signalling; grey, circled with blue: decreased 
signalling. ALK, activin receptor-like kinase; AVM, arteriovenous malformation; BMP, bone morphogenetic protein; BRAF, B-raf proto-oncogene; BRBN, blue rubber bleb naevus 
syndrome; CCM, cerebral cavernous malformation; CLOVES, congenital lipomatous overgrowth, vascular malformations, epidermal naevi and scoliosis; CM, capillary malformation; 
CM-AVM, capillary malformation—arteriovenous malformation; EC, endothelial cell; EphB4, ephrin B4; FKBP12, FK506 binding protein 12; GNAQ, G protein subunit alpha Q; GSD, 
Gorham-Stout disease; GVM, glomuvenous malformation; HCCVM, hyperkeratotic cutaneous capillary-venous malformations; HHT, hereditary haemorrhagic telangiectasia; ICAP, 
integrin cytoplasmic-associated protein; JPHT, juvenile polyposis/HHT syndrome; KLA, kaposiform lymphangiomatosis; KRIT, Krev interaction trapped; KTS, Klippel-Trenaunay-Weber 
syndrome; LM, lymphatic malformation; MAP3K3, mitogen-activated protein kinase kinase kinase 3; MCAP, megalencephaly—capillary malformation syndrome; MVM, multifocal 
venous malformation; NICH, non-involuting congenital haemangioma; PDCD, programmed cell death 10; PG, pyogenic granuloma; PHTS, PTEN hamartoma tumour syndrome; 
PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; PIP2, phosphatidylinositol-4,5-bisphosphate; PIP3, phosphatidylinositol-3,4,5-trisphosphate; PROS, 
PIK3CA-related overgrowth spectrum; PTEN, phosphatase and tensin homologue; RASA, RAS p21 protein activator; RICH, rapidly involuting congenital haemangioma; RTK, receptor 
tyrosine kinase; SMAD, mothers against decapentaplegic homologue; SMC, smooth muscle cell; TGF, transforming growth factor; VEGF, vascular endothelial growth factor; VEGFR, 
vascular endothelial growth factor receptor; VM, venous malformation; VMCM, inherited cutaneomucosal venous malformation; vSMC, vascular smooth muscle cells; VVM, verrucous 
venous malformations. Reproduced from Queisser A et a/. [3] with permission of Wolters Kluwer Health, Inc. 


Capillary malforn 


Introduction and general description 

A capillary malformation (CM) is a sporadic, homogeneous, pink, 
red or purple macule present at birth. It is usually located on the 
skin, sometimes on the mucosa (Figure 71.2). 


Epidemiology 

It is the most common vascular malformation. It is present at birth 
in approximately three of 1000 newborns [7] and has equal sex 
distribution. 


Pathophysiology 

A CM is characterised by the dilatation of normal numbers of 
capillaries of the papillary and upper reticular dermis combined 
with areas of increased numbers of normal-looking capillaries. 
Endothelial cells are flat. Immunohistochemistry shows normal 


Figure 71.2 A 10-year-old boy with extensive capillary malformation involving V3, the 
neck and thorax. 
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factor VII, fibronectin and basement membrane proteins, but S100 
staining shows abnormal innervation [4]. A recurrent somatic 
activating change (c.548G—A; p.Arg183GIn) has been found in 
the GNAQ gene in several patients with CMs [5]. Other somatic 
mutations leading to a substitution of Q209 by another amino acid 
in GNAQ have been identified in blue naevi, naevus of Ota and 
uveal melanoma [6]. This may explain the co-occurrence of vascular 
and pigmentary changes in phakomatosis pigmentovascularis. The 
homologous protein GNA11 is mutated in some CMs, especially at 
position p.Arg183Cys [8]. 


Clinical features 

Capillary malformations are pink, red or purple flat lesions of 
variable size and with geographic borders (Figure 71.2). They are 
usually located on the head and neck, but can also be seen on the 
trunk or limbs. A CM grows proportionately with the child and 
persists throughout life. The lesion darkens and often thickens with 
age, and the underlying tissues (skin, fat, muscle and bone) can 
be hypertrophic. It is generally an isolated, sporadic and solitary 
malformation. Multiple lesions can be observed in more complex 
disorders. 


Investigations 

Most CMs do not require any investigation. However, associated 
signs and symptoms, large size and multifocality evoke a possible 
‘syndromic’ form. For example, on the upper face, the larger the 
lesion, the higher the risk for Sturge-Weber syndrome. Segmental 
lower extremity CMs need scaniometry at around 8 years of age to 
evaluate growth discrepancy and management. 


Management 

Capillary malformations are asymptomatic, but can generate impor- 
tant psychosocial distress. Pulsed-dye laser is the first line treatment 
[9]. It reduces coloration in 75% of patients without modifying skin 
texture. Laser treatment consists of several consecutive sessions. 
Due to pain, general anaesthesia is often used for children. Surgery 
is done to correct tissue hyperplasia associated with CM, commonly 
seen on the lip. 


Sturge-Weber syn 


Introduction and general description 
Sturge-Weber syndrome (SWS) is a severe neurocutaneous sporadic 
disorder characterised by a CM located on the territory of the first 


branch of the trigeminal nerve. It is associated with a leptomeningeal 


and/or retinal capillary-venous malformation on the same side 
(Figure 71.3). 
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Figure 71.3 Sturge-Weber syndrome showing an 8-month-old boy with capillary 
malformation involving the left V1, V2 and V3 and right V3. 


Epidemiology 
The estimated incidence is one in 50 000. Males and females are 
equally affected. 


Pathophysiology 

As for the common CM, a somatic activating change (c.548G—>A; 
p-Arg183GlIn) has been identified in the GNAQ gene in several 
patients with SWS [10]. The fact that the same mutation can cause 
either SWS or CM most probably reflects different embryonic stages 
(earlier in SWS than in CM) at which the somatic change occurs. 


Clinical features 

Sturge-Weber syndrome is characterised by a CM located on the 
forehead and the upper eyelid (V1) associated with an ipsilateral 
leptomeningeal capillary-venous anomaly and/or ocular involve- 
ment [11]. The CM can be bilateral and/or more extensive, covering 
the territory of the maxillary (V2) and mandibular (V3) branches 
of the trigeminal nerve, and sometimes the trunk and the limbs 
(Figure 71.3). About 75% of children with intracranial vascular 
anomaly develop seizures, most often before the age of 2 years, 
with a risk of contralateral neurological deficit and learning dif- 
ficulties. Gyral calcifications can be observed. The major ocular 
complication is glaucoma, occurring in more than 50% of patients. 


Investigations 

Frontopalpebral CMs necessitate brain magnetic resonance imaging 
(MRI), and an ophthalmological evaluation of the fundus of the eye 
as well as regular assessment of intraocular pressure. An abnormal 
MRI warrants a neurological evaluation. 


Management 

Pulsed-dye laser can be used to treat the CM. Management of 
epilepsy and glaucoma is an emergency. It is still questioned if 
prophylactic anticonvulsant treatment is recommended or not. 
In patients with intractable seizures, surgery (lobectomy) can be 
required. Regular ophthalmological follow-up is needed through- 
out life, with reduced intervals during infancy. Targeted therapies 
are being developed to various vascular anomalies [3,6]. For SWS, 


there is special interest in the mTOR inhibitor rapamycin, which 
seemed to improve cognitive function in a small series [12]. 


Capillary malformat 
veins 


Introduction and general description 

Capillary malformation with dilated veins (CMDV) is a sporadic, 
usually homogeneous light pink, macule present at birth located 
on the upper or lower limb, and associated with prominent veins 
and minor growth disturbance in length or girth [13,14]. Using the 
term CM with dilated veins avoids confusion, as the entity CVM 
refers to a combined capillary-venous malformation in the ISSVA 
classification. 


Epidemiology 
Prevalence is unknown, with 32 patients reported [13,14]. 


Pathophysiology 
The aetiology is unknown. 


Clinical features 

Capillary malformation with dilated veins is commonly charac- 
terised by a faint pink-red homogeneous CM, the majority of which 
have indistinct borders. Ectatic veins are seen on the affected area 
of the limb. Most patients can exhibit minor hyper- or hypotrophy 
of the affected extremity. Patients have no consumptive coagulopa- 
thy, but almost half of them complain of pain and less frequently of 
swelling. 


Investigations 

Doppler ultrasound shows dilatation of the superficial venous sys- 
tem, and sometimes ectasia of the deep venous system and veins in 
the muscles. D-dimers are not elevated, in contrast to venous and 
capillary—venous malformations, in which they can be raised. 


Management 

Pulse-dye laser, which is used to lighten the CM, seems to be more 
efficient on the proximal part of the limb. Sclerotherapy or endovas- 
cular laser can be proposed to treat the ectatic veins. 


Angioma serpiginosun 


(a) (b) () 
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Figure 71.4 Capillary malformation—arteriovenous malformation spectrum. (a, b) A 14-year-old girl with multiple capillary malformations. (a) Note the white halo on the arm lesion. 
(b) The lesion on the buttock showed hypervascularity on Doppler ultrasound. (c-e) Parkes Weber syndrome in two patients with a RASA7 mutation. Note the red blush on the thorax 
and arm (c), which is warm on palpation, and dilated veins (d) secondary to arteriovenous fistulae and confirmed by arteriography (e). 


Introduction and general description 

Angioma serpiginosum or progressive patchy CM is a rare con- 
genital skin disorder characterised by non-purpuric, red, punctate 
lesions on a reddish background. The lesions follow the Blaschko 
lines. 


Epidemiology 
Females are more often affected than males with a sex ratio of 9:1 
[15]. It is a rare disease with a prevalence less than 1 : 1 000 000. 


Pathophysiology 

Histologically, angioma serpiginosum appears as capillary ectasias 
in the superficial papillary dermis. The disorder seems to be 
genetically heterogeneous with X-linked dominant and autosomal 
dominant inheritance. One family was linked to Xp11.3-Xq12, and 
subsequently a deletion of the PORCN gene was identified [16,17]; 
these investigators suggested that angioma serpiginosum could be 
a mild allelic variant of focal dermal hypoplasia or Goltz—Gorlin 
syndrome (MIM: 305600) (Chapter 65). 


Capillary malfor 
arteriovenous m 


Introduction and general description 

Capillary malformation—arteriovenous malformation (CM-AVM) 
is an autosomal dominant disorder characterised by multifocal 
CMs and an increased risk for fast-flow vascular malformations 
(Figure 71.4) [9]. The disorder has been reported in well over 100 
families [18,19]. 


Epidemiology 

The incidence is estimated to be around 1 in 50 000, but the disorder 
is likely underdiagnosed [18,19]. There is no sex difference, the pene- 
trance is high (>95%) and there is an important intrafamilial clinical 
variability. 


Pathophysiology 

Capillary malformation-arteriovenous malformation is caused 
by heterozygous loss-of-function mutations in the RASA1 or 
EPHB4 genes (CM-AVM1 and CM-AVM2, respectively) [19-23]. 
A germline mutation is identified in about two-thirds of patients 
[18,19,24]. Intragenic deletions and mosaicism may underlie addi- 
tional patients [25,26]. Somatic second-hits explain the intrafamilial 
clinical variability and the multifocality of lesions at least in 
CM-AVMI1 [18]. RASA1 encodes p120RASGAP, a negative regu- 
lator of RAS (name derived from rat sarcoma virus), and it can 
be downregulated by miR-132 [23]. pl120RASGAP is involved in 
EPHB4—p120RASGAP->RAS->MAPK->ERK signalling [27]. 


Clinical features 

There are two different types of CM-AVM: CM-AVM1 and -2. Inboth 
types all affected individuals have cutaneous CMs (Figure 71.4a, 
b). These are distinct from common CMs and represent the clue for 
diagnosis. Typically, they are multifocal, but a few patients have a 
single lesion. They are of variable size, with haphazard distribution. 
In contrast to common CMs, additional lesions can appear with 
time, until young adulthood. The CMs are pink, red or brownish, 
homogeneous or telangiectatic, and about half of them have a 
characteristic white halo around the lesion. Some patients have 
areas of multiple punctate telangiectasias surrounded by white 
halos, especially on extremities. These bier spots are more frequent 
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in CM-AVM2. The concurrence of CM with multiple telangiectasia, 
especially on the lips, perioral region and thorax, is an impor- 
tant clinical difference between CM-AVM1 and -2. Epistaxis can 
occur especially in CM-AVM2, but it is not a major symptom as in 
hereditary haemorrhagic telangiectasia (HHT). 

In about one-third of patients with CM-AVM1, and 18% of 
patients with CM-AVM2, fast-flow vascular malformations are 
observed: arteriovenous malformation (AVM), arteriovenous fistula 
(AVF) or Parkes Weber syndrome (capillary blush on an upper or 
lower extremity, bony and soft tissue hypertrophy, and multiple 
arteriolo-venular microfistulae) (Figure 71.4c—-e). The AVMs and 
AVFs are located either within the central nervous system (intracra- 
nial or intraspinal) or outside the central nervous system (above all 
in the extremities, face and neck). 

The CMs of CM-AVM1 and -2 are asymptomatic. The intra-central 
nervous system AVMs/AVFs are usually symptomatic early in life: 
perinatally or during childhood [10,14]. Associated symptoms 
are cardiac failure, hydrocephaly, epilepsy, developmental delay, 
para- or tetraplegia and neurogenic bladder. The AVMs/AVFs 
located on the face, neck and extremities tend to worsen with 
time, and cause pain, local destruction and bleeding and cardiac 
failure. Often the skin, subcutis, muscles and bones are affected. 
The major problem associated with Parkes Weber syndrome is leg 
length discrepancy causing scoliosis. Cardiac overload or failure 
can occur. 

In rare cases, CM-AVM1 has been associated with primary 
lymphoedema, non-immune hydrops fetalis, pleural effusions, 
chylothorax or chylous ascites [18,24,28-30]. Interestingly, EPHB4 
cases of non-immune hydrops fetalis have also been reported [31]. 
These patients do not have CM-AVM, and the mutations seem to 
act differently. 


Investigations 

The small CMs do not require any investigation, unless they are 
warm on palpation. Such findings should be evaluated by Doppler 
ultrasound for the presence of fast-flow lesions. The AVMs/AVFs 
are followed by Doppler ultrasound and/or MRI and arteriogra- 
phy [32]. Leg length discrepancy in patients with Parkes Weber 
syndrome is followed radiographically. Screening for cerebral and 
spinal fast-flow lesions by MRI in asymptomatic patients can be 
proposed. RASA1 and EPHB4 testing is required in patients with 
suggestive clinical features. 


Management 

The CMs of CM-AVM respond only partially or not at all to 
pulsed-dye laser treatment. Patients with AVM or AVF should 
be followed by a multidisciplinary team specialised in vascular 
anomalies. The risks and benefits of treating or not are based on 
symptoms, patient age, lesion size and location, angio-architecture 
and expected evolution. The treatment of patients with Parkes 
Weber syndrome is as conservative as possible (e.g. elastic stock- 
ing) and the leg length discrepancy is monitored until the end of 
puberty. Epiphysiodesis may be necessary; however, this procedure 
should be avoided whenever possible as it may aggravate the 
fast-flow lesion [33]. CM-AVM patients may also benefit in the 
future from the development of targeted therapies [3,6]. As at least 
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the RAS-MAPK signalling pathway seems to be activated, there is 
interest in studying inhibitors of this pathway for efficacy. 

Genetic consultation is needed to assess family history and to pro- 
vide counselling. It is also needed for risk assessment, and to inform 
on the possibilities of IVF, prenatal testing and the importance of 
close follow-up during pregnancy. 


Cutis marmorata telan 
congenita 


Introduction and general description 

Cutis marmorata telangiectatica congenita (CMTC) is a rare capil- 
lary malformation characterised by persistent, reticulated, atrophic, 
purplish skin [34]. 


Pathophysiology 
The aetiology of CMTC is unknown. 


Clinical features 

Cutis marmorata telangiectatica congenita is a rare, sporadic CM 
characterised by a reticulated, marbled, dark purple skin patch 
which blanches with pressure, but its aspect does not change in 
regard to modification in temperature [34]. The atrophic purplish 
reticulated bands involve telangiectasias and venous ectasias. They 
are depressed and fragile and can ulcerate. The lesions occur mostly 
in a regional pattern and less often in a generalised distribution. 
During the first year of life and throughout childhood the purple 
network fades and becomes less depressed. 

Associated anomalies, such as body asymmetry, glaucoma and 
neurological delay, have been noted in more than half of the reported 
patients. This prevalence can be disputed because the term CMTC 
has often been used to describe various mimicking marble-like vas- 
cular birthmarks. 


Investigations 

Cutis marmorata telangiectatica congenita does not usually require 
any investigation, unless incited by clinical multidisciplinary exam- 
ination. In generalised or facial CMTC, ophthalmological examina- 
tion for glaucoma is indicated [34]. 


Management 
Ulcerations can be treated with wound dressings, and laser photo- 
coagulation may be useful to treat residual vascular lesions. 


Microcephaly-capil 
syndrome 


Introduction and general description 

Microcephaly—capillary malformation (MIC-CAP) syndrome is 
an autosomal recessive congenital disorder. It is characterised by 
severe congenital microcephaly, early-onset refractory epilepsy, 
profound developmental delay, spastic quadriparesis and multiple 
small cutaneous CMs. The CMs are present at birth, spread over the 
body and vary from 2 to 20 mm in diameter [35,36]. 


Epidemiology 
Prevalence is unknown, but MIC-CAP is a very rare disease. Fewer 
than 20 patients have been reported. 


Pathophysiology 

The MIC-CAP syndrome is caused by homozygous or compound 
heterozygous recessive mutations in the STAMBP gene. This gene 
encodes a deubiquitinating isopeptidase that plays a role in 
PI3K/AKT/mTOR and RAS/MAPK signalling [37]. These path- 
ways seem to be dysregulated in MIC-CAP. 


Investigations 

Investigation includes neuroimaging studies, an electroencephalo- 
gram in case of seizures and visual and hearing assessment. Genetic 
testing can confirm the clinical diagnosis. 


Management 

Management is symptomatic and mainly includes follow-up of neu- 
rological and cognitive development, physiotherapy and speech 
therapy and anticonvulsant medications. It might be possible to 
develop novel targeted therapies for MIC-CAP using molecules 
inhibiting the PI3K/AKT/mTOR and RAS/MAPK signalling path- 
ways. Genetic consultation is needed to assess family history and 
counselling. 


Capillary malforma 
with overgrowth 
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Introduction and general description 

Capillary malformation with overgrowth (CMO) is characterised 
by a purple or dark red CM of an extremity associated with soft 
tissue and bony hypertrophy. 


Pathophysiology 
It was associated in three patients with a somatic p.Arg183Cys 
GNA1I1 mutation [38]. 


Clinical features 

Capillary malformation with overgrowth is characterised by a 
purple or dark red homogeneous capillary malformation, which 
is mostly well delineated with distinct borders. It is limited to a 
regional pattern usually on an upper or lower limb. It is associ- 
ated with length and/or girth overgrowth which can appear with 
time. It is associated with pain on the affected extremity without 
coagulopathy, or other vascular or neurological anomalies. 


Investigations 

Doppler ultrasound, MRI and neurological investigations may be 
useful for differential diagnosis, for instance of CMDV and capillaro- 
lymphatico-venous malformation (CLVM) with hypertrophy. 


Management 
The CM can be managed the same way as a common CM. Pain is 
difficult to manage with classic analgesic drugs. 


PI3K-RELATED OVERGROWTH SYNDROMES 


Capillary malformations are seen in several disorders with over- 
growth, including Parkes Weber syndrome and CMO (see earlier 
in this chapter). Moreover, PI3K-related overgrowth syndromes 
(PROS) is a term used for various overgrowth syndromes related 
to a somatic PIK3CA mutation. Recently, next generation sequenc- 
ing (NGS) enabled the discovery of PIK3R1 somatic mutations 
within 17 patients with vascular malformation associated with 
overgrowth. PIK3R1 regulates the PI3K/AKT pathway [39]. In the 
following, the entities with clearly recognisable PROS phenotypes 
are described separately: diffuse CM with overgrowth (DCMO), 
macrocephaly-—CM (M-CM), Klippel-Trenaunay—Weber syndrome 
(KTS) and CLOVES syndrome (congenital lipomatous overgrowth, 
vascular malformations, epidermal naevi and scolosis). Clinical 
phenotypes in individuals with PIK3R1 variants are similar to those 
attributed to somatic mosaic hotspot variants in PIK3CA. Therefore, 
the term PROS could be extended to include overgrowth syndromes 
related to PIK3R1, and thus understood as PI3K-related overgrowth 
syndrome. 


Disseminated capil 
with overgrowth 
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Introduction and general description 

Diffuse capillary malformation with overgrowth belongs to the 
spectrum of the vascular anomaly—overgrowth syndrome. It is 
characterised by an extensive reticular vascular staining with pro- 
portionate overgrowth which is different from other disorders with 
CM and hypertrophy. 


Pathophysiology 
It was associated in two patients with a somatic non-hotspot variant 
in the PIK3CA gene [40]. 


Clinical features 
Diffuse capillary malformation with overgrowth is characterised 


by a sporadic extensive reticulate CM which can be associated 


with focal areas of homogeneous stains mostly located on acral 
sites, that is, the head and neck, hands and feet. CM is present 
at birth and lightens over the first months of life. It is associated 
with soft-tissue and/or bony proportionate overgrowth. Associ- 
ated digital anomalies can be seen in 30% of patients: syndactyly, 
sandal gap or macrodactyly. Children with DCMO have a normal 
developmental growth [41]. 


Investigations 
It does not require any investigation and is a more benign common 
condition than other overgrowth syndromes. 


Management 


Capillary stain of DCMO lightens with time and does not require 
laser treatment. Overgrowth is often mild and proportionate, and 


does not need treatment. 


Macrocephaly-ca 
syndrome 


ogyria syndrome (MCAP) 
‘congenita (M-CMTC) 


Introduction and general description 


Macrocephaly-—capillary malformation (M-CM) syndrome was ini- 
tially described as macrocephaly—cutis marmorata telangiectatica 


congenita [42,43]. The disorder is characterised by macrocephaly 


(megalencephaly) and capillary malformation, plus a variable com- 
bination of other features: overgrowth, brain and body asymmetry, 
syndactyly, polydactyly, developmental delay and joint hyperlaxity 
[44,45]. Cortical brain malformations, especially polymicrogyria, are 
frequent [46]. The CM in M-CM has a patchy reticular pattern with 
no cutaneous atrophy. As this is different from CMTC, the name 
macrocephaly-capillary malformation was proposed in 2007 [47]. 
Subsequently, as macrocephaly is secondary to a large brain and 
perisylvian polymicrogyria, the name of megalencephaly—capillary 
malformation—polymicrogyria syndrome was proposed in 2012 [48]. 


Epidemiology 
This is a rare disorder with a prevalence below one in 1 000 000, 
which is probably underestimated. 


Pathophysiology 
The M-CM syndrome is associated with somatic, activating, com- 
monly non-hotspot PIK3CA mutations [49]. 


Investigations 
Investigations include neuroimaging studies and neurocognitive 
evaluation. Genetic testing can be used to help the clinical diagnosis. 


Management 

The management of patients with M-CM is symptomatic and mainly 
includes the follow-up of neurological and cognitive development, 
and management of growth asymmetry because of their possi- 
ble progressive development. Targeted therapy with the mTOR 
inhibitor rapamycin, AKT inhibitor miransertib or the PI3K-specific 
inhibitor alpelisib via clinical trials may allow the development of a 
targeted molecular therapy [3,6]. 


Klippel-Trenauna 


h overgrowth 


Introduction and general description 
Klippel-Trenaunay—Weber syndrome (KTS) is characterised by 
capillaro-lymphatico-venous malformation with overgrowth most 
commonly affecting one lower extremity (Figure 71.5). Impor- 
tant differential diagnoses are Parkes Weber syndrome, CMO 
and DCMO. 


Epidemiology 
This is a rare sporadic disorder. Prevalence estimates vary around 
one in 50 000-100 000. 


Figure 71.5 Capillary malformation in overgrowth syndromes. (a) 
Klippel—-Trenaunay—-Weber syndrome with a 
capillaro-lymphatico-venous malformation on the left lower extremity 
with overgrowth. (b) An 8-month-old girl with CLOVES syndrome 
showing extensive capillary malformation, hemifacial and left lower 
extremity hypertrophy and a sandal gap. (a) 


Pathophysiology 

Happle proposed that KTS is caused by a postzygotic mutation that 
is lethal in a non-mosaic state [50]. Somatic, activating mutations 
are found in PIK3CA in patients with KTS [49,51]. They are mostly 
hotspot mutations, as in isolated vascular malformations with a 
PIK3CA mutation (see the sections ‘Venous malformation’ and 
‘Lymphatic malformation’ later in this chapter) [52]. 


Clinical features 

Klippel-Trenaunay—Weber syndrome is sporadic and congenital, 
characterised by asymmetrical overgrowth in girth and length of 
an extremity with a vascular lesion consisting of combined cap- 
illary, lymphatic and venous malformation (Figure 71.5) [53,54]. 
There is often persistence of the embryonic vein of the lateral thigh 
(vein of Servelle) and anomalies of the deep venous system (steno- 
sis, hypoplasia, aplasia). KTS is often associated with localised 
intravascular coagulopathy (see ‘Venous malformation’ later in this 
chapter). There is a high risk for thromboembolism and subsequent 
pulmonary arterial hypertension [53]. 


Investigations 

The vascular malformations are investigated as their sporadic, 
isolated counterparts. A skeletal survey, especially for scoliosis, is 
indicated. Patients with PROS and especially those with KTS need 
Doppler ultrasound to perform an extensive analysis of their deep 


71.9 


Capillary disorders 


(b) 


and superficial venous and arterial system of the affected extremity 
and the trunk. p-dimer and fibrinogen measurements assess the 
severity of localised intravascular coagulopathy. MRI is useful 
before surgery. Genetic testing for mosaic mutations can disclose 
the underlying cause. 


Management 

Management of patients with KTS is multidisciplinary and includes 
management of overgrowth (debulking and epiphysiodesis with 
or without amputation), treatment of scoliosis and treatment of 
vascular malformations (sclerotherapy, embolisation and surgery). 
Low-molecular-weight heparin (LMWH) is indicated before any 
intervention to avoid pulmonary embolism, especially when coagu- 
lopathy is severe (D-dimer level >1000 ng/mL and low fibrinogen). 
It is also used long term as a prophylactic treatment for those with 
documented pulmonary embolism [55,56]. KTS can be treated with 
sirolimus when refractory to conventional treatments. A recent 
trial demonstrated that the patients experienced improvement in 
mobility, bleeding and oozing, and an improvement in their general 
quality of life. Sirolimus also decreased coagulation abnormalities 
and long-term treatment with LMWH may be interrupted for 
some patients [57,58]. Genetic counselling is needed. Clinical trials 
are ongoing (see EudraCT (https://eudract.ema.europa.eu/) and 
ClinicalTrials.gov; both last accessed April 2022) to establish how to 
improve outcomes and reduce adverse effects [59-62]. 
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CLOVES syndrome 


lar malformations, epidermal naevi 


Introduction and general description 

CLOVES is characterised by lipomatous overgrowth associated with 
vascular malformations in different parts of the body (Figure 71.5b). 
Epidermal naevi and scoliosis are also regularly present. Scoliosis 
is progressive. Careful clinical examination and genetic testing are 
needed to differentiate Proteus syndrome and CLOVES. 


Epidemiology 

CLOVES is a rare sporadic disorder. Prevalence estimates vary 
around 1 in 50 000-100 000. True prevalence may be higher due to 
difficulties in diagnosis. 


Pathophysiology 

Somatic, activating mutations are found in PIK3CA in patients with 
CLOVES [51]. They are mostly non-hotspot mutations, as seen in 
M-CM, and thus may help diagnostic work-up [52]. 


Clinical features 

CLOVES is characterised by asymmetrically overgrown feet and 
extensive, usually truncal, arteriovenous, venous, capillary, lym- 
phatic or combined vascular malformations (Figure 71.5) [63]. It 
was described in patients earlier diagnosed with Proteus syndrome, 
although several specific criteria were lacking and the natural 
history was different [63,64]. Mainly, patients with CLOVES syn- 
drome have enlarged, but not distorted, bony structures and no 
cerebriform connective tissue thickening [65]. 


Investigations 

The vascular malformations are investigated as their sporadic, iso- 
lated counterparts. A skeletal survey, especially for scoliosis, is indi- 
cated. Patients need Doppler ultrasound to characterise soft-tissue 
masses. D-dimer and fibrinogen measurements assess the severity of 
localised intravascular coagulopathy. MRI is useful before surgery. 
Genetic testing for mosaic mutations can disclose the underlying 
cause. 


Management 

CLOVES is a complex multiorgan disease that is mainly treated 
by supporting care based on extensive and multiple surgical pro- 
cedures. Sirolimus and the PIK3CA inhibitor alpelisib (BYL719) 
have been used successfully to improve the outcome for some 
PROS patients, with only a few side effects during a short-term 


follow-up [59,60]. Two children with severe PROS were treated 
with miransertib (ARQ092), a highly selective pan-AKT inhibitor 
[61]. Treatment response and tolerability confirmed the poten- 
tial utility of this inhibitor in selected patients [62]. Clinical trials 
are ongoing (see EudraCT (https://eudract.ema.europa.eu/) and 
ClinicalTrials.gov; both last accessed April 2022) to establish how to 
improve outcomes and reduce adverse effects. 


Proteus syndrome 


Epidemiology 
Prevalence is below one in 1 000 000. 


Pathophysiology 

The KTS, CLOVES and Proteus syndromes are all sporadic. Happle 
proposed that KTS and Proteus syndrome are caused by a postzy- 
gotic mutation that is lethal in a non-mosaic state [50]. Somatic, acti- 
vating mutations are found in AKT1 in patients with the Proteus 
syndrome [66]. 


Clinical features 

The Proteus syndrome is characterised by an asymmetrical, pro- 
gressive, disproportionate, severely deforming, overgrowth of 
body parts with bony hypertrophy, dysregulated adipose tissue, 
epidermal naevi, vascular malformations and increased tumour 
risk [67]. Typically, some overgrowth can be observed at birth, but 
it is greatly accelerated postnatally. A very distinctive feature and 
a clue for diagnosis is the cerebriform connective tissue thickening 
mainly located in the soles and palms. Vascular malformations have 
been described: capillary, venous or lymphatic malformations. They 
resemble those observed in patients with KTS and CLOVES syn- 
drome. Other anomalies, including intellectual disability, cerebral 
malformations and ocular and renal anomalies have been reported 
[67,68]. Proteus syndrome is overdiagnosed, and it seems that at 
least half of the patients have another diagnosis [68]. 


Investigations 

The vascular malformations are investigated as their sporadic, 
isolated counterparts. Doppler ultrasound is indicated to diag- 
nose soft-tissue masses in Proteus syndrome. MRI is useful before 
surgery. Genetic testing for mosaic mutations can disclose the 
underlying cause. 


Management 

Management of patients with Proteus syndrome is multidisciplinary 
and includes the management of overgrowth (debulking and epi- 
physiodesis with or without amputation), treatment of scoliosis and 


treatment of vascular malformations (sclerotherapy, embolisation 
and surgery). Genetic counselling is needed. Six patients (children 
and adults) with a somatic AKT1 c.49G>A (Glul17Lys) variant were 
treated with miransertib, a selective pan-AKT inhibitor, with a dose 
of 5 mg/m?/day [62]. A decrease in the cerebriform connective 
tissue naevus and a reduction of pain were observed. The dose was 
well tolerated. Treatment response and tolerability confirmed the 
potential utility of this inhibitor in selected patients. 


ARTERIOVENOUS 


Arteriovenous malfc 


Introduction and general description 

Arteriovenous malformations are congenital, destructive, fast-flow 
vascular malformations that tend to worsen with time. They can 
occur in any body part (Figure 71.6). 


Epidemiology 

Males and females are equally affected. The incidence is not known. 
The AVM can be isolated or part of a disorder, such as CM-AVM, 
HHT or phosphatase and tensin homologue (PTEN) hamartoma 
tumour syndrome (PHTS). Intracranial AVM can be asymptomatic. 
Based on autopsy and imaging studies, brain AVM prevalence 
varies from 0.01-0.5% [69] to 4.3% [70]. Extracranial AVMs are less 
frequent. 


Pathophysiology 
Arteriovenous malformations consist of distorted arteries, and 
veins with thickened muscle walls due to arteriovenous shunting 
and fibrosis [71]. In AVM, the normal capillary bed is replaced by a 
nidus, via which blood shunts from feeding arteries into draining 
veins. An arteriovenous fistula consists of a direct communication 
between an artery and a vein. They are less frequent than AVMs, 
and usually post-traumatic. It is usually sporadic, but an underlying 
predisposing genetic defect exists when it is part of CM-AVM, HHT 
or PHTS. 

Somatic activating mutations have been identified in series of spo- 
radic intracerebral and peripheral AVMs in the RAS/MAK pathway 
proteins KRAS, BRAF and MAP2K1 [72,73]. 


Clinical features 
Arteriovenous malformations are localised, affecting the brain, 
skin, muscles, bone or viscera. Parkes Weber syndrome consists 


(a) 


(b) 


Figure 71.6 Arteriovenous malformation (AVM) spectrum. (a) A 4-year-old girl with 
stage 2 AVM of the left ear. (b) Extensive ulcerated stage 3 AVM of the left foot. 


of multiple microfistulae (see the section on CM-AVM earlier in 
this chapter). AVMs expand slowly, but can worsen rapidly at 
puberty, during pregnancy, after trauma and, particularly, after 
incomplete treatment. At birth or in infancy, an AVM involving the 
skin can appear as a capillary blush, which can be misdiagnosed 
as a CM (Figure 71.6a). The presence of increased warmth, thrill 
or bruit suggests a fast-flow component. Evolution is variable 
and unpredictable, but many worsen with time and can become 
life-threatening. Clinical manifestations depend on size, rheol- 
ogy and localisation of the lesion, and the age of the patient. In 
neonates, large cerebral AVMs usually present with congestive 
cardiac failure. Symptoms in childhood and adulthood vary: hydro- 
cephaly, headache, epilepsy, haemorrhage and focal neurological 
deficit in intracranial lesions; cyanosis, clubbing, polycythaemia 
and right-to-left shunt with cerebral abscess and embolic stroke in 
pulmonary lesions; cardiac failure, portal hypertension and biliary 
disease in hepatic lesions; and heaviness, pain, pulsatile mass, thrill, 
trophic changes (deformation, ulceration, destruction) and bleeding 
in cutaneous, subcutaneous and muscular lesions. 
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Investigations 

Radiological investigations are mandatory to confirm the clinical 
diagnosis, to delineate the lesion and to evaluate the therapeutic 
options: Doppler ultrasound shows high-velocity arterial and pul- 
satile venous flow with low resistance. It differentiates AVMs from 
vascular tumours (haemangiomas) and other (vascular) malfor- 
mations [74]. T,-weighted MRI shows dilated veins and arteries 
within normal or hypertrophied tissue. It defines the extent of 
AVMs and, for intracranial lesions, differentiates them from other 
(vascular) malformations. Arteriography is done as a pre-treatment 
examination to identify the feeding arteries and to localise the 
nidus. 


Management 

The therapeutic approach depends on the lesion type, location 
and symptoms. Evaluation should be made by a multidisciplinary 
team, including a dermatologist, internist or paediatrician, sur- 
geon and interventional radiologist. It varies from conservative 
follow-up to aggressive treatment consisting of embolisation 
and/or surgical resection. Conservative treatment includes antihy- 
pertensive medications, pain killers, elastic stockings and wound 
management. Antiangiogenic molecules are being tested [75,76]. 
The effects of invasive treatment can be devastating, especially 
if not performed properly (e.g. proximal ligation should not be 
used), and thus should be performed only in reference centres by 
trained physicians. Treatment should be as complete as possible 
to avoid recruitment of new feeding arteries and aggravation of 
the malformation. Otherwise, AVMs can aggravate suggesting that 
interventions can stimulate lesions. Therefore, a medical antian- 
giogenic approach may help management. Thalidomide, a potent 
antiangiogenic drug can reduce bleeding, pain, ulceration and 
vascularity of some AVMs with a low-dose regimen [76]. Recently, 
trametinib, a MEK (mitogen-activated extracellular signal-regulated 
kinase) inhibitor, was used to control large progressive AVMs in 
two case studies harbouring a MAP2K1 or KRAS mutation [77,78]. 
Tolerance and efficacy were good after 6 months of treatment with a 
significant decrease in the volume of the malformation and arterial 
inflow. A theragnostic approach is also used in the ongoing clinical 
trametinib trial TRAMAV (EudraCT 2019-003573-26) to manage 
complex AVMs. 


Capillary 
malformation-arteri: 
malformation 


See the previous section on CM-AVM earlier in this chapter. 


Hereditary haemorrh: 
telangiectasia 


(b) 


Figure 71.7 A 62-year-old female with multiple (a) cutaneous and (b) mucosal 
telangiectasias associated with recurrent epistaxis typical of hereditary haemorrhagic 
telangiectasia. 


600993, 615506, 131195 


Introduction and general description 

Hereditary haemorrhagic telangiectasia is an autosomal dominant 
disorder characterised by mucocutaneous and _ gastrointestinal 
telangiectasias, associated with AVMs/AVFs in the lungs, liver or 
brain (Figure 71.7). 


Epidemiology 
Its incidence is about 1 : 5000 to 1 : 8000. Males and females are 
equally affected. 


Pathophysiology 

Ultrastructurally, the telangiectasias of HHT are micro-AVFs [79]. 
Histological analysis of a cerebral and a pulmonary AVM in two 
HHT1 patients showed vessel dilatation, and variable thickness 
and disorganisation of the smooth muscle cell layer [80]. It has been 
proposed that the telangiectasias and AVMs represent a continuum 
spectrum [81]. 


At least six genes are involved: four identified (ENG, ACVRL1, 
SMAD4, GDE2) and two localised (HHT3 on chromosome 5q31.3-q32 
and HHT4 on chromosome 7p14) [82-88]. More than 80% of HHT 
patients have mutations in ENG, ACVRL1 or SMAD4 (61%, 37% and 
2%, respectively) [88]. These three genes, as well as GDF2, encode 
components of the TGF-f signalling pathway: Endoglin, ALK1, 
SMAD4 and BMP9, respectively. Causative mutations probably 
exert a loss-of-function effect. The TGF-B signalling pathway plays 
an important role in the development and homeostasis of many 
organs, including the vascular system. 


Clinical features 

The diagnosis of HHT is based on the Curagao criteria, which 
include epistaxis, telangiectasias, visceral fast-flow lesions and 
family history. The diagnosis is considered ‘definite’ if three or more 
criteria are present, ‘possible’ when two criteria are present and 
‘unlikely’ when only one criterion is present. Patients with muta- 
tions in ENG or ACVRL1 are clinically similar. However, patients 
with ACVRL1 mutations are characterised by later onset, lower pen- 
etrance, less frequent cerebral and pulmonary AVMs, more frequent 
liver involvement and a risk of developing pulmonary arterial 
hypertension. Patients with mutations in SMAD4 have HHT com- 
bined with juvenile polyposis. The HHT phenotype in these patients 
is similar to those caused by mutations in ENG or ACVRLI [84]. 


Investigations 

Contrast echocardiography is indicated [89]. Cerebral MRI, thoracic 
computed tomography (CT) scan and hepatic Doppler ultrasound 
can be performed to screen for asymptomatic AVMs in children 
and young adults, as they are at higher risk for haemorrhage than 
the general population [90]. Symptomatic AVMs necessitate radi- 
ological investigations similar to those for the sporadic forms of 
AVMs. Genetic consultation is needed to assess family history and 
to perform genetic testing. Blood haemoglobin and haematocrit 
should be measured annually. Genetic testing can confirm the 
clinical diagnosis. 


Management 

International guidelines have been proposed for the diagnosis and 
management of patients with HHT [91]. Treatment is symptomatic 
and multidisciplinary: regular follow-up of oximetry and blood 
count for anaemia or polycythaemia; iron supplementation and 
transfusion for anaemia; and nasal humidification, lubricants and 
haemostatic products for nasal bleeding. Laser can be used for 
cutaneous, nasal or gastrointestinal telangiectasias. The treatment 
of fast-flow lesions is similar to that described for sporadic AVMs. 
Antiangiogenic molecules, such as thalidomide and bevacizumab 
(antivascular endothelial growth factor A (anti-VEGF-A)), tyrosine 
kinase inhibitors and PI3K inhibitors are currently under investi- 
gation [75,92,93]. Genetic consultation is needed to assess family 
history and counselling. 


PTEN hamartoma tun 


2RS) and Cowden syndrome (CS) 


Figure 71.8 A 14-year-old boy with an inherited PTEN mutation showing patchy 
capillary malformations with underlying venous anomalies, and hypertrophy of the right 
upper extremity. The patient also has typical penile freckles. 


Introduction and general description 

PTEN hamartoma tumour syndrome is an autosomal dominant 
disorder that regroups patients with Bannayan—Riley—Ruvalcaba 
syndrome (BRRS) and Cowden syndrome. These patients often have 
macrocephaly, facial trichilemmomas, papillomatous papules, acral 
keratoses, benign thyroid disease, lipomatous masses, increased 
risk of developing cancer, and vascular anomalies (Figure 71.8). 
These signs have sex-specific differences in prevalence [94]. 


Epidemiology 
The prevalence is estimated at 1 : 200 000 [95], but the disorder is 
probably underdiagnosed [96]. 


Pathophysiology 

Heterozygous PTEN mutations are identified in approximately 60% 
of BRRS and 81% of Cowden syndrome patients. PTEN codes for 
a dual specificity phosphatase, which antagonises PI3K and MAPK 
signalling [97,98]. Most PTEN mutations cause premature termina- 
tion codons, suggesting a loss-of-function effect and haploinsuffi- 
ciency [98,99]. 


Clinical features 

Most vascular anomalies (86%) in PHTS patients are fast-flowing 
[100]. The extracranial ones are in general intramuscular or subcu- 
taneous, and associated with ectopic fat, disrupted architecture and 
severe and progressive enlargement of affected muscles. In addition 
to swelling, patients can have pain and a cutaneous capillary stain 
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(Figure 71.8) [100]. BRRS is characterised by macrocephaly, variable 
degrees of developmental delay, hamartomatous intestinal polypo- 
sis, lipomas and pigmented macules of the glans penis [101,102]. 
Cowden syndrome is characterised by macrocephaly, multiple 
hamartomas with an increased risk for benign and malignant 
tumours (especially thyroid, breast and endometrial cancer), and 
mucocutaneous lesions (trichilemmomas, acral keratosis, papil- 
lomatous lesions) (Chapter 78). Both are part of the phenotypic 
spectrum of PHTS [94]. 


Investigations 

Radiological investigations of PHTS vascular lesions include 
Doppler ultrasound, T,-weighted MRI and magnetic resonance 
angiography (MRA) [100]. Cancer surveillance should be done 
according to guidelines [103]. PTEN genetic testing is required in 
patients with suggestive clinical features. 


Management 

Management of patients with PTEN mutations includes surveil- 
lance for cognitive development in children and for benign and 
malignant tumours in adults. The papillomatous papules are treated 
when symptomatic with topical agents, curettage, cryosurgery, laser 
or surgery. Treatment of PHTS fast-flow or slow-flow vascular mal- 
formations is similar to that for sporadic forms. Rapamycin seems 
effective in clinical trials [104]. Genetic counselling is needed. This 
complex vascular malformation may be improved with sirolimus 
treatment and studies are ongoing to confirm these clinical results 
[58]. Genetic consultation is needed to assess family history and 
counselling. 


VENOUS DISORDERS 


Venous malformation 


, 724842007 


Introduction and general description 

Venous malformations (VMs) are congenital, sporadic, vascular 
lesions characterised by localised light-to-dark blue lumps consist- 
ing of malformed veins (Figure 71.9). They can affect any tissue 
or organ. They can be emptied by compression or in the upright 
position [80]. 


Epidemiology 

Venous malformations have an incidence estimated at around 1 : 
10 000 [105]. Males and females are equally affected. They are the 
most frequent vascular malformations referred to specialised centres 
[106,107]. They are sporadic, and most are unifocal (99%). 


Associated diseases 

p-dimer levels are elevated in 42% of patients, reflecting increased 
fibrinolysis. This localised intravascular coagulopathy (LIC) is 
associated with size, deepness and presence of palpable phle- 
boliths. Most multifocal sporadic VMs have LIC [106,108,109]. In 
25% of patients with LIC, p-dimers are very high (over twice the 
normal range); 40% have concomitant low fibrinogen levels. The 
latter are at high risk of disseminated intravascular coagulopathy 
with severe bleeding during interventional or surgical procedures. 
Within vascular anomalies, LIC has 96% specificity for venous 
malformations [106]. 


Pathophysiology 

Histologically, VMs are characterised by enlarged, convoluted, 
venous channels lined by a single flattened layer of endothelial 
cells surrounded by irregularly distributed smooth muscle cells 
[110,111]. Somatic mutations in TEK encoding the endothelial cell 
tyrosine kinase receptor TIE2 are present in about 50% of VMs 
[112,113]. The most common one, p.L914F, accounts for 75% of 
all mutations. It has not been observed as an inherited mutation 
suggesting it may be lethal when germline [113]. It causes strong 
hyperphosphorylation of TIE2. Some sporadic patients, especially 
those with multifocal lesions, have two different TEK mutations on 
the same TEK allele [112,114]. Both mutations singly cause increased 
TIE2 phosphorylation, which is stronger for cis-mutated alleles. The 
hyperphosphorylated TIE2 activates the PI3K>AKT-FOXO1 sig- 
nalling pathway leading to decreased platelet-derived growth factor 
B (PDGF-B) production. This may explain the scarcity of vascular 
smooth muscle cells in VMs [115]. Another 20% of patients with a 
VM have a somatic activating PIK3CA hotspot mutation [116]. 


Clinical features 

Venous malformations are mainly solitary; <1% are multifocal. They 
vary from small blebs to large, bluish lesions (Figure 71.9). Palpation 
is not painful, unless thrombosis occurs. There is no thrill or bruit, 
and the malformation is not warmer than non-lesional areas. VMs 
can affect the skin, mucosa, muscles, joints, nerves, bones and inter- 
nal organs, such as the brain or the gastrointestinal or urinary tract. 
Depending on their size and location, and the hormonal status and 
physical activity of the patient, VMs can be painful, cause bleeding 
and/or functional impairment, and even be life-threatening. Intra- 
buccal VMs are often associated with sleep apnoea. Migraine is a 
common feature in VMs located in the temporal muscle. On the 
extremities, VMs can cause muscle weakness. 


Clinical variants 

A few patients have multifocal sporadic VMs. Their lesions are cuta- 
neous and subcutaneous, and rarely involve deeper structures. They 
are commonly smaller in diameter (<5 cm?), more superficial and 
less compressible. Additional VMs can develop with time [110,117]. 


(a) 


(b) 


(d) 


Figure 71.9 Venous malformation (VM) spectrum. (a) Extensive VM of the right lower extremity invading the skin, muscles and knee joint. (b) VM of the tongue causing sleep apnoea. 
(c, d) Deep VM of the right cheek causing swelling (c), and seen on T,-weighted MRI as a bright mass (d). 


Differential diagnosis 

Various pathologies may present with similar lesions, including 
inherited mucocutaneous venous malformation, blue rubber bleb 
naevus syndrome, glomuvenous malformation, hyperkeratotic 
cutaneous capillaro-venous malformation, lymphatic malformation 
with intracystic bleeding, subcutaneous haemangioma, iatrogenic 
venous stenosis and blue naevus. Differentiation is based on 


clinical history, and medical and Doppler ultrasound examination. 
Histopathological examination is sometimes necessary. Genetic 
testing may be helpful. 


Complications and co-morbidities 
Pulmonary thromboembolism with or without pulmonary arterial 
hypertension has been reported in some patients with extensive VM 
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of the extremities with LIC. Radiologically, they all had large drain- 
ing veins [118,119]. 


Disease course and prognosis 

Venous malformations grow proportionately with the individual. 
They never regress spontaneously. Initially, asymptomatic lesions 
often become painful at puberty. Aesthetic and functional impair- 
ment worsen with time because of expansion or bleeding. Depend- 
ing on location, they can be life-threatening. 


Investigations 

Doppler ultrasound is the best examination to confirm the vascu- 
lar nature of the lesion (slow flow) and to identify the anatomy of 
the draining vessels. MRI with spin-echo T,- and T,-weighted and 
fat-saturation sequences depict the anatomical relationship between 
the vascular lesion and adjacent structures [110]. These two radio- 
logical examinations are mandatory for pre-therapeutic assessment 
of VMs and to evaluate efficacy of treatment. A blood test is needed 
to identify associated coagulation abnormalities. 


Management 

A tailored compression garment is used for symptomatic and 
extensive VMs of the extremities to reduce pain and thrombosis 
[110,120]. Aspirin may help children with painful VMs and ele- 
vated p-dimer levels. LMWH (100 anti-Xa/kg/day) is used to 
relieve pain associated with elevated D-dimer levels and to prevent 
bleeding during a surgical procedure [108,109]. Sclerotherapy fol- 
lowed by surgical resection (whenever possible) is the treatment 
of choice. Pulsed-dye and/or yttrium-aluminium-garnet (YAG) 
laser can be efficient for small superficial lesions. Well-localised 
VMs can be surgically resected. Extensive VMs should undergo 
several sessions of sclerotherapy by an experienced interventional 
radiologist, sometimes followed by (partial) surgical resection. 
Sclerosing agents include detergents (sodium tetradecyl sulphate, 
polidocanol, sodium morrhuate), microfoam, bleomycin, abso- 
lute ethanol and radio-opaque ethylcellulose-ethanol [121,122]. 
With the understanding of the underlying aetiopathogenic mech- 
anisms, targeted molecular therapies are becoming possible. 
Rapamycin is promising in clinical trials with adequate monitoring 
[4,57,58,123,124]. 


Cutaneo-mucosal v 
malformation 
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Figure 71.10 Mucocutaneous venous malformation spectrum showing (a) a small 
subcutaneous venous malformation on the right hand, and (b) lip mucosa. These 
patients have additional lesions elsewhere. 


Introduction and general description 

Cutaneo-mucosal VM (VMCM), more commonly known as muco- 
cutaneous VM, is an inherited, autosomal dominant, venous 
anomaly characterised by multifocal, small, bluish lesions 
(Figure 71.10). They mainly involve the skin and oral mucosa, 
but can rarely affect the muscles, gastrointestinal tract, lungs and 
brain [111,125-127]. 


Epidemiology 
The VMCMs account for <1% of venous malformations [128]. Preva- 
lence is unknown. Males and females are equally affected. 


Pathophysiology 

Like sporadic venous malformations, VMCM is caused by activat- 
ing TEK mutations [111,126,128]. However, the mutations differ 
in nature. VMCM mutations are inherited in an autosomal dom- 
inant fashion and are found in a heterozygous state in all cells of 
the patient, whereas VM mutations are somatic and are therefore 
exclusively present in VM tissues. Moreover, the most common 


VMCM mutation is p.R849W, which causes mild activation of TIE2, 
whereas the most common somatic mutation is p.L914F, which 
causes strong TIE2 activation. The multifocal localised lesions in 
VMCM probably result from somatic second-hits on the normal 
allele. The single reported second-hit was shown to result in loss 
of function, presumably abolishing the protective effect of the 
wild-type allele [112]. 


Clinical features 

Mucocutaneous VM lesions are commonly multifocal and small 
in diameter (<5 cm?) [117]. Most have only a few inconspicuous, 
tiny, blue spots (<5 mm/?), whereas others have additional egg-size 
symptomatic lesions [110]. There is great intra- and interfamilial 
variability in the number, size and location of lesions, confirming 
that the germline mutation is not sufficient to explain the disease. 
Additional VMs can develop with time [110]. Some are associated 
with LIC [126]. 


Investigations and management 

See the section on VMs earlier in this chapter. Genetic analysis can 
give a definite diagnosis. Genetic counselling is needed to assess 
family history and counselling. 
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Introduction and general description 

Blue rubber bleb naevus (BRBN) syndrome is a rare, sporadic, con- 
genital, slow-flow vascular anomaly. It is characterised by numer- 
ous, widely distributed, cutaneous and internal VMs. Pathognomic 
are small, rubbery, dark bluish, palmoplantar lesions and gastroin- 
testinal VMs (Figure 71.11) [129,130]. 


Epidemiology 
Prevalence is unknown, and there is no sex preponderance. 


Associated diseases 
Like venous malformation, BRBN syndrome is associated with LIC 
[106]. 


Pathophysiology 

Like VM and VMCM, BRBN syndrome is caused by activating TEK 
mutations [114]. However, these are somatic double mutations in cis 
on the same allele. They cause strong receptor activation. Distinct 
lesions even at distance have the same cis mutations [114,131]. 


(b) 


Figure 71.11 Blue rubber bleb naevus spectrum. (a) Typical multifocal hyperkeratotic 
lesions on the sole. (b) Gastrointestinal venous malformations seen on gastroscopy. 


Clinical features 

Most patients are born with a large VM. Additional small (<1-2 
cm) cutaneous lesions are usually present at birth, and increase 
in size and number with age, often around puberty [132]. They 
are dark bluish to purple in colour, often hyperkeratotic, and of 
rubbery consistency. They are especially frequent on the palms and 
soles (Figure 71.11a). Gastrointestinal VMs are most commonly 
located in the small intestine, but may be found anywhere on the 
mucosae from the mouth to anus (Figure 71.11b). They can cause 
gastrointestinal haemorrhage with chronic iron deficiency and 
severe anaemia, intussusception, volvulus and infarction [133]. 
VMs can also involve the brain, kidneys, lungs and other organs. 
There is great variability in the number, size and location of lesions 
between affected individuals [114]. Life expectancy should not be 
reduced if bleeding is managed. 


Investigations and management 
See the sections on VM and VMCM earlier in this chapter. 
Endoscopy, colonoscopy, wireless capsule endoscopy or MRI 
are needed to document gastrointestinal lesions [110,134]. 

Chronic anaemia due to gastrointestinal bleeding necessitates 
iron supplementation and even blood transfusions. Aggressive 
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surgical excision of all gastrointestinal lesions should be performed 
in patients who require blood transfusions or who have frequent 
intermittent abdominal pain due to intussusception [133]. Targeted 
molecular therapies, such as rapamycin, may become an option 
after validation in clinical trials [57,135]. In a prospective phase II 
monocentric trial, sirolimus was efficient in 19 patients with exten- 
sive LM, VM and complex malformations refractory to conventional 
treatments, and was well tolerated [57,58]. 


Glomuvenous malf 


Introduction and general description 

Glomuvenous malformation (GVM) is an inherited, autosomal 
dominant, venous anomaly characterised by multifocal bluish 
purple lesions mainly located on the extremities (Figure 71.12) 
[117]. 


Epidemiology 

Glomuvenous malformation accounts for about 5% of venous 
anomalies [117]. Prevalence is unknown and there is no sex prepon- 
derance. More than 80% of GVMs are inherited as an autosomal 
dominant trait. For the rest, family history is not necessarily avail- 
able [136,137,138,139]. GVMs have an age-dependent penetrance, 
which reaches its maximum of 93% by 20 years of age [117,137]. 


Associated diseases 
In contrast to VM, VMCM and BRBN syndrome, GVM is not asso- 
ciated with coagulation abnormalities [106]. 


Pathophysiology 

Histologically, GVMs are characterised by the presence of ill- 
differentiated mural smooth muscle cells, called ‘glomus’ cells, 
surrounding enlarged and convoluted venous channels [137,140]. 
GVM is caused by loss-of-function dominant mutations in the 
GLMN gene, encoding glomulin [137,138,141]. In addition to the 
inherited mutation, a somatic second-hit is needed for GVM to 
develop [137,139]. The most common second-hit is acquired uni- 
parental isodisomy, which leads to cellular homozygosity for the 
inherited mutation [139]. This leads to complete loss of function of 


(b) 


Figure 71.12 Glomuvenous malformation (GVM) spectrum. (a) A 20-year-old woman 
with cutaneous/subcutaneous cobblestone lesions on the right foot and right hand. (b) 
A plaque-like GVM on the back. 


glomulin. It is still unclear how glomulin dysfunction leads to the 
disease phenotype. 


Clinical features 

Glomuvenous malformations are congenital, and never regress 
spontaneously. Additional small lesions can develop until young 
adulthood. There is great variability in the number, size and location 
of lesions between affected individuals. Some have a few incon- 
spicuous, tiny, blue spots (often grouped), whereas others have 
extensive lesions [117]. GVMs are usually small in diameter (<5 
cm’), pink to purple, raised, with a cobblestone appearance, and 
slightly hyperkeratotic, especially when located on the extremities 
(Figure 71.12) [117]. They are cutaneous and subcutaneous, and 
rarely involve the mucosa, deep muscles, joints or bones. They are 
not compressible, but painful on palpation. Plaque-like GVM is a 
rare variant characterised by a solitary large lesion that can mimic 
a capillary-venous malformation, especially at birth [117,142]. 
When thoracic, plaque-like GVM may be associated with pleural 
effusion [143]. 


Investigations 

Normal bD-dimer and fibrinogen levels help in differentiating 
GVM from VM, VMCM and BRBN. Doppler ultrasound is the 
best examination to confirm the slow-flow nature of the malfor- 
mation, and the higher cellularity and weaker compressibility 
compared with VM. MRI with spin-echo T,- and T,-weighted 
and fat-saturation sequences depict the extension into underlying 
tissues [110]. These radiological examinations are mandatory for 
pre-therapeutic evaluation. Histological and/or genetic analysis 
can give a definite diagnosis. 


Management 

Tailored compression garments are contraindicated in GVM as they 
increase pain [110,120]. The treatment of choice is surgical resection. 
Askin graft is often needed. Sclerotherapy can be used, but it is often 
less effective and has a higher risk for ulceration than with VMs. 
Pulsed-dye and/or YAG lasers may be efficient for small lesions. 
Genetic counselling is needed to assess family history and coun- 
selling. 


Cerebral cavernous 
malformation-ass 
lesions 


Introduction and general description 

Cerebral cavernous malformations (CCMs) are well-localised vas- 
cular lesions of the central nervous system. They are histologically 
characterised by dilated capillary-like channels and/or large cav- 
erns. The endothelial cells have defective tight junctions. 


Epidemiology 

The prevalence is estimated to be 1 : 200 to 1 : 1000. Sporadic and 
familial forms exist; usually one cerebral vascular lesion is observed 
in sporadic cases and multifocal lesions in familial cases. The famil- 
ial forms comprise around 10-20% of white patients and up to 50% 
of Hispanic American patients of Mexican descent. There is no sex 
difference and the intrafamilial clinical variability is important. 


Pathophysiology 
The familial form has an autosomal dominant inheritance and has 
been associated with loss-of-function mutations in three genes: 


CCM1 (KRIT1), CCM2 and CCM3 (PDCD10), and a fourth locus 
was suggested on 3q26.3-27.2. Molecular genetic screening reveals 
heterozygous mutations in about 95% of patients with multifocal 
CCMs and positive family history, but only in about half of patients 
with multifocal CCMs and unaffected parents [144,145]. It has been 
shown that a somatic second-hit on the normal allele explains the 
multifocality of the lesions [146]. Using laser capture microdissec- 
tion, the mutations were shown to occur in a subset of endothelial 
cells, but not in non-endothelial cells, and this was consistent with 
the immunohistochemistry studies [147]. 


Clinical features 

Cerebral cavernous malformations are localised in the central ner- 
vous system. Associated cutaneous vascular lesions are found in 
approximately 9% of patients, mainly with KRIT1 mutations. They 
consist of CMs (34%), VMs (21%) or, more specifically, hyperkera- 
totic cutaneous capillaro-venous malformations (39%) [148]. About 
60% of mutation carriers are symptomatic; associated symptoms 
are mainly seizures and cerebral haemorrhages, but also headaches 
and focal neurological deficit, irrespective of the gene involved. 
Radiological penetrance is much higher, but not complete, even 
with very sensitive gradient-echo MRI. This is important for genetic 
counselling. Even if symptoms can be observed at any age, most 
often the onset is around 30 years in familial CCM. Importantly, new 
lesions appear with age and the size of the lesions tends to increase. 
Symptoms do not seem to correlate with the number of lesions, 
but with their location. The most severe outcome is associated with 
those in the brainstem and basal ganglia [149]. 


Investigations 

Gradient-echo MRI is generally used to diagnose CCM in symp- 
tomatic patients. Some clinicians recommend brain MRI for surveil- 
lance of asymptomatic patients, but this is controversial as asymp- 
tomatic lesions are usually not treated. Genetic testing of CCM1-3 
allows the molecular subtype to be distinguished, and to evaluate 
the risk for transmission, when no family history exists. 


Management 

Current clinical guidelines for symptomatic patients recommend 
medical treatment for seizures and surgical removal in cases of 
haemorrhage, focal neurological deficit or intractable epilepsy. 
Anticoagulant treatment should be avoided. Genetic counselling is 
needed to assess family history and counselling. 


Verrucous venous hr 
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Introduction and general description 

A verrucous venous malformation (VVM) is a non-hereditary vas- 
cular anomaly that occurs on an extremity in 91% of cases. It is a 
raised purple hyperkeratotic papule or nodule that can extend in 
the subcutis. The diagnosis is clinical. 


Epidemiology 

The incidence is currently unknown. Similar lesions are seen in some 
patients with KRIT1-related familial cerebral cavernous malforma- 
tions. 


Pathophysiology 
Somatic activating mutations have been identified in the MAP3K3 
gene [150]. 


Clinical features 

Verrucous venous malformations are single or multiple lesions that 
occur mainly on the extremities during infancy. Initially the lesions 
are dark blue or purple and non-keratotic and, in time, they become 
increasingly hyperkeratotic and do not regress. Histologically 
the affected tissue contains clusters of venule-like channels that 
immunostain positively for GLUT1 and negative for D2-40 [151]. 


Investigations 

They are cutaneous lesions that do not require any investigations. A 
differential diagnosis between VVMs and hyperkeratotic cutaneous 
capillary VMs is important (see the section on CCMs earlier in this 
chapter). The latter are observed in the context of inherited CCMs. 


Management 

Verrucous venous malformations require a wide surgical excision as 
they often involve the subcutis or the fascia, and the lateral extent is 
larger than the verrucous lesion. Recurrence follows if lesions are 
incompletely resected [150,151]. 


Maffucci syndrome CC 


Introduction and general description 

First described in 1881, Maffucci syndrome is characterised by 
multiple enchondromas associated with superficial and deep, 
slow-flow, venous-like malformations, containing areas with spin- 
dle cells (Figure 71.13) [152]. These lesions are called spindle cell 
haemangiomas. The signs and symptoms progress with time, caus- 
ing grotesque deformities especially on the hands and feet. The risk 
for malignancy increases with age. 


(b) 


Figure 71.13 Maffucci syndrome in a 15-year-old girl with multiple enchondromas and 
spindle cell haemangiomas on the left hand. (a) The fourth finger has been amputated. 
(b) Enchondromas and phleboliths on plain radiograph. 


Epidemiology 

The prevalence is unknown. It is a rare disease with less than 200 
cases reported. The disease appears early in life, around the age of 
4-5 years, with 25% being congenital, as a mesodermal dysplasia 
[71]. There is no sex preponderance. 


Pathophysiology 

Spindle cell haemangiomas are composed of thin-walled, venous- 
like channels separated by spindled fibroblastic cells. Maffucci syn- 
drome is a sporadic, non-inherited disease and germline karyotypes 
are usually normal. A mutation in PTHR1 encoding the parathyroid 
hormone receptor 1 has been identified in the clinically similar 
Ollier disease but not in the Maffucci syndrome [153]. Likewise, 
mutations in PTPN11 encoding the protein-tyrosine phosphatase 
non-receptor type 11, which are found in enchondroma patients, 


were not detectable in Maffucci patients [154]. In contrast, somatic 
mutations in IDH1 and IDH2 encoding isocitrate dehydrogenase 1 
and 2, respectively, have been identified in enchondromas and spin- 
dle cell haemangiomas of Maffucci patients [155,156]. Seventy-seven 
per cent of subjects carried IDH1 (98%) or IDH2 (2%) mutations in 
their lesions; the most frequent was a p.R132C substitution in IDH1. 
IDH1 mutations are associated with genomic hypermethylation 
and transcriptional downregulation of several genes. Additional 
genes implicated in the pathogenesis of the syndrome may reside 
on 2p22.3, 2q24.3 and 14q11.2, which are frequently altered in 
enchondromas and spindle cell haemangiomas [157]. 


Clinical features 
The Maffucci syndrome belongs to the spectrum of enchondro- 
matoses [158-160]. Enchondromas are hamartomatous prolifer- 
ations of chondrocytes leading to an abnormal endochondral 
ossification of the diaphysis or metaphysis of the bones. They can 
appear anywhere. When bilateral, they are asymmetrical [157]. 
Spindle cell haemangiomas are subcutaneous, firm, bluish nod- 
ules, which usually appear around puberty on the fingers and toes 
(Figure 71.13) [160,161]. Patients with Maffucci syndrome have 
a significant risk for the appearance of skeletal and non-skeletal 
malignant lesions [162]. Their exact prevalence is unknown, but 
incidence increases with age. Enchondromas may degenerate 
into chondrosarcomas, and differentiation may be difficult. The 
appearance of pain and/or increase in volume are clues. Most 
chondrosarcomas are of low histological grade (1 or 2) and they are 
successfully treated with surgical resection [163]. Other mesodermal 
neoplasms associated with Maffucci syndrome include fibrosar- 
coma, glioma, astrocytoma, ovarian tumours, haemangiosarcoma 
and leukaemia [164]. A third of the tumours are non-mesodermal, 
such as adenocarcinoma. Therefore, special emphasis on careful 
and prolonged clinical follow-up and imaging studies is indicated. 


Investigations 

On conventional radiographs, enchondromas are radiolucent. Mul- 
tiple, oval-shaped osteolytic lesions with well-defined margins in 
the metaphysis and/or diaphysis of the long tubular and flat bones 
are often seen [164-166]. Phleboliths can be observed [109]. D-dimer 
levels are normal in contrast to venous malformations. Histological 
analysis confirms the clinical diagnosis. 


Management 

When there is functional impairment, surgical excision of spindle 
cell haemangiomas and enchondromas is necessary. Malignant 
lesions are surgically treated as early as possible. 


LYMPHATIC DISORDE 


Lymphatic anomalies comprise lymphatic malformations (LMs) 
and various types of lymphoedema. LMs are focal lesions; they 
can occur isolated or be part of a syndrome. Lymphoedema is an 
accumulation of lymphatic fluid in the connective tissue. Lym- 
phoedema is divided into primary and secondary forms. The latter 
is caused by extrinsic factors such as infection or surgery. Primary 
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lymphoedema can be inherited. Depending on the age of onset, 
primary lymphoedema can be divided into: type I, congenital 
lymphoedema, present at birth; type II, praecox (Meige disease), 
appearing after puberty; and lymphoedema tarda, appearing after 
the age of 35 years. More than a dozen forms with the underlying 
gene identified are currently known and these explain about 40% of 
familial cases and 10% of sporadic cases [167,168]. 


Lymphatic malforma 


00, 613480, 611944, 153200, 136352 


Introduction and general description 

Lymphatic malformations are focal lesions composed of dilated lym- 
phatic channels disconnected from the lymphatic system. LMs can 
be macrocystic, microcystic or combined (Figure 71.14). LMs occur 
sporadically. 


Epidemiology 
Lymphatic malformation is a rare disease. The exact prevalence is 
unknown. There is no sex preponderance. 


Pathophysiology 

Macrocystic LMs are composed of a single or multiple lymphatic 
cysts surrounded by a thick fibrous membrane. Microcystic LMs are 
characterised by dilated lymphatic channels with variable thickness 
of the walls. Blood can be seen in the spaces after intracystic bleed- 
ing or in a combined lymphatico-venous malformation. Endothelial 
cells express specific lymphatic markers, such as podoplanin, D2-40 
and VEGFR-3 [169]. 

No familial case of LM has been reported. It is an isolated, 
sporadic disease. LMs can be seen in combined vascular malforma- 
tions (e.g. lymphatico-venous malformation, capillaro-lymphatic 
malformation, capillaro-lymphatico-venous malformation) or as a 
component of a syndrome, such as Klippel—Trenaunay—Weber 
syndrome (capillary-lymphatico-venous malformation with 
overgrowth) [63,71,170,171] and CLOVES syndrome. Isolated 
and combined LMs are caused by somatic-activating usually 
hotspot mutations in PIK3CA, which encodes the PI3K catalytic 
alpha subunit. Syndromic forms of LMs, with the exception of 
Klippel-Trenaunay—Weber syndrome, are more commonly caused 
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neck. They are ill-defined vesicular plaques, which often invade 
adjacent structures. The skin can be normal in colour, but becomes 
blue or purple when intracystic bleeding occurs (Figure 71.14). 
Capillaro-lymphatic malformation or angiokeratoma circumscrip- 
tum is a hyperkeratotic plaque often located on the extremity. 

An LM often causes asymmetry with bone overgrowth, especially 
on the face. It can suddenly become painful and enlarge due to 
intralesional bleeding or infection. Recurrent erysipelas or cellulitis 
are major complications that need to be treated rapidly as they 
can evolve into septicaemia. Visceral LMs can cause protein-losing 
enteropathy and hypoalbuminaemia. 


Investigations 

Doppler ultrasound is the best examination to confirm the cystic 
nature of this slow-flow vascular malformation. In contrast to 
VM, the cysts cannot be completely emptied by compression 
and often contain echogenic debris. Microcystic LMs appear 
as ill-defined, echogenic, subcutaneous fat. MRI imaging with 
spin-echo T,- and T,-weighted and fat-saturation sequences depicts 
the anatomical relation between the vascular lesion and adjacent 
structures. Differential diagnosis with VM is difficult unless there 
are fluid—-fluid levels associated with rim, septal or no contrast 
enhancement [110,174-177]. The two radiological examinations are 
mandatory for pre-therapeutic assessment of LMs and to evaluate 
efficacy of treatment. As extensive LMs are often combined with 
venous lesions, D-dimer and fibrinogen measurement is helpful to 
evaluate associated coagulation abnormalities. 


(a) 


GENETIC 


Management 

Bacterial infection should be managed with systemic antibiotics 
and pain medications. Sometimes, a subsequent involution of a 
macrocystic lesion may occur. Complete surgical excision can be 
proposed depending on the anatomical site and extension of the 
lesion. Recurrence is frequent for microcystic LMs since it is difficult 
to differentiate the abnormal tissue from adjacent structures. Macro- 
cystic LMs are treated by fluid aspiration followed by percutaneous 
intralesional injection of a sclerosing agent by an interventional 
radiologist. Several sclerosing agents are available: OK-432 (extract 
from a killed strain of group A Streptococcus pyogenes) [178], doxy- 
cycline, bleomycin [179,180] and ethanol [180]. Multi-injection 
sclerotherapy, especially using bleomycin, is efficient for micro- 
cystic LMs. Sclerosis can be followed by fever, redness of the skin 
and oedema. Microcystic dermal LMs can be treated by laser by 
experienced physicians [181]. The unravelling of the underlying 


DISORDERS 


PART 6 


(b) 


Figure 71.14 Lymphatic malformation (LM) spectrum. (a) A 10-month-old girl with aetiopathogenic mechanisms allows the design of targeted molec- 


extensive macrocystic/microcystic LMs of the neck, thorax and axilla. (b) Microcystic 


ular therapies. Systemic and topical rapamycin is promising in 
dermal and subcutaneous LM of the left arm with intracystic bleeding. P Mi P age P 8 


clinical trials [58,104,182-184]. Sildenafil was also reported, but its 
effect has not been confirmed [185]. 

by non-hotspot PIK3CA mutations [28,52,172] (see the PIK3CA 
section earlier in this chapter). In addition, somatic mutations in the = = 
PIK3R1 gene have recently been reported in patients with combined Complicated/complex lymph 
lymphatic malformations [39]. anomalies 


Clinical features 

Macrocystic LMs can be diagnosed in utero as early as the first 
trimester of pregnancy [173]. They are often located on the neck, 
chest wall and axilla. They manifest as multilobulated, well-defined 
lesions that are translucent, soft, but only slightly compressible on 
palpation. Microcystic LMs are mostly located on the head and 


Aomaly (GLA) 
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Introduction and general description 

Complicated lymphatic anomalies (CLAs) are a group of rare spo- 
radic disorders, comprising generalised lymphatic anomaly (GLA), 
Gorham-Stout disease (GSD), kaposiform lymphangiomatosis 
(KLA) and central conducting lymphatic anomaly (CCLA). These 
are severe disorders, associated with high morbidity and mortality. 
The differential diagnosis and management are challenging. 


Epidemiology 
Complicated lymphatic anomalies are rare, and the exact prevalence 
is unknown. There is no sex preponderance. 


Pathophysiology 

Somatic mutations have recently been identified in a limited 
number of patients with CLA: PIK3CA in GLA [186], KRAS in 
GSD [187,188] NRAS and CBL in KLA [189,190] and ARAF in 
CCLA [184,186,189,191-193]. In addition, heterozygous germline 
kinase-dead EPHB4 mutations have been identified in a family with 
CCLA [194]. 


Clinical features 

Gorham-Stout disease or ‘vanishing bone disease’ is characterised 
by progressive destruction and resorption of bones, which are 
replaced by lymphatic vessels and capillaries [195,196]. It can also 
involve viscera and soft tissues. Depending on the location, it man- 
ifests as bone pain, spontaneous fractures, deformity, neurological 
deficit, pleural or pericardial effusion, ascites and cerebrospinal 
fluid rhinorrhoea. It is lethal in 16% of cases. 

Generalised lymphatic anomaly is more widespread than GSD, 
affecting multiple organs and tissues (bones, lungs, mediastinum, 
liver, spleen, soft tissues). In contrast to GSD, the bone lesions are 
not associated with cortical bone resorption. Symptoms depend on 
the location (pleural effusion, ascites, skin involvement). Respira- 
tory insufficiency is the major cause of morbidity and mortality. 

Kaposiform lymphangiomatosis is a subtype of GLA, histologi- 
cally characterised by foci of spindle-shaped, lymphatic endothelial 
cells (PROX1 and D2-40 positive). It is often associated with severe, 
life-threating coagulopathy (hypofibrinogenaemia and thrombocy- 
topenia). 

Central conducting lymphatic anomaly is characterised by dilata- 
tion and dysfunction of large lymphatic vessels, mainly leading to 
ascites or pleural effusion or protein-losing enteropathy. It can be 
associated with peripheral lymphoedema, and it can be part of GSD, 
GLA and KLA. 


Investigations 
Complicated lymphatic anomalies have overlapping features. 
Differential diagnosis is challenging and it might require X-rays, 


MRI, CT, lymphangiography, histology (PROX1 and D2-40), coag- 
ulation studies and analysis of the fluid of pleural effusion or 
ascites. X-ray reveals progressive osteolysis and cortical destruction 
in GSD. 

Genetic testing for mosaic mutations in the tissues of patients with 
CLA and for germline EPHB4 in patients with CCLA can disclose the 
underlying cause. Genetic testing on cell-free DNA (plasma, pleural 
effusion, ascites) are in development. 


Management 

The management of patients with CLA is multidisciplinary and 
depends on the location and type of the lesions. Current treatments 
include embolisation, surgery and bisphosphonates with limited 
efficacy. Some clinical trials and off-label case reports have shown 
promising results with the mTOR inhibitor rapamycin in patients 
with CLA, mainly GLA [58,197,198]. The MEK inhibitor trame- 
tinib has been successfully used in some patients with CLA and a 
mutation in the RAS/MAPK pathway [191,193]. 


Schimmelpenning-I 


syndrome 


Introduction and general description 
Schimmelpenning—Feuerstein-Mims (SFM) syndrome is charac- 
terised by cognitive developmental delay and naevus sebaceus 
(usually on the face, neck and scalp), and is associated with central 
nervous system, ocular, skeletal and cardiovascular anomalies. 
Vascular anomalies are present in more than 10% of patients [199]. 


Epidemiology 
The SFM syndrome is rare and its exact prevalence is unknown. 
There is no sex preponderance. 


Pathophysiology 

The syndrome is due to postzygotic activating mutations in genes 
encoding HRAS (Harvey murine sarcoma virus oncogene) and 
KRAS (Kirsten rat sarcoma viral oncogene) [200]. Mutations in 
these genes are also found in naevus sebaceous (5% in KRAS, 91% 
in HRAS). The SEM syndrome belongs to the RASopathies. 


Clinical features 
The vascular anomalies in SFM syndrome can be arterial (aortic 
coarctation, aneurysm and/or stenosis of the renal and carotid 
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arteries), capillary, lymphatic (LM, chylothorax, lymphoedema) or 
venous. 


Investigations 
Genetic analysis can help in diagnosis. 


Management 

The associated vascular anomalies are managed similarly to the iso- 
lated counterparts. Future targeted therapies could target the RAS 
signalling pathway. 


PRIMARY LYMPHOEDEMAS 


The primary lymphoedemas are a large group of clinically and 
genetically heterogeneous disorders. Only entities with primary 
lymphoedema as a principal feature are presented here. For a more 
detailed review, see Brouillard et al. [201]. 


Introduction and general description 

Lymphoedema, hereditary, type IA (LMPH1A) is an autoso- 
mal, dominantly inherited, congenital lymphoedema. It consists 
of an accumulation of lymphatic fluid in the connective tissue 
(Figure 71.15). 


Epidemiology 

The prevalence is unknown, but this is probably the most frequent 
form of primary lymphoedema [167]. Males and females seem to 
be equally affected. There is large intrafamilial variability and the 
penetrance is around 85-90%. 


Pathophysiology 

Hereditary lymphoedema type IA is caused by loss-of-function 
dominant mutations in FLT4 affecting the intracellular tyrosine 
kinase domains of VEGFR-3 [202,203]. A homozygous recessive 
mutation was identified in one family [204]. Mutations in FLT4 are 
identified in approximately 70% of patients. 


Clinical features 

Hereditary lymphoedema type IA is characterised by lower limb 
bilateral lymphoedema, localised below the knees, and usually 
present at birth (Figure 71.15). Occasionally, lymphoedema is 


Figure 71.15 A 20-month-old boy with bilateral lymphoedema of the feet and calves. 


observed prenatally. A few families with pleural effusion, chylous 
ascites or hydrops have been reported [204-206]. Other associated 
features include hydrocele, prominent veins, up-slanting toenails 
and papillomatosis [207]. Lymphoedema can improve sponta- 
neously, even prenatally [208]. Patients with mutations in VEGFC 
(LMPH1D) have similar signs and symptoms. 


Investigations 

Genetic investigations are useful tools for primary lymphoedema 
and give a definite diagnosis when a mutation is identified. In 
selected patients, invasive and non-invasive imaging techniques can 
be required to diagnose the type of lymphatic pathology and guide 
the interventions when possible/necessary. Lymphoscintigraphy is 
preferred to lymphography in the investigation of lymphoedema. 
Nevertheless, even if there are differences in the uptake of the 
radioactive tracer patterns, they are usually not discriminative. 
However, in LMPH1A, a lack of uptake of the tracer is seen, sug- 
gesting lymphatic aplasia/hypoplasia or peripheral malfunction, 
whereas in lymphoedema-distichiasis (see next section), lymphatic 
hyperplasia is present [207,209]. Additional techniques exist and 
are used in specialised centres, such as non-contrast-enhanced or 
dynamic contrast-enhanced magnetic resonance lymphangiogra- 
phy and CT [201]. 


Other forms of hereditary primary lymphoedema 
Apart from LMPH1A, other forms of autosomal dominant or reces- 
sive primary lymphoedemas have been described. 


1 Hereditary lymphoedema type IB (MIM: 611944) is mapped to 
chromosome 6q16.2-q22.1. It is an autosomal dominant disorder 
characterised by lower leg lymphoedema starting in childhood, 
and improving in adulthood. 

2 Hereditary lymphoedema type IC (MIM: 613480) is an autoso- 
mal dominant disorder caused by heterozygous mutations in 
GJC2 encoding Cx47 [210,211]. The penetrance is incomplete. 


The onset of lymphoedema is in childhood or adolescence, 
and later in males than in females [210]. All four extremities 
can be affected. Other associated features are ptosis, cel- 
lulitis and venous insufficiency; recurrent skin infections are 
common. 

Hereditary lymphoedema type ID (MIM: 615907), also known 
as Nonne-Milroy-like lymphoedema, is an autosomal dominant 
disorder characterised by a neonatal or very early onset lym- 
phoedema of the lower legs, associated with dysplastic toenails, 
leg papillomatosis and hyperkeratosis. Exome sequencing led to 
the identification of heterozygous mutations in VEGFC [212,213]. 
This gene encodes one of the ligands of VEGFR-3. 

4 Hereditary lymphoedema type IT (MIM: 153200; ORPHA: 90186), 
also known as Meige lymphoedema or lymphoedema praecox, 
features late onset (puberty) of lymphoedema predominantly 
involving the lower extremities, but also the face and upper 
limbs. 

Hereditary lymphoedema type III (MIM: 616843) is an auto- 
somal recessive disorder caused by biallelic homozygous or 
compound heterozygous mutations in the PIEZO1 gene. The dis- 
order is characterised by generalised lymphatic dysplasia with 
systemic involvement: pleural and pericardial effusion, ascites 
and intestinal and/or pulmonary lymphangiectasia. The onset is 
prenatally, with a high incidence of non-immune hydrops fetalis, 
or during childhood [214]. 

Primary lymphoedema caused by ANGPT2 mutation (MIM: 
619369) is an autosomal dominant disorder characterised by 
congenital lymphoedema in the lower extremities. The upper 
extremities can also be involved. Hydrocele is frequent in boys. 
The lymphoedema can improve spontaneously. The penetrance 
is incomplete [215]. 
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Management 

Lymphoedema patients are followed in specialised clinics [201]. 
The management is symptomatic. Elastic garments and manual 
lymphatic drainage are the gold standard approaches. Cellulitis 
and recurrent cellulitis are treated with appropriate antibiotics 
and prophylactic antibiotics, respectively. Lymphatico-venous 
micro-anastomosis has been beneficial in some patients [216]. 
Suction-assisted lipectomy in combination with postoperative elas- 
tic compression can be helpful [217]. Understanding the molecular 
mechanisms at the origin of the different subtypes of primary lym- 
phoedema is an important step in developing targeted therapies in 
the future. Genetic counselling is needed. 


Introduction and general description 
Autosomal dominant lymphoedema-distichiasis syndrome is char- 
acterised by late-onset lower limb lymphoedema associated with 


(b) 


Figure 71.16 A patient with FOXC2 mutation and (a) bilateral lymphoedema of the 
lower extremities (right leg more affected) and (b) bilateral ptosis. 


double rows of eyelashes from the meibomian glands (distichiasis) 
(Figure 71.16). Lymphoedema-distichiasis syndrome seems to be 
allelic with several inherited forms of lymphoedema including 
hereditary lymphoedema type II, lymphoedema and ptosis and the 
yellow nail syndrome [218]. 


Epidemiology 

The prevalence is unknown and there is important intrafamilial 
variability. After LMPH1A, lymphoedema-distichiasis is the pri- 
mary lymphoedema with the most frequently identified genetic 
cause. Males seem to develop symptoms earlier than females 
[209]. 


: Lymphatic disorders 71.25 


DISORDERS 


— 
= 
Lu 
=< 
Lu 
UO 
e 
= 
< 
-¥ 


71.26 Chapter 71: Disorders Affecting Cutaneous Vasculature 


DISORDERS 


— 
= 
Lu 
a 
Lu 
UO 
o 
= 
a 
-¥ 


Pathophysiology 

Lymphoedema-distichiasis and yellow nail syndrome are caused 
by loss-of-function mutations in FOXC2 encoding the forkhead 
box C2 transcription factor [218,219]. FOXC2 acts downstream of 
the VEGFC/VEGFR-3 complex. FOXC2 is regulated by GATA2, 
and it regulates the expression of connexin CX47/GJC2 and KIF11 
[168]. FOXC2 is important for valve development in the collecting 
lymphatics [220]. 


Clinical features 

Usually lymphoedema develops around puberty, but early presen- 
tation as hydrops fetalis is possible [208]. The distichiasis has a high 
penetrance and is a clue to diagnosis. When symptomatic, distichi- 
asis can cause corneal irritation, infection and photophobia. Other 
associated features are varicose veins, cardiac malformations, cleft 
palate, ptosis and yellow nails [209,218]. 


Investigations and management 
See the section on LMPH1A earlier in this chapter. 


Hypotrichosis-lymp 
telangiectasia syndi 


iarenal defect syndrome 


Introduction and general description 
This syndrome is an autosomal dominant or recessive disorder with 
onset in childhood or puberty. 


Epidemiology 
It is very rare with only a few families reported [221-223]. 


Pathophysiology 

Hypotrichosis-lymphoedema-telangiectasia syndrome is caused 
by recessive or dominant mutations in SOX18 encoding a tran- 
scription factor [221]. A particular stop codon mutation (p.C240*) 
in SOX18 causes severe glomerulonephritis, leading to end-stage 
renal disease necessitating renal transplantation [222]. SOX18 
regulates PROX1 expression and thus is a major regulator of 
lymphangiogenesis [168]. 


Clinical features 

The disorder is characterised by lymphoedema in the lower extrem- 
ities, which develops during childhood or at puberty, sparse hair, 
absent eyelashes and eyebrows, and telangiectasias in the palms, 
soles, scalp and scrotum [221]. Renal malfunction is associated with 
a specific mutation [222]. Hydrops fetalis can occur [221]. 


Investigations and management 

See the section on LMPHIA earlier in this chapter. Patients with 
the dominant premature stop codon mutation should be specifically 
monitored for renal function. 


etardation syndrome 
sia-intellectual disability syndrome 


Introduction and general description 

This syndrome is an autosomal recessive, generalised, lymphatic 
dysplasia characterised by intestinal lymphangiectasias associated 
with severe and progressive lymphoedema of the limbs, genitalia 
and face. Intellectual deficit can be observed [224]. 


Epidemiology 
The prevalence is unknown. 


Pathophysiology 

Hennekam lymphangiectasia-lymphoedema syndrome is caused 
by homozygous or compound heterozygous mutations in CCBE1 
(encoding collagen and calcium-binding EGF domain 1) [225] 
or FAT4 (encoding homologue of Drosophila FAT tumor sup- 
pressor 4) [226] or ADAMTS3 (ADAM metallopeptidase with 
thrombospondin type 1 motif 3) [105]. Compound heterozygous 
CCBE1 mutations have also been identified in patients with gener- 
alised lymphatic dysplasia, without other features of the Hennekam 
lymphangiectasia-lymphoedema syndrome [227]. CCBE1 regulates 
lymphangiogenesis via ADAMTS3 and VEGFC activation [228]. 


Clinical features 

Hennekam lymphangiectasia-lymphoedema syndrome is charac- 
terised by generalised lymphatic dysplasia, distinct facial features 
(flat face, low nasal bridge, hypertelorism, epicanthal folds, small 
mouth) and dental and ear anomalies. This may mimic Down 
syndrome. Syndactyly, camptodactyly, craniosynostosis, hypothy- 
roidism and ectopic kidney may be present. Hydrops fetalis can 
occur [229]. 


Investigations and management 

See the section on LMPHIA earlier in this chapter. Protein-losing 
enteropathy secondary to intestinal lymphangiectasias is treated 
with careful nutritional management, including fat restriction, 
medium-chain triglyceride supplementation or parenteral nutrition 
[230]. Octreotide administration may be helpful [231]. Surgical 
ligation of leaky channels, if visible, can be tried [232]. 


Microcephaly wit 
chorioretinopat 
and mental retar 


| dysplasia syndrome 
without mental retardation 


Introduction and general description 
Microcephaly with or without chorioretinopathy, lymphoedema 
and mental retardation (MCLMR) is an autosomal dominant 
disorder with incomplete penetrance and intrafamilial variable 
expressivity. Lymphoedema is inconstant. 


Epidemiology 
The prevalence is unknown. 


Pathophysiology 

This syndrome is caused by heterozygous mutations in KIF11 
encoding kinesin family member 11 [172,233]. KIF11 expression 
is regulated by FOXC2. KIF11 is involved in microtubule activity. 
The pathophysiological mechanisms underlying the phenotypic 
expression of KIF11 mutations are unknown. 


Clinical features 

When lymphoedema is present it is usually congenital and confined 
to the lower limbs with or without dilated veins. Microcephaly 
is congenital and present in over 90% of patients and varies from 
mild to severe; there is also cognitive delay, present in two-thirds of 
patients [172,233]. The most frequent eye finding is chorioretinopa- 
thy, present in two-thirds of patients. Distinct facial features can be 
present: prominent ears, up-slanting palpebral fissures, broad nose 
with a rounded tip, long philtrum, thin upper lip and prominent 
chin [172]. 


Investigations and management 
See the section on LMPH1A earlier in this chapter. 


Choanal atresia an 


Introduction and general description 
Choanal atresia and lymphoedema is a very rare autosomal reces- 
sive disorder characterised by onset in childhood [234]. 


Epidemiology 
One family has been reported. 


Pathophysiology 

Ina large consanguineous pedigree with lymphoedema and choanal 
atresia, autozygosity mapping and analysis of potential candidate 
genes led to the identification of a 2 kb genomic deletion. This 
deletion includes exon 7 of the PTPN14 gene encoding the protein 
tyrosine phosphatase non-receptor-type 14 (PTPN14) [234]. PTPN14 
interacts with VEGFR3, and probably regulates the activity of the 
receptor complex. 


Clinical features 

Choanal atresia and lymphoedema is a very rare autosomal reces- 
sive disorder characterised by choanal atresia and lower limb 
Iymphoedema sometimes associated with pericardial effusion and 
pectus excavatum [234]. 


Investigations and management 
See the section on LMPH1A earlier in this chapter. 


Introduction and general description 
This is an autosomal dominant disorder. 


Epidemiology 
Primary lymphoedema with myelodysplasia is a very rare syn- 
drome with only a few families reported. 


Pathophysiology 

It is caused by loss-of-function heterozygous mutations in the tran- 
scription factor gene GATA2 [211,235]. GATA2 is highly expressed in 
lymphatic valves and regulates FOXC2 expression. 


Clinical features 

It is characterised by lymphoedema in the lower extremities and 
genitalia, occurring during childhood. The patients are at risk of 
congenital deafness, immune dysfunction, cellulitis, myelodyspla- 
sia and acute myeloid leukaemia [183]. 


Investigations and management 
See the section on LMPHIA earlier in this chapter. Periodic 
follow-up is needed for early detection of myelodysplasia. 
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Figure 71.17 Other syndromes with lymphoedema. (a, b) A 7-month-old girl with Turner syndrome showing nuchal webs (a) and right foot lymphoedema (b). (c) A newborn with 


Noonan syndrome and cervico-facial oedema. 


Other syndromes with lymphoedema 

Lymphoedema can be observed in many syndromes. It can be 
localised or generalised, prenatal and/or postnatal, and with 
high variability even among patients with the same syndrome. 
Often there are other, more specific, features that orientate toward 
the diagnosis, as in Turner syndrome (Figure 71.17a, b), Noonan 
syndrome (Figure 71.17c), Costello syndrome and cardio-facio- 
cutaneous syndrome. 


Conclusions 


There are numerous disorders that affect the cutaneous vasculature. 
The adoption of the biological classification for vascular anomalies 
has helped differentiate various entities. This has enabled genetic 
studies on their aetiopathogenesis, and led to the identification of 
several genes that are mutated in the inherited forms. Moreover, 
somatic changes have been identified as the cause for isolated, 
non-hereditary vascular malformations. The surge of next genera- 
tion sequencing (exomes or targeted) has further empowered these 
genetic analyses, and make an efficient and relatively fast panel 
approach possible for diagnostic testing. 

Many of the disorders have an intrinsic vascular endothelial dys- 
function due to a genetic mutation. Most of these are now known, 
and the signalling pathways in which they are involved, although 
we still lack understanding of the detailed molecular mechanisms 
that lead from the causative mutations to the disease. Yet this basic 
knowledge has allowed us to start to generate animal models and 
to test molecular therapies using drugs that have been developed 
for other disorders, but which target the pathways also implicated 
in vascular anomalies. The receptor tyrosine kinases seem to be cen- 
tral, along with their downstream signalling pathways, including 
PI3K/AKT and RAS/ERK. Several molecules that are able to mod- 
ulate the activity of these pathways exist, and thus there is hope for 
the not-too-distant development of novel therapies. 
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Introduction 


Subcutaneous fat consists of white (WAT), brown (BAT) and beige 
adipose tissue, as well as capillaries, which facilitate its metabolic 
functions [1]. In adults, it comprises almost entirely WAT, where its 
functions include insulation, energy storage and secretion of regu- 
latory peptides called adipokines [1-4]. Adipokine secretion varies 
according to adipose tissue type, distribution and energy status, with 
diverse paracrine and endocrine effects on metabolic and immune 
functions [1-4]. Adipose tissue disorders are therefore associated 
with cardiometabolic, inflammatory and malignant diseases [1-5]. 

BAT also secretes adipokines, but its main functions include fatty 
acid metabolism and thermogenesis [1]. BAT is most detectable in 
the neonate, but adults also have small distinct BAT deposits in their 
upper body subcutaneous fat, which are thought to be metabolically 
important [1]. Beige adipose tissue describes adipocytes that possess 
functional similarities to BAT, but are dispersed amongst WAT [1,6]. 
Beige adipocytes are derived from white adipocyte progenitors, and 
an increased ratio of beige adipose tissue to WAT contributes to a 
favourable metabolic profile [6]. 

Disorders of adipose tissue can be divided principally into disor- 
ders of distribution of fat, the lipodystrophies [7], lipoedema [8] and 
adipose hyperplasia [9]; disorders of excess generalised accumula- 
tion of fat, in other words obesity [10], and tumours [11]; and finally 
inflammation, such as panniculitis [12,13]. There is increasing evi- 
dence of a hereditary component in the pathogenesis of all of these 
conditions [7-13]. 


CONGENITAL (FAMILIAL) 
LIPODYSTROPHIES 


Lipodystrophies are characterised by selective loss of adipose tissue 
at various anatomical sites [1,2]. The reduced adipocyte storage 
capacity causes excess triglycerides to accumulate within the blood, 
liver and muscles [1,2]. The resultant metabolic complications of 
lipodystrophy include dyslipidaemia, hepatic steatosis and insulin 
resistance [1-3]. Serum leptin levels decrease in association with 
lipodystrophies, which causes hyperphagia, and may exacerbate 
the metabolic complications [1]. Additionally, the cosmetic appear- 
ance of lipodystrophy frequently causes psychological distress [4]. 
Management strategies include lifestyle modification, antidiabetic 
medication and metreleptin, a recombinant human leptin analogue 
[1,5-7]. 

Lipodystrophies are classified according to their pattern of fat 
loss, which may vary from localised involvement to near complete 
absence of adipose tissue [1,2], as well as their aetiopathogenesis. 
Acquired lipodystrophies are discussed in Chapter 98. Inherited 
lipodystrophies include the congenital generalised lipodystro- 
phies (CGLs) and familial partial lipodystrophies (FPLs), as well 
as a number of additional syndromes where lipodystrophy is a 
variable feature within a complex phenotype. Some patients with 
inherited lipodystrophies do not have any of these defined muta- 
tions or exact clinical phenotypes, and their pathogenesis remains 
uncertain [8,9]. 
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Chapter 72: Genetic Disorders of Adipose Tissue 


CONGENITAL GENERALISED 
LIPODYSTROPHIES 


The CGLs (Beradinelli-Seip syndrome) are a group of rare auto- 
somal recessive conditions that first present in neonates [1,2]. The 
phenotype is characterised by a virtual absence of subcutaneous 
and visceral adipose tissue, distinctive muscular appearance and 


prominent veins (Figure 72.1) [1,8]. Mechanical adipose tissue of 
the palms, soles, orbits, scalp and joints is usually spared, but it 
is deficient in CGL2 [8]. This severe lack of metabolically active 
adipose tissue results in childhood-onset metabolic complica- 
tions, including hypertriglyceridaemia, hepatic steatosis, palpable 
hepatosplenomegaly and acanthosis nigricans [2,8]. Type 2 dia- 
betes develops during adolescence or early adulthood [1,8]. Focal 


Figure 72.1 A patient with a heterozygous missense LMNA mutation affecting lamin C showing (a, b) generalised loss of subcutaneous fat and muscular prominence, including 
involvement of the soles (c) and palms (d) with prominent veins on the lower leg (e). Reproduced from Patni et a/. 2017 [13] with permission of John Wiley & Sons. 


Table 72.1 Congenital generalised lipodystrophies. 


Syndrome Mode of inheritance Gene Gene function Clinical summary MIM 
CGL1 AR AGPAT2 Encodes an enzyme which catalyses triglyceride and Generalised lipodystrophy, metabolic complications, 608594 
phospholipid synthesis within adipocytes focal lytic lesions in long bones, 
pseudoacromegalic features 
CGL2 AR BSCL2 Encodes seipin with a function in lipid droplet Generalised lipodystrophy, including loss of 269700 
formation within preadipocytes, neurons and palmoplantar fat, metabolic complications, 
testes intellectual disability, hypertrophic 
cardiomyopathy, teratozoospermia 
CGL3 AR CAVI Encodes caveolin-1, the main structural component Generalised lipodystrophy, metabolic complications, 612526 
of caveolae, which are plasma membrane vitamin D resistance, hypocalcaemia, short 
invaginations involved in signal transduction and stature 
lipid trafficking 
CGL4 AR CAVIN1 Encodes caveolae-associated protein 1 involved in Generalised lipodystrophy, metabolic complications, 613327 


the biogenesis of caveolae in adipocytes and 


congenital myopathy, cervical spine instability, 


muscle cells 


AR, autosomal recessive. 


lytic lesions in the long bones represent defective bone marrow 
fat production, and cause an increased risk of pathological frac- 
tures [8]. Affected adolescents may develop pseudoacromegalic 
features with enlargement of the mandible, hands and feet [1,2,8]. 
Women with CGL may develop hirsutism, clitoromegaly, polycystic 
ovarian syndrome and infertility [1,8]. Men with CGL usually 
have normal fertility but spermatogenesis may be impaired [8]. 
The genetic basis and pathophysiology of these disorders are pro- 
vided in Table 72.1. For example in CGL2, the abnormal gene is 
seipin [9]. 


FAMILIAL PARTIAL LIPODYSTROPHIES 


The FPLs mostly demonstrate autosomal dominant inheritance 
(Table 72.2), and present in childhood or early adulthood with 
unevenly distributed adipose tissue [1,2]. In contrast to CGL, body 
fat distribution is normal during infancy and early childhood [10,11]. 
FPLs are characterised by the gradual loss of adipose tissue, usually 
from the limbs [10,11,12]. The face, neck and trunk are variably 
affected, and FPLs can be associated with paradoxical accumulation 
of fat at these sites [10,11,12], which may cause confusion with 
Cushing syndrome [1,2]. FPL is thought to be underrecognised in 
males due to physiological sex differences in body fat distribution 
and muscularity [1,2]. As for CGLs, metabolic complications 
include hypertriglyceridaemia, hepatic steatosis, insulin resistance 
and type 2 diabetes [9]. Acanthosis nigricans tends to be milder 
than in CGL [9]. Females with FPL are reported to be at higher 
risk of metabolic complications and atherosclerotic cardiovascu- 
lar disease than men [2]. Details regarding the genetic basis and 
pathophysiology of these disorders can be found in Table 72.2. 


OTHER INHERITED LIPODYSTROPHIES 


Lipodystrophy is a recognised feature within the phenotype of 
a number of other syndromes, which are outlined in Table 72.3. 


cardiac arrhythmias, pyloric stenosis 


These other inherited lipodystrophy syndromes demonstrate 
varied inheritance and fat distribution, may not necessarily be 
associated with the metabolic complications of CGL and FPL, and 
display additional multisystemic features [1]. The premature ageing 
disorders (Chapter 77) account for a significant proportion of these 
other inherited lipodystrophies [13-27]. 


HEREDITARY OBESITY — .— Ln 


Obesity is a serious public health concern [1]. Adipose hyperpla- 
sia and hypertrophy cause dysregulated adipokine production, 
which contributes to cardiovascular disease, metabolic disease, 
musculoskeletal disorders, certain cancers, Alzheimer disease and 
dermatological conditions [1,2,3]. Altered gut and skin micro- 
biomes may also contribute to obesity-associated disease, with 
increased skin-resident Corynebacterium shown to promote cuta- 
neous inflammation [4,5]. 

Primary obesity results from complex gene-environment inter- 
actions [6]. There is growing acknowledgement of genetic influence 
in the development of obesity, especially where the onset is in 
childhood [3,6-8]. In the majority of cases, this represents poly- 
genic susceptibility, but obesity can also result from single-gene 
disorders, which may present with obesity alone [3,7,8]. How- 
ever, more often than not, they display other clinical features. 
Some of these syndromes have a clear dermatological phenotype 
[3,7,8]. 


MONOGENIC OBESITY WITHOUT CUTANEOUS 
FEATURES 


Certain rare monogenic human obesity syndromes exist that do 
not have primary cutaneous features (Table 72.4) [3,7,8]. However, 
affected individuals are likely to develop the secondary conse- 
quences of obesity, including skin problems (Box 72.1) [1,2]. 
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72.4 Chapter 72: Genetic Disorders of Adipose Tissue 


Table 72.2 Familial partial lipodystrophies. 


plasma membrane invaginations involved 


Absence of hypertriglyceridaemia and insulin 


Mode of 
Syndrome inheritance Gene Gene function Clinical summary MIM 
FPL1 (Kobberling type) AD Unknown Unknown Lipoatrophy: limbs, buttocks 608600 
Lipohypertrophy: trunk, face, neck 
Metabolic complications 
FPL2 (Dunnigan type) AD LMNA Encodes lamin A/C, which are intermediate Lipoatrophy: limbs, trunk 151660 
filament proteins that provide structural Lipohypertrophy: face, neck, labia majora 
integrity to the nuclear envelope; Metabolic complications 
mutations cause adipocyte apoptosis There may be associated features of other 
laminopathies including cardiomyopathy, 
skeletal myopathy and neuropathies 
FPL3 AD PPARG Encodes perixisome proliferator-activated Lipoatrophy (milder than FPL2): limbs, buttocks 604367 
receptor-gamma, which is a transcription Trunk, face and neck are unaffected or 
factor that facilitates adipocyte demonstrate mild fat reduction 
differentiation etabolic complications 
FPL4 AD PLIN1 Encodes perilipin, which is a phosphoprotein Lipoatrophy: lower limbs, buttocks, sometimes 613877 
that assembles lipid droplets for storage trunk 
Face and neck unaffected 
etabolic complications 
uscular hypertrophy 
Small adipocytes, adipose fibrosis 
FPL5 AR CIDEC Encodes cell death-inducing DNA Lipoatrophy: lower limbs, buttocks 615238 
fragmentation factor-like effector C; Face, neck and trunk unaffected 
mutations cause adipocyte apoptosis etabolic complications 
U Multiple small lipid droplets within adipocytes 
LF WN FPL6 AR LIPE Encodes lipase E, which is a Lipoatrophy: lower limbs 615980 
2 ~ hormone-sensitive enzyme that mediates Lipohypertrophy: back, triceps, axillae, neck 
Ww Q lipolysis of triglycerides to free fatty acids etabolic complications 
U e Proximal myopathy 
© fo) Hypopigmented cutaneous lesions 
— FPLD7 AD CAV1 Encodes caveolin-1, the main structural Lipodystrophy: all sites except buttocks, palms, 606721 
= ra| component of caveolae, which are soles 
= 


AD, autosomal dominant; AR, autosomal recessive. 


in signal transduction and lipid trafficking 


Box 72.1 Secondary skin complications of primary 
obesity 


e Striae 

¢ Poor wound healing 

¢ Cutaneous infection 

¢ Lymphovascular disorders and ulceration 
¢ Hyperandrogenism and hirsutism 

e Psoriasis 

e Atopic eczema 

° Keratosis pilaris 

e Irritant contact dermatitis 

e Skin cancer 

e Hidradenitis suppurativa 

¢ Scleredema 

¢ Livedo reticularis 

e Pilonidal sinus 

¢ Skin changes associated with diabetes 


resistance 
Thin skin with prominent vessels, sparse hair, 
triangular face, mandibular hypoplasia, thin 


nose, cataracts, ataxia, neuropathy 


MONOGENIC OBESITY WITH CUTANEOUS 
FEATURES 


Rare monogenic obesity syndromes with primary cutaneous 
features are summarised in Table 72.5 [3]. Deficiency in the 
pro-opiomelanocortin (POMC) pathway and Prader-Willi syn- 
drome (PWS) are discussed here as specific examples. 


Pro-opiomelanocort 
and prohormone co 
deficiency 


The gene POMC, which encodes pro-opiomelanocortin, and PCSK1, 
which encodes prohormone convertase 1 (PC1), are involved in 


Table 72.3 Other inherited lipodystrophies. 


Syndrome Mode of inheritance Gene Gene function Clinical summary MIM 
MAD type A AR LMNA Encodes lamin A/C which are intermediate Bone abnormalities: mandibular and 248370 
filament proteins that provide structural clavicular hypoplasia, thin beaked nose, 
integrity to the nuclear envelope acro-osteolysis, dental crowding, delayed 
dentition, late closure of cranial sutures, 
joint stiffness 
Skin abnormalities: atrophy, prominent 
vessels, mottled hyperpigmentation, 
alopecia 
Partial lipodystrophy similar to FPL2 and 
metabolic complications 
MAD type B AR ZMPSTE24 Encodes a zinc metalloproteinase involved in Bone and skin abnormalities as for MAD 608612 
processing and maturation of lamin A type A 
Generalised lipodystrophy and metabolic 
complications 
Focal segmental glomerulosclerosis 
MDPL syndrome AD POLD1 Encodes polymerase delta 1, which provides Mandibular hypoplasia, sensorineural 615381 
the catalytic and proofreading functions deafness, progeroid features, partial 
of DNA polymerase delta lipodystrophy, insulin resistance, 
dyslipidaemia 
Hutchinson-Gilford AD LMNA Mutations alter splicing and delete the Short stature, low body weight, 176670 
progeria syndrome cleavage site required to convert prelamin lipodystrophy (partial or generalised), 
A to mature lamin A. Accumulated alopecia, scleroderma-like skin, midface 
abnormal prelamin A (progerin) disrupts hypoplasia, micrognathia, joint 
nuclear integrity contractures, osteolysis, insulin resistance, 
atherosclerosis, cardiovascular disease 
Atypical progeroid AD LMNA As above Progeroid features, but late onset = 
syndrome Variable lipodystrophy 
Wiedemann-Rautenstrauch AR POLR3A Encodes a subunit of RNA polymerase III Progeroid features, variable lipodystrophy, 264090 
syndrome short stature, hypotonia 
Werner syndrome AR RECQL2 Encodes a member of the RECQ family of Progeroid features, partial lipodystrophy, 277700 
DNA helicases involved in telomere premature bilateral cataracts, 
maintenance osteoporosis, diabetes mellitus, 
atherosclerosis, neoplasms 
Ruijs—Aalfs syndrome AR SPRTN Encodes a molecular regulator for DNA repair Progeroid features, generalised 616086 
lipodystrophy, early-onset hepatocellular 
carcinoma 
Keppen-Lubinsky AD KCNI6 Encodes an ATP-sensitive K+ channel linking Intellectual disability, hypertonia, 614098 
syndrome cellular metabolism to electrical hyperreflexia, generalised lipodystrophy, 
excitability of the plasma membrane microcephaly, large prominent eyes, aged 
facial appearance 
SHORT syndrome AD PIK3R1 Encodes the regulatory subunit of Triangular face, prominent forehead, 269880 
phosphaditylinositol 3-kinase influencing hypoplastic nasal alae, ocular depression, 
PI3K/AKT/mTOR signalling progeroid features, short stature, 
lipodystrophy (partial or generalised), 
insulin resistance but no 
hypertriglyceridaemia, thin skin, 
prominent vessels, delayed dentition, iris 
hypoplasia, hyperextensibility, inguinal 
hernia, hearing loss, cardiac malformation 
Pentinnen syndrome AD PDGFRB Encodes the tyrosine kinase receptor Epidermal and dermal atrophy, lipoatrophy, 601812 
platelet-derived growth factor beta hypertrophic scars, thin hair, 
underdeveloped malae, acro-osteolysis 
Kosaki overgrowth AD PDGFRB As above Thin hyperelastic fragile skin, lipodystrophy 616592 
syndrome (partial or generalised), hypertelorism, 


prominent supraorbital ridges, broad 
nasal bridge, downslanting palpebral 
fissures, tall stature, scoliosis, iris 
hypoplasia, myofibroma, arachnoid cysts, 
fusiform coronary and cerebral aneurysms 


AD, autosomal dominant; AR, autosomal recessive; ATP, adenosine triphosphate; MAD, mandibuloacral disease; MDPL, mandibular hypoplasia, deafness, progeroid features and 
lipodystrophy; PIZK, phosphatidylinositol 3-kinase; SHORT, short stature, hyperextensibility of joints and/or inguinal herna, ocular depression, rieger anomaly and teething delay. 
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Chapter 72: Genetic Disorders of Adipose Tissue 


Table 72.4 Monogenic obesity syndromes without cutaneous features. 


Syndrome Mode of inheritance Gene(s) or chromosome Other clinical features MIM 
Leptin receptor deficiency AR LEPR Hypogonadism, hyperleptinaemia, susceptibility 614963 
to infection 
Melanocortin-4 receptor AD>AR MCAR Accelerated growth, tall stature 618406 
deficiency 
TrkB deficiency AD NTRK2 Developmental delay, hyperactivity, memory 613886 
problems, reduced pain sensation, hypotonia, 
epilepsy, craniosynostosis 
SIM1 deficiency AD SIM1 Developmental delay, intellectual disability, - 
1p22.1 6q16.2 transl round face with small nose and depressed 
nasal bridge, hypogonadism 
MYTIL deficiency AD MYTIL Developmental delay, autism, epilepsy - 
2p25.3 delet 
Bardet—Biedel syndrome AR ARL6, BBS1, BBS2, BBS4, Developmental delay, polydactyly, retinal 209900; 600151; 
BBS5, BBS7, BBS10, dystrophy, renal anomalies, hypogonadism, 604896; 615981-90 
BBS12, CEP19, MKKS, high arched palate, dental crowding 
MKS1, PTHB1, TTC8 
Carpenter syndrome AR RAB23 Craniosynostosis, polysyndactyly, cardiac defects, 201000 
MEGF8 undescended or underdeveloped testes 614976 
Boérjeson—Forssman—Lehmann XLR PHF6 Developmental delay, epilepsy, hypogonadism, 301900 
syndrome facial swelling, narrow palpebral fissures, 
large ears 
MOMO syndrome ?AD ?LINCOO237 Macrosomia, macrocephaly, retinal coloboma, - 
nystagmus, downslanting palpebral fissures, 
intellectual disability, delayed bone 
maturation 
Cohen syndrome AR VPS13B Developmental delay, microcephaly, 216550 
downslanting palpebral fissures, maxillary 
hypoplasia, micrognathia, myopia, 
retinopathy, neutropenia 
MORM syndrome AR INPP5E Intellectual disability, early-onset non-progressive 610156 


retinal dystrophy, micropenis 


AD, autosomal dominant; AR, autosomal recessive; MOMO, macrosomia, obesity, macrocephaly and ocular abnormalities; MORM, mental retardation, truncal obesity, retinal 


dystrophy and micropenis; XLR, X-linked recessive. 


the same biochemical pathway [9,10]. POMC undergoes sequen- 
tial enzymatic processing (involving PC1), in a tissue-specific 
manner, to yield multiple biologically active peptides, including 
melanocyte-stimulating hormones (MSHs), corticotrophin (ACTH) 
and f-endorphin (Figure 72.2) [9,10]. Severe obesity, fair skin and 
red hair are features of autosomal recessive mutations in the POMC 
and PCSK1 genes. 

In the fed state, adipocyte-derived leptin levels are increased, 
which act via the leptin receptors (LEPRs) to stimulate POMC 
expression within hypothalamic neurons. MSHs bind to the 
melanocortin 4 receptor (MC4R) to induce satiety [10]. LEPR, 
POMC, PCSK1 and MC4R mutations cause defective MCA4R sig- 
nalling, severe hyperphagia and early-onset obesity. MC4R agonists 
are a potential treatment for obesity caused by LEPR or POMC 
deficiency [11]. 

a-MSH and ACTH bind to melanocortin 1 receptor (MC1R) and 
stimulate eumelanin synthesis [9]. MC1R mutations are associated 
with fair skin and red hair, but not necessarily obesity [9]. In 
contrast, biallelic POMC mutations are associated with both the 
obesity and cutaneous phenotypes, but red hair may be absent or 
late onset in non-white children (Figure 72.3) [9,12,13]. Alterations 
in signalling in the POMC pathway may also be associated with 
psychiatric problems [6]. 


Prader-Willi syndrome — 


Imprinting is the process by which genetic alleles responsible 
for a phenotype are inherited from one parent only. It is an 
epigenetic phenomenon resulting from altered DNA methylation, 
histone modification or the effect of non-coding microRNAs 
[14,15]. PWS and Albright hereditary osteodystrophy (Figure 72.4) 
demonstrate autosomal dominant inheritance and feature imprint- 
ing [14]. 

PWS results from loss of paternally expressed genes at the 
15q11-q13 imprinted locus [14]. This is usually associated with a 
large deletion of the imprinted region, but less frequently results 
from maternal uniparental disomy [16]. The SNORD116 clus- 
ter is thought to represent the PWS critical region, given that 
microdeletions of this region result in a PWS phenotype [17]. 
SNORD116 encodes non-coding RNAs, for which the func- 
tion has not been clearly established [16]. Human and mouse 
models of PWS demonstrate reduced nescient helix loop helix 
2 (NHLH2) and PC1 neuronal expression [18]. NHLH2 tran- 
scriptionally regulates PCSK1, and the characteristic neuro- 
endocrine features of PWS are thought to be caused by PC1 
deficiency [18]. 


Table 72.5 Monogenic obesity syndromes with cutaneous features. 


Syndrome Mode of inheritance Gene(s) or chromosome Cutaneous features Other clinical features MIM 
POMC deficiency AR POMC Red hair, fair (type 1) skin Tall stature, hypoadrenalism 609734 
PC1 deficiency AR PCSK1 Red hair, fair (type 1) skin Elevated proinsulin, postprandial hypoglycaemia, 600955 
hypogonadism, malabsorption 
Prader-Willi Imprinted 15q11-q13, SNORD116 Generalised hypopigmentation, Developmental delay, hypotonia, short stature, small 176270 
syndrome acanthosis nigricans hands and feet, hypogonadotrophic 
hypogonadism, decreased pain sensitivity 
McCune-Albright Mosaic GNAS Atypical café-au-lait patches, linear Polyostotic fibrous dysplasia, thyrotoxicosis®, 174800 
syndrome? disorder epidermal naevi, pigmentation of precocious puberty, Cushing syndrome® 
the nape of the neck acromegaly? 
Albright hereditary Imprinted GNAS Subcutaneous ossification, dimpling Short stature, skeletal defects and brachydactyly, 103580 
osteodystrophy over the metacarpophalangeal round facies, multiple hormone resistance 
joints, dermal hypoplasia (including PTH) 
(Figure 72.4) 
Carney complex? AD PRKAR1A Lentigines, oral and mucosal Cardiac myxoma, cardiomyopathy, precocious 160980 
pigmentation, blue naevi, puberty, Cushing syndrome®, gigantism?, 
schwannomas, café-au-lait acromegaly®, thyroid nodules and carcinoma, 
macules, cutaneous and mucosal pituitary adenoma, osteochondromyxoma, breast 
myxomas, skin tags, lipomas, ductal adenoma 
pilonidal sinus 
Fragile X syndrome XLD Xq27.3 Regional hyperpigmentation Developmental delay, hyperactivity, autism, 300624 
>200 CGG repeats in prominent mandible, large ears, elongated face, 
FMR1 hypermobility, macro-orchidism, muscle 
hypotonia, rapid growth but adult short stature, 
mitral valve prolapse 
MOMES syndrome AR 4935.1 del, 5p14.3 dup Atopic eczema Developmental delay, ocular abnormalities, 606772 
macrocephaly, maxillary hypoplasia, prognathism 
Ulnar-mammary AD TBX3 Hypohidrosis, mammary hypoplasia, Ulnar ray defects, hypogonadism, delayed growth, 181450 
syndrome absent axillary hair, nail cardiac conduction abnormalities, dental 
duplication anomalies, genital anomalies 
Microcephalic AR PCNT Generalised hyperpigmentation, Delayed growth, microcephaly, prominent nose and 210720 
osteodysplastic freckling, regional ears, bony dysplasia, scoliosis, hypoplastic 
primordial hypopigmentation, café-au-lait dentition, developmental delay, cerebrovascular 
dwarfism type II macules, xerosis, hypotrichosis, malformations 
sacral dimples, cutis marmorata 
Coffin-Lowry XLD RPS6KA3 Lax skin Developmental delay, growth retardation, delayed 303600 
syndrome puberty, kyphoscoliosis, cervical ribs, pectus 
carinatum/excavatum, prominent forehead, 
hypertelorism, downslanting palpebral fissures, 
prominent and low-set ears, enlarged lips, 
deafness, seizures, ‘drop’ attacks, cardiac 
anomalies 
Diploid/triploid Chromosomal Diploid/triploid mosaicism Transverse palmar crease, irregular Developmental delay, growth retardation, - 
mosaicism defect skin pigmentation asymmetrical growth, prominent forehead, 
micrognathia, low-set ears, hypotonia, 
clinodactyly, syndactyly, narrow small hands, 
precocious puberty, micropenis, cryptorchidism 
Prolidase deficiency AR PEPD Leg ulcers, papular, erythematous Developmental delay, recurrent respiratory 170100 
and necrotic lesions, infections, hypertelorism, exophthalmos, 
telangiectasias, pruritus, micrognathia, saddle nose, splenomegaly 
impetigo-like and eczema-like 
lesions, photosensitivity, hirsutism 
Rubinstein—Taybi AD CREBBP, EP300 Keloids Short stature, broad thumbs and halluces, facial 180849 
syndrome dysmorphism, microcephaly, intellectual disability 
Ocular, cardiac, renal and dental problems 
Alstrom syndrome AR ALMS1 Acanthosis nigricans Retinal dystrophy, deafness, dilated cardiomyopathy, 203800 
insulin resistance, pulmonary, hepatic, urological 
and renal dysfunction 
Leptin deficiency AR LEP Hair loss? Hypogonadism, frequent infections, 614962 


® Only obese if Cushing syndrome is present. 
5 Secondary skin changes. 

AD, autosomal dominant; AR, autosomal recessive; MOMES, mental retardation, obesity, mandibular prognathism with eye and skin anomalies; PC1, prohormone convertase 1; 
POMC, pro-opiomelanocortin, PTH, parathyroid hormone; XLR, X-linked recessive. 
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Exon1 Exon 2 Exon 3 


\ 

\ 

‘ Figure 72.2 Gene structure and post-translational processing of 
' ' ‘ \ pro-opiomelanocortin (POMC). POMC in mammals consists of 

mm | a three exons, of which exons 2 and 3 are translated. Prohormone 

B end convertases 1 and 2 (PC 1/2) break the parent POMC peptide into 
successively smaller peptides by cleavage at paired dibasic amino 
acid residues consisting lysine (K) and/or arginine (R). ACTH, 
corticotrophin; B end, B-endorphin; MSH, melanocyte-stimulating 


hormone. Reproduced from Millington 2006 [9] with permission of 
John Wiley & Sons. 
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Patient Sister 
C202T(Q68X) 


ppetrerin Figure 72.3 A pro-opiomelanocortin (POMC) deficient 


patient and his unaffected sister showing a lack of red hair. 

Py The arrows show a C202T mutation leading to a premature 
stop within the protein just upstream of the 
y-melanocyte-stimulating hormone peptide. Reproduced from 

y-Lipotropin Cirillo et a/. 2012 [12] with permission of John Wiley & Sons. 


5’ 


Figure 72.4 Clinical features of Albright hereditary 
osteodystrophy: (a) obesity; (b) round facies; (c) hypoplastic skin 
lesion; and (d) detailed view of a skin lesion. Reproduced from 
Klaasens et a/. 2009 [26] with permission of John Wiley & Sons. 


The 15q11-q13 region also contains the OCA2 gene; homozy- 
gous or compound heterozygous OCA2 mutations are implicated 
in oculocutaneous albinism type 2 [16]. Hypopigmentation in 
PWS is caused by single copy deletion of OCA2, and thus 
occurs in individuals with a large deletion but not uniparental 
disomy [16]. 


Other monogens 


These are described in Table 72.5 and other sources [19-25]. 


Lipoma, benign tumours of adipocytes, are discussed in detail in 
Chapter 136. Table 72.6 summarises genetic associations with lipoma 
[123-7]. 


PIK3CA-RELA 
SPECTRUM 


Somatic activating PIK3CA mutations drive abnormal activa- 
tion of the phosphatidylinositol 3-kinase (PI3K)/AKT signalling 
pathway, which causes cellular proliferation through the mTOR1 
pathway [1]. The resultant disorders are collectively termed the 
PIK3CA-related overgrowth spectrum (PROS) due to their common 
genetic basis plus evidence of tissue overgrowth. Clinical features 
include adipose tissue, musculoskeletal or nerve overgrowth, 


72.9 


PIK3CA-related overgrowth spectrum 


vascular malformations and epidermal naevi [1]. CLOVES (con- 
genital lipomatous overgrowth, vascular malformations, epidermal 
naevi and skeletal/spinal) syndrome [2], fibroadipose hyperplasia 
and hemihyperplasia—multiple lipomatosis syndrome and facial 
infiltrating lipomatosis present with overgrowth of adipose tissue, 
and thus are described in more detail in this chapter. 


CLOVES syndron 


Lipomatous masses predominantly involve the thorax, and may be 
anatomically associated with capillary, arteriovenous or lymphatic 
malformations (Figure 72.5) [2]. Lipomatous hyperplasia is present 
at birth and demonstrates age-related progression. Complications 
include scoliosis, and occasionally lipomatous infiltration into the 
paraspinal or intraspinal spaces causing nerve root or spinal cord 
compression [2,3]. Other features include large wrinkled hands and 
feet, macrodactyly and linear epidermal naevi [2]. 


These disorders display phenotypic overlap; clinical features 
include segmental overgrowth of adipose, fibrous, skeletal and 
muscular tissue (Figure 72.6) [4,5]. The lower extremities, distal 
more so than proximal, are most commonly involved. However, 
anatomical involvement, severity and progression demonstrate 
interindividual variability. 
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Chapter 72: Genetic Disorders of Adipose Tissue 


Table 72.6 Hereditary lipomatoses. 


Syndrome Mode of inheritance Gene(s) or chromosome Gene function Clinical summary MIM 
Adiposis dolorosa (Dercum Usually sporadic, Unknown Unknown Painful adipose tissue and/or lipomas; late onset; 103200 
disease) autosomal female : male ratio of 5: 1 
dominant in some Obesity, easy bruising, sleep disturbances, impaired 
families memory, depression, anxiety, rapid heartbeat, 
shortness of breath, diabetes, bloating, 
constipation, fatigue, weakness, joint pains 
Multiple symmetrical Unknown, maternally — Mitochrondrial mutations Unknown Unencapsulated lipomas in the neck area (‘collar of += 151800 
lipomatosis (Madelung inherited in some (m.A8344G, m.T8357C) fat’); excess alcohol intake accelerates its 
disease) families identified in some families progression. Associated with sensory, motor and 
autonomic neuropathies 
Mutliple lipomatosis (familial AD Chromosomal Unknown Encapsulated non-painful lipomas; late onset; no 151900 
multiple lipomatosis) rearrangements (12q13 other syndromic features 
or12q14) 
Multiple endocrine neoplasia AD MEN1 (MENIN) Tumour suppressor Parathyroid, gastrointestinal endocrine and pituitary 131100 
type 1 tumours; lipomas; facial angiofibromata and 
collagenomata; CALMs; meningioma, 
ependymoma 
Frontonasal dysplasia type 1 AR ALX3 Homeodomain-containing Frontonasal dysostosis; hypertelorism; anterior 136760 
protein cranium bifidum occultum; cutaneous and 
intracranial lipomas 
PTEN hamartoma tumour AD PTEN Cell-cycle, tumour Benign and malignant tumours of the thyroid, breast 158350 
syndrome (Cowden suppressor and endometrium; lipomas; macrocephaly; 
syndrome; trichilemmomas; acral keratosis; papillomatous 
Bannayan-Riley-Ruvalcaba lesions; developmental delay; pigmented macules 
syndrome) (Chapter 71) of the glans penis 
eurofibromatosis type 1 AD NF1 Negative regulator of CALMs; axillary freckling; neurofibromata; Lisch 162200 
(Chapter 80) RAS-MAPK pathway nodules; lipomas; macrocephaly; optic gliomas; 
predisposed to solid cancers and CNS tumours 
Legius syndrome (Chapter 80) AD SPRED1 Negative regulator of CALMs; axillary freckling; macrocephaly; lipomas; 611431 
RAS-MAPK pathway predisposition to solid cancers (note no 
neurofibromata) 
asopalpebral AD Unknown Unknown Upper eyelid and nasopalpebral lipomas; eyelid 167730 
lipoma-coloboma colobomas; telecanthus; maxillary hypoplasia 
syndrome 
Familial adenomatous AD APC Tumour suppressor Multiple gastrointestinal adenomatous polyps; 75100 
polyposis 1 (Gardner abnormal dentition; osteomas; epidermoid cysts; 
syndrome) lipomas; hyperpigmentation; keloids; colorectal 
(Chapter 80) and other cancers 
Proteus syndrome Mosaic disorder AKT1 Oncogene, protein kinase Asymmetrical overgrowth (usually limb); 76920 
(Chapters 73 and 103) intradermal, linear verrucous, epidermal and 
connective tissue naevi; shagreen patches, 
haemangiomata; lipomas; vascular lesions 
Aicardi syndrome XLD Unknown Unknown Infantile spasms; chorioretinal lacunae; agenesis of | 304050 
the corpus callosum; may have cavernous 
haemangioma, angiosarcoma, lipomas 
Lipomyelomeningocele Unknown Unknown Unknown Cutaneous and intraspinal lipomas (linked 609537 
anatomically) 
Encephalocraniocutaneous Mosaic disorder FGFR1 Receptor tyrosine kinase Ocular choristomas; naevus psiloliparus; cutaneous 613001 


lipomatosis 


Overgrowth and lipomata 


One sporadic case Pericentric inversion of 


chromosome 12 — deletion 


of HMGA2 


Adipogenesis, 
osteogenesis, control 
of growth 


lipomas; skin tags; scalp cutis aplasia; 
non-scarring alopecia; blaschkoid pigmentary 
change; intracranial/intraspinal lipomas, 
arachnoid cysts, enlarged ventricles, 
leptomeningeal angiomatosis, gliomas; bone 
cysts; coarctation of the aorta 

Somatic overgrowth; advanced endochondral bone 
and dental ages with epiphyseal dysplasia; 
multiple lipomas; thrombocytopenia; arthritis; 
brachydactyly; cerebellar tumour; facial 
dysmorphic features 


AD, autosomal dominant; AR, autosomal recessive; CALMs, café-au-lait macules: CNS, central nervous system; RAS-MAPK, RAS-mitogen-activated protein kinase; XLR, X-linked 
recessive. 


Hereditary panniculitis 72.11 


Figure 72.5 A patient with CLOVES syndrome showing congenital lipomatous 
overgrowth of the right leg with vascular malformation and epidermal 
naevus. Reproduced from Harit et a/. 2010 [8] with permission of John Wiley & Sons. 


Figure 72.6 A patient with hemihyperplasia-multiple lipomatosis syndrome 
demonstrating subtle hyperplasia of the right buttock and thigh, mixed capillary/venous 
malformation on the upper back and lipomas on the lower back and right hip. 
Reproduced from Craiglow et a/. 2014 [9] with permission of John Wiley & Sons. 


Facial infiltrating li — VU 
HEREDITARY PANNICU HT 
Affected individuals develop unilateral facial hypertrophy caused Zz a 
by skeletal and adipose tissue overgrowth [6,7]. Additional features  Panniculitis, inflammation of adipose tissue, is discussed in detail o fa) 
include mucosal neuromas, hemimacroglossia, advanced dentition in Chapter 97. Table 72.7 summarises the genetic associations with [Ru@l's 
and macrodontia [7]. panniculitis [1,2-8]. i ° 
<a 
Table 72.7 Hereditary panniculitis. < 
Syndrome Mode of inheritance Gene(s) Gene function Clinical summary MIM 
Proteasome-associated AR PSMB8 Encodes a catalytic subunit of the Annular erythematous plaques 256040 
autoinflammatory syndrome immunoproteasome, which (Figure 72.7), violaceous eyelids, 
1 (CANDLE syndrome, influences the antigenic panniculitis-induced lipoatrophy 
Nakajo-Nishimura repertoire presented on major affecting the face and extremities, 
syndrome) (Chapter 45) histocompatibility complex elevated temperature, 
(MHC) class | molecules inflammatory markers, microcytic 
anaemia, failure to thrive, joint 
contractures, muscular atrophy 
Autoimmune AD FASLG, FAS Encodes FAS cell surface death Lymphadenopathy, 601859 
lymphoproliferative receptor, and causes apoptosis hepatosplenomegaly, anaemia, 
syndrome (Canale-Smith in cells of haematological and thrombocytopenia, urticaria, 
syndrome) immunological lineage vasculitis, panniculitis, increased 
risk of malignant lymphoma 
Alphat-antitrypsin deficiency AR SERPINA1 Encodes alpha1-antitrypsin, a Emphysema, liver disease, panniculitis 613490 
serum protease inhibitor that (Figure 72.8), glomerulonephritis, 
inhibits tissue elastase arthritis, vasculitis, uveitis 
Autoinflammation, panniculitis AR OTULIN Encodes a deubiquitinating Neonatal onset of episodic fever, 617099 
and dermatosis syndrome enzyme that cleaves linear elevated inflammatory markers, 
polyubiquitin chains and diarrhoea, erythematous 
inhibits NF-«B signalling subcutaneous nodules 
(neutrophilic panniculitis), swollen 
painful joints, lipodystrophy 
Subacute panniculitis-like T-cell AR HAVCR2 Encodes T-cell immunoglobulin Multiple subcutaneous nodules, 618398 


lymphoma 


AD, autosomal dominant; AR, autosomal recessive; CANDLE, chronic atypical neutrophilic dermatosis with lipodystrophy and elevated temperature; NF-«B, nuclear factor «B. 


mucin 3, which is an immune 
checkpoint inhibitor 


haemophagotic 
lymphohistiocytosis, increased risk 
of autoimmune disorders, e.g. 
systemic lupus erythematosus 
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Figure 72.7 A patient with chronic atypical neutrophilic dermatosis with lipodystrophy 


FAMILIAL LIPOEDEMA 


Lipoedema is the persistent accumulation of fat, which dispro- 
portionately affects the lower limbs (Figure 72.9) (Chapter 98). 
Lipoedema may occur as part of a syndrome (Table 72.8) [1,2,3,4-6]. 
Familial clustering is reported in non-syndromic lipoedema [1], but 
its molecular basis has not been identified. 


and elevated temperature (CANDLE) syndrome demonstrating the violaceous annular Figure 72.9 Lipoedema. Reproduced from Langendoen et al. 2009 [2] with permission 
and figurate plaques. Reproduced from Patel et a/. 2021 [1] with permission of John of John Wiley & Sons. 
Wiley & Sons. 


Figure 72.8 Hereditary panniculitis caused by homozygous ZZ «,-antitrypsin deficiency. Reproduced from Blanco et a/. 2015 [2] with permission of John Wiley & Sons. 


Table 72.8 Familial lipoedema. 


Syndrome 

Short stature/lipoedema 
Sotos syndrome 1 
Williams—Beuren 


syndrome 
(Chapter 70) 


AD, autosomal dominant. 


Mode of inheritance 


AD 


AD 


AD 


Gene(s) 
POU1F1 


NSD1 


7q11.23 del. 


Clinical summary MIM 


Short stature, lipoedema of the lower limbs, growth hormone deficiency, secondary - 
hypothyroidism, hypoprolactinaemia 

Overgrowth, macrocephaly, acromegalic features, developmental delay, lipoedema of the 117550 
lower limbs 

Flat nasal bridge and anteverted nares, prominent lips, intellectual disability, lax skin, increased 194050 
wrinkles, abnormal scarring, lipoedema of the lower limbs, congenital heart disease, 
impaired glucose tolerance 


Key references 72.13 
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CONGENITAL NAEVI — 


Introduction 


The understanding of congenital naevi has changed substantially 
over the last decade, with the discovery of the genetic basis of many 
lesions. With this new understanding has come the opportunity to 
reclassify the well-recognised phenotypes into simpler and poten- 
tially more clinically relevant groups. This classification comes with 
the caveat that research in this field is still revealing findings at a 
startling rate, and it will likely need to accommodate further changes 
in the future. 


Principles underlying naevus phenotypes 

1 Congenital naevi are ultimately caused by a postzygotic mutation 
in a cell that resides in or will eventually reside in the skin. 

2 Only some parts of the skin are affected, with other areas or the 
rest of the skin appearing entirely normal, at least macroscopi- 
cally. This is the dermatological phenotypic correlate of genotypic 
mosaicism, defined as the presence of two or more genetically 
distinct populations of cells within an individual derived from 
a single zygote, at the time of birth, and leading to a disease 
phenotype [1]. 

3 The phenotype will largely be dictated by the normal function 
of the gene during development, and the specific mutation that 


occurs. In congenital naevi there is often exquisite specificity of 
genotype—phenotype association, down to codon and even base 
pair level. 

4 The extent and/or number of lesions is an important (although 
not absolute) guide to the possibility of non-dermatological asso- 
ciations. More than one distinct naevus in the same individual 
suggests a single somatic event affecting a precursor cell before 
full commitment to one area of the skin, which could therefore 
potentially have led to non-dermatological features as well; 
however this is a guideline only. 

5 The cell type affected by the mutation is, of course, central to the 
clinical phenotype, both in appearance and distribution. How- 
ever, the exact cell type affected is not yet known with certainty 
for some congenital naevi. 

6 It is becoming apparent that the dermatological phenotype of 
mosaic lesions is not necessarily the same as that associated with 
exactly the same mutation in a germline form. This phenomenon 
is yet to be explained but is likely to relate to the interactions of 
mutant and non-mutant cells during development. 


Classification 

Clinical phenotypic classification 
1 Congenital epidermal naevi. 

2 Congenital pigment cell naevi. 

3 Congenital connective tissue naevi. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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These can each be divided into: 
¢ Cutaneous involvement only — single or multiple lesions. 
e Syndromic — associated with non-cutaneous features. 


Histological classification 

Within congenital epidermal naevi (CEN) there are classifications 
based on the predominant (although usually not only) cell type seen 
on histology: 

¢ Keratinocytic naevi. 

¢ Sebaceous naevi. 

e Follicular naevi. 

¢ Eccrine/apocrine naevi. 

Further histological subclassifications of these groups of epidermal 
naevi can also be made (Box 73.1). 

Within congenital pigment cell naevi there are subclassifications 
based on the histology of the lesions: 
¢ Melanocytic naevi. 

e Blue naevi. 
e Spitz naevi. 
¢ Naevus spilus. 

Within congenital connective tissue naevi there are subclassifi- 
cations based on the predominant cell type seen on histological 
examination: 
¢ Collagen naevi. 

e Elastic tissue naevi. 
¢ Mucinous naevi. 
e Fat naevi. 

Although there are other lesions with the epithet ‘naevus’, this 
list is proposed to cover those that can occur congenitally, and 
attempts to group together a wide variety of rarely described histo- 
logical subtypes. Note that CEN have sometimes been divided into 
‘organoid’ and ‘non-organoid’ types, which is simply a differenti- 
ation between those where the predominant histological cell type 
is adnexal (organoid — i.e. sebaceous glands, sweat glands or hair 
follicles) and those where it is keratinocytic (non-organoid). 


Box 73.1 List of terms applied to congenital naevi 
and ‘naevus-like’ lesions 


Epidermal naevi 

¢ Keratinocytic/hyperkeratotic/verrucous epidermal naevus 

e Epidermolytic hyperkeratotic/verrucous epidermal naevus 

e Inflammatory linear verrucous epidermal naevus (ILVEN) 

e Papular epidermal naevus with ‘skyline’ basal cell layer (PENS) 

¢ Rounded and velvety epidermal naevus (RAVEN) /naevus-like 
acanthosis nigricans 

¢ Naevus sebaceous 

e Linear syringocystadenoma papilliferum 

¢ Comedo naevus/acne naevus 

e Hair follicle naevus/follicular naevus 

e Linear basaloid follicular hamartoma 

e Hairy malformation of the palms and soles 

¢ Naevus trichilemmocysticus 

e Apocrine naevus 

¢ Eccrine naevus 

¢ Porokeratotic eccrine ostial and dermal duct naevus (PAON) 

¢ Porokeratotic adnexal and ostial duct naevus (PAON) 
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Pigment cell naevi 

¢ Congenital melanocytic naevus 

¢ Congenital blue naevus 

¢ Congenital naevus spilus 

¢ Congenital Spitz naevus 

¢ Mongolian blue spot (dermal melanocytosis) 


Connective tissue naevi 

¢ Eruptive collagenoma 

e Shagreen patch 

¢ Isolated collagenomas 

e Elastic naevus 

e Juvenile elastoma 

e Naevus anelasticus 

e Proteoglycan naevus 

e Mucinous naevus 

e Mixed connective tissue naevus 


Muscle ‘naevi’ 

¢ Congenital smooth muscle hamartoma 

¢ Becker naevus and segmental odonto-maxillary dysplasia 
e Diffuse smooth muscle hamartoma 

¢ Congenital leiomyoma 

¢ Striated muscle naevus 


Fat ‘naevi’ 

¢ Naevus lipomatosus cutaneous superficialis 
¢ Congenital lipoma 

¢ Congenital lipomatosis 

¢ Naevus psiloliparus 


‘Naevus-like’ entities 

e Angora hair naevus (naevus, but difficult to classify thus far) 

e Linear atrophodermas, including of Moulin, and linear presentations 
of atrophoderma of Pierini and Pasini 

e Linear scleroderma/morphoea 

e Lichen striatus 

e Incontinentia pigmenti, CHILD syndrome naevus and other X-linked 
conditions with a linear pattern 

¢ Linear Darier disease and other linear presentations of generally 
non-linear skin disorders 


Details of some entities are covered in other chapters. 


Genetic classification 

For congenital naevi there are also subclassifications based on the 
causative genetic mutation, where known, for example mutations 
in: fibroblast growth factor receptors (FGFR1, FGFR2, FGFR3), RAS 
family members (NRAS, HRAS, KRAS), other signalling pathway 
genes (AKT1, PIK3CA, BRAF), keratins (KRT10, KRT1), connexins 
(GJB2, GJA1) and others such as ACTB, CARD 14 and NEK9. 

A clinical diagnosis may therefore be initially of a CEN syn- 
drome, which with histological and genetic investigation becomes 
AKT1-mutated keratinocytic CEN syndrome. Where this systematic 
classification leads to a clear diagnosis of a well-defined syndrome 
(such as Proteus syndrome in this case), then the eponymous name 
can be used if preferred. This systematic classification allows for 
the description of new syndromes, and of the approximation of 
previously distinct diagnoses such as Schimmelpenning syndrome 
and phakomatosis pigmentokeratotica. 


Inheritance of naevus mutations 

Mosaic mutations cannot by definition be inherited. Dominant 
mosaic mutations, however, can be passed on to future generations 
as a germline heterozygous disease, meaning that the genetic abnor- 
mality will not then be in mosaic form but affecting the whole body. 
This can happen if the mosaic mutations fulfil two criteria: firstly 
that they affect the gametes of the individual, which can generally 
not be tested, and secondly that the mutations are compatible with 
life in the germline. As new mosaic genotypes are being discovered 
this is becoming an increasingly complex area, and it is important 
to consider when managing individuals with mosaic cutaneous 
disease. It has sometimes been suggested that the percentage of 
skin affected by the CEN may be an indication of the percentage 
of gametes affected; however there is no published evidence to 
support this hypothesis. A summary of the recent knowledge 
of which conditions can definitely or theoretically be passed on 
to offspring is included in tabulated form in a recent consensus 
publication [1]. 


Congenital epidermal naevi 


Definition and nomenclature 

Congenital epidermal naevi are benign naevi of epidermal compo- 
nents present at birth, or appearing in the first few years of life, ina 
characteristic developmental pattern. 


Introduction and general description 

Congenital epidermal naevi is a descriptive term for congenital 
hamartomas of epidermal structures. This encompasses a wide 
range of clinical and histological phenotypes,and can occur as iso- 
lated cutaneous lesions or associated with extracutaneous features 
as part of diverse syndromes. The clinical diagnosis of CEN is not 
usually difficult, but a thorough history and physical examination 
of the patient is required to look for associated features, and in 
many cases histopathology is required to make a more accurate 
diagnosis. In addition, follow-up of a newborn or young child is 
recommended for all but small single lesions, as the full phenotype 
may not be apparent for several years. Rarely CEN in an embryonic 
distribution appear later in life [2,3]. 

CEN syndromes are the association of CEN with extracutaneous 
features, with a predilection for neurological, ophthalmological, 
skeletal and endocrinological abnormalities. A very wide range 
of extracutaneous associations has been reported in the literature, 
with significant overlap between historically distinct diagnoses, 
but with many cases appearing to be unique. The elucidation of 
the underlying genetic basis of increasing numbers of the CEN 
syndromes has not only proven that certain phenotypes are truly 
distinct diagnoses (for example in the case of Proteus syndrome), 
but that others are in fact a spectrum of manifestations of the same 
disorder (e.g. Schimmelpenning—Feuerstein-Mims syndrome and 
phakomatosis pigmentokeratotica). 


Epidemiology 
Sufficiently large-scale studies are lacking for all but the commonest 
CEN, namely isolated sebaceous naevi, which have a prevalence of 
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Table 73.1 Genetic basis of epidermal naevi. 


Epidermal naevus subtype Gene mutated 


Keratinocytic, 
non-inflammatory 


FGFR3 (in isolated naevi and as part of the FGFR3 
epidermal naevus syndrome) [5,6], PIK3CA 
(in isolated naevi and as part of the CLOVES 
syndrome) [7,8], HRAS, KRAS and BRAF (in isolated 
naevi and as part of unique epidermal naevus 
syndromes) [9-12], AKT7 (so far as part of the 
Proteus syndrome) [4], KRT7 [13] and KRT10 [14] 


Keratinocytic, inflammatory GJAT (single case) [15] and CARD14 (two cases) [16], 


(ILVEN) arguably ABCA12 [17] (single case, classified 
clinically as mosaic ichthyosis) 
Sebaceous HRAS or KRAS (both in individual naevi and as part of 


phakomatosis 
pigmentokeratotica/Schimmelpenning syndrome) 
[18], or in a papillomatous subtype by FGFR2 [19] 
Linear lesions mutated in FGFR2 [20], and more 
recently NEK9 [21] 
GJB2 [22] 


Follicular/acne/comedo 


Porokeratotic eccrine 


1-3 in 1000. This figure is therefore a minimum birth prevalence for 
all CEN grouped together. Data are also lacking for whether there 
are differences between the sexes and ethnic groups. 

The birth prevalence of CEN syndromes is also unknown; how- 
ever, they are extremely rare, with Proteus syndrome for example 
quoted by experts as occurring in less than 1 in 1 million [4]. 

By definition, CEN are usually present at birth, although some 
lesions appear in the first few years of life with a characteristically 
embryonic distribution. 


Pathophysiology 

Most CEN are caused by single postzygotic mutations in an epider- 
mal precursor cell, leading to epidermal mosaicism, with or with- 
out mosaicism in other organs. As a result the same mutation is 
found in all affected tissues in an individual with a CEN syndrome. 
The current state of genetic knowledge is shown in Table 73.1. 

Individual phenotypes in CEN so far are to some extent linked to 
genotype, with codon-specific mutation hotspots predominating in 
the majority of cases. So far the same mutations have been found in 
isolated CEN as in the corresponding CEN syndrome. 

Rarely, CEN are a feature of germline conditions, for example 
CHILD (congenital hemidysplasia with ichthyosiform erythro- 
derma and limb defects) syndrome and Cowden syndrome. This 
cutaneous CEN phenotype can only be due to further genetic 
mechanisms, or we would expect the entire skin to be affected. In 
CHILD syndrome this mechanism is X-inactivation, revealing the 
effects of the mutation in areas where the mutant NSDHL allele is 
not inactivated. In Cowden syndrome this mechanism is a second 
genetic hit to PTEN [23]. 


Pathology 

Epidermal naevi are localised hamartomatous processes of the 
epidermis that may show varying histopathological changes, most 
of which include varying degrees of hyperkeratosis, acanthosis 
and papillomatosis. The lesions are most easily identified when 
compared with the surrounding normal skin — that is, in a biopsy 
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Figure 73.1 Photomicrographs of an 
epidermal naevus demonstrating an area 
of thickened epidermis with papillomatosis 
and mild hyperkeratosis. Original 
magnifications (a) x20 and (b) x40 (H&E). 
Courtesy of Professor N. J. Sebire. 


Figure 73.2 Photomicrograph of inflammatory linear verrucous epidermal naevus demonstrating marked epidermal thickening with hyperkeratosis and an associated inflammatory 
reaction. Original magnifications (a) x40 and (b) x100 (H&E). Courtesy of Professor N. J. Sebire. 


spanning the edge of the lesion. The lesions are classified histologi- 
cally based on the predominant epidermal component (sebaceous, 
keratinocytic, follicular, eccrine/apocrine) and whether or not there 
is an associated significant inflammatory component (Figure 73.1). 
In inflammatory linear verrucous epidermal naevus (ILVEN) there 
is usually a marked inflammatory component, including a pso- 
riasiform appearance with epidermal hyperplasia and a dense 
associated superficial dermal inflammatory infiltrate (Figure 73.2). 

Importantly, the histopathological features may vary with the 
patient’s age, such that, for example in sebaceous naevi in younger 
individuals, the epidermis often remains flat but in the dermis there 
are characteristic immature rudimentary hair follicles associated 
with only small sebaceous glands. Following puberty, the lesion 
becomes more prominent with a particular increase in the size of 
the sebaceous glands (Figure 73.3). 


An important aspect of histopathological examination of ker- 
atinocytic naevi is the presence or absence of epidermolysis, as 
when present this distinguishes epidermolytic naevi. 


Clinical features 

Congenital epidermal naevi are by definition present at birth 
or become apparent in the first years of life. The phenotype 
can develop in extent over the first years, and often become more 
pronounced with age, particularly with increasing hyperkeratosis 
in keratinocytic naevi. 

Single small CEN lesions can be either round or linear, but larger 
or multiple lesions are always Blaschkolinear in distribution. The 
only exception to this thus far are the recently described naevi of 
the PENS (papular epidermal naevus with ‘skyline’ basal cell layer) 
syndrome which are multiple but round/ovoid. This suggests to 
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Figure 73.3 Photomicrographs of a typical sebaceous naevus demonstrating a lesion composed of prominent sebaceous glands within the dermis. Original magnifications (a) x20 and 


(b) x40 (H&E). Courtesy of Professor N. J. Sebire. 


the authors of this chapter that this may turn out to either be a 
de novo germline mutation, or that the cell type affected is not an 
epidermal precursor, or that a second-hit is required to produce 
the cutaneous phenotype. Epidermal naevi are by their nature very 
superficial and are therefore raised, and can have the appearance 
of being ‘stuck on’ to the surface of the skin rather than intrinsic 
to it. Their surface characteristics depend on the cell type that 
predominates. 

Keratinocytic naevi vary from pale brown and nearly macular 
with a soft velvety feel, to brown or red, verrucous or hyperkera- 
totic, and can have a prominent inflammatory component. ILVEN 
commonly appears in the first few years of life rather than at birth, 
and spreads gradually until stabilising in a classic Blaschkolinear 
distribution. It is characterised clinically by inflamed and hyperk- 
eratotic skin that can be pruritic. It is usually confined to a single 
limb, but can be more extensive (Figure 73.4). Clinically and his- 
tologically, there can be a significant overlap between ILVEN and 
psoriasis [24,25]. 

Sebaceous naevi have a greasy feel and appearance, are often 
yellowish or pink (Figure 73.5a), but can sometimes be deeply 
pigmented (Figure 73.5b). Follicular naevi (naevus comedonicus or 
acne naevus) are very characteristic in appearance and skin coloured 
with a high density of multiple, comedo-like lesions. Congenital 
eccrine or apocrine naevi are particularly rare, but are recognisable 
by localised hyperhidrosis, with porokeratotic variants of eccrine 
naevi exhibiting the classic signs of porokeratosis (Figure 73.6). 
Although syringocystadenoma papilliferum is thought to be a 
hamartoma of eccrine/apocrine glands, it most commonly arises in 
clinical practice from a sebaceous naevus. 


Clinical variants 

There are several clearly delineated CEN syndromes. Note that 
other patterns of signs in association with CEN have been described, 
but are either extremely rare or unique cases. 


Figure 73.4 Extensive inflammatory linear verrucous epidermal naevus on the lower 
limbs in a Blaschkolinear distribution. 


HRAS/KRAS mosaicism. Schimmelpenning—Feuerstein—Mims syn- 
drome [26,27] and phakomatosis pigmentokeratotica [28] were 
originally described as separate phenotypes, but since the dis- 
covery of the same underlying mutations [18,29] can be viewed 
as a spectrum of the same mosaic RASopathy. Clinical features 
are sebaceous epidermal naevi (Figure 73.5b) with or without the 
following: areas of keratinocytic epidermal naevus, naevus spilus 
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Figure 73.5 (a) Single sebaceous naevus on the cheek, with a yellowish hue and 
characteristic greasy texture. (b) Multiple pigmented sebaceous epidermal naevi on the 
trunk and scalp in a Blaschkolinear distribution, accompanied by large areas of 
café-au-lait macular pigmentation with superimposed melanocytic lesions. 


(synonym: speckled lentiginous naevus) or areas of café-au-lait 
macular pigmentation, neurological abnormalities, developmental 
skeletal abnormalities and hypophosphataemia leading to rickets. 
Many other less common associations have been described with 
HRAS mosaicism. Woolly hair naevus with epidermal naevi has 
recently also been identified as part of this spectrum of HRAS 
mosaicism [30]. 
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Figure 73.6 Photomicrographs of an eccrine naevus demonstrating prominent eccrine 
glands within the dermis. Original magnifications (a) x40 and (b) x100 (H&E). Courtesy 
of Professor N. J. Sebire. 


Proteus syndrome. Proteus syndrome is a mosaic disorder of 
growth. Diagnostic criteria are well established [31], and cutaneous 
lesions include keratinocytic epidermal naevi, connective tissue 
naevi, lipomas, vascular naevi and patchy lipohypoplasia or dermal 
hypoplasia. The number of skin lesions correlates to some degree 
with the severity of the phenotype in an affected individual [32], 
and can progress over time [33]. Proteus syndrome as defined by 
the diagnostic criteria is caused by somatic mosaicism for mutations 
in AKT] [4]. 


CLOVES syndrome. This acronym is the description of associated 
congenital lipomatous overgrowth, vascular malformation, epider- 
mal naevi (keratinocytic type) and skeletal abnormalities [34]. This 
overgrowth syndrome can also be associated with neurological 
abnormalities [35]. Despite sharing many similar clinical features 
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Figure 73.7 Photomicrographs of a desmoplastic trichoepithelioma arising in a sebaceous naevus demonstrating epithelial strands infiltrating the dermis surrounded by a 
desmoplastic, collagenous stroma. Original magnifications (a) x40 and (b) x100 (H&E). Courtesy of Professor N. J. Sebire. 


it can be distinguished both clinically and genotypically from Pro- 
teus syndrome [30]. It is caused by somatic mosaicism for PIK3CA 
mutations [8]. 


FGFR3 epidermal naevus syndrome. The association of a FGFR3- 
variant keratinocytic epidermal naevus with a neurological phe- 
notype has been rarely described with FGFR3 mutation mosaicism 
[6,36]. Unusually, the mutation was detectable in blood leukocyte 
DNA [6,37]. 


PENS syndrome. This newly delineated familial or sporadic 
syndrome is characterised by multiple, round/ovoid, papular, 
white/yellowish, keratotic lesions of 0.1-1.5 cm diameter. They are 
present at birth or develop shortly after, and have a characteristic 
histological appearance of a ‘skyline’ basal cell layer [38,39]. Many 
of the cases described have had mild neurodevelopmental delay 
and/or epilepsy [38]. The genetic basis is currently unknown. 


Curry-Jones syndrome/Happle-Tinschert syndrome. These two 
rare syndromes are now thought to be on the same spectrum. 
Curry—Jones syndrome was described in 1995 as the association 
of asymmetrical face, craniosynostosis, corpus callosum age- 
nesis and Blaschkolinear skin atrophy and hypopigmentation 
[40]. Happle-Tinschert syndrome was described in 2008 as the 
association of segmental basaloid follicular hamartomas with 
similar extracutaneous abnormalities in the dental, skeletal and 
neurological systems [41,42]. The genetic basis of Curry—Jones syn- 
drome was recently demonstrated to be mosaic mutations in gene 
SMO [43], and was later confirmed in a case of Happle—Tinschert 
syndrome [44]. 


Follicular naevus/naevus comedonicus syndrome. Naevus come- 
donicus has been described in association with cataracts, skeletal 
abnormalities and neurological abnormalities [45-47]. 


Complications and co-morbidities 

Some CEN have an increased risk of superimposed benign tumour 
development, and in some there is a risk of malignant transfor- 
mation. Due to the rarity of the individual phenotypes these risks 
are not well quantified. For isolated sebaceous naevi the evidence 
suggests that benign tumours with a risk of malignant transfor- 
mation occur at a rate of approximately 1% (syringocystadenoma 
papilliferum being the commonest), whereas basal cell carcinoma 
occurs in less than 1% [48] and squamous cell carcinoma is rarer 
although well documented (Figures 73.7 and 73.8). Single, small 
CEN therefore do not require routine resection for medical reasons; 
however, in practice, as epidermal naevi are rare and can also pose 
a cosmetic problem, these lesions are often resected. In the authors’ 
experience of HRAS mosaicism with extensive sebaceous naevi, 
multiple syringadenoma papilliferum are common from puberty 
onwards and can pose a serious management problem. Melanoma 
has been described in Becker naevus [49,50]. 

Hypophosphataemic rickets and osteomalacia is a serious and 
specific complication of RAS gene mosaicism, seen most com- 
monly with HRAS mosaicism, but also very rarely with congenital 
melanocytic naevus syndrome (NRAS mosaicism) [50]. Recently 
the molecular basis of this has been described with the finding of 
RAS mutated cells within the bone of affected individuals [51]. This 
provides an explanation for the known association with elevated 
serum bone-derived FGF23 levels [52], previously suggested to 
emanate from the skin lesions. This condition requires phosphate 
replacement, and specialist endocrinology management. 

Neurological abnormalities associated with CEN are many and 
varied, and are usually congenital structural malformations of 
the brain [6,53-55]. They have not so far been described with 
keratinocytic CEN due to KRT10 or KRT1 mutations. Central ner- 
vous system (CNS) lesions where they do occur tend to manifest 
as neurodevelopmental delay and/or seizures, both of which 
can be severe. High-risk cutaneous phenotypes for neurological 
involvement have not been firmly established, however one study 
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Figure 73.8 Photomicrograph of a syringocystadenoma arising in a sebaceous naevus 
showing a prominent papillary architecture. Original magnification x20 (H&E). Courtesy 
of Professor N. J. Sebire. 


encompassing various types of CEN suggested an increase when 
naevi were located on the head [56]. It is the authors’ practice to 
perform magnetic resonance imaging (MRI) of the brain for any 
individual with neurological symptomatology at any time. 


Disease course and prognosis 

All CEN are permanent if not surgically removed. The prognosis 
for patients with CEN without extracutaneous involvement is 
excellent, although the prognosis for patients with CEN syndrome 
remains guarded with respect to neurological, ophthalmological, 
skeletal and other organ system abnormalities. 


Investigations 

History, examination and relevant investigations for non-cutaneous 
associations are essential to distinguish isolated from syndromic 
CEN. Small single non-Blaschkolinear CEN do not require biopsy 
for diagnosis and do not need further investigation if the child is 
well. For Blaschkolinear CEN a biopsy of the epidermal naevus is 
required to make an exact diagnosis, particularly for keratinocytic 
CEN of any size, to look for epidermolysis. There is no evidence that 
the size of the naevus is related to the chance of gonadal mosaicism 
in this condition. Should the biopsy reveal epidermolytic CEN, 
referral should be made to a clinical geneticist for counselling at an 
appropriate age as there is a possibility of transmitting the trait as 
a germline heterozygous dominant mutation if there is gonosomal 
mosaicism. Similarly CEN that have an inherited dimension (e.g. 
CHILD syndrome, Cowden syndrome) should trigger a referral to 
clinical genetics. 

Investigation for extracutaneous abnormalities is not yet stan- 
dardised in the literature as these conditions are rare, and pre- 
sentations are often unique. In the absence of systematic studies, 
current investigation varies with the type of naevus, and should 
be dictated by the clinical presentation and the known asso- 
ciations of that particular CEN (e.g. dental, ophthalmological, 
neurological, orthopaedic or metabolic assessment). The associa- 
tion of multiple keratinocytic or sebaceous epidermal naevi with 


hypophosphataemia is sufficiently common to merit routine inves- 
tigation with baseline electrolyte and calcium/phosphate/alkaline 
phosphatase measurements. MRI of the CNS should be performed 
if there are any concerns from neurological assessment. 


Management 

Appropriate treatment options vary with the type of naevus, and 
whether the patient has associated abnormalities. Large-scale stud- 
ies of therapy are lacking, but this is an area likely to expand in 
the future given recent genetic advances. Surgical excision can be 
suitable for small, single, epidermal naevi, but for more extensive 
lesions this is now rare. Keratinocytic and sebaceous naevi are 
candidates for ablative laser therapy to reduce thickness and/or 
hyperkeratosis of the lesion, and smaller verrucous lesions have 
been treated successfully with cryotherapy in a large series [57]. 
ILVEN have been treated with CO, laser therapy with variable 
response [58], and case reports describe treatment with thera- 
pies for psoriasis such as topical calcipotriol, etanercept and oral 
retinoids. 


Congenital melan: 


Definition, nomenclature and classification 
Congenital melanocytic naevi (CMN) are benign, pigmented, 
melanocytic naevi present at birth (Chapter 131). 


be avoided as the terms hairy and giant 
le to patients 

e avoided in favour of CMN syndrome 
are not melanotic, and the term NCM in 
S melanoma 


Epidemiology 

Incidence and prevalence 

It is not possible to estimate the true incidence of CMN as it is a 
congenital condition and affected fetuses could be miscarried. The 
prevalence at birth of small, single CMN is found consistently over 
time to be 1-2% of new births [59-61]. The prevalence of multiple 
CMN or of CMN syndrome as defined here is not known. The preva- 
lence of CMN of greater than 20 cm projected adult size has only 


been systematically established in one study, at one in 20 000 new 
births [62]. 


Age 

Congenital melanocytic naevi should be by definition present at 
birth. However, a small minority of lesions are either invisible or 
barely visible at birth, and then become clinically apparent as other- 
wise typical CMN in the first year of life — these are termed ‘tardive’. 
These ‘darken’ as they fully appear over a period of years. There can 
occasionally be a tardive element to a normal CMN, where a subtle 
café-au-lait colouring adjacent to the main CMN becomes darker 
after birth. This can give the appearance of the CMN growing out 
of proportion to the child, which is not the usual clinical behaviour 
of CMN. 


Sex 

Most studies of patients with CMN show a slight preponderance 
of females to males of 1.2 : 1 [63-65], although a large prospective 
neonatal study showed no difference between the sexes [62]. 


Ethnicity 

Congenital melanocytic naevi are seen in all ethnic groups. Overall 
incidence rates are consistent in the different worldwide studies 
so far. However, subgroup analysis of the largest study sug- 
gested a small but significant increase in children of black African 
descent [62], and in the absence of large studies in African and Asian 
populations we cannot yet conclude that there is no variability 
between ethnic groups. 


Associated diseases 

There has been controversy over whether CMN and neurofibro- 
matosis type 1 can coexist, stemming from confusion due to the 
well-documented neuroid change that can be seen in CMN [66]. 
As a result, the current literature is not an easily interpretable source 
of data on this point. However, in the authors’ experience, a single 
CMN can occasionally be the presenting feature of neurofibromato- 
sis type 1, and very rarely a full-blown phenotype of multiple CMN 
can coexist with neurofibromatosis type 1 as defined by diagnostic 
criteria. A full physical examination is therefore always advised. 


Pathophysiology 

Predisposing factors 

Germline predisposing factors were proposed to exist when a family 
history of some size of CMN was reported in second-degree rela- 
tives in approximately 25-30% of cases in a UK cohort [64]. Subse- 
quently, homozygosity and compound heterozygosity for germline 
variants in the melanocortin-1-receptor (MC1R) gene were found to 
be more common in individuals with CMN, and certain variants 
were associated with a more severe cutaneous phenotype [67]. This 
increase in MC1R germline variants in CMN patients was confirmed 
in a second cohort, but no phenotype modification was identified 
in that cohort [68]. Predisposing germline duplications of Xp22.33 
including gene PPP2R3B have also recently been described as pre- 
disposing to CMN as well as sporadic melanoma [69]. The mecha- 
nism for these genetic predispositions to both CMN and melanoma 
are not yet understood, but could involve either a predisposition to 
somatic mutation, or a promotion of the clinical phenotype should 
the somatic mutation occur. 


Congenital naevi 73.9 


Pathology 

Melanocytic naevi of congenital type are almost always compound 
naevi with junctional, and predominant dermal, components, com- 
posed of bland melanocytes that characteristically extend around 
adnexal structures and often into the underlying muscle and fat. 
There is no cytological atypia. Melanocyte phenotypes often vary 
with depth such that they show a less differentiated and more 
spindled to ovoid appearance in the deep dermis (Figure 73.9). 

Microscopic or macroscopic nodules may arise within CMN that 
almost always represent proliferative or hamartomatous nodules 
rather than melanoma (Figure 73.10). Melanoma may rarely occur 
within a CMN; when it does it is characterised by a poorly circum- 
scribed, infiltrating proliferation of cells often with focal necrosis 
and demonstrating marked cytological atypia and mitotic activity 
(Figure 73.11). 

It is not yet known exactly which cell type is affected by the 
somatic mutation as naevus cells exhibit many of the characteristics 
of undifferentiated and multipotent cells. Proposed candidate cell 
types have included mature melanocytes, immature melanocytes, 
melanocyte or dermal stem cells and neural crest stem cells 
[70-75], with recent evidence supporting some type of stem cell of 
origin. 


Genetics 

Congenital melanocytic naevi are caused by a somatic mutation in 
utero. A possible mechanism for single versus multiple skin lesions 
hinges on the timing of the mutation, with CMN syndrome occur- 
ring earlier in development. Germline background genotype may 
also play an important role in their development. 

Single CMN were initially described to carry multiple different 
oncogenic mutations, including BRAF [76-82], NRAS [76,77,83-86], 
MCIR [76,87], TP53 [76] and GNAQ [85]. At this stage the cause of 
CMN was still considered unknown, as causality of common driver 
mutations is difficult if not impossible to prove when sampling 
a single lesion. A study of multiple CMN and CMN syndrome 
then sampled multiple cutaneous and/or neurological lesions 
and established that there was conservation of specific mutations in 
multiple lesions from any individual [88]. This proved clonality, and 
that therefore the mutation detected was the phenotype-causing 
mutation. In this study NRAS was therefore identified as the cause 
of CMN in the majority of patients [88], and confirmed recently 
to be the commonest cause of all sizes of CMN, responsible for 
approximately 70% of cases [89]. BRAF was first demonstrated in 
more than one lesion ina single patient [90], and recently confirmed 
as a recurrent cause of CMN in 7% of a larger cohort [89]. 

The CMN-causing mutations in NRAS are codon-specific, with 
p-Q61K being the most common amino acid change, and p.Q61R 
being less frequent [88]. Codon 61 is within the active site of the 
NRAS GTPase, and these mutations lead to constitutive activation of 
the protein. Subsequently, a remarkable phenotype—genotype corre- 
lation has been shown for p.Q61H and p.G13R mutations that were 
shown to be associated with naevus spilus-type CMN (see ‘Clinical 
variants’ later in this section) [91], but have never been described in 
classic CMN. 

ALK gene fusions have been described in two patients with 
multiple CMN [92,93], in one case demonstrated in more than one 
lesion [92], and therefore this may be a recurrent cause of CMN. 


GENETIC 


m) 
oc 
uu 
ia) 
oc 
je) 
mS 
ia) 


PART 6 


73.10 Chapter 73: Congenital Naevi and Naevoid Conditi 


Figure 73.9 Photomicrographs of a typical congenital melanocytic naevus demonstrating a predominantly dermal lesion composed of bland naevus cells that extend around adnexal 
structures with no cytological atypia. Original magnifications (a) x20 and (b) x40 (H&E). Courtesy of Professor N. J. Sebire. 
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Figure 73.10 Photomicrographs demonstrating a proliferative nodule arising in a congenital melanocytic naevus composed of sheets of bland naevus cells forming a distinct nodule 
but with no cytological atypia. Original magnifications (a) x20 and (b) x40 (H&E). Courtesy of Professor N. J. Sebire. 


A single patient with a SOX5-RAF1 fusion in more than one lesion —_ however, to genotype if the patient develops melanoma as it will 
has also been described [92], potentially implicating one or both of guide targeted therapies [94]. 
these genes as a cause. 

A study of genotype versus phenotype and clinical outcomes has — Environmental factors 
found that the genotype of CMN is not currently indicated in clin- | Environmental factors have not been shown to play a significant 
ical practice unless the patient develops melanoma, as it will not role in the development of CMN. A retrospective questionnaire 
alter the management of non-malignant CMN [89]. It is important, | cohort study examined the question of potential environmental 


Figure 73.11 Photomicrograph of a melanoma developing within a congenital 
melanocytic naevus demonstrating a proliferative subpopulation, which infiltrates widely 
and distorts the surrounding architecture, associated with cytological atypia. Original 
magnification x20 (H&E). Courtesy of Professor N. J. Sebire. 


factors in the pathogenesis of CMN, suggesting that smoking 
during pregnancy could be associated with a small excess risk, but 
excluding sunbed use, medications, radiographs, alcohol ingestion, 
maternal infections and anaesthetics. Mothers of children born with 
CMN were, however, more likely to have suffered a threatened 
miscarriage, severe nausea/vomiting or raised blood pressure than 
a control group [64]. These features could be either cause or effect 
of the mutation, or due to a common independent factor. 


Clinical features 

History and presentation 

Congenital melanocytic naevi are most commonly brown or black, 
but can also appear purplish or red, particularly at birth. They are 
frequently heterogeneous in colour and/or texture. Apart from the 
very smallest lesions they are usually palpable, with increased sur- 
face markings. Lesions are darkest at birth, and usually lighten to 
some degree over the first few years of life, occasionally dramati- 
cally [95,96]. 

For non-scalp CMN, overlying hair is often not apparent at birth 
and may develop in the first year. Scalp CMN often have thick lux- 
uriant or wiry hair at birth, which grows at a significantly greater 
rate than the surrounding scalp hair. The colour of the hair usu- 
ally approximates to the scalp colour over time, but may remain 
of a different texture. Occasionally, CMN even on the scalp are not 
hair-bearing. CMN on the scalp can produce white hairs after some 
years, and patchy hair loss within the CMN is not uncommon. 

CMN can be single or multiple. Smaller CMN in association with a 
larger one have traditionally been termed ‘satellite’ lesions, however 
multiple CMN is a more accurate term [97]. This is because the term 
satellites probably stems from its use in melanoma where it means 
local seeding/ metastasis from a central lesion, which has not been 
shown to be the case in CMN. 

A CMN can contain at birth or develop benign proliferative areas 
or well-defined nodules (Figure 73.12) [98,99]. These can cause clin- 
ical and histological difficulties in differentiation from melanoma 


Figure 73.12 Benign proliferative nodule in a large congenital melanocytic naevus, 
present from birth and stable in behaviour. 


[66], and specialist opinions should be obtained in this situation. 
The management of a new lump is detailed later in this section. 
The authors recognise two commonly arising benign proliferative 
lesions, although many variants exist. These two can be termed pro- 
liferative nodules and diffuse neuroid proliferations: 

e Proliferative nodules are often present at birth, are well circum- 
scribed, symmetrical, round or oval, soft to firm and of any 
uniform colour. They are usually half to a few centimetres in 
diameter. These nodules can usually be resected relatively easily 
if required. 

e Diffuse neuroid proliferations are usually not present at birth, 
but can develop at any point during childhood, and often con- 
tinue to grow slowly over time. They can become more active 
around puberty. They have less well-defined edges, can be a few 
centimetres to very large, are firm, and often become pendulous 
when larger. In the authors’ experience they are often difficult to 
resect, as they tend to recur, often quickly. Histopathologically, 
they show poorly circumscribed areas showing neuroid-type 
differentiation of CMN cells. 

BRAF-variant CMN appear to be associated with a higher chance 
of a multinodular phenotype. This was first described as a pheno- 
typic feature in a single case [90], and the association demonstrated 
ina larger cohort [89]. It is, however, possible to have a multinodu- 
lar phenotype with other genotypes, and it is possible to have no 
nodules with a BRAF-variant CMN [89]. 


Clinical variants 

Naevus spilus-type CMN is defined by a café-au-lait macular back- 
ground, onto which are superimposed multiple CMN of different 
sizes and colours [100,101]. Importantly, however, the café-au-lait 
macular background may not be evident at birth, and the diagnosis 
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should therefore be suspected where CMN are agminated. The 
background generally appears in the first few years. These naevus 
spilus CMN can occur on the body as single or multiple lesions. 
Where multiple, the smaller ‘satellite’ lesions are often not present 
at birth, and when they do appear are often indistinguishable 
from café-au-lait macules as they only present initially with the 
café-au-lait macular background [91]. Naevus spilus-type CMN has 
a subtly different genetic basis (see ‘Genetics’ earlier in this section). 

CMN have recently been described in association with low-flow 
vascular malformations in the same area as the CMN [90,102]. This 
appears to be a rare finding. 


Differential diagnosis 

Congenital melanocytic naevi can sometimes be difficult to dis- 
tinguish from congenital blue naevi, but the latter are usually 
blue/black rather than brown/black. If in doubt a biopsy will help 
differentiate. 


Classification of severity 

The most clinically useful phenotypic measure in terms of clinical 
outcomes remains the distinction between a single lesion and more 
than one lesion (Figure 73.13). It is therefore extremely important 
that the patient is examined thoroughly, to look for a second or sub- 
sequent small CMN, which may be relatively pale at birth. 

If the patient has more than one CMN there is some degree of 
association between the severity of the cutaneous phenotype and 
the risk of neurological and malignant complications. The clinical 
cutaneous feature that has been shown to have the best statistical 
correlation with neurological outcomes is the projected adult size 
(PAS) [64,103]. The total number of naevi is also associated with 
the neurological outcome, however as the PAS of the largest lesion 


Figure 73.13 Congenital melanocytic naevi (CMN). (a) 
Single CMN on the face showing marked 
hypertrichosis. (b) Multiple CMN of different sizes on 
the trunk. 


and the total number of lesions are themselves closely connected, 
these are confounders in statistical models, and PAS is consistently 
more reliable. A complete classification of phenotype in an indi- 
vidual with CMN should also include the presence of neurological 
lesions on MRI, clinical neurological abnormalities, characteristic 
facial features and the presence of malignancy. Some clinicians 
also include other details of cutaneous phenotype such as rugosity 
and colour [104], however these have not been shown so far to be 
connected to outcome measures. 

Assessment of PAS can be done in various ways, none of which 
is accurate. There is a method that involves a multiplication factor 
applied to a measured diameter, which takes into account the dif- 
ferential rate of growth of the head and body in children. However, 
these authors do not find this method useful as the largest lesion 
frequently affects more than one body part (e.g. extending from the 
head onto the torso). Therefore, until better measures exist, we sug- 
gest that the patient is examined fully and the largest lesion identi- 
fied; the outline is drawn onto a standard adult body map, and the 
projected adult size of the largest non-circumferential diameter is 
then estimated. 


Complications and co-morbidities 

Neurological abnormalities. Single CMN have not so far been 
described in association with neurological abnormalities on 
MRI, independent of the size and site of the CMN. For multi- 
ple CMN, however, neurological abnormalities are the commonest 
co-morbidity [103]. The term neurocutaneous melanosis was 
initially proposed to describe the association of cutaneous and 
melanotic CNS lesions [105-107]. However, this term is no longer 
appropriate due to many subsequent reports of non-melanocytic, 
structural and tumoral lesions in these patients [103,108-110], and 


the term CMN syndrome has therefore been proposed to encompass 
anyone with CMN and non-cutaneous features [111]. 

The description of a characteristic signal for melanin on MRI 
and the first reports of neurological findings in individuals with 
CMN [105,106,112-114] opened the door to studying the neurolog- 
ical features. All previous reports had been necessarily biased by 
postmortem findings only. Since those initial studies, larger cohorts 
have been studied prospectively, and a new classification has been 
recently proposed based on long-term follow-up of affected indi- 
viduals [115]. Most importantly, the long-held tenant that anyone 
with ‘symptomatic’ neurological lesions (i.e. seizures or neurode- 
velopmental delay) is always at high risk of death is incorrect. This 
confusion has arisen from the complicating feature of melanoma 
arising within the CNS (see the section on melanoma). 

CNS abnormalities can be classified into two clinically rele- 
vant groups based on MRI findings: intraparenchymal melanosis 
alone, and ‘other’ (everything else). Intraparenchymal melanosis 
alone is the commonest finding in association with multiple CMN 
(approximately 20% of cases with more than one CMN in a large 
prospective study), and very importantly is not in itself associated 
with an increased risk of death. In approximately 50% of cases 
the lesions are asymptomatic, but in the other 50% they can be 
associated with neurodevelopmental delay, attention deficit hyper- 
activity disorder and autistic spectrum disorder, or seizures. As 
the commonest site for intraparenchymal melanosis is the amyg- 
dala [96,103,105,112], seizures are most commonly temporal lobe 
epilepsy. These lesions do not need to be either biopsied or resected 
if they show characteristic MRI changes, and MRI scans do not need 
to be repeated routinely if the patient is well. Very occasionally, 
seizures are refractory to medical therapy, and epilepsy surgery has 
been successfully employed in suitable cases [116-118]. Infants with 
intraparenchymal melanosis only can therefore be given a normal 
prognosis but should have neurodevelopmental follow-up in the 
first few years of life, and referral to a paediatric neurologist in the 
event of clinical abnormalities. 

All other findings on MRI should be viewed with more cau- 
tion. These are much rarer and there are many unique reports of 
associations. These lesions require re-scanning at regular intervals 
until behavioural stability has been determined. In particular, 
leptomeningeal involvement has to be viewed with a high level 
of suspicion and monitored carefully as rapid diffuse growth of 
melanocytic cells can occur, behaving clinically as a malignant pro- 
cess. Hydrocephalus has so far always required shunting in patients 
with CMN, even when there is no apparent obstructive cause. 
This is presumed to be due to leptomeningeal disease below the 
level of MRI resolution, which then usually becomes radiologically 
apparent within weeks. It can be the presenting feature of a new 
malignant process, either within the leptomeninges or sometimes 
separately from an intraparenchymal melanoma, but can rarely 
also be stable over years. Dandy-Walker malformation and other 
posterior fossa malformations are also well described. A variety of 
non-melanoma brain tumours have been described in individual 
cases and should be treated in the usual way, with the caveat that 
they should be genotyped for NRAS codon 61 mutations [88], as 
this could alter oncological management. 

Importantly, individuals with CMN can have abnormal neuro- 
development and occasionally seizures in the absence of any 


detectable lesion on MRI [119]. The recent discovery of intra- 
parenchymal lesions and subtle cortical dysplasia on histology that 
were below the resolution of MRI is the most likely explanation for 
this [116]. Again, these neurological symptoms do not equate to 
an increased risk of death, and they should be managed as for any 
other child. 


Melanoma. Melanoma occurs more commonly in individuals with 
CMN. The risk in adulthood has not been systematically stud- 
ied. The risk in childhood is polarised and associated with the 
severity of the congenital neurocutaneous phenotype. For small 
single cutaneous lesions the risk is very low, estimated at less than 
0.1% [120]. 

It is now fairly well established that the risk of melanoma in 
childhood in all sizes of CMN is 0.1-2% [64,121-124]. However, this 
risk is variable, being very low for small single lesions [120], with a 
range extending up to as high as 10-14% in individuals with naevi 
of >60 cm PAS [64]. The median age for developing melanoma 
was estimated at approximately 7 years in a retrospective literature 
review [121], however in a prospective cohort study the median 
age was approximately 2 years [94]. The relative risk in child- 
hood is therefore very high compared with the normal population 
where melanoma is virtually unknown in this age group. Manage- 
ment of a new cutaneous lump and new neurological presentation 
is detailed later. 

Importantly, primary melanoma does not only arise within 
affected skin, but within the CNS in at least 50% of cases [64,121]. So 
far there have been no reliable reports of melanoma arising in the 
CNS of an individual with a normal screening MRI scan taken in the 
first 6 months of life. However, given the presence of lesions below 
the resolution of MRI it cannot be ruled out as a possibility, and any 
child with CMN presenting with an acute change in CNS symptoms 
or signs should have an urgent MRI with contrast enhancement. 
Melanoma has also rarely been reported arising in other organ 
systems. 


Other tumours. There are rare reports of other malignancies arising 
within CMN, most notably rhabdomyosarcoma [125-128]. 


Characteristic facial features. Children with CMN have been 
found to have characteristic facial features using strictly defined 
dysmorphology criteria, and in statistical comparison with a large 
cohort of normal schoolchildren [111]. At least three characteristic 
facial features were seen in 74% of the CMN cohort studied. The 
characteristic features are wide or prominent forehead, hyper- 
telorism, eyebrow variants, periorbital fullness, small/short nose, 
narrow nasal ridge, broad nasal tip, broad or round face, full cheeks, 
prominent premaxilla, prominent/long philtrum and everted lower 
lip. These features are likely to be due to involvement by the 
mosaic mutation of the precursors of facial bone and/or cartilage 
and/or dermis, all of which are derived from the neural crest in 
humans. RAS pathway genes are known to alter facial develop- 
ment, as is seen in germline RASopathies, with widening of the 
face a described feature of NRAS mutations in animal models and 
humans [129,130]. Furthermore, characteristic facial features are 
well described in other mosaic conditions such as Pallister—Killian 
syndrome [131], PIK3CA mosaicism [132] and Cornelia de Lange 
syndrome [133]. 
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Other abnormalities 


e Paediatric dermatology follow-up 
e Paediatric neurology follow-up 
e Repeat MRI of CNS at regular intervals 


Figure 73.14 Clinical management algorithm for 
neurological investigation and follow-up of patients 
with congenital melanocytic naevi (CMN). CNS, central 
nervous system; MRI, magnetic resonance imaging. 


Investigations 

The diagnosis of CMN is usually a clinical one. Neurological investi- 
gations and monitoring for cutaneous or extracutaneous melanoma 
should be undertaken as in Figure 73.14. 


Management 

All children with CMN should have a clinical neurological history 
and examination after birth (Figure 73.14). Any child with clinical 
abnormalities should have an MRI of the CNS. In the absence of 
abnormal clinical neurology, children with a single CMN (indepen- 
dent of size or site) do not require routine MRI of the CNS. Chil- 
dren with multiple (i.e. two or more) CMN at birth (independent 
of size or site) should have a routine MRI of the brain and whole 
spine with contrast injection, preferably within the first 6 months of 
life [134]. In large paediatric centres this can usually be done with- 
out the need for a general anaesthetic. If the MRI is either normal 
or shows classic intraparenchymal melanosis only, no further imag- 
ing needs to be undertaken during childhood if the patient remains 
clinically neurologically normal (which should be assessed at each 
visit). If, however, the MRI reveals other intracranial pathology, the 
child should have an urgent referral to paediatric neurology and/or 
neurosurgery depending on the appearances. Further imaging in 
these cases is highly likely to be required. 

Acute presentation at any age with neurological symptoms such 
as those of raised intracranial pressure or seizures should trigger 
urgent MRI of the whole CNS with contrast. Hydrocephalus in 
these cases is always in our experience caused by leptomeningeal 
disease, but this is not always visible on MRI at the time of the ini- 
tial presentation of raised intracranial pressure. Raised intracranial 


pressure in the presence of normal MRI should therefore be treated 
as if due to an obstructive problem at the level of the leptomeninges 
(usually by ventriculo-peritoneal shunting), and a repeat scan 
undertaken within a few weeks to look for progression. If none is 
seen it is sensible to continue to repeat scans at 3-monthly intervals 
until it is certain that its appearance is stable. Leptomeningeal 
disease presenting acutely with hydrocephalus is most often a 
malignantly behaving process, which should be considered to be 
diffuse leptomeningeal melanoma, although very rarely it can sta- 
bilise and persist with issues pertaining to spinal cord compression 
only. There is no proven benefit in sampling of the cerebrospinal 
fluid as this usually contains melanin-containing cells, and the 
histology of these cells is very difficult to interpret. Currently, the 
best way of assessing for malignancy in the leptomeninges is to 
look for radiological progression until stable or clearly progres- 
sive. If clearly progressive, a biopsy of the leptomeningeal tissue 
is indicated to assess for melanoma. Copy number measurement 
of DNA from leptomeningeal tissue demonstrates abnormalities 
in leptomeningeal melanoma but not in benign leptomeningeal 
proliferation, mirroring the situation in the skin [135,136]. This has 
therefore been found to be a clinically very useful investigation 
in distinguishing between a benign proliferation and melanoma 
in the CNS. Occasionally, a diffuse leptomeningeal melanoma is 
accompanied by a spatially distinct intracerebral melanoma. This 
is difficult to comprehend as it suggests two primaries, but is an 
observable phenomenon and both lesions need to be considered 
for treatment. In the authors’ experience it is most commonly the 
leptomeningeal disease that is the cause of death, due to rapidly 


progressive spinal cord progression. For potential treatment options 
see later. 

Acute presentation with a new lump in the CMN, if clinically diag- 
nosed as a benign proliferative nodule, should be photographed 
with a scale and a thorough search should be made for lym- 
phadenopathy. If none is present, a clinical review should be 
undertaken within 4 weeks. If local lymphadenopathy is present, 
the nodule should be removed immediately. If at review in 4 weeks 
the nodule is continuing to change, biopsy is indicated, with his- 
tology, NRAS and BRAF mutation analysis, and array comparative 
genomic hybridisation (CGH) where available [88,137]. Array CGH 
has been well documented to be clinically useful at distinguishing 
benign bland CMN from proliferative nodules, and from melanoma, 
and is frequently helpful in cases of difficult histology [88,137]. If the 
nodule is clinically unchanged after 4 weeks, continue to observe 
unless there is another indication for removal (such as catching on 
clothing). 

It is important to stress again that cutaneous melanoma is fre- 
quently overdiagnosed in patients with CMN, and expert clinical 
and histopathological opinions should always be sought. Where 
melanoma is definitely confirmed, the outlook in patients with 
multiple CMN is extremely poor, and death usually occurs within 
6-12 months from diagnosis [94]. Standard management used for 
adult melanoma (where no CMN is present) is not sufficiently 
aggressive in most cases. The patient should be referred to a spe- 
cialist centre with paediatric oncology experience and a melanoma 
multidisciplinary team. Work-up to look for metastases includes a 
full-body positron emission tomography scan, a chest X-ray, abdom- 
inal ultrasound and an MRI of the CNS if this has not already been 
undertaken. Bloods should include a lactate dehydrogenase level. 
Treatment of cutaneous melanoma will usually include surgery. 
MEK (mitogen-activated extracellular signal-regulated kinase) 
inhibition has been demonstrated to improve symptoms in a small 
cohort of patients with NRAS-variant CMN-associated melanoma 
of the CNS [138], and further unpublished data in similar patients 
suggest that survival is prolonged. BRAF inhibitors would be 
contraindicated in NRAS-variant CMN, however if the CMN was 
BRAF-variant these would be an appropriate therapy. 

Importantly, there are no current data to suggest that surgical 
removal of multiple CMN reduces the risk of malignancy in an 
affected individual. In addition, surgical removal of all affected 
tissue is not possible in those cases with highest risk, as some of this 
tissue will be within the CNS, and the skin is usually extensively 
affected. Lastly, more cases of CMN melanoma arise within the CNS 
than in the skin in childhood, and surgical removal of skin lesions 
does not remove this risk. 

Where there are no immediate medical problems to consider, 
however, cosmetic management of CMN is important to discuss 
with the family and patient. There are many different opinions 
on how best to deal with CMN from a cosmetic viewpoint, and 
to a large degree the decision on what to do is dependent on the 
individual. Hair can be removed most easily by shaving, which 
may not have to be done very often to improve the appearance 
significantly. Hair removal creams and waxing are usually too 
harsh to use on CMN in children, causing irritation or skin removal. 
Superficial removal techniques such as dermabrasion or curettage 
or laser therapy have been shown not to improve the final colour 


of CMN. Ina large study of colour change in CMN over time it was 
demonstrated that the degree of spontaneous lightening is related 
to the underlying pigmentary phenotype of the individual. In other 
words, children with lighter skin get more lightening of the CMN, 
and this is genetically determined. In addition, no correlation was 
found between the colour of the CMN at birth and its final colour, 
indicating that pigmentary phenotype of the CMN at birth is as 
unreliable a predictor as hair and eye colour at birth, all of which are 
likely affected by maternal factors [139]. While superficial removal 
techniques lighten the CMN initially this is solely a function of 
removal of the top layer of pigmented cells, which are replaced 
(rapidly in some cases) with new pigmented cells. The apparent 
improvement in final colour comes about due to comparison of pho- 
tographs from birth, with photographs after superficial removal. 
This has been demonstrated in cases where part of the CMN was 
lasered and part was not, with both areas ending up at exactly 
the same digitally measured colour [139]. In addition, superficial 
removal can leave areas of scarring. Superficial removal techniques 
should not therefore be used for the cosmetic treatment of CMN. 
Serial excision of single lesions or cosmetically prominent lesions 
(e.g. on the face) can produce good results although inevitably 
will leave a scar. Some centres favour large-scale removal using 
balloon skin expansion techniques, and cosmetic results can be 
good, albeit again with the caveat of scarring and the impact of 
multiple operations and the associated pain. In each individual case 
the pros and cons of surgery should be discussed with the families. 


Resources 


Patient resources 
Caring Matters Now: www.caringmattersnow.co.uk. 


Nevus Outreach: www.nevus.org. 
Contact (for families with disabled children): http:// www.cafamily.org.uk. 
(All last accessed February 2022.) 


Congenital Spitz naevus, congenital blue naevus 
and congenital naevus spilus 


Congenital Spitz naevi are rare with no reliable estimates of preva- 
lence at birth. As in later life, they can mimic melanoma [140], and 
the diagnosis is therefore often made after excisional biopsy as the 
histological features are characteristic of acquired Spitz naevi [141] 
(Chapter 131). Spitzoid change is also described within congenital 
melanocytic naevi [141]. The incidence of malignant transformation 
in congenital lesions is not known. Agminated or eruptive Spitz 
naevi can rarely present at birth [142]. 

Congenital blue naevi are rare and can be of either the common, 
cellular or epithelioid blue naevus types. Congenital common 
blue naevi exhibit the same clinical and histological features 
(Figure 73.15) as their acquired counterpart, in which somatic 
mutations have been described in GNAQ [143]. Where the clinical 
appearance is typical, resection is not required for medical reasons. 
Congenital cellular blue naevi on the other hand are frequently 
significantly larger than their acquired counterparts, and occur 
most frequently on the scalp. This variant has been described 
in association with various underlying scalp and neurological 
defects [144,145], and with malignant transformation [146]. Multi- 
ple congenital blue naevi at birth have very rarely been described 
(Figure 73.16) [147,148] and can rarely be familial [149]. 
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Figure 73.15 Photomicrographs of a blue naevus demonstrating spindle-shaped 


pigmented naevus cells extending into the deep dermis. Original magnifications (a) x40 
and (b) x100 (H&E). Courtesy of Professor N. J. Sebire. 


Congenital naevus spilus (or speckled lentiginous naevi) are 
pigmented lesions with a café-au-lait macule background and super- 
imposed, more darkly pigmented areas (or speckles) (Figure 73.17). 
The background may not be apparent at birth, and the superim- 
posed speckles may increase in number over time. Some lesions are 
entirely macular, and some have papular and less uniformly dis- 
tributed speckles [150]. Histologically, naevus spilus is lentigo 
simplex with superimposed benign junctional or compound 
melanocytic naevi [151]. Naevus spilus are more often single 
but the size varies from about a centimetre in diameter to covering 
a whole limb in a segmental or zosteriform distribution. Larger 
lesions can form part of phakomatosis pigmentokeratotica [152], 
or the speckled lentiginous naevus syndrome with hyperhidro- 
sis, dysaesthesia, underlying muscular defects and neurological 


Figure 73.16 Two congenital blue naevi on the foot of a child with multiple similar 
lesions from birth, and developing over the first year of life. 


Figure 73.17 Single naevus spilus on the face showing a café-au-lait macule 
background with superimposed darker areas. 


abnormalities [153,154]. Some smaller and larger lesions have been 
found to be due to somatic-activating mutations in HRAS [29,155], 
at least partly explaining the predilection for these lesions to 
develop superimposed Spitz naevi [156,157], previously described 
to harbour HRAS mutations [158]. More recently, congenital naevus 
spilus either alone or in the context of phakomatosis pigmento- 
vascularis type III or spilorosea type have been found to be due 
to variants in gene PTPN11 [159]. These patients are at risk of 
PTPN11-driven melanoma arising in the naevus spilus. 


Congenital connective tissue naevus and fat naevus 


Definition and nomenclature 
Congenital connective tissue naevi are benign cutaneous hamar- 
tomas of connective tissue components present at birth. 


Introduction and general description 

Congenital connective tissue naevi are a clinically heterogeneous 
group of hamartomas, named by the predominant cell type on his- 
tology, and therefore usually requiring biopsy for diagnosis. 


Epidemiology 

Congenital connective tissue naevi as a group are rare at birth but 
exact prevalences have not been established. No sex predilection is 
known. No differences between ethnic groups have been described. 


Pathophysiology 

Histologically, connective tissue naevi are hamartomatous lesions 
of the dermis usually with a mixed histological composition [160] 
but in which a predominant component is present, giving the lesion 
its name, or by the absence of a component as in naevus anelasticus. 
Lesions are poorly circumscribed and non-encapsulated and show 
thickening of the dermis with replacement of the normal dermis or 
subcutis with lesional tissue. This lesional tissue is often composed 
of irregularly arranged collagen fibres with or without variable 
amounts of abnormal elastic tissue (Figure 73.18). Comparison with 
normal skin, in addition to special stains to highlight particular 
components, are helpful in making the diagnosis. 


Clinical features 

By definition, these lesions are present at birth, although the average 
age for presentation of any connective tissue naevus is 2 years [160]. 
They can be single or multiple, and can be associated with extra- 
cutaneous features. Some can continue to grow or develop adjacent 
new lesions, particularly plantar collagenomas in Proteus syndrome 
[161] and elastomas in Buschke—Ollendorf syndrome. 

Isolated, congenital collagenomas are soft to firm, skin-coloured, 
brownish or yellowish nodules or plaques (Figure 73.19). This is in 
contrast to eruptive collagenomas, an acquired disease of multiple 
lesions appearing after puberty. Familial cutaneous collagenomas 
again present later in life, and are usually multiple, often larger 
lesions. Collagenomas associated with Proteus syndrome occur 
characteristically on the soles of the feet in the first few years of life, 
and are cerebriform in appearance. Similar lesions can be seen in 
other overgrowth syndromes due to PIK3CA mosaicism [8,34]. 
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Figure 73.18 Photomicrographs of a connective tissue naevus demonstrating a poorly 
circumscribed dermal lesion composed of abnormal bundles of collagen and admixed 
elastic fibres within the dermis. Original magnifications x100 (a, H&E; b, elastic van 
Gieson stain). Courtesy of Professor N. J. Sebire. 


Congenital elastomas are firm, skin-coloured or creamy/ 
yellowish papules or nodules, with a diameter ranging from 
millimetres to a centimetre, that often coalesce to form plaques 
or clusters. Single lesions can present at any site; however in 
Buschke—Ollendorf syndrome they classically present in groups or 
plaques on the lower abdominal wall, trunk, arms and buttocks. 
Naevus anelasticus is not described congenitally but does start in 
the first two decades. This is a histopathological diagnosis due to 
the absence or fragmentation of elastic fibres within a papule or 
plaque, and controversy exists regarding the diagnostic overlap 
between this and eruptive collagenomas or papular elastorrhexis 
[162-164]. 

Congenital lipomas present as localised, skin-coloured, soft prolif- 
erations with indistinct edges. The ‘Michelin tyre’ baby phenotype 
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Chapter 73: Congenital Naevi and Naevoid Conditions 


Figure 73.19 Collagenoma-type connective tissue naevus on the lower abdomen. 


has been associated with both fat naevus and diffuse smooth muscle 
hamartoma [165,166]. In this phenotype the infant has generalised 
thickening of the skin with pronounced folds. Naevus psiloliparus 
is a rare entity characterised by aberrant hair follicle development 
and prominent dermal fat deposition [167], which presents as a 
smooth, skin-coloured or yellowish, flat or slightly raised lesion 
on the scalp. These naevi can be single lesions without associated 
abnormalities [168], or can be found in encephalo-cranio-cutaneous 
lipomatosis. 


Associations, syndromes and genetics 

The genetic basis of isolated congenital connective tissue naevi 
remains to be fully delineated, although in one case LEMD3 has also 
been implicated in the pathogenesis of isolated familial collageno- 
mas [169]. The genetic basis of single, non-syndromic, non-familial 
connective tissue naevi is not yet known. 

Elastomas (and occasionally collagenomas) can be the presenting 
feature of Buschke—-Ollendorf syndrome, an autosomal domi- 
nant disorder caused by germline loss-of-function mutations in 
LEMD3 [170]. Suspected cases should have limited plain radio- 
graphs to look for the characteristic findings of osteopoikilosis and 
melorheostosis. 

Plantar collagenomas are seen in both Proteus syndrome (Akt1 
mosaicism [4]; see the section on CEN earlier in this chapter) and 
PIK3CA-related overgrowth syndromes [132], differentiated clini- 
cally in this naevus by the characteristic cerebriform appearance in 
the former condition. 

Naevus mucinosis has been described in association with the 
lysosomal storage disease Hunter syndrome, an X-linked reces- 
sive condition due to germline mutations in the IDS gene. As 
this condition is progressive and the full phenotype evolves over 
time, suspected cases should be referred urgently for specialist 
investigation of storage disorders. 

Fibrous connective tissue naevi are a frequent feature of tuberous 
sclerosis, an autosomal dominant hamartoma syndrome caused by 
mutations in one of two genes (TSC1 and TSC2). However, these 
lesions would not usually be present congenitally, and as such are 
not usually an isolated presenting feature of the disease. 


The principal importance of congenital lipomas in paediatric 
dermatology lies in the association of lumbo-sacral lesions and 
underlying spinal defects [171], which should be sought using 
appropriate imaging techniques. Congenital lipomas and naevus 
psiloliparus can also form part of the neurocutaneous disorder 
encephalo-cranio-cutaneous lipomatosis, and the highly pheno- 
typically similar oculo-ectodermal syndrome. Ophthalmological 
and neurological investigations are required if these are suspected. 
The genetic basis of these conditions has recently been demon- 
strated to be mosaic mutations in either KRAS [172] or FGFR1 [173] 
genes. 


Investigations 

Histopathological examination of a full-thickness skin biopsy is 
often useful for accurate diagnosis of connective tissue naevi, with 
adjacent normal skin being helpful for comparison of subtle dermal 
changes. 


Management 

Family history, examination and follow-up for any associated 
non-cutaneous or syndromic features are important. In the absence 
of these, single lesions can be followed up or resected non-urgently. 


OTHER DEVELOPMENTAL 
ABNORMALITIES AFFECTI 


Becker naevus ane 
odonto-maxillary 


Becker naevus (or Becker melanosis) is a relatively common 
hyperpigmented, generally non-linear lesion with an incidence of 
around 0.25% [1], and is commoner in males than females. It is 
only rarely congenital, with the majority of lesions appearing in 
the first two decades, classically at puberty. It is frequently but 
not always hypertrichotic and is commonest on the upper trunk. 
Becker naevus is in the authors’ opinion currently unclassifiable 
within the above classification, as it shows features of lentigi- 
nous melanocytic hyperplasia, epidermal hyperplasia and smooth 
muscle hyperplasia. Becker naevus is not uncommonly associated 
with extracutaneous abnormalities [2], and is then termed Becker 
naevus syndrome [3], which can involve underlying structures, 
namely aplasia or hypoplasia of the underlying breast tissue, 
or the pectoralis major muscle (or sometimes shoulder muscles) 
or lipoatrophy. Other extracutaneous associations described are 
ipsilateral limb growth disturbance, supernumerary nipples [4] 
and scoliosis. Very rarely Becker naevus has been described in a 
linear form [5]. The genetic basis of Becker naevus in 60% of cases 
tested has been shown to be mosaicism for ACTB variants, also 
found as the cause of a single case of Becker naevus syndrome, and 
thought to arise within smooth muscle cells of the hair follicles [6]. 
The biology of this disease mechanism is not yet understood, but 
has been proposed to be via activation of Hedgehog pathway 
signalling [6]. 
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Figure 73.20 Photomicrographs of a smooth muscle hamartoma demonstrating a poorly circumscribed dermal lesion composed of abnormal bundles of smooth muscle within the 
dermis. Original magnifications (a) x40 and (b) x100 (H&E). Courtesy of Professor N. J. Sebire. 


Mosaic ACTB variants have also been described as the cause of 
segmental odonto-maxillary dysplasia, a maxillary and dental con- 
dition which presents to dermatologists with pigmentary and/or 
hypertrichotic changes on the face, and which can be considered to 
be a cranial variant of Becker naevus syndrome [7]. 


Congenital muscle hamartom 


Smooth muscle hamartomas are benign collections of mature 
smooth muscle fibres within the dermis [8,9]. They have an 
estimated prevalence at birth of 0.04-0.2% [9,10]. Clinically they are 
soft, skin-coloured or slightly pink-brown lesions with indistinct 
edges, with overlying hair that may not be present at birth. Charac- 
teristically they demonstrate induration or worm-like fasciculation 
when the lesion is rubbed (pseudo-Darier sign), with raising of over- 
lying hairs. The lesions are usually up to a few centimetres in diame- 
ter and solitary, most commonly in the lumbo-sacral region [9]. Once 
established they are static in behaviour, and as malignant transfor- 
mation is not a reported feature, resection is not medically required. 
There are rare case reports of diffuse smooth muscle hamartomas 
leading to the Michelin tyre baby phenotype [11,12] and rare familial 
cases of multiple smooth muscle hamartomas [13,14]. 

These lesions demonstrate a characteristic histopathological 
appearance in which a poorly circumscribed, non-encapsulated 
lesion within the dermis demonstrates numerous well-defined 
bundles of smooth muscle which are characteristically orientated in 
varying directions (Figure 73.20). 

The genetic basis of smooth muscle hamartomas has recently been 
established to be somatic ACTB mutations in approximately 70% 
of cases [15]. The spectrum of ACTB mosaicism therefore extends 
from a single smooth muscle hamartoma, through a classic Becker 
naevus, to syndromic forms involving musculoskeletal and neuro- 
logical abnormalities. 


Striated muscle hamartoma is an uncommon congenital lesion, 
usually arising on the head or neck, with a particular propensity 
for the chin. Clinically it is usually soft and often polypoid, and 
histologically it shows benign striated muscle fibres within the der- 
mis and/or subcutis, with or without hamartomatous collections of 
other cutaneous components [16]. These lesions can be isolated or 
associated with extracutaneous abnormalities [17]. 


Heterotrimeric G-protein m 
disorders 


Heterotrimeric guanosine nucleotide-binding protein (G-protein) 
mosaic disorders are a new grouping of previously distinct disor- 
ders that have recently been identified to have a common genetic 
basis, namely mosaicism for G-protein subunit mutations. Het- 
erotrimeric G-proteins are key molecular switches that assemble 
from alpha, beta and gamma subunits to transduce signals from 
G-protein-coupled receptors on the cell surface to intracellular sig- 
nalling pathways. These are distinct from monomeric G-proteins, 
which belong to the RAS family of GTPases, and are homologous 
to the «-subunits of the heterotrimeric complexes. 

There are currently three known conditions in this group, namely 
McCune-Albright syndrome, Sturge-Weber syndrome and phako- 
matosis pigmentovascularis. The clinical presentation in these 
conditions is highly variable from case to case due to variation in 
the percentage of mosaicism, and the particular tissues affected by 
the mutations. 


McCune-Albright syndrome 


The classic triad that is McCune-Albright syndrome is the asso- 
ciation of café-au-lait macules, polyostotic fibrous dysplasia and 
autonomously hyperfunctioning endocrinopathies [18]. The clinical 
diagnosis can be made in the presence of two of these three features, 
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and the genetic diagnosis can be made in the presence of one of 
these three with a detected mutation [19]. 

The café-au-lait pigmentation in this condition has to be dif- 
ferentiated from the innumerable other causes of café-au-lait 
macules. Typically (but not universally) the café-au-lait macules 
in McCune-Albright syndrome are large, are present at birth or 
appear early in the first decade, are in a ‘segmental’ type distribu- 
tion respecting the midline, and have irregular edges likened to the 
coast of Maine. Oral pigmentation can arise later in childhood or 
early adulthood [20]. Bony involvement can present with patholog- 
ical fracture, visible deformity and bone or joint pain. The common- 
est endocrinological abnormality is gonadotrophin-independent 
precocious puberty, which has earlier onset in girls than in affected 
boys [21]. A wide range of other endocrinopathies has been 
described, including growth hormone excess, hyperthyroidism, 
Cushing syndrome and hyperparathyroidism [22]. Investigation 
of endocrinological abnormalities should be undertaken by a 
paediatric endocrinologist, and treatment instigated as appropriate. 

If the condition is suspected from dermatological findings alone, 
then plain radiographs of the skull, mandible, pelvis and long 
bones should be performed to look for polyostotic fibrous dys- 
plasia. If fibrous dysplasia is suspected or confirmed, further 
investigation should be guided by recent expert guidelines, as there 
is a small but significant risk of osteosarcoma in McCune-Albright 
syndrome [23]. 

McCune-Albright syndrome is caused by mosaicism for activat- 
ing mutations in the gene GNAS [24], which encodes one of the 
family of G-protein «-subunits, resulting in ligand-independent 
activation of G-protein-coupled receptor signalling pathways. 
Traditionally, genetic diagnosis has been maximised using DNA 
extracted directly from affected tissue other than skin, and rather 
than leukocyte DNA [19]. Skin biopsy has not been considered 
the best investigation due to low sensitivity, probably due to the 
very small percentage of mutated cells in a pigmented macular 
lesion. However, the mutation is present in a substantial percent- 
age of blood samples from affected patients, particularly in those 
with more widespread disease [19], so blood is worth testing in 
the absence of easy access to other affected tissues. Furthermore, 
next generation sequencing has greatly improved the sensitivity of 
mutation detection, now down to below 1% mosaicism [25]. 


Sturge-Weber syndrome 


The first description of what came to be known as Sturge-Weber 
syndrome was of the association of extensive facial and truncal 
port-wine stains (capillary malformations), contralateral focal 
seizures thought to be due to an ipsilateral abnormality on the 
surface of the brain (later confirmed in other cases) and ipsilateral 
intraocular vascular malformations presenting with glaucoma [26]. 
The definition of what constitutes a diagnosis of Sturge-Weber 
syndrome has altered many times subsequently, now encom- 
passing cases without skin features [27] and with contralateral as 
well as ipsilateral brain or eye abnormalities [28,29]. The variably 
present clinical complications of these vascular malformations 
include seizures, neurodevelopmental delay, headache, stroke-like 
episodes, behavioural problems, hemiparesis, glaucoma, postnatal 
asymmetrical overgrowth (e.g. of the face or limbs) and growth 
hormone deficiency [30-32]. 
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As port-wine stains are common, but Sturge-Weber syndrome is 
relatively rare (unconfirmed estimates of incidence are 1 : 20 000 to 
1:50 000), many attempts have been made to predict oculo-cerebral 
associations from the phenotype of the port-wine stains. Histori- 
cally it was surmised that the facial lesions followed the distribution 
of the branches of the trigeminal nerves, and that those in the 
ophthalmic division or on both sides of the face were more likely 
to be associated with Sturge-Weber syndrome [33,34]. Recently, 
however, a new classification of the distribution of facial port-wine 
stains in this condition has been proposed, which has found a 
strong association between lesions affecting any part of the fore- 
head (defined as any part of the forehead with the lower border 
defined by a line joining the outer canthus of the eye to the top 
of the ipsilateral ear helix and including the upper eyelid) and 
Sturge-Weber syndrome [35]. This forehead region encompasses 
parts of all three divisions of the trigeminal nerve, confirming that 
all three divisions can be involved [36,37], and that the distribu- 
tion of facial port-wine stains in this condition does not seem to 
follow a neurological pattern but that of the embryonic vasculature 
brought from the neural crest [35]. Guidelines have been proposed 
that urgent ophthalmological investigation of infants with facial 
port-wine stains should be targeted to those with lesions involving 
any part of the forehead (as defined above), as well as MRI of the 
CNS [35]. Glaucoma can be present from birth, and ophthalmology 
referral should therefore be made urgently to reduce potential mor- 
bidity. The timing of MRI of the CNS is controversial, as early scans 
can miss disease that becomes apparent later [30]. However, there 
is now some supportive evidence for the prophylactic use of oral 
therapy in infants with cerebral involvement to reduce the venous 
stasis-induced cerebral atrophy and calcification [38,39], and ongo- 
ing debate regarding prophylactic anticonvulsants in the presence 
of radiological abnormalities [30]. Recent suggested guidelines 
from a dermatological viewpoint suggest scanning within the first 3 
months of life in the high-risk group only (with neurological referral 
where there are positive findings), and repeat scanning at a later 
stage if there is clinical suspicion but the first scan was clear [35]. 

Sturge-Weber syndrome is caused in approximately 90% of 
cases by codon-specific mosaic-activating mutations in the gene 
GNAQ [40], with the same mutation responsible for a similar pro- 
portion of isolated, non-syndromic port-wine stains in the one 
cohort tested so far. Recently a case of GNA11-mutant Sturge-Weber 
syndrome has been reported [41]. 


Phakomatosis pigmentovascularis 


Phakomatosis pigmentovascularis (PPV) is a descriptive term cur- 
rently applied to a group of phenotypes that are unified by the 
coexistence of different pigmentary and vascular cutaneous lesions. 
In practice the term was originally used to describe one particular 
phenotype [42], and as that phenotype is so much more common 
than all the others it has been argued that it alone should be termed 
PPV [43]. This particular phenotype is the combination of a capil- 
lary malformation (port-wine stain/naevus flammeus) and dermal 
melanocytosis (Mongolian blue spots) (Figure 73.21). In the largest 
study thus far of PPV, this phenotype had a prevalence of 0.006% 
in a large Mexican hospital paediatric population, and was the only 
type encountered in a 5-year period [43]. However, there is not only 


(b) 


Figure 73.21 Phakomatosis pigmentovascularis type II (or cesioflammea type), showing 
the characteristic combination of (a) a capillary malformation (port-wine stain) and (b) 
dermal melanocytosis (Mongolian blue spot). 


clear phenotypic evidence of other subtypes, but now genotypic 
evidence as well. In addition not all phenotypes described in the 
literature are classifiable, and recent genetic advances will help with 
recognition of the spectrum of this disease. There may be signifi- 
cant differences in the incidence of PPV between ethnic groups, as 
most cases described thus far have been in non-white individuals, 
however there are still too few series described to draw definite 
conclusions in this regard 

Two phenotypic subclassifications have previously been pro- 
posed, which can be roughly equated as shown in Table 73.2. 


Other developmental abnormalities affecting the skin 


73.21 


As this condition is rare, the following associations and manage- 
ment suggestions are based on the existing literature, the pheno- 
typic and genotypic promixity of this disease to the better studied 
Sturge-Weber syndrome, and err on the side of caution until larger 
series of patients can be studied. The known associations of PPV are: 


e Naevus anaemicus (described in all types). 

¢ Scleral or intraocular melanocytosis. Importantly, this may not be 
evident without dilatation and slit lamp examination, therefore 
an ophthalmology review should be arranged for all patients with 
this diagnosis [46]. 

¢ Glaucoma, for which an urgent referral to ophthalmology should 
be made as soon as the diagnosis is suspected, and regular 
follow-up given. This appears to be more related to the episcleral 
vascular malformations than the pigmentary abnormality [47], 
and examination of the literature suggests that those at risk 
of glaucoma may be primarily those with cutaneous vascular 
lesions around the eye. 

¢ Intracerebral vascular malformations, for which we would sug- 
gest MRI of the brain should be performed within the first few 
months of life. Radiologically, these lesions are often indistin- 
guishable from those seen in Sturge-Weber syndrome, which 
has led to the misunderstanding that the two diagnoses coex- 
ist, and has now been explained by the genetic proximity in 
pathogenesis. Clinically, these lesions can be accompanied by 
macrocephaly, developmental delay and/or seizures. Poten- 
tially prophylactic medication can be given to try to reduce the 
effects of venous stasis and underlying cortical atrophy (see 
‘Sturge-Weber syndrome’ earlier in this chapter). 

¢ Overgrowth, either as full hemihypertrophy, or as localised 
asymmetry of the face or limbs, which has led to concur- 
rent diagnoses of phakomatosis pigmentovascularis and 
Klippel-Trenaunay—Weber syndrome. 

¢ Melanoma of the choroid and conjunctiva and melanocytoma 
of the optic disc are all described [46,4849]. Regular ophthal- 
mological screening should be undertaken to screen for this 
complication, and the patient should be made aware to report 
any ocular symptoms promptly. This predisposition is explained 
by the genetic basis of the cases described thus far. 


A recent cohort study of individuals with PPV types which 
included dermal melanocytosis (types I, II, IV and V, or cesiomar- 
morata and cesioflammea) has described additional phenotypic 
features — namely café-au-lait macules, macrocephaly and hyperten- 
sion associated with renal artery anomalies [41]. Recommendations 
were to measure head circumference and blood pressure at 
follow-up visits. A second cohort study of patients with known 
GNAQ/GNAI11 mosaicism also described macrocephaly and hyper- 
tension associated with renal artery anomalies [50]. 

The genetic basis of PPV has been established in recent years. 
Clinically distinguishable phenotypes are caused, therefore, in 
at least a percentage of cases by mosaicism for activating muta- 
tions in the same gene GNA11, a close paralogue of the gene causing 
Sturge-Weber syndrome, GNAQ, and a known melanoma gene [51]. 
There is conservation of the same mutation in one individual in 
both pigmentary and vascular lesions, but no mutation generally 
detectable in the blood. This further refutes the now-retracted 
hypothesis of twin spotting as the mechanism in this and similar 
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Table 73.2 Two historical phenotypic subclassifications of phakomatosis pigmentovascularis. 


Pigmentary lesions Vascular lesions 


Chapter 73: Congenital Naevi and Naevoid Conditions 


Classification 1 [44] Classification 2 [45] 


mosaic disorders where two types of lesion coexist [52]. Rather, the 
pathogenetic mechanism is likely to be a single mutation affecting a 
precursor cell which gives rise to both the pigmentary and vascular 
lesions during development. The cell type affected is yet to be 
confirmed, although in Sturge-Weber syndrome it is thought to be 
endothelial [53]. 


Extensive or atypical dermal melanocytosis 


Extensive or atypical dermal melanocytosis has to be differentiated 
from the self-resolving congenital dermal melanocytosis previously 
known as Mongolian blue spots. In general these lesions are in 
unusual sites outside the lumbo-sacral area, may be more deeply 
pigmented, better defined at the edges, multiple and more likely to 
persist. A small percentage of patients with this clinical presenta- 
tion are mosaic for GNAQ mutations [54], the same as are found in 
Sturge-Weber syndrome and the dermal—melanocytosis-associated 
types of PPV. Key associated abnormalities are ocular melanocy- 
tosis and other ocular abnormalities, and cutaneous and ocular 
melanoma. 


Naevus-like entities — 


Angora hair naevus 


The angora hair naevus [55] is an extremely rare hypertrichotic 
naevus with increased pigmentation in the basal layer, where the 
hypertrichosis has a hypopigmented and fine nature. It has been 
described in linear and non-linear forms. Angora hair naevus has 
been associated with extracutaneous abnormalities. The genetic 
basis remains unknown. 


Linear atrophoderma of Moulin 


This entity describes an acquired hyperpigmented atrophy of 
subcutaneous tissue rather than a naevus, but in a Blaschkolinear 
distribution [56]. It generally appears in the first two decades of 
life, and usually stabilises after its initial development, although 
very slow progression has been described [57]. Most commonly 
lesions are truncal and unilateral [56,58]. No familial cases have 
been described thus far, and the genetic basis is still unknown 
although hypotheses have been suggested [59]. 


Linear epidermal naevus Capillary malformation (port-wine stain/naevus flammeus) Type | Does not exist in this 
classification 
Dermal melanocytosis Capillary malformation (port-wine stain/naevus flammeus) Type II Cesioflammea type 
(Mongolian blue spot) 
aevus spilus Capillary malformation (port-wine stain/naevus flammeus in Type Ill Spilorosea type 
classification 1, pale pink telangiectatic naevus in classification 2) 
Dermal melanocytosis (Mongolian Capillary malformation (port-wine stain/naevus flammeus) Type IV Extremely rare, unclassifiable 
blue spot) and naevus spilus in this classification 
aevus spilus Capillary malformation (cutis marmorata telangiectatica congenita) Type V Cesiomarmorata type 


Lichen striatus 


See Chapter 37. 


Linear morphoealscleroderma 


See Chapter 37. 


Linear manifestations of X-linked skin disease 


This group of ‘naevus-like’ lesions are identifiable by being hered- 
itary in their Blaschkolinear forms, a pattern of inheritance that 
cannot be seen in mosaic disorders. The classic example is inconti- 
nentia pigmenti. The overarching molecular basis for the cutaneous 
phenotype is random X-inactivation, producing a functional or 
expression-level mosaicism, rather than mosaicism at the DNA 
level. 

CHILD syndrome (congenital hemidysplasia with ichthyosiform 
erythroderma and limb defects) (MIM: 308050) is a rare and in 
its classic form a striking condition affecting either the right or 
left of the body, with a sharp midline cut-off [60]. The underlying 
genetic defect is known to be germline loss-of-function mutations 
in NSDHL [61], which encodes an enzyme involved in cholesterol 
metabolism, with X-inactivation postulated to be responsible for the 
hemidysplasia phenotype (although the exact mechanism of this is 
not clear). The inheritance is X-linked dominant, and the condition 
is almost universally lethal in males. Importantly for diagnosis, 
bilateral cutaneous involvement has rarely been described [62], 
and limb defects are not always seen. CHILD syndrome lesions 
have previously been notoriously difficult to treat, with variable 
success with CO, laser and topical calcipotriol. Recently, however, 
novel topical therapy has been highly successful in two children 
with CHILD syndrome, based on the role of the affected gene in 
cholesterol metabolism [63]. Treatment of extensive epidermolytic, 
hyperkeratotic, epidermal naevi is often with systemic retinoids, 
and topical vitamin D analogues have also been used with success 
[64,65]. 

Other conditions in this group are dealt with in other chapters in 
detail. 


Linear manifestations of generalised skin disease 


These can rarely occur either as single linear lesions, or as a linear 
component of generalised disease. Examples of the first presenta- 
tion are linear Darier disease caused by mutations in ATP2A2 [66] 
or linear porokeratosis caused by PMVK and MVK [67], the latter 
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Introduction 


Chromosomal disorders may be due to abnormalities of chro- 
mosome number or structure and may involve autosomes or sex 
chromosomes. Somatic cells are diploid, with a complement of 46 
chromosomes, whereas gametes (ova and sperm) are haploid, with 
only 23 chromosomes following reduction division in meiosis. 
Abnormalities of chromosome number that involve the gain or loss 
of one or more chromosomes are known as aneuploidies. Structural 
chromosome rearrangements result from chromosome breakage 
with subsequent reunion in a different configuration. They may 
be balanced or unbalanced, depending on whether or not gain (or 
loss) of genetic material occurs. DECIPHER is a catalogue of genetic 
causes of developmental disorders that is an excellent resource for 
chromosomal disorders, and reports genetic changes and associated 
phenotypes [1]. 

Approximately 7.5% of all conceptions have a chromosomal dis- 
order, but most of these are spontaneously aborted, so the birth fre- 
quency is 0.6%. Among early spontaneous abortions, the frequency 
of chromosomal disorders is 60%, whereas in late spontaneous 
abortions and stillbirths the frequency is 5%. Chromosomal 
abnormalities generally cause multiple congenital malformations. 
Children with more than one physical abnormality, particularly if 
developmentally delayed, should undergo chromosomal analysis 
as part of their investigation. Chromosomal disorders are incurable 
but can be reliably detected by prenatal diagnostic techniques [2]. 

Recent advances for detecting chromosomal aneuploidies lever- 
age the ability of sensitive DNA sequencing technologies to detect 
fetal (cell free) DNA circulating in the maternal circulation. These 
assays, termed ‘non-invasive prenatal assays (NIPT)’ have been 
shown to exceed sensitivity of combined screening approaches 
in the context of some conditions like Down syndrome. These 


approaches are combined with additional testing as discussed 
below. Invasive diagnostic testing approaches such as chorionic 
villus sampling or amniocentesis allow access to tissue or amnio- 
cytes that can be tested for fetal chromosomal abnormalities. DNA 
from such tissues are now typically subject to chromosomal microar- 
ray analysis [3], which involve assays such as SNP arrays, which 
can detect abnormalities of chromosome number (aneuploidy) and 
structure (deletions / duplications /inversions). 

A growing number of inherited skin conditions have been found 
to be associated with submicroscopic genomic aberrations such as 
copy-number variations (CNVs) [4] including cornification, hair and 
connective tissue disorders [5-7]. They do not fit the strict defini- 
tion of chromosomal disorders and are discussed throughout the 
chapters of the present section. 


AUTOSOMAL CHROMOS 


Down syndrome (trisomy21) 


Down syndrome is the most common autosomal abnormality, with 
a frequency of about 1/700 live births [1]. 


Aetiology 

There are three genetic scenarios that give rise to the phenotype of 
Down syndrome [2]. Most cases (95%) result from germline trisomy 
of chromosome 21, in which the extra chromosome is derived 
by non-disjunction at meiosis, usually from the mother; the inci- 
dence of this type rises with maternal age. Some patients also have 
translocation Down syndrome, where an extra part of chromosome 
21 is present, and is attached to another chromosome, such that the 
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affected child has the normal number of 46 chromosomes. Finally, 
some patients have mosaic Down syndrome, and only some of the 
cells in their body demonstrate trisomy 21; these patients tend to 
have less marked physical signs and higher intelligence [3]. 


Pathology 

The effects of having an increased gene dosage of chromosome 
21 are widespread. Congenital heart defects are common and the 
brain is small with flat convolutions. Renal tract anomalies are 
less common but recognised. Immunological defects are frequent. 
Autoimmune disease is common in Down syndrome, T-cell func- 
tion is impaired and the atopic state is often seen [4]. There is an 
increased risk of developing acute leukaemia, estimated at 150x 
higher than expected, usually under the age of 5 years. Recent 
studies suggest that increased expression of microRNAs from 
chromosome 21 play a role in the development of leukaemia [5]. 


Clinical features [6] 

The facial appearance often allows for a clinical diagnosis. Head size 
is small, the facial profile is flat, the nose short and the ears small. 
The eyes are usually conspicuously almond shaped, with slanting 
palpebral fissures. The eyelids are thickened and the eyelashes 
short and sparse. Epicanthic folds are frequent in early childhood 
but tend to become less noticeable with age. The iris tends to be 
hypoplastic and may show light areas in its outer third (Brushfield’s 
spots). The limbs are short and the joint ligaments lax. The fingers 
are also short and cone shaped and are sometimes webbed. The 
little finger is often curved. The presence of these features varies in 
affected individuals. 

Intellectual disability is a common feature. Congenital heart mal- 
formations, especially endocardial cushion defects, are present in 
40%, and duodenal atresia may occur. Other complications include 
cataracts (2%), epilepsy (10%), hypothyroidism (3%), leukaemia 
(1%), atlantoaxial instability (2-3%) and recurrent respiratory infec- 
tions. Puberty is often delayed and incomplete, with adult height at 
about 150 cm. Presenile dementia is common after 40 years of age. 

Dermatological conditions in Down syndrome are common and 
patients may benefit from dermatologist review as part of their 
care [7,8]. The skin is normal at birth and in early childhood is 
soft and velvety [7]. Between the ages of 5 and 10 years it becomes 
increasingly dry and less elastic, and by the age of 15 over 70% 
show generalised xerosis of mild to moderate degree with evidence 
of accelerated skin ageing [9]. Patchy lichenification is present in 
some 30% under 10 years and more than 80% over 20 years of age. 
The patches resemble lichen simplex and most commonly occur 
on the upper arm, wrists, the fronts of the thighs, the back of the 
ankle and the back of the neck, and are probably correctly regarded 
as manifestations of atopic eczema, the incidence of which some 
authorities have considered to be low. The lichenified patches of 
skin show no distinctive pattern on histology, with hyperkeratosis, 
acanthosis and a dermal inflammatory infiltrate. 

A chronic follicular papular eruption of the presternal and inter- 
scapular regions is frequently present, consistent with Malassezia 
folliculitis. In a clinical trial, oral itraconazole produced a signifi- 
cant clinical improvement accompanied by a decrease in the skin 
Malassezia count, but relapse occurred when therapy was discontin- 
ued and was accompanied by recurrence of Malassezia yeasts [10]. 


Hidradenitis suppuritiva and generalised folliculitis are recognised 
in patients with Down syndrome [11]. 

The hair may be normal but is often fine and may be hypopig- 
mented. The prevalence of alopecia areata is high and it tends to 
be extensive and persistent [6,12]. The teeth are hypoplastic and 
late to erupt. Fissuring and thickening of the lips are frequent and 
increase in prevalence and severity with age. The tongue is fissured 
in almost all cases. Elastosis perforans serpiginosa and syringomas, 
especially in adult females with Down syndrome [13-15], occur 
more often than in normal subjects. 

Skin infections, angular cheilitis, chronic blepharitis and a puru- 
lent nasal discharge are common. There is a high prevalence of 
onychomycosis [6,16]. The cheeks are often red. The peripheral 
circulation is poor, acrocyanosis is frequent and livedo reticularis 
is often conspicuous throughout the year, on the thighs, buttocks 
and trunk. 

There is no evidence that the prevalence of other dermatoses is 
significantly different in individuals with Down syndrome com- 
pared with individuals with intellectual disability from other 
causes. Acral lentiginous melanoma has been described in associ- 
ation with Down syndrome [17]. Psoriasis runs its normal course, 
although an unusual hyperkeratotic form has been described. There 
is some evidence that seborrhoeic dermatitis is commoner [11,18] 
and also premature greying. 


Trisomy 18 (Edwards syn drome) (1-3) 


This is the second most common multiple malformation syndrome. 
It occurs in about 1/3000 live births; 95% of affected fetuses abort 
spontaneously. Parental non-disjunction at either the first or second 
meiotic division results in the extra copy of chromosome 18. Rarely, 
a parental translocation is responsible. Occasionally, mosaicism 
is seen with a milder phenotype and can give rise to pigmentary 
skin changes, as seen in hypomelanosis of Ito [4,5]. The syndrome 
comprises severe intellectual disability, a characteristic skull shape 
with a small chin and prominent occiput, low-set malformed ears, 
clenched hands with overlapping index and fifth fingers, single 
palmar crease, ‘rocker-bottom’ feet and a short sternum. Malforma- 
tions of the heart, kidneys and other organs are frequent. Cutaneous 
features include aplasia cutis, cutis laxa of the neck, hypertrichosis 
of the forehead and back, and capillary haemangiomas. Fingerprints 
show a distinctive low-arch dermal ridge pattern. Death within a 
month occurs in 30%. Only 10% survive beyond the first year and 
these infants show profound developmental delay. 


Trisomy 13 [1-4] — 


The incidence of trisomy 13 is 1/5000 live births. Non-disjunction 
at either the first or second meiotic division in either parent may 
cause trisomy 13. In about 20% of cases, one parent is a transloca- 
tion carrier. In about 5% of patients, mosaicism is present, which 
may be associated with prolonged survival [5]. The characteristic 
features of the syndrome are intellectual disability, sloping fore- 
head reflecting underlying holoprosencephaly (a developmental 


defect of the forebrain), eye defects including microphthalmia or 
anophthalmia, cleft palate and cleft lip, low-set ears, rocker-bottom 
feet, cardiac defects and a variety of other visceral abnormalities. 
Survival for more than 6 months is unusual. Cutaneous features 
include vascular anomalies, especially of the forehead, hyperconvex 
nails and localised defects of the scalp. Cutis laxa of the neck has 
also been reported. The palm print shows a distal palmar axial 
triradius. 


Other autosomal abnornr 
syndromes 


Although the syndromes to which these autosomal abnormalities 
give rise include distinctive craniofacial malformations, they do 
not exhibit constant or frequent dermatological features, apart 
from abnormal dermatoglyphics. Other chromosomal disorders are 
reviewed elsewhere [1,2]. 


Chromosome 4, short-arm deletion syndrome [3] 

These children have microcephaly, intellectual disability, hypospa- 
dias and multiple malformations, such as cleft lip and/or palate, 
low-set ears and pre-auricular pits. There are scalp defects in some 
cases. 


Chromosome 5, short-arm deletion syndrome (cri du chat 
syndrome) [4-6] 

This is a clinically heterogeneous syndrome. The patients have 
severe intellectual delay and microcephaly with a cat-like cry. In 
some cases, a pre-auricular skin tag accompanies low-set malformed 
ears. There may be premature greying of the hair. 


Chromosome 18, long-arm deletion syndrome [7] 

Hypoplasia of the mid-face gives these children deep-set eyes. The 
antihelix is very prominent and there are multiple skeletal and 
ocular abnormalities. Eczema has been reported to occur in 25% of 
cases. 


SEX CHROMOSOME DE 


Turner syndrome [1,2] occurs when one of the two copies of the X 
chromosome is missing or structurally defective. Turner syndrome 
is thought to account for 10% of all spontaneous miscarriages in the 
first trimester [3]. 


Aetiology [2] 

The frequency of Turner syndrome is 1/2500 female births [4]. In 
80% of cases, there are 45 chromosomes, with the presence of one 
copy of the X chromosome, designated 45,X. The incidence of 45,X 
was reported to be increased in the offspring of teenage mothers [5], 
but in a study from Denmark there was no significant relation 
between the mother’s age and the risk of Turner syndrome [6]. 


Sex chromosome defects 74.3 


The remaining cases are mosaic, or in some cases have a partial 
deletion of one X chromosome [7,8]. Mosaicism of various types 
has been reported (45,X/46,XX or 45,X/47,XXX) [9]. Such individu- 
als may not differ significantly in their phenotype from the common 
45,X genotype but they may be less severely affected [10]. 


Pathology 

In place of the normal gonads, ovarian streaks are present that are 
composed of stroma-like cells and quiescent germinal epithelium 
without follicular activity or germ cells. However, both follicles 
and germ cells have occasionally been present. Lymphangiographic 
studies have shown hypoplasia of cutaneous and subcutaneous 
lymphatics [11]. 

A lack of feedback inhibition by hormones from the defective 
ovaries produces elevated levels of follicle-stimulating hormone 
(FSH) and luteinising hormone (LH) in the serum by 5 days of 
age [12]. 


Clinical features [10,13,14,15] 

Growth failure is a consistent finding at birth in infants with Turner 
syndrome, which begins in early gestation and is well established 
by mid-pregnancy [16]. The diagnosis may be suggested in the 
newborn by redundant neck skin and peripheral oedema. How- 
ever, the diagnosis is usually made later as a result of investigation 
for short stature and primary amenorrhoea. 

The characteristic clinical features of Turner syndrome include: 
small stature; a broad shield-shaped chest with widely spaced nip- 
ples; a wide carrying angle of the arms; a webbed neck (pterygium 
colli); low, misshapen ears; high, arched palate; short fourth, and 
sometimes fifth, metacarpals and metatarsals; hypoplastic nails; 
and a tendency to keloidal scar formation. Skeletal abnormali- 
ties are a common feature, but are also very variable. Among the 
most frequent are cubitus valgus, kyphoscoliosis and epiphyseal 
defects and pathological fractures. Cardiovascular abnormalities 
are present in some 25% of cases, especially coarctation of the aorta. 
Ocular defects, squints or ptosis, are also a feature of some cases. 
Intelligence is usually normal. Progress has been made in identi- 
fying foundational deficits in attention and executive function that 
could explain visuospatial and arithmetical impairments [17]. 

Dermatological features in Turner syndrome are numerous but 
variable [18]. Apart from a low posterior hairline and cutis laxa, 
especially on the neck and buttocks, individuals with Turner 
syndrome have increased numbers of melanocytic naevi and 
an increased risk for melanoma [19] as well as other skin and 
non-cutaneous neoplasias (although cancer relative risk in Turner 
is still a matter of debate) [20]. Halo nevi are particularly fre- 
quent in Turner syndrome [21]. Lymphangiectatic oedema of the 
hands and feet may be present at birth and clear in the first 2 years. 
Alopecia areata and psoriasis have been reported in association 
with Turner syndrome, which may relate to the fact that Turner syn- 
drome patients are prone to develop autoimmune diseases, mainly 
autoimmune thyroiditis and inflammatory bowel syndrome [22]. 

Endocrinological investigations reveal an increased output of 
pituitary gonadotrophins accompanied by low oestrogen levels. 
Thus, there is usually primary amenorrhoea with failure to develop 
full secondary sexual characteristics [23]. Some patients menstruate 
and, exceptionally, may be fertile. Adrenal androgens are present, 
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and pubic and axillary hair may be present in the absence of other 
manifestations of normal pubertal development. A few examples 
are known [24] in which otherwise typical Turner syndrome (XO 
chromosome complement) is accompanied by some degree of 
genital virilisation and hirsutism. 


Diagnosis 

Diagnosis may be made prenatally by amniocentesis if suspected 
based on ultrasound findings [5]. Diagnosis can also be made in 
infancy or childhood, but if they are inconspicuous or absent, the 
diagnosis may be unsuspected until puberty. Increased urinary 
excretion of FSH supports the diagnosis, which can be confirmed 
by testing peripheral blood leukocyte DNA or buccal smears for 
karyotyping. 


Treatment 

Oestrogen replacement will allow the development of secondary 
sexual characteristics but does not seem to influence stature or infer- 
tility. Treatment with human growth hormone may improve the 
ultimate adult height. Melanocytic naevi may grow more rapidly 
during growth hormone therapy [25]. Therefore, individuals with 
Turner syndrome, especially those on growth hormone therapy, 
should have periodic skin examinations and be advised on the 
regular use of sunscreens. For a comprehensive recent review of 
clinical care please see [26]. 


Klinefelter syndrome oo 


Aetiology 

The frequency of Klinefelter syndrome is 1/600 male births [2]. 
Klinefelter patients have 47 chromosomes with an XXY sex chromo- 
some complement [3]. The differentiation of the developing gonad 
proceeds along male lines but the testis fails to develop fully and 
many seminiferous tubules are replaced by fibrous tissue. Leydig 
cells are present in normal or increased numbers. 


Clinical features [1,2,4,5,6] 

There are no clinical manifestations before puberty, which occurs 
at the normal age. The testes are small and fail to produce adult 
levels of testosterone, which leads to poorly developed secondary 
sexual characteristics and infertility. Hair growth on the trunk, limbs 
and face tends to be reduced. Psychiatric disorders are common but 
intellectual disability is not. Klinefelter syndrome patients typically 
are taller than average, mainly attributed to abnormally long legs, 
and an arm span exceeding height by 2cm [7]. Some patients may 
be obese and develop gynaecomastia. Associated features include 
osteoporosis [8] and taurodontism (vertical enlargement of the 
molar pulp chamber) [9]. Various minor dermatoglyphic changes 
have been recorded [10]. 

An association between systemic lupus erythematosus (SLE) and 
Klinefelter syndrome has been postulated [11], and this is interest- 
ing in view of the fact that SLE is more frequent in women than men 
and that oestrogens may provoke SLE in some patients [12]. In a 
case report of SLE in a hypogonadal male with Klinefelter syndrome 
treated with testosterone in doses sufficient to normalise the serum 


level of this hormone to the adult male range, haematological and 
serological abnormalities, including elevated levels of anti-DNA 
antibodies and depressed complement levels, returned to normal 
within 9 months of increasing the testosterone dose [13]. Men 
commonly have SLE that is more severe than that found among 
women, but patients with Klinefelter syndrome seem to have SLE 
of the same degree of severity as women [14]. A study of 213 men 
with SLE demonstrated that five had Klinefelter syndrome, two of 
whom had not been previously diagnosed [15]. 

Patients with Klinefelter syndrome have an increased risk of 
developing leg ulcers, especially in combination with hyper- 
pigmentation or atrophie blanche [16-18]. Some authors have 
attributed the cause of leg ulceration to venous insufficiency, oth- 
ers have implicated increased activity of plasminogen activator 
inhibitor 1 [19]. 

The presence of an extra X chromosome in Kleinfelter syndrome 
allows for the birth of male children with X-linked dominant geno- 
dermatoses such as Conradi-Hitinermann—Happle syndrome [20] 
or incontinentia pigmenti [21]. 


Diagnosis 

The association of gynaecomastia with small testes and otherwise 
apparently normal genitalia should suggest the diagnosis, which 
is supported by finding an increased urinary excretion of gonado- 
trophin. The diagnosis is confirmed by chromosome studies. 


Treatment 
Testosterone replacement therapy will improve secondary sex- 
ual characteristics, but infertility is the rule, except in mosaic 
patients [22]. 


Other abnormalities of 
chromosomes 


There are several other syndromes affecting the sex chromosomes. 
However, they are very rare and the cutaneous features are not so 
prominent. 


XXYY syndrome 

Individuals with XXYY syndrome [1] show many of the main 
features of Klinefelter syndrome, including sparse body _ hair. 
Additional features reported are multiple cutaneous angiomas, 
acrocyanosis and early peripheral vascular disease. 


XYY syndrome 

Patients with XYY syndrome [2] are phenotypic males, often tall 
and with, perhaps, an increased incidence of severe acne (see 
Chapter 88). They may have intellectual disability and have a repu- 
tation for aggressive behaviour [3], not accepted by all authorities. 
There is no evidence of increased secretion of FSH or LH [4]. 


XXXXY syndrome 

Patients with XXXXY syndrome [5] are of low birth weight, are 
slow to grow physically and are intellectually impaired. There are 
multiple skeletal defects, of which limited elbow pronation is the 
most characteristic. The ears are large, low set and malformed. 


There is hypogenitalism. No consistent dermatological defects are 
reported, but some patients have hypotrichosis. 


Fragile X syndrome 

Fragile X syndrome [6-8] is associated with a folate-sensitive frag- 
ile site in band Xq27.3 due to a triplet DNA repeat that is expanded 
and unstable. Subjects have intellectual disability and mild dysmor- 
phic features, with mild connective tissue abnormality that leads to 
fine skin, hyperextensible joints and flat feet. Males are more com- 
monly affected than females. The disorder is common, with about 
1/2000 children affected. 


CHROMOSOMAL MOS 


Chromosomal mosaicism is the coexistence within an individual of 
two or more distinct cell lines that are genetically identical except for 
the chromosomal difference (total number/ ploidy, deletions, dupli- 
cations, other chromosomal abnormalities) between them. Chromo- 
somal mosaicism results from a post-zygotic event typically caused 
by an error in mitosis in a cell during embryogenesis that contributes 
to multiple cells in the developing embryo [1]. This can result in 
uneven development and growth of abnormal mosaic cells in the 
tissues that they contribute to throughout the body. The degree of 
mosaicism (the proportion or percentage of cells that are chromo- 
somally normal as compared with chromosomally abnormal) very 
roughly correlates to phenotype severity. Low-level mosaicism is 
more likely to result in a less abnormal phenotype. 

Mosaicism often involves the skin and this commonly is expressed 
as patchy pigmentary, vascular, atrophic or hyperkeratotic changes 
along the lines of Blaschko. Any child with patchy pigmentary 
abnormalities, especially if asymmetrical or following the lines 
of Blaschko, should be considered to possibly have chromosomal 
mosaicism. An awareness of this possibility is important for der- 
matologists as they will often make or suggest the diagnosis. The 
possibility of chromosomal mosaicism should be entertained in any 
child or adult with patchy Blaschkoid pigmentation occurring in 
association with syndromic developmental anomalies. 

It is relatively straightforward to confirm mosaicism in the skin if 
the fibroblast lineage is affected. Fibroblasts collected via skin biopsy 
can be cultured and chromosome analysis can take place using 
either traditional karyotyping or comparative genomic hybridisa- 
tion (CGH) arrays. If keratinocytes are affected in the absence of 
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fibroblast involvement, keratinocytes will need to be isolated and 
cultured separately [1]. Recent work has highlighted the impor- 
tant role that array CGH plays in the detection of mosaicism [2]. 
Low-level mosaicism for several chromosomal abnormalities has 
been detected on array CGH in individuals in whom the routine 
karyotype was normal. A recent study of 73 patients with pigmen- 
tary mosaicism highlighted that 23 had chromosomal alterations [3]. 
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Introduction 


Poikiloderma is defined as the constellation of skin atrophy, hypo- 
and hyperpigmentation and telangiectasia. It is a finding in a num- 
ber of genodermatoses that have variable and potentially serious 
and life-limiting extracutaneous features. Delineation of the clinical 
phenotype in these disorders helps to direct subsequent molecular 
genetic testing to refine the diagnosis and inform the likely associ- 
ated features and prognosis. Table 75.1 summarises some of the more 
common or significant mucocutaneous and extracutaneous features 
of the major poikiloderma syndromes. 


Dyskeratosis congenita 


Definition and nomenclature 

Dyskeratosis congenita (DKC) is a group of rare, inherited disorders 
characterised by a mucocutaneous triad of reticulate pigmentation 
and atrophy of the skin, nail dystrophy and leukoplakia, as well as 
bone marrow failure and a predisposition to malignancy. It is clini- 
cally and genetically heterogeneous, arising from mutations in genes 
involved in maintaining telomere length during cell division [1,2,3]. 


Pathophysiology 

Pathology 

The cutaneous changes are not pathognomonic and are unimpres- 
sive. The epidermis is flattened; the dermis is vascular and contains 


Hereditary fibrosing poikiloderma with tendon 
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contractures, myopathy and pulmonary 


Acrokeratotic poikiloderma of Weary, 75.7 


pigment-laden macrophages and a variable lymphocytic infiltrate. 
The connective tissue is usually normal. 


Genetics 
All forms of DKC arise from mutations in genes involved in telo- 
mere maintainance or protection. Telomeres are structures com- 
posed of tandem nucleotide repeats and a protein complex at the 
ends of chromosomes that are required to maintain chromosomal 
integrity. In humans, they are usually 10-15 kb long. With every cell 
division, telomeres are shortened by the loss of nucleotide repeats. 
If this shortening becomes critical, cells may undergo senescence 
with apoptosis, genetic instability or reduced potential for prolif- 
eration [2,4]. In DKC, the telomeres are greatly shortened (under 
the first percentile), a phenomenon also observed in inherited and 
acquired haematological diseases such as some cases of inherited 
bone marrow failure, aplastic anaemia and myelodysplasia [1,2,4]. 

Normally, a series of cellular mechanisms exist by which telomere 
length is maintained. Telomerase extends telomeres following cell 
division by replacing nucleotide repeats on the 5’ end of the telo- 
meric DNA [5]. It comprises a reverse transcriptase activity, TERT, 
and an RNA template for the nucelotide repeats, TERC. Assembly 
and stability of the telomerase complex rely on H/ACA small 
nucleolar ribonucleoprotein (snoRNP) complexes which include 
dyskerin, NOP10 and NHP2 [6]. The ends of the telomeres are 
protected from degradation from exonucleases and the cell’s DNA 
repair mechanisms by a protein complex called shelterin, which 
includes TIN2 along with five other proteins [7]. To date, 11 different 
genes involved in telomere maintainance have been implicated in 
different forms of DKC [1,5,8], which are summarised in Table 75.2. 
However, only approximately 70% of individuals fulfilling the 
clinical criteria for DKC harbour mutations in one of these genes, 
suggesting that further genes remain to be identified. 

X-linked recessive DKC is the most common form [9] although 
autosomal inheritance, both dominant [10] and recessive [11], is 
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Table 75.1 Major clinical features of poikiloderma syndromes. 


Disease 


Poikiloderma 


Other mucocutaneous features 


Extracutaneous features 


Prognosis 


Dyskeratosis congenita 


Rothmund-Thomson 
syndrome 


Poikiloderma with 
neutropenia 


Hereditary fibrosing 
poikiloderma with 
tendon contractures, 
myopathy and 
pulmonary fibrosis 

Acrokeratotic 
poikiloderma of 
Weary 

Kindler syndrome (see 
also Chapter 69) 


Bloom syndrome (see 
also Chapter 77) 


Mainly neck, trunk and thighs 
from late childhood 


Early-onset redness and 
telangiectasia on face and 
exposed sites then replaced 
by poikiloderma over the 
face, limbs and buttocks 


Redness or eczematous 
changes in first 6 months 
replaced by poikiloderma on 
limbs spreading centripetally 


Early-onset photosensitivity, 
eczematous changes and 
poikiloderma on 
sun-exposed sites 


Generalised poikiloderma 
accentuated in flexures, 
sparing the face 

Progressive poikiloderma from 
childhood, especially in 
exposed sites 


From infancy, redness and 
telangiectasia of the face, 
hands and forearms 


Nail dystrophy and leukoplakia from 
childhood 


Variable photosensitivity 
Keratoses from adolescence 
BCC or SCC development 
Sparse hair 


Variable photosensitivity 
Pachyonychia 
Palmoplantar hyperkeratosis 


Scleroderma 
Reduced sweating 
Alopecia 


Palmoplantar hyperkeratosis 

Linear hyperkeratosis 

Clubbing 

Variable photosensitivity 

Skin fragility in childhood improving 
with age 

Atrophic scarring and wrinkled skin 

Partial syndactyly 

Periodontitis 

Ectropion 

Meatal, anal or oesophageal stenosis 

Increased risk of mucocutaneous SCC 

Variable photosensitivity 

Variable loss of subcutaneous fat 

Early adulthood skin malignancies 
common 


Bone marrow failure 

ucocutaneous carcinoma 

Pulmonary or hepatic fibrosis 

Growth delay 

icrocephaly 

Retinopathy (RS) 

Cerebellar hypoplasia (HHS and RS) 

uvenile cataracts (RTS1) 

Osteosarcoma (RTS2) 

Small stature 

yelodysplasia, lymphoma and 

leukaemia 

Craniosynostosis (BGS) 

Variable neutropenia 

Respiratory infections 

Increased risk of myelodysplasia and 
leukaemia 


Variable short stature and dysmorphism 


Limb contractures in first decade 

Progressive myopathy from childhood 

Variable development of pulmonary 
fibrosis 

Pancreatic insufficiency 

Tissue calcinosis 

Variable cardiac abnormalities 


Occasional colitis 


Pre- and postnatal growth restriction 

Immunodeficiency 

Increased risk of various malignancies 
from second and third decades 

Type 2 diabetes 


Very variable 

Death at 30-50 years of age 
from bone marrow failure or 
carcinoma 


Normal life expectancy if no 
malignancy 


Depends on associated 
pulmonary or haematological 
disease 


Reduced life expectancy due to 
pulmonary fibrosis and 
myopathy 


Not known 


Usually normal 


Death in early to mid adulthood 
due to malignancy 


BCC, basal cell carcinoma; BGS, Baller-Gerold syndrome; HHS, Hoyeraal—Hreidarsson syndrome; RS, Revesz syndrome; RTS1, Rothmund-Thomson syndrome type 1; RTS2, 
Rothmund-Thomson syndrome type 2; SCC, squamous cell carcinoma. 


Table 75.2 Causative genes and modes of inheritance in dyskeratosis congenita (DKC). 


Chromosomal Frequency of all 
Gene Protein location Function Inheritance MIM number cases of DKC [1] 
DKC Dyskerin Xq28 Component of H/ACA snoRNPs and telomerase XLR 300126 20-25% 
TINF2 TIN2 14q12 Component of shelterin AD 613990 12-20% 
TERC TERC 3q26 RNA component of telomerase AD 127550 5% 
RTEL1 RTEL1 20q13 DNA helicase in telomere maintainance and DNA repair AD 615190 2-8% 
AR 
TERT TERT 5p15 Telomerase reverse transcriptase AD 613989 1-7% 
AR 
CIC CTC1 17p13.1 Component of CST complex AR 612199 1-3% 
NOLA3 NOP10 15q14 Component of H/ACA snoRNPs AR 224230 <1% 
NOLA2 NHP2 5q33 Component of H/ACA snoRNPs AR 613987 <1% 
WRAP53 TCAB1 17p13 Control of telomerase trafficking AR 613988 <1% 
ACD TPP1 16q22.1 Component of shelterin AD 616553 <1% 
AR 
PARN PARN 16p13.12 Exonuclease required for 3’-end maturation of TERC AR 616353 <1% 


AD, autosomal dominant; AR, autosomal recessive; snoRNP, small nucleolar ribonucleoprotein; XLR, X-linked recessive. 


observed in other pedigrees. The clinical severity, somatic and 
haematological abnormalities, age at onset and age of death vary 
greatly in different individuals with DKC. 

The first mutations in patients with X-linked DKC were iden- 
tified in DKC1, the gene encoding dyskerin, an H/ACA snoRNP 
component involved in the modification of ribosomal RNA, and 
a component of the telomerase complex [9]. One or both of these 
mechanisms may be affected by DKC1 mutations in X-linked DKC 
[12]. Female carriers of X-linked DKC show skewed X inactivation 
suggesting that wild-type haematopoietic cells have a growth and 
survival advantage over cells carrying DKC1 mutations [13]. Muta- 
tions in TERC and TERT encoding telomerase components have 
been identified in families with autosomal dominant DKC [14]. In 
addition, there is evidence of anticipation in families with TERC 
and TERT mutations, which has been attributed to progressive 
telomere shortening in successive generations [15]. TERC and TERT 
mutations have also been demonstrated in families with adult-onset 
aplastic anaemia and shortened telomeres but no other features of 
DKC [15-17]. Autosomal recessive TERT mutations have also been 
identified in a few kindreds with a severe DKC phenotype [18]. 
Mutations in TINF2 (which encodes TIN2, a component of shelterin) 
have been delineated in other families with autosomal dominant 
DKC [10,14]. Autosomal recessive DKC may also result from muta- 
tions in genes encoding two other components of telomerase and 
snoRNP complexes, NOLA2 and NOLA3, as well as in WRAP53 
which encodes the TCBA1 protein thought to be involved in telo- 
merase trafficking [11,19,20]. A severe DKC phenotype has also 
been associated with autosomal recessive mutations in the RTEL1 
gene, which is implicated in DNA replication at the ends of telom- 
eres [8]; heterozygous carriers may exhibit a milder phenotype [21]. 
Autosomal recessive pathogenic variants in the CTC1 gene, which 
encodes a component of a telomere stabilising complex, are usually 
associated with cerebro-retinal microangiopathy with calcification 
and cysts (Coats plus syndrome) but have also been identified in 
individuals with the classic triad of DKC [22]. Mutations in ACD 
encoding a component of shelterin have been described in families 
with autosomal dominant [23] and autosomal recessive [24] DKC. 
A further rare form of autosomal recessive DKC results from muta- 
tions in the PARN gene, encoding an exonuclease required for TERC 
function [25-27]. New genes associated with DKC keep appearing. 
Recently, pathogenic variants in NMP1 encoding nucleophosmin, 
an essential regulator of rRNA methylation, were identified in 
patients with DKC [28]. 


Clinical features [1,29,30] 
Because of the relatively late onset of the characteristic features of 
this syndrome, their relationship may be overlooked for some years 
and diagnosis delayed. The median age of diagnosis of DKC is 
15 years (range 0-75 years). The essential mucocutaneous features 
of the syndrome are reticulate pigmentation and atrophy of the 
skin, nail dystrophy and mucosal leukoplakia. The nail changes 
are usually the first to appear. Between the ages of 5 and 13 years, 
the nails become dystrophic and are shed: they may be reduced to 
horny plugs or be completely destroyed. There may be recurrent 
episodes of suppurative paronychia. 

The pigmentary changes may appear simultaneously or 2-3 years 
after nail changes and reach their full development in 3-5 years. 


75.3 


Dyskeratosis congenita 


(b) 


Figure 75.1 Dyskeratosis congenita. (a) Reticulate pigmentation on the neck. (b) The 
development of leukoplakia. 


Fine, reticulate, grey-brown pigmentation is most conspicuous on 
the neck (Figure 75.1a) and thighs, but involves the greater part of 
the trunk. The skin is atrophic, and telangiectasia may be sufficiently 
prominent to give a poikilodermatous appearance. The skin of the 
face is red and atrophic, with irregular macular pigmentation, while 
that of the dorsa of the hands and feet is diffusely atrophic, trans- 
parent and shiny. The palms and soles may be thickened and hyper- 
hidrotic, and may form bullae with trauma. Premature canities and 
cicatricial alopecia have occasionally been noted [31]. The teeth tend 
to be defective and irregularly implanted, and periodontal disease 
and early caries are usual. 

The onset of mucous membrane lesions may coincide with, or fol- 
low, the nail and skin changes. Small blisters and erosions of the 
lingual and buccal mucous membranes are succeeded by irregular 
patches of leukoplakia (Figure 75.1b). Similar changes on the tarsal 
conjunctiva may obliterate the lacrimal puncta, resulting in exces- 
sive lacrimation and soreness and scarring of the lids. Ano-rectal, 
oesophageal or urethral leukoplakia may produce stenosis. Simi- 
lar changes may occur throughout the gastrointestinal tract and on 
the uro-genital mucous membranes. Pulmonary and hepatic fibrosis 
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Chapter 75: Poikiloderma Syndromes 


have also been described [10]. Growth and psychomotor develop- 
ment may be delayed, and immunodeficiency and osteoporosis can 
occur. 

Hoyeraal—Hreidarsson and Revesz syndromes are more severe 
forms of DKC, usually presenting in early childhood and charac- 
terised by intrauterine growth retardation, profound developmental 
delay and early-onset bone marrow failure [1,30]. Additionally, 
cerebellar hypoplasia is a feature of Hoyeraal—Hreidarsson syn- 
drome which results from DKC1, TERT, TINF2, RTEL1, NHP2, 
WRAP53, ACD or PARN gene mutations [32-35]. Revesz syndrome 
is characterised by bilateral exudative retinopathy and intracranial 
calcifications [31]; it is caused by pathogenic variants in TINF2 
[35-37]. 


Co-morbidities 

Haematological abnormalities. The incidence of bone marrow fail- 
ure in DKC is high: in one series, it arose in 93% of patients, with 
pancytopenia as the cause of death in 71% [29]. The timing of onset is 
variable but the risk increases from 10 years of age. Myelodysplasia 
and acute myeloid leukaemia have been reported in other patients. 


Malignancy. In addition to an increased incidence of haematologi- 
cal malignancy in DKC, the risk of squamous cell carcinoma (SCC) 
of the head and neck (particularly in areas of tongue leukoplakia), 
the skin and ano-genital region is increased [38]. A review of the lit- 
erature and prospective data collection in a group of DKC patients 
demonstrated a cumulative risk of developing cancer of 40-50% by 
age 50 years and a median survival of 42 years [38]. Other neoplasms 
reported include pancreatic carcinoma and Hodgkin disease. 


Associated allelic disorders. Improved understanding of the 
molecular pathology of genes important in telomere maintainance 
has led to the identification of mutations in TERT, TERC and ACD in 
patients without a full DKC phenotype, but with aplastic anaemia 
and bone marrow failure with, or without, pulmonary and hepatic 
fibrosis [16,17,23]. In addition, heterozygous mutations in TERT, 
TERT, PARN and RTEL1 have been identified in individuals with 
autosomal dominant idiopathic pulmonary fibrosis [26,39-41]. 
Variants of TERC and TERT associated with telomere shortening 
have also been identified with greater frequency in patients with 
chronic liver disease who have progressed on to cirrhosis [42,43]. 


Prognosis 

The prognosis is usually poor as a result of the blood dyscrasia or 
carcinoma, although the age at which these complications occurs 
is generally very variable. Individuals with TINF2 or DKC1 muta- 
tions, or those with autosomal recessive RTEL, PARN or ACD muta- 
tions, tend to have more severe and early-onset disease, including 
Hoyeraal—Hreidarsson and Revesz syndromes [23—26,44,45]. In con- 
trast, autosomal dominant RTEL and ACD variants tend to result 
in milder phenotypes with better outcomes. In some patients, only 
mucocutaneous features are present and life expectancy is into late 
adulthood [46]. 


Investigations and diagnosis 

It is important to enquire about a personal and family history of 
the following: bone marrow failure, head and neck, ano-genital or 
other cancers below the age of 50 years, and pulmonary or hep- 
atic fibrosis. As mentioned earlier, the clinical features of DKC may 
be variable and present at different time points. An examination 
of other family members may also be helpful. A blood count and 
film should be undertaken with a bone marrow biopsy if abnor- 
mal. Pulmonary function tests and liver ultrasonography may also 
be indicated in view of possible fibrosis. Bone density assessment 
may reveal osteoporosis. A telomere length assay will demonstrate 
telomere shortening which is characteristic of this condition. Molec- 
ular analysis should reveal the underlying mutation(s) in around 
70% of patients and can be undertaken as single gene sequencing, as 
a multigene panel or a next generation sequencing approach. Carrier 
testing of relatives should be considered due to the variable pene- 
trance and variability in timing of presentation; this should detect 
relatives at risk of developing bone marrow failure or other com- 
plications of the disease. A molecular diagnosis may also enable 
DNA-based first trimester prenatal or preimplantation genetic test- 
ing for affected families. 


Management 
Management of individuals with DKC should be provided by a mul- 
tidisciplinary team comprising all relevant medical specialties. The 
aplastic anaemia associated with DKC is not responsive to immuno- 
suppressive treatment but can be treated with the anabolic steroids 
danazol, nandrolone or oxymethalone [47]. Bone marrow failure or 
leukaemia associated with DKC should be treated with haematopoi- 
etic cell transplantation ideally if a matched, related donor is 
available, and can be considered if there is an unrelated donor [48]. 
Caution should be taken to use reduced conditioning to minimise 
the risks of problems due to underlying hepatic or pulmonary 
disease. 

Retinoids have been reported to cause regression of lesions in 
leukoplakia [49] and so may reduce the incidence of malignancy. 


Rothmund-Thomson syndrome 


Definition and nomenclature 

Rothmund-Thomson syndrome (RTS) is a rare, autosomal recessive 
disorder characterised by early-onset poikiloderma, skeletal abnor- 
malities, short stature, premature ageing, sparse hair, dental prob- 
lems and an increased susceptibility to malignancy [1]. 


Pathophysiology 

Pathology [2] 

In childhood, the histological changes are flattening and atrophy 
of the epidermis, with oedema of the dermal-epidermal junction. 


There may be some vasodilatation and perivascular lymphocytic 
infiltration in the dermis. In adults, exposed skin shows a combi- 
nation of fragmentation of elastic tissue in the dermis with patchy 
Bowenoid dyskeratosis of the epidermis. 


Genetics 

Around 60% of affected individuals with RTS have compound 
heterozygous or homozygous mutations in the DNA helicase 
gene, RECQL4, on chromosome 8q24.3 [3]. The RECQL4 protein 
is essential for the initiation of DNA replication and is necessary 
for efficient removal of ultraviolet (UV)-induced DNA damage [4]. 
Reduced DNA repair capacity and increased sensitivity to UVC 
have been reported in individual patients with RTS [5,6]. Recently, 
a second gene, ANAPC1, on chromosome 2q13, has been implicated 
in around 10% of cases of RTS [7]. It encodes APC1, a component 
of anaphase-promoting complex/cyclosome, which plays a role 
in cell cycling as well as senescence, DNA replication and repair, 
cell differentiation and metabolism [8]. Failure to identify causative 
mutations in around 30% of cases with clinical features suggestive 
of RTS suggests that an additional gene or genes remain to be 
elucidated [1]. 

Patients can be classified depending on the underlying molecu- 
lar pathology. Patients with RTS type I have poikiloderma and may 
have juvenile cataracts, but do not have an increased incidence of 
malignancy; this cohort have been shown to harbour ANAPC1 muta- 
tions. In contrast, in RTS type II, RECQL4 mutations are found, and 
patients have typical poikiloderma and an increased risk of osteosar- 
coma [9]. Identification of RECQL4 mutations in patients with a clin- 
ical diagnosis of RTS, therefore, may have implications for the need 
for ongoing surveillance for malignancy. Trisomy 8 mosaicism has 
also been described in some patients [10]. 

Mutations in RECQL4 have also been identified in two other 
disorders with a clinical overlap with RTS. Firstly, Baller-Gerold 
syndrome (BGS), which is characterised by craniosynostosis and 


Figure 75.2 Rothmund-Thomson syndrome. 
(a) Facial telangiectasia, redness and early 
poikiloderma in a young child. (b) 
Telangiectasia, redness and poikiloderma on 
the arm of a young child showing sparing in 
the elbow flexure. Courtesy of Dr H. Fassihi, St 
John’s Institute of Dermatology, London, UK. 
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radial defects, in which poikiloderma may be a feature. It has been 
proposed that the clinical and genetic similarities between RTS 
and BGS may indicate that these are a single entity [11], although 
BGS patients without poikiloderma do not harbour RECQL4 
mutations and therefore probably represent a separate entity [3]. 
Secondly, RAPADILINO syndrome, which encompasses growth 
retardation, bony abnormalities (particularly radial defects) and an 
increased risk of certain malignancies but no poikiloderma [12]. 
Genotype—phenotype correlation has been shown for a number of 
families with these disorders and RECQL4 mutations [9]. 


Clinical features [1,3,13,14] 

Presentation 

The skin appears normal at birth. The earliest lesions usually 
develop between the third and sixth months, but sometimes as 
late as the second year. Plaques of red skin and oedema, or more 
transitory diffuse redness, are succeeded by varying combina- 
tions of atrophy, telangiectasia, pigmentation and depigmentation 
(Figure 75.2). The pigmentation, dull brown in colour, irregularly 
macular or reticulate, develops later than the atrophy and telang- 
iectasia on which it is superimposed (Figure 75.3), although it 
may extend much beyond these areas, especially on the neck and 
trunk where it may be the only change. On the face and hands, 
telangiectasia predominates. 

The cheeks are first and most severely affected, but the forehead, 
chin and ears are also usually involved. The hands, forearms and 
lower legs are next affected, and the buttocks and thighs are fre- 
quently involved. Light sensitivity is a feature of many cases, and 
exposure to sunlight may extend the distribution of the eruption 
on the upper trunk; however, it is not limited to light-exposed skin, 
and the poikiloderma may develop without any preceding redness. 
Light sensitivity may be so severe that a bullous response is elicited, 
and although this tends to diminish after early childhood, it may 
persist into adult life [15]. 
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Figure 75.3 Poikiloderma of the dorsa of the hand in an adult woman with 
Rothmund-Thomson syndrome. 


Once fully developed in early life, the skin lesions tend to remain 
unchanged, but in many cases keratoses develop on exposed 
skin from adolescence onwards, and large warty keratoses of the 
hands, wrists, feet, ankles and elsewhere may occur [16]. Skin 
cancer arises in around 5% of individuals; squamous or basal 
cell carcinoma may develop in the keratoses or in the surround- 
ing atrophic skin [17], and malignant melanoma has also been 
reported [18]. 

Scalp hair, eyebrows, eyelashes and pubic and axillary hair are 
often sparse or absent. Nails are normal or small and dystrophic. 
Teeth may be normal, but microdontia, hypodontia or anodontia, 
delayed dental eruption and early caries have been reported. 

Bilateral cataracts, usually developing between the fourth and 
seventh years, occur in around 10-40% of reported cases, and are 
particularly associated with ANAPC1 mutations [7,13]. 

Skeletal abnormalities include radial ray defects, which may 
present as thumb hypoplasia with an abnormal radial head, or 
complete absence of the radius. Ulnar defects, patellar hypopla- 
sia or aplasia, abnormal trabeculation and osteopenia may also 
arise [19,20]. There is a recognised risk of osteosarcoma, notably 
in patients with RECQL4 mutations, especially in the bones of 
the lower leg, which can present in childhood [9,13,14]. In a 
series of 41 patients with RTS, Wang et al. identified osteosarcoma 
in 32% (higher than previous estimates) and radial defects in 
20% [13]. 

Most patients are of proportionate small stature, with slender del- 
icate limbs, small hands and feet and short fingers. The skull may 
be small and the features bird-like, sometimes with a saddle nose. 
Hypogonadism of variable degree is frequent and the incidence of 


hyperparathyroidism appears also to be increased [21]. The associ- 
ation of RTS and Addison disease has also been reported [22]. 
Other associations reported include myelodysplastic syndrome 
[23], lymphoma, leukaemia [24], malignant eccrine poroma [25], 
malignant fibrous histiocytoma [26], gastrointestinal adenocarci- 
noma [27,28] and annular pancreas with duodenal stenosis [29]. 
Individuals with RTS are usually of normal intelligence. 


Differential diagnosis 

The essential features in differential diagnosis are the age of onset 
and the distribution of the poikiloderma, which is most intense on 
light-exposed skin but not necessarily confined to it. 

In Werner syndrome, the skin changes are essentially scleroder- 
matous, and both skin and ocular lesions develop later than in RTS. 
In DKC, reticulate pigmentation develops between the ages of 5 and 
13 years, and is most marked on the neck, trunk and thighs. Atrophy 
and telangiectasia may appear later. The nail changes are constant 
and severe. In progeria, the child is often small but otherwise 
normal during the first year; thereafter development is delayed. 
Scalp hair, eyebrows and eyelashes are lost and the skin assumes 
an increasingly senile appearance. In Cockayne syndrome, light 
sensitivity is a conspicuous feature after the first year, but there 
is no poikiloderma. Xeroderma pigmentosum should not cause 
confusion: in mild forms, only freckle-like macules are present, 
whereas in mild forms of RTS, telangiectasia is the conspicuous fea- 
ture. In Kindler syndrome, skin fragility is present in the early years 
ahead of the development of poikiloderma, and photosensitivity 
is variable. Characteristic fine, atrophic scarring and limited web- 
bing of the digits occurs from adolescence onwards, and gingival 
involvement may lead to marked periodontal disease and dental 
loss. Telangiectasia, often irregular, linear and present at birth, is a 
feature of focal dermal hypoplasia. In Bloom syndrome, redness, 
and not poikiloderma, is the essential change. 


Prognosis 
Life expectancy depends on the development of an associated malig- 
nancy; otherwise, it appears to be normal. 


Investigation 

Genetic testing can be undertaken by single gene sequencing, via 
a gene panel or through next generation sequencing methods [1]. 
Identification of causative mutations in ANAPC1 or RECQL4 enables 
DNA-based prenatal or preimplantation genetic testing in at-risk 
pregnancies. 


Management 

Protection against sunlight is important. Careful supervision is 
essential to ensure the detection of malignancy. Baseline radiogra- 
phy of the long bones by the age of 5 years has been recommended 
since underlying skeletal dysplasias can make X-ray interpreta- 
tion difficult if there is a later suspicion of osteosarcoma [13]. It is 
not known whether patients with RTS have increased sensitivity 
to chemotherapy and radiotherapy. Improvement of cutaneous 
changes has been described with retinoids [30]. Telangiectasia, 
especially on the face, can be improved significantly by treatment 
with a vascular pulsed dye laser [31]. 


Poikiloderma with ne 
Clericuzio type 


Definition 

The dermatological manifestations of this autosomal recessive 
genodermatosis include a red rash evolving into poikiloderma, and 
paronychia [1,2-4]. It is associated with neutropenia, respiratory 
infections and susceptibility to myelodysplasia and leukaemia. 


Pathophysiology 

Homozygous or compound heterozygous mutations in the USB1 
(C16ORF57) gene have been identified in individuals with poikilo- 
derma with neutropenia [5,6-10]. This gene encodes the USB1 pro- 
tein, an exonuclease involved in the regulation of RNA splicing [11]. 
Although the precise mechanisms by which mutations give rise to 
the clinical phenotype are not yet fully understood, USB1 is known 
to interact with RECQL4 through SMAD-mediated signalling [5,12]. 


Clinical features 

Skin manifestations usually start in the first 6 months of life with red, 
eczematous or ichthyosiform changes on the limbs, subsequently 
spreading more centrally and being replaced by poikiloderma 
[2-4,5]. Photosensitivity is variable. The nails show an early onset 
of pachyonychia and there may be an associated palmoplantar 
keratoderma. Early-onset cutaneous SCC has been reported [9,10]. 
In contrast to RTS, alopecia is not a feature, and unlike DKC, 
leukoplakia is not seen. 

The presence of neutropenia is variable and may be cyclical 
[2,3], and myelodysplasia or acute myeloid leukaemia may occur 
[5,7]. Recurrent airway infections with chronic cough and reac- 
tive airway changes are common, and otitis media has also been 
described [3]. Affected individuals may have short stature and 
facial dysmorphism [8]. 


Hereditary fibrosing f 
with tendon contract 
and pulmonary fibro 


Definition and nomenclature 

This relatively newly described entity is a rare autosomal dominant 
condition characterised by early-onset poikiloderma associated with 
myopathy, joint contractures, pulmonary fibrosis and pancreatic 
insufficiency caused by mutations in the FAM111B gene. 


Pathophysiology 
Hereditary fibrosing poikiloderma with tendon contractures, 
myopathy and pulmonary fibrosis (HFP) has been described in a 


number of families from various ethnic backgrounds. Heterozy- 
gous missense mutations in the FAM111B gene have been shown 
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to be causative [1]. The function of the gene product is currently 
unknown, but it is expressed in numerous tissues including skin 
and skeletal muscle [1]. Histopathology of the skin shows the loss 
of adnexal structures due to fibrosis and elastic degeneration and 
globules in the papillary dermis [2]. 


Clinical features [1,2-6] 

Cutaneous features of HFP include early-onset photosensitivity 
with pain and redness of sun-exposed skin starting in the first 
6 months of life. Poikiloderma also occurs early in predominantly 
sun-exposed sites which may also have an eczematous or psori- 
asiform appearance. Transient bullae of exposed skin may arise. 
Later, there may be more sclerodermatous or lymphoedematous 
skin changes and reduced sweating, which can lead to overheating. 
There is marked alopecia of the scalp, eyelashes, eyebrows and 
body hair, but the nails and teeth are normal. In the first decade, 
progressive tendon contractures of the lower and, in some cases, 
upper limbs develop. Myopathy also starts in the early years 
with atrophy with fatty infiltration of the skeletal muscle. Some 
affected individuals develop progressive pulmonary fibrosis from 
the second decade leading to breathlessness and diminished pul- 
monary function, which may be fatal in adulthood. Pancreatic 
insufficiency may occur, and pancreatic carcinoma has also been 
described. Hepatomegaly and transaminitis are also recognised in 
some individuals. 


Acrokeratotic poikilo 


Definition and nomenclature 

This syndrome, probably determined by an autosomal dominant 
gene, appears to be a distinct entity that has been described in a 
handful of families [1,2,3]. It is characterised by generalised poik- 
iloderma with accentuation in the flexures and sparing of the face, 
scalp and ears, sclerosis of the palms and soles, linear hyperkerato- 
sis and sclerosis of the flexures, and finger clubbing. Tissue calci- 
nosis, Raynaud phenomenon and cardiac abnormalities have also 
been described [1,3]. 


Key references 


The full list of references can be found in the online version at 
https://www.wiley.com/rooksdermatology10e 


Dyskeratosis congenita 
1 Savage SA. Dyskeratosis congenita. 2009 (updated 2019). In: Adam MP, Ardinger 
HH, Pagon RA et al., eds. GeneReviews® [Internet]. Seattle, WA: University of Wash- 
ington, 1993-2022. 
2 Mason PJ, Bessler M. The genetics of dyskeratosis congenita. Cancer Genet 
2011;204:635-45. 


m) 
oc 
uu 
a 
oc 
je) 
mS 
ia) 


PART 6: GENETIC 


GENETIC 


Ww 
a 
Lu 
ja) 
oc 
2) 
2 
fa) 


PART 6 


75.8 


Chapter 75: Poikiloderma Syndromes 


30 Vulliamy TJ, Marrone A, Knight SW et al. Mutations in dyskeratosis congenita: 
their impact on telomere length and the diversity of clinical presentation. Blood 
2006;107:2680-5. 


Rothmund-Thomson syndrome 
1 Wang LL, Plon SE. Rothmund-Thomson syndrome. 1999 (updated 2020). In: Adam 
MP, Ardinger HH, Pagon RA et al., eds. GeneReviews® [Internet]. Seattle, WA: Uni- 
versity of Washington, 1993-2022. 
9 Siitonen HA, Sotkasiira J, Biervliet M et al. The mutation spectrum in RECQL4 dis- 
eases. Eur J] Hum Genet 2009;17:151-8. 
13 Wang LL, Levy ML, Lewis RA et al. Clinical manifestations in a cohort of 41 
Rothmund-Thomson syndrome patients. Am J Med Genet 2001;102:11-17. 


Poikiloderma with neutropenia, Clericuzio type 
1 Clericuzio C, Hoyme HE, Aase JM. Immune deficient poikiloderma: a new geno- 
dermatosis. Am J] Hum Genet 1991;49(Suppl.):131. 


5 Volpi L, Roversi G, Colombo EA et al. Targeted next-generation sequencing 
appoints Cl6orf57 as Clericuzio-type poikiloderma with neutropenia gene. Am J 
Hum Genet 2010;86:72-6. 


Hereditary fibrosing poikiloderma with tendon contractures, 
myopathy and pulmonary fibrosis 
1 Mercier S, Kury S, Shabodien G et al. Mutations in FAM111B cause hereditary fibros- 
ing poikiloderma with tendon contracture, myopathy, and pulmonary fibrosis. Am 
J Hum Genet 2013;93:1100-7. 


Acrokeratotic poikiloderma of Weary 
1 Weary PE, Hsu YT, Richardson DR et al. Hereditary sclerosing poikiloderma: report 
of two families with an unusual and distinctive genodermatosis. Arch Dermatol 
1969;100:413-22. 


CHAPTER 76 


DNA Repair Disorders with Cutaneous Features 


Hiva Fassihi 


St John’s Institute of Dermatology, Guy’s and St Thomas’ NHS Foundation Trust, London, UK 


Introduction, 76.1 Trichothiodystrophy, 76.9 


Xeroderma pigmentosum, 76.1 
OTHER DISORDERS, 76.10 
Cockayne syndrome, 76.6 


Ataxia telangiectasia (Louis-Bar syndrome), 76.10 Key references, 76.11 


Fanconi anaemia, 76.11 
Muir-Torre syndrome, 76.11 


Introduction 


The human genome is made up of about 3 billion DNA base pairs 
containing an estimated 30000 protein-encoding genes. This DNA 
is continually being damaged by a variety of endogenous sources 
(such as reactive oxygen species) and exogenous sources (such as 
ultraviolet and ionising radiation). 

Cells have evolved a number of complex and effective systems, 
including nucleotide excision repair, double-strand break repair and 
mismatch repair, to recognise and repair this damage in actively 
transcribed genes. Successful repair of damaged DNA is also depen- 
dent on the unzipping of the DNA double helix by enzymes of the 
helicase group. 

Defects in these DNA repair pathways result in a number of dis- 
orders, many with skin involvement, commonly photosensitivity, 
cancer and premature ageing (Table 76.1). 


Xeroderma pigmentosur 


Definition 

Xeroderma pigmentosum (XP) is a rare autosomal recessive 
disorder of DNA repair. It is characterised by progressive pig- 
mentary changes at exposed sites, an increased risk of ultraviolet 
radiation (UVR)-induced skin and mucous membrane cancers, 
severe photosensitivity in about 50%, and neurodegeneration 
in approximately 30% of affected cases. It is divided into eight 
complementation groups: XP-A to XP-G and XP-V (XP vari- 
ant), corresponding to the affected DNA repair gene. There is 
wide variability in clinical features both between and within XP 
complementation groups [1]. 


Introduction and general description 
XP is a rare disorder of DNA repair, which presents clinically 
with progressive pigmentary abnormalities, and an increased 


incidence of UVR-induced skin and mucous membrane cancers 
at sun-exposed sites. About half of affected individuals also show 
an exaggerated and prolonged sunburn response on minimal 
exposure. In a minority of cases, there is progressive neurological 
degeneration [2]. 

The initial report of this disorder was made by Hebra and Kaposi 
in 1874 [3] and the term xeroderma pigmentosum, meaning pig- 
mented dry skin, was introduced in 1882 [4]. The first neurological 
problems were reported in 1883 by Neisser [5], and in 1932 De 
Sanctis and Cacchione reported three brothers with XP, with severe 
progressive neurological degeneration and associated dwarfism 
and gonadal hypoplasia; they called this De Sanctis—-Cacchione 
syndrome [6]. This term is no longer in general use as it is now 
appreciated that XP can be associated with neurological prob- 
lems of widely varying severity, and that De Sanctis-Cacchione 
syndrome is at the extreme end of a continuous spectrum. 

DNA repair abnormalities in XP were reported by Cleaver in 1968. 
He discovered deficient excision repair in cultured skin fibroblasts 
from these patients [7]. UVR-induced DNA photoproducts were 
identified by Setlow and Setlow [8] and XP cells were found to 
be defective in the excision repair of these photoproducts in vivo 
[9]. The excision repair-proficient form of XP was first described 
in 1971 [10], named ‘variant’ by Cleaver in 1972 [11]. These ‘vari- 
ant’ cultured fibroblasts were able to repair UVR-induced damage 
but were found to be defective in another DNA repair pathway, 
post-replication repair [12]. This subtype is now known as XP 
variant (XP-V). 

Cell fusion studies by De Weerd-Kastelein in 1972 demonstrated 
molecular heterogeneity in XP [13]. The fusion of fibroblasts from 
different XP patients to form heterokaryons was found to correct 
the defect in DNA repair. This suggested that patients had different 
defects in nucleotide excision repair, and one defect could be cor- 
rected by the fusion of cells from a patient with a different defect 
because of the availability of the protein that the other was lacking. 
This led to the characterisation of XP into different complementation 
groups (XP-A through to XP-G). 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


GENETIC 


m) 
oc 
uu 
ia) 
oc 
je) 
mS 
ia) 


PART 6 


GENETIC 


Ww 
a 
Lid 
a 
a 
2) 
4 
fa) 


PART 6 


76.2 


Table 76.1 DNA repair disorders with cutaneous features. 


Disorder DNA repair defect 


Xeroderma pigmentosum 
Cockayne syndrome 
Cerebro-oculo-facio-skeletal syndrome 
UV-sensitive syndrome 
Trichothiodystrophy 
Rothmund-Thomson syndrome 
Bloom syndrome 

Werner syndrome 

Ataxia telangiectasia 

Fanconi anaemia 

Muir—Torre syndrome 


ucleotide excision repair 
ucleotide excision repair 
ucleotide excision repair 
ucleotide excision repair 
Nucleotide excision repair 
Recombination Q helicase 
Recombination Q helicase 
Recombination Q helicase 
Double-strand break repair 
nterstrand cross-link repair 
ismatch repair 


Epidemiology 
Incidence and prevalence 
Estimates from the 1970s suggested an incidence of XP in the USA 
of one in 250 000 [14] and in Japan of one in 80000 [15]. A more 
recent survey in Western Europe suggests an incidence of approxi- 
mately 2.3 per million live births [16]. The incidence of XP in Japan is 
significantly higher than in western countries, with the majority of 
XP patients in Japan belonging to the XP-A complementation group 
(90% of patients are homozygous for the XPA founder mutation, car- 
ried by 1% of the Japanese population [17]). 

The prevalence is higher in North Africa and the Middle East, 
especially in communities in which consanguinity is common. 
Amid Indian and Middle Eastern areas, the incidence is quoted at 
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one per 10000-30000 [18-21]. In 2010, Soufir et al. reported that 
85% of XP families in the Maghreb region (Algeria, Tunisia and 
Morocco) carried a founder mutation in the XPC gene [22]. More 
recently, it has been reported that one in 5000 individuals of the 
black Mahori population in the Comoro Islands have XP-C. This is 
linked to another founder mutation [23]. 


Sex 
XP affects males and females equally. 


Ethnicity 
It has been reported to occur in all ethnic groups worldwide. 


Pathophysiology 
XP is an autosomal recessive disorder and results from mutations 
in any one of eight genes. The products of seven of these genes 
(XPA through to XPG) are involved in the recognition and repair 
of UVR-induced photoproducts in DNA (cyclobutane pyrimidine 
dimers (CPDs) and pyrimidine (6-4) pyrimidone photoproducts 
(6-4PPs)) by the process of nucleotide excision repair (NER) [24]. 
NER is made up of two pathways (Figure 76.1): global genome 
nucleotide excision repair (GG-NER) in which damage to DNA not 
undergoing transcription is repaired, and transcription-coupled 
nucleotide excision repair (TC-NER) in which damage in tran- 
scribed regions of DNA is rapidly repaired [25,26]. In GG-NER, the 
photoproducts are recognised by the proteins XPC and XPE. 
In TC-NER, these bulky lesions block the progress of RNA 


Global genome repair 
(GG-NER) 


Transcription-coupled 
repair (TC-NER) 


Da We wd VA 


Photoproducts recognised by XPC and XPE 


Damaged DNA stalled by RNA polymerase, 
recognition by CSB then CSA 


= a 


W Photoproducts 


Figure 76.1 In global genome nucleotide excision 
repair (GG-NER), XPE (with its partner protein DDB1) 
binds to the photoproduct and recruits another 


protein, XPC, which recognises and binds to the 


® RNA polymerase 


© Cockayne syndrome protein A 
(CSA) 


© Cockayne syndrome protein B 
(CSB) 


A XPC 


V XPE 


@ XPA 


@ TFIIH (XPB+XPD+8 other 
components) 


& XPF+ERCC1 
D XxPG 


TFIIH complex recruited 
PA binds for damage verification 


v 


DNA unwinds 


Incision by XPF+ERCC1 and XPG 


v 


DNA with photoproduct is excised 


DNA repaired: 
unscheduled DNA synthesis 


strand opposite the photoproduct. In 
transcription-coupled NER (TC-NER), RNA polymerase 
Il stalls at the site of the photoproduct. This then 
leads to the recruitment of CSA and CSB protein 
(defective in Cockayne syndrome and not xeroderma 
pigmentosum). The two pathways then converge. 
TFIIH (a complex containing 10 peptides including the 
helicases XPB and XPD) then opens up the DNA and 
subsequently XPA binds to verify the correct 
positioning of all the proteins. The heterodimeric 
nucleases ERCC 1/XPF and XPG then cleave the 
damaged DNA strand at the 5’ to 3’ ends, on either 
side of the photoproduct. The gap is filled in by using 
the undamaged DNA strand as template. This process 
is referred to as unscheduled DNA synthesis. Adapted 
from Sethi et a/. 2013 [26]. 
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Table 76.2 The genes, chromosomal locations, protein functions and the main clinical features in different XP complementation groups. 


XP complementation Chromosomal 
group Gene location Protein function 
XP-A XPA 9q22.23 Damage verification 
XP-B ERCC3 (XPB) 2q14.3 Helicase 

Part of TFIIH 
XP-C XPC 3p25.1 Damage recognition 
XP-D ERCC2 (XPD) 19q13.32 Helicase 

Part of TFIIH 
XP-E DDB2 (XPE) 11p11.2 Damage recognition 
XP-F ERCC4 (XPF) 16p13.12 Nuclease 
XP-G ERCCS5 (XPG) 13q33.1 Nuclease 
XP-V POLH (XPV) 6p21.1 Polymerase 


Adapted from Lehmann et a/. 2011 [27]. 


Defective 
pathway Clinical features 
NER Severe subtype 
Common in Japan 
Exaggerated sunburn 
Variable neurological abnormalities dependent on genetic 
mutations 
NER Extremely rare subtype 


Exaggerated sunburn 

Mild neurological abnormalities 

(Mutations in XPB can also result in XP/CS and TTD) 

Most common subtype 

No abnormal sunburn reaction 

Severely atypical and dense lentigines at exposed sites 

Severe ocular surface disease 

No neurological abnormalities 

Severe exaggerated sunburn 

Variable neurological abnormalities dependent on genetic 
mutations 

(Mutations in XPD can also result in XP/CS and TTD) 

Rare subtype 

No abnormal sunburn reaction 

Large number of skin cancers from thirties onwards 

No neurological abnormalities 

Mildly exaggerated sunburn 

Skin signs tend to be mild 

Variable neurological abnormalities dependent on genetic 
mutations 

(Mutations in XPF can also resul 

Rare subtype 

Exaggerated sunburn 

Variable neurological abnormalities dependent on genetic 
mutations 

(Mutations in XPG can also result in XP/CS) 

No abnormal sunburn reaction 

Diagnosed in thirties/forties after multiple skin cancers 

No ocular disease 

No neurological abnormalities 


NER (GG-NER) 


NER 


NER (GG-NER) 


NER 


in XP/CS) 
NER 


TLS 


GG-NER: global genome nucleotide excision repair subpathway; NER, nucleotide excision repair; TLS, translesion synthesis; TTD: trichothiodystrophy; XP/CS: xeroderma 


pigmentosum/Cockayne syndrome complex. 


polymerase II in a process involving two proteins not involved 
in XP, CSA and CSB (Cockayne syndrome proteins A and B). Fol- 
lowing this initial damage recognition, the pathways converge. 
XPB and XPD are part of a protein complex, TFI[H, which opens 
up the structure of the DNA around the site of the photoproduct. 
XPA protein verifies that the proteins are in the correct position 
and then the endonucleases XPG and XPF cut the DNA on either 
side of the damage, so that the damaged section, in a fragment of 
about 30 nucleotides, can be removed. The gap is filled in by de novo 
DNA synthesis and the new stretch of DNA is finally joined up 
to the pre-existing strand. This is referred to as unscheduled DNA 
synthesis (UDS). 

Mutation(s) in any of the seven genes encoding for these pro- 
teins (XPA to XPG) result in abnormal NER and the different XP 
complementation groups (XP-A to XP-G, respectively) (Table 76.2) 
[27]. More specifically, mutations in the XPA, ERCC3 (XPB), ERCC2 
(XPD), ERCC4 (XPF) and ERCC5 (XPG) genes result in defects 
in both GG-NER and TC-NER. However, mutations in the XPC 


and DDB2 (XPE) genes only affect GG-NER and therefore some 
preservation of NER via the TC-NER pathway. 

Defects in the eighth XP gene do not affect NER. About 20% of 
patients with XP, the so-called XP variant (XP-V), have problems 
replicating DNA containing UVR-induced damage [28]. They have 
defects in the POLH (or XPV) gene, which encodes for DNA poly- 
merase n, one of the specialised enzymes required for replication 
beyond the damaged sites (translesion synthesis) [12,29]. 


Clinical features 

History and presentation 

Patients with XP are a clinically heterogeneous group with a wide 
variability in clinical features both between and within XP comple- 
mentation groups (Table 76.2). The clinical manifestations, severity 
of disease and age of onset are in part dependent on the cumulative 
UVR exposure, the complementation group and the precise nature 
of the pathogenic mutation(s). 
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(a) (b) 


Exaggerated sunburn and pigmentary changes. The skin is nor- 
mal at birth. The changes in XP are the result of exposure to UVR, 
therefore the severity of these changes is totally dependent on the 
amount of sun exposure and the degree of UVR protection. Delayed 
diagnosis and poor sun protection will exacerbate the cutaneous 
features, resulting in significant pigmentary changes, multiple skin 
cancers and a worse prognosis. 

Acute and severe sunburn on minimal sun exposure (Figure 76.2a), 
taking weeks to resolve, was once considered a cardinal present- 
ing feature of XP. However, it is now known that only 50% of XP 
patients suffer from severe and prolonged sunburn reactions [30]. 
The remaining 50% have sunburn reactions that are normal for skin 
type, and these patients present with lentigines and hypopigmented 
macules at sun-exposed sites, initially on the face and dorsal aspect 
of the hands and, later, on other exposed parts (Figure 76.2b). The 
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Figure 76.2 Xeroderma pigmentosum. (a) Severe and 
exaggerated sunburn on minimal sun exposure. 

(b) Lentigines and hypopigmented macules (seen on the 
forearms) at sun-exposed sites. (c) Pigmentary change 
and multiple surgical scars at sites of previous skin 
cancers. 


lentigines are fixed and progress over time to become more dense 
and irregular. 

Patients in complementation groups XP-A, XP-B, XP-D, XP-F 
and XP-G suffer from severe sunburn reactions, whereas those 
in groups XP-C, XP-E and XP-V have normal sunburn reactions 
for skin type [30]. XPA, XPB, XPD, XPF and XPG proteins are all 
required for the common stem of NER, whereas XPC and XPE 
proteins are only required for GG-NER. In XP-C and XP-E, the 
TC-NER pathway remains active, and so does the ability to selec- 
tively remove photoproducts from the transcribed strand of active 
genes with kinetics similar to those observed in normal cells [31]. 
XP-V patients with mutations affecting DNA polymerase n, also 
have normal functioning TC-NER (and GG-NER). It is therefore 
hypothesised that normal sunburn reactions in approximately half 


of the XP patients relate to the preservation of TC-NER [32] and this 
is supported by XPC knock-out mice model studies [33,34]. 


Skin cancer. Absorption of UVR by DNA results in the forma- 
tion of photoproducts (CPDs and 6-4PPs) that are recognised and 
repaired by NER. If left unrepaired, they can result in the clas- 
sic ‘UVB signature’ mutations found in skin cancers [35,36]. The 
molecular defects in XP cells result in abnormal recognition and 
repair of UVR-induced DNA damage, and a subsequent signif- 
icantly increased induction of ‘UVB signature’ mutations in the 
sun-exposed skin of affected individuals. This increased mutation 
frequency is likely to account for the pigmentary changes and the 
skin cancers in XP patients [37]. Indeed, examination of mutations 
in the p53 gene in tumours from XP patients revealed mutations 
characteristic of UVR exposure in the majority of tumours [38]. 

XP patients who have severe and exaggerated sunburn reactions 
generally have a lower frequency of skin cancer than those patients 
with sunburn reactions that are normal for skin type. This may be 
due to severe sunburn reactions prompting earlier diagnosis and 
an earlier age of initiating more rigorous photoprotection, therefore 
resulting in less cumulative UVR exposure [30]. 


Other malignancies. DNA damage caused by carcinogens in 
cigarette smoke (chemical compounds such as benzopyrene) is 
repaired by NER in normal cells [39] and therefore patients with XP 
are potentially at higher risk of smoking-induced lung cancers. 

XP patients also have an approximately 50-fold increase in can- 
cers of the brain, including medulloblastoma, glioblastoma, spinal 
cord astrocytomas [40] and schwannoma. These malignancies are 
not UVR related and the precise relationship to DNA damage is 
unknown. High-dose X-ray irradiation can be used for the treat- 
ment of some of these brain tumours as the pathways involved in 
the repair of DNA damage by X-rays are normal in patients with 
XP [40,41]. 


Ocular manifestations. UVR exposure resulting in DNA damage 
of the eyelids and periocular skin can result in the development 
of cicatricial skin changes as well as skin cancers that require exci- 
sion [42]. The ocular surface (conjunctiva and cornea) can develop 
UVk-related damage including dry eye, conjunctival injection and 
inflammation, as well as the development of premature pinguecu- 
lae and pterygia. Prolonged corneal exposure can result in corneal 
scarring and visual impairment. Ocular surface cancers, mainly 
squamous cell carcinomas, have also been reported in patients 
with significant UVR exposure and poor ocular photoprotection 
[43]. Patients with XP-related neurodegeneration may also develop 
neuro-ophthalmological features, including sluggish pupils, nys- 
tagmus and strabismus. Photophobia is also common and often the 
earliest presenting ophthalmic symptom in XP. 


Neurodegeneration. Approximately 30% of XP patients will 
develop neurodegeneration. The age at onset and rate of pro- 
gression of the neurological abnormalities is variable between and 
within different complementation groups. Patients with XP-A, XP-B, 
XP-D, XP-F and XP-G have an increased susceptibility [1,30,32,44]. 
XP-C, XP-E and XP-V patients have not been reported to develop 
clinically detectable neurodegeneration. 
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The pathogenesis of the neurological abnormalities is poorly 
understood. It is not related to UVR exposure. Current theories 
suggest that oxidative DNA damage is generated during nor- 
mal metabolism in the central nervous system, and that some 
of this damage, such as the generation of 8,5-cyclopurine-2- 
deoxynucleosides, is repaired by NER [45]. In the absence of 
functional repair, the lesions persist and result in neuronal cell death. 

Neurological manifestations of XP typically present before the age 
of 2 years. Parents notice mild cognitive impairment first, usually 
when the child is starting school. Cerebellar signs manifest usually 
between 4 and 16 years of age, commonly dysarthria and difficulties 
with balance. Ataxia and areflexia follow. Nerve conduction studies 
show evidence of axonal sensory and motor neuropathy although 
this is not usually seen before the second decade of life. Patients 
develop progressive microcephaly. Magnetic resonance imaging 
demonstrates atrophy of the cortex of the brain with concomitant 
dilatation of the ventricles, and a secondary thickening of the 
skull bones. Most XP patients with neurological abnormalities will 
also develop sensorineural deafness. Patients eventually become 
wheelchair- and then bed-bound, a few years before death [46]. The 
presence of neurological abnormalities is associated with a worse 
prognosis. 


Clinical variants 

Xeroderma pigmentosum variant (XP-V). Approximately 20% of 
XP patients have XP-V. This subtype is caused by mutations in the 
POLH (XPV) gene encoding DNA polymerase n, one of the spe- 
cialised enzymes required for replication past UVR-damaged sites 
[12,28]. The NER pathway is normal. XP-V is often diagnosed after 
the age of 30, once the patient has developed multiple skin cancers. 
No neurological manifestations are observed. 


Xeroderma pigmentosum/Cockayne syndrome complex (XP/CS). 
This is a very rare autosomal recessive disorder characterised by 
cutaneous features of XP together with systemic and neurologi- 
cal features of CS such as short stature, microcephaly, cachexia, 
abnormal development, photosensitivity, premature ageing, retinal 
degeneration, sensorineural deafness and progressive neurological 
dysfunction (see the section on Cockayne syndrome). In contrast 
to the neurological abnormalities in XP, which are predominantly 
secondary to neuronal degeneration, in the XP/CS complex dys- 
myelination typical of CS is observed. Mutations in ERCC3 (XPB), 
ERCC2 (XPD), ERCC4 (XPF) and ERCC5 (XPG) genes have been 
reported in the XP/CS complex. 


Xeroderma pigmentosum/trichothiodystrophy (XP/TTD) syn- 
drome. The XP/TTD syndrome, with mutations reported in 
the ERCC3 (XPB) and ERCC2 (XPD) genes, is characterised by 
phenotypic features of TTD such as sulphur-deficient hair with 
‘tiger-tail’ banding of hair shafts, developmental delay /intellectual 
impairment, short stature and ichthyosis (see the section on 
trichothiodystrophy), with clinical and cellular findings of XP. 


Differential diagnosis 

Differential diagnoses include trichothiodystrophy, Cockayne 
syndrome, cerebro-oculo-facio-skeletal syndrome, UV-sensitive 
syndrome, erythropoietic protoporphyria and Rothmund-Thomson 
syndrome. 
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Classification of severity 

Disease severity scores for sunburn, ocular disease and neurodegen- 
eration have been designed for patients with XP [1]. Those for ocular 
and neurological disease, together with number of skin cancers as 
well as photoprotection scores, are a good way of documenting the 
progression of disease over time. 


Complications and co-morbidities 

The main complications of XP are related to the high risk of muco- 
cutaneous cancers at sun-exposed sites and the possibility of neu- 
rodegeneration in some complementation groups. 


Disease course and prognosis 

There is no cure for XP. The overall median age of death is reported 
as 32 years [44], with skin cancer and neurodegeneration the main 
causes of death. Sun avoidance and regular follow-up to assess and 
treat any skin cancers increases life expectancy. For those without 
neurological disease, who practise meticulous UVR protection, the 
prognosis is good. However, the neurological abnormalities are pro- 
gressive and the median age at death in these patients (29 years) 
is significantly younger than in XP patients without neurological 
degeneration (37 years) [44]. 


Investigations 

In most cases, a clinical diagnosis can be made on the presence of 
extreme and exaggerated sunburn reactions in those individuals 
who show this feature, or on the appearance and progressive devel- 
opment of lentigines on the face and other exposed sites from an 
early age. 

The diagnosis can be confirmed definitively by cellular tests for 
defective DNA repair. The most commonly used test is the measure- 
ment of unscheduled DNA synthesis in cultured skin fibroblasts. 
After UVR-induced DNA damage has been removed by NER, a 
patch of newly synthesised DNA replaces the damaged section. 
Synthesis of this new DNA is therefore referred to as unscheduled 
DNA synthesis (UDS) (Figure 76.1). Skin fibroblast cultures are 
established from a 4mm punch biopsy taken from an unexposed 
area of the skin. Fibroblasts are UV irradiated in a Petri dish, and 
UDS can be measured as incorporation of nucleotides into DNA 
of the irradiated cells either by autoradiography [47] or liquid 
scintillation counting [48], or more recently using a fluorescence 
assay [49]. A reduced level of UDS confirms the diagnosis of XP. 

XP-V patients do not show this defect in UDS, as NER is unaf- 
fected. Furthermore XP-V cells are not hypersensitive to killing by 
UVR. However, it has been found empirically that caffeine specifi- 
cally sensitises XP-V cells to killing by UVR [50]. To diagnose XP-V 
cells, cultures are exposed to UVR, incubated in caffeine for a few 
days and their viability compared with that of normal cells. Specific 
sensitivity to UVR in the presence of caffeine together with normal 
UDS confirms the diagnosis of XP-V [51]. 

Subsequently, analysis of DNA, extracted from a blood sample, 
can identify the defective gene (confirming the complementation 
group) and the causative mutation(s) in patients. This can give 
further insight into genotype-phenotype correlations and enable 
genetic counselling and prenatal testing if requested. 
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Management 

The mainstay of management is the avoidance of UVR expo- 
sure from sunlight through the application of high-factor sun- 
screen, UVR-protective clothing, hats, gloves and sunglasses, and 
UVR-blocking window films (at home and in cars). Fluorescent light 
sources emit UVR and should be avoided or covered in UVR filter 
film. Vitamin D deficiency is common and supplements should be 
prescribed. Smoking is prohibited. 

Management requires a multidisciplinary approach. Regular skin 
and eye review and appropriate and early management of any can- 
cers is essential. Early identification of skin cancer is critical but can 
be challenging due to the presence of numerous pigmentary lesions. 
Dermoscopy and reflectance confocal microscopy are important 
tools in this context [52]. Mohs micrographic surgery should be 
considered for facial skin cancers. This has been used in children as 
young as eight [53]. Topical 5-fluorouracil and imiquimod may be 
useful for early or premalignant lesions. Retinoids may have a role 
in the prevention of skin cancer [54]. Photodynamic therapy should 
not be used as the irradiation involved is likely to result in further 
skin damage and carcinogenesis [55]. 

Patients should be given appropriate genetic counselling. Psy- 
chosocial issues including social isolation from peers at school and 
at home, limited career prospects and the impact of meticulous sun 
protection on the quality of life need to be addressed. 

In vitro and ex vivo experiments have established that correction 
of the underlying genetic defect in different forms of XP is possi- 
ble. Animal studies using viral vectors have also established that 
gene therapy approaches for patients with this disease may become 
possible [56]. 


Resources 


Further information 
UK National Xeroderma Pigmentosum Service: www.guysandstthomas.nhs.uk/xp 


Patient resources 

Enfants de la lune: http: / / www.enfantsdelalune.org 
Xeroderma Pigmentosum Society: http://www.xps.org / 

XP Family Support Group: http://www.xpfamilysupport.org 
XP Freu(n)de: http: / /www.xerodermapigmentosum.de 

XP Support Group: http://xpsupportgroup.org.uk/ 
Teddington Trust: https://www.teddingtontrust.com 

(All last accessed April 2022.) 
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Definition 

Cockayne syndrome (CS) is a rare autosomal recessive disorder of 
DNA repair. It is characterised by short stature, photosensitivity, 
a distinctive facial appearance, ocular defects, premature ageing 
and progressive neurological dysfunction associated with extensive 
demyelination. 


Introduction and general description 
CS is a rare disorder of DNA repair first described by Cockayne in 
1936 [1]. The disease is defined by progressive postnatal growth 


failure, short stature, microcephaly, cachexia, abnormal develop- 
ment, photosensitivity, premature ageing, retinal degeneration 
and sensorineural deafness [2]. Patients have a characteristic facial 
appearance with enophthalmia. CS is divided into three clinical 
types (types I, II and III) based on severity of disease. 


Epidemiology 
The annual incidence of CS is about one in 200000 in European 
countries. 


Age 
Photosensitivity is present from birth and the abnormal growth and 
development becomes evident within the first few years of life. 


Sex 
It affects males and females equally. 


Ethnicity 
CS has been reported to occur in many ethnic groups worldwide. 


Pathophysiology 

CS is an autosomal recessive disorder and results from mutations in 
one of two genes, ERCC8 (CSA) and ERCC6 (CSB). The products of 
these genes are involved in NER (Figure 76.1) [3]. 

The skin fibroblasts of patients with CS are abnormally sensitive 
to UVR [4-6]. Unlike cells from patients with XP, the GG-NER 
process occurs normally in CS cells. However, CS cells are defec- 
tive in the important transcription-coupled subpathway of NER 
(Figure 76.1). Following DNA damage, it is of prime importance 
for the cell to remove damage from actively transcribed regions of 
DNA. This preferential repair is referred to as transcription-coupled 
NER (TC-NER), and it is this repair that is specifically defective in 
CS cells [7]. 

Two complementation groups have been identified [8], CS-A 
(accounting for approximately 20% of CS patients) and CS-B 
(Table 76.3). CS-A is caused by mutation in the ERCC8 gene and 
CS-B is caused by mutation in the ERCC6 gene [9,10]. These genes 
encode proteins involved in TC-NER [10]. Among patients with 
CS, approximately 80% have mutations in the ERCC6 gene [11,12]. 
So far, no correlation has been found between the three clinical 
subtypes (I, IL, III) of CS and the genes involved. 

CS can rarely be found in combination with XP. Mutations in the 
XPB, XPD, XPF and XPG genes have been implicated in XP/CS 
complex. 


Clinical features 
History and presentation 
CS is characterised by cutaneous photosensitivity, progressive 
postnatal growth failure, short stature, microcephaly, character- 
istic bird-like facies (Figure 76.3) (prognathism, enophthalmia, a 
prominent thin nose, large ears and loss of subcutaneous fat), dis- 
proportionately large hands and feet, cachexia, premature ageing 
and dental caries. The skin is dry and thin, and the hair is often 
sparse and is sometimes prematurely grey [2,13,14]. In contrast to 
XP, patients with CS have no increased incidence of skin cancer [2]. 
Neurological features comprise extensive demyelination of the 
peripheral and central nervous system, microcephaly, progressive 
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Table 76.3 Genes, protein products and main clinical features in different Cockayne 
syndrome (CS) complementation groups and associated diseases. 


Disorder Gene Defective pathway Clinical features 
CS-A ERCCS8 (CSA) TC-NER Rare subtype (20% of 
cases). Milder 
phenotype 
CS-B ERCC6 (CSB) TC-NER Common subtype 
(80% of cases). 
More severe 
phenotype 
COFS1 ERCC6 (CSB) TC-NER Extreme prenatal form 
COFS2 ERCC2 (XPD) NER of CS 
COFS3 ERCC5 (XPG) NER 
COFS4 ERCC1 NER Stabilizing and 
enhancing XPF activity 
UVSS1 ERCC6 (CSB) TC-NER Photosensitivity 
UVSS2 ERCCS8 (CSA) TC-NER No increase in risk of 
UVSS3 UVSSA Stabilization of TC-NER skin cancers 
machinery No evidence of 


Ubiquitination of stalled 
RNA polymerase 


neurological disease 


COFS, cerebro-oculo-facio-skeletal; NER, nucleotide excision repair; TC-NER, 
transcription-coupled nucleotide excision repair; UVSS, UV-sensitive syndrome. 


| 


Figure 76.3 Cockayne syndrome demonstrating the characteristic bird-like facies with 
prominent enophthalmia. 


cognitive decline, choreoathetosis, hydrocephalus and spasticity. 
There is progressive sensorineural deafness and skeletal abnormal- 
ities with flexion deformity. Ophthalmological problems include 
retinal degeneration, cataracts and optic atrophy leading to loss of 
vision [15]. 

Failure to thrive and growth difficulties are among the most 
consistent features of CS, leaving affected individuals vulnerable 
to numerous medical complications, including adverse effects of 
undernutrition, abrupt overhydration and overfeeding. Therefore, 
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disease specific growth charts have been designed to improve the 
nutritional management of children with CS [16]. 

The age of onset and severity of disease are variable. In classic 
CS type I, the first symptoms usually appear during the first year 
of life. Type II refers to early-onset cases with more severe symp- 
toms and type II] are late-onset cases with milder symptoms. In gen- 
eral, CS-A is milder in clinical course than CS-B, but within each 
type, no clear genotype—phenotype correlation has been established 
[1117-19]. 


Clinical variants 

Cerebro-oculo-facio-skeletal syndrome. Cerebro-oculo-facioskel- 
etal (COFS) syndrome is a very rare autosomal recessive disorder of 
DNA repair and constitutes the prenatal extreme form of CS [20,21]. 
Clinically it is characterised by congenital microcephaly, congenital 
cataract and/or microphthalmia, arthrogryposis, severe develop- 
mental delay, growth delay and facial dysmorphism (prominent 
metopic suture, micrognathism). The axial hypotonia contrasts with 
the peripheral hypertonia and is associated with feeding difficulties. 
Peripheral neuropathy, sensorineural hearing loss and pigmentary 
retinopathy can be observed. In COFS syndrome, photosensitivity 
is an inconstant feature [22]. Prenatal diagnosis can be suspected 
by the presence of cataracts, arthrogryposis and microcephaly, and 
is subsequently confirmed by examination of DNA repair in the 
chorionic villi or amniotic cells, or by checking for the familial 
mutation(s) if known. 

In COFS, mutations have been identified in the ERCC6, ERCC2 
(XPD), ERCC5 (XPG) and ERCC1 genes (Table 76.3), designated as 
COFS1, COFS2, COFS3 and COFS4 syndromes respectively [23-26]. 
All these genes encode for proteins involved in NER (Figure 76.1). 

COFS syndrome is a severe disease with death in the first years of 
life, usually from respiratory tract infections [21]. 


UV-sensitive syndrome. UV-sensitive syndrome (UVSS) is an 
autosomal recessive disorder of DNA repair characterised by sen- 
sitivity to UVR but without any increased risk of skin cancers or 
any evidence of neurological disease [27]. Despite this mild clinical 
phenotype, the cellular and biochemical responses of UVSS and 
CS cells to UVR are indistinguishable, and result from defective 
TC-NER of photoproducts in actively transcribed genes [28]. Muta- 
tions in the CS genes, ERCC6 and ERCC8, have been reported in 
UVSS cases, designated UVSS1 and UVSS2 respectively [29,30]. 
More recently mutations in the UVSSA gene have been found in 
cases designated UVSS3 (Table 76.3). The UVSSA gene encodes for 
a protein that interacts with the TC-NER machinery and stabilises 
the CSB complex, and also facilitates ubiquitination of RNA poly- 
merase stalled at DNA damage sites [31]. The mild phenotype and 
lack of neurological disease in these patients is not fully understood 
but may be associated with normal repair of oxidative damage in 
these patients [29]. 


Differential diagnosis 

Differential diagnoses include progeria, XP, COFS syndrome, 
UVSS, Rothmund-Thomson syndrome, Werner syndrome, Bloom 
syndrome and Hartnup disease. 
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Classification of severity 

A disease severity score for CS has been designed based on five 
items (head circumference, growth failure, sensory neural signs, 
motor autonomy, and communication skills). This will allow 
monitoring of patients under long-term follow-up and facilitate 
evaluation of future therapeutic interventions [32]. 


Disease course and prognosis 

Patient with CS type I commonly die before the end of the second 
decade as a result of progressive neurological degeneration. Patients 
with type II have a worse prognosis, whereas patients with type III 
often survive into adulthood. There is no cure for CS. Survival 
beyond the second decade is unusual and the mean age at death in 
reported cases is 12.5 years. 


Investigations 

A clinical diagnosis can be made based on the presence of short 
stature, photosensitivity, distinctive facial appearance, ocular 
defects and premature ageing. Early cerebral imagery is not very 
specific, but it can reveal cerebral and cerebellar atrophy. Diffuse 
myelinisation anomalies and calcifications of the basal ganglia can 
appear secondarily. 

The clinical diagnosis can be confirmed definitively by cellular 
tests for defective DNA repair, specifically TC-NER. A skin biopsy 
should be taken for fibroblast culture as in patients with XP. CS cells 
are specifically deficient in TC-NER, which results in a prolonged 
inhibition of RNA synthesis following UVR. The test for CS there- 
fore involves ultraviolet irradiation of cells, followed by measure- 
ment of RNA synthesis 24 h later. In normal cells, RNA synthesis will 
have recovered to untreated levels, whereas in CS cells it remains 
depressed [8]. 

Subsequently, analysis of DNA extracted from the blood can iden- 
tify the defective gene and the causative mutation(s) in patients. This 
can enable genetic counselling and prenatal testing if requested. 


Management 

Management is purely supportive and requires a multidisciplinary 
approach with input from clinical genetics, ophthalmology, neurol- 
ogy, dermatology, audiology (for hearing aids) and physiotherapy. 
Psychosocial issues for the patient and their family need to be 
addressed. 

Patients avoid UVR exposure because of their increased photosen- 
sitivity, and therefore vitamin D deficiency is common and supple- 
ments should be given. There is no increased risk of skin cancers. 

The use of metronidazole in patients with CS is considered an 
absolute contraindication because of the significant risk of severe 
hepatoxicity [33]. 

Patients should be given appropriate genetic counselling. Prenatal 
diagnosis is possible by amniocentesis or from chorionic villus sam- 
ples [34,35], using the RNA synthesis recovery test or by looking for 
causative familial mutation(s), if known. 


Resources 


Patient resources 
Amy and Friends: https://www.amyandfriends.org (last accessed April 2022) 
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Definition 

Trichothiodystrophy (TTD) is a rare autosomal recessive disorder 
of DNA repair. It is a multisystem disorder characterised by short, 
brittle, sulphur-deficient hair with a pattern of alternating light and 
dark ‘tiger-tail’ bands under polarised light microscopy, along with 
photosensitivity, ichthyosis, developmental delay and short stature. 


Introduction and general description 

Trichothiodystrophy is a rare disorder of DNA repair that is char- 
acterised by sulphur-deficient hair with alternating dark and light 
banding on polarised light microscopy [1-4]. Other clinical features 
include photosensitivity in about half of the affected individuals, 
ichthyosis, developmental delay, short stature, haematological 
abnormalities, skeletal abnormalities and maternal pregnancy 
complications [5]. 

The term trichothiodystrophy was first introduced by Price 
et al. in 1979 and soon after they reported two patients with 
sulphur-deficient, brittle hair and a variety of other features [6]. 
Since then, many variants of TTD based on the different clinical 
associations have been proposed, including BIDS syndrome (TTD 
type D or Amish brittle hair syndrome), IBIDS syndrome (TTD 
type E or Tay syndrome), PIBIDS syndrome (TTD type F), Sabinas 
syndrome (TTD type B), SIBIDS syndrome, ONMRS (Itin syndrome) 
and Pollitt syndrome (TTD type C) [7-10]. However, a recent com- 
prehensive review of 112 TTD patients reported in the literature 
demonstrated that many patients did not fit into these designated 
subtypes and that these acronyms were poor descriptors of TTD 
patients’ clinical manifestations [5]. These acronyms should there- 
fore no longer be used, and TTD is now divided in photosensitive 
and non-photosensitive subtypes. 


Epidemiology 
Incidence and prevalence 
The incidence of TTD is estimated as one per million live births. 


Sex 
It affects males and females equally. 


Ethnicity 

It has been reported to occur in many ethnic groups worldwide 
although it is more common in populations where consanguinity is 
frequent. 


Pathophysiology 

Trichothiodystrophy is an autosomal recessive disorder. Photosen- 
sitive TTD results from mutations in the DNA repair genes ERCC2 
(XPD) [11], ERCC3 (XPB) [12] or GTF2H5 [13,14]. Most patients carry 
mutations in the ERCC2 (XPD) gene. These three genes encode the 
XPD, XPB and p8/TTDA subunits, respectively, of the TFITH com- 
plex in the NER pathway (Figure 76.1) [15]. Mutations in these sub- 
units can affect both DNA repair and transcription. Mutations in a 
gene of unknown function, MPLKIP (TTDN1), have been found in a 
few cases of non-photosensitive TTD [16,17]. 


Although mutations in ERCC2 (XPD) and ERCC3 (XPB) genes 
are also found in XP, a disorder of DNA repair associated with a 
10000-fold increased risk of skin cancer, TTD patients have not 
been reported to have an increased risk of cancer. This is thought 
to be because the mutations in these genes in patients with XP pre- 
dominantly affect DNA repair, while mutations in the same genes 
in patients with TTD predominantly affect transcription [5,18]. 
Therefore, the clinical features in XP are related to an abnormal 
repair of UVR-induced DNA damage in the skin, whereas TTD 
is primarily a disorder of development, related to transcriptional 
abnormalities. This would explain the multisystem involvement in 
TTD, particularly the fetal developmental abnormalities and the 
haematological features. 


Clinical features 

History and presentation 

Trichothiodystrophy is characterised by short, brittle, sulphur- 
deficient hair with a pattern of alternating light and dark bands 
under polarised light microscopy (Figure 76.4a,b) [4]. About 
50% have photosensitivity with severe and exaggerated sun- 
burn reactions. However, unlike patients with XP, there is no 
increased risk of skin cancer. Other cutaneous features include 
ichthyosis (Figure 76.4c), dry skin and collodion membrane at 
birth. The nails may be brittle and demonstrate onychodystrophy. 
Pregnancy complications including intrauterine growth retarda- 
tion, pre-eclampsia and eclampsia, low birth weight (<2500 g) 
and premature birth (before 37 weeks’ gestation) occur in about 
30% of cases [19,20]. Other common features are developmental 
delay/intellectual impairment (85% of cases), short stature (73%) 
and facial dysmorphism with microcephaly, large ears and microg- 
nathia. Neuroimaging shows dysmyelination and cerebral atrophy. 
Ocular abnormalities occur in about 50% of cases and include 
congenital cataracts, nystagmus and strabismus [21]. Patients 
gradually develop joint abnormalities with contractures and dis- 
locations. Skeletal abnormalities include axial osteosclerosis and 
distal osteopaenia. Many patients are anaemic and neutropaenic 
and show haematological features of B-thalassaemia trait [22]. 
Severe and recurrent infections, especially respiratory, occur in the 
first year of life. 

The spectrum of clinical features varies from mild disease with 
only hair involvement to severe disease with profound develop- 
mental defects and recurrent infections [5,23]. The abnormalities at 
birth and during pregnancy suggest that the pathophysiology of 
TTD involves a developmental abnormality affecting pregnancy as 
well as transcriptional abnormalities after birth. 


Clinical variants 

Xeroderma pigmentosum/trichothiodystrophy (XP/TTD) syn- 
drome. XP/TTD syndrome with mutations reported in the ERCC2 
(XPD) and ERCC3 (XPB) genes is characterised by phenotypic 
features of TTD with clinical and cellular findings of XP. 


Differential diagnosis 
Differential diagnoses include CS, XP and congenital alopecias, 
especially Menkes disease and Netherton syndrome. 
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Figure 76.4 Trichothiodystrophy. (a) Short, brittle, sulphur-deficient hair. (b) The pattern of alternating light and dark ‘tiger-tail’ bands under polarised light microscopy. (c) Ichthyosis 


on the trunk. 


Complications and co-morbidities 
The main complications of TTD are related to the high risk of devel- 
oping severe and potentially fatal infections. 


Disease course and prognosis 

There is no cure for TTD. There is significant morbidity and mortal- 
ity in the neonatal and childhood years. The overall median age of 
death is reported as 3 years [5], with pneumonia and other infections 
(especially sepsis) being the main causes of death. 


Investigations 
A clinical diagnosis can be made on the presence of ‘tiger-tail’ bands 
of hair shafts under polarised light microscopy as well as the other 
clinical features. 

The diagnosis can be confirmed definitively by cellular tests for 
defective DNA repair. Although the clinical features of TTD and XP 
are quite different, TTD cells, like XP cells, are defective in NER and 
this defect can be measured using UDS (see the section on XP inves- 
tigation earlier in this chapter). A reduced level of UDS confirms the 
diagnosis of TTD. 

Subsequent analysis of DNA extracted from the blood can identify 
the defective gene and the causative mutation(s) in patients. This 
can give further insight into genotype-phenotype correlations and 
enable genetic counselling and prenatal testing if requested. 


Management 

Management requires a multidisciplinary approach with input 
from obstetrics, paediatrics, genetics, ophthalmology, neurology, 
orthopaedics, infectious diseases and radiology. There is no cure. 
Any infections should be aggressively treated as mortality from 


infections is significant (20-fold higher compared with the US 
population) [5]. Sun protection advice, in those patients who are 
photosensitive, should be given. 

Patients and their families should be given appropriate genetic 
counselling and prenatal diagnosis offered if required. 


Patient resources 
Amy and Friends: https://www.amyandfriends.org (last accessed 
April 2022) 


OTHER DISORDERS 


Ataxia telangiectasia (Louis-Bar 
syndrome) 


Ataxia telangiectasia (AT) is a rare autosomal recessive disorder 
of DNA repair. It was first reported by Denise Louis-Bar in 1941, 
but it was Boder and Sedgwick who introduced the term ataxia 
telangiectasia in 1958 [1]. It is a multisystem disorder characterised 
by ataxia and mucocutaneous telangiectasia. Telangiectasia initially 
appears in the conjunctiva and is most prominent in the facial areas. 
Additional cutaneous features include premature hair greying, 
café-au-lait spot and pigmentary changes, including poikiloderma. 
Progressive cerebellar degeneration is the first clinical manifesta- 
tion in AT, starting at about 1 year of age. Immunodeficiency with 
increased susceptibility to infections, hypogonadism, sensitivity to 


ionising radiation, insulin resistance and a predisposition to cancer 
are cardinal features in AT [2,3]. 

AT is a chromosome instability disorder with inactivating muta- 
tions in the ATM gene. The ATM protein kinase plays a key role 
in the control of double-strand break DNA repair [4,5]. It is also 
involved in cell cycle regulation and telomere length maintenance. 
Management is symptomatic and involves a multidisciplinary 
approach with input from physiotherapy, speech therapy, neurol- 
ogy and early treatment of infections. As the cells of AT patients are 
sensitive to ionising radiation, X-rays and radiotherapy should be 
used with caution. The prognosis is poor because of severe respi- 
ratory infections, progressive neurodegeneration and an increased 
risk of cancer. 


Fanconi anaemia — C 


Fanconi anaemia is an autosomal recessive disorder of DNA repair. 
It was first described in 1972 by the Swiss paediatrician, Guido Fan- 
coni. It is clinically heterogeneous and characterised by congenital 
developmental defects, early-onset bone marrow failure and a high 
predisposition to cancer. There is cellular hypersensitivity to DNA 
interstrand cross-link agents such as mitomycin C [1]. Two-thirds 
of patients are born with congenital malformations of the kidneys, 
heart and skeleton (absent or abnormal thumbs and radii). Other 
features include a typical facial appearance with small head, eyes 
and mouth, hearing loss, hypogonadism and reduced fertility. 
Cutaneous abnormalities include reticulate or patchy hyper- or 
hypopigmentation and café-au-lait spots [2]. Bone marrow failure 
usually presents in the first decade of life. Fanconi anaemia is 
associated with the occurrence of an unusual number of viral warts 
due to a decrease in cell-mediated immunity. Subsequently, patients 
develop tumours such as lymphomas, oesophageal carcinomas, 
basal cell and squamous cell carcinomas of the head and neck [3], 
liver and brain tumours, and acute myeloid leukaemia. Patients 
with Fanconi anaemia may develop Sweet syndrome either just 
before or shortly after the diagnosis of acute myeloid leukaemia [4]. 

So far mutations in at least 15 FANC genes, representing 15 Fan- 
coni anaemia complementation groups, have been identified [5]. 
These gene products make up the ‘FA pathway’ involved in DNA 
repair, interstrand cross-link repair and maintenance of genome 
stability [6]. Diagnosis is based on the evaluation of chromosomal 
breakage induced by alkylating agents such as mitomycin C. Bone 
marrow failure and cancers result in a poor prognosis and the life 
expectancy of patients is reduced to an average of 20 years [5]. 
Management involves supportive care with transfusions as nec- 
essary. Haematopoietic stem cell transplant is curative for the 
haematological features, but this increases the risk of solid tumours, 
which must be monitored. 


Muir-Torre syndrome — 


Muir—-Torre syndrome is a rare autosomal dominant disorder of 
DNA repair. It was independently reported by Muir in 1967 and 
Torre in 1968 [1,2]. There is a lot of clinical variation but it is 


characterised by the occurrence of sebaceous gland neoplasms 
and/or keratoacanthomas associated with one or more visceral 
malignancies, in particular gastrointestinal or genito-urinary [3-5]. 
Although the malignancies are often multiple, they behave less 
aggressively and are often low grade. Muir—Torre syndrome occurs 
as a result of a mutation in one of the DNA mismatch repair genes 
(MSH-2, MLH-1 and MSH-6). The management involves a multidis- 
ciplinary approach with genetic counselling, regular skin reviews 
and appropriate cancer screening [6]. 
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Introduction 


Progeroid syndromes comprise a heterogeneous group of conditions 
with variable cutaneous features that lead to a prematurely aged 
appearance, including poikiloderma, photosensitivity, pigmenta- 
tion, sclerodermatous changes, alteration of the subcutaneous fat, 
or skin laxity and wrinkling. Broadly, these diseases can be grouped 
according to the underlying pathology. For example, conditions 
with impaired DNA repair mechanisms including Bloom and 
Werner syndromes, and xeroderma pigmentosum, may be asso- 
ciated with skin photosensitivity, pigmentation and telangiectasia 
as well as an increased incidence of skin and other malignan- 
cies. Aberrant lamin A processing leading to an accumulation 
of prelamin A in the nucleus is another mechanism leading to a 
progeroid appearance, for example in Hutchinson-Gilford proge- 
ria syndrome (HGPS) and forms of mandibulo-acral dysplasia. 
In contrast, defects in genes involved in the formation of elastic 
fibres in the skin and other tissues lead to forms of cutis laxa. 
Importantly, many progeroid syndromes are associated with severe 
extracutaneous disease, notably early systemic ageing, malignancy, 
developmental and neurological impairment and premature death. 
Often, the cutaneous features of these rare disorders occur early and 
are key to helping identify the underlying disorder, with important 
implications for genetic counselling, management and prognosis. 
Table 77.1 summarises the major syndromes of premature ageing, 
some of which are discussed in other chapters. 


Werner syndrome -— OL. 


Definition 

Clinically, the syndrome is characterised by premature ageing 
with sclerodermatous skin changes, subcutaneous calcification, 
short stature, prematurely aged facies, premature arteriosclerosis, 
diabetes and a predisposition to malignancy [1]. 


Pathophysiology 

Werner syndrome is a rare, autosomal recessive disorder caused by 
mutations in gene RECQL2 (WRN) on 8p12-p11.2, encoding a DNA 
helicase [1,2-6]. Aberrant repair of double-stranded DNA damage 
in the absence of WRN helicase activity leads to an accumulation 
of DNA damage, telomere shortening, genetic instability and a 
reduction in cellular replicative lifespan [7,8]. It is possible that 
WRN is an intrinsic inhibitor of progerin, an abnormal splicing 
product of lamin A, which may explain the phenotypic overlap 
between Werner syndrome and HGPS [9]. Clinically normal het- 
erozygous carriers of WRN mutations have also been shown to have 
increased genetic instability compared with normal controls [10]. 
Tissues of mesenchymal origin are preferentially affected compared 
with tissues of neural origin, reflected phenotypically by absent 
neurological involvement such as Alzheimer or Parkinson dis- 
eases [11]. Werner syndrome occurs worldwide but there appears 
to be a higher frequency in Japan where the incidence is estimated 
at approximately three per million [12]. 


Clinical features [1,12-14] 

A subset of patients have ‘atypical’ Werner syndrome, characterised 
by more severe clinical features. Some of these individuals have het- 
erozygous mutations of the LMNA gene encoding lamin A/C [15], 
and therefore this should probably be more correctly considered a 
milder, later-onset variant of HGPS [14]. In other cases, however, 
mutations have not been identified in either RECQL2 or LMNA, indi- 
cating an alternative genetic aetiology [14]. 


Management 

Complications of Werner syndrome such as cardiovascular dis- 
ease, diabetes and cataract are treated conventionally as and when 
they arise. Recent in vitro research suggests that the abnormal 
cellular phenotype in Werner syndrome might be amenable to 
treatment with mitogen-activated protein (MAP) kinase inhibitors 
[16] or the mTOR inhibitor rapamycin [17]. Reprogramming Werner 
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syndrome cells into induced pluripotent stem cells can restore 
telomere function in vitro and may have therapeutic potential 
[18,19]. In another approach, readthrough drugs such as amino- 
glycoside antibiotics and ataluren can lead to full length protein 
and restored WRN function from nonsense mutations and may be 
applicable for future clinical use [20]. 


Bloom syndrome — 


Definition 

This syndrome is characterised by photosensitivity, telangiectatic 
facial redness, proportionate pre- and postnatal growth deficiency, 
distinctive facies, abnormal immune responses and a predisposition 
to malignancy [1,2,3]. 


Pathophysiology 

Bloom syndrome is a rare, autosomal recessive disorder. The 
gene for Bloom syndrome (RECQL3) lies on chromosome 15q26.1 
and encodes a DNA helicase, RecQ protein-like-3 [4]. This heli- 
case forms a complex with topoisomerase III alpha (TopIIIo), and 
RecQ-mediated genome instability 1 and 2 (RMI1 and RMI2, respec- 
tively) to resolve abnormal structures that can arise during DNA 
replication and may additionally be involved in transcriptional reg- 
ulation [5]. Without normal DNA replication there is chromosomal 
instability that results in the observed predisposition to malignancy. 
Cultured lymphocytes and fibroblasts from patients with Bloom 
syndrome show a high incidence of chromosomal aberrations, and 
cells with abnormally high rates of sister chromatid exchange (SCE) 
are uniquely characteristic of this condition [6]. 

Bloom syndrome occurs with greater frequency in Ashkenazi 
Jews, accounting for approximately one-third of all cases. A com- 
mon ancestral mutation has been identified in most of these patients, 
with an estimated carrier frequency of 1%. Other founder muta- 
tions have also been identified in patients from other geographical 
regions [7,8]. 

Recently, mutations in the genes encoding RMI2 [9] and 
TopIIa [10] have been identified in individuals with a Bloom-like 
syndrome, also associated with increased rates of SCE. 


Clinical features [1,3,11-13] 

Cutaneous features 

Telangiectatic redness of the face develops during infancy or early 
childhood as red macules or plaques, which may simulate lupus ery- 
thematosus. They are most numerous on the ‘butterfly’ area of the 
nose and cheeks, but may involve the margins of the eyelids, the 
forehead, the ears, and sometimes the dorsa of the hands and fore- 
arms. There may be slight scaling. Sun exposure usually exacerbates 
these changes and may also provoke bullae, bleeding and crusting 
of the lips. 


Extracutaneous features 

Patients with Bloom syndrome have a characteristic appearance. 
There is moderate and proportionate growth deficiency both in utero 
and postnatally (Figure 77.1). Patients have a narrow, slender, del- 
icate facies with a relatively prominent nose and small jaw. The 
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limbs tend to be long with large hands and feet, and there may be 
reduced subcutaneous fat. 

Other associated abnormalities include café-au-lait patches, clin- 
odactyly, syndactyly, congenital heart disease, annular pancreas and 
a high-pitched voice, possibly due to the cranio-facial anatomy and 
high-arched palate. Many associated developmental defects have 
been reported. T- and B-cell immunodeficiencies may occur, and 
IgA and IgM levels may be reduced, predisposing to pneumonia, 
bronchiectasis and chronic lung disease. Gastro-oesophageal reflux 
is common and may lead to aspiration, contributing to the risk of 
chronic lung disease. 

Testicular atrophy is common and males are infertile. Although 
the tubular elements of the testes function poorly, the androgen- 
secreting portions are spared, thus permitting normal puberty [13]. 
Fertility in female patients appears reduced, although full-term 
pregnancies have been reported [14]. Bloom syndrome patients 
have an increased incidence of type II diabetes [15]. Neurological 
development is normal. 

The mortality from neoplastic disease, particularly acute 
leukaemia, during the second or third decade is significantly 
increased [1,3,4,6,12]; there is an estimated 150-300 times increased 
risk of malignancy relative to normal. Cancers of the types and sites 
seen in the general population arise frequently and unusually early, 
as do rare cancers of early childhood [12]. They are predominantly 
internal such as those of the upper and lower gastrointestinal 
tract, genito-urinary cancers and haematological malignancies, but 
cutaneous malignancies are also more common with approximately 
15% of patients in the Bloom Syndrome Registry having had skin 
cancer, with a mean age of 32 years [1,11]. There is no increased 
frequency of malignancies in most heterozygous carriers of RECQL3 
mutations [16]. 


Figure 77.1 Child with Bloom syndrome showing short stature and characteristic facies. 
Courtesy of Dr H. Fassihi, St John’s Institute of Dermatology, London, UK. 
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Management 

Early diagnosis of Bloom syndrome is important for awareness 
of possible malignancies and for photoprotection. Chromoso- 
mal analysis may demonstrate increased numbers of SCEs and 
abnormal chromosomal configurations. Genetic testing of RECQL3 
will confirm the diagnosis. In the Ashkenazi Jewish population, 
where women have a 1 in 200 risk of having an affected child, 
targeted screening of the recurrent founder mutation may be 
indicated. 

Patients should minimise sun exposure and use a high-factor 
sunscreen. Regular screening for diabetes and malignancies (e.g. 
skin surveillance, colonoscopy and faecal occult blood testing 
in adults) may be indicated. Symptoms suggestive of possible 
malignancy should prompt appropriate investigations. How- 
ever, ionising radiation from cancer surveillance or treatment 
and alkylating agents may predispose to further DNA damage 
and carcinogenesis and should therefore be minimised where 
possible [17]. Aside from this, standard cancer treatments are 
recommended, as are treatments of associated diseases such as 
diabetes. 

Prenatal testing for Bloom syndrome has been successfully under- 
taken by SCE analysis in chorionic villus cell cultures [18] as well as 
from RECQL3 screening from chorionic villi or amniotic cells. Preim- 
plantation genetic diagnosis has also been carried out [1]. 


Progeroid laminopathie: 
conditions 


Lamins comprise a type of intermediate filament which are impor- 
tant structural proteins of the nuclear lamina beneath the inner 
nuclear membrane; they have a role in maintaining the size 
and shape of the nuclear membrane. The LMNA gene encodes 
prelamin A, which undergoes post-translational modification to 
lamin A. Autosomal dominant or recessive LMNA mutations result 
in a number of different syndromes, termed laminopathies, with 
variable phenotypic features depending on the site and nature of the 
mutations, but which essentially cause accumulation of prelamin A 
in the nucleus [1,2]. While some disorders are characterised by 
progeroid features, others involve cardiomyopathy, muscular dys- 
trophy, peripheral neuropathy or lipodystrophy (Table 77.1) [2]. 
Mutations in a zinc metalloproteinase gene, ZMPSTE24, which 
is involved in post-translational lamin A processing, give rise to 
clinically similar conditions, also from accumulation of unmodified 
prelamin A within nuclei. 


Hutchinson-Gilford prog 
syndrome | 


Definition 

Growth retardation with premature and accelerated ageing from 
early childhood are the cardinal features of HGPS [1]. Affected 
individuals usually die in childhood or teenage years due to 
cardiovascular disease. 


Pathophysiology 

HGPS is an autosomal dominant condition with a birth prevalence 
estimated at 1 in 4 million [2]. Almost all cases arise from de novo 
mutations in the gene encoding lamin A/C, LMNA, on chromo- 
some 1q22 [3,4]. A single recurrent mutation, c.1824C>T, causes the 
classic form of HGPS, accounting for around 90% of cases [3-5]; 
this mutation causes abnormal gene splicing and the deletion of 
50 amino acids leading to an abnormal prelamin A protein termed 
progerin. This deletion interferes with the normal post-translational 
modification of prelamin A leading to persistent farnesylation 
of progerin, which accumulates at the inner nuclear membrane 
causing increased cellular damage with age. Other dominant 
LMNA mutations have been identified in cases of non-classic HGPS 
which may be more or less severe, dependent on the molecular 
consequences of the mutation [5-8]. 

Fibroblasts from patients with classic HGPS show changes in 
nuclear morphology on light and electron microscopy, including 
nuclear envelope lobulation, nuclear lamina thickening, clustering 
of nuclear pores and loss of peripheral heterochromatin [9]. These 
changes are due to increased accumulation of progerin with cellular 
age and result in the progressive premature ageing seen in HGPS. 

Histopathologically, during the early sclerodermatous phase 
in the skin, thickening of the dermis with hypertrophic collagen 
bundles but a normal epidermis have been described [10], although 
changes may be non-specific [11]. Later in life the epidermis may 
be thinned, the dermis replaced by fibrotic hyaline material, with a 
reduction of sweat glands and subcutaneous tissue [12]. 


Clinical features [1,2,13] 

Intrauterine growth is usually normal but may be reduced; by the 
first year of life, however, failure to thrive is the norm and this 
growth retardation persists and worsens thereafter. Over the first 
few years of life, individuals develop typical facies with a small 
receding mandible, and the nose develops a pointed tip and narrow 
bridge. The head appears large for the face and scalp veins are 
prominent, made more noticeable due to partial or total alope- 
cia which may also affect the eyebrows and eyelashes. The eyes 
tend to be prominent, the lips are thin and may have surrounding 
cyanosis, and earlobes may be absent. Sclerodermatous changes of 
the skin also manifest early, particularly on the trunk and limbs, 
with reduced subcutaneous fat and joint contractures. Nails are fre- 
quently dystrophic. The clavicles may be short, leading to sloping 
shoulders and a pear-shaped chest. Bony changes include oste- 
olysis of the distal phalanges and delayed closure of the anterior 
fontanelle. Primary dentition is often late to erupt and may not be 
lost, leading to overcrowding. There may also be partial failure of 
eruption of secondary teeth. 

Later in childhood, features of accelerated ageing become more 
wide ranging, including a pigmented, aged appearance to the skin, 
conductive hearing loss, osteoarthritis, atherosclerosis leading to 
ischaemic heart disease and cerebrovascular disease, Raynaud 
phenomenon and insulin resistance, although not usually diabetes. 
Growth delay means that individuals do not reach completion of 
secondary sexual characteristics and do not, therefore, have chil- 
dren. Of note, motor and intellectual development are normal and 
there is no immunodeficiency or predisposition to malignancy. 


Cutis laxa: autosomal dominant and autosomal recessive 


In classic HGPS the usual survival is around 6-20 years with a 
mean of 13 years [2]; death usually results from myocardial infarc- 
tion, heart failure or stroke. 


Diagnosis 

Diagnosis is usually suspected clinically from a combination of 
profound growth failure, typical physical appearances and con- 
sequences of premature ageing. If suspected, targeted sequencing 
of known LMNA mutations can be undertaken, followed, if neg- 
ative, by full sequencing of the gene [1]. Other genes such as 
ZMPSTE24 may be implicated in other progeroid syndromes and 
may warrant testing if LMNA screening is negative. Alternatively, 
multigene panel testing of known progeroid syndrome genes can 
be undertaken as a primary screening approach [1]. 


Management 
Management should focus on monitoring disease progress, preven- 
tative care where possible, and treatment of complications as and 
when they arise [1,2]. Patients should have 6-12-monthly growth, 
cardiovascular, neurological, musculoskeletal, dental, ear and eye 
assessments. Lipids, electrocardiogram, echocardiogram, carotid 
duplex scanning, hip X-rays and bone densitometry scans should 
form part of annual care. Low-dose aspirin may be recommended 
in view of the increased risk of cardiovascular disease, and sun 
avoidance to limit cutaneous signs of increased ageing. Lipid levels 
are usually normal but may require statin treatment if elevated. 
Recent research has highlighted some potential therapeutic agents 
to reverse the underlying molecular defect in HGPS, specifically by 
reducing the farnesylation of progerin which results in its nuclear 
accumulation [14]. Following successful clinical trials in HGPS, 
the farnesyl transferase inhibitor lonafarnib has been approved for 
clinical use in the USA [15] and is currently in clinical trials in com- 
bination with the mTOR inhibitor everolimus (ClinicalTrials.gov 
NCT025790440). A number of other drug therapies including JAK 
inhibitors [16,17], tocilizumab [18] and progerinin [19] have been 
the focus of recent preclinical studies, as have a variety of genome 
editing approaches [20-22] (for review see [23]). 


Mandibulo-acral dyspl 
with type A and type B 


Definition 

Mandibulo-acral dysplasia with type A (MADA) and type B 
(MADB) lipodystrophy are autosomal recessive conditions with 
growth delay, skeletal abnormalities, lipodystrophy and pigmentary 
skin changes [1,2,3]. 


Pathophysiology 

MADA lipodystrophy is caused by homozygous or compound het- 
erozygous LMNA mutations [1,2-5], whereas MADB results from 
compound heterozygous mutations in the zinc metalloproteinase 
STE24 gene, ZMPSTE24, which is involved in post-translational 
modification of prelamin A [1,3,5,6]. 
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Clinical features [1,2-7] 

Affected individuals have postnatal growth retardation and 
develop progressive osteolysis of the clavicles and distal phalanges. 
Cranio-facial changes include mandibular hypoplasia, leading to 
dental crowding, and delayed closure of the fontanelles and cranial 
sutures, with a progeroid appearance in some. In general, MADB 
tends to be more severe and presents earlier in the first year or two 
of life with skeletal manifestations and skin atrophy compared with 
individuals with MADA. In MADA, lipodystrophy results in the 
loss of acral fatty tissue with an increase in subcutaneous fat in the 
trunk in some individuals, whereas in type B the lipodystrophy 
also tends to be more generalised. Impaired insulin resistance and 
diabetes may occur. Cutaneous changes include patchy pigmenta- 
tion, atrophy, sclerodermatous changes with stiff joints, sclerotic, 
calcified acral skin and alopecia. 


Cutis laxa: autosomal dc 
and autosomal recessiv 


Definition 

Cutis laxa is a group of conditions in which skin lacks elasticity 
leading to a loose, wrinkly and prematurely aged appearance. In 
addition, these heterogeneous disorders are variably associated 
with connective tissue problems as a result of loss, disorganisa- 
tion or fragmentation of elastic tissues in other organs, notably 
the lungs, cardiovascular system, joints and gastrointestinal and 
genito-urinary systems. Some forms are associated with develop- 
mental delay and neuromuscular compromise. Cutis laxa is very 
rare, with an estimated incidence of 1 in 4 million [1]. 


Pathophysiology 

The formation of elastic fibres is a stepwise process and involves 
interplay between a number of different proteins. Microfibrils con- 
sisting of fibulin, fibrillin and various glycoproteins act as a scaffold 
for soluble tropoelastin monomers, which are then cross-linked 
by lysyl oxidase into an insoluble elastin core [2]. The resulting 
elastic fibres are responsible for the resilience of organs such as the 
skin, blood vessels, intestine, bladder and joints. Defects in some 
of the proteins involved in elastic fibre formation, such as fibulins 
and elastin, cause different cutis laxa phenotypes. Histological and 
ultrastructural changes depend on the underlying defect. 


Clinical features 

Table 77.2 summarises the different forms of cutis laxa, the main 
ones being autosomal dominant cutis laxa (ADCL) and autosomal 
recessive cutis laxa (ARCL). 


Autosomal dominant cutis laxa 

Autosomal dominant mutations of the elastin gene, ELN, cause lax 
skin and a prematurely aged appearance with onset between child- 
hood and early adulthood, as well as gastrointestinal diverticula 
and inguinal hernias (ADCL type 1) [3,4]. Less common manifes- 
tations include emphysema, aortic aneurysm and aortic or mitral 
valve prolapse. Elastic fibres in the skin are sparse and fragmented 
with a paucity of amorphous elastin on electron microscopy [5]. 
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Chapter 77: Syndromes with Premature Ageing 


Table 77.2 Cutis laxa subtypes, causative genes and predominant phenotypes. 


Disease MIM Gene Chromosome Cutis laxa 
Autosomal dominant 

ADCL1 123700 ELN 7q11.23 + 
ADCL2 614434 FBLN5S 4q32.12 + 
ADCL3 (progeroid) 616603 ALDH18A1 0q24.1 ++ 
Autosomal recessive 

ARCL1A 219100 FBLN5 4q32.12 +++ 
ARCL1B 614437 EFEMP2 (FBLN4) 1q13.1 ++ 
ARCL1C 613177 LTBP4 9q13.2 ++ 
ARCL2A 219200 ATP6V0A2 2q24.31 ++ 
ARCL2B 612940 PYCR1 7q25.3 ++ 
ARCL2C 617402 ATP6V1E71 22q11.21 ++ 
ARCL2D 617405 ATP6V1IA 3q13.31 ++ 
ARCL3A 219150 ALDH18A1 0q24.1 + 
ARCL3B 614438 PYCR1 7q25.3 + 
X-linked 

XLCL (OHS) 304150 ATP7A Xq21.1 + 
Associated disorders 

MACS 613075 RIN2 20p11.23 ++ 
GO 231070 SCYL1BP1 1q24.2 ++ 
ATS 208050 SLC2A10 20q13.12 ++ 


Cardiovascular _ Intellectual GI/GU Skeletal 
Emphysema __ involvement impairment diverticula’ manifestations 
a. + _ —_ —_ 
ok. + — — —_ 
= ++ ++ +++ 
+ + - + - 
++ +++ - - - 
+ + - +++ + 
- + ++ - + 
- - ++ - ++ 
+ ++ - ++ ++ 
- + ++ - ++ 
- + + - ++ 
- + + - ++ 
- + + + +4+4+ 
- - - - ++ 
_ — — —_ +++ 
- +++ - - + 


ADCL, autosomal dominant cutis laxa; ARCL, autosomal recessive cutis laxa; ATS, arterial tortuosity syndrome; GI/GU, gastrointestinal/genito-urinary; GO, geroderma 
osteodysplasticum; MACS, macrocephaly, alopecia, cutis laxa, scoliosis syndrome; OHS, occipital horn syndrome; XLCL, X-linked cutis laxa. 


Type 2 ADCL with a similar phenotype has been reported due to a 
heterozygous mutation of the fibulin 5 gene, FBLN5 [6]. A progeroid 
form of ADCL (type 3) results from heterozygous mutations in the 
ALDHI18A1 gene, associated with lax skin, an aged appearance, 
intellectual disability and growth delay [7]. 


Autosomal recessive cutis laxa 

A number of different genes have been implicated in recessive forms 
of cutis laxa, including those encoding fibulins 5 and 4, FBLN5 and 
EFEMP2 (FBLN4), respectively [1]. Other causative genes have 
less well characterised functions but encode proteins involved in 
amino acid metabolism, regulation of transforming growth factor B1 
(TGF-81) activity, or transport and/or modification of components 
of the extracellular matrix [1]. 

ARCL type 1 comprises severe forms with life-threatening compli- 
cations and death occurring between infancy and young adulthood 
usually from cardiorespiratory compromise [1]. Three main types 
are recognised depending on the underlying gene pathology 
(Table 77.2): in general, ARCL type 1A (FBLN5 mutations) is asso- 
ciated with more severe and early respiratory complications [8,9]; 
type 1B (EFEMP2 mutations) has greater vascular fragility and 
tortuosity [10,11]; and type 1C (LTBP4 mutations) results in prob- 
lems with diverticula of the gut or bladder [9,12]. In all types, 
skin changes are generalised but may be particularly prominent 
over the axillae, neck and groins, and give the face a droopy, aged 
appearance. Atelectasis and emphysema usually present in early 
childhood and vascular anomalies, notably supravalvular aortic 
stenosis, pulmonary artery stenosis or aortic aneurysm, occur com- 
monly. There may be multiple diverticula of the gastrointestinal and 
genito-urinary tracts and, less commonly, inguinal hernias, joint 
laxity, hip dislocation and delayed closure of the fontanelles. Facial 


dysmorphism and postnatal growth delay may be seen but intellec- 
tual development is normal. Histology shows normal or reduced 
elastic fibres with mild fragmentation in the dermis [12]; ultrastruc- 
turally there is a reduction in elastic fibres and accumulation of 
elastin globules [13]. Arterial tortuosity syndrome has similarities 
to ARCL type 1B with a variable phenotype of extensible or lax 
skin, prominent cardiovascular features with arterial tortuosity and 
a propensity to arterial aneurysms and other systemic manifesta- 
tions [14]. This recessive form of cutis laxa is caused by bilallelic 
mutations in a glucose transporter gene, SLC2A10 [15]. 

Type 2 ARCL comprises a number of different forms of cutis 
laxa with variable severity but overlap in phenotypic features. It 
results from mutations in genes encoding proteins involved in the 
function of mitochondria, endosomes and Golgi apparatus. Most 
cases result from mutations in the ATP6VOA2 ATPase gene (ARCL 
type 2A) [16,17], and less often from mutations in PYCR1 (ARCL 
type 2B), ATP6V1E1 (ARCL type 2C) and ATP6V1A (ARCL type 
2D) [18,19]. Cutaneous phenotypes vary between wrinkly skin 
and more pronounced cutis laxa with excess folds of skin over the 
face, large flexures and dorsa of the hands and feet, which may 
improve over time. Unlike type 1 ARCL, there is often pronounced 
developmental delay, seizures and neurological impairment, with 
most individuals showing cerebral and cerebellar malformations. 
Other features include delayed growth, congenital hip dislocation, 
joint laxity, inguinal hernias, osteoporosis, high myopia and facial 
dysmorphism. De Barsy syndrome is a form of type 3 ARCL in 
which there is generalised cutis laxa giving a progeroid appear- 
ance, pre- and postnatal growth delay, clouding of the corneas or 
cataracts, and severe developmental delay in the majority [20-23]. 
There may also be agenesis of the corpus callosum, joint laxity, 
hypotonia, tortuosity of blood vessels and facial dysmorphism. 
Causative mutations have been identified in ALDH38A1 [21,22], 


PYCR1 [23] or P14K2A [24]. Macrocephaly, alopecia, cutis laxa and 
scoliosis (MACS) syndrome is another variant of ARCL with coarse 
facial sagging and developmental delay. It results from mutations 
in RIN2 which encodes a Rab5 effector protein of endosomal vesi- 
cles [25]. At the milder end of the phenotypic spectrum, geroderma 
osteodysplasticum is characterised by progeroid skin wrinkling 
mainly on the hands, feet and abdomen presenting in infancy or 
early childhood [26]. There is osteoporosis and bony fractures, and 
there may be hernias or hip dislocation. Intellectual development is 
normal. The causative gene, SCYL1BP1, encodes a protein involved 
in Golgi trafficking and structure [26]. Types 2 and 3 ARCL show 
variable histopathological and ultrastructural abnormalities; cases 
due to impaired vesicle trafficking tend to demonstrate sparse 
elastic fibres with disintegrated cores [1,17,19], whereas defects 
of cellular metabolism show thin elastic fibres with an increased 
microfibrillar mantle [1,27]. 

X-linked cutis laxa (XLCL), also termed occipital horn syndrome 
because of characteristic calcifications over the occipital bone at the 
sites of muscle insertion, also features lax skin, inguinal hernias, joint 
laxity, tortuous blood vessels and, in some, intellectual impairment 
[28-30]. It is caused by mutations in the copper-transporting ATPase 
gene, ATP7A. Mutations in the same gene can also cause Menke dis- 
ease; in contrast to XLCL, these patients have severe neurological 
degeneration, growth retardation and death in early childhood, with 
milder skin laxity and sparse, kinky hair [29,30]. 


Management [1] 
Investigation of an individual with cutis laxa should aim to iden- 
tify possible systemic complications. Hip dislocation should be 
checked for clinically and with ultrasonography if indicated. Clin- 
ical examination should also look for inguinal herniation and any 
abnormalities of the cardiovascular system. An echocardiogram, 
chest computed tomography scan, magnetic resonance (MR) imag- 
ing, MR angiogram and pulmonary function tests may be indicated. 
Similarly, a renal ultrasound, voiding cystourethrogram and barium 
enema may demonstrate diverticular disease. A full ophthalmo- 
logical examination may be needed, particularly if ARCL type 3 is 
suspected, and neurological evaluation, electroencephalograph and 
brain MR scan if indicated. 

Routine management is indicated for complications such as 
refractive errors, emphysema, hip dislocation, inguinal hernias and 
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seizures. A B-blocker or angiotensin-converting enzyme inhibitor 
may be indicated if dilatation of the aortic root is identified and 
surgical management of aneurysms and other cardiovascular 
anomalies may be warranted. Avoidance of sunbathing and smok- 
ing should be recommended. Although botulinum toxin injections 
and plastic surgery for facial involvement by cutis laxa have been 
advocated, longer term, redundant skin folds tend to recur [31,32]. 
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Introduction 


This chapter covers three exemplar inherited skin tumour syn- 
dromes: neurofibromatosis type 1 (NF1), the tuberous sclerosis 
complex and familial adenomatous polyposis, as well as provid- 
ing an overview of inherited tumour syndromes with cutaneous 
manifestations. NF1, tuberous sclerosis complex and familial ade- 
nomatous polyposis have diverse clinical and genetic features and 
require disease-specific knowledge for diagnosis, along with tar- 
geted interventions and cancer surveillance plans. All three share in 
common the clinical presentation of multiple benign skin tumours, 
which are often pathognomonic for these genetic conditions, and a 
significant risk of cutaneous and non-cutaneous neoplasia. 


NEUROFIBROMATOSES 


The neurofibromatoses comprise several distinct genetic disorders 
that lead to the formation of tumours surrounding the nerves and 
many other pathological features. There are three main forms: NF1, 
NF2 and schwannomatosis. The spectrum of these disorders has 
been reviewed elsewhere [1-5]. The most common type, NF1, is 
characterised by multiple café-au-lait macules and the occurrence 
of neurofibromas along the peripheral nerves. NF2 is characterised 
by vestibular schwannomas (acoustic neuromas), which are usually 
bilateral, as well as meningiomas. Cutaneous schwannomas may be 
seen and present as dermal plaques or nodules [6,7]. The third form, 
schwannomatosis, causes tumours to develop on the cranial, spinal 
and peripheral nerves resulting in chronic pain, altered sensation 
and muscle weakness, and has been linked to germline pathogenic 
variants in SMARCBI1 and LZTRI1 [8]. Schwannomatosis does not 
have cutaneous manifestations. 


Neurofibromatosis typ: 2 


Introduction and general description 

Neurofibromatosis type 1 is an inherited neuroectodermal abnor- 
mality, characterised by the presence of six or more café-au-lait 
spots, axillary freckles (Figure 78.1), cutaneous neurofibromas 
(Figure 78.2), plexiform neurofibromas and Lisch nodules (pig- 
mented iris hamartomas) (Figure 78.3) [1,9,10]. Box 78.1 lists the 
diagnostic criteria [11]. 


Pathophysiology 

Genetics 

The mode of inheritance is autosomal dominant, with almost 100% 
penetrance by the age of 5 years [10,12]. Sporadic cases account 
for up to 50% of all cases and may be explained by both parental 
gonadal mosaicism and a high gene mutation rate (de novo muta- 
tions). The prevalence of NF1 has been estimated at about 1 in 
2500-3300 births [1,9,10]. Mosaic forms with incomplete features 
are frequent [13-15]. 

The NF1 gene is located on chromosome 17 [16,17], and encodes a 
protein named neurofibromin [18,19,20]. The gene spans 335 kb and 
has at least 59 exons, producing four major alternatively spliced 
transcripts. Neurofibromin has been shown to be expressed in both 
keratinocytes and melanocytes in normal adult human skin [21]. 
Neurofibromin is a Ras guanosine triphosphatase (GTPase) acti- 
vating protein (RasGap) and negatively regulates the Ras-mitogen 
activated protein kinase (MAPK) pathway, an important pathway 
in neuroectodermal cells such as neuronal cells and melanocytes. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Chapter 78: Inherited Skin Tumour 


Figure 78.1 Neurofibromatosis: axillary freckling and multiple neurofibromas. Courtesy 
of Professor J. Harper, Great Ormond Street Hospital, London, UK. 


Figure 78.2 Neurofibromatosis: extensive plexiform neurofibroma of the foot. Courtesy 
of Professor J. Harper, Great Ormond Street Hospital, London, UK. 


NF is now considered a ‘RASopathy’ — one of several conditions 
where pathogenic variants in genes result in the deregulation of 
Ras signalling which is a key step towards the development of the 
phenotype (see ‘RASopathies’ later in this chapter). 

The majority of NF1 germline pathogenic variants alter the 
reading frame or insert a premature stop codon, resulting in loss of 


Figure 78.3 Neurofibromatosis: Lisch nodules (pigmented iris hamartomas). Courtesy of 
Professor J. Harper, Great Ormond Street Hospital, London, UK. 


function. No mutational hotspot has been recognised, and individu- 
als and families have private pathogenic variants. Contiguous gene 
deletions that include neurofibromin and adjacent genes lead to a 
more severe NF phenotype, often with associated developmental 
delay. 


Box 78.1 Revised diagnostic criteria for 
neurofibromatosis type 1 (NF1) 


A: The diagnostic criteria for NF1 are met in an individual who does 
not have a parent diagnosed with NF1 if two or more of the following 
are present: 

e Six or more café-au-lait macules over 5 mm in greatest diameter in 
prepubertal individuals and over 15 mm in greatest diameter in 
postpubertal individuals* 

e Freckling in the axillary or inguinal region® 

¢ Two or more neurofibromas of any type OR one plexiform 
neurofibroma 

¢ Optic pathway glioma 

¢ Two or more iris Lisch nodules identified by slit-lamp examination or 
two or more choroidal abnormalities (CAs), defined as bright, patchy 
nodules imaged by optical coherence tomography (OCT)/near- 
infrared reflectance (NIR) imaging 

* A distinctive osseous lesion such as sphenoid dysplasia, 
anterolateral bowing of the tibia or pseudarthrosis of a long bone 

e A heterozygous pathogenic NF1 variant with a variant allele fraction 
of 50% in apparently normal tissue such as white blood cells 

B: A child of a parent who meets the diagnostic criteria specified in A 

merits a diagnosis of NF1 if one or more of the criteria in A are present 


® If only café-au-lait macules and freckling are present, the diagnosis is 
most likely NF1 but exceptionally the person might have another 
diagnosis such as Legius syndrome. At least one of the two 
pigmentary findings (café-au-lait macules or freckling) should be 
bilateral. 

> Sphenoid wing dysplasia is not a separate criterion in the case of an 
ipsilateral orbital plexiform neurofibroma. 


Reproduced from Legius et al. [11] with permission of Springer 
Nature / CC BY 4.0. 


NF1is a tumour suppressor gene, with patients carrying heterozy- 
gous germline pathogenic variants, and homozygous pathogenic 
variants demonstrated in cutaneous neurofibromas, in keeping 
with the classic Knudson ‘two-hit’ hypothesis of tumourigenesis. 
The requirement of somatic mutations in the remaining normal 
parental copy of NF1 [22] partly explains the delayed age of onset 
of neurofibromas associated with NF1 and the variability of expres- 
sion [23]. Conversely, second hits in the NF1 gene in utero before 
development is complete are thought to explain the formation of 
plexiform neurofibromas [24]. 


Clinical features [2,9,10] 

The National Institutes of Health Consensus Development Confer- 
ence Statement on diagnostic criteria for NF1, developed in 1988, is 
widely employed in clinical practice [25] and was revised in 2019 
[11]. This requires two or more of the criteria listed in Box 78.1 to be 
fulfilled. 


Café-au-lait macules (CALMs). These are sharply defined, light 
brown patches that vary in size from 0.5 to 50 cm, although the 
majority are 10 cm or less in size. CALMs are the first feature of 
the disease to appear in all children [1,10]. In a population study 
of NF1, parents of all affected children reported the appearance of 
CALMs by the age of 4 years, and within the first year of life in 82%. 
CALMs increase in size and number during the first decade. 


Cutaneous neurofibromas. These are soft tumours, sessile and 
dome shaped, and sometimes pedunculated. Cutaneous neuro- 
fibromas are derived from peripheral nerves and their supporting 
structures, including neurilemmal cells. These lesions are most 
numerous on the trunk and limbs; hundreds may be present, 
ranging from a few millimetres to several centimetres in diam- 
eter. Blue-red macules and pseudoatrophic macules also occur 
[26] and are often variants of neurofibromas. Pruritus may be a 
symptom of NF1. The presence of large numbers of mast cells in the 
skin in this condition, and the response of itch to antihistamines, 
suggest that histamine mediates pruritus in NF1 [27]. Long-term 
treatment with ketotifen, a mast cell-blocking agent, has not how- 
ever resulted in resolution of cutaneous neurofibromas, and its 
utility as a preventative treatment for cutaneous neurofibromas 
remains unclear in the absence of suitably controlled interventional 
studies. 


Plexiform neurofibromas. These are diffuse, elongated fibromas 
that run along the course of a nerve, frequently involving the 
trigeminal or upper cervical nerves and usually present within the 
first 2 years of life. They may also arise in peripheral nerves and 
within the spinal cord. Plexiform neurofibromas have a distinctive 
‘bag of worms’ feeling on palpation. They may involve underlying 
sensory and motor nerves as well the viscera and blood vessels. 


Freckling. Freckling occurs frequently in the axillae, where it is vir- 
tually pathognomonic (Crowe sign) [28]. It is present in about 70% of 
affected subjects and appears a little later than the café-au-lait spots, 
the youngest case in one series being 3 years old [1]. It may also occur 
in other intertriginous areas, especially the groin. 
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Lisch nodules. Lisch nodules (pigmented iris hamartomas) appear 
as dome-shaped lesions found superficially around the iris on 
slit-lamp examination. They occur in over 90% of patients and 
increase in incidence with age [1]. They do not occur in mosaic NF1 
or NF2 [2]. 


Oral lesions. Oral lesions are present in up to 37% of cases, as papil- 
lomatous neurofibromas of the palate, buccal mucous membrane, 
tongue and lips [29]. 


Skeletal abnormalities. These are well described in NF1. Kyphosco- 
liosis occurs in 2% of cases. Sphenoid wing dysplasia is a charac- 
teristic abnormality. Pseudarthrosis involving the tibia or radius 
occurs in 1% but may be asymptomatic [2]. Short stature and 
macrocephaly [30] are also uncommon features of the condition. A 
generalised bone metabolic defect due to loss of function of neuro- 
fibromin has been identified [31], explaining the increased risk for 
osteopenia and osteoporosis in NF1 [32]. Early identification of NF1 
patients with osteoporosis may permit more timely and aggressive 
treatments to prevent the likely substantial morbidity associated 
with increased fracture risk later in life. 


Additional extracutaneous features. The severity of cutaneous 
involvement gives no reliable indication of the extent of the disease 
in other organs. Between 25% and 30% of children may exhibit 
learning difficulties [1,33] and physical development may be 
impaired. Speech impediments, hypertelorism and headaches are 
also common [2,34]. Endocrine disturbances of many types may 
be associated [35]: precocious puberty, acromegaly [36], Addison 
disease, hyperparathyroidism, gynaecomastia and phaeochromo- 
cytoma. Renovascular hypertension may occur in children [37]. 
Involvement of the lower urinary tract [38] may give rise to urinary 
symptoms. Constipation occurs due to dysfunction of the colonic 
musculature. Gastrointestinal stromal tumours may also cause 
recurrent haemorrhage or obstruction. There is a high prevalence of 
cardiovascular abnormalities [39,40] and NF1 can be complicated 
by pulmonary hypertension [41]. 


Neurological disease secondary to NF1-related tumours. The 
most common solitary intracranial tumour is an optic nerve glioma; 
astrocytomas and schwannomas also occur. Some reports suggest 
that these tumours may be sex dependent and more symptomatic 
in female patients [42,43]. Intracranial tumours may cause epilepsy, 
although seizures may occur in the absence of any demonstrable 
focal lesion. 


Malignant tumours in NF1. Sarcomatous change within a neuro- 
fibroma occurs in 1.5-15% of cases, more often in deeper lesions than 
in cutaneous lesions [1,44]. This is rare before the age of 40 years but 
has occurred in early childhood. Growth is often slow and metas- 
tasis late, but local recurrence is frequent. In contrast, malignant 
peripheral nerve sheath tumours (MPNSTs) are highly aggressive 
sarcomas [45]. Enlargement or pain of cutaneous neurofibromas 
should suggest the possibility of malignant change, although 
rapid enlargement may also occur secondary to intralesional 
haemorrhage. 
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Other malignant diseases associated with NF1 include Wilms 
tumour and rhabdomyosarcoma. Children with NF1 and juvenile 
xanthogranulomas (JXGs) have been reported to develop juvenile 
myelomonocytic leukaemia (JMML) [46-48]. JXGs are seen in 5-10% 
of children under 2 years of age with NF1, and a recent case-control 
designed study [49] suggested that the risk of JMML in NF! patients 
with JXG may have been previously overestimated. The presen- 
tation of multiple CALMs and acute lymphoblastic leukaemia or 
lymphoma should raise the alternate diagnosis of constitutional 
mismatch repair deficiency (CMMRD) [50,51]. 


Disease course and prognosis [2,52] 

The course of the condition varies considerably in individual 
patients and the majority will have a benign course without devel- 
oping major complications. In fact, a diagnosis of NF1 is frequently 
made after childhood. 

Characteristically, café-au-lait spots are present at birth or, more 
commonly, develop in early childhood and increase in number 
throughout life. Cutaneous neurofibromas appear during child- 
hood and increase rapidly in number at puberty, suggesting a 
possible hormonal influence. However, lesions may be present 
at birth and become progressively more extensive [53]. It is diffi- 
cult to prognosticate based on the extent of cutaneous symptoms. 
Extensive involvement of the urinary or gastrointestinal tract or the 
central nervous system carries a poor prognosis. 

Pregnancy in some cases appears to induce rapid progression of 
existing lesions and the development of new cutaneous neurofibro- 
mas [54], however a recent small controlled study of 26 pregnant 
NF1 patients suggests that this is not generally the case [55]. 
Long-term follow-up information on cohorts of NF1 patients has 
shown a reduced life expectancy related to the development of 
malignancy and other complications, such as hypertension due to 
renal artery stenosis or phaeochromocytoma [56,57]. 


Investigations 
Diagnosis of germline NF1 is established based on clinical criteria. 
Cutaneous neurofibromas are clinically and histologically distinc- 
tive. CALMs, usually the earliest manifestation of NF1 in children, 
may be seen as isolated lesions in 10-20% of normal individuals. 
If only one or two are present, they have little diagnostic signifi- 
cance in the absence of other diagnostic criteria. Other clinical condi- 
tions (Table 78.1) may also be important to consider when multiple 
early-onset CALMs are seen. 

Molecular genetic testing is now a relatively inexpensive test 
and is more widely used in clinical practice when the diagnosis is 


Table 78.1 Selected conditions apart from neurofibromatosis that feature café-au-lait 
macules as part of their clinical phenotype. 


Condition Gene 

Legius syndrome SPRED1 

Constitutional mismatch repair deficiency (CMMRD) = MLH1, MSH2, MSH6, PMS2 
Cowden syndrome PTEN 

Noonan syndrome with multiple lentigines PTPN11 

McCune-Albright syndrome GNAS 

Naevoid basal cell carcinoma syndrome PTCH1 


Adapted from Ponti et a/. [77]. 


uncertain, but the majority of cases are diagnosed on the basis of 
characteristic clinical features [58]. Identification of the NF1 gene 
means that prenatal/presymptomatic diagnosis for this disease is 
now possible, as is preimplantation genetic diagnosis [59]. 


Management 

A detailed clinical assessment of the proband is essential and exami- 
nation of all other members of the family may identify other affected 
individuals. It is recommended that individuals with NF1 have an 
annual clinical review, which includes the measurement of blood 
pressure, head circumference measurements, assessment of poten- 
tial scoliosis, presence of painful lumps consistent with MPNSTs and 
eye examination. The Manchester checklist is widely used in the UK 
as a guide to patient management (Figure 78.4). Further investiga- 
tions will depend upon the detection of specific associated features. 
Magnetic resonance imaging (MRI) should be performed in chil- 
dren who have macrocephaly or who demonstrate focal neurologi- 
cal signs or symptoms. In the UK, MRI screening is only suggested if 
there are neurological or ophthalmological anomalies, whereas prac- 
tice in the USA is to screen all infants routinely with cranial MRI 
scanning. Patients with NF1 may require monitoring by a number 
of different specialists, with one physician acting as the coordinator. 
Ideally this is delivered in a multidisciplinary clinic, now established 
in several centres [60,61]. 

The management of symptomatic or growing cutaneous neuro- 
fibromas is usually surgical [62,63]. Ablative laser surgery is a 
treatment modality that can be employed for smaller cutaneous 
neurofibromas, but hypertrophic and atrophic scars can result, and 
a preliminary test treatment is recommended [62,64]. Surgery is 
also indicated when an increase in size and pain suggests possi- 
ble malignant change. In 2020, the Ras-MAPK pathway inhibitor 
selumetinib (which targets the MEK (mitogen-activated extra- 
cellular signal-regulated kinase) protein in this pathway) was 
licenced by the US Food and Drug Administration (FDA) for the 
treatment of paediatric patients 2 years of age and older with 
NF1 who have symptomatic, inoperable plexiform neurofibromas 
[65,66]. New therapeutic strategies are being investigated in clinical 
trials [67]. 

Genetic counselling is important. Informing families about the 
varied complications of NF1 is a difficult counselling task, and 
there is a fine balance between providing adequate information and 
causing unnecessary alarm. It should be made clear to affected NF1 
patients that 50% of their children are likely to be affected and the 
disease may be severe. First-degree relatives who have no stigmata 
of the disease are unlikely to carry the gene, and cascade genetic 
testing can be done to reassure if needed. 


Mosaic neurofibromatosi 


Mosaic NF1 can present as café-au-lait spots, cutaneous neurofibro- 
mas and sometimes visceral neurofibromas, limited typically to one 
side or a region of the body (Box 78.2) [68-71]. The condition repre- 
sents somatic mosaicism involving the NF1 gene, where only some 
cells in an affected patient carry a heterozygous pathogenic variant 
in NF1. A systematic review of mosaic NF1 patients suggests that 
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Neurofibromatosis type 1 


Review guidelines 


Annual Review Recommended 


At time of diagnosis, or possible diagnosis, ALL patients should be seen in a genetics department. 
Those with significant complications will be followed up as appropriate through the nationally-funded Complex NF1 Service. 
Annual review should be undertaken by a community/district paediatrician and GP throughout childhood, and by a GP in 
adulthood. Patients, paediatricians and GPs have telephone access to the NF Service in Genetic Medicine for NF-related concerns. 


Age Genetics appointment A aa Vision checks 
carried out by 
<6 and 50% risk | In first year and then at 2 and 5*' oo by Symptom check at NF1 review 
<8 affected Confirmation of diagnosis and assessment.| GP and Community/ At least annual with paediatric 
Genetic counselling for family District Paediatrician. ophthalmologist 
Liaison with NF service , _, ; 
8-15 affected On request for complex cases Annual with optician/orthoptist 
Appointment for counselling re: adult 
16-18 affected complications and genetics Care coordinated by . 
GP Symptom check at NF1 review 


*'If no café-au-lait spots by 5 years, NF1 can be excluded in the majority of NF1 families. 
Mutation testing can be considered to confirm or exclude the diagnosis and clarify the need for follow-up. 


*? Women aged 40-50 should be referred for annual mammography as per ‘moderate risk’ NICE guidelines. 


Review checklist—children (0-16) 


Record height, weight and head circumference. Take blood pressure as soon as feasible. 
If raised, see the Adult review checklist (p.2) for info. 


WHAT TO LOOK FOR WHEN TO REFER 


Neurofibromas-can be itchy, and sometimes 
tender. May be cutaneous or subcutaneous. 
Plexiform neurofibromas-note location, 
appearance, size and hardness. Monitor large 
areas of café-au-lait pigmentation and/or excessive 
hair growth for development of a plexiform 
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(Gennes for signs during entire growth period, 
and especially at puberty and during adolescent 
growth spurts. Pseudarthrosis—tibia most commonly 
affected but radius and ulna may be involved 


Have regular ophthalmic reviews taken place for 
those aged 0-7 years? 

Is there any evidence of a squint, proptosis or 
reduced visual acuity? 


Neurological symptom review, particularly ataxia, 
NEUROLOGICAL headaches, loss of consciousness and visual 
disturbance 


Review development-noting in particular 
coordination and speech difficulties. There may 
be short stature and macrocephaly. Precocious or 
late puberty should be investigated 


There is an increased incidence of learning and 
EDUCATION behaviour (particularly attention difficulties, 
SE VGOR es ADD, ADHD and ASD) problems. Identify possible 

special needs and appropriate resources to assess 
them 


Figure 78.4 Manchester checklist for screening for neurofibromatosis. ADD, attention deficit disorder; ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; 
GP, general practitioner; NF, neurofibromatois. Courtesy of Dr Judith Eeloo and Professor Gareth Evans. Continued overleaf. 
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PSYCHOLOGICAL 
BURDEN 


NEUROLOGICAL 


BLOOD PRESSURE 


ANY OTHER 
NEW SYMPTOMS 


Neurofibromatosis type 1 


Review checklist—adults (16+) 


WHAT TO LOOK FOR 


Check for symptomatic (painful, hard, 
rapidly enlarging or affecting function) 
subcutaneous or plexiform neurofibromas. 
Cutaneous neurofibromas causing distress 
of irritation should also be identified 


Effects are underestimated. Disfigurement 
may lead to feelings of social isolation, and 
depression. Psychological problems are 
common but patients, both men and 
women, may be reluctant to talk about 
these issues and need encouragement 


Neurological symptom review, particularly 
headaches, nerve pain and visual and 
gait disturbances 


Check blood pressure. If hypertensive 
consider renovascular lesions 

(usually <20 years) or phaeochromocytoma 
(any age) 


Newly symptomatic optic pathway tumours 
UNCOMMON in adults but any unusual visual 
signs/symptoms warrant investigation 


Women with NF1 have an increased risk 
of developing breast cancer between 
the ages of 40 and 50, classified as 
‘moderate’ (between 3% and 8% 
according to NICE guidelines) 


Prenatal and preimplantation testing 

is available but relies on pre-pregnancy 
genetic work-up. During pregnancy, 
neurofibromas may increase in size and/or 
itchiness. Consider phaeochromocytoma/ 
renal artery stenosis in women with 
particularly high BP, especially if it persists 
post-delivery 


Relative risk of many tumours and other 
medical issues may be increased in NF1 


WHEN TO REFER 
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Figure 78.4 (Continued) 


transmission to the next generation of germline NF1 is reported in 
between 2.5% and 6.4% of patients affected with mosaic NF [72]. 


Box 78.2 Revised diagnostic criteria for mosaic 
neurofibromatosis type 1 (NF1) 


Diagnostic criteria for mosaic NF1 [11] are met in an individual if any of 

the following are present: 

e A pathogenic heterozygous NF1 variant with a variant allele fraction 
of significantly less than 50% in apparently normal tissue such as 
white blood cells AND one other NF1 diagnostic criterion (except a 
parent fulfilling diagnostic criteria for NF1) 

e An identical pathogenic heterozygous NF1 variant in two 
anatomically independent affected tissues (in the absence of a 
pathogenic NF1 variant in unaffected tissue)* 

e Aclearly segmental distribution of café-au-lait macules or cutaneous 
neurofibromas AND 
e Another NF1 diagnostic criterion (except a parent fulfilling 

diagnostic criteria for NF1)? 
OR 
¢ Child fulfilling diagnostic criteria for NF1 

¢ Only one NF1 diagnostic criterion from the following list: freckling in 
the axillary and inguinal region, optic pathway glioma, two or more 
Lisch nodules or two or more choroidal abnormalities, distinctive 
osseous lesion typical for NF1, two or more neurofibromas or one 
plexiform neurofibroma AND a child fulfilling the criteria for NF1 


* Neurofibroma and overlying hyperpigmented skin count for one 
tissue only; different tissues originating from the same primary 
affected lesion count for one tissue only. 

> If only café-au-lait macules and freckling are present, the diagnosis is 
most likely mosaic NF1 but rarely might be mosaic Legius syndrome 
or constitutional mismatch repair deficiency (CMMRD) syndrome. 


RASopathies — 


Neurofibromatosis type 1 is recognised to be part of a family of 
related conditions that arise due to deregulated Ras-MAPK sig- 
nalling, termed RASopathies. These autosomal dominant disorders 
are caused by pathogenic variants affecting genes that encode 
proteins that regulate components of the Ras-MAPK signalling 
pathway [73] (Figure 78.5). These disorders include capillary 
malformation—arteriovenous malformation syndrome, cardio- 
facio-cutaneous syndrome, Costello syndrome, Legius syndrome, 
NF1, Noonan syndrome (NS) and NS with multiple lentigines 
(previously termed LEOPARD syndrome). 

Because these various disorders affect the same signalling path- 
way, they share many phenotypic features, including cardinal 
cutaneous manifestations such as skin tumours, and pigmentary 
and hair abnormalities [74]. Table 78.2 summarises their major 
clinical features. Additional genes that are recognised as associated 
with RASopathies include RIT1, SOS2, RASA2 and RRAS, which 
have been detected in patients with the NS phenotype [75]. The 
regrouping of these various disorders under one clinical entity 
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Other inherited skin tumour syndromes 


has been driven by the recognition of the possibility of designing 
therapeutic interventions targeting the Ras-MAPK pathway as a 
general approach to their treatment [74,76]. 


OTHER INHERITED SKI! 
SYNDROMES 


Tuberous sclerosis com 


SC2) 


Introduction and general description 

Tuberous sclerosis complex (TSC) represents a genetic disorder of 
hamartoma formation in many organs, particularly the skin, brain, 
eye, kidney and heart [1,2]. The term ‘complex’ emphasises the mul- 
tisystem involvement and highly variable expression of the disease. 
Characteristic skin lesions include angiofibromas, connective tissue 
naevi, periungual fibromas and ‘ash-leaf’ white macules. These fea- 
tures are typically seen in association with epilepsy and intellectual 
impairment. 

Studies have shown the incidence to be 1 in 10 000 in the Oxford 
region [1] and one in 27 000 in the west of Scotland [3]. Osborne et al. 
[4] have estimated that the birth incidence may be in the region of 1 
in 5800, which makes TSC, along with NF1, one of the more common 
single-gene disorders. 

TSC is an autosomal dominant condition, showing great variabil- 
ity of expression of phenotypes, even within a single family. It is now 
recognised that about half the TSC families are linked to pathogenic 
variants in TSC1 and the other half to TSC2 [5,6]. A minority of fami- 
lies do not carry coding pathogenic variants in either gene. The TSC1 
gene encodes a protein named hamartin and the TSC2 gene encodes 
tuberin. Both genes are tumour suppressor genes, with evidence of 
loss of heterozygosity for the TSC1 and TSC2 gene regions in various 
hamartomas from TSC patients [7-9]. No obvious phenotypic differ- 
ences have been found between families linked to TSC1 and TSC2 
[10]. Analysis of deletions of the TSC2 locus has identified one spe- 
cific correlation, namely severe polycystic kidney disease, caused by 
a contiguous gene deletion involving both TSC2 and the polycystic 
kidney disease gene PKD1 [11]. 


Clinical features 

The characteristic features of the syndrome are skin lesions, intellec- 
tual impairment and epilepsy, but these show a very wide variation 
in age of onset and severity [12-16]. Onset before the age of 5 years 
with cutaneous changes or with epilepsy is typical, although the 
disease may remain undiagnosed until adolescence or adult life. 
Diagnostic criteria (Box 78.3) have been agreed by the Tuberous 
Sclerosis Alliance [17,18,19]. A definitive clinical diagnosis of TSC 
requires two major features. 
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Figure 78.5 The Ras—mitogen-activated protein kinase 
(MAPK) signal transduction pathway. The MAPK signalling 
pathway of protein kinases is critically involved in cellular 
proliferation, differentiation, motility, apoptosis and 
senescence. The RASopathies are medical genetic 
syndromes caused by pathogenic variants in genes that 
encode components or regulators of the Ras- MAPK 
pathway (indicated by dashed lines). These disorders include 
neurofibromatosis type 1 (NF1), Noonan syndrome (NS), 
Noonan syndrome with multiple lentigines (NSML), capillary 
malformation-arteriovenous malformation syndrome 
(CM-AVM), Costello syndrome (CS), cardio-facio-cutaneous 


Numerous Numerous A 
cytosolic leat syndrome (CFC) and Legius syndrome. RKT, receptor 
effectors effectors tyrosine kinase; Ub, ubiquitin. Reproduced from Rauen 


Skin lesions. Skin lesions are found in 60-70% of cases; four types 
are pathognomonic: 
1 Angiofibromas. Angiofibromas (Figure 78.6) may rarely be present 


at birth or develop in infancy, but usually appear between the 
ages of 3 and 10 years, and sometimes later. They often become 
more extensive at puberty and then remain unchanged. Firm, dis- 
crete, red-brown, telangiectatic papules, 1-10 mm in diameter, 
extend from the naso-labial furrows to the cheeks and chin, and 
are occasionally found in the ears. 

Periungual fibromas. Periungual fibromas (Koenen tumours) 
appear at or after puberty as smooth, firm, flesh-coloured protu- 
berances emerging from the nail folds. They are usually 5-10 mm 
in length but may be very large. This can be the only clinically 
evident abnormality. 

Connective tissue naevi. Connective tissue naevi (also termed sha- 
green patches) present as irregularly thickened, slightly elevated, 
soft, skin-coloured plaques, usually in the lumbo-sacral region. 
White ovoid or ash-leaf-shaped macules. These are 1-3 cm in length, 
most easily detectable by examination under Wood light, and are 
frequently present on the trunk or limbs [20]. They are a valuable 
physical sign as they may be found at birth or in early infancy, 
some years before other signs of the disease develop, and may 
suggest the correct diagnosis of TSC in infants with convulsions. 
However, it is important to appreciate that hypopigmented 
macules are seen in 2-3 per 1000 of apparently normal newborn 


2013 [74] with permission of Annual Reviews. 


babies and therefore their presence alone is not indicative of 
TSC [21]. 
Other cutaneous manifestations include: 

e Firm fibromatous plaques, especially on the forehead [12] and 
scalp (Figure 78.7). 

¢ Soft pedunculated fibromas around the neck and axillae. 

e Eyelash poliosis [22]. 

e Fibromatous tumours, which are occasionally present on the 
gums and palate. 

¢ Small pits, which commonly occur in the tooth enamel in adult 
patients and have been used as an early diagnostic sign in children 
with TSC [23]. 


Mosaic forms of TSC. These are reported where only one com- 
ponent of the syndrome is clinically evident [24,25], although 
postmortem findings in such cases often show the involvement of 
other organs. Unilateral, multiple, facial angiofibromas have been 
reported in two patients with a mosaic form of TSC [26]. 


Neurological features. Learning difficulties are present in 60-70% 
of cases and may be progressive, but if intellectual development 
has been normal throughout childhood subsequent deterioration 
is uncommon [27]. Some patients have presented with behavioural 
disorders, with normal intelligence. In particular, self-injury 
behaviour is quite common, occurring in up to 10% of patients [28]. 


Table 78.2 Genetic syndromes of the Ras-MAPK pathway. 
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Clinical phenotype 


Café-au-lait macules; intertriginous freckling; neurofibromas and plexiform 
neurofibromas; iris Lisch nodules; osseous dysplasia; optic pathway 
glioma; normal neurocognitive function or mild impairment; 
predisposition to other cancers 

Cranio-facial dysmorphic features, including a broad forehead, 
hypertelorism, down-slanting palpebral fissures, ptosis, a high-arched 
palate and low-set, posteriorly rotated ears; congenital heart defects; 
short stature; undescended testicles; ophthalmological abnormalities; 
bleeding disorders; normal neurocognitive function or mild impairment; 
predisposition to cancer 


Same as Noonan syndrome, but with possible development of multiple skin 
lentigines as individuals age; unclear predisposition to cancer 

Multifocal capillary malformations, which may be associated with 
arteriovenous malformations and fistulae; unclear predisposition to 
cancer 

Cranio-facial features similar to those of Noonan syndrome but potentially 
more coarse; congenital heart defects; failure to thrive; short stature; 
ophthalmological abnormalities; multiple skin manifestations, including 
papilloma; normal neurocognitive function or mild impairment; 
hypotonia; predisposition to cancer 

Cranio-facial features similar to those of Noonan syndrome; congenital 
heart defects; failure to thrive; short stature; ophthalmological 
abnormalities; multiple skin manifestations, including progressive 
formation of naevi; normal neurocognitive function or mild impairment; 
hypotonia; unclear predisposition to cancer 


Ras-MAPK Protein 
Syndrome pathway gene Protein function 
Neurofibromatosis type 1 NF1 Neurofibromin — RasGAP 
Noonan syndrome PTPN11 SHP2 Phosphatase 
SOS1 SOS! RasGEF 
RAF1 CRAF Kinase 
KRAS KRAS GTPase 
NRAS NRAS GTPase 
SHOC2 SHOC2 Scaffolding 
CBL CBL E3 ubiquitin ligase 
Noonan syndrome with PTPN11 SHP2 Phosphatase kinase 
multiple lentigines RAF1 RAF 1/CRAF 
Capillary malformation— RASA1 p120-RasGAP RasGAP 
arteriovenous 
malformation 
Costello syndrome HRAS HRAS GTPase 
Cardio-facio-cutaneous BRAF BRAF Kinase 
syndrome MAP2K1 MEK1 Kinase 
MAP2K2 MEK2 Kinase 
KRAS KRAS GTPase 
Legius syndrome SPRED1 SPRED1 SPROUTY-related, EVH1 


domain-containing 


protein 1 


Adapted from Rauen 2013 [74] with permission of Annual Reviews. 


Café-au-lait macules; intertriginous freckling; macrocephaly; normal 
neurocognitive function or mild impairment; no apparent predisposition 
to cancer 


GTPase, guanosine triphosphatase; RasGAP, Ras GTPase activating protein; RasGEF, Ras-guanine nucleotide exchange factors. 


Psychotic symptoms, including schizophrenia, sometimes develop, 
but may not be higher than in the general population [27]. 

Epilepsy is seen in 84% of patients [29]. It usually begins in 
infancy or early childhood, thus often preceding the skin lesions by 
many years. Less frequently, the onset of epilepsy is delayed until 
puberty or adult life. The attacks may be focal and often become 
progressively more frequent and severe, but there may be long 
remissions. Treatment can be quite challenging and in some cases 
requires surgery. Intracranial malignant change occurs in a few 
patients. 


Ocular signs. These occur in 50% of cases but may be hard to detect 
[30,31]. Retinal phacomas are seen as white streaks along the vessels 
or as small, rounded tumours near the disc. Pigmentary and other 
retinal abnormalities can occur. Symptoms are rare but there may be 
scotomas or amaurosis. Hypopigmented spots in the iris also occur 
and these may be analogous to the ash-leaf macule in the skin [32]. 


Cardiac rhabdomyomas. Cardiac rhabdomyomas, detected by 
echocardiography, occur in over 50% of infants [33-35]. These 
tumours may result in early death; however, recent evidence sug- 
gests that in the majority these tumours regress in early infancy 
and again in adolescence [35]. Prenatal detection of these tumours 
is now possible by fetal echocardiography [36,37] and is often the 
initial clue to the diagnosis. 


Renal involvement. This includes angiomyolipoma [38], a benign 
tumour of the renal parenchyma and, less commonly, renal cysts 
[39,40]. 


Pulmonary involvement. Pulmonary involvement is uncommon 
[41]. Lymphangio-leiomyomatosis (LAM) is almost exclusively seen 
in females [42] and tends to become clinically manifest in the second 
decade as increasing dyspnoea and recurrent spontaneous pneu- 
mothorax [43]. Male patients may develop multifocal micronodular 
pulmonary hyperplasia (MPPH) [44]. 


Gastrointestinal 
colonic polyps. 


tumours. These are usually hamartomatous 


Endocrine disorders. Endocrine disorders frequently reported are 
pituitary—adrenal dysfunction, thyroid disorders and premature 


puberty. 


Disease course and prognosis 

Mortality is significantly increased in patients with TSC, with one 
study estimating a fivefold higher mortality than that in an age- and 
gender-matched population [45]. One review of disease burden esti- 
mated a mortality of between 4.8% and 8.3% associated with TSC, 
during a follow-up period of 8-17.4 years [46]. Death is usually due 
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Box 78.3 Diagnostic criteria for the tuberous 
sclerosis complex 


Major features 

¢ Hypomelanotic macules (>3, at least 5 mm diameter) 
e Angiofibromas (23) or fibrous cephalic plaque 
¢ Ungual fibromas (>2) 

e Shagreen patch 

¢ Multiple retinal hamartomas 

¢ Cortical dysplasias* 

¢ Subependymal nodules 

¢ Subependymal giant cell astrocytoma (SEGA) 
¢ Cardiac rhabdomyoma 

¢ Lymphangioleiomyomatosis (LAM)? 

¢ Angiomyolipomas (>2)? 


Minor features 
° ‘Confetti’ skin lesions 
¢ Dental enamel pits (>3) 
e Intraoral fibromas (>2) 
¢ Retinal achromic patch 
¢ Multiple renal cysts 
¢ Non-renal hamartomas 
Definite diagnosis: two major features or one major feature with two 
or more minor features 
Possible diagnosis: either one major feature or two or more minor 
features 


* Includes tubers and cerebral white matter radial migration lines. 

> A combination of the two major clinical features (LAM and 
angiomyolipomas) without other features does not meet criteria for a 
definite diagnosis. 


to sudden unexplained death in epilepsy (SUDEP), kidney-related 
complications or complications relating to infection [46]. 


Investigations 

The telangiectasia and lack of comedones and pustules distinguish 
angiofibromas from acne vulgaris, and biopsy may be useful if 
there is diagnostic uncertainty to distinguish this from other genetic 
conditions that present with facial papules (e.g. CYLD cutaneous 
syndrome, Birt-Hogg—Dubé syndrome). White ash-leaf-shaped 
macules may be evident under Wood light examination. MRI 
of the brain, computed tomography (CT) of the kidneys and 
ophthalmological examination should be requested. 

Genetic testing of TSC1 and TSC2 is positive in 85% of cases and is 
routinely performed in new patients. Approximately 60-70% of TSC 
cases are thought to be the result of de novo mutations. Genetic test- 
ing of parents is available when a TSC pathogenic variant has been 
identified in an affected child to determine if either parent carries 
the variant, as this may influence genetic counselling. Any child of a 
person diagnosed as having TSC has a 50% chance of inheriting the 
disease. Family screening and genetic counselling should be carried 
out by referral to a clinical genetics service. 


Management 

Patients with TSC are increasingly managed by dedicated TSC 
multidisciplinary teams that involve renal physicians, neurologists, 
geneticists and dermatologists [47]. From a cutaneous perspective, 


Figure 78.6 Tuberous sclerosis: angiofibromas. Courtesy of Professor J. Harper, Great 
Ormond Street Hospital, London, UK. 


Figure 78.7 Tuberous sclerosis: fibromatous nodule on the forehead. Courtesy of 
Professor J. Harper, Great Ormond Street Hospital, London, UK. 


the cosmetic appearance may be improved by treating angiofibro- 
mas with topical mammalian target of rapamycin (mTOR) inhibitors 
in patients who are not receiving systemic mTOR inhibitors such as 
everolimus [48]. The more papular/nodular lesions may be treated 
surgically or using ablative lasers [49]. The surveillance and man- 
agement recommendations specific for organ-related complications 
of TSC have been reviewed and summarised in a UK guideline 
[47]. It is important to recognise that systemic everolimus is now 
licensed and may be useful in the therapy of many of the vis- 
ceral tumours and neurological complications, including epilepsy, 
in TSC. 


Familial adenomatou 


a 


@ (b) 


Figure 78.8 (a) Sclerosing collagenoma seen in a patient with Cowden syndrome and 
(b) cutaneous cylindroma in a patient with CYLD cutaneous syndrome demonstrating 
similar clinical features and showing the importance of histological diagnosis. 


Introduction and general description 

Familial adenomatous polyposis (FAP) is dominantly inherited. It 
is one of the APC-associated polyposis conditions [50], a group of 
disorders with familial polyposis as a central feature. Disorders in 
this spectrum include (i) FAP; (ii) attenuated FAP, which has a lower 
colonic polyp burden and lower cancer risk; and (iii) gastric ade- 
nocarcinoma and proximal polyposis of the stomach (GAPPS) [51]. 
All are caused by pathogenic variants in the APC gene and these 
variant syndromic combinations can be seen as an example of vari- 
able expressivity [52,53,54]. Eponymous terms such as Gardner and 
Turcot syndrome are considered historical terms. 

Patients with FAP have the complex phenotype comprising mul- 
tiple epidermoid cysts, fibrous tissue tumours, osteomas and poly- 
posis of the colon. Congenital hypertrophy of the retinal pigment 
epithelium (CHRPE) is a frequent finding in FAP and is a valuable 
clue to the presence of the gene defect in persons who have not yet 
developed other manifestations [55,56]. 


Clinical features [53,54,57-60] 


Cutaneous epidermoid cysts. These may be numerous and are 
usually irregularly distributed on the face, scalp and extremities, 
and are less frequent on the trunk. They may first appear between 
the ages of 4 and 10 years, but often considerably later, and are 
ultimately present in almost all cases. Pilomatrixomas have been 
reported. Fibromas or desmoid tumours affect 10-30% of patients 
with FAP. They are usually poorly localised tumours in incisional 
scars of the abdomen but may occur at other sites. Lipomas in the 
subcutaneous tissues, and in other organs, have frequently been 
noted. 


Gastrointestinal polyposis of the colon or rectum. This usually 
arises during the second decade but may occur in early childhood. It 
is present in about 50% of patients by the age of 20 years. Malignant 
change develops some 15-20 years later in over 40% of reported 
cases. Gastric fundus polyps and small bowel polyps may also 
occur, with an increased risk of duodenal carcinoma reported. 
Patients with FAP are also at increased risk of hepatoblastoma. 
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Skeletal osteomas. These develop mainly in the maxilla, mandible 
and sphenoid bones, but also in other bones of the skull and, less 
frequently, in the long bones. They are usually small, multiple and 
present in some 50% of cases. The age of onset is often not accurately 
known, but they may be present at puberty. 


Extracutaneous tumours. Extracutaneous tumours such as fibro- 
sarcomas have also been associated with the syndrome. Fibroma- 
tous growths of the mesentery may be discovered at operation, 
and severe peritoneal scarring may follow surgery. Leiomyomas 
of the stomach or ileum, or retroperitoneal tissue, are sometimes 
present. Patients with APC pathogenic variants are at increased 
risk of benign thyroid disease and thyroid cancer, particularly the 
cribriform-morular variant of papillary thyroid cancer. Adrenal 
tumours are reported to occur [61]. FAP patients are at increased 
risk of central nervous system tumours, usually medulloblastoma. 


Investigations 

A diagnosis of FAP is considered in a patient with typically >100 
colorectal adenomatous polyps. Genetic testing of the APC gene 
is usually offered as part of a gene panel as there are several 
polyposis genes. Skin biopsy may helpfully distinguish epider- 
moid cysts from trichilemmal cysts (PLCD1) and sebaceous cysts 
(KRT17) if the initial presentation is to dermatology and there is 
uncertainty. 


Management 

The mainstay of management of FAP is surveillance for somatic 
cancers, ideally under the direction of a cancer geneticist with 
specific knowledge in this area [62,63]. Surveillance investigations 
include colonoscopy, which may need to start from the age of 
10-12 years, and ultrasound imaging for thyroid cancer and hep- 
atoblastoma. Colectomy is usually recommended after adenomas 
emerge. Cascade genetic testing is helpful and will identify other 
affected members who may also benefit from cancer surveillance. 


INHERITED TUMOUR S 
INVOLVING THE SKIN 


The identification of a tumour predisposition syndrome can be 
challenging and relies on good phenotyping and a family history. 
Frequently, skin biopsy and a dermatopathology review are helpful 
aids. Identification of a pathogenic variant by genetic testing of the 
affected proband is a helpful diagnostic tool, and allows for cascade 
testing of related members of the family. As demonstrated with the 
exemplar syndromes earlier, diagnosis may lead to screening tests 
and, in some disorders, consideration for cancer chemopreven- 
tion (e.g. mismatch repair deficiencies such as Lynch syndrome), 
pre-emptive surgery to reduce cancer risk and consideration for 
emerging clinical trials. Tables 78.3, 78.4 and 78.5 give an overview 
of inherited tumour predisposition syndromes to aid recognition of 
these genetic disorders. 
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Table 78.3 Skin syndromes linked with skin and other cancers. Recessive conditions are coloured blue. 


Extracutaneous 
Syndrome Gene MIM number Skin phenotype features Reference 
Loss of function of a tumour suppressor gene 
Familial melanoma CDKN2A? 606719 Dysplastic naevi Pancreatic cancer [1] 
Melanoma CNS tumours 
Naevoid basal cell PTCH1 109400 Basal cell carcinoma Odontogenic [2,3] 
carcinoma syndrome SUFU Basal cell naevi keratocysts 
Palmar pits Ovarian fibromas 
Mesenteric cysts 
Medulloblastoma 
CYLD cutaneous CYLD 132700 Cylindromas Salivary gland [4] 
syndrome (syn. 605041 Spiradenomas membranous basal 
Brooke-Spiegler) 601606 Hybrid cylindroma and cell adenoma 
(Figure 78.8b) spiradenoma Pulmonary metastases 
Trichoepithelioma 
Milia 
Bazex—Christol-Dupré ACTRT1 301845 Hypotrichosis [5] 
Hair shaft abnormalities 
Milia 
Follicular atrophoderma 
Basal cell carcinoma 
Trichoepithelioma 
Happle-Tinschert, SMO 601707 Basaloid follicular Polysyndactyly [6,7] 
Curry—Jones hamartomas Unicoronal 
Basal cell carcinoma craniosyntosis 
Microphthalmia 
Intestinal malrotation 
Increased susceptibility to DNA damage 
Dyskeratosis congenita TERC 602322 Skin hyperpigmentation, Bone marrow failure [8] 
Multiple genes, dysplastic nails, premature Pulmonary and 
dominant and greying of the hair and hepatic fibrosis 
recessive forms: increased risk of skin 
ACD, CTC1, DKC1, cancer associated with 
NHP2, NOP10, abnormal telomere 
PARN, RTEL1, TERC, maintenance 
TERT, TINF2, 
WRAP53 
Xeroderma pigmentosum XPA-G Multiple Premature ageing Ocular disease [9] 
XPV Poikiloderma Neurological disease 
POLH Wrinkling 
Early-onset BCC, SCC and 
melanoma 
Rothmund-Thomson 1 ANAPC1 618625 Poikiloderma Skeletal abnormalities [10] 
Sparse hair 
Abnormal nails 
Bilateral juvenile cataracts 
Short stature 
Rothmund-Thomson 2, RECQL4 268400 Poikiloderma Osteosarcoma Md 
RAPADILINO, 266280 Sparse hair 
Baller—Gerold Abnormal nails 
Short stature 
Werner RECQL2 604611 Premature ageing Short stature [13,14] 
LMNA Melanoma Bilateral cataracts 


Hypogonadism 
Thyroid cancer 
Meningiomas 
Sarcomas 


Leukaemia 
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Table 78.3 (continued) 


Extracutaneous 
Syndrome Gene MIM number Skin phenotype features Reference 
Bloom RECQL3 210900 Poikiloderma Short stature [She] 
Photosensitivity Immune deficiency 
Leukaemia 
Lymphoma 
Gastrointestinal 
tumours 
Ataxia telangiectasia ATM 208900 Telangiectasia Ataxia {17] 
Leukaemia 
Lymphoma 
Reduced UV protection 
Oculocutaneous albinism TYR Multiple Reduced UV protection Reduced visual acuity [18] 
OCA2 associated with reduced or Nystagmus 
TYRP1 absent melanin production 
SLCA5A2 and increased risk of skin 
SLC24A5 cancer 
C10orf11 
Hermansky—Pudlak HPS7, 3, 4, 5, 6 203300 Reduced skin pigmentation Prolonged bleeding [19] 
AP3B1 Squamous cell carcinoma Pulmonary fibrosis 
BLOC1S3 Granulomatous colitis 
BLOCIS6 Immunodeficiency 
DTNBP1 U 
Diverse mechanisms mediating increased skin cancer risk = 
Carney complex PRKAR1A 160980 Lentigines Atrial myxomas (20] ul dy 
605244 Myxoid neurofibromas Primary pigmented = WW 
nodular G) QO 
adrenocortical ne & 
disease (PPNAD) wo ° 
Thyroid, testicular and -=— 
ovarian tumours ca 
Rombo, Nicolau-Balus, MYH9 180730 Syringoma (21] < 
MALTA Microcystic adnexal 
carcinoma 
Atrophoderma vermiculata 
Milia 
Ferguson-Smith TGFBR1 132800 Multiple ‘self-healing’ [22] 
squamous epitheliomas 
Huriez SMARCAD1 181600 Scleroatrophy of the distal (23] 
fingers 
Palmoplantar keratoderma 
Nail hypoplasia 
Poikiloderma 
Early-onset SCC 
Tylosis with oesophageal RHBDF2 148500 Palmoplantar hyperkeratosis Oesophageal cancer [24] 
cancer 
Clouston GJB6 129500 Syringofibroadenoma Some patients with [25,26] 
Palmoplantar keratoderma GJB2 mutations 
Hypotrichosis may have deafness 
Nail dystrophy in addition to the 
skin phenotype 
Myotonic dystrophy DMPK 160900 Pilomatrixomas Myotonic dystrophy [27] 
Familial pilomatrixoma PLCD1 132600 Pilomatrixomas [28] 
Schépf-Schultz—Passarge WNT10a 224750 Eyelid apocrine hirocystomas Hypodontia [29] 


Hypotrichosis 

Basal cell carcinoma 

Palmoplantar 
keratoderma (eccrine 
syringofibroadenoma) 


(Continued) 
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Table 78.3 (continued) 


Extracutaneous 
Syndrome Gene MIM number Skin phenotype features Reference 
Cartilage-hair hypoplasia RMRP. 250250 Hypotrichosis Skeletal dysplasia [30] 
BCC Immunodeficiency 
Epidermodysplasia verruciformis EVER1 226400 HPV susceptibility in the [31] 
EVER2 absence of lymphopenia 
CIB Multiple warts 
SCC 
Recessive dystrophic epidermolysis bullosa COL7A1 226600 Recurrent blistering and [32] 
scarring from birth 
associated with an 
increased risk of 
cutaneous SCC 
Netherton SPINKS 605010 Ichthyosis [33,34] 
Bamboo hair 
Isolated reports of BCC 
and SCC 


4 Other genes are reported. 
BCC, basal cell carcinoma; CNS, central nervous system; HPV, human papillomavirus; MALTA, MYH9-associated elastin aggregation; RAPADILINO, radial ray defect, patellar aplasia and 
palate abnormalities, diarrhoea and dislocated joints, limb abnormalities and little size, slender nose and normal intelligence; SCC, squamous cell carcinoma; UY, ultraviolet. 


Table 78.4 Syndromes linked with gastrointestinal cancer. 
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Syndrome Gene MIM number Skin phenotype Extracutaneous features Reference 
Muir—Torre, Lynch MSH2 158320 Sebaceous adenoma Colorectal cancer {35] 
MSH6 Sebaceous carcinoma Endometrial cancer 
PMS2 Squamous cell carcinoma Urothelial malignancies 
MLH1 CNS tumours 
Peutz—Jehghers STK11 Perioral lentigines Small bowel polyps [36] 
Gastrointestinal cancer 
Cowden (Figure 78.8a) PTEN 158350 Trichilemmomas Breast cancer [37] 
Oral papillomas Endometrial cancer 
Acral keratoses Colon cancer 
ucocutaneous neuromas Renal cell carcinoma 
Sclerosing collagenoma Thyroid cancer (follicular) 
Lipomas 
Fibromas 
ilia 
acular pigmentation of the 
glans penis 
Hereditary haemorrhagic SMAD4 175050 Labial papular vascular lesions Colorectal cancer [38] 
telangiectasia 
CNS, central nervous system. 
Table 78.5 Syndromes linked with renal cancer. 
Syndrome Gene MIM number Skin phenotype Extracutaneous features Reference 
Birt-Hogg—Dubé (Figure 78.9) FLCN 315150 Fibrofolliculoma Pulmonary cysts and associated [39] 
Trichodiscoma risk of pneumothorax 
Skin tags (acrochordons) Renal cysts 
Renal cell carcinoma 
Rhabdomyoma 
Hereditary leiomyomatosis FH 605839 Pilar leiomyomas Uterine leiomyomas [40] 


and renal cell cancer 
(Figure 78.10) 


Leiomyosarcoma 
Renal cell carcinoma (type 2 
papillary subtype) 


Key references 78.15 


Conclusions 


The syndromes outlined in this chapter highlight how a range of 
genes are important in the normal function of multiple tissues, 
and how the skin can be an indicator of an underlying genetic 
disease. A personal and family history, a full skin examination 
and in some cases a biopsy are important steps in determining the 
underlying genetic diagnosis and the selection of relevant genetic 
tests. These may be important in confirming the diagnosis, genetic 
counselling and family planning, as well as the selection of ther- 
apeutic approaches, and are often performed in the context of a 
multidisciplinary team. 


Key references 


The full list of references can be found in the online version at 
https://www.wiley.com/rooksdermatology10e 
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Figure 78.9 (a, b) Hereditary leiomyomatosis and renal cell cancer showing clustered Neurofibromatoses 
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Figure 78.10 Birt-Hogg—Dubé syndrome. (a, b) Fibrofolliculomas. (c) Histology of a 
fibrofolliculoma. (d) Histology of a trichodiscoma. Reproduced from Brown et al. [41] 
with permission of Royal College of Physicians. 
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Introduction 


Inherited metabolic diseases or ‘inborn errors of metabolism’ are 
caused by deficiencies of enzymes or transport proteins. They are 
extremely diverse and often multisystem diseases. They are clas- 
sified according to the organelle or pathway involved. Groups of 
inherited metabolic diseases with dermatological features are listed 
in Table 79.1, which indicates whether the disorder is described here 
or elsewhere. 


LYSOSOMAL STORAGE DIS 


Lysosomes contain more than 50 acid hydrolases for the degrada- 
tion of macromolecules, which accumulate if a hydrolase is defi- 
cient. The clinical features vary depending on the precise disorder 
and the severity of the deficiency. The characteristic dermatologi- 
cal findings are angiokeratomas (as in Fabry disease) and thickened 
skin and hypertrichosis, which lead to a ‘coarse’ facial appearance 
when combined with abnormalities of the facial skeleton (as in the 
mucopolysaccharidoses). 


Mucopolysaccharidoses — 


MPSs are caused by impaired degradation of long sugar chains 
called glycosaminoglycans (or mucopolysaccharides), which are 
found in connective tissue, bound to core proteins to form pro- 
teoglycans. The clinical features are summarised in Table 79.2 and 


include a ‘coarse’ facial appearance, hepatosplenomegaly, bone 
dysplasia and developmental regression. 


Incidence 
The total incidence of MPS is approximately 1 in 25 000. 


Genetics 
All mucopolysaccharidoses show autosomal recessive inheritance 
except for MPS II, which is X-linked recessive. 


Clinical features 

Patients usually present in early childhood with developmental 
delay. Ear, nose and throat infections, upper airway obstruction and 
deafness are common. Valvular heart disease is often the cause of 
death. 


Dysmorphism. The coarse facial appearance is seldom noticeable at 
birth and becomes more apparent with time (Figure 79.1). Hypopla- 
sia of the mid-facial bones leads to a flat nasal bridge. The skin and 
lips are thickened and the tongue is enlarged. Mouth breathing is 
common due to adenoidal hypertrophy. Many patients have gener- 
alised hypertrichosis and some have synophrys. Corneal clouding 
is seen in MPS I, VI and VII. The hands appear podgy with short, 
broad digits. The facial dysmorphism is absent in MPS IV and subtle 
in MPS III. 


Other dermatological features. Ivory white papules or nodules are 
often seen on the back of patients with severe MPS II and may occur 
in MPS I. Individual nodules range from 1 to 10mm in size and 
they may coalesce to form ridges or a reticular pattern [1]. Typically, 


Rook's Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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79.2 Chapter 79: Inherited Metabolic Diseases 


Table 79.1 Inherited metabolic diseases with dermatological features. 


Group of disorders 


Examples 


Dermatological features 


Where considered 


Lysosomal disorders 
Mitochondrial disorders 
Congenital defects of glycosylation 


Amino acid disorders 


Carbohydrate disorders 
Lipid disorders 


Haem disorders 
Vitamin disorders 
Mineral disorders 


Mucopolysaccharidoses 

Fabry disease 

MERRF syndrome 

Ethylmalonic encephalopathy 
Phosphomannomutase 2 deficiency 
Other defects 

Phenylketonuria 

Tyrosinaemia type 2 

Various 

Prolidase deficiency 
Argininosuccinic aciduria 

Serine, proline and glutamine synthesis disorders 
Glycogen storage diseases 
Hyperlipidaemias 
Cerebrotendinous xanthomatosis 
Smith-Lemli-Opitz syndrome 
Complex lipid disorders 
Berardinelli-Seip syndrome, etc. 
Porphyrias 

Biotin disorders 

Acrodermatitis enteropathica 
Menkes disease 

Wilson disease 
Haemochromatosis 

Familial tumoral calcinosis 


Table 79.2 Classification of the mucopolysaccharidoses. 


Coarse features, hirsute 
Angiokeratomas 
Lipomatosis 
Acrocyanosis 

Fat pads, inverted nipples 
Cutis laxa, ichthyosis 
Hypopigmentation 
Hyperkeratoses 
Oculocutaneous albinism 
Ulcers, scarring 
Trichorrhexis nodosa 
ichthyosis, cutis laxa, erythroderma 
Xanthomas 

Xanthomas 

Xanthomas 
Photosensitivity 
Ichthyosis 

Lipodystrophy 
Photosensitive rashes 
Alopecia, rash 

Alopecia, periorificial rash 
Pili torti, cutis laxa 
Xerosis, blue lunulae 
Hyperpigmentation 
Calcinosis 


This chapter 

This chapter 

This chapter 

This chapter 

This chapter 

This chapter and Chapter 94 
This chapter 

This chapter and Chapter 63 
Chapter 68 

This chapter and Chapter 72 
This chapter and Chapter 66 
This chapter 

Chapter 60 

Chapter 60 

Chapter 60 

This chapter 

Chapter 63 

Chapter 72 

Chapter 58 

This chapter and Chapter 66 
This chapter and Chapter 63 
This chapter and Chapter 94 
This chapter 

Chapter 86 

This chapter 


Number MIM Eponym Clinical features Enzyme deficiency Glycosaminoglycans excreted 
PS | 252800 Hurler or Scheie? ~=Dysmorphism, corneal clouding, DM, heart disease, HSM, +P! — a-L-Iduronidase DS, HS 
PS Il 309900 Hunter Dysmorphism, DM, HSM, heart disease, +P! Iduronate sulphatase DS, HS 
PS Ill 252900 Sanfilippo PI, regression, hyperactivity, mild somatic features 4 possible enzymes HS 


PS IVA 253000 = =Morquio A 
PSIVB. = 253010 + Morquio B 


DM, joint laxity, corneal clouding, normal intelligence 
Milder DM, slow neurodegeneration 


Galactose 6-sulphatase 
B-Galactosidase 


Keratan sulphate 
Keratan sulphate 


PS VI 253220 Sly 
PS IX 601492 Natowicz 


Hydrops fetalis, dysmorphism, DM, HSM, PI 
Soft periarticular masses, arthritis 


PS VI 253200 Maroteaux-Lamy Dysmorphism, DM, corneal clouding, normal intelligence 


N-Acetyl-galactosamine 4-sulphatase DS 
6-Glucuronidase DS, HS 
Hyaluronidase Hyaluronan 


4 Scheie syndrome refers to mild MPS | with normal intelligence and potentially normal lifespan. 
DM, dysostosis multiplex; DS, dermatan sulphate; HS, heparan sulphate; HSM, hepatosplenomegaly; PI, psychomotor impairment. 


they are found laterally, between the angles of the scapulae and 
posterior axillary lines (Figure 79.2). Papules may also be found on 
the upper arms and outer thighs. They appear at 1-4 years but may 
clear in older patients. Mongolian blue spots are common in MPS 
I and II and may be found on the upper back, the anterior trunk or 
the limbs, in addition to the sacro-coccygeal region. The spots fade 
more slowly than normal: in Japanese patients they persist until the 
teenage years [2]. 


Developmental regression. This is the dominant feature in MPS III. 
After a period of hyperactivity, behaviour problems and sleep dis- 
turbance, patients gradually deteriorate into a vegetative state. 
Learning difficulties are also present in severe cases of MPS I, II 
and VII. Other neurological problems may include seizures, hydro- 
cephalus, spinal cord compression and carpal tunnel syndrome. 


Bone dysplasia (dysostosis multiplex). This is a particular problem 
in patients with MPS IV. These patients have very short stature and 
joint laxity leading to arthritis of the hip and knee and a risk of 
atlanto-axial dislocation. In the other MPSs, the joints are stiff and 
short stature is associated with kyphosis. 


Differential diagnosis 

Mucopolysaccharidosis-like problems (including coarse facial fea- 
tures) occur in other lysosomal disorders, such as glycoproteinoses, 
mucolipidoses and a few sphingolipidoses (the severe forms of 
galactosialidosis and G),, gangliosidosis). Patients presenting with 
an MPS-like phenotype at birth are likely to have mucolipidosis 
type II or Gy, gangliosidosis. The differential diagnoses can be 
identified by analysis of urinary oligosaccharides, combined with 
lysosomal enzyme assays in plasma and leukocytes. 


Figure 79.1 Facial features of an 8-year-old boy with MPS Il. 


Figure 79.2 ‘Pebbling’ of the skin and large Mongolian blue spot on the back of a boy 
with MPS II. Reproduced from Wraith 2006 [78] with permission of Springer Nature. 


Investigations 

The initial investigation is analysis of urine glycosaminoglycans. 
Diagnoses are confirmed by enzyme assays on leukocytes or by 
mutation analysis. 


Histology 

Malpighian cells in the epidermis are distended with pale cyto- 
plasm. The papules in MPS II show pooling of metachromatic 
material between the collagen bundles of the lower reticular dermis. 
Fibroblasts and Schwann cells show cytoplasmic metachromasia 
when stained with toluidine blue; ultrastructurally, they contain 
membrane-bound cytoplasmic vacuoles [3]. 


Management 
Symptomatic treatment may include ear, nose and throat care, and 
orthopaedic and neurosurgery involvement. Medication can be 
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useful for sleep and behaviour problems, especially in MPS III. 
Haematopoietic stem cell transplantation (HSCT) is an established 
treatment for Hurler and Maroteaux—Lamy syndromes, using bone 
marrow or umbilical cord blood [4]. Transplantation in infancy 
leads to an improvement in most systems and can preserve normal 
developmental progress in Hurler syndrome but the skeletal prob- 
lems progress and ophthalmological problems persist. Moreover, 
HSCT has significant morbidity and mortality. Enzyme replacement 
therapy (ERT) is now available for MPS L, IL, IV, VI and VIL. Its major 
limitation is the inability of the enzyme to cross the blood-brain 
barrier. Bone and heart valve disease are also resistant to ERT but 
starting treatment early improves outcomes [5]. 


Glycoproteinoses — Cl 


Introduction and general description 

Most secreted and cell surface proteins are glycosylated. The 
oligosaccharide components of glycoproteins are degraded by 
lysosomal hydrolases, deficiency of which leads to the storage of 
oligosaccharides and/or glycopeptides. All the glycoproteinoses 
show autosomal recessive inheritance and are very rare. Their 
features are summarised in Table 79.3. Many have a coarse facial 
appearance or angiokeratomas. 


Clinical features 


Fucosidosis. (MIM: 230000) presents in early childhood with devel- 
opmental delay, followed by neurological deterioration. Other clini- 
cal features include a slightly coarse facial appearance, short stature, 
hypohydrosis and hepatosplenomegaly. Angiokeratomas appear in 
mid to late childhood and are present in 85% of patients aged over 
20 years [6]. The angiokeratomas usually have the same appearance 
and distribution as in Fabry disease but may be confined to the limbs 
(Figure 79.3). Similar lesions may occur on the lips, gums or tongue. 


Alpha-mannosidosis. Alpha-mannosidosis (MIM: 248500) is asso- 
ciated with coarse facial features, learning difficulties, deafness, 
corneal clouding, cataracts, dysostosis multiplex, hepatospleno- 
megaly and frequent infections. 


Beta-mannosidosis. Beta-mannosidosis (MIM: 248510) presents 
with learning difficulties, deafness and frequent infections; the face 
is not coarse but angiokeratomas are occasionally present. 


Sialidosis. There are two main types of sialidosis (MIM: 256550). 
Mildly affected patients (type I) present as adolescents or adults 
with myoclonus, visual impairment and a macular ‘cherry red 
spot’ on fundoscopy. Severely affected patients (type II) present in 
early childhood with coarse facies, developmental delay, dysostosis 
multiplex and hepatosplenomegaly. 


Aspartylglucosaminuria. Aspartylglucosaminuria (MIM: 208400) 
is extremely rare except in Finland. Patients have developmental 
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Table 79.3 Glycoproteinoses, sphingolipidoses and mucolipidoses with cutaneous features. 


Name Enzyme deficiency Cutaneous features Other clinical features 
Glycoproteinoses 

Fucosidosis a-L-Fucosidase Coarse (mild), angiokeratomas PI 

a-Mannosidosis a-Mannosidase Coarse Pl, deafness, DM, HSM, frequent infections 


B-Mannosidosis B-Mannosidase Angiokeratomas Pl, deafness, frequent infections 

Sialidosis type Il Neuraminidase Coarse Pl, DM, HSM 

Aspartylglucosaminuria Aspartylglucosaminidase Coarse, angiofibromas, angiokeratomas PI, regression, seizures 

Kanzaki a-N-Acetylgalactosaminidase Angiokeratomas, coarse (mild) PI 

Sphingolipidoses 

Fabry a-Galactosidase A Angiokeratomas, hypohydrosis Acroparaesthesia, renal failure, heart disease, strokes 
Gyy, Gangliosidosis (early-onset form) B-Galactosidase Coarse, angiokeratomas, telangiectasia Hydrops, HSM, DM, PI, regression, spasticity, CRS 
Galactosialidosis (early-onset form) PPCA Coarse, telangiectasia Hydrops, HSM, heart disease, DM, Pl, CRS 
Galactosialidosis (later-onset form) PPCA Angiokeratomas, coarse (mild) Myoclonus, ataxia, Pl, CRS 


Gaucher types | and Ill 
Gaucher type II 
Niemann-Pick A 
Niemann-Pick B 


B-Glucosidase 
B-Glucosidase 
Sphingomyelinase 
Sphingomyelinase 


Pigmentation, telangiectasia 
Collodion baby 

Papules, pigmentation 
Papules, pigmentation 


Bone pain, DM, HSM + regression (type Ill) 

HSM, squint, stridor, dysphagia, spasticity 

HSM, lymphadenopathy, Pl, regression, spasticity, CRS 
HSM, lung disease 


Farber Ceramidase Nodules Hoarse voice, arthritis, Pl, regression, CRS 
Mucolipidoses and other disorders 

Mucolipidosis type II Multiple Coarse Gum hypertrophy, DM, PI, cardiomyopathy 
Mucolipidosis type III Multiple Coarse (mild) Arthritis, DM, Pl 

Multiple sulphatase deficiency Multiple Coarse + ichthyosis Pl, regression, HSM, DM 


Infantile sialic acid storage disease Sialic acid transporter Coarse, hypopigmentation PI, HSM, DM, hydrops/ascites 


CRS, cherry red spot; DM, dysostosis multiplex; HSM, hepatosplenomegaly; PPCA protective protein/cathepsin A; PI, psychomotor impairment. 


GENETIC 


Alpha-N-acetyl-galactosaminidase — deficiency. Alpha-N-acetyl- 
galactosaminidase deficiency (MIM: 104170) is an extremely rare 
cause of angiokeratomas in adults, sometimes with lymphoedema 
and polyneuropathy (Kanzaki disease). The angiokeratomas may 
have a similar distribution to Fabry disease or may be more 
widespread [8]. The enzyme deficiency has been reported in infants 
with neurodegeneration (Schindler disease) but it may not have 
been responsible. 
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Investigations 

These diagnoses are generally established by enzyme assays, usu- 
ally on leukocytes but, for sialidosis, neuraminidase can only be 
assayed in cultured cells. Many laboratories offer a set of lysosomal 
enzyme assays on leukocytes for screening patients with relevant 
features. Electron microscopy of the skin often shows cytoplasmic 
vacuoles, particularly in endothelial cells, fibroblasts, Schwann cells 
and the myoepithelial cells of sweat glands [8,9]. 


Management 

For most of these disorders, only symptomatic treatment is 
available. ERT is being developed for a-mannosidosis and bone 
marrow transplantation may improve the neurological outcome in 
fucosidosis. 


Mucolipidoses type 


Figure 79.3 Angiokeratoma corporis diffusum on a 7-year-old girl with fucosidosis. 


delay in childhood and regress after puberty, eventually becoming 


severely disabled. There is gradual coarsening of the facial features, 
with sagging skin, thick lips, a broad low nasal bridge and coarse 
hair. Facial angiofibromas, gingival overgrowth and buccal oedema 
are common in adults [7]. Angiokeratomas are less common. 


Introduction and general description 

These are autosomal recessive disorders, in which multiple lysoso- 
mal enzymes fail to enter their organelle. Mucolipidosis II (MIM: 
252500) refers to the severe end of the spectrum: patients often 


present at birth with coarse facial features. They also have gum 
hypertrophy, severe neurological involvement, dysostosis multi- 
plex and cardiomyopathy. In mucolipidosis IIT (MIM: 252600), the 
main problem is arthritis (due to skeletal dysplasia); there may also 
be mild learning difficulties (Table 79.3). 


Investigations 

The diagnosis is established by demonstrating raised levels of the 
mis-targeted lysosomal enzymes in plasma. Skin histology reveals 
membrane-bound vacuoles and cytoplasmic bodies in fibroblasts 
and other mesenchymal cells. 


Management 
Only symptomatic treatment is available. 


Sphingolipidoses — /a 


Introduction and general description 

Sphingolipids are amphiphilic molecules found in cell membranes. 
They are degraded by lysosomal hydrolases and deficiencies of these 
enzymes (or their protector proteins) cause the sphingolipidoses. 
Some sphingolipidoses (e.g. Tay-Sachs disease) only affect the ner- 
vous system. Other sphingolipidoses may be associated with coarse 
facial features, angiokeratomas or other dermatological abnormali- 
ties and are included in Table 79.3. Fabry disease is described sepa- 
rately, later. 


Genetics 
All the sphingolipidoses are autosomal recessive disorders, except 
Fabry disease, which is X-linked. 


Clinical features 


Gy gangliosidosis. G,,, gangliosidosis (MIM: 230500) is very rare 
and has a wide clinical spectrum. Severe cases present as neonates 
with hydrops fetalis or hypotonia, hepatosplenomegaly and facial 
dysmorphism (including macroglossia, gum hypertrophy and a 
depressed nasal bridge). Neurodegeneration is the main feature 
in other cases. The mildest cases present in late childhood with 
dysarthria, dystonia and skeletal dysplasia (affecting the spine and 
hip). Angiokeratomas are prominent in a few patients with infantile 
Gy gangliosidosis, affecting the trunk, thighs and upper arms [10]. 
Telangiectasia and extensive Mongolian blue spots have also been 
reported in infantile cases. 


Galactosialidosis. Galactosialidosis (MIM: 256540) is extremely 
rare. Deficiency of protective protein/cathepsin A leads to a 
combined deficiency of neuraminidase and _ -galactosidase. 
Neonatal-onset patients resemble those with Gy, gangliosido- 
sis and often have telangiectasia. Later-onset cases have mild facial 
coarsening and neurodegeneration; angiokeratomas are commoner 
in these patients [11]. 


79.5 


Lysosomal storage disorders 


Figure 79.4 The hand of a ‘collodion baby’ with Gaucher disease type II. 


Gaucher disease. Gaucher disease (MIM: 606463) is the most 
prevalent lysosomal disorder (1 in 50000). It is classified clinically 
into three types [12]. Type I (non-neuronopathic) is much the com- 
monest: children and adults present with hepatosplenomegaly, 
thrombocytopenia, bone pain or pathological fractures. Type II 
(acute neuronopathic) patients present by 6 months of age with 
neurological problems, poor weight gain and hepatosplenomegaly; 
most die by 2 years. Type III (subacute neuronopathic) patients 
present as young children with hepatosplenomegaly, followed by 
an eye movement disorder and other neurological problems. 

Cutaneous features are common in type I but not troublesome and 
include diffuse yellow-brown pigmentation, easy tanning, brown 
macules and telangiectasia [13]. Thrombocytopenia may lead to 
petechiae or ecchymoses. A few type II patients have congenital 
ichthyosis leading to the collodion baby phenotype (Figure 79.4). 
The baby is encased in thick, tight, shiny skin that cracks and 
desquamates to leave erythroderma [14]. There is ectropia of the 
eyes. The skin may return to normal if the baby survives for more 
than a month. 


Niemann-Pick disease. Niemann—Pick disease (MIM: 257200) due 
to sphingomyelinase deficiency is classified into type A (neurono- 
pathic) and type B (non-neuronopathic); type C is an unrelated 
disorder of intracellular lipid trafficking and is not considered here. 
Type A usually causes diarrhoea and vomiting, poor weight gain, 
hepatosplenomegaly and neurological problems in early infancy; 
these patients die by 3 years of age. Less severely affected type A 
patients have juvenile- or adult-onset neurological disease. Type B 
patients present as children or adults with splenomegaly or hep- 
atosplenomegaly; complications include interstitial lung disease, 
poor growth, hyperlipidaemia and thrombocytopenia. 

The skin may be involved in types A or B, with patches of waxy 
induration and brownish yellow pigmentation. Papular, papulo- 
nodular or suppurative lesions may be found on the face or trunk, 
occasionally becoming confluent [15,16]. Histology shows foamy 
macrophages. Mongolian blue spots occur in children. 


Farber disease. Farber disease (MIM: 228000) is extremely rare. 
Patients usually present in early infancy with a hoarse cry, painful 
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swollen joints and subcutaneous nodules. The most commonly 
affected joints are those of the hand and wrist, elbows, knees and 
ankles. The subcutaneous nodules may be associated with red 
papules and are generally close to affected joints and over pressure 
points, such as the occiput and lower spine. Histology reveals gran- 
ulomas containing large, foamy histiocytes; electron microscopy 
shows that these have cytoplasmic vacuoles containing curvilinear 
inclusions (Farber bodies) [17]. Most patients have psychomotor 
impairment, poor weight gain and die in early childhood from 
respiratory infections. 


Investigations 
These diagnoses are usually established by enzyme assays on 
leukocytes. 


Histology 

‘Foam cells’ are found in the bone marrow and, to a lesser extent, in 
the skin. Niemann-Pick cells are typical examples — large, usually 
mononucleate histiocytes, whose cytoplasm is filled with lipid 
droplets that take up Sudan stains. Ultrastructurally, the cytoplasm 
of Niemann-Pick cells contains granular lipid inclusions that may 
appear lamellar [15]. Gaucher cells differ markedly from the foam 
cells seen in other lipidoses. They are large cells with pale-staining 
cytoplasm that has a delicate, striated, ‘wrinkled tissue paper’ 
appearance. Ultrastructurally, Gaucher cells have vesicles that 
contain twisted tubular structures [18]. 


Management 

ERT is available for Fabry disease and Gaucher disease types 1 
and 3 but it is expensive and requires slow intravenous infusion 
at least every 2 weeks [12]. It is recommended for symptomatic 
patients with Gaucher disease type 1; ERT also alleviates the sys- 
temic complications in Gaucher disease type 3 but HSCT should be 
considered if there is neurological deterioration. ERT will soon be 
licensed for Niemann-Pick disease type B; in clinical trials, it led to 
improvements in all the features, including growth. 

Miglustat and Eliglustat are oral drugs that decrease the accumu- 
lation of glucocerebroside by reducing the synthesis of glycosphin- 
golipids (substrate reduction therapy) [12]. They are used mainly in 
Gaucher disease type 1 patients who cannot tolerate ERT. Miglustat 
is also used in Niemann-Pick disease type C; diarrhoea and weight 
loss are common side effects. Only symptomatic treatment is avail- 
able for the other sphingolipidoses. 


Fabry disease — 


Introduction and genetics 
Fabry disease causes angiokeratomas, pain in the extremities, renal 
failure, and cardiac and cerebrovascular disease [19]. Inheritance 


is X-linked recessive but many heterozygous females develop 
symptoms; onset is later than in men. About 1000 variants have been 
identified in GLA, the gene for a-galactosidase A; none is highly 
prevalent and establishing pathogenicity can be difficult. Some 
cause milder disease (e.g. the p.Asn215Ser ‘cardiac’ variant [20]). 


Incidence 
The incidence is at least 1 in 40 000-60 000 males. 


Pathophysiology 

a-Galactosidase A deficiency prevents the degradation of glycosph- 
ingolipids with terminal galactose residues, predominantly globo- 
triaosylceramide (Gb3). Gb3 accumulation in vascular endothelial, 
perithelial and smooth muscle cells leads to aneurysmal dilatation 
of blood vessels, ischaemia and infarction. Glycosphingolipids also 
accumulate in the renal glomeruli and tubules, cardiac muscle, auto- 
nomic ganglion cells and corneal epithelium. 


Clinical features 

The first symptoms are usually episodes of severe burning pain 
in the palms and soles (acroparesthesiae). These occur in 70-85% 
of male patients, usually starting between 5 and 15 years of age, 
although diagnosis is often delayed [21]. Acroparesthesiae occur 
in 50-70% of female patients, with a mean age of onset of 15 years 
[22]. Painful crises are often triggered by fever or exertion and 
may last hours or days. Pain may diminish spontaneously in 
older men. 

Angiokeratoma corporis diffusum occurs in 65-70% of male 
patients and 35-40% of female patients [21,22]. In males, angioker- 
atomas often start to appear shortly before puberty (mean age of 
onset 19 years) whereas in females they usually appear later (mean 
28 years). The initial lesion is a dark red or black telangiectatic 
macule or papule, up to 4mm across, that does not blanch with 
pressure; there is usually mild hyperkeratosis over larger lesions. 
Angiokeratomas are clustered and may be numerous or sparse. In 
men, the commonest sites are around the umbilicus (Figure 79.5) 
and in the bathing trunk area: inner thighs, lower back, buttocks, 
penis and scrotum. Lesions may also be found on the upper arms, 
around the border of the lips, around the nail folds and on the 
palms and soles — these are usually macular angiomas with min- 
imal hyperkeratosis. In women, lesions are most frequent on the 
trunk and proximal limbs; genital lesions are rare. Telangiectases are 
present in 23% of male patients and 9% of female patients, usually 
on the lips, buccal mucosa, ears or conjunctiva [23]. 

Anhidrosis or hypohidrosis occurs in 53% of male patients and 
28% of female patients, usually starting in the third decade [23]. 
It probably results from autonomic neuropathy and is associated 
with heat and exercise intolerance. Hyperhidrosis occurs in 10% 
of patients, predominantly females, often starting in adolescence. 
Later, vasomotor disturbances may cause flushing, cyanosis or 
blanching of the hands. Lymphoedema is common and may be due 
to lymphatic microangiopathy. 


Clinical variants 
Men with the ‘cardiac variant’ usually present after the age of 
40 years with cardiomyopathy and proteinuria. 


Figure 79.5 Angiokeratoma corporis diffusum around the umbilicus in a man with 
Fabry disease. 


Differential diagnosis 

Angiokeratoma corporis diffusum occurs in several other lysosomal 
disorders, although Fabry disease is much the commonest cause 
(Table 79.4). There have been a few reports of patients with angioker- 
atoma corporis diffusum in whom no enzyme deficiency was iden- 
tified. The differential diagnosis also includes purpura, angioma 
serpiginosum and localised types of angiokeratoma (Chapter 101). 


Complications and co-morbidities 

Almost all men with Fabry disease develop cardiac problems, such 
as left ventricular dilatation and hypertrophy, mitral valve regur- 
gitation, arrhythmias and ischaemic heart disease. Most men have 
proteinuria, hypertension and slowly deteriorating renal function. 
Without treatment, end-stage renal failure is usually reached at 
40-50 years of age [21]. Cerebrovascular disease leads to early 
strokes or transient ischaemic attacks. Heterozygous women may 
also develop heart and cerebrovascular disease: in a survey of 248 
women, 26% had left ventricular hypertrophy and 7% had suffered 
a stroke at a mean age of 50 years [24]. Vertigo, dizziness and 
hearing loss are common. Other complications include abdominal 
pain and diarrhoea, achalasia of the oesophagus and arthritis in the 
fingers. 


Prognosis 


Without treatment, the median survival is 60 years in males with 
classic disease and 75 years in females. 


Table 79.4 Lysosomal diseases associated with angiokeratomas. 
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Investigations 

The diagnosis of Fabry disease can be established by skin histol- 
ogy or slit lamp examination of the cornea. In males, the diagnosis 
should be confirmed by demonstrating a-galactosidase A deficiency 
in plasma, leukocytes or cultured skin fibroblasts. In women, the 
diagnosis is confirmed by molecular analysis because enzyme activ- 
ity is often normal. 


Slit lamp examination of the eye 

Most adult patients (male and female) have an asymptomatic 
corneal dystrophy. Initial haziness progresses to characteristic 
whorled streaks radiating to the periphery (cornea verticillata). 
Identical appearances can result from long-term treatment with 
chloroquine or amiodarone. Other findings include lens opacities 
and tortuosity of the conjunctival and retinal vessels. 


Histology 

Light microscopy of the angiokeratomas shows dilated vessels in 
the upper dermis beneath a thinned epidermis, with or without 
hyperkeratosis (Figure 79.6). The diagnostic feature is the presence 
of vacuolated cells in the media and intima of small blood vessels. 
The accumulating glycosphingolipids are birefringent and, in frozen 
sections, they appear as ‘Maltese crosses’ in polarised light. Electron 
microscopy shows cytoplasmic inclusion bodies in the endothelial 
cells of blood vessels (Figure 79.7), smooth muscle and dermal 
macrophages. The inclusions are present in clinically unaffected 
skin; they are electron dense and lamellar, with a periodicity of 
4-6 nm [25]. In contrast, other lysosomal disorders associated with 
angiokeratomas have electron-lucent vacuoles containing scanty 
fibrillary or granular material. 


Management 

The acroparesthesiae may respond to carbamazepine, gabapentin, 
venaflexine or phenytoin or they may require opiates. Angioker- 
atomas can be removed by laser therapy for cosmetic or other rea- 
sons but this is seldom requested. Cardiac complications should be 
managed conventionally. Aspirin may reduce the risk of stroke and 
angiotensin-converting enzyme inhibitors should be started if there 
is proteinuria. Renal failure is treated with dialysis or transplanta- 
tion: glycolipids do not reaccumulate in the graft. 

ERT reduces neurogenic pain and left ventricular hypertrophy 
and attenuates renal deterioration, particularly in patients with nor- 
mal baseline renal function [26]. ERT is usually started following 
diagnosis in symptomatic males; in females, it is started if there is 
cardiac, neurological or renal disease, troublesome gastrointestinal 
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Name/eponym Gene Age of onset of angiokeratomas Ultrastructure of lysosomal storage in mesenchymal cells 
Fabry GLA >10 years (males), adulthood (females) Dense concentric lamellar inclusions 

Fucosidosis FUCA1 Mid to late childhood Vacuoles with granular material 

Kanzaki NAGA Adulthood Vacuoles with fibrillary material 

Galactosialidosis CTSA Adulthood Vacuoles with granular material 

Gyy, gangliosidosis GLB1 Infancy Vacuoles with fibrillogranular material 

Aspartylglycosaminuria AGA Late childhood or adulthood Vacuoles with fibrillogranular material 

B-Mannosidosis MANBA Late childhood or adulthood Vacuoles with granular material 
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Figure 79.6 Angiokeratoma corporis diffusum showing dilated blood-filled vessels in 
the papillary dermis. 


Figure 79.7 Electron-dense cytoplasmic inclusion bodies within endothelial cells in 
Fabry disease. Courtesy of Dr P.H. McKee, King’s College, London, UK. 


symptoms or pain that cannot be controlled by other means. ERT is 
costly and requires intravenous infusion every 2 weeks. Migalastat 
now provides an oral alternative in patients aged over 16 years with 
specific ‘amenable’ mutations [27,28]. It acts as a chaperone, stabil- 
ising these mutant forms of the enzyme and facilitating transport to 
the lysosome. 


MITOCHONDRIAL R 
DISORDERS 


The mitochondrial respiratory chain is responsible for the produc- 
tion of adenosine triphosphate using energy released during the 
oxidation of cellular fuels. Due to the ubiquitous need for energy, 


mitochondrial disorders can affect any tissue; neuromuscular 
problems are commonest but, as the disease progresses, it often 
involves an increasing number of apparently unrelated organs. 
Multisystem presentations are particularly common in childhood 
but mitochondrial disorders can present at any age. 

Mitochondrial disorders have unusually varied patterns of inher- 
itance. Though most mitochondrial proteins are encoded by nuclear 
genes, mitochondria also have their own genome (mtDNA), which 
is inherited exclusively from the mother and there are hundreds of 
copies in each cell. MtDNA mutations can be homoplasmic, when 
they affect all the mtDNA copies, or heteroplasmic, when they only 
affect a proportion of the copies. For heteroplasmic mutations, the 
level of mutant mtDNA can vary within a maternal pedigree and 
clinical problems only occur when the level exceeds a threshold. 
Symptoms are generally more severe if the level of mutant mtDNA 
is very high than if it is just above the threshold. 


Dermatological featu 
of mitochondrial disc 


Multiple symmetrical lipomatosis 


Lipomas are seen in adults with certain mtDNA mutations. Typi- 
cally, there are multiple lipomas symmetrically distributed over the 
back of the neck and shoulders; they often recur following removal 
[29]. They are most frequently associated with the m.8344A>G 
and m.8363G>A mutations, both of which affect the gene for mito- 
chondrial tRNA [30]. Patients with these mutations at a high 
level of heteroplasmy often have neurological problems. The classic 
combination of myoclonus epilepsy and myopathy with ragged red 
fibres is given the acronym MERRF syndrome (MIM: 545000); other 
patients may have deafness, ataxia or a childhood neurodegenera- 
tive disorder called Leigh syndrome. Lipomas can occur in patients 
with neurological problems and in subjects with a lower level of the 
mutation who are otherwise asymptomatic. Within a single patient, 
the level of the mutation varies from one tissue to another and it 
is higher in the lipomas than in other tissues (such as unaffected 
adipose tissue). Cells within the lipomas are derived from brown 
fat [29] and have altered expression of genes involved in regulating 
adipogenesis [30]. 


Palmoplantar keratoderma 


Non-epidermolytic palmoplantar keratoderma has been reported 
in a number of families with the m.7445A>G mtDNA mutation 
[31]. All affected individuals have also had sensorineural hear- 
ing loss. There is diffuse or circumscribed epidermal thickening 
particularly over pressure points, such as the metatarsal heads, 
without intraepidermal blistering. Hyperkeratosis appears from 
mid-childhood onwards, the soles of the feet being affected earlier 
and more frequently than the palms. Skin biopsy shows ortho- 
keratotic and parakeratotic hyperkeratosis with some acanthosis. 
Interestingly, although the m.7445A>G mutation has always been 
homoplasmic, only 60% of individuals had deafness and fewer than 
40% had keratoderma: other genetic or environmental factors must 
affect expression of the disorder. Palmoplantar keratoderma with 


deafness can also result from mutations in GJB2, which encodes 
a gap junction protein; these cases show autosomal dominant 
inheritance. 


Acrocyanosis 


Orthostatic acrocyanosis is a characteristic finding in patients with 
ethylmalonic encephalopathy (MIM: 602473) [32]. Patients have 
intermittent red or purple discoloration of the feet (+ hands) with- 
out trophic changes. They may also have a recurrent petechial rash 
and bruising (with normal platelets and clotting studies). Other 
problems include chronic diarrhoea, poor growth, developmental 
delay and regression, seizures and episodes of coma. Most patients 
present in infancy and die in early childhood, although some follow 
a less severe course. Ethylmalonic encephalopathy is an autosomal 
recessive disorder caused by mutations in ETHE1, a mitochondrial 
sulphur dioxygenase. Deficiency of this enzyme leads to the accu- 
mulation of hydrogen sulphide, which is vasoactive and damages 
small blood vessels, accounting for the acrocyanosis and petechiae 
[33]. Hydrogen sulphide also inhibits cytochrome oxidase (leading 
to mitochondrial dysfunction) and short-chain fatty acid oxidation 
(leading to ethylmalonic aciduria). Treatment with N-acetylcysteine 
and metronidazole can be helpful [34]. N-acetylcysteine is a pre- 
cursor of glutathione, which can detoxify hydrogen sulphide, and 
metronidazole reduces the formation of hydrogen sulphide in 
the gut. 


Other dermatological features 


Several other dermatological abnormalities are associated with 
mitochondrial disorders but they are non-specific and over- 
shadowed by other symptoms. Hypertrichosis occurs in several 
disorders, including Leigh syndrome due to SURF1 mutations [35], 
infantile lactic acidosis due to SUCLG1 mutations and MELAS 
syndrome (mitochondrial myopathy, encephalopathy, lactic acidosis 
and stroke-like episodes) due to the m.3243A>G mtDNA mutation. 
Redness, ichthyosis, pruritus, reticular hyperpigmentation and 
poikiloderma have also been reported in m.3243A>G patients [36]. 


CONGENITAL DISORDERS 
GLYCOSYLATION 


This is a heterogeneous group of rare disorders with impaired glyco- 
sylation of proteins or lipids. Most are multisystem disorders affect- 
ing the brain and various other organs, such as muscle, heart and 
the eyes. The skin is often involved, problems including ichthyosis 
and cutis laxa [37] (Table 79.5). 


Incidence 

At least 130 congenital disorders of glycosylation (CDGs) have been 
described and more are identified each year. Much the commonest is 
phosphomannomutase 2 deficiency, with an incidence of 1 in 40 000 
in Sweden. Other CDGs are extremely rare. 
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Pathophysiology 

Many proteins, including most secreted and cell surface pro- 
teins, require glycosylation to function properly. Oligosaccharides 
are attached to the side chain of asparagine (N-linked) or ser- 
ine/threonine residues (O-linked). Some lipids also require 
glycosylation (e.g. glycosylphosphatidylinositol, GPI, which 
anchors many proteins to the cell membrane). Phosphomanno- 
mutase 2 catalyses the isomerisation of mannose 6-phosphate to 
mannose 1-phosphate, which is needed to synthesise the oligosac- 
charides for N-linked glycoproteins. Other disorders affect other 
steps in the complicated glycosylation pathways. 


Genetics 

The name for each disorder is now based on its gene. Phosphoman- 
nomutase 2 deficiency (previously called CDG type 1a) is caused 
by mutations in the PMM2 gene and is called PMM2-CDG. More 
than 115 PMM2 mutations have been identified, of which p.R141H 
is the commonest. PMM2-CDG and most other CDGs are inherited 
as autosomal recessive traits. The exceptions mentioned here are 
POFUT1-CDG and POGLUT1-CDG (autosomal dominant) and 
ATP6AP1-CDG (X-linked). 


Clinical features 

PMM2-CDG (MIM: 212065) usually presents in the newborn period 
with hypotonia, internal strabismus and dysmorphic features [38]. 
Some patients have subcutaneous fat pads, usually located over 
the iliac crests in the superolateral portions of the buttocks, with 
lipodystrophy of the rest of the buttocks (Figure 79.8). They may 
also occur in the suprapubic area, lateral thighs or upper arms. 
The fat pads are most prominent in infancy and usually disappear 
later in childhood. The skin may have loose folds or feel thick and 
there may be peau d’orange; later, lipoatrophy can lead to streaks 
over the legs. The nipples are often inverted. Dysmorphic fea- 
tures may include large dysplastic ears and skeletal abnormalities, 
such as long fingers and toes. Most patients have severe psy- 
chomotor impairment and are unable to walk. Feeding problems, 
poor growth, hepatomegaly and hypogonadism are also common. 
Approximately 20% of patients die in the first few years but sub- 
sequently the mortality is low. There is a wide range of severity: 
patients at the mild end of the spectrum have no dysmorphic or 
dermatological features and only mild learning difficulties. 

The main dermatological features in other CDGs are ichthyosis, 
cutis laxa, Ehlers-Danlos syndrome and abnormal pigmenta- 
tion (including Dowling—Degos disease). CDGs can also cause 
Adams-Oliver syndrome and _ hyperphosphataemic familial 
tumoral calcinosis (see end of this chapter). There is a range of 
severity for each CDG and many patients only exhibit some of 
the features. Thus, most patients with PIGA-CDG, PIGO-CDG, 
COG5-CDG, MAN1B1-CDG and ATP6A1-CDG have no dermato- 
logical abnormalities. 


Investigations 

Serum transferrin isoelectric focusing is a useful screening test 
that detects many CDGs, including PMM2-CDG. Transferrin is an 
N-linked glycoprotein and the attached oligosaccharides give it 
a negative charge; in defects of N-glycosylation, some oligosac- 
charides are abnormal or missing, causing transferrin to migrate 
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Table 79.5 Congenital defects of glycosylation with dermatological features. 


Gene 


Glycosylation pathway affected 


Dermatological features 


Other features 


Fat pads, inverted nipple 


PMM2 N-glycosylation Fat pads, inverted nipples, peau d’orange 
ALG8 N-glycosylation Fat pads, inverted nipples, cutis laxa 
Ichthyosis 

DOLK N-glycosylation & GPI anchor chthyosis + alopecia, neonatal collodion bands 
SRD5A3 N-glycosylation & GPI anchor chthyosis or palmoplantar keratoderma 

PIGL GPI anchor Erythematous rash at birth then ichthyosis (esp. flexures) 
PIGA GPI anchor chthyosis, linear plaque-like scales, eczema 
PIGO GPI anchor Palmoplantar keratoderma 

MPDU1 GPI anchor chthyosis 

COG5 N- & O-glycosylation Hyperkeratosis, hypohidrosis 

COG6 N- & O-glycosylation Hyperkeratosis, hypohidrosis 

Cutis laxa 

ATP6VOA2 N- & O-glycosylation Cutis laxa, improves with age 

COG7 N- & O-glycosylation Cutis laxa 

MAN1B1 N-glycosylation Cutis laxa 


Ehlers—Danlos syndrome 


B4GALT7, B3GALT6 ~—O-glycosylation 


B3GAT3 


Abnormal pigmentation 
POFUT1, POGLUT1 


ST3GAL5 
ATP6AP1 


O-glycosylation 
O-glycosylation 


N- and O-glycosylation and glycolipids 
N- and O-glycosylation 


Hyperphosphataemic familial tumoral calcinosis 


GALNT3 


Adams-Oliver syndrome 


EOGT 


O-glycosylation 


O-glycosylation 


PI, psychomotor impairment. 


Hyperextensible, thin, fragile, doughy skin 
Hyperextensible, thin, fragile, doughy skin 


Hypopigmented macules and reticular hyperpigmentation 
(Dowling—Degos disease) 

Hyper- and hypopigmented macules, ichthyosis 

Alopecia, increased skin pigmentation 


Tumoral calcinosis 


Aplasia cutis congenita of scalp 


Management 


PI, strabismus, dysmorphism 
Dysmorphism, cataracts, neurological problems 


Cardiomyopathy 

PI, eye signs 

Congenital heart disease, Pl, seizures 
Profound PI, seizures 
Pl, seizures 

Severe Pl 
P 
P 


, liver disease 
Microcephaly, joint laxity, strabismus 


P 
Pl, obesity 


Spondylodysplasia, joint laxity, mild PI 


Spondylodysplasia, joint laxity, cardiovascular disease 


None 


Severe Pl, epilepsy 
Immunodeficiency, deafness 


Hyperostosis 


Terminal limb malformations 


Figure 79.8 Fat pads over the iliac crests in a child with phosphomannomutase 2 
deficiency. Courtesy of Professor P.T. Clayton, Institute of Child Health, London, UK. 


abnormally on isoelectric focusing. PMM2 deficiency can be con- 
firmed by measuring its activity in leukocytes. Unfortunately, 
transferrin isoelectric focusing is normal in many CDGs (such as 
defects of O-glycosylation); these are usually diagnosed by exome 
sequencing or a gene panel. 


Unfortunately, only symptomatic treatment is available for the 
CDGs mentioned here. 


DISORDERS OF AMINO. 
METABOLISM AND TE 


In these disorders, neurological and other problems are caused by 
the deficiency or accumulation of an amino acid or a related chemi- 
cal. Amino acid disorders are often treated with a special diet. Those 
with dermatological features are listed in Table 79.6. 


Phenylketonuria — CC 


Introduction, genetics and incidence 

Phenylketonuria (PKU, MIM: 261600) is an autosomal recessive dis- 
order caused by mutations in the PAH gene. Deficiency of phenylala- 
nine hydroxylase leads to high blood phenylalanine concentrations. 
Without treatment, it causes severe neurodevelopmental problems. 
The incidence is about 1 in 12000. 


Table 79.6 Disorders of amino acid metabolism with dermatological features. 


Disorder Dermatological features 
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Disorders of amino acid metabolism and transport 


Other features 


Phenylketonuria (PKU) 
Tyrosinaemia type 2 
Alkaptonuria 

Prolidase deficiency 
Argininosuccinic aciduria 
Hartnup disease 

Serine synthesis defects 

Proline synthesis defects 
Glutamine synthetase deficiency 
Classical homocystinuria 


Trichorrhexis nodosa 
Photosensitive dermatitis 
ichthyosis 

Cutis laxa 

Erythroderma and blistering 


Lysinuric protein intolerance Predisposition to SLE 


Methylmalonic, propionic, isovaleric acidaemias 


SLE, systemic lupus erythematosus. 


Clinical features 

In most developed countries, PKU is detected by newborn screen- 
ing. Without screening, patients present during infancy or early 
childhood, with psychomotor impairment and behaviour prob- 
lems sometimes followed by seizures. Untreated patients have 
an increased incidence of eczema (20-40%) [39]. They also have 
reduced pigmentation of the hair, skin and iris [39]. Hair tends to 
be blonde in children who might otherwise have brown hair and 
it is brown in children expected to have black hair. White children 
often have blue irides. The altered pigmentation is caused by the 
impaired synthesis of melanin and improves with tyrosine supple- 
ments, indicating that it is at least partly due to tyrosine deficiency, 
although the high phenylalanine concentrations may also inhibit 
tyrosinase. 


Investigations 

PKU is usually diagnosed following newborn screening. Plasma 
amino acid analysis should be undertaken if PKU is suspected in 
unscreened patients. 


Management 

PKU is treated with a diet that is extremely low in natural protein 
and a supplement containing all the amino acids except phenylala- 
nine. Dietary phenylalanine restriction can control the blood level 
because phenylalanine is not synthesised in the body. The diet also 
corrects the tyrosine deficiency, so treated patients have normal pig- 
mentation. Pharmacological doses of the enzyme’s cofactor (tetrahy- 
drobiopterin) reduce blood phenylalanine concentrations in some 
patients with relatively mild PKU [40] but they usually still require 
some dietary restriction. 

Target phenylalanine concentrations are less strict in older chil- 
dren and adults because the damage caused by high phenylalanine 
levels diminishes with age. Indeed, many adults revert to a nor- 
mal diet without major problems. Strict dietary treatment is essen- 
tial during pregnancy to avoid adverse effects on the fetus. Adults 
who stop dietary treatment may have a slightly increased risk of 
eczema [41] but low tyrosine concentrations and hypopigmentation 
are not seen. 


Hypopigmentation of skin and hair, eczema 

Painful palmoplantar hyperkeratoses 

Pigmentation of pinna, sclera, skin and mucosa 

Ulcers, eczema, purpura, scarring, predisposition to SLE 


Pale skin and hair, ulcers, livedo reticularis on legs 


Periorificial dermatitis, alopecia if excessive protein restriction 


Cognitive problems, seizures 

Corneal ulcers, cognitive problems 

Arthritis 

Cognitive problems, facial dysmorphism, splenomegaly 

Cognitive problems, hyperammonaemia 

Cerebellar ataxia 

Cognitive problems 

Cognitive problems 

Epilepsy 

Cognitive problems, dislocated lenses, Marfanoid habitus, 
thromboembolism 

Poor weight gain and growth, osteopenia, 
hepatosplenomegaly, hyperammonaemia 

Acute ketoacidosis, vomiting, cognitive problems 


Tyrosinaemia type 2 — 


Introduction, genetics and incidence 

Tyrosinaemia type 2 (MIM: 276600) is a very rare autosomal reces- 
sive disorder caused by mutations in the TAT gene. This encodes 
tyrosine aminotransferase, which catalyses the first step in tyrosine 
degradation. The eye, skin and brain can be affected but some 
patients are probably asymptomatic. 


Pathophysiology 

The ophthalmological problems are thought to result from tyrosine 
crystals precipitating in corneal epithelial cells, disrupting lyso- 
somes and leading to inflammation [42]. In contrast, skin biopsies 
show no tyrosine crystals and minimal inflammation. There is 
hyperkeratosis, acanthosis and parakeratosis with homogeneous 
refractile eosinophilic inclusions in the stratum corneum and upper 
Malpighian layer. Electron microscopy shows keratinocytes with 
increased tonofibrils and microtubules [42]. 


Clinical features 

Corneal ulcers occur in approximately 75% of patients, palmoplan- 
tar hyperkeratoses in 80% and learning difficulties in 60%. Manifes- 
tations may vary within a single pedigree. 

Patients usually present with photophobia and eye pain in 
infancy. The eye is red with lacrimation; slit lamp examination 
shows dendritic corneal erosions that resemble herpetic ulcers. 
Without treatment, scarring can cause visual loss. 

Painful hyperkeratotic plaques usually appear on the digits, 
palms and soles after the first year [43]. They are commonest at 
pressure points, such as the fingertips. The lesions may start as 
blisters and may ulcerate (Figure 79.9). There may be hyperhidrosis 
of the palms and soles and leukokeratosis of the tongue. 
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Figure 79.9 Hyperkeratotic lesion in tyrosinaemia type 2. Reproduced from Sarafoglou 
et al. 2009 [79] with permission of McGraw Hill Education. 


Some patients have cognitive impairment, behaviour problems, 
seizures or poor coordination. 


Investigations 

Plasma amino acid analysis shows marked increased tyrosine con- 
centrations, often above 1200 pmol/L. The diagnosis is confirmed by 
mutation analysis. 


Differential diagnosis 

Tyrosine concentrations are usually less raised in tyrosinaemia types 
1 and 3 and skin lesions have not been reported. The main problems 
are liver disease in type 1 and learning difficulties in type 3. 


Management 

Tyrosinaemia type 2 is treated with a low protein diet; if severe pro- 
tein restriction is needed, patients are given an amino acid supple- 
ment free of tyrosine and phenylalanine. Most centres aim to keep 
plasma tyrosine concentrations below 500 pmol/L. 


Introduction, genetics and incidence 

Alkaptonuria (MIM: 203500) is an autosomal recessive disorder 
caused by HGD mutations. It is very rare (1 in 250000 to 1000 000). 
It causes adult-onset backache and arthritis. 


Pathophysiology 

Homogentisate dioxygenase catalyses the third step in tyrosine 
degradation. Its deficiency leads to accumulation of homogentisic 
acid. Derivatives of this are polymerised to form a dark pigment, 
which is deposited in connective tissue. It is uncertain why this 
causes arthritis but the pigment may act as a chemical irritant. 


Clinical features 

Most patients present with low back pain between 25 and 40 years of 
age [44]. This progresses to kyphosis and, often, ankylosis. Arthri- 
tis in the hip or knee may require joint replacement. Children are 
asymptomatic but their urine darkens after a few hours, particu- 
larly if alkalinised: cloth nappies and contaminated sheets may turn 
black when washed. Ochronosis (melanin-like black pigmentation) 
occurs from 30 years onwards. The cartilage of the ears develops 
grey or blue-black discoloration and feels inflexible [44]. There may 
also be brown deposits in the sclera, brown nails or dusky discol- 
oration of the skin, especially over the cheeks, forehead and genital 
region; cerumen is sometimes black. 


Investigations 
The diagnosis is established by finding homogentisic acid on urine 
organic acid analysis. 


Management 

Nitisinone inhibits the first step in tyrosine breakdown and, even at 
low doses, it reduces plasma and urine homogentisic acid by >95%. 
A 4-year controlled trial in adults showed slowing of disease pro- 
gression [45]. 


Prolidase deficiency 


Introduction, genetics and incidence 

Prolidase deficiency (MIM: 170100) is a very rare autosomal reces- 
sive disorder due to mutations in the PEPD gene. It is characterised 
primarily by skin lesions, especially ulcers. 


Clinical features 

Patients have presented at any age from birth to 22 years and some 
may remain asymptomatic throughout life. Recurrent ulcers are 
the commonest problem, mostly on the lower legs (Figure 79.10) 
[46]. The skin is fragile and the ulcers sometimes follow an injury. 
The ulcers are resistant to treatment and there may be secondary 
infection. Other skin problems include dermatitis (with crusting), 
fine scarring or pitting (Figure 79.11), telangiectasia, purpura or 
bruising. There may be lymphoedema or a doughy consistency to 
the skin. Many patients have psychomotor impairment and some 
have a shallow nasal bridge and hypertelorism [47]. There may 
be recurrent infections or chronic lung disease resembling cystic 
fibrosis. Other features include splenomegaly, anaemia, thrombocy- 
topenia or hypergammaglobulinaemia; there is an increased risk of 
systemic lupus erythematosus [47]. 


Figure 79.11 Pitted skin in prolidase deficiency. Courtesy of Dr D.A. Burns, Leicester 
Royal Infirmary, Leicester, UK. 
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Pathophysiology and investigations 

Prolidase is needed to degrade dipeptides with an N-terminal 
proline or hydroxyproline. Why these ‘imidodipeptides’ cause the 
clinical problems is unknown. They are revealed by plasma or 
urine amino acid analysis. The diagnosis is confirmed by mutation 
analysis. 


Management 

No specific treatment is known to help, although there have been 
anecdotal reports of success with ointments containing glycine and 
proline or systemic ascorbic acid or manganese (the co-factor of 
prolidase). Skin grafts have been unsuccessful. Infections should be 
treated aggressively. 


Argininosuccinic aciduria 


Introduction, genetics and incidence 

This autosomal recessive disorder is caused by argininosuccinate 
lyase deficiency (MIM: 207900), with mutations in the ASL gene. The 
incidence is approximately 1 in 70 000. 


Clinical features 

Most patients present with lethargy or coma due to acute hyper- 
ammonaemia. This occurs 12-72 h after birth or triggered by infec- 
tion later in childhood. Patients with residual enzyme activity often 
present at a few years of age, with learning difficulties and thinning 
of the hair, which is dry and brittle (Figure 79.12). Examination with 
a microscope reveals nodular swellings on the hair shafts and frayed 
cortical fibres, consistent with trichorrhexis nodosa [48]. 


Figure 79.12 Trichorrhexis nodosa in a 4-year-old with argininosuccinic aciduria. 
Courtesy of Manchester University Hospitals NHS Foundation Trust, Manchester, UK. 
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Pathophysiology 

The defect interrupts the urea cycle, explaining the episodes of 
hyperammonaemia. The trichorrhexis nodosa may be related to 
chronic arginine deficiency. Argininosuccinate lyase stabilises nitric 
oxide synthase and some long-term complications may be due to 
nitric oxide deficiency [49]. 


Investigations 
Argininosuccinic acid is best detected by urine amino acid analysis, 
although it is also present in plasma. 


Management 

Treatment involves dietary protein restriction and drugs (sodium 
benzoate and/or sodium phenylbutyrate). L-Arginine is also given 
to correct the deficiency of this amino acid and to facilitate the elim- 
ination of ammonia. These measures prevent hyperammonaemia 
and lead to resolution of the trichorrhexis nodosa. 


Prognosis 

Despite treatment, most patients have learning difficulties and 
those with severe defects develop neurological problems, epilepsy 
and chronic liver disease. 


Hartnup disease — 


Introduction, genetics and incidence 

Hartnup disease (MIM: 234500) can cause a pellagra-like rash and 
neurological problems. It is an autosomal recessive disorder caused 
by mutations in SLC6A19, which encodes the neutral amino acid 
transporter in renal tubular and intestinal epithelial cells. The inci- 
dence on newborn screening is 1 in 14 000-45 000 but most patients 
remain asymptomatic. 


Pathophysiology 

Nicotinamide is essential for many reactions and can be formed from 
dietary niacin or from tryptophan. In patients with Hartnup disease, 
impaired intestinal absorption of tryptophan (a neutral amino acid) 
leads to a reduced synthesis of nicotinamide. The absence of symp- 
toms in some patients may reflect their dietary niacin intake or the 
absorption of tryptophan in oligopeptides [50]. 


Clinical features 

Patients usually present with a rash between 3 and 9 years of age. 
Well-demarcated, dry, scaly patches occur on sun-exposed skin, such 
as the face, backs of the hands and exposed parts of the arms. Expo- 
sure to sunlight causes redness, sometimes with blistering, and may 
be followed by desquamation and depigmentation [51]. Cerebellar 
ataxia is the commonest neurological problem and starts after the 
rash. There may also be nystagmus, tremor, weakness or psychiatric 
symptoms. 


Investigations 
There are increased neutral amino acids in the urine with low or 
low-normal concentrations in the plasma. 


Management 

The rash and neurological problems generally resolve with oral 
nicotinamide (50-300 mg/day). A high protein diet is also recom- 
mended. 


Prognosis 
Symptoms tend to improve with age, even without treatment. 


Serine, proline and glut 
synthesis defects 


Introduction and incidence 

Disorders of serine, proline and glutamine synthesis cause a com- 
bination of neurological and skin disorders [52]. They are all 
extremely rare. 


Genetics 

Impaired serine synthesis is caused by autosomal recessive muta- 
tions in PHGDH, PSAT1 or PSPH. Proline synthesis disorders are 
caused by autosomal recessive mutations in ALDH18A1 or PYCR1 
or dominant mutations in ALDH18A1 (often de novo). Glutamine 
synthetase deficiency is an autosomal recessive disorder caused by 
GLUL mutations. 


Pathophysiology 

Deficiency of the amino acid impairs protein synthesis. Proline 
and hydroxyproline comprise 17% of the amino acids in collagen, 
explaining why proline deficiency causes cutis laxa. 


Clinical features 


Serine synthesis defects. Severely affected patients die perinatally 
with Neu-Laxova syndrome (ichthyosis, fetal growth retardation, 
microcephaly and dysmorphism). Less severely affected patients 
have cognitive impairment and seizures but no ichthyosis. 


Proline synthesis disorders. Most patients present in infancy with 
cutis laxa, joint laxity, progeroid features, cognitive impairment and 
sometimes seizures. Other patients present as adults with spastic 
paraplegia and normal skin. 


Glutamine synthetase deficiency. This presents with epileptic 
encephalopathy in early infancy. Most patients develop a gener- 
alised red rash with intraepidermal blistering and die in infancy or 
childhood. 


Investigations 

Plasma and CSF concentrations of the relevant amino acid are 
usually low but they can be normal in proline synthesis disorders, 
particularly PYCR1 defects, which can only be diagnosed by DNA 
sequencing. 


Management 
Treatment with serine ameliorates the neurological problems in 
non-lethal serine synthesis defects, particularly if started very early. 


Prognosis 
Outcomes are poor for patients presenting in infancy, except for 
promptly treated serine deficiency. 


DISORDERS OF LIPID \\ 


Many hyperlipidaemias cause xanthomas (Chapter 60) and several 
rare disorders of lipid synthesis or metabolism cause ichthyosis 
(Chapter 63) or lipodystrophy (Chapter 72). Mevalonate kinase defi- 
ciency and Majeed syndrome are defects of lipid synthesis that cause 
inflammatory disorders involving the skin (Chapter 45). 


aP, 


Smith-Lemli-Opitz syndrom 


This autosomal recessive disorder is caused by 7-dehydrocholesterol 
reductase deficiency (MIM: 270400). It is much the commonest disor- 
der of cholesterol synthesis, with an incidence of 1 in 15 000-60 000. 
There is a wide range of severity: most patients have facial dysmor- 
phism, syndactyly of the second and third toes, undescended testes, 
failure to thrive, microcephaly, intellectual disability and autism. 
The main dermatological problem is photosensitivity, which may 
be severe [53]. Other features may include hypopigmented hair, 
hyperhidrosis of the palms, eczema, cutis marmorata and acro- 
cyanosis [54]. The diagnosis is made by demonstrating elevated 
plasma 7-dehydrocholesterol levels. Treatment with cholesterol 
does not alter the cognitive outcome but it is said to improve the 
photosensitivity [55]. 


VITAMIN AND MINER; 
Disorders of biotin meté 


Introduction, genetics and incidence 

Biotin, a water-soluble vitamin, is the co-factor for four carboxylase 
reactions involved in amino acid degradation, gluconeogenesis and 
fatty acid synthesis. Holocarboxylase synthetase is needed to bind 
biotin to the apoenzymes. Biotinidase is needed for the recycling 
of biotin and the use of dietary protein-bound biotin. Deficiency of 
either biotinidase or holocarboxylase synthetase leads to multiple 
carboxylase deficiency. They are both autosomal recessive disorders. 
The incidence of severe biotinidase deficiency is about 1 in 100000; 
partial deficiency has a similar frequency but its clinical significance 
is debatable. Holocarboxylase synthetase deficiency is rarer. 


Clinical features 
Holocarboxylase synthetase deficiency (MIM: 253270) usually 
presents in the first days of life with vomiting, lethargy, lactic 
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acidosis, ketoacidosis and hyperammonaemia; without treatment, 
this leads to coma and death. Patients with some residual enzyme 
activity may present later in childhood with similar symptoms or 
with developmental impairment, hair loss or rashes. The rash is 
usually widespread, red and scaly, particularly affecting the napkin 
area. It may resemble ichthyosis or seborrhoeic dermatitis [56]. 

Biotinidase deficiency (MIM: 253260) usually presents between 2 
and 6 months of age, although symptoms may occur earlier and a 
few patients present later in childhood [57, 58]. The initial features 
are usually hypotonia and seizures (generalised tonic clonic or 
myoclonic). Patients also have psychomotor retardation, hearing 
loss and visual impairment due to optic atrophy. Dermatological 
problems are common but may be delayed [58]. Most patients 
develop a patchy red or exudative rash, particularly around the 
mouth. The rash may be widespread and there may be skin infec- 
tions, conjunctivitis, blepharitis or onychoschizia. Hair is sparse and 
some patients have complete alopecia, including loss of eyelashes 
and eyebrows. 


Investigations 
Patients with holocarboxylase synthetase deficiency excrete char- 
acteristic organic acids, including lactate, 3-hydroxyisovalerate, 
3-hydroxypropionate, methylcitrate and 3-methylcrotonylglycine. 
The diagnosis is confirmed by mutation analysis. 

Biotinidase deficiency is diagnosed by measuring biotinidase 
activity in plasma; the organic acids may be normal. Some countries 
undertake newborn screening for biotinidase deficiency. 


Management 

In biotinidase deficiency, the seizures and dermatological problems 
respond promptly to treatment with biotin (5-10 mg/day). Unfor- 
tunately, cognitive and hearing problems persist unless treatment is 
started early. 

Most patients with holocarboxylase synthetase deficiency 
respond to biotin at 10-20 mg/day but some require higher doses. 
A few patients only show a partial response and have learning 
difficulties despite early treatment. 


Acrodermatitis enteropathica 


Introduction, genetics and incidence 

Acrodermatitis enteropathica (MIM: 201100) is an autosomal 
recessive disorder affecting the intestinal absorption of zinc. The 
resulting zinc deficiency leads to dermatitis, alopecia and diarrhoea. 
It is caused by mutations in SLC39A4, the gene for ZIP4, which is 
the main intestinal zinc transporter. Acrodermatitis enteropathica 
is very rare (1 in 500 000). 


Pathophysiology 

Zinc is a co-factor for many enzymes. The skin, intestine and 
immune system are most severely affected by zinc deficiency 
because of their rapid cell turnover. 
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Figure 79.13 Acrodermatitis enteropathica with eczematous skin lesions and sparse 
hair. 


Clinical features 

Patients present with apathy or irritability and a rash around the 
mouth and anus and on the hands and feet [59]. Symptoms start after 
weaning in breastfed babies and at 4-10 weeks of age in formula-fed 
babies. Redness progresses to vesicles, bullae, pustules, desquama- 
tion and crusting (Figure 79.13). There is alopecia and frequently 
blepharitis, conjunctivitis and photophobia. Infections are common, 
including secondary infections of the skin, for example with Candida 
albicans. Wound healing is poor and many patients have diarrhoea 
and growth faltering. The condition can be fatal but some patients 
survive into adulthood without treatment. 


Differential diagnosis 

Similar problems occur in zinc deficiency due to other causes, such 
as gastrointestinal disorders. Biotinidase deficiency and protein mal- 
nutrition lead to a similar rash. 


Investigations 

The serum zinc concentration is usually low but can be normal [59]. 
Patients respond within a week to a trial of zinc therapy [60] and 
relapse after stopping treatment. SLC39A4 sequencing confirms the 
diagnosis. 


Management 

During childhood 150-400 mg/day of zinc sulphate is given orally; 
a lower dose may suffice after puberty but 400-500mg/day is 
needed during pregnancy. If zinc sulphate causes gastric problems, 
other zinc salts or encapsulated preparations have been recom- 
mended but they are not widely available. Monitoring for copper 
deficiency should be undertaken. 


Menkes disease and 
syndrome 


Introduction, genetics and incidence 

Menkes disease (MIM: 209400) is an X-linked recessive disorder due 
to mutations in ATP7A. Copper deficiency leads to neurodegenera- 
tion, ‘kinky hair’ and connective tissue abnormalities. Occipital horn 
syndrome (MIM: 304150) is an allelic variant with connective tissue 
abnormalities but no neurodegeneration. Both diseases are very rare 
(approximately 1 in 250000). 


Pathophysiology 

The ATP7A protein exports copper from the intestinal mucosa into 
the portal circulation. Copper is essential for many enzymes, includ- 
ing lysyloxidase (which is involved in collagen cross-linking) and 
tyrosinase (which is necessary for melanin synthesis). Copper is also 
involved in mitochondrial function and neurotransmitter synthesis, 
explaining the neurological features of Menkes disease. 


Clinical features 

Boys with Menkes disease typically present at 2-3 months with 
hypotonia and seizures. Developmental regression and spasticity 
appear later in the first year. The hair is usually normal for the first 
few weeks but soon becomes sparse and brittle. In typical cases, 
there is scanty colourless or blond hair over the vertex with stubble 
elsewhere (Figure 79.14); in milder cases, the hair may be pigmented 
with occipital baldness due to trauma. Microscopic examination 
reveals pili torti and occasionally trichorrhexis nodosa [61]. Patients 
acquire a characteristic facial appearance with sagging cheeks and 
frontal bossing. The skin is loose, especially on the back of the neck. 
Diarrhoea, osteoporosis and subdural haemorrhages are common. 
Untreated patients generally die by 3 years of age. 


Clinical variants 

Occipital horn syndrome is a mild variant with demineralisation and 
exostoses, especially over the occiput, giving rise to the name [62]. 
The skin and joints are lax and the disorder was previously called 
X-linked cutis laxa. Patients often have diarrhoea or urine infections 
due to bladder diverticulae. There may be mild learning difficulties 
but other neurological problems and pili torti are rare. 


Investigations 

Low serum copper and caeruloplasmin concentrations are only 
diagnostic after 3 months of age; low levels can be found in normal 
babies below this age. The diagnosis is confirmed by mutation 
analysis. 


Management 

Daily subcutaneous injections of copper histidine can improve the 
outcome, but only if started within a month of birth [63]. Even with 
early treatment, patients with severe mutations have psychomotor 
impairment. Copper histidine injections do not correct the connec- 
tive tissue abnormalities. 


Figure 79.14 Infant with Menkes disease. Courtesy of Dr A. Chakrapani, Birmingham 
Children’s Hospital, Birmingham, UK 
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This extremely rare autosomal recessive disorder is caused by 
mutations in AP1S1 or AP1B1 [64,65]. These defects impair the 
intracellular trafficking of ATP7A, leading to low serum copper and 
caeruloplasmin concentrations. Patients present as neonates with 
erythrokeratoderma and diarrhoea or constipation. The acronym 
stands for Mental retardation, Enteropathy, Deafness, peripheral 
Neuropathy, Ichthyosis and Keratoderma; neuropathy does not 
occur with AP1B1 mutations. Improvement with zinc acetate has 
been reported [64]. 


Wilson disease CCC 


Introduction, genetics and incidence 

Wilson disease (MIM: 277900) is an autosomal recessive disorder 
caused by ATP7B mutations. The incidence is 1 in 30.000 to 100 000. 
Impaired copper excretion in bile leads to its accumulation in the 
liver, brain and other tissues; the dermatological features are mild. 


Clinical features 

Patients typically develop liver disease at 8-20 years of age or 
neurological symptoms (dysarthria, tremor, dystonia and drool- 
ing) at 12-30 years. Other problems may include behavioural 
changes, renal tubulopathy or haemolytic anaemia. A brown 
Kayser—Fleischer ring may be seen at the limbus of the cornea, 
particularly in patients with neurological symptoms. 
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Blue lunulae of the nails are the most specific dermatological 
feature and are present in 10% of adults at diagnosis. Commoner 
dermatological findings include xerosis, cheilitis and grey-brown 
hyperpigmentation, especially on the extensor surfaces of the legs 
[66]. There may also be pruritus or spider naevi due to liver disease, 
or drug-induced rashes. 


Investigations 

Serum copper and caeruloplasmin concentrations are generally low, 
with raised 24-hour urine copper excretion and raised liver copper. 
No test is entirely reliable and ATP7B sequencing is often under- 
taken [67]. 


Management 

Copper excretion is promoted using chelators (penicillamine, trien- 
tine or tetrathiomolybdate) or zinc, which increases the faecal excre- 
tion of copper bound to metallothionein [68]. Penicillamine is rec- 
ommended for patients with liver disease; a few require liver trans- 
plantation. Zinc is often used for presymptomatic patients and those 
with neurological symptoms as it has fewer side effects. Unfortu- 
nately, neurological problems seldom resolve completely and treat- 
ment may cause an initial deterioration. 


Familial tumoral calc 


Introduction, genetics and pathophysiology 
Hyperphosphataemic and normophosphataemic familial tumoral 
calcinosis (HFTC and NFTC) are extremely rare autosomal recessive 
disorders that cause ectopic calcification in the skin [69]. HFTC can 
result from mutations in three genes: FGF23 encodes a phosphaturic 
hormone, GALNT3 encodes a glycosyltransferase that modifies 
FGF23 and KL encodes Klotho, a co-receptor for FGF23 [70-72]. 
GALNT3 defects are congenital defects of O-glycosylation (see 
earlier). 

NFTC is caused by mutations in SAMD9 [73]. SAMD9 regulates 
EGR-1, a transcription factor involved in the regulation of tissue cal- 
cification, inflammation and cell migration [74]. SAMD9 may also be 
a tumour suppressor gene as SAMD9 deletions are associated with 
haematological cancers [75]. 


Clinical features 

HFTC presents with calcified masses deep in the dermis and subcu- 
taneous tissues, mainly over the large joints. These cause pain and 
can affect joint mobility. Dental problems are common, particularly 
affecting the roots. Some patients have recurrent episodes of pain 
in the tibia and other long bones, with redness and warmth of the 
overlying skin (‘hyperostosis’) [76]. 

NFTC presents with a vasculitis-like rash at a young age, followed 
years later by the appearance of calcified masses in cutaneous and 
subcutaneous tissues (Figure 79.15) [73]. The calcified lesions are 
smaller and more superficially located than in HFTC, and tend to 
perforate the skin, leading to painful ulcers and secondary infec- 
tions. Gingivitis and conjunctivitis are common. 
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Figure 79.15 Calcinosis over knee of a child with normophosphataemic familial tumoral 
calcinosis. 


Differential diagnosis 

Cutaneous calcinosis may complicate Albright hereditary osteodys- 
trophy, Rothmund-Thomson syndrome, hereditary sclerosing 
poikiloderma and pseudoxanthoma elasticum. It can also occur 
with acquired hyperphosphataemia or hypercalcaemia (as in 
chronic renal failure) or following tissue damage (due to autoim- 
mune diseases, atherosclerosis or cancer) (Chapter 59). 


Management 

Surgical removal of calcified masses may be needed if there is sig- 
nificant functional impairment or an unacceptable cosmetic appear- 
ance. Treatment with phosphate binders seldom helps patients with 
HFTC but acetazolamide may be beneficial [77]. 
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Introduction 


Definition 
Inborn errors of immunity (IEI) have been traditionally defined 
as a group of inherited disorders resulting from defects in the 
immune system that lead to an increased susceptibility to infec- 
tion, manifest by recurrent, persistent or opportunistic infectious 
episodes. With a greater understanding of the immune system and 
normal immunological responses, it has become clear that defects 
in immune responses can also present with the following: 
¢ Susceptibility to single ubiquitous pathogens. 
e Autoimmune disease. 
e Autoinflammation. 
e Failure of the inflammatory response. 
e Failure of lymphocyte apoptosis following infection. 
Neoplasia. 
IEI are differentiated from secondary immunodeficiencies, which 
result from HIV infection, use of immunosuppressive drugs (e.g. 
biologics, chemotherapy agents, radiotherapy, ciclosporin, etc.), 
nutritional deficiencies, splenectomy, uraemia, protein-losing states 
such as enteropathy or nephrotic syndrome, hepatic failure or 
cirrhosis, metabolic disorders (e.g. diabetes), atopic eczema and 
autoimmune diseases (e.g. systemic lupus erythematosus (SLE)) 
and extremes of age. IEI represent ‘experiments of nature’ and the 
clinical phenotype can help demonstrate the function of a particular 
molecule in the human immune system. 

Given the complexity of disease, and wide variety of presen- 
tations, along with the specialised knowledge required to direct 
appropriate therapy, IEI patients are best cared for by physicians 


with a high level of specialisation and knowledge about the immune 
system, who are committed to an interdisciplinary approach. 


Epidemiology 

While each of the more than 450 genetic defects associated with IEI 
is extremely rare, IE] as a group are seen with increased frequency 
and have an estimated prevalence in Europe of 4.1/100 000 individ- 
uals [1]. 


Diagnosis 


Clinical features suggesting inborn errors 

of immunity 

Physiological susceptibility to infection is age dependent. While 
between 0 and 4 years of age, individuals experience almost five 
infections per year; this frequency decreases with increasing age 
from approximately three infections per year in the age group 5-19 
years and two infections per year between 20 and 39 years of age 
and 1.5 infections above the age of 40 years. Some IEI do not man- 
ifest before adulthood. The most common IEI in adults is common 
variable immunodeficiency (CVID), with a twin peak incidence at 
20-40 years of age and between 50 and 60 years of age. 

The physician needs to differentiate between physiological 
or pathological susceptibility to infection. In adults, it has been 
defined that more than three infections per year which require 
treatment (including antibiotics), and each of which lasts more 
than 4 weeks, are defined as pathological susceptibility to infection. 
Other clues for pathological susceptibility to infection are unusual 
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pathogens (e.g. pneumocystis), long duration of infection, unusual 
localisations (organ abscesses), unusually severe infection with 
common pathogens or recurring infections with the same infec- 
tious agent. Other manifestations of IEI include signs of immune 
dysregulation often referred to under the acronym of GARFIELD: 

¢ Granuloma. 

e Autoimmune disease. 

¢ Recurring Fever and chronic Inflammation. 

e Unusual Eczema. 

¢ Lymphoproliferation. 

¢ Chronic, inflammatory bowel Disease. 

The 10 Warning Signs of the Jeffrey Modell Foundation were pro- 
posed by an expert panel but were never validated prospectively. 
In a retrospective analysis in Great Britain, 430 children with IEI 
were tested for the predictive value of these warning signs. Only 
four signs had a positive predictive value (positive family history, 
more than 2 months of antibiotic treatment, failure to thrive, deeply 
seated abscesses). Thus, while they are used frequently in clinical 
practice, immunodeficiency should be considered even if the pre- 
sentation does not fulfil these warning signs: 

e Four or more new ear infections within 1 year (children), two or 
more new ear infections within 1 year (adults). 

e Two or more serious sinus infections within 1 year (in the absence 
of allergy, adults). 

e Two or more months of antibiotics with little effect (children). 

¢ Two or more pneumonias within 1 year (children), one pneumo- 
nia for more than 1 year (adults). 

¢ Failure of an infant to gain weight or grow normally. 

¢ Recurring deep skin or organ abscesses. 

¢ Persistent oro-pharyngeal Candida or fungal infection on the skin. 

¢ Need for intravenous antibiotics to clear infections. 

e Two or more deep-seated infections, including septicaemia. 

e Family history of IEI. 

Other warning signs include recurrent bacterial or fungal infec- 
tions, recurrent viral infections (e.g. herpes, warts, condylomata), in 
association with chronic diarrhoea with weight loss, one pneumonia 
per year for more than 1 year, lymphoreticular malignancy (e.g. lym- 
phoma in diseases of increased chromosomal breakage, intestinal 
lymphoma in CVID), syndromal aspects (e.g. DiGeorge syn- 
drome, autosomal dominant hyper-IgE syndrome), albinism (e.g. 
Chediak—Higashi syndrome) and a history suggestive of X-linked 
inheritance, or parental consanguinity. The type of microorganism 
involved, especially if atypical, should direct further investigation. 
In immunodeficient patients, cutaneous infections are either caused 
by microorganisms not usually pathogenic in normal individuals 
or follow a more severe course due to infection with a common 
microorganism as compared with those with normal immunity. 
Allergic/atopic manifestations are common in IEI and may be 
unusually severe. Autoimmune and malignant diseases, though 
not common, have an increased incidence. Photosensitivity rashes 
may be a particular feature in some disorders, for example in 
immunodeficiencies associated with DNA repair disorders. 

In some conditions, e.g. immunoglobulin A (IgA) deficiency, there 
may be a family history of collagen vascular or other immunopatho- 
logical disease. Older relatives who are carriers of an inherited 
immunodeficiency or who are affected by milder variants of 
primary immune defects may have autoimmune manifestations 


(e.g. mouth ulcers and SLE variant in chronic granulomatous dis- 
ease (CGD)) or have a history of malignant disease (lymphoma 
in X-linked lymphoproliferative disease (XLP) or Wiskott—Aldrich 
syndrome (WAS)). 


Infectious disease-related manifestations 

of inborn errors of immunity 

Furuncular lesions or abscesses can be an overlooked manifestation 
of an IEI. They are most characteristically seen in neutrophil dis- 
orders such as CGD, Chediak—Higashi syndrome, leukocyte adhe- 
sion deficiency and neutrophil-specific granule deficiency but also in 
STAT3-loss-of-function (autosomal dominant hyper-IgE syndrome) 
and antibody deficiencies such as X-linked agammaglobulinaemia 
(XLA) or in complement disorders. In these disorders it is, however, 
usual for infections of the skin to be accompanied by infection at 
other sites. 

Cutaneous and mucosal ulceration are features of several 
immunodeficiency states and are the hallmark of leukocyte adhe- 
sion deficiency. Although infection is believed to be the likely cause 
of skin ulceration, it can be difficult to identify the microorganisms 
responsible and the accumulation of neutrophils in small blood 
vessels to the point where blockage and tissue necrosis occur 
probably plays an important part in their genesis. Such ulcers 
are a characteristic feature of disorders featuring neutropenia, 
including congenital neutropenia, cyclical neutropenia and the 
Chediak—Higashi syndrome. Gradually extending cutaneous ulcers 
due to herpes simplex virus (HSV) are suggestive of T-lymphocyte 
defects but have also been reported in XLA. 

Unusually severe or extensive infections with HSV or varicella- 
zoster virus, including the haemorrhagic vesicles seen in haem- 
orrhagic chickenpox, are characteristic of T-lymphocyte defects. 
Bullous impetigo with clear blisters may be a presentation of neu- 
tropenia. A vesicular presentation of the hyper-IgE syndrome in 
infancy has been described. 

Ordinary viral warts are virtually never indicative of immuno- 
deficiency. However, exceptionally rapid growth of warts, excep- 
tionally large size or unusually extensive infections are suggestive 
of underlying defects of immunity [2]. Severe extensive persistent 
molluscum contagiosum is seen in similar disorders such as WAS, 
CD40 ligand deficiency and DOCK8 deficiency. 

Refractory mucosal and cutaneous Candida infections are a char- 
acteristic presenting sign of several immunodeficiency disorders, 
particularly severe combined immunodeficiency (SCID) and severe 
T-lymphocyte defects. Surprisingly, systemic Candida infections are 
rather rare in these conditions. Persistent mucosal and cutaneous 
Candida infection, which responds poorly to systemic treatment, 
suggests chronic mucocutaneous candidiasis. Invasive fungal 
infection is a hallmark of neutrophil deficiency [3]. 


Non-infectious non-specific manifestations 

of inborn errors of immunity 

Eczema is a characteristic cutaneous feature of some IEI such as 
WAS, and has been recorded as occurring, more frequently than 
one would expect, in various other disorders, including selective 
IgA deficiency, selective IgM deficiency, ataxia telangiectasia and 
combined immunodeficiencies. It is also typically seen with more 
complex immune dysfunction as in Comel—Netherton and related 


syndromes (Chapter 63) as well as in disorders associated with 
abnormal CARD-BCL-10-MALT1 signalling [4]. 

Morbilliform eruptions are sometimes caused by viral infections, 
as in other children, but in SCID they are quite frequently manifesta- 
tions of acute graft-versus-host reactions, due either to maternofetal 
engraftment or to engraftment of viable lymphocytes from a third 
party after the transfusion of non-irradiated blood products after 
birth. A rash may be seen after vaccination with live vaccines such 
as measles, mumps and rubella or varicella, in patients with severe 
T-lymphocyte immunodeficiency who develop disease. 

Petechiae, due to thrombocytopenia, are a highly characteristic 
feature of WAS and may also occur in Fanconi anaemia, dysker- 
atosis congenita, Schwachman-Diamond syndrome and_ the 
Chediak—Higashi syndrome. 

Vasculitic lesions may rarely be seen as an autoimmune man- 
ifestation and have been documented in XLP, autoimmune 
lymphoproliferative syndrome (ALPS) and immunodysregula- 
tion polyendocrinopathy enteropathy X-linked (IPEX) syndrome, 
as well as CVID. 

Ichthyosis can be seen in nuclear factor kB essential modulator 
mutation (NEMO) deficiency and Comél—Netherton syndrome. 

A combination of erythroderma of early onset with failure to 
thrive in early infancy is highly suggestive of immunodeficiency 
and often results from dysregulated activated T lymphocytes 
invading the skin. In some cases these are maternally derived 
and represent true graft-versus-host disease while in other cases 
aberrant clones of the infant’s own T lymphocytes cause a similar 
reaction which results in the condition known as Omenn syndrome, 
a ‘leaky’ form of SCID. 

Patients with primary immunodeficiencies can display indurated 
erythematous papules and plaques with central scaling, scarring, 
atrophy or ulceration, which demonstrated caseating granulomas 
histologically. The conditions in which these have been reported 
include common variable immunodeficiency, XLA, ataxia telang- 
iectasia, CGD, recombinase activating gene (RAG) deficiency and 
RNA component of mitochondrial RNA processing endoribonucle- 
ase (RMRP) deficiency [5]. In combined immunodeficiencies, these 
lesions have been associated with vaccine-derived rubella virus. 

As well as classic systemic and discoid lupus erythematosus, a 
syndrome resembling SLE from the cutaneous point of view, but 
having only very mild non-cutaneous manifestations, and either 
absent or very low-titre plasma antinuclear antibodies, has been 
described in patients with a variety of complement deficiencies, 
most commonly C2 deficiency but also C3, C4, Clq and C1 esterase 
inhibitor deficiency. In such patients, this syndrome can occasion- 
ally have its onset as early as the first year of life, and, because 
many of these patients are susceptible to certain infections, such as 
meningococcal meningitis, the association of a disorder resembling 
lupus erythematosus and recurrent infections of appropriate type 
is highly suggestive of a hereditary complement deficiency. 

There is an increased incidence of SLE in patients with IgA 
deficiency, and skin lesions closely resembling discoid lupus 
erythematosus have occurred in female carriers of the gene for 
X-linked CGD. 

Hypo- or hyperpigmented lesions are characteristic of a few 
inborn errors of immunity, particularly those with an underly- 
ing DNA repair disorder, such as Bloom syndrome or Nijmegen 


80.3 


Inborn errors of immunity with skin manifestations 


breakage syndrome. Hypopigmentation of the skin or hair is also 
characteristic of Chediak—Higashi and Griscelli syndromes. 


Diagnostic laboratory tests 
Genetic diagnosis is best directed in the context of clinical and labo- 
ratory immunological findings. Although whole exome sequencing 
is becoming cheaper and more easily accessible, in the absence of 
clinical and laboratory immunological information, interpretation 
of the data can be difficult. Simple immunological investigations 
are useful before more specialised investigations are performed: 
IgG, IgA, IgM and IgE, blood count and a differential leukocyte 
count are of paramount importance in screening for immuno- 
deficiency (e.g. neutropenia, lymphocytopenia, monocytopenia 
or eosinophilia may give important clues). In paediatrics, these 
values must be compared with age-related normal values. A titre of 
specific antibodies after vaccination indicates that there is sufficient 
B- and T-lymphocyte interaction as well as antibody production. 
Only rarely is there an indication to determine IgG subclasses; 
this is reserved for cases that show normal IgG but a classic pic- 
ture of humoral immunodeficiency. Flow cytometric analysis of 
lymphocyte subpopulations is an important tool for the clinical 
immunologist, performed in a specialised laboratory that is experi- 
enced in the interpretation of results obtained from patients with IEI. 
Functional tests of the immune system include tests for com- 
plement function (e.g. CH50, AP50), lymphocyte proliferation cell 
cycle (e.g. ataxia telangiectasia), cytotoxicity (immunodeficiencies 
with immune dysregulation), apoptosis (e.g. ALPS) and simulation 
of peripheral blood mononuclear cells with cytokines as well as 
calcium mobilisation assays. Genetic analyses and data can only be 
interpreted in the context of clinical and immunological findings, 
as finding a mutation does not necessarily imply that it is causing 
the disease. 


Management 

While a few IEI do not require specific treatment (e.g. selective 
IgA deficiency), others necessitate highly intensive treatment (e.g. 
haematopoietic stem cell transplantation or gene therapy for SCID, 
CGD and other IEI). In many IEI, regular immunoglobulin sub- 
stitution has changed the prognosis significantly, e.g. in CVID 
and agammaglobulinaemia. Once a sufficient IgG trough level is 
established, most infectious complications significantly diminish. 
Supportive treatment is key in some IEI (e.g. CGD: antibacterial and 
antifungal prophylaxis). Autoimmune or autoinflammatory com- 
plications may require immunosuppressive or immunomodulatory 
treatment (e.g. steroids in granulomatous organ disease, anti-CD20 
therapy in Epstein-Barr virus complications), or treatment with 
small molecule inhibitors (JAK inhibitors) or anticytokine therapies. 


Inborn errors of immunity with skin 
manifestations 


IEI are classified on a regular basis by an expert committee of the 
International Union of Immunological Societies (IUIS) [1]. IEI are 
classified as follows: 

e I: Combined immunodeficiencies. 
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features. 


e III: Predominantly antibody deficiencies. 
e IV: Diseases of immune dysregulation. 


e VI: Defects in intrinsic and innate immunity. 
e VII: Autoinflammatory disorders. 

e VIII: Complement deficiencies. 

e IX: Bone marrow failure. 
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Il: Combined immunodeficiencies with associated or syndromic 


V: Congenital defects of phagocyte number and function. 


The skin is a critical mechanical barrier, and a vital component 
of the innate immune system and the site where many innate and 
adaptive immune responses to infection are seen. It is not surprising 
therefore that skin infections and other dermatological manifes- 
tations are common features of IEI. It is estimated that almost 
50% of children who present with IEI have skin manifestations. In 
this chapter, we will not cover all of the more than 450 genetically 
defined IEI but will focus on IEI with prominent skin manifestations 
as well as manifestations affecting the hair, nails and sweat glands 
(Table 80.1). 


Table 80.1 Inborn errors of immunity with prominent skin manifestations as well as manifestations affecting the hair, nails and sweat glands (see text for definitions of abbreviations). 


Major immune 


Disease MIM Gene defect Major skin manifestations 

Severe combined immune deficiencies 

X-linked 300400 IL2RG SCID Bacterial, viral, fungal skin infection, BCG nodules 

JAK3-deficient 600173 JAK3 SCID Bacterial, viral, fungal skin infection, BCG nodules 

IL7Ra-deficient 146661 IL7Ra SCID Bacterial, viral, fungal skin infection, BCG nodules 

ADA-deficient 608958 ADA SCID Bacterial, viral, fungal skin infection, BCG nodules 

Dermatofibrosarcoma protuberans 

Artemis-deficient 602450 DCLRE1C SCID Bacterial, viral, fungal skin infection, BCG nodules 

RAG 1-deficient 601457 RAG1 SCID/CID Bacterial, viral, fungal skin infection, BCG nodules, 
occasionally granuloma 

RAG2-deficient 179616 RAG2 SCID/CID Bacterial, viral, fungal skin infection, BCG nodules 

Occasionally granuloma 

ORAI-1 610277 ORAI1 SCID Ectodermal dysplasia 

STIM-1 605921 STIM1 SCID Ectodermal dysplasia 

FOXN1 601705 FOXN1 SCID Congenital alopecia, nail dystrophy 

DiGeorge syndrome 188400 TBX1 SCID/CID/Omenn Omenn features, autoimmune vitiligo 

CHARGE syndrome 214800 CHD7 SCID/CID/Omenn Omenn features, autoimmune vitiligo 

Omenn syndrome 603554 Commonly RAG1/2, but other SCID/CID Erythroderma, alopecia, lymphadenopathy 

SCID genes described 

Combined immune deficiencies 

Wiskott—Aldrich syndrome 301000 WAS CID Eczema, petechiae, bruising, severe molluscum 
contagiosum and varicella-zoster infection 

DOCK8 deficiency 243700 DOCK8 CID Atopic eczema, extensive, disfiguring, concurrently 
occurring cutaneous herpes simplex virus, human 
papillomavirus, molluscum contagiosum and 
varicella-zoster virus infections 

X-linked hyper-lgM syndrome 308230 CD40LG CID Oral ulceration. Severe cutaneous Pseudomonas 
aeruginosa infections 

CD40 deficiency 606843 CD40 CID Oral ulceration. Severe cutaneous Pseudomonas 
aeruginosa infections 

MHC class | deficiency 604571 TAP1, TAP2, TAPBP CID Necrotising granulomatous skin lesions, located on the 
extremities and midface 

X-linked lymphoproliferative 300490 SH2D1A CID Vasculitis, polyarteritis nodosa 

syndrome 

X-linked inhibitor of apoptosis 300079 BIRC4 CID Fistulating skin abscesses 

Comél-Netherton syndrome 256500 SPINKS CID Trichorrhexis invaginata, ichthyosiform erythroderma 
and atopic eczema 

Cartilage hair hypoplasia 250250 RMRP CID/SCID Sparse, thin hair, alopecia, short-limbed dwarfism, skin 
carcinoma, rarely cutaneous granulomas 

DNA repair defects 

Ataxia telangiectasia 607585 ATM CID Telangiectasia, café-au-lait spots, granulomas (some 
patients) 

Nijmegen breakage syndrome 602667 NBS1 CID Microcephaly, photosensitivity, psoriatic-like lesions and 
hypo- or hyperpigmented lesions 

LIG4 syndrome 606593 LIG4 CID/SCID Photosensitivity, psoriatic-like lesions and hypo- or 


hyperpigmented lesions 
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Table 80.1 (continued) 


Major immune 


Disease MIM Gene defect Major skin manifestations 
SCID with microcephaly, growth 611291 NHEJ1 CID/SCID Photosensitivity, psoriatic-like lesions and hypo- 
retardation and sensitivity to or hyperpigmented lesions 
ionising radiation 
Bloom syndrome 604610 BLM CID Photosensitivity, malar rash 
Immunodeficiency, centromeric 242860 DNMT3B, ZBTB24 CID Extensive cutaneous warts and fungal infections 
instability, facial anomalies 
(ICF) syndrome 
Dyskeratosis congenita 305000, 127550, 613989, DKC1, TERC, TERT, TINF2, CID Leukoplakia, oral ulceration and reticulated 
604319, 606471, 613987, NOP10, NHP2, hyperpigmentation, palmar hyperkeratosis, 
604173, 613988, 612199, C160rf57, TCAB1, CTC, perioral reticular hyperpigmentation, nail 
615190 RETL1 dystrophy 
Fanconi anaemia 227650, 300514, 227615, FANCA, FANCB, FANCC, CID Cutaneous macular brownish 
605724, 227646, 600901, BRCA2, FANCD2, hyperpigmentation, resembling freckles in 
603467, 614082, 609053, FANCE, FANCFE FANCG, sun-exposed areas or more diffusely. Guttate 
609054, 614083, 614087, FANCI, BRIP1, FANCL, macular hypopigmentation. 
610832, 613390, 613951, FANCM, PALB2, Hypopigmentation and café-au-lait spots 
615272 RAD51C, SLX4, ERCC4 
Antibody deficiencies 
X-linked agammaglobulinaemia 300755 BTK Antibody deficiency Skin sepsis, Stevens-Johnson syndrome, vitiligo, U 
alopecia areata = 
Autosomal recessive 601495, 613500, 613501, IGHM, IGLL, CD79A, BLNK, Antibody deficiency Skin sepsis Lu 
agammaglobulinaemia 613502, 613506, 612692, LRCC8, CD79B, PIK3R1 za 
615214 Ld 
PIK3CD 602839 PIK3CD Antibody deficiency Skin, salivary gland, lacrimal gland, dental 0 


Common variable 
immunodeficiency 


607594, 240500, 613493, 


613494, 613495, 613496, 
614699, 614700, 615577, 


ICOS, TNFRSF13B, CD19, 
TNFRSF13C, MS4A1, 
CD81, CR2, LRBA, 


CID, autoimmunity 


abscess, orbital cellulitis 

Vitiligo, eczema, vasculitis, petechiae, skin 
infections, sarcoid-like skin granulomas, 
dermatomyositis, SLE 
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615767 NFKB2, L217 
Immune dysregulation 
Chediak—Higashi syndrome 214500 LYST Immune deficiency Oculocutaneous albinism, partial albinism 
with albinism 
Griscelli syndrome type 2 607624 RAB27A Immune deficiency Pigmentary dilution of skin, silvery-grey hair, 
with albinism cytophagic histiocytic panniculitis 
Hermansky—Pudlak syndrome 608233 AP3B1 Immune deficiency Oculocutaneous albinism with neutropenia 
type 2 with albinism 
Immunodysregulation, 304790 FOXP3 Neonatal exanthema or eczema often with 
polyendocrinopathy, early-onset insulin-dependent diabetes, 
enteropathy, X-linked (IPEX) autoimmune enteropathy 
syndrome 
Autoimmune lymphoproliferative 601859, 603909, 607271 FASLG, TNFRSF6, CASP70, Rarely linear IgA disease, vasculitis and 
syndrome CASP8 urticarial — more usually lymphadenopathy 
Phagocytic defects 


Chronic granulomatous disease 


306400, 233700, 233690, 
233710, 613960 


CYBB, NCF1, CYBA, NCF2, 
NCF4 


Functional phagocytic 
defect 


Neonatal pustulosis, non-specific, impetiginised 
periorificial rash, impetiginised or 
ecthymatous broken skin followed by nodular 
lesions forming necrotic ulcers. Translucent 
papular lesions around the nose, eyes, lips 
and cheeks. Subcutaneous nodules at 
immunisation sites, which ulcerate. Poor 
healing of surgical wounds. Perianal 
abscesses, chronic suppurative paronychia, 
scalp folliculitis, ulcerative stomatitis 


(continued) 
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Disease 


Congenital neutropenia 


Neutrophil adhesion defects 
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MIM 


202700, 610738, 612541, 


615285, 616022, 232220, 
600871, 245000, 604173, 


300299 
116920, 266265, 612840 


Gene 

ELANE, HAX1, G6PC3, 
VPS45A, JAGN1, GFI1, 
GSD1b, CTSG WAS 


ITGB2, SLC35C1, KIND3 


Major immune 
defect 


Neutrophil 
differentiation 
defect 


Neutrophil migration 
defect 


Major skin manifestations 


Omphalitis, skin abscesses, oral ulceration, gingivitis 
and early loss of permanent teeth 


Delayed umbilical cord separation, omphalitis, 
rapidly progressive erosive perianal ulcers, 
gingivitis, ulcerative stomatitis, periodontitis, 
inflammatory lesions affecting the skin and 
resembling pyoderma gangrenosum 


Defects in innate immunity 
NF-«B pathway-related 
immunodeficiencies 


Toll-like receptor pathway defects 


Warts, 


hypogammaglobulinaemia, 


infections, myelokathexis 
(WHIM) syndrome 


Epidermodysplasia verruciformis 


Autosomal dominant hyper-IgE 


syndrome 


Chronic mucocutaneous 
candidiasis 


300291, 164008 


607676, 612260 
193670 


226400 


147060 


240300, 212050, 607644, 


613108, 613953, 613956, 


IKBKG, IKBKA 


IRAK4, MYD88 
CXCR4 


TMC6 
TMC8& 
CIB1 


STAT3 


AIRE, CARD9, CANDN1, 
CLECZA, IL17RA, IL17F 


Sparse scalp hair, conical teeth, absent sweat glands 


Skin sepsis 

Severe, generalised verrucosis, involving all 
cutaneous and mucosal tissues, associated with 
hypogammaglobulinaemia and neutropenia 


Similar to WHIM syndrome with increased 
susceptibility to human papillomavirus infections 
manifesting as widespread flat warts and 
pityriasis versicolor-like lesions. Verrucous skin 
carcinomas, neutropenia and 
hypogammaglobulinaemia are not features 

Chronic dermatitis and repeated lung and skin 
infections, a non-specific, excoriated, papular 
and pustular eruption in infancy, over scalp, scalp 
margins, buttocks and proximal flexures, 
furunculosis and staphylococcal lung infections. 
Oral candidiasis and Candida nail infections are 
common 

Ectodermal dystrophy with onychomycosis, 
superficial chronic mucocutaneous candidiasis 


614162 gain-of-function STAT1 affecting particularly oro-pharyngeal mucosa and 

the perineal region 

Autoinflammatory diseases See Table 80.2 

Complement diseases 

Clq 613652 C1QA, C1QB, C1QC Systemic lupus erythematosus, recurrent skin lesions 

Ctr 216950 CIR Lupus-like symptoms 

C1s 613783 c1s Systemic lupus erythematosus 

C2 217000 C2 Henoch-Schonlein purpura, systemic lupus 
erythematosus, polyarteritis, polymyositis, 
vasculitis 

G3 613779 G Recurrent bacterial infections, particularly with 
encapsulated bacteria, systemic lupus 
erythematosus 

C4 614380 614379 C4A Systemic lupus erythematosus, Henoch-Schénlein 

C4B purpura 
Bacterial meningitis 

cs 609536 C5 Systemic lupus erythematosus, neisserial infection 

C6 612446 C6 Meningococcal infection 

C7 610102 C7 Recurrent meningococcal infection, pyoderma 
gangrenosum 

c8 613790 120690 C8A C8B Recurrent neisserial infection 

cg 613825 co Systemic meningococcal infection 

C1 esterase inhibitor 106100 C1NH Episodic local subcutaneous oedema, rarely systemic 
lupus erythematosus 

Factor H 609814 HF1 Recurrent bacterial infection, atypical haemolytic 
uraemic syndrome 

Factor | 610984 CFI Recurrent bacterial infection, atypical haemolytic 


uraemic syndrome, rarely systemic lupus 
erythematosus 


Combined immunodeficiencies 

Severe combined immunodeficiency 

SCID comprises over 20 genetic subtypes in all of which T-lympho- 
cyte activity is compromised by either a lack of development or 
function of mature T lymphocytes. Moreover, B-lymphocyte activ- 
ity and antibody production are severely impaired. Classic clinical 
manifestations are recurrent severe infections, chronic diarrhoea 
and associated failure to thrive. Unless haematopoietic stem cell 
transplantation (or, in selected diseases, gene therapy or thymic 
transplantation) is performed, children die within the first months 
of life. The skin manifestations of SCID may be one of the clues to 
clinical diagnosis. 


Skin manifestations are multiple in SCID 

Due to the decreased barrier function of the skin and the lack of 
adaptive immunity in SCID patients, skin infections can be very 
severe and ulcerating. A common finding in patients for whom 
the diagnosis is delayed is deep skin ulceration in the diaper area 
infected by Gram-negative bacteria or fungi (Figure 80.1). With 
the introduction in many countries of the live attenuated rotavirus 
infection, prolonged diarrhoea with subsequent localised skin 
inflammation has become more common. 


Chronic oro-perineal candidiasis 

Due to the T-lymphocyte deficiency, sometimes associated with 
natural killer (NK) cell deficiency, persistent cutaneous Candida 
infection may be found, particularly affecting the oropharynx or 
perineal region. 


Erythroderma 

A morbilliform rash with fever, evolving into a red exfoliating 
protein-losing rash, which becomes a confluent erythema, may 
be due to graft-versus-host disease. While conventionally this 
is a complication of posthaematopoietic stem cell transplanta- 
tion, in patients who have severe T-lymphocyte immunodefi- 
ciency, non-host T-lymphocytes can cause severe, often fatal 


Figure 80.1 Ulcerated perineal region in an infant with severe combined 
immunodeficiency. 
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Figure 80.2 Maternofetal graft-versus-host disease in an infant with JAK3-deficient 
severe combined immunodeficiency. 


Figure 80.3 Omenn syndrome, with characteristic erythroderma and alopecia. 


graft-versus-host disease. This is most commonly found following 
engraftment of transplacental maternal T lymphocytes (Figure 80.2), 
but transfusion of non-irradiated blood products may also transfer 
immune-competent HLA-reactive T lymphocytes. Histological 
examination will confirm the diagnosis, and genetic fingerprint- 
ing of circulating lymphocytes may help determine the origin of 
the cells. 

Omenn syndrome is characterised by a generalised thickened ery- 
thematous rash, often with scaling and erythroderma [6]. The initial 
appearances may be papular, becoming confluent, and the skin 
often becomes thickened with a ‘leathery’ consistency. Hair, includ- 
ing the eyebrows, is often lost as the rash evolves (Figure 80.3). 
The rash may be present at birth or evolve over the first few weeks 
of life. There is also lymphadenopathy, particularly of the axillary 
and inguinal nodes, as well as increased serum IgE levels with a 
marked eosinophilia and combined immunodeficiency. Children 
usually present in early infancy but may present later in the first 
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year of life and suffer from diarrhoea, failure to thrive and persistent 
infection as seen in other forms of SCID. There are abnormally high 
numbers of activated oligoclonal poorly functional T lymphocytes, 
which have a restricted VB repertoire, and there are high levels 
of circulating inflammatory cytokines. Peripheral B-lymphocyte 
numbers are low or absent, as are levels of immunoglobulin classes 
other than IgE. The clinical picture may resemble SCID with mater- 
nofetal engraftment. Histology of the skin shows a dense dermal 
perivascular lymphohistiocytic infiltrate, comprising activated T 
lymphocytes, with numerous eosinophils. 5100-positive Langer- 
hans cells are usually absent and there is no epidermotropism. 
Lymph node architecture is disordered, being replaced by a mas- 
sive infiltrate of S100-positive interdigitating reticulum cells with 
absence of germinal centres, absent B lymphocytes and paucity of T 
lymphocytes. Activated oligoclonal lymphocytes in skin seemingly 
provoke Langerhans cells to migrate to lymph nodes, liver and 
spleen where lymphoid tissue architecture is severely disrupted. 
Molecular genetic studies to identify the origin of the T lymphocytes 
in the blood (maternal or autologous) will differentiate between 
Omenn syndrome and _ graft-versus-host reaction. Calcineurin 
inhibitors and interferon y may ameliorate the clinical symptoms, 
but haematopoietic stem cell transplantation is the only curative 
treatment. 


Granulomatous skin lesions 

Granulomas may occur in the skin and present in a livedo-like 
fashion [5]. These skin granulomas have been observed in different 
IEI, including atypical SCID, where residual function of autolo- 
gous T and B lymphocytes is retained. Histopathologically, these 
granulomas are epitheloid and non-caseating (Figure 80.4). 


Bacille Calmette—Guérin infection 

In certain geographical areas, infants with SCID may receive the 
live attenuated bacille Calmette-Guérin (BCG) vaccine in the first 
week of life, before the immunological diagnosis is considered. 
Surprisingly, in many the infection is latent, but a few present 


Figure 80.4 Inflammatory granulomatous skin lesions in a child with atypical severe 
combined immunodeficiency. 


i= 


Figure 80.5 Cutaneous lesion in a child with severe combined immunodeficiency who 
had been immunised with the live bacille Calmette—Guérin (BCG) vaccine. On biopsy, 
acid-fast bacilli were seen, and BCG strain mycobacteria were subsequently isolated. 


with disseminated BCG, which can affect many organs and may 

manifest on the skin as discrete nodules, which upon biopsy will 

be found to contain acid-fast bacilli (Figure 80.5). Many of these 
lesions become inflamed following transplantation, as effective 

T-lymphocyte immunity is established, and may progress to form 

draining abscesses, particularly over lymph nodes, often associated 

with fever. 
Some particular SCID genotypes are associated with specific skin 
manifestations in addition to the ones already described: 

e Adenosine deaminase (ADA) deficiency: these patients suffer 
from a rare malignant skin tumour, dermatofibrosarcoma protu- 
berans, which is not prevented by curative treatment, and may 
occur after successful haematopoietic transplantation or gene 
therapy. In addition, skeletal abnormalities (cupping deformities 
of the ends of the ribs, as well as abnormalities of the transverse 
vertebral processes and the scapulae) are reported in up to 50% 
of cases of ADA deficiency. 

¢ Calcium-channel deficiencies (ORAI-1, STIM-1): some patients 
have ectodermal dysplasia and myopathy. 

e Winged helix deficiency (nude phenotype —- FOXN1): this form of 
SCID is associated with congenital alopecia and nail dystrophy. 

e Complete DiGeorge syndrome and CHARGE syndrome: 
DiGeorge syndrome is a relatively common (1/4000) syn- 
drome, classically with cardiac anomalies, hypoplastic thymus 
and hypocalcemia as well as typical facial dysmorphic features. 
CHARGE syndrome is a related disorder, with cardiac and 
oesophageal anomalies. In both cases, the complete form of the 
syndrome results in thymic aplasia and absence of T lympho- 
cytes. Skin manifestations consist of an eczematous dermatitis 


with lymphadenopathy, similar to Omenn syndrome. In the 
partial forms of the disease, with some but a diminished number 
of T lymphocytes, autoimmune phenomena may include vitiligo. 


Other combined immunodeficiencies 

Wiskott-Aldrich syndrome 

Immunodeficiency, thrombocytopenia, eczema and an increased 
risk of autoimmune disorders and malignancy characterise this 
X-linked recessive condition. The gene responsible for coding for 
the Wiskott-Aldrich syndrome protein (WASP) is only found in 
bone marrow derived cells and is essential for actin cytoskele- 
ton polymerisation and consequently the correct assembly of 
cell surface receptors as well as cell movement. Patients who do 
express WASP, albeit in defective form, have a milder phenotype, 
known as X-linked thrombocytopenia, which is characterised by 
thrombocytopenia and bleeding tendency, but without eczema or 
immunodeficiency. Missense mutations in exons 1-3 lead to normal 
protein, whereas most other mutations result in the absence of 
WASP. Patients who do not express WASP at all usually exhibit the 
classic triad of thrombocytopenia, recurrent infections and eczema 
(Figure 80.6) but these vary in severity and in some patients the 
eczema is surprisingly mild. In general, it is indistinguishable from 
atopic eczema apart from the characteristic presence of purpura 
and bleeding from excoriation in many patients. The condition 
usually presents in early childhood with bruising, petechiae and 
bleeding; thrombocytopenia and bleeding episodes may require 
platelet transfusions. Herpesviruses, including herpes simplex and 
varicella-zoster virus, are poorly handled and may cause severe 
and recurrent disease. Impetigo, cellulitis and skin abscesses are 
surprisingly common, molluscum contagiosum and viral warts 


Figure 80.6 Severe eczema in a child with Wiskott-Aldrich syndrome. 
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may be very extensive and together with excessive bruising help 
to clinically distinguish WAS from uncomplicated eczema. Indeed, 
very extensive molluscum contagiosum is quite characteristic of 
WAS. Infection exacerbates the bleeding tendency and early death 
may result from bleeding. With increasing age, infectious complica- 
tions replace bleeding as the major cause of death. Autoimmunity, 
particularly autoimmune haemolytic anaemia and vasculitis, and 
malignancy, particularly of the lymphoreticular system, become 
more common with increasing age and in many cases are related 
to abnormal persistence of Epstein-Barr viral infection. Thrombo- 
cytopenia with an abnormally small mean platelet volume (<5 fL) 
is pathognomonic. The severity of immunodeficiency is variable 
but progresses with age and affects cellular and humoral responses. 
Acute bleeding episodes may be controlled by platelet transfusions 
(irradiated to prevent graft-versus-host disease). Splenectomy and 
systemic steroids should be avoided if possible as they will increase 
the risk of infection and death. Topical steroids are required for the 
eczema. Intravenous immunoglobulin, with or without prophylac- 
tic antibiotics, reduces bacterial sinopulmonary infections and in 
high dose may help treat autoimmune phenomena. With only these 
supportive measures, the prognosis remains poor. Immunological 
and haematological reconstitution can be achieved by haematopoi- 
etic stem cell transplantation (HSCT) and despite a higher risk of 
Epstein-Barr virus driven lymphoproliferative disorders, results are 
good with a 5-year overall survival of 90% in transplants performed 
since 2000 [7]. 


DOCKS8 deficiency 

Mutations in dedicator of cytokinesis 8 (DOCK8) cause an auto- 
somal recessive combined immunodeficiency with hyper-IgE. 
Cutaneous features include atopic eczema. The most signifi- 
cant feature of DOCKS deficiency is susceptibility to extensive, 
disfiguring, concurrently occurring cutaneous viral infections, par- 
ticularly HSV, human papillomavirus, molluscum contagiosum and 
varicella-zoster virus [8] (Figure 80.7). There are also Staphylococcus 
aureus skin abscesses and soft-tissue infections. Other invasive 
infections are described including recurrent sinopulmonary infec- 
tion and meningitis from a wide spectrum of Gram-positive and 
Gram-negative bacteria, and intracellular fungi, such as Histoplasma 
capsulatum. Mucocutaneous candidiasis and recurrent gastro- 
intestinal tract infections are common. Patients can also suffer from 
severe and extensive food allergies. Increased serum IgE levels 
and eosinophilia are found. Patients with DOCK8 deficiency are at 
high risk of developing malignancies, particularly lymphomas and 
squamous carcinomas. HSCT is curative. 


CD40 ligand and CD40 deficiencies 

Skin manifestations are related to the coexisting neutropenia and 
include oral ulceration. Severe cutaneous infections, particularly 
due to Pseudomonas aeruginosa, may occur. 


OX40 deficiency 

The T-lymphocyte co-stimulatory receptor OX40, one of the tumour 
necrosis factor superfamily proteins, enhances T-lymphocyte 
receptor-induced responses. It is expressed on many activated T 
lymphocytes, including CD8+ T-lymphocytes, and CD4+ T lym- 
phocyte subtypes: T};1, Ty2 and T,,17 and CD4+ Foxp3+ Tregs. 
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Figure 80.7 Severe molluscum contagiosum in a child with DOCK8 deficiency. 


Loss-of-function mutations in OX40, described in only one patient 
to date, caused HHV8-associated Kaposi sarcoma. Given the high 
level of OX40 expressed in Kaposi sarcoma, OX40 deficiency may 
be selectively susceptible to this complication of HHV8 infection. 


Major histocompatibility complex class I deficiency 
Clinically, this disease has a milder phenotype than major histo- 
compatibility complex (MHC) II deficiency with symptoms often 
not beginning until late childhood and is caused by deficiencies in 
the transporter associated with antigen processing (TAP) 1 or 2, or 
TAP-binding proteins. Recurrent respiratory tract infections leading 
to bronchiectasis and sinus problems are common. Gastrointestinal 
disease is rare. The most striking clinical manifestation is necrotising 
granulomatous skin lesions, which are located on the extremities 
(Figure 80.8) and also in the midface. The lesion begins with a small 
pustule or subcutaneous module, which slowly expands and ulcer- 
ates. The lesions are slow to heal, and usually leave hyperpigmented 
scars. Midface lesions can be particularly mutilating and resemble 
midline granuloma. Diagnosis is confirmed by showing absent 
HLA class I expression in peripheral blood. Treatment is directed 
towards prevention/limitation of lung disease with judicious use 
of antibiotics (directed by sputum cultures), and physiotherapy and 
bronchodilators as required. Prophylactic continuous antibiotics are 
of unproven benefit but may be helpful. 


X-linked lymphoproliferative diseases 

An X-linked immunodeficiency associated with fulminant fatal 
Epstein-Barr virus-driven infectious mononucleosis was first 
recognised in the Duncan kindred, a large midwestern American 
family in which six boys were affected, and after whom the disease 
was originally named (Duncan disease). There are three common 
clinical presentations: fulminant infectious mononucleosis (58%), 
dysgammaglobulinaemia, often evolving to CVID (31%), and 


Figure 80.8 Sterile necrotising granulomatous lesion on the knee of a patient with 
TAP1 deficiency. 


Epstein-Barr virus-driven B lymphoma, usually extranodal, and 
affecting the gastrointestinal tract or central nervous system (20%). 
Less commonly, patients present with vasculitis, aplastic anaemia, 
haemophagocytic lymphohistiocytosis, pulmonary lymphomatoid 
granulomatosis or vasculitis. Few cases of XLP-associated vasculitis 
have been published (Figure 80.9). Polyarteritis nodosa-like vasculi- 
tis has been reported. Vasculitic changes in small and medium-sized 
muscular arteries have also been reported. A clinical picture of 
polyarteritis nodosa in a boy with marked lymphadenopathy, ery- 
throphagocytosis or recent infection should raise suspicion of this 
disease. 

The prognosis is poor with a high risk of death during ini- 
tial Epstein-Barr virus infection and no recorded survivors 
after 40 years of age. Most patients are well until infected with 
Epstein-Barr virus, although other viruses may act as triggers. 
Confirmation of the diagnosis involves demonstrating Epstein-Barr 
virus genome in blood by polymerase chain reaction, together with 
immune defects outlined earlier and an abnormal response to the 
Epstein-Barr virus with absent antibody response to Epstein-Barr 
nuclear antigen (EBNA). Haemophagocytic lymphohistiocytic 
(HLH) episodes are treated as per the HLH 2004 protocol, a combi- 
nation of dexamethasone, etoposide and intrathecal methotrexate if 
there is evidence of central nervous system disease, and immuno- 
suppression with ciclosporin; intravenous immunoglobulin is 
beneficial particularly when hypogammaglobulinaemia is present. 


Figure 80.9 Vasculitis in a boy with X-linked lymphoproliferative disease. 


X-linked lymphoproliferative disease II, known as XIAP due to 
X-linked inhibitor of apoptosis protein defects, is due to mutations 
in BIRC4. Patients also present with HLH, but other symptoms 
include inflammatory bowel disease, isolated splenomegaly and 
fistulating skin abscesses. HSCT is the only curative treatment for 
either genetic defect. 


Combined immunodeficiencies with associated or 
syndromic features 

DNA repair defects (Chapter 76) 

These include ataxia telangiectasia, Nijmegen breakage syndrome, 
ligase 4 (LIG4) syndrome and SCID with microcephaly, growth 
retardation and sensitivity to ionising radiation (Cernunnos—XLF 
deficiency), Bloom syndrome, and immunodeficiency, centromeric 
instability-facial anomalies (ICF) syndrome. Patients with ataxia 
telangiectasia usually present with gait abnormalities before the 
development of characteristic telangiectasias, which usually appear 
first on the bulbar conjunctivae (Figure 80.10) but later elsewhere, 
particularly on the nose, ears and in the antecubital and popliteal 
fossae. The other DNA repair disorders are associated with facial 
dysmorphism and often with small stature. Microcephaly is 
typically a feature. Skin manifestations include photosensitiv- 
ity, psoriatic-like lesions and hypo- or hyperpigmented lesions 
(Figure 80.11). Patients are at increased risk of developing lym- 
phoreticular malignancy. Extensive warts or spreading cutaneous 
fungal infection are features of ICF syndrome (Figure 80.12). 


Comel-Netherton syndrome (Chapter 63) 
Patients with Comel—Netherton syndrome, due to mutations in 
SPINK5 encoding the serine protease inhibitor LEKTI, present 
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Figure 80.10 Bulbar telangiectasia in a patient with ataxia telangiectasia. 


Figure 80.11 Hyperpigmented area on the back of a patient with Bloom syndrome. 


with a triad of generalised infantile ichthyosiform erythroderma 
and atopic diathesis, diarrhoea and failure to thrive, which may 
be associated with a variable immunodeficiency including mild 
lymphopenia and polysaccharide antibody deficiency. The clinical 
features may resemble those seen in Omenn syndrome or SCID 
with maternofetal engraftment, erythroderma and ichthyosis char- 
acterised by abnormal cornification, dryness and fish-like scaling 
of the skin. Hair shaft abnormalities (trichorrhexis invaginata or 
bamboo hair) are diagnostic but may not be seen until several 
months of age. Distinguishing these entities is important as the 
other conditions are treated by haematopoietic stem cell transplan- 
tation, whereas Comél—Netherton syndrome is generally treated 
with conservative measures. Squamous cell carcinoma has been 
described in Comél-Netherton syndrome. 


Cartilage hair hypoplasia 

This is an autosomal recessive T-lymphocyte deficiency, usually 
associated with short-limbed dwarfism and alopecia. Character- 
istically, the hair of the scalp, eyebrows and eyelashes is sparse 
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Figure 80.12 Extensive digital fungal infection in immunodeficiency, centromeric 
instability, facial dysmorphism syndrome. 


and upon hair microscopy there are characteristic findings of a 
lack of a central pigmented core. Cartilage hair hypoplasia, the 
best described of the immuno-osteochondrodysplasias, inherited 
in an autosomal recessive manner, is associated with mutations 
in RMRP, which encodes endoribonuclease RNase MRP. Severe 
short-limbed short stature (-11.8 SD to 2.1 SD) with X-ray appear- 
ances of metaphyseal and spondyloepiphyseal dysplasia are 
characteristic, although not always present, and most patients have 
sparse light hair. Severe anaemia and Hirschsprung disease are 
less common but well-recognised associations, as are malignancies, 
notably lymphoma and skin carcinoma. Cutaneous granulomatous 
lesions are also described. The immunodeficiency is surprisingly 
variable; most patients have T-lymphopenia, and impaired in vitro 
mitogen proliferative responses, but although half suffer from 
recurrent infections, a SCID-like presentation is well recognised. 
Patients are excessively vulnerable to viral infections, particularly 
varicella-zoster virus, Epstein-Barr virus and other human her- 
pesvirus infections, and the risk of infective death is 300 times 
greater than normal. This condition should be considered in any 
child with severe chickenpox or herpes simplex infections who is 
short and has fine sparse hair. Severely affected patients should 
be assessed for HSCT, which has been successful in correcting the 
immunodeficiency. 


Dyskeratosis congenita (Chapters 67 and 75) 

Dyskeratosis congenita (DC) presents with recurrent infections, 
digestive tract involvement and pancytopenia. Cutaneous mani- 
festations include leukoplakia, oral ulceration and _ reticulated 
hyperpigmentation, primarily in the regions of the neck, upper 
thorax and upper extremities. Some patients present with palmar 
hyperkeratosis and a characteristic perioral reticular hyperpig- 
mentation (Figure 80.13). Nail dystrophy is typical and begins 
with longitudinal striations, increasing brittleness, deformation, 
onychoclasis and nail loss. Other cutaneous features include 
palmar and plantar hyperhidrosis, blistering, acrocyanosis and 
alopecia with sparse scalp hair and eyelashes. Mutations have 
been described in dyskerin (DKC1), NOLA2, NOLA3, TERC, TERT 


Figure 80.13 Characteristic perioral reticular hyperpigmentation in dyskeratosis 
congenita. 


as well as in TINF2, ACD, RTEL1 and WRAP53, which code for 
proteins essential for telomere maintenance. A particularly severe 
variant of DC, Hoyeraal—Hreidarsson syndrome, is characterised by 
microcephaly, cerebellar hypoplasia, aplastic anaemia and growth 
retardation as well as a progressive combined immunodeficiency, 
with hypogammaglobulinaemia and lymphopenia. 


Fanconi anaemia (Chapter 76) 

Fanconi anaemia is a chromosomal instability disorder characterised 
by developmental defects, progressive bone marrow failure and 
cancer susceptibility. Children with Fanconi anaemia are generally 
small and elfin-like with a history of low birth weight. The major 
clinical manifestation of Fanconi syndrome is progressive bone 
marrow failure during childhood and adolescence. Easy bruising is 
a common presenting symptom, most often apparent between the 
ages of 4 and 10 years. In addition to thrombocytopenia, anaemia 
and leukopenia are frequent, and the bone marrow is aplastic. 

The principal skeletal abnormality is absence or hypoplasia of at 
least one of the thumbs; hypoplasia or absence of the radius is also 
common. Structural renal abnormalities, endocrinopathies, genital 
hypoplasia, microcephaly and microphthalmia are other common 
features. 

Cutaneous hyperpigmentation is characteristic. Macular brown- 
ish pigmentation is typical, either resembling freckles and occurring 
mainly in sun-exposed areas, or more diffusely in which case the 
abdomen, genital area and flexures appear to be predominantly 
affected. Guttate macular hypopigmentation is often also present 
in affected areas. Hypopigmentation and café-au-lait spots are 
reported. Persistent and exceptionally severe viral wart infection 
can occur. 

There is a high risk of leukaemia and other malignancies in these 
children, probably due to the structural instability of chromosomes 
observed in Fanconi anaemia, which leads to a high frequency of 
chromosomal breaks and rearrangements. 

Over 20 genes associated with Fanconi anaemia have been 
described to date. The Fanconi proteins are important for the repair 
of DNA cross-linking damage and some interact with other DNA 
repair pathways. The outlook for untreated patients with Fanconi 
anaemia is poor, with death usually occurring within a few years 
of the first signs of marrow failure. Initially, bone marrow function 
can be stimulated with corticosteroids and with the androgenic 


steroid oxymethalone. HSCT has been used successfully to treat 
patients, but care must be taken to avoid the use of alkylating 
agents in pretransplant conditioning. Patients are at increased risk 
of secondary malignancy post-transplantation. 


Antibody deficiencies 

X-linked agammaglobulinaemia (Bruton disease) 

First described by Bruton in 1952, this X-linked defect prevents 
B-lymphocyte development beyond the pre-B-lymphocyte stage. 
It is caused by mutations in a gene that encodes a cytoplasmic 
enzyme, Bruton tyrosine kinase (BTK). Classically, affected boys 
demonstrate absence or severe depletion of all serum immunoglob- 
ulin classes, and antibody responses to vaccines are absent. There 
are normal numbers of T lymphocytes, but no B lymphocytes in 
peripheral blood, although pre-B lymphocytes (containing cyto- 
plasmic p: chains) are found in bone marrow. Lymph nodes show 
absent follicles and germinal centres, and plasma cells cannot be 
demonstrated at any site. The diagnosis can be rapidly confirmed 
by demonstrating the absence of the BTK protein in cell lysates. 
Since the molecular basis has been defined, milder phenotypes 
have been recognised where some antibody function is present. 
Typically, recurrent pyogenic infections commence in the latter half 
of the first year of life, once maternal IgG levels have declined. The 
diagnosis is often made surprisingly late; in one series, the average 
age at diagnosis was 3.5 years and 2 years even when there was a 
positive family history. Sinopulmonary infections are most com- 
mon, but gastroenteritis, arthritis, meningitis and osteomyelitis may 
be presenting features. Boils or impetigo, usually associated with 
neutropenia, are the most common dermatological features, fre- 
quently due to Staphylococcus aureus or Pseudomonas (Figure 80.14), 
although other organisms are also described. Chronic ulcerative 
cutaneous HSV infection has been reported. Stevens-Johnson syn- 
drome, vitiligo and total alopecia areata have also been described. 
Immunoglobulin replacement therapy is the mainstay of treatment. 
Chronic lung damage and sinus disease may progress on treatment 
and for this reason vigorous and early antibiotic therapy should be 
used for respiratory tract infections. 


Figure 80.14 Cellulitis due to Pseudomonas infection in a patient with X-linked 
agammaglobulinaemia. 
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Autosomal recessive forms of agammaglobulinaemia 

When hypogammaglobulinaemia is present in a female or a 
child with consanguineous parents, autosomal recessive genetic 
defects affecting B-lymphocyte differentiation should be con- 
sidered. Mutations have been described so far in genes coding 
for p heavy chain, Ig~ and Igf (part of the signal transduction 
complex of the B-lymphocyte antigen receptor), A5 light chain 
and BLNK (B-lymphocyte linker protein) molecules required for 
early B-lymphocyte development from pro-B lymphocyte to pre-B 
lymphocyte stage. Unlike XLA, pre-B lymphocytes are there- 
fore not detectable in marrow samples. In all cases, the defect is 
B-lymphocyte specific. Skin sepsis is described as a feature, but less 
commonly than in XLA. 


PI3K6 deficiency 

PI3K6 deficiency, a common antibody deficiency due to dominant 
gain-of-function mutations in the gene encoding phosphoinositide 
3 kinase 5, predominantly presents with recurrent sinopulmonary 
infections. Cutaneous signs are seen in the skin, salivary glands and 
lacrimal glands, or in dental abscess formation, as well as orbital 
cellulitis. 


Common variable immunodeficiency 

CVID is defined by low total concentrations of IgG as well as low 
IgA and/or IgM. Patients demonstrate recurrent infections, chronic 
lung disease including bronchiectases, gastrointestinal inflamma- 
tory diseases and other manifestations. Cutaneous manifestations 
include vitiligo, eczema, vasculitis and petechiae (as a result of 
autoimmune dysregulation and cytopenia) and skin infections. 
Autoinflammation manifests as sarcoid-like granulomas of the skin. 
Dermatomyositis and SLE also have an increased incidence in these 
kindreds. 


Diseases with immune dysregulation 

IEI with hypopigmentation are due to the lack of formation or 
trafficking of cytotoxic granules. Chediak—Higashi, Griscelli type 2 
and Hermansky—Pudlak syndromes are examples of these diseases. 
In Chediak—Higashi and Hermansky—Pudlak syndromes, there 
is partial albinism. Chediak—Higashi syndrome is characterised 
by oculocutaneous albinism, recurrent infections and neuropathy. 
Photophobia and nystagmus are regular features, due to ocular 
pigment dilution. Severe gingivitis and oral mucosal ulceration 
are well described. Deficient cutaneous pigmentation may be 
obvious, but in some cases is more subtle (Figure 80.15), and only 
apparent if nipples and genitalia are carefully examined. Under 
light microscopy, characteristic giant lysosomal granules are seen 
in the cytoplasm of all cells containing these organelles and are 
easily detected on a peripheral blood film. Chediak—Higashi hair 
shafts show small aggregates of clumped pigmentation. The genetic 
defect is in LYST, which encodes a protein required for sorting 
endosomal resident proteins into late multivesicular endosomes 
by a mechanism involving microtubules. Patients usually, but not 
invariably, enter an accelerated lymphocyte and macrophage acti- 
vation syndrome (similar to that seen in XLP), which if untreated is 
usually fatal. There is widespread tissue infiltration with activated 
lymphocytes and macrophages resulting in rapid enlargement of 
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Figure 80.15 Partial albinism in Chediak—Higashi syndrome. 


the liver, spleen and lymph nodes, together with jaundice, hepatic 
failure, respiratory distress, pancytopenia and bleeding. Death 
usually occurs in the first decade without HSCT, but survival into 
the second and third decades has been recorded. Progressive neu- 
rological deterioration is common in patients who survive early 
childhood and is not prevented by HSCT. 

Hermansky—Pudlak syndrome is a disorder characterised by 
oculocutaneous albinism. Nine subtypes exist, but only type 2, 
caused by mutations in AP3B1, is also associated with congeni- 
tal neutropenia. Other associations include platelet dysfunction 
and, occasionally, interstitial lung disease, pulmonary fibrosis and 
inflammatory colitis. 

In Griscelli syndrome, there is a peculiar pigmentary dilution 
of the skin and hair. Microscopy demonstrates an uneven distri- 
bution of large pigment granules in the hair shafts. Three genes 
have been identified as causing the disease. Defects in MYO5A, 
which encodes myosin VA, and MLPH, encoding melanophilin, 
present with hypomelanosis, but no neurological or immuno- 
logical defect. Patients with mutations in RAB27A present with 
similar features of hypopigmentation, characterised by typical 
silvery-grey hair, which persists even after haematopoietic stem 
cell transplantation (Figure 80.16), but also with recurrent pyogenic 
infections. In patients presenting with haemophagocytic lympho- 
histiocytosis, cytophagic histiocytic panniculitis has been rarely 
described. 


Immunodysregulation polyendocrinopathy enteropathy 
X-linked syndrome 

IPEX syndrome is a disease in which there is X-linked immune 
dysregulation due to mutations in FOXP3, encoding a transcription 
factor needed for the development of regulatory T lymphocytes. 
These children usually present in the neonatal or early infancy 
period with an impressive exanthema or eczema. There is often 
early-onset insulin-dependent diabetes, autoimmune enteropathy, 
thyroiditis and autoimmune cytopenias. Bruising may be apparent 
secondary to autoimmune thrombocytopenia. Defects with similar 
autoimmune manifestations, and particularly enteropathy, include 
deficiencies of CD25, IL-10, IL-10 receptor subunits, in which fol- 
liculitis may be a feature, and the gain-of-function mutations in 
STAT3. 


a 


Figure 80.16 Patient with Griscelli syndrome demonstrating a silver sheen to the hair 
that has persisted post haematopoietic stem cell transplantation. 


Autoimmune lymphoproliferative syndrome 

Apoptosis, or programmed cell death, is important for regulating 
immune responses once an infection has been countered. Defects 
in apoptosis lead to autoimmune and lymphoproliferative features 
that characterise ALPS. There are a number of pathways through 
which apoptosis can be induced; one of the most important is 
initiated through a cell surface molecule Fas (CD95). Ligation of 
CD95 initiates a cascade of intracellular reactions culminating in 
apoptosis induced by proteolytic enzymes including caspases. 
Mutations in molecules in this cascade result in genetically distinct 
but clinically similar forms of ALPS. Fas is expressed as a trimeric 
surface protein. Heterozygotes with a Fas mutation in one allele 
often develop the full clinical syndrome because one abnormal pro- 
tein chain is sufficient to impair the trimer’s function significantly, 
a so-called dominant-negative effect. Most of the cases are due to 
heterozygous mutations, although a few homozygous cases have 
also been reported. 

Many patients present in early childhood, but adult presenta- 
tion and asymptomatic cases may occur. Patients usually remain 
well until the disease is triggered, often by human herpesvirus 
infection. Haematological autoimmunity is most common, but 
any system can be involved. Childhood linear IgA disease has 
been described (Figure 80.17). Other dermatological manifesta- 
tions include vasculitis and urticaria. Lymphoproliferation leads 
to significant asymmetrical anterior cervical lymphadenopathy, 
with splenomegaly in nearly all cases and hepatomegaly in some. 
Malignant lymphoid disease (both Hodgkin and non-Hodgkin) is 
reported with increased frequency, although the histological picture 
of proliferation may be benign; clonality studies distinguish the 
two. Affected individuals usually have high lymphocyte counts 
and normal or high immunoglobulin levels. Autoantibodies are 


Figure 80.17 Childhood linear IgA disease in FAS-deficient autoimmune 
lymphoproliferative syndrome. 


usually present. The occurrence of circulating CD3+ T lymphocytes 
expressing the af receptor but not expressing CD4 or CD8 (so-called 
double-negative T lymphocytes), and usually constituting between 
5 and 20% of the total CD3 cell count, is helpful in making a diag- 
nosis of FAS deficiency, but raised vitamin B,, and soluble FAS 
ligand are more predictive. Autoimmunity usually responds to 
corticosteroids, high-dose intravenous immunoglobulin and dap- 
sone in the case of ALPS-associated juvenile bullous dermatosis. 
Splenectomy should be avoided if possible because severe infective 
complications may follow. 


Congenital defects of phagocyte function, 
differentiation and adhesion 
Functional neutrophil defects 
The prototype of functional phagocyte deficiency is CGD, a result 
of an inherited defect in one of the six components of the phagocyte 
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase 
enzyme complex, which generates reactive oxygen species. The 
disease has numerous clinical manifestations, but the hallmark is 
acute, and potentially fatal, bacterial or fungal infection. Patients 
suffer from organ abscesses with staphylococci or fungi in the 
spleen, liver and lung, as well as lymph node abscesses. The ear- 
liest manifestations are often seen in the skin. Neonatal pustulosis 
is commonly the first sign of the disease. Subsequently, a rather 
non-specific, impetiginised periorificial rash is highly characteristic, 
most commonly seen around the nostrils, ears, mouth and eyes, 
and has sometimes been described as ‘eczematous’ or ‘seborrhoeic’. 
Any area where the skin has been broken, by abrasion for example, 
tends to become impetiginised or ecthymatous. Nodular lesions 
may follow, and these frequently break down to form necrotic 
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Figure 80.18 Translucent papular lesions around the eyelids of a patient with chronic 
granulomatous disease. 


ulcers. Firm translucent papular lesions around the nose, eyes 
(Figure 80.18), lips and on the cheeks may mimic lupus vulgaris or 
sarcoidosis. Subcutaneous nodules may develop at immunisation 
sites, and these also tend in time to ulcerate. Poor healing of surgical 
wounds, and of the discharging nodular skin lesions, is characteris- 
tic. Perianal abscesses are a regular feature. Other frequent findings 
include chronic suppurative paronychia, folliculitis of the scalp 
and ulcerative stomatitis. Acute febrile neutrophilic dermatosis 
(Sweet syndrome) has been rarely described, as has chronic bullous 
disease of childhood. The importance of non-infectious inflam- 
matory complications is increasingly recognised. These include 
inflammatory bowel disease, which clinically and histologically can 
be indistinguishable from Crohn disease, restrictive lung defects, 
acute genitourinary obstruction and cutaneous granulomata, partic- 
ularly at vaccination sites. Female carriers not infrequently develop 
erythematous macular, papular and urticarial skin lesions follow- 
ing light exposure, and discoid lupus erythematosus or Jessner 
lymphocytic infiltrate (Figure 80.19). 

Of note, the disease can manifest for the first time in older individ- 
uals so that a high degree of clinical suspicion must be maintained 
when encountering a clinical picture consistent with CGD regardless 
of the patient’s age [9]. 


Defects of neutrophil differentiation 

There are more than 20 subtypes of congenital neutropenia that 
have been described. Neutropenia may present as poorly healing, 
deep ulcerations of the skin and unusual abscesses. Patients with 
neutropenia present usually in infancy when omphalitis, skin 
and liver abscesses are most common. Moreover, there may be 
oral ulceration, gingivitis and early loss of permanent teeth. In 
Papillon—Lefévre syndrome, there are mutations in CTSC encoding 
cathepsin C. Patients have aggressive periodontitis, leading to 
dental loss and palmoplantar hyperkeratosis. 


Defects of neutrophil adhesion 

In these disorders, adhesion molecules including CD18, FUCT1 
(GDP-fucose transporter) or other integrins are affected. Patients 
present with poor wound healing despite marked leukocytosis in 
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Figure 80.19 Malar erythematous photosensitive macular skin lesions in an X-linked 
carrier of chronic granulomatous disease. 


Figure 80.20 Erosive perianal ulcers in an infant with severe leukocyte adhesion 
deficiency type |. 


their blood. The clinical picture is almost entirely explained by the 
way in which leukocytes are attracted to areas of infection and 
inflammation. Leukocytes normally attach to vessel walls at sites 
of inflammation but cannot pass out into the tissues. This leads to 
blockage of small vessels and rapidly expanding necrotic lesions 
without pus. Individuals with the most severe phenotype (<1% 
expression) present in the first weeks of life with delayed umbilical 
cord separation (the cord fails to shrink down and may not separate 
until 3-4 weeks of age) and omphalitis, together with rapidly pro- 
gressive erosive perianal ulcers (Figure 80.20). Gingivitis, ulcerative 
stomatitis and periodontitis are common and severe, leading to loss 
of teeth. Inflammatory lesions, particularly affecting the skin and 
resembling pyoderma gangrenosum, can occur in the partial forms 
of the deficiency and may respond to steroid treatment. 


Defects in innate immunity 

NF-«B pathway-related primary immunodeficiencies 

The NF-«B pathway is critical in the transduction of extracellu- 
lar signalling from inflammatory cytokines and Toll-like receptor 


ligands to the cell nucleus, in order to induce transcription of 
target genes involved in immunity, inflammation, cell survival 
and apoptosis regulation. The IkB kinase (IKK) complex, a key 
protein complex in this signalling pathway, is composed of two 
kinases (IKK-a and IKK-f) and the non-catalytic regulatory protein 
NEMO. Mutations in genes encoding these molecules can lead to 
immunodeficiency associated with ectodermal dysplasia. 

Incontinentia pigmenti is a rare X-linked dominant condi- 
tion characterised by developmental abnormalities in the skin, 
hair, teeth and central nervous system. Carrier mothers demon- 
strate well-recognised cutaneous features of Blashko linear skin 
lesions occurring in four successive sometimes overlapping stages: 
(i) redness, vesicles, pustules; (ii) verrucous hyperkeratotic lesions; 
(iii) hyperpigmented whorls and streaks following lines of Blaschko; 
and (iv) pallor and scarring. In other respects, affected females are 
healthy. Previously, affected males were all reported to die before 
birth, but it is now recognised that hypofunctional mutations in 
IKBKG encoding NEMO lead to X-linked anhidrotic ectodermal 
dysplasia (EDA) and immunodeficiency which is characterised 
by sparse scalp hair, conical teeth and absent sweat glands. Some 
patients experience recurrent sinopulmonary infection, often 
with encapsulated organisms, and have poor antibody responses 
to polysaccharide antigens or frank hypogammaglobulinaemia. 
Affected infants share many of the cutaneous features of EDA, 
although they appear less severe than in children with ‘classic’ 
EDA without immunodeficiency, and the majority of patients 
have normal or sparse scalp hair. From early childhood, affected 
boys suffer from unusually severe life-threatening and recurrent 
bacterial infections of the lower respiratory tract, skin and soft 
tissues, bones, gastrointestinal tract, including meningitis and 
septicaemia. Causative pathogens are most often Gram-positive 
bacteria (Streptococcus pneumoniae, Staphylococcus aureus), followed 
by Gram-negative bacteria (Pseudomonas species, Haemophilus 
influenzae) and Mycobacteria. Pneumocystis jiroveci infection has also 
been described. Other related features include osteopetrosis and 
lymphoedema (osteopetrosis lymphodema ectodermal dysplasia 
immunodeficiency). 

Autosomal dominant gain-of-function mutations in IKBKA 
encoding IkBa cause a similar clinical picture of immunodeficiency 
associated with ectodermal dysplasia, clinically indistinguishable 
from patients with hypomorphic mutations in NEMO. 

MyD88 and IRAK-4 molecules are activated through toll-like 
receptors and signal through the nucleus via the NF-«B pathway. 
Patients with defects in these molecules experience severe pyo- 
genic infection, most commonly meningitis or other deep-seated 
infections, but skin sepsis is reported. 


WHIM syndrome 

Gain-of-function mutations for the chemokine receptor CXCR4 
cause Warts, Hypogammaglobulinemia, Infections, Myelocathexis 
(WHIM) syndrome, which results in a particular susceptibility to 
warts secondary to human papillomavirus infection, associated 
with neutropenia and hypogammaglobulinaemia. The generalised 
verrucosis may be severe and widespread, and involve all cuta- 
neous and mucosal tissues. A similar clinical picture is apparent in 
epidermodysplasia verruciformis, with increased susceptibility to 
human papillomavirus infections manifesting as widespread flat 


warts and pityriasis versicolor-like lesions, and verrucous skin car- 
cinomas. However, neutropenia and hypogammaglobulinaemia are 
not features of this disease. EVER1 and EVER2 genes are mutated 
in 75% of epidermodysplasia verruciformis cases. 


Hyper-IgE syndrome due to STAT3 loss of function 
mutations 

Hyper-IgE syndrome (previously Job syndrome), due to heterozy- 
gous autosomal dominant negative loss of function mutations in the 
gene coding for STATS, is of special relevance to the dermatologist 
as the initial presentation may be cutaneous [10]. It is a complex 
disorder characterised by extreme elevation of the serum IgE level 
(usually in the range 2000-40000U/L), chronic dermatitis and 
repeated lung and skin infections. In the literature, these patients 
are frequently described as having eczema, although this is dif- 
ferent from typical atopic eczema. Affected children develop a 
non-specific, excoriated, papular and pustular eruption in infancy, 
particularly over the scalp, scalp margins, buttocks and proximal 
flexures, such as the axillae, groins and neck. The rash may appear 
in the first few days of life, at which stage it may be vesicular, 
but crusting becomes a prominent feature. Typical eczematous 
features of lichenification or scales are absent or mild in hyper-IgE 
syndrome. 

There is commonly a history of furunculosis and staphylococcal 
lung infections, abscesses and empyema. Many patients develop 
staphylococcal pneumatoceles, which strongly suggest the diagno- 
sis. Although skin and lung infections predominate, infections of 
the ears, sinuses, joints and viscera are common. Lymphadenopathy 
may be complicated by the development of lymph node abscesses. 
Staphylococcus aureus is the predominant pathogen but infection 
is also seen with Haemophilus influenzae, pneumococci, group A 
streptococci and with Candida. Oral candidiasis and Candida nail 
infections are common. Pneumatoceles may provide the focus for 
the development of aspergillomas. 

Non-immunological features that are variably present include 
abnormal, coarse often asymmetrical facies with a wide nasal 
bridge and large head; hypodense bones leading to frequent frac- 
tures; joint laxity; a high incidence of scoliosis; delayed resorption of 
primary dentition with consequent delayed eruption of secondary 
teeth; and cerebral aneurysms. 

Peripheral blood eosinophilia may be marked (up to 50-60%). 
Serum IgE levels are consistently very high (more than 10 times the 
upper limit of normal), although they may be normal in infancy. 

The mainstay of treatment is long-term antistaphylococcal antibi- 
otic prophylaxis usually with flucloxacillin. Attention to skin 
hygiene is important, with judicial use of topical antimicrobials. 
Candida infections should be treated typically or, when refractory, 
with oral ketoconazole or fluconazole. Persistent pneumatoceles 
should be excised. 


Chronic mucocutaneous candidiasis 

Chronic mucocutaneous candidiasis is a heterogenous group of 
syndromes with non-invasive Candida infections that affect the 
skin, nails and mucous membranes. In many forms of the disease, 
there is a lack of T-lymphocyte helper 17 (Th17) cells or cell func- 
tion [11]. Defects include gain-of-function STAT1 mutations and 
mutations in CARD9, STAT3, IL17RA, IL17F, IL22, and IL12RB and 
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Figure 80.21 Oro-pharyngeal mucocutaneous Candida infection in a patient with a 
gain-of-function STAT7 mutation. 


CLEC7A encoding important mediators of Th17 cell development 
or function. 

Autoimmune polyendocrine syndrome type 1, also known as 
autoimmune polyendocrinopathy candidiasis ectodermal dystro- 
phy (APECED) syndrome, is caused by mutations in Autolmmune 
REgulator (AIRE) encoding a transcription factor required to 
establish central thymic self-tolerance. These patients suffer from 
many forms of autoimmunity, particularly involving parathyroid, 
adrenal and other endocrine organs. The cutaneous hallmark of this 
syndrome is ectodermal dystrophy with onychomycosis and super- 
ficial chronic mucocutaneous candidiasis, affecting particularly 
oro-pharyngeal mucosa and the perineal region (Figure 80.21). 
The defect is due to autoantibodies, which impair the develop- 
ment or function of Th17 cells, which are important in mucosal 
immunity and defects of which are associated with susceptibility to 
candidiasis. 


Autoinflammatory disorders 

Autoinflammatory diseases are clinical conditions characterised 
by episodes of apparently unprovoked inflammation, and due to 
dysregulation of the innate immune system, rather than autoreac- 
tive T lymphocytes or autoantibodies, differentiating them from 
classic autoimmune disease. Defects in several pathways can lead 
to autoinflammatory disease. The most frequently affected pathway 
is mediated by inflammasomes, and defects in intracellular innate 
immune system receptors (e.g. NOD-like receptor), downstream 
effector proteins as well as the inflammasome are described. The 
two other well-described pathogenic mechanisms causing auto- 
inflammatory disorders are those related to activation of the NF-kB 
transcription factor and to type I interferons. Tightly controlled 
signalling is required to regulate gene transcription for immune cell 
activation, proliferation, differentiation, survival and signalling. 
NF-kB is a critical regulator involved in these processes. Activation 
occurs through signalling via cytokines and Toll-like receptors 
(the canonical pathway), or TNF-receptor family proteins (the 
non-canonical pathway), both of which are controlled by the ubi- 
quitin system. Type I interferons are required to counter against 
virus and intracellular pathogens, and are activated through 
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(a) (b) 


Toll-like receptors that detect endosomic viral nucleic acids and 
through cytosolic DNA and RNA sensors. 

Clinical features are extremely variable and non-specific, and 
symptoms are often shared by different autoinflammatory con- 
ditions. Commonly described symptoms include recurrent fever, 
musculoskeletal symptoms, abdominal and thoracic serositis, 
headache, ophthalmic inflammation, and mucosal and skin lesions 
(Figure 80.22). 

Cutaneous symptoms are common in monogenic autoinflamma- 
tory diseases and are often the initial presentation in some of them. 
Maculopapular rashes and urticaria are the most predominant 
symptoms, but recognition of skin disease as part of an auto- 
inflammatory disorder may be difficult because of the range of skin 
disorders associated with these conditions. Severity of symptoms 
is variable between and within conditions, and not indicative of a 
particular disease. More than one manifestation may be present. 
Cutaneous manifestations of monogenic autoinflammatory disease 
can be classified as follows (Table 80.2): 

e Urticarial rashes. 

e¢ Maculopapular rashes or inflammatory plaques. 

¢ Vasculitis or vasculopathy. 

e Panniculitis or subcutaneous nodules. 

e Aphthous lesions. 

e Pustular, pyogenic or neutrophilic dermatosis-like rashes. 
e Bullous lesions. 

e Hyperkeratotic lesions. 

¢ Hyperpigmented lesions. 

Treatment is largely symptomatic. Non-steroidal anti-inflammatory 
drugs and glucocorticoids may be used in an acute attack. For spe- 
cific diseases, anticytokine directed therapy, e.g. anti-IL1 receptor, 
anti-IL6 or anti-TNF, can be useful. For selected diseases (ADA2 
deficiency), hematopoietic stem cell transplantation has been used 
successfully. 


Complement diseases 

Deficiencies of isolated complement components are rare, defi- 
ciency of C2 being the most frequent, and with the exception of 
properdin and C1 esterase inhibitor deficiency, which are X-linked, 


Figure 80.22 SLE-like vasculopathy (a) 
secondary to vasculitis (b) in an infant with 
STING-associated vasculopathy, infantile 
onset due to a mutation in TMEM173. 


are generally transmitted in an autosomal recessive manner. How- 
ever, heterozygosity results in approximately half normal levels 
of the protein, which can sometimes be clinically important. A 
number of clinical patterns can occur depending upon which factor 
is deficient [12]. 


Complement defects predisposing to recurrent pyogenic 
infection 

Recurrent pyogenic infections are a major feature of complement 
deficiencies. Encapsulated organisms such as streptococci and 
Haemophilus influenzae are the main problem because opsonisation 
of antibody and complement to bacteria is critical for microbial 
elimination. C3 deficiency is the most severe, thus meningococ- 
cal meningitis and pneumococcal pneumonia have been major 
problems. The clinical picture is similar to that of hypogammaglob- 
ulinaemia. Deficiency of the classic pathway components Clq and 
C2 and of factor D in the alternative pathway also predisposes to 
infection. Deficiencies of the alternative pathway control proteins, 
factors H or I, lead to uncontrolled consumption of C3, resulting in 
increased susceptibility to pyogenic infections including meningo- 
coccal disease, as well as atypical haemolytic uraemic syndrome. 
Defects in properdin also lead to neisserial disease. Defects in the 
terminal complement cascade (C5-C9) lead to recurrent meningo- 
coccal meningitis and disseminated gonococcal infections, the 
principal clinical consequence of deficiencies of all these comple- 
ment components. Cutaneous infections are generally not a problem 
in these patients. 


Complement defects predisposing to autoimmunity 

A variety of clinical manifestations have been described in patients 
with Clq deficiency, including cutaneous vasculitis, SLE, membra- 
nous glomerulonephritis and problems with infections, particularly 
meningitis and septicaemia, but also including stomatitis, pyo- 
derma and persistent candidiasis of the mouth and nails. 

SLE or a disorder clinically suggestive of SLE, but lacking 
confirmatory serological findings, and/or membranous glomeru- 
lonephritis have similarly been reported in patients with deficiencies 
of either Clr or Cls. The majority of patients reported with C4 defi- 
ciency have been children or adolescents. Their principal clinical 
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Table 80.2 Main cutaneous manifestations of autoinflammatory diseases. 


Major skin manifestations Associated diseases MIM Gene 
Urticarial rashes Cryopyrin-associated periodic syndromes (CAPS) 191900 NLRP3 
120100 
NLRP12-associated autoinflammatory disease (NLRP12-AD) 611762 NLRP12 
PLCy2-associated antibody deficiency and immune dysregulation (PLAID) 614878 PLCy2 
NLRC4-associated autoinflammatory diseases (NRLC4-AD) 616050 NLRC4 
616115 
Maculopapular rashes or Familial Mediterranean fever (FMF) 249100 MEFV 
inflammatory plaques TNF receptor-associated periodic syndrome (TRAPS) 134610 TNFRSFIA 
Hyper-IlgD syndrome/mevalonate kinase deficiency (HIDS/MKD) 142680 MVK 
Otulipenia/OTULIN-related autoinflammatory syndrome (ORAS) 260920 OTULIN 
HOIL-1 deficiency 615712 RBCK1 
610924 
Vasculitis or vasculopathy Deficiency of adenosine deaminase 2 (DADA2) 607575 ADA2 
STING-associated vasculopathy with onset in infancy (SAVI) 612374 TMEM 173 
TREX1 
Aicardi-Goutiéres syndrome (AGS) 1-7 606609 RNASEH2B 
610326 RNASEH2C 
610330 RNASEH2ZA 
606034 SAMHD1 
606754 ADAR1 
146920 IFIH1 
615846 ACP5 
Spondyloenchondrodysplasia with immune dysregulation (SPENCDI) 171640 
Panniculitis or subcutaneous nodules Blau syndrome/early-onset sarcoidosis 186580 NOD2 J 
Chronic atypical neutrophilic dermatitis with lipodystrophy and elevated temperature 256040 PSMB8 = W 
(CANDLE) 609702 PSMG2 Lu fa 
Aphthous lesions Haploinsufficiency of A20 (HA20) 616744 TNFAIP3 = Lu 
Autoinflammatory periodic fever, immunodeficiency and thrombocytopenia (PFIT) 604734 WDR1 (U) a 
C/EBP+-associated autoinflammation and immune impairment of neutrophils (CAIN) 189965 CEBPE =O 
NFKB1-associated Behcet-like autoinflammatory disease 164011 NFKB1 ha W 
IL10 lam 
ILTORA & a 
Monogenic forms of inflammatory bowel disease (IL-10 signalling defects) 124092 IL10RB a 
146933 RIPK1 
123889 
RIPK1 haploinsufficiency 618852 
Pustular, pyogenic or neutrophilic Pyogenic sterile arthritis, pyoderma gangrenosum and acne (PAPA) 604416 PSTPIP1 
dermatosis-like rashes Deficiency of IL-1 receptor antagonist (DIRA) 612852 IL1RN 
Deficiency of IL-36 receptor antagonist (DITRA) 614204 IL36RN 
CARD-14 mediated psoriasis (CAMPS) 602723 CARD14 
Chronic recurrent multifocal osteomyelitis and congenital dyserythropoietic anaemia 609628 LPIN2 
(Majeed syndrome) 
ADAM17 deficiency 614328 ADAM17 
AP1S3 and autoinflammatory psoriasis 615781 AP1S3 
Bullous lesions Autoinflammation and PLCy2-associated antibody deficiency and immune 614468 PLCy2 (missense 
dysregulation (APLAID) mutations S707Y and 
L848P) 
Hyperkeratotic lesions NLRP-1 associated disease (NAIAD) 617388 NLRP1 
Hyperpigmented lesions H syndrome 602782 SLC29A3 


abnormalities have comprised SLE, or an SLE-like syndrome, 
Henoch-Schénlein purpura or Sjogren syndrome. 

C2 deficiency is the most common complement deficiency, shown 
to be associated with a variety of diseases, but deficient individ- 
uals are often entirely healthy. Disorders occurring in C2-deficient 
patients have included SLE, discoid lupus erythematosus, membra- 
nous glomerulonephritis, Henoch-Schénlein purpura, rheumatoid 
arthritis, dermatomyositis, Crohn disease and idiopathic thrombo- 
cytopenic purpura. 


Transient maculopapular rashes have been reported to occur in 
association with infections in patients with C3 deficiency; histologi- 
cally, these have shown the features of leukocytoclastic vasculitis. 
Other manifestations such as SLE and membranous glomeru- 
lonephritis have also been reported. While recurrent infection is the 
most common manifestation of defects in the terminal complement 
cascade (C5-C9), SLE, discoid lupus erythematosus, Sjogren syn- 
drome, rheumatoid arthritis and ankylosing spondylitis have also 
been associated with these deficiencies. 
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Defects in the regulation of complement activation 

Several proteins have regulatory effects on the complement system, 
and deficiencies in these components can lead to disease. The best 
known of these is C1 esterase inhibitor, deficiency of which results 
in hereditary angio-oedema (Chapter 43). Clinically, this manifests 
as angio-oedema, typically affecting the bowel mucosa, face or 
extremities, and, most seriously, laryngeal oedema, which may be 
life threatening. 

Deficiency of factor 1, previously termed C3b inactivator, leads to 
unchecked cleavage of C3, and therefore to clinical manifestations 
closely resembling those seen in C3-deficient individuals. In this 
condition, plasma infusions may provoke anaphylaxis, because the 
contained C3 is so rapidly cleaved to form the anaphylotoxin C3a. 
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Pruritus — Cl 


Definition and nomenclature 

Chronic pruritus (CP) is defined as ‘an unpleasant sensation lead- 
ing to the desire to scratch’ [1], lasting for at least 6 weeks and is a 
symptom of dermatological, systemic, neurological or psychiatric 
diseases [2]. Clinically, it may occur on diseased skin (international 
classification term: pruritus on inflamed skin; example: atopic 
eczema) or non-diseased, non-lesional skin (classification term: 
pruritus on non-inflamed skin; replaces the previous designation 
pruritus sine materia). Cutaneous signs secondary to scratch- 
ing occur frequently (e.g. excoriations, erosions, ulcers, crusting, 
lichenification and dyspigmentation) and, if chronic, may form 
certain typical clinical pictures such as lichen simplex or prurigo 
nodularis (PN) (classification term: pruritus along with chronic 
scratch lesions). Several specific terms have been created to refer to 
unique clinical presentations of CP such as aquagenic pruritus (CP 
after contact with water), premonitory pruritus (CP occurring in 
advance of a disease) or paraneoplastic pruritus (CP in the context 
of a malignant disease). 


Introduction and general description 

During the past decades, pruritus research has improved our 
understanding of the neurobiology of this symptom [3], and led 
to the development of new itch classifications, questionnaires and 
guidelines [2,4]. CP may be generalised or localised. CP is a symp- 
tom occurring in a large variety of underlying diseases (Table 81.1), 
among which the most frequent are atopic eczema, chronic urticaria, 
psoriasis vulgaris, xerosis, chronic kidney disease (CKD) with or 
without dialysis, hepatobiliary or cholestatic liver disorders and 
haematological diseases [5]. A significant proportion of CP is 
unexplained. The heterogeneity of the underlying diseases results 


in a diversity of clinical presentation, itch characteristics (such 
as intensity, quality and course), dermatological, laboratory and 
radiological findings and therapy response. Most patients with CP 
have in common a high symptom burden, substantially impaired 
quality of life (QoL) including difficulties in everyday activities and 
social life, sleep disturbance and psychosomatic reactions such as 
reactive depression [6]. For example, in atopic eczema, the Derma- 
tology Life Quality Index (DLQD correlates with pruritus, xerosis 
and disturbed sleep [7]. In psoriasis, pruritus is among the factors 
significantly associated with severe impact on QoL (DLQI >10) [8]. 
In systemic sclerosis, pruritus severity is independently associated 
with severe sleep disturbance [9]. Polycythaemia vera-associated 
aquagenic pruritus leads to reduced overall health status and 
higher fatigue levels [10]. Patients with CKD-associated CP have 
poor sleep quality, physician-diagnosed depression and a 17% 
higher mortality risk [11]. Interestingly, female patients experience 
a higher negative impact on QoL than men, irrespective of the 
origin of CP [12]. 


Epidemiology 


Incidence and prevalence 

The incidence of CP in the general population is 7% as suggested by 
a German study with 1190 participants [13]. This is similar to a point 
prevalence in a previous study in an urban population (Oslo: 18 747 
participants) in which 8.4% of all adults experienced pruritus [14]. 
The prevalence of CP in the general population (4500 participants) 
ranged from 13.5% (point prevalence) to 25.5% (lifetime prevalence) 
[15]. These data were confirmed by a study of a working age pop- 
ulation (11 730 participants) which reported a point prevalence of 
16.8% [16]. With increasing age, the prevalence of CP increased 
[16]: in the age group of 16-30 years, the prevalence was 12.3% 
while it increased to 20.3% in the oldest age group (61-70 years). 
Retrospective studies in Copenhagen, London and France found 
that pruritus occurred in 2.5%, 8.2% and 42% of dermatological 
patients, respectively [17-19]. 
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Table 81.1 Examples of diseases that can induce chronic pruritus (CP) [4,273-277]. 
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Patients with this disease 


Category of disease Examples affected by CP (%) 
Dermatological Atopic eczema 100 
diseases Chronic urticaria (all forms) 100 
Bullous pemphigoid 100 
Erythroderma 7 
Post-burn scars 87 
Psoriasis 67-84 
Systemic sclerosis 42.6 
Pruritic papular eruption in 11-46 
HIV 

Elderly skin 20-46 

Systemic diseases 

Metabolic and Hepatobiliary diseases with or 80-100 
endocrine without cholestasis 
diseases including 

Primary biliary cholangitis 25-70 
Chronic kidney disease 10-77 
Anorexia 58 
Diabetes mellitus 2.7-49 
Hyperthyroidism 47.5 

Infective diseases HIV and AIDS 13 
Hepatitis C virus infection 15 


Varicella 


17 (during shingles) 
4.5 (CP after healing) 


Haematological yelofibrosis 69 
diseases and Hodgkin lymphoma 30 
neoplasms Polycythaemia vera 28-42.2 

on-Hodgkin lymphoma 10 
ron deficiency (anaemia) 7.4-13.6 
Essential thrombocytosis 7.1-9.1 
Leukaemia 5 
Solid tumours 3 
Drug-induced pruritus All targeted cancer therapies 17.4 (14-47) 
matinib 10.2 
nfliximab 8 
Rituximab 20 
Neurological diseases — Brachioradial pruritus 100 
otalgia paraesthetica 100 
Postherpetic neuralgia 58 
Psychiatric or Depression 175 
psychosomatic Fibromyalgia 60 
diseases Stress and anxiety 56-72 


AIDS, acquired immune deficiency syndrome; HIV, human immunodeficiency virus. 


Age 


There is no age limit for the development of CP. CP may even 
occur in newborns (e.g. atopic eczema, genetic disorders such as 


ichthyosis). The frequency increases with age [16]. 


Sex 


Chronic pruritus occurs almost equally in women and men (women: 
54.8%; men: 45.2%) [12]. Men are significantly older (mean 3 years) 
at the onset of CP, and have a larger number of co-morbidities 
(e.g. cardiovascular and uro-genital diseases) and co-medications. 
Women have more neuropathic and psychosomatic diseases and 
report more often that emotional and psychosomatic factors have a 
negative influence on CP. Prurigo nodularis occurs more commonly 


in women than men; women also complain of higher itch intensity 
and more severe impact on QoL than men. 


Ethnicity 

It is currently assumed that the prevalence of CP varies across 
different ethnic populations [20]. It is discussed that pruritus is 
more highly prevalent in individuals with darker skin types. Inter- 
estingly, a European study showed that healthy male immigrants 
from East Asia, the Middle East and North Africa had significantly 
more frequent acute pruritus (pruritus during the past week at 
the interview) than Norwegians and immigrants from western 
countries [21]. The difference between acute and chronic pruritus in 
skin type still has to be resolved. However, it was shown that after 
capsaicin application, African Americans had a lower rate of hyper- 
sensitivity towards pain than East Asians, Hispanics and people 
with white skin, suggesting a different sensitivity towards sensory 
symptoms [22]. US studies investigating itch severity in an itch 
centre, as well as in US veterans and eczema patients, demonstrated 
that African Americans have more severe pruritus compared with 
white people [23-25]. Together, these studies suggest neurobiologi- 
cal differences between ethnic groups and may indicate a different 
ethnic prevalence of CP. 


Associated diseases 

Chronic pruritus may evolve in association with dermatological, 
systemic, neurological and psychiatric diseases. In many cases, 
more than one disease is responsible for the evolution of CP; in 
others, no disease is found. There are different studies analysing the 
composition of the underlying diseases in CP patients. For example, 
the presence of an underlying systemic disease varied between 13% 
and 50% of CP patients in studies performed in small numbers of 
patients (34-132 CP patients) [26-30]. Based on an analysis of 3700 
CP patients, the following underlying diseases were identified: 
dermatological disease 31.6%; systemic disease 8.6%; neurological 
disease 10.2% (e.g. stroke, multiple sclerosis); psychiatric disease 
1.5%; multiple aetiologies 41.3%; and unknown origin 6.8% [31]. 
As long as interdisciplinary, national or international registries 
are unavailable, all such analyses are likely to be confounded by 
patient selection bias. A rare but important associated disease is 
malignancy. Analyses of large cohorts (n = 8744 and n = 12 813) of 
patients with CP on non-lesional (ie. normal-looking) skin iden- 
tified haematological diseases and bile duct malignancies to be 
associated with occurrence of CP, particularly within the first year 
after onset [32,33]. 


Pathophysiology 

Cutaneous induction of itch 

Cutaneous sensory C and Aé6 nerve fibres are involved in the 
pathophysiology of cutaneous itch. For decades, itch was con- 
sidered as a weak pain signal transmitted by pain nerve fibres 
and mainly associated with histamine. In 1997, unmyelinated, 
mechano-insensitive C fibres specialised for the transmission of 
histamine-induced itch, but not pain, were identified [34]. It has 
been shown that nociceptors equipped with the thermoreceptor 
transient receptor potential cation channel subfamily V member 1 
(TRPV1) are capable of transmitting histamine-induced itch via 
intracellular phospholipase CB3 (PLCB3) [35,36]. 


Most CP types (except urticaria and several drug-related forms 
of itch) are now attributed to non-histaminergic pathways. In 
2007, nociceptors of the mechano-sensitive C and Ad nerve fibre 
class were demonstrated to be involved in the transmission of 
non-histaminergic itch [35,37]. The non-histaminergic pruritocep- 
tors also require the ion channels of the transient receptor potential 
(TRP) channel family, TRPA1 and TRPV1, for itch signalling [38,39]. 
Studies have demonstrated that the proteinase cowhage (Mucuna 
pruriens) can activate mechano-sensitive, non-histaminergic C fibres 
and Aé fibres thereby inducing itch. C fibres and Ad fibres may 
transmit two distinct qualities of itch, a slow burning component 
and a faster pricking component, respectively [40]. This may explain 
the differing sensations described by patients which accompany 
itch. The most frequently reported qualities associated with itch are 
burning and stinging, but prickling, warmth and cold sensations 
are also described. Besides physiological transmission of itch, and 
independent of the involved nerve fibre class, spontaneous activity 
of C fibres was revealed in the symptomatic skin area in CP patients 
[41]. In addition, in various diseases, the cutaneous neuroanatomy 
is diseased and contributes to symptom induction and maintenance. 
Atopic eczema, PN and psoriasis are characterised by decreased 
epidermal nerve fibre number and increased substance P (SP) 
positive dermal nerve fibres [42-44]. 


Central transmission of itch 

Peripheral afferent nerve fibres transmit the itch signal to the 
spinal cord, where the afferents enter the dorsal horn (superfi- 
cial laminae I-II) and form a synapse with the secondary neuron 
[40]. Here, subsets of itch-specific spinal neurons are characterised 
by the expression of gastrin-releasing peptide receptor (GRPR) 
and natriuretic polypeptide B (nppB) [40,45,46]. Interestingly, 
gastrin-releasing peptide (GRP) seems also to have a role in the 
peripheral fibres (Table 81.2). Intradermal injection of GRP induced 
scratching through mast cell degranulation in an animal model 
[40,47]. It is currently assumed that spinal circuits of ascending 
neurons and interneurons form gates that control itch transmission, 
for example by counter-stimuli such as scratching. Dynorphin 
release by spinal neurons activates « receptors on afferent neurons 
and interneurons resulting in a decrease of neuronal spinal activ- 
ity. It was further shown that spinal interneurons expressing the 
atonal-related transcription factor Bhlhb5 inhibit the itch pathways 
within the dorsal horn. Furthermore, it was shown that they are 
most probably under the control of pain neurons [45,48]. This 
knowledge led to identification of novel pharmaceutical targets for 
antipruritic therapies. 

The secondary itch neuron crosses over to the contralateral 
spino-thalamic tract and ascends to multiple brain areas such as 
prefrontal areas, supplementary motor areas (SMA), premotor cor- 
tex, anterior insular cortex, anterior midcingulate cortex, primary 
(S1) and secondary (52) somatosensory cortices, thalamus, basal 
ganglia and cerebellum, all of which are involved in sensation, 
evaluative processes, emotion, reward and memory [40,49]. Current 
functional magnetic resonance imaging (MRI) studies suggest that 
there is no specific itch matrix in the brain but a broad overlapping 
of itch activation maps with pain areas [45]. In functional MRI 
studies, activation of brain areas such as the thalamus, primary 
and secondary somatosensory cortices, prefrontal cortex, anterior 


Pruritus 81.3 


Table 81.2 Examples of important mediators and receptors for itch. 


Receptor involved Clinically relevant mechanism 


Mediator in itch or disease 
Acetylcholine Muscarinic Atopic eczema 
acetylcholine 
receptor 


Cutaneous and spinal 
neurotransmitters 
GRP 


GRP receptor Mast cell degranulation 


Th2 and cytokines 


1-31 IL-31 RAYOSMR Atopic eczema, familial primary 
IL-4R cutaneous amyloidosis, 

IL-4, IL-13 2 ; 
prurigo nodularis, bullous 
pemphigoid, atopic eczema 

Periostin Integrin receptor aVB3 Atopic eczema, prurigo nodularis, 
stasis dermatitis, bullous 
pemphigoid 

Histamine H,, H, receptor Urticaria, insect bite reactions, 
cutaneous mastocytosis 

Neuropeptide 

Endothelin 1 Endothelin A receptor Release of nitric oxide, 


vasodilatation 
Neurotrophin 


NGF TrkA Atopic eczema, psoriasis 
Opioid peptides 
Endorphins pL opioid receptor Cholestatic pruritus 
Dynorphin « opioid receptor Uraemic pruritus 
Proteases and Mrgpr 
agonists 
Tryptase, mucunain PAR-2, PAR-4 Atopic eczema, cutaneous 
mastocytosis 
Cathepsin S PAR-2, PAR-4, 
MrgprC11 
Chloroquine MrgprA3, TRPA1 Chloroquine-induced pruritus 
Bilirubin Mrgprx4 Hepatic pruritus 
Autotaxin LPA Hepatic pruritus 
Tachykinins 


Substance P Neurokinin 1 receptor Atopic eczema, prurigo nodularis, 


psoriasis 


Adapted from Akiyama and Carstens 2013 [40]. with permission of Elsevier. 

GRP, gastrin-releasing peptide; IL, interleukin; LPA, lysophosphatidic acid; Mrgpr, 
Mas-related G-protein-coupled receptor; NGF, nerve growth factor; OSMR, oncostatin M 
receptor; PAR, proteinase activated receptor; Th2, T-helper 2; TrkA, tropomyosin-related 
kinase A; TRPA1, transient receptor potential ankyrin 1. 


cingulate cortex, insular cortex, premotor and motor cortices and 
medial parietal cortex have been shown [45]. 


Scratching 

Scratching is a reflex functioning at a spinal level, although mod- 
ified greatly by higher centres. Scratching may also be habitual or 
triggered by boredom or emotional factors [50]. Scratching relieves 
itching for several minutes after cessation. Since the sensation of 
itching is reinforced by facilitating circuits in the relay synapses 
of the spinal cord, the prolonged scratch-induced relief could be 
due to temporary suppression of these circuits. Stimulation of 
fast-conducting myelinated afferents inhibits these circuits via pre- 
and postsynaptic mechanisms. These afferents could be activated 
by transepidermal electrical nerve stimulation (used therapeutically 
to allay itching) [51], by vibration, or more simply by scratching. 


PSYCHOLOGICAL, 


PART 7 
SENSORY & NEUROLOGICAL 


al 
< 
= 
U) 
\°) 
al 
2) 
= 
U 
> 
4) 
1 


PART 7 
SENSORY & NEUROLOGICAL 


81.4 


Chapter 81: Pruritus, Prurigo and Lichen Simplex 


Alternatively, scratching could simply damage sensory nerve 
endings, repair occupying several minutes. 

Why some itches evoke scratching and excoriation (as in scabies), 
whereas others prompt rubbing (as in lichen planus and urticaria), 
is unknown [52]. Scratching has been ingeniously utilised as an 
indirect objective method of quantifying itch and as such has been 
used in the evaluation of the treatment of itching [53]. 


Peripheral and central neuronal sensitisation 

Several clinical observations favour the concept that peripheral 
and central neuronal sensitisation underlies the establishment 
of CP [39]. Sensitisation is defined as the increased responses of 
primary sensory neurons to itch and pain mediators. For example, 
measurable ongoing spontaneous neuronal activity, alloknesis 
(non-pruritogenic stimuli such as light touch in an area of CP elicit a 
sensation of itch) and hyperknesis (enhanced itch sensation elicited 
by a normal itch stimulus) are clinical pointers for sensitisation 
processes. In the skin, dysplasia of sensory neurons and a reduced 
threshold of neuroreceptors result in neuronal sensitisation medi- 
ated by several mediators such as bradykinin or nerve growth 
factor (NGF) [54]. Similarly, central neuronal sensitisation is based 
on spontaneous activity of superficial dorsal horn neurons, the 
enhancement of mechanically evoked responses and their increased 
response to mediators [33,40]. In the human brain, areas such as 
the parabrachial nucleus, periaqueductal gray, prefrontal cortex, 
anterior cingulate cortex and amygdala exhibit changes compatible 
with increases in excitability corresponding to central sensitisation 
of itch. More research in humans is required to delineate the brain 
mechanisms of central sensitisation. 


Mediators of itching in skin diseases 

Itch is the dominant symptom of inflammatory skin diseases, 
and in these dermatoses mediators of itch are assumed to play a 
central role. The concept of mediators in inflammatory skin dis- 
eases was pioneered by Lewis who proposed the involvement of 
‘H substances’ [55]. Data on the identification and characterisation 
of mediators of itch in the skin has been obtained from several 
sources. Responses of skin of human volunteers to intradermal 
injection of the putative mediator depends on the measurement of 
subjective perception of itching, usually utilising a numerical rating 
scale (NRS) or visual analogue scale (VAS) or similar. Intradermal 
injection into mouse skin enables the frequency, duration and inten- 
sity of scratching to be measured. Mediators can also be directly 
identified and measured in tissue fluid from diseased skin by skin 
perfusion or microdialysis technology. Table 81.2 lists the mediators 
currently deemed to be important, and others that are potentially 
relevant. 


Histamine and histamine receptors. Histamine is the archetypal 
mediator of inflammation and of acute itch. It causes itching if 
injected into the upper dermis but pain if it is injected more deeply 
into the dermis. However, repeated injection causes tachyphylaxis 
[56]. Histamine binds to G-protein-coupled receptors (GPCR). Four 
subclasses of histamine receptors have been identified and cloned. 
H, receptors are traditionally responsible for histamine-induced 
itching. The H,-receptor-mediated itch involves the opening of 
TRPV1 receptors on histamine-sensitive C neurons via PLCB3 


[57]. In recent years, the spotlight has shifted to histamine Hy, 
receptors which appear to cause pruritus by direct action on a 
variety of immune and inflammatory cells, including mast cells 
and T helper 2 (Th2) lymphocytes in atopic eczema [58,59]. H, 
receptors seem not to be involved in histamine-evoked pruritus 
[60]. The main source of histamine in inflamed skin is the dermal 
mast cell, supplemented by infiltrating basophil leukocytes. In 
urticaria and in insect bite reactions these cells release histamine 
(and other mediators) via an energy-dependent signal transduction 
cascade triggered by a specific antigen (or in chronic urticaria by 
an autoantibody) cross-linking the high-affinity immunoglobulin 
E (IgE) receptor FceR1. Elevated tissue fluid levels of histamine 
in lesional skin of chronic urticaria have been demonstrated [61]. 
The recognition that histamine is a mediator of itch in urticaria 
and can be abated by H, antihistamines, has led to these drugs 
being used indiscriminately for the treatment of pruritus in other 
conditions where there is little or no evidence that histamine is 
involved. 


Acetylcholine. Acetylcholine, a neurotransmitter in the autonomic 
nervous system, acts on both muscarinic and nicotinic recep- 
tors. Intradermal injection of acetylcholine causes pain in healthy 
subjects, but evokes itch in atopic individuals [62]. Since tissue 
levels of acetylcholine are reported to be elevated in atopic eczema 
patients [63], it is possible that this mediator plays a role in the 
pruritus of atopic eczema. Botulinum toxin type A is known to 
inhibit the release of acetylcholine and was shown to suppress 
histamine-induced pruritus experimentally [64] and in notalgia 
paraesthetica [65]. 


Tachykinins. Substance P is an 11 amino acid neuropeptide that 
preferentially binds to the neurokinin 1 receptor (NK1R) which is 
widely expressed in the central nervous system, dorsal horn of the 
spinal cord and skin cells including keratinocytes and mast cells. 
SP is synthesised in the cell bodies of C fibres and released from 
these neurons along with depolarisation. In the skin, SP induces a 
neurogenic inflammation with redness, wealing and itching, at least 
in part due to degranulation of dermal mast cells [66,67]. Afferent 
neuron terminals enjoy close proximity to dermal mast cells consis- 
tent with presumed cross-talk between these structures [68]. NK1R 
expressed by mast cells are involved; for example, SP mediates 
release of the cytokine tumour necrosis factor « (TNF-a) by these 
cells, which in turn leads to afferent nociceptive neuronal sensiti- 
sation [69]. Further indirect evidence derives from reports of the 
beneficial effects of NK1R antagonists. Aprepitant, a selective NK1R 
antagonist, has been shown to be effective in case series suppressing 
pruritus in Sézary syndrome, dermatological pruritus including PN 
and in drug-induced pruritus by targeted cancer therapies [70-73]. 
However, phase II (aprepitant) and phase III (serlopitant) studies 
failed to show clinical meaningful itch reductions in PN and in 
chronic itch of unknown origin. 


Opioid peptides. Opioid peptides are classified into three groups: 
endorphins, enkephalins and dynorphins; and their receptors are 


also classified into three types: ,: (mu), 5 (delta) and « (kappa). The 
pruritic action of morphine and other opioids involves the 1 opioid 
receptor and is antagonised by naloxone or naltrexone. However, 
ligation of the « opioid receptor evokes an antipruritic effect. Opi- 
oids can cause pruritus by central mechanisms, due to imbalance 
between j! and « opioid receptor activation [74]. The skin expresses 
and x opioid receptors. Significant tissue levels of opioid peptides 
are found in human skin in cholestasis, a condition in which plasma 
levels of opioid peptides are elevated; cholestatic pruritus is ame- 
liorated by the p opioid receptor antagonist naloxone [75-77]. Nal- 
furafine, a k opioid receptor agonist, also reduces end-stage CKD 
itch significantly and was licensed in Japan for this indication in 
2009 [78]. Currently, other « agonists difelikefalin and nalbuphine 
are being tested in CKD pruritus and PN; difelikefalin has shown 
significant antipruritic effects in a phase II] trial and was recently 
approved for this indication [79]. 


Proteases, Mas-related G-protein-coupled receptor agonists 
and endothelin 1. Peptide products from protease activity in 
the skin cause itching, an observation first reported by Shelley 
and Arthur [80]. They used spicules of cowhage which contains 
mucunain, a cysteine protease, which is more pruritic than his- 
tamine when injected into human skin. Its receptors proved to be 
proteinase-activated receptors (PAR) 2 and 4 which activate afferent 
mechano-sensitive C fibres (nociceptors). The naturally occur- 
ring counterpart of mucunain in human skin is mast cell-derived 
tryptase, which causes release of the pruritic tachykinin SP from 
afferent nociceptor C neurons. PAR-2 is overexpressed in the skin 
of patients with atopic eczema [81] and tryptase levels have been 
demonstrated to be increased in the lesional skin of patients with 
atopic eczema using a skin microdialysis technique [81]. It is likely 
that this receptor plays a central role in atopic pruritus. 

Interestingly, a recent study reported that the chemical com- 
pound SLIGRL-NH2, a histamine-independent pruritogen, elicited 
scratching via Mas-related G-protein-coupled receptor 2 (Mrg- 
prC11) rather than PAR-2 [82]. The Mrgpr family consists of over 20 
members (in mice) while only single analogues have been described 
in humans. MrgprAs, MrgprB4-5, MrgprCl1 and MrgprD are 
involved in histamine-independent itch in mice [40]; human 
sensory neurons express MrgprX1 and MrgprX4. For example, 
chloroquine induces itch through MrgprA3, a receptor which is 
expressed in the skin and in addition defines a specific subpopula- 
tion of dorsal root ganglion neurons mediating itch [83]. It is also 
tempting to speculate that the itch of patients with the hereditary 
disorder Netherton syndrome, which is caused by a mutation in 
the SPINK (Serine Peptidase Inhibitor Kazal) gene leading to lack of 
a multidomain serine protease inhibitor, LEKT1 (lymphoepithelial 
Kazal-type related inhibitor), is due to consequential increased 
protease activity. The proteinase cathepsin E is an endogenous itch 
inducer via the production of endothelin 1 in the epidermis [84]. 
Endothelin 1 is produced by mast cells, endothelial cells and ker- 
atinocytes in the skin and is a pruritogen that can elicit scratching 
upon cutaneous injection [40]. Skin mast cells express MrgprX2; 
their activation triggers degranulation, proinflammatory mediator 
release, and itch induction in sensory neurons. MrgprX2 plays a role 
in chronic spontaneous urticaria, atopic dermatitis and psoriatic 
itch [85,86]. 
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Neurotrophins. Neurotrophins are neuropeptides that regulate 
growth and function of neurons, and those believed to be important 
in CP include NGF and neurotrophin 4. NGF is expressed by ker- 
atinocytes and mast cells and binds to the receptor tyrosine kinase 
receptor A (TrkA); it causes sprouting of nerve fibres and upregu- 
lates SP [87-89]. Involved skin in atopic eczema has been shown to 
express elevated levels of NGF in keratinocytes and increased TrkA 
in the epidermis and upper dermis [90]. 


Cytokines: interleukins 2, 4, 13 and 31. There is increasing recog- 
nition of a functional interaction between the nervous system and 
the immune system. Neuropeptides such as SP can evoke transcrip- 
tion of cytokines and adhesion molecules [91]. Interleukin 2 (IL-2), a 
cytokine secreted by activated T lymphocytes, is one such candidate. 
Human recombinant IL-2 injected intradermally causes intense pru- 
ritus in atopic and non-atopic volunteers [92]. Both the presence of 
activated T lymphocytes in atopic eczema skin, and the antipruritic 
effect of ciclosporin, a suppressor of IL-2 secretion [93], indicates a 
role for this cytokine as a mediator of pruritus in atopic eczema. 

The type 2 cytokines, IL-4 and its homologue IL-13, have an 
important role in itch and are closely related in their functions. 
Their receptors are on sensory neurons; when activated, they signal 
through the Janus kinase (JAK) pathway as well as both TRPA1 and 
TRPV1, causing itch [94,95]. More importantly, the IL-4 receptor o is 
involved in chronic pruritus as its activation may sensitise sensory 
neurons to multiple other pruritogens. In acute inflammation such 
as atopic dermatitis, IL-4 and IL-13 are released by Th2 T cells, 
mast cells and basophils. Both interleukins act on keratinocytes, 
fibroblasts, eosinophils, monocytes and B cells, and thereby enhance 
skin inflammation. For example, they impact the epidermal barrier 
via binding to keratinocytes to enhance the epidermal expression of 
the C-X-C motif chemokine ligand (CXCL) 9, 10 and 11, and thymic 
stromal lymphopoietin [96]. 

More recently, evidence has emerged that IL-31 functions as a 
mediator of pruritus in atopic eczema. IL-31 is a Th2 cytokine of 
the skin-homing cutaneous lymphocyte antigen (CLA) subtype 
found in increased quantities in the skin and serum of patients 
with atopic eczema [97,98]. Its heterodimeric receptor composed of 
IL-31 receptor A (IL-31RA) and oncostatin M receptor (OSMR) is 
located on keratinocytes and monocytes, and animal experiments 
utilising a mouse model of atopic eczema indicate its ability to 
induce itching and scratching in skin [99]. Subsequently, an anti- 
body reactive with IL-31 receptor has been shown to ameliorate 
scratching in the same animal model [100]. It is interesting that 
IL-31 receptors have been demonstrated on dorsal root ganglia of 
afferent nociceptor neurons and can act on neurons at multiple loci 
[101]. IL-31 and its receptor have been highly associated with itch 
in numerous pruritic diseases beyond atopic eczema including PN, 
lichen amyloidosis, cutaneous T-cell lymphoma, stasis dermatitis, 
CKD-associated pruritus and dermatomyositis [102-109]. Periostin, 
an extracellular matrix and matricellular protein, binds to several 
types of integrins that transduce its signals. Recent studies have 
demonstrated a significant role of periostin in itch sensation via a 
direct integrin-mediated stimulation of nerve fibres and interaction 
with immune and non-immune cells inducing a Th2 response. 
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It appears to contribute to itch in various pruritic diseases includ- 
ing atopic eczema, PN, pemphigoid, stasis dermatitis and scabies 
[110,111]. 


Clinical features 

History 

History taking is an important step in the diagnostic work-up 
of CP patients [4]. It aims to narrow the spectrum of underlying 
diseases, which may be difficult to detect, especially in cases where 
CP precedes the evolution of the disease (premonitory pruritus). 
In order to obtain a comprehensive patient history, standardised 
questionnaires are recommended [112]. The most important points 
are summarised in Box 81.1. Intensive and long-lasting pruritus can 
lead to considerable psychological impairment. The attending clin- 
ician should not underestimate the negative psychological effects 
that pruritus can have on a patient. It is important that this issue is 
specifically addressed by when taking the history. In CP patients, 
there may be features of an adjustment disorder combined with a 
retreat from social and professional environments which may result 
in reactive depression [113]. A screen for distress is desirable as 
is a screen for other physical or psychological symptoms. Useful 
assessment tools include the Patient Health Questionnaires PHQ-15, 
PHQ-2 and PHQ-9 and the Hospital Anxiety and Depression Scale 
(HADS). Psychosomatic care may be indicated. Alternatively, the 
cause of CP might be primarily a disorder of a psychiatric nature. If 
this is suspected, the patient should be examined by a psychiatrist 
or initially seen in a psychodermatology clinic. 


Box 81.1 Important details in history taking in 
chronic pruritus (CP) patients 


Pruritus-specific history 

¢ Time point of start of CP and total duration 

° Localisation (start, spreading) 

¢ Quality: e.g. burning itch (classically seen in dermatitis herpetiformis 
or lupus erythematosus), pricking itch, tingling itch, itch resembling 
insects crawling on/under skin (formication), presence of pain 

e Intensity: average/worst intensity on the visual analogue scale (VAS) 
or numerical rating scale (NRS) in the past 24h 

¢ Course: variations during the day (scabies typically worse at night), 
situational, continuous CP/attacks, spontaneous 
improvement/ deterioration 

e Triggering factors, ameliorating factors, role of emotions 
pre-scratching 

¢ Behavioural response to itch: scratch, rub, role of habit — conscious vs 
subconscious scratching 

¢ Temporal association with previous illnesses, surgeries, medication 
intake, other events 

¢ Occupational/social exposure to possible causes, e.g. fibreglass, 
birds, dogs, cats, rats, farm animals 

¢ Travel history — consider rare infestations, e.g. onchocerciasis, 
gnathostomiasis, giardiasis 

¢ Other family members itching suggests scabies 

e Previous therapies: successful/unsuccessful 

° Self-treatment/over-bathing 

¢ Patient’s own theory about the cause of CP 

e Psychogenic stress factors 

¢ Impairments in quality of life, burden, sleep disturbances 


General history 

¢ Previous illnesses including dermatoses 

¢ Drug intake (prescribed, over the counter, recreational), infusions, 
blood transfusions 

e Previous surgeries (stress reaction/medication-induced pruritus or 
nerve compression) 

e Allergies: type I/type IV allergies 

e Atopic predisposition 

¢ Clinical signs for malignancy (weight loss, fever, night sweats) 

e Pregnancy 

e Systematic enquiry/review of clinical systems 


Adapted from Stander et al. 2012 [278]. 


Presentation 

Chronic pruritus may initially occur on non-diseased skin (classifi- 
cation term: pruritus on non-inflamed skin; replaces the previous 
designation pruritus sine materia) or along with a dermatosis 
(pruritus on inflamed skin) (Figures 81.1 and 81.2). CP induces 
scratching that may change the initial clinical picture. Accordingly, 
patients may present with excoriations, erosions, papules, nodules, 
lichenification, scars and hyper- and hypopigmentation resulting 
from scratching (Figure 81.3). If these are predominant (classifica- 
tion term: pruritus along with chronic scratch lesions), they may 
conceal an initial dermatosis. Thus, it is important to distinguish a 
primary dermatosis from secondary scratch lesions and ask patients 
about the methods they use to relieve pruritus in order to interpret 
the clinical findings properly [4]. Certain recurrent clinical pictures 
have been summarised under specific names such as lichen simplex 
or PN. These also define clinical entities despite being initial reaction 


Figure 81.1 Patient with chronic pruritus on inflamed skin (psoriasis). 


Figure 81.2 Patient with chronic pruritus on non-inflamed skin (notalgia paraesthetica; 
lesional area marked). 


Figure 81.3 Patient with chronic pruritus and chronic scratch lesions (prurigo nodularis). 


patterns resulting from chronic scratching. A common finding in all 
cases of generalised pruritus with the presence of scratch-related 
lesions is the so-called butterfly sign which describes the distribu- 
tion of spared skin between the shoulder blades which cannot be 
reached. This part of the back is known as the acnestis. 


Clinical variants 

Pruritus in inflamed skin (dermatoses). The majority of dermatoses 
may induce pruritus, although itch occurs with interindividual vari- 
ation. While all patients with atopic eczema, urticaria and bullous 
pemphigoid report itch, other diseases such as pityriasis rubra 
pilaris or lichen planus show itch only in a subset of patients. 
Intense widespread pruritus is also a major feature of Sézary syn- 
drome and occurs in cutaneous mastocytosis if the skin is rubbed to 
provoke a weal (Darier sign). In mycosis fungoides, pruritus may 
be the presenting symptom without skin signs (‘invisible mycosis 
fungoides’), but mainly occurs in late-stage mycosis fungoides and 
its follicular variant [114]. Subclinical urticaria is reported in the 
form of invisible dermographism [115]. Itch in atopic eczema (atopic 
itch) and psoriasis vulgaris (psoriatic itch) have been investigated 
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in great detail and current studies aim to show the antipruritic effect 
of new targeted therapies in these entities. 


Pruritus of atopic eczema. The itch of atopic eczema is aggra- 
vated by scratch damage, which causes enhanced inflammation 
(itch—-scratch cycle; see also Chapter 41). Itching is usually worse at 
night, and is aggravated by contact with wool, sweating and the 
ingestion of spicy foods and alcohol. The itch of atopic eczema is 
multifactorial, and is due to dryness (almost invariable in atopic 
eczema sufferers), inflammation and neural sensitisation in the 
peripheral and central nervous system. In this context, alloknesis 
(itchy skin) forms a major component of the itch suffered by the 
atopic eczema patient, explaining, for example, the paroxysms of 
itching experienced by patients in response to scratching, sweating, 
sudden changes of temperature, humidity, undressing or dressing, 
etc. Pruritus in atopic eczema involves skin barrier and keratinocyte 
signalling and immunological and neural mechanisms. Several 
studies have reported an enhanced and abnormally prolonged 
response to the application of pruritic pharmacological stimuli in 
unaffected skin in atopic patients. Studies of the itching response 
of atopic eczema patients to histamine iontophoresis suggest a 
decreased response of afferent cutaneous fibres to high doses, but 
an increased sensitivity to low concentrations; possibly because of 
increased permeability of clinically normal-looking skin of these 
atopic patients [116]. It is important to distinguish itching asso- 
ciated with inflammatory changes or chronic lichenification from 
that simply due to excessive drying of the skin in patients with 
atopic eczema. Emollients, which should always be recommended, 
and which in many cases may be all that is required, will be inad- 
equate alone where inflammatory changes are responsible for the 
itching. Lowering skin pH and adding soothing topical emollients 
with oatmeal extracts and anaesthetics such as pramoxine and 
polidocanol further reduce the itch [116]. Molecular biological 
studies and dermal microdialysis studies have demonstrated the 
involvement of mediators other than histamine in lesional skin 
of atopic eczema patients such as IL-4, -13 and -31 and thymic 
stromal lymphopoietin [38,117]. Reviews of the effectiveness of H, 
antihistamines concluded that they are of little value in relieving 
pruritus [118]. However, most patients with itchy atopic eczema 
receive antihistamines, mainly of the sedative type, and find them of 
some value, presumably due to their central sedative effect. On the 
basis of a comparison of itching in atopic eczema patients receiving 
successively astemizole (low sedation antihistamine), trimeprazine 
(sedative antihistamine) and nitrazepam (non-antihistamine seda- 
tive), concluded that sedation was a required component of the 
successful systemic treatment of itching in atopics, and that, more- 
over, itching in atopic eczema involved a central component [119]. 
However, numbers of patients were small and subsequent studies 
have yielded conflicting results. 

Systemic antibiotics might also modulate pruritus. Changes in 
skin microbiome in atopic eczema can cause dysbiosis and lead 
to robust colonisation of Staphylococcus aureus [120]. Staphylococcus 
aureus behaves as a superantigen leading to T-cell activation, and 
also activates nerves via serine proteases and dermal mast cells via 
Toll-like receptors and promotes the production of the pruritogen 
IL-31 [121]. 
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Topical corticosteroids are frequently effective in suppressing 
itching in the atopic eczema patient. Corticosteroids are not inher- 
ently antipruritic, but suppress the inflammatory component of 
the dermatosis thereby alleviating the itching indirectly. They are 
especially effective in highly pruritic children with atopic eczema 
treated with the ‘wet wrap’ technique [122]. The introduction of top- 
ical calcineurin inhibitors, tacrolimus and pimecrolimus, provides 
an effective measure for amelioration of pruritus of atopic eczema 
[123,124]. These agents owe their action to the downregulation of 
activated T cells [125]. 

Topical non-steroidal phosphodiesterase 4 inhibitors such as 
crisabarole have shown rapid antipruritic effect in atopic eczema 
[126,127]. Systemic immunosuppressive medications including 
systemic ciclosporin, methotrexate and azathioprine are highly 
effective in relieving the itching (and other signs and symptoms) of 
chronic atopic eczema in selected patients [84,103], due to their pan 
T-cell inhibition; however their safety profile limits their prolonged 
use [128]. 

In recent years a significant advancement in the treatment of 
atopic eczema has been achieved with the launch of dupilumab, 
a targeted biological inhibiting IL-4Ra. This drug has a significant 
antipruritic effect that shows meaningful improvement after the 
first dose [129]. Numerous drugs are currently being tested in 
clinical trials for atopic eczema and the majority have a very potent 
antipruritic effect including drugs targeting JAK/Stats signalling 
such as baricitinib, abrocitinib and upadacitinib, and IL-13 and 
IL-31 receptor antagonists such as tralokinumab and nemolizumab 
[130,131] (Chapter 41). 

Other modalities that have shown an antipruritic effect are 
broad-band and narrow-band ultraviolet B (UVB), the latter being 
deemed superior and safer [132]. If this is not effective, the oral 
L-opioid receptor antagonist naltrexone can be considered for itch 
control [133]. 


Pruritus of psoriasis vulgaris. Generalised pruritus is a feature of 
psoriasis in 80-89% of patients [134-136] (Chapter 35). The National 
Psoriasis Foundation collected the data of more than 5600 psori- 
asis patients from 2003 to 2011; pruritus was the most common 
symptom (93%) reported [137]. Pruritus may involve all areas of 
the body. The presence and intensity of itching did not depend 
on the age and gender of patients, type of psoriasis, duration of 
disease or last outbreak of psoriasis [135]. In approximately 80% 
of patients, pruritus appears on a daily basis and although usually 
confined to the psoriatic lesions and of moderate intensity [138,139], 
the pruritus significantly affects QoL [108] and induces feelings 
of stigmatisation and depressive symptoms [139]. In a web-based 
questionnaire study comparing atopic eczema and psoriasis, pso- 
riasis respondents reported higher embarrassment associated with 
itch [139]. Important daily factors that were found to exacerbate the 
itch were ambient heat (81%), skin dryness (80%), sweating (65%) 
and stress (55%) [134]. To assess psoriasis symptoms including 
pruritus, an eight-item psoriasis symptom inventory (PSI) was 
developed and validated that assessed the severity of itch, redness, 
scaling, burning, cracking, stinging, flaking and pain [140]. 

It is very likely that inflammation, inflammatory T cells and 
neutrophils and their mediators such as IL-17 contribute to pruritus 
in psoriasis [86]. IL-31 mRNA expression was initially reported to 


not be involved in psoriasis itch [98,141], however recent studies 
have demonstrated it has a role and correlates with itch intensity 
[86]. Neuropeptides released by nerve fibres seem to contribute to 
the induction of itch in psoriasis [44]. A significant correlation was 
observed between the intensity of pruritus and protein gene prod- 
uct 9.5 immunoreactive intraepidermal nerve fibres (IENF), NGF 
immunoreactive keratinocytes (which showed a strong positivity 
throughout the entire epidermis) and expression of the high-affinity 
receptors for NGF TrkA in the epidermis. An increase in neuropep- 
tide SP-containing nerve fibres in perivascular areas and decreased 
expression of neutral endopeptidase (enzyme degrading SP) in 
the epidermal basal layer and in the endothelium of blood vessels 
was described. An increase in the expression of TrkA next to basal 
keratinocytes and also in dermal nerves, as well as increased mast 
cell numbers showing degranulation in the papillary dermis, has 
been reported [44]. 

Interestingly, one study found that pruritus of psoriasis was found 
to be unresponsive to most available antipruritics, including pho- 
totherapy [134]. However, patients report a decline of itch accompa- 
nying effective clearance of psoriasis plaques. Novel therapies such 
as apremilast, a specific inhibitor of phosphodiesterase 4, and bio- 
logicals (inhibitors of IL-17 and -23) have demonstrated reduction 
of psoriatic itch [142]. 


Itching in systemic disease. This section deals with itch in skin 
devoid of primary skin disease, and occurring in response to sys- 
temic or internal disease, any signs in the skin being secondary to 
scratching or rubbing. An overview of this topic can be found in the 
European guideline on chronic pruritus [4]. 


Chronic kidney disease-associated pruritus (nephrogenic or 
uraemic pruritus). Persistent itching is a major cause of impair- 
ment of QoL in patients with CKD [143]. It occurs in around 10-77% 
of patients [144] but is rarely a feature in children or in patients 
with acute renal failure [145]; the reasons for this are unknown. 
It is more common in patients receiving haemodialysis than in 
those on continuous ambulatory peritoneal dialysis (CAPD) [146]. 
The clinical features have been comprehensively described [143]. 
Although the skin of some patients may appear dry, frequently it 
is essentially normal in appearance. The pruritus of CKD may be 
persistent, extensive and refractory to therapy, but in other patients 
it may be transitory and localised [143,145]. Secondary skin changes 
due to scratching and rubbing are very common. These include 
pigmentation and PN, often secondarily infected. Histologically, 
the clinically normal skin may show attenuation of sweat and seba- 
ceous glands and an increased number of mast cells [147]. However, 
no correlation between mast cell population densities and pruritus 
has been established. 

The pathophysiology of CKD pruritus is unclear but is likely 
multifactorial [148] and includes an imbalance of overexpression of 
Lt opioid receptors and downregulation of « opioid receptors, and 
upregulation of Th1 cytokines. Recent studies have demonstrated 
elevated levels of IL-31, ‘the itchy cytokine’ [111,149]. An abnormal 
sprouting of neuron-specific enolase-positive unmyelinated nerve 
fibres has also been reported in the skin of patients with CKD pruri- 
tus [150]. Other suggested factors in the pathogenesis include raised 


serum parathyroid hormone levels due to secondary hyperparathy- 
roidism [151]; of note, parathyroid hormone increases the number of 
tissue mast cells [152]. However, although parathyroidectomy has 
relieved pruritus in some patients [153], no convincing correlation 
between parathormone levels and pruritus has been demonstrated 
in CKD [151]. The pruritus of CKD has been proposed to be related 
to aluminium overload during haemodialysis [154], treatable by the 
administration of desferrioxamine mesylate, but this has not been 
confirmed. Pharmacological mediators have been proposed to be 
responsible for CKD pruritus. Histamine is an improbable candi- 
date, since treatment with antihistamines is ineffective. The DOPPS 
(Dialysis Outcomes and Practice Pattern Study), which included 
29 000 patients, detected the following risk factors for the develop- 
ment of CKD pruritus: male sex, pre-existing diseases of lung, heart 
or liver (e.g. hepatitis C) and elevated serum calcium /phosphorus 
level but not uraemia. These findings question the term uraemic 
pruritus, which is now avoided and has been replaced by CKD 
pruritus [2]. 

Treatment of CKD pruritus is challenging. Urea-based topi- 
cal humectants may help [155]. The topical calcineurin inhibitor 
tacrolimus 0.1% proved ineffective in a double-blind randomised 
placebo-controlled study in haemodialysis-related pruritus [156]. 
Opioid peptides have also recently been implicated in 
haemodialysis-related pruritus, elevated plasma met-enkephalin 
levels having been reported in haemodialysis patients [157], 
although a correlation has yet to be established [158]. Recent 
studies suggest that pruritus of renal failure responds to « opioid 
agonist and this led to the approval of nalfurafine and difelikefalin 
for CKD pruritus [159,160]. The pathophysiology of CKD pruritus 
and its management has been reviewed recently [161]. 

Important general therapeutic measures include emollients for 
xerosis and treatment of scratch lesions [162]. The « opioid receptor 
agonists seem to be a promising treatment. Nalfurafine is approved 
only in Japan but recent phase III clincial trials using difelikefalin 
have shown significant antipruritic effect in CKD which is approved 
now in the US and Europe [163]. 

Dialysis itself has little beneficial effect on CKD pruritus, although 
its frequency and severity has lessened since the advent of dialysis 
membranes with better bio-compatibility [164]. The only curative 
and reliably effective treatment for renal pruritus is renal transplan- 
tation. Parathyroidectomy may be followed by remission of pruritus 
in patients with secondary hyperparathyroidism [153]. Photother- 
apy with UVB is frequently effective and may act systemically as 
well as locally; its value is supported by a recent meta-analysis [165]. 
Ultraviolet therapy (combined UVA and UVB) depletes the skin of 
vitamin A and this has been proposed as a mode of action [166]. Only 
UVB phototherapy and activated charcoal have an established track 
record for this indication [167,168]. 

Other treatments have been advocated, including heparin, mex- 
iletine, ion-exchange resin and intravenous lignocaine, but are 
of uncertain effectiveness and usually impractical to use. Opioid 
antagonists such as naltrexone have some efficacy but controlled 
studies are missing and this treatment remains to be independently 
confirmed [169]. Antihistamines and topical steroids are generally 
unhelpful in CKD pruritus, but emollients may provide relief in 
those with dry skin. 
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Since itching may be restricted to certain areas, topical capsaicin 
0.025% has been reported to be effective in localised CKD pruri- 
tus [170]. In the longer term, only a greater availability of renal 
transplantation is likely to bring sustained relief to these greatly 
distressed patients. 


Hepatobiliary diseases and cholestasis (cholestatic pruritus). 
Pruritus may be generalised or localised, for example to the hands 
and feet, and can be an early symptom of hepatobiliary disease. It is 
associated with rubbing rather than scratching, therefore secondary 
excoriation and infection are less common than in renal pruritus. 
It is a frequent and distressing symptom of hepatobiliary diseases; 
recent studies suggest that autotoxin and the bile acid receptor 
TGRS are involved in the pathogenesis [171,172]. Hepatic pruritus 
is associated with cholestasis; about 70% of patients with cholestasis 
report pruritus. The most common are intrahepatic cholestasis of 
pregnancy (ICP), primary biliary cirrhosis (PBC), primary scleros- 
ing cholangitis and hereditary paediatric cholestatic disorders [173]. 
Hepatitis C is also a cause of intense cholestatic pruritus, occurring 
in 15% of infected patients [174]. 

Cholestatic pruritus was speculated to be associated with ele- 
vated plasma levels of bile salts [175], but evidence of a direct 
correlation has been lacking except in ICP. Measurements of skin 
tissue levels of bile salts and their relationship to serum levels, 
and to intensity of itching, gave inconclusive results and the bile 
salt levels did not differ from values in control subjects [176]. Bile 
salts applied to blister bases in human skin, although causing 
pruritus, do so at minimal effective concentrations far exceeding 
those achieved in cholestatic jaundice [177]. A lack of demonstrable 
quantitative relationships has not, however, discouraged a number 
of investigators from exploring methods for lowering serum and 
skin bile salt levels in the management of itching due to cholestasis. 
For example, plasma perfusion through charcoal-coated glass beads 
was associated with a marked improvement in cholestatic pruritus, 
although a relationship between clinical response and fall in bile 
salt level was not demonstrated. Recent experimental evidence 
has implicated the lysophospholipase, autotaxin (ATX), and its 
product, lysophosphatidic acid (LPA), as potential mediators of 
cholestatic pruritus [171]. Serum ATX levels were demonstrated to 
be specific for cholestatic pruritus [171]. The treatment of patients 
with cholestasis with the bile salt sequestrant, colesevelam, but 
not placebo, effectively reduced total serum bile salts, but only 
marginally altered pruritus intensity and ATX activity. Rifampicin 
[178,179] significantly reduced itch intensity and ATX activity in 
patients with pruritus not responding to bile salt sequestrants [171]. 
Similar results have been achieved clinically with ion-exchange 
resins, including cholestyramine [180-182]. These reports raise 
the possibility that other observed clinical improvements may 
be a consequence of removal of ATX following such procedures 
as extracorporeal albumin dialysis [183] and phototherapy [181]. 
Rifampicin is effective, but has to be administered with caution 
as it is associated with hepatotoxicity [184]. Ursodeoxycholic acid 
has proved disappointing in a recent meta-analysis [185]. Effective 
treatments of hepatobiliary pruritus have been reviewed [186]. 

Recent studies have demonstrated that bilirubin can elicit an itch 
sensation in humans by directly stimulating peripheral nerve fibres 
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through mouse Mas-related G-protein-coupled receptor Mrgprx4 
receptors [187,188]. 

Earlier work highlighted the importance of dysregulation of 
central opioid peptides in patients with cholestatic pruritus [189]. 
Plasma levels of opioid peptides are elevated in human [189] and 
rat [190] cholestasis. Furthermore, plasma from patients suffering 
from pruritus of cholestasis induces facial scratching, reversed by 
naloxone, when injected into the medullary dorsal horn of the mon- 
key [76]. Most importantly, carefully controlled trials established 
the effectiveness of parenteral and oral opioid antagonists in the 
treatment of cholestatic pruritus [191,192]. Thus, the conclusion 
that opioid antagonists are of value for treatment of the pruritus 
of cholestasis is based upon evidence of increased opioidergic 
tone in chronic cholestasis patients, and the impressive response 
to naloxone or naltrexone (specific opioid }1 receptor antagonists). 
This response can be associated with opioid withdrawal symptoms 
[193]. Apart from biliary disease, cholestatic pruritus may also occur 
in pregnancy [194] and premenstrually [195]. However, the role of 
opioid peptides in these contexts has yet to be established. 


Polycythaemia vera. Pruritus is a common symptom in poly- 
cythaemia vera (PV) patients (Chapter 149). As many as 50% of 
untreated patients with PV who have a mutation in JAK2V617 
develop a severe, prickly and distressing discomfort within min- 
utes of water contact, lasting 15-60 min [196]. As it frequently 
occurs after the patient emerges from bathing, it is often referred to 
as ‘bath itch’ or aquagenic pruritus. No visible changes are present 
in the skin, and the symptom may be associated with elevated 
serum and urinary histamine levels [196]. Platelet aggregation has 
been suggested as a possible mechanism and source of prurito- 
genic factors, including histamine [197]. Water-induced itching 
may precede development of PV by several years [198]. Bathing by 
regional sponging may mitigate the itch. Successful treatment of the 
underlying PV may not relieve the itching and although correction 
of venesection-induced iron deficiency may give relief, it may be at 
the expense of exacerbating the PV. Antihistamines are effective in 
around 30% based on the fact that the JAK2V617 mutation results 
in increased activation of mast cells. Psoralen and UVA (PUVA) 
photochemotherapy with 8-methoxypsoralen and UVA, has been 
successful in some patients [199]. Success has been claimed for 
narrow-band UVB phototherapy [200]. One report cites the use 
of long-term treatment with interferon-«2b for severe pruritus of 
PV [201], and another advocates the use of serotonin reuptake 
inhibitors such as paroxetine or the pain modulator pregabalin 
[202,203]. Some patients may respond to aspirin [197]. Inhibitors of 
JAK2 may reduce PV itch [204]. 


Thyrotoxicosis. Intractable itching associated with a warm moist 
skin is a recognised accompaniment of thyrotoxicosis and may be 
the presenting symptom [205] (Chapter 150). The cause is uncertain. 
Cutaneous vasodilatation, a regular feature of the disease, leads to 
increased skin surface temperature, which lowers the itch thresh- 
old [206]. 


Diabetes (diabetogenic pruritus). Contrary to past assump- 
tions [207,208], generalised pruritus is a manifestation of diabetic 
[209,210] (Chapter 62). In a large-scale survey of 2656 diabetic 


out-patients and 499 non-diabetic subjects, 26.3% of the diabetic 
subjects and 14.6% of the non-diabetic participants (P <0.001) 
presented with CP. The prevalence of specifically located truncal 
pruritus in diabetic subjects was significantly higher than that in 
age-matched non-diabetic subjects (11.3 versus 2.9%, P = 0.0001). 
Further analysis revealed that abnormal sensation and Achilles 
tendon areflexia were independent risk factors suggesting that 
diabetic pruritus is significantly associated with the symptoms 
and signs of diabetic polyneuropathy [210]. Another recent study 
demonstrated positive associations between postprandial blood 
glucose and generalised diabetic pruritus [211]. In this study, 27.5% 
of 385 patients with type 2 diabetes suffered from itching. Scalp 
itch without rash was highly associated with diabetes in old age, 
suggesting a neuropathic cause [212]. 


Malignancy (paraneoplastic pruritus). The problem of pruritus 
as a manifestation of malignant diseases has been the subject of 
multiple publications [32,213,214] (Chapter 148). Large cohort stud- 
ies showed that haematological malignancies and hepatobiliary 
neoplasms are associated with pruritus. However, it is well known 
that pruritus may precede the development of solid tumours or 
haematoproliferative diseases — so-called premonitory pruritus. 
For example, Hodgkin disease (5 years premonitory pruritus docu- 
mented) and PV (13 years premonitory pruritus documented) are 
typical candidates for premonitory pruritus [196,215]. Other can- 
didates for the development of paraneoplastic pruritus are Sézary 
syndrome, myelodysplastic syndrome and myelofibrosis; very 
rarely it occurs in non-Hodgkin lymphoma (including in children), 
multiple myeloma, chronic lymphocytic leukaemia and chronic 
myelomonocytic leukaemia [216]. In Hodgkin disease, about 30% of 
patients present with pruritus as a symptom; in one study this was 
associated with shorter life expectancy than if no itch was present 
[217]; however, this finding was not confirmed in recent studies 
[218,219]. 

Rarely, neoplasms may present as localised paraneoplastic pruri- 
tus; for example, unilateral facial pruritus is an early symptom of 
brainstem glioma; pruritus of the nose may be a presenting symp- 
tom of a cerebral tumour; and abdominal itching has been reported 
to be associated with an astrocytoma in neurofibromatosis [218,219]. 
Other solid tumours such as liver, breast, lung, gastric, laryngeal, 
prostate and cervical carcinoma are anecdotally reported to lead to 
localised or generalised pruritus [218,219]. 

Paraneoplastic itch can be relieved with selective serotonin 
reuptake inhibitors (e.g. paroxetine), combined « opioid receptor 
agonists/1 opioid receptor antagonists, and pain modulators such 
as pregabalin, gabapentin as well as thalidomide in haematological 
malignancies, and short-course oral corticosteroids [220]. 


Drug-induced pruritus. Drug-induced pruritus without rash devel- 
opment is frequent; it is estimated that pruritus accounts for 
approximately 5% of all adverse skin reactions after drug intake 
[221] (Chapter 117). In general, drug-induced pruritus is divided 
into two groups: (i) the drug and its pathomechanism of CP induc- 
tion are known, and there is a clear temporal relationship between 
intake of drug and onset of pruritus; and (ii) the role of the drug in 
causing pruritus is frequently unclear due to long latency between 
the start of drug intake and onset of itching, and, once identified, 
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there is often no hypothesis on the pathomechanism involved. 
Typical examples for the first group of drugs are morphine, chloro- 
quine and hydroxyethyl starch [222], the latter of which has been 
used widely as a plasma substitute, especially in Europe. It is also 
used to improve the function of the microcirculation. Generalised 
pruritus has been reported as a well-recognised complication, 
occurring in 15-42% of patients [223]. It results from deposits of 
hydroxyethyl starch in cutaneous peripheral nerves, and may be 
associated with severe, long-lasting, mechanically inducible itch- 
ing [222,224]. It is poorly responsive to antihistamines, but may 
respond to topical capsaicin or systemic gabapentin or naltrexone 
[225,226]. 

The second group comprises a large number of substances such as 
angiotensin-converting enzyme inhibitors (e.g. captopril, enalapril), 
calcium channel blockers (e.g. amlodipine), B-blockers (e.g. atenolol, 
metoprolol), antidiabetics (e.g. glimepiride, metformin), diuretics 
(e.g. hydrochlorothiazide), hormones, statins and allopurinol [221]. 

Recently, pruritus has been reported as a common side effect of 
a number of molecularly targeted and immunotherapeutic anti- 
neoplastic agents, including inhibitors of epidermal growth factor, 
tyrosine kinase, BRAF (B-rapidly accelerated fibrosarcoma protein), 
MEK (mitogen-activated extracellular signal-regulated kinase), 
PD1 (programmed cell death receptor 1), PD-L1 (programmed cell 
death ligand 1) and CTLA-4 (cytotoxic T-lymphocyte-associated 
protein 4) [227-230]. 

Many other drugs are anecdotally reported to induce CP. The 
frequency of drug-induced pruritus following the use of particu- 
lar medications, as well as the pathomechanisms involved, await 
further investigation [221]. 


Pruritus in pregnancy. Pruritus occurs in about 20% of pregnant 
women (Chapter 113). In the majority of these, itching is linked to 
pre-existing dermatoses such as psoriasis and atopic eczema. Atopic 
eruption of pregnancy (AEP) encompasses previous terms describ- 
ing questionable entities such as prurigo of pregnancy and pruritic 
folliculitis of pregnancy [231,232]; it occurs in early pregnancy with- 
out fetal risk. Polymorphic eruption of pregnancy (PEP; previously 
known as pruritic urticated papules of pregnancy (PUPP)) occurs 
in about 21.6% of itchy pregnant women, and also does not risk 
fetal health. Pemphigoid gestationis is rare (4.2% of itchy pregnant 
women), and may lead to small-for-date babies. In ICP, generalised 
pruritus starts without skin lesions. Secondary scratch lesions and 
prurigo may be present. Typically, bile acids are elevated and jaun- 
dice may occur (after the onset of itching). Splicing mutations in 
the multidrug resistance P-glycoprotein 3 (MDR3) gene have been 
found to be related to ICP and may be associated with stillbirths 
and cholelithiasis [233]. 

No treatment for itching is absolutely safe in pregnancy, but it 
is a reasonable assumption that persistent intense pruritus is itself 
prejudicial to a healthy pregnancy. Loratadine has been used in 
over 5000 pregnancies with no increased risk for the fetus and 
can be taken in all trimesters. First generation antihistamines such 
as chlorpheniramine, hydroxyzine and dexchlorpheniramine are 
also not contraindicated in pregnancy and are considered safe 
although not licensed in pregnancy (Chapter 113). Topical corticos- 
teroids may be applied if necessary; in late pregnancy UV therapy 
is possible. 


Pruritus of senescence (previously known as senile pruritus). 
Persistent and widespread itching, often associated with extensive 
excoriation, is experienced by at least 50% of people in the seventh 
decade of life or beyond [234]. Because of the gradually increas- 
ing proportion of elderly persons in the population, it is also a 
burgeoning problem. In women, itching may be a manifestation 
of the postmenopausal syndrome. Pruritus of elderly people may 
be a symptom of subtle skin disease such as scabies, especially in 
the institutionalised, a manifestation of an underlying systemic 
disorder (including stroke disease, dementia, Parkinson disease, 
renal, hepatic or malignant disease), a skin manifestation of an 
adverse drug reaction or symptomatic of depression and loneliness 
or a combination of several of these factors (pruritus of multiple 
aetiologies). However, in many instances, itching is a result of 
excessive dryness of the skin (xerosis). There is evidence of reduced 
production of sebum production in association with ageing, and 
its composition also alters [235]; however, this is not thought to 
be a major factor in xerosis of the elderly. Senescence is frequently 
associated with failure of the skin to retain water and is often worse 
in the winter. The resulting dryness and fine cracking of the skin 
is associated with troublesome itching, which in most instances 
responds to emollients. Water-induced itching in elderly people 
[236] is a variant of senescent pruritus, being particularly common 
in those who are institutionalised and exposed to an overheated 
dry environment, resulting in skin desiccation, and both this and 
the common spontaneous variety respond to emollients. Analysis 
of senescent stratum corneum has shown greatly reduced water 
content [237]. Dystrophic changes in afferent nerve terminals may 
be involved in pruritic senescent skin and may have a pathogenetic 
role [238,239]. Immunosenescence is another cause of pruritus as 
there is a Th2 cytokine skew in the elderly associated with an 
eczematous itchy rash [240,241]. Pruritic skin diseases such bullous 
pemphigoid, stasis dermatitis, PN and cutaneous T cell lymphoma 
are more common in the elderly [2]. 

It is usually most expedient to prescribe several different emol- 
lients and encourage the patient to experiment with these, since 
it is not possible to predict individual responses with confidence. 
White soft paraffin ointment is cheap, occlusive and has been 
shown to accelerate recovery of barrier function in damaged skin. 
The use of a topical humectant such as 10% urea lotion can be 
effective [242]. The patient can be encouraged to apply emollients 
at least twice daily and more often if required and is practical. 
Also, if possible, ambient temperature and humidity should be 
modified. A trial of an appropriate psychopharmaceutical therapy 
such as mirtazapine at night is useful in patients in whom there is 
a significant element of depression and sleep disturbance. Corti- 
costeroids, antihistamines and cooling lotions are not indicated in 
itching due to xerosis. In conditions where there is inflammation 
and eczema the use of methotrexate and dupilumab seem to be 
safer than immunosuppressants such as ciclosporin and systemic 
corticosteroids [243,244]. 


Neurological diseases (neuropathic pruritus). Chronic pruritus 
may occur in the context of a peripheral or central nervous system 
related nerve fibre injury or damage. Such damage causing over- 
lapping symptoms of pruritus and pain, so-called ‘pruralgia’, spans 
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a wide range of perceptions — feelings of stinging and burning, 
wet sensation, electric shock or pins and needles — and various 
symptoms of pain (e.g. mechanical dynamic allodynia) [245]. 
Accordingly, neuropathic pruritus cannot be clearly differentiated 
from neuropathic pain [246], while analysis of pruritic patients 
clearly demonstrates that neuropathic itch and neuropathic pain 
may occur in association [247]. Neuropathic CP may arise out of a 
local nerve fibre compression (e.g. brachioradial pruritus, notalgia 
paraesthetica) or nerve fibre degeneration (e.g. small fibre neu- 
ropathy) affecting different neuronal structures in the peripheral 
or central nervous system [245]. Pruritus due to nerve fibre com- 
pression is usually located in the corresponding dermatome while 
nerve fibre degeneration leads to localised or generalised pruritus. 
Accordingly, there are significant differences in the pathogenesis 
as well as in the clinical picture of neuropathic CP. The ther- 
apy of neuropathic pruritus is also challenging as the commonly 
used oral antipruritic drugs such as antihistaminergics, doxepin, 
chlorpromazine, diphenylhydantoin, and topical and intralesional 
corticosteroids do not lead to amelioration of symptoms [245]. 
Gabapentinoids are effective and indicated for neuropathy. 


Notalgia paraesthetica. This is a fairly common cause of localised 
persistent pruritus. Characteristically, patients complain of persis- 
tent burning pruritus localised to the mid-scapular area, but pos- 
sibly extending from there to a more widespread distribution, 
including the scalp. Apart from mild lichenification and pigmen- 
tation with or without macular amyloidosis (a consequence of 
rubbing; the amyloid results from the release of necrotic material 
from keratinocytes), there is usually little to see. Recent reports 
stress the importance of nerve root entrapment and sensory neu- 
ropathy of the primary dorsal rami of the spinal nerves from T2 to T6 
[248-251]. It is more common in females than males [252-254]. Cap- 
saicin cream or a patch can be effective in some patients [255-257]. 
Other localised neuropathic itch types are cheiralgia paraesthetica 
(radial nerve), meralgia paraesthetica (lateral femoral cutaneous 
nerve) and gonyalgia paraesthetica (infrapatellar branch of the 
saphenous nerve). 


Brachioradial pruritus. Brachioradial pruritus (BRP) is located in 
the region of the elbow and adjacent lower and upper arm, in 
the C5/C6 dermatome, and the shoulder and neck may also be 
involved [245]. Sunlight may make it worse and it may be improved 
by cold applications (‘ice pack sign’). More females than males are 
affected, mostly at an age over 60 years. Compressions of the spinal 
cord or nerve root of the cervical spine (cervical radiculopathy) by 
disc herniations, osteophytes, cervical rib or even cervical ependy- 
momas are most probably responsible for the development of BRP 
[258]. Thus, MRI of the cervical spine is strongly recommended in 
addition to a comprehensive patient history and a neurological and 
orthopaedic examination [245]. Topical local anaesthetics or cooling 
compounds can ameliorate BRP. The most effective drug reported 
is the anticonvulsant gabapentin or pregabalin (dosage depending 
on age and co-morbidities) [4]. Other treatments used in anecdotal 
reports include topical capsaicin, ketamine-lidocaine, amitryptiline, 
oral carbamazepine and botulinium toxin injections [259,260]. 
Localised pruritus can further occur with or without dermatoses 
and is frequently found in the genito-anal area (e.g. pruritus ani 


(Chapter 111), pruritus vulvae (Chapter 110) and _ trichodynia 
(Chapters 82 and 105)). 


Psychiatric and psychosomatic diseases (psychogenic pruritus). 
Itching, either localised or generalised, can be a manifestation of 
psychiatric or psychosomatic diseases (Chapter 84). There are no 
satisfactory ‘rule in, rule out’ diagnostic paradigms, therefore, in 
practice, the conclusion that local or generalised itch is psychogenic 
in origin is arrived at by a process of exclusion of cutaneous 
or systemic causes [261]. In many chronic itch patients regard- 
less of the underlying cause there are components of psychiatric 
co-morbidities such as stress, depression and anxiety. Diagnostic 
criteria have been proposed for functional itch disorder [262]. 

It is also self-evident that patients experiencing severe persis- 
tent pruritus become secondarily depressed, and that this may 
itself lower the threshold for pruritus, thus completing a ‘vicious 
circle’ of itch, depression and more itch [115,263—266]. Studies in 
psychiatric in-patients found a high prevalence of chronic itch, up 
to 32% [267]. Fibromyalgia is a complex condition, characterised 
by widespread somatic or physical symptoms such as pain, and 
often has a significant component of chronic itch and psychological 
manifestations [268]. 

Widespread psychogenic pruritus may result in extensive and 
disfiguring excoriations and scarring to the extent of self-mutilation. 
It is important to ask about the patient’s concerns as to causation. 
Delusions of infestation of the skin is a rare psychiatric entity and is 
normally readily recognisable because of the patient’s description 
of the itch (e.g. formication) and often the patient’s presentation 
of particulate material considered by the sufferer to represent the 
supposed insects or their products, known as ‘the specimen sign’ 
[269]. Psychiatric advice should be sought, ideally in a joint derma- 
tology/psychiatry clinic, and an appropriate psychopharmaceutical 
therapy tried (e.g. risperidone). Treatment options for these patients 
are covered in detail in Chapter 84 and have been extensively 
reviewed [270]. 


Classification of severity and measurement of pruritus 

A uniform and generally valid method for documenting pruritus 
is currently being developed [271]. Itch is a subjective symptom 
and shows not only interindividual differences, but also intraindi- 
vidual variations resulting from depression, anxiety or stress. In 
practice, the severity of pruritus can be determined, for instance, 
with a visual analogue scale (VAS). The VAS is a 100 mm long 
line marked with end points 0 (no pruritus) and 100 (the worst 
imaginable itch). The patient is asked to place a mark on this line, 
and the value represented by this can be determined by simply 
measuring its location in the line. The numerical rating scale (NRS) 
is a similar method of pruritus measurement by which patients 
can assess pruritus intensity by assigning a number between 0 (no 
pruritus) to 10 (the worst imaginable itch). The verbal rating scale 
(VRS) is used for assessing itch intensity in CP. The severity of 
pruritus is coded with graduated adjectives (from 0 = no pruritus 
to 4 = very severe pruritus) [271]. The three intensity scales VAS, 
NRS and VRS were shown to have a high degree of reliability and 
correlation. In a test-retest reliability analysis, a high degree of 
interclass correlation coefficients were found, confirming a good 


reproducibility of these instruments [271,272]. The severity of the 
intensity scale VAS is: 

¢ 0 points: no pruritus. 

¢ >0 points but <30 points: mild pruritus. 

¢ >30 points but <70 points: moderate pruritus. 

¢ >70 points but <90 points: severe pruritus. 

¢ >90 points: very severe pruritus. 

A diagnostic serum biomarker for confirmation of the presence of 
CP is not available. In dealing with CP running a severe course or 
of unclear origin, patients can be advised to keep a diary with daily 
entries of their pruritus experience. This can facilitate mapping and 
interpretation of symptoms by the treating physician. 


Investigations 

Dermatological examination of patients with CP includes a thor- 
ough inspection of the entire skin including the scalp, hair, nails, 
ano-genital region and mucous membranes [4]. Distribution of pri- 
mary and secondary skin lesions as well as skin signs of systemic 
disease should be recorded. A general physical examination should 
include palpation of lymph node basins. 

It is recommended that a diagnostic algorithm comprising 
laboratory and radiological investigations, compiled by the inter- 
disciplinary European Guideline Expert Panel [4], be followed 
(Table 81.3). These investigations must be supplemented with 
symptom-specific diagnostic steps. A balance is needed between 
investigations based on clinical need versus an exhaustive ‘rule out’ 
approach. 


Table 81.3 Laboratory and radiological diagnostics in chronic pruritus. 


First-step screening Further investigations 


Non-specific inflammatory markers Immunelectrophoresis 


including plasma viscosity, ESR, Hepatitis B and C antibodies 

C-reactive protein (CRP) Antimitochondrial antibodies 
Differential blood cell count HIV antibodies 
Blood urea nitrogen, creatinine ANA 
Alkaline phosphatase, y-GT, AST, ALT, PTH, calcium 

bilirubin Erythrocyte fluorescence (erythropoietic 
TSH protoporphyria screen) 
Glucose PSA 
Ferritin Tryptase 


Lactate dehydrogenase (LDH) 
Age >40 years: stool occult blood 
Ano-genital pruritus: stool test for 


Bile acid when intrahepatic cholestasis of 
pregnancy is suspected 
Swab for Candida (mucocutaneous 


parasites pruritus) 
Urine dipstick for microscopic Further imaging studies and bone 
haematuria marrow investigation depending on 
Chest X-ray symptoms and previous findings, e.g. 


Ultrasound abdomen 
Biopsy with routine histology and DIF 
(mastocytosis, pemphigoid, etc.) 


MRI thoracic and cervical spine in 
neuropathic pruritus 

Skin biopsy in cases of hydroxyethyl 
starch (electron microscopy) 


Adapted from Weisshaar et a/. 2019 [4]. 

ALT, alanine aminotransferase; ANA, antinuclear antibodies; AST, aspartate 
aminotransferase; DIF, direct immunofluorescence; ESR, erythrocyte sedimentation rate; 
y-GT, gamma-glutamyl transferase; HIV, human immunodeficiency virus; MRI, magnetic 
resonance imaging; PSA, prostate-specific antigen; PTH, parathyroid hormone; TSH, 
thyroid-stimulating hormone. 


Chronic pruritus can be prodromal, manifesting before the 
appearance of the initial symptoms of a malignant underlying dis- 
ease such as Hodgkin lymphoma (so-called premonitory pruritus). 
Therefore, in CP of unclear origin, depending on the general health 
status of the patient, an annual physical examination may identify 
a possible underlying cause [4]. The patient can be encouraged to 
self-examine and to re-present if they develop any new symptoms. 


Management 

As detailed earlier, CP may be caused by a broad variety of under- 
lying diseases and may have a heterogeneous clinical phenotype. 
Therefore, there are no general therapeutic recommendations but 
a few principles for the management of CP. First, it is impor- 
tant to gather data on the age, pre-existing diseases, medications 
and quality and intensity of pruritus; based on this information, 
a therapy regimen tailored to the individual patient can be planned. 
Most importantly, elderly patients, pregnant women and children 
require special attention [4]. General pruritus-relieving measures 
should be instituted in every patient with CP (Box 81.2). Prior 
to therapy beyond these general measures, the patient should 
undergo careful diagnostic evaluation and any underlying dis- 
ease should be treated [4]. If pruritus persists, a step-by-step 
symptomatic treatment is recommended (Box 81.3). Specific 
pharmacological interventions must take into consideration the 
type of itch and should be performed according to the guideline 
for CP [4]. 


Box 81.2 General measures for treating chronic 
pruritus 


Avoidance of: 

e Dry skin 

e Factors that worsen dry skin (e.g. heat, frequent washing and 
bathing) 

¢ Contact with irritant substances (e.g. poison ivy, poison oak, stinging 
nettle) 

e Hot and spicy food, large amounts of hot drinks and alcohol 

¢ Stress 


Application of: 

¢ Non-alkaline soaps, synthetic detergents, moisturising shower or 
bath oils 

e Luke-warm bath water, bathing time not exceeding 20 min + 
colloidal oatmeal 

e Short, luke-warm showers 

¢ Soft clothing permeable to air (e.g. cotton) 

¢ Skin moisturisation on a daily basis especially after showering and 
bathing 

¢ Topicals with symptomatic relief, especially for pruritus at night: 
creams/lotions/sprays containing antipruritics (e.g. 5-10% urea, 
0.5-5% menthol in aqueous cream, tannin), calamine oily lotion, 
crotamiton cream, doxepin cream 

¢ Topical emollients containg urea, ceramide, nicotinamide, lactic acid, 
glycerol, lauromacrogols, soya oil 

¢ Wet, cooling wraps (e.g. with moisturiser, black tea) 

¢ 20% zinc oxide ointment-impregnated rayon stockings (especially 
helpful for limbs if many chronic scratch lesions) 

¢ Habit reversal training 
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Box 81.3 Guideline to recommended symptomatic 
therapy in chronic pruritus 


Step 1 

¢ General therapeutic measures (Box 81.2) 

¢ Basic therapy with moisturisers 

e Initial symptomatic therapy: systemic non-sedative H, 
antihistaminics, topical corticosteroids 


Step 2 
e If origin of chronic pruritus is known: symptomatic causative 
adapted therapy 


Step 3 

In pruritus of unknown origin or therapy-refractory cases to the second 

step: 

¢ Symptomatic topical and/or systemic therapy, e.g. pramoxine, 
capsaicin, calcineurin inhibitors, topical polidocanol, 
ketamine—lidocaine and amitryptiline, systemic naltrexone, 
gabapentin, pregabalin, butorphanol, UV phototherapy, 
immunosuppressants (ciclosporin, methotrexate) 


Concomitant treatment in every step 

e Diagnostics and treatment of underlying disease 

¢ General therapeutic measures 

e Insleep disorders: sedative H, antihistaminics, tricyclical 
antidepressants or neuroleptics 

e Psychosomatic care, habit reversal therapy for scratch behaviour 

¢ Inerosive scratch lesions: disinfecting measures, topical 
corticosteroids 


Adapted from Weisshaar et al. 2019 [4]. 


Resources 


Further information 
International Forum for the Study of Itch (IFSI): http://www. itchforum.net/content. 
Butler DF. Pruritus and systemic disease. Medscape, last updated 2021. https:// 
emedicine.medscape.com /article /1098029- overview. 
(Both last accessed February 2022.) 


Patient resources 
Yosipovitch G, Kwatra SG. Living with Itch: a Patient's Guide. Baltimore: Johns Hopkins 
Press, 2013. 


Prurigo nodularis — 


Definition and nomenclature 

Prurigo nodularis (PN) is characterised by the presence of numerous 
symmetrically distributed hyperkeratotic or eroded pruriginous 
nodules, the presence of chronic pruritus and a history or signs of 
repeated scratching. The terminology around the term ‘prurigo’ 
was confusing and has been solidified by a consensus group [1]. 
The umbrella term chronic prurigo unites several subtypes includ- 
ing prurigo nodularis; PN is also referred to as chronic nodular 
prurigo. Nodules in PN are intensely itchy and thus a vicious 
itch-scratch cycle may evolve resulting in long-lasting and highly 
therapy-refractory PN. As in CP, PN may accompany numerous 
diseases and has a highly negative impact on patient QoL. 


Introduction and general description 

In 1901, the Chicago dermatologist James N. Hyde wrote in the sixth 
edition of his and F. H. Montgomery’s dermatology textbook [2] 
that the term prurigo ‘led to considerable confusion in the nomen- 
clature of cutaneous disease’. This statement still holds true as the 
term is used for describing urticarial dermatoses (e.g. prurigo pig- 
mentosa, actinic prurigo) as well as to describe scratch-associated, 
non-urticarial, inflammatory dermatoses (e.g. PN). There is con- 
tinuing debate about conditions such as prurigo simplex acuta or 
prurigo simplex subacuta and their nature remains to be properly 
investigated. However, this chapter deals with the consequences of 
CP and chronic scratching leading to severe and therapy refractory 
skin lesions of PN. 

Hyde used the term PN for the first time in 1909 [3]. In 1879, 
William Augustus Hardaway (1850-1923) described PN as ‘multiple 
tumours of the skin accompanied by itching’ in his 1880 paper in the 
Archives of Dermatology [4]. Hyde had noted PN in his own patients 
in 1879 and 1880, which he described in his textbook as early as 1883 
[5]. The concept of prurigo was already established at this time, and 
several clinical variants were described such as prurigo Hutchinson 
(1879), prurigo Hebra, prurigo Hebra—Kaposi, prurigo Besnier 
(1892) and prurigo Jacquet (1894). In 1909, Hyde gave the name 
prurigo nodularis to the prurigo variant with rough hyperkeratinised 
nodes which were chronically refractory to therapy [3]. 

This definition is still valid today; PN can be defined as a highly 
pruritic condition with numerous, symmetrically distributed, 
hyperkeratotic or eroded nodules [3,6-8]. It evolves in patients with 
CP and is a consequence of chronic scratching. Thus, it may occur 
in a broad variety of diseases that induce pruritus. 


Epidemiology 

Incidence and prevalence 

There are no epidemiological studies available. However, retrospec- 
tive database analyses estimated the incidence at 100 per 100 000 
population in Germany, and a prevalence of 36 to 72 per 100 000 
population in the USA [9,10]. 


Age 

Prurigo nodularis affects patients across all ages, including chil- 
dren [11], but is more common in older patients [12]. In one study 
analysing 108 patients [6], the age ranged from 12 to 96 years. The 
average age was 61.54 + 16.70 (median: 61.9) [13]. In a European 
cohort of over 500 patients, the median age was 64 years. 


Sex 

Prurigo nodularis is more common in women [14]. In an analysis 
of 1037 patients with CP, women were significantly more frequently 
affected by PN than men (F: 22%; M: 13.9%). 


Ethnicity 

There are no data on ethnic differences of PN but in African Ameri- 
cans with atopic eczema PN seems to be more common than in other 
groups [15]. 


Pathophysiology 

Predisposing factors 

Prurigo nodularis is a reaction pattern occurring in CP. Accordingly, 
all factors which might induce CP may also lead in a subset of 
patients to PN. According to an analysis of over 100 PN patients, 
atopy is one key predisposing factor [6]. Nearly half (46.3%) of these 
patients had either an atopy or atopic eczema as an important cause 
for PN. Patients might have a variety of co-morbidities, however, 
their relevance as aetiological factors is uncertain [16]. 


Pathology 

The development of CP may underlie a variety of diseases and 
mechanisms. Once established, in a subset of patients, CP causes 
severe and uncontrollable scratching, which leads to mechani- 
cal trauma of the skin. At first, there are excoriations and crust 
formation; prolonged scratching induces papules and nodules sur- 
rounded by areas of hyperpigmentation, which are characteristic 
for PN. It is not known which factors, besides predisposition for 
atopic eczema, contribute to the development of PN. 

Prurigo nodularis involves collagen fibres, epidermal ker- 
atinocytes, mast cells, Merkel cells, dendritic cells, eosinophils, T 
cells, macrophages, endothelial cells and, possibly most importantly, 
the epidermal and dermal nerve fibres [17,18]. In a morphological 
study of 136 patients with PN, the nodules had the following histo- 
logical characteristics: thick compact orthohyperkeratosis, the hairy 
palm sign (folliculosebaceous units in non-volar skin in conjunction 
with a thick and compact cornified layer, like that of volar skin), 
irregular epidermal hyperplasia or pseudoepitheliomatous hyper- 
plasia, focal parakeratosis, hypergranulosis, fibrosis of the papillary 


Table 81.4 Morphological studies investigating nerve fibres in prurigo nodularis (PN). 


Year, author® No. of biopsies Findings 


dermis with vertically arranged collagen fibres, increased number 
of fibroblasts and capillaries, and a superficial, perivascular and/or 
interstitial inflammatory infiltrate of lymphocytes, macrophages 
and, to a lesser extent, eosinophils and neutrophils [17]. In sum, 
there is no strictly uniform histology but a constellation of different 
histological features [17]. There is an increased number of mast cells 
within the PN lesions and these show distinctive features including 
a dendritic appearance (normally round or elongated) with an 
enlarged cell body [19]. The volume of cytoplasm is increased but 
contains fewer granules suggesting the release of mast cell prod- 
ucts into the surrounding tissue [19]. Such products may include 
histamine, tryptase and prostaglandins [7] which are all mediators 
of itch [20]. Other studies investigating smaller numbers of patients 
described a thickening of myelinated dermal nerves with neuroma 
formation (Pautrier neuroma) [21] and an occasional increase in 
the number of subepidermal and dermal nerve fibres (neuronal 
hyperplasia) with degeneration and fragmentation of axons and 
Schwann cells in PN [22,23]. These initial observations were fol- 
lowed up by a number of studies that aimed at defining in greater 
detail the immuno-neuro-anatomical structural changes in PN 
nodules by using specific staining techniques for neuropeptides (SP, 
calcitonin gene-related peptide), NGF and corresponding receptors 
(TrkA, p75NGF) (Table 81.4). As sensory, unmyelinated epidermal 
nerve fibres are suggested to play a major role in pruritus induc- 
tion [16,21], the exact distribution of IENF in PN was investigated 
according to a guideline of the European Federation of Neurological 
Societies [18]. Interestingly, no hyperplasia was detected, in contrast 
to dermal nerves, but there was a significant decrease of sensory C 
fibres in the nodules and also in the non-lesional skin of PN patients. 


ncreased numbers of epidermal and dermal PGP 9.5-, SP- and CGRP-positive NF 


ncreased numbers of PGP 9.5-, NGF- and CGRP-positive NF in the papillary dermis (quantitative analysis) 
Epidermis: no NGF-positive NF, PGP 9.5-positive NF decreased, many branches, more elongated 


ncreased numbers of PGP 9.5-positive NF in areas with increased eosinophils 
Dermis: huge number of NGF-positive cells, TrkA- and p75-positive hyperplastic NF 


Significantly decreased intraepidermal NF density in nodules and non-lesional skin regardless of patient age, origin of PN, 


1934, Pautrier 1 Hyperplasia of NF (Pautrier neuroma), SC proliferation 
1985, Rowland Payne et al. 46 o Pautrier neuroma 
2/42: neural hyperplasia 
1989, Vaalasti et al. 8 ncreased numbers of papillary SP- and CGRP-positive NF bundles 
1989, Lindley and Payne 26 5/26: neural hyperplasia (prominent dermal nerve bundles) 
Dermal NF density enhanced 
1992, Harris et al. 25 24/25: increased numbers and thickened papillary NF 
1992, Abadia Molina et al. 7 
1/7: Pautrier neuroma 
1996, Liang et al. 6 
1998, Liang et al. 8 ncreased numbers of NGF-positive papillary NF 
erves: more branches, more tortuous 
1998, Johansson et al. 6 ncreased numbers of $100-positive papillary NF 
1999, Liang et al. 8 Hyperplasia of p75 NGF-positive papillary NF 
Enlarged axons 
2000, Johansson et al. 6 
2002, Johansson et al. 5 
Epidermis: weak NGF, p75 and TrkA 
2011, Schuhknecht et a/. 53 
intensity or quality of pruritus 
2016, Bobko et a/. [31] 30 


Adapted from Schuhknecht et a/. 2011 [18]. 
4 All references in this table, except Bobko et a/. 2016 [31], can be found in Schuhknecht et a/. 2011 [18]. 
CGRP, calcitonin gene-related peptide; NF, nerve fibre(s); NGF, nerve growth factor; PGP 9.5, protein gene product 9.5; SC, Schwann cell; SP, substance P; TrkA, tyrosine kinase A. 


Intraepidermal NF density was increasing in sequence-lesional, inter-lesional, non-lesional and healed skin with 
significant differences between stages 
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The epidermal hyperplasia was independent of clinical parameters 
and suggests involvement of epidermal nerves in the pathophysi- 
ology of PN [18,24]. The degeneration of epidermal nerves might 
be related to scratching as no other signs of neuropathy could be 
detected [25]. In contrast, hyperplasia of SP-positive nerve fibres 
was found in the dermis. This might be of particular importance 
in the pathophysiology of PN, especially in light of the fact that 
aprepitant, an SP antagonist (= NK1 antagonist) led to relief of 
pruritus in PN in one trial [26]. 

Recently, Th2 cytokines including IL-31 and its receptor IL-31R 
and oncostatin in the dermis as well as IL-4, IL-13 and periostin (a 
matricellular protein involved in itch) were highly correlated to the 
itch of PN [27,28]. The important role of Th2 cytokines in PN is fur- 
ther exemplified by the significant effect of drugs such as dupilumab 
and nemolizumab in the reduction and improvement of itch in PN 
[29,30]. 


Clinical features 

History 

Patients may suffer from PN for years. According to one study, the 
average duration of PN before the patient presented to a special- 
ist was 6.5 years [6]. Obtaining an accurate medical history from 
these patients is challenging as frequently they cannot remember 
exactly how their PN had started. As patients are unable to distin- 
guish between primary and secondary skin lesions, they are also not 
able to say if a dermatosis was the initial cause of developing CP and 
the PN was subsequent, or if PN developed on skin with a normal 
appearance. As patients may have hundreds of lesions, they cannot 
describe the dynamics of developing lesions; some may be able to 
identify the initial lesions, however it is hard for them to comment 
on subsequent evolution and resolution. Therefore, the history tak- 
ing should focus on the identification of the underlying origin of CP. 
Affected individuals can be very distressed with a large impact on 
their daily health-related QoL [32]. Secondary depression and sui- 
cide are reported [33]. 


Presentation 

The typical lesion of PN is a skin-coloured or inflamed nodule with 
a hyperpigmented border. The lesion may have a hyperkeratotic 
or eroded surface. The nodules may be round or flat and large 
(plaques). In some patients, the PN lesion starts as a papule and 
then develops into a nodule. The term PN seems to restrict cases to 
where there is a clinical presentation of nodules, but patients may 
also have papular or plaque-type lesions (Figures 81.4, 81.5 and 
81.6) [34]. 

Prurigo nodularis is usually disseminated bilaterally and sym- 
metrically but preferentially on the dorsal areas of the extremities 
and trunk, back and buttocks. Usually the palms, soles and face are 
spared. In many patients, the central back (acnestis) is spared as 
this is an area that patients cannot reach easily with their hands to 
scratch. This area of sparing is known as the ‘butterfly sign’ [35]. 
PN may be confined to a specific area if pruritus is localised such as 
in BRP. 


Clinical variants 

The clinical variants concern only the underlying diseases. These 
may be as numerous as in CP itself. Accordingly, the underlying dis- 
eases in PN patients may be dermatological, systemic, neurological 


Figure 81.4 A 46-year-old patient with papular prurigo and an atopic predisposition. 


Figure 81.5 A 64-year-old patient with nodular prurigo of multiple aetiologies. 


or psychiatric diseases or the PN may have multiple aetiologies. 
Table 81.5 summarises diseases underlying PN. 

Patients suffer from high pruritus intensities (usually above 7 on 
the NRS (0-10 scale)) and a high symptom burden due to impact on 
the QoL and sleep loss [12,36]. There is no difference in itch inten- 
sity in PN with different underlying disease categories [6]. Further 


Figure 81.6 A 39-year-old patient with plaque prurigo in chronic venous insufficiency. 


qualities of itch are reported by PN patients such as burning (59.3% 
of all patients), stinging (47.2%), tingling (85%), heat (21.3%) and 
cold (2.7%); there was no statistically significant difference in the dis- 
tribution of these qualities among the different underlying disease 
groups of PN [6]. 


Disease course and prognosis 

Prurigo nodularis is usually highly refractory to therapy and may 
last for years or even decades with slow progression [37]. However, 
it may resolve completely under treatment. One complication that 
can hinder healing is automatic habitual scratching behaviour that 
patients might have developed; in this case, they continue to scratch 
unknowingly even in the absence of itch sensations. 


Investigations 

The aim of dermatological examination is to identify any underlying 
dermatoses that may be masked by the presence of PN. For example, 
PN may be associated with bullous pemphigoid (also called pem- 
phigoid nodularis) [38]. Hyperplastic lichen planus may look very 
similar to PN. For this reason, a skin biopsy is essential in PN of 


Table 81.5 Reported comorbidities in prurigo nodularis (PN). 


Category of disease Diagnosis 


Dermatological diseases | Atopic eczema, atopic predisposition 

Nummular eczema 

Keratoacanthoma 

Psoriasis 

Grover disease 

Lichen planus 

Epidermolysis bullosa acquisita 

Dermatitis herpetiformis 

Bullous pemphigoid 

Cutaneous mycobacterial infection in PN nodules 
(different species, e.g. Mycobacterium avium) 

Mycosis fungoides 

Venous stasis 

Chronic renal failure (may result in specific phenotype of 

umbilicated prurigo; previously termed reactive 
perforating dermatosis [39]) 

Diabetes mellitus 

Hyperbilirubinaemia 

Sorbitol intolerance, lactose intolerance 

Gluten enteropathy 

Zinc deficiency, cobalamin deficiency 

Sarcoidosis 

Gastric Helicobacter pylori infection 

HIV infection 

Pulmonary tuberculosis 

ntestinal Strongyloides stercoralis infection 

Chronic HCV/HBV hepatitis 

Tonsillitis 

ron deficiency, anaemia 

Hodgkin disease 

Angioimmunoblastic T-cell lymphoma 

HTLV 1-positive adult T-cell leukaemia/lymphoma 

Neoplasms (bladder, breast, oesophagus, kidney, lung, 
rectum, stomach, uterus) 

Drug intake 

Brachioradial pruritus 

Herpes zoster 

Neuropathy in alcoholics, hypothyroidism; multifocal 
motor neuropathy and conduction blocks in 
non-Hodgkin B-cell lymphoma 

Prolapsed intervertebral disc, lumbar disc herniation at 
L5-S1 

Delusional infestation 

Emotional stress and psychological disorders 

Psychological disorder: depression, anxiety and other 


Systemic diseases 


Neuropathic diseases 


Psychogenic diseases 


Adapted from Iking et a/. 2013 [6] and Schuhknecht et a/. 2011 [18]. 
HBV/HCY, hepatitis B virus/hepatitis C virus; HTLV1, human T-cell leukaemia virus 1. 


unclear origin. To be thorough, a direct immunofluorescence test 
should also be performed especially if a patient had reported blisters 
and/or if redness or blisters were found on physical examination 
(Table 81.6). 

The laboratory and radiological investigations are similar to those 
in the diagnostic work-up of CP. Despite thorough investigation, 
in about 13% of PN patients, an underlying disease or dermatosis 
is not found [6]. In another series, a large variety of co-morbidities 
was documented [6], some of which might be part of the pathogen- 
esis of itch induction. Thus, some studies recommend performing 
a comprehensive diagnostic work-up including investigation of 
possible underlying diseases of PN (Table 81.6) [40-43]. However, 
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Table 81.6 Recommendations for diagnostic work-up in prurigo nodularis (PN) based 
on reported comorbidities [6,37,43]. 


Investigation level Investigations 

Skin Clinical examination: search for signs of atopic eczema, 
bullous pemphigoid, lymphoma or other skin diseases 

Skin biopsy: 

H&E staining (routine histology) 

Direct immunofluorescence to rule out autoimmune diseases 
(bullous pemphigoid, epidermolysis bullosa acquisita) 

Polymerase chain reaction for mycobacteria if granulomatous 
inflammatory infiltrate is found on histological investiga- 
tion 

Allergy testing to rule out type | or IV allergies 

Erythrocyte sedimentation rate 

Complete blood count (with differential) 

Ferritin, lactate dehydrogenase 

Kidney retention parameters: creatinine (with estimated 
GFR), urea 

Liver enzymes: AST, ALT, alkaline phosphate, y-GT, bilirubin 

HBV/HCV serology 

Thyroid function test (TSH) 

Fasting glucose or HbA1c 

Total IgE 

HIV 

Indirect and direct immunofluorescence, ELISA BP-180/-230 

Chest X-ray (rule out sarcoidosis, neoplasm, lymphoma) 

Ultrasound abdomen (rule out liver or kidney disease in case 
of pathological lab values) 

Ultrasound lymph nodes (rule out lymphoma; especially if 
patient reports weight loss, fever or night-time sweating) 

Magnetic resonance tomography of cervical spinal column if 
patient has localised PN (e.g. on lower arms) 

PN on the lower leg: phlebological investigation if chronic 
venous insufficiency is suspected 

Assess for anxiety, depression, obsessive—compulsive 
disorders 


Laboratory — basic 
(associations 
reported) 


Laboratory — advanced 


Functional and 
radiological 


Psychosomatics/ 
psychiatry 


ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELISA, enzyme-linked 
immunosorbent assay; GFR, glomerular filtration rate; y-GT, gamma-glutamyl 
transferase; HBV/HCV, hepatitis B virus/hepatitis C virus; H&E, haematoxylin and eosin; 
HIV, human immunodeficiency virus; IgE, immunoglobulin E; TSH, thyroid-stimulating 
hormone. 


realistic principles of clinical practice apply and individualised 
work-up has to balance a rigid ‘rule-out’ approach with a ‘clinical 
need’ approach [44]. 


Management 

The general principles of PN management are the same as in CP 
(Figure 81.7; see earlier section on pruritus). Recently, the first 
international guideline on PN was published [37] and management 
is discussed and compared with self-inflicted skin lesions in a com- 
prehensive European position paper [44]. In brief, therapy must be 
multimodal, including therapy of the underlying disease, the use of 
topical emollients (especially in dry skin, atopic predisposition) and 
topical substances for short-term relief of itch (e.g. menthol), specific 
systemic antipruritic therapy and, if necessary, psychosomatic coun- 
selling. Novel systemic therapies are being tested in randomised 
controlled trials specifically for the treatment of PN; gabapentin, 
pregabalin, naltrexone, ciclosporin, methotrexate, dupilumab and 
nemolizumab have proved to be efficacious, as reported in case 


series and trials of PN patients [37,45,46]. Several reports have 
focused on the effectiveness of thalidomide in PN [41]; however, 
this drug is not broadly recommended due to the risk of irreversible 
neuropathy. As PN patients may have subclinical neuropathy [18], 
this may be worsened by thalidomide. In randomised controlled 
trials, betamethasone valerate 0.1% tape, calcipotriol ointment, 
pimecrolimus cream, bath PUVA and bath PUVA + targeted UVB 
308 nm excimer light have been demonstrated to be effective in the 
treatment of nodules [37]. Topical capsaicin was also reported to 
ameliorate the symptoms of PN; however, a randomised controlled 
trial has yet to be carried out [47]. Other topical measures of a more 
invasive nature such as cryosurgery and intralesional steroids or 
excimer laser have also been used to treat the nodular lesions of PN 
[48,49]. 


Resources 


Further information 
International Forum for the Study of Itch (IFSI): http://www. itchforum.net/content. 


Patient resources 
Prurigo Nodularis League: http://www.pruritussymposium.de/prurigonodulari 
sleague.html. 
(Both last accessed February 2022.) 


Lichen simplex chron , 


Definition and nomenclature 

Lichen simplex is a circumscribed, pruritus-associated dermatosis 
characterised by a small number of heavily lichenified plaques or, 
commonly, a single lesion. 


Introduction and general description 

Lichen simplex chronicus (LSC) is a highly pruritic, circumscribed 
plaque, the gross and microscopic features of which are due to inces- 
sant harmful scratching and rubbing. 


Epidemiology 

Age 

The peak incidence is between 30 and 50 years of age, but it is seen 
at any age from adolescence onwards. 


Sex 
Women are more affected than men. 


Pathophysiology 

Lichen simplex chronicus is an entity and a reaction pattern to 
scratching similar to PN. It is most likely that the scratching 
behaviour of the patient influences the development of either 
nodules (PN) via scratching with the tip of fingers, or plaques 
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« NK1R antagonist 
* -opioid receptor antagonists 


+ Dupilumab 
« Nemolizumab (currently in clinical trials) 
; : : Step 3 + (Thalidomide) 
Figure 81.7 Treatment ladder of prurigo nodularis 
reflecting efficacy of therapy and time course [37]. In every + Gabapentin, pregabalin * Ciclosporin 
step, emollients should be used. Following an + Antidepressant e Methotrexate 


interdisciplinary approach is recommended: treatment of 
the underlying disease and, in cases of suspected 
psychological factors, cooperation with specialists or other 
health professionals. Individualised therapy is 
recommended; the order in the box is not mandatory, 
therapies can be combined or steps can be skipped if 
necessary. In step 3, select depending on the need for 
therapy for a neuropathic or inflammatory component. 
NK1R, neurokinin 1 receptor; UV, ultraviolet. 
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Figure 81.8 The arms of two patients with (a) lichen simplex and (b) prurigo nodularis. These diseases share 40% overlapping histological features. Courtesy of Dr Eduardo 
Calonje. 


(LSC) via rubbing the skin (Figure 81.8). As in PN, the underly- The population density of nerve fibres is often decreased in 
ing diseases in LSC are numerous; patients often have an atopic _ lesional skin and mast cell numbers may be increased. It has been 
background. Psychological factors such as anxiety, depression, or | proposed that these changes are central to the pathogenesis of 
obsessive-compulsive disorder, may play a key role in inducing _lichen simplex, and there is evidence of increased immunoreactive 
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expression of neuropeptides in lesional skin, including tachykinins 
[3]. However, these changes may be reactive rather than primary. 


Pathology 

There is epidermal hyperplasia and hyperkeratosis and rete ridges 
are lengthened. Spongiosis is sometimes present, and small areas of 
parakeratosis are occasionally seen. The dermis contains a chronic 
inflammatory cell infiltrate. In very chronic lesions there may be 
fibrosis. 


Clinical features 

Characteristically, the history is of repeated bouts of intense itch- 
ing and scratching, interspersed with itch-free intervals. During the 
early stages, the skin is reddened and slightly oedematous. With 
time the redness subsides and the affected skin becomes pigmented, 
thickened and slightly scaly. Accentuation of normal skin markings 
is characteristic (lichenification). There is clinical overlap of mor- 
phology with plaque prurigo. 

Almost any area may be affected, but the commonest sites are 
those that are convenient to reach, namely the nape and sides of 
the neck, lower legs (Figure 81.9) and ankles, scalp, upper thighs, 
vulva, pubis or scrotum and extensor forearms. Interestingly, these 
sites are considered the most pleasurable for itch and LSC has the 
highest pleasurability of scratching an itch amongst all chronic itch 
conditions [4,5]. 


Disease course and prognosis 
Lichen simplex chronicus usually resolves with appropriate treat- 
ment, but relapse at the same site is not uncommon. 


Figure 81.9 The right lower leg of a patient with lichen simplex chronicus. 


Investigations 

The morphological diagnosis of lichenification is not difficult, and 
the localised nature of LSC is usually easily recognised. However, 
hypertrophic lichen planus, lichen amyloidosis and psoriasis should 
be excluded. 


Management 

The nature of lichen simplex and the need to break the scratching 
habit must be explained. Habit reversal techniques can be employed 
and are easy to implement [6]. General principles are analogous 
to the treatment of pruritus and prurigo. Treatment is aimed at 
breaking the itch-scratch cycle and the suppression of pruritus, 
usually by topical corticosteroids or calcineurin inhibitors, topical 
capsaicin, doxepin or aspirin, systemic antihistamines, gabapenti- 
noids or antidepressants, as well as transcutaneous electrical nerve 
stimulation, focused ultrasound or UV therapy (narrowband UVB) 
[7,8]. The application of an occlusive dressing or an occlusive 
bandage will intensify the effect of topical steroids and physically 
protect the affected area. For very thickened LSC, the use of topical 
keratolytic agents like salicylic acid can increase the efficacy of 
topical therapy. Self-adhesive, steroid-impregnated tape is often 
beneficial. Intralesional corticosteroids are also used in some cases. 
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Introduction 


The mucocutaneous pain syndromes (MCPs) typically involve the 
head, neck, genitalia and mouth. Genital dysaesthetic syndromes 
(vulvodynia, vestibulodynia, penoscrotodynia) are particularly 
common and are discussed in this chapter, as well as in specific 
chapters on dermatoses of the genitalia (Chapters 109 and 110). For 
many MCPs no organic cause can be identified, and so they are con- 
sidered idiopathic, unexplained or functional (with the exception 
of postherpetic neuralgia and the trigeminal trophic syndrome). 
Their aetiology is thought to be related in part to the complex 
physiological interactions between the central and peripheral ner- 
vous systems, accompanied by a variable but usually significant 
psychological component. It is essential that potential organic 
causes for MCPs are excluded before a firm diagnosis is established. 
Pain is often chronic and unresponsive to conventional first line 
analgesics. Co-existing morbidities are common including chronic 
fatigue, fibromyalgia, irritable bowel syndrome and chronic pain 
at other sites. The sensory symptoms often interfere with aspects 
of daily life. The management of patients with these diseases is 
often complex, and there is a growing consensus that these patients 
are best managed in specialist, multidisciplinary clinics. A thor- 
ough assessment of psychological distress and possible psychiatric 
co-morbidity is considered essential. 

The dysaesthetic syndromes comprise a heterogeneous group of 
disorders in which there are abnormal, often unpleasant, sensations 
of the skin, e.g. burning, prickling, tingling or stabbing, generally 
in a specific anatomical site or region. A demonstrable cause for the 
abnormal skin sensations is usually absent. There may be little or 
nothing to see by way of cutaneous clinical signs, or there may be 
evidence of secondary excoriation, rubbing or skin traumatisation. 

The disorders may be divided into those with no demonstrable 
neurological cause and those with a postulated or demonstrable 
neurological cause (Table 82.1). 


Table 82.1 The dysaesthetic syndromes. 


Without demonstrable 
neurological deficit 


With (usually) demonstrable 
neurological deficit 


Sensory mononeuropathies 
Notalgia paraesthetica 
Meralgia paraesthetica 
Postherpetic neuralgia 
Trigeminal trophic syndrome 
Erythromelalgia 


Scalp dysaesthesia (trichodynia or allodynia) 
Vulvodynia 

Penodynia/scrotodynia 

Atypical trigeminal trophic syndrome 
Trigeminal neuropathic pain syndrome 
Burning mouth syndrome 


Burning mouth syndrome 


Definition and nomenclature 

Burning mouth syndrome (BMS) describes the sensation of con- 
tinuous burning intraoral discomfort, often accompanied by taste 
changes, for which no dental or systemic cause can be found and in 
which there are no gross clinical signs. 


Introduction and general description 

BMS is a disorder particularly encountered in perimenopausal 
women. In general, there are no abnormal clinical signs and, as a 
consequence, it is poorly understood and challenging to manage 
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by health care professionals. BMS is characterised by a burning 
sensation with or without overt pain or discomfort localised to 
the oral mucosa without evident lesions. The diagnosis is there- 
fore established by excluding secondary causes of burning oral 
discomfort and can present a diagnostic challenge [1]. 


Epidemiology 

Incidence and prevalence 

It is very difficult to establish the incidence and prevalence of 
this condition as there are so many varied definitions and since it 
is a diagnosis of exclusion. It is estimated that the prevalence is 
about 1%. 


Age 
There is a peak age of 50-60 years. It is relatively common in the 
elderly. 


Sex 
The female to male ratio is approximately 20: 1. 


Ethnicity 
BMS presents clinically in all ethnicities. 


Associated diseases 

Patients often have a history of mental health co-morbidities, most 
commonly anxiety and depression [2]. The exclusion of organic oral 
disease is important. 


Pathophysiology 

BMS has previously been considered to reflect a form of neuro- 
pathic pain, and a variety of hypotheses have been postulated. It is 
known that some individuals have increased numbers of taste buds 
(so-called ‘supertasters’). It has been proposed that for patients with 
BMS, neuropathic changes inside the taste neuronal connections 
induce the burning sensation by removing the inhibitory control 
on somatic small-fibre afferents [3]. BMS may be related to dam- 
age to the chorda tympani during the removal of wisdom teeth. 
Also, according to some authors, there is evidence of neuropathic 
changes in the mucosa and/or in the central nervous system [4]. 
Nonetheless, the possibility of somatoform illness has been raised 
by other authors, not least given the increased propensity for such 
patients to complain of multiple unexplained symptoms at other 
bodily sites [5]. In the latest International Classification of Oro- 
facial Pain, the Orofacial and Head Pain Special Interest Group 
categorised BMS under idiopathic orofacial pain and defined it 
as pain/dysaesthesia recurring every day for more than 2 hours, 
for 3 months and beyond, with no evident causation on clinical 
examination and/or following investigations [6]. 


Genetics 
The genetics of BMS are currently unknown. 


Clinical features 

History 

Patients present with a history of several months to several years 
of increasing oral burning, pain or discomfort. The symptoms may 


be intermittent but are more often continuous. The intraoral area 
most frequently affected is the tongue, but BMS may involve the 
lips and occasionally the whole of the oral mucosa and does not 
usually follow the distribution of any one nerve. The symptoms do 
not radiate beyond the mouth. Patients will also describe altered 
taste sensations (dysgeusia) and even changes in salivation (most 
frequently dryness or xerostomia). Many describe a metallic or bitter 
taste. The burning pain may be triggered or exacerbated by certain 
(usually spicy or acidic) foods. However, in most patients, food or 
drink alleviates the pain, at least temporarily. Some patients have a 
habit of thrusting their tongue against the lower anterior teeth in an 
attempt to alleviate symptoms. 


Examination 

The oral mucosa looks normal on examination and there is usually 
no objective evidence of xerostomia. Some patients may have a 
(normal) fissured tongue or geographic tongue. 


Differential diagnosis 
The differential diagnosis is that of organic intraoral disease which 
leads to intraoral pain (Table 82.2). 


Classification of severity 

There is no classification system for BMS severity. Symptoms vary 
in intensity throughout the day, typically being worse towards 
the end of the day. Although some describe relatively mild pain, 
many describe it as the most severe pain imaginable. Attempts have 
been made to standardise the outcome (including patient reported) 
measures used, as well as the classification of BMS [7]. 


Table 82.2 Differential diagnoses for BMS and their appropriate investigation. 


Differential diagnosis Investigation 


Allergic contact stomatitis Usually from one of the components 
of the ‘dental series’ chemicals in 
patch tests (see Chapter 127), 

e.g. eugenol in mouth wash, and 
cinnamal in denture fixative cream 

Medication side effects (e.g. fluoxetine, Exclusion and rechallenge 
sertraline, clonazepam, venlafaxine, 
enalapril, captopril, lisinopril, 
candesartan, eprosartan, omeprazole, 
topiramate, clindamycin or HRT) 

Dental (prostheses and procedures) 

Microbiological: Candida, herpes 

Primary dermatological disease 
(e.g. lichen planus, immunobullous 
disease, aphthosis, lingua plicata) 

Parafunctional habits: bruxism, cheek 
biting 

Connective tissue disease: Sjégren 
syndrome, rheumatoid arthritis 

Endocrinopathy: diabetes, thyroid disease 

Gastro-oesophageal reflux 

Nutritional deficiency 


Examination 

Clinical/microbiology testing 

Usually clinically apparent, 
occasionally skin or mucosal 
biopsy 

History or observation 


Examination, appropriate 
immunology blood screen 

Glucose, TFT 

History, dental examination 

Where clinically suspected: iron, 
folate, B,, and zinc levels 


HRT, hormone replacement therapy; TFT, thyroid function tests. 


Complications and co-morbidities 

BMS is commonly associated with affective disorders such as anx- 
iety and depression. Sleep disturbance is common. Alexithymia is 
reported to be an association. Some patients have been known to 
attempt suicide. Most indicate that the disease severely affects their 
quality of life. 


Disease course and prognosis 

The prognosis is very variable. Spontaneous remission rates of 
20% after 7 years or 3% after 5 years have been reported [8]. 
However, the vast majority of patients’ disease can be improved 
with individualised multidisciplinary management in specialist 
centres. 


Investigations 

These are only undertaken to exclude other causes of BMS, if there 
are features in the history or on examination that suggest these 
may be possible (Table 82.2). 


Management 

BMS is a difficult condition to manage and there have been a 
wide variety of treatments proposed (Figure 82.1). Some ther- 
apies have been evaluated in open label studies. Randomised 
controlled clinical trials are of varying quality [7,9,10]. There have 


Symptom of oral burning 


Clinical examination 
e Lichen planus 
© Candidiasis 

e Xerostomia 

¢ Contact allergy 


Investigations 
e Auto-antibody screen 
e Haematological 

¢ Blood glucose 

e Patch testing 


Negative 


Burning mouth syndrome 


Reassurance, information 


Burning mouth syndrome = 82.3 


been attempts at a Cochrane review [9] and a meta-analysis of 
RCTs [7]. 


Treatment ladder 


First line 

e Detailed explanation with written information. Reassurance 
and highlighting that the physical symptoms experienced are 
real 

e Sialogogue and oral lubricant 

¢ Clonazepam 1 mg sucked slowly, without swallowing, has 
been shown to be effective in a very short randomised 
controlled trial [11] 

e Lidocaine gel topically 

e Benzydamine mouth wash 

¢ Oral care gel 


Second line 
¢ Cognitive behavioural therapy (CBT), either alone or in 
combination with other treatments, may be very effective [12] 


Third line 

e Alpha-lipoic acid, which has been extensively trialled, with 
variable results [13,14] 

¢ Oral gabapentin [13] 

¢ Selective serotonin reuptake inhibitors (SSRIs) such as 
paroxetine,and serotonin-noradrenaline reuptake inhibitors 
(SNRIs) such as duloxetine have been used, often at relatively 
high doses, with some benefit 

e Amitriptyline in very low doses (e.g. 5-10 mg OD) 

e St John’s wort has been used with limited benefit 

¢ Low dose antipsychotics (e.g. aripiprazole) 

e Herbal treatments (e.g. hypericum) 

¢ Topical capsaicin 

e Melatonin 

e Cannabinoids 

e Physical interventions 
e Sphenopalatine ganglion block in specialist anaesthetic 

centres 

e Mandibular nerve block 
e Laser treatment [15] 
e Acupuncture 
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First line: topicals Second line Third line: systemics 
e Lidocaine © Cognitive behavioural e SSRIs 

e Clonazepam therapy e Alpha lipoic acid 

¢ Benzydamine ¢ Gabapentin 


Figure 82.1 Burning mouth syndrome management. SSRI, selective serotonin reuptake 
inhibitors. 


Resources 


Further information 

The British and Irish Society for Oral Medicine: https: //bisom.org.uk/wp-content/ 
uploads/2020/08/BMS-PIL.pdf 

Orofacial pain: http://www.orofacialpain.org.uk/ 

British Association of Oral and Maxillo-facial Surgeons: www.baoms.org.uk 

(All last accessed April 2022) 
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Postherpetic neuralgia — 


Definition 

Pain from an acute herpes zoster reactivation (Chapter 25) results 
from viral damage and increased sensitisation of affected segmen- 
tal sensory neurons during the first 30 days of onset, and is known 
as acute herpetic neuralgia (AHN). Postherpetic neuralgia (PHN) is 
defined as pain persisting for over one month after the healing of 
the rash and is one of the commonest neurological complications 
of herpes zoster. PHN is a neuropathic pain that develops in the dis- 
tribution of one or more branches of the nerve affected. If the seventh 
cranial nerve is involved the acute phase is termed Ramsay Hunt 
syndrome. 


Introduction and general description 

PHN presents with a persistent burning, stabbing or itching pain 
with sharp exacerbations and associated sensory changes in a 
unilateral dermatomal distribution. If there is involvement of the 
seventh cranial nerve, the pain will be felt in the ear and tongue. 
If involving the trigeminal nerve, the ensuing facial and/or eye pain 
can be severe. PHN of the trigeminal nerve is probably the most 
common cause of trigeminal neuralgia and the trigeminal trophic 
syndrome (see later). 


Epidemiology 

Incidence and prevalence 

The risk of developing PHN following acute herpes zoster virus 
reactivation may be as high as 20% [1]. The incidence in UK 
primary care has been estimated at 40 per 100000 person years of 
observation [2]. 


Age 
It is more common in people aged over 50 years. 


Sex 
The male to female ratio is equal. 


Ethnicity 
All ethnicities are affected. 


Associated diseases 

e PHN often results in low mood, poor sleep and social isolation. 
The psychosocial co-morbidities (e.g. anxiety and/or depression) 
and the effect on quality of life may be considerable, leading some 
to consider or attempt suicide 

¢ Trigeminal neuralgia 

¢ Trigeminal trophic syndrome 

¢ Cervical trophic syndrome 


Pathophysiology 

Predisposing factors 

Herpes zoster is more likely to affect immunocompromised indi- 
viduals and elderly patients. Patients with severe or disseminated 
rash, involvement of the trigeminal nerve’s ophthalmic division, 
allodynia, poor mood and viraemia during acute herpes zoster are 
at higher risk of PHN. 


Pathology 

PHN may be caused by neurological lesions at all levels of the 
nervous system (peripheral, central, autonomic). Why some patients 
develop PHN is not completely understood. In vitro studies suggest 
that the virus itself may cause normally silent neurons to produce 
spontaneous action potentials. Skin from a majority of PHN patients 
demonstrates loss of function and degeneration of small-fibre affer- 
ents in the affected dermatome. Ectopic impulses may occur at 
the site of dorsal root ganglion damage and these impulses can be 
evoked by mechanical or thermal stimuli (tactile allodynia). There is 
also some evidence that nociceptors in PHN patients have enhanced 
adrenergic sensitivity [3]. 


Causative organism 

It results from prior infection with the herpes zoster virus. The virus 
lies dormant in the dorsal root ganglion after infection. When reac- 
tivated, patients present with shingles. 


Clinical features 

History 

A history of shingles is usually, but not always, recalled. PHN most 
often commences in the 3 months after the acute infection, but may 
rarely eventuate many months to years later. 


Presentation 

Patients may report a variety of painful sensations with different 
components, including spontaneous and continuous deep aching 
and throbbing pain, burning, lancinating pain or paroxysms of 
burning pain, sometimes provoked by non-noxious stimuli, such 
as contact with clothing or changes in temperature [3]. The pain is 
accompanied by autonomic instability and its intensity is exacer- 
bated by physical and emotional stress and alleviated by relaxation. 
Some patients with PHN have profound sensory loss in the area 
of maximum pain (anaesthesia dolorosa), while others have pro- 
nounced allodynia with minimal sensory loss. Some patients 
describe areas of sensory loss surrounded by a ‘transition zone’ 
within which a noxious stimulus can elicit a particularly unpleasant 
pain that radiates widely. These patients may go to extraordinary 
lengths to protect the area from innocuous stimuli, while firm 
compression of the skin may actually produce pain relief. 


Clinical variants 
The acute phase may not present with characteristic blisters. 


Differential diagnosis 
Trigeminal neuropathic pain may be due to many other causes. 


Classification of severity 
There may be mild to very severe pain. 


Complications and co-morbidities 

These include depression, isolation, poor sleep and a significant 
impact on the activities of daily living [4]. Screening for depression 
and/or anxiety should certainly be conducted, using validated 
indices, for those with severe or intractable pain. 


Postherpetic neuralgia 


If location feasible 


Topical lidocaine or 
capsaicin 


Paracetamol + codeine 


Not effective 


¢ Tricyclic antidepressants, e.g. amitriptyline, nortriptyline 
¢ Gabapentin, pregabalin 

¢ Duloxetine 

© Cognitive behavioural therapy 


Not effective 


Opioid analgesics via specialist pain clinic 


Figure 82.2 Managing neuropathic pain. 


Disease course and prognosis 

A long-term study over 8 years showed that there is a gradual 
improvement over time but that sensory changes take longer to 
recover, reflected in persistently abnormal skin innervation [4]. 


Investigations 
Qualitative sensory testing will show areas of sensory change, which 
may be useful to monitor in the evaluation of progress. 


Management 

With the realisation that several pain mechanisms may be operating 
in any one individual, it is unrealistic to expect any one drug to 
completely alleviate the pain in all neuropathic pain disorders, or to 
significantly reduce the pain in all patients suffering from the same 
neuropathic condition. There are several national and international 
guidelines on managing neuropathic pain that include PHN [5,6,7], 
as well as specific reviews [8,9,10]. Figure 82.2 summarises the 
pharmacological options. 


First line 

In some guidelines it is suggested that topical lidocaine in the form 
of a 5% lidocaine patch should be used if the site is accessible. It is 
also available as a gel, which is cheaper. In patients with trigeminal 
PHN it is most useful to use topical lidocaine at night when it 
can reduce waking due to the tactile stimulus of facial skin on 
bedclothes. The patches can be worn for 12-18h and should be 
used daily for 3-4 weeks in the first instance. There is a literature 
for the use of topical capsaicin, doxepin, gabapentin and ketamine. 
The former are reasonably readily available, the latter two are 
less so. 


Trigeminal neuropathic pain syndrome = 82.5 


Systemic first line medication for mild to moderate PHN should 
comprise paracetamol, with or without codeine (assuming no 
contraindication) [11]. 


Second line 

If pain remains uncontrolled, other medications to consider include 

the tricyclic antidepressants (e.g. amitriptyline, nortriptyline), the 

calcium channel «2-5 ligands (gabapentin, pregabalin), and the 

serotonin-noradrenaline reuptake inhibitor, duloxetine. 
Non-pharmacological treatment including CBT should be consid- 

ered, particularly for those with severe pain [12,13]. 


Third line 

Opioid analgesics and tramadol may be used cautiously for short 
periods, but only if patients are monitored — ideally within a spe- 
cialist pain clinic. 


Prevention 

Systemic corticosteroids given during acute herpes zoster reacti- 
vation are ineffective in preventing PHN and cannot therefore be 
recommended [14]. In older adults with localised herpes zoster, 
oral aciclovir reduces acute pain and healing times if treatment 
is initiated within 72h of the onset of the eruption. A reduction 
in ocular complications, particularly keratitis and anterior uveitis, 
occurs with aciclovir treatment of herpes zoster ophthalmicus. 

A systematic review of four placebo-controlled trials of oral 
aciclovir showed only marginal evidence for pain reduction after 
herpes zoster. Famciclovir and valaciclovir significantly reduced 
the duration but not the incidence of PHN in one placebo-controlled 
trial for each agent [15]. Famciclovir or valaciclovir may provide 
more prompt relief of zoster-associated pain than aciclovir in acute 
herpes zoster in older adults (over 50 years of age). 

Vaccines have been developed that decrease the incidence both 
of herpes zoster reactivation and PHN. In a placebo-controlled 
primary prevention study of the vaccine, men and women aged 
60 and over had a significant reduction in the burden of illness due 
to both clinical herpes zoster and PHN [16]. 


Resources 


Further information 

Clinical Knowledge Summaries: cks.nice.org.uk/topics /post-herpetic-neuralgia/ 

Patient.info: _ https://patient.info/skin-conditions /shingles-herpes-zoster-leaflet/ 
postherpetic-neuralgia 

(All last accessed April 2022) 


Trigeminal neuropathic 
syndrome 


Definition and nomenclature 

Neuropathic pain is defined by the International Association for 
the Study of Pain (IASP) as ‘pain arising as a direct consequence 
of a lesion or disease affecting the somatosensory system’. If the 
pain is in the distribution of the trigeminal nerve it can be termed a 
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trigeminal neuropathic pain. In the updated International Classifi- 
cation of Headache Disorders, painful cranial neuropathies include 
trigeminal neuralgia, postherpetic neuralgia, post-traumatic trigem- 
inal neuropathy and pain related to central causes such as multiple 
sclerosis, space-occupying lesions and following a stroke [1]. 


Introduction and general description 

Although a range of conditions may cause neuropathic pain in the 
trigeminal region, only those causing intraoral pain will be dis- 
cussed, acknowledging that such patients are unlikely to present to 
a dermatologist. PHN of the oro-facial region has the same clinical 
picture as elsewhere in the body and is managed in the same way. 
Trigeminal neuralgia, although often presenting in the mouth, also 
has extraoral features and is not discussed here. 


Epidemiology 

Incidence and prevalence 

An accurate estimate of incidence and prevalence is not possi- 
ble due to varying disease definitions and a lack of appropriate 
studies. The condition can occur in 3-6% of teeth that have been 
root-filled [3]. Pain can also occur after the removal of teeth, espe- 
cially wisdom teeth when the inferior alveolar nerve or lingual 
nerve has been injured. Trigeminal neuropathic pain syndrome can 
also be triggered by the placement of implants or injection of local 
anaesthetic [4]. It may occur following healing of mucosal lesions, 
such as lichen planus. The term painful post-traumatic trigeminal 
neuropathy is used for pain outside the oral cavity. 


Sex 
From limited data, it is considered to be more common in females. 


Associated diseases 
It is often co-morbid with temporomandibular joint disorders and 
psychological factors [5]. 


Pathophysiology 

Predisposing factors 

It is more likely to occur after prolonged preoperative pain, and if 
there is a history of a painful procedure [3]. Multiple sclerosis is a 
reported association. 


Pathology 

Although often termed an idiopathic pain disorder, both psycholog- 
ical and neuropathic elements should be considered. Studies have 
shown that intraoral somatosensory abnormalities are present [6] 
and blink reflexes are altered [7]. There may also be central changes 
as not all patients get pain relief with the use of a local anaesthetic 
[8]. Psychosocial factors have also been implicated in case-control 
studies. 


Clinical features 

History 

Most patients will link the start of their symptoms to some dental 
procedure ranging from root canal treatment, extraction, minor sur- 
gical procedure or trauma. Patients often find it hard to describe 
their symptoms. 


Presentation 

The pain is continuous, at least 8h daily for over 15 days per 
month and of 3 months’ duration. It is described as a dull, aching, 
throbbing pain that can occasionally be sharp and even burning. It 
is localised to an anatomical area around a tooth. There are often 
features of depression, anxiety and somatisation. Marked allodynia 
in the area is typical, as well as hyperaesthesia or hypoaesthesia/ 
anaesthesia. One case series described patients with evidence of 
swelling and flushing [9]. 


Clinical variants 
The location can vary. Trigeminal neuropathic pain can be unilateral 
or bilateral. 


Differential diagnosis 
This can include dental causes, such as a cracked tooth. 


Classification of severity 
It can vary in severity from moderate to severe. 


Disease course and prognosis 
From limited data, it is reported that up to a third of patients improve 
and 10% become pain-free over a 7-year period [10]. 


Investigations 

Intraoral X-rays have often been performed prior to referral to a 
specialist centre. More sophisticated cone beam computerised tomo- 
graphy can help to identify other causes such as fractured teeth, 
inadequate root fillings or damage to local nerves. 


Management 

There are no randomised controlled trials, and treatments are based 
on expert opinions and extrapolated from those used in neuropathic 
pain. Antiepileptics and antidepressants may be helpful, and many 
patients will also turn to a wide range of non-pharmacological 
treatments such as acupuncture, TENS (transcutaneous electrical 
nerve stimulation) and relaxation techniques [10]. 


Treatment ladder 


First line 

e Reassurance and written information 

e Avoidance of further invasive treatments which could cause 
more damage to the tissues 

e Maintenance of good oral hygiene to prevent further dental 
problems is important 

e Simple analgesia such as paracetamol and non-steroidal 
anti-inflammatory drugs 


Second line 
¢ Carbamazepine, amitriptyline, SSRIs, gabapentin and 
pregabalin may be considered 


Third line 

e Employing a multidisciplinary approach, such as using CBT 
in combination with other treatments, has been shown to be 
effective in a range of chronic facial pain conditions 

¢ Botulinum toxin injections 

e Lamotrigine 


Trigeminal trophic syndr: 


Definition 

Trigeminal trophic syndrome (TTS) is an uncommon disorder in 
which chronic pain, burning and stinging sensations in the distri- 
bution of the trigeminal nerve are associated with an irresistible 
desire to pick at the involved skin. The skin itself may be rela- 
tively anaesthetic so that the patient does not realise the damage 
that he or she is doing. Alternatively, the involved skin may be 
dysaesthetic (i.e. patients experience an intractable itch, tickling 
or other sensations) from which temporary relief may be obtained 
by manipulating the skin. TTS (as opposed to atypical trigeminal 
trophic syndrome (ATTS), see later) is unilateral and an underlying 
cause can almost always be found (Table 82.3). 


Epidemiology 

Trigeminal trophic syndrome is rare but occurs in all ethnicities, usu- 
ally in middle-aged individuals. It is reportedly more common in 
men (2 male : 1 female). 


Pathophysiology 

Neurotrophic changes in the trigeminal area may follow the destruc- 
tion of fibres conveying pain and temperature sensation [1]. The 
commonest cause of TTS is either postherpetic (both herpes simplex 
and varicella-zoster) or post-stroke. Other causes of this disorder 
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include central sensory neuronal damage, postencephalitic parkin- 
sonism, syringobulbia, posterior fossa tumour or occlusion of the 
posterior inferior cerebellar artery [2], leprous neuritis and brain- 
stem infarcts [3], or damage to the trigeminal nerve by attempts to 
relieve intractable trigeminal neuralgia (by maxillofacial surgery 
or alcohol injections into the Gasserian ganglion). TTS is usu- 
ally a disease of adults, although a case has been described in 
a 14-month-old child secondary to herpes simplex trigeminal 
neuritis [4]. 

There are almost always demonstrable defects in the trigeminal 
nerve pathways (peripheral or central) which lead to this condition 
(e.g. from MRI scans or neurophysiological tests). 


Clinical features 

The patient complains of paraesthesiae or a sensation of itching, 
pain or burning discomfort in an area innervated by the trigeminal 
nerve. This is then picked, rubbed or scratched, and the resultant 
erosions increase in size and may extend to completely destroy 
the nasal cartilage (Figure 82.3). The appearance can mimic a pri- 
mary skin cancer therefore taking a complete history is vital [1]. 
Patients freely admit to traumatising the area in an attempt to 
relieve the uncomfortable sensations. The pattern of ulceration 
may be sufficiently bizarre to suggest dermatitis artefacta. Ulcers 
may spread towards the cheek and the upper lip; subsequent 
scar formation in the area of the alar can lead to lip elevation, 
resulting in a disfiguring sneer [2]. Characteristically, the alar rim 
is involved and the tip of the nose spared. Sites less frequently 
involved include the forehead, scalp and cheeks. Neurological 
examination may reveal decreased perception of light touch and 
pain over the area, and sometimes an absent corneal reflex on the 
same side [2]. Ulcers may be complicated by secondary infection. 
Orbital cellulitis and corneal ulceration are recognised serious 
complications. 


Investigations 

Consider (if clinically indicated and not available from the history): 

e¢ MRI scan. 

¢ Neurophysiological (i.e. nerve conduction) studies. 

¢ Tests for mononeuropathy if clinically indicated (e.g. glucose, thy- 
roid function, syphilis serology, B12, etc.). 


Table 82.3 Differential features of trigeminal trophic syndrome (TTS), atypical trigeminal trophic syndrome (ATTS), dermatitis artefacta (DA) and skin picking disorder (SPS). 


Compulsion to pick 


at the skin which leads Other parts Neurological 


Patient owns that they to temporary resolution — of the body investigations 

are manipulating their skin Dysaesthesia Unilateral = of the sensation involved usually show a cause 
TTS v v v v No v 
ATTS v v + v No + 

Neurophysiological studies 
usually abnormal 

Dermatitis artefacta No No + + + No 
Skin picking disorder V¥ No No + Usually unless a No 


Sometimes reluctantly 


‘picker’s nodule’ 
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Management 

Treatment is aimed at trying to find a medication or approach that 
will relieve the patient’s unpleasant sensations while promoting 
healing of the cutaneous changes. 


Treatment ladder 


First line 
e Appropriate treatment of the skin with emollients and 
dressings (and if necessary antibiotics, etc.) 
e Simultaneously treat the dysaesthesia with one of the 
following: 
¢ gabapentin, pregabalin (titrate the dose to that which 
controls the TTS) 
* amitriptyline in lower doses (e.g. 10-30 mg at night) 
These agents should be tried according to side-effect profile 
and patient acceptability 
Attempts to limit self-inflicted skin trauma via the wearing of 
gloves can be helpful, but nonetheless the ulceration 
commonly persists, particularly in the elderly or in confused 
patients who compulsively pick at the skin 
Protection using appropriate dressings (e.g. occlusion with an 
aquaplast thermoplastic dressing sutured over the affected 
area and left in place for 1-2 weeks) has been shown to 
promote ulcer healing [5] 


Second line 

e Habit reversal CBT may be helpful 

e Duloxetine and carbamazepine [6] have been tried with 
limited success 

¢ Selective serotonin reuptake inhibitors (e.g. fluoxetine or 
citalopram) 


Third line 

e Surgical approaches in the past have included cervical 
sympathectomy [7], transcutaneous electrical stimulation [8] 
and grafting or the use of innervated transposition flaps [9]. 
These treatments will fail if the area continues to be 
traumatised 

¢ Topiramate 


Figure 82.3 Trigeminal trophic syndrome (TTS) before (a) and 
after (b) treatment with pregabalin. Note the nasal alar 
ulcerations commonly seen with TTS. 


Atypical trigeminal tro 


Definition 

ATTS is newly described and different from TTS in that the dis- 
tribution is unusual (often involving the neck or two areas of the 
trigeminal nerve supply) [10]. It appears to be distinct from skin 
picking disorders (Chapter 84) in that it only involves the trigeminal 
area of the face and the patient (similar to TTS) describes a sensa- 
tion of tickling, itch or burning which is temporarily relieved by 
manipulating the skin in the involved area (Table 82.3). 


Epidemiology 

Atypical trigeminal trophic syndrome is rare but occurs in all 
ethnicities, usually in middle-aged individuals, and in men and 
women. 


Clinical features 

Atypical trigeminal trophic syndrome presents similarly to TTS 
except the ulceration may be bilateral and in atypical sites 
(Figure 82.4) [10]. Patients will volunteer that they traumatise the 
involved skin and by doing so they obtain relief of their symptoms. 
The condition may be mistaken for dermatitis artefacta. 


Investigations 
Trigeminal nerve abnormalities are frequently identified on neuro- 
physiological testing, while MRI scans tend to show no demonstra- 
ble disease [10]. 


Management 
Management of the condition is similar to that of TTS. 


Cervical trophic syndrome , 


Definition 

Cervical trophic syndrome (CTS) is similar to TTS in that the patient 
experiences intractable itch/pain/burning/irritation of the skin 
supplied by a specific nerve or branch of a nerve following iatrogenic 


Figure 82.4 Patient with atypical trigeminal trophic syndrome. 


Figure 82.5 Patient with cervical trophic syndrome. 


or other trauma. Patients pick, scratch or manipulate the involved 
skin in an attempt to relieve the sensations they are experiencing. 
The relief is usually temporary, and the patient will continue to 
interfere with the affected area even after a well-demarcated ulcer 
has developed. In CTS the implicated nerve is usually either the C2 
or C3 nerve root. 


Epidemiology 
There are sporadic case reports of cervical trophic syndrome and it 
is rare [11]. 


Clinical features 

Cervical trophic syndrome usually presents with a well-demarcated 
ulcer in the distribution of a cervical nerve (Figure 82.5). The patient 
will indicate that they experience burning/pain/irritation of the 
affected skin, and temporary relief of the sensation in response 
to manipulating the area. The involved area of skin will not usually 
cross the midline and will correspond to a recognised dermatomal 
distribution. 


Aetiology 

In case reports, CTS is thought to arise as a result of nerve dysaes- 
thesia (usually postherpetic) or damage (e.g. from any potential 
mononeuropathic cause or postsurgical). 


Vulvodynia 82.9 


Management 
Management of the condition is similar to that of TTS. 


Midface toddler excor 
syndrome (MITES) 


MiTES is a recently described condition probably linked to PRDM12 
gene mutation. Patients usually present from infancy with excoria- 
tions, ulcers, dyspigmentation, lichenfication and erosions over the 
midface, with a predilection for the nasal bridge. Bi-allelic muta- 
tions in the PRDM12 gene cause hereditary sensory and autonomic 
neuropathy type VIII (HSAN 8), a congenital pain insensitivity 
disorder, manifesting as ulceration of the digits, lips, tongue, as well 
as facial scratching. Since, MiTES is a genetically heterogeneous 
entity, genes other than PRDM12 can also be involved. MiTES 
resembles HSAN 8 clinically and aetiologically but lacks ulceration 
of the acral parts. MiTES and genetic sensory neuronal causes of 
repeated skin excoriation (e.g. Lesch-Nyhan and hereditary sensory 
neuropathies) are rare but important to recognise clinically [12]. 


Vulvodynia Cl 


Definition and nomenclature 

Vulvodynia is the term given to chronic vulvar discomfort, most 
commonly manifest as painful dysaesthetic skin sensations, with no 
visible clinical abnormalities, and in the absence of an alternative 
identifiable disorder. 


a true synonym) 


Introduction and general description 

Vulvodynia (see also Chapter 110) may involve the female gen- 
ital skin generally or be site-specific; it may be subdivided into 
vestibulodynia and other -dynias according to the area affected and 
the clinical presentation [1,2]. Some patients describe provocation 
factors such as sexual and non-sexual touch. Vulvodynia is consid- 
ered to be an idiopathic, usually chronic disorder, unresponsive to 
simple analgesia, and almost invariably associated with significant 
psychosocial co-morbidities [3,4]. It commonly leads to significant 
functional impairment. 


Epidemiology 

Incidence and prevalence 

Genital pain is said to occur in approximately 8% of women (range 
3-14%) [5]. 


Age 
It usually affects younger adults in their thirties to forties, but can 
affect any (usually) adult age. 
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Ethnicity 
It affects all ethnicities. 


Associated diseases 

There is a very common association with anxiety, depression and 
sexual dysfunction [3,4,6]. Vulvodynia may occur as part of a more 
generalised pelvic pain syndrome; urinary symptoms, painful blad- 
der syndrome and interstitial cystitis may co-exist. Other chronic 
pain conditions such as irritable bowel syndrome, fibromyalgia 
and chronic fatigue syndrome are also more common in patients 
with vulvodynia [7]. 


Pathophysiology 

The pathophysiology is unknown, though many potential factors 
have been implicated, including genetic, endocrine, trauma-related 
and pelvic floor muscular abnormalities. Previous theories have 
invoked dysfunction of the peripheral and/or central sensory nerve 
pathways which innervate the genital areas or are responsible for 
consciousness of genital sensation [8,9]. Vulvodynia has also been 
postulated to reflect a functional somatic symptom disorder [10]. 
It is a moot point as to whether the chronic pain of vulvodynia 
leads to the widely observed psychosocial and sexual dysfunc- 
tion, or whether vulvodynia arises as a consequence of premorbid 
psychological abnormalities. 


Clinical features 

History 

Patients often describe severe, chronic (usually months or longer) 
sensations of burning, stinging or stabbing pain or rawness affect- 
ing either the whole genital skin or a very specific genital site. The 
pain may be provoked (e.g. by sexual contact) or it may be present 
more or less continuously. A comprehensive screen for other poten- 
tially functional symptoms is desirable. Direct, albeit sensitive 
questioning on the possible impact on sexual function is needed 
as patients may be too ashamed or embarrassed to volunteer this 
information. 


Presentation 

There is usually very little, if anything, to see by way of physi- 
cal signs. Patients may have subtle localised or more generalised 
redness affecting the skin or mucosa, but this is almost always 
well within the normal range and should not be overinterpreted. 
Often the initial misdiagnosis by a general practitioner is vul- 
vovaginal candidiasis. Point tenderness (with cotton wool tips) is 
common. The diagnosis is one of exclusion, although the history and 
examination usually allows a firm diagnosis to be made clinically. 


Differential diagnosis 

The differential diagnosis includes the full range of genital der- 
matoses, which can usually be excluded clinically. Some patients 
have genital pain syndromes as a part of a more generalised chronic 
pain syndrome. Postherpetic neuralgia and pudendal neuropa- 
thy should be considered, as should vulvo-vaginal atrophy in 
postmenopausal women. 


Complications and co-morbidities 

Psychosexual (e.g. vaginismus, loss of libido) and psychosocial 
(e.g. anxiety, depression, hypervigilance, catastrophising) cognitions 
and co-morbidities are extremely common [6,11], with a resultant 
deleterious impact on quality of life and functional status. 


Disease course and prognosis 

Untreated disease may be recalcitrant. However, treatment is usu- 
ally successful, although it may take some time to achieve remis- 
sion or symptom amelioration. Clinicians and patients may have to 
search via trial and error for the treatment that best suits the individ- 
ual, with both parties keeping an open mind, and seeking to employ 
a genuinely holistic approach. 


Management 

All patients should be offered referral to a patient advocacy organi- 
sation where available and given opportunities to learn as much as 
they wish to about their condition. A multidisciplinary approach 
to treatment is recommended [12], ideally involving dermatol- 
ogy, gynaecology, psychology, psychiatry, physiotherapy and pain 
specialists. Implementing a wider biopsychosocial conceptualisa- 
tion of vulvodynia in the assessment and management process is 
strongly encouraged, and likely to improve patient outcomes [11]. 
All patients must be screened for co-morbid anxiety and depression 
using validated questionnaires and offered treatment accordingly. 


Treatment ladder 


First line 

e Reassurance, validating symptoms, basic psychoeducation 

¢ Topical lidocaine gel or ointment 

e Amitriptyline (low-dose, e.g. 10mg at night and build up 

slowly — 50 mg usual maximum tolerated dose) 

Other tricyclics (e.g. doxepin) 

¢ Cognitive behavioural therapy (CBT), acceptance and 
commitment therapy (ACT) or other psychological talking 
therapies tailored to the individual’s psychological 
formulation (especially if there are psychosexual or 
psychosocial co-morbidities) 

¢ Mindfulness-based relaxation 

¢ Pelvic floor physiotherapy 


Second line 

e SSRIs (e.g. sertraline, citalopram) 

¢ Gabapentin and pregabalin (start low and titrate up 
according to response and tolerance) 

¢ CBT or other psychological talking therapies if not already in 
place 


Third line 

¢ Nerve blocks 

¢ Botulinum toxin 
e Vestibulectomy 


Resources 


Further information 

International Society for the Study of Vulvovaginal Disease: https://www.issvd.org/ 
Vulval Pain Society: http: //www.vulvalpainsociety.org/vps/ 

(All last accessed April 2022) 


Penoscrotodynia 0s Sg 


Definition and nomenclature 

Penoscrotodynia (PSD) describes persistent, unpleasant dysaes- 
thetic skin sensations affecting the penis and/or scrotum, in the 
absence of any other identifiable cause. 


Introduction and general description 

PSD (Chapter 109) may occur as a highly localised phenomenon or 
affecting the entirety of the genital skin. It tends to run a chronic 
course, is poorly responsive to neuropathic pain agents and is 
invariably associated with psychosocial comorbidities [1]. Men 
with PSD often struggle to receive an accurate diagnosis and 
timely, satisfactory treatment, on account of limited awareness of 
its existence and a sparse research literature. 


Epidemiology 

Incidence and prevalence 

There are no reliable epidemiological data on PSD. It is, however, 
encountered frequently in specialist male genital dermatology 
clinics. 


Age 
PSD may affect adults of any age, although more commonly those 
in the 20-40 year age bracket. 


Ethnicity 
PSD affects all ethnicities. 


Associated diseases 

Akin to vulvodynia, there is a very common association with anxi- 
ety and depression [1]. Sexual dysfunction (e.g. dyspareunia, erec- 
tile and ejaculatory disturbance) is common. It may also present as 
part of a more generalised pelvic pain syndrome: so-called chronic 
prostatitis /chronic pelvic pain syndrome [2]. 


Pathophysiology 
Historically, PSD has been assumed to reflect some kind of neuro- 
pathic pain disorder, despite a lack of supportive evidence. More 


more likely, given the invariable presence of psychopathology and 
a reliable response to psychodermatological treatment, where this 
is accepted [1]. 


Clinical features 

History 

Patients describe severe, usually chronic, sensations of burning, 
stinging or stabbing pain, or extreme hypersensitivity. This may 
affect a very specific genital site (commonly the dorsal glans 
penis and coronal rim, or the scrotum), or lead to global genital 
discomfort which extends to involve adjacent skin in the groins, 
upper inner thighs, perineum and perianal region. The pain tends 
to be present more or less continuously, though patients are often 
completely distractible if busy with another activity. There may be 
a history of a stressful or traumatic antecedent trigger event, which 
is worth gently enquiring about. Themes such as guilt and remorse 
may be uncovered, not infrequently related to sexual misadventure 
[3,4]. Patients frequently become hypervigilant, ruminating exces- 
sively and checking their skin regularly through the day or taking 
multiple illustrative digital photographs. 


Presentation 

The clinical examination is always within normal limits. Patients 
are often focused on minute, fleeting areas of redness on the glans 
or distressed by the naturally dusky appearance of the scrotum 
and how this may vary according to ambient temperature. It helps 
to provide reassurance about other anatomical oddities such as 
angiokeratomata of Fordyce or Fordyce spots, which may have 
drawn the eye. 


Differential diagnosis 

PSD is a diagnosis of exclusion, which may usually be achieved 
with a careful history and clinical examination. Consider pudendal 
neuralgia, testicular pathology and sexually transmitted infections, 
which may occasionally merit limited, judicious investigation. 


Complications and co-morbidities 

There is almost always a very significant impact on quality of life, 
with patients typically resorting to extensive internet research in an 
attempt to find a cure, as well as becoming increasingly socially and 
sexually avoidant or isolated, which then compounds the severity 
of symptoms. 


Disease course and prognosis 

Treatment is usually successful, although this is dependent on 
establishing trust and rapport, arriving at a mutually acceptable 
psychological formulation, and assuming the patient has sufficient 
insight and willingness to engage in the suggested management 
plan. 


Management 

All patients must be screened for co-morbid anxiety and depression 
using validated questionnaires, and offered treatment accord- 
ingly [1,3]. Underlying affective disorders are not always obvious 
in this patient group, but by taking the time to sensitively and 
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recently, a functional somatic symptom disorder has been considered 
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empathically enquire and treat, mutually satisfying outcomes may 
be achieved. It is important to provide sufficient time at the out- 
set to allow a thorough patient-centred assessment, and regular 
follow-up thereafter to monitor progress. Most patients can be 
helped satisfactorily by the dermatologist working in conjunction 
with the local general practitioner, although a multidisciplinary 
psychodermatological approach is recommended in more chal- 
lenging cases (involving dermatology, psychology, psychiatry and 
sometimes urology). Reiterating basic psychoeducation and healthy 
lifestyle advice (e.g. sleep hygiene, regular exercise, avoidance of 
internet searching) helps patients move away from an otherwise 
all-encompassing focus on their symptoms. 


Treatment options 

e Reassurance, validating symptoms, basic psychoeducation 

e SSRIs (e.g. low-dose sertraline, citalopram) 

¢ Psychological talking therapies tailored to the individual’s psy- 
chological formulation 


Chronic scalp pain an 


Definition and nomenclature 

Scalp pain, dysaesthesia and tenderness without any obvious scalp 
disease is another mucocutaneous pain syndrome. It follows the 
pattern of other disorders in this group, in that patients complain 
of (usually) severe, chronic pain or discomfort affecting the scalp 
and/or hair, which may or may not be provoked by contact (e.g. 
combing the hair) and for which no underlying cause can be found. 


Epidemiology 

Incidence and prevalence 

It is rare but probably under-reported; it is certainly encountered 
more commonly in specialist hair and psychodermatology clinics. 


Pathophysiology 

This is as for other cutaneous pain syndromes. Some authors 
indicate that the thalamus may be acting dysfunctionally and that 
this may lead to scalp allodynia amongst other cutaneous pain 
syndromes [1,2]. Psychological co-morbidities are exceedingly 
common. 


Clinical features 

Differential diagnosis 

The differential diagnosis includes all scalp dermatoses. In the 
absence of scalp disease, the diagnosis of trichodynia can be made 
clinically with an appropriate history. Disproportionate pain with 
normal touch or pressure (allodynia) is very suggestive of the 
diagnosis. 


Management 


Treatment ladder 


First line 

e Education and reassurance 

e Use gentle shampoos; avoid over-zealous styling and dyeing 
¢ Tricyclics (e.g. low-dose amitriptyline) 

¢ CBT or other talking therapies 


Second line 
¢ SSRIs (e.g. sertraline, citalopram) 
e Pregabalin and gabapentin 


Third line 
e Acupuncture [3] 


Erythromelalgia 


Definition and nomenclature 

Erythromelalgia is defined by an intense burning sensation of the 
extremities (usually the feet) together with persistent redness and 
increased skin temperature (see also Chapter 101). It is subdivided 
into primary and secondary categories. 


Epidemiology 

Incidence and prevalence 

The incidence of erythromelalgia is reported as 1.3 per 100000 
persons per year in one US county [1], though this is probably an 
underestimate. 


Age 

Patients with primary erythromelalgia tend to present in child- 
hood, while those with secondary causes present on average aged 
50-60 years. 


Sex 
Erythromelalgia is more common in females. 


Pathophysiology 
Primary erythromelalgia is now known to be caused by an auto- 
somal dominant mutation in the SCN9A gene [2]. This gene codes 
for voltage-gated sodium channels, which are expressed in small 
nociceptive neurons, thought to play a crucial role in pain percep- 
tion [3]. 

Secondary erythromelalgia has been linked with a vast array of 
disparate conditions including peripheral neuropathies, connective 


tissue disease, MS, chronic vibration and pregnancy. When associ- 
ated with haematological disorders (e.g. leukaemia, thrombocytosis 
and polycythaemia vera) the pathogenesis is thought to be related 
to platelet activation and thrombotic occlusion [4]. 


Clinical features 

The diagnosis of erythromelalgia is established clinically. Feet are 
most commonly affected, but cases involving legs, hands, ears, neck 
and face have also been described [5]. Symptoms may be intermit- 
tent but more usually there is a persistent background dysaesthesia 
with flares often at night. 

Provoking and exacerbating factors include heat and exercise; 
relief often comes with cooling the extremities. Between attacks, 
the extremities may feel normal or may be mildly cool, cyanotic 
or uncomfortable [5]. Patients will often lie in bed with their feet 
facing an open window or lying on cooling ice packs (both of which 
probably exacerbate the disease). Once again, the impact on quality 
of life and mood may be profound and disabling. Patients will try 
anything to obtain relief of their disabling symptoms including 
use of topical aerosol anaesthetic skin refrigerants such as ethyl 
chloride. The severe chronic pain can lead to suicide. 


Differential diagnosis 

The differential diagnoses include peripheral neuropathy, con- 
nective tissue diseases, Raynaud phenomenon, acrocyanosis and 
peripheral vascular disease among others [5]. 


Investigations 

Clinical diagnostic criteria have been proposed to encompass the 
typical symptoms and signs [6]. Genetic testing for SCN9A muta- 
tions is available for possible primary cases. Wide-ranging investi- 
gation may be required to pinpoint secondary causes, particularly 
to confirm or exclude cases of myeloproliferative disease [4]. 


Management 
Treating the pain of erythromelalgia is difficult and usually achieved 
through trials of medication with the patient, unless there is a treat- 
able secondary cause. For mild disease, first line topical treatment 
may be sufficient (e.g. lidocaine patches, doxepin cream or cap- 
saicin cream). For moderate disease, topicals should be combined 
with oral systemic therapy such as gabapentin, pregabalin, SSRIs, 
amitriptyline or nortriptyline [7]. Aspirin usually relieves the 
symptoms associated with haematological disease [8]. Third line 
agents include intravenous lidocaine, sodium nitroprusside or 
prostaglandins (e.g. intravenous prostacyclin infusion). For patients 
unresponsive to medical therapy, invasive procedures such as sym- 
pathetic blockade, sympathectomy or dorsal cord stimulation may 
be considered [7]. More recently, agents directed specifically against 
the mutated sodium channels in primary erythromelalgia have been 
trialled successfully, including mexiletine [9] and ranolazine [10]. 
All patients should be educated to minimise provoking factors, 
such as warmth, dependent positioning, exercise and alcohol. 
Behaviours that may exacerbate the condition (such as using ice 
packs) should be discouraged. Some patients feel helpless and 
wretched and may consider suicide, so assessment and management 
of psychosocial co-morbidities and associated risk is important. 


CBT and other talking therapies may be very helpful for some 
patients [7]. 


Resources 


Further information 

The Erythromelalgia Association: https: / /erythromelalgia.org 
National Organization for Rare Disorders (NORD): rarediseases.org 
(All last accessed April 2022) 
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Introduction and overview of genetic 
neurocutaneous disorders 


The relationship between the nervous system and the skin is com- 
plex. Embryologically, both arise from the ectoderm and therefore 
a close relationship in health and disease is not surprising. Physi- 
ologically, stimulation of the skin by the nervous system is seen in 
responses such as sweating, flushing, pallor and goose bumps. 
Many inflammatory dermatoses including eczema, psoriasis 
and urticaria are exacerbated by stress via the central nervous 
system (CNS) and autonomic nervous system (ANS) culminating 
in neuropeptides; the term ‘psychoneurogenic’ emphasises this 
interaction. A broad definition of neurocutaneous disease would 
include all diseases, congenital and acquired, that exhibit both 
cutaneous and neurological features. Another definition would be 
genetic disorders with cutaneous and neurological features — this 
encompasses many diseases and syndromes with varying genetic 
inheritance patterns including autosomal dominant, autosomal 
recessive, x-linked male-lethal, x-linked non-lethal, lethal surviving 
by mosaicism and disorders caused by chromosomal aberrations. 
This genetic group of neurocutaneous disorders was first recog- 
nised by Van der Hoeve, an ophthalmologist from the Netherlands, 
who introduced the terms phakoma/phakomata (Greek — lentil, 
spot, lens-shaped) to define similar retinal lesions recorded in 
tuberous sclerosis (1920) and in neurofibromatosis (1923). He later 
applied this concept to similar lesions in other organs (e.g. brain, 
heart and kidneys) and to other disorders (i.e. von Hippel—Lindau 


disease and Sturge-Weber syndrome) (1933), and coined the term 
phakomatoses. At the same time, the American neurologist Paul 
Ivan Yakovlev and psychiatrist Riley H. Guthrie (1931) established 
the key role of the nervous system and cutaneous manifestations 
in these conditions and proposed to name them neurocutaneous 
syndromes (or ectodermoses, to explain the pathogenesis). The 
Belgian pathologist Ludo van Bogaert came to similar conclu- 
sions (1935) and suggested the term neuro-ectodermal dysplasias. 
‘Genodermatoses’ and ‘neurocristopathies’ are alternative terms 
still used to define these conditions. However, in recent times, the 
most acclaimed terms are ‘phacomatoses’ and ‘neurocutaneous dis- 
orders’, which are used interchangeably. Neurocutaneous disorders 
are a heterogeneous group of conditions affecting the skin: with 
congenital pigmentary /vascular abnormalities and/or tumours, the 
CNS and peripheral nervous system (PNS); with congenital abnor- 
malities and/or tumours and the eye; with variable abnormalities. 
Manifestations may involve many other organs or systems includ- 
ing the heart, vessels, lungs, kidneys and bones. Pathogenically, 
they are explained by interplay between intra- and extraneu- 
ronal signalling pathways encompassing receptor-to-protein and 
protein-to-protein cascades involving multiple pathways, which 
also shed light on phenotypic variability and overlap. Each disorder 
is described in detail and assigned a number in the Mendelian 
Inheritance in Man (MIM) clinical database. Ruggieri et al. [1] have 
attempted to classify neurocutaneous disorders in childhood into 
six groups according to predominant clinical features and genetics 
(Box 83.1). 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Box 83.1 Subgroups of childhood neurocutaneous 
disorders 


1 Predisposing to development of tumours (e.g. the neurofibromatoses 
and allelic/similar disorders and schwannomatosis; tuberous 
sclerosis complex; Gorlin—Goltz and Lhermitte-Duclos-Cowden 
syndromes) 

2 With vascular malformations (e.g. Sturge-Weber and 
Klippel-Trenaunay syndromes; 
megalencephaly /microcephaly-capillary malformation syndromes; 
CLOVES, Wyburn—Mason and mixed vascular naevus syndromes; 
blue rubber bleb nevus syndrome; hereditary haemorrhagic 
telangiectasia) 

3 With vascular tumours (von Hippel—Lindau disease; PHACE(S)) 

4 With pigmentary /connective tissue mosaicism (incontinentia 
pigmenti; pigmentary /Ito mosaicism; mTOR-related 
megalencephaly /focal cortical dysplasia/ pigmentary mosaicism; 
RHOA-related ectodermal dysplasia; neurocutaneous 
melanocytosis; epidermal/papular spilus/Becker nevi syndromes; 
PENS and LEOPARD syndromes; encephalocraniocutaneous 
lipomatosis; lipoid proteinosis) 

5 With dermal dysplasia (cerebello-trigeminal dermal dysplasia) 

6 With twin spotting (paired patches of mutant tissue that differ 
genetically from each other and from the normal background tissue) 
or similar phenomena (phacomatosis pigmentovascularis and 
pigmentokeratotica; cutis tricolour) 


CLOVES, congenital lipomatous overgrowth, vascular malformations, 
epidermal nevis, spinal/skeletal anomalies, scoliosis; LEOPARD, 
lentigines, electrocardiographic conduction defects, ocular 
hypertelorism, pulmonary stenosis, abnormalities of the genitals, 
retarded growth, deafness or hearing loss; mTor, mammalian target of 
rapamycin; PENS, papular epidermal naevus with ‘skyline’ basal cell 
layer; PHACE(S), posterior fossa brain malformations, haemangiomas, 
arterial anomalies, cardiac anomalies and coarctation of the aorta, eye 
abnormalities and endocrine abnormalities, (S) sternal cleft, 
supraumbilical raphe, or both. 


When faced with a newborn, a child or sometimes an adult with 
a range of cutaneous and neurological anomalies, a dermatologist 
can work with colleagues including paediatricians, neurologists 
and geneticists to determine if the clinical features are suggestive 
of a known syndrome and whether genetic testing is indicated. 
Some neurocutaneous disorders remain unclassifiable according 
to formal genetics. Dedicated formal paediatric neurocutaneous 
multidisciplinary team (MDT) clinics have a valuable role [2]. Early 
recognition can be critical to surveillance for treatable complications 
and genetic counselling. Although many of the complications of 
genetic neurocutaneous diseases can only be treated symptomati- 
cally, advances in understanding of their pathogenesis are opening 
new approaches to molecularly targeted therapeutics, which 
promise to alter the natural history of the conditions in the future. 
For more information, see chapters in Volume 2, Part 6 — Genetic 
Disorders Involving the Skin. Detailed reference textbooks are also 
available [3,4]. 

In this chapter, only primary neurological disease with cutaneous 
manifestations will be discussed; such neurocutaneous disor- 
ders may be divided broadly into those associated with sensory 
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abnormalities, and those associated with autonomic abnormalities, 
although there is overlap between the two groups. Cutaneous mani- 
festations may occur where the pathology is predominantly located 
either in the CNS or in the PNS. Dermatologists will see patients 
with a known neurological disease presenting to them with cuta- 
neous symptoms, or the underlying neurological disease may not 
be known. Therefore, knowledge of the cutaneous manifestations of 
neurological diseases is needed and an understanding of the skin’s 
sensory and autonomic innervation is essential to appreciate the 
clinical manifestations of neurocutaneous disorders. 


Cutaneous innervation 

The skin is the largest sensory organ and is innervated by a dense 
three-dimensional network of highly specialised afferent sensory 
and efferent autonomic nerve branches. The sensory system con- 
tains receptors for touch, temperature, pain, itch and various other 
physical and chemical stimuli [1,2,3]. Information regarding these 
perceived sensations is transmitted to the CNS. Touch sensations are 
conveyed by distinct combinations of mechanosensory end organs 
and the low-threshold mechanoreceptors (LTMRs) that innervate 
them [3]. The autonomic system comprises post-ganglionic cholin- 
ergic parasympathetic nerves, and adrenergic and cholinergic 
sympathetic nerves. It plays a crucial role in maintaining cutaneous 
homeostasis by regulating vasomotor function, pilomotor activity 
and eccrine gland secretion. As many as 1000 such afferent neurons 
may innervate 1 cm? of skin. The afferent sensory neurons are unipo- 
lar, and each branches off with a single axon travelling towards 
the skin. The autonomic nerves innervate the skin in a different 
pattern. Post-ganglionic fibres originate in the sympathetic chain 
and are co-distributed with the sensory neurons until they arborise 
into plexuses around sweat glands, blood vessels and arrector pili 
muscles [1,2]. Skin nerves may contain myelinated and/or unmyeli- 
nated fibres: subgroups of sensory neurons are myelinated A fibres, 
whereas unmyelinated C fibres contain sensory and autonomic 
fibres. The sensory myelinated fibres can be further subdivided 
based on diameter into rapidly conducting Aa nerves that transmit 
tactile sensitivity, and slowly conducting Ad nerves that transmit 
temperature, noxious sensation and itch [2,4,5]. In the upper dermis, 
small myelinated nerves lose their nerve sheaths and, together with 
the unmyelinated nerves, end in either free nerve endings, or in 
association with receptors, such as Merkel cells or nerve-ending 
organs [2,4]. 

Sensory innervation follows well-defined dermatomes, with 
some overlap if they are adjacent. Sensory nerves not only function 
as an afferent system to conduct stimuli back from the skin to the 
CNS, but also act in an efferent neurosecretory fashion, releasing 
neuropeptides with important visceromotor, inflammatory and 
trophic effects on the skin. Unmyelinated type C fibres termi- 
nate as either free nerve receptor endings, or in association with 
receptors such as the Pacinian or Meissner’s corpuscles. Pacinian 
corpuscles, each innervated by a single myelinated sensory axon, 
are most densely located on the palms and soles, where they act 
as mechanoreceptors. Meissner corpuscles also occur in greatest 
density on the palms and soles; being innervated by one or more 
sensory nerve endings, they also act as mechanoreceptors, and in 
addition transmit touch sensation. Merkel cells, which occur at low 
density generally, with an increased density around hair follicles 


and at the palms, nail beds and lips, form synaptic-like contacts 
with sensory afferent terminals. The full function of Merkel cells is 
not yet fully understood, but recent molecular analysis has revealed 
that they express dozens of presynaptic molecules that are essential 
for synaptic vesicle release in neurons [6]. Merkel cells produce and 
contain a wide range of neuropeptides, which may be important in 
the local regulation of inflammation [2]. 

Afferent sensory nerves, either unmyelinated C fibres or myeli- 
nated A& fibres, derive from the dorsal root ganglion and are 
capable of the release of a variety of neuropeptides in response 
to noxious stimuli [2,4,5]. Sensory impulses are conducted in the 
peripheral and central axon of the spinal ganglion cell in the dorsal 
root ganglion, and pass via the lateral spino-thalamic tract and 
the lemniscus spinalis to the thalamus [5]. From the thalamus, the 
information reaches consciousness via the thalamic radiation to the 
postcentral gyrus of the parietal lobe. 

C and Aé fibres not only conduct nociceptive information to 
the dorsal root ganglion, but also have an important efferent 
function, in that they stimulate target tissues by releasing a range 
of neuropeptides in response to noxious stimuli, such as chemical, 
electrical, thermal and mechanical injury, or UV radiation. C fibres 
can also be stimulated by psychological stress, which activates 
the hypothalamopituitary—adrenal axis, and sensory nerves in 
the brain and skin [7,8]. More than 20 neuropeptides have been 
identified and characterised to a greater or lesser extent in the 
skin of various species [9,10]. Neuropeptides with an important 
neurotransmitter function contained in primary sensory neurons 
include three tachykinins: substance P (SP), neurokinin A (NKA) 
and calcitonin gene-related peptide (CGRP) [11]. These neuropep- 
tides most frequently coexist in the same subpopulation of primary 
sensory neurons, the Ad and C fibres, and are involved in the nerve 
transmission of impulses initiated by noxious stimuli. They usually 
occur in free nerve endings in the upper dermis (Figure 83.1) and 
epidermis throughout the body, but are at greatest density on the 
palms and soles, where some end in a plexus around Meissner 
corpuscles (Figure 83.2) [11]. 


Figure 83.1 Substance P immunoreactive nerve endings in the epidermis of human skin. 


Figure 83.2 Substance P fibres ending in Meissner corpuscles of skin. 


Capsaicin, a vanilloid alkaloid found in red pepper fruit [12], 
functions in nociception by binding to a specific receptor called 
the vanilloid receptor, the name referring to a homovanillyl group 
found in the ligands of the receptor. Vanilloid receptors have been 
found on the unmyelinated C and thinly myelinated Aé6 fibre types, 
which transmit painful stimuli. When capsaicin stimulates the 
transient receptor potential vanilloid receptor 1 (TRPV1) — one 
of the vanilloid receptors particularly implicated in neurogenic 
inflammation [12] — this causes Ca*+ ion influx which is rapidly 
followed by receptor desensitisation. If calcium overload is suffi- 
cient, this can lead to cell death [12,13]. TRPV1 links with TRPA1 
(transient receptor potential ankyrin 1) channels on the surface 
of keratinocytes, and their interlinked function has recently been 
associated with pain and neurogenic inflammation [14]. It has 
been suggested that neurogenic inflammation is involved in the 
pathogenesis of the common chronic cutaneous vascular disorders 
such as rosacea and a subtype known as neurogenic rosacea is now 
recognised [15]. Due to their involvement in the pathophysiology 
of rosacea, TRPV1 and TRPA1 may act as therapeutic targets for its 
inflammatory symptoms [16]. TRPV1 and TRPA1 are also expressed 
on a multitude of non-neuronal sites, which has led to a plethora of 
research into their possible function [14]. 

Release of neuropeptides often leads to neurogenic inflammation. 
The key components of neurogenic inflammation are precapillary 
vasodilation, plasma protein extravasation and leukocyte infil- 
tration, which follow antidromic stimulation of peripheral nerves. 
Neuropeptides can regulate both acute and chronic inflammation by 
influencing vascular motility and cellular trafficking. After release, 
neuropeptides are metabolised by membrane-bound endopepti- 
dases that occur on target structures such as blood vessels and 
eccrine sweat glands in skin [17]. Neutral endopeptidase (NEP) and 
angiotensin-converting enzyme (ACE) seem to play an important 
role in terminating the action of neuropeptide agonists [9]. 

A key receptor on sensory nerves that is involved in neuro- 
genic inflammation is the proteinase-activated receptor 2 (PAR-2). 
PAR-2, bound to G protein, occurs on keratinocytes (especially in 
the stratum granulosum), endothelial cells, hair follicles and in 


the myoepithelial cells of the sweat glands [12]. Tryptase released 
from degranulated mast cells cleaves PAR-2 in the sensory nerve 
endings. This leads to its activation and stimulates the release of 
CGRP and neurokinins SP and NKA from sensory nerve endings. 
CGRP interacts with CGRP-1 receptors to induce arteriolar dilata- 
tion and hyperaemia, while SP interacts with NKA-1 receptors 
on the endothelial cells of postcapillary venules to induce plasma 
extravasation. The overall result is tissue oedema. SP may also 
stimulate degranulation of mast cells, leading to the release of 
tryptase, which produces positive feedback. Tryptase degrades 
CGRP and reduces its effects (CGRP inhibits SP degradation by 
NEP and enhances SP release). Other mediators from mast cells 
and other inflammatory cells stimulate the release of vasoactive 
peptides from sensory nerves [9,12]. 

Close interaction between the different neuromediators, target 
cells and neuropeptide-degrading enzymes is critical for the control 
of cutaneous neurogenic inflammation [9,10]. 


Autonomic nervous system 

The ANS innervates the skin through postganglionic fibres originat- 
ing in sympathetic ganglia, and terminating in autonomic plexuses 
that supply sweat glands, blood vessels and arrector pili muscles 
[1]. Histochemically, there are two main groups of postganglionic 
nerve fibres in the skin. First, adrenergic fibres synthesise and 
store catecholamines and norepinephrine (noradrenaline). The 
second major group consists of the cholinergic fibres containing 
acetylcholine. Co-localising with acetylcholine are ‘secretory’ neu- 
ropeptides, such as vasoactive intestinal peptide (VIP) and peptide 
histidine methionine (PHM). Nerves containing these should be 
regarded, at least physiologically, as parasympathetic. The secre- 
tory portions of the eccrine sweat glands, myoepithelial cells and 
nearby blood vessels are innervated by a basket-weave pattern of 
nerves, containing predominantly acetylcholine but also significant 
numbers of fibres containing ‘secretory neuropeptides’ including 
VIP (Figure 83.3), PHM (Figure 83.4), neuropeptide Y (NPY), CGRP, 
galanin, atrial natriuretic peptide (ANP) and norepinephrine. 


Figure 83.3 Vasoactive intestinal peptide immunoreactive fibres surround secretory cells 
of eccrine sweat glands. 


Figure 83.4 Peptide histidine methionine immunoreactive fibres surround eccrine sweat 
glands. 


Secretory neuropeptides, mainly VIP and ANP, together with nore- 
pinephrine, are not as effective as acetylcholine at sweat production, 
and probably synergistically amplify acetylcholine-induced adeno- 
sine 3’,5’-cyclic monophosphate (CAMP) accumulation, which is the 
most important secondary messenger in sweat production. ANP 
may be responsible, at least in part, for the regulation of sodium and 
other electrolytes released in sweat [11]. NPY has been identified in 
the periarteriolar nerve fibres of the deep and superficial vascular 
plexus, and in eccrine sweat glands; and is likely to play a role in the 
regulation of skin blood flow and eccrine sweating [11]. Pituitary 
adenylate cyclase-activating polypeptide (PACAP) also plays a 
significant role in modulating cutaneous inflammation. It belongs 
to the VIP family and is capable of binding identical receptors to VIP 
in the same tissue but with different affinities. PACAP and VIP both 
participate in myelin maturation and synthesis [18]. PACAP leads 
to mast cell degranulation and dilatation of small blood vessels [19]. 
PACAP may have a pro-inflammatory effect on endothelial cells 
during acute inflammation, yet it exerts anti-inflammatory effects 
under chronic inflammatory conditions [9]. 

Blood vessels in the skin are innervated by adrenergic fibres, 
which are vasoconstrictors, while acetylcholine and neuropeptides, 
such as VIP and PHM, act as vasodilators and increase vascular 
permeability [11,20]. Thus, by increasing the release of acetylcholine 
and secretory neuropeptides, the body has a mechanism of increas- 
ing blood flow to the skin and increasing sweating, both of which 
act to reduce body temperature. If body temperature falls, this is 
detected in the preoptic region of the hypothalamus, which acti- 
vates the sympathetic nervous system, which in turn reduces skin 
blood flow and sweating. Conversely, if warmer blood is detected 
in the hypothalamus, inhibition of sympathetic response allows 
skin sweating and blood flow to increase, thereby reducing core 
temperature [21,22]. 

Adrenergic fibres mediate strong vasoconstriction and arrector 
pili muscle activity, thus diverting blood from the skin, and pulling 
hairs into the upright position, in the classical ‘fight or flight’ 
reaction [1]. 


Introduction and overview of genetic neurocutaneous disorders 


The digital nerves in patients with Raynaud phenomenon and 
with systemic sclerosis are deficient in CGRP fibres [23]; intra- 
venous infusions of CGRP increase digital blood flow in such 
patients. A similar depletion of CGRP fibres has been described 
in digital nerves of patients with vibration white finger, and this 
may be responsible for both the vasoconstriction and the sensory 
abnormalities characteristic of this condition [24]. 


Neurophysiological testing for skin innervation 
Sympathetic skin response 

Sympathetic skin response (SSR) is a safe, simple and non-invasive 
electrophysiological test used to evaluate sudomotor function in a 
variety of clinical settings [25-27]. It can be used to assess autonomic 
function in patients with suspected sympathetic nerve dysfunction. 
The SSR is a polysynaptic reflex associated with the activation of 
sweat glands. It is usually performed by electrical stimulation of the 
median, ulnar, peroneal or sural nerves, and measuring the change 
in galvanic resistance on glabrous skin brought about by sweating 
using a conventional electromyograph apparatus. The afferent 
component may be activated by non-specific sensory stimuli or 
repeated electrical stimulation; the efferent component depends 
on the functioning of the sympathetic cholinergic fibres from the 
sympathetic chain to the sweat glands. In autonomic failure the SSR 
cannot be elicited. 


Cold-induced vasodilation 

Hand cooling is a cold pressor test in which an extremity is placed 
in cold water, leading to a rapid decrease in skin temperature, 
accompanied by initial strong vasoconstriction aimed at limiting 
heat transfer to the environment [28-32]. After a few minutes, skin 
temperature starts increasing because of cold-induced vasodila- 
tion. The precise mechanism of this reflex is unknown, but it is 
thought to be mediated through an increase in sympathetic stim- 
ulation, although factors independent of the sympathetic nervous 
system may also play a role. Exposure of the human body to 
cold stress elicits generalised cutaneous vasoconstriction. This is 
a response mediated by a sympathetic control process, triggered 
partly by stimulation of cutaneous cold receptors and partly by 
cold blood returning to the general circulation and stimulating 
the temperature-regulating centre in the hypothalamus. The tone 
of cutaneous vessels is controlled mainly by vasoconstrictor skin 
sympathetic nerve activity. A reduction in this response has been 
reported in diabetic and neuropathic patients, and in the immature 
and elderly, probably resulting from reduced sympathetic nerve 
vasoconstriction in the skin [31,32]. 


Triple response of Lewis 

Lewis described the capacity of the cutaneous microcirculation to 
vasodilate in response to direct stimulation with a firm mechanical 
stroke or with a dermographometer (the axon reflex) [32-34]. The 
amount of vasodilation can be measured by a Doppler flow meter. 
The axon reflex, known as ‘antidromic vasodilation’, does not occur 
in chronically denervated skin, or in skin in which neuropeptides 
have been depleted by capsaicin. The antidromic vasodilation 
and plasma extravasation, which occur in the skin following 
stimulation of the dorsal nerve roots or peripheral sensory nerves, 
can be mimicked by intra-arterial infusion of SP. 
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Histamine is known to be a principal mediator of the triple 
response of Lewis, and to act via H, and H, receptors to produce 
vasodilation and increased vascular permeability. However, it is 
known that SP, NKA and CGRP from primary sensory fibres are also 
mediators in the skin flares of the triple response of Lewis [35,36]. 
There is a bi-directional link between histamine and neuropeptides 
in neurogenic inflammation: neuropeptides induce the release of 
histamine from adjacent mast cells; and in turn, histamine evokes 
the release of SP and CGRP [37]. 


Skin biopsy as an aid to diagnosis of neurological 
disease and neuropathies 

Skin biopsies can be useful to aid the diagnosis of various neuro- 
logical conditions, although for diagnoses other than small fibre 
neuropathy it is becoming less important with advances in genetic 
testing using blood samples [1]. 

A discussion with the local histopathology department prior to 
the biopsy is important as only a limited number of departments 
provide this service. For example, in the UK, the national neu- 
ropathology referral centre is at King’s College Hospital, London [2]. 
A 3mm punch biopsy is recommended. The sample needs to be 
immediately immersed in _ periodate-lysine-paraformaldehyde 
fixative, which can be obtained in advance from the specialised 
laboratory. The sample should not remain in the fixative for more 
than 24 hours; immediate transport to the laboratory is important. 

For the investigation of peripheral neuropathies, small-calibre 
sensory nerves, including somatic unmyelinated intraepidermal 
nerve fibres, dermal myelinated nerve fibres and autonomic nerve 
fibres, can be quantified and histologically assessed. To investigate 
a length-dependent process, a proximal biopsy 20 cm below the iliac 
spine on the leg can be compared to a distal biopsy 10 cm above the 
lateral malleolus [3]. 

The most used markers for nerve fibres are antibodies against 
PGP 95, which is a pan-axonal marker widely distributed through- 
out the PNS, but many other markers to specific components such 
as for example cytoskeleton or myelin are in use (Table 83.1). 


Neuropathic pruritus and dysaesthesia 

Dysaesthesia is defined as altered sensations in the skin without 
a primary skin disease. The abnormal sensory disturbance may 
be generalised but is usually localised and may be caused by 
organic neurological disease /injury originating in the CNS or PNS. 
Symptoms include itch, paraesthesia, burning, tingling, stinging, 
tickling, cold sensation and formication/crawling sensation. Itch 
may be provoked by stimuli that are not usually pruriceptive, 
i.e. do not ordinarily evoke itch, e.g. light touch; this is known 
as alloknesis. Increased itch can be perceived in response to a 
normal itch-evoking stimulus, hyperknesis. These two findings 
arise as part of itch sensitisation and are considered analogous to 
the pain-associated phenomena allodynia and hyperalgesia. A basic 
neurological history and examination are desirable specifically to 
assess for any red flags, e.g. objective signs of focal hypoaesthesia or 
anaesthesia, or motor signs and symptoms and sudden onset/rapid 
progression that would prompt referral to neurology. Imaging in 
individual cases may be requested. A combination of multilevel 
degenerative disc disease of the spine with associated spinal nerve 
root impingement, and/or nerve root traction, has been reported 
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Table 83.1 Antibodies and their targeted structures in skin biopsies [4]. 


Antibody Target Immunoreactive structures 

Anti-PGP 9.5 Protein gene product 9.5 Axons 

Anti-MBP Myelin basic protein Compact myelin 

Anti-Col IV Collagen type IV Basal membrane, blood vessels 

Anti-Nav? Voltage-gated sodium channels Node of Ranvier 

Anti-Caspr Contactin-associated protein Paranodes 

Anti-VIP Vasoactive intestinal peptide Autonomic cholinergic and adrenergic fibres (i.e. innervating sweat glands, hair follicles, AVAs, Merkel complexes) 
Anti-DBH Dopamine B-hydroxylase Autonomic noradrenergic fibres (i.e. innervating arrector pili, AVAs) 

Anti-sub P Substance P Peptidergic C fibres associated with Meissner corpuscles, NGF-dependent axons 
Anti-CGRP Calcitonin gene-related peptide 

Anti-S100 $100 protein Schwann cells, myelinating or non-myelinating; Meissner corpuscle capsule 
Anti-GAP43 Growth-associated protein 43 Primarily C fibres that are constantly remodelling 

Anti-NF Neurofilaments Larger-diameter fibres (e.g. AS and Ap) 

Anti-TH Tyrosine hydroxylase Sympathetic C fibres innervating blood vessels and pilomotor muscles 

Anti-p75 Low-affinity nerve growth factor receptor Schwann cells 


AVA, arteriovenous anastomoses; NGF, nerve growth factor. 
9 Pan sodium channel antibody stains all subtypes (e.g. 1.2 and 1.6-1.8 are found in peripheral nerves) 


to possibly cause generalised symmetrical neuropathic pruritus 
(Box 83.2). The authors suggest the term ‘multilevel symmetric 
neuropathic pruritus’ for this subset of patients [2]. 


¢ Traumatic brain/spinal injury 

¢ Post-traumatic epilepsy 

¢ Normal pressure hydrocephalus 

e Paraneoplastic (circulating neuropeptides) 
e Jatrogenic, e.g. secondary to surgery 


Box 83.2 Causes of neuropathic pruritus and 
dysaesthesia [1,2-7] 


Peripheral nervous system 

¢ Small fibre neuropathy 

e Peripheral neuropathy 

e Burning feet syndrome 

e Erythromelalgia 

¢ Radiculopathies 

e Nerve entrapment syndromes 

¢ Postherpetic neuralgia 

¢ Trigeminal trophic syndrome 

¢ Complex regional pain syndrome 


Nerve entrapment syndromes 


When cutaneous sensory nerves are compressed, symptoms are 
produced which may lead to presentation to a dermatologist. There 
are several such cutaneous nerve entrapment syndromes. 
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Brachioradial pruritus 

Brachioradial pruritus was first described in 1968 by Waiaman who 
termed it ‘solar pruritus of the elbows’ [1]. Patients present with 
itching and dysaesthesia (tingling, burning or stabbing sensations) 
localised to the proximal dorsolateral forearm without a primary 
skin change, which has been termed brachioradial pruritus. It 
can be intermittent, uni- or bilateral and may extend to the upper 
arm, shoulder, neck or upper trunk. Application of ice often eases 
symptoms (‘ice-pack sign’) [2]. 

The pathogenesis of brachioradial pruritus is not well under- 
stood. Current theories suggest cervical nerve root impingement 
at the levels of C5 to C8 as predisposing and solar radiation as an 
exacerbating factor [3]. 

Although most patients had primarily degenerative spinal joint 
abnormalities, neurological abnormalities were only found in a 
minority of these [3,4]. Therefore, it remains debatable if spinal 
imaging is of value [5]. Affected patients are often females of lighter 
skin types with significant cumulative UV exposure. Brachioradial 
pruritus frequently worsens during the summer. The subset of 
histamine sensitive C-fibres responsible for pruritus transmission 
is reduced and damaged by UV exposure causing alloknesis in 
affected patients, a pruritic response to a stimulus which would not 
normally cause pruritus [6]. There is evidence that excessive UV 
radiation causes damage to cutaneous nerve fibres similar to the 
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Central nervous system 

° Stroke disease 

¢ Cortical atrophy 

e Intracerebral haemorrhage 

¢ Subarachnoid haemorrhage 

¢ Dementia 

e Parkinson disease 

¢ Huntington disease 

e Brain tumour 

e Brain abscess 

¢ Multiple sclerosis 

¢ Neuromyelitis optica 

¢ Motor neuron disease 

¢ Spinal cord disease, e.g., syringomyelia, transverse myelitis, 
Brown-Sequard syndrome 

¢ Degenerative spinal disc disease 

¢ Meningitis 

¢ Encephalitis 

e HIV encephalopathy 

e Prion disease 

¢ Neurosyphilis 


histological changes seen after serial phototherapy and analagous 
to psoralen ultraviolet light A (PUVA) pain. 
In rare cases of brachioradial pruritus associated with spinal 


tumours, additional sensory-motor symptoms are usually present [7]. 


Oral antihistamines rarely reduce the pruritus [8]. Treatment 
should start with UV protection. Topical application of capsaicin, 
corticosteroids, anaesthetics and antihistamines may help. Systemic 
treatment as for neuropathic pain with tricyclic antidepressants, 
antiepileptics and gabapentin can be tried but results are often 
disappointing with low efficacy and troublesome side effects. If a 
cervical spinal pathology is suspected then appropriate imaging 
is indicated, e.g. X-ray and magnetic resonance imaging (MRI). If 
imaging suggests cervical nerve impingement then the first line 
treatment should be cervical spine massage and exercises carried 
out by a physiotherapist or chiropractor. 


Notalgia paraesthetica 

Localised unilateral pruritus on the mid upper back medial of 
the scapular border is called notalgia paraesthetica (Greek ‘notos’ 
for back and ‘algia’ for pain). It is thought to arise from nerve 
entrapment of the posterior rami of the spinal nerves originat- 
ing from T2 to T6 and mainly affects older women [9]. Rubbing 
and scratching may result in secondary skin changes such as 
lichenification, postinflammatory hyperpigmentation or amyloid 
deposition. 

Physiotherapy and exercises can be tried initially [10]. Other 
treatment is as for brachio-radial pruritus, with gabapentin being 
most successful [11]. A small case series describes sustained 
improvement with narrow-band UVB and a 308 nm excimer lamp, 
applying a higher fluence to a more localised area [12,13]. The 
light might reduce the number of nerve fibres at the targeted area 
resulting in reduced pruritus. 


Meralgia paraesthetica 

Meralgia paraesthetica (Greek ‘meros’ for thigh and ‘algia’ for 

pain) is a relatively common [14] condition caused by compression 

of the lateral femoral cutaneous nerve [15]. This passes from the 
lumbar plexus through the abdominal cavity, under the inguinal 
ligament, where it is at risk of entrapment. Entrapment causes 
pain, numbness and altered sensation confined to the anterolateral 
thigh. 

Risk factors include [16]: 

¢ Obesity, large abdominal apron [17,18] 

e Pregnancy [19,20] 

e Diabetes 

e Older age 

e Ascites causing intra-abdominal pressure 

e Tight belts or waistbands or other external pressure [15,21] 

e Long-distance walking, cycling or circuit training, possibly 
related to local ischaemia during repetitive muscle stretching 
[22,23] 

¢ Groin trauma 

e Avulsion fracture of anterior superior iliac spine 

¢ Local or regional surgery, e.g. after caesarean section, hysterec- 
tomy or laparoscopic inguinal hernia repair [24]. 
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Examination may find: 
¢ Loss of light touch and/or pinprick sensation in a small area on 

the upper lateral thigh. 

e Pain or dysaesthesia on tapping the lateral aspect of the inguinal 
ligament (Tinel’s sign). 

¢ The pelvic compression test by relaxing pressure on the lateral 
cutaneous nerve may temporarily mitigate symptoms and can be 
used as a pointer towards the diagnosis. 

e Negative straight leg test. 

Imaging can be performed to exclude lumbar nerve root compres- 

sion, e.g. if distribution is dermatomal. 

Meralgia paraesthetica is usually self-limiting, but may recur. 
Reduction of pressure over the groin area should be advised as 
well as weight loss in obese patients [25]. Manual therapy and 
exercise have been reported to help during pregnancy. Treatment 
options included topical capsaicin or lignocaine, oral tricyclics, 
gabapentin and injection with lignocaine, with or without corti- 
costeroids, around the nerve where it passes under the inguinal 
ligament [26,27]. 

Pulsed radiofrequency nerve ablation or surgical neurectomy 
of the lateral femoral cutaneous nerve may give permanent pain 
relief, but results in permanent loss of sensation [28-30]. 


llioinguinal, iliohypogastric, genitofemoral or pudendal 
neuropathic pain/neuralgia and dysaesthesia 

Vulval, scrotal or penile dysaesthesia and pain may be due to ilioin- 
guinal, iliohypogastric, genitofemoral or pudendal neuralgia. This 
may be due to idiopathic entrapment or secondary to physical 
trauma, e.g. injury, surgery, pregnancy and obesity. Symptoms 
include a sensation of burning, heat, irritation, discomfort, pain 
or increased sensitivity to touch/allodynia [31-33] and pain, 
dysaesthesia, hair loss and trophic changes in the distribution 
of the respective nerve — superior to the mons pubis, the ante- 
rior surface of the scrotum and root of the penis in males or 
labia majora and mons pubis in females, as well as lower abdomen 
and thighs, inguinal, pubic and gluteal regions, and the abdominal 
muscles. 

Symptoms are aggravated by stretching of the respective nerve, 
coughing/sneezing and the Valsalva manoeuvre. Examination 
may reveal trigger points, which cause lancinating pain when 
touched. Painful pressure points suggest the diagnosis: 
¢ Iliohypogastric nerve — tenderness above the midpoint of the 

inguinal ligament. 
¢ Tlioinguinal nerve — tenderness 2.5cm medial and inferior to the 

anterior superior iliac spine. 
¢ Pudendal nerve — depending on entrapment site, tenderness 
medial to the ischium, the greater sciatic notch, the piriformis or 
the obturator internus muscle. Intrapelvic entrapment results in 
vaginal or rectal pressure points. 
¢ Genitofemoral neuralgia — lumbar extension provokes pain; 
patients may adopt a bent-over posture to alleviate it. 
The diagnosis can be confirmed if a regional nerve block results in 
resolution of the symptoms and in such cases, neurectomy can be 
considered. More than 90% of patients had resolution of pain after 
neurectomy of the involved nerve [31]. Postoperative side effects 
were persistent numbness below the resected nerve. 
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Pudendal neuralgia 

The pudendal nerve is formed from branches of the sacral nerves 

52-S4 and can become entrapped at several points during its course 

through the pelvis and obturator internus muscle resulting in 
ulvodynia, penoscrotodynia, dyspareunia with pain, numbness 
and erectile dysfunction and urinary symptoms [34]. It can be 
caused by pelvic surgery, pelvic tumours, pelvic radiation, trauma 
to buttocks or back, after childbirth, chronic constipation, excessive 

cycling and prolonged sitting [35]. 

The diagnosis is made clinically. Imaging with a pelvic and lum- 
bosacral X-ray + MRI pelvis can be done to exclude an underlying 
cause if suspected. Routine electroneuromyographic studies are not 
recommended [36]. Diagnostic criteria have been been proposed 
(Nantes criteria) [37] but need further validation: 

1 Pain in the area innervated by the pudendal nerve (e.g. ipsilat- 
eral clitoris/penis, distal urethra, labia/scrotum, perineum and 
anus). 

2 Pain increased by sitting. 

3 Patient is not awakened by pain. 

4 Nosensory loss on clinical examination (sensory deficits are sug- 
gestive of a sacral nerve root lesion). 

5 Resolution of pain with pudendal nerve block. 

The differential diagnosis is idiopathic/functional scrotodynia and 

vulvodynia (Chapters 109 and 110). 

Pudendal neuralgia may also cause male impotence, persistent 
arousal, sphincter dysfunction (associated with a defective reflex 
on defecation, faecal incontinence or urinary hesitancy) and a 
foreign-body sensation in the anus, rectum, urethra or vagina. 

Ultrasound examination can sometimes reveal nerve entrapment. 
An MRI of the lumbosacral spine can exclude lumbar radicu- 
lopathies. Response to an ultrasound-, fluoroscopy- or CT-guided 
nerve block can confirm the diagnosis. The benefit of electrophysio- 
logical examination is questionable as sensory deficit is usually not 
captured. 

Lifestyle modification to avoid painful stimuli is most important. 
The mainstay of management is physical therapy including pelvic 
floor exercises, stretches and lumbosacral physiotherapy. Pelvic 
floor physical therapy works by releasing spasms and lengthening 
muscles. Medication used includes analgesics, muscle relaxants, 
antidepressants and anticonvulsants such as gabapentin and pre- 
gabalin. Treatment options include nerve blocks, non-steroidal 
anti-inflammatories (NSAIDs), cryotherapy and neurectomy. 
In other conditions with neuropathic pain, medications includ- 
ing tricyclic antidepressants and venlafaxine may give some 
relief [38]. 

An area encircling the respective nerves can be infiltrated 
with local anaesthetic or steroid (nerve block) either ‘blind’, ice. 
unguided, or with the aid of ultrasonography, fluoroscopy or CT. 
Surgical decompression is considered the best treatment for nerve 
entrapment and can in some cases can be done laparoscopically 
[39,40]. Other surgical options include neurectomy and dorsal root 
gangliotomy. 

Neuromodulation with minimally invasive transforaminal sacral 
neurostimulation and pulsed radiofrequency are new, promising 
treatments [41,42]. 
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Peripheral neuropathy 


Peripheral polyneuropathy is common, affecting 8% of the popu- 
lation over 55. It may be sensory, motor or mixed [1]. The majority 
of patients have a typical distal ‘glove and stocking’ symmetri- 
cal sensory loss with depressed or absent tendon reflexes and 
associated acquired toxic or metabolic medical conditions such as 
diabetes, monoclonal gammopathy and chronic renal failure [2]. 
In contrast, patchy involvement of peripheral nerves known as 
mononeuritis multiplex is seen with conditions like polyarteritis 
nodosa and sarcoidosis. 

The predominant fibre type affected is large myelinated nerve 
fibres, and in general pain is not a prominent symptom. Large fibres 
involved may include joint position and vibration sense, promoting 
alteration of gait due to sensory ataxia. Significant weakness is 
less typical and will prompt urgent neurology referral for further 
investigation. 

Symptoms and signs reflect the underlying neuropathology and 
nerves involved. Referral to neurology is recommended when onset 
is acute, and there is asymmetry, non-length-dependent weak- 
ness and/or sensory loss, diffuse areflexia, pure or predominant 
motor symptoms, pure or predominant autonomic symptoms, and 
mononeuropathy multiplex. Typical clinical features are listed in 
Box 83.3 [3]. 


Box 83.3 Clinical features in sensory and motor 
polyneuropathy [1] 


Early symptoms 

¢ Distal numbness and paraesthesia/tingling 
¢ Distal neuropathic pain 

¢ Gait imbalance 

¢ Toe weakness 


Later symptoms 
¢ Progression of numbness and tingling to proximal body parts 
¢ Prominent neuropathic pain 
¢ Tripping easily 
¢ Worsening of gait 
e Frequent falls 


Early signs 

e Distal sensory loss to cold, pinprick and/or vibration 
e Reduced or lost ankle reflex 
° Romberg sign 

e Impaired tandem walking 

¢ Toe extensor weakness 


Later signs 
¢ Distal loss of cold, pinprick, vibration and joint position sense 
e Areflexia at ankles and knees 
e Foot drop 
¢ Inability to toe-and-heel walk 


Many different aetiologies have been identified. Box 83.4 lists some 
common causes of distal symmetrical polyneuropathy. A stepwise 


approach to the evaluation and work-up of peripheral neuropathy 
is needed. Pattern recognition of various neuropathies can help 
to build a differential diagnosis based on the presentation. Such 
patterns include acute versus chronic, primary demyelinating 
versus axonal, hereditary versus acquired, asymmetrical versus 
symmetrical, presence of facial palsies, sensory or motor pre- 
dominant, and presence of prominent autonomic symptoms [4]. 
Early categorisation of the type of neuropathy can help focus the 
work-up. Nerve conduction studies and electromyography are the 
primary diagnostic tools in the evaluation of patients with large 
fibre polyneuropathy. The finding of a primary demyelinating 
polyneuropathy narrows the differential diagnosis of polyneuropa- 
thy significantly and increases the chances of finding a treatable 
cause. Laboratory work-up includes a complete blood count, com- 
prehensive metabolic panel, thyroid stimulating hormone, vitamin 
By», HbA1c, methylmalonic acid, serum protein electrophoresis, and 
potentially cerebrospinal fluid, genetic studies and immunological 
markers. Skin biopsy may be used to assess intraepidermal nerve 
fibre density if small fibre neuropathy is suspected, and nerve 
biopsy may be useful in select cases. A fat pad biopsy can be done 
in individual patients to look for amyloidosis. In recent years, MRI 
and neuromuscular ultrasound have also shown promise in the 
evaluation of peripheral neuropathy. Identification of the aetiology 
of neuropathy is crucial and often time-sensitive, as an increasing 
number of causes are now reversible or treatable. 


Box 83.4 Common causes of distal symmetrical 
polyneuropathy 


e Autoimmune/inflammatory — connective tissue disease, vasculitis, 
inflammatory bowel disease, sarcoidosis, primary systemic 
amyloidosis, primary biliary cholangitis, critical illness 

¢ Neoplastic — paraneoplastic neuropathy, myeloma, Waldenstrom 
macroglobulinaemia, monoclonal gammopathy of uncertain 
significance (MGUS), lymphoma 

¢ Endocrine/metabolic — diabetes, thyroid disease, chronic renal 
failure, liver disease, porphyria 

e Infectious — HIV, HTLV-1, leprosy, diphtheria, mumps, 
Guillain-Barré syndrome, Lyme disease 

¢ Inherited / genetic — Charcot-Marie—Tooth (CMT) disease, familial 
amyloidosis, Refsum disease, hereditary sensory and autonomic 
neuropathy (HSAN), Fabry disease, Roussy—Levy syndrome, 
metachromatic leukodystrophy 

¢ Nutritional — deficiency of vitamins B,, B,, B,, and E, vitamin B, 
toxicity, copper deficiency, postgastric bypass, malabsorption 
syndrome including coeliac disease 

¢ Toxic — alcohol, heavy metals, organic solvents 

¢ Medications — chemotherapy, amiodarone, chloroquine, colchicine, 
dapsone, disulfiram, ethambutol, hydralazine, isoniazid, 
leflunomide, metronidazole, nitrofurantoin, nucleoside reverse 
transcriptase inhibitors, phenytoin 

e Trauma — pressure neuropathy, ischaemia, pressure from tumours, 
electric shock 


Small fibre neuropathy (SFN) is common and can be associated 
with many medical conditions (Box 83.5) [5]. Most patients with 
SEN suffer from painful paraesthesia which can negatively impact 
their quality of life. Patients with length-dependent small fibre 


neuropathy promoting pain in the peripheries will usually have 
some large fibre involvement detectable on examination. 


Box 83.5 Conditions associated with small fibre 
neuropathy 


Hereditary 
e Amyloidosis 
e Hereditary sensory neuropathy I (HSAN I) 
e IA: SPTLC1 gene 
e IC: SPTLC2 gene 
¢ Insensitivity to pain 
e Congenital insensitivity to pain sensation 
— Without anhidrosis 
— With reduced hidrosis: PRDM12 gene 
e Congenital sensory neuropathy with anhidrosis (HSAN4) 
Hereditary sensory neuropathy with loss of pain perception 
(HSAN5) 
e Congenital absence of pain perception (HSAN7) 
e Hereditary ataxia with thermoanalgesia and loss of fungiform 
papillae 
¢ An-a-lipoproteinaemia (Tangier) 
¢ «-Galactosidase (Fabry’s) 
¢ Pain syndromes 
e SCNIA (Na,,1.7) gene mutations: erythromelalgia 
e SCNI10A gene 
e SCNI11A gene 
¢ Hereditary sensory neuropathy and spastic paraparesis (Cavanagh 
variant) 
¢ Sensory neuropathy, and deafness-dystonia and ichthyosis: FITM2 
gene 
¢ Congenital indifference to pain 
¢ Navajo neuropathy with arthropathy 
¢ Cold-induced sweating 
¢ Sensory and autonomic neuropathy with chronic diarrhoea: PRNP 
gene 


° 


Metabolic 
¢ Diabetes mellitus: not pre-diabetes 
e Hypertriglyceridaemia 


Toxic 
¢ Kepone; ciguatera 


Infection 
e Leprosy 


Immune 

e FGFR3 antibodies 
e TS-HDS antibodies 
¢ M-proteins 


Idiopathic: often painful 
e Burning mouth 

e Fibromyalgia 

¢ Fatigue syndromes 


CNS disorders that may have loss of small skin axons 

¢ Parkinson disease 

¢ a-Synucleinopathies: rapid eye movement (REM) sleep behaviour 
disorder (RBD) 

e Amyotrophic lateral sclerosis 
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Skin biopsy with intraepidermal nerve fibre density evaluation 
is the gold standard diagnostic test. Autonomic function testing is 
useful when autonomic symptoms are present. Screening for associ- 
ated conditions should be done in every patient, even when a known 
underlying associated condition is present. Aetiology-specific treat- 
ment, lifestyle modification and pain control are the key elements of 
management in SEN. 


Burning feet and restl 
syndromes 


Definition and nomenclature 


Burning feet syndrome (BFS) is characterised by a burning and 
aching sensation of the feet (hyperaesthesia), accompanied by 
vasomotor changes causing excessive sweating. 

BFS often arises in association with restless leg syndrome (RLS) 
which is characterised by an uncomfortable twitching sensation in 
the leg muscles when sitting or lying down, which is only relieved 
by moving the legs. 


Introduction and general description 

RLS is a common sleep and movement disorder. It is characterised 
by leg paraesthesia accompanied by an irresistible, uncomfortable 
urge, occurring at rest, to move the legs. Movement of the legs or get- 
ting up to walk gives relief. Symptoms tend to be worse at night. RLS 
may be primary (idiopathic) or secondary to pregnancy or a variety 
of systemic disorders, especially iron deficiency and chronic renal 
insufficiency. Genetic predisposition with a family history is com- 
mon. RLS significantly impacts patients’ quality of life and remains 
a therapeutic area sorely in need of innovation and new, biologically 
informed therapies. 

BFS is a poorly recognised and underdiagnosed condition consist- 
ing of a burning sensation of the feet which is accentuated by heat 
or cold [1]. Associated autonomic features include dry skin, eyes 
and mouth, and vasomotor symptoms with peripheral coldness, 
burning or flushing, hypertension and impotence [1]. 


Epidemiology 

Incidence and prevalence 

One population study estimated 7.2% to have had RLS symptoms at 
least weekly during the preceding year; 2.7% reported moderately 
or severely distressing RLS symptoms at least twice-weekly [2]. 


Age 
The conditions appear on average between the ages of 30 and 
40 years. 


Sex 
F>M. 
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Predisposing factors 

¢ Diabetes 

e Chronic kidney disease (uraemia) 

e¢ Haemodialysis 

e Pregnancy 

e Vitamin deficiency (Bj and occasionally Be) 

e Iron deficiency 

e Alcohol abuse 

e Hypothyroidism 

e Lyme disease 

e HIV/AIDS 

e¢ Amyloid polyneuropathy 

e Medication side effects, including chemotherapy, vitamin B, 
overdose, HIV medicines, isoniazid, amiodarone, metformin and 
others 

e Heavy metal poisoning (lead, mercury, arsenic) 

e Vasculitis 

© Sarcoidosis 

¢ Guillain-Barré syndrome 

e Arterial disease 

¢ Hypertension 


Pathophysiology 

RLS is a clinically pleomorphic syndrome, probably reflecting mul- 
tiple genetic and acquired factors. It may represent a subclinical 
sensory neuropathy [3]. The pathogenesis of RLS remains unclear 
but is likely to involve CNS dopaminergic dysfunction, as well as 
other, undefined contributing mechanisms. Dopamine imbalance 
is implicated due to the presence of dyskinetic movements and 
response to levodopa. Basal ganglia studies using positron emission 
tomography (PET) scanning have shown decreased binding of 
dopamine to its receptor, and involvement of the endogenous opi- 
oid system has recently been implicated [1]. Up to 30% of patients 
have iron deficiency [4]. RLS is common in haemodialysis patients 
[4] and associations have been noted with pregnancy, fibromyalgia, 
rheumatoid arthritis and multiple sclerosis [1]. 

Loss of small fibre sensory nerves has been found both in type II 
diabetics [1] and idiopathic cases. Tests on the autonomic system 
have shown predominantly cholinergic defects, unlike with other 
autonomic neuropathies. There is a close correlation between quan- 
titative abnormalities in the sudomotor axon reflex test and the loss 
of small nerve fibres in the skin. 


Genetics 

There is a link between RLS and chromosome 12q [5]. A familial 
form of BFS has been described [6] and there are BFS families with 
autosomal dominant inheritance [7]. 


Clinical features 
Presentation 
The main clinical features of BFS are a burning sensation on the feet, 
accentuated by heat or cold. Associated autonomic features often 
accompany foot dysaesthesia, including dry skin, dry eyes and 
mouth, vasomotor symptoms with peripheral coldness, burning or 
flushing, hypertension and impotence [1]. 

RLS is characterised by paraesthesiae of the legs associated with 
an irresistible urge, occurring at rest, to move the legs. Movement 


of the legs provides relief [1]. Symptoms are worse at night — with 
both circadian rhythms and recumbency playing a role [1] — and 
often lead to disruption of normal life and chronic sleep deprivation. 
Children may struggle at school and display symptoms of attention 
deficit hyperactivity disorder (ADHD) [1]. 

Two subtypes of RLS are recognised. The first, with early onset, 
accounts for some 25% of cases, is often familial, and is associated 
with a childhood history of ‘growing pains’ [8]. The second (idio- 
pathic RLS) lacks a family history, and has a late onset with milder 
paraesthesiae or dysaesthesia, and insomnia. 

Sensory symptoms include painful legs and arms, and pain 
at ‘internal’ sites. Many patients with RLS have been diagnosed 
with a musculoskeletal disorder, such as joint and back pains. In 
RLS, there is a significant association with depression and other 
neuropsychiatric symptoms [1,2]. Morning and daytime headaches 
occur frequently, and hypertension and heart problems have been 
reported in men. 

The International Restless Leg Syndrome Study Group rating 
scale (the international restless legs severity scale (IRLS)) is a 
validated measure for the presence and severity of RLS. All four 
essential criteria must be present for a positive diagnosis [9]: 

e Anurge to move the legs, usually with uncomfortable or unpleas- 
ant sensations. 

e Unpleasant sensations or urges to move beginning or worsening 
during rest or inactivity. 

¢ Unpleasant sensations or urges to move, partly or totally relieved 
by movement such as walking, bending, stretching, etc., at least 
during the activity. 

¢ Unpleasant sensations or urges to move, worse (or exclusively) in 
the evening or night-time. 

A recent fifth criterion stipulates that the four criteria must not be 

solely explained by another medical or behavioural condition [10]. 

Augmentation may occur and is characterised by more intense 
symptom severity, earlier symptom occurrence and often symptom 
spread from the legs to the arms or other body regions. 


Differential diagnosis 
Burning feet syndrome: 
¢ Peripheral neuropathy 
e Erythromelalgia 

Restless legs syndrome: 
¢ Peripheral neuropathy 
e Parkinsonism 
¢ Nocturnal leg cramps 
Peripheral vascular disease 
ADHD in children 


Investigations 
Exclude peripheral neuropathy. Iron stores, including ferritin and 
transferrin saturation. 


Management 

Some people with RLS have adequate symptom control with 
non-pharmacological measures such as massage or tepid baths. First 
line management options include oral iron-replacement therapy in 
those with evidence of reduced body-iron stores; or gabapentin [4], 
pregabalin and dopamine agonists such as pramipexole, ropinirole 


and rotigotine (can be complicated by augmentation, an iatrogenic 
effect whereby symptoms worsen with time [10]). Second line 
therapies include intravenous iron infusion in those who are intol- 
erant of oral iron and/or those having augmentation with intense, 
severe RLS symptoms, and opioids including tramadol, oxycodone 
and methadone [11]. Levodopa is efficacious in the short-term 
treatment of RLS [12]. In some cases, benzodiazepines (clonazepam 
or diazepam) can be effective [10]. 


Treatment ladder for burning feet and restless 
leg syndromes 


First line 

e Sleep hygiene 

e Tepid baths 

e Iron replacement therapy 
¢ Gabapentin or pregabalin 


Second line 
e Levodopa 
¢ Dopamine agonists 


Third line 
¢ Opioids 
¢ Benzodiazepines 


Resources 


Patient resources 

Restless Legs Syndrome. National Institute of Neurological Disorders and Stroke. 
https: / /www.ninds.nih.gov/health-information/disorders/restless-legs- 
syndrome (last accessed November 2023). 


HEREDITARY NEUROPATH! 


Hereditary neuropathies encompass a wide spectrum of disorders 

of the PNS that recognise all types of Mendelian and mitochondrial 

inheritance and may manifest from early infancy to late adulthood. 

Causative genetic defects and altered molecular pathways are 

extremely heterogeneous. 

Two groups of hereditary neuropathies may be distinguished: 

1 The molecular defects affect the PNS selectively so that the 
peripheral neuropathy is the unique or main constituent; this 
group includes Charcot—Marie-Tooth disease (CMT) and CMT- 
related neuropathies. 

2 The second group encompasses ‘complex hereditary neuro- 
pathies’ that occur in multisystem disorders affecting both the 
PNS and the CNS and/or other organs and tissues; in these 
syndromes, the peripheral neuropathy may be a key heralding 
feature or may represent a minor component. 

Hereditary neuropathies may result from mutations in genes 

expressed by Schwann cells or neurons that selectively affect the 
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PNS or may represent a minor or major component of complex 
inherited diseases that also involve the CNS and/or other organs 
and tissues. Advances of molecular genetics and next-generation 
sequencing continue to identify new genes and are revolutionising 
the diagnostic approach. In the past, diagnostic sural nerve biopsies 
helped in the discovery and elucidation of major genes and molecu- 
lar pathways associated to most frequent hereditary motor-sensory 
neuropathies. A sural nerve biopsy may prove useful in selected 
cases for the differential diagnosis of an acquired neuropathy when 
clinical examination, nerve conduction studies and molecular tests 
are not sufficiently informative. Skin biopsy has emerged as a mini- 
mally invasive window to the PNS, which may provide biomarkers 
of progression and clues to the physiopathology and molecular 
pathology of inherited neuropathies. 


Hereditary sensory anc 
neuropathies (HSANs) 


Definition and nomenclature 
The HSANs encompass several rare, inherited disorders associ- 
ated with sensory dysfunction (depressed reflexes, altered pain 
and temperature perception) and varying degrees of autonomic 
dysfunction (gastro-oesophageal reflux, postural hypotension, 
excessive sweating) [1]. As a group, HSAN is a spectrum of diseases 
affecting both sexes and tending to occur in families with parental 
consanguinity [1,2]. 

The classification of HSANs was modified by Dyck into five main 
groups of syndromes, each with a common clinical, pathophysiolog- 
ical and genetic phenotype [2]. 


Original five types of HSAN 

e HSAN type I (HSAN I): Thévenard disease 

e HSAN type II (HSAN II): Riley-Day syndrome 

e HSAN type II (HSAN IID): familial dysautonomia 

e HSAN type IV (HSAN IV) 

e HSAN type V (HSAN V) 

For the dermatologist, a HSAN will usually be encountered in a 
patient with disordered sweating accompanied by severe sensory 
dysfunction. Advances have been made in identifying the specific 
loci and genes implicated in the different types of HSANs and the 
resulting disease mechanisms and this complex field continues 
to evolve; there is an excellent regularly updated online database 
developed by the Neuromuscular Disease Centre, Washington 
University, USA [3]. 

Diagnosis is based on clinical findings and molecular genetic test- 
ing of the mutated gene to determine the specific HSAN. Electro- 
physiology and neural histopathology are also useful [4]. A skin 
biopsy may be useful in individual cases — liaison with a neurologist 
and specialised neuropathology services is needed. 


Management 

Management of affected individuals involves trying to control 
the ambient temperature to help counter problems associated 
with sweating dysfunction. Protective aids can be used to reduce 
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self-mutilation injuries. When necessary, wound care and antiseptic 
treatment should be initiated. A greasy emollient applied regularly 
to the skin of neuropathic limbs may moderate callus formation. 


Resources 


http:/ /www.ncbi.nlm.nih.gov/books / NBK49247/ 

http:/ /www.ncbi.nlm.nih.gov/books/NBK1769/ 

For HSAN IL, III and IV http://www.ojrd.com/content/2/1/39 
(All last accessed November 2023) 


Midface toddler exco 
syndrome (MITES) du: 
insensitivity 


Midface toddler excoriation syndrome (MiTES) was first reported 
in 2017 in three unrelated children [1]. There have been a total of 
15 patients described to date [2]. 


Introduction and general description 

Habitual scratching of the face, especially the forehead, nose, inner 
canthi, perinasal and perioral regions and the chin, from the first 
year of life results in deep, chronic self-inflicted wounds in various 
stages of healing, breakdown and secondary atrophic scarring 
with postinflammatory hyperpigmentation. Physical examination 
is usually otherwise normal. A mild neurological deficit has been 
described in one child, a high pain threshold in one, a history 
of seizures in another and other sensory deficits in one study of 
five siblings from a consanguineous Irish family. Homozygous or 
compound heterozygous pathogenic expansion of the PRDM12 
polyalanine tract has been found, a gene also linked to hereditary 
sensory and autonomic neuropathy type VIII (HSANS8) [3]. 


Differential diagnosis 

Blistering disease, vasculitis, infections and self-mutilation due to 
neurometabolic disease can usually be excluded on clinical and 
histological grounds. A severe photodermatosis can have similar 
appearances. Trigeminal trophic syndrome has a unilateral dis- 
tribution. Factitious disease and non-accidental injury have to be 
considered. HSAN8 is characterised by mutilating self-inflicted 
wounds of the extremities, lips and tongue, but MiTES shows little 
or no evidence of generalised pain insensitivity. However, the con- 
dition is probably genetically heterogeneous, and other congenital 
insensitivity to pain and HSAN genes such as SCN11A may be 
implicated [4]. 


Complications and co-morbidities 
Mild neurological deficit and other sensory deficits have been 
described in some but not all patients. 


Investigations 
The diagnosis is usually made clinically. In seven out of eight 
cases in one study, iron deficiency anaemia and thrombocytosis 


were present, although it was unclear if these were related to 
MiTES [3]. Additional tests include MRI of the brain, lupus serol- 
ogy, porphyrins, and skin biopsy for histology and microbial 
culture. Sensory nerve conduction was abnormal in those tested; 
sural nerve biopsy of two patients showed a severe loss of small, 
myelinated A-delta fibres, whereas large-calibre axons were unal- 
tered. Skin biopsies of two patients showed abnormal peripheral 
terminals of C fibres, with complete absence of nerve fibres crossing 
the basement membrane to innervate the epidermis. The subepider- 
mal neural plexus and autonomic innervation of sweat glands were 
also reduced but were morphologically normal. The findings were 
consistent with developmental defects in the sensory neurons des- 
tined to become nociceptors. Autonomic neurophysiological testing 
and nerve conduction studies may require a general anaesthetic in 
young children. 


Management 
Treatment is largely supportive. 


Neuropathic ulcer —— CC 


Definition and nomenclature 

A neuropathic ulcer is a form of chronic ulceration which devel- 
ops in anaesthetic skin. Characteristically, neuropathic ulcers are 
painless, persistent and uninflamed, appearing on areas subject to 
trauma or pressure although this is often unrecognised. 


Introduction and general description 

A neuropathic ulcer arises in an area of anaesthetic or hypoaesthetic 
skin and is typically painless with well-defined margins surround- 
ing the wound. Neuropathic ulcers usually occur on weight-bearing 
body surfaces such as the heels and metatarsal heads. 

The underlying neuropathology is commonly a distal polyneu- 
ropathy encompassing motor, sensory and autonomic components: 
the vast majority of neuropathic ulcers occur in patients with 
type II diabetes [1,2]. Other causes include peripheral nerve injury, 
peripheral neuropathy, renal failure, alcoholism, vitamin deficien- 
cies, leprosy, pernicious anaemia, syringomyelia, tabes dorsalis, 
spinal dysraphism, spinal cord injury, and hereditary sensory and 
autonomic neuropathies (HSANs) [3,4]. 


Epidemiology 

Incidence and prevalence 

Of people with diabetes, 25% develop foot ulcers at some point 
in their lives [5]. The annual incidence of diabetic foot ulcers is 
~3%, and the reported incidence in the US and UK studies is as 
high as 10% [6]. As the incidence of diabetes increases, so does the 
incidence of diabetic foot ulcers. 


Pathophysiology 
The major underlying factors in the development of ulcers are 
peripheral neuropathy and ischaemia secondary to peripheral 


Figure 83.5 Typical neuropathic ulcers with surrounding hyperkeratosis under 
metatarsal heads. 


vascular disease. In diabetic patients, hyperglycaemia leads to a 
complex of abnormal enzyme activity which results in a decrease 
in normal neuron conduction as well as nerve dysfunction and 
ischaemia, causing further injury to, and eventual death of, nerve 
cells [7]. 

As patients experience sensory loss, trauma to the affected site 
often goes unnoticed, and progressively worsens as the area is con- 
tinuously subjected to repetitive pressure and shear forces. 


Clinical features 

Neuropathic ulcers typically occur on the foot, under the metatarsal 
heads or on the heel. They tend to be surrounded by thick hyper- 
keratosis and have a pink punched-out base that bleeds easily and 
is painless (Figures 83.5 and 83.6). The changes of a neuropathic 
foot include pes cavus and clawed toes (Figure 83.7). The foot tends 
to be anaesthetic, and warm with palpable pulses and dilated veins. 
The skin is dry and hyperkeratotic under the forefoot and heel. 
Primary neuropathic limbs tend to be warm, insensitive and prone 
to ulceration on the sole, while neuro-ischaemic limbs are usually 
cool, discoloured and prone to ulceration on the foot margins [2]. 
In diabetics, there may be a complex interplay of neuropathy and 
ischaemia, and when the latter is present, the foot may be cold with 
absent pulses, hyperkeratosis and a dark fibrotic base that does 
not bleed easily and is painful to touch. Continuing mechanical 
overload on established callus can result in fissures, increasing the 
risk of future ulcer formation [8]. 

The diagnosis is usually straightforward but arterial, venous and 
pressure ulcers must also be considered in the differential diagno- 
sis. Other potential mimics of a neuropathic ulcer include pyoderma 
gangrenosum, amelanotic melanoma and Marjolin ulcer. In cases 
of clinical uncertainty, a biopsy is indicated. 

When evaluating a neuropathic ulcer, it is important to screen 
for and assess co-morbidities which may contribute to wound 
evolution and/or delay wound healing. Work-up should include 
history including social history, smoking and alcohol use, clin- 
ical examination, baseline laboratory investigations (full blood 
count, urea, creatinine and electrolytes, C-reactive protein, albumin, 
HbA1C), nutrition evaluation and vascular assessment. On initial 
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Figure 83.6 Neuropathic ulcer with hyperkeratosis removed. 


Figure 83.7 Clawing of feet occurring in neuropathic foot with painless damage to the 
skin on the great toe. 


assessment and at follow-up, measurements and photographs of 
the ulcer should be taken. 


Classification of severity 

A well-established system is the Wagner ulcer classification 
(Table 83.2) to help standardise assessment, although infection 
and ischaemia are not considered [7]. 

The wound classification developed by the International Consen- 
sus of the Diabetic Foot assesses patients for ischaemia, neuropathy, 
linear measurement of wound diameters, depth of wound and 
infection [10]. The SINBAD classification (Site, forefoot versus 
mid or hindfoot; Ischaemia, >1 pedal pulse palpable versus clinical 
decreased pedal circulation; Neuropathy, protective sensation intact 
versus loss of protective sensation; Bacterial infection, Y/N; Area, 
< or >1cm’; Depth, confined to skin/subcutis versus to muscle 
versus tendon or deeper tissue), is considered is a more detailed 
6-point grading system and is recommended as the universal system 
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Table 83.2 Wagner foot ulcer classification [9]. 


Ulcer grade Lesion description 


Foot deformity or redness of skin, no erosions/ulceration 
Superficial erosion 

Deep ulcer involving tendon or joint capsule 

Deep ulcer with drainage, joint sepsis or osteomyelitis 
Local gangrene, involving forefoot or heel 

Gangrene of foot 


UBWN-O 


for clinicians to use in assessment and monitoring of neuropathic 
ulcers and recommended by the International Working Group on 
the Diabetic Foot IWGDF) [11]. 


Complications and co-morbidities 

A frequent complication is the presence of cellulitis or deep infec- 
tion, with abscess formation or osteomyelitis. One study found 
that Gram-positive aerobic bacterial colonisation predominates 
(84%), with Staphylococcus aureus being the commonest organism 
(79%). Meticillin-resistant Staphylococcus aureus (MRSA) was iso- 
lated in 30% of patients, a near twofold increase over the previous 
3 years [12]. Bacterial colonisation of the ulcer does not necessarily 
indicate infection. By contrast, infection may be present, especially 
in diabetics, without pyrexia. Leukocytosis, elevated erythro- 
cyte sedimentation rate (ESR) and local signs may be less than 
expected. Cellulitis should alert one to the possibility of under- 
lying osteomyelitis. Neuropathic ulcers are a leading cause of 
non-traumatic limb amputation in c.15% of individuals [13]. 


Investigations 

In neuropathic ulcers, the reduced sensations of light touch and 
vibration, and sharp-blunt discrimination, can be demonstrated 
using a Bailey® nylon monofilament (which buckles in response 
to a 10g force) (Figure 83.8), a neurothesiometer and a Neurotip®, 
respectively [14]. 

Palpable bone at the base of an ulcer on wound probing is an 
excellent predictor of osteomyelitis [15] (Figure 83.9). Plain X-rays 
may show periosteal reactions or osteolysis, and will also identify 
foreign bodies, tissue gas or bony abnormalities. A sinogram may 
be required to show communication of the sinus with a joint or a 
subfascial plantar abscess. A radioisotope bone scan, MRI scan or 
bone biopsy may help with the diagnosis [16]. 


Management 

Neuropathic ulcers are often difficult to heal; management requires 
an integrated care approach from a multidisciplinary foot care 
team with the engagement of patients and carers, which can reduce 
amputations by up to 70% [17]. 

Prevention of ulceration is of the utmost importance. The risk of 
developing neuropathic ulcer can be stratified. If there is no loss 
of protective sensation (LOPS) or peripheral arterial disease (PAD) 
then ulcer risk is very low and annual assessment is indicated. In 
contrast, patients with a high ulcer risk have LOPS or PAD and 
a history of at least one foot ulcer, lower extremity amputation 
and end-stage renal disease merit follow-up every 1-3 months. 
It is important to review the residential environment for safety. 


Figure 83.8 Bailey® nylon monofilament assessing sensory loss on neuropathic foot. 


The patient and carers must be educated regarding the risks and 
the use of protective footwear. Persons at risk should receive basic 
foot care instruction, preferably from a podiatrist, including regular 
self-inspection of the feet and correct nail-cutting techniques. Shoes 
should accommodate deformities and be tailored to the patient’s 
needs [18,19], with a follow-up programme to prevent further 
ulceration [20]. Rocker soles, custom-made insoles with metatarsal 
additions and a high degree of contact between the insole and 
foot, reduce plantar pressures in a manner that may reduce ulcer 
occurrence [21,22]. Urea-based products may help in managing 
callus [8]. Patients should be discouraged from removing callus 
themselves — this should be done by a podiatrist. 

It is important to treat the underlying disease process: patients 
with reduced pulses need an ankle brachial pressure index (ABPI) 
test and if <0.9 this suggests peripheral arterial disease. Critical 
limb ischaemia should be considered for arterial revascularisa- 
tion/reconstruction [23]. Diabetic control should be meticulous and 
the physical cause of the trauma must be addressed. 

Ulcers are best treated with a combination of debridement, wound 
dressing and offloading of pressure. Regular local sharp debride- 
ment with scalpel, scissors and/or forceps is the gold standard. 

Chronic wounds contain necrotic tissue and harbour high bac- 
terial loads which elicit a pro-inflammatory response contributing 
towards poor healing [24]. Infection prevention is paramount, and 
dressings should maintain a moist wound bed and absorb the 
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(b) 


Figure 83.9 Probing a neuropathic wound: (a) probe in position, (b) with probe 
removed. 


exudate. Choice of dressing depends on a thorough assessment of 
the patient and wound [24,25]. 

For chronic ulcers, some novel therapeutic approaches can be 
considered, such as microsurgical grafts for large defects and 
tissue-engineered human skin, mainly as a transient method. 
Vacuum-assisted closure (VAC) devices improve the success of skin 
grafts [24]. Becaplermin, a growth factor with a proposed role in 
wound healing, has demonstrable efficacy [24,26]. However, there is 
a possible increased cancer risk with higher doses of the drug [27]. 

Bone marrow-derived cells may be effective in healing otherwise 
unresponsive wounds [28]. Hyaluronic acid dressings (Hyalofill®) 
are also routinely used in chronic ulcer treatment [29-31]. 

Studies suggest that what is removed from the foot (pressure, 
callus, infection and slough) is more important than what is applied 
to it (adjuvant treatments: hyperbaric oxygen, cytokines, growth 
factors, skin grafts, tissue substitute) [32]. The efficacy of hyperbaric 
oxygen therapy is controversial although there are studies that 
report a decreased amputation rate [21]. There is no evidence to 
support one type of skin graft over another when examining the use 
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Figure 83.10 Aircast Walker® boot. 


of autografts, allografts, xenografts and bioengineered or artificial 
skin [21]. 

Offloading areas of abnormal pressure on the foot is essential 
[33]. A contact casting (such as the Aircast Walker® foam boot; 
Figure 83.10), is useful for healing ulceration over metatarsal 
heads, but requires expert application, and is contraindicated with 
infected ulcers or where there is significant ischaemia [33]. A modi- 
fied boot of layered adhesive foam may achieve complete removal 
of pressure points [34]. Plaster of Paris boots (with a rocker base) 
applied over weeks or months are popular in some centres [35]. 
Non-removable offloading devices promote better ulcer healing 
than removable devices, presumably because of increased patient 
compliance [36]. 

Even if healing is achieved, up to 40% of patients develop a recur- 
rent ulcer within 1 year. 


Treatment ladder for neuropathic ulcer 


First line 

¢ Basic foot care 

e Proper footwear 

¢ Control of hypertension and diabetes 
e Smoking cessation 


Second line 
¢ Orthotic devices 
e Electrical modalities 


Third line 

e Hard casting (total contact casting) 
e Aircasts 

¢ Hyperbaric oxygen therapy 

e Laser therapy 

e Vacuum-assisted wound closure 


Resources 


Wounds UK (2021) Best Practice Statement: Care of the Person with Diabetes 
and Lower Limb Ulcers. London: Wounds UK. Available to download from: 
627£50978c2ed6f892ba1480f837fdba.pdf (last accessed November 2023). 


Patient resources 


Grennan D. Diabetic foot ulcers. JAMA 2019;321:114. https://jamanetwork.com/ 
journals /jama /fullarticle/2720026 (last accessed November 2023). 


Syringomyelia — Cl 


Definition and nomenclature 

Syringomyelia describes conditions involving abnormal fluid cavi- 
ties within the spinal cord. A ‘syrinx’ is a fluid-filled cavity within 
the spinal cord parenchyma. 


Introduction and general description 

Syringomyelia is a rare disorder characterised by a longitudinal cyst 
in the cervical cord and/or medulla (syringobulbia) immediately 
anterior to the central canal which spreads, usually asymmetrically, 
to each side. The CNS disturbance causes dissociated sensory loss, 
with pain and temperature sensation being lost early in the fingers 
and upper limbs. The first clinical manifestation of syringomyelia is 
a tendency to painless burns and cuts on the hands and forearms. 


Epidemiology 
Incidence and prevalence 
There are an estimated 8.4 cases per 100,000 population [1]. 


Age 

Symptoms usually appear in young adults and usually progress 
slowly over 20-30 years. Limited self-resolution of symptoms has 
occurred in adults [2] and children [3,4]. 


Associated diseases 

Chiari malformation type 1 (CM-1) is a developmental abnormality 
often associated with a syrinx, involving a congenital extension of 
the cerebellar tonsils below the foramen magnum [5]. 


Pathophysiology 

The exact pathogenesis of syringomyelia is uncertain. The condition 
has several distinct cavitary patterns, which probably determine 
the pathogenesis and the clinical features of the condition [6]. Most 
lesions occur in association with type 1 Chiari syndrome. It is 
proposed that syrinx development, particularly in CM-1 patients, 
follows a differential between intracranial pressure and spinal 
pressure caused by a valve-like action at the foramen magnum [6]. 
Other causes include trauma and tumours [3]. 


Clinical features 

History 

Symptoms usually appear in young adults, and the disease gener- 
ally slowly progresses over 20-30 years, although limited resolution 
has occurred in adults [3] and children [4,5]. An association with 
other abnormalities, such as a short neck and a low hairline, suggests 
a developmental origin. Body asymmetry or hemi-hypertrophy is 
known to occur in syringomyelia. 


Presentation 

Early involvement of pain and temperature fibres leads to a char- 
acteristic dissociated sensory loss, where pain and temperature 
sensation is lost early in the upper limbs, while sensory modalities 
carried in the posterior columns (e.g. touch, vibration and position 
sense) remain relatively intact. The earliest manifestation of the 
disease is a tendency to painless burns and cuts on the hands and 
forearms. Later, upper motor neuron signs in the legs may accom- 
pany weakness, wasting and loss of reflexes in the arms. Morvan 
syndrome, involving progressive pain loss, resultant skin ulcer- 
ation, soft-tissue loss, resorption of the phalanges and muscular 
atrophy, occasionally occurs. 

Dyshidrosis is reported in 60% of patients (either hyperhidrosis 
or hypohidrosis) [7]. The dyshidrosis, usually over the face and 
upper arms, may be spontaneous or occur on consumption of hot 
or seasoned food [7]. Hyperhidrosis is probably caused by stimula- 
tion of the sympathetic preganglionic neurons and, as the disease 
progresses, hyperreactivity is replaced by hypoactivity. Focal hyper- 
hidrosis may be a hallmark of a relatively intact, though slightly 
damaged, spinal cord. Asymmetry of scalp hair can also occur, with 
the denervated areas having less abundant, slower-growing hair. 


Complications and co-morbidities 

Syringomyelia can coexist with other conditions. There is increased 
risk of scoliosis and a reported coexistence with Guillain-Barré syn- 
drome. Complications include infections and decubitus ulcers. 


Disease course and prognosis 

The disease slowly progresses over many years. Repeated burns, 
and other injuries, cause the skin of the fingers to become thickened, 
swollen, cyanotic and keratotic. Gangrene rarely occurs, but damage 
to, or loss of, terminal phalanges or nails can occur. 


Extension of the syrinx into the medulla may disrupt the vestibu- 
lar pathways, the descending trigeminal nerve, the sympathetic 
and taste pathways, and the hypoglossal nerve. Patients may then 
experience vertigo with nystagmus, dissociated facial sensory loss, 
loss of taste, a wasted tongue, Horner syndrome and occasionally 
vocal cord paralysis or facial oedema confined to areas of sensory 
loss [7]. 


Investigations 
MRI scanning of the hindbrain and upper spinal cord is best for 
delineation of the syrinx [3,4,5,6,7,8]. 


Management 

A neurosurgical and orthopaedic evaluation is warranted for all 
patients with a syrinx. Surgical indications have been stated as 
progression of motor/sensory loss, scoliosis, associated pain and 
size of the syrinx [9]. 


Resources 


Patient resources 

Syringomyelia. National Institute of Neurological Disorders and Stroke (nih.gov); 
https: //www.ninds.nih.gov/health-information/disorders/syringomyelia (last 
accessed November 2023). 


Spinal dysraphism CC 


Definition and nomenclature 

Neurological disorders involving the malformation of the spinal 
cord due to a failure of symmetrical fusion of the embryological 
spinal structures are referred to as spinal dysraphisms. 


Introduction and general description 
Spinal cord development occurs between weeks two and six of 
embryonic life. Dysraphism is the failure of fusion between 
symmetrical embryological structures (a raphe) [1], leading to 
malformations of the midline dorsal structures [2]. Early embryonic 
defects produce spinal dysraphisms, categorised clinically into 
two subsets: open — exposed to the environment (e.g. spina bifida, 
myelomeningocoele); and closed — covered by intact skin. 
Congenital dermal sinuses (CDS) are epithelium-lined tracts 
resulting from incomplete separation of cutaneous ectoderm from 
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the underlying neuroectoderm. CDS may be associated with der- 
moid cysts and can cause complications by mass effect and by 
functioning as a pathway for infection [3]. 

Spina bifida and CDS are discussed in this section. 


Epidemiology 

Incidence and prevalence 

For open dysraphism the incidence is around 1:1000 live births. 
The prevalence has declined worldwide over the past two decades, 
due to better maternal nutrition, timely folate replacement and 
better prenatal care with high-resolution ultrasound [4]. Spina 
bifida is one of the most common congenital conditions [5]. 


Age 
From birth. 


Ethnicity 
In Europe, the highest incidence rates are in Ireland and Wales 
(5 per 1000 live births) compared with south-eastern Europe 
(0.1-0.6 per 1000). 

In Canada and the USA, a higher incidence has been reported 
on the east coast, and in the USA the Hispanic population has the 
highest risk. 


Associated diseases 

Open dysraphism is associated with certain genetic disorders, 
including trisomy 13 or 18, congenital hemidysplasia with 
ichthyosiform erythroderma and limb defects (CHILD syndrome), 
Fraser syndrome, Waardenburg syndrome and Meckel-Gruber 
syndrome [6]. 


Pathophysiology 

Predisposing factors 

The cause of neural tube defects is unknown. However, genetics, 
folate deficiency, antiepileptic drugs (sodium valproate, carba- 
mazepine) and environmental conditions such as radiation can pre- 
dispose [6]. Folate deficiency is a major cause of open dysraphism, 
largely preventable by folate supplementation before conception 
and during early pregnancy [7]. 


Pathology 
Dysraphisms occur at three stages of embryogenesis: primary neu- 
rulation, secondary neurulation and gastrulation [4]. 


Clinical features 

Presentation 

A review of 200 published cases of spinal dysraphism [8] included 
102 with cutaneous abnormalities, often in combination. A derma- 
tologist may be the first physician to see such patients and should be 
aware of possible associations with underlying neurological abnor- 
malities. Coccygeal dimples may be unrelated to dysraphism and 
not require aggressive investigation, whereas lumbo-sacral dimples 
present a higher risk for underlying problems [9,10]. Correlation 
between sacral dimples and dysraphism has recently been ques- 
tioned [11]. Patients with congenital giant melanocytic naevi 
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overlying the scalp or dorsal spine can show brain abnormalities 
on MRI. 

Many lumbo-sacral skin abnormalities have been reportedly 
associated with spinal dysraphism and cord tethering, includ- 
ing lipomas [12], port-wine stains, haemangiomas [13,14], ‘faun 
tail’ (hypertrichosis), pigmented macules, and pits or dimples. 
Intraspinal dermoid cysts are usually associated with either lumbar 
spinal dysraphism or a dermal sinus tract [15]. 

For occult dysraphism, midline skin abnormalities have consid- 
erable diagnostic value and can be divided into three groups of 
risk [6]: 
¢ Group 1 (high risk): two or more lesions, subcutaneous lipoma, 

dermal sinus, ‘queue de faune’ (faun tail). 
¢ Group 2 (low risk): atypical dimple, aplasia cutis, gluteal fold 

deviation. 
¢ Group 3 (very low risk): haemangioma, port-wine stain, hypertri- 

chosis, fibroma pendulum, pigmentary naevus, coccygeal dimple. 
Several varieties of spina bifida are described, differing in the 
nature and severity of the spinal defect. In the severe form, a sac 
protrudes through the vertebral opening and transmits an impulse 
on crying or coughing. In the mildest cases (spina bifida occulta) 
there is no such protrusion, but a defect in the vertebral lamina 
may be felt as a depression and is sometimes covered by a tuft of 
hair or a dimple (Figure 83.11). The likelihood of a midline fusion 
defect is increased when the cutaneous findings are associated with 


Figure 83.11 Tuft of hair in association with spina bifida. 


a subcutaneous lesion such as a lipoma [12]. Spina bifida occulta 
may be a chance finding during routine examination. 

Lesions preventing spinal cord ascent during normal growth 
can cause undue traction on the lower end of the cord and cauda 
equina. Neurological changes will then be those of a chronic cauda 
equina lesion. Such patients may be slow in learning to walk. 
Sensation may be impaired over the areas innervated by the lowest 
sacral segments, causing a characteristic saddle-shaped analgesic 
area over the buttocks and dorsa of the thighs. Trophic changes are 
occasionally conspicuous. In milder cases, the feet are usually cold 
and cyanosed. Cutaneous injuries heal slowly and tend to ulcerate, 
particularly on the feet and in the analgesic skin of the buttocks 
and thighs. The most severe neurological abnormality is a flaccid 
paraparesis with sphincter paralysis. 


Complications and co-morbidities 

Large skin defects produce complications including wound dehis- 
cence, wound infection and cerebrospinal fluid leaks. The morbidi- 
ties of wound healing and cerebrospinal fluid leaks during surgical 
management present significant challenges [4]. 

Children with spina bifida risk becoming overweight, which 
further reduces their mobility, increases difficulties with catheteri- 
sation and toileting, adds pressure to already vulnerable skin and 
increases social isolation. Urinary tract infections are a common 
source of morbidity among children with spina bifida [16]. 

People with spina bifida are prone to latex sensitivity [17] from 
exposure to latex products, both at the time of surgery and with 
indwelling catheters. They should be assessed using latex-specific 
serum immunoglobulin E (IgE), the radioallergosorbent test (RAST), 
skin prick testing with latex suspension and a latex glove usage 
test [17,18]. Latex-allergic patients may display urticaria, conjunc- 
tivitis, angio-oedema, rhinitis and bronchial asthma. They are at 
risk of anaphylaxis during health care procedures and — because 
of cross-sensitivity — can be allergic to fresh foods including kiwi, 
pear, orange, pineapple, tomato and banana. 


Investigations 

Estimation of «-fetoprotein in the amniotic fluid or maternal serum 
may successfully identify a fetus with severe CNS malformation, 
such as spina bifida cystica or anencephaly. Spinal ultrasound (SUS) 
is most helpful when supported by multiple clinical indications. 
It is significantly more likely to detect spinal dysraphism than 
imaging performed for isolated abnormalities or risk factors [11]. 
With antenatally diagnosed, open dysraphism caesarean section 
is often recommended to avoid additional trauma and infection 
during birth [19]. The decision to continue pregnancy or opt for 
termination raises many moral and ethical dilemmas for discussion 
with the parents. 

Spinal sonography is a useful screening method in the first 
4 months in newborns with a suggestive cutaneous lesion. Diagno- 
sis is confirmed by radiography [20] which shows defective fusion 
of the laminae in the affected region, usually L5 and S1. Indications 
for ultrasound or MRI referral have recently been reviewed [9]. 
Because tethered spinal cord is treatable, but untreated can lead 
to progressive neurological degeneration, spinal MRI scanning of 
infants with giant melanocytic naevi involving the lumbo-sacral 
area is advocated [21,22,23]. 


Management 

In open dysraphism, initial treatment is with saline gauze at 37°C, 
and non-permeable dressings [6]. Management aims to provide 
closure of the neural tube defect and the skin without any unde- 
sirable tension within 24-48 h. Early primary closure often has an 
excellent outcome, although the risk of neurological sequelae varies 
depending on the severity of the anomalies [4]. 

Postnatal surgery of open spina bifida aims at covering the 
exposed spinal cord, preventing infection and treating hydro- 
cephalus with a ventricular shunt. Fetal surgery with the severest 
form of spina bifida, myelomeningocoele, is also an option [24,25]. 

Due to the risk of neurological deterioration, the recommended 
treatment of CDS with or without a concomitant intraspinal 
dermoid is prompt administration of antibiotics and definitive sur- 
gical intervention [3]. 


Dermatoses associated | 
cord injury 


Definition 
Spinal cord injury leading to a spinal cord defect results in multiple 
disabilities which can be complicated by skin problems. 


Introduction and general description 

The spinal cord may be injured directly by penetrating wounds or, 
more frequently, indirectly following dislocation or fracture dislo- 
cation of the vertebral column [1]. The causes of spinal cord injury 
are trauma, including motor vehicle accidents (36-48%), violence 
(5-29%), falls (17-21%) and recreational activities (7-16%). 

The severity of the disability varies widely, mainly depending on 
the level of the injury: the worst scenario being at C1-C3, leading 
to ventilator dependence, limited talking ability and the need for 
a head- or chin-control wheelchair. As well as problems with pres- 
sure ulceration (Chapter 123), the skin of patients with spinal cord 
injury is prone to several inflammatory dermatoses and disorders of 
sweating. 


Clinical features 
Seborrhoea and seborrhoeic dermatitis have been reported in quad- 
riplegic patients [2,3] with one study reporting around two-thirds 
developing the condition within a few weeks of injury. Nummular 
eczema may also occur below the level of the lesion [3], and acne 
on the back and buttocks may follow the onset of paralysis [3]. 
Changes in eccrine sweating after spinal cord injuries are com- 
plex [4]. Profuse sweating on the face, neck and upper trunk with 
lesions at or above T6 may occur in exaggerated response to stim- 
uli such as bowel or bladder distension (autonomic dysreflexia). 
These episodes may involve facial flushing and headache. Other 
patients develop sweating of the face and arms after dizziness due 
to postural hypotension. Post-traumatic syringomyelia can lead to 
hyperhidrosis [5]. Dryness of the skin, particularly on the soles, is 
an effect of anhidrosis. 

In hemiplegic stroke patients, reduction in skin temperature of the 
affected limb, associated with reduced limb blood flow, as well as a 
reduction in blood flow in the unaffected leg, have been reported. 
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The reduction in blood flow might contribute to tinea pedis, ony- 
chomycosis, xerosis of the extremities and reduction in hair on the 
lower extremities being more common in immobilised patients than 
in controls. 


Pressure ulcers increase in severity with worsening immobility 
and there is a significant risk of complications, including necrotising 
fasciitis and Fournier’s gangrene. 

The concept of a localised immunocompromised area in the body 
has been proposed to explain subsequent immune dysregulation in 
an area of skin altered by preceding injury or inflammation, and 
can be used to explain altered neuromediator signalling as the cause 
of skin disease affecting the hemiplegic side [6]. 

Numerous case reports contrast skin changes in the plegic with 
the non-plegic site. Reported dermatological findings in the affected 
limb or below the neurological level include for example [7,8]: 
¢ Localised fungal infections, skin thickening and nail hypertrophy 

[9], seborrhoea [10], crusted scabies of the legs [11], scabies bur- 

rows on the site with sensory loss [12], unilateral finger clubbing, 

decrease in the minimum erythema dose of ultraviolet radiation 
and a tendency to tan more easily. 

e In contrast, localisation of skin disease on the neurologically 
healthy side has also been described, for example endogenous 
eczema, attributed to xerosis — lines on the fingernails [9] — 
longitudinal reddish striation, neapolitan nails, unilateral club- 
bing, psoriasis and scleroderma. 

Bullous pemphigoid is particularly interesting in its association 

with various neurological conditions such as Parkinson disease, 

epilepsy, dementia and stroke when it may be localised to the plegic 

or paretic skin, or on non-neurologically affected skin [13-16]. 
Epitope spreading has been demonstrated in bullous pemphigoid 

[17]. Exposure of neural antigens during trauma or a cerebral 

accident could result in generation of autoantibodies and epi- 

tope spreading, explaining the limited distribution of blisters in 
patients with neurological diseases. Cross-antigenicity between 

BP180/BP230 brain and skin isoforms has been confirmed in 

dementia [18]. 


Management 

Management of pressure ulcers is described in Chapter 123. Inflam- 
matory dermatoses associated with spinal injury should be treated 
with appropriate topical and/or systemic therapy. 


Sympathetic nerve inuy «= aa 


Definition 

Interruption of the sympathetic innervation of the skin resulting 
in loss of both vasoconstrictor impulses (causing erythema) and 
sweating (causing anhidrosis). 


Introduction and general description 
Loss of sympathetic supply to the skin following nerve damage 
will result in vasodilation and anhidrosis. 


Pathophysiology 
Sympathetic nerve injury usually occurs when sympathetic axons 
are injured by trauma affecting major nerves. There can be 
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dissociation of sudomotor and pilomotor activity after sympa- 
thetic ganglionectomy [1]. The areas of vasodilation generally 
match the areas of anhidrosis, suggesting close correspondence of 
sudomotor and vasoconstrictor fibres. 


Clinical features 

When the sympathetic supply to the skin is interrupted, loss of 
vasoconstrictor impulses leads to erythema with passive vasodi- 
lation. The denervated area is also anhidrotic. Affected skin may 
be scaly and fissured. In the denervated areas, there is no loss of 
cutaneous sensation, possibly due to regeneration of postganglionic 
cholinergic fibres. Some patients report hyperaesthesia. 

When sympathetic denervation is combined with a loss of somatic 
sensation, as in peripheral nerve injury or severe peripheral neu- 
ropathy, neurotrophic ulcers may occur. These result from minor 
local trauma and are characteristically painless and slow healing. 
Sympathetic denervation may also slow or prevent the normal grey- 
ing of the hair with ageing and may cause hyperpigmentation of the 
skin in the affected area. 


Investigations 
The affected area of skin should be physically examined for sweat- 
ing, temperature, allodynia and hyperalgesia. Pupillary exami- 
nation is indicated. Measurements of sweating and vasomotor 
responses can help determine the extent of autonomic denerva- 
tion [2]. 

Laboratory tests include the SSR, thermoregulatory sweat test, 
quantitative sudomotor axon reflex test, skin wrinkling on water 
immersion and microneurography. 


Management 
Appropriate neurological/neurosurgical management of damaged 
nerve(s). 


Complex regional pai 


Definition and nomenclature 

Complex regional pain syndrome (CRPS) is a rare, debilitating, 
painful condition affecting a limb — usually an acral site, commonly 
arising after injury, associated with sensory, motor, autonomic nerve 
problems, with abnormalities in the bone and skin of the affected 
limb [1]. 


Introduction and general description 
CRPS is a debilitating painful condition which usually affects a 
limb and is generally preceded by minor trauma to that body part. 


It is considered a neurological disorder. There appears to be no 
relationship with the severity of injury; indeed in a few cases there 
is no precipitating trauma. CRPS results in neurological, cutaneous 
and skeletal abnormalities in the affected limb. It is described by 
the International Association for the Study of Pain as ‘a condition 
that appears regionally after an injury with a variety of symptoms 
that often exceed the expected clinical course both in magnitude 
and duration, causing impairment of motor function and variable 
progression’ [2]. CRPS is a difficult condition to treat effectively; 
the primary aims are to reduce pain and to preserve or restore 
function. 


Epidemiology 
Incidence and prevalence 
The European incidence rate of CRPS is 26/100 000 person-years [3]. 


Age 
It commonly occurs in the 30-50-year-old age group. 


Sex 
Female : male 4 : 1. 


Pathophysiology 

The pathogenesis is poorly understood, although abnormalities in 
the PNS and CNS have been described, with and without major 
nerve lesions. The earlier belief that the predominant problem 
is sympathetic dysfunction and that CRPS occurs in (stereotyped) 
stages is now obsolete. CRPS is not usually associated with a history 
of preceding psychological problems, somatisation or malingering 
although there is significant overlap with functional neurological 
disorder [4,5]. Hypotheses to explain the disorder include the 
release of neuropeptides from peripheral unmyelinated fibres, 
which causes pain and vasodilation. Other proposed pathogenetic 
pathways are an enhanced a-adrenergic receptor activity and 
upregulation of afferent nociceptors in response to norepinephrine 
release from sympathetic efferents. Excessive inflammation at the 
injury site with inflammatory cytokine release and microcirculatory 
dysfunction, causing tissue injury and/or immune system involve- 
ment or CNS sensitisation to thermal, mechanical and pain stimuli, 
may also contribute to the pathogenesis of CRPS [6]. 


Predisposing factors 
Stroke, myocardial infarction, tuberculosis, herpes zoster and cer- 
tain drugs may predispose to CRPS [6]. Dermatological conditions 
such as vasculitis and panniculitis may precede the condition. 
Excisional skin biopsies, including nail biopsies, have been reported 
as triggering CRPS [7]. 

Box 83.6 lists the reported dermatological triggers of CRPS [6]. 


Clinical features 

Presentation 

CRPS is usually preceded by physical trauma, although there is 
no relationship with the severity of trauma [3]. Common trig- 
gers include soft-tissue injury, fractures, orthopaedic surgery and 
medical illness, e.g. myocardial infarction and stroke [6]. Prolonged 
immobilisation of a limb is an important predisposing factor present 


Box 83.6 Dermatological triggers of complex 
regional pain syndrome (CRPS) 


¢ Acrodermatitis continua of Hallopeau 
¢ Chronic venous ulceration 

¢ Dupuytren contracture 

¢ Epithelioid haemangioendothelioma 
¢ Herpes zoster 

¢ Human parvovirus B19 

¢ Cutaneous surgery 

¢ Nail biopsy 

¢ Osteogenesis imperfecta 

¢ Psoriatic arthritis 

e Systemic lupus erythematosus 

e Vasculitis 

e Panniculitis 


From Veldman et al. 1993 [1], Phelps and Wilentz 2000 [6], Royal College 
of Physicians 2012 [7], Harden 2001 [8], McBride and Atkins 2005 [9]. 


in almost 50% of cases [2]. CRPS can be divided into two types: 
in type I CRPS, also known as reflex sympathetic dystrophy (the 
commonest type), a major nerve lesion is absent; in type II CRPS, 
also known as causalgia, a peripheral nerve injury is present usually 
following more notable trauma [7]. CRPS usually affects one limb, 
but in 7% of cases can spread to others [8,9]. Onset of symptoms is 
usually within 1 month of the trauma or immobilisation of the limb. 

The Budapest criteria have been proposed for use as an aid to 
clinical diagnosis (Box 83.7). 


Box 83.7. Budapest clinical diagnostic criteria for 
chronic regional pain syndrome 


1 Continuing pain, which is disproportionate to any inciting event. 
2 Must report at least one symptom in three of the four following 
categories: 
e Sensory: reports of hyperaesthesia and/or allodynia. 
¢ Vasomotor: reports of temperature asymmetry and/or skin colour 
changes and/or skin colour asymmetry. 
¢ Sudomotor/oedema: reports of oedema and/or sweating changes 
and/or sweating asymmetry. 
¢ Motor/trophic: reports of decreased range of motion and/or 
motor dysfunction (weakness, tremor, dystonia) and/or trophic 
changes (hair, nail, skin). 
3 Must display at least one sign at time of evaluation in two or more of 
the following categories: 
¢ Sensory: evidence of hyperalgesia (to pinprick) and/or allodynia 
(to light touch and/or deep somatic pressure and/or joint 
movement). 
¢ Vasomotor: evidence of temperature asymmetry and/or skin 
colour changes and/or asymmetry. 
¢ Sudomotor/oedema: evidence of oedema and/or sweating 
changes and/or sweating asymmetry. 
¢ Motor/trophic: evidence of decreased range of motion and/or 
motor dysfunction (weakness, tremor, dystonia) and/or trophic 
changes (hair, nail, skin). 
4 There is no other diagnosis that better explains the signs and 
symptoms. 
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Symptoms fall into three serial worsening stages. The first begins 
after several days or weeks and lasts about a month, involving 
spontaneous burning and stinging, or tearing or shooting pain, 
precipitated by mechanical stimuli such as bathing, clothing on the 
skin or draughts [9]. 

Stage two occurs 1-7 months after injury and lasts 3-6 months. 
Symptoms relate to sympathetic hyperactivity and include cool, 
oedematous skin, hyperhidrosis and cyanosis, or livedo-like 
changes. Hair growth may increase or decrease. Nails may show 
decreased or increased growth or thickening, become brittle or 
develop striations. Pain is variable, and neuralgia may either 
spread or decrease. Functional limitations, e.g. limited range of 
movement and muscle weakness, may begin to manifest. 

Stage three, starting around 8 months after injury, involves 
progressive tissue damage, which can become permanent. The 
changes may be due to vasoconstriction (resulting in skin hypoxia) 
or decreased motion of the skin from inactivity of underlying joints, 
tendons or ligaments. Usually, the skin becomes shiny, atrophic 
and dry; fingertips may shrink. Some patients have no trophic 
skin changes [10]. Deeper structures, including fascia, can thicken, 
resulting in contractures. If the pain is worsened by physical stimuli, 
the patient may protect the limb leading to trophic changes in the 
bone, muscle and skin (Sudeck atrophy). 

Box 83.8 lists the dermatological manifestations of CRPS [6]. 


Box 83.8 Dermatological manifestations of 
complex regional pain syndrome (CRPS) 


Allodynia 

Oedema 

Erythema and warmth 

Pallor or cyanosis 

Hypopigmentation or hyperpigmentation 
Hypertrichosis or hypotrichosis 
Hypohidrosis or hyperhidrosis 

Beau lines or nail notching, leukonychia, onychodystrophy 
Petechiae 

Ulceration (may be due to external trauma) 
Dermatitis 

Erythematous papules 

Bullae 

Cutaneous atrophy 

Skin thickening and tightening 


From Phelps and Wilentz 2000 [6], Montogomery and Elbuluk 2022 [11]. 


Differential diagnosis 

The Royal College of Physicians, UK, provides an extensive list of 
conditions to consider in formulating a diagnosis, ranging from 
infections through arthritis and arthrosis, to bone, soft-tissue or 
neural injury [7]. A multidisciplinary approach is desirable. 


Disease course and prognosis 

Approximately 15% of sufferers will have unrelenting pain and 
physical impairment two years after the onset of CRPS, although 
more will suffer less ongoing pain and dysfunction [10]. 
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Investigations 

Electrodiagnostic studies (needle electromyography and nerve con- 
duction) are normal in CRPS type I but demonstrate a peripheral 
nerve lesion in type II [6]. Patchy osteoporosis may be seen on 
some plain radiographs in CRPS II. CT or MRI scans may show 
atrophy or soft-tissue swelling and bone mineralisation changes. 
Bone scintigraphy using three-phase bone scans may usefully iden- 
tify early changes. Other tests include pain relief on a-adrenergic 
blockade with intravenous phentolamine; pain exacerbation on 
a, stimulation by clonidine; and severe pain on cold stimulation. 
These tests help identify patients with sympathetically maintained 
pain (SMP). Despite having similar signs and symptoms, only some 
patients with CRPS type I show alleviation of the pain by selective 
sympathetic nervous system or o-adrenoreceptor blockade. SMP 
can also present in CRPS II patients, although the mechanism is 
probably different [7,10]. 


Management 

Prompt diagnosis and early treatment are considered best practice 
to avoid secondary physical problems associated with disuse of the 
affected limb and the psychological consequences of living with 
undiagnosed chronic pain. 

There is no cure for CRPS and an integrated interdisciplinary 
treatment approach is recommended [7,10]. Primary aims are to 
reduce pain, to preserve or restore function and to enable patients 
to manage their condition [10]. Addressing each of the four ‘pil- 
lars’ of care (education, pain relief, physical rehabilitation and 
psychological intervention) carries equal importance. However, 
full recovery can be elusive, even with early appropriate treat- 
ment [10]. Although there is no evidence that early physiotherapy 
can prevent CRPS, early diagnosis is a key prognostic factor 
and treatment with physiotherapy and/or occupational therapy, 
delivered by specifically competent therapists, is recommended to 
improve function and to prevent complications such as contractures, 
and to speed recovery [10]. 

Medication is indicated to minimise pain and support physical 
rehabilitation. Patients waiting to see a pain specialist should be 
seen regularly and be advised about the use of simple analgesics. 

If simple medication does not reduce the pain to a mild level 
after 3-4 weeks, medication should be considered according to the 
neuropathic pain guidelines [10]. Earlier use may be appropriate. 
The patient should also be referred to a pain clinic for multidisci- 
plinary pain therapy treatment, which ideally should begin within 
3 months of the condition’s onset [10]. 

The best functional advice for patients with suspected CRPS, or 
CRPS for which concomitant pathology has not yet been ruled out, 
is currently unclear. Pragmatically, encouragement of gentle limb 
use and active lifestyle is recommended [10]. 

Psychological interventions, including biofeedback, cognitive 
behavioural and relaxation techniques, are crucial, although often 
overlooked. If psychological factors (e.g. significant distress) are 
suspected, early referral to a psychologist specialising in pain 
may be advisable [7]. Treat any associated depression, anxiety 
or insomnia with sedative, analgesic antidepressants /anxiolytics 
and/or psychotherapy. If allodynia/hyperalgesia is significant, 


anticonvulsants and/or other sodium-channel blockers or NMDA- 
receptor antagonists may be used. If osteopenia, immobility and 
trophic changes are significant, use calcitonin or bisphosphonates. 
For profound vasomotor disturbance, calcium-channel blockers, 
sympatholytics and/or blocks may be used. 

Surgery should only rarely be considered. Orthopaedic surgeons 
should be aware of specific treatments for chronic CRPS, such as 
specialist physiotherapy and occupational therapy to desensitise 
skin, multidisciplinary pain management programmes, sympathetic 
neural blockade with local anaesthetic, spinal cord stimulation to 
interrupt dysregulated sympathetic innervation and specialist 
rehabilitation programmes [7,10]. 


Treatment ladder for complex regional pain 
syndrome [2] 


First line 

¢ Mobilisation and desensitisation of affected joints by 
physiotherapy 

e Simple analgesics 

e Pain exposure physical therapy 

e Psychological interventions 


Second line 

¢ Bisphosphonates 

e Pain treatment ladder 

¢ Morphine, oxycodone, tramadol, methadone, levorphanol 

e If inflammation/swelling and oedema — steroids, systemic or 
targeted (acutely) or NSAIDs (chronically); immune 
modulators 


Third line 

Minimally invasive therapies: 

¢ Sympathetic nerve blocks 

e IV regional nerve blocks 

¢ Somatic nerve blocks 

Interventional therapies: 

e Epidural and plexus catheter infusion/block(s) 

¢ Neurostimulation (spinal cord stimulator, dorsal root 
gangliion) 

e Intrathecal drug infusion (e.g. baclofen or clonidine) 

Surgical and experimental therapies: 

e Sympathectomy 

¢ Motor cortex stimulation 


Resources 


Complex regional pain syndrome in adults (2nd edition). London: RCP. https://www 
tcplondon.ac.uk/guidelines-policy /complex-regional-pain-syndrome-adults 

(last accessed November 2023). 

http: / /guidance.nice.org.uk/CG173 (last accessed November 2023). 


Horner syndrome 


Definition and nomenclature 

Horner syndrome follows partial or complete interruption of the 
sympathetic nerve pathways of the face. It is characterised by ptosis, 
miosis and anhidrosis. 


Introduction and general description 

Horner syndrome appears when the three-neuron sympathetic 
pathway is interrupted anywhere from the posteriolateral nuclei of 
the hypothalamus, through to the spinal cord, to the eye [1]. It is 
characterised by ptosis, miosis and anhidrosis. 


Pathophysiology 

The sympathetic fibres supplying the facial skin travel from the 
hypothalamus via the spinal cord, to relay at the level of the first 
and second thoracic segments in the lateral column of the spinal 
grey matter. Preganglionic fibres emerge from the first and second 
thoracic spinal nerves, and pass up the cervical sympathetic chain 
to relay in the superior cervical ganglion. From here, postganglionic 
fibres pass to supply the eye and the skin of a small central area of 
the face via the internal carotid sympathetic plexus. Other fibres 
pass along the external carotid artery and its branches to innervate 
most of the facial skin with vasomotor and sudomotor fibres. 

This pathway can be interrupted centrally in the spinal cord, for 
example by medullary infarction, syringomyelia, multiple sclerosis 
or intraspinal tumours. The peripheral fibres can be damaged 
by aortic aneurysm, cervical lymphadenopathy, surgery, regional 
anaesthetic procedures or tumours. Horner syndrome may follow 
sympathectomy for the treatment of palmar and axillary hyper- 
hidrosis, and occurs in up to 40% of patients after open cervical 
sympathectomy, and 8% of those having transthoracic endo- 
scopic sympathectomy [2]. In such cases, there may be resolution 
of longstanding pompholyx-type hand eczema _ ipsilaterally, 
suggesting a neurological pathogenesis for endogenous pompholyx 
in some patients [3,4]. 


Clinical features 

Horner syndrome is usually found in adults and only rarely in chil- 
dren, where it can be either congenital or acquired [1]. An irritative 
phase occurs rarely at the outset of Horner syndrome, charac- 
terised by transient unilateral hyperhidrosis and vasoconstriction. 
The paralytic phase involves drooping of the eyelid (ptosis) with 
narrowing of the palpebral fissure. The pupil is small but shows 
normal reflex constriction to light and accommodation. Inflam- 
mation of the conjunctiva is often present. Sweating is absent on 
the ipsilateral side of the face. There may be slight retraction of 
the eyeball into the orbit (enophthalmos). Bilateral cases are rare. 
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Sweat glands on the medial and lateral parts of the forehead are 
innervated separately, the former by fibres from the sympathetic 
plexus of the internal carotid, and the latter from the plexus sur- 
rounding the external carotid [5]. This explains the findings in 
Raeder syndrome, where damage involving the perivascular plexus 
of the internal carotid leads to anhidrosis only medially on the 
forehead [6]. 

Three cases of bilateral Horner syndrome and three cases of con- 
tralateral Horner syndrome have been reported [7-10]. 


Investigations 

Physical examination and pupil dilatation test using hydroxyam- 
phetamine eyedrops can confirm the diagnosis [11]. To elicit the 
underlying cause, X-ray, MRI and blood or urine tests might be 
needed. 


Management 
Treatment should be directed towards the underlying cause. 


Gustatory hyperhidros 


Definition and nomenclature 

Gustatory hyperhidrosis describes excessive sweating occurring 
immediately after eating spicy or hot food. Gustatory sweating is 
localised to certain areas, including the scalp, upper lip, perioral 
region and sternum. 


Introduction and general description 

Gustatory hyperhidrosis is a disorder characterised by excessive 
sweating on the scalp, upper lip, perioral region or sternum, 
immediately after eating spicy or hot food. It can occur following 
damage to the sympathetic cervical trunk, the vagus nerve or the 
auriculotemporal nerve [1]. 


Pathophysiology 

Gustatory hyperhidrosis may complicate surgery involving the 
parotid gland or the temporomandibular joint. Auriculotemporal 
nerve injury following closed treatment for maxillomandibular joint 
trauma can also lead to this form of focal hyperhidrosis. 

The ANS has a propensity for regrowth [2]. Damage to adjacent 
preganglionic parasympathetic fibres and postganglionic sympa- 
thetic fibres may result in parasympathetic fibres regrowing into 
the sympathetic nerves, thereby directly controlling sweat gland 
function. In the neck, for example, following damage to the sym- 
pathetic cervical trunk and the vagus (parasympathetic) during 
thyroidectomy or after trauma, such reinnervation may result 
in gustatory hyperhidrosis, even with bland foods [1]. A similar 
event may occur on the cheeks or chin following parotid or sub- 
mandibular gland surgery — the auriculotemporal syndrome (Frey 
syndrome) [3]. Secretory sweating is now more frequently seen after 
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endoscopic transthoracic sympathectomy [4-6]. A recent review 
reported a rate of gustatory hyperhidrosis of 1.1% [7]. 


Clinical features 

Immediately following the ingestion of spicy or hot food, sweat- 
ing occurs which is localised to certain areas, typically the scalp, 
upper lip, perioral region or sternum. Frey syndrome describes 
gustatory sweating and facial flushing [7], and emerges between 
3 and 24 months after surgery involving the parotid or temporo- 
mandibular joint [7,8]. 


Investigations 

Subjective symptoms should be investigated. The Minor starch 
iodine test and infrared thermography can be used to investi- 
gate the symptoms and confirm the diagnosis [9]. With medical 
thermography, images are taken after the patient has chewed a 
sialagogue [9,10]. 


Management 

Topical preparations containing aluminium chloride hexahydrate 
can control the symptoms but may produce an irritant dermati- 
tis. Botulinum toxin has been shown to be effective and safe in 
gustatory sweating [11]. The use of a 0.5% aqueous solution of 
glycopyrronium bromide topically has been shown to be effective, 
safe, well tolerated and convenient in diabetes-associated gustatory 
sweating [12]. Surgery can be considered in individual cases. The 
two surgical options are a neurectomy or the placement of a phys- 
ical barrier between the parotid bed and the overlying skin — both 
have a risk of facial nerve injury, along with other possible surgi- 
cal complications, and so should only be considered in severely 
symptomatic patients refractory to medical therapy [13]. 
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Introduction subspecialty of psychodermatology has emerged to address the “ 
clinical and academic needs of this group of patients. 
What is psychodermatology? Skin—psyche interactions may be any of the following: 
The links between the mind and the skin have long been recog- 1 Primarily cutaneous disorders that can be exacerbated by 
nised. The skin has been described as ‘the mirror of the mind’ and psychological and emotional factors, such as psoriasis and 
‘a window to the soul’, and so it is not surprising that the interface eczema. 
between dermatology and psychiatry / psychology (‘psychocuta- 2 Primary psychiatric disease presenting to dermatology health- 
neous medicine’ or ’ psychodermatology’ ) has emerged asa specific care professionals (HCPs) asa perceived dermatological disorder, 
subspecialty of dermatology. It encompasses diseases that involve for example delusional infestation, body dysmorphic disorder, 
the complex interactions between the brain, central nervous system, dermatitis artefacta and trichotillosis. 
autonomic nervous system, cutaneous immune system and the 3 Psychiatric illness or subthreshold psychological symptoms 
skin [1]. Patients with psychocutaneous disease are variably man- developing as a result of a skin disease, such as depression, 
aged as dermatologists struggle, in general dermatology clinics, anxiety or both, or feelings of demoralisation, helplessness and 
to meet the complex needs of these patients [2,3]. Most patients apathy. 
with psychocutaneous disease are reluctant to attend purely psy- 4 Co-morbidity of a skin disease with another psychiatric disorder, 
chiatric clinics. For these reasons, over the last few decades, the for example alcoholism and obsessive compulsive disorder. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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Psychodermatology multidisciplinary teams 
Although patients often present to the dermatology department, 
dermatologists will usually need the support of a variety of col- 
leagues in managing patients with psychodermatological disease. 
For these patients, there is increasing evidence that a psychoderma- 
tology multidisciplinary team (MDT) can improve outcomes [1,2]. 
Specialists who make up a psychodermatology MDT (Box 84.1) 
require dedicated training in the management of patients with 
psychocutaneous disease. Such training is not always readily avail- 
able, but national and international groups are now becoming 
pre-eminent in meeting the training needs of the psychoder- 
matology MDT, as well as championing the clinical-academic 
development of the subspecialty (Box 84.2). 


Box 84.1 Different specialists that may make up 
the psychodermatology multidisciplinary team 


¢ Dermatologists 

e Psychiatrists 

¢ Psychologists 

¢ Dermatology and other nursing colleagues 

¢ Child and adolescent mental health specialists 

¢ Paediatricians 

° Geriatricians and older age psychiatrists 

¢ Social workers 

¢ Trichologists 

e Primary care physicians 

¢ Child and/or vulnerable adult protection teams 
e Patient advocacy and support groups 

¢ Others, e.g. physiotherapists, occupational therapists and herbalists 


Box 84.2 National and international 
psychodermatology organisations 


e Association of Psychoneurocutaneous Medicine of North America 
(APMNA): www.psychodermatology.us 

e European Society for Dermatology and Psychiatry (ESDaP): www 
._psychodermatology.net 

e Japanese Society of Psychosomatic Dermatology (JPSD): www.jpsd- 
ac.org/en 

¢ Psychodermatology UK: www.psychodermatology.co.uk 

¢ Skin Support: www.skinhealthinfo.org.uk 


All last accessed June 2022. 


Models of provision of psychodermatology 

services 

There are several models of how psychodermatology services are 

delivered, all of which are compatible with a psychodermatology 

MDT. These include: 

e A well-informed dermatologist who refers to a psychiatrist or 
psychologist when there is clinical need as a clinical adjacency. 


e A dermatologist who refers to a psychiatrist or psychologist who 
is in a remote clinic (who will be able to support and supervise 
decisions taken by a dermatologist). 

e A dermatologist who has a psychiatrist sitting in the clinic at the 
same time. Patients are seen by both specialists concurrently. 

e A dermatologist who has a psychologist as a clinical adjacency 
(psychologists rarely sit in on clinics with dermatologists or 
psychiatrists). 

The model where a psychiatrist and dermatologist see patients 
concurrently is optimal in managing disorders where there is a pri- 
mary psychiatric disorder presenting via the skin and the patient 
lacks insight. Such patients are difficult to engage with remote psy- 
chiatric or psychological assessment. 


Classification 

The classification of psychodermatological disease is useful, but 
more complicated than it may first appear [1]. The American Psy- 
chiatric Association has published the Diagnostic and Statistical 
Manual of Mental Health Disorders 5 or DSM-5 [2], the aim of which 
is to provide general categorisations and diagnostic criteria for 
psychiatric disorders. These manuals are tools for HCPs and do not 
represent a substitute for expert clinical opinion. The World Health 
Organization’s International Classification of Disease 10 or ICD-10 
offers a general classification of all diseases and has a section that 
relates to mental health disorders. ICD-11, the next version, was 
adopted by the World Health Assembly in 2019 and is available to 
implement but has not yet fully taken over and ICD-10 remains in 
widespread use in mental health services [3]. 


Psychological co-morbidities of chronic skin 
disease and the ‘golden rules 
of psychodermatology’ 
Psychological stress is an integral cause of skin disease either as 
an initiating or an exacerbating factor leading to increased disease 
morbidity (Chapter 15). It is therefore essential that the skin condi- 
tion is treated concomitantly with the psychological co-morbidities 
(or the psychiatric/psychological aetiology). Part of the essential 
treatment of concomitant psychiatric/psychological disease is the 
assessment of risk both to the patients and to others (self-harm 
and suicidality), which should be in one’s mind for every derma- 
tology consultation. Treating the skin disease without treating the 
psychiatric/psychological disease makes no sense and yet a lot 
of training in dermatology makes little reference to the treatment 
of psychological disease. Empathy and compassion are needed 
and help develop rapport and engagement. A non-judgemental 
approach facilitates trust. 

This leads to the ‘golden rules of psychodermatology’: 


1 Exclude organic disease. 

2 Appropriately assess and treat the dermatological disease at the 
same time as appropriately assessing and treating the psycholog- 
ical disease. 


The following four discussions of different diseases illustrate the 
principle. 


1 Atopic eczema. The complex biopsychosocial realities of living 
with atopic eczema are clear (see www.atopicskindisease.com 
for useful information; last accessed June 2022). Atopic children 
and adolescents show more anxiety, handle situations less well 
and are provoked to anger more readily. In school and college, 
the psychosocial issues of mixing in peer groups and making 
personal relationships may be blighted by feelings of stigma- 
tisation and disfigurement. Stress makes atopic eczema worse 
[1]. Psychotherapies have a part to play in the holistic (skin and 
psychosocial) treatment plan. 

2 Psoriasis. Psoriasis is much more than a skin disease. Functional 
magnetic resonance imaging (MRI) studies of patients with psori- 
asis show changes in the brain in response to ‘disgust’ images [2]. 
Anxiety, depression and suicidal ideation are more common than 
in patients with eczema, acne or alopecia [3]. Depression is par- 
ticularly significant and may remain undetected but is impor- 
tant because patients need to be treated holistically in order to 
improve [4]. Many patients indicate that stress triggered the onset 
of the skin disease, but the latent period between a significant life 
stress and the onset or exacerbation of psoriasis has been difficult 
to assess. The response to phototherapy in highly worried indi- 
viduals was almost half that of those who were deemed to have 
low worry and was constant for disease severity, disease dura- 
tion, gender, age and skin type [5]. 

3 Chronic urticaria. Chronic spontaneous urticaria has a significant 
effect on quality of life. It is significantly associated with depres- 
sion, dysthymia and anxiety. Psychological factors may be promi- 
nent at the onset and contribute to disease progression, and neg- 
ative coping may be associated with exacerbations [6]. 

4 Alopecia areata. There has always been a strong anecdotal belief 
that the onset and recurrence of alopecia areata are related to 
stress and major life events [7]. Management of the grieving 
process and the psychosocial implications of living with hair 
loss is very much part of managing the patient’s disease. Indi- 
vidual case reports continue to record success with individual 
psychotherapy and/or use of antidepressants, often selective 
serotonin reuptake inhibitors (SSRIs), and not always in the 
presence of clinical depression [7]. 


Stigmatisation, visible differences and coping 
strategies 
The word stigma referred originally to a mark or brand on Greek 
slaves, distinguishing them from those who were free. The term 
describes the situation of an individual who is disqualified from 
full social acceptance. The stigmatised individual is normal until 
rendered abnormal by societal views. These events may occur early, 
for example in those afflicted by congenital skin problems, or later 
in individuals with an acquired visible difference. However, stigma 
is not just confined to alterations in the visible body. Stigmatisation 
may be an issue following individual behaviours and social factors 
such as substance abuse and unemployment. Or it may be associ- 
ated with psychiatric disease. In addition, there are the population 
prejudices of ethnicity and religion. 

Common situations where stigma may be encountered by patients 
include the following: 
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e Physical visible differences: congenital naevi (e.g. port-wine 
stain), acquired visible differences such as vitiligo, widespread 
inflammatory skin disease, surgical or post-traumatic visible 
differences. 

¢ Behavioural and social factors: alcoholism and substance misuse 
and imprisonment. 

¢ Psychiatric disease and learning disabilities. 

¢ Race and religion. 

Stigmatisation in later life may present a different perspective 
because the patient has become a physical stranger to themselves. 
This is most striking and obvious in those who have developed 
disfiguring facial scarring, but is also as valid for the patient with a 
late-onset dermatosis or those who suffer the odour of hidradenitis 
suppurativa. Patients who experience stigmatisation often refer to 
the guilt and shame that inhibits them from seeking help. 


Stigma in psychiatry 
Some people may hold a negative image of those with mental illness 
[1]. As with skin disease, there is a traditional stereotyping from 
historical attitudes towards psychiatric patients. HCPs who do not 
work with psychiatric patients may be inexperienced in accom- 
modating the needs of this group. The importance of reducing the 
impact of stigmatisation [2] is better understood in relation to social 
exclusion theory, which holds that: 

1 Humans possess a fundamental motive to avoid exclusion from 
social groupings. 

2 Much social behaviour attempts to improve the chances of 
inclusion. 

3 Negative affect (including loneliness and depression) results 
when a person does not or cannot achieve a desired level of 
social inclusion [3]. 

The measurement of stigma in dermatology and psychiatry has 
tended to rely on general measures of mental health with depres- 
sion and anxiety scores, but also with psychometric measures of 
self-esteem such as the Rosenberg self-esteem scale. This has been 
used to assess stigmatisation in psoriasis and eczema as well as men- 
tal illness. Furthermore the stigma scale for mental illness [4], devel- 
oped to examine discrimination, disclosure and potential positive 
reactions to mental illness, demonstrated that stigma scale scores 
were negatively correlated with global self-esteem. Interventions in 
dermatological stigmata are concentrated on firstly the reduction in 
visibility, and secondly psychological-based approaches to forestall 
stigmatisation. 

A lot of research into stigma and dermatology is being developed, 
particularly through the work of the European Society for Derma- 
tology and Psychiatry (Box 84.2). This has led to a mapping of the 
stigmatisation of patients with skin disease and to the better devel- 
opment of assessment tools [5]. 

Help for the stigmatised begins with information control from 
both the physician and family. Self-help and contact with patient 
advocacy groups, such as Changing Faces in the UK, can be invalu- 
able (Box 84.3). Being part of a tolerant and informed grouping 
allows the expression of the normal developmental skills of the indi- 
vidual. Methods to change entrenched reactions within society to 
physical and psychological difference are more difficult to evaluate. 
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Box 84.3 Coping strategies suggested by Changing 
Faces 


3-2-1-Go! 
This prepares a patient with a visible difference with the following 
coping strategies: 
e Three things to do if someone stares at you: 
¢ Look back and smile 
¢ Look back, smile and say, ‘I’m sorry, do we know one another?’ 
e Ask them not to stare 
¢ Two things to say if someone asks you what happened: 
¢ ‘Thave askin condition but I'd rather not talk about it’ 
e ‘I’ve had psoriasis for a few years but it’s not contagious’ 
¢ One thing to think if someone appears to turn away: 
e ‘It’s ok, they didn’t mean any harm’ 


REACHOUT 

e R: reassurance — putting someone at their ease 

e E: energy — creating interest in what they are saying 

e A: assertiveness — taking the initiative 

¢ C: courage — being strong and taking control 

e H: humour - introducing fun or a joke 

¢ O: over there! — distracting away from the skin condition 

e U: understanding — being aware that seeing a skin condition can be 
difficult 

 T: tenacity — try again; use a different strategy if the first does not 
work 


From www.changingfaces.org.uk (last accessed June 2022). 


Disability, quality of life and assessment 

in psychodermatology 

Quality of life (QOL) is defined as an individual’s perception of 
their position in life in the context of the culture and value sys- 
tem in which they live and in relation to their goals, expectations, 
standards and concerns. It is a broad-ranging concept, affected in 
a complex way by the person's physical heath, psychological state, 
level of independence and social relationships and their relation- 
ship to salient features of their environment [1]. Dermatologists 
increasingly understand that physical disease and QOL are inti- 
mately, but not linearly, associated. Patients with skin disease are 
often very clear that their condition has an impact on their lives. 
This impact may be huge or relatively minor. The amount of skin 
disease, though, does not correlate with the extent of psychosocial 
co-morbidity; nor does greater disease extent and longevity neces- 
sarily correlate with a lower QOL. This highlights the complexity 
and individuality of the illness experience which many factors 
contribute to — risk factors which are associated with increased 
difficulty in coping and resilience factors which are protective and 
associated with better adjustment [2,3]. 

Managing patients holistically means that clinicians must be able 
to assess how the patient is feeling and what the impact of their 
disease is on their QOL. Assessments may be unstructured follow- 
ing Socratic question principles (i.e. open-ended questions such as 
‘How are you feeling’ or ‘How are you coping at the moment’, while 
maintaining techniques of active listening such as affirmative nod- 
ding or paraphrasing the patient’s replies to questions), or may be 


done using validated and reproducible tools (Box 84.4) [4]. There is a 
growing interest in cumulative QOL assessments (i.e. lifetime QOL). 


Box 84.4 Validated tools to measure quality of life 
(QOL) 


Dermatology-specific (but non-disease-specific) tools 
¢ Dermatology life quality index (DLQI) 
e Skindex 16 and 29 


Dermatological disease-specific tools (usually validated for physical 
and psychosocial disease extent) 

¢ Cardiff acne disability index 

¢ Simplified psoriasis index 

e SCORAD (eczema) score 

¢ Vitigol (vitiligo) 

¢ Rosaqol (rosacea) 

e¢ HydroQOL (hyperhidrosis) 


Measurements of the impact of skin disease on carers and younger 
patients 

¢ Children’s dermatology life quality index (CDLQI) 

¢ Family dermatology life quality index (FDLQI) 


There are some very short screening tools; for example the gen- 
eralised anxiety disorder (GAD) two-question screen. If a patient 
answers affirmatively for either of the following questions, further 
assessment may be important: 


Question 1 During the past 4 weeks, have you been bothered by 
feeling worried, tense or anxious most of the time? 

Question 2 Are you frequently tense, irritable and having trouble 
sleeping? 


These questions are used extensively in research, but are becom- 
ing increasingly important in everyday dermatology practice as they 
offer a standardised snapshot of patient psychosocial well-being 
(some research results also include scores of disease extent). There 
is an increasing recognition that it is not just the life of the patient 
affected by a skin disease, but also the lives of family, partners, car- 
ers and loved ones who are often affected by the patient’s journey 
through treatment. Assessing the impact of disease on partners and 
family is crucial to the well-being of the patient. There is a growing 
interest in cumulative QOL scoring and meta-analyses of QOL 
tools. 

There is also an increasing interest in QOL assessments partly 
driven by developments within psychodermatology, and the devel- 
opment of newer medicines (usually biologics) for the treatment 
of otherwise difficult-to-treat dermatological conditions (e.g. the 
use of Janus kinase (JAK) inhibitors in the treatment of nodular 
prurigo). These developments are leading to a greater interest in 
disease-specific validated and reproducible QOL tools. However, 
the tools must be: 
¢ Relevant to the disease. 

° Validated. 

¢ Reproducible. 

¢ Uniform. 

e Standardised where possible. 

e Translated and back translated to other languages. 


It would be very useful for QOL tools to be standardised and inter- 
nationally agreed, particularly so that research using QOL tools is 
able to use the same QOL findings between different studies [5]. 


DELUSIONAL BELIEFS CC 


A true primary delusion is a false, unshakeable belief that arises 
from internal processes in a patient, which are not amenable to logic 
and are out of keeping with the person’s educational and cultural 
background. Primary delusions can be an isolated phenomenon (a 
monosymptomatic hypochondriacal psychosis such as delusional 
infestation) or part of a broader psychosis (e.g. schizophrenia). A 
secondary delusion more commonly occurs with affective disorder 
and the delusion is secondary to the mood (e.g. a nihilistic delusion 
in severe depression may influence the patient into believing that 
their skin is rotting away). The intensity with which a delusional 
belief is held may be variable. Delusional infestation, for example, 
may arise as an overvalued idea, and this somewhat less intensely 
held belief may be more amenable to negotiation and reason [1]. 


Delusional infestation 


Introduction and general description 
Delusional infestation (DI) is an uncommon, but very disabling, 
condition where the patient is convinced that they are infested with 
a mite, parasite, bacteria, worm, insect, virus or animate material 
[1,2]. As this is a delusional disorder, the patient will hold this 
belief unshakeably and very often tenaciously. The patient believes 
wholeheartedly that they are infested even though no infesting 
organism or material can be found by clinicians. Although delu- 
sions are usually unshakeable and fixed, a few patients present with 
an overstated ideation of infestation (i.e. the patient believes that 
it is possible rather than being unshakeably convinced that they are 
infested despite all evidence to the contrary). Patients with DI will 
usually present to dermatologists and be extremely reticent about 
seeing psychiatrists; they will frequently consume large amounts of 
resources having often seen a wide range of HCPs while remaining 
unengaged with treatment [2]. Some special forms of DI exist: 

e Dl as a shared delusion (folie a deux, etc.). Family members, carers 
and friends may believe that they too are infested, or delusionally 
share the belief of the individual who is presenting with DI. This 
is common. 

e DI by proxy. Patients complain that their child, pet or friend is 
infested despite all evidence to the contrary. 

DI may be primary (no underlying cause is found) or secondary 

(to concomitant organic or psychiatric disease). Approximately half 
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of patients presenting with DI will have secondary DI. The condi- 
tion is usually a monosymptomatic delusion in that most patients 
hold no other delusional beliefs (as in, for example, schizophrenia). 
Occasionally, patients may have other delusional ideations (usually 
when the DI is secondary to a co-morbid psychotic disease). Most 
patients can ‘see’ the infestation but some remain uncertain whether 
what they see is actually the infesting organism or some other mate- 
rial. Patients are often isolated and have lived with their disease for 
a long time. Many fail to be engaged with HCPs, as the latter may 
try to reason that the disease is ‘all in their head’. However, patients’ 
lives can be extremely disabled by their disease and they often find 
themselves unemployed, in debt (e.g. some patients, in an attempt 
to rid their home of the infesting organisms, repeatedly buy new fur- 
niture and carpets), isolated (as loved ones may become more and 
more exasperated) and distraught (many patients go to great lengths 
to wash or clean their bodies). 

The terms used prior to DI are now inappropriate as they refer to 
‘phobias’ (DI is a delusional not a phobic disorder) and ‘parasitosis’ 
(DI patients present with a range of infesting organisms and animate 
material, not just parasites). 


Epidemiology 

Incidence and prevalence 

These are unknown, but are estimated at 17 per million people per 
year, although this is probably an underestimate. 


Age 

Delusional infestation can occur at any adult age but the peak 
incidence is said to be in 50-year-olds. It is rare in children although 
shared delusions in the children of patients with DI have been 
reported. 


Sex 

The occurrence of DI is probably equally distributed in the sexes (as 
affected men present to clinicians much less with this disease than 
women do), but is reported to occur ina ratio of male : female 1 : 2.5. 


Ethnicity 
Delusional infestation is found in all ethnicities. 


Causes 

Delusional infestation may be: 

¢ Primary (ie. no underlying identifiable cause); this occurs in 
approximately 30% of all cases. 

¢ Secondary to organic disease (Table 84.1); this occurs in approx- 
imately 60% of all cases. In many departments recreational drug 
usage accounts for 25-33% of all cases (Figure 84.1). Patients who 
have a recreational drug habit leading to their DI may not admit 
to using recreational drugs [3]. 

¢ Secondary to, or part of, a known psychiatric delusional disease 
(e.g. schizophrenia or bipolar disease) (Table 84.1); this occurs in 
approximately 5% of all cases. 

e Jatrogenic. Some patients develop secondary organic DI as a 
consequence of medication, especially opiates and dopaminergic 
medication, commonly antiparkinsonian dopaminergics; this 
occurs in approximately 5% of all cases. 
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Table 84.1 Diseases associated with or causing delusional infestation (Dl). 


DI secondary to 
organic disease 


DI secondary to 
Primary DI psychiatric disease 
Substance abuse (Figure 84.1) 
Alcohol 


Schizophrenia 

Bipolar depression with psychotic 
symptoms 

Borderline personality disorder 

Anxiety disorder 


No underlying 
disease 


Recreational drugs 

Prescribed medications, e.g. 
antiparkinsonian medication 
such as ropinirole, opioids 

Infections 

Tuberculosis 

HIV 

Endocrine disorders 

Thyroid disease 

Cancer 

Tumours 

Haematological cancer 

Chronic or acute liver disease 

Renal failure 

Metabolic disease 

Vitamin B,, deficiency 

Autoimmune disorders 

Systemic lupus erythematosus 

Multiple sclerosis 

Brain disorders 

Cerebrovascular disease 


Parkinson disease 


Figure 84.1 Excoriations in delusions of parasitosis in an amphetamine addict. 


Pathophysiology 
The pathophysiology of the DI depends on the cause. For example 
where there is a recreational drug habit, the brain biochemistry — for 
instance certain dopamine pathways — is altered; this may lead to 
hallucinations. 
Hallucinations [4] may be: 
¢ Tactile. Patients with DI, particularly secondary to certain drugs, 
will describe formication (sensations of crawling on the skin), 
itch, pain and burning sensations of the skin or the subcutaneous 
tissues. 


e Visual. Many patients will see black dots and moving small mate- 
rial on their skin. 

e Auditory. Some patients describe ‘crackling’ sensations, especially 
when they rub strands of haizr. 

¢ Olfactory. Patients may notice an unpleasant smell, although this 
is usually with the olfactory reference syndrome. 

Many patients describe an initiating event. This can be a real insect 
bite, a misinterpretation of a real perception (an illusion) or a true 
hallucination (sensory experience in the absence of a sensory stimu- 
lus). Rather than dismissing the misinterpretation of an infestation, 
altered reasoning may occur (which may have a genetic and/or 
neurological basis), which leads the patient to believe there is a 
true infestation. Functional MRI in DI patients indicates that there 
may be abnormalities in the cortical and mid-brain areas associated 
with the interpretation of perceptions [4]. The involvement of the 
dopaminergic mid-brain structures and the therapeutic efficacy of 
antipsychotic D,-dopamine antagonists may indicate dopaminergic 
dysfunction in DI. For patients with DI secondary to organic disease, 
there is often a reason why brain function may be compromised. 


Predisposing factors 

e There may be a genetic predisposition for patients with primary 
DI and DI secondary to psychiatric disease [2]. 

e Patients with DI may be more likely to be socially isolated (partic- 
ularly those with primary DI where checks of probabilistic think- 
ing from family and friends may not be readily available). 

e There may be iatrogenic causes (particularly the use of opiates 
and antiparkinsonian medication). 

e Recreational drug usage (although patients may not admit that 
they have a recreational drug habit) [3]. 

¢ Other causes of secondary DI. 


Pathology 

A skin biopsy is best avoided except to exclude other cutaneous dif- 
ferential diagnoses. Skin biopsies taken at the request of the patient 
to ‘look for the bug’ and which show no pathological evidence of an 
infestation are unlikely to satisfy the patient. Histology (if available) 
shows cutaneous excoriations or external trauma at various stages of 
the healing process. Other investigations are outlined here according 
to the clinical picture. 


Clinical features 

History 

The diagnosis of DI is usually not difficult and is initially consid- 
ered following the history alone. Patients present with a belief that 
they are infested by an organism or animate material. They will 
often describe itching, biting, burning or crawling sensations on 
the skin that may be localised or generalised. These sensations may 
be intermittent or, more often, persistent and disabling. Patients 
often make great effort to prove the infestation (see section on the 
‘specimen sign’) [5]. 


Engagement of the patient 

Although the diagnosis is usually straightforward, engaging the 
patient is more challenging. A negotiation around the validity 
of the patient’s experience and attempts to question the nature 
of what they are experiencing may not engage and indeed may 


Figure 84.2 Patient with delusional infestation. The linear pressure marks on the legs 
are where the patient applied elastic bands to stop the ‘worms’ from travelling up his leg 
beneath the skin. 


alienate them. Patients with DI are frequent ‘doctor shoppers’ and 
will react angrily or even complain to regulatory authorities if their 
experience is challenged (even if very sympathetically). Engage- 
ment of the patient is exceptionally important. It is crucial that HCPs 
carefully examine the skin of patients with suspected DI for several 
reasons [2]. Firstly, it is important to check for a genuine infestation. 
Secondly, it is important to exclude differential diagnoses and to 
look for clinical evidence of secondary causes of DI. It is essential for 
the patient to experience the clinician checking for an infestation, 
thereby confirming that their symptoms are being addressed. On 
examination, patients often have localised or generalised excoria- 
tions, erosions and sometimes ulceration. These skin changes are 
produced in an attempt to extricate the organism, usually with the 
fingernails, but occasionally nail files, scissors, needles, penknives, 
tweezers and nail clippers. Some patients go to much greater lengths 
to eradicate the perceived infestation by using surgical implements, 
handicraft knives and chemical corrosives (Figure 84.2). These can 
inflict significant damage. Occasionally there are no physical signs, 
but the patient will still maintain that the infestation is present and 
the itching /biting /stinging sensations are there. 


Differential diagnosis 

Differential diagnoses include: 

e A genuine infestation. 

¢ Causes of generalised pruritus (Chapter 81). 

¢ Immunobullous disease (usually this is easily distinguished from 
DI by the clinical picture). 

¢ Organic disease that leads to secondary DI. 

Part of another psychiatric disease (e.g. schizophrenia). 
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Complications and co-morbidities 

Coexistent affective disease (anxiety, depression or both) is common 
in patients with DI. Assessing psychosocial co-morbidities is impor- 
tant. There is a considerable (but not fully charted) risk of suicide in 
patients with DI. Bacterial superinfection of excoriations and irritant 
dermatitis (e.g. from the patient’s own use of cleansing agents) are 
common. Some patients create severe ulcers and extensive erosions 
from attempts to eradicate perceived organisms. 


Disease course and prognosis 

The crucial step in managing DI is engagement of the patient [6,7]. 
As with all psychodermatology disease, HCPs should treat the skin 
and the psychological disease concurrently (the ‘golden rules’). 
Psychodermatology specialist centres are probably the best places 
to treat patients with DI, and most psychodermatologists will try to 
commence a treatment plan at the first appointment although this 
is not always possible. Treatment is usually continued for several 
months until the delusion has settled. Patients at this stage will tell 
clinicians that the infesting organisms have ‘gone’. Treatment of 
substance abuse and co-morbid affective disease may be necessary. 
Treatment may be withdrawn slowly a few months after the delu- 
sion has disappeared [7,8], but recurrence of DI symptoms may 
occur in up to 33% of patients (especially those who have not man- 
aged to control their recreational drug and alcohol abuse). Reported 
adherence to medication is good once engagement of the patient is 
established [7], but this may be in specialist centres with extensive 
experience of managing patients with DI. The prognosis in these 
centres is favourable, with up to 75% of patients responding to 
treatment. Suicide is always a risk in patients with DI, and clinicians 
must be aware of local services to which suicidal patients can be 
referred urgently [9]. 

The prognosis is good if the patient is engaged. A proportion of 
patients will remit despite no medication (this is true for all delu- 
sional disease, as up to one-third of patients resolve their delusions 
spontaneously). A proportion of patients with DI will refuse to 
engage, and it is probably best if the HCPs persist with explaining 
the benefits of medication. For those who simply will not engage 
with any HCPs, an MDT approach to assess the patient’s risk to 
themselves and others may be necessary. It is clear that patients 
who remain untreated with antipsychotic medication have a smaller 
chance of responding to any medication [10]. 

Some colleagues check prolactin levels to assess adherence to 
antipsychotic medication (prolactin levels will increase with many 
newer antipsychotics) [11]. 


Investigations, testing for recreational drugs and the 
‘specimen sign’ 

Patients with DI will usually be keen to prove their infestation. 
Many will bring along specimens of the organisms that they believe 
are infesting them (Figure 84.3). This used to be called the ‘matchbox 
sign’, but more recently clinicians have recognised that patients may 
have access to sophisticated equipment and may bring along hi-tech 
audio or computer images of material they have themselves anal- 
ysed. This has been termed the ‘specimen sign’ [5]. It is imperative 
that these specimens are taken seriously and carefully reviewed 
by clinicians. Skin debris and specimen material may be analysed 
for human pathogens by microscopy in the local microbiology 
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Figure 84.3 (a) Container brought in by a patient with delusional parasitosis. (b) 
‘Specimen sign’ for delusional infestation. 


laboratory. A catalogue of normal results will assist the patient 
in understanding that the clinician understands their experience 
and continues to seek and exclude a genuine infestation. Patients 
may repeatedly canvass clinicians to take skin biopsies to prove 
the infestation, and be dissatisfied with biopsies that fail to show 
a genuine infestation. Otherwise, investigations may be led by the 
clinical picture. A pruritus screen is undertaken routinely in some 
centres, but investigations that are informed by the clinical picture 
are usually acceptable. Assessment of coexistent affective disease 
and suicidality is imperative and careful assessment of recreational 
drug and alcohol usage is important. 


Many psychodermatology units will now also routinely ask 
patients for permission to test for recreational drug usage. The 
techniques for this are discussed in Chapter 120. There are patients 
who use recreational drugs, but are embarrassed or ashamed to 
admit to the habit. 

Some departments will take a baseline prolactin level so that objec- 
tive assessments of any rise in prolactin after taking certain antipsy- 
chotics will help assess effective adherence to medication. 

Finally, investigations, according to clinical picture, to exclude 
organic disease may be necessary. 


Management 

General principles of management 

Engagement of the patient is crucial in the management of DI [12]. 
HCPs must develop a sympathetic, understanding approach to the 
patient. It is usually futile to try to dissuade patients of the validity of 
their infestation. Instead it is better to let the patient know that you 
understand the difficulties that they are experiencing, and that you 
have successfully looked after patients with similar disease. Patients 
with DI are often extremely debilitated by their disease. Many strug- 
gle to maintain relationships and employment and many end up 
considerably in debt because they have spent so much money trying 
to eradicate their perceived infestation from themselves and their 
homes. 

Research in DI is difficult and very few randomised controlled 
clinical trials exist. Evidence tends to come from case series and is 
eminence based rather than evidence based. The choice of antipsy- 
chotic medication is often based on patient age, co-morbidities and 
lifestyle rather than any direct comparison of efficacy. Most psy- 
chodermatologists now avoid pimozide due to its cardiotoxic risks. 
Instead, most recommend atypical antipsychotics as the first line of 
treatment, together with treatment of the skin and any co-morbid 
affective disease (Figure 84.4). 

Many patients will accept medication to help their distress even 
though it is not directed at the eradication of the ‘parasites’. If 
broached in terms of using a medication that ‘has helped others 
before’ and ‘getting started to help in some way’ or ‘to help with 
the sensations in the skin’, psychotropic medication may be com- 
menced in the dermatology clinic by experienced physicians [13]. 
Management is ideally effected with close liaison between derma- 
tology and psychiatry. It is mandatory to refer to a psychiatrist 
immediately if there is any indication of risk of suicide. Adherence 
to medication is actually very good once the patient is engaged with 
medication, as is the prognosis. 

In the UK the British Association of Dermatologists has recently 
developed and published guidelines for the management of delu- 
sional infestation [14]. 


First line 

First line management of patients with DI includes an MDT 
approach and managing the skin, delusional belief and the risk of 
harm at the same time (Box 84.5) [15]. Antipsychotics in very low 
doses are the first line of pharmacological treatment. Clinicians will 
need to explain to patients that the use of these medications is in 
very low doses and not the doses usually used for the management 
of conditions such as schizophrenia. Clinicians may also need to 
engage local pharmacies as patients may leave the clinic engaged 
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Antipsychotics 


Schizophrenia | Depression Chronic Brain Other 
intoxication disorder medical 
condition 
Antipsychotics {Antidepressant | Abstinence Treat underlying disease + 
+ + antipsychotics 
Antipsychotics | Antipsychotics (symptomatically, except 
in dementia-related psychosis) 


2. Local treatment of skin 


Figure 84.4 Management algorithm for delusional 3. Stop pruritogenic medication. 
infestation. Reproduced from Lepping et a/. 2014 4. Treat pruritus with emollients, antihistamines and occasionally phototherapy. 


Assessments and basic measures: 
1. Assess carefully for suicidal ideation and refer to psychiatrists if found. 


lesions and superinfections. 


[12] with permission of John Wiley & Sons. 


and then become disengaged when other colleagues/HCPs chal- 
lenge the use of antipsychotics. There is only one (fairly poor) 
randomised controlled clinical trial of pimozide versus placebo. 
However, atypical antipsychotics are probably more effective and 
have a better side effect profile than conventional antipsychotics 
[7]. The antipsychotic rispiridone is both a dopamine blocker and a 
serotonin antagonist and has proved of use in doses of 1-8 mg per 
day [8], but usually only small doses <3 mg are required. Olanza- 
pine has a higher affinity as a serotonin blocker than a dopamine 
antagonist and can be effective in surprisingly small doses. The 
choice of the antipsychotic depends on the clinical picture and 
the patient’s co-morbidities, which is why an MDT approach is 
preferred [15]. 


Box 84.5 Management of delusional infestation 


e Engaging the patient 

e Educating the patient about your understanding of how difficult the 
condition is for them 

e Managing the patient via a multidisciplinary team (MDT) where 
possible [14] 

e Assessing the patient for affective disease and suicidal ideation 

e Assessing the patient for recreational drug usage 

e Treating the skin appropriately and according to the cutaneous 
physical signs 

e Treating the delusional belief and the skin sensations, usually with 
an antipsychotic in very low doses 

¢ Considering the treatment of any affective or psychiatric disease 

e Assessing the risk to others and managing that accordingly (e.g. 
safeguarding issues) 

¢ Communicating with primary care colleagues 

¢ Referring to drug and alcohol rehabilitation schemes if appropriate 
and agreed by the patient 

e Accessing a regional/national MDT if the patient complains or is 
litigious or there is particular complexity 

e Treating early in the course of the disease is important as the longer a 


patient remains untreated, the poorer the clinical outcome [10] 


Treatment ladder for delusional infestation 


All patients 

¢ Topical treatment is desirable and is chosen according to 
clinical need, e.g. emollients, dressings 

e Assessment of risk, suicidality and affective disease 

¢ Referral to substance abuse unit if appropriate 

¢ Topical antiseptics and/or oral antibiotics if a genuine 
bacterial superinfection is established 


First line 
e Antipsychotics (choose according to the lifestyle of the 
patient): 
e Risperidone (0.5-4 mg) 
e Olanzapine (2.5-10 mg) 
e Amisulpride (50-400 mg) 
¢ Quetiapine (25-100 mg) 
e Aripiprazole (5-15 mg) 
e Antidepressants (usually SSRIs) if depressive disorder is 
the underlying cause of DI 
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Second line 
e Antidepressants (usually SSRIs) if there is coexistent affective 
disease 


Third line 

e Psychotherapy has its advocates but patients may not adhere 
to this line of treatment 

¢ Phototherapy occasionally may be helpful and facilitates 
support from well-informed nurses 


Complaints and litigation 

Patients with DI can be very challenging. They may have seen a 
lot of HCPs and have been either dismissed or disengaged. As a 
consequence, HCPs managing patients with DI may be subject to 
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complaints and litigation [16]. It is really very important that gov- 
ernance and regulatory bodies recognise this, as HCPs acting with 
all good intent may find that they become burned out, or are subject 
to persistent complaints from patients. There are emerging regional 
and national MDT support bodies in psychodermatology, so that 
HCPs can share their experience, expertise and well-being with col- 
leagues managing patients with complex disease. 


Resources 


Clinician resources 
Ahmed et al. 2022 [14]. 


Patient resources 

Mind: www.mind.org.uk. 

Samaritans: www.samaritans.org. 

Skin Support: www.skinsupport.org.uk. 
(All last accessed June 2022.) 


Olfactory delusions —l §s§s SK 


Introduction and general description 

Olfactory reference syndrome (ORS) is similar to DI in that it is a 
monosymptomatic delusional hypochondriasis (single symptom 
delusional belief which mimics a perceived illness). It is one of 
several unique primary psychiatric disorders that present to derma- 
tologists. Published descriptions of ORS date back to the late 19th 
century and cases have been reported across the globe. The term 
ORS was coined by Pryse-Phillips [1] who described the condition 
as follows: ‘The association of an “intrinsic” smell hallucination and 
a “contrite” reaction in the absence of a history of preceding depres- 
sion’ (although anxiety and depression may be a consequence of 
ORS). ORS is probably a spectrum of different disease presentations 
and there remains some discussion about its classification. Patients 
may present with a true delusional and hallucinatory illness, but 
some may present as part of a body dysmorphic disease (BDD) or 
obsessive-compulsive disorder (OCD). 

Characteristically, the smell in ORS is described as being emit- 
ted from the patient — that is, intrinsic as opposed to extrinsic 
(the latter commonly described by patients with temporal lobe 
epilepsy or schizophrenia). The term ‘contrite reaction’ has been 
described in more recent literature as a ‘preoccupation with body 
odour’ where patients may become sensitive to ideas of reference 
(e.g. people holding/scratching noses or opening windows), have 
a sense of shame and excessively wash themselves and change 
clothing, become socially withdrawn and in some cases suffer 


mild depression [2]. Hallucinations of various types occur as part 
of many disease processes; in ORS, however, the hallucination is 
olfactory only. It is accepted that persistent preoccupation with 
body odour may be seen in certain psychiatric illnesses or may 
be associated with organic brain injury and such disorders must 
therefore be excluded when diagnosing ORS [3,4]. 

Dispute has surrounded the classification of ORS [5]; this is 
largely due to the presence of the primary symptoms in other con- 
ditions. Most regard ORS as a delusional disorder with similarities 
to BDD. Since the behaviours that describe the contrite reaction 
are commonly seen in obsessed patients, the question has arisen 
as to whether or not ORS is in fact a variant of OCD. Much of the 
published literature is in the form of case reports, which makes 
this investigation more difficult; however, particular patterns have 
emerged and young males without any concurrent psychiatric 
disorder have been identified as the most frequent presenters. 


Epidemiology 

This is a rare condition, which is more common in young male adults 
(male : female 4.5 : 1) and occurs in all ethnic groups. Associated 
diseases include: 

e Depression (especially with nihilistic symptoms). 

e Other affective disease. 

e Delusional infestation. 

e Recreational drugs. 

¢ Multiple sclerosis. 

¢ Obsessive-compulsive disorders. 

¢ Body dysmorphic disease. 

e Dementia. 

e Temporal lobe epilepsy. 


Pathophysiology 

Olfactory reference syndrome is poorly researched and the patho- 
physiology is not understood [6]. There are some clues, though, from 
case reports. People with ORS may present at the onset of demen- 
tia, and some cases are precipitated by dopaminergic medication for 
Parkinson disease. There are some patients who present with ORS as 
part of other psychiatric diseases. It has been suggested it could be 
seen as an anxiety-related disorder similar to post-traumatic stress 
disorder but with sensory olfactory symptoms [7]. 

ORS may be primary or secondary (as with DI). Primary ORS has 
no underlying cause. Secondary ORS is secondary to organic disease 
such as multiple sclerosis, temporal lobe epilepsy or recreational 
drug usage. It may also be secondary to depression, particularly that 
where the patient is convinced of their own worthlessness. 


Clinical features 

Patients will usually present with a long history of experiencing an 
unpleasant smell either from a specific part of the body or from all 
over the body [8]. The smell is almost always unpleasant and may 
be faecal, putrific, sweaty, metallic or acrid. Patients will usually go 
to great lengths to cleanse themselves of the smell and will reject any 
suggestion that it is not experienced by other people. Some patients 
have organic brain disease and others will have features of BDD, 
OCD or both. 

Box 84.6 lists the proposed criteria for diagnosing ORS [9]. 
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Box 84.6 Proposed criteria for diagnosing the 
olfactory reference syndrome (ORS) 


¢ ORS is a preoccupation with body odour or halitosis that persists 
despite reassurance that it is not perceived by others 

e It is seen in someone who recognises that the preoccupation is 
unreasonable or excessive 

¢ It causes significant distress or impairment in function 

¢ It is not secondary to another disorder (e.g. depression, anxiety 
disorders) or a consequence of substances or other organic cause 

e It can be described as ORS with ‘poor insight’ where the person only 
at times recognises the preoccupation as excessive / unreasonable. 
However, in these cases, care must be taken not to miss a psychotic 
disorder 


Adapted from Lochner and Stein 2003 [9]. 


Differential diagnosis 

There are a number of possible differential diagnoses: 

e A genuine body odour. 

e Trimethylaminuria (fish odour syndrome): the patient has a 
genetic amino acid metabolic syndrome caused by abnormali- 
ties of the production/function of the ezyme flavin containing 
mono-oxygenase 3, which leads to the build-up of trimethylamine 
(TMA) in body fluids. The ability to smell TMA objectively is 
genetic and variable. Urine analysis for TMA (usually compared 
with TMA oxide) is helpful in establishing the diagnosis. 

¢ Temporal lobe epilepsy (olfactory hallucinations are common). 

¢ Other organic brain disease: dementia, Parkinson disease, brain 
tumour. 


Investigations 

Urinalysis should be used to exclude trimethylaminuria. Clini- 
cal examination and then appropriate neurological investigations 
should be performed as indicated. HCPs may consider MRI of 
the brain and/or investigating for temporal lobe epilepsy where 
clinically appropriate. 


Management 
Management is informed by case reports and case series only [8-10]. 
Treatment of the underlying BDD or OCD is the prime objective for 
some patients; treatment of any causative neurological disease is a 
similar priority. 


Treatment ladder for olfactory delusions 


First line 

e Antidepressants (usually SSRIs) together with appropriate 
treatment of the skin (this may be asking the patient to wash 
less often) 

e Low-dose newer antipsychotics (see ‘Delusional infestation’ 
earlier in this chapter) according to the patient’s clinical 
picture 


Figure 84.5 Sample of the fibres that a patient with Morgellons disease brought to 
clinic. 


Second line 

e Atypical antipsychotics in lower doses 
e Higher doses of SSRI 

e Duloxetine 


Third line 

¢ Cognitive-behavioural therapy (although many believe this 
to be an important adjunctive first line therapy) 

e Eye movement desensitisation and reprocessing (EMDR) [7] 


Morgellons syndrome -— (S/he 


Introduction and general description 

The Morgellons were described by Sir Thomas Browne in 1674 
in a population from Languedoc [1], one of whose characteristics 
was the development of a hairy back. In 2001, a biologist whose 
2-year-old child developed sores on the skin discovered that the 
multicoloured fibres that she stated were coming from her child’s 
lesions were undiagnosable by the many physicians she consulted. 
Nevertheless she chose the name Morgellons to entitle a syndrome, 
set up a research foundation, raised funds and generated vast media 
and Internet interest. 


Clinical features 
The phenomenon comprises: 
¢ Sensations of crawling, stinging and biting under the skin. 
Sores that do not heal. 
Fibre-like filaments, granules and crystals that appear on or under 
the skin lesions (Figure 84.5). 
Joint and muscle pain and fibromyalgia. 
Debilitating fatigue. 
¢ Cognitive dysfunction, poor concentration and memory. 
Many dermatologists point to the commonalities between this 
constellation of symptoms and patients with DI [2]. Even so, an 
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examination of websites shows that patients who live with Morgel- 
lons disease are certain this is not the case and that ‘Morgellons 
disease’, as yet unrecognised, really does exist. The Morgellons 
Foundation has suggested that Lyme disease is to blame as well 
as agricultural filamentous yeasts, but the US Center for Disease 
Control set up an independent study to evaluate the phenomenon, 
and has concluded that there is no objective evidence for the 
‘unexplained dermopathy’ [3-5]. 


Management 

Treatment responses to pimozide and risperidone have been 
recorded, together with treatment of the skin with topical antisep- 
tics, systemic antibiotics and (sometimes) phototherapy. 

Most dermatologists consider Morgellons to be a variant of DI 
and assess and manage the patients accordingly. As mentioned in 
the DI section, pimozide is no longer recommended due to cardiac 
side effects so atypical antipsychotics are favoured. The web-based 
connectivity of patients with Morgellons disease means that many 
patients actively refute that Morgellons is a delusional disease [6]. 


Resources 


Patient resources 


Skin Support: www.skinhealthinfo.org.uk. 
(Both last accessed June 2022.) 


OBSESSIVE AND COMP 
BEHAVIOUR 


Studies of obsessive-compulsive behaviour in dermatology 
out-patients estimate that it is present in up to 25% of patients 
(background prevalence in general population up to 3% of adults), 
but this may include some with BDD [1,2]. However, excluding 
this group there were still up to 15% who have other obsessive— 
compulsive behaviours such as [1,3]: 

¢ Body dysmorphic disorder. 

e Lichen simplex chronicus. 

¢ Nodular prurigo. 

¢ Skin picking disorder. 

e Acné excoriée. 

¢ Trichotillosis. 

¢ Onychotillomania and onychophagia. 

¢ Health anxieties. 

The general principles of treatment are as follows. 

1 An empathetic, supportive approach from HCPs is essential. 

2 Try to find out why the patient has the ‘habit’. 

3 Never attempt to tell the patient that it is ‘all in their head’ or 
that they ‘need to snap out of it’. 

4 Psychotherapy can produce significant improvement. Cognitive— 
behavioural therapy (CBT) alone has helped some patients, 
although the management of underlying personality difficulties 
may require the specific skills of a psychotherapist. 

5 Habit-reversal programmes may be useful. These can be 
accessed online or via self-help material. 


6 Selective serotonin reuptake inhibitors can be helpful. Usually 
patients need be encouraged to start treatment with explana- 
tions that the benefit will only start to be realised after 4-6 weeks. 
Higher doses may be necessary but maximal recommended 
doses must not be exceeded. 

7 The A-B-C model of habit disorders — (i) affect regulation, (ii) 
behavioural regulation, and (iii) cognitive control — makes use 
of all modalities to help patients conceptualise and manage skin 
picking behaviours. 

8 Treatment is always based on appropriate treatment of the skin 
together with treatment of the associated psychological disease. 

9 Complex disease is best managed by a psychodermatology 
MDT. 

10 Second and third line treatments should be initiated by a psy- 
chodermatology MDT or through appropriate specialists. 


Body dysmorphic disor 


ce the condition is not a ‘phobia’) 
t not used since this term is inaccurate) 


Introduction and general description 

Few of us believe that our skin/body is perfect and many of us 
tolerate our imperfections. Patients with BDD form a spectrum 
whereby their perception of an aspect of their appearance impacts 
on their lives to a greater (and sometimes very extreme) or a lesser 
extent. BDD is characterised by a preoccupation with a real or 
imagined defect (for criteria see Box 84.7) in physical appearance, 
or if there is a slight physical anomaly concern is out of proportion. 
There is a spectrum from patients with overvalued ideas to those 
whose beliefs are held with delusional conviction. The defect that 
the patient experiences may seem trivial to objective assessors, but 
for them it is a major focus of their consciousness [1,2]. 


Box 84.7 DSM-5 Definition of body dysmorphic 
disorder (BDD) [14] 


¢ Preoccupation with one or more perceived defects or flaws in physical 
appearance that are not observable or appear slight to others 

e At some point during the course of the disorder, the individual has 
performed repetitive behaviours (e.g. mirror checking, excessive 
grooming, skin picking, reassurance seeking) or mental acts (e.g. 
comparing their appearance with that of others) in response to the 
appearance concerns 

¢ The preoccupation causes clinically significant distress or 
impairment in social, occupational or other areas of functioning 

e The appearance preoccupation is not better explained by concerns 
with body fat or weight in an individual whose symptoms meet 
diagnostic criteria for an eating disorder 


BDD is surprisingly common, occurring in 1-2% of the general 
population [3]. It is more common in patients seeking aesthetic and 


cosmetic surgery [4]. There is a high degree of co-morbidity with 
mood disorders, OCD and social phobia. This is a difficult group of 
patients to treat, one of the main obstacles being that most patients 
lack insight and will not accept psychiatric treatment or referral. 
Patients may have ideas of reference (believing that their ‘defect’ has 
been noticed by others and believing that other people’s behaviour 
has been modified after witnessing the ‘defect’). BDD is very dis- 
abling for the patient, and for those around them, since the focus 
on their perceived defect seems illogical but is also unshakeable. 
Co-morbid affective disease is common, as is suicidal ideation (up to 
25% of patients will act on their suicidal ideation) [1]. Patients are 
therefore best seen in a joint psychodermatology clinic where pos- 
sible. There are screening tools for HCPs to identify patients with 
BDD (especially for those patients seeking cosmetic surgery as the 
surgery may not address the primary BDD pathology). 


Epidemiology 

Age 

Body dysmorphic disorder often starts in adolescence but may 
affect any age group. It is often linked to low self-esteem (hence the 
preponderance of adolescent patients). Younger patients may have 
a better prognosis, in that relative dissatisfaction with appearance 
may be a relatively normal experience in this age group and may 
be self-limiting. HCPs need to be more worried when patients have 
severe symptoms, such as social avoidance and co-morbid mood 
disturbances (Box 84.8). 


Box 84.8 Scales and screening questions to assess 
body dysmorphic disorder (BDD) 


Scales 

¢ Yale-Brown obsessive—compulsive scale (Y-BOCS). There are adult 
and non-adult versions. This is an HCP-driven assessment that has a 
reliable and reproducible record 

¢ Cosmetic procedure screening questionnaire (COPS). This is an 
excellent tool to screen for BDD in the cosmetic or dermatological 
setting [15] 

¢ Body dysmorphic disorder questionnaire. This is an alternative 
screening tool for BDD [16] 

¢ Body dysmorphic disorder symptoms scale [17] 


Screening 

¢ How much do you currently think about your skin? 

e Onan average day, how many hours do you spend thinking about 
your skin? Please add up all the time that your feature is on your 
mind and make your best estimate 

¢ Do you feel your skin is ugly or very unattractive? 

¢ How noticeable do you think your skin is? 

¢ Does your skin currently cause you a lot of distress? 

e How many times a day do you usually check your skin either in a 
mirror or by feeling it with your fingers? 

¢ How often do you feel anxious about your skin in social situations? 
Does it lead to you avoiding social situations? 

e Has your skin had an effect on dating or on an existing relationship? 

e Has your skin interfered with your ability to work or study, or your 
role as a homemaker? 


Screening section adapted from Veale et al. 2012 [15]. 
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Sex 

The female : male ratio is approximately 2 : 1 but this is likely to be 
evolving as male aesthetic concerns are now approaching those of 
women. 


Ethnicity 
This disorder occurs in all ethnic groups. 


Associated diseases 

The following co-morbidities may be seen: 

¢ Chronic skin picking. 

¢ Depression may occur in 60% with a lifetime rate of up to 80%. 

¢ Social phobia, that is, fear of a negative impact (37%). 

e Substance abuse (40%). 

¢ Deliberate self-harm. 

¢ Avoidant personality disorder. 

e Anorexia nervosa patients very frequently have a degree of BDD. 
¢ Suicide. 


Pathophysiology [1,3,5] 

Theories suggest that sufferers from BDD have self-defeating 
thoughts, cognitive distortions and destructive beliefs about 
themselves and their appearance. The development of selective 
processing of emotional information about body image, physical 
appearance and interpersonal contact may be related to anxiety dis- 
orders and social phobia. BDD patients exhibit more perfectionist 
thinking and maladaptive attractiveness beliefs, and it is assumed 
that these are aetiological rather than symptomatic. It has been 
suggested that childhood abusive experiences may result in body 
dissatisfaction, bodily shame, low self-esteem and body image 
distortion. Neurobiological theories relate BDD to acquired brain 
abnormalities and parietal lobe function. Neurochemical and psy- 
chopharmacological evidence suggests that abnormal serotonin 
metabolism also contributes to BDD. By contrast, social and cul- 
tural influences are assuming an increasing importance in personal 
bodily appearance due to the perceived concepts of beauty, and the 
quest for perfection, currently prominent in media-driven societies. 
These pressures shape the attitudes of both women and men. 
Women have traditionally been driven to view and treat themselves 
as objects while men are pushed towards an often unattainable 
body image, the Adonis complex of muscular perfection. 


Clinical features 
Patients with BDD may present with symptoms according to their 
gender. Women may present with a focus on the skin of the face, 
breasts, nose and stomach, whereas men may present with concerns 
about hair (usually thinning), nose, ears, genitals and body build. 
Facial symptoms are common, but patients with BDD may perceive 
‘defects’ affecting any part of the body. Concerns about hair (too 
much, too little or hair in the ‘wrong’ place) are common. Some 
authors indicate that when patients find defects affecting the genital 
and (in women) breast area, HCPs may need to ask about sexual 
abuse. A patient’s focus on their perceived defect is notoriously 
tenacious. 
Patients will often behave in the following ways: 
* Socialise poorly. 
¢ Have a difficult relationship with mirrors (having to ‘brace them- 
selves’ to look in a mirror or avoiding mirrors completely). 
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e Pick at their skin. 

e Hide their ‘defect’. 

e Have very persistent and intrusive thoughts about their perceived 
‘defect’. 

e Repeatedly seek help from different HCPs (‘doctor shoppers’). 

¢ Repeatedly attend for cosmetic or aesthetic surgery. 
Uncommonly, the delusional type of BDD gives rise to familial 

BDD where a parent imposes a delusional idea upon a child who 

in turn develops BDD or, even more rarely, the patient believes that 

their child has a bodily defect - BDD by proxy. 


Prognosis 
The prognosis for patients with BDD [6,7] is variable, but good, 
when treated by dedicated BDD teams. 


Investigations 

Body dysmorphic disorder is a clinical diagnosis, but objective 

assessments of severity and screening tools do exist: 

e Assess for potential suicide risk and refer where necessary. 

e Assess for any underlying abuse (physical and mental abuse in a 
vulnerable adult/child). 

e Assess for underlying psychiatric disease (depression, anxiety or 
both). 

e Acknowledge genuine skin disease (e.g. hair loss or skin pigmen- 
tation changes). 

e Investigate skin changes appropriately (this may mean no inves- 
tigations at all or may mean appropriately investigating a differ- 
ential diagnosis). 

e Ask about substance abuse. 

e Investigate any underlying psychiatric disease appropriately. 

¢ Consider concomitant eating disorders. 

There are a number of scales (Box 83.7) and screening questions 

(Box 83.8) for the assessment of BDD. 


Management 
These treatments are in addition to the general approach to manage- 
ment outlined at the beginning of this section. 


First line 

Treatment of the skin. As always, patients with psychoderma- 
tological disease need to have their skin and their psychological 
disease treated concurrently. Appropriate treatment of the patient’s 
skin will facilitate engagement of the patient — but it is appropriate 
treatment rather than inappropriate surgery, which may not satisfy 
the patient’s expectations. From the outset it is important to treat 
the psychological disease while addressing the perceived skin 
disease. Often there are some skin changes (however minimal) and 
acknowledging these changes rather than dismissing them will 
facilitate patient engagement. 


Education for patients and their friends and family. There are 
excellent patient support books and organisations (see ‘Resources’). 


Psychopharmacological treatments. Selective serotonin reuptake 
inhibitors and CBT are the treatments of choice. Fluoxetine [8], 
fluvoxamine and citalopram are the best-studied SSRI agents, 
but recent evidence suggests that all SSRIs are probably effective. 


Higher dosing regimens than those used for depression are usually 
required. Patients should receive a trial of 12-16 weeks before effi- 
cacy is assessed [9]. If one agent fails another should be substituted, 
as some patients idiosyncratically respond more favourably to one 
agent over another. Interestingly, SSRIs appear to be more effective 
than antipsychotic agents, despite the fact that BDD may some- 
times be a delusional disorder. Only about 20% of delusional BDD 
patients will become free of their delusional thinking with SSRIs, 
however. But in delusional patients with BDD, the intrusiveness of 
the thoughts and distress will diminish sufficiently, such that many 
patients will be able to resume some social and vocational function- 
ing. CBT may be used in conjunction with SSRIs or independently 
of SSRIs [10]. 


Talk therapies. There are various CBT techniques that can be used in 
the management of BDD [10,11], although there are no trials compar- 
ing the different CBT techniques in a randomised, controlled clin- 
ical setting. Supportive psychotherapy can be helpful in patients 
with overvalued ideas and who are not truly deluded, but it is very 
time consuming and emotionally demanding. Patients with BDD 
are often poor communicators and difficulty with interpersonal rela- 
tionships may be one of the central, crucial and earliest features of 
this disorder. The physician undertaking supportive psychotherapy 
has to be patient and realise that further skilled directive interven- 
tion will eventually be needed from psychiatrists or clinical psychol- 
ogists. BDD patients are often poor attendees at clinics, but the con- 
sultation may in some cases be the only opportunity that a patient 
has to talk to another human being, which is a reflection of the iso- 
lated life these patients often lead. The dermatologist’s essential role 
is to recognise the problem and sympathetically steer the patient on 
the correct path to help. Narrative therapy addresses the sociocul- 
tural causes that may establish beliefs, in this case about the body. 
The change process in narrative therapy involves helping patients 
replace these influences by more preferred stories about their prob- 
lems and lives. Single case studies have been encouraging. 

CBT has been shown to be effective in the management of patients 
with BDD, but trials are often open labelled or uncontrolled. There 
are a few randomised controlled clinical trials that clearly demon- 
strate the benefit of CBT, although the numbers of patients in these 
trials is small. 


Pharmacological and psychological treatment. The combination of 
higher-dose SSRIs and CBT (which most likely has a slightly greater 
benefit than supportive psychotherapy) probably has a better 
prognosis (chance of remission) than the use of either treatment 
alone [5]. 


Second line 

Antipsychotics. The evidence that antipsychotics are beneficial for 
patients with BDD (even those with delusional BDD) is sporadic 
and solely based on case studies. It is very difficult to run controlled 
clinical trials with antipsychotics in patients with BDD. Although 
the evidence is not robust, there are some patients who will need 
to be treated with (usually newer atypical) antipsychotics such as 
risperidone, aripiprazole and others. These medications need to be 
initiated and monitored by specialists with extensive experience of 
their usage. 


Dermatological surgery and BDD [12] 
What is clear is that patients with BDD are much more likely 
to attend for cosmetic/aesthetic procedures but also much more 
likely to be dissatisfied with the results of the surgical interven- 
tion. It is really important that dermatologists and dermatological 
surgeons can identify patients with BDD early in their consultations 
with these patients as: 

e The patients are unlikely to be satisfied with the surgical 
intervention. 

e The patients may complain, litigate or even abuse HCPs when 
dissatisfied. 

e Identifying the primary (psychological) problem allows HCPs 
to adopt a multidisciplinary approach to manage the skin 
(appropriately) at the same time as managing the BDD. 

e Patients with BDD will often have very challenging relationships 
with family and friends, whose lives may in turn be disabled 
while trying to support their loved ones with the disorder. 
Treating the patient with BDD may improve the lives of family 
and loved ones. 


Complaints and litigation 

Patients with BDD can be very challenging. HCPs managing 
patients with BDD may be subject to complaints, abuse and lit- 
igation [13]; this may lead to burn-out and other psychological 
consequences for HCPs. It is therefore very important that HCPs 
supporting patients with BDD are supported via regional and 
national HCP support networks. 


Resources 


Patient resources 


Mind: www.mind.org.uk. 

OCD-UK: www.ocduk.org. 

Phillips KA. The Broken Mirror: Understanding and Treating Body Dysmorphic Disorder. 
Oxford: Oxford University Press, 2005. 

Skin Support: www.skinsupport.org.uk. 

(All last accessed June 2022.) 


Introduction and general description 

Lichen simplex chronicus is common and can affect various body 
sites including the shins, nape of neck and the genital skin (partic- 
ularly the scrotal skin in men) (Chapter 81). It is also common as 
small ‘picker’s nodules’ (often on the scalp, but can be anywhere on 
the body). Whenever the skin is chronically rubbed or excoriated, 
thickening of the skin in that localised area will ensue. This leads to 
further itch and further desire to rub/scratch or excoriate, thereby 
establishing the itch/scratch cycle (Figure 84.6). It is difficult to be 
certain which comes first, the itch or the scratch. It is likely that 
perceived stressors, which can be psychological or physical (e.g. an 
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Figure 84.6 The itch/scratch cycle and nodular prurigo. 


irritant or xerosis), or a combination of stressors, leads to the sen- 
sation of itch. This sensation leads to scratching and eventual habit 
formation. Once the scratch habit is established, thickened licheni- 
fied skin with new nerve ingrowth leads to propagation of the itch 
and establishment of lichen simplex chronicus or nodular prurigo. 

Lichen simplex describes characteristic localised skin thickening 
in response to repeated rubbing and scratching. In some instances 
a minor initiating event, such as trauma, infection or an insect bite, 
precipitates episodic, insistent scratching and rubbing. Irresistible 
itching is the major complaint, and scratching is the chronic accom- 
paniment. In the majority of patients, however, it is the response to 
anxiety, OCD or an irresistible, persistent itch [1]. Nodular prurigo 
is more generalised and complex (Chapter 81). Many authors 
believe that nodular prurigo patients fall into two categories: atopic 
patients (Chapter 41) and patients who are chronic skin pickers (see 
later in this chapter and Chapter 81). 


Management 
Treatment ladder for lichen simplex chronicus 


First line 

e Establishing skin barrier function 

e Topical anti-inflammatories (usually topical corticosteroids) 

e Topical corticosteroid-impregnated tapes (for picker’s 
nodules) 

e Habit reversal education and implementation 


Second line 

e Amitriptyline [2] 

e Antihistamines 

e Serotonin and norepinephrine reuptake inhibitors (SNRIs), 
e.g. duloxetine 


Nodular prurigo —r §s SKwhL 
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Epidemiology 

Incidence and prevalence 

Lichen simplex chronicus and nodular prurigo are common, occur- 
ring in 1-10% of the population depending on the report. 


Age 

Patients probably represent two populations: an early-onset atopic 
group with a mean age of 19 years, and a later-onset, non-atopic 
group with a mean age of 48 years. The earlier-onset group consists 
of men and women, but the older group is predominantly female. 


Sex 
This disease is more common in women. 


Ethnicity 
All ethnicities are found, although Afro-Caribbean and East and 
South-East Asian patients are slightly more commonly affected. 


Clinical features 

History and presentation 

Clinical features include: 

¢ Hyper/hypopigmented nodules. 

e¢ Hyper/hypopigmented papules. 

e Patches and plaques of lichenification/cobblestoning. 

e Excoriation of the above (Figure 84.7). 

e There may be a few or commonly very many nodules. 

¢ The lesions are often symmetrically distributed on the limbs but 
can be on any part of the body. 

e Extensor surfaces are more commonly affected. 

e Lesions are usually within the reach of the patient’s dominant 
hand. 

¢ The ‘butterfly sign’ of mid-back sparing is where the individual 
cannot reach that area of skin. 

¢ Postinflammatory hypopigmentation and scarring are common 
in darker skin. 

e Crusting and weeping may indicate secondary infection (usually 

Staphylococcus aureus). 

Regular rubbing and pressure on the skin produces characteristic 
thickened, coarsely grained papules and nodules with hyperpig- 
mentation (Figure 84.7). The classic sites of involvement are within 
easy reach, particularly on the nape and sides of the neck, elbows, 
thighs, knees and ankles. These areas may be in varying stages 
of evolution, from early, small, violaceous papules with surface 
excoriations to chronic areas that present as hyperkeratotic plaques 
with pigment changes, described as ‘dermatological worry beads’. 
Affected areas are more often localised, and patches of lichen sim- 
plex chronicus affecting the vulval or scrotal skin are very common 
[1]. Scratching or rubbing is carried out using either the hands, 
back of nails or knuckles, and sometimes with the use of a conve- 
nient instrument such as a hairbrush or pen. The actions may be 
subconscious but more often patients engage in conscious episodes 
of scratching, which continue until the pruritus is relieved and is 
replaced by soreness and pain. The change from itch to pain is quite 
sudden and this abrupt cessation has been described as ‘orgasm 
cutanée’. 

Many authors categorise nodular prurigo as either atopics with 
nodular prurigo or non-atopics with nodular prurigo (Box 84.9). 


However, there is an overlap and patients may have atopic dermati- 
tis and one of the non-atopic co-morbid causes of nodular prurigo. 


Box 84.9 Non-atopic causes of nodular prurigo 


¢ Generalised causes of pruritus: 
¢ Renal disease 
¢ Liver disease 
¢ Haematological disease 
¢ Cancer 
¢ Psychological issues 
¢ Mast cell disorders 
¢ Urticaria-related disorders 
¢ Non-atopic skin disease (other inflammatory dermatoses) 
¢ Drugs (pharma and recreational) and alcohol 
¢ Localised causes of pruritus: 
¢ Nerve root irritation (e.g. brachioradial pruritus) 
¢ Localised dysaesthesia (e.g. lichen simplex chronicus) 
e Picker’s nodules 
¢ Localised inflammatory dermatoses 
¢ Psychological distress 
e Anxiety 
e Depression 
e Anxiety and depression 
¢ Non-psychiatric appropriate reactive psychological distress 
(e.g. bereavement) 
¢ Others 
e¢ A combination of the above 


Differential diagnosis 

e Atopic skin disease. 

¢ Other inflammatory skin diseases. 

e Aetiologies in Box 84.9. 

¢ Immunobullous disease (e.g. nodular prurigo pemphigoides). 
¢ Genuine infestations (e.g. scabies). 

¢ Delusional infestation. 

¢ Cutaneous neoplasia with itching. 


Complications and co-morbidities 
Most authors have commented on the relationship of emotional ten- 
sion to bouts of scratching [2]. Aggression and hostility related to 
anxiety caused by emotional disturbance may lead to itching. There 
is considerable evidence that habitual scratching sets up neurotrans- 
mitter changes in the brain that act as temporary ‘stress busters’. 
Habitual scratching is often opportunistic (i.e. when the patient can 
get to the skin) but may become ‘addictive’ and so potentially out 
of control. The freqency of scratching episodes often increases with 
perceived stress. 

Cutaneous complications include: 
¢ Scarring. 
¢ Dyspigmentaion. 
Infection (bacterial /viral). 
Cellulitis. 
e Bacteraemia/septicaemia (rarely). 
e Necrotising fasciitis (very rarely). 

Psychological co-morbidities include: 
e Anxiety. 
¢ Depression. 
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Figure 84.7 (a) Classic excoriated nodules and erosions of nodular prurigo on the shin. (b, c) Close-up of nodular prurigo. 


e Anxiety and depression. aa 
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Management Second line =x a 
Management of nodular prurigo involves: In addition to first line treatments above: Y > 
1 Management of any atopic dermatitis as appropriate (Chap- * Intralesional steroid injections WV og 
ter 20). e Phototherapy /photochemotherapy [7] - x 
2 Assessment of skin and psychological disease [3]. ° SSRIs and other antidepressants, e.g. mirtazapine, which N 
3 Management of the skin and the psychological disease has the benefit of being sedating re ° 
concomitantly. e Anticonvulsants/mood stabilisers such as ¢z2 
There are a number of treatments in addition to the general pregabalin/gabapentin a a 
approach (Figure 84.8) [4-7]. 
a - Third line 
z e Systemic immunodulator (e.g. ciclosporin, methotrexate, 
Treatment ladder for nodular prurigo azathioprine) 
e Thalidomine [9 
Ideally after appropriate assessment, any co-morbidities should c Be Mie MI 
be treated with, for example, talk therapy [8] and/or Ai ae 
psychophamae e There is a growing interest in the management of nodular 
First line prurigo with biologic agents and JAK inhibitors. Medications 
Topical such as nemolizumab [10] (anti-interleukin 31A (anti-IL-31A) 
e Emollients monoclonal antibody), dupilumab [11] (anti-IL-4/13 
* Topical antipruritics (menthol, laromacrogols) monoclonal antibody), baricitinib, upadicinib and other JAK 
¢ Topical anti-inflammatories (steroids, calcineurin inhibitors, inhibitors [12,13] are being assessed by the UK National 
tar) Institute for Health and Care Excellence (NICE), the 
¢ Occlusion of affected areas with cotton/viscose stretch European Medicines Agency (EMA) and the US Food and 
garments or bandages Drug Administration (FDA) for approval in the treatment of 
Oral patients with nodular purigo. These agents are likely to be 
e Antihistamines used after at least one systemic has been tried and failed, or 
* Tricyclics (e.g. amitriptylline and doxepin) where other systemic immunomodulators are contraindicated 
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History and clinical examination consistent with 
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Non-atopic nodular prurigo; 
assess for co-morbid causes 


Atopic nodular prurigo 


Manage atopic skin Systemic causes of pruritus Localised causes of Psychological 


disease pruritus distress 
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Liver disease Nerve root Anxiety 
1. Establish normal barrier Haematological irritation Depression 
function: disease Localised Non- 
Cancer dysaesthesia psychiatric 
- Emollients Mast cell disorders Picker’s nodules appropriate 


reactive 
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distress 


Localised 
inflammatory 
dermatoses 


Urticaria-related 
disorders 
Inflammatory 
dermatoses 


- Soap substitutes 
- Avoidance of irritants 


- Avoid overwashing 


Consider blood tests and/or biopsy to aid diagnosis of co-morbid causes of nodular prurigo 


Treatment of nodular prurigo 


2. Treat inflammation with 
usual step up step down 
approach 


1. Manage underlying atopic or 
non-atopic co-morbidity 


2. | MDT approach to nodular 
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corticosteroid ointments 
+/- salicylic acid or 
antibiotic 


1b. Intralesional 
corticosteroids for 


refractory lesions 


2a. Topical capsaicin 


2b. Topical calcipotriol 
ointment 


Broad-band UVB 
Systemic UVA-1 
Oral and bath 
PUVA 


2a. Oral immunosuppressant 
agents: 

- Ciclosporin 

- Methotrexate 

- Azathioprine 


3a. Other systemics: 


Thalidomide/ 
lenalidomide 
Gabapentin/ 
pregabalin 
Serlopitant 
Naltrexone 


4a. Biologics: 


IL-31 blockers 
JAK inhibitors 
IL-13 blockers 


behavioural therapy: 


CBT 

Acceptance and 
commitment 
therapy 
Neurolinguistic 
programming 
EMDR 


2. Habit reversal therapy 


3. Other talk therapies at the 
advice of 
psychiatrists/psychologists 


Figure 84.8 Management of nodular prurigo. CBT, cognitive-behavioural treatment; EMDR, eye movement desensitisation and reprocessing; JAK, Janus kinase; MDT, multidisciplinary 
team; PUVA, psoralen and ultraviolet A; SSRIs, selective serotonin reuptake inhibitors; UV, ultraviolet. Reproduced from Barlow and Bewley 2021 [12] with permission of Springer 
Nature. 


Epidemiology 
Incidence 


This disorder occurs in 2% of dermatology patients, but the majority 
of these have pathological picking associated with atopic and other 
cutaneous diseases. Skin picking disease in the absence of cutaneous 
inflammatory disease is rarer but is still common [1]. 


Age 

There are two peaks of occurrence: (i) in adolescence and early adult 
life [2,3]; and (ii) in middle-aged women. Any age can be affected, 
although it is rarer in younger children. 


Sex 
Females are more commonly affected than males. 


Ethnicity 
Any ethnicity can be affected. 


Pathophysiology 
Figure 84.9 outlines the European Society for Dermatology and 
Psychiatry (ESDP) algorithm for identifying and classifying skin 
picking disorders [4]. 

The medical and psychiatric causes of self-excoriating behaviour 
are detailed in Box 84.10. 


Box 84.10 Medical and psychiatric causes of 
self-excoriating behaviour 


Medical causes 

e Urticaria 

¢ Uraemia 

¢ Cholestatic hepatitis 

e Xerosis 

¢ Cutaneous dysaesthesia 
¢ Porphyria cutanea tarda 
¢ Malignancies 


Psychiatric causes 

e Depression 

e Anxiety 

¢ Obsessive-compulsive disorder 

¢ Body dysmorphic disorder 

¢ Borderline personality disorder 

¢ Delusions of parasitosis 

e Dermatitis artefacta 

¢ Somatoform disorders such as hypochondriasis 
¢ Dissociative states (when patient may not recollect their behaviour) 
¢ Malingering 
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Clinical features [5] 

Skin picking disorder differs from true dermatitis artefacta 
as affected individuals admit to an urge to pick and gouge at their 
skin (Figure 84.10). There may be an initial reluctance to own 
up to the self-damage but patients are usually willing to discuss 
the picking as a ‘response to stress’. Any area may be affected. The 
average duration of disease before presentation is up to 10 years. 
Patients spend up to 3h per day picking, thinking about picking or 
resisting the urge to pick. These bouts can be ritualised to a set time 
and place, often the bathroom, frequently at bedtime. Although 
these activities are usually executed fully consciously, rarely a fugue 
or trance state can be apparent. Lesions may be quite deep, extend- 
ing into the dermis, and are more commonly distributed within 
reach of the dominant hand. Older lesions show pink or red scars, 
some of which may be hypertrophic. Chronic lesions may also show 
atrophic scars, which merge and are eventually seen as linear, coa- 
lescent areas. Lesions appear at all stages of development and may 
number from a few to several hundred. Concealment behaviour, 
for example make-up and clothing, is present in 65% of chronic 
cases and active avoidance of social situations found in 40%. Up 
to a quarter of patients may increase alcohol, tobacco or recreational 
substance habits to counter the burden of disease. 


Differential diagnosis 

It is important to exclude excoriations caused by generalised pru- 
ritus, bullous disorders (such as pemphigus) and linear excoriated 
lesions, which may be the presenting signs of lichen planus or lupus 
erythematosus. Rarities such as mucinoses that cause scarring are 
usually distinguishable entities. Another differential is acné excoriée 
(see separate section). 


Complications and co-morbidities 
Pre-existing skin disease (e.g. atopic eczema or acne) is very com- 
mon, as are psychosocial co-morbidities [6]. There may be precipi- 
tating psychological events such as divorce, bereavement, abortion 
or separation. Depression and/or anxiety are often found. Family 
members with chronic disease is also a common finding. 
Cutaneous complications include: 
¢ Cellulitis, bacteraemia and septicaemia. 
¢ Scarring. 
Psychological co-morbidities and complications include [2-7]: 
e Anxiety. 
e Depression. 
¢ Suicidal ideation. 
¢ Other OCD spectrum disorders. 
¢ Body image disturbance and loss of self-esteem. 
e BDD. 
e Eating disorders. 
¢ Substance and alcohol abuse. 


Management [8-11] 

1 Assess the skin disease and its extent. 

2 Consider potential systemic causes of skin picking behaviour. 

3 Investigate according to the clinical picture. 

4 Assess for potential psychological precipitants. 

5 Assess for potential safeguarding risk. 

6 Commence management of the skin and psychological disease 
concomitantly. 
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Isolated, episodic or repeated skin manipulation 


Skin lesion? 


Yes No 


Non-pathological grooming behaviour 


No 


Aesthetic or cultural incentives? 


Non-pathological body 
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Diagnostic procedure to be 
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Psychotic symptoms? 
(delusions, hallucinations) 
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disease? phantastica? Diagnostic Scarification 
procedure to be cutting, burning, 
completed in hitting... 
~ collaboration with 
— mental health Figure 84.9 European Society for Dermatology and 
oc specialists Psychiatry classification of skin picking. Reproduced from 
<q Gieler et a/. 2013 [4] with permission of Acta 
Bo Dermato-Venereologica. 
Treatment ladder for skin picking disorder ¢ Other antidepressants, e.g. mirtazapine (sedating) 
: : e Talk therapies 
First line 
e Appropriate treatment (e.g. antibiotics if there is a clinical Third line 
infection) e Bandages and occlusion 
e Antihistamines e Intralesional steroids 
e Treatment of chronic pruritus e N-acetylcysteine 
Of the picking habit and co-morbidities [12,13] e Naltrexone 
e Habit reversal (see later) e Lamotrigine 
e Other talk therapies (see later) ¢ Topiramate [14] 
e 


SSRIs, e.g. fluoxetine (usually in higher doses) 
SNRIs, e.g. duloxetine 


e Tricyclics, e.g. amitriptyline _ a 
Acné excoriée — 
Second line 


Of the skin 

e Phototherapy /photochemotherapy 

Of the picking habit 

¢ Mood stabilisers (pregabalin/ gabapentin) 


(b) 
Figure 84.10 (a,b) Skin picking disorder of the face. 


Introduction and general description 

There are few patients with acne who can resist squeezing their 
spots. Brocq described acné excoriée particularly in adolescent girls 
under emotional stress, who picked and squeezed acne lesions 
repeatedly [1]. Although some patients develop these lesions after 
picking acne, most had no acne at all. The condition should be con- 
sidered a variant of skin picking disorder with the lesions largely 
confined to the face (Figure 84.11) [1-3]. 


Epidemiology 
Acné excoriée is usually seen in young (often white) women [3], with 
a second peak in women in their thirties. 


Clinical features 

The clinical lesions resemble those of chronic excoriations (Figure 
86.11) [4]. They are found predominantly around the hairline, 
forehead, preauricular cheek and chin areas. Extension to the neck 
and occipital hairline is common. Chronic lesions characteristically 
show white, atrophic scarring with peripheral hyperpigmentation. 
Lesions are picked as a ritual, apparently as a response to itch 
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or throbbing. The lesions are excoriated until ‘emptied’. There 
are usually some acneform lesions, at least when the disease first 
appears. There may be associated psychological disorders including 
OCD, BDD and depressive and/or anxiety disorder. Box 84.11 lists 
the diagnostic criteria for acné excoriée. 


Box 84.11 Diagnostic criteria for acné excoriée 


Recurrent skin picking of acne that results in skin lesions 

Repeated attempts to stop the behaviour 

Symptoms cause clinically significant distress or impairment 
Symptoms are not caused by a substance misuse or medical or 
dermatological condition 

e Symptoms are not better explained by another psychiatric disorder 


Differential diagnosis. Differential diagnoses include the facial 
picking disorder (where there are no acneform lesions originating 
the picking habit), trigeminal trophic syndrome (Chapter 82) and 
dermatitis artefacta. 


Management [5-9] 


Treatment ladder for acné excoriée 


First line 

Of the acne 

¢ Topical retinoids/antibiotics 

e Systemic antibiotics 

Of the habit and co-morbidities 

e Habit reversal [5] 

¢ CBT and other talk therapies [6] 
e SSRIs 


Second line 

Of the acne 

e Isotretinoin (usually in ultra-low doses, e.g. 5-10 mg/day or 
20 mg once weekly; careful monitoring is necessary for all 
potential side effects but especially affective symptoms) 

e Phototherapy 

Of the habit and co-morbidities 

e Other antidepressants, e.g. mirtazapine (sedating) 

e Anticonvulsants/mood stabilisers, e.g. pregabalin 
and gabapentin [7] 

e Talk therapies 


Third line 

e Lasers and dermabrasion are best avoided unless they are 
carried out together with CBT [6] 

e Avoid intralesional steroids until the picking habit is under 
control 

e Lamotrigine 

¢ Topiramate 

e Hypnosis [8] 
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Figure 84.11 Acné excoriée. (a, b) Scarring lesions of the cheek and chin due to 
habitual skin interference. (c) Self-inflicted erosions on the forehead. 


BODY-FOCUSED REPETITIVE BEHAVIOUR 
DISORDERS AND OTHER SPECIFIED 
OBSESSIVE—COMPULSIVE AND RELATED 
DISORDERS 


Trichotillosis — | 


Introduction and general description 

The term trichotillomania was first used by Hallopeau in 1889 and is 
derived from the Greek thrix (hair), tillein (pull out) and mania (mad- 
ness). Current thinking is that the term trichotillosis is more accurate 
as the condition is not a ‘mania’ but more of an OCD spectrum dis- 
order. Diagnostic criteria that have been cited include [1]: 

e Recurrent pulling out of one’s own hair resulting in hair loss. 

An increasing sense of tension immediately before pulling out the 
hair or when attempting to resist the behaviour. 

Pleasure, gratification or relief when pulling out the hair. 

The disturbance is not better accounted for by another mental 
disorder and is not due to a general medical condition (e.g. a der- 
matological condition). 

The disturbance provokes clinically marked distress and/or 
impairment in occupational, social or other important areas of 
functioning. 

Many subdivide patients into younger and older groups and those 
with dissociative symptoms [2]. Patients with an earlier onset with 
limited progression usually have a better prognosis. Recalcitrant, 
obsessive and focused hair pulling is usually found in older women, 
and patients may deny their hair pulling. Automatic hair pulling 
is also found, and some patients pull their hair in a dissociative or 
fugue state. 


Epidemiology 

Incidence and prevalence 

This is commoner in children and college students (rates of 0.6-3% 
have been reported). Overall, later and more severe trichotillosis is 
not common. Cosmetic hair pulling (eyebrows, etc.) is extremely 
common, but most do not fulfil diagnostic OCD criteria. 


Age and sex 

There appear to be two distinct populations: those who present in 
childhood, mainly between the ages of 5 and 12 years, and more 
chronic cases who present as adults but who started hair pulling 
activities in adolescence or early adult life [3]. The number of 
affected children may be seven times that of adults and there is evi- 
dence of a bimodal distribution with peaks in the preschool years 
and in adolescence [4]. Preschool children are more likely to be boys 
(62%), although after this older boys and male adolescents make 
up only 30% of the group. This early-onset group, usually aged 
between 2 and 10 years, show benign, self-limiting behaviour and 
most are probably suffering a habit disorder, perhaps as an exten- 
sion of hair twirling activity and childhood stress. The adolescent 


group are much more likely to be female, with ratios of up to 3.5: 
1. In adults there is greater psychopathology and a distinct female 
preponderance, usually 4 : 1, but this is most evident in the oldest 
group (female : male 15: 1). 


Ethnicity 
Trichotillosis is found in all ethnicities. 


Associated diseases 

The aetiology of trichotillosis is not fully understood, but seems to 
be related to the following [5]: 

¢ Underlying anxieties. 

¢ Depression. 

¢ Underlying BDD. 

e Psychosocial triggers. 

e Family dysfunction (common). 

¢ Other cutaneous ‘habits’ such as nail biting and nail pulling. 
¢ Deliberate self-harm, ‘cutting’, etc. 

e Eating disorders. 

e Rarely substance abuse. 

Familial predisposition is fairly common and successive genera- 
tions of patients with trichotillosis have been described. It is always 
worth considering the (rarer) association with emotional or sexual 
abuse. 


Clinical features 

Most patients relate that the trichotillosis is a compulsion that is irre- 
sistible and that leads to a short-lived sense of relief or release when 
hair has been pulled out. But the relief usually leads rapidly to a 
sense of guilt and hopelessness. The habit is often hidden from the 
partner/close family and the hair loss is usually covered up. Patients 
may describe a sense of control over their body/psychosocial sit- 
uation that is briefly facilitated by their hair pulling habits. Some 
describe pulling hair in a fugue-like state and having no control over 
the episodes of hair pulling. 

Hair pulling and plucking are commonest from the scalp. Some 
patients select an apparently abnormal hair by feel or texture and 
extend it into an adjacent area. Most pull hair from the vertex, but 
temporal, occipital and frontal hair loss in children may be more 
obvious on the side of manual dominance. The hair loss may be 
minimal, commonly a solitary patch, but visible hair thinning may 
progress to virtual total depilation, significantly so in adult women. 
The hair pulling activity is usually not as a response to any skin 
symptoms but is either a conscious, deliberate act or more often a 
subconscious act, almost in some children being part of a hypna- 
gogic (dream-like) state. Some patients may have incomplete aware- 
ness until the pattern has been established. The eyelashes, eyebrows, 
facial and pubic hair may also be primarily affected. Children will 
also pluck eyebrows and eyelashes (Figure 84.12) but adults almost 
exclusively pluck hair on the torso. Two-thirds of adults pulled hair 
from two or more sites and one-third from three areas. Involvement 
of a second area began after an average of 8 years. Body and pubic 
hair plucking, commoner in males, may become a ritualised activity 
done either alone or as a conjugal activity and can indicate a per- 
sonality or psychotic disorder. Hair is plucked from the scalp on 
average two to three times per day and daily from other areas. The 
duration and frequency of activity are variable but adults in general 


Figure 84.12 Childhood trichotillosis showing eyelash involvement with hair loss and 
broken-off hairs. This child also had scalp involvement. 


have longer and more frequent activity. Children tend to manipulate 
hair at times of leisure, for example watching TV, when tired and in 
the evening. Adults have a more conscious, structured activity, ini- 
tially seeking thicker or distorted hair and then progressing to larger 
areas, taking more and more time over the activity. This may become 
similar to a compulsion with elaboration of the rituals using instru- 
ments such as tweezers. The more frequent the plucking episodes, 
the greater the body image dissatisfaction and the more likely the 
patient will suffer depression and anxiety. There are similarities and 
overlap with BDD in some cases. 

On examination, there are often areas of hair loss together with 
areas of hair regrowth (stubble and longer hairs) (Figure 84.13). This 
pattern may involve the eyebrows and eyelashes. There is occasion- 
ally frank scarring from where the habit has been repeated inces- 
santly and the follicle has scarred. The patterns of plucking activity 
are centrifugal from a single starting point or linear, in wave-like 
activity. In extreme cases, the centrifugal pattern removes all hair 
except the most difficult to access, namely that on the occiput; this 
shows as a ‘tonsure pattern’ or ‘Friar Tuck’ distribution. Patients use 
wigs, hair weaving, false eyelashes and semipermanent use of hats 
and scarves to disguise the defects. Chronic folliculitis of the neck, 
chin, chest, pubic areas or thighs as a result of plucking activity may 
also be the presenting complaint. 

Children may pluck the hair, or stroke or suck the hair root, 
before chewing and swallowing the remainder. The hair root alone 
may be eaten (trichorhizophagia) as a secretive activity and in a 
few patients the whole hair is eaten (trichophagia). Patients who 
eat more hair tend to swallow the longer strands and a very small 
percentage develop gastrointestinal bezoars. 


Complications and co-morbidities 
These include: 

¢ Scarring hair loss. 

¢ Folliculitis. 
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(a) (b) 


¢ Keloid formation. 
e Trichobezoar. This name is derived from the Arabic word badzahr, 


meaning an antidote or counter-poison.It also relates to the hard- 
ened contents of the fourth stomach of the Syrian goat, much 
prized as a cure for many diseases. Bezoars are ball-like aggre- 
gations of vegetable or fibre-like materials in the stomach and 
small intestine (Figure 84.14). The true incidence of trichobezoar 
is unknown. It is seen almost exclusively in girls and young 
women. It is rare but its importance is that morbidity is high with 
chronicity and severe complications, which can lead to death. 
Longer hair is more likely to become enmeshed into a ball by 
the action of peristalsis, and this then becomes too large to leave 
the stomach via the pylorus. The larger the ball, the more likely 
it is that gastric atony will develop, leading to symptoms of 
nausea, indigestion, bloating and pain. The hair ball may eventu- 
ally completely fill the stomach. Although the condition is very 
rare, it should be considered in children with trichotillosis who 
present with a combination of any of the following: abdominal 
pain, weight loss, nausea, vomiting, anorexia and foul breath. 
More common is the parental threat to their children that ‘if you 
keep chewing your hair, eventually you'll have a hair ball in your 
stomach’. 

The Rapunzel syndrome [6] describes a trichobezoar with a tail 
that extends at least to the jejunum; sufferers are highly likely 
to have gastrointestinal obstructive symptoms. In a review of 27 
cases, which included only one male, the mean age at presenta- 
tion was 10.8 years. Most patients ingested their own long hair 
although cases have been recorded of bezoar by proxy where 
another person’s hair has been eaten by the patient. In this group 
37% had abdominal pain, 33% nausea and vomiting, 26% obstruc- 
tion and 18.5% developed peritonitis. The hair ball can have a tail 
as long as 195 cm. The tail may also be broken up into numerous 
segments distributed throughout the small bowel. Recurrent 
Rapunzel syndrome has been reported [6]. Life-threatening 
intestinal obstruction necessitates surgical intervention. 


Figure 84.13 Adult trichotillosis. (a) Extensive hair loss with a preserved tuft over the occiput. (b) Patient with hairs of different lengths. 


Figure 84.14 Gastric trichobezoar on barium contrast examination showing a lace-like 
pattern of the mass of hairs. 


Investigations 

The diagnosis is usually clinical [7]. Scalp biopsy is rarely neces- 
sary unless clinicians need to distinguish trichotillosis from scarring 
alopecia. Trichomalacia is seen as deep distortion and curling of the 
hair bulb. In severe damage there is intraepithelial and perifollicular 
damage. Trichoscopy/dermoscopy [8] has been reported as being 
very helpful in the presence of a corroborating history (broken hair 
shafts, hairs of different lengths, traumatised hair shafts, trichoptilo- 
sis (split ends), irregular coiled hairs, black dots, flame hairs and 
follicular hemorrhages). 
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Management 

These treatments are in addition to the general approach to manage- 

ment outlined earlier in this chapter [9]: 

e Try to understand why this pattern has developed early in the 

course of the condition. 

Offer cognitive-behavioural therapy early. 

Offer habit reversal technique. 

e Treat the hair loss with physical measures where appropriate 
(weaves /appliances, etc.). 

¢ Offer N-acetylcysteine. 

If N-acetylcysteine and behavioural treatment are ineffective, 

consider SSRIs, if appropriate, and other psychotropic treatment 

via expert advice. 

Refer to a psychodermatology clinic or a psychiatrist/mental 

health service. 


Treament ladder for trichotillosis 


First line 

Of the habit 

e Habit reversal [10] 

¢ Other CBT [11] 

¢ SSRIs usually in higher doses (especially if there is 
concomitant anxiety /depression) [12] 

e N-acetylcysteine 

Of the hair loss 

e Hair weaves 

e Hair extensions 

¢ Treatment of any iron deficiency 

e Treatment of keloid 


Second line 
¢ Mood stabilisers (e.g. gabapentin and pregabalin) [13] 


Third line 

e Antipsychotics (under psychodermatological supervision) 
e Topiramate 

¢ Referral to dissociative state disorder clinics 


Onychotillomania and on 


Introduction and general description 

The compulsive habits of nail picking (onychotillomania) and nail 
biting (onychophagia) are common, almost a variation of normal, 
in children and adolescents [1]. It becomes more significant when 
there is damage to the nail apparatus. The aetiologies suggested 
include stress, imitation of family members and transference from 
a thumb-sucking habit. Nail biting is usually confined to the finger- 
nails, but nail picking, especially in adults, may involve all digits. 
Damage to cuticles and nails causes paronychia, nail dystrophy 
and longitudinal nail scarring [2]. Individuals may present with 


anonychia and periungual ulceration imitating severe dermatoses 
(e.g. erosive lichen planus). In chronic cases, there is an associa- 
tion with trichotillosis. Compulsive biting, tearing or picking with 
instruments such as scissors, knives or razorblades may lead to 
permanent destruction. 

Onychotillomania may be a feature of developmental problems 
in children and is a component of self-destructive behaviours in 
the Tourette and Prader-Willi syndromes. In adults, chronic nail 
biting is most commonly an isolated, self-destructive habit, which 
may respond to cognitive-behavioural training [3]. It is also com- 
mon as a compulsive action as a part of OCD, not always at times 
of stress. Rarely, onychotillomania is a manifestation of a major 
depressive disorder that has a suicide risk. Self-induced anonychia 
of the toenails was produced by one man who plucked out his nails 
with pliers rather than suffer recurrent paronychia from previously 
crushed toes. 


Management 


Treatment ladder for onychotillomania 
and onychophagia 


First line 

Of the nails/topical/localised 
¢ Nail lacquers 

e Taping of the nails 

¢ Gloves at night 

e Emollients to the nail folds 
Of the habit [4,5] 

e Habit reversal treatment 
e Relaxation techniques 

¢ Meditation 

e¢ Mindfulness 


Skin-related health anxieties 


Introduction and general description 

Health anxieties are irrational fears that are out of proportion 

with objective reality, and overwhelmingly distort everyday life. 

They can be regarded as obsessional fears. Dermatology patients 

may present with focused anxieties about the development of a 

variety of cutaneous diseases. Predominant cutaneous anxieties (or 

phobias) can be divided into: 

1 Anxieties of contamination, e.g. dirt phobia, germ phobia, wart 
phobia. 

2 Fear of malignancy, e.g. cancer phobia, mole phobia. 

3 Others, e.g. fear of blushing, sweating. 

4 Part of general health anxieties. 
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Dirt, infection and wart phobias [1] 

These are OCDs where the patient has an overwhelming fear 
of contamination or infection of the skin or body. Hand washing 
leading to dermatitis is common, but up to 10% will admit to com- 
pulsive body washing also. The precipitating factors are fears of dirt 
and contamination from others who have been infected with real 
organisms (e.g. methicillin-resistant Staphylococcus aureus or MRSA) 
or those who might have been (e.g. those recently discharged from 
hospital). Situational exposure in work to dirt and waste may 
initiate the fear. Hand washing may occur up to 100 times per 
day and compulsive showering and bathing 10-20 times daily. 
If a patient has a recalcitrant irritant dermatitis, a sympathetic 
enquiry about frequent compulsive hand washing may be prudent 
(especially after the Covid-19 pandemic). 


Mole and cancer phobias [2-5] 

This is an OCD where the patient has an overwhelming fear 
of developing cancer and may stray into delusional intensity belief 
[5]. A dislike of moles and freckles may be a manifestation of BDD 
but for most patients who repeatedly demand mole examinations, 
and sometimes excision, there is an underlying cancer phobia. It 
occurs in response to various stimuli. For example, the patient 
may have had a malignant lesion removed and need constant 
reassurances. Or there may have been malignancy or death from 
melanoma in family or friends, or concern repeatedly triggered 
by media, medical or family pressure. It is an excessive response 
to disease, often related to anxiety. Patients present regularly 
and acutely to a screening clinic or primary care physicians. They 
may demand removal of some or all of their moles or even attempt 
self-surgery. Mole phobia by proxy is not uncommon in parents who 
worry about their children and their moles to such an extent that 
normal play activities and family holidays are curtailed because 
of concerns about sun exposure. Unless the primary pathology 
(the OCD/anxiety disorder) is addressed, the condition is likely 
to continue. 


Other anxieties and phobias 
Topical corticosteroid phobia may occur, predominantly about skin 
thinning and to a lesser extent stunting of growth in children [6]. 


Management 
These treatments are in addition to the general approach to manage- 
ment outlined earlier in this chapter [7]. 


Treatment ladder for skin-related health 
anxieties 


First line 

e Reassurance about the benign nature of the condition (if it is 
benign) 

e SSRIs, often in higher doses, have been shown to be helpful in 
OCD /health phobias. Mirtazepine is a sedating 
antidepressant that may be used if patients have sleeping 
disorders. Citalopram is now used to a maximum of 40 mg; at 
the moment fluoxetine can be used in doses up to 60 mg 


e Talk therapies are essential to address the patient’s anxieties 
and attempt to establish a more rational perspective to their 
disease 

¢ Appropriate treatment of the skin may be necessary (such as 
treatment of irritant hand dermatitis in OCD hand washing) 

e Mindfulness and relaxation techniques are proving to be very 
beneficial 


Second and third line 

¢ Occasionally antipsychotics may be helpful if the patient 
presents with delusional disease 

¢ Mood stabilisers (e.g. lamotrigine) 

¢ Treatment of any co-morbid affective disease 

¢ Hypnosis 


EATING DISORDERS — 


Eating disorders are considered primarily as psychiatric illnesses 
that have significant physical complications. Anorexia nervosa, 
bulimia nervosa and a third group called ‘eating disorders not 
classified’ are particularly common among young women and are 
increasing in incidence. 


Anorexia nervosa and bul imia 


Introduction and general description 
For anorexia nervosa to be diagnosed, the following criteria must be 
found: 

1 Aninability to maintain a normal or minimum weight for age and 
height coupled with an intense fear of gaining weight; the body 
mass index (BMI) is less than 17.5 kg/m/?. 

2 A distorted perception of weight, size and body configuration. 

3 Amenorrhoea. 

Bulimia nervosa is defined by the following: 

1 Recurrent and compulsive overeating episodes (binge eating). 

2 Recurrent and inappropriate compensatory behaviour in order to 
avoid gaining weight; these include induced vomiting and abuse 
of diuretics and laxatives. 

3 Binge eating and weight reduction behaviours occurring at least 
twice per week for 3 months. 

4 Self-esteem affected by weight and body configuration. 


Epidemiology 

Incidence and prevalence 

Anorexia nervosa now has an incidence of up to 1% and bulimia 
up to 5% of the general population [1]. Reviews suggest a life- 
time prevalence of 2.2%, with over half the cases not detected 
initially in the health care system. The annual prevalence is about 
0.3% for anorexia and 1% for bulimia, although this may be 
higher in women aged 15-24 years [2]. The incidence is 270 per 
100 000 person-years in this group of younger women compared to 
8 per 100 000 person-years in the group of women as a whole. 
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e Substance abuse. 
e BDD [6]. 


Investigations 
Dermatologists should suspect anorexia nervosa when presented 
with these suggestive signs, particularly in an underweight girl. 
A simple screening questionnaire is helpful for detecting eating 
disorders (Box 84.12) [7]. Eating disorders are largely undetected in 
the community. 


Box 84.12 The SCOFF questionnaire for diagnosing 
eating disorders 

¢ Do you make yourself Sick because you feel uncomfortably full? 

¢ Do you worry you have lost Control over how much you eat? 

e Have you recently lost more than One stone (6 kg) in a 3-month 


period? 
¢ Do you believe yourself to be Fat when others say you are too thin? 
Figure 84.15 Russell sign: callosities of the knuckles from manual forced vomiting in * Would you say that Food dominates your life? 
bulimia. One point for every ‘yes’; a score of >2 indicates a likely case of 
anorexia nervosa or bulimia. 
Age, sex and ethnicity 
Anorexia occurs earlier in life, usually in adolescence, while bulimia Adapted from Luck et al. 2002 [7]. 


has its peak in the later teens and early twenties. The majority of 
sufferers are young women, at a ratio of female : male of 20: 1, 
although there is increasing evidence that this is moving closer to Management 

5 : 1. White races predominate in published studies. The prevalence Patients receptive to the suggestion of specialist care should be 
in Afro-Caribbean and Asian women is rare. It is commoner in _ referred to a psychiatrist [8]. Dermatologists may be able to help 
industrialised societies and much more frequent in those of high | with advice about treatment of skin manifestations. 

social class. 


ini R r 
Clinical features esources 


Cutaneous co-morbidities 

There are a number of skin problems commonly found in sufferers 
of anorexia and bulimia [3]: 

e Xerosis and pruritus. 

e Acrocyanosis. 

e Perniosis. 

¢ Increased lanugo hairs. 

¢ Hair loss. 

e Scurvy. 

e Russell sign (knuckle pads from chewing the skin overlying the 


knuckles) (Figure 84.15). PSYCHOGENIC ITCH 
¢ Nutritional disease: : .— av 


¢ Pellagra. 

e Dermatitis enteropathica (zinc deficiency). 

e Anaemia and hair loss secondary to iron deficiency. 
e Cutaneous microvasculature: 

e Raynaud phenomenon. 

e Acrocyanosis and perniosis. 
e Hair abnormalities: 

¢ Hypertrichosis. 


Patient resources 
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Beat: www. beateatingdisorders.org.uk. 


Mind: www.mind.org.uk. 

Schmidt U, Startup H, Treasure J. A Cognitive-Interpersonal Therapy Workbook for Treating 
Anorexia Nervosa: The Maudsley Model. London: Routledge, 2019. 

Virgo H, Obuaya C-C. Hope through Recovery: A Supportive Guide to Moving Forward 
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When in Recovery from an Eating Disorder. London: Trigger Publishing, 2021. 
(Both websites last accessed July 2022.) 


There is a growing interest in the research and management of itch. 
In the absence of organic disease, psychogenic itch is a diagnosis 
of exclusion, and possibly a disease entity in itself. The sensation 
of itch may not, according to patients, sufficiently describe the per- 
ceived sensation. Patients may describe a range of itch-pain-like sen- 
sations which are very frequently unpleasant and disabling. What 
patients find particularly challenging is the sense of not being in 
control of their bodies, and that sense of frustration is, for many, as 


* Hair loss, disabling as the itch itself. 
Psychodermatological co-morbidities Sensations related to itch include: 
¢ Self-injurious behaviours [4]. ¢ Skin pain. 
¢ Trichotillosis. ¢ Skin burning. 

e Severe onychophagia. ¢ Tickling. 
e Fabricated dermatitis. e Pins and needles. 
e Suicide; the risk is much higher than in the normal population [5]. e Tenderness. 
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Table 84.2 Proposed diagnostic criteria for psychogenic pruritus (functional itch 
disorder): as well as the three compulsory criteria, three out of the seven optional criteria 
are also required for a diagnosis. 


Compulsory criteria Optional criteria 


Generalised pruritus without 
primary skin disease 


Chronological relationship of the occurrence of 
pruritus with one or several life events that could 
have psychological repercussions 

Variations in intensity associated with stress 

Pruritus that is worse at night 

Predominance during rest or inaction 

Associated psychological disorder 

Pruritus that could be improved by psychotropic 
drugs 

Pruritus that could be improved by psychological 
therapy 


Chronic pruritus (>6 weeks) 
No somatic cause (cutaneous 
or systemic) 


Adapted from Misery et a/. 2007 [4] with permission of John Wiley & Sons. 


Psychogenic pruritus — Cl 


Classification 
Pruritus can be divided in those with and those without [1] an 
underlying dermatosis (Box 84.13). 


Box 84.13 Classification of itch 


1 Pruritus with associated underlying dermatosis 
2 Pruritus with no underlying dermatosis: 
2a Secondary pruritus due to underlying systemic disorder 
(secondary pruritus) 
2b Generalised pruritus of unknown origin (GPUO) 
Note that type 2a and 2b pruritus may have secondary cutaneous 
changes due to rubbing or excoriation. 
Acute: <6 weeks. 
Chronic: >6 weeks. 


Reproduced from Millington et al. 2018 [1] with permission of John 
Wiley & Sons. 


Introduction and general description 

Pruritus is a multifactorial symptom. Dermatological, neurological, 
iatrogenic illness and internal disease are well-recognised causes [2] 
(Chapter 81). The propensity for individuals to sense itch after psy- 
chological provocation by pictures of insects, rashes and watching 
other people scratching demonstrates the ready ability of simple 
measures to induce psychosomatic pruritus. Misery and colleagues 
have proposed diagnostic criteria for psychogenic pruritus [3,4]; 
there are three compulsory criteria (Table 84.2): 

1 Localised or generalised pruritus sine material. 

2 Chronic pruritus (>6 weeks). 

3 Absence of a somatic cause. 

Localised or generalised psychogenic itch may begin as a stress 
response [4]. Patterns of itching and scratching may predominantly 
occur during periods of relaxation or non-occupied time. Pruritic 
episodes may be unpredictable in onset and present with abrupt and 
sudden termination. The quality of itch may be unusual, described 


as crawling, stinging or burning. Sites of predilection in two-thirds 
of subjects were the legs, arms and back. Localised itching may lead 
to generalised body itch within a short time. In some individuals, 
intense scratching can induce a feeling of pleasure which may be 
related to the release of opioids centrally. 
The consequences of psychogenic recalcitrant itch may be [5,6]: 
¢ Nodular prurigo. 
e Anxiety. 
e Depression (about 30%). 
e Anxiety and depression (10% for out-patients and 20% for 
in-patients). 
e Sleeplessness. 
e Suicide. 
It is recognised that recalcitrant itch (with or without underly- 
ing skin disease) is one of the main reasons why patients consider 
suicide [7]. 


Investigations 

Various scales measure itch, and researchers and clinicians are 

attempting to standardise and validate scales. Measurements of itch 

include: 

e The peak pruritus numerical rating scale (PP-NRS); this is the 
most commonly used test of pruritus in isolation of skin disease. 

e The urticaria activity score over 7 days (UAS 7) (Chapter 42). 

e The dermatology life quality index (DLQI); this contains a ques- 
tion about itch. 

e The eczema area and severity score (EASI) and scoring atopic der- 
matitis (GSCORAD),; these scores have an itch factor (Chapter 41). 


Management [1,8-11] 

The treatment of psychogenic itch is best seen as concurrent treat- 
ment of itch sensations at the same time as treating the underlying 
or associated psychosocial co-morbidities. 

In distressed patients with chronic pruritus, including with a 
likely psychogenic origin, consider psychosocial and behavioural 
interventions including education on how to avoid trigger fac- 
tors, how to apply treatments, lifestyle interventions, relaxation 
techniques, cognitive restructuring and behaviour modification 
including habit reversal training [6]. Patient support groups can 
be beneficial and referral to social workers, liaison psychiatry 
and psychologists may be helpful in individual cases [1]. 


Treatment ladder for psychogenic pruritus 


First line 

e Basic measures such as emollients and humectants, soap 
substitutes and bath additives are usually the baseline of skin 
treatments 

¢ Cooling creams such as 2% menthol in aqueous cream may 
provide symptomatic relief 

¢ Consider topical steroids and other topical 
anti-inflammatories if there is a co-morbid dermatitis 

¢ Non-sedating antihistamines 

¢ Sedating antihistamines may be better than non-sedating 
antihistamines (e.g. hydroxyzine 50-75 mg daily) 

¢ Behaviour-orientated therapy can be very helpful, especially 
habit reversal treatments [8] 
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Second line 

¢ Tricyclics [1] (usually in addition to sedating antihistamines, 
e.g. doxepin starting at 10 mg and increasing to 125 mg/day, 
or amitriptyline 10-150 mg daily) 

¢ SSRIs are next to try [10] (e.g. fluoxetine 20-40 mg/day or 
citalopram 20-40 mg/day) 

¢ Phototherapy and photochemotherapy may help recalcitrant 
itch 


Third line 

e Antidepressants such as trazadone or duloxetine 

¢ Topiramate has been reported recently as being of benefit [11] 

¢ Serlopitant 

¢ Naltrexone 

e There is a growing interest in the management 
of psychogenic itch with biologic agents and JAK inhibitors. 
Medications such as nemolizumab [12] (anti-IL-31A 
monoclonal antibody), dupilumab [13] (anti-IL-4/13 
monoclonal antibody), baricitinib, wpadicinib and other JAK 
inhibitors [7,14] are being assessed by NICE, the EMA 
and the US FDA for approval in the treatment of patients 
with psychogenic pruritus. These agents are likely to be used 
after at least one systemic therapy has been tried and failed, 
or where systemic immunomodulators are contraindicated 


Resources 
International Society for the Study of Itch (IFSI): www.itchforum.net. 


Skin Support: www.skinsupport.org.uk. 
(Both last accessed July 2022.) 


FACTITIOUS SKIN DISEASE 


Doctors usually believe what the patient tells them. The unwritten 
contract of the consultation process is that the patient will relate the 
details of the illness as truthfully as they see it and respond to the 
physician’s questions as openly as possible, neither deliberately hid- 
ing nor distorting the facts. The physician makes these assumptions 
in assessing the combination of signs and symptoms of the illness. 
Some patients may exaggerate or minimise symptoms. Patients 
may misattribute causation on the basis of experience, culture and 
a need to place the illness in a context. They may have mistaken 
beliefs because of advice from other medical or, increasingly, media- 
or Internet-inspired sources. These consultation behaviours are 
common and do not constitute a fabrication, although if persistent 
this conduct can compromise a clinician’s objectivity. 

Clinical deception refers to a spectrum of illness that lies on a con- 
tinuum depending on the level of intention to deceive at the time 
of the act, and the motivation for the induced illness. The defini- 
tion of factitious behaviour is not completely clear since the level 
of intention may vary, but for the dermatologist the definition by 
DSM-5 [1] includes: 


1 Falsification of physical or psychological signs and symptoms, 
or induction of injury or disease, associated with identified 
deception. 

2 The individual presents themself to others as ill, impaired or 
injured. 

3 The deceptive behaviour is evident even in the absence of obvious 
external rewards. 

4 The behaviour is not better explained by another mental disorder 
such as a delusional disorder or another psychotic disorder. 

In factitious disorder imposed on another (previously factitious 
disorder by proxy), DSM-5 criteria are similar except criterion 2 
refers to an individual presenting another person as being injured 
or harmed in some way. 

Criterion 1 supposedly excludes disorders characterised by unin- 
tentional production of symptoms, thereby marking a distinction 
between factitious disorders and somatoform, conversion and dis- 
sociative disorders. Criterion 2 assumes an internal incentive which 
the patient may deny even to themselves, and criterion 3 excludes 
the intentional production of symptoms for external gain, thereby 
marking a distinction with malingering. 

The nomenclature for dermatological lesions produced by 
patients, as defined above, is multifarious. Artifice is a noun 
meaning the use of cunning plans or devices in order to trick or 
deceive while an artefact is defined as man-made and artistic or 
decorative. A fabrication is an invention often, in certain contexts, 
meaning with deceitful intent, while factitious is an adjective mean- 
ing artificial or contrived. The term factitious dermatitis will be used 
preferentially here in keeping with the revised definition of Miin- 
chausen syndrome by proxy as factitious or induced illness (FID). 
Factitious falsification of information, that is, lying, is a consequence 
of the manufacture of skin lesions, the occult use of others (proxy 
disease) and disease produced for material profit or retribution. 
The lying may have a different quality in these cases, such that the 
psychosocial lies of the impulsive, immature, young girl are mainly 
used to avoid the shame and denigration of exposure, whereas 
the pathological lies (pseudologica fantastica) of the accomplished 
malingerer are used to embellish their performance. 

There are a series of recognised factitious skin diseases char- 
acterised by the following features: firstly, the dermatoses are 
caused by the fully aware patient; secondly, there is a desire to hide 
the cause from their doctors. This definition includes dermatitis 
artefacta, dermatitis simulata, dermatological pathomimicry and 
dermatitis passivata. These syndromes are additionally distin- 
guishable from others where there is overt secondary gain, such as 
Miinchausen syndrome, Miinchausen by proxy and malingering. 

For all factitial skin disease (including dermatitis artefacta) it is 
crucial to make sure that organic disease is safely excluded and to try 
to prioritise why the patient is presenting with the condition rather 
than how. 


Dermatitis artefacta .— (SV? 


Introduction and general description 
Dermatitis artefacta is a disorder caused entirely by the actions of 
the fully aware (i.e. not consciously impaired) patient on the skin, 
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(b) 


Figure 84.16 Dermatitis artefacta. (a) Symmetrical and predominantly monomorphic 
erosions on the dorsal hands. (b) Severe dermatitis artefacta of the scalp as a large 
necrotic ulcer which needed plastic surgery reconstruction. 


hair, scalp, nails or mucosae (Figure 84.16) [1]. These patients hide 
the responsibility for their actions from their doctors. Deliberate 
self-harm differs from dermatitis artefacta in that patients will often 
own that they are ‘mutilating’ their skin (Table 84.3; Figure 84.17). 


Epidemiology 

In adults, all studies have shown a female preponderance, with 
the ratio of female : male varying from 20: 1 to 4: 1. Lesions have 
been found in children from the age of 8 years; prepubertal children 
have an equal sex ratio, which rises to 3 : 1 female predominance by 
the early teenage years [1]. These series confirm that the majority 


Table 84.3 Distinguishing features from dermatitis artefacta of other self-inflicted 


disorders affecting the skin. 


Condition 


Self-harm 


Self-mutilation 
Skin picking disorders 


Skin damage due to 
psychosis 

Skin damage due to body 
dysmorphic disorder 

Malingering 

Dermatitis simulata 


Dermatological 
pathomimicry 


Dermatitis neglecta 


Munchausen and 
Munchausen by proxy 


Distinguishing features from dermatitis artefacta 


Patients deliberately cause harm, often with suicidal 
intent 

Intention is not to feign illness but can be a suicide 
attempt, a behaviour to modify emotion and cope 
with distress or a ‘cry for help’ 

May be unintentional, seen in patients with severe 
learning disabilities/neurological patients 

Patients damage skin to relieve tension; they usually 
admit to this 

Patients damage skin in response to hallucinations or 
delusions, e.g. delusional infestation 

Damage to skin is secondary to overvalued ideas of 
perceived imperfection 

External motive is present, e.g. pecuniary gain 

Individuals (usually children) apply pigments to simulate 
skin disease 

Individuals aggravate an existing dermatosis, so that the 
disease looks like an exacerbation of an established 
skin condition with none of the bizarre physical signs 

Patients self-neglect and develop a build-up of keratin 
and debris which may mimic a primary skin disorder 

With Minchausen, the patient repeatedly and 
deliberately acts as if they have a physical or mental 


illness when not really sick. Repeated acute 
presentations to different hospitals and different 
specialties is the hallmark of this extreme form of 
factitious disorder 

Munchausen syndrome by proxy is a mental illness and a 
form of abuse. The caretaker of a child, most often a 
mother, either makes up fake symptoms or causes 
real symptoms to make it look like the child is sick 


Reproduced from Mohandas 2021 [1] with permission of Springer Nature. 


of cases begin in adolescence and in adults under 30 years of age, 
although there is an important subgroup whose age of onset is 
significantly older. This latter subgroup is distinguished by being 
more likely to be male (male : female ratio of 2 : 1), to produce more 
subtle skin lesions and to have a past history of somatising illness 
(unexplained symptoms) such as non-epileptic attacks, abdominal 
pain, syncope, chronic fatigue and backache. 


Pathophysiology [2] 
The motivation of patients is variable. There is a distinction between 
disease, illness and sickness. Disease refers to primarily biological 
forms of pathology, illness to the subjective experience of ill health 
which is entirely personal, and sickness involves the process of being 
ill. People differ in the way that they perceive, assess, act or fail 
to act upon the symptoms that they experience. This is recognised 
as a personal ‘illness behaviour’ and shapes the role, firstly, within 
the family and, secondly, with professional health advisors. The psy- 
chopathology underlying the production of factitious lesions sug- 
gests that the patient wants the sickness role as the essential pathology. 
It is suggested that these patients have complex underlying drivers, 
for example self-hate and guilt, and an illness allows inappropriate 
regression and avoidance of adult responsibilities. 

In some cultures and societies having a physical illness is accept- 
able, whereas having a psychiatric disease is not, therefore it is easier 


Figure 84.17 Scarring from deliberate self-cutting over a birthmark. 


for a patient to mimic physical illness to adopt a sickness role when 
in ‘emotional pain’ rather than admit to psychiatric or psychological 
morbidity. 

The precipitating life event (if there is one) may seem trivial (e.g. 
exam pressure from parents) or objectively be very serious (e.g. 
sexual or other abuse) (Box 84.14). A focus on ‘why’ not ‘how’ may 
be more productive in managing patients. Children and adoles- 
cents commonly show anxiety and immaturity of coping styles 
in response to a dysfunctional parent-child relationship, bullying, 
physical body changes or sexual and substance abuse. Adults may 
be reacting to adverse situations in an immature, impulsive manner. 
The more chronic patients tend to have a demonstrable personality 
disorder, most often borderline/emotionally unstable. 

The development of dermatitis artefacta is more common in those 
with memorable early (and sometimes continuing) experience of ill- 
ness, or in those who have a family member who is (or has been) 
unwell, or who is a health care professional. 


Box 84.14 Psychosocial factors that may precipitate 
a skin disorder 


Children/adolescent 

¢ Bullying 

e Family upheaval (divorce, separation) 
e Emotional neglect 

e Physical/sexual abuse 

e Exam stress 

e Bereavement 

¢ Adoption, fostering 


Adults 

e See above causes for events that may have occurred in childhood 
¢ Relationship breakdown 

¢ Bereavement 

¢ Financial crisis, employment 

e Issues such as bullying, discrimination 

¢ Social isolation, depression, anxiety 

¢ Body dysmorphic disorder, personality disorders 
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Clinical features 

The diagnosis of dermatitis artefacta can usually be suspected quite 
early on. The two characteristics are the physical signs and the 
quality, pattern and reliability of the history that accompanies them 
(Box 84.15) [3]. 


Box 84.15 Clinical clues to the diagnosis of 
dermatitis artefacta 


¢ ‘Hollow’ history, ie. vague/brief/lack of detail - does not seem 
genuine /sincere and does not add up if scrutinised 

¢ Indifferent patient, ie. does not seem concerned 

¢ Lesions fully formed without precursors 

¢ Sites of lesions may be predicted by patients 

¢ Usually geometrical and bizarrely shaped 

e Present in accessible areas, oddly distributed 

e Usually present in visible areas 

¢ Suspect historical or current abuse if on breasts or genitalia 

¢ Poor healing/recurrent ulceration despite absence of organic 
pathology 


History 

The history from the patient is either incongruous or, more com- 
monly, a ‘not knowing how the skin lesions happen’ (the ‘hollow 
history’). The patient often describes the sudden appearance of 
complete lesions with little or no prodrome. There is no complete 
description of the genesis of individual skin lesions. The lesions 
appear or are ‘discovered’, often on waking. Lesions appear at 
an identical stage in development, in crops or groups, more often 
symmetrically but rarely scattered, apparently at random. There is 
usually a lack of disease progression on history. By contrast there is 
a prolonged and elaborate description of the complications and the 
failure to heal. Characteristically, established lesions may undergo 
sudden deterioration at the same time as new areas appear. Only 
rarely do patients use more than one method to produce lesions. It 
has been suggested that the patients show a ‘belle indifférence’ to 
their predicament as part of a dissociative state and that, in the pres- 
ence of visible disease, they manifest a nonchalance and innocence 
transmitted through an enigmatic ‘Mona Lisa smile’ (Figure 84.18). 
Patients are more often passive than aggressive, even though they 
have a widespread disfigurement. However, considerable anger is 
commonplace from parents, carers, spouses or partners, who com- 
plain at the incompetence of a succession of doctors. Patients and 
their relatives may consume huge amounts of medical resources to 
seek the cause and resolution of the ‘problem’. Relatives are usually 
convinced that the patient has a genuine disease. Official complaints 
to hospital management and to local or other government officials 
may follow. 


Presentation [4,5] 

The range of presentations for dermatitis artefacta is extremely wide, 
varying from blisters and linear tears, to huge ulcers and mutilation 
(Figure 84.19). Similarly, the underlying cause can vary from what 
would seem fairly trivial to an enormous psychological blow. For all 
age groups, the commonest site of involvement is the face, particu- 
larly the cheeks, representing over half the presentations in children 
(Box 84.16). The dorsa of the hands rather than the palms are 
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Figure 84.18 Factitious disease of skin on the chin and the ‘Mona Lisa smile’. 


the next commonest site, then the forearms, most frequently of the 
non-dominant limb. There is a particular covert pattern on covered 
skin where the clothes hide significant mutilation of the breasts, 
abdominal areas and sometimes the genitalia. These areas of dam- 
age in young girls should prompt inquiry about sexual abuse. 
Involvement of the back, axillae and external ear is uncommon. 


Box 84.16 Common sites of artefactual skin lesions 


e Head and neck — scalp, face 

¢ Lower limbs — shins, thighs 

¢ Upper limbs — forearms, wrists, upper arms 
° Torso — chest, breasts, abdomen, shoulders 
¢ Genitalia 


Cutaneous lesions have been produced by every known means 
of damaging the skin and are therefore polymorphic, bizarre 
and mimic any of the known inflammatory reactions in the skin. 
Factitial dermatitis should enter the differential diagnosis of every 
chronic, puzzling and recurrent dermatosis. The lesions are usually 
linear, angulated or assume patterns that do not conform to recog- 
nised skin disease morphology, and are often the result of thermal, 
chemical or instrumental injury (Figure 84.20). Commonly, circu- 
lar erosions or blisters of a uniform size can be manufactured (e.g. 
by cigarette burns or cryodamage from a closely applied pressurised 
aerosol such as an antiperspirant or asthma inhaler). Perfume may 
remain detectable in the lesions for some days. Less commonly, 
dermal lesions from blunt trauma presenting as odd haemorrhages 
or dramatic dermal indurations and necrosis are found from for- 
eign body injections of milk, cosmetic oil or industrial grease [6]. 
These are found more often in the breasts, thighs or penis, the latter 
as covert body augmentation. 

Excoriations may be made with nail files, sanding boards, cheese 
graters or wire brushes to produce raw, crusty, linear or arciform 
lesions with characteristic geometrical edges. Urticarial lesions are 


(b) 


Figure 84.19 Dermatitis artefacta. (a) Crude, linear, angulated and destructive factitious 
dermatitis. (b) Note the straight edges and sharp angulation of some of the lesions. 


initially produced by chemical damage and progress subsequently 
to blistering, crusting and scarring (Figure 84.21). Characteris- 
tically, these areas may show the ‘drip sign’, where corrosive 
liquids have been uncontrolled and allowed to run over the skin 
(Figure 84.22). Bleaches, soaps and household cleaners are most 
commonly employed by women; industrial acids and automotive 
fluids by men. These chemicals may produce a persistent, detectable 
smell on the skin. 
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Figure 84.20 Dermatitis artefacta. Persistent ulceration of the breast from covert 
injections of milk and talcum powder. 


Clinical variants 

Factitious cheilitis. Factitious cheilitis (also known as Ie tic des lev- 
res), or the production of artefactual lesions of the lips, is not com- 
mon. It is most frequently seen in girls and young women but the 
incidence is equal in male and female older patients. Simulation of 
cheilitis has been produced by applying a crust of paper, glue or 
colourant. Reactions of the lips are limited and appear in particular 
as persistent inflammation with crusting and variable haemorrhage. 
The crusts may be very thick with a succession of layers of con- 
gealed haemorrhagic exudates resembling a carapace or oyster shell. 
The haemorrhage can also be impressive, with coagulated blood and 
serum extruding over the lips. This is caused by picking, biting, rub- 
bing and licking. Occasionally patients may develop crusting of the 
lips when they become concerned about their lips and refuse to clean 
them. Removal of the crusts leaves a relatively normal lip although 
with time there is some superficial erosion. Differential diagnosis 
includes contact dermatitis, actinic damage, chronic lip licking habit 
and causes of granulomatous cheilitis. 


Factitious nail disease. Traumatic and chemical damage to both the 
nail and nail fold have been seen in children and adults. The paedi- 
atric cases show chronic paronychia caused by the insertion of nails, 
pins or splinters. Soldiers avoiding duty have habitually used caus- 
tics to damage their fingers. The characteristic lesions show purpura 
and haemorrhage around the nail fold but also subungual haemor- 
rhage and pustules. A significant sign is repeated traumatic nail loss 
occurring singly or multiply on one hand only. 


Hair artefact. A distinctive pattern of hair loss may occur after cut- 
ting or shaving. It differs from the plucked appearance of trichotil- 
losis, with obvious gross changes such as rough, cropped areas of 
hair loss or unnatural, patterned or shaved alopecia of the scalp or 
eyebrows. 


Witchcraft syndrome. Artefact dermatitis can be provoked on an 
unknowing and unsuspecting victim by proxy [7,8]. For example, as 


an act of revenge, a hairdresser applied benzyl ether to a customer’s 
skin. This induced hyperaemia with some oedema within 10 min- 
utes but not on the perpetrator since absorption of the agent is very 
low on the palm of the hand; thus she could easily apply it to the 
customer’s skin without harm to herself. 


Dermatitis artefacta with artefact of patch tests. Bullous dermati- 
tis artefacta in a female veterinary assistant healed with occlusive 
dressings. New bullae on the other arm prompted the parents to 
demand ‘allergy’ tests. Ten patch tests to yellow petrolatum were 
applied to the back, which provoked a non-inflammatory bulla on 
one of the sites 2 days later [9]. In another case the patch test reaction 
was mimicked by scarification in an attempt to claim compensa- 
tion [10]. 


Constriction artefact. Oedema of limbs from constricting bands 
has been described (Secretan syndrome). It is characteristic that one 
digit, usually a toe, will be constricted at a time while the others 
are unaffected. A repeated series of single, different ischaemic toes, 
while all the others are healthy, should raise suspicion of external 
banding. Embolic disease can be excluded by vascular scan. 


Purpura artefact. Purpura and bruising are seen after suction, 
friction or blunt trauma. Children produce purpura on the chin by 
sucking on cups and on limbs by direct mouth suction or with the 
use of a toy or tool. Shearing stress also produces purpura, tending 
to present as linear limb lesions. Extensive bruising and bleeding in 
a child mean that factitious and induced illness (see ‘Fabricated and 
induced illness’ later in this chapter) should be excluded, caused 
not only by trauma but also drug-induced by anticoagulants. 


Dermal artefact. Dermal skin lesions may take the form of 
panniculitis-type lesions and boggy, fluctuant swellings. Careful 
examination of an acute lesion may reveal the presence of a needle 
track where milk, air, faeces, urine, cooking oil, silicone, grease or 
engine oil has been injected. Access to needles and syringes may be 
via medical or paramedical family and friends. 


Postsurgical artefact. There is a group of patients who present with 
a non-healing, postsurgical wound (Figure 84.23). This may follow 
a small operation after minor skin trauma, breast biopsy or instru- 
mentation such as a laparoscopy. Wounds ‘burst’ after the sutures 
are removed, become recurrently infected and real organisms such 
as MRSA appear. Unfortunately, further ‘wound repairs’ exacerbate 
and legitimise the continuing wound. It is not unusual to see patients 
who have had up to eight operative revisions before a further refer- 
ral is made to a dermatologist. 


Differential diagnosis 

The differential dermatological diagnoses for dermatitis artefacta 

include: 

e¢ Autoimmune bullous disease (bullous pemphigoid, cicatricial 
pemphigoid, linear IgA disease). 

¢ Porphyria cutanea tarda. 

¢ Pyoderma gangrenosum. 

¢ Vasculitis. 

¢ Connective tissue disorder. 

¢ Cutaneous lymphoma. 

¢ Folliculitis (bacterial /fungal). 
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(a) (bo) 


Figure 84.22 Dermatitis artefacta showing the drip sign. 


Granulomatous infection (mycobacterial, deep fungal). 
¢ Folliculitis decalvans. 

e Arthropod bites. 

Dermatitis herpetiformis. 

e Pinch purpura secondary to systemic amyloidosis. 


Complications and co-morbidities 

Twenty per cent of patients have a somatisation disorder and 
hypochondriasis. These are co-morbid with anxiety, depression 
and substance abuse. Borderline/emotionally unstable personality 
disorder is a factor for chronicity in both sexes. Dissociative states, 


Figure 84.21 Dermatitis artefacta of (a) the ankle 
and (b) left breast (different patients). 


Figure 84.23 Non-healing wound after surgery with characteristic central ‘interference 
haemorrhage’. 


where there is dissociation between the act of self-damage and the 
awareness of performing the action, is debated at length based on 
the premise that the patient may be performing the act without 
awareness for unconscious reasons. 

Complications of dermatitis artefacta include: 
e Pigmentation disturbances. 
° Scarring. 
Cutaneous infection. 
Osteomyelitis. 
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e Fistulae. 
e Severe infection such as cerebral abscess. 


Investigations [11] 

The diagnosis is not difficult to make and is usually considered 
quite early on in the patient’s journey. Nevertheless, it is essential 
to exclude organic disease (see the ‘golden rules of psychoderma- 
tology’ earlier in this chapter). Any skin biopsies must be carefully 
assessed with very close clinicopathological correlation to avoid 
under- and overdiagnosis. For this and a range of other reasons, 
it is essential that dermatitis artefacta is managed in a psycho- 
dermatology MDT setting. A skin biopsy is not necessary in the 
majority of cases but can provide essential supportive information 
to help to exclude organic disease. Similarly, if a skin biopsy shows 
minor inflammatory features and the clinicopathological correla- 
tion suggests dermatitis artefacta, then it is important to consider 
the diagnosis as a likely cause of the presenting disease. 

Histological appearances can include an epidermis damaged 
by friction or chemicals with a vacuolar dermatitis and lymphocytes 
around degenerating keratinocytes. Superficial acute and dramatic 
epidermal necrosis from physical and chemical damage is charac- 
teristic of crude damage to the skin. Subepidermal blistering can 
be produced by thermal and cryodamage. In contrast, the subja- 
cent deeper dermal tissues can appear spared. Some chemicals, 
for example toothpaste, can induce unusual inflammatory dermal 
appearances suggestive of cutaneous lymphoma (pseudolym- 
phoma). Injections into subcutaneous tissues can also produce 
deeper lesions that show as vasculitis or an odd panniculitis. Ink 
shows as pigment with limited inflammation, and talc excites a 
macrophage reaction with giant cells. Injected oils and greases 
produce deep continuing panniculitis. 

Special stains can reveal silver from silver nitrate caustic damage. 
Examination under polarised light can identify foreign mate- 
rial and further refinement can be found with energy-dispersive 
X-ray analysis and infrared spectrometry. Unlike disease states, 
the histopathology of factitious disease may vary with time and it 
has been shown that serial biopsies may be diagnostically helpful 
because differing patterns of change may be present on each occa- 
sion. Occasionally, patients will completely bury needles into their 
skin to produce recurrent abscesses. A plain X-ray will visualise 
these. Some patients have inserted hundreds of needles throughout 
the skin; if one is identified, then other body areas should also be 
X-rayed. Wooden skewers may also be inserted; these are best seen 
via MRI scan. 

There are psychometric tests that can be used for the assessment 
of factitial disorders, but these are essentially research tools. 


Management [11-13] 

The management of dermatitis artefacta is not an interrogation. 

There are three therapeutic aims: 

1 Treat the skin appropriately. The skin damage may be exten- 
sive, disfiguring and infected, with the potential for scarring 
and dyspigmentation. The process of tissue repair may take time 
but this allows the opportunity for patient-clinician relation- 
ship building. It is important that the physician has a helpful, 
non-aggressive, sympathetic approach. Very occasionally, occlu- 
sive bandaging will allow lesions to heal (except for those of the 


most determined patients). Establishing a trusting relationship 
with the patient is crucial. 

2 Time should be taken to identify the nature and extent of the 
psychological problem. The dilemma has always been whether 
patients should be confronted or not. Generally, most psycho- 
dermatologists advocate not confronting the patient unless there 
are specific benefits (secondary gain, fugue states, etc.). The doc- 
tor must avoid personalising the episode and needs to consider 
the approach that is most likely to change the patient’s behaviour. 
The patient’s psychological problems should be approached in a 
non-intrusive manner, allowing the patient freedom to express 
their difficulties in a confidential environment. Children usually 
respond well to this approach, particularly if a cause of psychoso- 
cial pressure is identifiable. Any concerns about abuse should be 
addressed with child protection teams immediately, and concerns 
about significant psychiatric disease warrant an urgent referral 
to psychiatric services. Patients will often be engaged with psy- 
chological assessment if the clinician acknowledges how diffi- 
cult and stressful the skin disorder must be and then goes on to 
explore mood anxiety, impact on life and other psychosocial stres- 
sors via this approach. This may be more successful than a direct 
approach to suggesting the disorder is stress related. 

3 Clinicians need to address why the patient is presenting with der- 
matitis artefacta. Usually a cause for the dermatitis artefacta will 
be revealed as soon as the patient feels safe with the clinician 
and the environment. This can be very quickly after presentation 
or may take a long time. The reasons why a patient presents 
with dermatitis artefacta are very variable and may be relatively 
easily addressed (e.g. parental pressure to succeed at examina- 
tions) or may be difficult to address (e.g. sexual and physical 
abuse). Concomitant affective disease may need to be treated 
at the same time. 

Adult patients may respond to a non-confrontational ‘narrow 
escape’, “quasi-confession’, ‘recovery’, ‘face saving’ or ‘escape 
with honour’ strategy. This mechanism works by suggesting that 
the patient does some ‘personal homework’ to find a solution 
to their illness by offering a rationale for recovery. The patient may 
claim that an alternative medicine such as hypnosis, homeopathy 
or fringe methods such as manipulation and aromatherapy has 
‘cured’ them. It is important to follow up the patient to establish 
that psychological and social factors were intrinsic to the remission. 

One additional technique is the double-bind strategy where 
the physician explains that the treatment carries an expectation 
for recovery. If this does not occur then they will be forced to con- 
clude that failure to improve constituted conclusive evidence that 
the problem is psychological or factitious. A study of behavioural 
interventions of this type in acute and chronic non-organic (conver- 
sion/factitious) motor disorders showed that this produced positive 
resolution in chronic cases resistant to more passive techniques. 
This strategy worked particularly well where members of the family 
were angry or sceptical about the nature of the symptoms. 

The prognosis is that of the primary psychological disorder. 
Acute stress reaction can be addressed in a series of short consulta- 
tions at the time when the dressings are changed. Approximately 
one-third to one-half of patients continue to develop chronic 
lesions. Such patients may have a personality disorder (commonly 
borderline /emotionally unstable) and need psychiatric assessment. 
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Figure 84.24 Dermatitis simulata. Glue applied to look like herpes zoster. 


Unfortunately, this is frequently unacceptable to the patient who 
may fail to attend the clinic or ask to be referred elsewhere. 


Dermatitis simulata 


Apparent skin disease can be represented by patients who are 
ingenious enough to use external disguise to simulate disease 
(Figure 84.24). These patients do not significantly damage their 
skin. Make-up has been used to paint on a rash or simulate a birth- 
mark. This is most common in children. Glue and crystallised sugar 
can produce a coagulum to simulate a desquamating rash or chronic 
cheilitis, drugs to induce skin discoloration and topical printing dyes 
to produce discoloured sweat. These discolorations can be removed 
by aqueous or alcohol swabs and analysed if necessary. Sugar crusts 
dissolve easily in water, keratin ones do not. Red make-up has been 
used to simulate a port-wine stain on the face. These deceptions 
may be clever enough to confuse attending doctors for months. 


Some patients may intentionally aggravate an existing dermatosis 
using the explanation of its genesis given by their dermatologist. 
It is distinguishable from dermatitits artefacta because the disease 
looks like an exacerbation of an established skin disease with none 


of the bizarre physical signs typical of mechanical, chemical or ther- 
mal interference. It should also be differentiated from self-inflicted, 
delayed healing of surgical and traumatic wounds, which is 
achieved by external damage. A clinical suspicion should arise when 
patients suffer unexplained exacerbations of disease or are partic- 
ularly unresponsive to adequate supervised therapy. More direct 
confrontational discussion without recrimination may prove useful. 


Dermatitis passivat 


Figure 84.25 Dermatitis passivata in a younger patient. 


The cessation of normal skin cleansing will produce an accumu- 
lation of keratinous crusts (Figure 84.25). This is commonly seen 
in geriatric or demented patients who suffer from self-neglect. The 
lesions are the result of self-neglect and comprise cumulative accre- 
tions of keratin and dirty debris that form a thick carapace with 
time. Younger patients may present with purposefully uncleaned 
areas of skin (terra firme forme) as a way of mimicking what they 
may consider to be skin disease. These patients (as opposed to the 
elderly self-neglect patients) usually seek help to diagnose and man- 
age their skin ‘disease’. 


Asher defined malingering as the imitation, production or encour- 
agement of illness for a deliberate end [1]. The American Psychi- 
atric Association DSM-5 definition states that the ‘essential feature 
of malingering is the intentional production of false or grossly exag- 
gerated physical or psychological symptoms, motivated by external 
incentives such as avoiding military duty, avoiding work, seeking 
financial compensation, evading criminal prosecution, or obtaining 
drugs’. 

Malingering may be co-morbid with conversion disorders [2], 
personality disorders [3] and other factitial behaviour. However, it 
usually differs from most factitial disease in being short term and 
opportunistic. Other illness falsification tends to be chronic and 
persistent. Fear, desire and escape are the three main motives for 
producing false or grossly exaggerated physical or psychological 
symptoms [4]. Soldiers feigning disease and disability hope to avoid 
duty, suspend transfer or be discharged from the service [5]. Work- 
ers can prolong sick leave, delay corporate change of job or seek to 
obtain early retirement with an apparently extended illness. Some 
patients may seek compensation for a contrived illness, for example 
alleged burns, or aggravate and continue an existing disease, for 
example industrial dermatitis, out of a sense of grievance or retri- 
bution. Prolonged legal cases of supposed medical negligence are 
common in those with manufactured illness whose dissatisfaction 
with their doctors, or the care they have been given, may lead to 


a financial settlement as a reward [6]. Chronic, non-healing, post- 
operative scars are manipulated with instruments, or even faecal 
injection, to maintain sepsis. Hand dermatitis, both irritant and 
allergic contact, may be perpetuated to seek higher compensation 
awards. 

Treatment depends on the underlying psychiatric illness, if signif- 
icant psychopathology can be found, but the opportunist response 
in patients with an underlying personality disorder is poor [7]. 


Pseudologia fantastica 
and Minchausen syndr 


Asher used the term Miinchausen syndrome to describe notorious 
hospital hoppers who present with a dramatic and untruthful story 
of illness [1]. This is a chronic, severe and dramatic subtype of 
factitious disease. The essential elements are the recurrent nature 
of the illness, and the frequency and similarity of the repetitive 
pattern of the complaint in different hospitals (peregrination). 
The simulated illnesses may be esoteric and rare, with the patient 
often presenting a dossier to the doctors. While dermatological 
complaints are uncommon in Miinchausen syndrome, simulated 
porphyria and connective tissue disease, for example, may present 
to the dermatologist. The last element in the syndrome is pseudolo- 
gia fantastica (pathological lying) [2,3]. This describes the telling of 
lies about past social history and connections, exploits, wealth and 
invention of an alias. The patients are usually male, over 30 years 
of age and travel widely from hospital to hospital. They complain 
of abdominal pain, haemorrhage or some neurological incapacity; 
skin lesions are rare. The commonest signs are non-healing wounds, 
widespread blistering or multiple excoriations associated with other 
somatic complaints. Serious consequences such as septicaemia and 
paraplegia have occurred from induced cutaneous ulceration. Char- 
acteristically, patients take their own discharge if they sense their 
deception has been discovered. 

The Internet provides access to those interested in health and 
medicine and is a rich resource for some patients [4]. In the way 
that the Internet offers ‘virtual support groups’, these individuals 
may offer ‘virtual’ factitious disorders. Cases have been reported 
showing the facility with which they can attract attention, mobilise 
sympathy and control others. 


Fabricated and induce dl 


In 1977, Meadow had the clinical acuity and personal courage to 
describe the syndrome of Miinchausen by proxy where the illness in 
a child is fabricated by the parent, usually the mother, or someone 
in loco parentis [1]. This phenomenon has been redefined as fabri- 
cated and induced illness [2]. Other carers may be involved and may 
include health professionals [3]. 


Doctors and others may not only fail to understand the origins of 
a child’s symptoms but also institute further harm by inappropriate 
investigations, treatment and surgery. The guidelines for identifying 
cases mirror many of those discussed for dermatitis artefacta. The 
history is ‘hollow’ with a lack of detail. Most parents and carers can 
give a clear account of an accident. Risk factors include single par- 
ent, previous abuse, frequent visits to the GP or accident and emer- 
gency departments, poverty, overcrowding and young parents [4]. 
The victims have a persistent or recurrent illness that cannot be read- 
ily explained. The previous diagnoses remain descriptive and not 
stringent. Symptoms do not respond and laboratory tests are incon- 
gruous. The reported symptoms are inconsistent with the present- 
ing health and the symptoms fail to appear in the absence of a cer- 
tain parent (usually the mother) [5]. The perpetrator is reluctant to 
leave the child even for a few minutes, but remains oddly impassive 
even in an emergency. They refuse treatments and hospital admis- 
sion and may become hostile and abusive. Characteristically, these 
carers attempt to make close relationships with some medical staff, 
usually nurses, with a blurring of the professional—parent objective 
relationship. There may be fabrication of family details and a dis- 
turbed marital and social structure. Rarely, parents exhibit the syn- 
drome themselves and produce proxy lesions on the child. 

The victims are usually infants or toddlers with a mean age at 
diagnosis of 40 months. The mean delay between presentation and 
diagnosis is approximately 15 months. The most common presen- 
tations in a literature review [6] were bleeding and bruising (44%), 
central nervous system depression (19%), apnoea (15%), diarrhoea 
(11%), vomiting (10%), fever (10%) and rash (9%). Skin lesions are 
among the five commonest signs. Bruises in children are common 
on the lower legs and arms. Bruises at certain sites should raise con- 
cern — these sites are the face and head of a child less than 1 year 
old, the sides of the face and ears, black eyes and bruising on the 
buttocks/lower back and outer thighs. These are the ‘punishment’ 
sites [7]. The pattern of bruising may show fingertip marks, stri- 
ate finger stripe effects from slapping or pinch marks as opposing 
crescent-shaped lesions. Kicks to the lower body show as irregu- 
lar, large, deep bruises. Belt and strap damage appears on the trunk 
as parallel curved marks. The other skin lesions are usually crude 
forms of factitious dermatitis produced by thermal burns or caustic 
corrosives on the skin [8]. 

A large review of countries outside the English-speaking industri- 
alised populations produced similar results [9]. The long-term con- 
sequences of childhood victimisation might contribute to the devel- 
opment of factitious disease in adult life. Elements of the child victim 
experience, including feelings of powerlessness, lack of control and 
disappointment in the physician, are the suggested dynamics for the 
development of independent illness falsification. A full discussion of 
the issues in these cases with paediatric services is essential. 

Fabricated and induced illness is occasionally seen in the elderly, 
special needs or other vulnerable adults perpetrated by relatives, 
nurses and care home personnel [10]. 


Medicolegal issues in suspected factitious skin 
diseases by proxy 

The most important action for the physician who suspects factitious 
disease by proxy is to share the suspicion with colleagues at a 
very early stage [1] and involve child or adult protection services 


Factitious skin disease 84.37 


= 
< 
= 
) 
\°) 
al 
2) 
7 
U 
> 
1) 
a 


PART 7 
SENSORY & NEUROLOGICAL 


84.38 Chapter 84: Psychodermatology 7 


= 
< 
= 
U) 
\°) 
=F 
2) 
= 
U 
> 
4) 
a 


PART 7 
SENSORY & NEUROLOGICAL 


as appropriate. Case conference discussion and involvement of 
the institution’s management and legal services after these group 
discussions help to avoid isolation and persecution of the physician. 
Structures will differ according to health providers in each country 
but the solitary physician may find support disappointing if an 
acrimonious dispute arises and legal action has been taken. 


DELIBERATE SELF-HARM 


Self-mutilation of the skin may present with a wide range of lesions. 
Cutting and scratching are frequent, but other methods, such as 
grazing, burning with fire or chemicals, or the insertion of foreign 
bodies under the skin, are also seen [1]. The damage can be to a 
wide range of body parts, including the face and genitals. Cases 
of self-harm may present to accident and emergency departments 
with acute damage in need of treatment, or to the clinic with chronic 
lesions or scarring [2]. 

The relationship between such self-harming behaviours and 
suicide is complex and varies widely among cases. Authors have 
made a distinction between repetitive cases of self-mutilation that 
occur in the context of suicidal ideation, or ambivalence towards 
suicide, and those cases that clearly occur outside the context of 
suicidal ideation [3]. It should be noted, however, that there is 
a potential for overlap between the two, due to the difficulty in 
measuring or categorising ‘intent’ and because there are cases of 
repetitive self-harm, apparently without suicidal intent, progressing 
to completed suicide [4]. 


Deliberate self-harm v 
ideation 


Self-mutilating behaviour is often grouped with other behaviours, 
such as self-poisoning, attempted hanging or jumping from heights, 
as ‘parasuicide’ or ‘deliberate self-harm’ [1]. The patient describes 
suicidal ideation, or ambivalence about continuing to live, at the 
mental state examination. The most frequent lesions are caused 
by self-cutting, often to the wrists. Burns and ligature marks, and 
their scars, may also be seen. The predisposing and precipitat- 
ing factors for this behaviour are numerous. The act may be in 
response to the symptoms of an underlying psychiatric illness, 
such as depression, substance misuse or schizophrenia. Vulnerable 
individuals may respond with parasuicidal behaviour to social 
or interpersonal stressors. Often a combination of psychiatric and 
social factors is elicited from the history. Patients often present to 
accident and emergency departments with acute lesions; in many 
areas, psychiatric screening of such cases by specialist services is 
standard. The rate of repeated self-harm in the year following a 
self-harm presentation to an emergency department is high. The 


rate of completed suicide in the year following such a presentation 
with self-harm is 37 times higher than in the general population. 
The risk is particularly high after violent self-harm (e.g. the use of 
firearms) [2]. 

Some patients, however, commit these acts and do not present for 
emergency medical treatment. Patients may present with chronic 
lesions or scarring when this behaviour has become a frequent 
response to stressors, and such stressors are chronic, such as 
untreated illness or continuing social problems. Referral for treat- 
ment of underlying psychiatric illnesses is indicated where one is 
present. The evidence for psychosocial interventions after delib- 
erate self-harm is limited but there is some evidence CBT reduces 
repetition, and a brief intervention and follow-up contact reduce 
the subsequent rate of completed sucide [3]. 


Deliberate self-harm w 
intent 


Introduction and general description 

A number of authors have made the case for a distinct syndrome 
of self-injurious behaviour, or self-mutilation, occurring outside the 
context of conscious suicidal ideation. Further classification into cat- 
egories is based on the degree of tissue damage and the rate and 
pattern of the destructive behaviour [1]: 

¢ Major. 

¢ Stereotypic. 

e Superficial /moderate. 


Epidemiology 

Age 

The onset is typically in early life, below the age of 30 years. The 
mean duration of the syndrome is 12 years. 


Sex 
An increased prevalence in women is reported. 


Pathophysiology 

Predisposing factors 

Recent work has demonstrated a potential genetic link [2]. 
Deliberate self-harm has been associated with numerous other 
psychiatric conditions. Personality disorders, especially border- 
line/emotionally unstable type [3], are found in many studies and 
reviews. There is an association with childhood trauma, including 
abuse. Eating disorders, depressive and bipolar affective disorders, 
anxiety disorders, somatoform disorders, OCD, substance misuse 
disorders and schizophrenia have also been described in association 
with self-harm. Another major group of patients who self-mutilate 
is found in those with learning disability. 

Psychological symptoms described by repetitive self-mutilators 
include dysphoria, anxiety, depersonalisation and aggression. 
The patient may experience and describe a strong compulsion to 
self-harm, similar to compulsion in OCD. The act of self-mutilation 
may provide relief from the unpleasant emotions or compulsion to 
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self-mutilate, and may also induce feelings of self-control, power 
or euphoria. Relief may last from several hours to several weeks. 
In addition, a marked reduction in pain sensation, or increase in 
pain tolerance, is described in self-mutilators, although this is not 
uniform. The act is usually performed in private. 

Reviews of biological correlates of self-injurious behaviour 
have suggested changes in opiate, dopaminergic and serotonin 
systems [4]. One study found reduced imipramine-binding sites 
in platelets, a marker for serotinergic dysfunction, associated 
with self-harm. Other proposed biological mechanisms are rein- 
forcement of self-mutilating behaviour due to dysregulations 
of the dopamine system. A recent study of neuropsychological 
correlates of self-injurious behaviour in borderline/emotionally 
unstable personality disorder found impaired executive function 
and disinhibitory processes [5]. 


Management [6] 

Treatment should include appropriate referral where the disease is 
associated with another psychiatric diagnosis. There are no clear 
guidelines for pharmacological treatment of self-mutilation syn- 
drome itself, and a lack of randomised trials. Indeed some authors 
do not believe there are any general recommendations for the use 
of psychotropic medication. Where suggestions have been made, 
SSRIs have been used, in line with the serotonergic hypofunction 
hypothesis. Dopamine antagonists and opiate antagonists have also 
been suggested. Mood stabilisers, p-blockers and analgesics have 
all been used. 

Psychological approaches to treatment are varied. Behavioural 
and psychodynamic techniques are used in group and individual 
settings. Dialectical behaviour therapy has been described as suc- 
cessful, but access to this therapy varies regionally. Authors make 
the point that therapy can be long term, difficult and, in serious 
cases, involve periods of in-patient care. 

Patients presenting with self-harm are a heterogeneous group, 
and likely to have complex problems in any of the biological, 
psychological and social domains. An understanding of the aeti- 
ological factors behind an individual’s presentation is a key first 
step to deciding upon a programme of treatment. This may include 
pharmacological strategies, but there is as yet no clear core med- 
ication recommendation for these cases, and treatment is often 
complex and specialised. 


OTHER PSYCHODERMATOL 
PSYCHOCUTANEOUS CO 


Cutaneous disease and alcohol misuse 


Alcohol may have an effect on the skin either directly (toxicity) or 
indirectly (via mast cells and the peripheral and central nervous 
system) [1,2]. The effect of alcohol on the liver may also lead to skin 
disease (porphyria cutanea tarda). Alcohol dependence and alcohol 
abuse are on the increase. They rank among the three commonest 
psychiatric disorders in the community. The prevalence of alcohol 
abuse and dependence in the USA is 4.65% and 3.8%, respectively, 


according to the American Psychiatric Association [3]. There are 
significant medical and economic consequences because of differing 
effects of alcohol on metabolism, health, treatment behaviour and 
motivation. 

Alcohol abuse can be missed as a diagnosis by experienced physi- 
cians even though the problem is common. Mechanisms for screen- 
ing and brief interventions are well established and show robust 
stringency [4]. The four-question CAGE questionnaire (Box 84.17) 
used as part of a general health enquiry is a consistent indicator 
of alcohol problems [5]. A two-question screen consisting of, firstly, 
an enquiry about past alcohol problems and, secondly, significant 
drinking within the last 24 h is also a sensitive index. The combined 
sensitivity of these tests shows a 90% accuracy. 


Box 84.17 The CAGE questionnaire 


e Have you ever felt you should Cut down on your drinking? 
e Have people Annoyed you by criticising your drinking? 
e Have you ever felt bad or Guilty about your drinking? 
e Have you ever had a drink first thing in the morning to steady your 
nerves or get rid of a hangover (Eye opener)? 
Item responses are scored 0 or 1 with a score over 2 being clinically 
significant. 


Up to 15% of admissions to hospital are directly or partially related 
to alcohol intake. Alcohol abuse is also co-morbid with psychiatric 
disorders such as depression, OCD and anxiety states. The cuta- 
neous manifestations of alcohol abuse include diseases that may be 
exacerbated or caused by the alcohol (Box 84.18) [6,7]. 


Box 84.18 Skin diseases related to alcohol abuse 


Diseases that may be exacerbated by alcohol 

¢ Psoriasis 

¢ Rosacea 

e Atopic and other eczemas (especially seborrhoeic dermatitis) 

e Pruritus (most causes) 

¢ Chronic spontaneous urticaria 

¢ Other inflammatory skin disease 

¢ Nodular prurigo 

e Skin disease associated with metabolic disease (e.g. skin 
manifestations of diabetes and thyroid dysfunction) 


Diseases that may be caused by alcohol 
¢ Porphyria cutanea tarda 

¢ Delusional infestation 

¢ Chronic skin picking disorder 


Adapted from Rao 2004 [6] and Kostovic and Lipozecik 2004 [7]. 


The psychosocial effects of chronic and disfiguring skin disease 
often produce feelings of stigma and rejection. Recreational sub- 
stances such as alcohol are commonly used by affected patients 
as a negative coping mechanism [8]. Most itchy skin diseases are 
at least exacerbated by alcohol abuse. Seborrhoeic dermatitis is 
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twice as common with alcohol abuse and this may be related to 
immunosuppression and the effect on cutaneous microflora. 

Studies have suggested that female as well as male psoriatics 
showed an excess rate of alcoholism [9]. Also, while alcohol abuse 
was not a factor in the onset of psoriasis, it became significant in 
women after the disease was present. Up to 30% of patients with 
psoriasis thought they had difficulties with alcohol and 13% a 
current drinking problem. Furthermore, a daily intake of alcohol of 
more than 80 g was associated with poor treatment responsiveness 
in patients with psoriasis. It also appears that the changed character 
and distribution of psoriasis make it more difficult to treat. In 
studies of patients with psoriasis, alcohol abuse was not marked by 
elevated liver enzymes [10]. Alcohol abstinence helped to induce 
remission, and relapse was induced by re-consumption. The effects 
of alcohol on immune function and skin vasculature are thought to 
precipitate exacerbations of rosacea and postadolescent acne. 

Genuine infestations of the skin (scabies and _ pediculosis) 
and superficial skin infections (usually related to Staphylococcus 
aureus) were found more frequently in alcoholic vagrants than in 
non-alcoholics and those with other psychiatric disorders. This also 
suggests that more specific alcohol-related immune factors may be 
active. 


Depression in dermatological patients 


The concept of depression is frequently used to mean disillusion, 
disenchantment, helplessness, frustration or mental fatigue. True 
depressive illness is an important but frequently missed diagnosis 
for non-psychiatrists. Up to one-third of medically ill patients have 
depressive symptoms and depression has a greater impact on mean 
health scores than angina, asthma or diabetes and more so when 
combined with chronic physical illness [1]. This is also true for der- 
matology. A study of the UK General Practice Research Database 
involving more than 900000 patients found that patients with 
psoriasis were 37% more likely to have a diagnosis of depression 
than matched controls, and that this increased with the severity 
of the psoriasis [2]. Depression, and to a lesser extent all forms 
of substance abuse, were the most overlooked diagnoses by der- 
matologists in 500 unselected dermatology patients examined by 
Musalek [3]. Screening for depressive diseases in patients with skin 
disease showed a prevalence of major depressive disorder in 8.4% 
and dysthymic disorder in 6.3%. Clinicians may underestimate the 
importance of depression believing that it is an almost inevitable 
reaction to a severe chronic skin condition. However, the impor- 
tance of a mood disorder in skin disease is that it may increase 
distress, cause loss of function and reduce treatment adherence 
(Chapter 15). 

Depression may affect the skin in several ways: 
e Skin disease may lead to a loss of self-esteem and thus to 

depression. 
e Depression may be a co-morbidity of skin disease. 
e Depression may lead to skin disease. 
¢ Medication for depression may lead to skin disease (e.g. lithium 

and psoriasis). 

Clinicians need to be able to make a clear distinction between 
appropriate sadness in response to life events and a clinical 


depression. This is not to say that appropriate sadness should be 
dismissed or not addressed (for example, by suggesting opportuni- 
ties for bereavement counselling or other support where suitable). 
There are three main types of mood disorder: 

e Major depressive disorder. 

e Dysthymia. 

¢ Bipolar disorder. 


Major depressive disorder. DSM-5 criteria for major depressive dis- 

orders are the duration of 2 weeks or longer of one of the following: 

1 Depressed mood most of the day, nearly every day. 

2 Diminished pleasure or interest in the activities of the day (anhe- 
donia). 

Plus three or more of the following: 

3 More than 5% weight loss in a month or persistent increase or 
decrease in appetite. 

4 Insomnia or hypersomnia most days. 

5 Psychomotor retardation or agitation. 

6 Fatigue or loss of energy. 

7 Feelings of worthlessness or inappropriate guilt (which may be 
delusional). 

8 Reduced concentration or indecisiveness. 

9 Suicidal ideas. 


Dysthymia. This is a chronic state of depression that may not be 
severe enough to meet the criteria for major depression. A depressed 
mood must be present for most of the day on most days for at least 2 
years. The patient must not have gone more than 2 months without 
experiencing at least two of the following symptoms: 

1 Poor appetite or overeating. 

2 Insomnia or hypersomnia. 

3 Low self-esteem. 

4 Poor concentration. 

5 Feelings of hopelessness. 


Bipolar disorder. This is defined by episodes of low mood as well 
as those of elevated mood. Manic episodes occur in type 1, while in 
type 2 milder hypomanic episodes occur. 

DSM-5 mania is defined by the duration of 1 week (or any duration 
requiring hospitalisation) of three (or four if mood is only irritable) 
of the following: 

1 Inflated self-esteem / grandiosity. 

2 Reduced need for sleep. 

3 Being more talkative. 

4 Subjective experience of racing thoughts or flight of ideas. 
5 Increased goal-directed activity or agitation. 

6 Increased distractability. 

7 Increased risk-taking in pursuit of pleasure. 

DSM-5 hypomania is defined by the duration of 4 days or longer 
of three (or four if mood is only irritable) of the symptoms of mania 
above plus all three of the following: 

1 Definite uncharacteristic changes in behaviour. 

2 Disturbance of mood observable by others. 

3 Episode not severe enough to disturb function markedly, hospi- 
talisation is not required, and no psychotic features. 
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Assessment of mood disorders 

This is undertaken by careful history taking and mental state 
examination. There are several depression screening questions that 
dermatology HCPs can ask patients. It is important to be mindful 
of the privacy of the interview situation, and reassurance of the 
patient about confidentiality of record keeping in order to optimise 
the assessment of depressive and other mental health symptoms. 

Patients with chronic forms of depression are at risk of subsequent 
major depression, considerable social disability and unhealthy 
lifestyle choices such as poor diet, alcohol abuse and smoking. 
Depression in the elderly may be more manifested by irritability, 
self-neglect, somatic complaints or forgetfulness than conventional 
symptoms. In children, depression may be insidious and present as 
disruptive behaviour, irritability, truancy or somatic complaints [4]. 
In patients with physical illness, somatic symptoms of depression 
such as poor sleep, poor appetite and weight loss are less useful 
in assessing depression than cognitive symptoms such as guilt, 
negative thoughts and hopelessness. Non-dermatological symp- 
toms such as burning sensations, failure to cope with dermatology 
treatment regimens, negative feelings about body image or failure 
to resume usual function after recovery from a skin condition can 
also be indicators of depressive disorder. 

A number of robust questionnaires [5] have been developed and 
validated to screen for depression. These can be either administered 
by the physician (e.g. the Beck depression inventory (BDI) or the hos- 
pital anxiety and depression (HAD) scale) or self-reported. One- and 
two-question screening tools have the merit of speed but a high false 
positivity. The patient health questionnaire 9 (PHQ 9) for depression 
appears well validated as a diagnostic and treatment outcome mea- 
sure [6]. 


Suicide in dermatological patients 


The mistake that is often made by non-dermatology HCPs is that 
skin disease does not carry a mortality risk. Suicidal behaviour refers 
to a range of self-destructive behaviours ranging from non-lethal 
acts, which have been called suicidal gestures, attempted suicide, 
parasuicide and more recently self-injury, to a lethal action in which 
a patient dies, defined as a completed suicide. The rates of completed 
suicide in the UK are 11 per 100 000 [1]. Rates are higher in men 
than women and highest in men aged 45-49 years [1]. The rate is 
rising in young people, particularly in those with behavioural dis- 
turbance, substance misuse (25%) and persistent psychosocial dif- 
ficulties [1]. Psychiatric disorders are the main risk factors for sui- 
cide, but numerous studies have also identified physical illness as an 
important contributory factor. Chronic illness is a risk factor in suici- 
dal ideation and 50% of patients who attempt suicide have a physi- 
cal illness, especially chronic debility and pain [2]. Not surprisingly, 
disfiguring chronic dermatoses have been shown to put patients at 
risk. In a study of 217 patients with psoriasis [3], 10% of patients 
reported a death wish and 6% reported active suicidal ideation at the 
time of the study. In another group, 2.5% of out-patients and 7.2% 
of in-patients with psoriasis expressed suicidal ideas. The severity 
of the psoriasis was reflected in the frequency of suicidal ideation 
and the level of measurable clinical depression. Facial acne was also 
associated with significant risk (5.6%) of suicidal ideation [4], which 


is also higher than the levels reported in general medical patients. 
Suicidal ideation was found in 7 of 11 patients with Darier disease 
related to the disfigurement, intractability, social exclusion and smell 
of the dermatosis [5]. 

Unfortunately, some dermatological patients become so unhappy 
that they intentionally end their life. A group of 16 patients — 7 males 
and 9 females — who died by suicide after presenting with derma- 
tological problems to two dermatologists working in the same skin 
department has been described [6]. The majority of these patients 
had either body image disorders (BDD) or a chronic, potentially 
disfiguring skin disorder. It is important to recognise that patients 
with BDD, and particularly females with facial complaints, may be 
extremely depressed and at risk of suicide. Even more strikingly, 
BDD in children and adolescents carries a much larger risk: 67% 
had experienced suicidal ideation and 21% had attempted suicide 
[7]. Acne scarring can have just as profound an effect, or even a 
more profound effect, on body image, self-esteem and confidence as 
inflammatory acne. The positive therapeutic role of isotretinoin in 
the management of moderate to severe acne has been described for 
many years [8], and this may need to be borne in mind when con- 
sidering the more recently reported association of suicidal ideation 
in patients treated with isotretinoin as discussed here. Controversy 
remains over the relationship between isotretinoin and suicidal 
thoughts, so it is important for the prescriber to make patients and 
their families aware of this risk, monitor suicidal ideas and refer 
high-risk patients to the mental health services. 


Assessment of risk 

Dermatologists are not always accustomed to asking patients about 
their intentions to self-harm. However when a depressed patient 
has confided their distress, it is essential that they should be asked 
about suicidal thoughts. Dermatology HCPs, like all HCPs, have a 
duty to assess suicidal risk and to make sure that their patients are 
safe. Dermatologists should be aware of the risk factors for suicide 
(Box 84.19). 


Box 84.19 Risk factors for suicide 


¢ Male 

¢ Older age 

¢ Prior suicide attempts especially with violent methods 

¢ Suicide plans 

¢ Ruminations about suicide 

¢ Depression or anxiety disorder 

¢ Psychotic symptoms 

¢ Unstable mood states, for example as in emotionally unstable 
personality disorder or in bipolar illness 

e Family history of suicide or suicide in close other 

¢ Hopelessness 

¢ Substance misuse 

* Social isolation 

¢ Unemployment 

e Physical illness, especially those that are chronic, painful and 
debilitating 

¢ Recent substantial loss, for example bereavement, job loss, 
relationship loss or recent health deterioration 

e Impaired insight or impulsivity 
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Dermatologists must explore suicidal thoughts. There is no evi- 
dence that this increases the risk of sucide. It is appropriate to ask 
‘How difficult have things become? Do you wonder whether you 
can go on?’, gradually pressing on to ‘Have you ever thought you 
can’t go on, or even don’t want to go on?’, ask about passive sui- 
cidal ideas, ‘Have you ever wished you could not wake up in the 
morning?’, and eventually ‘Have you ever thought about harming 
yourself, or even ending your life?’ It is important not to try and per- 
suade the patient out of their suicidality by false reassurances but 
to assess whether they have suicidal thoughts, have an intention to 
act, have plans and have the means to implement the plan. Asking 
about protective factors is useful and it is important to ask whether 
the patient feels safe and knows who to contact if they feel unsafe 
and in danger of acting on these feelings. Record the interview and 
seek permission to call a psychiatrist for advice and referral. 

Dermatology HCPs need to act on expressions of suicidal ideation 
from patients by assessing if the patient is at risk of harming them- 
selves or those around them; and if sufficiently worried, then an 
immediate referral to the local acute mental health team is crucial. 
The acute mental health team will assess the risk and consider 
admission or crisis home treatment where the risk is high. Rarely, 
where a patient is considered to be at high risk but is declining 
admission, they may be assessed and admitted using the legal 
powers in the UK Mental Health Act 1983, amended by the Mental 
Health Act 2007. Other countries often have similar legislation to 
cover capacity and self-harm. 


Isotretinoin and mood changes 

Following the introduction of oral isotretinoin for the systemic 
treatment of acne in 1982 there has been some controversy over 
the relationship of this treatment to the apparent development of 
depression and suicidality (Chapter 88). Shortly after the intro- 
duction of oral isotretinoin there were isolated case reports of 
mood change and depression. Large doses of vitamin A have 
well-recognised toxic effects including fatigue, confusion, headache 
and diplopia. Reported psychological effects include aggression, 
personality changes, poor concentration, tearfulness, depression, 
ruminations of guilt and psychosis. These neuropsychological 
adverse effects have been suggested as a general model for retinoid 
side effects. The relationship between the drug and depressive ill- 
ness was made more acute by reports of suicide in isolated rare cases. 
Some case reports have described depression developing during 
treatment, some with resolution during the discontinuation of the 
drug — so-called positive dechallenge — and a few with the recurrence 
of symptoms on rechallenging with the drug. In addition, there have 
been descriptions of an increase in frequency and/or severity with 
increased dosage, simulating a dose-response relationship. 

A recent study reported a rise in the risk of attempted suicide 
in patients both on treatment and after treatment with isotretinoin 
(standardised incidence ratio 1.78 (95%CI 1.04-2.85)) [9]. How- 
ever, the risk of attempted suicide had been increasing before 
the treatment was started, so it could not be established whether 
the increased risk during and after treatment was because of the 
isotretinoin. A systematic literature search for studies reporting 
primary data on depression and suicidal behaviour in patients 
treated with isotretinoin for acne could only analyse 9 studies that 
met the inclusion criteria out of 214 studies examined [10]. Rates of 


depression varied from 1% to 11%. A period prevalence of 11% was 
found in a 4-month treatment period in one study and a monthly 
prevalence of 4% in another [10]. These rates are similar to those 
seen in the 12-month prevalence rates of 10% in the USA, 6% in 
Canada and 9% in Europe [11]. Although studies have found an 
association between isotretinoin treatment and depression [12,13], 
more recent studies have found an effect of isotretinoin reducing 
depression, possibly through the positive psychological benefit of 
improved acne [14-18]. A recent analysis of US FDA databases [19] 
found a completed suicide rate in patients on isotretinoin lower 
than that in the general US population. Therefore, although there is 
evidence of an association there is also evidence that treatment of 
acne with isotretinoin can be positive for mood and that delays in 
adequate treatment may result in harm to mental health. 

There still remains enough doubt about the validity of a rela- 
tionship between isotretinoin and mood changes to advise that 
clinicians need specifically to enquire about depression at each 
out-patient visit. Most national dermatology associations have 
produced guidelines to assess this risk of mood change in patients 
on isotretinoin. Most dermatologists will now routinely ask about 
mood change at each clinic visit and if indicated use a depression 
inventory, for example the BDI or the HAD scale. Positive scores 
(BDI >10) should prompt withdrawal of the drug and referral to the 
psychiatry team. Similarly, regular assessments for suicide before, 
during and after treatment should be routine for patients with 
acne and psychosocial co-morbidities, especially those for whom 
isotretinoin is prescribed. In the UK the Medicines and Health Care 
Products Regulatory Agency (MHRA) is in the process of reviewing 
the guidelines for the use of isotretinoin. 


Psychiatric therapies in dermatology 


Psychiatric treatments are traditionally divided into physical 
and psychological. Physical treatments now most often refer to 
medication, but also include some other less frequently used 
modalities, such as electroconvulsive therapy, light box treatment 
and even psychosurgery. Psychological treatments cover a wide 
range of interventions, including anxiety management techniques, 
cognitive-behavioural therapies and psychoanalytical therapies. 
The treatment of psychiatric conditions also often involves social 
interventions, such as attention to housing, occupational or educa- 
tional interventions and arranging appropriate access to benefits or 
resources. The synthesis of the three approaches is often termed the 
biopsychosocial approach. 

Several dermatologists are beginning to become increasingly 
familiar with psychopharmacological interventions and also rec- 
ommending talk therapies. The rise of psychodermatology as a 
subspecialty has seen more dermatologists experienced and trained 
in basic psychiatric and psychological interventions (albeit under 
the supervision of trained psychiatrists and psychologists). Useful 
guidance in this may be found in the UK NICE recommendations 
published for psychiatric interventions that cover primary care 
and secondary care. Guidelines have been produced for anxiety, 
bipolar affective disorder, dementia, depression (both in adults and 
children and in adults with chronic physical health problems), drug 
misuse, eating disorders, OCD (which contains specific guidelines 
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for BDD), post-traumatic stress disorder, pre- and postnatal mental 
health disorders, schizophrenia and self-harm [1-8]. A useful pub- 
lication is the NICE pathway on common mental health disorders 
[9], which is a ‘one-stop shop’ for advice; this brings together all 
the NICE recommendations for non-psychotic mental health condi- 
tions. There is also a growing literature in psychodermatology that 
is written by dermatologists, psychiatrists and psychologists who 
work in psychodermatology clinics and which offers clear guidance 
for the psychopharmacological and psychological management of 
psychodermatological disease [10,11]. 


Drug therapies (medications) 

Antidepressants 

Antidepressants are widely used, not only for the management of 
depression but also for anxiety and panic disorder, OCD and BDD, 
post-traumatic stress disorder, bulimia nervosa and pain. They 
are also occasionally used cautiously in depression in the context 
of bipolar affective disorder, but as there is a risk of triggering a 
manic episode they should only be prescribed in such patients 
by a mental health specialist. The introduction of antidepressants 
with a better safety profile in overdosage than the old tricyclics has 
led to an increase in their prescription in recent years. Arguments 
have been made that there is now overprescription, and there are 
concerns that SSRIs may be associated with suicide, particularly in 
adolescents [12]. These concerns have been contested but guidelines 
for treatment now reflect an increased caution in the prescribing of 
antidepressants. Fluoxetine is the only antidepressant that has been 
shown in clinical trials to be effective for treating depression and 
anxiety in children but, as with other SSRIs, it is associated with a 
small risk of suicidal thoughts and self-harm behaviours. It should 
only be prescribed by specialists in child and adolescent mental 
health and is never used as first line treatment in children. 


General considerations in antidepressant prescribing 

Before starting an antidepressant it is important to ensure that the 
patient understands the rationale for their use and has information 
about what to expect. Emphasise to the patient that depression is 
an illness which is treatable. Explain that antidepressants work 
by increasing the levels of certain brain chemicals and that this 
takes a while so there will be no immediate therapeutic effect. 
Antidepressant effects can be evident at 1 week, and by 2-3 weeks 
at therapeutic dose an effect is often seen. If there is minimal effect, 
consider increasing the dose after 3-4 weeks, but if there is no 
response at all after 3-4 weeks on the maximum dose the patient 
will tolerate, consider changing to another agent from a different 
antidepressant group. Side effects, however, can be more immedi- 
ate, for example the sedative and appetite-increasing side effect of 
mirtazapine. Explain what side effects to expect and whether these 
will settle. For example, SSRIs often have an immediate effect of 
causing nausea and sometimes increased anxiety but this usually 
settles in a few days. Patients are often concerned that antidepres- 
sants are addictive. Explain that they are not but they can have a 
discontinuation syndrome in which if the antidepressant is stopped 
suddenly the patient may experience flu-like symptoms and odd 
electric shock sensations. These symptoms disappear on restarting 
the antidepressant, which should then be withdrawn gradually. 
Antidepressants with a shorter half-life, for example paroxetine, are 


particularly prone to having a discontinuation syndrome, whereas 
fluoxetine with its long half-life is much less likely to manifest 
this problem. After starting an antidepressant the patient should be 
monitored carefully for suicidal ideation; this is especially important 
for patients under the age of 25 where the risk of this effect is greater. 

A review after 1 week may be important for those considered to 
be at high risk of self-harm, or those under 25 years of age, while a 
review after 2-6 weeks is suitable for others. Antidepressants should 
be continued for 6-9 months past the remission of symptoms as this 
helps reduce the risk of relapse. The Maudsley prescribing guide- 
lines, published in the UK, provide an up-to-date and comprehen- 
sive reference for psychotropic prescribing [13]. The Royal College 
of Psychiatrists in the UK has produced useful patient information 
leaflets on antidepressants and the antidepressant discontinuation 
syndrome. 


Selective serotonin reuptake inhibitors 

Selective serotonin reuptake inhibitors are now recommended for 
first choice use in depression and OCD, specifically for BDD and 
anxiety disorders, due to their relatively low side effect profile and 
lower toxicity in overdosage when compared with the older tricyclic 
antidepressants (Table 84.4). They are usually very well tolerated. 
The most common side effects are nausea, dyspepsia and gastroin- 
testinal upset, headache, agitation and anxiety, sweating, rashes, 
insomnia and sexual dysfunction. Rarely, SSRIs may lead initially 
to an exacerbation of anxiety; in the under 18 years age group, the 
association with agitation leading to increased suicidal behaviour 
and hostility has led to the recommendation that SSRIs should only 
be prescribed by child and adolescent mental health specialists. 
Hyponatraemia and increased risk of bleeding due to an effect on 
platelets can rarely occur. There is increasing concern about the 
propensity for some psychotropics to prolong the QT interval, thus 
increasing the risk of fatal arrhythmias. SSRIs are generally regarded 
as having low cardiotoxicity but recent studies have indicated that 
of this group citalopram and escitalopram can prolong the QT inter- 
val. Citalopram should not now be used in daily doses above 40 mg. 
Caution should be exercised and the prescriber should avoid com- 
bination with other drugs known to cause a prolonged QT interval. 


Other newer antidepressants 

The serotonin and norepinephrine reuptake inhibitors (SNRIs) 
act on both serotonin and norepinephrine (e.g. venlafaxine and 
duloxetine). They tend to be used as second line agents. Gener- 
ally they are less well tolerated than SSRIs but are better than the 
old tricyclic agents. They have similar side effects to the SSRIs in 
terms of gastrointestinal side effects and increased anxiety, but 
generally have fewer sexual side effects (Table 84.5). They can be 
alerting, which may worsen insomnia. Mirtazapine belongs to the 
class called noradrenergic and specific serotonergic antidepressants 
(NaSSAs). It has minimal sexual side effects but is sedative and 
causes increased appetite and weight gain. These side effects can 
be helpful in patients with insomnia and loss of appetite, but it is 
important to warn normal-weight patients of the propensity to gain 
weight and it is best avoided in overweight patients. 


Tricyclic antidepressants 
Tricyclic antidepressants are no longer recommended for first line 
use in depression. They are still useful when sedation is required, 
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Table 84.4 Use of selective serotonin reuptake inhibitor (SSRI) antidepressants in depression. 
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Name Dose (adult <65 years) Indications [27,28] 


Notes 


Citalopram 10-40 mg/day Depression 


Panic disorder 


Escitalopram 5-20 mg/day Depression 
Panic disorder 


Social anxiety disorder 


Generalised anxiety disorder 


Fluoxetine 20-60 mg/day Depression 
OCD 
BDD 


Bulimia nervosa 


Fluvoxamine 50-300 mg/day Depression 


OcD 
Paroxetine 10-60 mg/day Depression 
OcD 
Panic disorder 
PTSD 


Social anxiety disorder 


Generalised anxiety disorder 


Sertraline 50-200 mg/day Depression 
OcD 


Panic disorder 


Recommended as good choice in hepatic impairment [30] 
Few drug interactions 
Prolongs QT interval 


Isomer of citalopram 

Few side effects and tends to be well tolerated 
Few drug interactions 

Prolongs QT interval 


Long half-life, useful in patients with poor adherence who may miss doses 
Does not cause discontinuation syndrome if abruptly stopped 

SSRI with most experience of use in pregnancy 

Sedative, so give at night 


Split dosing if above 150 mg/day 


Marked withdrawal syndrome 

Associated with extrapyramidal side effects 
Recommended as good choice in liver impairment [29] 
Recommended as good choice in breastfeeding [30] 


Recommended as good choice in hepatic impairment [30] 
Few side effects and drug interactions 


BDD, body dysmorphic disorder; OCD, obsessive-compulsive disorder; PTSD, post-traumatic stress disorder. 


Table 84.5 Use of noradrenergic and specific serotonergic antidepressants (NaSSAs) and serotonin and norepinephrine reuptake inhibitors (SNRIs) in depression. 


Name Dose (adult <65 years) Indications Notes 
Duloxetine 30-120 mg/day Depression SNRI 
Generalised anxiety disorder Often used by pain clinics as there is some evidence it is helpful in neuropathic pain 
(Also diabetic neuropathy and stress incontinence) 
Mirtazapine 15-45 mg/day Depression NaSSA 
Relatively free of anticholinergic and sexual side effects 
Appetite increase and weight gain 
Sedating, often used if sleep is poor 
Reboxetine 8-12 mg/day Depression Not sedating 
Sexual side effects can occur 
Split dosing 
Venlafaxine — 37.5-225 mg/day Depression SNRI 


Generalised anxiety disorder 


as this can provide some immediate relief from the insomnia of 
depressive states and aid concordance (Table 84.6). In lower doses 
tricyclics are commonly used by dermatologists for pruritus and 
urticaria (as patients may find both the antipruritic and sedative 
effects useful), and for dysaesthesias and atypical pain syndromes 
(e.g. burning mouth syndrome). Side effects include dry mouth, 
blurred vision, constipation, sedation, urinary retention, open-angle 
glaucoma and postural hypotension. Cardiotoxicity, including heart 
block, is recognised in larger doses and overdoses. Prolongation 
of the QT interval is caused by most tricyclics and amitriptyline 
in particular can cause marked QT prolongation, so caution needs 
to be exercised in the use of high doses or if there is a potential 
combination with other drugs that prolong the QT interval. Do not 


Tends to be used as second line 
Split dosing, or up to 225 mg/day can be given as a modified-release form 
Blood pressure should be monitored at higher doses 


prescribe in patients where there is a risk of overdose as they are 
lethal in overdose. Reduction of the seizure threshold is greater than 
with the SSRIs so they should be avoided in epilepsy. 


Switching antidepressant drugs 

The need to switch between antidepressant drugs is common, not 
only because response rates to the first drug are around 50% [14] 
but also due to the intolerance of side effects or troublesome interac- 
tions. When switching from drug to drug it is necessary to consider 
both the potential for withdrawal reactions from the first drug, 
and also the possibility of interactions between the old and new 
agents. It has been recommended that if antidepressants have been 
taken continuously for 6 weeks or more they should not be stopped 


Table 84.6 Use of tricyclic antidepressants (TCAs) in depression. 


Other psychodermatology and psychocutaneous considerations 84.45 


Name Dose (adult <65 years) Indications [31] Notes 
Amitriptyline 10-200 mg/day Depression Noted cardiotoxicity 
Neuropathic pain 
Clomipramine 10-250 mg/day Depression Cardiotoxic 
Phobic states 
Obsessional states 
Dosulepin 75-225 mg/day Depression Cardiotoxic 
Previous name dothiepin 
Imipramine 75-300 mg/day Depression Cardiotoxic 
Less sedating 
Split dose twice daily above 150 mg/day 
Lofepramine 140-210 mg/day Depression Less cardiotoxicity than other TCAs 
Split dose twice daily 
Less toxic in overdose 
Occasionally hepatotoxic 
Nortriptyline 10-150 mg/day Depression Cardiotoxic 
Neuropathic pain Plasma level monitoring often available 
Trimipramine 50-300 mg/day Depression Regarded as most sedating 


abruptly unless a serious adverse event has occurred (e.g. arrhyth- 
mia). They should be withdrawn gradually and doses of new drugs 
are cross-tapered upwards if possible. Interactions described on 
switching include the serotonin syndrome, cholinergic rebound, 
elevated levels of drugs due to pharmacokinetic interactions and 
excessive side effects due to pharmacodynamic interactions. Certain 
drugs are particularly troublesome in switches, such as monoam- 
ineoxidase inhibitors (MAOIs) (due to their mechanism of action) 
and fluoxetine (due to a long half-life). A good rule of thumb is to 
wait 2 weeks after withdrawing an antidepressant before starting 
an MAOI and 2 weeks after stopping the MAOI before starting 
another agent, but due to its long half-life this should be extended 
to 6 weeks for fluoxetine. Read the manufacturer’s prescribing 
guidelines; MAOIs are best left to mental health specialists. 


Antipsychotics 

Increasingly, some dermatologists (with appropriate training and 
experience) are in a position to prescribe antipsychotics. Dermatol- 
ogists are most likely to consider prescribing antipsychotics in DI 
or in other delusional disorders. In these conditions, particularly 
where there are somatic delusions and no insight, it is unlikely 
that the patient will accept referral to psychiatry and therefore pre- 
scription by the dermatologist is the only possibility of attempting 
a pharmacological intervention. There is no robust evidence from 
randomised controlled trials for the treatment of DI or other delu- 
sional disorders [15]. However, as mentioned in the section on DI, 
there is case series evidence that antipsychotics help [16] and a 
review by Manschrek and Khan [17] suggested antipsychotics are 
effective in delusional disorders. 


Second and subsequent generation antipsychotics 

For most dermatology-related psychotic conditions, the agents of 
choice are the second and subsequent generation antipsychotic 
drugs as they have a lower incidence of extrapyramidal and car- 
diotoxic side effects (Table 84.7). Some second and subsequent 
generation antipsychotics may be associated with drowsiness, 
weight gain, metabolic syndrome (abnormal glucose tolerance and 


lipid metabolism) and hyperprolactinaemia. Olanzapine has been 
particularly problematic in causing the metabolic syndrome. Some 
are still associated with prolongation of the QT interval and possible 
cardiotoxicity, although this is less common than in the first gener- 
ation antipsychotics. Rarely, there is an association with impaired 
glucose tolerance. Clozapine, in particular, is reserved for psychi- 
atrist only use due to its association with severe agranulocytosis 
which requires close monitoring of the full blood count. 


First generation antipsychotics 

A wide number of first generation antipsychotics are still available, 
although these are unlikely to be prescribed by a dermatologist. 
Chlorpromazine, the first of the antipsychotics, is still available. 
Haloperidol has a wide range of uses, not only in psychoses, but also 
in tic disorders, hiccup and nausea. Some dermatologists have used 
it in the early part of their medical career to treat delirium in elderly 
in-patients. Sulpiride is very similar in structure to amisulpiride, 
and is less expensive. Many antipsychotics prolong the QT interval 
and this is particularly a problem with haloperidol and pimozide. 


Second generation antipsychotics 

The newer antipsychotics, amisulpiride, olanzapine and quetiapine, 
have been found to have minimal effect on the QT interval, and 
aripiprazole has no effect on the QT interval. Some dermatologists 
may still be familiar with pimozide for the management of DI 
but it has been associated with sudden death syndrome and so 
should be avoided in favour of newer, safer agents. Antipsychotics 
should be used with caution in patients with cardiac disease, and 
a pretreatment electrocardiogram (ECG) with subsequent ECG 
monitoring should be completed. It is important to be aware of 
the risk of weight gain and metabolic syndrome particularly with 
quetiapine and olanzapine. Glucose tolerance and weight should 
be monitored at baseline and follow-up. Many antipsychotics cause 
raised prolactin, where this results in symptoms (e.g. galactorrhoea) 
they may need to be stopped and changed to an alternative. Baseline 
and follow-up prolactin can for some agents be used to give an indi- 
cation about whether the patient is taking the medication. In elderly 
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Table 84.7 Use of second generation antipsychotics (SGAs) in delusional infestation (DI). 


= 
< 
= 
U) 
\°) 
=F 
2) 
= 
U 
> 
4) 
a 


PART 7 
SENSORY & NEUROLOGICAL 


Side effects (rated in ascending order: 


Drug Dose? 


Notes 


some/low, moderate, high/large) 


Amisulpride 200-400 mg ot sedating 
o/minimal weight gain 
oderate increase prolactin level 
Low risk of EPSE 
Some QT prolongation 
Some sedation 


Aripiprazole 5-15 mg 


Some EPSE 

0 QT prolongation 
Olanzapine 2.5-10 mg Highly sedating 

Usually no increased prolactin (<20 mg) 
Some anticholinergic effects 

Low risk of EPSE 

Some QT prolongation 

oderately sedating 

oderate weight gain 

Usually no/minimal increased prolactin 
Some anticholinergic effects 


Quetiapine 50-300 mg 


Some QT prolongation 

Some sedation 

Some weight gain 

Moderate increase in prolactin level 
Some anticholinergic effects 
Moderate risk of EPSE 

Some QT prolongation 


Risperidone 0.5-3 mg 


Suggest dose splitting 

Renally excreted 

Consider dose reduction if GFR is reduced 
Does not usually affect liver function 


Increased risk of cardiovascular events in patients with dementia 


ot clearly associated with weight gain or dyslipidaemia 
Unlike other SGAs, this drug decreases prolactin level 


Increased risk of cardiovascular events in patients with dementia 


Large weight gain, risk of metabolic syndrome, risk of dyslipidaemias 


Increased risk of cardiovascular events in patients with dementia 
but there is a suggestion that this effect is less than with 
other SGAs 


Low risk of EPSE; common choice in patients with Parkinson disease 


Increased risk of cardiovascular events in patients with dementia 


@ Note that the doses given are the ranges which are usually used in DI where patients often respond to much lower doses than those used in schizophrenia. Please refer to the British 


National Formulary for the maximum licensed doses in schizophrenia. 
EPSE, extrapyramidal side effects; GFR, glomerular filtration rate. 


patients with dementia there is an association beween antipsychotic 
use and increased risk of stroke and transient ischaemic attack. 
There is a suggestion that quetiapine and aripiprazole have a lower 
risk of cerebrovascular accident but this is not a consistent finding. 
These risks should be considered before prescribing in the elderly, 
and a risk—benefit assessment undertaken together with appropri- 
ate monitoring. When antipsychotics are prescribed in patients with 
dementia very low doses should be used. 

Although there are no randomised controlled trials of the use of 
second generation antipsychotics, there are accumulating data in the 
literature about their use. A systematic review found that response 
rates for second generation antipsychotics are about 75% [16]. The 
most widely used for DI are probably risperidone and olanzapine, 
but amisulpiride has also been recommended. DI often responds 
to lower doses than those used in schizophrenia (e.g. risperidone 
0.5-3 mg daily, olanzapine 2.5-10 mg daily, amisulpiride 200-400 
mg daily, aripiprazole 5 mg daily). 

Any prescribing of antipsychotics should be done with appro- 
priate monitoring according to national guidelines. It may be 
appropriate to negotiate with the primary care physician about 
such monitoring, which can be done in primary care. 


Anxiolytics 
The benzodiazepine anxiolytics can appear initially very effective 
in alleviating anxiety symptoms and states, but problems with 


tolerance and dependence rapidly develop, and they are frequently 
misused. They should be avoided, but if needed use should be 
limited to the short term (2 weeks). Buspirone has low dependence 
potential and is rarely misused, and is licensed for short-term use 
in anxiety. B-Blockers are used for autonomic anxiety symptoms 
but do not affect psychic symptoms or muscle tension. Many of 
the SSRIs and some other antidepressants are licensed for use in 
anxiety disorders (see Tables 84.4, 84.5 and 84.6) and are effective 
anxiolytics. 


Mood stabilisers 

Mood stabilisers are usually used in dermatology for dysaesthe- 
sias and postherpetic neuralgia, or are encountered when other 
specialists have initiated them. Many anticonvulsants are used as 
mood stabilisers. Pregabalin and gabapentin are the commonest 
medications to be commenced by dermatologists. These drugs are 
often started at lower doses and then titrated upwards according to 
clinical benefit. Some patients experience sedation and/or weight 
gain. There is increasing awareness of the abuse potential of prega- 
balin and gabapentin and in the UK NICE guidelines take account 
of this. Valproate in various forms is used for different reasons in 
dermatology (including dysaesthesias and postherpetic neuralgia). 
Modified-release forms of valproate are frequently used off licence 
for prophylaxis of bipolar disorders. Carbamazepine is licensed for 
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the prophylaxis of bipolar disorder, and is also used in augmenta- 
tion strategies for refractory depression. Other antiepileptic drugs 
have been used off licence for treatment and for prophylaxis. The 
use of lamotrigine has become widespread, and topiramate and 
gabapentin have also been used. Lithium is the oldest of the mood 
stabilisers, but is still widely used and is effective in acute mania, 
prophylaxis of bipolar disorder and augmentation of treatment in 
refractory depression. It has a narrow therapeutic index and a wide 
array of side effects, especially on the kidneys and thyroid, and 
requires careful monitoring through blood tests. It is also known for 
causing exacerbations of psoriasis. Lithium and anticonvulsants are 
known teratogens and should be avoided in women of childbearing 
age. They should only be used in this group with appropriate 
consideration of the risks and counselling about potential hazards 
if the patient becomes pregnant. 


Psychological therapies 

The use of psychotherapies in disorders that combine somatic and 
psychological factors is widespread, but there is often confusion 
about how these conditions are defined, and the evidence base 
is incomplete [18]. An example of the difficulties in this area is 
given by a Cochrane review of conversion disorder [19] in which 
all but 3 of only 43 identified references were excluded on grounds 
of quality. There is more evidence for specific therapies in certain 
psychiatric illnesses, and recommendations for the use of therapies 
have been included in clinical guidelines [1-9]. 


The therapeutic relationship 

The relationship between the clinician and patient has a potentially 
powerful therapeutic (or sometimes counter-therapeutic) effect, 
even before formal psychological techniques are considered. The 
effect of an empathic approach can be very powerful in those cases 
presenting with emotional distress related to dermatological prob- 
lems. Although efforts are constantly made to reduce stigma, some 
patients may feel stigmatised by both their skin and psychiatric 
symptoms. The opportunity to express their anxieties and fears may 
provide significant relief. It may be necessary for the clinician to 
question gently any defensive explanations that a patient uses for 
their symptoms. The effect of touch during examination has been 
described as relieving the anxiety of patients who feel stigmatised 
by their skin lesions. The effect of actively listening within a thera- 
peutic relationship allows patients to address their own problems, 
and is the basis of client-centred counselling, described by Rogers 
[20]. Of course, the dermatologist will need to give clinical advice, 
but a confident, authoritative rather than authoritarian approach, 
where the clinician offers explanation and clinical advice when 
indicated, but is able to tolerate this advice initially being partially 
taken or prevaricated on, will aid sustained engagement. 

It should also be noted that a small, but significantly morbid, 
population of patients can experience a marked negative effect 
through the therapeutic relationship. With such patients, who usu- 
ally have severe neurotic or personality pathologies, the clinician 
can feel pressed into making unusual decisions, ordering unusual 
investigations and going to extreme lengths to manage the patient’s 
anxiety, anger or demands. It is not unusual for such patients to ini- 
tially present with the impression that the clinician is ‘the best they 
have seen’ or ‘the only one who has understood’ — a relationship 


that can rapidly change to one of dissatisfaction, complaint or 
litigation. In such patients, although presenting as seeking a ‘cure’, 
there may be an unspoken or unconscious need to remain in the 
sick role, and the clinician has an apparently impossible task. It is 
important for the clinician to recognise when such dynamics are 
potentially distorting practice, and seek appropriate advice if severe 
anxiety or personality disorder is suspected. 


Cognitive—-behavioural therapy 

Increasingly, CBT has become the first line psychological therapy 
in depression and anxiety disorders, including BDD [1-8]. Ran- 
domised trials have found efficacy of CBT in BDD [21] and it is rec- 
ommended in UK national guidelines for the treatment of BDD [4]. 

The theory of CBT is that the patient automatically responds to 
certain situations and stimuli with ingrained negative thoughts. 
These thoughts in turn lead to negative emotions such as fear or 
depression, and behavioural consequences such as avoidance or 
rituals. Treatment in CBT is based around the process of sym- 
pathetically challenging these negative automatic thoughts and 
exploring alternative responses that may not lead to behavioural 
and emotional pathology. The therapeutic process may include 
exposure and response prevention, wherein the patient is exposed 
to a troubling thought or stimulus (often, initially, in imagination 
or abstract) and encouraged to explore alternative thoughts and 
responses to their ingrained pathological reaction. Often, adjunctive 
relaxation and anxiety management techniques are an integral part 
of the therapy. CBT techniques are widely used and have been 
published in ‘self-help’ formats, for example Overcoming Depression 
and Low Mood [22]. The clinician can incorporate CBT principles and 
techniques in their clinical practice. Computer packages have been 
developed to deliver CBT, although guidelines state the evidence is 
better in depression and anxiety than in OCD [23]. 

Formal CBT treatment, when provided by a trained therapist, 
can consist of 6-20 or more hour-long sessions, depending on the 
severity of the case, complexity, co-morbidities and response. The 
main concern for many health care providers is insufficient thera- 
pist hours to meet demand, resulting in lengthy waiting lists. The 
therapy can be provided in group as well as individual settings. In 
the UK, the provision of psychological therapies has been enhanced 
through the Improving Access to Psychological Therapies (LAPT) 
programme. This is a government-funded initiative to increase the 
provision of psychotherapy and has mostly provided increased 
access to CBT delivered by psychologists. Further information and 
a list of services are provided via the IAPT website on the NHS 
England website (www.england.nhs.uk; last accessed July 2022). 
Although usually effective, CBT is not suitable for all cases and 
alternate modalities of therapy still need to be considered. 


Habit reversal therapy 

Habit reversal is a treatment based on principles of behavior mod- 
ification, originally developed for undesirable habits such as nail 
biting. It has been adapted to treat habitual and circumstance-driven 
scratching behaviour in atopic eczema. Behaviour modification 
changes a negative behaviour and develops or strengthens a new 
behaviour which is then maintained over time. The aim of habit 
reversal in atopic eczema is to reduce scratching and the related skin 
damage, allowing skin to heal. This technique has been developed 
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both as an individual therapy and in group work, and there is 
ongoing work to produce self-help and computer-assisted versions. 
Studies have demonstrated that those who received topical steroid 
and emollient treatment in addition to habit reversal therapy had 
greater improvement in skin and scratching compared with those 
who only got habit reversal [24,25]. This approach of steroid and 
emollients alongside habit reversal has been called the combined 
approach [26] and a manual and website have been produced to 
assist patients and clinicians (www.atopicskindisease.com; last 
accessed July 2022). Scratching behaviour can become habitual or 
it can be driven by emotional distress. Habit reversal has greater 
success in habitual scratching, with 80% of patients who complete 
the treatment course improved. Emotional scratching requires 
further psychological evaluation and other treatment modalities, 
for example stress management techniques, alongside the habit 
reversal [27]. The combined treatment of habit reversal plus steroids 
can be delivered by a variety of health care professionals and often 
dermatology nurse specialists are ideally placed to be trained in and 
deliver this treatment. It is a simple, relatively brief intervention 
effective in suitable motivated patients. 


Interpersonal psychotherapy and interpersonal 

counselling 

These forms of therapy are based on the work of Klerman and 
associates [28]. The focus of interpersonal psychotherapy (IPT) is 
on the relationships of the patient and how they affect mood states. 
Problems in relationships are categorised as one of dispute, change 
in role, grief or deficit. The therapist then assists the patient in 
working through the problems using techniques such as role play 
and analysis of communications within relationships. Like CBT, the 
therapy takes place over a number of hour-long sessions, usually 
12-16 sessions. 

Interpersonal counselling (IPC) is a modification of IPT, of a sim- 
pler form that can be integrated into the work of health profession- 
als. It was designed for primary care, but can be used in other health 
settings. IPT has been shown to be effective, and equivalent to the 
use of CBT in depression and eating disorders. Unlike CBT, it has not 
yet been shown to be effective in OCD or BDD. It has been suggested 
that IPT be offered as an alternative to CBT for patients who prefer 
this approach. However, provision, especially outside the USA, is 
often limited by a shortage of trained practitioners. 


Dynamic psychotherapies and psychoanalysis 
There is not scope here to describe the range of these psychother- 
apies. Some awareness of, or even familiarity with, the concepts 
first described by Freud are common in western and European 
cultures. There are numerous therapists and theorists who have 
written on the subject. Psychodynamic concepts such as transfer- 
ence, counter-transference, projection and identification can help 
the clinical interview, and good descriptions can be found for the 
interested in textbooks such as Introduction to Psychotherapy [29]. 
Short-term forms of dynamic therapies (defined as fewer than 
40 sessions) have been shown to have efficacy in a wide range of 
common mental health disorders [30]. Many forms of dynamic 
therapies and psychoanalytic therapy are long lasting and inten- 
sive, with three or more sessions weekly. Due to the complexity 
of the longer forms of therapy, especially around conducting 


controlled studies and defining outcomes, there are difficulties with 
an evidence-based approach to demonstrating efficacy [31]. While 
this is acknowledged by practitioners writing in this field, the point 
is often made that these forms of therapy are complex, and used in 
complicated conditions where the ‘drug paradigm’ or ‘single inter- 
vention for single condition’ approach may not be strictly relevant. 

Varieties of psychiatric syndromes presenting to the dermatol- 
ogist, either as part of or alongside a cutaneous presentation, can 
be effectively treated by clinicians familiar with the stratagems 
used in primary care. Although specialist knowledge and training 
are required to deliver formal psychotherapy, techniques from 
psychotherapy — especially empathy, a non-judgemental approach, 
understanding, patience and reflection - can be used to aug- 
ment safe prescribing where indicated. Specialist referral should be 
arranged when symptoms are severe or specialist drugs or therapies 
needed. 


Alternative therapies 

There has been a long tradition of the use of complementary thera- 
pies in dermatology, but especially for those diseases where there is 
a psychological component. Most reports of therapy are anecdotal, 
often single cases with no randomised controlled trials. Therapies 
with a neurogenic basis are claimed to work through neuroimmune 
mechanisms although no hard evidence is available. Acupuncture, 
biofeedback and hypnosis in skin disease are summarised by Shene- 
felt [32] and Freid [33]. The mechanisms of action may be related 
to the beneficial effects of supportive psychotherapy and relaxation 
rather than any specific therapeutic component measurable for each 
treatment type. Hypnotherapy has been the most frequently stud- 
ied in western literature. Despite the lack of trials, there are strong 
advocates for the use of hypnosis as an adjunct to control itch [34] 
and pain [35]. Hypnotherapy for warts in children showed a 53% 
success at 3 months compared with none in the control group [36]. 
The practicality and cost were not assessed. 

Alternative herbal medications are used both topically and sys- 
temically. In an evidence-based review of the literature [37] there 
was no compelling evidence for the efficacy of diet, herbal medicines 
or dietary supplements in atopic eczema. The authors suggested 
promising data for treatments with a psychological component 
such as hypnosis, autogenic training and biofeedback. For chronic 
venous insufficiency, oral horse chestnut seed extract appeared to 
have a real effect as opposed to topical aloe vera gel or tea tree oil. 
Two fuller reviews of phytopharmaceutical agents explored not 
only the therapeutic uses of herbs but also the toxic and allergic 
skin reactions [38,39]. 
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Acquired Disorders of Epidermal Keratinisation 
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Acquired ichthyosis — 


Definition and nomenclature 

Acquired ichthyosis is a condition that arises in adulthood but is 
clinically and histopathologically similar to hereditary ichthyosis 
vulgaris. It is rare, and should raise the suspicion of an associated 
internal disease, particularly malignancy, endocrinopathy, infec- 
tions, autoimmunity or an adverse drug reaction [1]. 


Synonyms and inclusions 


e Ichthyosis acquisita 


Introduction and general description 

Acquired ichthyosis usually arises in adult life and clinically resem- 
bles hereditary ichthyosis. It is not, however, inherited and may be 
associated with a systemic disorder. 


Epidemiology 

Incidence and prevalence 

Acquired ichthyosis is a rare condition. There are no available data 
on prevalence. 


Age 
Acquired ichthyosis occurs mainly in adulthood but acquired 
ichthyosis in children with systemic disease has been reported [2]. 


Associated diseases 
See Box 85.1 for diseases that are associated with acquired ichthyosis 
[3-25]. 


Box 85.1 Disorders that have been associated with 
acquired ichthyosis 


¢ Neoplasia: particularly Hodgkin disease, mycosis fungoides, 
primary cutaneous CD30+ lymphoproliferative disorders, multiple 
myeloma, Kaposi and other sarcomas, and carcinomas (lung, breast, 
ovary, cervix; Chapter 148) [3-8] 

¢ Medications: statins, nicotinic acid, cimetidine, clofazimine [9], 
acitretin [10] and tyrosine kinase inhibitors [11] 

¢ Endocrinopathies: diabetes [12], thyroid disease [2], 
hyperparathyroidism [13] and hypopituitarism [14] 

e Infections: leprosy, tuberculosis, HIV [15] and HTLV-1 infection [16] 

e Autoimmune conditions: dermatomyositis, systemic lupus 
erythematosus and scleroderma/lupus overlap syndrome [17-19] 

¢ Chronic metabolic disease: including malnutrition [20], vitamin A 
deficiency [21], malabsorption syndromes [22], essential fatty acid 
deficiency [23] and pancreatic insufficiency (Shwachman 
syndrome) [24] 

e Anorexia nervosa 

¢ Miscellaneous: bone marrow transplantation and chronic renal 
failure [25] and consumption of kava 


HIV, human immunodeficiency virus; HTLV-1, human T-cell leukaemia 
virus 1. 


Pathophysiology 
The pathogenesis of acquired ichthyosis is not fully understood and 
it differs according to the entity with which it is associated. 

In cases associated with diabetes, it is hypothesised that the 
changes in the skin are due to structural abnormalities in proteins 
resulting from non-enzymatic glycosylation [26,27]. However, 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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well-controlled diabetics can also show ichthyotic changes, and for 
these an abnormal host immune response has been proposed, prob- 
ably against components of the granular cell layer [12]. The same 
hypothesis has also been advanced to explain acquired ichthyosis 
associated with autoimmune disorders [19], whereas those cases 
associated with tumours seem to be due to secretion by neoplastic 
cells of transforming growth factor « (TGF-a), which may exert a 
mitogenic action on keratinocytes [28]. 


Pathology 
Histologically, the epidermis shows compact hyperkeratosis with a 
thinned or absent granular cell layer. 


Environmental factors 

Living in a hot and humid climate may hide the clinical manifesta- 
tions of filaggrin deficiency [29]. Severe xerosis mimicking acquired 
ichthyosis can be observed in atopic individuals who immigrate 
from very humid atmospheres such as South-East Asia to Europe. 
In their home country xerosis is not evident, but the low humidity 
in Europe may precipitate an ichthyotic change in the skin. 


Clinical features 

History 

The onset of acquired ichthyosis is typically sudden with initial 
involvement of the lower limbs after which it may generalise. 


Presentation 

Symmetrical, dark, thick scaling appears on the legs in a pattern 
likened to the skin of lizards. The arms and trunk can also be 
involved, especially the back (Figures 85.1 and 85.2), but flexures 
are spared, due to the higher humidity in these areas. The face is 
unaffected in most cases, probably due to the size and number of its 
sebaceous glands, but the scalp shows abundant fine scales. Pruritus 
can be pronounced. There may be palmoplantar hyperkeratosis, 
with fissures that can become infected [1]. 


Differential diagnosis 

The differential diagnosis includes: 
e Xerosis cutis. 

e Asteatotic eczema. 

e Atopic eczema. 

e Drug eruptions. 

e Hereditary ichthyoses. 

¢ Icthyosiform sarcoidosis [30]. 


Disease course and prognosis 
Acquired ichthyosis may improve with successful treatment of the 
underlying disease or cessation of the responsible drug. 


Investigations 

The diagnosis of acquired ichthyosis is made clinically and confir- 
matory tests are unnecessary. Once the diagnosis has been made, 
a careful search for an underlying cause should be undertaken, 
with a full history, clinical examination, a detailed drug history and 
appropriate investigations to identify potential causes. 
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Figure 85.1 Acquired ichthyosis secondary to lymphoma. 


Figure 85.2 Acquired icthyiosis in a female with hypothyroidism. Courtesy of Dr Shyam 
Verma, Vadodara, India. 


Management 
The primary aim in the management of acquired ichthyosis is to 
identify the underlying cause of the disorder. Its treatment can lead 
to improvement of the dermatosis. 

Treatment of the acquired ichthyosis is symptomatic and involves 
the use of retinoids and keratolytic agents. 
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Treatment ladder for acquired ichthyosis 


First line 
¢ Topical retinoids, particularly tretinoin and tazarotene, 
reduce the cohesiveness of keratinocytes [31] 


Second line 
¢ Beta-hydroxyacids (salicylic acid) help to disaggregate the 
corneocytes 


Third line 

e Alpha-hydroxyacids (lactic or glycolic acids) produce 
loosening and desquamation of corneocytes, when applied 
twice daily 

e Urea 10-20% cream is an excellent humectant 

e Propylene glycol as a 20% preparation in aqueous cream 
hydrates the stratum corneum 


Acanthosis nigricans 


Definition 

Acanthosis nigricans (AN) manifests as asymptomatic and sym- 
metrical darkening affecting the skin of intertriginous areas, in 
particular the axillae, groins, submammary folds and neck. The skin 
is thickened with a velvety texture, and may be studded by skin 
tags. It is particularly associated with obesity and insulin resistance. 


Introduction and general description 

Acanthosis nigricans may present as an isolated skin condition but 
may be associated with a large range of conditions ranging from obe- 
sity to endocrinopathies to internal neoplasms. 


Epidemiology 

Incidence and prevalence 

Benign AN is very common, and affects up to 20% of adults and 7% 
of children; this increases threefold if only overweight children are 
considered [1,2,3]. Malignant AN is rare. 


Age 

Acanthosis nigricans can occur at any age. The benign form is most 
common in adults but may be present at birth and is not uncom- 
mon in obese children. The malignant form, which is rare, usually 
arises in older age groups but has been observed in children with 
Wilms tumours and osteogenic sarcomas [3]. 


Sex 
It has an equal sex ratio. 


Ethnicity 

Acanthosis nigricans is more common in patients with skin 
of colour. In one epidemiological study AN was observed in 
1% of white, 5.5% of Latino and 13.3% of African American 
populations [4]. 


Associated diseases 
Insulin resistance is the most common association with AN (previ- 
ously called pseudo-AN) [5], which can regress with treatment of 
the insulin resistance including low-carbohydrate diet and exercise, 
resulting in weight loss. 

Many syndromes (Box 85.2) have been associated with AN; they 
usually involve the endocrine system or accompany autoimmune 
disorders. 


Box 85.2 Disorders associated with acanthosis 
nigricans 


¢ Acromegaly and gigantism 

e Alstrém telangiectasia 

¢ Bartter syndrome 

¢ Beare-Stevenson syndrome 
¢ Benign encephalopathy 

¢ Bloom syndrome 

¢ Capozucca syndrome 

¢ Chondrodystrophy with dwarfism 
¢ Costello syndrome 

¢ Crouzon syndrome [28,29] 

¢ Dermatomyositis 

e Diabetes 

¢ Familial pineal body hypertrophy 
¢ Gigantism 

e¢ HAIR-AN syndrome 

e Hashimoto thyroiditis 

¢ Hirschowitz syndrome 

e Laurence-Moon-Bardet syndrome 
e Lawrence-Seip syndrome 

¢ Lipoatrophic diabetes 

¢ Lupoid hepatitis 

e Lupus erythematosus 

¢ Motor tract degeneration 

e Phenylketonuria 

¢ Polycystic ovary syndrome 

¢ Prader-Willi syndrome 

e Primary hypogonadism 

e Pseudoacromegaly 

e Pyramidal tract degeneration 
¢ Rud syndrome 

e SADDAN syndrome 

¢ Systemic sclerosis 

e Thanatophoric dwarfism 

¢ Werner syndrome 

¢ Wilson syndrome 


HAIR-AN, hyperandrogenism, insulin resistance and acanthosis 
nigricans; SADDAN, severe achondroplasia with developmental delay 
and acanthosis nigricans. 


Malignant AN (described in more detail in Chapter 148) has been 
associated with an extensive range of solid tumours, but over 90% 
have been seen in patients with gastrointestinal cancer, of which 
two-thirds are gastric [6-8]. Other tumours associated with AN are 
listed in Box 85.3. Malignant AN may be accompanied by other 
cutaneous paraneoplastic phenomena, particularly florid cutaneous 
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papillomatosis in which there is a rapid development of numerous 
warty papules on the trunk and the extremities that are clinically 
indistinguishable from viral warts (Chapter 148). 


Box 85.3 Internal malignancies associated with 
acanthosis nigricans 


e Bladder adenocarcinoma 

e Breast adenocarcinoma 

¢ Cervical squamous cell carcinoma 

¢ Gall bladder and bile duct adenocarcinoma 

e Gastric adenocarcinoma 

¢ Hodgkin disease 

¢ Lung adenocarcinoma and squamous cell carcinoma 
° Osteogenic sarcoma and Wilms tumour (in children) 
e Ovarian adenocarcinoma 

e Pancreatic adenocarcinoma 

e Prostatic adenocarcinoma 

¢ Renal cell carcinoma 

e Testicular carcinoma 

¢ Thyroid adenocarcinoma 


Pathophysiology 

The most common associations reported with benign AN are 
insulin resistance [1,9-11] and obesity [2,12]. There is increasing 
evidence that obesity is a consequence of insulin resistance in 
the presence of a high-carbohydrate diet [13], therefore insulin 
resistance may be the common causative factor rather than obesity 
being a direct cause of AN. Insulin-derived growth factor (IGF-1) 
receptors are overexpressed in patients with hyperinsulinaemia 
and insulin resistance [14]. IGF-1 can stimulate the proliferation 
of keratinocytes and dermal fibroblasts. Epidermal growth factor 
receptors and fibroblast growth factor receptors (FGFRs) are also 
implicated. In Beare-Stevenson syndrome, activating mutations of 
FGFR2 have been identified, and activating mutations of FGFR3 
are associated with thanatophoric dysplasia and the rare severe 
achondroplasia with developmental delay and acanthosis nigricans 
(SADDAN syndrome). Crouzon syndrome is associated with both 
[15]. FGFR3 mutations have been identified in the familial form of 
AN [16]. 

Some drugs may contribute to AN development: FGFR activation 
can be produced by certain medications used in stem cell trans- 
plantation, such as palifermin [17], and insulin can provoke the 
development of AN at injection sites by activation of IGF receptors. 

In malignant AN, tumour-derived growth factors are produced, 
especially TGF-a, which binds to epidermal growth factor receptors. 
The levels of TGF-« decrease with tumour debulking, which may be 
followed by regression of the paraneoplastic phenomena [18]. 


Predisposing factors 

Acanthosis nigricans is associated with a number of benign and 
malignant conditions with a common pathway of keratinocyte and 
fibroblast proliferation. Perspiration and/or friction are mechanical 
contributing factors which may be important in determining the 
characteristic distribution of AN in flexural areas. 
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Figure 85.3 Acanthosis nigricans affecting the neck with associated skin tags. Courtesy 
of Dr Shyam Verma, Vadodara, India. 


Pathology 

Despite its name, AN shows no or minimal acanthosis or hyper- 
pigmentation microscopically. Histology shows hyperkeratosis 
and papillomatosis with finger-like upward projections of dermal 
papillae. Pigmentation is due to the hyperkeratosis; there is no 
increase in melanocyte numbers or in melanin production. Pseudo- 
horn cysts may be present. In mucosal lesions, parakeratosis may 
be observed [3]. 


Genetics 
The familial form of AN is inherited in an autosomal dominant 
fashion and FGFR3 mutations have been identified [16]. 


Clinical features 

History 

Acanthosis nigricans usually starts as asymptomatic darkening of 
the skin of the dorsae of the knuckles, neck, axillae and groins. With 
time, the patches become thicker and may develop skin tags in the 
affected areas (Figure 85.3). Pruritus is not common. Pigmentation 
under the eyes may result. 


Presentation 

It presents as symmetrical, velvety, dark patches which are most 
commonly seen in the axillae, groins and on the back and sides of 
the neck (Figure 85.4). The back of the neck is the most common 
site in children. Skin tags (acrochordons) may be present in affected 
areas. AN may become widespread with delicate velvety furrowing 
of mucosal surfaces and involvement of the eyelids and conjunc- 
tivae. Associated nail changes include leukonychia and subungual 
hyperkeratosis. 


Clinical variants 

A familial syndrome, HAIR-AN, manifests as hyperandrogenism, 
insulin resistance and acanthosis nigricans. It typically presents in 
girls with polycystic ovaries, hirsutism and clitoral hypertrophy, 


Figure 85.4 (a—c) Typical acanthosis nigricans in an 
obese 41-year-old man of South Asian descent with 
type 2 diabetes. Note the associated striae and skin 
tags in the axilla (a), and darkening and velvety 

thickening of the skin around the root and nape of 


the neck (b, ¢). (a) 


and frequently with high plasma testosterone levels. This condition, 
which is also known as type A insulin resistance syndrome, is 
described in more detail in Chapters 88 and 150. 

Type B insulin resistance syndrome is characterised by the 
association of AN with diabetes and hyperandrogenism, or with 
an autoimmune disease (including systemic lupus erythematosus, 
systemic sclerosis, Hashimoto thyroiditis and Sjogren syndrome). 

Familial AN is rare and transmitted as an autosomal dominant 
trait with variable penetrance. It manifests early in life and tends 
to stabilise in the teenage years. In some patients, it can improve 
with age. 

Drug-induced AN has been associated with many different 
medications, particularly hormones, insulin, systemic corticos- 
teroids, testosterone and exogenous oestrogens, including oral 
contraceptives [19,20]. One of the most common associations is with 
nicotinic acid. The dermatosis tends to resolve after discontinuation 
of the offending agent. 

Generalised AN is very rare, and seen only in children. There is 
generalised hyperpigmentation and velvety thickening of the skin, 
and extensive investigation fails to show any associated systemic 
abnormality [21-23]. 

Acral AN is more common in skin phototypes 5 and 6. It is 
not associated with systemic disease, and manifests as a velvety 
thickening and hyperpigmentation of the skin on the dorsa of the 
hands and feet, especially the knuckles [24]. 

Unilateral AN (or naevoid AN) is very rare, and is assumed to 
arise from a somatic mutation during embryogenesis. It can appear 
in infancy, but cases have been reported with onset in childhood 
or adulthood. Clinically, it appears as a pigmented plaque, solitary 
or along a line of Blaschko, and resembles an epidermal naevus. 
Histopathologically, the typical changes of AN are seen. It has been 
described on the face and scalp, chest and abdomen, back and 
thighs [25]. 
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Acanthosis nigricans 


Figure 85.5 Malignant acanthosis nigricans: rugose hypertrophy leading to warty 
thickening of the oral margins in a patient with carcinoma of the breast. 


Malignant or paraneoplastic AN (Figure 85.5) can be associated 
with a wide range of solid tumours (see earlier and Box 85.3). 


Differential diagnosis 

The major differential diagnoses are: 
e Addison disease. 

¢ Pellagra. 

e¢ Haemochromatosis. 


Disease course and prognosis 
Benign AN is not associated with systemic disease but is chronic 
and may become a significant cosmetic problem. However, all AN 
patients should be investigated to rule out insulin resistance. 

AN associated with metabolic abnormalities and insulin resis- 
tance may improve with treatment of the underlying condition. 
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AN associated with obesity may improve with dietary restriction 
and weight loss. 

The prognosis of patients with malignant AN is poor, with an 
average survival of only 2 years from diagnosis due to the frequently 
advanced stage of malignancy at diagnosis. 


Investigations 

Patients should be screened for underlying endocrinopathy and 
malignancy. Insulin sensitivity can be assessed by a calculation 
utilising fasting glucose and insulin called HOMA-IR (homeostatic 
model assessment for insulin resistance), with an elevated result 
indicating insulin resistance [26]. 


Management 

Management of AN is the management of the underlying condi- 
tion, usually insulin resistance. In familial AN or AN not associated 
with an underlying condition, treatment is aimed at improving the 
cosmetic appearance of the condition. 


General measures 
Refer to a dietician for guidance about low-carbohydrate diets and 
exercise regimes. Metformin is often needed in individuals who also 
have obesity. 

Other than addressing underlying insulin resistance, therapies 
aim to improve the cosmetic appearance by modifying keratinisa- 
tion [27]. 


Treatment ladder for acanthosis nigricans 


First line 
¢ Topical retinoids — may reduce the hyperkeratosis 


Second line 

¢ Topical «-hydroxyacids and keratolytics such as salicylic acid 
may improve appearance by reducing hyperkeratosis 

¢ Topical vitamin D analogues 


Third line 
e In extensive cases, oral isotretinoin and acitretin have been 
reported to improve the skin [27] 


Confluent and reticulated 
papillomatosis 


Definition and nomenclature 

Confluent and reticulated papillomatosis (CARP) is an uncommon 
disorder of epidermal keratinisation characterised by the devel- 
opment of hyperkeratotic papules which coalesce into confluent 
and, in places, reticulated plaques on truncal skin. An abnormal 
reaction to commensal microorganisms has been postulated to play 
an aetiological role. 


Synonyms and inclusions 

¢ Papillomatose pigmentée innominée 

¢ Papillomatose pigmentée confluente et réticulée 
© Gougerot—Carteaud syndrome 


Introduction and general description 

Gougerot and Carteaud first described this entity in 1927 [1]. While 
it had been considered to be a specific form of AN [2], diagnostic cri- 
teria have been established and it is now considered a specific form 
of cutaneous papillomatosis [3,4]. 


Epidemiology 
Incidence and prevalence 
This is a rare disease and there are no data on prevalence. 


Age 
It is predominantly a disease of young adults. In one series of 
patients, the mean age at onset was 19 years [2]. 


Sex 

It is likely that the sex incidence is equal but different reports 
have shown a predominance of women in white populations but a 
predominance of men in Japan. A study from the USA [4] and one 
from Lebanon [5] show equal sex incidence. 


Ethnicity 
Confluent and reticulated papillomatosis has been reported in 
multiple ethnic groups with no clear predilection. 


Pathophysiology 

The pathogenesis of CARP is poorly understood. It is thought that 
an abnormal host reaction to Malassezia organisms may be relevant 
in some patients [6,7] and it has also been suggested that actino- 
mycete bacteria may play a role [8]. These hypotheses are discussed 
in more detail later. However, the anti-inflammatory properties of 
the antibiotics used in treatment might be the true reason for the 
response. 

Abnormal keratinocyte differentiation has been found on trans- 
mission electron microscopy and by immunohistochemical studies, 
which show an increased expression of involucrin, keratin 16 and 
Ki-67 [9]. These changes might explain the clustering of the con- 
dition in some families [10,11]. The number of Odland bodies is 
increased and this is associated with a higher turnover of epidermal 
keratinocytes, as seen in psoriasis [12]. The role of metabolic abnor- 
malities in the development of CARP is gaining support [2]. CARP 
has been associated with obesity and insulin resistance [13], as well 
as thyroid dysfunction and Cushing disease [14]. 


Pathology 
There is hyperkeratosis and papillomatosis, with a decrease in the 
thickness or disappearance of the granular cell layer. There may be 
increased melanin in the basal cell layer and in the stratum corneum, 
and this is reflected in the colour of the plaques. The dermis shows 
at most a mild, non-specific inflammatory infiltrate [15]. 

Fungal stains frequently show Malassezia yeasts on the surface of 
the epidermis. 


Figure 85.6 (a, b) Confluent and reticulate 
papillomatosis: an asymptomatic rash appeared 6 
months earlier around the neck of this of 12-year-old 
boy before spreading to the axillae and upper torso. 
There was no response to antifungal medication. (a) 


Causative organisms 

A number of reports have demonstrated the presence of Malassezia 
organisms in CARP. This has led to speculation that CARP is due to 
an abnormal host reaction to Malassezia. Several studies have shown, 
however, that only about one-half of patients with CARP have sig- 
nificant yeast populations on affected skin [2,6,7]. Although some 
patients with CARP respond to topical imidazoles and other anti- 
fungal agents, half of cases fail to respond [5-7] and in those cases 
only a few spores can be retrieved from the skin surface. 

Some patients with CARP appear to respond to tetracycline and 
macrolide antibiotics, which has led to the suggestion that skin 
bacteria may be responsible for this disease. In 2005, a previously 
unknown actinomycete bacterium of the genus Dietzia was isolated 
from the skin of a patient with CARP. Sensitivity studies showed 
sensitivity to tetracycline and erythromycin and the patient cleared 
with tetracycline. The organism, which has subsequently been 
named Dietzia papillomatosis, has been implicated in a case of sep- 
ticaemia but, to date, there have been no further reports linking it 
with CARP [8]. It has been suggested, however, that the response 
to antibiotics may be due to their anti-inflammatory rather than 
their antibacterial properties. 


Genetics 
Although familial forms of CARP have been reported [10,11], they 
are too rare to postulate a genetic inheritance. 


Clinical features 

History 

The patient is usually a young, postpubertal individual. Plaques 
of CARP are located mainly on the trunk, especially on the 
presternal, interscapular and epigastric areas. They are generally 
asymptomatic. 


Presentation 

Patients first notice pigmented, 1-2 mm diameter hyperkeratotic 
papules on the trunk. These coalesce to form greyish blue plaques 
which are confluent at the centre but become reticular towards 
the periphery of the plaques (Figure 85.6). Over weeks or months, 
the plaques spread to involve the lower abdomen and _ pubic 
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Confluent and reticulated papillomatosis 


(b) 


areas [2]. The face and limbs may be affected. Localised forms 
affecting only the face or pubic area have been reported [16,17]. 
Mucous membranes are not involved. A number of different 
patterns of skin involvement have been described [18]. 


Differential diagnosis 

The most common differential diagnoses proposed in cases of CARP 
include: 

¢ Acanthosis nigricans. 

¢ Prurigo pigmentosa. 

¢ Macular amyloid. 

e Darier disease. 

¢ Epidermal naevus. 

e Plane warts. 

¢ Pityriasis versicolor. 

¢ Dermatitis neglecta (inadequate frictional cleansing). 


Disease course and prognosis 

It is a chronic disease with remissions and exacerbations. If CARP 
responds to treatment, it may relapse when treatment is withdrawn 
although persistent remission after tetracyclines is reported [19]. 


Management 

It is a chronic disease and is purely cosmetic, so no treatment is an 
option if the condition does not bother the patient. Spontaneous 
improvement has been reported [20,21]. In overweight patients, 
weight reduction may result in improvement. In some women, 
CARP may improve during pregnancy or with the use of the oral 
contraceptive. 


Treatment ladder for confluent and reticulated 
papillomatosis 


First line 

e A wide range of oral antibiotics have been found to be 
effective in CARP: the most effective appears to be 
minocycline [4,22,23]; azithromycin is an alternative [24] 
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¢ Topical mupirocin ointment has been of benefit in some 
cases [25] 


Second line 

¢ Topical and systemic antifungal agents, including selenium 
sulphide shampoo, have been used with success in some 
patients [2,26] but the results have been very variable 

¢ Topical retinoids and vitamin D analogues have been used 
with mixed results [27-29] 


Third line 
¢ Both high- and low-dose isotretinoin have been used in the 
treatment of CARP with varying results [30,31] 


Pityriasis rotunda — “7 


Definition and nomenclature 

Pityriasis rotunda (PR) is a dermatosis of unknown cause that 
presents as perfectly round, slightly red or hyperpigmented plaques, 
with fine scaling, usually located on the trunk or buttocks, arms and 
legs [1]. 


Synonyms and inclusions 
e Pityriasis circinata 
e Acquired pseudo-ichthyosis 


Introduction and general description 

Pityriasis rotunda is a rare condition with very few reports in the 
literature. The most common form of PR is type 1 PR, which is 
typically seen in older individuals from Asian or African origin. 
Type 1 is usually associated with underlying systemic disease or 
malignancy [2] and may resolve with treatment of the underlying 
condition [2,3]. Type 2 PR is sometimes familial and presents in 
younger white patients; it is not associated with underlying disease. 


Epidemiology 

Incidence and prevalence 

This disease is rare, with most reports coming from South Africa, 
Sardinia or Japan. 


Age 

Type 1 PRis usually seen in patients in their 60s. Type 2 PR is usually 
seen in younger patients with a large case series from Jordan report- 
ing a younger cohort with a mean age of 19 (range 9-38 years) [4]. 


Sex 
Pityriasis rotunda has an equal sex incidence. 


Ethnicity 

Most case reports of PR have come from South Africa in black pop- 
ulations and the few reports from the UK have been in patients of 
African descent [5]. Type 1 disease is also seen in East Asian patients, 


with most reports from Japan; it is rare in white populations [6]. 
Familial type 2 PR has been reported principally from Sardinia. 


Associated diseases 

Type 1 PR has been associated with hepatocellular carcinoma. In 
a series of 10 black patients from South Africa with PR, 70% were 
associated with hepatocellular carcinoma [7]. In a further study 
from South Africa examining hepatocellular carcinoma, 15.9% of 63 
patients had PR [8]. In the South African black population, PR has 
been associated with a number of systemic diseases (Box 85.4). 


Box 85.4 Diseases associated with pityriasis 
rotunda 


Hepatocellular carcinoma 
Chronic myeloid leukaemia 
Squamous cell carcinoma of the hard palate 
Tuberculosis 

Liver disease 

Cardiac disease 

Nutritional disease 

Other malignancies 
Pulmonary disease 

Chronic renal failure 
Osteitis 

Chronic diarrhoea 
Systemic sclerosis 


In Asian populations, PR is associated with underlying malig- 
nancy but not specifically with hepatocellular carcinoma [9]. 


Pathophysiology 

The aetiopathogenesis of PR is unknown. Histologically, it shares 
some characteristics with ichthyosis vulgaris and some authors feel 
itis a variant of this disease [10]. In South African patients it has been 
associated with malnutrition, but this is not generally accepted as a 
cause of the disease. Diminished expression of loricrin and filaggrin 
has been demonstrated [11]. 


Pathology 
Histological changes are restricted to the epidermis with hyperker- 
atosis and loss of the granular cell layer. 


Genetics 
Type 2 PR is inherited as an autosomal dominant trait [12]. 


Clinical features 

History 

It is an asymptomatic condition and is often diagnosed incidentally 
in patients being investigated for other disease. 


Presentation 

The disease presents as asymptomatic, thin, finely scaling plaques 
ranging from 0.5 to more than 20 cm in diameter located on the 
trunk, buttocks, arms and legs. The plaques, ranging in number from 
a few to more than 100, are sharply demarcated and can coalesce, 


Figure 85.7 Pityriasis rotunda. 


forming polycyclic plaques. They are pink in lightly pigmented 
skin to dark brown in skin of phototypes 5 and 6 (Figure 85.7). 


Clinical variants 
Types 1 and 2 PR are sporadic and familial, respectively. 


Differential diagnosis 

The differential diagnosis includes postinflammatory hyperpigmen- 
tation following fixed drug eruption, erythrasma, tinea corporis, 
pityriasis versicolor and psoriasis. 


Disease course and prognosis 

In type 1 PR associated with an underlying disease, treatment of the 
disease may result in resolution of the PR. Once type 2 PR develops, 
it is usually lifelong. 


Investigations 

A skin biopsy can be helpful to exclude other conditions, as the 
diagnosis of PR is one of exclusion. Skin scraping and mycological 
examination will exclude dermatophytosis and pityriasis versicolor. 
Examination with a Wood lamp can exclude erythrasma in flexural 
lesions. 


Management 
Lesions of PR are notoriously resistant to therapy, but some 
improvement has been reported with topical treatment. 


Treatment ladder of pityriasis rotunda 
First line 
¢ Topical retinoids, such as tretinoin, isotretinoin or tazarotene 


Second line 
¢ Topical 10% lactic acid 


Third line 
¢ 5% salicylic acid ointment 
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Keratosis pilaris | 


Definition and nomenclature 

Keratosis pilaris (KP) is an inherited abnormality of keratinisation 
affecting the follicular orifices with varying degrees of keratotic 
follicular plugging, perifollicular redness and follicular atrophy. 


Synonyms and inclusions 
e Follicular keratosis 
e Lichen pilaris 


Introduction and general description 

Keratosis pilaris is a common skin condition, characterised by 
follicular keratotic papules and perifollicular redness or hyper- 
pigmentation [1,2]. Because up to half of the population present 
with the condition to some degree, it can be considered a variant of 
normal rather than a disease. 


Epidemiology 

Incidence and prevalence 

It is a very common condition affecting 50-80% of adolescents and 
about 40% of adults. 


Age 

Keratosis pilaris often presents in the first decade of life and may 
worsen around puberty. In some patients the disorder improves 
with age, but any age group can be affected from childhood to 
old age. 


Sex 
Females appear to be more frequently affected than males. 


Ethnicity 
It is not more prevalent in any racial group. 


Associated diseases 

Keratosis pilaris may be associated with ichthyosis vulgaris and 
atopic eczema [3]. These conditions are, however, all common and 
the association may be coincidental. Some other reported associ- 
ations are listed in Box 85.5 [4-17]. More recently, patients with 
BRAF-positive tumours treated with vemurafenib and sorafenib 
can develop KP as a side effect [17]. 


Pathophysiology 
A plug of excess keratin is formed, possibly due to a defect of corneo- 
cyte adhesion at the follicular orifice, which impedes the hair from 
emerging. The hair can become ingrown and result in an inflamma- 
tory response [18]. 


Pathology 

Histology of KP shows hyperkeratosis, hypergranulosis and plug- 
ging of hair follicles. In the dermis, there is a mild perivascular lym- 
phocytic infiltrate in the upper dermis. 
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Box 85.5 Disorders with which keratosis pilaris and 
follicular hyperkeratoses have been associated 


¢ Ichthyosis vulgaris [3] 

e Atopic eczema [3] 

° Obesity [4] 

¢ Insulin-dependent diabetes (seen in types 1 and 2) [4] 
¢ Noonan syndrome [5] 

° Cardio-facio-cutaneous syndrome [6] 

e Prolidase deficiency [7] 

¢ Down syndrome [8] 

¢ Fairbanks syndrome [9] 

¢ Olmsted syndrome [10] 

¢ Renal failure and hypervitaminosis A [11] 
¢ Monilethrix [12] 

e Pachyonychia congenita [13] 

¢ Ectodermal dysplasias [14] 

¢ Systemic corticosteroid therapy [15] 

° Lithium [16] 

e Vemurafenib and sorafenib [17] 


Genetics 

It is inherited as an autosomal dominant trait with variable pene- 
trance [18]. Reports have identified a partial monosomy in the short 
arm of chromosome 18 in patients with severe forms of KP and 
ulerythema ophryogenes [19]. 


Environmental factors 
Keratosis pilaris may show seasonal variation, improving in the 
summer [20]. 


Clinical features 

History 

It generally starts in children, most commonly on the extensor sur- 
faces of the upper arms, and can worsen around puberty. 


Presentation 

There are small, keratotic papules on the extensor aspects of the 
limbs, particularly the arms (Figure 85.8) and thighs [20]. The 
buttocks and the lumbar areas are also frequently affected. These 
areas acquire a ‘goose-bump’ appearance and rough texture. 
Lesions can become pustular with superficial pustules developing 
in affected follicles, precipitated by rubbing on clothing. On the 
buttock, deeper inflammatory lesions and nodules may develop. 


Clinical variants 

Erythromelanosis follicularis faciei et colli (EFFC). EFFC is a con- 
dition that has been described as a subtype of KP seen in India 
and other countries in Asia. It manifests as follicular hyperkerato- 
sis accompanied by redness and hyperpigmentation, and affects, 
as the name indicates, the face, particularly the cheeks and neck 
(Figure 85.9) [21-23]. 


Keratosis pilaris rubra faciei. This is a common variant with promi- 
nent facial redness, but without the hyperpigmentation or atrophy 
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Figure 85.8 (a, b) Keratosis pilaris on the extensor aspect of the upper arm. 


Figure 85.9 Erythromelanosis follicularis faciei et colli in a young Asian man. 


associated with other variants [24]. It affects up to 25% of patients 
with KP [25]. The clinical presentation overlaps with EFFC and may 
represent a spectrum with differing degrees of pigmentation. 


Keratosis pilaris atrophicans. This is a more inflammatory form of 
KP which results in follicular fibrosis and atrophy progressing to 
scarring alopecia. Three variants have been recognised: 

1 Keratosis pilaris atrophicans faciei, also called ulerythema ophryo- 
genes [26] or keratosis rubra pilaris faciei atrophicans, affects the 
cheeks and lateral eyebrows (Figure 85.10). There is fixed redness, 
follicular plugging, pitted scarring and hair loss. It may be asso- 
ciated with common KP and may be inherited as an autosomal 
dominant trait [27]. 


= Keratosis pilaris 85.11 


MS 


(b) 


Figure 85.10 Keratosis pilaris atrophicans faciei (ulerythema ophryogenes). (a) Note the 
well-defined symmetrical redness on the cheeks and above sparse residual eyebrow 
hairs. (b) The complete loss of hair from the lateral half of the eyebrows has been 
disguised by penciling. 


2 Keratosis follicularis spinulosa decalvans has its onset in infancy, 
and affects the cheeks and nose [28]: follicular plugging results 
in follicular atrophy. The scalp may also be involved, resulting 
in scarring alopecia. It can be associated with palmoplantar 
hyperkeratosis. 

3 Atrophoderma vermiculatum manifests in late childhood, and 
affects the cheeks and preauricular skin. The follicular plug- 
ging evolves towards reticulated atrophy of the skin (Figure 
85.11) [29]. 


Differential diagnosis 

Keratosis pilaris may be confused with a large number of der- 
matoses including the following: 

e Darier disease. 

e Pityriasis rubra pilaris. 

e Atopic eczema. 

e Lichen nitidus. 

e Eruptive vellous hair cysts. 


Tr eT 


Figure 85.11 Atrophoderma vermiculatum on the cheek of a 10-year-old boy. 
Reproduced from Apalla et a/. 2009 [33] with permission of Specjalisci Dermatolodzy. 


If follicular lesions become inflamed KP may be confused with the 
following: 
e Acne. 
¢ Folliculitis. 

KP atrophicans faciei may be confused with rosacea. 


Disease course and prognosis 

In the majority of patients, KP is a mild cosmetic disorder which 
improves with age. Hypopigmentation, hyperpigmentation and 
scarring may occur. The condition may cause embarrassment and 
loss of self-esteem in teenage patients and affect their quality of life. 


Investigations 
Keratosis pilaris is a clinical diagnosis for which no tests are nor- 
mally required. 


Management 

Keratosis pilaris is principally a cosmetic problem and many people 
do not know they have it. If it does not bother the patient, treat- 
ment is unnecessary. However, if the condition is affecting the 
patient psychologically then treatment and reassurance are neces- 
sary. Topical lactic acids and retinoids can smoothen the keratotic 
papules but the redness or pigmentation requires topical steroids 
and sometimes laser therapies. 


Treatment ladder for keratosis pilaris 


First line 

e Keratolytics, particularly salicylic acid 

e Lactic and glycolic acid preparations also reduce roughness 
of the skin 

e Treatment may need to be continued for many years 


Second line 
e Topical retinoids may reduce hyperkeratosis and can be very 
successful when combined with 10% urea-containing 


moisturisers 
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¢ Topical retinoids are particularly useful for KP atrophicans 
faciei [30] 


Third line 
e Insevere KP, oral isotretinoin has been successfully used but 
relapse occurs on cessation [31] 


Fourth line 

e Pulsed dye laser and intense pulsed light can be effective for 
fixed redness in KP rubra faciei and KP atrophicans 

¢ Q-switched neodymium:yttrium-aluminium-garnet 
(Nd:YAG) laser can be effective in reducing roughness as well 
as redness in refractory KP [32] 


Lichen spinulosus 


Definition and nomenclature 

Lichen spinulosus (LS) is a rare idiopathic condition, characterised 
by the appearance of hyperkeratotic follicular papules arranged 
into large plaques [1-3]. 


Synonyms and inclusions 


¢ Keratosis spinulosa 


Introduction and general description 

Lichen spinulosus is an acute eruption of grouped keratotic 
papules which form into plaques. They appear suddenly and 
are distributed symmetrically on the extensor surfaces of the limbs 
or on the trunk and neck [1,2,3]. They are coarse to the touch and 
typically measure 2-5 cm in diameter. 


Epidemiology 

Incidence and prevalence 

Lichen spinulosus is a rare disorder. From the first description 
in 1908 [4], few reports of the disease appeared in the literature 
until 1990, when Friedman described 35 patients in a survey of 
7435 patients attending a dermatology clinic in the Philippines, 
accounting for 0.5% of patients surveyed [3]. 


Age 

Lichen spinulosus is a disease of children and young adults 
with a reported age of onset ranging from 6 to 26 years (average 
16 years) [3]. 


Sex 
Case reports suggest an equal distribution of LS in males and 
females. 


Ethnicity 
There is no predilection of LS in any ethnic group. 


Figure 85.12 Lichen spinulosus present for 18 months as an asymptomatic eruption on 
the back, shoulder and upper arm of an 8-year-old girl. 


Associated diseases 

Lichen spinulosus is not usually associated with any underlying 
systemic disease. There have been case reports of LS in human 
immunodeficiency virus (HIV) infection, Crohn disease, Hodgkin 
disease and syphilis [5-7]. Lichen spinulosus has been associated 
with certain drugs including thallium, gold and diphtheria toxin. 


Pathophysiology 
The cause of LS is unknown. Some authors feel that it is a variant of 
KP: the conditions share the same features on histology. 


Pathology 
Hair follicles are dilated by a thick keratinous plug, and surrounded 
by a mild to moderate chronic inflammatory infiltrate. 


Clinical features 
History 
Lichen spinulosus generally erupts acutely and is asymptomatic. 


Presentation 

Individual papules are follicular, measuring 2-3 mm in diameter 
and raised 1 mm above the surface of the skin with a pointed kera- 
totic spine. Papules coalesce into plaques ranging from 2 to 5 cm in 
diameter. The patches are symmetrical and distributed on the trunk 
(Figure 85.12), buttocks, neck, knees and elbows. The face, hands 
and feet are usually spared. Plaques erupt in crops, grow rapidly 
and then remain stationary. 


: Keratosis circumscripta 85.13 


Clinical variants 
Spinulosis of the face, presenting with tiny keratotic spicules on the 
cheeks, may be a variant of lichen spinulosus. 


Differential diagnosis 

All other causes of follicular papules should be considered in the 
differential diagnosis, including KP, lichen nitidus, phrynoderma 
and pityriasis rubra pilaris. 


Disease course and prognosis 

Lichen spinulosus is a chronic but purely cosmetic disease. It can 
persist for many years, but in most patients it resolves sponta- 
neously within 1-2 years. 


Investigations 

Diagnosis of LS is made clinically and can be supported by histol- 
ogy. Investigation for immunosuppression including HIV should be 
considered in severe cases. 


Management 
Management of LS is aimed at improving the cosmetic appearance. 
The mainstays of treatment are topical retinoids and keratolytics [8]. 


Treatment ladder for lichen spinulosus 


First line 
¢ Topical keratolyic agents including lactic acid, salicylic acid 
and urea can be used 


Second line 
¢ Topical retinoids [9] 


Third line 
¢ Successful use of topical tacalcitol in two children with an 
atypical presentation of submental LS has been reported [10] 


Keratosis circumscripta — TF 


Definition 
Keratosis circumscripta (KC) is a rare condition characterised by 
circumscribed areas of follicular hyperkeratosis. 


Introduction and general description 

Keratosis circumscripta was first described by Shrank in 1966 
in 10 members of the Yoruba tribe in Nigeria [1]. It is rare and 
there remains controversy over its status as an individual der- 
matosis. In one report and review of the literature, the authors 
suggested that KC was in fact a form of psoriasis modified by 
environmental factors [2]. It has also been suggested that it is 
the same as type IV circumscribed juvenile-onset pityriasis rubra 
pilaris (Chapter 36). Shrank’s findings were, however, supported 
by a report of 10 patients from Kenya [3] and other authors have 
supported its recognition as an individual entity [4,5]. 


Epidemiology 
Incidence and prevalence 
Keratosis circumscripta is rare. 


Age 
Keratosis circumscripta first develops in childhood and is persistent 
thereafter. 


Ethnicity 
It was first described in an African tribe and is more common in 
patients with phototype 6 skin. 


Pathophysiology 
The aetiopathogenesis of KC is unknown. 


Pathology 
Histology shows follicular plugging and moderate hyperkeratosis 
(Figure 85.13a). There is no involvement of the dermis. 


Genetics 
The condition appears to be sporadic but clustering of cases within 
a particular ethnic group would support a genetic predisposition. 


Clinical features 

History 

Keratosis circumscripta normally starts at the age to 3-5 years with 
lesions developing quickly over a period of 2-3 weeks. 


Presentation 

The lesions of KC are well-defined areas of diffuse and follicular 
hyperkeratosis affecting the extensor surfaces of the arms and 
legs (Figure 85.13b) and the trunk. In his original report, Shrank 
described elbow and knee involvement in all his patients and 4-5 cm 
round discs of follicular hyperkeratosis on each hip. The dorsa of 
the hands and feet were occasionally involved but the palms and 
soles were rarely affected. Lesions may become thickened and 
hyperpigmented or violaceous in colour. 


Differential diagnosis 

A number of dermatoses can be confused with KC but can be 

clinically differentiated from this disease. These include the 

following: 

¢ Type IV circumscribed juvenile pityriasis rubra pilaris (Chapter 
36). 

e Lichen spinulosus. 

¢ Psoriasis (Chapter 35). 


Disease course and prognosis 

Once established, the condition persists. Patients tend not to develop 
new lesions but existing lesions may slowly increase in size and 
become more keratotic. 


Management 

KC is poorly responsive to treatment and generally does not 
improve with topical corticosteroids, topical retinoids or conven- 
tional keratolytics. The appearance of KC was improved in one 
patient using 40% urea in white soft paraffin [3]. 
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Figure 85.13 Keratosis circumscripta. (a) Psoriasiform dermatitis with prominent 
follicular plugging but without neutrophils. (b) Coalescing hyperkeratotic papules on the 
thighs of a 10-year-old African American girl. Reproduced from Shams et a/. 2011 [5] 
with permission of John Wiley & Sons. 


Phrynoderma — 


Definition 

Phrynoderma, which literally means toad skin, is one of the cuta- 
neous manifestations of vitamin A deficiency and may also be asso- 
ciated with other nutritional deficiencies. It manifests as follicular 
hyperkeratosis. It is described in more detail in Chapter 61. 
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Introduction and general description 

Phrynoderma was first described by Nicholls in 1933 in African 
labourers and was recognised as a manifestation of vitamin A 
deficiency [1]. It is usually seen in children living in economically 
deprived countries. 


Epidemiology 

Incidence and prevalence 

Phrynoderma is more common in countries where malnutrition 
is prevalent, but can also be seen in Europe in individuals with 
liver cirrhosis, malabsorption syndromes or anorexia nervosa and 
in those who abuse alcohol or are homeless [2]. In economically 
deprived countries, it is seen in <5% of children and adolescents [3]. 
Recently, it has been recognised as a complication of bariatric 
surgery [4,5]. 


Age 
Phrynoderma is commonest in children between the ages of 5 and 
15 years in economically deprived countries. 


Sex 
Sexes are equally affected. 


Ethnicity 
No data are available. 


Associated diseases 

These include: 

e Liver cirrhosis. 

e Malabsorption syndromes. 

e Anorexia nervosa. 

Alcohol abuse. 

Nutritional deficiency following bariatric surgery. 


Pathophysiology 

Phrynoderma was initially thought to be due purely to vitamin A 
deficiency. Vitamin A is essential for normal cellular growth and 
division, and maintenance of the immune response. Lack of this 
vitamin results in abnormal epidermal keratinisation as well as 
immunosuppression [6-8]. Phrynoderma has now been described 
in patients with normal vitamin A levels and has been associated 
with other nutritional deficiencies including B complex, riboflavin, 
vitamin C, vitamin E, essential fatty acids and malnutrition [1]. 


Pathology 
Follicles are dilated with compact keratin and patchy parakeratosis 
with no dermal reaction. 


Clinical features 

History 

Phrynoderma starts gradually with mostly non-pruritic lesions on 
the elbows (Figure 85.14). 


Presentation 
Phrynoderma manifests as groups of papules, each one around 3-4 
mim in diameter, with a central keratotic plug [9,10,11]. The papules 


Figure 85.14 Phrynoderma: keratotic papules with intrafollicular plugging on extensor 
surfaces of the forearms of a 3-year-old Indian girl presenting with night blindness. Both 
conditions responded within 1 month to vitamin A supplementation. Reproduced from 
Murthy and Prabhakaran 2010 [14] with permission of Wolters Kluwer. 


have a follicular distribution and give the skin a rough texture. 
The elbows and knees are the most commonly affected areas but 
the buttocks and extensor surfaces of the limbs may be affected. In 
generalised disease, the trunk and face may be affected. Papules 
are skin coloured or hyperpigmented. The condition is usually 
associated with ocular signs, such as night blindness, conjunctival 
xerosis and ulcerations [12]. 


Differential diagnosis 

The differential diagnosis of phrynoderma includes: 
¢ Keratosis pilaris. 

e Lichen nitidus. 

e Lichen spinulosus. 

¢ Multiple minute digitate keratoses. 

¢ Perforating dermatoses. 

e Pityriasis rubra pilaris. 


Complications and co-morbidities 

Ocular involvement including conjunctival xerosis, triangular, dry, 
white, foamy conjunctival lesions (Bitot spots) and blindness may 
be associated with phrynoderma. 


Investigations 

All patients with phrynoderma should have their vitamin A levels 
measured. Serum vitamin A levels lower than 35 pmol/dL indicate 
hypovitaminosis. In some patients with nutritional deficiency, there 
will be concomitant hypoproteinaemia. In this circumstance, values 
of vitamin A can appear reduced despite adequate vitamin A stores. 


Management 

Treatment involves the correction of poor diet and administration 
of a multivitamin preparation containing vitamin A, since poor diet 
often results in other concurrent deficiencies. Oral administration 
is preferred over parenteral therapy. The dosage in children aged 
8 years or above and adults is 100 000 units daily for 3 days, followed 
by 50 000 units daily for 2 weeks, and then 10 000 units daily for 
2 months, until liver storage is adequate [13]. 


Treatment ladder for phrynoderma 


First line 
e Improved nutrition, vitamin supplementation and 
management of underlying disease 


Trichodysplasia spinulosa -— Fae 


Definition and nomenclature 

Trichodysplasia spinulosa is a rare and disfiguring condition 
caused by infection of the hair inner root sheath by a polyomavirus 
in immunocompromised patients. 


Synonyms and inclusions 


¢ Polyomavirus-associated trichodysplasia 
e Trichodysplasia of immunosuppression 


Introduction and general description 

This is a rare condition seen in immunocompromised patients. 
It was first named trichodysplasia spinulosa in 1999 [1], although 
earlier reports of a lichen spinulosus-like eruption associated with 
HIV infection are likely the same disorder [2]. It is due to a novel 
polyomavirus that appears to infect keratinocytes of the inner root 
sheath of the hair follicle. Polyomaviruses are small, non-enveloped 
DNA viruses, which are widespread in nature where they cause 
benign skin tumors (papillomas or warts) in birds and can affect 
80% of humans. 


Epidemiology 

Incidence and prevalence 

Trichodysplasia spinulosa is rare with only a small number of 
reported cases in the world literature. 


Age 
Trichodysplasia spinulosa has been reported in immunosuppressed 
patients of all age groups [3]. 


Ethnicity 
All ethnic groups can be affected. 


Associated diseases 

Most patients with trichodysplasia spinulosa are immunosup- 
pressed following organ transplantation [4]. The disease has been 
reported in a patient with lymphocytic leukaemia [5]. There have 
been rare reports of trichodysplasia spinulosa associated with 
systemic lupus erythematosus [6]. 


Pathophysiology 

Predisposing factors 

The trichodysplasia spinulosa polyomavirus (TSPyV) is an oppor- 
tunistic virus: immunosuppression, whether caused by disease or 
medication, is a prerequisite for the development of trichodysplasia 
spinulosa. 


i Trichodysplasia spinulosa 85.15 
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Pathology 

In affected areas, the hair follicles show abnormal maturation with 
dilatation of the follicular infundibulum, which is plugged by 
cornified eosinophilic keratinocytes containing large trichohyalin 
granules (Chapter 87). Electromicroscopy shows 28 nm intracellular 
viral particles consistent with polyomavirus. Immunofluorescence 
studies using antibodies to trichohyalin and TSPyV VP1 protein 
have shown that the virus is restricted to the nuclei of inner root 
sheath cells [7]. However, virus has been identified using molecular 
techniques in a renal allograft [8], urine [9,10] and the respiratory 
tract [11]. 


Causative organisms 

Trichodysplasia spinulosa is caused by TSPyV. TSPyV is a group 
I double-stranded DNA virus of the family Polyomaviridae and 
genus Orthopolyomavirus and is related to the Merkel cell poly- 
omavirus. A study in the Netherlands [12] has shown that the virus 
is common in the general population with a seroprevalence of 70%; 
it only becomes symptomatic if a carrier is immunocompromised. 
In contrast to Merkel cell polyomavirus, TSPyV causes dysplasia 
rather than neoplasia. 


Clinical features 

History 

Patients report the eruption of spiny papules, typically on the cen- 
tral face and eyebrows but sometimes becoming generalised. The 
condition is usually asymptomatic but may be mildly pruritic. 


Presentation 

Shiny follicular papules with central spiny keratotic spikes are seen 
on the facial skin (Figure 85.15). The condition progresses rapidly 
with multiple disfiguring lesions. Alopecia of the eyebrows and 
scalp may occur. 


Differential diagnosis 

Trichodysplasia spinulosa is a very distinctive disease but in 
the early stages may be confused with other follicular keratotic 
dermatoses, including the following: 

¢ Keratosis pilaris. 

e Lichen nitidus. 

¢ Follicular mucinosis. 


Complications and co-morbidities 
All patients are immunocompromised. 


Disease course and prognosis 

Trichodysplasia spinulosa progresses unless specifically treated 
or unless immunosuppression is withdrawn. There have been 
no long-term reports of this disease so long-term prognosis is 
speculative. 


Investigations 

Skin biopsy shows characteristic changes in the hair follicle. The 
virus can be identified using molecular or immunofluorescence 
techniques. 
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Figure 85.15 (a, b) Trichodysplasia spinulosa: multiple keratotic spicules on the nose of 
a heart transplant recipient. Reproduced from van der Meiden et a/. [18] with permission 
of Public Library of Science (PLOS). 


Management 

Trichodysplasia spinulosa is a persistent disease. In organ trans- 
plant recipients, reduction of immunosuppression has resulted in 
some improvement. Antiviral treatment has been successful in some 
patients [13,14] and one patient responded to surgery followed by 
topical tazarotene [15]. Firm guidance on management cannot be 
given due to the paucity of reports but topical or oral antiviral 
therapy would appear to be the treatment of choice. 


: Flegel disease 85.17 


Treatment ladder for trichodysplasia spinulosa 


First line 

¢ Reduction of immunosuppression if feasible 

¢ Topical cidofovir 3% (if available) [16] 

¢ Oral valganciclovir: successful response has been reported in 
four patients 


Second line 

e Topical tazarotene: one patient improved with topical 
tazarotene after skin lesions were shaved off under local 
anaesthesia [15] 


Third line 

¢ One patient treated with a topical compound of aciclovir, 
2-deoxy-b-glucose and epigallocatechin (green tea extract) 
showed improvement [17] 


Flegel disease — 


Definition and nomenclature 

Flegel disease (FD) is a rare dermatosis, first described by Flegel in 
1958 [1]. It is characterised by the presence of flat keratotic papules 
on the lower legs and dorsa of the feet. It is a disease of the older 
adult, but it can be seen occasionally in younger persons. 


Synonyms and inclusions 
¢ Hyperkeratosis lenticularis perstans 


Introduction and general description 

Flegel disease is a rare dermatosis characterised by flat keratotic 
papules on the lower legs and dorsa of the feet. It is more commonly 
found in older adults, but can appear occasionally in younger peo- 
ple. Each papule measures 1-5 mm in diameter and is topped by a 
horny keratotic scale, the removal of which causes bleeding. 


Epidemiology 
Incidence and prevalence 
It is a rare disease and there are no prevalence data in the literature. 


Age 
Flegel disease is most commonly seen in mid to late adult life but 
cases in children have been reported [2]. 


Ethnicity 
Itis seen in all racial groups but appears to be more common in white 
populations. 


Associated diseases 
A number of reports have suggested an association between 
endocrinopathies and FD [3], particularly diabetes. 


Pathophysiology 

The cause of FD is unknown. A number of hypotheses have 
been put forward. Some authors have suggested that ultraviolet 
(UV) light may play a role [4]. Electron microscopic studies have 
demonstrated a lack or paucity of Odland bodies in the stratum 
granulosum. Odland bodies contain proteases and regulate desqua- 
mation of keratinocytes suggesting a possible mechanism for 
localised hyperkeratosis [5,6]. Immunological studies have shown 
that the dermal infiltrate in FD is predominantly T cells and that 
these cells are activated, suggesting that the disease could be the 
result of a cell-mediated immune response to keratinocytes [7]. 


Pathology 

Microscopic examination of a well-developed papule shows char- 
acteristic histological features. The stratum corneum is markedly 
thickened, eosinophilic and compact, and the underlying stratum 
spinosum is compressed. Patchy parakeratosis may be present. 
The intervening granular layer is thinned or absent. The surround- 
ing epidermis can show papillomatosis. There is a lymphocytic 
dermal infiltrate in a band-like distribution beneath the affected 
epidermis [5]. 


Genetics 

Both a familial and a non-familial variant have been recognised. At 
least in some cases, the disease is inherited as an autosomal domi- 
nant trait [8]. 


Environmental factors 
Some authors suggest that exposure to the sun may be involved in 
the pathogenesis of FD. 


Clinical features 

History 

Small keratotic papules develop on the lower legs in middle-aged 
to elderly patients and slowly spread up the legs (Figure 85.16). The 
lesions are asymptomatic. 


Presentation 

The lesions of FD are red-brown non-follicular keratotic papules 
measuring 1-5 mm in diameter. Rarely, the disease may affect the 
outer ear lobes, arms, palms, soles and oral mucosa [9]. If the scale is 
removed, the site is red and may have bleeding points. Involvement 
of the trunk is unusual but a generalised form of FD has been 
described [10]. 


Differential diagnosis 
Diseases with localised areas of hyperkeratosis are considered in the 
differential diagnosis, as listed in Box 85.6. 


Box 85.6 Differential diagnosis of Flegel disease 


¢ Acquired reactive perforating dermatosis (Kyrle disease) 
Actinic keratosis 

Arsenical keratosis 

Darier disease 

Porokeratosis 

Stucco keratosis 
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Figure 85.16 Flegel disease: multiple, tiny, thorn-like keratotic papules on the skin of 
the lower leg. 


Investigations 
Skin biopsy will show the characteristic changes and will confirm a 
clinical diagnosis. 


Management 
Flegel disease is difficult to treat and medical treatment needs to con- 
tinue for prolonged periods. 


First line 

The most consistent treatment results have been achieved with 
5% fluorouracil, which needs to be continued for several months 
[11,12,13], dermabrasion and local excision [14]. 


Second line 
Various systemic retinoids have been used with variable responses. 
Lesions tend to reform on cessation of treatment [15]. 


Third line 

Treatment with topical vitamin D analogues has been reported with 
variable and inconsistent results [16,17]. Topical retinoids and kera- 
tolytics have been used with disappointing results [12]. 


Multiple minute digitate ker. 


Definition and nomenclature 

The term multiple minute digitate keratoses (MMDK) describes a 
rare, clinically distinctive but aetiologically heterogeneous disorder 
of epidermal keratinisation occurring in adults. 


Synonyms and inclusions 

¢ Multiple minute digitate hyperkeratoses 

¢ Spiny hyperkeratosis 

¢ Digitate keratoses 

¢ Disseminated spiked hyperkeratosis 

¢ Familial disseminated filiform hyperkeratosis 
e Filiform keratoses 

¢ Minute aggregated keratoses 


Introduction and general description 

Multiple minute digitate hyperkeratoses is a term introduced by 
Goldstein in 1967 [1] and more fully characterised by Ramselaar 
and Toonstra in 1999 [2] as a rare disorder of keratinisation in 
which multiple, tiny, spiky cutaneous keratoses appear in adult 
life. The more appropriate label MMDK is preferred to define this 
disorder [3]. 


Epidemiology 
Incidence and prevalence 
This is a rare disorder. 


Age 

The genetic form generally presents between the ages of 20 and 
30 years. MMDK associated with malignancy or other systemic 
disease presents later in life, typically in the sixth decade of life [4]. 


Sex 
There is a slight male preponderance [1]. 


Ethnicity 
No racial predilection has been identified. 


Associated diseases 
Postinflammatory /reactive cases of MMDK may be associated with 
solar damage, radiotherapy or the use of drugs including acitretin, 
simvastatin and ciclosporin [5]. 

Sporadic cases of MMDK may be associated with systemic disease 
or may be paraneoplastic [1,6-8]. 


Pathophysiology 
Three forms of MMDK have been proposed, although these divi- 
sions may not represent distinct disorders. 

The genetic form appears to be inherited as an autosomal domi- 
nant trait and the disease becomes clinically apparent in the second 
and third decades of life. 

MMDK has been associated with various drugs as well as follow- 
ing radiotherapy or chronic sun exposure. 

Sporadic MMDK may be a paraneoplastic phenomenon but due 
to its rarity it is difficult to determine whether the associations 
with underlying neoplasms which have been noted are simply 
coincidental [6]. 


Pathology 

Histologically, MMDK shows discrete columns of compact hyper- 
keratosis arising from an acanthotic interfollicular epidermis 
(Figure 85.17a). The granular cell layer is intact. The dermis is 
uninvolved. Under the electron microscope, keratohyalin bodies 


(b) 


Figure 85.17 Multiple minute digitate keratoses. (a) Photomicrograph of a 
hyperkeratotic spicule. (b) Close-up view of spicules on the back. From Caccetta et al. 
2012 [10] © 2010 American Academy of Dermatology, Inc. Published by Mosby, Inc. 
All rights reserved. 


are smaller than normal but Odland bodies are present. The pattern 
of keratin is otherwise normal [9]. 


Genetics 
The early-onset familial form is inherited in an autosomal dominant 
fashion. 


Clinical features 

History 

Patients report the sudden appearance of asymptomatic tiny spiny 
keratoses on the skin. 


Presentation 

The keratoses are typically located on the trunk and proximal limbs 
and may number in the hundreds (Figure 85.17b). They are tiny 
flesh-coloured spikes that measure up to 2 mm in length and are 
non-follicular. Case reports have described patients with lesions 
restricted to the palms and soles [7,8]. 


Differential diagnosis 

Other digitate keratoses should be considered including lichen 
spinulosus, phrynoderma, multiple filiform viral warts, trichodys- 
plasia spinulosa and arsenical keratoses [10]. 


Investigations 
In sporadic cases of MMDK, investigations for age-related underly- 
ing malignancy should be performed. 


Management 
There is no evidence for the treatment of MMDK. Reports have 
shown response to a number of treatments. 


Treatment ladder for multiple minute digitate 
keratoses 


First line 
¢ Keratolytic agents, particularly salicylic acid and lactic acid, 
with emollients 


Second line 
¢ Topical retinoids in combination with emollients and 
urea-containing moisturisers 


Third line 
e Topical 5-fluorouracil 


Porokeratoses 


Definition and nomenclature 

A porokeratosis is a clonal expansion of keratinocytes which dif- 
ferentiate abnormally but are not truly neoplastic. All forms of 
porokeratosis show a thin column of parakeratosis, the cornoid 
lamella, representing the active border. Squamous cell carcinomas 
may develop within lesions. 


Synonyms and inclusions 

© Porokeratosis of Mibelli 

¢ Disseminated superficial actinic porokeratosis (DSAP) 
¢ Linear porokeratosis 

¢ Punctate porokeratosis 

¢ Disseminated actinic porokeratosis 

¢ Disseminated palmoplantar porokeratosis 


2 
— 
U 
Lu 
3 
7) 
a 
- 
< 
3 


CUTANEOUS STRUCTURES 


85.20 


Introduction and general description 

A porokeratosis is a clonal expansion of keratinocytes which dif- 
ferentiate abnormally but are not hyperproliferative. Porokeratoses 
may present as single or multiple lesions and may be localised 
or disseminated. All forms show a thin column of parakeratosis, 
the cornoid lamella, representing the active border [1,2]. 

Mibelli described the classic form which bears his name in 1893. 
This was followed by descriptions of superficial and disseminated 
forms of porokeratosis by Respighi in 1893, linear porokeratosis 
in 1918, disseminated superficial actinic porokeratosis (DSAP) by 
Chernosky in 1966, disseminated palmoplantar porokeratosis by 
Guss in 1971 and punctate porokeratosis by Rahbari in 1977. 

A working clinical classification of porokeratoses is shown in 
Box 85.7 [1,2]. Lesions start as papules or plaques that develop into 
annular lesions with a thin, often thread-like elevated rim. Diagno- 
sis is confirmed by finding the pathognomonic cornoid lamella on 
histological examination (Figure 85.18). It is likely that the different 
variants are related, as more than one type of porokeratosis has 
been reported in the same patient [3] and different types have been 
reported in different members of the same family [4]. Malignant 
change with development of squamous cell carcinoma may occur. 


Box 85.7 Clinical classification of porokeratoses 


Localised forms 

¢ Porokeratosis of Mibelli 

e Linear porokeratosis 

e Punctate palmoplantar porokeratosis 
¢ Genital porokeratosis 

¢ Porokeratosis ptychotropica 


Disseminated forms 

¢ Disseminated superficial actinic porokeratosis 
e Disseminated superficial porokeratosis 

¢ Systematised linear porokeratosis 

e Disseminated palmoplantar porokeratosis 


Adapted from Sertznig et al. 2012 [1] and Ferreira et al. 2013 [2]. 


Epidemiology 

Incidence and prevalence 

Porokeratosis is listed as a rare disease and classified as such by 
Orphanet and the Office of Rare Diseases (ORD) of the National 
Institutes of Health. DSAP is the most common form [5]. 


Age 

Classic porokeratosis of Mibelli and linear porokeratosis typically 
appear during infancy or childhood. Punctate palmoplantar poro- 
keratosis and disseminated palmoplantar porokeratosis usually 
appear in adolescence, while DSAP generally first manifests in 
adult life. 


Sex 

Porokeratosis of Mibelli, genital porokeratosis and punctate poro- 
keratosis are more common in males, whereas DSAP is more 
common in women. Linear porokeratosis has an equal sex ratio. 
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Figure 85.18 Cornoid lamella forming the edge of a porokeratosis: a column of 
parakeratotic keratinocytes can be seen arising from invagination of the underlying 
epidermis. 


Ethnicity 
All forms of porokeratosis are seen predominantly in pale, fair- 
skinned ethnic groups. 


Associated diseases 

These include: 

e HIV infection [6]. 

¢ Crohn disease [7]. 

e Diabetes [8]. 

e Liver disease [9]. 

¢ Chronic renal failure [10]. 

e¢ Haematological and solid tumours [11]. 


Pathophysiology 

Porokeratosis represents a clonal expansion of keratinocytes [12] 
that show abnormal differentiation but are not hyperproliferative 
[13]. The cornoid lamella, which is the hallmark of porokerato- 
sis, is composed of parakeratotic keratinocytes which result from 
either faulty maturation or an acceleration of epidermopoiesis. 
It has been shown that there is reduced keratinocyte loricrin and 
filaggrin expression and abnormal premature keratinocyte apop- 
tosis underlying the cornoid lamella, indicating dysregulation of 
terminal differentiation [1]. Furthermore, abnormal DNA ploidy in 
keratinocytes has been demonstrated [14]. In DSAP mutations in the 
SART3 (Squamous Cell Carcinoma Antigen Recognized by T-cells) 
and MVK (MeValonate Kinase) genes have been found [5]: MVK has 
a role in keratinocyte differentiation and may protect keratinocytes 
from apoptosis in response to damage from UV radiation [15]. 


Predisposing factors 

Drug-induced immunosuppression in various diseases including 
organ transplantation may predispose to porokeratosis [16]. Natu- 
ral or therapeutic exposure to UV radiation is a recognised trigger 
factor for DSAP and porokeratosis of Mibelli. 


Pathology 

Identification of the cornoid lamella is essential for the diagnosis of 
porokeratosis. As this represents the peripheral thread-like border 
of the lesion it is essential that biopsy includes this border. His- 
tologically, the cornoid lamella is a thin column of tightly packed 
parakeratotic keratinocytes within a keratin-filled invagination 
of the epidermis through the stratum corneum (Figure 87.18) [1]. 
The underlying stratum granulosum may be absent or attenuated 
but is normal in other parts of the lesion. There is a perivascular 
or lichenoid lymphocytic infiltrate. Amyloid deposits have been 
reported in DSAP and in the intertriginous portion of perianal 
porokeratosis (porokeratosis ptychotropica). The central portion 
of a porokeratosis may show epidermal atrophy and areas of 
liquefaction degeneration. 


Genetics 

All forms of porokeratosis have been reported to have familial 
clusters with autosomal dominant patterns of inheritance but with 
variable penetration. A number of very different chromosomal loci 
have been identified in DSAP, including 12q23.2-24.1, 1p31.3-p31, 
16q24.1-24.3 and 18p11.3 [17]. Linear porokeratosis follows the 
lines of Blaschko and may be systematised, indicating genetic 
mosaicism. 


Environmental factors 
Exposure to UV radiation is a factor in the induction of superficial 
actinic porokeratosis and porokeratosis of Mibelli. 


Clinical features 

History 

Porokeratoses present with single or multiple papules or plaques 
that develop into annular lesions with a thin raised border. They 
are usually asymptomatic but may be pruritic and, if verrucous, may 
cause discomfort from pressure. 


Clinical variants of localised forms 

Porokeratosis of Mibelli. This starts as a single or small group 
of keratotic papules which may be pigmented. These gradually 
grow over years to form one or more irregular plaques with a thin, 
keratotic and well-demarcated border. The central area may be 
atrophic, either hyper- or hypopigmented, hairless and anhidrotic 
(Figure 85.19). Lesions are generally distributed on the extremi- 
ties but can occur anywhere on the body. Occasionally, giant and 
verrucous forms of the disease may occur [18]. 


Linear porokeratosis. This generally occurs in infancy as unilateral 
streaks or plaques of reddish brown papules along limbs or the 
side of the trunk, head or neck following Blaschko lines, indicating 
underlying somatic mosaicism (Figure 85.20). There is a higher 
risk of malignant change in linear porokeratosis than in other forms 
of porokeratosis [19]. 


Punctate palmoplantar porokeratosis. This is a rare type of poro- 
keratosis in which seed-like punctate keratoses form on the palms 
and soles during adulthood [1]. 


Figure 85.19 Porokeratosis of Mibelli. 


(a) (b) 


Figure 85.20 (a, b) Linear porokeratosis: irregular linear and polygonal ‘Chinese 
character’ plaques developing in a blaschkoid distribution on the thigh, showing 
progression from 23 months to 5 years of age. 


Genital porokeratosis. Genital porokeratosis is a rare localised 
type which it is important to be aware of as it is frequently misdi- 
agnosed clinically. It occurs almost exclusively in men, more often 
affecting the scrotum than the penis (Figure 85.21) [20]. Vulval 
porokeratosis is much rarer [21]. 


Ptychotropic porokeratosis. Ptychotropic porokeratosis (affecting 
the natal cleft and buttocks) [22] is another very rare type which 
may be very inflammatory and thus elude diagnosis until appro- 
priate biopsies have been taken (Figure 85.22). 


Clinical variants of disseminated forms 

Disseminated superficial actinic porokeratosis. DSAP is the most 
common form of porokeratosis [1,5], representing more than half of 
all cases. The condition is often overlooked as the lesions may be 
quite inconspicuous to the casual observer. Multiple flesh-coloured, 
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(a) (b) 


Figure 85.21 (a, b) Genital porokeratosis: multiple lesions limited to the scrotum. 
Reproduced from Joshi and Minni 2018 [34] with permission of Dove Medical Press 
Limited, CC BY-NC 3.0. 


Figure 85.22 Ptychotropic porokeratosis. Courtesy of Dr P. Laws. 


pink or reddish brown, finely scaling macules with a thin but 
well-defined raised border start to appear in early adult life, pre- 
dominantly on the lower legs and arms (Figure 85.23). The palms 
and soles are not affected. The lesions are generally small, <1 cm 
diameter, and usually asymptomatic. Patients will often give a 
history of worsening of the condition following sun exposure. 


Disseminated superficial porokeratosis. This is not necessarily 
related to sun exposure and will present in both sun-exposed 


Figure 85.23 Disseminated superficial actinic porokeratosis: view of the upper arm. 


and sun-protected sites, including sometimes the oral mucosa 
and genitalia. It may be associated with immunodeficiency (e.g. 
organ transplantation, malignancy, HIV infection) or may develop 
sporadically during childhood [1]. 


Systematised linear porokeratosis. This is a disseminated variant 
of linear porokeratosis that may be unilateral or generalised and fol- 
lows the lines of Blaschko [1,23]. 


Disseminated palmoplantar porokeratosis. Disseminated pal- 
moplantar porokeratosis (porokeratosis palmaris et plantaris 
disseminata) is a rare generalised form of punctate palmoplantar 
porokeratosis in which palmoplantar lesions, which first appear in 
the third decade of life, are succeeded by multiple, widely dissem- 
inated, wart-like keratoses in both sun-exposed and sun-protected 
areas including the oral mucosa and genitalia and often following 
Blaschko lines [1,24]. 


CDAGS syndrome. CDAGS syndrome is a rare autosomal recessive 
disorder defined as craniostenosis, delayed closure of the fontanelles, 
cranial defects or deafness, anal anomalies, genitourinary abnor- 
malities and skin eruption, which is often porokeratosis [25]. 


Differential diagnosis 

The differential diagnoses of porokeratosis of Mibelli and dissemi- 
nated palmoplantar porokeratosis include psoriasis, Bowen disease 
and actinic keratoses. Disseminated superficial actinic poroker- 
atosis may be confused with actinic keratosis or stucco keratoses. 
The differential diagnosis of linear porokeratosis includes linear 
verrucous epidermal naevus, lichen striatus and incontinentia pig- 
menti. Punctate palmoplantar porokeratosis may be mistaken for 
viral warts. 


Complications and co-morbidities 

Cutaneous malignancies, particularly squamous cell carcinoma, 
may occur. The rate of malignant transformation varies between 
subtypes, with the highest rate (19%) in linear porokeratosis and 
the lowest in DSAP (3%) [26]. The necessary role of UV radiation in 
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the pathogenesis of DSAP and the frequent concurrence of actinic 
keratosis make the latter relationship uncertain. 


Disease course and prognosis 
All forms of porokeratosis are chronic with no tendency for sponta- 
neous resolution. 


Investigations 

Patients presenting with sudden onset of porokeratosis should be 
investigated for causes of immunosuppression including HIV and 
haematological malignancies. 


Management 

In many patients, regular monitoring for evolving skin cancer 

may be all that is needed. In patients with immunosuppression or 

in linear porokeratosis where the malignancy rate is increased, or 

in those requesting treatment, there are principally two approaches: 

1 Target the underlying abnormal clone of cells using the same 
approach that is used for actinic keratosis. 

2 Target the abnormal keratinisation with topical or systemic 
retinoids. 


First line 
Cryotherapy, 5-fluorouracil [27], imiquimod [28], curettage and 
cautery, photodynamic therapy, laser modalities [29], topical 
diclofenac [30] and topical vitamin D analogues such as calcipotriol 
[31] have all been used to treat porokeratosis with varying degrees 
of success. 

Topical cholesterol/lovastatin has been reported as an effective 
and well-tolerated therapy in five patients with various poroker- 
atoses [32]. 


Second line 

Oral retinoids including isotretinoin and acitretin have been advo- 
cated in patients with porokeratosis who are immunosuppressed or 
have the linear form of the disease in order to reduce the risk of 
malignant change [33]. 


Transient acantholytic dermatosis 


Definition and nomenclature 

Transient acantholytic dermatosis (TAD) is a relatively common 
transient or persistent monomorphous, papulovesicular eruption 
mainly affecting the trunk. It may be pruritic or asymptomatic and 
was first described by Grover in 1970 [1]. 


Synonyms and inclusions 
© Grover disease 
e Papular acantholytic dermatosis 


Introduction and general description 
The term TAD is possibly misleading [2], for although it is 
self-limiting in some patients, it may be very persistent in others. 


The physician needs a high index of suspicion to diagnose this 
disease as clinically it resembles a number of inflammatory der- 
matoses and histologically is similar to several other dermatoses. 


Epidemiology 

It is a relatively common inflammatory dermatosis but there are 
no incidence data available. In a Swiss study [2], only 24 cases of 
TAD were found among 30 000 biopsies taken. Similarly, studies of 
incidence in hospital referrals in the USA and France have shown 
an incidence of about 0.1% [3]. 


Age 
It is a disease of older patients with a mean age at diagnosis of 
59 years, but may manifest throughout adult life [4]. 


Sex 
The disease has a male predominance with a male to female ratio of 
3.95: 1 [4]. 


Ethnicity 
Transient acantholytic dermatosis is 
populations. 


commonest in white 


Associated diseases 
It may be seen in conjunction with a number of other inflamma- 
tory dermatoses including psoriasis, asteatotic eczema, contact aller- 
gic dermatitis and contact irritant dermatitis. In one study, 11% of 
patients with TAD were found to have a concurrent inflammatory 
dermatosis [5]. 

TAD may also be associated with malignant disease including skin 
cancer and haematological malignancies [5]. 


Pathophysiology 

The cause of TAD is unknown. A recent study has demonstrated 
autoantibodies against a number of proteins involved in ker- 
atinocyte development, activation, growth, adhesion and motility 
using proteomic microarrays to analyse immunoglobulin A (IgA) 
and IgG autoantibodies [6]. It is still unclear whether these autoanti- 
bodies are causative or are a reaction to the damage to keratinocytes 
seen in this disease. 


Predisposing factors 
Transient acantholytic dermatosis has been associated with expo- 
sure to natural UV radiation, heat and sweating, which has led 
to the hypothesis that the eccrine sweat glands are aetiologically 
involved. The disease has not, however, been associated with 
artificial UV exposure and in some reports is more common in 
the winter [7]. A number of case series have reported the associ- 
ation of TAD with hospitalised and bedridden patients [8]. TAD 
occurs commonly in patients receiving long-term BRAF (B-rapidly 
accelerated fibrosarcoma protein) inhibitor therapy for metastatic 
melanoma [9]. 

Recently, Grover-like eruptions have been described as one of 
the papulovesicular presentations associated with SARS-CoV-2 
infection [10]. 
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Figure 85.24 Transient acantholytic dermatosis: histopathological image of a papule 
demonstrating intraepidermal clefting and acantholytic cells (inset). Courtesy of 
Professor Luis Requena. 


Table 85.1 Histological patterns in transient acantholytic dermatosis. 


Pattern Features 


Darier-like Suprabasal acantholysis with scattered dyskeratosis and apoptotic 
cells (corps ronds and grains) throughout the epidermis 
Acantholyisis throughout the stratum spinosum with more 


hyperplastic epidermis and no significant dyskeratosis 


Hailey-Hailey-like 


Pemphigus Suprabasal acantholyisis, often with large numbers of eosinophils 
vulgaris-like presen 
Spongiotic Epidermal oedema causing separation of keratinocytes and 
prominent desmosomes 
Pemphigus Superficial clefting in the superficial epidermis 
foliaceus-like 


Adated from Streit et a/. 2000 [2]. 


Pathology 
The primary histological feature of TAD is the presence of small 
foci of acantholysis with dyskeratosis, intraepidermal clefting 
and sometimes vesicle formation (Figure 85.24). Five patterns 
of acantholysis have been described, present either singly or in 
combination. The incidences of these patterns observed in the 
three largest studies on TAD are pemphigus vulgaris-like (47%), 
Darier-like (18%), spongiotic (9%), pemphigus foliaceus-like (9%) 
and Hailey—Hailey-like (8%) (Table 85.1) [2]. 

Within the dermis, there is usually a sparse lymphohistiocytic, 
perivascular infiltrate. Lichenoid change with basal vacuolisation 
has been reported; eosinophils and neutrophils may be present [11]. 


Environmental factors 
Transient acantholytic dermatosis is reported to be more common in 
the winter but may be exacerbated by UV exposure and sweating. 


Clinical features 

History 

Patients usually give a history of the sudden onset of itchy papules 
on the trunk. 


Figure 85.25 Transient acantholytic dermatosis: typical appearance on the abdomen. 
Courtesy of Professor Luis Requena. 


Presentation 
The normal presentation is of a papulovesicular red eruption on 
the trunk of a middle-aged or elderly white male. It starts with 
small papules and vesicles that quickly crust and develop keratotic 
erosions (Figure 85.25). The eruption is usually very itchy and 
the patient presents with multiple excoriations, although in some 
patients there is no pruritus. In others, the distribution extends to 
cover the proximal limbs. In many patients, it may live up to its 
name and be transient, lasting 2-4 weeks; in some it may, however, 
persist for months or years or follow a chronic relapsing course. 
Some authors use the term ‘persistent and recurrent acantholytic 
dermatosis’ to encompass those cases that do not rapidly resolve. 


Differential diagnosis 

Transient acantholytic dermatosis has very characteristic clini- 
cal features and usually presents little problem in diagnosis. It 
may be confused with folliculitis, papular urticaria, scabies and 
herpes zoster. Galli-Galli disease, a rare acantholytic variant of 
Dowling—Degos disease, occurs in a similar age group and may 
clinically resemble TAD but is usually more widespread, affecting 
the hands and groins. The reticulate pattern seen in Dowling—Degos 
disease may be present [12]. 


Complications and co-morbidities 
It has been shown to be associated with skin cancer and in one study 
8% of patients had a haematological malignancy [3]. 


Disease course and prognosis 

Transient acantholytic dermatosis may resolve spontaneously 
after weeks or months or persist for years. There are no clinical or 
histological prognostic signs in this disease. 


Investigations 

Skin biopsy will confirm the clinical diagnosis. In view of the raised 
incidence of haematological malignancies seen in this disease, 
haematological work-up is advised. 
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Management 
Patients should be advised to avoid sunlight exposure, strenuous 
exercise and heat, all of which may exacerbate the disease. 


First line 

In many patients, the disease resolves spontaneously after a few 
weeks and all that is needed is a potent topical corticosteroid for 
symptomatic relief. Topical vitamin D analogues and calcineurin 
inhibitors have been used. Systemic antihistamines can be used to 
control pruritus. 


Second line 

In more severe cases, short courses of systemic corticosteroids 
have been shown to give sustained improvement but rebound may 
occur. Systemic retinoids [13], phototherapy [14] and methotrexate 
have been used in more severe and refractory cases. 


Third line 
Recent case reports have claimed benefit from etanercept [15] and, in 
one patient with recalcitrant TAD, from photodynamic therapy [16]. 
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Definition and nomenclature 

Keratolysis exfoliativa is a common disease of young adults in 
which discrete areas of superficial skin peeling occur on the palms, 
starting as air-filled blisters and leading to a circinate or irregular 
annular pattern of scaling. This may be associated with localised 
hyperhidrosis. 


Synonyms and inclusions 

e Exfoliative keratolysis 

¢ Dyshidrosis lamellosa sicca 

¢ Focal palmar peeling 

¢ Recurrent focal palmar peeling 
e Desquamation en aires 


Introduction and general description 

Keratolysis exfoliativa represents an acquired form of non- 
inflammatory skin peeling. The condition was first described by 
Wende in 1919 [1]. 


Epidemiology 

Incidence and prevalence 

Keratolysis exfoliativa is a common condition but there are no 
epidemiological data available on it. 


Age 
Keratolysis exfoliativa typically affects young adults. 


Sex 
No sex predilection has been described. 


Ethnicity 
There are no data. 


Associated diseases 
Keratolysis exfoliativa may be associated with local hyperhidrosis. 


Pathophysiology 

The cause is unknown but a recent study suggests that premature 
corneodesmolysis is the main pathological mechanism [2]. This 
study showed no association with atopy and filaggrin mutations 
were not found. 


Pathology 

Histology and electron microscopy show cleavage and partially 
degraded corneodesmosomes within the stratum corneum [2]. 
There is no inflammatory infiltrate. 


Environmental factors 
Keratolysis exfoliativa often presents in the summer with warmer 
weather. It can be aggravated by detergents, solvents and irritants. 


Clinical features 

History 

Keratolysis exfoliativa starts as a sudden onset of discrete scaling on 
the palms of the hands (Figures 85.26 and 85.27). 


Presentation 

Keratolysis exfoliativa presents initially as small, superficial 
blister-like, air-filled pockets on the palms and palmar aspects 
of the fingers or occasionally the feet. These are formed as the 
result of focal separation of superficial layers of corneocytes from 
the stratum corneum. The roofs of the pockets rupture centrally as 
they expand centrifugally, leaving a ragged rim of residual scale 
surrounding an irregular superficial dry erosion. There is no irrita- 
tion and vesicles are not present. Peeled areas of skin lack normal 
barrier function and may become dry and fissured, particularly on 
the fingertips. 


Differential diagnosis 

Keratolysis exfoliativa is a very distinctive disorder but may be 
confused with pompholyx, psoriasis, tinea manuum, epidermolysis 
bullosa simplex or acral skin peeling syndrome (Chapter 63). 


Complications and co-morbidities 
Keratolysis exfoliativa may be associated with local hyperhidrosis. 


Disease course and prognosis 
Keratolysis exfoliativa is generally self-limiting but may recur each 
summer. 


Investigations 
No investigations are needed. 


Management 

Keratolysis exfoliativa is usually a self-limiting condition and 
treatment may not be needed. Patients should be advised to avoid 
contact with detergents and other irritants. 
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Figure 85.26 Keratolysis exfoliativa: (a) view of the palms with (b) close-up of the right 
index finger. 


First line 

Emollients and moisturisers, particularly those containing urea or 
salicylic acid, may be useful. Topical steroids may exacerbate the 
condition by further drying the skin. 


Xerosis cutis and asteatosis  @ 


Definition and nomenclature 

Xerosis cutis (dry skin) and asteatosis (lacking in fat) are alterna- 
tive terms used to describe an acquired abnormality of the skin that 
has lost its normal soft smooth surface and feels dry and rough to 
the touch. 


Synonyms and inclusions 
e Xeroderma 

e Winter itch 

e Dry skin 
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Figure 85.27 Keratolysis exfoliativa affecting the palmar surface of the hands in a 
female patient. Courtesy of Dr Shyam Verma, Vadodara, India. 


Introduction and general description 
Xerosis cutis is very common and almost physiological in old age. 
Xerosis cutis and asteatosis may be the result of a range of endoge- 
nous and exogenous factors, especially ageing and low ambient 
humidity, and are associated with impaired epidermal barrier func- 
tion. Xerosis cutis may be accompanied by pruritus (winter itch) 
and predisposes to eczematous inflammation (asteatotic eczema 
or eczéma craquelé). The condition is associated with an impaired 
barrier function of the stratum corneum, as reflected by increased 
transepidermal water loss (TEWL) and reduced water content. 
Xerosis is generally assessed by clinical examination [1]. 

Xerosis is also a common component of eczematous skin diseases, 
for example atopic eczema, where it is present in up to 90% of cases. 
This is discussed in detail in Chapter 41. 


Epidemiology 
Incidence and prevalence 
Xerosis cutis is very common and almost universal in old age. 


Age 
It generally first manifests in the seventh decade of life and pro- 
gresses with age. 


Sex 
It appears to be slightly more common in men. 


Ethnicity 

Xerosis cutis is universal in older age groups. In children, it is said 
to be more prevalent in sub-Saharan Africa, possibly due to high 
local temperatures. TEWL has been shown to be higher in phototype 
6 skin compared with other skin types [2]. 


Associated diseases 
It may be observed in association with marasmus, malnutrition, dia- 
betes, renal failure and renal dialysis. 


Pathophysiology 

Xerosis cutis was initially thought to be due to reduced sebum 
production with age. The major factors in the development of dry 
skin, however, appear to be changes in stratum corneum function 
and lipids [3]. There is a deficiency of all stratum corneum lipids 
as well as premature expression of involucrin and persistence of 
corneodesmosomes [4—7]. Loricrin expression does not appear to be 
changed [5]. Dry skin also shows decreases in keratin 1 and 10 and 
an increase of keratin 5 and 14. In women, oestrogen substitution 
ameliorates dry skin, indicating a role for sex hormones [8]. 


Predisposing factors 

It is more common in winter where humidity is low, and central 
heating tends to aggravate the condition. Damage to the stratum 
corneum by excessive contact with soap or detergents or from fre- 
quent and prolonged bathing have each been proposed as additional 
exacerbating factors, although one study found no difference in 
bathing habits between patients with widespread asteatotic eczema 
and controls [9]. Lack of oestrogen is thought to be a contributory 
factor in postmenopausal women [8]. 


Pathology 
There are no histological abnormalities apart from a slight irregular- 
ity in the stratum corneum. 


Environmental factors 

Low humidity in the winter and the drying effects of central heating 
exacerbate xerosis cutis. The generally dry atmosphere in hospital 
wards increases the risk in frail elderly patients confined to hospital 
for prolonged periods. Targeted anticancer therapies may induce 
xerosis [10]. 


Clinical features 

History 

Dryness and scaliness of the skin is generally the first manifestation 
of the condition, followed by itching. 


Presentation 

Xerosis cutis most often affects the shins and may not affect any 
other area of the skin. It may become widespread but spares the face, 
neck, palms and soles. In elderly, immobile, hospitalised patients, it 
will frequently affect the abdomen and, in women, the anterior sur- 
faces of the breasts, but spares the back and the undersurfaces of the 
breasts. 

Affected skin looks dull, dry and covered with fine scale which 
sheds readily. The surface may become crazed with criss-cross 
superficial cracks in the stratum corneum giving the skin a 
‘crazy-paving’ look (Figures 85.28 and 85.29). 


Clinical variants 
Asteatotic eczema (eczéma craquelé). Xerosis cutis may progress 
to an eczematous inflammation in which the fissures in the skin 


Figure 85.28 Xerosis cutis: scaling is present, with a degree of redness. When a higher 
degree of redness and pruritus is present, the diagnosis may be considered to be 
asteatotic eczema, which is a clinical variant on the same disease spectrum. 


Figure 85.29 Xerosis cutis affecting the flank of a patient with dark skin. Courtesy of Dr 
Shyam Verma, Vadodara, India. 


surface become red, inflamed and itchy (Figure 85.30). Asteatotic 
eczema may sometimes be seen after episodes of acute distension 
of the skin, usually due to acute oedema (see Figure 85.32). 


Differential diagnosis 

Dry scaly skin is a component of many inflammatory skin diseases. 
These include atopic eczema (Chapter 41), hereditary ichthyosis 
(Chapter 63) and acquired ichthyosis (see earlier in this chapter). 
Apart from the latter, these generally manifest at an early age. 


Disease course and prognosis 
Xerosis cutis is often seasonal, being worse or occurring only in 
the winter; it tends to worsen and become more persistent with age. 


Management 

Basic skin care in the treatment of xerosis cutis is intended to 
improve skin hydration, compensate the lack in barrier lipids and 
improve the skin’s barrier function [11]. 
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(b) 


Precipitating factors should be removed. Patients should be 
instructed to avoid applying any irritants to the skin. Limiting luke- 
warm baths to a maximum of 5 minutes and avoiding hot showers 
and baths is recommended [11]. Simple measures to increase the 
humidity of centrally heated rooms (e.g. placing a bowl of water 
close to radiators) may alleviate environmental factors. 


First line 

Emollients and moisturisers are the treatment of choice and usually 
result in rapid improvement when compliance is good. Emollients 
with hydrophilic ingredients such as urea, alongside physiological 
lipids such as ceramides to replenish the skin barrier, are the most 
effective [11]. 


Second line 

If asteatotic eczema develops, anti-inflammatory treatment with a 
mild corticosteroid ointment may be necessary but long-term topical 
corticosteroids should be avoided, as these may further damage the 
skin barrier. Topical tacrolimus and pimecrolimus have also been 
advocated for the treatment of asteatotic eczema [12,13]. 


Acute epidermal distensi 
oedema blisters 


Definition and nomenclature 

There are certain situations where the epidermis is unable to with- 
stand forces that would normally not affect its integrity. Acute 
distension of uninflamed skin in the absence of disordered epi- 
dermal integrity may at times result in epidermal separation or 
disruption. Most commonly, this is due to acute dependent oedema, 


Figure 85.30 (a, b) Asteatotic eczema: deeper 
redness and rhagades (linear cracks) signify a more 
inflammatory process than typical xerosis cutis. 


as from acute congestive heart failure, and results in large bullae 
which may be mistaken for bullous pemphigoid. Alternatively, 
the distension may result in disruption of epidermal cohesion 
manifesting as asteatotic eczema. 


Synonyms and inclusions 

e Acute oedema blisters 

e Eczéma craquelé due to acute cutaneous distension 
e Fracture blisters 


Introduction and general description 

Subepidermal blistering is a well-recognised component of many 
skin disorders in which there are hereditary or acquired abnor- 
malities affecting the normal adhesion of the epidermis to the 


Figure 85.31 Acute oedema blisters in an elderly female: acute swelling of the lower 
limbs after withdrawal of diuretic therapy given for congestive heart failure (complicated 
by cellulitis which responded rapidly to antibiotics but left residual purpura). 


(b) 


Figure 85.32 (a—c) Asteatotic eczema following acute onset of oedema due to congestive heart failure. 


dermis. It is also a normal reaction to excessive thermal or frictional 
trauma. 

Bullae may also occur in otherwise normal skin as a consequence 
of the rapid onset of oedema. The speed of development of such 
acute oedema appears to be a more important risk factor than the 
degree of oedema. The blisters respond rapidly to reduction of the 
oedema [1]. It has been described after attacks of angioedema as 
well as in the elderly following the sudden onset or exacerbation 
of oedema, such as after acute congestive heart failure [1,24]. 


pidemic / 

Incidence and prevalence 

It has been only reported in case series, and no structured studies 
are available. 


Age 
It may appear in any person who develops oedema acutely, and the 
elderly appear to be more susceptible [2]. 
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Pathophysiology 

Little is known about the pathophysiology of this disease. Ultra- 
sound studies of acute oedema suggest that fluids accumulate more 
superficially in the dermis than following lymphoedema or chronic 
venous stasis [5,6], which may sometimes be a contributory factor. 


Pathology 

Biopsies have shown marked epidermal spongiosis and a slight lym- 
phohistiocytic inflammatory infiltrate. Direct immunofluorescence 
was negative [2]. 


Clinical features 
History 
There is an acute onset of oedema without itching. 


Presentation 
Tense, unilocular, non-pruritic bullae appear in areas of acute 
oedema (Figure 85.31). 


Clinical variants 
Acute cutaneous distension may alternatively result in disruption 
of the epidermis as seen in asteatotic eczema with crazing and fis- 
suring of the epidermis and leakage of oedema fluid to the surface 
(Figure 85.32) [1,7,8]. 

A combination of shearing stress on the dermal—epidermal junc- 
tion plus resultant soft-tissue oedema can cause tense bullae overly- 
ing the site of fractures, known as fracture blisters [9]. 


Differential diagnosis 
In the elderly population, autoimmune bullous diseases, particu- 
larly bullous pemphigoid, are an important differential diagnosis. 
The close temporal association with acute oedema, the absence of 
itching and the lack of spread to other areas of the body form impor- 
tant clues to the diagnosis. 

Diabetic bullae (Chapter 62) may resemble acute oedema blisters 
but are generally not so tense and they are not associated with acute 
oedema (Figure 85.33). 


Figure 85.33 Diabetic bullae: recent development of extensive large bullae on the lower 
legs and feet in the absence of inflammation or oedema in a patient with longstanding 
diabetes: the bullae are less tense but more irregular in shape and there is no oedema. 
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Disease course and prognosis 
The lesions resolve rapidly as the oedema resolves, leaving no scars. 


Investigations 

This is a clinically defined disease without known pathognomonic 
tests. In some cases, the attending dermatologist may wish to rule 
out autoimmune bullous disorders through direct immunofluores- 
cence or identification of circulating antibodies. 


Management 

First line 

Oedema should be reduced through the appropriate management 
of the underlying disease. Aseptic puncture of individual lesions 
can be done to reduce the risk of ulceration. 
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SKIN PIGMENTATION AND T 
MELANOCYTE 


The colour of the skin [1,2-7] 


Normal skin colour is determined by a number of chromophores, the 
most important of which is melanin. Besides melanin, haemoglobin 


(in both the oxygenatedand reduced state) and carotenoids both 
contribute significantly to skin colour. Racial and ethnic differences 
in skin colour are related to the number, size, shape, distribution 
and degradation of melanin-laden organelles called melanosomes. 
These are produced by melanocytes (Figure 86.1) and are trans- 
ferred to the surrounding epidermal keratinocytes. Two types of 
melanin pigmentation occur in humans [1]. The first is constitutive 
skin colour, which is the amount of melanin pigmentation that is 
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Figure 86.1 Melanocytes in culture. 


genetically determined in the absence of sun exposure and other 
influences. The other is facultative (inducible) skin colour or ‘tan’, 
which results from sun exposure. Increased pigmentation can also 
be due to endocrine, paracrine and autocrine factors [1,2]. 

The least pigmented human subjects are almost white and have a 
skin colour similar to that of an albino. In contrast, the most deeply 
pigmented human subjects are dark brown or black-brown in 
colour. Most peoples of the world fall between these two extremes 
and are moderate brown or yellow-brown in colour. The white peo- 
ples of Europe exhibit a light brown colour that can be enhanced by 
exposure to sunlight. The ability to tan is marked in Mediterranean 
and Middle Eastern peoples. In contrast, some people from the 
western parts of northern Europe have fair skin, red hair and a 
tendency to develop red-brown freckles after exposure to sunlight. 
The definitive method for the objective measurement of skin colour 
uses the recording spectrophotometer adapted for reflectance 
readings [3]. Application of reflectance chromameters in clinical 
practice includes the measurement of skin colour, the measurement 
of ultraviolet (UV)-induced pigmentation and the quantification of 
the bleaching effect of depigmenting agents [3]. 

In some ethnic groups, a sharply demarcated linear border is seen 
between more and less pigmented skin [4]. This has been studied 
most extensively in the Japanese and in black Americans, and is most 
frequently observed in darkly pigmented individuals (Figure 86.2). 
Six major forms (designated A-F) of natural pigmentary demarca- 
tion boundaries in the skin have been described [4]. These are sum- 
marised in Box 86.1. 

A blue colour is seen in the congenital pigmentation termed 
‘Mongolian spot’, a form of dermal melanocytosis that can occur 
on any part of the body, although it is most commonly found 
in the sacral region [5,6]. These patches fade after birth but can 
persist in certain sites as in the naevus of Ota (Chapter 131). Blue 
naevus is an example of acquired blue pigmentation of the skin. 
The blue coloration of the skin in both of these disorders is due 
to an optical effect that alters the perceived colour of brown pig- 
ment in the dermis. The melanin dispersed in the dermis absorbs 
incident visible light such that the diffuse reflectance in the longer 
(red) wavelengths is reduced, giving the pigmented sites a blue 
appearance. 


Figure 86.2 Voigt—Futcher lines. Courtesy of the late Dr R.R.M. Harman. 


Box 86.1 Pigmentary demarcation lines (designated 
A-F) 


¢ A: Located on the anterolateral portion of the upper arm 
(Voigt-Futcher line) (Figure 86.2) 

¢ B: Posteromedial portion of the leg 

¢ C: Hypopigmented linear bands on the mid chest in the pre- or 
parasternal region 

e D: A vertical line in the posteromedial area of the spine 

e E: Hypopigmented macules located on the chest extending from the 
clavicle to the periareolar skin 

e F: Lines on the face 


Adapted from [4]. 


Carotenoids are lipid-soluble yellow to orange-red pigments that 
are exogenously produced and can be obtained only from plants 
such as carrots and tomatoes in the diet. Carotenoids serve a pho- 
toprotective role in green plants, but their photoprotective effect 
in humans is small, even when taken in excess [7]. Carotenoids 
are found in the epidermis as well as the subcutaneous fat. When 
present in excess, carotenoids impart a yellowish hue to the skin 
which may sometimes be prominent [7]. 


The melanocyte [1-3] 


Epidermal melanin unit 
The estimated mass of all pigment cells within the body is about 
1.5 g. Most of these are melanocytes within the epidermis [1]. 
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Figure 86.3 Regional variation in the distribution of epidermal melanocytes. The figures 
are mean values per mm? -+ standard error of the mean. Reproduced from Rosdahl and 
Rorsman 1983 [1] with permission of Elsevier. 


The process of melanin production within these melanocytes is 
a three-stage process, which involves not only the production of 
melanosomes within the melanocyte, termed melanogenesis, but 
also the trafficking and transfer of these pigment granules via long 
arborising dendrites to surrounding epidermal keratinocytes. Each 
epidermal melanocyte together with the epidermal cells that it 
serves comprises an ‘epidermal melanin unit’, as first described by 
Fitzpatrick and Breathnach in 1963 [2,3]. Although the number of 
active epidermal melanin units varies considerably in the different 
regions of the body (Figure 86.3), the number of keratinocytes 
served by each melanocyte remains constant. It is estimated that 
a single melanocyte supplies melanosomes to a group of about 36 
viable keratinocytes. The number of melanocytes in the skin varies 
according to the body location [4]. The intricate interface between 
melanocytes and their keratinocytes is essential for skin pigmen- 
tation. Adequate pigmentation of the skin is as dependent on 
successful transport and transfer of melanosomes to keratinocytes 
as it is on the formation of the organelle itself. 


Distribution of melanocytes [1-3] 

Melanocytes are situated in the basal epidermis (Figure 86.4). 
The number of melanocytes within the skin shows little variation 
between different races or between the sexes. However, the capac- 
ity of melanocytes to synthesise melanin, both in the basal state 
(constitutive colour) and after stimulation (facultative colour) by 


86.3 


Skin pigmentation and the melanocyte 


Figure 86.4 Melanocyte in the basal layer of the epidermis. 


sunlight, shows great variation. Melanocytes in those with dark 
skin or with the facility to tan darkly have a great capacity to syn- 
thesise melanin and to transfer it to surrounding keratinocytes. In 
contrast, those with fair skin and lack of tanning facility have very 
limited capacity. Melanocytes are found in nearly every tissue but 
are most numerous in the epidermis, hair follicles and the eye [1,2]. 
A reduction in the number of melanocytes occurs with ageing, with 
a decrease in melanocyte density of about 6-8% per decade [3]. The 
density of melanocytes is about twofold higher in exposed than in 
non-exposed skin [2]. 


Melanoblast migration and differentiation 

Pigment cells arise from the neural crest [1], a region of the embry- 
onic ectoderm that originates from the margins of the neural plate 
at the time when it sinks in to form the tubular central nervous 
system. The developmental potential of neural crest cells has been 
studied by a variety of means including clonal analysis, cell grafting 
experiments and lineage-specific marker studies. Collectively, these 
studies indicate that most early neural crest cells are multipotent 
and become fate-restricted over time [2-4]. Melanoblasts originate 
in the neural crest and migrate laterally, first to the dermis and 
then to the basal lamina of the epidermis. Immunocytochemical 
marker studies with the melanocyte-specific HMB-45 antibody have 
revealed that melanoblasts appear in the epidermis by 7 weeks’ ges- 
tation, with a cell density of about 50% of that observed at birth [4]. 
Ultrastructural studies on early human embryos have demonstrated 
the presence of melanocytes containing melanosomes showing early 
melanisation [5]. HMB-45 staining has revealed an approximately 
twofold increase in melanocyte numbers between gestation weeks 
10 and 14, possibly due to mitosis of cells already in situ rather than 
due to additional cell migration. Melanocytes associated with hair 
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follicles arrive at their final location by following the downgrowth 
of epidermal cells in developing hair follicles [6]. 

Studies in mice have demonstrated that melanocyte lineage seg- 
regation starts early in neural crest development, with melanoblasts 
specified prior to or coincident with their emigration from the neu- 
ral tube [7]. Initial segregation of melanocyte lineage involves the 
Wnt/6-catenin pathway [8]. The transcription factor mi is relatively 
specific for melanocyte differentiation, as was first identified in the 
microphthalmia (mi) mutant. Mi encodes the transcription factor 
Mitf, which regulates several melanocyte-specific genes [9,10]. In 
humans, mutations in mi are associated with Waardenburg syn- 
drome type 2A, an autosomal dominant condition characterised 
by deafness and patchy abnormal pigmentation [11]. Sox10 and 
Pax3 are two other genes associated with Waardenburg syndrome, 
probably through regulation of expression of Mitf protein [12]. Pax3 
appears to prime cells for differentiation, whereas Wnt signalling 
allows cells to proceed along this route [13]. 

Much of our knowledge about melanocyte development in 
humans has been derived from studies on mouse pigment mutants 
[11]. To summarise this body of work in broad terms, mouse coat 
colour mutants arise from three main groups: those that affect 
the subcellular structure of melanocytes, those that disrupt the 
normal synthesis of melanin and those that alter development 
and differentiation of normal melanocytes. Where possible in this 
chapter, molecular and biochemical mechanisms for pigmentary 
abnormalities in humans with genetic disorders will be highlighted. 


Melanosome transport [1-10] 

The melanosomes are transported in melanocytes from the cell cen- 
tre to the periphery. Melanosome transport depends upon effective 
dendrite formation by melanocytes. UV radiation and melanocyte- 
stimulating hormone (MSH) are both known to stimulate this 
process [1]. Melanocyte dendrite formation requires actin poly- 
merisation, which in turn is controlled by the activity of the small 
guanosine triphosphate (GTP)-binding proteins Rac and Rho [2-4]. 
These are themselves controlled by regulatory associated proteins. 
Direct visualisation of melanosome trafficking by video microscopy 
has revealed evidence to suggest that transfer of melanosomes along 
dendrites occurs on microtubules [5,6], a process driven by dynein (a 
minus end microtubule motor) and kinesin (a plus end microtubule 
motor) [7,8]. Dynein binds microtubules and adenosine triphos- 
phate and produces forces which move the dynein and melanosome 
complex along the microtubule. Both dynein and kinesin remain 
bound to the melanosomes and their regulation modifies the direc- 
tion of melanosome movement along the microtubules [9]. Once the 
melanosomes arrive at the cortical regions of the melanocyte, three 
individual proteins work together in the final stages of melanosome 
trafficking. One of these, myosin Va (Myo5a), functions to facilitate 
the ‘capture’ of melanosomes at the actin-rich tip of the dendrite 
[7]. Another, Rab protein Rab27A, associates with the membrane 
of melanocytes and then forms a complex with myosin Va and a 
third protein, melanophylin (MIph). The ability of melanophylin to 
bind actin, in addition to its ability to link with Rab27A and myosin 
Va, has led to the hypothesis that transfer of melanosomes from 
microtubules to actin filaments at the tip of melanocyte dendrites 
is the final part of the transport process prior to melanosome trans- 
fer [10]. The protein-protein interactions between the members of 


the Rab27a-MIph-Myoda tripartite complex have been extensively 
investigated and mutations in one of these genes result in genetic 
pigmentation disorders (e.g. Griscelli syndrome) [11,12]. 


Melanosome transfer to keratinocytes [1-7] 

The successful synthesis of a melanosome, and its transport to the 
tip of a dendrite, is followed by transfer of the melanosome to the 
keratinocyte. Both UV radiation and the hormone MSH stimulate 
this transfer, while niacinamide has been shown to suppress it 
[1]. However, the exact mechanism by which the melanosome is 
transferred to the keratinocyte remains unclear. One possibility is 
exocytosis of melanosomes from the tips of dendrites with subse- 
quent keratinocyte uptake by endocytosis. In support of this, the 
exocytosis-associated proteins soluble N-ethylmaleimide-sensitive 
factor attachment protein receptor (SNARE) and Rab3a have 
both been identified on melanosomes [2-4]. Furthermore, in vivo 
high-resolution time-lapse digital images of this process have 
identified long dynamic filopedia arising from the melanocyte den- 
drite tips packed with melanosomes [4]. The filopedia have been 
observed to attach and detach from the keratinocyte membrane: 
melanocytes have been observed travelling in both directions within 
the filopedia [4]. Work from several groups has revealed that lectins 
and their glycosolated ligands may function as receptor-ligand 
pairs in these melanocyte-keratinocyte interactions [5-7]. Recently, 
electron microscopy analysis has provided additional evidence 
for exocytosis and endocytosis as the predominant mechanism of 
melanin transfer. Nonetheless, other hypotheses still exist [8]. In 
the theory of cytophagocytosis, melanosome-laden protrusions 
from the dendritic tips of the melanocyte breach the cell membrane 
of the keratinocyte. Subsequently, these protrusions are engulfed 
by the closure of the cell membrane of the keratinocyte. This results 
in the uptake of melanin granules by keratinocytes. The fusion 
hypothesis consists of the formation of connecting pores or chan- 
nels between the membrane of melanocytes and keratinocytes 
facilitating the transport of melanosomes. A final theory suggests 
the formation of membrane vesicles containing melanosome glob- 
ules which are released from the melanocytes [9]. This is followed 
by the fusion of these particles with the keratinocyte cell membrane 
or by phagocytosis. However, until now, none of these modes of 
transfer has been fully confirmed [10]. 


Melanocyte culture [1-8] 

Melanocytes fail to grow and usually die in culture media used 
for skin fibroblasts or keratinocytes. In contrast to many other cell 
types, melanocytes do not produce any of the growth factors that 
are known to stimulate them [1]. Following an intensive search, the 
first highly effective natural melanocyte mitogen was identified as 
basic fibroblast growth factor (now termed FGF2) [2]. As more mito- 
gens for melanocytes emerged, it was apparent that a combination 
of synergistic growth factors was required to stimulate quiescent 
or moribund melanocytes in culture [1,3]. Additional stimulatory 
peptides include mast cell growth factor/stem cell factor (M/SCF, 
also known as Kit ligand and Steel factor), hepatocyte growth 
factor/scatter factor (HGF/SF), endothelins and, to a lesser degree, 
MSH. In the presence of FGF2, phorbol ester and cyclic adenosine 
monophosphate these peptides act synergistically on melanocytes 
in culture [1,4]. A more recent addition to the list of melanocyte 


mitogens is leukaemia inhibitory factor (LIF) [5]. With the exception 
of FGF2, most of these factors also promote melanocyte differentia- 
tion [6,7]. Endothelin 1 (ET1) can also sustain the viability of human 
melanocytes in the absence of other growth factors and stimulate 
the formation and elongation of dendrites [4,8]. 


Biochemistry of melanogenesis [1-3,4,5] 


Melanins are usually classified into two main groups: the brown 
to black insoluble eumelanins, and the yellow to reddish-brown 
alkali-soluble phaeomelanins (Box 86.2). Both pigments are derived 
from dopaquinone, which is formed by the oxidation of the common 
amino acid L-tyrosine by tyrosinase. These two types of melanin 
are different in size, shape and packaging of their granules. Eume- 
lanosomes have a more elliptical form, while phaeomelanin has a 
rounded contour. Whether eumelanin or phaeomelanin is produced 
is determined primarily by the melanocortin 1 receptor, which is 
itself under the control of «-MSH and agouti signal protein [1,2]. 


Eumelanin formation 

Dopaquinone is a highly reactive intermediate and in the absence 
of sulfhydryl compounds it forms cyclodopa. The redox exchange 
between cyclodopa and dopaquinone then gives rise to the red 
intermediate, dopachrome and dopa. Dopachrome then rear- 
ranges to 5,6-dihydroxyindole (DHI) and to a lesser extent to 
5,6-dihydroxyindole carboxylic acid (DHICA). Finally, DHI and 
DHICA are oxidised and polymerised to produce eumelanins. 
Dopachrome tautomerase and Tryp1 (DHICA oxidase) are now 
both recognised as having a role alongside tyrosinase in the 
regulation and promotion of eumelanogenesis [3]. 


Box 86.2 Main types of epidermal melanin 
pigments 


Eumelanins 

¢ Brown or black nitrogenous pigments, insoluble in all solvents, 
which arise by oxidative polymerisation of 5,6-dihydroxyindoles 
derived biogenetically from tyrosine 


Phaeomelanins 

e Alkali-soluble pigments, ranging from yellow to reddish-brown; 
most of them contain sulphur in addition to nitrogen and arise by 
oxidative polymerisation of cysteinyl-dopa via 1,4-benzothiazine 
intermediates 


Trichochromes 

e A variety of sulphur-containing phaeomelanic pigments with a 
well-defined structure, characterised by a A?”’-bi(1,4-benzothiazine) 
chromophore 


Reproduced from Prota 1988 [4] with permission of John Wiley & Sons. 


Phaeomelanin formation 

In contrast to eumelanins, phaeomelanins contain sulphur in addi- 
tion to nitrogen and are formed from cysteinyldopa (Figure 86.5). 
Further oxidation of the thiol adducts leads to the formation of 
phaeomelanin via benzothiazine intermediates. Most melanin 
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pigments in skin are mixtures or copolymers of eumelanins and 
phaeomelanins. However, the situation is complicated by the fact 
that some phaeomelanin-like pigments may be structural variants 
of eumelanins [4]. Thus, in the presence of metal ions, black insolu- 
ble eumelanin may be oxidised chemically or photochemically to a 
soluble form (melanin-free acid), which is light in colour [5,6]. 


Trichochromes 

A further complication is that red human hair contains, in addition 
to phaeomelanins, small amounts of intensely coloured pigments 
knownas trichochromes [5,7]. Originally isolated from the red feath- 
ers of New Hampshire hens, trichochromes are sulphur-containing 
pigments of a well-defined structure, of which six variants have so 
far been identified (Figure 86.6). 


Regulation of human pigmentation by UV 
light and by endocrine, paracrine 
and autocrine factors 


Regulation of human melanocytes is complex: in addition to a direct 
stimulatory effect of UV radiation, there are also effects mediated 
by endocrine, paracrine and autocrine factors. Constitutive melanin 
content is determined by the rate of synthesis by melanocytes and 
by the rate and mode of melanosome delivery to keratinocytes. The 
response of cultured melanocytes to UV radiation involves growth 
arrest in conjunction with increased melanogenesis. A differential 
response is observed between melanocytes derived from individ- 
uals of skin types I or II and those from skin types V or IV, with 
the former showing more prolonged growth arrest, more cyclobu- 
tane pyrimidine dimers and less melanogenesis. Exposure of human 
skin to UV radiation induces a number of epidermal cytokines and 
growth factors which in turn induce proliferation of melanocytes 
and/or melanogenesis. Many devoted sun-worshippers know that 
by deliberately overdosing on sun exposure, the inflammatory sun- 
burn that ensues is more effective at inducing tanning than a more 
patient, non-burning approach. 


Melanocyte response to UV radiation 

Skin exposed to sunlight is associated with an increased number 
of active melanocytes when compared with skin protected from 
the sun within the same individual. Friedmann and Gilchrest [1] 
were the first to demonstrate this direct responsiveness in cultured 
melanocytes by showing that irradiation with solar-simulated 
UV light resulted in a dose-dependent decrease in proliferation 
and an increase in pigment production. More recently, research 
using sublethal doses of UVB showed inhibition of melanocyte 
proliferation as a result of arrest in the G, phase of the cell cycle, 
and an increased tyrosinase activity and melanin content [2]. 
Melanocytes derived from different skin types all showed a similar 
pattern of response [2]. Subsequent research has confirmed that this 
UV-induced growth arrest of melanocytes is related to increased 
levels of the tumour suppressor gene product p53, with lightly pig- 
mented melanocytes experiencing a more prolonged growth arrest 
and a more sustained increase in the p53 protein than occurs in 
darkly pigmented melanocytes [3]. Furthermore, lightly pigmented 
melanocytes show more cyclobutane pyrimidine dimers (a reli- 
able marker for UV-induced DNA damage) after UV irradiation 
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Figure 86.6 Structure of trichochrome B, one of six trichochromes so far identified. 


than occurs in heavily pigmented melanocytes [3]. In addition to 
increased activity of melanocyte tyrosinase, sun exposure leads to 
elongation and branching of melanocyte dendrites, and an increase 
in the number and size of melanosomes. 


Melanocyte regulation by endocrine factors 

The effects of oestrogens on cutaneous pigmentation have been 
recognised for more than 60 years [4,5]. High levels of oestrogens 
during pregnancy are implicated in the increased pigmentation 
that occurs on the face, areola, lower central abdomen and gen- 
italia. Melanocytes express oestrogen receptors and increased 
levels of oestradiol stimulate enzymes involved in melanogenesis 
(e.g. tyrosinase, tyrosinase-related protein 1 and tyrosinase-related 
protein 2) [6]. 

In Addison disease, the diffuse brown hyperpigmentation results 
from the melanogenic action of melanocortins derived from the 
pituitary. The melanocortins are all derived from a precursor 
molecule, pro-opiomelanocortin. Other melanocortins released 
from the pituitary in increased quantities in Addison disease 
include adrenocorticotropin hormone (ACTH), -lipotropin, a- 
MSH, 6-MSH and y-MSH. These peptides all have a stimulatory 
effect on melanocytes [7] and, in the absence of negative feedback to 
inhibit their secretion, the hyperpigmentation produced is insidious 
and progressive (Figure 86.7) [8]. A similar mechanism takes place 
in Cushing syndrome, in which the hyperpigmentation is caused 
by an overproduction of ACTH from a corticotrophic adenoma or 
an ectopic non-pituitary tumour [9]. Human melanocytes express 
the melanocortin 1 receptor (MC1R) that binds «-MSH and ACTH 
with the same affinity [10]. a-MSH causes a small rise in cyclic 
adenosine monophosphate (cAMP) but has no effect on basal or 
UV-stimulated melanogenesis in human melanocytes [11]. 


Melanocyte regulation by paracrine and autocrine 
factors 

Postinflammatory hyperpigmentation is believed to be medi- 
ated by immune inflammatory mediators including interleukin 
(IL)-1a, IL-1, IL-6 and tumour necrosis factor (TNF)-o [12]. Human 
melanocytes have also been demonstrated to respond to and to 
synthesise IL-la and IL-1f, which suggests an autocrine as well 
as a paracrine regulatory role [13]. Other inflammatory mediators 
that act on human melanocytes include eicosanoids, metabolites of 
arachidonic acid. Melanocytes respond to prostaglandin E, (PGE,) 
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Figure 86.7 Diffuse hyperpigmentation with darkening of the hair and mucous 
membranes in a woman with Nelson syndrome following bilateral adrenalectomy. 


with increased melanogenesis and dendrite formation [14]. Scott 
et al. demonstrated an increase in dendricity of human melanocytes 
in response to PGE, and PGF,, [15]. Prostaglandins, leukotrienes 
and thromboxanes are the main inducers of tyrosinase [16]. Basic 
fibroblast growth factor was the first paracrine factor for human 
melanocytes to be identified. It exerts its effect by binding to a 
tyrosine kinase receptor that is expressed on human melanocytes 
[17]. In contrast to IL-1a, IL-1B, IL-6 and TNF-a and the eicosanoids, 
basic fibroblast growth factor is not secreted by keratinocytes: direct 
contact between melanocytes and keratinocytes is required for its 
biological effects [18]. Additionally, leukotrienes C, and D, have 
been shown to act as potent mitogens on cultured human neonatal 
melanocytes [19]. 

Endothelins are a further important group of peptides that act 
upon melanocytes in a paracrine manner [20]. ET1 is both mitogenic 
and melanogenic for human melanocytes that express ET1 recep- 
tors [21]. ET1 acts synergistically with a-MSH and basic fibroblast 
growth factor to stimulate human melanocyte proliferation [22]. ET3 
has similar effects to ET1: both peptides bind the endothelin receptor 
on melanocytes with equal affinity [23]. Furthermore, endothe- 
lins appear to have a role in protecting melanocytes: Kadekaro 
et al. demonstrated that treatment of human melanocytes with 
ET1 reduced UVR-induced apoptosis and prolonged melanocyte 
survival [24]. 


Biological significance of melanin 


The major biological function of melanin is generally assumed to 
be protection of the lower layers of the skin against UV light. If 
human pigment has such adaptive significance, we might expect to 
find that, among the races of the world, pigment is geographically 
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distributed in relation to solar intensity. It appears to be generally 
true that pigmentation is greatest in the tropics and reduced in 
temperate zones, reappearing to some extent in northern races 
subjected to prolonged snow glare [1]. However, there are excep- 
tions, for example Native Americans, whose skin colour varies little 
between polar and tropical regions, and Tasmanians, who are dark 
even though they live in a temperate climate. 

The damaging role of UV light is well illustrated by the high inci- 
dence of epidermal carcinoma in Europeans exposed to excess sun. 
The evolutionary usefulness of pigmentation may be twofold. On 
the one hand, it protects against damage by sunburn. On the other, 
since it efficiently absorbs UV radiation and is readily activated to 
a free radical by incident light, it may serve to eliminate genetically 
damaged cells by a phototoxic mechanism. 

Not all the effects of pigmentation are advantageous. Melanin has 
been demonstrated to react with DNA and produce reactive oxygen 
species after UVA radiation [2]. There is no doubt that pigmentation 
increases the heat load in hot climates, so that black people absorb 
30% more heat from sunlight than white people, although this factor 
may be offset by more profuse sweating [3,4]. In addition, in cold 
climates, pale skin has the advantage that heat loss by radiation is 
reduced. 

A further disadvantage of pigmentation is that it hinders synthe- 
sis of vitamin D, so that in areas where nutrition is poor and sun 
exposure limited black children are more liable to rickets than white 
children. Thus, loss of pigmentation may facilitate vitamin D syn- 
thesis in temperate climates. It might be presumed that the retention 
of pigment in Arctic latitudes, while providing a protection against 
snow glare, is only permitted by natural selection because of the 
high-fat diet in these regions. 

Since pigmentation appears to be not entirely advantageous to life 
in the tropics, other hypotheses about its biological significance have 
been advanced. For example, Wassermann [5,6] suggested that the 
major adaptation of black people to tropical Africa is in the ability to 
survive malaria, multiple parasites and tropical diseases under the 
hazards of intense solar radiation and, more often than not, poor 
nutrition. He suggests that diseases, not climatic conditions, are the 
primary selective factors, and lists evidence that black Africans, in 
comparison with white people, show increased reticuloendothelial 
activity and increased serum y-globulin fractions. These features are 
inversely related to the size and activity of the adrenal cortex, sug- 
gesting that the increased secretion of MSH and ACTH by black 
people and the consequent enhanced melanogenesis and pigmen- 
tation might be secondary to a relative adrenocortical insufficiency. 


Classification of disorders of melanin 
pigmentation 


Disorders of melanin pigmentation can be divided on morphologi- 
cal grounds into two types. The first is hypermelanosis, where there 
is an increased amount of melanin in the skin. This excess may be 
confined to the epidermis, when the skin appears browner than 
normal, or it may be present in the dermis, producing a slaty-grey 
or blue appearance. The second type is hypomelanosis, where there 
is a lack of pigment in the skin, which therefore appears white 
or lighter than the normal colour. Amelanosis is the term applied 


when there is a total lack of melanin in the skin. Hypermelanosis 
and hypomelanosis can be generalised and diffuse, or may be 
localised and circumscribed. Sometimes, localised areas may have 
a segmental or dermatomal pattern. The term ‘depigmentation’ is 
used to describe a loss of pre-existing pigment from the skin. Leuko- 
derma is a white skin that may be congenital or acquired and can be 
due to a variety of aetiological factors. Examination of the skin with 
a source of long-wave UV light, for example Wood’s light, is often 
helpful in localising abnormal variations in melanin pigmentation 
in the skin and as an aid to the diagnosis of various disorders [1]. 

Changes in pigmentation can arise in a number of ways and can be 
due to a variety of genetic and environmental factors. It is also perti- 
nent to consider non-melanin pigmentation as a cause of cutaneous 
colour changes, as discussed at the end of this chapter. 

Hypermelanosis similarly can be due to many factors, both genetic 
and acquired. It can be due to an increased number of melanocytes 
in the skin such as occurs in the dermal melanocytoses: the naevus 
of Ota, the naevus of Ito and the Mongolian spot. Many of the hyper- 
melanotic disorders are due to an increase in melanogenesis due to 
genetic factors. Some may be induced by UV light, hormones and 
chemical compounds. Finally, the degradation of melanosomes may 
vary in different disorders of pigmentation. 


Constitutive pigmentation, human 
pigmentation and the response to sun 
exposure 


Genetic factors play the primary role in determining the degree of 
pigmentation that is normal for the individual. Variation in skin 
pigmentation is not due to differences in the number of melanocytes 
but is explained by differences in melanocyte structure and func- 
tion; melanogenic activity, the size and number of melanosomes, 
the type of melanin deposited onto melanosomes, and the donation 
of mature melanosomes to adjacent keratinocytes all contribute to 
the resulting colour of the skin and are genetically determined [1]. 
Thus, constitutive skin colour as well as how the colour changes in 
response to exposure to sunlight are both genetically determined 
and show relatively little variation within different racial groups. 
There is, however, marked variation in human skin colour between 
the main racial groupings ranging from white (previously known 
as ‘Caucasoid’), through lightly pigmented (Asian and Oriental) to 
black (previously known as ‘Negroid’ and ‘Australoid’ and some 
Asian races). Racial differences in melanocyte morphology and 
function are apparent, but there is little interracial variation in the 
density of melanocytes at a particular skin site. Ultrastructural stud- 
ies have shown that melanosomes in white skin are small and tend 
to be in membrane-bound complexes of three or more within the 
keratinocyte [2]. The ellipsoidal melanosomes of indigenous Aus- 
tralians and black people are larger, about 1 pm in length, and tend 
to be distributed as singlets rather than being aggregated. These 
larger melanosomes can be found intact in the stratum corneum. The 
melanosome complexes present in white people show degradative 
changes even in the basal layer of the epidermis and are presumably 
broken up by lysosomal enzymes [3]. Whether melanosomes are 
individually dispersed or aggregated in melanosomal complexes 
appears to depend on the size of the melanosome [2]. 


Table 86.1 Classification of sun-reactive skin types. 


Skin type Sun sensitivity Pigmentary response 

| Very sensitive, always burn easily Little or no tan 

ll Very sensitive, always burn Minimal tan 

lll Sensitive, burn moderately Tan gradually (light brown) 
IV Moderately sensitive, burn minimally Tan easily (brown) 

Vv Minimally sensitive, rarely burn Tan darkly (dark brown) 

Vi Insensitive, never burn Deeply pigmented (black) 


Melanin in the skin exerts its photoprotective effect by reducing 
the penetration of UV light through the epidermis and by quench- 
ing the reactive oxygen radicals that contribute to sun-induced 
DNA damage [4]. The superior photoprotection of the black epi- 
dermis is due not only to its increased melanin content but also 
to melanogenic activity, the size and number of melanosomes, the 
type of melanin deposited into melanosomes and the donation of 
mature melanosomes to adjacent keratinocytes. A classification of 
sun-reactive skin types based on sunburn and tanning history has 
been in widespread use since its introduction (Table 86.1) [5]. Two 
types of pigmentation of the skin in humans occur in response to sun 
exposure. The first is immediate pigment darkening (IPD), some- 
times also referred to as the Meirowsky phenomenon. This is best 
observed in those with hyperpigmented skins and is most effectively 
induced by long-wave UV light (UVA). It is transient and, although 
rapidly induced, soon fades. The second is the increased pigmenta- 
tion that follows the erythemal response. This is the delayed tanning 
reaction and can be seen 48-72 h after skin exposure to UV light. 


ACQUIRED HYPERMELAN 


Physiological hypermelanos 
(tanning in response to UV r. 


Introduction and general description 
Tanning is the term used to describe the pigmentary response of the 
skin following exposure to UV radiation. Tanning occurs in three 
distinct phases: IPD, persistent pigment darkening (PPD) and 
delayed tanning. IPD occurs in response to low doses of UVA and 
manifests as grey-brown pigmentation. It appears within minutes of 
UV exposure and typically fades within 10-20 min. IPD is believed 
to result from oxidation and redistribution of pre-existing melanin. 
Higher doses of UVA induce PPD which persists for 2-24h. This 
pigmentation is brown and is also caused by oxidation and redis- 
tribution of pre-existing melanin. Delayed tanning involves the 
formation of new melanin due to an increase in the number of 
melanocytes and increased melanocyte activity. Both UVA and 
UVB are able to induce delayed tanning, but UVB is more effective. 
Delayed tanning becomes visible about 72h after UV exposure and 
persists for 1-2 weeks before gradually fading as keratinocytes are 
shed from the skin surface. 

Tanning and DNA damage are closely associated. Repeated 
suberythemal doses of UV light induce tanning but have also been 
shown to induce DNA damage [1]. Tanning salon exposure has 
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also been demonstrated to induce cyclobutane pyrimidine dimers 
and p53 protein expression in epidermal keratinocytes, changes 
linked with the early stages of cutaneous carcinogenesis [2]. It is 
widely believed by laypeople that a tan provides good protection 
against sunburn [3]. However, tanned skin has been shown to 
be less effective against formation of DNA photoproducts than 
constitutive pigmentation [3] and has a sun protection factor of 
3-5 at best. Population-based surveys reveal that tanning remains 
popular, particularly with the young, and that episodes of sunburn 
remain common [4,5]. 


Facial melanoses — 


Hypermelanosis involving predominantly the face and neck is rel- 
atively common and often presents a complex diagnostic problem. 
Several more or less well-defined clinical syndromes can be recog- 
nised, but many transitional forms defy classification. The causes of 
the pigmentation are often obscure. 

Genetic and racial factors are important, the increased pigmenta- 
tion occurring more frequently in those with dark skins, especially 
those of Middle Eastern or Asian descent. Endocrine factors play a 
major role in melasma and are implicated to some degree in other 
melanoses. External agents (light and photodynamic chemicals) 
are essential factors in the occupational melanoses but are also 
implicated in photocontact dermatitis (Riehl melanosis), and ery- 
thromelanosis and poikiloderma of Civatte. Other unknown factors 
are certainly involved and wide individual variation in susceptibil- 
ity must be postulated. 

Cosmetics may occasionally cause facial melanosis. Facial 
melanosis is also a conspicuous feature of addisonian pigmentation. 


Melasma 


Definition and nomenclature 

Melasma is the most common cause of facial melanosis and is man- 
ifested by hyperpigmented macules on the face that become more 
pronounced after sun exposure (Figure 86.8) [1,2]. 


Synonyms and inclusions 


¢ Mask of pregnancy 
¢ Chloasma 


Epidemiology 

Incidence and prevalence 

Common. Increased pigmentation is almost invariable in pregnancy 
and is most marked in brunettes (skin types III-V) [3]. Melasma is 
frequently seen in women on oral contraceptives. 


Age 
Mostly starts between the ages of 20 and 40 years. Dependent on 
pregnancy or use of oral contraceptives [4,5]. 


Sex 
Females are more affected than males. Up to 10% of cases of melasma 
occur in men (Figure 86.9). 
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(a) 


(b) 


Figure 86.8 (a, b) Melasma in two female patients. 


Ethnicity 

More common in light brown skin types, particularly Latin Amer- 
ican people and those from the Middle East or Asia. There is an 
important geographic and racial difference illustrated by a preva- 
lence of 8.8% in Latino females in the southern USA and up to 40% 
in South Asia [3]. 


Pathophysiology 

Predisposing factors 

Several factors have been linked to melasma, among which UV 
exposure and hormonal factors appear to be the most significant. 
Local or diffuse hyperpigmentation can be seen in a subset of 
women, probably due to these hormonal factors. Pregnancy and 


Figure 86.9 Melasma in an adult male from the Indian subcontinent. 


oral contraceptives have been linked to increased skin pigmentation. 
It has been speculated that this is due to increased levels of oestro- 
gen and progesterone stimulating the activity of melanocytes [6]. 
Melasma is common in the third trimester of pregnancy when levels 
of oestrogen, progesterone and MSH are elevated. 

Many cases are attributed to pregnancy or the combined oral 
contraceptive pill [4,5]. In the context of pregnancy, melasma is 
regarded as a normal physiological change, along with darkening 
of the nipples and linea nigra. It is not uncommon during the years 
of reproductive activity and has been attributed, without acceptable 
proof, to a variety of ovarian disorders. The rarity of melasma in 
postmenopausal women on oestrogen-containing hormone replace- 
ment therapy and the fact that men are occasionally affected suggest 
that oestrogen alone is not the causative agent. 


Pathology 

The mechanism is not fully elucidated, and although MSH may be 
involved, it plays a minor part. The plasma concentration of MSH 
is normal both in patients with idiopathic melasma [7] and in those 
with melasma attributable to oral contraceptives [8]. Oestrogens and 
progesterone are involved in the increased pigmentation but other 
factors are also implicated [9]. The number of melanocytes is not 
increased but they become enlarged and more dendritic, suggest- 
ing a hypermetabolic state. This is reflected by increased melanin 
deposition in the epidermis and dermis [9,10]. 

Despite light microscopic, ultrastructural and immunofluores- 
cence studies, the condition remains an enigma [1]. An endocrine 
mechanism is postulated but the cause of melasma is unknown. A 
vascular component has also been studied after successful results 
were observed using tranexamic acid and laser/light therapy 
targeting the skin vasculature [11]. Endothelin-1 produced by 
microvascular endothelial cells induces microphthalmia-associated 
transcription factor phosphorylation and increases tyrosinase 
activity, stimulating melanogenesis [12]. 


Genetics 

No specific genes have as yet been identified but a family history is 
common (around 30%). The clinical manifestations are the same in 
sporadic and familial cases and are seen particularly in those who 
tan readily when exposed to bright sunlight [13]. 


Environmental factors 
Exacerbated by sun exposure, combined oral contraceptives and 
other hormone treatments. 


Clinical features 

Presentation 

Melasma is seen predominantly in women. Hypermelanosis affects 
mainly the upper lip, the malar regions, forehead and chin and 
may be associated with darkening of the nipples, the linea alba to 
form the linea nigra, and anogenital skin. Affected skin is brown 
in colour. The pigmentary changes are usually bilateral and are 
frequently symmetrical. 


Differential diagnosis 
See Box 86.3. 


Box 86.3 Differential diagnosis of acquired 
hyperpigmentation 


(a) Acquired diffuse hyperpigmentation 

e Endocrinopathies 

¢ Metabolic conditions 

¢ Metal-induced non-melanin pigmentation 
e Neoplastic or tumoral conditions 

¢ Nutritional conditions 

¢ Physical agents 

e Progressive systemic sclerosis 

¢ Toxin- or drug-induced 


(b) Acquired localised hyperpigmentation 
° Ephelides*? 

e Erythromelanosis follicularis faciei et colli* 
e Exogenous ochronosis* 

e Fixed drug eruption* 

¢ Frictional melanosis* (Figure 86.10) 

e Jatrogenic* 

e Lentiginosis* 

e Melasma* 

¢ Poikiloderma of Civatte* 

e Riehl melanosis* 


(c) Secondary hyperpigmentation (postinfectious, postinflammatory, 
post-traumatic) 
e Eczema*? 

e Lichen planus 
e Lupus erythematosus 
¢ Macular amyloidosis? 

¢ Morphoea* 

e Erythema dyschronicum persistans? 
° Pityriasis versicolor® 


a,b 
a,b 


(d) Disseminated 

e Endogenous ochronosis 
° Idiopathic eruptive macular pigmentation’ 
° Lichen planus pigmentosus? 

° Mastocytoses*”» 

¢ Phytophotodermatitis* 


a,b 


® Limited surface areas affected. 
> Larger surface areas can be affected. 


Figure 86.10 Frictional hypermelanosis affecting the neck of a Mexican woman. 
Courtesy of Dr Julio Salas. 


Classification of severity 
Cosmetic problem. 


Disease course and prognosis 

Variable. The pigmentation usually fades after parturition but may 
persist for months or years. It is noted by some women to be more 
obvious just prior to menstruation [14]. The pigmentation takes a 
long time to fade after discontinuing oral contraception and, as after 
pregnancy, it may never fade completely. 


Investigations 
No investigations necessary. 

Wood's light examination can be helpful to identify the depth of 
the melanin pigmentation and determine the type of melasma (epi- 
dermal, dermal or mixed). Epidermal melasma normally appears 
light brown and shows enhanced colour contrast with Wood’s light 
examination. Dermal melasma often appears slightly grey or bluish 
on gross examination and shows less colour contrast with Wood’s 
light. Categorisation of the type of melasma is useful because it 
may help guide treatment options and patient expectations since 
dermal melasma is generally less responsive to therapy, especially 
to topical modalities [1]. 


Management 

Treatment of melasma can be difficult due to the refractory and 
recurrent nature of the condition. Daily application of sunscreen 
and avoidance of strong sun exposure are the cornerstones of 
long-term melasma treatment. 

Different skin depigmentation formulations can be used and 
contain one or several active compounds. Hydroquinone is the 
most extensively studied depigmenting agent for the treatment of 
melasma. It inhibits tyrosinase, an enzyme critical to the pigment 
producing pathway in melanocytes. Topical retinoid therapy has 
also been used as monotherapy for melasma but with only moderate 
efficacy [15,16]. 

Triple combination therapy, composed of hydroquinone, a 
retinoid and a corticosteroid, is a highly effective and safe treatment 
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for melasma. A corticosteroid was introduced to this treatment to 
reduce inflammation as it is a side effect of both hydroquinone and 
tretinoin. In addition to this advantage, it also inhibits melanocyte 
metabolism [16]. 

Pregnancy-related melasma tends to improve spontaneously 
postpartum and treatment may not be necessary. 


First line 

A variety of topical treatments are effective at lightening melasma. 
Triple therapy with topical hydroquinone, tretinoin and cortico- 
steroid (e.g. hydroquinone 4%, fluocinolone acetonide 0.01% and 
tretinoin 0.05%) is preferred [16,17]. Alternative, dual therapy 
(e.g. hydroquinone 2% plus glycolic acid 10%) may be used but can 
cause severe irritation [16]. Response to monotherapy is generally 
disappointing and continuous long-term hydroquinone therapy 
(>1 year) should be avoided because of the risk of exogenous 
ochronosis [18]. 


Treatment ladder for melasma 


First line 

e Sun protection/broad spectrum sunscreen (SPF >30), 
preferably also blocking visible light 

e Change oral contraceptive to an alternative low-oestrogen 
preparation or change to a different form of contraception 

e Avoidance of scented cosmetic products and phototoxic 
drugs 

¢ Triple therapy with topical hydroquinone, tretinoin and 
corticosteroid compound cream 


Second line 

¢ Chemical peels (e.g. glycolic acid), alone or in combination 
with topical treatment [15,16] 

e Azelaic acid (15-20%) in monotherapy or combination of 
azelaic acid 20% and tretinoin 0.05% [17,18] 

¢ Topical (2-5%) or intradermal injected tranexamic acid [19] 

e Oral tranexamic acid (500-1500 mg/day; most commonly 
250 mg twice daily) after excluding risk factors for 
thromboembolic disease [19] 


Third line 

e Laser therapy [20] 

e Intense pulsed light therapy, adjuvant to topical treatment 

e Dermabrasion 

¢ Topical liquiritin [21] 

¢ Topical rucinol [22] 

¢ Kojic acid, in monotherapy or in combination with 
hydroquinone [23,24] 


Resources 


Patient resources 

Patient information leaflet: https://cdn.bad.org.uk/uploads/2021/12/29200258 / 
Melasma- Updated-March-2018-Lay-Reviewed-March-2018.pdf (last accessed 
March 2023). 


Photocontact facial melanosis 


Definition and nomenclature 
Facial melanosis attributable to phototoxic reaction to skin contact 
with photoactive agents. 


Synonyms and inclusions 

¢ Riehl melanosis 

¢ Melanodermatitis toxica 

e Pigmented cosmetic dermatitis 


Epidemiology 
Age 
Middle age. 


Sex 
The condition is more frequent in women. 


Predisposing factors 

Fragrances and tar derivatives are suspected to be the cause [1]. An 
outbreak of photocontact facial melanosis in Japan was attributed to 
contact dermatitis to cosmetic ingredients and prompted the term 
‘pigmented cosmetic dermatitis’ for this condition [2]. 


Pathology 

In the early stages, there is liquefaction degeneration of the basal 
layer of the epidermis and a perivascular or band-like dermal infil- 
trate with pigmentary incontinence. Later, the epidermis appears 
normal but many melanophages are present in the upper dermis [3]. 
Ultrastructural studies show intercellular and intracellular oedema 
of keratinocytes and a multilayered basal lamina, as well as many 
melanophages in the dermis [3]. 


Environmental factors 
Cosmetic and textile materials. 


Clinical features 

History 

A distinctive pattern of grey-brown facial pigmentation was first 
described by Riehl in Vienna between 1916 and 1920 [4]. Riehl 
attributed this pigmentation to contact with noxious substances or 
to wartime living conditions. It was subsequently seen in Europe 
and Asia during and after the Second World War and has also 
occurred in Argentina [5] and in the South African Bantu [6]. 


Presentation 

Brownish-grey pigmentation develops quite rapidly over the greater 
part of the face but is more intense on the forehead and temples. 
Smaller pigmented macules, often perifollicular, lie beyond the 
indefinite margin. The pigmentation may extend to the chest, neck 
and scalp, and occasionally involves the hands and forearms. Horny 
plugs fill the follicles and there may be some scaling. 


Differential diagnosis 
See Box 86.3. 


Disease course and prognosis 
Gradual improvement if the causal substance is avoided. 


Investigations 
Patch testing. 


Treatment ladder for photocontact facial 
melanosis 


First line 

e Where a contact cause can be identified and avoided, there 
follows a slow improvement over many months 

e Sun protection 


Second line 
¢ Slow improvement may be expected with the use of 
hydroquinone 2-5% plus tretinoin or glycolic acid [7] 


Third line 
e Intense pulsed light [8] 


Poikiloderma of Civatte 


Definition and nomenclature 

Poikiloderma of Civatte presents as mottled pigmentation (atro- 
phy, telangiectasia, hyper- and hypopigmentation) which typically 
appears on the sides of the face and neck and on the upper anterior 
chest after years of repeated UV exposure (Figure 86.11) [1]. 


Synonyms and inclusions 
e Erythromelanosis interfollicularis colli 


Epidemiology 
Incidence and prevalence 
Unclear as mild cases are underreported. 


Age 
Age 30-50 years. 


Sex 
Female predominance. 


Ethnicity 
Predominance in fair-skinned individuals. 


Predisposing factors 
Exposure to light and photodynamic substances in cosmetics are 
influencing factors [2]. 


Pathology 

Poikiloderma of Civatte is histopathologically characterised by 
thinning of the spinous layer, hydropic degeneration of the basal 
cell layer, presence of melanophages in the papillary dermis and 


(b) 


Figure 86.11 (a, b) Poikiloderma of Civatte: showing submental and submandibular 
sparing on the neck of a 43-year-old man. 


dilatation of the papillary dermal capillaries. These findings are 
common to any case of poikiloderma [3]. 


Environmental factors 

¢ Solar radiation. 

¢ Phototoxic or photoallergic reactions to chemicals in fragrances 
or cosmetics. 


Clinical features 

History 

This characteristic pattern of reticulate hyperpigmentation of the 
face and neck was first reported in 1923 by Civatte [1]. 
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Presentation 

Poikilodermatous changes develop symmetrically on the sides of 
the face, neck and upper aspect of the chest with hyperpigmentation, 
telangiectasia and dermal atrophy. The submandibular and submen- 
tal areas are spared thus implicating sunlight in the pathogenesis of 
this condition (Figure 86.11b). Milder forms are common and few 
patients seek medical advice. The condition is mostly asymptomatic, 
although some patients experience itching, burning and flushing. 


Differential diagnosis 
e Erythromelanosis follicularis faciei et colli. 
¢ Melasma. 


Classification of severity 
Cosmetic problem. 


Disease course and prognosis 
Slowly progressive and irreversible. 


Investigations 
Patch testing can be useful if induction by allergen is suspected [3,4]. 


Treatment ladder for poikiloderma of Civatte 


First line 
¢ Photoprotection with a high SPF sunscreen 
¢ Avoiding perfumes 


Second line 
e Intense pulsed light [5] 
e Laser therapy with the tunable dye laser [6] 


Erythromelanosis follicularis of the face and neck 


Definition and nomenclature 

Erythromelanosis follicularis of the face and neck presents with a 
reddish-brown discoloration affecting the preauricular and maxil- 
lary regions, in some cases spreading to the temples and lateral sides 
of the neck and trunk, with symmetrical distribution and sharp der- 
marcation from normal skin. 


Synonyms and inclusions 


e Erythromelanosis follicularis faciei et colli 


Epidemiology 
Incidence and prevalence 
Unclear as mild cases are underrecognised and underreported. 


Age 
Peak age of onset in the second decade of life. 


Sex 
Affects both sexes, but with male predominance. 


Ethnicity 
Affects all races, but more frequent in Asians. 


Associated diseases 
May be associated with keratosis pilaris. 


Pathophysiology 

Pathology 

Histologically, there is slight hyperkeratosis and hyperpigmentation 
of the basal layer. The hair follicles are enlarged and contain lamellar 
horny masses. The sebaceous glands are also enlarged. The epider- 
mis overlying the affected follicle is flattened and contains excess 
melanin. In the dermis, an inconspicuous lymphocytic infiltrate sur- 
rounds dilated vessels. 


Genetics 
Few familial reports. 


Clinical features 

History 

This syndrome, of unknown origin, was originally described in 
Japan by Kitamura et al. in 1960 [1]. 


Presentation 

The clinical picture is distinctive, characterised by a triad of hyper- 
pigmentation, follicular plugging and erythema with or without 
telangiectasia, affecting the lateral aspects of the cheeks and in some 
cases the neck (Figure 86.12) [1-5]. It has been suggested that it is 
a subtype of keratosis pilaris [7]. A background of reddish-brown 
pigmentation and telangiectasia is studded with pale follicular 
papules. The hairs are lost from the majority of affected vellus hair 
follicles but terminal hair follicles of the scalp and beard are less 
conspicuously affected. The pigmentation involves the skin in front 
of, beneath and behind the ear, extending to the side of the neck. 
It spreads slowly, is persistent and is not influenced by treatment. 
The distribution and lack of clinical follicular keratosis or scarring 
readily distinguish erythromelanosis from other forms of keratosis 
pilaris and from other facial melanoses. 


Figure 86.12 Erythromelanosis follicularis of the face and neck. Reproduced from 
Ermertcan et a/. 2006 [6] with permission of John Wiley & Sons. 


Differential diagnosis 

¢ Keratosis pilaris and its variants (Chapter 85). 

Keratosis pilaris rubra. 

¢ Melasma. 

Poikiloderma of Civatte. 

Corticosteroid-induced rosacea. 

e Actinic telangiectasia. 

Response to therapy is generally poor and prone to relapse. 


Treatment ladder for erythromelanosis 
follicularis of the face and neck 


First line 

e A variety of topical keratolytic therapeutics have been 
advocated, including urea cream (10-20%), ammonium 
lactate lotion (12%) and tretinoin cream (0.05—0.1%) [5,8] 


Second line 
¢ Salicylic acid peels and glycolic acid peels 


Third line 

e Isotretinoin (0.1-1 mg/kg/day) 

e Laser treatment of the background erythema or 
hyperpigmentation 

¢ Topical tacalcitol [9] 


Peribuccal pigmentation of Brocq 


Definition and nomenclature 
Peribuccal pigmentation of Brocq is a diffuse brownish-red pigmen- 
tation around the mouth but sparing a narrow perioral ring [1-3]. 


Synonyms and inclusions 
¢ Pigmented perioral erythema 
e Erythrosis pigmentosa mediofacialis 


Epidemiology 
Age 
Middle age. 


Sex 
This condition occurs predominantly in middle-aged women and 
has only rarely been reported in men. 


Predisposing factors 
A photodynamic substance in cosmetics is probably responsible. 


Clinical features 

History 

It was Brocq in 1923 who first reported a case of perioral hyperpig- 
mentation in a clinical pattern that now bears his name [1]. 


Figure 86.13 Peribuccal pigmentation of Brocq. Courtesy of Dr Luciano Schiazza. 


Presentation 

Diffuse brownish-red pigmentation develops symmetrically around 
the mouth but spares a narrow perioral ring. It may extend up the 
centre of the face to the forehead and in some cases there are 
well-defined patches of pigmentation over the angles of the jaw and 
the temples (Figure 86.13). 


Differential diagnosis 

A similar postinflammatory hyperpigmentation is seen in some 
patients with perioral dermatitis and may be the result of topical 
steroid therapy [2]. 


Classification of severity 
Cosmetic problem. 


Disease course and prognosis 

The erythematous component, and hence the intensity of the pig- 
mentation, may fluctuate over short periods. The pigmentation 
is usually persistent but tends to fade gradually if the cause is 
eliminated. 


Ephelides — CC 


Synonyms and inclusions 


e Freckles 


Freckles or ephelides are very common and first appear at about 
the age of 5 years as light-brown pigmented macules on the 
light-exposed skin of fair-skinned individuals, typically of Celtic 
(Scottish, Irish, Welsh) origin with red or blond hair, fair skin and 
blue eyes (Figure 86.14) [1]. Freckling is significantly associated 
with certain polymorphisms of the melanocortin 1 receptor gene 
[2,3] and is transmitted in an autosomal dominant fashion without 
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associated abnormalities. Several pigmented skin disorders are, 
however, associated with freckles, including hereditary symmet- 
rical dyschromatosis, xeroderma pigmentosum and cutaneous 
malignant melanoma [4]. 

Freckles are a feature of a number of inherited and acquired disor- 
ders. These include xeroderma pigmentosum [5], neurofibromatosis 
and progeria. The lesions in the various forms of lentiginosis (see 
later) must also be differentiated. Their distribution and the lack of 
relationship to light exposure should be noted. They are discussed 
in more detail in Chapter 131. 


Treatment ladder for ephelides 


First line 
¢ Broad spectrum sunscreen 


Lentiginosis — 


The histological and clinical features of lentigo, together with other 
lesions in which the number of melanocytes is increased, are fully 
described in Chapter 131. A lentigo is a benign pigmented mac- 
ule in which there is an increased number of melanocytes. The 
term ‘lentiginosis’ is applied either when lentigines are present 
in exceptionally large numbers or when they occur in a distinc- 
tive distribution. Genetic syndromes of which lentiginosis is a 
component are described in Chapter 68. The following isolated or 
sporadic forms of lentiginosis are recognised. 


Figure 86.14 (a, b) Freckles in an 11-year-old boy. 


Generalised lentiginosis 


Lentigines are commonly multiple but appear singly or in 
small crops at irregular intervals from infancy onwards. Their 
pathogenesis is unknown and in the great majority of cases no 
genetic factor is demonstrable. 


Unilateral lentiginosis (segmental lentiginosis, 
zosteriform lentiginosis) 


Unilateral lentigines occur on one side of the body in specific pat- 
terns [1]. In contrast to naevus spilus, uniteral lentiginosis lacks the 
underlying café-au-lait macule. Cases have been reported with and 
without associated neurological abnormalities [2-4]. The lentigines 
can be zosteriform and occur in a dermatome-like or Blaschkolinear 
distribution [5-8]. These cases are usually without central nervous 
system abnormalities and are naevoid. Lentigines have also been 
reported within naevoid hypopigmentation [9]. Treatment can be 
challenging although successful laser treatment (e.g. QS Nd:YAG 
laser) has been reported [10]. 


Inherited patterned lentiginosis in black people [1] 


O'Neill and James reported generalised lentiginosis in 10 adult 
black patients, with onset in childhood; seven showed familial clus- 
tering, suggesting autosomal dominant inheritance [1]. Distribution 
of the lentigines included the face, lips, extremities, buttocks, palms 
and soles, but not mucosal surfaces. The condition is extremely 
common in light-skinned black people, especially in combina- 
tion with reddish-brown hair [2]. There are no known associated 
abnormalities. 
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Figure 86.15 Eruptive lentiginosis: 4-month history of widespread eruption of lentigines 
over the neck, trunk and limbs in a healthy 49-year-old female. Note lentigines in 
different stages of evolution, particularly on the right wrist and the forearm. 


Eruptive lentiginoses [1,2] 


Widespread occurrence of very large numbers of lentigines that 
develop rapidly over the course of a few months to years is typical 
of eruptive lentiginosis (Figure 86.15). It is well recognised in 
adolescents and young adults who show no evidence of sys- 
temic abnormalities but has also been linked to treatment with 
cancer chemotherapeutic agents and to immunosuppression, par- 
ticularly in transplant recipients. In 1956, Degos and Carteaud 
described telangiectatic papules that darkened and evolved into 
depressed scaly lentigines [1]. In spite of the misleading title of their 
report, Eady et al. reported two patients in whom very large num- 
bers of lentigines developed over 2 years: histology and electron 
microscopy confirmed the diagnosis of eruptive lentiginosis [2]. 


PUVA Ientigines [1-5] 


These pigmented macules are a common complication of PUVA 
(psoralen and UVA) therapy occurring on treatment-exposed skin 
[1-3]. They are discussed in detail in Chapter 131. There is a dose 
effect with a tendency to a greater number of lentigines in those 
who have had more therapy [3]. They vary in appearance and may 
be numerous in number and small in size. Occasionally, larger 
irregular lentigines are seen, some with a stellate configuration 
[3] (Figure 131.7). PUVA lentigines are usually permanent and 
show little tendency to remit. A less common clinical pattern is 
localisation of lentigines to sites previously affected by psoriasis, 
creating an appearance not unlike a naevus spilus [2]. The histology 
is that of a lentigo. The melanocytes are hypertrophic and some 
may be cytologically atypical [3]. Similar melanocytic macules have 
been reported following use of a sunbed [4]. PUVA lentigines can 
sometimes look quite alarming and should be differentiated from 
melanoma. Melanomas, however, tend to have more variation in 
colour density within the lesion than in lentigo. PUVA has also been 
reported to cause hyperpigmentation of the nails [5]. 


Hypermelanosis due to endoc 
disorders 


For a full discussion of the effects of endocrine disorders on the skin 
see Chapter 150. Endocrine disorders which may induce hyperme- 
lanosis are described briefly here. 


Addison disease 


Introduction and general description 

Hyperpigmentation may be a cutaneous manifestation of Addison 
disease. The discoloration in Addison disease is typically diffuse 
with accentuation in sun-exposed areas (Figure 86.16) [1-4]. 


Pathophysiology 

Pathology 

The hypermelanosis is the result of increased secretion of melan- 
otrophic hormones by the pituitary. Affected patients have elevated 
plasma levels of B-MSH-like immunoreactivity [6]. Absence of 
hypermelanosis in Addison disease was explained in a single 
case by a high degree of melanosome degradation in secondary 
lysosomes [1]. 


Clinical features 
History 
Addison disease was first described by Thomas Addison in 1855. 


Presentation 

Increased pigmentation is such a well-known feature of Addi- 
son disease that its absence may significantly delay diagnosis 
and endanger life [1,2]. When present, the hyperpigmentation of 
Addison disease is typically diffuse and is most intense on areas 
exposed to light [3]. It is also accentuated in the flexures, at sites 
of pressure and friction, and in the creases of palms and soles [3]. 
Normally pigmented areas, such as the nipples and genital skin, 
darken. Pigmentation of the buccal mucous membrane is often 
present, and the conjunctival and vaginal mucous membranes 
may also be involved [3]. However, less distinctive patterns of 
pigmentation are not exceptional and, in any unexplained cases of 
hypermelanosis, adrenal function should be carefully evaluated. 
Similarly, patients without hyperpigmentation but with other fea- 
tures suggesting Addison disease should have adrenal function 
assessed. Addison disease may be associated with generalised 
vitiligo [3,7]. 


Differential diagnosis 

¢ Acquired diffuse hyperpigmentation: see Box 86.3a. 
¢ Acquired pigmentary disorders of oral mucosa. 

¢ Iatrogenic. 

¢ Irritative (e.g. smokers’ melanosis). 

¢ Hyperplastic or neoplastic processes. 


Resources 


Patient resources 
https: / / www.addisons.org.uk (last accessed March 2023). 
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Acromegaly 


Definition 
Acromegaly is an acquired condition caused by excessive growth 
hormone production leading to gradual body disfigurement. 


Clinical features 
Pigmentation of an addisonian pattern is present in some cases of 
acromegaly and may be a striking feature [1,2]. 


Differential diagnosis 
Acquired diffuse hyperpigmentation: see Box 86.3a. 


Management 
Cutaneous signs rapidly respond to hormonal control, with partial 
regression. 

Topical therapy including tretinoin and adapalene creams can be 
used to ameliorate the cutaneous manifestations. 


Resources 


Patient resources 


http: //www.acromegalycommunity.com (last accessed March 2023). 


Cushing syndrome 


Definition 

Cushing syndrome is caused by excessive amounts of cortisol lead- 
ing to obesity, a moon-shaped face and increased fat deposition in 
the neck area. If caused by endogenous hypersecretion of cortisol it 
is known as Cushing disease. 


Figure 86.16 Addison disease: diffuse 
hypermelanosis of the skin (a) and gingivae (b) in a 
13-year-old girl and of the labial mucosa (c) and 
tongue (d) of a 15-year-old girl. Both girls presented 
with fatigue, malaise, nausea and weight loss [7]. 
Reproduced from Burk et a/. [5] with permission of 
John Wiley & Sons. 


Pathophysiology 

Pathology 

Cushing syndrome is the overproduction of ACTH by a pituitary 
corticotrophic adenoma or an ectopic non-pituitary tumour. 


Environmental factors 
Excessive corticoid intake. 


Clinical features 

Presentation 

Pigmentation of an addisonian pattern has been noted in about 10% 
of reported patients with Cushing syndrome. It is an indication of 
secretion of ACTH and B-MSH by the pituitary and suggests the 
presence of a pituitary tumour. After adrenalectomy, progressive 
hypermelanosis develops in a proportion of patients (about 10%), 
in spite of adequate hormone replacement therapy. Only in half 
of these patients is the sella turcica enlarged [1,2]. These patients 
with Nelson syndrome (= post adrenalectomy syndrome) [3] show 
marked hypermelanosis (Figures 86.7 and 86.17), with the mucous 
membranes also being involved. The hair is often darker and there 
are sometimes multiple lentigines and longitudinal pigmented 
bands in the nails. High levels of both B-MSH and ACTH are 
found in the plasma, with a degree of clinical hyperpigmentation 
correlating well with the quantity of B-MSH in the plasma [4]. 


Differential diagnosis 
Acquired diffuse hyperpigmentation: see Box 86.3a. 


ACTH administration 


A small proportion of patients treated with ACTH in high dosages 
(120 units/day) develop pigmentation of addisonian pattern [1,2]. 


(b) 


Figure 86.17 Nelson syndrome: hypermelanosis of the dorsa of the hands and of the 
palmar creases. 


The pigmentation, which is accompanied by a combination of 
addisonian and cushingoid manifestations, fades when the dose is 
reduced. The incidence of melanosis appears to be rather higher in 
patients treated with tetracosactrin [2]. 


Hyperthyroidism 


Definition 
Hyperthyroidism is the excessive production of thyroid gland 
hormones. 


Epidemiology 

Incidence and prevalence 

Pigmentation due to hyperthyroidism is present in up to 40% of 
patients with hyperthyroidism [1-3]. 


Pathophysiology 

Pathology 

It is speculated that the skin discoloration in hyperthyroidism may 
be due to increased release of pituitary ACTH, compensating for 
accelerated cortisol degradation [4]. 


Clinical features 

Presentation 

Pigmentation occurs in about 10% of patients with primary thyro- 
toxicosis [1]. It is usually diffuse and is broadly of addisonian pat- 
tern, although involvement of the mucous membranes is uncommon 
and pigmentation of the nipples and genital skin is less striking. 
The eyelids are occasionally conspicuously pigmented (the Jellinek 
sign). Some patients show melasma-like rather than diffuse pigmen- 
tation. The incidence of vitiligo is increased. Diffuse pigmentation 
was present at birth in the infant of a thyrotoxic mother [2]. Response 
of hyperpigmentation to therapy is poor. 


Differential diagnosis 
Acquired diffuse hyperpigmentation: see Box 86.3a. 


Hypermelanosis in other sys 
disorders 


Neoplastic diseases 


Definition 

Increased pigmentation is an inconstant feature of a wide variety 
of systemic disorders and may be associated with malignant dis- 
ease [1]. In most instances, the mechanism is obscure although, in 
some, elevated levels of B-MSH-like immunoreactivity are found. A 
genetic predisposition may be present in those affected. The hyper- 
melanosis may be diffuse or localised. It may be confined to the 
epidermis, when the skin appears brown in colour, or it may be in the 
dermis, when often the skin is a slate-grey or blue colour. Pigments 
other than melanins may also be present. 


Solid malignant tumours. ACTH-like peptides secreted typically 
from oat cell carcinoma of the bronchus may result in widespread 
hypermelanosis [2]. Diffuse cutaneous melanosis is a rare complica- 
tion of metastatic melanoma [3,4,5]. 


Carcinoid syndrome. Spectrum of neuroendocrine tumours, most 
frequently originating in the digestive tract. Symptoms of flushing, 
diarrhoea, heart failure and bronchoconstriction developing due to 
excessive secretion of hormones such as serotonin from carcinoid 
tumours (Chapter 104) [6]. 


Lymphoma. Spectrum of malignant neoplasms derived from 
mature B or T cells, B- or T-cell progenitors or natural killer cells 
(Chapter 139). 


Phaeochromocytoma. Neuroendocrine tumour of the adrenal 
glands or extra-adrenal chromaffin tissue secreting high levels of 
catecholamines. 


Epidemiology 
Incidence and prevalence 


Solid malignant neoplasms. Rare. 


Carcinoid tumour. Chapter 104. 
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Lymphomas. Pigmentation is an uncommon manifestation of lym- 
phomas, occurring in 10% of cases of Hodgkin disease and in 1% or 
2% of cases of non-Hodgkin lymphoma and lymphatic leukaemia. 


Phaeochromocytomas. Rare. 


Pathophysiology 

Pathology 

Solid malignant neoplasms. The mechanism is uncertain. In 
ectopic ACTH syndrome, which may occur in patients with oat 
cell carcinoma of the bronchus, pigmentation is usual. The tumour 
has been shown to produce a distinct MSH-like compound [2]. 
Diffuse melanosis is a rare complication of metastatic melanoma 
and is usually associated with widespread visceral metastases. It 
is thought that free melanin is released into the circulation from 
the cytolytic breakdown of melanoma metastases and is deposited 
extracellularly around dermal blood vessels before being taken up 
by dermal melanophages [3]. 


Carcinoid syndrome. Unknown. 
Lymphoma. Unknown. 


Phaeochromocytoma. Pigmentation possibly due to MSH-like 
activity of ectopic secretion of ACTH and its precursors. Release of 
a-MSH or analogues that bind on melanocortin 1 receptors. 


Genetics 
About one-third of phaeochromocytomas arise as part of a genetic 
syndrome. 


Clinical features 

Presentation 

Solid malignant neoplasms. In cachectic states, there may be dif- 
fuse hyperpigmentation of the skin as in Addison disease. In adults, 
acquired acanthosis nigricans may rarely be associated with internal 
malignancy, almost invariably an adenocarcinoma. The hyperme- 
lanosis affects the axillae, nipples and umbilicus, which also show 
a warty papillomatosis. These skin changes may later become 
generalised. The mucous membranes are frequently involved. A 
diffuse dermal melanosis, having a slaty-blue colour, can occur 
in patients with advanced melanoma and may be associated with 
melanuria [3,4,5]. 


Carcinoid syndrome. Flushing of the face, neck and upper trunk 
frequently occurs. Diffuse hyperpigmentation of the skin has been 
noted in a number of patients with this syndrome [6]. A pellagra-like 
dermatitis on sun-exposed skin may also be observed. 


Lymphomas. The pigmentation is of addisonian type, but allegedly 
without involvement of the mucous membranes. Malnutri- 
tion may be a factor and postinflammatory pigmentation after 
scratching may modify the clinical pattern. Diffuse progressive 
hyperpigmentation can also be a manifestation of mycosis fun- 
goides [7,8]. 


Phaeochromocytoma. Pigmentation of addisonian pattern occurs 
in some cases of malignant phaeochromocytoma. Pallor of the face 
due to vasoconstriction may also occur. Hypertension, headaches, 
profuse sweating, palpitations and apprehension will suggest 
the diagnosis, which is established by the abnormal plasma 
catecholamines. 


Differential diagnosis 
Acquired diffuse hyperpigmentation: see Box 86.3a. 


Hyperpigmentation in rheumatic diseases (Chapter 155) 


Hypermelanosis is occasionally observed in rheumatoid arthri- 
tis and is a more frequent feature of Still disease. Most cases of 
hyperpigmentation in rheumatoid arthritis patients are, however, 
due to medications such as minocycline [1]. Hyperpigmentation 
has been reported with methotrexate in a patient with rheumatoid 
arthritis [2]. For differential diagnosis see Box 86.3a. 


Systemic sclerosis and morphoea 


Definition 

Systemic sclerosis and morphoea (Chapters 54 and 55) comprise a 
spectrum of autoimmune-mediated diseases of unknown aetiology 
affecting the connective tissue. Systemic sclerosis may also affect the 
internal organs, including the heart, lungs, kidneys and gastroin- 
testinal tract. 


Pathophysiology 

Predisposing factors 

Hyperpigmentation in systemic sclerosis is seen most commonly 
in patients with pigmented skin and is less common in white 
people [1]. 


Pathology 

Keratinocyte endothelin 1 production has been implicated as play- 
ing a central role in the pathogenesis of cutaneous hyperpigmen- 
tation in systemic sclerosis [2], as have local expression and sys- 
temic release of a stem cell factor [3]. Levels of soluble cell surface 
L-selectin are elevated in systemic sclerosis with diffuse hyperpig- 
mentation [4]. 


Clinical features 

Presentation 

Generalised pigmentation in systemic sclerosis and morphoea 
may be intense and diffuse or of addisonian type, often with an 
accentuation in sun-exposed skin and areas of pressure, but without 
mucous membrane involvement. It may involve predominantly the 
face and limbs but is often far more extensive than the scleroderma 
itself (Figure 86.18). A mixture of hyper- and hypomelanosis may 
also occur in areas of chronic sclerosis. 

Pigmentation may also be a conspicuous feature of morphoea [5,6] 
and is occasionally the presenting symptom (Figure 86.19). Hyper- 
pigmentation is sometimes a feature of atrophoderma of Pasini and 
Pierini [7], and has also been reported in the linear atrophoderma of 
Moulin [8]. 
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dermatomyositis [1]. Acanthosis nigricans has also been reported 
in association with dermatomyositis [2]. In systemic lupus erythe- 
matosus, diffuse pigmentation of light-exposed skin occurs in about 
10% of cases. Longitudinal melanonychia may occasionally be a 
feature of systemic lupus erythematosus [3]. Hyperpigmentation 
may also be secondary to treatment with antimalarials in systemic 
lupus erythematosus. 


Differential diagnosis 
Acquired diffuse hyperpigmentation: see Box 86.3a. 


Disease course and prognosis 
In systemic lupus erythematosus, the skin may gradually darken 
even though the disease is controlled by treatment. 


Figure 86.18 Generalised pigmentation in a woman aged 33 years with systemic 
sclerosis exhibiting also areas of salt and pepper depigmentation on the abdomen and 
arms. 


Neurological disorders 


Definition 

Pigmentation, usually conforming to the addisonian pattern, occurs 
in some diseases of the nervous system, particularly those involv- 
ing the diencephalon and the substantia nigra. Intense pigmenta- 
tion is a feature of Schilder disease [1] but some increase in pig- 
mentation is not uncommon in hepatolenticular degeneration [2] 
and in ependymomas. It is occasionally noted in chronic schizophre- 
nia. In post-encephalitic parkinsonism, it may be diffuse but may be 
melasma-like. Pigmentation may sometimes develop after intense 
and prolonged emotional stress [3]. 


Clinical features 

Presentation 

Mostly diffuse hyperpigmentation conforming to the addisonian 
pattern. 
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Differential diagnosis 
Acquired diffuse hyperpigmentation: see Box 86.3a. 


PART 8 
CUTANEOUS STRUCTURES 


Multiple organ failure, renal failure and primary 
Figure 86.19 Morphoea. Hyperpigmentation was the presenting symptom. biliary cirrhosis 


Introduction and general description 

Multiple organ failure. Patients with multiple organ failure who 
survive for long periods are susceptible to hyperpigmentation. 
Renal failure, hepatic failure and polypharmacy may all contribute 
to this. An unusual case of intense green colour in a patient with 
multiple organ failure was attributed to dyes in the liquid tube 


Differential diagnosis 
¢ Acquired diffuse hyperpigmentation: see Box 86.3a. 
¢ Acquired localised hyperpigmentation: see Box 86.3b. 


Dermatomyositis and lupus erythematosus 


Definition feeds [1]. 

Dermatomyositis is an idiopathic inflammatory myopathy charac- 

terised by proximal muscle weakness and a cutaneous eruption. Renal failure. Chronic renal disease with nitrogen retention is fre- 
Lupus erythematosus is a chronic idiopathic inflammatory disease quently accompanied by increased pigmentation of the skin. This 

affecting multiple organs including the skin. hypermelanosis is diffuse and brown in colour. It is most intense on 

sun-exposed skin, including the hands and face. Hyperpigmented 

Clinical features macules are common on the palms and soles [1]. 

Presentation Elevated levels of B-MSH are found in the plasma of these 

In both dermatomyositis and lupus erythematosus, diffuse pig- patients [2,3] and cause the excess production of melanin in the 


mentation may accompany or follow the cutaneous lesions of skin. The increased levels of S-MSH-like immunoreactivity are due 
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to slow clearance by the kidneys rather than increased production 
by the pituitary. Lipochromes and carotenoids deposited in the 
skin may also play a part. Paradoxically, hypopigmentation with 
acquired lightening of the hair is sometimes a feature of chronic 
renal failure [4]. 


Primary biliary cirrhosis. A diffuse hypermelanosis is seen in 
patients with cirrhosis due to many aetiological factors and is par- 
ticularly striking in patients with primary biliary cirrhosis [1,2]. The 
hyperpigmentation is particularly striking on sun-exposed sites. 
The excess melanin is dispersed widely in the epidermis [1]. No 
significant difference from normal controls is observed in the levels 
of MSH-like peptides [1]. 


Disease course and prognosis 
Dermatological manifestations increase with increasing duration 
and severity of renal disease. 


Haemochromatosis 


Definition 

Haemochromatosis is a hereditary disorder due to excessive intesti- 
nal absorption of iron. The commonest and mildest form, accounting 
for some 90% of cases, is autosomal recessive and due to mutations 
in the HFE gene (HFE-related hereditary haemochromatosis). It 
manifests in the skin as diffuse pigmentation. 


Introduction and general description 

Haemochromatosis is a hereditary disorder due to excessive intesti- 
nal absorption of iron, resulting in gradual deposition of iron 
in the tissues throughout life [1,2]. The commonest and mildest 
form, accounting for some 90% of cases, is autosomal recessive 
and due to mutations in the HFE gene (HFE-related hereditary 
haemochromatosis) [3]. It is asymptomatic in 75% of cases, not 
usually presenting clinically until the fifth decade of life or later. It 
manifests in the skin as diffuse bronze pigmentation. Other clinical 
manifestations include hepatic cirrhosis, diabetes, cardiac failure, 
impotence and arthritis. 


Epidemiology 

Incidence and prevalence 

It is estimated that 1: 200 to 1 : 300 white people have homozygous 
HFE mutations [4], though only 50% of affected individuals show 
clinical features of the disease [4]. 


Age 
Fifth decade onwards. 


Sex 
It is more common in males. 


Ethnicity 
Most frequent in white people. 


Associated diseases 
Excessive alcohol consumption accelerates the development of hep- 
atic cirrhosis [5]. 


Pathophysiology 
The common form of haemochromatosis is due to mutations of the 
HEE gene [6]. 


Clinical features 

History 

The disease haemochromatosis was first described by Troisier, 
Hanot and Chauffard in 1865 [1]. The term ‘haemochromatosis’ was 
subsequently coined by von Recklinghausen in 1899 in recognition 
that the skin pigmentation originated from the blood [1]. 


Presentation 

Pigmentation, bronzed or bluish-grey in colour, initially involves 
exposed sites but later becomes generalised (Figure 86.20) [7,8]. It is 
present in most cases [9] but may be subtle. Hyperpigmentation of 
mucous membranes and conjunctivae occurs in 15-20%. The diag- 
nosis should be suspected when pigmentation of this pattern occurs 
in middle-aged men in association with an enlarged liver and dia- 
betes [10]. 


Differential diagnosis 
Acquired diffuse hyperpigmentation: see Box 86.3a. 


Investigations 
Fasting transferrin saturation: if >45% arrange gene analysis for HFE 
mutations. 


Management 
Hyperpigmentation is reversible with phlebotomy [11]. 


Cutaneous amyloidosis 


Definition 
Cutaneous pigmentation is a common feature of cutaneous amyloi- 
dosis [1,2], which is discussed in detail in Chapter 56. 


Pathophysiology 

Pathology 

Melanophages are found in the papillary dermis. The melanin con- 
tained in these dermal cells is derived from degenerating basal ker- 
atinocytes and melanocytes [1,3]. 


Clinical features 

Presentation 

Localised pigmentation, often symmetrical, and located on the 
upper back and anterior thighs and forearms, is seen in both lichen 
amyloidosis and macular amyloidosis [1,2]. 


Clinical variants 
Macular amyloidosis is seen most commonly on the upper back 
(interscapular areas), chest, buttocks, forearms and shins. 


Differential diagnosis 

The macular type of amyloidosis may be mistaken for postinflam- 
matory hyperpigmentation, but the lesions usually have a distinc- 
tive ‘ripple’ pattern (Figure 86.21), and microscopic studies reveal 
the presence of amyloid (Box 86.3a). 


Figure 86.20 (a, b) Haemochromatosis: a 
74-year-old male with gradual increase in skin 
pigmentation for 5 years. Extensive stippled skin 
pigmentation becoming confluent with marked iron 
deposition in addition to hypermelanosis on 
histology. Note gynaecomastia (b). 


Figure 86.21 Macular amyloidosis: typical rippled hypermelanosis on the upper back of 
a 40-year-old Indian woman. 


Nutritional deficiencies 


Definition 

The effects of nutritional deficiencies on the skin are addressed in 
detail in Chapter 61. Those that are associated with pigmentary 
change are briefly discussed here. 


86.23 


Acquired hypermelanosis 


Malabsorption syndromes 
Vitamin A deficiency. Most frequently due to inadequate dietary 
intake. 


Vitamin B,, deficiency. Most frequently caused by inadequate 
absorption. 


Folate deficiency. Usually dietary with increased risk in pregnancy. 


Pellagra. The classical clinical manifestation of nicotinic acid 
(vitamin B;) deficiency. 


Vagabonds’ disease. Skin disorder typically occurring in older 
patients with poor diet, lack of personal hygiene and infestation 
with Pediculus humanus. 


Epidemiology 

Incidence and prevalence 

In malabsorption syndromes, such as tropical sprue and Whipple 
disease (Chapter 153), pigmentation is a common occurrence and 
may sometimes be prominent [1-3]. 


Pathophysiology 

Vitamin B,,. The exact mechanism of hyperpigmentation in vita- 
min B,, deficiency is still unknown. The lack of vitamin B,, may 
lead to lower intracellular glutathione levels, causing a decrease 
in its inhibitory function on tyrosinase activity in melanogenesis, 
and inducing an increase in melanogenesis. Another hypothesis is 
that vitamin B,, deficiency is associated with a defect in melanin 
transport and the incorporation of melanin into keratinocytes, 
causing incontinence of pigment [4]. 
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Pellagra. It is due to a cellular deficiency of niacin (vitamin B,, nico- 
tinic acid) from an inadequate dietary supply of tryptophan. It used 
to be endemic where diets were based on maize with little animal 
protein [5]. Although the condition has been recognised since the 
17th century, it was not until the early 20th century that it was recog- 
nised by Goldberger to be due to a nutritional deficiency [6], which 
was subsequently shown by Elvehjem to be niacin [7]. 


Vagabonds’ disease. Classically, this occurs in those in whom poor 
diet is combined with lack of cleanliness and heavy infestation with 
lice [8,9]. 


Presentation 

General. Hyperpigmentation caused by nutritional deficiencies 
may be of addisonian type but without involvement of the mucous 
membranes, or may occur in well-defined patches on the face and 
neck and occasionally on the trunk [1]. The scaly inflammatory 
plaques that may develop in these syndromes are usually followed 
by intense pigmentation (Chapter 61). 


Vitamin A deficiency. Patients with severe vitamin A deficiency 
are often deficient in other vitamins as well. They have ocular 
and cutaneous abnormalities, of which xerophthalmia and phryn- 
oderma (Chapter 85) are the most characteristic, particularly in 
children: these may be associated with hyperpigmentation of the 
face and limbs. In adults, there is dryness and scaling of the skin 
with desquamation and generalised hyperpigmentation. Conjunc- 
tival pigmentation has been noted particularly in oriental races 
and may be striking, especially in the lower fornix and bulbar 
conjunctiva. 


Vitamin B,, deficiency. The pigmentation seen in association with 
B,, deficiency often has a rather dappled and mottled appearance; 
it particularly affects the face and the dorsum of the hands and 
feet [10-12] but may be limited to the fingertips and nails [13] 
or, rarely, may be generalised (Figure 86.22) [4,14,15]. Ill-defined 
hyperpigmentation of the mucosal surfaces and hypopigmentation 
of the hair may also occur. 


Folate deficiency. A diffuse brown pigmentation is also seen occa- 
sionally in patients with megaloblastic anaemia due to folic acid 
deficiency, particularly during pregnancy [16,17]. 


Pellagra. Affected skin becomes hard, dry and cracked and in 
extreme cases is black in colour [5]. The sites of involvement are 
the sun-exposed skin of the face, neck, dorsa of the hands and feet, 
and sometimes the forearms. Mucosal sites are also affected [18,19]. 
Also seen in pellagra are dermatitis, diarrhoea and dementia (the 
three ‘D’s). 


Vagabonds’ disease. The pigmentation is basically of addisonian 
pattern and the mucous membranes may be involved. The patho- 
genesis is uncertain, but the hypermelanosis is probably postin- 
flammatory and related to the scratching from the pediculosis 
infestation. Areas of hypomelanosis occur and there is a decrease 
in the number of melanocytes that show degenerative changes [1]. 
Adrenal function is in most cases normal [8,9]. 


Differential diagnosis 
Acquired diffuse hyperpigmentation. See Box 86.3a. 


Acquired pigmentary disorders of oral mucosa. These include the 
following: 

e Jatrogenic. 

e Irritative (e.g. smokers’ melanosis). 

e Hyperplastic or neoplastic processes. 


Disease course and prognosis 
Generally, normalisation of pigmentation occurs with treatment of 
the deficiency. 


POEMS syndrome 


Definition 

Hypermelanosis, along with acrocyanosis, hypertrichosis and 
skin thickening, is one of the cutaneous manifestations of this 
complex syndrome. The name POEMS syndrome derives from its 
principal characteristics, namely polyneuropathy, organomegaly, 
endocrinopathy, monoclonal gammopathy and skin changes. It is 
discussed in detail in Chapter 149. 


Figure 86.22 Vitamin B,, deficiency: (a) generalised 
mottled hypermelanosis as presenting feature of 
pernicious anaemia in a 16-year-old boy with a 4-year 
history of progressive darkening of the skin and 
streaked pigmentation of the nails (inset); (b) marked 
reduction in pigmentation 9 months after initiation of 
vitamin B,, therapy. Reproduced from Diamantino 

et al. 2012 [4] with permission of John Wiley & Sons. 
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Presentation 

Hyperpigmentation is reported to be a common cutaneous manifes- 
tation of POEMS syndrome, affecting the extremities, torso, areolae, 
head and neck. Hyperpigmentation may also be generalised [1]. 


Hypermelanosis of di 


Drug-induced hyperpigmentation 


Definition 
Localised or generalised hyperpigmentation can be caused by a 
wide range of medications and chemicals. 


Introduction and general description 

Skin pigmentation may be induced by a wide variety of drugs [1,2,3]. 
Several mechanisms are involved in drug-induced changes of pig- 
mentation of the skin. These include increased melanin synthesis, 
increased lipofuscin synthesis, deposition of drug-related mate- 
rial and postinflammatory hyperpigmentation. For example, the 
phenothiazines, particularly chlorpromazine, react with melanin 
to form drug—pigment complexes. In contrast to melanin, the 
chlorpromazine—melanin complexes are not metabolised by the 
body. Many drugs induce hypermelanosis as a non-specific postin- 
flammatory change in predisposed subjects. The pigmentation 


Figure 86.23 (a, b) Amiodarone pigmentation after 
5 years of therapy: note slaty-blue dyspigmentation 
of the forehead, nose, cheeks and earlobe. 


following fixed drug eruptions is of this type. Other drugs induce 
pigmentation more directly; in the case of arsenic, it is believed 
that it combines avidly with sulphydryl groups in the epidermal 
cells and promotes the action of tyrosinase. A postinflammatory 
hyperpigmentation of the skin is seen following the resolution of 
drug-induced lichenoid reactions. Oestrogens stimulate melanin 
production, and drug-induced hyperpigmentation may be seen 
with the combined oral contraceptive. Hyperpigmentation in AIDS 
patients may occur as a complication of drug therapy, most notably 
with zidovudine, which causes pigmentation of the nails, skin and 
oral mucosa. 


Amiodarone 

Amiodarone is used in the treatment of ventricular and supraven- 
tricular tachycardia. Amiodarone has been reported to cause 
photosensitive and phototoxic reactions in more than 50% of 
patients [1-3]. Fewer than 5% of patients develop drug-induced 
discoloration of the skin, characterised by a slate-gray or purple 
discoloration of mainly the sun-exposed skin, especially the face, 
with prominent involvement of the nose and sometimes the ears 
(Figure 86.23) [4-6]. Non-exposed skin may also be affected. The 
discoloration is caused by UV accumulation of amiodarone and 
lipofuscin in dermal macrophages. Skin type I patients are more 
prone to the development of this discoloration. The hyperpig- 
mentation is related to the daily dosage (high risk with dosages 
>800 mg/day) and duration of treatment. 
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Figure 86.24 (a—c) Chloroquine pigmentation: patient received chloroquine for 9 years 
for rheumatoid arthritis and had developed increasing pigmentation of the periorbital 
skin and extremities for 4-5 years. 


Antimalarial drugs 

Chloroquine has been shown to have an affinity for dermal 
melanin [1]. A yellowish pigmentation of the skin is common 
with mepacrine [2]. Pigmentation appears to result from complexes 
of melanin, haemosiderin and mepacrine, in combination with 
sulphur [3]. Quinine and quinidine may also produce a generalised 
pigmentation [2,4]. 

Bluish-grey pigmentation appears mainly on sun-exposed areas, 
including the face, neck and anterior side of the legs and fore- 
arms (Figure 86.24). The nail beds may be affected diffusely or 
in transverse bands and the hard palate may be bluish-grey. The 
oral mucosa, especially the hard palate, may also be affected. 
Bleaching of the colour of the hair occurs and when associated 
with pigmentation of the skin should suggest the diagnosis [5]. The 
pigmentation manifests initially as isolated oval macules, which 
then progressively spread and merge into large patches or diffuse 
pigmentation [2-5]. 


Clofazimine 

This synthetic riminophenazine dye used in the treatment of leprosy 
produces an initial redness of the skin due to an accumulation of the 
drug. Later, with prolonged treatment, a violaceous brown colour 
develops that is most noticeable in lesional skin [1]. Reddish-blue 
pigmentation has been reported within scarred areas of lupus 
erythematosus in one patient [2]. Histochemical studies indicate a 


ceroid-lipofuscin pigment as well as clofazimine inside macrophage 
phagolysosomes [2,3]. 


Cytotoxic drugs 
Hyperpigmentation is a common side effect of antitumour agents 
used in cancer treatment. The skin discoloration may develop in 
a wide variable interval of time, ranging from 1 week to several 
months after initiation of the treatment. The hyperpigmentation can 
be either localised or diffuse, and may affect all parts of the tegu- 
ment, including the mucous membranes, hair and nails [1]. 
Long-term administration of busulfan (busulphan) produces a 
diffuse brown pigmentation, particularly in non-white people with 
a dark complexion. Less commonly, Addison disease is simulated 
[2,3]. Light and electron microscopy studies suggest that busulfan 
has both a stimulatory and a toxic effect on melanocytes [4]. Both 
busulfan and doxorubicin cause mucous membrane pigmentation. 
Other cytostatic drugs that may produce hyperpigmentation of skin 
include cyclophosphamide, bleomycin, fluorouracil, hydroxyurea, 
daunorubicin, methotrexate, mithramycin, mitomycin, thiotepa 
and adriamycin [5,6]. Pigmentation of the nails can be caused by 
many cytotoxic agents, including cisplatin, doxorubicin, idarubicin, 
fluorouracil, bleomycin, docetaxel, dacarbazine and hydroxyurea. 
Topical cytostatic drugs that produce localised hyperpigmentation 
include carmustine, mechlorethamine and fluorouracil. Hair pig- 
mentation may be induced by methotrexate and pigmentation of 
the teeth may be seen with cyclophosphamide. 


Hydantoin 
Phenytoin (diphenylhydantoin) is the prototype of the hydantoin 
derivatives. It has been suggested that hydantoin exerts a direct 
action on the melanocytes inducing dispersion of melanin granules 
in the cutis, in addition to increased pigmentation of the basal 
epidermis. A patient on this drug developed pigmentation of 
addisonian type and other evidence of hypoadrenalism [1]. 
Anticonvulsants such as hydantoin, phenytoin and barbiturates 
may induce skin pigmentation with a pattern of melasma for hydan- 
toins or a diffuse brown, post-exanthematous discoloration for bar- 
biturates [1,2]. 


Psychotropic drugs (e.g. trifluoperazine, imipramine) 
The mechanism is uncertain, but probably involves drug—melanin 
complexes. There is extensive deposition of melanin-like material 
throughout the reticuloendothelial system and in parenchymal 
cells of internal organs. The pigment found in the cells of the 
dermis stains as for melanin [1,2]. Electron microscopy studies 
[3] show increased melanin in the epidermis and perivascular 
macrophages in the dermis that contain electron-dense particles. 
Radioactively labelled chlorpromazine is found to localise in tis- 
sues containing melanin [4]. It is believed that this drug or some 
metabolite is bound to melanin in the tissues [5]. The level of 
immunoreactive B-MSH in the plasma of these patients is within 
the normal range [6]. A blue-grey pigmentation of the sun-exposed 
areas of the skin has also been reported with trifluoperazine and 
imipramine [7,8]. 

Blue-grey pigmentation of the sun-exposed areas of the skin is 
seen in a small percentage of patients receiving high doses of chlor- 
promazine for long periods (Figure 86.25) [1,2]. The pigmentation 


i 


Figure 86.25 Chlorpromazine pigmentation: patchy bands of muddy pigmentation 
extending across the nose to the paranasal and preauricular skin in an elderly male 
receiving long-term therapy. 


is cumulative and some develop a purplish tint. Related pheno- 
thiazines may cause a similar effect, but chlorpromazine is usually 
implicated [9]. Some of those affected also develop cataracts, corneal 
opacities and pigmentation of the conjunctivae [10]. The nail beds 
are also affected in severe cases [2]. 


Tetracyclines 

The pathomechanism of the discoloration is still uncertain. An iso- 
morphic response with hyperproduction of melanin, particularly in 
inflammatory or sun-exposed zones, by a direct effect of the drug on 
melanocytes may be involved. Minocycline-induced hyperpigmen- 
tation types I and II are believed to be caused by minocycline-iron 
chelation products. Type III is believed to be caused by either 
minocycline-induced melanisation or a minocycline-melanin 
complex, and type IV is due to either a calcitum-—minocycline or 
melanin—minocycline complex [1,2]. 

Tetracycline-induced skin discoloration although uncommon has 
been mainly reported with minocycline, and only rarely with doxy- 
cycline or first-generation molecules [1,2]. Minocycline-induced 
hyperpigmentation can affect various anatomical locations, includ- 
ing the skin, nails, oral cavity, sclera and conjunctiva, skeleton and 
cartilage, as well as viscera and body fluids. The risk of pigmenta- 
tion is higher with longer duration of treatment or high cumulative 
dose (Figure 86.26), although cutaneous or oral pigmentation can 
occur regardless of dose or duration of therapy [3]. 

Four unique patterns of cutaneous minocycline-induced discol- 
oration have been described [4-6]. They share a similar morphology, 
with well-circumscribed blue-grey macules located respectively in 
areas of acne scars (type 1), at sites of previous inflammation dis- 
tant from sites of inflammation or infection and mostly affecting 
sun-exposed areas including the shins, ankles and arms (type 
Il), or on the vermilion of the lower lip (type IV). Type III is 
known as the ‘muddy skin syndrome’ and is characterised by 
diffuse symmetrical brown-grey discoloration with a tendency to 
photoaggravation. 

Electron microscopy reveals electron-dense material in dermal 
macrophages and X-ray microanalysis confirms the presence of iron 
[7]. Partial resolution of the pigmentation occurs after the drug is 
stopped [8]. Similar blue-black pigmentation of the legs has resulted 
from treatment with the 4-quinolone antibiotic pefloxacin [9] and 
the tetracycline antibiotic methacycline [10]. 


Figure 86.26 Minocycline pigmentation: marked dyspigmentation of the lower legs 
resulting from minocycline therapy commenced 2 years earlier as adjunctive therapy for 
control of bullous pemphigoid. 


Epidemiology 

Incidence and prevalence 

Drug-induced hyperpigmentation accounts for 10-20% of all cases 
of acquired hyperpigmentation. 


Antimalarial drugs. About 25% of patients receiving one of the 
four most commonly used antimalarials (chloroquine, hydroxy- 
chloroquine, mepacrine (quinacrine) and mefloquine) for at least 4 
months will develop a discoloration of the skin. 


Hydantoin. Some 10% of patients receiving hydantoin preparations 
develop pigmentation of the face and neck, resembling chloasma, 
which fades in a few months when the drug is stopped. 


Tetracyclines. Minocycline-induced hyperpigmentation may affect 
up to 15% of patients receiving minocycline, particularly in 
long-duration treatments, with the bones of the oral cavity the 
most frequently affected sites of pigmentation. Overall incidence is 
estimated between 3% and 5%. 


Clinical features 
Differential diagnosis 
See Box 86.3a. 


Disease course and prognosis 

Discoloration is mostly reversible after discontinuation of the 
causative drug. In a small number of patients, the hyperpigmenta- 
tion persists even after long-term discontinuation. 


Amiodarone. In most cases, the pigmentation is slowly reversible 
and fades over months to years after discontinuation of the drug. 


Y 
— 
U 
re 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


Acquired hypermelanosis 86.27 


86.28 


Chapter 86: Acquired Pigmentary Disorders 


2 
— 
U 
Lu 
3 
7A) 
o 
- 
< 
-¥ 


CUTANEOUS STRUCTURES 


Dose reduction or withdrawal of amiodarone can lead to complete 
disappearance of the pigmentation. 


Antimalarial drugs. Discoloration slowly fades after discontin- 
uation of treatment, but may take several months to disappear, 
and rarely resolves completely. With continued therapy, the areas 
darken, particularly oval patches on the shins, which increase in 
size. A blue-black colour may develop. Also, these patches are more 
pigmented in light-exposed areas. 


Cytotoxic drugs. After discontinuation of the causative agent, the 
pigmentation usually fades, at least partially, but may persist for 
a long time after discontinuation of the treatment (e.g. bleomycin). 
Rarely, hyperpigmentation can be irreversible. 


Tetracyclines. Complete resolution of minocycline-induced hyper- 
pigmentation can be expected in types I and IIL, but can take several 
months to years after discontinuation of treatment. Types III and IV 
seem not to disappear over time. 


Treatment ladder for drug-induced 
hyperpigmentation 


First line 
e Discontinuation of the causative drug (if possible) 
e Sun avoidance/sun protection 


Second line 
e Laser therapy (e.g. Q-switched laser in minocycline-induced 
hyperpigmentation [1]) 


Fixed drug eruption 


Definition 

Fixed drug eruption is one of the most common forms of drug- 
induced exanthems. The acute eruption characteristically settles 
leaving residual hyperpigmentation, especially in those with darker 
skin types [1,2]. The topic is discussed in detail in Chapter 117. 


Pathophysiology 

Immunohistological findings suggest that the characteristic 
same-site recurrence may be induced by prolonged intercellular 
adhesion molecule 1 (ICAM-1) expression in the lesional ker- 
atinocytes correlated with the degree of residing epidermal 
T-suppressor cytotoxic cells. It is suggested that the eruption 
may be mediated by a type IV hypersensitivity, although the results 
of skin tests have been inconsistent and influenced by a range of 
factors including the causative drug [3]. 


Predisposing factors 
Fixed eruptions are particularly frequent in black people. 


Pathology 
The slate-brown colour in fixed drug eruption is due to pigmentary 
incontinence with melanophages in the upper dermis [4]. 


Environmental factors 

A great variety of causative drugs are known to be related with 
fixed drug eruptions. Most frequently reported drugs include tetra- 
cyclines, non-steroidal anti-inflammatory drugs, sulfonamides and 
sedatives. 


Clinical features 

Presentation 

Well-circumscribed areas of slate-brown pigmentation commonly 
follow the erythematous and bullous stages of fixed eruptions 
(Chapter 117) but almost universal brown pigmentation has fol- 
lowed the long-continued ingestion of phenolphthalein [5]. More or 
less symmetrical, discrete patches are usually seen but the melanosis 
may be diffuse or melasma-like, and the mucous membranes may 
be involved [6,7]. The genitalia and perianal area are often affected, 
although the eruption can appear anywhere on the skin surface. The 
characteristic course is recurrence of lesions at the same sites with 
development of new areas of involvement with repeated exposure 
to the causative agent. 


Clinical variants 
Rarely, fixed eruptions may be triggered by foods or UV light [8]. 


Differential diagnosis 
See Box 86.3b. 


Disease course and prognosis 

The lesions may increase in size and/or number with continuation 
of the causative drug, leaving ever deeper residual pigmentation 
(Figure 86.27). 


Pigmentation resulting from acute photodynamic and 
phototoxic reactions 


Definition and nomenclature 

Drugs and other chemicals with photodynamic and phototoxic 

activity have the potential to induce skin hyperpigmentation (see 

Photocontact facial melanosis earlier). If the photodynamic agent is 

applied directly to the skin, the intensity of the pigmentary response 

is greatly enhanced as in the two conditions described here: 

1 Phytophotodermatitis: an inflammatory and pigmentary reac- 
tion of the skin to light, potentiated by furocoumarins in plants 
(Figure 86.28) [1-5]. 

2 Berloque dermatitis: skin pigmentation due to phototoxic reac- 
tion to perfumes applied to the skin (Figure 86.29) [6-9]. 


Synonyms and inclusions 

e Phytophotodermatitis: meadow dermatitis, strimmer dermatitis, weed-wacker 
dermatitis 

¢ Berloque dermatitis: phototoxic reaction to fragrance 


Epidemiology 

Incidence and prevalence 

Not exactly established, although relatively common in the summer 
months. 


Figure 86.27 (a, b) Pigmented fixed drug eruption: 
extensive eruption following repeated courses of 
tetracycline. (a) 
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Figure 86.28 Phytophotodermatitis. Linear, streaky pigmentation following an acute 
blistering reaction caused by giant hogweed and sunlight. 


Age 
Any age. 


Sex 
Males and females are equally affected. 


Ethnicity 
No racial predominance. 


Susceptibility 
Phytophotodermatitis. There is some individual variation in sus- 
ceptibility but with adequate exposure most will react [1,2]. 


Berloque dermatitis. There is wide variation in susceptibility, 
with the reaction occurring in only a small proportion of those 
exposed [6]. This variation depends on the readiness with which 


Figure 86.29 Berloque dermatitis. 


the bergapten is absorbed, the quantity applied, and the intensity 
and duration of exposure to UV light. Susceptibility is increased by 
stripping the horny layer. Hot humid conditions favour absorption. 
The pigmentation occurs in susceptible subjects who have been 
exposed to light after the application of perfume [7,8]. 


Pathophysiology 
Phytophotodermatitis. All the plants reliably recorded as inducing 
this reaction in humans have been shown to contain furocoumarins: 
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they include cow parsley (Anthriscus sylvestris) and giant hogweed 
(Heracleum sphondylium) [1,2]. The reaction occurs in those exposed 
to sunlight after skin contact with these plants, especially if they 
have been crushed. 


Berloque dermatitis. Berloque dermatitis results from the poten- 
tiation of UV-stimulated melanogenesis by 5-methoxypsoralen 
(bergapten) in perfumes containing bergamot oil. 


Clinical features 

Presentation 

Hypermelanosis may sometimes be heavy and persistent follow- 
ing photodynamic and phototoxic reactions. Phytophotodermatitis 
[1-5] and Berloque dermatitis [6-9] are two distinctive clinical syn- 
dromes. If the inflammatory phase is severe, bullae are formed [4,5]. 
Milder cases show pigmentary changes without inflammation. 


Phytophotodermatitis. Initially, intensely pruritic papulovesicular 
lesions with irregular shapes and criss-crossing linear streaks may 
be present. Multiple irregular large bullae may form (Figure 86.30). 
Typically, the lesions rapidly evolve into darkly pigmented macules 
(Figure 86.28). 

Common clinical patterns for phytophotodermatitis include a 
bizarre network of pigmented streaks on the legs or arms (meadow 
dermatitis), and much finer spots and small streaks on the fore- 
arms and legs from contact with plant material during strimming 
(strimmer dermatitis). Squeezing limes outside when preparing 
cold drinks can cause blistering of the hands if carried out on 
sunny days. Handling celery either at harvest or when it is sold 
can cause phytophotodermatitis of the fingertips if it takes place in 
direct sunlight [4]. Handling giant hogweed in sunny weather is a 
particular hazard (Figure 86.30). 


Berloque dermatitis. The distribution of the lesions is therefore 
variable but their configuration is usually distinctive. Deep-brown 
pigmentation follows the pattern formed by the trickle of the 
droplets of perfume over the skin from their points of application 
(Figure 86.29). The pigmentation fades after weeks or months. The 


Figure 86.30 Phytophotodermatitis: acute irregular blisters across the palms after 
grasping giant hogweed. 


condition is now much less frequent, although it is a continuing 
cosmetic problem [9]. 


Differential diagnosis (Box 86.3b) 
e Allergic photocontact dermatitis. 
e Drug-induced phototoxicity — photosensitivity. 


Disease course and prognosis 
Favourable prognosis if the causing agent is avoided. 


Investigations 
Serial dilutions of psoralens may, in exceptional cases, be needed to 
distinguish photoallergy from phototoxicity [3]. 


Treatment ladder for pigmentation resulting 
from acute photodynamic and phototoxic 
reactions 


First line 

e Prevention: avoidance of photodynamic or phototoxic drugs, 
plants and perfumes 

¢ Oral antihistamines 

e Parenterally administered epinephrine in case of anaphylactic 
reactions 


Postinflammatory hypermelanosis 


Definition 
Postinflammatory hypermelanosis is residual macular pigmenta- 
tion resulting from prior skin inflammation. 


Epidemiology 
Incidence and prevalence 
Common. 


Age 
Can develop at any age. 


Sex 
Males and females are equally affected. 


Ethnicity 
More common in deeply pigmented skin. 


Pathophysiology 

Predisposing factors 

The intensity and persistence of the hypermelanosis are greater in 
dark-skinned subjects. 


Pathology 

Hypermelanosis commonly follows acute or chronic inflammatory 
processes in the skin. Disorders where there is disruption of the 
basal layer of the epidermis, such as in lichen planus or lupus 
erythematosus, frequently develop areas of slate-brown hyper- 
melanosis. Similarly, in fixed drug eruptions, hyperpigmentation 


Figure 86.31 Post-inflammatory hypermelanosis on the back following 
propranolol-provoked lichenoid drug reaction. 


occurs due to damage of cells in the basal layer. There is pigmen- 
tary incontinence with melanophages in the upper dermis [1]. 
In the late phase of chronic graft-versus-host reaction, there is a 
poikilodermatous appearance with hyperpigmentation [2,3]. 

Hypermelanosis of the epidermis may also occur because of cuta- 
neous inflammation, but more frequently there is reduced epider- 
mal melanin pigmentation. This can be explained by an increased 
mitotic rate of keratinocytes, diminished transfer of melanosomes 
from the melanocyte to keratinocyte and a reduced transit time of 
the latter from the basal layer to the skin surface. Very frequently 
in inflammatory skin disease, hypermelanosis and hypomelanosis 
occur together, often with a slaty-blue colour due to the presence of 
melanophages in the upper dermis. There may be an associated loss 
of functional melanocytes in the skin [4]. 

The cause of the pigmentation is usually obvious, although the 
preceding lesions have sometimes not been noticed by the patient 
or have been transitory or clinically imperceptible. 


Clinical features 

Presentation 

The pattern and distribution of the pigmentation will sometimes 
allow a retrospective diagnosis, as in lichen planus, herpes zoster, 
dermatitis herpetiformis and papular urticaria. Pigmentation is 
often conspicuous after lichenoid drug eruptions (Figure 86.31). 
The circumscribed nature and the location at the base of the scapula 
are characteristic of the pigmentation which typically accompa- 
nies notalgia paraesthetica, a sensory neuropathy of dorsal spinal 
nerves which presents as intense localised pruritus or paraesthesiae 
(Chapter 83): the pigmentation may be due to chronic rubbing and 
scratching (Figure 86.32) [5]. Reticulate pigmentation correspond- 
ing to the underlying vascular network is seen in erythema ab igne 
(Chapter 125), a more recently described cause of which is heat from 
laptop computers rather than open fires or hot water bottles [6]. 


Figure 86.32 Notalgia paraesthetica: note the circumscribed area of hypermelanosis 
near the base of the left scapula. 


Infective causes include late secondary syphilis, in which diffuse 
hypermelanosis of the sides and back of the neck and the shoul- 
ders may develop (leukoderma colli syphiliticum) (Chapter 29) 
[7] and late pinta in which slaty-blue dyspigmentation may be 
seen (Chapter 26). Postinflammatory hyperpigmentation may also 
occur following trauma to the skin, including procedures such as 
dermabrasion, particularly in darker skin types. 


Differential diagnosis 
Acquired diffuse hyperpigmentation: see Box 86.3a. 


Classification of severity 

The degree of inflammation appears to be of less significance in 
determining the pigmentary response than the nature of the der- 
matosis, for it may be frequent and severe after some conditions 
and slight after others. 


Disease course and prognosis 
The skin lightens slowly over time spontaneously or with therapy. 
This is usually 6-12 months but may take several years. 


Treatment ladder for postinflammatory 
hypermelanosis 


First line 

e Prevention of the inflammation, regardless of aetiology 
e Treatment of underlying cause 

e Sun protection 


Second line 

e A variety of topical treatments may be effective, including 
hydroquinone 2-4%, retinoids, azelaic acid and a-hydroxy 
acid, preferably in combination therapy 


Third line 

e Laser therapy (Q-switched ruby, alexandrite, Nd:YAG) but 
results are limited. Complete clearance of pigment is rare, 
and recurrence within 6-12 months is reported [8] 
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Ashy dermatosis and erythem 
dyschromicum perstans 


Definition and nomenclature 

A spectrum of cutaneous pigmentary disorders of uncertain aeti- 
ology characterised by the development of persistent grey-blue 
hypermelanotic cutaneous macules [1,2-5] for which no specific 
cause can be identified. It has been proposed that ashy dermatosis 
be used for all such cases but that erythema chronicum perstans be 
limited to those cases in which an inflammatory phase with redness 
has been observed [1]. 


Synonyms and inclusions 

e Ashy dermatosis of Ramirez 

e Dermatosis cenicienta 

e Erythema dyschromicum perstans 

e Erythema chronicum figuratum melanodermicum 
e Idiopathic eruptive macular pigmentation 


Epidemiology 
Incidence and prevalence 
Dependent on the geographic region. 


Age 
From childhood to old age, most frequently in young adults. 


Sex 
It occurs in both sexes, but females more than males. 


Ethnicity 
Mainly observed in intermediate skin types. Most published cases 
have been from Central and South America or East Asia [4,5]. 


Pathophysiology 

The underlying cause of ashy dermatosis is unknown and is likely 
to be heterogeneous. Those cases in which redness is present 
share many features with lichen planus including lichenoid 
inflammation histopathologically with basement membrane 
zone damage and infiltration of T lymphocytes [6,7]. Exocy- 
tosis of cutaneous lymphocyte antigen (CLA)+ cells has been 
observed in areas of basement membrane zone damage, suggest- 
ing that response to antigenic stimulation may play a role in its 
development [7]. 


Pathology 

The active border in cases of erythema chronicum perstans shows 
vacuolar degeneration of the basal cells. The epidermis contains 
much pigment and there is pigmentary incontinence; the dermal 
vessels are sleeved with an infiltrate of lymphocytes and histio- 
cytes, and there are many melanophages [6]. Ultrastructural studies 
show vacuoles within the cytoplasm of basal and suprabasal 
keratinocytes that contain many melanosome complexes. 


Genetics 
In a Mexican population, HLA-DR4 has been associated with ery- 
thema dyschromicum perstans [8]. 


Clinical features 

History 

This clinical syndrome of unknown origin was first reported by 
Ramirez of El Salvador in 1957 under the term ‘los cenicientos’ 
(the ashy ones) due to the ashy discoloration of the skin. A further 
case series was reported by Convit, Kerdel-Vegas and Rodriguez 
from Venezuela in 1961 who commented on the presence of raised 
red borders in the early stages and proposed the term ‘erythema 
dyschromicum perstans’ [3]. Initial inflammation is not, however, 
always apparent either clinically or histologically [1]. 


Presentation 

Clinically, ashy dermatosis is characterised by numerous macules 
of varying shades of grey (Figure 86.33); there may initially be signs 
of inflammation with a red, slightly raised and palpably infiltrated 
margin (erythema dyschromicum perstans). In a recent review of 
68 patients from Korea, less than a fifth were observed to have 
peripheral red borders to their lesions [5]. In this study, the trunk 
was affected in two-thirds and the face, neck and upper limbs 
each in just over one-third of patients; one-quarter had lower limb 
involvement. The macules vary in size and tend to coalesce over 
extensive areas of the trunk, limbs and face. Against the general 
greyish background are macules of hypomelanosis or hyperme- 
lanosis. The condition is persistent and slowly extends. The lesions 
are mostly asymptomatic, although some patients may experience 
mild pruritus. Mucous membranes are spared. 


Differential diagnosis (Box 86.3b) 

e Lichen planus pigmentosus. 

e Postinflammatory hypermelanosis secondary to identifiable 
cause. 

e Late pinta, which should be excluded in endemic areas. 


Disease course and prognosis 

The initial erythematous phase tends to settle after several months 
[1]. The pigmentation is persistent with a tendency to extend grad- 
ually over years. 


Treatment ladder for ashy dermatosis and 
erythema dyschromicum perstans 


e There is no consistently effective treatment 


First line 

¢ Cosmetic: camouflage creams and make-up 

¢ Clofazimine 100 mg/day for 3 months in inflammatory cases 
(response rate of 66-87%) 


Second line 

e Dapsone 100 mg/day for 3 months 
¢ Oral corticosteroid therapy 

e UV therapy 


(a) (b) 


(c) 


Figure 86.33 Ashy dermatosis: views of two females aged 31 years (a, b) and 15 years (c) with multiple muddy grey non-inflamed macules on the skin. Reproduced from Cheng et al. 


2015 [5] with permission of John Wiley & Sons. 


Treatment of hypermelanosis 


Hypermelanosis, particularly affecting areas on the face, can be 
the cause of marked cosmetic disability and give rise to much 
mental distress. Treatment depends essentially on establishing 
the cause and if possible reversing the conditions that have given 
rise to the hypermelanosis. Because in many cases exposure to 
sunlight intensifies the pigmentation and lesions can be aggra- 
vated by UVA and UVB, a photoprotective preparation should 
be prescribed and applied during sunny weather. Cosmetic cam- 
ouflage may also be indicated. In the majority of cases, topical 
therapy has no place, although some who are perturbed about their 
cosmetic disability will demand treatment with a skin-bleaching 
preparation. 

A number of compounds have been used in skin-bleaching 
preparations. The most well-studied hypopigmenting agent used 
to treat melasma and other hypermelanotic conditions is hydro- 
quinone. Topical hydroquinone is mostly used in a concentration 
of 4%, included in cold cream or a hydroalcoholic base. Acute 
side effects associated with hydroquinone include infrequent aller- 
gic reactions, postinflammatory hyperpigmentation and transient 
hypopigmentation [1]. It can be applied alone or in the widely 
used triple combination cream consisting of hydroquinone 4%, 
a retinoid and a corticosteroid. Topical hydroquinone and this 
triple combination cream are highly effective and safe and can 
be considered as first line agents in the treatment of melasma. 
Because of concern about steroid-induced facial atrophy, telang- 
iectasia and rosacea-like acneiform eruptions, the use of triple 
combination cream has been limited to no more than twice daily for 
6 months, disqualifying it as a maintenance therapy for melasma 
[1,2]. Topical hydroquinone and tretinoin are also effective in the 
treatment of postinflammatory hyperpigmentation but require 
prolonged treatment [3]. The monobenzylether of hydroquinone 
has been used only to bleach away the remaining pigmented areas 


in patients with extensive vitiligo [4]. Several other substituted 
phenols, such as 4-isopropylcatechol, can produce cutaneous depig- 
mentation; however, this compound and others are irritant and may 
sensitise [5]. 

In cases of pigmentary disorders such as melasma that are refrac- 
tory to topical medication, combination with procedures such as 
peels or laser can be considered. 

Chemical peels with glycolic acid or salicylic acid can be a use- 
ful adjunct to those topical treatments, although the therapeutic 
response is often unsatisfactory and a universally effective chemical 
peeling has not yet been discovered [1]. Due to the adverse effects 
associated with these chemical peels, such as burning, bleeding 
and an increased risk of hyperpigmentation, they are considered 
second line agents in the treatment of melasma and should be lim- 
ited to cases refractory to topical treatment and used cautiously in 
dark-skinned patients who are at a higher risk of postinflammatory 
hyperpigmentation [6]. 

In cases where an underlying vascular component is present in 
melasma, topical, intradermal or systemic tranexamic acid or vas- 
cular light/laser treatments can be considered [7]. 

Laser or light therapy for the treatment of melasma has become 
increasingly popular. As with chemical peels, they carry an 
increased risk of side effects due to direct damage to the skin. 
Despite the risks, some promising results are seen in randomised 
trials using laser or light therapy [3,8]. Serial treatments with 
intense pulsed light (IPL) therapy have been shown to be effective 
in the treatment of melasma and may be indicated in selected cases. 
Treatment of melasma with a Q-switched (QS) Nd:YAG laser has 
produced variable results and a high rate of relapse following treat- 
ment. The relatively limited experience and the common adverse 
effects of laser therapy call for more research to assess the safety and 
efficacy of this treatment. Lasers are considered third line agents for 
the treatment of melasma and should be used cautiously, especially 
in dark-skinned patients [2,6]. 
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ACQUIRED HYPOMELANOS 


Vitiligo — FF 


Definition 
Vitiligo is a common form of localised depigmentation. It is 
an acquired condition resulting from the progressive loss of 
melanocytes. It is characterised by milky-white sharply demarcated 
macules [1]. 

Vitiligo has in general been classified into two major forms: 
segmental vitiligo (typically unilateral maculae in a segmental/ 
band-shaped distribution) and non-segmental vitiligo (bilateral 
maculae, often distributed in an acrofacial pattern or scattered 
symmetrically over the entire body). According to a recent Vitiligo 
Global Issue Consensus Conference, the term ‘vitiligo’ can be 
used as an umbrella term for all non-segmental forms of vitiligo 
(including several variants: acrofacial, mucosal, generalised, uni- 
versal, mixed and rare variants of vitiligo) [2]. Segmental vitiligo 
(uni-, bi-, or plurisegmental) is classified separately. Focal lesions 
(small isolated depigmented lesions that are not segmentally dis- 
tributed and have not evolved into non-segmental vitiligo after 


Nene clanctc Hypopigmentation 


1-2 years) and isolated mucosal lesions on one site are considered 
as undetermined /unclassified vitiligo. 


Epidemiology 
Incidence and prevalence 
It is stated that vitiligo affects 0.5-1% of the world’s population [2]. 


Age 
Vitiligo can begin at any age but in the majority of cases becomes 
apparent between the ages of 20 and 30 years. 


Sex 

The prevalence is most probably the same in both sexes [2], although 
in some series based on outpatient attendances a female preponder- 
ance was noted. 


Ethnicity 
Vitiligo affects all races. 


Associated diseases 
Conditions associated with vitiligo are listed in Box 86.4. 

Among autoimmune diseases, the strongest association is with 
thyroid disease. The association between vitiligo and halo naevi 
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Figure 86.34 Algorithm for the differential diagnosis of hypomelanosis. 


Figure 86.35 Vitiligo. Epidermal sheet of marginal depigmented area showing marked 
reduction in the number of melanocytes. 


is well established: several reports have documented the onset of 
vitiligo at the same time as or shortly after the appearance of a halo 
naevus and, ina recent study, halo naevi were present in 31.1% of all 
vitiligo patients [3]. Areas of depigmentation sometimes develop in 
patients with melanoma [3]: these may be local or distant. Vitiligo 
with uveitis, central nervous system involvement and premature 
greying of the hair occurs in the Vogt-Koyanagi-Harada syndrome 
(see later). 


Box 86.4 Disorders associated with vitiligo 


e Thyroid disease* (hyperthyroidism and hypothyroidism [7]) 
e Pernicious anaemia* 

e Addison disease? [8] 

e Diabetes? [9] 

¢ Hypoparathyroidism* 

e Myasthenia gravis* 

e Alopecia areata 

¢ Morphoea and lichen sclerosus 

¢ Halo naevus* 

¢ Malignant melanoma? [10] 


4 Autoantibodies demonstrable. 


Pathophysiology 

Pathology 

Histochemical studies [4] show a lack of dopa-positive melanocytes 
in the basal layer of the epidermis (Figure 86.35). Immunohisto- 
chemical studies with a large panel of antibodies show only an 
occasional melanocyte in lesional skin [5]. Electron microscopy 
studies [6,7] confirm the loss of melanocytes. In the epidermis of 
areas around the margins of vitiligo, abnormalities of keratinocytes 
[8,9] as well as degenerating melanocytes are reported. In inflam- 
matory vitiligo, where there is a raised erythematous border, there 
is an infiltrate of lymphocytes and histiocytes. This infiltrate is also 
found in the marginal areas of some biopsies, mainly in an active 
stage of the disease [7]. 


Causative organisms 

Various theories have been suggested for the aetiology of vitiligo; 

the same mechanism may not apply to all cases. Moreover, the loss 

of melanocytes in vitiligo may also be the result of different patho- 
genetic mechanisms working together (‘convergence’ or ‘integrated’ 

theory) [8,9]. 

¢ The autoimmune/autoinflammatory theory is currently the lead- 
ing hypothesis and is supported by strong evidence. It is based on 
the clinical association of vitiligo with a number of disorders also 
considered to be autoimmune or autoinflammatory (Box 86.4). 
The association with vitiligo has demonstrated a shared under- 
lying genetic susceptibility to other autoimmune diseases [10]. 

¢ A combination of deregulated innate and adaptive immune 
responses has been proposed in vitiligo. Interestingly, several 
components of the innate immune system have been found to be 
associated with vitiligo (e.g. NLRP-1, XBP-1). Furthermore, an 
important role of heat shock protein 70 (hsp70) and LL37 (which 
is released after cell injury) has been suggested [11,12,13]. 

¢ It has also been proposed that increased oxidative stress may trig- 
ger the process of ‘haptenation’ by increasing the levels of surro- 
gate substrates of tyrosinase resulting in the formation of highly 
immunogenic neoantigens in vitiligo [14]. 

e Antibodies to normal human melanocytes have been detected 
using a specific immunoprecipitation assay [15,16], and may 
have a cytolytic effect on melanocytes [17]. The presence of these 
melanocyte antibodies has been linked to disease activity [18]. 
It is currently unclear if these antibodies play an initiating role 
in the development of vitiligo or are a secondary result of the 
disease [19]. 

e Accumulating evidence supports a major aetiological role for 
melanocyte-specific cytotoxic T cells in coordinating the targeted 
autoimmune tissue destruction of melanocytes in progressive 
vitiligo [20,21]. Both helper and cytotoxic T cells from progressing 
margins generate predominantly type 1 cytokines. This theory 
is supported by the fact that various effective treatment options 
in vitiligo have an immunosuppressive effect on the activa- 
tion and maturation of T cells (e.g. local steroids and topical 
immunomodulators). 

Many other hypotheses have been put forward. The self- 
destruction theory of Lerner suggested that melanocytes destroyed 
themselves due to a defect in a natural protective mechanism 
that removed toxic melanin precursors [22]. This hypothesis was 
based on the clinical features of vitiligo and on experimental stud- 
ies of cutaneous depigmentation by chemical compounds that 
have a selective lethal effect on functional melanocytes [23]: these 
compounds can produce a leukoderma indistinguishable from 
idiopathic vitiligo. Other proposed mechanisms for vitiligo include 
defective keratinocyte metabolism with low catalase levels in the 
epidermis [24], defective tetrahydrobiopterin and catecholamine 
biosynthesis [25], and loss of melanocytes through inhibition of 
their adhesion to fibronectin by extracellular matrix molecules 
[26]. In vivo, repeated frictional trauma to perilesional skin in 
non-segmental vitiligo has been shown to induce detachment and 
death of melanocytes (‘melanocytorrhagy’) [27]. Additionally, a 
neurogenic mechanism has been suggested whereby it has been 
hypothesised that a compound released at peripheral nerve endings 
in the skin could have a toxic effect on melanocytes. Findings from 
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Figure 86.36 Isomorphic or Koebner phenomenon at site of a scratch in a patient with 
vitiligo. 


a small number of studies on neuropeptide and neuronal markers 
in vitiligo suggest that neuropeptide Y may play a role [28]. So far 
there is, however, little support for this hypothesis. 


Genetics 

A genetic factor is undoubtedly involved in vitiligo. Inheritance 
has been suggested to be polygenic. Approximately 30% of patients 
have a positive family history [22] and vitiligo has been reported in 
monozygotic twins [29]. 

Genome-wide association studies have identified several suscep- 
tibility loci for generalised vitiligo, each responsible for a small part 
of the genetic risk. Nearly all of the genes identified at these loci 
encode components of the immune system. The exception is TYR 
[30], which encodes the enzyme tyrosinase, which is not a com- 
ponent of the immune system but catalyses melanin biosynthesis 
within the melanocyte and is a major autoantigen in generalised 
vitiligo. 


Environmental factors 

The Koebner phenomenon is a well-known phenomenon in vitiligo 
(also called isomorphic response) (Figure 86.36). It has been defined 
as the development of lesions at sites of trauma to uninvolved 
skin of patients with cutaneous diseases [11]. To create a univer- 
sally acceptable specific system for the evaluation of Koebner 
phenomenon in vitiligo, the Vitiligo European Task Force (VETF) 
group introduced a new assessment and classification method [11]. 
It has been suggested that the Koebner phenomenon may function 
as a Clinical parameter to assess and predict the clinical profile and 
course of vitiligo [31]. 


Clinical features 

Presentation [22] (Figures 86.37 and 86.38) 

The amelanotic macules in vitiligo are found particularly in areas of 
repeated friction, chronic pressure or trauma, for example the hips, 
dorsa of the hands/fingers, feet, elbows, knees (Figure 86.39) and 
ankles [11]. The lesions are also prone to sunburn; rarely, itching may 
be present without previous sun exposure or sunburn. The distribu- 
tion of the lesions is usually symmetrical, although in the segmental 
subtype it is usually unilateral and band shaped (Figure 86.40). 
Rarely, there is complete vitiligo (universalis), although most often 
a few pigmented areas remain indefinitely (Figure 86.41). The pig- 
ment loss may be partial or complete, or both may occur in the same 
areas (trichrome vitiligo) (Figure 86.42). The macules usually have a 
convex outline, increase irregularly in size and fuse with neighbour- 
ing lesions to form complex patterns. The hairs in the patches can 


Figure 86.37 Typical distribution of vitiligo on the wrist and volar surface of the hand 
seen under Wood's light. 


remain normally pigmented but can also depigment after a certain 
period of time (poliosis/leukotrichia). The margins of the lesions 
may become hyperpigmented. The main symptom is the cosmetic 
disability, although some patients present because of sunburn in 
the amelanotic areas. Additionally, psychological symptoms such 
as anxiety and depression are frequent in patients with vitiligo 
[32]. Vitiligo can also start in children, who are more likely to show 
segmental vitiligo [33]. Active vitiligo can be recognised by the 
presence of hypopigmented borders, confetti-like depigmentations 
(grouped small/pinpoint-sized hypo- and depigmented macules) 
and presence of Koebner phenomenon [34]. 


Clinical variants 

Mixed vitiligo. The coexistence of non-segmental and segmental 
vitiligo in one patient is called mixed vitiligo and is classified as a 
subgroup of vitiligo (NSV) [2]. 


Halo naevi-associated leukoderma. This is a form of hypome- 
lanosis analogous to melanoma-associated leukoderma, where 
discrete areas of depigmentation develop in skin distant from the 
halo naevi (see later), particularly in individuals with large num- 
bers of them [35]. This phenomenon differs from classical vitiligo 
in that the depigmented macules are often more limited and not 
as clearly demarcated from normal skin as in vitiligo and often 
do not progress. The disorder probably results from a temporary 
autoimmune process directly linked to the halo phenomenon [35]. 


Differential diagnosis [36] 
e Halo naevi. 
e Naevus depigmentosus (Figure 86.43). 
¢ Naevus anaemicus. 
¢ Inherited or genetically induced hypomelanosis (usually present 
at birth): 
e Piebaldism. 
e Waardenburg syndrome. 
¢ Tuberous sclerosis. 
e Pigmentary mosaicism (hypomelanosis of Ito). 
e Progressive macular hypomelanosis. 


Figure 86.38 (a, b) Typical distribution of vitiligo on 
dorsum of the hand seen under Wood's light. 


(b) 


Figure 86.39 Vitiligo on the knee of a patient with skin of colour. Note depigmentation 
of hairs within the area of vitiligo. Courtesy of Dr Julio Salas. 


¢ Secondary hypomelanosis: 
¢ Postinflammatory hypomelanosis (e.g. pityriasis alba, lichen 
sclerosus, morphoea). 
¢ Post-traumatic hypomelanosis. 
¢ Postinfectious hypomelanosis (e.g. pityriasis versicolor, 
leprosy). 
¢ Cutaneous lymphoma. 


Classification of severity 
The affected body surface area is often used to score the severity 
of the disease [37,38]. The extent of vitiligo can be measured by 


Figure 86.40 Segmental vitiligo on the trunk seen under Wood's light. Note regressing 
congenital naevus in the centre of the affected area. 


validated instruments such as the Vitiligo Extent Score (VES) and 
Vitiligo Area Severity Index (VASI). 


Complications and comorbidities 
See associated diseases. 


Disease course and prognosis 

Most frequently, vitiligo is gradually progressive, sometimes 
extending rapidly over a period of several months and then remain- 
ing quiescent for many years. Spontaneous repigmentation can 


Y 
— 
U 
uu 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


Figure 86.42 Trichrome vitiligo. 


sometimes be noted in sun-exposed areas and can have a typical 
perifollicular appearance [22]. Segmental vitiligo generally starts 
earlier in life than non-segmental vitiligo and often stabilises within 
the first year of onset [33]. 


Investigations 

The diagnosis of vitiligo is based essentially on clinical examina- 
tion, because the lesions have a typical appearance. However, if 
the lesions are not distributed in the pattern of classical vitiligo, 
confusion with other hypomelanotic disorders can arise. Inspection 
with the aid of a Wood’s light can then be helpful. The presence of a 
family history of vitiligo, the Koebner phenomenon, leukotrichia or 
associated autoimmune disorders such as thyroid disease can help 
to support a clinical diagnosis of vitiligo [36]. 


Figure 86.41 (a, b) Extensive vitiligo in a South Asian 
man: view of the sides of the face showing the 
convex expanding margins of the vitiliginous skin 
‘eating into’ the few residual areas of normal 
pigmentation. Note that pigmentation of the scalp 
and beard hair is unaffected. 


Figure 86.43 Naevus depigmentosus. Courtesy of Dr Julio Salas. 


Management 

Response to treatment of vitiligo varies between individuals but is 
often unsatisfactory, especially for acral lesions. Patients are best 
advised to seek effective cosmetic camouflage (Figure 86.44) and 
to use sunscreen. Furthermore, the risk of koebnerisation resulting 


Figure 86.44 (a, b) Vitiligo: before and after 
camouflage of the hands. (a) 


from everyday activities should be explained to patients. Some 
authors suggest that successful repigmentation is mostly the result 
of combinations of various interventions including light, indicating 
this is an effective, though not necessarily permanent, treatment for 
generalised vitiligo. Providing ways of coping with vitiligo could 
also be of benefit to patients [39]. 


First line 

In some patients, once-daily application of potent topical corti- 
costeroid preparations (e.g. 0.1% betamethasone valerate or 0.05% 
clobetasol propionate) is effective at inducing stabilisation or repig- 
mentation of areas of vitiligo. It is preferable to use an intermittent 
regimen (e.g. 15 days per month for 6 months) to avoid local 
side effects (skin atrophy, telangiectasia, striae, hypertrichosis and 
acneiform eruptions) [40]. Topical calcineurin inhibitors (pime- 
crolimus, tacrolimus) are good alternatives, mainly for lesions on 
the face and neck [40]: twice-daily applications are recommended, 
initially for 6 months. Topical JAK inhibitors (e.g. ruxolitinib) are 
promising alternatives displaying excellent efficacy especially in 
vitiligo on the face [41,42]. 


Second line 

UVB therapy can also be used to induce repigmentation and 
localised targeted phototherapy devices (excimer lamp or lasers 
with a peak at 308nm) are attractive alternatives [39]. There is no 
consensus as to the optimum treatment duration of phototherapy. 
Most often irradiation will be stopped if no repigmentation occurs 
within the first 3 months of treatment, although slow responders 
have been reported [43]. 

Treatment with systemic psoralen photochemotherapy (PUVA) is 
effective but in general narrow-band UVB is preferred because of 
the much higher risk for skin cancer [39]. Guidance on treatment 
regimens is given in Chapter 21 and in the recommendations of the 
Vitiligo Working Group [44]. The use of topical applications of pso- 
ralens is more hazardous and may result in untoward blistering of 


(b) 


the skin. Alternative photosensitisers including khellin have been 
advocated but there are concerns over hepatotoxicity and it has not 
been widely adopted [45]. 


Third line 

Grafting techniques [40,46]. Surgical methods have been proposed 
as a therapeutic option in patients with stable vitiligo (e.g. stable 
segmental vitiligo). Regardless of the technique used, the stability of 
the lesions is the main determining factor for a successful treatment. 
These surgical techniques are based on a common basic principle: 
to transplant autologous melanocytes from a normal pigmented 
area to the affected depigmented skin. Different surgical techniques 
for repigmenting vitiligo have been gradually devised and include 
tissue grafts (full-thickness punch grafts, split-thickness grafts, 
suction blister grafts) and cellular grafts (cultured melanocytes, 
cultured epithelial sheet grafts and non-cultured epidermal cellular 
grafts). Lately, the use of hair follicle outer root sheath cells has been 
introduced [47]. The three tissue grafting methods (full-thickness 
punch grafts, split-thickness grafts, suction blister grafts) seem to 
have comparable success rates in inducing repigmentation. Cellular 
grafting techniques were in general found to be nearly as effective, 
although the percentages of patients in whom repigmentation was 
achieved were slightly lower than with the tissue grafting tech- 
niques [48]. However, cellular grafting can be used to treat larger 
areas and has in general better cosmetic results compared with tissue 
grafts (Figure 86.45) [49]. Furthermore, adverse events seem to be 
less frequent with cellular grafts than with punch or split-skin grafts. 


Systemic treatments. Oral corticoid mini-pulse treatment can be 
used in patients with progressive vitiligo. A dosage of 2.5-5mg 
dexamethasone on two consecutive days in a week is able to arrest 
disease activity in the majority of patients although combination 
with UVB exposure is in most cases necessary to induce satis- 
factory repigmentation. Alternative immunomodulators such as 
methotrexate and even minocycline have also been reported to 
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prevent further disease spreading [50]. More recently, systemic 
JAK inhibitors (e.g. tofacitinib, ruxolitinib) have shown promising 
results. Nonetheless, studies have demonstrated that concomitant 
UV exposure seems needed for sufficient repigmentation [51]. 


Antioxidants. A variety of studies has been published on the use of 
antioxidants in vitiligo although confirmatory results remain scarce. 
There is some evidence for the use of oral antioxidants (e.g. poly- 
podium leucotomos) in combination with NB-UVB [50]. 


Depigmenting treatment. In those patients with extensive vitiligo 
and only a few residual areas of pigmentation, skin bleaching with 
laser therapy (e.g. Q-switched alexandrite 755nm, Q-switched 
ruby 694nm), cryotherapy or creams (e.g. 20% monobenzylether of 
hydroquinone) may be used [52]. 


Treatment ladder for vitiligo 


First line 
¢ Topical corticosteroids, topical calcineurin inhibitors [40] 


Second line 
e Phototherapy 


Third line 

¢ Grafting techniques 

e Systemic treatment (e.g. corticoid mini-pulse) 
e Antioxidants 

¢ Depigmentation 


Resources 


Further information 
Guidelines: references [40] and [48]. 


Figure 86.45 (a,b) Segmental vitiligo (a) before and 
(b) after treatment with non-cultured epidermal cell 
transplantation. 


Patient resources 
Vitiligo Society UK: https://www.vitiligosociety.org.uk (last accessed March 2023). 


Halo naevus — 


Synonyms and inclusions 


e Sutton naevus 
e Leukoderma acquisitum centrifugum 


Introduction and general description 

Leukoderma acquisitum centrifugum designates the development 
of a halo of hypomelanosis around a central cutaneous tumour 
[1-10]. This tumour is usually a benign melanocytic naevus but 
may be a neuroid naevus, blue naevus, neurofibroma, or primary 
or secondary malignant melanoma [1]. 


Epidemiology 

Incidence and prevalence 

The prevalence of halo naevi has been estimated to be approximately 
1% in the white population [9]. 


Age 
Halo naevi can be seen at all ages but are usually seen in young 
people. 


Sex 
Either sex. 


Ethnicity 
Not known. 
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Associated diseases 

Halo naevi occur with increased frequency in patients with vitiligo 
(see earlier) [9]. An immunological and clinical association of halo 
naevus with cutaneous malignant melanoma has been described. 
Antibodies against the cytoplasm of malignant melanoma cells are 
found in the serum of patients with halo naevi [3]. The prevalence 
of halo naevi was found to be 18% in a study of 72 patients with 
Turner syndrome compared with 1% in controls; the authors specu- 
lated that growth hormone therapy might have played a role [10]. 


Pathophysiology 

Pathology 

Most halo naevi are compound naevi, although a junctional or der- 
mal naevoid pattern is also possible. Both congenital and acquired 
naevi can be affected. There is frequently a lymphocytic infiltration 
of the naevus and the constituent cells may show damage. Ultra- 
structural studies show the apposition of mononuclear cells with 
naevus cells that show cytotoxic changes [5]. In the depigmented 
halo, there is an absence of melanocytes, but Langerhans cells may 
be present [6]. Melanophages can be present in the dermis [1,7]. 


Causative organisms 

Usually, no triggering factors are present, although the occurrence 
of halo naevi has occasionally been mentioned to be associated with 
sun exposure and sunburn. However, a causal relation has never 
been confirmed. 


Genetics 
Not known. 


Clinical features 
History 
Vitiligo can be present in the personal or family history. 


SPECIFIC 


Presentation 

Circular areas of hypomelanosis occur around pigmented naevi, 
particularly on the trunk, less commonly on the head and rarely 
on the limbs. Multiple lesions are common, the halos being about 
0.5-2.0cm wide and developing simultaneously or at intervals 
around several, but not all, naevi (Figure 86.46). 
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Clinical variants 
A hypomelanotic halo may develop around a melanoma in a manner 
analogous to halo naevus (Figure 86.46c). 


Differential diagnosis (Box 86.5) 
Vitiligo. 


Complications and comorbidities 
Halo naevi can be present with or without associated vitiligo lesions. 


Disease course and prognosis 

The naevus tends to flatten and may disappear completely 
(Figure 86.47). The depigmented areas often persist but may 
pigment after many years. 


a 3 


Investigations ee : ; Figure 86.46 (a) Multiple halo naevi in a young man who also had vitiligo. (b) Unusually 
Excision of the naevus may be indicated in case of doubt about its large halo naevus. (c) Halo phenomenon developing within a malignant melanoma that 


benign character. later proved fatal. 
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Box 86.5 Differential diagnosis of acquired hypo- 
and depigmentation 


(a) Acquired diffuse hypo- or depigmentation 
¢ Depigmentation 
* Vitiligo 
¢ Hypopigmentation 
¢ Chemical-induced hypopigmentation 
e Endocrinopathies 
¢ Nutritional conditions 
¢ Postinflammatory 
¢ Non-melanotic leukoderma 
e Anaemia 


(b) Acquired localised hypo- or depigmentation 
¢ Depigmentation 

* Vitiligo? 

e Halo naevi* 

* Punctate leukoderma? 

¢ Melanoma-associated leukoderma?”” 
¢ Hypopigmentation 

e Progressive macular hypomelanosis 
* Idiopathic guttate hypomelanosis® 
¢ Secondary hypopigmentation (postinfectious, postinflammatory, 

post-traumatic) 

e Lichen planus 

e Lichen sclerosus* 

e Lichen striatus* 

¢ Lupus erythematosus*> 

¢ Morphoea* 

¢ Pityriasis alba* 

° Pityriasis lichenoides chronica? 

* Pityriasis versicolor?” 

* Psoriasis?> 

¢ Sarcoidosis 
¢ Non-melanotic leukoderma 

¢ Bier spots? 


b 


a,b 


a,b 


* Limited surface areas affected. 
> Larger surface areas can be affected. 


Management 

Normally none is required. The usual diagnostic criteria must be 
applied if there is any possibility that the central tumour is malig- 
nant. It should be remembered that a halo around a benign naevus 
is relatively common, whereas malignant melanoma is rare, and 
a melanoma surrounded by a halo is extremely rare. Mutilating 
surgery must never be undertaken without preliminary histological 
examination by an experienced pathologist. 


Acquired syndromic hypomela 


Vogt-Koyanagi-Harada syndrome 


In 1906, Vogt reported a patient with atraumatic, idiopathic uveitis, 
poliosis and alopecia, a syndrome that in time would be associated 


with his name [1]. In 1926, Harada reported five cases of bilateral 
posterior uveitis and retinal detachment [2]. In 1929, Koyanagi 
reported 16 patients with headache, fever, dysacousia, vitiligo, 
poliosis, alopecia, bilateral anterior uveitis with occasional exuda- 
tive retinal detachment [3]. Various combinations of synonym have 
been used for this disorder, which is now generally referred to with 
the above three names and abbreviated to VKHS. 


Pathophysiology 

The aetiology of VKHS has yet to be established. An abnormal 
response to a virus and immunological mechanisms have both been 
postulated. 


Pathology 
Electron microscopy of depigmented skin shows an absence of 
melanocytes as in vitiligo [4]. Colloid-amyloid bodies are also 
found at the dermal-epidermal junction [5]. Inflammatory skin 
lesions are characterised by a chronic mixed inflammatory cell 
infiltrate [6]. 


Clinical features [7,8] 
VKHS mainly affects dark-skinned people or white people with 
dark pigmentation. It is rare but widely distributed. Most cases 
occur in the third and fourth decades but children may be affected. 
It affects the skin, eyes, inner ears and meninges. 
Criteria for diagnosis are as follows: 
¢ No history of ocular trauma or surgery preceding the initial onset 
of uveitis. 
¢ No clinical or laboratory evidence suggestive of ocular disease 
entities. 
e Bilateral ocular involvement: an early sign is diffuse choroiditis; 
a late sign is ocular depigmentation. 
¢ Neurological and auditory findings: meningismus, tinnitus, cere- 
brospinal fluid pleocytosis. 
e Skin and hair changes: alopecia, vitiligo, poliosis. 
Typically, this condition is first diagnosed by ophthalmologists as 
the uveitis starts the march of symptoms and signs. 


Diagnosis 

The association of vitiligo with loss of pigment in the brows and 
lashes and with the residual ocular defects should clearly differen- 
tiate this syndrome from any other. 


Alezzandrini syndrome [1-4] 


Alezzandrini was involved in three papers describing the syndrome 
that now bears his name in the late 1950s and early 1960s [1-3]. 


Aetiology 
The aetiology of this syndrome is unknown. 


Clinical features 

Alezzandrini syndrome has only been reported in a small number 
of cases [1-4]. It is characterised by unilateral, facial vitiligo asso- 
ciated with unilateral retinal degeneration, white hair, poliosis and 
deafness. There are similarities with VKHS in which skin, eye and 
auditory changes are also observed. 


Figure 86.47 Halo naevi in different stages of 
evolution concurrently in a 13-year-old girl: (a) early 
depigmentation; (b) established halo naevus; (c) faint 
pink residuum of naevus just visible in the centre of 
the hypomelanotic macule; and (d) residual 
hypomelanotic macule following complete 
destruction of the naevus. (.) 


Postinflammatory hypomelanosis [1-17] 


Synonyms and inclusions 
¢ Postinflammatory/secondary hypopigmentation 


Introduction and general description 

Hypomelanotic areas occur following the resolution of areas of 
eczema and psoriasis (Figure 86.48). Hypomelanosis is also seen in 
pityriasis lichenoides and cutaneous T-cell lymphoma [1]. 

The superficial eczema known as pityriasis alba (Chapter 39) com- 
monly presents with white, somewhat scaly, and not so well-defined 
areas of skin, which are most noticeable on the cheeks of racially 
pigmented children (Figure 86.49). 

Hypopigmented macules also occur in the superficial fungal 
infection pityriasis versicolor, a condition frequently mistaken 
for vitiligo (Figure 86.50). Hyperpigmented areas can also be 
present. In a number of other inflammatory disorders of the 
skin, there are areas of hypomelanosis and in these there may 
be a loss of functional melanocytes. This loss is seen in lupus 
erythematosus and lichen planus. Hypomelanosis is also seen 
in sarcoidosis [7,8], lichen striatus, leprosy [9] and can occur in 
syphilis. 


Epidemiology 
Sex 
Males and females are equally predisposed. 


86.43 
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Pathophysiology 

The hypopigmentation can be a consequence of an impaired trans- 
fer of melanin to the keratinocytes secondary to the inflammatory 
process or the result of application of potent topical steroids. In a 
number of other inflammatory disorders of the skin, there may be a 
loss of functional melanocytes (e.g. lupus erythematosus and lichen 
planus) due to destruction of the epidermal basal layer. 

Pityriasis versicolor is one of the most common yeast infections 
associated with pigmentary changes. It is caused by dimorphic, 
lipophilic organisms in the genus Malassezia [3,4]. Eleven species are 
recognised within this classification of yeasts, of which Malassezia 
globosa, Malassezia sympodialis and Malassezia sloffiae are the pre- 
dominant species isolated in pityriasis versicolor [4]. These yeasts 
are part of the normal skin flora and seborrhoeic areas in humans 
(scalp, face, and the back and frontal aspect of the trunk) are 
always colonised by one or several species of this genus. They 
can cause disease when they convert to their pathogenic hyphal 
form. Factors that lead to this conversion include genetic predispo- 
sition, warm and humid environments, immunosuppression and 
malnutrition [4,5]. 


Environmental factors 
See causative organisms. 


Clinical features 

Presentation 

Postinflammatory hypomelanosis usually presents as moderately to 
well-demarcated areas of pigment loss. 
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Figure 86.48 Hypopigmentation in a girl with resolving psoriasis. 


Figure 86.49 Pityriasis alba. 


Pityriasis alba is characterised by hypopigmentation, presenting 
with pale white, well to moderately defined, very slightly scaling 
plaques. The lesions typically occur on the face and upper arms [1,2]. 

Cutaneous T-cell lymphoma may sometimes show prominent 
hypopigmentation. In poikilodermatous mycosis fungoides, clinical 
lesions are characterised by widespread poikiloderma rather than 
plaques or nodules. On clinical examination, there is alternating 
increase and decrease in pigmentation associated with epidermal 
atrophy. Hypopigmented mycosis fungoides tends to present in 
dark-skinned individuals: the areas of hypopigmentation are more 
prominent than in poikilodermatous mycosis fungoides [1,2]. 


Figure 86.50 Hypomelanotic macules on a sun-exposed arm compared with 
tan-coloured macules on the trunk of the sun-protected abdominal skin of a woman 
with pityriasis versicolor. 


In pityriasis versicolor, well-demarcated finely scaling patches, 
hyper- or hypopigmentations are found on clinical examination. 

Lichen striatus is an asymptomatic linear dermatosis and has 
been reported to follow the lines of Blaschko. The primary lesions 
(small, flat, skin-coloured to pink papules) can disappear sponta- 
neously after several months or years, often leaving a linear macular 
hypopigmentation (postinflammatory) [3]. 


Differential diagnosis 
See Box 86.5b. 


Complications and comorbidities 
These are related to the underlying cause. 


Disease course and prognosis 
Postinflammatory hypomelanosis is in general reversible if melanin 
production and transfer to the keratinocytes can be restored. 


Investigations 

A skin biopsy can be helpful in investigating possible underlying 
causes, particularly if mycosis fungoides is suspected. In suspected 
pityriasis versicolor, demonstrating a yellow-green fluorescence on 
Wood's light may help confirm the diagnosis. 


Progressive macular hypomelanosis 


Definition 

Progressive macular hypomelanosis (PMH) is a common acquired 
dermatosis characterised by ill-defined nummular macules, mainly 
affecting the trunk. 


Epidemiology 

Incidence and prevalence 

The true prevalence of PMH is unknown, but it is a common skin 
disorder that is often misdiagnosed. 


Age 
Mostly in adolescents and young adults. 


Acquired hypomelanosis 86.45 


Ethnicity 
Although PMH is described in people of mixed racial ancestry 
(known as ‘Creole dyschromia’), it is seen in all races. 


Pathophysiology 

Causative organisms 

It has been postulated that different subtypes of Cutibacterium (for- 
merly Propionibacterium) species might be responsible for PMH [2,3]. 


Clinical features 

Presentation 

PMH is an entity that affects the trunk with ill-defined nummular 
hypopigmented non-scaly macules. The condition typically affects 
areas rich in sebaceous glands. The lesions often converge in and 
around the midline (Figure 86.51). Rarely, the proximal extremities, 
head and neck may be involved. 


Differential diagnosis 
See Box 86.5b. 


Disease course and prognosis 
PMH may be stable or slowly progressive over time. Spontaneous 
regression is rare, but possible. 


Investigations 

Wood’s light examination: orange-red fluorescence can be observed 
in a subset of patients, although its absence does not exclude the 
diagnosis of PMH. 


Management 

In a recent study of 45 patients with intraperson comparison 
of two treatment strategies, 5% benzoyl peroxide hydrogel/1% 
clindamycin lotion in combination with UVA irradiation versus 
0.05% fluticasone propionate cream in combination with UVA 
irradiation, the antibacterial treatment was found to be superior 


Figure 86.51 Progressive macular hypomelanosis in an 18-year-old man. Reproduced 
from Relyveld et a/. (2007) [5] with permission of Springer Nature. 


Figure 86.52 Depigmentation on the face following treatment of melasma with 
monobenzylether of hydroquinone. Courtesy of St John’s Institute of Dermatology. 


(photometric measurements, patient assessment and dermatologist 
assessment) [3]. PUVA und UVB therapy was reported to achieve 
improvement [2,4], at least transiently, in a few cases. PMH may 
regress spontaneously within a few years. 


Chemical depigmentation 


A number of chemicals can produce cutaneous depigmentation 
when applied to the skin [1,2]. Several substituted phenols produce 
an occupational leukoderma in workers coming into contact with 
them (Chapter 129). Of these, p-tertiarybutylphenol is the most 
important [2,3,4]. Occupational leukoderma occurs in workers 
in contact with the monobenzylether of hydroquinone [5]; this 
compound is used in the treatment of hypermelanosis and can pro- 
duce confetti-like areas of depigmentation in the treated areas [6] 
(Figure 86.52). The monomethylether of hydroquinone can induce 
a similar leukoderma [7]. Several phenolic germicidal preparations 
can produce depigmentation of the skin [4]. 4-Tertiary-butylcatechol 
is also a cause of occupational leukoderma [8], and this may follow 
contact sensitisation [9]. The areas most likely to be affected in 
occupational leukoderma are the dorsa of the hands (Figure 86.53), 
but other areas may also be involved, not necessarily in contact 
with the chemicals. The depigmented areas frequently enlarge and 
new ones appear even after the patient is no longer in contact. 
The areas may or may not repigment. Treatment with psoralens 
is usually ineffective. In the hypomelanotic and amelanotic areas, 
there is often an almost complete absence of melanocytes [3,4]. 
Experimental studies [1,10] indicate that these substituted phenols 
have a selective lethal effect on functional melanocytes. 


Idiopathic guttate hypomelanosis 


Definition and nomenclature 

Idiopathic guttate hypomelanosis (IGH) is an acquired leukoderma 
with discrete round to oval porcelain-white macules approximately 
2-5 mm in diameter increasing in number with age [1-6]. 


Synonyms and inclusions 


e Disseminate lenticular leukoderma 
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Figure 86.53 Occupational vitiligo due to 4-tertiary-butylphenol. 


Epidemiology 
Incidence and prevalence 
Common; seen in up to 80% of patients over the age of 70 years. 


Age 
Numbers increase with age. 


Sex 

Although females are reported to be more affected than males, both 
sexes are most likely equally affected because IGH may be more 
reported by women because of the subjective perception of cosmetic 
disfigurement. 


Ethnicity 
Most in people with light skin colour. 


(a) (b) 


Pathophysiology 

Pathology 

Histologically, IGH lesions are characterised by slight basket-weave 
hyperkeratosis with epidermal atrophy and flattening of the rete 
pegs. Histochemical and ultrastructural studies show a decrease in 
melanocytes and melanin content of the affected epidermis and pig- 
ment granules are irregularly distributed [5,6]. 


Causative organisms 

IGH has been hypothesised to be UV induced, although controversy 
exists. Some suggest that IGH may reflect the normal ageing or pho- 
toageing process. 


Environmental factors 
The lesions in white people most frequently occur in sun-exposed 
areas of the limbs. Solar damage is a factor in these cases. 


Clinical features 

Presentation 

Clinically, the lesions are porcelain-white macules, usually 2-6 mm 
in size but sometimes much larger (Figure 86.54). The borders are 
sharply defined, often angular and irregular. The skin markings are 
normal. 

Susceptible locations include the pretibial side of the legs and 
the forearms. Other chronic sun-exposed sites, including the face, 
neck and shoulders, may be affected. Non-actinic lesions occur 
in black people and may be located on the trunk in unexposed 
areas [1]. 


Differential diagnosis 
See Box 86.5. 


Complications and comorbidities 
These may be an indication of UV-damaged skin. 


(c) 


Figure 86.54 Typical appearances on the shins of a 57-year-old Afro-Caribbean woman (a) with close-up view illustrating discrete guttate hypomelanotic macules (b). Appearance on 


forearm of white British female patient (c). (c) Courtesy of Dr Rosalind Simpson. 


86.47 


Non-melanin pigmentation 


Disease course and prognosis 
The number increases with age. No spontaneous repigmentation 
occurs. 


Management 

Treatment is not usually required. A variety of therapies have been 
advocated for IGH, including systemic and topical retinoids, topical 
steroids, cryotherapy, topical tacrolimus and superficial dermabra- 
sion (e.g. carbon dioxide laser). None is predictably successful [7-9]. 


Punctate leukoderma 


Definition and nomenclature 

Punctate leukoderma was first described in patients who devel- 
oped multiple punctiform hypopigmented and achromic spots after 
several months of PUVA treatment [1]. Later, similar cases were 
described after UVB therapy for psoriasis and after topical and 
systemic PUVA for segmental vitiligo [2-4]. 


Synonyms and inclusions 
e Leukoderma punctata 
e Symmetrical progressive leukopathy 


Epidemiology 
Age 
Punctate leukoderma develops in young adults. 


Ethnicity 
This has been reported from Japan and Brazil, where it is relatively 
common. 


Pathophysiology 

Pathology 

Ultrastructurally, punctate leukoderma demonstrates slight to 
severe damage of keratinocytes and melanocytes not reported 
in IGH. 


Causative organisms 
It has been suggested that phototoxicity damage to keratinocytes 
and melanocytes is the aetiological factor. 


Environmental factors 
Sun exposure, UV therapy. 


Clinical features 

History 

Leukoderma punctatum was first reported by Falabella et al. in 
1988 [5]. 


Presentation 

Multiple round or oval small sharply demarcated punctate macules 
measuring 0.5-1.5mm in diameter are found symmetrically on the 
fronts of the shins and on the extensor aspects of the arms; less often 
they are also found on the abdomen and interscapular region. The 
macules are not related to hair follicles. 


Differential diagnosis (Box 86.5) 

IGH: punctate leukoderma is considered to be distinct from IGH on 
the basis of its clinical and histological features — the macules are 
smaller and repigmentation may occur. 


Disease course and prognosis 
Persistent although 
observed [5]. 


spontaneous repigmentation has been 


NON-MELANIN PIGMEN 


Endogenous non-melanin 
pigmentation 


A variety of normal constituents of the body may give rise to 
alterations in skin colour if present in excess or in an abnormal 
form or site. Substances formed as a result of metabolic defects 
may also produce pigmentary changes. Special stains of his- 
tological specimens, or techniques such as spectroscopy, may 
help to identify the nature of exogenous and other non-melanin 
pigments. 


Cutaneous haemosiderosis 


Definition and nomenclature 

Brownish pigmentation resulting from deposition of the iron- 
containing pigment haemosiderin in the skin. Haemosiderin stim- 
ulates melanogenesis and much of the dyspigmentation associated 
with haemosiderosis may in fact be due to melanin rather than 
haemosiderin. The most common causes include repetitive minor 
trauma and venous insufficiency. 


Synonyms and inclusions 


e Haemosiderin pigmentation 


Introduction and general description 
Haemosiderin is a brown iron-binding pigment which is found 
predominantly within macrocytes. The deposition of haemosiderin 
is commonly the result of the local destruction of red blood cells, 
but also occurs in haemochromatosis (see earlier) [1]. The presence 
of haemosiderin stimulates melanogenesis. The accumulation of 
haemosiderin in the dermis and consequent hypermelanosis results 
in a brown or coppery discoloration of the skin. In addition to 
haemosiderin and epidermal melanin, the clinical picture may be 
due in part to dermal melanin resulting from pigment incontinence 
and even from dermal melanocytes [2]. 
Cutaneous haemosiderosis may arise through a number of differ- 
ent mechanisms of which the most important are as follows: 
¢ Trauma: particularly repeated ecchymoses from minor trauma to 
the lower limbs (Figure 86.55). 
¢ Hypostatic haemosiderosis: associated with chronic lower limb 
venous hypertension (Figure 86.56). 
¢ Capillaritis (pigmented purpura) (Figure 86.57). 
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Figure 86.55 Haemosiderin staining on the shins of a 41-year-old rugby football player 
resulting from repeated minor trauma. 


¢ Congenital haemolytic anaemias: this includes a variety of 
conditions associated with haemolysis, including sickle cell 
anaemia. 

e¢ Haemochromatosis: this may also be deposited in the skin as the 
result of repeated episodes of purpura from any other cause, e.g. 
following clothing- or drug-induced dermatitis. 


Clinical features 

Clinical variants 

Hypostatic haemosiderosis (Chapter 101). In chronic venous hyper- 
tension, there is leakage of blood cells from small blood vessels into 
the tissues. Extravasated erythrocytes are broken down by tis- 
sue macrophages and the iron thus released is incorporated into 
haemosiderin, which remains predominantly intracellular within 
the macrocyte. Recently involved areas show grouped points of 
reddish pigment, but recurrent extravasation of red cells combined 
with increasing hypermelanosis soon produces a more or less 
uniform deep brown or coppery colour (Figure 86.55). 

The relative contributions of haemosiderin and melanin to the 
dyspigmentation seen in chronic venous insufficiency have been 
investigated by taking biopsies of pigmented and non-pigmented 
leg skin from patients with venous hypertension undergoing 
varicose vein surgery. Control biopsies were taken from patients 
undergoing orthopaedic surgery. Unsurprisingly, all samples from 
pigmented skin showed a higher melanin content than those from 
unpigmented skin. Haemosiderin, however, was detected in only 
the most deeply pigmented skin. This suggests that hypermelanosis 
may be provoked by chronic venous insufficiency itself without 


Figure 86.56 Haemosiderosis of the gaiter area in a 98-year-old man with longstanding 
venous insufficiency: note atrophie blanche above the medial malleolus. 


Figure 86.57 Haemosiderosis secondary to capillaritis which first erupted 6 months 
previously in a 57-year-old male. 


the requirement for extravascular erythrocyte destruction and 
haemosiderin [3]. 

Interestingly, in a study of 46 patients with various types of leg 
ulcer it was shown that haemosiderin could be detected in skin 
biopsies from all patients but that urinary haemosiderin, which was 
absent from all patients with ischaemic ulcers, could be detected 
in 22 of 24 patients with venous ulcers [4]. There was, however, 
no correlation between the amounts deposited in the skin and the 
amount detected in urine. 


Capillaritis (pigmented purpura) (Chapter 99). Haemosiderosis 
without clinically evident hypermelanosis is seen in Schamberg 
capillaritis [4]. Reddish-brown plaques with cayenne-pepper points 
beyond their margins are present on the legs and thighs and 
sometimes on the arms (Figure 86.57). 


Congenital haemolytic anaemia. Conspicuous pigmentation of the 
lower leg in the third decade or earlier may develop in patients with 
sickle cell anaemia. 


Haemochromatosis. The presence of haemosiderin stimulates 
melanogenesis, and hypermelanosis may dominate the clinical and 
histological picture, as in haemochromatosis (see earlier). 


Dermatitis. Haemosiderosis of the trunk is a feature of some 
reactions to textiles. Small patches of haemosiderosis, most numer- 
ous on the lower legs but progressively involving the thighs 
and buttocks, are characteristic of drug reactions to anticonvul- 
sants with a ureide structure, a property common to the majority 
of them. 


Pathophysiology 

Environmental factors 

May occasionally be secondary to drug reactions or contact dermati- 
tis due to clothing. 


Clinical features 
Presentation 
The pigmentation is orange-red at first, later fading through ochre 
and tawny shades. It is distributed according to the underlying 
cause, ie. either locally as in hydrostatic haemochromatosis or 
generally as in haemochromatosis. 

Capillaritis initially presents with punctate bright red purpuric 
macules which may evolve into irregular plaques of orange or 
brown pigmentation. The lesions are chronic and persistent [3]. 


Differential diagnosis 
See Box 86.3. 


Disease course and prognosis 

Hypostatic haemosiderosis. The pigmentation usually persists 
even if the venous insufficiency is relieved. In a single case report 
an IPL device was used apparently successfully to treat this 
condition [5]. 


Capillaritis. A chronic condition, this may clear spontaneously over 
a period from months to years, although recurrences are possible 
and not uncommon. 


Haemochromatosis. See earlier. 
Other. For other causes of secondary haemosiderin deposition, the 
prognosis depends on the successful management of the primary 


cause. 


Management 
Treatment of the underlying cause if possible. 
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Jaundice and bronze baby syndrome 


Definition and nomenclature 
Jaundice. Yellowish discoloration of the skin, eyes and mucous 
membranes due to deposition of bile pigments [1]. 


Bronze baby syndrome. Brown-bronze discoloration of the skin, 
mucous membranes and urine after phototherapy in children with 
clinical jaundice [2-4,5]. 


Synonyms and inclusions 
e Jaundice: icterus 


Pathophysiology 

Pathology 

Jaundice. This results from the deposition of bilirubin in the tissues. 
Clinically, it is often first noticed in the sclerae, because bilirubin 
has affinity for elastic tissue. The range of yellow shades produced 
by bilirubin may be modified by the presence of biliverdin, which 
adds a greenish hue. Bronzing is the effect of added melanin 
pigmentation and is often seen in jaundice of long duration. 


Bronze baby syndrome. The nature and origin of the pigment are 
uncertain. The discoloration may be caused by an abnormal accu- 
mulation of a photoisomer of bilirubin, abnormal hepatic function 
leading to a copper—porphyrin complex which is photodestroyed or 
accumulation of biliverdin. 


Clinical features 
Presentation 
Jaundice. Range of yellow shades with a greenish hue. 


Bronze baby syndrome. This striking grey-brown discoloration of 
the skin of neonates follows phototherapy for hyperbilirubinaemia 
and is often associated with evidence of liver dysfunction. The 
serum is also brownish. 


— 
— 
U 
Lu 
a 
7A) 
& 
- 
< 
3 


CUTANEOUS STRUCTURES 


Differential diagnosis (Box 86.3a) 


¢ Carotenaemia. 
¢ Grey baby syndrome (after high doses of chloramphenicol). 


Disease course and prognosis 
Jaundice. Outcome depends on the management of the underlying 
disease. 


Bronze baby syndrome. The changes are reversible unless there is 
some chronic underlying liver disease. 


Management 
Treatment of underlying cause. 


Bronze baby syndrome. No treatment is required as pigmentation 
is reversible after discontinuation of phototherapy. 
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Treatment ladder for jaundice and bronze baby 
syndrome 


First line 
¢ Neonatal jaundice is routinely treated with 460-490 nm 
visible light [6]. 


Carotenoderma 


Definition and nomenclature 

Carotenoderma is a benign yellowish coloration of the skin due to 
elevated blood carotene levels [1]. This may be primary due to diet, 
or secondary due to for example hepatic disease. 


Synonyms and inclusions 


e Hypercarotenaemia 
¢ Carotenaemia 


Pathophysiology 
Predisposing factors 
Primary carotenoderma is seen most obviously in food faddists who 
consume large quantities of oranges or carrots. However, it is now 
more commonly seen in young women drastically reducing their 
weight and eating foodstuffs with high carotene content [2,3]. 
Iatrogenic hypercarotenaemia occurs in patients on oral supple- 
ments of B-carotene as a photoprotective agent in erythropoietic 
protoporphyria [4,5] with or without canthaxanthine. Caroten- 
oderma typically occurs when f-carotene concentrations exceed 
250 g/dL or when daily ingestion exceeds 30 mg of f-carotene [6]. 
In secondary hypercarotenaemia, some increased yellowness 
is seen in conditions with hyperlipaemia, diabetes, nephritis or 
hypothyroidism. It may also occur if conversion of carotene to 
vitamin A is impaired by an inborn metabolic error [7] or by hepatic 
disease. 


Pathology 

Carotene, a lipochrome, contributes a yellow component to the 
colour of normal skin. In the presence of excessive blood carotene 
levels, this yellow component is increased. 


Clinical features 

Presentation 

The yellow colour is most conspicuous where the horny layer is 
thick on the palms and soles (Figure 86.58). The sclerae are not 
discoloured. 


Differential diagnosis 
See Box 86.3a. 


Disease course and prognosis 
A diet low in carotene leads to resolution of the signs. 


Treatment ladder for carotenoderma 
First line 

e Treatment of underlying cause 

e Diet low in carotene 


Figure 86.58 Carotenoderma: note yellowish hue of the palm on the right compared 
with the normal palm on the left. Courtesy of Professor Barbara Leppard, University of 
Southampton, UK. 


Ochronosis 


Definition 

Endogenous ochronosis. This is the term used to describe the pig- 
mentary changes that occur in connective tissue in patients with 
alkaptonuria [1]. 


Exogenous ochronosis. Discoloration of the skin after topical use 
primarily of hydroquinone, but may also be caused by the use of 
phenol or resorcinol [2]. 


Epidemiology 

Incidence and prevalence 

Endogenous ochronosis. This is present in about 75% of patients 
with alkaptonuria (Chapter 79). 


Exogenous ochronosis. Exact incidence is unknown. 


Age 
Alkaptonuria: congenital (Chapter 79). 


Sex 
Males and females are equally affected. 


Ethnicity 
Alkaptonuria. All races, although more frequent in certain coun- 
tries such as Slovakia and the Dominican Republic. 


Exogenous ochronosis. Seen in populations with widespread use of 
hydroquinine or phenol/resorcinol. High rates have been reported 
from South Africa. 


: Non-melanin pigmentation 986.51 


Pathophysiology 

Predisposing factors 

e Exogenous ochronosis: often associated with the use of skin- 
lightening cosmetics. 

¢ Most frequently reported in heavily pigmented skin, although it 
can occur in all phototypes. 


Pathology 

Histopathological examination of both endogenous and exogenous 
ochronosis is characterised by comma- or banana-shaped ochronotic 
collagen bundles. Histopathological differentiation between the two 
forms is not possible [2]. 

In alkaptonuria, a deficiency in homogentisic acid oxidase causes 
accumulation of homogentisic acid throughout the body [3]. 

In exogenous ochronosis, it may be caused by inhibition of 
homogentisic oxidase and accumulation of homogentisic acid (an 
intermediate in L-phenylalanine and L-tyrosine catabolism) which 
polymerises to form ochre (brownish-yellow) pigment in the pap- 
illary dermis [2]. Microscopically, deposition of ochre-coloured 
pigment is seen [2]. 


Genetics 
Alkaptonuria is an autosomal recessive disease. 


Environmental factors 

e Exogenous ochronosis: sun exposure. 

e Use of hydroquinone at concentrations higher than 3% for pro- 
longed periods of time (>6 months). Discoloration is, however, 
also reported with the use of hydroquinone at concentrations of 
2% and less. 


Clinical features 

History 

The term was coined by Virchow in 1866 for the ochre-like (pale 
yellow) colour of the connective tissue when viewed down a 
microscope. 


Presentation 

Endogenous ochronosis. Most frequent is darkening of the ear car- 
tilages and of the sclerae and conjunctivae. Less often the axillary 
skin is pigmented and there is brown mottled pigmentation of the 
face (sometimes in a butterfly distribution), neck and trunk. Rarely, 
pigmentation of the palmar and plantar skin is seen [4]. 


Exogenous ochronosis. Grey-brown or blue-black macules in the 
skin in contact with hydroquinone, normally the face, neck, back 
and the extensor surfaces of the limbs. No hyperpigmentation of 
cartilage, sclerae or conjunctivae occurs [2,5]. 


Differential diagnosis 

Facial melanosis. As follows: 

e Endocrinopathies: Addison disease, Cushing syndrome, 
hyperthyroidism. 

¢ Metabolic conditions: porphyria cutanea tarda, 
haemochromatosis. 

¢ Poikiloderma of Civatte. 


¢ Postinflammatory hyperpigmentation. 
¢ Toxin- and drug-induced hyperpigmentation or discoloration 
(e.g. amiodarone, doxycycline). 


Investigations 
Alkaptonuria may be identified by urine organic acid analysis, 
whereas exogenous ochronosis is identified by the patient history. 


Management 

First line 

Alkaptonuria. No definitive treatment exists; nitisinone, ascor- 
bic acid 1g/day in divided doses and a protein-restricted diet 
(1.3 g/kg/day) may be beneficial. 


Exogenous ochronosis. Discontinuation of hydroquinone use; strict 
sun protection/avoidance. 


Treatment of discoloration is difficult. The use of trichloroacetic 
acid and cryotherapy has been shown not to be helpful. Some 
improvement may occur with the use of retinoid acid, although 
transient hyperpigmentation may also occur. Topical low-potency 
corticosteroids may be of benefit in combination with photoprotec- 
tion [2]. 


Second line 

Exogenous ochronosis. Although results are not uniform, superfi- 
cial dermabrasion using carbon dioxide laser, glycolic acid peelings 
or Q-switched laser may improve the skin discoloration [2]. 


Exogenous pigmentation — FF 


A wide variety of chemicals, from either occupational or medicinal 
exposure, can produce discoloration of the skin. Some of these may 
not only produce an alteration of pigmentation by being deposited 
in the dermis but may also result in an increase in the amount of 
melanin in the skin. Of importance are the metals silver, gold, mer- 
cury and bismuth, which are cumulatively deposited in the dermis 
and can produce permanent disfiguring pigmentation. A number of 
drugs can discolour the skin which leads often to a bluish-grey dis- 
coloration especially on the legs. These include the antimalarials, the 
phenothiazines, clofazimine and minocycline. Of less importance is 
the transient staining of the skin produced by picric acid, dinitro- 
phenol and chemical dyes. 


Metals 


Introduction and general description 

Argyria 

This may develop as a result of systemic absorption or from exter- 

nal contact with silver [1,2]. The silver may be deposited in the skin 

either as a result of medication containing silver salts [3,4,5] or from 

industrial exposure [2]. Localised argyria is most commonly caused 

by mechanical impregnation related to occupational exposure [2]. 
Most reported cases of generalised argyria occur following inges- 

tion of colloidal silver, which is widely marketed as a folk remedy 
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Figure 86.59 Occupational argyria. 


for various conditions, including diabetes, AIDS, cancers and infec- 
tions: a cumulative dose of 4-5g is required to produce clinical 
signs [6]. Light and electron microscopy studies [1,2,7-9] show 
silver granules in the dermis that are most numerous in relation 
to the basal lamina of the eccrine sweat glands, and in the dermal 
elastic fibres. Furthermore, silver particles may be seen lying free 
within the cell cytoplasm of epithelial cells of the secretory segment 
of eccrine sweat glands and in mast cells [9,10]. Silver granules are 
readily visible with dark-field illumination. X-ray-dispersive micro- 
analysis confirms that the granules contain silver [2,10]. Silver is 
widely deposited in the tissues as well as in the skin. The diagnosis 
of argyria is established by skin biopsy. 

The pigmentation is usually a slate-grey colour and may be clin- 
ically apparent after a few months, but usually takes many years 
to develop and depends on the degree of exposure. The hyperpig- 
mentation is most apparent in sun-exposed areas of the skin, espe- 
cially the forehead, nose and hands (Figure 86.59). In some patients, 
the entire skin has a slate blue-grey colour. The sclerae, nails and 
mucous membranes may additionally become hyperpigmented. 

Blue macules have appeared at the sites of acupuncture needles 
[6]. Cases have followed the use of silver salts for the irrigation of 
nasal, oral and urethral mucous membranes and the excessive use 
of an oral smoking remedy containing silver acetate [1,10]. ‘Food 
supplements’ may also contain colloidal silver [8]. 

The pigmentation is usually permanent: treatment with depig- 
menting agents is not effective. Sun protection can limit further 
pigmentary changes [9]. 


Arsenic 

Prolonged ingestion of inorganic arsenic may result in diffuse 
pigmentation, most intense on the trunk. The hyperpigmentation is 
characterised by macular areas of depigmentation within areas of 
hyperpigmentation that produce the distinctive ‘raindrop’ appear- 
ance, diffuse dark brown spots or diffuse darkening of the skin on 
the limbs and trunk [1,2]. Many cases also show arsenical keratoses, 


usually appearing as bilateral thickening of the palms and soles. 
Nodular keratosis may also occur as multiple raised keratotic 
lesions on the palm and soles [2]. 


Bismuth 

The administration of bismuth at regular intervals over a period 
of years has often been practised, yet generalised pigmentation is 
extremely rare. The diffuse grey pigmentation resembles that of 
argyria and involves also the sclera and the oral and sometimes the 
vaginal mucous membrane [1]. A distinctive blue-black line occurs 
at the gingival margin. This is due to deposition of bismuth that 
reacts with hydrogen sulphide formed by bacteria in the mouth [2]. 


Chrysiasis and chrysoderma 
These are terms used to describe permanent pigmentation of the skin 
due to parenteral administration of gold salts. 

Excessive administration of gold leads to its deposition in connec- 
tive tissue. The diagnosis is confirmed histologically on microscopy 
with dark-field illumination and on electron microscopy with elec- 
tron probe microanalysis [1]. The granules of gold are larger and 
more irregular than those of silver. 

Chrysiasis has not been observed in any patient who has received 
fewer than 50mg/kg of gold thiosulphate, and appears to be 
inevitable in any patient receiving more than 150mg/kg. It may 
develop after a few months or after a longer latent period. The pig- 
mentation is blue-grey or may show a purplish hue, and is limited 
to light-exposed skin and to the sclerae (Figure 86.60) [2]. The oral 
mucous membrane is not affected. The discoloration is permanent. 


Mercury 

Repeated applications of mercury-containing compounds can pro- 
duce localised hyperpigmentation of the treated areas [1,2,3]. The 
pigment is observed in the upper dermis around capillaries and 
associated with collagen and elastic fibres. Electron microscopy 
shows an increase in melanin pigmentation and the metal is present 
as granules in dermal macrophages [1,3]. 


Figure 86.60 Chrysiasis: mild lilac discoloration on the forehead and eyelids contrasting 
with the yellow of the elastotic skin on the bridge of the nose and eyebrows in a 
64-year-old woman with rheumatoid arthritis who 8 years earlier had been treated with 
parenteral gold for over 2 years. 
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Systemic administration of mercury results in gingival hyperpig- 
mentation. A case report of homicidal subcutaneous injection of 
metallic mercury resulted in widespread skin lesions, remote from 
the radiologically visible mercury; these appeared at 40 days and 
began to clear at 6 months [4]. 


Differential diagnosis 
See Box 86.3a. 


Medication 


See Drug-induced hyperpigmentation. 
Tattoos 


Accidental tattoos 

Pigmented particles may be accidentally introduced as contam- 
inants of wounds or may, at high velocity, penetrate previously 
intact skin. 

Superficial abrasions contaminated with chemically inert particles 
may be followed by disfiguring tattoos. Such irregularly spattered 
pigmentation is quite commonly seen after road accidents and blast 
injuries. Some particles may eventually be extruded, but the disfig- 
urement is often permanent. These tattoos often respond well to the 
Q-switched Nd:YAG laser (Figure 86.61) [1]. Small lesions may also 
be excised. 


Colliers’ stripes 

These are a very distinctive occupational mark in coalminers [2]. The 
bluish grey, linear or angular stripes develop at the sites of abrasions. 
The commonest sites are the forehead, bridge of the nose, wrists and 
elbows. Histologically, particles of coal dust up to 100 pm in diam- 
eter are seen at all levels in the dermis. They tend to be grouped 
around blood vessels. 


Figure 86.61 (a—d) Traumatic tattoo: accidental 
tattoo following explosion during school chemistry 
experiment; excellent response to Nd:YAG laser. (c) 


Therapeutic agents 
Iron salts. The use of solutions of ferric sulphate and ferric chloride 
in the treatment of dermatitis has been followed by a reddish-brown 
tattoo [3,4]. The pigmentation may disappear after a few months or 
may persist indefinitely [5]. 

Occupational contact with iron salts [6] produced red-brown 
punctate perifollicular pigmentation of the forearms in a man 
employed in pickling metal in hydrochloric acid. 


Crystal violet (gentian violet; hexamethyl pararosaniline chlo- 
ride). This has, exceptionally, given rise to a tattoo when applied to 
a wound of the face [7]. 


Decorative tattoos (Chapters 23 and 122) 
History and prevalence. From ancient times, the practice of tattoo- 
ing has developed along more or less parallel lines in most cultures. 
Tattoos have traditionally been based on aesthetic considerations, 
ie. to accentuate beauty, or as a permanent adornment in a more 
sociological or cultural context to make a statement. Occasionally, 
when used in a sociocultural context, tattoos serve to accentuate 
aggression or ugliness in order to make the wearer more intimi- 
dating. Tattoos with words or a name as a symbol of dedication or 
devotion have always been popular. Tattoos have also been used 
for more sinister motives. Tattoos were used as a means of iden- 
tification by the Nazis in the Second World War for members of 
concentration and labour camps as well as for members of the SS. 
Formerly associated with religious ceremonies, fertility and mar- 
riage rites, tattooing in contemporary westernised civilisations thus 
fulfils a number of diverse functions and in so doing it survives and 
flourishes. 

Contemporary life finds tattooing more popular than ever [8], 
even among the elite [9]. Tattoos are no longer the exclusive preserve 
of street gangs, prisoners and members of the armed forces [8,9]. 
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Tattooing is viewed by many as an acceptable fashion accessory 
like any other, and is increasingly popular in western societies with 
the young and with women, as well as the more traditional male 
stereotypes [8,9]. Tattooing and body piercing are now so common 
that health care workers are advised to maintain a non-judgemental 
attitude to tattoos [8], even in the face of the unexpected [10]. The 
decision to have a tattoo may be taken when an individual is in no 
position to make such a lifelong commitment, for example when 
intoxicated, under peer pressure or when mentally unwell [11,12]. 
Tattoos may also be a manifestation of deliberate self-harm [11,12]. 

Another contemporary trend is the use of temporary black henna 
‘tattoos’ [13,14]. These are not true tattoos but represent application 
of a black dye to produce a tattoo-like appearance that lasts for a 
few days. Unfortunately, a high concentration of the well-known 
contact sensitiser para-phenylenediamine is usually present in these 
‘tattoos’, which results in a risk of contact allergy [13,14]. 


Techniques and materials. The professional tattooist uses an 
electric needle to introduce particles of pigment into the dermis 
(Chapter 23). The amateur, often a child, pricks particles of soot 
or Indian ink into skin with any pointed object. The pigments 
commonly employed include the following: 

e Blue-black (carbon). 

e Red (cinnabar and vegetable dyes). 

e Light blue (cobaltous aluminate). 

¢ Green (chromic oxide or chromium sesquioxide). 

¢ Yellow (cadmium sulphide). 

e Brown (ochre, iron oxides). 


Complications of tattoos. Infection, allergy to tattoo pigments 
(Figure 86.62) and koebnerisation of other disorders, particularly 
sarcoidosis, to tattoos represent the most common complications 
of tattoos. A sarcoidal granuloma in a tattoo may be the present- 
ing manifestation of generalised sarcoidosis [15]. Foreign-body 


Figure 86.62 Lichenoid reaction in the red areas of a tattoo. 


Figure 86.63 Keloid reaction to decorative tattoo: flattened areas have responded to 
the injection of triamcinolone. 


granulomas of sarcoid type are, however, extremely unusual after 
decorative tattoos, but have been reported in ochre tattoos, which 
have a high silica content [16]. Tattooing may also be complicated 
by keloids (Figure 86.63). Complications of tattoos are discussed in 
further detail in Chapter 122. 


Removal of tattoos. Although most people who choose to have tat- 
toos are satisfied with them, there are many who wish to have them 
removed [17]. Ina recent study of 154 attendees with tattoos at a sex- 
ual health clinic in Denmark, 21 (13.6%) expressed regret about one 
or more of their tattoos [18]. Fortunately, the technology for remov- 
ing them has improved greatly in recent years. Small tattoos may be 
amenable to removal by simple surgical techniques. Lasers are also 
widely used for tattoo removal [19]. Their use is discussed in detail 
in Chapter 23. 
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Introduction 


The hair follicle (HF) is one of the defining features of mammals, 
instrumental for their ongoing survival and reproductive success. 
For animals, hair is vital for protection and camouflage, whereas in 
humans it serves a crucial role in society for social identity, personal 
style and sexual attractiveness. Therefore, it is unsurprising that 
hair loss, or excessive hair growth, can have a profound impact on 
someone’s emotional well-being. However, hair growth changes 
may also be an important sign of a serious underlying medical 
condition or nutritional deficiency. Thus, the key to managing any 
hair disorder is accurate diagnosis and awareness of evidence-based 
treatments, while also supporting the sometimes marked psycho- 
logical sequelae that may accompany these conditions. 


Hair biology 


Mammals probably evolved from Therapsid reptiles during the 
Late Triassic period over 200 million years ago. The earliest direct 
evidence of hair in mammals comes from fossilised casts and 
impressions in coprolites and pellets from the Late Palaeocene beds 
of Inner Mongolia [1]. Hairs from at least four extinct mammalian 
taxa have been identified, notably the multituberculate Lambdopsalis 
bulla, all showing striking preservation of the cuticular scale pattern. 
The three surviving mammalian groups — monotremes, marsupials 
and placental mammals - all possess hair, indicating its presence 
prior to the divergence of therian mammals from monotremes, 
which probably took place between 170 and 230 million years ago 
[2,3]. The multituberculate lineage extends back into the Triassic, 
suggesting that hair is a very ancient and possibly defining feature 
of mammals. 

Compared with scale-covered animals, hair represents a more 
versatile integument. Ongoing regeneration and replacement of 
the coat, as opposed to intermittent shedding of skin (e.g. in rep- 
tiles), avoid exposing the creature to episodes of heat loss, thereby 
providing a survival advantage [4]. Further, hair may even serve a 
rudimentary excretory role by sequestering toxic material within 
the hair shaft, allowing complete elimination by hair shedding [5]. 

Whatever its origin, warm-blooded mammals owe much of their 
evolutionary success to the properties of the hairy pelage as a 
heat insulator. Paradoxically, the movement of humans from the 
ancestral forest home to a more open, hunter-gatherer existence 
is linked with a reversion to relative nudity and an ability to 
keep cool. Moreover, hair serves other purposes: in particular, it is 
concerned with sexual and social communication by constructing 


adornments such as the mane of the lion or the beard of the human 
male or assisting in the dispersal of scents secreted by complexes of 
sebaceous or apocrine glands. 

For these evolutionary reasons, HFs are not all under identical 
control mechanisms. To match the animal coat to seasonal changes 
in ambient temperature or environmental background requires 
moulting and replacement of the hairs. The process appears to 
involve an inherent follicular rhythm, modified by circulating hor- 
mones such as melatonin, prolactin, androgens or thyroxine, whose 
secretion is geared to environmental cues through the pineal gland, 
hypothalamus and pituitary. 

The control of sexual hair growth must be differentiated from 
that of the moult cycle. The development of pubic, axillary and 
other body hair is delayed until puberty because it is dependent 
upon androgens in both sexes. In all mammals including humans 
(apart from possibly merino sheep and the poodle dog), HFs show 
intermittent activity. Thus, each hair grows to a maximum length, 
is retained for a time without further growth and is eventually shed 
and replaced. 


Types of hair 

Different types of hair may be produced by different kinds of fol- 
licles, and the type of hair produced in a follicle can change with 
age or under the influence of hormones. Animals characteristically 
have both an overcoat of stiff guard hairs and an undercoat of fine 
hairs [6]. Many species also have large vibrissae or sinus hairs, 
which are sensory and are produced from special follicles contain- 
ing erectile tissue, but there are no such strictly comparable follicles 
in humans. In humans, a prenatal coat of fine, soft, unmedullated 
and usually unpigmented hair, known as lanugo, is normally shed 
in utero in the eighth to ninth month of gestation. Postnatal hair 
may be divided at the extreme into two kinds: vellus, which is soft, 
unmedullated, occasionally pigmented and seldom more than 2 cm 
long; and terminal hair, which is longer, coarser and often medul- 
lated and pigmented. However, there is a range of intermediate 
kinds. Before puberty, terminal hair is normally limited to the scalp, 
eyebrows and eyelashes. After puberty, secondary sexual ‘terminal’ 
hair is developed from vellus hair in response to androgens. 


Development and distribution of hair follicles 

The process of de novo HF formation in developing embryonic skin 
is called morphogenesis. Recently reclassified [7], morphogenesis 
involves 10 stages driven by various critical signals (including 
wingless (Wnts), fibroblast growth factor 20 (FGF-20), sonic hedge- 
hog (Shh) and bone morphogenic proteins (BMPs)) that drive each 
stage. Briefly, dermal signals induce the overlying epidermal cells 
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Table 87.1 Hair follicle density in human fetal and adult skin. In adults, hair follicle 
density is highest on the head and is much lower on the trunk and limbs. At 24 weeks’ 
gestational age hair follicle density is similar on the forehead and thigh skin. There is a 
pronounced reduction in thigh hair follicle density by adult life but only a small fall on 
the forehead. 


Skin area Fetal skin (follicles/cm2) 
24 weeks Full term Adult (follicles/cm?) 
Mean + SE Mean + SE Mean + SE 

Cheek 830 40 
Forehead 1060 1060 110 765 20 
Scalp 350 50 
Forearm 95 15 
Thigh 1010 250 480 40 55 5 
Lower leg 45 10 
Abdomen 70 15 
Chest 75 25 


Adapted from Szabo 1967 [8]. 
SE, standard error. 


to thicken to form an area called the placode. Underlying the pla- 
code, a dermal condensate of mesenchymal cells develops. Over 
time the placode thickens, the dermal condensate becomes more 
defined and the epidermis starts to invaginate into the dermis 
producing the germ. This proximal extension continues with the 
column of cells next forming a rudimentary hair peg, enveloping 
the mesenchymal component, before eventually producing a fully 
formed HF [7]. 

Human HFs appear first in the regions of the eyebrows, upper 
lip and chin at about 9 weeks of embryonic development, and in 
other regions in the fourth month. Hair over most of the scalp passes 
through a complete cycle and is shed in utero, so follicles in these 
regions have re-entered anagen by the time of birth. In the occipital 
scalp, telogen is delayed until after birth giving rise to a patch of 
hair loss in this region in the neonatal period. A fuller account of 
embryonic development is given in Chapter 2. 

In humans, the full complement of HFs is probably established 
by the time of birth. Follicle density is highest in the fetus, when 
it may be similar across the skin surface. With growth there is a 
progressive reduction in follicle density, which continues until 
adult life, as skin surface area increases (Table 87.1). This occurs 
to a greater degree over the trunk and limbs than over the head 
so that the reduction in follicle density is less marked on the head 
than elsewhere [8]. The highest hair follicle densities, in the region 
of 800/cm?2, are found on the forehead and cheeks, with rather 
lower values for the visible vellus hairs on the forehead in young 
adults of both sexes, and on the cheeks in women (400-450/cm?) 
[9]. Lower hair densities of 50-100/cm? are found on the chest and 
back in both sexes [9,10], and approximately 50/cm? on the thigh 
and leg [8]. Scalp hair density shows a normal distribution in the 
population with a wide range [11]. There is also racial variation 
in scalp hair density: published values for average scalp hair den- 
sity in white people vary between 250 and 320 hairs/cm? [11-14]; 
whereas average hair densities in Africans (187/cm?) [15], African 
Americans (171/cm*) [16] and Koreans (128/cm?) [17] are lower 
than values seen in white people. 
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Figure 87.1 Diagram of an anagen hair follicle. 


Anatomy of the hair follicle 

The HF is a tube-like structure, continuous with the epidermis at 
its upper end, which produces the hair fibre (Figure 87.1). Follicles 
are sloped within the dermis and can extend into subcutaneous 
tissue. An oblique muscle, the arrector pili, runs from a point in 
the papillary dermis close to the dermal-epidermal junction to 
the mid-region of the follicle wall. Above the muscle, one or more 
sebaceous glands, and in some regions of the body apocrine glands, 
open into the follicle. 

The hair fibre, inner root sheath (IRS) and outer root sheath (ORS) 
are all derived from highly proliferative epithelial cells in the hair 
bulb at the proximal part of the HF. The HF also has a specialised 
mesenchymal component, which includes the dermal (or connec- 
tive tissue) sheath surrounding the follicle, and the dermal papilla, 
which invaginates the hair bulb. 

The HF is conventionally divided into two regions: the upper 
‘permanent’ part, consisting of the infundibulum and isthmus, and 
the lower ‘cycling’ part, comprising the hair bulb and suprabulbar 
region. The upper follicle is a relatively constant structure, whereas 
the lower follicle undergoes repeated episodes of regression and 
regeneration during the hair cycle. On the scalp, and some other 
regions of the skin, HFs are arranged in groups of three or more 
follicles known as follicular units (Figure 87.2). Several follicles 
within a follicular unit may coalesce so that hairs emerge through a 
common infundibulum. 


infundibulum 

The infundibulum extends from the skin surface, where it merges 
with the epidermis, to the opening of the sebaceous duct at the 
junction with the isthmus. Infundibular epithelium differentiates 
in a similar manner to epidermis, producing a granular layer and 
stratum corneum, which desquamates into the follicular lumen [18]. 
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Figure 87.2 Grouping of hairs in follicular units on the human scalp. In some groups, 
multiple hairs emerge from a single follicular opening. 


Isthmus and bulge region 

The isthmus extends from the opening of the sebaceous gland 
duct to the proximal point of insertion of the arrector pili muscle. 
It consists of a multilayered ORS that is continuous with the 
infundibulum but differs in its structure. The innermost cells 
undergo abrupt keratinisation without formation of a granular cell 
layer, a pattern of differentiation known as trichilemmal keratinisa- 
tion. The keratinised IRS, which lies within the ORS, disintegrates 
at or about the level of the sebaceous duct. The arrector pili muscle 
loops around the follicle in the manner of a sling [19]. Each follicu- 
lar unit is supplied by a single arrector pili muscle, which splits to 
encircle each follicle within the follicular unit [20]. 

HF stem cells reside in the lower part of the isthmus, in an area 
called the bulge, at the insertion of the arrector pili muscle [21]. 
During embryogenesis, and in adult follicles in other species, this 
region shows a distinctive thickening (hence the name), although 
in humans a clearly defined bulge is often not seen. Therefore, 
the bulge really represents a biological concept, not a physical 
protuberance. However, distinctive protrusions in the ORS, termed 
follicular trochanter, are recognised anatomical markers sometimes 
seen in this region [22]. 

Epithelial HF stem cells (eHFSCs) show distinctive biochemical 
properties; they are slow cycling, label-retaining cells that proliferate 
only during the onset of anagen. Daughter cells, known as transient 
amplifying cells, input into the ORS of the lower part of the HF 
migrating downwards. On entering the hair bulb matrix, they pro- 
liferate and undergo terminal differentiation to form the hair shaft 
and IRS [23]. The progeny of eHFSCs may also migrate distally to 
form the sebaceous gland and, under certain circumstances such as 
wound healing, can repopulate the epidermis. 

HF stem cells can be identified by various immunohistochemi- 
cal markers, with positive staining for keratin 15, keratin 19 and 
CD200, but negative staining for connexin 43, currently the best 
way to identify eHFSCs in humans [24]. Interestingly, CD34, a key 
bulge marker in mice HFs, is not a stem cell marker in humans. 
Laser capture microdissection and gene expression profiling in both 


Figure 87.3 Longitudinal section through the suprabulbar region of an anagen follicle 
showing the keratogenous region of the hair shaft (HS). The inner root sheath (IRS) is 
keratinised at this level. ORS, outer root sheath. 


mouse and human HFs have identified various gene signatures 
that characterise the stem cell niche, with functions that support 
the quiescent nature of this region [21,25,26]. Further, the HF stem 
cell compartment appears to signal with other skin sources, includ- 
ing lymphatics, blood vessels, neurons and local immunocytes, 
controlling quiescence, activation and cycling of the HF (reviewed 
in [27]). 


Suprabulbar region 

The suprabulbar region of the follicle, below the isthmus and 
above the hair bulb, is composed of three layers (from outermost to 
innermost): the ORS, IRS and hair shaft (Figure 87.3). The ORS is a 
multilayered epithelium enclosing the IRS which, at this level, is a 
fully keratinised structure. Cells of the hair shaft, at the centre of the 
follicle, undergo terminal differentiation within the keratogenous 
zone in the middle part of the suprabulbar region. Keratinisation of 
the IRS precedes that of the hair shaft, suggesting that the IRS has a 
role in ‘moulding’ the shape of the hair fibre. 


Hair bulb 

In large terminal follicles, the deepest part of the follicle, the hair 
bulb, is situated in the subcutaneous fat (Figure 87.4). The hair bulb 
is invaginated at its base by the dermal papilla, which is connected 


AGaN — ~ EF Ke - 
Figure 87.4 Anagen hair bulb. Co, hair cortex; Cu, hair cuticle; DP, dermal papilla; DS, 
dermal sheath; He, Henle layer; HM, hair matrix; Hu, Huxley layer; IRSCu, inner root 
sheath cuticle; Me, melanocyte; ORS, outer root sheath. 


to the perifollicular dermal sheath by a narrow stalk. The hair shaft 
and IRS are derived from epithelial cells surrounding the dermal 
papilla, in a region known as the hair bulb matrix or germinative 
epithelium. Proliferating hair matrix cells are located below the 
Auber line, identified as a perpendicular line drawn through the 
widest part of the dermal papilla [28]. These cells have a high 
mitotic rate, with a rate of cell turnover similar to bone marrow. 
Daughter cells migrate in an upwards direction and differentiate 
in a highly ordered fashion to form the concentric layers of the IRS 
and the hair shaft. The IRS derives from cells in the lower, more 
lateral part of the matrix, whereas the hair shaft is formed from the 
upper, centrally situated cells. In pigmented HFs, highly pigmented 
melanocytes are situated among cells destined to form the hair 
cortex. The ORS surrounds the IRS. 


Dermal papilla 

In anagen follicles, the dermal papilla is a flask-shaped structure 
that invaginates the base of the HF. It is made up of specialised 
fibroblast-like cells embedded in an extracellular matrix rich in 
basement-membrane proteins and proteoglycans, and in large 
follicles the dermal papilla often contains a loop of capillary blood 
vessels. It is connected to the dermal sheath surrounding the follicle 
by anarrow stalk. Both the dermal papilla and the dermal sheath are 
derived from a condensation of mesenchymal cells, which appears 
at an early stage in follicular embryogenesis. Tissue recombinant 
studies have shown that the dermal papilla plays an essential part 
in the induction and maintenance of follicular epithelial differenti- 
ation [29-33]. It is responsible for determining the follicle type, so 
that cultured dermal papilla cells derived from rat vibrissae follicles 


induce the formation of a vibrissa-like follicle when implanted 
into ear skin [30]. The volume of the dermal papilla may also be 
responsible for controlling the size of the HF and hair fibre [34,35]. 
This is of relevance to androgen-dependent changes in human hair 
growth as the dermal papilla is probably the primary target of 
androgen action in the HF. 


Dermal sheath 

A collagenous layer known as the dermal sheath (within the con- 
nective tissue sheath in humans) envelops the lower part of the 
HF. Like dermal papilla cells, fibroblasts of the dermal sheath are 
specialised. In particular, the dermal sheath cup cells located at 
the bottom of the hair bulb are contiguous but morphologically 
and molecularly distinct from the dermal papilla, containing a 
stem cell population. In experimental circumstances, these cells can 
reconstitute the dermal papilla and induce the formation of new 
HFs in adult human skin [36]. As we move distally along the HF, 
above the level of the arrector pili muscle insertion, the dermal 
sheath becomes less distinct, both structurally and functionally, as 
it merges with the interfollicular dermis. 

Recently, a-smooth muscle actin has been identified as a dermal 
sheath marker, indicating these HF-lining cells are smooth muscle of 
fibroblastic origin. Further, in mice it has been shown that contrac- 
tion of the dermal sheath is vital for relocating the dermal papilla 
into the correct position during catagen by focusing forces to pull 
the dermal papilla upwards [37]. 


Inner root sheath 

The IRS consists of three layers (from outermost to innermost): the 
Henle layer, Huxley layer and IRS cuticle. IRS cells accumulate 
filaments approximately 7 nm thick and, in contrast with the hair 
cortex, amorphous trichohyalin granules appear in the cytoplasm. 
As the cells move up the follicle towards the surface, the filaments 
become more abundant, and the number and size of the granules 
increase. Each of the three layers of the IRS undergoes abrupt 
keratinisation. This occurs at different levels in each layer, although 
the patterns of change are identical. In the hardened cytoplasm, 
however, only filaments can be seen. The changes occur first in 
the outermost Henle layer, then in the innermost cuticle and lastly 
in the Huxley layer, which is situated between them. Cells of the 
IRS cuticle become flattened and overlap, with their free edges 
pointing downwards to interdigitate with the upwards-pointing 
cells of the hair shaft cuticle, thus anchoring the hair shaft within 
the HF. The IRS hardens before the presumptive hair within it, and 
it is consequently thought to control the definitive shape of the hair 
shaft. 


Outer root sheath 

The ORS forms the most peripheral layer of HF epithelium, enclos- 
ing the IRS. At the lower tip of the hair bulb, it consists of a single 
layer of cuboidal cells, becoming multilayered in the region of 
the upper hair bulb. The cytoplasm of ORS cells is rich in glyco- 
gen, giving a clear appearance with routine histological stains. In 
some follicles, particularly large beard follicles, there is a distinct 
single-cell layer interposed between the outer and inner root 
sheaths, known as the companion layer [38]. Companion layer cells 
are flattened along the axis of the follicle and are relatively devoid 
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of glycogen. They show numerous intercellular connections to the 
IRS and are thought to migrate distally along with the IRS to be lost 
in the isthmus region. The direction of movement of ORS cells is 
unclear but they may migrate downwards towards the hair bulb, 
the companion layer forming the plane of slippage between the 
inner and outer root sheaths. The ORS of the suprabulbar region 
merges imperceptibly with the isthmus where the innermost cells 
undergo tricholemmal keratinisation. 


Hair fibres 

Cuticle 

The hair cuticle is formed initially as a single-cell layer, but the 
cells become progressively imbricated (tile-like) as they move 
peripherally. The cells become flattened, first in a direction at right 
angles to the plane of the follicle, and then becoming progressively 
angulated so that the outer edges of the cells point in an upwards 
direction. The flattened cells overlap, their free edges directed 
towards the tip and interlocking with the cuticle of the surrounding 
IRS. In the fully formed hair shaft, the cuticle consists of 5-10 
overlapping cell layers, reminiscent of roof tiles, each 350-450 nm 
thick (Figure 87.5). Viewed with electron microscopy the cuticle is 
composed of three layers: the A layer, outer exocuticle and inner 
endocuticle (Figure 87.6). 

The cuticle has important protective properties, acting as a barrier 
to physical and chemical insults, and maintaining the integrity 
of the hair shaft. Wear and tear (e.g. from cosmetic procedures) 
leads to gradual degradation of the cuticle (called ‘weathering’), 
with breaking and lifting of the free margins of the cuticular cells. 
Eventually this process may lead to exposure of the cortex and 
fracture of the hair shaft (see ‘Abnormalities of the hair shaft’ later 
in this chapter). 


Cortex 

Cells destined to form the cortex gradually become more fusiform 
in shape as they migrate upwards from the hair bulb. They develop 
a dense filamentous cytoskeleton in the upper hair bulb to become 
fully hyalinised in the suprabulbar region (the keratogenous zone) 
setting the hair fibre shape (Figure 87.7). The hard a-keratin inter- 
mediate filaments (a-KIF) are the major structural component of 
the mammalian hair cortex. The molecule in a-KIF is an obligate 
heteropolymer containing a type I and type II polypeptide chain 
[39-41], in which right-handed a-helices coil round one another 
in a left-handed manner to form a rod-like dimeric structure 
(a ‘coiled coil’) (Figure 87.8). The 8 nm keratin filaments (microfib- 
rils) are formed from multiple o-KIF molecules, on average 16 
molecules or 32 chains in cross-section [42]. Keratin filaments 
are cross-linked to cell-membrane complexes (keratin-associated 
proteins), which form a matrix between the filaments. More than 
100 hair keratin-associated proteins have been found in various 
species. They are classified into three major families: high sulphur, 
ultrahigh sulphur and high glycine-tyrosine proteins [43]. In some 
species, notably sheep, the cortex can be divided into two regions: 
the orthocortex and paracortex, which differ in the arrangement of 
KIFs and the proportion of keratin-associated proteins. In humans, 
the hair cortex appears to contain mixtures of KIF arrangements 
within each cell [44]. 


Figure 87.5 (a) Surface view of weathered cuticular scales in the distal portion of the 
hair shaft. (b) Surface view of undamaged cuticular scales in the proximal part of the 
hair shaft. (c) Low-power view of the proximal end of a hair shaft. Courtesy of Dr D. 
Jackson, University of Sheffield, Sheffield, UK. 


Figure 87.6 Cross-section through hair shaft showing cuticle layers (Cu) surrounding 
the central cortex (Co). Transmission electron micrograph, silver methenamine stain. 


Hair biology 87.7 


Medulla 

The medulla is a variable structure in human hairs, where it may be 
continuous, discontinuous or absent. Large-diameter hairs are more 
likely to contain a medulla, although the relationship between hair 
diameter and medullation is not clear-cut. 


Hair shape 

There is significant variation in the degree of hair curl seen in 
human populations that does not always correlate with skin type 
or ethnicity. Hair curl is classified into eight types [45,46]. A recent 
genome-wide association study (GWAS) and meta-analysis iden- 
tifies 14 single nucleotide polymorphisms (SNPs) from different 
genes that ‘significantly and independently contribute to hair shape 
variation’ [47]. Curly hair is produced by curled HFs and the hair 
shaft is often elliptical or D-shaped in cross-section. It is thought 
that asymmetrical cell proliferation forming the IRS and ORS, along 
with IRS hardening, contributes to hair curl development (reviewed 


Figure 87.7 Cross-section of transformed cortical cells of human hair. The relatively 
translucent filaments, set in a more dense sulphur-rich matrix, appear as concentric in [48]). 
lamellae (macrofibrils), giving a characteristic fingerprint pattern. 
Hair follicle innervation 
A plexus of longitudinally aligned sensory nerve fibres surrounds 
the isthmus region. Small nerve fibres may also be arranged in a 
circular fashion outside the longitudinal fibres. Several different 
types of nerve endings are found around human HFs, including 
free nerve endings, pilo-Ruffini nerve endings and Merkel nerve 
endings. In other species, lamellated nerve endings are found in 
richly innervated sinus hair follicles (e.g. vibrissae follicles), which 
have specialised sensory function. The HF is densely innervated, 
; particularly around the bulge region. In mice, nerve signals main- 
Henna tain a subpopulation of eHFSCs [49], and certain immune-inhibitory 
filament (KIF) neuropeptides (e.g. calcitonin gene-related peptide (CGRP), vasoac- 
Matrix tive intestinal peptide (VIP)) support HF immune privilege (see 
‘Hair immune system’ later in this chapter). Psychoemotional stress 
and neurogenic inflammation can inhibit hair growth via release of 
Macrofibril pro-inflammatory neuropeptides, such as substance P, that threaten 
HF immune privilege, induce catagen onset and trigger mast cell 


Fibre cuticle degranulation [50-52]. 
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Hair cycle 

Hair follicles undergo a repetitive sequence of growth and rest 
known as the hair cycle (Figure 87.9). The timing of the phases 
of the hair cycle and its overall duration vary between species, 
Endocuticle between follicles in different regions of the skin in the same species 
Cuticle cells and, in some animals, between different follicle types, such as guard 
hairs and under-hairs in the same region of the skin. 

The period of active hair growth is known as anagen, with the 
duration of this phase responsible for determining the final length 
of the hair. In most HFs in most animals, anagen is relatively brief, 
lasting a few weeks at most, with most hair remaining in telogen. 
This is probably because short periods of anagen growth are a more 
energy-efficient way of maintaining hair coverage compared with 
continuous growth. However, in some HFs, such as those on the 
Figure 87.8 Exploded view of the major structural components comprising a human human scalp, horse's tail, lion’s mane and wool follicles in aioe 
hair fibre. Pigment granules that are normally dispersed throughout the cortex are not sheep, anagen may continue for several years, SO that very long hairs 
included. Reproduced from Jones 2001 [44] with permission of Elsevier. are produced. Under normal circumstances, 80-90% of HFs on the 
human scalp are in anagen at any one time. 
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Figure 87.9 The hair cycle. Reproduced from Olsen 1994 [121] with permission of 
McGraw-Hill. 


The entry of a resting telogen HF back into anagen is heralded by 
the onset of mitotic activity in an epithelial cell population (called 
the secondary hair germ) that sits just above the regressed dermal 
papilla and beneath the club hair root at the proximal part of the 
permanent follicle. The secondary hair germ contains a subpopu- 
lation of epithelial progenitor cells identified by EpCAM/Bur-EP4 
staining, but negative for keratin 15 and keratin 19 [24]. In most 
follicle types (vibrissae follicles are an exception), the lower part of 
the follicle elongates downwards along a preformed dermal tract 
(the stele). The developing hair bulb partly envelops the dermal 
papilla, and epithelial cells start to differentiate to form the IRS and 
the hair shaft (Figure 87.10). The dermal papilla expands from a 
tightly packed ball of cells into a flask-shaped structure where the 
cells become separated by an extracellular matrix rich in proteo- 
glycans and basement membrane proteins. A network of capillary 
blood vessels develops around the lengthening follicle, extending 
into the dermal papilla in larger follicles. In the fully developed 
anagen follicle, epithelial cells in the hair bulb undergo vigorous 
proliferative activity. Their progeny move distally and differentiate 
in an ordered fashion to form the layers of the IRS and the hair shaft. 

At the end of anagen, epithelial cell division declines and ceases, 
and the follicle enters an involution phase known as catagen. Dur- 
ing catagen, the proximal end of the hair shaft keratinises to form 
a club-shaped structure and the lower part of the follicle involutes 
by apoptosis (Figure 87.11). The basement membrane surrounding 
the follicle becomes thickened and corrugated to form the ‘glassy 
membrane’. The base of the follicle, together with its dermal papilla, 


Figure 87.10 Scalp hair follicle in the anagen 2 stage of development. The club hair 
from the previous cycle is still present within the follicle. Courtesy of Dr A. J. G. 
McDonagh, Royal Hallamshire Hospital, Sheffield, UK. 


moves upwards, eventually to lie just below the level of the arrector 
insertion. Dermal sheath contraction appears important in success- 
fully completing this stage [37]. 

The period between the completion of follicular regression and 
the onset of the next anagen phase is termed telogen. The club hair 
lies within an epithelial sac to which it is attached by tricholem- 
mal keratin. In mice, telogen follicles are unable to respond to 
anagen-inducing signals immediately following catagen (termed 
‘refractory’ telogen). This is thought to prevent excess regeneration. 
After approximately 1 month these HFs become ‘permissive’ and 
can now respond to anagen induction [4]. 

The club hair is eventually shed through an active process termed 
exogen [53]. In many species, follicles re-enter anagen prior to shed- 
ding of the club hair so that the old hair is not shed until the follicle 
is well into its next growth phase. This may also be seen in human 
follicles, although it is unusual for a club hair to be retained much 
beyond the mid-stage of anagen development. In the human scalp, 
HFs may remain empty, in a state of latency, known as kenogen, for 
a prolonged period after the club hair is shed [54]. 

Accurate recognition of different hair cycle stages is vital for 
experimental study in both in vivo animal models and ex vivo HF 
organ culture, with detailed morphological depiction of hair cycle 
substages described [55,56]. 
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Figure 87.11 Human hair follicle in mid-catagen. There is a prominent glassy 
membrane surrounding the regressing epithelial column. The dermal papilla has 
rounded and condensed. Courtesy of McGraw-Hill. 


Control of the hair cycle 

Hair cycling is controlled primarily within individual HFs, but this 
intrinsic behaviour may be modulated by both local and systemic 
factors. In most newborn mammals, including humans, hair cycles 
are coordinated in a wave-like fashion (moult waves) that cross 
regions of the skin in the neonatal period. Moult waves are reg- 
ulated within the skin and are accompanied by changes in other 
skin structures, such as epidermal and dermal thickness. In many 
mammals, living in their natural environment in temperate and 
higher latitudes, moult waves continue into adult life and occur on 
a seasonal basis. This allows adaptation of the thickness of the coat, 
and sometimes its colour, to different climatic conditions in summer 
and winter (Figure 87.12). 

Seasonal moulting is regulated by the endocrine system under the 
influence of environmental signals. The most important of these is 
change in day length (the photoperiod). The production of mela- 
tonin by the pineal gland, which transduces visual signals, and pro- 
lactin by the pituitary play a key role in orchestrating endocrine 
control of seasonal hair growth [57-60]. Vestiges of seasonal vari- 
ation in hair growth are present in humans [61], although the mag- 
nitude is seldom sufficient to be noticeable (see ‘Telogen effluvium’ 
later in this chapter). 

Although local and systemic factors modulate the hair cycle 
in some species, in adult humans and some other mammals hair 


Figure 87.12 Bactrian camel in a spring moult. 


cycling is asynchronous. HFs in different regions of the skin may 
also cycle differently. In humans, for example, the duration of ana- 
gen on the scalp may last several years, whereas on the eyebrows 
anagen is very brief. Even in animals showing seasonal hair growth, 
hair cycles in different follicle types in the same skin region are not 
necessarily in phase. When scalp hair follicles are transplanted into 
other regions of the skin they retain the cyclical behaviour of the 
donor site, indicating that cycle control is determined within the 
follicle or its immediate tissue environment. Interactions between 
two key cell populations in the hair follicle (i.e. the eHFSC in the 
bulge region and mesenchymal cells in the dermal papilla and 
dermal sheath) are thought to underlie intrinsic control of hair 
cycling, with a large number of molecules implicated in this pro- 
cess [62]. Fluctuations in the inhibitory influence of BMPs and 
the stimulatory Wnt/f-catenin pathway appear to play a key role 
in regulating stem cell activity during hair cycling. A wide array 
of other signalling molecules with hair growth stimulatory (e.g. 
follistatin, transforming growth factor Bp, (TGF-B,), FGF-7, FGF-10) 
and inhibitory (e.g. Dkk1, FGF-18, 17B-oestradiol) influences have 
also been implicated but, such is their complexity, a comprehensive 
model of hair cycle control has yet to be achieved [63]. 


Hair growth 

Rate of hair growth 

The rate of hair growth varies from species to species, and within 
one species from region to region, as well as with sex and age. 
Published rates of scalp hair growth in humans vary between 0.3 
and 0.5 mm per day, slightly faster in adult women than men but 
greater in prepubertal boys than girls. Male beard growth has been 
recorded at 0.27-0.38 mm/day. Vellus hair growth is much slower: 
0.03 mm/day on the forehead in one study [10]. Interestingly, grey 
hair grows faster than pigmented hairs. 


Androgens and hair growth 

Androgens influence hair growth in several ways. Firstly, they par- 
ticipate in the endocrine control of moulting in animals that show 
seasonal hair growth. Secondly, in some mammals, androgens 
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stimulate the growth of HFs in certain regions of the skin following 
sexual maturity. Thirdly, in humans and some other primates, 
androgens are necessary for the development of balding on the 
scalp. 


Androgen-stimulated hair growth 

The growth of obvious facial, trunk and extremity hair in the 
male, and of pubic and axillary hair in both sexes, is dependent 
on androgens. The development of such hair at puberty is, in 
broad terms and at least initially, in parallel with the rise in levels 
of androgen from testicular, adrenocortical and ovarian sources, 
which occurs in both sexes and is somewhat steeper in males. That 
testosterone from the interstitial cells of the testis is responsible for 
the growth of beard and body hair in male adolescence and that 
testicular activity is itself initiated by gonadotrophic hormones of 
the pituitary is unquestioned. However, the findings that growth 
hormone-deficient boys and girls are less than normally respon- 
sive to androgens, and that growth hormone is necessary as a 
synergistic factor to allow testosterone to be fully effective with 
respect to hair growth [64], as well as protein anabolism and growth 
promotion, suggest that pituitary hormones also have a more direct 
role. Direct evidence of the role of testicular androgen is that cas- 
tration reduces growth of the human beard, whereas testosterone 
stimulates beard development in eunuchs and elderly men. The 
role of androgen is further demonstrated in the treatment of hirsute 
women with the antiandrogen cyproterone acetate [65,66], which is 
shown to reduce the definitive length, rate of growth, diameter and 
medullation of examined thigh hairs [65]. 

At puberty, terminal hairs gradually replace vellus hairs, starting 
in the pubic regions. In both sexes the first pubic hair is sparse, long, 
downy, slightly pigmented and almost straight. It later becomes 
darker, coarser, more curled and extends in area to form an inverse 
triangle. A British study showed that boys had the first recognis- 
able pubic hair at an average age of 13.4 years, and the full adult 
‘male’ pattern at 15.2 years, approximately 3.5 years after the start 
of pubertal development of the genitalia [67]. The corresponding 
mean ages for girls were considerably earlier, namely 11.7 years and 
13.5 years [68]. In approximately 80% of men and 10% of women, 
the pubic hair continues spreading until the mid-twenties or later; 
there is no absolute distinction between male and female patterns, 
only one of degree. 

Axillary hair first appears approximately 2 years after the start of 
pubic hair growth. The amount, as measured by the weight of the 
fully grown mass, continues to increase until the late twenties in 
males as well as in females, although in women it is less at any age. 
The mean amounts grown per day increase from late puberty until 
the mid-twenties and thereafter decrease steadily. 

Facial hair in boys first appears at about the same time as the 
axillary hair, starting at the corners of the upper lip, and spreading 
medially to complete the moustache and then the cheeks and beard. 
Terminal hair development is continued in regular sequence on the 
legs, thighs, forearms, abdomen, buttocks, back, arms and shoul- 
ders [69]. The extent of terminal hair tends to increase throughout 
the years of sexual maturity, but most patterns occur over a wide 
age range. The adult pattern is not achieved until the fourth decade, 
when the androgen levels are already somewhat lower than in 
early adult life. Moreover, aural hairs do not appear until late 


middle age, and a study of coarse sternal hair in men showed that 
the hairs continue to increase in length and number from puberty 
to the fifth or sixth decade. 

There is considerable racial variability in androgen-dependent 
hair growth. The growth of facial and body hair is greater in Euro- 
pean men than in Chinese men and there is also variation within 
these broad racial categories - southern European men tend to be 
hairier than men from northern Europe [70]. 


Androgenetic alopecia 
See the section ‘Androgenetic alopecia and pattern hair loss’ later in 
this chapter. 


Androgen synthesis and metabolism 

Testosterone is the major circulating androgen, but in most body 
sites apart from the axillae and pubic region, the effect of testos- 
terone on hair growth is mediated by its more potent metabolite 
5a-dihydrotestosterone (DHT). The conversion of testosterone to 
DHT is catalysed by the enzyme 5a-reductase. There are three iso- 
forms of 5a-reductase, which are encoded by different genes [71,72]. 
Type 1 5a-reductase is widely distributed in the skin, but expression 
of the type 2 isoform is restricted to androgen target tissues such 
as the prostate and epididymis. Evidence from studies in men with 
a genetic deficiency of 5a-reductase type 2, and from the response 
of androgenetic alopecia and female hirsutism to finasteride, an 
inhibitor of 5a-reductase type 2, indicates that this isoform plays 
the key role in regulating androgen-dependent hair growth. The 
type 3 isoform is widely expressed but it is not yet known whether 
it regulates androgen responses in the skin [73]. 


Androgen receptor 

The tissue effects of androgens are mediated through binding to the 
intracellular androgen receptor. The androgen receptor is a nuclear 
hormone receptor [74], and like other members of the nuclear 
hormone receptor superfamily it acts as a gene transcription fac- 
tor following ligand binding. Mutations in the androgen receptor 
gene are responsible for the androgen insensitivity syndrome [75]. 
Individuals with the complete form of the syndrome, in which 
there is failure of functional androgen receptor expression, have 
intra-abdominal testes but female external genitalia, breast devel- 
opment and psychosocial development. After puberty, circulating 
testosterone is in the normal or elevated male range, but pubic and 
axillary hair fail to develop and there is no beard growth and no 
balding. Polymorphisms in the AR gene may facilitate receptor 
activation, predisposing to androgen-related conditions [76]. 


Mechanism of androgen action on the hair follicle 

The specificity of the response of HFs to androgens is determined 
within the skin. HFs in occipital skin, a site that shows little or no 
response to androgens, retain their site-specific behaviour (includ- 
ing size and curl) when transplanted into balding areas on the 
frontal scalp [77]. Conversely, HFs from a balding scalp continue to 
regress when transplanted into skin of the forearm [36]. The suc- 
cess of micrografting techniques, in which individual follicles are 
transplanted, shows that androgen responsiveness is determined at 
the level of the follicle or its immediate tissue environment. Three 
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lines of evidence suggest that the dermal papilla is the primary 

target of androgen action in the hair follicle: 

1 Androgen receptor expression in the lower part of the follicle is 
restricted to dermal papilla cells [78,79]. 

2 The size of the hair follicle is probably determined by the volume 
of the dermal papilla [34,80]. 

3 Dermal papillae express 5a-reductase type 2 whereas hair follicle 
epithelium expresses only 5a-reductase type 1 [81]. 

Androgens may act on hair growth by altering the number of cells 
in the dermal papilla and its extracellular matrix [80]. Cells cultured 
from dermal papillae of human beard HFs also release growth 
factors in response to androgens that stimulate the proliferation 
of keratinocytes [79,82], and the pattern of androgen metabolism 
by cultured and intact dermal papilla cells is consistent with that 
expected from their site of origin [83,84]. There is one report that 
dermal papilla cells grown from balding scalp follicles secrete 
TGF-f in the presence of testosterone [85]. TGF-f is a growth factor 
known to inhibit hair growth [86]. Hence the variable response of 
hair growth to androgens may reflect site-dependent differences in 
the types of growth factors produced by the dermal papilla. 


Hair immune system 

Hair follicles are a potential portal of entry for microbes into the 
body. Thus, the HF has evolved a robust hair immune system, 
comprising both innate and adaptive elements, which are pre- 
dominantly located around the infundibulum and distal follicle 
to respond to pathogenic threats [18,87]. Further, antimicrobial 
peptides are part of an evolutionary conserved innate anti-infective 
mechanism that can be induced in response to the presence of 
certain microbial species (see the section on the HF microbiome). 


Hair follicle immune privilege 

Immune privilege describes a set of mechanisms in defined tissue 
compartments that shield (auto)-antigens generated in that area 
from immune surveillance. This process is seen in various tissue 
sites, including the eye, brain, testes and maternofetal unit, and 
is thought to protect these vulnerable structures from excessive 
immune responses. The proximal HF (from bulb to bulge) has also 
been shown to be an immune privilege site [88-90]. The reason is 
unclear, but it may represent an evolutionary advantage to prevent 
autoimmune hair loss (e.g. a real threat to survival should this occur 
in a polar bear). 

Immune privilege is relative and dynamic. Various components 
all contribute to the immune privilege state, including (i) restricted 
immune cell recruitment and trafficking (e.g. lack of lymphatics); 
(ii) reduced antigen presentation (e.g. downregulation of major histo- 
compatibility complex (MHC) class I and II expression); (iii) active 
immunosuppression (e.g. local production immunosuppressant 
a-melanocyte-stimulating hormone (a-MSH), TGF-f and interleukin 
10 (IL10); expression of ‘no danger’ signals CD200; downregulation 
of danger signals MHC class 1 polypeptide-related sequence A 
(MICA) and UL16 binding protein 3 (ULBP3)); and (iv) promotion 
of peripheral tolerance [90,91]. Immune privilege can be collapsed 
experimentally with the pro-inflammatory cytokine interferon y 
(IFN-y) and neuropeptide substance P, but re-established using the 
various local immunosuppressants listed above [92]. Collapse of 


HF immune privilege appears central to the pathogenesis of both 
alopecia areata and lichen planopilaris [91,93]. 


Hair follicle microbiome 

The HF is a moist, less acidic and ultraviolet (UV) protected skin 
site conducive for microbial survival. The HF microbiome varies 
between skin sites, sexes and racial groups. Various commen- 
sal bacteria (e.g. Cutibacterium spp., Staphylococcus spp.), fungi 
(e.g. Malassasia spp.), viruses and mites (e.g. Demodex) make 
up the normal HF microbiome. These resident organisms, fur- 
ther controlled by antimicrobial peptides and immune tolerance 
mechanisms, probably maintain the HF homeostasis. However, 
increasingly it is recognised that microbiome dysbiosis is important 
in the development of multiple diseases, and so better understand- 
ing as to how the microbiome influences immune responses, and 
the link between skin, diet and gut health on immune functioning, 
will be a clear focus of future research [94-96]. 


Neuroendocrinology of the hair follicle 

The HF is a unique miniorgan responsive to signals from the inter- 
nal and external environment, with perhaps these mechanisms 
representing evolutionary conserved processes for responding to 
seasonal changes in climate. The HF not only contains various 
hormone receptors but is also a site of hormone synthesis [97,98]. 


Hypothalamic—pituitary—adrenal axis 

Stress response is controlled centrally by the hypothalamic— 
pituitary—adrenal (HPA) axis, with the hypothalamus secreting 
corticotrophin-releasing hormone (CRH) that stimulates adreno- 
corticotrophic hormone (ACTH) from the pituitary, and then 
cortisol from the adrenal glands. Surprisingly, within defined HF 
regions CRH is transcribed and the CRH receptor expressed (cf. the 
hypothalamus). Exposed HFs upregulate pro-opiomelanocortin 
transcription, increasing ACTH and a-MSH (cf. the pituitary), and 
express ACTH receptors generating interfollicular cortisol (cf. the 
adrenals). Further, external cortisol suppresses CRH in HFs via 
a feedback loop [98,99]. The functional significance of these local 
stress responses is currently unclear, but all components of the 
HPA axis negatively impact hair growth, with CRH and ACTH also 
promoting mast cell degranulation. 


Hypothalamic—pituitary—thyroid axis 

Thyroid hormones directly impact HF biology by prolonging ana- 
gen and upregulating keratin 15. Both thyrotrophic-releasing hor- 
mone (TRH) and thyroid-stimulating hormone (TSH) receptors are 
expressed within the follicular unit, but in defined locations, so the 
presence of a functioning peripheral HPT axis is still unclear [98]. 


Prolactin 

High circulating prolactin suppresses gonadotrophin-releasing 
hormone from the hypothalamus, which reduces luteinising 
hormone/follicle-stimulating hormone secretion, resulting in 
amenorrhoea (in women) and impotence (in men), along with 
galactorrhoea. Prolactin and prolactin receptor are expressed in 
the HF and appear important for HF functioning. Interestingly, 
prolactin effects are both sex and scalp location dependent, with 
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anagen prolongation seen in human female frontotemporal HF, 
whereas catagen is triggered in male occipital HF; in mice prolactin 
inhibits hair growth [100,101]. 


Hair pigmentation 

Hair colour is one of the most striking of mammalian characteris- 
tics. In humans, hair colour is determined by melanin incorporated 
into the hair shaft, with the relative proportions of eumelanin 
(black-brown) and phaeomelanin (yellow-red), and the number 
and degree of melanisation of melanosomes, important in deter- 
mining the final phenotype. Other structural factors, such as hair 
fibre diameter, medullation and cuticle integrity, may also affect its 
visual perception [102-104]. 


Biology of hair pigmentation 

Hair melanin is formed by melanocytes situated in the hair bulb 
epithelium around the upper half of the dermal papilla among 
cells destined to form the hair cortex (called the hair follicle pig- 
mentary unit (HFPU)) [105]. The pathway of melanogenesis is 
described in Chapter 142. Ultrastructurally, hair bulb melanocytes 
appear more melanogenic than epidermal melanocytes and their 
population density is much greater than in the epidermis. In 
humans, hair bulb melanocytes donate melanosomes almost exclu- 
sively to cells undergoing early differentiation to form the hair 
cortex (Figure 87.13). Therefore, there is a close spatial and func- 
tional relationship between hair bulb melanocytes and the cells that 
act as pigment receptors (i.e. cortical keratinocytes). No pigment 
is transferred to presumptive cuticular and IRS cells, although 
pigment granules have been detected in the cuticle of human nostril 
hair and in the coats of many animals. 

Melanocytes are also present in the basal layer of the infundibu- 
lum and ORS where they are unpigmented but identifiable by 
their expression of the melanocyte marker NK1beteb. A population 
of melanocyte stem cells (melanoblasts) are located in the bulge 
region [106]. Like eHFSCs these are undifferentiated, slow cycling 
and undergo proliferation only during early anagen, remaining 
quiescent through the rest of the hair cycle. Melanocyte stem cells 
are non-pigmented, do not express the marker gp100 and have 
no, or very few, dendrites. TGF-f signalling from surrounding 
epithelial stem cells appears vital for maintaining melanocyte stem 
cell quiescence [107]. Depletion of melanocyte stem cells ultimately 
leads to permanent hair greying [105]. There is also a subpopulation 
of immature amelanotic melanocytes in the proximal and lateral 
matrix that may function as an alternative non-bulge melanocyte 
stem cell pool. 

Melanogenic activity in the hair follicle is intricately linked to 
the hair cycle. In early anagen, melanocyte stem cells are activated, 
and their progeny differentiate and populate the developing hair 
bulb. They congregate in the upper part of the anagen hair bulb 
forming the HFPU. Melanogenesis begins well after epithelial pro- 
liferation has started and coincides with the onset of morphological 
evidence of cortical differentiation. Tyrosinase activity becomes 
apparent in anagen 3 and pigment transfer to cortical epithelium 
begins in anagen 4 stage of development [108]. In pigmented 
hair follicles, intense melanogenesis continues throughout the 


Figure 87.13 Human anagen follicle showing pigment donation to the hair cortex. 
There is pigment incontinence in the dermal papilla. Masson-Fontana stain. 


remainder of anagen (anagen 5 and 6) and then ceases with the 
onset of catagen. The close anatomical and functional association of 
hair bulb melanocytes with cells to which pigment is donated, cells 
destined to form the hair cortex, suggests that interaction between 
these two cell types has a key role in regulating pigmentary activity. 
In catagen, the HFPU undergoes apoptosis, with some proximal 
melanocytes in the matrix also repopulating the secondary hair 
germ [105,109,110]. 

There are multiple regulators of HFPU pigmentation. Positive 
regulators include o-MSH, thyroid hormones, TRH, CRH and 
B-endorphin; negative regulators include BMAL1 (brain and mus- 
cle ARNT-like 1), cortisol and PER1 (period circadian regulator 1) 
(reviewed in [105]). 

Melanogenesis releases reactive oxygen species (ROS), although 
these are controlled by various antioxidants (including catalase, 
methionine sulfoxide reductase A and B, Bcl-2, nuclear factor ery- 
throid 2-related factor 2, tyrosinase-related protein 2 and eumelanin 
itself) that can scavenge ROS. Highest ROS levels are seen in the 
precortical zone, just distal to the matrix, in an area termed the 
‘ring of fire’. In this area ROS are thought crucial for hair shaft 
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formation and keratinocyte differentiation [111]. Collapse of the 
HFPU antioxidant system, excessive hydrogen peroxide levels and 
accumulation of senescent melanocytes are all thought to underlie 
hair greying. 


Variation in human hair colour 

Variations in human hair colour occur most commonly in European 
populations. Non-European hair is predominantly dark brown to 
black in colour although pockets of lighter shades do exist in some 
parts of the world. Hair colour, along with skin and eye colour, is 
determined by multiple genes, classified as SHEP genes by MIM 
(227220). These include OCA2, MC1R and TYRP. Polymorphisms 
in the OCA2 gene are associated with blond and brown hair in 
Icelanders [112], and blond hair in a Melanesian population is 
associated with variation in the TYRP1 gene [113]. The current 
catalogue of genes affecting human hair colour is undoubtedly 
far from complete — over 100 genes involved in regulating murine 
hair pigmentation have been documented. Recently, a GWAS and 
meta-analysis identified 123 autosomal and one X-linked loci asso- 
ciated with hair colour in humans, confirming the polygenic nature 
of these complex phenotypes [114]. It is unclear why hairs darken 
in many children around puberty, but this change may be due to 
hair diameter increase with age. 


Experimental techniques 
Various experimental techniques have been used to understand HF 
biology. Some of the most used methods are summarised here. 


Hair follicle organ culture 

A technique first described by Philpott et al. allows ongoing human 
HF growth ex vivo [115]. It is predominantly used to test drugs 
and substances that can accelerate or delay the switch from ana- 
gen to catagen. Therefore, this technique is a useful model for 
both alopecia and hirsutism research. The disadvantage is that the 
whole hair cycle cannot be explored with this method, and so study 
of anagen induction is not possible. Established culture protocols 
and catalogues of catagen inhibitory and promoting agents are 
available as benchmarks [116]. 


Mouse models 

Mouse models are the most widely used techniques for studying 
basic HF biology. A key advantage is that the murine hair growth 
is synchronised allowing study of the complete hair cycle. Further, 
various genetic mutants, and potential for genetic manipulation, 
allow detailed exploration of specific mechanisms through pheno- 
type observation or gene knock-down [117]. Murine hair cycle stages 
are well defined [118]. However, findings in mice do not always 
directly correlate with human HF biology, with different stem 
cell markers, variable responses to hormone stimulation, shorter 
synchronised hair cycle stages and increased skin permeability all 
differing between human and mouse skin. 

Recently a humanised mouse model has been developed using 
human skin xenografted onto SCID mice [119]. This technique is 
the only preclinical model allowing study of the whole human HF 
cycle, but the technique is expensive and specialised, so is often 
used in conjunction with other complementary techniques [120]. 
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How to approach assessment and 
management of patients with hair loss 


Introduction 

It is well recognised that alopecia has a significant impact on 
patients’ self-esteem and emotional and psychological well-being. 
Studies examining health-related quality of life scores demonstrate 
that alopecia patients have scores comparable with those of patients 
with psoriasis or atopic dermatitis [1,2]. The degree of patient 
distress is often not proportional to objective clinical assessment 
of alopecia severity [3] and many patients with mild, minimal 
or clinically imperceptible hair loss harbour fears that they will 
lose all their hair. Further, many alopecia patients feel that their 
problems have been trivialised, dismissed or ignored by medical 
professionals [2] and some become angry and frustrated. Therefore, 
it is important to treat patients’ concerns seriously, and the use of 
quality of life measures in the out-patient clinic can provide an 
invaluable insight into the psychological impact of alopecia on 
the individual. Alopecia is often chronic, thus establishing a good 
rapport with patients is crucial. Clear explanation of the diagnosis 
and prognosis is important, as is the use of high-quality up-to-date 
patient information, in leaflet form or online. Patient support groups 
and alopecia charities can often provide support for patients and 
their families and it is helpful to signpost these at an early stage. 
Advice on cosmetic camouflage is also an important part of patient 
management. As the diagnosis of alopecia can be challenging, 
expert second opinion may be sought. In many countries, there are 
regional, national and international networks of clinicians with a 
special interest in hair disorders who can review and advise on 
complex cases. 


History 

A detailed history is as important to making the correct diagnosis 
as clinical examination. There are several key questions that help 
with establishing the diagnosis. Disease onset and duration are 
important; conditions such as alopecia areata and acute telogen 
effluvium (TE) are characterised by rapid onset and often extensive 
loss, and patients tend to present quickly. Female pattern hair loss 
(FPHL) and most scarring alopecias have an ill-defined onset and 
patients become gradually aware of hair loss over months and 
years. Whether hair loss is patchy or diffuse should be established: 
acute TE and FPHL cause diffuse hair thinning and scarring alope- 
cias and alopecia areata tend to present with patchy hair loss. The 
area of scalp affected may provide a clue to diagnosis. Thinning on 
the top of the scalp is typically due to (male or female) patterned 
hair loss. Hairline involvement is characteristic of frontal fibrosing 
alopecia (FFA) and ophiasis-pattern alopecia areata. Involvement 
of the vertex, with extension onto the frontal scalp, is typical of fol- 
liculitis decalvans (FD) and pseudopelade of Brocq (PB). Dissecting 
cellulitis (DC) and acne keloidalis nuchae (AKN) typically affect the 
occipital scalp and nape of the neck. 

The quantity of hair shedding is also useful to establish. This may 
be difficult for patients to estimate and the use of a shedding score 
can be helpful [4]. Significant hair shedding characterises severe 
alopecia areata and acute and chronic TE. The presence of symptoms 
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should also be established. Many patients with alopecia have no or 
minimal symptoms. Patterned hair loss and alopecia areata are typi- 
cally asymptomatic. Itch is a feature of lichen planopilaris (LPP) and 
chronic discoid lupus erythematosus (CDLE) but less so FFA. Pain, 
crusting and pustules are features of FD and DC. Scalp burning 
or dysaesthesia (trichodynia) can occur as a primary phenomenon 
or in association with alopecia (of any type). Hair breakage occurs 
with traction alopecia and some hair shaft disorders. Textural hair 
changes may occur with patterned hair loss or acquired hair shaft 
disorders (e.g. trichorrhexis nodosa), it may be due to medication 
(e.g. systemic retinoids) and occasionally occurs on hair regrowth 
following severe loss (e.g. anagen effluvium due to chemotherapy). 
Hair loss away from the scalp should also be assessed. Patients will 
usually report loss of facial hair such as eyebrows, lashes and the 
male beard, but gradual loss of hair from limbs is rarely recognised, 
especially by females. 

Previous medical and dermatological history may provide useful 
information to support a diagnosis. Atopy is commonly found 
in association with alopecia areata. Severe acne (congolobata) or 
hidradenitis suppurativa may be present with DC. A history of 
mucocutaneous lichen planus may be found with LPP but is much 
less common with FFA. Sudden severe hair shedding (suggesting 
TE) should prompt enquiry regarding significant illness, operations, 
weight loss, new medications or severe stress in the previous 2-3 
months. Relevant family history should be established, particularly 
if a genodermatosis (e.g. monilethrix) is suspected. With alopecia 
areata, an affected first-degree relative increases the risk of the 
disease 10-fold. Autoimmune disease (particularly thyroid) is also 
common with alopecia areata. 


Examination 

Establishing a standard method of scalp examination will help 
to avoid missing relevant pathology. It is important to examine 
the entire scalp and not just the area(s) indicated by the patient. 
Good lighting, an illuminated magnifier and dermatoscope are 
essential tools. An initial global visual assessment is useful — is there 
obvious hair thinning? Is it localised? Assessment of hair density 
can be achieved by performing a series of partings around the 
scalp and observing how easily the underlying scalp can be seen. 
This will also allow identification of any patches of loss. The entire 
hairline should also be examined. Close inspection of the scalp 
is required to identify diagnostic patterns of inflammation. The 
typical trichoscopic features of alopecias are now well described [5] 
and trichoscopy is a mandatory part of a complete examination 
(Figure 87.14). However, it is important to remember that not all 
scalp inflammation will be relevant to hair loss. Conditions such 
as seborrhoeic dermatitis and scalp psoriasis are common but are 
rarely the cause of significant alopecia. However, scalp inflamma- 
tion may contribute to symptoms and may reduce efficacy of topical 
treatments such as minoxidil. 

Various methods of pulling hair (gently) can aid diagnosis. Easy 
removal of short, broken (exclamation mark) hairs is characteris- 
tic of alopecia areata, whereas with trichotillomania, pulling simi- 
larly short, fractured hairs will not remove them. Easy removal of 


any anagen hairs, such as around the margins of an active patch 
of scarring alopecia, is always abnormal. Active hair shedding can 
be assessed by a hair pull. A group of around 50 hairs are gripped 
near the scalp and constant gentle traction applied, pulling away 
from the scalp. This needs to be done at multiple sites over the scalp. 
Extraction of several telogen hairs at each pull is to be expected; 
however, in conditions such as TE, large numbers of telogen hairs 
can easily be removed. It should be noted that the pull test may be 
affected by how recently the hair has been washed or brushed, and 
a normal pull test does not exclude a diagnosis of TE. 

The face (eyebrows, lashes, male beard) and body should also 
be examined for evidence of alopecia. This is seen commonly with 
alopecia areata and FFA but much less commonly with LPP. Loss of 
vellus facial hairs occurs frequently with FFA but is rarely noted by 
patients. Excessive body hair in females can be a sign of androgen 
excess and this may be relevant to patterned hair loss in women. 
Associated skin disease may be present and the skin, mouth and 
nails should be examined as appropriate. 

An algorithmic approach to aid diagnosis is presented 
(Figure 87.15). 


Investigations 

It is helpful to confirm that there are no significant underlying med- 
ical conditions that might contribute to alopecia such as anaemia 
or thyroid dysfunction; routine bloods including full blood count 
(FBC), ferritin and thyroid function tests should be considered. If 
CDLE is suspected, antnuclear antibodies (ANA) should also be 
checked. Most females with pattern hair loss do not have evidence 
of androgen excess; however, an androgen screen should be con- 
sidered in certain circumstances such as females in their teens and 
early 20s, if there are associated menstrual irregularities, the pres- 
ence of other androgen-related disorders (acne, hirsutism, virilism) 
or severe hair loss and Hamilton—-Norwood pattern hair loss. When 
pustules are present, swabs should be taken for bacterial culture 
and sensitivity. Scale and hairs should be sent for microscopy and 
mycological culture where appropriate. Tinea capitis is partic- 
ularly common in children, and in adults it can masquerade as 
inflammatory scarring alopecias such as DC. 

Trichograms (forcible extraction of 50-60 hairs) are now rarely 
performed. Examining the numbers of anagen, catagen and telogen 
hairs from a small area of scalp rarely yields useful diagnostic 
information. The phototrichogram [6] is a non-invasive method 
of accurately assessing hair growth but is generally a research 
tool. One or two 1 cm? representative areas of scalp are shaved or 
clipped as short as possible and an image taken; 2 or 3 days later, a 
further image is taken. Anagen hairs will be seen to grow, whereas 
telogen hairs remain the same length. This allows assessment of the 
anagen : telogen ratios. With appropriate software, hair density and 
hair shaft diameters can easily be calculated. 

Light microscopy of hair is required for the investigation of 
possible hair shaft disorders, although many hair shaft disorders 
can be observed by trichoscopy [7]. In these conditions not all hairs 
will be affected and therefore a sufficiently representative sample 
(at least 50 hairs) is required. Hairs should be cut close to the scalp, 


Figure 87.14 Trichoscopic images. (a) Yellow dots in alopecia areata. (b) Black dots and broken hairs in alopecia areata. (c) Variation in hair fibre diameter in female pattern hair loss. 
(d) Follicular hyperkeratosis in lichen planopilaris. (e) Follicular plugging in discoid lupus erythematosus. (f) Tufting and pustule in folliculitis decalvans. 


not plucked, unless loose anagen syndrome is suspected in which 
case a small number of hairs should be plucked for examination 
of the roots. Trichoscopy can be used to identify abnormal hairs to 
improve sampling. For light microscopy, hairs should be spread 
out on a microscope slide (bone pathology slides are larger than 


standard slides and are ideal for this purpose) and a coverslip 
placed on top. Mounting medium is usually not required. In some 
hair disorders, the abnormalities are only seen using polarising 
filters (e.g. tiger tail pattern in trichothiodystrophy). Certain hair 
shaft disorders (e.g. pili trianguli et canaliculi) are best seen using 
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Scaly and/or red areas 
of alopecia? 


Discrete hypertrophic Follicular pustules, Discharging nodules 
or keloid scarring crusting, dense scarring crown & 
nape of neck? crown & central scalp? occipital scalp? 


Consider 


Consider Consider Consider CDLE 
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Figure 87.15 Diagnostic guide to assist hair loss evaluation. CCCA, central centrifugal cicatricial alopecia; CDLE, chronic discoid lupus erythematosus; CTCL, cutaneous T-cell 
lymphoma; FFA, frontal fibrosing alopecia; FPHL, female pattern hair loss; KFSD, keratosis follicularis spinulosa decalvans; LPP, lichen planopilaris; MPHL, male pattern hair loss; TTM, 
trichotillomania. 
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scanning electron microscopy although this is not available in most 
pathology departments. While light microscopy can be performed 
in the out-patient clinic, expert opinion is often required, and advice 
can be sought through regional or national networks of specialist 
hair societies. If sending hair samples, at least 50 hairs should be 
carefully folded within a piece of white A4 paper. 

Histology can be useful in the evaluation of hair disease [8]. It 
will distinguish between non-scarring and scarring alopecia and 
differentiate between primary lymphocytic and neutrophilic cica- 
tricial alopecias. It can also be useful in identifying the presence of 
follicular miniaturisation in patients with increased hair shedding 
but without clinical reduction in hair density, such as when attempt- 
ing to distinguish between early FPHL and TE. Diffuse hair loss due 
to unsuspected alopecia areata or lupus erythematosus may also 
be identified on scalp biopsy, as will rare causes of alopecia such 
as sarcoidosis, secondary syphilis, cutaneous lymphoma and scalp 
metastases. 

The choice of biopsy site and biopsy technique are crucial to 
obtaining a useful pathology report. For scarring alopecias, the 
selection of the biopsy site depends on what information is needed. 
A biopsy from the centre of a patch of hair loss will confirm the 
presence of scarring but will not generally provide useful infor- 
mation on causality. This is best obtained by sampling the active 
edge of a patch of loss. Active areas of alopecia may show signs 
of follicular inflammation and/or hyperkeratosis, features which 
can best be appreciated by trichoscopy. Similarly, a biopsy from 
the edge of a patch of alopecia areata where broken (exclamation 
mark) hairs are present is more likely to show the classic peribulbar 
inflammatory infiltrate, whereas a sample from the centre of a patch 
may not show diagnostic features. In patterned hair loss, it can be 
useful to sample the affected area and a control area (vertex and 
occiput) for comparison purposes. 

Recommended practice is to take two 4 mm punch biopsies [8]. 
Biopsies should be orientated in the direction of hair growth in 
order to include as many intact follicles as possible and should 
extend into the subcutaneous fat (Figure 87.16). In scarring alopecia, 
one biopsy is usually sectioned longitudinally (vertically) and the 
second transversely (horizontally) (Figure 87.17). In non-scarring 
conditions, it may be more useful for both biopsies to be sectioned 
horizontally (Figure 87.18). A transversely sectioned 4 mm scalp 
biopsy may allow up to 30-40 hair follicles to be examined. Sections 
can be cut at different levels from the bulb to the isthmus and 
infundibulum. The opinion of a dermatopathologist experienced in 
hair pathology should be sought if there is uncertainty. 


Alopecia monitoring and assessment 

Accurate methods of assessing and monitoring alopecia are essential 
to evaluating disease progression and treatment efficacy. However, 
most currently used methods are at best suboptimal. Photographs 
are the most used means of monitoring alopecia. However, there 
are pitfalls which can lead to misinterpretation. Ideally, the help 
of an experienced photographer should be enlisted in order that 
lighting, background and head position are standardised. The use 
of stereotactic devices can assist with the latter. For assessment of 
hair density (e.g. central frontal scalp and vertex in patterned hair 
loss), the hair should be parted centrally and smoothed (but not 
held) down and the head tipped forward. To demonstrate patches 
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(b) 
Figure 87.16 (a, b) Orientation of the punch biopsy in the direction of hair growth. 
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Figure 87.17 Biopsy — scarring alopecia protocol. 
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Laboratory cuts both 
biopsies 1 mm above 
the junction of the 
dermis and subcutis 


Both biopsies are 
bisected horizontally 
and embedded on 
their cut ends (red ink) 


Both specimens submitted for laboratory horizontal sectioning 


Figure 87.18 Biopsy — non-scarring alopecia protocol. 
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of alopecia, surrounding hair should be brushed away from patches 
such that the entire patch can be seen. The use of photographic 
scales and inclusion of anatomical landmarks in images is also 
helpful. When there are multiple patches of alopecia throughout 
the scalp, accurate photographic assessment is challenging. One 
method that can be employed is taking serial images of a sequence 
of partings made several centimetres apart across the affected 
area of scalp, each time sweeping hair away to entirely expose 
patches. Imaging of the hairline is generally easier as hair can 
more easily be swept up to expose the hairline. Sometimes hair 
bands are used to evenly pull hair back, but care should be taken to 
avoid producing kinks of hair that protrude forward over the true 
hairline. 

Taking measurements of alopecia can be a useful strategy in dis- 
ease monitoring. Patches of alopecia can be measured in a variety 
of ways; however, these can be difficult to accurately reproduce. 
Drawing outlines of patches on clear plastic templates can be useful. 
In FFA, there are a variety of measurement techniques employed 
(e.g. measuring from fixed anatomical points to the new hairline; 
measuring from the original to new hairline) but again, there are 
issues of accuracy and reproducibility. There are also several scor- 
ing systems that have been devised to categorise alopecia severity. 
These include [4,9-21]: 
¢ Severity of alopecia tool (SALT) and AA investigator global 

assessment for alopecia areata. 

e Ludwig, Sinclair and female pattern hair loss severity index 

(FPHL-SI) scores for FPHL. 
¢ Hamilton and Norwood scores for male pattern hair loss. 

e Frontal fibrosing alopecia severity index (FFASI) and frontal 
fibrosing alopecia severity score (FFASS) for FFA. 

e Lichen planopilaris activity index (LPPAT) for LPP. 

¢ Central scalp alopecia photographic scale for central centrifugal 
cicatricial alopecia (CCCA). 

e Marginal traction alopecia severity (M-TAS) score) for traction 
alopecia. 

¢ Cutaneous lupus erythematosus disease area and severity index 

(CLASI) for chronic discoid lupus erythematosus. 
¢ Sinclair hair shedding scale for TE/pattern hair loss. 


Cosmesis 

As treatment of alopecia is often difficult, camouflage is an impor- 
tant part of management. There is an extensive range of camou- 
flage options for patients with alopecia and it is usually helpful to 
discuss these at an early stage — see the cosmetics section later in this 
chapter. 


Resources 


Further information 
Institute of Medical Illustrators, hair loss photography standards: https: //www.imi 
.org.uk/resources/professional-resources /national-guidelines/. 


Patient resources 

Alopecia UK: www.alopecia.org.uk. 

British Association of Dermatologists: www.bad.org.uk/for-the-public/patient- 
information-leaflets. 

National Alopecia Areata Foundation: www.naaf.org. 

Scarring Alopecia Foundation: https://scarringalopecia.org /. 

(All last accessed May 2023.) 
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ALOPECIA AREATA 


Alopecia areata — VF 


Introduction and general description 

Alopecia areata is a common, chronic, inflammatory disease that 
causes non-scarring hair loss. The severity ranges from small 
patches of hair loss, which usually recover spontaneously, to com- 
plete alopecia where the prognosis for hair regrowth is poor. The 
nails may also be affected. Current evidence indicates that alopecia 
areata is caused by a T-cell-mediated autoimmune mechanism 
occurring in genetically predisposed individuals. Environmental 
factors may be responsible for triggering the disease. 

The first description of alopecia areata is generally attributed 
to the Roman physician Celsus (about 25 BC to AD 50) although 
treatments for a type of hair loss resembling alopecia areata were 
advocated in a 3500-year-old Egyptian papyrus [1]. Under the 
heading ‘areae’ Celsus described two types of hair loss; the first, 
known as ‘alopecia’, ‘... spreads no certain form. It is found in 
the hair of the head, and in the beard.’ The second type, called 
‘ophiasis’, ‘... begins at the hinder part of the head ... it creeps 
with two heads to the ears ...’ [2]. The term alopecia areata was 
first used by Sauvages in 1763 (cited by Hebra and Kaposi [3]). In 
the English literature Robert Willan described alopecia areata under 
the title ‘porrigo decalvans’, illustrated in Thomas Bateman’s 1819 
atlas (Figure 87.19). The first detailed account in more recent times 
was by Hebra and Kaposi [3] — many aspects of their description 
of the clinical features, the natural history and the response to 
treatment could appear in a modern textbook. Early ideas about the 
aetiology were numerous and included infectious, metabolic, vas- 
cular, neuropathic and trophoneurotic theories. The current view, 
that alopecia areata is an autoimmune disease, was first suggested 
by Rothman in a discussion of a paper presented by Van Scott [4], 
although an association with thyroid disease and vitiligo had been 
recognised from the early years of the 20th century [5]. 


Epidemiology 

Incidence and prevalence 

In a Mayo Clinic population study of alopecia areata from Olm- 
sted County, Minnesota, USA between 1975 and 1989, the overall 
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Figure 87.19 ‘Porrigo decalvans’ (alopecia areata). Plate XL from Thomas Bateman’s 
atlas Practical Synopsis of Cutaneous Diseases, 1819. 


incidence rate was 0.20 per 1000 person-years with a projected 
lifetime risk of 1.7% [6]. A slightly higher incidence of 0.21 per 
1000 person-years and lifetime risk of 2.1% was reported in an 
extension of the original study between 1990 and 2009 [7]. In a 
much larger population study in UK primary care, comprising over 
4 million people, the incidence of alopecia areata was 0.26 per 1000 
person-years between 2009 and 2018 [8]. 


Age 

The onset of alopecia areata may occur at any age. However, in 
most affected individuals the first episode occurs before the age of 
40 years, with the peak age of onset between 25 and 29 [8]. 


Sex 

In the US population study, the frequency of alopecia areata was 
similar in both sexes [7]. In the UK study, the incidence was slightly, 
though significantly, greater in females [8]. 


Ethnicity 

As far as is known, alopecia areata occurs in all ethnic groups but 
there may be interethnic variations in its frequency. In a study from 
the USA, self-reported alopecia areata was more common in female 
nurses of black and Hispanic ethnicity than in white nurses [9]. 
An increased frequency of alopecia areata in people of non-white 
ethnicity was also found in the UK study. The effect was particularly 
pronounced in those of Asian ethnicity where the incidence was 
threefold greater than in white people [8]. 


Associated diseases 

Autoimmune disease. Numerous studies have shown an increased 
risk of other autoimmune diseases in patients with alopecia areata 
[10]. There is variation between studies in the level of risk for 
individual diseases, but the overall theme is constant. In the largest 
study of its type, incorporating 4334 patients with alopecia areata 
and over 700 000 controls, Chu and colleagues reported significant 
associations with vitiligo, thyroid disease, lupus erythematosus, 
psoriasis and rheumatoid arthritis [11]. The frequency of type 1 
diabetes is not increased in patients with alopecia areata, but dia- 
betes is more common than expected in their relatives, suggesting 
a protective effect of the diabetes genotype [12,13]. An association 
with coeliac disease has been suggested from some small case series 
[14] but does not feature in larger population studies [11]. Although 
improvement in alopecia in coeliacs taking a gluten-free diet has 
been reported, the numbers are too small to confidently exclude 
spontaneous remission [14]. 


Atopic disease. Atopic disease, especially atopic dermatitis, is 
more common than expected in alopecia areata, and is associated 
with early onset and more severe forms of hair loss [10,11,15,16]. 
Atopic dermatitis in a Korean population was significantly more 
common in patients with early-onset alopecia areata, whereas 
thyroid disease was the most common in late-onset disease [17]. 


Down syndrome. In two studies on institutionalised people with 
Down syndrome alopecia areata was diagnosed in 60 out of 1000 
(6%) cases in the first study [18] and in 19 out of 214 (8.9%) in 
the second study [19]. These frequencies are well in excess of that 
expected in the population at large. Other autoimmune diseases are 
also common in Down syndrome. 


Autoimmune polyendocrinopathy syndrome type 1 (APS-1). 
APS-1 is a genetic disease due to mutations in the autoimmune reg- 
ulator gene (AIRE) at chromosome 21q22. AIRE protein is expressed 
in the thymus and is involved in the deletion of self-recognising 
T cells. The cardinal features of APS-1 are Addison disease, 
hypoparathyroidism and chronic mucocutaneous candidiasis, 
but other autoimmune diseases are also common and alopecia 
areata occurs in about 50% of cases [20]. 


Quality of life and mental health disorders. Impairment in quality 
of life in people suffering from alopecia areata has been reported 
by many studies [21,22]. Adverse effects on mental health, vitality, 
social functioning and emotions are common themes [23]. Time off 
work and unemployment are also more common than in the pop- 
ulation at large [24]. Women appear more likely to suffer reduced 
quality of life than men but the evidence for a contribution of 
other factors, such as disease duration and severity of hair loss, 
is conflicting. It is important to recognise the serious impact that 
alopecia areata can have on quality of life. On the other hand, 
not all patients with alopecia areata experience a reduction in 


quality of life due to their disease —- it was found to be 57% in one 
study [25]. 

Bullying is a common problem in children with alopecia areata. 
In one study, 23% of children across all age groups had experi- 
enced bullying, and additional psychological impact, including 
impairment of social and home life, was also common [26]. 

The prevalence of psychiatric disorders, particularly depression 
and anxiety, is greater in patients with alopecia areata than in the 
general population [27-29]. The association appears to be bidi- 
rectional. Thus, those with alopecia areata are at increased risk 
of subsequently developing depression and a history of depres- 
sion is itself a risk factor for developing alopecia areata [24,30]. 
An association between depression and circulating levels of the 
pro-inflammatory cytokines IL-17E and IL-22 has been reported in 
patients with alopecia areata [31]. 


Pathophysiology 

Pathology 

Anagen follicles at the margins of expanding patches of alopecia 
areata characteristically show a perifollicular and intrafollicular 
inflammatory cell infiltrate, concentrated in and around the hair 
bulb (Figure 87.20). The inflammatory infiltrate is composed mainly 
of activated T lymphocytes, with a preponderance of CD4 cells, 
and an admixture of macrophages, Langerhans cells and cells 
expressing natural killer (NK) cell markers [32-34]. In contrast to 
the inflammatory scarring alopecias, little or none of the inflam- 
matory infiltrate is seen around the isthmus of the HF, the site of 
HF stem cells. This may explain why follicles are not destroyed in 
alopecia areata. Lymphocytic infiltration of the dermal papilla and 
bulbar epithelium may be accompanied by increased expression of 
MHC class I and II antigens and of intercellular adhesion molecule 
1 (ICAM-1) [35-37]. Normal numbers of follicles are found in estab- 
lished bald patches and in alopecia universalis. Both anagen and 
telogen follicles are found in these sites, with a higher proportion 
in telogen than in a normal scalp. Follicles are smaller than normal 
and anagen follicles do not develop beyond the anagen 3/4 stage 
[38]. The inflammatory infiltrate tends to be less pronounced than 
in early lesions and is associated mainly with anagen follicles. 

Alopecia areata causes a disturbance in the normal dynamics 
of the hair cycle. Anagen follicles are precipitated into telogen. 
This may occur as a centrifugal wave, reminiscent of a moult wave 
[39]. Follicles can re-enter anagen but, while the disease is active, 
are unable to progress beyond the anagen 3/4 stage [38]. It has 
been suggested that follicles then return prematurely to telogen 
and that truncated cycles continue until disease activity wanes 
(Figure 87.21) [40]. 

Cells of several different types and differentiation pathways 
are found in the hair bulb, but which of these is the primary focus 
of the pathology is unknown. Epithelial cells in the hair bulb matrix 
undergoing early cortical differentiation may show vacuolar degen- 
eration [41,42] and are also the predominant cell type showing 


Figure 87.20 Lymphocytic inflammatory infiltrate surrounding an anagen hair bulb in 
alopecia areata. 


Figure 87.21 Proposed pathodynamic changes in alopecia areata. An inflammatory 
attack on anagen follicles precipitates follicles into telogen. Follicles re-enter anagen 
but development is halted in anagen stage 3-4 and follicles return to telogen 
prematurely. 


aberrant MHC expression. The pigmentary features of alopecia 
areata have also raised the possibility that alopecia areata is primar- 
ily a disease of hair bulb melanocytes. The interruption of anagen in 
established alopecia areata occurs at the 3/4 stage of development 
when hair cortex differentiation and melanisation first become 
apparent in the normal hair cycle [43]. 
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Pathobiology 

Alopecia areata as an autoimmune disease. Since it was first 

proposed by Stephen Rothman in 1958 following a paper presented 

by Eugene Van Scott [4] the idea that alopecia areata is an autoim- 

mune disease has been widely accepted [44,45]. The evidence can 

be summarised as follows: 

e There is an increased frequency of other autoimmune diseases in 
patients with alopecia areata. 

¢ There is an increased frequency of organ-specific autoantibodies 
in patients with alopecia areata. Serum antibodies to HF tissue 
also occur with increased frequency in alopecia areata although 
these antibodies appear not to bind to HFs in vivo and their patho- 
genetic significance is not known. 

¢ The pathology is characterised by the infiltration of hair bulbs by 
activated T lymphocytes. 

e Inanimal models of alopecia areata, depletion of CD4+ and CD8+ 

T cells results in hair regrowth [46]. 

e Hair regrows in human alopecic skin when transplanted onto 

immunodeficient mice [47]. 
¢ T cells isolated from the scalps of patients with alopecia areata 

and cultured with HF homogenates induced both hair loss and 

the pathological findings of alopecia areata when injected into 
autologous scalp grafted onto immunodeficient mice, indicating 
the HF lesion is mediated by T cells [48]. Passive transfer of patient 

serum in the same model fails to induce hair loss [49]. 

e Alopecia areata shares genetic associations with several autoim- 
mune diseases, particularly with genes of the MHC. 

The identity of the putative autoantigen(s) is not known. The 
pathology suggests the target for an immune-mediated assault is a 
product of differentiation in the anagen hair bulb. The pigmentary 
features of alopecia areata have implicated epitopes associated 
with melanogenic pathways on hair bulb melanocytes and cortex 
keratinocytes. One study has identified epitopes derived from 
trichohyalin and tyrosinase-related protein 2 as possible candi- 
dates [50]. 


Immune privilege. Like some other tissues, such as the anterior 
chamber of the eye, the brain and the testis, the HF is thought to be 
an immunologically privileged site that is relatively shielded from 
immune surveillance [51]. HF immune privilege is maintained by 
several mechanisms including extremely low or absent expression 
of class I and IIT MHC molecules by cells in the lower part of the 
follicle, the local secretion of immune-inhibitory substances and the 
action of other cells such as Treg lymphocytes [52]. The breakdown 
of HF immune privilege is believed to be a key event in the patho- 
genesis of alopecia areata, leading to invasion of the HF by NK cells 
and CD8+ cells. These cells release pro-inflammatory cytokines, 
including IFN-y, that results in a release of IL-15 and IL-15Ra by 
follicular keratinocytes and promotes and sustains CD8+ T-cell 
autoreactivity. 


Is alopecia areata a reaction pattern? Although it is conventionally 
regarded as a CD8+-driven disease, there is growing evidence that 
other IFN-y-releasing cells such as NK cells and ‘unconventional’ 
T cells may trigger the collapse of follicular immune privilege 
in an autoantigen-independent manner [53]. Using a humanised 
mouse model Gilhar and colleagues showed that peripheral blood 


mononuclear cells derived from healthy donors, and enriched for 
NKG2D+/CD56+ cells, induced hair loss with typical alopecia 
areata pathology when injected into normal human skin trans- 
planted onto immunocompromised mice [54]. This and other 
observations led to the proposal that alopecia areata is best viewed 
as a stereotypical reaction by anagen HFs to IFN-y-mediated 
immunological damage leading to the collapse of follicular immune 
privilege [53]. 


Th2 activity in alopecia areata. Although most research has 
focused on Th1 pathways in the pathogenesis in alopecia areata 
there is increasing evidence for Th2 activation as well [55,56]. This 
is in keeping with the well-recognised association of alopecia areata 
with atopy and the observation that allergy may play a part in 
triggering the disease in some patients [57]. 


Genetics 

The importance of genetic factors in alopecia areata is apparent 
from the high frequency of a positive family history [58]. In most 
reports this ranges from 10% to 20% of cases, but mild cases can 
be overlooked or concealed, and the true figure may be greater. 
A family history of alopecia areata is more common in those with 
disease onset before the age of 30 years [59]. The lifetime risk of 
alopecia areata in the children of a proband is around 6% [60,61]. 
There are several reports of alopecia areata in twins [62-64]. Two 
studies found a concordance rate of 55% and 42% for alopecia among 
monozygotic twins with 0% and 10% concordance, respectively, 
among the dizygotic pairs [65,66]. 

Case-control studies have identified associations between alope- 
cia areata and a variety of genes involved in regulating immune 
and inflammatory responses [67]. The strongest associations to 
date have been with genes of the MHC, particularly the class II 
alleles HLA-DQB1*0301 and HLA-DRB1*1104 [68,69]. GWAS have 
confirmed the strong association with human leukocyte antigen 
DR (HLA-DR) and identified several other genomic regions asso- 
ciated with alopecia areata [70]. These include genes controlling 
activation and proliferation of T-regulatory lymphocytes and some 
genes expressed in the HF. There is a strong association with genes 
within the ULBP cluster coding for activating ligands of the NKG2D 
receptor, supporting a role for NK and certain CD8+ T cells in the 
pathogenesis of the disease. Some of the risk loci identified for 
alopecia areata are shared by other immune-mediated diseases 
including Graves disease, inflammatory bowel disease, coeliac dis- 
ease, vitiligo, rheumatoid arthritis, systemic lupus erythematosus 
and psoriasis. 


Environmental factors 

The idea that alopecia areata is triggered by infection, either directly 
or as a consequence of a remote ‘focus of infection’, has a long 
history. It was predominant until well into the 20th century and 
sporadic reports connecting alopecia areata with infective agents 
continue to appear. 

The ‘external’ factor most frequently implicated in triggering 
alopecia areata is emotional stress or a traumatic life event. In 
older, uncontrolled case series, the published frequencies of a 
stressful event preceding the onset of alopecia areata vary widely, 
between 4% and 85%, to the extent that no firm conclusion can be 
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drawn. More recent controlled studies have also given conflicting 
results, with some studies finding a significant relationship between 
stressful events and the onset of hair loss, and others not [71]. 

The association between atopic disease and alopecia areata is well 
established but our understanding of its pathobiological signifi- 
cance is limited. Li and colleagues have suggested that dust mite 
allergy has a role in early-onset alopecia areata [72] and seasonal 
relapse of alopecia areata following allergic rhinitis has also been 
reported [73]. 

Several cross-sectional studies have reported an increased fre- 
quency of vitamin D deficiency in alopecia areata compared with 
unaffected controls. Vitamin D may have immunomodulatory 
functions and low levels of vitamin D have been reported in other 
autoimmune diseases [74]. However, one large prospective study 
found no association between the incidence of alopecia areata and 
predicted vitamin D levels, suggesting that deficiency may be a 
consequence rather than a cause [75]. No trials of oral vitamin D 
supplementation have yet been reported. 

Deficiencies of other micronutrients that have been linked to 
alopecia areata include zinc, iron and folate. However, the studies 
are small, and the results are conflicting to the extent that no firm 
conclusion as to their significance can be drawn [76]. 

Despite the uncertain nature of some of the evidence it is entirely 
possible that environmental factors are responsible for triggering 
alopecia areata in some patients. If so, it seems likely that a diversity 
of factors can operate in this way. 


Clinical features 

The characteristic initial lesion of alopecia areata is a circumscribed, 
hairless, smooth patch. The skin within the bald patch appears nor- 
mal or slightly reddened (Figure 87.22a). Short, easily extractable 
broken hairs, known as exclamation mark hairs, are often seen at 
the margins of the bald patches during active phases of the disease 
(Figure 87.22a, b). A strongly positive hair pull test around the 
margins of a bald patch is an indicator of actively progressing 
disease. A hair pull test may also be positive at scalp sites away 
from areas of obvious hair loss. The subsequent progress is unpre- 
dictable; the initial patch may regrow hair within a few months, or 
further patches may appear after varying intervals. A succession of 
discrete patches may coalesce to give large areas of hair loss. In some 
cases, this progresses to total loss of scalp hair (alopecia totalis) or 
loss of all hair on the body (alopecia universalis). The initial hair 
loss is occasionally diffuse without the development of discrete 
bald areas. Regrowth is often at first fine and non-pigmented, but 
usually the hairs gradually resume their normal calibre and colour. 
Regrowth in one region of the scalp may occur while the alopecia is 
extending in others. 

The scalp is the first affected site in most cases, but any 
hair-bearing skin can be affected. In dark-haired men, patches 
in the beard are conspicuous and are often the first to be noticed 
(Figure 87.22c). The eyebrows and eyelashes are lost in many cases 
of alopecia areata and may be the only sites affected. The exten- 
sion of alopecia along the back of the scalp is known as ophiasis 
(Figure 87.22d). 

Trichoscopy can be helpful in confirming a diagnosis of alopecia 
areata. In a review of the published literature the reported features 
and their frequencies were yellow dots (6-100% of patients), short 


vellus hairs (34-100%), black dots (also known as cadaverised hairs, 
0-84%), broken hairs (0-71%) and exclamation mark hairs (12-71%) 
(Figure 87.14a, b) [77]. None is specific for alopecia areata, and their 
significance needs to be interpreted in the context of the gross clinical 
features. Yellow dots, which are due to follicular infundibula filled 
with keratinous material, predominate in chronic disease although 
they may also be seen in the acute stage. Black dots are a feature of 
actively progressing disease. 

In patients with grey hair, where there is a mixture of pigmented 
and non-pigmented hair, alopecia areata may preferentially affect 
pigmented hair so that non-pigmented or white hair is spared. 
This may result in a dramatic change in hair colour if the alopecia 
progresses rapidly and is probably the explanation for historical 
accounts of people ‘going white overnight’. Sparing of white hair is 
a relative phenomenon and white hairs, although less susceptible to 
the disease, are not immune. During the regrowth phase hairs may 
be non- or hypopigmented but hair pigmentation usually recovers 
completely (Figure 87.23). In cases where regrowing hairs remain 
non-pigmented, the possibility of concurrent vitiligo should be 
considered. 

Alopecia areata may also involve the nails. Published frequen- 
cies vary widely, ranging from 7% to 66% [78], possibly reflecting 
differences in case mix as nail disease is more common in the 
context of severe hair loss. Alopecia areata typically causes fine, 
stippled pitting of the nails (Figure 87.24). Some cases show less 
well-defined roughening of the nail plate (trachyonychia) or a 
non-specific atrophic dystrophy. Less common features include red 
spotting of the lunula and longitudinal splitting of the nail plate. 
For some patients, severe nail dystrophy is the most troublesome 
aspect of the disease if it interferes with manual activities. 


Clinical variants 

Diffuse alopecia areata. Alopecia areata occasionally presents in 
a diffuse fashion rather than forming well-defined patches of hair 
loss. The onset is typically acute with a large increase in hair shed- 
ding and a diffuse, although not necessarily uniform, reduction in 
hair density. Hair may be lost from other sites such as the eyebrows 
and limbs. A pull test is usually strongly positive. Dermoscopy 
shows features of alopecia areata including yellow dots, exclama- 
tion mark hairs and cadaverised hairs. The term acute diffuse and 
total alopecia has been used to describe a form of rapidly progressive 
diffuse alopecia areata that affects young adult women, that usually 
recovers spontaneously within 6 months and has a good prognosis. 
Most cases have been reported from East Asian countries [79-81]. 
The histology shows typical features of alopecia areata including 
peribulbar inflammation. 


Alopecia areata incognita. This entity was first described by Reb- 
ora in 1987 [82]. Most cases are adult women who present with a 
rapid onset of increased hair shedding resembling acute TE. There 
is no rarefaction of scalp hair unless the shedding persists and only 
a small proportion of cases (1-2%) develop small patches of hair 
loss. Only scalp hair is affected. A pull test is strongly positive 
showing telogen roots; dystrophic forms are rare. Histology shows 
follicular miniaturisation and an increase in telogen follicles [83]. 
Subtle peribulbar lymphocytic inflammation is seen in a small pro- 
portion of cases. The status of alopecia areata incognita is uncertain; 
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(b) 


Figure 87.22 Alopecia areata. (a) Patch of alopecia areata showing broken exclamation mark hairs towards the margins. (b) Close-up of exclamation mark hairs. (c) Alopecia areata 


affecting the beard. (d) The ophiasis pattern of alopecia areata. 


in particular, whether it truly represents a form of alopecia areata. 
Yellow dots are a consistent feature on trichoscopy but yellow dots 
may also be seen in other conditions, including FPHL [84]. 


Differential diagnosis 

In children the main sources of difficulty are tinea capitis and 
trichotillomania. Tinea capitis should always be considered in chil- 
dren presenting with patchy hair loss. There is usually evidence of 
scalp inflammation, but this may be limited to mild scaling. The hair 
loss in trichotillomania may be asymmetrical or occur in artificial 
shapes. Broken hairs are usually present across the areas of hair 
loss, giving a bristly texture and, unlike exclamation mark hairs, are 
firmly anchored in the scalp. In most cases the true diagnosis will 
become evident with time; a biopsy is useful when doubt remains. 
Occasionally, the early stages of scarring alopecia can resemble 
alopecia areata. The diffuse form of alopecia areata is perhaps the 
most difficult to identify. A history of previous episodes of hair 
loss, nail dystrophy and the usually rapid progression may provide 
clues, but other causes of diffuse hair loss may need to be excluded. 
Pattern hair loss and TE are the main differential but lack the broken 
hairs, black dots and exclamation mark hairs seen on trichoscopy 


of alopecia areata. Secondary syphilis and lupus erythematosus can 
cause both patchy and diffuse hair loss. 

The development of alopecia totalis/universalis in infancy should 
always raise the possibility of a genetic atrichia due to mutations in 
the HR (human hairless) gene or VDR (vitamin D receptor) gene. 


Classification of severity 

Alopecia areata is conventionally classified as patchy, alopecia 
totalis and alopecia universalis. In addition to these simple cri- 
teria a more detailed classification should include the disease 
duration and, regarding patchy alopecia, the extent of the hair loss. 
A description of the pattern should include the presence of ophiasis, 
the involvement of sites on the trunk and limbs and the presence 
of nail disease. Several scoring systems have been devised of which 
the severity of alopecia tool (SALT) is the most widely used and is 
readily applicable to clinical practice (Figure 87.25) [85]. The impact 
of alopecia areata on patient quality of life can be assessed using a 
variety of instruments, both disease-specific and non-specific. The 
dermatology life quality instrument (DLOD is straightforward, and 
most dermatologists are familiar with its use, although other more 
disease-specific methods have been devised [86,87]. 


(b) 


Figure 87.23 (a) Sparing of white hairs in a patch of alopecia areata. (b) Regrowth of 
hypopigmented hair in alopecia areata. 


Disease course and prognosis 

Alopecia areata does not destroy hair follicles, and the potential for 
regrowth of hair is retained for many years and is possibly lifelong. 
In some patients, patches of hair loss occur at infrequent intervals 
interspersed with long periods of normal hair growth. In others, 
alopecia areata is more persistent, so that new patches of hair loss 
continue to develop at the same time as regrowth occurs elsewhere. 
In a relatively small proportion of patients, hair loss progresses to 
involve all of the scalp (alopecia totalis) or the entire skin surface 
(alopecia universalis); in these cases, spontaneous recovery is the 
exception rather than the rule. 

Data from secondary and tertiary referral centres indicate that 
34-50% of patients will recover within 1 year, although almost all 
will experience more than one episode of the disease, and 14-25% 
progress to alopecia totalis or alopecia universalis, from which full 
recovery is unusual (less than 10%) [88-90]. A study from Japan 


Hair loss presentations 


Figure 87.24 An organised pattern of pitting present on all fingernails 8 months prior 
to the onset of alopecia areata. The pits are highlighted with mascara. 


LEFT SIDE: 18% RIGHT SIDE: 18% 


BACK: 24% 


TOP: 40% 


Figure 87.25 Severity of alopecia tool (SALT) score. This is used to assess the extent of 
hair loss in alopecia areata by estimating percentage scalp hair loss. Adapted from 
Olsen et a/. 2004 [51]. 
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reported that spontaneous remission within 1 year occurred in 80% 
of patients with a small number of circumscribed patches of hair 
loss [15]. The prognosis is less favourable when onset occurs during 
childhood [90,91] and in ophiasis [91]. 


Investigations 

In most cases alopecia areata can be diagnosed clinically and inves- 
tigations are usually not needed. If there is diagnostic uncertainty a 
biopsy may be necessary, although the histological features may be 
subtle and require a pathologist experienced in the interpretation of 
hair pathology. Situations where a biopsy can be helpful include dif- 
fuse alopecia and possible early scarring alopecia. In selected cases 
other diagnostic tests may include: 

¢ Fungal culture. 

¢ Serology for lupus erythematosus. 

e Vitamin D serology. 

¢ Full blood count and iron studies. 

Syphilis serology. 

Unless relevant symptoms and signs are present it is debatable 
whether routine ‘one-off’ screening for other autoimmune diseases 
is appropriate as the risk is small and lifelong, but screening for 
thyroid disease is often recommended. 


Management 

General principles of management 

Several treatments can induce hair growth in alopecia areata, but 
none has been shown to alter the course of the disease. Few treat- 
ments have been subjected to randomised controlled trials and 
there are limited published data on long-term outcomes. These dif- 
ficulties mean that counselling of the patient and, where relevant, 
of their family is of paramount importance. This should include 
discussion of the nature of the disease and its natural history, the 
treatments available and their chances of success. Assessment 
of the psychosocial impact of the disease is an important part of 
the consultation. Some patients have great difficulty coping with 
alopecia areata and require considerable support. Sources of sup- 
port may include the physician, specialist nurses, other patients, 
formal patient support groups and, in some circumstances, profes- 
sional counselling services. In helping patients to cope with their 
hair loss, normalising relationships with health care providers, 
significant others and peers has been cited as pivotal to positive 
adjustment [92]. 

Most patients presenting to clinicians want to receive treatment 
although, after counselling, some will prefer to leave their alopecia 
untreated. In those with limited patchy hair loss of short duration 
there is a high rate of spontaneous remission. The prognosis in long- 
standing and/or extensive alopecia is less favourable. However, all 
treatments have a significant failure rate in this group and some 
patients prefer not to be treated, other than by cosmetic measures, 
such as wearing a wig, if appropriate. 


Management strategies 

Limited patchy alopecia areata. A potent topical steroid (e.g. 
clobetasol), delivered in cream or foam formulation, may hasten 
recovery of hair growth in mild degrees of alopecia areata [93,94]. 
Treatment should be continued for at least 3 months. Folliculitis 
is an occasional complication, and skin atrophy can occur with 


prolonged use. With simple non-occluded application, topical 
steroids are ineffective in alopecia totalis/universalis. One study 
reported sustained hair regrowth in 5 of 28 patients with alopecia 
totalis/universalis when clobetasol ointment was used under plas- 
tic film occlusion [95]. Folliculitis was a common complication and, 
in some patients, was severe. 

Intralesional steroid is generally the most effective local treatment 
in limited patchy alopecia areata, although the formal evidence base 
is of low quality [96]. One study reported complete regrowth in 63% 
of patients at 4 months [97] and, in a second, 82% showed more than 
50% regrowth at 12 weeks [98]. A depot steroid is administered by 
fine-needle injection into the upper subcutis or using a needleless 
device. Triamcinolone acetonide 5-10 mg/mL is the most widely 
used agent [99] although a small study comparing different steroid 
concentrations found that 2.5 mg/mL was as effective as higher 
concentrations [100]. Multiple injections are usually needed. There 
is no set upper dose, but most practitioners limit the total dose 
of triamcinolone to 20 mg. Local atrophy is a common side effect, 
but this recovers within a few months. Intralesional steroid will 
not prevent the development of alopecia at other sites and is not 
suitable for patients with rapidly progressive alopecia or alopecia 
totalis/universalis [99]. Intralesional steroid may also be used to 
treat alopecia of the eyebrows and beard; lower concentrations 
(2.5-5 mg/mL) are advisable in these sites in view of the risk of 
atrophy. 

The use of dithranol (anthralin) to induce an irritant dermatitis 
was first proposed in 1979. Early studies failed to show a consistent 
response. However, recent case series using more aggressive treat- 
ment regimens have suggested that dithranol can promote worth- 
while regrowth in some patients [101,102]. Limiting factors include 
coping with a sore scalp, discoloration of the hair and staining of 
fabrics. 

Topical minoxidil has been widely used but the evidence for effi- 
cacy is poor [103]. 


Extensive and rapidly progressive alopecia areata. The place of 
systemic steroids in treating alopecia areata is controversial, except 
for a general acceptance that a worthwhile response in alopecia 
totalis/universalis is very unlikely. Clinical experience provides 
some support for the use of relatively short courses of systemic 
steroids in managing exacerbations or rapidly progressive alopecia 
areata. Long-term treatment with systemic corticosteroids will pro- 
duce some regrowth of hair in some patients with chronic patchy 
disease but the benefits are generally outweighed by the risks. 
Several protocols have been published, including daily oral dosing 
and various high-dose pulsed oral and intravenous regimens, but 
it is unclear whether any is more effective or safer than any other 
[104-108]. 


Extensive patchy alopecia or alopecia totalis/universalis. Since its 
introduction in the early 1980s, contact immunotherapy has been 
the most effective and best-documented treatment for extensive 
alopecia areata. Although the cost of contact immunotherapy in 
terms of materials is relatively low, the high costs associated with 
specialist clinical staff administering the treatment and patient 
travel, and its non-licensed status, have limited its widespread use 
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and, in some countries, its use has been largely replaced by Janus 
kinase (JAK) inhibitors. 

The patient is sensitised to a potent skin allergen by application to 
a small area on the scalp and the same allergen is then applied to the 
scalp, usually at weekly intervals, in a concentration sufficient to 
induce a mild contact dermatitis. The allergens that have been used 
in the treatment of alopecia areata include dinitrochlorobenzene, 
squaric acid dibutylester and diphenylcyclopropenone (DPCP). 
Most centres now use DPCP [109,110]. 

In an analysis of 45 published studies comprising 2227 patients, 
albeit most of low quality, 56% of those with patchy alopecia and 
29% of those with alopecia totalis/universalis had major hair 
regrowth with contact immunotherapy [111]. Adverse prognostic 
features included SALT scores greater than 50, atopic disease, nail 
involvement and disease duration greater than 1 year. Almost half 
of all patients relapsed following treatment; the relapse rate was 
lower in those receiving maintenance treatment (38%) than in those 
not receiving maintenance (49%). Although its nature precludes 
blinded controlled trials, the validity of contact immunotherapy is 
supported by studies showing ipsilateral hair regrowth when only 
one half of the scalp is treated. 

Most practitioners discontinue treatment after 6 months if no 
response is obtained, although one study from Canada reported 
better results with more prolonged treatment [112]. Two case report 
series of contact immunotherapy in children with alopecia areata 
reported response rates of 33% [113] and 32% [114]. A third study 
found a similar short-term response in children with severe alopecia 
areata, but less than 10% experienced sustained benefit [115]. 

Most patients will develop occipital and/or cervical lym- 
phadenopathy during contact immunotherapy. This is usually 
temporary but may persist throughout the treatment period. Severe 
dermatitis is the most common adverse event, but the risk can 
be minimised by careful titration of the concentration. Uncommon 
adverse effects include urticaria and vitiligo. Cosmetically disabling 
pigmentary complications, both hyper- and hypopigmentation 
(including vitiligo), may occur if contact immunotherapy is used 
in patients with pigmented skin. Contact immunotherapy has 
been in use for over 30 years and no long-term side effects have 
been reported. Sensitisation of health professionals involved in 
delivering contact immunotherapy (doctors, nurses, pharmacy 
technicians) is a significant problem and they must take care to 
avoid skin contact with the allergen. The mode of action of contact 
immunotherapy is unknown. 

Some clinicians use systemic immunosuppressive drugs (ciclo- 
sporin, azathioprine, methotrexate) in severe alopecia areata, either 
stand-alone or as steroid-sparing agents. A systematic review of 
case series concluded that ciclosporin is more effective, and the 
relapse rate is lower, when used in combination with systemic 
steroids [116], but it is less clear whether ciclosporin is effective 
when used alone [117]. Positive results have been reported for 
azathioprine in a few small case series [118] but there are no con- 
trolled studies. Methotrexate has probably been the most widely 
used drug in this category, first reported in 2006 [119]. Several case 
series have since been published. A critical review concluded there 
was insufficient evidence to say whether methotrexate is useful 
for maintaining regrowth in extensive alopecia areata, although 
there was some evidence to suggest that hair regrowth may be 


induced by methotrexate when used in combination with systemic 
corticosteroids [120]. Nevertheless, methotrexate is a relatively safe 
drug, most dermatologists are experienced in its use and, despite 
the rather weak evidence base, it is worthy of consideration in 
certain cases. 


Janus kinase inhibitors. Many cytokines activate immune cells via 
the JAK/STAT signalling pathway. Drugs that inhibit JAK prevent 
the development of hair loss, and reverse it, in a mouse model of 
alopecia areata [121]. The oral administration of the JAK inhibitors 
ruxolitinib [121] and tofacitinib [122] also promotes hair regrowth in 
patients with alopecia areata. Two phase III randomised controlled 
trials of baricitinib, an inhibitor of JAK1 and JAK2, in 1200 patients 
with severe alopecia areata (SALT score >50) were published in 
2022 [123]. At 36 weeks 36-39% of those taking baricitinib 4 mg daily 
achieved 80% scalp coverage (SALT score <20) and 23% had com- 
plete or near-complete regrowth (SALT score <10). Positive results 
have also been reported for other investigational JAK inhibitors in 
phase II trials [124,125]. In 2022 baricitinib was authorised for the 
treatment of severe alopecia areata in the USA. JAK inhibitors are 
immunosuppressive but reported side effects (in alopecia areata) 
appear minor, with upper respiratory infections the most common 
complaint. Preliminary evidence indicates that continued treatment 
is needed to maintain the response in most patients and some 
uncertainty remains over long-term safety, which will need to be 
monitored carefully. 


Other treatments. Platelet-rich plasma (PRP): in a randomised con- 
trolled trial in limited patchy alopecia areata, PRP was more effective 
than intralesional corticosteroid at stimulating hair regrowth and 
produced more lasting remissions [126]. A small number of subse- 
quent studies have supported the idea that PRP is at least as effective 
as intralesional corticosteroid in limited patchy disease [127]. One 
case series found that that PRP did not produce sustained benefit in 
severe (>50%) alopecia areata [128]. 

Phototherapy: the use of various forms of phototherapy in alopecia 
areata has a long history. These have included UVB, UVA, pho- 
tochemotherapy (psoralen and UVA (PUVA)) and photodynamic 
therapy (PDT). UVB and PDT do not work. The evidence for PUVA 
is slightly stronger but there are no controlled trials [129]. Both 
topical psoralens with local UVA to the scalp and systemic pso- 
ralens with whole body irradiation have been used but continued 
treatment is usually needed to maintain any response, leading to 
unacceptably high cumulative doses of UVA. 

Laser therapy: several small, controlled trials and case series in 
patchy alopecia areata have reported hair regrowth following 
treatment with a 308 nm excimer laser [129]. Overall, about 50% 
of patches appear to respond. However, there is little or no pub- 
lished information on relapse rates and the treatment regimens are 
arduous (e.g. twice weekly for 12 weeks). 


Children with alopecia areata. Alopecia areata presents a partic- 
ular therapeutic challenge in children as the treatment options are 
more limited, compounded by the often severe nature of the disease 
in this age group. Intralesional injections are rarely tolerated by 
young children and there is a reluctance to use systemic drugs such 
as corticosteroids or immunosuppressives. Possible options include 
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topical corticosteroids, topical minoxidil and anthralin, but these are 
unlikely to help in extensive alopecia areata. Very young children 
are often oblivious of their hair loss, and it is the parents who are 
more likely to need support, but older children may struggle to 
cope — teasing and bullying at school are common problems. Patient 
support groups or charities aimed at helping those with visible 
skin disorders can provide invaluable advice for patients and their 
families; occasionally input from a paediatric clinical psychologist 
is needed. 


Nail disease. Published data on the treatment of nail disease are 
limited to case reports and small case series. Improvement has been 
reported from intralesional steroid although the disease eventually 
relapses. There are several reports of a good response to treatment 
with oral tofacitinib even when there is little or no hair growth 
response. Nail disease may remit spontaneously in children [130]. 


Non-medical treatments. Women with extensive alopecia will 
usually benefit from wearing a wig [131], hairpiece or bandana. 
A few brave patients prefer not to conceal their lack of hair. Men tend 
to shave their heads although some opt fora wig. The use of semiper- 
manent tattooing can be helpful to disguise loss of eyebrows. 


Resources 


Patient resources 

Alopecia UK: http://www.alopeciaonline.org.uk. 

British Association of Dermatologists, patient information: https: //www.bad.org.uk/ 
pils/alopecia-areata/. 

National Alopecia Areata Foundation: http: //www.naaf.org. 

(All last accessed May 2023.) 


OTHER NON-SCARRING, PATCHY OR DIFFUSE 
ALOPECIAS 


The following diagnoses may also be confused with alopecia areata. 


Synonyms and inclusions 


¢ Congenital triangular alopecia 


Introduction and general description 

Temporal triangular alopecia (TTA) was first described by Sabou- 
raud in 1905 as ‘alopecia triangulaire congenitale de la temp’ [1]. 
Although infrequently described in the literature, TTA is likely more 
common than originally thought, being underreported, overlooked 
or misdiagnosed [2]. 


Pathophysiology 

It is a congenital defect, most likely representing a mosaic dis- 
ease with para-dominant inheritance [3]. Associations with other 
congenital conditions, including Down syndrome and phakomato- 
sis pigmentovascularis, are described [3,4]. 


Figure 87.26 Triangular alopecia. 


Clinical features 

Temporal triangular alopecia usually presents at around 3-6 years 
of age and is often not noticed at birth [2,4-6]. Typically, the alopecia 
patches are triangular (with the triangle base orientated towards 
the anterior hairline), oval or lancet-shaped and may be unilateral 
(>80% of cases) or bilateral (Figure 87.26). The patch itself con- 
tains fine vellus hairs only, although completely bald areas and 
‘islands’ of retained terminal hairs are recognised [7]. The patches 
are asymptomatic and remain unchanged in shape and size over 
time. Diagnostic criteria are described [8]. 


Differential diagnosis 
The main differential diagnosis is alopecia areata. In TTA, yellow 
dots, exclamation mark hairs and broken hairs are not present. 


Investigations 
Skin biopsy is usually not required. Histology shows normal vellus 
hairs and hair density, but no terminal hairs [9]. 


Management 
Topical minoxidil may stimulate growth, but ongoing treat- 
ment is needed to maintain a response [10]. Triangular alopecia 
can be treated surgically, either by simple excision or by hair 
transplantation. 


Atrichia with papular lesion 


Synonyms and inclusions 

e Papular atrichia 
Classification links 

e MIM: 209500 
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Introduction and general description 

Atrichia with papular lesions (APL) is a rare genetic disorder 
causing complete hair loss that may be misdiagnosed as alopecia 
universalis [11]. 


Pathophysiology 

This is an autosomal recessive condition caused by mutations in the 
HR gene on chromosome 8p21 [12]. The HR gene encodes a zinc fin- 
ger transcription factor protein that results in a dysregulated hair 
cycle, immature HF structures and keratin-filled follicular cysts. The 
first hair cycle is normal, after which signalling between the dermal 
papilla and bulge becomes perturbed, resulting in catagen follicles 
unable to re-enter anagen [13]. 


Clinical features 

Most children with APL are born with a full head of hair. How- 
ever, within a few months all the hair is shed and not replaced, 
resulting in complete and irreversible alopecia indistinguishable 
from alopecia universalis. Papular lesions typically develop later in 
childhood but can sometimes regress, leaving pitted scars [11,12]. 
Diagnostic criteria are described (Box 87.1) [12]. 


Box 87.1 Diagnostic criteria for atrichia with 
papular lesions 


Major criteria (four of five required for diagnosis) 

e Permanent and complete absence of scalp hairs by the first few 
months of life 

¢ Few to widespread, smooth, whitish or milia-like papules on the 
face, scalp, arms, elbows, thighs or knees from infancy or childhood 

¢ Replacement of mature hair follicle structures by follicular cysts 
filled with cornified material on scalp histology 

¢ Mutation(s) in the HH gene through genetic testing 

¢ Clinical and/or molecular exclusion of vitamin D-dependent rickets 


Minor criteria (supplementary criteria) 

e Family history of consanguinity 

e Absence of secondary axillary, pubic or body hair growth and/or 
sparse eyebrows and eyelashes 

¢ Normal growth and development (including normal bones, teeth, 
nails and sweating) 

e Lack of response to any treatment modality 


From Yip et al. 2008 [12]. 


Differential diagnosis 

The alopecia of APL is indistinguishable from the hair loss seen in 
alopecia universalis and vitamin D-dependent rickets (see later in 
this chapter). 


Investigations 

Genetic testing for HR gene mutations is the gold standard for diag- 
nosis. Characteristic histological features can also help secure the 
diagnosis [14]. Histology demonstrates replacement of the proximal 
two-thirds of remaining HFs with vertically orientated epithelial 
structures, follicular remnants and variable-sized keratin-filled 
cysts [13]. 


Management 
There is no treatment for APL. 


Vitamin D-dependent rickets t 


Definition, nomenclature and classification 

Vitamin D-dependent rickets type 2a (VDDRIla) is a rare hereditary 
condition caused by target-organ resistance to vitamin D resulting 
in bone changes, developmental delay and hair loss. 


Synonyms and inclusions 

e Vitamin D-resistant rickets 
Classification links 

e MIM: 277440 


Pathophysiology 

This is caused by mutations in the VDR gene on chromosome 
12q12-q14. The VDR gene is expressed in multiple target tissues, 
including bones, kidneys and HFs. Phenotypic expression is vari- 
able and dependent on the specific VDR mutation and residual 
receptor activity [15]. 


Clinical features 

Hair growth is usually normal at birth, but alopecia develops within 
the first 2 years in about two-thirds of cases. Complete alopecia 
is an early feature in VDDRIlIa and is indistinguishable from APL 
or alopecia universalis. Importantly, papular lesions may also be 
seen in VDDRIIa. Bone pain and bone deformity (e.g. leg bowing 
when the child becomes ambulatory), muscle weakness, hypo- 
tonia, recurrent infections and growth retardation develop if left 
untreated [16]. 


Differential diagnosis 
The alopecia of VDDRIlIa is indistinguishable from the hair loss seen 
in alopecia universalis and APL (see earlier in this chapter). 


Investigations 

Typical biochemical changes include hypocalcaemia, hypophos- 
phataemia, raised alkaline phosphatase and secondary hyper- 
parathyroidism. Scalp biopsy shows thinned and hypoplastic HFs 
with no inflammation. 


Management 

High-dose oral or intravenous calcium is required to correct bone 
and mineral abnormalities; there are no effective treatments for the 
alopecia. 


Anterolateral lower leg alope 


Synonyms and inclusions 
¢ Peroneal alopecia 
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Introduction and general description 

Anterolateral alopecia is a non-scarring alopecia of the lower legs, 
first described in 1920. It is commonly seen in middle-aged and 
older men and has an estimated prevalence of up to 35% [17], yet it 
is rarely described in the literature [18]. 


Pathophysiology 

The cause is unclear, but friction from clothing and leg crossing 
is suggested. Certainly, convincing cases of frictional alopecia 
from socks are described with clear demarcation of hair loss in 
areas covered by tight garments [19]. Other proposed associations 
include male pattern hair loss, hypothyroidism and peripheral 
vascular disease [17,18]. 


Clinical features 

Anterolateral alopecia presents as symmetrical, circumscribed, 
smooth patches of alopecia affecting the anterolateral lower leg 
(in the distribution of the peroneal nerve), and sometimes spreading 
to the thighs. 


Differential diagnosis 

The main differential diagnosis is alopecia areata. Typical clinical 
and dermoscopy features and history of regrowth can usually dif- 
ferentiate this condition, although skin biopsy may be considered if 
diagnosis is unclear. 


Investigations 
Skin biopsy shows lack of HFs only [20]. 


Management 
No treatment has been shown to regrow hairs in this condition. 
Reduction of friction and exclusion of associated conditions are 
recommended. Patient education and reassurance are usually all 
that is required. 


Other circumscribed (congen 
alopecias 


Circumscribed alopecia of congenital origin usually presents little 
difficulty if a reliable history is available. 


Sebaceous naevus (organoid naevus). Sebaceous naevus usually 
presents in childhood as a hairless patch on the scalp, often in a lin- 
ear configuration. The affected skin may have a yellowish hue and 
thickened rugged surface. See Chapter 73. 


Aplasia cutis. Aplasia cutis is a heterogeneous group of conditions 
characterised by the localised absence of a portion of skin at birth. 
It most commonly presents as a single patch on the scalp vertex, but 
lesions may be multiple and other parts of the skin may be involved. 
At birth, the affected skin may be superficially or deeply ulcerated 
or may have healed leaving an atrophic scar. Aplasia cutis is usu- 
ally an isolated defect, but it can be associated with a variety of 
malformation syndromes. 


Sutural alopecia. Multiple patches of hair loss overlying the cra- 
nial sutures are a feature of the Hallermann-Streiff syndrome, in 


which dysmorphic facies, skeletal anomalies, microphthalmia, con- 
genital cataract and hypodontia are also found. See Chapter 66. 


Medical traumatic hair loss | 


There are instances where medical intervention may result in scalp 
trauma and be implicated in scarring alopecia. Scalp electrodes, 
infusions or forceps delivery in the neonate can result in trauma [21]. 
Marks from such interventions need to be distinguished from apla- 
sia cutis, which can sometimes be the underlying diagnosis [22]. 

Interventions in adulthood, directly through scalp and brain 
surgery or indirectly through local embolisation procedures, can 
result in scarring. Adler et al. described a case in which ischaemic 
necrosis of the occipital scalp occurred following embolisation and 
surgery for a large convexity meningioma [23]. 


Pressure-induced alopecia — SW 


Synonyms and inclusions 
¢ Postoperative alopecia 


Introduction and general description 

Pressure-induced alopecia was first described by Abel and Lewis in 
eight women undergoing gynaecological surgery [24]. Any cause of 
prolonged immobility or scalp pressure effects (e.g. tight headbands 
or facemask straps) may result in this condition. 


Pathophysiology 
Pressure-induced alopecia is due to localised pressure-induced 
ischaemic injury and hypoxia to the scalp tissue and HFs. 


Clinical features 

Circumscribed areas of hair loss develop at pressure points of the 
scalp, with the occiput being the commonest site affected [25,26]. 
Localised swelling and tenderness may initially be seen, associated 
with exudation, crusting and ulceration; however, hair loss may 
be the only presenting feature. Usually the alopecia is temporary, 
generally regrowing within 4 months. Sometimes permanent alope- 
cia may result, particularly with longer surgery durations [26]. 
Dermoscopy may reveal redness along with black dots, broken 
hairs and thin residual hairs reminiscent of changes seen in alopecia 
areata, but the absence of yellow dots and tapered hairs helps to 
differentiate these conditions [27-29]. 


Investigations 

Early histological changes include thrombosis, hair bulb necrosis 
and variable inflammation. In areas of alopecia virtually all hairs 
are in the catagen/telogen phase. Trichomalacia, pigment casts and 
increased apoptosis are prominent [30,31]. Scarring alopecia may be 
present in longstanding cases. 


Management 
The key to management is prevention. Longer procedures, patient 
positioning (e.g. Trendelenburg position) and patient factors are 


risks for alopecia development. Pressure-reliving cushioning [32,33] 
and frequent repositioning are recommended [26]. The role of top- 
ical corticosteroids in the acute inflammatory phase and topical 
minoxidil as adjunctive treatment is still to be determined. 


Traction alopecia —h/VF 


Introduction and general description 

First described in Greenlandic women in 1907 [34], traction alope- 
cia is brought about by hairstyles that impose sustained pulling 
on the hair roots. Various cultural or religious hairstyle practices 
predispose to traction alopecia development and it is particularly 
common in women with afro-textured hair. A population study 
from South Africa reported an incidence of traction alopecia in 
17.1% of schoolgirls and 31.7% of adult women [35,36]. 


Pathophysiology 

Traction alopecia occurs due to sustained mechanical damage to 
the HF, predominantly affecting terminal hairs. It is regarded as a 
‘biphasic’ alopecia, completely reversible if identified early, but can 
become permanent if the traction is sustained. Certain hair types, 
particularly highly curled hair, are more susceptible to traction due 
to increased tension forces within the HF [37]. 


Clinical features 
The alopecia pattern reflects the hairstyle used, with hair loss occur- 
ring in the areas of maximal tension. The most common pattern seen 
is patchy alopecia at the temporal regions, in front and above the 
ears, due to tight ponytails. However, hair loss can involve any part 
of the scalp depending on the style. Hair loss between cornrows or 
braids (Figure 87.27), occipital alopecia due to chignon or bun styles, 
marginal loss due to hair twisting in Sikh males (Figure 87.28) [38] 
and tight scarf styles can all result in hair loss [39]. Problems typ- 
ically start in childhood, where they may initially be reversible if 
identified early [40]. 

Patches of traction alopecia typically show reduced hair density, 
preferential loss of terminal hairs with preservation of vellus hairs, 


Figure 87.27 Traction alopecia from braiding. 
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Figure 87.28 Traction alopecia in a Sikh boy. 


and a fringe of retained terminal hairs (fringe sign) at the furthest 
point away from the tension. Features that suggest ongoing signifi- 
cant traction include visible ‘tenting’ of the skin, folliculitis and the 
presence of hair casts at the alopecia margins. Trichoscopic features 
include broken hairs, vellus hairs and hair casts; fibrotic white dots 
and loss of follicular ostia suggest chronic traction with scarring. 
Tulip hairs and the Flambeau sign are also described [41]. 

Khumalo et al. found that traction alopecia was significantly more 
likely in those who had previously experienced painful braids or 
papules at the base of the braids [42]. However, a history of traction 
is not always apparent as ‘excessive tension’ is subjective and diffi- 
cult to quantify. Scalp symptoms (e.g. pain, stinging, crusting) and 
skin tenting suggest high-risk hairstyles for traction development. 


Clinical variants 

Various grooming practices, including night-time techniques used 
for hairstyle maintenance [43], may increase the risk of traction 
alopecia. High-risk styles are shown in Box 87.2 [44]. 


Box 87.2 Risk categories for different hairstyles 


High risk 

¢ Frequent use of tight buns or ponytails 

e Application of weaves and/or braids to relaxed hair 

¢ Hair extensions applied to relaxed hair 

¢ Tight braids, cornrows or dreadlocks 

e Any hairstyle causing pain, stinging, crusting, tenting or pimples 


Moderate risk 

¢ Looser of braids, cornrows or dreadlocks 

e Weaves and/or braids applied to natural hair 
e Hair extensions applied to natural hair 

e Wigs worn with cotton or nylon wig cap 

e Permanent waving 


Low risk 

¢ Loose hanging ponytails or buns 
¢ Wigs worn with satin wig caps 

¢ Natural/unprocessed hair 


From Haskin and Aguh 2016 [44]. 
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Cicatricial marginal alopecia is a name given to a pattern of 
marginal hair loss, reminiscent of alopecia areata, without a good 
history of significant traction [45]. Clinical features and histopathol- 
ogy suggest this condition is best regarded as an end-stage variant 
of chronic traction alopecia. 


Differential diagnosis 

Frontotemporal recession of androgenetic alopecia and patchy or 
ophiasis alopecia areata may occasionally mimic traction alopecia. 
FFA can present with frontal hairline recession and a ‘pseudo- 
fringe’ [46]. 


Investigations 

Histological features in early traction include an increased pro- 
portion of telogen hairs and trichomalacia. Late traction is 
characterised by follicular drop-out with preservation of sebaceous 
glands and deeper fibrous tracts. Follicular plugging, pigment casts, 
ORS tears and perifollicular haemorrhage may also be seen [37,47]. 


Management 
Photography and the marginal traction alopecia severity score can 
be used to monitor severity and treatment response [48]. 

Treatment depends on the disease stage. The best approach is 
prevention; educational programmes targeting at-risk populations 
are advocated to raise awareness of the problem [49]. The patient, or 
parents of affected children, needs to be educated to adopt hairstyles 
that do not pull the hair tight and to change styles frequently. 
In early stages traction alopecia is reversible. If it is inflamed, potent 
topical or intralesional corticosteroid, as well as topical or oral 
antibiotics, can be helpful. Topical (or oral) minoxidil is frequently 
used to stimulate hair regrowth [47]. Once traction alopecia is estab- 
lished and follicles have been lost, the hair loss becomes permanent. 
In this situation, hair transplantation and scalp reduction surgery 
are the only options. 


Trichotillomania 


Synonyms and inclusions 


e Hair pulling disorder 


Introduction and general description 
Trichotillomania (TTM) was first described by Hallopeau in 1889 
and originates from the Greek words ‘thrix’ (hair), ‘tillein’ (to 
pull) and ‘mania’ (madness) [50]. TTM is a behavioural disorder 
characterised by compulsive hair pulling that presents with an 
often bizarre pattern of hair loss with no clear biological explana- 
tion. Compulsive hair rubbing (trichoteiromania) [51], biting hair 
(trichodaganomania) and hair cutting (trichotemnomania) [52] fall 
into the same general category. The lifetime prevalence of TTM is 
estimated as 1-3% [53]. 
TIM occurs in two main forms: 
1 In infants and young children, it is usually a habit akin to thumb 
sucking and nail biting. It seems slightly more common in boys 
and usually resolves spontaneously or with minimal treatment. 


Parents who have not noticed hair-pulling behaviour in their off- 
spring may deny the diagnosis. 

2 In older age groups (adolescents and adults), TTM is seen 
predominantly in females, and evidence of some form of psy- 
chological or behavioural stress is often apparent. Coexisting 
major depression and anxiety are common and are associated 
with more severe TTM symptoms. Feelings of shame frequently 
lead to social avoidance and withdrawal [54-56]. 


Pathophysiology 

The American Psychiatric Association classifies TTM as an 
obsessive-compulsive spectrum disorder in the fifth edition of 
the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) 
(Box 87.3) [56]. In DSM-5, TTM is grouped with obsessive— 
compulsive disorders, body dysmorphic disorder, nail biting 
disorder, skin picking disorder, tic disorders and eating disorders, 
as these all have an overlapping genetic predisposition, clinical 
features and treatment responses [54,56]. 


Box 87.3 DSM-5 diagnostic criteria for 
trichotillomania 


e Recurrent pulling out of one’s hair, resulting in hair loss 

¢ Repeated attempts to decrease or stop hair pulling 

¢ The hair pulling causes clinically significant distress or impairment 
in social, occupational or other important areas of functioning 

¢ The hair pulling or hair loss is not attributable to another medical 
condition (e.g. a dermatological condition) 

¢ The hair pulling is not better explained by the symptoms of another 
mental disorder (e.g. attempts to improve a perceived defect or flaw 
in appearance in body dysmorphic disorder) 


From American Psychiatric Association 2013 [56]. 


Clinical features 

In young children, the hair pulling tic develops gradually and 
unconsciously. Hair is plucked most frequently from one fron- 
toparietal region. This results in a patch of hair loss, often in a 
bizarre or angular pattern, in which the hairs are twisted and 
broken at various distances from the clinically normal scalp. 

Older patients present with an area of scalp on which the hair 
has been reduced to coarse stubble. The plucked area may be 
asymmetrical and sometimes quite extensive, covering the entire 
scalp but typically sparing the scalp margins (Figure 87.29). It is 
unusual for hair to be lost completely within the affected area (in 
contrast with alopecia areata) and the remaining hairs are short, 
broken and attached to the scalp. The scalp skin appears normal. 
Over time the extent of hair loss can vary, and hair growth may 
recover temporarily. There appear to be two main types of TTM: 
‘automatic’ where people may not be fully aware they are pulling 
and ‘focused’ where specific hairs are identified and removed due 
to them being perceived as ‘not right’ or ‘out of place’ [55,57,58]. 


Specific features 

Hair in sites other than the scalp can also be affected, such as eye- 
lashes, eyebrows and beard. Exceptionally, the patient may pluck 
hair also, or only, from other regions of the body, such as the mons 


Figure 87.29 Trichotillomania showing a characteristic ‘tonsure’ pattern with the scalp 
margin hair spared. 


pubis and perianal region. Repetitive rituals, such as eating or biting 
hair, after pulling are common. A hairball (trichobezoar) is a rare 
complication of TTM and may present with abdominal pain, vomit- 
ing or bowel obstruction requiring surgical intervention [59]. 


Differential diagnosis 

The minor form in young children can be confused with ringworm 
or alopecia areata. Alopecia areata may be difficult to exclude with 
certainty at the first examination, but the course of the condition 
usually establishes the correct diagnosis. Unlike alopecia areata, it 
is unusual for hair to be lost completely in TTM and, in contrast 
with exclamation mark hairs, the broken hairs of TTM are firmly 
anchored in the scalp. Where doubt remains a skin biopsy will 
usually establish the correct diagnosis. However, there are reports 
of the coexistence of alopecia areata and TTM [60]. In rare cases, 
genetic disorders characterised by increased hair fragility may 
resemble TTM and should be excluded by hair microscopy. 


Investigations 
Hair shaft microscopy may identify hairs of different length in an 
affected area. These may be broken (where trauma has snapped 
the shaft) or tapered regrowing hairs (where trauma is in the form 
of plucking). The scalp itself is usually clinically normal except in 
the instances where the trauma is rubbing or scratching. In these 
instances, there are often scalp symptoms and the problem may 
present primarily as a scalp dermatosis — even if it is wholly arte- 
factual. Rubbing can also lead to hair breakage or interfere with the 
normal anagen cycle without specifically altering the hair shaft. 
Several trichoscopy features are described in TTM including bro- 
ken hairs of differing lengths, black dots, longitudinal split hairs, 


*& 


Figure 87.30 Histology of trichotillomania showing fragmentation of the hair shaft. 


irregular coiled hairs, ‘hair powder’ (residue of totally damaged hair 
shaft), ‘flame hairs’ (semitransparent hair residue that is wavy and 
cone shaped), ‘tulip hair’ (short hairs with darker tulip-shaped ends) 
and the ‘V sign’ (two hairs from one ostia of the same length). Impor- 
tantly, many of these features may also be seen in alopecia areata, 
although yellow dots are uncommon in TTM and may help differ- 
entiate these conditions [61]. 

Scalp histology varies according to the severity and duration of 
the hair plucking, displaying many features also seen in traction 
alopecia. Increased catagen/telogen numbers and numerous empty 
canals are the most consistent findings. Some follicles may be 
severely damaged, showing follicular plugging, clefts in the hair 
matrix, separation of the follicular epithelium from the surrounding 
connective tissue sheath, intraepithelial and perifollicular haem- 
orrhage, and intrafollicular pigment casts (Figure 87.30). Injured 
follicles may form only soft twisted hairs (trichomalacia) [62]. 


Management 

The establishment of a relationship between the physician and the 
patient, or with the parents of an affected child, is an important 
step in the management of TTM. A confident diagnosis is essential, 
but this is not always easy and may require observation over time 
and sometimes a scalp biopsy. 

The habit tic in young children is often self-limiting, but distrac- 
tion techniques (e.g. furry toys) and sometimes input from a paedi- 
atric psychologist may be needed. TTM in adolescents and adults 
is a different proposition, and can be intractable [63]. Patients with 
insight should be referred to a psychiatrist or clinical psychologist. 

A systematic review and meta-analysis of published studies 
found cognitive-behavioural therapy with habit reversal training 
superior to drug treatment and showed the largest benefit in con- 
trolling TTM symptoms [64]. Habit reversal training focuses on 
three main areas: (i) awareness training (to help identify pulling 
behaviours and triggers); (ii) response training (to develop alter- 
native behaviours to prevent pulling when the urge is there); and 
(iii) social support (to build support networks and adherence) [65]. 


Hair loss presentations 87.33 


Y 
— 
U 
uu 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


87.34 


Chapter 87: Acquired Disorders of Hair 


= 
— 
U 
Lu 
-¥ 
7) 
.) 
- 
< 
-¥ 


CUTANEOUS STRUCTURES 


Pharmacological therapy may be preferred if cognitive— 
behavioural therapy and habit reversal training are unsuccessful, if 
the patient has other co-morbid psychiatric conditions or if they lack 
insight into the condition. Clomipramine, olanzapine and the glu- 
taminergic agent N-acetylcysteine have demonstrated significant 
benefit over placebo in randomised controlled trials. Importantly, 
there was no convincing benefit from treatment with selective 
serotonin reuptake inhibitors [64,66-68]. Electronic awareness 
devices to alert to pulling behaviour are being developed [69]. 

Some patients are helped by contact with fellow sufferers, and 
there are several patient support groups and websites devoted to 
TIM. Patients who fail to admit the self-inflicted nature of the hair 
loss present difficulties as they are unlikely to accept psychiatric 
referral and, as with dermatitis artefacta, a confrontational approach 
will probably be unsuccessful. Management should be aimed at 
helping the patient recognise the cause for themselves. This can be 
a long and slow process requiring skill and empathy on the part of 
the physician. 


Resources 


Patient resources 

National Health Service (NHS), patient information: https://www.nhs.uk/mental- 
health/conditions /trichotillomania/. 

Trichotillomania Support: https://www.trichotillomania.co.uk/. 

(Both last accessed May 2023.) 


Psoriatic alopecia — FW 


Introduction and general description 

Three main types of psoriatic alopecia are described: (i) alopecia 
localised to psoriatic plaques; (ii) generalised TE associated with 
erythrodermic/generalised pustular psoriasis; and (iii) scarring 
psoriatic alopecia (rare) [70]. Interestingly, increased hair growth in 
psoriasis plaques is also described [71]. 


Pathophysiology 

Perturbed cytokine regulation of sebaceous gland gene signatures 
and sebaceous gland atrophy in psoriatic alopecia suggest that 
sebaceous gland dysfunction may underlie this presentation [72]. 
The cause of scarring psoriasis is less clear; potential causes include 
coincidence (with psoriasis just coexisting with a separate underly- 
ing scarring alopecia process) [73], psoriatic inflammation causing 
direct HF destruction or a genetic psoriasis variant that predisposes 
to more severe scalp involvement and scarring [74]. Scratching 
behaviour and secondary infection may also be a factor. 


Clinical features 

Hair loss in psoriatic alopecia is usually confined to the psoriasis 
plaques, with reduced hair density in these areas, which generally 
regrow when the plaques resolve [75]. However, rare cases of scar- 
ring psoriatic alopecia are described, usually in longstanding cases 
with more severe scalp involvement [74,76]. Here, patchy scarring 
alopecia with associated psorisiform skin changes is seen. 


Investigations 

The histopathology features of psoriatic alopecia include typical 
psoriasis changes in the interfollicular epidermis, reduction in size 
and number of sebaceous glands, increased catagen and telogen 
hairs, follicular miniaturisation, variable perifollicular inflamma- 
tion and infundibular dilatation [75]. In scarring psoriatic alopecia 
HF fibrosis, follicular infundibular inflammation and overlying 
psoriasis changes are seen. 


Management 
Treatment regimens for scalp psoriasis should be followed 
(Chapter 35). 


Tumour necrosis factor 
inhibitor-associated alopecia | 


Introduction and general description 

The introduction of antitumour necrosis factor (anti-TNF) biological 
therapy has resulted in a recognition that paradoxical immune reac- 
tions, such as psoriasis, vitiligo and patchy alopecia, may develop 
in people previously unaffected with these conditions when treated 
with these agents [77]. TNF-inhibitor alopecia typically shows both 
psorisiform and alopecia areata features; TNF-inhibitor-induced 
LPP has also been reported [78]. Reassuringly, a recent large popu- 
lation study using the Korean National Insurance database found 
no significant increased risk for alopecia areata development with 
anti-TNF therapy in >11 000 cases and matched controls [79]. 


Pathophysiology 

Tumour necrosis factor « regulates the maturation of plasmacytoid 
dendritic cells that secrete the pro-inflammatory cytokine IFN-«. 
Thus, TNF inhibition can result in increased plasmacytoid dendritic 
cell numbers, paradoxically increasing IFN-« expression, which 
drives the psoriasiform skin changes and hair loss seen. Genetic 
variations in the TNF pathway may explain why some people 
develop this complication. 


Clinical features 

Patchy alopecia with variable surface psorisiform skin changes is 
characteristic. Proposed diagnostic criteria include (i) recent ini- 
tiation of anti-TNF treatment; (ii) no prior history of psoriasis (or 
flare of psoriasis) after starting the anti-TNF treatment; (iii) alopecic 
plaque(s) on the scalp; and (iv) red scaly patches and/or pustular 
lesions on the scalp and elsewhere on the body [80]. Typically, this 
complication appears more common in female patients and those 
with rheumatoid arthritis or Crohn disease. 


Investigations 

Histological features are like those of psoriatic alopecia; however, 
the presence of eosinophils, plasma cells and alopecia areata-like 
peribulbar lymphocytic inflammation suggests TNF-inhibitor- 
associated psoriatic alopecia [81]. 


Management 
The type and severity of the adverse skin reaction, and alterna- 
tive treatment options, should determine the management of this 
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side effect. Treatment with topical anti-inflammatory therapy, 
methotrexate or ciclosporin may allow ongoing anti-TNF therapy. 
If the reaction is severe consider stopping the anti-TNF agent and 
choosing an alternative likely to address the presentation (but note 
that switching to an alternative anti-TNF generally does not help). 
Interestingly, for TNF-inhibitor-associated alopecia areata there 
was no clear difference in alopecia resolution between those who 
continued or discontinued their anti-TNF therapy [82]. 


Dupilumab and alopecia ar 


Introduction and general description 

Dupilumab is a biological agent recently licensed to treat atopic 
eczema. Reports of both regrowth of coexisting alopecia areata and 
new-onset alopecia areata-like patchy areas during treatment are 
described [83]. 


Pathophysiology 

Dupilumab is an anti-IL-4/IL-13 biologic agent that downregulates 
Th2 cytokine pathways, important in atopic dermatitis pathogen- 
esis. As alopecia areata also has both Th1 and Th2 components, 
dupilumab may improve hair growth by reducing IL-4-induced 
inflammatory mediators (e.g. mast cells) and reduce Th2 impact 
on regulatory T cells (Tregs), allowing hair to regrow [83,84]. In 
those developing new-onset alopecia areata lesions, the reduced 
Th2 signals may promote a Th1/Th17 imbalance, predisposing to 
alopecia areata-like lesion development [84,85]. 


Clinical features 

Regrowth of existing alopecia areata was seen more frequently in 
women and those with longstanding eczema and multiple asso- 
ciated atopic conditions. Those who developed hair loss during 
dupilumab treatment were predominantly male with fewer associ- 
ated atopic co-morbidities. The clinical presentation in these patients 
was typical alopecia areata patches, or an alopecia areata-like 
pattern with scalp redness and scaling [84,85]. 


Management 
Dupilumab-induced alopecia areata may be reversible with stan- 
dard therapy without requiring treatment discontinuation [86]. 


INFECTIONS AND HAIR LOSS 


Tinea capitis — (s sSsF?7 


See Chapter 32. 


Infestations -— Fe 


See Chapter 34. 


Syphilis — Cs S32 


Syphilis is a sexually transmitted infection caused by the bacterium 
Treponema pallidum, whose clinical manifestations are variable and 
often imitate other diseases [1]. Alopecia occurs in approximately 
2.9-7% of cases of secondary syphilis and may be the presenting 
feature [2-4]. The hair loss typically has a moth-eaten appearance, 
but may be diffuse, mimicking TE [5]. Other features of secondary 
syphilis are also usually present, including rash (typically involv- 
ing the palms and soles), malaise, fever, lymph node enlargement 
and hepatomegaly, although hair loss may be the only sign of infec- 
tion [4]. Trichoscopy reveals reduced hair density, yellow dots, bro- 
ken hairs and increased vellus hairs; pigtail and zig-zag hairs are 
also recognised [6]. 

Histological features include an increase in catagen and telogen 
forms, and a peribulbar lymphocytic infiltrate, similar to the changes 
seen in alopecia areata, although the absence of eosinophils and 
presence of plasma cells help differentiate syphilis from alopecia 
areata [5]. The serpiginous nodulo-squamous syphilide of tertiary 
syphilis may affect the scalp, and syphilitic gumma are a cause of 
scarring alopecia. See Chapter 29. 


Human immunodeficiency 
infection 


A variety of alterations in hair growth have been described in 
patients with human immunodeficiency virus (HIV) infection. 
Potential triggers include chronic HIV-1 infection itself, secondary 
infections (e.g. tinea capitis; syphilis), nutritional deficiencies and 
drugs. Diffuse hair loss is common and associated with lower CD4 
counts, potentially representing a clinical marker of disease pro- 
gression [7,8]. Sudden hair greying [9] and straightening of the hair 
(independent of nutritional status) in HIV-infected black patients 
are described [10]. 

Antiretroviral-induced alopecia is well recognised, with pro- 
tease inhibitors (particularly indinavir), followed by the nucleoside 
reverse transcriptase inhibitors (especially lamivudine), being the 
main culprits. Median time to onset of hair loss was 2.5 months, 
which resolved by changing the treatment regimen [11]. 

Several reports associate the onset of alopecia areata in patients 
with new HIV infection [12-14], although remission of chronic 
alopecia universalis following HIV diagnosis has also been 
observed [15]. 

There are several reports of hypertrichosis of the eyelashes (tri- 
chomegaly) in HIV infection [16,17]. The cause of this striking and 
unusual feature is not known. It is usually associated with advanced 
disease and has been noted to regress with antiretroviral treatment. 
Various forms of folliculitis are seen in HIV infection, including 
acneform eruptions, staphylococcal folliculitis and eosinophilic 
pustular folliculitis [18]. See Chapter 31. 


Herpes infections -— (F777 


Shingles is a common dermatomal blistering rash due to reac- 
tivation of the varicella-zoster virus (VZV) in dorsal root nerve 
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ganglia. Herpes-infected cells are frequently identified in HFs, 
predominantly affecting the bulge and infundibulum - areas with 
a rich nerve supply [19]. Scalp involvement in VZV may include a 
dermatomal VZV folliculitis, alopecia areata-like lesions or rarely 
scarring alopecia [20]. An association between alopecia areata and 
VZV is reported, with stress, immune dysfunction and HF immune 
privilege collapse potentially contributing to the observed increased 
risk [21]. See Chapter 25. 


Leprosy — CC 


Leprosy is due to an infection with Mycobacterium leprae that affects 
peripheral nerves, usually in areas of the skin with relatively lower 
temperatures. Clinical manifestations depend on both the number 
of bacilli present and the host immune response. Although loss of 
eyebrow and body hair may occur in lepromatous leprosy, the scalp 
is viewed as relatively immune to infection, probably due to the 
higher skin temperature in this area [22]. When scalp involvement 
does occur, hair loss is generally mild. See Chapter 28. 


Trichodysplasia spinul 


Trichodysplasia spinulosa is a rare disease caused by the trichodys- 
plasia-associated polyomavirus (TSPyV) [23,24]. It is reported 
mainly in patients receiving immunosuppressive drugs, partic- 
ularly following solid-organ transplantation [25,26], but is also 
described in HIV infection and lupus erythematosus. Recent evi- 
dence suggests that trichodysplasia spinulosa is due to a primary 
infection with TSPyV, and not virus reactivation [27]. 

It presents as small, skin-coloured, follicular papules with cen- 
tral keratin spines (spicules) and alopecia [25]. These occur most 
commonly on the nose and central face, although other sites else- 
where on the skin may also be involved; eyebrow hair loss is com- 
mon (Figure 87.31). 

The histopathology is distinctive, showing a dilated HF, ker- 
atin plugging and absent hair shaft with aberrant keratinisation 
of the IRS containing viral inclusions positive for polyomavirus 


Figure 87.31 Trichodysplasia spinulosa. 


Figure 87.32 Trichodysplasia spinulosa histopathology. (a) Aberrant keratinisation of 
the inner root sheath. (b) Positive immunohistochemical staining for polyomavirus in the 
inner root sheath. Courtesy of Dr Misha Rosenbach and Dr Karolyn A. Wanat. 


on immunohistochemistry (Figure 87.32) [24,27-29]. Diagnosis 
confirmation is by TSPyV polymerase chain reaction [25]. 

Treatments with reported success include reduction in immuno- 
suppression, 3% topical cidofovir, systemic valganciclovir, physical 
extraction of spicules and oral leflunomide [25,30]. 


SCARRING ALOPECIAS 


Introduction and general description 

Cicatricial or scarring alopecia describes hair loss that occurs as a 
result of permanent damage to HFs and in which significant hair 
regrowth is not expected. The term scarring can be considered to 
describe several pathognomonic features; namely, permanent loss 
of HF stem cells within the bulge region of the follicle; permanent 
loss of HFs and their replacement by fibrous stellae; and the absence 
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Table 87.2 The North American Hair Research Society classification of primary cicatricial 
alopecias [1]. 


Inflammatory infiltrate Diagnosis 


Lymphocytic Chronic cutaneous lupus erythematosus 
Lichen planopilaris (LPP): 
Classic lichen planopilaris 
Frontal fibrosing alopecia 
Graham-Little syndrome 
Classic pseudopelade (of Brocq) 
Central centrifugal cicatricial alopecia 
Alopecia mucinosa 
Keratosis follicularis spinulosa decalvans 
Folliculitis decalvans 
Dissecting cellulitis/folliculitis 
Folliculitis (acne) keloidalis (nuchae) 
Folliculitis (acne) necrotica 
Erosive pustular dermatosis 


Neutrophilic 


Mixed 


Non-specific/end-stage 


of follicular openings on the scalp surface and a textural change 
of affected areas of the scalp. Scarring alopecias can be genetic or 
acquired. Acquired scarring alopecias occur as a result either of a pri- 
mary disorder of the HF (Table 87.2) or secondary to other skin con- 
ditions or trauma that result in follicle destruction. Any hair-bearing 
skin can be affected by alopecia although most disorders primar- 
ily affect the scalp. In contrast to non-scarring alopecias, scarring 
alopecias are more often associated with symptoms including itch, 
burning, discomfort, scaling and crusting. The course of scarring 
alopecias tends to be chronic and treatment is focused on suppres- 
sion of disease activity to minimise the extent of permanent hair loss. 
The focus of this section is the acquired primary cicatricial alopecias 
(PCAs). The generally accepted classification of PCA was devised by 
the North American Hair Research Society (NAHRS) and is based on 
the predominant inflammatory infiltrate observed histologically [1]. 


Epidemiology 

Little is known about the prevalence of PCA within the popula- 
tion; however, scarring alopecias occur much less frequently than 
non-scarring disorders. Previous estimates from specialist hair 
clinics had shown that between 3.2% and 7.3% of patients with hair 
loss had a scarring alopecia, with LPP being the most common [2,3]. 
A 2012 survey of UK dermatologists found PCA to represent around 
0.7% of all new dermatology referrals, with general dermatologists 
seeing an average of 9.6 new PCA cases annually [4]. A recent 
global point prevalence survey of specialist hair clinics in Europe, 
North and South America, South Africa and Australia showed that 
26.8% of patients had a scarring alopecia. FFA was the commonest 
scarring condition, comprising 10.8% of all patients seen and 40% of 
all scarring alopecias [5]. As FFA was first described in 1994 [6] and 
remained uncommon during the 1990s, this represents a significant 
rise in incidence. 


Pathophysiology 

Scarring alopecias are characterised by the permanent loss of eHF- 
SCs from the bulge area within the isthmus of the HF, located close 
to the insertion of the arrector pili muscle. In PCAs, inflammation 
at this level of the follicle leads to irreversible loss of stem cells 
and the inability of the follicle to regenerate during the normal 


hair cycle, leading to permanent hair loss [7]. The human HF bulge 
area has been established as a site of relative immune privilege [8], 
similar to the hair bulb, anterior eye chamber and brain. Within the 
HF bulge, both MHC class Ia and II are downregulated and there is 
strong upregulation of the ‘no danger’ signal CD200. There is also 
upregulation of so-called HF immune guardians including TGF-B, 
indoleamine-2,3-dioxygenase, «-MSH and macrophage migration 
inhibitory factor [9]. Thus, this immune-inhibitory milieu protects 
eHFSCs from immune-mediated injury. 

Understanding of the pathogenesis of PCAs is based on the 
model of the lymphocytic alopecia LPP [10]. IFN-y is a key medi- 
ator in the pathobiology of many autoimmune disorders and is 
established as playing a pivotal role in the development of LPP, 
inducing HF bulge immune privilege collapse and the subsequent 
immune-mediated keratin 15+ eHFSC destruction and pathological 
epithelial-to-mesenchymal transition (EMT) [11,12]. Key markers of 
bulge immune privilege maintenance (CD200, TGF-B,) are down- 
regulated, while indicators of immune privilege collapse (MHC 
class I and class II, 82 microglobulin) are upregulated in lesional 
HFs. IFN-y-inducible CXCR3-binding chemokines CXCL9-11 are 
prominently upregulated in lesional bulge cells, and cytotoxic 
CD8+ T cells and CD123+ IFN-secreting plasmacytoid dendritic 
cells are increased around affected HFs [13]. Reduced peroxisome 
proliferator-activated receptor (PPAR)-y signalling in eHFSCs has 
been implicated as an early event in LPP pathogenesis [14]. 

The sequence of events in non-lichenoid primary scarring alope- 
cias (folliculitis decalvans, dissecting cellulitis, etc.) is less well 
understood. However, destruction of eHFSCs by an inflammatory 
infiltrate around the HF bulge is the common factor in all PCA 
pathogenesis. Reports of familial cases of PCA suggest a genetic 
predisposition and genetic studies have identified candidate genes 
in FFA [15] and central centrifugal cicatricial alopecia (CCCA) 
[16,17]. Environmental factors such as infection and trauma may 
play a role as potential triggers of PCA in genetically susceptible 
individuals. Staphylococcus aureus has long been suspected to play 
a role in FD [18]. The identification of HF biofilms [19] and an 
abnormal subepidermal microbiota in FD [20] tends to support a 
possible role for a microbial trigger. In AKN, skin trauma is one of 
the factors postulated to trigger the condition [21]. 


Clinical features 

Visible loss of follicular ostia (openings) is the clinical feature 
common to all scarring alopecias. This is best assessed using an illu- 
minated magnifier such as a dermatoscope. Some degree of scalp 
textural change such as atrophy or sclerosis may also be noted. 
Textural changes may be subtle, such as in early FFA, or more 
marked, as is usually seen with established FD. Although dis- 
tinctive patterns of inflammation characterise the different PCAs, 
inflammation may be entirely absent on the scalp surface. In some 
conditions such as CDLE, scalp dyspigmentation is common, par- 
ticularly in darker skin types. Symptoms such as itch, pain and 
dysaesthesia occur more frequently in scarring alopecias than in 
non-scarring conditions. 


Investigations 
A clear history of the duration and course of the alopecia is impor- 
tant, as is noting the presence of symptoms such as itch, burning, 
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pain, scaling and crusting. The area of scalp affected will often give 
a clue to the diagnosis: FFA affects the hairline, FD typically starts 
around the crown area and AKN localises to the nape of the neck. 
It is essential to enquire about hair loss at other sites (e.g. eyebrows, 
limbs) and skin disease elsewhere, including the mouth, nails 
and genitals. Associated medical conditions such as autoimmune 
disorders may be relevant and should be noted. Genetic suscepti- 
bility to acquired scarring alopecias is described increasingly and 
family history is of relevance. Finally, hair care and styling practices 
can have profound effects on hair and scalp, and it is important to 
record these. 

A careful examination of the whole scalp should be under- 
taken using an illuminated magnifying lamp and a dermatoscope. 
The extent and distribution of alopecia should be assessed and 
inflammatory features such as perifollicular redness, follicular 
hyperkeratosis, scaling, crusting and pustules noted. The absence of 
follicular openings is best assessed by trichoscopy. A hair pull test 
at the margins of alopecia patches can help assess disease activity, 
and easy extraction of any anagen hairs is always pathological. 
In some conditions such as FFA, hair loss extending beyond the 
scalp is characteristic and assessment should be made of eyebrows, 
eyelashes, vellus facial and limb hair. Any skin disease (including 
the mouth and nails) should be examined. 

Although scarring alopecia due to fungal infection is rare in 
adults, tinea capitis may mimic conditions such as FD [22] and 
appropriate samples should be taken for mycology. Any pustules 
should be swabbed for bacterial culture. Although scalp biopsy is 
often recommended in all cases of scarring alopecia, in practice, if 
the diagnosis is certain, it may not be necessary. However, when 
the diagnosis is unclear or it is uncertain clinically whether alopecia 
is scarring, histological assessment is required. High-quality pho- 
tographic images are essential in monitoring alopecia and baseline 
images should be arranged. Taking measurements of frontal hair- 
line recession in FFA and recording dimensions of alopecia patches 
can also be useful in disease monitoring, as can the use of severity 
scores which have been developed for several scarring alopecias 
(FEA, LPP, CCCA and CDLE) [23-27]. 


Management 

The treatment of all scarring alopecias is challenging and it must 
be made clear to patients that improvement, in terms of significant 
hair regrowth, is usually not possible. Instead, the aim of treatment 
is to minimise, and ideally prevent, further hair loss and to reduce 
symptoms by suppressing inflammation. There are no generally 
accepted standard therapeutic approaches or guidelines for the 
management of scarring alopecias. Reports of treatments in the 
literature are often of small numbers of patients in case series, ret- 
rospective reviews or single case reports. There are few controlled 
trials. Topical minoxidil and, increasingly, low-dose oral minoxidil 
[28] are often used as an adjunct to anti-inflammatory treatments to 
maintain or enhance hair density on unaffected scalp, particularly 
if there is concomitant pattern hair loss. Cosmetic camouflage 
measures should be discussed at an early stage as these can be 
of significant benefit to patients’ self-confidence. Surgical inter- 
vention is sometimes considered in the management of scarring 
alopecias. For example, chronic stable areas of alopecia may be suit- 
able for scalp reduction surgery, with or without scalp expansion 


techniques. Hair transplantation may be considered for some scar- 
ring alopecias, although the procedure is generally less successful 
than for non-scarring alopecias, and the opinion of an experienced 
hair restoration surgeon is essential. 


PRIMARY LYMPHOCYTIC CICATRICIAL ALOPECIAS 


Follicular lichen planus 


Several variants of follicular lichen planus have been described. 
Typically, all show the classic clinical features of perifollicular 
redness, follicular hyperkeratosis and loss of follicular ostia. His- 
tologically, follicular lichen planus is characterised by vacuolar 
interface change with a moderately dense, perifollicular lichenoid 
lymphocytic infiltrate around the bulge at the level of the infundibu- 
lum and isthmus. 


Lichen planopilaris 


Introduction and general description 

Lichen planopilaris is an uncommon inflammatory scarring alope- 
cia. The typical clinical appearance is of patchy scarring hair loss 
affecting any area of the scalp. Affected HFs surrounding patches of 
alopecia typically show perifollicular redness and follicular hyper- 
keratosis. LPP was previously considered to be the commonest 
scarring alopecia seen in specialist hair clinics; however, a recent 
study suggests that FFA, a clinical variant of LPP, is now the com- 
monest scarring alopecia seen in this setting (10.8% versus 7.6% for 
LPP) [5]. 


Epidemiology 

More women than men are affected, although estimates vary consid- 
erably from 2:1 and 3:1 to 13:1 female : male [29-31]. Mean age of 
onset is generally estimated to be early to mid-fifties [32], although 
a minority of patients may present in their twenties and thirties 
[33]. Symptoms of itch, pain and burning are frequent, occurring in 
around 60% of cases [29]. Loss of facial or body hair is uncommon, 
occurring in only 1-2.7% [29]. Mucocutaneous lichen planus is 
found in association with LPP, with reported frequencies varying 
between 2% and 50% of cases [29,33-35]. Associated autoimmune 
disorders, most commonly thyroid disease, are seen in around 30% 
[31,36]. An association with androgen excess/polycystic ovarian 
syndrome (PCOS) has been reported in women with LPP [36]. 


Pathophysiology 

Lichen planopilaris is the prototypical model of a primary lympho- 
cytic cicatricial alopecia [10]. Disease pathobiology is characterised 
by a Thl-mediated IFN-y driven inflammation centred on the 
bulge area of the HF, leading to loss of keratin 15-positive eHF- 
SCs due to immune privilege collapse and pathological EMT [37]. 
Cytotoxic CD8+ T cells and CD123+ IFN-secreting plasmacy- 
toid dendritic cells are upregulated along with IFN-y-inducible 
CXCR3-binding chemokines CXCL9-11. This results in HF immune 
privilege collapse, with upregulation of MHC class I and II and 
By-microglobulin, and loss of K15+ CD200+ eHFSCs through 


EMT, whereby eHFSCs assume a fibroblast-like morphology. EMT 
is characterised by reduced expression of the epithelial marker 
E-cadherin and increased expression of mesenchymal markers such 
as vimentin and smooth muscle actin, along with snail family tran- 
scription factors. These changes result in permanent loss of eHFSCs, 
impacting the follicle’s capacity to regenerate and cycle and ulti- 
mately resulting in permanent HF destruction, fibrosis and scarring 
[13]. The initial events leading to targeted HF bulge inflammation 
are unclear. However, defective or insufficient PPAR-y signalling has 
been implicated. PPAR-y is a nuclear hormone receptor that regu- 
lates gene transcription and is prominently expressed in the human 
pilosebaceous unit where it is involved in control of lipogenesis and 
inflammatory gene expression. In LPP it has been demonstrated 
that expression of PPAR-y in both affected and unaffected scalp is 
significantly decreased, resulting in pro-inflammatory lipid pro- 
duction, infiltration of inflammatory cells and destruction of the 
pilosebaceous unit. Further, targeted deletion of PPAR-y in mouse 
follicular stem cells results in a phenotype resembling a scarring 
alopecia. These studies suggest that PPAR-y signalling is essential 
for normal healthy pilosebaceous units [14]. However, the typically 
patchy phenotype of LPP cannot be explained by reduced PPAR-y 
signalling alone, since levels of expression were similarly reduced 
in both lesional and non-lesional scalps of affected individuals, 
suggesting additional pathogenic factors must be involved. 

There is evidence of a possible role for xenobiotic metabolism of an 
environmental trigger in LPP pathogenesis. Microarray data from 
biopsies of unaffected and affected LPP scalps identified aryl hydro- 
carbon receptor (AhR) signalling as a significant toxicity pathway 
activated in LPP. Environmental toxins such as dioxin or dioxin-like 
compounds are known to inhibit the expression of PPAR-y and 
exert their biological effects via the AhR [14]. PPAR-y stimulation 
also plays a role in the normal function of mitochondria in human 
HFs, upregulating mitochondrial transcription factor A (TFAM), 
which is critical for mitochondrial DNA transcription and genome 
replication. Ultrastructural analysis of the bulge region of LPP scalp 
biopsies revealed significant abnormalities of mitochondria in both 
lesional and non-lesional HFs, with TFAM immunoreactivity signif- 
icantly lower in lesional HFs. When immune privilege collapse was 
induced in healthy cultured HFs, a significant decrease in TFAM 
expression was observed in the bulge area. Taken together, these 
observations suggest a functionally important role for PPAR-y in 
eHFSC mitochondrial dysfunction in LPP [38]. 

Analysis of the inflammatory infiltrate in LPP has revealed the 
involvement of cells of the innate immune system. An increased 
number of IL-17A/IL-23-producing IL-23R+ mast cells has been 
demonstrated, suggesting HF infiltration by mast cells may play a 
role in the pathogenesis of LPP via the IL-23/IL-17 axis [39]. The 
finding of increased perifollicular mast cells was confirmed in a 
second study, with increased degranulated mast cells also observed 
[40]. Further, increased numbers of IFN-producing CD123+ plas- 
macytoid dendritic cells have been identified around LPP HFs, 
as have CD68+ macrophages, the latter particularly prominent 
within partially destroyed HFs, supporting their function as scav- 
enging phagocytes. Analysis of macrophage polarisation revealed 
increased numbers of M2 (wound healing CD163+, IL-4 secreting) 
macrophages in LPP when compared with FFA [40]. Interestingly, 
increased expression of the Treg marker FOXP3 was also identified 


in LPP. Tregs produce TGF-B, an immune privilege guardian, which 
also acts to drive fibrosis [40]. 


Clinical features 

Lichen planopilaris typically causes discrete patches of scarring 
alopecia anywhere over the scalp. The patches vary in size and 
several clinical patterns are recognised. Multiple small patches can 
result in a ‘confetti’ or reticular pattern which is easiest to appreciate 
when hair is cut short (Figure 87.33). Usually, several or multiple 
patches of alopecia are evident. Within areas of alopecia, the scalp 
appears pale and mildly atrophic but not red. The classic features 
of LPP, namely perifollicular redness and follicular hyperkeratosis, 
are characteristically seen affecting hairs surrounding the alopecia 
(Figure 87.34); however, in some cases, the typical inflammatory 
pattern is not present, and this can lead to diagnostic difficulty. In 
darker skin types, focal postinflammatory dyspigmentation may 
be present, representing resolving perifollicular lichenoid inflam- 
mation. Symptoms are common in LPP, with pruritus, burning and 
discomfort frequently described. Localised symptoms may correlate 
with focal disease activity and their presence can be used to direct 
topical or intralesional treatment. Although classic LPP can affect 
HFs extending beyond the scalp, this occurs much less frequently 
than with FFA. Loss of eyebrows, eyelashes or vellus facial hair is 


Figure 87.33 Lichen planopilaris showing multiple small patches of scarring alopecia, 
best appreciated when the hair is cut short. 
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Figure 87.34 Lichen planopilaris showing central scarring alopecia with prominent 
perifollicular hyperkeratosis at the edge of the patch. 


rarely reported with classic LPP but is a common feature of FFA. 
Loss of limb and torso hair is reported in 1-2.7% of LPP cases [29]. 
Lichen planus affecting the skin, mucosal sites (oro-pharyngeal, 
genital) or nails may occur. Reported estimates vary consider- 
ably between 2% and 50% of cases. More recent reviews of LPP 
report associated lichen planus in 2-21% of cases [29,33,35]. Tri- 
choscopy of LPP reveals an absence of follicular openings, scarred 
white patches, follicular hyperkeratosis, perifollicular redness and 
blue-grey dots [41]. 


Differential diagnosis 

When the typical features of LPP are present the diagnosis may be 
straightforward. However, when clinical inflammation is lacking, 
diagnosis is more challenging. Non-inflammatory LPP may initially 
be misdiagnosed as alopecia areata: when inactive, the typical fea- 
tures of alopecia areata (exclamation mark hairs, cadaver hairs) can 
be entirely absent and the affected scalp may be slightly depressed. 
Close inspection for follicular openings should be undertaken and 
if there is uncertainty, a biopsy to assess for scarring should be 
performed. In FFA, a minority of patients also have classic LPP 
affecting the scalp. A lack of hairline involvement, sparing of limb 
and facial hair (eyebrows, lashes and vellus hairs), tends to sug- 
gest classic LPP rather than FFA/LPP. PB can be indistinguishable 
from non-inflammatory LPP and there has been much debate as to 
whether these conditions represent the same entity [42]. 


ons 

s usually required to confirm a clinical suspicion of 
LPP. Biopsies should ideally be taken from actively inflamed 
hair-bearing skin at the edge of an area of alopecia, and trichoscopy 
can aid identification of suitable biopsy sites. Histology of early 
lesions shows vacuolar interface change with a moderately dense 
perifollicular lichenoid lymphocytic cell infiltrate at the level of 
the infundibulum and isthmus (Figure 87.35). Occasionally, the 
interfollicular epidermis may have an associated lichenoid infil- 
trate. End-stage LPP will show loss of elastic fibres in a superficial, 
dermal, wedge-shaped scar and loss of sebaceous glands. Direct 
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Figure 87.35 Lichen planopilaris. (a) Low-power photomicrograph showing follicular 
plugging and a periappendageal inflammatory infiltrate. (b) Base of the hair follicle 
showing hydropic degeneration of the basal layer and a lichenoid mononuclear cell 
infiltrate. 


immunofluorescence highlights the presence of colloid bodies in 
the peri-infundibular/isthmic area staining with immunoglobulin 
M (IgM) [43]. 


Vianagement 

Serial photography can be useful in disease monitoring, as can mea- 
surements of larger areas of alopecia. A disease activity score has 
been developed (lichen planopilaris activity index or LPPAI) which 
scores symptoms, signs, disease activity and spreading [25]. Very 
potent topical steroid scalp applications should be prescribed in all 
cases and can provide symptomatic relief. Systemic treatment is 
usually required in all but the mildest of cases [44]. However, there 
are no evidence-based treatment guidelines. Hydroxychloroquine 
is the most frequently prescribed first option [45]. Methotrexate, 
mycophenolate mofetil and ciclosporin are considered second line 
options [25,46,47]. Systemic steroids are rarely used long term 
but short courses can be of value in rapidly progressive disease. 
Pioglitazone, a PPAR-y agonist, has been tried with varying suc- 
cess [48,49]. Other treatments reported to be of benefit include 
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tetracycline antibiotics [50], oral retinoids [51], platelet-rich plasma 
(PRP) [52] and low-level light [53]. Given the similarities in patho- 
biology between LPP and alopecia areata, JAK inhibitors have also 
been tried in a small number of patients with benefit [54,55]. The 
prognosis for LPP is variable. Hair loss can remain minimal in 
some patients while for others there may be almost complete scalp 
hair loss. 


Frontal fibrosing alopecia 


Introduction and general description 

Frontal fibrosing alopecia was first described in the early 1990s [6] 
and is generally agreed to be a clinical variant of LPP. However, 
in addition to having a distinct clinical phenotype, there are differ- 
ences between FFA and LPP with regards to epidemiology, demo- 
graphics and disease associations. 


Epidemiology 

Frontal fibrosing alopecia is now reported as the commonest 
scarring alopecia, comprising 10.8% of all alopecia patients seen 
and 40% of all scarring alopecias [5]. Initially described affecting 
postmenopausal women, this group remains the most affected 
(female : male 19 : 1), although increasing numbers of men and 
premenopausal women are reported [56]. Average age at diagnosis 
ranges between late fifties and 60 years, although several studies 
have shown that affected males appear to develop the condition ear- 
lier (median age 44-45 years) [5,56]. Although it has been reported 
in all ethnic groups, it is reported most frequently in white women 
(Fitzpatrick skin type II/III). Associated autoimmune disease is 
reported more commonly than in the general population, partic- 
ularly thyroid disease, occurring in around a third of cases [56]. 
Reports of small numbers of familial cases have suggested a genetic 
predisposition. However, the increased incidence observed globally 
over the last 25 years has led to speculation regarding possible 
environmental trigger factors. 


Pathophysiology 

Genetic susceptibility has been confirmed by a GWAS involving 
1016 UK and Spanish women and 4145 controls. Four genomic loci 
were identified including within the HLA region 6p21.1, where 
the class I allele HLA-B*07:02 has been implicated in conferring a 
fivefold increase in risk of FFA. A missense variant in CYP1B1 (also 
known as xenobiotic mono-oxygenase/aryl hydrocarbon hydrox- 
ylase), an enzyme involved in cellular xenobiotic metabolism 
and oxidative metabolism of oestrogens, was identified at 2p22.2. 
Supporting a role for T-cell dysfunction in FFA pathobiology was 
the finding of a likely causal allele at 8q24.22 within intron 1 of the 
ST3GAL1 gene encoding galactoside sialyltransferase, an enzyme 
linked to T-cell activation and homeostasis [15]. 

The pathobiology of FFA has been considered to be similar to 
that of LPP, namely a Thl-mediated IFN-y-driven inflammation 
centred on the bulge area of the HF leading to immune privilege 
collapse and EMT and permanent destruction of eHFSCs [13]. 
Two recent studies have undertaken detailed immune profiling of 
FFA [40,57]. Both have shown increased CD8+ cytotoxic T cells, 
dendritic cells, FoxP3+ Tregs and mast cells. In addition, reverse 
transcription polymerase chain reaction analysis in one study 


demonstrated significant upregulation of Thl pathways (IFN-y, 
CXCL9 and 10), JAK signalling (STAT1, JAK3) and fibrosis-related 
markers such as vimentin (a marker of EMT). Although significant 
downregulation of K15+ CD200+ eHFSCs was demonstrated, there 
was not a complete loss of stem cell signalling. Intriguingly, one 
study demonstrated that while CD68+ macrophages are increased 
in both FFA and LPP, differences in macrophage polarisation were 
noted between the conditions, with M2 (wound healing type) 
polarisation in LPP. Taken together, these observations provide an 
insight into disease pathobiology that offers the prospect of novel 
disease-specific targeted therapy. 

The striking rise in incidence over the past 25 years has led to 
debate regarding possible causes. Any possible trigger(s) for FFA 
must be biologically plausible and explicable in terms of the emer- 
gence and rapid rise in incidence since the mid-1990s. Associations 
have been demonstrated with use of sunscreens [58,59], however 
causality remains to be proven [60,61]. The finding of a missense 
variant in CYP1B1, an enzyme involved in oestrogen metabolism, 
implicates a possible role for exogenous hormones [15]. Increased 
rates of positive patch tests to allergens including fragrances 
(linalool, balsalm of Peru) have been reported in FFA [58,62] but the 
significance of these findings is unclear [63]. Low levels of androgens 
have been reported in women with FFA, in contrast to LPP where 
an association with androgen excess/PCOS has been documented 
[36]. However, another study showed that hormonal status in female 
patients with FFA was mainly normal [56]. A potential relationship 
between age-related decline in dehydroepiandrosterone (DHEA) 
activity, PPAR activity and FFA has been highlighted. DHEA is an 
immunomodulatory hormone essential for PPAR function. PPAR 
is a negative regulator of TGF-f,-induced fibrosis and reduced 
PPAR-y signalling has been implicated in the pathogenesis of LPP. 
Loss of PPAR function due to declining DHEA levels may result 
in impaired control of fibrosis by PPAR [64]. However, normal 
age-related decline in hormone levels alone would not explain the 
increase in FFA cases observed in recent years. 


Clinical features 

Frontal fibrosing alopecia is characterised by a band-like recession 
of the frontal hairline. The typical features of follicular LP, namely 
perifollicular redness and follicular hyperkeratosis, can be seen 
in most cases (Figure 87.36), although sometimes these features 
may be absent. Recession of the hairline results in a pale, rather 
atrophic band of alopecia over the frontal scalp which can be 
striking when contrasted with a sun-damaged forehead. Residual 
‘lonely’ hairs are seen frequently. Any area of the hairline may be 
affected, with the temporal hairline the most frequently involved 
area after the frontal hairline. Here, hair thinning can be seen 
before hairline recession occurs. Occipital hairline recession is 
reported in 26-31% [56,65]. A minority of FFA patients (around 
15%) also have classic LPP elsewhere on the scalp [56,65]. Scalp 
symptoms such as pruritus and dysaesthesia occur in a minority 
(79% no or mild pruritus [56]) and are less common than with LPP. 
Non-inflammatory loss of eyebrows is characteristic of FFA and 
is reported in 82-90.6% of cases [56,65] and may precede hairline 
loss [66]. Eyelash loss occurs less frequently (44.5%) [65]. Loss of 
vellus facial hairs is common but often unrecognised. This feature 
may help differentiate early FFA from early FPHL. Flesh-coloured 
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Figure 87.36 Frontal fibrosing alopecia showing perifollicular redness and scale 
involving the frontal hairline. A loss of follicular ostia and lonely hairs are also seen. 


facial papules are seen around the temples in up to 40% of women 
and may be commoner in premenopausal Hispanic/Latino women 
and men [67]. Yellowish facial papules may also be seen affect- 
ing the temples, cheeks and lateral chin and appear to be due to 
prominent sebaceous glands on a background of poor connective 
tissue support. Follicular/glabellar red dots [68] and reticulate and 
diffuse rosacea-like redness may be seen on facial and extrafacial 
skin [67]. Dyspigmentation is common in darker skin types and 
overlaps with lichen planus pigmentosus [69,70]. Depression of 
frontal veins appears to be a unique finding associated with FFA, 
although the role of topical steroids in the aetiology of this fea- 
ture is uncertain [71]. Non-inflammatory loss of limb hair is also 
common (45-77%) [56,65,72], although rarely complained of by 
women, and may predate scalp and facial hair loss [66]. In men, 
loss of the beard hair (55%) [56] and sideburns [73] is seen fre- 
quently and loss of limb hair is more easily appreciated. Associated 
mucocutaneous lichen planus is uncommon, reported in 9.5% of 
cases [65]. Trichoscopic features of FFA are indistinguishable from 
those of LPP and include the absence of follicular openings, scarred 
white patches, follicular hyperkeratosis, perifollicular redness and 
blue-grey dots [41]. 


Differential diagnosis 

When the typical inflammatory features of FFA are absent, ophiasis- 
pattern alopecia areata should be excluded. In the early stages 
of FFA, if inflammatory features are not prominent at the frontal 
hairline, Hamilton—Norwood pattern hair loss should be excluded. 
The loss of vellus hairs on the forehead favours a diagnosis of FFA. 
Traction alopecia commonly occurs at the frontal and temporal hair- 
line and exclusion relies on a good history of hair-styling practices. 
The fringe sign (retained hairs at the original hairline) is typical of 
traction alopecia; however, a pseudo-fringe sign can also be seen 
with FFA [74]. The gradual progressive loss of facial and body hair 
tends to support a diagnosis of FFA. In a reported 40% of cases, 
thinning and loss of eyebrows may precede hairline change and 
isolated eyebrow loss should prompt consideration of a diagnosis 
of FFA [75]. 


Investigations 

A diagnosis of FFA can usually be made clinically. However, if 
there is diagnostic doubt, scalp biopsy should be undertaken. 
Histologically, the features are those of LPP — namely, vacuolar 
interface change with a moderately dense perifollicular lichenoid 
lymphocytic cell infiltrate at the level of the infundibulum and 
isthmus, concentric perifollicular fibrosis, reduced HF density and 
loss of sebaceous glands in end-stage disease [43]. Histopathology 
of non-scalp sites (eyebrow and limb) shows similar features [72]. 
A series of 21 eyebrow biopsies showed preservation of sebaceous 
glands in 38%, which the authors proposed may account for the 
observation of eyebrow regrowth seen in some cases of FFA [76]. 
Interestingly, biopsies from clinically normal scalp skin in patients 
with FFA/LPP showed lymphocytic perifollicular inflammation 
around the isthmus/infundibulum areas (65%) and perifollicular 
fibrosis (15%), suggesting more generalised scalp involvement than 
is evident clinically [77]. Histology of facial papules has shown 
features similar to scalp biopsies, with perifollicular lichenoid 
infiltrate around vellus follicles [78]. However, other studies of 
facial papules have shown prominent sebaceous lobules associated 
with an abnormal elastic framework [79]. 


Management 

Assessment and monitoring of FFA can be challenging. The con- 
dition tends to progress slowly, and progression may occur only 
focally. The presence or absence of inflammatory signs (perifol- 
licular redness, follicular hyperkeratosis) is often a poor guide to 
disease activity [80]. Serial photography can be useful in disease 
monitoring, as can hairline measurements. In addition, several 
severity scores have been developed [23,24,81]. Assessments of 
treatment efficacy need to be undertaken over an appropriate time- 
frame as the condition generally progresses slowly. Potent or very 
potent topical steroids are frequently prescribed for the affected 
hairline [56]. As these are often prescribed for prolonged periods, 
the frequency of application may require to be modified to min- 
imise skin atrophy, which is also a feature of the condition [82]. The 
frequent use of topical steroids can lead to telangiectasia which may 
be misinterpreted as persisting perifollicular redness [83]. Topical 
tacrolimus and pimecrolimus are steroid alternatives, although 
ointment preparations are of limited usefulness on the scalp. They 
can also be applied to the eyebrow area. Intralesional steroids 
can be used to treat the entire hairline and are also useful where 
disease is focally active. A range of systemic treatments have been 
tried but there are no clinical trials or evidence-based guidelines to 
inform practice. Tetracycline antibiotics and hydroxychloroquine 
are relatively safe first treatment choices. Thereafter, options include 
retinoids (isotretinoin, acitretin, alitretinoin) [84], immunomodu- 
lators (methotrexate, mycophenolate mofetil, ciclosporin) and the 
PPAR-y agonist pioglitazone. The 5a reductase inhibitors finas- 
teride and dutasteride are also widely prescribed. Isotretinoin 
is reported to be of value in the treatment of facial papules [85] 
and dyspigmentation [86]. Given the similarities between the 
inflammatory profiles of FFA and alopecia areata, JAKI has been 
tried in small numbers of patients and further evaluation of these 
drugs in this condition is merited [54,55]. The prognosis for FFA is 
variable. Some patients develop extraordinarily little hairline reces- 
sion even on no treatment, while others may experience hairline 
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recession to the crown. Complete hair loss from FFA has not been 
reported. 


Fibrosing alopecia in a pattern distribution 


Introduction and general description 

Fibrosing alopecia in a pattern distribution (FAPD) was first des- 
cribed in 2000 [87] and is a progressive cicatricial alopecia 
characterised by scarring hair loss on the central frontal scalp 
in the distribution of typical male (Hamilton—Norwood) or female 
(Ludwig) pattern hair loss. The condition is considered a composite 
of patterned hair loss and LPP, showing clinical and histological 
features of both. 


Epidemiology 

In a recent review of alopecias seen at specialist hair clinics, FAPD 
represented 1.8% of all alopecias (6.8% of all scarring alopecias) and 
most cases were postmenopausal females (89% female, median age 
59 years) [5]. A Chilean study found FAPD affecting 0.64% (n = 13, 
70% female) of all cases of alopecia seen over a 4-year period [88]. 
Familial cases are rarely reported. Anti-Ro antibodies have been 
identified in a small number of cases [89]. 


Pathogenesis 

The pathobiology of FAPD is uncertain. It is classified as a variant 
of LPP; however, it has been suggested that in immunogeneti- 
cally susceptible patients, it may represent a lichenoid reaction 
triggered by an unknown antigenic stimulus on HFs during 
miniaturisation [87]. 


Clinical features 

Clinically, the typical features of follicular lichen planus are present, 
namely perifollicular redness, follicular hyperkeratosis and loss of 
follicular openings. In addition, affected follicles show features of 
patterned hair loss including anisotrichosis (variable hair diameter) 
and an increased proportion of follicular openings with single 
hairs. Unlike classic LPP, hair thinning is diffuse and symmetri- 
cal, not patchy. Symptoms including scalp dysaesthesia and itch 
occur in around a third of cases. Other reported clinical features 
include facial papules, reticulate red dots over the anterior chest 
and, rarely, involvement of eyebrows (reviewed in [90)). 


Differential diagnosis 

It is likely that FAPD is underrecognised and misdiagnosed. Where 
the diagnosis is considered, the main differential diagnosis to take 
into account is patterned alopecia with concurrent seborrhoeic 
dermatitis [90]. 


Investigations 

As FAPD is rare, histopathological correlation is generally required. 
The histological features are those of both LPP and patterned hair 
loss; namely, HF miniaturisation and vacuolar interface change 
around the isthmus and infundibulum, with loss of HFs and 
replacement with fibrous tracts [90]. 


Management 
There is little evidence to guide treatment of this condition. Doc- 
umented management strategies are directed at the management 


of patterned hair loss (topical minoxidil, anti-androgens, e.g. 
finasteride) and anti-inflammatory drugs (potent topical steroids, 
hydroxychloroquine) [90]. 


Graham-Little-Piccardi-Lassueur syndrome 


Introduction and general description 
Graham-Little-Piccardi-Lassueur syndrome (GLPLS) is a rarely 
reported cicatricial alopecia described as a variant of LPP, occurring 
more frequently in women. 


Epidemiology 

In a recent survey of specialist hair clinics, only one case of GLPLS 
was reported (0.03% of 3133 diagnoses of alopecia) [5]. It is not clear 
whether it is a distinct entity or represents disseminated LPP of the 
scalp, flexures, torso and limbs. 


Clinical features 

The diagnosis of GLPLS is suggested by a patchy scarring alope- 
cia, non-scarring hair loss of the axillae and pubic skin and keratosis 
pilaris-like hyperkeratotic papules on the torso and limbs. 


Differential diagnosis 
Disseminated LPP may be indistinguishable from GLPLS. 


Investigations 
Biopsies of affected HFs show a lichenoid folliculitis identical to 
LPP [43]. 


Management 

Treatments reported in a small number of cases are like those used 
in the management of LPP and include topical and intralesional 
steroids, hydroxychloroquine, doxycycline and ciclosporin. 


Chronic discoid lupus erythe 


Introduction and general description 

Chronic discoid lupus erythematosus is a chronic scarring photo- 
sensitive dermatosis, which is part of the disease spectrum of lupus 
erythematosus. See Chapter 51. 


Epidemiology 

It is the most common form of cutaneous lupus seen in derma- 
tological practice and scalp involvement is frequent. In a recent 
point prevalence survey of specialist hair clinics, CDLE represented 
1.9% of all alopecia diagnoses. It was more common in females 
(88% female; female : male 7 : 1) and those of African descent and 
represented 7.1% of scarring alopecias [5]. However, many cases of 
CDLE are managed in a general dermatology setting rather than a 
specialist hair clinic and it is likely that CDLE represents a greater 
proportion of the total burden of cicatricial alopecias. 


Pathophysiology 
The pathogenesis of cutaneous lupus is covered in detail in 
Chapter 51. Briefly, both genetic susceptibility and environmental 
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triggers (primarily UV light) play a role in disease pathogenesis. 
Several major and non-major histocompatibility complex genetic 
polymorphisms have been identified. Most of these genetic variants 
are associated with mechanisms attributed to disease pathogenesis, 
including pathways involved in IFN and vitamin D regulation, 
and UV light exposure [91]. DNA from UV-induced apoptotic 
keratinocytes and neutrophils activates the innate immune system 
via Toll-like receptors on plasmacytoid dendritic cells, upregulating 
type 1 IFN expression. Inflammatory mediators including IFN-y, 
CXCL9 and CXCL10 drive continued recruitment of inflammatory 
cells [92]. Release of IFN-y by Th1 cells initiates activation of the 
JAK/STAT pathway, suggesting a possible role for JAK inhibitors 
in treatment [93]. 


Clinical features 

It typically presents as one or more discoid red scaly patches on 
the scalp with scarring hair loss (Figure 87.37). In the early stages, 
the affected areas may be diffusely red and as the disease pro- 
gresses, pale depressed areas of atrophic scarring alopecia appear 
centrally. There is often marked hyperkeratosis, and follicular 
plugging (carpet-tack scale) is a characteristic feature of CDLE 
(see Figure 87.14e). Redness and hyperkeratosis do not localise 
to HFs as is typical with LPP, and when the condition is active, 
inflammatory activity is most pronounced centrally within the area 
of scarring hair loss. Lesions are typically pruritic when active. 
In darker skinned individuals, marked dyspigmentation may 
occur. Trichoscopy shows an absence of follicular openings and 
scarred white patches, identical to those seen in LPP. Prominent 
features in CDLE include follicular keratotic plugs, follicular red 
dots and telangiectasia. Blue-grey dots represent follicular pigment 
incontinence [41]. 


Differential diagnosis 

When the typical inflammatory features of CDLE are present clini- 
cally and histologically, diagnosis is usually straightforward. In the 
absence of active inflammation, other scarring alopecias such as LPP 
and PB should be excluded. 


Figure 87.37 Discoid lupus erythematosus showing scarring alopecia with scalp redness 
and follicular plugging. 


Investigations 

Skin biopsy is generally performed to confirm a diagnosis of CDLE, 
and the histological features are usually unequivocal. The finding 
of CDLE on the scalp should prompt careful examination of the 
skin elsewhere, especially sun-exposed sites such as the face and 
neck. ANA + extractable nuclear antigen (ENA), anti-dsDNA, 
FBC, biochemical profile, erythrocyte sedimentation rate (ESR) and 
urinalysis should be undertaken along with a careful history and 
assessment for systemic symptoms of lupus. Histopathological 
features include follicular hyperkeratosis and a vacuolar interface 
folliculitis at the level of the infundibulum. The interfollicular 
epidermis may also show vacuolar interface change. Superficial 
and deep perivascular and periappendageal lymphoid and plasma 
cell infiltrate are typical (Figure 87.38). Late stages are charac- 
terised by concentric lamellar perifollicular fibroplasia and by 
basement membrane zone thickening (highlighted by periodic 
acid-Schiff). Suprabasal dyskeratosis, pigmentary incontinence 
and dermal mucin may also be seen. Direct immunofluorescence 
will confirm the diagnosis with granular deposits of IgG and 
C3 along the epidermal and follicular basement membrane zone 
(Figure 87.39) [43]. 


Management 

Very potent topical steroids are first line management for CDLE 
and can be useful for symptomatic relief. Intralesional steroids 
can be useful in focally stubborn disease. In many cases, systemic 
treatment is required, and hydroxychloroquine is the most effective 
treatment option in most cases (although efficacy is reduced by 
smoking). Second line options include methotrexate, mycophe- 
nolate mofetil and azathioprine. Newer agents such as biologics 
(rituximab, belimumab) may be used in the context of severe exten- 
sive cutaneous disease unresponsive to second line agents [94]. 


Pseudopelade of Brocq — 


Introduction and general description 

Pseudopelade of Brocq is a rare, chronic, patchy scarring alopecia 
first described in 1888. It is classified as a primary lymphocytic 
alopecia under the NAHRS classification of PCAs [1]. However, it is 
a somewhat controversial entity as there are no specific diagnostic 
patterns of inflammation clinically or histologically. Given this 
absence of specific clinical and histological features, there has been 
uncertainty as to whether PB is a specific disease entity or represents 
the end stage of other cicatricial alopecias such as LPP or CDLE. 
PB diagnostic criteria were proposed by Braun-Falco and include 
typical clinical features (irregularly defined and confluent patches 
of atrophic alopecia; female > male; prolonged slowly progressive 
course, which may remit spontaneously) and histological findings 
(scarring/fibrotic streamers; reduced or absent sebaceous glands; 
normal epidermis; absence of inflammation and follicular plugging; 
negative immunofluorescence) [95]. A histological study reviewing 
biopsies of PB cases diagnosed using the Braun-Falco criteria found 
that around two-thirds of cases showed histological features of 
either LPP or CDLE [96]. More recently, a comparison of gene 
expression profiles in scalp biopsies taken from untreated active 
cases of LPP and PB diagnosed clinically suggested that these two 


Figure 87.38 Discoid lupus erythematosus. (a) Low-power photomicrograph showing 
follicular plugging and superficial and deep perivascular and periappendageal 
lymphocytic infiltrate. (b) High-power photomicrograph showing hydropic degeneration 
of the basal layer and the mononuclear cell infiltrate. (c) Higher-power photomicrograph 
showing hydropic degeneration of the basal layer. Courtesy of Dr G. Mason, Melbourne, 
Australia. 


Figure 87.39 Positive linear immunofluorescence to IgG: the lupus band test. Courtesy 
of Dr G. Mason, Melbourne, Australia. 


conditions are distinct and unrelated. Of 504 genes differentially 
expressed between LPP and PB with statistical significance, 479 
genes were upregulated and 25 downregulated in LPP as compared 
with PB. Only 35 genes were similarly expressed in both LPP and 
PB compared with normal scalp [42]. 


TI 


c niolc 
In a review of alopecias seen at specialist hair clinics, only one case 
of PB was reported (0.03% of 3133 diagnoses of alopecia) [5]. It is 


predominantly described in white females aged 30-50 years. 


L 


P oph 


The pathogenesis of PB is unknown. 


Clinical f 

The characteristic features of PB are small, discrete, depressed, 
pale ovoid patches of scarring alopecia, usually starting around 
the vertex, and extending over the central and parietal scalp 
(Figure 87.40). Classically, the patches are described as ‘footprints 
in the snow’. There is no inflammation evident clinically either 
within or surrounding the patches and the patches are soft and 
non-indurated. Over time, the areas of alopecia may coalesce into 
larger irregular areas of hair loss. The condition generally progresses 
slowly. 


Differential diagnosis 

The appearance of asymptomatic non-inflammatory patches of 
scalp hair loss may prompt a diagnosis of alopecia areata and a 
scalp biopsy should be performed to identify whether scarring is 
present. It may be difficult to confidently distinguish between PB 
and the end stage of other scarring alopecias such as CDLE or LPP. 
CDLE may be excluded based on history (itch, redness, scaling, 
photosensitive rashes, etc.) and typical histological features. LPP 
can be diagnosed if a lichenoid folliculitis (perifollicular redness, 
follicular hyperkeratosis) is identified on careful examination of 
the scalp and typical histological features are present. A history of 
mucocutaneous lichen planus would tend to support a diagnosis 
of LPP. 
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Figure 87.40 Pseudopelade of Brocq. 


Investigations 

Pseudopelade of Brocq is a diagnosis of exclusion so scalp biopsy 
is generally recommended. Histopathology shows non-specific 
features of an end-stage scarring alopecia, with concentric perifol- 
licular lamellar fibrosis, loss of sebaceous glands, loss of follicular 
units with follicular scars and a minimal residual inflammatory cell 
infiltrate [43]. 


Management 

The literature on treatment of PB is limited and options which have 
been tried are generally those used in the management of LPP; 
namely, very potent or intralesional steroids, hydroxychloroquine, 
oral steroids and mycophenolate mofetil [97]. 


Central centrifugal cicatricial al 


Synonyms and inclusions 
e Follicular degeneration syndrome 
¢ Hot-comb alopecia 


Introduction and general description 
Central centrifugal cicatricial alopecia is a chronic, progressive, scar- 
ring alopecia affecting the vertex and central scalp. 


Epidemiology 

It occurs almost exclusively in black women of African ancestry, 
in whom it is the most common cause of scarring hair loss [98]. 
Severe disease has been estimated to affect 2.7-5.6% of black 
women [99,100]. In a recent global survey of alopecia patients 
seen at specialist hair clinics, CCCA represented 1% of all alopecia 
diagnoses and 3.6% of all cicatricial alopecia. Cases were almost 
exclusively female (97%), with median age 46 years (range 27-72 
years). CCCA represented 2.8% of all alopecia diagnoses in North 
America and 6% of all African cases [5]. 


Pathophysiology 

The condition is likely to have a multifactorial aetiology. Reports of 
familial cases suggest a genetic predisposition [101]. A recent study 
identified several missense mutations in the PADI3 gene in around 
25% of CCCA cases [16]. PADI3 encodes peptidyl arginine deimi- 
nase type III, an enzyme that post-translationally modifies proteins 
essential to hair shaft formation and shaping. The mutations 
were predicted to be pathogenic, causing protein misfolding. PADI3 
is one of three genes, mutations of which have been found in asso- 
ciation with cheveux incoiffables (uncombable hair syndrome) in 
which characteristic hair shaft abnormalities (pili trianguli et canali- 
culi) are present [102]. Increased hair breakage has been identified as 
an early sign of CCCA [103] and hair shaft abnormalities reminiscent 
of pili trianguli et canaliculi (longitudinal grooving of the hair shaft 
and triangular cross-sectional shape) have been reported in a case of 
CCCA [104]. The risk of certain fibroproliferative disorders such as 
keloid scarring is increased in people of African descent and fibro- 
proliferative genes (platelet derived growth factor (PDGF) gene, 
collagen (COL) I and III genes, matrix metallopeptidase (MMP) 
1, 2, 7 and 9 genes) have been shown to be upregulated in the 
affected scalp of individuals with CCCA. A potential role for antifi- 
brotic therapies in the treatment of CCCA has been proposed [17]. 
Women with CCCA have also been shown to have a nearly fivefold 
increased risk of uterine leiomyomas (fibroids) [105]. The precise 
role of hair-styling practices in triggering the condition is uncertain, 
however practices that induce significant hair traction (braiding, 
weaves) have been associated with more severe disease [101]. 


Clinical features 

In the earliest stages of the condition, increased hair breakage 
around the vertex and central scalp may be reported. Reduction in 
hair density over the vertex and central scalp results in a slowly pro- 
gressive centrifugal expansion of an area of scarring alopecia. 
The area of alopecia and surrounding scalp generally appear 
non-inflammatory, and the affected scalp is soft and non-indurated. 
The condition may be asymptomatic, although some patients 
experience burning, pruritus, pain, redness and scaling. On tri- 
choscopy, reduced hair density and variable hair shaft diameter are 
evident. A preserved honeycomb pigment network with irregularly 
distributed pinpoint white dots can be seen, as well as irregular 
white patches due to follicular scarring. Grey-white peripilar halos 
are typical of CCCA. Broken hairs and black dots may sometimes 
be noted [41]. 


Differential diagnosis 

In the early stages of CCCA, FPHL should be excluded, with 
anisotrichosis, single HFs and the presence of follicular ostia 
favouring the latter. Other scarring disorders such as LPP and CDLE 
may be excluded based on history, clinical features and histology. 
However, in the inactive phase, confident exclusion of these 
conditions may be difficult. 


Investigations 

Where diagnosis is uncertain, scalp biopsy should be performed. 
Histopathology is that of a typical scarring alopecia with peri- 
follicular concentric fibrosis, mild perifollicular and perivascular 
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lymphoid cell infiltrate, destruction of the follicular epithelium, 
naked hair shafts in giant cells and follicular drop-out. The most 
distinctive finding is below the isthmus and is characterised by 
premature desquamation of the IRS and eccentric thinning of the 
follicular epithelium [43]. Premature desquamation of the IRS can 
be found in inflamed follicles in other conditions such as LPP; 
however, in CCCA premature desquamation of the IRS may be 
observed in otherwise normal, unaffected HFs, suggesting that it 
is a characteristic feature of the condition [106]. Characterisation of 
the inflammatory infiltrate has demonstrated a CD4-predominant 
T-cell infiltrate with increased Langerhans cells extending into the 
lower hair follicle [107]. 


Management 

A grading system for CCCA [26] allows staging and monitoring 
of disease progression. Serial photography + measurements of the 
area of alopecia may also be helpful. Reducing trauma to hair and 
avoiding hair-styling practices that cause hair traction are generally 
recommended. Treatment of any associated scalp conditions such 
as seborrhoeic dermatitis can be managed with regular use of a 
medicated shampoo. Topical steroids can be used for symptom 
relief or if there is inflammation clinically. Intralesional steroids can 
be tried for focally resistant symptoms or inflammation. Systemic 
anti-inflammatory agents may be tried empirically, even in the 
absence of inflammation clinically. Tetracycline antibiotics and 
hydroxychloroquine are the most frequently used systemic agents, 
with mycophenolate mofetil, ciclosporin and short courses of oral 
steroids also reported [108]. Topical and low-dose oral minoxi- 
dil may be used empirically. PRP therapy and topical metformin 
have also been used [109,110]. Prognosis is generally considered to 
be poor. 


Alopecia mucinosa — TZ 


Introduction and general description 

Alopecia mucinosa (AM) is a rare cause of scalp hair loss which 
may be non-scarring or, rarely, scarring. The term was first used 
by Pinkus in 1957 to describe hair loss in association with follic- 
ular mucin accumulation histologically [111]. The term alopecia 
mucinosa is sometimes used interchangeably with follicular 
mucinosis; however follicular mucinosis should be considered 
a histological tissue reaction pattern which can occur as a primary 
phenomenon (as in AM) or secondary to a wide range of skin con- 
ditions (e.g. spongiotic dermatitis, lichenoid eruptions, melanocytic 
naevi, CDLE, polymorphic light eruption, arthropod bites and skin 
malignancies) [112,113]. 


Pathophysiology 
The pathogenesis of AM is uncertain. 


Clinical features 
Alopecia mucinosa presents as one or several red scaly patches 
associated with hair loss. Plaques may be tumid and indurated, 


with prominent follicular openings. On the head and neck, the 
scalp and eyebrows are predominantly affected but any area of 
hair-bearing skin may be involved. Lesions found on the limbs 
often lack redness and scaling and a well-defined patch of hair 
loss may be the only clinical feature. Pruritus is the commonest 
symptom. 

As some cases of AM are associated with folliculotropic mycosis 
fungoides (MF)/cutaneous T-cell lymphoma (CTCL), there has 
been much debate as to whether idiopathic AM running a benign 
course and lymphoma-associated follicular mucinosis represent 
a clinicopathological continuum or are two distinct entities [114]. 
Cases of AM that tend to run a benign course usually occur in 
children and young adults with no associated underlying condi- 
tions. The extent of disease may be limited to the head and neck 
or develop more widely on the limbs and torso. Limited disease 
tends to have a better prognosis and may resolve spontaneously, 
whereas extensive disease tends to run a more chronic course 
[115]. While AM associated with MF/CTCL generally occurs in 
older adults, a case of AM in association with folliculotropic MF 
has been reported in a child [116]. Confirmation of the diagnosis 
can be challenging and long-term follow-up is essential, main- 
taining a high index of suspicion and repeating biopsies when 
indicated [114]. 


Differential diagnosis 

On the scalp, CDLE may appear similar to AM and should be 
excluded histologically. Scalp disorders such as seborrhoeic der- 
matitis and psoriasis are not generally associated with significant 
focal hair loss. On the face, CDLE and chronic localised dermatitis 
should be excluded. Alopecia areata, FFA and LPP should be con- 
sidered in the differential diagnosis of patchy alopecia on the torso 
and limbs. 


Investigations 

Histological assessment is mandatory for any case of suspected 
AM and investigations should include mucin stains, immunohisto- 
chemistry and T-cell gene rearrangement studies. There is currently 
no single diagnostic test that can provide certainty as regards 
malignant potential, and assessment of histological, molecular and 
clinical features is required [114]. The key histological feature is 
mucinous degeneration of the ORS and sebaceous glands usually 
associated with a perifollicular lymphocytic infiltrate. 


Management 

As AM is rare most reported treatments are based on small num- 
bers of patients. Potent topical steroids are considered first line 
treatment. Topical calcineurin inhibitors (tacrolimus, pimecrolimus) 
have also been reported as being helpful [117,118], as has topical 
bexarotene gel in a case of idiopathic (non-lymphoma-associated) 
AM [119]. Phototherapy may be of value in widespread AM. PDT 
has also been reported as beneficial [120]. Systemic treatments 
reported to be of benefit include oral tetracyclines [121], hydroxy- 
chloroquine [122], retinoids, dapsone and indomethacin. Long-term 
follow-up is required, and biopsies should be repeated if clinical 
features change. 
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Keratosis follicularis spinulos 
decalvans 


Introduction and general description 

Keratosis follicularis spinulosa decalvans (KFSD) is a rare genoder- 
matosis characterised by widespread keratosis pilaris-like lesions 
on the face, torso and limbs associated with development of a 
scarring alopecia. It is classified as a distinct variant of keratosis 
pilaris atrophicans. A loss of eyebrows is commonly seen and there 
may also be loss of eyelashes. Other cutaneous features include 
facial redness, woolly hair [123] and palmoplantar keratoderma 
[124]. Reported extracutaneous features include photophobia, 
keratitis, blepharitis and enamel hypoplasia. 


Epidemiology 

Most cases of KFSD occur in males who develop a more severe 
phenotype than affected females, and the condition demonstrates 
an X-linked pattern of inheritance, although autosomal dominant 
mode of transmission and sporadic cases are reported. KFSD has 
been reported in association with AKN [125]. 


Pathophysiology 

Genetics 

Mutations have been identified in the MBTPS2 (membrane-bound 
transcription factor peptidase, site 2) gene (MIM: 300294) located 
on chromosome Xp22.1 [126-128]. MBTPS2 encodes a membrane- 
embedded zinc metalloprotease known as site 2 protease (S2P), 
essential for the cleavage of the sterol regulatory element-binding 
proteins (SREBPs) that function as downstream transcription fac- 
tors. S2P also functions as a putative endoplasmic reticulum stress 
sensor through regulation of the unfolded protein response. Defects 
in these pathways are thought to impair cholesterol and other lipid 
biochemical pathways in the skin, leading to changes in epider- 
mal differentiation. Mutations in MBTPS2 also underlie ichthyosis 
follicularis, alopecia and photophobia (IFAP) syndrome (MIM: 
308205), which presents with clinical features similar to KFSD [126]. 


Investigations 

Keratosis follicularis spinulosa decalvans is underrecognised, and 
diagnosis is often delayed. Diagnosis is based on typical clini- 
cal features (early-onset extensive keratosis pilaris, followed by 
scarring alopecia and loss of eyebrows) in association with other 
typical disease features (particularly ocular disorders). Scrapings 
should be taken to exclude tinea capitis and any pustules should be 
swabbed for bacterial culture. Although the histological features are 
not diagnostic, scalp biopsy is advised. Established lesions show 
a perifollicular lymphohistiocytic infiltrate, follicular hyperker- 
atosis, fibrosis and destruction of the HF. Genetic assessment and 
counselling are advised, and ophthalmology assessment required. 


Clinical features 

It usually begins in early childhood with keratosis pilaris on the 
face, progressing to the torso and limbs. Cicatricial alopecia of the 
scalp, eyebrows and eyelashes develops during later childhood and 
early adolescence. The affected scalp is inflamed, with follicular 
hyperkeratosis, scarring and hair tufting. Pustules from secondary 


bacterial infections are common. Clinically, the scalp changes appear 
similar to FD. 


Differential diagnosis 

The differential diagnosis of keratosis pilaris-like lesions associated 
with follicular atrophy includes atrophoderma vermiculata and ker- 
atosis pilaris rubra atrophicans faciei (ulerythema ophryogenes). 
IFAP syndrome presents with similar, although generally milder, 
clinical features and the associated alopecia is non-scarring. In 
adults, FD is the main clinical differential diagnosis. 


Management 

Effective treatment of KFSD is challenging. When inflammation is 
present, potent topical steroids are first line therapy. Intralesional 
steroids may be helpful for focally stubborn inflammation. Sys- 
temic treatments which have been tried include retinoids [125,129], 
tetracycline antibiotics [125] and dapsone [130]. Several cases of 
successful response to laser hair removal have reported [131]. 


PRIMARY NEUTROPHILIC CICATRICIAL ALOPECIAS 


Folliculitis decalvans — TZ 


Synonyms and inclusions 
¢ Tufted folliculitis 


Introduction and general description 

Folliculitis decalvans is an uncommon, chronic, inflammatory scar- 
ring alopecia arising on the vertex of the scalp. The condition tends 
to slowly expand centrifugally over the scalp, resulting in solitary 
or multiple patches of densely scarred alopecia. The affected scalp 
is often intensely inflamed, and painful pustules and crusting can be 
seen affecting involved HFs. 


Epidemiology 

A recent survey of specialist alopecia clinics found that FD rep- 
resented 2.8% of all alopecia diagnoses. It was commoner in men 
(male : female 2 : 1), in whom it accounted for 6.8% of all alopecia. 
The median age at onset was 40 years [5]. Familial cases have been 
reported [132,133], as has occurrence limited to punch grafts after 
hair restoration surgery [134]. 


Pathophysiology 

The pathogenesis of FD has been much debated; however, recent 
research suggests chronic HF dysbiosis and supports a role for a 
microbial trigger. Staphylococcus aureus has long been suspected 
to play a role, given the ubiquity with which it can be isolated 
from pustules and the response (albeit often transient) to anti- 
staphyloccocal antibiotics [18,19]. However, factors such as the 
absence of significant S. aureus infections elsewhere on FD patients’ 
skin, the lack of demonstrable immune dysfunction in FD patients 
and the lack of association between FD and immunosuppression 
argued against it being a simple infective process in susceptible 
individuals [18]. The identification of microbial biofilms in the 
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infra-infundibular region of the HF in both FD and normal con- 
trols suggested that commensal bacterial biofilms are ubiquitous 
in normal HFs and that in FD they may undergo a pathogenic 
shift [19]. It was subsequently demonstrated that when S. aureus 
is present on lesional FD skin, it also colonises non-lesional and 
subepidermal skin in 80% of cases and is the only bacterial species 
present in more than two-thirds of the FD cases. In contrast, the 
subepidermal microbiota of the normal scalp is composed almost 
exclusively of Cutibacterium acnes and coagulase negative staphy- 
lococci. Antibiotic treatment leads to clinical improvement and the 
clearance of S. aureus in superficial (non-lesional and lesional) and 
subepidermal skin in almost all FD patients. However, clearance 
of S. aureus is accompanied by an incomplete return of the normal 
superficial and subepidermal microbiota, suggesting a persistent 
defect of the epidermal barrier. It is postulated that FD may occur 
when there is a breach of the normal epidermal barrier whereby an 
opportunistic bacterium such as S. aureus invades the subepidermal 
HF and colonises non-lesional scalp. Antibiotic treatment results 
in clinical improvement and clears pathogenic bacteria but does 
not restore a normal follicular microbiota, resulting in chronic fol- 
licular dysbiosis which, coupled with a subepidermal reservoir of 
pathogenic bacteria, causes chronic reinfection [20]. The restoration 
of normal HF microbiota may offer a novel therapeutic approach 
in FD [20]. 

The presence of a neutrophilic inflammatory infiltrate in FD 
suggests a role for the innate immune response. An immunohis- 
tochemical investigation of the expression of markers associated 
with the activation of innate immune signals (inflammasomes 
(NALP1 and NALP3), IL-1f, IL-8 and type I IFN) demonstrated 
significantly increased NALP1, NALP3 and IL-1B expression in 
FD HFs compared with controls and LPP. There was no difference 
found in inflammatory marker levels for both active and inactive 
FD, suggesting that in inactive FD there is a persistent inflammatory 
stimulus, supporting a possible role for bacterial biofilms [135]. 


Clinical features 

Folliculitis decalvans typically starts on the vertex of the scalp as a 
painful folliculitis. As the condition progresses, it slowly expands, 
particularly over the central scalp, resulting in solitary or multiple 
patches of sclerotic alopecia. Pustules, often crusting, are seen 
affecting HFs at the margins of the patches of alopecia. Hair tufting 
(tufted folliculitis or polytrichia) of six or more hairs is a prominent 
feature of the condition (Figure 87.41). The scalp surrounding the 
patches of scarring alopecia can be intensely inflamed and, in some 
cases, most of the scalp may be inflamed. Perifollicular hyperker- 
atosis and scalp scaling are also frequent features. Involvement of 
other body sites is rare but is reported affecting the face and beard 
area [132,136]. Trichoscopy highlights pustules, crusting, scaling 
and tufting. Coiled dilated capillaries are also typical [41]. 


Differential diagnosis 

While the presence of pustules, crusting, hair tufting and dense 
scarring around the vertex of the scalp is highly suggestive of FD, 
redness and follicular hyperkeratosis affecting the surrounding 
scalp can be suggestive of LPP, and in some cases these two condi- 
tions may coexist [137,138]. Fungal infection should be excluded. FD 
can occur in association with AKN [139]. Drug-induced eruptions 


Figure 87.41 Tufted folliculitis. 


suggestive of FD have been reported with ixekizumab and erlotinib 
[140,141]. 


Investigations 

Samples for bacteriological culture and sensitivity should be taken 
from any active pustules. Scale should be sent for mycological 
examination as cases of tinea capitis mimicking FD are reported 
[22]. Biopsy from an area of active disease should be considered if 
the diagnosis is uncertain. Histology of early lesions shows features 
characteristic of an acute, dense, dermal perifollicular neutrophilic 
infiltrate. As the follicle ruptures, an intrafollicular and perifollic- 
ular infiltrate of neutrophils, lymphocytes, histiocytes and plasma 
cells is seen. Perifollicular fibrosis with fibrous tracts replacing the 
HFs, follicular tufting and interstitial dermal fibrosis are all features 
observed in late stages [43]. Interfollicular epidermal hyperplasia 
has been identified as a prominent feature in FD [142] and in cases of 
neutrophil-poor FD, where distinction from LPP may be challeng- 
ing, a significant difference in the average interfollicular epidermal 
thickness between FD and LPP has been demonstrated [143]. 


Management 

Management of FD largely relies on systemic antimicrobials [144]. 
Prolonged courses of oral + topical tetracycline antibiotics are 
often used first line and can be effective in controlling inflam- 
mation in many cases [132,133]. A 10-week course of rifampicin 
and clindamycin (or doxycycline/ciprofloxacin/clarithromycin) 
appears to be an effective treatment option in active disease 
[18,132,133]. Fusidic acid in combination with other antimicrobials 
or oral zinc is also reported to be of benefit [145,146]. Isotretinoin 
has been reported to be an effective treatment in several retro- 
spective studies [147,148]. There are also reports of benefit from 
dapsone [148]. Systemic PDT has been shown to be of benefit in 
one case of recalcitrant disease [149], although reports of the effi- 
cacy of topical PDT are more variable. Anti-inflammatory drugs 
such as adalimumab [150], infliximab [151], apremilast, tofacitinib 
[152] and ciclosporin [153] have been reported to be of benefit in 
a small number of cases. In recalcitrant disease, hair removal by 
neodymium:yttrium-aluminium-garnet (Nd:YAG) laser treatment 
may be a useful strategy [154]. In addition to systemic agents, 
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potent topical steroids can be of benefit in symptom relief. The 
regular use of an antiseptic shampoo, such as those containing 
benzalkonium chloride, should be considered, given both the likely 
role of pathogenic bacteria and the risk of antimicrobial resistance 
as a result of long-term antibiotic use [155]. 


Dissecting cellulitis —/--_ 


Synoyms and inclusions 


e Perifolliculitis capitis abscedens et suffodiens 
¢ Hoffmann disease 


Introduction and general description 

Dissecting cellulitis is an uncommon primary neutrophilic cica- 
tricial alopecia of uncertain aetiology. It is part of the ‘follicular 
occlusion tetrad’ along with hidradenitis suppurativa (HS), acne 
conglobata (AC) and pilonidal sinus. 


Epidemiology 

Estimates of the frequency with which DC is found in association 
with other follicular occlusion disorders vary (HS: 0-23.8%; AC: 
14-29%; HS and AC: 3.9-4.7%) [156-159]. It is significantly more 
common in men (85-98% males) [158,159] and was thought to 
be commoner in males of African descent. However, in a Euro- 
pean study, 85% of cases were white skinned [159]. The average 
age at onset is between 26 and 32 years [158,159]. Familial cases, 
including monozygotic twins, are reported [160]. In a recent sur- 
vey of specialist hair clinics, DC represented 0.9% of all alopecia 
diagnoses, 2.7% of all alopecia diagnoses in males and 3.4% of all 
scarring alopecias [5]. However, some cases of DC may be man- 
aged in a general dermatology setting rather than in a specialist 
hair clinic, therefore these figures may underrepresent the true 
prevalence. 


Pathophysiology 

The relationship between DC, HS and AC suggests a possible 
common pathobiology. In HS, a genetic predisposition and lifestyle 
factors (e.g. obesity, which may induce cutaneous microtrauma) 
lead to microbiome alteration, subclinical inflammation around 
HFs and follicular hyperkeratosis, resulting in HF occlusion, sta- 
sis and dilatation and excessive growth of anaerobic bacteria. 
Subsequent HF rupture initiates an innate immune response. 
The innate immune system relies on recognition of conserved 
structures on pathogens, termed pathogen-associated molecular 
patterns (PAMPs) and/or tissue damage-associated molecular pat- 
terns (DAMPs), by pattern recognition receptors (PRRs, e.g. Toll-like 
receptors) on macrophages and dendritic cells. On PAMP/DAMP 
recognition, PRRs trigger activation of inflammasome component 
NLRP3 leading to release of IL-1p and TNF-a, further amplifying 
local immune responses [161]. Whether similar disease mechanisms 
are responsible for DC is not clear. There are several reports of the 
condition apparently being triggered by the use of anabolic steroids 
[159,162] and occurring after IFN-f1a treatment [163] and scalp 
trauma [158]. 


Clinical features 

Dissecting cellulitis presents as painful, deep, fluctuant nodules 
and abscesses predominantly around the vertex and occipital scalp. 
The lesions appear similar to those seen in AC. Interconnecting 
sinuses often result in a purulent discharge and crusting and sec- 
ondary infection are common. Hair is lost from affected nodules 
and may become permanent in severe or untreated disease. When 
extensive, coalescing lesions may result in a rather cerebriform 
appearance of the scalp. On trichoscopy of areas of alopecia over- 
lying inflamed nodules, yellow dots and broken hairs (black dots) 
may be seen on a background of diffuse scalp redness and dilated 
blood vessels [41]. 


Differential diagnosis 

Tinea capitis should be excluded, particularly in adolescents. 
Other scarring alopecias including FD and AKN should also be 
excluded. 


Investigations 

Samples for bacteriological culture and sensitivity should be taken 
from any discharge. Scale and hair should be sent for mycological 
examination as cases of tinea capitis mimicking DC are reported, 
particularly in adolescents [164-166]. Generally, diagnosis is made 
on clinical grounds, but if there is diagnostic uncertainty or failure 
to respond to treatment, incisional biopsy should be performed. 
Histology of the affected scalp demonstrates a dense, deep dermal 
and subcutaneous predominantly neutrophilic infiltrate, with fol- 
licular rupture and abscess formation. Formation of sinus tracts 
lined by squamous epithelium with surrounding dense fibrosis is 
characteristic [43]. 


Management 

A moderate response to oral tetracycline antibiotics is reported; 
however, relapse on stopping is common [158]. Oral isotretinoin 
seems to be accepted as the most effective treatment [157]. Dosages 
range from 0.25 to 1.0 mg/kg/day, with some studies using standard 
doses of 30, 40 or 80 mg/day. Significant benefit may sometimes 
be achieved by around 3 months of treatment but slow responses 
and relapse on discontinuation are common; therefore, prolonged 
courses at a low dose may be required. There may also be a role for 
maintenance therapy [157]. In severe disease, anti-TNF therapies 
(adalimumab, infliximab) are reported to be of benefit, although 
not in all cases [157]. Other reported treatments for which there 
appears to be limited evidence of benefit include oral zinc, dapsone 
and PDT [167,168]. In severe extensive refractory disease, radical 
surgical resection and reconstruction with skin grafting have been 
reported to be of benefit [169]. 


MIXED INFLAMMATORY INFILTRATE 


Acne keloidalis nuchae — WZ 


Synonyms and inclusions 


 Folliculitis keloidalis nuchae 


Hair loss presentations 987.51 


Introduction and general description 

Acne keloidalis nuchae is a chronic scarring folliculitis affecting 
the nape and occipital scalp. Despite the name, it is unrelated to 
acne vulgaris. 


Epidemiology 

It is seen most frequently in men of African descent but is reported 
in white and other ethnic groups. It rarely occurs in females although 
several recent studies [5,170] report a male : female ratio of 7 : 1. 
Estimated prevalence in African male populations is 0.7-10.5%, and 
it is 0.5-13.6% in African American males [21]. In a 2017 survey of 
specialist hair clinics, AKN represented 0.5% of all alopecia diag- 
noses and 1.8% of all alopecias in men (median age 32 years). AKN 
in the South African cohort represented 9% of all alopecia diagnoses 
[5]. It is rare before puberty and it is unusual to develop it after the 
age of 55 years. 


Pathophysiology 

The pathogenesis of AKN is uncertain although several factors 
have been implicated [21]. As the condition predominantly affects 
men between puberty and 55 years, a role for androgens has been 
suggested. However, the areas affected tend to be those spared by 
androgenetic alopecia. The role of skin trauma /irritation/occlusion 
in the aetiology of AKN remains uncertain, although symptoms 
are reported to worsen following cutting or shaving hair [21]. 
Chronic friction from collars, caps and helmets has also been 
implicated. The shape and curl of African hair have been postulated 
to play a role, as occurs with pseudofolliculitis barbae [21]. AKN 
is reported to be seen in association with FD in 21% of cases, with 
lesions of both conditions seen adjacent on the occipital scalp in 
67%, prompting suggestions that both diseases may share similar 
pathogenic mechanisms [139]. A suspected association between 
AKN and the metabolic syndrome [170] has been confirmed in a 
population study involving 2677 AKN cases and 13 190 controls. 
Obesity demonstrated the strongest association with AKN, followed 
by type 2 diabetes and hypertension [171]. A similar population 
study identified an association with HS [172]. 


Clinical features 

Firm follicular papules are typically seen on the nape of the neck 
and lower occipital scalp and hairline. Inflammation and pustules 
are often present, and symptoms include pruritus, pain and bleed- 
ing. Secondary infection with Staphylococcus aureus is common. 
Chronic inflammation results in scarring and permanent hair loss, 
with loss of follicular ostia and hair tufting. In some individuals, 
larger plaques of scarring or keloid develop. 


Differential diagnosis 
Conditions such as FD can coexist with AKN and may be found adja- 
cent on the occipital scalp. DC should be excluded clinically. 


Investigations 

The clinical features of AKN are usually diagnostic and biopsy is 
often not required. Samples for bacteriological culture and sensitiv- 
ity should be taken from any active pustules. If there is diagnostic 
doubt, biopsy can be performed; however, the histopathology 


of AKN depends on the duration and activity of the area biopsied 
and findings are not pathognomonic. Early in the disease there is 
follicular dilatation with neutrophils and follicular rupture with 
perifollicular abscesses. Late lesions show perifollicular granulomas 
around naked hair shafts mixed with a lymphoplasmacellular infil- 
trate, and hypertrophic scarring with broad eosinophilic hyalinised 
keloidal collagen bundles and loss of sebaceous glands [43]. 


Management 

Given the possible aetiological role for trauma and irritation, it 
is essential that those affected are counselled to avoid practices 
that may aggravate the condition, such as closely shaving the hair, 
wearing tightly fitting caps or helmets and tight collars. Potent 
topical steroids (possibly with antiseptics or topical antibiotics such 
as clindamycin if mild secondary infection is present) are the first 
line management choice. Systemic antibiotics are often required for 
more marked secondary infection and inflammation and oral tetra- 
cyclines are the drugs of choice. Intralesional steroids can be useful 
for hypertrophic lesions. Laser epilation can be effective, especially 
in those with small papular lesions [173]. Severe disease such as 
the presence of extensive keloid scarring can prove challenging 
and surgical excision that includes the posterior hairline may be 
required [174]. 


Overlap/coincident alopecias 


Itis common to find features of more than one type of alopecia when 
examining a scalp. Male and female pattern hair loss are the most 
frequently seen alongside other disorders. Alopecia areata is com- 
mon and when present with other types of alopecia can cause diag- 
nostic confusion such as is reported with cases of FFA [175,176]. 
The presence of more than one type of scarring alopecia is not rare, 
occurring most frequently in FFA, where classic LPP is seen in a 
minority of cases (around 15%) [56,65]. AKN and FD are also seen 
in association in up to 21% of cases [139]. 


NON-SPECIFIC CICATRICIAL ALOPECIA 


In some cases of scarring alopecia, the clinical and histological 
features are non-diagnostic. This is particularly true when alopecia 
is no longer active (end stage). In cases where the extent of alopecia 
is stable, no medical treatment is required. If hair loss is extensive 
and the alopecia is stable, surgical resection can be considered. 
If the area(s) of alopecia continues to extend, treatments may be 
trialled empirically. Very potent topical steroids can be tried first 
line and may be of benefit if there are symptoms such as pruritus; 
however, they are rarely sufficient to halt progress of a scarring 
alopecia. Intralesional steroids may be worth trying on localised 
areas of disease extension. If hair loss is more extensive and con- 
tinues to progress, it may be useful to seek expert review. Systemic 
therapy can also be considered. The treatments of choice tend to 
be those used in the management of lichenoid alopecias, such as 
hydroxychloroquine, methotrexate, ciclosporin or mycophenolate 
mofetil. 
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Table 87.3 Secondary cicatricial alopecias 


Disease 


Cross reference 


Radiodermatitis 

Physical trauma 

Postoperative (e.g. flap necrosis) 
Burns 

Dermatitis artefacta 

Traction alopecia 


Traumatic 


Sclerosing disorders 
Scleroderma 
Lichen sclerosus 


Chronic graft-versus-host disease 


Sarcoidosis 
ecrobiosis lipoidica 


Granulomatous 


Inflammatory Psoriatic alopecia 
Temporal/giant cell arteritis 
Lupus profundus 
Chronic graft-versus-host disease 
Dermatomyositis (rarely) 
Infectious: 
Bacterial Folliculitis/carbuncle/furuncle 
Fungal Kerion 
Favus 
Tinea capitis (rarely scarring) 
Viral Varicella/shingles 
HIV 
Protozoal Leishmaniasis 
Treponemal Syphilis 
Mycobacterial Tuberculosis 
Neoplastic: 
Benign Cylindroma 


Other adnexal tumours 
Malignant, primary 
Cutaneous T-cell lymphoma 
Malignant, secondary 
‘alopecia neoplastica’ 
Developmental defects and hereditary disorders 


Lymphoma, leukaemia 
Aplasia cutis 


Epidermal naevi 

Hair follicle hamartomas 
Incontinentia pigmenti 

Focal dermal hypoplasia of Goltz 
Porokeratosis of Mibelli 
Ichthyosis 

Epidermolysis bullosa 

Polyostotic fibrous dysplasia 


‘Chemotherapy-induced alopecia’ section 


‘Traction alopecia’ section 


Morphoea (including en coup de sabre) 


Sclerodermoid porphyria cutanea tarda 


Facial hemiatrophy (Parry-Romberg syndrome) 


‘Psoriatic alopecia’ section 


mmunobullous (e.g. Brunsting—Perry pemphigoid, cicatricial pemphigoid) 


‘Infections and hair loss’ section 
‘Infections and hair loss’ section 


‘Infections and hair loss’ section 


Basal cell carcinoma, squamous cell carcinoma, melanoma, angiosarcoma 


Renal, breast, lung and gastrointestinal tumours 


‘Aplasia cutis’ section (under ‘Other 
circumscribed (congenital) alopecias) 


Conradi-Hiinermann syndrome (chondrodysplasia punctata) 


SECONDARY CICATRICIAL ALOPECIAS 


Secondary cicatricial alopecias (Table 87.3) result from skin condi- 
tions or trauma that cause non-targeted HF destruction. There are a 
wide range of possible causes, which fall into the broad categories 
of trauma, infection, inflammatory disorders and neoplasia. If there 
are no diagnostic clinical features to suggest a primary scarring 
alopecia, then a secondary cause should be sought. A careful his- 
tory and complete skin and scalp examination are required, and 
biopsy is generally necessary. Many of the causes of secondary 
alopecias are rare but some may be encountered more frequently 


than others. En coup de sabre largely occurs in children and 
adolescents, more commonly in females. It presents as a linear 
depressed band of hair loss and atrophic skin changes affecting 
the frontal scalp and forehead. Imaging of the skull and brain 
is required as associated central nervous system abnormalities 
may occur. Alopecia due to malignancy should be considered, 
particularly in older patients with a new solitary patch of alope- 
cia. Hair loss within skin cancers (e.g. squamous cell carcinomas) 
is seen commonly; however, some scalp malignancies present 
as an area of alopecia without a clinically obvious tumour and 
diagnostic biopsy is required. Rarely, scarring alopecia may be 


Hair loss presentations 87.53 


a manifestation of chronic graft-versus-host disease, clinically 
resembling LPP [177,178]. 


HAIR LOSS ASSOCIATED WITH INCREASED 
HAIR FALL 


Telogen effluvium — 


Synonyms and inclusions 


¢ Telogen defluvium 


Introduction and general description 

Telogen effluvium describes an increase in the proportion of telo- 
gen hairs due to changes in the hair cycle, resulting in increased 
hair shedding and reduced hair density. First coined by Kligman in 
1961 [1], TE described a non-specific reaction pattern of the HF to 
a triggering insult. Thus, the observation of increased telogen hair 
shedding does not infer a cause. To establish the cause a careful 
history is required to identify known triggers, biochemical investi- 
gation to exclude endocrine, nutritional or autoimmune aetiologies 
and, in persistent cases, histology to determine if there is evidence 
of the earliest stages of androgenetic alopecia. 


Pathophysiology 

In infancy, hairs have a synchronised hair cycle resulting in multiple 
HFs all growing, involuting and then shedding at the same time, 
producing a so-called moult wave moving front to back across 
the scalp. These moult waves are also frequently seen in animals, 
and often persist throughout the lifetime of the creature. However, 
in humans, hair cycle synchronisation is lost in early childhood, 
superseded by individual follicles growing and cycling indepen- 
dent from one another. Therefore, normally small numbers of hairs 
across the scalp are constantly lost and replaced each day, often 
going unnoticed by the person [2]. 

The normal daily turnover of hair is not well defined, but fre- 
quently cited as up to 100 hairs lost per day. Various estimations 
of hair shedding have been extrapolated from white patients using 
mean percentage telogen counts derived from trichogram or scalp 
biopsy studies combined with estimated total scalp hair numbers 
and duration of different hair cycle phases. Using scalp plucked 
hair values, an average of 86% hairs are in anagen, 1% in catagen 
and 13% in telogen, whereas data from horizontal scalp biopsies put 
these figures at 93% in anagen and 7% in telogen [3]. Accordingly, 
based on scalp biopsy results, if the average number of scalp hairs 
is 100000, then 7000 hairs should be in telogen at any one time. As 
the approximate duration of telogen is 100 days, 70 hairs should be 
shed each day. 

As mentioned, most people are unaware of this level of daily 
hair shedding. The threshold amount of shed hair that is normally 
noticed is poorly defined, but it is likely that when people are con- 
cerned they are losing hair, they look harder and find more. Thus, 
introspection might very well heighten one’s powers of detection 
[4], enhanced by other factors such as longer hair length and certain 
environments (e.g. flooring or lighting). 


Headington [5] described five functional types of TE, based on dif- 
ferent phases of the follicular cycle: 

1 Immediate anagen release occurs when anagen follicles are pre- 
maturely forced to enter telogen, resulting in increased hair 
shedding approximately 3 months later when the telogen phase 
is complete. This is the commonest mechanism recognised, and 
is caused by various triggering factors including physiological 
stress and medications. When the triggering event is removed 
or resolves, a normal hair cycle resumes and excessive hair 
fall stops. 

2 Delayed anagen release occurs when the anagen duration is abnor- 
mally prolonged, resulting in a reduced proportion of hairs in 
the telogen phase. When this anagen-prolonging driver subsides 
the hair cycle rebalances, with a higher proportion of anagen 
hairs transitioning into telogen at the same time, resulting in 
shedding 3 months later. This mechanism is thought to underlie 
postpartum TE and hair loss following cessation of the combined 
contraceptive pill. 

3 Short anagen syndrome is caused by shortening of the duration 
of anagen so that proportionately more hairs enter telogen each 
day. These patients have an inability to grow their hair past a 
certain length and can suffer persistent telogen hair shedding. 
It is estimated that every 50% reduction in anagen duration will 
result in doubling of the numbers of telogen hairs. Shortening of 
anagen duration is also a key component in androgenetic alopecia 
associated with hair miniaturisation. Thus, increased shedding 
commonly precedes visible balding of the scalp in this condition. 

4 Immediate telogen release results from premature exogen (telop- 
tosis) and may also be associated with a shortening of telogen 
duration. However, exogen does not necessarily initiate the 
onset of the next anagen phase, so telogen follicles may remain 
empty for many weeks before the next anagen starts. These 
empty telogen follicles are called kenogen. Drugs such as minox- 
idil can precipitate exogen, and this explains the temporary 
increase in hair shedding commonly noticed 4-6 weeks after 
commencement of minoxidil therapy for hair loss. Other external 
factors, such as retinoid therapy and excessive UV exposure, 
can also promote exogen, whereas endogenous triggers include 
scalp inflammation from seborrhoeic dermatitis. Modulation of 
proteolytic activity appears central in controlling exogen [6]. 

5 Delayed telogen release occurs when anagen restarts after a pro- 
longed telogen phase. This mechanism is seen in animals with 
synchronous hair cycles to control their winter and summer coats. 
It may occur seasonally in some humans. 

Although the need for anew classification has been questioned [7], 
Rebora has proposed an alternative classification of telogen hair loss 
to simplify the definitions [8]: 

1 Premature teloptosis, which is analogous to Headington’s immedi- 
ate telogen release. 

2 Collective teloptosis. This definition combines Headington’s 
delayed anagen release and delayed telogen release groups. It 
occurs in situations where the hair cycle has become 
synchronised. 

3 Premature entry into telogen phase, which is analogous to 
Headington’s immediate anagen release. The amount of hair 
loss is dependent on the severity of the triggering insult, and the 
phase in the hair cycle when this occurred. 
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An additional type of TE is also described by the same authors, 
which they call ‘autoimmune (or inflammatory) TE’. Here, exces- 
sive telogen shedding is associated with marked trichodynia, 
strong autoimmune associations (e.g. high thyroid peroxidase 
antibodies) and response to topical corticosteroids [9]. The relation- 
ship of this condition with diffuse alopecia areata requires further 
clarification. 

Various biological factors may contribute to the hair cycle changes 
seen in TE, including oxidative stress [10], mast cell degranulation 
and neurogenic inflammation [11] and exposure to catagen-inducing 
pro-inflammatory cytokines [12]. 


Clinical features 

Acute TE is an acute-onset scalp hair loss that typically occurs 
3 months after a triggering event such as a febrile illness (e.g. 
SARS-CoV-2), surgical trauma, sudden starvation or hemorrhage 
(Table 87.4; Figures 87.42, 87.43 and 87.44) [1,4,5]. The functional 
mechanism for this acute shedding is immediate anagen release. 
The patient may be particularly aware of increased loss on the 
brush or comb, or during shampooing. The daily loss ranges from 
under 100 to over 1000 hairs. If the lower rates of shedding are 
continued for only a short period there may be no obvious baldness, 
but if shedding occurs at higher rates, diffuse reduction in hair 
density is produced (Figure 87.45). Acute TE does not produce total 
baldness. 

Unless the trigger is repeated, spontaneous regrowth occurs 
within 3-6 months. The proportion of follicles affected, and hence 
the severity of the subsequent alopecia, depends partly on the 
duration and severity of the precipitating cause and partly on unex- 
plained individual variations in susceptibility. In approximately a 
third of cases of acute TE no trigger can be identified. Acute TE is 
commonly attributed to emotional stress, but the evidence for this 
is weak. Significant emotional stress, proposed by J. Shapiro as the 
‘three Bs’ (break-up, bankruptcy and bereavement), may induce 
hair loss in some people. However, the normal stresses of everyday 
life appear insufficient to induce significant hair fall. 

Chronic diffuse telogen hair loss refers to telogen hair shedding 
persisting for longer than 6 months. It can be a result of an idio- 
pathic change in hair cycle dynamics (primary chronic TE; see later 
in this chapter) or be secondary to a variety of causes. Before a 
potential trigger can be accepted as a true cause of chronic TE, the 
relationship between the causative factor and the hair loss must fit 
chronologically. The hair loss should reverse when the causative 
factor is corrected and the hair shedding resume when the trigger 
is reintroduced. Other known causes of shedding, in particular 
androgenetic alopecia, also require exclusion. 

Clinical assessment should include a careful history for potential 
triggers, including review of all medication. Patients frequently 
bring evidence of the amount of hair lost daily (the so-called bag 
sign, Figure 87.46) which can be a clue to diagnosis. Examination 
should record the extent of hair loss, assess the degree of shedding 
and exclude other conditions (particularly androgenetic alopecia 
and alopecia areata) that may present with increased hair fall. 
Trichoscopy shows short regrowing hairs in TE, with no variability 
in hair shaft diameter. 

Trichodynia is the term given to unpleasant scalp symptoms, 
including paraesthesia, pain, burning or itch, associated with hair 


Table 87.4 Causes of telogen effluvium. 


Causes and references Examples 


Febrile illness (>39°C) 

Major surgery 

Trauma 

Haemorrhage 

Hypo- or hyperthyroidism (Figure 87.42) 

Malignancy 

Lymphoproliferative disorders 

Chronic infections (e.g. HIV, syphilis, TB) 

Chronic renal or liver disease 

Connective tissue diseases (e.g. SLE, 
dermatomyositis) (Figure 87.43) 

Telogen gravidarum 

Changing or discontinuing the oral contraceptive pill 

Oral retinoids 

‘Anti-medications’: 

Antihypertensives (e.g. B-blockers) 

Anticoagulants 

NSAIDs 

Antidepressants 

Antiarrhythmic 

Antithyroid drugs 

Immunisations, plus many more 

Break-up 

Bankruptcy 

Bereavement 

‘Crash’ dieting/starvation 

Low protein intake 

Chronic nutritional deficiency (e.g. iron, zinc, vitamin 
B,, and vitamin D) (Figure 87.44) 

Arsenic 

Thallium 

Seasonal hair moult (spring and autumn) 

Neonatal hair loss 

Seborrhoeic eczema 

Psoriasis 


Acute illness [1] 


Chronic illness [36,62-65] 


Hormonal changes 


Medications [29] 


Severe emotional stress 


Malnutrition [66-69] 


Heavy metal poisoning [70] 
Physiological 
Inflammatory scalp disorders 


Early androgenetic alopecia 


Adapted from Chien Yen et a/. 2021 [32] and Cunningham et a/. 2012 [61]. 
HIV, human immunodeficiency virus; NSAIDs, non-steroidal anti-inflammatory drugs; 
SLE, systemic lupus erythematosus; TB, tuberculosis. 


loss. Trichodynia is seen more frequently in TE compared with 
androgenetic alopecia and controls and was positively associated 
with higher depression scores [13-15]. Trichodynia may be focal 
or diffuse, may be correlated with scalp telangectasia and is more 
common in women [7,16]. A clear association with abnormal labo- 
ratory readings has not been made, although possible association 
with low vitamin B,, levels has been reported [14,17]. The proposed 
pathogenesis of trichodynia is neurogenic inflammation and mast 

cell degranulation with the neuropeptide substance P playing a 

central role [16]. 

Objectively assessing hair shedding can be challenging. The fol- 
lowing techniques are described: 

1 The hair pull test. This is regarded as abnormal if >10% pulled 
hairs are removed. However, a recent study of 182 people sug- 
gests the normal value of removed hair is consistently lower than 
this, and so the normal value should be changed to two hairs 
or fewer per pull [18]. In TE hairs can be removed throughout 
the scalp, whereas in androgenetic alopecia hairs are predomi- 
nantly removed from the vertex. Unfortunately, the hair pull test 
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Figure 87.43 Hair loss and photosensitivity caused by systemic lupus erythematosus. 
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Figure 87.42 Diffuse alopecia in association with hypothyroidism. 


is notoriously difficult to interpret, with significant interobserver a ‘ v. 
variation. Further, the pull test can be difficult to assess in cases Figure 87.44 Acquired zinc deficiency resulting from prolonged parenteral feeding and 


where the hair is short or the curl pattern is tight. In acute TE the inadequate zinc supplementation. 

hair pull test is usually strongly positive for telogen hairs at the 

vertex and the scalp margins; however, a negative hair pull test hairs, although ‘atypical’ telogen hairs (e.g. with a tail and/or 

does not exclude the diagnosis. remnent root sheath) are more prominent [19,20]. Suprabul- 
2 Trichogram/hair microscopy (Figure 87.47). Analysis of a hair bar shaft thinning may also be seen in acute TE, suggesting 

pluck sample usually shows >25% telogen hairs in acute TE [1]. that triggers for TE may impact on anagen before telogen is 


Microscopy will reveal predominantly typical clubbed telogen eventually triggered [21]. 
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Figure 87.46 The ‘bag sign’ demonstrating increased hair shedding. 


3 Phototrichogram. Due to practical issues, this technique is more 
suitable for research. 

4 Sixty-second hair count. This involves shampooing daily for 3 days, 
and on the fourth day the hair is combed over a sheet or towel 
for 60 s; these hairs are collected and counted. Hair counts should 
be recorded on three consecutive days [22]. 

5 Modified wash test (MWT). Briefly, this requires abstinence from 
hair washing for 5 days before the hair is shampooed and shed 
hairs are collected in gauze over the plughole. All hairs are then 
counted and divided into <3 cm (vellus) and >3 cm (terminal) 
hairs. The following interpretation has been proposed: ‘Patients 


with <100 hairs and >10% vellus hairs are diagnosed as having 
androgenetic alopecia; those with >100 hairs and <10% vellus 
hairs as having TE; those with >100 hairs and >10% vellus hairs 
as having androgenetic alopecia + TE; and those with <100 
hairs and <10% vellus hairs as being normal or having TE in 
remission’ [23,24]. 

6 Visual hair shedding scales. The original visual scale was presented 
by Sinclair with straight blond hair grouped and photographed in 
bundles of various sizes. Groups of 10, 50, 100, 200, 400 and 750 
hairs were presented, and the patient asked to estimate loss on 
both wash and non-wash days. Losses of 400 and 750 hairs were 
regarded as abnormal (Figure 87.48) [25]. Subsequent attempts 
to reproduce this scale using short, medium and long curly hair 
types have been reported [26]. 

7 Scalp biopsy (see ‘Investigations’ later in the TE section). 


Clinical variants 

Drug-induced telogen effluvium. Drug-induced TE usually starts 
6-12 weeks after instigation of treatment and is progressive while 
the drug is continued [27,28]. The commonest mechanism for pre- 
mature catagen onset is immediate telogen release, although stop- 
ping drugs that promote anagen (e.g. combined oral contraceptive 
pill/minoxidil) or medications that trigger exogen (e.g. retinoids) 
may also result in increased telogen shedding. Further, some medi- 
cation may indirectly precipitate shedding through exacerbation of 
androgenetic alopecia [29]. 

The diagnosis of drug-induced telogen hair loss is made by 
demonstrating a compatible chronology of drug exposure and the 
onset of the hair loss, and exclusion of the other causes of alopecia. 
If a particular drug is suspected, testing involves stopping it for at 
least 3 months. Regrowth following discontinuation and recurrence 
on re-exposure to the drug support the conclusion that the drug 
caused the alopecia. Many drugs are associated with TE [29]. 


Postpartum telogen effluvium. Postpartum TE (syn. telogen gravi- 
darum) refers to the telogen hair loss seen 2-3 months after 
childbirth [31]. It is thought that raised oestrogen levels prolong 
anagen and synchronise the hair cycle, resulting in a higher pro- 
portion of anagen hairs during pregnancy that are then lost when 
the hormone levels subside. Telogen gravidarum is most common 
after the first pregnancy and occurs in around 20% of women 
[32,33]. Stress of delivery and autoimmune sequelae (e.g. postpar- 
tum thyroiditis) have also been proposed as contributory to this 
phenomenon [32,33]. 


Seasonal hair shedding. A northern hemisphere study (n = 823) 
investigated seasonal change in hair growth using trichogram 
assessment [34]. It found the maximum peak telogen hair levels 
were in summer (July), with a second smaller peak in spring (April) 
and the lowest telogen levels in winter. This suggests that there is 
seasonal variation in human hair growth. Although most people 
do not recognise seasonal changes in their hair, coexisting hair 
conditions (e.g. androgenetic alopecia) may exacerbate appreciation 
of this phenomenon. Seasonal shedding may be an evolutionary 
throwback allowing thicker hair growth in winter, thought to be 
controlled by the altered photoperiod influencing neuroendocrine 
signalling and UV intensity precipitating premature exogen [9,34]. 
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Figure 87.47 Hair root appearances using light microscopy. (a) Anagen with elongated root. (b) Anagen with follicular tissue. (c) Catagen with root end rounding and follicular tissue 
attached. (d) Late catagen transitioning to telogen. The presence of a follicular tag indicates it has not completed the transition. (e) Telogen with a bulbous root end and no follicular 
tissue. (f) Telogen with bulbous root end, pigment and ovoid bodies. Courtesy of Forensic Science and Wildlife Matters Pty Ltd. Reproduced from Koch et a/. 2020 [71] with permission 
of John Wiley & Sons. 
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Figure 87.48 The Sinclair hair shedding scale. Reproduced from Sinclair 2015 [25] with permission of Oxford University Press. 


Cronkhite-Canada syndrome. Cronkhite-Canada syndrome is a 
rare idiopathic disease characterised by gastrointestinal polyposis, 
diarrhoea, protein-losing enteropathy and weight loss; diffuse hair 
loss is also seen. Limited histological data indicate that the hair 
pathology is non-inflammatory and that anagen-telogen conver- 
sion is the early event [35], with follicular miniaturisation also 


reported [36]. Recently, hair features more reminiscent of alopecia 
areata are described [37,38]. 


Differential diagnosis 
Shedding in the early stages of androgenetic alopecia can be diffuse 
and episodic and can mimic TE. Alopecia areata incognita results in 
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diffuse hair thinning and increased shedding (see ‘Alopecia areata’ 
earlier in this chapter). The hair ‘colour transition sign’ can help 
differentiate TE from alopecia areata incognita [39]. However, scalp 
biopsy may be required to confirm the diagnosis of TE and exclude 
these conditions. 


Investigations 

Blood tests should be considered in those presenting with increased 
hair fall without a clear cause (Box 87.4). This is to identify reversible 
underlying drivers for the hair loss. Certain conditions are clearly 
associated with TE, including thyroid dysfunction, iron deficiency 
anaemia, renal or liver failure and acrodermatitis enteropathica. 
However, the role of isolated blood test changes without frank 
deficiency, and what values are required for optimal hair growth, is 
more complex and controversial [40]. 


Box 87.4 Screening blood tests for telogen 
effluvium 


¢ Full blood count 

e Ferritin/iron studies /erythrocyte sedimentation rate 
¢ Thyroid function tests 

e Renal and liver function tests 

¢ Calcium/vitamin D 

e Zinc 

e Vitamin B,, and folate 

e + Connective tissue disease screen 

e + Syphilis serology 

e + Hormone profile 


From Cunningham eft al. 2012 [61]. 


Ferritin 
Ferritin is a sensitive marker of body iron stores. The direct role of 
iron on the HF is unclear, but it appears to regulate various HF genes 
and may influence nuclear factor «B-controlled gene expression [41]. 
A mouse model of iron deficiency anaemia shows that hair regrows 
with iron replacement [42]. However, in humans evidence linking 
iron deficiency without anaemia, TE and hair regrowth with treat- 
ment is weak and often conflicting. Most studies are retrospective 
case-control comparisons of ferritin levels between TE and other 
groups. Lower ferritin levels in TE are reported by some [43-47] but 
not others [48-50] — and summarised in [41]. Interestingly, a series 
of studies by Rushton et al. [51-53] demonstrated increased ferritin 
levels and reduced shedding in chronic TE patients treated with iron 
and L-lysine (1000-1500 mg daily). L-lysine and vitamin C may help 
improve absorption of iron and zinc. 
There are some practical issues that need to be considered when 
appraising these studies [51]: 
¢ What is iron deficiency? Laboratory normal ranges for ferritin are 
derived from a large population of people, many of whom will 
be iron deficient, thereby falsely reducing the value. This is high- 
lighted by the observation that 39% of women have ferritin levels 
below the lowest value in men, despite no biological reason for 
differing iron requirements. 
¢ How do ferritin levels correlate with iron stores? Ferritin is an 
excellent marker of iron stores. However, a ferritin >70 g/L is 


needed to achieve a 99% confidence limit for iron staining in bone 

marrow. Thus, despite ferritin levels lying within the ‘normal 

range’ the body iron stores may still be inadequate. 

¢ Does anything influence ferritin levels? Ferritin is an acute phase 
reactant so inflammation may falsely elevate ferritin levels. There- 
fore, it is recommended to also check an inflammatory marker 

(e.g. ESR <10 mm/h) to be confident the value is accurate. 

The conflicting studies mentioned use various cut-off values 
for ferritin, and many have prescreened their patients prior to 
analysis, making interpretation more challenging. Considering 
these arguments, at present it seems sensible to recommend that 
in people with low/normal ferritin levels and increased hair shed- 
ding, the aim should be to maintain their ferritin levels >70 pg/L 
with iron-rich foods and supplementation. Investigations for iron 
deficiency should also be considered based on local protocols. 


Zinc 

Zinc is a cofactor to many enzymes, playing a vital role in skin 
homeostasis. Acrodermatitis enteropathica and acquired zinc defi- 
ciency brought about by longstanding parenteral nutrition can lead 
to a severe TE (Figure 87.44). However, it is unclear if isolated low 
zinc levels found on routine blood biochemistry screening for TE 
are relevant. Again, the evidence is poor, but some studies highlight 
an association between low levels and increased hair shedding 
[46,54]. Zinc supplementation and improved absorption (e.g. with 
L-lysine) can be considered in those with low zinc levels. 


Other 
Low vitamin B,, [17], biotin deficiency [55,56] and low vitamin D 
[45,47,57] have also been associated with telogen hair loss. 

Scalp biopsy using horizontal sectioning may be needed to con- 
firm the diagnosis of TE and to exclude other conditions that may 
present with increased hair fall, particularly androgenetic alopecia 
and diffuse areata alopecia. In TE there are normal follicular units 
and a normal terminal to vellus hair ratio, but an increased percent- 
age of telogen hair. 


Management 

When an obvious explanation exists for acute TE, expectant man- 
agement and observation are appropriate. Shedding can be expected 
to cease within 3-6 months but full recovery may take a further 
6 months to be seen. Any underlying cause should be addressed. 
Some recommend topical steroids, particularly if trichodynia is 
present [9,16], but this approach risks steroid side effects. Topical 
and oral minoxidil may have a role in chronic TE, but not acute TE 
[58]. Other novel therapies recently reported include an olfactory 
receptor (OR2ATA) topical solution [59] and a topically applied 
arrector pili muscle constrictor that increases the force required to 
remove hairs during washing and brushing [60]. 


Primary chronic telogen effluvi 


Introduction and general description 
Primary chronic TE is an idiopathic and sometimes self-limiting 
condition that predominantly affects middle-aged women. The 
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trigger for shedding is obscure, the problem is often only noticed by 
the individual and the process continues for over 6 months. How- 
ever, importantly, hair density is maintained despite the protracted 
course. 


Pathophysiology 

Primary chronic TE appears to result from a reduction in the 
variance of anagen (i.e. resulting in a narrower spread of anagen 
duration values), which contrasts with the shortening of anagen 
seen in androgenetic alopecia [1]. The reason for this change in 
variance is unclear, but hypotheses include age-related effects or 
fluctuations in oestrogen levels in the perimenopausal period, 
influencing central and peripheral clock gene functions [2]. Chronic 
TE has also been associated with VDR gene polymorphisms [3] and 
heavy metal exposure [4]. The female squirrel monkey is a potential 
animal model for chronic TE [5]. 


Clinical features 

This condition is almost exclusively described in women in their 
fourth to sixth decades, although there is one report in a long-haired 
man [6], potentially highlighting hair length as a factor in pre- 
sentation. Typically, sudden-onset increased hair shedding occurs 
and persists for at least 6 months, often on a background of high 
hair density and ability to grow very long hair when younger 
(Figure 87.49) [7]. There is no associated visible widening of the 
central parting line, although mild temporal recession is sometimes 
seen. Trichoscopy is normal and there is no miniaturisation of HFs 
on scalp biopsy [8,9]. Trichodynia may accompany chronic TE. 


Differential diagnosis 

Chronic TE must be distinguished clinically from FPHL as women 
with early androgenetic alopecia may present with periods of 
increased hair shedding without a discernible pattern to the loss [10]. 
Psychogenic pseudo-effluvium is a type of body dysmorphic 


Figure 87.49 Idiopathic chronic telogen effluvium. 


disorder where a person is preoccupied with concerns of hair loss 
without objective evidence of alopecia. Underlying mental health 
problems and introspection likely drive this presentation. 


Investigations 

The diagnosis of chronic TE is made by the exclusion of other 
causes of diffuse telogen hair loss. Careful history and examination 
may suggest the diagnosis, but scalp biopsy is often required to 
differentiate it from early androgenetic alopecia. Interestingly, Whit- 
ing proposed that scalp biopsy in chronic TE is also therapeutic, 
providing reassurance that hair levels are maintained despite the 
persistent hair fall seen [8,9]. 

Scalp histology on horizontal sectioning shows features similar to 
controls, where the terminal to vellus ratio is maintained (9T : 1V) 
but showing a slightly higher telogen rate (89% anagen and 11% 
telogen hairs) [8,9]. Multiple biopsies may improve diagnostic accu- 
racy but these are only required to exclude androgenetic alopecia 
in those with relatively normal hair densities (Sinclair midline hair 
density grade 1 or 2), as higher grades (Sinclair 3-5) are strongly 
correlated with androgenetic alopecia on biopsy, allowing the diag- 
nosis of androgenetic alopecia on clinical features alone [10,11]. 
Despite the assertion that chronic TE is a self-limiting process that 
does not evolve into androgenetic alopecia, its natural history 
remains poorly characterised with only one published longitudinal 
study [12]. 


Management 

Clear explanation of the condition is important. No treatment is nec- 
essary as, while the hair continues to shed, it is replaced, and this 
condition does not lead to baldness. Antiandrogens have little effect 
on chronic TE. Topical and oral minoxidil can reduce hair shedding 
and may also improve trichodynia [13,14]. 


Androgenetic alopecia and p 
hair loss 


Introduction and general description 

The term androgenetic alopecia (AGA) has long been used to 
describe a common form of patterned hair loss on the scalp, in 
which there is a gradual decline in the production of hair that may 
eventually lead to balding. AGA is also known as male balding or 
male pattern hair loss (MPHL), and in the great majority of men is 
a genetically determined trait that requires androgens and age for 
its phenotypic expression. A similar type of hair loss affects women 
and has also been termed AGA but - although androgen-dependent 
scalp hair loss undoubtedly occurs in women - in the majority the 
roles of androgens and genetics are less conclusive than in men. 
Although the follicular changes appear similar in both sexes, the 
predominant patterns of hair loss differ between men and women 
and there is an increasing preference to use the non-aetiological 
term ‘female pattern hair loss’ in women rather than AGA, although 
this terminology also has its limitations as AGA may occur in a 
‘female’ pattern in some men and in a ‘male’ pattern in some 
women. 
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Figure 87.50 (a) Frequency of vertex balding (Norwood-Hamilton Illv-VIl) in Norwood's study in white US men [2] and the study by Paik et a/. in Korean men [8]. The Korean data also 
include men with a female pattern of hair loss (FPHL). (b) Frequency of FPHL in the study by Birch et al. in white UK women [10] and in the study by Paik et a/. in Korean women [8]. 


Epidemiology 

Male pattern hair loss 

Almost all white men develop some recession of the frontal hairline 
at the temples during their teens [1]. Deep frontal recession and/or 
vertex balding may also start shortly after puberty, although in 
most men the onset is later. Hair loss progresses to a bald scalp in 
50-60% of men by the age of 70 years [1-4]. A small proportion of 
men (15-20%) do not show balding, apart from postpubertal tempo- 
ral recession, even in old age. Balding is less common in Asian men 
although there is quite a wide variation in published frequencies 
(Figure 87.50a). Two studies from Thailand and Singapore found 
prevalence rates not far short of those in white European men [5,6]. 
A Japanese study reported that male balding starts approximately 
one decade later in Japanese men than in white men and that 
the prevalence is about 30% lower in each decade group [7]. In 
Korean men, the frequency is also 20-40% lower than in white 
men in the 40-70-year age group, although the difference becomes 
less pronounced with advancing age [8], and a large study in Chi- 
nese men reported that 41.4% of men aged over 70 had AGA [9]. 
Preservation of the frontal hairline was a common feature in the 
series reported from Korea: 11.1% of Korean men showed a ‘female’ 
pattern of hair loss, although this was less common (3.7%) in the 
Chinese study. 


Female pattern hair loss 

The frequency and severity of pattern hair loss are lower in women 
than in men, but it still affects a sizeable proportion of the pop- 
ulation (Figure 87.50b). Two studies in white women in the UK 
and USA reported prevalence rates of 3-6% in women aged under 
30 years, increasing to 29-42% in women aged 70 and over [10,11]. 
A higher prevalence was reported in a multiracial Brazilian pop- 
ulation (Fitzpatrick skin types I-VI) of 350 women between the 
ages of 20 and 75 years [12]. Here, almost 10% of women aged 
20-29, increasing to 70% in women aged 65-75, were reported to 
have FPHL, and there was no difference in prevalence between 
white and darker skinned women. These significantly higher rates 
likely reflect the diagnostic criteria used, with a high proportion 
of early FPHL (Sinclair grade 2) identified by trichoscopy. As in 


Asian men, pattern hair loss is less common and appears to start 
later in life in Asian women, although nearly 25% of Korean women 
over 70 years of age show evidence of hair loss [8]. There are no 
published data on the prevalence in African women, although 
clinical experience suggests that its frequency is similar to that in 
other racial groups. 


Pathophysiology 

Aetiology 

Male androgenetic alopecia. 

Endocrine factors. Male balding is an androgen-dependent trait. 
The American anatomist James Hamilton observed that men cas- 
trated before puberty do not go bald unless treated with testosterone 
[13]. Testosterone is the major circulating androgen in men. How- 
ever, DHT, the 5a-reduced metabolite of testosterone, is primarily 
responsible for driving hair loss. The conversion of testosterone 
to DHT is catalysed by the enzyme 5a-reductase. There are three 
isoforms of 5a-reductase (SRD5A1, -A2, -A3) which are encoded 
by different genes [14]. Types 1 and 3 5a-reductase are widely 
distributed, but expression of the type 2 isoform is limited to certain 
androgen target tissues such as the prostate, the epididymis and 
HFs in certain regions of the skin [14,15]. 

The role of DHT in hair growth was first recognised through 
observations in men with a genetic deficiency of type 2 5a-reductase 
(type Il pseudohermaphroditism, pseudovaginal perineoscrotal 
hypospadias) [16]. The external genitalia are ambiguous at birth 
but enlarge and masculinise at puberty, together with deepening 
of the voice and typical male musculoskeletal development. Serum 
testosterone is at normal male levels, but DHT levels remain low. 
There is growth of pubic and axillary hair but elsewhere body hair 
and beard growth are absent or scanty and these individuals do not 
develop balding. These observations were extended by the demon- 
stration that treatment with a 5a-reductase inhibitor prevented 
the development of balding [17] or increased scalp hair growth 
[18] in macaques, a primate that develops androgen-dependent 
hair loss. Confirmation of the role of DHT in human hair growth 
came from the results of clinical trials showing that finasteride, an 
inhibitor of type 2 5a-reductase, prevents or slows progression of 
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balding in most men and stimulates some recovery of hair growth 
in about two-thirds [19]. This latter finding also shows that, contrary 
to Hamilton’s conclusions from his observations in eunuchs, male 
balding is partially reversible. 

Studies where circulating androgen levels were measured in 
balding men have yielded mixed results. In some, total testos- 
terone and DHT levels have not differed from non-balding controls 
[20-22] although elevated levels have been reported in case series 
of early-onset balding from Korea and India [23,24]. Some stud- 
ies, although not all, have found raised free testosterone levels 
[22,25], and an increased DHT : testosterone ratio has also been 
reported [26]. Two studies have reported increased hair growth 
on the arms in balding men [20,22]. Some men with early-onset 
balding show a hormonal profile that resembles that seen in women 
with PCOS, leading to the proposal that this presentation represents 
the male equivalent of PCOS [27]. 

The essential role for androgens in the aetiology of male balding 
is incontrovertible. Nevertheless, other factors are clearly involved 
as not all men develop balding despite most having similar andro- 
gen levels to those that do. Information from human GWAS, from 
hair growth research in other species and from studies using cul- 
tured human HFs has implicated several other hormones in the 
pathogenesis of balding, including prolactin, melatonin (both of 
which play a key role in seasonal moulting), parathyroid hormone 
and insulin-like growth factor [28]. 


Prostaglandins. Prostaglandins have been implicated in the patho- 
genesis of male balding. Garza et al. showed elevated levels of 
prostaglandin D2 synthase mRNA and protein in bald com- 
pared with haired scalp in men [29]. The product of its activity, 
prostaglandin D2 (PGD2), was also elevated in the bald scalps 
and inhibited hair growth in explanted human follicles and when 
applied topically to mice. K14-Ptgs2 transgenic mice, which show 
elevated PGD2 in the skin, developed alopecia and miniaturisation 
of HFs. Further experiments in transgenic mice and cultured HFs 
indicated that the inhibitory effect of PGD2 on hair growth was via 
the GPR44 receptor. 


Heritable factors. Twin studies demonstrate that the predispo- 
sition to male balding is very largely inherited [30,31]. Published 
concordance rates for monozygotic twins are around 80-90%, with 
consistently lower rates in dizygotic twins. Several studies have 
shown there is a high frequency of balding in the fathers of bald 
men. For example, Ellis and colleagues reported that 32 of 54 bald 
men (59.3%) had fathers with a greater degree of baldness, whereas 
only 1 of 65 sons of 50 non-bald controls had type III baldness or 
greater [32]. In a study involving 572 men aged 16-91 years, the risk 
of balding in young men with a balding father was significantly 
greater than in those with a non-bald father (odds ratio (OR) 5.5; 
95% confidence interval (CI) 1.26-23.99). The risk fell with increas- 
ing subject age to approach unity in elderly men [3]. The opposite 
trend was seen in non-bald men where the risk of non-balding 
in men with a non-bald father increased with age (OR 3.2; 95%CI 
1.82-5.58 in subjects aged 70 and over). 

Like other common traits, the predisposition to male balding 
is highly polygenic and the number of genetic loci linked to it 
is now over 600 [33]. The first to be reported was an association 


with the gene for the androgen receptor (AR) on the X chromo- 
some [34]. Later studies have shown the strongest association 
is with a genomic region located between AR and the gene for 
the ectodysplasin A2 receptor (EDA2R). The association with the 
AR/EDA2R locus has been confirmed in several GWAS [28], which 
have also identified many other loci linked to AGA throughout 
the genome. A meta-analysis of eight GWAS identified 63 loci 
associated with AGA which, together, explained about 39% of the 
phenotypic variance [35]. Six loci were located on the X chromo- 
some and 57 were autosomal. A larger GWAS using DNA from over 
70 000 men identified 71 loci associated with male pattern baldness 
that explained about 38% of the risk [36]. The authors calculated a 
SNP-based heritability (’s,p) of 94%, similar to the value derived 
from twin studies, indicating the risk for male balding is almost 
entirely genetic with little environmental contribution. The results 
of these studies have highlighted several plausible candidate genes 
(SRD5A2, FGF5, IRF4, DKK2) and pathways (androgen metabolism 
and signalling, melatonin signalling, adipogenesis, Wnt signalling) 
that may participate in the pathophysiological features of male 
AGA. These studies have also shown that male balding is not an 
isolated trait; at a genetic level it shares substantial overlap with 
other human traits and diseases, such as height, lifespan, risk of can- 
cer and neurodegenerative disorders, that may have evolutionary 
implications. 


Female pattern hair loss. Less is known about the aetiology of 
FPHL than male balding and there is a body of thought that it 
represents a multifactorial trait rather than a single entity. 


Endocrine factors. The role of androgens in FPHL is less clear 
than it is in male balding. Scalp hair loss can undoubtedly be a 
feature of hyperandrogenism in women, although it is less common 
than hirsutism. Indeed, loss of hair was reported in women with 
androgen-secreting tumours prior to Hamilton’s observations in 
men [37,38]. Cohort studies from the USA and China have reported 
pattern hair loss in 22% and 23%, respectively, in women with 
PCOS [39,40]. This compares with hirsutism in 70% and 58% of the 
same subjects. On the other hand, Azziz and colleagues reported 
hair loss in only 4% of over 800 women presenting with hyperan- 
drogenism (75% had hirsutism) [41], a figure not dissimilar from 
the population frequency. There are isolated case reports of FPHL 
occurring in the absence of androgens [42], in complete androgen 
insensitivity syndrome [43] and in severe hypoandrogenism due to 
17a-hydroxylase deficiency [44]. 

Several investigators have noted that, on average, women with 
hair loss are more likely to have elevated androgen levels or show 
an increased frequency of other features of androgen excess than 
women without hair loss. Futterweit and colleagues studied 109 
women with hair loss and reported that 38.5% showed clinical 
or biochemical evidence of androgen excess [45]. In a series of 
187 women with hair loss, Vexiau et al. reported abnormal hor- 
monal profiles, mostly of minor degree, in 67% of women with 
hair loss alone and in 84% of women who were also hirsute [46]. 
In a series of 89 women presenting to a trichology clinic with hair 
loss, 67% showed ultrasound evidence of polycystic ovaries com- 
pared with 27% in a control group of 73 women, and 21% were 
significantly hirsute compared with 4% of controls [47]. However, 
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other investigators have failed to find evidence of raised androgen 
levels in women with FPHL [48] and in all studies there is a variable 
proportion of women with hair loss who do not show clinical or 
biochemical signs of androgen excess. 

Antiandrogens are widely used to treat FPHL but the quality of 
evidence for efficacy is poor [49]. A randomised controlled trial 
of finasteride 1 mg daily in postmenopausal women with FPHL 
failed to show any benefit after a year of treatment [50], although 
improvement has been reported in uncontrolled case series using 
higher doses of finasteride [51]. A 1-year trial comparing topical 
minoxidil with cyproterone acetate (CPA) reported improvement 
in the minoxidil group but overall deterioration in those receiving 
CPA [52]. Subgroup analysis did show a small improvement in 
women with menstrual irregularities taking CPA, possibly sug- 
gesting that antiandrogen treatment may work in women with 
hyperandrogenism. 

Paradoxically, a questionnaire study in women receiving testos- 
terone implants for symptoms of androgen deficiency reported 
improvement in scalp hair growth although almost all developed 
hirsutism [53]. Androgen levels in women decline progressively 
from early in the fourth decade [54] and this parallels the decline 
in hair density and hair diameter in the female population that 
occurs with advancing age [10]. It was suggested that testosterone 
may have an anabolic effect on hair growth that is distinct from a 
virilising effect via the 5a-reductase pathway. 

A role for other endocrine factors in FPHL is also uncertain. 
Thyroid deficiency is often linked to hair loss, but it has been the 
subject of little research. There is some evidence that hypothy- 
roidism may cause an increase in hair shedding, which can be 
reversed by thyroid replacement [55]. One study on diffuse hair 
thinning in hypothyroid women found features near identical to 
those of FPHL [56], but whether this was improved by thyroid 
replacement was not reported. Indirect evidence for a protective 
effect of oestrogens on human hair growth comes from the increas- 
ing prevalence of FPHL following the menopause, the prolongation 
of anagen during pregnancy [57] and reports of hair loss in women 
taking tamoxifen or aromatase inhibitors for the treatment of breast 
cancer [58]. One study found lower oestrogen : androgen ratios in 
premenopausal women with FPHL compared with a control group, 
suggesting a protective effect of oestrogen on hair loss, although the 
number of subjects was quite small [59]. On the other hand, there 
is no clear effect of oestrogen supplements on human hair growth, 
and several studies have shown an inhibitory effect of oestrogens 
on hair growth in other species [60]. 


Iron and vitamin D. The place of low iron stores in the aetiology 
of FPHL is controversial. Both lower [61,62] and similar [63] serum 
ferritin levels compared with control groups have been reported 
in women with FPHL. There are no controlled trials that have tested 
the hair growth response to iron supplementation in women with 
FPHL. One study reported a response to antiandrogen therapy in 
women with serum ferritin levels above 40 pg/L, but not in those 
with serum ferritins below this level [64]. 

Reduced vitamin D levels have been reported in women with 
FPHL compared with control subjects [65,66] but there are no 


published studies to show a hair growth response to vitamin D 
supplementation. 


Heritable factors. Published models based on family histories have 
generally assumed that FPHL is the same entity as male balding, 
has a similar aetiology and shares a similar genetic predisposition. 
In 1916, Osborn proposed that balding is due to a single gene with 
balding (B) and non-balding (b) alleles [67]. Men homozygous for 
B (BB) or heterozygous (Bb) would develop balding but only BB 
women would bald, and she presented family histories to support 
this hypothesis. In support of Osborn’s idea, Smith and Wells 
found that first-degree male relatives of women with hair loss 
showed an increased frequency of balding compared with the male 
relatives of non-balding women [68], although they did posit the 
idea of a multifactorial aetiology. Kiister and Happle argued that 
the predisposition to balding is a polygenic trait in which clinical 
expression represents a threshold effect determined by androgens 
[69]. We now know that male balding is indeed polygenic, but 
the case remains unproven in women, partly because the relevant 
studies have not yet been done. 

Somewhat surprisingly, a twin study in women found a strong 
heritable component to hair greying and to frontotemporal reces- 
sion in women but none to diffuse thinning over the top of the 
scalp [70]. All the subjects were aged 59 years and over, and clinical 
experience does suggest there is a familial component to FPHL in 
young women. Nevertheless, the study was performed in similarly 
aged subjects, and drawn from the same population as the Danish 
study that showed strong heritability in male AGA [31]. 

Molecular genetic studies have been limited to case-control 
studies and, to date, there are no GWAS in FPHL. Two indepen- 
dent studies in women have suggested a weak association with 
the oestrogen receptor gene ESR2 [71,72]. A German/UK study 
in women with FPHL analysed 12 gene loci that are associated with 
male AGA. There was a weak association with the AR/EDA2R locus 
in the UK cohort with early-onset hair loss, but not in the German 
sample, and there was no association with the other 11 loci in either 
group [60]. 

These findings suggest there is some commonality between 
early-onset FPHL and male balding but otherwise imply there are 
significant differences in aetiology. 


Pathology 

The follicular changes in pattern hair loss are similar in men and 
women. In essence, there is a gradual decline in the production of 
hair by affected HFs which eventually become smaller, a process 
referred to as miniaturisation, and may eventually be deleted. 


Hair cycle dynamics. Pattern hair loss is characterised by a reduc- 
tion in the duration of anagen in terminal follicles; thus, where 
anagen may have previously lasted several years, it is now only a 
matter of a few months or weeks. The time to exogen in telogen 
follicles is unchanged at 2-3 months but the duration of kenogen is 
lengthened, although not to the same degree as the shortening of 
anagen. Prolongation of kenogen increases the number of ‘empty’ 
follicles, further contributing to the balding process. These changes 
have been clearly demonstrated by longitudinal studies in both 
men and women [73,74]. 
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Hair follicle miniaturisation. Ultimately, HFs shrink in size to 
produce smaller and thinner hair fibres, a process known as minia- 
turisation. Miniaturised follicles are often referred to as vellus 
follicles although they differ from vellus follicles in other sites that 
have not previous passed through a period of terminal growth, 
such as those on the cheeks of a child. The cross-sectional area of 
individual hair shafts remains constant throughout fully developed 
anagen indicating that the HF, and its dermal papilla, remains 
the same size through each individual anagen stage of the cycle. 
Thus, miniaturisation occurs between rather than within cycles. 
Follicular miniaturisation has traditionally been thought to occur in 
a stepwise fashion over several cycles. There have been suggestions 
that it occurs rapidly, possibly in the space of a single hair cycle 
[10,75], although this idea has been disputed [76]. A histopatho- 
logical study in FPHL showed a progressive reduction in total 
follicle counts with increasing severity of hair loss in the subjects, 
suggesting that miniaturisation may not be the end point of the 
process and that follicles are eventually deleted [77]. Whiting’s 
study also showed a lower total follicle count in biopsies from 
balding men than non-balding controls [78]. Both studies were 
cross-sectional in nature but there is also evidence from longitu- 
dinal phototrichogram studies that miniaturised hairs eventually 
disappear [79]. 

Follicular miniaturisation leaves behind stelae as dermal rem- 
nants of the full-sized follicle. These stelae, also known as fibrous 
tracts or streamers, extend from the subcutaneous tissue up the old 
follicular tract to the miniaturised hair and mark the former position 
of the original terminal follicle. Arao—Perkins bodies may be seen 
with elastic stains within the follicular stelae. An Arao—Perkins 
body begins as a small cluster of elastic fibres in the neck of the 
dermal papilla. These clump in catagen and remain situated at the 
lowest point of origin of the follicular stelae. With the progressive 
shortening of anagen hair seen in AGA, multiple elastic clumps 
may be found in stelae, like the rungs of a ladder [80]. 

Hairs on the scalp exist in groups known as follicular units. 
Hairs within follicular units may share a common infundibulum, 
emerging from a single pore. The diffuse hair loss pattern seen in 
FPHL is due to a reduction in the number of terminal hairs per fol- 
licular unit rather than miniaturisation of entire follicular units [81]. 
Baldness occurs only when all the hairs within the follicular units 
are miniaturised and is a relatively early event in men and a late 
event in women. Therefore, FPHL is generally less severe than male 
balding, occurs later and presents with diffuse thinning rather than 
a bald spot. This diffuse thinning that precedes baldness is also 
observed in men with early AGA and can be readily identified on 
close examination of the scalp. 


Inflammation. Some degree of perifollicular inflammation is 
common in pattern hair loss although it is also common in the 
normal scalp. Whiting reported the presence of inflammation in 
70% of biopsies from male AGA patients and in 40% of biopsies 
from non-balding controls. Mild inflammation was seen in about 
one-third of cases of male AGA and in a similar proportion of 
controls. In contrast, a moderate lymphohistiocytic inflammation is 
found in another one-third of cases of male AGA, but in only 10% 
of controls [78]. The infiltrate is composed mainly of lymphocytes 
and histiocytes; occasional esosinophils, mast cells and neutrophils 


may also be seen. The infiltrate occurs mainly around the upper 
part of follicles and may be associated with perifollicular fibrosis. 
Perifollicular inflammation may also be seen in FPHL [77,82]. A role 
for inflammation in the pathogenesis of pattern hair loss was pro- 
posed by Jaworsky and colleagues [83], but whether this is the case 
is not yet established and treatment with anti-inflammatory agents 
or immunosuppressive drugs is not conspicuously associated with 
its reversal. 


Arrector degeneration. In a study of eight scalp biopsies from 
patients with pattern hair loss, degeneration of the arrector pili 
muscle and replacement by fat tissue were observed [84]. The 
precise mechanism remains unclear, but the authors speculated 
that degeneration of the arrector pili muscle might be related to 
depletion of follicular stem or progenitor cells. The authors did not 
state whether samples were from men or women. 


Histopathology 

The key elements of the histology of pattern hair loss in both sexes 
are a reduction in the number of terminal HFs, an increase in 
miniaturised HFs with associated angiofibrotic streamers, a vari- 
able increase in the proportion of telogen and catagen hairs and a 
mild or moderate perifollicular lymphohistiocytic infiltrate, with 
or without concentric layers of perifollicular collagen deposition 
(Figure 87.51) [77,78,85,86]. 

Most of these changes are best seen on horizontally sectioned 
scalp biopsies. Miniaturised follicles can be identified by their small 
size — Whiting proposed that the diameter of the vellus hair is less 
than the thickness of its IRS —- and the presence of an angiofibrotic 
streamer beneath the follicle that extends into the subcutis. There is 
a change in the ratio of terminal to vellus hairs from >7 : 1 to <2: 1 
in both male AGA [78] and FPHL [86]. 

As the balding scalp loses its protective covering of hair, solar 
degenerative changes may be seen. 


Clinical features 

Male pattern hair loss 

In most men, balding is patterned, the two major components being 
frontotemporal recession and loss of hair over the vertex. Hairs 
become shorter and may, although not always, become finer in 
calibre. Ultimately this may lead to complete hair loss except at the 
lateral and posterior margins of the scalp where hair is retained. 
In elderly men, hair may also be lost in these parts of the scalp. 
A small proportion of men show a diffuse pattern of hair loss 
over the crown and frontal scalp with retention of the frontal hair 
line, similar to female pattern hair loss. Hamilton classified male 
balding into several stages [1] and the revision of his classification 
by Norwood is still widely used (Figure 87.52) [2]. Although the 
grades are imprecise measures of the continuum of hair patterns 
that are seen in adult men, they are useful as diagnostic aids and in 
the classification of extent of hair loss for record-keeping or clinical 
research. 

Diffuse unpatterned alopecia is an uncommon form of miniatur- 
ising hair loss seen in some men. It is characterised by a diffuse 
global reduction in scalp hair density that affects the sides and back 
of the scalp as well as the top and frontal regions [87]. Involvement 
of the potential donor site means that this type of hair loss is not 
suitable for hair transplant surgery. 


Hair loss presentations 


Figure 87.51 Histopathology of female pattern hair loss. (a) Increase in telogen forms — three of five follicles in a follicular unit are in telogen. (b) Follicular miniaturisation — three of 
five follicles in a follicular unit are miniaturised. (c) ‘Onion-skin’ perifollicular fibrosis and mild inflammation at the infundibular level. (d) Fibrous tract adjacent to the terminal follicle. 


Female pattern hair loss 

Most women with FPHL present with a history of gradual thinning 
of scalp hair, often over a period of several years. The hair loss 
can start at any age from puberty onwards. There is sometimes a 
history of excessive hair shedding and/or of loss of hair volume, 
which may pre-date a clinically obvious reduction in hair density. 
Examination of the scalp shows a widening of the central parting 
with a diffuse reduction in hair density mainly affecting the frontal 
scalp and mid-scalp regions [88]. In some women the hair loss is 
accentuated over the frontal scalp giving rise to the ‘Christmas-tree 
pattern’ described by Olsen [89]. The frontal hairline is typically 
retained although many women develop a minor degree of postpu- 
bertal recession at the temples (equivalent to a Hamilton—Norwood 
Il frontal hairline), whether or not they have diffuse hair loss. 
Some women have more pronounced temporal recession although 
this usually manifests as thinning rather than the complete loss of 


temporal hair seen in men. Some women show a more global reduc- 
tion in hair density that, unlike male AGA, involves the parietal 
and occipital regions. 

FPHL was first classified by Ludwig into three grades of severity 
(Figure 87.53) [88]. A later classification introduced by Sinclair com- 
prises five grades, with grade 1 representing normal hair density 
and grade 5 the most severe hair loss [90]. Sinclair grading is more 
sensitive and has largely replaced the Ludwig scale (Figure 87.54). 

The hair pull test is usually used to assess a hair cycle distur- 
bance, such as TE, and may be normal in pattern hair loss. However, 
an increase in easily extracted telogen hairs may be found in active 
pattern hair loss. 

Trichoscopy can be helpful in the early stages of FPHL, revealing 
differing hair density between the mid-frontal and occipital scalp. 
Over the occipital scalp it is common to see two or three termi- 
nal hairs of equal fibre diameter emerging from a single ostium. 
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Figure 87.52 Hamilton—Norwood scale for grading male pattern hair loss. Reproduced from Norwood 1975 [2] with permission of Wolters Kluwer Health. 


In comparison, the number of terminal hairs per ostium is reduced 
to one or sometimes two over the mid-frontal scalp. Early FPHL is 
also characterised by an increase in the variability of hair diameters 
known as hair diameter diversity [91]. Bhamla and colleagues 
reported that 75% of women complaining of hair thinning, but with 
no widening of the central parting and who showed features of 
FPHL on biopsy, had more than 20% hair diameter diversity on tri- 
choscopy compared with 32% of non-hair loss controls showing the 
same trichoscopic features [92]. They concluded that trichoscopy is 
75% sensitive and 62% specific in diagnosing early FPHL and that 
low hair diameter diversity is more reliable in ruling the diagnosis 
out than is high hair diameter diversity at ruling it in. In advanced 


hair loss, trichoscopy is valuable in demonstrating the non-scarring 
nature of the process. 


Androgenetic alopecia in children and adolescents 

There is little discussion in the literature of pattern hair loss in 
children and adolescents (<18 years). Reports of prepubertal AGA 
are rare, with the youngest reported case being in a 6-year-old [93]. 
Both prepubertal girls and boys usually present with a ‘female’ pat- 
tern of hair loss, characterised by widening of the central hair part, 
with frontal accentuation (‘Christmas-tree pattern’) being common 
[93,94]. In adolescents, the ‘female’ pattern is also seen more com- 
monly in both sexes, although most males will show the typical male 


Figure 87.53 Ludwig scale for grading female pattern hair loss. Reproduced from 
Ludwig 1977 [88] with permission of Oxford University Press. 


pattern of hair loss. Seborrhoeic dermatitis and acne are prominent 
in the group, with signs of hyperandrogenism important in identi- 
fying teenage girls presenting in this way [95]. Alternative causes 
of hair loss should be considered and an endocrine assessment 
to exclude causes of hyperandrogenism/precocious puberty is 
recommended [96]. 

A strong family history of AGA is consistently reported in chil- 
dren presenting with pattern hair loss, with usually one and some- 
times both parents being affected [93,94]. There are no licensed 
treatments for AGA in children, but topical minoxidil is the most 
common agent used, although theoretical increased systemic 
absorption or accidental oral ingestion of topical minoxidil is a risk 
in this group. There are also odd reports of finasteride (in ado- 
lescent boys) and antiandrogens (in adolescent girls) being used 
successfully. 

Why pattern hair loss develops before puberty is unclear. In the 
series of children reported by Tosti et al., all participants showed 
postadrenarche blood DHEA-S levels but had no clinical signs of 
puberty [94]. Adrenarche typically starts 2 years before puberty, 
and certain factors such as obesity are associated with an earlier 
onset. Also, there has been a general trend towards adrenarche 
and puberty developing at a younger age. Thus, it is possible that 
increased adrenal androgen levels in adrenarche are sufficient to 
trigger pattern hair loss in genetically susceptible children. Alterna- 
tively, as discussed earlier for FPHL pathogenesis, it is possible the 
hair loss seen in this cohort is not primarily driven by androgen. 


Senescent alopecia 

The concept of androgen-independent hair loss in older age groups, 
both men and women, was first promoted by Kligman [97]. He 
described the typical presentation as a diffuse thinning process in 
people over the age of 50 years with no family history of balding. 
On histology, those with senescent alopecia showed a modest 
increase in telogen follicles compared with non-balding subjects 
and a reduction in the size of follicles, but not to the extent of being 
classified as miniaturised. Inflammation was uncommon compared 
with male AGA. Later, Whiting disputed these findings on histo- 
logical grounds, maintaining that most hair loss in the elderly is 
androgen dependent [98]. However, his data included a large cohort 
with diffuse hair loss and normal terminal : vellus ratios. In support 
of senescent alopecia as an entity separate from AGA, Karnik and 
colleagues showed differences in gene expression profiles in scalp 


Hair loss presentations 


Figure 87.54 Sinclair scale for grading female-pattern hair loss. Women with grade 1 
present with increased hair shedding and loss of hair volume but no reduction in hair 
density. Reproduced from [90]. 
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biopsies from age-matched men with diffuse hair loss with onset 
after the age of 50 years and men with early-onset male AGA [99]. 


Differential diagnosis 

The diagnosis of androgenetic alopecia in men rarely causes diffi- 
culties. In cases presenting with general thinning other causes of 
diffuse hair loss should be considered, particularly when the hair 
loss progresses quickly. The differential diagnosis of early FPHL 
includes chronic TE [86] and FAPD [100]. 

In women with skin of colour, the differential diagnosis must 
include CCCA. Women with chronic TE present with chronic 
diffuse hair shedding without noticeable widening of the central 
parting. They may describe a loss in volume of the ponytail of up to 
one-third, and there is commonly mild bitemporal recession. Scalp 
biopsies of women who present in this fashion reveal pattern hair 
loss in approximately 60% of cases and chronic TE in 40% [90]. In 
women with CCCA, there is a localised thinning over the vertex 
scalp, a loss of follicular openings and usually a more localised area 
of loss than is typically seen in FPHL. 

Other potential differential diagnoses, albeit rare, include diffuse 
alopecia areata and systemic lupus erythematosus. 


Complications and co-morbidities 

Several studies have reported an increased risk of coronary heart 
disease in men with vertex balding but not frontal balding (mean 
relative risk (RR) 1.18-1.44) [101]. The risk increases with earlier 
onset and severity of hair loss. 

A possible association between male AGA and prostate can- 
cer has also been studied extensively, with mixed results. Two 
meta-analyses have concluded there is an increased risk of prostate 
cancer in men with vertex balding, but not with other balding 
patterns (mean RR 1.18-1.24) [102,103]. 

An increased frequency of metabolic syndrome in balding men 
has been reported in some studies [104,105] but this was not found 
in a large study from Korea [106]. 

An increased prevalence of metabolic syndrome has also been 
reported in women with FPHL [104,106,107]. In the Korean study, 
the frequency correlated with the severity of hair loss [106]. Birch 
and colleagues found that in women with FPHL, those with hir- 
sutism had raised body mass index levels compared with control 
subjects, whereas the non-hirsute cohort did not, suggesting that 
normo-androgenic women with FPHL are less likely to develop 
features of metabolic syndrome [108]. 


Investigations 
Investigations are usually unnecessary in men unless there is diag- 
nostic uncertainty. 

In women, the diagnosis of FPHL is mainly clinical and requires 
a careful history and examination. A key issue is whether hair loss 
is due to hyperandrogenism. The presence of a male pattern of hair 
loss, especially vertex balding, should always raise this possibility, 
although a female pattern is probably a more common manifes- 
tation. Other features of hyperandrogenism should be sought, 
including hirsutism, acne, menstrual disturbance, subfertility and 
acanthosis nigricans. How far to investigate women with evidence 
of hyperandrogenism depends on a variety of factors, such as the 
time course of the complaint, the age of the patient and the presence 


of associated features, and is usually best done by an endocrinolo- 
gist. The most important cause, albeit rare, is an androgen-secreting 
ovarian or adrenal tumour; virilisation typically progresses rapidly 
in these patients. In the absence of clinical evidence of hyperandro- 
genism, extensive metabolic and endocrinological work-up is not 
routinely necessary. A multidisciplinary taskforce established by the 
Androgen Excess and PCOS Society recommended the following 
blood investigations in FPHL [109]: 

e Serum total and free testosterone. 

Blood iron studies. 

Thyroid profile. 

e Vitamin D. 

e Serum zinc. 

Prolactin. 

A scalp biopsy is seldom needed but it may be useful to distin- 
guish between early FPHL and chronic TE in women with exces- 
sive shedding and minimum reduction in hair density. If FAPD is 
suspected a biopsy is needed to demonstrate scarring. 


Management 

Male balding is a biologically normal process. Under normal cir- 
cumstances it has no adverse effect on physical well-being apart 
from increasing the risk of chronic photodamage to unprotected 
scalp skin. Under exceptional conditions a full head of hair may 
also contribute to thermoregulation — the French military surgeon 
Dominique-Jean Larrey observed that the bald men (and men 
without fur hats) were the first to die during the Russian campaign 
in the winter of 1812 [110]. Yet balding still has a powerful effect 
on the human psyche, to the extent that few men would choose 
to go bald were the choice available. Many men accept loss of 
their hair and prefer to let nature take its course. However, for 
some men balding is important enough for them to seek treatment 
and, for a few, concerns about hair loss reach the level of a body 
dysmorphic disorder. Men in the latter group are important to 
recognise, as treatment aimed at addressing the perceived hair 
problem is unlikely to be successful. Several studies have shown 
that male balding has an adverse effect on quality of life (although 
this is almost inevitable in those seeking professional advice) [111]. 
Nevertheless, balding is often seen as a trivial issue (mainly by 
non-sufferers), which may make men reluctant to approach their 
physician as they perceive, rightly or wrongly, that they will not 
receive a sympathetic response. 

In most women FPHL is also a physiological trait. In contrast to 
the prevailing attitude to male balding, however, society generally 
regards it as abnormal for women to lose their hair. Consequently, 
the adverse effect of balding on quality of life tends be more severe 
in women than in men. As a group, women seeking medical advice 
for their hair loss experience more negative body image feelings, 
greater social anxiety, poorer self-esteem and lower psychosocial 
well-being than control subjects with non-visible skin disease, as 
well as dissatisfaction with their hair. In quality of life studies, 
individual responses were more related to self-perception of hair 
loss than to objective or clinical ratings, and those women most 
distressed by hair loss were more poorly adjusted and had a greater 
investment in their appearance [112,113]. The physician needs to be 
alert and sensitive to these issues and needs counselling and psy- 
chotherapeutic skills that go beyond merely prescribing treatment. 
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Counselling should include an explanation of the nature of 
the condition and its natural history. For those interested in pre- 
venting further progression or improving their hair status the 
treatment options, together with a realistic explanation of what 
can be achieved by treatment, will also need to be discussed. For 
those with a body dysmorphic disorder, involvement of a clinical 
psychologist or psychiatrist should be explored. Hair loss is an 
emotive issue and sufferers are vulnerable to exploitation by the 
unscrupulous. Patients should be advised against parting with 
large sums of money on unproven and valueless remedies. 


Cosmetic approaches and camouflage 

In women, a good hair stylist can help to disguise the appearance of 
thinning hair. In men, the ‘comb-over’ has fallen out of favour, to be 
largely replaced by the shaven-head approach. 

Camouflage is the simplest, easiest and cheapest way of dealing 
with mild pattern hair loss. Balding becomes most noticeable when 
the scalp can be seen through the hair. Camouflage treatments 
involve either adding small fibres held in place electrostatically or 
dyeing the scalp the same colour as the hair to create the illusion 
of thicker hair. Several brands are available, each in a range of 
colours. Scalp tattooing is a more permanent approach and good 
practitioners can achieve impressive results. 

A prosthesis is needed to cover extensive hair loss. These come 
in a range of forms and prices, from relatively cheap acrylic fibre 
wigs to expensive bespoke human hair appliances that are woven 
into existing hair. Because interwoven wigs lift as the hair beneath 
grows, they require periodic adjustment. Advice on wigs is available 
from alopecia patient support groups in the UK, USA and Australia. 


Medical treatment 

Treatment options for male AGA and FPHL are outlined here. 
See also the summary in ‘Common treatments for hair disorders’ 
later in this chapter for further information on these different 
options. 


Treatment in male patients. At present two medical treatments, 
minoxidil and finasteride, are licensed for the treatment of male 
balding. Both drugs will stimulate some regrowth of hair in some 
men but are perhaps better regarded as preventative treatments. 
It follows that the earlier treatment is started, the more hair 
is retained [114]. Neither drug will regrow hair on completely 
bald scalps and continued treatment is necessary to maintain the 
response. 


Minoxidil. Minoxidil is licensed for the treatment of male AGA 
as a 2% topical solution, 5% topical solution and 5% foam, each as 
a twice daily application. Clinical trials using various end points 
including hair counts, hair weight and global photography have 
confirmed improvement in male balding with the use of minoxidil 
lotion [115,116]. The mean increase in target area hair counts is about 
8% with 2% minoxidil lotion and 10-12% with the 5% formulation. 
When assessed by global photography, nearly 60% of men show 
improvement with 5% minoxidil lotion and 40% with 2% lotion, 
compared with 23% with placebo. The response to minoxidil in 
terms of increased hair counts and hair weight is rapid and peaks 
by 16 weeks, although the cosmetic response may take longer to 


become apparent. Trials that continued for up to 5 years suggested 
the improvement is sustained above baseline providing treatment 
is maintained [117]. Any positive effect on hair growth is lost within 
4-6 months of stopping treatment. The rapid response of hair 
growth to minoxidil suggests that the drug promotes entry into 
anagen of terminal follicles in the kenogen stage of the hair cycle. 
This has been confirmed by phototrichogram studies, which also 
show some prolongation of anagen by minoxidil. Minoxidil does 
not reverse follicular miniaturisation [117]. 

Adverse effects of minoxidil are mainly dermatological. Con- 
stituents of the vehicle occasionally cause scalp irritation, more 
commonly with the 5% formulation. Allergic reactions to minox- 
idil or propylene glycol (a component of the vehicle) are rare but 
necessitate stopping treatment. 


Finasteride. Finasteride 1 mg daily is licensed as a prescription-only 
drug for the treatment of male AGA. Taken orally it reduces 
DHT levels in serum and in the scalp by up to 70% [119]. Large, 
long-term, placebo-controlled studies using hair count and global 
photographic technology show that finasteride prevents or slows 
the progression of male balding in most men and about two-thirds 
experience some improvement [19]. The improvement peaks at 
around 12 months. A study using hair weighing to measure the 
response showed that men taking finasteride had maintained the 
improvement after nearly 4 years on the drug, whereas those on 
placebo continued to lose hair [120]. 

The response to finasteride is slower than to minoxidil, with the 
increase in hair counts taking up to 12 months to maximise. The 
effect is largely down to prolongation of anagen and, as with minox- 
idil, there is little evidence that miniaturisation is reversed [79]. 

Most men experience no adverse effects from finasteride. Clinical 
trials have shown a small increase in sexual dysfunction which 
resolved when the drug was discontinued. However, some men 
complain of persistent side effects after finasteride is stopped 
including sexual difficulties and depression (see ‘Post-finasteride 
syndrome’ later in this chapter). 


Dutasteride. This drug inhibits both type 1 and type 2 5a-reductase 
and suppresses serum and scalp DHT to a greater degree than finas- 
teride. Clinical trials have confirmed its efficacy in treating male 
AGA [121,122]. A meta-analysis of the results of dutasteride and 
finasteride clinical trials found a significantly greater degree of hair 
growth with dutasteride than finasteride [123]. The side effect pro- 
file is similar to that of finasteride. Dutasteride is licensed in many 
countries for treating benign prostatic hypertrophy; at present, it is 
licensed for male balding only in Japan and South Korea. 


Treatment in female patients. Some women are content to be reas- 
sured that their hair loss is not a manifestation of a serious disease 
and that it is very unlikely that they will go bald. For those who 
are keen to be treated, there are two medical options — minoxidil 
and antiandrogens. In both cases it should be stressed that treat- 
ment will, at best, produce only a modest increase in hair density 
and that it is not possible to fully reverse hair loss. Furthermore, in 
those who respond, treatment must be continued to maintain the 
response. As in men, surgery is the only method capable of restoring 
the appearance in the presence of severe hair loss. 
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Topical minoxidil. Minoxidil 2% topical solution twice daily, and 
minoxidil 5% foam once daily, are licensed for the treatment of FPHL 
in most countries. Clinical trials in the early 1990s using hair counts 
as a primary end point reported a mean increase in hair growth of 
15-33% in the minoxidil-treated groups compared with 9-14% in 
the vehicle control groups [124-126]. One small study using hair 
weight as the end point found an increase of 42.5% in hair weights 
in the minoxidil group compared with 1.9% in the controls [126]. 
In the investigator and subject assessments, minoxidil was superior 
to the vehicle but about 40% of subjects appeared not to respond 
to minoxidil [124,126]. A later trial comparing 5% and 2% minox- 
idil lotion found increases of 18% and 14%, respectively, in mean 
non-vellus hair counts after 48 weeks’ treatment, compared with a 
7% increase in the placebo group [128]. As in men, the increase in 
hair counts following treatment with minoxidil lotion is noticeable 
within 8 weeks and has peaked by 16 weeks. 

Topical minoxidil is a safe treatment. Some patients complain 
that it leaves unsightly deposits on the hair. Occasionally, it causes 
scalp irritation which may be severe enough to cause a temporary 
increase in hair shedding and patients should be warned about 
this. Hypertrichosis on the face is occasionally a problem and has 
been reported particularly when higher concentrations of minoxidil 
are used [129]. This resolves if treatment is stopped. Occasionally, 
patients notice an increase in hair shedding 2-8 weeks after starting 
treatment. This is self-limiting and patients should be forewarned 
not to stop treatment if this happens. 

The gains from treatment with topical minoxidil are modest and it 
is helpful to have an objective measure, such as serial standardised 
clinical photographs, to convince the patient (and the physician) of 
the response. Perhaps the major gain is halting or slowing the pro- 
gression of hair loss, but this only becomes apparent on long-term 
follow-up and is not easy for the patient to detect. 


Oral minoxidil. In recent years, oral minoxidil has come into 
favour as a treatment for hair loss, although it was tried (unsuc- 
cessfully) in alopecia areata in the 1980s [130]. In 2018, Sinclair 
reported the outcome of a small pilot study using oral minoxidil 
with spironolactone in women with FPHL, suggesting efficacy and 
safety [131]. Since that time, many investigators have evaluated the 
use of oral minoxidil in doses ranging from 0.5 to 5.0 mg in patients 
with various forms of alopecia including FPHL and male AGA. 
A randomised controlled trial comparing oral minoxidil 1 mg daily 
with minoxidil topical solution 5% once daily in the treatment of 
FPHL showed the two treatments had similar efficacy [132]. A large 
multicentre study of 1404 patients showed safety, with the most 
common treatment side effect being hypertrichosis, leading to drug 
withdrawal in 14 patients. The most common systemic side effects 
included lightheadedness (1.7%), fluid retention (1.3%), tachycardia 
(0.9%), headache (0.4%), periorbital oedema (0.3%) and insomnia 
(0.2%), leading to drug discontinuation in 29 patients (1.2%). No 
life-threatening adverse effects were observed [133]. 


Antiandrogens. The antiandrogens cyproterone acetate, spirono- 
lactone, flutamide and bicalutamide have all been used to treat 
FPHL, as has the 5a-reductase inhibitor finasteride, although none 
is licensed for this purpose and there is little clinical trial evidence 
of efficacy for any of them [49]. 


In a randomised controlled trial in 66 women with female AGA 
cyproterone acetate was compared with minoxidil lotion 2% [52]. 
After 12 months of treatment non-vellus hair density increased 
significantly in the minoxidil-treated group but fell in the cypro- 
terone acetate group. However, subgroup analysis showed a small 
improvement in hair density in women with menstrual irregularities 
receiving cyproterone actetate. This study suggests that antiandro- 
gens may be beneficial in women with evidence of androgen excess 
but not in those without. 

Spironolactone is a competitive inhibitor of aldosterone recep- 
tors. It also blocks androgen receptors and increases metabolic 
clearance of testosterone. It has been widely used to treat FPHL 
as well as hirsutism. There are no controlled trials of its use in 
FPHL. In an open uncontrolled case series of 80 women treated for 
1 year with spironolactone (200 mg daily) or cyproterone acetate, 
35 women (44%) showed improvement in hair growth as assessed 
by standardised photography [134]. 

Flutamide is a pure androgen receptor blocker. A randomised 
trial from Italy compared flutamide 250 mg daily with cyproterone 
acetate and finasteride in the treatment of 48 hyperandrogenic 
women with AGA. Those treated with flutamide showed a modest 
improvement in hair growth whereas those treated with cypro- 
terone acetate or finasteride did not [135]. The study appears not 
to have been blinded and the method of assessment, using Ludwig 
grading, was relatively crude. Some clinicians now use bicalu- 
tamide, an alternative non-steroidal androgen receptor blocker, that 
appears safer than flutamide [136,137]. 

Ina large randomised controlled trial in postmenopausal women 
with FPHL finasteride 1 mg daily proved ineffective in preventing 
hair loss [50]. However, improvement has been reported in several 
uncontrolled cases series [138-140]. For example, in one study 62% 
of women taking finasteride 2.5 mg daily showed some improve- 
ment as assessed by global photography [139]. A meta-analysis of 
nine published studies concluded that finasteride does not increase 
hair density in FPHL but it may improve the clinical evaluation 
of hair loss, and that higher doses (2.5-5 mg daily) are more 
effective [51]. 

Antiandrogen treatment is not without problems. As with minox- 
idil, treatment must be continued to maintain a response and 
women taking antiandrogens should not become pregnant because 
of the risks of feminising a male fetus. Dose-related side effects 
of cyproterone acetate, including weight gain, fatigue, loss of 
libido, mastodynia, nausea, headaches and depression, are com- 
mon. There is a significant risk of hepatotoxicity with flutamide, 
and cyproterone acetate is also potentially hepatotoxic in high 
doses. Spironolactone may cause breast soreness and menstrual 
irregularities but is probably the safest option. Finasteride is 
well-tolerated and is worth considering in postmenopausal and 
infertile women. 


Iron. The idea that body iron stores, usually measured as serum 
ferritin, are important in hair growth is controversial and, as yet, 
unsubstantiated in a randomised controlled clinical trial. In an 
open trial of cyclical treatment with cyproterone acetate in women 
with serum ferritin levels above and below 40 pg/L (10 subjects 
in each group), hair densities increased by about 15% in the high 
ferritin group after 1 year of treatment but were unchanged in the 
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low ferritin group [64]. In the absence of more conclusive data, it 
seems reasonable to check serum ferritin levels and advise dietary 
supplementation with iron in those with a level below 40 pg/L. 
Patients should be advised that iron treatment alone will not halt 
or reverse hair loss but it may improve the response to specific 
treatments. 


Treatment in transgender patients. Transgender patients who 
present with pattern hair loss can require manipulation of oral 
and topical medications that may differ from typical prescribing 
patterns. For transgender women, hair loss can be particularly 
distressing, since the loss can serve as sign of the unwanted male 
phenotype. Often, oestradiol and spironolactone are used to main- 
tain the female phenotype, and titration of these medications can 
help to promote hair growth in those experiencing pattern hair 
loss [141]. In transgender men, pattern hair loss can worsen after 
masculinising hormone therapy; 5a-reductase inhibitors can be 
helpful in their treatment [142]. The typical treatments described 
here, such as topical or oral minoxidil, may also be used in this 
population as well as surgical restoration [143]. 


Other treatments. 
Surgery. See ‘Surgery’ later in this chapter. 


Platelet-rich plasma. Several studies report increased hair density 
in patients with male AGA treated with PRP [144], although the 
efficacy of PRP in women is less clear [145]. A recent meta-analysis 
of seven randomised controlled trials identified significant increased 
hair density for PRP treatment compared with placebo. The pooled 
mean improvement in hair density was 30 hairs/cm? but with 
a wide confidence interval, and considerable heterogeneity and 
potential bias in the studies evaluated [146]. The optimal treat- 
ment regimen for PRP in pattern hair loss is not known, but most 
studies support monthly treatment for the first 3 months followed 
by maintenance treatment as an effective approach [144]. Interest- 
ingly, efficacy of PRP treatment has now been demonstrated in a 
preclinical humanised AGA mouse model [147]. 


Low-level laser light therapy. A systematic review and network 
meta-analysis ranked low-level laser light therapy as the most 
effective non-surgical interventions for pattern hair loss when 
compared with finasteride, dutasteride, topical minoxidil, PRP 
and placebo, although the quality of evidence of was rated as 
low or very low [148]. Combining low-level laser light therapy 
with minoxidil appears more effective than monotherapy based 
on improvements in global photography and hair density assess- 
ments [149]. 


Summary 

Whether or not one regards pattern hair loss as a medical condition 
worthy of treatment [150], there is little doubt that it can have a 
significant adverse effect on quality of life. The emotive aspect 
of hair loss means that it is not necessarily a trivial issue for the 
sufferer and, consequently, managing the patient with AGA can 
be difficult and time consuming for the physician (the same is true 
of other hair loss disorders). Nevertheless, it can be rewarding to 


manage patients with pattern hair loss and, despite their limitations, 
current treatments can be of significant benefit providing the patient 
is fully aware of what can be achieved. 


HAIR LOSS ASSOCIATED WITH CANCER 
TREATMENT 


Chemotherapy-induced alopec 


Introduction and general description 
Alopecia is a common and often distressing complication of sys- 
temic chemotherapy, occurring in up to 65% of regimens [1]. 
Chemotherapy-induced alopecia (CIA) is a particularly feared 
complication of cancer therapy, with 47% rating it as the most trau- 
matic aspect of treatment, and 8% rejecting chemotherapy because 
of this side effect [2]. The risk of CIA depends on several factors 
including the specific agent and treatment protocol used (Table 87.5), 
whether combination therapy is required and the route of admin- 
istration [3]. Further, patient factors such as performance status, 
nutrition, age and presence of pre-existing hair disorders also 
contribute to the ultimate degree of hair loss experienced [4]. 
Classification of alopecia severity in oncology clinical trials typ- 
ically uses the Common Terminology Criteria for Adverse Events 
system (CTCAE v5.0) [5], with grade 0 (no hair loss), grade 1 (<50% 
hair loss not obvious from a distance, not requiring a wig or hair 
piece) and grade 2 (>50% hair loss readily apparent to others, 
requiring a wig or hair piece) categories available. However, these 
criteria are broad and do not supply good phenotypic description 
or identification of the type of alopecia induced [4]. 


Pathophysiology 

The hair matrix in the anagen hair bulb is very metabolically active 
and is particularly vulnerable to chemotherapy agents, causing 
rapid and profound cessation of hair growth soon after adminis- 
tration. Importantly, slow-cycling stem cells in the HF bulge are 
relatively resistant to chemotherapy, allowing hairs to regenerate 
after treatment is completed. 


Table 87.5 Drugs causing chemotherapy alopecia 


Agents that usually 
cause hair loss 


Agents that sometimes 
cause hair loss 


Agents that uncommonly 
cause hair loss 


Cyclophosphamide Amsacrine Capecitabine 
Daunorubicin Bleomycin Carboplatin 
Docetaxel Busulphan Carmustine 
Doxorubicin Cytarabine Cisplatin 
Epirubicin 5-Fluorouracil Fludarabine 
Etoposide Gemcitabine 6-Marcaptopurine 
lfosphamide Lomustine Methotrexate 
Irinotecan Melphalan Mitomycin C 
Paclitaxel Thiotepa Mitroxantrone 
Topotecan Vinblastine Procarbazine 
Vindesine Vincristine Raltritrexate 
Vinorelbine Streptozotocin 


Reproduced from Trueb 2010 [3]. 
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The mechanism of HF damage and recovery in chemotherapy has 
been studied in a murine model using cyclophosphamide adminis- 
tration [6]. Two types of follicular dystrophy were identified: 

1 Dystrophic anagen occurs at lower chemotherapy doses. Here 
less severe HF damage occurs, so the hair initially recovers in the 
same anagen phase (termed primary recovery) before eventually 
progressing through catagen/telogen to a new anagen hair cycle 
(secondary recovery). 

2 Dystrophic telogen occurs with a more severe HF insult. Hairs 
skip the primary recovery phase, progressing directly to cata- 
gen/telogen before secondary recovery occurs. Thus, dystrophic 
telogen is a shorter pathway to complete regrowth. 

In humans, CIA causes a prominent anagen effluvium but also 
increased telogen rates are identified on serial trichograms, suggest- 
ing that the HF response is determined by its stage in the hair cycle 
at the time of the insult. It is thought that this observed TE response 
occurs in late-stage anagen HF [7]. 


Clinical features 

Hair shedding typically occurs within 1-3 weeks and is complete 
within 1-2 months after the initiation of chemotherapy. Hair loss 
is rapid, diffuse and extensive, associated with significant hair 
shedding. Trichoscopy reveals multiple black dots and broken 
hairs. In the remaining hairs a Pohl—Pinkus constriction may be 
seen due to temporary cessation of hair growth (analogous to Beau 
lines in the nails) [8]. Hair loss is most marked in areas of increased 
friction [1]. In most cases hair loss is temporary and recovers fully 
within a period of months following cessation of the causative 
insult [7]. Changes in hair colour and shape (curly/straight) are 
described with hair regrowth [1]. 


Investigations 
Specific investigations are not usually required. 


Management 

The focus of CIA management has traditionally centred around psy- 
chological preparation and cosmetic support, with the provision of 
wigs during the treatment period. 

Various methods have been employed to prevent the devel- 
opment of CIA. The most widely used is scalp cooling using ice 
packs or custom-designed cooling caps. The rationale for treat- 
ment is that cooling causes vasoconstriction, reduces uptake of 
the chemotherapy drug into cells and supresses metabolic activity, 
thereby limiting the effects of chemotherapy on the HF [9-11]. The 
results are variable but there is good evidence for efficacy in some 
patients. However, cold caps require additional treatment time, 
can be uncomfortable, may not be available in all centres and are 
contraindicated in certain haematological malignancies. Concern 
that scalp cooling increases the risk of scalp metastases in solid 
tumours is probably unfounded [12,13]. Topical minoxidil is not 
effective at preventing CIA. 

Certain treatments may limit the impact of CIA by promoting hair 
regrowth. One small trial suggested that topical minoxidil can has- 
ten recovery from chemotherapy alopecia [14]. 

The psychological impact of CIA should not be overlooked [15,16]. 
Hair loss has been shown to have a profound impact on body image 
and self-esteem, acting as a constant reminder of someone’s illness. 


Sex-specific responses are seen, with impact on beauty, femininity 
and sexuality particularly affecting women, and feelings of appear- 
ing less macho, child-like and vulnerable specifically affecting men. 
Interestingly, some view CIA positively as the hair loss demonstrates 
the treatment is working. 

Loss of eyebrows and eyelashes is common and can have a 
significant cosmetic and functional impact on the patient. Topical 
bimatoprost 0.03% liquid applied to the upper eyelid margin 
has been shown to rapidly restore eyelashes post-chemotherapy, 
improving eyelash length, thickness and pigmentation [17-19]. 


Persistent chemotherapy-ind 
alopecia 


Introduction and general description 

Although CIA is usually reversible, persistent CIA (pCIA) (syn. 
permanent CIA) may be seen. It is particularly associated with 
conditioning regimens for bone marrow transplantation and 
taxane-based regimens for breast cancer, with higher doses appear- 
ing to increase the risk of persistent hair loss [1,20]. A recent UK 
survey identified self-reported hair loss persisting more than 6 
months after treatment in 23.3% of breast cancer patients receiving 
docetaxel and 10.1% paclitaxel (P <0.01) [21]. 


Pathophysiology 

The pathophysiology of pCIA remains unclear but is likely to 
result from associated HF stem cell damage inhibiting regeneration 
and ongoing hair cycling [1,22]. Whether an occult pre-existing 
hair loss process is unmasked by the CIA is yet to be determined. 
A reduced function mutation in the ABCB1 gene, which encodes the 
p-glycoprotein efflux pump that removes drugs from cells, holds a 
genetic risk for pCIA development [23]. 


Clinical features 

The definition of pCIA is ‘absent or incomplete hair regrowth 6 
months beyond the completion of chemotherapy’. Clinically, this 
manifests as either a non-scarring diffuse alopecia or hair loss 
that clinically and histologically resembles severe FPHL [1,22,24] 
(Figure 87.55). Trichoscopy shows variability of HS diameter, 
increased vellus hairs and predominantly single hairs per follic- 
ular ostia. Rarely pCIA may present as an inflammatory scarring 
alopecia. 


Differential diagnosis 
Other causes of diffuse hair loss should be excluded. 


Investigations 

Reversible causes of diffuse hair loss should be excluded (see 
‘Telogen effluvium’ earlier in this chapter). A scalp biopsy with 
horizontal and vertical sectioning shows reduced hair density, 
decreased terminal to vellus ratio and end-stage fibrous streamers. 


Management 
The best approach to management is prevention, with scalp cool- 
ing dramatically reducing the risk of pCIA [1,20]. Although the 


(a) 


(b) 


Figure 87.55 Persistent chemotherapy-induced alopecia on (a) the vertex and (b) the posterior scalp, showing diffuse non-scarring alopecia with a reduction in density predominantly 


over the vertex, reminiscent of female pattern hair loss. 


evidence is limited, both topical and oral minoxidil can improve 
hair density [25]. Sometimes antiandrogen therapy (e.g. spirono- 
lactone/bicalutamide) may be tried, although caution is required 
in hormone-sensitive cancers and close liaison with the primary 
oncology team is recommended if this approach is considered. 

Eyelash regrowth can be improved post-chemotherapy with 
topical bimatoprost even when starting treatment is delayed by up 
to 6 months [18]. 


Therapies for cancer that can cause hair loss 
Endocrine therapies 

Seventy per cent of breast cancers are hormone receptor positive. 
Antioestrogen therapies, such as oestrogen receptor modulators 
(e.g. tamoxifen), aromatase inhibitors (e.g. anastrazole, letrazole) 
and gonadotrophin-releasing hormone agonists (e.g. leuprolide), 
are frequently employed as suppressive therapy for 5-10 years after 
the initial treatment. Hormone therapy-induced alopecia (HTIA) 
was shown to occur in 4.4% of cases with a relative risk of 12.88 
(95%CI 7.46-22.24; P <0.001) [26]. Clinically, HTIA presents as a 
diffuse alopecia mimicking FPHL. Onset is often slow, with a mean 
reported onset of 16.8 months. The loss of the anagen-promoting 
effects of oestrogen along with a relative switch in the hormonal 
profile towards an androgen dominant position may all contribute 
to this presentation [1,22]. 


Targeted oncology therapies 

Targeted oncology therapies are revolutionising cancer treatment. 
Along with their powerful anticancer effects, a whole spectrum of 
cutaneous toxicities is now being recognised. Importantly, these 
novel side effects are providing insight into normal skin and 
HF homeostasis and can act as clinical biomarkers for treatment 
response in some situations. Thus, awareness of these nuances is 


important and highlights the need for a personalised and multidis- 
ciplinary approach when faced with these side effects. 


Epidermal growth factor receptor inhibitors and mitogen- 
activated protein kinase inhibitors 

Overexpression of the epidermal growth factor receptor (EGFR) 
is seen in various cancers, including lung and colon cancers. This 
has led to the development of inhibitors targeting EGFR, and the 
downstream mitogen-activated protein (MAP) kinase, in oncology 
treatment. Cutaneous reactions are common and occur in 75-90% 
of patients [27,28]. Typically, an itchy papular and pustular reac- 
tion develops over the face, chest and back within the first few 
weeks of treatment. Although acneform in appearance, the absence 
of comedones and distal follicular inflammation suggests this is 
better classified as a folliculitis [29]. Rarely, scarring alopecia rem- 
iniscent of folliculitis decalvans may be seen [30]. Trichomegaly 
(i.e. increased length and density of the eyelashes) is seen in up to 
10% of cases [28,31]. 

Importantly, the presence of a rash appears to correlate with the 
drug’s antitumour effect. Therefore, treatment should be contin- 
ued where possible. Regular emollients and sun protection are 
recommended, but if symptoms are significant then topical cortico- 
steroids, oral tetracycline antibiotics and sometimes isotretinoin 
may be required [28,31]. Patients with trichomegaly should regu- 
larly trim their eyelashes to prevent eye issues. 


Tyrosine kinase inhibitors and hair pigmentation 

Tyrosine kinase inhibitors block signal transduction within the cell, 
reducing proliferation and providing anticancer effects. However, 
they also frequently result in both skin and hair depigmentation, 
by influencing the modulatory effect of c-kit on tyrosinase activ- 
ity and melanin synthesis. Interestingly, when treatment is paused, 
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pigmentation can return in the same hair fibre, leading to a striped 
appearance within the hairs [32]. 


Immune checkpoint inhibitors and autoimmune reactions 
Immune checkpoint inhibitors are increasingly being used in oncol- 
ogy to harness the immune system to fight cancer development. 
However, immune-related toxic reactions affecting any organ may 
develop, with pneumonitis, endocrinopathies and colitis commonly 
being seen. Skin toxicities such as dermatitis, vitiligo/poliosis, 
alopecia areata and LPP are also described and may suggest a 
good therapeutic response [29]. The onset of these changes may be 
delayed, sometimes appearing many months after starting therapy 
[29,33-36]. 


Hedgehog pathway inhibitors 

Abnormal activation of the hedgehog pathway is seen in >90% of 
basal cell carcinomas leading to the development of hedgehog path- 
way inhibitors (e.g. vismodegib, sonidegib) [37]. Adverse effects 
of these drugs are related to the important role of this pathway in 
normal homeostasis, including hair cycle control. Although these 
reactions are generally low grade, the long-term dosing required to 
suppress cancer development makes these side effects less tolerable 
as time passes. Diffuse alopecia affecting the scalp and body hair 
is common, seen in 46-66% of cases across all studies of vismod- 
egib. Pretreatment assessment of associated hair loss conditions, 
nutrition and thyroid status is recommended to reduce the impact 
of alopecia development. Reported treatments include topical 
minoxidil, bimatoprost to the eyelashes/eyebrows and sometimes 
antiandrogen treatment. Cosmetic support is important. Dose 
adjustment may be required if side effects are severe [1,37]. 


Post-radiotherapy alopecia 

Although HF stem cells are relatively chemotherapy resistant, they 
are more sensitive to ionising radiation. Therefore, radiotherapy 
treatment of head and neck cancers can frequently result in per- 
sistent alopecia [22]. Patterns of alopecia include localised areas of 
hair loss relating to the treatment field or a diffuse alopecia from 


whole brain irradiation; sometimes a radiation dermatitis may 
also be seen. Hair usually regrows 2-4 months after treatment, 
but persistent radiation-induced alopecia (defined as ‘total loss or 
incomplete regrowth 6 months following completion of treatment’) 
may be seen, particularly when higher doses are used or when 
combined with chemotherapy [1]. Treatment involves controlling 
any radiation dermatitis with topical steroids, stimulation of hair 
growth with minoxidil and cosmetic camouflage, with surgical 
correction sometimes suitable for localised patches. 


ABNORMALITIES OF THE HAIR SHAFT 


Structural defects of the hair shaft usually result from either an 
intrinsic fragility of the hair fibre (rendering it abnormally suscepti- 
ble to damage by minor degrees of trauma), or when changes occur 
to an otherwise normal hair fibre because of excessive external 
damaging factors. If hair breaks close to the scalp (<4 cm), causes of 
intrinsic hair fragility should be sought. 

Hair microscopy can be a useful part of the clinical assessment [1], 
providing clues to the diagnosis [2,3]. Increasingly, trichoscopy [4] 
and high-magnification video trichoscopy [5] are being used to 
preliminarily screen for scalp and hair shaft disorders, prior to hair 
sampling and formal microscopy (Figure 87.56). Measurement of 
hair amino acid composition is an additional means of quantifying 
hair shaft damage both in cosmetic weathering and in genetically 
damaged hair [6]. 

The technique chosen to sample hairs depends on the clinical 
situation. Generally, cut hair samples are preferred as hair plucking 
is usually poorly tolerated in children and the force required may 
instead break the hairs at the point of fragility, thereby missing 
the area of interest when the fibres are examined [7]. At least 
50 hairs should be cut close to the scalp, wrapped in paper and 
labelled. These dry hair samples provide flexibility for future anal- 
ysis, allowing dry microscopy or embedding in mounting media, 
as well as electron microscopy studies or amino acid analysis, if 
required. 


(a) 


(b) 


Figure 87.56 Trichoscopy as a real-time clinic-based tool for diagnosing hair shaft disorders. Typical beaded hair changes of monilethrix were seen in (a) a proband and (b) the 


proband’s father. 


Table 87.6 Fragile versus non-fragile hair shaft disorders. 


Fragile disorders Non-fragile disorders 


Bubble hair Pili annulati 
Monilethrix Pili bifurcate 
Pili torti Pili multigemini 


Trichorrhexis invaginata 
Trichorrhexis nodosa 
Trichothiodystrophy 


Uncombable hair syndrome 
Woolly hair 


Hair shaft defects are usually divided into those with shaft 
fragility and those without (Table 87.6). Common descriptive hair 
shaft terminology is presented in Table 87.7. 


STRUCTURAL DEFECTS WITH INCREASED HAIR 
FRAGILITY 


Weathering of the hair shaft 
(including trichoptilosis) 


Weathering describes the increasing cuticular damage (+ secondary 
cortical damage) acquired in all hair fibres as you move from 
the root to tip. Various external factors can increase hair damage, 
including excessive washing, brushing, UV radiation, swimming 


Table 87.7 Terms used to define hair shaft pathology. 


Term Meaning 


or chemical exposure. Therefore, longer hairs towards the tips are 
increasingly affected. Certain hair keratins appear more sensitive to 
oxidative damage from bleaching and chemical exposure [6]. 

Close to the scalp cuticle cells are tightly overlapped (likened 
to the tiles on a roof). As weathering develops the free edges of 
these cells start to lift and break up. Increased loss results in focal, 
then confluent, loss of the cuticle (Figure 87.57). Hair knotting and 
braids are a significant source of hair shaft trauma (Figure 87.58) [8]. 
Trichoptilosis is the term for ‘split ends’, appearing as whitish 
blurred ends to the hair fibre that are easily visible and mostly seen 
with other features of hair weathering [9]. 


Trichorrhexis nodosa —s VW 


Introduction and general description 

Trichorrhexis nodosa (TN) is the most severe form of weathering 
and is best regarded as a distinctive hair shaft response to injury 
[10,11]. Cuticle cells become disrupted, allowing the underlying 
cortical cells to splay out to form a node [8,12]. 


Pathophysiology 

Trichorrhexis nodosa is due to focal cuticle loss on a background 
of hair weathering. Supporting this is the observation that TN can 
be induced in normal hairs under controlled laboratory stress [13]. 


Associations 


Bayonet hair 
Brush end 


Bubble hair 
Circle hairs 
Hair casts 


Nit 


Pili torti 


Pohl-Pinkus constriction 


Tapered hairs 


Tiger tail 


Trichoclasis 
Trichonodosis 
Trichoptilosis 
Trichorrhexis nodosa 


Trichoschisis 


Slight kink in hair within 1-2 mm of tapered tip 

When a trichorrhexis node breaks it leaves the proximal end looking like a 
chimney sweep’s brush 

Bubbles within the hair shaft 


Circle and spiral hairs on the thigh and abdomen, usually trapped beneath 
the stratum corneum 

Keratin cylinders moving freely on the proximal hair shaft and arising from 
the upper part of the internal root sheath 

The egg case of a head louse adherent to the shaft 


Twisting of hair through 180° within the long axis of the hair 


Zone of constriction within the hair shaft, possibly due to transient 
physiological compromise of hair growth; comparable with a Beau line 

The tip of a hair that has been generated de novo at the commencement 
of anagen will be tapered 

Light and dark transverse stripes on a hair shaft when viewed with 
cross-polarisation, preferably in histological medium 


A ‘greenstick’ fracture of the hair, where the cuticle is partly stripped in 
continuity with the fracture 
Knots in hair 


Split ends — in continuity with the tip 

Focal loss of cuticle revealing an area of exposed and splayed cortical fibres, 
forming a node 

Clean transverse fracture across the hair 


Variant of normal 
See below 


Arises due to extreme heat or singeing of hair; attributed to leaning over a 
fire, or hot hair treatments where thermostatic controls are faulty 
Normal in more hirsute males; not the same as scurvy 


May be associated with scaling scalp conditions or hair styling where there 
is tension on the hair; sometimes referred to as ‘pseudo-nits’ 

The egg case may be empty or still contain the louse nymph; only nits 
proximal on the shaft are likely to represent active infestation, which 
needs to be confirmed by identification of a live head louse 

Although this is a sign, it is sometimes used as a diagnosis; it is associated 
with the specific diagnosis of Menkes syndrome, but also presents as an 
isolated autosomal dominant condition 

Period of ill health or cytotoxic medication, where not sufficient to 
precipitate telogen effluvium or anagen effluvium 

Characteristic of hair that is regrowing after shedding or of hair with a 
short anagen phase, e.g. eyebrow 

Sulphur-deficient hair has a weakened cortex that loses its longitudinal 
rigidity and tends to become wavy; this alters light polarisation 
characteristics 

Trauma and moderate fragility 


Usually a simple reef knot, seen where hair is rubbed or where the hair is 
markedly curly and predisposed to knotting; can contribute to fragility; 
most common in African hair 

Common outcome of cumulative brushing and chemical trauma 

Marker of weathering and hair breakage. Seen in various hair fragility 
disorders 

Typically associated with sulphur-deficient hair of trichothiodystrophy 
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Figure 87.57 Focal loss of the cuticle in a weathered hair. 


TN is particularly prominent in tightly curled African hair. How- 
ever, this predisposition is shown to be predominantly due to 
mechanical factors causing trauma, as no intrinsic weakness or dif- 
ference in cysteine-rich protein distribution has been identified in 
the hair of people of normal white, Asian and African heritage [14]. 
Hair amino acid analysis of TN-affected hairs shows a reduced 
cysteine level [15]. 


Clinical features 

Trichorrhexis nodosa typically presents with dull, dry and brittle 

hair of variable length. Small grey-white nodules positioned irreg- 

ularly along the shaft can be seen by eye, or with the aid of tri- 
choscopy. Hair is fragile, demonstrated by performing the tug test, 
where hair breaks into small fragments when pulled firmly from 
each end. 

The main clinical presentations of TN are: 

e Distal TN. This occurs in all races and is more common in longer 
hair. It is often an incidental finding with a few whitish nodules 
near the ends of scattered hairs, although more extensive involve- 
ment can occur. 


e Proximal TN. This is predominantly seen in women with African- 
textured hair. The scalp hair is short and brittle and demon- 
strates severe weathering on light microscopic examination 
(Figure 87.59). Other hair loss processes associated with trau- 
matic hair care practices (e.g. traction alopecia, CCCA) may 
coexist. 

e Localised TN. This can be seen in any pruritic dermatosis due to 
scratching (e.g. lichen simplex of the pubic area). 

¢ Congenital TN. An isolated defect with autosomal dominant 
inheritance, termed ‘trichorrhexis congenita’, is described [16]. 
However, when TN presents in childhood other congenital hair 
fragility conditions should be excluded, particularly argininosuc- 
cinic aciduria. TN has also been associated with hypothyroidism, 
as well as zinc, iron and biotin deficiency [17-20]. 

e Argininosuccinic aciduria (MIM: 207900). TN is a feature of this 
rare metabolic defect [21]. Urine and serum amino acids should 
be analysed in children presenting with TN and hair fragility 
(Chapter 79). 


Investigations 
Trichorrhexis nodosa has a characteristic appearance on light or 
electron microscopy (Figure 87.60). At the nodes, the cuticle splits 
revealing the underlying splayed cortical fibres. This appearance is 
often likened to two paint brushes pushed together. These nodes 
are fragile, so breakage through the node is common, resulting in 
a ‘brush end’ appearance. Careful assessment for other diagnostic 
hair shaft abnormalities should be sought, which may reveal the 
underlying cause of the hair fragility. 

Thyroid function, ferritin/iron studies and zinc levels should be 
checked [19]. Serum and urine amino acids should be requested in 
childhood presentations. 


Differential diagnosis 

Trichorrhexis nodosa is usually easily differentiated from pediculo- 
sis, hair casts, exogenous material, superficial mycoses and bubble 
hair with light microscopy. 


(a) 


Figure 87.58 (a) Knotting of single and multiple hairs contribute to hair shaft trauma. (b) Braiding damages the hair shaft cuticle. 


(b) 


(b) 


Figure 87.59 Trichorrhexis nodosa. (a) Polarised light examination demonstrating 
splayed cortical fibres radiating from the transverse fracture in a trichorrhexis node. 

(b) Proximal trichorrhexis nodosa nodes and dramatic split ends (trichoptilosis) visible in 
the hair from an Afro-Caribbean woman. 


Management 

The key to treating TN is minimisation of traumatic hair care prac- 
tices. Frequency of shampooing will vary from person to person 
but should be sufficient to prevent excess build-up of hair prod- 
ucts and oiliness. Mild shampoos and wash-out conditioners, as well 
as leave-in water-based conditioners, followed by thicker occlusive 
oil-based products (e.g. coconut oil) are advised to retain moisture 
and prevent further damage [22]. Nutritional deficiencies should be 
addressed [23,24]. Empirical biotin supplementation (e.g. 2.5-5 mg 
per day) may be considered. 


Bubble hair | 


Introduction and general description 
The characteristic appearance of bubble hair was first described by 
Brown et al. [25]. Bubble hair is caused by excessive heat, typically 


Abnormalities of the hair shaft 


Figure 87.60 Scanning electron microscopy of trichorrhexis nodosa showing focal 
loss of the cuticle with splaying of the underlying cortical fibres. Courtesy of Dr Colin 
Malone. 


Figure 87.61 Appearance of normal scalp hair after exposure to a naked flame. 
Bubbles form within the cortex. 


due to a faulty hairdryer or tongs at high temperature causing focal 
damage (Figure 87.61) [26]. 


Pathophysiology 
Bubble hair can be intentionally created on any hairs using a naked 
flame or conducted heat. Although damp hair has been suggested 
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as a contributory factor, it is not a requirement [27,28]. Light and 
electron microscopy assessment has demonstrated that the bubbles 
are gas-filled rather than containing fluid [26,29], with the high heat 
appearing to induce rapid gas expansion (i.e. vaporisation of water) 
within the hair shaft, resulting in loss of cortical cells and bubble 
formation [27]. 


Clinical features 

Typically bubble hair is found in healthy young women who com- 
plain of focal hair breakage and hair textural change, associated with 
regular use of heated styling appliances. The hair breakage pattern 
relates to the styling technique used. 


Differential diagnosis 
Hair bubbles are also described in thallium toxicity, pili annulati and 
Favus infection. 


Investigations 

Although not always easily demonstrated by trichoscopy (as trans- 
mission of light through the defect is needed to demonstrate the 
bubbles) [4], bubble hairs may sometimes be identified in this way 
[30]. Light microscopy is usually required to confirm the diagnosis, 
and is made easier using a fluid slide-mounting medium to reduce 
reflection at the hair surface. Bubbles may be separate or adja- 
cent and can be a single large cavity or have a ‘Swiss cheese-like’ 
appearance. The bubbles expand the hair shaft and predispose to 
breakage. 


Management 

Any appliances with hot components should be serviced or 
replaced. Affected hair can be trimmed to cut out the affected 
areas; subsequent hair will be normal. 


Monilethrix — TaxOWZ 


Synonyms and inclusions 
¢ Beaded hair 


Introduction and general description 

Monilethrix is a fragile hair shaft disorder derived from the Latin 
‘monile’ (necklace) and the Greek ‘thrix’ (hair), as a descriptive name 
for the characteristic hair shaft changes seen on light microscopy 
(Chapter 66) [31]. 


Clinical features 
Monilethrix shows considerable variation in age of onset, severity, 
course and expression within a family. The hair shaft is beaded and 
breaks easily, particularly at sites of friction. Broken hair may be 
accompanied by follicular keratosis, most commonly on the nape 
and occiput (Figure 87.62). 

The typical hair shaft changes can usually be readily identified on 
both trichoscopy and light microscopy (see Figure 87.56). Regularly 
spaced elliptical nodes (0.7-1 mm apart) are separated by narrower 


Figure 87.62 Monilethrix on the nape of the neck showing follicular keratoses and 
short, broken hairs. 


Figure 87.63 Monilethrix with swollen (node) and narrow (internode) fluctuations in 
the hair bore. 


internodes, resembling a necklace (Figure 87.63). Breakages are 
typically seen at the internode sites of affected hair, although 
phenotypically normal hairs within an affected individual are also 
fragile. 


Pili torti — 


Introduction and general description 

The term pili torti is derived from the latin ‘pili’ (hair) and ‘torti’ 
(twisted). Hairs are flattened and at irregular intervals are com- 
pletely rotated through 180° around their long axis (Figure 87.64). 
Hairs are fragile with the shape making them more vulnerable 
to the effects of weathering; TN may be seen at the sites of the 
twists [32]. Pili torti is a clinical sign and not a diagnosis, being 
seen in wide array of congenital and acquired defects (e.g. scarring 
alopecias). 
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Clinical features 

There is a wide variation from case to case in the fragility of the 
hair, and hence in the clinical severity. Affected hairs are brittle and 
may break off, particularly in areas subject to trauma, such as the 
occiput. Affected hairs have a spangled appearance in reflected 
light. Non-scalp areas (e.g. eyebrows/eyelashes) may also be 
affected. There are several syndromes in which twisted hair is a 
feature (Chapter 66). 


Investigations 

Rotations of the hair shaft run in groups of three to five twists before 
the shaft normalises [33]. Screening in vivo for abnormal hairs or 
where to sample scalp hair can be done with trichoscopy. However, 
sometimes the hair is so sparse as to be difficult to sample and is 
best assessed with light microscopy. Scanning electron microscopy 
has made it clear that twisted hairs occur in many different forms, 
and that not all twisted hairs are pili torti. 

If pili torti is identified, a syndromic cause should be excluded. 
Assessment of hearing loss, serum copper/ceruloplasmin levels 
and/or nutritional deficiencies should be done depending on the 
clinical presentation (Chapter 66). 


Netherton syndrome CC 


Classification links 
e MIM: 256500 


Introduction and general description 

Netherton syndrome is characterised by a triad of congenital 
ichthyosis, typical hair shaft abnormality and atopic diathesis 
(Chapter 63). 


Clinical features 
The hair in Netherton syndrome is short, dry, lustreless and fragile. 
The eyebrows and eyelashes are sparse or absent. The pathog- 
nomonic hair abnormality is trichorrhexis invaginata (syn. bamboo 
hair) that occurs due to a temporary arrest of longitudinal hair 
growth resulting in focal impaction of the proximal hair into the dis- 
tal shaft with overgrowth of the proximal cuticle, producing a ‘ball 
in cup’ appearance. Intermittent nodes of trichorrhexis invaginata 
are seen along the hair shaft, giving a bamboo appearance to the 
hair, and these are the focus of hair breakage (Figure 87.65) [34]. 
When Netherton syndrome is suspected careful screening of hairs 
should be performed. Unfortunately, the diagnostic hair changes 
of trichorrhexis invaginata can vary over time and location. There- 
fore, it is important that samples of at least 100 hairs are carefully 
examined by light microscopy on several occasions before a definite 
negative is asserted. Alternatively, finding a single trichorrhexis 
invaginata node in a single hair is a conclusive positive. Trichoscopy 
is increasingly being employed to screen individuals suspected of 
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() having Netherton syndrome [35,36], with light microscopy (+ elec- 
Figure 87.64 Pili torti. (a) Light micrograph showing 180° twists. (b) A hair from a tron microscopy) being used to confirm the diagnosis when affected 
6-month-old boy with Menkes syndrome. (c) A hair from a 27-year-old woman with no hairs are identified. 
personal or family history of associated disorders. Consider sampling eyebrows hairs as this is shown to increase the 


likelihood of successful diagnosis [35,37]. 


PART 8: SPECIFIC 
CUTANEOUS STRUCTURES 


Chapter 87: Acquired Disorders of Hair 


Figure 87.65 Trichorrhexis invaginata in Netherton syndrome. 


Trichothiodystrophy —s SX3W@l 


Introduction and general description 

The term trichothiodystrophy (TTD) was coined to describe brittle 
hair with abnormally low sulphur content, derived from the Greek 
‘tricho’ (hair), ‘thio’ (sulphur) and ‘dystrophy’ (faulty nourishment) 
[38]. The term covers a range of phenotypes, with low-sulphur frag- 
ile hair representing the central defining criterion [39,40]. TTD can be 
classified according to the constellation of features that accompany 
the hair changes (Chapter 66). 


Clinical features 

The hair in TTD is sparse, short and brittle, but the degree of 
alopecia varies considerably. A pathway to diagnosis by Cheng 
et al. proposes that TTD should be considered in anyone presenting 
with abnormal hair and/or a neuroectodermal syndrome [41]. Hair 
samples should be taken for light and polarised light microscopy, 
followed by hair amino acid quantification. 

On light microscopy the hairs are flattened and can be twisted into 
various shapes - rather like a ribbon or shoelace. Weathering is often 
marked, with a loss of cuticle cells being prominent. A clean trans- 
verse break in the hair shaft (trichoschisis), TN and trichoptylosis 
may also be seen. Using crossed polarising filters, the hairs show 
alternating bright and dark zones likened to the appearance of a 
tiger tail. This appearance is formed due to loss of rigidity within 
the hair fibre, resulting in the longitudinal organisation of cortical 
fibres being thrown into a sine wave pattern. Usually >50% of hairs 
are affected in this way (Figure 87.66). 


Figure 87.66 Trichothiodystrophy showing alternating bright and dark zones under a 
polarising microscope. Courtesy of D. Van Neste, Brussels. 


STRUCTURAL DEFECTS WITHOUT INCREASED 
HAIR FRAGILITY 


Pili annulati — Fe 


Synonyms and inclusions 


e Ringed hair 


Introduction and general description 

Pili annulati is characterised by alternate light and dark bands along 
the length of the hair fibre resulting in an unusual, spangled appear- 
ance to the hair [1,2]. 


Clinical features 

Pili annulati is often diagnosed coincidentally due to recognition of 
the unusual shiny, spangled appearance of the hair. The light bands 
identified by eye represent the air-filled cavities that are more easily 
seen in lighter hair colours. Trichoscopy is not reliable in pili annu- 
lati because the perception is based largely on light transmission 
through the hair and not reflection [4]. 

The diagnosis of pili annulati is readily established on microscopy 
of affected hairs, particularly when mounting medium is used [42]. 
The bright appearance of the abnormal bands in reflected light is 
caused by air spaces in the cortex (Figure 87.67), but when hairs are 
examined with transmitted light microscopy the abnormal bands 
appear dark due to light scattering. 


Woolly hair | —s SoM 


Introduction and general description 

Woolly hair describes tightly coiled hair occurring over all or part 
of the scalp. In those of African origin, woolly hair is normal. 
Identifying woolly hair in non-African individuals is important as 


(b) 


Figure 87.67 Pili annulati. (a) Hair shaft by transmitted light showing an abnormal dark 
band (central part) caused by multiple cortical air spaces. This corresponds to a bright 
region as seen by reflected light. (b) The abnormality is intermittent, causing a beaded or 
ringed appearance. 


various inherited disorders may present with this phenotype, some 
of which have serious associated underling health implications. 


Pathophysiology 

Various distinct genetic defects have been identified that can all 
manifest with a woolly hair phenotype, highlighting the complex 
control of hair growth and curl development. Disorders of desmo- 
somes, keratins and lipid mediators may all present with woolly 
hair [43]. 


Clinical features 
Hair is tight coiled, with knots and fractures common. Trichoscopy 
shows kinking, flattening and twisting, with the appearance of some 
hairs likened to a ‘crawling snake’ [44]. 
Specific questions should be considered during assessment 
[43,45], including: 
e Are the hair changes generalised or localised? 
¢ Is it syndromic or non-syndromic? 
e If non-syndromic, is it autosomal dominant or autosomal reces- 
sive inheritance? 
Careful examination of the hands and feet, additional investiga- 
tions, including genetic testing, and examination of other family 
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Figure 87.68 Woolly hair naevus. 


members can help answer these questions. There will be a range of 
‘woolliness’ in the same family. 


Clinical variants 

Generalised woolly hair (non-syndromic). Autosomal dominant 
woolly hair (ADWH)/hypotrichosis [43] or autosomal recessive 
woolly hair (ARWH)/hypotrichosis [43,46]. 


Generalised woolly hair (syndromic). Woolly hair and palmoplan- 
tar keratoderma (PPK). Naxos disease and Carvajal syndrome are 
characterised by woolly hair, striate PPK and systemic features 
including cardiomyopathy. These features are important to identify 
as the hair and skin phenotype appears early in life, with cardiac 
features only developing later in childhood and adolescence. Thus, 
early identification and prompt referral to cardiology are vital due 
to the risk of sudden death in these patients [47]. 


Localised woolly hair. Woolly hair naevus (Figure 87.68) [43,48-52]. 


Acquired progressive kinking of the hair. This is typically seen in 
young men and is strongly associated with rapid AGA development 
[53,54]; it is also known as whisker hair. A change in hair shape and 
texture at the frontotemporal and vertex regions is seen, associated 
with increased shedding and a positive family history for AGA [54]. 
Biopsy shows a reduced terminal : vellus ratio. The mechanism is 
unclear but may result from irregular proliferation within the HF 
bulb during hair miniaturisation. 


Acquired woolly hair. This may also be caused by drugs such as 
valproate and retinoids [55,56]. 


Investigations 
Hair microscopy in all the woolly hair disorders reveals non-specific 
features that are consistent with a woolly, stiff hair phenotype. For 
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localised woolly hair, additional investigations are usually not nec- 
essary. For generalised woolly hair, features of syndromic woolly 
hair should be sought. Cardiac investigation (electrocardiogram/ 
echocardiography) may be indicated, and genetics referral should 
be considered in all generalised cases. 


Uncombable hair syndrome 


Synonyms and inclusions 

e Pili triangulati et canaliculi 

¢ Cheveux incoiffables 

¢ Spun glass hair 
Classification links 

e MIM: 191480 


Introduction and general description 

The hairs of uncombable hair syndrome typically show a triangular 
or kidney-shaped cross-section causing them to be rigid and to stand 
up, resulting in a distinctive clinical presentation. 


Clinical features 

The hair is normal in quantity and sometimes also in length, but 
the wild, disorderly appearance totally resists all efforts to control it 
with a brush or comb [57]. The hair is often a silvery blond colour. 
The eyebrows and eyelashes are normal. 

With light microscopy the three-dimensional aspect of the shaft 
changes can be difficult to establish. Polarised light microscopy 
may help, but scanning electron microscopy is the gold standard 
for identifying the typical changes [58]. The hairs are triangular 
or kidney-shaped in cross-section and longitudinal grooving is 
identified (Figure 87.69). Recently, techniques to identify the hairs 
in cross-section using epoxy resin [59] or frozen sectioning [60] 
have been described. Samples should show >50% abnormal hairs 
to make the diagnosis (Figure 87.70) [58,61]. 


Loose anagen syndrome 


Introduction and general description 
This condition features anagen hairs that are loosely anchored and 
easily pulled from the scalp [62-65]. 


Clinical features 

Typically, loose anagen syndrome is seen in fair-haired children, 
aged 2-9 years and mostly girls [66]. The hair is slightly unruly, of 
uneven length and patchy in quality, with a history of not growing 
properly and never needing cutting. Hair is usually easily and 
painlessly plucked from the scalp. Diagnosis is suggested when 
3-10 anagen hairs are easily removed using the hair pull test 
[65,67,68], although caution is required as the numbers of hairs 
removed can vary over time, so a single negative hair pull does 
not exclude the diagnosis [69]. Diagnosis can be confirmed by 
trichogram and requires at least 70% of hairs to be loose anagen 
hairs [65,66,68]. 


(b) 


oo) 


Figure 87.69 Uncombable hair syndrome. (a) The triangular cross-section of the hair 
contributes to its stiffness. (b) Light microscopy revealing grooving when using partially 
crossed polarising filters. (c) Scanning electron micrograph showing a triangular 
cross-section and canalicular depression or gutter along one side. 


Figure 87.70 Hair fibres in uncombable hair syndrome showing a typical triangular 
shape in cross-section. Here hair fibres were embedded, sectioned horizontally, stained 
and viewed by microscopy. 


Microscopy of loose anagen hairs shows ruffling of the cuticle 
adjacent to the anagen bulb, giving the appearance of a ‘floppy sock’ 
(Figure 87.71), along with the absence of an attached root sheath 
(helping to differentiate these hairs from normal plucked anagen 
hairs). 


Differential diagnosis 

Olsen et al. showed that 61% of normal children under 10 years have 
some degree of loose anagen hairs on hair pull, although the num- 
bers of hairs removed were small (one or two loose anagen hairs 
per pull) compared with significantly higher numbers seen in loose 
anagen syndrome. This may reflect immature anchoring and higher 
anagen levels in this younger age group [67]. 


Short anagen syndrome — V3 


Introduction and general description 

Short anagen syndrome is frequently confused with loose anagen 
syndrome (perhaps due to the similar name) but has distinct clinical 
features [70]. 


Pathophysiology 

This condition is usually sporadic, resulting in poor hair growth due 
to a short anagen phase. As duration of anagen is the main determi- 
nant of hair length, hairs do not grow past a certain length in this 
condition and proportionately more hairs are in the telogen phase at 
any one time. It likely results from genetic and hormonal influence 
on anagen duration that are age and sex dependent. Shorter anagen 
durations of 4-10 months contrast with normal anagen durations of 
2-6 years. 


Clinical features 

Typically, short anagen syndrome presents in early childhood 
(2-4 years) when shorter hair growth becomes apparent compared 
with the child’s peers. It is mainly reported in white people with 
fine blond hair. The hair length is short, often <6 cm in length, and is 
described as ‘not growing’ or ‘never needing cutting’ [71]. The hair 
density may be low, with episodes of hair shedding, and a positive 
pull test is sometimes seen. However, the hair is of normal quality 
with no fragility or unruliness observed [70]. 
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Abnormalities of the hair shaft 


Figure 87.71 Plucked anagen hair in the loose anagen syndrome showing a vestigial 
root sheath and a ruffled cuticle. 


Investigations 

Hair microscopy should be performed to exclude other hair shaft 
abnormalities. Pointed tapered tips are seen on all hairs, showing 
that the shorter length is due to shorter hair growth and not cutting 
or breakage. Trichogram or scalp biopsy assessment is usually not 
necessary but may show an increased percentage of telogen hairs. 


Management 

Some improvement with age (especially during puberty) may be 
seen. Treatments to prolong anagen may be used, including topical 
or oral minoxidil. Low-level light therapy and PRP conceivably may 
help [71]; ciclosporin has also been used [72]. 


Trichostasis spinulosa — Fs sSVX3#w 


Introduction and general description 

This is probably a normal, age-related phenomenon — which is eas- 
ily overlooked — in which successive telogen hairs are retained in 
predominantly sebaceous follicles [73]. 


= 
— 
U 
Lu 
a 
Ww 
oe. 
- 
< 
3 


CUTANEOUS STRUCTURES 


~ 
— 
U 
Lu 
-¥ 
7A) 
B 
- 
< 
-¥ 


CUTANEOUS STRUCTURES 


87.84 


Chapter 87: Acquired Disorders of Hair 


Pathophysiology 

The cause of entrapment of vellus hairs within a hyperkeratotic 
infundibulum is unclear. A congenital dysplasia or abnormal angu- 
lation of the HF may predispose to entrapment of vellus hairs. 
External factors, such as dust or oils, may contribute. Follicles 
contain Malassezia yeasts and Cutibacterium acnes, but their role in 
pathogenesis is uncertain [74]. 


Clinical features 

Usually an incidental finding, trichostasis spinulosa is reported at 
all adult ages, although it appears to be more common in the elderly. 
The lesions, which closely resemble comedones, occur predomi- 
nantly on the nose, forehead and cheeks, but the trunk, interscapular 
area and limbs may also be affected [74,75]. 

Lesions are comedo-like with horny plugs and a retention of vel- 
lus hairs may be seen [76]. The classic variant affecting the face in 
elderly people is usually asymptomatic, whereas a pruritic vari- 
ant occurring in younger people affecting the trunk and limbs is 
described [75,77]. The number of follicles affected varies greatly. 
Dermoscopy identifies tufts of multiple, slightly pigmented vel- 
lus hairs emerging from a dilated follicular ostium, with variable 
degrees of hyperkeratosis seen. Trichostasis spinulosa has been 
reported in association with the use of topical minoxidil and topical 
steroids, and in the clinical setting of chronic renal failure [78-80]. 


Differential diagnosis 

The condition must be differentiated from the ‘multiple hairs’ of 
pili multigemini. Dilated pores, comedonal acne, Favre-Racouchot 
syndrome and keratosis pilaris should also be considered. 


Investigations 

On histology, affected follicles contain up to 50 vellus hairs embed- 
ded in a keratinous plug. Standard skin surface biopsy uses 
cyanoacrylate glue on a glass slide applied to the skin for surface 
sampling and identifies multiple vellus hair bundles in funnel- 
shaped structures [81]. 


Management 

Keratolytic preparations are often disappointing. The most effective 
treatment is topical retinoic acid, which should be used as in the 
treatment of acne [82]. Depilatory wax, specialised cleaning pads 
and a variety of laser treatments have also been advocated [83]. 


Pili multigemini 


Synonyms and inclusions 


Pili bifurcate 


Introduction and general description 

The term pili multigemini describes an uncommon developmental 
defect of HFs that fuse, resulting in multiple hairs from a compos- 
ite follicular structure emerging through a single pilosebaceous 
canal [84,85]. 


Pathophysiology 

Pili multigenini is due to a developmental defect of the HF. Two to 
10 hairs develop with separate papilla, matrix and IRS, but sharing 
the same ORS. 


Clinical features 

Pili multigemini may occur anywhere on the body, but is typically 
found on the face, and especially along the jawline [84,85]. Isolated, 
thicker than average hairs are seen that may be flattened, oval 
or triangular. Their discovery is often a matter of chance, but the 
patient may complain of recurrent inflammatory nodules that leave 
scars. Dermoscopy reveals bundles of pigmented hairs of similar 
thickness emerging from one ostium, often surrounded by a peripi- 
lar cast. Numerous follicles showing this defect have been seen in a 
patient with cleido-cranial dysostosis, and a naevoid pattern on the 
back has also been described [86]. 


Differential diagnosis 

This is different from compound or tufted follicles, where separate 
follicular bulbs generate hairs that fuse in the infundibular region 
and can emerge from a single opening. 


Investigations 

Microscopy of plucked hairs shows a typical ‘bundle of sticks’ 
appearance. Within the follicular canal, contiguous hairs may 
adhere, bifurcate and then re-adhere [87]. 


EXCESSIVE HAIR GROWTH 


Growth of hair on the body may be considered excessive if it is 
increased compared with what would be considered normal for 
an individual of the same age, sex and race [1]. Hypertrichosis can 
involve any area of hair-bearing skin and affects both males and 
females. Hirsutism refers specifically to an increase in terminal 
pigmented hairs in an adult male (androgen-dependent) pattern in 
females. 


Hypertrichosis i 


Hypertrichosis may be a generalised or localised phenomenon. Dis- 
orders resulting in hypertrichosis may be congenital or acquired. 
There are several mechanisms by which hypertrichosis is thought 
to occur [1]: (i) switching hairs from vellus to terminal (although the 
mechanism of vellus to terminal transition is poorly understood); 
(ii) changes to the HF growth cycle resulting in increased anagen 
duration and fewer telogen hairs (producing longer hairs and less 
shedding) thereby increasing hair density; or (iii) higher numbers of 
HFs than normal present at a particular body site. 

The terminology relating to congenital hypertrichosis can be 
confusing and disorders are best described in terms of the spe- 
cific genetic abnormality (if known), inheritance trait (autosomal 
dominant (AD), recessive (AR) or X-linked) and any associated 
abnormalities. 
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Congenital generalised hypertrichosis 


Congenital generalised hypertrichosis (CGH) is rare. There are a 
small number of disorders in which generalised hypertrichosis is 
the main clinical feature. Inheritance may be AD, AR (MIM: 135400) 
or X-linked (MIM: 307150). Associated features may or may not be 
present, with gingival hyperplasia being the commonest associa- 
tion. The hair type may be specified as either lanugo or terminal. 
In cases of AD-CGH, copy number variations on chromosome 17 
(17q24.2-q24.3) have been identified [2-4]. Recently, the overlap- 
ping genetic region for AD-CGH has been narrowed to two genes: 
ABCAS5 and MAP2K6 [4]. ABCA5 is a member of the superfamily of 
adenosine triphosphate (ATP) binding cassette transporters located 
at the lysosomal membrane and involved in efflux of lysosomal 
cholesterols. Loss of function in ABCA5 may lead to the accu- 
mulation of endolysosomal cholesterol, defective lysosomes and 
impaired cellular cholesterol homeostasis, impacting normal HF 
biology [4]. In AR-CGH, a single base pair substitution in ABCA5 
has been identified [5]. A case report of isolated generalised hyper- 
trichosis has been found in association with a duplication at 17q11.2. 
The duplicated region contained approximately 30 genes includ- 
ing FOXN1, a transcription factor involved with the differentiation 
of epithelial cells and regulation of keratinocytes, especially hair 
keratins [6]. 

X-linked CGH affects males more severely and, in different 
kindreds, has been associated with dental anomalies, deafness, 
scoliosis and spina bifida [7-9]. The condition has been mapped to 
chromosome Xq24-q27.1 and several studies have identified inter- 
chromosomal insertions at an extragenic palindrome site at Xq27.1 
[9,10]. In one study, a gene surrounding the insertion, FGF13 (fibrob- 
last growth factor 13), was found to have significantly reduced 
mRNA levels. Immunofluorescence staining revealed a striking 
decrease in FGF13 throughout the ORS of affected HFs [10]. 

Cantu syndrome (MIM: 239850) is an AD syndrome characterised 
by congenital hypertrichosis, osteochondrodysplasia, characteristic 
facial anomalies and cardiomegaly [11]. The condition results from 
a gain-of-function mutation of the ABCC9 gene that encodes SUR2, 
a subunit of ATP-mediated potassium channels [12-14]. Similari- 
ties between Cantu syndrome and the effects of the drug minoxidil 
were first noted in 2006 [12,15]. SUR2B is expressed on HF dermal 
papilla cells and is the pharmacological target of minoxidil [16-18]. 


Congenital hypertrichosis lanuginosa. Congenital hypertrichosis 
lanuginosa (syn. hypertrichosis universalis) (MIM: 145700) is an 
extremely rare disorder in which fetal lanugo hair is not shed 
in utero. To date, no genetic abnormality has been identified but 
the condition is inherited as an AD trait [19,20]. In reported cases, 
long, pale, silky lanugo hairs cover the entire body surface except 
the mucosae, palms and soles (Figure 87.72) [20,21]. Abnormal 
dentition is found in some cases [19-21]. Hypertrichosis may persist 
but improvement during infancy is reported [21]. 


Congenital hypertrichosis (Ambras type). There has been debate 
regarding the use of the term Ambras type congenital hypertri- 
chosis (syn. hypertrichosis universalis congenita Ambras type) 
(MIM: 145701) [22,23]. It is recognised that cases described as 
Ambras-type hypertrichosis are associated with rearrangements of 
chromosome 8. Cytogenetic analysis of several cases of Ambras-type 


Figure 87.72 Congenital hypertrichosis lanuginosa. Courtesy of Dr Partridge, 
Leamington, UK. 


hypertrichosis have identified breakpoints in the 8q22-8q24 region 
[24]. An 11.5 Mb candidate interval on chromosome 8q has been 
identified based on these breakpoints. TRPS1, a gene within this 
interval, was deleted in one patient with an 8q23 chromosomal 
rearrangement, and its expression was significantly downreg- 
ulated in another patient with an inversion breakpoint 7.3 Mb 
downstream of TRPS1. These results suggest a position effect 
that downregulates TRPS1 expression as the probable cause of 
hypertrichosis [24]. TRPS1 is a transcription factor expressed in the 
nuclei of mesenchyme-derived dermal papilla cells and human HF 
epithelial cells [25]. Clinically, cases of congenital hypertrichosis 
with C8q breakpoints have widespread, long, fine, vellus-type hair, 
with accentuation of hair growth on the shoulders, ears and face; 
abnormal facial features are also described [24]. 


Other congenital disorders in which hypertrichosis is an impor- 
tant feature are described in Chapter 66. CGH may also arise in 
association with neonatal hypothyroidism [26] and non-genetic 
disorders such as fetal alcohol syndrome. 


Congenital localised hypertrichosis 


Congenital localised hypertrichosis may occur as a primary phe- 
nomenon or, more commonly, in association with other congenital 
conditions, naevi and hamartomas. Sometimes, such as with 
Becker naevus, increased hair is not evident in infancy, but develops 
later in childhood or adolescence. In some cases, focal hypertri- 
chosis may be an indicator of significant underlying pathology, 
such as with spinal dysraphism. 


Primary (naevoid) congenital hypertrichosis. Naevoid hyper- 
trichosis (reviewed by Gupta et al. [27]) is a localised growth of 
terminal hair present at birth or shortly thereafter. It occurs in 
the absence of other abnormalities and can occur anywhere on 
hair-bearing skin. Patches are typically solitary; however, multiple 
patches have been described, some associated with a degree of 
lipoatrophy [28]. Multiple patches of hypertrichosis may be seen 
in association with other congenital cutaneous disorders such 


= 
— 
U 
Lu 
a 
Ww 
-.) 
- 
< 
a 


CUTANEOUS STRUCTURES 


= 
— 
U 
Lu 
3 
7A) 
o 
- 
< 
3 


CUTANEOUS STRUCTURES 


87.86 


Chapter 87: Acquired Disorders of Hair 


as hypomelanosis of Ito [29], and congenital syndromes such as 
Happle-Tinschert syndrome [30]. Several well-recognised patterns 
of localised hypertrichosis include hypertrichosis cubiti (MIM: 
139600): ‘hairy elbows’, reviewed in [31]; anterior cervical hypertri- 
chosis (MIM: 600457), reviewed in [32]; and hypertrichosis of the 
ears (syn. hypertrichosis pinnae auris) (MIM: 139500, 425500) [33]. 


Local hypertrichosis associated with other congenital naevi/ 
hamartomas. Hypertrichosis is frequently seen in association 
with congenital melanocytic naevi, although hairs may not become 
apparent until puberty. Hypertrichosis may also occur in association 
with neurofibromas, particularly plexiform lesions. Becker naevus 
occurs predominantly in males. Localised hyperpigmentation 
appears during childhood/adolescence, with hypertrichosis first 
evident after puberty due to the influence of androgens. Smooth 
muscle hamartomas, which can appear similar to Becker naevi, are 
often associated with hypertrichosis [34,35]. 


Localised hypertrichosis associated with spinal dysraphism. Con- 
genital focal hypertrichosis overlying the spine may be an indicator 
of spinal dysraphism (congenital abnormalities where defective clo- 
sure of the neural tube is associated with abnormalities of the 
vertebral column, e.g. spina bifida). Approximately 50% of cases of 
spinal dysraphism have associated cutaneous abnormalities, with 
focal hypertrichosis one of the commoner cutaneous findings [36]. 
Localised lumbo-sacral hypertrichosis (syn. faun tail naevus) is 
a V-shaped patch of hair overlying the lumbo-sacral spine most 
associated with tethered cord and diastematomyelia (split spinal 
cord) (Figure 87.73) [36-38]. The appearance of the hairs is vari- 
able [39], and has also been reported overlying the upper thoracic 
spine in association with tethered cord [40]. Focal hypertrichosis 
may also be seen in association with cranial dysraphism, where it 
may overlie defects or encircle them. The hair collar sign is a ring 
of dark coarse hair surrounding exophytic scalp lesions such as 
encephaloceles and meningoceles [39]. 


Acquired hypertrichosis 


Acquired hypertrichosis is usually classified as being either gen- 
eralised or localised; however, these categories are not strictly 
defined and in some reported cases arguably either term could 
be applied. Some causes of hypertrichosis are reported to cause 
both localised and more generalised hair growth, such as the use 
of topical minoxidil or cetuximab, juvenile dermatomyositis and 
porphyria cutanea tarda. 


Generalised acquired hypertrichosis. The development of exten- 
sive hypertrichosis in an adult can be a cutaneous manifestation 
of internal malignancy and requires prompt investigation. More 
frequently, generalised hypertrichosis occurs as a side effect of 
systemic medication, but may also occur in association with several 
systemic conditions. 


Malignancy-associated generalised hypertrichosis. Malignancy- 
associated hypertrichosis lanuginosa (syn. ‘malignant down’, 
acquired hypertrichosis lanuginosa, paraneoplastic hypertrichosis 
lanuginose) is a rare paraneoplastic condition in which long, fine, 


Figure 87.73 Lumbo-sacral hypertrichosis (‘faun tail’), here associated with 
diastematomyelia. 


lanugo-type hairs develop over the face and body in association 
with an underlying malignancy (reviewed in [41]). The condition 
is reported to occur most frequently in the fifth to eighth decades 
and is reported in women more frequently than men [41,42]. 
The condition is generally seen in association with advanced or 
metastatic cancer [41,42], although occurrence with early-stage 
breast cancer is reported [43]. The onset of hypertrichosis may 
precede tumour diagnosis by several years [42]. Striking downy 
hair growth starts on the face (particularly the eyebrows, forehead, 
cheeks, ears and nose) and progresses cephalocaudally, with spar- 
ing of the palms, soles and genital skin [42]. In women, colo-rectal 
cancer is the most observed associated malignancy, followed by 
lung and breast cancer. In men, lung cancer is the most frequent 
association, followed by colo-rectal cancer [41,42]. A wide range 
of internal malignancies have also been reported in association, 
including chronic lymphocytic leukaemia and extraskeletal Ewing 
sarcoma [44,45]. Hair growth tends to mirror the underlying cancer, 
regressing with successful treatment and recurring with cancer 
recurrence. A role for tumour-related growth factors and growth 
factor receptor ligands is speculated [41]. 


Non-malignancy-associated generalised hypertrichosis. 

Drug-induced hypertrichosis. Hypertrichosis is a well-recognised 
side effect of several medications including minoxidil (oral and top- 
ical [46-50]), phenytoin, psoralens, ciclosporin and prednisolone. 
Generalised hypertrichosis in children is reported with inhaled 
corticosteroids [51]. Antihypertensives other than minoxidil 
may induce hypertrichosis, including diazoxide [52,53], vera- 
pamil [54], perindopril and amlodipine [55]. There are a number 
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Figure 87.75 Localised hypertrichosis at the site of underlying panniculitis. 


of reports of hypertrichosis occurring with biologic agents includ- 
ing secukinumab [56,57], ixekizumab [57], interferon-a [58] and 
cetuximab [59]. 


Hypertrichosis in association with medical disorders. Generalised 

hypertrichosis is reported to be a feature of several medical condi- 

tions including: 

e Endocrine and metabolic disorders (juvenile hypothyroidism 
[60,61], Cushing disease, porphyria cutanea tarda (Figure 


Wn 
Lu 
ce 
Figure 87.74 Facial hypertrichosis in porphyria cutanea tarda VU r= 
87.74) [62]. TU 
¢ Connective tissue disease (juvenile dermatomyositis) [63,64]. oe) 
Table 87.8 Causes of localised acquired hypertrichosis ¢ Nutritional disorders (malnutrition, anorexia nervosa) [65,66]. a = 
Cause Examples and references e¢ Haematological disorders (POEMS syndrome (polyneuropathy, nw 
organomegaly, endocrinopathy, monoclonal protein and skin [F%5 5 
Medication Topical minoxidil changes)) [67]. EO 
Topical intralesional corticosteroids - Ww 
Topical tacrolimus [68,69] ; ‘ : ; F a 
piostiglandin Snalagues (eyelash wiehoMnegaly tel Localised acquired hypertrichosis. Many causes of localised hyper- ag 
hypertrichosis) [70,71] trichosis are reported (Table 87.8), with medications constituting 5 
Infliximab [72] one of the most frequent associations. Eyelash trichomegaly is U 
Dupilumab (injection sites) [73] reported with several biologic treatments. Inflammatory disorders 


Panitumumab (eyelash trichomegaly, ear hypertrichosis) 
[74,75] 

Erlotinib (eyelash trichomegaly, facial hypertrichosis) [76-78] 

Interferon « (eyelash trichomegaly) [79], interferon B 
(injection sites) [80] 


Cetuximab (face, scalp, eyelashes, eyebrows) [81,82] Z z 
Inflammatory and Porphyria cutanea tarda (facial hypertrichosis) Hirsutism 
metabolic Pretibial myxoedema 


Juvenile dermatomyositis (infrapatellar) [83] 


and physical causes (e.g. panniculitis (Figure 87.75)) are other 
well-recognised associations. 


Panniculitis [84,85] Introduction and general description 
Physical Laser epilation (paradoxical hypertrichosis) [86] Hirsutism is defined as excessive male pattern androgen-dependent 
7 Chronic iene aan eae i terminal hair growth on the face and body of women. It is estimated 
aa eI Neve eet is NoWie gan) ey ehh Wercele eee) to affect 5-10% of women of reproductive age worldwide and 
Miscellaneous Vaccination sites [90] : : a g 
sclerotherapy [91,92] prevalence varies with age and ethnicity [1-4]. Most women with 
Henna tattoos [93] hirsutism (>80%) will have an underlying disorder causing andro- 
Plaster casts/healing fracture [94] gen excess [5]. However, the severity of hirsutism correlates poorly 


with androgen levels [3,6,7]. Hirsutism is frequently an emotional 
and financial burden for women, significantly impacting quality 
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of life [1,8]. While there are strict clinical definitions of hirsutism 
(usually assessed using the Ferriman—Gallwey scoring system [9]), it 
has been recommended that treatment be guided largely by patient 
distress experienced due to excessive unwanted hair growth [8]. 
Age, ethnicity and genetic factors influence the extent of female 
facial and body hair, and these factors are relevant to the epidemi- 
ology of hirsutism. Androgen levels tend to decrease with age [10]; 
thus, hirsutism tends to be more prevalent in younger women [11]. 
Hirsutism also varies with ethnicity, with significantly higher hir- 
sutism scores seen in Mediterranean, Hispanic and Middle Eastern 
women compared with East Asian women (reviewed in [1]). A US 
population study examining hirsutism in black and white women 
of reproductive age found no statistically significant difference in 
abnormal hirsutism scores between the two groups (4.3% black 
women versus 5.4% white women) [12]. Hirsutism is a feature 
of several clinical disorders, most commonly polycystic ovarian 
syndrome (PCOS), but in a minority of cases it is idiopathic. 


Pathophysiology 

Pigmented terminal facial or body hair in a male pattern is con- 
trolled by androgens, and excessive hair growth occurs either 
due to increased androgen levels (hyperandrogenaemia) or, less 
commonly, increased HF sensitivity to normal levels of androgens. 
Hirsutism is an important clinical marker of underlying hyper- 
androgenism and is the most common clinical manifestation of 
hyperandrogenaemia in women [13]. 


Normal female androgen physiology [6,14] 

In women, androgens are produced both by the adrenal glands 
and the ovaries. Adrenal androgen production (adrenarche) begins 
several years before the onset of puberty under the influence of 
ACTH. The major adrenal androgens are dehydroepiandrosterone 
sulphate, DHEA and androstenedione. Ovarian androgen secretion 
begins at puberty, stimulated by luteinising hormone. Ovarian 
tissues also secrete DHEA, androstenedione and _ testosterone. 
Testosterone is secreted by both the adrenals and ovaries; however, 
around 50% of testosterone is derived from the peripheral conver- 
sion of androstenedione in the skin and other extrasplanchnic sites. 
Circulating testosterone is bound avidly to sex hormone-binding 
globulin (SHBG), with around 20-25% loosely bound to albumin. 
Only around 1% of circulating testosterone is unbound; thus, levels 
of binding proteins such as SHBG are important modulators of 
androgen activity. DHT, the most potent androgen, is a product 
primarily of peripheral tissue conversion of testosterone via the 
activity of 5a-reductase. Only DHT and free (unbound) testosterone 
can bind to and activate androgen receptors. DHT has a fivefold 
greater affinity for the androgen receptor than testosterone. 


Androgen excess 

Excessive androgen levels are found in >80% of hirsutism cases and 
elevated androgens may be of ovarian or adrenal origin. Hirsutism 
without hyperandrogenaemia, and in which there are no other signs 
or symptoms indicative of a hyperandrogenic endocrine disorder 
and menses are regular, is described as idiopathic hirsutism [1,6]. 
It is unclear whether idiopathic hirsutism is due to altered andro- 
gen activity within the HF, increased HF sensitivity to androgens 
or abnormal local androgen concentrations [1,6,7,15]. DHT is the 


primary androgen implicated in the transition of vellus hairs to ter- 
minal hairs in hirsutism. Activation of androgen receptors in HF 
dermal papilla cells promotes expression of genes that increase HF 
size, hair diameter and anagen duration [6]. 

A possible role for the androgen receptor in the pathogenesis of 
hirsutism has been considered. A variable number tandem repeat 
polymorphism consisting of CAG repeats is embedded in the AR 
gene [16]. These trinucleotide repeats have been found to be poly- 
morphic among humans and the transcriptional activity of the AR 
gene is inversely correlated with the number of CAG repeats [17]. 
The normal CAG repeat number varies from 11 to 36, with an 
average of 20-23 repeats [17]. In one recent study of Turkish women 
with disorders of androgen excess and idiopathic hirsutism, short 
(<17) CAG repeats were found to be associated with both PCOS and 
idiopathic hirsutism [18]. Another study examined AR CAG repeats 
in healthy Jewish women of different ethnicities. For the group, 
there was a significant negative correlation between the number 
of CAG repeats in the AR gene and hirsutism scores, with longer 
CAG repeats associated with lower levels of hirsutism. Further, 
differences in the prevalence of hirsutism between the two ethnic 
groups correlated with CAG repeat length [19]. 

A study in 60 women with hirsutism and/or acne found that 
8.3% of women had heterozygotic CYP21A2 mutations. CYP21A2 
encodes for 21-hydroxylase, the enzyme most associated with 
non-classic (late-onset) congenital adrenal hyperplasia, an uncom- 
mon cause of hirsutism. The mutation rate in women with hirsutism 
was significantly higher than in the general population, although 
there was no significant difference in hormone levels between 
heterozygous carriers and subjects with normal CYP21A2 genes [20]. 


Clinical features 
The assessment of women presenting with a history suggestive of 
hirsutism should begin with a complete history and physical exam- 
ination. Relevant factors in the clinical history include the patient’s 
age and age at onset of hirsutism; menstrual history and pregnan- 
cies; medications; family history of endocrine disease; and history 
of hair removal. Clinical examination for other signs of hyperandro- 
genism and other endocrine disorders should also be undertaken [6]. 
The modified Ferriman-Gallwey score (mFGS) is the standard 
method of clinical evaluation of hirsutism (Table 87.9) [21,22]. 
Nine defined body areas (including upper lip, chin, anterior chest, 
back and proximal limbs) are assigned a score from 0 (no hair) 


Table 87.9 Modified Ferriman-Gallwey score of hirsutism. Each site is assessed on a 
scale of 0 (no terminal hair growth) to 4 (extensive growth of terminal hair). A score of 8 
or more is conventionally regarded as indicating significant hirsutism. 


Area Score 
Moustache 0-4 
Beard 0-4 
Chest 0-4 
Abdomen 0-4 
Suprapubic, extending to umbilicus 0-4 
Upper arms 0-4 
Thighs 0-4 
Upper back 0-4 
Lower back 0-4 
Total X/36 


Excessive hair growth 87.89 


to 4 (frankly virile) and these scores are added to give a total hir- 
sutism score [1,21,22]. An mFGS above the 95th percentile for the 
female population of reproductive age is considered to constitute 
a diagnosis of hirsutism [1,3,22]. Epidemiological studies highlight 
variations in female body hair according to ethnicity: modified FGSs 
that define hirsutism in women of reproductive age in the USA and 
UK are values >8; for Mediterranean, Hispanic and Middle Eastern 
women values are >9-10; for South American women values are 
>6; and for East Asian women values are between >2 and >7, 
depending on ethnic group (reviewed in [1]). 

Hirsutism is present when there is excessive terminal pigmented 
facial and/or body hair in a male distribution. Affected areas 
are most commonly the upper lip, chin and neck, anterior chest, 
lower abdomen and thighs [9]. Hirsutism should be distinguished 
from hypertrichosis, which is characterised by a generalised 
non-androgen-dependent increase in hair growth. When women 
are examined for signs of hirsutism, hair will often have been 
removed for cosmetic purposes. However, close inspection may 
reveal short cut and/or ingrowing hairs because of shaving, pluck- 
ing or waxing. An accurate assessment of the mFGS may not be 
possible in women who have been treated by laser epilation or elec- 
trolysis. Other cutaneous signs of hyperandrogenism that may be 
present include seborrhoea, acne vulgaris and patterned hair loss. 
Other signs of androgen excess (virilisation) include clitoromegaly, 
deepening of the voice, increased muscle mass and male body habi- 
tus. Several endocrine disorders may be associated with hirsutism 
and signs such as acanthosis nigricans and cushingoid facies are 
important to recognise [23]. 


Investigations 

Most women presenting with hirsutism (>80%) will have bio- 
chemical hyperandrogenism. Given that the severity of hirsutism 
correlates poorly with androgen levels, all women with an abnormal 
hirsutism score should have biochemical assessment of circulating 
androgen levels. A short history of increasing hirsutism, particu- 
larly in association with other features such as virilism or signs of 
Cushing syndrome, indicates that prompt assessment is required. 
The most useful initial investigation is measurement of testosterone. 
An elevated result should be confirmed on a second sample, prefer- 
ably using tandem mass spectrometry. Increasingly, the androgen 
profile is measured using tandem mass spectroscopy and an initial 
androgen screen might include total testosterone, androstenedione 
(predominantly an ovarian androgen) and 17-hydroxyprogesterone 
(to screen for non-classic congenital adrenal hyperplasia). Signifi- 
cant abnormalities of androgen biochemistry require further inves- 
tigation and patients should be referred to the appropriate specialty, 
usually gynaecology or endocrinology. Further investigations may 
include extended androgen biochemical analyses, exclusion of other 
endocrine disorders (e.g. Cushing syndrome: urinary cortisol, dex- 
amethasone suppression test), ultrasound evaluation of the ovaries 
(for suspected PCOS) and computed tomography/magnetic reso- 
nance imaging of the ovaries or adrenals (for suspected tumours). 


Management 

The two main aspects of management of hirsutism are treatment of 
excessive facial and body hair (cosmesis) and management of any 
underlying disorders causing hyperandrogenism. 


Physical methods of hair removal 

Most women will be familiar with the many options for the physi- 
cal removal of hair. Many are cheap and easily available (shaving, 
plucking, depilatory creams, waxing, bleaching, threading, sugar- 
ing), although these methods frequently have side effects including 
skin irritation and pseudofolliculitis. Electrolysis is probably per- 
formed less frequently with the advent of hair removal lasers. Laser 
photoepilation is generally considered to be the most effective 
means of hair removal [1] and the best outcomes are seen when 
treating dark hairs in light-skinned individuals. Nd:YAG laser 
treatment is generally recommended for women with darker skin 
types [1]. Photoepilation of non-pigmented hairs is difficult and 
it has been suggested that electrolysis may be useful in this situa- 
tion [1]. Paradoxical hypertrichosis is an uncommon side effect of 
photoepilation which is said to occur with increased frequency in 
Mediterranean and Middle Eastern women [24]. 


Topical treatments 

Eflornithine cream reduces the rate of hair growth by inhibiting the 
enzyme ornithine decarboxylase. Clinical trial evidence suggests 
a modest benefit in the treatment of facial hirsutism, with around 
one-third of women considered a clinical success on completion of 
a 6-month trial using eflornithine cream, with an approximately 
25% improvement in hair mass and length. Treatment must be 
continued to maintain the response [25]. There is some evidence 
that combining eflornithine cream with laser epilation results in a 
more rapid and greater reduction in unwanted hair compared with 
laser treatment alone [26]. The use of eflornithine cream following 
intense pulsed light (IPL) therapy has shown some benefit in main- 
taining IPL-induced hair reduction [27]. Eflornithine cream should 
be avoided during pregnancy. 


Systemic therapies 

The recommended first line systemic treatment for women with 
hirsutism is the combined oral contraceptive pill (OCP). Evidence 
suggests that no one type carries a significant advantage over 
another in terms of efficacy [1,28]. It has been recommended that if 
the response to treatment is suboptimal after 6 months combined 
OCP treatment, then an antiandrogen preparation should be added. 
Spironolactone 100 mg OD and flutamide 250 mg BD have been 
shown to be effective in treating hirsutism; however, some authors 
recommend against the use of flutamide for this indication, in 
view of hepatotoxicity associated with the use of this drug [1]. 
Bicalutamide appears to have a better safety profile than flutamide, 
however at present there are few data regarding its usefulness 
in the management of hirsutism. One trial comparing an OCP 
plus bicalutamide versus OCP alone demonstrated that OCP plus 
bicalutamide is well tolerated and significantly more effective than 
OCP alone in treating severe hirsutism [29]. Differing conclusions 
have been reached regarding the role of finasteride in the treatment 
of hirsutism. A systematic review concluded that finasteride was 
significantly more effective than placebo in the treatment of hir- 
sutism, and its effectiveness comparable with spironolactone and 
flutamide [1]. However, an earlier systematic review concluded that 
while finasteride reduced the modified FGS, the reductions were 
inconsistent across studies [28]. Neither flutamide nor finasteride 
is licensed for use in hirsutism in the UK, and neither is used 
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routinely. Metformin does not appear to be an effective treatment 
for hirsutism [1,28]. 


DISORDERS ASSOCIATED WITH HIRSUTISM 


Hirsutism is a clinical sign and may be indicative of a serious under- 
lying medical condition. The most common disorder associated with 
hirsutism is PCOS, which accounts for 70-80% of hirsutism diag- 
noses [2,4]. Idiopathic hirsutism (normal androgen levels, regular 
menses) accounts for approximately 5-15% of cases [1,2-4], and 
non-classic (late-onset) congenital adrenal hyperplasia 1.6-4.3% of 
cases. Androgen-secreting tumours are rare, accounting for only 
0.2% of hirsutism cases [2,4,5]. 


Polycystic ovarian syndrome 


Polycystic ovarian syndrome (syn. polycystic ovary syndrome) 
is one of the most common endocrine disorders, affecting an 
estimated 5-10% of women of reproductive age (depending on 
the diagnostic criteria used) [6]. The disorder is characterised by 
hyperandrogenism, chronic anovulation and ultrasound evidence 
of polycystic ovaries. The 2003 Rotterdam criteria require two of 
three of the following clinical features to diagnose PCOS: oligo- or 
anovulation; biochemical or clinical signs of hyperandrogenism; 
and ultrasound evidence of polycystic ovaries. Other conditions 
causing anovulation and hyperandrogenism, such as congenital 
adrenal hyperplasia, Cushing syndrome and androgen-secreting 
tumours, need to be excluded [7]. 

PCOS is a complex, multifactorial, polygenic disorder. Candidate 
genes suggested by GWAS relate to gonadotropin action, ovarian 
follicle development and insulin action [8]. However, although the 
heritability of PCOS is approximately 70% [9], the proportion of 
heritability accounted for by GWAS is less than 10% [6]. Several 
aberrant hormonal pathways are involved in disease pathogenesis. 
The hypothalamus secretes gonadotropin-releasing hormone with 
increased pulse frequency. This stimulates the anterior pituitary 
to preferentially release luteinising hormone, which in turn stim- 
ulates ovarian theca cells to produce androstenedione. Increased 
androgen levels arrest ovarian follicular development and cause 
the cutaneous signs of hyperandrogenism which are a feature of the 
condition (acne, hirsutism, patterned hair loss). Insulin resistance 
and hyperinsulinaemia also play a central role in disease patho- 
genesis, although the aetiology of this is unclear. Like luteinising 
hormone, insulin also stimulates ovarian theca cells to produce 
androstenedione. Suppression of hepatic SHBG by insulin further 
increases androgen levels by increasing free testosterone [6,10]. 
HAIR-AN (hyperandrogenism, insulin resistance and acanthosis 
nigricans) is a specific subtype of PCOS associated with severe 
insulin resistance [5,11]. 

Women with PCOS are at increased risk of a wide range of associ- 
ated disorders including type 2 diabetes, hepatic steatosis, metabolic 
syndrome, hypertension dyslipidaemia, subfertility, endometrial 
cancer and psychiatric disorders [6,10]. 

Cutaneous manifestations of PCOS related to hyperandrogenism 
are hirsutism, acne and patterned hair loss. Insulin resistance is 


Figure 87.76 Facial hirsutism: in this case it was not associated with any systemic 
disease or detectable biochemical endocrine abnormality. 


associated with acanthosis nigricans [10]. A study of the cutaneous 
features of PCOS demonstrated that over 90% of women had at 
least one typical skin feature. Hirsutism and acanthosis nigricans 
were found to be the best indicators of underlying PCOS, while 
acne and patterned hair loss were less reliable disease markers [12]. 


Ovarian hyperthecosis 


Ovarian hyperthecosis is a non-neoplastic disorder usually seen in 
postmenopausal women and mimicks the clinical and metabolic 
features of PCOS. The aetiology is unknown; however, it is thought 
to be related to elevated postmenopausal gonadotropin levels. 
Women with ovarian hyperthecosis typically present with a long 
history of slowly progressive hyperandrogenism often resulting 
in virilisation. The hormonal profile is characterised by markedly 
increased serum testosterone levels (other androgens are normal), 
along with high gonadotropin levels. Severe insulin resistance and 
hyperinsulinaemia occur, resulting in central obesity and, in some 
cases, acanthosis nigricans [13]. 


Idiopathic hirsutism — SX¥WWi 


Women with hirsutism but normal circulating androgens and 
normal ovulatory cycles and ovaries are described as having idio- 
pathic hirsutism (Figure 87.76). Approximately 5-15% of all cases 
of hirsutism are idiopathic [3,4]. Idiopathic hyperandrogenism 
is defined as clinical hyperandrogenism in association with ele- 
vated androgen levels but with normal menstrual cycles and no 
identifiable ovarian abnormalities on ultrasound [4]. 


Congenital adrenal hyperpl. 


Congenital adrenal hyperplasia comprises a group of rare auto- 
somal recessive disorders due to enzyme deficiencies in steroid 


biosynthetic pathways. Non-classic (late-onset) congenital adrenal 
hyperplasia is an uncommon cause of hirsutism, occurring in 
approximately 5% of cases. The condition is usually due to 
21-hydroxylase enzyme deficiency due to mutations in the CYP21A2 
gene. 21-Hydroxylase deficiency results in impaired conversion of 
17-hydroxyprogesterone to other steroid hormones. Most females 
with non-classic congenital adrenal hyperplasia (80%) present 
between the ages of 10 and 40 years [14]. Some may remain asymp- 
tomatic with normal reproductive function [15]. However, most will 
present with symptoms of hyperandrogenism, clinically suggestive 
of PCOS [15]. Indeed, many (around 70%) will also have polycystic 
ovaries on ultrasound [4]. 


Endocrine disorders — SF 


Endocrinopathies such as Cushing syndrome, acromegaly, hyper- 
prolactinaemia, thyroid disease and states of insulin resistance may 
be associated with hirsutism [1,2,13,16]. 


Androgen-secreting tumours 


Androgen-secreting tumours are rare causes of hirsutism. The 
onset of symptoms is usually more rapid, and the clinical fea- 
tures may be more severe than with other causes of hirsutism. 
Virilism (clitoromegaly, deepening of the voice, increased muscle 
mass and male body habitus) is rare but more likely to be associ- 
ated with androgen-secreting tumours [13,17]. In postmenopausal 
women, ovarian causes of virilisation are more common than 
adrenal ones. Adrenal androgen-secreting tumours tend to be 
diagnosed at a later stage when approximately 50% of cases are 
malignant [5]. 

Androgen-secreting ovarian tumours arise from the sex cord 
cells that surround oocytes, although some may originate from the 
stromal cells. These tumours are relatively rare and comprise 5-8% 
of all ovarian neoplasms. They may produce androgens and/or 
oestrogens. They are usually unilateral and have a low malignant 
potential [13]. They are subdivided further according to the cell 
of origin: Sertoli-Leydig cell tumours (androblastomas) (0.5%), 
granulosa cell tumours (2-3%; these usually produce oestrogens 
[18]), Sertoli cell tumours (0.1%) and hilus (Leydig) cell tumours 
(0.02%) [13,19]. 

Adrenocortical carcinoma is a rare malignancy arising from 
the adrenal cortex, with an annual worldwide incidence of 0.5-2 
individuals per million population. In adults, the peak age of 
presentation is in the fourth or fifth decade. Around 60% will be 
sufficiently secretory to present with hormone excess. Hyperan- 
drogenism is seen in 20-30% of affected females [20,21]. Cortisol 
secretion, or co-secretion of cortisol and androgens, is the most 
frequent pattern, with the latter highly suggestive of adrenocortical 
carcinoma. Patients present with a combination of virilisation and 
signs of hypercortisolism/Cushing syndrome [13,22]. Prognosis is 
generally poor with a median overall survival of approximately 
4 years [20,21]. 
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Disorders of hair pigmentation 


Exogenous androgens — 


Several drugs can result in hyperandrogenism and hirsutism 
including topical androgens, DHEA supplements, anabolic steroids 
and sodium valproate [1,13]. 


DISORDERS OF HAIR PI 


HAIR GREYING (CANITIES) 


The onset of hair greying is generally an unwelcome visible mani- 
festation of the ageing process. However, many now ‘embrace the 
grey’ as a sign of life experience and maturity, while some younger 
women actively choose to colour their hair grey. Nonetheless, 
hair colouring products, including those to cover grey hair, are a 
multibillion-dollar market globally, suggesting greying hair remains 
a largely unwelcome occurrence. 

The onset of hair greying tends to occur in white people by 
their mid-thirties, in Asians by their early forties and in those of 
African ancestry by their mid-forties [1]. An oft-quoted rule of 
thumb stated that 50% of the population aged 50 had at least 50% 
grey hairs [2]. However, these figures were obtained from a single 
ethnic population (fair-haired Australians) and additional variables 
have been demonstrated to be relevant in the epidemiology of 
hair greying [3]. A more recent study examined hair colour in 
healthy volunteers from a broad range of geographical and eth- 
nic backgrounds. It was found that for those aged 45-65 years, 
the incidence of grey hair (defined as >5% grey hairs per hair 
sample) was 74%, with a mean intensity (percentage of greys) of 
27%. At age 45 years, 57% already had grey hairs; however, mean 
intensity was low (approximately 15%). For those over 60 years, 
91% had grey hair with a mean intensity of 40%. Men showed a 
higher incidence than women (78% M : 71% F), with greater grey 
intensity (29% M : 25% F). The occipital area appeared the least 
affected area irrespective of sex. In men, the temples showed a 
significantly higher incidence of greys. Both age at onset and rate 
of greying appeared to be linked to ethnic/geographical origin. 
The lowest incidences and intensities of grey hair were found in 
the darkest haired populations (Asian and African descent) and the 
highest were found in the lightest haired (white origin). Overall, a 
global range of 6-23% of people aged 50 years showed >50% grey 
hairs, varying with ethnic/geographical origin and natural hair 
colour [3]. Beard and moustache hair may grey before the onset 
of scalp greying, whereas eyebrows tend to grey later than scalp 
hair [1]. 

The visual impression of scalp hair greying is probably due to 
several factors including a reduced melanisation of pigmented 
hairs and the admixture of pigmented and white hairs on the scalp. 
Greying begins with a gradual decline in melanogenesis, including 
reduced tyrosinase activity, defective melanosome transfer and 
apoptosis of the hair follicle pigmentary unit (HFPU) melanocytes 
located in the anagen hair bulb [4]. Eventually, the bulge melanocyte 
stem cell pool becomes depleted leading to largely irreversible 
greying. Oxidative damage (due to intrafollicular ROS production 


= 
— 
U 
Lu 
a 
7A) 
o 
- 
< 
a 


CUTANEOUS STRUCTURES 


SPECIFIC 


Vv) 
Lu 
ce 
=) 
= 
U 
> 
ce 
= 
Ww 
6S 
= 
Eo 
ad 
= 
=) 
U 


Chapter 87: Acquired Disorders of Hair 


(a) 


(b) 


Figure 87.77 Rapid greying of the hair caused by alopecia areata. (a) A patient with slight greying of the hair, and (b) the same patient shown 1 week later. Courtesy of Dr D. Fenton, 


St Thomas’ Hospital, London, UK. 


and declining ROS scavenging and oxidative damage repair 
systems) is likely to be a crucial driver of the greying process, 
affecting HFPU melanocyte survival, melanocyte stem cell mainte- 
nance and melanogenesis [4]. While neuroendocrine factors such 
as a-MSH, ACTH and microphthalmia-associated transcription 
factor are well-known regulators of human HF melanocytes and 
melanogenesis, their role in greying is uncertain. A study in mice 
found that stress accelerated hair greying and that this effect was 
mediated via the sympathetic nervous system [5]. Two case reports 
of inhibition of human greying due to sympathectomy suggest 
this mechanism also operates in humans [6,7]. A recent study has 
demonstrated a clear link between stressful events and hair grey- 
ing, with repigmentation occurring in some cases when the stress 
declined [8]. The role of genetics in hair greying remains poorly 
understood, but there are clear trends in greying onset within 
families and between populations, as well as greying occurring 
in association with genetic disorders, suggesting heritability [4]. 
A twin-controlled study in European females demonstrated that 
greying is highly heritable (90% heritability) [9]. By contrast, a study 
of a Latin American cohort demonstrated that hair greying had the 
lowest heritability of all traits studied, with greying-associated 
SNPs explaining only 6.7% of the observed phenotypic variation 
[10]. Further, the variation observed between pigmented and grey 
hairs on the same scalp indicates that factors additional to genetics 
are involved [4]. 

Rapid-onset ‘overnight’ greying of hair is a striking phenomenon 
of which there have been several notable historical cases including 
Sir Thomas More and Marie Antoinette, whose hair became grey 


over the night preceding their executions [11]. The probable mech- 
anism is selective shedding of pigmented hairs in diffuse alopecia 
areata, with non-pigmented hairs being unaffected (Figure 87.77). 
In general, greying of the hair is progressive and permanent. 
However, repigmentation of previously depigmented hair has 
been reported in association with inflammatory alopecia (frontal 
fibrosing alopecia) [12], scalp melanoma [13-17], porphyria cutanea 
tarda [18], following herpes zoster infection [19] and hair trans- 
plantation [20], and due to medication including interferon, 
ribavirin, etretinate, thalidomide, lenalidomide, erlotinib, adali- 
mumab, nivolumab, pembrolizumab and atezolizumab imatinib 
[4,21,22]. 


Premature greying — VOW 


Hair greying is considered premature if it occurs before the age 
of 20 years in white people, 25 in Asians and 30 in those of 
African descent [1]. It may occur in association with autoim- 
mune disease such as pernicious anaemia and hypothyroidism 
[23,24]. In a controlled study of 125 patients with pernicious 
anaemia, 11% had premature greying compared with 2% in the 
control group [25]. Premature greying also occurs in progeroid 
syndromes (rare premature ageing disorders caused by inherited 
defects in DNA repair pathways) such as Werner syndrome and 
Rothmund-Thomson syndrome. Associations with lifestyle factors 
such as smoking and obesity have also been suggested [26]. 


Disorders of hair pigmentation 87.93 


Poliosis —sZ 


Poliosis is defined as the presence of a localised patch of white hair 
resulting from the absence or deficiency of melanin in a group 
of neighbouring follicles. Pigment absence can be congenital or 
acquired. In the former, it is brought about by physically or function- 
ally abnormal melanocytes from birth, or abnormal migration dur- 
ing embryogenesis. Such migratory defects may be restricted to the 
skin, but there can be associated abnormalities in other organs such 
as the ear or eye, where melanocytes or related neural crest cells have 
an important role. Acquired forms of poliosis result from vitiligo or 
regrowth of non-pigmented hair following alopecia areata. 


HEREDITARY DISORDERS OF HAIR 
PIGMENTATION 


There are several hereditary pigmentary disorders that can affect 

hair colour. These include: 

e Albinism (Chapter 68). 

¢ Piebaldism (Chapter 68). 

e Waardenburg syndrome (Chapter 68). 

e Tuberous sclerosis (Chapter 78). 

e ‘Silver hair’ syndromes (Griscelli, Elejalde and Chediak—Higashi 
syndromes) (Chapters 68 and 148). 


ACQUIRED DISORDERS OF HAIR 
PIGMENTATION 


In vitiligo, white patches of skin will often have white hairs within 
them. Scattered white hairs on the scalp may occur in children 
with vitiligo. In alopecia areata, regrowing hair is frequently white. 
This may persist although in most cases hair pigmentation recovers. 
Vogt-Koyanagi-Harada syndrome is a multisystem disorder char- 
acterised by ocular inflammation due to an aberrant T-cell-mediated 
autoimmune response directed against melanocytes [27]. The dis- 
ease targets melanocyte-containing tissues in the uvea, skin, inner 
ear and leptomeninges, predominantly in genetically suscep- 
tible carriers of HLADRB1*04 haplotypes [28]. Viral infections 
and cutaneous trauma are reported as possible trigger factors 
[29]. Cutaneous pigmentary abnormalities are common, with 
poliosis (28-37%) reported in several large series of cases [30,31]. 
Alezzandrini syndrome presents similarly to Vogt-Koyanagi- 
Harada syndrome, but disease features (facial vitiligo, retinitis, 
hypoacusis and poliosis of the eyebrows and eyelashes) are uni- 
lateral [32,33]. Permanent loss of hair pigment may be induced 
by inflammatory processes that damage melanocytes (e.g. herpes 
zoster). X-irradiation often causes permanent hair loss, but less 
intense treatment leads to hypopigmented and, rarely, hyperpig- 
mented hair. 


Other causes of hair pigment changes 

Drugs and chemicals 

Some topical agents can temporarily change hair colour. Dithra- 
nol (anthralin) stains light-coloured or grey hair a purple/brown 


colour. Tar, as a topical preparation or from tobacco smoke, stains 
fair or white hair yellow, usually seen affecting frontal scalp hair in 
smokers, as well as the moustache in males [34]. Resorcin, formerly 
used extensively in treating skin disease, stains black or white hair 
a yellow-brown colour. Latanoprost (a prostaglandin analogue) 
and bimatoprost (a prostamide), used topically in the treatment of 
glaucoma, cause darkening of the iris and the eyelashes [35]. 

Several systemic agents are reported to cause changes in hair 
pigmentation. Chloroquine and hydroxychloroquine may occa- 
sionally cause hair depigmentation [36,37]. The tyrosine kinase 
inhibitor imatinib is reported to cause both hair repigmentation and 
depigmentation [37-40]. Other tyrosine kinase inhibitors (sunitinib, 
pazopanib dasatinib) have also been associated with hair depig- 
mentation [37,41]. Several antiepileptics (valproic acid, phenytoin, 
phenobarbital) are reported to cause hair colour changes [37]. In 
addition to causing hypertrichosis, hair darkening is reported with 
ciclosporin [42]. Hair melanin may contribute to the excretion of 
heavy metals, chemicals and toxins from the body [1] as melanin 
avidly binds many inorganic elements, and hair colour changes 
are occasionally seen after exposure to certain substances. Exposure 
to high concentrates of copper in industry, or in tap or swimming 
pool water, may cause a green discoloration of hair, which is 
particularly visible in blond-haired subjects [43]. 


Nutritional deficiencies 

Colour changes induced by nutritional deficiencies are rare. 
Tyrosinase is a copper-containing oxidase [44] essential to melano- 
genesis. In Menkes disease, an inherited defect in copper transport 
leads to low tissue copper levels [45], and low levels of both 
eumelanin and pheomelanin are reported in hair samples, with 
replacement therapy resulting in hair darkening [46]. Protein 
malnutrition, exemplified by kwashiorkor, is associated with gen- 
eralised hypopigmentation of scalp hair, with dark hair initially 
turning reddish and evolving to a yellow/white-grey colour [47,48]. 
Intermittent protein malnutrition leads to the ‘flag’ sign of kwash- 
iorkor (signe de la bandera), with alternating white (abnormal) and 
dark bands occurring along individual hairs [49]. Changes similar 
to those in kwashiorkor have been described after bowel resection 
such as the Whipple procedure [47] and in association with episodic 
malnutrition due to severe alcohol misuse [48,50]. 


Metabolic disorders: 

Metabolic disorders that may affect hair colour include: 
¢ Phenylketonuria (Chapter 79). 

¢ Homocystinuria (Chapter 79). 

¢ Porphyria (Chapter 58). 


Physical causes 

The whiteness of hair seen when melanin is absent is an optical 
effect resulting from reflection and refraction of incident light from 
various interfaces where different refractive indexes meet. Thus, in 
general, non-pigmented hair with a broad medulla appears paler 
than non-medullated hair. Normal ‘weathering’ of hair along its 
length may lead to the terminal part appearing lighter than the rest 
because of a similar mechanism — the cortex and cuticle become 
disrupted and form numerous interfaces from internal reflection 
and refraction of light. This also applies in trichorrhexis nodosa, in 
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which patients often note a lightening in colour of the brittle hair, 
and in the white bands of pili annulati. Hairs on exposed parts may 
be bleached by sunlight. 


Common treatments for hair disorders 


The treatments outlined here have been successfully used in several 
hair loss conditions, either by directly targeting the underlying 
disease process or by augmenting hair growth in remaining hairs 
to allow better scalp coverage. For efficacy data of these agents 
in a specific disease, please see the appropriate treatment sections 
elsewhere in this chapter. 


Topical minoxidil 

Minoxidil was initially marketed as an oral antihypertensive agent. 
Serendipitous identification of increased scalp and body hair growth 
led to the development of topical minoxidil as a hair growth promo- 
tor, with the 2% strength lotion being licensed in 1988 in the UK and 
USA. Treatment is applied to the scalp one or twice a day. 

Topical minoxidil is generally well tolerated. Side effects include 
local scalp irritation, facial hypertrichosis and headaches. Sys- 
temic absorption appears low, but dizziness and palpitations can 
sometimes occur. Patients should be warned about increased hair 
shedding in the first few weeks of treatment so that therapy is not 
stopped unnecessarily. This side effect settles after a few weeks, 
and probably heralds a successful treatment outcome. Minoxidil 
should be avoided during pregnancy and lactation. Minoxidil lotion 
contains propylene glycol to enhance solubility and HF penetra- 
tion, but this can increase irritation. Minoxidil foam is propylene 
glycol-free and purportedly less irritating. Minoxidil should be 
used with caution on facial areas due to a higher risk of contact 
dermatitis and irritancy. 

The biological effects of minoxidil include prolongation of anagen, 
as well as promoting new anagen growth by shortening the telo- 
gen phase and stimulating kenogen follicles to grow. If minoxidil 
is stopped the hair density will return to baseline within 6 months. 
Therefore, minoxidil treatment is generally regarded as a long-term 
treatment strategy [1]. 

The mode of action of minoxidil remains unclear, but includes 
(i) acting as a potent vasodilator, improving blood flow to the 
scalp; (ii) opening ATP-sensitive K channels that are important for 
cell cycle progression and cell proliferation; (iii) inducing vascular 
endothelial growth factor (VEGF) and hypoxia-inducible factor 
la stimulation to improve blood supply; and (iv) promoting 
prostaglandin synthesis (e.g. PGE2/PGE2R) which influences 
Wnt/ -catenin signalling in the dermal papilla [2]. 

Minoxidil is converted into its active metabolite minoxidil sul- 
phate by the sulphotransferase enzyme (SULT1A1) in the follicle 
ORS. Importantly, this enzyme activity varies from person to 
person, explaining differences in the clinical response seen, with 
those expressing higher enzyme activity responding better than 
those with low levels [3]. Plucked hair sulphotransferase levels 
have been used experimentally to predict treatment response and 
inform dose selection. Importantly, aspirin/salicylate treatment can 
decrease sulphotransferase activity, reducing minoxidil efficacy [4]. 


Recently, direct application of the active ingredient minoxidil 
sulphate has gained popularity, although there are issues with the 
penetration and stability of this product. 


Low-dose oral minoxidil 

Oral minoxidil is increasingly being used at low doses (0.25-5 mg 
daily) to treat various hair loss conditions. It appears to be a 
convenient alternative to topical minoxidil that avoids the messy 
application and irritancy seen with topical therapy. These benefits 
have recently been highlighted as the ‘5 Cs of oral minoxidil’: 
convenience, cosmesis, cost savings, co-therapy and compliance [5]. 
Others have added a 6th ‘C’ - complicated — suggesting that oral 
minoxidil can be an effective therapy when topical minoxidil has 
failed or not been tolerated [6]. 

Oral minoxidil is predominantly converted to minoxidil sulphate 
by liver and platelet sulphotransferase enzymes. Studies suggest 
that higher follicular accumulation may occur with the oral route, 
with lower SULT1A1 follicle bioactivation thresholds seen in oral 
compared with topical minoxidil administration [7]. 

The recommended starting dose for women is 0.5 mg daily, 
increasing every 3 months by 0.25 mg up to a maximum dose of 
2.5 mg daily. For men, the starting dose is higher (as hypertrichosis 
is generally better tolerated in this group), beginning at 2.5 mg 
daily and increasing by 1.25 mg every 3 months to a maximum of 
5 mg daily [8]. A similar dosing strategy that takes advantage of 
commercially available 2.5 mg minoxidil tablets (Loniten®, Pfizer) 
can be used instead, where 0.625, 1.25 and 2.5 mg dosing increments 
are achieved by quartering or halving the 2.5 mg tablets to obtain 
the required dose. 

A major concern with oral minoxidil is treatment safety. How- 
ever, growing experience suggests this therapy is well tolerated and 
side effects are predictable and dose related. A recent, large cohort 
study of 1404 patients found only 1.7% discontinued treatment due 
to side effects [9]. The main adverse events were body and facial 
hypertrichosis, low blood pressure symptoms (e.g. dizziness), fluid 
retention and tachycardia. Interestingly, reflex tachycardia occurs 
within the first day, blood pressure effects occur within the first 
week and hypertrichosis takes 3 months to manifest [9]. Routine 
laboratory monitoring is not generally recommended, and baseline 
electrocardiogram is not required at doses <5 mg/day if no signifi- 
cant cardiac or renal history is present [6,9]. The sublingual route of 
minoxidil administration is now also being explored [10]. 


Topical prostaglandins 
Latanoprost and bimatoprost are prostaglandin F2« analogues that 
have been shown to stimulate eyelash growth following an obser- 
vation of increased eyelash length, diameter and pigmentation with 
intraocular application during glaucoma treatment. Studies have 
since demonstrated enhanced eyelash growth effects with topical 
application of these agents to the upper eyelid margin in both idio- 
pathic eyelash hypotrichosis and eyelash loss post-chemotherapy 
[11,12]. A cosmetic formulation of bimatoprost (Latisse®, Allergan) 
is now licensed by the Food and Drug Administration for eyelash 
hypotrichosis in the USA. 

Bimatoprost 0.03% or latanoprost 0.005% ophthalmic solution can 
be applied to the upper eyelid margin (and eyebrows if necessary) 
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each night using a cotton bud or brush applicator. Common side 
effects include irritation and hyperpigmentation of the skin. Cau- 
tion is required to avoid application into the eyes as this may 
reduce intraocular pressure and can permanently discolour the 
iris. Prostaglandin F2a analogues work to promote anagen via 
vasodilatation and through being mitogenic [13]. 


Platelet-rich plasma 

Platelet-rich plasma is an autologous preparation of platelets in 
concentrated plasma, generated by centrifugation of whole blood. 
PRP is commonly used in orthopaedic and dental practice, but its 
use has grown significantly in dermatology to improve wound 
healing, skin rejuvenation (the so-called ‘vampire face-lift’) and 
to promote hair growth [14]. Currently there are no standardised 
techniques for PRP isolation, although several commercially manu- 
factured kits are now available, achieving platelet enrichment levels 
of 300-700%. 

The patient’s blood is taken, placed into the PRP kit and cen- 
trifuged. This separates the blood, revealing a platelet-rich layer 
that is drawn off before it is injected into the scalp skin. The 
procedure is uncomfortable, but side effects are generally only 
minor, including pain, swelling, bruising and headaches, with 
postoperative infections being exceedingly rare [14-16]. Currently, 
there is poor evidence to determine the optimal number of sessions 
or gap between sessions. However, efficacy appears to wane after 
>4 months following treatment, so many practitioners initially 
treat monthly for 3 months, followed by 3-monthly maintenance 
treatments. 

The proposed mode of action is that activated platelets release 
various growth factors including VEGF, epidermal growth fac- 
tor, insulin-like growth factor 1, FGF, PDGF and TGF-f that have 
been shown to exert hair growth-promoting properties, including 
decreased apoptosis, initiation of the Wnt/B-catenin pathway in 
the HF dermal papilla to stimulate proliferation, and increasing the 
vasculature and blood supply. Together they promote induction 
and prolongation of anagen, resulting in improved hair growth [14]. 


Microneedling 
Microneedling, using electric pens or microrollers, causes controlled 
tissue injury and formation of microchannels in the skin. Optimal 
treatment protocols are yet to be determined, and it can be diffi- 
cult to perform if the hair is long. Treatments are usually weekly 
to monthly and performed by rolling the device across the skin in 
different directions. The aim is to produce pinpoint bleeding and 
mild skin redness. Side effects include pain and localised infection. 
The rationale for this approach is to trigger a wound healing 
response: releasing platelet-derived and epidermal growth factors, 
increasing VEGF and neovascularisation, with microchannels also 
potentially enhancing drug delivery through improved penetration 
into the skin [17]. 


Low-level laser light therapy 

Low-level laser light therapy (LLLT) (also called cold laser or 
red laser) uses low-intensity red to infrared light (650-900 nm 
wavelength) to elicit a biological response in treated tissue called 
‘photobiomodulation’ [18]. 


LLLT has been used in wound healing, nerve regeneration and 
pain reduction, but is increasingly being utilised in hair regenera- 
tion [18-20]. The mode of action is unknown but appears to incite 
photochemical reactions at a cellular level inducing transcription 
factors, activating various cell-signalling pathways, increasing 
mitochondrial energy production, promoting cell proliferation 
and reducing inflammation. In scalp therapy, LLLT promotes 
and prolongs anagen, manifesting as increased hair diameter and 
density [20]. 

Various devices are available including hoods, caps or combs, 
with the choice of device predominantly dependent on cost and 
lifestyle. A treatment duration of 15-30 minutes 3-4 times a week is 
recommended for mild to moderate hair loss as a longer-term treat- 
ment strategy. Side effects appear rare, but include scalp discomfort, 
urticaria, acne, skin dryness and risk of eye damage [18]. 


Autologous stem cell therapies 

An area of great interest now is the use of adipose-derived stem 
cells for hair rejuvenation. Abdominal fat is removed under local 
anaesthetic, cleaned, degraded with enzymes and centrifuged, 
producing a stem-cell rich isolate. This isolate is then injected into 
the scalp under local anaesthetic. The treatment is expensive and 
unsubstantiated claims that this is a permanent solution should be 
viewed with caution until longer-term data are available [21]. The 
main side effects are bruising and oedema. 


Hormone contraceptive pills 

Combined oral contraceptive pills prevent pregnancy through the 
suppression of gonadotrophins and the inhibition of ovulation, 
whereas the progesterone-only pill (POP) works by increasing 
uterine mucus to prevent conception. The concern in various 
hormone-sensitive conditions, such as AGA and hirsutism, is that 
the different progestogens in the combined OCP or POP may exac- 
erbate the already heightened androgenic susceptibility, thereby 
worsening the problem. 

Some pills have reduced androgenic properties as the progesto- 
gen they contain does not oppose oestrogen induction of SHBG. 
This increased SHBG response reduces circulation of the active 
free hormone, resulting in a lower biological effect. Further, some 
progestogens have antiandrogen properties due to direct blockage 
of the androgen receptor. Although some pills may have more 
androgenic potential than others (ie. a higher ‘androgen index’) 
it is probable that most combined OCPs have a net antiandrogen 
effect due to the oestrogen component (Table 87.10) [22,23]. 


Antiandrogens 

Antiandrogens are frequently used off-licence to treat various 
hormone-dependent hair conditions such as AGA and hirsutism. 
Caution is required when used in premenopausal women as all 
agents have the potential to feminise a male fetus, so women should 
not become pregnant while taking them. Further, whether some 
of these agents increase the risk of breast or ovarian cancer is still 
unclear, so assessment of other cancer risk factors (e.g. family 
history) should be undertaken before prescribing. 


Spironolactone 
Spironolactone is a potassium-sparing diuretic and antihyperten- 
sive commonly used to treat oedema and ascites. It is also the most 
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Table 87.10 Combined oral contraceptive pill androgen index 


Antiandrogen progestogens Lower androgenic progestogens 


Moderate to high androgenic progestogens 


Dienogest (e.g. Qlaira®) Drospirenone (e.g. Yasmin®) 


Cyproterone acetate (e.g. Dianette®) 


Normogestrol (e.g. Zoely®) Gestodene (e.g. Femodene®, Katya®, Millinette®) 


Norgestimate (e.g. Cilest®) 


familiar and widely used antiandrogen in dermatology practice. 
Structurally related to aldosterone, spironolactone competitively 
binds to the androgen receptor on the HF, preventing androgen 
signalling as well as weakly inhibiting androgen biosynthesis. 

Side effects are dose related and included menstrual irregularities, 
postmenopausal bleeding, breast tenderness and fatigue. The antial- 
dosterone effect may result in an elevation of serum potassium and a 
slight reduction in blood pressure, although this is rarely significant 
in the absence of renal impairment. Therefore, regular assessment 
of renal function is generally not required in those <50 years with 
normal renal function [22,23]. A large cohort study involving almost 
1.3 million women aged >55 years with a follow-up time of 8.4 mil- 
lion patient-years found no evidence of an increased incidence of 
breast cancer in those exposed to spironolactone [24]. 


Cyproterone acetate 

Cyproterone acetate is a synthetic progestogen that blocks the 
androgen receptor, inhibits gonadotrophin secretion and suppresses 
activity of cutaneous 5a-reductase with longer-term use [25]. Var- 
ious dosing regimens are proposed. In premenopausal women 
50-100 mg/day for the first 10 days of each menstrual cycle is 
commonly used, whereas for postmenopausal women cyproterone 
acetate may be used continuously (e.g. 50 mg daily). The combi- 
nation of cyproterone acetate and oral oestrogen therapy provides 
effective contraception and stabilises menstrual irregularities. Side 
effects are dose dependent and include weight gain, fatigue, loss 
of libido, breast tenderness, nausea, headaches and depression. 
Further, a strong dose effect has been reported between cypro- 
terone acetate use and increased risk of intracranial meningioma, 
particularly affecting the middle skull base [26]. 


Flutamide and bicalutamide 

Flutamide and bicalutamide are non-steroidal pure antiandrogens 
that act by inhibiting androgen binding. Flutamide has no anti- 
gonadotrophic effect (as binding to the central androgen receptor 
prevents negative feedback), so measurable serum androgen levels 
can go up with this treatment (note that bicalutamide does not cross 
the blood-brain barrier so this is not an issue). Rare, but potentially 
fatal, hepatotoxicity is seen with high-dose flutamide, limiting the 
use of this agent [27]. Recently bicalutamide has grown in popular- 
ity and appears to have a good safety profile [28,29], with doses of 
25-50 mg daily generally being used. Regular monitoring of liver 
function is recommended throughout treatment. 


5a-Reductase inhibitors 

5a-Reductase inhibitors block the conversion of testosterone to DHT 
by potent and selective antagonism of the enzyme 5a-reductase. 
Although generally well tolerated, there is reasonable evidence 


Desogestrel (e.g. Gadarel®, Mercilon®, Marvelon®) 


Norethisterone (norethindrone) (e.g. Loestrin®, Brevinor®) 
Levonorgestrel/norgestrel (e.g. Microgynon®, Levest®, Ovranette®, Rigevidon®) 


that 5a-reductase inhibitors are associated with increased levels 
of depression, type 2 diabetes and gynaecomastia [30-33]. Suicide 
and erectile dysfunction are less clearly associated, with variable 
risks potentially dependent on age and treatment indication [34]. 
Recent data suggest that exposure to finasteride is not associated 
with increased breast cancer rates in men [35], although the risk in 
women is unknown. 


Finasteride. Finasteride is a synthetic aza-steroid that inhibits 
5a-reductase type 2. Finasteride 1 mg daily (Propecia®) is licensed 
to treat male pattern hair loss in adults. This oral dosage of 1 
mg/day reduces scalp DHT by 64% and serum DHT by 68% [36]. 
Finasteride reduces serum prostate-specific antigen (PSA) levels by 
50%; therefore, when PSA is checked the measured value should 
be doubled to correct for this finasteride effect. Finasteride has no 
effect on spermatogenesis or semen production [37], and no addi- 
tional precautions are required to prevent exposure of finasteride in 
semen to female sexual partners. 


Dutasteride. Dutasteride is a dual type 1 and 2 5a-reductase 
inhibitor. It produces a dose-dependent reduction in serum 
and scalp DHT levels with greater potency than finasteride. The 
usual dose of dutasteride is 0.5 mg daily, although lower-dose regi- 
mens (e.g. 0.5 mg weekly) have been advocated in some conditions 
[38]. Sexual side effects appear more common with dutasteride than 
finasteride, and are dose related. Because of the longer biological 
half-life, side effects may take many months to reverse. 


Post-finasteride syndrome 

Post-finasteride syndrome (PFS) is a collective term for an array of 
symptoms related to finasteride treatment that persist or develop 
despite cessation of therapy. Symptoms are broadly grouped into 
sexual side effects (e.g. loss of libido, erectile dysfunction, gen- 
ital numbness, ejaculation problems), psychological complaints 
(e.g. suicidal thoughts, anxiety and depression, irritability, sleep 
problems), cognitive issues (e.g. poor concentration and memory, 
loss of confidence) and physical problems (e.g. muscle cramps, 
fatigue, gynaecomastia, dry skin) [39,40]. Accumulating postmar- 
keting reports prompted changes to product labelling, and forums 
such as the Post-Finasteride Syndrome foundation (https://www 
._pfsfoundation.org; last accessed May 2023) have been set up to 
highlight this issue. 

We know that 5a-reductase inhibitor therapy can have wide bio- 
logical effects, including reduced synthesis of brain neurosteroids 
(important for mood, cognition and libido), and that impaired 
testosterone synthesis can increase oestrogen levels and reduce 
DHT effects on target tissue [40], although these revert to normal 
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on stopping therapy. Therefore, it is currently unclear whether the 
spectrum of symptoms represented by the term PFS is truly related 
to previous finasteride therapy, as data in this area are generally of 
poor quality and are often uncontrolled and prone to bias [40,41]. 
Further, nocebo effects with finasteride are well documented [42]. 
Interestingly, studies of 5a-reductase inhibitor use in women only 
identify extremely low prevalence of side effects, with none persist- 
ing on stopping therapy, suggesting that at present PFS is solely a 
condition described in men [43]. 

Clinicians should be aware of PFS. It is recommended when 
initiating 5a-reductase inhibitor therapy to identify pre-existing 
depression or sexual dysfunction, as these patients may be at 
increased risk of developing persistent symptoms [44]. All patients 
should be counselled about the risk of sexual, physical or emotional 
side effects during treatment, and be warned that these side effects 
may persist in some people after stopping therapy. However, the 
cause of these ongoing symptoms, at present, remains unclear [40]. 


Surgery 

Hair transplantation (or hair restoration) surgery has become a 

mainstream procedure for the treatment of male and female pattern 

hair loss, as well as some selected scarring alopecias [45]. The 
technique can not only restore hair on the scalp but can also be 
used to treat eyebrows and beard alopecia. The basic principle is 
redistribution of terminal hairs to cover affected areas. Generally, 
hair from the occipital scalp (termed the ‘safe donor area’) is used 
as these follicles are naturally resistant to hair miniaturisation in 

AGA. Hair is removed either by harvesting a strip of hair-bearing 

skin (strip technique) or by removing multiple individual follicular 

units (follicular unit extraction). Hairs are dissected into individual 

units and then transplanted into the area of alopecia. Up to 5000 

follicular units may be transplanted in a single session. Hairs from 

transplanted follicles are usually shed following transplantation 
before new hairs appear after 3-4 months. It can take 6-12 months 
for the full results of a transplant to be seen. The advice of an 
experienced hair transplant surgeon is essential as some patients 

will not be suitable for this type of approach [46]. 

Patient selection is vital for a successful outcome. Important fac- 
tors to consider include: 

e Is there an adequate donor area? This is usually the safe donor 
area on the occipital scalp, but beard or body hair can sometimes 
be used (e.g. in scarring alopecia from burns) [47]. 

¢ How old is the patient? Surgery is not usually performed on 
people aged <25 years as it is difficult to predict hair loss pro- 
gression at this age, and risks misplaced hairlines or an unnatural 
appearance years later as balding progresses. 

e What sites are affected? Surgery for frontal hair loss is more effec- 
tive than vertex balding, which tends to progress with time. 

e Is the underlying process progressive? In pattern hair loss, the 
continuation of medical therapy is advised to preserve surviv- 
ing native hairs. Unlike AGA where donor hairs are relatively 
resistant to hair miniaturisation (called ‘donor dominance’), 
transplanted hair in PCA is not immune to the disease process, 
resulting in a progressive loss of the transplanted grafts over time 
[45,48]. 

Comparison of the advantages and disadvantages of strip versus 
follicular unit extraction is shown in Table 87.11 [49]. Complications 


Table 87.11 Strip versus follicular unit extraction (FUE) hair transplantation 


Strip method FUE 
Benefits Benefits 
Largest number of grafts Less visible scarring (so able to maintain short hairstyles) 


per session 
No head shaving 


Used for beard/body donations 

Used in those not suitable for the strip method 
(e.g. poor scalp laxity) 

Allows harvesting of finer hairs (better for cosmetically 
sensitive areas, e.g. frontal hairline) 

Less pain and downtime post-procedure 


Disadvantages 

Linear scar occipital scalp 

Higher risk of postoperative 
wound issues 


Disadvantages 

Smaller number of grafts per session 
Higher graft transection rate 

Shaved donor area 


of hair transplantation are as in any surgical procedure, including 
wound infection, bleeding and facial swelling. For both tech- 
niques, postoperative ‘shock loss’ (i.e. anagen effluvium) may occur 
post-procedure. 

Small to medium-sized patches of stable permanent alopecia 
may be surgically excised, with or without scalp expanders or flap 
techniques. 


Hair cosmetics and alopecia camouflage 


For thousands of years, hair has been celebrated as the ‘crowning 
glory’ of human beauty and people have sought to enhance it by 
a variety of means [1]. Hair as a means of seduction is recorded 
in ancient Egyptian papyrus. The ancient Greeks and Romans 
considered hair to contain the essence of life and its presence 
represented power, with forced cutting seen as a means of emas- 
culation or punishment. Therefore, throughout human history, 
beautiful hair has been considered highly prized and worthy of 
lavish attention [2]. 

The positive effects of attractive hair should not be under- 
estimated, nor should the often profoundly negative effects of 
alopecia. Although washing and application of treatments to hair 
are not biologically necessary, most people consider hair care, at 
the very least, part of a normal cleansing regimen. More often, it 
is an essential component of enhancing personal appearance and 
well-being. There are now many different categories of hair prod- 
ucts for every type of hair and cosmetic requirement, supporting 
a multibillion-pound cosmetic industry. As a result, commer- 
cial interests have driven many aspects of basic and clinical hair 
research. 

Unfortunately, complete hair regrowth is not an achievable out- 
come for many patients with alopecia and therefore cosmetic 
camouflage is an important part of management. There are many 
camouflage options such that, in most cases, alopecia can be com- 
pletely concealed, if this is what the patient wishes. Patient support 
groups and alopecia charities are often an excellent source of prac- 
tical advice for patients (e.g. Alopecia UK: www.alopecia.org.uk; 
last accessed May 2023). In some instances, a change of colour or 
hairstyle can have significant positive cosmetic impact and the 
advice of an experienced hair stylist can be invaluable. 
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Shampoos 

Shampoo is primarily a cleansing agent to remove excess sebum, 
sweat, environmental contaminants and styling products from a 
large surface area of hair (on average 4-8 m*) [3-5]. The main active 
ingredient is a detergent, but many other components are necessary 
to ensure products not only cleanse hair but leave it pleasantly 
enhanced and conditioned. Patients with alopecia frequently ask 
how often they should wash their hair and the answer is generally 
as often as they need or wish to do so. Hair washing does not 
affect the course of alopecia, although any hairs at the end of the 
telogen phase of the hair cycle will be dislodged by the process, 
as they are with brushing and combing. However, as increased 
hair shedding is often most noticeable during hair washing, some 
patients assume that washing is the cause of the increased loss and 
as a result wash their hair less frequently. Delaying hair washing 
results in proportionately more telogen hairs being dislodged when 
the hair is washed, and patients can become locked in a distress- 
ing cycle of infrequent washing and apparently increased hair 
shedding. 


Shampoo formulations 

Shampoo is essentially an aqueous solution of detergent. Deter- 

gents are amphiphilic surfactants — that is, they possess both 

lipid (lipophilic) and water (hydrophilic) binding sites. Lipophilic 
sites bind to sebum while hydrophilic sites bind to water, allowing 
sebum to be rinsed away. There are five categories of shampoo deter- 
gents — anionic, cationic, amphoteric, non-ionic and natural sur- 
factants (saponins) — and within each category there are several 
different chemical compounds. Each has differing cleansing and 

conditioning characteristics and modern shampoos often contain a 

combination of several different detergents. In addition to detergent, 

other typical components of shampoo include: 

e Foaming agents: these create suds (not required for cleansing 
action but help spread shampoo over the hair). 

¢ Conditioners: these are required to counteract the adverse effect 
of detergents on the hair shaft, particularly in shampoos for dry, 
damaged or coloured hair or those designed for daily use. 

e Shampoo thickeners, opacifiers and pearlescents: a thick sham- 
poo formulation is seen as more desirable and opacifiers add a 
pleasing pearly shine to the preparation. 

¢ Stabilising agents: sequestering agents chelate calcium and mag- 
nesium ions prevent the formation of insoluble precipitates in 
hard water. Preservatives, pH buffers and UV filters may also be 
added. 

e Perfume and colour: these are added to enhance product 
aesthetics. 

e Active ingredients: these may have a medical purpose (e.g. tar, 
zinc pyrithione) or cosmetic benefits (e.g. panthenol, which 
enhances hair moisture content, or hydrolysed protein, which 
binds to damaged cortex). 

There are many different types of shampoo, designed for different 
purposes (for dry hair, oily hair, daily use, etc.). Dry shampoos are 
becoming increasingly popular; they do not contain a detergent 
but rather a lipid-absorbing powder. Advantages include speed 
and ease of use, a reduced need for heat to dry/style and the 
addition of volume, texture and, in many preparations, colour. 


Shampoo safety 

Frequently used preparations such as shampoo must be non-toxic 
and must not irritate either the skin or eyes at concentrations used 
by the consumer. Shampoo formulations are extensively tested prior 
to marketing, particularly to assess eye irritancy. Skin irritation is 
not usually encountered from shampoos that have low eye irritancy 
potential. As detergents, all shampoos are potential irritants, but 
due to the short period of contact with skin during hair washing 
they rarely cause significant problems. However, allergic contact 
dermatitis may occur because of components such as fragrances 
and preservatives. 


Conditioners 

Dry hair appears dull, feels brittle, tends to tangle and is difficult to 
style [6-8]. It results from natural weathering and is worsened by 
the chemical agents (shampoo detergents, bleach, dyes, chemical 
relaxers) and excessive physical trauma (brushing, curling, heat 
application) that hair undergoes. Conditioners were introduced 
following the availability of shampoos with good detergent action, 
which remove excessive amounts of sebum from the hair shaft. 
Their purpose is to restore manageability, glossiness and softness 
normally provided by sebum. In addition, some constituents con- 
tribute to a reduction in static electricity, normalisation of hair pH, 
protection from UV radiation and possibly increased hair strength. 

There are several constituents of hair conditioning products. 
Organic acids restore hair and scalp pH to a mildly acidic pH 
(around pH 5). Fatty compounds mimic the natural components 
of sebum and hair, and comprise fatty acids, alcohols and esters; 
natural triglycerides (e.g. almond, avocado, olive oils); waxes 
(e.g. beeswax, jojoba oil, lanolin); phospholipids (e.g. egg yolk, 
soya bean); and ceramides. Vitamins may be added, particularly 
D-pathenol, a precursor of vitamin B; and a normal constituent of 
hair, which has humectant properties and penetrates the hair shaft 
making it more manageable. Protein hydrolysates (e.g. from silk, 
collagen, keratins, gelatine and other proteins) bind to hair keratin, 
temporarily repairing damaged hair shafts and mildly improving 
hair strength. When hairs are coated with protein hydrolysates they 
have a temporary thickening effect, resulting in an improved cos- 
metic appearance. Cationic detergents (quaternaries or quaternary 
ammonium compounds) are effective in increasing adherence of 
the cuticular scales to the hair shaft, increasing the light-reflective 
properties of hair and improving shine and lustre. These positively 
charged compounds also neutralise static on negatively charged 
hairs, increasing manageability. Silicone derivatives spread over and 
coat hairs, adding shine, softness and manageability without mak- 
ing hair greasy. Cationic polymers (e.g. cationic polysaccharides, 
polyvinylpyrrolidones) form films over the hair shaft, temporarily 
filling hair shaft defects and thickening hairs to improve body, 
texture and shine. Their positive charge also neutralises static to 
improve manageability. 

Conditioning products are available in a variety of forms and 
are widely used. They provide manageability and lustre to the hair 
and facilitate hair styling. Most commonly, short contact (instant) 
preparations are applied after shampooing and quickly rinsed off. 
They can also be combined with a shampoo in a 2-in-1 preparation. 
Deep conditioners are often thicker, more concentrated preparations 
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which are applied to damp hair and left on for up to 30 minutes 
under a warm towel or cap. Some conditioners are designed to be 
leave-on, to assist hair styling, and these often contain film-forming 
cationic polymers such as polyvinylpyrrolidone. When hair is sig- 
nificantly prone to dryness or damage, conditioner may be used as 
a shampoo substitute (‘co-washing’), much as a soap substitute is 
used for cleansing dry skin. The conditioner will mix with water 
to remove surface dirt and odour but will not subject the hair and 
scalp to the detergent effects of shampoo. 

A recent trend is the use of products that are considered natural. 
This often includes oils or butters such as coconut, tea tree, argan, 
jojoba, shea butter and others. These products may impart shine 
to the hair shaft but may be comedogenic and cause scalp and 
facial irritation. There is little evidence that these kinds of products 
improve the overall strength of the hair shaft [9]. 


Temporary hair styling 

Hair keratins are elastic, allowing hair to be stretched and shaped 
temporarily. Hair styling requires wet hair to be stretched and dried 
under tension (usually using a brush and hairdryer), resulting in a 
shaped style which holds when dry due to the formation of new 
ionic and hydrogen bonds [5,10]. The style will last only until the 
hair is washed again and factors such as atmospheric humidity can 
reduce the effect of styling. A wide range of products are available 
to prolong the hold of a hairstyle. These may be applied to wet hair 
before styling or to dry styled hair to maintain the shape. Products 
can have several physical properties (solidity, resistance, stickiness, 
hair-coating ability, hair finishing qualities) depending on the role 
for which the product is designed. For example, gels are intended 
to coat short hair, whereas foams are applied close to the scalp to 
add hold and volume at the root while leaving minimal residue 
on hair, and waxes are applied to only small areas of hair. The 
components of styling products include polymers to provide hold, 
polymer vehicles, thickeners for product texture, lubricants and 
conditioning agents for ease of styling and hair finishing, as well as 
perfumes, preservatives and colouring agents. 


Permanent hair styling 

Keratins in the hair cortex are linked by disulphide bonds that 
result in the physical and chemical stability of the keratin protein. 
To change the shape of a hair permanently, a proportion of these 
bonds must be broken and reformed. It should be noted that these 
processes expose hair to chemicals capable of causing severe dam- 
age not only to the hair but to the skin. Ideally, they should only be 
used by those experienced in their safe application. 


Permanent waving (‘perming’) [7,10,11] 

The process of permanent waving involves sections of hair being 
rolled onto curlers then a waving (reducing) lotion applied. The 
reducing agent (usually a thioglycollate) cleaves some of the disul- 
phide bonds between keratin filaments, allowing hair reshaping. 
The pH of waving lotions is around pH 9 (achieved using alkalis 
such as ammonia), which allows the solution to penetrate the cuticle 
and reach the cortical keratin filaments. The hair’s new shape is 
determined by the tightness of the curl around the curlers. This is 
then fixed by an (oxidising) neutralising solution, usually based on 
hydrogen peroxide, which reforms the disulphide bonds between 
keratin filaments. 


Disorders of hair pigmentation 


Permanent straightening (‘relaxing’) [7,11-13] 

Chemical straightening of hair (relaxing) is essentially identical 
to permanent waving except curly hair is permanently straight- 
ened. Disulphide bonds are cleaved using an alkaline reducing 
agent (relaxer) and the hair is mechanically straightened using a 
comb, to restructure the position of the disulphide bonds. The new 
bonds are then fixed using an oxidising agent. Generally, chemi- 
cal relaxers are applied to new growth of the hair shaft near the 
scalp every 6-8 weeks. Relaxers can be lye or no-lye. Lye relaxers 
include sodium hydroxide and potassium hydroxide and are highly 
alkaline (pH 13-14). They can be subdivided into base (stronger, 
faster preparations that require a protective coating on the scalp) or 
no-base (weaker preparations that do not require scalp protection). 
No-lye relaxers are typically guanidine hydroxide (usually mixed 
with calcium hydroxide) or lithium hydroxide (no-mix). No-lye 
relaxers are less irritating but can leave mineral deposits on the 
hair, making it dry and brittle. More old-fashioned methods of hair 
straightening include hot combing (thermal straightening) whereby 
the hair is coated with petroleum jelly or liquid paraffin (which 
act as a heat-transferring agent), then a heated metal comb pulls 
the hair straight, causing the breakage and reforming of disulphide 
bonds. Chemical relaxing was previously very prevalent among 
African American women, with an estimated 80% using chemical 
relaxers 20 years ago. However, in the last decade, an increasing 
number are embracing a natural (chemically untreated) hairstyle. 


Hair colouring 

The desire to change one’s hair colour is not a modern phenomenon. 
Records of the use of henna as a hair colouring date back to the 
ancient Egyptians and their contemporaries in India and Persia. The 
Romans used a variety of vegetable dyes to colour hair and eye- 
brows, and bleached blond hair was a particular Roman fashion [14]. 
Hair dyes can be classified as temporary, semipermanent and per- 
manent. The penetration of dyes into the hair depends on molecular 
size and the aqueous swelling of the hair at the time of application 
of the dye; basicity of the dye is also important. The most successful 
dyes are relatively small molecules [15]. Given the widespread 
regular use of hair dyes by a significant proportion of the popula- 
tion (an estimated 50-80% of adult women and 10% of men >40 
years old use hair dyes at some time in their life) [16,17], safety of 
preparations is paramount. The most common adverse effect of hair 
dye is allergic contact dermatitis, usually to p-phenylenediamine 
(PPD). An estimated 1.5% of the European population may be 
allergic to PPD, increasing to 4-6% of the patch-tested population 
in Europe and North America [18]. There have also been concerns 
that hair dyes may predispose to cancers. The International Agency 
for Research on Cancer classified occupational exposure to hair 
dyes as probably carcinogenic to humans, whereas personal use of 
hair dyes was not classifiable, as evidence from epidemiological 
studies has proved inconclusive [17]. A recent study of more than 
100 000 US women found that those who had ever used permanent 
hair dyes had no significant increased risk of solid cancers, includ- 
ing bladder cancer, melanoma, hormone receptor-positive breast 
cancer and most of the major subclasses of haematopoietic cancer. 
However, basal cell carcinoma risk was slightly increased for users 
and higher cumulative hair dye exposure was positively associated 
with risk of hormone receptor-negative breast cancer and ovarian 
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cancer. An increased risk of Hodgkin lymphoma was observed only 
for women with naturally dark hair, and a higher risk of basal cell 
carcinoma was observed for women with naturally light hair [17]. 
Genetic susceptibility from functional polymorphisms in genes 
such as those involved in arylamine activation or detoxification 
may modify the risk for individuals [16]. 

Excluding bleach, hair colourants can be classified as non-oxida- 
tion or oxidation dyes. Non-oxidation dyes include temporary 
colourants (effects last several days) and semipermanent (direct) 
colourants (fade slowly with shampooing). Plant-based (vegetable) 
dyes and metallic salts are non-oxidation dyes. Oxidation dyes 
provide permanent hair colouring and are generally aromatic ring 
derivatives belonging to three major chemical families: the diamines 
(includes PPD), aminophenols and phenols/naphthols [19]. 


Plant-based (vegetable) dyes [14] 

Henna (also called red henna) has been used to colour hair and 
skin for thousands of years. It is derived from the dried crushed 
leaves of the shrub Lawsonia inermis which are mixed with water 
to form a paste that is applied to the hair. It produces a reddish 
brown colour in dark hair but turns white/blond hair orange. Red 
henna appears to be generally safe, with rare instances of contact 
allergy and type I hypersensitivity reactions [20]. However, children 
with glucose-6-phosphate dehydrogenase deficiency may develop 
life-threatening haemolysis after topical application of henna [20]. 
Black henna (a combination of red henna and PPD) is used for 
temporary tattoos and carries a risk of contact sensitisation [20]. 
Henna may be mixed with indigo powder (from the Indigofera plant 
genus) to give hair colours from chestnut to black. The flower heads 
of German or Roman chamomile contain a yellow dye (apigenin) 
that can tint hair. Crushed flower heads can be added to hot water 
to create a hair rinse or made into a paste to apply to hair. Other 
plant-based colourants can be derived from bark, wood, leaves and 
flowers (e.g. walnut shells), but are now rarely used. 


Metallic dyes [14] 

Regular application of dyes containing metallic salts (lead or sil- 
ver) results in progressive hair colouring (darkening), particularly of 
grey hairs. Products are generally sold for at-home use by men. They 
tend to result in a dull leaden colour with a flat metallic appearance. 
They can damage the hair shaft and the colour cannot be removed. 


Temporary colourants [14] 

Temporary hair colourants can be considered as make-up for hair. 
Their effects last at most until the hair is washed. Dyes in this 
category include azo derivatives, triphenylmethane basic dyes (e.g. 
methyl violet), ‘azine’ derivatives (e.g. safranine) and indoamines/ 
indophenols. Weak concentrations of semipermanent dyes such as 
anthraquinone derivatives may sometimes be used as temporary 
colourants. Preparations containing temporary colourants include 
shampoos, conditioners, rinses, mousses, coloured hair sprays and 
hair mascaras. 


Semipermanent (direct) colourants [14] 

Semipermanent dyes produce a change in hair colour that fades 
gradually with repeated shampooing. Colour should normally 
fade completely after 6 washes, but some dyes will persist for up 


to 12 washes. The dyes are intrinsically coloured small molecules 
that penetrate the hair cortex and are normally applied to natural 
non-bleached hair. They are used to add shades and tones to natural 
hair colour, and dye white hair a natural shade while minimising 
yellow discoloration. Semipermanent dyes include: 

e ‘Nitro’ dyes (aromatic amines, aminophenols, nitrophenols). 
Solvent-assisted dyes (e.g. disperse dyes). 

Anion-cation complexes (e.g. azo acid dyes, anthroquinone acid 
dyes). 

Self-oxidising dyes (e.g. trihydroxybenzene derivatives). 
Cationic/basic dyes (e.g. basic red). 

Reactive dyes (e.g. dichlorotriazinyl group). 


Permanent colourants [7,19] 

Permanent hair colourants are the most used type of hair dye. The 
colour cannot be removed and new growth at the hair roots needs 
to be coloured approximately every 6 weeks. Permanent dyes can 
colour hair in an infinite variety of shades, including greys. The 
formulation of hair dye products to achieve reproducible, safe and 
permanent hair colour is a complex process. The most used agents 
are PPDs and aminophenols. These dyes are in fact colourless 
(primary) intermediates or bases. When oxidised by hydrogen 
peroxide, they produce small molecular compounds (quinone 
monoimine or quinone diimine) which can penetrate the hair cortex. 
Couplers (or modifiers) such as m-diamines, m-aminophenols or 
polyphenols then react with these products of oxidation to form 
permanent hair colourants. Permanent colouring is performed at an 
alkaline pH (pH 9-10) to allow penetration through the hair cuticle, 
and ammonia is commonly used as a pH adjusting agent. Perma- 
nent dye preparations also contain other agents including vehicles, 
surfactants, solvents, thickeners, antioxidants and metal chelating 
agents. A conditioner is often added to reduce hair damage. 

The chemicals used in permanent hair dyeing are potentially 
hazardous. Hydrogen peroxide can cause structural damage to hair. 
Other components of hair dye preparations are potential irritants. 
The main concern is the potential for PPD (and to a lesser extent 
p-toluenediamine) to cause allergic contact dermatitis. In the UK, 
hairdressers are legally required to undertake patch tests for hair 
dye allergy prior to application, under Section 3 of the Health and 
Safety at Work Act (1974). All hair dyes in this group are sold to the 
public with instructions to carry out a standardised open patch test 
(allergy alert test) 48 hours before the product is used. The allergy 
alert test has been demonstrated to identify PPD allergy in >90% 
of allergic individuals [21]. Any redness, swelling or blistering 
implies allergy, and the product should not be used. If allergy to 
hair dye is confirmed, no PPD-containing dyes can be used and 
agents where cross-sensitisation is reported (e.g. sulphonamides, 
some local anaesthetics such as benzocaine and procaine) should 
also be avoided [18]. A negative patch test does not mean that 
subsequent allergy cannot occur but rather indicates that the subject 
is not allergic at the time of testing. 


Hair bleaching [7,22] 

Bleaching can be undertaken either to lighten hair colour or to pre- 
pare it to take up hair dyes. Hair lightening is achieved by oxidising 
melanin, and brown hair is easier to bleach than red hair. Bleaching 
can be highly damaging to the hair, causing dryness and fragility. 
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Bleaching solutions of hydrogen peroxide are usually 3%, 6% or 9% 
(10, 20 or 30 volume) and are mixed with ammonia to speed the reac- 
tion. The bleaching is terminated by shampooing with an acid pH 
product or acid rinse. The degree of bleaching will vary with con- 
tact time. Some degree of hair bleaching can occur with prolonged 
sun exposure. 


Prosthetics 

Wigs [23] 

In most cases, NHS prescriptions for wigs can be issued by NHS 
dermatologists, but this is not true for every area of the UK [24]. 
Although there is a huge range of different wig styles available, 
there are essentially two types of wigs — synthetic or human hair 
(‘real’). Each has its advantages and disadvantages, and careful 
thought should be given to the various pros and cons before 
obtaining a wig. Human hair wigs look natural and can be cut and 
styled. They are usually more expensive than synthetic wigs and 
last for around 1 year, with careful maintenance. Synthetic wigs 
are prestyled, easier to maintain and less expensive than real wigs, 
but are damaged by heat and have a shorter lifespan (3-6 months). 
Some wigs are designed specifically for complete hair loss (e.g. 
Supplex and Dermalite wigs). Vacuum wigs were also designed for 
complete hair loss; however, the remaining hair can be kept shaved 
to achieve the same result. Wig technology is constantly evolving, 
with newer types of wigs, include heat resistant synthetic wigs 
(which can be heat styled) and blended (real and synthetic hair) 
wigs, being developed. Patients are often concerned that wigs will 
fall off or be blown off by the wind. Therefore, it is best that wigs 
are fitted by a specialist wig salon. Most wigs have adjustable straps 
to ensure a close fit. Additional security can be obtained from the 
use of tapes, glues and clips. There are a variety of wig caps (bases) 
available (e.g. wefted, hand-tied, net, lace front; monofilament or 
silicone for suction wigs), each with different features. Full wigs are 
often not required when the area of alopecia is small and partial 
wigs may be more appropriate. 


Hair systems (mesh integration/Intralace systems™) 

Hair systems are essentially partial wigs that integrate the patient’s 
own remaining hair and are fixed in place on the scalp. They are 
expensive and require regular maintenance. Although they can give 
an excellent cosmetic effect, they do not suit every individual. 


Extensions and clip-ins 

Hair extensions are extremely popular, adding length and increased 
volume to hairstyles. They are often of limited benefit to those 
with alopecia on the top of the scalp as they provide no scalp 
coverage in this area. Hair is added either by wefted panels or by 
individual attachment of multiple smaller groups of hairs. Attach- 
ment is achieved by a variety of methods including tapes, glues 
and beads, and this is usually done in a specialist salon, although 
clip-in extensions can be easily attached and removed by the person 
themselves. 


Camouflage products 
There is an extensive range of products that can be used to camou- 
flage the scalp. Some are marketed specifically for use in alopecia 


(e.g. coloured fibres and sprays), while many others are intended 
for purposes such as coverage of grey roots or for use as dry sham- 
poos. These can be remarkably helpful products for patients with 
small areas of alopecia or hair thinning. Make-up such as eyebrow 
pencils, eyeshadows, eyeliners and false lashes is helpful in camou- 
flaging partial or complete loss of eyebrows and lashes. 


Tattooing 

Cosmetic tattooing (also called permanent make-up) can provide 
a more permanent solution to the loss of eyebrows and lashes, 
and the technique of microblading can produce the visual effect 
of eyebrow hairs. Tattoos often last 2-3 years but topping up the 
pigment every 18 months can optimise the appearance. Scalp tat- 
tooing or micropigmentation is a useful camouflage technique, 
particularly for men with short dark hair, and it can provide useful 
scalp coverage in women with thinning such as due to FPHL. The 
pigmentation does fade, and the procedure needs to be repeated 
every few years. 
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Acne vulgaris | 


Definition and nomenclature 

Acne vulgaris is a chronic inflammatory disease of the pilose- 
baceous unit. The clinical lesions are closed and open comedones 
(Figure 88.1) and/or papules, pustules, nodules and cysts of varying 
degrees of inflammation and depth (Figure 88.2). The face, back 
and/or chest are the most frequently affected sites. Complications of 
acne include inflammatory macules, pigment changes (Figure 88.3), 
scarring (Figure 88.4) and psychological distress. 


Synonyms and inclusions 

e Acne (acne vulgaris) 

¢ Comedonal acne (acne comedonica) 

¢ Prepubertal acne 

¢ Nodulocystic acne (acne conglobata, conglobate acne) 
¢ Acne fulminans 


Introduction and general description 

Acne vulgaris is one of the most common skin diseases worldwide, 
affecting all ethnicities and races [1-5]. The highest prevalence of 
acne occurs in adolescence, affecting approximately 85% of young 
adults aged 12-25 years. A cross-sectional study in Brazil reported 
prevalence as high as 96%; the most prevalent form of acne was 
comedonal (61.1%), followed by mild (30.6%) and moderate (7.6%) 
papulopustular [6]. Prevalence rates vary globally, with lower rates 
of 4.6% in children aged 0-12 and 23.4% in adults with Fitzpatrick 
type V-VI skin in Angola [7]. 

The age of onset has changed over time, paralleling the earlier 
onset of puberty reported in recent years [2,3]. Acne commonly has 
a prolonged course, with acute or insidious relapse or recurrence 
over time, with persistent papulopustular acne reported in 68.3% 
of acne patients in a recent prospective observational study by 
Shah et al. [8]. 


Clinical presentation includes comedonal and/or inflammatory 
lesions extending over the face and/or trunk. Discomfort may be 
a significant manifestation of the inflammatory lesions. Seborrhoea 
is integral to acne and is evident in varying degrees. Higher sebum 
excretion is associated with more severe acne [9] and the degree of 
sebum correlates with more inflammatory lesions [10]. The com- 
bined impacts of acne frequently result in psychosocial morbidity. 
Successful treatment correlates with improvement of psychological 
factors in many cases [11]. Acne scarring is more likely if treatment 
is delayed (Figure 88.5) hence early treatment is advocated [12,13]. 
The burden of acne is significant [14]. Despite the lower prevalence 
with increasing age when compared with adolescence, the burden 
of acne remains high in adults [15] and data suggest prevalence is 
increasing globally [16]. It is unclear whether this increase is a result 
of higher prevalence of the western diet, earlier onset of puberty, 
genetic drift or other environmental factors [17]. 


Epidemiology 
Age and sex 
Once regarded as a transient disease of the teenage years, acne 
is now presenting earlier [17,18,19] and lasting longer [3,20]. It 
may develop de novo in adulthood. Earlier development of acne 
has been linked with earlier onset of puberty, which may also 
relate to diet/obesity and other lifestyle factors [21,22]; however, 
earlier recognition may also lead to earlier presentation. Acne most 
commonly presents between the ages of 10 and 13 years in both 
sexes. Large community-based surveys and detailed smaller-scale 
studies have shown that acne begins at a younger age in girls than 
boys, aligning with earlier puberty [23-25]. A number of studies 
have shown that adolescent acne is more common in males than 
females, but that conversely postadolescent acne is more common 
in females [6,26]. 

Comedonal acne can be detected in some children before any overt 
signs of puberty [27,28]. This is consistent with the pathophysiology 
of acne in which rising adrenal dehydroepiandrosterone (DHEAS) 
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(b) 


Figure 88.1 (a) Predominantly comedonal acne. (b) Comedonal acne. (a) Courtesy of Dr 
S. Chow, KL Skin Centre, Malaysia. (b) From Zouboulis 2014 [731] with permission from 
Springer Nature. 


output is the trigger for sebum production by androgen-susceptible 
follicles in both girls and boys [28,29]. 

Early adrenarche in girls is a recognised risk factor for metabolic 
syndrome, polycystic ovary syndrome (PCOS) and insulin resis- 
tance [30]. The early development of comedonal acne in girls may 
be a predictor of more severe disease in later life. 

Postadolescent acne, both persistent and late onset, is more 
common in women than in men [25,31,32]. This is supported by 
an observational study of patients of older than 25 years (both 
sexes) with acne, which found that 31.7% of patients had late-onset 
acne, of which 95% were female (Figure 88.6) [33]. A large multi- 
national cross-sectional study found that 26% of women aged 
31-40 years and 12% of women aged 41-50 years had clinical acne 
(range 7-22%) depending on ethnicity [34]. Data from a large-scale 
international study assessing the facial distribution of adult female 
acne surprisingly indicated that the acne distribution in almost 
90% of cases is similar to that seen in adolescent acne, and the 
stereotype of adult female acne being due to hormonal disturbances 


presenting as inflammatory acne localised only to the mandibular 
area was not found in the majority [35]. A personal or family history 
of acne in first-degree relatives, no previous pregnancies, having 
hirsutism, working as an office worker, reporting a higher level of 
psychological stress, a low consumption of vegetables or fruit and 
fish were all associated with female adult acne in a case-control 
study [36]. 

Peak prevalence occurred between the ages of 15 and 20 years in 
all ethnic groups. Although data for females were not reported sep- 
arately, the lower prevalence of postadolescent acne 40 years ago is 
striking [14,27,28,37,38]. 

A historical review [23] identified a number of studies showing 
that males have more severe acne in late adolescence than females. 
Similar observations have also been reported in further studies 
[25,39-42]. A study looking at epidemiological modifiable and 
non-modifiable risk factors for acne severity and scarring found 
being male, being underweight and having current asthma were 
associated with higher grades of acne scarring. Consumption of 
cereals and milk for most or every day of the week reduces the risk 
of higher-grade acne scarring [43]. Tracking changes in the epidemi- 
ology of acne over time is problematic; however, data indicate that 
the age distribution of acne is widening (Figure 88.7) and this is 
happening in males and females, but more prominently in women 
over the age of 40 years [44]. 


Ethnicity 

Acne is now considered to be among the 10 most common diseases 
worldwide [45]. Epidemiological studies demonstrate how chal- 
lenging it is to unravel the effects of ethnicity and socioeconomic 
and cultural factors. However, ethnic variation in the prevalence of 
acne does appear to exist even when socioeconomic and cultural 
differences are accounted for. In the USA, where prevalence data 
are collected by the National Ambulatory Medical Care Survey 
(NAMCS), acne is the commonest or second most common reason 
for visits to dermatologists by all racial groups including Asian 
Pacific islanders [46]. 

The prevalence of acne appears to be lower and showing a 
slower rate of incline in developing versus developed countries 
(Figure 88.8) [17,4749]. Many of these regions are racially diverse 
and heterogeneous in population, hence variance is most probably 
dependent on multiple factors rather than ethnicity alone. 

A large systematic review of acne prevalence in mainland China 
found overall pooled prevalence rates were 39.2% (95% confidence 
interval (CI) 0.310-0.479). Interestingly, the authors found variation 
between the northern and southern regions of China, with the south 
(46.3%, 95% CI 0.374-0.555) having a higher prevalence of acne than 
the north (34.2%, 95%CI 0.242-0.458; Z = 2.498, P = 0.012). The 
authors suggested that this could be due to humidity, climate and 
dietary differences [50]. 

Acne is prevalent in all skin phototypes. Phototype has been 
reported as a risk factor for acne [51]. Phototype may impact on 
the type of acne lesion. A cross-sectional population-based study 
in Brazil using multivariate analysis reported that the morphology 
of acne lesions was different in adolescents with light or dark skin 
phototype [52]. Inflammatory lesions were noted more commonly 
in the light skin phototype and non-inflammatory ones in the dark 
phototype. Postinflammatory hyperpigmentation is more common 


(b) 


Figure 88.2 (a) Moderate to severe inflammatory acne including a mixture of comedonal and inflammatory lesions with seborrhoea. (b) Severe papulopustular acne. (c) Conglobate 


acne. (c) From Orfanos and Zouboulis 1998 [732] with permission from S. Karger AG, Basel. 


Figure 88.3 Postinflammatory macules and pigment changes interspersed with 
inflammatory acne. Courtesy of Dr S. Chow, KL Skin Centre, Malaysia. 


in darker phototypes and is a key concern for acne patients with 
skin of colour [53]. Cultural differences in skin and hair care prac- 
tices should also be considered as a possible factor contributing to 
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Figure 88.4 Active severe papulopustular acne with development of atrophic acne 
scars. 


the variable incidence of acne among different ethnic populations. 
For example, within the black population cocoa butter, a highly 
comedogenic substance, is often used [54]. 
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Figure 88.5 There is a correlation between acne scarring and duration of acne. Scarring 
is more likely to occur with delays in treatment. Adapted from Layton et a/. 1994 [12] 
with permission from Wiley. 


Figure 88.6 Acne tarda in a female patient. From Zouboulis and Piquero-Martin 2003 
[733] with permission from S. Karger AG, Basel. 


Associated diseases 

Acne may be associated with a number of medical conditions in 
which there is a predisposition to inflammation or to be associated 
with an underlying metabolic disturbance involving androgenic 
steroids, insulin resistance and increased fibroblast growth factor 
receptor 2 (FGFR2) signalling. Table 88.1 summarises medical condi- 
tions that may predispose to or protect against acne and highlights 
the abnormalities associated with each condition that may influence 
the course of acne. 

Most acne patients have no underlying endocrinological abnor- 
malities although, as an androgen-mediated dermatosis, acne is 
often a symptom of diseases in which androgen metabolism is 
abnormal [55,56]. The term ‘endocrine’ acne should be reserved 
for cases associated with clear signs and symptoms of endocrine 
disturbance such as PCOS, late-onset congenital adrenogenital 
syndrome and Cushing disease. Of these, PCOS is by far the com- 
monest endocrine disorder associated with acne. Female-to-male 
transgender patients receive masculinising doses of testosterone to 
induce virilisation and suppress menstruation. Elevated androgen 
levels in transgender men have been associated with an increased 
incidence of acne [57]. 
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Figure 88.7 The age distribution of acne is widening in both sexes. 


Polycystic ovary syndrome. PCOS is diagnosed according to the 

Rotterdam criteria [58] in which two of the following must be 

present: 

e Overt symptoms of androgen excess (hirsutism, acne and/or 
alopecia). 

¢ Ovulatory dysfunction (irregular or prolonged menstrual cycles). 

¢ Polycystic ovaries. 

In the USA, the alternative National Institutes for Health (NIH) 
criteria continue to be used (Table 88.2). Using the Rotterdam 
criteria, between 5% and 10% of adult women are classified as 
having the syndrome. PCOS almost certainly encompasses a spec- 
trum of related ovarian endocrinopathies; subtypes are recognised 
(Table 88.3). Women with PCOS are frequently but not always 
overweight, have one or more raised serum androgen levels or a 
raised free androgen index and are insulin resistant, all of which 
predispose to acne. PCOS ovaries appear more sensitive to insulin 
than non-PCOS ovaries, resulting in excess androgen production. 
Hyperinsulinaemia is also associated with excess adrenal androgen 
synthesis. A systematic review of prevalence of acne among PCOS 
patients found pooled prevalence was 76% using the NIH definition 
and 36% by Rotterdam criteria with the highest prevalence of acne 
in PCOS patients reported in East Asia, being 3.5-fold higher than 
in non-PCOS counterparts [59]. 

Overall, acne is a common finding although there is one striking 
exception: adult Pacific Island women with PCOS have little or 
no acne [60], which is consistent with the absence of acne in the 
island population as a whole. PCOS is increasingly being diagnosed 
in adolescents [61] and has been linked to the obesity epidemic 
[62-64]. In teenagers, the onset of PCOS overlaps with the tradi- 
tional acne-prone years, during which transient insulin resistance 
is common, making it difficult to attribute individual cases of acne 
to PCOS as opposed to normal puberty [65]. Most investigators 
have studied the prevalence of acne in women with PCOS and have 
shown a higher incidence [66-68] but others have examined the 
prevalence of PCOS or polycystic ovaries in female acne patients 
and demonstrated a higher prevalence of cystic ovaries in these 
patients [69,70]. 

Table 88.4 summarises studies providing data on the preva- 
lence of acne among adult women with PCOS and demonstrates 
considerable variation [71-98]. 
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Reproduced from Lynn et a/. 2016 [17] with 
permission. 


Adult women with PCOS often have other signs of peripheral 
hyperandrogenism including androgenic alopecia and hirsutism 
(Figure 88.9). 


Late-onset congenital adrenal hyperplasia. Late-onset or non- 
classic congenital adrenal hyperplasia is a relatively common auto- 
somal recessive disorder with an incidence reported as 1 : 500 
to 1: 1000 in white populations. Late-onset congenital adrenal 
hyperplasia arises due to mutations in the CYP21A2 gene located 
at chromosome 6p21, which lead to 21-hydroxylase deficiency. 
21-Hydroxylase is a key enzyme in the synthesis of mineralocor- 
ticoids and glucocorticoids (including cortisol) from progesterone 
and 17a-hydroxyprogesterone (17-OHP). In deficiency, interme- 
diates proximal to the enzyme accumulate; elevated 17-OHP, 
progesterone and androstenedione concentrations are typically 
found (Figure 88.10). Raised serum 17-OHP, basally or following an 
adrenocorticotropic hormone (ACTH) stimulation test, is a diagnos- 
tic marker for late-onset congenital adrenal hyperplasia but is not 
100% sensitive for carriers of mutations in CYP21A2. Table 88.5 out- 
lines the clinical features; acne is not a consistent feature. Reported 
prevalence in women with androgen excess ranges from 0.6% to 9% 
[99]. Higher prevalences are seen in some Jewish, Mediterranean, 
Middle Eastern and Indian populations. The condition is most 
frequently diagnosed in late childhood or early adulthood but can 
present as precocious puberty. Severe, refractory or atypical forms 
of acne may represent late-onset congenital adrenal hyperplasia 
(Figure 88.11) [100-103]. If mild, it can go unnoticed until symptoms 
such as persistent acne, irregular menses or problems conceiving 
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present. Late-onset congenital adrenal hyperplasia is a widely 
underdiagnosed disorder, particularly in males [104]. Box 88.1 
outlines suggested assessment in males. 


Box 88.1 Assessment of male patients with acne 
for congenital adrenal hyperplasia (CAH) 


Medical history 
¢ Acne/infertility 


Physical examination 
e Testicular examination 


Biochemical investigations 

¢ Basal level 17-hydroxyprogesterone (>6.1 nmol/L serves as a 
screening for non-classic adrenal hyperplasia) 

e Adrenocorticotropic hormone stimulated plasma 
17-hydroxyprogesterone (elevated basal levels or adrenocorticotropic 
hormone stimulated levels >260 ng/dL) 

¢ Serum luteinising hormone, follicle-stimulating hormone 

e Testosterone, dehydroepiandrosterone sulphate, androstenedione 
21-desoxycortisol 

Testicular ultrasound 

Semen analysis 


For the treatment of acne associated with late-onset congenital 
adrenal hyperplasia in male patients, oral glucocorticoids have 
been used. Systemic low-dose oral prednisolone (2.5-5 mg/day) or 
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Table 88.1 Medical conditions that may predispose to acne or in which acne prevalence is reduced. 
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Condition 


PCOS 


SAHA syndrome: subtype of PCOS 


HAIR-AN syndrome: subtype of PCOS 


Premature adrenarche 


Premature puberty 


Insulin resistance 

Hyperinsulinaemia 

Non-classic congenital adrenal hyperplasia 
associated with 21-hydroxylase deficiency 
(especially mild or heterozygous forms); more 
rarely 11B-hydroxylase or 3B-hydroxysteroid 
dehydrogenase deficiency 

Apert syndrome 


Anorexia nervosa 
Turner syndrome 


Laron syndrome 

Mayer-Rokitansky—Kuster-Hauser syndrome 
without WNT4 mutation 

Mayer-Rokitansky—KUster—Hauser syndrome 
with WNT4 mutation (may be a distinct 
condition) 

Cushing syndrome (iatrogenic and endogenous) 

Ectopic ACTH syndrome 

PAPA syndrome 

PASH syndrome 


PASS syndrome 


SAPHO syndrome 


Adrenal and ovarian tumours 
Male pseudohermaphroditism 
Complete androgen insensitivity syndrome 


Exaggerated adrenarche 


Abnormalities associated with this condition 
and relevant to acne 


Raised serum DHEAS, total and/or free testosterone and 
androstenedione, reduced SHBG. Also raised luteinising 
hormone, insulin, |GFBP-1 and IGF-1 

Serum androgens often but not always elevated. Subtypes can be 
characterised by which serum hormone levels are abnormal 


Pronounced insulin resistance, with markedly raised serum insulin 


Raised serum DHEA, DHEAS and androstenedione; often 
accompanied by insulin resistance 


Raised serum levels of gonadal androgens (highly variable 
depending on the cause) 

Reduced IGF-1 and IGFBP-1 

Raised serum insulin, IGF-1 and reduced IGFBP-3 

Elevated serum 17-OHP, progesterone, androstenedione, 
corticotrophin-releasing hormone and ACTH 


Associated with point mutations on FGFR2, which have been linked 
to acne 


Serum growth hormone raised, concomitantly |GF-1 is low 

45,X. Rudimentary ovaries with reduced androgen synthesis leading 
to reduced serum levels of testosterone and androstenedione 
during puberty in affected girls 

Congenital deficiency of IGF-1 

Serum androgens are normal 


Raised serum testosterone 


Elevated serum cortisol, ACTH and corticotrophin-releasing 
hormone 

Elevated serum ACTH 

Mutations in PSTPIP7. IL-1B and circulating neutrophil granule 
enzyme levels in serum are raised. Impaired production of IL-10 
and increased production of GM-CSF 

?Raised IL-1B (systemically or locally) or aberrant regulation of the 
function of this cytokine 


?Raised TNF-a (systemically or locally) or aberrant regulation of the 
function of this cytokine 
Cutibacterium acnes sometimes recovered from bone samples 


Elevated serum androgens exclusively or with other raised 
hormones 

17B-hydroxysteroid dehydrogenase type 3 deficiency, 5a-reductase 
type 2 deficiency 

Mutation in the androgen receptor 


Specific elevation of adrenal hormones produced by the zona 
reticularis in adults; exaggerated DHEAS and androstenedione 
responses to ACTH stimulation test 


Effect/comments 


Predisposes and/or worsens; effect on acne modified by 
BMI (or more correctly adiposity) 


Predisposes. According to Orfanos et a/. [126], there are 
four types of SAHA: idiopathic, ovarian, adrenal and 
hyperprolactinaemic. Ovarian SAHA is associated 
with a more insulin-resistant profile 

Predisposes. May be a fifth subtype of SAHA syndrome. 

nsulin resistance is proportional to BMI. Onset is 

usually during puberty/adolescence 

uch more common in girls than boys. Predisposes to 

earlier onset of acne and to PCOS. Rising insulin and 

GF-1 appear to increase the adrenal sensitivity to 

ACTH, leading to overproduction of androgens 

Predisposes. Can be caused by premature adrenarche or 

umours (of the pituitary or adrenal mainly) 

Predisposes 

Predisposes 

Predisposes especially to early onset. May extend 

duration; reduces responsiveness to treatment 


Predisposes to seborrhoea and an acne-like condition 
with involvement of the upper arms/forearms; 
responds to oral isotretinoin 

Predisposes 

Only affects girls. Protects via reduced sebum 
production. Serum androgens are normal during 
adrenarche 

Protects 

?Protects. Lower prevalence of acne and PCOS but 
ovaries are intact 

Predisposes via inability to repress ovarian androgen 
synthesis 


Predisposes. Can cause acne in pre-adrenarchal children 


Predisposes. Can cause acne in pre-adrenarchal children 

Acne is one of three diagnostic features of this 
syndrome; pyogenic sterile arthritis and pyoderma 
gangrenosum are the others 

Acne is one of three diagnostic features, suppurative 
hidradenitis and pyoderma gangrenosum are the 
others 

As PASH but with axial spondyloarthritis 


Acne is one of five diagnostic features of this syndrome, 
synovitis, pustulosis, hyperostosis and osteitis are the 
others. Syndrome is more likely to be associated with 
C. acnes than acne per se 

Predisposes 


Normal pubertal development, normal levels of sebum 
and no altered risk of acne 

Protects. These patients produce no sebum and do not 
get acne 

Predisposes 


ACTH, adrenocorticotrophic hormone; BMI, body mass index; DHEA, dihydroepiandrosterone; DHEAS, dehydroepiandrosterone; GM-CSF, granulocyte-macrophage colony-stimulating 
factor; HAIR-AN, hyperandrogenism, insulin resistance and acanthosis nigricans; IGF, insulin-derived growth factor; IGFBP, insulin-derived growth factor binding protein; IL, interleukin; 
17-OHP, 17-hydroxyprogesterone; PAPA, pyogenic sterile arthritis, pyoderma gangrenosum and acne; PASH, pyoderma gangrenosum, acne and hidradenitis suppurativa; PASS, 
pyoderma gangrenosum, acne, seronegative spondyloarthritis; PCOS, polycystic ovary syndrome; SAHA, seborrhoea, acne, hirsutism and androgenetic alopecia; SAPHO, synovitis, 
acne, pustulosis, hyperostosis and osteitis; SHBG, sex hormone-binding globulin; TNF-a, tumour necrosis factor a. 


Table 88.2 Criteria used to diagnose polycystic ovary syndrome. 


Rotterdam diagnostic criteria — requires 
two of the following: 


NIH diagnostic criteria — requires 
both the following: 


1 Oligo- or anovulation 1 Oligo- or anovulation 


2 Clinical and/or biochemical signs of 
hyperandrogenism 


2 Clinical and/or biochemical signs 
of hyperandrogenism 


3 Polycystic ovaries Plus: exclusion of other aetiologies 


such as congenital adrenal 
hyperplasia, androgen-secreting 
tumours and Cushing syndrome 
Plus: exclusion of other aetiologies such as 

hyperthyroidism, hypoprolactinaemia, 

congenital adrenal hyperplasia, 

androgen-secreting tumours and Cushing 

syndrome 


NIH, National Institutes for Health. 


dexamethasone 0.25—-0.75 mg/day) can be given, although the latter 
may have a higher risk of adrenal suppression [105]. 


Hypercortisolism. This describes signs and symptoms associated 
with prolonged exposure to inappropriately high levels of cortisol 
or in consequence of Cushing disease. 


Cushing disease. Cushing disease refers to hypercortisolism sec- 
ondary to excess production of ACTH from a corticopituitary 
adenoma. ACTH levels are often lower in Cushing syndrome. 
For primary hypercortisolism, see Box 88.2 which outlines the 
symptoms and signs associated with Cushing disease. 


Box 88.2 Symptoms and signs associated with 
Cushing syndrome 


C- central obesity, collagen fibre weakness, comedones (acne) 

U - urinary free cortisol and glucose intolerance 

S - striae, suppressed immunity 

H - hypercortisolism, hypertension, hyperglycaemia, 
hypercholesterolaemia 

I — iatrogenic (increased administration of corticosteroids) 

N — non-iatrogenic (neoplasms) 

G - glucose intolerance, growth retardation 


Table 88.3 Subtypes of polycystic ovary syndrome (PCOS). 


Acne vulgaris 88.7 


Acromegaly. Acromegaly, which relates to excess growth hormone 
production, has been associated with the development of acne [106]. 
Growth hormone and excess insulin-like growth factor 1 (IGF-1) can 
stimulate sebaceous gland differentiation and androgen-induced 
sebaceous lipogenesis [107-109]. Affected subjects may notice 
increased sebum production [109] and in some cases acne is the 
only presenting symptom [106]. 


Synovitis, acne, pustulosis, hyperostosis and osteitis syndrome 
(SAPHO). This acronym, first described in 1987, represents a syn- 
drome of pustular dermatoses together with aseptic osteoarticular 
lesions including synovitis, acne, pustulosis, hyperostosis and 
osteitis [110,111]. In the classic syndrome, patients present with 
sudden-onset haemorrhagic and ulcerative acne on the face and 
trunk, sterile pustular lesions on the palms and soles and pain espe- 
cially affecting the anterior chest wall. In mild cases, the condition 
is underdiagnosed. Skin manifestations are commoner in adults 
than in children and severe acneform skin disease, including acne 
fulminans, acne conglobata and/or hidradenitis suppurativa (HS), 
is seen, predominantly in males. The disease may represent an 
immune reaction to an unspecified antigen. Cutibacterium acnes, pre- 
viously called Propionibacteria acnes, has in some cases been isolated 
in osteitic bone lesions; the bony lesions fail to respond to antibiotics 
suggesting that they do not represent primary haematogenic spread 
[112]. Reports suggest that biphosphonates will improve bony 
lesions but they have no impact on the cutaneous manifestations 
[113,114]. Increased levels of tumour necrosis factor « (TNF-a) have 
been identified. In isolated cases, benefit has been noted following 
treatment with infliximab [115] and ustekinumab [116]. Opposing 
effects on skin and osteoarticular symptoms may occur with 
TNF-a antibodies (articular improvement/cutaneous deterioration) 
as well as with isotretinoin (cutaneous improvement/articular 
deterioration) [117,118]. 


HAIR-AN syndrome. This syndrome consists of hyperandro- 
genism (HA), insulin resistance (IR) and acanthosis nigricans (AN) 
[119]. Patients present with typical signs of hyperandrogenism, 
hyperseborrhoea, hirsutism, acne, menstrual irregularities and 
androgenetic alopecia. They may also show other features includ- 
ing deepening voice, clitoromegaly and increased muscle mass 
[120]. Other autoimmune or endocrine diseases may be associated 
with HAIR-AN, including Graves disease, Hashimoto thyroidi- 
tis, Cushing syndrome, Cohen syndrome, acromegaly, congenital 


Type I classic PCOS Type Il PCOS Type Ill PCOS Type IV PCOS 
Hyperandrogenism Present Present Normal Present 
Menstruation Oligomenorrhoea Irregular Irregular Regular 
Ovarian cysts Present No cysts Present Present 
Cardiovascular risk High — metabolic syndrome 3x Lowest cardiovascular risk Lower BMI 


higher in these patients 
Relatively higher BMI 
Insulin resistance 
Dyslipidaemia with increased small 
dense LDL and lipoprotein 


BMI, body mass index; CVD, cardiovascular disease; LDL, low-density lipoprotein. 


may be similar to those 
with no signs of PCOS 


Lesser degree of hyperandrogenism 

Mildest degree of metabolic 
syndrome versus other subtypes 

Still at higher risk of CVD than those 
without PCOS 
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Table 88.4 Prevalence of acne among women with polycystic ovary syndrome (PCOS). 


Number of women, nationality Age range (years); mean + SD Prevalence of acne (%) Notes Reference 
87 British (47 South Asians, 40 white Asian 26 + 4; white skin 66 Asian, 30 71] 
skin) 30.145 white skin 
716 Mexican 27.747.3 15 Very low figure — article does not say 72] 
how acne was defined 
316 American Three groups: 26.3 + 6.9; 19 Very low prevalence of acne for 73] 
27.3 + 6.9; 30+7.8 American women with PCOS 
German 28 50 Versus 33% for women without PCOS 74] 
273 Chinese 24.83 + 5.31 45 75] 
295 Taiwanese 14-40; 26.74+5.4 48 Compared with 18% for age-matched 76] 
women without PCOS 
32 Tanzanian 29.3445 41 Compared with 17.6 for 68 women 77\ 
without PCOS 
103 American 13-20 33 78] 
70 American 11-22; 16.2 70 79] 
49 Indian 12-19 67 80] 
51 Indian 5-32 55 81] 
22.2454 
42 Indian 17-31 54 82] 
22.4+5.53 
62 Saudi Arabian 29-43 39 83] 
115 Turkish 5-41 53 35% had seborrhoea 84] 
210 Iranian 17-18 27. Severe acne only 85] 
58 American 9-18 74 Five girls were premenarchal 86] 
318 Taiwanese 24.54+5.0 39 87] 
74 Greek 88] 
365 Croatian 26.1+5.9 50 89] 
136 Indian girls: 18.8 + 8.5 PCOS 33 Versus 14.9 in those without PCOS 90] 
49 with PCOS, 
87 without PCOS 19.8 + 0.67 non-PCOS 90] 
100 Indian 20-38 13 Very low 91] 
133 Turkish 17-36 26 moderate or Used Global Acne Grading System. 92] 
severe; 65 mild Women with mild acne may be 
misclassified as no acne using a less 
stringent method 
196 American 11-20; 15.7+1.7 18 moderate or 93] 
severe; 53 mild 
10 Palestinian 8-24 80 Versus 37.2% in those without PCOS 94] 
149 American (121 white skin, 28 28 + 5.4 white skin; 29.6 68 white skin Difference not significant 95] 
Asian) + 5.9 Asian versus 74 Asian 
AO Korean Two groups: 24.7 + 5.1; 95 Seborrhoea in 45% 96] 
25.7 + 8.2 
254 American Two groups 61 97] 
28.8 + 5.67 
27.8 + 6.10 
59 Turkish 21.494 4.18 46 98] 


adrenal hyperplasia and insulinoma [120-122]. The primary abnor- 
mality is hyperinsulinaemia, while elevated or upper limit levels 
of testosterone and androstenedione are frequent. The degree of 
excess insulin correlates directly to androgen levels [123]. The 
hyperinsulinaemia and hyperandrogenaemia stimulate epithelial 
proliferation and melanin accumulation resulting in the cutaneous 
changes seen. In some patients with HAIR-AN, a reduction in 
insulin receptors has been demonstrated and/or mutations in the 
receptor gene [124]. The binding of insulin to IGF receptors and 
insulin receptors on keratinocytes and fibroblasts leads to epidermal 
thickness which is thought to induce the changes seen in acanthosis 
nigricans [120,125]. 


SAHA (seborrhoea, acne, hirsutism and androgenetic alopecia) 
syndrome. In 1982, the association of seborrhoea and acne with 
hirsutism and/or androgenetic alopecia in females was defined 
as SAHA (Figure 88.12) [126]. The syndrome is classified into 
idiopathic, ovarian, adrenal and hyperprolactinaemic types. All 
four major clinical signs are only present in about 20% of cases, 
seborrhoea is a consistent finding and acne is evident in around 
10% of cases [126]. 


PAPA (pyogenic sterile arthritis, pyoderma gangrenosum and acne) 
syndrome and PAPA spectrum disorders. PAPA, first described in 
1997, represents a rare autosomal dominant autoinflammatory dis- 
ease caused by mutations in the gene for proline/serine/threonine 


Figure 88.9 (a) Acne in an adult female with 
polycystic ovary syndrome associated with hirsutism 
and seborrhoea. (b) Ultrasound scan showing cysts 
(+) on the ovaries. 
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Figure 88.10 Schematic representation of the role of 21-hydroxylase in the adrenal steroid genesis pathway. CHOL, cholesterol; DHEA, dehydroepiandrosterone; DHEA-S, 
dehydroepiandrosterone sulphate; DHT, dihydrotesterone; 17-OH, 17-hydroxyprogesterone; SLAR, steroidogenic acute regulatory protein. 


phosphatase interacting protein 1 (PSTPIP1; also known as 
CD2BP1). PSTPIP1 is a cytoskeleton-associated adaptor protein 
expressed predominantly in haematopoietic cells that modulates 
T-cell activation [127] and interleukin 1f (IL-1f) release [128]. 
Other syndromes similar to PAPA have been subsequently 
identified and can be unified under PAPA spectrum disorders 


(Table 88.6): PASH syndrome (pyoderma gangrenosum, acne 
and hidradenitis suppurativa (HS)), PASS (pyoderma gangreno- 
sum, acne, seronegative spondyloarthritis, with or without HS), 
PAPASH (features of PASH with pyogenic arthritis), PsAPASH 
(PASH with psoriatic arthritis) and PAC (pyoderma gangrenosum, 
acne and ulcerative colitis). PAMI syndrome (PSTPIP1-associated 
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Table 88.5 Clinical features of 21-hydroxylase late-onset adrenal hyperplasia. 


Adulthood Childhood 
Short stature Tall stature 
Hirsutism Pseudoprecocious puberty 
Acne Cystic acne 


Testicular enlargement in boys 
Oligospermia 

Menstrual irregularities 
Infertility both sexes 


Premature pubarche 


myeloid-related proteinaemia inflammatory syndrome) is a PAPA 
variant with haematological manifestations [129]. 

PAPA typically presents with recurrent sterile erosive arthritis in 
childhood occurring spontaneously after minor trauma, occasion- 
ally resulting in joint destruction. The joint problems tend to sub- 
side by puberty and there is a transition to cutaneous disease. Skin 
problems include pathergy, with abscesses developing at the sites of 
injections; severe nodulocystic acne appears in adolescence followed 
by recurrent sterile ulcers often diagnosed as pyoderma gangreno- 
sum [130]. A review of PAPA spectrum disorders identified acne in 
37 of the 49 identified cases with a phenotype of severe or more 
(nodulocystic, acne fulminans or severe but without the characteris- 
tics of the two previous phenotypes) in 83% of cases. The topography 
of the lesions was that of acne vulgaris (face, trunk), with four cases 
involving the scalp [129]. Pyoderma gangrenosum and acne may be 
present for several decades once present. 

Systemic or locally administered glucocoticosteroids are usually 
helpful for the inflammatory symptoms. In most cases, systemic 
treatments are employed to treat clinical aspects other than the 
acne. These treatments include TNF-« blockade and IL-1 receptor 
antagonists such as anakinra or canakinumab which have been used 
successfully in case reports and have improved the acne lesions 
associated with PAPA syndrome [131-135]. 


Apert syndrome. Apert syndrome, also known as acrocephalosyn- 
dactyly, was first described in 1906 [136]. The prevalence is 
estimated at 15/1000000 births based on a population-based 
study [137]. Apert syndrome is characterised by craniosynostosis 
and early epiphyseal closure which results in deformities of the 
skull, hands and feet. The characteristic facial abnormalities are 
hypertelorism, a flattened occiput, proptosis due to shallow orbits, 
prognathism, a parrot-beaked nose and fused shortened digits. 
Severely delayed tooth eruption, shovel-shaped incisors and mal- 
occlusion of teeth occur. Abnormalities of the upper and lower 
respiratory tracts include a cleft soft palate and bifid uvula [138]. 
Moderate to severe acne, which generally presents early in puberty, 
is a characteristic feature of Apert syndrome [139-141]. The acne 
typically presents on the trunk and face but also extends to unusual 
sites such as the forearms and buttocks (Figure 88.13) [142]. 

Early epiphyseal closure is an androgen-mediated event. No 
difference in the androgen receptor expression has been demon- 
strated suggesting that the underlying problem in Apert syndrome 
relates to abnormal sensitivity to normal circulating levels of 
androgens [143-145]. Other cutaneous changes reported in Apert 
syndrome include seborrhoea, hyperhidrosis, nail dystrophy, 


(b) 


Figure 88.11 (a) Non-classic congenital adrenal hyperplasia in a 16-year-old with 
oligomenorrhoea pre-treatment. (b) Post-therapy with 2 mg oral prednisolone daily. 
Courtesy of Dr P. Troielli, School of Medicine, University of Buenos Aires, Argentina. 


hyperkeratosis of the plantar surfaces and ocular and cutaneous 
hypopigmentation [146]. Apert syndrome may be inherited as 
autosomal dominant or may be due to a new mutation of paternal 
origin. Two specific heterozygous missense germ-line mutations of 
the FGFR2 gene have been identified. The mutations of adjacent 
amino acid residues of FGFR2, either S252W or P253R, are localised 
in the linker region between D2- and D3-immunoglobulin-like 
regions of the FGFR2 ligand-binding domain. Two major iso- 
forms of FGFR2 are formed. FGFR2b is exclusively expressed on 
epithelial cells, whereas FGFR2c is expressed only on dermal and 
mesenchymal cells. Both receptor isoforms and their specific lig- 
ands are involved in mesenchymal epithelial signalling leading 
to downstream effects of activated FGFR2 signalling on follicular 
keratinocyte proliferation, sebaceous lipogenesis and inflammatory 
cytokine response [147]. The acne in Apert syndrome frequently 


Figure 88.12 Seborrhoea, acne, hirsutism and/or androgenetic alopecia (SAHA) 
syndrome in a 22-year-old obese female with HAIR-AN. From Zouboulis and Dessinioti 
2014 [734] with permission from Springer Nature. 


requires oral isotretinoin [148,149]. Etretinate has also been effective 
in refractory cases [150]. 


Drug-induced acne. Some drugs may cause acneform reactions; 
these account for about 1% of all drug-induced skin eruptions. 
Drug-induced acne embraces monomorphic inflammatory lesions 
with an absence of comedones, often presenting acutely on sites 
not commonly affected by acne. The face and upper trunk are most 
frequently affected. The interval between the start of the implicated 
drug and the onset of the acneform eruption depends very much on 
the agent provoking the response. Several reviews provide lists of 
drugs associated with acne or acneform rashes [151,152]. Table 88.7 
identifies drugs that have been implicated in acneform eruptions. 


Corticosteroids. Corticosteroids may provoke an acneform reac- 
tion regardless of their route of administration (Figure 88.14) 


Table 88.6 Summary of PAPA spectrum disorders. 


Syndrome 
(see text for name in full) 


Involved gene or 


chromosomal alteration Added features 


(b) 


Figure 88.13 Apert syndrome. (a) The unusual extent of acne in a patient with Apert 
syndrome. (b) Typical appearance of the fingers of a patient with Apert syndrome. 


[153-160]. The precise mechanism is uncertain. Steroid acne is 
usually more monomorphic than true acne vulgaris; however, 
both inflammatory and comedonal lesions may be present on the 
face, back and chest [160]. Abuse of androgenic anabolic steroids, 


Pyogenic sterile arthritis, pyoderma gangrenosum and acne conglobata. Arthritis is the predominant feature, 


which is juvenile in onset and has a destructive course 


PAPA PSTPIP1 

PASH PSTPIP1, NCSTN, MEFV, 
NOD2, NLRP3 

PASS Unknown 

PAPASH PSTPIP1, ILIRN, MEFV 

PsAPASH Unknown 

PAC PSTPIP1 

PAMI PSTPIP1 


Absence of pyogenic sterile arthritis distinguishes PASH syndrome from the PAPASH and PAPA syndromes 


Characterised by pyoderma gangrenosum, acne, hidradenitis suppurativa and spondylarthritis 

Similar to the PAPA syndrome with additional features of hidradenitis suppurativa 

Pyoderma gangrenosum, acne, suppurative hidradenitis and psoriatic arthritis 

Pyoderma gangrenosum, acne and ulcerative colitis 

Hypercalprotectinaemia and hyperzincaemia, raised serum myeloid-related protein plus hepatosplenomegaly, 


arthritis, pancytopenia and failure to thrive 


ILIRN, interleukin 1 receptor antagonist; MEFV, Mediterranean fever; NCSTN, nicastrin; NLRP3, NOD-, LRR- and pyrin domain-containing protein 3; NOD2, nucleotide-binding 
oligomerisation domain-containing protein 2; PSTPIP1, proline/serine/threonine phosphatase interacting protein 1. 
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Table 88.7 Drug classes and types of medication that may exacerbate or cause acne. 


Drug class or type Examples 
Corticosteroid: 

Topical Betamethasone 

Oral Prednisolone 

Inhaled Budesonide 
ACTH ACTH, synthetic ACTH 


Danazol, nandrolone, stanozolol 

Carbamazepine, phenytoin, 
phenobarbitone, troxidone, 
gabapentin, topiramate 

Lithium, sertraline, vortioxetine 

Pimozide, risperidone 

Isoniazid, pyrazinamide 

Dactinomycin, pentostatin, cetuximab 


Anabolic steroid/synthetic androgen 
Anticonvulsant 


Antidepressant 

Other neuroleptic/antipsychotic 
Antitubercular 
Antineoplastic/EGFR antagonists 


Antiviral Ritonavir, ganciclovir 
Calcium antagonist Nilvadipine, nimodipine 
Halogen Sodium fluoride, potassium iodine 


Genetically engineered human growth 
hormone 

Vitamin B,,, possibly other B vitamins 

Buserelin, cabergoline, ciclosporin, 
sirolimus, tacrolimus, clofazimine, 
dantrolene, disulfuram, famotidine, 
follitropin alfa, isosorbide 
mononitrate, medroxyprogesterone, 
mesalazine, quinine, ramipril, sulphur, 
thiouracil, thiourea 


Human growth hormone 


Vitamins 
Miscellaneous 


ACTH, adrenocorticotropic hormone; EGFR, epidermal growth factor receptor. 


synthetic derivatives of testosterone and testosterone salts, can 
exacerbate acne vulgaris (Figure 88.15) and induce acne fulminans 
or acne conglobata [161]. Acne induction is partly due to andro- 
gen receptor binding leading to hypertrophy of the sebaceous 
glands with consequent increased sebum output and a concomitant 
increase in the population density of Cutibacterium acnes. However, 
not all androgenic anabolic steroids bind to the androgen recep- 
tor, suggesting that acne must be induced via other mechanisms 
[162,163]. Estimates suggest that as many as 43% of users have acne 
as a side effect [164]. 


Amino acid supplements. Branched-chain amino acids are be- 
coming an increasingly popular exercise supplement, purported 
by the industry to help maintain and grow muscle mass, while 
reducing muscle fatigue. Leucine, an essential amino acid, is one 
of three branched-chain amino acids (the others are isolucine and 
valine) often found in protein supplements. Leucine stimulates 
mTORC1-SREBP signalling. Leucine is directly converted by sebo- 
cytes into fatty acids and sterols for sebaceous lipid synthesis and 
has been implicated in promoting acne [165,166]. 


Dehydroepiandrosterone A supplements. DHEA supplements 
are popular as they have been shown to increase lean body mass 
and decrease fat mass [167]. DHEA given in adrenal insufficiency 
reduces total cholesterol, improves well-being, sexual satisfaction 
and insulin sensitivity, and prevents loss of bone mineral density, 
making it hyped as an ‘antiaging superhormone’ whose benefits 
have been extrapolated to the general population [168]. However, 
side effects including hair loss and acne have been reported; this 


Figure 88.14 Monomorphic inflammatory papules and pustules associated with 
corticosteroid use. Courtesy of Dr S. Chow, KL Skin Centre, Malaysia. 


Figure 88.15 Severe acne vulgaris in a male body builder. 


is unsurprising given that DHEA is a major androgen ultimately 
responsible for the increased sebum production and recognised in 
acne pathogenesis. 


Immunosuppressive drugs. Ciclosporin has been associated with 
induction of comedonal lesions 2-3 months after initiation of 
treatment and independent of dose. An acne-like eruption is seen 
as a consequence of immunosuppressive drugs used in transplant 
patients in up to 25% of cases [169]. The reaction may extend beyond 
the face and trunk, and a nodular component is common. Scalp 
folliculitis has been reported to occur within a few weeks of starting 
sirolimus [170]. Acne in this context can impact on quality of life 
(QoL) and may deter patients from taking their medication, partic- 
ularly adolescent females [171]. Oral tacrolimus appears less likely 
to produce acneform reactions presumably due to the low accu- 
mulation in the skin. Localised acne has been reported in a patient 
using topical tacrolimus for vitiligo after 3 months of use [172]. 
Conventional acne therapies should be employed but if the acne 


Figure 88.16 Lithium-induced acne which demonstrates an unusual location of the 
lesions beyond the seborrheic areas, a classical finding of drug-induced acneform rash. 
A monomorphic pattern is another common feature. Courtesy of Dr V. M. Yates, Royal 
Bolton Hospital, UK. 


is severe and refractory, modification of the immunosuppressant 
therapy may be required. 


Psychotropic drugs. Some psychoactive drugs including lithium 
(Figure 88.16), amineptine and vortioxetine can induce acne 
[173-178]. Lithium-induced acne frequently presents 2-3 months 
after starting therapy and severe forms such as acne conglobata 
have been described [176]. Male patients appear to be more sus- 
ceptible to dermatological problems [177]. Lithium-induced acne is 
thought to occur through neutrophil chemotaxis and degranulation 
inducing an inflammatory cascade alongside a direct effect on 
follicular keratinocytes, leading to follicular plugging. Discontinu- 
ation of the lithium is recommended if possible. Tetracyclines can 
increase levels of lithium. 

Most cases of amineptine-induced acne have involved adult 
females. Comedonal lesions are the most frequently seen lesions 
and inflammatory lesions are usually sparse. The mechanism 
has been postulated to be via selective decrease in the uptake of 
dopamine followed by an inhibitory effect of elevated dopamine 
on prolactin with subsequent increase in testosterone output [175]. 
Once ‘acne’ has been triggered, the drug should be withdrawn; 
response is variable and systemic therapy and physical treatment 
of the comedones may be required. 


Progestins. Different progestins have varying androgenic effects 
(Box 88.3). The levonorgestrel-releasing intrauterine system, 
implants or mini-pills are all capable of exacerbating acne [179]. 
A recent review suggested that establishing the cause and effect is 
challenging and further research is required [180]. With the popu- 
larity of intrauterine progestogen contraceptives, often containing 
levonorgestrel, there is a delayed onset of acne. 


Box 88.3 Relative androgenic effect of progestins 
in commonly used combined oral contraceptives 
and in implanted intrauterine contraceptives 


Generic name Androgenic effect 


¢ Desogestrel 

¢ Norgestimate 

¢ Norethindrone 

e Ethynodiol diacetate 
e Levonorgestrel 

¢ Norgestrel 

¢ Norethindrone 


payea uaboupue 
Bulseasdu] 


Isoniazid. Slow inactivators of isoniazid may develop an acneform 
rash [181]. 


Antiepileptic drugs. Acne triggered by antiepileptic drugs has 
been reported but a study of hospitalised patients with severe 
epilepsy receiving different anticonvulsants, including phenytoin, 
showed no increased risk of acne compared with matched controls 
in the general population [182]. 


lodides and bromides. Iodides and bromides commonly and 
rapidly cause follicular pustules [164,183]. lodides may be found in 
non-prescription preparations for asthma, expectorants, kelp and 
teas. Sedatives and cold remedies often contain bromides. Chlo- 
racne (Figure 88.17) is a condition due to systemic poisoning most 
frequently found in occupational settings (see ‘Occupational acne’ 
later in this chapter). Dioxins are the most potent of these chemicals 
(Figure 88.18). 


Vitamins B,, B, and B,,. A monomorphic eruption consisting of 
small follicular inflammatory lesions on the forehead and chin, 
upper arms and trunk has been described with vitamin B,, doses 
of 5-10 mg/day [184]. Women are almost exclusively affected and 
the onset of acne develops within the first 2 weeks post-injection. 
The acne-inducing dose of vitamin B, has not been established. A 
recent publication revealed that vitamin B,, supplementation in C. 
acnes cultures promoted the production of porphyrins, which have 
been shown to induce inflammation in acne, providing a potential 
mechanism for this reaction [185]. Conventional acne therapies 
are usually unsuccessful but withdrawal of the drug results in 
resolution of the acneform rash within 10 days. 
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Figure 88.17 Chloracne showing multiple comedonal lesions on the face. 


Epidermal growth factor receptor inhibitors. A follicular 
acneform eruption often within a few weeks of therapy has been 
reported in more than 50% of cancer patients treated with epider- 
mal growth factor receptor inhibitors (Figure 88.19) [186,187]. The 
exact mechanism of how this occurs is not understood. Follicular 
papules and sterile pustules on the face and upper trunk occur and 
in severe cases the limbs may be affected. Comedones are not seen 
[188]. Histological examination of the lesions has found a superficial 
dermal inflammatory cell infiltrate surrounding a dilated follicu- 
lar infundibulum. A direct correlation between efficacy to cancer 
therapy and severity of acneform reaction has been reported. Most 
reports suggest that topical acne therapies, oral tetracyclines and 
topical or oral corticosteroids are effective. Oral isotretinoin has also 
been used successfully [189]. 

Table 88.8 provides an aid for diagnosing acne associated with 
medications. 


Pathophysiology 

The classic concept is that acne results from the combination of 
increased sebaceous gland activity with seborrhoea, abnormal 
follicular differentiation with increased keratinisation, microbial 
hypercolonisation of the follicular canal and increased inflammation 
primarily through activation of the adaptive immune system. New 


research results have led to a modification of this classic explanation 
as more primary pathophysiological factors have been identified. 
Along with a genetic predisposition, other major factors include 
androgens, pro-inflammatory lipids such as ligands of sebocyte 
peroxisome proliferator-activated receptors (PPARs) and other 
inflammatory pathways. In addition, neuroendocrine regulatory 
mechanisms, diet and exogenous factors all may contribute to this 
multifactorial process [190-192,193]. 


Inflammation 

Recently, there has been a debate as to whether hyperkeratinisation 
of the follicular duct precedes the influx of inflammatory cells or 
vice versa (Figure 88.20) [193]. Recent studies support the latter 
hypothesis by demonstrating that an increase in IL-1 activity occurs 
around uninvolved follicles and this triggers the activation of 
follicular keratinocytes and their hyperproliferation [193,194,195]. 
Expression profiling of acne-involved and uninvolved skin from 
acne patients and from subjects without acne via cDNA microarrays 
has provided a better insight into the aetiological factors giving 
rise to acne [196]. In inflammatory acne lesions, the majority of the 
upregulated genes are involved in inflammatory processes. These 
include matrix metalloproteinases, human B-defensin 4, IL-8 and 
granulysin. Nuclear factor « B (NF«B), a transcription factor critical 
for upregulation of many pro-inflammatory cytokine genes, has 
been shown to be activated in acne lesions. NF«B-regulated cytokine 
mRNA levels of TNF-a, IL-1, IL-8 and IL-10 are significantly upreg- 
ulated in acne-involved skin compared with uninvolved normal 
adjacent skin [197]. Choi et al. showed that TNF-a induces lipoge- 
nesis in SZ95 sebocytes through the JNK and PI3K/Akt pathways 
[198]. IL-1B mRNA and the active processed form of IL-1B are 
abundant in inflammatory acne lesions [199]. 

Elevated expression of the chemokine IL-8 is able to attract 
inflammatory cells into the skin. Indeed, in early acne lesions 
(closed comedones), there is a marked increase in the presence of 
polymorphonuclear leukocytes as compared with the uninvolved 
skin, whereas lymphocytes are prominently visible in papules, 
pustules and nodules when compared to normal controls [197]. 

Kelhala et al. illustrated the presence of IL-17A-positive T cells 
and the activation of Th17-related cytokines in acne lesions, 
indicating that the Th17 pathway is activated and may play a 
pivotal role in the disease process. However, additional stud- 
ies are needed to assess the clinical relevance of IL-17 in acne 
[200]. Inflammation is further characterised by the action of 
active lipid mediators, such as leukotrienes, prostaglandins and 
15-hydroxyeicosatetraenoic acids. These molecules are synthe- 
sised from arachidonic acid (AA) or linolenic acid by the enzymes 
lipoxygenase (LOX) and cyclo-oxygenase (COX), respectively. 
Both COX isozymes, COX-1 and COX-2, are expressed in human 
sebocytes in vitro, in particular COX-2 expression is selectively 
upregulated in acne-involved sebaceous glands in vivo [201]. 
Activation of the platelet-activating factor signalling pathway 
(1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine), which consists of 
a group of phosphocholines with various biological effects includ- 
ing modulation of keratinocyte function and skin inflammation, can 
regulate the expression of inflammatory mediators (e.g. COX-2 and 
prostaglandin E, (PGE,)) as well as IL-8 in SZ95 sebocytes [202]. 
Transgenic keratin 5 promoter-driven overexpression of COX-2 in 


Figure 88.18 (a, b) Dioxin intoxication. Former president 
of Ukraine, Viktor Yushchenko, showing the effect of 
poisoning from 10 000 ppt tetrachlorodibenzodioxin (b). 
From BBC News; https://www.bbc.com/news/av/world- 
europe-43611547 (last accessed October 2023). 


the basal compartment of the epidermis of the mouse and increased 
PGE, levels have been documented to cause sebaceous gland 
hyperplasia and overshooting sebum production. This points to a 
role of COX-2-mediated PGE, synthesis in this process [203]. 

Activation of PPAR-y by UVB irradiation and the potent 
lipid-soluble oxidant tert-butylhydroperoxide induces COX-2 
expression in SZ95 sebocytes. This finding indicates a PPAR-y /COX- 
2-mediated pathway regulating sebocyte proliferation and/or 
lipogenesis [204]. 

Conversely, leukotrienes are potent pro-inflammatory mediators 
and neutrophil attractants produced from AA by 5-LOX. Human 
sebocytes express all the necessary enzymes for a functional 
leukotriene (LT) pathway. The enzymes 5-LOX and LTA, hydrolase 
are expressed in 5Z95 sebocytes at the protein and mRNA levels. 
These enzymes are essential for the formation of LTB,. However, 
15-LOX shows a weak expression in SZ95 sebocytes, indicating 
that sebocytes do not play a significant role in the biosynthesis of 
the anti-inflammatory 15-HETE. Treatment of SZ95 sebocytes with 
AA stimulates 5-LOX expression and induces LTB, synthesis. In 
addition, AA induces the expression of the IL-6 and IL-8 cytokines. 
5-LOX and LTA, hydrolase show a stronger expression in acne 
lesions than in normal skin and in uninvolved skin of acne patients. 
The involvement of 5-LOX in the pathogenesis of acne has led to 
new therapeutic strategies to deal with the disease, such as the 
5-LOX inhibitor zileuton [205]. 


Neurophysiology 

Human skin and in particular the human sebaceous gland has 
been shown to express functional receptors for neuropeptides 
(Figure 88.21) such as corticotropin-releasing hormone [206,207], 
the most proximal element of the HPA axis, melanocortins 
[195,208-211], f-endorphin, vasoactive intestinal polypeptide, 
neuropeptide Y and calcitonin gene-related peptide [212]. 


These receptors modulate the production of inflammatory 
cytokines, proliferation, differentiation, lipogenesis and andro- 
gen metabolism in human sebocytes [209-211,213]. Substance P, 
which can be elicited by stress, may promote the development 
of cytoplasmic organelles in sebaceous cells, stimulate sebaceous 
germinative cells and induce significant increases in the area of 
sebaceous glands. It also increases the size of individual sebaceous 
cells and the number of sebum vacuoles for each differentiated 
sebaceous cell, all of which suggests that substance P promotes 
both the proliferation and the differentiation of sebaceous gland 
cells. Facial skin from acne patients is characterised by rich inner- 
vation, by increased numbers of substance P-containing nerves 
and mast cells, and by strong expression of neutral endopeptidase 
(a potent neuropeptide-degrading enzyme) in sebaceous glands 
and E-selectin in venules around sebaceous glands, compared with 
normal skin [214,215]. These findings are attributed to local sub- 
stance P activity. Recently, the ectopeptidases dipeptidyl peptidase 
IV (DP IV or CD26) and aminopeptidase N (APN or CD13), which 
have been shown to be involved in the degradation of several 
neuropeptides, especially substance P, have been found to be highly 
expressed in human sebocytes in vivo and in vitro. Further studies 
have shown unexpectedly that inhibitors of DP IV and APN can 
suppress proliferation and slightly decrease neutral lipids, but can 
also enhance terminal differentiation in SZ95 sebocytes. This sug- 
gests that ectopeptidases may be new targets to modulate certain 
sebocyte functions, and that ectopeptidase inhibitors may have 
potential therapeutic roles in acne pathogenesis [216]. 


Causative organisms 

Propionibacterium acnes is a Gram-positive anaerobic rod commonly 
associated with acne vulgaris. In 2016, Scholz et al. [217] proposed 
a reclassification of the species within the genus Propionibacterium 
to the novel genus Cutibacterium. However, it is considered valid to 
continue to use the genus name Propionibacterium for the cutaneous 
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Figure 88.19 (a) Epidermal growth factor receptor (EGFR) inhibitor producing follicular 
acneform eruption on the face of a patient receiving treatment for colonic cancer. (b) 
Confluent perifollicular papules and pustules covered by yellowish crusts and prominent 
in the hairy regions of the scalp, the eyebrows and the beard under EGFR inhibitor 
treatment. (b) From Treudler and Zouboulis 2005 [309] with permission from S. Karger 
AG, Basel. 


group where needed to avoid confusion with earlier nomenclature 
which referred to corynebacterial acnes [218]. Many authors have 
now started to refer to P. acnes as C. acnes and this section uses them 
interchangeably according to the nomenclature used in the publica- 
tion being discussed. 

Fitz-Gibbon et al. compared the skin microbiome at the strain 
level and genome level of P. acnes (Figure 88.22) between 49 acne 
patients and 52 healthy individuals by sampling the pilosebaceous 
units on their noses [219]. Metagenomic analysis demonstrated 
that although the relative abundances of P. acnes were similar, the 


Table 88.8 Diagnosing drug-related acneform skin disease. 


History Secure a detailed history to include: 


¢ Onset of drug treatment 
e Dosage regimen 
e Duration of treatment 


Exacerbating factors Exclude triggers: 


e Hormonal therapy 

© Occupation 

© Cosmetics 

© Environmental factors 


Temporal relationship of the 
treatment 


Establish the relationship between: 


¢ The start of the drug and the clinical signs 
¢ Improvement on withdrawal of the drug 


strain population structures were significantly different in the two 
cohorts. Certain strains were highly associated with acne, and other 
strains were enriched in healthy skin highlighting the importance 
of strain-level analysis of the human microbiome [219]. P. acnes 
strains modulate the expression of immune markers differently 
both at gene and at protein levels. P. acnes type III shows the high- 
est pro-inflammatory potential by upregulating the expression of 
protease-activated receptor 2, TNF-a, matrix metalloproteinase 
13 and tissue inhibitor of matrix metalloproteinases [220]. Treat- 
ment of cultured sebocytes with P. acnes and bacterial antigens 
(lipopolysaccharide (LPS)) significantly upregulates the expression 
of pro-inflammatory cytokines [221]. However, there is a differ- 
ence in the cytokine production curve over time after treatment 
between P. acnes and LPS. While LPS stimulates CXCL8, TNF-a and 
IL-la, P. acnes only stimulates CXCL8 and TNF-a; P. acnes has no 
effect on IL-lo. Furthermore, viable P. acnes — but not heat-killed 
organisms — can stimulate the release of cytokines such as IL-1, 
granulocyte-macrophage colony-stimulating factor (GM-CSF) and 
IL-8 [222,223]. New reports suggest that P. acnes induces IL-17 
expression in peripheral blood mononuclear cells and present 
evidence that IL-17+ cells are found in the perifollicular infiltrate 
of comedones, indicating that acne might be a T-helper type 17 
(Th17) mediated disease [224]. In accordance with this, Kistowska 
et al. showed that, in addition to IL-17A, both Th1 and Th17 effec- 
tor cytokines, transcription factors and chemokine receptors are 
strongly upregulated in acne lesions. P. acnes can promote mixed 
Th17/Th1 responses by inducing the concomitant secretion of 
IL-17A and interferon y (IFN-y) from specific CD4+ T cells in vitro 
[225]. P. acnes also triggers monocyte, macrophage and sebocyte 
NACHT, LRR and PYD domain-containing protein 3 (NLRP3) 
inflammasome activation [226]. 

Knocking down the expression of NLRP3 abolishes P. acnes- 
induced IL-1f production in sebocytes. The activation of the NLRP3 
inflammasome by P. acnes is dependent on protease activity and 
reactive oxygen species generation [230]. Keratinocytes and sebo- 
cytes may act as immune cells capable of pathogen recognition 
and abnormal lipid presentation. Both cell types can be activated 
by P. acnes via Toll-like receptors (TLRs) and CD14 and CD1 
molecules [231-233]. TLR2 is expressed in basal and infundibular 
keratinocytes and sebaceous glands, and its activation provokes the 
release of [L-la from primary human keratinocytes in vitro [234]. 
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Figure 88.21 Neuropeptide—cytokine/chemokine signalling in human sebaceous glands 
and human sebocytes. Red: promoter of inflammation. Blue: inhibition of inflammation. 
a-MSH, a-melanocyte-stimulating hormone; CRH, corticotrophin-releasing hormone; IL, 
interleukin; IL-1RA, IL-1 receptor antagonist; NGF, neural growth factor; @, no influence; 
?, unknown regulation in sebocytes; =, inhibition. From Zouboulis 2009 [735]. 


Bakry et al. documented statistically significant differences between 
acne-involved skin and normal skin and between acne-involved 
and non-involved skin regarding TLR2 expression intensity in 
pilosebaceous units and dermal inflammatory infiltrate [234]. Qin 
et al. showed that P. acnes induces robust IL-18 secretion in mono- 
cytes by triggering the activation of the NLRP3 inflammasome. In 
vivo, the encounter of P. acnes and macrophages in the perifollicular 
dermis could locally result in the release of substantial amounts of 
IL-18 and therefore exacerbate inflammation [235]. 

Human sebaceous glands may contribute to the skin immune 
defence by releasing antimicrobial peptides. For example, psori- 
asin, human £-defensins and cathelicidin are expressed in human 
pilosebaceous units, their expression is upregulated in acne lesions 


HIL-18 


tIL-8, IL-6 


Figure 88.22 Effects of Propionibacterium acnes extracts on human sebocytes. CREBP, 
cAMP response element-binding protein; hBD-2, human B-defensin 2; IL, interleukin; 
p38-MAPK, p38 mitogen-activated protein kinase; PAR-2, protease-activated receptor 2; 
SREBP-1, sterol response element-binding protein 1; STAT3, signal transducer and 
activator of transcription 3; TLR2, Toll-like receptor 2; TNF, tumour necrosis fector. 
Courtesy of Lee et a/. 2015 [227], Huang et a/. 2015 [228] and Li et a/. 2014 [229]. 


[236,236a] and the levels are upregulated in the presence of P. acnes 
[222,237]. Each P. acnes strain has been shown to influence sebocyte 
viability and differentiation differently, which raises the possibility 
that certain P. acnes strains may be responsible for opportunistic 
infections worsening acne lesions [222,237,238]. 

A description of phylogenetically distinct P. acnes clusters 
has been already undertaken [238]. The monounsaturated fatty 
acids (MUFAs), mainly palmitoleic acid (C16:1) and oleic acid 
(C18:1) — both of which are bactericidal against Gram-positive 
organisms [239] — and stearoyl coenzyme A desaturase (SCD) 
1, an enzyme responsible for the biosynthesis of MUFA, are 
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also produced by the sebaceous glands [239]. The TLR-2 ligand 
macrophage-activating lipopeptide 2 stimulates both SCD and fatty 
acid desaturase 2 mRNA expression in SZ95 sebocytes [240]. Lauric 
acid (C12:0), one of the sebum free fatty acids (FFAs), has strong 
antimicrobial activity in vitro against skin bacteria, including P. acnes. 
Topical application or intradermal injection of lauric acid in vivo 
shows remarkable therapeutic effectiveness against P. acnes-induced 
inflammation and a significant reduction in the number of bacteria. 
Furthermore, lauric acid, palmitic acid (16:0) and oleic acid (C18:1, 
cis-9), which are the typical FFAs found in human sebum, enhanced 
the human p-defensin 2 expression and antimicrobial activity of 
human sebocytes against P. acnes [241]. This indicates that sebum 
FFAs are involved in the disinfecting activity of the human skin both 
through their direct antimicrobial characteristics and by inducing 
the expression of antimicrobial peptides in human sebocytes to 
enhance their innate immune defence ability [241]. 


Genetics 

Twin studies show that inherited factors influence the acne pheno- 
type in monozygotic and to a lesser extent dizygotic twins [243]. 
An Australian twin study estimated heritability at 0.85 (95%CI 
0.82-0.87) [244]. Large cohort studies show that the risk of acne ina 
first-degree relative of someone who has had acne is approximately 
four to five times higher than in relatives of unaffected individuals 
[245,246]. A similar odds ratio has been found for the risk of adult 
(persistent or late-onset) acne in first-degree relatives of patients 
with acne aged 25 years or over [247]. 

A number of other studies have found adolescent and adult acne 
to be present in first- and second-degree relatives of acne patients at 
higher rates than in relatives of people without acne [248,249]. 

Heritability or susceptibility to adolescent acne seems to be more 
strongly linked to the maternal than to the paternal line and risk 
increases as more family members are affected [249-251]. Studies in 
different settings have confirmed that acne occurs earlier in patients 
with a positive family history and may affect clinical presentation 
and treatment outcomes [251]. 

There are a number of heritable traits that might predispose to 
acne (Table 88.9). Walton et al. [250] found greater concordance 
between sebum excretion rates (SERs) in monozygotic than dizy- 
gotic twins. Bataille et al. reported that 81% (95%CI 73-87%) of the 
variance of the disease in a twin study was attributable to additive 
genetic effects. The remaining 19% was attributed to unique (i.e. 
unshared) environmental factors. Of the potential risk factors tested 
in 400 acne twins and 2414 unaffected twins, only apolipoprotein 
Al serum levels were significantly lower in acne twins even after 
adjusting for age and weight [251]. Genome-wide association stud- 
ies in patients with severe acne continue to identify a growing 
number of loci that contribute to disease risk, and severity with 
variance of loci among different ethnic populations has been noted 
[252-254]. Functional characterisation of the genes at these loci 
implicates genes that impact on hair follicle development and 
maintenance and wound healing. A recent meta-analysis identified 
29 new acne susceptibility loci, providing the potential to explore 
new therapeutic modalities [255]. 


Table 88.9 Heritable traits that may predispose to acne. 


Factor Effect 


Sebum excretion rate (SER) High SER predisposes — numerous genetic loci 
affecting sebaceous gland size and 
lipogenesis have been identified 

Poorly understood and may also be modulated 
by diet 

Innate and acquired immune Poorly understood — a number of candidate 
responses genes have been identified 

Sex Adolescent acne begins earlier in girls but tends 
to be more severe in males; being female is a 
risk factor for postadolescent acne 

Poorly understood; acne may be uncommon in 
all racial groups that have not adopted a 
western/urban lifestyle 


Sebum composition 


Ethnicity 


Table 88.10 Lifestyle and environmental factors that may predispose to acne. 


Factor Strength of evidence 

Diet Moderate for glycaemic index and milk/milk 
products, low for other foodstuffs 

Body mass index Low 

Smoking High for comedonal acne in mature women with 
a history of chronic smoking; otherwise low 

Alcohol consumption Low 

Psychological stress Low 

Cosmetics Low 

Prescription medicines High for some drugs, low for others 

Anabolic and androgenic High 

steroids 

Seasonal factors High 

Sunlight Low 

Lack of sleep/insomnia Low 


Environmental factors 

A plethora of lifestyle and environmental factors that predispose 
to acne or modulate its course have been reported although data 
are frequently contradictory (Table 88.10). Confounding factors are 
multiple and frequently not controlled for. Systematic reviews have 
pooled data to summarise the factors that significantly modify the 
risk of presenting with acne [256]. 

The impact of diet continues to stimulate most debate and there 
has been a surge in studies focused on this. In most countries, it 
is rare to find families of any racial background with no acne. In 
contrast, acne is absent in some ethnic groups living in remote 
communities, for example the Kitavan Islanders of Papua New 
Guinea and the Aché hunter-gatherers of Paraguay do not suffer 
from acne in their native communities. Canadian Inuit only began 
to develop acne and other diseases of western civilisation following 
the urbanisation of their communities [257,258]. Leading epidemi- 
ologists have speculated that this is attributable to diet rather than 
race. Diet in these communities is characterised by local production 
and constancy, as well as a low consumption of milk, meat and 
processed carbohydrates. Academic interest has focused on milk, 
dairy produce and high glycaemic index (GI) foods as potential 
triggers for acne. 
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Diet. Many acne sufferers believe that diet modulates their skin 
condition [259-262] and unhealthy foods in particular are consid- 
ered to make acne worse [263-265]. Some cross-sectional studies 
appear to support this [262,265,266] whereas others have found no 
link between diet and acne on multivariate analysis [25,52]. Like 
many other western diseases, acne is now also being linked to the 
obesity epidemic and to the rising prevalence of insulin resistance 
and hyperinsulinaemia [267]. A 2021 review by Baldwin and Tan 
summarises the most pivotal studies looking at the effect of diet on 
acne [268]. 

There has been a paucity of randomised controlled trials (RCTs) 
examining the link between diet and acne due to numerous 
possible confounding variables. Several investigators have used 
case-control, prospective cohort or cross-sectional studies to exam- 
ine the link between current diet and acne and have adjusted 
odds ratios to take account of potential confounders. Table 88.11 
excludes studies prior to 1990 that do not meet current quality 
standards. Trends and inconsistencies have begun to emerge. This 
demonstrates that several studies have shown a link between a 
high glycaemic load (GL) diet and acne while others have found no 
association [269-296]. 

More recent studies have focused on examining the mechanism 
by which diet may impact on acne. High GI/GL diet is thought 
to increase mTORC1 signal production. In acne, mTORC1 mediates 
sebaceous gland hyperproliferation, lipid synthesis and hyperplasia 
of keratinocytes [297-299]. 

IGF-1 has also been implicated [300]. Investigations of serum 
markers have been conducted in several studies examining the 
effects of a low GI diet but findings are contradictory [271,273, 
274,280]. Dairy is a common constituent of western diets, and milk 
consumption has been reported to increase ILGF-1 [301]. Three 
studies from the same group consistently found that milk intake 
increased the risk of acne. However, it is unclear whether the 
risk is the same for whole and skimmed milk [302]. Other studies 
have also shown increased milk consumption in people with acne 
without testing for a causal link (Table 88.11). A meta-analysis of 
observational studies looking at the effect of milk consumption on 
acne found a significant increase of acne incidence in milk drinkers 
and that moderate to severe acne was linked to milk consumption, 
but that mild acne showed no association [302]. This was also 
demonstrated in a systematic review of all dairy products, which 
reported an association with yoghurt consumption, but borderline 
association for cheese [303]. 

A case-control study argued that a large number of foodstuffs 
such as red meat and chicken do not have any GI value as they do 
not have any carbohydrate value, hence the insulin index should be 
evaluated instead. When they looked at 202 acne patients against 
matched controls (sex and body mass index (BMI)) using logistic 
regression analysis they showed >3 servings of cola, instant coffee 
with powdered milk, feta cheese, and >1 serving of peanuts con- 
sumption were significantly higher in patients with acne [304]. A 
positive correlation was found between the global acne grading 
system (GAGS) score and cola consumption. The insulin index 
value is higher than the GI of cola, milk, feta and peanuts and the 
authors suggested it is the raised insulin index rather than the GI 


that is the likely cause for the association of milk with acne [304]. 
Any definite link with dairy products such as yoghurt, cheese and 
chocolate remains unproven. 

Non-food components are rarely considered in studies examining 
the impact of diet. Modern foodstuffs contain many ingredients, and 
a lot of these are biologically active. Reduced level of zinc, calcium 
and vitamin A have been demonstrated in acne patients compared 
with controls [305,306]. 

While many foods are considered acne-genic, others are under 
scrutiny because they may protect against acne. To date, most inter- 
est has been in healthy diets (e.g. Mediterranean, Paleolithic) and 
fish/fish oils/polyunsaturated fatty acids [236,266,285,307,308]. 
In a small randomised dietary intervention study, Q-3 fatty acid 
and y-linoleic acid supplementation were independently shown to 
reduce acne severity and the amount of IL-8 around acne lesions 
[310]. The skin and gut microbiota and probiotics are an increasing 
area of interest for their therapeutic potential [311-318]. 

A prospective, randomised, open-label trial comparing oral 
minocycline with and without a probiotic supplement showed sig- 
nificant improvement and fewer Candida infections in the probiotic 
group compared with the minocycline alone group [319]. Another 
study on 36 acne patients showed that consuming a fermented dairy 
drink containing Lactobacillus improved acne within 12 weeks [320]. 
Further investigation into the use of probiotics in clinical practice is 
necessary to support these early findings. 


Body mass index. Numerous studies have examined the relation- 
ship between acne and BML, especially in adult women as acne and 
obesity coexist as symptoms of PCOS (Table 88.12) [321-341]. Taken 
together, studies to date suggest the risk of having acne and the 
severity appear to increase with age-adjusted BMI in adolescents. 
Paradoxically, acne may be less prevalent in overweight women 
with postadolescent acne [341]. 


25-Hydroxy vitamin D3. At a molecular level vitamin D has been 
demonstrated to reduce serum inflammatory biomarker expression 
and inhibit C. acnes-induced Th-17 differentiation and increase 
antimicrobial peptide production in sebocytes [342]. The clinical 
impact of 25-hydroxy vitamin D on acne has been examined by a 
number of studies showing an association between deficiency and 
acne prevalence, but no difference in acne severity [343-346]. 


Smoking. The weight of evidence suggests smoking has little, if 
any, effect on the prevalence or severity of acne in teenagers and 
young adults. Some studies have found acne is more common in 
postadolescent smokers [347]. Mature women who are persistent 
smokers seem to be susceptible to a particular type of acne, charac- 
terised by numerous comedones and macrocomedones [347]. In a 
large cross-sectional study, people without acne were more likely 
than those with acne to use tobacco, whereby smoking tobacco 
reduced the probability of acne by approximately 30% [348]. Mater- 
nal cigarette smoking has been found to be associated with earlier 
onset of acne but not of puberty in their sons [349]. 
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Table 88.11 Key findings from pivotal studies on acne and diet. 


Type of study Strength of evidence 
and reference Main findings and reason Reference 
Two arm investigator-blind RCT Low Gl diet significantly reduced acne severity, Low. Low Gl and normal diet differed in several [269] 
comparing low GI and normal fasting insulin, DHEAS and FAI, and increased other respects. Changes could be partly 
diet over 12 weeks SHBG and IGFBP-1 associated with weight loss in low GI group 
RCT (subset of 2007) No change in the amount of sebum produced on Strong evidence that diet affects sebum composition [270] 
low Gl diet. Ratio of saturated fatty acids to but not (in this case) sebum output. Cannot 
mono-unsaturated fatty acids increased attribute change to GI though 
significantly in low GI group and correlated with 
decrease in total lesion count 
Case—control study in young Significantly lower IGF-1 and markedly raised Low. Dietary information unreliable; Gl estimated by [271] 
adults with and without acne IGFBP-3 in acne patients but no difference in Gl questionnaire. Calculation of GI and GL flawed 
or GL. No insulin resistance associated with acne by exclusion of numerous CHO-containing foods 
Seven-day controlled feeding trial Fasting insulin and HOMA-IR index significantly Some preliminary evidence from this study that the [272] 
comparing high and low Gl reduced in low Gl group. FAI markedly increased low GL diet improved insulin sensitivity but small 
diet in 12 males with acne in high GI group. IGFBP-1 and IGFBP-3 rose in sample size and males only 
low GI group compared with baseline 
Case—control study in 47 355 US Milk (but not chocolate or chips) especially skimmed Low. Acne status (except severe — verified by [273] 
nurses milk intake associated with severe acne. Positive physician) and milk consumption during 
correlations also found for total and adolescence based on recall. Associations of acne 
supplemental vitamin D and dietary components were weak. All grades 
less than severe acne included in control group 
Prospective cohort studies in Found greater milk consumption was associated Low. Annual questionnaire study in which acne and [274,275] 
6094 girls and 4273 boys with acne in girls and boys. No association with diet were self-assessed. In girls, association was 
aged 9-15 years in USA vitamin D for all types of milk, in boys for skimmed milk 
only. Adjusted odds ratios all 1.2 or less 
Cross-sectional study in 1002 Regular consumption of sweets, nuts, chocolates Low. Incomplete dietary information collected but [275a] 
Iranian students and oily foods was associated with increased acne was clinically assessed 
acne severity 
Cross-sectional study in 18- and No association of acne with consumption of sugary Low. Acne self-reported and prevalence lower than 276] 
19-year-olds in Oslo, Sweden soft drinks or fatty fish. In males, significant expected in both sexes. Dietary associations 
associations were found with chocolate/sweets differed between the sexes. In adjusted models, 
and crisps. In females, the only dietary association only the link with raw vegetables remained 
was with low intake of raw vegetables 
Case—control study in 1245 Consumption of vegetable and fish significantly Moderate. Acne was clinically assessed [262] 
Koreans (783 with acne) lower in those with acne. Consumption of 
selected meats, junk food, nuts, fizzy drinks and 
high GL foods higher in the acne group. Irregular 
dietary patterns also more prevalent in the acne 
group. Serum IGF-1 raised in subgroup who 
thought their acne was aggravated by food 
Comparison of high and low GI Acne improved slightly on both diets — no significant Low. Not random allocation. Underpowered. [276a] 
diets over 8 weeks in difference between the groups. IGFBP-1 fell Findings inconsistent with those of Smith et al. 
adolescent males significantly on the low GI diet versus the high Gl Other dietary components more balanced in this 
diet. IGF-1, IGFBP-3, SHBG, DHEAS and HOMA-IR study. Can infer from discussion there was no 
unchanged weight loss on low Gl diet 
Case—control study in Italians Cases drank significantly more milk (whole and Moderate. Control group included mild acne. Acne [277] 
aged 10-24 years skimmed) and ate less fish than controls was physician assessed from photos. Major foods 
(e.g. cereals, rice, yoghurt) omitted from 
questionnaire 
Case—control study in Malaysians GL and consumption of milk and ice cream Moderate. Diet assessed from 3-day food diaries [278] 
aged 18-30 years significantly higher in cases than controls. BMI 
same in both groups. No difference in 
consumption of chocolate, nuts or yoghurt. 
Adjusted odds ratios for GL lost significance 
except for GL >175, for which the risk of acne 
was increased 25-fold 
Investigator-blind RCT comparing Low GL diet reduced global acne severity, inflamed Moderate. Small sample size (n = 32). No change in [279] 


low glycaemic load diet and a 
calorie-adjusted control diet 
over 10 weeks 


and non-inflamed lesion counts at 10 weeks; 
inflamed lesion count also reduced at week 5. 
Although significant, reductions were modest. 
Reduced sebaceous gland size and less IL-8 
observed in skin of the low GI group 


BMI in either group 


(continued) 


Table 88.11 (continued) 


Type of study 
and reference 


Case—control study in Italian 
adolescents investigating the 
effect of a Mediterranean diet 
on acne 


Cross-sectional study in 248 
young adults aged 18-25 
years in the USA 


Pilot open study in 10 US males 
who consumed increasing 
amounts of 100% chocolate 
bars 

Double-blind, placebo-controlled 
RCT in 13 US males aged 
18-35 years with minimal 
acne comparing a single 
exposure to increasing 
amounts of unsweetened 
100% cocoa versus 
hydrolysed gelatin 

Cross-sectional study in 10 521 
people age 15-24 years from 
Belgium, Czech and Slovak 
Republics, France, Italy, Poland 
and Spain 

Parallel randomised controlled 
design to compare the effect 
of a low Gl and GL diet to 
usual diet on biochemical 
factors after 2 weeks 


Cross-sectional study of young, 
non-obese people with acne 
and healthy controls 


Cross-sectional study of 24452 
participants in the French 
NutriNet-Santé study 


Cohort study of 2489 
15-16-year-olds with 3 years’ 
follow-up 


Case—control study (n = 3826 
and 759 controls) 


Cross-sectional study of 2201 
18-year-old males 


7 Acne vulgaris 88.21 


Main findings 


Adherence to a Mediterranean diet, characterised by 
high intake of vegetables, fruit, nuts, cereals, fish 
and olive oil and low intake of dairy products and 
meat, was significantly less in group with acne. 
Score of >6 is protective 

Participants with moderate to severe acne reported 
significantly greater dietary Gl, added sugar, total 
sugar, number of milk servings per day, saturated 
fat and transfatty acids, and fewer servings of 
fish per day compared with those with no or mild 
acne 

Total number of acne lesions increased on day 4 and 
day 7. Good correlation between the amount of 
chocolate consumed and the number of lesions 


Significant exacerbation of acne (total lesions and 
comedones) noted on day 4 and day 7 post 
consumption of cocoa. Inflamed lesions 
increased on day 4 only. Low correlation with 
dose of cocoa consumed 


Chocolate, but not pasta or sweets, consumption 
was independently associated with acne in 
multivariate analysis 


GF-1 concentrations decreased significantly among 
participants randomised to a low GI and GL diet 
between pre- and postintervention time points. 
No differences in changes in glucose, insulin or 
IGFBP-3 concentrations or insulin resistance 
between treatment groups 

Gl and GL levels were significantly higher (P = 0.022 
and P = 0.001, respectively) and serum 
adiponectin levels were significantly lower (P = 
0.015) in patients with acne than in the controls 

Fatty and sugary products, sugary beverages and 
milk were associated with current acne in adults 
after adjusting for confounders 


High intakes (>2 glasses per day) of full-fat dairy 
products were associated with moderate to 
severe acne. No significant associations were 
found between acne and intake of semiskimmed 
or skimmed dairy products, and not with 
moderate intakes of any fat variety of dairy 
products 

Positive correlation with chocolate, bread, green tea, 
milk, white sugar, ripe banana, ice cream, apple, 
orange and red meat consumption. Statistically 
significant relationship for acne severity and 
dietary factors such as chocolate, dairy and 
sunflower seed consumption 

Daily consumption of whole milk or yoghurt was 
found to be associated with inflammatory acne in 
crude analysis; the association with milk was not 
detected and that with yoghurt was low in 
multivariate analysis 


Strength of evidence 
and reason 


Moderate. Examined patterns of consumption over 
a long period. Collected data on intake of 
specific food items but did not report these. 
Adherence to the diet was categorised as low 
(score 0-2), moderate (3-6) or high (7-9) 

Moderate. Used a validated food frequency 
questionnaire. Acne self-assessed against given 
set of criteria 


Low. Open study. Risk of expectation bias 


Low. Only two subjects studied per dose. Data for 
all doses combined to generate means 


Moderate. Large sample size, but acne self-reported 
using a new unvalidated online questionnaire 


Moderate. RCT design. No weight loss in low Gl 
group. No assessment made on acne severity 


Low. Cross-sectional design, small sample size n = 
50. Acne not assessed 


Moderate. Large sample size and 24-hour dietary 
record more accurate than frequency 
questionnaire. Unclear whether the association 
of chocolate and confectionery consumption 
with acne was due to the high Gl of these foods 
or whether having acne causes an increased 
intake of chocolate and sweets 

Moderate. Potential for recall bias. Dairy product 
consumption and acne severity were 
self-reported 


Moderate. Only included patients with 
mild/moderate to severe acne. Data collected by 
consecutive interviews 


Low. Acne graded by assessor and females not 
included 


Reference 


[280] 


[265] 


(281] 


[282] 


[283] 


[284] 


[285] 


[286] 


[287] 


[288] 


[52] 


(continued) 
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Table 88.11 (continued) 


Type of study 
and reference 


Case—control study (n = 40 and 20 


Main findings 


Strength of evidence 
and reason 


Reference 


Significantly higher serum IGF-1 level found in patients 


controls) 


Case—control study of 40 females 
and 40 matched controls in Iran 


RCT of 84 patients with grades 1, 2 
and 3 acne randomised to receive 
a low GL diet and no dietary 
intervention, respectively. Acne 
lesions (face) were scored and 
graded at baseline and 4, 8 and 
12 weeks 

Case—control study of 57 patients 
with acne and 57 age-, sex- and 
ethnicity-matched controls aged 
>14 years. The comprehensive 
acne severity scale (CASS) was 
used to categorise patients’ 
demographics, family history, 


smoking habits and dietary intake. 


Data were collected using a 
self-administered questionnaire 
Case-control study of 200 acne 
patients with 200 age- and 
sex-matched controls 


Case—control study of 53 patients 
with acne vulgaris aged between 
13 and 44 years and 53 controls 
with no significant difference in 
age, BMI and body fat percentage 


Cross-sectional study of 8226 
students who underwent health 
examinations and a questionnaire 
survey inquiring about the intake 
of soft drinks 


RCT of 50 patients aged 15-30 years 
with acne. Controls had no 
sunflower seeds; the intervention 
group consumed 25 g 
sunflower-containing food daily 
for 7 days 


with acne compared with controls and cytoplasmic 
expression of FoxO1 was significantly greater in the 
acne group. High GL diet was significantly associated 
with higher serum levels of IGF-1 

Serum MDA levels were significantly higher (P = 0.01) 
and HDL-C levels were significantly lower (P = 0.02) 
in acne patients compared with healthy controls. No 
difference in 25-hydroxy vitamin D, adiponectin, 
TAC, triglycerides, total cholesterol and LDL-C levels. 
A higher fibre intake was shown to be a protective 
factor (OR = 0.87, P= 0.04) 

Both groups showed significant reduction in acne 
counts at 12 weeks (P = 0.931) with no statistically 
significant difference between the groups 


Milk consumption was significantly higher in patients 
(63.2%, n = 36) versus controls (43.9%, n = 25) (OR 
= 2.19, P <0.05). In addition, chocolate consumption 
was also significantly higher in patients (43.9%, n = 
25) versus controls (24.6%, n = 14) (OR = 2.4, P 
<0.05). No significant association was found with 
the intakes of sweets, potatoes, chips, nuts, yoghurt, 
ice cream or carbonated drinks 


Patients with acne consumed significantly higher daily 
amounts of sodium chloride compared with controls 
(P <0.001). A negative correlation between the 
amount of NaC] in the diet of patients with acne and 
the age of onset of acne lesions was detected (r = 
-0.216, P= 0.031). However, neither salty nor spicy 
food correlated with duration or severity of the 
disease 

Statistically significant increased intake of cheese in the 
acne group. No significant association was found 
with the intakes of milk, yoghurt, ice cream, kefir, 
carbohydrate, fat and protein. Acne severity 
increased as carbohydrate consumption increased in 
the acne group. Acne severity was not affected by 
milk and dairy products, protein or fat consumption 

Frequent intake (>7 times per week) of carbonated 
sodas (aOR 1.61, 95%Cl 0.96-2.72), sweetened tea 
drinks (aOR 2.52, 95%CI 1.43-4.43) and 
fruit-flavored drinks (aOR 1.90, 95%ClI 1.18-3.07) 
was associated with moderate to severe acne after 
adjustments for confounders. Sugar intake >100 
g/day was significantly associated with moderate to 
severe acne (aOR 3.12, 95%Cl 1.80-5.41) 

Primary outcome of interest was 10% increase/decrease 
in the baseline acne severity index (ASI), sustained to 
the end of the follow-up period on day 14. The ASI 
increased in the sunflower group from 62 at baseline 
to 86.8 after 2 weeks (P <0.001) and did not change 
in the control group. The GAGS score did not 
significantly change in either of the groups 


Moderate. A diet questionnaire was administered 
by a blinded physician (nutritionist). Randomised 
blood samples were taken. Physcian assessed 
acne severity, but sample size was small 


Low. Small sample size. 24-hour dietary recall used 
to collect data. Matched for nutrient intake, age, 
weight, height and BMI. However, significantly 
higher family history of acne in first-degree 
relatives in cases than controls 


Moderate. RCT design, but low GL group lost 
weight with statistically significant difference in 
BMI between the groups as a confounder 


Low. Small study, cross-sectional design 


Moderate. Relatively small sample size. Authors 
suggest studying and comparing different 
populations could be of interest due to different 
rates of sodium excretion 


Moderate. Small study but acne severity was 
calculated according to the global acne grading 
system (GAGS). Potential for bias as acne scores 
and food consumptions of the patients were 
evaluated by the researchers 


Moderate. Skin examination by dermatologist 


Moderate. Small sample size. Convenience 
sampling and short-term investigation 


[289] 


[290] 


[291] 


[292] 


[293] 


[294] 


[295] 


[296] 


aOR, adjusted odds ratio; BMI, body mass index; CHO, carbohydrate; Cl, confidence interval; DHEAS, dehydroepinandrosterone; FAI, free androgen index; GF, growth factor; 
Gl, glycaemic index; GL, glycaemic load; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, insulin resistance; IGF, insulin-like growth factor; IGFBP, insulin growth factor-binding 
protein; IL, interleukin; LDL-C, low-density lipoprotein cholesterol; MDA, malondialdehyde; OR, odds ratio; RCT, randomised controlled trial; SHBG, sex hormone binding globulin; 


TAC, total antioxidant capacity. 
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Table 88.12 Studies that have examined the relationship between body mass index (BMI) and acne. 


Increased risk 


No change in risk 


acne and reference of acne or severity of acne Study population Reference 
Reduced risk of moderate to severe Risk not increased in subjects Dermatology out-patients in [277] 
disease in subjects aged 10-24 years of either sex who were Italy 
who are underweight (BMI <18.5); overweight (BMI >23) 
trend stronger in males than females 
Reduced risk of acne (any grade) in Increased risk in children of Schoolchildren in Taiwan (321] 
children aged 6-11 years with low both sexes who were 
BMI overweight 
Trend for reduced risk with low BMI Increased risk in children aged Schoolchildren in Ghana (322] 
(both sexes combined data) 9-16 years who were 
overweight. No separate 
analysis by sex 
Increased acne prevalence in Lithuanian schoolchildren (323] 
children aged 7-19 years 
who were overweight. No 
separate analysis by sex 
Increased risk in girls aged 18 No effect of BMI on risk of Final-year schoolchildren in [324] 
or 19 years who were acne in boys aged 18 or Norway 
overweight or obese 19 years 
Men with acne had higher Italian males with and [325] 
mean BMI than without acne 
age-matched controls 
No difference in BMI between Acne patients in tertiary care [280] 
subjects aged 18-30 years and students or staff of 
with acne versus age- and local university in Malaysia 
sex-matched controls 
Women with acne were more likely to be Turkish women with acne [326] 
overweight or obese than controls. 
There was a positive correlation 
between BMI and acne severity 
Obese women had a lower prevalence of Taiwanese women of [327] 
acne than non-obese women reproductive age 
Lower prevalence of acne in Female out-patients with [327] 
overweight/obese (BMI >25) versus PCOS in Taiwan 
non-obese women with PCOS 
Adult women with PCOS but no acne Female out-patients 86] 
had higher mean BMI than those with attending reproductive 
PCOS and acne) endocrinology clinic in 
Taiwan 
Lower prevalence of acne in obese versus Female out-patients with 328] 
non-obese women with PCOS PCOS in Croatia 
Reduced acne severity in women with Female out-patients with [329] 
PCOS who were overweight or obese PCOS in Turkish hospital 
(BMI >27) 
Acne strongly associated with Female out-patients with 330] 
obesity in women PCOS in Saudi Arabia 331] 
with PCOS 
Acne more common in 
overweight than normal- 
weight women with PCOS 
Prevalence of acne similar in Female adolescent [94] 
normal (63%) and out-patients with PCOS in 
overweight (73%) girls the USA 
with PCOS 
Trend for less acne with lower BMI (<23, Indian women with PCOS (332] 
NS) 
Trend for less acne with increase in BMI Indian women with PCOS [332] 
(NS) 
Less acne with higher BMI in both Turkish pre- and [334] 


adolescent and postadolescent 
groups (P <0.001) 


postadolescent males and 
females with acne 


(continued) 
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Table 88.12 (continued) 


Reduced risk of 


Increased risk 


No change in risk 


acne and reference of acne or severity of acne Study population Reference 
Obese/overweight adolescents School children in Kuwait (335] 
were more likely to have acne 
compared with adolescents 
with normal weight in 
univariable and multivariable 
analysis 
Prevalence of respondents with 484 residents of Hail City, [336] 
BMI >30 was 38%; significant Saudi Arabia 
association (P = 0.005) 
between occurrence of acne 
and high BMI 
Overweight or obese students Elementary school children [19] 
(BMI >25) had a higher aged 7-12 years; 693 
prevalence of acne (age- and children enrolled 
sex-adjusted OR = 2.7; 95%Cl 
1.81-3.92) than normal or 
underweight students (BMI 
<25) 
Prevalence of acne did not 143 consecutive acne patients [337] 
differ significantly aged between 12 and 18 
between teenagers with years who attended a 
different BMIs. However, single school in Poland 
overweight or obese 
teenagers suffered from 
inflammatory acne more 
vn often compared with 
Ww underweight, slim or 
c normal-weight teenagers 
U- (P = 0.03) 
LL. 5 Prevalence of acne was 81.7% 1079 students aged 9-20 [338] 
wy) Ss among adolescents with BMI years in four 
Ww ce >25, 61.1% in those with BMI co-educational schools in 
a. Fe 18.5-24.99 and 42.0% Nigeria 
“ Vn among adolescents with BMI 
os <18.5 (P <0.001) but BMI was 
=O not significantly associated 
ow with severity of acne (P = 
< z 0.830) 
< Lowest odds of acne in severely Data on 600 404 youths [339] 
= obese participants (males: aOR during compulsory military 
U 0.53, 95%Cl 0.42-0.64; females: service 
aOR 0.5, 95%Cl 0.37-0.62) 
Positive association of obesity Chinese Han population aged [340] 
with acne with a more 10-25 years attending 
pronounced effect in women out-patient departments; 
(OR 14.526, 95%Cl 364 patients with acne 
2.961-71.272, P <0.001) than and 295 controls 
in men (OR 3.528, 95%Cl 
1.553-8.014, P= 0.002). 
Obesity was associated with 
truncal acne (OR 4.480, 
95%Cl 2.182-9.196, P 
<0.001) 
BMI negatively associated with Taiwanese women with [341] 


number of acne lesions in 


moderate to severe 


Taiwanese women with moderate 
to severe postadolescent acne 


postadolescent acne 


aOR, adjusted odds ratio; Cl, confidence interval; NS, not significant; OR, odds ratio; PCOS, polycystic ovary syndrome. 


7 Acne vulgaris 88.25 
Table 88.13 Proportion of women experiencing a premenstrual flare of acne vulgaris. 

Nationality and Age range Percent with 
reference Number studied (or mean age) in years premenstrual flare References 
American 100 - 72 352] 
American 400 12-52 44 353] 
French 3305 25-40 78 354] 
Saudi-Arabian 200 Mean age 14.8 9.8 355] 
Jordanian 83 13-34 98 356] 
ndian 137 13-45 57.7 357] 

35.5 358] 
Korean - Mean age 24 60.1 359] 
French 591 10-25 55 360] 
Korean 756 10-56 61.3 361] 
ndian 230 Over 25 Ve 362] 
Thai 392 18-41 >50 363] 


Alcohol. No conclusions can be drawn about alcohol as a risk factor 
for acne at any age. Two cross-sectional studies [25] suggest that 
alcohol consumption and acne are related whereas another found 
no association between acne and drinking alcohol [256]. No link 
between acne and alcohol consumption was found in the Glasgow 
Alumni Cohort Study [350]. 


Menstrual cycle. It is documented that about 70% of women com- 
plain of a flare of acne 2-7 days before the onset of menstruation 
when progestogen levels are rising [25,28,351-354]. This appears 
to affect all ethnic groups but perhaps not equally (Table 88.13) 
[352-363]. 


Stress and sleep deprivation. A number of small studies have 
examined the impact of acne and stress and found changes in stress 
scores significantly correlate with frequency of acne or changes 
in acne severity when confounding variables are adjusted for 
[36,189,363,364]. Some investigators have found that acne sufferers 
report stress as an aggravator [356,361,364,365,366-370] or have 
shown that stress is a risk factor for more severe acne [189,243,371]. 
One study looked at the consequence of acne and found the pres- 
ence of acne is highly associated with stress (odds ratio (OR) 
1.975, 95%CI 1.588-2.457, P <0.0001), fatigue upon waking, sleep 
disorders and reduced sexual activity, demonstrating the adverse 
effect acne can have on QoL [372]. Stronger evidence of the link 
between acne and stress comes from data on the role of elements of 
the hypothalamopituitary—adrenal (HPA) axis on sebaceous gland 
function [373,374]. Substance P, a neuropeptide which is a stress 
mediator that can stimulate sebaceous precursor cells, showed a 
positive, significant correlation with stress scales in acne patients 
in a small case-control study. The sample size and predominantly 
female participants were a limitation and more evidence is needed 
to assess the correlation between stress scales, serum substance P 
level and severity of acne [375]. Another study has shown acne 
patients presented with a higher average substance P level than the 
controls, but no statistically significant correlation was observed for 
acne severity [376]. Weak evidence is available to show that sleep 
deprivation or insomnia is associated with both adolescent and 
postadolescent acne [377]. 


Preliminary studies have looked at stress management as a 
treatment for acne. A pilot non-blinded, randomised study of 30 
female patients with the intervention arm receiving normal care 
plus a novel cognitive-based stress management intervention called 
Pythagorean self-awareness intervention (PSAI) reported statisti- 
cally significant improvements in clinical grade of acne, perceived 
stress and negative affect [378,379]. 


Cosmetics 

Acne cosmetica. This represents an acne variant associated with 
chronic use of cosmetics containing potentially comedogenic sub- 
stances. Cited agents include lanolin, petrolatum, certain vegetable 
oils, butylstearate, lauryl alcohol and oleic acid. Skin bleaching 
agents containing steroids can cause or exacerbate acne in women 
with skin of colour [380,381]. Of note, some women believe cosmet- 
ics worsen acne and others overzealously use skin care products 
leading to exacerbations of otherwise mild acne. Ingredients may 
be less important than how the preparations are used. The use of 
cosmetics has been shown to be significant in some studies [24,382], 
but not in others [383]. 


Pomade acne. Pomades are greasy preparations used to defrizz 
curly hair. They can trigger comedonal acne (Figure 88.23) [384]. 
Restriction of the pomades and treatment with topical retinoids 
achieve resolution. 


Detergent acne. This uncommon form of acne develops in patients 
who wash many times each day in the mistaken hope of improving 
their existing acne. Trauma and the alkaline nature of soap are 
likely to be involved in the mechanism. Inflammatory lesions are 
most noticeable [385]. Several bacteriostatic soaps contain weak 
acne-genic compounds, such as hexachlorophene. 


Ultraviolet radiation. The assumed beneficial effect of ultraviolet 
(UV) radiation was questioned when 139 people in Munich were 
asked what happened to their acne during the summer months 
[386]. One-third said it improved, one-third said it worsened and 
one-third said it stayed the same. A number of studies have shown 
seasonal variation with fewer patients seeking treatment in the 
summer months [387-389]. Others have shown no impact of UV 
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Figure 88.23 Pomade acne, characterised by multiple closed comedones and some 
papules on the forehead and temples. Note that pustules are rare. 


radiation on disease, with most of the subjects participating in the 
study (64%) reporting that sun exposure had no significant impact 
on the disease [390]. Workers in a hot humid environment may be 
susceptible, for example troops in the Second World War suffered 
badly when posted to South-East Asia [391]. Hence, high tempera- 
tures and humidity may negate any beneficial effects of sunlight. An 
acne variant, acne aestivalis or Mallorcan acne, has been reported in 
patients exposed to sunshine on vacation. Small follicular papules 
appear, especially on the upper trunk, during or after a holiday ina 
hot humid environment. A small number of patients receiving pso- 
ralen and UVA (PUVA) treatment have been reported to develop 
a perioral dermatitis and/or an acneform eruption on the face 
[392,393]. Squalene monohydroperoxide is formed from squalene 
exposed to UVA and this compound appears to be responsible for 
comedogenicity [394]. UV radiation exposure has also been shown 
to alter the content of both pro- and anti-inflammatory cytokines in 
comedones in vivo [395]. Thus, evidence would support the fact that 
UV radiation may promote acne on sun-exposed skin in susceptible 
individuals not using adequate photoprotection. 


Pregnancy. Among 415 Scottish women, 57.5% thought their acne 
improved during pregnancy and just 5.4% reported a deterioration 
[396]. In comparison, 75% of women thought their acne improved 
after giving birth and only 12% said it worsened. In South Korea 
[397], 28.4% of 756 women experienced a worsening of acne during 
pregnancy, whereas 10% observed an improvement. 


Birth weight. A large study conducted among Turkish schoolgirls 
found that acne was more common among those with a birth weight 


at term of less than 2500 g [398]. Low birth weight has also been 
linked to acne associated with an increased risk of insulin resistance 
and other features of PCOS [399,400]. 


Miscellaneous factors. Lifestyle factors that have been proposed to 
modulate the risk of acne but for which there is virtually no evi- 
dence are hygiene/frequency of washing, touching the skin, mood, 
pollution, physical activity, use of recreational drugs, drinking water 
and sex. 


Summary. While the effects of some dietary components are 
becoming clearer, there is not enough evidence to inform treatment 
guidelines and most acne guidelines support adoption of a healthy 
balanced diet with appropriate intake of water. It is not certain that 
being overweight predisposes to acne or that drinking alcohol has 
any effect. In some women with PCOS, being overweight seems 
to reduce the risk of acne. The relationship between smoking and 
acne appears complex; a variant of acne in adult women appears 
to be linked to habitual smoking over a long period while smoking 
might be protective in the early stages of inflammatory acne. It 
is virtually impossible to disentangle the impact of ethnicity and 
cultural factors, although it looks like a range of lifestyle factors 
including what we put on our skin, the medicines/supplements we 
take and the recreational activities we pursue may all play a part. 
While many people are convinced psychological stress makes their 
acne worse, the scientific evidence currently available is weak. The 
best advice to give patients who believe a lifestyle factor exacerbates 
their acne is almost certainly to avoid it for a while and keep a diary 
of how their skin reacts over a minimum period of several weeks. 
The exception is diet for which the best advice currently would 
be to eat healthily with everything in moderation and nothing in 
excess. There is reasonably good evidence that the presence of acne 
before puberty is a prognostic factor for more severe disease. 


Clinical features 

History 

Acne is predominantly a chronic disease of adolescence lasting on 
average 7 years. However, acne may present in children as young 
as 6 years depending on the onset of adrenarche and adults may 
develop acne de novo or as a continuum of their adolescent problems. 
Despite a better understanding of acne pathogenesis over the last 
decade reasons for these age differences remain unclear. 


Presentation 

Acne is a polymorphic inflammatory disease of the skin that occurs 
most commonly on the face (in 99% of cases) (Figure 88.24) and to a 
lesser extent on the back (60%) (Figure 88.25) and chest (15%). The 
reasons for this varied distribution and extent are not clear. Sebor- 
rhoea along with scarring and persistent macular redness and/or 
pigment changes are common features (Figure 88.26). These may all 
contribute to a significant physical and psychosocial impact. 

The clinical picture can vary from very mild comedonal acne, 
with or without sparse inflammatory lesions, to aggressive fulmi- 
nant disease with associated systemic upset. Comedonal lesions 
are the earliest lesions to develop in younger patients and embrace 
both open (blackheads) and closed (whiteheads) comedones. 
Open comedones frequently appear in a mid-facial distribution 


Figure 88.24 Moderate to severe inflammatory acne on the face. 


Figure 88.26 Persistent redness and pigment changes on the forehead. Courtesy of Dr 
J. Del Rosso, Las Vegas Skin and Cancer Clinic, Las Vegas, Nevada, USA. 


Figure 88.25 Acne on the back showing sparing of the central back and a Sebutape® 
used to assess skin surface sebum levels. 


(Figure 88.27), and when evident early they indicate poor progno- 
sis [18]. Closed comedones are generally 1 mm in diameter, skin 
coloured and have no visible follicular opening. If greater than 1 
mm they are described as macrocomedones. These lesions are often 
inconspicuous and require adequate lighting and stretching of the 
skin to be seen. Most patients have a mixture of lesions. 

Several subtle subtypes of comedones have been described: 

e ‘Sandpaper’ comedones consist of multiple, very small white- 
heads, frequently distributed on the forehead (Figure 88.28), 
which produce a roughened, gritty feel to the skin. 

¢ Macrocomedones (Figure 88.29) are large whiteheads greater than 
1 mm in diameter. Both macrocomedones and sandpaper come- 
dones respond poorly to conventional topical treatments. 

e ‘Submarine’ comedones (Figure 88.30) are large comedonal struc- 
tures greater than 0.5 cm in diameter and occur more deeply in the 


Figure 88.27 Comedonal acne with mid-facial distribution. This distribution is 
associated with poor prognosis. 


skin; they are frequently associated with recurrent inflammatory 

nodular lesions. 

Inflammatory lesions arise from the microcomedo and can remain 
superficial or deep in nature. Lesions embrace papules and pustules 
(5 mm or less in diameter) and can be extensively distributed on the 
face and/or trunk (Figure 88.31); deep-seated pustules and nodules 
(>5 mm) may also occur (Figure 88.32). Sinus tracts may develop 
between nodules and/or deep pustules leading to inevitable scar- 
ring (Figure 88.33). These lesions are frequently very tender, chronic 
and more resistant to treatment. 

Itching is a rare symptom of acne and possibly relates to the release 
of histamine-like compounds from C. acnes which is implicated in 
disease pathogenesis. 

Secondary lesions may occur as a result of acne. These include 
inflammatory macules which represent regressing lesions that may 
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Figure 88.29 Multiple macrocomedones interspersed with some inflammatory lesions 
on the cheeks of a female patient with acne. Courtesy of Professor M. Jackson, 
University of Louisville, Kentucky, USA. 


persist for many weeks and contribute markedly to the general 
inflammatory appearance seen in acne (Figure 88.34). Scarring is 
also a common consequence of acne and can present as atrophic 
scarring (Figure 88.35) due to loss of tissue or, conversely, excessive 
tissue can arise in hypertrophic and keloid scarring (Figure 88.36). 


Clinical variants 

A number of variants of acne are recognised as follows: 

e Severe forms (see ‘Acne fulminans’ and ‘Acne conglobata’ later in 
this chapter). 

e Drug-induced acne (see ‘Pathophysiology’ earlier in this chapter). 

Cosmetic acne (see ‘Pathophysiology’ earlier in this chapter). 

¢ Occupational acne (see ‘Occupational acne’ later in this chapter). 


Figure 88.30 Submarine comedones. This patient required stretching of the skin in 
order for them to be seen. 


Figure 88.31 Severe acne of the back with many inflammatory papules and pustules 
and a Sebutape®. 


e Acne associated with psychological problems: 
e Acné excoriée. 
¢ Body dysmorphic disorder (BDD). 
e Eating disorders. 

¢ Granulomatous acne. 

e Acne mechanica. 


Acne associated with psychological problems 

Acné excoriée (synonyms: excoriated acne, picker’s acne). Acné 
excoriée is seen predominantly in adolescent girls (Figure 88.37) 
although the incidence is increasing in mature females and is 
frequently associated with stress. Acné excoriée is regarded as a 
self-inflicted skin condition in which the sufferer compulsively 
picks real or imagined acne lesions predominantly on the face. A 
personality or psychological problem often underlies the condition 


Figure 88.32 Nodular acne of the right cheek with scars. Courtesy of Dr S. Chow, KL 
Skin Centre, Malaysia. 


Figure 88.33 Nodular/conglobate acne with sinus tracts. Courtesy of Dr C. L. Goh, 
National Skin Centre, Singapore. 


including obsessive compulsive disorder and bodily focused anxi- 
ety. BDD may be associated and contribute to the pathophysiology 
[401,402]. Evidence of linear erosions is suggestive of self-mutilation 
and underlying psychiatric disease should be suspected [403]. An 
atopic background may be evident. A contact dermatitis should be 
considered and excluded [404]. The persistent trauma frequently 
results in significant scarring. 

Treatment is challenging; acne should be treated but topical treat- 
ments have a tendency to irritate. Some patients with acné excoriée 
may just need to break the habit of picking while others may have a 
compulsive skin picking disorder which may require psychological 
therapy or psychotropic drug treatments [405]. Hypnosis and cog- 
nitive behavioural therapy using habit reversal techniques may be 


Figure 88.34 Inflammatory macules contribute to the redness seen in acne. 


Figure 88.35 Atrophic scarring with associated inflammatory change. Courtesy of J. Del 
Rosso Las Vegas Skin & Cancer Clinic, Las Vegas, Nevada, USA. 


effective [406,407]. Selective serotonin reuptake inhibitors including 
fluoxetine, paroxetine, sertraline and fluvoxamine are treatments of 
choice and are frequently employed alongside psychotherapy. Treat- 
ment for facial scarring and ulceration resulting from acné excoriée 
has been improved using the 585 nm pulsed dye laser along with 
cognitive psychotherapy [408]. 
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Figure 88.36 Acne keloidalis. 


Figure 88.37 Acné excoriée on the forehead of a young female. Courtesy of Dr C. L. 
Goh, National Skin Centre, Singapore. 


Body dysmorphic disorder and acne. A small number of patients 
with BDD have acne as their prime symptom [409]. The per- 
ceived acne is out of proportion to physical signs. Patients require 
significant support; they are often depressed or have obsessional 
compulsive behaviours or anxiety. A significant risk of suicide has 
been reported [410]. Patients with BDD require dermatological and 
psychiatric management as many have global mental disorders. It 
has been suggested in the literature that some patients with BDD 
as the only behavioural symptom may gain relief by treating their 
mild acne aggressively. Off-licence use of oral isotretinoin has been 
described in this context but ‘relapse’, either real or perceived, is 
common and therefore this does not necessarily provide a solution 
to the problem [411] (Chapter 84). 


Acne and eating disorders. Acne has been reported in anorexia 
nervosa. Acne itself may be a predisposing factor for anorexia in 
vulnerable teenage groups who adopt a diet in an attempt to con- 
trol their acne [412]. Serum growth hormone has been shown to be 
raised in anorexia nervosa and concomitantly IGF-1 is low. 


Figure 88.38 Granulomatous acne of the face. Courtesy of Dr C. L. Goh, National Skin 
Centre, Singapore. 


Granulomatous acne. The precise mechanism producing localised 
granulomatous acne is not known. The clinical picture is usually 
that of deep, well-demarcated lesion(s), especially on the cheeks 
(Figure 88.38). Response to therapy is slow and often unsatisfactory; 
antibiotics and isotretinoin are of limited benefit, and oral steroids 
are often required. 


Mechanical acne (synonym: acne mechanica). This term describes 
acne that occurs at the site of repeated mechanical trauma and/or 
frictional obstruction of the pilosebaceous outlet resulting in 
comedo formation [413,414]. Examples include ‘fiddler’s neck’, 
which may occur on the neck of violin players, and is charac- 
terised by well-defined plaques with the presence of comedones, 
lichenification and pigmentation. Headbands, tight bra straps, 
suspenders and collars as well as turtleneck sweaters may cause 
localised acne in the frictional sites [415]. This has also been 
reported in amputees [416]. Treatment should include elimination 
of the causative force(s) as well as management of comedonal and 
inflammatory lesions. 


Differential diagnosis 
A number of conditions may be considered in the differential diag- 
nosis of acne vulgaris. 


Milia. Closed comedones may be confused with milia. Milia 
represent intraepidermal keratin cysts predominantly infraorbital 
in distribution (Figure 88.39). 


Syringomas. Syringomas are non-inflammatory papules that occur 
primarily around the eyelids and upper cheeks. They are seen 
more frequently in Japanese women. Histology demonstrates a 
dense fibrous stroma with dilated cystic spaces that have small 
comma-like tails resembling tadpoles (Chapter 137). 


Fibrofolliculomas. Fibrofolliculomas are 2-4 mm dome-shaped 
papules seen most commonly on the face (Figure 88.40), neck and 
upper trunk. They are characteristically seen in Birt-Hogg—Dube 


Figure 88.39 Multiple milia on the upper cheek. Courtesy of Dr J. Del Rosso, Las Vegas 
Skin and Cancer Clinic, Las Vegas, Nevada, USA. 


Figure 88.40 Fibrofolliculomas: Birt-Hogg—Dube syndrome. Courtesy of Dr J. Del Rosso, 
Las Vegas Skin & Cancer Clinic, Las Vegas, Nevada, USA. 


(BHD) syndrome. This is a rare autosomal dominant inherited 
condition characterised by the development of benign tumours on 
the face and upper body including fibrofolliculomas, trichodiscomas 
and acrochordon. People with this syndrome are at increased risk of 
colon or kidney cancer as well as spontaneous pneumothorax due 
to pulmonary cysts. BHD syndrome is due to mutation in the BHD 
gene on chromosome 17p12-q11.2 encoding folliculin. If positive 
for the gene, patients with BHD syndrome should undergo renal 
ultrasound and/or abdominal computed tomography /magnetic 
resonance imaging, chest X-ray and colonoscopy to determine any 
associated malignancies (Chapter 137). 


Ectopic sebaceous glands (synonym: Fordyce spots). These are 
heterotopic sebaceous glands that can occur around the vermilion 
border of the lips or within the oral mucosa (Chapter 91). They are 
commonly multiple, and appear as symmetrical discrete yellow 
papules [417]. They are present in 25% of the population over the 


age of 35 years and are usually asymptomatic but can be disfiguring. 
Oral isotretinoin has been used with some success for extensive 
lesions [418]. Carbon dioxide ablative laser therapy has also been 
used with good effect [419]. Lesions may occur on the penile shaft 
and may become inflamed and a cause for concern. The areolar of 
the breast is another site occasionally affected [420]. 


Pilosebaceous naevoid disorders. Some of these disorders are only 
tenuously linked with the pilosebaceous system. 


Acneform naevi. Symmetrical areas of normal skin set in the midst 
of severe acne on the back [421] or acne localised to one side of 
the back have been described. Reduced sebum excretion and surface 
bacteria have been demonstrated in the normal-looking areas. 


Comedo naevus (synonyms: naevus comedonicus, naevus follicu- 
laris, naevus unilateralis comedonicus). This uncommon naevus 
is usually a developmental defect of the hair follicles [422-426]. 
The associated sebaceous glands may be normal, hypoplastic or 
hyperplastic. Lesions usually occur on the scalp, face and trunk, 
and occasionally at unusual sites such as the genitalia. The indi- 
vidual lesions consist of keratin-filled pits, often grouped or linear 
in arrangement (Figure 88.41). Occasionally, inflammatory acne 
lesions may be found. Although usually present at birth, they often 
become more prominent at puberty. FGFR2 mutations have been 
identified in a comedonal naevus but not in the adjacent normal skin 
[427]. The somatic heterozygous Ser252Trp-FGFR2 mutation has 
been confirmed within the affected skin lesions of a male patient 
presenting with a unilateral acneform naevus [428]; association 
with epidermolytic hyperkeratosis has also been reported [429]. 
Treatment is usually of only limited success. Topical retinoids and 
12% aqueous ammonium lactate solution have been reported to be 
of benefit. Gentle cautery may help less severe cases [430]. 


Familial comedones. This uncommon genetic disorder presents 
with single comedonal lesions, but later the face may become 
extensively involved with gouped comedones and cysts; scarring 
may ensue. New lesions may continue into middle age. 


Sebaceous naevus (synonym: naevus sebaceus of Jadassohn). 
This is an organoid naevus consisting of a mixture of relatively 
normal-looking epidermis, dermis, sweat and sebaceous glands. It 
usually presents on the scalp as an area of alopecia [431,432]. At 
puberty, the sebaceous glands enlarge and the epidermis becomes 
verrucous. Co-occurrence with aplasia cutis has been reported. 
Trichoepithelioma and eccrine syringoadenoma have been noted in 
sebaceous naevus [433]. An unusual haematopoietic proliferation at 
birth that spontaneously resolved at 4 months has been documented 
[434]. Excision is usually recommended because of the potential 
to develop a squamous or basal cell carcinoma with a lifetime risk 
reported between 5% and 22% [435]. 


Favre-Racouchot syndrome (synonymous with senile comedones 
and solar comedones). Multiple open and closed comedones occur 
on periorbital and malar areas of elderly people in the context of 
chronic sun exposure (Figure 88.42) (Chapter 94). UV radiation 
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Figure 88.42 Favre-Racouchot syndrome (senile comedones). From Zouboulis et a/. 
2019 [737] with permission from Elsevier. 


results in solar damage to the supporting dermis, causing the 
pilosebaceous duct to become distended with impacted corneo- 
cytes. Occasionally, lesions are unilateral. Histology demonstrates 
increased elastic tissue with thickened and tortuous fibres in the 
upper and mid dermis [436]. Similar change may be seen in pseu- 
doxanthoma elasticum or post radiotherapy. A comedo extractor 
will remove lesions but they frequently recur. Topical retinoids and 
electrocautery may be of benefit. 


Sebaceous gland hyperplasia, adenoma and carcinoma. Seba- 
ceous gland hyperplasia represents a benign proliferation of 
the sebaceous gland producing yellow/pink lesions 1-3 mm in 
diameter on the face (Figure 88.43) (Chapter 91). They may also 
present on the light-exposed skin of renal transplant patients 
receiving ciclosporin [437]. Treatment is rarely requested but gen- 
tle cautery, cryotherapy, trichloroacetic acid, carbon dioxide and 


Figure 88.41 (a) A patient with comedo naevus (naevus 
comedonicus) predominantly consisting of blackheads on 
the lower abdomen. (b) Multilocular naevus comedonicus. 
(b) From Chiriac et a/. 2016 [736] with permission from the 
University of California. 


Figure 88.43 Sebaceous gland hyperplasia on the forehead. From Zouboulis and 
Boschnakow 2001 [738] with permission from Oxford University Press. 


pulsed dye lasers may help [438,439]. Lesions are occasionally dif- 
fuse, producing a yellowish hue to the skin. Oral isotretinoin used 
off-licence has benefited some cases [440]. Co-cyprindiol (Dianette® 
and Estelle-35®), with or without additional oral cyproterone 
acetate, will also produce regression of sebaceous hyperplasia 
in some females. Photodynamic therapy using aminolaevulinic 
acid has also been shown to be successful in reducing sebaceous 
hyperplasia [441]. 


Adenoma  sebaceum (synonym: angiofibromas). Adenoma 
sebaceum are small, translucent, waxy-looking papules sym- 
metrically distributed over the central face. Multiple lesions are 
associated with tuberous sclerosis. Histology of the lesions demon- 
strates dermal fibrosis and vascular proliferation and dilatation. 


Sebaceous gland tumours. These are uncommon but may be asso- 
ciated with internal malignancy and systemic disease. 


Sebaceous adenoma. This is a benign tumour composed of incom- 
pletely differentiated sebaceous cells. It occurs in both sexes, 


predominantly in the elderly on the face or scalp [442]. The waxy 
pink/yellow tumours are usually 10 mm or less in size and may 
form ulcerative plaques. Excision is recommended but they are 
radiosensitive. Rarely, sebaceous gland adenomas can be associated 
with multiple visceral carcinomas, which present relatively early 
(45 years). This association is referred to as the Muir—Torré syn- 
drome (MTS) (Chapter 137). MTS is a rare genodermatosis defined 
clinically by the occurrence of a sebaceous neoplasm (adenoma, 
epithelioma or carcinoma) and at least one internal malignancy in 
the absence of other predisposing factors. Most patients present 
with sebaceous adenomas but cystic sebaceous neoplasms have 
been reported as specific markers of MTS. Gastrointestinal and 
genito-urinary malignancies are the most commonly reported with 
colo-rectal cancers presenting at or proximal to the splenic flexure 
contrary to most sporadic colo-rectal cancers [443,444]. MTS is most 
frequently found as a variant of the autosomal dominant hereditary 
disorder non-polyposis colo-rectal cancer (HNPCC) [445], with 
tumours demonstrating microsatellite instability and germline 
mutations in the DNA mismatch repair genes Muts homologue 
MSH2 and MLH1. However, the distribution of gene mutations 
in patients with MTS is slightly different from that seen in all 
patients with HNPCC and some cases of MTS arise spontaneously 
[446]. Clinicians should consider a diagnosis of MTS in patients 
presenting with sebaceous neoplasms, and immunohistochemical 
examination of tumours for MSH2 and MLH1 protein can be used 
as a screening test for MTS. The neoplasms of MTS tend to follow 
a more indolent course than the sporadic cases, which can be quite 
aggressive. Careful follow-up and active treatment are required for 
both familial and sporadic cases. Evidence suggests that patients 
with MTS and HNPCC should undergo colonoscopy every 1-2 
years from the age of 25 years or at an age 10 years younger than 
the family member who originally presented with the disease. 
Others recommend annual history, physical examination, including 
thorough review of the skin, and urinalysis as well as endometrial 
sampling and transvaginal ultrasound for females. 


Sebaceous carcinoma. This is a rare malignant tumour arising from 
the sebaceous glands (Chapter 137). It is commoner in men over 
the age of 40 years and presents as a firm, solitary, yellow-orange 
lesion usually on the face and scalp. It can ulcerate (Figure 88.44). 
Sebaceous carcinomas have a well-recognised association with MTS. 
The tumour grows slowly, but those arising in the eyelid (from the 
Meibomian glands) are more likely to metastasise [447]. Treatment 
is by excision or radiotherapy [448]. A tumour diameter of 10 mm 
or greater and/or tumours classified as T4 on the T classification 
of the tumour/node/metastasis staging system are linked to a poor 
prognosis [449]. 


Sebaceous (epidermoid) cysts and steatocystoma multiplex. The 
classic ‘sebaceous’ cyst is an epidermal structure; strictly, it should 
be referred to as an epidermoid cyst (Chapter 133). However, 
true sebaceous cysts occur as so-called steatocystoma multiplex 
(SM), a naevoid condition that histologically shows a mixture of 
a keratinising epithelium and sebaceous lobules attached to the 
epidermis by a thin epidermal strand [450,451]. A clinical and 
histological study examined 64 sporadic cases with an average 
age of onset of 26 years. They confirmed the presence of multiple, 


Figure 88.44 Sebaceous carcinoma. 


smooth, yellow dermal swellings varying from a few millimetres 
to 20 mm in size distributed on the arms, chest, neck and axillae 
and appearing and/or enlarging at puberty (Figure 88.45). When 
extensive these can produce SM suppurativa, which mimics acne 
conglobata. SM shares many clinical features and may show over- 
lapping histopathological features with eruptive vellus hair cysts 
(EVHCs). In a case series, all exhibited eosinophilia and lack of 
granular layer, and 17-42% displayed vellus hair, hair follicles, 
keratin and smooth muscle components within the cavity, in the 
wall or adjacent to it. The results of this study suggest that SM 
is a hamartomatous condition and that SM and EVHCs are vari- 
ants that originate in the pilosebaceous duct [452]. SM is rare and 
is occasionally associated with type 2 pachyonychia congenita 
(PC-2 or Jackson—Lawler syndrome), in which natal teeth are also 
a feature [453-456]. Histologically, the cysts in PC-2 may be true 
steatocysts, EVHCs or keratinous cysts, even in the same family or 
in an individual [457-461]. 

To date, mutations in the Ia domain of keratin 17 (K17) have been 
found in all cases [456,459,460]. In some families with clinically 
and histologically typical SM, mutations in the K17 gene are also 
found [460]. Close inspection demonstrates that some members 
have nail changes which are usually but not always milder than 
those of PC. Familial SM has also been associated with natal teeth 
in the absence of nail dystrophy [460] and it seems likely that these 
cases are also due to keratin gene mutations. However, in a case 
of SM/EVHC and in another of EVHC, mutations in K17 were not 
found along the Ia domain [461]; this would suggest that SM is 
genetically heterogeneous. 
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Figure 88.45 (a) Steatocystoma multiplex of the back. (b) Steatocystoma close-up of 
multiple cystic lesions. Courtesy of Dr N. Veien, the Dermatology Clinic, Aalborg, 
Denmark. 


Treatment is challenging [450]; excision of the larger cysts is 
possible but total removal of all cysts is impractical. Successful 
treatment employing a vein hook to locally extract cysts has been 
reported [462]. One study also utilised the carbon dioxide laser 
with some improvement [463]. Topical therapy is of limited benefit. 
Systemic antibiotics may reduce inflammation and/or suppuration 
and oral isotretinoin reduces inflammation but does not affect the 
primary disease process. 


Granulomatous rosacea (synonyms: lupus miliaris disseminatus 
faciei, acne agminata). Other diseases that may produce diag- 
nostic difficulties include granulomatous rosacea (Figure 88.46) 
(Chapter 89). 


Keratosis pilaris. Occasionally, inflammatory keratosis pilaris may 
masquerade as acne. Keratosis pilaris is most commonly seen on the 
proximal extremities (Figure 88.47), and is characterised by follicu- 
lar keratotic papules in hair-bearing areas which may or may not 
be associated with redness (Chapter 85). It has a familial tendency 


Figure 88.46 Granulomatous rosacea synonymous with acne agminata seen on the 
cheek. 


and is reported in the context of genetic syndromes such as chromo- 
some 18p depletion in which there may be prominent and extensive 
keratosis pilaris [464-466]. One study suggested that the presence of 
moderate to severe keratosis pilaris on the arms is associated with a 
lower prevalence of acne vulgaris and lower severity of facial lesions 
in adolescents and young adults [467]. 


Rosacea. Rosacea may be mistaken for inflammatory acne. Rosacea 
usually occurs in an older age group of patients (30-50 years of 
age), and lacks comedones or scarring and rarely affects the trunk 
(Figure 88.48). The presence of facial flushing and specific triggers, 
including heat, spicy food or alcohol, is more in keeping with 
a diagnosis of rosacea. Rosacea patients may also have ocular 
involvement. Some patients have features of both diseases [468] 
and clinical acne may evolve into more typical rosacea later in life 
(Chapter 89). 


Pyoderma faciale. Synonymous with rosacea fulminans (Chapter 
89), pyoderma faciale usually presents very acutely on the face 
in adult females (Figure 88.49). The lesions are deeply inflamed. 
Nodules, cysts and occasionally sinus tracts may form. Histology 
demonstrates a mixed inflammatory infiltrate in the upper and 
mid dermis with extravasation of red blood cells and haemosiderin 
deposition. 


Perioral dermatitis. In perioral dermatitis the papules and pustules 
present ona red and/or scaling base localised symmetrically around 
the mouth with a clear zone around the vermillion border. Lesions 
frequently itch in perioral dermatitis and no comedones are evident 
(Figure 88.50) (Chapter 89). 


Folliculitis. Gram-negative folliculitis due to Gram-negative organ- 
isms can occur as a complication of long-term oral or, less frequently, 
topical antibiotic therapy used to treat acne [469-471]. It has also 
been reported in human immunodeficiency virus (HIV)-positive 


(b) 


Figure 88.47 (a) Keratosis pilaris of the upper arms associated with some inflammation 
and excoriation. (b) A close-up view of keratosis pilaris. (b) From Liakou et a/. 2014 [739] 
with permission from John Wiley & Sons. 


patients and after hot tub immersion. Clinical features include a 
sudden eruption of multiple, small, follicular pustules or occasion- 
ally nodular lesions, most frequently localised around the perioral 
or perinasal skin (Figure 88.51). This results from overgrowth 
of Gram-negative organisms including Klebsiella, Escherichia coli, 
Serratia marescens, Proteus mirabilis and Pseudomonas aeruginosa. 
These organisms replace the Gram-positive flora of the facial skin 


Figure 88.48 Rosacea on the mid-face with periorbital sparing. 


and mucous membranes. The current antibiotic should be discon- 
tinued, replacing it with either ampicillin (250 mg four times a 
day) or trimethoprim (400-600 mg/day). However, response may 
be slow and relapse is common. Isotretinoin has been used very 
effectively off-licence for Gram-negative folliculitis and results in 
lower relapse rates than antibiotics [472-474]. 


Malassezia folliculitis (synonym: pityrosporum folliculitis). 
Malassezia folliculitis is due to proliferation of the yeast within 
the hair follicles. It presents most frequently on the upper trunk as 
a monomorphic acne-like eruption with many papules or pustules 
which may itch (Figure 88.52). Topical or oral antifungal agents 
are generally helpful. In some cases oral isotretinoin to reduce the 
seborrhoea is beneficial [475,476]. 


Scalp folliculitis (synonyms: acne necrotica miliaris, proprionibacte- 
ria folliculitis). Scalp folliculitis is an inflammatory disorder of the 
hair follicles characterised by small itchy pustules on the scalp often 
around the hairline, resulting from an inflammatory reaction to 
microorganisms including bacteria (C. acnes, Staphylococcus aureus), 
yeasts (Malassezia spp.) and mites (Demodex folliculorum) (Chapter 
91). Patients receiving oral isotretinoin may develop scalp folliculitis 
due to S. aureus infection, which responds well to oral flucloxacillin. 
A persistent scalp folliculitis has been recorded in patients with 
cyclical neutropenia [477]. 


Folliculitis keloidalis (synonyms: acne cheloidalis nuchae, acne 
keloidalis). Folliculitis keloidalis represents an unusual chronic 
form of folliculitis affecting the nape of the neck (Figure 88.53) 
and is associated with cicatricial alopecia (Chapter 91). Folliculitis 
keloidalis is more common in black males. The lesions present as 
small, itchy, raised papules within or close to hair-bearing areas 
of the occiput; secondary infection with S. aureus can ensue. The 
chronic process results in hairless scarring. Tufted hairs may be 
present representing multiple hair shafts emerging from single 
follicular openings. The cause is unknown but proposals include 
trauma following close shaving and ingrowing hairs which irri- 
tate the wall of the hair follicle; an association with obesity and 
the metabolic syndrome has been noted. Treatment is challenging 
and includes avoiding friction from clothes and close haircuts, 
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Figure 88.50 Perioral dermatitis demonstrating small papules on a red base. 


antimicrobial washes, topical steroids for small papules and intrale- 
sional steroids for large papules and nodules. Oral tetracyclines as 
anti-inflammatories or clindamycin and rifampicin have been used 
successfully. Laser and hair removal have also been shown to be of 
benefit. Optimum results occur if treatment is started early before 


Figure 88.49 (a, b) Pyoderma faciale. (b) From Massa 
et al. 2017 [740] with permission from S. Karger AG, Basel. 


Figure 88.51 Gram-negative folliculitis after long-term antibiotic use showing multiple 
pustules. Courtesy of Dr S. Chow, KL Skin Centre, Malaysia. 


significant scarring has occurred. Surgery, laser vaporisation [478] 
or excision has been used to remove large nodules and plaques. 
Systemic isotretinoin has also been used off-licence with some 
success, as has radiotherapy [479]. 


Folliculitis decalvans (synonym: tufted folliculitis). Folliculitis 
decalvans is a chronic disorder of the hair-bearing areas on the scalp 
that leads to scarring, alopecia and atrophy [480-482] (Chapter 87). 
Areas of tufted folliculitis have been identified in cases of folliculitis 
decalvans and the histological features include hyperkeratosis, 
follicular plugging and perifollicular inflammation. The aetiol- 
ogy is unknown and treatment is difficult. It has been suggested 
that folliculitis decalvans may be the result of an abnormal host 
response to toxins from S. aureus. If S. aureus is identified, systemic 
antibiotics are required; oral clindamycin or rifampicin may help 
by offering better tissue penetration. One case report suggests 
added benefit by also using topical mupirocin [483]. An isolated 


Figure 88.52 Pityrosporum folliculitis in an immunocompromised male. Courtesy of Dr 
S. Chow, KL Skin Centre, Malaysia. 


case report advocates the use of oral clindamycin in combination 
with oral isotretinoin and steroids [484]. Topical fusidic acid and 
oral zinc have also been used with some success in one series [485]. 
Radiotherapy and treatment with dapsone have been reported in 
isolated cases [486,487]. 


Dissecting cellulitis of the scalp (synonym: perifolliculitis capitis 
abscedens et suffodiens). This condition is predominantly seen in 
black males in their second to fourth decades. It is an uncommon, 
chronic, suppurative disorder of the scalp of unknown aetiology 
[488-494] (Chapter 105). Together with acne conglobata, HS and 
pilonidal cysts it is a component of the ‘follicular occlusion tetrad’. 
Patients present with multiple, tender, inflammatory nodules and 
abscesses most commonly on the vertex and occiput of the scalp. 
Lesions frequently coalesce into sinus tracts. Scarring alopecia 
frequently results from the chronic suppurative changes. Follicular 
hyperkeratosis appears to be the primary feature in pathogene- 
sis but secondary bacterial infection frequently occurs. Histology 
demonstrates a neutrophilic perifolliculitis with follicular destruc- 
tion, granulomas and fibrosis. Lesions characteristically last for 
many years and are cosmetically disfiguring, painful and malodor- 
ous. It has been reported to occur with marginal keratitis [488] 
and squamous cell carcinoma may result in chronic cases [492]. 
Three cases of keratitis, ichthyosis and deafness (KID syndrome) 
have been reported in association with the follicular occlusion 


Figure 88.53 Folliculitis keloidalis affecting the nape of the neck and hairline resulting 
in cicatricial alopecia. 


triad [493]. Response to therapy is poor. Options include high-dose 
systemic antibiotics used for acne (minocycline 100 mg twice 
daily or trimethoprim 300 mg twice daily). Success with oral zinc 
sulphate 135 mg three times a day [489] and topical isotretinoin 
[490] has been reported. Oral isotretinoin is advocated as the most 
effective treatment [491]. Other treatment options include potent 
topical, intralesional and systemic steroids and widespread surgical 
excision with skin grafting [492]. One case of dissecting cellulitis 
associated with KID syndrome responded well to alitretinoin [494]. 


Hid 


denitis suppurativa. HS is described in more detail in Chapter 
90. It may be associated with severe nodular /conglobate acne. There 
is often a family history and the onset is usually in late adolescence; 
the disease prevalence gradually decreases with increasing age 
[495-497]. HS is a chronic disease that affects the axillae, breasts, 
genital and perianal areas (Figure 88.54), and may sometimes 
spread extensively onto the buttocks and lower back. There is clini- 
cal evidence of open comedones (often polyporous), deep nodules, 
large abscesses, sinus tracts and scarring. The inflammatory lesions 
are frequently deep seated, exudative, painful and malodorous, 
resulting in significant compromise of daily activities and a high 
degree of morbidity [496]. It is primarily a disorder of follicular 
occlusion. Aetiological factors such as obesity, smoking and local 
irritation (e.g. from excessive sitting) may be relevant aggravating 
factors. 


Miscellaneous facial s. Papular facial 
rashes may be mistaken for acne. Rarely, dermatitis herpetiformis 
may present as a vesicular pustular facial eruption, but it is usually 
very itchy, unlike acne. Linear immunoglobulin A (IgA) disease 
can also rarely present as a papular facial rash without come- 
dones. Biopsy, including immunofluorescence studies, is essential 
to confirm the diagnosis. Facial lesions in micropapular sarcoid 
(Chapter 96) are relatively monomorphic papules, often skin 
coloured or with a brownish appearance, but if inflamed may be 


mistaken for inflammatory acne lesions [498-500]. A dental sinus 


causes of papular 
causes of papular 
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Figure 88.54 (a) Hidradenitis suppurativa of the groin showing inflammation, 
comedonal lesions and cribriform scarring. (b) Hidradenitis suppurativa of the right axilla. 
Courtesy of Professor V. Bettolli, University of Ferrara, Ferrara, Italy. 


can be confused with a persistent facial acne nodule (Figure 88.55). 
Epidermoid cysts may become inflamed and be mistaken for acne 
nodules. The severe papulopustular eruption associated with zinc 
deficiency can be mistaken for marked acne, and several cases have 
been reported after prolonged intravenous feeding without zinc 
supplementation [501]. 


Mimics of acne scarring. Scarring due to hydroa vacciniforme 
(Chapter 126), ulerythema ophryogenes (Chapter 87), folliculitis 
keloidalis (Chapter 91), varioliform atrophy and porphyria cutanea 
tarda (Chapter 58) can all masquerade as acne scarring. Acne necrot- 
ica varioliformis (necrotising lymphocytic folliculitis; Chapter 91) is 
associated with itching and smallpox-like scars, particularly around 
the scalp margin [502]. It can be mistaken for severe acné excoriée. 
Response to isotretinoin has been reported to be excellent [503]. 


Figure 88.55 Dental sinus confused with persistent facial acne nodule. 


Classification of severity 

Accurately assessing outcome measures in acne is notoriously 
challenging. Many different approaches have been adopted but few 
are validated, challenging the interpretation of results from clinical 
trials [504]. In clinical practice, the severity of acne is assessed visu- 
ally according to the extent of the disease and number and type of 
lesions and is frequently described as mild, moderate or severe. The 
clinical assessments of lesions utilised as a measure of outcome can 
be divided into grading or counting. The evaluation can be further 
divided into (i) overall or ‘global’ assessment; (ii) separate evalu- 
ations of individual lesions; and (iii) evaluation according to the 
predominant lesion type. Mechanisms to assess acne lesions using 
multimodal imaging are being evaluated [505] and patient-reported 
outcomes are now considered an important part of assessment, as 
are poor prognostic risk factors [506]. 

The Acne Core Outcome Research Network has identified 
through a Delphi consensus seven core domains that require mea- 
surement when assessing acne, and work is progressing to identify 
the best tools to measure the agreed domains [507]. 

The comprehensive acne severity system (CASS) was developed 
by application of a pre-existing six-category facial investigator 
global assessment scale ranging from clear through to very severe 
grading (Table 88.14) to include the chest and back [508]. This 
has been validated and provides a global system that includes 
a restricted number of categories to allow for a practical and 
comprehensive approach when assessing treatment outcomes. 

Lesion counts are essential for clinical trials as this offers a reli- 
ability not evident in global systems; however, counting remains 
impractical for use in the day-to-day clinic. It is now widely recog- 
nised that there are other important factors and outcome measures 
that should be considered when assessing the severity and impact 
of acne as well as the effect of therapy. These include the extent and 
sites of involvement, the degree of seborrhoea, the patient’s demo- 
graphic and family history, evidence of sequelae such as scarring 
and pigmentation, patient satisfaction with treatment, their adher- 
ence to a therapeutic regimen, the speed of action of treatment, tol- 
erability and adverse effects of therapy and impact on QoL. 

The use of QoL measures captures the impact of acne and treat- 
ment on the patient’s life and helps to identify those vulnerable 
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Table 88.14 The comprehensive acne severity system (CASS). 

Grade Description Face Back Chest 

Clear No lesions to barely noticeable ones. Very few scattered comedones and papules 

Almost clear Hardly visible from 2.5 m away. A few scattered comedones, a few small papules and very few pustules 

Mild Easily recognisable, less than half the affected area involved. Many comedones, papules and pustules 

Moderate More than half the affected area involved. Numerous comedones, papules and pustules 

Severe Entire area affected. Covered with comedones, papules and pustules and a few nodules and cysts 


Very severe 


to psychological complications. Adopting a QoL measure as an 
integral part of acne management is recommended. 

Several simple questionnaires including combinations of generic 
and dermatology-specific questionnaires are available (Box 88.4). 
Generic tools allow comparison between different diseases whereas 
the disease-specific questionnaires assess the impact of the acne and 
allow comparison of acne response to treatment over time. 


Box 88.4 Measurements available to assess the 
impact of acne on quality of life 


Generic measures 
e Euro-QoL (EQ-5D) 
e SF-36 


General health questionnaire (GHQ) 
¢ UK sickness impact profile (UK SIP) 
e Preference-based measures of utility 


Dermatology-specific measures 

¢ Dermatology life quality index (DLQI) 

e Skindex 

e Dermatology quality of life scales (DQOLS) 

¢ Dermatology-specific quality of life instrument (DSQL) 
¢ Children’s dermatology life quality index (CDLQI) 


Acne-specific quality of life instruments 

e Acne/Cardiff acne disability index (CADI) 

e Acne-specific quality of life questionnaire (Acne-QoL) 

e Acne quality of life scale 

e Acne quality of life index (Acne-QOLI) 

e Assessments of the psychological and social effects of acne (APSEA) 
¢ CompAQ 

e Acne-Q 


Acne also affects functional abilities. Patients are prone to 
embarrassment and social withdrawal, depression, anxiety and 
anger. The combined use of QoL and psychosocial questionnaires 
(see ‘Complications and co-morbidities’ later in this chapter) is 
essential to adequately understand just how severely the disease is 
affecting a patient, and can aid in assessing the efficacy of therapy. 
Acne scarring and pigment should also be included in the assess- 
ment of acne severity. Scars and pigment can produce significant 
disfigurement and psychosocial impairment in their own right. 
The difficulty in the evaluation of scars and pigment is manifold 
and there is currently no one simple clinically reproducible tool 
for evaluating the extent or volume deficiency of acne scars or the 
extent of pigmentary change. 


Highly inflammatory acne covering the affected area, with nodules and cysts present 


Complications and co-morbidities 

The main complications from acne relate to psychosocial and 
physical scarring. Persistent redness or pigment changes may 
occur, and rarely solid facial oedema and osteoma cutis have 
been reported. Pyogenic granulomas may occur in severe disease 
or result from treatment with isotretinoin. Seborrhoea may be a 
significant issue in some patients. 


Psychosocial effects of acne. There have been many studies over 
the years investigating the specific psychological effects produced 
by acne using different measures. A recent comprehensive system- 
atic review examining the impacts of acne identified more than 408 
studies with 138 questionnaires that have been used [50]. 


Impact on QoL and perception. Studies have shown that many 
acne patients experience shame (70%), embarrassment and anxiety 
(63%), lack of confidence (67%), impaired social contact (57%) as 
well as problems with unemployment [510,511]. Severe acne may be 
related to increased anger and anxiety [512]. When compared with 
other serious organic diseases, acne patients describe levels of social, 
psychological and emotional problems as great as those reported 
with chronic disabling diseases such as asthma, epilepsy, back pain, 
arthritis and diabetes (Table 88.15) [513]. Research has confirmed 
that physically attractive strangers attribute more positive qualities 
such as friendliness, intelligence and higher social skill levels to 
each other, compared with physically unattractive strangers [514]. 
Studies assessing independent reactions to photographs of patients 
with acne, acne scarring and pigment change versus no acne, acne 
scarring or pigment change have identified that those suffering 
disease are perceived more negatively [515,516]. 


Anxiety, depression and suicide. Clinical depression has been 
demonstrated in acne patients and this does not necessarily corre- 
late with the clinical severity of disease. Suicide in acne patients 
has been reported in the literature [517] and the depressed acne 
patient should be assessed for suicide risk. Acne patients compared 
with other skin patients using a depression test inventory may 
have depression levels reaching those identified from patients hos- 
pitalised with psoriasis [518]. Higher anxiety using the state-trait 
anxiety inventory (STAI) has also been identified in acne patients 
versus controls [519]. 


Acne scarring. This is a common consequence of acne and may 
occur, albeit mild in most instances, in up to 90% of patients as a 
result of acne lesions [520]. The duration of inflammation relates to 
scar production hence a delay in appropriate management is more 
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Table 88.15 The impact of acne on quality of life (QoL) compared with other medical conditions using the QoL SF-36. 


Social functioning Role fulfilment for emotional reasons 


Mental health Energy and vitality 


Acne 11.1 7.4 
Asthma 5.9 6.3 
Diabetes 8.7 9.5 
Back pain 8.9 6.9 
Epilepsy 74 5.3 
Early : Established ‘Resolving 
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Figure 88.56 Immune responses vary between scarring and non-scarring acne patients. 


likely to result in significant scarring [521,522]. A cell-mediated 
immune response has been found to be involved in the inflamma- 
tory events in acne. Holland et al. [523] investigated the differences 
in cell-mediated immune responses in developing and resolving 
inflamed lesions between those acne patients who were prone to 
scarring and those with the same degree of inflammatory acne not 
prone to scarring. Clear differences in the cellular infiltrate were 
identified. In acne patients not prone to scarring, the time course 
was typical of a type IV delayed hypersensitivity response, and 
effective resolution occurred by both non-specific/innate and adap- 
tive immune mechanisms. In lesions from acne patients who were 
prone to scarring, a predominantly adaptive immune response was 
present, which was persistent and upregulated in resolving lesions 
(Figure 88.56). A further more recent study also reported [524]. This 
suggested that effective management of inflammation during the 
development and resolution stages of acne may help to control 
scarring. Scars may show increased collagen (hypertrophic scars 
and keloids) or be associated with loss of collagen (i.e. atrophic 
scars). Keloids by definition extend beyond the extent of original 
inflammation and are most prevalent on the trunk. Hypertrophic 
scars in contrast to keloids do not extend beyond the extent of the 
original inflammation. 

Limited morphological classification of scarring has been 
described and to date there is poor consensus and clinical assess- 
ment of scars demonstrates significant variation between assessors 
[525]. A tool to assess atrophic scars has been developed called 
FASET [526]. However, the lack of an accepted standardised 
objective quantification or qualitative scoring to estimate the global 
scar severity makes comparisons of treatments for scarring challeng- 
ing. Atrophic scars are frequently multiple, they may be soft and 


13.4 7.0 
4.2 6.0 
5.9) 9.1 
4.1 8.5 
3.4 5.9 


Figure 88.57 (a) Severe scarring of the arms and back showing soft distensible scars as 
a result of acne. (b) Fibrotic atrophic acne scars of the face. (a) Courtesy of Dr S. Chow, 
KL Skin Centre, Malaysia. 


distensible or fibrotic (Figure 88.57). They often retain a vascular hue 
for many months before becoming less conspicuous. Perifollicular 
elastolysis is commonly found on the trunk and consists of multiple 
follicular atrophic-looking lesions, sometimes seen without evi- 
dence of acne [527]. Calcification is a rare complication of scarring 


Figure 88.58 Acne-induced hyperpigmentation in Fitzpatrick type IV skin. 


[528,529]. Persistent hyperpigmentation, seen most frequently in 
pigmented skin (Figure 88.58), and persistent macular redness are 
both common and cosmetically disfiguring. The pigmentary change 
can take many months to resolve or may persist. A recent study 
conducted by the Asian Acne Board demonstrated many patients 
had evidence of acne-induced pigment change for 5 years or 
longer [530]. 


Solid facial oedema (Morbihan disease). This is a rare and disfig- 
uring complication of acne [531] that has been reported in twins 
[532]. It is also reported as a consequence of rosacea (Chapter 89) 
[533] and in Melkersson—Rosenthal syndrome. Thickened, woody, 
facial oedema leads to significant distortion of the midline face and 
cheeks due to soft-tissue swelling most likely due to pre-existing 
hypoplastic lymphatics. The disorder is frequently progressive, 
and the associated acne must be treated aggressively to prevent 
permanent swelling. Successful treatment with oral isotretinoin 
alone or in combination with clofazamine or ketotifen has been 
reported [534-536]. Short or intermittent courses of oral steroids 
may also help the inflammatory component. 


Osteoma cutis. This represents focal ossifications in the sub- 
cutaneous and dermal tissue. This uncommon complication of 
acne is described more commonly in women with longstanding 
inflammatory acne and usually needs no treatment [537-539]. The 
calcification presents as small 2-4 mm persistent papules which 
are firm to the touch. Histology confirms calcified trabecular bone 
formation surrounded by a perivascular proliferation, often with 
increased fibrous tissue formation. Treatment modalities are lim- 
ited. Topical tretinoin may promote transepidermal elimination of 
osteomas in small superficial lesions [540,541]. Surgical ablative 


Figure 88.59 Pyogenic granulomas in severe acne. 


therapy is most effective; techniques reported include combined 
dermabrasion and punch biopsy, scalpel incisions and curettage, 
extirpation of the small bone fragments after microdissection and 
laser therapies. The erbium:yttrium-aluminium-garnet (Er:YAG) 
laser is said to be associated with minimal thermal injury with 
better cosmetic results than the carbon dioxide laser [542-546]. 


Pyogenic granulomas in acne. Pyogenic granulomas are occasion- 
ally seen on the trunk [547,548] in patients with very severe acne 
(Figure 88.59). They can also rarely (<1 : 10 000) be precipitated 
during treatment with oral isotretinoin and may be a feature of acne 
fulminans. Lesions may respond to clobetasol propionate cream 
applied topically twice daily and carefully to the lesions over a 
2-3-week period. 


Seborrhoea. Excessive sebum production may impact on QoL and 
can persist after the acne has regressed [549]. Underlying systemic 
causes such as acromegaly or parkinsonism should be considered. 
Justification for the use of systemic isotretinoin or antiandrogen ther- 
apy in females should be considered carefully as their use in this 
context is outside the recognised product licence. 


Disease course and prognosis 

Although acne may be considered as a ‘rite of passage’ during the 
teenage years, a significant number of people suffer acne for many 
years. According to World Health Organization criteria, acne can be 
defined as a chronic disease [550]. Predisposing factors for develop- 
ing acne are discussed elsewhere; certain factors link to severity of 
acne and risk of relapse (Table 88.16) [551]. 


Investigations 

Investigations may be required as part of monitoring or to exclude 
an underlying endrocrinopathy. Box 88.5 summarises the signs 
and symptoms that may indicate an underlying endocrinopathy. 
Table 88.17 outlines hormonal investigations required to identify 
an endocrine problem. Although not routinely done, quantifying 
sebum excretion may support the selection of therapy as people 
with a higher sebum production respond less well to antibiotics [9] 
and there is a correlation between high sebum and acne severity [10]. 
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Table 88.16 Summary of factors associated with acne severity and relapse. 


Specific factor Impact 


Positive family Linked to 


history Earlier occurrence of acne 
Increased retentional lesions 
Increased relapses 
Early onset Infantile acne shown to link to: 


Resurgence of acne in teenage years 
More severe acne in teenage years 
More frequent relapse in teenage 
Mid-facial years comedonal lesions in prepuberty 
linked to more severe disease 
Earlier onset of acne relative to menarche related to 
more severe disease 
Prolonged duration of disease associated with 
reduced efficacy 
A family history of acne >25 years associated with 
more adult acne in relatives 
High sebum production correlates with more severe 
acne 
High sebum production relates to reduced response 
to systemic antibiotics 
Truncal acne associated with reduced efficacy to 
systemic therapy when compared with acne on 
the face 


Duration of acne 


Seborrhoea 


Extent, location 
and nature of 
lesions 


Table 88.17 Hormonal investigations required to identify endocrine problems. 


Suspected clinical diagnosis Hormonal evaluation 


PCOS Luteinising hormone 
FSH 

PCOS Total free testosterone 

PCOS Prolactin 

CAH DHEAS 

CAH 17-hydroxyprogesterone 

CAH ACTH stimulation test 

NCAH TSH 


Free testosterone 
DHEAS 


Ovarian tumour 
Adrenal tumour 


ACTH, adrenocorticotropic hormone; CAH, congenital adrenal hyperplasia; DHEAS, 
dehydroepiandrosterone; FSH, follicle-stimulating hormone; NCAH, non-classic 
congenital adrenal hyperplasia; PCOS, polycystic ovary syndrome; TSH, 
thyroid-stimulating hormone. 


Assessment of sebum in the clinic can easily be performed 
using a microporous hydrophobic polymer film (i.e. Sebufix® 
or Sebutape®). The Sebutape measures the active follicle distri- 
bution but cannot measure the amount of sebum directly. After 
cleaning the skin with an alcohol wipe the tape is applied to the 
skin. The Sebufix shows the distribution of sebum with the aid of a 
UV light camera and calculates the sebum secretion area from the 
area evaluated [552]. Figure 88.60a shows Sebutape on the forehead 
of a patient and comparison of two Sebutapes demonstrating the 
difference between patients with and without acne (Figure 88.60b, 
c). Gravimetric assessments of sebum can also quantify the sebum 
output but these are labour intensive and not viable for use in 
the clinic. 


Box 88.5 Signs and symptoms that may indicate an 
underlying endocrinopathy suggesting the need for 
investigation 


Signs of hyperandrogenism alongside acne 
¢ Seborrhoea 

e Hirsutism 

e Androgenic alopecia 

¢ Cushingoid features 

¢ Increased libido 

¢ Deepening of voice 

¢ Clitoromegaly 

e Acanthosis nigricans 


Acne reported to be 

¢ Therapy-resistant acne 

e Rapidly relapsing 

e Very severe 

¢ Marked seborrhoea 

¢ Sudden onset particularly in the context of other signs of 
hyperandrogenism 


Investigating for antibiotic-resistant strains of C. acnes may be of 
interest as there is a correlation between the presence of these strains 
and poor clinical response to antibiotics in some cases. Other investi- 
gations that should be considered in acne management relate to the 
treatment prescribed (see under specific treatments for acne). 


Management 

A medical assessment should include a personal and family history, 
a record of present and previous therapies including response, a 
careful physical examination and a psychosocial review. 


General principles of management 

The aims of acne management are summarised in Box 88.6. Patients 
should be reassured that effective treatments are available but 
should be informed that response is slow and resolution is directly 
linked to good adherence. Whereas therapy is largely determined 
by the severity and extent of the disease, it should be tempered 
by other factors such as duration, response to previous treatments, 
predisposition and evidence of scarring, persistent redness and 
pigmentation, as well as patient preference, lifestyle and treatment 
cost [553,554]. There are no standardised acne grading systems, but 
it is often categorised as mild, moderate or severe in guidelines and 
treatment recommendations. This is useful in helping treatment 
selection, but is dependent on a subjective assessment by the clini- 
cian [553]. Identifying the number of lesions as a means of providing 
a measure of moderate to severe disease as indicated in the 2021 
National Institute for Health and Care Excellence (NICE) acne vul- 
garis guideline provides an objective assessment [555]. However, 
lesion counts alone do not accurately convey subjective aspects of 
acne, such as variations in lesion size and visibility. More generic 
definitions of acne severity have been adopted by the European 
evidence-based S3 acne guideline (Table 88.18) [556] and other treat- 
ment algorithms such as the Global Alliance algorithm, developed 
with the implicit aim of improving outcomes in acne (Table 88.19) 
[553]. These guidelines all provide treatment recommendations. 


(a) (b) 
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(c) 


Figure 88.60 Sebutape® analysis. Comparison of two Sebutapes demonstrating the difference between patients with and without acne. (a) Sebutape assessment of sebum. (b) Acne 
patient with very few secreting follicles. (c) Acne patient with high sebum production, actively secreting follicles and heterogeneity. 


Table 88.18 Defining the severity of acne according to lesion type and extent. 


Type of acne Description of clinical lesions 


Comedonal acne Non-inflamed lesions embracing both open (blackheads) 
and closed (whiteheads) comedones 

Comedones arise from the microcomedo seen at a 
histological level early in the course of the disease 
development 

Mixed but fairly localised inflamed and non-inflamed 
lesions. Superficial inflammatory lesions usually <5 mm 
diameter 

More extensive papulopustular lesions frequently in 
association with comedonal lesions 


Mild acne 


Mild to moderate 
papulopustular 
acne 

Severe acne Many inflammatory papulopustular lesions, frequently deep 
seated and may evolve into nodules and deep pustules. 
Small nodules are defined as firm inflammatory lesions 
>5 mm; large nodules are >1 cm 

At least 35 inflammatory lesions or three or more nodules 

Large nodules extend over large areas and frequently result 
in painful lesions, exudative sinus tracts and disfiguring 
tissue destruction and scarring 

Acne conglobata includes multiple grouped comedones, 
interspersed with papules, tender inflammatory nodules 
of varying sizes, some of which are suppurative and 
coalesce to form sinus tracts. Extensive scarring is a 
frequent outcome 


Box 88.6 Aims of acne management 


e Alleviate symptoms 

¢ Clear existing lesions 

e Limit disease activity by preventing new lesions forming as well as 
scars developing 

e Avoid negative impact on quality of life 


Adolescents’ knowledge and beliefs about acne, help-seeking 
behaviour and treatment preferences have been studied [557] — 
highlighting patient and parent education is key in optimising 
treatment outcomes, including treatment adherence which has been 
shown to be low in acne [558,559]. 


Management in patients with skin of colour 
Patient perceptions, preferences and decisions on treatment vary 
across different cultural beliefs and should hence be taken into 


consideration when deciding on treatment, and acne can be prob- 
lematic in skin of colour (Figure 88.61). A study exploring the impact 
of racial differences in acne management found white people were 
more likely than East Asians and South Asians to see a health care 
professional about their acne, while East Asians used the Internet 
more frequently as a source of information about causes of acne and 
treatments compared with all other groups (P = 0.04). Race was not 
statistically significant as a predictor for willingness to pay [560]. 

Treatment options for patients with Fitzpatrick skin types II-VI 
are predominantly the same as for all acne patients, but with some 
notable additional considerations. Hyperpigmentation and atrophic 
scars are more common in skin types II-VI with acne-induced pig- 
ment being a primary driver in why patients seek treatment [561]. 
Treatment should therefore focus on targeting pigment and avoid 
regimens that may exacerbate existing pigmentary change. Patient 
education confirming the potential persistence or slow improve- 
ment of pigment is key, as is the need for early effective treatment of 
acne to limit inflammation and prevent pigment formation. Regular 
use of photoprotection and need to avoid excoriating lesions should 
also be recommended. A number of topical treatments have been 
shown to improve pigmentation including topical retinoids and 
azaleic acid, although few studies specifically look at pigment in 
darker skin types. A notable study by Kircik reported that azelaic 
acid gel 15% twice daily improved both mild to moderate acne and 
pigment in 20 adults with Fitzpatrick skin type V and VI, and by 
week 16 at study conclusion pigment was cleared in 31% of subjects 
[562]. Similarly, at least a one-grade improvement in pigment sever- 
ity was found in 75% of patients with Fitzpatrick skin type V or 
VI with moderate facial acne treated with clindamycin phosphate 
1.2%/benzoyl peroxide 3.75% gel (CL-BP 3.75%) once daily for 16 
weeks [561]. 

Physical therapies such as chemical peels and lasers have been 
used to treat acne-induced pigment, but conversely they can exac- 
erbate hyperpigmentation and therefore should be used with care 
in skin types II-VI. Microneedling has been suggested as being 
more advantageous than laser as it does not carry the potential 
risk of thermal activation of melanocytes and it does not target 
specific chemopores [563]. Fabbrocini et al. investigated the use of 
microneedling for acne scars and directly compared the outcomes 
in Fitzpatrick skin types I-VI. There was improvement of acne 
scars in all groups, adverse effects were comparable between skin 
types and no dyspigmentation was reported in darker skin types 
[564]. However, hyperpigmentation was reported at 16% in patients 
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Table 88.19 Treatment options and improving outcomes in acne. (a) Global Alliance algorithm. (b) National Institute for Health and Care Excellence (NICE) recommended treatment 


options. 

(a) Mild Moderate Severe 
Comedonal Papular/pustular Papular/pustular Nodular? Nodular/conglobate 

First choice Topical retinoid Topical retinoid + topical Oral antibiotic + topical retinoid + Oral antibiotic + topical Oral isotretinoin? 

antimicrobial BPO retinoid + BPO 

Alternatives‘ Alt. topical retinoid Alt. topical antimicrobial+ — Alt. oral antibiotic + alt. topical Oral isotretinoin High-dose oral antibiotic + 
Or alt. topical retinoid retinoid + BPO Or topical retinoid + BPO 
Azelaic acid? Or Alt. oral antibiotic + alt. 
Or Azelaic acid® topical retinoid + 
Salicylic acid BPO/azelaic acid@ 


Alternatives for females See first choice See first choice Oral antiandrogen + topical 


retinoid/azelaic acid? + topical 
antimicrobial 


Oral antiandrogen + topical 
retinoid + oral antibiotic + 
alt. antimicrobial 


High-dose oral antiandrogen 
+ topical retinoid + alt. 
topical antimicrobial 

Maintenance therapy 


Topical retinoid Topical retinoid + BPO 


(b) Mild to moderate Moderate to severe Severe 


Treatment 
recommendations 


Fixed combination of Fixed combination of topical adapalene + topical BPO OD®* 
topical adapalene+ Or 


Treatments as for moderate-severe, but also consider oral 
isotretinoin9 if aged >12 years and acne is resistant to 


topical BPO Fixed combination of topical tretinoin + topical clindamycin adequate courses of standard therapy with systemic 
Or OD® antibiotics and topical therapy or acne is at risk of 
Fixed combination of Plus either oral lymecycline or oral doxycycline taken OD! permanent scarring 

topical tretinoin + Or Consider treating severe inflammatory cysts with 


topical clindamycin® Topical azelaic acid applied BD, plus either oral lymecycline 
Or or oral doxycycline taken ODf 
Fixed combination of In females with PCOS, consider adding ethinylestradiol with 
topical benzoyl cyproterone acetate (co-cyprindiol) or alt. combined oral 
peroxide + topical contraceptive pill to their treatment 
clindamycin® Consider photodynamic therapy in those 18 years and over 


intralesional injection of triamcinolone acetonide 


Y 
— 
U 
ul 
Q. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


if other treatments are ineffective, not tolerated or 


contraindicated 
Maintenance therapy 
peroxide 


Adapted from Gollnick et a/. 2003 [741] and NICE 2021 [555]. 
4 With small nodules (>0.5-1 cm). 

> Second course in case of relapse. 

“Consider physical removal of comedones. 


Topical retinoid + BPO or if one component of the combination is contraindicated, consider topical monotherapy with adapalene, azelaic acid or benzoyl 


¢ There was no consensus on this alternative recommendation; however, in some countries, azelaic acid prescribing is appropriate practice. 
® Consider topical benzoy! peroxide monotherapy as an alternative treatment to the options in Table 88.19a if these treatments are contraindicated, or the person wishes to avoid 


using a topical retinoid or an antibiotic (topical or oral). 


‘If cannot tolerate or have contraindications to oral lymecycline or doxycycline, consider replacing with trimethoprim or an oral macrolide (e.g. erythromycin). 
9 If an acne flare occurs after starting oral isotretinoin, consider adding a course of oral prednisolone and consider adding oral prednisolone at commencement of isotretinoin for 


patients with acne fulminans to prevent an acute flare. 
Alt., alternative; BD, twice daily; BPO, benzoyl peroxide; OD, once daily. 


with skin types III-IV treated with microneedling for acne scars in 
another study, hence patients should be warned about the potential 
risk [565]. 


First line therapy for mild, moderate and severe acne 

Indications for topical therapy include mild acne, moderate to 
severe acne in conjunction with systemic treatment and as potential 
maintenance therapy. When considering management it is impor- 
tant to steer clear of monotherapy with either a topical or oral 
antibiotic due to the increased potential for antimicrobial resistance. 
Recently there has been some focus on strong topical therapies for 
their potential oral antibiotic-sparing role in treating moderate to 
severe facial acne. Stein Gold et al. reported that for severe acne 
(grade 3 on the European Union scale or grade 4 on the US Food 


and Drug Administration (FDA) scale) fixed combination adapa- 
lene/benzoyl peroxide (BPO) 0.3% showed significantly greater 
efficacy in achieving success (clear or almost clear or a three-grade 
improvement) and reductions in lesion counts compared with 
vehicle [565]. However, systemic antibiotics alongside topical treat- 
ment is advocated for more moderate to severe disease, especially 
when the acne extends to sites other than the face. Topical and 
systemic combinations and oral isotretinoin should be considered 
earlier in patients demonstrating poor prognostic factors who have 
not responded to combined treatment regimens and are at risk of 
permanent scarring as outlined in Table 88.16 [566]. Figures 88.62, 
88.63 and 88.65 outline first, second and third line management 
based on evidence and expert opinion according to lesion type and 
severity. 


(a) (b) 


(c) 


Figure 88.61 Acne in patients with skin of colour. (a) Comedonal acne with closed and open comedones. (b) Minor hirsutism (arrows), a sign of hyperandrogenism in female patients 
with darker skin. (c) Active acne nodulocystica with keloid development in darker skin. From Zouboulis et a/. 2018 [742] with permission from Springer Nature. 


First line Second line 


Y 


¢ Topical retinoid 


e Fixed-dose combination clindamycin and BPO ¢ Combined oral 
¢ Fixed-dose combination adapalene and BPO contraceptive pills 
¢ BPO 


e Fixed-dose combination clindamycin-tretinoin gel 


e Azelaic acid 


and BPO 


Figure 88.62 Treatment algorithm for comedonal 


¢ No high-strength recommendation in the literature 
¢ Medium strength for topical retinoids (adapalene and tazarotene preferred); fixed combination products 


¢ Low strength for combined oral contraceptive pills; azelaic acid 15% gel 
¢ Negative recommendation: 
e Pending further studies: physical light therapies, tropical dapsone, chemical peels 


Strength of recommendations 


topical antibiotics alone, systemic antibiotics, oral isotretinoin 


acne. BPO, benzoyl peroxide. 


Topical therapy should be applied to all areas of affected skin 
as the histology of normal-looking skin from an acne-prone site 
demonstrates microcomedones as the precursors of all clinical 
lesions. Topical retinoids target microcomedones and are frequently 
considered in an acne regimen as a means of preventing pro- 
gression of the microcomedo to active visible lesions. To enhance 
treatment success, a combination of agents should be employed 
to impact multiple aetiological factors. Combination products are 
more convenient for patients to use and aid adherence [555,556]. 


Management of comedonal acne 

There are a paucity of clinical trials addressing comedonal disease 
as it rarely exists as a single entity. Figure 88.62 summarises the 
treatment for comedonal lesions. 


Topical retinoids. Topical retinoids are recommended for come- 
donal acne [565]. All-trans retinoic acid (tretinoin, vitamin A 
acid) is available in 0.01% up to 0.05% concentrations as either a 
gel or a cream. Newer formulations, microsponge and polymer 


formulations are reportedly less irritant than original formula- 
tions [567]. Isotretinoin 0.05% gel is a second-generation retinoid. 
The third-generation retinoid, adapalene 0.1% cream or gel, has 
significant and rapid anti-inflammatory action and has a greater 
benefit/risk ratio than tretinoin. In the USA and a few other coun- 
tries, the fourth-generation retinoid tazarotene is available for acne 
on prescription [568,569]. Retinoids reduce abnormal growth and 
the development of keratinocytes within the pilosebaceous duct. 
The reversal of hypercornification within the follicular canal as well 
as the induction of the follicular epithelium helps to ‘unplug’ the fol- 
licle [570]. This also inhibits the development of the microcomedo 
and non-inflamed lesions, resulting in less anaerobic conditions 
with fewer C. acnes, making the microenvironment less favourable 
for the development of inflammation. In addition, some of the novel 
retinoids reduce rupture of the comedones into the surrounding 
skin which results in less inflammation [571-573]. 

In vitro, adapalene and tretinoin downregulate TLR2 expres- 
sion and function, which in turn influences the production of 
pro-inflammatory cytokines [574-577]. Topical retinoids have been 
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First line Second line 


Third line 


Y Y 


Y 


¢ Topical erythromycin + isotretinoin 
¢ Topical erythromycin + tretinoin 


e Systemic antibiotic + azelaic acid 


e Fixed-dose combinations ¢ BPO e Blue light 
e Adapalene + BPO OR OR 
OR ¢ Topical retinoid ¢ Oral zinc 
¢ BPO + clindamycin OR 
OR Systemic antibiotic + topical 
¢ Topical clindamycin/ retinoid OR 
tretinoin fixed ¢ Combined oral contraceptive 
combination pills in females if not OR 
contraindicated 


e Systemic antibiotics + adapalene + BPO 


Strength of recommendations 


e High-strength recommendation for fixed combination products outlined 


in combination with topical retinoids*, combined oral contraceptive pills 


¢ Medium strength for BPO, topical retinoids (*adapalene and tazarotene preferred), systemic antibiotics 


e Low strength for clindamycin-tretinoin gel, blue light monotherapy, oral zinc, azelaic acid 
¢ Negative recommendation: topical antibiotics alone, systemic antibiotics alone 
¢ Pending further studies: physical light therapies, topical dapsone, chemical peels, low glycaemic diet 


Figure 88.63 Treatment algorithm for mild to 
moderate papulopustular acne. BPO, benzoyl 


peroxide. 


shown to be superior to placebo for the treatment of comedones 
and when used as monotherapy in reducing the formation of micro- 
comedones. Adapalene and tazarotene have the strongest evidence 
for efficacy and are more efficacious than tretinoin. Tretinoin has 
superior efficacy to azelaic acid and equivalent/superior efficacy to 
BPO [578]. 


Benzoyl peroxide. BPO is currently available in a number of 
different formulations and concentrations (2.5%, 5% and 10%), 
some of which are available over the counter. BPO is a powerful 
antimicrobial [579,580] and rapidly destroys both surface and ductal 
C. acnes and yeasts [581,582]. The lipophilic nature of BPO allows 
it to penetrate the pilosebaceous duct. Once applied to the skin it 
decomposes in the sebaceous follicles to release free oxygen radicals 
with potent bactericidal and anti-inflammatory activity [581,583]. 
BPO has some comedolytic activity and has been shown in RCTs 
to reduce the number of non-inflamed lesions by decreasing fol- 
licular hyperkeratosis [583]. Like other topical agents it does not 
impact on sebum production. There is no evidence to support a 
dose-response effect of BPO but potential adverse effects, including 
irritancy and bleaching, are increased with the 10% concentration 
[584]. Allergic contact dermatitis has been reported with BPO 
but is rare with other topical agents [585]. BPO bleaches clothes 
and hair and the patient must be informed of these inconvenient 
side effects. 

Current evidence suggests that BPO as monotherapy or add-on 
treatment may be more effective than placebo or no treatment for 
improving acne, and there may be little to no difference between 
BPO and either adapalene or clindamycin. This efficacy evi- 
dence is based on participant self-assessment; trials of BPO versus 
erythromycin or salicylic acid did not report this outcome [586]. 


Topical antibiotics. Topical clindamycin has been shown to be 
superior to placebo when compared with vehicle for comedones 
but inferior to tretinoin. BPO has been shown to be superior to 
all topical antibiotics when used as monotherapy for treating 
comedonal lesions. Azithromycin 2% gel was at least as effective 
as clindamycin 1% gel in the treatment of mild to moderate acne 
vulgaris in an RCT and may have the added benefit of reduced 
C. acnes resistance [587]. Topical antibiotics as monotherapy are not 
advocated for the treatment of comedones as there are superior 
therapies available and when used alone they have the potential 
to drive selection of antibiotic-resistant bacteria. A novel topical 
antibiotic 4% minocycline foam has recently been approved by the 
US FDA. It is suggested that this can very effectively penetrate 
the pilosebaceous follicle and reach concentrations that preclude 
bacterial resistance emerging [588]. 


Fixed combination therapy. Fixed combination clindamycin/BPO 
is equivalent to BPO alone and superior to clindamycin alone 
for the treatment of comedonal acne. Fixed-dose adapalene/BPO 
is superior or equivalent to BPO and adapalene alone for the 
treatment of comedones. Both fixed combination products adapa- 
lene/BPO and clindamycin/BPO have similar efficacy and receive 
a medium-strength recommendation for comedonal acne [589]. 
A fixed combination clindamycin/tretinoin recently introduced 
has shown superior efficacy to its component monotherapies with 
respect to comedonal acne and favourable improvements in QoL 
and treatment tolerability in an observational study [590]. 


Topical dapsone. There are insufficient data to recommend topical 
dapsone for comedonal acne. One study analysing two RCTs using 
topical dapsone in acne reported an 8% improvement in comedones 
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after 12 weeks [591]; however, this is unlikely to be of clinical signif- 
icance. A study comparing efficacy in teenage and adult females of 
dapsone 5% gel showed statistically significant reduction in come- 
donal lesions in the older female group [592]. 


Azelaic acid. Azelaic acid reduces comedones by normalising 
the disturbed terminal differentiation of keratinocytes in the fol- 
licle infundibulum [593], and 20% azelaic acid cream has shown 
superiority to placebo in the treatment of comedonal acne. In one 
study, 20% azelaic acid cream had similar activity to 0.05% topical 
isotretinoin with approximately 80% reduction in comedonal lesion 
counts at 6 months [594]. However, based on available data this 
was given a low-level recommendation for comedonal disease in 
the European S3 guidelines [556]. 


Management of mild to moderate papulopustular acne 
Topical therapy. Contrary to popular belief, studies have demon- 
strated that topical acne treatments can be as efficacious as oral 
antibiotics [556]. Tazarotene has shown good efficacy versus vehicle 
in moderate to severe acne [595,596]. No single topical agent is 
able to impact on the main aetiological factors implicated in acne 
pathogenesis and no topical agents have a significant sebosup- 
pressive effect. Recent evidence-based guidelines have advocated 
combination regimens in order to target as many aetiological factors 
as possible (Figure 88.63). 


Topical retinoids. All topical retinoids assessed in the European 
53 guidelines [556] were found to be superior to placebo or vehicle 
in the treatment of papulopustular acne. The efficacy of adapalene 
was found to be equivalent to BPO and tretinoin for the treatment of 
inflammatory lesions [597]. Tazarotene has been noted to be superior 
to vehicle for inflammatory lesions and superior to or equivalent to 
adapalene and tretinoin for the treatment of inflammatory lesions 
and superior in reducing postinflammatory hyperpigmentation 
[598]. A medium-strength recommendation for topical retinoids 
in the treatment of mild to moderate papulopustular acne is sug- 
gested. A systematic review of retinoids found the differences in 
efficacy of topical retinoids appears minor, but adapalene had a 
superior tolerability profile [599]. The novel topical retinoids are less 
irritant than some of the older established retinoids such as tretinoin 
and less likely to produce an early treatment flare; and the newer 
formulations of tretinoin (microsponge or polymer based) are said 
to be less irritating than the early formulations [599]. Trifarotene, 
a new-generation retinoid with selective retinoic acid receptor y 
agonist action, showed overall success. Both investigator and global 
assessment (IGA and PGA, respectively) success was 57.9% at week 
52 in the same patient in a long-term safety and efficacy study 
[600]. Retinoids are associated with teratogenicity but significant 
absorption of topical retinoids has not been demonstrated [601,602]. 


Benzoyl peroxide. BPO is more efficacious than vehicle in the 
treatment of papulopustular acne. It is equivalent to adapalene and 
conflicting evidence exists regarding its equivalence to tretinoin 
for the treatment of inflammatory lesions [556]. BPO receives a 
medium-strength recommendation for mild to moderate papulo- 
pustular acne. Certain antibiotic/BPO combinations are less irritat- 
ing than BPO alone, possibly explained by the anti-inflammatory 
action of the antibiotic. 


Topical antibiotics. Topical antibiotics demonstrate superior effi- 
cacy compared with placebo in the management of inflammatory 
acne. However, their use as monotherapy in acne is not advo- 
cated due to the risk of emerging bacterial resistance, so they 
have received a negative recommendation as monotherapy in the 
management of acne [556]. A detailed analysis of 144 clinical trials 
of topical antimicrobial therapy rejected over 50% of the studies 
because of poor trial design [603]. Adequate conclusions could 
not be drawn from the remaining data because of the different 
protocols, but BPO emerged as a successful treatment and appeared 
similar in effectiveness to topical erythromycin and clindamycin. 


Fixed-dose combination topical therapy. Fixed-dose clindamycin/ 
BPO is more efficacious than BPO alone for papulopustular acne. 
Both clindamycin/BPO and adapalene/BPO are superior to ada- 
palene monotherapy and have been shown to be equivalent in 
efficacy for the treatment of papulopustular acne [556,604]. These 
agents have received a high strength of recommendation for mild to 
moderate papulopustular acne. Fixed-dose clindamycin/tretinoin 
gel is efficacious for inflammatory acne and superior to vehicle, 
topical 1.2% clindamycin and topical tretinoin 0.025% alone. As 
clindamycin resistance has not been assessed in studies conducted 
for longer than 12 weeks, fixed-dose clindamycin/tretinoin gel is 
currently given a moderate-strength recommendation for mild to 
moderate papulopustular acne and is not currently advocated for 
longer than 12 weeks’ use. Fixed-combination 0.3% adapalene/BPO 
has been shown to be effective in moderate to severe facial acne and 
in a split face study demonstrates potential for less scarring and 
reduction in scarring over time [605]. 


Topical dapsone. Topical dapsone 5% gel has been shown in two 
placebo-controlled trials to improve acne severity more than vehicle 
[606,607]. This is not deemed clinically significant against criteria 
used in the European S53 guidelines and there are no comparative 
studies against other active agents to assess the potential benefit of 
this novel preparation. A pilot study (N = 20) evaluated monother- 
apy using once-daily topical application of dapsone 7.5% gel for 
moderate to severe truncal acne. By the end of the study (week 
16), the percentage of subjects achieving a two-grade improvement 
in IGA rating and the percentage of subjects graded as clear or 
almost clear were 55% and 45%, respectively. Caution must be used 
if combining topical dapsone with BPO, as a temporary yellow 
discoloration of the skin has been reported [608]. 


Azelaic acid. Azelaic acid (1:2-heptanedicarboxylic acid) is 
available as a 20% cream for acne. It is not sebosuppressive but 
has been reported to reduce the numbers and function of C. acnes 
[609,610]. A number of RCTs have compared azelaic acid with 
placebo, vehicle, BPO, tretinoin and 2% erythromycin. In mild to 
moderate papulopustular acne, the studies suggest that 20% azelaic 
acid has equivalent efficacy to 5% BPO, 0.05% tretinoin, adapalene 
and 2% topical erythromycin at 5-6 months but inferior efficacy 
to systemic tetracycline. The European $3 guideline gives azelaic 
acid a moderate-strength recommendation for mild to moderate 
papulopustular acne [556]. 
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General side effects of topical treatments. The most common side 
effect of topical acne products is a primary irritant dermatitis which 
often subsides with time and can be managed by reducing the fre- 
quency of application, using emollients and, if severe, short-term 
application of a type I potency topical corticosteroid. 


Systemic therapy. Systemic therapy is generally advocated when 
there is a significant inflammatory component and/or the acne 
is extensive rendering topical applications impractical. Systemic 
therapy for the treatment of mild papulopustular acne includes 
antibiotics, hormonal options, zinc, oral isotretinoin and/or steroids 
for unresponsive disease. Other drugs such as dapsone, clofazimine 
and vitamin A acid (10-20 mg/day) are occasionally used but 
evidence to support their effectiveness is limited. 


Systemic antibiotics. Oral antibiotics are the most widely pre- 
scribed agents in acne and are indicated for severe acne, moderate 
facial acne not responding to topical therapies and/or extensive 
truncal acne. Response to systemic antibiotics varies. Young males 
with marked seborrhoea and truncal acne respond less well than 
females with purely facial acne. 

Cyclines (tetracycline, oxytetracycline, doxycycline, lymecycline, 
minocycline, sarecycline) are the antibiotics of choice; however, 
there is insufficient evidence to support one agent or dose. They are 
contraindicated in pregnancy and children younger than 8 years 
as they can affect cartilage and bone growth, and cause yellow 
discoloration of the teeth [611]. The second-generation cyclines 
may aid adherence and of these lymecycline and doxycycline 
should be used in preference to minocycline [556]. Sarecycline is 
a tetracycline-derived narrow-spectrum oral antibiotic, specifi- 
cally designed for acne, approved by the US FDA in 2018 for the 
treatment of inflammatory lesions of non-nodular moderate to 
severe acne in patients 9 years of age and older [612,613]. Sponta- 
neous mutation rates of bacteria (C. acnes, Staphylococcus aureus and 
S. epidermidis) cultured in the presence of sarecycline are very low, 
showing reduced likelihood of bacterial resistance. This favourable 
characteristic is attributed to structural modifications that overcome 
tetracycline resistance mechanisms, changing bacterial ribosome 
binding [614]. Unlike the broad spectrum tetracyclines, sarecy- 
cline is minimally active against Gram-negative bacilli and normal 
microflora. This specificity translates to a reduction in off-target 
antibacterial effects, making it an attractive choice over others in its 
class [615]. In phase III trials sarecycline demonstrated therapeutic 
effect on both facial and truncal inflammatory acne. It also showed 
significant improvement in comedonal lesions compared with 
placebo. 

Due to reports of potential serious adverse effects, minocy- 
cline is not recommended as first line therapy. Adverse effects 
with minocycline include drug hypersensitivity syndrome (DHS) 
occurring within 3 months of treatment initiation, characterised by 
fever, malaise, arthralgia and a diffuse exanthematous skin eruption. 
Systemic involvement may include pulmonary eosinophilia and 
hepatitis. Early recognition and withdrawal of the agent is essential, 
and repeat exposure may result in a recurrence of DHS within a few 
days [616]. A lupus-like reaction has also been reported occurring 
after 6-48 months of treatment. Patients are usually female and 
present with fever, malaise and polyarthralgia. A cutaneous rash is 


not always evident but urticaria, vasculitis and non-specific redness 
have all been reported. Some patients have concomitant liver dis- 
ease, which may occur in the absence of joint symptoms. Serology 
for lupus is evident with a positive antinuclear antibody (ANA), 
along with positive perinuclear antineutrophilic cytoplasmic anti- 
bodies (pANCA) and raised C-reactive protein. Severely deranged 
hepatic enzymes and rarely liver damage requiring liver transplan- 
tation have also been reported [617]. Positive antihistone antibodies 
are rarely identified. The lupus-like reaction is reversible if the 
drug is withdrawn but abnormal serology may persist. Minocycline 
should be avoided in patients with a personal or family history 
of systemic lupus erythematosus. Before embarking on long-term 
minocycline it is advisable to check hepatic function and ANA at 
baseline and to repeat hepatic function, ANA and pANCA every 
3-6 months. 

A large RCT conducted in UK community practice demonstrated 
that oral minocycline and oral tetracycline were of similar efficacy to 
each other and comparable in terms of efficacy to topical BPO [618]. 
This study, which compared five antimicrobial regimens for mild to 
moderate facial acne in the community, suggested that maximum 
improvement was reached at 6 weeks with both oral antibiotics and 
topical BPO [618]. 

The prescribing of macrolides (erythromycin, clindamycin, 
azithromycin) for acne has increasingly fallen out of favour due to 
the emergence of antibiotic-resistant strains of C. acnes and although 
limited there is evidence showing tetracycline to be equivalent or 
superior in efficacy to erythromycin [619]. The antibiotic resistance 
profile of microbial strains isolated from Korean acne patients 
showed higher proportions of C. acnes isolates were resistant to 
clindamycin (30%) and erythromycin (26.7%) than to azithromycin 
(6.7%) and doxycycline (6.7%) [620]. A meta-analysis of RCTs 
comparing pulsed azithromycin with doxycycline showed similar 
efficacy, but more favourable pharmacokinetics and side effect 
profile for azithromycin [621]. If antibiotic therapy is required 
in pregnancy, oral erythromycin is thought to be safe although 
there are no data available evaluating chronic use over prolonged 
periods in pregnancy. A recent review of this published by the 
Medicines and Healthcare products Regulatory Agency (MHRA) 
found more evidence for erythromycin use in pregnancy, compared 
with azithromycin or clindamycin (>24 000 first-trimester expo- 
sures) [622]. Only 2 of the 11 studies suggested an increased risk 
of major congenital or cardiovascular malformations. However, 
the quality of the observational data was low and they concluded 
that the available evidence was insufficient to confirm the pres- 
ence of small increased risks of major congenital malformations or 
cardiovascular malformations following first-trimester exposure 
to erythromycin, or an increased risk of miscarriage following 
exposure to clarithromycin or azithromycin in early pregnancy. 
Hence the MHRA caution that macrolide antibiotics should only 
be used during pregnancy if clinically needed and the benefit of 
treatment is expected to outweigh any possible risk [622]. The safest 
therapies in pregnancy are therefore topical BPO and/or topical 
erythromycin [623]. Erythromycin remains the preferred option 
in children (aged 8-12 years depending on national licences) as 
tetracylines are contraindicated due to potential musculoskeletal 
problems and discoloration of permanent teeth. 
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Table 88.20 Systemic antibiotics in the treatment of acne vulgaris: dosage and adverse effects. 


Antibiotic Dosage 


Adverse effects 


Oxytetracycline 
adherence to medication problematic for some 


Lymecycline (not available 408 mg daily 

in the USA) 
Doxycycline 100-200 mg OD 
Minocycline 100 mg OD 


Sarecycline (US FDA 
approved) 


<54 kg: 60 mg OD 

55-84 kg: 100 mg OD 
85-136 kg: 150 mg OD 
500 mg BD 

250 mg three times a week 


Erythromycin 
Azithromycin 


Trimethoprim 200-300 mg BD 


Clindamycin is highly lipophilic and very effective in acne 
but adverse effects, including diarrhoea seen in 5—20% of cases, 
and potential pseudomembranous colitis from overgrowth of 
Clostridium difficile has discouraged use [624,625]. 

Trimethoprim may also be helpful in acne management at a 
dose of 400-600 mg/day [626,627] but has lower evidence of 
efficacy compared with tetracycline [628]. Adverse effects with 
trimethoprim include haematological reactions such as agranulo- 
cytosis, thromobocytopenia and pancytopenia. The risk of these 
developing is linked to higher dose regimens and those with folic 
acid deficiency and/or megaloblastic haematopoiesis [626,629]. It 
is advisable to take a baseline full blood count prior to starting 
any extended courses of trimethoprim and to repeat this monthly 
while the patients remain on treatment. DHS has been rarely been 
reported with trimethoprim [630]. 

Despite reports of efficacy in acne, the use of azithromycin, 
trimethoprim and other antibiotics including cephalosporins and 
fluoroquinolones should be discouraged as they are commonly used 
to treat a variety of systemic infections [624]. Exceptions to this rule 
may include short-term use for extremely refractory disease and/or 
evidence of Gram-negative folliculitis where other agents are not 
acceptable and in cases where tetracyclines are contraindicated. 

Table 88.20 outlines dosage regimens for systemic antibiotics rec- 
ommended for the treatment of acne and considers potential adverse 
effects. 


Interactions of antibiotics with oral contraceptives. There is 
concern that combined oral contraceptive (COC) efficacy may be 
impaired when used alongside antibiotics based on the hypothesis 
that broad spectrum antibiotics reduce bacterial flora in the gut and 
thus may interfere with oestrogen absorption. However, pharma- 
cokinetic studies have demonstrated that serum levels of oestrogen 
are unaffected by tetracycline and doxycycline. The failure rate 
of COCs when used with tetracycline resulting in pregnancy is 
reported as 1.2-1.4 pregnancies per 100 woman-years of oral con- 
traceptive use, which is no greater than background failure rate 


500 mg BD, 30 min before food and not with milk; makes 


Common: gastrointestinal upset, vaginal candidaisis 

Rare: onycholysis, photosensitivity, benign intracranial hypertension, 
Sweet syndrome 

As oxytetracycline but tolerated better 


As oxytetracycline 

Photosensitivity (dose dependent) 

Rare but serious: headaches and dizziness associated with benign 
intracranial hypertension, pigmentary changes, autoimmune 
hepatitis/lupus erythematosus-like syndrome 

As oxytetracycline but better tolerated 


Common: gastrointestinal upset, nausea, diarrhoea 

Generally well tolerated, mild gastrointestinal effects 

Rare: Stevens—Johnson syndrome, hypersensitivity reactions, blood 
dyscrasias, small absolute increased risk of arrhythmias 

Common: gastrointestinal upset, maculopapular rash 


of COCs. The only antibiotic that has been shown to reduce COC 
efficacy is rifampicin [631-634]. 


General side effects of oral antibiotics. All oral antibiotics for 
acne can produce mild adverse effects (Table 88.20). Several studies 
have confirmed that the use of antibiotics for acne drives bacterial 
resistance [635,636]. The presence of antibiotic-resistant C. acnes may 
correlate with poor clinical response to antibiotics [637]. A study 
characterising patients carrying clindamycin-resistant C. acnes 
found clindamycin-resistant strains were frequently isolated from 
patients with older median age (>24 years) and moderate to severe 
acne [638]. The concentration of ductal antibiotics varies consider- 
ably and may fall below the minimal inhibitory concentration for 
C. acnes. A low drug concentration in tissues will encourage the 
acquisition of antibiotic-resistant C. acnes [639]. Poor adherence to 
therapy will potentially reduce drug availability, and a high sebum 
excretion is likely to dilute an effective drug concentration [640]. 

A number of publications have proposed how antibiotics should 
be administered to achieve optimal therapeutic response while 
avoiding antibiotic resistance and have produced antibiotic pre- 
scribing policies (Table 88.21) [556]. Recent NICE guidelines suggest 
oral antibiotics should not be prescribed for longer than 12 months 
except in exceptional circumstances [555]. Suggestions to reduce 
exposure to antibiotics include (i) restricting the duration of antibi- 
otics; (ii) the use of combination regimens from the onset of therapy 
to expedite response and reduce duration of antibiotic courses; 
(iii) the utilisation of BPO either to reduce the emergence of or to 
treat antibiotic-resistant strains of C. acnes; (iv) the avoidance of 
using chemically dissimilar antibiotics; and (v) regular switching 
of antibiotics. Table 88.22 summarises possible factors that might 
indicate the presence of antibiotic-resistant C. acnes. Resistance is 
not the only reason for poor response to treatment (Table 88.23). 


Hormonal therapy 
Clascoterone. Clascoterone, a first-in-class topical androgen 
receptor inhibitor, has been approved by the FDA in a twice-daily 
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Strategy to avoid propionibacterial resistance emerging 


Comments 


Avoid inappropriate use of topical and systemic antibiotics 


If extending the duration of oral antibiotics, utilise combination therapy 


If repeated courses of antibiotics are required and the initial clinical 
response was favourable, reuse the same drug 

Avoid prescribing different oral and topical antibiotics concomitantly 

Consider using topical retinoids and non-antibiotic antimicrobials wherever 


possible 


Topical benzoyl peroxide (BPO) can be used for 7 days between antibiotic 


courses 


Remember to check medical adherence 


Table 88.22 Reasons to suspect poor response relates to resistance to antibiotic 


therapies. 


Reason to suspect 
possible antibiotic-resistant 
Cutibacterium acnes 


Comments 


Failure to respond to antibiotic 
therapy 

Deterioration in acne despite 
continuing antibiotic therapy 

History of poor adherence 


Multiple courses of oral and topical 
antibiotics 


Confirm good adherence to therapy 
Patients often confirm initial good results 
Thought to lend itself to resistance 


emerging 
Particularly when used as monotherapy 


Table 88.23 Reasons to suspect poor response to treatment. 


Reason for poor 
response to therapy 


Comments 


Need for improved education of 
doctor or patient 
Poor adherence to therapy 


Presence of relevant antibiotic 
resistant Cutibacterium acnes in 
patient complying to therapy 

Development of Gram-negative 
folliculitis 

Incorrect diagnosis 


Presence of macrocomedones prior 
to starting isotretinoin 

Refractory subtypes of acne 

Intolerance to or side effects of 
treatment 

Inadequate dose of antibiotics 


Understanding of how to use therapies is 
mandatory for successful treatment 

Steadily diminishing adherence may lead to 
relapse 

Colonisation with resistant isolates from the 
start results in poor response; subsequent 
colonisation leads to relapse 

See section on differential diagnosis earlier in 
chapter 

See section on differential diagnosis earlier in 
chapter 

Can result in significant flare of acne 


See individual sections 
See treatment section 


Patients of high body weight or marked 
seborrhoea may require a higher dose 


application, 1% cream formulation to treat acne in patients aged 
12 years and over [641]. Phase II and III trials have demon- 
strated a statistically significant reduction in inflammatory and 
non-inflammatory lesions with clascoterone use and a favourable 
safety profile for up to 9 months of use, with redness being the 


Use oral antibiotics for 3 months in the first instance and only continue if clinical 
improvement continues 

Combine with an agent that reduces the likelihood of promoting antibiotic 
propionibacterial resistance, e.g. benzoyl peroxide 

This will avoid multiple resistant strains emerging 


This will avoid multiple resistant strains emerging 

These do not promote resistant isolates and when used with antibiotics may achieve 
more rapid efficacy and so reduce the duration of the antibiotic course 

BPO is fully active against sensitive and resistant strains of Cutibacterium acnes and 
able to eradicate resistant isolates 

Poor adherence to antibiotic therapies promotes resistance 


Sex hormone-binding 
globulin 


Total testosterone 


1. Suppress androgen 
production 


2. Alter androgen 
binding to SHBG 


Free testosterone 
5a-reductase type 1 or 2 


3. Impair peripheral 


Dihydrotestosterone : 
conversion 


oe 


4. Inhibit androgen 
action at site of 
target tissue 


Sebum production 


Hair growth 


Figure 88.64 Potential mechanism of action(s) using antiandrogens in the management 
of acne. AR, androgen receptor; SHBG, sex hormone-binding globulin. 


most common local skin reaction [641]. Unlike systemic antiandro- 
gens, it can be used in males as well as females and so presents an 
attractive prescribing option for clinicians. 

Systemic hormone preparations are available for acne in female 
patients. Current guidance advocated their use in adult females with 
acne who also require a contraceptive and/or have need for men- 
strual control. They may offer an alternative as part of a combination 
regimen when oral isotretinoin is inappropriate or not available. 

Topical therapy and systemic antibiotics can be prescribed in 
conjunction with hormonal regimens and this will enhance effi- 
cacy. Potential hormonal treatments for acne include inhibitors of 
androgen production by the ovary (oral contraceptives) or adrenal 
gland (low-dose corticosteroids), androgen receptor blockers and 
antiandrogens that block the effect of androgens on the sebaceous 
gland. Figure 88.64 outlines the mechanisms of action [642,643]. 


Oestrogens and progestins. COCs generally contain oestrogen 
(most commonly ethinyl oestradiol) and a progestin. Oestrogens 
increase the synthesis of sex hormone-binding globulin (SHBG) 
leading to increased binding of testosterone and reduced levels 


Acne vulgaris 88.51 


of free circulating testosterone. Hence all oral contraceptives 
potentially improve acne. In addition, oral contraceptives suppress 
ovulation by inhibiting the production of ovarian androgens which 
results in reduced serum androgens and lower sebum produc- 
tion. Progestins in COCs include estranes and gonanes, which are 
derivatives of 19-nortestosterone, cyproterone acetate (CPA) and 
drosperinone. The third-generation progestins (gestodene, deso- 
gestrel, norgestimate) are less selective for the androgen and more 
selective for the progesterone receptor. Drosperinone is a novel 
progestin derived from 17a-spironolactone and has antiandrogenic 
activity, making it potentially helpful in acne. Yasmin® contains 
drospirenone 3 mg combined with ethinyl oestradiol 30 pg and 
Yaz® contains the same dose of drospirenone with 20 pg of ethinyl 
oestradiol. Box 88.3 outlines the androgenic effect of progestins 
in COCs. 

A Cochrane systematic review determining the effectiveness of 
COCs for the treatment of facial acne compared with placebo or 
other active therapies confirmed that COCs reduced acne lesion 
counts, severity grades and self-assessed acne compared with 
placebo [643a]. Limited data suggested that chlormadinone or CPA 
achieved better efficacy than levonogestrel, and a COC containing 
CPA may produce better outcomes than one containing desogestrel. 
Limited data were available comparing COCs with other ther- 
apies [643a]. A cohort study showed that the continued use of 
ethinylestradiol 20 pg/dienogest 2 mg COC reduced inflammatory 
and non-inflammatory acne lesions in 94% of women between 18 
and 30 years of age over a 12-month period; 23% of women had a 
100% reduction in acne lesions at the 12-month follow-up [642]. 


Androgen receptor blockers. Androgen receptor blockers suppress 
sebum and so offer potential for the treatment of acne. The antian- 
drogen CPA is licensed for acne in most European countries, 
but not in the USA, and directly inhibits the androgen receptor. 
Co-cyprindiol (Dianette and Estelle-35) is an oral contraceptive 
that ameliorates acne. It is as effective as oral tetracycline 1 g/day 
given over a 6-month period, although slower in action [643]. CPA 
2 mg with ethinyl oestradiol (35 pg) has a greater risk of deep 
venous thrombosis embolism than first- and second-generation 
COCs [644]. As a result the current recommendation is that once 
the acne is under control, co-cyprindiol formulations should be 
replaced by a COC containing a lower dose of oestrogen. In sum- 
mary, based on low-grade evidence and expert opinion, COCs may 
be helpful in the treatment of adult female acne in the context of 
those also requiring a hormonal therapy, being mindful of the fact 
there are associated risks which need to be explained to patients 
and that these agents are not necessarily licensed for acne. 


Spironolactone in acne management. Spironolactone is reported 
in the literature as an effective treatment for acne. It is usually 
prescribed at a dose of 50-100 mg daily with meals, but many 
women with sporadic outbreaks do well with doses as low as 25 
mg daily [645]. Although spironolactone is used in this context with 
clinical success there is a paucity of studies to confirm evidence of 
its effectiveness due to very small sample populations studied and 
poor trial design [646]. A hybrid systematic review emphasised 
this as it found that all trials were at a ‘high risk’ of bias with 
low quality of evidence. Only one crossover trial demonstrated 


statistical superiority of a 200 mg daily dose versus inflamed lesions 
compared with placebo [647]. Barbieri et al. have now shown similar 
clinical effectiveness to oral tetracyclines as the odds ratio for being 
prescribed a different systemic agent within 1 year was 1.07 (95% CI 
0.99-1.16) for those prescribed spironolactone when compared with 
oral tetracycline-class antibiotics in a retrospective cohort [648]. 
The main side effects are menstrual irregularity, breast tenderness, 
occasional fluid retention and, rarely, melasma. The frequency of 
menstrual irregularity can be significantly reduced by concomitant 
use of a COC. Pregnancy should be avoided due to potential abnor- 
malities to the male fetus and serum. There is a theoretical risk of 
hyperkalaemia as spironolactone is a potassium-sparing diuretic, 
however data from the systematic review just mentioned supported 
the recommendation that routine monitoring is not required in this 
patient population [647]. A study has just recently been completed 
and preliminary results support the efficacy of spironolactone in 
adult women [649]. 

All hormonal regimens should be combined with appropriate top- 
ical therapies. 


Comparative effectiveness of hormonal treatment with other 
approaches. There are few good studies comparing hormonal 
approaches to antibiotics and isotretinoin. Isotretinoin has been 
shown to be more effective than co-cyprindiol for acne patients 
[650]. One systematic review assessed mean weighted effects across 
different reported variables. Isotretinoin scored 85 + 10% improve- 
ment compared with baseline, whereas tetracyclines and hormonal 
treatments were less effective, scoring 54 + 3%, and CPA plus 
ethinyl oestradiol showed 65 + 4% improvement compared with 
baseline levels [651]. 


Oral isotretinoin. Systemic isotretinoin is considered the most 
potent and effective therapy for acne. There are few studies com- 
paring efficacy of isotretinoin with other treatments. A combination 
of high-dose doxycycline (200 mg daily) plus BPO/adapalene has 
been shown to be non-inferior to oral isotretinoin in the treatment 
of severe nodular acne [652], but oral isotretinoin has been shown 
to be superior to tetracycline plus adapalene in an earlier study 
[653]. Conventional doses of isotretinoin aiming for 1 mg/kg/day 
are extremely efficacious in most cases of acne. Due to the adverse 
side effect profile, national and international guidelines recommend 
that isotretinoin should be reserved for those with severe disease, 
defined as nodulocystic acne, acne conglobata or acne at risk of 
permanent scarring that has failed to respond to adequate courses 
of previous treatment. Some studies examining isotretinoin dose 
regimens found that lower doses of 0.25 mg/kg/day or 20 mg on 
alternate days were as efficacious as higher doses in the manage- 
ment of papulopustular disease [654,655]. However, there are no 
well-designed studies that are adequately powered to be clear if 
low- versus high-dose oral isotretinoin results in similar efficacy, 
with lower adverse effects and equal long-term remission. See the 
section on the use of oral isotretinoin in severe disease. 


Oral zinc. Two double-blind studies showed a significant benefit for 
treatment of inflammatory lesions, particularly with zinc gluconate 
(200 mg/day). Comparison with minocycline 100 mg/day demon- 
strated that the antibiotic improved acne by 63% in contrast to 32% 
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First line 


Y 


Second line 


Y 


Third line 


Y 


e EU directive suggests systemic 
antibiotics plus BPO + topical 
retinoid 

e If poor prognostic factors and 


e Systemic antibiotic + topical 
retinoid + BPO 


¢ Systemic antibiotic + BPO 

¢ Combined oral contraceptive 
pills in females if not 
contraindicated 


severe disease consider oral 
isotretinoin as monotherapy 
early in the disease course 


Strength of recommendations 


e High-strength recommendation for oral isotretinoin in severe disease 


and chemical peels 


¢ Medium strength for systemic antibiotics + BPO, topical retinoids (*adapalene and tazarotene preferred) 
e Low strength for combined oral contraceptive pill in females if not contraindicated 
¢ Negative recommendation: topical antibiotics alone, systemic antibiotics alone, all light therapies alone 


e Pending further studies: physical light therapies with IPL and laser and photodynamic therapy 


Figure 88.65 Treatment algorithm for severe acne. 


BPO, benzoyl peroxide; IPL, intense pulsed light. 


with 30 mg/day of elemental zinc after 3 months; no placebo was 
included in the study [656]. The S3 European guidelines give zinc a 
low-level strength of recommendation for mild to moderate papu- 
lopustualar acne [556]. 


Management of severe acne 

Clinical evidence for the treatment of severe acne is limited. 
Figure 88.65 outlines a suggested algorithm for the treatment of 
severe acne. Oral isotretinoin is regarded as the treatment of choice 
for severe acne that has failed to respond to conventional therapy. 
However, if this is contraindicated or not acceptable, topical ada- 
palene or fixed-dose BPO/adapalene may be used in combination 
with systemic antibiotics, with the best evidence in support of 
doxycycline. 


Systemic antibiotics. A combination of systemic antibiotic com- 
bined with BPO with or without adapalene has been given a 
medium-strength recommendation for severe acne [556]. Given the 
concerns about antibiotic resistance, monotherapy with systemic 
antibiotics is not recommended. 


Hormonal therapy. Evidence for the use of hormonal therapy in 
severe acne is lacking. In the UK, ethinyloestradiol/CPA is officially 
indicated for the treatment of severe acne unresponsive to systemic 
antibiotics and other available treatments. 


Oral isotretinoin. Oral isotretinoin (13-cis-retinoic acid) is a 
synthetic vitamin A analogue which was first approved by the 
US FDA in 1982 for the treatment of severe recalcitrant acne. 
Isotretinoin remains the most clinically effective acne therapy, 
producing long-term remission and significant improvement in 
many patients. It is licensed for the treatment of severe acne that 
has failed to respond to conventional antibiotic therapies. National 


and international guidelines recommend isotretinoin should be 
reserved for those with severe disease defined as nodulocystic acne, 
acne conglobata or acne at risk of permanent scarring that has failed 
to respond to adequate courses of previous treatment [555,556]. 
Most patients who receive oral isotretinoin will be free of acne 
after 4-8 months of treatment depending on the dose used. Clinical 
experience suggests that the long-term cure rate may be lower than 
initially thought. There is evidence to suggest that younger patients 
relapse more frequently than older ones. Over the years, isotretinoin 
has been used to treat many different and difficult cases of acne 
with varying degrees of success, as outlined in Table 88.24. 

The European Directive (ED) on prescribing of isotretinoin was 
introduced to ensure that generic prescribing was harmonised 
throughout the European Union and to minimise the risk of adverse 
effects including pregnancy [657]. Table 88.25 summarises the 
recommendations, which include monitoring of laboratory param- 
eters to include primarily fasting lipids, and liver function tests 
at baseline, 1 month after starting therapy and if stable 12-weekly 
thereafter [657]. There has been much debate as to whether liver 
function tests and blood lipids should be monitored during therapy 
[658]. Elevated levels unrelated to any clinical significance are com- 
mon and rapidly return to pre-treatment levels after therapy has 
been discontinued [659,660]. Some authors only advocate repeat 
testing post-baseline in at-risk groups such as those with diabetes 
and patients with known familial hypertriglyceridaemia [659]. 
However, as there is no good evidence on when to taper dosage reg- 
imens or to discontinue therapy in the context of abnormal results, 
and the absence of a laboratory abnormality does not preclude an 
adverse clinical outome [660], it would currently seem prudent to 
follow the ED and to interpret results aligned to the individual on 
treatment. 

Reductions in haematological parameters including thrombo- 
cytopenia and neutropenia have been reported while taking oral 
isotretinoin for acne but a large population-based study showed 
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Table 88.24 Relative success of isotretinoin in various acne and other clinical advice on education, therapy management and control of the 


¢ Distribution control of isotretinoin suggests that only 30 days of oral 
isotretinoin can be supplied at one time to a female patient and 
the prescription will only be valid for 7 days. 

The scope of the PPP suggests that it should include all females of 
child-bearing potential. Clinicians can exercise clinical judgement if 
they establish that the patient is not currently sexually active, but itis 
mandatory that clinicians check carefully at each 4-week follow-up 
visit and record as well as act on any change in circumstance. 

Pregnancy testing is recommended pre- and 5 weeks post-therapy. 
It has been suggested that the initial test can be done up to 2 weeks 
prior to the start of treatment provided contraception is used in 
those who require it. In addition, monthly pregnancy testing is 
recommended throughout the treatment period. The treatment 
should ideally start on day 3 of the menstrual cycle. The pro- 
gramme suggests that where possible patients should agree to at 
least one, and preferably two, complementary methods of effec- 


conditions. distribution of oral isotretinoin: 

Excellent Moderate Limited ¢ Education — both patients and prescribers must be fully aware of 
Diagnosis response response response teratogenicity. The patient should acknowledge the problem by 
eae ; _ 5 signing a consent form and should accept detailed counselling by 
ices canes ” _ 4 the clinician prior to and during treatment. 
Mild acne? 7 = S ¢ Therapy management includes medically supervised pregnancy 
Acne fulminans*® x - - testing before, during and 5 weeks after a course of therapy and 
Rosacea x 7 - provides advice on contraception. 
Rosacea fulminans?? x - - 


Acne conglobata 
Gram-negative folliculitis - x = 
Solid facial oedema - - x 
Hidradenitis suppurativa - - x 
Vasculitic acne - = x 
Dissecting scalp cellulitis - = x 
Steatocystoma multiplex - = x 
Seborrhoea - - 
Fordyce disease - 
Chemoprophylaxis of skin cancer: - 

Basal cell naevus syndrome 

Xeroderma pigmentosum 

Eruptive keratoacanthomas 


x xX X 
I 


@ Especially if associated with scarring and/or psychological problems. 
5 Also needs pre-isotretinoin therapy with oral steroids. 


Table 88.25 Recommendations from the European Directive on isotretinoin prescribing. tive contraception, including a barrier method, before therapy is 
Pre-directive Post-directive initiated. 
Dispensing restrictions do not apply to males as the process is Vv) 
Dorsde een cey searing aay aimed at ensuring that females do not receive extended periods of ro 
Indications for use Isotretinoin recommended New recommendations treatment without pregnancy tests being performed. The responsi- U = 
as first line therapy for suggest isotretinoin bility for the assessment of pregnancy tests and the administration [Tay® 
severe acne (nodular should only be used in of further prescriptions lies with the clinician. Clinical problems or) 
and conglobata) as well severe acne (nodular relating to the implementation of this approach include difficulties a es 
as acne not responding and conglobata) that in females with irregular menses, potential lack of continuity of [hw 
to 3 months’ systemic has or is not F : o4é ‘ Be") 
eae rae resending tb treatment due to potential unavailability of patient and/or health [Res 
combination with appropriate antibiotics care workers as well as forgotten tests. Given the potential side [[5ife) 
topical therapy and topical therapy; the effects of oral contraceptives, it may not always be appropriate to — > 
inference of this being insist on all patients using specific contraceptives, especially those [E¥pry 
that it should now not not sexually active. 5 
ae eu The USA has a robust prevention programme called iPLEDGE. U 
Age Previously no age limit Not indicated in children This has very recently been reviewed and revised (see Resources). 
<12 years The key changes are as follows: 
Monitoring Liver enzymes and lipids Baseline investigations as 1 The requirement for prescribers to document monthly patient 
shouleibe checked petore burat Timonen counselling in patients who cannot become pregnant will 
Pee ane oe = Gane change only at enrolment. Pending implementation, this could 
1 month after the throughout the course 8 aA S emp if 
maximum dosage has of treatment eliminate need for monthly visits for persons of non-childbearing 
been used potential. 
2 The waiting period requirement (also referred to as the 19-day 
lockout) for patients if they do not obtain isotretinoin within 
the first 7 day prescription window will be lifted such that if a 
very few haematological abnormalities during treatment [660]. window period is missed, a repeat pregnancy test can be secured 
There are no explicit recommendations for the assessment of and if negative there is no need to wait a month. 
haematological parameters but the American Academy of Derma- 3 Prescribers can adopt the option of using home pregnancy test- 
tology advises full blood counts alongside triglycerides, cholesterol ing for their patients during and after isotretinoin treatment. This 
and transaminases. allows for continued flexibility at least for follow-up visits. 
Regulatory authorities in each country have approved a preg- 4 The requirement that pregnancy tests must be performed in 


nancy prevention programme (PPP). This programme includes a specially certified (i.e. Clinical Laboratory Improvement 
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Amendments) laboratory has been removed. This will make it 
easier to do pregnancy tests in a clinic setting without needing 
to send the patient to a laboratory. 

In the UK, the MHRA has recently conducted a robust review of 
oral isotretinoin and as a result introduced new safety measures 
to strengthen the safe use of this medication. The new measures 
include additional oversight of the initiation of treatment for 
patients under 18 years of age and through improved assessment 
and monitoring of mental health and sexual function issues. The 
Isotretinoin Expert Working Group of the Commission on Human 
Medicines has also made recommendations to strengthen the safety 
of isotretinoin treatment. Recommendations include new warnings, 
the need for consistent monitoring requirements for psychiatric 
side effects, the introduction of new monitoring requirements for 
sexual side effects and additional oversight of the initiation of 
treatment for patients younger than 18 years. The MHRA has also 
introduced a new rule that treatment with isotretinoin for patients 
under 18 must be approved by two prescribers. 

Current guidance recommends starting oral isotretinoin at 
0.5 mg/kg/day and to titrate the dose as tolerated up to 1 
mg/kg/day. The half-life is 22 h and the bioavailability is 25%. 
Absorption of isotretinoin is markedly affected by the presence of fat 
and pharmacokinetic studies show that absorption can be doubled 
by taking isotretinoin with or after a meal compared with the fasting 
state [661,662]. It is therefore advisable to take the capsules with fatty 
food at the same time of day. However, the amount of fat required 
is high and it is unlikely that patients ingest enough fat to optimise 
absorption. A novel lipid formulation is now available in some 
countries, the bioavailability of which is not fat dependent [663]. 

To date, the duration of therapy varies according to the dose 
administered over the course of the treatment period. Many acne 
guidelines suggest that post-therapy relapse is minimised by 
treatment courses that amount to a total of least 120-150 mg/kg. 
However, there is not an a priori pharmacokinetic reason to support 
the concept of accumulation of drug or a cumulative dose effect 
and recent publications suggest that the dose should be tailored to 
the tolerability of the drug as well as the clinical response, and have 
demonstrated that the cumulative doses previously recommended 
may not be necessary in all patients [664]. The duration of therapy 
should be adjusted to give at least 90% clearance of acne based upon 
initial clinical acne grade scoring techniques followed by 4-8 weeks 
of consolidation. 

Demographic factors, such as age, sex and duration of acne, may 
all govern the rate of response and relapse. Males with extensive 
truncal acne, more severe acne and/or suffering from acne for less 
than 7 years fail to respond as well as, and relapse more quickly 
than, female patients with predominantly facial acne of a less severe 
grade. 

A number of studies have been published using different dos- 
ing regimens of isotretinoin [556]. However, none is controlled 
for dietary fat intake and confounding factors that may influ- 
ence relapse. There appears to be a small cohort of patients who 
benefit from long-term low-dose isotretinoin. However, it is not 
clear whether this approach will result in long-term adverse 
effects and it is important to clarify with the patient that although 
nothing untoward has been reported to date, this approach lies 
outside recommended guidelines and the current product licence. 


The physical and psychological severity of acne will play a role in 
the decision whether to prescribe isotretinoin. Some patients may 
require repeat courses of therapy. There are no reports of cumulative 
toxicity from using repeat courses and tachyphylaxis has not been 
noted. 

Although the ED suggests isotretinoin should not be used in 
patients under 12 years of age, there are reports in the literature 
of up to 0.5 mg/kg/day being used successfully in a number of 
neonates or juveniles with acne who have not responded to all 
appropriate topical or oral therapies [665,666,667]. Evidence-based 
paediatric guidelines suggest oral isotretinoin should be considered 
for paediatric patients with acne if there are sufficient clinical indi- 
cations [666] (see section on prepubertal acne later in this chapter). 
Apert syndrome is a rare disorder associated with a hyperresponse 
of the epiphyses and sebaceous glands to androgens, which results 
in premature epiphyseal fusion and acne (see section on Apert 
syndrome earlier in this chapter). These patients frequently respond 
well to oral isotretinoin [668]. 


Side effects of isotretinoin. Isotretinoin has many side effects but 
most are predictable and rarely interfere with patient management. 
Tables 88.26-88.28 and 88.29 outline the potential and reported side 
effects and relative risk of occurrence. The common mucocutaneous 
side effects are dose dependent and are managed by modification 
of the dose and/or regular use of emollients or false tears. Occa- 
sionally, retinoid dermatitis (Figure 88.66), a severe retinoid cheilitis 
(Figure 88.67) or conjunctivitis complicated by secondary Staphy- 
lococcus aureus (Figure 88.68) may occur. These patients may need 
treatment with an intermediate-strength corticosteroid ointment 
combined with an antiseptic or oral antistaphylococcal therapy 
such as flucloxacillin and/or topical mupirocin 2% ointment [669]. 
Teratogenicity is well recognised and regarded as one of the most 
serious potential adverse effects of isotretinoin [670]. Fifty per 
cent of pregnancies spontaneously abort, and of the remainder 


Table 88.26 Adverse effects of isotretinoin: very common. 


Type of disorder Very common side effects 


Anaemia 

Increased red blood cell sedimentation rate 
Thrombocytopenia 
Thrombocytosis 

Eye Blepharitis 
Conjunctivitis 

Dry eyes 

Eye irritation 

Increased transaminase 
Cheilitis 

Dermatitis 

Dry skin 

Localised exfoliation 
Pruritus 

Redness 

Skin fragility 

Arthralgia 

Myalgia 

Back pain 

Increased triglycerides 
Decreased high-density lipoprotein 


Blood and lymphatic system 


Hepatobiliary 
Skin and mucosal tissues 


Musculoskeletal and 
connective tissue 


Investigation 
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Table 88.29 Adverse effects of isotretinoin: very rare. 


Table 88.27 Adverse effects of isotretinoin: common. 


Type of disorder Common side effects 
Blood and lymphatic system Neutropenia 
Nervous system Headache 
Respiratory, thoracic and mediastinal Epistaxis 
Nasal dryness 
Nasopharyngitis 
Investigation Increased blood cholesterol 
Increased blood glucose 
Haematuria 
Proteinuria 


Table 88.28 Adverse effects of isotretinoin: rare. 


Type of disorder Rare side effects 


Immune system Allergic skin reaction 


Anaphylactic reactions 
Hypersensitivity 
Psychiatric Depression 
Aggravated depression 
Aggressive tendencies 
Anxiety 
Mood alterations 
Skin and subcutaneous tissues Alopecia 


about half of the infants are born with cardiovascular or skeletal 
deformities. 

The question whether neuropsychiatric problems result from 
oral isotretinoin remains a controversial issue. Disentangling the 
individual impacts of acne, adolescence and medication is chal- 
lenging. Acne commonly affects adolescents at a time of significant 
transition, and mood changes and depression are common and may 
occur independently of acne. The past decade has seen an increase 
in mental health problems in young people. A recent millennium 
study confirmed that three-quarters of the people affected with 
psychological distress, self-harm and/or suicide first experienced 
their mental illness before the age of 20 years. High levels of severe 
mental health difficulties were reported in this study, with 24% of 
females experiencing high levels of depressive symptoms by 14 
years of age. By 17 years self-harm in the preceding 12 months was 
reported in 28.2% and by the same age females demonstrated a 
lifetime risk of suicide of 10.6% [671]. 

Acne is known to have a negative psychosocial impact on 
patients and can result in anxiety and depression [672]. A 
cross-sectional questionnaire in Norway found suicidal ideation 
and suicide attempts are approximately twice as common in acne 
sufferers [673]. 

A systematic review and meta-analysis conducted to assess 
whether isotretinoin treatment for acne was associated with risk of 
depression found no evidence to support an association between 
isotretinoin and depression after pooling data from 31 prospective 
studies published from inception to 2016 [674]. Many of these stud- 
ies demonstrated that oral isotretinoin ameliorated any negative 
psychosocial issues. 

A large national US population study of acne patients over a 
14-year period from 2004 to 2017 assessed the differential effects of 
antiacne treatments on depressive and distress symptoms over the 


Type of disorder 


Very rare side effects 


Infection 
Blood and lymphatic 
system 


Metabolism 


Psychiatric 


Nervous system 


Sexual dysfunction 


Eye 


Ear 
Vascular 


Gastrointestinal 


Hepatobiliary 
Skin and subcutaneous 
tissues 


Musculoskeletal and 
connective tissue 


Renal and urinary 
General 


Investigation 


Gram-positive (mucocutaneous) bacterial 


infection 
Lymphadenopathy 


Diabetes 
Hyperuricaemia 
Abnormal behaviour 
Psychotic disorder 
Suicidal ideation 
Suicide attempt 
Suicide 


Benign intracranial hypertension 


Convulsions 
Drowsiness 

Dizziness 

Reduced libido 
Erectile dysfunction 
Blurred vision 
Cataract 

Colour blindness 
Contact lens intolerance 
Corneal opacity 
Decreased night vision 
Keratitis 

Papilloedema 
Photophobia 

Visual disturbances 
Impaired hearing 


Vasculitis (i.e. granulomatosis with polyangiitis, 


allergic vasculitis) 
Colitis 
lleitis 
Dry throat 


Gastrointestinal haemorrhage 


Haemorrhagic diarrhoea 


Inflammatory bowel disease 


Nausea 
Pancreatitis 
Hepatitis 

Acne fulminans 


Aggravated acne (acne flare) 


Redness (facial) 
Exanthema 

Hair disorders 

Hirsutism 

Nail dystrophy 
Paronychia 
Photosensitivity reaction 
Pyogenic granuloma 
Skin hyperpigmentation 
Increased swelling 
Arthritis 


Calcinosis (calcification of ligaments and 


tendons) 


Premature epiphyseal fusion 


Exostosis 
Hyperostosis 
Osteopenia 
Tendonitis 
Glomerulonephritis 


Increased formation of granulation tissue 


Malaise 


Increased creatine phosphokinase 
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Figure 88.67 Cheilitis and fissure of the lower lip induced by oral retinoids. 


course of treatment using validated questionnaires. After adjusting 
for sociodemographic characteristics, patients on oral isotretinoin 
had significantly fewer depressive symptoms than patients on oral 
antibiotics (isotretinoin 0.280 versus oral antibiotics 0.656), which 
was significant (P <0.01). Patients on isotretinoin also had less 
psychological distress than patients on oral antibiotics (isotretinoin 
2.494 versus oral antibiotics 3.433, P = 0.043). The authors concluded 
that the negative psychological state of acne patients is likely 
attributable to having acne itself rather than potential iatrogenic 
effects of systemic treatments [675]. More recent population studies 
examining psychiatric disorders, mental health issues and/or sui- 
cide have reported similar findings including lower rates of suicide 
in patients treated with oral isotretinoin when compared with the 
normal population and no triggers for suicide [676-678]. Droitcourt 
et al. also demonstrated that predisposing risk factors correlated 


Figure 88.68 Staphylococcus aureus colonising discoid eczema induced by oral 
retinoids. 


with suicide attempts, highlighting the need to screen carefully for 
risk factors prior to commencing oral isotretinoin [677]. 

A review of all the psychiatric adverse effects for patients on oral 
isotretinoin, reported to the FDA in 1997-2017, identified over 17 800 
such events in total with depressive disorders, emotional lability 
and anxiety disorders being reported most frequently. However, the 
authors suggested the reporting did not confirm causality. Eating 
disorders were reported more commonly in females as a possi- 
ble confounder and acne itself was recognised as a contributing 
factor. The authors reported that the rate of completed suicide in 
those receiving oral isotretinoin was significantly lower than in the 
general population [679]. 

As plausible mechanisms of action have been proposed that 
implicate oral isotretinoin as a potential cause of an unpredictable 
idiosyncratic reaction leading to significant neurospychiatric 
morbidity [680], and given the high incidence of mental health 
problems in the population being treated, current guidance sup- 
ports clear discussion with patients concerning all potential adverse 
effects and advocates involvement of their family and friends when- 
ever possible. A direct enquiry to elicit any mental health problems 
should be undertaken at review. Validated tools used to screen for 
depression and mood change are now recommended following 
MHRA review in 2023. Provision of appropriate psychological 
support should also be considered. 

Significant systemic effects are uncommon; headaches may 
uncommonly be an early feature of benign intracranial hypertension 
and arthralgia is seen most frequently in those patients participating 
in regular and heavy exercise. Tetracyclines, including doxycycline 
and minocycline, must not be prescribed with isotretinoin, as both 
drugs may produce benign intracranial hypertension [681]. 

An acute flare of acne early in a course of isotretinoin is a 
recognised problem in about 6% of cases and is clinically significant 
in half of these [682]. The physician should inform patients accord- 
ingly and provide rapid access if this occurs as these flares can be 
aggressive, producing physical and psychological sequelae. If the 
acne is very inflammatory, a lower dose of isotretinoin alongside 
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Figure 88.69 Hyfrecation of macrocomedones. 


oral corticosteroids may be required (e.g. 0.5-1.0 mg/kg/day 
for 2-3 weeks). Predisposing risk factors for a flare include the 
presence of macrocomedones and nodules. If macrocomedones 
are present, light cautery or hyfrecation should be done prior 
to starting the isotretinoin. A local anaesthetic cream should be 
applied to the lesions beneath an occlusive dressing prior to start- 
ing the isotretinoin (Figure 88.69) [683]. If a severe flare occurs, 
0.5-1.0 mg/kg/day oral prednisolone is needed over a period of 
2-3 weeks followed by a tapering of dose over the following 6 weeks. 
The isotretinoin should either be stopped or reduced. If stopped, 
the drug can be slowly reintroduced at a dose of 0.25 mg/kg/day, 
and then increased or decreased as response dictates. 

Reduced efficacy has been noted when isotretinoin is taken 
with heavy alcohol intake [684]. Isotretinoin is metabolised by 
cytochrome P450 enzymes, inducible by ethanol and inhibited by 
some drugs, for example ketoconazole. Hence, increased drug levels 
of isotretinoin may occur if combined with imidazole fungistatics. 
If salicylic acid and acidic drugs with a high affinity for albumin 
are present in the blood in high therapeutic concentrations, they 
may displace isotretinoin from protein-binding sites, resulting in an 
increase in the unbound concentration of the drug. Carbamazepine 
plasma levels decrease when concurrent isotretinoin is taken, hence 
careful monitoring should be considered in people with epilepsy 
on carbamazepine if requiring isotretinoin. Vitamin supplements 
containing vitamin A should be avoided alongside isotretinoin, as 
additive toxic effects could ensue. 


Other therapies for acne 

Topical therapies. The efficacy of other topical treatments has 
not been established by controlled studies, but dermacosmetics 
are increasingly used by patients as adjunct treatments [685-687]. 
Therefore, it has become important for dermatologists to under- 
stand dermocosmetics to effectively and appropriately advise 
patients on their use. 


Topical zinc. A study comparing erythromycin (2% w/v) with zinc 
acetate (1.2% w/v) as ‘topical gel’ and erythromycin (2% w/v) gel 
alone for treating mild to moderate inflammatory acne vulgaris 
found that while both were effective in reducing acne there was no 
statistically significant difference between the two groups [688]. 


Topical nicotinamide. Topical nicotinamide 4% has _anti- 
inflammatory actions and does not induce C. acnes resistance 
[689]. Double-blind studies have shown it to be better than vehicle 
alone against inflamed lesions, although the improvement with 
placebo was also considerable (32-76%) [690]. A comparison of 4% 
nicotinamide gel demonstrated it to be similar in efficiency to 1% 
clindamycin gel [691]. Comparable efficacy was also seen for 4% 
niacinamide + 1% gallic acid + 1% lauric acid compared with 5% 
BPO and 5% BPO + 3% erythromycin in a retrospective review [692]. 


Salicyclic acid. Salicylic acid 2% has been shown to be more 
effective in reducing comedonal and inflammatory acne lesions 
than alcoholic vehicle at 12 weeks in an RCT [693,694]. A fixed-dose 
combination therapy with hydrogen peroxide (4%), salicylic acid 
(0.5%) and D-panthenol (4%) gel, plus daily SPF50 protection, was 
shown in mild to moderate acne vulgaris to improve global severity 
scale and to have good tolerability. This was in a small retrospective 
review, and no control group was used in the study [695]. 


Sulphur. A longstanding antiacne therapy, which may be both 
comedogenic and comedolytic [696,697], sulphur is unpopular 
because of its smell, and is rarely used. 


Corticosteroids. A few topical preparations contain weak corti- 
costeroids but proof of their efficacy is lacking. Potent steroids 
such as clobetasol propionate applied twice a day for 5 days can 
dramatically reduce the inflammation in an active inflammatory 
nodule [698]. 


Oral therapies 

Oral vitamin C. A small case-control study comparing doxycycline 
(100 mg) capsules OD after a meal in combination with vitamin 
C (500 mg) chewable tablets OD, versus doxycycline 100 mg 
monotherapy, showed immunologically doxycycline plus vita- 
min C was more effective in reducing serum levels of IL-8, IL-1, 
IFN-y, TNF-a and TLR2 in comparison with doxycycline alone 
[699]. The authors proposed vitamin C as a potential adjunct to 
treating inflammatory conditions such as acne and rosacea. Further 
methodologically robust studies looking at the clinical benefits of 
oral vitamin C are needed. 


Metformin. As discussed earlier, IGF-1 and activation of mTORC1 
have been established in the pathogenesis of acne. Metformin, 
through the inhibition of mTORC1, has been investigated for its 
therapeutic potential. A randomised, open-label study evaluated the 
efficacy and safety of metformin as an adjunct for moderate to severe 
facial acne in 84 patients who received either oral tetracycline 250 mg 
BD and topical benzoyl peroxide 2.5% with or without metformin 
850 mg daily. Results showed statistically significant higher success 
rates in the metformin group, but improvements in the Cardiff acne 
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disability index score and lesion counts did not reach significance 
[700]. Further RCTs to evaluate the role of metformin are needed. 


Complementary therapies. Herbal remedies have been used for 
centuries to treat skin ailments. Herbal extracts are being increas- 
ingly adopted by the cosmeceutical industry for topical treatments 
for a number of dermatological disorders, including acne. They 
are popular with consumers as they are seen as non-medicinal 
and have assumed safety. Data have been published on the poten- 
tial value of traditional ‘herbal’ medicines [701,702]. Fisk et al. 
reported high-quality evidence, defined as randomised clinical tri- 
als receiving >3 points on the Jadad scale, that suggested that tea tree 
oil (TTO), seaweed extract, Kampo formulations, Ayurvedic formu- 
lations, rose extract, basil extract, epigallocatechin gallate (the main 
polyphenol in green tea) and green tea extract are promising ther- 
apies for acne [702]. However, they also caution that most of these 
botanicals have been studied in only one or two small clinical trials 
with methodological flaws, a sentiment echoed by other reviewers. 

A systematic review of RCTs examining TTO in dermatological 
conditions, including acne, showed there were some promising 
data suggesting that TTO might be effective for acne and further 
investigation was advocated [703]. An RCT that compared the 
purported antioxidant active ingredient in milk thistle, silymarin, 
with doxycycline and doxycycline plus silymarin showed improve- 
ment in all groups with acne. The synergistic use of silymarin with 
doxycycline showed a favourable, but not statistically significant, 
improvement in GAGS score or acne severity index over doxycy- 
cline alone [704]. In addition, the following have been evaluated 
for their use in acne: green tea, cedar (Ziziphus spina-christi) [705], 
Rhodomyrtus tomentosa (Myrtaceae) leaf extract [706], myrtle [707] 
and cheongsangbangpoong-tang [708]. Bakuchiol has shown some 
effect on acne-induced hyperpigmentation in skin of colour [709]. 

Further validation for the safety and efficacy of all these therapies 
is required. A review article of complementary therapy trials com- 
pared 31 trials and found inconsistent effects in terms of whether 
acupuncture, herbal medicine or wet-cupping therapy was superior 
to controls in increasing remission or reducing skin lesions [710]. 


Devices and physical modalities for treating active acne. There 
are a variety of specially shaped tools available for blackhead 
macrocomedo removal (Figure 88.70). Light cautery or hyfrecation 
has been shown to help patients with multiple macrocomedones; 
these are usually whiteheads but occasionally blackheads (up to 
1.5 mm diameter), and chloracne can be improved [711,712]. A 
topical anaesthetic preparation is applied beneath an occlusive 
dressing. The cautery or hyfrecation should be set as low as possible 
to produce little or no pain. The aim is to produce very low-grade 
thermal damage. The treatment of each lesion takes seconds and 
is associated with very little scarring or postinflammatory pig- 
mentation. This therapy is more effective than topical tretinoin for 
macrocomedones [713]. 


Visible light. In a split face trial of 49 patients examining the efficacy 
of chromophore gel-assisted blue light, the group with a baseline 
IGA grade of 3 (moderate) demonstrated a success rate of 81.8% 
and 90.0% at weeks 6 and 12 and those with a grade of 4 (severe) 
demonstrated a success rate of 100% at both weeks [714]. The rate 
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Figure 88.70 Comedo extractor. 


of return to baseline in severity at 24 weeks was 15.5%, indicating 
a long duration of effect. However, efficacy was not compared with 
conventional acne treatments. A 2019 systematic review of blue light 
included 14 RCTs that investigated blue light with any intervention 
other than light (including placebo; topical agents such as retinoids, 
benzoyl peroxide or antibiotics; or oral antibiotics or isotretinoin). 
This review concluded that methodological and reporting failings of 
the trials (small sample size, limited duration, detection and report- 
ing bias) limited the conclusions that can be drawn about the effect 
of blue light therapy. All reported improvements in the interven- 
tion group compared with the comparator, although the number of 
people and proportion of benefit varied [715]. Blue light has been 
given a low-strength recommendation in the management of mild 
to moderate papulopustular acne. 


Lasers and photodynamic therapy. There has been increased 
interest in the use of lasers and light-based devices for acne over 
the last few years. Light therapy destroys propionibacteria by 
targeting porphyrins produced by these bacteria. These regimens 
also suppress a range of pro-inflammatory cytokines. A significant 
number of RCTs embracing light of diverse wavelengths have been 
conducted, but results from these studies have been contradictory. 
A Cochrane systematic review of light therapies concluded many 
of the studies included small numbers, short follow-up periods and 
had adopted non-standardised regimens [716]. The studies have 
also not compared these therapies with conventional treatments 
used for acne, hence making it challenging to draw firm conclu- 
sions to guide decisions in practice, especially considering the cost 
of light-based treatments [716]. 

Liu et al. compared photodynamic therapy (PDT), intense pulsed 
light (IPL) and blue-red light-emitting diode (LED) phototherapy 
in the treatment of 150 Chinese patients with moderate to severe 
facial acne. They found PDT was the fastest acting treatment as it 
required the least number of treatments to achieve >90% clearance 
(mean number of sessions required was 3 + 1.52 PDT, 6 + 2.15 
IPL and 9 + 3.34 LED) [717]. The 2021 UK NICE guidelines for the 
management of acne have reviewed the evidence base for physical 
therapies and have provided a ‘consider’ recommendation for PDT, 
which had the largest evidence base among physical therapies, as 
an alternative option for people with moderate to severe acne aged 
18 years and over, if other treatments are ineffective, not tolerated or 
contraindicated [555]. They also made a research recommendation 
that further trials are needed. No robust studies are available to 
support the use of lasers or photodynamic therapy for comedonal 
acne. The most commonly reported adverse events associated with 
PDT treatment are pain, burning/itching sensation of the skin, red- 
ness and oedema. There is no widely accepted protocol for treating 
inflammatory acne patients with PDT. Increased incubation times 
suggest improved outcomes but increased short-term side effects 
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[718,719]. Newer preparations, such as 5% aminolevulinic acid in 
thermosetting gel, have been developed, which could allow for a 
more convenient application without occlusion [720]. One study 
comparing conventional PDT with daylight PDT found similar 
efficacy but a statistically significant lower visual analogue scale 
(VAS) pain score in the daylight PDT group (1.8 + 0.2 versus 5.8 + 
0.3, P <0.05) [721]. 


Chemical peels. Chemical peels are believed to promote desqua- 
mation, which reduces corneocyte cohesion and keratinocyte 
plugging, so enabling the extrusion of inflammatory contents. 
Peeling agents include a-hydroxy acids (glycolic acid), salicylic 
acid and trichloroacetic acid. Guidelines and evidence for their 
use have been considered in a Japanese review [722]. A further 
review of the efficacy of a variety of chemical peels for acne showed 
an average reduction in comedones by 35%; however, published 
studies are limited by sample size and design [723]. Peels with 
30% azeliac acid reduced acne lesions and normalised the activity 
of the sebaceous glands in one study, although the sample size 
was small [724]. A number of studies have compared chemical 
peels with other physical therapies with mixed results [725,726]. 
Evidence for the use of chemical peels in the treatment of acne is 
therefore lacking but they are relatively safe and inexpensive and 
many dermatologists worldwide use light chemical peels with the 
aim of helping to remove comedones as well as superficial scarring 
and hyperpigmentation. 


Novel treatments. Novel drug delivery strategies are a point 
of interest for researchers as they offer the potential for enhancing 
dermal delivery of the active antiacne drug and increasing effective- 
ness while concomitantly reducing side effects. Strategies include 
niosomes, liposome, emulsomes, transferosomes, microemulsion, 
nanoemulsion and nanolipid carriers [727]. 

New drugs are also under investigation for their suitability to treat 
acne. There is a phase II RCT investigating the use of once-weekly, 
high-dose oral finasteride (23.5 or 33.5 mg) compared with placebo 
for the treatment of severe nodulocystic acne in males. To date, no 
results have been published [728]. 

Novel physical therapies are under investigation too. Photother- 
mal therapy using gold nanoparticles showed significant reductions 
in acne lesions after the use of gold photothermal therapy (papules 
P = 0.001; pustules P <0.001; comedones p = 0.001) and patients 
showed an average 50% improvement on PGA in a 12-patient trial 
[729]. The findings aligned with a 2019 open-label pilot study by 
Fuchs et al. [730]. 

A single-centre pilot study on nine self-selected male and female 
patients with atrophic acne scars used a twice-daily application 
of synthetic epidermal growth factor (EGF) to scarred areas over 
12 weeks. Patients showed improvement mesures by IGA and 
self-assessment measures. Further larger trials for the effect of 
topical EGF on acne scars are needed. 
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2023. https://www.gov.uk/government/news/treatment-with-isotretinoin-for- 
patients-under-18-must-be-approved-by-two-prescribers-under-new-mhra-rules 
(last accessed December 2023). 

Nast A, Dréno B, Bettoli V et al. European evidence-based (S3) guideline for the 
treatment of acne — update 2016 — short version. J Eur Acad Dermatol Venereol 
2016;30:1261-8. 

National Institute for Health and Care Excellence (NCIE). Acne Vulgaris: Manage- 
ment. NG198. London: NICE, 2021 (last updated 2023). https://www.nice.org.uk/ 
guidance/ng198 (last accessed June 2023). 

Thiboutot DM, Dréno B, Abanmi A et al. Practical management of acne for clinicians: 
an international consensus from the Global Alliance to Improve Outcomes in Acne. 
J Am Acad Dermatol 2018;78(Suppl. 1):S1-23.e1. 

US Food and Drug Administration. iPLEDGE Risk Evaluation and Mitigation Strat- 
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British Association of Dermatologists patient information leaflets: http://www.bad 
.org.uk /for-the-public/patient-information-leaflets. 

Talk Health: http://www.talkhealthpartnership.com/. 

(Both last accessed June 2023.) 


Acne fulminans | 


Definition and nomenclature 

Acne fulminans is a rare and severe, destructive form of acne 
presenting primarily in adolescent males. It most frequently affects 
the trunk but can affect the face and presents acutely in association 
with systemic symptoms. 


Synonyms and inclusions 
© Acne fulminans 

e Acne maligna 

e Sine fulminans 


Introduction and general description 

Acne fulminans was first described in 1959 as acne conglobata 
with septicaemia [1]. The disease was later distinguished from acne 
conglobata by Plewig and Kligman in 1975 [2]; they emphasised 
the characteristic features of sudden onset and severity of systemic 
upset as distinct features. It is a rare form of acne and the incidence 
appears to be diminishing, possibly due to more effective and 
earlier use of treatments [3]. A subset of patients with no systemic 
symptoms but with severe acne comparable to that seen in acne 
fulminans has been described as ‘sine fulminans’ [4]. 


Epidemiology 

Age and sex 

Acne fulminans is predominantly seen in young white males aged 
between 13 and 22 years [5], although there have been rare cases 
reported in females [6]. 


Ethnicity 
There are globally reported cases of this condition, but its incidence 
seems to be declining. However, the frequency and severity of acne 
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fulminans are notably greater in patients of northern European 
descent compared with those of East Asian origin [7]. 


Associated diseases 

Acne fulminans has been found in association with SAPHO 
syndrome (see section earlier in this chapter). This suggests that 
systemic inflammatory cytokinaemia might be responsible. This 
proposal is supported by the fact that infliximab has been used to 
treat acne fulminans associated with SAPHO syndrome [8]. 

Acne fulminans has also been reported at the onset of Crohn 
disease but the significance of this association remains unclear [9]. 
There is just one case report of acne fulminans and ulcerative colitis 
in a 19-year-old Japanese male patient, suggesting any association 
is very rare [10]. In a further single case report, a male with a 
leukaemoid reaction also developed posterior scleritis of his eyes 
and a pyoderma-gangrenosum eruption on the legs suggesting an 
autoimmune mechanism [11]. 


PAPA syndrome and acne fulminans. PAPA syndrome was 
described in 1997; it affects mainly the skin and joints, and the 
acne may present as acne fulminans or conglobata. The susceptibil- 
ity gene is the CD2-binding protein 1 (CD2BP1) gene. The CD2BP1 
protein interacts with pyrin and a mutation in the protein may 
increase its ability to bind to pyrin, then reducing the inhibitory 
effect of the IL-1p pathway and innate immunity, resulting in 
autoinflammatory reactions [12]. 


Pathophysiology 

The pathophysiology of acne fulminans remains unclear. Infection, 
genetic predisposition and immunological causes have all been 
suggested. One theory suggests acne fulminans is an autoimmune 
complex disease; in favour of this is the rapid response to systemic 
steroids, increased levels of y-globulins and decrease in comple- 
ment levels seen in a number of patients. Immune complexes are 
found predominantly in patients with musculoskeletal problems. 
The association with autoinflammatory disorders described has 
led to the hypothesis that abnormal innate immunity, such as in 
the IL-1 pathway, may be involved in the pathogenesis of acne 
fulminans. 


Predisposing factors 

Acne fulminans is seen most frequently in young males and there 
is some evidence to suggest that elevated blood levels of testos- 
terone may play a role [13]. The increase in physiological levels 
of testosterone in males at puberty may explain this predisposi- 
tion. There are reports of patients developing acne fulminans after 
receiving high-dose testosterone for the treatments of excessively 
tall stature, Klinefelter syndrome and Marfan syndrome [14-17]. 
One case of acne fulminans has also been reported in a young man 
with androgen excess as a result of late-onset congenital adrenal 
hyperplasia [18]. 

A number of case reports have cited anabolic-androgenic steroids 
as a trigger for acne fulminans [3,19-21]. As derivatives of the 
hormone testosterone, anabolic steroids lead to hypertrophy of the 
sebaceous glands, increased sebum production and as a result of 
this an increased density of C. acnes [22]. 


Paradoxically, another predisposing factor is the use of isotretinoin. 
In some patients, mild cystic acne rapidly evolves with ulcerative 
and necrotic lesions. In these patients, the dose of isotretinoin is usu- 
ally 0.5-1.0 mg/kg/day and the treatment had been administered 
for an average of 3 weeks (range 1-7 weeks) before deterioration 
occurred [3]. Kellet et al. reported circulating immune complexes 
in two cases with a flare of acne fulminans apparently triggered by 
isotretinoin [23]. 


Causative organisms 

The presence in some patients of microscopic haematuria, erythema 
nodosum, increased response to C. acnes antigen on skin tests and 
depressed response to intradermal purified protein derivatives 
is in favour of an abnormal immunological response. Skin tests 
with C. acnes demonstrate a very extensive, immediate or delayed 
reaction, the immunohistology of which reveals a type III or type IV 
hypersensitivity reaction [24]. Isotretinoin can cause a significant 
flare of acne fulminans in some patients. Hypotheses to explain this 
suggest that the isotretinoin-induced fragility of the pilosebaceous 
duct epithelium allows significant exposure of C. acnes antigens 
and/or C. acnes chemoattractants to the immune system. An exag- 
gerated response to intradermal injection of C. acnes suspended 
in saline has been demonstrated in a case of acne fulminans and 
erythema nodosum suggesting C. acnes may act as an antigen in this 
context [23]. Another theory is that genetically determined changes 
in neutrophil activity/hyperreactivity to chemoattractants may 
result in reduced phagocytosis of C. acnes. Authors have suggested 
that C. acnes destruction results in increased neutrophil chemotaxis, 
which may be responsible for the isotretinoin flares seen when 
patients start treatment. It has been suggested that patients who 
develop very severe flares of acne after starting isotretinoin may 
have an exaggeration of this response [25]. 

A retrospective observational study examined C. acnes phylo- 
type distribution in patients with acne fulminans. The predominant 
phylotype was IA1 in 60% of patients, corresponding to the predom- 
inant phylotype in acne vulgaris, which supports the hypothesis 
that acute inflammation associated with acne fulminans is related 
to an abnormal cutaneous innate immunity activation rather than 
specific subtypes of C. acnes [26]. 


Genetics 

Hereditary factors may play a role [27-29] as acne fulminans has 
been reported in identical monozygotic twins who presented at 
the same age with identical clinical presentation. Two siblings 
presenting with acne fulminans were noted to have identical 
human leukocyte antigen (HLA) phenotypes. A genetic predis- 
position associated with the HLA-Cw6 gene has been described. 
A genetically determined change in neutrophil activity has also 
been proposed as a determinant. 


Environmental factors 

Infection as a trigger for acne fulminans has been reported. One 
case report indicated an association 2 weeks after a measles infec- 
tion, implying that the virus may trigger a transient release of 
inflammatory cytokines, resulting in acne fulminans in a predis- 
posed individual [30]. An acne fulminans-like picture has been 
reported in association with Epstein-Barr virus infection [31]. 


Clinical features 

History 

Most patients with acne fulminans describe mild to moderate acne 
for 0.5-5 years (mean 2 years) before a sudden onset of febrile, 
ulcerative, necrotic acne lesions alongside arthralgia, fever and 
various systemic inflammatory signs and symptoms [3]. Patients 
typically fail to respond to antibacterial therapy. 


Presentation 

Acne fulminans always presents as a severe cutaneous inflamma- 
tory process with varying systemic signs and symptoms. Patients 
present with numerous, inflammatory, tender and ulcerative nod- 
ules covered with haemorrhagic crusts (Figures 88.71 and 88.72). 
These are predominantly distributed on the upper chest, back and 


Figure 88.71 Acne fulminans in a young male. 


Figure 88.72 Erosive crusting lesions on the back of a young male with acne fulminans. 


Table 88.30 The main features of acne fulminans. 


Feature Comments 

Gender Male gender dominant 

Age 13-22 years 

Pathogenesis Unclear 

Onset Acute and sudden 

Localisation Upper chest and back, shoulders, face 


Clinical picture Ulcerative lesions covered with haemorrhagic 
crusts healing with scarring 

Leukocytosis, increased erythrocyte 
sedimentation rate, anaemia, proteinuria, 
microscopic haematuria 

Response to conventional Poor 
antibiotic therapy 

Treatments of choice 


Laboratory findings 


Systemic corticosteroids combined with 
isotretinoin 


shoulders and pyogenic granulomatous-like lesions may be present. 
The face may also be involved and the lesions undergo rapid degen- 
eration resulting in ulcerations filled with necrotic debris. Come- 
donal lesions are rare [3,32]. 

Systemic signs and symptoms are present in the majority of 
patients and include malaise, arthralgia, joint swellings, poly- 
arthritis, myalgia, fever, anorexia and weight loss. A marked 
leukocytosis which may be leukaemoid is frequent; patients may 
also demonstrate anaemia (Table 88.30). 

Painful splenomegaly [33], erythema nodosum [34] and bone 
pain due to aseptic osteolysis [35,36] have also been reported. Bone 
involvement is common [37]: in a series of 24 patients, 48% had lytic 
bone lesions on X-ray and 67% showed increased radiolabel uptake; 
25% showed destructive lesions resembling osteomyelitis [37,38]. 
The sites of predilection for bone lesions include the anterior chest, 
particularly the clavicles and sternum, but osteolytic lesions have 
also been reported in the ankles, hips and humerus. Sacroiliitis has 
also been described. 


Clinical variants 

Acne fulminans may occur in the context of SAPHO syndrome 
and is considered by some as a spectrum of this autoinflammatory 
disorder [39,40]. 


Differential diagnosis 

The main differential diagnosis is severe acne conglobata (see later 
in this chapter). The latter is seen in both men and women and 
has a more insidious onset, whereas acne fulminans is generally 
very acute and rarely seen in females. Patients present with acne 
conglobata at an older average age and the condition has a pro- 
tracted and more chronic course than acne fulminans with few or 
fewer systemic symptoms. Comedonal lesions are generally much 
more florid in acne conglobata (Table 88.31). 


Complications and co-morbidities 

Radiographic changes such as hyperostosis and sclerosis may 
persist but the symptoms and signs associated with any bony 
changes typically resolve with treatment. Mild musculoskeletal 
discomfort has been reported as a persistent symptom following 
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Table 88.31 Differential diagnosis of acne fulminans and acne conglobata. 


Feature Acne fulminans Acne conglobata 
Gender Male Male 

Age Adolescence (13-16 years) 20-25 years 

Onset Sudden Slow 

Location Face, neck, chest and back Trunk and upper limbs, 


facial lesions are rare 
Nodules, inflammatory 
cysts, grouped 
comedones 
None 


Clinical features Haemorrhagic ulcerations 


Systemic 
symptoms 


Very common 


the acute episode. The most common complication is significant 
and disfiguring scarring. 


Course and prognosis 

The prognosis for patients treated effectively with corticosteroids 
and isotretinoin is extremely good. Recurrent acne fulminans is very 
rare. Relapse may occur as corticosteroid therapy is reduced but the 
risk reduces over time and is unusual after a year. 


Investigations 

There are no consistent laboratory abnormalities in acne fulminans. 
Bacterial cultures from blood, joint fluid and skin are generally ster- 
ile. There is one report describing a patient with acne fulminans and 
a lytic bone lesion from which C. acnes was cultured [41]. This con- 
trasts with another report in which a patient had osteomyelitis and 
acne fulminans but cultures from bone were negative for C. acnes, 
although red fluorescence in the affected bone characteristic of 
C. acnes was noted [42]. Abnormal laboratory findings may include 
an increased erythrocyte sedimentation rate, elevated C-reactive 
protein and thrombocytosis, together with a normochromic and 
normocytic anaemia. Characteristically, a leukocytosis is found 
sometimes with an associated leukaemoid reaction. There are a 
couple of reports in the literature in which 0.5-1.5% myeloblasts, 
promyelocytes and myelocytes were found in the peripheral blood 
[7,43]. Elevated liver enzymes and microscopic haematuria, protein- 
uria and other kidney abnormalities may be identified. Circulating 
immune complexes have been identified in some patients with acne 
fulminans and erythema nodosum [34,42]. Bone involvement is 
common and approximately 50% of patients have lytic bone lesions 
demonstrated by radiographs and 70% show increased uptake 


using technetium scintigraphy. Destructive lesions resembling 
osteomyelitis are demonstrated on radiographs in 25% of patients 
[44]. When present, bone biopsies have been performed to rule out 
malignancy; the histology usually reveals reactive changes only but 
a neutrophilic infiltrate with mononuclear cells and granulation 
tissue can mimic osteomyelitis. Patients with osteolytic lesions may 
have elevated serum alkaline phosphatase [45]. 


Management 

The acute myalgia, arthralgia and fever can be treated with oral 
salicylates or non-steroidal anti-inflammatory drugs and graduated 
physical exercise. Crusts should be removed by soaking the skin 
with emollient oil and this should be followed by the use of a potent 
steroid/antimicrobial cream for 2-3 weeks. 


First line 

Oral prednisolone therapy should be commenced first line (0.5-1.0 
mg/kg/day) and decreased slowly over 2-3 months. Low-dose 
oral isotretinoin (0.25-0.5 mg/kg/day) should be cautiously intro- 
duced either after 3-4 weeks of systemic steroid therapy or can be 
considered in parallel with the corticosteroids and then gradually 
increased as tolerated and according to clinical response. A prospec- 
tive case series of 26 patients given isotretinoin 0.5 mg/kg/day and 
prednisolone 30 mg/day concomitantly with the prednisolone 
being tapered after the first month showed resolution of systemic 
signs in 100% of patients and a >50% skin lesion improvement 
in 17 patients (65%) (Figure 88.73) [46]. It is advisable to use oral 
isotretinoin with caution as paradoxically it has been reported to 
induce acne fulminans in some patients [47-49]. 


Alternative therapies 

Clofazimine 200 mg three times a week has been shown to improve 
acne fulminans [50]. Pulsed intravenous corticosteroids adminis- 
tered alongside isotretinoin have been used to control the disease in 
a 16-year-old male with good effect [51]. Isotretinoin in combination 
with dapsone has been used successfully to treat acne fulminans 
associated with erythema nodosum [52]. Combining systemic 
steroids with azathioprine or ciclosporin has been shown to avoid 
relapses on withdrawal of steroids [53-55]. 

In cases of acne fulminans which appear in the context of autoin- 
flammatory disease, the effective use of biologics has been described 
in some cases but others have noted improvement in the muscu- 
loskeletal symptoms without much impact or in some cases a 
deterioration in the cutaneous problems. Table 88.32 outlines the 
systemic treatment options reported in the literature. 


Figure 88.73 Young male with acne fulminans before (a) 
and 1 month after (b) treatment with isotretinoin 0.5 
mg/kg body weight/day and prednisopone 30 mg/day. 
From Massa et a/. 2017 [46] with permission from S. 
Karger AG, Basel. 
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Table 88.32 Systemic treatments used for acne fulminans. 


Treatment recommendation Duration/outcome/number of cases Reference 
0.5-1 mg/kg/day prednisolone for 4-6 weeks reducing thereafter Assessment of 25 cases treated over 25 years [2,3,46,56] 
Commence oral isotretinoin week 4 at 0.5 mg/kg/day and gradually Continued isotretinoin until clear 

increase until clearance 
Low-dose/cautious introduction of oral isotretinoin 4 weeks post start of Repeat isotretinoin may be required in many cases 

systemic steroids at doses ranging from 0.2 to 0.5 mg/kg/day 
Systemic steroids plus 0.5-1 mg/kg/day isotretinoin 3-5 months, resolution 
Systemic steroids plus azathioprine Poor response to steroid resolution after addition of azathioprine over months 57 
Isotretinoin in combination with dapsone No steroids required, one case report 52 
Systemic steroids plus ciclosporin A (5 mg/kg/day) Addition of ciclosporin avoided relapse on withdrawal of steroids. Case report in a 58 

patient developing acne fulminans in the context of the autoinflammatory 
disorder PAPA syndrome 

Systemic steroids plus dapsone 50-150 mg daily Dapsone is an alternative to isotretinoin if not available. Case report 59 
Pulsed systemic steroids followed by isotretinoin Case report 51 
Isotretinoin 30 mg/day Ciclosporin discontinued at 4 months as lesions resolved 60 
Followed by ciclosporin 5 mg/kg in place of prednisolone Isotretinoin 100 mg/kg given over 4 months 
Clofazimine (200 mg three times a week) has been shown to improve acne Case report 50 

fulminans 
Acne fulminans with sacroiliitis successfully treated with methotrexate and Case report 61 

isotretinoin 0.25 mg/kg per day and prednisone 0.5 mg/kg per day. 

Initial clinical response was adequate, with a marked improvement in 

articular and cutaneous symptoms, but attempts to taper corticosteroids 

caused cutaneous and articular relapses. Complete response, treatment 

with methotrexate (15 mg weekly) and folic acid supplementation was 

added 
Acne fulminans with SAPHO syndrome treated with infliximab Case report [62] 


PAPA, pyogenic sterile arthritis, pyoderma gangrenosum and acne; SAPHO, synovitis, acne, pustulosis, hyperostosis and osteitis. 


Acne conglobata — Sa 


Definition 

Acne conglobata represents a rare and severe form of acne char- 
acterised by multiple and extensive inflammatory papules, tender 
nodules and abscesses which commonly coalesce to form mal- 
odorous draining sinus tracts. Multiple polyporous, grouped 
comedones are typical and extensive disfiguring hypertrophic and 
atrophic scars are also common features [1,2]. 


Introduction and general description 

Acne conglobata has a chronic and persistent course — it may occur 
in the context of existing papulopustular acne or may present 
as a recrudescence of acne that has been in abeyance for many 
years. Lesions typically occur on the trunk and upper limbs but 
frequently extend to the buttocks. In contrast to acne fulminans, 
systemic features are generally not a feature. The malodorous, 
discharging sinus tracts and significant scarring frequently result in 
psychological impairment [2]. 


Epidemiology 
Incidence and prevalence 
Acne conglobata is a rare disease. 


Age and sex 

Acne conglobata usually presents in the second to third decade and 
may persist into the forties and fifties. Males are more frequently 
affected than females. 


Ethnicity 
There are no studies to indicate that acne conglobata is seen more 
frequently in different ethnic groups [3]. 


Associated diseases 
Acne conglobata may occur in the context of a number of 
inflammatory disorders. 


Hidradenitis suppuritiva. A significant association has been found 
between HS and acne conglobata, demonstrated by a meta-analysis 
which demonstrated that patients with HS were associated with 
a 3.4 higher odds of having acne vulgaris/conglobata compared 
with control cases [4]. In these cases the HS may involve the perineal 
and gluteal regions extensively [5]. HS and folliculitis decalvans 
have also been described in association with acne conglobata [3,6], 
as have pilonidal cysts. 


Arthritis. The association of acne conglobata and arthritis is rare but 
has been reported in a number of case reports [7-9]. Spondyloarthri- 
tis associated with acne conglobata, HS and dissecting folliculitis of 
the scalp is also recognised [10]. 


Pyoderma gangrenosum. Acne conglobata has been described in 
association with pyoderma gangrenosum [11]. 

Anumber of autoinflammatory syndromes cite acne conglobata as 
a possible clinical presentation within the context of the syndrome; 
these are described in more detail in Chapter 49. 


SAPHO syndrome. This represents synovitis, acne conglobata, 
pustulosis, hyperostosis and osteitis [12-14]. 
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PAPA syndrome. This is severe acne conglobata with sterile 
pyogenic arthritis and pyoderma gangrenosum, and has been 
reported as part of a related group of inflammatory disorders 
including psoriasis, uveitis and inflammatory bowel disease [15]. 


PASH syndrome. PAPA syndrome is also related to the triad of 
pyoderma gangrenosum, acne conglobata and suppurative 
hidradenitis known as PASH syndrome [16]. 


PASS syndrome. A new linkage designated PASS syndrome has 
also been described; this includes pyoderma gangrenosum, acne 
conglobata, suppurative hidradenitis and seronegative spondy- 
loarthritis [17]. 


Pathophysiology 
The primary cause of acne conglobata remains unknown. 


Predisposing factors 

Acne conglobata, like acne fulminans, can be triggered by 
testosterone and may be induced by anabolic steroid abuse and can 
occasionally occur after withdrawal of testosterone [18]. Although 
rare, patients should be advised of this risk. Acne conglobata may 
also occur in the context of an androgen-secreting tumour and has 
been described following ingestion of thyroid medications and 
halogens or exposure to aromatic hydrocarbons (see ‘Occupational 
acne’ later in this chapter). More recently, it has been reported 
following initiation of adalimumab, despite this drug’s success 
in treating severe cystic acne [19]. The exact mechanism of this is 
unknown, but some authors suggest a paradoxical reaction, similar 
to the occurrence of anti- TNF-a-induced psoriasis [20]. 


Histopathology 

Draining sinuses are characteristic of acne conglobata. Histologi- 
cally, they consist of elaborate, epithelialised galleries connected 
to the skin surface at multiple points. The draining sinus con- 
tains corneocytes, hairs, bacteria, serum, inflammatory cells and 
epithelioid granulomas [21]. 


Causative organisms 

It has been postulated that C. acnes may be implicated in acne conglo- 
bata but to date no causative organisms have been clearly implicated 
in the pathophysiology of acne conglobata. Gram-positive bacteria 
are often found secondarily infecting active lesions. Mycobacterium 
chelonae infection has been described as a mimic of acne conglobata 
in an immunocompetent host [22]. 


Genetics 

Familial cases have been reported with linkage to chromosome 
15q24-26 in the region of the IL-16 and CRABPI genes [23]. Chro- 
mosomal defects in the XYY karyotype of Klinefelter syndrome are 
believed to protect from severe acne; however, there is one case 
report in the literature with the unusual combination of Klinefelter 
syndrome and acne conglobata [24]. PAPA syndrome has been 
mapped onto the long arm of chromosome 15 and it has been 
suggested that the distinct clinical entities seen in PAPA may share 
the same genetic aetiology [23]. Novel mutations in the nicastrin 
(NCSTN) transcription regulator in HS and acne conglobata have 


been identified. NCSTN is a y-secretase protease, part of the Notch 
signalling pathway [25]. Notch is responsible for cell fate during 
differentiation of the epidermis and hair and is associated with cyst 
formation [4]. 

The association with specific HLA phenotypes has been studied 
but antigen frequencies in one cohort of 65 patients with acne con- 
globata were found to be normal. A further group of patients with 
both HS and acne conglobata were studied: four of six patients had 
cross-reacting antigens and all had HLA-DRw4 [26]. PAPA was orig- 
inally reported in a three-generation kindred with autosomal dom- 
inant transmission [23]. 


Environmental factors 

Exposure to halogenated aromatic hydrocarbons or ingestion of 
halogens should be considered (see ‘Occupational acne’ later in this 
chapter). 


Clinical features 

History 

Acne conglobata may develop in the setting of acne vulgaris that 
has been quiescent for a number of years but frequently the onset is 
insidious with a chronic and unremitting course. It is more common 
in males. Active inflammatory lesions may persist for many years 
and typically continue until the fourth decade of life. The healing of 
lesions is slow and associated with significant discomfort and dis- 
figuring scarring (Figure 88.74). Patients typically fail to respond to 
antibacterial therapy. 


Figure 88.74 Acne conglobata of the back with multiple inflammatory lesions, grouped 
comedones, cysts and scarring. 
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Table 88.33 The main features of acne conglobata. 


Features Comments 

Sex Males affected more frequently than females 

Age 18-30 years 

Pathogenesis Unclear 

Onset May be an insidious onset with a chronic course on the 


background of previous acne or an acute 
deterioration of existing inflammatory acne 
Localisation Face, trunk and limbs extending to the buttocks 
Clinical picture Deep-seated inflammatory lesions, abscesses and cysts, 
causing interconnecting sinus tracts 
Polyporous grouped comedones and significant scarring 


Laboratory findings Gram-positive bacteria producing secondary infection 
Response to Poor 

conventional 

antibiotic therapy 
Treatments of choice Oral isotretinoin alongside systemic corticosteroids to 


reduce inflammation 
Systemic antibiotics to treat secondary infection and 
reduce inflammation 


Other treatments Infliximab, etanercept and adalimumab 
described in the Dapsone, ciclosporin or colchicine plus isotretinoin 
literature Carbon dioxide laser and external beam therapy, 


photodynamic therapy and some surgical procedures 


7 
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Figure 88.75 Patients with acne conglobata present with grouped comedones and 
deep-seated inflammatory lesions. 


SPECIFIC 


Presentation 

Patients with acne conglobata present with multiple comedones 
often in groups (Figure 88.75) and demonstrate highly inflammatory 
papules, pustules, tender nodules, interconnecting abscesses and 
draining sinus tracts (Table 88.33). The nodules characteristically 
increase in size and deep ulcers may develop beneath the nodules 
which interconnect and produce draining sinus tracts (Figure 88.76). 
Hypertrophic and atrophic scars are frequently present. 
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Clinical variants 

As outlined earlier, acne conglobata may either be part of a number 
of collective inflammatory conditions or present as a distinct clinical 
entity. 


Differential diagnosis 

The main differentials are severe inflammatory acne or acne fulmi- 
nans. The latter has an acute onset and is rarely seen in females. 
Patients present with acne conglobata at an older average age Figure 88.76 Patient with acne conglobata presenting with abscesses and cysts, 
and the condition has a protracted and more chronic course than — “#1519 !Nferconnecting sinus tracts. 

acne fulminans with fewer systemic symptoms (see Table 88.31). 
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Table 88.34 Treatment options for acne conglobata. 


Number of cases Treatment employed 


Duration/outcome of treatment 


- Oral isotretinoin (0.5—1 mg/kg/day) for 4-6 months. With or without 


systemic steroids 


1 patient Etanercept 


64-year-old male 
to control the acne conglobata prior to infliximab 


- nfliximab infusion 


- Vaporisation of covering cyst wall with CO, laser, and topical tretinoin 


- sotretinoin and dapsone 
53-year-old male 
bilateral mandible cheeks 


1 male nfliximab infusion 


~ nterleukin 1-6 blockade 
18-year-old male 


42-year-old male 


Infliximab 3 mg/kg on weeks 0, 2 and 6. Alternate months thereafter. 
Isotretinoin 0.8 mg/kg/day used in conjunction with infliximab — failed 


8 treatments of modern beam radiation over 2 weeks localised to the 


Adalimumab 80 mg loading dose followed by 40 mg twice monthly 


Etanercept 25 mg twice a week and isotretinoin 20 mg weekly for 3 


Reduction in some inflammatory lesions and better control of 
disease but not clearance in many 

Successful treatment 

Reduction of lesions at week 6 

No new lesions after week 6 

Isotretinoin tapered off 

Control maintained with infliximab 

Successful treatment of acne with infliximab 

Clinical improvement with laser, maintained with tretinoin 

Successful treatment achieved 

3 weeks post radiation reduced cyst size, absent drainage, 
reduced pain and improved self-esteem 

All dermatologocal and rheumatological manifestations 
reported to regress with infliximab. Previously failed on 
etanercept 


Marked decrease in size and degree of inflammation of nodular 
lesions by 4 weeks; at 12 weeks full resolution of nodular 
lesions. At 12 months on treatment sustained efficacy 

Reduction in lesions and activity of the disease 


months. Etanercept then tapered to once a week for 1 month then 
alternate weeks for 2 months and isotretinoin reduced to 10 mg daily 


Comedonal lesions are generally much more florid in acne con- 
globata and present in a characteristic grouped manner. Severe 
acne vulgaris, occupational acne and drug-induced acne should be 
considered in the differential diagnosis. 


Classification of severity 

Acne conglobata always presents as a severe cutaneous inflamma- 
tory process with significant scarring resulting in disfigurement in 
most cases. Psychosocial sequelae as a result of the disease process 
and resultant scarring are very common [27]. 


Disease course and prognosis 

The disease course is insidious and chronic. It leads to significant 
psychosocial morbidity as a result of extensive scarring and discom- 
fort and malodour associated with the inflammatory lesions. 


Complications and co-morbidities 

The most common complication is extensive and disfiguring 
scarring. Psychosocial impairment including anxiety and depres- 
sion is frequent. Renal amyloidosis has been reported with acne 
conglobata [28]. Malignancy has also been reported in chronic scars 
attributed to acne conglobata [29]. 


Investigations 

No consistent laboratory abnormalities are identified in acne 
conglobata. Bacterial cultures from the skin are generally sterile but 
in some cases lesions are secondarily infected with Gram-positive 
bacteria. In cases where there is malodour, assessing cultures and 
treating with appropriate antibiotics may be helpful. An IgA gam- 
mopathy has been observed in a patient with pyoderma and acne 
conglobata [30]. 


Management 

Therapy is challenging. Treatment should aim to reduce the mor- 
bidity associated with discomfort and malodour with the use of 
appropriate analgesia alongside antiseptic washes and, if necessary, 
antibiotics. Treatment should also aim to prevent complications by 
reducing inflammation associated with resultant scarring [27]. 

Large nodules may be aspirated and injection with intralesional 
triamcinolone or cryotherapy may be beneficial [31]. More exten- 
sive surgical excision of interconnecting nodules and laying open 
of sinus tracts my also prove helpful [32]. There are reports of 
benefit with laser therapy and modern external beam radiation 
[33,34]. There are very few clinical trials assessing treatment in this 
refractory condition but one small study examining photodynamic 
therapy using 5% aminolaevulinic acid and red light demonstrated 
some advantage to control therapy [35]. A combination of medical 
and surgical approaches may be required to manage this refractory 
condition. 

Biologic therapies have been demonstrated to be effective treat- 
ments for acne conglobata presenting in isolation or as part of 
the SAPHO syndrome [35-41]. However, larger-scale RCT studies 
are still lacking and would help better determine the efficacy of 
anti-TNFs in treating acne conglobata. 


First line 

Oral isotretinoin (0.5-1 mg/kg/day) for 4-6 months is the treatment 
of choice. Isotretinoin may need to be combined with oral antibiotics 
such as erythromycin or trimethoprim. Concomitant use of sys- 
temic steroids such as prednisolone 1 mg/kg/day for 2-4 weeks 
may also provide benefit to control the inflammatory component 
of the disease at its initial onset and intermittently during acute 
exacerbations. Surgery may be required to lay open abscesses and 
sinus tracts. Resultant scarring may be improved with the fractional 
laser after surgical intervention [27]. 
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Second line 
Tetracycline antibiotics are frequently prescribed to reduce the 
inflammation but are notoriously ineffective. 


Alternative therapies 

Alternative options for the management of acne conglobata include 
long-term high-dose antibiotics, dapsone with isotretinoin [42], 
ciclosporin and/or colchicine in conjunction with topical retinoids 
and antimicrobial therapy [43]. One case report has demonstrated 
the benefit of carbon dioxide laser in combination with tretinoin to 
open up cysts and to prevent the emergence of new lesions [33]. 
Potential treatments for acne conglobata as reported in the literature 
are outlined in Table 88.34. 


Occupational acne —/T¥ 


Definition and nomenclature 

Occupational acne is a group of disorders characterised by the 
formation of acne-like lesions in patients not previously prone to 
acne after exposure to occupational agents, in most cases chemical 
compounds. 


Synonyms and inclusions 


¢ Chemically induced acne 
e Chloracne 


Introduction and general description 
Environmental pollution can result in an acneform dermatosis 
imitating acne, which was first described in 1887 by Von Bettman 
and later by Herxheimer in 1899 [1]. Herxheimer suggested that 
the disorder was caused by chlorine exposure and hence called it 
‘chloracne’ based on the similarity of its clinical features with acne 
vulgaris. Occupational acne can be induced by diverse environmen- 
tal agents and can, therefore, be classified as acne venenata/acne 
cosmetica, tropical acne/hydration acne, oil acne/pomade acne, 
detergens acne, coal-tar acne and chloracne (Table 88.35) [2-4]. 
Chloracne is caused by certain polyhalogenated organic 
(aromatic) compounds containing naphthalenes, biphenyls and 
phenols (herbicides and herbicide intermediates) and is considered 
to be one of the most sensitive indicators of systemic poisoning by 
these compounds (Box 88.7) [4]. 


Table 88.35 Differential diagnosis of occupational and environmental acne. 


Aetiology 


Box 88.7 Chloracne-inducing chemicals 


Polyhalogenated naphthalenes* 
¢ Polychloronaphthalenes 
* Polybromonaphthalenes®* 


Polyhalogenated biphenyls 
¢ Polychlorobiphenyls (PCBs) 
¢ Polybromobiphenyls 
¢ Polychalogenated dibenzofurans* 
¢ Polychlorodibenzofurans, especially tri-, tetra-, penta- and 
hexachlorodibenzofuran 
¢ Polybromodibenzofurans, especially tetrabromodibenzofuran 
Contaminants of polychlorophenol compounds 
Especially herbicides (2,4,5-trichlorophenol and pentachlorophenol) 
and herbicide intermediates (2,4,5-trichlorophenol) 
° 2,3,7,8-tetrachlorodibenzo-p-doxin (TCDD) 
¢ Hexachlorodibenzo-p-dioxin 
¢ Tetrachlorodibenzofuran 


Contaminants of 3,4-dichloroaniline and related herbicides 
° 34,3’ 4'-tetrachoroazoxybenzene (TCAOB) 
e 3,4,3',4'-tetrachoroazobenzene (TCAB) 


Other 

¢ Dihydrotrifluoromythylphenylbenzothiopyrazolone 
¢ 1,2,3,4-tetrachlorobenzene (experimental) 

e Dichlobenil (herbicide, clinical) 

e Crude trichloronezene (DDT)‘ 


*May occur as contaminants in some PCBs. 
>May occur as contaminants in some PBBs. 
“Not confirmed as chloracnegens. 


Dioxins, a large family of halogenated aromatic hydrocarbons, 
are the most potent environmental chloracnegen. The most potent 
environmental chloracnegen of this group is 2,3,7,8-tetrachlorodi- 
benzo-p-dioxin (TCDD) [5]. The chloracnegens are structurally 
similar, containing two benzene rings with halogen atoms occupy- 
ing at least three of the lateral ring positions (75 isomers). 


Epidemiology 

Most cases of chloracne have resulted from occupational and 
non-occupational exposures. Non-occupational chloracne mainly 
resulted from contaminated industrial wastes and contaminated 


Location Lesions 


Cosmetics 
Heat/humidity 


Acne venenata/acne cosmetica 
Tropical acne/hydration acne 


Oil acne/pomade acne Oil 
Detergens acne Alkalic soaps, detergents 


Coal-tar acne Tar/pitch 
Chloracne Polyhalogenated organic (aromatic) 
compounds 


Adapted from McDonnell and Taylor 2000 [16] © Springer. 


Face 

Back, neck, buttocks, proximal 
extremities 

Arms, thighs, buttocks 

Hands, face 

Exposed facial areas, especially malar 

Malar, retroauricular, mandibular 


Closed comedones 
Nodules, cysts 


Red papules, pustules 

Red papules, pustules 

Open comedones 

Comedones, straw-coloured cysts 
(0.1—1 cm) 
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Table 88.36 Large-scale single dioxin accidents in the latter half of the 20th century. 


Long-term follow-up of chloracne 


1953 Germany/Ludwigshafen [7] 248 


Country/city Number of 
Year of outbreak = (reference) registered victims 
1963 Netherlands/Amsterdam [8] 145 
1976 Italy/Seveso [9] 1934 


Adaptd from Ju et a/. 2012 [3] © Elsevier. 
2 193 detected cases with chloracne (170 younger than 15 years of age). 
TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; TCP, trichlorophenol. 


Pollutants Occurrence prevalence (survey year) 
TCP/TCDD Leakage of byproducts of 10.1% (1989) 
TCP production from a 
chemical reactor 
TCDD Explosion of a factory 48.9% (1983) 
producing 
crop-protection agents 
TCP/TCDD Explosion of a TCP reactor 1 of 193 (1989) 


Table 88.37 Massive intoxication through ingestion of contaminated oils in the latter half of the 20th century. 


Country/city Number of Long-term follow-up of 
Year of outbreak (reference) registered victims Pollutants Occurrence chloracne prevalence (survey year) 
1968 Japan/Kyushu (Fukuoka, 1684 PCB/PCDF Contamination of PCB in rice 7.8% (1993) 
Nagasaki) [10] bran oil 
1979 Taiwan/Changhua, 2061 PCB Contamination of PCB in rice 17% (1993) 
Taichung [11] bran oil 


Adapted from Ju et a/. 2012 [3] © Elsevier. 
PCB, polychlorinated biphenyls; PCDD, polychlorinated dibenzofurans. 


food products. The identification of dioxin as an elicitor of occupa- 
tional acne was made with the cooperation of the dermatologists 
Schulz and Kimmig with the chemist Sorge in Hamburg, Germany, 
who investigated patients with atypical acne in a chemical plant [6]. 

Since then, there have been several large accidents caused by 
occupational exposures or food contaminations. After the Second 
World War, several episodes of large-scale dioxin poisoning were 
reported after industrial work explosions, each with more than 100 
victims (Table 88.36) [7-9]. 

Massive intoxication has so far happened twice through inges- 
tion of contaminated oils: ‘Yusho’ in Japan in 1968 and ‘Yu-Cheng’ 
in Taiwan in 1979; both terms meaning ‘oil syndrome’ (Table 88.37) 
[10,11]. The real prevalence of chloracne among Vietnamese civil- 
ians and American soldiers caused by Agent Orange (containing 
phenoxy] herbicide contaminated with dioxins) during the Vietnam 
War (1962-71) is unknown [12]. The most recent sensational case 
report of a chloracne incident was the TCDD poisoning of Viktor 
Yushchenko, a former president of Ukraine, in late December 2004 
(see Figure 88.18) [13]. 

Due to their extensive long-term developmental and neurological 
toxicity, hormonal and immunological disruption as well as cancer 
promotion, the production of polychlorinated biphenyls has been 
prohibited by the Stockholm Treaty on Persistent Organic Pollutants 
made effective from 2004. 


Clinical features 

Chloracne can be diagnosed by the history of exposure to chlo- 
racnegens, characteristic clinical manifestations such as acutely 
emerging comedones, papules, nodules and cysts (see Figure 88.17) 
followed by scars and specifically the detection of high serum 
concentration of chloracne. A history of exposure to chloracnegens, 


Table 88.38 Differential signs of chloracne versus acne vulgaris. 


Clinical signs Chloracne Acne vulgaris 
Usual age Any Adolescent 
Comedones Many (essential sign) Present 
Inflammatory papules and cysts Uncommon Common 
Straw-coloured cysts Pathognomonic Rare 

Temporal comedones Diagnostic Rare 
Retroauricular involvement Common Uncommon 
Nose involvement Often spared Involved 
Associated systemic findings Common Rare 


Adapted from McDonnell and Taylor 2000 [16] © Springer. 


progressively emerging comedones, papules, nodules and cysts 
followed by scars, skin xerosis and decreased sebogenesis, and high 
serum concentration of chloracnegens, differentiate chloracne from 
acne vulgaris (Table 88.38). 


Investigations 

As the assessment of chloracnegens in serum can only be carried out 

in specialised laboratories and the serum titres of dioxins are usu- 

ally within the normal range, histopathological changes also offer 

important clues in the diagnosis of chloracne [14] as follows: 

e Epidermal hyperplasia. 

¢ Follicular hyperplasia — replacement by keratinising epidermal 
cells. 

¢ Sebaceous glands disappear and are replaced by keratinising epi- 
dermal cells. 

¢ Sebaceous gland involution after a complete loss of structure. The 
remaining sebocytes appear normal. Sebaceous gland involution 
is due to cessation of sebocyte replenishment. 
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Management 
The aim of treatment is to lower or to eliminate the accumulated Sew — 
dioxins in the body at the very beginning of intoxication, for 
example by using dioxin-chelating substances such as synthetic 
dietary fat substitutes. The problem of dioxin contamination and 
its potential health hazards should be taken seriously during the 
current wave of industrial globalisation. Management is as follows: ¢ 
* Olestra potato chips (Pringles® fat-free potato chips, 10 g olestra/ va 
28 g potato chips) over 38 days, using five different dosing regi- 
mens (from 15 to 66 g olestra daily) lasting 7 days each [15]. 
¢ Topical tretinoin over 1 year. 


Prepubertal acne 


Definition and nomenclature 

Acne before the onset of puberty is uncommon. Descriptive terms 

used for acne in preadolescent children are generally based on age | 
and include neonatal, infantile, mid-childhood and prepubertal 
or preadolescent acne. A recent classification of acne in children 
based on expert consensus included five subtypes according to age: 
neonatal, infantile, mid-childhood, preadolescent and adolescent. 
However, the distinction between preadolescence and adolescence 
by age can be challenging; the term prepubertal acne has been 
adopted for use in this text. 


a 


Figure 88.77 Neonatal cephalic pustulosis. From Firooz et al. 2019 [61]. 


Synonyms and inclusions 
¢ Neonatal acne 

e Infantile acne 

¢ Mid-childhood acne 
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Introduction and general description 

Prepubertal acne includes a number of clinical presentations and 
may be misdiagnosed. The definition by age does not necessarily 
identify children who are at risk of treatable forms of virilisation 
and a focused history and examination should be adopted to ensure 
that underlying hormonal abnormalities and adrenal or gonadal 
tumours are identified. A broad range of treatment options are 
available but some medications used in the management of adult 
acne are contraindicated in children [1]. 
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Epidemiology 

Incidence and prevalence 

Neonatal acne is defined as the presence of even a small number 
of comedones and may affect up to 20% of neonates; however, this 
may reflect an overestimate as papulopustular conditions may mas- 
querade as neonatal acne [2,3]. The most well recognised is neonatal 
cephalic pustulosis, an acneform eruption thought to be caused by 
Malassezia (Figure 88.77) [4]. 

Infantile acne is less common than neonatal acne and mid- 
childhood acne is very rare [1,5,6]. 

Prepubertal acne is defined as acne that commences before the 
onset of puberty. Acne has been reported in 60-71.3% of premenar- 
chal females [7]. A mid-facial comedonal distribution is associated 
with poor prognosis (Figure 88.78) [8,9]. A 2021 retrospective anal- 


Figure 88.78 Mid-facial comedones are associated with poor prognosis. 
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Table 88.39 Prepubertal acne defined according to age. 


Acne description Age of onset 


Neonatal Birth to up to 8 weeks 

Infantile 8 weeks up to 1 year 

Mid-childhood 1-7 years 

Preadolescent 7 years up to 12 years or menarche in girls 
Adolescent 12 years up to 19 years or after menarche in girls 


— 


Figure 88.79 Infantile acne on the cheek. Courtesy of Dr J. Ravenscroft, Queens 
Medical Centre, Nottingham, UK. 


ysis of 683 patients aged 7-12 years found a female preponderance 
(75%) and a high predominance of phylotype IA1 of C. acnes [10]. 


Age and sex 
Based on recent consensus data [11], prepubertal acne can be defined 
as acne according to age as outlined in Table 88.39. 

A neonate is defined as anewborn up to the equivalent of 8 weeks 
of age. Neonatal acne presents at birth through to the equivalent age 
of 8 weeks and is seen more frequently in boys (5 : 1) [11-14]. 

Infantile acne typically presents between 3 and 12 months but may 
occur as late as 16 months (Figure 88.79) [11,12,14-16]. It shows a 
male predominance. 

Mid-childhood acne occurs from age 1 to 7 years [11]. 

Prepubertal acne presents before true puberty. Adrenarche 
represents maturation of the adrenal glands with adrenal produc- 
tion and increase in the zona reticularis and the acquisition of 
enzymes that facilitate synthesis of androgens from cholesterol. 
Adrenarche occurs at the age of 6-7 years in females and 7-8 years 
in boys. Prepubertal acne may occur from age 7 to 11 years [11]. 
However, depending on the age of puberty this will vary. Girls may 
present with acne as young as 8 years of age. 


Ethnicity 
There are no good studies comparing ethnicity in prepubertal acne 
but slight variation in the onset of puberty may influence the age of 


onset. The mean age of puberty in white girls is 10.2 years compared 
with 9.6 years in African Americans [17]. 


Associated diseases 

Prepubertal acne may be associated with underlying endocrino- 
pathies and virilising tumours. SAPHO syndrome has been reported 
in childhood. Chronic cutaneous lesions were identified in 80% of 
children with SAPHO at follow-up visits at the University Chil- 
dren’s Hospitals in Bern and Zurich, and of 260 cases reported 
in the literature 25% had inflammatory skin problems with 6% of 
these presenting with severe acne [18]. There are other medical 
conditions in which acne is either absent or very mild. This includes 
Turner syndrome [19]. There appears to be a reduction of peripheral 
androgen production in these patients and the use of conventional 
hormonal replacement therapy that further decreases testosterone 
and dihydrotestosterone may explain the absence of moderate to 
severe acne in Turner syndrome. 


Pathophysiology 

The underlying pathogenesis of neonatal acne is not clearly under- 
stood but is thought to relate to hyperactivity of the sebaceous 
glands stimulated by neonatal androgens from the testes in boys 
and adrenals in girls and boys [20]. Maternal androgens are thought 
to be transferred transplacentally and the hyperactive neonatal 
adrenal glands in both sexes result in an increased production of 
DHEA and the sulphated form DHEAS. During the neonatal period 
and for approximately 1 year afterwards, the adrenals secrete 
androgens. This restarts in mid-childhood, around 7 years of age, at 
which time the zona reticularis produces androgens again. 

From birth through 6-12 months, there are pubertal levels of 
luteinising hormone; in boys, this results in additional testosterone 
production as a result of the high levels of luteinising hormone 
stimulating the testes. This may explain the increased incidence of 
neonatal acne in boys. Increased sebum production in the first few 
months returns to normal at about 6 months [21]. 

The aetiology of infantile acne also remains poorly understood. 
Similar to neonatal acne, it may be associated with increased lev- 
els of androgens produced by adrenal glands in both sexes and by 
the testes in boys. DHEA from the adrenal glands stimulates sebum 
production up to 1 year of age or until the DHEA levels drop at about 
6-12 months [21]. 

During adrenarche, the secretion of androgens DHEA and 
DHEAS by the adrenal gland starts to increase, resulting in 
androgen-mediated sebum production. DHEAS levels have been 
reported to be significantly higher in prepubertal girls with acne 
when compared with controls [7]. Gonadal secretions of androgens 
are very low at this stage. The development of mid-facial comedonal 
acne is considered a predictor of acne severity [8,9]. 

Acute onset, persistent or severe acne, particularly in the pres- 
ence of virilisation between 1 and 7 years of age, should always 
raise the possibility of an underlying endocrinopathy. Infantile acne 
has been reported as an initial sign of an adrenocortical tumour ina 
23-month-old boy with accelerated growth and signs of virilisation 
[22]. In females, ovarian androgen excess is most commonly related 
to PCOS but rarely may be a consequence of benign or malignant 


ovarian tumours [23]. In boys, recalcitrant or severe acne may be a 
presenting sign of NCCAH [24]. 


Predisposing factors 
See section on acne vulgaris earlier in this chapter. 


Causative organisms 
Cutibacterium acnes is implicated in the pathophysiology of acne 
(see section on acne vulgaris earlier in this chapter). The onset of 
sebum production triggers the expansion of C. acnes and this occurs 
earlier in children who develop acne than in those who do not [25]. 
In the case of neonatal cephalic pustulosis, a relationship has been 
suggested between the clinical presentation and Malasezzia furfur, 
M. sympodialis and other species [26,27]. 


Genetics 
See section on acne vulgaris earlier in this chapter. 


Environmental factors 

Certain medications may be implicated in prepubertal acne as iden- 
tified in the section on drug-induced acne earlier in this chapter. 
Maternal ingestion of phenytoin has been implicated [28]. Exposure 
to certain substances including greasy emollients, hair gels and 
occlusive topical agents as well as aromatic hydrocarbons and 
halogenides may be a trigger. 


Clinical features 
Presentation 
Neonatal acne presents at or shortly after birth with red papulopus- 
tular lesions commonly distributed on the cheeks, chin and fore- 
head (Figure 88.80). Occasionally, these extend to the neck, scalp and 
upper trunk. 

Infantile acne presents later than neonatal acne. The central 
cheeks are frequently affected with a combination of inflamed 


Figure 88.80 Neonatal acne presenting in the first few weeks of life. 
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Figure 88.81 Infantile acne may involve cystic lesions and scarring. Courtesy of Dr J. 
Ravenscroft, Queens Medical Centre, University of Nottingham, UK. 


papules and pustules with open and closed comedones. The pre- 
sentation is usually more widespread than neonatal acne. A study 
of 29 patients with infantile /juvenile acne seen in a specialist centre 
over a period of 25 years demonstrated the median age of onset was 
9 months; the disease was mild in 24%, moderate in 62% and severe 
in 14% [29]. In 59%, the acne was predominantly inflammatory. Five 
patients (17%) were left with scarring. Acne conglobata can present 
in infants, resulting in severe inflammatory cystic lesions, sinus 
tract formation and significant scarring (Figure 88.81) [30]. 

Acne developing during mid-childhood should always raise the 
suspicion of androgen excess. 

Acne in prepubertal children usually presents with comedonal 
lesions with or without some inflammatory papules. Lesions are 
frequently located in a mid-facial distribution and may precede 
any other signs of maturation [7]. Mid-facial comedonal acne (see 
Figure 88.78) can be the first sign of pubertal maturation in females, 
preceding areolar development, pubic hair and the menarche. The 
development of acne in childhood along with premature adren- 
arche may be an initial sign of PCOS or metabolic syndrome [31,32]. 
Follow-up and anticipatory guidance are indicated in these children. 


Clinical variants 
Neonatal cephalic pustulosis has been considered by some as syn- 
onymous with neonatal acne but others consider it a separate entity 
as there are more inflammatory papules, significant pustules and a 
lack of comedonal lesions. 

Acne conglobata is a severe variant of acne that can present in 
infants resulting in severe inflammatory cystic lesions, sinus tract 
formation and significant scarring [30]. 


Differential diagnosis 
The differential diagnoses for neonatal acne are outlined in Box 88.8. 
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Box 88.8 Differential diagnoses of acne in the 
neonate 


Infections 
e Bacterial 
° Staphylococcus aureus (bullous impetigo) 
e Streptococcus (p-haemolytic group B) 
¢ Pseudomonas aeruginosa 
¢ Haemophilus influenzae 
e Listeria monocytogenes 
° Fungal 
¢ Candidiasis 
¢ Pityrosporum folliculitis 
e Viral: 
e Herpes simplex 
e Varicella-zoster 
¢ Cytomegalovirus 
¢ Parasitic: 
¢ Scabies 
¢ Non-infectious: 
e Erythema toxicum neonatorum 
e Infantile acropustulosis 
¢ Transient neonatal pustular melanosis 


Other 

e Milia 

¢ Sebaceous gland hyperplasia 

e Pustular miliariasis 

¢ Eosinophilic pustular folliculitis of infancy 

e Acneform eruptions 

e Acne venenata infantum 

e Acneform drug eruptions (steroids, lithium, hydantoin) 
e Chloracne 


Neonatal cephalic pustulosis was first described in 1991 and is his- 
torically referred to as neonatal acne [33,34]. It usually presents in the 
first 3 weeks of life (see Figure 88.80), and prevalence varies between 
10% and 66% of newborns in the literature. It is characterised by 
red papular/pustular lesions especially on the cheeks but also on 
the chin, eyelids, neck and upper chest. Comedonal lesions are not 
usually seen. It has been postulated that neonatal cephalic pustulosis 
develops in association with Malassezia sympodialis and M. globosa; 
however, the exact aetiological role of Malassezia is uncertain as the 
organism is part of the normal flora of neonatal skin, and up to 38% 
of cases had negative smears in one study [35]. Another explana- 
tion is that neonatal cephalic pustulosis relates to an overgrowth 
of lipophilic yeasts at birth that results in an inflammatory reac- 
tion leading to monomorphic papules and pustules in predisposed 
neonates with more sebum production. 

Treatment is usually not required for neonatal cephalic pustulosis 
as it is a self-limiting disorder which usually heals without scarring 
in 1-3 months. If the condition does persist beyond this time and/or 
is widespread and unsightly, topical ketoconazole cream expedites 
recovery [36]. 


The differential diagnoses of infantile acne include neonatal acne, 
acne venenata infantum, chloracne and hyperandrogenism. 

The differential diagnoses of mid-childhood acne include ker- 
atosis pilaris and milia alongside endocrinopathies and conditions 
relating to hyperandrogenism. 

The differential diagnoses of prepubertal acne include childhood 
granulomatous periorifacial dermatitis, lupus miliaris dissem- 
inatus faciei and childhood granulomatous rosacea alongside 
endocrinopathies and disorders associated with androgen excess. 


Classification of severity 

There is no recognised or validated grading system for prepuber- 
tal acne. Severity is assessed as mild, moderate or severe and the 
persistence or appearance of scarring should be considered as a less 
favourable prognostic factor. 


Complications and co-morbidities 

Acne scarring can result from acne lesions as in adult acne. In one 
study examining cases of infantile acne, secondary scarring affected 
17% of the cases [29]. Acne conglobata is rarely seen in infants but the 
incidence of scarring is high in these patients [37,38]. Patients with 
infantile acne may develop a resurgence of their acne as teenagers 
and the likelihood of developing acne in adolescence is greater in 
these patients than in their peers [39]. 

Infantile acne is very rarely associated with other clinical features 
of androgen excess such as hirsutism or premature closure of the 
epiphyses; very occasionally, there may be transient or more per- 
sistent high plasma levels of testosterone, luteinising hormone and 
follicle-stimulating hormone. 


Disease course and prognosis 

Neonatal acne usually settles spontaneously and leaves little 
scarring. Infantile acne has a more persistent and variable course 
than neonatal acne and although most cases resolve by 5 years of 
age others may persist until puberty. Scarring from the deep-seated 
inflammatory lesions may ensue. Patients with infantile acne may 
develop a resurgence of their acne as teenagers and parents should 
be advised accordingly [39]. 

Predictive factors for severity and persistence include a high 
number of comedones, mid-facial distribution, early develop- 
ment of comedones, and high levels of DHEAS and free and total 
testosterone and earlier menarche in females. 


Investigations 

A focused history and examination for signs of accelerated growth, 
precocious puberty and hirsutism or other signs of hyperandro- 
genism should be employed. It is important to consider underlying 
endocrinopathies and investigate accordingly with the support of a 
paediatric endocrinologist (Box 88.9). One study has indicated that 
there is a relatively low risk of true endocrinopathy in preadolescent 
children in the context of no other symptoms or signs of androgen 
excess [36]. 
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Box 88.9 Examination and investigations that 
should be considered to rule out an endocrinopathy 
in prepubertal acne 


History and examination 

e Age of menarche in girls 

e Tanner stage 

¢ Telarche (palpable breast tissue below the areolae in girls, testicular 
enlargement in boys) 

e Pubarche (presence of pubic hair) 

¢ Growth chart 

e Height, weight, body mass index 

¢ Bone age (left hand and wrist X-ray for those with high growth 
parameters) 


Endocrine work-up 

¢ Free and total testosterone 

e Dehydroepiandrosterone, luteinising hormone, follicle-stimulating 
hormone 

¢ Prolactin 

¢ 17-hydroxyprogesterone (to rule out congenital adrenal hyperplasia) 


Management 

General principles of management 

The principles of treating acne in children involve adopting simple 
regimens that target the clinical lesions and pathophysiological 
factors implicated in acne while avoiding adverse effects. Most 
acne therapies are approved for children of 12 years and older. The 
exceptions include erythromycin which is approved for children 
8 years and older by the FDA, adapalene/BPO gel approved for 
patients 9 years and older and tretinoin approved for patients 
10 years and older. Apart from tetracycline antibiotics that should 
not be prescribed below 12 years of age in the UK because of the 
risk of damage to developing bones and permanent discoloration of 
dentition, most acne treatments are not contraindicated in younger 
children. However, regulations do vary by country regarding tetra- 
cycline use, with some evidence that adult teeth are fully formed 
by 8 years of age [40]. It is important to ensure parents are fully 
informed if medications are prescribed off-licence [41]. 

For mild disease, topical therapies such as topical retinoids 
and/or topical antimicrobials are recommended. For moderate 
disease, a topical retinoid and/or BPO combined with a systemic 
antibiotic such as erythromycin (as ethyl succinate, 125 mg TDS) 
should be adopted. Systemic trimethoprim has also been used 
(up to 100 mg BD) [40]. If prescribing an antibiotic, topical BPO 
should be used alongside the agent to reduce the likelihood of 
bacterial resistance emerging in resident C. acnes. The literature 
also reports the use of other antibiotic agents such as amoxicillin 
[42], cephalexin [43] and azithromycin, although concerns about 
antimicrobial resistance with azithromycin limit its use (see acne 
vulgaris management section earlier in this chapter). Infantile acne 
may take several months to resolve — the more inflammatory the 
disease, the longer the duration. 

Isotretinoin is rarely needed, and only for severe non-responding 
cases. Successful treatment with isotretinoin has been reported in 
the literature using doses of 0.36-2 mg/kg/day for 4-6 months in 


Table 88.40 Algorithm of therapeutic options for neonatal, infantile, mid-childhood 
and prepubertal acne. 


Acne category Treatment options 


Neonatal Gentle cleansers, oil-free emollients 

If marked pustules, use topical azole cream 

First line 

Benzoyl peroxide (BPO) or topical retinoid (if 
primarily comedonal) 

Fixed combination products for mixed lesions from 
12 years with the exception of 0.1% 
adapalene/2.5% BPO which is indicated from 9 
years 

Second line (for more severe disease) 

Oral erythromycin (oral trimethoprim if allergic to 
macrolides) combined with BPO to avoid 
emergence of antibiotic-resistant C. acnes + 
topical retinoid 

Third line 

Severe recalcitrant scarring acne, exclude underlying 
hyperandrogenism 

Consider oral isotretinoin 

Exclude underlying pathology and treat as infantile 
and prepubertal 


Infantile and 
prepubertal 


Mid-childhood 


children younger than 5 years [40]. Topical retinoids may provide 
maintenance following successful therapy [44]. 

In most cases of neonatal acne, daily cleansing is all that is needed; 
however, if more extensive, topical agents aimed at treating come- 
donal and/or apparent inflammatory lesions should be employed. 


First line 

In neonatal acne, if lesions are causing concern or are moderate to 
severe in nature an approach as outlined in Table 88.40 should be 
adopted for acne pre-adrenarche. 


Second line 

If oral antibiotics are required for more moderate to severe disease, 
erythromycin is the treatment of choice [40]. Of note, oral tetracy- 
cline is contraindicated in children of less than 8 years of age in the 
USA and 12 years in Europe as it can cause damage to developing 
dentition and bones. 


Third line 

Clinicians face a dilemma when a patient presents with severe 
recalcitrant acne that is causing scarring and cosmetic sequelae, 
where treatment with oral isotretinoin could be beneficial. Cur- 
rently, oral isotretinoin is approved by the FDA and European 
Commission for the treatment of nodulocystic recalcitrant acne in 
children over 12 years of age. 

There are reports in the literature confirming the safe and success- 
ful use of oral isotretinoin in patients ranging from 5 to 20 months 
of age. All patients had recalcitrant scarring acne that had failed to 
respond to topical and oral medications usually used for acne. The 
ideal dose of isotretinoin is not defined, although published reports 
suggest a dose range from 0.2 to 2 mg/kg/day divided in doses with 
food or milk to maximise absorption (Table 88.41) [45-59]. 

Administering capsules can be challenging in children of this age. 
Isotretinoin is highly light sensitive and oxygen labile so splitting 
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Table 88.41 Dosage regimens used for isotretinoin in childhood acne [45-59]. 


Onset age of Isotretinoin dosage Duration 

Sex acne (months) (mg/kg/day) (months) 
Female 18 0.5-1 5 

ale 2 (comedones), 10 (cystic) 0.36-0.67 5 

ale 12 1 4 

ale 6 0.5 4 
Female 20 1 then 2 (+ prednisolone) 65 

ale ? 0.5 4 
Female 20 0.5-0.6 vi 
Female 6 0.2-1.5 14 
Female 7 0.5 5 

ale 9 ? - 

ale 6 ? 

ale 0) 0.5 12 

ale 4 0.5 4 

ale 5 0.5-1 6 


capsules may reduce potential efficacy if not conducted in dim light. 
Although mixing with food has been advocated this may affect the 
stability of the drug. Freezing the capsule to a solid constituency 
enables it to be divided into halves or quarters to deliver the desired 
dose. This prevents drug wastage, minimises degradation of the 
drug and masks any unacceptable taste. Given that the use of 
isotretinoin is an off-licence indication in this context, clinicians 
should ensure parents are well informed if using oral isotretinoin 
for acne in this age group. 

Complementary therapies in the paediatric population have 
been reviewed by Gurnee et al. [60]. They note few studies have 
compared complementary therapies with commonly used acne 
therapies, such as topical antibiotics or oral antibiotics, and none 
has compared efficacy with topical retinoids. 
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Rosacea —_ 


Definition, nomenclature and classification 

Rosacea is a chronic inflammatory disease affecting the cheeks, 
chin, nose, forehead and frequently the eyes. It is often charac- 
terised by periods of remission and exacerbation [1-4]. Clinical 
features include transient erythema (flushing), persistent erythema, 
telangiectasias, inflammatory papules/pustules, phyma and ocular 
involvement [1-4]. Outdated synonyms or misnomers (such as 
‘acne rosacea’, ‘couperose’, ‘Kupferrose’, ‘facial erythrosis’ and 
‘Rotfinne’) may be confusing and should be avoided [5,6]. 

In 2002, the National Rosacea Society Expert Committee (NRSEC) 
proposed standard criteria for rosacea diagnosis and classifica- 
tion [7]. They deemed that any one of the following primary features 
in a centrofacial distribution would be sufficient for diagnosis: 
flushing, non-transient erythema, papules/pustules or telangiec- 
tasias. Secondary features such as burning/stinging, erythematous 
plaques, dry appearance, oedema, peripheral location, phymatous 
changes and ocular manifestations could present concomitantly 
with primary features or appear independently [2,7]. Furthermore, 
they established four subtypes and one variant based on clinical pat- 
terns: erythematotelangiectatic, papulopustular, phymatous, ocular 
and granulomatous (the variant), respectively [3,7]. This paradigm 
has subsequently dominated rosacea research, publications and 
patient management [2,3,8,9]. However, shortcomings have been 
increasingly recognised including inadequate consideration of 
features into those of greater or lesser predictive value in diagnosis, 
and conflation of multiple features into subtypes [1-4,8,9]. The latter 
ignores variability of patient presentation, negates evaluation of 
temporal sequence of feature development and forces assessment 
of multiple features within single subtypes [1,2]. To address these 
problems, rosacea diagnosis and classification are now based on 


presenting signs and symptoms: the phenotype approach [2,3]. 
Phenotype describes observable characteristics of an individual 
that can result from genetic and/or environmental factors [2,3]. 
In rosacea, this patient-centred approach is based on weighting 
of features relevant to diagnosis and removes the restrictions of 
subtyping [2,3,7]. 

Rosacea can be diagnosed by at least [2,3]: 
¢ One diagnostic feature or 
¢ Two major features (Table 89.1). 

Minor or secondary features may appear with one or more diagnos- 
tic or major features, but are not diagnostic [2,3]. 

Whilst we have moved away from the term ‘erythema’ in favour of 
‘redness’ in this edition of Rook’s Textbook of Dermatology, where ery- 
thema is used in conjunction with referenced publications or diag- 
nostic criteria, we have not changed it, as in this chapter. 


Introduction and general description 

‘Rosacea’ encompasses a spectrum of features involving the face 
and frequently involves the eyes [1]. These features usually appear 
between 30 and 50 years of age. While more frequently observed 
in those with fair skin, it is likely underdiagnosed in darker photo- 
types [1,4]. The combination of bothersome symptoms (stinging, 
burning, pain and itching) and the ready visibility of facial features 
contribute to adverse impacts on quality of life, anxiety, depression 
and stigmatisation [10-12]. 

As the cutaneous features of rosacea are characteristic and pivotal 
to diagnosis and classification, they are further described to facilitate 
recognition and assist in standardisation. These are presented under 
the ‘Clinical features’ section later in this chapter [2,8]. 

Management should be tailored towards features most bother- 
some to the patient [9,13,14]. Beyond visible aspects, enquiry regard- 
ing cutaneous and ocular symptoms should be undertaken as the 
impact of these can be underestimated. As no single treatment can 
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Table 89.1 Diagnostic, major and minor features of rosacea [2]. 


Diagnostic features Major features Minor features 


Persistent centrofacial Flushing/transient centrofacial Burning sensation 


erythema with periodic erythema of the skin 
intensification by Inflammatory papules and Stinging sensation 
potential trigger pustules of the skin 
factors Telangiectasias (excluding alar Oedema 
Phymatous changes involvement) Dry sensation of 
Ocular manifestations: the skin 


Lid margin telangiectasias 
Blepharitis 
Keratitis/conjunctivitis/ 
sclerokeratitis 


address the entire spectrum of rosacea features, management may 
require a combination of options individualised to presenting signs 
and symptoms [13,14]. Management should include education on 
rosacea, counselling on general skin care and trigger avoidance. 
Individualised treatment options include topical, systemic and 
procedural options. 


Epidemiology 
Incidence and prevalence 
There is a wide range of reported rosacea prevalence from less than 
1% on the Faroe Islands to more than 20% in Estonia [15]. The prox- 
imity of these regions and similar population demographics suggest 
potential differences in case ascertainment or case definition. Using 
population-based survey methodology with a screening algorithm 
for rosacea and subsequent dermatologist verification provides a 
means to establish population prevalence in a more accurate, cred- 
ible and standardised manner. A validated population screening 
survey and algorithm for rosacea detection [16] followed by der- 
matologist verification was used to determine prevalence in Russia 
and Germany [17]. This validated population survey methodology 
provided nationwide rosacea prevalence estimates of 5% and 12%, 
respectively [17]. This narrow range encompasses the 5.5% global 
prevalence estimate from a meta-analysis of 32 published studies 
[18]. No gender difference in rosacea was detected in this analysis. 
Prevalence studies of rosacea in darker skin phototypes are sparse. 
Centrofacial erythema as a diagnostic criterion in dark phototypes 
may confound case finding [8,19,20]. 

The incidence of rosacea was addressed in only one study, from 
the UK, and this estimated it to be 1.65 per 1000 person-years [21]. 


Age 

Rosacea onset is typically in middle-aged adults (30-50 years old). 
Childhood cases of rosacea exist but there is a paucity of informa- 
tion [15]. In studies reporting age distributions, an equal distribution 
of rosacea among different age groups was observed, with highest 
prevalence at 45-60 years [15,18]. 


Sex 
In contrast to prior observations that rosacea was more prevalent 
in women [1,3,17], a recent systematic review of population-based 


and dermatological out-patient surveys on the incidence and 
prevalence of rosacea demonstrated that genders were equally 
affected [18]. However, rhinophyma occurs more frequently in men, 
and often at a more advanced age [1,22,23]. This may be partially 
due to inadequacies in clinical detection at earlier stages of phyma 
where findings may be more subtle. 


Ethnicity 

Rosacea has been considered to predominantly affect fair haired, 
pale-skinned, sun-sensitive individuals with particular susceptibil- 
ity in those of Celtic origin (sometimes referred to as the ‘curse of 
the Celts’) [1,20,24,25]. However, rosacea might be underdiagnosed 
in darker phototypes as erythema and telangiectasia are more 
difficult to discern [20,25,26]. There is a paucity of general popu- 
lation prevalence metrics in patients of colour. However, statistics 
for ambulatory care visits in the USA indicate that of all patients 
diagnosed with rosacea 2% were black, 2.3% Asian/Pacific Islander 
and 3.9% Hispanic/Latino [25]. 

Delayed diagnosis as well as misdiagnoses may contribute to 
greater morbidity and burden of the disease [17,20,25,26]. While 
signs and symptoms of rosacea are likely similar across phototypes, 
a high index of suspicion is required as centrofacial persistent 
erythema may be inapparent [20,25-27]. 


Associated diseases 

Co-morbidities associated with rosacea include cardiovascular, gas- 
trointestinal, neurological, autoimmune, psychiatric, endocrine/ 
metabolic, rheumatological and other diseases [28-34]. However, 
causality has not been determined [28-32]. Confounding variables 
such as shared environmental or lifestyle factors, concomitant medi- 
cations and selection bias may have influenced outcomes [28,29,31]. 
These associations have led to the hypotheses that rosacea is a 
cutaneous manifestation of a systemic inflammatory disease or 
that it shares common pathophysiological mechanisms as these 
co-morbidities [28,29,31]. Therefore, further controlled prospective 
studies are required to establish directionality and confirm these 
findings [29,31]. 


Pathophysiology 

The spectrum of triggers and clinical features in rosacea implies 
involvement of multiple pathogenic pathways [35]. Current evi- 
dence supports contributions from innate, adaptive, inflammasome 
and neurogenic mechanisms. However, the biological features 
underlying individual susceptibility to initiation of these pathways 
in rosacea is unknown. 

External triggers of rosacea may act differentially to activate these 
pathways. Innate immune activation may be elicited by bacteria 
(Bacillus oleronius and Staphylococcus epidermidis) [36], Demodex 
and their associated microbial proteases [37-39], and physical 
triggers such as heat and ultraviolet (UV) light. These initiating 
events upregulate proteinase-activated receptor 2 (PAR-2) and 
Toll-like receptor 2 (TLR-2) leading to cytokines, chemokines, pro- 
teases and angiogenic factors eliciting erythema, telangiectasia and 
inflammation [40]. The cathelicidin LL-37 is erythemogenic and 
angiogenic [41]. PAR-2 is upregulated in rosacea and mediates 
inflammation, pruritus and pain. Both TLR-2 and PAR-2 activate 
the NLRP3 inflammasome resulting in the release of interleukin 


16 (IL-1f), tumour necrosis factor « (TNF-«) and prostaglandin E2, 
contributing to papules/pustules, pain and vasculopathy [42]. An 
adaptive immune Th1/Th17 profile in rosacea has been shown by 
immunohistochemical and transcriptome analysis across multiple 
rosacea cutaneous presentations [43]. 

Neurogenic pathways may be activated by physical factors (heat, 
exercise, UV light) and ingestants (spicy food, alcohol) via transient 
receptor potential (TRP) subfamilies [44]. The release of mediators 
such as substance P, pituitary adenylate-cyclase activating peptide, 
and calcitonin gene-related peptide can induce neurogenic inflam- 
mation and vasoreactivity. 

Mechanisms underlying fibrosis in phyma may involve mast cells 
and their interaction with fibroblasts [45]. Dermal mast cells may 
have a primary role in inducing fibrosis by stimulating fibroblast 
chemotaxis via histamine and tryptase and may promote prolif- 
eration via vascular endothelial growth factor (VEGF) and basic 
fibroblast growth factor (FGF). Monocyte chemoattractant protein-1 
(MCP-1) and matrix metalloprotease (MMP) from mast cells can 
also promote fibrosis [46]. 


Predisposing factors 

Multiple predisposing factors for rosacea have been identified 
including early-onset signs, phototype, family history and external 
factors. 

In childhood, a potential prognostic indicator for rosacea risk was 
the development of styes — conferring a 3.8 times greater prevalence 
than age-matched controls for subsequent adult rosacea [47]. 

In adults, rosacea risk was significantly higher with a positive 
family history of rosacea, previous smoking status and light photo- 
types I and II [48]. While light skin has been implicated as a predis- 
posing factor in rosacea, large epidemiological studies on rosacea 
have primarily been performed in the USA and northern Europe 
using facial redness as a pivotal diagnostic criterion. However, as 
redness is not readily visible in darker phototypes, there may be 
an inherent survey population pre-bias and flawed case definition. 
Thus, use of this criterion in diagnosis may underestimate true 
prevalence in dark phototypes [18,21]. Patients with rosacea have 
a greater odds of a positive family history, implying genetic mech- 
anisms either directly or indirectly [49], or shared environmental 
factors within a family [50]. 

Outdoor occupations, as a proxy for UV exposure, have been 
found in one study to be a higher risk for moderate and severe 
rosacea. However, that study did not predefine nor exclude those 
with heliodermatitis [48]. A Korean study found that the sever- 
ity of erythematotelangiectatic rosacea correlated with extent of 
sun exposure rather than papules/pustules [51]. A higher risk of 
rosacea has been found to be associated with alcohol consumption 
>25 units per week [21,52]. Of alcoholic beverages, only white wine 
and liquor were found to be significantly associated with increased 
rosacea risk [52]. Alcohol consumption has also been significantly 
associated with severity of rhinophyma, especially in moderate to 
excessive drinkers [23]. 

Cigarette smoking and caffeine intake appear to reduce the risk 
of rosacea. The former is thought to result from the immunosup- 
pressive and vasoconstrictive effects of cigarette smoking [53]. Con- 
versely, the higher risk of rosacea among ex-smokers was attributed 
to withdrawal of these effects [48]. The association between caffeine 
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Figure 89.1 Biopsy demonstrating perifollicular lymphocytic inflammatory cell infiltrate 
with presence of Demodex folliculorum inside the follicle and enlarged lumina. Courtesy 
of Dr S. Forchhammer, Eberhard Karls University Tubingen, Tubingen, Germany. 


intake and reduced risk of developing rosacea may also be due to 
immunosuppressive effects. Additional mechanisms include vaso- 
constrictive and antioxidant effects of caffeine and polyphenols in 
coffee [54]. 


Pathology 

In a comprehensive histological study of cutaneous rosacea involv- 
ing skin biopsies from 86 patients, primary histological features 
of rosacea were identified [55]. These included abnormalities of 
cutaneous vasculature, oedema and increased inflammatory cell 
infiltrates with lymphocytes, mast cells and macrophages. Further- 
more, Demodex was typically found in the infundibular regions 
(Figure 89.1) [55]. In addition, standardised skin scrapings from 
involved skin showed higher Demodex densities [39,40]. 

In contrast to telangiectatic photoageing, histology in erythema- 
tous and telangiectatic rosacea showed more inflammation, less 
dermal collagen damage, less solar elastosis and increased mast cell 
degranulation [56]. In erythematous and telangiectatic presentations 
of rosacea, a characteristic feature was unusual telangiectasias with 
enlarged lumina, tortuous contours and intraluminal projections 
extending throughout the superficial and mid dermal regions. Also 
present was oedema presenting as a zone of lucency in superficial 
papillary and reticular dermis. Perivascular dermal inflammatory 
infiltrates comprised lymphocytes, histiocytes, plasma cells and 
mast cells [55]. Papules and pustules of rosacea were characterised 
by perifollicular infiltrates of plasma cells, neutrophils, mast cells 
and occasional eosinophils. Neutrophil collections were especially 
prominent at infundibular regions, often corresponding to the 
presence of Demodex [39,40,55,57]. 

Phyma was characterised by fibrosis and enlarged sebaceous 
lobules with normal glandular structure (Figure 89.2). Perifollicular 
inflammation composed primarily of lymphocytes, neutrophils and 
occasional small granulomas was ubiquitous but less prominent 
than in papules and pustules [55]. 
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Figure 89.2 Biopsy showing increased density of sebum glands, enlarged and increased 
capillary vascular structures as well as lymphoplasma cellular inflammatory infiltrates. 
Courtesy of Dr S. Forchhammer, Eberhard Karls University Tubingen, Tubingen, Germany. 


In ocular rosacea, blepharitis, inspissation of glandular orifices, 
hordeola, chalazia and lid margin telangiectasias result from chronic 
inflammation and meibomian gland dysfunction. Histology of con- 
junctival epithelium in ocular rosacea showed inflammatory cell 
infiltrates of lymphocytes, phagocytes and macrophages, while 
the corneal stroma had dense chronic inflammatory infiltrates and 
occasional granulomas [58]. 


Causative organisms 

The potential role of microorganisms in the pathogenesis of rosacea 
is supported by upregulation of pattern recognition receptors, e.g. 
TLR2, and antimicrobial peptides (cathelicidin) [59,60], and by the 
efficacy of antibiotics and ivermectin in the treatment of rosacea [61]. 
Recent reviews of microorganisms that might induce rosacea have 
identified several possible candidates including Staphylococcus 
epidermidis, Chlamydophila pneumoniae and the Demodex-associated 
bacteria Bacillus oleronius, Bacillus cereus [62] and Corynebacterium 
kroppenstedtii subsp. demodicis [63]. 

The biological significance and possible pathogenic potential of 
these bacteria remain unknown. In contrast, there is increasing 
evidence that Demodex mites (Figure 89.3) contribute to erythema, 
papules and pustules by inducing inflammation and vasodilatation 
not only in cutaneous but also in ocular rosacea. Two systematic 
reviews of case-control studies and meta-analysis have docu- 
mented a significant association between the degree of Demodex 
infestation and the presence of rosacea [39,64]. While Demodex 
are normally present as a follicular commensal in humans, their 
pathogenic potential may relate to the size of the mite popula- 
tion [65]. Uncontrolled mite population growth might induce 
inflammatory reactivity resulting in erythema [66] and the typical 
papulopustular inflammatory lesions [65,67]. This is supported 
by studies showing that a high density of Demodex induced the 
release of inflammatory mediators by sebocytes, whereas lower 
numbers did not [57]. The immunomodulatory effect was also 


_ 


Figure 89.3 Demodex folliculorum mites showing their elongated worm-like posterior 
body (opistostoma) and four sets of short legs on the upper body (podostoma). The 
mouth parts (gnathostoma) are at the front of the podostoma. Magnification 100x. 


confirmed by a different in vivo approach, demonstrating down- 
regulation of IL-8, LL-37, HBD3, TLR4 and TNF-a gene expression 
levels, together with significant reduction of the Demodex density 
in patients with moderate to severe rosacea, by topical ivermectin 
1% [68]. 


Role of the microbiome. Beyond Demodex folliculorum, the role of 
the cutaneous microbiome in the pathogenesis of rosacea is other- 
wise unclear. For example, the Gram-negative bacterium Bacillus 
oleronius isolated from the gut of Demodex of one rosacea patient has 
been posited as a trigger to inflammation in rosacea [69]. However, 
this observation has not been repeated. 

A case-control 16S ribosomal RNA sequencing study investi- 
gated the skin microbiota in patients with rosacea compared with 
controls. In erythematotelangiectatic rosacea, skin microbiota was 
depleted in multiple bacterial species (e.g. Roseomonasis), suggesting 
that certain strains may promote healthy skin. A relative abundance 
of Corynebacterium kroppenstedtii in rosacea was observed to be 
highest in affected skin, followed by unaffected skin in patients 
with rosacea. This suggests that C. kroppenstedtii levels must reach a 
certain population threshold before papulopustular rosacea features 
manifest [70]. 

Associations between rosacea and inflammatory gastrointestinal 
tract disorders have been reported, but the pathogenic mechanisms 
including the potential role of the gut microbiome remain unclear 
[34,71-74]. Observations of an increased prevalence of rosacea in 
SIBO (small intestinal bacterial overgrowth) patients and the effect 
of SIBO eradication with the non-absorbable antibiotic rifaximin, 
leading to enduring improvement of rosacea in almost all patients, 
imply a pathogenic role [75]. 


Genetics 

A positive family history of rosacea in up to 50% of patients 
with rosacea suggests a strong familial inheritance [48]. Rosacea- 
associated genes have been identified in a genome-wide association 


study. These included single-nucleotide polymorphisms (SNPs) on 
chromosome 6 and three HLA alleles (HLA-DRB1, HLA-DQB1, 
HLA-DQA) [49]. 

A genetic cause for early-onset rosacea associated with Demodex 
has been described in several unrelated families, with a gain-of- 
function mutation in STAT1 [76]. 


Environmental factors 

Increased environmental temperature and dietary influences 
(ingesting hot liquids, spicy foods, large meals, alcohol, etc.) are 
often cited as potential exacerbating factors. A cohort-based twin 
study investigated genetic and environmental factors affecting 
rosacea and found that approximately half of the contribution could 
be accounted for by genetics and the other half by environment. 
Correlations between rosacea and UV radiation exposure, alcohol, 
smoking, skin cancer history, cardiac co-morbidity and age have 
been identified [50]. 


Clinical features 

Rosacea usually presents with peak onset between 30 and 50 years 
and a spectrum of signs and symptoms. Each of these features can 
vary in degree of severity. Independent assessment of the severity of 
each feature will provide accuracy in assessment [2,3,19]. A ‘rosacea 
tracker’ including descriptions of the features and considerations for 
severity assessment has been developed for dermatologists, oph- 
thalmologists and patients to monitor changes in disease features, 
as well as patient impact and response to treatment [8]. 


History and presentation 

The multiplicity of clinical features of rosacea is reflected by the 
variety of clinical symptoms including flushing, itch, pain, stinging, 
burning and ocular irritation. In society, a red face has negative 
connotations including unhealthy lifestyle (sunburn, alcoholism), 
shame, anger or embarrassment. This has led to the use of founda- 
tions and camouflage make-up to conceal redness [5]. Along with 
persistent redness, the flushing, papules, pustules and/or phyma of 
rosacea can lead to embarrassment, anxiety, low self-esteem, lack of 
confidence, depression, social anxiety disorder, body dysmorphic 
disorder and stigmatisation [4,77-82]. As expected, rosacea has an 
adverse impact on quality of life (QOL) [83-88]. 

The impact of rosacea on QOL correlates with disease severity, 
however profound adverse impact can also be seen in those with 
lesser severities [10]. Persistent rosacea features with periodic flares 
were reported by most patients. The majority of patients modify 
their behaviours to avoid trigger factors such as sun exposure, alco- 
hol, spicy food, high temperatures and exercise. Even a few flares per 
year could adversely impact QOL. Those with greater QOL impact 
spent more time on daily skin care and had higher rates of absen- 
teeism from work or school. 

In a survey of the general population evaluating digital pho- 
tographs with and without facial erythema (redness) associated 
with rosacea, facial erythema was associated with being sick, 
tired and stressed and with being less relaxed, healthy and rested. 
Attributes conferred on images of facial erythema associated with 
rosacea were that the person shown was less trustworthy, successful 
and confident [78]. 
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(b) 
Figure 89.4 (a) Persistent erythema in the centrofacial area. (b) Subtle persistent 
erythema with few papules and some oedema. 


Diagnostic features 

Persistent erythema. Patients with persistent erythema usually 
complain of a gradual increase in facial redness which may intensify 
in response to triggers [2,3,8]. While the central face is the typical 
location (Figure 89.4a), the lateral cheeks, ears and sometimes lat- 
eral neck can also be affected. As erythema is often more difficult 
to recognise in darker skin, extra attention should be paid to the 
history, symptoms and signs at the central face (Figure 89.4b). 


Phymatous rosacea. Phyma most often involves the nose, ‘rhino- 
phyma’, but has also been described at chin (gnatophyma), ears 
(otophyma), forehead (metophyma) and eyelids (blepharophyma). 
Rhinophyma has been reported most frequently in white men, 
between the fifth and seventh decades. However, occurrence in 
Asian or African (American) men has also been reported [22]. In 
women phyma is very rare [89]. Rhinophyma may be preceded 
by inflammatory lesions and/or erythema or may appear de novo. 
Skin changes include thickening, an increase of prominent follicular 
openings and tortuous telangiectasias (Figure 89.5a). Inflammatory 
phyma is characterised by soft tissue prominence, erythema and 
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Figure 89.5 (a) Mild phymatous changes showing a peau d’orange appearance of the 
prominent nasal follicles. (b) Severe phymatous changes showing nasal distortion. 


papules/pustules. Over time, phyma with soft tissue distortion 
and bulbous protuberances may lead to deformity (Figure 89.5b), 
complaints about oily skin and malodor with manipulation. 


Major features 

Transient erythema (flushing). Transient erythema or flushing is 
temporary centrofacial redness that may spread to the entire face, 
ears, neck and upper chest, and may include sensations of warmth, 
heat, burning and/or pain usually lasting at least 10min [90]. 
Sweating is not an associated feature of flushing in rosacea. Due to 
its transitory nature, flushing may not be present during a consulta- 
tion [2,3]. Therefore, physicians should enquire about and address 
possible triggers, which can differ between patients. In skin of 
colour, flushing might not be visibly apparent but may be described 
symptomatically as a transient warm or burning sensation of the 
face [3,20]. 


Papules and pustules. Patients with papules/pustules often have 
a history of ‘spots, red bumps or pimples’ that are located prin- 
cipally in the centrofacial area (Figure 89.6a). Their appearance is 
characterised by prominent lesional erythema. In severe cases, these 
coalesce into plaques. There may also be mild facial oedema, which 
is most noticeable if there are widespread inflammatory lesions. 
Individual lesions may be slightly tender. Pustules (Figure 89.6b) 
can accompany papules, with most being relatively superficial [3]. 


Papules often appear to be in different stages of evolution and 
untreated lesions wax and wane spontaneously over a course of 
weeks. Lesions that resolve typically heal without scarring but may 
leave persistent postinflammatory erythema and in darker skin 
postinflammatory hyperpigmentation (Figure 89.6c). 


Telangiectasias. Telangiectasias in rosacea are superficial, visible, 
dilated blood vessels appearing as red arcuate lines at the central 
face (Figure 89.7). It can be difficult to distinguish telangiectasias 
due to rosacea from photodamage (see Differential diagno- 
sis section later in this chapter). Telangiectasias contribute to 
facial redness and can become more prominent over time. Der- 
matoscopy may assist in detection of telangiectasias in darker 
phototypes [3,20]. 


Ocular rosacea. Up to three-quarters of patients with rosacea have 
ocular symptoms such as foreign body sensation, dryness, burning, 
itching, redness, photophobia, tearing and blurred vision [91-93]. 
These may develop concurrently or independently of cutaneous 
features [92,94]. A frequent ocular complaint is irritation or a 
‘gritty’ sensation. Ocular features typically occur bilaterally, but 
there are cases of unilateral or sequential involvement [94]. Ocular 
manifestations are telangiectasias of the eyelid margin, crust and 
collarette scale formation around eye lashes (Figure 89.8), thickened 
lid margin, meibomian gland dysfunction (plugging), interpalpe- 
bral conjunctival injection and neovascularisation, spade-shaped 
infiltrates in the cornea, chalazia, scleritis and sclerokeratitis [3,95]. 
Minimum diagnostic criteria for ocular rosacea include either the 
combination of lid margin telangiectasias and interpalpebral injec- 
tion, or scleral inflammation with corneal abnormalities [2]. Severity 
of ocular rosacea and clinical findings can be mild (mild blepharitis 
and lid margin telangiectasias), mild—moderate (blepharoconjunc- 
tivitis), moderate-severe (blepharokeratoconjunctivitis) or severe 
(sclerokeratitis or anterior uveitis) [2]. Other severe manifestations 
include corneal ulcers and loss of vision [91-93,95,96]. Ocular 
rosacea can range from nuisance to debilitating including loss of 
vision. Corneal ulcers and sudden vision loss mandate immediate 
ophthalmology referral. 

However, most common are blepharoconjunctivitis with eyelid 
margin inflammation and meibomian gland dysfunction. The latter 
results in tear film dysfunction [94]. Symptoms and signs of ocular 
rosacea are not specific for the disorder (see Differential diagnosis). 
Ocular rosacea is insufficiently recognised in children and in indi- 
viduals with skin of color [97]. In pediatric rosacea, ocular symptoms 
can be predominant and often precede cutaneous features [98,99]. 
A high level of suspicion is needed as ocular involvement in children 
can be severe. 


Minor features. Burning and stinging are experienced by many 
patients with rosacea, especially in those with persistent and tran- 
sient erythema. Their facial skin is sensitive and easily irritated with 
daily skincare products. Burning and stinging are often exacerbated 
by sunlight and wind exposure. A dry sensation with the skin 
feeling rough, tight, scaly and/or itchy is also commonly reported 
[3,8]. Although itch and pain are not considered typical of rosacea, 
they are frequently present and underestimated by physicians [10]. 
Facial oedema may be present especially when there are many 


Figure 89.6 (a) Papules in the centrofacial 
area. (b) Pustules in the centrofacial area. (c) 
Postinflammatory hyperpigmentation. 


Figure 89.7 Prominent telangiectatic vessels centrofacial and on the lateral cheeks. 


inflammatory lesions or may be due to prolonged erythema [3,8]. 
Oedema can be soft or firm and may vary in duration [8]. 


Clinical variants 

Atypical distribution. Papules/pustules in rosacea may be asym- 
metrical or involve areas beyond typical centrofacial locations 
(periocular and postauricular) (Figure 89.9). Male patients with 
inflammatory papules/pustules and androgenetic alopecia fre- 
quently develop similar inflammatory lesions on their bald scalp. 


Granulomatous rosacea. Granulomatous rosacea (GR) is uncom- 
mon and presents with persistent monomorphic, firm, yellow, red 
to brown papules or nodules around the mouth, eyes, cheeks and 
lateral sides of the face and neck (Figure 89.10) [100-102]. In severe 
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cases, scarring may occur [7,90]. Lesions may vary in size between 
individuals but are usually less variable in an individual. Extra- 
facial involvement has been reported involving ears, neck, axil- 
lae, shoulders, groins, thighs and knees [102]. Other features of 
rosacea such as flushing, telangiectasias and erythema may be 
present [90] with similar exacerbating factors [100]. Dermoscopy 
demonstrates diffuse or focal orange-cream structureless areas [103]. 
Large pandermal granulomas with or without caseation are char- 
acteristic for GR [55]. Lupus miliaris disseminatus faciei (LMDF) 
has been considered a variant of GR by some because of simi- 
larities in its histopathology and clinical picture but as a distinct 
entity by others (see section on LMDF later in this chapter). GR 
should be differentiated from sarcoidosis. Evaluations should 
involve clinical assessment, skin biopsy and laboratory testing 
[90,100,102,104]. Treatment is difficult, and there is no standard 
treatment although case reports suggest tetracyclines as initial 
treatment and isotretinoin for recalcitrant cases [102,105]. 


Differential diagnosis 
The differential diagnoses vary according to clinical features at pre- 
sentation (phenotypes). 


Erythema. Centrofacial erythema with potential for episodic 
intensification is a diagnostic feature of rosacea on exclusion of 
differential diagnoses [3]. In rosacea, erythema which is persistent 
and diffuse (background erythema), without inflammatory lesions, 
must be distinguished from lesional erythema, which is related to the 
presence of inflammatory papules/pustules [106,107]. When both 
features are present, it can be extremely difficult to distinguish the 
contribution to erythema due to papules/pustules and persistent 
erythema. 


Persistent, diffuse erythema (background erythema). Differential 
diagnoses of persistent, diffuse erythema (background erythema) 
include the following. 


Heliodermatitis. Heliodermatitis (or photodamage) presents as 
persistent erythema together with telangiectasias due to chronic UV 
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Figure 89.8 Ocular rosacea: (a) crust and collarette scale formation around the base of 
eye lashes; and (b) lid margin telangiectasias and conjunctival injection. 


exposure (Figure 89.11) [56,108,109]. In heliodermatitis, erythema 
often extends to the lateral face and neck and there is a history of 
outdoor activities, occupational or recreational [56,109]. 


Seborrheic dermatitis. This is a common dermatosis characterised 
by patchy scaly erythema at the perinasal, scalp, periauricular, 
glabella and eyebrow regions (Figure 89.12). It often coexists with 
rosacea but in contrast to rosacea tends to improve with sun 
exposure. 


Facial contact dermatitis. This results in itchy erythema at sites 
of irritant or allergen application. This may involve the entire face 
if applications are panfacial. In facial aerocontact dermatitis, full 
facial involvement including the periocular regions without a zone 
of sparing, unlike rosacea, is a differentiating factor. 


Systemic lupus erythematosus and (sub)acute cutaneous lupus 
erythematosus. These may present with photo-distributed ery- 
thema. In addition to evaluation of other clinical features, skin 


Figure 89.9 Grouped papules behind the ear of a patient with moderate rosacea with 
papules and pustules. This is a commonly overlooked location of inflammatory lesions. 


Figure 89.10 Granulomatous rosacea. There is a profuse eruption of small, firm, 
monomorphic, plum-red, dome-shaped papules on the chin. Histology showed multiple 
dermal granulomas. 


biopsy and serological testing may be required for definitive 
diagnosis. 


Dermatomyositis. This should be suspected with red-violet discol- 
oration of the eyelids, red papulosquamous eruption of extensor 
regions of the extremities and torso, along with limb—girdle muscle 
soreness and weakness (Figure 89.13) [110]. 


Ulerythema ophryogenes. This is mostly seen in children and 
young adults presenting with facial erythema. The characteristic fol- 
licular keratosis in ulerythema ophryogenes enables differentiation 
from rosacea [111]. 


Transient erythema (flushing). Transient erythema or flushing 
is caused by increased cutaneous blood flow from temporary 
vasodilatation [112]. Common causes for flushing other than 
rosacea include benign cutaneous flushing, fever, hyperthermia 
and menopause. Uncommon, serious causes include carcinoid 


Figure 89.12 Perinasal seborrhoeic dermatitis with distinct erythematous patches and 
scaling, extending on the cheeks. 


syndrome, pheochromocytoma, mastocytosis and rare malig- 
nancies [113,114]. Cardiac disease and drugs are also implicated 
such as vasodilators, calcitum-channel blockers, nicotinic acid, 
opiates, ciclosporin, beta-blockers, angiotensin-converting enzyme 
inhibitors and alkylnitrites (recreational drugs) [113]. Further inves- 
tigations may be appropriate based on history, associated signs and 
symptoms (Table 89.2). 


Inflammatory lesions (papules/pustules) with or without ery- 
thema. Differential diagnoses of inflammatory lesions (papules/ 
pustules) with or without redness include the following. 


Acne vulgaris. This may be mistaken for papules/pustules of 
rosacea especially in late-onset acne. However, comedones, the 
hallmark lesions of acne, are present. Furthermore, sequelae of cysts 
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Figure 89.13 Photodistributed erythema reaching over the 'V’ area of the anterior 
chest. 


Table 89.2 Differential diagnoses of uncommon, serious causes of transient erythema 
(flushing). 


History, clinical picture, 


Differential diagnosis further investigations 


Carcinoid syndrome Weight loss, increased 
5-hydroxyindole—acetic acid in 
urine 

Hypotension, tachycardia, increased 
histamine and tryptase in plasma, 
increased mast cells in skin biopsy 

Hypertension, palpitations, headache, 
sweating, catecholamine and 
(nor)metanephrine excess in 
urine/plasma 

History, physical examination, specific 
laboratory tests, advanced 
imaging techniques 


Mastocytosis 


Pheochromocytoma 


Other causes: 
Pancreatic neuroendocrine tumour 
Medullary thyroid cancer 
Endogenous Cushing syndrome 
Renal cell carcinoma 
Drugs 


and scars are unique to acne, although the latter may be evident 
from prior acne. Rosacea papules/pustules and erythema mostly 
involve the central face while acne lesions extend to the lateral 
cheeks, jawline, temples, neck and torso [3,8]. Eye symptoms and 
flushing are not characteristic of acne [3]. Sun exposure may worsen 
rosacea, whilst ameliorating acne. These conditions can coexist. 


Granulomatous rosacea. Granulomatous rosacea is discussed 
under ‘Clinical variants’ earlier in this chapter. 
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Periorificial facial dermatitis (PD). This includes perioral dermati- 
tis and periorbital dermatitis. Monomorphic, small papulopustules 
or papulovesicles dominate the clinical picture. Both topical and 
inhaled corticosteroids increase the risk of this condition (see ‘Facial 
dermatoses with an uncertain nosological relationship’ later in this 
chapter). 


Lupus miliaris disseminatus faciei (LMDF). This is an infrequent 
granulomatous inflammatory condition, with a distinct clinical 
presentation, mainly affecting the face of young male individuals. 
While self-limiting, it may persist for several years (see ‘Facial 
dermatoses with an uncertain nosological relationship’ later in this 
chapter). 


Tinea faciei. This can present with erythema, papules and pus- 
tules and can be difficult to distinguish from atypical rosacea. The 
peripheral scaling, typical itch and expanding edges are suggestive. 
Confirmatory fungal skin scraping on microscopy and culture is 
diagnostic. 


Jessners lymphocytic infiltrate. This is a rare condition that can 
present with papules, mostly asymptomatic, that can last for weeks 
or months before spontaneous resolution (Chapter 134). 


Pityriasis folliculorum. This can result in rosacea-like skin erup- 
tions with high-density Demodex mite infestation in the follicles. It 
can induce irritation and a burning sensation. Slight erythema and 
occasional papules and pustules might be seen. Digitate keratosis is 
typical due to follicular scaling. Dermoscopy, skin scrapings and/or 
biopsy are useful to identify Demodex infestation. 


Rosacea-like dermatoses due to medication. These can occur with 
topical and systemic corticosteroids (see ‘Facial dermatoses with an 
uncertain nosological relationship’ later in this chapter). Further- 
more, psychotropic medications, calcineurin blockers, hormones, 
aromatic anticonvulsants and drugs such as epidermal growth 
factor blockers (e.g. cetuximab), small-molecule tyrosine kinase 
inhibitors (e.g. erlotinib) and MEK (mitogen-activated extracellular 
signal-regulated kinase) inhibitors (e.g. trametinib) can induce 
acneiform lesions. Medication history and temporal association are 
valuable in making this diagnosis. 


Phymatous rosacea. Differential diagnoses of phymatous rosacea 
include the following. 


Sarcoidosis. In sarcoidosis (lupus pernio) affected tissue shows 
a dark red-violaceous enlargement with a firm, indurated con- 
sistency (Figure 89.14). In phyma associated with rosacea, large 
follicular openings are typical and the tissue is less indurated. 
Furthermore, phymatous tissue is mostly skin colored or slightly 
erythematous. Only the angiomatous form of rhinophyma shows 
dark red to purple coloration. In sarcoidosis, diascopy shows the 
typical ‘apple-jelly’ colour, characteristic of granulomatous skin 
lesions. Histological examination shows non-caseating granulomas 
with little surrounding inflammation. Additional investigations 
(increased level of serum angiotensin-converting enzyme, chest 
X-ray, pulmonary function tests) might be necessary. 


Figure 89.14 Lupus pernio. A skin biopsy showed the characteristic non-caseating 
granulomas of sarcoid. 


Discoid lupus erythematosus. This is characterised by erythema, 
scaling, follicular plugging, absence of enlarged follicular openings 
and tendency to scarring. A skin biopsy including direct immunoflu- 
orescence should establish the diagnosis. 


Solid facial lymphoedema (Morbihan disease). This mostly affects 
the central and upper aspect of the face and may resemble rhino- 
phyma when it involves the nose. The clinical picture consists 
of persistent erythema and firm, non-pitting swelling (see ‘Facial 
dermatoses with an uncertain nosological relationship’ later in this 
chapter). 


Lymphocytoma cutis. Lymphocytoma cutis or cutaneous pseudo- 
lymphoma is rare and considered to be a reactive lymphoprolifera- 
tive process (Chapter 139). The combination of clinical signs, such as 
a solitary or several red or blue-red papules or plaques on the face 
and ears, in combination with histology can establish the diagnosis 
[115]. 


Neoplasms. Neoplasms such as keratinocyte carcinomas, lym- 
phomas and angiosarcoma involving the nose can be confused with 
rhinophyma. Diagnosis is based on histology. 


Granuloma faciale. This is a rare, benign, chronic dermatosis 
presenting with single or multiple facial and occasional extrafacial 
reddish-brown asymptomatic plaques [116] (Chapter 100). There 
are no strictly defined histopathological criteria but the presence of 
many eosinophils is characteristic. 


Ocular rosacea. Other common inflammatory skin diseases such as 
seborrhoeic dermatitis, atopic dermatitis and psoriasis can also be 
accompanied with ocular involvement [117]. However, ocular find- 
ings suggestive of rosacea include lid margin telangiectasias and 
interpalpebral injection, or corneal abnormalities and scleral inflam- 
mation [2]. 


Complications and co-morbidities 

The most frequent consequences of rosacea are psychosocial, 
including adverse impact on QOL, embarrassment, anxiety regard- 
ing flares, loss of self-confidence, social anxiety, depression and 
stigmatisation. In rosacea, common concomitant conditions include 
acne, seborrhoeic dermatitis and atopic dermatitis [118-121]. 


Table 89.3 Potential exacerbating factors and triggers [1,4, 14,123]. 
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Exposure Food and drinks 
Psychological stress (anger, anxiety, Alcohol 
embarrassment) Coffee/tea 
Climate (cold, heat, humidity, UV Dairy products 
light, wind) Chocolate 
Fever Chili, curry, peppers, capsaicin 
Exercise Tomatoes 
Hot flushes Spinach 
Microorganisms (Demodex, Soya 
Helicobacter pylori, Vinegar 
Staphylococcus epidermidis) Citrus fruits 
Avocado 
Eggplant 
Topical irritants Drugs 
Alcohol-containing facial cleansing Capsaicin 
products Corticosteroids 
Fragrance/aftershave Doxorubicin 
Facial cleansing wipes Interferon 
Menthol Infliximab 
Shaving foam Niacin 
Peeling products Nifedipine 


Waterproof cosmetics 
Soap 


Nitroglycerin 
Prostaglandin E 


Rifampicin 


Additionally, treatment for one condition (e.g. topical steroids for 
atopic or contact dermatitis) may aggravate rosacea. 


Disease course and prognosis 

Rosacea is a chronic disease with periodic remission of papules/ 
pustules. Individual features may progressively worsen without 
treatment. Erythema can become more pronounced and may inten- 
sify with increasing telangiectasias. Crops of inflammatory lesions 
can occur during flares, but these dissipate with increasing age. The 
developmental sequence of signs and symptoms in rosacea may 
initiate with flushing (transient erythema) followed by persistent 
erythema and telangiectasias. Papules/pustules may then develop 
and phyma is of even later onset [122]. 

Rhinophyma can result in adverse QOL impact, facial dis- 
figurement and, in severe cases, airway obstruction [22]. 

Ocular rosacea-like cutaneous rosacea is chronic with recurrent 
flares. Early and ongoing treatment provides for symptomatic 
improvement and ongoing care may reduce the risk of corneal 
complications [3,94,97]. 


Investigations 

Investigations are not required for patients who present with the 
typical clinical features of rosacea. In atypical presentations or 
those with unusual symptoms, alternative diagnoses should be 
considered. There is no specific test that will establish the diagnosis 
of rosacea. Histology can be supportive but is not diagnostic. 


Management 
Management starts with educating patients and with helping them 
identify potential exacerbating factors and triggers [1,8,14,123]. 


In Table 89.3 potential exacerbating factors and triggers are 
summarised. Keeping a diary can assist patients with identifying 
triggers worsening their rosacea. 

Although evidence is limited, clinical experience suggests that 
general skin care measures are important [1,8,14]. Impaired skin 
barrier function should be addressed with non-soap cleansers 
(e.g. synthetic detergents) and gentle moisturisers. As UV light 
can trigger erythema and flushing, sun protection with hats, sun- 
glasses and sunblock is recommended (Box 89.1) [1,8,14]. The use 
of foundation and camouflage cosmetics can provide aesthetic 
improvement. 


Box 89.1 General measures and skin care guidance 


Identify and avoid triggers that aggravate the rosacea (such as 
cosmetics, environmental factors, exercise, foods or drinks and drugs) 


Advise patients to: 

Avoid triggers whenever possible 

e Avoid direct sun exposure 

Daily use of a sunscreen protecting against both UVA and UVB, 

minimum sun protection factor 30, preferably containing 

dimethicone, cyclomethicone or both to minimise irritation. Mineral 

sunscreens with zinc oxide and/or titanium dioxide tend to be better 

tolerated 

Use soap-free facial skin cleansers, rinse off with lukewarm water 

and gently pat dry 

¢ Use a hydrating, non-irritating, non-occlusive moisturiser. Cosmetics 
with a green or yellow pigment can camouflage redness 

¢ Use a non-oily/greasy foundation and/or concealer if camouflaging 
redness is desired 


Advise patients to avoid: 

Waterproof make-up, as removing is more difficult and can irritate 

the skin 

¢ Skin tonics, toner and astringents (i.e. products containing alcohol, 
menthol, lavender, peppermint, camphor, witch hazel or eucalyptus 
oil) 

¢ Cosmetics containing sodium lauryl sulphate, fragrance, fruit acids 
or glycolic acids 

¢ Rubbing, scrubbing and peeling of the skin (including facial sponges, 
scrub creams and washcloths) 


First line 

Initial management requires identifying the presenting features 
of rosacea, their clinical severity and patient impact. The burden 
of rosacea does not necessarily correlate with disease severity 
(see ‘History and presentation’ earlier in this chapter), therefore 
it is important to establish patient expectations, including their 
values and preferences. Treatment selection can then be based on 
evidence and the principles of shared decision making [10,14]. 
Multiple features can be treated simultaneously by combining 
treatments [8,13,14]. Achieving complete resolution of erythema 
and papules/pustules is associated with an improved QOL and an 
extended time to relapse [124]. Therefore, complete resolution may 
be an appropriate treatment goal, but more research is required for 
other rosacea features [8,14,124]. 

Ocular rosacea is discussed in a separate section. 
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Details regarding concentration, dosing regimen and treatment 
duration are discussed in the Treatment ladder at the end of this 
section. 


Diagnostic features 

Persistent erythema. Topical a-adrenergic agonists such as bri- 
monidine or oxymetazoline hydrochloride can diminish the redness 
for up to 12h [1,4,8,13,14]. However, not all patients benefit to a 
satisfactory extent and some may have worsening of erythema [125]. 


Phymatous rosacea. For mild inflamed phyma, topical retinoids 
[1,14] or ultra-low-dose isotretinoin may be considered [126,127]. 


Major features 

Transient erythema (flushing). Although there is limited evi- 
dence for the efficacy of topical «-adrenergic agonists these can be 
considered [8,13,14]. The use of either topical brimonidine or 
oxymetazoline may result in less flaring and flushing. 


Papules and pustules. The following topical products are avail- 
able: ivermectin, metronidazole and azelaic acid [1,4,8,13,14]. Others 
that can be considered include sodium sulfacetamide 10% and 
sulphur 5% preparations, and more recently minocycline foam and 
encapsulated benzoyl peroxide [14,24]. Treatment should be con- 
tinued for 8-12 weeks and followed by reassessment. Topical 
medications should be applied before a daily moisturiser or sun- 
block. Combining brimonidine with ivermectin results in a greater 
reduction of erythema and inflammatory lesions, supporting an 
additional effect of brimonidine to ivermectin cream [24,128]. Topi- 
cal clindamycin is not effective for treating papules and pustules of 
rosacea [4]. 


Telangiectasia. Electrodessication can treat facial telangiectasias 
but risks scarring [1,8] and therefore has largely been replaced by 
intense pulsed light (IPL) therapy and vascular lasers, which are 
effective with lower scarring risks. 


Second line 

If there is intolerance, inadequate improvement, lack of access to first 
line treatment or higher levels of severity, second line options may 
be considered. These include systemic treatments or dermatological 
procedures [1,13,14]. 


Diagnostic features 

Persistent erythema. Both IPL therapy as well as vascular laser 
therapy are widely used to treat erythema and telangiectasias. 
These are often effective in reducing telangiectasias and persis- 
tent erythema. However, the effect in diminishing erythema can 
sometimes be incomplete [1,4,8,13,14]. 


Phymatous rosacea. Clinically inflamed phyma may be treated 
with oral sub-antimicrobial doxycycline 40mg modified release 
(MR) or doxycycline 100 mg [1,8,13,14,22]. Their presumed mecha- 
nism in rosacea is due to anti-inflammatory effects. Isotretinoin not 
only reduces inflammation, but also reduces the size of sebaceous 
glands, sebum production and oedema [22]. Low-dose isotretinoin 


is recommended to prevent worsening ocular rosacea and may 
reduce phyma. However, isotretinoin is highly teratogenic and 
pregnancy prevention during treatment is imperative [1,14]. 


Major features 

Transient erythema (flushing). Although there is limited evidence 
for the efficacy of a-adrenergic agonists or B-blockers in transient 
erythema, carvedilol, clonidine and propranolol can be considered 
[8,13,14]. Well-known adverse events include hypotension, brady- 
cardia and dizziness [1]. Both IPL therapy and vascular laser can 
reduce the intensity of erythema during flushing. 


Papules and pustules. Usually, topical treatment is continued with 
the initiation of systemic treatment. Doxycycline 40mg MR once 
daily is the only systemic drug approved for inflammatory lesions 
of rosacea. The combination of doxycycline 40 mg with topical iver- 
mectin enhances clinical improvement [129,130]. There is less robust 
evidence for systemic antibiotics other than doxycycline 40 mg MR. 
One study found doxycycline 100mg daily to be as effective as 
doxycycline 40mg MR with more adverse events (especially gas- 
trointestinal) [4]. However, the experience of many dermatologists 
is that it is more effective than doxycycline 40 mg MR. Minocycline 
100 mg daily may also be considered; however, rare but serious side 
effects of autoimmune hepatitis, drug-induced lupus erythematosus 
and hyperpigmentation (with prolonged use) have been reported 
[1,4]. If tetracyclines are not tolerated, azithromycin has been 
demonstrated to be effective for papules /pustules of rosacea [4]. 


Telangiectasia. Both IPL therapy and vascular lasers are effective in 
treating telangiectasias. Side effects consist mainly of transient pain 
and purpura. Less common are crusting, hyper- and hypopigmen- 
tation and scarring. 


Third line 

These treatments may be considered when first and second line 
treatments are inadequate, not tolerated or inaccessible or if severity 
at outset requires escalation in treatment. 


Diagnostic features 

Persistent erythema. Combining both topical a-adrenergic ago- 
nists and device treatments (IPL and vascular laser) may provide 
greater efficacy than either alone. Intradermal botulinum toxin 
injections have been shown to reduce facial erythema and flushing. 
However, these treatments require repetition every 3-6 months 
[131-134]. Localised bruising, transient pain and headache are the 
most frequently reported side effects. 


Phymatous rosacea. Various ablative options are available to 
debulk phyma and remodel the affected area. Electrosurgery, 
scalpel sculpting and ablative laser therapy (e.g. carbon dioxide 
laser) can provide long-lasting, excellent results (Figure 89.15) 
[1,8,13,14,135]. 


Major features 

Transient erythema (flushing). As for persistent erythema, 
botulinum toxin injections appeared to be effective and safe in 
several small studies for reducing flushing [131-134]. 
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(a) 
Figure 89.15 Rhinophyma before (a) and after (b) 4 months’ treatment with scalpel 
excision. 


Papules and pustules. Isotretinoin is effective for severe or refrac- 
tory papules and pustules of rosacea [1,4,8,13,14]. To avoid wors- 
ening of ocular features by exacerbation of tear film dysfunction, 
isotretinoin should be used in the lowest effective dose. 


Telangiectasia. Unresponsive telangiectasias or larger facial ves- 
sels may require sclerotherapy. This should be performed by 
an experienced injector with a thorough knowledge of vascular 
anatomy [136]. 


Maintenance treatment 

Rosacea is a chronic condition and although remissions can 
be achieved, relapses are likely to occur. Therefore, ongoing 
attention to trigger avoidance and general skin care is advisable. 
Topical metronidazole, topical azelaic acid and topical ivermectin 
have been shown to maintain remission after clearance of papules/ 
pustules of rosacea [1,4,13]. 


Ocular rosacea treatment 

First line. Daily lid hygiene can be helpful for patients with early 
blepharitis and lid crusting [1,13,94,95,97,117]. Cleansing can be 
achieved by gentle application of diluted baby shampoo (add a 
few drops of baby shampoo in a shot glass with warm water) 
to the lid margins with a cotton applicator. Prior application of 
warm compresses may help liquefy the meibomian gland plugs to 
facilitate removal [94,95,97]. Artificial tears are helpful to address 
ocular dryness due to tear film dysfunction from reduced meibo- 
mian gland lipid excretion [137,138]. As saline does not replace the 
needed lipid component, eye drops containing hydroxypropyl-guar 
(HP-guar) four times a day are more effective and can restore the 
tear film and improve meibomian gland functionality [135,137,138]. 


Omega-3 supplementation improves dry eye symptoms as well as 
tear gland function [4,13,14,135]. 


Second line. In addition to lid hygiene, warm compresses, 
HP-guar-containing eye drops and omega-3 fatty acids, ciclosporin 
ophthalmic emulsion can reduce the signs and symptoms of 
ocular rosacea [1,4,13,14]. Other options to address bacteria 
and/or inflammation include topical fusidic acid, azithromycin, 
tacrolimus, ivermectin and metronidazole applied to the lid margins 
[1,4,14,94]. 


Third line. When the above are insufficient, or if ocular involvement 
is moderate to severe, systemic treatment should be considered and 
referral to an ocular specialist arranged [8,14,94,95]. Cutaneous 
rosacea should be taken into account when starting oral treat- 
ment to optimise treatment results for both cutaneous and ocular 
features. Both daily doxycycline 40mg MR as well as doxycy- 
cline 100mg have been shown to be effective in treating ocular 
rosacea [1,4,13,14,94,95,135]. Other options include azithromycin 
and minocycline [14,94]. Immediate referral to an ophthalmologist 
is warranted for corneal ulceration, sudden pain or visual decline 
and suspected ocular rosacea in children (see ‘Management of 
paediatric rosacea’) [1,13,14,94]. IPL and laser therapy have demon- 
strated beneficial effects on telangiectasias and meibomian gland 
dysfunction [14,95]. 


Treatment ladder for rosacea 


Diagnostic features 


Persistent erythema 


First line 

¢ General skin measures and avoidance of exacerbating factors 
and triggers 

e Topical brimonidine 0.33% gel or oxymetazoline 
hydrochloride 1% cream once daily 


Second line 

e Intense pulsed light (IPL) or pulsed-dye laser (PDL) therapy, 
neodymium:yttrium-aluminium-garnet (Nd:YAG) laser or 
potassium-titanyl-phosphate (KTP) laser therapy 


Third line 

¢ Combined topical a-adrenergic agents and light/laser 
treatments 

¢ Botulin toxin injections may be considered 


Phymatous rosacea: inflamed phyma 


First line 

¢ General skin measures and avoidance of exacerbating factors 
and triggers 

e Tretinoin 0.025% cream or 0.01% cream/gel once or twice 
daily for 8-12 weeks 
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¢ Isotretinoin 10 mg daily 


Second line 
¢ Doxycycline 40 mg MR, doxycycline 100 mg once daily for 
2-4 months 


Third line 
¢ Low-dose isotretinoin 0.25-0.30 mg/kg/day for 3-6 months 


Phymatous roseacea: non-inflamed phyma 


First line 
¢ General skin measures and avoidance of exacerbating factors 
and triggers 


Second line 
e Ablative surgery, electrosurgery or laser therapy to debulk 
and reshape (most frequently the nose) 


Major features 


Transient erythema (flushing) 


First line 

¢ General skin measures and avoidance of exacerbating factors 
and triggers 

¢ Topical brimonidine 0.33% gel or oxymetazoline 
hydrochloride 1% cream once daily 


Second line 

e Carvedilol 6.25 mg 2-3 times a day, clonidine 50 1g twice 
daily or propranolol 20-40 mg 2-3 times a day 

e IPL, vascular laser 


Third line 
¢ Botulin toxin injections may be considered 


Papules and pustules 


First line 

¢ General skin measures and avoidance of exacerbating factors 
and triggers 

¢ Topical ivermectin 1% cream once daily, metronidazole 
0.75% /1% gel or cream twice daily or azelaic acid 15%/20% 
gel/cream/foam twice daily for 8-12 weeks 

¢ Sodium sulfacetamide 10% and sulphur 5% twice daily, 
minocycline 1.5% foam once daily or encapsulated benzoyl 
peroxide 5% cream once daily for 8-12 weeks 


Second line 

e Doxycycline 40mg MR once daily, doxycycline 100 mg once 
daily or minocycline 100 mg once daily for 2-4 months 

e Azithromycin 500 mg three times/week for 4 weeks, then 
tapering to 250 mg three times/week for 4 weeks, and then 
250 mg twice/week for 4 weeks 


Third line 
Isotretinoin 0.25 to 0.3 mg/kg/day for 3-4 months 


Telangiectasia 


First line 
e Electrodessication, IPL or vascular lasers 


Second line 
e IPL, PDL, Nd:YAG or KTP laser therapy 


Third line 
¢ Sclerotherapy 


Maintenance treatment 


¢ Topical ivermectin 1% cream once daily, metronidazole 
0.75% /1% gel or cream twice daily, azelaic acid 15%/20% 
gel/cream/foam twice daily for inflammatory lesions 
Topical brimonidine 0.33% gel or oxymetazoline 
hydrochloride 1% cream once daily for erythema 
Periodic treatment of erythema with IPL or vascular laser 


Ocular rosacea 


First line 

e Lid hygiene 

e¢ Warm compresses and lid massage 

e HP-guar-containing eye drops 

¢ Omega-3 supplementation 360 mg eicosapentaenoic 
acid /240 mg docosahexaenoic acid twice daily for dry eye 
symptoms 


Second line 

¢ Ciclosporin 0.05% ophthalmic emulsion one drop twice daily 

¢ Fusidic acid gel twice daily, azithromycin 1.0% ointment or 
1.5% drops one drop twice daily, tacrolimus 0.03% twice 
daily, or ivermectin or metronidazole 0.75% gel twice daily 
applicated to the lid margins 


Third line 

¢ Doxycycline 40mg MR once daily, doxycycline 100mg once 
daily or minocycline 100 mg once daily for 12 weeks 
Azithromycin 500 mg 3 days a week for 3-4 weeks or 
azithromycin 500 mg for 1 day then 250 mg for a further 

4 days 

e IPL, PDL or Nd:YAG laser therapy 


Management of paediatric rosacea 
Rosacea appears uncommon in children and adolescents. The 
prevalence and incidence are unknown. The most common features 
are papules / pustules, while persistent erythema and telangiectasias 
occur less often (Figure 89.16). Ocular manifestations, which may be 
serious especially in girls, often predominate and precede cuta- 
neous features in 50% of pediatric patients [99]. Flushing sometimes 
occurs, along with pruritus, burning and stinging [139]. Phyma 
does not occur in children. 

Management of childhood rosacea includes identifying and 
avoiding triggers and UV protection with sunscreens [139-141]. 


Facial dermatoses with an uncertain nosological relationship to rosacea 


Figure 89.16 Pediatric rosacea showing papules and pustules in a young girl. 


There is limited evidence for treatment. In several case reports and 
case studies, efficacy of topical and systemic treatment has been 
reported. Most treatments are not approved for children. 


Treatment ladder for paediatric rosacea 


First line 

¢ Topical azelaic acid 15%/20% gel/cream twice daily, 
metronidazole 0.75% /1% gel or cream twice daily, permethrin 
5% twice daily and ivermectin 1% cream once daily. 


Second line 
For more severe cases combinations of topical and systemic 
treatment are recommended for 8-12 weeks; prolonged 
treatment may be required [139-141]: 
¢ Tetracycline 500 mg twice daily (tapering)* 
¢ Minocycline 50-100 mg twice daily* 
¢ Doxycycline 50-100 mg twice daily* 
e Azithromycin 5-10 mg/kg once daily 
e Erythromycin 30-50 mg/kg once daily 
e Metronidazole 20-30 mg/kg once daily. 
e Ivermectin single dose 200-250 pg/kg (children >15 kg) 


For ocular involvement, ophthalmic consultation is 
recommended [95]. 


*Not for children younger than 8-9 years [144]. 


Management of rosacea in pregnant and lactating women 

Few treatments are considered safe during pregnancy and lactation 
[1,142,143]. Well-controlled human studies of rosacea medications 
evaluating fetal and infant outcomes are not available. Accordingly, 


89.15 


estimates of risk derive from animal or human pharmacokinetic 
studies (serum and breast milk levels in women). Benefit—risk ratio, 
patient preference as well as approval for this specific population 
by regulatory authorities such as the US Food and Drug Adminis- 
tration (FDA) and the European Medicines Agency (EMA) should 
be taken into account when making a treatment choice. 

As both laser as well as IPL therapy can be painful and cause dis- 
tress, treatment for erythema and telangiectasias can be postponed 
until postpartum. For papules and pustules the treatments in the 
treatment ladder can be considered [1,142,143]. 


Treatment ladder for rosacea in pregnant and 
lactating women 


First line 
¢ Metronidazole 0.75%/1% gel or cream twice daily 
e Azelaic acid 15%/20% gel/cream/foam twice daily 


Second line 

e Azithromycin 500 mg three times/week for 4 weeks, then 
tapering to 250 mg three times/week for 4 weeks, and then 
250 mg twice/week for 4 weeks 


There is no evidence for the efficacy of clarithromycin nor 
erythromycin in rosacea [1,4]. Tetracyclines and isotretinoin are 
absolutely contraindicated in pregnancy. 


Ocular rosacea 
First line 


e Lid hygiene and artificial tears 
e Fusidic acid gel twice daily 


Second line 
¢ Ciclosporin 0.05% ophthalmic emulsion one drop twice daily 


Resources 


American Academy of Dermatology: https: / / www.aad.org/public. 

British Association of Dermatology: www.bad.org.uk/. 

European Academy of Dermatology and Venereology patient information leaflets: 
https://www.eadv.org /patient-corner/leaflets. 


National Rosacea Society, USA: www.rosacea.org. 
(All last accessed January 2022.) 


FACIAL DERMATOSES 
UNCERTAIN NOSOLOG 
TO ROSACEA 


There are various facial dermatoses that share some features with 
rosacea but for which there is currently no consensus as to their 
nosological relationship with rosacea. These are described in this 
section. 
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Idiopathic facial aseptic grar 


Synonyms and inclusions 
e Pyodermite froide du visage 


Idiopathic facial aseptic granuloma (IFAG), which only occurs in 
children, is characterised by one or more painless red or purple nod- 
ules, usually on the cheeks (Figure 89.17) [1]. Based on histopathol- 
ogy, which resembles granulomatous rosacea and because of 
frequent occurrence of chalazia, it is suggested that IFAG fits within 
the spectrum of childhood rosacea [2]. The condition typically 
resolves spontaneously or in response to antibiotic treatment [3]. 


Figure 89.17 Idiopathic facial aseptic granuloma showing a well-defined plum-coloured 
nodule on the face. 


(a) (b) 


Figure 89.18 (a) Rosacea fulminans showing an abrupt onset of severe inflammation 
with extensive papules and to a lesser extent pustules in a young pregnant woman. (b) 
Rosacea fulminans showing marked erythema, inflammatory papules, pustules and 
nodules. 


Rosacea fulminans — Wa 


Rosacea fulminans, previously called pyoderma faciale, is a 
rare facial dermatosis characterised by sudden onset of marked 
erythema, inflammatory papules, pustules, nodules, cysts and 
indurated haemorrhagic plaques (Figure 89.18) [4]. Ocular involve- 
ment is reported [5-7] but extrafacial manifestations are rare [4]. 
The disease typically occurs in young women, the majority having a 
history of rosacea. Common identifiable triggers include pregnancy, 
emotional stress, medications and inflammatory bowel disease [4,7]. 
Histopathology is not specific but may exclude other disorders such 
as granulomatous rosacea [7]. Early treatment is recommended 
to prevent scarring [8]. The combination of oral isotretinoin and 
corticosteroids has been reported to be most successful. During 
pregnancy, a combination of oral antibiotics such as macrolides 
with oral corticosteroids or topical therapy is suggested, as oral 
antibiotic monotherapy may not be sufficient [4,5]. 


Solid facial lymphoedema ~— SOM 


Synonyms and inclusions 


e Morbihan disease 


Introduction and general description 

This is a rare condition of persistent, pronounced, mostly sym- 
metrically distributed, firm, non-pitting oedema with erythema 
involving the upper two-thirds of the face (Figure 89.19) [9]. It may 
result in significant discomfort, visual impairment and cosmetic dis- 
figurement [10]. The condition may occur spontaneously or develop 
in the context of rosacea [11]. Whilst most are reported in white 
middle-aged males, patients with skin of colour and younger indi- 
viduals have been described [9]. It is a clinical diagnosis but other 
diagnoses such as thyroid disease, dermatomyositis, angioedema, 
systemic lupus erythematosus, Melkerson—Rosenthal syndrome 
and neoplastic disease (if presentation is asymmetrical) should be 
excluded [12,13]. 


Pathophysiology 

The pathogenesis remains unclear. It has been postulated that 
chronic inflammation with inadequate lymphatic drainage 
and/or intralymphatic obstruction results in lymphoedema [14]. 
Histopathology shows features characteristics of rosacea but 
dilated lymphatic vessels, granulomas and clusters of mast cells are 
suggestive of the diagnosis [9,14]. 


Management 

Prolonged treatment over at least 4-6 months with tetracycline- 
based antibiotics, isotretinoin and oral corticosteroids may be 
required. These may also be used in combination with antihis- 
tamines, intralesional triamcinolone injections and debulking 
surgery. Improvement is often only partial and transient [9,14]. 
Very good results have been recently published with long-term 
ultra-low-dose isotretinoin in combination with antihistamines [15]. 


Facial dermatoses with an uncertain nosological relationship to rosacea 


Figure 89.19 Solid facial lymphoedema is characterised by the presence of persistent, 
non-tender, firm, upper facial swelling. Note the creases under the eyes in this patient 
indicating the presence of this unusual type of facial erythema and swelling. 


Corticosteroid-induced ro 
facial dermatosis 


Introduction and general description 

Steroid-induced rosacea is caused by long-term application of mid- 
to high-potency topical steroids to the face. Women are most often 
affected, but children and men may develop the condition. 


Pathophysiology 

Various factors are involved in the pathogenesis of steroid-induced 
rosacea. Accumulation of multiple metabolites, such as nitric 
oxide, and alterations in the skin microbiome are implicated [16]. 
Withdrawal of the topical steroid is essential, either rapidly or 
gradually [17]. 


Clinical features 

The clinical picture is initially characterised by fixed erythema and 
telangiectasias. Subsequently, atrophy and rosacea-like features may 
develop such as papules, pustules and scaling (Figure 89.20) [18]. 
These usually develop after 6 months or more, but have been 
observed at 2 months [19]. Symptoms include itching, burning, 
skin hypersensitivity and intense redness. Progressive increase 
in corticosteroid potency is undertaken to control symptoms and 
signs but withdrawals lead to exacerbation. This results in an 
escalating cycle of steroid abuse: temporary improvement fol- 
lowed by worsening, then escalation of steroid potency with 
improvement followed by worsening. The differential diagnoses 
include allergic corticosteroid-induced contact dermatitis, acne 
vulgaris, seborrhoeic dermatitis, systemic lupus erythematosus and 
dermatomyositis [20]. 


89.17 


Figure 89.20 Corticosteroid-induced rosacea-like facial dermatosis. 


Management 

Management comprises topical steroid withdrawal along with use 
of topical pimecrolimus, metronidazole or combinations thereof. 
The addition of oral antibiotics such as doxycycline, tetracycline 
or azithromycin for 4-8 weeks may augment resolution and 
reduce withdrawal flares [17,21]. Tacrolimus has also been recom- 
mended though tacrolimus-induced rosacea-like dermatitis has 
been reported [22]. It may take several weeks or even months before 
complete resolution is achieved. 


Periorificial facial dermat 


Synonyms and inclusions 
¢ Perioral dermatitis 
© Periorbital dermatitis 


Introduction and general description 

Periorificial facial dermatitis (PD) typically affects females 16-45 
years of age but may occur also in children [23,24]. Childhood 
periorificial dermatitis should be differentiated from childhood 
granulomatous periorificial dermatitis (CGPD), a self-limited condi- 
tion (see ‘Childhood granulomatous periorificial dermatoses’ later 
in this chapter). 


Pathophysiology 

Overuse of cosmetics, physical sunscreens and fluoridated tooth- 
paste have been considered potential causative factors [25-27]. 
Other potential causes that may have a role include microbiological 
factors (Candida albicans, fusiform bacteria and Demodex mites) 
[28,29], weather conditions (UV light, wind, heat), hormonal factors 
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(oral contraceptives) and skin-barrier impairment [30,31]. Patients 
often possess an atopic diathesis [32]. 

The mechanism(s) through which these factors contribute to 
PD is unknown. Histopathology of PD resembles rosacea with 
non-specific inflammation, but with fewer signs of actinic damage 
[24,33]. 


Clinical features 

History 

In most cases of PD, there is a history of prolonged use of cortico- 
steroids (topical, inhaled or ophthalmic). These corticosteroids can 
initially improve but subsequently perpetuate the condition. Fur- 
thermore, prior attempts at discontinuation of these preparations 
may have led to exacerbations [34,35]. 


Presentation 

Small papules and pustules or vesicles on patchy erythema around 
the mouth, with a sparing zone around the lips, and in the melo- 
labial folds, with a tendency to extend to the chin, cheeks and lat- 
eral parts of the face, are characteristic (Figure 89.21a, b) [32,36,37]. 
Lesions can also develop around the eyes and sometimes on the 
eyelids (Figure 89.21c) [38]. Symptoms include skin tightness, and 
sometimes moderate burning, pain and pruritus [32,36]. 


Differential diagnosis 

Differential diagnoses of PD include rosacea (see ‘Differential diag- 
nosis’ of rosacea, earlier in this chapter), granulomatous rosacea 
and CGPD. 


Management 

Management starts with discontinuation or tapering of topical 
corticosteroids and suspected skincare products [24,36,37]. Flares 
often occur in the first few weeks and patients need reassurance 
that discontinuation of the corticosteroid and offending cosmetics 
is necessary to achieve remission over time. Unless causative agents 
are used again, remission is usually complete and permanent [24]. 
Treatment depends on severity and adherence. Self-care regimens 
including daily cleansing with water and use of gentle mois- 
turisers are suggested [37]. Topical medications like ivermectin, 
metronidazole, azelaic acid and pimecrolimus can be helpful. In 
contrast, topical tacrolimus may induce a rosaceiform dermatitis 
[24,36,39,40]. In more severe cases, oral tetracycline, doxycycline, 
minocycline or erythromycin can be considered [32,36]. 
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Childhood granulon 
periorificial derm 


Synonyms and inclusions 
e Facial Afro-Caribbean childhood eruption (FACE) 


(c) 


Introduction and general description Figure 89.21 (a) Perioral dermatitis showing papules/pustules around the mouth. (b) 
Perioral dermatitis showing papules/pustules with spare zone around the lips and in the 


Childhood granulomatous periorificial dermatoses (CGPD) is melolabial folds and on the chin. (c) Dermatitis periorbitalis. 


considered a variant of PD, while others consider it a variant of 


Figure 89.22 Childhood granulomatous periorificial dermatitis. Courtesy of Professor 
Hywel Williams, University of Nottingham, UK. 


granulomatous rosacea [24,41,42]. CGPD generally occurs in prepu- 
bertal children of African descent although the condition has also 
been reported in children with light phototype [43]. 


Pathophysiology 

Histologically, CGPD demonstrates non-caseating granulomatous 
infiltrates of lymphocytes, histiocytes and giant cells in the mid and 
upper dermis with perifollicular involvement [41,44]. The etiology 
and pathogenesis of CGPD are unknown [42]. 


Clinical features 

Presentation 

The clinical features are characterised by symmetrical distri- 
bution of monomorphic flesh-colored, pink and yellow-brown 
papules around the mouth, nose and eyes (Figure 89.22) [41]. Occa- 
sionally extrafacial involvement (ears, neck, trunk, upper limbs, 
genital area) along with blepharitis and conjunctivitis has been 
reported [45]. 


Management 

The condition is self-limiting, and may result in some scarring 
[24,42]. Treatment with topical therapy including metronidazole, 
pimecrolimus, tacrolimus and erythromycin is effective in most 
cases. 


Lupus miliaris disseminatus 


Synonyms and inclusions 
e Acne agminate 

¢ Lupoid rosacea 

e Lewandowsky eruption 


Introduction and general description 

Lupus miliaris disseminatus faciei (LMDF), an uncommon granu- 
lomatous inflammatory dermatosis primarily affecting the face, has 
been considered a variant of GR by some and a distinct entity by 
others. There are differences in clinical presentation and age of onset 
[46,47], with LMDF usually presenting in young male adults and GR 
usually in middle age of both genders [46]. 


Pathophysiology 

Histopathology shows large caseating and non-caseating granulo- 
mas with perifollicular inflammation of lymphocytes, histiocytes 
and multinucleated giant cells [46]. Although these histological 
features are similar to those of granulomatous rosacea, the latter is 
differentiated by the presence of Demodex and smaller non-caseating 
granulomas. The development of scars correlates with histological 
fibrosis in older lesions [48]. 


Clinical features 

The dermatosis LMDF is characterised by multiple, yellow-brown, 
red dome-shaped papular and nodulocystic lesions at the medial 
and lateral face, often involving the eyelids, and extending onto the 
neck and chin [46]. Extrafacial involvement includes axillae, neck, 
groin and/or extremities [49]. Papular lesions appear like ‘apple 
jelly’ on diascopy [47]. LMDF is self-limiting, persisting for months 
to years, but may lead to scarring [48]. 


Differential diagnosis 

Differential diagnoses include sarcoidosis, granulomatous rosacea 
and infectious granulomatous dermatoses. The latter, including 
cutaneous tuberculosis, should be considered in regions of high 
prevalence [46]. Compared with granulomatous rosacea, extrafacial 
involvement is not unusual in LMDF, but there are no features 
of rosacea such as flushing, background erythema and exacer- 
bation caused by triggers of rosacea or ocular involvement [46]. 
Sarcoidosis should be considered in the presence of extracutaneous 
manifestations or systemic complaints. Histological characteristic 
features of sarcoidosis include non-caseating granulomatous infil- 
tration. In view of the differential diagnoses, the following tests 
should be considered: skin biopsy with Ziehl—Neelsen staining 
for acid-fast bacilli, serology, chest X-ray, Mantoux test, deep fun- 
gal/mycobacterial cultures and polymerase chain reaction using 
organism-specific primers [46]. 


Management 

Although self-limiting, early treatment of LMDF is recommended 
due to the risk of scarring [50]. LMDF has been reported to respond 
better to oral corticosteroids than to tetracycline-class antibiotics. 
Other options include oral prednisolone with dapsone (100mg 
daily), oral dapsone with topical tacrolimus [50] and low-dose 
isotretinoin [51]. 
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Hidradenitis suppurativa, 90.1 Key references, 90.11 


Hidradenitis suppurativa — T+ 


Definition and nomenclature 

Hidradenitis suppurativa (HS) is a chronic, inflammatory, follicular 
disease that usually presents at or after puberty. Painful, deep-seated 
inflamed skin lesions occur in apocrine gland-bearing areas, most 
commonly the axillary, inguinal and ano-genital regions. The dis- 
ease is defined clinically, based on the San Francisco modification of 
the Dessau criteria [1]. All three of the criteria described in Box 90.1 
must be met to confirm the diagnosis. 


Box 90.1 Essential criteria for a diagnosis of 
hidradenitis suppurativa to be made 


1 Typical lesions Deep-seated painful nodules, abscesses, 
draining tunnels, bridged scars and paired or 
multiheaded open pseudocomedones 

2 Typical Axillae, groin, perineal and perianal region, 

topography buttocks, infra- and intermammary folds 


3 Chronicity and Recurrent flares of painful lesions over time in 
recurrence of the same or differing skin sites (at least two 
lesions flares in a 6-month period) 


Synonyms and inclusions 
e Acne inversa 

e Verneuil disease 

e Velpeau disease 


Introduction and general description 

Velpeau was the first to describe the condition of recurrent, 
painful, inflammatory abscesses of the axillae and groin in 
1839 [2]. Verneuil later coined the term hidradenitis suppurativa, 


a misnomer derived from the historical hypothesis that the dis- 
order related to inflammation of the sweat glands [3]. Current 
evidence demonstrates that HS is a primary disorder of the hair 
follicle. 

HS is a chronic, inflammatory, follicular disorder characterised 
by recurrent painful nodules, abscesses, draining skin tunnels and 
scarring. It localises to areas of apocrine gland-bearing skin, pre- 
dominantly the axillae, groin and ano-genital sites. Disease staging, 
from mild to severe, is defined by the Hurley system, which helps 
to determine initial therapy [4]. Management is challenging and 
requires a combined medical and surgical approach, ideally in 
a multidisciplinary setting for severe disease. Complications of 
severe disease include contractures, anaemia, lymphoedema and 
squamous cell carcinoma [5]. The psychosocial and quality of life 
impact can be substantial [6], and even includes an increased risk 
of completed suicide [7]. 


Epidemiology 

Incidence and prevalence 

Prevalence figures vary 80-fold, from 0.05% using US insurance- 
based data [8] to 4% observed in young adults attending a sexually 
transmitted disease clinic [9]. Population- and symptoms-based 
studies in Europe, which also identified undiagnosed patients, 
demonstrated an estimated prevalence of 1-2% [10,11]. 

Annual incidence figures vary considerably as well, from 11.4 
per 100 000 person-years using US insurance data [12] to 28.3 
using UK population-based data [11]. Incidence rates are rising in 
some regions, probably because of increasing recognition of the 
condition [12]. 


Age 

The average age of sufferers is 24.2 years (+ 12 years) [13]. Diagnosis 
of HS is most often made in the third decade of life and, factoring in 
an average diagnostic delay of 7 years [14], this fits with the concept 
that HS typically presents at or after puberty. There is a sharp 
decline in onset after the fifth decade, and onset after menopause is 
uncommon. Prepubertal onset is rare. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Sex 

In Europe, women are more frequently affected than men, in a 
ratio of 3: 1 [11]. The reported ratio is reversed in Asia, with a 
female : male ratio of 1 : 2 [15]. The topographical distribution 
of lesions can vary between sexes. Perianal and gluteal disease 
more commonly affects males; females are more likely to have 
genito-femoral and submammary lesions [16]. 


Ethnicity 

From a systematic review of the scarce number of retrospective 
cohort and other studies reporting ethnicity data, HS preva- 
lence rates are highest in African American populations (1.3%), 
followed by Caucasian populations (0.75%), and lowest in the 
Hispanic/Latino ethnic group [17]. Limited data from Africa 
imply prevalence rates comparable with those of white-skinned 
populations [18]. 


Associated diseases 

Diseases associated with HS include disorders of the follicular 
occlusion tetrad, cardiovascular disease, systemic inflammatory 
disorders and mental health problems [5]. 


Follicular occlusion tetrad. Acne conglobata (Chapter 88), dissect- 
ing cellulitis of the scalp (Chapter 105) and pilonidal sinus (Chapter 
111) can coexist with HS; together they comprise the ‘follicular occlu- 
sion tetrad’. Typical acne vulgaris is more common and severe acne 
at atypical sites is more common in male patients with HS [11,13]. 


Cardiovascular disease. There is a strong association between HS 
and metabolic syndrome due to higher rates of obesity, insulin 
resistance, type 2 diabetes, dyslipidaemia and hypertension. The 
prevalence of metabolic syndrome in people with HS is 40% and 
a meta-analysis confirmed an odds ratio of 2.2 for metabolic syn- 
drome in HS compared with controls [19,20]. Adding in higher rates 
of smoking in HS, it is not surprising that people with HS have a 
greater risk of cardiovascular (CV) disease, with an incidence rate 
of 1.6 for myocardial infarction and 1.3 for ischaemic stroke [21] 
compared with matched controls without HS. Risk of death from 
CV disease in HS is twice as high as in unselected controls and 1.6 
times higher than in those with severe psoriasis. Higher rates of 
CV disease make up the largest proportion of increased all-cause 
mortality in HS, with mean life expectancy in HS being 61 years, 
compared with 71 years for those with psoriasis and 75 years in 
healthy controls [22]. 


Inflammatory disorders. A strong association exists between HS 
and Crohn disease (Chapter 95), which shares epidemiological, 
histological and therapeutic features with HS. In one study 17% 
of patients with Crohn disease were considered likely to have had 
coexistent HS [23]. There is also a link between HS and ulcerative 
colitis, however the association is weaker [24]. An inflammatory 
spondyloarthropathy of axial and appendicular joints, which is 
HLA-B27- and rheumatoid factor-negative, has been associated 
with HS [25]. 


Mental health. There are higher rates of depression and anxi- 
ety in HS which, at least in part, is probably due to HS being a 


painful, chronic condition that can be socially isolating [6,26]. There 
is a 2.4-fold higher rate of completed suicide in those with HS 
compared with controls [7]. 


Additional associations. Most case-control studies confirm a link 
between HS and polycystic ovary disease [27]. Rates of HS in peo- 
ple with Down syndrome are five times higher than controls [28]. 
There is also an association with obstructive sleep apnoea, which is 
probably secondary to obesity [29]. 


Syndromic HS. Rarely, HS can present as part of a syndrome of 
other inflammatory disorders including PASH (pyoderma gan- 
grenosum, acne conglobata and suppurative hidradenitis) and 
PAPASH (pyogenic arthritis, pyoderma gangrenosum, acne and 
suppurative hidradenitis) [25] (Chapters 45, 49 and 88). 


Pathophysiology 

Early studies implicated apocrine gland occlusion as a primary 
pathogenic event. However, histopathological observations have 
since demonstrated that follicular involvement is central to patho- 
genesis. The following sequence of events has been suggested: 
infundibular hyperkeratosis causing narrowing of the outlet, follic- 
ular dilatation/cyst formation, follicular rupture with subsequent 
inflammation, and skin tunnel formation by epidermal strands [30]. 
A perifollicular lymphocytic infiltrate found in healthy-looking 
perilesional skin suggests that subclinical inflammation precedes 
infundibular hyperkeratosis [31]. 


Predisposing factors 

Obesity and smoking. Obesity and smoking are the two main 
environmental factors associated with HS. Obesity is implicated as 
a risk factor, with two-thirds of patients being either overweight or 
obese [32]. Obesity is associated with higher severity scores [32,33]. 
There are studies describing the beneficial effect on HS of weight 
loss, while bariatric surgery and weight loss reduce self-reported HS 
in the morbidly obese [34]. It has been hypothesised that increased 
pro-inflammatory cytokine release from visceral fat, physical occlu- 
sion and mechanical frictional stress at intertriginous skin sites may 
explain this association. 

There is an increased prevalence of smoking among patients with 
HS compared with controls with an odds ratio of 4.3 for HS and 
current smoking [20]. The mechanism may be mediated by nico- 
tinic acetylcholine receptors in the skin or could relate to smoking 
increasing follicular occlusion. A temporal or dose effect of smoking 
is not consistently demonstrated. It is not known if smoking cessa- 
tion improves the course of disease. 


Hormonal influences. Hormonal influences are supported by a 
female preponderance, observed perimenstrual disease flares and 
improvement in some cases during pregnancy [35]. Clinical signs of 
virilisation are, however, usually absent, circulating androgen levels 
are typically normal and no differences in androgen metabolism 
have been observed in large case series [36]. 


Autoinflammation. Alterations of both the innate and adaptive 
immune systems are thought to play a role in the disease pathogen- 
esis. However, no major immune abnormalities have been found. 


Some small studies reported aberrant immune functions including 
an enhanced production of free oxygen radicals by stimulated 
neutrophil granulocytes; an impaired secretion of tumour necrosis 
factor « (TNF-a) and interleukin 6 (IL-6) upon stimulation of mono- 
cytes by bacterial compounds; and a diminished proportion of 
natural killer cells in the blood [37]. However, another study found 
no abnormalities in granulocyte function or serum immunoglobulin 
levels [38]. Regarding the complement system, increased levels of 
the C3a and C5a components have been reported [39]. Fibroblastic 
stromal cells may also play a role in development and progression 
of HS [40]. 

Alterations in the skin (mRNA and/or protein levels) have 
been reported for IL-18, CXCL-8/IL-8, IL-17/IL-17A, IL-32 and 
IL-36/1L-36a/IL-36B8/IL-36y [41-43]. Alterations in the serum 
(mRNA and/or protein levels) have been reported for IL-1, IL-6, 
CXCL-8/IL-8, IL-10, IL-12p70 and IL-17/IL-17A [44,45]. 

The inflammatory IL-23/Th17 pathway seems to be activated, 
reflected by enhanced expression of IL-17A, IL-12 and IL-23 in HS 
skin [45,46]. 

Furthermore, keratinocytes isolated from non-lesional skin of 
patients with HS demonstrated a pro-inflammatory state with 
an enhanced production of the antimicrobial peptides human 
beta-defensin-2, psoriasin (S100A7) and calgranulin (S100A8). In 
addition, skin samples from HS lesions demonstrated increased 
expression of several Toll-like receptors [47-51]. 


Medications. There are cases reported of a paradoxical exacerba- 
tion or onset of disease following anti-TNF-« treatment of other 
chronic inflammatory diseases [52], probably due to immune 
disequilibrium, as well as lithium and sirolimus therapy [53,54]. 


Pathology 
Histopathological changes vary with disease stage. Early changes, 
which precede clinically evident lesions, are characterised by a 
sparse lymphocytic infiltrate of the terminal follicular unit and 
sebaceous gland atrophy [55,56]. Follicular hyperplasia, peri- 
follicular lymphocytic inflammatory infiltration, interfollicular 
psoriasiform hyperplasia and dilatation of the follicular lumen 
follow in developed lesions [30,55]. Cysts lined by stratified squa- 
mous epithelium containing lamellated keratin and free hair shafts 
appear [55]. During flares, abscess formation and ruptured follicular 
units are seen, associated with a dense, dermal, mixed inflamma- 
tory infiltrate including histiocytes and giant cells that extends to 
interfollicular apocrine and eccrine structures and deep into the 
subcutis. Skin tunnel formation and fibrosis follow [55]. 
Histopathological variations less frequently seen include isolated 
inflammation of the apocrine gland (apocrinitis in 5%), sebaceous 
gland necrosis, epithelioid granulomas and B-cell pseudofollicles 
[55,56]. 


Causative organisms 

Hidradenitis suppurativa is currently regarded as a primary inflam- 
matory disorder without a defined infectious trigger. The role of 
bacteria remains to be clarified. Microbiology from superficial and 
deep sampling often demonstrates negative culture or only normal 
skin flora, with multiple non-pathogenic bacterial species in the 
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majority of cultures. The most common bacterial isolates are Staphy- 
lococcus epidermidis and S. aureus, followed by Peptostreptococcus 
species and Cutibacterium acnes [57-59]. Streptococcal antibodies 
are usually not found. Recent studies using $16 analysis suggest 
that a state of dysbiosis exists in all HS, with an overabundance 
of Porphyromonas and Peptoniphilus species in lesional skin, and 
relative lack of, for example, Cutibacterium compared with healthy 
controls [60]. 

Biofilm has also been suspected to play a role in HS. It is, 
however, absent from HS-prone healthy-looking skin, whereas a 
bacterial biofilm is present in healthy follicles in controls and more 
advanced HS [61]. Biofilm in early lesions is associated with a 
greater presence of regulatory T cells [62]. 


Genetics 

Approximately one-third of patients have a family member with 
HS and inheritance is often consistent with an autosomal dominant 
pattern [63]. A twin study found that three-quarters of the suscep- 
tibility to HS came from shared genetics [64]. Loss-of-function 
mutations in the y-secretase genes Nicastrin, Presenilin-1 and 
Presenilin enhancer-2 are found principally in Han Chinese HS 
patients but are rarely found in European cohorts [63,65], and 
there remains no genetic test for HS. Gamma-secretase regulates 
notch signalling, which plays a role in epidermal and terminal 
hair follicle differentiation, immune cell development and immune 
functions [63,65]. Deficient notch signalling in mice is associated 
with conversion of hair follicles to keratin-enriched epidermal 
cysts as a result of changes to the outer root sheath cells [65,66]. 
Phenotypic heterogeneity in HS complicates genotype-phenotype 
correlations [67]. 


Environmental factors 

Mechanical irritation and shear forces are potential contributory 
factors, linked to flexural involvement. There is no evidence that 
poor hygiene, variation in routine depilatory techniques or use of 
antiperspirant is relevant to HS. 


Clinical features 

The diagnosis of HS is clinical and relies on the recognition of typical 
skin lesions in predominantly flexural sites, occurring in a chronic 
and recurrent manner (see Box 90.1). 


History 

Typical index lesions consist of painful subcutaneous nodules 
or abscesses that persist for a mean duration of 7-15 days. This 
is followed by spontaneous regression, partial regression (to form 
non-inflammatory, asymptomatic nodules) or progression to abscess 
formation with the rupture and release of purulent malodorous exu- 
date which is frequently blood-stained. Typical sites are the axillae; 
the inguino-genital, perineal, perianal and gluteal areas; and infra- 
and intermammary skin. 

Recurrence takes the form of acute intermittent or continuous 
disease, involving new skin sites or pre-existing non-inflammatory 
nodules. Acute intermittent flares consist of solitary or multi- 
ple lesions, which are localised or disseminated across regions. 
Periods of remission (characterised by normal skin or persistent 
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Figure 90.1 Multiple non-inflamed nodules in a patient with Hurley stage II disease of 
the genital area. 


non-inflammatory nodules) may last for weeks to months. Contin- 
uous active disease can lead to the formation of coalescing nodules 
and skin tunnels forming an inflammatory plaque which may be 
associated with chronic, daily, purulent discharge and pain. 


Presentation 

Index lesions include inflamed and non-inflamed dermal and sub- 
cutaneous nodules (Figure 90.1), which may require palpation to 
identify; rounded (as opposed to ‘pointing’) abscesses (Figure 90.2); 
and draining or non-draining skin tunnels (Figures 90.3 and 90.4). 
The term ‘tunnel’ is preferred to ‘sinus tract’ to avoid confusion with 
fistulae. Scarring is typically bridged or ‘rope-like’, it can be hyper- 
trophic or atrophic, producing depressions especially on the but- 
tocks, and may be associated with contractures (Figure 90.5). Pseudo 
(secondary) comedones are often seen, typically paired, polyporous 
and grouped (Figure 90.6). Closed comedones are not seen. 

Associated lesions include follicular papules and pustules, pyo- 
genic granulomas at skin tunnel openings and indurated plaques. 
Epidermoid cysts are seen in some patients on external genitalia, 
the face and the thorax. Regional lymphadenopathy is not routinely 
seen, however regional dermatopathic lymphadenopathy can be 
associated with severe disease. 

Lesions are typically localised to inverse (flexural) areas. The com- 
monest sites are the axillae and inguinal and ano-genital regions, 
including the external genitalia and the perineal, perianal and 
gluteal skin (Figures 90.7-90.10). Sub- and intermammary skin can 
also be affected, as can, less commonly, retroauricular, preauricular 


Figure 90.2 Classic axillary abscess as seen in hidradenitis suppurativa. 
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Figure 90.3 Non-draining tunnel, recognised by the palpable linear shape. 


Figure 90.4 Multiple inflamed nodules and draining tunnels in active Hurley stage II 
disease of the mons pubis. 


and occipital scalp locations (Figure 90.11). Truncal variants are also 
reported, for example in Han Chinese patients (Figure 90.12). 

The clinical presentation varies with respect to the number of 
anatomical regions affected, the extent of the lesions and the types 
of lesions within a single region. The spectrum ranges from mild 
disease consisting of solitary nodules to severe disease comprising 
extensive inflamed confluent nodules, skin tunnels and scarring 
forming inflammatory plaques affecting an entire anatomical region. 


Clinical variants 

Hidradenitis suppurativa is a heterogeneous disorder. Epidemio- 
logical studies indicate that multiple phenotypic subtypes are likely 
to exist, grouped by topographical predilection and lesion subtype. 


Figure 90.5 (a, b) Scars of rope-like bands 
formed by fibrotic tissue, most often seen in 
the axillae. (b) Copyright Cardiff & Vale 
University Health Board. 
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Figure 90.7 Multiple draining tunnels in the axilla, some with pyogenic granuloma-type 
lesions near their orifices. Copyright Cardiff & Vale University Health Board. 


Figure 90.8 Follicular pattern involving the genito-femoral area showing non-active 
disease. 


Several clinical variants have been suggested. However none is gen- 
erally accepted yet [68]. 


Differential diagnosis 

The differential diagnosis of HS includes several infectious 
and inflammatory skin conditions. Index lesions should be 
differentiated from abscesses, carbuncles or furunculosis asso- 
ciated with primary cutaneous bacterial infection (typically 


Figure 90.10 Nodules and sinus tracts involving the buttocks. 


staphylococcal or streptococcal) or secondary infection of cystic 
structures (e.g. epidermoid cysts and Bartholin glands). Crohn 
disease can result in inflammatory abscesses and skin tunnels 
at ano-genital sites. However, in Crohn disease skin tunnels can 
involve the gastrointestinal tract, whereas in HS they do not. 
Of note, HS is associated with Crohn disease and so the two 
conditions may coexist. Rare infections, including tuberculosis, 
sporotrichosis, actinomycosis and lymphogranuloma venereum, 
can present with both abscesses and skin tunnels. Steatocys- 
toma multiplex and neoplastic diseases such as Langerhans 
cell histiocytosis should also be considered in the differential 
diagnosis. 


Classification of severity 

The Hurley staging system refers to three stages based on the pres- 
ence and extent of skin tunnels and scarring (Table 90.1) [4]. The 
system describes disease severity in a single affected region, rather 
than an overall stage across all affected regions. Baseline Hurley 
staging allows stratification of therapy but is not useful for assessing 
response to therapy. 


Figure 90.11 Ectopic disease with retroauricular involvement. 


Figure 90.12 Ectopic plaque on the chest of a patient. Notice the classic involvement 
seen in the axillae. 


Table 90.1 Definition of the three Hurley stages in hidradenitis suppurativa. 


Stage Features 

| (Figure 90.13) Recurrent inflammatory skin lesions without skin tunnels and 
scarring 

Il (Figure 90.14) Recurrent inflammatory skin lesions with widely separated skin 
tunnels and scarring 

Ill (Figure 90.15) Multiple interconnected inflammatory lesions, skin tunnels and 


scarring diffusely involving an entire skin region 
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Figure 90.13 Hurley stage | disease of the genito-femoral area showing a solitary 
nodule. Notice the normal-looking surrounding skin and perilesional halo of 
discoloration indicating a recent episode of inflammation. 


A number of instruments are used to measure HS disease severity 
dynamically in clinical practice. These include several different 
lesion count instruments, quality of life scales used in other areas 
of dermatology such as DLQI and Skindex, pain scores and flare 
frequency. An international HS core domains process (HISTORIC) 
is underway to reach consensus between HS patients and clini- 
cians regarding what aspects of disease should be measured in all 
HS trials (domains) and how these domains should be measured 
(instruments). Six core domains have been identified: HS-specific 
quality of life, pain, physical signs, patient and physician global 
assessment, disease progression (flare frequency and time to 
recurrence) and symptoms (drainage and fatigue) [69]. 

Previously, most HS outcome scales were not validated in an HS 
setting [70]. The hidradenitis suppurativa clinical response (HiSCR) 
is a validated end point to determine treatment success, developed 
from the PIONEER trials of adalimumab for HS [71]. It is defined as 
a >50% reduction from baseline in the number of inflamed lesions 
(abscesses or inflamed nodules), without an increase in the num- 
ber of abscesses or draining skin tunnels. Work continues to reach 
consensus on an instrument to dynamically measure changes in HS 
physical signs in trials, with candidates including IHS4 (Interna- 
tional Hidradenitis Suppurativa Severity Score System) and HASI-R 
(Hidradenitis Suppurativa Area and Severity Index Revised) [72,73]. 
A H&S-specific quality of life instrument, HiSQOL, is now available 
and validated [74]. Functional effects of pain are included within 
HiSQOL and the magnitude of pain can be measured using a numer- 
ical rating scale from 0 to 10. 


Complications and co-morbidities 

Superinfection can occur. Structural complications of longstand- 
ing disease include lymphatic obstruction leading to clinical 
Iymphoedema. The ano-genital sites are most severely affected 
(Figure 90.16) and progression to scrotal elephantiasis can occur. 
Fistula formation to the gastrointestinal tract (anal canal and 
rectum), genito-urinary tract (urethra, bladder and vagina) and 
peritoneum is rarely described, and when seen should trigger 
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Figure 90.14 Hurley stage II disease of the genito-femoral area. (a) Hurley stage Il is a 
broad category which may involve more severe disease as shown here. (b) Inactive, mild 
disease. (c) Active, multifocal disease. Notice the areas of normal-looking skin separating 
the lesions. 


Figure 90.15 Hurley stage Ill disease. (a) Non-draining, confluent, chronic lesions 
involving the entire axilla. (b) Active draining lesions in the axilla. 


Figure 90.16 Scrotal lymphoedema secondary to chronic hidradenitis suppurativa 
affecting the region. 


examination for Crohn disease. Cutaneous squamous cell car- 
cinoma (SCC) can complicate chronic ano-genital disease, most 
commonly the perianal, perineal or buttock regions of male patients 
with longstanding inflammation, and carries a poor progno- 
sis [75]. Other complications of chronic disease include anaemia 
(multifactorial), hypoalbuminaemia, hypergammaglobulinaemia 
and rarely amyloidosis and sacral bacterial osteomyelitis [76]. 

A profound impact on quality of life complicates disease at all 
stages of severity. Significant psychological, social and economic 
impact appears more commonly than in many other chronic inflam- 
matory dermatoses [6]. As discussed in the section on associated 
diseases, depression is frequent and leads to a higher rate of com- 
pleted suicide [7,26]. A higher incidence of CV risk factors leads to 
higher rates of CV disease [20,21]. 


Disease course and prognosis 

Chronicity is the hallmark. The mean duration is 19 years [77]. 
Milder forms (Hurley stage I) are more frequent and reported to 
affect 45.5% of patients seen in secondary care, with moderate 
disease (Hurley stage II) affecting 41.5% and severe disease (Hurley 
stage III) 13% [13]. Both intermittent and continuous disease can 
be seen at each stage. Most patients do not progress beyond mild 
disease, however those who do progress tend to reach severe dis- 
ease relatively rapidly, within 6 years after first symptoms [78]. 
In patients older than 50 years, the disease is less common, with 
increasing age suggesting that spontaneous remission may occur 
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over time. A long-term follow-up study has reported that remis- 
sion occurs in approximately 40% of HS patients after a median 
follow-up period of 22 years [79]. 


Investigations 

Microbiology (swabs, purulent exudate and tissue) and histopathol- 
ogy are occasionally indicated for refractory or atypical cases to 
exclude flare secondary to superinfection and to consider relevant 
differentials. Imaging (both ultrasound and magnetic resonance 
imaging) is helpful to define subclinical extension particularly in 
the perianal region, to check for complications of severe disease 
and to inform preoperative planning. Routine bloods in severe 
disease (Hurley stage III) may reveal anaemia (multifactorial), 
hypoalbuminaemia, polyclonal hypergammaglobulinaemia and 
elevated C-reactive protein. A screen for diabetes or impaired 
glucose tolerance should be considered, as well as a fasting lipid 
profile, to identify any associated CV risks. 


Management 
The treatment strategy should be individually based and take the 
following into account: 

1 Systemic therapy is required when multiple skin regions are 
affected. 

2 Surgical treatment should be considered for scarring HS, particu- 
larly where scars and skin tunnels are acting as foci for recurrent 
flares. 

3 Integration of medical and surgical care, along with screening 
for co-morbidities and potential complications, is important to 
provide holistic care, ideally coordinated via a multidisciplinary 
team approach. 

4 As a scarring condition in which increasing disease severity is 
associated with progressively greater impact on quality of life, 
management should aim to prevent disease progression. 

A management flow chart for HS according to Hurley stage is 
shown in Figure 90.17. 


Adjuvant treatment 

Patients should be provided with an information leaflet and made 
aware of any local patient support groups. Body mass index should 
be calculated and a referral made to weight management services 
if necessary. Smoking cessation support should be offered where 
relevant. Loose-fitting clothes are recommended to minimise friction 
and patients with suppurative disease should be advised on how to 
obtain wound dressings [80]. 


Analgesics 

Hidradenitis suppurativa is painful and patients should be offered 
appropriate analgesic therapy, including paracetamol and non- 
steroidal anti-inflammatory therapy, and, in selected cases, cen- 
trally acting analgesics are indicated [80]. However, chronic use of 
opioids should be avoided. 


Topical and intralesional therapy 

Topical clindamycin lotion 0.1% may be beneficial and appears to 
offer control of mild HS with more superficial lesions [81]. For single 
inflammatory nodules, intralesional triamcinolone (5-7 mg) often 
ameliorates symptoms rapidly; topical resorcinol 15% in a suitable 
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Figure 90.17 Management flow chart for the treatment of hidradenitis suppurativa 


(HS) according to Hurley stage. Arrows indicate the recommended sequence of 
interventions, however flexibility may be needed depending on patient preference, 
co-morbidities and the distribution of active HS lesions. 


ointment may also be beneficial, however its use is limited by local 
availability. Potential benefits of antiseptics such as chlorhexidine 
washes or benzoyl peroxide remain unproven. 


Systemic antibiotics 

Oral tetracyclines are usually the initial oral therapy in mild to mod- 
erate disease. Double the standard acne dose may be required [80]. 
Initial treatment is for 12 weeks and longer-term treatment may be 
considered if they are effective at preventing HS flares. For more 
advanced cases, combined treatment with clindamycin 300 mg 
BD and rifampicin 300 mg BD given for 10-12 weeks should be 
considered. This regimen reduced disease severity by an average 
of 50% in retrospective case series data [82]. There are no formal 
studies of longer-term treatment, but responders may require 
repeated treatments for recurrences, and no additional safety issues 
with prolonged treatment have been identified [83]. Intravenous 
antibiotics may be necessary as rescue therapy for very severe 
suppurative disease unresponsive to oral antibiotic therapy. Intra- 
venous ertapenem 1 g daily for 6 weeks provided substantial benefit 
in a case series of 30 patients [84]. 


Other oral therapies 

Metformin and spironolactone are used in HS for their antiandro- 
gen properties and case series evidence shows they have modest 
benefit either as concomitant therapy or monotherapy in some 
patients [85,86]. Metformin has an additional benefit in obese 


patients and/or those with impaired glucose tolerance, improv- 
ing their metabolic profile and providing a degree of weight loss; 
it can also be used in pregnancy. Spironolactone treatment is 
restricted to women, at a dose of 75-100 mg daily. Finasteride is an 
alternative antiandrogen oral therapy in those who are intolerant 
to spironolactone [87]. Dapsone 50-100 mg daily can be helpful 
in mild to moderate HS, probably because of its antineutrophil 
action [88]. Short-term systemic prednisolone (0.5-1.0 mg/kg body 
weight) may be necessary for severe disease unresponsive to other 
therapies. 


Retinoids 

While isotretinoin is helpful for concomitant acne vulgaris, it is 
rarely effective in HS and its use for HS alone should be avoided. 
In contrast, case series evidence suggests that acitretin may be 
effective and in some cases offers long-term remission, however 
use is limited by avoidance in women of child-bearing potential [89]. 


Biologic agents 

The anti-TNF-« therapy adalimumab is currently the only US 
Food and Drug Administration (FDA) and European Medicines 
Agency (EMA) approved treatment for HS. The results from three 
randomised controlled trials (RCTs) confirmed that adalimumab is 
effective when given at a dose of 40 mg weekly from week 4, after 
loading doses of 160 mg at week 0 and 80 mg at week 2 [90,91]. 
The HiSCR end point was achieved by approximately 50% of those 
on active treatment. In some cases it may be necessary to add in 
concomitant therapy, such as an oral tetracycline, for additional 
disease control. 

An RCT of standard infliximab failed to reach its primary end 
point, but a post hoc analysis of the results indicated significant 
improvement in actively treated patients [92]. An RCT of etanercept 
for HS showed no benefit compared with placebo [93]. A small RCT 
in 20 HS patients showed benefit from MABp1, an anti-IL-1a bio- 
logic therapy [94]. Initial open studies investigating the anti-IL-17 
therapy secukinumab and the anti-IL-23 therapy ustekinumab 
in HS have yielded promising findings and RCT results are now 
required [95,96]. 


Surgery 

Several lesion-directed therapies can be considered for the manage- 
ment of HS. In general, the removal of larger areas of affected, or 
potentially affected, skin reduces the recurrence rates at the expense 
of longer healing times. 


Incision and drainage. Classic incision and drainage are useful 
only for frank fluctuating abscesses. The inflamed nodules of HS 
are phlegmons rather than abscesses and therefore seldom con- 
tain drainable fluid and usually respond with additional scarring. 
Incisions carry a 100% recurrence rate and should only be used if 
manifest fluctuation is found [97]. 


Deroofing. Deroofing is a tissue-saving technique, whereby the 
‘roof’ of askin tunnel or static scar tissue is surgically removed either 
through electrosurgery (using a loop) or conventional surgery [98]. 
A blunt probe is inserted in tunnel openings discharging purulent 
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exudate. If an opening cannot be identified, a small incision is made 
to introduce a probe into the lesions. The full extent of the lesion is 
explored systematically with the probe and the roof of the lesion 
surgically removed using the probe as a guide, leaving the partly 
epithelialised/ granulating floor of the lesion exposed. The ensuing 
defect is left to heal by secondary intention. 


Localised surgery. Single lesions can be surgically excised; 
this results in a lower recurrence rate than after incision and 
drainage [99]. Generally, complete surgical removal of the lesion is 
required, suggesting that wider excisions have a better result than 
more limited excision. Whether or not the defect should be closed is 
a matter of debate. Patients with few, clinically stable, non-inflamed 
lesions (nodules or skin tunnels) are most suitable for localised 
surgery. 


Ablative lasers and electrosurgery. The removal of all involved 
tissue appears to be necessary for successful surgical treatment of 
HS. CO, laser evaporation provides a method whereby all visibly 
affected tissue can be vaporised using a scanner in a manner akin 
to macroscopic Mohs surgery, systematically evaporating abnor- 
mal tissue under visual guidance until healthy tissue is reached 
everywhere [100]. The technique offers radical treatment while 
still being tissue sparing. Postsurgical defects are usually left to 
heal by secondary intention. They normally heal sufficiently for 
resumption of work after 2-3 weeks, but it can take 8-10 weeks for 
the tissues to re-epithelialise fully. 


Extensive surgery. In severe disease when entire sites are involved 
with multiple interconnecting skin tunnels, the only curative 
method is excision of the entire area involved. The margins of exci- 
sion in case series range from 1 cm up to excision of all hair-bearing 
skin of the affected region. For extensive ano-genital disease, this 
may therefore require multidisciplinary collaboration with plastic 
surgery and, if a temporary colostomy is required, with colorectal 
surgery. Large defects are usually left to heal by secondary intention. 
Particular attention should, however, be paid to mobilisation of the 
affected areas in order to avoid the development of postoperative 
strictures, especially in the axillae. The defects can also be closed by 
split-skin grafts or flaps, for example in the axilla a thoracodorsal 
artery perforator flap may be used [101]. 


Non-ablative lasers/intense pulsed light 

Hair removal using laser or light therapies appears to have a ben- 
eficial effect in HS. Studies have found significant improvement 
following monthly treatments with either neodymium:yttrium- 
aluminium-garnet (Nd:YAG) laser or intense pulsed light (IPL) 
[102,103]. 


Integrating biologic and surgical therapy 

As both an inflammatory and scarring condition, moderate to 
severe HS may require a combination of biologic and surgical 
therapy. There may be a role for initial biologic therapy to delineate 
areas of scarring, allowing surgery to be more targeted. Experience 
suggests that biologic treatment should be continued during and 
after HS skin surgery to prevent a recurrence of inflammation 
delaying healing and to avoid postoperative relapse [104]. 


Screening for co-morbidities and complications 

In partnership with primary care, dermatologists should be mindful 
of higher rates of depression, anxiety and CV disease in those with 
HS. Mental health problems can be detected by a screening question- 
naire and blood pressure, HbA1c and/or an oral glucose tolerance 
test, and fasting lipid levels should be monitored. 


Key references 


The full list of references can be found in the online version at 
https://www.wiley.com/rooksdermatology10e 


1 Zouboulis CC, Desai N, Emtestam L et al. European S1 guideline for the treat- 
ment of hidradenitis suppurativa/acne inversa. J Eur Acad Dermatol Venereol 
2015;29:619-44. 

5 Ingram JR. The epidemiology of hidradenitis suppurativa. Br J Dermatol 
2020;183:990-8. 

6 Matusiak L. Profound consequences of hidradenitis suppurativa: a review. Br J 
Dermatol 2020;183:e171-7. 

7 Thorlacius L, Cohen AD, Gislason GH et al. Increased suicide risk in patients 
with hidradenitis suppurativa. J Invest Dermatol 2018;138:52-7. 

44 Matusiak L, Szczech J, Bieniek A et al. Increased interleukin (IL)-17 serum lev- 
els in patients with hidradenitis suppurativa: implications for treatment with 
anti-IL-17 agents. J] Am Acad Dermatol 2017;76:670-5. 

65 Pink AE, Simpson MA, Desai N et al. Gamma-secretase mutations in hidradeni- 
tis suppurativa: new insights into disease pathogenesis. J Invest Dermatol 
2013;133:601-7. 

69 Thorlacius L, Ingram JR, Villumsen B et al. A core domain set for hidradeni- 
tis suppurativa trial outcomes: an international Delphi process. Br J Dermatol 
2018;179:642-50. 

80 Ingram JR, Collier F, Brown D et al. British Association of Dermatologists guide- 
lines for the management of hidradenitis suppurativa (acne inversa) 2018. Br J 
Dermatol 2019;180:1009-17. 

91 Kimball AB, Okun MM, Williams DA et al. Two phase 3 trials of Adalimumab for 
hidradenitis suppurativa. N Engl J Med 2016;375:422-34. 

98 Van der Zee HH, Prens EP, Boer J. Deroofing: a tissue-saving surgical technique 
for the treatment of mild to moderate hidradenitis suppurativa lesions. J Am Acad 
Dermatol 2010;63:475-80. 


4 
— 
U 
re 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


CHAPTER 91 


Acquired Non-infective Disorders of the Pilosebaceous 


Unit 


Kapil Bhargava', Evangelos Christou? and Christos Tziotzios? 


‘Barts and Royal London Hospitals, London, UK 
2st John’s Institute of Dermatology, Guy’s and St Thomas’ NHS Foundation Trust, London, UK 


Introduction, 91.1 Actinic folliculitis, 91.6 


SUPERFICIAL FOLLICULITIS, 91.1 
Irritant folliculitis, 91.1 


DEEP FOLLICULITIS, 91.8 

Pseudofolliculitis, 91.8 

Follicular eruptions due to systemic 
medications, 91.2 

Eosinophilic pustular folliculitis, 91.3 margin, 91.12 


Infantile eosinophilic pustular folliculitis, 91.5 


Folliculitis keloidalis, 91.10 
Necrotising lymphocytic folliculitis of the scalp 


Chronic non-scarring folliculitis of the scalp, 91.13 


Disseminate and recurrent 
infundibulofolliculitis, 91.14 


SEBACEOUS GLAND DISORDERS, 91.15 

Heterotopic sebaceous glands (Fordyce 
spots), 91.15 

Sebaceous gland hyperplasia, 91.17 


Key references, 91.18 


Introduction 


The pilosebaceous unit consists of the hair shaft, hair follicle, 
sebaceous glands and the arrector pili muscles. These structures 
are under neural and hormonal influences, both local and systemic. 
In addition, the microbiome, immune system and environmental 
factors provide a dynamic homeostatic environment. Changes in 
these factors or in the physical structure of the pilosebaceous unit 
lead to many of the disorders observed. 

Common pilosebaceous disorders, including acne and infective 
folliculitis, are covered in the preceding chapters. Acquired hair 
follicle disorders are discussed under superficial folliculitis in which 
the inflammation is restricted to the infundibular aspect of the fol- 
licle, and deep folliculitis where both the deeper follicle and the 
surrounding dermis are also involved. Sebaceous gland disorders 
are then discussed. 


SUPERFICIAL FOLLICULITIS | 


Irritant folliculitis 


Definition and nomenclature 
Irritant folliculitis is a common self-limiting inflammatory disorder 
resulting from friction or the application of topical agents. 


Introduction and general description 
Irritant folliculitis often results from the occlusive or chafing effect of 
tight clothing, dressings and the application of topical medications, 
particularly ointments or other occlusive topical agents applied in a 
direction opposite to that of hair growth. 


Epidemiology 

Incidence and prevalence 

The incidence is unknown as the condition is often self-limiting and 
patients rarely present to a physician. 


Pathophysiology 
Occlusion of the follicular ostia results in inflammation in the upper 
regions of the follicle. 


Clinical features 

Presentation 

Follicular erythema and/or pustules occur at the site of contact or 
exposure to the irritant. Sites with terminal hair growth are more 
commonly affected. 


Complications and co-morbidities 
A secondary bacterial folliculitis may result. 


Management 

The condition is self-limiting and removal of the causative agent 
results in improvement. Topical agents should be applied in the 
direction of hair growth where required. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Follicular eruptions due to sys 
medications 


Definition and nomenclature 
Adverse cutaneous effects of systemic medications may present 
with follicular inflammation. 


Synonyms and inclusions 
e Acneiform drug eruption 

e Drug-induced acne 

e Drug-induced folliculitis 


Introduction and general description 

Follicular drug eruptions are a relatively uncommon type of adverse 
cutaneous reaction. However, they tend to occur more commonly 
with certain groups of medications. They are characterised by 
monomorphic morphology, with the absence of comedones, and 
arise following initiation of the culprit drug agent. 


Epidemiology 

Follicular drug eruptions are an uncommon presentation of a 
cutaneous drug eruption. However, they are well recognised with 
certain medications: more than 50% of patients taking epidermal 
growth factor receptor inhibitors (EGFRis), up to 50% of patients 
using anabolic androgenic steroids, up to 26.8% of women using 
etonogestrel implants, 15-25% of patients taking sirolimus and 16% 
of patients taking isoniazid [1]. 


Pathophysiology 

The mechanisms of drug-induced follicular eruptions are related 
to individual classes of medications and include disturbance of 
follicular keratinocyte function, changes to sebaceous glands and 
modification of the microbiome. 

EGFRis inhibit epidermal growth factor receptors in normal 
epidermal keratinocytes, including those in hair follicles. This 
causes keratinocyte apoptosis, and changes in cell growth and dif- 
ferentiation, which results in release of inflammatory chemokines 
causing follicular hyperkeratosis, plugging and microorganism 
growth in the upper follicular apparatus. Interestingly, sirolimus 
may induce acne because of direct inhibition of EGF activity through 
inhibition of the mTOR pathway [1,2]. 

Androgen and androgen-like induced effects on sebaceous 
glands (including sebocyte proliferation and lipid synthesis) are 
responsible for acneiform drug eruptions from steroids. Simi- 
larly, progestogens with high androgenic activity in hormonal 
contraceptives may produce adverse effects through a similar 
mechanism [1]. 

High-dose vitamin B12 supplementation is known to modulate 
the transcriptome of the skin microbiota, upregulating inflamma- 
tory porphyrins by Propionibacterium acnes [3]. 


Causative medications 
A list of causative medications is given in Table 91.1. 


Table 91.1 Medications that have an increased observation of follicular cutaneous drug 


eruptions. Reproduced from Du Thanh et a/. 2011 [1] with permission from Springer 
Nature. 


Hormones 

Local and systemic corticosteroids 

Corticotropin (ACTH) 

Androgens and anabolic steroids 

Hormonal contraceptives 

Other hormones (thyroid-stimulating hormone, danazol) 

Neuropsychotherapeutic drugs 

Tricyclic antidepressants (amineptine, maprotiline, imipramine) 

Lithium 

Antiepileptic drugs 

Aripiprazole 

Selective serotonin reuptake inhibitors 

Vitamins 

Vitamins B,, Bg, By» 

Cytostatic drugs 

Dactinomycin (actinomycin D) 

Azathioprine, thiourea, thiouracil 

Immunomodulating molecules 

Cyclosporine (ciclosporin) 

Sirolimus 

Others: topical tacrolimus, topical pimecrolimus 

Antituberculosis drugs 

Isoniazid 

Rifampin (rifampicin) 

Ethionamide 

Halogens 

lodine 

Bromine 

Chlorine 

Others: halothane gas, lithium 

Miscellaneous 

Dantrolene 

Quinidine 

Antiretroviral therapy 

Targeted therapies 

EGF inhibitors (cetuximab, panitumumab) 

Multitargeted tyrosine kinase inhibitors (gefitinib, erlotinib, lapatinib sorafenib, 
sunitinib imatinib) 

VEGF inhibitor: bevacizumab 

Proteasome inhibitor: bortezomib 

TNF-« inhibitors (lenalidomide infliximab) 

Histone deacetylase inhibitor: vorinostat 


EGF, epidermal growth factor; TNF-a, tumor necrosis factor a; VEGF, vascular endothelial 
growth factor. 


Clinical features 

Presentation 

The eruption usually occurs within 2 weeks to 3 months of starting 
the medication, although it may appear many months after initiation 
of isoniazid, lithium or anticonvulsants. The age of onset may occur 
outside the characteristic age range for acne vulgaris. 

The eruption is composed of monomorphic, follicular inflam- 
matory papules and pustules, and comedones are usually absent 
in the inflammatory phase but may appear later (Figure 91.1). The 
distribution may extend beyond the seborrhoeic regions to include 
the arms, trunk and lower back. 

Androgenic medications such as hormonal contraceptives may 
exacerbate pre-existing acne with characteristic lesions present 
including comedones. A sudden exacerbation in the severity of 
acne is a useful indicator in this situation. 


(a) 


Figure 91.1 Acneiform eruption. (a) Papular lesions on 

the chest. (b) V-shaped papulopustular eruption on the 

back. (c) Close-up of follicular pustules. (d) Confluent 
pustules on the nose. Reproduced from Segaert et al. 

[4] with permission from Elsevier. (c) 


Differential diagnosis 
Acne vulgaris and infective folliculitis. 


Management 

Withdrawal of the causative drug is likely to result in improvement 
over a few weeks. While good quality evidence is not available for 
the optimal treatment when the drug needs to be continued, the 
topical and oral treatments commonly used in acne are prescribed. 

Topical therapies including benzoyl peroxide, clindamycin or 
erythromycin and retinoids may be helpful in patients with mild 
folliculitis. Systemic tetracycline antibiotics and oral isotretinoin 
can be beneficial in more severe folliculitis. 

Randomised controlled trials in patients with EGFR-targeting 
agents show that oral doxycycline and minocycline are effective 
in reducing rash severity in primary prevention and treatment 
[4-7]. Lymecycline is often used in preference for its improved 
tolerability and is less photosensitising. Maintenance of the skin 
barrier through soap substitutes, regular moisturisation, avoidance 
of irritant products and use of sunscreen (when exposure cannot 
be avoided) are important adjunctive measures. Topical steroids 
may also be helpful. Epidermal growth factor ointment has been 
successfully trialled in one study to reduce EGFis-related skin 
toxicities [8]. 


Eosinophilic pustul 


Definition 
Eosinophilic pustular folliculitis is an uncommon cutaneous 
reaction pattern characterised by infiltration of the pilosebaceous 


91.3 


Superficial folliculitis 


(b) 


(d) 


follicles by large numbers of eosinophils. Three different forms are 
recognised: classical, immunosuppression-associated and infantile. 


Introduction and general description 

Eosinophilic pustular folliculitis is an uncommon inflammatory 
cutaneous reaction pattern of poorly understood aetiology, which 
is characterised by infiltration of the pilosebaceous follicles by large 
numbers of eosinophils. The classical adult form, Ofuji disease, 
is predominantly facial and is reported principally from Japan 
[1,2]. Immunosuppression-associated eosinophilic pustular folli- 
culitis is strongly associated with HIV infection and is more often 
extrafacial [3]. Infantile eosinophilic pustular folliculitis, which has 
also been termed infantile eosinophilic pustulosis, would seem 
to have little in common with the adult forms and is described 
separately later. 


Epidemiology 

Age 

Classical and immunosuppression-associated pustular folliculitis 
typically occur in young adults, with the former demonstrating a 
peak between 30 and 40 years. In the paediatric population, patients 
aged 5-10 months are typically affected although neonates have 
been reported. 


Sex 
Male to female ratio 5:1. 


Ethnicity 
The majority of classical eosinophilic pustular folliculitis patients 
have been reported from Japan. 
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Pathophysiology 

Predisposing factors 

The cause of the immune dysregulation in eosinophilic pustular 
folliculitis is not understood. Immaturity or suppression of the 
immune system appears to be important, although this has not 
been demonstrated in the classical adult form. Many hypotheses, 
including hypersensitivity reactions to Malassezia spp., Demodex 
spp. or sebaceous gland-derived lipids, have been proposed [1]. 
Various chemotactic factors have been detected in the fluid of 
the pustules, which are sterile, and it has been suggested that 
they may serve to localise excessive circulating eosinophils [4]. 
Sebocytes may play a key role by inducing eosinophil chemotaxis 
around the pilosebaceous area through eotaxin-3 production upon 
prostaglandin D, (PGD,) stimulation. There are several reports 
of the condition erupting during pregnancy [5-7]. Medications 
have been described as causal factors and more specifically carba- 
mazepine, minocycline, allopurinol, indeloxazine hydrochloride 
and chemotherapy [8]. Additionally, it can occur in the background 
of a variety of haematological malignancies, such as Hodgkin and 
non-Hodgkin lymphoma, chronic lymphocytic leukaemia, acute 
and chronic myeloid leukaemias, acute lymphoblastic leukaemia, 
multiple myeloma, Waldenstrém macroglobulinaemia, Sézary syn- 
drome, T-cell lymphomas and polycythemia rubra vera [9]. A case 
of facial eosinophilic pustular folliculitis has been described a few 
years following a nose and chin augmentation with subcutaneous 
silicone injections, while another has been reported to occur on a 
mastectomy surgical scar [10,11]. 


Pathology 

The follicular inflammation is characterised by heavy infiltra- 
tion of the outer root sheath and sebaceous gland by eosinophils 
accompanied by scattered mononuclear cells and neutrophils 
(Figure 91.2). This is best detected by serial horizontal sectioning 
of biopsies of fresh unexcoriated papules or pustules. Perifollic- 
ular and perivascular infiltration by eosinophils is also seen. In 
immunosuppression-associated eosinophilic pustular folliculitis, 
the inflammation may be more diffuse [3]. 

Mild to moderate peripheral blood eosinophilia is seen in up to 
35% of patients [1,2,12] with classical type and in up to 50% with 
HIV-associated eosinophilic pustular folliculitis, which usually 
occurs when the CD4 count is less than 200 cells/mL [13]. 


Genetics 
There is no known genetic predisposition. 


Clinical features 

Classical adult eosinophilic pustular folliculitis 

This is a chronic relapsing disease in which crops of sterile follicular 
papules and pustules coalesce into inflammatory annular plaques 
with peripheral expansion and central clearing. It takes 7-10 days 
for the inflammation to subside before the cycle repeats itself a 
few weeks later [3]. The face is the commonest site of involvement 
(Figure 91.3): in a review of 91 Japanese cases, the face, trunk and 
extremities were involved in 88%, 40% and 26%, respectively [12]. 
Pustular inflammation of the palms and soles may be seen in up to 
a fifth of cases, even though follicles are not present in palmoplan- 
tar skin. This may cause diagnostic confusion with palmoplantar 
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Figure 91.2 Histopathology of eosinophilic pustular folliculitis showing dense 
accumulation of eosinophils within the follicular canal. Courtesy of Professor Luis 
Requena. 


(a) (b) 


Figure 91.3 (a,b) Classical eosinophilic pustular folliculitis: well-defined, dark 
erythematous plaques with numerous pustules and crusts involving the cheeks. 
Reproduced from Ramdial et a/. [5] with permission from Wolters Kluwer. 


pustulosis [14]. The trunk and the upper outer arms are also fre- 
quently involved, and the legs and scalp occasionally. Widespread 
involvement has occurred [15]. 

The inflammatory plaques may reach 3-5 cm in diameter before 
subsiding to leave slight pigmentation. Lakes of pus and erosions 
are sometimes seen. Itch is frequent and may be severe but is 
not invariable. Patients are systemically well. The overall course is 
chronic with new crops of lesions repeatedly reappearing in affected 
areas, although a few cases have entered spontaneous remission. 
Eosinophilic folliculitis due to wearing protective gear in citizens 
volunteering for sanitation services during the Covid-19 pandemic 
has recently been described [16]. 


Immunosuppression-associated eosinophilic pustular 
folliculitis 

This has been reported predominantly in association with HIV 
and AIDS, but also in the setting of bone marrow and stem cell 
transplantation [1,9,13,17,18] (Chapter 31). It differs in a number of 
respects from the classical form. It is not restricted to the Japanese 
and pruritus is typically much more intense. The pustular element 
is often not as prominent and clustering into plaques is not a char- 
acteristic feature [1]. Facial skin is less commonly involved. The 
clinical signs may be subtle, sometimes with just scattered follicular 
papules or excoriations (Figure 91.4), and multiple biopsies may be 
required to confirm the diagnosis. 


Figure 91.4 Immunodeficiency-associated eosinophilic pustular folliculitis in a 
32-year-old woman with HIV infection: view of anterior chest. Courtesy of Professor Luis 
Requena. 


Paradoxically, although eosinophilic pustular folliculitis may first 
develop after the CD4 count starts to rise with the introduction of 
highly active antiretroviral therapy (HAART), in which case it may 
be accompanied by the immune reconstitution inflammatory syn- 
drome (IRIS), generally it improves with HAART, possibly through 
restoration of Th1 immune response [19]. 


Differential diagnosis 

Folliculitis, follicular mucinosis, mycosis fungoides, dermatophyte 
infections, papular urticaria, acne, rosacea, lupus miliaris dissemina- 
tus faciei, palmoplantar pustulosis, subcorneal pustular dermatosis 
and drug-induced eosinophilic pustular folliculitis. As the clinical 
presentation is non-specific and differential diagnoses wide, biopsy 
of the lesions is recommended. For some cases the final diagnosis 
is made after careful interpretation of the clinical and histological 
findings, especially as the initial lesions of cutaneous T-cell lym- 
phoma have the same histological characteristics [20]. 


Investigations 

In the classical form a mild to moderate peripheral blood 
eosinophilia is present in about half of patients. In HIV disease 
the CD4 count is often <300 cells/mm. Infants may have an 
elevated serum IgE level. 

Skin swabs for microscopy and culture will be useful in detect- 
ing infection and a biopsy with immunofluorescence and concurrent 
serum for desmoglein ELISA will be helpful to exclude pemphigus 
in vesicular presentations. 


Management 

A comprehensive review of the various treatments showed that no 
treatment is consistently effective, and treatment has to be tailored 
to the individual patient [17]. Systemic corticosteroids are usually 
but not always helpful; potent topical corticosteroids are sometimes 
of some value, while topical pimecrolimus and tacrolimus have 
also been advocated [21]. Oral non-steroidal anti-inflammatory 
drugs (NSAIDs) are widely used in Japan for the classical form: 
in a review of published Japanese cases, nearly 80% reportedly 
responded to indomethacin, possibly through interfering with the 
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PGD,-induced chemotaxis of eosinophils [12,22]. The combina- 
tion of low-dose oral indomethacin and topical tacrolimus was 
safe and effective in two cases, reducing the risk of NSAIDs side 
effects [8]. Dapsone is effective in some cases [22,23] and ultraviolet 
B (UVB) therapy was helpful in six HIV-associated cases [24], 
although maintenance treatment was required. Other reported 
therapeutic options with varied efficacy include topical permethrin, 
minocycline, isotretinoin, itraconazole, cetirizine, metronidazole 
and colchicine [12]. 


Treatment ladder 


First line 

¢ Topical pimecrolimus or tacrolimus 

e Topical indomethacin 

¢ Combination of low-dose topical indomethacin and topical 
tacrolimus 

¢ Potent topical corticosteroids 


Second line 

¢ Oral indomethacin 

¢ Narrow-band UVB phototherapy 

PUVA (psoralen plus ultraviolet A) phototherapy 
e¢ Dapsone 

¢ Oral corticosteroids 

¢ Oral antimicrobials (minocycline, itraconazole) 

¢ Cetirizine 

¢ Oral isotretinoin 


Infantile eosinophilic pustular 
folliculitis 


Definition and nomenclature 

Infantile eosinophilic pustular folliculitis is an inflammatory 
pustular disorder of infants associated with cutaneous and periph- 
eral blood eosinophilia. 


Synonyms and inclusions 


e Infancy-associated eosinophilic pustular folliculitis 
e Infantile eosinophilic pustulosis 


Introduction and general description 

Infantile eosinophilic pustular folliculitis is an inflammatory pus- 
tular disorder of infants associated with cutaneous and peripheral 
blood eosinophilia. It was first reported in 1984 by Lucky et al. [1]. 
It is characterised by recurrent outbreaks of non-infective pustules 
containing eosinophils on the scalp of infants. In the majority of 
cases, the condition commences before the age of 6 months and 
remits by the age of 3 years. In two-thirds of cases, body areas 
other than the scalp are affected. The cause is unknown. It was 
originally considered and is still generally termed a folliculitis, but 
in a substantial number of cases no follicular involvement has been 
found [2,3]. 
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Figure 91.5 Infantile eosinophilic pustular folliculitis with dense infiltrate of eosinophils, 
spongiosis and microabscess formation within the follicle (inset). Reproduced from 
Alonso-Castro et al. [7] with permission from California Digital Library. 


Epidemiology 
Age 
Average age at presentation is 6 months [4]. 


Sex 
More common in boys, with a male to female ratio of 4:1. 


Associated diseases 

A case of HIV-associated infantile eosinophilic pustular folliculitis 
has been described in an infant [5]. It has also been associated with 
hyper-IgE syndrome and atopic disease [6]. 


Pathophysiology 

Pathology 

Tzanck smear shows an abundance of eosinophils. Biopsy shows 
an intense follicular polymorphonuclear and eosinophilic infiltrate 
(Figure 91.5), occasionally demonstrating flame figures [3]. Affected 
hair follicles were identified in only 63% of biopsies in a large case 
series [2], with eosinophils also affecting the perifollicular and peri- 
adnexal areas [3]. 


Causative organisms 
Bacteriology is usually negative. 


Genetics 
It has been reported in brothers [3]. 
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Clinical features 

Presentation 

It is characterised by recurrent crops of itchy sterile pustules, which 
recur over several months or years. The sterile pustules develop 
on the scalp predominantly (Figure 91.6), but lesions may occur 
at other sites such as face, trunk, palms, legs and soles. Children 
may develop axillary, inguinal or cervical lymphadenopathy [7]. 
Pustular lesions resolve spontaneously without scarring [8]. 


Differential diagnosis 
Other neonatal and infantile pustular eruptions which should be 
considered in the differential diagnosis are shown in Table 91.2. 


Disease course and prognosis 

This is a self-limiting disease with frequent flares. Spontaneous res- 
olution usually occurs from 4 months to 9 years of age, with up to 
80% of cases resolving by 3 years of age [3]. 


Investigations 
Tzanck smear, culture for bacteria and fungi, HIV test and IgE levels. 


Management 

Topical steroids are generally effective [4]. Because the condi- 
tion is self-limiting, aggressive treatment is not recommended; 
however, oral indomethacin or dapsone can be helpful, particu- 
larly in recalcitrant or extensive disease [8,9]. Topical tacrolimus 
and antihistamines with anti-eosinophilic activity, such as cet- 
irizine and cimetidine, can be effective alternative treatment 
options [3,10]. 


Treatment ladder 


First line 
e Expectancy 
¢ Topical corticosteroids 


Second line 
e Antihistamines 
¢ Topical tacrolimus 


Third line 
¢ Oral indomethacin 
e Dapsone 


Actinic folliculitis -.— Ln 


Definition and nomenclature 

Actinic folliculitis is a rare photodermatosis of unknown aetiology 
characterised by the development of pruritic monomorphic follicu- 
lar papules and pustules appearing on photo-exposed sites several 
hours to days after sunlight exposure. 


Figure 91.6 Sterile pustules in the scalp of a young boy with 
infantile eosinophilic pustular folliculitis. Courtesy of Dr Antonio 
Torrelo. 


Table 91.2 Differential diagnosis of infantile eosinophilic pustular folliculitis. 
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Peripheral 
Diagnosis Incidence Site Lesions Onset Duration eosinophilia Tzancksmear Histology 
Infantile Rare Scalp, trunk (+ Vesicles, pustules, Birth or later Cyclical outbreaks = During Eosinophils Eosinophilic spongiosis; 
eosinophilic hands, feet) crusts for 3 months outbreaks subcorneal pustules; 
pustular to 5 years in some eosinophilic 
folliculitis patients folliculitis 
Erythema toxicum One-third of Face, trunk, Macules, vesicles, Birth-7 h Resolves within 1 Up to 15% Eosinophils Eosinophilic folliculitis; 
neonatorum neonates limbs pustules week subcorneal 
eosinophilic pustules 
Transient neonatal 4-5% of black Neck, trunk, Vesicles, pustules,  Birth-2h Resolves within May occur Neutrophils, Neutrophilic 
pustular infants; thighs, pigmented weeks occasional intracorneal and 
melanosis 0.1-0.3% of palms, soles macules eosinophils subcorneal pustules 
white infants 
Infantile Rare; mainly in Hands, feet (+ Pruritic papules, Neonatal Lesions last 7-10 May occur Neutrophils, Subcorneal pustules 
acropustulosis black males scalp, face, vesicles, period or days, crops occasional containing 
trunk) pustules later recur for 2 eosinophils neutrophils; 
months to occasional 
years eosinophils 
Langerhans cell Rare Scalp, flexures Papules, pustules, Birth or later Varies depending No Histiocytes Infiltrate of Langerhans 
histiocytosis vesicles, crusts on systemic cells; Birbeck 
involvement granules on electron 
microscopy 


Reproduced from Rahman et a/. 2020 [3] with permission from John Wiley & Sons. 


Synonyms and inclusions 
e Actinic superficial folliculitis 
e Acne aestivalis 
¢ Mallorca acne 


Introduction and general description 

Actinic folliculitis is a rare photodermatosis of unknown aetiology 
characterised by the development of pruritic monomorphic 
follicular papules and pustules appearing on the face, neck, arms 
and/or upper trunk several hours to days after sunlight exposure. 
Photoprotection and abstinence from sun exposure normally lead to 
remission, with the lesions resolving within 10-14 days. Cultures for 
microorganisms are negative. Histologically, there is a superficial 
neutrophilic folliculitis with an admixture of lymphocytes [1]. 


Epidemiology 

Age 

Actinic folliculitis has been described in young to middle-aged 
adults of both sexes. 


Sex 
Males and females are equally affected. 


Pathophysiology 

Predisposing factors 

Exposure to sunlight is a predisposing factor. Although the exact 
pathophysiological mechanisms are still not well understood, the 
reported seasonal variability and triggering of the lesions through 
window glass pinpoint a key role for ultraviolet A (UVA) [2] and 
provocation with iterative doses of broadband UVA has been 
shown [2]. UV radiation may induce occlusion of the follicular 
ostia through epidermal thickening and follicular infundibular 
thickening [3], although the aetiology is not confirmed. 


Clinical features 

Presentation 

Monomorphic follicular papules and pustules erupt over the face, 
neck, upper arms, shoulders and/or upper chest following as little 
as a few hours to up to a week of sun exposure. In some patients it 
may appear in sunlight abroad, but not in the UK [2]. There may be a 
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(a) 


(b) 


Figure 91.7 Follicular pustules on (a) the forehead and on (b) the left upper back 24 
hours after irradiation with broadband UVA in a patient with actinic folliculitis. 
Reproduced from Butt et a/. [2] with permission from John Wiley & Sons. 


burning sensation or pruritus at the onset, resolving within 10 days 
[4,5]. Another report describes itchy pustules and papules on the 
lower face resolving within 4 days [6]. The mechanism is unknown. 


Differential diagnosis 
Polymorphic light eruption, miliaria, papulopustular rosacea, pho- 
toaggravated rosacea, photoaggravated acne vulgaris. 


Disease course and prognosis 
It may recur annually over many years and demonstrate seasonal 
variability, being most active at the beginning of the summer. 


Investigations 

Iterative broadband UVA provocation tests can be performed to 
support the diagnosis (Figure 91.7). Monochromator phototesting is 
usually normal, although a reduced minimal erythema dose (MED) 
has been observed [2]. 
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Management 

Photoprotection with behavioural modification, hats, clothing 
and high-factor sunscreen may be beneficial. Antibiotics, either 
oral or topical, are ineffective, but severe cases may respond to 
oral isotretinoin [6,7]. Topical retinoid application a few weeks in 
advance of the anticipated sun exposure could be an effective 
and well-tolerated alternative option. Narrowband ultraviolet-B 
(NB-UVB) phototherapy may provide useful and effective long-term 
desensitisation [2]. 


DEEP FOLLICULITI: 


Pseudofolliculitis iil 


Definition and nomenclature 

Pseudofolliculitis is a chronic follicular and perifollicular inflam- 
matory disorder due to foreign-body skin reaction to hair trapped 
beneath the skin surface. 


Synonyms and inclusions 
¢ Ingrown hairs 

Pili incarnati 

e Pseudofolliculitis barbae 

e Razor bumps 

e Shave bumps 


Introduction and general description 

Pseudofolliculitis is a chronic follicular and perifollicular inflamma- 
tory disorder which occurs from penetration or retraction of the cut 
ends of hair into the skin following shaving or as the result of dis- 
turbed hair growth following plucking or waxing. Areas particu- 
larly affected are those most frequently shaved including the beard, 
pubic areas and lower legs. 


Epidemiology 

Incidence and prevalence 

The exact prevalence is unknown. It is particularly common in men, 
but it can also affect females and generally those with curly hair. 
Pseudofolliculitis barbae occurs in 10-80% of adult black men, par- 
ticularly those who shave closely on a regular basis [1]. 


Age 
After puberty. 


Sex 
Males are more commonly affected than females. 


Ethnicity 
Men of African and Hispanic descent are particularly predisposed. 


Pathophysiology 
Predisposing factors 
Pseudofolliculitis results either from the hair being cut too short, 


Figure 91.8 Pseudofolliculitis barbae 
showing typical distribution (a) and 
close-up view (b). (a) 


so that it may retract into the follicle and then directly penetrate the 
follicle wall, or from hair left to grow for a few days after being cut or 
shaved, such that the hairs curve backwards and penetrate adjacent 
skin [2,3]. Underlying genetic predisposition plays an important role 
in individuals who are genetically determined to have curly hair 
because they are more liable to both of these aberrations; the con- 
dition is very common and more severe in those with tightly coiled 
hair [3,4,5]. Skin folds or irregularities due to scarring may also allow 
ingrowth of straight hairs. 

Shaving practices play an important contributory role to pseudo- 
folliculitis, including daily shaving without pre- and post-shave 
care. Both plucking [6] and waxing [7] of hair, particularly on the 
limbs, commonly lead to pseudofolliculitis in females. Cut nasal 
hairs may act similarly [8]. Hyperandrogenism can be a contributing 
factor in females as it is associated with increased hair growth and 
the use of shaving or depilation for cosmetic reasons [9]. Pseudofol- 
liculitis has also been reported as an adverse drug reaction to oral 
minoxidil [10]. 


Pathology 

Penetration of aberrant cut ends of the hair into the follicle or sur- 
rounding tissue results in acute inflammation, microabscesses and 
foreign-body giant cell granuloma formation. 


Causative organisms 

Coagulase-negative staphylococci may sometimes be grown from 
the lesions. However, the condition is not primarily infective but 
rather a foreign-body inflammatory reaction. 


Clinical features 

Presentation 

The condition typically manifests as multiple small firm papules 
and pustules on shaven skin. Any shaved surface in either sex may 
be affected, with the male beard area most commonly affected. The 
skin of the anterior and posterior neck and over the jaw is also com- 
monly affected as well as the cheeks, chin, axilla, pubic area and legs 
(Figures 91.8 and 91.9). Papules may be large and may scar, with 
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Deep folliculitis 


Figure 91.9 Pseudofolliculitis barbae affecting the chin and upper neck. Courtesy of Dr 
lbrahima Traore. 


keloid formation and hyperpigmentation possibly ensuing. It is gen- 
erally possible to identify some penetrating hairs, but they may not 
be visible in all cases. Where there is clinical doubt, it is sometimes 
possible to extract a coiled hair using the tip of a sterile needle. The 
clinical appearance can lead to significant psychological distress. 

The diagnosis is usually obvious based on the clinical findings. 
Dermoscopy aids diagnosis by demonstrating ingrown hairs, 
extrafollicular penetration, perifollicular and follicular papules and 
pustules. In cases where sites other than the beard area are affected, 
a history of shaving, plucking or waxing should help to clinch the 
diagnosis. 


Differential diagnosis 

Bacterial folliculitis including sycosis barbae and dermatophytosis, 
fungal infection, traumatic folliculitis, acne keloidalis nuchae and 
cutaneous sarcoidosis. 
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Complications and co-morbidities 
Pseudofolliculitis, particularly of the beard area, can result in hyper- 
trophic or keloid scarring. Postinflammatory hyperpigmentation is 
also a common complication. 

Females with pseudofolliculitis are commonly affected by acne 
and disorders characterised by hyperadrogenism, such as polycystic 
ovarian syndrome (PCOS), hirsutism and infertility [9]. 


Disease course and prognosis 

Pseudofolliculitis is a chronic condition with a relapsing and 
remitting course. Avoiding shaving can allow the skin to recover, 
otherwise intermittent treatment may be required. Permanent 
hair removal at high-risk sites may be appropriate in selected 
cases. 


Management 

Cessation of shaving/waxing for a minimum of 4-6 weeks will 
allow the inflammation to settle and the hairs to grow sufficiently 
long to prevent ingrowth. Resumption of shaving or waxing will 
often lead to relapse [3]. Therefore, alternative shaving and hair 
removal practices should be implemented. If clean shaving is 
required, shaving regularly, even daily, with light strokes and using 
a technologically advanced multiblade razor with pre-shave hair 
hydration and post-shave moisturisation has been shown not to 
cause exacerbations [11]. Lifting out re-entrant hairs with a needle 
can be helpful but tedious and brushing with an abrasive sponge or 
toothbrush to ‘release’ the hair is less effective but quicker. Pluck- 
ing should be avoided. Hair removal with chemical depilatories 
or topical eflornithine hydrochloride cream may be helpful for 
some patients. Laser hair removal has been shown to be effective 
treatment by reducing the density and thickness of the hair and 
there is evidence that the combination of eflornithine cream and 
laser is better than laser depilation alone [12,13]. Some relief is 
possible with benzoyl peroxide, low-potency topical steroids and 
topical antimicrobial either alone or in combinations [1]. Topical 
retinoids and topical glycolic acid therapy have also be shown to 
be effective. 


Treatment ladder 


First line 
¢ Stop shaving the affected area for 6 weeks and apply topical 
combination steroid /antibacterial cream 


Second line 

e Regular shaving, even daily, using a technologically 
advanced multiblade razor 

e Perform pre-shave hair hydration and post-shave 
moisturisation 

¢ Use chemical depilatories rather than physical hair removal 


Third line 
¢ Combination of eflornithine cream and laser hair removal in 
the affected area 


Folliculitis keloidalis 


Definition and nomenclature 

Folliculitis keloidalis is a chronic scarring folliculitis involving prin- 
cipally the hair follicles of the nape of the neck and occipital scalp 
and leading to papules, plaques and hypertrophic scars. 


Synonyms and inclusions 
e Acne keloidalis nuchae 

e Acne keloidalis 

¢ Dermatitis papillaris capillitia 
¢ Folliculitis keloidalis nuchae 

 Folliculitis nuchae 

e Keloidal folliculitis 

e Sychosis nuchae 


Introduction and general description 

Folliculitis keloidalis is a chronic scarring folliculitis involving prin- 
cipally the hair follicles of the nape of the neck and occipital scalp 
and is considered to be a form of mixed primary cicatricial alopecia 
[1,2]. However, the term keloidalis is inaccurate as the condition is 
not associated with true keloids. 


Epidemiology 

Incidence and prevalence 

Folliculitis keloidalis is a common disease, particularly in people 
of African, Afro-Caribbean and Hispanic descent [3]. A study from 
Nigeria reported that 9.4% of all patients attending a dermatology 
outpatient department had folliculitis keloidalis [4]. 


Age 
Folliculitis keloidalis occurs in males after puberty and is most fre- 
quent between the ages of 14 and 25 years. 


Sex 
Males are most commonly affected, with an increased male to female 
ratio ranging from 7:1 to 20:1 [2,5]. 


Ethnicity 
Most common in individuals of African, Afro-Caribbean and His- 
panic descent [3]. 


Pathophysiology 

Predisposing factors 

This chronic inflammatory condition occurs mainly in males and 
therefore implies a possible pathogenetic role of sex hormones. 
Although friction from the collar is often incriminated, the evidence 
is unconvincing [6]. An association between frequent haircuts 
(at < two-weekly intervals) has been documented in older boys 
attending high school [7]. This finding and the observation of 
foreign-body granulomas surrounding fragments of hair have led 
to the suggestion that the process begins with penetration of cut 
hair into the skin as in pseudofolliculitis. However, no evidence of 
this was found on a detailed histological examination [8]. Moreover, 
it has been reported to occur secondary to several medications such 


Figure 91.10 (a) Folliculitis keloidalis of the nape of the neck. 
Courtesy of Dr lan Coulson. (b) Folliculitis keloidalis of the nape 
of the neck in a patient with skin of colour. Courtesy of Dr 
lbrahima Traore. 


as carbamazepine, diphenylhydantoin, cyclosporin, sirolimus and 
tacrolimus [5,9]. 


Pathology 

The most frequent histopathological findings include follicular 
dilatation with neutrophils early in the disease course and chronic 
perifollicular inflammation with a lymphoplasmacellular cell infil- 
trate particularly affecting isthmus and lower infundibulum [1,10]. 
Disappearance of sebaceous glands, destroyed follicles, lamellar 
fibroplasia and acute inflammation around degenerating follicular 
components can also be found as well as perifollicular granulomas, 
abscesses and tufted hair folliculitis. Serial sections may show a 
foreign-body reaction to hair and follicular remnants. Furthermore, 
an increased number of interleukin (IL)-6 positive cells within the 
dermis of affected areas can be found, which suggests a possible 
pathogenetic role for IL-6 [10]. 


Causative organisms 

Staphylococcus aureus and Demodex may be isolated from the skin, but 
it is uncertain whether these organisms can be implicated as primary 
pathogens [6,8]. 


Clinical features 

Presentation 

Follicular papules or pustules, often in irregularly linear groups, 
develop on the nape of the neck just below and within the hair 
line and on the occipital scalp (Figure 91.10). Less often and in 
more severe cases, they extend upwards into other areas of the 
scalp [5]. The early inflammatory stage may be inconspicuous and 
the patient may be unaware of the condition until hard keloidal 
papules develop at the sites of follicular inflammation. Also, the 
lesions may only be noticed following haircuts and it is assumed 
that the lesions occur due to an infection caused by the haircut 
instruments [10]. The papules may remain discrete or may fuse into 
horizontal bands, irregular plaques or tumorous masses [5]. In other 
cases, the inflammatory changes are persistent and troublesome, 
with undermined abscesses and discharging sinuses. The condition 
is chronic and new lesions may continue to form at intervals for 
years with signs of both active and chronic inflammation, which 
result in keloid-like scars and scarring alopecia [11]. Patients of 
African descent are prone to develop keloid-like masses and, less 
often, discrete papules and nodules compared with patients of 
different descent [3]. However, the condition is not associated with 


an increased frequency of keloids elsewhere in the body because 
the prevalence of keloid formation in individuals with folliculitis 
keloidalis is similar to that in the general population [3]. 


Disease course and prognosis 
The condition usually becomes chronic with episodic flares, leading 
to permanent scarring and cicatricial alopecia. 


Co-morbidities 

An increased frequency of acne, seborrheic dermatitis and 
pseudofolliculitis barbae as well as of folliculitis decalvans, dis- 
secting cellulitis, hidradenitis suppurativa and the rare X-linked 
keratosis follicularis spinulosa decalvans has been reported [3,5,12]. 
Although there is no evidence to support a causal relationship 
between these conditions, a shared underlying predisposition can- 
not be excluded [3]. Moreover, patients may have hypothyroidism, 
acanthosis nigricans and features of metabolic syndrome such as 
diabetes mellitus, hypertension and dyslipidaemia [5]. 


Investigations 
Skin swabs can be taken if bacterial infection is suspected. 


Management 

Bacterial infection should be treated if present and antiseptics may 
be used to prevent secondary infection. Close shaving of the hair 
on the nape of the neck and occipital scalp should be avoided. 
Intralesional steroids have been reported to be effective [13]. Potent 
topical corticosteroids may reduce scarring and inflammation 
and can be used either as monotherapy or in combination with 
topical antibiotics or retinoids [10]. Topical and oral antibiotics 
such as tetracyclines as well as oral isotretinoin have also been 
shown to be effective [13]. Treatment with a 1064 nm Nd:YAG 
laser or 810 nm diode laser has shown good therapeutic results 
[13,14]. The laser treatment causes miniaturisation of the hair shafts, 
which is thought to reduce subsequent inflammatory episodes. 
Additionally, NB-UVB phototherapy aids remission, possibly by 
reducing inflammation and regulating the expression of matrix 
metalloproteinases [13,15]. In those patients with extensive and 
refractory disease, surgery or cryosurgery with secondary intention 
healing as well as radiotherapy of the affected areas are effective 
alternatives [16]. 
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Treatment ladder 


First line 

e Avoidance of close shaving of the hair on the nape of the neck 
and occipital scalp 

¢ Topical antiseptics 

e Intralesional steroids 

¢ Topical steroids either as monotherapy or as combination 
with topical antibiotics or retinoids 

¢ Topical and oral antibiotics such as tetracyclines 

¢ Oral isotretinoin 


Second line 
e Laser-assisted hair removal 
¢ NB-UVB phototherapy 


Third line 
e Surgery or cryosurgery with second intention healing 
e Radiotherapy 


Necrotising lymphocytic folli 
the scalp margin 


Definition and nomenclature 

Necrotising lymphocytic folliculitis is a rare and poorly understood 
chronic scarring follicular dermatosis characterised by necrotising 
inflammation of follicles close to the scalp margins and resulting in 
multiple small round varioliform scars [1]. It has historically been 
termed acne necrotica varioliformis but it is not considered as a 
variant of acne [2]. 


Synonyms and inclusions 
¢ Acne frontalis 

¢ Acne necrotica varioliformis 
e Acne necrotica 

e Acne pilaris 

 Folliculitis necrotica 


Introduction and general description 

This uncommon condition is characterised by a necrotising folliculi- 
tis which appears in crops primarily along the frontal hairline and 
is a form of mixed primary cicatricial alopecia [3]. 


Epidemiology 

Incidence and prevalence 

It is a rare but underrecognised disorder. It affects individuals in 
their fourth and fifth decades [4]. 


Pathophysiology 

Pathology 

Early lesions are characterised by a dyskeratotic follicular epithe- 
lium with associated spongiosis. A prominent lymphocytic perifol- 
licular and perivascular lymphocytic infiltrate is also seen as well as 
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subepidermal and perifollicular oedema [1]. As the lesions progress, 
more widespread necrosis appears involving the upper piloseba- 
ceous unit, follicular epithelium, epidermis and dermis, and often 
containing fragments of hair. In later stages, the lesions are charac- 
terised by non-pathognomonic changes of perifollicular inflamma- 
tion, making the diagnosis more challenging [5]. 


Causative organisms 

Staphylococcus aureus, Cutibacterium acnes, Malassesia spp, Demodex 
folliculorum and Herpes simplex have been implicated but their role, 
if any, is uncertain [6]. 


Triggering factors 
Aggravation in summer has been reported as well as its occurrence 
secondary to the use of phenylbutazone [1,6]. 


Clinical features 

Presentation 

Some patients experience mild pruritus but usually the disease 
onset is insidious, with the appearance of papules being most 
often in the frontal hairline, anterior scalp, nose, cheeks and the 
nape [4]. Some soreness may be associated with the evolving 
reddish-brown papules which gradually develop into pustules and 
umbilicate, developing focal areas of necrosis with crusting over 
the course of weeks, ultimately leaving depressed varioliform scars 
(Figure 91.11) [2]. 


Differential diagnosis 

Potential differential diagnoses include papulonecrotic tuberculid, 
tertiary syphilis rosacea, repetitive excoriation, folliculitis decal- 
vans, eczema herpeticum, dermatitis artefacta, pyogenic bacterial 
folliculitis, pityriasis lichenoides, molluscum contagiosum, nodular 
prurigo, bite and infestations, and drug reactions [5,7,8,9]. 


Disease course 
It is characterised by spontaneous resolution or by chronicity with 
frequent recurrences and resistance to treatment [2,6]. 


Figure 91.11 Varioliform scars at the scalp margin secondary to necrotising lymphocytic 
folliculitis. 


Deep folliculitis 91.13 


Investigations 
Careful culturing to establish whether S. aureus is present. 


Management 

Although strong evidence with regard to the treatment is lacking, 
the use of anti-staphylococcal antibiotics is recommended if S. 
aureus is found on culture. If this is not the case, oral tetracyclines 
or macrolides and antibacterial shampoos can effectively induce 
remission [5]. Topical, intralesional or systemic steroids, topical 
benzoyl peroxide and topical calcipotriol cream could also be of 
value, as well as oral isotretinoin in treatment-resistant patients, 
especially if C. acnes is found on culture [6]. 


Treatment ladder 


First line 

¢ Oral tetracyclines 

e If S. aureus is found, antistaphylococcal therapy along with 
treatment of possible concomitant nasal carriage 

e Antibacterial shampoos 


Second line 

¢ Oral isotretinoin 

¢ Topical, intralesional or systemic steroids 
¢ Topical benzoyl peroxide 

¢ Topical calcipotriol cream 


Chronic non-scarring folliculiti 
scalp 


Definition and nomenclature 
A non-scarring chronic superficial folliculitis of the scalp that is 
typically characterised by multiple minute, very itchy pustules 
distributed throughout the scalp. 


Synonyms and inclusions 

¢ Chronic scalp folliculitis 

¢ Scalp folliculitis 

¢ Propionibacterium acnes folliculitis of the scalp 
e Acne necrotica miliaris 


Introduction and general description 

Chronic non-scarring folliculitis of the scalp is a relatively common 
but understudied chronic relapsing condition in which multiple 
minute itchy pustules form in the scalp. Maibach first recognised 
the condition in 1967 and since then several case series have been 
reported [1-3]. However, a confusing terminology has been used 
to describe it, either acne necrotica miliaris although no necrosis 
is seen; or Propionibacterium acnes folliculitis although Cutibac- 
terium acnes (previously known as Propionibacterium acnes) does not 
have a pathogenetic role; or scalp folliculitis which is an umbrella 


term including chronic non-scarring scalp folliculitis, folliculitis 
decalvans, tufted folliculitis, acne keloidalis nuchae and dissecting 
cellulitis [1-3,4]. 


Epidemiology 
Incidence and prevalence 
Unknown but relatively common. 


Age 
Onset in third and fourth decades. 


Sex 
Male to female ratio 3:1. 


Pathophysiology 

Pathology 

Neutrophilic folliculitis without necrosis and preserved seba- 
ceous glands is typically seen. Immunochemistry may demon- 
strate increased IL-1f skin reactivity, induced possibly by 
macrophages [5]. 


Causative organisms 

It has been supported to be an inflammatory condition within 
the group of neutrophilic dermatoses rather than being caused 
by an infective organism [4,5,6]. Several microbiological studies 
showed no pathogenetic role of an underlying microbial infection 
although a putative role of C. acnes and S. aureus had been suggested 
[4,5,6]. Moreover, the beneficial role of antimicrobial treatments is 
attributed to their anti-inflammatory effect [4,5,6]. 


Clinical features 

Presentation 

It is characterised by small papules and pustules associated with 
significant pruritis. Because of the itch, secondary excoriation and 
crusting are common (Figure 91.12). 

Dermoscopy reveals pustules but no scarring, tufted hair or lack 
of follicular openings. It most commonly affects the occipital region 
but also the vertex, temporal and parietal regions, spreading to more 
than one region with disease progression [4]. 


Differential diagnosis 
Acne vulgaris, folliculitis decalvans, tufted folliculitis, acne 
keloidalis nuchae, dissecting cellulitis, actinic folliculitis [4]. 


Disease course and prognosis 
It is a recurring non-scarring folliculitis associated with frequent 
flares and temporary remissions [2]. 


Management 

Low-dose tetracycline appears to be beneficial as well as the 
isotretinoin therapy and the combination of rifampin and clin- 
damycin [2,4]. The use of topical steroids, clindamycin solution and 
benzoyl peroxide wash might be effective [4]. Moreover, discontin- 
uation of treatment commonly leads to flares and often requiring 
long-term treatment to facilitate remission [4,5]. Additionally, the 
tumour necrosis factor inhibitor adalimumab has proven effective in 
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a case report of a treatment-recalcitrant patient, further illustrating 
the possible pathogenetic role of the IL-1f and inflammasome [4,5]. 


Treatment ladder 


First line 
¢ Doxycycline 


Second line 

e Isotretinoin 

¢ Combination of rimampin and clindamycin 

¢ Topical steroids, clindamycin solution and benzoyl peroxide 


Third line 
e Adalimumab 


Disseminate and recurre 
infundibulofolliculitis 


Definition 

Disseminate and recurrent infundibulofolliculitis is a dermatosis 
of poorly understood aetiology affecting principally the chest, 
shoulders and upper arms of young black men. It manifests 
clinically as sheets of small monomorphic pruritic papules [1]. 
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Figure 91.12 Chronic non-scarring scalp folliculitis before and 
after treatment with adalimumab. Reproduced from Soglia et al. 
[5] with permission from John Wiley & Sons. 


Synonyms and inclusions 

e Hitch and Lund disease 

e Infundibulofolliculitis of Hitch and Lund 

e Disseminate and recurrent infundibular folliculitis 


Epidemiology 
Age 
Begins in childhood or in adult life. 


Sex 
Mainly males. 


Ethnicity 
Mainly patients with dark skin. 


Pathophysiology 

Pathology 

Histologically, it is characterised by disseminated inflammatory 
changes confined to the infundibular portion of multiple adjacent 
follicles and a mixed inflammatory infiltrate. Spongiosis and follic- 
ular exocytosis can be seen as well as follicular dilatation, fibrinoid 


Figure 91.13 Disseminate and recurrent infundibulofolliculitis. 


necrosis around the follicle, melanophages and _transfollicular 
elimination of the follicular unit [2,3,4]. 


Causative organisms 
No infective agent has been identified. 


Genetics 

Possible genetic predisposition is supported by two case reports, one 
of two affected siblings and another of a family with three affected 
members [2,5]. 


Clinical features 

Presentation 

A widespread eruption of small monomorphic follicular papules on 
the neck, chest, trunk and proximal extremities sparing the flexures 
(Figure 91.13). Less often the face, buttocks and lower extremities 
are affected [6]. Itch is often but not always present. Occasionally 
pustules develop. 


Differential diagnosis 

Bacterial and fungal folliculitis, pityrosporum folliculitis, kerato- 
sis pilaris, acneiform reactions, lichen spinulosus, lichen nitidus, 
follicular lichen planus, keratosis follicularis, alopecia mucinosa, 
follicular eczema and juxta-clavicular beaded lines [3,6,7]. 


Disease course 
It tends to be persistent and as its name implies it may relapse 
periodically with spontaneous resolution [4]. 


Management 

Although consensus about its treatment is lacking, high-dose 
vitamin A either as monotherapy or in combination with vita- 
min E [7] and oral isotretinoin [8] have each been proven to be 
beneficial. Topical corticosteroids [9], topical calcineurin inhibitors 
[8], PUVA and NB-UVB phototherapy [4,10] and oral doxycycline 
[2,4] have each been reported to be helpful in individual case 
reports. 


Treatment ladder 


First line 

¢ Oral vitamin A either as monotherapy or in combination with 
vitamin E 

¢ Oral isotretinoin 


Second line 

e Topical steroids 

¢ Topical calcineurin inhibitors 
¢ Oral doxycycline 

¢ PUVA and NB-UVB 


SEBACEOUS GLAND DI 


Heterotopic sebaceous gla 
(Fordyce spots) 


Definition and nomenclature 

Fordyce spots are heterotopic sebaceous glands (i.e. not associated 
with hair follicles) which are located on mucosal surfaces or 
glabrous skin of the lips, oral mucosa or genitalia. Rarely, they 
have been reported in the eyes, palms, soles, tongue, salivary 
glands, larynx, thymus, oesophagus, gastroesophageal junction and 
uterus [1,2,3]. 


Synonyms and inclusions 


° Fordyce granules 
¢ Ectopic sebaceous glands 


Introduction and general description 

These common asymptomatic but readily visible skin and mucosal 
lesions easily attract the attention of both patients and physicians. 
Traditionally considered to be ectopic sebaceous glands, they should 
be considered as within the spectrum of normality. 


Epidemiology 

Incidence and prevalence 

Fordyce spots on the lips and buccal mucosa are common from an 
early age and increase in prevalence with age. Fordyce spots were 
found in 1% of Swedish newborns [4]. The prevalence rises with 
age: oral or labial lesions were observed in 8% of a large cohort of 
preschool Brazilian children [5] and in 95% of a large cohort of adult 
Israeli Jews [6]. 


Sex 

It remains unclear whether there is a sex predominance [1]. Vulval 
Fordyce spots are very common in women, with reported rates of 
75-95% [7]. Fordyce spots on penile or scrotal skin were incidental 
findings in 9% of 400 Polish men who sought advice about other 
genital abnormalities [8]. 
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Pathophysiology 

The aetiology remains unclear. The increased prevalence with age 
may point to hormonal changes. It has also been hypothesised that 
they may occur due to abnormal disposition during embryonic 
development [1]. 


Pathology 

Fordyce spots are essentially sebaceous glands in which the duct 
is connected directly to the overlying epidermal or mucosal sur- 
face rather than into a hair follicle. They contain similar lipids to 
follicle-associated sebaceous glands [9,10]. 


Clinical features 

Presentation 

Fordyce spots manifest as multiple smooth, creamy white to yellow 
well-demarcated papules which may, however, coalesce into irregu- 
lar plaques. They are usually 1-2 mm in diameter but may be larger 
and are slightly to moderately elevated above the skin or mucosal 
surface. They develop most commonly on the vermilion of the upper 
lip (Figure 91.14a), the buccal mucosa (91.14b) or the labia minora 
(Figure 91.14c). Advice is, however, most likely to be sought by ado- 
lescents or young men with prominent penile or scrotal involvement 
(Figure 91.14d). 


Clinical variants 

Heterotopic sebaceous glands may be located in the coronal sulcus 
of the penis to either side of the frenulum and in this location have 
been referred to as the glands of Tyson [11]. They are normal struc- 
tures and require no treatment. 
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Figure 91.14 Fordyce spots on the vermilion of the upper 
lip (a), buccal mucosa (b), labia minora (c) and penis (d). (c) 
Courtesy of Dr Ekaterina Burova. 


Sebaceous glands are found within the tubercles of Montgomery 
on the areola of the female breast. Typical Fordyce spots on the are- 
olae have, however, been described in a man with coexistent labial 
and penile lesions [12]. 


Differential diagnosis 

e¢ Human papillomavirus infection 
e Low-grade intraepithelial lesions 
° Milia 

¢ Molluscum contagiosum 

e Post-herpetic changes 


Investigations 
In cases of doubt, a biopsy will provide the diagnosis. 


Management 

As the lesions are benign and asymptomatic, no treatment is 
necessary. However, if they cause significant distress for aesthetic 
reasons, local destruction may be performed with modalities includ- 
ing superficial cautery or electrodessication, topical trichloroacetic 
acid, carbon dioxide (CO,) laser evaporation and micropunch 
excision therapy [1,13]. These may cause scarring dependent on 
the depth of injury. Systemic isotretinoin is an effective alternative, 
with a risk of recurrence upon discontinuation. Intralesional elec- 
trocoagulation with a proximally insulated single microneedle is 
a promising treatment option especially in cosmetically important 
areas such as the lip region [1,14]. 


Treatment ladder 


First line 
e Reassurance 


Second line 

¢ Local destruction with superficial cautery or 
electrodessication 

¢ Topical trichloracetic acid 


Third line 

e Systemic isotretinoin 

¢ Carbon dioxide laser evaporation 
e Micropunch excision therapy 

e Electrocoagulation 


Sebaceous gland hyperplasia 


Definition 

Sebaceous gland hyperplasia presents as scattered, clinically obvi- 
ous, flesh-coloured to yellowish papules resulting from hypertrophy 
of sebaceous glands. 


Introduction and general description 

Sebaceous gland hyperplasia is characterised by a benign prolifera- 
tion of sebocytes within normal pilosebaceous units in hair-bearing 
skin (cf. Fordyce spots). It is most commonly seen in adults but 
may manifest in the neonatal period due to the passage of maternal 
androgens across the placenta. 


Epidemiology 

Incidence and prevalence 

Sebaceous gland hyperplasia is a common disorder, affecting 
approximately 1% of the population [1]. Its prevalence in patients 
taking long-term immunosuppression is higher, ranging from 10% 
to 16% [1]. 


Age 

Sebaceous hyperplasia is common in middle-aged or older adults 
[2]. Itis uncommon in childhood and adolescence although neonates 
are often affected due to exposure to maternal androgens. 


Pathophysiology 

Associated diseases and predisposing factors 
Immunosuppression with ciclosporin or tacrolimus in organ- 
transplant recipients may predispose to sebaceous hyperplasia 
[2-4]. It has been reported following use of systemic corticosteroids, 
dialysis and HAART in HIV patients [2,5]. It has also been associ- 
ated with Muir-Torre syndrome, X-linked hypohidrotic ectodermal 
dysplasia syndrome and pachydermoperiostosis [5]. 


Pathology 
The sebaceous glands are enlarged and surround and connect to a 
dilated central duct. 


Figure 91.15 Sebaceous gland hyperplasia on the cheek of a 42-year-old man. 


Figure 91.16 Crown vessels in a sebaceous hyperplasia. Crown vessels surrounding a 
white-yellow polylobular centre are a specific clue for sebaceous hyperplasia, while they 
sometimes mimic molluscum contagiosum (white arrowheads). Reproduced from 
Togawa 2017 [7] with permission from John Wiley & Sons. 


Genetics 
Familial cases presenting at a young age suggest the possibility of a 
genetic component [6]. 


Clinical features 
Presentation 
Sebaceous gland hyperplasia presents as individual asymptomatic 
flesh-coloured to yellow-pink papules measuring 1-3 mm in diam- 
eter, but may be larger (Figure 91.15). Closer inspection highlights 
that these are made up of smaller aggregated papules surround- 
ing the follicular opening resulting in a umbilicated appearance 
with prominent blood vessels, easily seen with dermoscopy 
(Figure 91.16). These are distinct from the arborising pattern of 
vessels seen in basal cell carcinoma and may have ‘crown vessels’ 
that are specific for sebaceous gland hyperplasia [2]. 

A solitary nodule or multiple lesions may be present. They are 
most common on the forehead, temples and cheeks, but may occur 
on the oral mucosa, ear, carbuncle, upper trunk, vulva, areola and 
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penile shaft. Their main clinical significance is that they may be 
mistaken for other disorders presenting with facial papules such as 
basal cell carcinoma. 


Disease course and prognosis 
Persistent but asymptomatic. However, in case of multiple lesions 
especially on the face, sebaceous gland hyperplasia can have an aes- 
thetic and psychological impact. 


Investigations 
In cases of diagnostic doubt, biopsy will rule out neoplasm or other 
disorder (see Box 91.1 for differential diagnosis). 


Box 91.1 Differential diagnosis of sebaceous gland 
hyperplasia 


e Sebaceous adenoma (with associated Muir-Torre) 
e Sebaceous carcinoma 

e Heterotopic sebaceous glands (Fordyce spots) 
e Basal cell carcinomas 

¢ Trichepitheliomas and other adnexal tumours 
e Fibrous papule of the face 

¢ Granulomatous rosacea 

e Milia 

¢ Molluscum contagiosum 

e Nevus sebaceous 

e Sebaceous nevus 

e Xanthoma 


Management 

Sebaceous hyperplasia is a benign asymptomatic disorder and no 
treatment is necessary. Where there is a cosmetic concern, physical 
treatments such as electrodessication, cryotherapy, trichloroacetic 
acid, shave or curettage or ablative laser (CO, or Er:YAG) may be 
used [8-11]. A 1720nm laser is more specific for the sebaceous 
gland and improved outcomes over conventional methods have 
been described [12]. Optimal outcomes involve resolution of the 
lesions without scarring or dyspigmentation. Nanosecond pulsed 
electric field (nsPEF) technology has also been shown to be a safe 
and effective treatment option [1]. 

Oral isotretinoin is helpful. However, lesions recur on cessation 
of treatment. Anti-androgens, e.g. cyproterone acetate, in combina- 
tion with a combined oral contraceptive preparation may induce 
regression of sebaceous hyperplasia in females [13]. Photodynamic 
therapy using aminolaevulinic acid or methylaminolaevulinate has 
also been shown to be useful for shrinking lesions of sebaceous 
hyperplasia and combination therapies may also be used. 


Treatment ladder 


First line 
¢ Cosmetic camouflage 


Second line 
e Electrodessication 


¢ Local destruction with lasers (CO,, Er:YAG), cryotherapy and 
nanosecond pulsed electric field (nsPEF) 
¢ Topical trichloracetic acid 


Third line 

e Systemic isotretinoin 

¢ Cyproterone acetate combination with oral contraceptive 
preparation (COCP) 

e Photodynamic therapy with or without lasers or other 
destructive modalities 
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Introduction 


In this chapter the anatomy, physiology and diseases of the two 
types of sweat gland, eccrine and apocrine, are described. The 
clinical patterns, causes and associations of excessive sweating 
on the one hand and of reduced or absent sweating on the other 
are addressed in detail. Guidance is given on the management of 
hyperhidrosis and on the choice of appropriate therapy, including 
topical and systemic agents and surgery. The presentation and 
management of occlusive and inflammatory disorders of eccrine 
sweat glands is covered fully, as are the clinical features and man- 
agement of abnormal sweat odour and colour and of apocrine 
miliaria. Brief reference is made to conditions associated with 
sweat gland inclusions; discussion of the latter and of neoplasms 
derived from sweat gland elements is to be found elsewhere in 
the book. 


ECCRINE GLANDS | 


Anatomy and physiology of eccrine glands 


Human eccrine sweat glands have two distinct functions [1,2,3,4]. 
They allow body cooling by evaporation and contribute in a major 
way to adaptation to a hot environment by humans. They also 


moisten the skin on the palms and soles at times of activity and thus 
improve their grip. 

Eccrine sweat glands are distributed over the whole skin surface 
including the glans penis and foreskin, but not on the lips, exter- 
nal ear canal, clitoris or labia minora. The number varies greatly 
with site, from 620/cm? on the soles, about 120/cm? on the thighs 
to 60/cm? on the back [5]. The total number on the body surface is 
between 2 and 5 million, and is similar in different ethnic groups. 
It has been calculated that the weight of the eccrine glands totals 
100g. The glands vary in size from person to person by a factor of 
five and this probably accounts for individual as well as regional 
differences in sweat rate (maximal individual gland secretion rates 
ranging from 2 to 20nL/min/gland). 

Embryologically, sweat glands are derived from a specialised 
downgrowth of the epidermis at about the third month of intrauter- 
ine life on the palms and soles and at about 5 months elsewhere; 
they resemble adult glands by 8 months. Sweat glands are mor- 
phologically normal at birth but may not function fully until about 
2 years of age. No new eccrine glands develop after birth. Unlike the 
apocrine glands they have no developmental relationship with the 
pilosebaceous follicle, although some glands may eventually come 
to open into the follicular neck. The gland consists of a secretory 
coil in the lower dermis (Figure 92.1a) and subcutaneous tissue, and 
a duct leading through the dermis to the intraepidermal sweat duct 
unit (Figure 92.1b). Apoeccrine glands have features of both eccrine 
and apocrine glands but seem to be nearer to eccrine in function. 
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(b) 
Figure 92.1 (a) A normal eccrine unit composed of secretory glands and ducts. 
Magnification 10x (H&E). (b) Closer view of eccrine glands showing the double 


layer of lining epithelial cells. Magnification 40x (H&E). Courtesy of Dr Arti Bakshi, 
Liverpool University Hospitals NHS Foundation Trust, UK. 


They open onto the surface and produce a copious watery fluid. 
They may account for 10-45% of adult axillary glands [6]. 

The secretory coil contains three types of cell: large clear cells, 
which are the main secretory cells, small dark cells, which resemble 
mucus-secreting cells of other organs but whose function is not 
known, and myoepithelial cells [7]. The large and small cells of the 
secretory coil, unlike those of the duct, are attached to the basement 
membrane, although individual sections may at times suggest a 
double layer. Outside the basement membrane are the longitudi- 
nally arranged myoepithelial cells, whose function is probably to 


support the gland, but they may also help propel the sweat towards 
the surface. They respond to cholinergic stimuli. The function of the 
coil is to produce from plasma a watery isotonic secretion which 
can subsequently be modified by the duct. Ultrastructurally, the 
large clear cells are characterised by the presence of many mito- 
chondria and by both intricate basal infoldings and intercellular 
canaliculi. Para-nitrophenyl phosphatase activity, which reflects 
catalytic activity of Na-K-ATPase, is evident in the basal infoldings 
but not the intercellular canaliculi, suggesting that the basal areas 
are the sites of active ion transport requisite for sweat secretion. The 
classic theory suggests that acetylcholine passively increases entry 
of sodium into the cell, and this is then pumped out by the sodium 
pump into the intercellular canaliculi rather than directly through 
the luminal margin. However, there are other theories [4]. Fluid 
secretion is believed to be mediated osmotically, but the mechanism 
by which water moves has long been obscure. The discovery of 
aquaporins (AQPs) may challenge this theory. AQPs are a group 
of intercellular membrane water channel proteins, which allow 
movement of large amounts of fluid. In animal models, sweat 
secretion in AQP5 null mice was markedly decreased [8]. AOP5 has 
been identified in the dark cells of human eccrine sweat glands but 
its role in human sweating is still not clear [9,10]. Many different 
monoclonal antibodies can be shown to react with different portions 
of the sweat glands, allowing distinction of the gland from other 
components of the skin [11]. 

The duct consists of two or more layers of relatively uniform 
cuboidal cells. About one-third of the coil has this histology, as well 
as the uncoiled part passing up to the epidermis. The basal cells 
are rich in mitochondria and their entire membranes are rich in 
Na-K-ATPase activity, suggesting sodium pumping occurs along 
the entire duct membrane, and performs an active part in modifying 
the secretion produced by the coil. 

It has been suggested that sweat glands do not cool the skin only 
by evaporation of heat from the surface, but that they also act as heat 
pipes. According to this theory, evaporation of the fluid at the base 
of the duct allows water vapour to pass up the duct and condense 
nearer the surface, and thence return to the deeper parts by capillary 
action. Such systems are a very effective way of transferring heat 
quickly [12]. 

The intraepidermal sweat unit is lined by a layer of specialised cells 
that often may be distinguished only with difficulty from the sur- 
rounding epidermis. On the palms and soles, it has a well-developed 
coil structure that is not so apparent in other sites. 

The techniques for studying the function of the eccrine sweat 
glands [12-14] include the following: 
¢ Collection of sweat in bags or pads at rest, after exposure to heat, 
or after injection or iontophoresis of pilocarpine or other cholin- 
ergic agonists. 

Direct measurement of water loss. 

Microcannulation of the duct or coil [15]. 

Measurement of electrical potentials and electrical resistance of 
the skin, which depends on both the sweat present on the epider- 
mis and the column present within the duct [16,17]. 
Visualisation of the individual sweat droplets. This may be 
achieved by direct microscopy, by in vivo staining, by forming 
plastic impressions [18] or by indicators that become coloured 
on contact with water, such as the starch/iodine technique [19], 


Figure 92.2 Identifying the extent of axillary hyperhidrosis — the skin has been cleaned 
with povidone iodine solution and then sprinkled with corn starch powder from a fine 
culinary sieve. The hyperhidrotic areas are blue-black. 


bromophenol blue [13], quinizarin [20] and the food dye Edicol 
ponceau. The plastic or silicone impression techniques are prob- 
ably the most reliable and can produce a permanent record. 
A simple modification of the starch/iodine test is to dry the skin, 
paint it with 2% iodine in alcohol, allow it to dry, and then press 
the skin against a good-quality paper. The starch in the paper 
reacts with iodine in the presence of water, so that each sweat 
droplet shows up as a minute dark spot. Alternatively, the starch 
may be suspended in castor oil (50 g in 100 mL) and painted onto 
the iodine-treated skin (Figure 92.2). Special dry starch/iodine 
powders can be dusted directly onto the skin [21]. 

¢ Isolated glands. It is possible to isolate single eccrine glands (and 
also hair follicles, sebaceous glands and apocrine sweat glands) 
by the relatively simple technique of shearing tissues with scis- 
sors [22,23]. This allows the physiology, biochemistry and tissue 
culture behaviour to be studied in vitro. 


Control of eccrine sweating [1,2,3,4] 

Eccrine gland secretion is influenced by a number of stimuli includ- 
ing thermal, osmotic, mental and gustatory factors, mediated by a 
complex of central and local control mechanisms. As a result, the 
quantity and composition of sweat is highly variable from minimal 
basal activity to a maximum of 3L in Lh. 


Central control 

Thermoregulatory sweating is primarily controlled in response to 
internal body temperature and secondarily influenced by skin tem- 
perature [24]. The effect of a rise in core temperature is nine times 
more efficient than the same rise in skin temperature in stimulating 
sweating. Central and peripheral changes in temperature influence 
the thermal receptors in the preoptic area and anterior hypothala- 
mus. An increase in core temperature activates cooling mechanisms 
including sweating, panting and vasodilatation. Conversely, cooling 
promotes heat-preservation mechanisms such as vasoconstriction 
and shivering [25]. 


Eccrine Glands 92.3 


Although the precise neural pathway that mediates eccrine 
sweating in humans is still unclear, evidence from animal studies 
suggest that the efferent pathway from the hypothalamus includes 
the medulla, lateral horn of the spinal cord and sympathetic 
ganglia [26]. 

Osmotic factors also influence the rate of sweat production. Both 
hyperosmolality and hypovolaemia decrease sweat production, pre- 
sumably in an attempt to prevent further loss of body fluid [27,28]. 

Centres and pathways controlling mental sweating are not fully 
known but areas within the frontal region of the brain have been 
identified. Functional magnetic resonance studies indicate that 
neural pathways for thermal and mental sweating are similar [29]. 
Mental stimuli enhance sweat production particularly from the 
palms and soles, potentially improving grip at times of stress. 


Local control 

From the sympathetic ganglia non-myelinated C fibres pass to 
eccrine sweat glands ending at many cholinergic terminals and a 
few adrenergic terminals [30]. Although stimulation of adrener- 
gic nerves increases sweating this is much less marked than the 
response to cholinergic stimulation [31,32,33]. The relevant receptor 
is felt to be M3 muscarinic. The adrenergic nerve supply seems to 
play little part in the normal modulation of eccrine sweating in 
humans. In addition, vasoactive intestinal polypeptide, calcitonin 
gene-related peptide and nitric oxide may play some role in the 
control of eccrine sweating [24]. 

Other factors may modify the quantity and quality of sweat in the 
presence of an intact sympathetic nerve supply including hormones, 
circulatory changes and axon and spinal reflexes. Sweat coils con- 
tain androgen receptors [34], and androgens may be at least partly 
responsible for the increase in sweating around puberty and for the 
greater sweat activity in males. 

The composition of sweat [4,33] varies greatly from person to 
person, time to time and site to site. It has a basic similarity to 
the plasma from which it is derived. The sweat duct is largely 
responsible for the modification in sweat constituent concentration 
that occurs, and this will therefore vary according to how rapidly 
the sweat is passing through the duct. The most important con- 
stituents are sodium, chloride, potassium, urea and lactate. Sweat is 
hypotonic and this is largely due to reabsorption of sodium in the 
duct. At increased sweat rates the sodium concentration rises, pre- 
sumably because there is reduced time for ductal reabsorption. The 
normal sodium concentration is between 10 and 20 mmol/L at low 
sweat rates, and up to 100mmol/L at high rates. Aldosterone can 
increase ductal sodium reabsorption and in Addison disease high 
sweat sodium can be demonstrated (70-80 mmol/L). Antidiuretic 
hormone may reduce sweat rates in humans, but it also induces 
local vasoconstriction. 

An increase in sweat electrolytes occurs in cystic fibrosis and 
forms the basis of the sweat chloride test [35]. Mutations in the 
CFTR gene in cystic fibrosis result in abnormalities of chloride 
transport across epithelial cells on mucosal surfaces [36]. A raised 
level of chloride in sweat (above 60 mmol/L) is considered consis- 
tent with a diagnosis of cystic fibrosis although it is recommended 
that the test is repeated on two occasions [35]. 

Lactate is found in a concentration of 440 mmol/L, which greatly 
exceeds the concentration found in plasma. It is formed in the gland 
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from glucose from the blood. It is interesting to speculate whether 
urea and lactate can act to moisturise the stratum corneum. 

Glucose is present in small quantities only (usually 0-0.17mmol/L, 
although levels up to 0.3 mmol/L may be found). High sweat glu- 
cose may be found in uncontrolled diabetes and this may create a 
favourable environment for skin infections. The pH is 4-6.8. 

A variety of other substances may be found in sweat, including 
pharmacologically active substances and inhibitors, antigens, anti- 
bodies and drugs [4]. Some of these seem to be excreted and have no 
special function; others may have a definite function, for example a 
urokinase-type plasminogen activator may play a part in the diges- 
tion of glycoprotein plugs in sweat pores [37]. Active excretion or 
secretion of drugs such as griseofulvin and ketoconazole may con- 
tribute to their efficacy. 


DISORDERS OF ECCRINE SV 


Hyperhidrosis — oF 


Definition and nomenclature 

Hyperhidrosis is defined as excessive production of sweat, that 
is, more than is required for thermoregulation [1]. It can be 
defined gravimetrically [2] as greater than 2 standard deviations 
above mean values of sweat secretion for a normal population in 
various sites (palmar 50mg/min/m?, plantar 50mg/min/m?, 
axillary 150 mg/min/m? and facial 50 mg/min/m7’). 


Synonyms and inclusions 
e Excessive sweating 


Introduction and general description 
Hyperhidrosis can be a major inconvenience and embarrassment to 
sufferers, with a significant effect on quality of life. In theory, when 
there is overproduction of sweat it should be possible to determine 
whether this is due to abnormal sweat glands, pharmacologically 
active agents acting on the glands, abnormal stimulation of the sym- 
pathetic pathway between the hypothalamus and the nerve ending, 
or to overactivity of one of the three different ‘centres’ responsible 
for thermoregulatory, mental and gustatory sweating. Any difficult 
case should be approached from first principles in this way. 

Most cases of hyperhidrosis can be classified as one of the 
following: 
¢ Generalised. 
¢ Focal — palmar, plantar, axillary, cranio-facial and inguinal. 
¢ Localised naevoid. 
¢ Compensatory. 
¢ Hyperhidrosis with extensive anhidrosis (Ross syndrome). 


Epidemiology 

In a series of Polish medical students, 16% admitted to perceived 
hyperhidrosis. Fewer than half of these, however, were determined 
to have gravimetrically measured sweat secretion rates defined as 
greater than 2 standard deviations above the reference range for a 


given site [2]. The incidence in the US population is estimated to be 
of the order of 4.8%. Generalised and focal naevoid hyperhidrosis 
are relatively rare. There is no sex or racial preponderance. 


Generalised hyperhidrosis 


Pathophysiology 
There is marked physiological variation in thermoregulatory sweat- 
ing from person to person in the absence of disease. An increase in 
the temperature of blood bathing the hypothalamus increases heat 
loss by sweating and vasodilatation. Some instability of the sweat 
regulating centre is caused by many febrile conditions, so that sweat- 
ing may occur at times when there is no fever. This instability may 
persist for days, or even months, after the fever has subsided, and in 
some cases is such a prominent feature that the term ‘sweating sick- 
ness’ has been used [3]. Generalised sweating may occur in disorders 
of unknown aetiology that alter the setting of the thermoregulatory 
centre and may be associated with episodic hypothermia [1]. 

For a list of disorders associated with generalised hyperhidrosis 
see Box 92.1. 


Box 92.1 Causes of generalised hyperhidrosis 


e Febrile infective illnesses: tuberculosis, malaria, brucellosis, 
endocarditis, etc. 
¢ Metabolic diseases: diabetes, hyperthyroidism, hyperpituitarism, 
hypoglycaemia, phaeochromocytoma 
¢ Menopause 
¢ Underlying solid malignancy and lymphoma 
¢ Congestive heart failure 
¢ Neurological disorders: 
¢ Brain disease: 
¢ Parkinson disease 
¢ episodic hypothermia with hyperhidrosis 
¢ generalised hyperhidrosis without hypothermia 
¢ Peripheral neuropathies: 
¢ familial dysautonomia (Riley-Day) 
* congenital autonomic dysfunction with universal pain loss 
¢ cold-induced sweating syndrome 
¢ Drugs: fluoxetine 
e Exercise-induced hyperhidrosis 


Thermoregulatory sweating occurs during or after many infec- 
tive processes, and may be the presenting manifestation of malaria, 
tuberculosis, brucellosis, lymphoma, subacute bacterial endocardi- 
tis, etc. Night sweats are often part of the clinical picture. A similar 
mechanism may account for the hyperhidrosis associated with 
alcohol intoxication or gout, and after vomiting. The mechanism 
of generalised hyperhidrosis that may be associated with dia- 
betic autonomic neuropathy, hyperthyroidism, hyperpituitarism, 
hypoglycaemia, obesity, the menopause and malignant disease is 
unknown, although experiments in recently oophorectomised mice 
showed that the flushing and sweating of hot flushes could be antag- 
onised by blocking calcitonin gene related peptide [3]. Increased 
sweating has been documented in some patients with Parkinson 
disease, but others have noted the combination of patchy anhidrosis 
and compensatory hyperhidrosis, suggesting autonomic dysfunc- 
tion. Paroxysmal sweating, tachycardia and headaches strongly 


suggest a phaeochromocytoma. Hypertension is noted during 
attacks. Cases have been reported of patients who develop gener- 
alised sweating in a thermal pattern, but are induced by cold [4]. 

Hyperhidrosis is seen in association with peripheral neuropathies, 
as in familial dysautonomia, or Riley-Day syndrome, a recessively 
inherited disorder of Ashkenazi Jews comprising an absent axon 
reflex flare after histamine injection, pupillary meiosis, diminished 
tendon reflexes, diminished pain sensation and absent fungiform 
papillae of the tongue (Chapter 83). Excess sweating is thought 
to be due to sweat centre excitability. Congenital autonomic dys- 
function with universal pain loss is similar, but individuals are not 
Ashkenazi Jews, have a complete absence of pain sensation with 
accidental self-mutilation, corneal opacities and episodic fever. 

Generalised hyperhidrosis may be associated with brain lesions 
(diencephalic lesions, malformations of the corpus callosum, 
microgyria) and may be accompanied by episodic hypothermia. 
Exercise-induced hyperhidrosis can occur in athletes and can be 
severe; the highest sweat rate recorded in a man being in this 
condition (5.8 L/h) and contributes to rapid dehydration. 

Drug-induced hyperhidrosis is an important consideration in 
any patient presenting with generalised symptoms and a care- 
ful drug history is mandatory. The main culprit drugs are listed 
in Box 92.2. 


Box 92.2 Causes of drug-induced hyperhidrosis 


¢ Selective serotonin reuptake inhibitors 
¢ Tricyclic antidepressants 

¢ Opioid analgesics 

e ACE inhibitors 

¢ Beta-blockers 

¢ Calcium channel blockers 

e Aromatase inhibitors 

¢ Tamoxifen 

¢ Isotretinoin 

e Proton pump inhibitors 

e Progestogen-containing contraceptives 


In many cases of generalised hyperhidrosis of the thermal type, 
but with no obvious underlying disease, the aetiology remains 
unknown, even after extensive investigation. 


Focal hyperhidrosis 


Pathophysiology 

Focal hyperhidrosis includes palmoplantar, axillary, inguinal and 
cranio-facial (‘emotional’) hyperhidrosis [5]. Emotional or mental 
activity increases sweating, especially on the palms, soles, axillae 
and, to a lesser extent, groin, face and scalp. It should be empha- 
sised that mental activity devoid of any clear emotional content may 
provoke sweating. Thermal stimuli and physical effort increase this 
effect in many cases. Most cases of hyperhidrosis presenting to the 
dermatologist are of this type. Although mental or emotional factors 
are the usual trigger for this type of sweating, and in some patients 
deep-seated emotional disturbances may be found, in many there 
seems to be some facilitation of the nervous pathways causing phys- 
iological mental sweating. 
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Figure 92.3 Axillary hyperhidrosis: patients often wear white or black garments as the 
wetness is not as visibly obvious as with coloured clothes. 


Clinical features 
Focal hyperhidrosis may be a significant disability and embarrass- 
ment, particularly if sweat drips from the hands onto the floor; rust- 
ing of metal objects may be an occupational problem, or clothing 
may be saturated. Patients with axillary hyperhidrosis often wear 
only black or white garments as these show the wetness less obvi- 
ously than coloured clothes (Figure 92.3). 

Hyperhidrosis may be associated with Raynaud phenomenon and 
reflex sympathetic dystrophy or may follow cold injury. Frequently 
there is a family history of excessive sweating. 


Palmoplantar hyperhidrosis. Palmoplantar hyperhidrosis (Figure 
92.4) occurs in both sexes, and commonly begins in childhood or 
around puberty. The sweating of the palms and soles may be either 
continuous or phasic [5]. When continuous, it is worse in the sum- 
mer, and not so clearly precipitated by mental factors. When phasic, 
it is usually precipitated by minor emotional or mental activity and 
it is not markedly different in summer and winter. The hands may 
be cold and show a tendency to acrocyanosis. Hyperhidrosis may 
affect the hands, feet and axillae in any combination, but only a 
minority of patients with axillary hyperhidrosis also have involve- 
ment of the palms and soles. Troublesome hyperhidrosis of the 
feet occurs especially in young adult men. When this is associated 
with vasomotor changes, so that the sodden skin is also cold and 
cyanotic, the name ‘symmetrical lividity’ is sometimes applied. Pal- 
moplantar hyperhidrosis is one component of various syndromes 
in which palmoplantar keratoderma occurs. It also occurs with the 
nail—patella syndrome (Chapter 67). 


Axillary hyperhidrosis. This may be continuous, or more commonly 
phasic, and may or may not be aggravated by heat or mental activ- 
ity. It is uncommon before puberty. Axillary sweating on undressing 
is very common. Axillary hyperhidrosis is due to overactivity of 
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Figure 92.4 Palmar hyperhidrosis. 


the eccrine glands, unlike axillary odour (bromhidrosis, see later in 
chapter), which is mainly apocrine in origin. 


Cranio-facial hyperhidrosis. Cranio-facial hyperhidrosis (Figure 
92.5) is often phasic, occurs in middle age and may be exacerbated 
by heat, exercise and eating but, unlike true gustatory hyperhidrosis, 
not exclusively so. It may be more persistent and usually presents at 
a later age than palmoplantar hyperhidrosis, and a postmenopausal 
variant is described [10]. The entire face and scalp may be affected; 
sweating sufficient to soak the hair is an additional embarrassment. 
Affected individuals may resort to wearing a towel around the neck 
to mop up excessive sweat. 


Inguinal hyperhidrosis. The least common location for focal hyper- 
hidrosis, bilateral disease (termed Hexsel hyperhidrosis) may 
be associated with focal axillary disease, is often familial, and 
saturation of the inguino-genital region may cause vulvitis [16]. 


Complications and co-morbidities 

Palmoplantar hyperhidrosis predisposes to vesicular eczema (pom- 
pholyx) and allergic sensitisation to footwear constituents; control of 
sweating may thus reduce the risk of contact dermatitis to footwear 
materials. Maceration of the skin, particularly in the toe clefts, is 
common and may predispose to both dermatophyte and bacterial 
infection (see Chapters 26 and 32). Pitted keratolysis of the feet, due 
to infection with Kytococcus sedentarius, is strongly associated with 
hyperhidrosis (Figure 92.6). 


(b) 


Figure 92.5 (a) Cranio-facial hyperhidrosis. It may be sufficiently profuse to drip off the 
face and wet the hair. (b) Cranio-facial hyperhidrosis — profuse facial sweating at rest in a 
cool room. 


Disease course and prognosis 

Hyperhidrosis may persist for some years, but there is a tendency 
to spontaneous improvement of axillary and palmar hyperhidrosis 
after the age of 25 years. 


Investigations 

Thyroid function and gravimetric determination of sweat rate esti- 
mation are seldom helpful. Several severity tools for assessment of 
quality of life and effect of therapy are validated, such as the Hyper- 
hidrosis Disease Severity Score (HDSS) and Hyperhidrosis Quality 
of Life Index (HidroQol). 


Localised circumscribed and asymmetrical 
hyperhidrosis 


Pathophysiology 
The causes of localised hyperhidrosis are outlined in Box 92.3. 
Excessive sweating may be due to neurological lesions involving 


Figure 92.6 Plantar hyperhidrosis showing maceration of the plantar keratin and 
secondary pitted keratolysis due to infection with Kytococcus sedentarius. 


any part of the sympathetic pathway from the brain to the nerve 
ending. It may be the presenting symptom, but it is quite excep- 
tional for this to occur as an isolated phenomenon in the absence 
of other neurological symptoms or signs. Causative lesions may be 
within the central nervous system (cortex, basal ganglia or spinal 
cord), the sympathetic pathway and ganglia, or in the peripheral 
nerves [1,5,6,8,9,10,11,12—15]. It must be remembered that the distri- 
bution of the sympathetic nerves does not exactly correspond with 
sensory dermatomes. One sympathetic grey ramus may supply 
10 or more sensory segments, and one white ramus extends over 
at least five. Asymmetrical sweating may also occur reflexively 
from visceral disturbances, adjacent to an area of anhidrosis or 
due to axon reflex stimulation, around a leg ulcer, for example, or 
around glomus tumours, blue rubber bleb naevi or a sudoriparous 
angioma. 

Compensatory hyperhidrosis occurs in normal sweat glands 
when those elsewhere are not functioning because of neurologi- 
cal or skin disease, diabetes or after sympathectomy. It is also a 
component of Ross syndrome (see later). 

Functional sweat gland naevi have been reported [14] but must 
be distinguished from sweat gland hypertrophy associated with 
local hyperhidrosis of some other aetiology. Areas of skin may be 
localised (Figure 92.7) [15], termed idiopathic circumscribed hyper- 
hidrosis, or as extensive as one-half of the body [16] and may sweat 
continuously or, more commonly, with mental activity. They may 
represent functional naevi, where the eccrine glands show increased 
sensitivity to cholinergic neurotransmitters. In the absence of other 
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Box 92.3 Causes of localised hyperhidrosis 


¢ Spinal cord injury: 
¢ Hyperhidrosis associated with autonomic dysreflexia 
¢ Hyperhidrosis due to orthostatic hypotension 
¢ Intrathoracic neoplasia 
¢ Gustatory hyperhidrosis 
e Frey syndrome 
e Harlequin syndrome 
¢ Granulosis rubra nasi 
¢ Functional and true sweat gland naevi 
¢ Sweating associated with local skin disorders: 
¢ Glomangioma 
¢ Blue rubber bleb naevi 
¢ Pachydermoperiostosis 
¢ Pretibial myxoedema 
¢ POEMS syndrome 
¢ Burning feet syndrome 
¢ Compensatory: after sympathectomy, or with partial anhidrosis 
¢ Idiopathic unilateral circumscribed hyperhidrosis 


POEMS, polyneuropathy, organomegaly, endocrinopathy, M protein and 
skin changes. 


neurological symptoms or signs, they are seldom a manifestation of 
a progressive neurological lesion. 


Cold-induced sweating syndrome 


This rare condition presents in infancy with poor feeding and 
difficulty in suckling, followed in adulthood by paradoxically 
cold-induced hyperhidrosis and anhidrosis in heat [1]. There is an 
associated mild neuropathy, kyphoscoliosis, valgus deformity of the 
elbows, high arched palate and digital syndactyly. Inactivation of a 
cardiotropin-like cytokine, a second ligand for ciliary neurotrophic 
factor receptor, has been identified in this syndrome. 


Figure 92.7 Circumscribed (naevoid) hyperhidrosis on the wrist. There is a solitary 
area of hyperhidrosis with normal sweating and neurology elsewhere on the rest of 
the skin. 
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Gustatory hyperhidrosis 


Pathophysiology (Box 92.4) 

Hyperhidrosis precipitated by eating specific foods can occur phy- 
siologically in many people [1]. Hot spicy foods are the most likely 
cause. The central connections of this reflex are not fully known. 


Box 92.4 Classification of gustatory hyperhidrosis 


Idiopathic 

Central 

Postherpetic 

Postperipheral nerve injury: 

¢ Parotid surgery, injury and abscess 
e Auriculotemporal 

¢ Chorda tympani 

¢ Greater auricular 

¢ Cervical sympathectomy 

¢ Peripheral autonomic neuropathy: 
¢ Diabetes 


Gustatory hyperhidrosis also occurs in pathological conditions 
involving the autonomic nervous system. Localised areas of intense 
hyperhidrosis may occur on the face, and even on the knees [2]. 
These disorders are very rare, usually start in childhood and are not 
progressive. Their nature is little understood. 

The commonest cause, however, is damage to the sympathetic 
nerves around the head and neck [3-5]. After such an injury, 
regeneration occurs not only from the proximal ends of the dam- 
aged sympathetic nerves, but also from damaged or undamaged 
parasympathetic nerves. In this way, abnormal connections are 
made. Thus, the reflex arcs that normally allow chewing or taste 
stimulation to cause parotid or gastric secretion may cause sweating 
in a localised zone corresponding to the area of skin in which the 
sympathetic innervation has been damaged. The commonest site 
is within the distribution of the auriculotemporal nerve, which 
may be injured by trauma, abscess or surgery in the parotid region 
(auriculotemporal or von Frey syndrome). Submental gustatory 
sweating follows injuries involving the chorda tympani, and sweat- 
ing in the distribution of the greater auricular nerve commonly 
follows radical neck surgery [6]. Injury to fibres from the vagus may 
cause gustatory sweating localised to the upper arm after cervical 
sympathectomy. 

Gustatory sweating may occur in diabetes as part of a widespread 
autonomic neuropathy [7]. It has also followed herpes zoster [8]. 


Clinical features 

Gustatory sweating is not uncommon and occurs in 50-80% of 
patients subjected to operations on the parotid gland. Symptoms 
usually appear 4-7 months after the operation, and either persist 
indefinitely or wane after 3-5 years. The stimuli required to initiate 
the reflex vary, as does the severity. Sometimes chewing, without 
taste sensation, is the most important stimulus. In many cases it is 
merely a curiosity, but in others it can cause significant disability. 
As well as sweating there is usually vasodilatation, which in rare 


instances may occur by itself in the absence of visible sweating. 
For a classification and list of causes of gustatory hyperhidrosis see 
Box 92.4. Olfactory hyperhidrosis, in which the trigger stimulus is 
smell, has also been recorded [9]. 


Management 

Treatment of severe cases may require surgical interruption of 
the parasympathetic pathway — for example, section of the glos- 
sopharyngeal nerve within the skull or tympanic neurectomy [4]. 
Excision of the auriculotemporal nerve is usually followed by 
recurrence. Topical therapy with aluminium chloride [10], topical 
glycopyrronium bromide [11] or botulinum toxin injections may be 
helpful [7]. 


Skin disorders where normal sweating can worsen 
the phenotype 


In epidermolysis bullosa and pachyonychia congenita, normal 
sweating on the feet coupled with the skin fragility and friction 
from normal walking and weightbearing, may result in more 
blistering and hyperkeratosis. Studies have shown that reducing 
sweating with topical treatments and with botulinum toxin injec- 
tions can reduce the incidence of blistering and pain [12]. Similarly, 
a placebo-controlled study in army cadets who have to run long 
distances as part of their training found that reducing sweating 
on the feet with a topical preparation of 15% aluminium chloride 
reduced the generation of friction blistering which could impede 
work performance [13]. 


Management of hyperhidrosis 


Topical treatment 

Topical anticholinergics. Atropine-like drugs may be absorbed suf- 
ficiently to produce a beneficial local effect without associated sys- 
temic side effects, but none of those at present available can be relied 
upon to do so [1]. Poldine methosulphate, 1-4% in alcohol, sup- 
presses experimentally induced sweating, but unfortunately has not 
proved to be useful in clinical practice [2]. Topical 0.5% glycopyrro- 
nium bromide cream has been successfully used in gustatory hyper- 
hidrosis in diabetics and at 0.5-2.0% for axillary hyperhidrosis [3]. 
A 2.0% aqueous solution has been used in scalp hyperhidrosis, and 
may be used to treat axillae. Recently, commercially available gly- 
copyrrolate tosylate solution (2.4%) delivered on a wet wipe type 
towel has been introduced for axillary hyperhidrosis [4]. Other top- 
ical anticholinergic gels (sofpironium and oxybutynin) have shown 
suppression of axillary hyperhidrosis [5,6]. 


Eccrine duct-blocking agents. These drugs act by impeding the 
delivery of sweat to the skin surface. Formalin (40% aqueous solu- 
tion of formaldehyde) 1% soaks have long been used for treatment 
of hyperhidrosis of the feet, but are unsuitable for the hands and 
axillae. Glutaraldehyde 10% in a buffered solution, pH 7.5, swabbed 
onto the feet three times weekly, has helped some patients [4], but 
stains the skin so that it is suitable only for the feet. There is a 


small risk of allergic sensitisation both to formaldehyde and to 
glutaraldehyde. 

For axillary hyperhidrosis (as opposed to bromhidrosis), the most 
commonly used topical applications are aluminium or zirconium 
salts. Aluminium chloride, the first to be introduced, is in many 
ways the best, but may be irritant to the skin and damage clothes. 
Many other salts — for example, the chlorhydrates — are in use in 
cosmetic preparations [5]. Improved results can be achieved by 
applying 20% aluminium chloride in absolute ethanol at night after 
drying the axilla, with or without polythene occlusion. It should 
initially be applied nightly but may later be required only once 
every 1-4 weeks [6,7]. Commercial preparations are available. Mild 
irritation of the skin from such therapy may be helped by a weak 
topical corticosteroid and the use of a greasy emollient to protect 
the peri-axillary skin. The same treatment can also be tried on the 
hands and feet, or other localised areas of hyperhidrosis, but usually 
with rather less success. The mode of action of aluminium salts is 
uncertain, but they can be shown to affect both the duct and the 
secretory coil [8]. 


lontophoresis. One of the more satisfactory methods of controlling 
hyperhidrosis of the hands and feet is by iontophoresis, using either 
tap water or anticholinergic drugs such as 0.05% glycopyrronium 
bromide solution [9-11,12]. The mode of action of tapwater ion- 
tophoresis is not known. In very soft water areas, adding sodium 
bicarbonate to the iontophoresis solution is reported to improve 
efficacy. Direct current is usually used, with each palm or sole being 
treated for 30min with 20mA, initially three times a week. Once 
euhidrosis is established, monthly maintenance treatment may be 
sufficient. Alternating current is less effective, but may usefully be 
combined with direct current (alternating current offset) to produce 
a safer, more comfortable treatment [13]. Once control has been 
achieved, a single treatment may prove effective for some weeks. 
Minor systemic side effects due to absorption of anticholinergic 
agents, such as dry mouth and eye symptoms, are not uncommon, 
and can be avoided if tap water alone is used. The authors’ practice 
is to initiate thrice-weekly treatment on a hospital out-patient basis, 
and, if this is successful, a small battery-operated home unit can be 
purchased for maintenance therapy [14]. Less frequent treatment 
will then be required. When the sweating is controlled, the associ- 
ated lividity, coolness and oedema improve. Similar treatment has 
also been used for the axilla, but is less often needed because topical 
applications or injections of botulinum toxin are more effective in 
this site. Devices have been designed to deliver iontophoresis to 
the chest and back affected by post-sympathectomy compensatory 
hyperhidrosis. 


Botulinum toxin A injection. This compound produces prolonged 
blockade of neuronal acetylcholine release at the neuromuscular 
junction and in cholinergic autonomic neurons: it has been used 
to treat dystonic conditions for many years. In recent years, intra- 
dermal injection has been used to produce a marked reduction 
of sweating in hyperhidrotic areas associated with a variety of 
conditions [15,16-18]. Different preparations of botulinum A toxin 
have different activities, and dose schedules differ for each product; 
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0.1mL of appropriately diluted botulinum toxin administered by 
high intradermal injection can be given to 1 cm? areas of skin appro- 
priately anaesthetised — topical eutectic lignocaine/prilocaine is 
sufficient for axillary skin, but palms and soles may require regional 
nerve blockade, topical anaesthesia or application of ice. Each 
axilla usually requires 12 injections, hands 20 and each foot 24-36. 
A reduction in sweating is apparent within 48h and the benefit 
will normally last for up to 8 months in axillary and 6 months in 
palmar and cranio-facial hyperhidrosis [19]. Reinjection seems to be 
effective, and to date resistance has not been seen in hyperhidrosis 
(although it eventually occurs in 5% of patients treated intramus- 
cularly for dystonia). Botulinum toxin has been used for idiopathic 
circumscribed and gustatory hyperhidrosis including Frey syn- 
drome, the hyperhidrotic areas in Ross syndrome, and frontal and 
cranio-facial hyperhidrosis and inguinal disease. A sight transient 
reduction of thenar and hypothenar muscle power is a minor 
problem after palmar injections [18]. The use of botulinum toxin 
on the forehead may produce short-lived frown reduction [19]. It is 
contraindicated in conditions affecting the neuromuscular junction 
and myasthenia. 


Systemic drug treatment 

Atropine-like drugs have been used to block the effect of acetyl- 
choline on the sweat glands, but their side effects are often more 
troublesome than the hyperhidrosis itself. These include dryness 
of the mouth, constipation, urinary retention and disturbances 
of vision, due to paralysis of accommodation. More serious side 
effects, for example glaucoma, hyperthermia and convulsions, 
can occur. Atropine itself is seldom employed. Propantheline may 
be prescribed in doses of 15mg three times daily, increasing, if 
tolerated, to as much as 150mg daily [20], but overall the results 
are disappointing. Methantheline at a dose of 50mg three times 
a day has recently been advocated [21]. The oral antimuscarinic 
agent oxybutynin, usually used to treat bladder instability, has been 
reported to be effective for generalised and focal hyperhidrosis. The 
dose is escalated from 2.5mg daily to a maximum of 30mg daily 
as tolerated, with an improvement in quality of life in 65% of those 
treated [22], although about 10% of those treated develop dryness 
of the mouth. Glycopyrrolate at a dose of up to 8mg, in divided 
doses often gives useful sweat reduction without other marked anti- 
cholinergic effects [23]. Clonidine at a dose of 0.1 twice daily may 
be useful, but hypotension may limit its use. Ganglion-blocking 
drugs can inhibit sweating, but side effects from hypotension are 
usually too troublesome. Calcium-channel blockers, such as dilti- 
azem, have helped some patients [24]. In cases with a pronounced 
emotional factor, sedative or tranquillising drugs are often useful, 
but psychiatric treatment may be necessary. Both clonazepam [25] 
and amitriptyline have helped isolated cases of unusual localised 
hyperhidrosis. 


Surgical treatment 

Sympathectomy. Sympathectomy, whether cervical, transaxillary 
or endoscopic, causes anhidrosis, if complete [26,27]. Sweating may 
return after a period of some years, due either to regeneration of 
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sympathetic fibres or to fibres that do not pass through the sym- 
pathetic ganglia [28]. The former open approach has been largely 
replaced by an endoscopic procedure, which may be successful in 
treating palmar, axillary and cranio-facial hyperhidrosis. A pneu- 
mothorax is induced, and an operating endoscope inserted into the 
thorax via a small axillary incision, allowing visualisation of the 
sympathetic trunk. Interruption of the sympathetic fibres between 
the second and fourth thoracic ganglia can be achieved by surgical 
transection, radiofrequency ablation, phenol destruction, cautery, 
clamping or clipping [29]. The latter technique has the potential 
advantage of partial reversibility. Most surgeons treat both sides at 
a single session. Lumbar sympathectomy is occasionally justified 
for plantar hyperhidrosis. 

With both the open and endoscopic approaches, satisfactory 
reduction of palmar hyperhidrosis is achieved in over 95% of cases; 
it is a little less successful for axillary hyperhidrosis. A recent con- 
sensus guideline [30] suggested that an international nomenclature 
should be adopted that refers to the rib levels (R) instead of the 
vertebral level at which the nerve is interrupted. It states that the 
highest success rates occur when interruption is performed at the 
top of R3 or the top of R4 for hyperhidrosis limited to the palms. 
R4 may offer a lower incidence of compensatory hyperhidrosis but 
moister hands. For hyperhidrosis involving the upper limbs and/or 
the axillae, interruptions at R4 and R5 are recommended. The top 
of R3 is best for cranio-facial hyperhidrosis. 

In a series of 1731 patients who underwent endoscopic sympa- 
thectomy, the initial failure rate was 9%, and there was recurrence 
in 2%; overall, 98% of those treated were satisfied with the result. 
Compensatory hyperhidrosis occurred in 88% of patients and was 
severe in 27%. Only 2.5% of patients experienced regret for having 
the operation [31]. Large case series using endoscopic techniques in 
children show it to be an acceptable option, with a low recurrence 
rate [32]. 

Complications of sympathectomy include haemothorax, pneu- 
mothorax, chylothorax, nipple sensitivity and Horner syndrome. 
There are rare instances of transient or permanent bradycardia 
complicating the technique. Other disadvantages are that the 
palms or soles may become excessively dry, and irritant eczema 
after sympathectomy has been reported. In five patients who had 
undergone a clipping procedure and subsequently developed 
compensatory hyperhidrosis, removal of the clips resulted in a 
return of the palmar sweating and abolition of the compensatory 
hyperhidrosis [33]. It has been suggested that ablation at the level 
of the third thoracic ganglion does not produce this side effect. 
Management of post-sympathectomy compensatory hyperhidrosis 
is difficult; topical and oral anticholinergics are usually unhelpful. 
There has been recent interest in diffuse sympathectomy, where 
further ablation of R5 to R11 is undertaken, with resolution of excess 
sweating established in 80% of those treated. Abolition of severe 
facial blushing may be a desirable consequence and resolution of 
palmar eczema has been reported after endoscopic sympathectomy. 

In general, only those patients with severe disability from hyper- 
hidrosis of the hands or axillae warrant surgery, and in these 
selected cases the results can be very gratifying. Endoscopic sym- 
pathectomy has been used successfully in the treatment of severe 
cranio-facial hyperhidrosis [34]. Pedal sympathetic denervation 


requires lumbar sympathectomy; if more cranial lumbar ganglia are 
removed, ejaculatory impotence may occur. A selective retroperi- 
toneal approach has recently been advocated that has no effect 
on sexual function in either men or women [35]. An endoscopic 
technique employing clips may also be employed with high patient 
satisfaction and minimal surgical morbidity. 


Physical eccrine gland ablation. Minimally invasive techniques 
to ablate the eccrine sweat glands have been introduced in 
the last few years, and long-term efficacy is to be established. 
Microwave-delivering units causing selective thermolysis can 
result in prolonged and possibly permanent relief of axillary hyper- 
hidrosis after one or two treatment sessions. Radiofrequency energy 
delivered to the upper dermis by microneedles results in ther- 
mal destruction of eccrine glands and reduction of hyperhidrosis 
after one or two treatments, although a side-to-side comparison 
with botulinum injection showed greater success with the latter 
therapy [36]. 


Excision of the axillary vault. Axillary hyperhidrosis may be 
greatly helped by local excision of the axillary vault [37,38]. Varia- 
tions of this technique include subcutaneous curettage of the axillary 
skin [39], directly trimming the eccrine glands after reflection of 
the axillary skin using only a short incision [40], and tumescent 
liposuction of the axillae [41]. 


Treatment ladder for hyperhidrosis 


First line 

e Eccrine duct-blocking agents (aluminium chloride 
hexahydrate) 

¢ Topical anticholinergics (glycopyrrolate) 


Second line 

¢ Iontophoresis with tap water or anticholinergics (hands, feet 
and axillae) 

e Intradermal botulinum toxin (axillae, hands and face) 

¢ Oral anticholinergics: propanthelene, methanthelene 
oxybutynin, glycopyrrolate 

¢ Oral clonidine 

¢ Oral B-blockers and anxiolytics 

e Physical therapies — microwave or radiofrequency ablation 


Third line 
¢ Removal or ablation of eccrine glands (axillary) 
¢ Sympathectomy (thoracic or lumbar) 


Granulosis rubra nasi —haxW 


Definition 
Granulosis rubra nasi is a rare disorder characterised by hyperhidro- 
sis of the nose and associated skin changes [1]. 
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Figure 92.8 Granulosis rubra nasi in young adult female showing localised 
hyperhidrosis with beads of sweat on nose and philtrum together with multiple vesicles 
and mild erythema on dorsum of nose. Courtesy of Dr E.P. Burova, Bedford Hospital, UK. 


Epidemiology and pathophysiology 

The condition was first described by Jadassohn. The pathogenesis 
remains obscure but in some cases there is evidence of autosomal 
dominant transmission [2]. Symptoms develop from as early as 
6 months but can occur at any age in childhood and occasionally in 
adults. 


Clinical features 

Initial presentation is with excess sweating localised over the tip of 
the nose. Droplets of sweat are usually visible. With time redness, 
papules, vesicles and telangiectasia may develop over the nose, 
cheeks and upper lips (Figure 92.8) [3]. In the vast majority of 
cases, resolution occurs around puberty, but persistent cases are 
recognised. Patients may also report peripheral acrocyanosis and 
palmoplantar hyperhidrosis. A single case has been described in 
association with phaeochromocytoma [4]. Skin biopsy demonstrates 
a chronic inflammatory cell infiltrate with dilatation of vascular 
spaces [3]. 


Investigations 
These are not usually needed. 


Management 

Reassurance, given the natural history of the condition, is sufficient 
in most cases. Botulinum toxin has been reported as effective [5], and 
there are two case reports of response to topical tacrolimus [6]. 


Anhidrosis and hypoh 


Diminished sweat production may be partial (hypohidrosis) or 
complete (anhidrosis) [1]. Disturbance of any part of the physiolog- 
ical pathway of sweat production may decrease sweating. Causes 
may be broadly classified as being neurological (Box 92.5) or eccrine 
gland in origin (Box 92.6). 


Box 92.5 Neurological causes of anhidrosis 
and hypohidrosis 


¢ Organic brain lesions of hypothalamus, pons and medulla 
¢ Spinal cord lesions: 
¢ Syringomyelia 
¢ Sympathectomy 
¢ Congenital insensitivity to pain with anhidrosis 
¢ Degenerative syndromes: 
e Shy-Drager syndrome 
¢ Ross syndrome 
¢ Peripheral neuropathy: 
¢ Diabetes 
e Alcohol 
e Leprosy 
¢ Autonomic neuropathy 
¢ Drug-induced blockade of neurotransmission: 
¢ Ganglion-blocking agents 
e Anticholinergic agents 
¢ Calcium channel-blocking agents 
¢ a-adrenergic blockers 


Box 92.6 Eccrine gland disorders producing 
anhidrosis and hypohidrosis 


¢ Genetic disorders: 
e Bazex syndrome 
e Ectodermal dysplasia 
e Fabry disease 
¢ Incontinentia pigmenti 
¢ Naegeli—Franchetti-Jadassohn syndrome 
e Atrophy or destruction of eccrine glands: 
¢ Scleroderma 
e Burns 
¢ Sjogren syndrome 
¢ Lymphoma 
¢ Acrodermatitis chronica atrophicans 
¢ Obstruction of sweat ducts: 
¢ Miliaria 
e Eczema 
¢ Psoriasis 
e Lichen planus 
¢ Ichthyosis 
¢ Porokeratosis 
¢ Drugs affecting eccrine gland function: 
¢ Topical aluminium salts 
¢ 5-Fluorouracil 
¢ Mepacrine 
¢ Topiramate 
¢ Checkpoint inhibitors 
¢ Idiopathic: 
e Acquired idiopathic generalised anhidrosis 


Impairment of sweat production interferes with the body’s tem- 
perature control mechanisms. Symptoms include heat intolerance, 
fatigue, drowsiness and pyrexia. In severe cases death may result. 
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Examination of patients with hypo- and anhidrosis is often unre- 
markable. A novel bedside test demonstrating the reduced traction 
provided to a spoon stroked against the affected skin (the spoon 
test) may allow for its appreciation [2]. Autonomic function tests, in 
particular the quantitative sudomotor axon reflex test and the ther- 
moregulatory sweat test (essentially a heat stress ina warmed room), 
may help delineate the distribution of anhidrosis and point towards 
a cause [3]. Skin biopsy is also helpful to identify eccrine sweat gland 
abnormalities. 


Ross syndrome 


This rare syndrome is characterised by a triad of segmental anhidro- 
sis, tonic pupils (Figure 92.9a) and absent deep tendon reflexes [3]. 
It is a progressive degenerative disorder of sensory and auto- 
nomic nerves [4,5]. Accumulation of alpha synuclein has been 


(a) 


Figure 92.9 Ross syndrome. (a) The pupils are tonic, asymmetrical and irregular in 
outline. (b) Most of the skin is anhidrotic but the remaining areas of enervated eccrine 
glands demonstrate compensatory hyperhidrosis (demonstrated by Edicol ponceau 
powder, which turns red on hydration). 


demonstrated in cholinergic fibres [6]. Involvement of the cardiac 
sympathetic nerve supply has also been reported [7]. 

The main symptoms are those of heat intolerance and socially 
disabling compensatory hyperhidrosis (Figure 92.9b), which may 
be asymmetrical, patchy or unilateral. Hyperhidrosis arising in 
this situation has been successfully treated with iontophoresis and 
botulinum toxin [4,7]. 


Acquired idiopathic generalised anhidrosis 


This term describes a heterogeneous group of very rare disorders 
characterised by progressive loss of sweating and heat intoler- 
ance [9]. Three subtypes have been proposed: idiopathic pure 
sudomotor failure, sudomotor neuropathy and sweat gland fail- 
ure [10]. In a proportion of patients, lymphocytic infiltration of 
the eccrine glands is seen and the presence of such inflammation 
may explain the response to oral corticosteroids and ciclosporin 
observed in this condition [11]. Like some other autoimmune skin 
disorders, it has been seen in those receiving checkpoint inhibitors 
for melanoma. In some sufferers, optical coherence tomography has 
shown hyporefractile material below the stratum corneum, which 
was felt to be obliterating the eccrine duct. The majority of patients 
significantly improved with oral isotretinoin [12]. 


Definition and nomenclature 

This is a common acute or subacute skin condition that arises due to 
the occlusion or disruption of eccrine sweat ducts in hot humid con- 
ditions, resulting in a leakage of sweat into the epidermis (miliaria 
crystallina and miliaria rubra) or dermis (miliaria profunda) [1-3]. 


Synonyms and inclusions 
e Prickly heat 

¢ Miliaria crystallina 

e Miliaria rubra 

e Miliaria profunda 


Introduction and general description 

The three forms of miliaria —- miliaria crystallina (sudamina), mil- 
iaria rubra (prickly heat) and miliaria profunda — occur as a result of 
either occlusion or disruption of the eccrine sweat ducts. They differ 
in clinical form due to the different levels at which occlusion occurs, 
although some authorities have suggested that disruption of the 
duct rather than occlusion is responsible [4]. In miliaria crystallina, 
the obstruction is very superficial, within the stratum corneum, 
and the vesicle is subcorneal, producing a vesicle containing clear 
fluid. In miliaria rubra, the later changes include keratinisation of 
the intraepidermal part of the sweat duct, with leakage and then 
formation of a vesicle around the duct. In miliaria profunda, there 
is rupture of the duct at the level of or below the dermal-epidermal 
junction. 


Epidemiology 
Miliaria crystallina occurs commonly in infants due to a delay in 
patency developing in the sweat ducts. In a large Japanese study, it 


was identified in 4.5% of babies, with a peak frequency at 1 week [5]. 
The incidence of miliaria rubra, and particularly miliaria profunda, 
is highest in hot, humid conditions, but it may occur in desert 
regions, affecting up to 30% of people exposed to these climatic 
conditions. It may begin within a few days of arrival in a tropical cli- 
mate, but is maximal after 2-5 months. There is a striking variation 
in individual susceptibility. Infants are especially prone. 

Miliaria rubra is common on the trunk in hospitalised patients 
who have to be nursed on their backs on bedding that has water- 
proof occlusive membranes below the sheets. It may also commonly 
be seen after occlusive therapy with polythene. Outbreaks on the 
legs in miners working in tropical climates have been reported [6]. 


Pathophysiology 

Miliaria crystallina can easily be produced experimentally by mini- 
mal, non-specific epidermal injury and profuse sweating [7]. It has 
been identified by the use of tight fitting personal protective masks 
during the Covid-19 pandemic. It is often seen in febrile illnesses 
associated with profuse sweating. It occurs commonly in infants due 
to a delay in patency developing in the sweat ducts. 

Miliaria rubra may be produced experimentally in susceptible 
subjects by epidermal injury [8]. It can be reproduced regularly 
by occlusion of the skin under polythene for 3-4 days, following 
which anhidrosis lasts for about 3 weeks. Prolonged exposure of 
the skin to sweat achieves the same effect. The first event may be 
an increase in the skin flora, perhaps with Staphylococcus epidermidis 
being responsible for producing an extracellular polysaccharide 
substance or slime that blocks the lumen of the sweat duct [1,9]. The 
parakeratotic plugs, which are a notable feature of the later stages 
of the disease, are not the primary cause of the obstruction, but arise 
in the repair process, and may further aggravate the obstruction. 
Leakage of sweat into the epidermis is responsible for the final 
production of the lesions, and for their further aggravation. 

Miliaria profunda is due to more severe damage to the sweat 
ducts, and usually follows repeated attacks of miliaria rubra. It may 
be reproduced by experimental injury. 

Rarely, miliaria may be associated with pseudohypoaldostero- 
nism; high sweat sodium levels produce damage of the eccrine 
ducts, causing lesions similar to those seen in miliaria rubra. 
It can be precipitated by drugs (bethanechol, isotretinoin and 
doxorubicin). 


Clinical features 
Clinical features of the three types of miliaria are: 


Miliaria crystallina. Clear, thin-walled vesicles, 1-2 mm in diameter 
without surrounding inflammation, are usually symptomless and 
develop in crops, mainly on the trunk. In persistent febrile illnesses, 
recurrent crops may occur. The vesicles soon rupture, and are fol- 
lowed by superficial, branny desquamation. 


Miliaria rubra. Typical lesions develop on the body, especially 
in areas of friction with clothing, and in flexures. The lesions are 
uniformly minute red papules, which may be present in very large 
numbers (Figure 92.10). Characteristically, the lesions produce 
intense discomfort in the form of an unbearable pricking sensation. 
Relief is often instantaneous when the stimulus to sweating is 


Figure 92.10 Miliaria rubra affecting the cheeks of an infant. Courtesy of Dr Richard 
Logan, Bridgend, UK. 


abolished by a cool shower. In infants, lesions commonly appear 
on the occluded skin of the neck, groins and axillae, but also occur 
elsewhere. Patients often wrongly refer to polymorphic light erup- 
tion as ‘prickly heat’; here the relationship of the rash to light, 
particularly on newly exposed sites, is usually straightforward. 


Miliaria profunda. This nearly always follows repeated attacks of 
miliaria rubra and is uncommon except in the tropics. The lesions are 
easily missed. The affected skin is covered with pale, firm papules 
1-3 mm across, especially on the body (Figure 92.11), but sometimes 
also on the limbs. There is no itching or discomfort from the lesions. 


Disease course and prognosis 

This depends mainly on environmental factors. If continued sweat- 
ing occurs, recurrent episodes lasting a few days are usual, but 
discomfort may be continuous. However, after a few months some 
degree of acclimatisation occurs, and the disorder becomes less 
prevalent. 

The most important complications of miliaria are secondary 
infection and disturbance of heat regulation. Secondary bacterial 
infection is common and sometimes serious. This may present 
as impetigo. In other cases, the pustules are more clearly related 
to sweat ducts, although in pustular miliaria factors other than 
bacterial infection are implicated [10]. Miliaria rubra in young 
infants may predispose to multiple superimposed staphylococcal 
abscesses [11]. In most cases of miliaria rubra the changes are 
reversible if further sweating is avoided, but permanent damage to 
the sweat duct may occur, especially after miliaria profunda. 


Management 

The only really effective prevention or treatment for miliaria is 
avoidance of further sweating. Even if this is achieved only for 
a few hours a day, as in an air-conditioned office or bedroom, 
considerable relief is experienced. For the very susceptible person, 


7 Disorders of Eccrine Sweat Glands 92.13 


Y 
— 
U 
uu 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


92.14 Chapter 92: Disorders of the Sweat Glands a 


= 
— 
U 
Lu 
-¥ 
7A) 
2B 
- 
< 
3 


CUTANEOUS STRUCTURES 


Figure 92.11 Milaria profunda in an African child. Courtesy of Dr lbrahima Trauore, 
Guinea. 


a move away from tropical climates may be essential. Avoidance 
of excessive clothing, friction from clothing, excessive use of soap 
and contact of the skin with irritants will reduce the incidence. 
The large number of treatments advocated for prickly heat is the 
best indication of their relative ineffectiveness if sweating is not 
reduced. In the absence of gross secondary sepsis, the effect of 
topical or systemic antibiotics or other antibacterial preparations on 
established miliaria is disappointing, but they may have some role 
in prophylaxis [1]. Oral ascorbic acid 500 mg twice daily was found 
to diminish the severity of miliaria, as was the degree of subsequent 
anhidrosis in experimentally induced disease [12]. Calamine lotion 
is probably as effective as anything for the relief of discomfort, 
but because of its drying effect, a bland emollient (e.g. oily cream 
or menthol in aqueous cream) may subsequently be required to 
prevent further epidermal damage. Isotretinoin was reported to 
help a recalcitrant case of miliaria profunda [13]. 


Treatment ladder for milaria 


First line 

¢ Control local environment (remove excess bedding, fans, 
air conditioning) 

¢ Cool the skin (damp compresses, cool showers) 

e Avoid tight or excessive clothing 


Second line 

¢ Menthol (e.g. 0.5% menthol in aqueous cream) 

¢ Topical antibiotics if there is secondary infection 
e Mild topical steroids 


Third line 
¢ Removal to cooler climate 
e Prophylactic oral vitamin C 


Neutrophilic eccrine hidrade 


Definition and nomenclature 

Neutrophilic eccrine hidradenitis refers to a rare clinical condition 
with non-specific features but characteristic acute inflammation of 
the eccrine sweat glands, seen on skin biopsy. 


Synonyms and inclusions 
¢ Chemotherapy-associated eccrine hidradenitis 
e Idiopathic palmoplantar hidradenitis 


Introduction and general description 

Neutrophilic eccrine hidradenitis (NEH) may arise in a variety of 
very different clinical situations, producing an eruption with very 
distinct pathological features. It can be classified into the following 
types: 

¢ Chemotherapy-induced NEH. 

Infectious NEH. 

¢ Palmoplantar NEH. 

NEH with HIV infection. 

NEH with Behcet disease. 


Epidemiology 

This is a rare condition that may be considered a reaction pattern 
to a variety of stimuli [1,2,3]. Drug-induced NEH is primarily seen 
in patients receiving cytotoxic chemotherapy, while childhood 
NEH affects otherwise well children [4,5]. Attacks of child- 
hood NEH are reported to be more frequent in the spring and 
summer. Disease-associated NEH and infectious NEH are both 
very rare. 


Pathophysiology 

The key pathological feature of NEH is necrosis of the eccrine epithe- 
lium in association with a dense neutrophilic infiltrate. In drug- 
induced NEH this is most commonly reported with the use of 
cytotoxic chemotherapeutic agents. Typical histological changes 
can be induced experimentally by the local injection of bleomycin 
into human skin, suggesting that the eccrine glands are subject to 
direct toxicity [6]. Other drugs reported in association with NEH 
include carbamazepine, tumour necrosis factor « antagonists, BRAF 
inhibitors and cetuximab [7,8,9]. 

Childhood NEH is not associated with underlying disease. 
However, it may follow physical exertion and exposure to damp 
footwear [10]. 

Infectious NEH is most frequently encountered in immune- 
suppressed individuals. Causative organisms implicated include 
Serratia, staphylococci, streptococci and Nocardia [11-13]. NEH has 
also been reported in HIV infection, Behcet disease and as a para- 
neoplastic phenomenon in both haematological and solid organ 
malignancies [12,13,14,15]. 


Clinical features 

Drug-associated NEH typically occurs 8-10 days after starting 
chemotherapy. Painful red papules and plaques develop on the 
limbs, neck and face [2]. Facial redness and swelling may be severe 


enough to mimic cellulitis [16]. The condition typically resolves 
within 2 weeks of treatment ending. Recurrence, however, may 
occur with subsequent courses of chemotherapy [17]. 

Childhood NEH has a particular predilection for the soles and 
less frequently the palms. Typically, tender plaques and nodules are 
seen. Attacks resolve spontaneously in 3 weeks but the condition 
may be recurrent [4,5,18]. 


Investigations 

In drug-induced NEH, skin biopsy is diagnostic. Associated neu- 
tropenia is also common. Further investigations may be necessary 
to exclude sepsis. Investigation of childhood NEH is not usually 
necessary. 


Management 

In the majority of cases the condition resolves without any 
treatment. In adult NEH systemic corticosteroids, dapsone and 
colchicine have all been recommended [15,19]. Dapsone may also 
be helpful in preventing recurrent disease [20]. 


Eccrine syringosquamous me 


Definition 
Eccrine syringosquamous metaplasia is used to describe both 
histological change, seen within eccrine sweat glands, and also a 
distinct skin eruption associated with the use of chemotherapeutic 
agents [1]. 


Pathophysiology 

Predisposing factors 

Eccrine syringosquamous metaplasia is characterised by the trans- 
formation of cuboidal ductal epithelial cells into areas of squamous 
differentiation [2]. This process has been reported in a wide variety 
of different settings including pyoderma gangrenosum, panniculitis 
and infection [3,4]. It is considered a non-specific marker of eccrine 
duct damage and may be confused histologically with squamous 
cell carcinoma. Similar histological changes are seen in patients 
undergoing chemotherapy, presumably forming part of a spectrum 
of cytotoxic eccrine damage, which includes NEH [5]. 


Clinical features 

In patients undergoing chemotherapy, eccrine syringosquamous 
metaplasia has been observed following the use of a range of drugs, 
most notably cytarabine and protein kinase inhibitors. The eruption 
develops during or shortly after chemotherapy and slowly resolves 
spontaneously. Widespread papulovesicular lesions, acral redness 
and an intertriginous eruption may all be seen. 


Investigations 
Skin biopsy is usually diagnostic. 


Management 
The condition resolves spontaneously but symptom control may be 
required. 


Drugs and eccrine glands — SS 


A number of drugs are concentrated and secreted by eccrine glands. 
This may partially account both for their therapeutic effect and cuta- 
neous toxicity. Drugs known to be secreted include sulfaguanidine, 
sulfadiazine, amphetamines, arsenicals, iodides, phenytoin, pheno- 
barbitone, carbamazepine, griseofulvin, ketoconazole, fluconazole, 
ciprofloxacin, diamorphine, cocaine and nicotine [1]. Sweat testing 
may be used as an alternative to urine testing in the setting of sub- 
stance abuse [2]. 


Disorders with sweat gland 
inclusions 


The accumulation of substances within eccrine secretory cells occurs 
in anumber of metabolic conditions summarised in Table 92.1 [1-5]. 


APOCRINE GLANDS — 


Anatomy and physiology of apocrine glands 


Apocrine sweat glands derive their name from the way their secre- 
tion appears (Greek apo- ‘away’ and krinein ‘to separate’). On light 
microscopy, the secretions appear to be ‘pinched off’ by parts of the 
cytoplasm. They are epidermal appendages and develop as part of 
the pilosebaceous follicle in the fourth to fifth month of intrauterine 
life. In the embryo they are present over the entire skin surface, 
but most glands subsequently disappear, so that in the adult the 
characteristic distribution in the axillae, perianal region and areolae 
of the breasts is found [1-3,4]. So-called ectopic glands may be 
found elsewhere. The mammary glands and ceruminous glands in 
the external auditory meati are modified apocrine glands. Apocrine 
glands are poorly developed in childhood and begin to enlarge 
with the approach of puberty. The activity of the glands is androgen 
dependent, and the glands show marked testosterone 5a-reductase 
activity [5]. 

The glands are larger than eccrine glands, and in the dissected 
specimen are visible to the naked eye. They are situated in the sub- 
cutaneous tissue. Each consists of a tubule and a duct. The latter is 
often quite short and opens into the neck of the hair follicle above the 


Table 92.1 Disorders with characteristic eccrine gland inclusion. 


Microscopic changes Disorder 


Membrane-bound vacuoles in secretory 
cells 

Intracytoplasmic lipid inclusions 

Secretory cell inclusions 


Mucopolysaccharidoses (Hurler, Hunter 
and Sanfillipo types) 

Sphingolipidoses 

Fabry disease, fucosidosis, Kanzaki 
disease, adrenoleukodystrophy and 
maltase deficiency 

PAS-positive granules in outer duct cells Lafora disease 


PAS, periodic acid—-Schiff stain. 
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Figure 92.12 Normal apocrine glands lined by cells with abundant eosinophilic 
cytoplasm and decapitation secretions. Magnification 40x (H&E). Courtesy of Dr Arti 
Bakshi, Liverpool University Hospitals NHS Foundation Trust, UK. 


sebaceous gland. Despite their embryological origin from the hair 
follicle, some apocrine glands eventually open on the surface of the 
skin. The secretory coil is a simple convoluted tube. It is lined by 
a single layer of columnar or cuboidal cells resting on a basement 
membrane. The free edge of the cells may show the appearance 
of apocrine secretion (Figure 92.12). Electron microscopy shows 
that this may be partly an artefact, but eccrine, apocrine and even 
holocrine secretion may all be found in places [3,6,7]. The apocrine 
duct closely resembles the eccrine duct and consists of a double 
layer of cuboidal cells. Outside the basement membrane of the 
gland and duct is a longitudinal layer of myoepithelial cells. Their 
function is to support the duct and to propel the secretion to the 
surface, and waves of peristalsis have been seen in them [8]. Where 
the duct opens into the neck of the hair follicle there is the equivalent 
of the acrosyringium of the eccrine duct, although it is less obvious 
[9]. Apocrine sweat glands have an adrenergic sympathetic supply 
but neural control appears to be unimportant [10]. 

Apocrine glands secrete small quantities of an oily fluid. 
This secretion is odourless on reaching the surface of the skin. 
Bacterial decomposition is responsible for the production of odif- 
erous compounds. In particular, corynebacterial aminoacylase 
is responsible for the production of 3-methyl-2-hexenoic and 
3-hydroxy-3-methylhexenoic acids [11]. Smaller quantities of odif- 
erous sulphanylalkanols and steroids have also been identified 
[12,13]. The production of these metabolites is under the genetic 
control of the ABCC11 gene, which encodes an ATP-driven efflux 
pump. Individuals homozygotic for a mutation in this gene pro- 
duce much less odour. Mutation in this gene is predominant in 
South-East Asians, explaining racial variations in body odour [14]. 

There is evidence that products of apocrine sweat glands may 
act as human pheromones but the specific chemicals and pathways 
involved have not yet been elucidated [15]. 


Abnormal sweat odour 
(bromhidrosis) 


Definition and nomenclature 
Human skin odour is largely due to the production of volatile chem- 
icals by the actions of bacteria on secreted apocrine sweat. 


Synonyms and inclusions 
¢ Osmidrosis 


Epidemiology 

Human skin odour is largely determined by alteration or degra- 
dation of odourless substances secreted by apocrine glands by 
bacteria, especially Corynebacterium species, in the presence of 
hyperhidrosis [1]. Eccrine secretion is usually odourless but can 
contain odour-producing substances that are excreted in it, such as 
drugs, arsenic and garlic. Sebaceous secretion has some odour, as 
do the decomposition products of keratin, which can cause mal- 
odour in some hyperkeratinising disorders such as keratodermas 
and Darier disease. On occasion, malodour appreciated only by 
the patient may be a symptom of monosymptomatic delusion of 
malodour (olfactory reference disorder) which requires psychiatric 
intervention [2] (Chapter 84), or from an organic lesion of the central 
nervous system. 


Incidence 

There is marked individual and racial variation in body odour, 
and what is socially acceptable varies greatly with race and social 
upbringing. 


Age 

As apocrine secretion increases under androgen control, mal- 
odour usually develops at or after puberty. Cases of generalised 
bromhidrosis in children have been reported due to chronic reten- 
tion of nasal foreign bodies, and as a result of precocious puberty. 


Sex 
Malodour is more evident in men, but men and women seek medical 
management with equal frequency [3]. 


Ethnicity 

There is anecdotal evidence that axillary malodour is more preva- 
lent in European and African individuals, and less so in East Asian, 
Chinese and Korean people. 


Associated diseases 

Recent studies have associated axillary malodour with wet-type 
ear wax, and this is the result of a single nucleotide polymorphism 
in the ABCC11 gene [4]. This gene is responsible for the function 
of the apical efflux pump and the conjugation of some of the 
odour-producing thioalcohols. Dry ear wax individuals do not 
produce these substances. 


Disorders of Apocrine Sweat Glands 92.17 


Pathophysiology 

In the axillae, high humidity due to eccrine sweating and sebaceous 
secretion results in a rich microflora, including bacteria of the genera 
Staphylococcus, Micrococcus, Corynebacterium and Propionobacterium. 
An increased axillary pH may facilitate the overgrowth of these 
bacteria. Late sudden onset of bromhidrosis has been associated 
with Sphingomonas paucimobilis infection of axillary skin, resolv- 
ing with appropriate antibiotic therapy. Apocrine secretions are 
largely odourless, but biotransformation by bacteria, particularly 
corynebacteria, results in the liberation of short- and medium-chain 
volatile fatty acids (C2 to C10 branch length), 16-androstene steroids 
and thioalcohols, each of which may produce its own odour signa- 
ture [1]. Studies have demonstrated histological differences between 
normal and bromhidrotic apocrine glands; in the bromhidrotics, the 
apocrine glands were larger and more numerous [5]. 


Clinical features 

Presentation may be due to the patient being conscious of emitting 
odour, or as the result of comments from friends and relatives. Sniff 
testing may result in the appreciation of the character of the mal- 
odour, such as ‘onion-like and beefy’ or a ‘lighter fruity’ note. 


Management 

The treatment of axillary bromhidrosis includes the omission of 
foodstuffs such as garlic from the diet, frequent washing of the 
axillary regions and local antibacterial substances. There is no evi- 
dence that measures used to control axillary eccrine hyperhidrosis — 
for example, aluminium salts and anticholinergic drugs — have 
much effect on the apocrine glands, although excessive eccrine 
excretion may favour the spread of apocrine secretion and facilitate 
proliferation of the odour-producing microflora. 

Deodorants are the mainstay of therapy as the fragrances disguise 
the undesired odour. A topical glycine-soya sterocomplex agent has 
shown encouraging improvement on both the intensity and quality 
of odour in patients with bromhidrosis [6]. A silver-zeolite powder 
has been shown to have strong antibacterial effects on axillary 
microflora and to diminish axillary malodour [7]. Botulinum toxin 
A has been used to treat axillary [8] and genital malodour [9] with 
good effect: the impact on eccrine sweating and rendering the area 
anhidrotic may prevent bacterial activity and thus have an effect 
on odour. There is some evidence that botulinum toxin reduces 
apocrine gland secretion and size. Surgical excision of axillary sub- 
cutaneous tissue by a variety of surgical techniques (axillary shave 
and subsection of subcutaneous glands, laser ablation, ultrasound 
ablation, intradermal alcohol injection, liposuction and hydro- 
surgical jet injection), which removes both eccrine and apocrine 
glands, has been performed with good effect in those dissatisfied 
with conservative measures [10,11,12]. Microwave devices used 
primarily for hyperhidrosis may also diminish bromhidrosis. 


Treatment ladder for bromhidrosis 


First line 

e Regular washing 

e Avoidance of odour-producing foodstuffs 
¢ Deodorants 


Second line 
e Silver-zeolite powder 
e Botulinum toxin 


Third line 
¢ Removal or ablation of apocrine glands 


Trimethylaminuria — 


Definition and nomenclature 
This disorder results from excessive amounts of the offensively 
smelling tertiary amine trimethylamine appearing in eccrine and 
apocrine sweat, breath and urine, and imparting an unpleasant 
rotting fish smell to sufferers [1]. 


Synonyms and inclusions 
e Fish odour syndrome 


Epidemiology 

Incidence 

The ability to N-oxidise trimethylamine into trimethylamine oxide 
(which has no odour) is distributed polymorphically, and sufferers 
are homozygous for an allele that determines this impaired reac- 
tion. One per cent of the population are heterozygous carriers of 
the allele. 


Age 
Most cases present in their late teens or early twenties. 


Sex 
The incidence does not vary by sex. 


Pathophysiology 

Affected individuals are unable to oxidise trimethylamine, which 
is produced by the intestinal bacterial degradation of choline and 
carnitine in food, to the odourless trimethylamine N-oxide. This 
can occur as a primary problem, as a result of a mutation in the 
flavin-containing mono-oxygenase3 (FMO3) gene [2]. Secondary 
trimethylaminuria can occur when there is an increased burden of 
trimethylamine and is seen when there is an increased production 
of it from its precursors by gut bacteria in conditions such as blind 
loop syndrome, uraemia and liver disease. 


Clinical features 

The unpleasant odour, which is often worse after eating seafood, 
during periods of stress or during menstruation, can be the source 
of much distress, rejection and resentment. Sufferers are sometimes 
unaware of their smell, which may be intermittent and may not be 
detected by physicians when consulted. Trimethylaminuria was 
found in 7% of a series of individuals who perceived themselves to 
be malodorous [3]. 
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Investigations 

The condition can be diagnosed by direct estimation of trimethy- 
lamine in the urine after a marine fish meal. Both affected individ- 
uals and heterozygous carriers have abnormally elevated excretion 
of trimethylamine after such an oral challenge. 


Management 

A diet low in carnitine and choline may help. Egg yolks, legumes, 
red meats, fish and beans should be avoided. Short courses of 
metronidazole or neomycin may temporarily reduce the bacte- 
ria that degrade the carnitine and choline in the gut. Charcoal 
and copper chlorophyllin have been shown to reduce urinary 
trimethylamine concentrations to normal levels in sufferers [4]. 


Treatment ladder for trimethylaminuria 


First line 
e Low carnitine diet 


Second line 

e Antibiotics (metronidazole and neomycin) 
¢ Oral charcoal 

¢ Oral copper chlorophyllin 


Chromhidrosis -— Va 


Definition 

Chromhidrosis is the secretion of vividly coloured apocrine sweat 
[1,2]. It is most commonly a blue, yellow or green colour and is usu- 
ally of apocrine origin, and seen in the axilla, areola of the nipple 
or face. 


Pathophysiology 

It results from the secretion of lipofuscins in apocrine sweat and may 
be associated with the secretion of coloured breast milk. The more 
oxidised lipofuscins appear deeper in colour; the lighter-coloured 
pigments may fluoresce. 


Clinical features 

Apocrine sweat may be tinged with a yellow, green or blue hue 
in up to 10% of the population. Only rarely does it occur to the 
striking degree that merits the term chromhidrosis. The diagnosis 
can be confirmed by finding lipofuscin pigment granules that may 
fluoresce on fluorescence microscopy in the apocrine secretory cells 
in affected skin. Affected individuals’ clothes may also fluoresce 
on Wood’s light illumination. The secretion of coloured sweat 
starts at puberty and persists until there is a gradual regression of 
apocrine function in old age. Coloured sweat may be discharged 
from the glands in response to exercise and emotional stimuli, and 
after manipulation of the skin. The axillae are the most frequently 
affected sites, although facial [3] and areolar [4] chromhidrosis are 
recorded. 


Management 


Treatment ladder for chromhidrosis 


First line 
e Topical capsaicin 


Second line 

¢ Intralesional botulinum toxin 

e Topical capsaicin has satisfactorily reduced facial and nipple 
chromhidrosis 

¢ Botulinum toxin has been used to successfully suppress facial 
chromhidrosis [5,6] 


Pseudochromhidrosis -— Fae 


Pseudochromhidrosis is the secretion of clear sweat that changes to 
a coloured secretion after it exits the sweat duct. It may occur due to 
chromogenic or porphyrin-producing bacteria on the skin [7]. A case 
of facial red chromhidrosis in a child responded to erythromycin, the 
antibiotic eradicating a chromogenic bacterium, which was felt to be 
the cause of the abnormal colour [8]. 

Exogenous chromogens can affect eccrine sweat. Occupational 
and homeopathic medicinal exposure to copper salts has been 
reported to produce blue eccrine sweat; excessive consumption of 
a red food dye resulted in red sweat staining of underwear in one 
reported case [9]. 

Alkaptonuria (ochronosis) may result in dark perspiration. 


Hematidrosis [1] — SV¥oV@ 


This is characterised by one or more episodes of spontaneous bloody 
sweat arising from non-traumatised skin (Figure 92.13). Microscopy 
shows normal erythrocytes within the eccrine sweat, distinguish- 
ing it from red chromhidrosis, although in many putative cases this 
has not been substantiated. In a review of 25 cases, most patients 
were adolescent women, with the face, eyes and ears being the sites 
affected. Stressful triggers were identified in many cases. Psycholog- 
ical support and beta blockers have been advocated; the condition 
resolves spontaneously. 


Apocrine miliaria — CF Sao 


Definition and nomenclature 

Apocrine miliaria is a disorder of the apocrine glands comparable 
to prickly heat of the eccrine glands and caused by obliteration of 
the apocrine duct at the infundibulum [1]. It usually presents with 
an itchy papular eruption in the axillae, ano-genital area or on the 
areolae of the nipple. 


Synonyms and inclusions 
¢ Fox-Fordyce disease 


Figure 92.13 Hematidrosis on the chest. Courtesy of Dr Julio Salas, Guadalupe. 


Epidemiology 
Incidence and prevalence 
It is uncommon. 


Sex 
It predominates in females. Familial twin and male cases are 
reported [2]. 


Pathophysiology 

The condition occurs as a result of apocrine sweat duct occlusion 
by aggregates of epithelial cells of the apocrine or apoeccrine secre- 
tory cells [3]. The earliest pathological sign is a small vesicle in the 
apocrine duct. Later, the apocrine glands are seen to be enlarged, 
and as a consequence of repeated inflammatory events, perifollic- 
ular xanthomatosis with perifollicular foam cells expressing CD68 
may develop [4]. 


Clinical features 

The disease occurs mainly in women soon after puberty but can be 
postmenopausal [1]. It can occur in males or in children and has 
been reported in females with Turner syndrome and in identical 
twins. In recent years it has been reported after laser axillary hair 
epilation [5]. Itching, which may be intense, occurs in the axillae, and 
to a lesser extent in the ano-genital region and around the breasts. 
Objectively there may be little to see at first, but later skin-coloured 
or slightly pigmented, dome-shaped, follicular papules develop 
(Figure 92.14). Hair loss in the axillae usually ensues. The itching 
is often provoked by those emotional stimuli that normally cause 
apocrine secretion. The disease runs a very prolonged course and 
may persist until the menopause. Some remission may occur in 


pregnancy. 


Figure 92.14 Axillary apocrine miliaria (Fox—Fordyce disease). 


Differential diagnosis 
It is usually easy to diagnose due to its distinctive clinical features. 


Management 

Response to treatment is unsatisfactory. Topical and intralesional 
steroids provide some benefit, but their use is limited by atrophy. 
It may respond to calcipotriol betamethasone or tacrolimus topically. 
Topical clindamycin is reported to have been of help [6]. Treatment 
with 4-6-weekly doses of ultraviolet radiation, sufficient to cause 
exfoliation, helps some patients [7]. Topical retinoic acid or adapa- 
lene may also be helpful, as may oral contraceptive agents and oral 
retinoids [8]. Other cases are sufficiently severe to require electro- 
cautery [9], surgical excision of the affected skin or subcutaneous 
removal of the apocrine glands [10]. 


Treatment ladder for apocrine miliaria 


First line 

¢ Topical or intralesional steroids, calcipotriol with 
betamethasone 

¢ Topical clindamycin lotion 

¢ Topical retinoids 


Second line 
¢ Ultraviolet light 
¢ Oral retinoids 


Third line 
e Surgery 
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ANATOMY AND BIOLOGY 
UNIT 


Structure 


Gross anatomy [1,2,3] 

The components of the nail apparatus are shown in Figure 93.1. The 
nail plate (nail) is firmly attached to the nail bed. At the proximal 
side about one-quarter of the nail is covered by the proximal nail 
fold (or posterior nail fold). The proximal nail fold has two epithelial 
surfaces, ventral and dorsal; at the junction of the two, the cuticle 


colour of the lunula is not known [1,4]. The nail plate distal to the 
lunula usually appears pink, due to its translucency, which allows 
the redness of the vascular nail bed to be seen through it. On 
close examination, two further distal zones can often be identified: 
the distal yellowish-white margin and immediately proximal to this 
the onychodermal band [5]. Histologically, the onychodermal band 
is defined as the most distal attachment of cornified epithelium 
to the undersurface of the nail and has also been termed the nail 
isthmus [6]. As such, it is structurally significant for the adherence 
of the nail plate to the nail bed. Once breached, as in conditions 
such as psoriasis, separation of the nail bed from the nail plate can 
be progressive. 


Mf projects distally onto the nail surface. A narrow margin of the sides The definition of the nail TAREE 1S controversial [7]. Mostly ae 
“yj of the nail is often occluded by the lateral nail folds. The lateral assumed that the nail is synthesised completely in the germinal 
U = nail folds are in continuity with the skin on the lateral sides of the nail matrix, which is situated under the proximal nail fold and its 
T™SH digit, and medially they are joined. When the nail plate is viewed distal extension is visible as the lunula (half-moon lunule) [8] (green 
i = from above, two distinct areas may be visible: the lunula proximally i" Figure 93.1). The onychodermis below the nail matrix has been 
PWSa and the larger distal pink zone. The lunula is most prominent on the hypothesised to be the nail counterpart of the follicular dermal 
" Zs thumb and great toe and may be partly or completely concealed papilla [9]. For those who consider this region beneath the proximal 
CES by the proximal nail fold in other digits. The reason for the white Nail to be the sole source of nail it is termed simply the matrix. 
EO The natural shape of the free margin of the nail is the same as the 
c uu contour of the distal border of the lunula. While there is common 
ag perm acceptance that this localised region beneath the proximal nail 
= pestenionnall told produces the major part of the normal nail plate, there is some 
s Tce evidence that other epithelial and mesenchymal parts of the nail 
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Nail plate 
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Figure 93.1 Longitudinal section of a digit showing the components of the nail 
apparatus. 


unit also play a role in the growth of the nail plate. Other epithe- 
lial parts are also sometimes attributed matrix status and can be 
subdivided into dorsal (the ventral aspect of the proximal nail 
fold), intermediate (germinal matrix or matrix) and ventral matrix 
sections (Figure 93.2). The ventral matrix section (nail bed) is also 


Dorsal 7 


Intermediate + Nail plate 
Dorsal 


Ventral 4 


Matrix subdivisions 


Figure 93.2 Direction of differentiation and cell movement within the nail apparatus. 
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Anatomy and biology of the nail unit 


termed the sterile matrix but its role in the production of the nail 
is unclear. Although it appears that the nail plate may thicken 
by 21% as it passes from the distal margin of the lunula to the end 
of the nail bed [10,11], this is not associated with an increase in cell 
numbers and may represent compaction of the nail from distal 
tip trauma rather than nail bed or nail plate production [12]. The 
situation may change in disease, where the nail bed changes its 
histological appearance to gain a granular layer [13] and may con- 
tribute a false nail of cornified epithelium to the undersurface of the 
nail [14]. 

In rheumatological literature it has become popular to consider 
the nail apparatus a musculoskeletal appendage [15]. A recent study 
showed that this assumption relies on an oversimplified anatomy 
and that the nail unit is an epidermal appendage with a specialised 
connection with the lateral periosteum [16]. 


Microscopic anatomy [17,18] 


Nail folds 

The proximal nail folds are similar in structure to the adjacent skin 
with sweat glands but devoid of pilosebaceous glands. There is a 
normal granular layer. From the distal area of the proximal nail 
folds, the cuticle adheres to the upper surface of the nail plate; it is 
composed of modified stratum corneum and serves as a seal to pro- 
tect the structures at the base of the nail, particularly the germinal 
matrix, from environmental insults such as irritants, allergens and 
bacterial and fungal pathogens. 


Nail matrix (intermediate matrix) 

The nail matrix is composed of stratified squamous epithelium with 
long rete ridges. The basal compartment is broader than the same 
region in normal epithelium or in other parts of the nail unit, such 
as the nail bed [12]. There is no granular layer and cells differentiate 
into mature onychocytes with the expression of trichocyte ‘hard’ 
keratins alongside normal epithelial ‘soft’ keratins (see later) [17,19]. 
During this process of nail formation, cells become larger and paler 
and eventually the nucleus disintegrates. Occasionally, they may 
retain their nuclei until more distal in the nail plate. These retained 
nuclei are called pertinax bodies. 

The nail matrix contains melanocytes, which can donate pigment 
to the onychocytes [20]. They are found in the basal and suprabasal 
layers and are most prominent in the distal matrix. In addition, the 
nail bed often contains melanocytes but they are sparse or absent 
with a mean of 0.43 per millimetre, and are restricted to the basal 
layer with thin cytoplasmic dendrites [21]. Melanocytes can occur 
in foci in normal nail beds, in which the melanocytic density can 
reach the level seen in the matrix. The presence of about seven 
melanocytes per millimetre of matrix basement membrane (range 
4-14) can be considered a normal matrix melanocyte population 
[21,22], although higher numbers have also been reported [23]. 
Matrix melanocytes are distinguished from those elsewhere by 
their failure to produce melanin in normal circumstances in white 
people. This can change, with melanotic streaks presenting in local 
inflammatory, naevoid or neoplastic disease. In non-white people, 
brown streaks are common and are almost universal in Fitzpatrick 
phototyping scale V and VI by the age of 60 years. 


Nail bed 

The nail bed consists of epidermis with underlying connective tissue 
closely apposed to the periosteum of the distal phalanx. The nail bed 
epidermis is usually no more than two or three cells thick, although 
there may be tongues of epithelium that extend obliquely down. 
At the nail folds it becomes thicker and develops rete ridges. The 
transitional zone from living keratinocyte to dead ventral nail plate 
cell is abrupt, occurring in the space of one horizontal cell layer; in 
this regard it closely resembles the Henle layer of the internal root 
sheath of the epidermis [24]. Nail bed cells do not have any inde- 
pendent movement, and it is yet to be clearly demonstrated whether 
they are incorporated into an overlying nail plate as it grows distally 
[10,11,24]. The process of nail bed keratinisation has been likened to 
that seen in rat tail epidermis, possibly being affected by pressure 
changes [12]. The loss of the overlying nail results in the develop- 
ment of a granular layer, which is otherwise present only in disease 
states. 

The nail bed dermis is sparse and without subcutaneous fat, 
although scattered dermal fat cells may be present. The collagenous 
adherence of the nail bed is firm and mainly orientated vertically, 
being directly attached to the phalangeal periosteum and the epi- 
dermal basal lamina. Within the connective tissue network lie blood 
vessels, lymphatics and a fine network of elastic fibres; at the distal 
margin, eccrine sweat ducts have been seen [2]. 


Nail plate 

The nail plate is composed of three horizontal layers of compacted 
keratinised epithelial cells: a thin dorsal lamina, the thicker interme- 
diate lamina and a ventral layer from the nail bed (Figure 93.2) [25]. 
This is apparent with silver stain and ultrasound but not always with 
normal light microscopy using routine stains, where the nail demon- 
strates a transition between flattened cells dorsally and thicker cells 
on the ventral aspect. It has been suggested that the ventral nail plate 
is only one or two cells thick [26] or may be a variable entity [27]. 
Electron microscopy shows squamous cells with tortuous interlock- 
ing plasma membranes [28,29]. At high magnification, the contents 
of each cell show a uniform fine granularity similar to the hair cuti- 
cle [4]. The nail plate gains thickness and density as it grows distally 
[30], although in vivo ultrasound suggests slight reduction in thick- 
ness distally [31]. 

The nail plate contains variable amounts of minerals and elec- 
trolytes, including sodium, potassium, nitrogen, calcium, iron, 
copper, zinc, magnesium, phosphorus and sulphur [32]. Mainly the 
dorsal and intermediate layers of the nail plate contain phospho- 
lipids, which contribute to its flexibility and water resistance. The 
contents of lipids and water in the nail plate is much lower than the 
stratum corneum: 0.1-1% lipids and 7-12% water in the nail plate, 
versus 10% lipids and 20-40% water in the stratum corneum [32]. 


Signalling pathways involved in nail formation 

The primary nail field is the earliest discernible area and appears 
around the 10th week of gestation [32]. The nail plate grows from the 
14th week of gestation and by the 17th week almost the entire nail 
bed area is covered. From then, nails continue growing till death. 
Many factors act upon nail growth and influence its appearance. A 
complex interaction through various signalling pathways between 
ectoderm and mesoderm are essential, which is coordinated by 
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Wnt signalling together with bone morphogenetic proteins (BMPs) 
[1,32]. Wnt signalling is crucial in both embryogenesis and adult 
nail maintenance. Genes influencing the presence or absence of 
malformation of nails have also been sought in connection with 
inherited abnormalities of the nail unit. Spondins are a family of pro- 
teins contributing to intracellular communication. When there are 
mutations in the R-spondin genes and others influencing the Wnt/B 
catenin signalling pathway, nail loss or reduction occurs [33-35]. 
This first became evident from mutations seen in the R-spondin 4 
gene in a family with an autosomal recessive pattern of anonychia 
[33]. Mice deficient to R-spondin 2 have limb and phalangeal abnor- 
malities and no nail unit [36]. Frizzled-6 is a Wnt receptor gene. 
More subtle forms of nail dysplasia can be attributed to defects of 
Frizzled-6 which, in common with R-spondin 4, enhances the Wnt 
signalling pathway and is found in inherited nail dysplasia [37]. 
In claw differentiation in Frizzled-6 knock-out mice, it is associated 
with downregulation of hair keratins K86, K81, K34 and K31, and 
two epithelial keratins, K6a and K6b: all keratins with significance 
in nail formation and biology. Defects in other factors influencing 
the Wnt signalling pathway, including £ catenin, have detrimental 
effects on nail formation [38]. Also, leucine-rich repeat-containing G 
protein-coupled receptor 5 and 6 (Lgr5 and Lgr6) are part of the Wnt 
signalling pathway. In mice, Lgr6 is assumed to be necessary for 
nail unit regeneration following loss [39]. Primary abnormalities in 
the Wnt signalling itself are also associated with inherited nail dys- 
plasias such as Schépf-Schulz—Passarge syndrome (Wnt10a) [40]. 
Mutations in other genes such as LMX1B are associated with multi- 
system disease such as nail—patella syndrome [41] which may have 
overlap with elements of Wnt signalling. Other relevant molecules 
include histone deacetylase, the serine/threonine protein kinase Akt, 
and the Forkhead box N1 transcription factor (FOXN1) [42]. 


Keratins [1] 

Keratins belong to the family of intermediate filament proteins 
and represent 80% of nail mass, and their distribution and differ- 
entiation is pivotal. Keratin distribution in the nail and associated 
epithelium has been studied in adult, infant and embryonic digits 
[1,17,19,43]. Genome analysis demonstrated that humans possess 
54 functional keratin genes [44]; 28 acidic type I keratins and 26 
basic-to-neutral type II keratins. These keratins are subdivided into 
‘soft’ epithelial keratins and ‘hard’ hair or trichocyte keratins. The 
nail plate contains approximately 10-20% soft keratins (keratin 
pairs K50/K58 and K48/K56) and 80-90% ‘hard’ keratins (K31 
to K40 and K81 to K86) as they become incorporated into the nail 
plate [17,19]. K31 to K40 belong to the category of type I hard 
keratins, and K81 to K86 are type II hard keratins. Hard keratins are 
characteristic of hair and nail differentiation and keratins 31, 32, 34, 
38, 81, 85 and 86 have all been demonstrated immunohistochemi- 
cally in the nail matrix but not in the nail bed [1,17,19]. The higher 
sulphur content of amino acids (e.g. cysteine and methionine) 
in nail keratin results in disulphide bonds, which are responsible 
for their rugged physical qualities of the nail. This is matched by the 
resistance of hair keratins to dissolution in strong solvent. Proxi- 
mally, the hair keratins do not extend onto the ventral aspect of the 
proximal nail fold (dorsal matrix) and distally their expression is 
limited to a margin taken as corresponding to the lunula. Their 


distribution appears to define a matrix consistent with the classic 
description of the germinal matrix (green in Figure 93.1). 
Expression of soft ‘epithelial’ keratin pair K1/K10 is found in a 
suprabasal location in the matrix but is absent in the healthy nail bed 
[17]. Expression of K1 and K10 in the nail bed occurs in pathological 
situations in which cornification and terminal keratinocyte differen- 
tiation occurs together with development of a granular layer, such 
as in onychomycosis or psoriasis [17]. The nail bed contains keratins 
synthesised in normal basal layer epithelium, K5/ K14, which are 
also found in nail matrix. An antibody marking the epitope char- 
acteristically associated with keratin expressed in the basal layer is 
found throughout the thickness of the nail bed, but only basally 
in the matrix. Keratins 6, 16, 17 and 8 have all been found in different 
subungual locations and phases of nail matrix development with a 
variety of attributed functions [1]. K6/K16 is identified in the nail 
bed but not in the germinal matrix [19]. This is because proliferation 
is not a prominent feature. The nail bed has very low rates of prolif- 
eration [12,30], and it may be that K6/K16 more precisely illustrates 
a loss of differentiation, often associated with proliferation in skin 
but representing the resting state of nail bed epithelium. Nail bed 
expression of K6a, -6b, -16, and -17 has significance, because features 
of pachyonychia congenita develop in case of mutations in the genes 
for these keratins [45-51]. In this group of autosomal dominant dis- 
orders, there is thickening of the nail plate attributed to disease of the 
nail bed in variants of the disease attributed to abnormalities in each 
of these keratins [52,53]. Positive immunostaining for K8 and K20, 
specific for Merkel cells, has been noted in the nail matrix [54]. 


Nail immune system 


The nail apparatus is constantly exposed to environmental threats. 
Effective immune responses are essential to prevent infection, but 
autoaggressive immunity and the loss of nail production has to be 
prevented. The nail immune system differs from the skin immune 
system, but shows similarities to the hair follicle immune system, 
including the establishment of an area of relative immune privilege 
[1]. This relative immune privilege may be essential to prevent 
autoimmunity and damage by inflammatory pathogens. Collapse 
of the nail immune privilege may be an underlying cause of nail 
lichen planus that may present with permanent loss of nails. 
Compared with other regions of nail epithelium, human leukocyte 
antigen (HLA)-A/B/C expression is prominently downregulated 
on both keratinocytes and melanocytes of the nail matrix, whereas 
HLA-G(+) is upregulated here. Together with the expression of 
macrophage migration inhibitory factor in the nail matrix, this 
may serve to inhibit a natural killer cell attack on the major his- 
tocompatibility complex (MHC) class Ia-negative nail matrix. 
Langerhans cells are detectable in the matrix by CD1a staining [2] 
but their expression is reduced [1]. Also, the number of natural 
killer cells and mast cells, key players in the innate immunity, are 
reduced in number, while immunosuppressive mediators such as 
a-melanocyte stimulating hormone and transforming growth factor 
B1 have a prominent expression in the nail unit, contributing to the 
immune privilege [1,3]. Also, antimicrobial peptides (AMPs) have a 
broad spectrum of innate immune properties and their presence is 
increased in the nail unit [4,5]. They may contribute to the relative 
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immune privilege of the nail matrix by playing a role in effective 
defence in the presence of continuous exposure of the nail to various 
microbiological agents. The nail unit has been shown to contain 
human cathelicidin LL-37, which can kill Candida albicans [4] and 
beta defensins hBD-2 and hfD-3 [5]. 


Blood and nerve supply 


Blood supply [1] 

There is a rich arterial blood supply to the nail bed and matrix 
derived from paired digital arteries, a large palmar and small dorsal 
digital artery on either side. The palmar arteries are supplied from 
the large superficial and deep palmar arcades [2]. The main supply 
passes into the pulp space of the distal phalanx before reaching 
the dorsum of the digit (Figure 93.3). Distally, the arteries are 
extremely tortuous and coiled, which allows them to be distorted 
without kinking to occlude supply. The superficial arcade lies 
just distal to the distal interphalangeal joint, and supplies the nail 
fold and extensor tendon, and has many branches to the germinal 
matrix. The nail fold capillary network has capillary loops which are 
more horizontal and visible than in the normal cutaneous plexus. 
There are two main subungual arterial arches (proximal and distal) 
supplying the nail bed and matrix, formed from anastomoses of the 
branches of the digital arteries. In the event of damage to the main 
supply in the pulp space, such as may occur with infection or scle- 
roderma, there may be sufficient blood from the accessory vessels 
to permit normal growth of the nail. Venous drainage of the finger 
is by deep and superficial systems. The deep system corresponds 
to the arterial supply. The superficial system consists of a branching 
network of dorsal and palmar digital veins. 

At a microvascular level, there are three patterns. Within the ger- 
minal matrix, vessels are longitudinal with helical twisting. The axis 
becomes more longitudinal in the nail bed without the tortuosity —a 
pattern that is also seen in the distal proximal nail fold. This ori- 
entation in the nail bed is reflected in the appearance of splinter 
haemorrhages. In the digit pulp, vessels follow the pattern of the 
dermatoglyphics [3]. 

There are many arteriovenous anastomoses beneath the nail — 
glomus bodies — which are concerned with heat regulation. These 


Distal subungual arcade 
Proximal subungual artery (arcade) 


Superficial arcade 


Digital artery 


Figure 93.3 Arterial supply of the distal finger. 


Anatomy and biology of the nail unit 


neurovascular glomus bodies serve as regulators of capillary circu- 
lation and thus are important in maintaining acral circulation under 
cold conditions: arterioles constrict with cold but glomus bodies 
dilate [4]. The nail bed is richly supplied with glomus bodies which 
increase in number in a gradient towards the distal nail bed [5]. 


Nerve supply [1] 

Paired digital nerves follow the course of the arterial blood supply. 
The periungual soft tissues are innervated by dorsal branches. The 
main branch of the digital nerve passes under the nail bed and inner- 
vates both nail bed and matrix [6]. There is often dual sensory inner- 
vation of the nail unit, which is relevant when applying ring block 
anaesthesia [7]. 


Nail growth and morphology 


Clinicians experienced in observing the slow rate of growth of dis- 
eased or damaged nails are apt to view the nail apparatus as inert, 
although it is biochemically and kinetically active throughout life. In 
this respect, it differs from most hair follicles, which undergo peri- 
ods of quiescence as part of the follicular cycle. 


Cell kinetics 

The kinetic activity of the matrix has been examined using many 
techniques, including immunohistochemistry, autoradiography, 
flow cytometry and direct measurement of matrix product (i.e. nail 
plate) by ultrasound, micrometre or histology. 

A putative nail stem cell (SC) is assumed to reside within the nail 
matrix compartment and is responsible for maintenance of the cell 
population of nail plate forming onychocytes, but also may play a 
role in digit tip regeneration following amputation [1]. These rela- 
tively quiescent SCs with a high proliferative capacity have to be dis- 
tinguished from their progeny, the transit amplifying cells (TACs), 
which also have a high proliferative capacity, but are fast cycling. 
The characterisation of the nail SC has been rather difficult and 
future studies may elucidate the issue. Candidate markers include 
PHLDAI (Pleckstrin homology-like domain, family A, member 1), 
Glil, Lgr6, keratins 14, 15, 17 and 19, CD29, CD34, and leucine-rich 
repeat-containing G protein-coupled receptor 6 (Lgr6) [2,3]. Highly 
proliferative K14+ and K17+ assumed SCs are localised to the prox- 
imal matrix. Expression and coexpression of keratin 15 and keratin 
19 were detected suprabasal in the root of the nail by Korver [4] and 
on the ventral aspect of the proximal nail fold by others [2,5]. 

The TACs are situated in the broad basal compartment of 
proliferating cells in the matrix. TACs can be detected immunohisto- 
chemically with antibodies to proliferating cell nuclear antigen and 
Ki67/MIB1 (Figure 93.4) [6]. Ki67 expressing cells were detected 
in the dorsal matrix and, in particular, in the intermediate matrix 
but not in the nail bed [4], indicating no important contribution 
of the nail bed in the creation of the nail plate. The matrix is also 
the site of maximal inclusion of tritiated thymidine if injected into 
the peritoneum of squirrel monkeys and followed subsequently 
by autoradiography [7]. Although there was some inclusion of 
thymidine into the nail bed, Zaias and Alvarez [7] interpreted the 
findings as indicating that the nail bed had no role in the creation of 
the nail plate. Norton [8] drew a similar conclusion from work with 
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Table 93.1 Physiological and environmental factors affecting the rate of nail growth. 
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Figure 93.4 Proliferating epithelial cells of the matrix and ventral aspect of the proximal 
nail fold, staining with the antibody MIB-1. 


live human subjects where labelled thymidine and glycine were 
injected locally to act as markers of proliferating and metabolically 
active keratinocytes, and both primarily labelled the matrix. 

However, the earlier work of Lewis [9] suggested on histologi- 
cal grounds that the nail plate is a trilaminar structure originating 
from three separate matrix zones: the dorsal matrix (ventral aspect of 
proximal nail fold), intermediate matrix (germinal matrix) and ven- 
tral matrix (nail bed) (Figure 93.2). In support of this, Johnson et al. 
[10,11] demonstrated that 21% of the nail thickness is gained as it 
passes over the nail bed, implying that the nail bed is generating this 
fraction of the nail plate. De Berker et al. [6] noted that the increase in 
nail thickness did not coincide with corresponding increases of nail 
plate cells. This challenges the interpretation that nail thickens over 
the nail bed because of a contribution from underlying structures. 
An alternative explanation may be appropriate, such as compaction 
arising from repetitive distal trauma. Others have also debated this 
issue and, although the nail bed may have a significant contribu- 
tion to make in disease [12], the evidence for its contribution at other 
times is conflicting. 


Nail morphology 
Why the nail grows flat, rather than as a heaped-up keratinous mass, 
has generated much thought and discussion [13-16]. It is reasonable 
to consider horizontal nail growth as being attributable to collab- 
oration of several physical factors acting on the nail [17], includ- 
ing guiding restraint of the proximal nail fold [14], containment by 
the lateral nail fold, inductive influence of the underlying phalanx 
[18] and adherence to the nail bed [17]. In diseases such as psori- 
asis, the nail bed can lose its adherent properties, exhibiting ony- 
cholysis. In addition, there may be subungual hyperkeratosis. These 
combined factors make psoriasis the most common pathology in 
which up-growing nails are seen. Onychogryphosis is characterised 
by upward growth of thickened nail. In this condition, the nail may 
become bucket-shaped and the effect of the overlying proximal nail 
fold is lost. 

The contour of the free edge of the nail is assumed to be 
attributable to the shape of the lunula. The free edge following 
the margin of lunula is visible in two situations with uneroded 


Faster Slower Reference 
Daytime Night 

Pregnancy? 1st day of life [19-21] 
Right-hand nails/dominant hand Left-hand nails /non-dominant [22] 
Youth, increasing age Old age [22] 
Fingers Toes (23] 
Summer Winter or cold environment [24-26] 
Middle fingers Thumb and little finger [27,28] 
Male gender Female gender [22,28] 
Nail biting, friction [29] 


Table 93.2 Pathological factors and medication affecting the rate of nail growth. 


Faster Slower Reference 
Psoriasis Finger immobilisation [35-37] 
Normal nails Fever [33,35] 
Pitting Beau lines [35,38] 
Onycholysis Poor nutrition [39,40] 
Pityriasis rubra pilaris Denervation [27,29,41] 
Peripheral neuropathy 
Hyperthyroidism Hypothyroidism [27] 
HIV Yellow nail syndrome [42,43 
Arteriovenous shunts Congestive heart failure [27] 
Onychomycosis [44] 
Relapsing polychondritis [45] 
Levodopa Methotrexate [46,47 
Etretinate, rarely Etretinate [48] 
Itraconazole Azathioprine [47,49 
Benoxaprofen Targeted therapies and immunotherapies [50,51 


or unmanicured outgrowth: at birth and with regrowth following 
avulsion. The nail bed may play a minor role in the shape of the 
free edge, because nail dystrophies following trauma of the nail bed 
give the edge a scalloped contour. 


Linear nail growth [17,30-32] 

Many studies were carried out on the linear growth of the nail plate 
in health and disease; these are listed in Tables 93.1 and 93.2 [17]. 
Most of these studies have been performed by observing the distal 
movement of a reference mark etched on the nail plate over a fixed 
period of time. Fingernails grow approximately 3mm per month or 
0.1 mm per day, and toenails at one-third of this rate. The height 
or weight of the individual makes no difference, nor do mild inter- 
current illnesses, but severe systemic upsets disturb nail formation. 
Systemic upsets may result in reduced linear nail growth [33] and in 
transversal depressions upon the nail, known as Beau lines [34]. 
Also, local disease can influence linear nail growth and induce 
development of Beau lines. 


NAIL SIGNS AND THE 


A good knowledge of the anatomy and physiology of the nail appa- 
ratus is essential to make a correct diagnosis, because signs and 


symptoms caused by a disorder are strictly related to the affected 
anatomical area. Nail signs fall into categories of shape, attachment, 
surface and colour. 


Abnormalities of shape 


Clubbing 


Synonyms and inclusions 
¢ Hippocratic fingers 

e Acropachy 

¢ Watch glass nails 


In clubbing, there is increased transverse and longitudinal nail cur- 
vature with hypertrophy of the soft-tissue components of the digit 
pulp. The nail can be ‘rocked’ and in causes associated with car- 
diopulmonary disease there may be local cyanosis. 

There are three forms of geometric assessment that can be per- 
formed. Lovibond’s angle is found at the junction between the nail 
plate and the proximal nail fold and is normally less than 160°. This 
is altered to over 180° in clubbing (Figure 93.5). Curth’s angle at the 
distal interphalangeal joint is normally about 180°. This is dimin- 
ished to less than 160° in clubbing (Figure 93.6). Schamroth’s win- 
dow is seen when the dorsal aspects of two fingers from opposite 
hands are opposed, revealing a window of light, bordered laterally 
by the Lovibond angles (Figure 93.7a). As this angle is obliterated in 
clubbing, the window closes (Figure 93.7b) [1]. Assessment of club- 
bing at the bedside shows poor agreement between examiners [2] 
in milder cases and there are problems in using firm morphometric 
analyses that do not lend themselves to routine clinical practice [3]. 
Ultrasound criteria for diagnosis can also be used and longitudinal 
images of the distal phalange can assist in the quantification of the 
profile and hyponychial angles [4]. 

Clubbing appears to be related more to increased blood flow 
through the vasodilated plexus of nail unit vasculature than to 
vessel hyperplasia, although MRI studies have also implicated 


Figure 93.5 Clubbing: Lovibond’s profile sign. The angle is normally less than 160° but 
exceeds 180° in clubbing. 


Nail signs and their significance 


Figure 93.6 Clubbing: Curth’s modified profile sign. 


(b) 


Figure 93.7 Schamroth’s window is seen clearly as a window of light, bordered laterally 
by the Lovibond angles in this image of normal nails (a). Schamroth’s window is 
obliterated in clubbing (b). 
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Table 93.3 Causes of secondary nail clubbing. 


Cause 


Comment 


Nasopharyngeal carcinoma 
Asbestosis 
Thoracic carcinoma 


Mesothelioma 


Cystic fibrosis 

Cryptogenic fibrosing alveolitis 
Sarcoidosis 

Pulmonary arteriovenous malformation 
Cyanotic heart disease 
Infective endocarditis 
Hepatopulmonary syndrome 
Carcinoma of the oesophagus 
Inflammatory bowel disease 
Laxative abuse 

Liver disease 

Chronic parasitic infestation 
HIV 

Tuberculosis 

Thyroid disease 

Lupus erythematosus 

POEMS syndrome 


Hemiplegia 
Subungual tumour 


Clubbing can be an association with nasopharyngeal carcinoma in both children and adults 

Clubbing is found in about 40% of those with asbestosis 

Includes carcinoma of bronchus, pleura, lymphosarcoma, mediastinal lymphoma and metastatic disease in the lung arising outside the 

thorax (melanoma for example) 

Clubbing is found in about 1/3 of those with mesothelioma and may in some instances be associated with the asbestosis which is a 

predisposing factor 

This is acquired in adolescence or early adulthood. Clubbing can be used as a predictive factor for clinical progression of disease 

Clubbing is an indicator of disease morbidity 

Clubbing can be a local manifestation of sarcoid within the distal digit or a feature of pulmonary involvement 

Can be found associated with hereditary haemorrhagic telangiectasia 

Typically a patent ductus arteriosus or septal defect 

Clubbing can reverse when the infection is resolved 

Associated with a shunt that gives rise to breathlessness and cyanosis 

Usually associated with the pattern seen with hypertrophic osteoarthropathy 

ay be seen with hypertrophic osteoarthropathy 

t is not clear whether clubbing resolves if laxative abuse stops 

A range of liver diseases is implicated. When treatment is a liver transplant, the clubbing has been seen to reverse 

Examples include dysentery caused by Trichuris trichiura 

n one observational study, 37% of HIV patients had clubbing. The mean duration of the HIV was 4 years 

Pulmonary tuberculosis is often associated with other diseases in turn associated with clubbing, such as HIV or coexisting lung disease 

The distinction between thyroid acropachy, pachydermoperiostitis and clubbing is not always clear in reports 

A rare association 

Found in 70% of patients with this rare syndrome of polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy and 
skin changes 

Typically associated with other soft-tissue changes in the hemiplegic hand 

An isolated subungual tumour can create the shape of a clubbed digit, although the rocking of the proximal nail may be absent 


hypervascularity [5]. Circulating vascular endothelial growth factor 
(VEGF) levels are elevated in patients with clubbing, producing nail 
bed angiogenesis. Altered vagal tone and microvascular infarcts 
have also been implicated [6,7]. Mutations in the HPGD [8] and 
SLCO2A1 [9] genes have each been linked to pachydermoperiosto- 
sis (primary hypertrophic osteoarthropathy), of which clubbing is 
a component (primary clubbing): their gene products are involved 
in prostaglandin metabolism and prostaglandin transmembrane 
transport, respectively, suggesting that prostaglandins may be 
important. Other factors such as bradykinin and serotonin or 
reactive factors associated with hypoxia could have relevance [10]. 

The list of diseases associated with clubbing (Table 93.3) has a pat- 
tern where chronic inflammation of the bowel and lung are seen 
with or without precipitating infection. Some of these diseases can 
be clustered, with tuberculosis associated with underlying fibrotic 
lung disease or HIV, all of which are found to have independent 
associations. Vascular causes can be associated with central cyanotic 
ischaemia, as in heart disease, or local factors such as the unilateral 
soft-tissue changes of hemiplegia. Clubbing can be also a compo- 
nent of secondary hypertrophic osteoarthropathy where a subun- 
gual lymphocytic infiltrate and some associated fibrosis may create 
reactive bone changes and osteoarthropathy. 

An isolated subungual tumour located within the mid-proximal 
zone of the subungual space can displace the nail unit upwards in 
a form similar to clubbing. However, some of the other features are 
typically lacking, such as the fluctuant quality of the proximal nail 
and nail fold [11,12]. This can be included in the category of pseu- 
doclubbing which arises from local pathology such as osteolysis of 
the tip of the digit seen in systemic sclerosis. 


A rare form of pseudoclubbing is represented by osteoid osteoma, 
a bone tumour that can occur in the distal phalanx, especially of the 
index finger. It is typically painful and responsible for thickening 
and enlargement of the nail plate. Increased sweating and tender- 
ness could be observed in the digital pulp without any evident sign 
of inflammation. X-ray is diagnostic showing an area of rarefaction 
with surrounding sclerosis. MRI better defines the tumour that can 
be located in the medulla, cortex or subperiosteally. Surgery is not 
always able to restore the original shape of the finger that remains 
slightly bigger with macronychia. 


Koilonychia 


Synonyms and inclusions 
¢ Spoon nails 
e Petaloid nails 


In koilonychia (Greek: koilos, hollow; onyx, nail), there is reverse cur- 
vature in the transverse and longitudinal axes giving a concave dor- 
sal aspect to the nail (Figure 93.8). Fingers and toes may be affected, 
with signs most prominent in the thumb or great toe. The aetiologies 
are diverse but can be divided into hereditary, acquired and idio- 
pathic causes. Pathogenesis is, however, poorly understood. It has 
been hypothesised that poor digital blood flow disrupts the subun- 
gual connective tissue, resulting in a relative depression of the distal 
matrix in comparison to the proximal matrix [1]. 

Koilonychia is common in infancy as a benign and idiopathic fea- 
ture of the great toenail, although its persistence may be associated 


Figure 93.8 Koilonychia. 


with a deficiency of cysteine-rich keratin [2] as in trichothiodys- 
trophy. The most common systemic associations are with iron 
deficiency [3] and haemochromatosis, although the majority of 
adults with koilonychia demonstrate a familial pattern, which 
may be autosomal dominant [4]. In dermatoses such as psoriasis, 
lichen planus and dermatophyte infection, nail bed hyperkeratosis 
may push the nail up distally to produce a spoon-shaped nail. In 
mechanics, softening of the nail from contact with oil may be a 
factor [5] and, in hairdressers, permanent wave solutions may be 
causal [6]. 


Pincer nail 


Synonyms and inclusions 


© Trumpet nail 
e Arched nail 


Pincer nails are characterised by transverse overcurvature of the nail 
plate that increases along the longitudinal axis of the nail towards 
the tip. At the tip of the digit the nail plate pinches the soft periun- 
gual tissues constricting, with pain, the underlying nail bed. 

It presents in three patterns [1,2,3]. Probably the most common is 
in association with psoriasis, where the thumbs and big toes are the 
most likely to be affected, although the pattern is not as organised 
and symmetrical as that seen in the inherited version. In the latter, 
there is often a gradient of involvement, radiating from the thumbs 
and big toes outwards, which progresses with time (Figure 93.9). 
The third variant is the individual nail which develops a pincer 
deformity. In this instance, careful imaging and surgical exploration 
should be undertaken to exclude an isolated space-occupying lesion 
beneath the matrix [4-6]. An X-ray might be useful to evaluate a 
traction osteophyte on the dorsal side of the distal phalanx. 

Treatment is usually done by surgery to relieve pain [7-9]. In 
the toes, it is usually best to perform a lateral ablation of the most 
embedded margin. This will sometimes lead to a shift of the nail 
such that the other side no longer embeds. If both sides require 
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Nail signs and their significance 


Figure 93.9 Pincer nails. 


ablation, the dimensions of the toenail may mean that it is better to 
ablate the entire matrix rather than to leave a central zone of nail. 
More complex procedures entail a Z plasty and a dermal flap but 
the cosmetic result is often worth the difficulty. When treating the 
thumbs or fingers, the chance of success with corrective surgery is 
higher, but the cosmetic and functional handicap of ablation may 
not be acceptable. Some surgeons advocate a combination of recon- 
struction and ablation [10]. Nail braces rarely produce long-term 
benefit, although promising outcomes have been reported [11]. 


Pachyonychia 

Pachyonychia is characterised by thickening of the nail plate. 
Besides the congenital form (Jadassohn—Lewandowsky syndrome), 
this sign has been reported in psoriasis, pityriasis rubra pilaris, 
chronic eczema and onychomycosis. Pachyonychia is characterised 
by yellowish colour of the plate, increased transverse overcurvature 
with the free edge shaped as a horseshoe and extreme hardness. 
Fingernails are usually more severely affected than toenails. His- 
tology shows a normal or moderately thickened plate but with a 
normal structure. 


Anonychia/micronychia 
Anonychia is the absence of the nail plate. Micronychia means a 
smaller nail plate [1]. Usually, the underlying phalanx is either 
absent or hypoplastic [2]. Both may be congenital, acquired or 
transient. An isolated congenital form of anonychia (Figure 93.10) 
is caused by a mutation in the R-spondin4, Frizzled6 or Wnt10a genes 
(see Nail Biology), which play a part in Wnt signalling within the cell 
[3]. A variety of genetic syndromes are associated with anonychia 
or micronychia, but many of them involve other areas of the body 
thus facilitating the differential diagnosis (i.e. DOORS syndrome, 
COIF syndrome, Iso Kikuchi syndrome, ectodermal dysplasias). 

Anonychia and micronychia at birth can be the result of alcohol 
and drugs (anticonvulsants, anticoagulants, morphine) taken by the 
mother during pregnancy. For this reason, when this abnormality 
occurs, it is advisable to check the mother’s history before drawing 
conclusions concerning inheritance. 

Acquired forms are due to scarring of the nail matrix. This can 
arise through burns, surgery or trauma, or be due to inflammatory 
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Figure 93.10 Congenital anonychia. 


dermatoses such as lichen planus where the entire nail matrix is 
scarred and lost (onychoatrophy) [4]. Similar scarring can occur 
in variants of epidermolysis bullosa, with irreversible nail loss. 
Recently, anonychia has been described as a sign of cutaneous T cell 
lymphoma [5]. 


Brachyonychia (racquet nails) 

In this condition the width of the nail plate (and the nail bed) is 
greater than the length. All digits or a single digit may be involved. 
It may occur as an isolated form or associated with a shortening of 
the terminal phalanx. 

The ‘racquet thumb’ is usually inherited as an autosomal domi- 
nant trait and with a higher prevalence in females. The epiphyses of 
the terminal phalanx of the thumb are normally closing at the age of 
13-14 years. In individuals with the hereditary form, the epiphyseal 
line is obliterated on the affected side at the age of 7-10 years. 

Racquet nails have been reported in association with brachy- 
dactylia, multiple malignant Spiegler tumours, acroosteolysis and 
hyperparathyroidism. 


Macronychia 

The nails are larger than normal due to a larger nail bed and matrix. 
This may occur isolated or in association with megadactyly, as in 
von Recklinghausen disease. It has been associated also with Proteus 
syndrome, Maffucci syndrome and Klippel-Trenaunay—Weber syn- 
drome. A hallmark of the Rubinstein—Taybi syndrome is the pres- 
ence of broad thumbs and great toes. Macrodactyly most commonly 
manifests in the middle and index fingers. 


Abnormalities of nail attachment 


Nail shedding 
Nails can be lost through different mechanisms: 

1 Detachment of the nail plate from the proximal nail fold with the 
formation of a transverse whole thickness sulcus (onychomadesis). 
Itis due to a severe insult producing complete arrest of nail matrix 
activity and it is considered a progression of a profound Beau 


line. This may reflect local or systemic disease and, in the latter, 
may result in temporary loss of all nails. Viral infections, severe 
metabolic stress, drugs and severe illness are usually the most 
common culprits [1-3]. When one or few nails are involved, local 
factors, such as trauma or paronychia might be the responsible 
agents [4]. 

2 Detachment from the nail bed (onycholysis) that generally starts 
distally due to disruption of the onychocorneal band and moves 
proximally. Proximal onycholysis is also possible. Local and gen- 
eralised dermatoses may be responsible for this clinical sign [5,6]. 

3 An extreme case of detachment is represented by nail degloving, 
a postinflammatory avulsion of the nail’s epithelial structures [7]. 

4 Onychoptosis defluvium or alopecia unguium describes a rare, 
familial, non-inflammatory type of nail shedding [8]. It may be 
periodic and associated with dental amelogenesis imperfecta. 

Trauma is probably the most common cause of recurrent loss 
and may reflect the nature of the activity, such as football or some 
underlying abnormality of footwear or foot mechanics. It is often 
associated with subungual haemorrhages or hematoma [9]. Due to 
recurrent trauma and shedding, the nail may become thickened, 
and the nail bed may show irreversible alterations that prevent 
normal attachment of the plate to the nail bed. 


Onycholysis 

Onycholysis is the separation of the nail plate from the nail bed and 
can be graded according to severity [1]. It generally starts distally 
due to disruption of the onychocorneal band and moves proximally, 
but proximal onycholysis is also possible and it is usually a con- 
sequence of onychomadesis or tumours in the distal nail matrix. 
Onycholysis may be caused by traumatic, inflammatory or infec- 
tive nail disorders, but also by drugs and nail bed tumours. Linking 
onycholysis to a specific cause is sometimes impossible (idiopathic 
onycholysis, see later). 

The detached nail plate looks white (apparent leukonychia) due 
to the presence of air underneath. Green discoloration indicates the 
presence of Pseudomonas (Figure 93.22). Red discoloration is typical 
of drug-induced onycholysis or photo-onycholysis [2]. A yellow- 
ish colour is typical of onychomycosis. Dermoscopy is very useful 
to distinguish between traumatic onycholysis, psoriatic onycholysis 
and onycholysis due to onychomycosis (Figure 93.11) [3,4]. In trau- 
matic onycholysis the line of detachment appears linear, regular and 
surrounded by a normally pale pink bed, without hyperkeratosis. 
The subungual space is usually whitish to yellow and splinter haem- 
orrhages can be present due to traumas. In nail psoriasis, onycholy- 
sis is characterised by an erythematous and slightly dented border 
surrounding the distal edge of the detachment and by signs of nail 
bed inflammation (salmon patches/oily spots). In onychomycosis, 
white-yellow longitudinal striae/indentations (proximal progres- 
sion of fungi) and fading colours are clearly recognisable. 


Idiopathic onycholysis 

Idiopathic onycholysis is typically seen in middle-aged women. 
Overzealous manicure, frequent wetting and cosmetic ‘solvents’ 
may be the cause but may not be always admitted by the patient. 
There may, however, be a minor traumatic element, as the con- 
dition occurs rather more often in persons who keep their nails 
abnormally long. 


(a) (b) 


Nail signs and their significance 


(c) 


Figure 93.11 Dermoscopic differences in three types of onycholysis. (a) In post-traumatic onycholysis, the margin of the detachment is regular and most frequently localised at the 
lateral edge where the first toenail hits the second toenail. (b) In psoriatic onycholysis, the margin of the detachment is irregular and involves the whole free edge and may be 
surrounded by an erythematous border. (c) In the presence of onychomycosis, dermoscopy shows the ragged edge of the onycholytic area with the mycotic area in a proximal direction. 


Figure 93.12 Onycholysis: idiopathic type. 


The condition usually starts at the tip of one or more nails and 
extends to involve the distal third of the nail bed (Figure 93.12). 
Persistent manicure is attempted to remove the debris which 
accumulates within the onycholytic space and this can result in 
a crescentic margin of onycholysis matching the onychocorneal 
band and appearing similar in all involved digits. This clinical 
pattern is also known as onycholysis semilunaris. Pain occurs only if 
there is further extension as a result of trauma or if active infection 
supervenes. Fungi are usually secondary colonisers, and therefore 
treatment with antifungals does not improve the onycholysis. The 
longer the onycholysis lasts, the less likely is the nail to become 
reattached, due to keratinisation of the exposed nail bed [5]. 

The cornerstone of treatment is to minimise trauma to the affected 
digit and avoid water/irritant environments as much as possible 


[6]. Try to clip away the onycholytic nail plate and repeat this pro- 
cedure until the nail plate grows attached. The exposed nail bed 
should be carefully dried after each soaking. If clipping is not pos- 
sible avoid aggressive cleaning under the nail plate because it pro- 
motes the spreading of the detachment. 

Application of a topical antiseptic solution (twice a day) on the 
exposed nail bed is recommended to prevent infections. Others pre- 
fer a fixed combination of hydrocortisone cream with miconazole 
nitrate. Sodium hypochlorite 1% solution (Milton), 1 drop twice 
daily, or gentamicin eye drops, usually remove Pseudomonas when 
present. 


Secondary onycholysis 

There are many causes of onycholysis [7,8]. Psoriasis, fungal infec- 
tion, contact dermatitis and trauma are among the most common. 
Thirty per cent of psoriatics with nail involvement will have 
onycholysis, with toenail involvement more common than finger- 
nails. Onycholysis occurs in general medical conditions, including 
impaired peripheral circulation, hypothyroidism, hyperthyroidism, 
hyperhidrosis, yellow nail syndrome and shell nail syndrome [9,10]. 
Minor trauma is a common cause and many occupational cases are 
due to trauma. Immersion of the hands in soap and water may be 
considered traumatic, as well as the use of certain nail cosmetics. It 
has also been described after the application of 5% 5-fluorouracil to 
the fingertips for the therapeutic treatment of warts [11]. There is 
a condition of hereditary partial onycholysis associated with hard 
nails [12]. Photo-onycholysis (Figure 93.13) may occur during treat- 
ment with psoralens, demethylchlortetracycline and doxycycline 
[13,14], and rarely other antibiotics. This is sometimes associated 
with cutaneous photosensitivity. Drugs such as retinoids [15] and 
cancer chemotherapy can also be implicated, with taxanes eliciting 
nail changes in between 19% and 44% of patients, depending on 
the chemotherapy regimen [16]; cooling the hand with a specialised 
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Figure 93.13 Photo-onycholysis with a uniform pattern of discoloured onycholysis in 
the midline. 


glove has been demonstrated to help diminish or delay onset of 
these adverse effects [17]. 


Pterygium [1] 

The term pterygium describes the winged appearance achieved 
when a central fibrotic band divides a nail proximally in two 
(Figure 93.14). However, the fibrotic tissue may not always grossly 
alter the nail and can extend from the lateral nail fold as well as the 
more typical proximal nail fold. A large pterygium may destroy 
the whole nail. 

A trauma or inflammatory destructive process precedes ptery- 
gium formation. There is fusion between the nail fold and under- 
lying nail bed and matrix. The fibrotic band then obstructs normal 
nail growth. Superficial abnormal vessels may be seen and there 
are no skin markings. It most typically develops in trauma or lichen 
planus and its variants, including idiopathic atrophy of the nail 
[2] and graft-versus-host disease [3]. It can also occur in leprosy, 
where it may represent scarring secondary to neuropathic damage 
and secondary purulent infection [4]. 


Figure 93.14 Nail pterygium due to lichen planus. 
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Figure 93.15 Ventral pterygium (post-traumatic). 


Ventral pterygium 

Ventral pterygium (Figure 93.15) or pterygium inversum unguis [1] 
occurs on the distal undersurface of the nail, with forward extension 
of the nail bed epithelium dislocating the hyponychium and obscur- 
ing the distal groove. The overlying nail may be normal, but adjacent 
soft tissues can be painful. Causes include trauma, systemic sclerosis 
[2], Raynaud phenomenon, lupus erythematosus, familial cases [3] 
and infections [4]. 

Reversible cases have been described in contact dermatitis due to 
nail cosmetics and are caused by temporary inflammation due to 
exposure to chemicals [5]. It is expected to improve completely after 
removing the exposure to the chemical culprit. 


Changes in nail surface 


Longitudinal grooves 

Longitudinal grooves may run all or part of the length of the nail 
in the longitudinal axis and need to be distinguished from ridges 
which are part of the nail surface [1]. Grooves may be full or partial 
thickness. 

The median canaliform dystrophy of Heller [2] is the most distinctive 
form (Figure 93.16) [3]. It has been seen in children under 10, but 
the literature is potentially misleading due to the confusion between 
midline transverse ridging of habit tic and true canaliform dystro- 
phy [4]. The nail is split, usually in the midline, with a firtree-like 
appearance of ridges angled backwards. The thumbs are most com- 
monly affected and the involvement may be symmetrical. The cuti- 
cle may be normal, as distinct from the cuticle in habit tic deformity 
(‘washboard nails’). After a period of months or years the nails often 
return to normal, but relapse may occur [5] and a ridge may replace 
the original defect. Some patients give a definite history of trauma 
[1] and rarely the disorder can be attributed to oral retinoids [6]. 


Figure 93.16 Median canaliform dystrophy of Heller. 


Although familial cases have been recorded, the majority of cases 
are sporadic and of unknown cause [7]. 

Tumours (e.g. viral warts, myxoid cysts, periungual fibromas) 
pressing on the matrix, or a proximal nail fold pterygium, may also 
produce a longitudinal groove. 


Transverse grooves (Beau lines and 

onychomadesis) [1,2] 

Transverse grooves may be full (onychomadesis) or partial (Beau 
line) thickness through the nail. When they are due to an endoge- 
nous cause, they have an arcuate margin matching the lunula. If 
exogenous, such as those due to manicure, the margin matches 
the proximal nail fold and the grooves may be multiple, as in wash- 
board nails associated with a habit tic [3] or psoriasis. Transverse 
grooves may occur on isolated diseased digits (trauma, inflamma- 
tion or neurological events) [4] or may be generalised, reflecting 
an acute systemic event such as a drug reaction [5], myocardial 
infarction, measles, mumps or pneumonia. Beau line arises through 
temporary interference with nail formation and become visible 
on the nail surface (Figure 93.17) some weeks after the precipitating 
event. The distance of the groove from the nail fold is related to the 
time since the onset of growth disturbance. The depth and width 
of the groove may be related to the severity and duration of distur- 
bance, respectively. In many cases, grooves are seen on all 20 nails 
but are most prominent on the thumb and great toenail and are 
deeper in the midline of the nail. Full-thickness grooves can be 
associated with distal extension of the plane of separation of the 
nail plate, termed onychomadesis, leading to nail loss. 


Nail pitting 

Nail pitting presents as punctate erosions in the nail surface. Individ- 
ual pits may be shallow or deep, with a regular or irregular outline 
[1-3]. The individual pits of psoriasis (Figure 93.63) are said to be 
less regular in form and in overall pattern than those of alopecia 
areata, but this is not always the case. When numerous, they appear 
randomly distributed upon the nail surface (psoriasis) or have a geo- 
metric pattern (alopecia areata). The latter may cause rippling or 
create a grid of pits. Mild pitting may also occur in association with 
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Figure 93.17 Beau lines present as transverse grooves in the nail matching the proximal 
margin of the nail matrix and lunula. 


different patterns of eczema but is usually more subtle or localised 
than psoriatic pitting. Extensive pitting combined with other surface 
irregularities results in the appearance of trachyonychia. An isolated 
large pit may produce a localised full-thickness defect in the nail 
plate termed elkonyxis, which is found in reactive arthritis, psoriasis 
and following trauma. Histologically, pits represent foci of paraker- 
atosis in the proximal matrix, reflecting isolated nail malformation. 


Trachyonychia 

Trachyonychia presents as a rough surface affecting all of the nail 
plate and up to 20 nails. The former term ‘20-nail dystrophy’ is not 
valid because several other nail diseases may affect 20 nails [1,2]. The 
nail plate surface is rough, sandpapered and opaque due to a severe 
inflammation in the proximal nail matrix. When the inflammation is 
milder and intermittent the result is the shiny variant. The original 
French term was ‘sand-blasted nails’, which evokes the main clini- 
cal feature of a grey, roughened surface (Figure 93.18). It is mainly 
associated with alopecia areata [3], psoriasis and lichen planus, but 
it can also be idiopathic. Histology shows spongiosis and a lym- 
phocytic infiltrate [4] of the nail matrix. It may present at birth, as 
a self-limiting condition in childhood or as a more chronic problem 
in adulthood. 


Onychoschizia (lamellar dystrophy) 

Onychoschizia is also known as lamellar nail dystrophy and is 
characterised by transverse splitting into layers at or near the free 
edge (Figure 93.19) [1]. There is a subtle distinction between the 
static features, such as types of split, and the subjective experi- 
ence of having brittle nails. Usually these characteristics coincide, 
although clinicians and patients may prefer to use one term over 
the other. Variants include splitting at the lateral margins alone and 
multiple crenelated splits at the free edge. It is seldom associated 
with any systemic disorder, although it has been reported with 
polycythaemia [2], HIV infection [3] and glucagonoma [4] and has 
been referred to as a ‘syndrome’ [5]. 
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Figure 93.18 Trachyonychia: roughened surface. 


Figure 93.19 Onychoschizia (lamellar splitting). 


Scanning electron microscopy illustrates the tendency of the 
lamellar structure of the nail to separate after repeated immersion 
in water [6], although case-control studies show that occupation 
is not a major determinant of the condition [7]. However, efforts 
at retaining hydration (gloves, emollient and base coat with nail 
varnish) may help reverse clinical changes. Biotin has been used as 
systemic therapy, but the evidence for its efficacy is weak [8-10]. 


Worn down nails 

The affected nails present a triangular area of marked thinning that 
extend from the middle nail plate to the distal margin, which shows 
a wedge-shaped incision. A mild erythema of the nail bed surround- 
ing the incision of the distal margin is also possible. They are usually 
caused by a frictional trauma and may be seen in severe chronic der- 
matitis. They have been described for the first time by Robert Baran 
who coined the term ‘bidet nail’ because he observed the abnor- 
mality in patients that frequently rubbed the fingernails against the 
glazed earthenware of the bidet because of an obsession about per- 
sonal hygiene [1]. 
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Figure 93.20 Longitudinal ridging of the nail. The inset shows beading. Both are 
physiological signs in the elderly. 


Beading and ridging 

Beading and longitudinal ridging of the nails are common minor 
nail surface abnormalities which become more prominent with age 
(Figure 93.20). They are not an indication of disease. 


Changes in nail colour 


Alteration in nail colour may occur because of changes affecting the 
dorsal nail surface, the substance of the nail plate, or the undersur- 
face of the nail or the nail bed. 


Exogenous nail plate pigmentation 

Exogenous pigment on the upper surface is easy to demonstrate 
by scraping the nail plate. If the proximal margin of the pigment 
is an arc matching the proximal nail fold, this is a further clue 
confirming an exogenous source. Nicotine is a typical pigment with 
the ‘quitters’ nail, which demonstrates the cessation of smoking and 
nicotine-free fingers for 2 months. Henna and spray tan are other 
common causes, but also colour coming off shoes (Figure 93.21). 
Fungal pigment (black, brown, orange) is also possible in the pres- 
ence of superficial onychomycosis due to Candida sp. or moulds 
(Aspergillus, Scytalidium) [1]. In presence of onycholysis, the ventral 
surface of the nail plate can also become pigmented and the most 
common instance is the green colour seen from colonisation with 
Pseudomonas aeruginosa [2] (Figure 93.22). 
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Figure 93.21 Orange pigmentation of onycholytic toenail due to orange dye from 
work-boots. 


Figure 93.22 Green pigmentation of onycholytic fingernail due to Pseudomonas. 


Melanonychia 

Melanonychia describes the presence of melanin within the nail 
plate and can be due to melanocytic activation or to melanocytic 
hyperplasia, benign (lentigo, nevus) or malignant (melanoma) 
[3,4]. Nail matrix melanocytes are generally dormant, but in the 
distal matrix there is an active compartment. The nail bed hardly 
contains any melanocytes [5]. Activation of nail matrix melanocytes 
results in formation of pigment which is built into the onychocytes 
of the nail plate. Outgrowth of the nail results in a pigmented 
band, longitudinal melanonychia (Figure 93.55), starting from the 
cuticle or lunula and extending to the tip of the plate. Less often 
the pigmentation can involve the whole nail plate or presents as a 
transverse band. 

When dealing with melanonychia it is always advisable firstly 
to consider possible causes of melanocytic activation, such as race, 
drugs, systemic diseases or inflammatory nail disorders (e.g. lichen 
planus, paronychia, onychotillomania, friction). In these cases, usu- 
ally, several nails are affected. In cases of fungal infection [6] or nail 
tumours, a single digit can be affected by the pigmentation. A band 
caused by melanocytic hyperplasia can, however, be hidden within 
other bands of activation. This means that a careful evaluation of 
all bands is always advisable, and always with dermoscopy. The 
evaluation of nail melanic pigmentation is often difficult because 
the examined lesion shows melanin deposition and not the site of 
melanin production, i.e. the matrix or bed. 

The evaluation of the free edge of the nail plate can provide useful 
information regarding the origin of the pigment. If the pigment is 
located in the upper portion of the free edge, the source is likely to be 
the proximal or dorsal portion of the matrix; if the pigment is found 
in the lower portion, it favours a more distal matrix location [7]. The 
origin of the pigment is very important because taking a biopsy from 
the distal matrix will result in a limited risk of permanent damage 
to the nail. Patients should be informed of this information before 
surgery. 

At dermoscopy, a grey background with thin, regular and par- 
allel lines suggests melanonychia due to nail matrix melanocyte 
activation. The presence of a brown background with longitudi- 
nal brown to black regular parallel lines often suggests a nevus. 
Brown background with longitudinal, brown to black lines with 
irregular colouration, spacing or thickness and parallelism dis- 
ruption suggest melanoma but dermoscopy alone is insufficient 
to distinguish benign from malignant causes of melanonychia. 
Hutchinson sign (extension of the pigmentation to the periungual 
folds (Figure 93.23), is an important indicator of nail melanoma 
and can help the clinician in the diagnosis [8]. It should not be 
confused with the pseudo-Hutchinson sign that is represented by 
the pigment seen through the cuticle (Figure 93.24). 

In children, nail melanoma is extremely rare [9,10], but the clinical 
and dermoscopic features of nail matrix nevi are frequently alarm- 
ing and different from those observed in adults [11]. In children it 
is common to see pigmentation of the periungual tissues as well as 
a progressive enlargement and darkening of the band, without the 
presence of a melanoma. Thinning and splitting of the pigmented 
nail plate may also occur. In children, nail pigmentation may also 
spontaneously regress with age [12]. This phenomenon may be erro- 
neously interpreted as a benign clinical sign. However, fading of the 
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Figure 93.23 Hutchinson sign (extension of the pigmentation to the periungual skin) in 
a patient with melanoma of the nail unit. 


Figure 93.24 Pseudo-Hutchinson sign with hyperpigmentation that is seen through the 
cuticle. 


pigmentation only indicates a decreased activity of the nevus cells 
and not a regression of the nevus itself. 


Leukonychia 

The term leukonychia means ‘white nails’ and it can be due to 
nail plate or nail bed abnormalities. The first one is named true 
leukonychia and the second one is named apparent leukonychia. 
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Figure 93.25 Total leukonychia. 


True leukonychia is caused by parakeratotic cells within the ventral 
portion of the nail plate due to an abnormal keratinisation of the 
distal matrix. The white colour moves distally with nail growth 
and does not fade with pressure. Apparent leukonychia is due 
to abnormalities in the nail bed vascularisation. It does not move 
distally with the nail growth, but it fades with pressure. 


True leukonychia 

Total/subtotal leukonychia 

In this rare condition, the nails are milky porcelain white. If 
the whole nail plate is affected, it is called total leukonychia 
(Figure 93.25). In subtotal leukonychia, the proximal two-thirds 
are white, becoming pink distally. This is attributed to a delay 
in keratin maturation, and the nail may still appear white at the 
distal overhang. It can be congenital, idiopathic or inherited as an 
isolated finding or part of asyndrome [1]. Different genes have been 
associated with leukonychia totalis/partialis: the most frequent is 
gene GJB2 located on chromosome 13 and encoding for connexin 
26. Hearing loss is typically associated with leukonychia when this 
gene is involved. 


Punctate leukonychia 

It comprises white spots of 1-3mm diameter attributed to minor 
matrix trauma (e.g. manicure) (Figure 93.26). It is seen in alopecia 
areata or psoriasis, but incidence is also very high in the normal pop- 
ulation [2]. The pattern and number of spots may change as the nail 
grows. It is not related to calcium or iron content of the nail plate, as 
popularly believed. 


Transverse leukonychia 

It can reflect a systemic disorder, chemotherapy, arsenic/thallium 
poisoning (Mees’ lines) [3], trauma [4] or systemic infection [5] affect- 
ing the matrix function. The 1-2 mm wide transverse band is in the 
arcuate form of the lunula and is analogous to a Beau line, with 
which it is occasionally found. Lines of transverse leukonychia have 
been described in mycotic nail infections in two situations: in the 
presence of proximal subungual onychomycosis where the fungus 
moves distally from the lunular area to the free edge and in the pres- 
ence of recurrent infections in incompletely cured nails. 
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Figure 93.26 Punctate leukonychia. 


Longitudinal leukonychia 

It is a typical sign of Darier disease and typically associated with 
longitudinal erythronychia and distal splitting (candy cane nails). It 
can also be a sign of Hailey Hailey disease and nail matrix lichen 
planus. 


Apparent leukonychia 

Terry nail 

It is a term used to describe nails which are white proximally and 
normal distally. All nails are uniformly involved and the lunula is 
invisible. It has been supposed that the erythematous distal crescent 
is a prominent onychodermal band. They have been attributed to 
cirrhosis, congestive cardiac failure or diabetes [1,2]. Nail bed biopsy 
reveals only mild changes of increased vascularity. 


Half-and-half nails 

It describes nails where there is a proximal white zone and a distal 
(20-60%) brownish sharp demarcation, the histology of which sug- 
gests an increase of vessel wall thickness and melanin deposition [3]. 
It has been stated that if the distal portion is less than 20% of the total 
nail length, we are facing Terry nails and not half and half nails. Half 
and half nails are seen in 9-50% of patients with chronic renal fail- 
ure [4] and after chemotherapy (Figure 154.3). It is unclear whether 
Neapolitan nails, where there are bands of white, brown and red, is 
a version of half-and-half or Terry nails, or a feature of ageing. 


Muehrcke paired white bands 

White bands are parallel to the lunula in the nail bed, with pink 
between two white lines. They are commonly associated with 
hypoalbuminaemia, the correction of which by albumin infusion 
can reverse the sign. Bands are most commonly observed in the 
2nd, 3rd and 4th fingernails. 


Other nail bed changes 

Vascular abnormalities can affect apparent nail colour as in blue 
nails from cyanosis and bright red nails from carbon monoxide poi- 
soning. In addition to such generalised vascular changes there can 
be localised changes, as seen with nail bed tumours. The increased 


Nail signs and their significance 


vascularity of a glomus tumour in comparison with the surrounding 
nail bed may be the sole method of determining its location. Sub- 
ungual haemorrhages produce a variety of colour changes ranging 
from bright red to black. Splinter haemorrhages are longitudinally 
arranged and result from leakage of blood from nail bed capillaries 
and may be due to local trauma or to microemboli, classically but 
rarely from infective endocarditis. Subungual hyperkeratosis from 
dermatophyte infection or psoriasis may also change the apparent 
colour of the nail plate. 


Colour changes due to drugs and chemicals 

There are a number of colour changes which can be caused by 
drugs. An endogenous cause should be suspected when the colour 
change parallels the shape of the lunula. Yellowing of the nail is a 
rare occurrence of thiol compounds use, gold and methotrexate, or 
prolonged tetracycline therapy, which can also produce a pattern 
of dark distal photo-onycholysis [1,2]. Topical 5-fluorouracil may 
also cause yellow nails: the whole nail is affected and returns to 
normal when the drug is discontinued [3]. A bluish colour is seen 
with mepacrine (quinacrine) [4]. Hydroxyurea has been reported 
to result in blue lunulae [5]. Chloroquine may produce blue-black 
pigmentation of the nail bed [6]. Other antimalarials may produce 
longitudinal or vertical bands of pigmentation on the nail bed or 
in the nail [7]. Hyperpigmentation due to increased melanin in 
the nail and nail bed has been noted in children after doxorubicin 
(adriamycin) [8]. However, in AIDS, longitudinal melanonychia 
may be seen in untreated cases [9,10] as well as in those receiving 
zidovudine [11]. Argyria may discolour the nails slate blue [12]. 


Yellow nail syndrome 

The nails in yellow nail syndrome are yellow due to thickening, 
sometimes with a tinge of green possibly due to secondary infection 
with Candida or Pseudomonas. The lunula is obscured and there is 
increased transverse and longitudinal curvature of the nail plate 
with loss of cuticle (Figure 93.27). Occasionally, there is chronic 
paronychia with onycholysis and transverse ridging [1]. The con- 
dition usually presents in adults but may occur even at birth [2]. 
Familial forms have also been observed but never supported by 
genetic evidence [3]. Some of the clinical features may overlap 
with lichen planus [4], although the latter does not have the other 
systemic features normally seen in this syndrome. 

The nail changes are often accompanied by lymphoedema [5] 
at one or more sites and by respiratory or nasal sinus disease. 
These conditions may appear sequentially making the diagno- 
sis sometimes difficult. The nails grow at a greatly reduced rate: 
0.1-0.25 mm/week for fingernails compared with the lowest normal 
rate of 0.5mm/week. All 20 nails may be involved, although often 
a few are spared. Histologically, in the nail bed and matrix, dense 
fibrous tissue is found replacing subungual stroma, with numerous 
ectatic endothelium-lined vessels [6]. A foreign-body reaction has 
been noted [7]. It has been suggested that obstruction of lymphatics 
and defective lymphatic drainage by this dense stroma leads to 
the abnormal lymphatic function found in the affected digits in 
some [8] but not all [9] cases. Pathogenesis is, however, not fully 
understood. 

The oedema is variable and may affect the legs, face or hands 
and occasionally it is universal. In some instances, the oedema 
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Figure 93.27 Yellow nail syndrome. 


has been shown to be due to abnormalities of the lymphatics, 
either atresia or, in some cases, varicosity. Other cases have normal 
lymphatics, suggesting that a functional rather than an anatomical 
defect may be present, or that perhaps only the smallest lymph 
vessels are defective [10,11]. Although the nail changes may draw 
attention to the underlying lymphatic abnormality, they are found 
only in a minority of patients with congenital abnormality of the 
lymphatics. Recurrent pleural effusions have been noted [12,13]. 
Chronic bronchitis, bronchiectasis and pneumonias may also occur. 
The condition may be associated with an increased incidence of 
malignant neoplasms, but the hypothesis that yellow nail syndrome 
might be a paraneoplastic syndrome may be discharged [14,15]. 
Other associations include rheumatoid arthritis [16] and nephrotic 
syndrome [17]. 

In hypothyroidism and AIDS there may be yellow nails, but it is 
debatable whether these represent yellow nail syndrome or simply 
the discoloration of nail associated with retarded growth [18,19]. 

Nail features can fluctuate enormously over time. Attempted 
treatments include high dose vitamin E and the treatment of 
chronic infection at other sites [20-22]. There is debate as to whether 
itraconazole or fluconazole are of value as treatment. Itraconazole 
has been demonstrated to increase the rate of longitudinal growth, 
but an open trial in eight patients demonstrated that half gained no 
benefit with respect to nail changes [23]. It is reported that results 
are better when itraconazole or fluconazole are combined with high 
dose oral vitamin E (600-1000 IU once daily) [24]. Many authorities 
claim a resolution rate of about 50%, but it is not clear how much of 
this is part of the natural course [25]. 


Red lunulae 

Erythema of all or part of the lunula may affect all digits, but it is 
usually most prominent in the thumb. Duration of the change will 
depend on the cause. When associated with cardiac failure, it may 
follow the course of management of the cardiac disease. When due 
to a subungual tumour such as a myxoid cyst or glomus tumour, it 
will remain until the tumour is removed. Inflammatory connective 
tissue causes may also result in a fluctuating course (lupus is a typ- 
ical example). Erythema is less intense in the distal lunula, where it 
can merge with the nail bed or be demarcated by a pale line and can 


be obliterated by pressure on the nail plate. The appearance can fade 
over a few days. Dotted red lunulae have been reported in psoriasis, 
lichen planus and alopecia areata [1-3]. 

Histopathological examination of red lunulae revealed an 
increased density of benign-appearing and mildly dilated vas- 
cular channels in the superficial papillary dermis of the nail matrix. 
These findings raise the possibility that systemic or local factors 
might be responsible for angiogenesis within the nail unit [4]. 
Recently, intraoperative dermoscopy confirmed these findings [5]. 


Longitudinal erythronychia (Figure 93.28) 
A longitudinal red streak in the nail can have several causes [1,2]. 
All will have a corresponding band of thinned nail plate as part 
of the defect. The effect of this is a strip where vascularity in the 
underlying nail bed is seen more easily not only because the nail 
plate is thinner, but also because blood pools in the underlying nail 
bed capillaries as a result of reduced compression by the overlying 
nail plate. Splinter haemorrhages may lie longitudinally within 
the strip. The distal part of the thinned, and therefore vulnerable, 
strip is commonly split and onycholytic due to trauma from every- 
day activities. Such strips of thinned nail arise because of focally 
reduced proliferation within the distal matrix. This can be due 
directly to matrix pathology or may be secondary to focal pressure 
with secondary loss of function. The matrix pathology includes 
a spectrum of epidermal disorders. The most common are lichen 
planus and Darier disease [3]. Recently, it has also been described in a 
patient with sarcoidosis [4]. 

Pressure on the matrix may be exerted by any of the full range 
of dermal tumours as well as tumours of the bone and cartilage that 
arise from the distal phalanx. 


Figure 93.28 Longitudinal erythronychia in idiopathic polydactylous longitudinal 
erythronychia. 
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Baran and Perrin have coined the term ‘onychopapilloma’ 
to describe the isolated benign warty distal nail bed lesions found 
in association with longitudinal erythronychia for which no under- 
lying cause can be identified [5]. Isolated longitudinal erythronychia 
needs careful assessment, however, as a similar clinical presentation 
can be due to conditions such as Bowen disease, squamous cell 
carcinoma [5,6] or basal cell carcinoma [7] of the matrix. Biopsy 
may be warranted if the erythronychia is observed to change or 
if the patient suffers any symptoms. Some patients seek medical 
evaluation because of pain in the associated distal digit. 

Where no primary disease can be identified to explain erythrony- 
chia affecting multiple nails, the descriptive term ‘idiopathic poly- 
dactylous erythronychia’ has been proposed [8]. 

However, polydactylous longitudinal erythronychia usually coin- 
cides with a regional or systemic cause and biopsy is less often per- 
formed compared with the localised form [9,10]. 


TRAUMATIC NAIL DISORDE 


Nails may show signs of acute trauma, scars following acute trauma 
or consequences of chronic repetitive trauma. 


Acute trauma 


Acute trauma is classified with respect to severity, ranging from a 
small haematoma to digit amputation [1-3]. 


Subungual haematoma [1,2] 
Subungual bleeding is a common sign. It may present as a feature 
of acute trauma, with pain due to the recent event in combination 
with pain arising from the pressure exerted by the subungual accu- 
mulation of blood. A haematoma arising within the matrix will be 
incorporated into the nail plate [3,4]. Where the haematoma is asso- 
ciated with acute trauma, there is usually pain and the diagnosis is 
obvious. However, with less extreme trauma, a haematoma may not 
develop immediately and may be painless. This is most common 
in the toes and may give rise to clinical uncertainty as to whether 
it represents early subungual melanoma. A history of traumatic 
sporting hobbies is useful, and signs of symmetrical nail trauma 
and inappropriate footwear all indicate trauma as the cause of the 
appearance. Dermoscopy will nearly always resolve the situation 
[5,6], but, if it does not, making a small punch in the surface of the 
nail may reveal old blood as the source of pigment. Malignancies can 
bleed and so confirmation of blood does not refute the possibility 
of a tumour; however, as an isolated finding in the absence of other 
clues, this test should be sufficient to obviate the need for surgical 
exploration. An alternative is to score a transverse groove in the 
nail at the proximal margin of the pigment and observe over a 
few weeks as the discoloration grows out. If pigment continues 
to spread proximal to the groove, surgical exploration is warranted. 
The only treatment that can be offered is to relieve the pressure 
and if dealt with soon after the injury this can be done by puncturing 
the nail, for instance with a hot pointed implement, cautery, small 
drill or punch biopsy [7]. This procedure will relieve pain and may 


save the nail. The possibility of an underlying fracture must be con- 
sidered for larger haematomas [1]. It is stated that if more than 50% 
of the visible nail is affected, the nail plate should be removed. How- 
ever, a systematic review has shown that in the majority of cases, 
cosmetic outcome or complication rates are not better after nail plate 
avulsion than after trephination [1]. 


Nail bed laceration 

The nail bed may be lacerated by incisions, avulsion or crush 
injuries. In simple lacerations there is displacement of the nail plate. 
Stellate lacerations and lacerations by crush injuries often involve 
fragmentation of the nail plate. Over 50% of all nail bed injuries 
have an associated distal phalanx fracture [1]. The management of 
nail bed lacerations is controversial and there is much debate about 
removal of the nail plate for repair of a nail bed laceration compared 
with simple trephining of even large subungual haematoma [2-7]. 
The success of nail bed repair diminishes with delay following 
injury, with recommended intervention within 2-3 days, but ideally 
sooner. Repair of stellate lacerations can have good outcomes while 
crush injuries have a poorer prognosis due to additional nail bed 
contusion. 

The nail bed damage can be assessed by avulsion and then the 
nail can be replaced after any necessary nail bed repair has been 
performed using absorbable sutures or medical adhesive such as 
2-octylcyanoacrylate (Dermabond) or n-butyl-2-cyanoacrylate (His- 
toacryl) [8]. After repair, the nail is used as a splint, also because 
the nail bed often is partially attached to the undersurface of the 
nail plate, and may grow back in position [9]; a small window for 
drainage of blood and exudate is made in the nail [10]. For big- 
ger nail bed defects a split-thickness skin graft, split-thickness nail 
and full-thickness nail bed graft can be used; the latter two are pre- 
ferred but may cause a donor site deformity [6]. The graft can be 
harvested either from uninjured areas of the involved finger or from 
other intact digits for larger defects. Distal tuft fractures and nondis- 
placed distal phalanx fractures are managed with nail bed repair 
and nail plate replacement. Displaced fractures or fractures proxi- 
mal to the nail fold are treated with operative fixation of the bone. 
The nail plate should be removed to permit nail bed exploration for 
bone fragments and repair [2,6]. 


Delayed trauma 

The most common kind of chronic deformities following an acute 
injury are onycholysis, ridged nail, split nail, nail horn, or reduction 
in the length of the nail bed with consequent overcurvature of the 
tip of the nail [1]. 

In cases of post-traumatic onycholysis or ridged deformity the 
application of a full thickness nail matrix graft harvested from the 
great toe could be applied after excision of the scar tissue [1]. Cure 
of a split nail deformity is difficult, with only a modest chance of 
success [2,3]. Sometimes, there is an associated pterygium. Treat- 
ment entails excision of the nail bed and matrix scar and, in the case 
of a pterygium, a split-skin graft or part of the nail plate may be 
placed on the ventral aspect of the proximal nail fold. This may help 
to prevent recurrence of the pterygium. Often wide undermining 
is necessary because the underlying bone and fragile nail bed and 
matrix limit the margins of the excision. It is important to keep the 
wounded aspects of nail bed or matrix separate from the overlying 
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Figure 93.29 Transverse ridges resulting from habit tic. 


nail fold after surgery. This is often best done by returning the nail 
plate because replacement with a silicone nail splint has a higher risk 
of development of nail deformities [4]. 

If treatment is required for a shortened distal phalanx with nail 
bed changes, there are several choices [1,5]: the entire nail can 
be phenolised or local flap to gain additional distal pulp can be 
performed; a V-Y advancement flap based on two neurovascular 
pedicles or a cross finger flap after sub-periosteal freeing of hooked 
nail bed followed by de-epithelialisation and split thickness sterile 
matrix grafting of the advancing edge of skin flap to lengthen the 
nail bed. 


Chronic repetitive trauma 


Chronic repetitive trauma may take several forms. Some have been 
considered in other sections detailing transverse ridges produced 
by a habit tic (Figure 93.29), the canaliform dystrophy of Heller 
(Figure 93.16) and chronic paronychia (Figures 93.59 and 93.60). 


Nail biting and onychotillomania [1,2] 


Synonyms and inclusions 

¢ Onychophagia 

e Nail picking 

¢ Dermatitis artefacta of the nail 


Classification links 
e ICD-10: F98.8 
e ICD-11: 6B25.Y 


Onychophagia, defined as habitual nail biting, is a common problem 
in children and young adults. It is usually confined to the fingernails. 
Nail biters tend to bite all 10 fingers. The nail plate, periunguium 
and nail bed are all subject to nail biting. Onychotillomania can be 
defined as self-induced trauma of the nail unit, either by recurrent 
picking or pulling at elements of the nails, leading to nail dystrophy 
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or extraction of nails. Complications of nail biting and onychotillo- 
mania include damage to the nails, paronychia and secondary bac- 
terial infections. 


Epidemiology 

Features of nail biting are found in up to 60% of children, 45% of ado- 
lescents and 10% of adults [3,4]. Onychotillomania affects 0.9% of the 
population [5]. Nail biting usually begins in childhood and adoles- 
cence; onychotillomania begins at a later age [5]. Biting is rarely seen 
in patients younger than 2-3 years old [1,4] and the median age of 
onset is 5 years old [4]. Onychotillomania may be allied to parasito- 
phobia when the patient picks off pieces claiming that they contain 
parasites [6]. 


Pathophysiology 

The aetiology of nail biting and onychotillomania is unknown, but 
genetic and environmental contributions are associated [1,2]. Both 
are variants of compulsion and may occur concurrently. Severe 
forms of onychophagia are classified under obsessive-compulsive 
and related disorders but the majority of moderate fingernail biters 
have no associated psychiatric disorder [4,5]. On the other hand, 
the majority of patients diagnosed with onychotillomania have 
psychiatric co-morbidities, specifically depression, anxiety disor- 
ders and obsessive-compulsive disorders [2]. Severe damage may 
be associated with genetic disorders with self-mutilation, such as 
Lesch-Nyhan syndrome and Smith—Magenis syndrome. 


Clinical features 

Nail signs in biting and onychotillomania show overlap. The nails 
in nail biting are typically short, with up to 50% of the nail bed 
exposed. The free edge may be even or ragged. Surface change may 
include splitting of the nail into layers or a sand-papered effect, and 
pterygium inversus (Figure 93.15). The nail may acquire a brown 
longitudinal streak [7-9] both in nail biting and onychotillomania 
and macrolunula may be present. A rough and irregular nail and 
nail fold may coincide with subungual splinter haemorrhages, and 
with nail fold haemorrhage and erosions. Nail fold erosions occur 
in cases where the nail folds are bitten in addition to, or as a substi- 
tute for, the nail (Figure 93.30). The most aggressive nail biting can 
produce subungual haemorrhage, strips of nail loss, with residual 
spurs or loss of the entire nail. 

Self-induced trauma in onychotillomania can be inflicted by 
utensils or other nails, or with pushing back of the proximal nail 
fold as part of a habit tic. In more conscious forms of self-damage, 
sharp instruments are used to produce dermatitis artefacta of the 
nail unit, and the nail fold is commonly preserved [10]. The char- 
acteristic finding in onychotillomania is the habit tic deformity 
[2], a midline furrow along the length of the nail, with associated 
transverse ridges and depressions running up the midline of the 
nail, associated with loss of the cuticle (Figure 93.29). This is also 
known as wash-board nails. The central portion of the proximal nail 
fold is often red and slightly swollen in habit tic deformity, with 
focal detachment of the cuticle. 


Differential diagnosis 
Findings in nail biting are non-specific. The differential diagnosis 
includes acute and chronic paronychia, nail psoriasis, lichen planus, 


Figure 93.30 Nail biting can be extensive, with damage to the nail folds and nail plate 
causing subungual splinter haemorrhage. 


trachyonychia, epidermolysis bullosa acquisita and onychomyco- 
sis [11]. Heller’s median nail dystrophy is usually a separate entity 
but may occasionally overlap with onychotillomania in a subset of 
patients [11] and could be drug-induced (isotretinoin). 


Complications and co-morbidities 

Focal abnormalities, such as viral warts, are often a complication, 
whether as a cause or as a result of the Koebner effect after biting. 
Nail biting can also predispose to herpetic whitlow. Since nail biting 
can lead to transfer of MRSA to the oral cavity, the World Health 
Organization has strongly advised clean, short nails in health care 
workers. Dental problems can also arise due to nail embedded in 
gums or between teeth [12]. Trauma followed by secondary infec- 
tion involving the matrix may make nail loss permanent or results 
in pterygium formation. Biting the nail folds can lead to bleeding 
and chronic paronychia with acute infective exacerbations. This 
in turn may lead to nail plate damage or ridging, nail fold scar- 
ring, or osteomyelitis of the terminal phalanx [13,14]. Irreversible 
shortening of the fingernails may develop as a result of chronic 
nail biting. A possible explanation for this is that if the distal nail 
bed is detached from the nail plate for a long time, the distal nail 
bed may become keratinised and disappears irreversibly, and this 
ultimately results in permanent shortening of the fingernails due to 
the shortened nail bed [15]. 


Investigations 

The diagnosis of nail biting and onychotillomania is usually clinical. 
Subjects will sometimes deny nail biting and picking and attribute 
the appearance to a disease that stops nail growth. Transverse 
grooves scored proximally in the nail plate will confirm that the nail 
is growing by moving distally with time. In aggressive nail biting, 
the groove may be eroded from the surface. In onychotillomania, 
subjects often refuse to accept the causative relationship between 
their behaviour and the onychodystrophy. 


Management 
The nails usually return to normal after the behaviour is stopped 
for several months. Long-term nail dystrophy and melanonychia 
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may persist in those patients who have this behaviour for many 
years. There are two main approaches to treatment of the nail 
biting, namely, non-pharmacological and pharmacological. The 
non-pharmacological methods of treating onychophagia include 
punishment, aversive therapies (bitter tasting lacquer), competitive 
stimuli, as well as methods to try to ‘unlearn’ the habit, such as 
habit reversal [1], behavioural therapy [16] or a health promotion 
programme [17]. 

Treatment of onychotillomania is often unsuccessful and cure 
relies largely on the motivation of the patient. Where the patient 
acknowledges an element of self-damage, they may comply with 
the use of a dressing (Micropore) over the tip of the digit 24h a day 
for 2-3 months. This needs to be replaced twice weekly to several 
times a day in some instances. In the first month, it may be helpful 
to combine the dressing with moderate potency topical steroid to 
suppress any inflammation. Ensure there is no infection prior to this. 
Local antiseptics and antimicrobial ointments may help settle the 
infection secondary to nail unit damage. Antiseptics or treatments 
with the most bitter taste are often prescribed in the belief that this 
will discourage biting. In severe forms of onychophagia and ony- 
chotillomania, behavioural therapy [16,18,19], oral N-acetylcysteine 
[16], clomipramine [20] and pimozide [21] may be beneficial and 
indicated in these cases. Antidepressants may be considered in 
cases with coexisting depression [2]. 


Damage from nail manicure instruments 

Metal instruments, such as a nail file or scissors, wooden or plastic 
orange sticks, or nail whitener pencils may create acute or chronic 
injuries in the nail area. Onycholysis may result from using the 
sharp point for cleaning under the nail plate. Nails, however, are 
best cleaned with a nail brush and soap, because overzealous 
manicure and pushing back the cuticles, may result in leukonychia 
across several nails [1]. Cleaning around the nail with contaminated 
instruments may lead to acute or chronic paronychia. It is not 
advisable to cut or clip the nail plate, as this produces a shearing 
action that weakens the natural layered structure and promotes 
fracturing and splitting [2]. An emery board is preferred for shap- 
ing the fingernail by filing from the sides of the nail towards the 
centre. 


Onychogryphosis and nail hypertrophy [1-3] 


Synonyms and inclusions 
© Onychauxis 

© Ostler’s nail 

e Ram's horn nail 


Classification links 
e ICD-10: L60.2 
e ICD-11: EE10.3 


Introduction 

Onychogryphosis and onychauxis are acquired dystrophies usually 
affecting the great toenail, which is thickened, yellow and, in case of 
onychogryphosis, twisted. 
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Epidemiology 

Onychogryphosis most often is a disease of the elderly popula- 
tion in which a prevalence of 11-38% has been reported, mainly 
in people with long-standing poor personal care or neglect, in 
homeless persons, and in people with senile dementia [1]. Trauma, 
neglected onychomycosis, impairment of the peripheral circulation 
and biomechanical foot problems may, however, precipitate similar 
changes in middle age or earlier. There also are few reports of 
onychogryphosis inherited as an autosomal-dominant trait with 
onset within the first year of life, and as an autosomal recessive trait 
in Haim—Munk syndrome. 

Traumatic causes may be major trauma to the nail, microtrauma 
caused by sport, improperly fitting footwear and anatomical anoma- 
lies (e.g. hallux valgus). At one time, onychogryphosis was known as 
ostler’s nail, because some cases could be traced to injury caused by a 
horse trampling on the foot of the ostler. The injury, once sustained, 
is aggravated by improperly fitting footwear. As the nail becomes 
longer and thicker, damage from footwear becomes progressively 
more important. 

Some cases of nail hypertrophy are intrinsic and this applies espe- 
cially to toenails other than the nail of the great toe. The nail becomes 
thick and circular in cross section instead of flat, and thus comes to 
resemble a claw. 


Clinical features 

In the early stages onychogryphosis mimics nail hypertrophy, with 
the more classical features of onychogryphosis appearing later. 
In onychogryphosis, one or more nails become greatly thickened 
(Figure 93.31) and, with neglect, increase in length and becom- 
ing curved. It is often described as a ‘ram’s horn nail’ or being 
‘oyster-like’ in appearance, with an irregular surface marked by 
longitudinal and transverse striations, the latter of which are more 
frequent (Figure 93.32). The nails of the great toes are most often 
involved, but no toenail is exempt. In extreme cases, the free edge 
may press on or even re-enter the soft tissues of the foot. More 
common complications of onychogryphosis include ingrowing 
toenails, paronychia, secondary onychomycosis, and the inability 
to cut the toenail due to increasing hypertrophy of the nail plate [1]. 


Figure 93.31 Onychogryphosis in nail psoriasis. 
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Figure 93.32 Typical onychogryphosis of a great toenail. 


Differential diagnosis 

Other causes of thickened nails include psoriasis, pityriasis rubra 
pilaris, Darier disease, fungal infections, retronychia, pachyonychia 
congenita, congenital ectodermal defects and congenital malalign- 
ment of the great toenails [4]. 


Management 

Treatment is indicated in order to prevent complications and some- 
times for aesthetic reasons. Footwear should always be reviewed 
to assess appropriate fit. The thickened nails are extremely hard 
and trimming is difficult. Treatment of onychogryphosis and nail 
hypertrophy may be either conservative or surgical [1]. Surgi- 
cal treatment is recommended in those with good circulation 
(Figure 93.33). Options are a simple nail avulsion with or without 
any type of matricectomy, optionally with V-Y advancement flap [5]. 
Occasionally, one-half of the terminal phalanx is excised together 
with the nail fold (Syme method). Beware that onychogryphosis 
will recur after a simple nail avulsion. Conservative treatment is 
preferred in the elderly population and requires regular paring 
and trimming of the affected nails, usually by a podiatrist using 
nail clippers and a file or mechanical burr. Before nail trimming, 
cryotherapy on onychogryphotic nails with liquid nitrogen may 
make the nails very brittle and easy to trim within 1 second after 
cryotherapy [6]. 


Ingrowing toenail [1-4] 


Synonyms and inclusions 
© Onychocryptosis 

e Unguius incarnatus 

e Retronychia 


Figure 93.33 Onychogryphosis is often best treated with ablation of the nail matrix: 
right toe not operated, left toe 10 weeks after complete phenolisation. 


Classification links 
e ICD-10: L60.0 
e ICD-11: EE13.1 


Introduction 

The nail can ingrow on any of its four margins, although lateral 
ingrowing is the most common pattern. The soft tissue at the side of 
the nail (lateral nail fold) is penetrated by the edge or spikes of the 
nail plate, resulting in pain, inflammation and, later, the formation 
of granulation tissue. Proximal ingrowing of the proximal nail plate 
is known as retronychia [5]. In all variants of ingrowing toenails, the 
big toes are involved in the majority of cases. 


Epidemiology 

An ingrowing toenail may present at any age, but most commonly 
it affects teenagers and adults in their 50s. Among teenagers, males 
are more often involved [1], while at an older age, females are more 
often affected [6]. An epidemiolocal study showed a 10-year overall 
incidence of 307.5/100 000 person-years [6]. 


Pathophysiology 
Ingrowing toenails are caused by nail or nail spikes that pene- 
trate the lateral nail folds leading to a painful inflammation and 
granulation tissue. The most common predisposing factor is the 
combination of ill-fitting footwear and improper nail trimming, 
in a half-circle instead of straight across. Other predisposing fac- 
tors are bad foot hygiene, hyperhidrosis, trauma, the use of some 
medications and bone deformity, especially acquired hallux valgus, 
varus deformity and flat feet [1,6]. Also nail shape abnormalities, 
including pincer nails, congenital malalignment of the big toenails 
and thickening of the nail may lead to ingrowing nails. 

In children, ingrowing is commonly distal rather than lateral and 
commonly occurs before shoes are worn. It is associated with crawl- 
ing, ‘pedalling’ or the wearing of undersized jumpsuits [7]. 


Figure 93.34 Ingrowing great toenail (stage 2). 


Retronychia develops when the nail embeds in the proximal 
nail fold. This is provoked by disturbance of nail growth, usually 
through trauma. The result is dislodging of the nail upwards with 
a new nail growing beneath. The proximal aspect of the old nail 
then impacts on the ventral aspect of the proximal nail fold and this 
creates the same features of inflammation, ooze, swelling, redness 
and pain as seen when the lateral nail fold is affected. 


Clinical features 

Ingrowing toenail affects almost exclusively the toenails of the 
hallux and can affect one or both lateral nail edges. Involvement 
of the lateral toe edge occurs twice as often as the medial side 
[6,8]. Patients present with pain and redness. Physical examination 
shows signs of inflammation in the affected toe: pain, swelling, 
and erythema (stage 1). Stage 2 is characterised by more oedema 
and tenderness as well as drainage of seropurulent exudate and 
ulceration of the nail fold (Figure 93.34). This acute infection may 
develop towards a chronic infection with hypertrophic granulation 
tissue at the lateral nail fold (stage 3). 

Excess nail fold granulation tissue can also be a feature of amelan- 
otic melanoma [9] and is a rather frequently encountered reaction to 
medications such as retinoids (Figure 93.35), ciclosporin, antiretro- 
viral drugs, methotrexate and conventional chemotherapy [10-16]. 
More recently, severe nail toxicities can be found after targeted 
therapies and immunotherapies, mainly with epidermal growth 
factor receptor inhibitors and selective pan-fibroblast growth factor 
receptor inhibitors 1-4, but also with mitogen-activated protein 
(MAP) kinase inhibitor and with mammalian Target of Rapamycin 
(mTOR) inhibitors [17]. 


Management 

General measures focus on the elimination of predisposing factors. 
In particular, it is essential to insist that the patient wears sufficiently 
wide, high and pliable shoes to remove lateral pressure [18]. Nail 
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Figure 93.35 Ingrowing fingernails in patient on isotretinoin. 


trimming habits in which the lateral edges are rounded off should 
be corrected; the nail must be allowed to grow until its edges are 
clear of the end of the toe before they are cut straight across. Other 
underlying factors also deserve attention, including hyperhidrosis, 
onychomycosis, bad foot hygiene, hyperhidrosis, trauma and bone 
deformity. Application of topical steroids to the granulation tissue 
may decrease inflammation [19]. They should, however, only be 
used after infection has been ruled out or is being actively managed. 
An appropriate systemic antibiotic should only be administered if 
the infection is more severe with local cellulitis [20]. When granula- 
tion tissue forms this should be destroyed by cauterisation with a 
silver nitrate stick. 

Both conservative and surgical treatments are available for the 
treatment of ingrowing toenails. All treatments focus on restoration 
of a situation in which no nail or spikes grow into the nail fold. In 
general, conservative treatments can be applied in stages 1 and 2, 
while surgical treatment may be preferred in more refractory or dis- 
abling cases (stage 3). In paediatric ingrowing toenails, surgery is 
only occasionally required. In most instances, management is con- 
servative with topical steroid and antiseptic preparations [21]. 

Many conservative techniques have been described [1]. Options to 
separate the ingrowing edge of the nail from the nail folds include 
insertion of material under or around the edge of the nail. Materials 
used are dental floss, cotton wisp or wedges of cotton wool. Taping 
the toe or applying plastic gutters between nail edge and nail fold 
are alternatives [22]. Conservative techniques can be supplemented 
with nail braces or with acrylic nail to build up a smooth surface able 
to push the nail fold away and relieve the ingrow [23]. 

If conservative measures fail or in the case of stage 3 ingrowing 
toenails, operative intervention will be necessary [3]. Removing 
the nail, or parts of the nail alone is likely to result in recurrence 
of ingrowing when the nail grows [24], and therefore should be 
combined with matricectomy. Chemical matricectomy is commonly 
performed using phenol (see Nail Surgery section) but also other 
denaturating agents can be employed, such as sodium hydroxide 
and trichloroacetic acid. Chemical matricectomy demonstrates 
a higher success rate and is less painful than surgical matricec- 
tomy [2]. Although surgical excision of the matrix can provide 
an excellent result, it is more than phenolisation dependent on 


the skill of the practitioner. Nail fold resection without matricec- 
tomy, the Howard-Dubois and Vandenbos procedures, and the 
super-U technique are indicated when ingrowing nails are caused 
by hypertrophy of the nail folds [3,25,26]. Other techniques for 
treating ingrowing toenail have also been introduced, including 
electrocautery, radiofrequency ablation and carbon dioxide laser 
ablation [1]. Their exact position in treating ingrowing nails still 
needs to be established. 

Retronychia is said to be self-limiting over a matter of several 
months as eventually the older nail is shed. Also taping has been 
presented as a treatment option in mild cases [4]. In most patients 
nail avulsion is the treatment of choice [27]. The replacement 
nail usually grows back without any problem [5] but to prevent dis- 
tal ingrow of the nail after avulsion, an acrylic nail can be attached to 
the newly growing nail when it has reached one-third of its length. 


TUMOURS UNDER OR ADJ. 
NAIL 


BENIGN TUMOURS 


Lobular capillary haemangior 
(pyogenic granuloma) of nail 
apparatus . 


Definition and nomenclature 

Pyogenic granuloma (PG) is a common acquired benign vascular 
tumour frequently encountered at the nail apparatus (nail bed and 
folds). 


Synonyms and inclusions 
e Nail pyogenic granuloma 
¢ Nail lobular capillary haemangiomas 


Introduction and general description 

Although lobular capillary haemangiomas (PGs) may occur at many 
different sites (Chapter 135), they have a particular predilection for 
the soft tissues around the nail. 


Pathophysiology 
Nail PGs are due to a range of causes that act through different 
pathogenetic mechanisms which are not yet clearly understood. 


Predisposing factors 

Nail PGs are secondary to four main causes as follows: 

1 Trauma: local trauma is the most common cause of PGs involv- 
ing the nail apparatus, friction from footwear [1], a range of 
self-induced disorders (onychotillomania, onychophagia and 
aggressive manicure) and accidental penetration of a foreign 
body may also promote the development of PGs [2]. 

2 Drugs: the main characteristic of drug-induced nail PGs is the 
involvement of multiple digits, both fingers and toes. Several 
drugs have been implicated including retinoids (systemic and 


topical) [3,4,5-8], antiretroviral therapies (indinavir, lamivu- 
dine) [4,9,10], mitozanthrones [11], ciclosporin [12] and systemic 
5-fluorouracil [13]. A number of new targeted therapies have 
become an increasingly important cause of PG. The antineoplas- 
tic therapies which are very commonly associated with multiple 
PGs are epidermal growth factor receptor (EGFR) inhibitors 
(cetuximab, gefitinib) [4,14], agents of the fluoropyrimidine 
family (capecitabine) [15-17] and agents of the taxan family 
(docetaxel, paclitaxel) [4,18,19]. Multiple eruptive PGs have also 
been reported in association with anti-CD20 antibody treatment 
for severe rheumatoid arthritis [20]. 

3 Peripheral nerve injury: different conditions, all having in 
common injury to the peripheral nerves, have been reported to 
be associated with nail changes and PGs of the proximal nail fold. 
Plaster cast immobilisation is one such condition, where poor 
application technique may result in peripheral nerve damage 
from mechanical compression [21]. Patients will often complain 
of paraesthesia and pain. A few days after cast removal, the nail 
plate detaches proximally from the bed (onychomadesis) and is 
associated with periungual swelling and PG formation under 
the proximal nail fold. Similar nail changes have been observed 
in reflex sympathetic dystrophy [22]. Periungual PGs have also 
been reported after Guillain-Barré syndrome [23], in patients 
with hemiplegia [24] and after multiple episodes of hypoxia [25]. 

4 PGs due to inflammatory systemic diseases: periungual PGs 
involving multiple fingernails and toenails have been reported 
in cutaneous sarcoidosis, psoriasis and seronegative spondy- 
loarthritis [4]. 


Pathology 

Histopathology shows the characteristic features of PG, irrespective 
of cause and location (Chapter 135). It should be differentiated from 
granulation tissue. 


Clinical features 
History 
The patient’s history usually identifies the cause of the PG. 


Presentation 

A PG starts as a minute red papule that rapidly grows to the size of 
a pea or even a cherry. It bleeds easily and the surface may become 
eroded by necrosis of the overlying epidermis. Partial epithelialisa- 
tion may occur. 


Clinical variants 

PGs are commonly located at the proximal nail fold (Figure 93.36) 
but may develop distally in the hyponychium or on the nail bed. 
In the latter instance, which often results from prolonged frictional 
trauma, the PG is associated with onycholysis. 


Differential diagnosis 

When a PG is single, especially if it involves the nail bed, histological 
examination is necessary to rule out subungual exostosis, melanoma 
and squamous carcinoma. 


Complications and co-morbidities 
In some instances, PG may promote local infection. 


Figure 93.36 Pyogenic granuloma of the second left fingernail in a middle-aged 
woman — onset after improper cuticle removal. 


Disease course and prognosis 

If local trauma is suspected, the cause should be addressed (surgical 
removal of foreign body, stopping nail manipulation in onychotil- 
lomania, etc.). For drug-induced PGs, conservative treatment is rec- 
ommended as they are likely to recur until the responsible drug is 
discontinued or replaced if necessary with a different agent. Topical 
beta-blockers may be of some help in nearly 2/3 of patients after one 
month [26]. PGs due to cast immobilisation usually heal with topi- 
cal corticosteroids. PGs due to reflex sympathetic dystrophy or to 
systemic diseases are more difficult to treat and often need several 
cycles of topical therapy or surgical removal [4]. 


Investigations 

X-rays will rule out a subungual exostosis. Histological examination 
should always be undertaken to rule out amelanotic melanoma or 
squamous cell carcinoma when faced with a single PG without a 
clear aetiology. 


Treatment ladder 


First line 
e Potent corticosteroid cream (class I) under an occlusive 
dressing (best for drug-induced PGs) for up to 6 weeks 


Second line 
e Topical beta blockers (timolol) 


Third line 
¢ Curettage under local anaesthesia 
¢ Remove cause (drug, plaster cast, etc.) if feasible 
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Glomus tumour — a 


Definition and nomenclature 

Glomus tumour, a benign tumour of the neuromyoarterial glomus, 
also known as glomus body or glomus apparatus (Chapter 135), is 
a common cause of severe pain under the nail [27,28]. 


Synonyms and inclusions 
¢ Glomangioma 


Epidemiology 

Incidence and prevalence 

This is an uncommon neoplasm which represents about 1-2% of all 
hand tumours [28]. 


Age 
Glomus tumour occurs mainly in patients in their forties. 


Sex 
It affects predominantly women (up to 90% of cases) [28]. 


Pathophysiology 

Glomus tumours arise principally in the pulp or nail bed or matrix 
of the distal phalanx, where the glomus bodies of Masson are 
numerous. 


Pathology 

A solid glomus tumour is composed of clusters of glomus cells sur- 
rounding capillaries. Glomus cells are uniform and round with pale 
eosinophilic cytoplasm, and a centrally located round nucleus. A 
basal lamina, highlighted by periodic acid—Schiff (PAS), surrounds 
each cell [29]. 


Presentation 

Pain is the predominant symptom of a subungual glomus tumour. 
The pain may be pulsating, spontaneous or provoked by the slight- 
est trauma. Variations in temperature, especially cold, may trigger 
pain radiating to the shoulder. Pain is sometimes described as 
worse at night. One case reports that even polishing the nail was 
unbearable [30]. 


Clinical variants 

There are two main clinical presentations of subungual glomus 

tumour as follows: 

e¢ Asmall reddish or bluish spot (<1 cm) seen through the nail plate 
(Figure 93.37a). 

e A longitudinal erythronychia with distal notching or overlying 
longitudinal fissure (Figure 93.37b). 


Differential diagnosis 
Differential diagnosis includes all causes of nail pain (Box 93.1). 
Exceptionally, glomus tumour might be totally painless. 
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Figure 93.37 Painful glomus tumours. (a) Note the bluish hue under the nail bed and 
matrix. (b) A glomus tumour with longitudinal erythronychia and a distal fissure. 


Box 93.1 Causes of nail pain 


Tumours 

¢ Glomus tumour 

¢ Subungual keratoacanthoma 
¢ Subungual exostosis 

¢ Subungual horn 

¢ Osteoid osteoma 

¢ Enchondroma 

e Intraosseous implantation cyst 
¢ Metastasis 


Inflammatory, infectious 

¢ Bacterial paronychia 

¢ Herpetic whitlow 

¢ Osteomyelitis of terminal phalanx 
¢ Onychomycosis 


Inflammatory, non-infectious 
¢ Ingrowing toenail 

e Nail psoriasis 

¢ Dermatomyositis 


Vascular 

e Frostbite 

¢ Chilblains 

e Acrosclerosis 


Iatrogenic 

¢ Taxanes 

e Epidermal growth factor receptor inhibitors 
¢ Retinoids 

¢ Protease inhibitors 


Complications and co-morbidities 
Pressure of the glomus tumour on the underlying phalanx may 
induce bone erosion in 50% of cases [28,31]. 


Disease course and prognosis 

Patients have been wrongly referred to psychiatrists due to misdi- 
agnosed glomus tumour where no nail alteration was visible and no 
proper work-up performed. 
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Investigations 

In most cases the clinical grounds suffice to establish the diagnosis 
[32]. Glomus tumour is the main indication for MRI of the nail 
unit [33]. It offers the highest sensitivity and best assessment of 
the extent of the tumour. The signal behaviour varies with the 
histological nature (vascular, cellular, myxoid) of the lesion [34]. 
MRI accurately determines the spatial location of the tumour, 
enabling a precise and radical surgical resection to be carried out 
[34,35]. Recurrent symptoms can usually be attributed to small syn- 
chronous satellite lesions [36]. New high-resolution ultrasound with 
colour Doppler flow imaging can obviously improve the diagnostic 
accuracy [37]. 


Management 

Treatment consists of surgical removal of the tumour. Two 
approaches are possible: the direct approach after nail plate avulsion 
through the nail bed or the matrix followed by meticulous repair 
[38,39]; or the lateral approach on the volar aspect of the lateral 
nail fold. The latter gives a more restricted view of the tumour 
with a higher chance of incomplete excision compared with the 
transungual approach [40]. It should be recommended only for 
lesions that are proximal and deep seated [40,41]. 


Subungual exostosis — “FZ 


Definition 
Subungual exostosis is an isolated slow-growing benign osteochon- 
dral outgrowth from the distal phalanx. 

Most authors consider it to be a distinct clinicopathological entity 
[42], but some classify them with osteochondromas [43]. 


Epidemiology 

Incidence and prevalence 

Subungual exostosis is probably considerably underreported. The 
prevalence is unknown. 


Age 
Teenagers and young adults in their twenties are mostly affected 
[44-46]. 


Sex 
The sex ratio varies from series to series but is most probably 1:1. 


Pathophysiology 

Subungual exostosis was previously thought to be a reactive 
process. It is now considered a true neoplasm harbouring a patho- 
gnomonic translocation t(X;6)(q22;q13-14) [47]. 


Predisposing factors 
Trauma seems to be the most important aetiological factor [44]. 


Pathology 
Histopathology shows a bony tumour with a hyaline cartilaginous 
cap [29]. 


Clinical features 

History 

The association of nail deformity and pain is highly suggestive, but 
pain is often not present. 


Presentation 

All large series (1=19-45) have shown that the great toenail 
is affected in 75% of cases [44-46]. Subungual exostosis usu- 
ally elevates the nail plate as it emerges from the hyponychium 
(Figure 93.38a) or from a lateral sulcus. In its early stages, the 
tumour may have a porcelain white hue with superficial telangiec- 
tasias and a collarette surrounding its base. As the tumour enlarges, 
it develops a thick hyperkeratotic surface. Onychoscopy may help 
in the diagnosis [48]. 


Clinical variants 

Dorsal subungual exostoses may present as a nondescript erythema- 
tous patch seen through the nail plate, with or without onycholysis 
(Figure 93.38b,c). 


Differential diagnosis 

Differential diagnosis includes acral superficial fibromyxoma, ver- 
ruca vulgaris, fibrokeratoma, PG, ingrowing toenail, squamous cell 
carcinoma, and amelanotic melanoma. 


Complications and co-morbidities 
Erosion and secondary infection of the nail bed may give rise to a 
subungual PG-like outgrowth [49] (Figure 93.39). 


Investigations 

Radiographic examination is the cornerstone in the diagnosis of sub- 
ungual exostosis. Early lesions, mostly formed from cartilage, may 
not be visible. 


Management 
Treatment is resection of the outgrowth under full aseptic condi- 
tions [46]. 


Digital myxoid pseudocyst 


Definition and nomenclature 
Digital myxoid pseudocysts are the second most common benign 
tumours of the digits. 


Synonyms and inclusions 
© Digital myxoid cyst 

© Digital mucoid cyst 

© Ganglion cyst 

¢ Digital synovial cyst 


Epidemiology 
Incidence and prevalence 
The exact incidence and prevalence are not known. 
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Figure 93.38 Subungual exostosis: exophytic growth of bone emerging from under the nail plate through collarette of skin (note the telangiectasias) (a); exostosis from the dorsal 


surface of the terminal phalanx presenting as painful onycholysis (b,c). 


Figure 93.39 This lesion was mistaken for an ingrowing toenail. X-rays confirmed the 
presence of subungual exostosis. 


Age 
Over 50 years of age. 


Sex 
It is estimated that women are affected more than twice as often as 
men [50]. 


Associated diseases 
Osteoarthritis. 


Pathophysiology 

It is now believed that digital myxoid pseudocysts result from leak- 
age of synovial fluid through a breach in the joint capsule of the 
distal interphalangeal joint [51], as could be demonstrated in more 
than 85% of cases in a study using MRI [52]. 


Predisposing factors 

The presence of osteophytes and reduction of the joint space from 
osteoarthritis or repetitive occupational trauma [53] promote leak- 
age of joint fluid. 


Pathology 

Digital myxoid pseudocysts manifest as well-circumscribed but 
unencapsulated cyst-like dermal swellings, devoid of any lining. 
They consist of large mucin-filled spaces containing spindle-shaped 
and stellate fibroblasts without atypia [28]. 


Clinical features 
Presentation 
The clinical features depend upon their location in relation to the 
nail apparatus. De Berker et al. classified them into three subtypes 
[54,55] as follows: 

¢ Type A: the most common presentation, the digital myxoid pseu- 
docyst presents as a nodule between the distal interphalangeal 
joint and the proximal nail fold (Figure 93.40). 

e Type B: the digital myxoid pseudocysts is in the proximal nail 
fold and presses on the underlying matrix resulting in a longitu- 
dinal groove in the nail plate (Figure 93.41a,b). The groove often 
varies in depth according to the fluctuating volume of the cyst 
(Figure 93.41c). A small keratotic tip protruding from under the 
proximal nail fold may also be observed. 

e Type C: the digital myxoid pseudocyst exerts pressure from 
under the matrix, giving rise to a reddish or bluish lunula 
(Figure 93.42). 


Differential diagnosis 
Main differential diagnosis is fibrokeratoma in subtype B. 


Disease course and prognosis 

In most instances, digital myxoid pseudocysts are asymptomatic but 
unsightly and therefore may bother the patient. Increased pressure 
within the joint may be responsible for pain. 


Figure 93.40 Digital myxoid pseudocyst type A. 


Investigations 
None are necessary except for type C, for which ultrasound or MRI 
may be needed. Transillumination may reveal the lesion. 


Management 

Numerous treatments have been recommended for this condition. 
Their aim is to obliterate the leakage from the joint, by inducing 
fibrosis around the capsule. The authors do not recommend the use 
of sclerosing agents as they may be responsible for local necrosis or 
unintentionally diffuse into the joint with subsequent limitation of 
mobility. 


(a) (b) 
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Figure 93.42 Digital myxoid pseudocyst type C. Note the red macule within the lunula. 


Treatment ladder 


First line 

e Cryotherapy should be tempted at least twice for type A 

e Drainage followed by compression for several weeks for type 
Band C 


Second line 

¢ Methylene-blue guided surgery for ligature of the leak of 
joint fluid is a quick and effective technique as it provides a 
very highest success rate on the fingers (94%) [51] 


(c) 


Figure 93.41 Digital myxoid pseudocyst type B. Note the longitudinal groove arising from underneath the proximal nail fold where the matrix is compressed by the overlying 
pseudocyst and extending to the free edge of the nail (a-c); any tumour compressing the matrix may give rise to a longitudinal gutter as shown in (a) and (b) but only a myxoid 
pseudocyst, which commonly fluctuates in size and therefore the pressure exerted on the matrix, may give rise to the irregular guttering as seen in (c). 
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Acquired ungual fibrokeratoma. 


Definition and nomenclature 

Acquired ungual fibrokeratoma is a solitary benign asymptomatic 
nodule with a hyperkeratotic tip that forms in the periungual area 
or, rarely, within or under the nail plate. 


Synonyms and inclusions 
© Garlic clove fibroma 
e Acquired periungual fibrokeratoma 


Pathophysiology 
Trauma is thought to be the major causative factor. 


Pathology 

Acquired ungual fibrokeratomas are pedunculated fibroepithe- 
lial lesions. The epidermis is hyperkeratotic and acanthotic, with 
thickened, often branching, rete ridges. The core of the lesions is 
composed of fibroblasts and dense collagen fibres. The vascular 
component is sometimes prominent [29]. No histological difference 
has been found between isolated acquired ungual fibrokeratomas 
and the Koenen tumours of tuberous sclerosis [56], although the 
latter has no prominent hyperkeratotic tip. 


Clinical features 

Presentation 

Most of them emerge from under the proximal nail fold and lie in a 
longitudinal groove which extends to the free edge of the plate. Their 
size varies considerably from tiny (Figure 93.43) to prominent; they 
may sometimes be bifid. 


Clinical variants 

Rarely, an acquired ungual fibrokeratoma may originate from the 
matrix and grow into the nail plate (intraungual or dissecting 
fibrokeratoma) (Figure 93.44) to eventually emerge in the middle 
of the nail. Subungual fibrokeratomas arising from the nail bed are 
also rare. 


Differential diagnosis 

Fibroma, keloid, Koenen tumours, recurring digital fibrous 
tumour of childhood, cutaneous horn, exostosis, type C myxoid 
pseudocyst. 


Investigations 

Histology is mandatory as Bowen disease may present as a pseudo- 
fibrokeratoma [57,58]. When lesions are present on several digits, 
tuberous sclerosis should be ruled out. The lesions are then called 
Koenen tumours (Figure 93.45). They develop most commonly 
on the toes around puberty and their number increases with 
age. 


Management 
Surgical removal. 
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Figure 93.43 Supramatricial fibrokeratoma pressing onto the underlying matrix with 
subsequent longitudinal smooth groove. 


Subungual keratoacanthoma  @ 


Definition 

Subungual keratoacanthoma is a rare benign but rapidly growing 
and aggressive tumour that is usually situated in the most distal 
portion of the nail bed. 


Epidemiology 
Incidence and prevalence 
Unknown. 


Sex 
Subungual keratoacanthoma occurs predominantly in males (75% 
of cases) [59]. 


Pathophysiology 
The pathogenesis is not understood. 


Predisposing factors 
Trauma [59], oncogenic human papillomavirus [60] and, in one case 
of steel wool [61], have each been suggested as contributory factors. 


UMEN Dermatology 2008 


Figure 93.44 Intraungual (dissecting) fibrokeratoma. The lesion grows within the nail 
plate and emerges at its distal half. 


Genetics 

In women, the development of multiple subungual kerato- 
acanthomas may represent a late manifestation of incontinentia 
pigmenti. A mutation search of the NEMO gene should be per- 
formed. 


Pathology 

Microscopic examination shows a squamoproliferative lesion with 
a focal crateriform pattern and overlying hyperkeratosis with 
ortho- and parakeratosis. Lobules of squamous epithelium are 
often well differentiated, composed of large keratinocytes with 
copious ‘glassy’ eosinophilic cytoplasm. Dyskeratotic cells are 
numerous, but atypia and mitotic figures are rare. Tumour protein 
p53 and proliferation marker Ki-67 can help distinguish subungual 
keratoacanthomas from subungual squamous cell carcinomas [29]. 


Clinical features 

History 

Subungual keratoacanthomas are rapidly growing tumours (within 
weeks) which are always painful and are most often located on the 
distal part of the nail bed. They are most commonly located on the 
thumb but the index and middle fingers are also well-recognised 
sites [59]. 


Figure 93.45 Multiple soft fibrokeratomas in tuberous sclerosis (Koenen tumours). 


Presentation 

The tumour may start as a small and painful keratotic nodule just 
under the free edge of the nail, rapidly growing to 1-2 cm in diam- 
eter within 4-8 weeks. After clipping of the overlying nail plate, 
the typical gross appearance resembles that of keratoacanthoma at 
other sites as a dome-shaped nodule with a central crater plugged by 
keratinous material (Figure 93.46). The tumour may rapidly plunge 
deeper and erode the underlying bony phalanx. 


Clinical variants 
If located more proximally under the nail fold, subungual kerato- 
acanthomas may present as a painful chronic paronychia [59,62]. 


Differential diagnosis 
The three main differential diagnoses are: epidermoid implantation 
cyst, subungual wart and squamous cell carcinoma. 


Complications and co-morbidities 
Long-lasting lesions may lead to complete destruction of the distal 
bony phalanx. 


Investigations 

Standard X-rays consistently demonstrate a well-defined cup- 
shaped erosion of the underlying bone (Figure 93.47). The mar- 
gins of the defect show no evidence of sclerosis or any sign of 


7 Tumours under or adjacent to the nail 93.31 


Y 
— 
U 
ire 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


~ 
— 
U 
Lu 
-¥ 
WV 
B 
- 
< 
3 


CUTANEOUS STRUCTURES 


93.32 


Figure 93.46 Subungual distal keratoacanthoma. Note the keratotic plug on the distal 
bed. 
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Figure 93.47 X-rays showing massive osteolysis of the distal bony phalanx associated 
with subungual keratoacanthoma. 


periosteal reaction [63]. This lytic effect is attributed to the very 
rapid compression from the tumour rather than tumour invasion 
[64]. Long-term radiological follow-up data following subungual 
keratoacanthomas are sparse, but failure to reossify [64], partial 
repair of the bony defect [65] and spontaneous regression with full 
reossification [66] have all been reported. 


Treatment ladder 


First line 
e Removal of the entire tumour with curettage of the cavity 


Second line 
e Amputation: only for multiple recurrences or massive bony 
destruction 
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Third line 

e Acitretin 1 mg/kg/day may be attempted for multiple 
subungual keratoacanthoma associated with incontinentia 
pigmenti 


Onychomatricoma -— |S «<SVK38WME 


Definition and nomenclature 

Onychomatricoma is a rare benign tumour of the matrix, with 
peculiar clinical and pathological features, first described in 1992 
by Baran and Kint [67]. 


Synonyms and inclusions 
e ‘Onychoblastoma’, ‘unguioblastoma’ and ‘unguioblastic fibroma’ are similar 
tumours of the nail matrix [68,69] 


Epidemiology 
Incidence and prevalence 
Unknown. 


Age 

All published cases were adults in their 50s [70] except one ina child, 
in whom the diagnosis was purely clinical and without histopatho- 
logical verification [71]. 


Ethnicity 
The overwhelming majority of cases are reported in white people, 
and only exceptionally in non-Europeans [72]. 


Pathophysiology 

The origin of the tumour remains obscure. It most probably stems 
from a disturbed differentiation of nail matrix cells. The tumour dig- 
itations are onychogenic and responsible for the thickening of the 
nail plate. 


Pathology 
Histopathology is unique. Two different zones may be observed as 
follows: 

1 The distal zone is characterised by multiple ‘glove finger’ pap- 
illary projections covered by a matrix-type epithelium devoid of 
stratum granulosum that keratinises through an eosinophilic ker- 
atogenous zone. 

2 The proximal zone is dome shaped in transverse sections and 
lined by a papillomatous matrix-type epithelium, with vertically 
orientated deep invaginations into the stroma. These invagi- 
nations surround optically empty cavities in a characteristic 
V-shaped configuration [28]. 


Clinical features 

History 

The condition is indolent and patients mostly seek medical advice 
for cosmetic purposes, when the tumour has been evolving for sev- 
eral years. 


Figure 93.48 Onychomatricoma: note the very well-delimited longitudinal thickening of 
the plate. 


Presentation 
Single fingers are most commonly affected (75%), mainly the middle 
finger [73]. Few reports mention involvement of the lesser toes [74] 
or exceptionally of several digits [75]. 
Several clinical signs are striking enough to either make the diag- 
nosis or at least to arouse suspicion (Figure 93.48) as follows: 
e Longitudinal xanthopachyonychia of various width, often spar- 
ing a part of normal pinkish nail. 
e Transverse and longitudinal overcurvature of the affected portion 
of the nail. 
Longitudinal ridging, sometimes quite prominent on the surface 
of the nail. 
Splinter haemorrhages, mostly proximal but sometimes distal. 
¢ Woodworm cavities at the free edge of the thickened nail plate 
(Figure 93.49). 


Clinical variants 

Some unusual clinical variants have been reported: giant form [76], 
association with dorsal pterygium [77,78] or associated with ony- 
chomycosis and longitudinal melanonychia [79]. Only rarely is the 
length of the digitations such that clipping of the free edge of the 
nail induces bleeding [80]. 


Figure 93.49 Onychomatricoma: ‘woodworm’ cavities in the nail plate are especially 
visible in this longstanding case (>40 years). 


Differential diagnosis 
Clinical presentation is characteristic but onychomycosis and 
Bowen disease [81] should be ruled out. 


Disease course and prognosis 
Excellent prognosis if skilled surgeons perform the surgery. Long 
lasting lesions may end in complete destruction of the nail plate. 


Investigations 

Dermoscopy confirms diagnosis in showing the woodworm perfo- 
rations at the distal edge of the nail [82]. Recently, nail clipping of 
the diseased part of the nail has been shown to be a minimally inva- 
sive method to achieve the correct diagnosis of onychomatricoma 
[83]. MRI is typical and reveals a tumour emerging from the nail 
matrix [84]. Ultrasonography reflectance confocal microscopy and 
optical coherence tomography may be also helpful [85]. Nail avul- 
sion is diagnostic as it exposes a villous tumour, reminiscent of a 
sea anemone, emerging from the matrix while the nail appears as 
a thickened funnel, storing filamentous digitations of matrix fitting 
into the holes of the proximal nail extremity (Figure 93.50). 


Management 
Surgical removal of the tumour is the only option. The tumour 
should only be tangentially excised from the underlying matrix [40]. 


Superficial acral fibromyxom 


Definition and nomenclature 

Superficial acral fibromyxoma is a rare slow-growing soft-tissue 
tumour which has a predilection for the subungual and periun- 
gual regions of the fingers and toes in adults [86]. It is a distinct 
clinicopathological entity, recognised by Fetsch et al. in 2001 [87]. 
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Figure 93.50 Onychomatricoma: showing the sea anemone-like matrix tumour and the 
cavities in the avulsed nail plate into which digitate projections from the tumour had 
infiltrated. 


Synonyms and inclusions 


Digital fibromyxoma 


Epidemiology 
Incidence and prevalence 
Unknown. 


Age 
Middle-aged adults. 


Sex 
Males are more commonly affected than women (male to female 
ratio: 1.6: 1). 


Pathology 

It presents as a relatively well-circumscribed but unencapsulated 
dermal tumour composed of spindle-shaped cells integrated in a 
fibromyxoid matrix, sometimes invading the subcutis, often with 
accentuated vasculature and increased numbers of mast cells. 
Nuclear atypia is slight or absent and mitotic figures are infrequent. 
Immunohistochemically, more than 90% of cases are positive for 
CD34. CD99 and epithelial membrane antigen (EMA) are often 
focally positive [28,88]. 


Presentation 

Superficial acral fibromyxoma is normally diagnosed on histology 
and its clinical presentation has not been well characterised. The 
tumour is located in the nail bed or nail folds. Some reports describe 
a dome-shaped, well-circumscribed, whitish to pink firm tumour, 
sometimes surrounded by a basal collarette, lifting wp the plate 
(Figure 93.51) and covered with very thin fissured keratin; if located 
deep in the lateral nail fold, it presents as a swollen fold covered 
with normal skin. It may or may not be painful [89,90]. 
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Figure 93.51 Superficial fibromyxoma of the nail bed elevating the nail plate. 


Clinical variants 
Exceptionally, superfical acral fibromyxoma may be located beneath 
the matrix [91]. 


Differential diagnosis 
Subungual exostosis, lipoma, schwannoma and neurofibroma. 


Complications and co-morbidities 
Bony involvement occurs in one third of cases [91]. 


Disease course and prognosis 
No metastases were observed in a large series of 124 cases with a 
mean follow-up of 35 months [92]. 


Investigations 
Radiological imaging should be performed to rule out bony involve- 
ment. 


Management 
Complete surgical resection, as it has a propensity for local recur- 
rence if incompletely excised [92]. 


Onychopapilloma ; -— Tae 


Definition and nomenclature 
Onychopapilloma is a benign longitudinally orientated subungual 
tumour of unknown aetiology. 


Synonyms and inclusions 


¢ Multinucleate distal subungual keratosis [93] 
¢ Nail-producing papilloma [94] 


Epidemiology 
It is usually seen in adults and rarely in adolescents, but exceptional 
cases have been reported in children [95]. 


Pathology 

Onychopapilloma is characterised by: acanthosis and papillomato- 
sis, mostly of the distal part of the nail bed; matrix metaplasia of the 
nail bed with an onychogenous zone; canaliform deformation of the 
ventral part of the nail plate; and a keratinous mass under the distal 
nail plate [28]. 


Clinical features 

History 

Patients seek medical advice either because of pain or because they 
catch the fissured free edge of the nail. 


Presentation 

Onychopapilloma usually presents as an isolated pink longitudinal 
nail streak (erythronychia) extending from the distal matrix to the 
free edge, from under which emerges a fine filiform subungual ker- 
atosis. It may be accompanied by distal onycholysis or a fissure [96]. 
Distal splinter haemorrhages are also common (Figure 93.52). 


Clinical variants 
Onychopapilloma may, albeit rarely, present as longitudinal 
melanonychia [97] or leukonychia [98]. 


Figure 93.52 Onychopapilloma: note the longitudinal erythronychia starting in the 
distal matrix, the distal splinter haemorrhages and the onycholysis at its distal end. 


Differential diagnosis 
Bowen disease [99] and nail lichen planus [100] may present in rare 
instances as an onychopapilloma. 


Management 

The onychopapilloma is usually excised only if it bothers the patient 
or to rule out other tumours. Longitudinal excision with careful 
removal of the lesion from the inferior face of the nail plate and 
notching the distal matrix seems to be the most accurate surgical 
technique. In the pathology laboratory, longitudinal sections should 
be recommended. A recurrence rate of 20% is observed [95]. 


MALIGNANT TUMOURS 


Squamous cell carcinoma — Fe 


Definition 

Squamous cell carcinoma is the most frequent malignant tumour of 
the nail apparatus, where presentation as in situ squamous cell car- 
cinoma (Bowen disease) is more common than invasive squamous 
cell carcinoma [99]. 


Epidemiology 
Age 
The mean age at presentation is 60 years [99,101-103]. 


Sex 

Three quarters of cases occur in males [99,102,103]. Some authors 
suggest that nail squamous cell carcinoma is a hidden high-risk 
HPV-associated reservoir and should be recognised as a sexually 
transmitted infection [104]. 


Pathophysiology 

Predisposing factors 

One third of patients with squamous cell carcinoma of the nail appa- 
ratus have a personal history of human papillomavirus-associated 
genital disease (genital warts, dysplasia or cancer of the cervix) or 
a similar history in a sexual partner. The average time between the 
onset of the genital disease and the appearance of the nail tumour 
is around 12 years [102]. It is estimated that genito-digital transmis- 
sion of human papillomavirus is responsible for up to 60% of cases of 
squamous cell carcinoma of the nail apparatus (both in situ and inva- 
sive forms). Prolonged unprotected contact with chemical mutagens 
is another possible predisposing factor. 


Causative organisms 

Human papillomavirus, especially serotype 16, which is isolated in 
three quarters of cases [102], but also serotypes 2, 6, 11, 18, 26, 31, 34, 
35, 56, 58 and 73 [105-108]. 


Environmental factors 

Ionising radiation, arsenic, pesticides, paint/solvents, soluble oils, 
and stagnant water have been suggested as potential causative fac- 
tors [109]. 
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Pathology 

The picture is identical to that of Bowen disease in other skin areas 
[110]. The most important feature to look for is the intact basement 
membrane defining the in situ form. 


Clinical features 

History 

Patients are often not bothered by this indolent and painless condi- 
tion and therefore tend to seek medical advice very late (mean delay 
6 years) [99,111]. 


Presentation 

The clinical presentation is protean, accounting for the delay in 
diagnosis. Bowen disease and invasive squamous cell carcinoma 
cannot be differentiated clinically. The largest published series 
identifies the right index and middle fingers as the most com- 
monly affected. This finding is in agreement with the postulated 
genito-digital transmission of human papillomavirus [99]. The 
condition is usually solitary but, uncommonly, tumours may arise 
in more than one digit especially in immunocompromised patients 
[110,112-116]. The most common clinical findings are, in decreasing 
order of frequency, subungual hyperkeratosis (Figure 93.53), ony- 
cholysis (Figure 93.54), oozing and nail plate destruction. Oozing 


Figure 93.53 Bowen disease: warty lesion of the matrix and bed. The lesion was treated 
for several years as a wart. 
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Figure 93.54 Onycholysis and oozing of the nail bed due to invasive squamous cell 
carcinoma secondary to Bowen disease. 


is an important but underrecognised sign and is only occasionally 
reported in the literature [99,115]. 


Clinical variants 

Squamous cell carcinoma may also present as longitudinal 
melanonychia [116], an onychopapilloma [95], a fibrokeratoma 
[56] or may simulate an onychomatricoma [81]. 

Verrucous carcinoma (carcinoma cuniculatum) of the nail appa- 
ratus is a rare low-grade variant of squamous cell carcinoma, 
characterised by a local aggressiveness but a low potential for 
metastasis. Very few cases have been reported in the literature 
[117-119]. It presents clinically as a slowly enlarging warty papillo- 
matous plaque and, of reported cases, were most commonly located 
on the thumb, the hallux or the fifth toe. 


Differential diagnosis 
The main differential diagnosis is a wart [93]. 


Disease course and prognosis 

Prognosis both of in situ and of invasive forms is excellent: meta- 
stases and deaths are extremely exceptional [103,106,111,112, 
190-199), 
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Investigations 
Radiological imaging should be performed to rule out bony involve- 
ment. It was detected in only 2% of cases in a large reported series 
[99] and up to 30% in another one [123] of squamous cell carcinoma 
of the nail unit. 


Management 

The goal of treatment is eradication of the tumour. However, 
even with sophisticated surgical techniques, recurrences are not 
uncommon, probably because human papillomavirus is difficult to 
eradicate [99]. HPV vaccination on the long term should make this 
condition progressively disappear. 


Treatment ladder 


First line 
¢ Mohs surgery 


Second line 
¢ Conventional surgery with micrographic control of the 
margins on fixed tissue 


Third line 

¢ Imiquimod cream [124], 5-fluorouracil cream [125,126] with 
or without prior curettage, photodynamic therapy [127-131] 
and intra-arterial infusion with methotrexate [132]. None of 
these techniques allows histological control of tumour 
margins and they should therefore be considered as a 
treatment option only in special cases of histologically proven 
Bowen’s disease 


Fourth line 
e Amputation is mandatory only when bone involvement 
occurs 


Basal cell carcinoma — a 


Definition 
Basal cell carcinoma very rarely involves the nail apparatus: around 
20 cases only have been reported in the literature. 


Epidemiology 
Age 
The average age at diagnosis is 65 years. 


Environmental factors 

One basal cell carcinoma of the proximal nail fold was reported in 
a respiratory specialist using radioscopy for 30 years [133]. Another 
was reported in a worker dealing with azo dyes [134]. Nail polish 
has also been incriminated [135]. 


Pathology 
The pathological features are identical to those observed on the skin 
(Chapter 139). 


Clinical features 

History 

In the published cases, diagnosis was delayed by an average of about 
10 years. 


Presentation 

The classical clinical features as observed on the skin are very rarely 
encountered, except on the periungual skin. There is no typical clini- 
cal presentation (see Differential diagnosis). Diagnosis was histolog- 
ical in all cases. The thumb is most frequently involved, followed by 
the hallux [136]. 


Clinical variants 
Longitudinal melanonychia is a rare presentation [136,137]. 


Differential diagnosis 
Chronic paronychia, PG, amelanotic melanoma, squamous cell car- 
cinoma, bacterial or a mycotic infection and habit tic [138]. 


Investigations 
Radiographic imaging to rule out bony involvement. 


Management 
Surgical removal. 


Treatment ladder 


First line 
¢ Mohs surgery [139] 


Second line 
¢ Conventional excision 


Third line 
e Amputation if bone involvement 


Definition 

Melanoma (see also Chapter 142) of the nail apparatus is rare but 
associated with poor prognosis. Very early recognition and excision 
provides the best chance of survival. 


Epidemiology 
Incidence and prevalence 
The prevalence ranges from 0.18% to 2.8% of all cutaneous 


melanomas [140]. The incidence has been estimated at 
0.1/100 000/year [141]. 
Age 


Average age of onset is between the sixth and seventh decade but 
can also be found at considerably younger ages. Melanoma of the 
nail apparatus is extremely exceptional in children, with only 13 
reported cases to date (some being debatable) [142]. 
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Ethnicity 

The proportion of melanomas involving the nail apparatus is much 
higher in populations of African and East Asian ethnicity than in 
white people: about 25% of melanomas are located at the nail appa- 
ratus in Japanese and African Americans. However, the absolute 
incidence may well be similar in all racial groups [140]. 


Pathophysiology 

Trauma is often mentioned as a potential causative factor, but no 
clear link can be established with certainty [143]. UV radiation is 
not responsible as the nail plate acts as a barrier to penetration of 
UV [144]; furthermore, the similar frequency of melanoma of the 
nail apparatus in dark- and fair-skinned peoples suggests that pig- 
mentation is not protective [140]. New insights into the molecular 
pathogenesis of subungual nail melanoma reveal a high frequency 
of KIT and NRAS mutations in subungual melanoma, but a low inci- 
dence of BRAF mutations [145]. 


Pathology 

Most cases are acral lentiginous melanoma. In melanoma of the 
nail apparatus, the histological subtype, the Clark’s level, and the 
Breslow thickness are difficult to assess because of the peculiar nail 
anatomy [28]. Immunochemistry is particularly helpful for the diag- 
nosis of early disease and for the determination of excision margins: 
HMB-45 is more sensitive than Mart-1 for detecting intraepithelial 
melanocytes and the latter is in turn more sensitive than S-100 
protein. In invasive melanoma of the nail apparatus, however, S-100 
protein is the most sensitive and was the only positive marker 
in cases of desmoplastic melanoma and in areas with chondroid 
differentiation [146]. 


Clinical features 

History 

Diagnosis is very often delayed and associated with poor prognosis. 
Patients do not suspect cancer at that site and by the time they con- 
sult the melanoma is already advanced with a thick Breslow thick- 
ness [147]. It has been shown that only one third of patients with 
longitudinal melanonychia seek medical advice [140]. 


Presentation 

In three quarters of cases, melanoma of the nail apparatus starts 
in the matrix and presents as longitudinal melanonychia [148] 
(Figure 93.55). In the remainder, it arises from the nail bed and 
presents as a pigmented or amelanotic nodule, ulceration with 
bleeding, nail fold pigmentation, unexplained paronychia and/or 
partial destruction of the nail plate [149] (Figure 93.56). 


Clinical variants 

As many as 20-30% of melanomas of the nail apparatus are amelan- 
otic [140]. Melanoma of the nail apparatus is even more treacherous 
when it manifests as isolated onychorrhexis [150] or as a fissure in 
the nail [151]. 

Hutchinson sign describes the presence of pigment on the proxi- 
mal, lateral or distal nail fold. It represents the radial growth phase 
of subungual melanoma. Although this sign is highly suggestive of 
melanoma it is not pathognomonic. 
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Figure 93.55 Narrow longitudinal melanonychia on a thumb. Dermoscopy showed loss 
of parallelism and the lesion was removed. 


Differential diagnosis 
All causes of longitudinal melanonychia and tumours of the nail bed 
(squamous cell carcinoma, PG, etc.). 


Complications and co-morbidities 
Metastasis. 


Disease course and prognosis 

Survival rate for in situ melanoma is reported as 100%. The 5-year 
survival rate was 88% for a Breslow thickness of less than 2.5mm 
but only 40% for a thickness greater than 2.5mm [152]. 


Investigations 

The dermoscopic pattern is well established (brown background 
with brown to black lines which are unevenly pigmented, irregu- 
larly spaced, of variable thickness and with or without interruption 
of parallelism) but dermoscopy is not reliable enough to differen- 
tiate benign causes of melanonychia from melanoma [153-155]. A 
band occupying more than 40% of the width of the plate should be 
considered as suspicious [156]. Adult dermoscopic criteria should 
never be applied to children: a triangular sign as well as the presence 
of dots/globules, Hutchinson sign and an irregular pattern are very 
commonly found in benign pigmented nail lesions in children [157]. 


Figure 93.56 Friable granulation tissue under the plate of the great toenail. Pyogenic 
granuloma was suspected but histology revealed an amelanotic melanoma. 


Some authors have performed matrix dermoscopy after nail 
avulsion and identified four dermoscopic patterns that showed 
high sensitivity and specificity [158]. The recent development of 
intraoperative reflection confocal microscopy examination of the 
nail matrix has enabled one-step surgical management [159]. 

Incisional biopsy is not recommended, as it does not allow com- 
plete histological examination of the pigmented lesion. Several 
excisional biopsy techniques are available [160,161]. Sentinel lymph 
node biopsy for melanomas of the nail apparatus greater than 1 mm 
in thickness is probably warranted but firm evidence of its benefit 
on survival is also lacking in this situation. 


Management 
Studies have demonstrated that amputation confers no survival 
advantage as long as the tumour is fully excised [140,162]. Only one 
study compared local excision with amputation in patients with 
melanoma of the nail apparatus. In this study of 62 patients with 
melanoma of the nail apparatus of mean thickness 1.68mm, no 
significant differences in recurrence or survival rates were detected. 
Overall disease-free survival at 5 years was 92% [163]. 

Excision margins for melanoma of the nail apparatus remain con- 
troversial. Surgery poses a challenge because of the lack of surround- 
ing soft tissue [164]. As the matrix is fixed to bone, it is difficult to 


achieve deep excision margins, without amputation or removal of 
a layer of bone [165]. Many publications report that treatment of 
in situ melanoma of the nail apparatus by en bloc removal of the 
nail unit with 5-10 mm margins followed by a full-thickness skin 
graft results in excellent survival rates with optimal cosmetic and 
functional results [166-172]. Several meta-analysis confirmed that 
conservative surgery should be the treatment of choice for in situ or 
minimally invasive nail melanoma [173,174]. 

For thicker nail melanoma, as there is no evidence that aggres- 
sive amputation is associated with higher survival rates, amputation 
should be aimed at retaining the greatest function possible [163]. 


Treatment ladder 


First line 

e In situ melanoma of the nail apparatus: en bloc removal of the 
nail unit with 5-10 mm margins 

e Invasive melanoma of the nail apparatus: amputation guided 
by a balance between tumour thickness and conservation of 
function 


PERIONYCHIAL DISOR 


Acute paronychia — Cs SVK 


Synonyms and inclusions 


© Cellulitis of the finger/toe 
e Perionychia 


Classification links 
e ICD-10: LO3.0 
e ICD-11: EE12.0 


Introduction 

This is one of the most common hand infections and it is charac- 
terised by acute inflammation, swelling and pain affecting the prox- 
imal and lateral nail folds. Abscesses can also occur. 


Epidemiology 

Fingernails are more commonly affected than toenails. The index fin- 
ger and the thumb are those most commonly affected. These infec- 
tions are three times more common in females than in males. 


Pathophysiology 

A minor trauma (mechanical or chemical) usually breaks down 
the cuticle, the physical barrier between the nail plate and the nail 
folds. This results in loss of the natural barrier against infectious 
organisms, allergens or irritants. Once infiltrated, infectious organ- 
isms cause an inflammatory reaction that impairs normal nail fold 
keratinisation and formation of a new cuticle, perpetuating the 
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cycle. In general, all traumatic work or activities can predispose to 
paronychia. 

Staphylococcal infection, herpes and orf viruses, Treponema 
pallidum and some fungi can cause acute paronychia [1]. Some 
dermatological diseases like irritant and contact dermatitis, bul- 
lous disorders, psoriasis and pustular psoriasis, and systemic 
diseases like diabetes and immune/haematological abnormalities 
can predispose to paronychia. 

In neutropenic patients with haematological or solid-organ malig- 
nancy, the most common causes of paronychia with cellulitis of the 
toe are Fusarium and, less frequently, Aspergillus. Moulds are, how- 
ever, frequently responsible for acute paronychia with purulent 
discharge. 

Artificial nails and gel polish have recently been identified as pos- 
sible vehicles of bacteria due to their ability to harbour microor- 
ganisms inaccessible to routine hand hygiene practices and, for this 
reason, have to be included in the list of conditions predisposing to 
paronychia. 

Acute paronychia also occurs frequently as an episode during 
the course of chronic paronychia, when other organisms may be 
involved including streptococci, Pseudomonas aeruginosa, coliform 
organisms and Proteus vulgaris. Bacterial paronychia may also 
present as a subacute infection [2]. 


Clinical features 

Acute paronychia presents as a painful red swelling of the parony- 
chial area (Figure 93.57). If the infection spreads to the nail bed, it 
may generate enough pressure to uplift the nail plate and damage 
the nail matrix: Beau lines and onychomadesis (nail shedding) may 
occur as a consequence. If left untreated, an infection of the parony- 
chium may spread to the fingertip (felon), but also to the underly- 
ing bone (osteomyelitis). The degree of host immune competence is 
responsible for the severity of clinical manifestations. 


Investigations 

In many nail unit infections, the clinical presentation is non-specific 
and for this reason diagnostic tests are always advisable to 
guide treatment. Treatment should be targeted in order to avoid 
drug-resistance. Bacterial culture for pathogens is the standard 
test but consider checking for the presence of herpes simplex 


Figure 93.57 Acute bacterial paronychia of the finger. 
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virus. A Tzanck smear test or PCR usually give a fast response 
because non-bacterial and bacterial paronychia can be distin- 
guished. Consider performing imaging or biopsy to exclude 
osteomyelitis or another underlying disorder in bacterial parony- 
chia non-responding to treatment or with a high rate of recurrences. 
As trauma and terminal phalanx fractures can mimic acute parony- 
chia, radiography is advised when the latter occurs after trauma [1]. 


Management 
The key to successful management is early identification of the aeti- 
ology and initiation of the most appropriate treatment. 

In the presence of a bacterial paronychia, if an abscess is present 
and it is superficial, it can easily be drained by incision with a 
pointed scalpel without anaesthesia. Sometimes a bullous pyo- 
derma brings to light a narrow sinus. This may be a part of a 
‘collar-stud’ abscess that may communicate with a deeper necrotic 
inoculation zone. This must be laid open and excised. Deeper lesions 
should be treated with penicillinase-resistant antibiotics initially. If 
there is no clear sign of response within 2 days, surgical intervention 
under local anaesthesia is required, particularly in children. The 
removal of the proximal third of the nail plate, cut transversally 
with nail-splitting scissors without initial incisional drainage, is 
advisable: this gives more rapid relief and more sustained drainage. 
In associated subungual infection, probing will determine the most 
painful area and provide an indication of where the nail plate 
should be cut away. Soaking the finger twice a day in an antisep- 
tic solution such as chlorhexidine or 2-4% thymol in chloroform 
results in rapid healing. A topical combination of fusidic acid and 
betamethasone 17 valerate might be required. Systemic antibiotics 
are only for severe cases not responding to topical therapy, in the 
presence of osteomyelitis, or in frequent recurrences, as well as 
in populations at risk (diabetes, immunosuppression, peripheral 
vascular impairment, a prosthetic heart valve), but always accord- 
ing to sensitivities. A broad-spectrum antibiotic treatment such 
as amoxicillin/clavulanate or clindamycin is advisable when the 
antibiogram is not feasible [1,3]. 


Herpetic paronychia | 


Synonyms and inclusions 


¢ Herpetic whitlow 


Classification links 
e ICD-10: L99.8 
e ICD-11: 1FOO.0Y 


Introduction 

This is an uncommon condition due to both herpes simplex virus, 
type 1 and type 2, which may cause nail unit infections if the virus 
is able to enter a disrupted epidermis in the nail region. 


Epidemiology 
Women and children are more frequently affected than adult men. 
Medical and dental personnel are particularly at risk. Fingernails, 


especially the index finger, are more frequently affected than 
toenails. 


Pathophysiology 

It is due to primary inoculation of the virus from autogenous inocu- 
lation from another affected area (mouth/nose/ genital area), exoge- 
nous inoculation from contact with a person actively shedding the 
virus, or due to virus that remained viable on surfaces. 


Clinical features 

Herpes simplex virus may affect the periungual skin of the terminal 
phalanx with the typical vesicles, but alternatively it may cause 
an acute and extremely painful paronychia often confused with 
bacterial paronychia [1]. After a prodromal period (up to 20 days, 
but <6 hours in recurrent infections) of local tenderness, erythema 
and swelling, clusters of small and tense vesicles appear around the 
perionychium. Clear at first, the blisters soon become purulent and 
may rupture and be replaced by crusts (Figure 93.58). The infection 
is usually very painful and takes about 3 weeks to resolve, with 
pain for half that time. More rarely the vesicles develop within the 
nail bed producing onycholysis. Lymphangitis sometimes occurs 
and may precede vesiculation. 


Investigations 
Diagnosis may be established by recovering the virus from a recent 
blister and by cytological examination of the blister floor (Tzanck 


Figure 93.58 Herpetic paronychia. Courtesy of R. Baran, Cannes. 


smear) [4]. This test is fast and cheap but cannot distinguish between 
type 1 and type 2, and herpes zoster virus. Differentiation is pos- 
sible with PCR, culture and serologic testing. Among these three, 
culture is the gold standard, but PCR is faster and more sensitive. 
Serum analysis for herpes simplex virus antibodies is helpful to dif- 
ferentiate between type 1 or 2 and also helpful when the vesicles are 
localised to inaccessible areas such as the nail bed [4]. 


Management 

Treatment probably does little to shorten the course of the disor- 
der, but treatment with thymidine analogues, such as oral aciclovir, 
famciclovir and valaciclovir, may be useful if recurrences are fre- 
quent. Although widely used, topical aciclovir and topical famci- 
clovir provide no relevant benefit in reducing the duration of symp- 
toms. Moreover, the topical application will not reach the site of 
reactivation and does not influence the host immune response [1]. 
Numbness of the finger has been reported following infection, as 
well as persistent lymphoedema. Herpetic paronychia may cause 
complete destruction of the nail, bacterial superinfection and sys- 
temic spread that may cause meningitis. 


Orf paronychia —sS¥oWaa 


Synonyms and inclusions 


¢ Ecthyma contagiosum 


Classification links 
e ICD-10: BO8.0 
e ICD-11: 1E75 


Introduction 

Orf is a highly contagious zoonotic parapoxvirus infection that has 
been reported in subjects who have had a history of direct or indi- 
rect contact with sheep and goats. It is not uncommon among sheep 
farmers, shearers, slaughterhouse workers, butchers, vets and those 
who bottle-feed lambs. 


Pathophysiology 
Human lesions are caused by direct inoculation of infected material. 


Clinical features 

After a maculo-papular stage (early stage), the lesion acquires a red- 
dish centre with an outer halo (target stage). In the acute phase it 
starts to weep and then it becomes dry (regenerative stage), crusty 
and then undergoes spontaneous resolution, with little or no resid- 
ual scarring. 


Investigations 

Orf mainly is a clinical diagnosis, based on history of contact with 
animals. Biopsy is rarely indicated: keratinocytes that are infected 
with the virus have eosinophilic cytoplastic inclusion and irregu- 
larly shaped nuclei. 
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Management 

The benign course justifies conservative management awaiting 
spontaneous resolution. Other approaches such as imiquimod, 
cidofovir, excision, cryotherapy and electrocautery have, however, 
been reported to be successful [5]. 


Syphilis on the finger — 


Classification links 
e ICD-10: A51.2 
e ICD-11: 1A61.2; 1A61.3; 1A62.22 


Introduction 

Syphilis on the perionychium may be due to occupational infection 
or sexual contact with the spirochete Treponema pallidum. Clinical 
pictures of the three stages are usually unspecific and additional 
diagnostic procedures are mandatory to make the diagnosis. 


Epidemiology 
The finger accounts for 5-14% of extragenital primary syphilitic 
chancres. 


Pathophysiology 

T. pallidum survives briefly outside of the body: this means that the 
transmission requires direct contact with the infectious lesion. T. 
pallidum rapidly penetrates intact mucous membranes or micro- 
scopic abrasions and, within a few hours, enters the lymphatics and 
blood to produce systemic infection. The clinical picture of primary 
syphilis is evident in 3 weeks at the site of inoculation. Even without 
treatment the primary lesion heals. 

Secondary syphilis develops around 4-10 weeks later. Widespread 
mucocutaneous lesions are typical and involve the palms, the soles 
and oral mucosae. If left untreated, the infection evolves into latent 
and then tertiary stage. 


Clinical features 

Primary syphilis (chancre) may present as a deep horseshoe-shaped 
whitlow with diffuse induration of paronychial tissues and asso- 
ciated regional lymphadenopathy. Pain and tenderness of the fin- 
gertips with swelling and serous discharge may also be observed. 
Chancre in this region has usually a chronic course. 

Secondary and tertiary syphilis may also involve the nail unit with 
secondary syphilis involving the nail matrix with various degrees of 
inflammation and nail plate dystrophies (fragility, splitting, lunular 
elkonyxis, Beau lines, onychomadesis, pigmentation, wedge thick- 
ness of the free edge) and tertiary syphilis involving the entire nail 
apparatus with granulomatous reaction, tissue necrosis and perma- 
nent nail loss [6]. 


Investigations 

As stated, clinical pictures are not specific. Serological tests can 
be helpful. Biopsy typically reveals a plasma-cells infiltrate and 
endarteritis. Mononuclear leukocytic infiltrate, macrophages and 
lymphocytes are also typical. A more granulomatous reaction with 
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palisaded macrophages is more typical of the tertiary stage. PCR is 
the gold standard of detection for all stages. The immune reaction 
is particularly high during the secondary stage. 


Management 


Penicillin is the drug of choice to treat syphilis. Doxycycline is the 
best alternative. 


Chronic paronychia — 


Classification links 
e ICD-11: EE13.2 


Introduction 

Chronic paronychia is an inflammatory dermatosis of the nail folds 
which causes retraction of the periungual tissues and loss of cuticle, 
with resultant secondary effects on the nail matrix, nail growth and 
soft-tissue attachments (Figure 93.59). 


Epidemiology 

Chronic paronychia is predominantly a disease of domestic and 
catering workers, bar staff and fishmongers. Handling of wet foods 
represents a particular hazard, as these often combine several 


Figure 93.59 Chronic paronychia: paronychial swelling, loss of cuticle and dystrophic 
nail. 
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predisposing factors including wet working conditions, a cold 
environment and irritation from the food itself. The condition 
most frequently involves females. Any finger may be involved, but 
the first three fingers of the dominant hand are the most severely 
affected. 


Pathophysiology 

It can be the consequence of an acute paronychia, but depending on 
the major aetiological factor, chronic paronychia is generally classi- 
fied into the following types: irritative reaction, contact allergy, food 
hypersensitivity, Candida hypersensitivity, true Candida paronychia. 
It is frequently seen with atopic eczema or psoriasis, where minor 
provocation can result in active disease [7]. 


Clinical features 

The condition begins as a slight erythematous swelling of the 
paronychial tissues. It may be painless but, if tender, is much less 
so than in acute paronychia, except when pressed. The cuticle is 
lost. Inflammation adjacent to the nail matrix disturbs nail growth, 
resulting in irregular transverse ridges and other surface irregu- 
larities (Beau lines) which may be combined with discoloration. 
Concomitant darkening of the lateral edges of the nail plate may 
be due to the pigment of Candida spp. or Neoscytalidium dimidia- 
tum, though it is sometimes associated with green staining of 
Pseudomonas aeruginosa. Candida paronychia can be observed in 
children who have oral candidiasis or a habit of thumb sucking. 

In longstanding cases, the size of the nail may be reduced, and 
this reduction is exaggerated by the bolstering of the fold all around 
the nail. Most of the nail deformity is due to inflammation, which 
interferes with the formation of the nail, but a true Candida infec- 
tion of the nail plate is occasionally seen, especially in patients with 
immunodeficiency. 

Much of the chronic inflammation seen in this disorder probably 
arises from an irritant reaction to material sequestered beneath the 
proximal nail fold. The loss of the cuticle means that detergent and 
other solvents may gain access to this tight space, inducing or main- 
taining an inflammatory reaction. Acute exacerbations occur from 
time to time and are due to secondary bacterial infection (Staphylo- 
coccus aureus or Staph. epidermidis, Proteus vulgaris, Escherichia coli). 


Investigations 

Patch tests and food provocative tests can be performed when con- 
tact allergy needs to be excluded. Fungal/bacterial cultures are also 
other investigative options. 


Management 
Treatment mimics that of chronic hand eczema and is a combina- 
tion of avoidance of precipitants, proper hand care and medication. 
Perhaps the most important part of the treatment, but the one most 
difficult to achieve, is keeping the hands dry. Patients involved in 
wet work should be advised to wear cotton gloves under rubber or 
plastic gloves and avoid manicure of the proximal nail fold. Gen- 
eral hand care with emollients and protection from trauma and irri- 
tants is helpful. If these precautions are not followed, the condition 
is unlikely to settle whatever medical treatment is given. 

A potent topical steroid may be used for short periods. Injec- 
tions with triamcinolone acetonide in the nail fold (2.5-10 mg/mL 


Figure 93.60 Chronic paronychia with a Candida superinfection causing brown 
discoloration. 


monthly) are very useful. Topical imidazoles are usually sufficient 
to treat Candida and may provide modest activity against some bac- 
teria. Systemic antifungals are useless because Candida, although 
often present (Figure 93.60), is not a primary pathogen [8]. Twice 
a day application of sodium hypochlorite solution is very effec- 
tive against Pseudomonas superinfection. Chronic paronychia not 
responding to medical therapy should be treated surgically. 


OTHER DISORDERS OF THE PERIONYCHIUM 


Drug-induced paronychia — 


Paronychia may be caused by certain drugs such as retinoids, 
methotrexate, antiretrovirals and targeted therapies and can involve 
multiple digits [9-11]. Several nails are usually involved within 1 
or 2 months after the drug intake. Loss of the nail plate can be 
associated. The pathogenesis is still unclear, but probably a toxic 
effect of the drug on nail epithelia or a pyogenic infection may be 
responsible for the clinical presentation. Paronychia resolves with 
drug interruption and is frequently followed by onychomadesis. 
Rechallenge is often positive. 

It seems that paronychia due to anticancer treatments can be pre- 
vented with the application of topical beta-blockers, both in adults 
and paediatric patients. 


Hangnails are small portions of the horny epidermis that have split 
away from the lateral nail fold. They are often triangular in shape, 
with a hard pointed distal end and an adherent base (Figure 93.61). 
Hangnails are common in people who handle irritants or who work 
primarily with their hands. Inflammation is usually present causing 
pain, particularly if the hangnails are interfered with (onychotillo- 
mania). Attempts to remove them may be complicated by acute or 
chronic paronychia. In addition to classical hangnails, scaling of the 
nail folds with scattered small haemorrhages and focal erosions or 
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Figure 93.61 Hangnail. 


necrosis may be observed, typically involving the toes. Hangnails 
should be snipped off using sharp-pointed scissors. Mupirocin or 
fusidic acid ointment may prevent or clear low-grade infection. 


Painful dorsolateral fissure: 
fingertip 


This condition is not uncommon and occurs particularly in man- 
ual workers involved in wet work or in contact with irritants or 
solvents; it is also seen in patients receiving chemotherapy or tar- 
geted therapies where the fissures, often painful, are associated 
with xerosis and become infected [12]. Interestingly, the fissures 
are distal to and in line with the lateral nail groove (Figure 93.62). 
The discomfort experienced by the subjects may render many 


Figure 93.62 Painful dorsolateral fissure of the fingertip. At the right side: the same 
fissure after application of cyanoacrylate glue. 


subtle tasks difficult and even impossible. There appears to be no 
anatomical basis for the site of fissure, although it could reflect some 
structural weakness distal to the lateral nail grooves. Application of 
cyanoacrylate glue in the fissure often results in an immediate relief 
of pain but contact allergies to skin adhesives such as cyanoacrylates 
have been reported. 


DERMATOSES AFFECTING THE NAIL 


There are a number of inherited and acquired conditions that cause 
nail changes. Here we describe the most common dermatoses that 
can have nail involvement. Please see specific chapters for descrip- 
tion of nail changes that may occur in other conditions, e.g. Chapter 
69, genetic blistering disorders for changes seen in epidermolysis 
bullosa. 


Nail psoriasis | 


Synonyms and inclusions 


Psoriatic nail dystrophy 
e Acrodermatitis continua of Hallopeau 


Classification links 
e ICD-10: L40.8 
e ICD-11: EA 90.51 


Introduction 

About half of the patients who suffer from psoriasis also have 
changes affecting their nails. Psoriatic nail disease (see also 
Chapter 35) differs greatly in clinical appearance, severity and 
impact for individual patients. It is associated with significant pain 
and physical impairment as well as issues such as self-image and 
cosmetic concerns, difficulty with tasks involving manual dexterity, 
anxiety and/or depression, an increased number of missed work- 
days relative to patients without nail involvement and substantial 
impairments in quality of life. 


Epidemiology 

Psoriasis is probably the most common disorder affecting finger- 
nails. Among plaque psoriasis patients, prevalence of nail psoriasis 
is over 50%, with an estimated lifetime incidence of 80-90% [1,2]. 
Nail psoriasis in the absence of cutaneous or joint disease is present 
in 5-10% of psoriatic patients [3]. Most frequently, both fingernails 
and toenails are involved [2]. De Jong et al. [4] reported that 93% of 
people with nail psoriasis considered it a significant cosmetic hand- 
icap, 58% found that it interfered with their job and 52% described 
pain as a symptom. 

Nail psoriasis has the highest prevalence in patients between 
35 and 64 years of age and is much rarer in children [5-7]. Psori- 
asis patients with psoriatic arthritis and genital psoriasis have an 
increased risk of developing nail psoriasis [8-10]. Psoriasis patients 
with nail involvement have a higher risk of developing psoriatic 
arthritis but most nail psoriasis patients will never develop psoriatic 
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arthritis: the annual risk to develop psoriatic arthritis in psoriasis 
patients with nail involvement is 0.55-2.55% and in psoriasis 
patients without nail involvement this risk is 0.26-1.14% [11,12]. 


Pathophysiology 

Environmental factors, genetic susceptibility, abnormal function 
of keratinocytes and immunological disturbances of the innate 
and acquired immune system are all postulated to play a role in 
the pathophysiology of psoriasis [13,14]. Nail unit psoriasis is a 
localised form of this inflammatory disease and the features repre- 
sent a combination of local skin changes and secondary effects on 
nail plate growth. 

Little is known about the role of environmental factors in the 
pathogenesis of nail psoriasis, while some data are available 
on genetic susceptibility: plaque psoriasis is positively corre- 
lated with HLA-Cw6; nail psoriasis patients are more frequently 
HLA-Cwe6-negative, indicating a separate genotype [15,16]. Nail 
involvement appears to be also milder in HLA-Cw6-positive than 
in HLA-Cw6-negative psoriasis patients [16]. In Asian patients 
the Nail Psoriasis Severity Index (NAPSI) was significantly higher 
in HLA-B46-positive patients [17], and nail psoriasis was more 
frequent in HLA-A*02:07 carriers, HLA-B*46:01 carriers and 
HLA-C01*02 carriers, whereas C*6:02 carriers were less prone 
to have nail involvement [18]. Little is known about the role of the 
innate and adaptive immune system in nail psoriasis, but mast cells 
[19,20], antimicrobial peptides, including LL37, hBD-2 and hpD3 
[21], and inflammatory mediators TNF-a, IL-6, IL-8 and NF-«B [20], 
may play a role. 

Because of the close anatomical relationship between the 
soft-tissue attachments of the distal interphalangeal joint and the 
proximal element of the nail unit it has been assumed that enthesitis 
of the extensor tendon of the distal interphalangeal joint may play a 
role in the development of both nail psoriasis and of psoriatic arthri- 
tis [22,23]. However, the nail enthesitis theory is becoming obsolete 
because anatomical [24,25], ultrasound [26,27] and a prospective 
clinical study [28] indicated that enthesial thickening is not specific 
for nail psoriasis and instead represents non-specific inflammatory 
oedema of the whole involved area, including the enthesis. 


Clinical features 

The inflammatory reaction in nail psoriasis can be present in the 
nail folds, in the nail matrix and/or in the nail bed. Clinical mani- 
festations differ according to which of these structures is involved. 
Nail fold psoriasis manifests with papulosquamous or pustular 
lesions or with paronychia as a result of psoriatic inflammation 
of the periungual region. Psoriasis of the nail matrix can cause 
pitting, leukonychia, red spots of the lunula, Beau lines, thickening 
and crumbling of the nail plate (Figures 93.63, 93.64 and 93.67). 
Psoriasis of the nail bed presents as oil-drop discoloration, splinter 
haemorrhages involving the distal third of the nail plate, subungual 
hyperkeratosis and/or onycholysis (Figures 93.64, 93.65 and 93.66). 


Nail fold psoriasis 

The epidermis of the dorsal surface of the proximal nail fold is 
much like its surrounding skin. Psoriasis here resembles psoriasis 
elsewhere on the skin or presents with signs of chronic paronychia 
with erythematous swelling of the proximal nail fold and loss of 


Figure 93.63 Psoriasis: pitting. 


the cuticle. Periungual involvement may be dramatic and highly 
inflammatory with overflow of the inflammation to the underlying 
nail matrix. Loss of the nail may follow, with scaling of the nail 
bed or a deep transverse furrow. In milder cases the nail plate can 
become thickened or thin [29]. 

Nail fold psoriasis is commonly found in patients with psoriatic 
arthritis with nail involvement and is, like subungual hyperkerato- 
sis, associated with the severity of both nail psoriasis and cutaneous 
psoriasis [30]. 


Nail matrix psoriasis 

Red lunula. Red spotted lunulae (Figure 93.64) represent vasodilata- 
tion of the vessels beneath the nail. This may be induced by the pso- 
riatic inflammatory reaction of the intermediate or ventral matrix. 


Pitting. Pits more commonly affect fingers than toes (Figure 93.63 
and 93.64). They represent punctate surface depressions arising 
from proximal matrix disease (Table 93.4). Psoriatic inflammation 
in the proximal matrix produces loose parakeratotic cells in the 
surface portion of the nail plate [31]. As the plate grows out, these 
cells are exposed to the environment and shed, resulting in the 
irregular punctate depression we know as a ‘pit’. The pits typically 
are relatively large and deep. The distribution often is irregular but 
pitting also occurs in transverse/longitudinal rows. If the pits are 
widespread, shallow and small, the nail becomes dull and rough 
(trachyonychia). If pits are large and deep a punched-out hole in 
the nail plate (elkonyxis) may develop [32]. 

The matrix origin of pits means that they can be influenced by 
disease modification in the proximal nail fold and injection of triam- 
cinolone into the nail fold alone suppresses this clinical feature [33]. 


Transverse depressions. Transverse depressions are, similar to pits, 
the consequence of psoriatic inflammation of the matrix. While pits 
are the result of focal parakeratosis, transverse grooves and ridges 
are the clinical reflection of a wider and compact area of psoriatic 
matrix disease. Serial transverse depressions or Beau lines may 
mimic ‘wash-board nails’ (Figure 93.64). 
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Figure 93.64 Psoriasis. Signs of nail psoriasis: Top: salmon patch, onycholysis, subungual hyperkeratosis splinter haemorrhage. Bottom: pitting, crumbling, Beau lines, red spots of the 


lunula. 


Figure 93.65 Psoriasis: distal onycholysis. Note also the salmon patch. 


Onychomadesis and dystrophic crumbling of the nail plate. If pso- 
riatic inflammation persists and involves the entire matrix the con- 
sequence can be twofold. A transverse groove can become complete 
and nail shedding (onychomadesis) occurs. When the whole matrix 
is affected the nail plate may also become off-white and crumbling 
(Figure 93.67). 


Leukonychia. Inflammation of the mid- or distal matrix causes 
accumulation of trapped parakeratotic cells within the nail plate. 


Figure 93.66 Psoriasis: subungual hyperkeratosis. 


This is recognisable as white spots in the nail plate (leukonychia). 
Leukonychia is rather non-specific for psoriasis and can also be 
found in many healthy people [34]. 


Nail plate thickening and discoloration. In cutaneous psoriasis 
epidermal hyperproliferation is responsible for the thickened 
plaques. Hyperproliferation of the nail matrix can cause thickened 
nail plates, which is a major factor in yellow discoloration of the 
psoriatic nail. Also, subungual hyperkeratosis may contribute to 
this appearance, which is particularly common in the toenails. 
The coincidence of onychomycosis and psoriasis is frequent in 
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Table 93.4 Relationship between clinical features and site of disease activity in psoriasis onycholysis is the characteristic salmon-coloured zone at the 
ofthe nail FromZaias[31} Ceding edge of onycholysis (Figure 93.65). Alternatively, onychol- 
Clinical feature Area of disease Duration of disease ysis may commence at the distal edge, representing disruption of 


the onychocorneal band [37]. Once this band of firm attachment has 


ia inal ets lela iy iesichse been breached, the process is often progressive. Minor manicure, 
Transverse furrows Proximal matrix; distal extension 1-2 weeks wet work and leverage from long nails exacerbate the problem. 
depends on depth of furrow 
Crumbling nail plate Entire matrix Prolonged Subungual hyperkeratosis. Subungual hyperkeratosis represents 
Leukonychia with rough Proximal matrix; leukonychia may Variable accumulation of keratinocytes in nail bed disease (Figures 93.64 and 
suiiahe inaive istallimairx 93.66). The nail plate is raised off the nail bed due to the volume of 
Changes in nail bed ; the subungual cell material. Substantial apparent nail plate thicken- 
ae. moe . a al ee see ing may result: it is most marked distally and extends proximally. 
. hacinomhage The colour of the hyperkeratosis can vary from yellow to white, 
Oily spot/onycholysis Nail bed psoriasis Prolonged but in psoriasis the subungual hyperkeratosis frequently has a 
False nail following Nail bed psoriasis Prolonged less common silvery white colour. The fingertip may become very 
onychomadesis tender where there is gross thickening, as the nail plate attachment 
subungual fyperketatesio. - Nallbed! psoties's prolonged is greatly reduced and the nail can easily be caught and tug on the 
Yellow/green discoloration Secondary infection by yeasts or Prolonged mattis sHackanent: Subungual hyperkeratosis ic alan & prominent 
of nail bed Pseudomonas 


feature of pityriasis rubra pilaris affecting the nails and is often 
associated with splinter haemorrhages [35,38]. 


Splinter haemorrhages. Capillary injury in the longitudinally ori- 
entated epidermal—dermal ridges manifests clinically as small linear 
haemorrhages, known as splinter haemorrhages. Splinter haemor- 
rhages in psoriasis frequently occur under the distal third of the 
nail plate and are seen in the nail bed in up to 94% of nail psoriasis 
patients and in 37% of healthy controls [34]. Dermoscopy may facili- 
tate the detection of splinter haemorrhages. Bleeding of the capillar- 
ies can be due to the increased capillary prominence and fragility 
in nail bed dermis in psoriasis and to the presence of dystrophy. 
Patients often consider the splinter haemorrhages as dirt and try 
to remove them, resulting in leverage and trauma, which results in 
more splinter haemorrhages and onycholyses. 
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Pustular variants of nail psoriasis 

The nomenclature of sterile pustular conditions of the nail is confus- 
ing, perhaps because of the considerable overlap between acroder- 
matitis continua of Hallopeau, acropustulosis repens (Figure 93.68), 
palmoplantar pustulosis and acute generalised pustular psoriasis 
[39]. There is controversy regarding whether these conditions are 
separate entities or are on a continuum with pustular psoriasis. 
Acrodermatitis continua of Hallopeau [40] is the most frequent 
of these rare disorders and typically begins in one single finger 
or toe but involvement of multiple digits is common. It presents 
with paronychia and collections of sterile pustules around the 
nail fold and subungual. The nail may ultimately be shed and 
both toenails [35] and fingernails [36], and can modify the clinical _ then the nail bed will present with scales and pustules. In severe 
appearances. Candida and Pseudomonas superinfections can resultin —_ acrodermatitis continua of Hallopeau the entire digits may be 
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Figure 93.67 Nail crumbling in a psoriasis patient. 


brown or green discoloration. involved with resorptive osteolysis and loss of the tips of digits and 
nails [41,42]. Acrodermatitis continua of Hallopeau has a chronic 
Nail bed psoriasis relapsing course and is frequently refractory to many therapeutic 


Oil dropping sign and onycholysis. Focal nail bed parakeratosis modalities. 

produces an ‘oil spot’ or ‘salmon patch’. These patches of vari- 

ous size and variable duration can be observed through the nail Differential diagnosis 

plate. Extension to the free edge results in onycholysis, which The main differential diagnostic considerations are onychomycosis 
typically has a reddish-brown proximal margin (Figure 93.64).Con- —_ and lichen planus, and less commonly eczema or reactive arthritis 
sequently, a clue to the diagnosis of psoriasis as the cause of | (previously known as Reiter syndrome) where pitting may be 
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Figure 93.68 Acropustulosis: nail plate has been destroyed by intense pustular 
inflammation. 


seen [43]. Onychomycosis more commonly affects the toenails, 
whereas the fingernails are more commonly involved in psoriasis. 
Furthermore, in psoriasis the nail surface alone is often affected, 
whereas in onychomycosis there are usually visible abnormalities 
within or beneath the nail plate. Onychomycosis of the finger- 
nails tends to involve only one or a minority of digits, in contrast 
with psoriasis where multiple digits often are affected. Obviously, 
psoriatic skin changes or arthritis of the distal interphalangeal joint 
suggest a psoriatic cause of nail dystrophy. 

Some forms of fingernail lichen planus are very difficult to 
distinguish from psoriasis. Both may result in roughened nails (tra- 
chyonychia) with subungual hyperkeratosis. If pits are prominent 
the diagnosis of psoriasis can be made, but if they are subtle and 
difficult to distinguish from other surface changes, they may be 
part of lichen planus. The nails in reactive arthritis and pityriasis 
rubra pilaris can also be difficult to differentiate from psoriasis 
[43,44] where distal subungual hyperkeratosis and splinter haem- 
orrhages are common. Aggressive forms of atypical nail psoriasis 
presenting in later life may represent acrokeratosis paraneoplastica 
of Bazex (Chapter 148). The patient is usually male, with sub- 
ungual hyperkeratosis and scaling of the periunguium, ears and 
nose associated with malignancies of the upper gastrointestinal or 
respiratory tract [45-47]. 

A variant of nail psoriasis presents with pain and soft-tissue 
swelling of the distal digit associated with psoriatic nail changes 


and underlying bone erosion and periosteal reaction. This can 
develop in the absence of joint involvement and is called ‘psoriatic 
onychopachydermoperiostitis’ (POPP) [48,49]. 


Investigations 

General accepted criteria for the diagnosis of nail psoriasis do not 
exist and the diagnosis is primarily based on clinical signs. A nail 
unit biopsy taken from the affected area of the nail unit may be 
considered gold standard, but also non-invasive techniques like 
dermoscopy [50] and ultrasound [51] have well-described features. 
The presence of structural damage of the nail plate and higher 
power Doppler signal are the main ultrasound findings supporting 
a diagnosis of psoriatic onychopathy. Other non-invasive imaging 
techniques, such as magnetic resonance image techniques [52] or 
optical coherence tomography [53], have also been introduced to 
facilitate the diagnosis of nail psoriasis. 

Dermoscopy of the nail unit (onychoscopy) can be used to evalu- 
ate the nail plate surface, the free edge and the periungual tissues. 
The most common onychoscopic findings are dilated and tortuous 
capillaries in nail bed and hyponychium, present in 90% of patients 
[54,55]. Other onychoscopic features of nail matrix psoriasis are 
coarse pits/pitting, nail plate thickening, trachyonychia, trans- 
verse grooves, leukonychia and red spots in the lunula. The most 
common onychoscopic feature indicating nail bed involvement are 
splinter haemorrhages. Other nail bed features of nail psoriasis 
are salmon patches, onycholysis, dilated globule vessels, streaky 
capillaries, subungual hyperkeratosis and erythematous borders of 
an onycholytic area [56]. 

A nail unit biopsy can be used in case of doubt about the cor- 
rect diagnosis. Histologically, psoriasis of the nail folds simulates 
psoriasis involving other cutaneous sites. Histopathological features 
of nail bed and matrix psoriasis are somewhat different from psori- 
asis elsewhere on the body [57]. The following histological features 
are characteristic for psoriasis of the nail bed and matrix: vary- 
ing degrees of uniform hyperplasia, spongiosis, appearance of 
a granular layer, spongiform pustules and parakeratosis with 
neutrophils [58]. Unlike psoriasis elsewhere, nail bed and matrix 
histopathology reveals hypergranulosis in more than half of the 
cases. Conversely, the hyponychium, where a granular layer is 
normally present, no longer has one [59]. 

Biopsies taken from the nail bed are more helpful when subun- 
gual hyperkeratosis is present but areas of onycholysis generally 
do not produce useful histological information [60]. In a histo- 
logical nail bed study, the feature found most frequently was 
hyperkeratosis with parakeratosis (78% of biopsies), followed by 
neutrophilic infiltration of nail bed epithelium (63%), hypergranulo- 
sis (58%), psoriasiform hyperplasia (53%), dilated capillaries (47%) 
and serum exudates in 43% of cases [61]. The use of nail clipping 
microscopy as a diagnostic tool for nail psoriasis has shown that 
the predominant histological features consistent with psoriasis are 
a thickened nail plate, subungual hyperkeratosis, neutrophils and 
parakeratosis [62-66]. 


Management [33,67-69] 

Effective management of nail psoriasis is often complex, chal- 
lenging and time-consuming. An optimal effect of any treatment 
may take up to 1 year. Numerous treatments have been described 


as treatments for nail psoriasis [67] but a successful therapeu- 
tic approach should include both general advice for all patients 
with nail psoriasis (Box 93.2) and an individualised choice from 
available pharmacological treatments. Onychomycosis, espe- 
cially of the toenails, has been demonstrated to be more common 
in patients with psoriasis [36] and could koebnerise psoriatic nail 
disease. In case of onychomycosis, antifungal treatment should be 
prescribed along with nail psoriasis treatment [33]. 


Box 93.2 General advice for all patients with nail 
psoriasis. Reproduced from [33] with permission 
from Elsevier. 


e Avoid biting, tearing and traumatising the nails; tangential filing; 
frequently applying and removing nail cosmetics; frequent water 
contact; artificial or gel nails; pulling, biting and cutting cuticles; 
wearing high heels or narrow toed shoes; and cutting toenails round 
at the edges 

e Wear heavy duty cotton gloves for dry work and light cotton gloves 
underneath vinyl gloves for wet work 

¢ Keep nails short in nail bed psoriasis 

e Frequently use hydrating topical products on hands and nails 

e An orthopaedist or podiatrist should be consulted for the fitting 
of proper shoes and shoe inserts if anatomical problems, such 
as bunions, improper foot strike, pronators or supinators, are present 


Accepted treatment modalities include topical agents, intra- 
lesional injections, conventional systemic medications, small 
molecules and biologic agents. The role of non-pharmacological 
treatment options, including phototherapy, photodynamic therapy, 
radiotherapy and laser therapy is limited [67]. Topical treatments 
used to be the mainstay therapies in nail psoriasis. Gradually 
the focus in clinical research has shifted towards systemic treatment, 
in particular towards small molecules and biologics. However, it 
is reasonable to assume that in daily clinical practice many more 
patients with uncomplicated nail psoriasis are treated topically 
and intralesionally than with systemic therapies. High-potency 
corticosteroids with or without calcipotriol could be tried in mild 
nail bed or nail matrix psoriasis [70,71]. Intralesional therapy 
in nail disorders has several advantages above topical or systemic 
treatments [72]. It is able to treat unreachable parts of the nail 
unit as non-invasively as possible, avoids barriers to drug pen- 
etration resulting in effective levels of drugs at the site of action 
and may establish a tissue depot for a prolonged release of drugs. 
Locally injected steroids have a long history in the treatment of nail 
psoriasis and their efficacy is beyond dispute. Studies suggest 
that intralesional injection into the nail bed and matrix is partic- 
ularly effective for alleviating lesions caused by psoriasis of the 
nail matrix, and also has moderate effects on nail bed signs. In 
addition to intralesional triamcinolone, intralesional treatment 
with methotrexate in nail bed or nail matrix is a potentially inter- 
esting therapy [73,74]. Systemic therapy with methotrexate is more 
frequently used in nail psoriasis than intralesional methotrex- 
ate. Systemic methotrexate can be used in both nail bed and nail 
matrix psoriasis and is rather effective but also slow acting. It 
may take up to 6 months before relevant clinical improvement can 
be noticed [75]. Acitretin is another systemic treatment which is 
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effective in nail psoriasis and as slow acting as methotrexate [76]. 
Ciclosporin might be somewhat faster and at least as powerful 
as methotrexate or acitretin [75] but its potential side-effects limit 
long-term treatment. It appears that the small molecule apremilast 
[77-82] and possibly also tofacitinib [83] are oral alternatives 
for conventional systemic therapies with methotrexate, ciclosporin 
or acitretin. Comparative studies are missing but efficacy and speed 
of onset with small molecules appears to be in the same range. 
Biologic therapies appear to act faster and might be more effective 
treatments for nail psoriasis [67] but comparative studies with con- 
ventional therapies and other biologics are sparse. Adalimimab is 
the only biologic which is FDA (but not EMA) approved for the 
treatment of nail psoriasis. This anti-TNF monoclonal antibody is an 
effective treatment for nail psoriasis [84,85] but probably not more 
effective than the other anti-TNFs — infliximab [86], etanercept [87], 
certoliziumab pegol [88], or golimumab [89]. Other groups of bio- 
logics used in psoriasis inhibit IL12, IL17 and/or IL23, and may be 
more powerful treatments for nail psoriasis than anti-TNF treat- 
ments, but it is too early to make a final judgement. Brodalimumab 
[90], guselkumab [91], ixekizumab [92], risankizumab [93], secuk- 
inumab [94] and ustekinumab [95] all can improve nails in psoriasis 
patients. 

Concerning non-pharmacological treatment options it is possible 
that 595-nm pulsed dye laser or long-pulsed 1064-nm Nd:YAG 
laser treatment of nails has some beneficial effect in nail psoriasis. 
However, quality of life seems not to improve, nor is improvement 
noticed by a vast majority of treated patients [96]. A randomised 
study comparing laser treatment with sham laser treatment is there- 
fore urgently needed to justify this painful treatment in patients 
with nail psoriasis. Also, UVB or PUVA phototherapy should not 
be advised in nail psoriasis patients because treatment results do 
not justify this intensive treatment [67]. Radiotherapy is rarely used 
in the daily clinical care of patients with nail psoriasis. Superfi- 
cial radiotherapy, Grenz ray therapy, brachytherapy and electron 
beam therapy have been reported to have some efficacy [67,97] 
but cannot be advised because of too limited efficacy and safety 
concerns. 

A summary of treatment recommendations of a consensus group 
of nail psoriasis experts can be found in Figure 93.69. In summary, 
in few-nail disease (<3 nails involved) intralesional steroid injec- 
tions were considered the treatment of choice in the case of matrix 
involvement only. The second-line treatment should be topical 
steroids, topical vitamin D analogues, topical vitamin D analogues 
in combination with topical steroids, topical retinoids, topical kera- 
tolytic agents (e.g. urea nail lacquer, salicylic acid), or topical 0.1% 
tacrolimus. Topical steroids alone or in combination with topical 
vitamin D analogues were suggested as first line treatment for nail 
psoriasis limited to the nail bed in few-nail disease. The steroids 
could be used under occlusion, both for matrix and bed disease, 
but occlusive treatment is recommended to not exceed 1 month 
due to possible local side effects. If both nail bed and nail matrix 
are involved in few-nail disease, the first line treatments of choice 
are intralesional steroid injections and/or topical steroids in com- 
bination with topical vitamin D analogues. Alternative treatments 
in these patients are topical vitamin D analogues, or topical steroids, 
or topical retinoids or topical 0.1% tacrolimus. If more than three 
nails are involved the treatment of choice largely should depend 
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Second line: 
top. steroids or top. vitamin D 
analogues or top. vitamin D 
analogues in combination with 
top. steroids or top. retinoids 
or top. Keratolytic agents or 


top. 0.1% tacrolimus oint 


First line: 
top. steroids or top. 
vitamin D + top. 
steroids 


Nail bed 
involvement 
only 


psoriasis Alternatively: 


top. vitamin D or top. 


(without 
PsA) retinoids or top. 
0.1% tacrolimus oint 
or il steroid inj 


Nail matrix First line: 
and bed 


involvement 


Alternatively: 
More than 3 
nails 
involved 


topical and/or systemic treatment according to clinical manifestation 


and patient's QoL 


on the discussion between the clinician and the patient in which 
the severity of nail involvement, the impact on quality of life 
and patient’s preferences all are included. Both topical and systemic 
treatments are options in these patients. Acitretin, methotrex- 
ate, ciclosporin, small molecules and biologics may be employed 
for the systemic treatment of nail psoriasis. Acitretin should be 
initiated at 0.2-0.4mg/kg for 6 months or until at least a moderate 
improvement is documented. Ciclosporin is only recommended 
for short-term treatment in doses of 3-5 mg/kg. Methotrexate can be 
employed in doses up to 15 mg/week and also as maintenance treat- 
ment. The nail expert group concluded that TNF-« inhibitors inflix- 
imab, etanercept, adalimumab and golimumab; IL-12/23 inhibitor 
ustekinumab; IL-17 inhibitors secukinumab and ixekizumab; phos- 
phodiesterase 4 inhibitor apremilast; and Janus kinase (JAK) 1/3 
inhibitor tofacitinib could be considered for systemic treatment 
of nail psoriasis. In patients treated for psoriatic arthritis or plaque 
psoriasis the pegylated TNF-« inhibitor certolizumab pegol and the 
IL-23 inhibitor guselkumab appear to have a positive effect on nail 
psoriasis [33]. Treatment with these agents results in rapid and sig- 
nificant improvement of nail psoriasis when used in patients 
with nail psoriasis and cutaneous disease, arthritis, or both. 

Another consensus paper on treatment of nail psoriasis was devel- 
oped by the Medical Board of the National Psoriasis Foundation 
and additionally defined scenarios for nail psoriasis patients 
with significant skin disease [98]: in patients with significant skin 
and nail disease, adalimumab, etanercept and ustekinumab were 
strongly recommended, and methotrexate, acitretin, infliximab 
and apremilast were recommended. Finally, for a patient with 
significant nail, skin and joint disease, adalimumab, etanercept, 
ustekinumab, infliximab, methotrexate, apremilast and golimumab 
were recommended. 


top. vitamin D or top. steroids or top. retinoids or 
top. keratolytic agents or top. 0.1% tacrolimus oint 


Second line: 
topical steroids or topical 
vitamin D or topical vitamin D 
+ topical steroid or topical 
retinoids or il steroid inj 


il steroid inj and/or top. vitamin D + top. steroids 


Figure 93.69 A summary of the treatment recommendations 
of a consensus group of nail psoriasis experts [33]. Clinical 
treatment algorithm for nail psoriasis according to the number 
of nails involved and the location of the psoriatic lesion. il, 
Intralesional; inj, injection; oint, ointment; PsA, psoriatic arthritis; 
QoL, quality of life; top., topical. Reproduced from [33] 

with permission from Elsevier. 


Synonyms and inclusions 


¢ Dyskeratosis follicularis 
¢ Darier—-White disease 


Classification links 
e ICD-10: Q82.8 
e ICD-11: EC20.2 
e OMIM: 124200 


Introduction 

Nail involvement is common in Darier disease (see also Chapter 64) 
92-96% of patients are reported to have acral changes of which nail 
changes are the most common [4,5]. 


Epidemiology 
The estimated prevalence of Darier disease is 1:50 000. 


Pathophysiology 

Darier disease is an autosomal dominant inherited condition 
which is caused by mutations in the ATP2A2 gene, encoding 
the sarco/endoplasmic reticulum Ca?* adenosine triphosphatase 
isoform 2 (SERCA2), which plays a role in maintaining calcium 
homeostasis [6]. Since desmoplakin, a component of desmosomal 
adhesions, is calcium dependent, abnormal functioning of SERCA2 
causes epidermal acantholysis and dyskeratosis, thus explaining 
the physical findings seen in Darier disease [7]. 


Figure 93.70 Darier disease: white and red longitudinal lines, distal notching and 
onycholysis. 


Clinical features 

Typically, Darier disease presents in early adult life with keratotic 
papules in a seborrheic distribution, palmar pits, white or flesh- 
coloured cobblestone papules on the oral mucosa and nail dystro- 
phy [1]. Nail involvement is one of the typical expressions of Darier 
disease, and present in almost all patients [4,5]. Multiple nails 
with multiple red and white bands (longitudinal erythronychia 
together with longitudinal leukonychia) resembling ‘candy-canes’ 
are pathognomonic for Darier disease [1]. These red and white 
bands are essential for the diagnosis, but initially they can be 
very subtle. At the nail plate free margin the bands may have a 
fissure and a V-shaped notch, indicating the fragility of the streaks 
(Figure 93.70). In severe cases, the nails are almost lost by exten- 
sion of the fragmentation process to involve the entire matrix. 
Subungual hyperkeratotic papules can be found in the hypony- 
chium. Less specific nail findings include longitudinal ridging, 
total leukonychia, a rough nail surface, splinter haemorrhages and 
marked thickening of the nail plate [1,4,5,8]. 

The differential diagnosis includes conditions with polydactylous 
longitudinal erythronychia and/or leukonychia. Polydactylous lon- 
gitudinal erythronychia can be idiopathic or seen in lichen planus, 
primary amyloidosis, graft-versus-host disease, acantholytic epi- 
dermolysis bullosa [1]. Hailey—Hailey nail disease presents with 
polydactylous longitudinal leukonychia [4,9]. 

A case of squamous cell carcinoma developing in a nail bed with 
chronic changes of Darier disease has been reported [10]. Pain or 
conspicuous uncharacteristic features in a nail apparatus affected 
by Darier disease may therefore be indications for biopsy. 


Investigations 

Histologically, matrix and nail bed changes resemble the acanthol- 
ysis seen in involved skin, with the addition of multinucleate giant 
cells and epithelial hyperplasia in the nail bed [11]. These histolog- 
ical features make it possible to diagnose Darier disease when it is 
confined to the nail [12]. 


Eczematous nail dystrop ry 


Synonyms and inclusions 


e Eczema 
¢ Dermatitis 


Classification links (as appropriate) 
e ICD-10: L60.3 
e ICD-11: EE13.5 


Introduction 

Eczema of the nail unit comprises nail changes induced by atopic 
dermatitis, nummular dermatitis, allergic contact dermatitis, irri- 
tant contact dermatitis and tylotic eczema. The inflammation may 
involve the nail folds, the nail matrix, the nail bed or the hypony- 
chium, resulting in a wide range of potential clinical expressions. 


Epidemiology 

Almost all patients suffering from hand eczema have at least some 
nail involvement [1]. Prevalence of nail abnormalities in atopic der- 
matitis patients was reported to be 16% [2]. A combination of atopy 
and an exogenous irritant or allergic contact reaction is common. 
Selective exposure to allergens or strong irritants is as important as 
chronic low-grade irritation from milder irritants such as water and 
detergents seen in catering workers. 


Pathophysiology 

Nail changes in eczema may be seen in the context of eczema 
elsewhere, with hand eczema or as an isolated finding with periun- 
gual and subungual features. Endogenous and exogenous factors 
may contribute. Eczema in childhood is commonly due to atopic 
dermatitis, which can involve the hand and the periungual tissues. 
Nail signs are always associated with dermatitis of the dorsal or 
volar skin of the hand causing mild onycholysis, subungual hyper- 
keratosis, transversal ridges, pitting and melanonychia [3]. Finger 
sucking can also induce periungual eczema in children [4]. 

The most important allergens in contact dermatitis of the nail are 
toluene sulphonamide formaldehyde resin contained in nail lac- 
quers and various types of (meth)acrylates contained in sculptured 
and artificial nails and preformed plastic tips [5-8], but also ethyl 
cyanoacrylate glue which is used to attach preformed nails [9,10]. 
Nail varnish allergy often induces dermatitis of the eyelids because 
of scratching [11] but another common expression of this is chronic 
hand eczema with cracked pulpitis, paronychia and nail dystro- 
phy [12]. Other potential contact allergens may be applied topical 
drugs or emollients, or occupational exposure to (meth)acrylates, 


7 Dermatoses affecting the nails 93.51 


Y 
— 
U 
Lu 
a 
Ww 
a 
- 
< 
a 


CUTANEOUS STRUCTURES 


93.52 


Chapter 93: Acquired Disorders of the Nails and Nail Unit 


Y 
— 
U 
uu 
Q. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


Table 93.5 Differential diagnosis between four common nail disorders: fungal infections, psoriasis, chronic paronychia and dermatitis. 


Fungal infections Psoriasis 


Chronic paronychia Dermatitis (all subtypes) 


Colour Often yellow or brown; part or 

whole of nail brown 
Onycholysis Frequent Frequent 
Pitting Infrequent 


Filaments or spores in potassium 
hydroxide preparations 


Filaments, usually abundant 


Cross-ridging Absent Uncommon 
Other Associated fungal infections 
elsewhere 


gasoline, paint removers and others [13]. Irritant contact dermatitis, 
inducing brittle nails, can also be the consequence of prolonged 
wearing of occlusive gloves [14]. Certain drugs, such as tetracy- 
clines, capecitabine and 5-fluorouracil, can produce phototoxic 
dermatitis resulting in onycholysis that follows the shape of the 
proximal nail fold [13]. 


Clinical features (see also Pathophysiology) 

Clinical expression of nail involvement in eczema reflects shiny 
smooth nails as a sign of persistent rubbing or nail signs secondary 
to involvement of components of the nail unit. Eczema on the 
proximal or lateral nail folds may result in redness and swelling 
with loss of the cuticle, resembling chronic paronychia. Loss of the 
cuticle may result in superinfection by bacteria or Candida species. 
Eczema of the proximal nail fold mostly induces involvement of the 
underlying nail matrix, resulting in abnormalities of the nail plate: 
the nail may become thickened, pitted, rough or discoloured [15] 
(Table 93.5). Beau lines are very common in eczema and represent 
variations in time and intensity of the inflammatory reaction. 

In allergic and irritant contact eczema the nail bed and hypony- 
chium also usually show signs, including splinter haemorrhages in 
an early phase, followed by onycholysis, subungual hyperkeratosis 
and paronychia in a later phase. Finally, erythema, scales and painful 
fissures may develop. 

Associated hand dermatitis may show vesicles, scaling, erythema, 
cracks and swollen fingers, although the presence of vesicles will 
not always distinguish the condition from psoriasis, which should 
be sought at other sites. 


Investigations 
Patch testing may be indicated. 


Management 

General hand care is important, with the avoidance of soap, irri- 
tants, wet work and any identified cause. Protective gloves should 
be used, with copious emollient application. Cotton, transpiration 
absorbing gloves under protective gloves is advisable if gloves 
are worn for more than 15-20 minutes. Treatment of eczematous 
nail dystrophy mimics treatment of chronic paronychia and hand 
eczema, and includes moderate to high potency corticosteroids, 
calcineurin inhibitors and frequent application of an emollient. 
These topical drugs should be rubbed in around the nail folds. In 


May be normal or yellow or 


Often present and fine 
Up to 20% of psoriasis patients 
have an onychomycosis 


Associated psoriasis elsewhere or 
family history of psoriasis 


Edge of nail often discoloured 
brown or black 

Usually absent 

Uncommon 


May be normal 


Confined to tip or absent 
Coarse pits frequent 


May be spores in lateral edge of nail; © Absent 
filaments and spores in scrapings 
from nail fold 

Frequent Frequent 


Predominantly women; wet work 
and cold hands cause 
predisposition 


Recent history of 
dermatitis on hands 


the young, steroids may precipitate premature closure of the pha- 
langeal epiphyses if too potent or used for too long. Osteomyelitis 
has also been reported in children using potent topical steroids 
in this area [16]. Antibiotics may be helpful in case of a bacterial 
superinfection. 


Lichen planus of the nails and 1 
conditions 


Synonyms and inclusions 
¢ Trachyonychia 

e Idiopathic nail atrophy 

e Lichen nitidus 


Classification links 
e ICD-10: L43.8 
e ICD-11: EA91.5 


Introduction 

Nail lichen planus (NLP) is an uncommon inflammatory disorder 
that may present as an isolated variant or may be associated with 
mucosal or cutaneous lichen planus (see also Chapter 37). Lichen 
planus is assumed to be an autoimmune disease and nail involve- 
ment may lead to irreversible damage of the nail matrix resulting in 
pterygium formation. NLP is classified into three categories: typical 
NLP, twenty-nail dystrophy (or trachyonychia) and idiopathic nail 
atrophy [1]. 


Epidemiology 

Nails are involved in 10-16% of cases of lichen planus of the skin, 
scalp or mucosa [2]. While overlap with mucosal lesions is not 
uncommon, most patients with NLP have no involvement of other 
body sites [3-6,7]. NLP has no propensity for race and can occur at 
any age, but the incidence peaks in the fifth and sixth decade of life 
[7-9]. Males may be involved slightly more often than females [7,10]. 


Clinical features 
Fingernails are more commonly involved than toenails. Although 
the skin lesions in lichen planus may itch intensely, nail disease 
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Figure 93.71 Severe onychatrophy from juvenile onset lichen planus of nails. 


Figure 93.72 Typical lichen planus with trachyonychia, onychorrhexia and onycholysis. 


is relatively asymptomatic except when nails are shed. Clinical 
features are determined by site and severity of the inflammation 
(Figures 93.71 and 93.72). The proximal nail fold, nail matrix and 
the nail bed can all be affected, but involvement of the matrix is 
most frequent [7]. Nail matrix involvement results in abnormalities 
of the nail plate, in particular in thinning, brittleness, longitudinal 
ridging, trachyonychia (surface roughening) and in distal splitting 
of the nail (onychorrhexia) (Figure 93.72) [7,9]. Also, longitudinal 
melanonychia [11], longitudinal erythronychia [12], leukonychia as 
a postinflammatory phenomenon, crumbling or fragmentation may 
be encountered as signs of nail matrix lichen planus. Thickening, 
with features resembling yellow nail syndrome, is a less common 
pattern of presentation [13]. When inflammation is intense and 
widespread within the nail apparatus, nails may be shed. Dorsal 
pterygium, the presence of a scarred midline band originating from 
the proximal nail fold, indicates late-stage matrix involvement. 
Dorsal pterygium is the consequence of a destructive local inflam- 
mation within the nail matrix resulting in fusion of the proximal 
nail fold with the nail bed. Proximal nail-fold involvement can be 
recognised as bluish discoloration or as pigmentation of the nail. 
Nail bed involvements manifests as onycholysis (Figure 93.73), 
subungual hyperkeratosis, nail bed atrophy or linear nail bed 
dyschromia [9,14]. 


Clinical variants 

Trachyonychia (previously known as twenty-nail dystrophy) in which 
there is stippling of the nail plate (Figure 93.18), can be seen as a pae- 
diatric expression of NLP but is mostly considered idiopathic [15]. 
Contrary to typical NLP, longitudinal splitting and pterygium are 
absent. Trachyonychia may involve all 20 nails but may also affect 
as few as four or five. Trachyonychia is seen not only in NLP or idio- 
pathic but may also occur in a range of autoimmune diseases [16], 
especially in alopecia areata [15,17], psoriasis, eczema and vitiligo 
[18], but also in sarcoidosis, primary biliary cirrhosis and possibly in 
pemphigus [15,19]. Even without treatment it has a reasonably good 
prognosis [15,18], in contrast to idiopathic atrophy of the nails, which 
may also occur in children. Idiopathic atrophy of the nails is the 
most severe variant of NLP, and is characterised by an acute onset 
and rapid course, culminating in diffuse, painless irreversible nail 
destruction in a few months [1]. If destructive lichen planus is not 
treated in childhood, there will be lifelong loss of nails. In the related 
disorder, lichen nitidus, nail involvement is associated with extensive 
cutaneous disease, but nail changes appear to be less severe than in 
lichen planus and are generally self-limiting [20,21]. Numerous pits 
giving a fine rippling effect have been reported [22]. Longitudinal 
ridging, beads and thickening may occur and the nails may become 
brittle. Clues to the diagnosis include the presence of subtle papules 
on the affected digit and swelling with hyperpigmentation of the 
nailfold [20]. 

Less common presentations of NLP include erosive lichen planus 
(Figure 93.73) and a bullous form with haemorrhagic lesions result- 
ing in complete shedding of the nail plate with atrophy [23], splinter 
haemorrhages, koilonychia and yellow nail syndrome-like changes. 
Erosive lichen planus may affect the soles of the feet but may 
also involve the toenails. It is characterised by erosions of the nail 
bed, acute inflammation of nail folds and permanent anonychia 
(Figure 93.71) [24,25]. 

Lichen planus-like nail changes are seen in graft-versus-host dis- 
ease [26-28] and in the disseminated lichenoid papular dermatosis of 
AIDS. There can be an overlap between lichen planus and discoid 
lupus erythematosus, both in the skin and nails. Coexistence of skin 
and nail lichen sclerosus has been reported [29]. Lichen striatus may 
extend down a limb to the nails [30]. Further differential diagnoses 
for the range of appearances of lichen planus in the nail unit include 


Figure 93.73 Erosive lichen planus. 


4 
— 
U 
ie 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


93.54 


Chapter 93: Acquired Disorders of the Nails and Nail Unit 


Y 
— 
U 
ire 
Q. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


Stevens—Johnson syndrome, infection, peripheral vascular disease, 
trauma and radiodermatitis. Scarring inherited abnormalities such 
as dyskeratosis congenita, Schdpf—Schulz—Passarge syndrome, Darier 
disease and variants of epidermolysis bullosa can also present with nail 
atrophy and scarring, with overlap with the appearance of lichen 
planus. 


Investigations 

In most cases the diagnosis of NLP is clinical. Dermoscopy can pro- 
vide diagnostic information by highlighting the known clinical signs 
[14,31]. In questionable cases, obtaining a biopsy specimen is neces- 
sary, with the biopsy site selected according to the findings of the 
clinical examination. Histopathological studies reveal a band-like 
lymphocytic infiltrate of the nail matrix and /or nail bed dermis, 
sawtooth acanthosis, hypergranulosis and hyperkeratosis of the nail 
bed and nail matrix epithelium [7,10]. 


Management 

The prognosis of NLP is variable. Typical NLP is slowly progressive 
and pterygium formation takes several months or may not occur. 
Some patients may have a more rapid worsening of nail signs or 
develop idiopathic atrophy of the nail variant. 

Treating NLP is notoriously challenging, with high rates of fail- 
ures, relapses and recurrences [7]. No randomised controlled trials 
have been completed for this condition [32], and treatment advice 
should therefore be regarded with some scepticism. The objective 
of treatment is to minimise irreversible scarring and nail damage 
but also to improve physical and cosmetic properties of the nail. 
Treatment needs to be commenced early and at sufficient potency to 
ensure that the disease does not progress while treatment is ongoing. 
Wait-and-see is not an advisable option because of the potentially 
destructive nature of NLP. 

Topical corticosteroids have questionable effectiveness in NLP 
due to concerns of low drug penetration. Instead, intralesional 
and intramuscular triamcinolone acetonide should be considered 
first-line therapies [32]. Oral retinoids are second-line choices, and 
immunosuppressive agents may also be considered (Table 93.6). 
Considering the nail growth of 2-3 mm per month for fingernails, a 
minimum of 3-6 months is necessary to evaluate the results of any 
treatment. Growth of toenails is considerably slower, resulting in 
worse and slower treatment response. 

In adults and children above the age of 14, triamcinolone 
acetonide can be injected intralesionally direct to the site of inflam- 
mation: the nail matrix or the nail bed. Injections in the nail bed 
are too painful without a digital block anaesthesia. Haematomas 


Table 93.6 Systemic therapies in common dermatological diseases affecting the nail. 


and transient numbness of the distal digit are more frequent than 
serious side-effects. Triamcinolone acetonide should be injected 
in a concentration of 2.5, 5, or 10mg/mL according to disease 
severity. This should be repeated every 4-5 weeks for a minimum 
of 4-6 months to appreciate the results. If improvements are seen, 
it is appropriate to continue until there is marked or complete 
improvement and then to taper for a few months. Intramuscular 
triamcinolone could be an alternative or adjunct to intralesional 
administration in case of severe disease, especially if more than 
three nails are affected. A dose of 0.5-1mg/kg every month for 
at least 3-6 months is suitable for both children and adults, with 
dosages of 1mg/kg/month advised during the active treatment 
phase. This low dose may appear rather homeopathic because 
25-40 mg triamcinolone once a month is equivalent to 32-50mg 
prednisone once a month which is only a fraction of the endogenous 
production of corticosteroids. However, this approach was advised 
by experts based on non-controlled retrospective studies [1,7,8]. If 
no clinical response after 6 months is achieved, a change of treat- 
ment should be considered. Oral retinoids are options. Acitretin 
0.2-0.3 mg/kg/day [33] or alitretinoin 30 mg/day [34-36] can be 
tried for at least 6 months. Ciclosporin 3-5mg/kg/day can be 
considered as monotherapy or as an adjunctive to steroid therapy 
in severe cases with poor response to steroids [37]. In refractory 
cases methotrexate [38], antimalarials [39] or etanercept [40] can be 
tried. Erosive lichen planus of the nail unit may benefit from oral 
corticosteroids [24] or eventually grafting the nail bed. 


NAILS IN CHILDHOOD AND 
ELDERLY 


Childhood 


In early childhood, the nail plate may show physiological alter- 
ation [1-3]. The most frequent nail alteration in newborns is the 
incomplete development of the hallux nail, which is triangular, 
or sometimes trapezoidal or round-shaped. This may be the same 
as (apparent) congenital hypertrophy of the lateral folds of the 
hallux and regresses spontaneously within 1-3 months [2]. Nails 
in newborns can also be relatively thin and may show temporary 
koilonychia, onychoschizia or onycholysis [1]. Koilonychia is par- 
ticularly prominent on the great toes. Neonatal fingernails often 
have an oval shape, are flat and the lunula may be absent [1]. Beau 


Ciclosporin Methotrexate Systemic corticosteroids Acitretin Alitretinoin Azathioprine Biologicals 
Psoriasis ++ ++ - + = = fest 
Lichen planus + + ++ + + - = 
Eczema ++ + + - + + ae 


Justification for all systemic treatments in nail disease may be based on the combined presentation of skin and nails. It is less common to prescribe on the basis of nail disease alone. 
Course duration can usually be limited to pulses of 3 months in a 9-12-month period, repeated if needed. Doses are as for the cutaneous disease. 


++Good choice, with moderate evidence supporting its use. 
+Reasonable choice, with case reports or small series supporting use. 
Little or no published evidence. 
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lines can be seen in up to 92% of normal infants between 4 and 
14 weeks of age [4]. Transient light-brown or ochre pigmentation 
of the proximal nail fold can be found in young infants [5]. Nor- 
mal surface markings of the nail can differ in children from those 
seen in adults. Toddlers may present with physiological punctuate 
leukonychia or pitting. A pattern in which the ridges are oblique 
and converge distally towards the centre is common up to the age 
of 3-7 years, and gradually diminishes with time [6]. This is also 
known as chevron nails or herringbone nails, and may reflect a 
gradual change in the pattern of matrix maturation [7]. Under the 
age of 5 years, nails are also prone to distal onychoschizia (lamellar 
splitting). This can be most prominent on sucked thumbs but is also 
seen on the toes. Sucking may also lead to paronychia, which can be 
a troublesome condition in childhood, with pain and nail dystrophy. 

Diagnoses in older children frequently depend on the age cate- 
gory [8]. Infants in the 0 to <2 years old age category mainly exhibit 
congenital hypertrophy of the lateral nail folds and congenital 
malalignment of the great toenail. Fever-related Beau lines or ony- 
chomadesis are predominant in children in the 2 to <6 years old age 
group. Children in the 6 to <12 years old age group mostly present 
with trachyonychia and longitudinal melanonychia. Between 12 and 
18 years old, trauma is the prevalent diagnosis. Other causes of nail 
abnormalities, including neoplastic, infectious, systemic, iatrogenic, 
and/or hereditary/syndromic (including ectodermal dysplasias) 
are rarer in these age categories. Among congenital and hereditary 
causes, the nail—patella syndrome, with its pathognomonic triangu- 
lar lunula, should not be missed as recognition of the disease allows 
early diagnosis of relevant associated pathologies. 

Congenital malalignment of the great toenail is characterised 
by lateral deviation of the nail plates, which are not parallel to the 
major axis of the distal phalanx. It is usually bilateral and presents in 
infancy or childhood [8-10]. The nails are discoloured, ranging from 
brownish-black to green-brown, and are sometimes shorter, curved, 
triangular and distally pointed in shape. These changes may subside 
within 5-10 years in over 50% of children [8,11]. Therefore, a conser- 
vative and expectant attitude, based on prevention and treatment 
of possible complications, is recommended. On the other hand, 
onycholysis, acute or chronic paronychia, and ingrowing nails may 
occur. Severe ingrowing toenails in congenital malalignment may be 
an indication for surgical intervention. If no spontaneous resolution 
occurs, the condition usually results in severe nail dystrophy and 
nail plate thickening, which may cause onychogryphosis. Surgical 
therapy may be considered in patients with severe or complicated 
forms. In adults it may be reasonable to begin with a conservative 
approach if the deformity is not psychologically distressing to the 
patient [12]. 

Ingrowing nails can cause pain and may present in different 
forms. At birth, there is often a degree of distal ingrowing, particu- 
larly in the great toe, as the nail has not surmounted the tip of the 
digit in its development [13]. In a more gross form, this may present 
as congenital hypertrophic lip of the hallux, where soft-tissue 
overgrowth may resemble fibrous tumours of the digit before it 
spontaneously disappears [14,15]. Painful distal embedding can 
lead to infection, but as long as the toenail is properly orientated 
with respect to the underlying phalanx, the condition usually sub- 
sides. In one series of seven children, two needed surgery due to 
painful persistence of the problem [14]. 


Nails in childhood and in the elderly 


Trachyonychia or nail roughness is not a distinctive disease but 
only the clinical result of disorders that involve the nail matrix. It 
can be present at any age and can be associated with nail matrix 
localisation of an inflammatory dermatological disease, including 
alopecia areata, lichen planus, eczema or psoriasis. If no underly- 
ing cause can be distinguished it is known as (idiopathic) 20-nail 
dystrophy of childhood, which has a good prognosis. 

Onychomycosis is relatively uncommon in children, with a preva- 
lence of 0.3% [16] to 0.44% [17]. Although extremely rare, Candida 
onychomycosis can be found in neonates [18,19]. The presence of 
onychomycosis in a child mostly indicates an affected household 
contact. Both terbinafine and itraconazole are well studied in chil- 
dren with high cure rates of approximately 80% [20]. Both drugs are 
not licensed for use for treating onychomycosis in children in many 
countries, but are widely used. Despite the disappointing results of 
topical onychomycosis treatment, it is assumed that topical treat- 
ment may be somewhat more effective in the paediatric population. 


Elderly [21-23] 


Nail disorders are frequent among the elderly. Ageing causes 
obvious changes to the nail, some of which are inherently due 
to age, while others are due to other diseases/conditions which 
become more prevalent as we age, such as trauma, neoplasms, 
abnormal biomechanics, and, for example, the high rate of ony- 
chomycosis in diabetes, reduced immunity and impaired peripheral 
blood circulation. Changes in circulation, abnormal biomechanics 
and cumulative trauma affect the feet more than most other body 
sites [24]. Age-dependent alterations of the fingernails are mostly 
cosmetic, while alterations of toenails may cause pain, limit mobility 
and have profound impact, in particular among frail elderly. 

Nail changes in the elderly that may be considered physiolog- 
ical are modifications in growth, contour, colour and consistency 
[21,25]. In adults, linear nail growth decreases by approximately 
0.5-1.0% per year [24,26,27]. Contour changes seen in the elderly are 
flattening (platyonychia) or development of concave (koilonychia) 
or convex (clubbing) nails. Longitudinal ridges and a brittle free 
edge are also age-related phenomena which are present to some 
degree in most people after 50 years of age. Toenails may develop 
pincer nail deformity. The colour of the nails gradually will change 
towards white, yellow or grey, and may mimic Terry nails but 
without cirrhosis, uraemia or hypoalbuminemia. A modification 
in colour known as ‘Neapolitan nail’ is associated with ageing 
and may reflect an underlying disturbance of collagen: the nails 
have three different coloured zones: a white proximal part, a normal 
pink central part and an opaque free edge [28]. The appearance 
will become opaque and dull with decrease or disappearance of the 
lunula [29]. Fingernails tend to soften and weaken with age whereas 
toenails thicken (onychauxis or pachyonychia) and harden [30]. The 
softer fingernail often becomes fragile and prone to longitudinal 
fissuring and splitting into layers. The thick and hard toenails 
frequently have hyperkeratotic lesions and are difficult to cut. 

For details of common traumatic abnormalities and changes due 
to inadequate pedicure or neglect, detailed texts should be con- 
sulted [21,31,32]. Nail problems in the elderly are often associated 
with more widespread mechanical changes of the foot, and it is often 
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more important to focus treatment on maintaining mobility rather 
than the restoration of normal nails [33,34]. Repeated constraints 
between shoes and toes are mostly responsible for hyperkeratosis 
of the nail plate or of the nail bed. The big toenail and the fifth 
toenail are most often involved, because here friction is most promi- 
nent. A subungual clavus is extremely painful and can be seen 
under the big toenail, mostly in patients with a hallux erectus. In 
hammer toes, the contracted lesser toe induces hyperkeratosis of the 
hyponychium due to rubbing against the sole. Distal and lateral 
onycholysis of the big toenail is common in the elderly. It is caused 
by overlapping of the second toe on the first one, may be pro- 
moted by hallux valgus, or compression from ill-fitting footwear. 
Pincer nails may arise in patients with osteoarthritis of the distal 
interphalangeal joint. Also, the treatment of these disorders should 
focus on keeping the patient ambulant and reduction of pain. 
Podiatric care is more important than surgical intervention in most 
circumstances. Nail avulsion with partial or complete phenolisation 
of the nail matrix may be an option in specific cases. Nail dystro- 
phy from neglected nail care may give rise to the development 
of onychogryphosis. The huge and abnormal-shaped nail may lead 
to injury of soft tissues of adjacent digits. Incorrect cutting may also 
lead to ingrowing toenails, which may have serious consequences 
in patients with vascular disease, diabetes or neuropathy. 

Onychomycosis is one of the most common nail diseases of the 
elderly and is often combined with elements that will predis- 
pose to relapse after treatment, such as traumatic and other 
nail dystrophy, reduced peripheral circulation, slower growth 
of nails, suboptimal immune status, diabetes, reduced foot hygiene 
and increased exposure to disease-causing fungi [21]. The preva- 
lence of onychomycosis is high (~40%) among individuals older 
than 60 years [35-38]. In patients older than 65 years fungal infec- 
tions are the third most common dermatological complaint [39]. As 
in the younger population, dermatophytes are the most common 
causative agent [40]. There are concerns that drug interactions 
in this group, especially with azoles, might make systemic therapy 
a poor choice [41], but a patient in good health can be treated 
in the same manner as a young adult. In general, terbinafine is 
the drug of choice for dermatophyte onychomycosis, and adjunct 
debridement may improve the cure rates. In the elderly, cure rates 
of systemic treated onychomycosis might be similar or lower than 
in younger patients [42,43]. 

Some benign and malignant nail tumours have preference for the 
elderly. Nail tumours have been discussed in this chapter, but myx- 
oid pseudocysts are the most common benign nail tumours in the 
elderly. Squamous cell carcinoma has a peak between the ages of 50 
and 69 years [21], and mostly is a tumour of a fingernail. Clinically, 
it may be disguised for some time: it should be considered in all 
patients with a solitary, long-existing nail dystrophy. Melanoma 
of the nail unit often presents with longitudinal melanonychia 
and has a higher mortality rate than melanoma with the same 
Breslow thickness elsewhere on the skin. It has preference for the 
great toenail and thumb of elderly patients. 

In older patients taking systemic medication, drug-induced nail 
disorders should be considered. In general, most or all nails (rather 
than a single nail) will be involved because of the systemic origin 
of drug-induced disorders. After withdrawal of a suspected drug, 
in most cases it will take months before this results in evident 


clinical improvement of the nails. Some frequent drug-induced 
nail disorders are melanonychia from hydroxyurea or cytostat- 
ics, digital necrosis, pincer nails or nail psoriasis from p-blockers, 
and onycholysis induced by the ACE-inhibitor captopril. 

Nail changes in diabetic patients may be secondary to trauma, 
vasculopathy, infections and peripheral neuropathy. Diabetic 
microangiopathy in type I diabetes may present as periungual 
telangiectasias. Peripheral neuropathy or inadequate blood supply 
to the nail unit, caused by diabetes or other age-dependent factors, 
may influence both the function of the normal nail matrix and nail 
bed. Impairment of the matrix may result in the development 
of Beau lines, pitting, leukonychia punctata, or smooth yellow 
to yellowish green thickened or overcurved toenails. Nail bed 
involvement will present with apparent leukonychia or nail bed 
hyperkeratosis. Subungual hyperkeratosis makes the nails prone 
to onychomycosis. Other acral complications of diabetes mellitus 
include ulceration, gangrene and spontaneous development of bul- 
lae in patients with a diabetic foot. Bacterial and mycotic infections 
are common in type 2 diabetes patients. Severe bacterial infections 
make amputations unavoidable in some patients. 
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X-ray examination 


Under normal circumstances, X-ray examination reveals little of the 
soft structures of the nail unit. It can, however, be useful in identify- 
ing a range of pathologies including bony outgrowths, bony resorp- 
tion, calcification of soft tissues or radio-opaque foreign bodies. 

Most isolated nail dystrophies should be X-rayed prior to surgical 
exploration. Benign space-occupying lesions may compress the 
underlying bone with corresponding upward convexity in the nail. 
Osteoid osteoma may be manifest through a characteristic nidus, 
although X-ray is not sufficient to rule out this pathology and may 
need to be supplemented with a bone scan or MRI. Chondroid 
tumours may be located externally to the bone but may be detected 
by X-ray as a lucency within the bone. Similarly, an X-ray may 
show evidence of bony invasion by locally invasive or metastatic 
malignancy. 


Acquired acro-osteolysis, acronecrosis and distal 
phalangeal erosive lesions 

Acro-osteolysis in adults is a predominantly bilateral lysis of the dis- 
tal phalanges of the digits. Radiographs are poor at differentiating 
longitudinal from transverse acro-osteolysis [1]. Acquired varieties 
(Box 93.3) are by far the most frequent and usually secondary to a 
medical condition, trauma or toxins. Investigation of the cause is 
based more on clinical and laboratory data than on imaging. Idio- 
pathic acro-osteolysis in adulthood may be sporadic or familial. 


Occupational acro-osteolysis 

Workers involved in the polymerisation of vinyl chloride have 
developed acro-osteolysis. The other features of this occupational 
condition are Raynaud phenomenon and scleroderma-like skin 
changes (Chapter 54). Exposure to vapours of synthetic materials 


Box 93.3 Causes of acquired acro-osteolysis 


¢ Vinyl chloride exposure 

e Drugs (phenytoin, ergot) 
e Snake or scorpion venom 
¢ Connective tissue diseases 
e Thermal injuries 

¢ Biomechanical stress 

¢ Neuropathic diseases 

e Hyperparathyroidism 


used in the production of other plastic products may occasionally 
produce similar abnormalities. The acro-osteolysis begins as small 
cortical erosions that enlarge to produce transverse defects in the ter- 
minal phalanges (Figure 93.74a). The isolated phalangeal tuft may 
then fragment and resorb. If exposure is eliminated, healing may 
occur with coalescence of phalangeal fragments resulting in pseu- 
doclubbing, the thumb being more commonly affected than other 
digits. 


Connective tissue diseases 

Transverse acro-osteolysis is rarely associated with Raynaud phe- 
nomenon, rheumatoid vasculitis, psoriasis or scleroderma. When 
present, acro-osteolysis is almost certainly secondary to vascular 
compromise. 

Bony erosions of the phalanges occur in 40-80% of patients with 
systemic sclerosis. Gradual resorption of the tuft leads to ‘pencilling’ 
of the phalanx and in some patients all of the distal phalanx may 
be destroyed. The presence of sclerodactyly and/or calcinosis cutis 
helps indicate the correct diagnosis. ‘Whittling’ or ‘pencilling’ of the 
tufts also occurs in psoriasis and can result in a peg-shaped phalanx 
(Figure 93.74b) [1]. In acronecrosis, the final stage of acro-osteolysis, 
the soft tissues in the fingertip telescope around the shortened tuft 
resulting in pseudoclubbing. 


Thermal/biomechemical/neuropathic injuries 

Thermal injuries (i.e. frostbite [2], electrical and chemical burns) can 
result in acronecrosis long after the initial insult and may be due to 
a combination of mechanical and vascular injury. Phalangeal micro- 
geodic syndrome is an uncommon benign condition described by 
Maroteaux [3]. Clinical manifestations include swelling and redness 


Figure 93.74 Transverse acro-osteolysis of the 
fingernail (a); acro-osteolysis of the toenail (b). 
Courtesy of J. L. Drapé. 
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of one or more phalanges of one or both hands. Radiological signs 
encompass multiple small osteolytic areas and sclerosis compatible 
with acro-osteolysis. A relation to cold exposure has been suggested 
since patients often present this during the colder months of the year 
[4]. Acro-osteolysis has been reported in young guitar players [5] 
probably related to persistent mechanical injury resulting in vascu- 
lar compromise and avascular necrosis. 


Hyperparathyroidism 

In hyperparathyroidism and renal osteodystrophy, increased levels 
of parathyroid hormone produce excessive bone resorption and 
altered bone formation. The earliest radiological sign of this disease 
is cortical resorption of the phalangeal tuft [6]. 


Soft-tissue lesions 

Intra-osseous epidermoid implantation cyst 

This appears after a penetrating injury. Radiographic examination 
shows a well-defined cystic lucency in the distal phalanx. It occurs 
more commonly in the phalangeal tuft, rather than at its base. 


Glomus tumour 

Pressure on the bone may induce an extrinsic pressure erosion, 
smooth and concave in most cases [7], although occasionally, with 
a more ‘punched-out’ appearance [8]. 


Keratoacanthoma 

Bony destruction of the distal phalanx is present in virtually all cases 
even shortly after clinical presentation. The destruction is character- 
istically well-defined, smooth, circular and limited to the tip of the 
phalanx. The margins of the radiological defect show no evidence of 
sclerosis or any sign of periosteal reaction [9]. This lytic effect may 
be attributed to the very rapid compression caused by the tumour 
rather than to tumour invasion itself. Some patients showed a partial 
or even complete re-ossification on a long-term follow-up. 


Osseous neoplasms 

Enchondroma 

Enchondroma is a benign tumour arising from mature hyaline 
cartilage. It is a small well-defined cystic lucency in the phalanx, 
sometimes having scalloped margins or a sclerotic rim, and is most 
commonly located centrally in the bone. In the distal phalanx, 
the enchondroma is typically located at the base of the phalanx, 
abutting the articular surface. 
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Osteoid osteoma is a benign osteoblastic lesion consisting of a small 
oval or round mass, called a nidus, usually smaller than 1cm. All 
those affecting the terminal phalanx have a similar appearance 
characterised by a sclerotic nidus with a radiolucent halo (‘ring 
sequestrum’) [10]. It is, however, better visualised on computed 
tomography. 


These tumours rarely occur in the distal phalanges. Both may have 
similar radiological features characterised by lytic expansive lesions 
involving the entire phalanx [11]. 


igi 

Haemangiomas may arise in the bone or soft tissue of the distal 
phalanx. When primary in the bone, they have a characteristic 
radiographic appearance of linear striations parallel to the shaft 
of the bone. Soft-tissue haemangiomas are more common and 
may manifest as local soft-tissue masses, localised bony over- 
growth, phleboliths in the soft tissue and pressure erosion of the 
underlying bone. 


Ideally, a hockey stick-shaped and variable-frequency probe that 
works with frequencies over 15 MHz should be used for the exam- 
ination (Figure 93.75a). The machines are capable of detecting the 
blood flow of the nail bed in real time and three-dimensional 
reconstructions may also provide valuable information con- 
cerning tumour size, location, shape and internal characteristics 
(Figure 93.75b). Ultrasound can show submillimetre structures and 
discriminate tissue characteristics difficult to detect with CT or MRI 
units. 

Ultrasound imaging is a powerful tool in daily practice in many 
nail conditions. It helps mainly to differentiate solid from cystic 
lesions and locate radio-opaque foreign bodies. 

Ultrasound is playing an increasingly important role in the early 
diagnosis and monitoring of psoriatic arthritis. Both ultrasound 
and magnetic resonance imaging can be used to diagnose enthesitis 
and dactylitis due to psoriasis, especially in patients in whom 
symptoms may be difficult to discern [12]. 

Normal sonographic examination of a normal nail unit shows 
three main areas: the nail plate, the nail bed and the parony- 
chial tissues. The dorsal and ventral plates present a bilaminar 
hyperechoic structure (two parallel lines) separated by a very 
thin hypoechoic layer (interplate space). Low-velocity arterial and 
venous vessels are usually detectable within the nail bed (colour 
Doppler with spectral curve analysis) (Figure 93.75c). The distal 
insertion of the lateral bands of the extensor tendon in the distal 
phalanx shows a fibrillar hyperechoic pattern, typical of tendinous 
structures. The bony margin of the distal phalanx shows a contin- 
uous hyperechoic line following the contour of the cortex of the 
bone that is only interrupted by the anechogenicity of the distal 
interphalangeal joint space, which contains fluid and cartilage 
(Figure 93.75d) [13]. 
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Figure 93.75 Ultrasound: grey scale ultrasound (longitudinal view) demonstrates the 
normal sonographic anatomy of the nail (a); 3D ultrasound reconstruction of the nail 
(longitudinal view) (b); power Doppler ultrasound (longitudinal view) shows the blood 
flow within the nail bed (c); extended field of view of the nail and periungual structures 
(longitudinal view) (d). 
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Optical coherence tomography 


Optical coherence tomography (OCT) is an optical analogue of 
ultrasound, using infrared instead of acoustic waves [14]. The 
reflection of infrared light from the tissue is measured by inter- 
ferometry and two-dimensional grey scale images are generated. 
Images reflecting the different layers may be either horizontal or 
vertical (similar to ultrasound). Functional aspects such as speckle 
variation and vascular flow may be included in some equipment. 
Three-dimensional images can be generated. OCT has a very high 
resolution (5-10 ppm) but a very low penetrance (2 mm), thus limiting 
its use to very superficial tissues. 

It has been claimed that OCT can differentiate morphological 
details and nail thickness better than high-resolution ultrasound 
and thus it has been advocated as an assessment tool for onychomy- 
cosis. One study showed that OCT may be a useful assistance tool 
to increase diagnostic sensitivity of nail scrapings — but cannot 
replace specific identification — as well as for monitoring treatment 
response in onychomycosis [15]. 

Furthermore, OCT imaging is consistent with both physical and 
ultrasound findings in patients with symptomatic psoriatic nail dis- 
ease. Given that OCT can also measure nail plate thickness, OCT 
has the potential to provide more objective and informative quanti- 
tative data for use in outcome measures for interventional trials in 
psoriatic nail disease. 


Reflectance confocal microscopy (RCM) 


In RCM, a near-infrared light from a diode laser is focused on a 
microscopic skin target and is naturally reflected by the differ- 
ent cellular structures. The reflected light is then captured and 
recomposed into a two-dimensional grey scale image by computer 
software. RCM gives horizontal images of the analysed tissue. 
Penetration is around 200-300 pm and resolution is between 1.5 and 
5 pm which is near histological resolution. 


(a) 


Figure 93.76 Nail melanoma: clinical presentation (a); dermoscopy (b) and in vivo reflectance confocal microscopy (c) of the nail matrix in the same patient. Courtesy of L. Thomas. 


No stains are required for RCM imaging. Skin and nails are ideal 
locations for exploration by RCM. This mainly in vivo technique 
is only available in a few centres worldwide and has a very long 
learning curve. 

Two main applications have interested dermatologists so far: 

1 RCM and onychomycosis. Hongcharu et al. [16] first reported 
the possible application of in vivo RCM for the diagnosis of 
onychomycosis. A study on 58 patients demonstrated that RCM 
permitted a faster examination with the same accuracy as stan- 
dard mycological tests (potassium hydroxide preparation and 
fungal culture) [17]. 

2 RCM and melanonychia. Intraoperative dermoscopy and RCM 
have recently been advocated for better visualisation of nail 
matrix pigmentation during exploratory nail surgery for 
melanonychia (Figure 93.76). In most cases, the RCM images 
obtained either ex vivo/in vivo revealed sufficiently atypical 
cytological and architectural features to indicate accurately the 
correct final diagnosis of melanoma with a good correlation with 
histopathology [18]. 

In skin and nails, RCM combines the advantages of dermoscopy 
(non-invasive examination of the whole area of interest without 
alteration of the epithelial surface) and histopathology (resolution 
at a cellular level). RCM enables melanocytes to be distinguished 
readily from adjacent structures and permits the visualisation of 
the architectural and cytological features of the melanocytic pro- 
liferation. Ex vivo examination can be used as a complementary 
technique if the data provided by in vivo examination are not 
diagnostically valid. 


Computed tomography 


This imaging technique is of very little value in the exploration 
of the nail unit except for osteoid osteoma where it shows a small 
lucent bone area within a focal hypertrophy of the phalangeal tuft. 
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(b) 


Figure 93.77 Axial T2-weighted image at the level of the distal interphalangeal joint (arrows): pedicle of the myxoid pseudocyst connected with the joint (arrows) (a). Axial T2 (b) and 
axial T1 (c) at the level of the nail cul-de-sac: lifting of the matrix and the root of the nail plate due to the cyst; bone scalloping of the dorsolateral aspect of the distal phalanx. 


Courtesy of J. L. Drapé. 


Magnetic resonance imaging (MRI) is well known for its high con- 
trast of soft tissue. At the nail unit, it is indicated when ultrasound 
findings are equivocal and will provide a more specific pattern of 
the tumours. Small surface coils dedicated to finger imaging are 
optimum and available with all 1.5 or 3 Tesla whole body MRI 
units [19]. MRI can detect tumours as little as 1mm in diameter 
and defines their location and tissue characteristics, all of which 
facilitates surgical management. A T1-weighted sequence allows 
morphological evaluation of lesion contour and anatomical extent; 
a T2-weighted sequence defines tissue characterisation from sig- 
nal intensity emitted by the tumour; gadolinium highlights the 
vascularisation of tumours and may improve definition of lesion 
contours. The signals obtained in the various sequences are charac- 
teristic and can distinguish the most common tumours encountered 
in the nail region [19]. 

MRI can be helpful for investigating a range of periungual neo- 
plasms and cysts. It is the gold standard for assessing glomus 
tumours of the nail unit and is particularly useful for myxoid (syn- 
ovial) cysts, where even normal soft tissues can be distinguished 
and an in vivo anatomical assessment made (Figure 93.77a-c and 
Figure 93.78). MRI can help identify the inflammatory changes of 
psoriatic arthritis [20], where it has consequences for the soft-tissue 
element of the nail unit resulting in abnormal nail growth and 
appearance. 


Proximal nail fold capillaroscopy is a simple in vivo non-invasive 
and reliable technique used for evaluating superficial microvascular 
structures. The capillaroscope is composed of an optical microscope 
with a 50x to 200x magnification. A cold light source is used in 
order to avoid vasodilatation. It is of particular value for examin- 
ing the microvasculature of the proximal nail fold, with its special 
arrangement of vascular loops parallel to the skin surface, which 
cannot be well visualised by the naked eye. 


Figure 93.78 Sagittal section T2 fat saturated image: pedicle connecting with the joint 
(arrow) under the extensor tendon (arrow heads). Courtesy of J. L. Drapé. 


Skin is ‘prepared’ with an ointment of cedar oil or liquid petrola- 
tum in order to improve optical transmission. Second, third, fourth 
and fifth fingernails of both hands are examined consecutively. 
Some authors have suggested that a dermoscope (or an ophthalmo- 
scope) can be used for capillaroscopic examination of the proximal 
nail fold. The lower magnification permits visualisation of mega- 
capillaries but is insufficient to explore other components of the 
bloodstream in detail. 

Useful information can be obtained by an overall examination 
of the microvascular structure of the proximal nail folds. Capil- 
lary loops physiologically have a hairpin shape and are arranged 
in two parallel longitudinal rows: usually 12-18 loops are found 
per millimetre (Figure 93.79a). Proximal to and arranged perpen- 
dicularly to them, the subpapillary veins can be visualised. It is 
important to recognise a number of different patterns of no patho- 
logical significance: these include a glomerular conformation and 
elongated and tortuous loops. Pathological changes include ram- 
ified vessels, elongated loops, megacapillaries, loss of the normal 
parallel arrangement of loops and microaneurysms. Under the 
highest magnification, blood flow can be directly observed: either 
a normal continuous flow or a pathological intermittent flow with 
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Figure 93.79 Normal nail fold capillaries (x60) (a); acrocyanosis showing dilatation of the nail fold capillaries, stasis and thrombosis of many vessels (b); rheumatoid arthritis showing 


rather elongated capillary loops (c). 


irregular interruptions occurring over time. Vasomotor tone can be 
evaluated subjectively by detailed observation of a vascular field. It 
is overactive in idiopathic Raynaud phenomenon and decreased in 
acrocyanosis. In lupus erythematosus, rapid and marked changes 
in vasomotor tone can be observed within the same capillary loop. 
It should be noted that deep epidermal pigmentation may reduce 
the visibility of the capillary loops. 

Examination of the background may also yield useful informa- 
tion. In lightly pigmented skin, the background colour is pinkish, 
but can be orange if there is venous stasis. A pericapillary halo can be 
observed in inflammatory conditions and in cases of vascular stasis. 
A ‘hazy’ appearance may be seen in systemic sclerosis. Haemor- 
rhages are observed in cases of evolving microangiopathy: a ‘pearl 
necklace’ appearance differentiates these from trauma-induced 
haemorrhages where the appearance is blotchy [21]. 


Acrosyndromes 

Raynaud phenomenon 

Raynaud phenomenon may be either idiopathic, Raynaud disease, 
or associated with a connective tissue disease (Raynaud sign or 
symptom). The most important indication for capillaroscopy is in 
the differential diagnosis between these two situations with very 
different prognoses. In Raynaud disease capillaroscopy is normal. 
Rarely, efferent capillaries can be found to be somewhat enlarged 
and some subtle haemorrhages can be observed. During the vaso- 
constrictive phase, a whitish background and a reduction in the 
number of visible capillaries can be observed. The appearances in 
connective tissue disease are discussed below. 


Acrocyanosis 

Acrocyanosis is clinically characterised by a painless distal cyanosis 
often with hyperhidrosis and cold extremities. This disease is 
worsened by exposure to cold. Capillaroscopy shows a normal 
or slightly increased number of capillaries of slightly enlarged 


diameter (especially in the efferent part of the loop). The loops 
are often tortuous over a cyanotic background. The blood flow is 
slowed and often has a granular appearance (Figure 93.79b). 


Livedo 

In livedo reticularis, capillaroscopy shows enlarged efferent loops 
intermixed with normal loops and the blood flow is slowed. In 
livedo racemosa (‘broken livedo’) microvasculitis can sometimes be 
detected. 


Chilblains (perniosis) 
In chilblains affecting the fingers, homogeneously dilated vascular 
loops are observed in association with normal loops. 


Systemic autoimmune diseases 

Rheumatoid arthritis 

Signs of dermal vasculitis are observed with tortuous and ramified 
capillary loops (Figure 93.79c). In some cases, short parallel loops in 
a ‘fish shoal’-like pattern are observed. Background is not hazy and 
the blood flow is granular and fast. 


Dermatomyositis 

The clinically visible telangiectasias of the cuticle correspond to 
megacapillaries as seen under the capillaroscope (Figure 93.80). 
However, in contrast with systemic sclerosis, there are no avascular 
areas. 


Lupus erythematosus 

In lupus erythematosus, observed abnormalities are morphologi- 
cal and rheological. Elongated loops, irregular enlargement of the 
afferent and/or efferent vessels, ramified and in some cases tortuous 
loops, and microaneurysms are the most common morphological 
changes (Figure 93.81a) [22]. 
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Figure 93.80 Dermatomyositis showing dilated nail folds capillaries and obstructed and 
thrombosed capillaries (x60) (inset). 


Systemic sclerosis 

Typical changes are observed in systemic sclerosis (Figure 93.81b) 

and nail fold video-capillaroscopy [23,24] is at present the most valu- 

able tool for allowing an early diagnosis as follows: 

e Rarefaction of the capillary loops with avascular areas. 

¢ Megacapillaries of different size and shape often corresponding 
to the clinically visible telangiectasias of the cuticle. 

¢ Granular blood flow. 

e Few haemorrhages. 


| 
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(a) 
Figure 93.81 Lupus erythematosus (a) and systemic sclerosis (b). Courtesy of C. Mathys. 


Four stages are usually recognised as follows: 

e Stage I: appearance of a few ‘open’ loops, ‘U-shaped’ and a few 
slightly enlarged capillaries. 

¢ Stage II: slight decrease in the number of capillary loops, a few 
megacapillaries among many normal loops, hazy background. 

¢ Stage III: marked decrease in the number of capillary loops, many 
megacapillaries, atrophic capillary loops, very hazy background. 

e Stage IV: many avascular areas, reduced number of megacapillar- 
ies, very hazy background. 


Psoriasis 
Cutaneous microcirculation is different in psoriatic patients and nor- 
mal individuals. 

Vascular changes have been reported in nail folds. For this reason, 
Ribeiro et al. [25] studied psoriatic nail fold video-capillaroscopy in 
46 patients (mean age 50.5, median disease duration 10 years) and 
50 healthy controls and found lower capillary density, increase of 
avascular areas and morphologically abnormal capillaries in psori- 
atic subjects. No association between changes in capillary density 
and duration, extent or severity of the disease was noted. However, 
the presence of avascular areas was more common in patients whose 
nails were affected by the disease (pitting or dystrophy). 


Toxic diseases 

Vinyl chloride poisoning produces sclerodactyly. Capillaroscopy 
shows megacapillaries without decreased vascular density or 
avascular areas. The background is not hazy. 


Introduction and general description 


Patients often fear nail surgery because of anticipated pain, both 
during anaesthesia and postoperatively. The potential for causing 
permanent postoperative nail dystrophy frightens the practitioner. 


(b) 


Nail surgery 93.63 


A good knowledge of anaesthetic techniques, nail anatomy and 
surgical procedures is a prerequisite for a successful nail surgery 
with almost no pain and minimal scarring. It is also mandatory to 
involve a dermatopathologist who is familiar with the histological 
idiosyncrasies of the nail unit. 


Anaesthesia 


Premedication 

Premedication may be useful in anxious patients. Short action 
molecules should be preferred: hydroxyzine, diazepines, orally 
or sublingually, the latter acting more rapidly. The combination 
of hydroxyzine 25mg the night before the operation with 0.5 mg 
lorazepam sublingually 1h prior to surgery is very effective [1]. 
Midazolam is favoured by some surgeons as it has short-acting 
hypnotic, anxiolytic and retrograde amnesic properties [2]. The use 
of EMLA under an occlusive dressing prior to surgery will only 
alleviate the pain caused by needle insertion but not that due to 
injection of local anaesthetic and distension of tissues [3]. 


Equipment 

Injections into the nail apparatus encounter high resistance and the 
use of a Luer lock syringe is mandatory. Using very thin needles 
(30G) will decrease pain from puncture and limit the anaesthetic 
flow and rate of distension of the soft tissues. It is common for the 
physician to spend more time administering the anaesthesia than 
performing the surgical procedure. 


Anaesthetics 

Plain lidocaine 1% or 2% is the reference local anaesthetic. It acts for 
60 min. As it is acid, pain during infusion may be reduced by prior 
alkalinisation [4]. Warming the anaesthetic to 37°C also reduces the 
pain associated with infusion [5]. 

Lidocaine with epinephrine (adrenaline) is safe in the digits [6-9] 
except in patients with vasospastic, thrombotic or severe medical 
conditions. However, the use of epinephrine is of little interest in 
nail surgery as, to achieve a bloodless field, a tourniquet must be 
placed at the base of the digit in almost all procedures. Bupivacaine 
0.5% acts after 45min for up to 480 min [10]. It may be added to 
lidocaine to lengthen the postoperative analgesia. An alternative is 
to inject 0.5-1 mL of bupivacaine immediately postoperatively into 
the lateral aspect of the digit: this will act as a ‘volumetric’ tourni- 
quet and prevent further bleeding [11]. Ropivacaine has the same 
quick onset as lidocaine, provides better postoperative pain relief 
[12-14] and is less cardiotoxic than bupivacaine [15]. Pain at infiltra- 
tion depends on concentration. For routine use, a 2mg/mL concen- 
tration provides a very comfortable anaesthesia with full sensation 
restored by 7h. Ropivacaine produces slight vasoconstriction at low 
dosages [16]. 


Procedures 

The so-called ‘ring block’ is still very popular but it should no 
longer be recommended. Its main drawbacks are the ‘late’ anaes- 
thetic effect, requiring up to 20min to develop, and the potential 
hazard of compression and trauma to neurovascular bundles with 
subsequent postoperative oedema and prolonged pain [17]. 


The distal digital block is the technique of choice for many in nail 
surgery. The injection site is 1 cm proximal and lateral to the junc- 
tion of the proximal nail fold and the lateral nail fold. The needle 
is pushed at a 45° angle directed distally, down to the bone. The 
branches of the dorsal nerve are anaesthetised by 0.5 mL of anaes- 
thetic. The needle is then partially withdrawn and pushed down 
vertically skimming the lateral aspect of the phalanx towards the 
pulp where another 0.5 mL are deposited to block the branches of the 
palmar nerves. For complete anaesthesia, the procedure should be 
repeated on the opposite side. Anaesthesia takes effect immediately. 
(See Video 93.1 for a video of this procedure.) 


Instrumentation 


Basic nail surgery requires only very few specific instruments. The 
classic tray should include an elevator to detach the plate from its 
attachments (e.g. Freer or Locke elevator, or a dental spatula), a nail 
splitter, straight haemostat, fine iris or Gradle scissors, no. 15 surgi- 
cal blade, fine-toothed Adson forceps, a fine-needle holder, 3/0 and 
4/0 non-absorbable sutures. 


Diagnostic surgery 


Proximal nail fold biopsy 

Two techniques are available for taking a biopsy in this area: 

¢ When the indication is similar to a biopsy elsewhere on the skin, a 
punch biopsy (not over 3mm) may be taken on the proximal nail 
fold, taking care that its distal margin is always preserved. The 
defect may be left for secondary intention healing. 

e The shave biopsy technique is also very useful for this area. 
Haemostasis can be obtained with aluminium chloride solution. 


Nail bed biopsy 

Indications for nail bed biopsies are diseases of the nail bed pre- 
senting as onycholysis, subungual hyperkeratosis or tumour. In the 
absence of onycholysis, a partial or total nail avulsion (see later) 
should be performed to expose the area to be biopsied. As for skin, 
incisional biopsy is performed with a punch and excisional biopsy 
with a blade. The punch should be pushed down to the bone. 
No suture is required, as a defect up to 4 mm across will heal by 
secondary intention without dystrophy. 

Elliptical biopsy of the nail bed is indicated to remove larger spec- 
imens (e.g. small tumours). The elliptical excision should always be 
orientated in a longitudinal axis. The nail bed is very fragile and 
tightly adherent to the bone so that reapproximation of the margins 
may be difficult. To overcome this, lateral undermining of the edges 
should be generous. Suturing may leave a gap that will heal by sec- 
ondary intention. 


Nail matrix biopsy 

Matrix biopsies are most useful for longitudinal melanonychia. An 
accurate histological diagnosis requires examination of the entire 
pigmented lesion and therefore incisional biopsies are not recom- 
mended; only excisional biopsies should be performed. Dystrophic 
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sequelae are unlikely if the pigment is confined to the distal matrix, 

as the latter synthesises the ventral part of the nail plate. The only 

consequence will be a nail plate thinned from below. Fortunately, 
in the majority of cases longitudinal melanonychia originates in the 
distal matrix [18]. If the pigment is located within or extends to the 
proximal matrix, a nail plate dystrophy is highly probable, as this 
part of the matrix generates the upper third of the nail plate. 

Several techniques are available according to the width and shape 
of the band. Each of the following procedures starts identically in 
order to expose the whole nail matrix. Using an elevator, the prox- 
imal nail fold is detached from the nail plate; two lateral incisions 
at 45° enable it to be reflected. Then, a lateral avulsion (‘sardine tin’ 
avulsion) of the proximal third of the nail plate exposes the whole 
matrix and the most proximal part of the nail bed. 

1 For a well-circumscribed round pigmented lesion of <3mm in 
diameter located in the distal matrix, the punch biopsy technique 
is best [19]. A 3mm punch encompassing the whole pigmented 
macule is pushed vertically into the matrix down to the bone 
(Figure 93.82a—d). The defect is left open and the nail plate is 


laid back in place and sutured to the lateral nail fold. Punching 
through the nail plate at the origin of the longitudinal melanony- 
chia before avulsing is very useful when dealing with lightly 
pigmented bands: the process of avulsion often detaches the 
superficial layers of the matrix epithelium and the origin of the 
band may then be difficult to identify. By performing a punch in 
this manner, the area to biopsy can be clearly seen once the nail 
plate has been avulsed [20]. 

2 If the source of pigment is orientated longitudinally, it should be 
excised using a longitudinal ellipse with minimal margins. The 
edges of the incision are widely undermined and reapproximated 
with 5/0 or 6/0 absorbable sutures (Figure 93.83a—d). The nail is 
laid back in place and sutured to the lateral nail fold. The proxi- 
mal nail fold is returned to its anatomical position and the lateral 
incisions are sutured [20]. 

3 If the source of pigment is orientated horizontally, and for very 
extensive pigmentation (>6mm in diameter), the tangential 
excision is recommended. A shallow incision is carried out 
around the pigmented zone. The scalpel is then held horizontally 


(d) 


Figure 93.82 (a) Avulsion of the proximal third of the plate exposes the pigment area responsible for the longitudinal pigmentation. (b) A 3mm punch is performed around the whole 
pigmented area. (c) The specimen is removed down to the bone. (d) The plate is put back in place and secured to the lateral fold. 


(b) 


(c) 


(d) 


Figure 93.83 (a) Avulsion of the proximal third of the plate demonstrates that the pigment area responsible for the pigmentation extends longitudinally on the matrix. (b) The whole 
pigmented area is removed in a longitudinal elliptical excision. (c) After undermining the wedges, the defect is reapproximated with absorbable sutures. (d) The plate is put back in 


place and secured to the lateral nail fold. 


and with sawing motions the lesion is removed from the deep 
dermis. It should not be thicker than 0.5mm. The specimen is 
placed on filter paper and properly orientated for the pathol- 
ogist. The avulsed nail is put back and secured to the lateral 
fold. This technique has proven sufficient to allow adequate 
diagnosis in all cases. Its main drawback is a recurrence of the 
pigmentation in about three quarters of cases [21]. This tech- 
nique should be restricted to large pigmented bands that were 
formerly an indication for immediate total ablation of the nail 
unit (Figure 93.84a-d). This technique avoids mutilating surgery 
in cases where the pigment derives from a large benign lesion. 
If histopathology shows that the lesion is malignant, further 
surgery is required. 


Biopsy of whole structures of nail apparatus 

The lateral longitudinal biopsy permits study of all components 
of the nail unit: proximal nail fold, matrix, nail bed, nail plate and 
hyponychium. This is the most rewarding biopsy technique when 
dealing with a disease presenting as alterations of the nail plate 


surface. This will narrow the nail permanently due to the partial 
amputation of the lateral horn of the matrix. In order to avoid any 
postoperative lateral deviation, the specimen should not exceed 
3mm in width [22]. The incision starts halfway between the cuticle 
and the crease of the distal interphalangeal joint and runs distally 
through the proximal nail fold, the nail plate and its bed to the 
hyponychium. At the junction of the lateral and proximal nail fold, 
the incision should follow a laterally curved direction extending 
halfway down the lateral aspect of the finger as far as the distal 
interphalangeal joint, in order to ensure removal of the lateral horn 
of the matrix. A second incision, starting from the distal extremity 
of the previous one, runs from the hyponychium into the lateral 
sulcus and joins the proximal end of the previous incision. The 
resulting sigmoid biopsy specimen (Figure 93.85) is then carefully 
detached from the bone with fine scissors. At the proximal end of 
the biopsy, care must be taken to include the matrix by avoiding 
lifting the scissors too soon and thus foreshortening the specimen. 
The defect is reapproximated with horizontal mattress sutures in 
order to recreate a lateral nail fold [23]. 


(d) 


Figure 93.84 (a) Avulsion of the proximal third of the plate exposes the wide pigment area responsible for the longitudinal pigmentation. (b) An incision is carried out all around the 
whole pigmented area. (c) The specimen is tangentially removed as a whole. (d) The plate is put back in place and secured to the lateral nail fold. 


Figure 93.85 Lateral longitudinal biopsy. Note the sigmoid shape of the defect that can 
be easily closed. 


Nail avulsion 

Nail avulsion is a core procedure in nail surgery: it allows inspec- 
tion of and access to a subungual lesion in the nail bed or matrix 
for biopsy or excision (Figure 93.86); it is an adjuvant treatment 
in onychomycosis as it reduces the fungal mass; it is part of the 
treatment of an acute paronychia and of ingrowing toenail. Total 
surgical removal should be discouraged: the distal nail bed may 
shrink and become distorted dorsally. In addition, the loss of 
counterpressure from the nail plate allows dorsal expansion of 
the distal pulp, promoting distal embedding. Partial nail avul- 
sion should always be favoured. However, in some instances 
(e.g. prominent dystrophic total onychomycosis) total avulsion is 
unavoidable. 


ota I nail avulsion 
This may be carried out using either a distal or a proximal 
approach. 


Figure 93.86 Lateral avulsion (‘sardine tin’ avulsion) allows exposure of the complete 
nail bed and excisional biopsy of the nail bed tumour. 


Distal approach 

An elevator is gently slid under the proximal nail fold in a back- 
and-forth motion from side to side, so avoiding injuring the frag- 
ile longitudinal nail bed ridges, until the proximal nail fold is freed 
from the nail plate. The elevator is then pushed under the nail plate 
from the distal free edge until the elevator gives way (meaning the 
elevator has reached the matrix area to which the nail plate is loosely 
attached). Caution must be taken to detach the lateral horns of the 
nail plate fully. A jaw of a sturdy haemostat is slid under the whole 
length of a lateral portion of the nail plate and grasped firmly. In an 
upward rotating motion, the nail plate is avulsed [24]. 


Proximal approach 
The proximal approach is advised when the distal subungual area 
strongly adheres to the nail plate (e.g. thick hyperkeratosis) and it is 


then difficult to find a cleavage plane between the plate and the bed. 
The proximal nail fold is detached as described above. The elevator 
then reflects the proximal nail fold and is delicately inserted under 
the base of the nail plate where the adherence to the matrix is weak. 
The procedure is repeated along the whole width of the nail root. The 
avulsion progresses distally following the natural cleavage plane up 
to the hyponychium [24]. 

Partial surgical nail avulsion 

The considerable advantage of this technique is that it leaves a 
large portion of normal nail plate that still exerts a pressure on the 
underlying soft tissues, reducing the risk of distal embedding. It is a 
must in the treatment of some types of onychomycosis (longitudinal 
streaks, lateral disease, dermatophytoma, onychomycosis due to 
moulds) [25] (Figure 93.87a,b). Partial nail avulsion is part of many 
surgical procedures: chemical cautery of a part of the matrix in 
ingrowing toenails, treatment of acute paronychia, surgical explo- 
ration of any nail bed or matrix tumour. It is performed in the same 
way as the distal approach method of total surgical nail avulsion but 
is restricted to a limited portion of the nail plate. For exposure of the 
matrix area, avulsion of the proximal third of the nail plate is best. 
It starts with two lateral incisions on the proximal nail fold at 45° 
enabling it to be reflected. A jaw of a nail splitter is inserted under 
the lateral border of the nail plate, approximately 5mm distal to the 
lunula. The plate is cut horizontally to the other side. A haemostat 
grasps the lateral portion of the plate and lifts it up laterally, as for 
a sardine tin, exposing the whole matrix area (see Figures 93.82a, 
93.83a and 93.84a). After surgery, the plate is laid back in place and 
sutured to the lateral fold. 


Acute paronychia 

Acute paronychia generates a lot of pain and prolonged pres- 
sure from the swollen paronychial soft tissues onto the matrix 
may impair the normal regrowth of the nail plate. Incision of the 
proximal nail fold is discouraged as it may result in a deformed 
eponychium. If the pus collection is located under the proximal 


(a) 


Figure 93.87 (a) Dermatophyte onychomycosis with longitudinal spikes. (b) After surgical removal of the yellow streaks. 
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day 8. Note that the nail is now apparently longer. 


nail fold, the best treatment is avulsion of the proximal third of the 
nail plate (see Partial nail avulsion earlier) to allow drainage of the 
pus. If the collection is in the lateral nail fold, avulsion of a lateral 
strip of nail plate should be carried out. Systemic antibiotics are 
prescribed empirically and adapted if necessary once culture results 
are known [26]. 


Chronic paronychia 

Surgical treatment is indicated when medical treatment has failed. 
An elevator is inserted into the proximal nail groove under the 
proximal nail fold in order to protect the matrix and the extensor 
tendon. With a no. 15 surgical blade, a crescent-shaped excision 
of the proximal nail fold is performed: the incision should run 
from one side to the other, reaching its maximum width (5mm) in 
the midline of the proximal nail fold. The incision should include 
the five most proximal millimetres of the lateral nail folds. The 
blade should be held obliquely at 45° down to the nail plate 
(Figure 93.88a,b). Complete healing by secondary intention will 
restore the proximal nail fold with its cuticle in less than 2 weeks 
(Figure 93.88c). However, the nail plate will appear a bit longer 
with a larger lunula [27,28]. This technique is also adequate for 
small very distal type B myxoid pseudocysts. An alternative pro- 
cedure is the square flap technique where the proximal fold is 
elevated and its undersurface cleaned from the fibrotic tissue 
and put back in place and sutured. The downtime is very short 
and the main advantage is that the length of the ungual plate is 
maintained [29]. 


Fibrokeratoma resection 
For a fibrokeratoma arising from the ventral surface of the proximal 
nail fold, reflection of the latter with two oblique incisions at 45° 


Chapter 93: Acquired Disorders of the Nails and Nail Unit 


(c) 


Figure 93.88 (a) Chronic paronychia resistant to topicals and steroid injections. (b) Crescent-shaped excision of a part of the proximal nail fold. (c) Complete re-epithelialisation at 


Figure 93.89 Two lateral incisions at 45° allow reflection of the proximal nail fold; 
visualisation of the tumour and its removal. 


exposes the whole nail pocket (Figure 93.89). In most instances, the 
fibrokeratoma originates from the most proximal part of the ven- 
tral proximal nail fold. The tumour should be delicately dissected 
up to its base using fine iris scissors and then severed. Injuring the 
matrix is impossible as the nail plate is still in place. The proximal 
nail fold is then laid back and secured with 5/0 stitches or adhesive 
strips [30]. 

For a fibrokeratoma arising from the nail bed, a nail avulsion is 
required in order to expose the nail bed (Figure 93.90). The tumour 
is excised in the same manner as an elliptical biopsy of the bed 


Figure 93.90 Trap door avulsion permits access to the nail bed tumour. The latter will 
be removed in a longitudinal excision. 


(see Nail bed biopsy earlier). In both forms, incomplete resection 
leads to recurrence. 


Chemical cautery for ingrowing toenails 

The therapeutic aim of this procedure is a selective cautery of the 
lateral horns of the matrix to obtain a permanently narrowed nail 
plate that will solve the ‘nail plate—lateral nail fold conflict’ once and 
for all. This technique may be performed on both sides of pincer nails 
and suppresses immediately the ‘pincer’ effect of the lateral edge of 
the nail plate on the soft tissues. Chemical cautery with phenol is 


(a) 


easy to learn and is very effective (<3% recurrence rate). It is the 
recommended procedure in several Cochrane reviews as it has a 
high success rate with low morbidity [31,32]. After a distal digital 
block, a 3-5 mm wide lateral strip of nail is avulsed up to its most 
proximal part. This partial nail avulsion exposes the lateral horns 
of the matrix at the proximal part of the cavity. Chemical cautery 
of the lateral horns of the matrix is carried out with a cotton-tipped 
applicator dipped into 88% phenol and then pushed into the cavity 
(Figure 93.91a—c). The applicator is left in place for 4 min [33]. To 
ensure the effect of the phenol, it is essential to work in a blood- 
less field using a tourniquet. Spillage of phenol onto the periun- 
gual tissues should be avoided as this causes unnecessary burns. 
For beginners, application of a greasy ointment onto the periony- 
chium prior to cauterisation may protect the tissues. After the pro- 
cedure, applying alcohol will not ‘neutralise’ the phenol but only 
dilute it [34]. Phenol induces coagulation of proteins from the matrix 
epithelium. Once coagulated, the epithelium becomes impermeable 
to any liquid. Release of the tourniquet will allow the blood pro- 
teins to inactivate any residual phenol. Patients have little postoper- 
ative pain as phenol has, apart from its caustic effect, important anti- 
septic and anaesthetic properties. The major drawback of this tech- 
nique is the prolonged oozing from the phenolic burn. This may last 
up to 5 weeks. Daily home care (soakings and antiseptic ointment) 
are required until the wounds are completely dry. The ooze should 
not be mistaken for infection. As alternatives to phenol other caus- 
tics may be used such as 10% potassium hydroxide [35] and 100% 
trichloroacetic acid. Trichloroacetic acid achieves the same very high 
success rate as phenol but has no shorter oozing time [36]. 


Longitudinal melanonychia removal 
See matrix biopsies. 


Figure 93.91 (a) Ingrowing toenail with pyogenic granuloma. (b) After curettage of the pyogenic granuloma, a lateral strip of nail is avulsed. (c) A cotton-tipped applicator, dipped 


into 88% phenol is pushed into the cavity. Note the bloodless surgical field. 
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Postoperative care 


Dressings should include generous amounts of antiseptic ointment 
covered with petrolatum gauze to avoid adhesion to the wound and 
to facilitate removal of the dressing. Two to three fine mesh gauze 
squares and either tubular elastic net or elastic bandage complete it. 
A narrow bandage (4cm) is a more flexible form of dressing which 
enables pressure to be applied more precisely over the wound. The 
dressing should provide no more than light compression in order 
not to compromise the blood flow. This bulky dressing will enable 
postoperative bleeding to be absorbed and will provide some pro- 
tection against trauma. The limb should be kept elevated for 48 h 
to ease throbbing and facilitate healing. The patient should wear 
a sling if the surgery involves a finger, or keep the foot elevated 
for 2 days for toe surgery. This also means that the patient should 
not plan to drive home following surgery. Painkillers should be 
prescribed for 3 days. The dressing should be removed on day 2, if 
necessary, after soaking. Further care includes twice-daily dressings 
with antiseptic ointment covered by a plaster until complete healing 
has been achieved. 


THE NAIL AND COSMETICS 


Nail unit damage as a result of incorrect manicures is common. Nails 
should always be trimmed with as slight a curve as possible and 
with the corners left untouched to avoid ingrowing and paronychia. 
The free edge should be filed in only one direction with a cardboard 
file. The cuticles should be pushed proximally with an orange stick 
rather than a metallic cuticle pusher, which is less likely to cause 
injuries to the proximal nail fold. Cuticles must be left uncut to avoid 
Beau lines and paronychia. 

Nail coatings represent an attractive nail enhancement. They 
may harden upon evaporation (nail varnish) or polymerise (sculp- 
tured nails, gels, preformed artificial nails) [1,2]. Although many 
of the products available on the market may be of great benefit 
to an individual user, unfortunately they may also be a source of 
significant adverse effects. Allergic contact dermatitis, for instance, 
continues to be one of the most important medical issues related to 
nail cosmetics, making it necessary for dermatologists to familiarise 
themselves with available products and their potential risks. Inter- 
estingly, some adverse reactions, such as distant allergic contact 
dermatitis, are more frequent with the use of nail polish than with 
the application of artificial nails. However, artificial nails have also 
been found to pose health risks directly to nails. Nail damage after 
the removal of nail polish (any kind) is also an issue. Recently, UVA 
lamps, which are used in nail salons to speed-dry manicures, have 
been considered as potential sources of skin cancer and skin ageing. 
They have been replaced with LED lamps, which also emit UV 
radiation, and can therefore be of equal risk. To play it safe, The 
Skin Cancer Foundation recommends applying a broad-spectrum 
(UVA/UVB) sunscreen to hands 20 minutes before manicuring or 
suggests wearing gloves during the procedure. Nail salons have 
also been investigated as potential sources of health hazards in rela- 
tion to nail instruments and the store environment. Furthermore, an 
unsafe nail salon poses a risk not only to customers, but also the staff 


working there, who may suffer from long-term health consequences 
as a result of being exposed to the chemicals in nail products. 


Coatings that harden upon evaporation 


Nail varnish 

The term ‘nail lacquer’ is sometimes used to include enamels, top 
coats and base coats, either as separate entities or combined in one 
product. Although chemically similar, they contain different ratios 
of the same constituents to lend different characteristics. The base 
coat is used to improve the adhesion or bonding of enamel to the 
nail. A top coat improves the depth and lustre of the enamel and 
increases its resistance to chipping and abrasion. Nail polishes con- 
sist of solids and solvent ingredients, the former representing about 
30%, the latter 70% of the product. The ingredients can be divided 
into six principal groups (Box 93.4). 


Box 93.4 Ingredients of nail polish 


1 Cellulose film formers (e.g. nitrocellulose): provide gloss, body and 
gel structure 

2 Resins (e.g. tosylamide formaldehyde resin; previously known as 
toluene sulphonamide formaldehyde resin): improve gloss and 
adhesion of the film 

3 Plasticisers (e.g. camphor): give the film pliability, minimise 
shrinkage, and soften and plasticise the cellulose 

4 Thixotropic suspending agents (e.g. bentonite) for non-settling and 
flow: keep pigments in suspension by preventing the particles from 
clogging together, so that they will disperse on shaking 

5 Solvents and diluents: keep nitrocellulose, resin and plasticiser in the 
liquid state and control the application and drying time 

6 Colour substances: these are either inorganic (iron oxides) or a 
variety of certified organic colours (such as D and C yellow 
aluminium lakes). ‘Pearls’ or ‘frosts’ are produced by bismuth 
oxychloride and titanium dioxide coated with mica and guanine 
(obtained from fish scales). ‘Clears’ contain a small tint 


The base coat is formulated in a manner similar to standard lac- 
quer, but it has a lower non-volatile content (less nitrocellulose) and 
lower viscosity, because a thinner film is desirable; it may also con- 
tain hydrolysed gelatine. In the top coat, the nitrocellulose content is 
increased and the resin reduced. A slight increase in plasticiser con- 
tent improves the elasticity of the film. There is no pigment. The top 
coat often has an added sunscreen. 

Reactions such as an allergic contact dermatitis to nail varnish 
frequently appear on any part of the body accessible to the nails, 
with paradoxically no signs in or around the nail apparatus [3-5]. 
The most commonly involved areas are the eyelids (Figure 93.92), 
the lower half of the face, the sides of the neck and the upper chest. 
Sometimes the use of nail polish on stockings to stop ‘runs’ or on 
nickel-plated costume jewellery to prevent nickel dermatitis may 
induce nail polish dermatitis on the legs or at the site of the metal 
contact. Connubial or transfer nail polish dermatitis may occur in 
the user’s partner or other close contacts. Although any ingredient 
may account for distant allergic contact dermatitis, tosylamide 
formaldehyde resin is the most common culprit. After the nail 


Figure 93.92 Allergy to nail varnish presenting as an eyelid dermatitis. 


polish is removed, the dermatitis usually clears rapidly unless 
secondary infection or lichenification has occurred. Eluate from 
uncoated metal pellets present in some bottles to keep the varnish 
in a liquid state may cause nickel reactions and onycholysis. 

Nail plate staining from the use of polish is most commonly 
yellow-orange in colour (Figure 93.93). It typically starts near the 
cuticle, extends to the nail tip and becomes progressively darker 
from base to tip. With time, the dyes penetrate the nail too deeply 
to be removed. Injury to the nail plate from nail lacquers is rare. 
However, ‘granulation’ of nail keratin (pseudoleukonychia), a 
superficial friability, can be observed in some instances where indi- 
viduals leave nail lacquer on for many weeks or where there is poor 
formulation of the product. Onychoschizia and overall thinning are 
also a consequence. 

For patch testing, several nail lacquers should be used and tested 
‘as is’ using occlusive chambers (e.g. Finn Chambers® or IQ Ultra 
Chambers®); the lacquers should be allowed to dry for 15 min before 
application of the patches, because the solvents and diluents may 
cause false-positive reactions. 


Figure 93.93 Staining of the nail plates from nail varnish. 


The substances listed in Box 93.5 should be included in the test 
battery. 

Various cosmetic companies now make varnishes that are formu- 
lated without the sensitising resin and are toluene free. The presence 
of nickel in any product can be detected using the dimethylglyoxime 
spot test, which is highly specific. 


Box 93.5 Test battery for nail plate staining 


¢ Tosylamide formaldehyde resin (10% in petrolatum) 

¢ Nickel sulphate hexahydrate (2.5% in petrolatum) 

¢ Glyceryl phthalate resin (polymer resin) (10% in petrolatum) 
¢ Pearly material; guanine powder (as is) 

e Formaldehyde (1% aqueous) 

¢ Colophony (20% in petrolatum) 

¢ Drometrizole trisiloxane (10% in petrolatum) 

¢ Dyes: red 1, red 17, red 46, yellow 3 and orange 3 


Nail polish removers. These are composed of various solvents such 
as acetone. Occasionally, nail polish removers cause trouble by 
excessive drying of the nail plate and may be responsible for some 
inflammation of the nail folds and onycholysis. 


Coatings that polymerise 


Sculptured nails 

The nail is first thoroughly cleansed and painted with antiseptic 
and antifungal solutions. The nail is frequently dried with a diethyl 
ether-based nail dehydrating agent and sometimes ‘primed’ with 
methacrylic acid/solvent adhesion promoter which works like a 
double-sided adhesive tape, sticking to both the nail and to the 
acrylic. 

Self-curing acrylic resins are obtained by blending a methyl, ethyl 
or isobutyl methacrylate monomer which comes in a liquid form 
and a polymethyl or ethyl methacrylate polymer, which is a powder. 
The monomer also contains a stabiliser such as hydroquinone and 
N,n-dimethyl-p-toluidine as an accelerator. The polymer contains 
benzoyl peroxide as a polymerisation initiator. Liquid monomer 
and powder polymer are mixed and the compound has to be 
moulded on the natural nail. Self-curing acrylic resins harden at 
room temperature. When hardened, the compound produces a 
prosthetic nail that is enlarged and elongated by repeated appli- 
cations. The prosthesis can be filed and manicured to shape. As 
the plate grows out, further applications of acrylic can be made to 
maintain a regular contour. 


Allergic reactions [6,7] 

Allergic reactions due to sculptured nails may occur 2-4 months, 
or even as long as 16 months, after the first application. The first 
indication is an itch in the nail bed. Paronychia, which is usually 
present in allergic reactions, is associated with excruciating pain 
in the nail area, and sometimes with paraesthesia. The nail bed is 
dry and thickened, and there is usually onycholysis. The natural 
nail plate becomes thinner, splits and is sometimes discoloured. It 
takes several months for the nails to return to normal. Permanent 
nail loss is exceptional, as is intractable prolonged paraesthesia [8]. 
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Allergic reactions frequently occur when the monomers are not 
completely polymerised. Home kits are especially at high risk due 
to the unprofessional procedure. Acrylates are also components 
of dentistry and orthopaedic material, and cross reactions are very 
frequently observed. 


Irritant reactions 

Irritant reactions to monomers occur. These manifest as a thicken- 
ing of the nail bed’s keratin layer, which can sometimes cause the 
entire nail bed to thicken with or without onycholysis. Nonetheless, 
the overwhelming majority of cases result from physical trauma or 
abuse. 

Damage to the natural nail is not unusual after 2-4 months of wear 
of a sculptured nail. If it becomes yellow or crumbly, this means 
that the product was applied and maintained incorrectly. The patient 
should find a better-qualified nail technician. The problem may well 
not be the acrylic nail materials but rather the thinning of the nail 
due to excessive filing with heavy abrasives. 

Primer (methacrylic acid) is a strong irritant, which may produce 
third-degree burns. It is hazardous if the cuticles are flooded or spills 
are not washed out immediately. Primer can permeate the plate and 
soak into the nail bed if the nails are too thin. Soap or baking soda 
dissolved in water are excellent neutralisers. If primer gets into the 
eye, it should be rinsed with water for at least 15 min and a Poisons 
Information Centre should be contacted. 


Light-cured gels 
Gel system products are a premixed variant of sculptured nails 
in a semi-liquid form, either acrylic based (14% of the market) or 
cyanoacrylate based (1% or less of the market). Their virtual lack 
of odour makes gels popular in full-service beauty salons. UV 
light-cured gels are the best known of the different gel technolo- 
gies. These gels contain urethanes and (meth)acrylate compounds, 
a photoinitiator and cellulose, which necessitates anti-yellowing 
agents and a UV light unit. The proportion of resins to monomers 
determines the gel consistency. When the gel is exposed to light 
of an appropriate wavelength, polymerisation occurs, resulting in 
hardening of the gel. UV gels never involve catalysts and often do 
not require primers. Depending upon their composition, the gels 
can be used for different purposes as follows: 

e Instead of the sculptured nail technique. However, they do not 
permit the formation of nails which are as long and resistant as 
those from the classical liquid—-powder technique. 

¢ Over preformed plastic tips: the nail surface is buffed. After disin- 
fection, the preformed plastic tip is simply fixed with cyanoacry- 
late glue on the distal half of the nail. 

¢ To protect a natural or varnished nail: this procedure is known as 
‘nail capping’. 

¢ Capping with fabric (silk, linen or fibreglass fixed with cyanoacry- 
late glue) adds strength and is known as ‘nail wrapping’. 

The gel nails are useful in patients seeking treatment for cosmeti- 
cally disfigured nails with the exception of psoriasis, where the risk 
of the Koebner phenomenon is high. 

Gel enhancement products shrink by up to 20%, which may 
result in lifting and tip cracking. As an effect of excessive shrinkage, 
clients may comment that the enhancement feels tight on the nail 
bed. Other symptoms include throbbing or warmth below the nail 


plate. This may lead to tender and sore fingertips. Photobonded 
acrylate has been observed to cause nail reactions, sometimes with 
nail loss and paraesthesia. Hemmer et al. [9] have patch tested 
‘hypoallergenic’ commercial products in patients wearing photo- 
bonded acrylic nails who had perionychial and subungual eczema. 
Triethyleneglycol dimethacrylate, hydroxy-functional methacry- 
lates and (meth)-acrylated urethanes proved to be relevant allergens 
in photobonded nail preparations. Methacrylated epoxy resin sensi- 
tisation was not observed. The omission of irritant methacrylic acid 
in UV-curable gels does not reduce the high sensitising potential 
of new acrylates. Contrary to the manufacturers’ declarations, all 
‘hypoallergenic’ products continue to include functional acrylate 
monomers and therefore retain the potential for allergic sensitisa- 
tion. Gels and acrylics, being chemically distinct entities, will not 
necessarily cross-react. 

Unreacted UV gel in the dusts and filings may produce distant 
allergic reactions. Although sensitisation to butyl-hydroxytoluene is 
possible, gels usually contain acrylated oligomers and monomers. 
Acrylates are far more likely to cause sensitisation than methacry- 
lates or stabilisers. 

Finally, thick and ornately painted gel false nails that may be diffi- 
cult to remove present a real challenge to pulse oximetry. It appears 
to be the polish more than the sculpted nail that interferes with the 
readings. 


Gel polish 

This is a manicure system applied in a salon by a nail technician. 
The application involves a base coat that is cured under a UVA/LED 
lamp, two layers of a proprietary nail varnish, and a top coat. Dur- 
ing the curing process with a UVA/LED lamp, the manufacturer 
states that solvents evaporate and leave tiny ‘tunnels’ in the layer of 
varnish, connected by acetone-dissolvable polymers. Conventional 
UVA lamps have almost entirely been replaced by LED lamps, which 
are more expensive but faster and safer due to their narrower wave- 
length profile with less UV radiation. However, some gel nails still 
require UVA lamps for optimal polymerisation. 


Preformed plastic nails 

Preformed plastic nails are packaged in several shapes and sizes 
to conform to the normal nail plate configuration. Such nails 
are trimmed to fit the fingertip and are fixed with cyanoacrylate 
adhesive supplied with the kit. The usefulness of these pros- 
thetic nails is limited by the need for some normal nail to be 
present for attachment. Normal physical and chemical insults to 
the nails cause the preformed plastic nails to loosen. If the pre- 
formed nails remain in place for more than 2-3 days, they may 
cause onycholysis and nail surface damage. Eczematous painful 
paronychia due to cyanoacrylate nail preparations may be observed 
after about 3 months. Dystrophy and discoloration of the nails 
may become apparent and last for several months. In some cases, 
distant contact dermatitis of the face and eyelids occurs. On patch 
testing, the patients react far more often to the adhesive than 
to the prosthetic nails (Figure 93.94). Suggested test substances 
are p-tertiary butylphenol resin (1% petrolatum); tricresyl ethyl 
phthalate (5% petrolatum); cyanoacrylates and other glues (5% in 
methylethylketone). 


Figure 93.94 Complication of nail extensions: allergy to acrylate adhesive presenting as 
onycholysis. 


Nail-mending kits 

These include paper strips of a basic film-forming product to create a 
‘splint’ for the partially fractured nail plate. The split is first bonded 
with cyanoacrylate glue, then the nail is painted with fibred clear 
nail polish. A piece of wrap fabric is cut and shaped to fit over the 
nail surface. This is then embedded in varnish of high solid content 
and several coats are applied. 


Removal of nail coatings that polymerise 

The most commonly used solvent for removal of self-curing acrylic 
is acetone. Warming the solvent with great care can cut product 
removal time in half. However, most gels are difficult to remove 
because they are highly cross-linked and resistant to many solvents. 
Therefore, if gel enhancements have to be removed, they should 
be slowly filed (not drilled) with a medium-grit file, leaving a very 
thin layer of product. They should then be soaked in warm product 
remover and, once softened, the remaining product may be scraped 
away with a wooden pusher stick. 


Other nail cosmetics 


Cuticle removers 

These are lotions or gels containing approximately 0.4% sodium or 
potassium hydroxide. The lotion is left in place for 1-3 min and 
then washed off. Creams containing 1-5% lactic acid (pH 3-3.7) are 
also used. 


Nail hardeners 
There are two main groups of products that make nail-hardening 
claims. 

Products in the first group provide a protective coating. The 
implied benefits come from the added strength and durability of 


the coating itself, rather than changes to the physical properties of 
the nail plate. Some consist of nail polish modified by the addi- 
tion of extra ingredients including nylon fibres, acrylate resin and 
hydrolysed proteins: they function either as a base coat for nail 
polish or as a stand-alone treatment. Others applied as a base coat 
are essentially a modification of clear nail polish with different sol- 
vents and combinations of polyester, acrylic and polyamide resins 
designed to provide better adhesion of the coloured nail coating. 

The second type of hardener chemically alters the structure of 
the nail. These products may contain up to 5% formaldehyde tissue 
fixative but are designed to be applied only to the free edge of the 
nail while the skin is shielded. Most products never exceed 3% 
formaldehyde and the more widely sold brands contain less than 
1%. Higher concentrations of formaldehyde can adversely affect 
both the nail plate and the surrounding tissue. In some countries 
the use of formaldehyde in nail products is forbidden. 

Nail changes due to hardeners may include pain, subungual 
haemorrhage and bluish discoloration of the nail. Formaldehyde 
nail hardeners have also been reported as causing onycholysis and 
both irritant and allergic contact dermatitis. Patch testing should be 
performed with formaldehyde (1 or 2% aqueous). 


Silicone rubber nail prosthesis 

For a wide variety of nail problems, ranging from deformed 
nail to complete loss of the terminal phalanx, a silicone rubber 
thimble-shaped finger-cover may be indicated. This prosthesis is 
easily fitted onto the finger stump, encasing the entire distal pha- 
lanx; it must be fine and flexible to maintain pulp sensitivity and 
have the same marking and colouring as the finger. The fixation 
is excellent and the nail form accepts nail varnish well. The most 
well-known are Pillet Hand Prostheses® (PHPs), which are available 
in the USA and some European countries. When there has been 
loss of tissue from the distal phalangeal pulp, a ‘sub-mini’ digital 
prosthesis is also available. 


Nail buffing 

Weekly buffing may be indicated for removing small particles of nail 
debris, thus enhancing the lustre and smoothness of the nail plate. 
Buffing creams, which contain waxes and finely ground pumice, and 
buffing powders are abrasive and should not be overused on thin 
nails. 


Nail whitener 
This is a pencil-like device with a white clay (kaolin) core used to 
deposit colour on the undersurface of the free edge of the nail. 


Infection risks of artificial nails 


Medical staff with artificial nails or nail extensions may put patients 
at risk through carriage of pathogens [10]. UK guidelines now 
require medical staff not to wear such embellishment. Nail varnish 
is also thought to be associated with bacterial carriage when it 
becomes chipped, although the evidence for this is weak. Infec- 
tion through nail salons and the manicuring process is a further 
factor that adds to the risks for those with artificial nails. Mani- 
cure/pedicure instruments, if not properly sterilised, can also be 
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responsible for infections, as can water that has been used for 
soaking hands and feet. Acute bacterial paronychia and warts are 
common complications after improper cuticle removal. Pseudomonas 
colonisation can also occur. 


Conclusion 


Nail beauty therapy is a flourishing and innovative industry with 
low overall risks of serious adverse events. In addition to enhancing 
normal nails, it can be very valuable for disguising unsightly nail 
conditions: it is not recommended for psoriatic nails as it may pro- 
voke the Koebner phenomenon. In general, acrylic-based manicures 
including gel polish can cause psoriasiform nail changes and ptery- 
gium inversum unguis [11,12]. Psoriasiform nail changes are usually 
due to acrylate sensitisation and pterygium inversum unguis has 
been linked to nail hardeners, acrylic nails and gel polish manicure. 
A typical form of traumatic onycholysis, the roller coaster onychol- 
ysis, is a typical consequence of improper cleaning of the subungual 
space with metal files. This is better identified at dermoscopy where 
haemorrhagic spots are detectable between the onycholytic area and 
the normal nail bed. 


Video legend 


Video for this chapter is available on the companion website 
(https: //www.wiley.com/rooksdermatology10e). 


Video 93.1 The distal digital block anaesthesia technique. 
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PHOTODAMAGE 


the skin in old age [1-3,4]. The relative contributions of each vary 
in the individual from body site to body site and in the popu- 
lation at large according to environmental factors, particularly 
cumulative photodamage and cigarette smoking. The skin becomes 
increasingly thin and atrophic in elderly people. Changes in both 
the epidermis and the dermis result in age-related skin fragility 


Introduction and general description characterised by translucent, lax and wrinkled skin with a tendency 


to easy bruising and stellate scars. The term ‘dermatoporosis’ has 


Both intrinsic ageing and ultraviolet (UV) exposure result in alter- _ been coined to describe these changes [3]. The relative contribution 
ations in dermal connective tissue that affect the appearance of of intrinsic ageing and environmental factors to the changes in 
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dermal connective tissue, which manifest as skin ageing, determine 
the clinical appearance. Much of what is perceived as aged skin 
is due to photodamage with the development of actinic elastosis, 
lax skin and wrinkles. Recent research has helped to elucidate 
the pathomechanisms underlying these changes. There is reduced 
collagen biosynthesis and increased production of matrix met- 
alloproteinases, which both inhibit collagen fibril synthesis and 
promote fragmentation of collagen fibrils, leading to a reduction 
in healthy collagen but accumulation of damaged collagen [5]. 
Studies using reflectance confocal microscopy highlighted features 
of photodamage that were also biopsy-proven including individual 
corneocytes, pleomorphism of keratinocytes, inflammatory cells 
in the dermis, increased vascularity and overall architectural dis- 
ruption [4]. The topic is discussed in detail in Chapter 156. Some 
specific clinical manifestations associated with aged and photoaged 
skin are described later in this chapter. 


Wrinkles Fi 


Definition and nomenclature 
Wrinkles are a characteristic of ageing skin. They may be defined as 
creases or furrows in the skin surface. 


Synonyms and inclusions 
e Rhytides 


Introduction and general description 

Wrinkles are particularly prominent in hypertrophic skin photo- 
damage [1] (Chapter 156). Facial wrinkles had a positive correlation 
with total standard erythema dose, adjusting for age, smoking 
and skin type, in a study that investigated various features of 
photodamage between Danish outdoor and indoor workers [2]. 
Cigarette smoking is also a potent independent cause of wrinkling. 
The so-called ‘cigarette face’ is characterised by pale, grey, wrinkled 
skin with rather gaunt features, so that heavy smokers can often be 
recognised from their facial appearance alone. Heavy smokers are 
five times more likely to be wrinkled than non-smokers of the same 
age, and cigarette smoking probably has at least as much effect on 
facial wrinkles as sun exposure [3]. 


Clinical features 

Wrinkles are particularly prominent in hypertrophic skin photo- 

damage (Chapter 156). Wrinkles can be classified into three mor- 

phological types [4]. 

1 Crinkles. This is a very fine wrinkling which occurs in aged 
skin, even in areas protected from sunlight. These fine wrinkles 
disappear when the skin is slightly stretched. They are caused 
by deterioration of elastin, especially the vertical subepidermal 
fine elastic fibres that keep the epidermis in tight apposition to 
the dermis [5,6]. Ultrastructural studies have shown that even 
in normal people the elastic fibres begin to deteriorate from the 
age of 30 years onwards, regardless of the amount of sun expo- 
sure, although sunlight undoubtedly increases the damage [7]. 
Crinkles are seen in a marked form in mid-dermal elastolysis. 


2 Glyphic wrinkles. These creases are an accentuation of the normal 
skin markings. They occur on skin that has been prematurely 
aged by elastotic degeneration caused by sunlight, for example 
on the sides and back of the neck (see Actinic elastosis). 

3 Linear furrows. These are long, straight or slightly curved 
grooves that are usually seen on the faces of elderly people. They 
include the horizontal frown lines along the forehead, the ‘crow’s 
feet’ radiating from the lateral canthus of the eye and the creases 
from the nose to the corners of the mouth. 


Actinic elastosis 


Definition and nomenclature 

Actinic elastosis is another component of hypertrophic skin photo- 
damage. It is characterised clinically by yellowish discoloration 
and thickening of the skin (Figure 94.1), and histologically by a 
reduction in collagen and an accumulation of amorphous masses of 
degenerate elastic fibres in the papillary and upper reticular dermis 
(Figure 94.2) [1]. 


Figure 94.1 Actinic elastosis on the neck of an elderly female patient. 


Figure 94.2 Actinic elastosis showing confluent masses of amorphous basophilic 
material in the papillary and upper reticular dermis with atrophy of the overlying 
epidermis. 
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Synonyms and inclusions 
Solar elastosis 


Introduction and general description 
Actinic elastosis usually results from prolonged exposure to sun- 
light [1], but it can also follow infrared irradiation [2]. 


Epidemiology 

Incidence and prevalence 

Actinic elastosis is related to the cumulative lifetime exposure to UV 
radiation rather than to episodes of intense UV exposure: it is more 
common in outdoor workers and in those living in sunny climates. 
There is, however, considerable variation in susceptibility between 
individuals. 


Age 

Actinic elastosis does not usually present until the fourth decade or 
later but cumulative sun exposure is more important than chrono- 
logical age alone. 


Ethnicity 
Fair-skinned people are the worst affected, although actinic elastosis 
can occur in skin of colour [3]. 


Associated diseases 

Severe actinic elastosis may occur in photosensitised skin, for 
example in porphyria cutanea tarda and erythropoietic protopor- 
phyria (Figure 94.3) (Chapter 58). 


Pathophysiology 
Pathology 
See Chapter 156. 


yA 


Figure 94.3 Patient with erythropoietic protoporphyria and actinic elastosis. Courtesy of 
Dedee Murrell. 


Environmental factors 
Cumulative UV exposure is the main exacerbating factor, although 
other factors such as infrared irradiation may play a part [2]. 


Clinical features 

History 

The characteristic changes develop gradually over the course of 
years. 


Presentation 

Actinic elastosis is part of hypertrophic photoageing [4]. The light- 
exposed areas are affected, particularly the forehead, bald scalp and 
the back of the neck. Mild degrees of elastosis may not be appar- 
ent until the skin is pinched up, when it may assume a wrinkled 
appearance. Elastosis is usually more advanced in the tissue than 
the clinical appearance would suggest. 

The affected skin is diffusely thickened and yellowish (Figure 
94.1) and on the neck it may be divided by well-defined furrows 
into an irregular rhomboidal pattern (cutis rhomboidalis nuchae). 
There may also be more sharply marginated, thickened plaques on 
the face or neck. These are usually, but not always, symmetrical. 
Recent studies suggest that elastotic skin in specific photo-exposed 
areas of skin may be protected from epithelial neoplasia [5]. 

Actinic elastosis may also be complicated by actinic granuloma 
(see later in this chapter). 


Clinical variants 

Actinic comedonal plaque. (Synonyms Favre—Racouchot syndrome, 
nodular actinic elastosis with cysts and comedones.) Actinic elas- 
tosis may form into confluent plaques studded with comedones. 
This is most commonly seen in the periorbital skin (Figure 94.4). 
It is usually symmetrical, but unilateral and circumscribed forms 
have been reported [6]. Rarely, a variant has been described with 
vesicular changes within zones of severe actinic elastosis [7]. Occa- 
sionally, similar plaques may form elsewhere than on facial skin, 
such as the forearm [8]. 


Elastotic nodules of the ear. In this variant of actinic elastosis, 
single or multiple firm papules occur on the anterior crus of the 
antihelix, usually in middle-aged or elderly males. Their sig- 
nificance is that they sometimes have a pearly edge, clinically 
suggesting basal cell carcinoma (BCC), but histology reveals 
large aggregates of amorphous elastotic material, sometimes with 
degradation of underlying cartilage [9-11]. 


Differential diagnosis 

Plane xanthoma, pseudoxanthoma elasticum (PXE) and colloid 
milium may sometimes cause confusion, but the combination of the 
clinical and histological features is distinctive. 


Classification of severity 
Actinic elastosis is of cosmetic significance. 


Disease course and prognosis 

The process may be halted but not reversed by stringent photopro- 
tection. Stopping smoking may be presumed to slow down progres- 
sion [12]. 
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Figure 94.4 Nodular actinic elastosis with comedones and cysts (Favre-Racouchot syndrome): early stages in a 78-year-old woman (a) and advanced stage in an elderly man (b). 


(b) Courtesy of Professor R. Marks. 


Investigations 
Skin biopsy should be done if there is doubt about the diagnosis. 


Histological changes may be more florid than the clinical appearance. 


Management (Chapter 156) 

Sunscreens protect against the development of photodamage both 
in humans and animals [13]. In hairless mice exposed to UVB radi- 
ation, synthesis of subepidermal collagen has been demonstrated 
in animals protected with a sunscreen [14]. Topical application 
of a-hydroxy acids (‘fruit acids’, i.e. lactic, glycolic and citric 
acids), has been shown to lead to a modest improvement in pho- 
todamaged skin [15]. More impressive results have been obtained 
with topically applied tretinoin cream [16]. A double-blind study 
demonstrated a decrease in papillary dermal collagen type I 
in photodamaged skin, and subsequent treatment with 0.1% 
tretinoin cream for 10-12 months resulted in an 80% increase in 
dermal collagen [17]. Several studies have shown clinical and 
histological improvement after prolonged use [18]. Tretinoin may 
also repair skin changes due to intrinsic ageing [19]. Retinoids 
reduce matrix metalloproteinase 1 (MMP-1) expression in vitro, 
partially restoring levels of fibrillin 1 and collagens I and VII 
in the papillary dermis [20]. Similar results have been obtained 
in double-blind trials of topical isotretinoin [21] and tazarotene 
cream [22]. Antioxidants play a part in the prevention of pho- 
toageing [23] and may have a therapeutic role in established 
photodamage [24]. Non-ablative lasers, including the 1320 nm 
neodymium:yttrium-aluminium-garnet (Nd:YAG) and 1540 nm 
erbium (Er) glass lasers, are claimed to wound the upper dermis 
without epidermal damage [25]. Restoration of fibrillin I in the 
microfibrillar network of the papillary dermis may prove a useful 
‘biomarker’ for the efficacy of topical products used in actinic 
elastosis [26,27]. 


Treatment ladder for actinic elastosis 


First line 
e Prevention by photoprotection 


Second line 
¢ Topical retinoids 


Collagenous and elastotic ir 
plaques of the hands 


Synonyms and inclusions 
¢ Digital papular calcific elastosis 
e Keratoelastoidosis marginalis 


Collagenous and elastotic marginal plaques of the hands is an 
acquired dermatosis affecting dermal connective tissue in which 
papules and plaques form on the dominant hand along the radial 
aspect of the index finger, the first web space and the ulnar aspect 
of the thumb (Figure 94.5a) [1,2]. Histologically, there is hyper- 
keratosis, with sawtoothing of the rete ridges. The dermal collagen 
fibres are thickened and arranged haphazardly; there are basophilic 
elastotic masses, often containing calcium, in the upper retic- 
ular dermis (Figure 94.5b) [3]. Cases are sporadic, unlike the 
clinically similar disorders acrokeratoelastoidosis and focal acral 
hyperkeratosis (see Acrokeratoelastoidosis later in this chapter) [4]. 

Chronic friction and photodamage have been proposed as 
aetiological factors; the condition has been reported in manual 
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Figure 94.5 Collagenous and elastotic marginal plaques of the hands: linear plaque involving radial aspect of the right index finger of a 49-year-old woman from Queensland, 
Australia (a) and calcium deposits within collagen bundle (b). Reproduced from Mortimore and Conrad 2001 [7] with permission of John Wiley & Sons. 


workers and from geographical areas with high solar irradiation. 
It is regarded as a variant of actinic elastosis [5] although actinic 
damage is not always observed clinically [6]; furthermore the 
papillary dermis is relatively spared by the elastotic process and 
the basophilic areas containing calcium differ from the changes 
normally seen in actinic elastosis [1]. 


Adult colloid milium 
degeneration of the 


Definition and nomenclature 

Colloid degeneration of the skin is a rare but probably underdiag- 
nosed dermatosis that requires biopsy for definitive diagnosis [1]. 
It is defined histologically by the presence of colloid in dermal 
papillae and presents as yellowish, translucent papules, nodules or 
plaques on light-exposed skin. There are several clinical variants of 
which the commonest is adult colloid milium, which manifests as 
multiple milia-like papules on light-exposed skin, particularly on 
the face. 


Synonyms and inclusions 

© Colloid degeneration of the skin 
© Colloid pseudomilium 

¢ Nodular colloid degeneration 

e Elastosis colloidalis conglomerata 


Epidemiology 

Incidence and prevalence 

The condition is rare but usually affects fair-skinned, outdoor work- 
ers living in sunny climates [1,2]. 


Pathophysiology 
The exact cause of adult colloid milium is uncertain but sunlight 
exposure is strongly implicated and actinic elastosis is usually 


evident as well [3]. Occupational exposure to mineral oils has 
also been implicated [4,5]: an outbreak among refinery workers in 
the tropics was attributed to trauma and prolonged contact with 
photodynamic phenols in oxide fuel (gas oil) [4]. Cases have also 
been reported in association with ochronosis after the long-term 
application of strong hydroquinone bleaching creams [6]. 


Pathology 

The earliest histological change is the appearance of colloid glob- 
ules at the tips of the dermal papillae. Homogeneous fissured masses 
of amorphous colloid occupy the upper dermis, each surrounded 
by bands of collagen. There is characteristically a subepidermal 
uninvolved Grenz zone. The colloid is usually eosinophilic but 
may be basophilic. Within it, small blood vessels and the nuclei 
of fibroblasts are well preserved. In the larger, plaque-like lesions, 
the colloid change occurs diffusely throughout the dermis. The 
source of the colloid material is uncertain. It could be a protein 
synthesised by fibroblasts or it could be derived from degraded 
elastic fibres [2,7]. 


Environmental factors 
Ultraviolet exposure can contribute to the deposition of colloid. 


Clinical features 

Presentation 

Small dermal papules 1-5 mm in diameter, yellowish brown and 
sometimes translucent, develop slowly and more or less symmetri- 
cally in irregular groups in areas exposed to sunlight (Figures 94.6 
and 94.7) [1]. They feel soft and may release their gelatinous con- 
tents when punctured. The most frequently involved sites are the 
face, especially around the orbits, the dorsa of the hands, the back 
and sides of the neck and the ears. There are usually other signs of 
actinic damage. The changes induced by prolonged light exposure 
are associated to varying degrees. Although colloid milium may 
become more severe and more extensive over the years, most cases 
reach their maximum development within 3 years and then remain 
unchanged. 


PART 8: SPECIFIC 
CUTANEOUS STRUCTURES 


SPECIFIC 


Vv) 
Lu 
ce 
=) 
= 
U 
=) 
ce 
= 
a) 
6S 
= 
Eo 
ad 
= 
=) 
U 


Chapter 94: Acquired Disorders of Dermal Connective Tissue 


(a) 


(b) 


Figure 94.6 Adult colloid milium with multiple, tiny, yellowish translucent papules on the dorsum of the nose (a) with a close-up view of papules on the cheek (b). Reproduced from 


Mehregan and Hooten 2011 [1] with permission of John Wiley & Sons. 


= 7./- 


Figure 94.7 More advanced adult colloid milium manifesting as confluent plaques of 
the infraorbital region but with individual papules discernible at the margins. 


Differential diagnosis 

The differential diagnosis is presented in Table 94.1. The rare juve- 
nile form manifests before puberty and is often familial [8,9]. It is 
thought to derive from degeneration of keratinocytes rather than 
elastic fibres [10]. 


Clinical variants 

Nodular colloid degeneration usually presents as a single nodule 
up to 5 cm in diameter although multiple nodules may occur. It may 
be associated with myeloma [11] (Table 94.1). 


Management 

No completely satisfactory intervention has been found for this 
condition. Good results have been claimed for dermabrasion [12] 
and for the long-pulsed Er:YAG laser [13]. 


OTHER CAUSES OF CUTAI 


Introduction and general description 


Atrophy of the skin is caused by a decrease in the dermal connective 
tissue. It is characterised by thinning and loss of elasticity. The skin 
usually appears smooth and finely wrinkled, and it feels soft and 
dry. Veins or other subcutaneous structures may be unduly conspic- 
uous. There is often associated loss of hair follicles, and telangiecta- 
sia may also be present, due to the loss of connective tissue support 
of the capillaries. There may or may not be associated atrophy of 
the epidermis. 

Atrophy of the skin occurs in varying degrees in several skin con- 
ditions, including naevi, and the underlying histological changes 
are also variable, because the several components of the connective 
tissue may be involved to a different degree. Atrophy that includes 
subcutaneous tissue or even deeper structures is referred to as 
panatrophy. Box 94.1 lists the main acquired disorders in which 
cutaneous atrophy is prominent. 


Atrophy due to corticosteroids 


Introduction and general description 

Both systemic and topical glucocorticoid therapy can produce 
cutaneous atrophy by a dose-related pharmacological effect [1]. 
The effect is more severe with repeated use of the more potent 
steroids (as assessed by the vasoconstrictor assay test) but both 
fluorinated and non-fluorinated topical steroids can cause atrophy. 
The effect is most marked when potent steroids are applied topically 
under an occlusive dressing. The skin becomes thin, fragile and 
transparent, and striae and ulceration may develop (Figures 94.8, 
94.9 and 94.10) [2]. 


Table 94.1 Differential diagnosis of colloid milium. 


Deposition disorder Clinical findings 


Other causes of cutaneous atrophy 94.7 


Pathological characteristics Staining pattern 


Adult colloid milium 
papules; associated with sun exposure 


Juvenile colloid milium 


Nodular colloid degeneration 
usually solitary 
Acrokeratoelastoidosis of Costa 
in black skin 


Collagenous and elastotic marginal 
plaques of the hands 


Nodular amyloid Single flesh-coloured nodule 


Adapted from Mehregan and Hooten 2011 [1]. 
PAS, periodic acid-Schiff; UV, ultraviolet. 


Multiple, symmetrical, yellow to flesh-coloured facial 


Multiple, translucent, yellowish papules on cheeks, 
nose and perioral skin; onset before puberty; 
familial; associated with ligneous conjunctivitis 


Flesh-coloured nodule on face, scalp or chest; 


Multiple, tiny, skin-coloured umbilicated papules at 
the sides of hands and feet; familial; commonest 


Skin-coloured papules and plaques along radial 
border of index finger and ulnar border of thumb 


Box 94.1 Selected acquired forms of cutaneous 
atrophy 


¢ Generalised cutaneous thinning: 
e Ageing (see earlier in this chapter) 
¢ Rheumatoid disease (Chapter 155) 
¢ Glucocorticoids (exogenous or endogenous) 
e Acquired poikiloderma 
¢ Striae 
e Atrophic scars: 
¢ Stellate pseudoscars 
¢ Spontaneous atrophic scarring of the cheeks 
e Acrodermatitis chronica atrophicans (Lyme borreliosis) 
e Atrophodermas: 
¢ Follicular atrophoderma 
¢ Linear atrophoderma (Moulin) 
e Atrophoderma of Pasini and Pierini 
e Paroxysmal haematoma of the finger (Achenbach syndrome) 
e Panatrophy: 
¢ Local panatrophy 
¢ Facial hemiatrophy 


Severe dermal atrophy can follow injection of intralesional 
steroids, such as triamcinolone acetonide (particularly if the higher 
concentration of 40 mg/mL is used, instead of the more usual 
10 mg/mL, which is less likely to cause atrophy) (Figure 94.11). 
Inhaled corticosteroids also induce dermal thinning in adults and in 
children [3]. See Chapters 18 and 19, respectively, for more general 
discussions of topical and systemic corticosteroids. 


Homogeneous eosinophilic colloid masses in PAS + 
papillary dermis from degenerating elastic Congo red + 
fibres, often with subepidermal Grenz zone Cotton dye - 

Cytokeratin — 

Secondary to UV-induced degeneration of PAS + 

keratinocytes Congo red + 
Cotton dye - 


Cytokeratin + 


ay be associated with myeloma; lacks plasma PAS + 

cells Congo red + 
Cotton dye — 

Fragmentation and degeneration of elastic fibres Congo red — 
Cotton dye - 

Fragmentation and degeneration of elastic fibres Congo red — 
Cotton dye — 

Deposition of monoclonal immunoglobulin Congo red + 


light-chain fragments from localised plasma 
cell infiltrate 


Cotton dye + 


Figure 94.8 Striae of the legs due to long-term application of a potent topical steroid in 
a young woman with psoriasis. 


Pathophysiology 

Predisposing factors 

Steroids are known to inhibit the formation of glycosaminoglycans. 
Hyaluronate and the major cell surface hyaluronate receptor CD44 
are depleted in atrophic skin [4]. Topical corticosteroids rapidly 
suppress hyaluran synthase 2 in the dermis; this precedes alter- 
ation of dermal collagen [5]. The fibroblasts become shrunken, 
although their numbers do not decrease, but the number of mast 
cells is markedly reduced. Topical steroids also inhibit the activity 
of enzymes involved in collagen biosynthesis [6], and they have 
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Figure 94.9 (a) Superficial ulceration over striae in the inguinal area. (b) Ulceration over atrophic stria with telangiectasia on the inferior breast surface. From Verma and Madke 
2021 [2]/The Scientific Electronic Library Online (SciELO)/CC BY 4.0. 
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Figure 94.10 (a) Ulcerated striae on the abdomen. (b) Ulceration on the inguinal areas and lower abdomen. From Verma and Madke 2021 [2]/The Scientific Electronic Library Online 
(SciIELOVCC BY 4.0. 


Figure 94.11 Localised atrophy due to injection of a steroid (triamcinolone 40 mg/mL) 
into the skin between the second and third metatarsals. 


been shown to depress synthesis of types I and III collagen in 
vivo [7-9]. Type III collagen synthesis is preferentially reduced in 
fibroblast cultures [8]. Corticosteroids can also depress collagenase 
production and collagen breakdown [10], and the rate of collagen 
turnover is probably decreased. Even a weak steroid, such as hydro- 
cortisone, can suppress the stimulatory effect of cyclic nucleotides 
on collagenase production. Studies of the effect of topical steroids 
on collagen and elastic fibres in vivo have given conflicting results 
[11-13]. Capillaroscopic studies have shown that steroid-induced 
vasoconstriction involves the superficial capillary network, and 
prolonged superficial ischaemia could also play a role in producing 
atrophy [6]. 


Pathology 

The earliest histological change is marked thinning of the epidermis, 
with flattening of the rete ridges and decreased corneocyte size [1]. 
This is followed a few weeks later by thinning of the dermis, which 
can be measured by skinfold calipers, ultrasonography or a radio- 
graphic technique [14-16]. 

The epidermal thinning probably results from a reduction of 
mitotic activity in the germinal layer [17], but the mechanism by 
which dermal thinning is produced is uncertain. 

Loss of dermal ground substance leads to a reorganisation of the 
dermal architecture. The spaces between the collagen and elastic 
fibres become smaller, so that the dermis becomes more compact 
but thinner [11]. 

Collagen microfibrils may form globular microfibrillar bodies, 
although the changes are not specific for steroid atrophy [18]. 
These ultrastructural changes can develop in the early stages before 
there is clinical or histological evidence of atrophy. Digestion of 
collagen fibrils in the endocytic vesicles of fibroblasts may be 
involved in the production of steroid-induced atrophy [10]. 


Other causes of cutaneous atrophy 94.9 


Environmental factors 
Systemic, topical, intralesional or inhaled corticosteroids are 
implicated. 


Clinical features 

History 

A careful history should be taken, including enquiry about the use 
of corticosteroid inhalers (Figure 94.12). 


Presentation 

The skin becomes thin and fragile with easy bruising. Changes are 
generalised in patients on systemic corticosteroids, although the 
changes are more marked at sites of photodamage and trauma. 
Thinning due to topical corticosteroids may be localised to the 
site(s) of application. Severe dermal atrophy can follow injection of 
intralesional steroids. 


Differential diagnosis 
Other causes of cutaneous atrophy should be considered. 


Complications and co-morbidities 

Corticosteroid-induced skin thinning leads to delayed wound 
healing and easy bruising, often after trivial trauma. Measurement 
of bone density is advisable in at-risk patients, although extensive 
skin thinning is not necessarily associated with steroid-induced 
osteopenia [8]. 


Investigations 
Consider measuring blood glucose and bone density if systemic 
steroid toxicity is suspected. 


Management 

It has been suggested that local and oral vitamin C therapy might 
help restore the normal skin thickness [19]. Concurrent application 
of retinoic acid may partially prevent the epidermal atrophy due 
to steroids [2]. Intralesional saline injections can restore surface 
contour [21]. Hyaluronate fragments are reported to induce skin 
thickening in corticosteroid-induced atrophy [22]. There is a poten- 
tial therapeutic role for antagonists of REDDI1 (regulated in devel- 
opment and DNA damage 1), a major driver of steroid-induced 
atrophy expressed on keratinocytes [23]. 

Prevention is clearly the best approach, including the use of 
steroid-sparing systemic drugs and topical agents such as cal- 
cineurin inhibitors to treat skin disease. In the future, more selective 
corticosteroid receptor agonists with potentially less atrophogenic 
effect may be developed [24]. 


Striae — 


Definition and nomenclature 

Striae are visible linear scars that form in areas of dermal dam- 
age produced by stretching of the skin. They are histologically 
characterised by thinning of the overlying epidermis, with fine 
dermal collagen bundles arranged in straight lines parallel to the 
surface. 
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Synonyms and inclusions 
° Striae distensae 

¢ Striae atrophicans 

¢ Stretch marks 


Introduction and general description 

The factors that govern the development of striae are poorly under- 
stood. Many authors have suggested that striae develop following 
stress rupture of the connective tissue framework [1], but others 
disagree. It has been suggested that they develop more easily in skin 
that has a critical proportion of rigid cross-linked collagen, as occurs 
in early adult life [2]. They are common during adolescence [3], 
and they seem to be associated with rapid increase in size of a par- 
ticular region. They are very common over the abdomen and breasts 
in pregnancy, and they may develop on the shoulders in young 
male weight-lifters when their muscle mass rapidly increases [4]. 
They are a feature of Cushing disease, and they may be induced 
by local or systemic corticosteroid therapy [2,5]. The effects of 
glucocorticoids on the dermal connective tissue are outlined earlier 
in this chapter. Together with other steroid-like effects, striae have 
been reported in human immunodeficiency virus (HIV) positive 
patients receiving the protease inhibitor indinavir [6]. 


Epidemiology 

Incidence and prevalence 

Striae are very common, and occur in most adult women, as they 
readily develop at puberty or during pregnancy. 
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Figure 94.12 (a, b) Severe generalised cutaneous 
atrophy in a 29-year-old female as the result of using 
inhaled corticosteroids for asthma since the age of 7; 
(b) note haemosiderosis on the lower legs as a result 
of ready bruising of her atrophic skin. 


Age 
Adolescent striae may first develop soon after the appearance of 
pubic hair. 


Sex 

Abdominal striae gravidarum are extremely common in pregnancy. 
Striae are often associated with growth spurts in adolescent males 
(Figure 94.13). 


Figure 94.13 Pubertal growth striae across the back of an adolescent boy: note that 
these are normally all horizontally arranged right across the back (compare with 
Figure 94.14). 


Associated diseases 
Most striae occur in otherwise healthy individuals, although they 
are a feature of Cushing syndrome and Marfan syndrome. 


Pathophysiology 

Predisposing factors 

Striae are associated with growth spurts, for instance body-building 
or pregnancy, but more rarely they may reflect structural abnormal- 
ities of connective tissue such as Marfan syndrome or the effect of 
glucocorticoids. 


Pathology 

In the early stages, inflammatory changes may be conspicuous; the 
dermis is oedematous and perivascular lymphocytic cuffing is 
present. In the later stages, the epidermis is thin with flattening 
of the dermal papillae [7,8]. The dermal collagen is layered in 
thin eosinophilic bundles, orientated in straight lines parallel to 
the surface in the direction of the presumed stress. Scanning elec- 
tron microscopy shows amorphous sheet-like structures [9]. With 
Luna stain, the elastic fibres are numerous, close together, fine and 
straight, and in the same direction as the collagen bundles [10]. 
On scanning electron microscopy in collagen-free preparations 
there is an abundance of thin, curled and branched elastic fibres. 


Genetics 
The importance of genetic factors in determining the susceptibility 
of connective tissue is emphasised by their presence as one of the 
(minor) diagnostic criteria for Marfan syndrome [11] and congenital 
arachnodactyly, associated with mutations of the fibrillin-1 and 
fibrillin-2. genes, respectively. Striae may occur in the absence of 
other phenotypic features of Marfan syndrome [12], and their 
presence may be predictors for aortic dissection [13]. They are 
commonly absent during pregnancy in Ehlers—Danlos syndrome. 
Recent genome-wide association analysis of apparently otherwise 
normal individuals with striae has revealed associations with genes 
affecting expression of matrix proteins such as collagen, elastin 
and fibronectin [14]. 


Clinical features 

The commonest sites for obesity-related striae are the outer aspect 
of the thighs and the lumbosacral region in boys (Figure 94.14) and 
the thighs, buttocks and breasts in girls, but there is considerable 
variation, and other sites, including the outer aspect of the upper 
arm, are sometimes affected. Pseudoedematous striae have been 
described as a variant of striae seen in the groin and upper thighs 
of overweight individuals who use potent topical corticosteroids 
in the treatment of tinea cruris and corporis (Figure 94.15) [15]. 
Pubertal growth striae are concentrated symmetrically over, and on 
either side of, the spine (Figure 94.13). 

Early lesions may be raised and irritable, but they soon become 
flat, smooth and livid red or bluish in colour. Their surface may 
be finely wrinkled. They are commonly irregularly linear, several 
centimetres long and 1-10 mm wide. After some years, they fade 
and become inconspicuous. They are then generally paler than the 
surrounding skin. 

The striae in Cushing syndrome or those induced by steroid 
therapy may be larger and more widely distributed, and involve 


Figure 94.14 Striae due to obesity in a young man. 


other regions, including sometimes the face. In pregnancy, the striae 
appear first and are most conspicuous on the abdominal wall, and 
later on the breasts, but may involve most or all of the pubertal 
sites [15]. The striae induced by topical corticosteroid therapy occur 
particularly in the flexures, but may appear in other sites if occlusive 
plastic films increase absorption (see Figure 94.8) [16,17]. 


Differential diagnosis 

The diagnosis of striae is usually simple. The possibility of Cushing 
syndrome must be considered, although this is rarely the cause. Lay 
people may mistake adolescent growth striae for signs of physical 
abuse. In linear focal elastosis the lesions are yellow and palpable. 
Linear, often serpiginous, lesions, which tend to spare the back, 
are reported in patients with bartonellosis; there are generally asso- 
ciated urticated papules or plaques and the lesions respond rapidly 
to antibiotics [18]. 


Complications and co-morbidities 
Usually, striae are no more than a cosmetic problem, but occasionally 
if extensive they may ulcerate or tear easily if traumatised. 


Disease course and prognosis 

Striae gravidarum generally improve after delivery and adolescent 
striae have an excellent prognosis. Even corticosteroid-induced 
striae may disappear or become less conspicuous when treatment 
is stopped. 


Investigations 
Exclude Cushing syndrome if suspected. 


Management 

In the case of common adolescent striae, the patient may be reas- 
sured that in time they will become less conspicuous. Numerous 
unproven remedies are available from cosmetic companies and 
there is no well-substantiated evidence that topical therapies 
prevent or accelerate healing of striae [19,20]. 
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Figure 94.15 (a, c, d) Pseudoedematous-appearing striae with overlying skin atrophy. (b) Inability to draw fluid from the oedematous appearing striae. Reproduced from Verma et al. 


2020 [27] with permission of John Wiley & Sons. 


Some cases appear to respond to treatment with topical tretinoin 
cream (0.05% daily), which stimulates collagen synthesis, 
although weekly superficial dermabrasion is claimed to be 
better tolerated [21]. The vascular redness of ‘younger’ striae is 
claimed to respond to the 585 nm pulsed dye and Nd:YAG lasers, 
which may also stimulate collagen synthesis [22,23]. Fractional 


photothermolysis has been used in chronic striae [24]. The 
application of silicone gel may be beneficial [25]. Narrow-band 
UV light or 308 nm xenon chloride laser may enhance melanin 
production but these treatments have no effect on cutaneous 
atrophy [26]. 

There is no proven long-term benefit of treatments. 


Figure 94.16 Poikilodermatous mycosis fungoides. 


Acquired poikiloderma -— Cs SFsVK38Wa 


Poikiloderma is a descriptive term, comprising atrophy, macular or 
reticulate pigmentation and telangiectasia. There may be associated 
areas of scaling, hypopigmentation and petechiae and signs of 
inflammation such as lichenoid papules. Congenital poikiloderma 
is a feature of several inherited disorders, including Kindler syn- 
drome (Chapter 69), dyskeratosis congenita, Rothmund-Thomson 
syndrome and acrokeratotic poikiloderma of Weary (Chapter 75) 
and erythrokeratoderma variabilis (Chapter 63). More recently, a 
syndrome has been described comprising hereditary early-onset 
poikiloderma with scleroderma-like skin changes, tendon contrac- 
tures and adult-onset pulmonary fibrosis [1]. 

Poikiloderma may occur as a pattern of cutaneous response to 
injury by cold, heat or ionising radiation [2]. So-called poikiloderma 
of Civatte (Chapter 86) is a similar reaction mediated by photosensi- 
tising chemicals in cosmetics. Some inflammatory dermatoses, such 
as lichen planus, may also give rise to poikilodermatous changes. 

Poikiloderma is a feature of some systemic autoimmune diseases, 
and is a marker of disease severity in dermatomyositis [3]. It is 
also seen in lupus erythematosus and rarely in systemic sclerosis. 
Poikiloderma atrophicans vasculare is an early presenting feature 
of cutaneous T-cell lymphoma (mycosis fungoides), typically stage 
IA-IIA; it predominantly affects males. It usually responds well to 
phototherapy and has a good prognosis (Figure 94.16) [4]. 


Atrophic scars — Ss SVX38ll 


Definition 
These are scars resulting from the destruction of connective tissue 
by trauma or by inflammatory changes. 


Introduction and general description 
The distribution and character of the atrophic lesions may assist 
in determining diagnosis and further management, if necessary. 


Figure 94.17 Atrophy due to onchocerciasis. Courtesy of Dr M. Murdoch. 


Viral infections, such as varicella, can leave widespread small 
circular atrophic scars [1]. The scars left by tertiary syphilis, certain 
tuberculides and some deep mycoses, especially sporotrichosis, are 
usually completely atrophic. Onchocerciasis may result in extensive 
areas of dermal atrophy (Figure 94.17) [2]. Areas of cutaneous lupus 
erythematosus may also leave atrophy without clinical evidence 
of sclerosis. Lupus vulgaris, the chronic follicular pyodermas and 
some cases of lupus erythematosus leave a combination of atro- 
phy and sclerosis, in which the latter predominates. Lesions that 
have been treated by intralesional steroid injections may also leave 
atrophic scars. Atrophic scarring may result from acne lesions 
(Chapter 88). 

Exposure to ionising radiation gives rise to a very striking combi- 
nation of atrophy, pigmentation and telangiectasia (poikiloderma). 

The wide atrophic scars that follow injuries in Ehlers—Danlos 
syndrome (Chapter 70) emphasise the importance of constitutional 
factors in determining the pattern of dermal response to a known 
external injury. 

Stellate pseudoscars are white, irregular or ‘star-shaped’ atrophic 
scars (Figure 94.18). They are common on light-exposed skin, par- 
ticularly on the extensor aspects of the forearms, often in association 
with purpura. These are seen in 20% of patients aged 70-90 years, 
and a much less common presenile form occasionally occurs 
before the age of 50 years. These pseudoscars are secondary to mild 
trauma, and are usually preceded by haemorrhage into the dermis 
[3,4]. 

Stellate scars following trivial trauma can also occur in other con- 
ditions that cause fragile skin, for example porphyria cutanea tarda 
and prolonged use of potent topical steroids. 
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Figure 94.18 Stellate pseudoscars on the forearm of an elderly woman. There was no 
history of trauma. 


Figure 94.19 Brown pseudoscars of the legs due to diabetic dermopathy. There was no 
history of trauma. 


Brown pseudoscars may also develop over the shins of diabetic 
patients, especially elderly men with no history of trauma (diabetic 
dermopathy) (Figure 94.19) (Chapter 62). Histology reveals that 
the pigmentation is due to dermal deposition of haemosiderin and 
melanin. Lesions may resolve spontaneously [5]. 
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Figure 94.20 Congenital erosive and vesicular dermatosis with reticulate scarring. 
Reproduced from De Lange et a/. 2009 [4] with permission of John Wiley & Sons. 


Congenital erosive and vesicular dermatosis 
with reticulate scarring 


This rare congenital condition, which was first described in 1985 [1], 
presents at birth with signs suggestive of congenital viral infection, 
including red skin, blistering, erosions and crusting often involving 
more than 75% of the skin surface. The skin heals over the course 
of a few months with soft reticulate scarring, which on the limbs 
tends to follow the long axis of the limbs (Figure 94.20). A review 
of 28 known cases [2] confirmed that it occurred predominantly in 
preterm infants (79%) and that there was often a history of mater- 
nal chorioamnionitis (43%). Neurodevelopmental problems were 
common. Histological examination in the early stages shows epider- 
mal necrosis and subepidermal blistering but no evidence of viral 
infection or vasculitis. This is succeeded by scar formation with loss 
of appendageal structures, especially eccrine glands. The differ- 
ential diagnosis includes Goltz syndrome, Rothmund-Thomson 
syndrome and aplasia cutis [2,3]. An infant was treated successfully 
using a silicone sheet dressing [4]. 


Spontaneous atrophic scarring of the cheeks 


Synonyms and inclusions 
e Varioliform atrophy 
e Atrophia maculosa varioliformis cutis 


This is a very rarely reported condition in which spontaneous 
scars develop on the cheeks (Figure 94.21) in young adults [1,2] or 
children [3]. It may, however, be much commoner than the lack of 
reports suggests. The shallow atrophic lesions have sharp margins 
and may be linear, curvilinear, rectangular or varioliform. They 
may be preceded by slight redness and scaling. Histology shows 
mild loss of collagen or elastic fibres; there may be thickening 
of the stratum corneum [4]. Most cases are sporadic, although 
familial cases are recorded [2,5]; inheritance is probably autosomal 
dominant [6]. The differential diagnosis includes atrophoderma 


Figure 94.21 Spontaneous atrophic scarring of the cheeks (varioliform atrophy). 


vermiculatum (Chapter 85), chickenpox scars and artefact. There is 
no evidence-based treatment, although topical retinoids have been 
used [7]. 


Acrodermatitis chro 


Definition and nomenclature 

This is a late skin manifestation of Lyme borreliosis (Chapter 26). 
Itis characterised by the insidious onset of painless, dull-red nodules 
or plaques on the extremities, which slowly extend centrifugally for 
several months or years, leaving central areas of atrophy. 


Synonyms and inclusions 
¢ Chronic atrophic acrodermatitis 
e Late-phase Lyme borreliosis 


Introduction and general description 
The condition is due to infection with a spirochaete, Borrelia 
burgdorferi (sensu lato), which is transmitted by ticks [1]. 


Epidemiology 

Incidence and prevalence 

This manifestation of borreliosis occurs mainly in northern or cen- 
tral Europe, Italy and the Iberian Peninsula. Occasional cases occur 
in other parts of Europe and Africa, but it is very rare in the UK, 


America, Australia and Asia [2]. These geographical variations are 
related to different strains of the organism [3-5]. 


Age 
It mostly occurs between the ages of 30 and 60 years, and is more 
common in female individuals. 


Pathophysiology 

Pathology [6] 

During the early stages, there is non-specific dermal oedema with 
perivascular inflammatory infiltration. Subsequently, the epidermis 
becomes atrophic and the epidermal appendages are destroyed. 
Beneath a subepidermal zone of degenerate connective tissue lies 
a dense, band-like infiltrate, predominantly consisting of lym- 
phocytes, histiocytes and plasma cells. Ultimately, the infiltrate is 
reduced to narrow bands between collagen fibres. In some patients, 
scleroderma-like changes may develop [7,8]. More typically, the 
dermis shows signs of atrophy; the swelling and homogenisation 
of collagen and elastic fibres is followed by their disappearance [9]. 
Borrelia afzelii has been cultured from the atrophic skin [7] but 
the culture is usually negative. Borrelia afzelii can be identified by 
polymerase chain reaction (PCR). The organism may be resistant to 
attack by the complement system and may lurk in immunologically 
protected areas such as fibroblasts and endothelial cells. Expression 
of pro-inflammatory cytokines, such as interferon y (IFN-y), is 
increased [10]. 


Causative organisms 

Borrelia afzelii is the predominant species associated with acroder- 
matitis chronica atrophicans [11]. This species is transmitted by ticks 
in western Europe, but is rare in the USA, where Borrelia burgdorferi 
(sensu stricto) predominates [12]. 


Environmental factors 
Itis transmitted by bites from ticks, notably Ixodes spp., which favour 
bracken-covered hillsides and scrublands [12]. 


Clinical features 

History 

Most cases occur in country-dwellers. There is usually a history of 
a tick bite. The onset is usually insidious, and constitutional symp- 
toms are exceptional [13]. 


Presentation 

Dull-red or bluish-red oedematous nodules or plaques, more or 
less infiltrated, develop on the feet or legs, and less often on the 
forearms and hands. The lesions themselves are typically painless, 
but there may be associated acral pain or paraesthesiae. Erythema 
chronicum migrans (Chapter 26) may have been present at the 
same site some years earlier. Extension to the trunk and the greater 
part of the body, including the face, is sometimes seen. Single or 
multiple lesions may be present. They slowly extend centrifugally, 
the active inflammatory stage persisting for months, years or 
even decades. Marginal extension may continue once the central 
areas have already entered the atrophic phase, in which the skin 
is smooth, hairless and tissue-paper-like, dull red, pigmented or 
poikilodermatous (Figure 94.22). 
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Figure 94.22 Acrodermatitis chronica atrophicans: image captured soon after the 
commencement of antibiotic therapy; note the atrophic wrinkled appearance of the skin 
at the side of the knee. Courtesy of Dr lan Coulson. 


Subcutaneous nodules may later develop around the knees or 
elbows, and fibrous bands along the ulnar margin of the forearms. 
Gaiter-like sclerosis of the lower third of the legs, often accom- 
panied by ulceration, is a further complication. Morphoea of the 
trunk and lichen sclerosus (both genital and extragenital) have also 
been reported in association [2,14]. Conversely, Borrelia antibodies 
have been found in some patients with morphoea [14,15], although 
this does not appear to be a common finding [16]. Fifty per cent of 
patients develop peripheral neuropathy. 

In some cases, involvement of the joint capsule or bone results in 
limitation of movement of the joints of the hands and feet, or of the 
shoulders. 


Clinical variants 
Occasional patients develop reddish plaques, clinically and histo- 
logically suggestive of mycosis fungoides [17]. 


Differential diagnosis 

The early cutaneous phase of Lyme borreliosis, erythema chronicum 
migrans, may be confused with other annular erythemas, although 
a history of a recent tick bite at the site is often obtained. When it 
occurs on the lower legs, it may mimic venous insufficiency [18], 
with thick cyanotic itchy skin. 


Complications and co-morbidities 

Very rarely, squamous carcinoma has developed in the atrophic 
skin, and lymphoma has also been reported in non-affected skin, 
although it can be difficult to distinguish from the ‘pseudolym- 
phoma’ lesions of borreliosis [16,19-21]. Other late manifestations 
of Lyme borreliosis (lymphocytoma, neurological, etc.) have been 
fully reviewed by Steere [1]. 
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Disease course and prognosis 
The bacteria can be eradicated with systemic antibiotics but some 
systemic features, such as neuroborreliosis, may persist. 


Investigations 

In the atrophic stage, diagnosis is usually readily made, and can 
be confirmed histologically. Immunoblotting using Borrelia afzelii 
flagellar antigen (41 kDa) is confirmatory [5]. Serology is used to 
confirm the diagnosis of Lyme disease, but false negative and false 
positive results are common. In chronic atrophic acrodermatitis, 
however, the antibody titre is very high. Serology may be positive 
on enzyme-linked immunosorbent assay (ELISA) but negative on 
immunoblotting, particularly in patients with neurological disease 
[22]. A high titre of antibodies may reflect occult central nervous 
system involvement, when the antibodies can also be demonstrated 
in colony-stimulating factor [23]. 


Management 
Oral antibiotics should be given for 1 month, for example doxy- 
cycline or amoxicillin in standard doses [1]. Improvement occurs 
gradually and may not become apparent until several weeks after 
the course of treatment. There may be no improvement if treatment 
is delayed until atrophy has already developed. If the antibody 
titre is high or there are clinical features of systemic disease (e.g. 
neuroborreliosis), intravenous benzylpenicillin, ceftriaxone or cefo- 
taxime should be given for 3 weeks [23,24]. There may be a case to 
be made for introducing public health measures such as prevention 
of enzoonotic transmission, chemoprophylaxis programmes or 
eventually a vaccine in endemic areas [25]. 

Elevated immunoglobulin G (IgG) and IgM antibodies may 
persist after treatment; this does not necessarily reflect treatment 
failure [26]. 


Treatment ladder for acrodermatitis chronica 
atrophicans 


First line 
¢ Oral antibiotics (e.g. doxycycline or amoxicillin) 


Second line 
e Intravenous antibiotics (e.g. benzylpenicillin if significant 
systemic manifestations) 


Atrophodermas -.— La 


Follicular atrophoderma 


Definition 

This distinctive abnormality manifests as dimple-like depressions 
at the follicular orifices and is usually associated with one of a small 
number of genetic syndromes but may be sporadic. It may be mani- 
fest at birth but may not become apparent until late in childhood. 


Figure 94.23 Follicular atrophoderma in Conradi syndrome. 


It usually involves the backs of the hands (Figure 94.23) and the 

feet, and sometimes the elbow region. It may be associated with the 

following conditions [1]: 

1 Conradi—Htinermann-Happle 
drodysplasia) (Chapter 63) [2]. 

2 Bazex—Dupré—Christol syndrome (Chapter 66) [3]. 

3 Hyperkeratosis palmoplantaris, follicular keratosis or palmo- 
plantar hyperhidrosis. 

4 Ichthyosis and follicular atrophoderma with hypotrichosis and 
hypohidrosis [4]. 
It may also occur as an isolated defect of limited extent. 


syndrome (calcifying chon- 


Pathophysiology 

Pathology 

Histology shows widened follicular ostia with thickening of the con- 
nective tissue sheath of the follicle. 


Genetics 

It appears to be associated with a variety of genetic defects. Variants 
of the ichthyosis-hypohidrosis syndrome are linked to mutations in 
the ST14 gene, which encodes for matriptase [4]. 


Clinical features 
Follicular atrophoderma present with follicular depressions on the 
backs of the hands (Figure 94.23), feet and occasionally elbows. 


Management 
There is no proven treatment. 


Linear atrophoderma 


Synonyms and inclusions 
e Atrophoderma of Moulin 


Introduction and general description 
It is probable that this and atrophoderma of Pasini and Pierini are 
atrophic variants of morphoea [1]. 


Epidemiology 
Incidence and prevalence 
Cases are sporadic and worldwide. 


Age 
Most cases are described in childhood and adolescence. 


Associated diseases 
Leukonychia has been associated [2]. 


Pathophysiology 

Pathology 

Histologically, the epidermis is normal apart from hyperpigmen- 
tation in the basal layer. There is a perivascular lymphocytic infil- 
trate in the dermis [3]. The collagen bundles are normal or thickened 
and there is diminished periadnexal and subcutaneous fat [4]. 


Genetics 
The condition may reflect mosaicism following a postzygotic muta- 
tional event [3,5]. 


Clinical features 
History 
Lesions are usually asymptomatic and insidious in onset. 


Presentation 

It presents with linear atrophic hyperpigmented plaques in the 
distribution of Blaschko lines, sometimes having a zosteriform 
appearance [4]. 


Differential diagnosis 
Atrophic variants of morphoea strongly resemble this syndrome, 
and may be identical. 


Investigations 
Laboratory investigations are normal [4]. Skin biopsy is helpful if 
there is clinical doubt. 


Management 

One case of successful treatment with methotrexate is reported [6]. 
Unlike linear morphoea, linear atrophoderma is not associated with 
underlying joint contracture [5]. 
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Atrophoderma of Pasini and Pierini 


Definition 

This condition is probably an atrophic variant of morphoea 
(Chapter 55) in which one or more patches of skin become bluish 
and sharply depressed, with no surrounding redness [1,2,3]. 


Epidemiology 
Incidence and prevalence 
Cases are mostly sporadic and rare. 


Age 
Most cases present in childhood or adolescence. 


Associated diseases 

There is a probable association with morphoea. Familial cases have 
been reported [4], together with an association with phenylke- 
tonuria [5]. 


Pathophysiology 

Predisposing factors 

The cause is unknown, although, as in morphoea, Borrelia burgdorferi 
has been implicated [6]. 


Pathology 

The histological changes are often slight [3]. There may be increased 
pigmentation of the basal layer. During the earlier stages, the col- 
lagen in the lower dermis may be oedematous, and elastic tissue 
clumped and scanty. There may be a dermal perivascular infiltrate 
consisting of macrophages and T lymphocytes. Immunofluores- 
cence studies may show IgM and C3 staining in the dermal blood 
vessels [7]. Later, the oedema subsides and there is some reduction 
in the total thickness of the dermis. Collagen bundles appear homo- 
geneous and clumped in the reticular dermis. Eventually there may 
also be some epidermal atrophy. 


Causative organisms 
In common with morphoea, Borrelia burgdorferi has been impli- 
cated [6]. 


Genetics 

No genetic factor has been reliably incriminated, although familial 
cases have been reported [4], and morphoea and atrophoderma of 
Pasini have occurred in siblings with phenylketonuria [5]. 


Clinical features 
History 
The lesions are generally asymptomatic. 


Presentation [3,8,9] 

The lesions, which may be single or multiple, range in size from 
2 cm to many centimetres in diameter, and are round or oval 
in shape, but may become confluent to form irregular patches 
(Figure 94.24). They are smooth, slate-coloured or violet-brown, 
and are slightly depressed with a ‘cliff drop’ border [10] below the 
level of the entirely normal surrounding skin. The back is almost 
always involved, the chest and abdomen frequently, and the limbs 
occasionally. 
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Figure 94.24 Atrophoderma of Pasini and Pierini. 


Differential diagnosis 

Atrophic morphoea and linear atrophoderma may represent the 
same condition. Clinical differentiation from morphoea, possibly 
an academic exercise, is based on the ivory-white indurated plaque 
with an oedematous lilac ring so characteristic of the latter. Histo- 
logically, sclerosis may be prominent in morphoea and is usually 
absent in atrophoderma. High-frequency ultrasound has been used 
as a non-invasive technique to aid diagnosis and to monitor disease 
progression [11]. 


Complications and co-morbidities 
An overlap with juvenile idiopathic arthritis has been described [12]. 


Disease course and prognosis 

The patches extend very slowly, increase in number for 10 years or 
more, and then usually persist unchanged. The eventual devel- 
opment of sclerodermatous changes within the patches has 
been observed, as has the presence in the same patient of lesions 
typical of atrophoderma and of morphoea. 


Investigations 

Serological tests for Borrelia burgdorferi are typically negative [3] 
although there are case reports of an association (for example, 
see [6]). 


Management 

No treatment is of proven efficacy, but psoralen and UVA (PUVA) 
has helped some patients. Topical calcineurin inhibitors are of 
limited value. Hydroxychloroquine has been used successfully [13]. 
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Cases apparently associated with Borrelia burgdorferihaveresponded Presentation 

to penicillins and tetracyclines such as doxycycline [3,6]. Sudden bruising of the volar aspect of a finger may occur sponta- 
neously or after minor trauma; the bruising resolves within days 
and the patient is asymptomatic between flares [1-4]. The wrist may 


; sometimes be involved [5]. There is no evidence of ischaemia [6]. 
Paroxysmal haematoma of the finger 


Differential diagnosis 


Definition and nomenclature It may be mistaken for easy bruising due to steroid atrophy. The 
This condition presents with the sudden spontaneous onset of one absence of ischaemic features and rapid improvement exclude 
or more painful haematomas in the fingers (Figure 94.25). occlusive vascular disease. 


Complications and co-morbidities 


inclusi sage 
Bg: aed Inclusions There are no co-morbidities. 


e Achenbach syndrome 


¢ Acute idiopathic blue finger Disease courseand prosnads 


It may recur at intervals for several years [7]. Although troublesome, 


Epidemiology it is a benign condition. 
Age —— 
It usually occurs in middle age. Investigations 


Although subtle angiographic abnormalities have been described 
[8], investigation of the patient for significant vascular disease is 
unnecessary [7,9,10]. 


Sex 
There is a female predominance. 


Associated diseases 


There are no associated diseases. Panatrophy 


Pathophysiology 

Predisposing factors 

The cause is unknown but has been hypothesised to be due to a 
localised acquired fragility of vascular connective tissue. 


Definition 

Local panatrophy is a rare disorder involving partial or total loss 
of subcutaneous fat and atrophy of the overlying skin, sometimes 
associated with atrophy or impaired growth of muscle or bone. 
A primary neurogenic disturbance has been postulated but not 
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Pathology proved. The syndrome may represent the end result of more than 

There is no evidence of vasculitis or amyloid on skin biopsy. one pathological process, but many cases may be due toa variant [& 
of morphoea. They are discussed further in Chapter 55. ‘= 

Clinical features The atrophic areas exhibit a reduced sympathetic response and [5 

History aberrant production of non-esterified fatty acids after stimulation < 

There is a sudden onset of often painful haematoma. with norepinephrine (noradrenaline). It has been suggested that 
there may be a primary abnormality of the sympathetic nervous 
system [1]. 


Two groups of cases can be differentiated: 

1 Panatrophy of Gower: in this rare condition no scleroderma or 
other sclerotic process accompanies or follows the loss of subcu- 
taneous tissue. Most cases have occurred in women, usually in 
the second to fourth decades. 

2 Sclerotic panatrophy: either typical morphoea or a similar scle- 
rotic change in dermal collagen precedes the atrophy [2]. 


Clinical features 
Clinical features of these two groups are as follows. 


Panatrophy of Gower. Sharply defined areas of atrophy, irregular 
in size, shape and distribution, develop over a period of a few weeks, 
without preceding inflammatory stages [3,4]. In each affected area, 
the subcutaneous tissue disappears and the overlying skin appears 
Figure 94.25 Paroxysmal haematoma of the finger. Courtesy of Dr J. Verbov. atrophic and may be hypopigmented but is otherwise normal. 
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There may be a single area of atrophy or two or more. In size they 
range from 2 to 20 cm across, and in shape they are very variable 
but are sometimes triangular or quadrangular. Most lesions have 
occurred on the back, buttocks, thighs or upper arms, but some 
have involved the forearms or lower legs. The atrophy reaches its 
maximum extent within a few months and then remains unchanged 
indefinitely. 


Sclerotic panatrophy. Atrophy of the subcutis, and sometimes 
of underlying muscle and bone, may follow clinically and histo- 
logically typical morphoea, especially when the process begins in 
childhood and involves a limb (Chapter 55). Sclerotic panatrophy 
may also occur in the absence of morphoea. The sclerosis involves 
subcutaneous tissue and muscle, and dense sclerotic, scar-like linear 
bands develop along a limb, or encircle the trunk in a metameric 
distribution, or encircle a limb. These lesions have also usually 
occurred in childhood. They cease to progress after a few months 
and, although new areas may be involved, most lesions have been 
solitary. 


It is probable that Gower panatrophy and linear morphoea are at 
the ends of a continuous disease spectrum. The histology of linear 
morphoea reveals thickened bundles of collagen, which appear to 
be intact on B-scan ultrasound imaging [5]. 

In the differential diagnosis of panatrophy, the various forms 
of panniculitis must be excluded. The preceding inflammatory 
changes in the latter are the single most distinctive feature, but 
they are not always easy to distinguish. Some cases of panatrophy 
may have been misdiagnosed as steroid-induced atrophy [6]. 

Facial defects can be corrected by autologous fat grafting [7]. 


Facial hemiatrophy (Chapter 55) 


Definition and nomenclature 

Facial hemiatrophy is an atrophic dysplasia of the superficial facial 
tissues, but the underlying muscles, cartilage and bone may also be 
affected [1]. 


Synonyms and inclusions 
e Parry-Romberg syndrome 


Epidemiology 
Age 
This rare disease usually starts within the first two decades of life. 


Sex 
The sexes are equally affected. 


Associated diseases 

Some cases have been associated with syringomyelia, epilepsy or 
cerebrovascular disease, but in 90% of cases no such association is 
demonstrable. 


Pathophysiology 

Predisposing factors 

The cause is unknown, but it may be a disorder of the sympathetic 
nervous system in some cases. 


Genetics 
There is no evidence that it is usually genetically determined, but it 
appears to be hereditary in a few pedigrees. 


Clinical features 

History 

Occasionally, there may be premonitory muscle spasms or neural- 
gia [2] but often it is asymptomatic. 


Presentation 

The first manifestation is usually increased or decreased pigmen- 
tation in irregular patches on the cheeks, forehead or lower jaw. 
Progressive atrophy gradually develops in the affected sites, involv- 
ing skin, subcutis, muscle and bone, and may extend in area — and 
sometimes in depth — for months or years with temporary remis- 
sions, eventually ‘burning out’. Teeth on the affected side may be 
smaller, with short roots. The skin becomes dry, thin and atrophic, 
but may be scar-like and adherent in some areas. When the atrophy 
is fully developed, the contrast between the sunken, haggard, pig- 
mented affected half of the face and the unaffected half is dramatic. 
The hair may be lost in the fronto-parietal region on the affected 
side but is often normal; occasionally, localised canities is an early 
change. 

A variety of neurological signs have been reported, of which 
Horner syndrome is the most frequent. Heterochromia of the iris 
develops at the same time as the facial atrophy in about 5% of cases, 
and retinal changes may also be present [3], including central retinal 
artery occlusion [4]. There can be ipsilateral cerebral atrophy [5]. 

The degree of bone atrophy as established radiologically is 
usually much less than the clinical appearance suggests, and is 
severe only in some cases of early onset. In such cases, the cere- 
bral cortex may also be affected, and contralateral epilepsy may 
result. Common findings on imaging include a variable degree of 
atrophy with obliteration of fat planes, ipsilateral deviation of the 
aero-digestive tract and enophthalmos due to loss of retrobulbar 
fat. Intracranial changes, where present, include discrete areas of 
subcortical calcification in the ipsilateral frontal lobe with areas of 
brain atrophy and abnormal white matter signalling [6]. 


Differential diagnosis 

When the cutaneous involvement is early and conspicuous, the 
diagnosis presents few difficulties. Hypoplasia following radio- 
therapy given in infancy, perhaps in treatment of a naevus in the 
region of the temporo-mandibular joint, could cause confusion. If 
the skin changes are slight, or of later onset, physiological asymme- 
try, unilateral mandibular agenesis, hemihypertrophy and atrophy 
secondary to facial paralysis must be excluded. Hemihypertrophy 
is always congenital. When the limbs are involved, infantile hemi- 
plegia and lipodystrophy (which is usually bilateral) must also be 
considered. 


Lupus panniculitis results in subcutaneous atrophy which can be 
hemifacial. Atrophic morphoea of the ‘coup de sabre’ paramedian 
form may be associated with some degree of facial hemiatrophy, 
especially if it begins early in life. However, it is generally a more 
superficial process than progressive facial hemiatrophy. The skin 
in scleroderma is bound down and adherent, and loss of hair and 
pigmentary changes are conspicuous. In progressive facial hemi- 
atrophy, the skin may remain mobile and grossly normal. The two 
processes have been confused frequently in the literature, and may 
coexist [7]. 


Complications and co-morbidities 

There may be associated segmental vitiligo [8]. Spontaneous fracture 
of the jaw has also been reported [9]. Hemimasticatory spasm is a 
rare complication [10]. 


Disease course and prognosis 

The atrophy may remain limited both in extent and depth. It may be 
confined to the distribution of one division of the trigeminal nerve 
or involve the whole of the side of the face, sharply demarcated at 
the midline. Rarely, it may be bilateral, and very rarely may involve 
half the body, usually on the same side as the face but exception- 
ally the opposite side in crossed hemiatrophy. The atrophy may, 
in such cases, begin on the trunk or a limb and only later involve 
the face. 


Management 

There are reports of clinical improvement following immunother- 
apy [6] although these may represent patients with linear morphoea. 
Plastic surgery offers cosmetic benefit once the disease appears to 
have stabilised. Serial autologous fat grafts can be beneficial 
for patients with mild to moderate disease [11,12]. Autologous 
lipoinjection may stimulate vascularity and tissue remodelling [13]. 
For patients with severe disease, free tissue transfer is the treatment 
of choice [12]. 


DISORDERS OF ELASTIC 
DEGRADATION 


Introduction and general description 


The capacity of the skin to adapt to local or general changes in 
body size and contour, and to allow for movement of the head 
and limbs and a wide range of facial expression, depends upon 
its tension, elasticity and tensile strength. These properties may 
be congenitally defective or modified by ageing or disease [1-3]. 
Acquired disorders of elastic tissue have been reviewed in detail by 
Lewis et al. [4,5]. 

Elastic fibres are abundant in the skin, arteries, lungs and liga- 
ments. They provide tissues with resilience and elasticity, enabling 
the skin to resume its original shape after deforming forces have 
ceased to act. Elastic fibres are comprised of an outer mantle of 


fibrillin-rich microfibrils surrounding a dense core of elastin. Elastin 
owes its remarkable elasticity to covalent crosslinks between tropo- 
elastin monomers [6]. Although there is wide individual variation, 
elastic fibres tend to become less plentiful with age, when the 
skin becomes stiffer, with decreased viscoelastic recovery. Dermal 
fibroblasts become less responsive to mechanical stimuli with age; 
in contrast, the destruction of matrix proteins such as elastin by 
tissue metalloproteinases is increased [7]. Cutaneous elasticity is 
also reduced in a variety of skin disorders including cutis laxa. 
Additionally, elastic fibres provide adhesion for cells and play a 
role in regulating growth factors (e.g. transforming growth factor B 
(TGE-)) [2]. 


Tensile strength 

The tensile strength of the skin is the degree to which it can be 
elongated before it tears. It is greatest in infancy and decreases with 
age; it is also abnormally low in diseases associated with qualita- 
tively or quantitatively abnormal collagen such as Ehlers—Danlos 
syndrome and Cushing syndrome [3]. 


Lax skin — 


Increased laxity of the skin due to ageing (accelerated by dermal 
photodegradation) is extremely common, but cutaneous laxity can 
occasionally result from marked weight loss (especially after gross 
obesity) or can follow recovery from severe oedema. Less commonly, 
the skin may become lax due to localised or generalised defects in 
elastic tissue resulting from other causes, and these may be grouped 
as follows: 

1 Generalised elastolysis (cutis laxa): 

¢ Congenital (Chapter 70): this may be a component of inher- 
ited disorders including PXE, SCARF syndrome (skeletal 
abnormalities, cutis laxa, craniostenosis, ambiguous genitalia, 
retardation and facial abnormalities), de Barsy syndrome and 
geroderma osteodysplastica. 

e Acquired: there are numerous associated disorders, such 
as inflammatory skin disease, multiple myeloma, systemic 
lupus erythematosus, hypersensitivity reactions, complement 
deficiency and penicillamine therapy. 

2 Localised elastolysis: 

e Anetoderma. 

¢ Blepharochalasis. 

e Chronic atrophic acrodermatitis (due to Borrelia; see earlier in 
this chapter). 

¢ Granulomatous slack skin (due to lymphoma). 

e Other localised lesions, including mid-dermal elastolysis, 
postinflammatory elastolysis and cutis laxa (PECL), elastic 
tissue naevi, etc. 

It is probable that many of the above conditions are variations of 
the same disease, and there is considerable overlap. They share a 
similar pathological process, namely elastophagocytosis (the phago- 
cytosis of elastic fibres by histiocytes and/or multinucleate giant 
cells) [1]. 
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Acquired cutis laxa — SVX3WW 


Definition and nomenclature 

Cutis laxa presents clinically as lax skin that hangs in folds, together 
with loss of dermal elastic tissue histologically. Congenital forms 
are discussed in Chapter 70. 


Synonyms and inclusions 
¢ Generalised elastolysis 

¢ Generalised elastorrhexis 

¢ Generalised dermatochalasia 


Introduction and general description 

Cutis laxa may be acquired following inflammatory skin disease [1] 
or following exposure in utero to drugs such as penicillamine [2]. 
An immunological pathogenesis has been suggested in many cases. 


Epidemiology 

Associated diseases 

Acquired cutis laxa has been reported in association with urticaria 
and urticarial vasculitis [3,4], nephrotic syndrome [5], complement 
deficiency, sarcoidosis, syphilis, primary amyloidosis and multiple 
myeloma [6-8], drug hypersensitivity and the Klippel-Trenaunay 
syndrome [9]. Focal elastolysis can also occur in association with 
lupus erythematosus [10], severe rheumatoid arthritis [11] and 
coeliac disease [12]. D-penicillamine disrupts elastic fibre forma- 
tion and may cause cutis laxa, elastosis perforans serpiginosa and 
pseudoxanthoma-like changes [13,14]. Congenital cutis laxa may 
also occur in offspring of mothers taking penicillamine [2]. 


Pathophysiology 

Predisposing factors 

These include immunological or chemical disruption of dermal 
elastic fibres. 


Pathology 

In acquired cutis laxa, dermal elastic tissue is markedly reduced, 
although collagen is normal. Fibroblasts express increased elas- 
tolytic activity (cathepsin G). Levels of serum «,-antitrypsin and 
elastase inhibition are decreased [15]. 


Genetics 

There may be an underlying genetic susceptibility, for example 
defects in the interaction of elastin and fibulin 5 results in elastic 
fibres that are more susceptible to degradation by matrix metallo- 
proteinases [16]. 


Clinical features 

History 

Cutis laxa may rarely develop at any age following episodes of 
urticaria or angioedema, extensive inflammatory skin disease 
(such as systemic lupus erythematosus or erythema multiforme) 
or febrile illness (Figure 94.26). It may also follow hypersensitivity 
reactions such as penicillin allergy [17]. 
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Figure 94.26 Acquired cutis laxa following a generalised inflammatory dermatitis in 
an 18-month-old child. Reproduced from Haider et a/. [20] with permission of John 
Wiley & Sons. 


Presentation 

There may be widespread massive folds of lax skin, or the changes 
may be mild and confined to a limited area, in which case, it cannot 
be distinguished from anetoderma. Purpura may follow slight 
trauma and fibrotic nodules may form over bony prominences. 
Organs other than the skin may also be involved. Emphysema, gas- 
tric fibromas and tracheobronchomegaly have been reported [18]. 


Clinical variants 

Postinflammatory elastolysis and cutis laxa (Marshall syndrome) 
(Figure 94.27) was originally described as a distinctive syndrome 
in African children but has subsequently been reported world- 
wide. Clinical features are intermediate between anetoderma and 
cutis laxa [19-21]. It is preceded by an inflammatory process, 
often with a neutrophilic component (e.g. Sweet syndrome [22,23]) 
or an insect bite. The preceding inflammatory lesions may be 
urticaria-like or multiple red papules, which slowly enlarge to form 
rings 2-10 cm in diameter [20]. PECL has been associated with 
a,-antitrypsin deficiency, which may enable matrix metallopro- 
teinases to destroy dermal elastin, and screening for this enzyme 
deficiency is recommended [23]. 


Differential diagnosis 
The history should enable the condition to be distinguished from 
congenital cutis laxa. In Ehlers—Danlos syndrome, the skin is hyper- 
extensible but not lax, and it recoils quickly. In PXE, the skin may 
be lax, but it is yellowish. The face is usually spared. It is distin- 
guished histologically by the presence of calcification. There may 
be circumscribed folds of lax skin in neurofibromatosis, and loose 
folded skin may also occur in leprechaunism, Patterson syndrome 
and trisomy 18, but these conditions are distinguished by their asso- 
ciated features. 

In severe actinic damage, there may be marked skin laxity due 
to damage to elastic fibres. There is doubtless considerable overlap 
with other elastolytic conditions described later. 


Investigations 

The diagnosis, which is suggested by finding loose skin that 
recoils only slowly after stretching, may be confirmed by histo- 
logical confirmation of a reduction in elastic fibres. Investigations 


(a) (b) 


(c) 


Figure 94.27 Postinflammatory elastolysis and cutis laxa (Marshall syndrome) in a 6-year-old boy showing (a) an acute inflammatory phase progressing to large plaques of lax 
wrinkled skin (b). (c) Histology shows shortened and fragmented elastic fibres in the reticular dermis. Reproduced from Fontenelle et a/. 2013 [21] with permission of The Scientific 


Electronic Library Online (SciELO). 


for emphysema may be indicated, with referral to a pulmonary 
physician if necessary. Underlying inflammatory disease may 
require investigation. 


Management 

Diphenyl sulfone appeared to prevent disease progression in a 
patient with cutis laxa associated with urticarial vasculitis [4]. 
Excision of redundant tissue (‘face-lift’) may substantially reduce 
the cosmetic disability [21,24]. 


Definition and nomenclature 

The term anetoderma (anetos: slack) refers to a circumscribed area of 
slack skin associated with a loss of dermal substance on palpation 
and a loss of elastic tissue on histological examination. ‘Primary’ 
anetoderma implies that there is no associated localised under- 
lying cutaneous disease, whereas ‘secondary’ anetoderma can be 
attributed to some associated condition. 


Synonyms and inclusions 
e Macular atrophy 


Introduction and general description 

Previously, cases of ‘primary’ anetoderma were divided into the 
Jadassohn—Pellizzari type, in which the lesions are preceded by ery- 
thema or urticaria, and the Schweninger—Buzzi type, in which there 
are no preceding inflammatory lesions. This is now of historical 
interest only, because in the same patient some lesions may be 
preceded by inflammation and others may not, and the prognosis 
and histology are identical in the two types [1,2,3]. 


Epidemiology 
Incidence and prevalence 
Anetoderma is rare. 


Age 
It mainly occurs in patients aged 20-40 years, although is occasion- 
ally reported in infants and older patients. 


Sex 
It mainly occurs in women [2]. 


Associated diseases 

Primary anetoderma is strongly associated with antiphospholipid 
syndrome [4-6] with or without features of systemic lupus. In 
older reports, this may have led to a misdiagnosis of syphilis in 
many cases, although there is a definite association with the disease 
and its treatment [7]. Secondary anetoderma has been reported in 
association with tuberculosis and leprosy [8,9], urticaria pigmen- 
tosa [10], pityriasis versicolor [11,12], granuloma annulare [13,14], 
Stevens-Johnson syndrome [15], B- and T-cell lymphoma [16-18] 
and other conditions. Some reported associations may be coinci- 
dental, but it is probable that many inflammatory diseases may 
occasionally be complicated by anetoderma. 

Localised anetoderma may occur in premature infants, possi- 
bly due to the application of transcutaneous oxygen monitoring 
devices [19,20]. Localised anetoderma-like changes on histology 
have been reported in association with pilomatricoma [21], atrophic 
dermatofibroma and dermatofibrosarcoma protuberans [22,23], 
juvenile xanthogranuloma [24] and hamartomatous congenital 
naevi [25]. Lesions resembling anetoderma occur in PECL (Marshall 
syndrome) (Figure 94.27b). Penicillamine-induced anetoderma has 
also been reported [26]. 


Pathophysiology 
Predisposing factors 
Primary anetoderma. Recently, it has become apparent that 
‘primary’ anetoderma is strongly associated with antiphospholipid 
antibodies, with or without a prothrombotic state (Figure 94.28) 
[4,5]. It is probable that these antibodies underly the association 
historically noted with syphilis, and more recently with borreliosis 
[27] and systemic lupus. 

In a few cases, there appears to be an underlying structural defect 
of connective tissue. Familial cases are reported [28-30] and there 
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Figure 94.28 Primary anetoderma associated with antiphospholipid antibodies. 
Reproduced from Eungdamrong et a/. 2012 [6] with permission of Regents of the 
University of California. 


is an association with inherited bony or ocular abnormalities. The 
Blegvad—Haxthausen syndrome comprises anetoderma, blue scle- 
rae and osteogenesis imperfecta. 

The histology of anetoderma suggests that the basic abnormality 
is focal elastolysis [1,31,32]. This may be secondary to the release of 
elastase from inflammatory cells which are probably always present 
in the early stages. Metalloproteinases, notably MMP-2 and MMP-9, 
are increased in lesional skin [33,34]. 

Complement activation may be involved as C3 is deposited on 
the remaining elastic fibres [35]. It has been suggested that decay 
accelerating factor and vitronectin (an inhibitor of the membrane 
attack complex) may protect elastic fibres against this type of dam- 
age [36]. Abnormalities in the protective system could play a role in 
primary anetoderma. 


Secondary anetoderma. This is seen in association with another 
identifiable disease, such as systemic [37] or chronic cutaneous 
lupus erythematosus [38], not always in relation to the lesions. 
Anetoderma is also associated with lupus profundus [39,40]. 

Some cases of primary anetoderma have direct immunofluo- 
rescence findings similar to those of either chronic cutaneous or 
systemic lupus erythematosus, even though there may be no other 
features of lupus erythematosus [41,42]. Biopsy shows a focal loss 
of elastic tissue, and a perivascular infiltrate with prominent plasma 
cells [1,2]. Generalised elastolysis (cutis laxa) has also occurred [43]. 

Antibodies have not been demonstrated against elastic fibres [42]. 


Pathology [2,27] 

During the early stages, the dermis is oedematous, and a lympho- 
cytic infiltrate (predominantly helper T cells) surrounds the blood 
vessels and appendages [1,32]. Plasma cells and histiocytes, with 
some granuloma formation, may also be seen. Later, the oedema 
and perivascular infiltrate subside and elastic fibres become scanty. 
The persistence of fine, irregular or twisted elastic fibres is common. 
The dermal collagen may also be diminished, but the fragmen- 
tation and disappearance of elastic tissue is the essential change, 
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beginning superficially in the subpapillary zone and extending 
downwards. Electron microscopy shows phagocytosis of elastic 
fibres by macrophages [44—46]. 


Causative organisms 
Serological evidence of Borrelia burgdorferi infection has been 
observed in some cases [27]. 


Genetics 
Familial cases are reported [28-30]. 


Environmental factors 

It is perhaps more frequent in central Europe than elsewhere, 
which suggests a possible relationship to chronic atrophic acroder- 
matitis (due to Borrelia spp.) in some cases [27]. 


Clinical features 

History 

There may be a history of a previous inflammatory, perhaps 
urticated, lesion at the site. Often lesions are asymptomatic. 


Presentation 

In primary anetoderma crops of round or oval pink macules 
0.5-1.0 cm in diameter develop on the trunk, thighs and upper 
arms, less commonly on the neck and face and rarely elsewhere. 
The scalp, palms and soles are usually spared. Each macule extends 
over a period of a week or two to reach a size of 2-3 cm. Sometimes, 
there are larger plaques of reddened skin, and nodules have also 
been reported as a primary lesion [47]. Slowly, each lesion fades 
and flattens from the centre outwards to leave a macule of wrin- 
kled atrophic skin, which yields on pressure, admitting the finger 
through the surrounding ring of normal skin (Figure 94.29). The 
colour varies from skin colour to grey, white or blue. The number of 
lesions varies widely, from less than five to 100 or more. In a Korean 
series, indented lesions evolved into protuberant ones, reflecting 
more severe elastin loss [34]. 


Figure 94.29 Secondary anetoderma in a chickenpox scar. Reproduced from Veraldi 
and Schianchi 2006 [51] with permission of John Wiley & Sons. 


In some cases, the lesions are initially urticarial wheals, which, 
after a succession of exacerbations and remissions, perhaps contin- 
uing for many weeks, are succeeded by atrophy. They may become 
confluent, to cover large areas, especially at the roots of the limbs 
and on the neck. 

The atrophic areas in secondary anetoderma do not always 
develop at the sites of the known inflammatory lesions. They are 
soft, round or oval areas, which occur mainly on the trunk. 


Clinical variants 

‘Confetti-like macular atrophy’ [48] may be a variant of ane- 
toderma, although the lesions are not depressed or herniated. 
Hypopigmented, shiny, atrophic patches occur on the upper limbs 
and trunk. Histology shows an atrophic epidermis with disorgan- 
ised, hyalinised coarse collagen bundles in mid-dermis, with elastic 
fibre loss and fragmentation in the upper dermis. 


Differential diagnosis 

Extragenital lichen sclerosus (Chapter 55) presenting as white spots 
around the base of the neck and shoulders should not be con- 
fused with anetoderma. Histological examination establishes the 
diagnosis if there is doubt. Focal dermal hypoplasia and atrophic 
scars must be also considered. 

Aquired cutis laxa (see earlier) and anetoderma are closely related 
and may represent different forms of the same condition. 

The diagnosis of ‘primary’ anetoderma can be established only 
by excluding the presence of any of the diseases known to be asso- 
ciated with ‘secondary’ atrophy such as perifollicular elastolysis 
(see later in this chapter). 


Disease course and prognosis 

The lesions remain unchanged throughout life and new lesions 
often continue to develop for many years. If the lesions coalesce 
they form large atrophic areas, which are indistinguishable from 
acquired cutis laxa [2]. 


Investigations 

In patients with primary anetoderma it is important to test for 
antiphospholipid syndrome and treat appropriately, for example 
with aspirin or warfarin. 


Management 

No specific treatment exists. In the case of secondary anetoderma, 
treatment should be directed against underlying disease or infec- 
tions. 

Penicillin and the antifibrinolytic drug e-aminocaproic acid have 
been advocated [49], but Venencie et al. [2] studied 16 patients and 
found no treatment was beneficial once the atrophy had devel- 
oped. Colchicine may prevent some atrophic changes [50]. Ablative 
(e.g. carbon dioxide) lasers may reduce scarring [15]. 


Mid-dermal elastolysis : -.— Le 


Definition and nomenclature 
Idiopathic loss of the elastic fibres in the mid-dermis leads to 
widespread wrinkling of the crinkle type in otherwise healthy 


Figure 94.30 Idiopathic mid-dermal elastolysis. Courtesy of Dr L. Ostlere. 


young or middle-aged women (Figure 94.30) [1,2]. The exact rela- 
tionship between this condition and other elastolytic disorders 
such as acquired cutis laxa and anetoderma is uncertain. Localised 
areas may clinically resemble PXE, although they are histologically 
distinct [3-5]. 


Synonyms and inclusions 
e Elastolysis mediodermalis 
e Perifollicular elastolysis 


Epidemiology 
Incidence and prevalence 
There are sporadic cases. 


Age and sex 
It mainly occurs in young to middle aged women. 


Ethnicity 
It occurs most commonly in fair-skinned people. 


Associated diseases 
Cases have been associated with a prothrombotic state [6], suggest- 
ing a similarity to anetoderma. 


Pathophysiology 

Predisposing factors 

It has been reported to follow granuloma annulare [7] and other 
inflammatory conditions. 


Pathology 

Ultrastructural studies of mid-dermal elastolysis demonstrate 
elastic fibres engulfed by macrophages [8]. In the perifollicular 
variant, histology shows a non-inflammatory perifollicular loss 
of elastin fibres [9]. Immunological studies of affected skin show 
a non-specific profile of immune activation [10]. Cultured fibro- 
blasts from lesional dermis exhibit increased elastolytic activity 
and reduced elastin mRNA compared with normal skin [11]. 
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Maghraoui et al. [12] have distinguished postinflammatory elastol- 
ysis, with or without features of cutis laxa, from non-inflammatory 
elastolysis. 

The histology of idiopathic mid-dermal elastolysis is similar to 
that of PECL (see earlier in this chapter). Those lesions are preceded 
by inflammatory lesions, but the lesions of idiopathic mid-dermal 
elastolysis may also occasionally be preceded by redness, urticaria 
or a burning sensation, and the two conditions are similar, if not 
identical. 


Causative organisms 
Elastase-producing strains of Staphylococcus epidermidis have been 
implicated in the perifollicular variant [13]. 


Environmental factors 

Ultraviolet light may trigger elastophagocytosis [14]. The condition 
has also been reported in a patient receiving haemodialysis [15] 
and near the site of insertion of a pacemaker [16]. Inflammatory 
triggers may include UV radiation, insect bites, varicose veins, 
borreliosis and acute neutrophilic dermatosis [17,18]. 


Clinical features 
History 
The condition is typically asymptomatic. 


Presentation 

Presentation is with well-circumscribed or net-like areas of crinkly 
skin (cigarette paper-like fine wrinkling) that are up to 1 cm or 
more wide. 


Clinical variants 

Three variants have been described [19,20] as follows: 

¢ Type 1: cigarette paper-like fine wrinkling (crinkle) affecting the 
trunk and upper arms. 

Type 2: perifollicular papules [9,13]. Lesions are small, grey-white, 
finely wrinkled, round or oval areas, each with a central hair 
follicle. Some exhibit a balloon-like bulge above the surface. 
They occur on the upper trunk, neck, earlobes and arms. Similar 
changes are more commonly seen in acne scars (Chapter 89). 
Type 3: reticular variant. Unlike other variants, this appears 
commoner in males [20]. Orange-red inflammatory papules 
precede net-like areas of atrophy, chiefly on the arms [5,16,19]. 
Localised areas may clinically resemble PXE, although they are 
histologically distinct [3,4] 

In addition to these, a linear lumbar variant has also been 
described in a female [21]. 


Upper dermal elastolysis -— TOW 


Definition and nomenclature 

Selective loss of elastic tissue in the papillary dermis was origi- 
nally described in an otherwise healthy 86-year-old woman, who 
presented with numerous yellowish papules on the neck and 


upper trunk, and associated coarse wrinkles [1]. Since then, there 
have been several other reports, mostly in women aged 60-70 years 
[2,3,4]. This condition may be a unique variant or related to acquired 
PXE [4,5]. Although photodamage may be implicated, the condition 
has been described on the neck of a woman who wore a hijab [6]. 


Synonyms and inclusions 
e Papillary dermal elastosis 


Clinical features 

Differential diagnosis 

The histology of idiopathic mid-dermal elastolysis is similar to 
that of PECL, which occurs in young African girls (see earlier in 
this chapter). Those lesions are preceded by inflammatory lesions, 
but the lesions of idiopathic mid-dermal elastolysis may also occa- 
sionally be preceded by redness, urticaria or a burning sensation, 
and the two conditions are similar, if not identical. 


Management 

No definite treatment exists but topical retinoic acid (0.01% gel) has 
produced cosmetic improvement [7,8]. Reduction of degradation 
by metalloproteinases would be desirable, as in other elastophago- 
cytic disorders [9]. 


Blepharochalasis — SW 


Definition and nomenclature 
This is laxity of the eyelid skin due to a defect in the elastic tissue. 


Synonyms and inclusions 


e Ascher syndrome 


Epidemiology 
Incidence and prevalence 
It is rare and mostly sporadic. 


Age 
It usually presents around the time of puberty. 


Ethnicity 
Most cases are reported in white people. 


Associated diseases 
Some cases may be a localised form of postinflammatory elastolysis 
or follow angioedema [1]. 


Pathophysiology 

Predisposing factors 

There is presumably an inflammatory stimulus to elastophago- 
cytosis. 


Pathology 

In the early stages, there may be a mild dermal lymphocytic infil- 
trate, and in the later stages the elastic fibres in the lids fragment 
and decrease [2]. Normal elastin gene expression suggests other fac- 
tors may be involved in elastic fibre loss [3]. IgA deposition may 
be detected on fibres, implying an immunopathogenic mechanism 
may be relevant [4]. Disintegration of collagen fibres has also been 
observed in one case [5]. 


Causative organisms 
None is known. 


Genetics 
Some pedigrees show autosomal dominance, although most cases 
are sporadic. 


Clinical features 

History 

There may be a history of previous transient episodes of painless 
eyelid swelling lasting for 2-3 days. 


Presentation 
Blepharochalasis is an uncommon condition that usually devel- 
ops insidiously. Attacks of painless swelling of the eyelids are 
followed by laxity, atrophy, wrinkling and pigmentation, predom- 
inantly of the upper eyelids (Figure 94.31). There may be multiple 
telangiectases. These changes produce an appearance of tiredness, 
debauchery or premature ageing. 

Reduplication of the mucous membrane of the upper eyelid is 
associated with blepharochalasis in about 10% of cases, and this may 
make the eyelids appear thick. 


Clinical variants 

Ascher syndrome is the association of blepharochalasis with pro- 
gressive enlargement of the upper lip due to hypertrophy and 
inflammation of the labial mucosa [1-3,6-11,12,13,14]. The lip feels 
soft and lobulated and there may be excessive salivation. The lip 
abnormality is most noticeable when the patient speaks or smiles, 


Figure 94.31 Blepharochalasis. 


when the mucosal hyperplasia presents a ‘cupid’s bow’ appearance. 
In some cases, the accessory lacrimal glands are also affected, with 
increased thickness of the eyelids. Goitre (enlargement of the thy- 
roid) [6] and autoimmune thyroiditis [15] have also been reported 
as part of the syndrome [6]. 


Differential diagnosis 

The many other causes of eyelid swelling must be excluded (Chapter 
107). Ptosis is easily distinguished because the skin appears nor- 
mal. Blepharochalasis is occasionally a manifestation of generalised 
cutis laxa. 

Laxity of the eyelid skin is most commonly an age-related phe- 
nomenon (dermatochalasis) due to degenerative changes in the 
connective tissue of the eyelid. Laxity also occurs in Ehlers—Danlos 
syndrome but other features of this syndrome will also be present. 
Occasionally laxity, particularly affecting the upper eyelid, occurs 
in otherwise healthy individuals [8]. 


Management 

Various techniques of blepharoplasty can be performed, but the 
condition may recur [2,16]. Oral acetazolamide proved helpful in a 
patient with blepharochalasis and recurrent oedema [17]. 


Actinic granuloma and annulz 
elastolytic giant cell granul 


Definition and nomenclature 

Actinic granuloma is an uncommon condition affecting actinically 
damaged skin that results from a low-grade reactive inflamma- 
tory process in which degenerate elastic fibres are phagocytosed 
by multinucleate giant cells and histiocytes. It is the commonest 
type of annular elastolytic giant cell granuloma (AEGCG), in which 
abnormal elastic fibres are progressively destroyed by an expanding 
ring of elastolysis and granulomatous inflammation. 


Synonyms and inclusions 

e Elastolytic actinic giant cell granuloma 

¢ O'Brien granuloma 

e Miescher granuloma of the face 

e Atypical annular necrobiosis lipoidica of the face and scalp 
¢ Granuloma multiforme 


Introduction and general description 

Annular elastolytic giant cell granuloma is an uncommon gran- 
ulomatous cutaneous reaction pattern in which damaged dermal 
elastic fibres are slowly eliminated by a process of phagocytosis 
by multinucleate giant cells and histiocytes (Figure 94.32) [1]. The 
commonest form, actinic granuloma, occurs in sun-exposed skin 
and manifests as one or more slowly enlarging annular plaques 
with an elevated red margin, leaving behind a central area of 
atrophy devoid of elastic fibres (Figure 94.33) [2]. Actinic granu- 
loma is associated with diabetes in up to 40% of cases: it has been 
postulated that hyperglycaemia may alter the immunogenicity of 
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Figure 94.32 Annular elastolytic giant cell granuloma: high-power view showing 
fragments of degenerate elastic fibres engulfed by multinucleate giant cells. Courtesy of 
Professor Luis Requena. 


Figure 94.33 Typical actinic granulomas on the face and neck of an elderly man. 


elastic fibres [1,3]. There are other less common variants of AEGCG 
including an annular form of sarcoidosis which typically presents 
around the temples and forehead and was originally described 
as atypical necrobiosis lipoidica [4,5]; AEGCG in sun-protected 
skin [6-8]; and AEGCG occurring in burn scars [9,10]. It has also 
been associated with prolonged doxycycline photosensitivity [11], 
prolonged sunbed exposure [12] and with the onset and recurrence 
of acute myeloid leukaemia [13]. In common with other granu- 
lomatous conditions, it has been associated with focal segmental 
glomerulosclerosis [14]. The common theme appears to be damage 
to elastic fibres provoking a granulomatous inflammatory response. 


Chapter 94: Acquired Disorders of Dermal Connective Tissue 


Epidemiology 
Incidence and prevalence 
The condition is more common in sunny countries. 


Age 
It usually occurs in people over the age of 30. 


Ethnicity 
People with Fitzpatrick skin type I are particularly susceptible. 


Associated diseases 
Diabetes is associated. 


Pathophysiology 
Pathology 
The histological appearances are characteristic [1,2,15-19]. A biopsy 
taken radially across the thickened edge of the lesion and stained 
with elastic van Gieson stain shows three distinct zones in the 
dermis. In the external ‘normal’ skin, there is actinic elastosis. In 
the thickened annulus, there is a histiocytic and giant cell inflam- 
matory reaction in relation to elastotic fibres (Figure 94.34), and in 
the centre, within the annulus, little or no elastic tissue remains. 
The cellular infiltrate slowly expands outwards, leaving behind 
a central area from which elastic fibres have been removed by 
‘elastoclasis’. 

The epidermis may be normal, or it may show signs of actinic 
damage. 


Environmental factors 
Chronic photodamage may be involved. 


Clinical features 
History 
Lesions are typically asymptomatic. 


Presentation 

Lesions may be single or multiple. They normally develop in 
sun-exposed skin such as the dorsa of the hands and forearms, 
the V of the neck or the bald scalp (Figure 94.35). Fair-skinned 
or freckled subjects are particularly susceptible. The lesions start 
insidiously as small pink papules, which slowly extend centrifu- 
gally to form a ring of firm, superficial dermal thickening which 
is smooth and slightly elevated (Figure 94.33). The ring initially 
measures a few millimetres across but gradually expands, often 
attaining a diameter of several centimetres. The centre may become 
slightly atrophic and variable depigmentation may occur. The 
lesions are usually asymptomatic, but a sunburn reaction may 
provoke severe redness and irritation. Hair growth is not affected 
(Figure 94.35). 


Clinical variants 

See the introduction; some cases of AEGCG may represent an 
annular form of cutaneous sarcoidosis [20]. Granuloma multiforme 
is a condition that many would regard as a variant of AEGCG 
(see next section). 


Figure 94.34 Annular elastolytic giant cell 
granuloma: (a) low-power view showing intense 
granulomatous inflammation and (b) elastorrhexis 
with a loss of elastic fibres. Courtesy of Dr Leigh 
Biddlestone. 


Figure 94.35 Actinic granuloma on a bald scalp. Courtesy of Professor Luis Requena. 


Differential diagnosis 

¢ Granuloma annulare. 

¢ Necrobiosis lipoidica. 

e Elastosis perforans serpiginosa. 
¢ Sarcoidosis. 


Complications and co-morbidities 
These may include diabetes. 


Disease course and prognosis 
The condition can improve with adequate sun protection. 
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Investigations 
Skin biopsy should be performed. 


Management 

No treatment is of proven benefit. Topical steroids are generally 
unhelpful. In a series of 10 patients, hydroxychloroquine and 
photoprotection were beneficial [21]. 

Anecdotal reports of successful treatment include intralesional 
triamcinolone, isotretinoin (0.5 mg/kg/day) [22], doxycycline [23], 
acitretin 25 mg/day [24], oral prednisolone [25], dapsone, methotrex- 
ate and ciclosporin and topical tacrolimus [26]. A combination of 
pulsed dye laser and fractionated carbon dioxide laser has been 
used successfully [27], although AEGCG has been induced by 
pulsed dye laser therapy [28]. 


Granuloma multiform 


Introduction and general description 

Granuloma multiforme is a dermatosis reported in dark-skinned 
people mainly from Africa and India [1,2,3-8]. It shares many 
similarities with AEGCG in that it is characterised by annular 
plaques with giant cell granuloma formation at the periphery and 
loss of elastic tissue centrally [1]. As with AEGCG, it presents with 
papules that enlarge to form annular plaques with raised edges 
which may attain many centimetres in diameter. Histologically, the 
condition is difficult to distinguish from AEGCG except that focal 
necrobiosis and dermal mucin may be seen, which is not the case 
in AEGCG. Many authorities believe that granuloma multiforme 
should be regarded as a form of AEGCG [1]. 
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Its importance lies in its superficial resemblance to tuberculoid 
leprosy, which is an important differential diagnosis. Leiker et al. 
[2,3,4] first described granuloma multiforme and distinguished it 
from tuberculoid leprosy. Leiker called it Mkar disease, after the 
town where it was first studied. The condition is endemic in certain 
villages in eastern Nigeria, where the local inhabitants refer to it 
in the Ibo tongue as ‘Ununo Enyi’ (elephant ringworm) [5,8]. The 
disease appears to occur predominantly in females over the age of 
40 years [5,8,9]. Intense sun exposure over many years in people 
able to withstand acute photodamage appears to be a common 
feature. The difference in skin type and other unknown factors may 
explain the rather minor histopathological differences from AEGCG 
as seen in fair-skinned individuals. 


Clinical features 

Presentation 

The upper, uncovered parts of the body are predominantly affected. 
The initial lesions are small flesh-coloured papules which become 
aggregated into plaques or form the elevated rims of annular lesions. 
In larger annular lesions, the central area is often hypopigmented. 
Pruritus may be prominent. The condition lasts for many months or 
years and may persist indefinitely. 


Differential diagnosis 

Leprosy is endemic in the same regions where granuloma multi- 
forme is found and can look very similar. However, there is no loss 
of sensation or sweating, or other evidence of neural involvement 
in granuloma multiforme. Annular sarcoid, granuloma annulare 
and actinic granuloma can be distinguished histologically [10]. 


Management 
No treatment is known to be effective, although a recent report 
describes a response to dapsone [11]. 


Other elastolytic conditions — s+ 


Granulomatous slack skin is characterised by the slow develop- 
ment of pendulous folds of lax red skin, which on histological 
examination contain a dense granulomatous dermal infiltrate, with 
destruction of dermal elastic tissue. It is now considered to be a 
type of cutaneous T-cell lymphoma (mycosis fungoides) (Chapter 
137) [1,2]. 


Acquired pseudoxanthoma 
elasticum-like syndromes 


Perforating pseudoxanthoma elasticum 


Synonyms and inclusions 
e Perforating periumbilical calcific elastosis 


Transepithelial elimination (TEE) of altered elastic fibres can occa- 
sionally occur in generalised hereditary forms of PXE (Chapter 70), 
but it can also occur as a localised acquired defect in patients who 
do not have the other features of PXE [1]. These localised lesions 
usually occur in the periumbilical area in obese, multiparous black 
or Asian women, and it is possible that this represents a response 
to repeated cutaneous stretching (e.g. ascites or previous abdominal 
surgery) [2-5]. Similar lesions on the breast have been reported in 
patients undergoing haemodialysis [2,6]. 

Clinically, asymptomatic yellow macules and papules coalesce 
into well-demarcated hyperpigmented plaques which slowly 
enlarge. The surface may be atrophic, grooved, fissured or verru- 
cous, and compression of the edge of the lesion may produce a 
liquid discharge. Dermoscopic changes include yellowish brown 
structureless areas with curved or serpiginous lines, a few linear 
vessels and a keratotic plug with central crater [7]. 

It seems likely that most cases previously described as elastosis 
perforans serpiginosa in association with PXE were really examples 
of perforating PXE [8]. The histology of the two conditions is sim- 
ilar, but in perforating PXE there is transepidermal elimination 
of altered basophilic, calcified, elastic fibres [9], which are short, 
fragmented, curled and predominantly in the mid-dermis, whereas 
in elastosis perforans serpiginosa the fibres are abnormally large, 
non-calcified, eosinophilic and straight. The condition is similar or 
identical to upper dermal elastolysis (see earlier in this chapter) [10]. 
Spontaneous resolution has been reported [11]. 


Acquired pseudoxanthoma elasticum 


Synonyms and inclusions 
e Pseudo-pseudoxanthoma elasticum 


Epidemiology 

Iatrogenic causes 

Skin changes that are virtually identical to those of PXE can rarely 
be produced by penicillamine (e.g. in the treatment of Wilson dis- 
ease), although the systemic features do not occur [1,2]. The skin 
changes can be explained by the known effect of penicillamine in 
inhibiting collagen and elastin cross-linking, with the production 
of vastly increased amounts of abnormal elastin in the dermis [3]. 
Transepidermal extrusion of elastin has been reported in this 
condition [4]. 


Toxic causes 

Lesions clinically resembling PXE are reported in the eosinophilia- 
myalgia syndrome; dermal calcification is absent on histology [5]. 
Eosinophilia-myalgia syndrome is defined by: (i) incapacitating 
myalgias; (ii) a blood eosinophil count greater than 1000 cells/pL; 
and (iii) no evidence of infection (e.g. trichinosis) or neoplastic con- 
ditions that could account for these findings. It is related to toxic oil 
syndrome, caused by the ingestion of contaminated L-tryptophan 
or other less well-characterised toxic substances (see Saltpetre 
disease). 


Clinical features 

Depositions 

Yellowish papules and plaques resembling PXE are seen in some 
patients with amyloidosis; amyloid deposits are seen and, again, 
dermal calcification is absent [6,7]. 


Haematological disease 

Pseudoxanthoma elasticum-like lesions are described in several 
haemoglobinopathies, including congenital anaemia, sickle cell 
disease and thalassaemia [8]. These patients may develop systemic 
manifestations such as peripheral vascular occlusive disease and 
retinal neovascularisation and haemorrhage [9]. 


Saltpetre disease 


Saltpetre disease is a condition that resembles the skin changes 
of PXE clinically, histologically and ultrastructurally [1-3]. It 
has been described in a group of elderly farmers, who decades 
earlier had spread a fertiliser containing calcium-ammonium 
nitrate (Norwegian saltpetre). The patients developed cutaneous 
ulcers at sites of exposure (including antecubital fossae). These 
quickly healed to leave yellowish white papules and plaques. 
None of the patients had a positive family history or other signs 
of PXE. 


(b) 


Figure 94.36 (a—c) Acrokeratoelastoidosis. 
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Acrokeratoelastoid 


Synonyms and inclusions 

e Acrokeratoelastoidosis 

© Focal acral hyperkeratosis 

e Hereditary papulotranslucent acrokeratoderma 
¢ Marginal papular acrokeratoderma 


Acrokeratoelastoidosis is an uncommon asymptomatic disorder, 
which manifests as multiple, tiny, crateriform keratotic papules 
along the margins of the hands and feet, particularly in people of 
African descent (Figure 94.36). The name derives from the histolog- 
ical appearances which include not only epidermal acanthosis and 
hyperkeratosis but also fragmentation of the underlying dermal 
elastic fibres [1]. Fragmented elastic fibres resembling rooster crests 
are characteristic on scanning electron microscopy [2]. 

It is inherited in an autosomal dominant fashion but does not 
usually present until after puberty; sporadic cases also occur [3]. 
A potential linkage to chromosome 2 has been suggested [4]. 
As elastorrhexis cannot always be demonstrated, alternative 
names for clinically indistinguishable cases have been proposed: 
these include focal acral hyperkeratosis and marginal papular 
acrokeratoderma [5,6]. There is still controversy as to whether 
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these should be regarded as separate entities [7,8]. In one patient, 
fragmented elastic fibres were demonstrated in clinically normal 
covered skin, suggesting a primary disorder of elastic fibres [9], 
although it is generally considered that this group of disorders 
represents variable expression of the same disease [5,8]. Systemic 
retinoids may be beneficial but this is offset by potential long-term 
toxicity and teratogenicity [8]. 


ACQUIRED DISORDERS OQ 
DEPOSITION 


Linear focal elastosis — 


Definition and nomenclature 

This condition is characterised by asymptomatic yellow linear 
bands arranged horizontally on the lower back [1,2-4]. It less 
commonly occurs on the legs and shoulders. 


Synonyms and inclusions 


e Elastotic striae 


Introduction and general description 
This condition may represent a keloidal reaction to striae distensae. 


Epidemiology 

Incidence and prevalence 

Case reports are mostly sporadic. It may occur more frequently 
than reports suggest [5]. 


Age 
It was initially reported in elderly males [1], although subsequently 
reported patients are chiefly adolescents [6-8]. 


Sex 
It predominantly occurs in males. 


Ethnicity 
It is found in white, Asiatic and Afro-Caribbean people [6]. 


Pathophysiology 

Predisposing factors 

The lesions may be associated with a growth spurt, similar to 
adolescent growth striae [7]. Hereditary connective tissue disorders 
may have an aetiological factor in some cases [9]. 


Pathology 

Ultrastructural studies reveal active elastogenesis. The middle and 
lower dermal collagen is separated by bluish grey fine fibrillar 
material, which is composed of thin wavy elastic fibres and frag- 
mented elastic fibre bundles. Early lesions may, in contrast, show 
elastolysis, with decreased elastin and microfibrillar proteins [9]. 
The elastic fibres are near to or even in contact with fibroblasts [10]. 
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Elastogenesis may occur in response to local trauma, UV light or 
perhaps following the development of striae distensae [11]. How- 
ever, these mechanisms do not adequately explain the increasing 
number of cases reported, particularly in the young, and it may be 
that intrinsic defects of elastic fibre metabolism play a role [4]. 


Causative organisms 
None is known. 


Genetics 
There may be an underlying defect of elastic tissue, as yet unidenti- 
fied [4]. Familial cases are reported [6,12]. 


Clinical features 

History 

There is an insidious onset of asymptomatic lesions chiefly on the 
lower back. 


Presentation 

Superficially, the lesions resemble striae distensae, but they are 
palpable rather than depressed and yellow rather than purplish or 
white. Linear focal elastosis has been reported adjacent to striae 
distensae [11,13] and in one case following potent topical corticos- 
teroids [14]. A recent case report presented focal linear elastosis 
in a patient with hypermobility syndrome [9]. Dermatoscopic fea- 
tures include linear and poorly defined yellow areas without a 
vascular component [15]. 


Differential diagnosis 
This includes striae (which often coexist). 


Classification of severity 
This is of cosmetic importance only. 


Complications and co-morbidities 
Linear focal elastosis is associated with striae in many cases. 


Disease course and prognosis 

This is unknown. There is no effective treatment for linear focal 
elastosis. There was no clinical improvement seen in a retrospective 
case series of linear focal elastosis [5]. 


Investigations 
None is needed. 


Late-onset focal dermal el 


Yellowish papules with a peau d’orange appearance appear on 
the flexures. Clinically and histologically, the lesions resemble 
elastomas. This rare condition had only been reported in elderly 
Japanese men, however there are now case reports of female indi- 
viduals presenting with multiple yellow papules on the dorsa of 
the hands [1,2-4]. Histopathology features include focal increases 
in thick, interlacing elastic fibres in the deep and mid-reticular 
dermis [4]. 


Elastofibroma dorsi ~—s SV 


Elastofibroma occurs predominantly in elderly women. Most cases 
are reported from southern Japan [1]. There may be a history of 
prolonged manual labour. The painless or slightly tender swelling 
beneath the lower angle of the scapula, 2-10 cm in diameter, is 
often discovered fortuitously. It may enlarge slowly, displacing 
neighbouring structures, and it can be clinically confused with a 
sarcoma [2,3]. This is a benign lesion, however, despite the fact 
that it is poorly circumscribed. The growth is composed of mature 
fibrous tissue, containing fibres which stain as elastic fibres. The 
lesions may be solitary or multiple [4-9]. 

Histologically, the lesion contains abundant large elastic fibres, 
some broken into irregular masses, and large amounts of relatively 
acellular collagen. The elastic fibres are composed of true elastin 
surrounded by a large amount of hydrophilic material forming 
an orderly array of tubules [4]. It is generally regarded either as 
a type of reactive hyperplasia or as a hamartoma, arising either 
from dermis, subscapular connective tissue or periosteum [6]. 
Surgical excision is indicated if the patient develops symptoms 
from the lesion or if malignancy cannot be excluded [7,8]. There 
is a high complication rate after surgery; postoperative suction is 
recommended [9] and there is a risk of recurrence [9,10]. 


Elastoderma ~~ Vl 


Elastoderma is a very rare condition which is due to excessive 
elastogenesis, as distinct from acquired cutis laxa, where there is a 
loss of elastic tissue. A young woman developed a localised defect 
of the skin of one arm, which became pendulous and lax, but lost 
its elastic recoil. Histological and biochemical investigation showed 
this was due to accumulation of excessive elastin, with derangement 
of elastin fibrillogenesis [1]. 

In further cases, also affecting young women, clinically unin- 
volved skin showed thin elastic fibres on haematoxylin and 
eosin staining, without calcification [2]. Other areas of the skin 
reported to have been affected by elastoderma include the ante- 
rior neck in a teenage male patient [3]. Transmission electron 
microscopy showed irregular elastic tissue fibres with electron 
dense extensions; fibroblasts were abundant, possessing widened 
rough endoplasmic reticulum [4]. Despite the skin laxity, there is no 
joint hypermobility [4]. 


Papular elastorrhexis — Fe 


This is a rare variant of connective tissue naevus. Adolescents or 
young adults present with multiple, non-follicular, oval, white 
or yellowish papules on the trunk or limbs; dermal elastic fibres 
are decreased and fragmented on histology. Most case reports 
are sporadic, with no family history and no extracutaneous man- 
ifestations [1-3]. A recent case report discussed the late-onset 
development of skin-coloured papules on the face of a female 
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Fibromatoses and other causes of diffuse fibrosis 


in her 60s. The histopathological findings were consistent with 
papular elastorrhexis [4]. 

The differential diagnosis includes acne scars, in which the 
papules are follicular, with decreased elastin but no elastorrhexis; 
familial cutaneous collagenoma is histologically similar, but cases 
of papular elastorrhexis are sporadic [5]. Similar lesions are seen 
in some patients with Buschke—Ollendorff syndrome (Chapter 73), 
in which osteopoikilosis is also a feature. To add to the confu- 
sion, abortive forms of Buschke—Ollendorff syndrome have been 
described, lacking osteopoikilosis [6]. A family has been described 
with this variant [7]. It is possible that papular elastorrhexis is not 
a separate entity [8]. Intralesional triamcinolone may be beneficial 
[9], if treatment is necessary [1-3]. 


FIBROMATOSES AND 
DIFFUSE FIBROSIS 


Introduction and general description 


Fibrous overgrowth of dermal and subcutaneous connective tis- 
sue occurs most readily in certain sites and at certain ages, and 
some of the resulting syndromes are clinically and histologically 
distinctive and well defined. There are some cases, however, that 
defy precise classification, and others in which histological criteria 
may be a poor guide to prognosis. Invasiveness and a high local 
recurrence rate may or may not be associated with a tendency 
to metastasise. The borderline between simple overgrowth and a 
benign tumour may be equally difficult to define. 

Abnormal fibrosis is a feature of many debilitating systemic disor- 
ders, such as cirrhosis and pulmonary fibrosis. A closer understand- 
ing of the myofibroblast and the regulatory pathways of cytokines 
and growth factors, such as TGF-f, should enable the development 
of effective and specific antifibrotic drugs [1]. 


Fibromatoses —C Fe 


Fibromatosis is a benign fibrous tissue proliferation, which is inter- 
mediate between benign fibroma and metastasising fibrosarcoma. 
The lesions of fibromatosis tend to infiltrate and recur when 
removed, but they do not metastasise. The term should not be 
applied to reactive fibrous proliferation, or to keloid, which is usu- 
ally secondary to injury. The lesions in fibromatosis may be single 
or multiple, and the likelihood of recurrence after surgical removal 
varies with the location of the lesion and the age of the patient. The 
fibromatoses occur in two major groups: 
1 Superficial fibromatoses (fascial fibromatoses): 

¢ Palmar (Dupuytren). 

e Plantar. 

e Penile (Peyronie). 

¢ Knuckle pads. 
2 Deep fibromatoses (non-metastasizing fibrosarcoma). These are 

rapidly growing tumours that usually involve the musculature 
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Figure 94.37 Palmar fascial fibromatosis: typical fixed contraction of the little finger of 

the left hand compared with the normal right hand, in a patient with palmar and plantar 

fascial fibromatosis. Reproduced from Newman and McQuaid 2019 [36] with permission 
of Irish Medical Organisation. 


or aponeuroses. Their tendon-like consistency accounts for their 
alternative name of desmoid tumours. They are discussed in 
more detail in Chapter 136. 


Palmar fascial fibromatosis 


Definition and nomenclature 

This is a fibromatous hyperplasia of the palmar aponeurosis, which 
is characterised by nodular thickening of the fascia with associated 
flexion contractures of one or more digits (Figure 94.37). 


Synonyms and inclusions 
e Dupuytren contracture 


Introduction and general description 
The condition seems to be due to a reactive proliferation of fibro- 
blasts with no inflammatory component; the basic cause is obscure. 


Epidemiology 

Incidence and prevalence 

The prevalence in the general adult population is around 2-6% [1], 
but it may approach 20% or more in elderly males [2,3,4], in diabetic 
patients and in patients with acquired immune deficiency syndrome 
(AIDS) [2]. 


Age 
The age of onset is generally 30-60 years. 


Sex 
It is generally commoner in men. Some families are described in 
which there is a predominantly female expression [5]. 


Ethnicity 
It is relatively uncommon in people of African or Asian descent. 
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Associated diseases 

In about 5% of patients, the condition is associated with other fibro- 
matoses such as knuckle pads or keloids. This has been termed the 
polyfibromatosis syndrome. 

It occurs more commonly in patients with alcoholic cirrhosis, 
epilepsy [6] and diabetes [4,7], but the prevalence is decreased 
in rheumatoid arthritis [8]. Other conditions that have been less 
convincingly claimed to be associated include periarthritis of the 
shoulder, chronic lung disease, gout, trauma and ulnar nerve 
damage [9]. 

Phenytoin appears to stimulate fibrosis in the polyfibromatosis 
syndrome [10] and it may also cause gingival hypertrophy by 
stimulating fibroblasts and increasing collagen production [6,10,11]. 
There is one case report of a girl aged 14 years who developed 
Dupuytren contracture while receiving growth hormone therapy 
for hypopituitarism [12]. 

High alcohol consumption, smoking and trauma, notably the use 
of vibrating hand tools, have also been implicated [13]. 


Pathophysiology 

Free radical production secondary to ischaemia may be involved: 
the concentration of hypoxanthine substrate capable of releasing 
free radicals is greatly increased in the affected tissue [14]. Localised 
ischaemia has been thought to play a part, and in animal studies 
allopurinol (a competitive inhibitor of xanthine oxidase) has been 
shown to limit the damage associated with acute ischaemia [15]. 
High concentrations of free radicals are toxic, but in low concentra- 
tion they stimulate fibroblast proliferation [14]. The contractures, 
which are a late complication, appear to follow the conversion of 
the fibroblasts to contractile myofibroblasts [16]. 

The presence of CD3 lymphocytes and the expression of major 
histocompatibility complex (MHC) class II proteins in the affected 
tissue imply that palmar fascial fibromatosis is a T-cell mediated 
autoimmune disorder [17]. 


Pathology 

Fibroblasts in affected fascia appear to be identical to those in nor- 
mal palmar fascia but their density is increased and they tend to be 
clustered around narrowed small vessels [18,19]. In the early stages, 
there are nodules in the subcutaneous tissue or within the fascia: 
they are composed of proliferating fibroblasts (Figure 94.38) with 
irregular hyperchromatic nuclei but there is no excess of collagen. 
Later stages are characterised by the presence of myofibroblasts, 
which have a fibrillary cytoplasmic ultrastructure and seem to have 
some other properties of smooth muscle. The nuclei are deeply 
indented, possibly due to the contractile properties of the cell. 
The cells also have altered surface membrane properties which 
enable attachment to neighbouring cells and stroma. Cytokines 
including TGF-f, platelet-derived growth factor (PDGF) and inter- 
leukin 1 mediate changes involving a-actin when the fibroblasts 
are transformed to myofibroblasts [20]. Myofibroblasts have also 
been identified in the normal aorta and in granulation tissue, hyper- 
trophic scars, keloids, liver fibrosis, dermatofibromas, etc. [16], in 
which their contractile properties may be important. The advanced 
stages of palmar fascial fibromatosis are characterised by dense 
fibrous connective tissue with a few elongated cells. An increased 
concentration of type III collagen is present in the nodules [21]. 


Figure 94.38 Low-power photomicrograph showing grossly thickened deep fascia with 
nodules of proliferating fibroblasts surrounded by dense collagen. Courtesy of Professor 
Luis Requena. 


This may be due to decreased degradation resulting from increased 
levels of tissue metalloproteinase inhibitors in the lesions [22]. 
Structural abnormalities of glycosaminoglycans, notably dermatan 
sulphate, may predispose to abnormal fibrillogenesis [23]. 


Genetics 

Palmar fascial fibromatosis is often familial and may be inherited as 
an autosomal dominant trait [24], in which case the onset tends to 
occur at an earlier age [25]. Genome-wide studies show increased 
expression levels of MMP-1, -3 and -16, fibroblast growth factor 
and several collagen genes [26]. Recent work has suggested that the 
Wnt pathway and transcription factor MafB may have key functions 
in the pathogenesis of palmar fascial fibromatosis [20]. 


Environmental factors 
Occupational exposure to hand-transmitted vibration may be an 
exacerbating factor [13]. 


Clinical features 

History 

Nodules may be painful initially, although the condition typically 
develops insidiously over several months or years. 


Presentation 

The earliest sign is the development of a palmar nodule, usually in 
the ulnar half of the hand. There are usually no symptoms, but there 
may be a dull ache or tingling. Insidious progression of the fibrosis 
over several years causes flexion contractures of the affected fingers. 
There is often puckering of the overlying skin. 


Clinical variants 
Plantar and penile fibromatosis are closely related conditions. 
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Differential diagnosis 

In most cases, the diagnosis is straightforward. There may be 
a histological resemblance to fibrosarcoma, but the latter is more 
pleomorphic, with larger nuclei and more mitoses. Juvenile aponeu- 
rotic fibroma may produce palmar or plantar nodules, but palmar 
fascial fibromatosis does not occur in young children. 


Disease course and prognosis 

The condition tends to progress more slowly in women [9]. Eventu- 
ally, the function of the hand is impaired due to fixed flexion of one 
or more digits. If left untreated, there may be some improvement 
after many years. 


Investigations 
The possibility of one or more of the associated disorders, such as 
diabetes, should be considered and investigated if appropriate. 


Management 

The advice of an orthopaedic or hand surgeon should be sought. 
Traditionally, complete removal of the palmar aponeurosis has 
been recommended [27], although minimally invasive subtotal 
fasciectomy and direct closure is more generally favoured [28,29]. 

Initial encouraging placebo-contolled trials of collagenase injec- 
tions [30] have been supported by subsequent experience, and the 
technique is now more widely practised [31]. 

Medical treatments are disappointing. Allopurinol may help by 
decreasing free radical production [14,32], and it has been suggested 
that vitamin C might prevent progression of the disease by acting as 
a free-radical scavenger [2]. 

Many other non-surgical approaches have been tried, including 
continuous slow skeletal traction, radiotherapy, dimethyl sulfox- 
ide, vitamin E, steroid injections and interferon, although none 
has been proven to be clinically useful [33]. High-dose tamoxifen 
following minimally invasive surgery reduces the risk of recurrent 
fibrosis in the short term, but the effect is lost on discontinuing the 
drug [34]. Intriguing results have been reported from the use of 
relaxin gene therapy on Dupuytren myofibroblasts in vitro, with the 
potential for use in vivo [35]. 


Treatment ladder for palmar fascial fibromatosis 


First line 
¢ Minimally invasive partial fasciectomy 


Second line 
e Intralesional collagenase 


Plantar fascial fibromatosis [1,2] 


Definition and nomenclature 

This is a rarer condition than palmar fascial fibromatosis, although 
they are often associated; a survey from Reykjavik found that 15% 
of men with the latter had plantar fibromatosis [3]. 
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Figure 94.39 Plantar fascial fibromatosis in a patient with palmar and plantar fascial 
fibromatosis. Reproduced from Newman and McQuaid 2019 [4] with permission of Irish 
Medical Organisation. 


Figure 94.40 Plantar fibromatosis. 


Synonyms and inclusions 


e Ledderhose disease 


Clinical features 

It most commonly affects the medial half of the mid-foot (Figure 
94.39), presenting as one or more nodules which may become 
painful and may ulcerate (Figure 94.40). In 25% of cases, it is bilat- 
eral. The fibromatosis rarely results in contractures but tends to 
be locally invasive and to recur. Up to 40% of cases seem to be 
associated with a background medical history of diabetes [4]. 


Differential diagnosis 
The differential diagnosis includes keloid and fibrosarcoma. 
Magnetic resonance imaging may confusingly demonstrate the 
cerebriform pattern typically seen in fibromyxoid sarcoma [5]. 

In younger patients, aggressive infantile fibromatosis and aponeu- 
rotic fibroma must also be considered [6]. Complications are rare, 
although squamous carcinoma has been reported occurring within 
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a lesion of plantar fibromatosis [7]. Similar nodules have been 
described symmetrically affecting the anteromedial aspects of the 
heel pad in children. They are asymptomatic and may resolve 
spontaneously [8,9]: surgery is contraindicated. 


Management 

Conservative management may be best in the early stages [4,9]. 
High-energy shockwave therapy reduces pain [10]. Radiotherapy 
may be considered in certain cases [4]. Total excision of the lesion 
and the entire plantar fascia seems to give the best results, with the 
lowest incidence of recurrence [4]. 


Penile fibromatosis 


Definition and nomenclature 

Penile fibromatosis is characterised by one or more irregular, dense 
fibrous plaques in the penile shaft. These commonly result in painful 
erections and curvature of the erect penis. 


Synonyms and inclusions 
e Peyronie disease 

e Plastic induration of the penis 
e Fibrous sclerosis of the penis 


Epidemiology 

Penile fibromatosis may occur as an isolated abnormality, or as one 
component of polyfibromatosis in association with palmoplantar 
fibromatosis, keloids and knuckle pads. The reported association 
with the use of a-adrenoreceptor-blocking drugs was probably 
attributable to concomitant atheroma [1,2]. The mode of inheritance 
is unclear. It is rare, with the highest incidence between 40 and 
60 years. 


Clinical features 

Vasculitis in the areolar connective tissue beneath the tunica albug- 
inea extends to adjacent structures. This is followed by fibroblastic 
proliferation, leading to a thickened plaque, which may calcify or 
ossify [3]. 


Presentation 

The disease presents with painful erections and curvature of the 
erect penis due to a thickened subcutaneous plaque, usually on the 
dorsal aspect of the penis in its distal third (Figure 94.41), making 
penetration impossible. Fibrosis of the underlying cavernous erec- 
tile tissue may lead to a constriction or ‘waisting’ of the penile shaft, 
leading to flaccidity of the distal portion. 


Disease course and prognosis 

The course is unpredictable [4]. The pain generally subsides within a 
few months, but the fibrous plaque may resolve, remain unchanged 
or progress [5]. 


Management 
Surgery is probably the treatment of choice, including penile 
straightening techniques [6]. 
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Figure 94.41 (a) Normal erect penis. (b) Erect penis 
with deformation from Peyronie disease showing a 
fibrous plaque causing ‘waisting’. 


Fibrous plaque 


Knuckle pads 


Definition and nomenclature 

Knuckle pads are circumscribed thickenings overlying the finger 
joints. The term is a misnomer as most lesions occur over the prox- 
imal interphalangeal rather than the metacarpophalangeal joints 
(knuckles). 


Synonyms and inclusions 
¢ Holoderma 

© Pulvinus 

e Subcutaneous fibroma 


Introduction and general description 

Knuckle pads were first described in the medical literature by 
Garrod [1] as an ‘unusual form of nodule upon the joints of the 
fingers’. However, they are probably not so unusual, and they 
feature in several of Michelangelo’s works, including the statues of 
David and the Sleeping Slave [1]. They should be distinguished from 
the ‘pseudo-knuckle pads’ associated with trauma. 


Epidemiology 

Incidence and prevalence 

The condition is not rare but the true prevalence is uncertain, as 
most patients ignore the lesions. Mikkelsen reported a prevalence 
of 8.8% in the population of Haugesund, Norway, and of 44.3% in 
individuals with palmar fibromatosis [2]. 


Age 

Onset is usually between 15 and 30 years of age; however, lesions 
typically develop slowly and asymmetrically and may not present 
significant cosmetic problems for several years. 


Sex 
Occurrence is probably equal between the sexes. 


Ethnicity 
It is mostly reported in white people. 


Associated diseases 

There is a strong association with other fibromatoses such as palmar 
fibromatosis [2,3,4]. An association between Dupuytren contracture 
and other fibromatous lesions has been recorded in some families. 
In one large family, knuckle pads were associated with sensorineu- 
ral deafness and with leukonychia (Bart-Pumphrey syndrome) 
[5]. Knuckle pads have also been associated with epidermolytic 
palmoplantar keratoderma in a Chinese family due to keratin 
9 mutations [6]. Another family has been described with knuckle 
pads in association with oesophageal cancer, hyperkeratosis and 
oral leukoplakia [7]. Knuckle pads have also been shown to be 
associated with an autosomal recessive condition called PLACK 
(peeling skin, leukonychia, acral punctate keratoses, cheiliti and 
knuckle pads) syndrome [8]. 


Pathophysiology 

Predisposing factors 

Although trauma has been implicated, this is more closely linked to 
‘pseudo-knuckle pads’. Familial cases are reported. 


Pathology 

The epidermis is grossly hyperkeratotic and acanthotic, with elon- 
gated rete ridges. The dermal connective tissue is hyperplastic; 
a proliferative phase is followed by a fibrotic phase. Individual 
collagen fibres may be obviously thickened and arranged in irregu- 
lar bundles. Spindle-shaped myofibroblasts can be seen on electron 
microscopy [4,9,10]. Histologically, the changes resemble those of 
palmar fibromatosis. 


Genetics 

The condition is usually sporadic, but several pedigrees have 
shown an autosomal dominant inheritance, for example the 
Bart-Pumphrey syndrome [5]. The age of onset and the distri- 
bution of the lesions tend to be more or less constant in each 
family, but show interfamily variation. Similar single nucleotide 
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polymorphisms (SNPs) are found in familial Dupuytren contrac- 
ture [11]. Knuckle pads are reported in families with palmoplantar 
keratodermas linked with keratin 9 mutations [6,12]. A family has 
been reported with familial knuckle pads but no associated con- 
ditions [4]. Patients with PLACK syndrome develop peeling skin, 
leukonychia, acral punctate keratosis, cheilitis and knuckle pads. 
There have been eight cases reported of this genetic condition [8]. 
Calpains are calcium-dependent cysteine proteases. In PLACK 
syndromes there are loss of function mutations in CAST, a gene 
that encodes calpastatin which inhibits calpains. CAST is found in 
stratified squamous epithelia including skin. 


Environmental factors 
Trauma is more probably relevant in ‘pseudo knuckle pads’. 


Clinical features 
History 
The history is usually asymptomatic, with insidious onset. 


Presentation 

Flat or convex, smooth, circumscribed nodules develop slowly and 
almost imperceptibly over the course of months or years, achieving 
0.5-1.5 cm diameter. The lesions may be hypo- or hyperpigmented. 
In some patients, they become very much raised and obviously 
indurated, but in others the dermal component is not clinically 
apparent. They are most commonly seen over the dorsa of the 
proximal interphalangeal joints (Figure 94.42), but occasionally 
develop over the knuckles or the distal interphalangeal joints. Any 
single site or combination of sites may be involved [1,4,9]. 


Clinical variants 
Sites other than the hands are not usually affected, but similar 
lesions on the knees were also present in one family [3]. 


Differential diagnosis 
Knuckle pads should be distinguished from the ‘pseudo knuckle 
pads’ associated with occupational trauma, such as in carpet layers, 


Figure 94.42 Knuckle pads. Reproduced from Hyman and Cohen 2013 [4] with 
permission of Regents of the University of California. 
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sheep shearers and tailors. Similar lesions are induced by children 
chewing or biting their fingers or ‘knuckle cracking’ [13] or playing 
video games [14]. Unlike true knuckle pads, these lesions tend to 
regress if the traumatic stimulus is removed, and may respond to 
topical keratolytics. 

Heberden nodes of osteoarthritis, pachydermodactyly, granu- 
loma annulare [15], erythema elevatum diutinum and rheumatoid 
nodules [16] should be excluded. 


Classification of severity 
These are of cosmetic significance. 


Complications and co-morbidities 
There is an association with other fibromatoses (as noted earlier). 


Disease course and prognosis 
Lesions gradually enlarge to a maximal size and tend to persist. 


Investigations 
None usually necessary, unless another inflammatory condition 
needs to be excluded by skin biopsy. 


Management 

If the lesions do not bother the patient, conservative management 
is appropriate. Recurrence and keloidal scarring are common fol- 
lowing excision. Intralesional triamcinolone or cryotherapy are 
ineffective and often painful. Intralesional 5-fluorouracil inhibits 
fibroblast proliferation and shows promise clinically [17]. Topical 
cantharidin-podophyllotoxin-salicyclic acid has been used to 
successfully treat knuckle pads affecting an adolescent patient [18]. 


Treatment ladder for knuckle pads 


First line 
¢ Conservative management 


Second line 
¢ Consider intralesional 5-fluorouracil 


Pachydermodactyly 


Definition 
This is a benign fibromatosis of the fingers. 


Introduction and general description 

This rare condition typically presents in adolescent males, who 
develop spade-like enlargement of the hands and occasionally the 
feet [1,2-9]. 


Epidemiology 
Incidence and prevalence 
Pachydermodactyly is rare and its incidence uncertain. 


Age 
It mainly occurs in young adults. 


Sex 

Males are mainly affected although it has been reported in women 
[4,5] and two young girls, one of whom had tuberous sclerosis 
and the other Ehlers—Danlos syndrome [6]. 


Associated diseases 

It may be associated with bilateral carpal tunnel syndrome [2] and 
spontaneous atrophic scarring of the cheeks (see earlier in this 
chapter) [10]. 


Pathophysiology 

Predisposing factors 

It has been suggested that unconscious repeated rubbing and 
gripping of the fingers, repetitive movements or mechanical injury 
to the joints may contribute to the condition [3,6,11-13], but pachy- 
dermodactyly must be distinguished from occupational callosities 
and obsessive ‘chewing pads’. 


Pathology 

Histology shows epidermal hyperplasia and marked dermal thick- 
ening, with extension of collagenous fibres into the subcutaneous 
tissue. Types III and V collagen are increased, and electron micros- 
copy shows increased numbers of fine-diameter collagen fibres. 


Genetics 
Affected families have been reported [14]. 


Environmental factors 
There is possible local repetitive trauma. 


Clinical features 

History 

It is usually asymptomatic and insidious in onset. A few individuals 
describe pain of the long bones. 


Presentation 

It produces a symmetrical diffuse swelling of the skin around the 
dorsal and lateral aspects of the proximal interphalangeal joints 
of the index, ring and middle fingers (Figure 94.43). Pachyder- 
modactyly seems to mimic inflammatory arthritis. Plain film 
radiography shows no abnormalities [13]. 


Clinical variants 
A distal variant has been described in an elderly woman, who also 
presented with nodules over the extensor aspects of the elbows [15]. 


Differential diagnosis 

Patients may be referred to the rheumatologist with a diagnosis 
of juvenile idiopathic arthritis [12,16]. It may be confused with 
knuckle pads [17,18], which may coexist [19]. 


Classification of severity 
The condition is benign. 
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Figure 94.43 Pachydermodactyly. Courtesy of Dr A. Chamberlain. 


Complications and co-morbidities 
Knuckle pads and pachydermodactyly coexisted in one family [19]. 


Disease course and prognosis 
The condition tends to persist. 


Investigations 
Patients with the condition can be spared the detailed investiga- 
tions of a patient with suspected inflammatory arthritis [20]. 


Management 

Most patients do not require treatment. Intralesional triamcinolone 
has been reported to be beneficial [21], although this is unlikely to 
be necessary. 


White fibrous papulosis of the neck 


Asymptomatic small white fibrous papules around the neck have 
been described in several Japanese [1,2], Iranian and European 
patients [3,4]. The number of papules ranges from 10 to 100; 
middle-aged to elderly men are predominantly affected, however 
the white fibrous papules have been reported to also develop in 
white women [5]. The papules are round to oval, clearly marginated 
and non-follicular (Figure 94.44). Histology is unremarkable, show- 
ing bundles of thickened collagen fibres in the mid-papillary dermis. 
Although lesions clinically resemble disorders of elastic tissue, such 
as anetoderma and Buschke—Ollendorff syndrome, elastic fibres 
are morphologically normal on histology. Acquired connective 
tissue naevi could exhibit similar features, although the late age 
of onset makes this diagnosis unlikely. The condition appears to 
have no prognostic significance and may be underreported. It 
may reflect intrinsic ageing or photoageing but aetiology is likely 
multifactorial [5,6]. 

It has been suggested that there may be a relationship between 
fibrous papulosis of the neck and acquired elastolysis of the pap- 
illary dermis [7,8]. Lesions of PXE-like upper dermal elastolysis 
coexisted in a patient with white fibrous papulosis, suggesting 
that they are part of the same disease spectrum [9]. These changes 
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Figure 94.44 White fibrous papulosis of the neck. Courtesy of Professor H. Shimizu. 


Figure 94.45 Camptodactyly in the ring and little fingers. Reproduced from Almeida 
et al. 2014 [17] with permission of The Scientific Electronic Library Online (SciELO). 


are attributed to ageing or photoageing [6,10]. Treatment is not 
necessarily indicated. Topical treatment with topical retinoids has 
not demonstrated effectiveness [5]. Surgical excision and fractional 
non-ablative laser have been used successfully [5]. Currently, there 
is not sufficient evidence for specific treatments. 


Camptodactyly 


Definition 

Camptodactyly is a non-traumatic flexion deformity affect- 
ing the proximal interphalangeal joint of one or more fingers 
(Figure 94.45) [1]. 


Introduction and general description 

Camptodactyly should be distinguished from clinodactyly, which 
refers to bending or curvature of the finger in the plane of the hand. 
Camptodactyly is associated with numerous inherited disorders, 
the most important of which are described here. It is often depicted 
in Renaissance art [2]. 


Epidemiology 

Incidence and prevalence 

The prevalence of isolated camptodactyly is unclear. The common- 
est associated syndrome is microdeletion of 1p36, which affects 
1 : 5000 neonates [3,4]. 


Age 
Most cases are congenital, although some familial cases present in 
adult life associated with an erosive arthritis [4]. 


Sex 
There is probably equal sex incidence. 


Ethnicity 
All races may be affected. 


Associated diseases 

Camptodactyly may be a feature of a variety of syndromes of 
which several have had molecular defects identified. Dermatolog- 
ical associations are seen in Blau syndrome which encompasses 
familial camptodactyly, granulomatous arthritis, uveitis and a 
reddish skin eruption with phenotypic overlap with early-onset 
sarcoidosis [5]. In one family, taurinuria was associated [6]. Bilat- 
eral camptodactyly is also part of an autosomal recessive disorder 
(Crisponi syndrome) characterised by muscular contractions of the 
face, trismus, facial anomalies and death due to fevers. The syn- 
drome is caused by CRLF1 mutations and is allelic to cold-induced 
sweating syndrome type I [7]. 


Pathophysiology 
Predisposing factors 
There are several associated genetic disorders. 


Pathology 
The histology of the skin lesions may be unremarkable. 


Genetics 

Many cases are familial. Microdeletion of 1p36 is the most com- 
monly associated abnormality. Mutations in NOD2/CARD15 have 
been shown to confer susceptibility to several chronic inflammatory 
disorders, including Crohn disease, Blau syndrome and early-onset 
sarcoidosis [8]. CAP (or CACP (camptodactyly, arthropathy, coxa 
vara, pericarditis) syndrome is autosomal recessive, and related 
to the 1.9 cM interval in the human chromosome 1q25-31; this 
gene encodes for proteoglycan 4, a surface lubricant for tendons 
and joints [9]. CATSHL (camptodactyly, tall stature and hearing 
loss) syndrome is associated with mutation in FGR3 [10], and 
Crisponi syndrome with a CRLF1 mutation [7]. SLC29A3 disor- 
der, involving a homozygous frameshift mutation in the SLC29A3 
gene, is associated with a spectrum of clinical features including 
H syndrome, pigmented hypertrichosis with insulin-dependent 
diabetes (PHID) and Faisalabad histiocytosis (FHC); these all 
involve camptodactyly [11]. 


Environmental factors 
There are none apparent. 
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Clinical features 
History 
The deformity is asymptomatic. 


Presentation 
In most cases, the affected child will present with clinical features of 
a related syndrome. 


Clinical variants 

Streblodactyly [12,13] (streblos = crooked) is inherited as a sex-linked 
autosomal dominant character. The affected females show from 
birth a flexion deformity at the metacarpo-phalangeal joints of the 
thumbs and the proximal interphalangeal joints of the little fingers. 
Some fingers show swan-neck deformities and hyperextensible 
metacarpo-phalangeal joints. In one family, there was an abnormal 
amino aciduria. 


Differential diagnosis 

Dupuytren disease (palmar fibromatosis) is associated with fibrous 
scarring affecting the fascia. Juvenile chronic arthritis is typically 
erosive, whereas the arthritis in CACP syndrome and related 
disorders is non-erosive [14]. 


Classification of severity 
Morbidity relates to the associated syndrome, if any. 


Complications and co-morbidities 
These relate to any associated syndrome. 


Disease course and prognosis 
Lesions are persistent. 


Management 
Treatment, if required, is surgical [1,15,16]. 


Juvenile fibromatoses Fy 


The term juvenile fibromatosis has been applied to a group of 
disorders occurring in infants and children, and is characterised by 
proliferative activity of the fibroblasts. There is a tendency to local 
recurrence but, unlike fibrosarcomas, they do not metastasise. The 
group includes a number of well-defined clinical entities that affect 
the skin as follows: 

1 Infantile myofibromatosis. 

2 Fibrous hamartoma of infancy. 

3 Juvenile hyaline fibromatosis. 

4 Infantile digital fibromatosis. 

5 Calcifying aponeurotic fibroma. 

6 Giant cell fibroblastoma. 


Infantile myofibromatosis 


Definition 
Solitary or multiple fibrous nodules develop in infancy in the skin, 
striated muscle, bone and occasionally viscera [1,2]. 


Introduction and general description 

Although rare, this is the commonest cause of fibrous nodules 
presenting in infancy. In around 50% of patients lesions are solitary, 
predominantly affecting the head and neck. Multiple lesions can 
occur, with or without visceral involvement. 


Epidemiology 
Incidence and prevalence 
Infantile myofibromatosis is rare and its incidence unknown. 


Age 
Around 60% of lesions are present at birth, and around 80% by the 
age of 2 years. 


Sex 
There is a slight male predominance; around 60% of patients are 
boys [2]. 


Ethnicity 
It may affect all races. 


Pathophysiology 
Predisposing factors 
None is known. 


Pathology 

Histology of a lesion shows characteristic zoning, with peripheral 
spindle-shaped cells in bundles surrounding a central zone of less 
poorly differentiated round and polygonal cells. Staining is positive 
for vimentin and o-smooth muscle elastin, and negative for desmin 
and S-100 [1]. 


Genetics 
Familial cases exhibit autosomal dominant inheritance. Mutations 
have been described in the PDGFRB [3-6] and NOTCH3 [7] genes. 


Environmental factors 
None is known. 


Clinical features 
History 
The lesions are typically asymptomatic. 


Presentation 

Solitary or multiple nodules occur mostly on the head and neck, 
more rarely on the arms, but can occur anywhere on the body. 
Multiple lesions may be associated with visceral involvement. 
Lesions may ulcerate. Cutaneous changes with hypopigmented 
macules have been described as the presenting feature in infantile 
myofibromatosis with visceral involvement [8]. 


Clinical variants 
Solitary lesions on the upper eyelid may cause amblyopia [9]. 


Differential diagnosis 
The solitary lesions of fibrous hamartoma of infancy usually affect 
the hand or foot, and histology is that of an organoid naevus 
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containing mature adipose cells with a nodular aggregate of 
fibroblasts and interlacing collagen bands. Juvenile aponeurotic 
fibromatosis affects the fingers and palms of older children or 
adults; clinically, it may resemble Dupuytren disease (which is very 
rare in infants), but histology reveals large dark-staining nuclei in a 
background of bland fibrosis, with calcification. Bony lesions may 
be difficult to distinguish from fibrosarcoma. 


Classification of severity 
It has a benign process but the presence of systemic involvement 
considerably worsens the prognosis, with up to 30% mortality [2]. 


Complications and co-morbidities 
These are dependent on systemic involvement. 


Disease course and prognosis 
Many solitary and even multiple cutaneous lesions involute sponta- 
neously [10,11]. Systemic involvement carries a worse prognosis. 


Investigations 

Histology is essential to differentiate this from other tumours and 
fibromatoses. Full clinical examination and chest and abdominal 
imaging are advisable in patients with multiple lesions. 


Management 

First line 

Patients without systemic involvement can be managed conserva- 
tively. Debulking surgery, without attempting complete removal, 
may be necessary if there is a compromise of function by the tumour. 


Second line 
Systemic disease warrants chemotherapy, for instance with 
low-dose vinblastine and methotrexate [12]. 


Juvenile hyaline fibromatosis 


Definition and nomenclature 

This is an autosomal recessive disorder of glycosaminoglycan syn- 
thesis, which is characterised clinically by skin papules or tumours, 
gingival enlargement, osteolytic lesions and joint contractures, 
and histologically by deposition of amorphous hyaline material 
[1-3,4]. 


Synonyms and inclusions 
¢ Molluscum fibrosum 


Introduction and general description 
This, together with systemic hyalinosis, is now regarded as part of 
the hyaline fibromatosis syndrome (Chapter 70). 


Epidemiology 

Incidence and prevalence 

The disease is very rare and occurs sporadically, but it has occurred 
in siblings [5,6]. 


Age 
Onset is in infancy. 


Sex 
There is a slight male predominance. 


Ethnicity 
Most case reports and series originate from the Indian subcontinent. 


Pathophysiology 

Predisposing factors 

The cause is unknown, but increased chondroitin synthesis has been 
demonstrated in skin fibroblasts cultured from the tumour tissue [1]. 


Pathology [1-3,4,5,7] 

The skin lesions contain ‘chondroid’ cells embedded in amorphous 
eosinophilic ground substance in the dermis. In the early lesions, 
this consists of glycosaminoglycans, but in the later lesions the 
matrix is mainly composed of chondroitin sulphate [8]. The dermal 
collagen is decreased and the collagen fibrils are fewer and thinner 
than in normal skin. The hyaline material may also be present in the 
muscles and bones. Absence of pro-a, chains and type III collagen 
has been demonstrated in affected skin [9]. 


Genetics 

Inheritance is autosomal recessive. The gene has been mapped to 
4q21; there are also mutations in the capillary morphogenesis factor 
2 gene [10]. Infantile systemic hyalinosis has been associated with 
mutations of the ANTXR2 gene [11,12]. 


Clinical features 
History 
The condition presents at birth or early infancy. 


Presentation 

There may be small pearly papules or nodules, particularly on 
the face or neck. Large subcutaneous tumours may also occur, 
particularly on the scalp. These may be hard or soft, fixed or mobile, 
and they may ulcerate. Gingival hypertrophy is commonly present, 
and flexion contractures of the fingers, elbows, hips and knees may 
develop. Osteolytic lesions can occur in the skull, long bones or 
phalanges. The musculature is poorly developed [1,9,13-17]. 


Clinical variants 
Infantile systemic hyalinosis is probably an extreme variant, often 
leading to death in infancy. 


Differential diagnosis 
Other infiltrative disorders, such as lipoid proteinosis, may need to 
be excluded histologically. 


Classification of severity 
The condition is a severe disease, with considerable morbidity and 
reduced life expectancy. 


Complications and co-morbidities 
Joint contractures are disabling. 
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Disease course and prognosis 
The condition persists into adult life. However, many patients die in 
infancy and rarely survive beyond the fourth decade [10]. 


Investigations 
Histology is diagnostically helpful. 


Management 

No treatment is of proven benefit. Surgery may be the treatment 
of choice [7], although nodules may recur after excision [18]. The 
tumours do not respond to radiotherapy. Joint contractures may 
respond to intralesional steroid injections in the early stages and 
patients may benefit from systemic steroids and physiotherapy. 


Other benign fibrous cutaneo 
nodules 


Nodular fasciitis 


In this condition, there is fibroblastic proliferation of one or more 
nodules, usually on the limbs or trunk. It is a benign self-limited 
condition which has pseudosarcomatous features [1]. If nodular 
fasciitis is rapidly increasing in size investigations including radiol- 
ogy may assist in making a clinical diagnosis. If such a lesion recurs 
after previous regression there may be an indication for surgical 
excision to exclude malignancy [2]. 


Collagenoma 


Synonyms and inclusions 
© Collagen naevi 


Collagenoma (collagen naevus) is a form of connective tissue hamar- 
toma (Chapter 70) which may manifest as a single or localised group 
of fibrous dermal papules or plaques: the shagreen patch of tuber- 
ous sclerosus is an example (Chapter 78). Multiple fibrous dermal 
nodules with coarse collagen fibres may develop as sporadic cases 
(eruptive collagenoma) or as a genetic disorder with a dominant 
inheritance (familial cutaneous collagenoma). Genetic disorders 
such as Birt-Hogg—Dubé syndrome and multiple endocrine neo- 
plasia type 1 have cutaneous features including collagenomas [1,2] 
(Chapters 148 and 154). 


Dominant dystrophic epidermolysis bullosa 


Synonyms and inclusions 


e Pasini syndrome 


This rare form of epidermolysis bullosa [1,2] is characterised by 
the development of ivory-white papules (albopapuloid lesions). 
These occur chiefly on the trunk, in both clinical variants [1], in 
association with blistering, milia, nail dystrophy and atrophic, or 


more rarely, hypertrophic scarring (Chapter 69). Histologically 
changes of connective tissue hyperplasia are seen [3]. 


Buschke-Ollendorff syndrome 


Extensive nodular fibrosis may occur in the Buschke—-Ollendorff 
syndrome, in association with juvenile elastoma and osteopoikilosis. 


Fibrous digital nodules 


In addition to giant cell synovioma and infantile digital fibromatosis, 
fibrous nodules in the digits may be due to acquired digital fibroker- 
atoma, fibrous papule of the finger, dermatofibroma (Chapter 136) 
or the Koenen tumour (Chapter 93). 


Nephrogenic systemic fibrosis 


Definition and nomenclature 

This is a rare fibrosing disorder that occurs in patients with renal 
impairment exposed to low-stability gadolinium-based contrast 
agents [1,2]. 


Synonyms and inclusions 
¢ Nephrogenic fibrosing dermopathy 
¢ Scleromyxoedema of renal disease 


Introduction and general description 

The condition was first described in 1997 as nephrogenic fibrosing 
dermopathy [1]. Initially thought to be restricted to the skin, there 
are several reports of involvement of internal organs including the 
lungs, myocardium and striated muscle, which contribute to a high 
mortality [3]. 


Epidemiology 

Incidence and prevalence 

It is rare. With the development of guidelines on the use of 
gadolinium-based contrast agents [4], it is hoped that the con- 
dition will become a matter of historical importance only. From 3% 
to 7% of patients with renal insufficiency can develop nephrogenic 
systemic fibrosis from use of gadodiamide [5]. 


Age 
It occurs mostly in elderly adults but several cases have been 
reported in children [6]. 


Sex 
There is equal sex incidence. 


Ethnicity 
All races may be affected. 


Associated diseases 
It is associated with renal impairment. 
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Pathophysiology 

Predisposing factors 

The condition is strongly associated with the prior administration 
of gadolinium-based magnetic resonance contrast agents, par- 
ticularly in patients with severe renal disease, typically with a 
glomerular filtration rate below 30 mL/min/1.73 m? or on dialy- 
sis [7]. Gadolinium chelates stimulate an NLRP3 inflammasome- 
dependent inflammatory response, leading to fibroblast growth, 
synthesis and differentiation into myofibroblasts [8,9]. Non-ionic 
linear gadolinium-based contrast agents, particularly gadodiamide, 
are strongly implicated. Macrocyclic chelating agents, such as 
gadoterate, are more stable and considerably less likely to induce 
the syndrome [10]. While the development of nephrogenic systemic 
fibrosis after exposure to the newer gadolinium-based contrast 
agents is rare, the full risk of the more advanced contrasts is not 
yet clear [11]. 

Additional risk factors include an associated vascular repair 
(e.g. leaking aortic aneurysm), associated thrombosis or procoag- 
ulant state, and concurrent administration of intravenous iron [2]. 
High-dose erythropoietin is also implicated in some cases; it has a 
pro-inflammatory action, particularly in the presence of increased 
iron stores [12]. 


Pathology 
Dermal mucin is detected with Alcian blue staining. Increased col- 
lagen and elastic fibres are laid down in haphazard bundles in the 


dermis and subcutis; there are increased numbers of CD68-positive 
fibroblasts in loose aggregates. Inflammatory changes may predom- 
inate, including a septal panniculitis [1,13]. 


Causative organisms 
None is proven. 


Genetics 
There are no genetic associations. 


Environmental factors 
Gadolinium-based contrast agents are responsible. 


Clinical features 

History 

A history should be obtained of exposure to gadolinium chelates, 
although the onset may be delayed by several years [8]. Patients may 
complain of myalgia. 


Presentation 

Irregular red or brownish indurated plaques, with amoeba-like 
projections and islands of sparing, occur chiefly on the lower trunk 
and legs (Figure 94.46). Typically, the face is spared. Sometimes 
the skin has a ‘peau d’orange’ texture, which can mimic carcinoma 
erysipeloides [14]. 


Figure 94.46 Nephrogenic systemic fibrosis. (a) Deep 
involvement where fibrosis pulls down a linear band 
of skin on the thighs. (b, d) Tightness and hardness of 
the hands (b) and feet (d) and joint contractures. 

(c) Firm nodules producing a cobblestone appearance. 
Reproduced from Elmholdt et a/. 2011 [24] with 
permission of John Wiley & Sons. 
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Clinical variants 
The extent of visceral involvement is variable; in some cases, the 
process may involve the testes, myocardium and dura. 


Differential diagnosis 

Although initially described as ‘scleromyxoedema-like’, the lesions 
have a different distribution and morphology, and there is no asso- 
ciated paraproteinaemia [3]. 


Classification of severity 

The condition can be severe, occasionally fatal. In an effort to 
standardise the assessment and diagnosis of nephrogenic sys- 
temic fibrosis, a scoring system that incorporates clinical and 
histopathological findings was achieved by consensus with the Yale 
International Nephrogenic Systemic Fibrosis Registry [15]. 


Complications and co-morbidities 

Fibrotic obstruction of structures, such as superior vena cava 
obstruction [16], may be a complicating factor. Associated metabolic 
abnormalities include hypophosphataemia [17]. It has been con- 
sidered that co-morbidity with diabetes may be a protective factor 
against nephrogenic systemic fibrosis from exposure to gadolinium 
agents [18]. 


Disease course and prognosis 
Usually, the condition is progressive, although it may remit sponta- 
neously, particularly with the correction of renal abnormalities. 


Investigations 

A careful history, together with skin or muscle biopsy, can usually 
confirm the diagnosis. Investigations such as magnetic resonance 
imaging may be needed to determine the extent of macroscopic 
visceral involvement. 


Management 
The most important aspect of management is to maximise renal 
function. No other treatment is of proven benefit, but thalido- 
mide [19], hydroxychloroquine [20], corticosteroids, immune 
modulators (e.g. etanercept and rituximab), PUVA, intravenous 
sodium thiosulphate and extracorporeal photopheresis [21] have 
been used empirically. Alefacept appears to improve the skin 
disease [22]. Therapeutic plasma exchange offers pain relief [23]. 
Renal transplantation is sometimes associated with remission [2]. 
Prevention should be achieved by adherence to guidelines for the 
use of gadolinium chelates in radiology [4]. 


Diabetic thick skin — oo? 


Some patients with diabetes have thick, tight, waxy skin and limited 
joint mobility which is thought to be related to altered collagen. This 
topic is discussed in Chapter 62. 


Environmental and drug-indu 
scleroderma 


A variety of environmental triggers, including drugs and occupa- 
tional toxins, may stimulate a localised or diffuse scleroderma-like 


reaction in a genetically susceptible host. Most of these damage 
the microvasculature in the skin by the release of free radicals [1]. 
Important causes are listed in Box 94.2. Scleroderma-like lesions 
are seen in a photosensitive distribution in porphyria cutanea 
tarda. Lesions resembling generalised morphoea are seen in 
chronic graft-versus-host disease and paraneoplastic scleroderma 
is associated with neoplasms such as carcinoid. In most cases, the 
fibrotic process continues after withdrawal of the external stimu- 
lus. Sometimes, the ensuing clinical pattern resembles idiopathic 
forms of morphoea or systemic sclerosis (Chapters 55 and 54, 
respectively). 


Box 94.2 Scleroderma-like syndromes due to 
chemical exposure 


e Vinyl chloride 
e Silica dust 
® Cocaine abuse 


Organic solvents 

e Aromatic hydrocarbons (e.g. toluene, benzene) 

e Aliphatic hydrocarbons: 
¢ Chlorinated (e.g. trichlorethylene, perchlorethylene) 
¢ Non-chlorinated (e.g. naphtha-n-hexane) 

e Acrylamide 

¢ Epoxy resins 

¢ Toxic oil syndrome 

¢ Urea formaldehyde foam insulation 

¢ Breast augmentation (paraffin, silicone) (unproven) 


Drugs 

¢ Reactions to local injection 

e Phytomenadione, pentazocine, heparin 

e Etanercept 

¢ Reactions to systemic therapy 

¢ Bleomycin 

¢ L-tryptophan (eosinophilia—myalgia syndrome) 
¢ Carbidopa and L-5-hydroxytryptophan 

¢ Penicillamine 

¢ Valproate sodium 

¢ Cocaine 

e Appetite suppressants (diethylpropion hydrochloride, amphetamine) 
¢ Diltiazem 

¢ Interferon a-2b 


Several occupational disorders resembling systemic sclerosis have 
been reported. In a Belgian study, men in construction-related 
occupations (notably electricians) were 10 times more likely to have 
systemic sclerosis than the general population [2]. Exposure to vinyl 
chloride monomer occurs in workers involved in polyvinyl chlo- 
ride (PVC) production. One-third of male operatives in a British 
factory developed a clinical syndrome that included Raynaud 
phenomenon, dyspnoea, cutaneous sclerosis, pulp atrophy and 
radiological evidence of acro-osteolysis (Figure 94.47) [3]. Genetic 
marker studies have demonstrated an increased incidence of human 
leukocyte antigen (HLA)-DR5 in affected individuals; severe dis- 
ease is linked with -B8 and -DR3 [4]. A similar syndrome has been 
reported in gold miners exposed to silica dust [5], which is the 
commonest occupational association in the literature [6]. Organic 
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Figure 94.47 Vinyl chloride-induced osteolysis affecting the fingertips. 


solvents, such as trichlorethylene [7] and perchlorethylene [8], 
which are structurally similar to vinyl chloride, have also been 
implicated. Exposure to epoxy resin results in an acute syndrome of 
cutaneous sclerosis, muscle weakness, arthralgia, impotence, lung 
and oesophageal involvement [9]. The causative agent appears to 
be a cyclohexylamine. Acrylamide has also been implicated [10]. 

Toxic oil syndrome is a multisystem illness, reported in Spain 
in 1981. Acute fever, severe but transient pulmonary oedema, 
myalgia and a pruritic exanthem and eosinophilia were followed 
after several months by widespread cutaneous sclerosis in 30% 
of cases [11,12]. The syndrome was probably due to ingestion of 
imported rapeseed oil mixed with an aniline denaturant, designed 
to make the oil unfit for human consumption. Toxic oil syndrome 
bears a striking resemblance to the eosinophilia—myalgia syndrome 
[13-15], linked with consumption of L-tryptophan; this was used as 
a ‘food supplement’ to treat insomnia and depression. The offend- 
ing batches of L-tryptophan contained impurities similar to the 
contaminants in toxic oil [16,17]. 

In environmental fibrotic disorders, as in idiopathic scleroderma, 
subpopulations of fibroblasts appear to be activated to synthesise 
excess collagen; this property is perpetuated by fibroblasts in vitro, 
indicating that the elevated collagen gene expression is indepen- 
dent of extracellular stimuli [15]. Cytokines appear to stimulate the 
proliferation of these abnormal clones of fibroblasts; thus, TGF-B and 
PDGF are elevated in the eosinophilia—myalgia syndrome [18]. 

Numerous drugs have been reported to induce cutaneous scle- 
rosis. Lesions resembling morphoea may follow injections of 
pentazocine [19], heparin [20] and vitamin K, (phytomenadione) 
[21-24]; in the case of vitamin K,, the trigger may be a solvent rather 
than vitamin K, itself [25]. Morphoea-like plaques have also been 
reported in patients taking penicillamine [26], valproate [27] and 
etanercept, even in areas remote from the injection site [28]. The 
case is not proven that silicone breast implants are associated with 
scleroderma-like disease [29]. 

Diffuse scleroderma-like changes have been reported following 
bleomycin therapy [30,31]. A combination of L-5-hydroxytryptophan 
and carbidopa induced lesions resembling eosinophilia—myalgia 
syndrome [32]. Phenytoin and diltiazem both induce gingival 
hypertrophy [33,34]. A patient on phenytoin developed florid 
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Figure 94.48 Scleroderma and scarring of the face due to porphyria cutanea tarda. 


hypertrophic retroauricular folds [35]. Thickened skin on the feet 
has been reported in a patient taking diltiazem [36]. Raynaud 
phenomenon, thickened facial and hand skin, sclerodactyly and 
telangiectasies with oesophageal involvement and positive anti- 
nuclear antibody developed in a patient who had a diagnosis 
of metastatic melanoma and received interferon «-2b following 
surgery [37]. 

Alcohol can provoke porphyria cutanea tarda, which can produce 
a sclerodermatous appearance in a photosensitive distribution 
(Figure 94.48). 

Limited and diffuse scleroderma changes including skin ulcera- 
tion, digital gangrene and scleroderma renal crisis were seen with 
patients who had inhaled cocaine for anumber of years [38]. The use 
of other drugs including alcohol can confound the role of cocaine in 
drug-induced scleroderma. 


Constricting bands of the e) ( 


Definition and nomenclature 

Constricting bands occur around a digit or limb. The bands may 
be shallow, involving only the skin, or deeper, involving fascia or 
bone, and in some cases amputation may result. The term ainhum 
(an African word meaning ‘to saw’) [1] is applied to a specific 
type in which a painful constriction of the fifth toe occurs in 
adults, with eventual spontaneous amputation. Pseudo-ainhum is 
the term applied to other constricting bands which are congenital 
or secondary to another disease. 


Synonyms and inclusions 
e Ainhum (dactylolysis spontanea) 
e Amniotic bands 


Introduction and general description 
Constricting bands characteristically present in infants. Patterson 
[2] has provided a classification of congenital constrictions. Type I 


Figure 94.49 Type | constricting band across the thigh of a 6-month-old infant. 


describes simple fibrotic rings; the limb distal to the ring is normal. 
In type II there is neurovascular or lymphatic disruption distal to 
the ring, causing atrophy, lymphoedema and maybe sensory deficit. 
Type III refers to acrosyndactyly (fenestrated syndactyly), where 
there is distal fusion of digits which are separated proximally, 
forming a ‘window’. In type IV there is amputation of the digit or 
limb (ainhum). 


Epidemiology 
Incidence and prevalence 
Sporadic cases of constricting bands occur rarely worldwide. 


Age 

Constricting bands typically present in infants and young children 
(Figure 94.49). Adults in resource-poor countries present with 
ainhum aged around 30-50 years, although the onset of the condi- 
tion is probably in childhood [3-5]. 


Sex 
Both sexes are affected. 


Ethnicity 
Ainhum has been reported chiefly in black Africans and African 
Americans. 
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Associated diseases 
Constricting bands are often associated with other congenital abnor- 
malities [6]. 


Pathophysiology 

Extrinsic and intrinsic factors are probably equally important. Dis- 
ruption of the development of the germinal disc in the embryo may 
predispose to fibrotic bands and associated congenital abnormal- 
ities. Rupture of the amnion may result in loss of amniotic fluid 
and extrusion of all or part of the fetus into the chorionic cavity, 
with resultant trapping of the limbs [6,7]. In adults with ainhum, 
vascular damage appears to be important, resulting in hypoxia. 
In some patients, arteriography has shown that the posterior tib- 
ial artery is attenuated at the ankle, and the plantar arch and its 
branches are absent [3]. 


Predisposing factors 
Vascular damage secondary to smoking or diabetes may exacerbate 
ainhum in adults [3]. 


Pathology 
Fibrosis may be associated with distal degenerative change and 
osteoporosis, particularly in ainhum. 


Causative organisms 
Tropical infections have been implicated in ainhum, but are proba- 
bly coincidental [3,4]. 


Genetics 
Most cases are sporadic, although familial cases of ainhum have 
been reported. 


Environmental factors 

Rupture of the amniotic membrane is likely to be an important 
factor in congenital constrictions. Mechanical factors, including 
trauma from walking barefoot, may precipitate the development of 
a groove in the ischaemic toe in ainhum. 


Clinical features 
Fibrous bands may be solitary or multiple, encasing the limb (usu- 
ally the leg or foot). 


Clinical variants 
Ainhum represents the extreme form of the condition, resulting in 
spontaneous amputation of the digit. 

Painful fissuring and hyperkeratosis on the medial aspect of the 
digit is followed by fibrosis, distal degeneration and osteoporo- 
sis. There may be secondary infection and osteomyelitis. The toe 
becomes dorsiflexed at the metatarso-phalangeal joint, and grad- 
ually becomes clawed. Rest pain, coolness and cyanosis of the 
digit distal to the groove suggest that ischaemia is present. Once 
the constricting band has encircled the toe, the condition tends to 
progress rapidly. The toe becomes globular, hangs by a thread of 
fibrous tissue and is eventually shed (Figure 94.50). Control of 
secondary infection and protection from trauma may prevent 
extension of the scarring process. If symptoms are severe, or the 
dangling digit is a disability, amputation is indicated. 
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Figure 94.50 Ainhum, just before shedding of the fifth digit. Courtesy of Dr D. Burley. 


Differential diagnosis 

Congenital pseudo-ainhum. Congenital pseudo-ainhum may 
involve a digit, a limb or even the trunk, and it ranges in severity 
from a superficial groove to amputation in utero [6,8—-10]. The cause 
is unknown, but familial cases have been reported. Some cases of 
pseudo-ainhum may be due to amniotic bands [11] or adhesions 
in utero, which may arise as a result of tearing of the amnion some- 
time after the 45th day of pregnancy [12]. Cases have occurred in 
Ehlers—Danlos syndrome and after amniocentesis [12,13]. Several 
cases are reported where raised limb bands develop in the postnatal 
period, not always associated with amniotic tears; other possible 
causes include an early teratogenic insult [1,14]. 

Histology of the affected digit or limb reveals broad, finger-like 
projections of collagen, and coarse elastic bundles that penetrate 
deep into the subcutaneous fat [10]. 

Congenital pseudo-ainhum must be distinguished from the 
following: aplasia of the limbs with rudimentary digits; acromelia 
(in which part of the limb does not develop); and hypoplasia (in which 
the parts, although formed, are poorly developed). 


Acquired pseudo-ainhum. Pseudo-ainhum may be acquired as 
a result of infection (particularly leprosy), trauma, cold injury, 
neuropathy (especially congenital sensory neuropathy), systemic 
sclerosis [15] or chronic psoriasis [16], and it may occur in association 
with other hereditary diseases such as palmoplantar keratoderma, 
particularly Vohwinkel keratoderma (Figure 63.53b), pachyony- 
chia congenita, erythropoietic protoporphyria [17,18] and Olmsted 
syndrome (Chapter 63). Factitial pseudo-ainhum has also been 
reported due to the self-application of a rubber tourniquet. 

Multiple skin creases resembling constrictions may be seen in 
the Michelin tyre baby syndrome and in ‘multiple benign annular 
creases of the extremity’. 


Classification of severity 
See the Patterson severity grading earlier in this section. 
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Complications and co-morbidities 

Constricting bands may be associated with other congenital defects. 
In types II-IV, limb mutilation may be caused by fibrotic adhe- 
sions [6]. Ainhum results in spontaneous amputation of the digit. 


Disease course and prognosis 

Some children’s constricting bands may involute spontaneously 
without functional deficit. Most will require surgery to prevent limb 
deformity or amputation. 


Management 

Surgical treatments include staged Z-plasty [19]. Good results have 
been obtained from two-stage sine plasty with removal of the fascial 
groove and fasciotomy, treating half the limb initially and the other 
half a week later [20]. 


ABNORMAL FIBROTIC F 
SKIN INJURY 


Synonyms and inclusions 
¢ Cheloid 


Introduction and general description 
Keloids and hypertrophic scars represent an excessive connective 
tissue response to injury, which may be trivial. The term ‘keloide’ 
was coined by Alibert in 1825, likening the lesion to a crab’s claw. 
A keloid is a benign, well-demarcated overgrowth of fibrotic tis- 
sue which extends beyond the original boundaries of a defect 
(Figure 94.51a). A hypertrophic scar is similar, but remains confined 
to the original defect and tends to resolve after several months 
(Figure 94.51b). Both conditions may represent different stages of 
the same disorder [1]. 

Keloids and hypertrophic scars are nowadays cosmetically dis- 
tressing but in some cultures they were deliberately induced as 


(a) (b) 


Figure 94.51 Contrast between two scars from the presternal area: (a) spontaneous 
keloid and (b) hypertrophic scar following excision of a benign mole; the former shows 
partial involution after the injection of triamcinolone. 
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Figure 94.52 Deliberate keloid scarring as a scarification practice. Courtesy of Archives 
of the Missionaries of Africa. 


ritual scarification (Figure 94.52) and regarded as a sign of beauty 
or strength, which may be why their incidence is higher in descen- 
dants from such populations (Figure 94.53). It was an evolutionary 
advantage for humans and warriors, in particular, to heal wounds 
rapidly in the setting of dirt and infections, over other species [2]. 

They may be painful or pruritic. They appear to be unique to 
humans, and the lack of an animal model has hampered studies into 
their pathogenesis. A scar at any site has the potential to become 
keloidal or hypertrophic, although the earlobes (especially after ear 
piercing) (Figure 94.54), and sites exposed to constant stretching, 
such as chin, neck, shoulders, upper trunk and lower legs, are 
especially vulnerable [3]. Burns, scars or tissue infection predis- 
pose to hypertrophic scarring. Lesions may follow trivial trauma 
or inflammatory conditions such as acne. Even chemical trauma, 
such as from irritant herbal remedies, can trigger keloid formation. 
Sometimes keloids appear to develop spontaneously, particularly 
on the upper chest. 

The introduction of foreign material, either exogenous, such as 
suture material, or endogenous, such as embedded hairs, is 
another risk factor. Some African tribes introduce foreign bod- 
ies into tribal marks to induce scar hypertrophy. Scarring acne, 
particularly on the trunk, may become keloid-like (Figure 94.55). 

Isotretinoin has been reported to delay wound healing and induce 
keloids in patients who received argon laser or dermabrasion for 
acne or rosacea, although there is debate as to whether the associa- 
tion is real [4]. 


Epidemiology 

Incidence and prevalence 

Keloids or hypertrophic scars occur in 4.5-16.0% of people of 
African or Hispanic descent. Racial factors appear to be more 


Figure 94.53 Extensive disfiguring keloids affecting an Afro-Caribbean woman. 


important than skin pigmentation; the incidence in individuals 
with albinism is similar to those with pigmented skin [5]. A survey 
of Taiwanese children reported a prevalence of keloids of 0.3-0.6% 
[6]. A positive family history is obtained in 5-10% of Europeans 
with keloids, particularly severe lesions. Family studies suggest an 
autosomal dominant inheritance with incomplete penetrance [7]. 
Keloids have been reported in identical twins [8]. 


Age 
Keloids are rare in infancy and old age, occurring chiefly between 
puberty and age 30 years. 


Sex 
Women have a greater predisposition in some ethnic groups; 
keloids may appear or enlarge during pregnancy [9]. 


Ethnicity 
Individuals of African, Hispanic or Asian descent are more prone to 
keloids (Figures 94.52 and 94.53) [5]. 


Associated diseases 

Keloids are associated with other fibromatoses such as palmar fibro- 
matosis (Dupuytren contracture) [10], together with genetic 
disorders such as Ehlers—Danlos syndrome, pachydermoperiostosis 
[11], Rubinstein—Taybi syndrome [12] and Dubowitz syndrome [13]. 
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Figure 94.55 Keloid nodules secondary to acne. 


Linear keloids occur in athletes abusing anabolic steroids [14]. 
They form readily in individuals with acromegaly and following 
thyroidectomy in young patients. It has been postulated that sys- 
temic hypertension may promote the development of keloids [15]. 


Pathophysiology 

The locally invasive nature of keloids mimics a neoplastic process, 
although keloids do not metastasise. Suggested triggers include 
increased skin tension, local hypoxia (which favours the conversion 
of fibroblasts to myofibroblasts), a chronic inflammatory stimulus 
and vascular factors. Biochemical studies confirm that synthe- 
sis of type I and type III collagen is increased in both keloids and 


Figure 94.54 (a, b) Earlobe keloid. 


hypertrophic scars [16]. Keloids differ from healthy skin in that there 
is greatly increased dermal cellularity, the ratio of type I to type III 
collagen is increased and there is greater dermal expression of 
several extracellular matrix proteins including fibronectin, versican, 
elastin and tenascin; conversely, there is decreased expression of fib- 
rillin 1 and decorin [17,18]. Hypertrophic scar collagen possesses the 
reducible keto cross-link, dehydrohydroxylysinonorleucine, nor- 
mally associated with embryonic skin and granulation tissue [19]. 

Periostin may play an important role in pathogenesis: it is 
expressed by keloid fibroblasts in hypoxic conditions and, among 
other actions, stimulates collagen synthesis and angiogenesis 
[20]. Altered expression of proteoglycans may affect the three- 
dimensional organisation of collagen fibres [21]. Keloid fibroblasts, 
unlike those from hypertrophic scar tissue, are hyperresponsive to 
TGF-B, which is abundant in healing wounds [22], and to PDGF [23]. 
They also express increased levels of heat shock protein 47, another 
stimulus to collagen synthesis [24]. Neuropeptide-containing 
nerves are present [25] and the increased discomfort and itching 
which may be experienced in hypertrophic scars may be due to 
upregulation of opioid receptors [26]. 


Pathology 

Histology may resemble normal wound healing in the early stages, 
with increased cellularity. In a keloid of recent onset, endothelial 
proliferation is surrounded by increased numbers of fibroblasts, 
which form large, irregular nodules or whorls of hyalinised col- 
lagen. Later, the lesion matures into an acellular core, made up 
of thick, poorly vascularised bands of immature collagen with 
loss of the boundary between the papillary and reticular der- 
mis (Figure 94.56) [27]. There may be focal deposition of mucinous 


(a) 


(b) 


Figure 94.56 Keloid nodule: (a) a large, well-circumscribed dermal nodule sparing the papillary dermis; (b) a higher power view with haphazardly arranged thick sclerotic collagen 


surrounded by whorls of fibroblasts. Courtesy of Professor Luis Requena. 


material in keloids, but not in hypertrophic scars. Mast cell numbers 
are increased in hypertrophic scars [28]. The epidermis is normal or 
thinned and flattened by the underlying lesion in keloids, but may 
be thickened in hypertrophic scars [29]. There is variable expression 
of « smooth muscle actin, a marker for myofibroblasts [17]. The 
fibroblasts have a stellate morphology on transmission electron 
microscopy [29,30]. Scanning electron microscopy reveals a more 
haphazard organisation of collagen bundles than in normal skin or 
mature scars, with collagen fibrils about half the diameter of those 
of normal skin. 


Genetics 
The genetic basis is unknown. Telomere shortening has been 
described in keloids, and attributed to oxidative stress [31]. 


Environmental factors 

Local trauma, which may be trivial, can be a factor in keloid for- 
mation. Hypertrophic scars commonly follow deep burns. Tension 
on the scar and the presence of foreign material are aggravating 
factors in keloids. 


Clinical features 

History 

Hypertrophic scars and keloids typically become raised and thick- 
ened within 3-4 weeks of the provocative stimulus, although 
keloids may develop up to a year later. Lesions are often pruritic 
and hypersensitive, and sometimes exquisitely tender. They may 
continue to grow for months or years. 


i 


Figure 94.57 Fresh keloids arising in the striae gravidarum 3 years after pregnancy. 


Presentation 

Depending on skin colour, lesions may present as tender, firm, 
skin-coloured, pink or red plaques (Figure 94.57). Hypertrophic 
scars remain within the boundaries of the initial wound (Figure 
94.51b), whereas keloids become smoother and rounder and extend 
outside the wound boundary (Figure 94.51a), often assuming a 
‘dumb-bell’ configuration but sometimes becoming bizarre and 
irregular (Figure 94.53), particularly following an infected sur- 
gical wound [32]. The lesions may regress centrally, with loss of 
redness. 


Abnormal fibrotic responses to skin injury 94.51 
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CUTANEOUS STRUCTURES 


Clinical variants 
Keloids on the beard area sometimes undergo central suppurative 
necrosis. 


Differential diagnosis 

The diagnosis is usually straightforward if there is a history of 
trauma or an inflammatory skin lesion. Keloid scarring may fol- 
low surgical treatment of BCC, and a sclerotic BCC can mimic 
a keloid. Other differential diagnoses include fibrosarcoma, der- 
matofibrosarcoma protuberans, keloidal atypical fibroxanthoma, a 
malignancy developing in a scar, keloidal morphoea or scar sarcoid. 
In endemic regions, blastomycosis and lobomycosis cause keloidal 
reactions. 


Classification of severity 

The Vancouver scar scale (VSS), recording pliability, height, vas- 
cularisation and pigmentation, is used to quantify disease severity 
and response to treatment [33]. 


Complications and co-morbidities 
Malignant degeneration is reported [34], although a fibrosarcoma 
can mimic a keloid clinically. 


Disease course and prognosis 

Hypertrophic scars typically regress spontaneously, although it 
may take a few years. Regression of keloids is a much slower 
process, and keloids can expand gradually over years. 


Investigations 
A diagnostic skin biopsy is mandatory if the diagnosis is in doubt, 
particularly if malignancy is suspected. 


Management 

Non-essential surgery should be avoided in sites prone to keloids. 
Despite numerous small case series advocating a wide range of 
therapies, there is no level one evidence for any single treatment 
[35]. Enthusiastic reports should be assessed critically as there 
may be racial variation in response to treatment and some stud- 
ies include both keloids and hypertrophic scars. The follow-up 
period may be brief, and keloids have a high recurrence rate. Some 
modalities of treatment may exacerbate the condition. The optimal 
approach may involve a combination of different modalities of 
treatment. 


First line 

Intralesional corticosteroids (most commonly triamcinolone ace- 
tonide) inhibit fibroblast proliferation and collagen synthesis. 
However, there is a risk of telangiectasia, atrophy and pigmentary 
change. Injections may need to be repeated monthly and recurrence 
rates can be up to 50% [36]. Corticosteroid impregnated tape may 
reduce recurrence after surgery for earlobe keloids. 


Second line 
Self-adherent silicone gel sheeting may be effective for keloids 
and hypertrophic scars [37]; they may maintain skin hydration 


by occlusion but a meta-analysis of 13 trials showed only a weak 
preventative effect [38]. A cream made of 20% silicone oil applied 
under occlusion may be beneficial where it is impracticable to use 
silicone sheeting [39]. 


Third line 

Other treatments include the following: 

e Mechanical pressure with custom-made devices or garments can 
be beneficial, particularly on the earlobe [40] and bras or body 
corsets for truncal lesions. 

¢ Surgical excision runs the risk of recurrence of an even bigger 
keloid. Intralesional (core) excision is preferable; postsurgical 
intralesional steroids may prevent recurrence [41]. This topic is 
discussed in greater detail in Chapter 20. 

e 5-fluorouracil (5-FU), a pyrimidine analogue, inhibits keloid 
growth in vitro and in vivo. Two double-blind studies have demon- 
strated that intralesional 5-FU (50 mg/mL) is more effective than 
silicone gel sheeting [42] and intralesional corticosteroids [43] in 
the treatment of keloids. 

e A small case series has demonstrated benefit from bleomycin, 
using a multiple puncture injection method [44]. A Brazilian 
study reports favourable results from a combination of bleomycin 
(0.375 IU) and triamcinolone 4 mg injected 3-monthly [45]. Top- 
ical mitomycin C (0.4 mg/5 mL) applied before surgery may 
reduce the risk of recurrence after shave biopsy or excision 
[46]. Intralesional mitomycin may induce ulceration [47]. Sim- 
ilarly, topical imiquimod may reduce the risk of postsurgical 
recurrence [47]. 

e Photodynamic therapy has a cytotoxic effect on keloid fibroblasts. 
A small case series demonstrated reduced blood flow, increased 
pliability and decreased collagen levels with no recurrence after 
9 months [48]. 

e Inarecent randomised study, intralesional verapamil (2.5 mg/mL) 
gave comparable results to triamcinolone, and was well tolerated 
[49]. Verapamil inhibits collagen synthesis and may also have an 
anti-inflammatory mode of action; it can be used in combination 
with triamcinolone [47]. 

e Studies of Botulinum toxin have given conflicting results, 
although one randomised controlled trial showed it to be equally 
as effective, and well tolerated, as intralesional triamcinolone 
[47]. 

e Laser and light-based treatments give variable results [50]. 
Ablative (e.g. carbon dioxide) laser monotherapy carries a high 
recurrence rate. Pulsed dye and Nd:YAG lasers appear to be more 
effective, particularly in combination with intralesional corticos- 
teroids or 5-FU. Lasers may be useful as tools for drug delivery 
[47]. Low-level red and infrared light-emitting diodes (LEDs) 
suppress fibroblast synthesis and achieve cosmetic improvement. 
Other physical therapies include degenerate wave electrical 
stimulation [51]. 

¢ Inhibitors of pro-inflammatory cytokines such as TGF-B ana- 
logues [52] and IFN-« [47,53] show promise, perhaps in 
conjunction with intralesional triamcinolone. Recent reviews 
suggest that a combination of surgery with adjuvant radiother- 
apy [54] or intralesional 5-FU or corticosteroids [55] is preferable 
to monotherapy. 


e Activation of the renin—angiotensin system may induce fibrosis 
and there are encouraging reports of the use of angiotensin- 
converting enzyme (ACE) inhibitors (e.g. topical captopril or 
low-dose oral enalapril) in the treatment of keloids [56]. 


PERFORATING 


Definition 


These are skin disorders in which material is eliminated from the 
dermis by extrusion through the epidermis to the skin surface 
by a process of transepidermal (transepithelial) elimination. The 
primary perforating disorders are particularly associated with dia- 
betes and chronic renal failure in the case of acquired perforating 
dermatosis and heritable disorders of connective tissue or Down 
syndrome in the case of elastosis perforans serpiginosum. 


Introduction and general description 


There has been considerable confusion over the terminology used to 
describe the perforating disorders, with an array of different terms 
used to denote what is now thought to represent essentially the 
same underlying process: biopsies taken at different sites or times 
from the same patient may show a variety of different patterns 
depending on whether the lesion involves a follicle and whether it 
has been modified by excoriation. Perforation is a histopathological 
construct signifying that material, usually degenerate collagen 
or elastin, has breached or perforated an epithelium, usually the 
epidermis, in which case the process is usually referred to as 
transepidermal elimination (TEE). 

The term perforating folliculitis continues to be used in the 
published literature as a disease entity, although several author- 
ities have recommended that it should be abandoned [1,2]. The 
term acquired reactive perforating collagenosis fell out of favour 
some years ago, to be replaced by acquired perforating dermatosis 
when it was demonstrated that both collagen and elastin were 
commonly involved [2]. Similarly, the distinction between acquired 
perforating dermatosis and Kyrle disease is not clear-cut [3] and 
separation of the two is no longer felt to be valid. 

Many dermatoses occasionally exhibit the phenomenon of TEE, in 
which material from the dermis is extruded through the epidermis 
to the exterior with little or no disruption of the surrounding struc- 
tures [4]. The extruded material may include inflammatory cells, red 
cells, microorganisms and extracellular substances, such as mucin or 
degenerate collagen and elastin [4,5,6,7]. In most of these conditions, 
the TEE is secondary to some underlying disease, such as granuloma 
annulare or PXE. There is also a rare hereditary disorder, familial 
reactive perforating collagenosis, which is characterised by TEE 
of collagen from an early age (Chapter 70). The primary acquired 
perforating skin disorders which will be discussed here are there- 
fore limited to acquired perforating dermatosis, which is strongly 
linked in the majority but not all cases to either diabetes, renal 
failure or both, and elastosis perforans serpiginosa, which is linked 
to heritable disorders of connective tissue and Down syndrome. 


Acquired perforatin 


Definition and nomenclature 

This is an acquired disorder of TEE of degenerate collagen, elastin 
and other connective tissue components. It is strongly associated 
with diabetes and chronic kidney disease. 


Synonyms and inclusions 
e Acquired reactive perforating dermatosis 
e Acquired perforating collagenosis 


Introduction and general description 

Acquired perforating dermatosis is strongly linked with longstand- 
ing diabetes (Figure 94.58) and chronic kidney disease, often in 
association with haemodialysis [1,2-8]. It is characterised by TEE 
of both collagen and elastin and presents as a chronic pruritic 
dermatosis with multiple keratotic crusted papules and nodules. 


Epidemiology 

Incidence and prevalence 

It is relatively frequent in the commonly affected populations with 
reported rates of 4-11% of patients on haemodialysis [7,8]. 


Age 
It generally occurs in the fifth to sixth decades of life. 


Sex 
The female to male ratio is 3 : 1 [9,10]. 


Ethnicity 
All races are affected. 


Associated diseases 
There is a strong association with chronic kidney disease and 
diabetes, and an association with chronic pruritus [11]. There are 


Figure 94.58 Acquired perforating dermatosis: close-up view of the back of a 
65-year-old woman with longstanding diabetes. 
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He 
Figure 94.59 Acquired perforating dermatosis: invaginations of the epidermis enable 
columns of necrotic inflammatory debris to be extruded from the dermis. Courtesy of 
Professor Luis Requena. 


case reports of an association with dermatomyositis [12] and drugs 
such as cetuximab, panitumumab and natalizumab [13-15]. 


Pathophysiology 
The bulk of the coarse granular basophilic material which is 
extruded by TEE appears to derive from the nuclei of polymor- 
phonuclear leukocytes [16]. It has been suggested that lysosomal 
enzymes derived from leukocytes might be responsible for the 
altered staining of collagen fibres, the degradation of elastic fibres 
and the impairment of keratinocyte adhesion, which allows TEE of 
dermal components [3]. 

Most patients have chronic renal disease and/or longstanding 
diabetes. 


Pathology 

Histology reveals cup-shaped invaginations of the epidermis, 
which is plugged with necrotic inflammatory debris. Collagen 
bundles are arranged vertically at the base of the lesion and there is 
TEE of collagen fibres (Figure 94.59) [17]. 


(b) 
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Causative organisms 
Generally there are none, although there is one reported case asso- 
ciated with disseminated histoplasmosis [18]. 


Genetics 
There are no known genetic factors. 


Clinical features 
History 
Pruritus, which may be intractable, is a common symptom. 


Presentation 

Keratotic dome-shaped papules with central crusts develop any- 
where on the body but primarily on the extensor aspects of the 
limbs and trunk (Figure 94.60). Dermoscopy with polarised light 
reveals bright white patches on a featureless grey background, 
surrounded by reticulate brown lines [1]. 


Clinical variants 

Familial reactive perforating collagenosis. Familial reactive per- 
forating collagenosis [2,9,16,19-21] is a rare inherited form of TEE 
in which collagen is extruded through the epidermis. It is usually 
precipitated by environmental cold or trauma. The basic defect 
seems to be a type of focal damage to collagen, which is then 
extruded as a result of necrolysis of the overlying epidermis [22]. 

The lesion originates in the papillary dermis where collagen is 
surrounded and engulfed by focal epidermal proliferation. The 
collagen appears normal on electron microscopy, but gives an 
abnormal staining pattern with trichrome and phosphotungstic 
acid haematoxylin. The central crater which develops contains 
inflammatory cells and keratinous debris. Elastic tissue is typically 
absent, and the abnormal collagen is eliminated by transepithelial 
migration [22-24]. 

It usually starts in early childhood as small papules on the exten- 
sor surface of the hands, elbows and knees following superficial 
trauma. Each skin-coloured papule increases to a size of about 
6 mm over 3-5 weeks and then becomes umbilicated, with a ker- 


Figure 94.60 (a, b) Acquired perforating dermatosis: 
a 48-year-old woman with a 25-year history of type 1 
diabetes with retinopathy and renal failure, and a 
12-year history of skin ulceration with multiple, 
tender, crusted sores which were slow to heal. 
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atinous plug [22]. The lesions regress spontaneously in 6-8 weeks 
to leave a hypopigmented area or slight scar, but new lesions may 
appear. Lesions can be produced experimentally, and the Koebner 
phenomenon may result in linear lesions [25]. The papules can 
also be provoked by inflamed acne lesions, but deep incisions do 
not produce the lesions. The condition persists into adult life. In 
some cases, the disease is associated with intolerance to cold and 
improves in warm weather. 

The nosological relationship between familial reactive perforat- 
ing collagenosis and the acquired reactive perforating dermatosis 
of chronic kidney disease remains uncertain [26]. 


Verrucous perforating collagenoma. Verrucous perforating col- 
lagenoma [27-29] (synonym collagénome perforant verruciforme) 
is rarely reported and appears to be a reaction to the traumatic 
introduction of foreign materials including fibreglass, vegetable 
matter, calcium chloride and irritant drugs into the skin. Damaged 
collagen extruded to the surface by TEE is manifest as verrucous 
papules. 


Perforating disease due to exogenous agents. Occasionally, a 
chemical that has been applied to the skin topically or by intra- 
dermal injection can be eliminated by the transepidermal route. 
Eight cases have been reported following occupational exposure 
to a caustic drilling fluid used in the petrochemical industry [30]. 
Each patient noted skin irritation following exposure to the fluid and 
1 or 2 days later developed tender papules with central umbilica- 
tion followed by ulceration and crusting. Histological examination 
demonstrated TEE of altered collagen and debris which stained for 
calcium. 

It is possible that the lesions were due to follicular penetration 
by the calcium present in the drilling mud. The drilling fluids 
contain many additives, but calcium carbonate or calcium chlo- 
ride are often present in high concentrations in the mud. Similar 
cases have been reported following the use of calcitum-containing 
electroencephalography paste [31]. 

TEE of altered collagen has also been reported following the use 
of intradermal steroid injections [32,33]. 


Differential diagnosis 

The condition may be mistaken clinically for molluscum conta- 
giosum, papular urticaria or other perforating disorders, but the 
histology is characteristic [17,21]. 


Management 

Some patients improve spontaneously, particularly if renal function 
can be improved [7,10]. No treatment is of proven benefit, although 
there are several reports of the use of allopurinol [34,35]. 

Topical retinoids may reduce the number of lesions. Other treat- 
ments which may help include oral isotretinoin, methotrexate, 
rifampicin, emollient creams, intralesional steroids and _ topical 
steroids under occlusion [5,9,26]. Narrow-band UVB [36], PUVA 
[37] and photodynamic therapy [38] have all been used. Associated 
uraemic pruritus may improve with amitriptyline [39]. Complete 
remission has been reported after the use of topical tacalcitol [40], 
however spontaneous resolution can occur. 


Elastosis perforans serpiginosa 


Definition and nomenclature 

This is a perforating dermatosis in which the material extruded 
through the epidermis is derived from elastic fibres in the upper 
dermis [1]. It is closely associated with heritable disorders of 
connective tissue and Down syndrome. 


Synonyms and inclusions 
¢ Perforating elastoma 
e Elastoma intrapapillare perforans 


Epidemiology 
Incidence and prevalence 
It is rare. 


Age 
It usually presents between the ages of 5 and 20 years. 


Sex 
Males are predominantly affected. 


Ethnicity 
All races are affected. 


Associated diseases 
Some 40% of reported cases have been associated with heritable 
connective tissue disorders, such as PXE, Ehlers—Danlos syndrome, 
Marfan syndrome, osteogenesis imperfecta and acrogeria [2,3]. 
It has also been reported in otherwise healthy individuals and 
in association with Down syndrome [4-7]. Elastosis perforans 
serpiginosa has been reported as a paraneoplastic phenomenon [8]. 
It sometimes occurs in patients receiving penicillamine, which is 
known to cause the production of abnormal elastin [9-13], and there 
is an overlap with pseudo-PXE (see earlier in this chapter). 


Pathophysiology 

Predisposing factors 

The altered elastin resembles that seen in experimental animals sub- 
jected to lathyrogens or copper deficiency. It is probable that the 
primary abnormality is in the dermal elastin, which provokes a cel- 
lular response that ultimately leads to extrusion of the abnormal 
elastic tissue. It may be significant that the lesions are commonly 
seen in areas subjected to wear and tear. 


Pathology 

The earliest detectable change is the focal development of elastotic- 
staining tissue and basophilic debris in the dermis. This is followed 
by a reaction of the overlying epidermis, which grows down to 
engulf the elastotic material. The epidermis surrounding the fully 
developed lesion is acanthotic and hyperkeratotic (Figure 94.61). 
The papule consists of a circumscribed area of epidermal hyperpla- 
sia traversed by a channel communicating directly with the dermis 
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Figure 94.61 Elastosis perforans serpiginosa: note the acanthotic epidermis growing 
downward in order to surround and engulf a focus of basophilic elastotic debris. 
Courtesy of Dr Leigh Biddlestone. 


and containing a mass of tissue, which projects above the surface. 
This plug consists of horny material in its upper third and of amor- 
phous debris derived from elastin in its lower two-thirds [4,14-17]. 
In the dermis beneath and around the lesion, there is a foreign-body 
giant cell reaction. The elastotic material is finally extruded, to 
leave irregular scarring and warty thickening. Electron microscopy 
shows an increase in elastic fibres, with fine filaments on the surface 
similar to those seen in normal embryos. In penicillamine-induced 
cases the elastic fibres have a characteristic ‘bramble bush’ or 
‘lumpy-bumpy’ morphology [11,18]. The hydroxylation of dermal 
collagen is similar to that of newborn skin [15]. 


Causative organisms 
No specific organism has been identified. 


Genetics 

The cause is unknown, but a genetically determined defect of elas- 
tic tissue may be involved [1]. It is often associated with a known 
heritable disorder of connective tissue. 


Environmental factors 
The lesions may follow minor trauma such as an abrasion. 


Clinical features 
History 
The lesions are generally asymptomatic. 


Presentation 

Small, horny or umbilicated papules are characteristically arranged 
in lines, circles or segments of circles in a serpiginous pattern 
(Figure 94.62). The individual papules may remain small or may 
enlarge slightly to assume a crateriform appearance with an ele- 
vated edge and a central plug, or enlarge further to leave an area 
of atrophic skin surrounded by smaller papules, each with a horny 
plug. The rings may reach a diameter of 15-20 cm but are usually 


Figure 94.62 Elastosis perforans serpiginosa in a boy with Down syndrome. 


Figure 94.63 Elastosis perforans serpiginosa in a patient with vascular Ehlers—Danlos 
syndrome. 


smaller (Figure 94.63). The back and sides of the neck are most 
commonly affected, but the lesions may also occur on the cheeks or 
on the arms or thighs, and are sometimes bilaterally symmetrical 
[1,17,19,20]. 


Differential diagnosis 

The annular or linear arrangements of the papules and their 
distribution suggest the diagnosis, which is confirmed by the char- 
acteristic histology. Conditions that may cause confusion include 
porokeratosis of Mibelli, familial reactive perforating collagenosis 
and perforating granuloma annulare. A similar histological appear- 
ance can occur in acquired perforating dermatosis (see earlier in 
this chapter) [21]. 


Classification of severity 
It is not of prognostic significance in its own right, but may reflect 
an underlying heritable disorder of connective tissue. 
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Complications and co-morbidities 
There may be an associated connective tissue disease. 


Disease course and prognosis 
The lesions may persist for several years, but eventually involute 
spontaneously to leave reticulate atrophic scars. 


Investigations 
Skin biopsy is diagnostic, but biopsy scars readily become keloidal. 


Management 

The condition tends to be self-limiting, and no treatment is of proven 
benefit [19]. However, careful removal of the nodules with a curette 
under local anaesthesia may give a reasonable cosmetic result. 
Freezing has been recommended [19,22,23]. Excision should be 
avoided, and dermabrasion may make the condition worse [4]. In a 
child with Down syndrome and associated vitamin A deficiency, 
clinical improvement was observed with oral retinoid therapy, 
even though the treatment produced side effects [6]. Isotretinoin 
has been used successfully in a patient with penicillamine-induced 
disease [24]. It has been reported that acitretin has treated extensive 
elastosis perforans serpiginosa in a man with Down syndrome [25]. 
There are reports of improvement following Sellotape® stripping of 
the surface keratinous material [26], tazarotene [27], imiquimod [28] 
and calcipotriol [3]. Treatment with pulsed dye [29], ultrapulsed 
carbon dioxide [30,31] and Er:YAG [32] lasers have also been 
advocated [2]. 


Treatment ladder 
First line 


¢ Conservative management 


Second line 
¢ Trial of cryotherapy initially to test site 


Third line 
e Curettage 


Key references 


The full list of references can be found in the online version at 
https://www.wiley.com/rooksdermatology10e 


Changes in dermal connective tissue due to ageing and photodamage 
Introduction and general description 
4 Battie C, Jitsukawa S, Bernerd F, Del Bino S, Marionnet C, Verschoore M. New 


insights in photoaging, UVA induced damage and skin types. Exp Dermatol 
2014;23(Suppl. 1):7-12. 


Wrinkles 
4 Kligman AM, Zheng P, Lavker RM. The anatomy and pathogenesis of wrinkles. 
Br J Dermatol 1985;113:37-42. 


Actinic elastosis 
4 Sachs DL, Varani J, Chubb H et al. Atrophic and hypertrophic photoaging: clinical, 
histologic, and molecular features of 2 distinct phenotypes of photoaged skin. J Am 
Acad Dermatol 2019;81:480-8. 


Collagenous and elastotic marginal plaques of the hands 
5 Calderone DC, Fenske NA. The clinical spectrum of actinic elastosis. J Am Acad 
Dermatol 1995;32:1016-24. 


Adult colloid milium and colloid degeneration of the skin 
1 Mehregan D, Hooten J. Adult colloid milium: a case report and literature review. 
Int J Dermatol 2011;50:1531-4. 


Other causes of cutaneous atrophy 
Atrophy due to corticosteroids 
1 Barnes L, Kaya G, Rollason V. Topical corticosteroid-induced skin atrophy: a com- 
prehensive review. Drug Saf 2015;38:493-509. 


Striae 

20 Al-Himdani S, Ud-Din S, Gilmore S et al. Striae distensae: a comprehensive revi- 
sion and evidence-based evaluation of prophylaxis and treatment. Br J Dermatol 
2014;170:527-47. 


Atrophic scars 
3 Colomb D. Stellate spontaneous pseudoscars. Senile and presenile forms: espe- 
cially those forms caused by prolonged corticoid therapy. Arch Dermatol 1972; 
105:551-4. 


Spontaneous atrophic scarring of the cheeks 
1 Marks VJ, Miller OF. Atrophia maculosa varioliformis cutis. Br J Dermatol 
1986;115:105-9. 


Acrodermatitis chronica atrophicans 
25 Radolf JD, Strle K, Lemieux JE, Strle F. Lyme disease in humans. Curr Issues Mol 
Biol 2021;42:333-84. 


Atrophodermas 
Linear atrophoderma 
1 De Golian E, Echols K, Pearl H et al. Linear atrophoderma of Moulin: a distinct 
entity? Pediatr Dermatol 2014;31:373-7. 


Atrophoderma of Pasini and Pierini 
3 Buechner SA, Rufli T. Atrophoderma of Pasini and Pierini. J Am Acad Dermatol 
1994;30:441-6. 


Disorders of elastic fibre degradation 
4 Lewis KG, Bercovitch L, Dill SW et al. Acquired disorders of elastic tissue: 
Part 1. Increased elastic tissue and solar elastotic syndromes. J Am Acad Dermatol 
2004;51:1-21. 
5 Lewis KG, Bercovitch L, Dill SW et al. Acquired disorders of elastic tissue: Part II. 
Decreased elastic tissue. J Am Acad Dermatol 2004;51:165-85. 


Anetoderma 
1 Venencie PY, Winkelmann RK. Histopathologic findings in anetoderma. Arch Der- 
matol 1984;120:1040-4. 
2 Venencie PY, Winkelmann RK, Moore BA. Anetoderma: clinical findings, associa- 
tions, and long term follow-up evaluations. Arch Dermatol 1984;120:1032-9. 


Mid-dermal elastolysis 
1 Brenner W, Gschnait FG, Konrad K et al. Non-inflammatory dermal elastolysis. 
Br J Dermatol 1978;99:335-8. 


Upper dermal elastolysis 
2 Newlove T, Tzu J, Meehan S. Papillary dermal elastosis. Dermatol Online J 
2011;17:12. 


4 
— 
U 
re 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


94.58 


Chapter 94: Acquired Disorders of Dermal Connective Tissue 


Y 
— 
U 
ire 
Q. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


Blepharochalasis 
12 Ali K. Ascher syndrome: a case report and review of the literature. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 2007;103:e26-8. 


Actinic granuloma and annular elastolytic giant cell granuloma 
1 Hanke CW, Bailin PL, Roenigk HH. Annular elastolytic giant cell granuloma: a 
clinicopathologic study of five cases and a review of similar entities. J Am Acad 
Dermatol 1979;1:413-21. 


Granuloma multiforme 
2 Leiker DL, Kok SH, Spaas JA. Granuloma multiforme: a new skin disease resem- 
bling leprosy. Int J Lepr 1964;32:368-76. 


Acquired pseudoxanthoma elasticum-like syndromes 
Perforating pseudoxanthoma elasticum 
1 Premalatha S, Yesudian P, Thambiah AS. Periumbilical pseudoxanthoma elas- 
ticum with transepithelial elimination. Int J Dermatol 1982;10:604-—5. 


Acquired disorders of elastic tissue deposition 
Linear focal elastosis 
1 Burket JM, Zelickson AS, Padilla RS. Linear focal elastosis (elastotic striae). J Am 
Acad Dermatol 1989;20:633-6. 


Late-onset focal dermal elastosis 
1 Tajima S, Shimizu K, Izumi T, Kurihara S, Harada T. Late-onset focal dermal elas- 
tosis: clinical and histological features. Br J Dermatol 1995;133:303-5. 


Elastofibroma dorsi 
10 Karakurt O, Kaplan T, Gunal N et al. Elastofibroma dorsi management and out- 
comes: review of 16 cases. Interact Cardiovasc Thorac Surg 2014;18:197-201. 


Elastoderma 
3 Adil H, Walsh S. Elastoderma: case report and literature review. Am J Dermatopathol 
2015;37:577-80. 


Papular elastorrhexis 
8 Ryder HF, Antaya RJ. Nevus anelasticus, papular elastorrhexis, and eruptive 
collagenoma: clinically similar entities with focal absence of elastic fibers in child- 
hood. Pediatr Dermatol 2005;22:153-7. 


Fibromatoses and other causes of diffuse fibrosis 
Fibromatoses 
Palmar fascial fibromatosis 
3 Evans RA. The aetiology of Dupuytren’s disease. Br J Hosp Med 1986;36:198-9. 
20 Zhang AY, Kargel JS. The basic science of Dupuytren disease. Hand Clin 2018; 
34:301-5. 


Plantar fascial fibromatosis 
3 Gudmundsson KG, Jonsson T, Arngrimsson R. Association of morbus ledderhose 
with Dupuytren’s contracture. Foot Ankle Int 2013;34:841-5. 


Penile fibromatosis 
4 Gingell JC, Desai KM. Peyronie’s disease. BMJ 1988;297:1489-90. 


Knuckle pads 
4 Hyman CH, Cohen PR. Report of a family with idiopathic knuckle pads and 
review of idiopathic and disease-associated knuckle pads. Dermatol Online J 2013; 
19:18177. 


Pachydermodactyly 
1 Al Hammadi A, Hakim M. Pachydermodactyly: case report and review of the 
literature. J Cutan Med Surg 2007;11:185-7. 


White fibrous papulosis of the neck 
3 Cerio R, Gold S, Jones EW. White fibrous papulosis of the neck. Clin Exp Dermatol 
1991;16:224-5. 


Camptodactyly 
1 Engber WD, Flatt AE. Camptodactyly: an analysis of sixty-six patients and 
twenty-four operations. J Hand Surg Am 1977;2(3):216-24. 


Juvenile fibromatoses 
Infantile myofibromatosis 
2 Mashiah J, Hadj-Rabia S, Dompmartin A ef al. Infantile myofibromatosis: a series 
of 28 cases. J Am Acad Dermatol 2014;71:264-70. 


Juvenile hyaline fibromatosis 
4 Finlay AY, Ferguson SD, Holt PJ. Juvenile hyaline fibromatosis. Br J Dermatol 
1983;108:609-16. 


Other benign fibrous cutaneous nodules 
Nodular fasciitis 
1 Luna A, Molinari L, Bollea Garlatti LA et al. Nodular fasciitis, a forgotten entity. 
Int J] Dermatol 2019;58:190-3. 


Nephrogenic systemic fibrosis 

11 Lunyera J, Mohottige D, Alexopoulos AS ef al. Risk for nephrogenic systemic fibro- 
sis after exposure to newer gadolinium agents: a systematic review. Ann Intern Med 
2020;173:110-19. 


Environmental and drug-induced scleroderma 
1 Murrell DF. A radical proposal for the pathogenesis of scleroderma. J Am Acad Der- 
matol 1993;28:78-85. 


Constricting bands of the extremities 
6 Cignini P, Giorlandino C, Padula F, Dugo N, Cafa EV, Spata A. Epidemiology 
and risk factors of amniotic band syndrome, or ADAM sequence. J Prenat Med 
2012;6:59-63. 


Abnormal fibrotic responses to skin injury 
Keloids and hypertrophic scars 
1 Kése O, Waseem A. Keloids and hypertrophic scars: are they two different sides of 
the same coin? Dermatol Surg 2008;34:336—46. 
36 Gauglitz GG, Korting HC, Pavicic T et al. Hypertrophic scarring and keloids: 
pathomechanisms and current and emerging treatment strategies. Mol Med 2011; 
17:113-25. 


Perforating dermatoses 
6 Akoglu G, Emre S, Sungu N, Kurtoglu G, Metin A. Clinicopathological features of 
25 patients with acquired perforating dermatosis. Eur J Dermatol 2013;23:864-71. 


Acquired perforating dermatosis 
1 Ramirez-Fort MK, Khan F, Rosendahl CO, Mercer SE, Shim-Chang H, Levitt JO. 
Acquired perforating dermatosis: a clinical and dermatoscopic correlation. Derma- 
tol Online J 2013;19:18958. 


Elastosis perforans serpiginosa 
3 Mehta RK, Burrows NP, Payne CM, Mendelsohn SS, Pope FM, Rytina E. Elastosis 
perforans serpiginosa and associated disorders. Clin Exp Dermatol 2001;26:521-4. 


CHAPTER 95 


Granulomatous Disorders of the Skin 


John W. Frew! and Saleem M. Taibjee? 


'Department of Dermatology, Liverpool Hospital, University of New South Wales, Sydney, Australia 
?Departments of Dermatology and Pathology, Dorset County Hospital, Dorchester, Dorset, UK 


Granuloma annulare, 95.1 
Necrobiosis lipoidica, 95.8 


Cutaneous Crohn disease, 95.13 


Key references, 95.16 


Granuloma annulare 


Definition 

This is a disease of the skin and subcutaneous tissue characterised 
by granulomatous annular plaques, nodules or papules containing 
foci of altered collagen surrounded by histiocytes and lymphocytes. 


Introduction and general description 

Granuloma annulare (GA) is a distinctive condition presenting 
with annular indurated papules and/or plaques on the extremities 
[1,2]. These lesions may slowly enlarge before eventually flattening 
and fading over the course of months or years (Figure 95.1). GA 
may occur at any age and is more common in women. Several 
different clinical types are seen: localised, generalised, subcuta- 
neous (deep) and perforating. The aetiology and pathophysiology 
are incompletely understood, although there are reports of associ- 
ated infective and other triggers. The widely cited association with 
diabetes has not been fully substantiated; adequate controlled stud- 
ies have not been performed to date. Treatment is often unnecessary 
given the self-limiting nature. In severe generalised disease many 
treatments have been reported to be effective although the evidence 
is largely anecdotal. 


Epidemiology 

Incidence and prevalence 

The population prevalence is documented as 0.06% with an annu- 
alised incidence of 0.04% in North America [3]. GA has been 
estimated to account for approximately 0.1-0.4% of dermatology 
outpatient consultations in the UK [1,3]. 


Age 

GA is most common in children and young adults but can occur at 
any age [1]. Generalised GA occurs more commonly in adults with a 
mean around 50 years of age in most series [4,5,6,7]. Subcutaneous 
(deep) GA is seen predominantly in children. Perforating GA has 
been reported in both adults and children. 


Sex 
GA is at least twice as common in women as in men [8]. 


Ethnicity 
There does not appear to be any racial predilection for GA, except 
for perforating GA, which is more common among ethnic Hawai- 
ians [9,10]. 


Associated diseases 

GA is associated with an increased odds ratio of coexistent type 1 
and type 2 diabetes mellitus [11,12], hyperlipidaemia and hypothy- 
roidism. There have been suggestions that the rates of type 2 
diabetes mellitus are probably not increased among patients with 
GA [13,14]. The majority of publications report retrospective sur- 
veys, in which some have suggested an association with type 1 
diabetes [15-17]. One case-control study [14] showed a lack of 
association with type 2 diabetes, although it should be noted that 
psoriasis patients were used as controls. The recently recognised 
association between psoriasis and insulin resistance [18] casts doubt 
on the appropriateness of psoriasis as a control group in this study. 
The largest study to date involving 5137 individuals with GA [11] 
presented an adjusted odds ratio of 1.67; 95%CI 1.55-1.80. 

Both localised and generalised GA have been reported in associ- 
ation with autoimmune thyroiditis and hypothyroidism in women 
[7,19-21], including in one case-control study [21]. Generalised GA 
has also been reported in a patient with a toxic adenoma of the thy- 
roid (Plummer disease) [22]. Two papers suggest the possibility of 
an association between uveitis and GA [23,24]. 

The incidence of hyperlipidaemia has recently been reported to 
be four times higher among people with GA than in age-matched 
controls [25]. 

Although there are several reports of an association with malig- 
nancy, many of the cases were atypical (e.g. painful lesions of the 
palms and soles). Recent reviews of the literature have concluded 
that there is no convincing relationship, including with haemato- 
logical malignancies [26,27], although older patients with atypical 
forms of GA may be exceptions. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Figure 95.1 Granuloma annulare on the dorsum of the hand — a typical site. 


There are isolated reports of the coincidence of temporal arteri- 
tis [28] and morphoea [29] in patients with GA. Coexistence with 
necrobiosis lipoidica [30-34] and sarcoidosis [35-38] has also been 
reported. 


Pathophysiology 

Immunological investigations have identified a mixed T-helper-1/ 
T-helper-2/Janus kinase-driven immune response in lesional tissue 
of GA compared with healthy controls [39]. Cytokines including 
tumour necrosis factor « (TNF-a), interleukin 1B (IL-1B), Janus 
kinase 3, IL-4, IL-13, IL-31 and IL-12/23p40 are elevated in gene 
expression analysis [39]. This mixed inflammatory response likely 
represents a reaction pattern to a variety of triggering factors 
[8,40]. A miscellany of infections and infestations have been linked; 
these include scabies [41], hepatitis B [42], Mycobacterium tubercu- 
losis [43,44], human papillomavirus [45], varicella/zoster [46-54], 
Epstein-Barr virus [55,56], parvovirus B19 [57], hepatitis C [58], 
HIV [59-70] and Borrelia burgdorferi [71-73]. The heterogeneity of 
associated organisms and lack of demonstration of persistent viral 
or bacterial DNA within lesions are likely to suggest a reactive 
inflammatory process rather than specific infection [51,59,73-76]. 

Traumatic triggers that have been linked to GA have included 
a variety of immunisations [77-81], tuberculin testing [82], ani- 
mal and insect bites [83,84], waxing [85] and saphenectomy [86]. 
Perforating GA has also been reported in the red areas of tattoos 
[87,88]. 

Sunlight exposure has been implicated in seasonal GA [89,90] and, 
more obviously, in cases where there is a clear photo-distribution 
(Figure 95.2) [91-94]. Generalised GA following psoralen and UVA 
(PUVA) has also been reported [95]. Whether actinic granuloma is a 


Figure 95.2 Generalised granuloma annulare showing a clear photo-distribution over 
the ‘V’ of the neck and shoulders. 


distinct entity, or represents GA on sun-exposed skin, has been the 
subject of debate [96-104]. 

There are several reports of drug-induced GA, although some 
could alternatively represent examples of interstitial granuloma- 
tous drug reaction, the latter tending to show different clinical 
features and histology [105]. GA has been previously associated 
with immunosuppressant medications [106]. A recent publica- 
tion from Greece reported that GA was found in almost 4% of 
rheumatology patients treated with TNF-a blockers [107]. There 
are also intriguing cases of association with immune checkpoint 
inhibitors for treatment of malignancy, in particular anti-PD1 
blockade [108,109]. 

There is a report of disseminated GA occurring in the same sites 
as lesions of erythema multiforme [110]. 

It has been suggested that an immunoglobulin-mediated vas- 
culitis is the cause of the necrobiotic granulomas in GA [111,112], 
but evidence from immunofluorescence studies is conflicting: some 
authors have demonstrated immunoreactants in vessel walls [111], 
whereas others have not [113,114]. An alternative view is that 
the pathogenetic mechanism is a delayed-type hypersensitivity 
response [112,114-118]. 

Gli-1, the glioma-associated oncogene homologue, is highly 
expressed in various granulomatous diseases including GA. The 
relevance to pathophysiology remains unclear, but this raises the 
possibility of inhibitors of gli-1 as a therapeutic target [119]. 


Pathology 
The most characteristic histological feature in GA is the necrobiotic 
palisading granuloma, but there are three histological patterns 
that may occur: (i) necrobiotic palisading granulomas; (ii) an inter- 
stitial form; and (iii) granulomas of sarcoidal type [120]. There is 
some variation in the literature in relation to the prevalence of each 
of these types in the different clinical patterns of disease [6,121,122]. 
Observer variation and the existence of more than one pattern in 
the same section may have contributed to differences in the findings 
in these series. 

Necrobiotic palisading granulomas (Figure 95.3) are typically situ- 
ated in the superficial and mid-dermis, and separated by relatively 
normal tissue in GA, in contrast to necrobiosis lipoidica (see later). 
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Figure 95.3 (a) Classical histology of GA; the dermis shows foci of necrobiotic 
palisading granulomas with perivascular lymphocytic inflammation. (b) Necrobiotic 
palisading granuloma characterised by degenerate collagen with increased mucin and 
surrounding radial arrangement of histiocytes and lymphocytes with occasional 
multinucleated giant cells. 


They are characterised by a central zone of degenerate (necrobiotic) 
collagen surrounded by histiocytes and lymphocytes, commonly 
in a radial or palisaded arrangement, with variable numbers of 
multinucleated giant cells. Histiocytes express the marker PG-M1 
[123]. A useful clue to GA is often an additional perivascular lym- 
phocytic component which comprises mainly T-helper phenotype 
(CD4*) [124-126], but in two cases associated with HIV infection a 
predominant CD8* infiltrate was demonstrated [127,128]. A small 
number of skin-specific clones have been demonstrated together 
with many non-specific T cells [126], possibly attracted by a high 
local production of IL-2. In many instances the necrobiotic foci have 
a basophilic appearance due to the presence of mucin, also high- 
lighted by Alcian blue or colloidal iron stains. Small deposits of 
lipid material may also be present. Collagen alteration, most com- 
monly fragmentation of collagen bundles, was observed in 79% of 
cases of localised and 53% of cases of generalised GA [6]. There is 
also a marked reduction in or absence of elastic fibres [129,130]. 
Metalloproteinases are probably involved in the damage to collagen 
and elastic fibres [131,132]. 

The interstitial or diffuse pattern (Figure 95.4) is often the most 
challenging to diagnose histologically, in which well-formed areas 
of necrobiosis are lacking. There is a ‘busy’ dermis with histiocytes 
and lymphocytes around blood vessels and dispersed between 
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Figure 95.4 (a) Interstitial GA with impression of ‘busy’ dermis at low power. (b) Higher 
power shows swollen collagen bundles with interspersed histiocytes and lymphocytes 
and hint of increased mucin leading to separate of collagen bundles. 


swollen collagen bundles, and collagen fibres are separated by 
mucin. In some instances, additional levels may be required to 
reveal more typical features. 

The sarcoidal pattern (Figure 95.5) is uncommon and may cause 
problems in differential diagnosis from true sarcoidosis which can 
also show overlapping clinical features. As the name implies, in this 
variant, histology shows well-formed epithelioid granulomas with 
inconspicuous necrobiosis. The presence of mucin and eosinophils 
can help to distinguish GA from sarcoidosis. 

Subcutaneous (deep) GA is clinically and histologically similar 
to a rheumatoid nodule with large zones of necrobiosis. Alcian 
blue-stained mucin is the most useful distinguishing feature, con- 
trasting with a more eosinophilic degeneration of collagen with 
increased fibrin in a true rheumatoid nodule, although there are 
cases which are histologically indistinguishable [133]. 

In perforating GA (Figure 95.6), superficial zones of necrobi- 
otic collagen are extruded through the epidermis or follicular 
infundibula, associated with varying degrees of reactive epidermal 
hyperplasia [120,134,135]. 

Vasculitic features have been described [136] but not found by 
others [137]. The different patterns of lipid deposition demon- 
strated by adipophilin staining have been reported to be helpful 
in distinguishing GA from necrobiosis lipoidica and sarcoidosis 
[138]. In GA there is both extracellular and intracellular adipophilin 
staining, whereas this is limited to extracellular areas in the zones 
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Figure 95.5 (a) An example of GA with sarcoidal pattern. This case shows overlap with 
subcutaneous (deep) GA. (b) Higher power shows well-formed epithelioid granulomas. 
There are subtle foci of central necrobiosis within some of the granulomas as a clue to 
distinguishing as GA rather than sarcoidosis. (c) Alcian blue demonstrates increased 
mucin within the subtle necrobiotic foci. 


of damaged collagen in necrobiosis lipoidica and in sarcoidosis 
the staining tends to be intracellular. Epithelioid sarcoma, with its 
associated geographic necrosis, may show a passing resemblance 
to GA. However, it is usually distinguishable due to nuclear atypia 
and cellular pleomorphism, but it should be noted that the histi- 
ocytes in GA can sometimes show mitotic activity [123,139-141]. 
Other histological differential diagnoses include the interstitial 
variant of mycosis fungoides [142-145], interstitial granulomatous 
dermatitis (interstitial granulomatous dermatitis with arthritis; 
interstitial granulomatous dermatitis with plaques; palisaded 
neutrophilic granulomatous dermatitis) [146-152] and interstitial 
granulomatous drug reaction [153-156]. 


Causative organisms 
There are no confirmed pathogenic organisms. 


Figure 95.6 (a) Perforating GA; low power showing prominent dermal necrobiosis. 
(b) High power showing extrusion of necrobiotic collagen to the skin surface through a 
follicular infundibulum. 


Genetics 

There is an increased prevalence of HLA-Bw35 among individuals 
with generalised GA compared with controls or those with localised 
GA [157]. There are a few reports of familial cases [157-162]. 


Clinical features 

History 

Patients with subcutaneous GA may complain of tenderness and 
generalised GA may be itchy, but most patients are asymptomatic. 
Acute, painful, acral lesions have been described [163]. Commonly, 
the annular lesions will have been treated with antifungal agents 
before the correct diagnosis is reached. 


Presentation and clinical variants 

There are four commonly recognised clinical variants, which typ- 
ically appear independently, although some patients may exhibit 
more than one variant [164,165]. 


Localised GA. This accounts for about three-quarters of cases and 
typically presents as a ring of small, smooth, flesh-coloured or red- 
dish papules (Figure 95.7a). Stretching the skin enables the papules 
to be seen more readily (Figure 95.7b). The surface of the skin 
over the papules is intact and there is usually no scaling. Annular 
lesions tend to enlarge centrifugally before eventually clearing. 
They may be solitary or multiple, and may occur anywhere on 
the skin, although the dorsa of the hands (Figure 95.8a), knuckles 


(b) 


Figure 95.7 (a) Typical appearance of localised granuloma annulare over the knuckles. 
(b) Appearance of granuloma annulare over the knuckles on clenching the fist. 


(Figures 95.1 and 95.7), fingers (Figure 95.8b) and feet (Figure 95.8c) 
are the commonest sites. Some, typically acral, lesions enlarge as 
nodules rather than as annular plaques. 


Generalised or disseminated GA. Generalised or disseminated GA 
makes up 10-15% of cases [7,8], is seen predominantly in adults 
and is twice as common in females. Pruritus may be the presenting 
feature. Interestingly, it is the commonest form seen in HIV patients 
[166-168]. The lesions are often ill-defined with skin-coloured or 
reddish macules, papules and/or plaques in an annular pattern 
surrounding a faintly violaceous central area on the trunk and limbs 
(Figure 95.9) [7,168-171]. The sparing of vaccination sites in a case 
of generalised GA is an interesting phenomenon [172]. 


Granuloma annulare 95.5 


Figure 95.8 Common sites of localised granuloma annulare. (a) On the dorsum of the 
hand; note the atrophy in the centre of the lesions. (b) On the dorsum of a finger. (c) On 
the dorsum of a child's foot; this is often mistaken for tinea, but there is no scale and 
tinea in this site would be unlikely in a child. 


: SPECIFIC 


PART 8 
CUTANEOUS STRUCTURES 


= 
— 
U 
Lu 
-¥ 
7A) 
-.) 
- 
< 
3 


CUTANEOUS STRUCTURES 


95.6 Chapter 95: Granulomatous Disorders of the Skin 


Figure 95.9 (a) Generalised granuloma annulare on the lower limbs and flank. (b) Generalised granuloma annulare on the arm and leg of a female patient with diabetes. Courtesy of 


Dr Shyam Verma. 


Perforating GA. This is uncommon [173] but has been described in 
all ages including infancy [174] and in HIV [59]. Localised or gener- 
alised papules develop yellowish centres and discharge a little clear, 
viscous fluid that dries to form a crust, eventually separating to leave 
a hypo- or hyperpigmented scar (Figures 95.6 and 95.10) [135,175]. 


Subcutaneous GA. This is also uncommon. It occurs predominantly 
in children (Figure 95.11) and has been given a variety of names, 
including benign rheumatoid nodules [176], pseudorheumatoid 
nodules [177,178], deep GA [179,180], subcutaneous palisading 
granuloma [181], isolated subcutaneous granuloma and subcuta- 
neous necrobiotic granuloma [182]. Lesions are nodular and occur 
predominantly on the scalp and legs, particularly in the pretibial 
region [159,183,184], but unusual locations include the periorbital 


area, palm [185,186] and penis [187]. Rarely, there may be subpe- 
riosteal lesions [188]. A congenital case has been recorded [189]. 
Magnetic resonance imaging features are diagnostically helpful 
[186-188]. 

Other reported variants of GA include a papular umbilicated 
form on the dorsa of the hands in children [190], a case of ‘follic- 
ular pustulous’ GA, in which palisading necrobiotic granulomas 
occurred in a perifollicular distribution [190], pustular generalised 
perforating GA, in which a dense infiltrate of neutrophils was 
present in areas of necrobiosis [191], linear GA [192,193], and 
‘patch’ GA, in which erythematous patches occurred on the trunk 
and limbs [194]. Although some examples of linear GA may be 
truly Blaschkoid and underpinned by genetic mosaicism [195], 
other linear cases may overlap with interstitial granulomatous 


Figure 95.10 Perforating granuloma annulare on the neck. 


See 


Figure 95.11 Subcutaneous granuloma annulare with palpable nodules in a classical 
location on this child’s shins. 


dermatitis, and those with ‘patch’ lesions may represent examples 
of interstitial granulomatous drug reaction [196]. 

Uncommon sites for lesions of GA are the ears (Figure 95.12), 
where the perforating variety may be encountered [197], penis 
[198-200], palms [201] and periocular regions [202-207]. Mucous 
membranes are generally spared, although there is a single report 
of involvement of the oral mucosa in a patient with HIV infection 
[67]. A destructive form has been described causing damage to soft 
tissues, tendons, bones and joints [208,209]. 


Differential diagnosis 

Localised GA may be mistaken for tinea or erythema multiforme. 
Other annular lesions and granulomatous conditions may cause 
diagnostic confusion, including annular lichen planus, erythema 
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Figure 95.12 Granuloma annulare on the ear. Note the nodules overlying the auricular 
cartilage of the antihelix. 


annulare centrifugum, erythema migrans of Lyme disease, sarcoido- 
sis, tuberculides [210] and tertiary syphilis [211]. The morphology 
and distribution of lesions may simulate mycosis fungoides [212]. 

The differential diagnosis of subcutaneous GA is extensive, 
including trauma, infection, tumours, sarcoidosis and rheumatoid 
nodules. A diagnostic biopsy will usually be necessary. 

The differential diagnosis of perforating GA includes mollus- 
cum contagiosum [213], other perforating disorders (Chapter 94), 
sarcoidosis and papulonecrotic tuberculide [135,214]. Epithelioid 
sarcoma may also masquerade as perforating GA [123,139-141]. 

Mycobacterium marinum infection has histologically simulated 
interstitial GA [215]. Other histological differential diagnoses 
include granulomatous mycosis fungoides [216], interstitial granu- 
lomatous dermatitis and interstitial granulomatous drug reaction. 


Complications and co-morbidities 

There are reports of anetoderma secondary to generalised GA [217], 
and mid-dermal elastolysis occurring with GA [218,219] and subse- 
quent to lesions resembling GA [220]. In another case, loss of elastic 
fibres was presumed to be responsible for the development of open 
comedones on the rim of GA lesions occurring on light-exposed 
areas [221]. 


Disease course and prognosis 

A postal questionnaire survey carried out by Wells and Smith [1] 
revealed that in about 50% of patients the lesions resolved within 
2 years. However, about 40% of those whose lesions cleared had a 
recurrence, in most cases at the same sites as the original lesions. 
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In this study, there did not appear to be any difference in progno- 
sis between individuals with single lesions and those with multiple 
lesions, and although there is an impression that spontaneous res- 
olution is less likely to occur with generalised GA there does not 
appear to be any documented confirmation of this. 

Levin et al. [222] have discussed the resolution of lesions follow- 
ing biopsy and have noted the paucity of information relating to 
this phenomenon in the literature. There appears to be anecdotal 
evidence of its occurrence, but little documentation. However, it is 
of interest, in this context, that scarification is one form of physical 
treatment that has been advocated in the past [223-225]. 


Investigations 

Biopsy may be necessary in nodular, subcutaneous, perforating, 
generalised and atypical forms. Investigation for diabetes, thyroid 
disease, malignancy and/or hyperlipidaemia is probably necessary 
if clinical history and examination are suggestive. 


Management 

In most cases, particularly in children, reassurance of eventual res- 
olution is all that is needed. As with other conditions that sponta- 
neously resolve, assessment of the efficacy of reported treatments 
is difficult. There is no high-quality evidence of the efficacy of any 
intervention for any form of GA and most recommendations rely on 
anecdotal case reports or small uncontrolled case series. 

In persistent localised GA, a trial of topical steroid or tacrolimus / 
pimecrolimus is reasonable although often ineffective [226,227] 
even under occlusion. Cryotherapy and intralesional steroid injec- 
tion [228] may be appropriate for symptomatic localised lesions 
although the risk of permanent scarring or atrophy is significant. 
Nitrous oxide has been reported in one study to give a better 
cosmetic result [229]. 

For generalised disease, PUVA appears to give the best results 
[230-238], with one retrospective study of 33 patients showing 
50% clearance and a further 31% good to moderate improvement 
[239]. UVA1 has also been reported to be effective in two case series 
[240,241]. Of the systemic therapies, dapsone [242-244], retinoids 
[245-250], antimalarials [251-253], fumaric acid esters [254-256] 
and methotrexate [257,258] have been most extensively reported. 
None of these has been shown to be reliably beneficial. The potential 
toxicity of these agents [259] must be weighed against the benign 
nature of the disease. 

Other agents that have been claimed to be effective in localised 
GA include imiquimod [260,261], isotretinoin [262], local injections 
of low-dose recombinant interferon-y [263], photodynamic therapy 
[264], and pulsed dye [265], neodymium:yttrium-aluminium-garnet 
(Nd:YAG) [266], carbon dioxide [267] and excimer [268] lasers. 

For generalised disease, potassium iodide has been shown to 
be ineffective [269]. There are anecdotal reports claiming efficacy 
for topical tacrolimus [270] and pimecrolimus [271], ciclosporin 
[272-275], low-dose chlorambucil [6,276-278], nicotinamide (niaci- 
namide) [279], pentoxifylline [280], tranilast [281], clofazimine 
[282], topical vitamin E [283], a combination of vitamin E and a 
5-lipoxygenase inhibitor [284], defibrotide [285] and oral calcitriol 
[286]. Infliximab [287,288], adalimumab [289-292], etanercept [293] 
and efalizumab [294] have also been reported to be effective; how- 
ever, in a small series of patients reported by Kreuter et al. [295] 


there was either no change or deterioration during therapy with 
etanercept. Treatment with secukinumab is associated with wors- 
ening of GA [296]. Janus kinase inhibitors including tofacitinib as 
well as IL-4/13 antagonism with dupilumab have been reported to 
be successful in GA [296,297]. However larger placebo-controlled 
trials are needed. 

Most of the treatments mentioned here have been employed in 
patients with perforating lesions, with varying degrees of success 
[298,299]. Lesions of subcutaneous GA generally resolve sponta- 
neously once the diagnosis has been confirmed [300]. 


Treatment ladder 


First line 

¢ No treatment/expectant 

¢ Cryotherapy 

e Intralesional corticosteroid 
¢ Potent topical corticosteroid 


Second line 

¢ Topical tacrolimus 

e Pimecrolimus 

e Imiquimod 

¢ Narrow-band UVB phototherapy 
e PUVA? 

e Dapsone 

e Hydroxychloroquine/chloroquine 
¢ Ciclosporin 

¢ Fumaric acid esters 

¢ Methotrexate 


Third line 

¢ Photodynamic therapy 
e Pulsed dye laser 

¢ 308 excimer laser 


*Principally for generalised disease. 


Resources 


Patient resources 

British Association of Dermatologists, patient information leaflet: https://www.bad 
.org.uk/shared / get-file.ashx?id=85&itemtype=document. 

DermNet NZ, granuloma annulare: https://dermnetnz.org/topics/granuloma- 
annulare. 

(Both last accessed November 2022.) 


Necrobiosis lipoidica 


Definition and nomenclature 
Necrobiosis lipoidica is a distinctive skin disorder characterised 
clinically by well-demarcated waxy red-brown plaques with an 


atrophic centre, most commonly located on the shins, and histo- 
logically by full-thickness dermal lymphohistiocytic perivascular 
infiltration with extensive areas of necrobiosis. 


Synonyms and inclusions 
¢ Necrobiosis lipoidica diabeticorum 


Introduction and general description 

Necrobiosis lipoidica is a distinctive skin condition characterised 
by well-defined red-brown indurated plaques with an atrophic 
yellow centre [1] (Figure 95.13). It is most commonly seen on the 
legs and may ulcerate, causing considerable pain. Histologically, 
there is a full-thickness dermal lymphohistiocytic infiltrate with 
extensive necrobiosis of collagen. It is associated with diabetes (both 
type 1 and type 2) and glucose intolerance. 


Epidemiology 

Incidence and prevalence 

Necrobiosis lipoidica is relatively uncommon. In patients with 
diabetes, reported prevalences range from 0.3% [2] to 1.2% [3]; it 
appears to be rare (0.06%) in childhood diabetes [4]. Its prevalence 
among non-diabetics is not well established. 


Age 

Necrobiosis lipoidica may occur at any age [1,3]. It is uncommon 
in childhood and is most commonly seen in young adults and in 
early middle age. When associated with type 1 diabetes, it is seen 
at a younger age (third decade) than in type 2 or those without 
diabetes (fourth decade). 


Sex 
The female to male ratio is 3:1 [1]. 


Associated diseases 

There is no doubt that necrobiosis lipoidica is associated with dia- 
betes, although only about 1% of diabetics develop it [1,2,3,4,5]. Ina 
much-quoted study from a large, specialist, tertiary referral centre, 
two-thirds of 171 patients with necrobiosis lipoidica had known 
diabetes at presentation [1,2]. This is unlikely, however, to be a 
true reflection of the overall incidence of diabetes in patients with 
necrobiosis lipoidica. In another study, however, 55 of 65 patients 
with necrobiosis lipoidica (85%) had no evidence of diabetes or 
impaired glucose tolerance at presentation. Only 3 of 42 patients 
re-evaluated between 5 and 15 years after initial presentation were 
found to have abnormal glucose handling [6]. 

There is some evidence that diabetic patients who have necro- 
biosis lipoidica are at higher risk of retinopathy and nephropathy 
than diabetics who do not [7,8,9]. Necrobiosis lipoidica has also 
been described in association with a number of other conditions 
including ulcerative colitis [10], Crohn’s disease [11] and after 
jejunal bypass surgery [12]. Reports of its occurrence with GA 
have been mentioned previously (see the section on Granuloma 
annulare). It has also been reported in association with sarcoidosis 
[13,14]. 
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Necrobiosis lipoidica 


(b) 


Figure 95.13 (a) Necrobiosis lipoidica of the shins in a 50-year-old woman. (b) Close-up 
view of the shin. 


Pathophysiology 

The precise pathogenesis of necrobiosis lipoidica remains unknown 
[15]. Some authors have considered microangiopathy to be impor- 
tant: this might explain the association with diabetes. An altered 
plasma protein profile [16], elevated factor VIII-related antigen 
[17] and fibronectin [18] have been proposed as contributory fac- 
tors. However, in Muller and Winkelmann’s histopathological 
study, vascular involvement was very mild in about a third of 
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the cases [19]. Furthermore, studies investigating blood flow in 
plaques of necrobiosis have yielded conflicting results. Boateng 
et al. [20] reported reduced blood flow compared with healthy 
controls and Brungger [21] demonstrated reduced transcutaneous 
oxygen. However, Ngo et al. reported increased blood flow [22]. 

The possible role of an antibody-mediated vasculitis as an initiat- 
ing event in necrobiosis lipoidica has also provoked debate as the 
results of immunofluorescence studies differ. Laukkanen et al. [23] 
did not demonstrate immunoreactants in lesional skin, but others 
have shown immunoreactants, principally IgM, C3 and fibrin, in 
vessel walls in the involved skin, and IgM, C3 and fibrinogen at 
the dermal-epidermal junction [24,25]. Dahl [26] has discussed 
immunofluorescence findings in necrobiosis lipoidica. Glut-1 is 
expressed by the fibroblasts in necrobiosis lipoidica, raising the 
possibility of abnormal glucose transport playing a role [27]. Gli-1, 
the glioma-associated oncogene homologue, is expressed in various 
granulomatous diseases including necrobiosis lipoidica. The pre- 
cise role in aetiology remains unclear, but this raises the possibility 
of inhibitors of gli-1 as a therapeutic target (see the section on 
Granuloma annulare). 


Predisposing factors 
The link with diabetes is discussed in ‘Associated diseases’. 


Pathology [28-30] 

The histological appearances are somewhat similar to those of GA, 
but with distinguishing features. Hyperkeratosis can be present. 
The epidermis may be otherwise normal or atrophic, or absent if 
there is ulceration. There are changes involving the full thickness 
of the dermis and these often extend into the subcutaneous fat, 
especially the septae (Figure 95.14). Early lesions show a perivas- 
cular and interstitial mixed inflammatory cell infiltrate. Areas 


of necrobiosis are more common in necrobiosis lipoidica associated 
with diabetes and are usually more extensive and less well-defined 
than in GA [31]. There is degeneration of collagen and elastin 
within the lesions [32]. Histiocytes border the areas of necrobiosis. 
In the sarcoidal variant more commonly seen in non-diabetics, 
epithelioid granulomata predominate with conspicuous Langhans 
and foreign body-type giant cells. Necrobiosis is usually minimal 
in such cases and it may require multiple levels to identify. The 
perivascular inflammatory infiltrate often includes plasma cells, 
in contrast with GA. In one case report, the plasma cell infiltrate was 
monoclonal with an underlying monoclonal gammopathy identi- 
fied [33]. Lymphoid nodules containing germinal centres may be 
present in the deep dermis or subcutaneous fat [34]. Rarely asteroid 
bodies may be seen. Lipid can be demonstrated in the necrobiotic 
areas with adipophilin immunohistochemistry, or oil red O or 
Sudan-IV on frozen section (see the section on Granuloma annulare 
for differences), and rarely cholesterol clefts may be present [35]. 
Mucin may be present in the dermis, but it is not as prominent 
as in GA. 

Small superficial blood vessels are increased in number and are 
telangiectatic. Deeper dermal blood vessels often show intimal 
thickening (which can be highlighted by periodic acid—Schiff 
stain) and narrowing of the lumen (Figure 95.15). Comedo-like 
plugs and even perforating necrobiosis lipoidica may result from 
elimination of necrobiotic material through hair follicles [36,37]. 
Anaesthesia in the lesions appears to be related to destruction 
and reduced density of nerves highlighted by S100 [38]. In old 
atrophic lesions the dermis and subcutaneous fat may be replaced 
by extensive fibrosis. Lipomembranous fat necrosis may be evident. 


Genetics 
Familial cases are rare [39,40]. 


Figure 95.14 (a) Necrobiosis lipoidica showing 
extensive necrobiotic inflammation involving the full 
thickness of the dermis with focal extension into 
underlying subcutis. (b) Higher power showing a 
geographic zone of necrobiotic collagen 

with surrounding inflammatory cells. 


Figure 95.15 (a) Another case of necrobiosis lipoidica showing layers of fibrosis 
with intervening necrobiotic granulomatous inflammation. (b) Higher power shows a 
vessel with intimal thickening and narrowing of the lumen. 


Clinical features 

History 

The lesions are normally asymptomatic unless ulcerated, which is 
generally a late feature of the condition. 


Presentation [41-43] 
Necrobiosis lipoidica may occur at any age, but usually develops 
in young adults and in early middle age. In insulin-dependent 
diabetics the age of onset is earlier than in non-insulin-dependent 
and non-diabetic individuals [44]. It is rare in childhood [45,46]. 

Typical lesions occur on the pretibial skin, and begin as a firm, 
dull red papule or plaque that enlarges radially to become a yel- 
lowish atrophic plaque with a red edge (Figures 95.13 and 95.16). 
The surface is often glazed in appearance and telangiectatic vessels 
may be prominent (Figure 95.17). Hypohidrosis and hypoaesthesia 
or anaesthesia may develop [42,47,48]. Comedo-like plugs may 
occur at the periphery of lesions [49]. In most cases lesions are 
bilateral, and they are similar in appearance whether occurring 
in diabetic or non-diabetic individuals [41]. They tend to be persis- 
tent and may ulcerate [50]: in one study [44], ulceration correlated 
with sensory impairment. Squamous cell carcinoma may develop 
in longstanding lesions [51-58]. 

Lesions can occur on other parts of the body, including the trunk 
[59] and penis [60,61], and rarely may be diffuse [62]. Koebnerisation 
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Figure 95.16 Chronic necrobiosis lipoidica (over a 20-year period) in a 41-year-old 
patient with insulin-dependent diabetes. Note the marked atrophy and telangiectasia. 


Figure 95.17 Prominent telangiectasia in an area of necrobiosis. 


at sites of trauma may also occur (Figure 95.18) [63-66]. The number 
of lesions and their rate of progress are very variable. 


Differential diagnosis 

The histological differential diagnosis from GA is discussed earlier. 
However, there is a case report of necrobiotic reaction to a tattoo 
showing mixed features of GA and necrobiosis lipoidica [67]. A 
distinctive condition typically affecting the skin of the head and 
neck of middle-aged women previously described as ‘atypical 
necrobiosis of the face and scalp margins’ (Figure 95.19) [68] or 
Miescher granuloma [69] has now been accepted by most as being 
more closely related to O’Brien actinic granuloma [70]. In both con- 
ditions there is granulomatous inflammation affecting sun-exposed 
skin with prominent elastophagocytosis and complete loss of elastic 
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Figure 95.18 Necrobiosis lipoidica Koebnerising in a scar from previous knee surgery. 


tissue. A unifying term of ‘annular elastolytic giant cell granuloma’ 
was proposed in 1979 by Hanke et al. [71] and has been widely 
adopted [72] (Chapter 94). There is also a case series in which 
patients presented with pretibial lesions suggestive of necrobiosis 
lipoidica, whereas histology showed features of venous insuffi- 
ciency only. The name ‘pretibial angioplasia’ has been proposed for 
this entity [73]. 

Lesions with marked fatty infiltration, particularly when not on 
the legs, may be mistaken for xanthomas. Necrobiotic xanthogran- 
uloma is a rare, destructive, non-Langerhans cell histiocytosis, in 
which red-orange or yellowish indurated plaques most frequently 
involve the periorbital regions and trunk [74,75]. It is associated 
with systemic lesions and a monoclonal gammopathy (Chapter 135). 
The presence of numerous cholesterol clefts, bizarre multinucleated 
giant cells and Touton-type giant cells are points of distinction 
histologically. 


Complications and co-morbidities 

Ulceration is the principal complication, affecting up to 35% of 
patients (Figure 95.20) [1]. Squamous cell carcinoma has also been 
reported but is rare [51-58]. 


Disease course and prognosis 

Slow extension over many years is usual, but long periods of qui- 
escence or resolution with variable atrophy and scarring may occur 
(Figure 95.21). 


Investigations 
Skin biopsy is not usually necessary except in atypical cases. Annual 
screening for diabetes is recommended. 


female. 


Figure 95.20 Ulcerated necrobiosis lipoidica in a 34-year-old woman with diabetes. 


Management 
The response of necrobiosis lipoidica to therapeutic interven- 
tion is generally disappointing. Many treatments have been 
reported to be effective but there are virtually no double-blind 
placebo-controlled clinical trials and no convincing evidence that 
any intervention significantly alters the course of the disease. 
Potent topical corticosteroids, particularly if applied beneath an 
occlusive dressing and changed weekly, may help [76]. Locally 
injected triamcinolone delivered by needle or jet injector [77] can 
improve the appearance, but atrophy usually remains. As there is 
evidence of extension of the inflammatory infiltrate into apparently 
normal skin surrounding active lesions, the injection of steroids into 


Figure 95.21 ‘Burnt out’ necrobiosis lipoidica — marked atrophy is evident. 


perilesional areas has been advocated to help limit progression [78]. 
The use of oral steroids may be of benefit [79,80]. Petzelbauer et al. 
[80] employed short-course steroid therapy that resulted in cessa- 
tion of disease activity in all six patients treated and no recurrence 
in a mean follow-up period of 7 months. 

There are reports of benefit from PUVA [81-87], topical tacrolimus 
[88], fumaric acid esters [89], thalidomide [90], chloroquine [91], 
photodynamic therapy [92], a combination of split-thickness auto- 
grafting and immunomodulatory therapy [93]. The response to 
UVAI phototherapy has been mixed [94]. 

Other treatments that have been advocated in the past include 
fibrinolytic agents [95], high-dose nicotinamide [96], clofazimine 
[97], pentoxifylline [98-101], tretinoin (0.05%) [102], prostaglandin 
E1 [103,104] and aspirin or an aspirin/dipyridamole combina- 
tion [105-107]. Aspirin alone was subsequently shown to be 
ineffective [108,109] and, in a randomised double-blind compari- 
son with placebo, patients treated with an aspirin/dipyridamole 
combination did not show any significant improvement [110]. 

Pulsed dye laser has been employed and may improve the telang- 
iectatic and erythematous components [111] but skin breakdown can 
occur [112]. 

Ulcerated necrobiosis lipoidica has been treated by excision and 
grafting [113-115], although recurrence tends to occur unless the 
excision is deep [115]. Other treatments that have been advocated 
for this problem include oral steroids [116], ciclosporin [117-119], 
mycophenolate mofetil [120], topical granulocyte-macrophage 
colony-stimulating factor [121,122], etanercept [123], infliximab 
[124], intravenous immunoglobulin [125], hyperbaric oxygen 
[126,127], topically applied bovine collagen [128] and grafting with 
bioengineered dermal tissue [6,129,130]. Recent case reports of 


ustekinumab [131] and Janus kinase inhibitors [132] have been 
described. 


Treatment ladder 


First line 

e No treatment 

¢ Topical steroids 

e Intralesional steroids 
¢ Topical tacrolimus 


Second line 
e PUVA 
e UVA1 


Third line 
¢ Multiple therapies of uncertain value 


Resources 


Patient resources 

British Association of Dermatologists, patient information leaflet: https: //www.bad 
.org.uk/shared / get-file.ashx?id=109&itemtype=document. 

Changing Faces: The Squire Centre, 33-37 University Street, London WCIE 6JN; 
www.changingfaces.org.uk. 

DermNet NZ, necrobiosis lipoidica: https://dermnetnz.org/topics /necrobiosis- 
lipoidica. 

(All last accessed November 2022.) 


Cutaneous Crohn disease 


Definition and nomenclature 
This is a granulomatous inflammation of the skin in patients with 
underlying Crohn disease. 


Synonyms and inclusions 
¢ Granulomatous cheilitis 

© Oro-facial granulomatosis 

¢ Metastatic Crohn disease 


Introduction and general description 

Cutaneous disease is common in patients with Crohn disease but 
manifests most commonly as an associated reactive inflammatory 
disorder such as aphthous ulcers, erythema nodosum and pyo- 
derma gangrenosum (Chapter 49) or from the effects on the skin of 
nutritional deficiency (Chapter 61). 

Granulomatous involvement of the skin may occur by direct 
extension of Crohn disease particularly in the lips, perineum, 
umbilicus and at the sites of surgery or around a stoma. It is charac- 
terised by sinuses, abscesses, fissures, ulcers and indurated plaques 


7 Cutaneous Crohn disease 95.13 
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Figure 95.22 Severe perianal Crohn disease. 


(Figure 95.22) (Chapter 153). It is usually seen in the presence of 
active underlying Crohn disease but may predate its diagnosis, 
particularly in children [1]. 

Oro-facial granulomatosis (Figure 95.23) may be associated with 
sarcoidosis or food allergy or be part of the Melkersson—Rosenthal 
syndrome (Chapter 108). When isolated, it is regarded by many as 
a localised form of Crohn disease. It may predate intestinal Crohn 
disease by many years. 


Figure 95.23 Lip swelling due to oro-facial granulomatosis developed in this patient 
some 5 years before she presented with severe intestinal Crohn disease. Courtesy of Dr 
E. P. Burova. 


Pathology [2-5] 

Histologically, cutaneous Crohn disease typically shows ill-defined 
granulomatous inflammation in the superficial dermis (Figure 
95.24), which may extend into deeper dermis or subcutis with addi- 
tional perivascular mixed inflammation comprising lymphocytes 
and plasma cells, although eosinophils can sometimes be prominent 
[2,3]. It should be noted, however, that in a case series of vulval 
Crohn disease granulomas were present in only 5 of 13 (38%) 
patients, and the authors point out that granulomas should not be 
an absolute criterion for a diagnosis of metastatic Crohn disease [4]. 
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Figure 95.24 A patient with Crohn disease 

and perianal skin tags. (a) Low power shows a highly 
inflamed polypoid lesion. (b) Higher power 
demonstrates the granulomatous nature of the 
infiltrate. 
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Figure 95.26 (a) Vulval swelling due to Crohn disease presented in the same patient as shown in Figure 95.23 about 1 year after she developed intestinal Crohn disease. (b) More 
advanced Crohn disease affecting the mons pubis and vulva; this developed 2 years after presentation with intestinal Crohn disease. (c) Peno-scrotal lymphoedema that presented 
together with perianal fistulae 5 years after the onset of intestinal Crohn disease. (d) Histology showing superficial and deep perivascular dermal infiltrates and a predominantly septal 
panniculitis. Higher power demonstrates the granulomatous nature of the infiltrate involving the subcutaneous septae. Granulomas are composed of epithelioid histiocytes and 
multinucleated giant cells arranged in a perivascular fashion. (a) Courtesy of Dr E. P. Burova. (c) and (d) Courtesy of Professor L. Requena. 
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In patients with orofacial granulomatosis and granulomatous 
cheilitis it has been noted that granulomas may bulge into 
and obstruct vessels [5] or even be truly intralymphatic [6]. 
Necrobiotic collagen has been described in a number of cases. 
Some cases may show leukocytoclasis with vasculitis falling 
within the spectrum of palisaded neutrophilic and granulomatous 
dermatitis [7]. 


Clinical features 

The skin may also be involved at distant sites, sometimes referred 
to as metastatic Crohn disease. The presentation is variable, with 
ulcers, nodules, plaques, papules, pustules or abscesses. It has been 
reported at many body sites including the face, ears, nipples, palms, 
soles, lower limbs and abdomen [8]. Involvement of the perineum 
and genitalia without direct extension is sometimes considered in 
this category. ‘Knife-cut fissures’ are typical for metastatic Crohn 
disease (Figure 95.25). Such presentation can overlap with severe 
hidradenitis suppurativa. Metastatic Crohn disease may present 
with oedema and swelling of the perineum and/or genitalia 
(Figure 95.26). Several deep biopsies may be needed to confirm the 
diagnosis in such cases through the identification of granulomas, 
which may be only focally present (Figure 95.26d). 


Management 

Treatment of cutaneous Crohn disease is usually dictated by the 
severity of the intestinal involvement. For localised disease, topical 
tacrolimus has been reported to be of benefit [9] although systemic 
treatment along similar lines to that used in intestinal disease 
is likely to be necessary for satisfactory resolution. There is no 
consistent relationship between the appearance of skin lesions and 
the severity of the intestinal disease, and treatment of the intestinal 
disease does not necessarily affect the cutaneous features of Crohn 
disease [10,11] (Chapters 110 and 111). 
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Sarcoidosis — 6 


Definition, nomenclature and classification 

Sarcoidosis is an antigen-mediated disease of unknown aetiol- 
ogy characterised by the presence of non-caseating epithelioid 
cell granulomas in multiple organs. It involves mainly the lungs, 
mediastinal and peripheral lymph nodes, eyes and skin. Less 
frequent but usually severe manifestations can occur in the liver, 
spleen, central nervous system, heart, upper respiratory tract and 
bones. Cutaneous lesions of sarcoidosis may be specific, showing 
histopathologically sarcoid granulomas, or non-specific, mainly 
erythema nodosum (EN). Cutaneous lesions are frequently the 
presentation of the disease and skin biopsy enables early diagnosis. 
Moreover, some types of lesions have prognostic significance and 
may help to predict the outcome of the systemic disease. 


Classification links 

e ICD-10: D86.3 

¢ Snomed CT: 31541009 

© Orphanet: ORPHA797 

e Other: UMLS C0036202 MeSH D012507 MedDRA 10039486 


Introduction and general description of sarcoidosis 
Sarcoidosis is a multisystemic granulomatous disease of unknown 
ethiology that mainly involves the lungs, mediastinal and periph- 
eral lymph nodes, eyes and skin. Specific cutaneous lesions are 
frequently the presentation of the disease. Skin biopsy is easy to 
perform, enabling early diagnosis with a minor invasive proce- 
dure. Some types of lesions have prognostic significance and may 
help to predict the outcome of the systemic disease. Although 
cutaneous lesions of sarcoidosis almost never cause significant 
morbidity or mortality, it may be grossly disfiguring and have a 
strong psychosocial impact. 


Epidemiology 

Incidence and prevalence 

The incidence of sarcoidosis varies widely throughout the world 
[1,2]. Sarcoidosis seems to be most prevalent in developed countries, 
ranging from 10 to 40 per 100 000 in the USA and Europe [3,4]. The 
annual incidence is not known with certainty. L6fgren syndrome 
(the association of EN with bilateral hilar lymphadenopathy on 
chest radiograph) is more frequent in the northern European coun- 
tries and Spain, and predominates during the spring months [2,5-7]. 


Age 

Sarcoidosis occurs at all ages but it is more frequent in young and 
middle-aged adults with a peak age at diagnosis in men at 30-50 
years and 50-60 years in women. It is less common in older people 
and is rare in children [8]. 


Sex 

Sarcoidosis is slightly more common in women than in men [8]. In 
the subpopulation of L6fgren syndrome there is a clear predomi- 
nance in white women [3,6,9]. 


Ethnicity 

In the USA, a population-based study showed that the incidence of 
sarcoidosis was 3-17 times higher in African American people than 
in white people. Some studies have detected a high prevalence in 
Scandinavian people, in Puerto Rican people in New York and in 
Irish immigrants in England [1,3]. There is also a significant het- 
erogeneity in disease presentation and course. In the USA, African 
American and Asian Indian people have more severe disease at 
diagnosis than their white counterparts [10,11], while asymptomatic 
cases and Lofgren syndrome are more common in white people [12]. 


Associated diseases 
An increased risk of developing lymphoproliferative disease [13], 
mainly Hodgkin disease, has been reported in sarcoidosis [14]. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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The relationship between sarcoidosis and solid tumours is less 
clear-cut [15,16], although it has been suggested that immuno- 
logical abnormalities mediated by sarcoidosis or the effects of 
treatment may increase the risk [17,18]. Several case reports have 
described the concomitant association of sarcoidosis with multiple 
immune-mediated diseases [19-28]. 


Pathophysiology 

Pathology 

The histopathological changes are similar in all organs affected 
by sarcoidosis [29]. The cardinal feature is the sarcoid granuloma, 
defined as aggregates of epithelioid cells with a sparse lymphocytic 
component [29,30], the so-called ‘naked granuloma’ (Figure 96.1a,b) 


Figure 96.1 (a) Sarcoid granulomas in the dermis in a specific cutaneous lesion of sarcoidosis. (b) Sarcoid granulomas are mainly composed of epithelioid cells with sparse lymphocytic 
component, without necrosis. (c) Sarcoid granulomas with prominent giant cells. (d) Low-power view of subcutaneous sarcoidosis. The granulomatous infiltrate is limited to the 


subcutis and is mainly lobular with the appearance of a granulomatous lobular panniculitis. 


[29,31,32]. In the skin, sarcoid granulomas are usually observed 
in the dermis but can also extend to subcutaneous tissue. There is 
no particular relation to skin appendages, although in some cases 
linear granulomas may follow dermal nerves [33]. Granulomas 
usually contain few or no giant cells, generally of Langhans type, 
that tend to be more abundant in old lesions (Figure 96.1c) [31]. 
In some cases, tuberculoid granulomas are also observed [33,34]. 
Although caseous necrosis is typically absent [29,35], discrete foci of 
fibrinoid or coagulation necrosis can be detected [33,36,37]. Palisad- 
ing necrobiotic granulomas are rarely observed [33,38]. Although it 
is considered that the epidermis is usually normal, 49 of 62 cases in 
a series displayed epidermal abnormalities [39]. Lichenoid changes 
[33] and transepidermal elimination of granulomas have also been 
reported [33,38,40,41]. In subcutaneous sarcoidosis, the granuloma- 
tous infiltrate is limited to subcutaneous tissue, although minimal 
lower dermal involvement may be observed [42-44] (Figure 96.1d). 
It is predominantly lobular, appearing as a lobular panniculitis, 
but can also involve the septa [42,44]. Fibrosis is a frequent finding 
in subcutaneous sarcoidosis (75% of cases in a recent series), and 
although this may be intense, it is not associated with pulmonary 
fibrosis [42]. 

Giant cells can contain inclusion bodies. Schaumann bodies 
are basophilic, round or oval concentric, lamellar structures com- 
posed of lipomucoglycoproteins impregnated with calcium and 
iron [31,45]. Asteroid bodies are considered to be formed from 
trapped collagen bundles and have an eosinophilic central body 
surrounded by radiating spicules (Figure 96.2a) [46]. None of 
these bodies is specific to sarcoidosis; they have been observed 
in other granulomatous processes [29,30,47]. Polarisable for- 
eign bodies (Figure 96.2) are observed in 22-58% of cutaneous 
sarcoidosis [33,37,48,49,50], suggesting that foreign bodies may 
be an inciting stimulus for granuloma formation in sarcoidosis 
[48,51,52]. 

CD4 helper/inducer T lymphocytes are present at the centre of the 
granuloma and a smaller population of CD8 suppressor/cytotoxic 
T lymphocytes at the periphery [53]. Immunofluorescence studies 
have shown, in some cases, immunoglobulin M (IgM) within blood 
vessel walls and at the dermal-epidermal junction, and IgG within 
and around the granuloma [54]. 


Histological differential diagnosis. Lupus vulgaris usually shows 
a marked lymphocytic infiltrate around granulomas and signifi- 
cant central necrosis [31]. Tuberculous leprosy granulomas follow 
nerves and therefore appear elongated and show small areas of 
central necrosis more often than sarcoidosis [31]. Although per- 
ineural granulomas are not uncommon in sarcoidosis [55-57], the 
nerves are intact and stains for acid-fast bacilli are negative [33]. 
Rosacea granulomas are usually perifollicular [31]. Lupoid leish- 
maniasis, Crohn disease and orofacial granulomatosis (Chapter 
108) may also pose difficulties. Plasma cells and coagulative necro- 
sis are features of syphilis [45]. Foreign-body granulomas can 
also resemble sarcoidosis. The presence of polarisable foreign 
bodies does not exclude sarcoidosis. Moreover, an exaggerated 
response to foreign bodies, coexistence with other types of skin 
lesions of sarcoidosis and the involvement of other organs favours 
sarcoidosis. 
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Figure 96.2 (a) An incipient asteroid body and two foreign bodies in a sarcoid 
granuloma. (b) A foreign body is observed in a sarcoid granuloma. 


Immunopathogenesis 

Most researchers agree that genetic factors, environmental antigens 
and a dysregulated immune system characterised by an exagger- 
ated T helper 1 (TH1)] immune response are involved in causing 
sarcoidosis [2]. Multiple antigens, probably derived from infec- 
tious agents as well as organic and inorganic compounds that are 
not completely cleared by the immune system, may induce the 
antigen-presenting cells to produce high levels of tumour necrosis 
factor-alpha (TNF-a) and to present these antigens to CD4+ T-cells 
[58]. T helper cells differentiate into TH1 and TH17.1 effector cells 
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that produce interferon-gamma (IFN-y) and interleukin (IL)-17. 
Pro-inflammatory cytokines, such as TNF-a, IL-12, IL-18 and IL-6, 
and regulatory cytokines, such as transforming growth factor-beta 
(TGF-B) and IL-10, are also upregulated in affected tissues [2]. 
IFN-y activates macrophages and induces transformation into giant 
cells while TNF-a induces its differentiation into epithelioid cells 
[59]. Macrophages also release IFN-y, TNF-a and chemokines such 
as CXCL10, attracting additional T cells of CD4/TH1 phenotype 
[60,61]. It is postulated that IFN-y inhibits apoptosis in macrophages 
through the expression of high levels of P21, which leads to granu- 
loma perpetuation [62]. Incapacitation of Tregs is also a key feature 
of granuloma maintenance [58]. TNF-a is considered the main 
cytokine in the development and maintenance of the granuloma 
[63,64], and it is considered the cause of pulmonary fibrosis by 
stimulating fibroblast proliferation and collagen synthesis [65]. 
Anti-TNF-a agents are currently used in sarcoidosis as third line 
therapy, although cases of sarcoidosis paradoxically induced by 
TNF-a inhibitors are being reported [66]. 

It has been suggested that the accumulation of serum amyloid A in 
granulomas promotes amplification of TH1 immune responses [2]. 
Vimentin has been proposed as a potential autoantigen in sarcoido- 
sis [2,58]. Recent studies have shown that the JAK-STAT pathway 
activation signatures are characteristic of the transcryptome of sar- 
coidosis and several cases of cutaneous sarcoidosis improving with 
JAK inhibitors have been reported [2,67]. 


Causative organisms 
Histopathological similarities with tuberculosis led to extensive 
evaluation of Mycobacterium tuberculosis as a possible aetiological 
factor. Several studies have detected the presence of mycobacteria 
by different methods, while similar surveys have obtained negative 
results [68-75]. The presence of mycobacterial DNA/RNA has been 
reported in 0-80% of patients with sarcoidosis [76-98]. However, 
the absence of caseation necrosis, the negativity of the Mantoux test, 
and the lack of response to antituberculous treatment are arguments 
against mycobacterial involvement in sarcoidosis [95]. 
Propionibacterium acnes has been isolated from bronchial lavage in 
pulmonary sarcoidosis and DNA of propionibacteria has also been 
detected [89,93,99]. Propionibacterium acnes has been also observed 
by immunohistochemical methods in sarcoid granulomas [100,101]. 
However, it is known that P. acnes is a commensal in peripheral lung 
tissues and its presence does not appear to be specific for sarcoido- 
sis [89,93,102]. Other infectious agents proposed by some studies 
but denied by others include Rickettsia helvetica [103,104], Chlamy- 
dia pneumoniae [105,106], Borrelia burgdorferi [107-110], leptospira 
species [58], mycoplasma species [58], Pneumocystis jirovecii [58], 
herpesvirus 8 [111-114] and Epstein-Barr virus [95]. Histoplasmosis 
and other fungi, which can produce sarcoid granulomas, have also 
been suspected as possible causes, but geographical limitations rule 
them out [45]. 


Genetics 

A positive family history of sarcoidosis ranges from 2.7 to 17% 
[60] and having a first-degree relative with sarcoidosis increases 
3.7-5- fold the risk [115,116]. The risk of developing sarcoidosis 
in the co-twin of an affected monozygotic brother was increased 
80-fold while in dizygotic twins the risk was only sevenfold higher 


[117]. However, sarcoidosis is not a disease of a single gene. The first 
reported association with specific gene products was the association 
between HLA-B8 antigens and acute sarcoidosis [118]. Later, HLA 
class II antigens were also related to sarcoidosis. The HLA-DR allele 
DRB1*1101 was significantly associated with sarcoidosis devel- 
opment in both African American and white people [119]. Other 
HLA genotypes predispose to the disease phenotype rather than to 
susceptibility. For example, HLA-DQB1*0201 and HLA-DRB1*0301 
are strongly associated with acute disease and good prognosis 
[120-122]. HLA-DRB1*03 and C-C chemokine receptor 2 gene have 
been associated with Léfgren syndrome [123]. 

Genome-wide scanning for sarcoidosis susceptibility genes has 
identified several genes associated with increased susceptibility to 
the disease such as the butyrophilin-like 2 gene and annexin A11 
[124-127]. In recent years, other genes have also been implicated 
[58,61]. 


Environmental factors 

Several environmental agents (e.g. beryllium) may induce sarcoid 
granulomas [128]. For this reason and the tendency for sarcoido- 
sis to involve organs exposed to the environment such as the lung, 
eyes and skin, an environmental cause for sarcoidosis has been sus- 
pected. Seasonal outbreaks of sarcoidosis also support this possibil- 
ity [5,129-133]. Multiple environmental agents have been reported 
to confer increased risk of sarcoidosis, including exposure to tree 
pollen [134], inorganic particles [135], insecticides [136] and moulds 
[136,137]. Occupational studies have shown associations with US 
Navy personnel [138], metalworking [137], firefighters [139] and the 
handling of building supplies [140]. Also of interest is the fact that 
following the World Trade Center disaster, New York City firefight- 
ers developed ‘sarcoid-like’ granulomatous pulmonary disease at 
significantly higher than normal rates [141]. 


Sarcoidosis induced by drugs 

Sarcoidosis has been reported in association with IFN-a for hepatitis 
C but also for melanoma [142-149]. It has been suggested that IFN-o 
increases IFN-y and interleukin 2, promoting granuloma formation 
[144,146,150-152]. The development of cutaneous sarcoidosis as a 
paradoxical adverse effect of TNF-a and IL-17 blockers has also been 
reported [66,153-159]. 

More recently, multiple cases of sarcoidosis induced by inhibitors 
of CTLA-4, PD1-PDL-1 and BRAF/MEK, have been observed 
[160,161]. Downregulating peripheral tolerance using anti-CTLA-4 
or anti-PD1-PDL-1 antibodies may propagate sarcoidosis inflamma- 
tion [2]. The association with BRAF inhibitors could be explained by 
the increase of TNF-a and IFN-y during BRAF inhibition treatment 
[160,161]. In a recent study, 22% of patients receiving nivolumab 
alone or in combination with ipilimimab developed a sarcoid-like 
reaction [162]. Although it is important to rule out the possibility of 
cancer metastasis [163,164], it is not mandatory to stop these drugs 
because sarcoidosis may remain stable even when therapy was 
maintained [160,162,164,165]. 

Sarcoidosis has been reported to be induced by dendritic cell vac- 
cination immunotherapy in melanoma patients [166] and a sarcoid 
cutaneous reaction has been observed in patients treated with natal- 
izumab [167] and with rituximab [168-170]. 


Clinical features 

Systemic manifestations of sarcoidosis 

Sarcoidosis is often discovered incidentally on a chest radiograph or 
thoracic computed tomography (CT) scan [171]. The clinical onset of 
sarcoidosis may be acute or insidious. Acute or subacute sarcoido- 
sis develops over a period of weeks or a few months and it usually 
heralds a good prognosis [129,172]. One of the most typical forms 
of acute sarcoidosis is Léfgren syndrome [6,173]. An insidious onset 
for several months correlates with a chronic course and permanent 
organ damage [10,172,174-178]. 


Pulmonary sarcoidosis. Intrathoracic involvement occurs in 90% 
of cases [2,3]. Patients may be asymptomatic or present dry cough 
and dyspnea [171]. Associated bronchial hyperreactivity may be 
present. Hemoptysis is rare. Pulmonary sarcoidosis is classically 
divided into four stages on the basis of the chest radiograph 
(Table 96.1). Hilar bilateral and right paratracheal lymphadenopa- 
thy and bilateral reticulonodular infiltration with upper lung zones 
predominance is the most typical pattern [179]. Figure 96.3 shows 
a stage 2 chest radiograph. Atypical radiological findings include 
large nodules, alveolar infiltrates, hilar calcification, pleural effusion 
and pneumothorax [180-182]. Sarcoidosis-associated pulmonary 
hypertension is typically seen in advanced cases, with pulmonary 
fibrosis, destruction and obliteration of the pulmonary vasculature, 
and chronic hypoxemia [183-187]. 


Extrapulmonary sarcoidosis 

Eye. Ocular involvement occurs in 15-20% of patients. Since it may 
be asymptomatic, slit-lamp and ophthalmoscopic examinations 
should be performed on every patient with sarcoidosis [188]. The 
most frequent findings are anterior or posterior uveitis, choroidore- 
tinitis, periphlebitis, papilloedema and retinal hemorrhages. 
Conjunctival follicles, lacrimal gland involvement and kerato- 
conjunctivitis sicca may be present as well [189-191]. Secondary 
glaucoma, cataract formation and blindness are late complications 
in untreated cases [192]. 


Table 96.1 Chest radiograph stages in pulmonary sarcoidosis.* 


Chest radiograph stages % atonset % with resolution 


Stage 0: normal chest radiograph <10 

Stage |: bilateral hilar 50 

lymphadenopathy without 

pulmonary involvement 

Stage Il: bilateral hilar 30 
lymphadenopathy with pulmonary 
involvement 

age III Pulmonary involvement 
without bilateral hilar 
lymphadenopathy 


65; <10% progress to 
pulmonary involvement 


20-50 


W 


10-15 


<20 


Adapted from Hunninghake et a/. 1999 [3] © American Thoracic Society. 

9 Classification based on chest radiograph. Although high-resolution CT may suggest a 
different stage, it is not necessary to change the criteria since this test is indicated only 
in a limited number of patients. 

> Stage Ill may be subclassified into stage IV, which includes cases with advanced 
pulmonary fibrosis (hilar retraction, coarse linear opacities, honeycombing, bullae, 
emphysematous changes, architectural distortion and pulmonary hypertension). 
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Figure 96.3 Chest radiograph showing stage II pulmonary sarcoidosis (bilateral hilar 
and right paratracheal lympadenopathy and pulmonary infiltrates with upper and middle 
lobe predominance). 


Reticuloendothelial system. Peripheral lymphadenopathy involv- 
ing the cervical, supraclavicular, epitrochlear, axillary and inguinal 
nodes may be present. In addition to intrathoracic, mesenteric chain 
and retroperitoneal lymph nodes may be present as well. Splenic 
involvement is frequent, although splenomegaly occurs only in 
5-10% of cases and may result in hypersplenism and pancytopenia 
[193]. Bone marrow involvement is rare [1,3]. 


Liver. Mild hepatomegaly with slight cholestasis occurs in 20-30% 
of patients. Non-caseating granulomas are present in up to 75% 
of liver biopsies. Hepatic sarcoidosis affects the periportal areas. 
Severe chronic cholestasis syndrome, portal hypertension, and 
Budd-Chiari syndrome are rare. Multiple low-attenuation nodules 
in the liver on CT may be observed [194,195]. 


Neurosarcoidosis. Five to 10% of patients with sarcoidosis have 
clinically recognisable neurological involvement [1,3]. The dis- 
ease has a predilection for the basal meninges, so cranial nerve 
involvement, particularly facial paralysis, are common. Other 
central nervous system manifestations include aseptic menin- 
gitis, seizures, pyramidal tract signs, optic nerve dysfunction, 
papilloedema, hypothalamic and pituitary lesions with diabetes 
insipidus or hypopituitarism, and cognitive impairment [196-199]. 
Spinal cord involvement is rare [200]. Gadolinium-enhanced 
magnetic resonance imaging (MRI) may reveal non-enhancing 
multifocal periventricular and subcortical white matter lesions 
mimicking those of multiple sclerosis, meningeal enhancement, 
space-occupying lesions and hydrocephalus [201]. Small fibre 
neuropathy was first reported in 2002. Fluctuating sensorineural 
hearing loss may also occur [202]. 


Musculoskeletal system. Transient or chronic polyarthralgias are 
common but frank arthritis is uncommon. Asymptomatic muscle 
involvement is also common but symptomatic diffuse or nodular 
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myopathy is rare. Bone lesions, usually osteolytic, are not frequent 
[1,3]. 


Heart. Clinical cardiac involvement occurs in 5% of patients. 
Supraventricular and ventricular arrhythmias, and aberrations of 
atrioventricular or intraventricular conduction, may result in com- 
plete heart block or sudden death; papillary muscle dysfunction and 
congestive heart failure may be present. Cor pulmonale is usually 
secondary to chronic pulmonary fibrosis. Cardiac MRI and cardiac 
positron emission tomography (PET) scans are the most useful tests 
for the diagnosis of cardiac sarcoidosis. Endomyocardial biopsy 
may reveal granulomas although the diagnostic yield may be low 
[203-207]. 


Other manifestations. Parotid involvement is frequent and may 
produce parotid enlargement and xerostomia. Hypercalcemia 
(5-10% of patients) and hypercalciuria (40%) are explained by 
increased production of 1.25-dihydroxyvitamin D by granulomas 
[208]. Interstitial granulomatous nephritis and renal failure have 
been reported [209,210]. Sarcoidosis may involve any structure of 
the upper respiratory tract, most frequently causing nasal stuffiness 
[211]. Gastrointestinal, genital, endocrine and mammary involve- 
ment are rare [1,3]. Fatigue, depression and cognitive impairment, 
sometimes associated with small fibre neuropathy, have been 
classified as ‘parasarcoidosis’ syndromes (non-granulomatous 
manifestations of sarcoidosis) [212-215]. Autoimmune thyroid 
disease may also be related [216]. 


Course and prognosis. In most patients, particularly those with 
an acute presentation, the disease resolves spontaneously without 
sequelae within 2-5 years. L6fgren syndrome has an excellent 
prognosis [6]. An insidious presentation usually correlates with 
a chronic course and permanent organ damage [10,172,174-178]. 
Ten to 30% of patients show active disease for more than 5 years 
and are classified as chronic sarcoidosis [7,217]. Some patients with 
chronic disease may show a mild degree of activity (smoldering 
sarcoidosis) [7]. Another subgroup of patients with chronic disease 
show a progressive course with moderate to severe organ damage, 
sometimes with irreversible fibrotic changes [3,129,176,177,184,187]. 
Occasionally, recurrence of sarcoidosis many years after sponta- 
neous remission may occur, particularly in patients with Lofgren 
syndrome [218]. Pregnancy is not contraindicated except in severe 
chronic disease. Mortality is less than 5%. 


Cutaneous manifestations of sarcoidosis 

Cutaneous manifestations of sarcoidosis are extremely variable 
and sarcoidosis is considered one of the ‘great imitators’ in derma- 
tology. Cutaneous lesions are the most frequent extrapulmonary 
manifestations of sarcoidosis [7]. They are classified as specific and 
non-specific [219]. Specific lesions are those that histopathologically 
display sarcoid granulomas [219,220]. The most frequent specific 
lesions are maculopapules, plaques, lupus pernio, scar-sarcoidosis 
and subcutaneous sarcoidosis [219,220-224]. The most important 
non-specific lesion is EN. Cutaneous lesions of sarcoidosis are more 
frequent in women than in men [2:1] and in African American 
people than in other ethnic groups [219]. 


Specific cutaneous lesions. Specific cutaneous lesions develop in 
9-37% of patients with systemic sarcoidosis [10,220,222,225-231]. 
Although they can appear at any time, they are usually present at the 
onset of sarcoidosis [37,232,233,234,235]. In the initial evaluation of 
patients with suspected sarcoidosis the entire skin surface must be 
examined [220]. Because cutaneous biopsy is straightforward, it is a 
very useful diagnostic procedure that avoids aggressive diagnostic 
techniques [220] and shortens the diagnosis time of sarcoidosis [236]. 

The presence or absence of specific cutaneous lesions as a whole 
lacks prognostic significance in the progression of sarcoidosis 
[220,232,237,238]. However, some types of cutaneous lesions are 
associated with acute forms of sarcoidosis and others with chronic 
forms with a less favourable prognosis. 

The clinical appearance is due to the presence of epithelioid cell 
granulomas in the dermis [45]. Specific lesions are red-brown or 
red-violaceous in colour. In patients with skin of colour the lesions 
tend to be more violaceous and can develop a hypopigmented sur- 
face. Specific lesions are generally multiple and they do not cause 
symptoms. Diascopy reveals the subtle brown-yellow or ‘apple 
jelly’ colour characteristic of granulomatous diseases (Figure 96.4), 


(b) 


Figure 96.4 Sarcoid granulomas (a) revealed under diascopy as ‘apple-jelly nodules’ (b). 
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Figure 96.5 (a) Maculopapular sarcoidosis on the chest and arm. (b) Maculopapular sarcoidosis on the leg. (c) Maculopapular sarcoidosis on the pre-sternal area. 


usually more opaque than in lupus vulgaris [219]. However, differ- 
ential diagnosis may be difficult [239]. Diverse types of lesion may 
coexist in the same patient. 

At dermoscopy the typical findings consist of translucent, yellow- 
ish or yellowish-orange areas. Vascular structures are another rele- 
vant dermatoscopic feature that includes linear vessels, branching 
vessels or arborising vessels [240,241]. 


Maculopapular sarcoidosis. Macules and papules are the most 
common specific lesion in some studies [219,220,223,242]. This 
form includes patients with slightly infiltrated patches as well as 
patients with multiple infiltrated lesions <10mm (Figure 96.5). 
They are usually located on the face, mainly around the eyes and 
in the nasolabial folds, although the occipital area of the neck, 
trunk, extremities and even mucous membranes may be involved 
[219,221,222]. They may simulate xanthelasma, rosacea, secondary 
syphilis, lupus erythematosus, trichoepitheliomas, sebaceous 
adenoma, granuloma annulare, lichen nitidus, and syringomata 
[243-245]. They are usually transient and appear to herald the 
onset of the disease [221]. In some cases, papules can enlarge or 
coalesce to form plaques [219,246]. Maculopapular lesions often 
resolve either spontaneously or with treatment in less than 2 years 
without significant scarring. They are commonly associated with 
acute forms of systemic sarcoidosis [222,238,247] and connote a 
more favourable prognosis than other forms of specific cutaneous 
lesions [220,233]. 

A particular type of papular lesion involving the extensor surface 
of the knees has been reported. The papules are grouped over the 


Figure 96.6 Papular sarcoidosis of the knees. 


knees frequently with a linear arrangement that confers a lichenoid 
appearance (Figure 96.6) [50,248]. Polarisable foreign bodies are 
present in a high proportion of biopsies (up to 58%) [50]. These 
lesions are usually transient and may easily be overlooked. For this 
reason, the knees should always be examined when sarcoidosis is 
suspected [50,248]. 


Nodular and plaque sarcoidosis. This form is almost as common 
as maculopapular sarcoidosis in some studies and more frequent 
in others [220,234,249]. It usually presents as multiple, round or 
oval infiltrated lesions with red-brown colouration (Figure 96.7) 
[219,220]. They are larger than 10mm in diameter and tend to be 
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Figure 96.7 Sarcoid plaques on the cheek. 


Figure 96.8 Plaque sarcoidosis on the back. 


thicker and more indurated and persistent than papules and are 
sometimes mammillated (Figure 96.8). Plaques can be associated 
with nodular dermal lesions (Figure 96.9). They can be located on 
the face, scalp, back, buttocks, and extremities (Figure 96.10) [220]. 
Plaques can adopt an annular appearance by means of periph- 
eral extension and central cleaning, mainly in the forehead and 


Figure 96.9 Dermal plaque and nodules on the forehead (a) and nodules on the 
forearm (b). 


neck (Figure 96.11) [222,238]. Plaques can simulate lupus vulgaris, 
necrobiosis lipoidica, morphoea, leprosy, leishmaniasis, discoid 
lupus erythematosus and granuloma annulare [243,250]. After 
treatment plaques tend to recur; when they do resolve they can 
leave permanent scarring [219,221,222,237,251]. They are associ- 
ated with chronic forms of sarcoidosis such as pulmonary fibrosis, 
peripheral lymphadenopathy, splenomegaly and chronic uveitis 
[220,237,238,242,247,252]. In patients with plaque-type lesions the 
activity of the systemic disease usually persists for more than 2 
years [220,233,238]. However, unlike lupus pernio, plaques are not 
associated with bony cysts nor sarcoidosis of the upper respiratory 
tract [221]. 


Lupus pernio. Lupus pernio is the most characteristic cutaneous 
lesion of sarcoidosis [220]. In reported case series of lupus pernio 
it tends to appear in older people more than other forms of cuta- 
neous sarcoidosis and is especially frequent in women of African 
American background [3,223,253]. Also, according to the case series 
reported, the incidence in white people varies widely according to 
the country of origin of the study [233,238,254]. Infiltrated erythe- 
matoviolaceous plaques involve the nose, cheeks, ears, lips, fore- 
head and fingers [45,219] (Figure 96.12). On the cheeks, a prominent 
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Figure 96.10 (a) Extensive coalescing plaques of sarcoidosis on the face. (b) Plaque sarcoidosis extending from perianal skin to the buttocks. (c) Plaque sarcoidosis of the lower 
extremities resembling necrobiosis lipoidica. Courtesy of the copyright holder Dr J. E. Bothwell, Barnsley District General Hospital, Barnsley, UK) (d) Plaque sarcoidosis on arm in patient 
with skin of colour. Courtesy of Professor Dedee Murrell. 


(a) 


Figure 96.11 (a) Annular sarcoidosis on the forehead. (b) Extensive truncal annular sarcoidosis. 
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Figure 96.12 (a) Lupus pernio involving the nose, cheek, and eyebrow. (b) Lupus pernio involving forehead. (c) Sarcoid nodules on columella. (d) Nodules on the nose of female 
patient with skin of colour. Courtesy of Professor Dedee Murrell. 
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Figure 96.13 Scar sarcoidosis in a burn on the buttock. 


telangiectatic component is characteristic. Lupus pernio is usually 
painless and does not tend to ulcerate [3], and it is not as mutilating 
as lupus vulgaris [45]. However, unlike other forms of sarcoidosis, 
lupus pernio can be disfiguring [255,256]. It may simulate rosacea, 
lupus vulgaris and discoid lupus erythematosus [250]. 

In more than half of cases, lupus pernio is associated with sar- 
coidosis of the upper respiratory tract [238,253,257,258], especially 
in patients with involvement of the nasal rims [259]. It is typically 
associated with pulmonary fibrosis, chronic uveitis and bony cysts 
[221,253]. The fingers affected by lupus pernio usually present bony 
cysts [219] and when the terminal phalange is involved the nails are 
usually dystrophic [260]. Lupus pernio usually follows an extremely 
chronic course (from 2 to 25 years) [221,247] and is associated with 
chronic systemic disease [217,238,261,262]. 


Figure 96.14 (a,b) Subcutaneous sarcoidosis 
in the arm with indurated linear bands from 
the elbow to the hand. 


Scar-sarcoidosis. Scar-sarcoidosis can involve scars resulting 
from surgery, trauma, acne, venipuncture, vaccinations, herpes 
zoster or the Mantoux test [45,263-267]. In scar-sarcoidosis the 
old scars become infiltrated and red, showing sarcoid granulo- 
mas histopathologically (Figure 96.13). Scar-sarcoidosis has been 
observed in 9% of cutaneous sarcoidosis patients [249] and is 
frequently located in the knees [45]. The scar infiltration tends to 
persist according to the activity of the disease [219,222,237,247]. 
Scar-sarcoidosis can appear at the beginning of the disease and 
must be looked for whenever a diagnosis of sarcoidosis is consid- 
ered [45]. However, with greater frequency it is associated with 
long-lasting pulmonary and mediastinal involvement, uveitis, 
peripheral lymphadenopathy, bony cysts and parotid infiltration 
[221,222,249]. 

Tattoo sarcoidosis may be considered a variant of scar-sarcoidosis 
that may occur decades after tattoo placement [222,268-274]. Sar- 
coidosis should be excluded in cases of granulomatous tattoo reac- 
tion even if the reaction is restricted to one colour [274]. 

It has been suggested that foreign material frequently present in 
the scars can act as an antigenic stimulus for the induction of gran- 
uloma in the scar [48,49,263,275]. Even the smallest amount of oil 
used as lubricant in blood sampling needles can induce granulomas 
in sarcoidosis patients [266]. 


Subcutaneous sarcoidosis. Subcutaneous sarcoidosis must be 
differentiated from nodular dermal lesions with extension into 
subcutaneous fat [43,276]. It has been observed in 1.4-6% of patients 
with systemic sarcoidosis [44,227,277] and represents 12-38% of 
specific cutaneous lesions [44,278]. Most cases occur in white 
women, mainly in the fifth and sixth decades of life [279]. The 
lesions are painless, indurated, and covered by normal-appearing 
skin [219,220,280]. In most patients the lesions involve the forearms, 
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(b) 
Figure 96.15 (a,b) Sarcoid dactylitis. 


tend to be spindle-shaped, and may form indurated lineal bands 
from the elbow to the hand (Figure 96.14) [44,281-284]. In some cases 
the dorsa of the hands are infiltrated and the fingers develop asymp- 
tomatic, firm, fusiform swelling (sarcoid dactylitis) (Figure 96.15) 
[44,285,286]. In Japanese patients the lower extremities are the most 
common location [278,287]. Differential diagnosis includes epider- 
mal cysts, lipomata, calcinosis, rheumatoid nodules, morphoea, 
cutaneous metastasis, tuberculosis and deep mycoses [280,286]. 
Cases of subcutaneous sarcoidosis simulating breast carcinoma 
have also been reported [288]. It is not unusual for subcutaneous 
sarcoidosis to coexist with or appear shortly after EN [44]. However, 
subcutaneous sarcoidosis lesions are non-tender, flesh coloured and 
more persistent [277,284]. 

Subcutaneous sarcoidosis usually appears at the onset of sar- 
coidosis [44,276,278-280] and is frequently the main complaint at 


Figure 96.16 Angiolupoid sarcoidosis in the bridge of the nose. 


diagnosis [44]. It is associated with stage I on chest radiograph and 
with less than 2 years’ activity of systemic sarcoidosis [233]. 


Less frequent specific cutaneous lesions. 

Angiolupoid sarcoidosis. It typically presents in women as a single 
raised plaque on the bridge of the nose (Figure 96.16), central face, 
ears or scalp [250,289]. It has been observed in 8% of patients with 
cutaneous sarcoidosis in an Indian series [290], and while rare in 
Europe and America, is the most frequent form in Taiwan, where it 
is often associated with eye involvement [291]. 


Hypopigmented sarcoidosis. Hypopigmented, well-demarcated, 
round-to-oval patches are mainly observed on the limbs [219,292]. 
In a series of 145 patients with sarcoidosis, the hypopigmented 
variant was observed in only eight individuals, most of whom 
were of Afro-Caribbean ethnicity (Figure 96.17) [227]. It must be 
differentiated from leprosy, postinflammatory hypopigmentation, 
idiopathic hypomelanosis guttate and pityriasis lichenoides chron- 
ica [45]. The presence of an interphase dermatitis associated with 
granulomas may explain the hypomelanosis [293]. 


Figure 96.17 Hypopigmented sarcoidosis. Courtesy of the copyright holder Dr S. Walsh, 
King’s College Hospital, London, UK. 
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Lichenoid sarcoidosis. This is more frequent in children [294-300] 
and is estimated to account for 1-2% of cases of cutaneous sar- 
coidosis [301]. Multiple 1-3 mm, flat-topped or dome-shaped red 
or skin-coloured papules may involve extensive areas of the trunk, 
limbs and face [298,299]. The differential diagnosis includes lichen 
planus, lichen nitidus, lichenoid drug eruptions, lupus erythe- 
matosus and papular mucinosis (lichen myxoedematosus) [298]. 
Wickham striae are absent [299]. 


Ulcerative sarcoidosis. This usually develops in papulonodular or 
atrophic lesions on the lower legs and heals with scarring [302-304]. 
It has been reported in 1.1-4.8% of skin sarcoidosis [238,303] 
and is more frequent in black and Japanese people [302,304,305]. 
Subjacent granulomatous vasculitis has been reported in some 
cases [305-307] 


Psoriasiform sarcoidosis. Well-demarcated, red, scaly plaques that 
may be clinically indistinguishable from psoriasis [250,308,309] 
are found in 0.9% of patients with cutaneous sarcoidosis [249]. 
However, psoriasis lesions have a redder colour and larger scales, 
and heal without scarring [251]. Most cases have been reported in 
dark-skinned patients [310]. 


Verrucous sarcoidosis. This presents as well-demarcated, hyper- 
keratotic, papilomatous lesions usually located on the lower 
extremities [311-313]. Most reported cases have been male patients 
of African descent with long-standing systemic disease [314,315]. 
It may resemble warts, nodular prurigo, hypertrophic lichen 
planus, keratoacanthoma, squamous cell carcinoma or deep fungal 
infections [312,315,316], and may appear at the site of cosmetic 
tattoos [317]. 


Necrobiosis-lipoidica-like lesions. Pink to violaceous plaques 
of sarcoidosis with depressed centres located on the shins may 
resemble necrobiosis lipoidica [250,318-322]. Sarcoidosis must be 
considered in the differential diagnosis of necrobiosis lipoidica in 
non-diabetic patients [323]. The granulomatous nature of both dis- 
eases may explain this resemblance. On the other hand, sarcoidosis 
and necrobiosis lipoidica have been reported to coexist in some 
patients [321,322]. 


Ichthyosiform sarcoidosis. This is characterised by adherent, 
polygonal, grey or brown 0.1-1.cm scales most commonly located 
on the lower extremities of patients of African descent [324-327]. 
Biopsy reveals both sarcoid granulomas and compact orthoker- 
atosis with a diminished granular layer, mimicking ichthyosis 
vulgaris [325,327,328]. Ichthyosiform sarcoidosis may be misdiag- 
nosed as xerotic skin and may be more prevalent than previously 
estimated [329]. 


Erythrodermic sarcoidosis. Slightly infiltrated, red plaques coa- 
lesce over large areas. In contrast to classic erythroderma, some 
areas of skin are spared [250,330]. Some patients with prominent 
scaling have been reported as acquired ichthyosiform erythro- 
derma. Histopathological evaluation may be necessary to exclude 
more common causes of erythroderma [157,331,332]. 


Morphoeaform sarcoidosis. Indurated and atrophic plaques, usu- 
ally located on the thighs, have also been described in sarcoidosis 
[333,334]. Some cases show a linear distribution resembling linear 
morphea [334,335]. In addition to epithelioid granulomas, dermal 
sclerosis is observed histopathologically [333,335,336]. 


Livedo. Sarcoidosis may rarely present with livedo. Most reported 
cases are Japanese women [337,338]. Biopsy specimens usually 
reveal epithelioid cell granulomas around blood vessels condition- 
ing luminal narrowing [337,339,340]. Sarcoidosis with livedo is 
characterised by a high frequency of ophthalmologic and central 
nervous system involvement [337,338]. 


Other. Less common specific lesions which have been described in 
cutaneous sarcoidosis may resemble discoid lupus erythematosus 
[341-343], lichen sclerosus [344], lipodermatosclerosis [345], celluli- 
tis [346] or breast carcinoma en cuirasse [347,348]. Other reported 
variants include pseudotumoral sarcoidosis [349,350], follicular 
sarcoidosis [351], photo-induced sarcoidosis [352-354] and variants 
presenting as palmar erythema [355] or as lower limb oedema, 
which is generally unilateral [356,357]. 


Special locations of specific cutaneous lesions 

Alopecia. Scarring alopecia is more common, although non-scarring 
alopecia has also been reported [358]. In reported case series of scar- 
ring alopecia secondary to sarcoidosis, most cases were women 
of African American background [341,358-365]. Scale is usually 
absent, although follicular plugging may be present [341]. Dif- 
ferential diagnoses include lichen planopilaris, discoid lupus 
erythematosus, folliculitis decalvans and central centrifugal cica- 
trizal alopecia [358,364]. Advanced lesions may be indistinguishable 
from pseudopelada of Brocq [250]. However, other cutaneous signs 
of sarcoidosis are often present [360]. Response to therapy is usually 
poor [358]. 


Nails. Splinter haemorrhages, thinning, pitting, thickening, trans- 
verse layering, longitudinal ridging, onycholysis, subungual 
hyperkeratosis, paronychia, pterigium, trachyonychia, longitu- 
dinal erythronychia and red or brown discoloration of the nail bed 
have all been reported in sarcoidosis [366-371]. In advanced cases, 
granulomatous infiltration of the nail matrix can result in total loss 
of the nail [369]. Nail sarcoidosis is associated in most reported 
cases with bony cysts in the underlying terminal phalanx [369,372] 
and a chronic disease course [45,369]. 


Oral. Oral mucosa lesions are infrequent in sarcoidosis [373,374]. 
They often appear at the beginning of the disease and may be sim- 
ilar in morphology, shape and size to their cutaneous counterparts 
[375]. They usually present as a diffuse submucous enlargement 
or a firm nodular solitary lesion more frequently located in the 
tongue, followed by the lips, oral mucosa, palate and gingiva 
(Figure 96.18) [373,374,376-378]. Papules, superficial ulcerations 
[373,379] and strawberry gums [380] have also been reported. Dif- 
ferential diagnosis includes oro-facial granulomatosis and Crohn 
disease [381]. 
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Figure 96.18 Sarcoidosis involving the tongue. 


Genital. In the male genitalia sarcoidosis usually presents with tes- 
ticular or epididymal masses without cutaneous lesions [382,383]. 
However, several patients with indurated papules, painful nodules 
or swelling involving the scrotum or penis have been reported 
[382,384-387]. Vulval sarcoidosis is rare [388,389]. It may present 
with semi-translucent reddish brown papules and nodules, pru- 
ritic infiltrated plaques or ulcerated vulval lesions that must be 
distinguished from tuberculosis, Crohn disease, syphilis, foreign 
body reactions and lymphogranuloma venereum [389-392]. 


(a) 


Non-specific lesions. EN is the most common non-specific lesion of 
sarcoidosis and is frequently the initial manifestation of the disease 
(Figure 96.19). It is the marker of acute and benign sarcoidosis and 
tends to affect younger people than infiltrative cutaneous lesions 
[238]. The prevalence of EN in sarcoidosis is between 20% and 40% 
[7,229,249]. 

The association of EN with bilateral hilar and right paratracheal 
adenopathies, with or without pulmonary infiltrates, is known as 
L6fgren syndrome [393-396]. It is more frequent in young women 
from northern Europe [228,395,397-399] and is one of the most 
frequent forms of sarcoidosis in Spain [6,231,400]. The progno- 
sis is very good and it usually resolves spontaneously in 1 year 
[6,396,398 401-403]. 

When sarcoidosis is associated with EN it usually evolves as a 
benign and self-limited disease [399,402,404—406]. In multivariate 
analysis, the presence of EN proved to be the strongest predictive 
factor for a favourable prognosis [404]. However, the good progno- 
sis of sarcoidosis presenting with EN seems to be limited to white 
patients [407]. 

On the other hand, sarcoidosis is one of the most frequent causes 
of EN since 10-22% of EN cases were considered to be caused by 
sarcoidosis [408]. 

Less frequent non-specific lesions are erythema multiforme 
[219,409], prurigo [410-413], cutaneous calcinosis [414-418] 
and digital clubbing, which is considered a poor prognos- 
tic sign [419-426]. Pseudo-clubbing originated by granuloma- 
tous phalangeal involvement has been reported and must be 


— 


(c) 


Figure 96.19 (a,c) Erythema nodosum in two patients with Lofgren syndrome with associated specific lesions of sarcoidosis in a scar on the elbow (b) and papular sarcoidosis of the 


knees (c,d). 
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differentiated from true digital clubbing [427,428]. The association 
of Sweet syndrome with sarcoidosis has been reported in several 
patients [429-439]. Sweet syndrome is mostly associated with acute 
sarcoidosis [438] and usually appears at the beginning of the disease 
[437]. Pyoderma gangrenosum has been exceptionally associated 
with sarcoidosis [440-444] and, although this association may be 
fortuitous, one case showed a clear-cut relation between biopsy of 
EN and the development of pyoderma gangrenosum [444]. 


Investigations 

A workup for systemic sarcoidosis should be undertaken in all 
patients with cutaneous sarcoid granulomas [445-448]. Box 96.1 
lists recommended essential investigations to be carried out. 


Box 96.1 Recommended basic assessment of 
patients with sarcoidosis at presentation 


e History: family sarcoidosis, occupational and environmental 
exposures (beryllium and others) 

¢ Respiratory and extrarespiratory symptoms 

¢ Physical examination 

¢ Ophthalmological examination (slit lamp and ophthalmoscopic 
examination) 

¢ Chest radiograph (thoracic CT if atypical chest radiograph) 

e Standard haematological and biochemistry profiles (including urine 
and serum calcium level, hepatic enzymes and renal function tests), 
and serum angiotensin converting enzyme level 

e ECG 

e Pulmonary function tests (including spirometry and DL,,) 

e Mantoux test or interferon-gamma release assay for tuberculosis 
(QuantiFERON-TB Gold In-Tube assay) 

¢ Biopsies (including culture for mycobacteria and fungus) 


At diagnosis, at least 60% of patients have increased serum 
angiotensin converting enzyme level, although it is not specific. 
Pulmonary function tests may reveal decreased forced vital capacity 
and diffusing capacity for carbon monoxide. Thoracic high resolu- 
tion CT is useful in patients with atypical radiological findings on 
chest radiograph [179,182]. The demonstration on bronchoalveolar 
lavage of a lymphocytic alveolitis with a proportion of CD4/CD8 
>3.5 has a sensitivity of 53% and a specificity of 94%. Mantoux 
test is negative in more than 80% of patients [129]. Apart from the 
assessment of cardiac sarcoidosis, PET with !°F-fluorodeoxyglucose 
(!8F-FDG PET) is useful for assessing disease activity and exten- 
sion of sarcoidosis (Figure 96.20). '"F-FDG PET/CT is particularly 
helpful in the detection of occult granuloma sites for biopsy and in 
evaluating treatment efficacy [449]. However, a positive SF-FDG 
PET/CT finding, by itself, is not an indication for treatment 
[450]. Other exams and appropriate biopsies should be performed 
according to the suspected organ involvement [451]. 


Diagnostic criteria 

The diagnosis of sarcoidosis is based on a compatible clinical and 
radiological picture, demonstration of non-caseating granulomas 
with negative cultures for mycobacteria and fungus and exclusion 
of other granulomatous diseases [3,452]. When the clinical and radi- 
ological findings are not typical, particularly with a stage 0 chest 


radiograph, it is recommended that at least two positive biopsies 
are obtained. On the other hand, some clinical and radiological 
pictures, such as in Léfgren syndrome, are so typical of sarcoidosis 
that histological confirmation is not considered necessary [2,4,6]. 


Management 

Oral corticosteroids are the treatment of choice for systemic sar- 
coidosis [3]. The recommended dose in pulmonary sarcoidosis is 
prednisolone 30-40 mg per day, with gradual reduction to 5-10 mg 
per day or 10-20 mg every other day for at least 1 year [3,220]. In 
patients with severe uveitis, neurosarcoidosis or symptomatic car- 
diac involvement, a dose of 1 mg/kg/day or intravenous high dose 
metilprednisolone pulse therapy may be required [3]. When corti- 
costeroids cannot be withdrawn, other drugs such as chloroquine 
or cytotoxic drugs can be considered [3]. 

Cutaneous lesions usually respond to the treatment administered 
for the systemic disease but frequently recur when tapering corticos- 
teroids [243,453]. When there is not significant visceral involvement 
to justify oral corticosteroid treatment, the options for cutaneous 
lesion treatment are not completely effective and therapeutic rec- 
ommendations are usually supported by isolated case reports or 
short series [243,454,455]. For patients with cosmetically insignif- 
icant and asymptomatic cutaneous lesions, treatment may be 
unnecessary. 

Patients with sarcoidosis should avoid tattoos, fillers and 
probably also platelet-rich plasma dermal infiltrations [52,456]. 
Treatments with drugs that may induce or worsen sarcoidosis 
should be used with caution in these patients. 

Two instruments for measuring the severity of cutaneous sar- 
coidosis have been validated to assess the response to therapy 
[457-459]. 


First line 
Mild to moderate disease. Cutaneous lesions may respond to 
potent topical corticosteroids with few adverse effects [460,461]. 
Intralesional injections of triamcinolone acetonide at concentrations 
of 5-20mg/mL repeated every 3-4 weeks may be more effective 
[462-465]. 


Severe disfigurement or lupus pernio. Prednisolone 20-60 mg/day 
is administered until there is a clinical response (usually 1-3 months) 
and then tapered by 5-10 mg/week to the lowest dose that prevents 
relapse [453,463,465]: corticosteroid-sparing agents are indicated 
when a dose of at least 10mg of prednisolone daily is required 
for this [466]. The mechanism of osteoporosis is multifactorial in 
sarcoidosis and all patients on chronic corticosteroids should have a 
baseline bone density study. For patients without hypercalcaemia or 
nephrolithiasis, oral calcium supplements may be used. The addi- 
tion of vitamin D is less clear-cut. Calcium levels should be checked 
in the summer months to detect hypercalcaemia. Bisphosphonates 
have been shown to be useful in treating corticosteroid-induced 
osteoporosis [467]. 


Second line 

Antimalarials, methotrexate or tetracycline can be used as second 
line therapy for mild to moderate disease and as corticosteroid- 
sparing agents in patients with severe disfigurement or lupus 
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Figure 96.20 Whole body PET/CT with '8F-fluorodeoxyglucose ('8F-FDG). High metabolic activity in the nasal mucosa, at thoracic and extrathoracic lymph nodes, in both lungs, spinal 
cord, and in several bones of the axial skeleton, with a predominance of lumbosacral and pelvic involvement. 


pernio. They may be the first option when systemic corticosteroids 
are contraindicated [455]. 


Hydroxychloroquine (200-400 mg daily) and chloro- 
quine (250-500 mg daily) are among the most commonly prescribed 
drugs [468-470]. They are particularly useful in chronic cutaneous 
lesions and can be used as corticosteroid-sparing agents in severe 
cases (Figure 96.21) [220]. In a review, 57 of 78 reported patients 
improved with hydroxychloroquine or chloroquine alone [471]. 
Hydroxychloroquine has a lower risk of retinopathy but chloro- 
quine seems to be more effective [467,470,472]. Baseline ocular 
fundus examination, a dose of hydroxychloroquine <5mg/kg 
and annual ophthalmologic evaluation after 5 years of therapy is 
recommended [473]. 


Methotrexate has been the most widely studied 
non-steroidal therapy for systemic sarcoidosis [467]. The over- 
all response rate appears to be greater than 80% for skin lesions 
[467,474,475]. It is used either for recalcitrant skin disease or as a 
corticosteroid-sparing agent [476] that can be effective for both pul- 
monary and cutaneous disease [453,475,477 478]. Patients need to be 
monitored for neutropenia, renal function, and liver and pulmonary 


toxicity. Nausea can be reduced with folic acid supplementation 
[467,479] (Chapter 19). The response to methotrexate may take 
at least 6 months to achieve [476]. In a recent prospective study, 
patients receiving methotrexate have more improvement in cuta- 
neous sarcoidosis activity and morphology instrument compared 
with the hydroxychloroquine and tetracycline groups [480]. 


Several non-randomised studies suggest the utility of 
tetracyclines in cutaneous sarcoidosis [465,481-483]. Minocycline 
100 mg twice daily achieved complete resolution of chronic cuta- 
neous lesions in eight of 12 patients and partial response in two 
[481]. A recent study suggests that the response to minocycline is 
associated with the detection of Propionibacterium acnes in sarcoid 
cutaneous granulomas by immunochemistry [484]. However, poor 
response to tetracycline has been reported in lupus pernio [485]. 
Although the mechanism of action is unclear, an anti-inflammatory 
action of minocycline has been suggested [467]. Because of the 
relatively benign safety profile of tetracycline, proposed thera- 
peutic strategies include initiating treatment with minocycline for 
3 months; if the response is unsatisfactory, hydroxychloroquine 
can be added, and if the desired improvement is not achieved, 
methotrexate may then be added to the regimen [455]. 


(b) 


Figure 96.21 (a,b) Lupus pernio before and after treatment with hydroxychloroquine. 


Third line 

TNF-a antagonists. Although multiple cases of sarcoidosis induced 
by anti-TNF therapy have been reported [66,154,486-495], several 
studies support the use of infliximab as third line treatment for 
resistant cutaneous specific lesions of sarcoidosis [485,496-506], 
including a recent randomised clinical trial [507]. Screening for 
tuberculosis is mandatory before initiating TNF-a inhibitors and 
latent tuberculosis has to be treated. Not all TNF-o antagonist 
are effective in sarcoidosis. Several studies have also reported 
successful use of adalimumab [495,501,506,508-512]. Etanercept is 
generally not recommended [511,513-515]. 


Other reported treatments 

Non-systemic. Non-systemic treatments claimed to be useful 
in isolated cases include topical tacrolimus [516-519], topical 
pimecrolimus [520,521], topical psoralen gel and ultraviolet A 
[522], surgical treatment [255,523-527] and topical photodynamic 
therapy [528-531]. Pulsed dye laser is the most used laser in 


cutaneous sarcoidosis [532-537]. Radiotherapy has rarely been 
used [538]. 


Systemic treatments. Isotretinoin [539-541], mycophenolate [542], 
allopurinol [543-547], pentoxiphylline [548], tacrolimus [549], 
fumaric acid esters [550,551], psoralens and ultraviolet A (PUVA) 
[453,552,553], tranilast [554,555], apremilast [556], chlorambu- 
cil [465,557], leflunomide [465,557,558] and melatonin [559,560] 
have occasionally been used with apparent benefit. The use 
of ciclosporin is controversial [465,557]. Thalidomide has been 
reported to be effective in patients unresponsive to other treatments 
[561-566]. However, its use is limited because of its teratogenicity 
and high risk of neuropathy [566,567], and a recent randomised 
trial does not encourage its use [568]. Antimycobacterial therapy 
reduced the diameter of lesions and disease severity of chronic 
cutaneous sarcoidosis in a recent survey [569]; however, the same 
treatment did not result in significant improvement in pulmonary 
sarcoidosis [570]. 

Several cases of cutaneous sarcoidosis responding to rituximab, 
JAK inhibitors (tofacinib and ruxolitinib) and tocilizumab have been 
recently reported [307,571-576]. 


Treatment ladder for cutaneous sarcoidosis 


First line 
e Mild to moderate disease 
e Potent topical corticosteroids 
e Intralesional triamcinolone acetonide 5-20 mg/mL every 
3-4 weeks 
e Severe disfigurement or lupus pernio 
e Prednisolone 20-60 mg/day until clinical response (usually 
1-3 months), then tapered by 5-10 mg/week 
e Consider corticosteroid sparing agents when prednisolone 
cannot be lowered below 10 mg/day 


Second line 
¢ Minocycline 100 mg twice daily 
e¢ Hydroxychloroquine 200-400 mg/day 
¢ Methotrexate 15mg/week 
(All the above can be combined) 


Third line 
e TNF-a antagonists (for example, infliximab 5mg/kg per 
week for 2 weeks, then once a month) 


Cutaneous sarcoid reaction 

The histopathological differential diagnosis between cutaneous 
lesions of systemic sarcoidosis and cutaneous sarcoid granulomas 
of other aetiology may be very difficult. For this reason, the detec- 
tion of non-caseating granulomas in the skin is not sufficient to 
confirm the diagnosis of sarcoidosis in the absence of other organ 
involvement [3]. Those cases with cutaneous sarcoid granulomas 
of unknown aetiology are better considered as idiopathic sarcoid 
reactions. These patients should be followed up because some of 
them will develop involvement of other organs and thus fulfil 
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the diagnostic criteria for sarcoidosis. Covid-induced sarcoid-like 
reaction has been recently reported [577]. 


Key references 


The full list of references can be found in the online version at 
https://www.wiley.com/rooksdermatology10e 


2 Grunewald J, Grutters JC, Arkema EV et al. Sarcoidosis. Nat Rev Dis Primers 
2019;5-45. 

3 Hunninghake GW, Costabel U, Ando M et al. ATS/ERS/WASOG Statement on 
sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 1999;16:149-73 / Am J Respir Crit Care 
Med 1999;160:736-55. 

4 Valeyre D, Prasse A, Nunes H et al. Sarcoidosis. Lancet 2014;383:1155-67. 


48 


219 


233 


238 


452 


485 


507 


Marcoval J, Mana J, Moreno A et al. Foreign bodies in granulomatous cutaneous 
lesions of patients with systemic sarcoidosis. Arch Dermatol 2001;137:427-30. 
Elgart ML. Cutaneous sarcoidosis: definitions and types of lesions. Clin Dermatol 
1986;4:35-45. 

Marcoval J, Mana J, Rubio M. Specific cutaneous lesions in patients with systemic 
sarcoidosis: relationship to severity and chronicity of disease. Clin Exp Dermatol 
2011;36:739-44. 

Veien NK, Stahl D, Brodthagen H. Cutaneous sarcoidosis in caucasians. J Am Acad 
Dermatol 1987;16:534—40. 

Crouser ED, Maier LA, Wilson KC et al. Diagnosis and detection of sarcoidosis. 
An official American Thoracic Society clinical practice guideline. Am J Respir Crit 
Care Med 2020;201:e26-e51. 

Stagaki E, Mountford WK, Lackland DT, Judson MA. The treatment of lupus 
pernio: results of 116 treatment courses in 54 patients. Chest 2009;135:468-76. 
Baughman RP, Judson MA, Lower EE et al. Infliximab for chronic cutaneous sar- 
coidosis: a subset analysis from a double-blind randomized clinical trial. Sarcoido- 
sis Vasc Diffuse Lung Dis 2016;32:289-95. 


CHAPTER 97 
Panniculitis 


Luis Requena' and Lorenzo Cerroni* 


'Department of Dermatology, Fundacion Jiménez Diaz, Universidad Autonoma, Madrid, Spain 


?Department of Dermatology, Medical University of Graz, Graz, Austria 


Introduction, 97.1 

Cellular composition of subcutaneous tissue, 97.1 
Anatomy of subcutaneous tissue, 97.2 
Physiology of adipose tissue, 97.3 

Energy homeostasis, 97.4 

Role of leptin, 97.4 

Adipogenesis, 97.5 

Insulin sensitivity, 97.5 

Adiponectin, 97.5 

Other adipokines, 97.5 


PANNICULITIS, 97.6 

Introduction and general description, 97.6 

Types of necrosis of the adipocytes, 97.7 

Superficial migratory thrombophlebitis, 97.8 

Cutaneous polyarteritis nodosa (cutaneous 
arteritis), 97.9 


Anatomy and physiology of subcutaneous fat, 97.1 


Subcutaneous granuloma annulare, 97.14 
Rheumatoid nodule, 97.15 

Necrobiotic xanthogranuloma, 97.17 

Erythema nodosum, 97.18 

Erythema nodosum leprosum, 97.25 

Erythema induratum of Bazin, 97.26 

Sclerosing panniculitis, 97.30 

Calcific uraemic arteriolopathy, 97.32 

Cold panniculitis, 97.35 

Lupus panniculitis, 97.37 
Dermatomyositis-associated panniculitis, 97.40 
Pancreatic panniculitis, 97.41 

Alpha-1 antitrypsin deficiency panniculitis, 97.43 
Infective panniculitis, 97.46 

Factitious panniculitis, 97.48 

Neutrophilic lobular panniculitis, 97.50 
Subcutaneous Sweet syndrome, 97.51 


Bowel-associated dermatosis—arthritis 
syndrome, 97.52 

Drug-induced neutrophilic panniculitis, 97.52 

Subcutaneous sarcoidosis, 97.53 

Traumatic panniculitis, 97.54 

Lipoatrophic panniculitis of the ankles in 
childhood, 97.56 

Subcutaneous fat necrosis of the newborn, 97.57 

Poststeroid panniculitis, 97.58 

Sclerema neonatorum, 97.59 

Gouty panniculitis, 97.60 

Fungal panniculitis due to zygomycosis, 
mucormycosis and aspergillosis, 97.60 

Cytophagic histiocytic panniculitis, subcutaneous 
y/6 T-cell lymphoma and subcutaneous 
panniculitis-like T-cell lymphoma, 97.61 

Sclerosing postirradiation panniculitis, 97.63 


Ae ee Behcet disease, 97.51 
Necrobiosis lipoidica, 97.11 


Deep morphoea, 97.12 


Rheumatoid arthritis, 97.52 


Key references, 97.64 


Anatomy and physiology of 
subcutaneous fat 


Introduction 
In order to appreciate how subcutaneous fat responds to inflam- 
mation, it is important to understand its structure and function. 
Subcutaneous tissue (subcutis) is composed predominantly of fat 
cells embedded in a connective tissue framework (Figure 97.1). 
Subcutaneous fat is present almost universally over the body sur- 
face between the skin and the deep fascia and, in the normal state, 
constitutes about 10% of body weight (Figure 97.2). It forms a 
specialised, closely regulated metabolic reserve capable of storing 
or rapidly releasing energy, typically providing sufficient for about 
40 days’ requirements [1]. Subcutaneous fat acts as an insulating 
layer against heat loss and a protective cushion against external 
injury. It also provides structural support to the overlying skin and 
has a cosmetic function, for example in the contours of the face. 
Subcutaneous fat is absent from the eyelids and the male geni- 
talia. There are obvious sexual differences in the distribution of fat 
around the body surface, with an increase in thickness resulting in 


the rounded contours of the female trunk, breasts, hips, pubis and 
thighs. Subcutaneous fat also varies in thickness with the race, age 
and endocrine and nutritional status of the individual. 

Brown fat in particular has a very important thermoregulatory 
role and acts by increasing the basal metabolic rate [2]. This is par- 
ticularly important in infancy, and heat production in response to 
cold exposure is maximal in neonates, who have large quantities of 
brown fat. 


Cellular composition of subcutaneous tissue [3,4] 

The first fat-containing cell, the pre-adipocyte, appears in the 
mesenchyme around the 14th week of fetal life. The primitive 
mesenchymal cell that forms the determined pre-adipocyte is also 
capable of maturing to form a fibrocyte, myocyte, chondrocyte or 
osteoblast. Pre-adipocytes can terminally differentiate into either 
brown adipocytes or white adipocytes. 

Brown fat is a special type of granular fat that differs from white 
fat in its distribution, histology and function. It is multilocular and 
is metabolically very active with many mitochondria, so that it is 
capable of transferring energy from food to produce heat. As it has 
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Figure 97.1 Schematic representation of the anatomy of 
subcutaneous fat with detailed view showing the vascular 
supply to the fat lobule and its constituent microlobules. 

1, epidermis; 2, dermis; 3, subcutis; 4, fat lobule; 5, connective 
tissue septum; 6, adipocyte; 7, arteriole; 8, artery; 9, vein. 


a much greater capillary network surrounding it compared with 
white fat (which is partly responsible for the brown colour), heat 
can be rapidly transferred into the circulation. It is most prominent 
in the neck and upper thorax of the fetus, and it may be homologous 
to the hibernating gland fat found in some animals [5]. Brown fat 
is now known to persist into adult life [6], and it may have a role 
in preventing obesity [6]. Warm patches develop in the skin 1h 
after taking ephedrine orally, and these warm patches may indicate 
the site of thermogenic brown fat. Brown and white fat may be 
distinguished using ‘SF fluorodeoxyglucose positron emission 
tomography (FDG-PET) [7]. 

Brown fat adipocyte mitochondria uniquely express uncoupling 
protein 1 (UCP-1), allowing confirmation that brown fat is present 
in adult white fat depots in variable amounts, and that transdif- 
ferentiation from white to brown adipocytes can occur. Develop- 
ment of brown fat begins at the 20th week of gestation, reaches its 
maximum at birth and then diminishes so that there are no large 
collections of brown fat in the adult, though FDG-PET suggests that 
some adults have supraclavicular areas of brown fat [8]. Evidence 
for cold induction by brown fat as an adaptive response in humans 
is at present equivocal [8]. 

White fat adipocytes are the largest connective tissue cells in the 
body, with a diameter of up to 100 pm. Much of their differentiation 
occurs soon after birth. The mature adipocyte has a characteristic 
signet-ring appearance, because the flat, oval nucleus is displaced 
to the side by a single, large, intracellular, fat-containing vacuole, 
which is surrounded by perilipin. Originally thought of as an 
inert store for emergency supplies of energy when necessary, it is 
now realised that the white adipocyte has a huge array of func- 
tions, secreting factors (adipokines) that affect lipid and glucose 
metabolism, endocrine functions, blood pressure control, coagula- 
tion, fibrinolysis, angiogenesis and inflammation. For a full review 
the reader is referred to Frithbeck [4]. 


Anatomy of subcutaneous tissue 

Subcutaneous tissue is widely distributed throughout the body, 
forming a true organ as regards both structure and function [1]. 
Groups of adipocytes are arranged in lobules, each measuring 


approximately 1 cm in diameter; they are separated from each other 
by interlobular septa composed of collagen and reticulin fibres. 
Each lobule may be subdivided into 1 mm diameter microlobules, 
which represent the functional unit of the subcutaneous fat. Each 
microlobule is composed of a group of adipocytes arrayed around 
a central arteriole and surrounded by capillaries and postcapillary 
venules. Arteries and veins of the subcutis run along the septa 
(Figure 97.1). Each individual fat lobule is supplied by a small 
muscular artery (250-500 ym diameter) branching from the septa 
to form arterioles (up to 100 jm diameter) that supply every indi- 
vidual microlobule. Each arteriole branches to form a network of 
capillaries that surrounds each individual adipocyte. In addition 
to an abundant blood supply, subcutaneous fat also contains a 
rich lymphatic plexus, which receives vessels from the dermis. 
These lymph vessels traverse the subcutaneous layer parallel to 
the skin surface for some distance, before eventually penetrating 
the deep fascia and draining into the regional lymph nodes. The 
nature of the adipocyte and its relationship to blood vessels and 
lymphatics has been reviewed in detail by Ryan and Curri [9]. 
Both white fat and brown fat are innervated by noradrenergic 
fibres of the sympathetic nervous system and parasympathetic 
fibres. 

The adipocytes may comprise only 25% of the total cell popu- 
lation of a lobule; the remainder, the stroma—vascular fraction, are 
macrophages, fibroblasts, mast cells, pericytes, endothelial cells and 
pre-adipocytes, enabling considerable cross-talk between cells by 
means of locally secreted cytokines including leptin and adiponectin 
(see later in this chapter). 

All fat tissue is composed of lobules of fat cells with their sup- 
porting connective and stroma-vascular tissue. In addition to the 
subcutaneous fat, approximately 20% of fat tissue occurs internally, 
in the mediastinal and retroperitoneal tissues, the mesentery and 
the bone marrow and in and around individual organs, including 
blood vessels. This tissue, although it is widely scattered through- 
out the body, forms a true organ as regards both structure and 
function [1] but in which depot-specific differences occur [10]. For 
example, increases in subcutaneous upper body and visceral fat 
are associated with an increased cardiovascular and metabolic 
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Figure 97.2 (a) Scanning power view of the normal skin of the sole. The epidermis is covered by a thick, compact, orthokeratotic horny layer (star). Numerous eccrine units are seen 
along the interface between the deep reticular dermis and subcutis (black arrow). The subcutis is organised into lobules of adipocytes and connective tissue septa (white arrow) 
surrounding and demarcating each fat lobule, and associated vessels and nerves. (b) At higher magnification, a large vein (star) may be identified in the deeper dermis because of the 
presence of valves within its lumen. The subcutis is composed of thin connective tissue septa (black arrow), which delimit lobules of adipocytes (white arrow). (c) At even higher 
magnification, a small venule is seen within the fat lobule (star), as well as the thin septa of connective septa (black arrow) and mature adipocytes of the fat lobule (white arrow). 

(d) Still higher magnification shows that the connective tissue septa are mostly composed of thin collagen bundles (black arrow). A capillary is seen at the periphery of the fat lobule 
(star). With H&E stain, adipocytes appear as empty cells with signet-ring morphology. This is due to the fact that the lipid content dissolves in routinely processed specimens and the 
flat spindle nucleus is displaced to the periphery of the cell by a single, large, intracytoplasmic vacuole, which contains fat (white arrow). 


risk but increases in gluteo-femoral subcutaneous fat are not [11]. 
In addition, perivascular adipose tissue shows increased angio- 
genesis compared with subcutaneous fat [12]. The fact that some 
genetic lipodystrophy patients lose peripheral fat but fat padding 
for absorption of mechanical pressure is maintained, is further 
evidence for depot-specific differences. 

The combination of the obesity epidemic and the advent of lipo- 
suction has rekindled interest in the structure of subcutaneous fat 
with magnetic resonance imaging (MRI) scanning [13] and ultra- 
sound [14] as investigative tools. Subcutaneous fat is divided by 
the superficial fascia into two compartments: superficial and deep. 
The fat mass in the superficial (areolar) layer is compartmentalised 
into lobules by vertical and oblique fibrous septal planes and bands, 
while that of the deeper (lamellar) layer has its septae more hori- 
zontally positioned. The superficial layer is fairly constant, but the 


deeper is more variable, with an increase in fat mass accumulating 
between the split horizontal septae. In females, subcutaneous fat is 
most abundant in the gluteo-femoral region and breasts, resulting in 
the so-called gynaecoid distribution, whereas in males the android 
distribution of shoulders and upper arms, neck and lumbo-sacral 
area predominates. 


Physiology of adipose tissue 

Traditionally, adipose tissue was regarded as an inert energy store 
with insulating and padding properties. While storage is still a 
major function, there is now an appreciation that adipocytes and 
their stroma-—vascular tissue have many other highly complex and 
dynamic actions, including energy homeostasis, adipogenesis, 
insulin sensitivity and influences on immune and inflammatory 
responses [3,4,15-18] (Chapter 150). 
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Energy homeostasis 

A major function of white adipose tissue is to store energy at 
times of calorie excess and release it when needed, such as during 
exercise or starvation. The synthesis (anabolism) and catabolism of 
fat in the subcutaneous depot depends on many factors, including 
nourishment and endocrine and neural activity. The role of the 
autonomic nervous system in regulating fat metabolism is now 
well established [19], being particularly important for rapid energy 
need compared with the slower control exerted by neuroendocrine 
factors [20]. A decrease in parasympathetic activity results in 
increased lipolysis, as does an increase in sympathetic activity, with 
the opposites stimulating lipogenesis [21]. Hormones that may 
affect the energy metabolism of fat cells include insulin, cortisol, 
norepinephrine (noradrenaline) and several pituitary hormones, 
including somatotrophin, adrenocorticotrophic hormone (ACTH), 
thyrotrophin, lipotrophin and natriurietic peptide [22]. 

The fats contained within adipocytes are predominantly triglyc- 
erides (triacylglycerols), especially those of palmitic and stearic 
acids and the unsaturated oleic acid. All the fatty acids have an 
even number of carbon atoms, predominantly C16 and C18, with 
a few C14 and C12. Adipose tissue contains 10-30% of water with 
a small proportion of lipochromes, and less than 2% cholesterol. 
Fat-soluble substances are also present in varying amounts. These 
include fat-soluble vitamins and traces of chlorinated hydrocarbons 
(e.g. aldrin, dieldrin) ingested with the diet, as well as drugs such 
as acitretin. Adipose tissue in vitro has a metabolic rate similar to 
that of kidney tissue, and approximately half that of liver. Approxi- 
mately half the triglyceride in the adipose tissue of rats and mice is 
catabolised and reconstituted in the course of a week or so. 

The fat for storage enters the adipocyte as fatty acids, having been 
converted from lipoproteins by the extracellular enzyme lipopro- 
tein lipase (Figure 97.3). The fatty acids combine with coenzyme A, 
using the energy of adenosine triphosphate (ATP), to form the cor- 
responding acetyl coenzyme A compounds. Some of these are then 
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oxidised to provide energy for the regeneration of ATP, but most are 
converted to triglyceride by combination with glycerol-3-phosphate 
derived from glucose. 

The adipocyte is one of the few cells to express the insulin- 
dependent glucose transporter receptor 4 (GLUT-4), which medi- 
ates the passage of glucose into the cell and thus facilitates 
triglyceride formation within the adipocyte via de novo lipoge- 
nesis, the latter providing only a small contribution to the pool. 
At the same time, insulin inhibits hydrolysis and breakdown of 
triglyceride, conserving the energy store. 

When the body requires energy, lipolysis occurs. Triglyceride is 
hydrolysed in the adipocyte, converted to non-esterified fatty acids 
(NEFAs) and glycerol, the rate-limiting enzyme being hormone- 
sensitive lipase (HSL). The NEFAs are conveyed in the blood to 
tissues such as the liver and muscle, in which fatty acid oxidation 
readily takes place. In both tissues, the essential part of the process 
consists of the oxidation in the mitochondria of the long-chain fatty 
acids. The glycerol of the triglyceride molecule reacts with ATP to 
form glycerol phosphate, which is oxidised to glyceraldehyde-3- 
phosphate. This in turn may either be converted to glycogen by 
reversal of glycolysis, or it may be converted to pyruvate. Skele- 
tal muscle readily oxidises fatty acids but glucose, if available, 
is preferentially used. In cardiac muscle, fatty acids are a major 
source of energy. Lipolysis is regulated predominantly through 
insulin and catecholamines. The latter, elevated during a sudden 
energy demand, bind to p-adrenergic receptors on the adipocyte and 
activate HSL through the classic adenosine monophosphate-protein 
kinase A (AMP- PKA) pathway. 


Role of leptin 

Leptin is an adipokine involved in energy homeostasis that may 
have evolved to help adaptation from the starved to the adequately 
nourished state rather than to prevent obesity [23]. Leptin, a pro- 
duct of the ob gene, is a 16 kDa polypeptide comprising 167 amino 
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Figure 97.3 Simplified outline of lipogenesis in an 
adipocyte during energy excess and lipolysis during 
calorie need. The effects of hormones and enzymes are in 
blue. cAMP, cyclic adenosine monophosphate; CoA, 
coenzyme A; FFA, free fatty acid; GLUT-4, glucose 
transporter receptor 4; HSL, hormone-sensitive lipase; IR, 
insulin resistance; LPL, lipoprotein lipase; NEFAs, 
non-esterified fatty acids; 3P, 3-phosphate; PKA, protein 
kinase A; PKG, protein kinase G; VLDL, very low-density 
lipoprotein. 
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acids with a structural homology similar to other cytokine pro- 
teins such as tumour necrosis factor « (TNF-a) and interleukin 6 
(IL-6). It is secreted by adipocytes predominantly, but also by 
the stomach, aiding immediate appetite control. Leptin receptors 
are present in the hypothalamus, on adipocytes, skeletal muscle, 
liver, pancreatic B cells, ovary and endometrium. The main effect 
of leptin is via the satiety centres in the hypothalamus. If excess 
energy is being stored, rising leptin levels stimulate the satiety 
centres to reduce appetite. Conversely, during starvation low leptin 
levels stimulate appetite. Circulating levels of leptin correlate with 
increasing body mass index (BMI), but have little effect on the 
satiety centres, indicating an apparent leptin resistance. Leptin 
also influences several other functions, including neuroendocrine 
and reproductive functions, insulin secretion and blood pressure. 
Patients with congenital leptin deficiency (Chapter 72) have gross 
obesity, hyperphagia, delayed pubertal development, abnormal 
T-cell number and function, and altered thyroid and growth hor- 
mone function [24]. In addition, leptin has a role in immune function 
and inflammation [25]. There is increased expression in chondro- 
cytes and leptin may have a part to play in articular degenerative 
disease. 


Adipogenesis 

Adipogenesis refers to the recruitment from multipotent stem cells 
in the mesenchyme and stroma-vascular tissue, and proliferation 
of pre-adipocytes followed by their differentiation into mature 
fat cells. Culture of cell lines has led to the elucidation of many 
of the transcriptional factors involved in adipogenesis, the major 
ones being peroxisome proliferator-activated receptor y (PPAR-y) 
and the CCAAT enhancer binding proteins (C/EBPs). The pre- 
cise contribution of adipogenesis towards enlargement of the fat 
organ at different stages of human development and life changes 
is uncertain, but it seems maximal before and around birth before 
diminishing, then possibly continuing at a low rate throughout 
adult life. Glucocorticoids, growth hormone and insulin stimulate 
cells to terminal differentiation, but when mature fat cells reach 
a certain size, recruitment occurs so that the fat organ enlarges 
through hyperplasia (increased numbers of cells) rather than 
hypertrophy (increase in size of cells). Control of this hyperplastic 
response may come from local adipocytes through paracrine effects 
involving local growth factors. During adipogenesis the local extra- 
cellular matrix also changes, the effects of which might play their 
own role in differentiation. This is supported by the fact that fat 
tissue repair is improved if elements of this matrix are included 
with the donor adipocytes. 


Insulin sensitivity 

Insulin secretion, stimulated by raised blood glucose levels after 
meals to reverse hyperglycaemia, has two major effects. It facilitates 
glucose uptake into most of the body’s cells (liver, skeletal muscle 
and adipocytes) and it suppresses glucose output by the liver. 
Insulin resistance occurs when a target organ fails to respond nor- 
mally to insulin, resulting in hyperinsulinaemia. The effect may 
be incomplete suppression of hepatic glucose output in the liver 
and/or impaired insulin-mediated glucose uptake in peripheral 
tissues, including adipocytes. If increased insulin secretion cannot 
prevent hyperglycaemia, type 2 diabetes results. Adipocytes secrete 
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many factors, some of which have direct and indirect effects on 
insulin sensitivity. 


Adiponectin 

Adiponectin is a 30 kDa protein composed of 244 amino acids with 
some structural similarity to both collagen and complement Clq 
and is currently thought to be secreted exclusively by adipocytes 
[26-28]. It has autocrine/paracrine effects locally within adipose 
tissue as well as endocrine effects distantly. Locally, it can promote 
pre-adipocytes to become mature fat cells, which with increasing 
cell size downregulate their adiponectin secretion to exert some 
feedback control. Adiponectin receptors are present in many tissues 
as well as adipocytes. It is likely that adiponectin receptor-activated 
AMPK (AMP-activated protein kinase) leads to enhanced insulin 
signalling and therefore insulin sensitivity. If BMI is elevated, the 
expression of adiponectin is reduced in visceral adipose tissue 
(VAT) adipocytes in comparison with that in subcutaneous adipose 
tissue (SAT). Serum adiponectin levels fall with weight gain and 
rise with weight loss. 

Additionally, adiponectin exerts protective anti-inflammatory 
effects both locally and distantly. Local effects are mediated by 
inhibiting secretion of IL-6, IL-8, macrophage inflammatory 
protein 1 and monocyte chemotactic protein 1. It also has distant 
effects by its direct action on a range of cells including monocytes/ 
macrophages, endothelial cells, hepatocytes and muscle cells, and 
indirectly by inhibition of TNF-a production. 

There is an as yet unexplained paradox concerning adiponectin 
and its anti-inflammatory effects. Obesity is associated with 
macrophages in VAT that generate factors, particularly TNF-a, that 
suppress adiponectin secretion. However, low levels of adiponectin 
promote inflammation, generating a self-sustaining loop: thus, in 
obesity, adiponectin levels are inversely correlated with levels of 
inflammatory markers. In autoimmune states such as rheumatoid 
arthritis and systemic lupus erythematosus, adiponectin levels are 
raised, the level positively correlating with inflammatory markers. 
To explain this, it has been suggested that the adiponectin system 
has evolved as a mechanism for adaptation to starvation, a catabolic 
state [29]. It is therefore raised in other catabolic states such as 
autoimmune disease and inflammatory bowel disease, and did not 
evolve as a protective device against insulin resistance. 


Other adipokines 


Many other adipokines have been described [4,18] and most are 
still being evaluated for their relevance to human biology. The 
stroma-vascular tissue itself is also responsible for a variety of 
cytokines. Macrophages secrete TNF-a, IL-1, IL-6, IL-8, IL-10, 
monocyte chemoattractant protein 1 (MCP-1), macrophage migra- 
tion inhibitory factor (MIF), angiotensinogen and endothelial and 
vascular growth factors. Therefore, as well as affecting energy 
homeostasis, insulin sensitivity and adipocyte differentiation, the 
fat organ has influences on inflammation, immune function, vas- 
cular inflammation and neoangiogenesis. All of this lends credence 
to the concept of the fat organ being an endocrine organ in its 
own right. While these discoveries are of the utmost importance 
for worldwide obesity-associated morbidity and mortality, their 


2 
— 
U 
ire 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


97.6 


Chapter 97: Panniculitis 


Y 
— 
U 
uu 
Q. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


relevance in disorders of subcutaneous fat other than lipodystro- 
phies is unclear. 


PANNICULITIS — |S sSKsX¥8wHa 


Introduction and general description 


Inflammatory diseases involving the subcutaneous fat comprise a 
heterogeneous group of disorders named generically panniculitis. 
These diseases have been classically considered diagnostically chal- 
lenging both for clinicians and dermatopathologists; the reasons for 
this difficulty are varied. Firstly, dermatologists usually evaluate 
different morphological aspects of the skin anomalies to reach a 
specific diagnosis, but subcutaneous tissue is too deep to be visible 
to the examining eye. Moreover, cutaneous lesions of panniculitis 
usually show a disappointing monotony with completely differ- 
ent diseases involving the subcutaneous tissue showing the same 
clinical morphology, namely reddish nodules located preferentially 
on the lower extremities. Secondly, because the lesions are situated 
deep in subcutaneous tissue, large incisional biopsies are necessary 
for diagnosis, which is usually based on the correct evaluation of 
the pattern of the inflammatory infiltrate and the involvement of 
blood vessels. This requires at the very least that the biopsy spec- 
imen should include a fat lobule and its surrounding connective 
tissue septa, but many dermatologists perform superficial or small 
biopsies which are not diagnostic. Thirdly, many panniculitides 
are also histopathologically unsatisfactory, because subcutaneous 
fat has a limited range of responses and a variety of insults and 
panniculitic processes of entirely different aetiologies may pro- 
duce very similar histopathological changes. Moreover, before an 
accurate histopathological diagnosis may be established, it must be 
remembered that panniculitides, like other inflammatory cutaneous 
disorders, are dynamic processes in which both the distribution and 
composition of the inflammatory cells of the infiltrate may change 
rapidly over the course of a few days: when biopsies are taken 
from late or resolving lesions, especially in predominantly lobular 
panniculitis, they may show completely non-specific findings. For 
the aforementioned reasons, some authorities have considered that 
‘the histological septal-lobular dichotomy is sometimes diagnos- 
tically useful, but more often there is a mixed picture that adds to 
interpretative difficulties’ [1]. 

Despite these potential pitfalls, serial sections of an adequate 
biopsy enable the dermatopathologist in most cases to classify the 
panniculitic process as either a predominantly septal or a predom- 
inantly lobular panniculitis. This first classification step into one 
of the two general categories of panniculitis is very helpful for 
diagnostic purposes. However, classification of a panniculitis into 
a predominantly septal or predominantly lobular panniculitis is no 
more than an initial descriptive working classification and it should 
be followed by a search for additional histopathological clues to 
help reach a more specific, clinically relevant, final diagnosis. Thus, 
the next diagnostic step requires assessment of whether vasculitis 
is or is not present and, when it is present, of the size and nature 
of the involved blood vessels. The final diagnostic step requires the 
microscopic identification of the composition of the inflammatory 


infiltrate involving the septa and/or the fat lobule, the type of 
adipocyte necrosis and a search for additional histopathological 
features to enable a specific diagnosis to be reached. Table 97.1 
provides a working classification of the panniculitides using this 
approach for diagnosis [2,3]. 

There is probably no individual cell of the human body with a 
better vascular supply than the adipocyte. Postcapillary venules 
drain into veins which also run along the septa. In each microlobule, 
the arteriole occupies a central position, whereas the venule runs 
along the periphery [4]. As a consequence, interference with the 
arterial supply results in dramatic necrotic changes within the fat 
lobule (predominantly lobular panniculitis), while venous disorders 
manifest by alterations in the septal and paraseptal areas (predom- 
inantly septal panniculitis) [5]. This peculiar distribution of the 
vascularisation in subcutaneous tissue explains why large-vessel 
vasculitis involving the septal vessels is usually accompanied by 
little inflammation of the fat lobules, whereas vasculitis involving 
small blood vessels of the lobule usually causes extensive necrosis 
of the centrilobular adipocytes and a dense inflammatory response. 
In contrast with the dermal vascular network, the blood supply of 
each subcutaneous microlobule is terminal, implying there are no 
vascular connections between adjacent microlobules or between 
the dermis and subcutaneous fat. The septa of the subcutaneous fat 
also contain a prominent lymphatic plexus, which comes from the 
dermis and traverses the subcutis, first, parallel to the surface of 
the skin, and then vertically penetrating the underlying fascia and 
draining into regional lymph nodes. The connective tissue septa, 
which are contiguous with the overlying reticular traverses and 
with the underlying fascia, provide stability to the subcutaneous 
tissue by compartmentalising it. The normal septa are thin, from 
200 to 300 pm, and are composed mostly of collagen bundles and 
thin elastic and reticulin fibres. 

Mature, normal individual adipocytes are relatively large cells 
with a diameter up to 100 mm and, in formalin-fixed and haema- 
toxylin and eosin (H&E) stained sections, appear as empty cells with 
signet-ring morphology. This is due to the fact that the lipid and 
triglyceride content dissolves in routinely processed specimens and 
the single, large intracytoplasmic vacuole displaces the flat spindle 
nucleus without discernible nuclear features to the periphery of the 
cell. Frozen sections and special stains such as oil red O or Sudan B 
are required to demonstrate the lipid contents within the cytoplasm 
of mature adipocytes, but are not necessary for diagnostic purposes. 

Perivascular adipocytes have been also demonstrated to be pow- 
erful endocrine cells capable of responding to metabolic changes and 
transducing signals to adjacent blood vessels. Cross-talk between 
perivascular adipose tissue and blood vessels is now being intensely 
investigated. There is evidence suggesting that perivascular adipose 
tissue regulates vascular function through a variety of mechanisms 
and plays an important role in inflammation and vasoreactivity in 
subcutaneous tissue [6]. Adipocytes also interact with the immune 
system. Normal subcutaneous fat contains T lymphocytes located 
between adipocytes of the fat lobule. They differ from those of other 
tissues and vary between different regions of the body [7]. It has 
recently been demonstrated that cytotoxic T lymphocytes precede 
the accumulation of macrophages during the process of inflamma- 
tion of the fat lobule. In vitro co-cultures have shown a vicious cycle 
of interaction between cytotoxic T lymphocytes, macrophages and 
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adipocytes, suggesting that adipocytes activate cytotoxic T lympho- 
cytes with subsequent recruitment and activation of macrophages 

Diagnostic feature Disorder [8]. That there is an interaction between adipocytes and lympho- 
cytes is also supported by the demonstration on human adipocytes 
of the inflammatory receptor CD40, which contributes to intercellu- 


Table 97.1 Classification of the panniculitides. 


Predominantly septal panniculitides 
With vasculitis 


Veins Superficial migratory thrombophlebitis lar cross-talk between adipocytes and lymphocytes [9]. Co-cultures 
Arteries Cutaneous polyarteritis nodosa of adipocytes and lymphocytes have also shown upregulation of 
iCUnSne Ue arenas) pro-inflammatory cytokines, including IL-6, MCP-1 and plasmino- 


No vasculitis 
Lymphocytes and plasma cells predominantly: : : 
With granulomatous infiltrate in septa Necrobiosis lipoidica adiponectin [9]. 


No granulomatous infiltrate in septa Deep morphoea Immunohistochemically, adipocytes express S-100 protein, with 
Histiocytes predominantly (granulomatous): staining around the periphery of the cell, and vimentin [10]. In con- 

With mucin in centre of palisaded granulomas Subcutaneous granuloma annulare - ‘ 
trast with the multivacuolated cytoplasm of sebocytes and foamy 


gen activator inhibitor 1 (PAI-1), but downregulation of leptin and 


With fibrin in centre of palisaded granulomas Rheumatoid nodule oa : - ~t : : 
With large areas of degenerate collagen, foamy Necrobiotic xanthogranuloma histiocytes, which express adipophilin, the single large cytoplasmic 
histiocytes and cholesterol clefts vacuole of the adipocyte is adipophilin negative [11,12]. 


Without mucin, fibrin or degeneration of collagen, Erythema nodosum 


; ; Pattern-based histopathological classification of panniculitis with 
but with radial granulomas in septa 


large-vessel vasculitis also requires ascertainment of whether the 


Predominantly lobular panniculitides involved vessel is an artery or a vein. A peculiarity of the veins in 
With liti i i i 
fea the subcutaneous fat of the lower limbs is that they have a thick 
Small vessels: venules Erythema nodosum leprosum : ; NPS 
Erythema induratum of Bazin muscular layer, conferring upon them an ‘arterial’ appearance [13]. 
Large vessels: arteries Erythema induratum of Bazin However, it is usually possible to establish this distinction with 
NOTRE confidence from H&E preparations, because the middle layer of 
Few or no inflammatory cells: — ot ae d of 1 lant ‘el 
Necrosis at the centre of the lobule Sclerosing panniculitis Ssubeu nee ven 18 COMIpoee : OF several muscu sel ascicles sepa- 
(lipodermatosclerosis) rated by tiny unstained elastic fibres, whereas arteries show a more 
With vascular calcification Calcific uraemic arteriolopathy compact muscular layer. Nevertheless, many authors continue to 
(calciphylext) promote the misleading notion that arteries of the subcutaneous fat 
Lymphocytes predominant: Chel 1 a ial = ts ‘ hed 
With superficial and deep perivascular dermal Cold panniculitis of the seis egs have at : icker muscular layer than Bi naa when in 
infiltrate fact veins often have a thicker muscular layer than arteries [13]. In Ww 
With lymphoid follicles, plasma cells, clusters of |— Lupus panniculitis difficult cases, elastic tissue staining allows definite discrimination ro 
plasmacytoid dendritic cells and nuclear dust — Panniculitis associated with between artery and vein, because arteries have a well-demarcated 5 
of lymphocytes dermatomyositis ieee hy : L iagk b a a ’ U = 
Neittophilsioedarainant thick and sharp internal elastic membrane, whereas veins have an LU 
Extensive fat necrosis with saponification of Pancreatic panniculitis ill-defined, thin and multilayered internal elastic lamina and tiny ({@ = 
adipocytes _ De ae a elastic fibres interspersed between muscular fascicles of the middle ra r= 
ise cep min RRC SRUREISS E.G) ahi peliiGueiney paniiiealits layer of the vessel wall. Some authors, however, believe that when [(%) w“ 
With bacteria; fungi oF protezos lnfechveipanniculitis inflammation is present within and around the wall of the vessel, [FE 
With foreign bodies Factitious panniculitis all of the studied histological features become less reliable, and [5 ¥fe} 
Neutrophilic lobular panniculitis Subcutaneous Sweet syndrome that the interobserver reliability of distinguishing arteritis from cw 
Drug-induced (checkpoint inhibitor thrombophlebitis is low [14] < a 
drugs) panniculitis Pp < 
Histiocytes predominant (granulomatous): =) 
No crystals in adipocytes Subcutaneous sarcoidosis Types of necrosis of the adipocytes U 
er Taumatoienniculs: The appearance of necrotic adipocytes is polymorphous and dif- 
With crystals in histiocytes or adipocytes Subcutaneous fat necrosis of the : , ‘ 
Geb ferent from other necrotic cells [15-17]. In classic histopathology, 
Poststeroid panniculitis nuclear abnormalities such as pyknosis, karyorrhesis and karyolysis 
Sclerema neonatorum are signs of cellular necrosis. In contrast, necrotic adipocytes, regard- 


tee aallenatte less of the aetiology of the cell death, show great variability and 
Fungal panniculitis due to 


ayivomiycoses mhuemanyenss and may appear as either anucleate cells or with complete disintegra- 
aspergillosis tion of the cellular structure. Unfortunately, these distinctive forms 

With cytophagic histiocytes Cytophagic histiocytic panniculitis, of adipocyte necrosis have little value for diagnostic specificity. 
oe uenaiirces Often, the only sign of necrosis of the adipocytes is the lack of 
Subctitahbods Sanniedlteike nuclei in the involved cells, and dead fat cells appear as round empty 
T-cell lymphoma? bags with no inflammatory infiltrate among them. The most fre- 
With sclerosis of the septa Sclerosing postirradiation panniculitis quent type of adipocyte necrosis is lipophagic necrosis, which consists 
of the replacement of necrotic adipocytes by foamy macrophages 
gamma/delta T lymphocytes rather than an authentic panniculitic process, they are formed by the engulfing of lipid products released from dead 
included in the classification of the panniculitides because they may mimic panniculitis adipocytes by macrophages. These lipophages appear quite dif- 
both clinically and histopathologically. ferent from normal adipocytes, with large, pale, microvacuolated 
or granular-like cytoplasm and round, central, vesicular nuclei. 


@ Although these disorders are characterised by a neoplastic proliferation of cytotoxic or 
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Lipophagic granulomatous inflammation, however, is entirely 
non-specific and many lobular panniculitides show this pattern of 
fat necrosis at their late or resolving stages. It is usually seen in 
lipodermatosclerosis and traumatic panniculitis, but may also be 
present in erythema nodosum and erythema induratum of Bazin. 

In contrast, liquefactive fat necrosis is a more specific pattern 
of adipocyte necrosis and it is more often seen in a,-antitrypsin 
deficiency panniculitis and in pancreatic panniculitis. Necrotic 
adipocytes injured by this mechanism appear as granular wisps 
of amphophilic detritus and their cellular structures are no longer 
evident. Enzymatic fat necrosis is a specific type of liquefactive fat 
necrosis characteristically observed in pancreatic panniculitis. It is 
due to saponification of the adipocyte lipid contents by pancreatic 
lipase, with secondary deposition of calcium salts, resulting in 
so-called ghost adipocytes that consist of adipocytes with no nuclei 
and granular basophilic cytoplasm. 

Hyalinising fat necrosis is characteristically observed in lupus pan- 
niculitis and panniculitis associated with dermatomyositis. In this 
pattern, necrotic adipocytes appear as mummified anucleated cells, 
which are surrounded by glassy homogeneous proteinaceous mate- 
rial, effacing the architecture of the fat lobule. 

Membranous fat necrosis is also a late-stage and non-specific 
type of necrosis of adipocytes, in which a leathery eosinophilic or 
amphophilic rim of collapsed cellular organelles with a crenulated 
or arabesque appearance is seen: periodic acid—Schiff (PAS) and 
Sudan III staining is positive. When membranous fat necrosis is 
extensive, formation of cystic structures devoid of cellular compo- 
nents and lined by hyaline-crenulated membrane can be observed. 
Membranous and membrano-cystic fat necrosis are almost always 
seen in lipodermatosclerosis, but like other types of fat necrosis, they 
may also be seen in late-stage lesions of several types of panniculitis. 

Ischaemic fat necrosis is more frequently seen at the centre of fat lob- 
ules and is characterised by pallor of adipocytes, which are smaller 
than normal due to severe impairment of blood supply. Later stages 
of ischaemic necrosis also show lipophagic granulomas. Ischaemic 
fat necrosis is frequently seen in erythema induratum of Bazin, but 
may also be observed in other panniculitides, including calcific 
uraemic arteriolopathy (calciphylaxis), infectious panniculitis and 
cutaneous polyarteritis nodosa. 

Finally, basophilic fat necrosis results from the necrosis of adipo- 
cytes intermingled with nuclear dust of neutrophils and granular 
basophilic material, which represent aggregations of bacteria, and is 
characteristically seen in cases of infectious panniculitis. 

There are some disorders that should no longer be considered as 
specific variants of panniculitis. Weber—Christian disease is the term 
that has been classically used to refer to cases of predominantly 
lobular panniculitis without vasculitis in association with systemic 
manifestations including fever and involvement of visceral fat 
tissue. Additional terms such as idiopathic nodular panniculitis, 
nodular panniculitis and relapsing febrile non-suppurative nodular 
panniculitis have been used as synonyms for Weber-Christian 
disease. However, many cases originally considered as examples 
of Weber-Christian disease were later reclassified when other 
variants of lobular panniculitis, including erythema indura- 
tum of Bazin (nodular vasculitis), pancreatic panniculitis and 
a,-antitrypsin deficiency panniculitis, were separated as specific 
diseases. White and Winkelmann [18] reviewed the clinical and 
histopathological features of 30 cases of panniculitis previously 


diagnosed as Weber-Christian disease at the Mayo Clinic and most 
of the cases could be reclassified: 12 cases as erythema nodosum, six 
cases as superficial thrombophlebitis (STP), five cases as factitious 
panniculitis, three cases as traumatic panniculitis and individual 
cases as cytophagic histiocytic panniculitis, subcutaneous ‘panni- 
culitic’ lymphoma and subcutaneous involvement by leukaemia. 
The authors concluded that the term Weber-Christian disease 
should be abandoned as a diagnosis for cases of lobular panniculitis 
because now a more specific diagnosis may be reached in the major- 
ity of cases. The same is true for Rothmann—Makai disease, a term 
that was used previously to describe cases of relapsing nodular 
panniculitis similar to that of Weber—Christian disease but with no 
fever or other systemic manifestations. These are now considered 
obsolete terms that should be no longer used. 


Superficial migratory 
thrombophlebitis 


Introduction and general description 

Superficial thrombophlebitis is an inflammation and thrombosis of 
the superficial veins that presents as painful induration with red 
areas of skin, often in a linear or branching configuration forming 
cords (Figure 97.4) [1,2]. The clinical features are fully described in 
Chapter 101. 


Figure 97.4 Superficial thrombophlebitis. Varicosities and red nodules with linear 
arrangement involving the right lower extremity. 


Pathophysiology 

Predisposing factors 

Superficial thrombophlebitis results from a hypercoagulable state, 
either primary [3] or secondary [4] (Box 97.1). The causes of sec- 
ondary hypercoagulable states are varied, but in the majority of 
cases venous insufficiency of the lower extremities is the only 
precipitating factor. 


Box 97.1 Primary and secondary hypercoagulable 
states that cause superficial thrombophlebitis 


Primary hypercoagulable states 
e Antiphospholipid syndrome 
¢ Deficiencies of: 
¢ Protein C 
¢ Protein S 
¢ Heparin cofactor II 
e Antithrombin III 
e Factor XII 
¢ Tissue plasminogen activator 
e Factor V Leiden [3] 


Secondary hypercoagulable states 

e Paraneoplastic superficial migratory thrombophlebitis (Trousseau 
syndrome) [1,5] 

¢ Behcet syndrome [6] 

e Buerger disease [7] 

¢ Pregnancy [8] 

e HIV-associated immune reconstitution syndrome (IRIS) [9] 

e Secondary syphilis [10,11] 

¢ Infectious suppurative thrombophlebitis in children due to 
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa or 
fungi [12-14] 

¢ Oral contraceptive pills 

¢ Sepsis, intravenous injections or catheterisations 

¢ Complications of venous sclerotherapy [4] 


Histopathology 

Histopathologically, cutaneous lesions of STP involve large veins 
of the septa in the upper subcutaneous tissue. The affected vein 
exhibits luminal thrombosis and an inflammatory infiltrate within 
its wall (Figure 97.5). In early lesions, the inflammatory cell infiltrate 
is composed mostly of neutrophils, whereas in later stages there 
are lymphocytes, histiocytes and occasional multinucleated giant 
cells. Granulomatous infiltration participates in the recanalisation 
of the thrombus. A striking feature is that, in spite of the intense 
damage of the involved vein with dense inflammatory infiltrate 
in its wall and with marked septal thickening, there is little or no 
involvement of the adjacent fat lobule, and the process is more 
vasculitic than panniculitic. Intramural microabscesses in the wall 
of the involved vein have been described as characteristic of STP 
associated with Buerger disease [15]. 


Clinical features 
Patients with STP should be appropriately investigated to rule out 
hypercoagulable states, paraneoplastic processes (Trousseau sign) 
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and Behcet disease, although by far the most common cause of STP 
is chronic venous insufficiency of the lower limbs. 


Differential diagnosis 

The main histopathological differential diagnosis for STP is 
cutaneous polyarteritis nodosa. In contrast to STP, cutaneous 
polyarteritis nodosa is characterised by involvement of the small 
arteries and arterioles of the subcutaneous septa. The process is more 
inflammatory than thrombotic, with prominent fibrinoid necrosis 
of the tunica intima, resulting in the so-called target-like arteritis, in 
which an eosinophilic ring of fibrinoid necrosis replaces the intima 
of the affected arteriole. In doubtful cases, elastic tissue stain usually 
resolves any uncertainty, because in cutaneous polyarteritis nodosa 
the involved artery shows sharp and prominent internal elastic lam- 
ina, whereas in STP the damaged vessel is a vein with little or no 
discernible internal elastic membrane [16,17]. Some authors, how- 
ever, believe that when inflammation is present within and around 
the wall of the vessel, the identification of the internal elastic lamina 
of the involved vessel is less reliable even with elastic tissue stains, 
and the smooth muscle pattern has the highest sensitivity and 
specificity for distinguishing arteries from veins [18]. The recently 
described type of tuberculid, nodular granulomatous phlebitis, may 
clinically resemble STP, but this tuberculid is histopathologically 
characterised by tuberculoid granulomas and multinucleate giant 
cells involving the walls of the veins of subcutaneous tissue [19,20]. 


Management 

Treatment of STP is conservative with the application of a support 
stocking on the involved limb. In chronic and recurrent cases, 
especially those associated with malignancy, heparin and _fibri- 
nolytic drugs may be used. Patients with a high risk of pulmonary 
embolism should receive fondaparinux 2.5 mg/day subcutaneously 
for 45 days. Phlebectomy may be necessary in recurrent cases due 
to large varicosities. 


Cutaneous polyarteritis nodos 
(cutaneous arteritis) : 


Introduction and general description 

This is a cutaneous vasculitis of poorly understood aetiology affect- 
ing the subcutaneous arteries and arterioles (Figure 97.6). In contrast 
to systemic polyarteritis nodosa, there is little or no evidence of 
systemic disease [1,2]. So-called macular lymphocytic arteritis [3] 
is now considered by most authors as a mild variant of cutaneous 
polyarteritis nodosa characterised by macular rather than nodular 
lesions [4]. Cutaneous polyarteritis nodosa is fully described in 
Chapter 100. 


Pathophysiology 

The serum of patients with cutaneous polyarteritis nodosa is 
usually negative for both myeloperoxidase (MPO) antineutrophil 
cytoplasmic antibodies (ANCA) (p-ANCA) and proteinase 3 
(PR3) ANCA (c-ANCA) by direct enzyme-linked immunoab- 
sorbent assay (ELISA) and capture ELISA but 84% of the patients 
reveal p-ANCA positivity by indirect immunofluorescence. Serum 
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Figure 97.5 Histopathological features of superficial thrombophlebitis. (a) Scanning view showing involvement of a large vein in the septa of subcutaneous tissue. (b) The involved 
vein shows thrombosis of its lumen. (c) The same specimen stained for elastic tissue. (d) Several layers of internal elastic lamina are seen around the luminal thrombus. 


antilysosomal-associated membrane protein 2 (anti-LAMP-2) 
antibody levels in cutaneous polyarteritis nodosa patients with 
p-ANCA are significantly elevated compared with those with 
negative p-ANCA, which suggests that anti-LAMP-2 antibodies 
might play an important role in the pathogenesis of the condition 
[5]. Immunoglobulin G (IgG) antiphosphatidylserine-prothrombin 
complex (anti-PS/PT) antibodies and/or IgG anticardiolipin anti- 
bodies have also been detected in the serum of some patients with 
cutaneous polyarteritis nodosa [6]. 

A recently identified, genetically determined form of polyarteritis 
nodosa has a broad spectrum of disease. Loss-of-function muta- 
tion in the adenosine deaminase type 2 gene (known as ADA2 
deficiency) is linked to autosomal recessive, childhood-onset dis- 
ease with features similar to those of classic polyarteritis nodosa. 
It shows considerable variability in severity and ranges from 
cutaneous to systemic vasculopathy [7,8]. 


Histopathology 

Cutaneous lesions exhibit vasculitis involving medium-sized arter- 
ies and arterioles at the septa of the upper subcutis (Figure 97.7). 
Direct immunofluorescence studies of lesions of cutaneous 
polyarteritis nodosa have demonstrated IgM and complement 
deposition in the involved vessel walls and consistent absence 
of IgG [9]. The involved vessel appears with a thickened wall, 
within which an inflammatory infiltrate is seen. Its composition 
varies with the stage of evolution of the process. In early lesions, a 
neutrophilic infiltrate and leukocytoclasis are often seen, in some 
cases eosinophils may be prominent [10]. Characteristically, the 
intima of the involved artery exhibits an eosinophilic ring of fib- 
rinoid necrosis, giving a target-like appearance to the damaged 
vessel. In older lesions, lymphocytes are predominant, and in a 
still later stage there is fibrosis of the entire thickness of the vessel 
wall, leading to the obliteration of its lumen. A rare complication 


Figure 97.6 Clinical appearance of cutaneous polyarteritis nodosa showing livedo 
reticularis of the lower extremities with ulcerated nodules on the right calf of a 
middle-aged woman. 


is the formation of periosteal new bone beneath the cutaneous 
lesions [10]. Although luminal thrombi may be present, they are 
less frequent than in lesions of superficial thrombophlebitis. Often, 
arterial involvement is segmental and serial sections throughout 
the entire specimen are required to demonstrate the pathology. 
As is the case in superficial thrombophlebitis, lesions of cutaneous 
polyarteritis nodosa show little or no involvement of the adjacent 
fat lobule, and the process is exclusively a septal arteritis. 


Management 

Usually, cutaneous polyarteritis nodosa follows a benign clinical 
course. Topical or intralesional corticosteroids may be helpful in 
localised involved areas. Extensive disease may warrant systemic 
corticosteroids. Symptomatic relief may also be achieved with 
non-steroidal anti-inflammatory drugs (NSAIDs). 


Necrobiosis lipoidica -— CS? 


Introduction and general description 

Necrobiosis lipoidica is an uncommon skin condition in which 
degenerated dermal collagen is surrounded by a granulomatous 
inflammatory response to produce shiny, red-brown or yellowish 
plaques in the skin, particularly on the shins (Figure 97.8). In severe 
cases, the affected skin may ulcerate. It is associated in the majority 
of but not all cases with underlying diabetes, the onset of which 
it may precede. It is fully described in Chapter 95. It may involve 
the subcutis but does not cause a true panniculitis because the 
palisading granulomatous process involving the subcutis is always 
a deep extension of the dermal process and, to our knowledge, 
there are no descriptions of necrobiosis lipoidica involving only 
subcutaneous fat. 


Pathophysiology 

Histopathology 

Histopathologically, lesions of necrobiosis lipoidica involve the 
full thickness of the dermis, and often extend to the superficial 
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Figure 97.7 Histopathological features of cutaneous polyarteritis nodosa. (a) Scanning 
view of a punch biopsy showing involvement of a vessel of the septa of subcutaneous 
fat. (b) Higher magnification showing fibrinoid necrosis of the intima, giving a target-like 
appearance to the involved arteriole. 


subcutaneous tissue causing septal panniculitis (Figure 97.9) [1]. 
There are palisading granulomas with histiocytes surrounding 
areas of degenerate collagen within widened septa. The most char- 
acteristic feature supporting a diagnosis of necrobiosis lipoidica 
as the cause of an inflammatory process involving the subcutis is 
the coexistence of similar lesions in the dermis, with alternating 
horizontal bands of inflammatory cells and fibrosis involving the 
entire dermis [2]. 

Early lesions show an inflammatory infiltrate composed pre- 
dominantly of neutrophils scattered within the septa, whereas in 
later lesions, histiocytes, lymphocytes and plasma cells, sometimes 
with lymphoid follicle formation [3], are predominant. Multinucle- 
ated giant cells involving the septa are sometimes prominent and in 
these cases histopathological findings resemble erythema nodosum. 
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Figure 97.8 Necrobiosis lipoidica showing yellowish indurated plaques on the anterior 
aspect of the legs in a diabetic woman. 


Differential diagnosis is, however, straightforward because in the 
latter condition there are no significant dermal changes other than 
a perivascular lymphocytic infiltrate. 

In chronic longstanding lesions, the dermis and the superficial 
subcutaneous tissue are replaced by horizontal fibrosis with sclerotic 
collagen bundles arranged parallel to the epidermis and scattered 
with plasma cells, closely resembling the findings seen in morphoea. 
In these late-stage lesions, features of necrobiosis are no longer evi- 
dent and elastic tissue stains demonstrate a dramatic loss of elas- 
tic fibres. Some authors have postulated that the finding of vasculi- 
tis and leukocytoclasis in lesions of necrobiosis lipoidica is indica- 
tive of an underlying systemic disease [4]. Membranous fat necrosis 
has also been described in late-stage lesions of necrobiosis lipoidica 
extending to the subcutaneous tissue [5]. 


Direct immunofluorescence studies have demonstrated IgM 
and complement in the blood vessels of some lesions of necrobio- 
sis lipoidica, suggesting that this process is an immune complex 
vasculitis [6], but extensive histopathological studies identified 
vascular involvement in only 30% of the cases [7]. The finding 
of GLUT-1 immunohistochemical expression in areas of sclerotic 
collagen of necrobiosis lipoidica raises the possibility that a dis- 
turbance in glucose transport by fibroblasts may contribute to the 
histogenesis of necrobiosis lipoidica [8]. 


Management 

There is no effective treatment for necrobiosis lipoidica. Sponta- 
neous remission after several years occurs rarely. Potent topical 
corticosteroids (including under occlusion) and _intralesional 
corticosteroids for early lesions are the most commonly used 
therapies. In some cases, topical tacrolimus 0.1% ointment has 
led to improvement. Pentoxifylline, stanozolol, nicofuranose and 
ticlopidine hydrochloride have been tried with variable results. 
Additional anti-inflammatory drugs, including antimalarials, 
niacinamide, mycophenolate mofetil, doxycycline, colchicine, 
methotrexate, thalidomide, TNF-a inhibitors and ciclosporin have 
been described as beneficial in anecdotal cases. Improvement has 
been also achieved in some patients with topical ultraviolet A1 
(UVA1) and psoralen and UVA (PUVA) phototherapy. 


Deep morphoea — so 


Introduction and general description 

This is a group of related diseases of poorly understood aetiol- 
ogy affecting principally the skin and subcutaneous tissue and 
characterised by variable fibrosis, sclerosis and cutaneous atrophy 
(Figure 97.10). Within the deep morphoea group, three closely 
related processes are included, namely morphoea_profunda, 


(a) 


(b) 


Figure 97.9 Histopathological features of necrobiosis lipoidica extending to subcutaneous tissue. (a) Scanning power showing involvement of the full thickness of the dermis and 
extension to the subcutaneous tissue throughout the septa. (b) Granulomas involving the thickened fibrous septa of the subcutaneous tissue. 


Figure 97.10 Morphoea profunda. The lesions consisted of indurated, hyperpigmented 
and slightly depressed plaques. 


eosinophilic fasciitis and disabling pansclerotic morphoea of 
children [1]. Although classic morphoea often extends from the 
deep dermis to the subcutaneous tissue, morphoea is sometimes an 
entirely panniculitic process with no involvement of the epidermis, 
cutaneous adnexa or dermis. The process is known variously as 
morphoea profunda, nodular scleroderma or keloidal scleroderma. 
These conditions are fully described in Chapter 55. 


Pathophysiology 

Histopathology 

Histopathologically, the lesions show a marked fibrous thickening 
of the septa of subcutaneous fat (Figure 97.11). As a consequence of 
thickening, collagen also replaces the fat normally present around 
and below the eccrine coils, giving the misleading impression that 
the sweat glands have ascended into the dermis. When the sclerotic 
process involves both the dermis and subcutis, the full thickness 
of the specimen appears homogeneously eosinophilic. Inflamma- 
tory infiltrate is present only in active lesions, consisting of aggre- 
gates of lymphocytes surrounded by plasma cells at the interface 
between the thickened septa and the fat lobules. Plasma cells may 
be also present arranged interstitially between the sclerotic collagen 
bundles [2-4]. Active lesions of deep morphoea usually show denser 
infiltrate than dermal morphoea [4-6]. 

Eosinophilic fasciitis (Shulman syndrome) is regarded as a vari- 
ant of deep morphoea in which the thick and sclerotic septa and 
the fascia show inflammatory infiltrate of lymphocytes, histio- 
cytes, plasma cells and abundant numbers of eosinophils [7-14]. 
Histopathological study of the early stages of eosinophilic fasciitis 
shows oedema and infiltration by eosinophils, lymphocytes and 
plasma cells between the collagen bundles of the connective tissue 
septa of the subcutis and subcutaneous fascia. Lymphoid aggregates 
may be also present. In the later stages, there is fibrosis and hyalin- 
isation of the involved tissues [11]. The presence of eosinophils in 
the blood and fascia and a focal loss of CD34 staining are more 
suggestive of eosinophilic fasciitis than deep morphoea [15]. 

Disabling pansclerotic morphoea in children is an aggressive 
clinical variant of morphoea which appears before 14 years of age 
[16], although adult onset has been also described [17]. The process 


Panniculitis 


(b) 


Figure 97.11 Histopathology of deep morphoea. (a) Scanning power showing sclerosis 
of the deeper reticular dermis and the septa of subcutaneous tissue. Note that the 
superficial and mid-dermis were spared. (b) Thickened sclerotic collagen bundles with 
interstitial lymphocytes and plasma cells. 


involves not only the full thickness of the skin, but also the sub- 
cutaneous tissues, muscle and bone. Histopathological findings in 
cutaneous lesions of disabling pansclerotic morphoea show sclerotic 
replacement of the full thickness of the dermis and subcutaneous 
fat and the process extending to the underlying fascia. In active 
lesions, a variable infiltrate of lymphocytes and plasma cells is seen 
between the sclerotic collagen bundles [16]. 


Management 
In patients with progressive disease and disseminated forms of 
disease, systemic therapy is indicated. The most commonly used 
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therapies include combinations of pulsed intravenous and/or oral 
steroids with methotrexate as the first line treatment. 


Introduction and general description 

Subcutaneous granuloma annulare is a rare clinicopathological 
variant of granuloma annulare, characterised by subcutaneous 
nodules that may appear alone or in association with the classic 
dermal papular lesions (Figure 97.12) [1,2]. It typically presents 
in children or young adults [3,4] and is fully described in Chapter 95. 


Pathophysiology 

An immunoglobulin-mediated vasculitis has been proposed as the 
underlying mechanism for necrobiotic areas in granuloma annu- 
lare [5], although direct immunofluorescence studies failed to 
demonstrate immune deposits within the vessels walls [6]. Addi- 
tional postulated pathogenic mechanisms include a cell-mediated 
immune response with increased helper/inducer T cells and 
CD1la-positive Langerhans cells [7], a Th1 inflammatory reaction 
with interferon y (IFN-y) producing lymphocytes eliciting matrix 
degradation [8], increased collagen synthesis [9] and elastic tis- 
sue degeneration [10]. The inflammatory cells release cytokines, 
including macrophage inhibitor factor, which cause histiocytes to 
accumulate in the necrobiotic areas and release lysosomal enzymes 
resulting in degenerate connective tissue [11]. Usually, subcuta- 
neous granuloma annulare is a true panniculitic process with no 
dermal involvement, although in 25% of patients subcutaneous 
nodular lesions coexist with the classic presentation of superficial 
papules [12,13]. In rare instances, subcutaneous granuloma annu- 
lare may extend to involve deeper soft tissues and producing a 
destructive arthritis and limb deformity [14]. 


Figure 97.12 Subcutaneous granuloma annulare involving the lateral aspect (arrow) of 
the first phalanx of the third right finger in a 14-year-old boy. 


(a) 


(b) 

Figure 97.13 Histopathological findings in subcutaneous granuloma annulare. 

(a) Scanning power showing the involvement of deeper dermis and subcutaneous tissue. 
(b) There are several areas of basophilic degeneration of collagen bundles surrounded by 
a palisade of histiocytes. 


Histopathology 

The histopathological changes seen in subcutaneous granuloma 
annulare consist of areas of basophilic degeneration of collagen 
bundles with peripheral palisading granulomas involving the 
connective tissue septa of the subcutis (Figure 97.13). Usually, 
the areas of collagen degeneration are larger than in the dermal 
counterpart of the process. The central necrobiotic areas contain 
increased amounts of connective tissue mucin and nuclear dust 
from neutrophils between the degenerated collagen bundles. Elastic 
tissue is usually absent within the foci of degenerate collagen. The 
peripheral ring is composed of epithelioid histiocytes arranged in 
a palisade fashion and multinucleated giant cells may also be seen 
[15,16]. Eosinophils are more common in subcutaneous granuloma 
annulare than in the dermal superficial lesions [16]. The interstitial 
histopathological variant of granuloma annulare is characterised 
by histiocytes interstitially arranged between collagen bundles, 


with mucin deposition but no areas of degenerate collagen. This 
histopathological pattern, more frequent than the necrobiotic one in 
dermal lesions, has yet to be described in subcutaneous granuloma 
annulare and all reported patients with deep forms of the process 
showed the classic palisading necrobiotic pattern [17]. Immunohis- 
tochemical studies showed intense expression of CD68/PGM1 in 
the histiocytic population and a variable one of lysozyme. T-cell 
markers (CD3, CD4 and CD8) have been detected mainly in the 
perivascular lymphocytic infiltrate, with CD4+ T lymphocytes 
predominating over CD8+ [18]. 


Clinical features 

Differential diagnosis 

Histopathological differential diagnosis of subcutaneous granu- 
loma annulare includes rheumatoid nodule, necrobiosis lipoidica 
and epithelioid sarcoma. 

In contrast to subcutaneous granuloma annulare, which usually 
exhibits a pale and mucinous centre with a tendency to be basophilic, 
the central necrobiotic areas of rheumatoid nodules appear homoge- 
neous and eosinophilic with abundant fibrin deposits. Sometimes, 
however, the differential diagnosis between subcutaneous gran- 
uloma annulare and rheumatoid nodule may be impossible on 
histopathological grounds alone. Old rheumatoid nodules may 
show extensive fibrosis in which necrobiotic areas persist. 

Lesions of necrobiosis lipoidica involve the full thickness of the 
dermis and the subcutaneous involvement is just a deep extension 
from the dermis into the connective tissue septa of the subcutis. 
Plasma cells, aggregations of histiocytes and multinucleated giant 
cells are more common in necrobiosis lipoidica than in subcutaneous 
granuloma annulare. In the late stages of necrobiosis lipoidica, there 
is extensive fibrosis and degenerate collagen is no longer seen. 

Epithelioid sarcoma (Chapter 136) is a neoplastic process in which 
central areas of degenerate collagen are surrounded by epithelioid 
cells with hyperchromatic and pleomorphic nuclei, some of them 
showing atypical mitotic figures. Immunohistochemical studies 
demonstrate that, in contrast to the inflammatory cells in subcu- 
taneous granuloma annulare, the neoplastic cells in the palisades 
of epithelioid sarcoma express immunoreactivity for low- and 
high-molecular-weight cytokeratins, epithelial membrane antigen 
and CD34; furthermore, their nuclei show no expression of integrase 
interactor 1 [19-21]. 


Management 

Because the lesions may regress spontaneously, assessment of the 
efficacy of reported treatments is difficult. Intralesional cortico- 
steroids are the first choice treatment for solitary symptomatic 
lesions. 


Rheumatoid nodule | 


Introduction and general description 

Rheumatoid nodules are one of the extra-articular manifestations 
of rheumatoid arthritis. They are usually found in proximity to 
joints or extensor surfaces (Figure 97.14) and other areas subjected 


Figure 97.14 Rheumatoid nodules involving the dorsum of the fingers in an adult 
woman with seropositive rheumatoid arthritis. 


to mechanical pressure. They can also develop elsewhere, including 
in the pleura and meninges. Nodules vary in size and consistency 
and are rarely symptomatic. They are described more fully in 
Chapter 155. 


Pathophysiology 

The pathogenesis of rheumatoid nodules remains unknown. 
Because the lesions develop at sites of trauma and pressure, 
mechanical factors have been postulated as pathogenic factors. 
Some genetic factor may also be involved, because patients with 
human leukocyte antigen (HLA) DRB1 present with severe rheuma- 
toid arthritis and frequent rheumatoid nodules, whereas those 
with HLA-DRw2 have a mild articular disease and infrequent 
rheumatoid nodules [1-4]. Recently, microchimerism has been 
demonstrated in almost 50% of the cases of rheumatoid nodules of 
patients with rheumatoid arthritis. Since microchimerism is genet- 
ically disparate, it is possible that microchimerism in rheumatoid 
nodules serves as an allogeneic stimulus or allogeneic target [5]. 
Pro-inflammatory cytokines and cell adhesion molecules are very 
similar in rheumatoid nodules and the synovial lining in rheuma- 
toid joints. The cytokine profile identified within the rheumatoid 
nodule showed the presence of IFN-y, but not IL-2, and promi- 
nent expression of IL-1B and TNF-a together with IL-12, IL-18, 
IL-15 and IL-10. These findings support the hypothesis that the 
formation of rheumatoid nodules is driven by Thl lymphocytes 
[6]. An immune complex-mediated mechanism has also been 
postulated: IgG and IgM have been detected by direct immunofluo- 
rescence in the vessel walls of rheumatoid nodules, suggesting 
that a vasculitic process may be involved [7,8]. The mecha- 
nism for the central degeneration of the collagen bundles is also 
unknown. Although apoptosis has been demonstrated throughout 
the entire nodule [9], it seems that the proteases, collagenases 
and other chemotactic factors (e.g. granulocyte-macrophage 
colony-stimulating factor and fibronectin) secreted by lesional 
monocytes and macrophages are the main factors inducing the 
degeneration of collagen, mucin deposition and palisading granu- 
loma formation [7,10]. 
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(a) 


(b) 


Figure 97.15 Histopathological features of rheumatoid nodule. (a) Scanning power showing a diffuse replacement of subcutaneous tissue by a fibrotic process with scattered areas of 
degenerate collagen. (b) The eosinophilic fibrinoid areas are surrounded by a palisade of histiocytes. 


Histopathology 

Histopathological findings in rheumatoid nodules vary according 
to the age of the lesion. Early lesions show microscopic fea- 
tures of granulation tissue surrounded by mononuclear cells and 
fibroblasts [11]. In later stages, the lesions show a central area 
of degenerate collagen admixed with fibrinoid material and sur- 
rounded by a palisade of elongated mononuclear histiocytes 
(Figure 97.15). The inner central degenerated zone appears as 
intensely eosinophilic amorphous, granular or fibrillary material 
containing collagen fibrils, fibrin and cellular debris. Multinucleated 
giant cells, T lymphocytes, plasma cells, mast cells and eosinophils 
may also be seen at the periphery. Uncommonly, features of acute 
vasculitis have been described in the surrounding vessels and some- 
times a necrotic blood vessel associated with nuclear debris and 
sparse neutrophils may be seen at the centre of necrobiotic areas, 
although these findings probably represent secondary vasculitis. 
In rare instances, superficial nodules may perforate the epidermis 
[12]. Longstanding rheumatoid nodules exhibit extensive fibrosis 
in which clefts and cystic degeneration appear due to liquefactive 
degeneration of the contents of the nodules [13]. 


Clinical features 

Clinical variants 

Accelerated rheumatoid nodulosis (ARN) is the term used to describe 
the development of new painful rheumatoid nodules in patients 
with chronic rheumatoid arthritis under treatment with methotrex- 
ate. These new nodules develop preferentially on the hands, feet 
and ears [14~18]. It seems that there is an individual susceptibility 


to ARN, because it develops more frequently in patients with 
HLA-DRB1 and seropositive rheumatoid arthritis [1,18]. Genetically 
predisposed patients appear to be protected against the devel- 
opment of methotrexate-induced ARN by the concomitant 
administration of hydroxychloroquine [19], D-penicillamine [20], 
colchicine [21] or sulfasalazine [22]. The pathogenesis of ARN 
is unknown, although an adenosine Al receptor promotion of 
multinucleated giant cell formation by human monocytes has been 
postulated [23]. ARN is not exclusively related to methotrexate 
therapy and identical lesions have also been reported in patients 
with rheumatoid arthritis receiving treatment with azathioprine 
[24], etanercept [25,26], infliximab [27], leflunomide [23,28] and 
tocilizumab [29]. Neither is ARN found exclusively in rheuma- 
toid arthritis: similar lesions have been described in patients with 
psoriatic arthritis [30] and systemic lupus erythematosus [31-34]. 
ARN has also been described in seropositive, polyarthritic-onset 
juvenile rheumatoid arthritis after methotrexate treatment [35,36]. 
In all these patients, the condition causes minimal symptoms and 
regresses after methotrexate is withdrawn; it does, however, recur 
when methotrexate is reintroduced. 


Differential diagnosis 

Histopathological differential diagnosis of rheumatoid nodules 
includes other palisading granulomas, mainly necrobiosis lipoidica 
and subcutaneous granuloma annulare. Table 97.2 summarises the 
main differential diagnostic features among these three necrobiotic 
disorders. Palisading necrobiotic granulomas have been classified 
into ‘blue’ and ‘red’ granulomas according to the colour of the 
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Table 97.2 Histopathological differential diagnosis of rheumatoid nodules, subcutaneous granuloma annulare and necrobiosis lipoidica. 


Rheumatoid nodule 


Subcutaneous granuloma annulare 


Necrobiosis lipoidica 


Location Subcutaneous septa 
Pattern Massive areas of degenerate collagen with 

fibrin deposition (eosinophilic necrobiotic 

granuloma) granuloma) 
Collagen degeneration Complete Complete 
Fibrosis Common Uncommon 
Histiocytes Well-defined palisades of histiocytes 


Tuberculoid and sarcoid reaction common 
Capillary hyperplasia at the periphery 
Variable Common 
Common No 


Inflammatory components 
Vascular anomalies 

Mucin 

Fibrin 


Adapted from Hewitt and Cole 2005 [39]. 


central area of degenerate collagen stained with H&E [37,38]. Blue 
granulomas, which show a basophilic centre due to mucin deposi- 
tion and the presence of neutrophils and nuclear dust, are usually 
seen in subcutaneous granuloma annulare. Red granulomas exhibit 
an eosinophilic necrobiotic central area due to fibrin deposition 
and are seen predominantly in rheumatoid nodules (Figure 97.15). 
Necrobiosis lipoidica usually shows a more fibrotic pattern and the 
process always involves the dermis. 


Management 

Often, cutaneous nodules wax and wane with treatment of the 
associated rheumatoid arthritis. Rituximab has proved to be a 
beneficial treatment. Intralesional corticosteroids may be indicated 
in solitary symptomatic lesions. It must be remembered that some 
drugs, including methotrexate and anti-TNF agents, may exacerbate 
the lesions (accelerated rheumatoid nodulosis). 


Necrobiotic xanthogranulo 


Introduction and general description 

Necrobiotic xanthogranuloma is a rare histiocytic disorder that 
causes progressive destruction of the involved cutaneous and 
extracutaneous tissues. It most commonly presents as multiple, 
indurated, yellow-red (Figure 97.16) or violaceous plaques or nod- 
ules, preferentially involving periorbital skin. Paraproteinaemia is 
detected in 82.1% of the patients, most often IgG-x, and a malignant 
condition in 25.1% of the patients, most often multiple myeloma [1]. 
It is described in detail in Chapter 135. 


Pathophysiology 

The pathogenesis of necrobiotic xanthogranuloma is poorly 
understood. One proposed mechanism is that the monoclonal 
paraprotein behaves as a lipoprotein, binding to monocyte lipopro- 
tein receptors to form xanthomas [2]. Intracellular accumulation 
of lipoprotein-derived lipids in skin macrophages may result 
from activation of monocytes [3], with both the paraprotein and 


Subcutaneous septa, often upper and mid 
reticular dermis involvement 

Discrete foci of degenerate collagen with 
mucin deposition (basophilic necrobiotic 


Well-defined palisades of histiocytes 
Tuberculoid and sarcoid reaction uncommon 
Perivascular lymphocytes 


Full thickness of the dermis with extension into 
subcutaneous septa 

Fibrosis and ill-defined areas of collagen 
degeneration (eosinophilic necrobiotic 
granuloma) 

Indistinct, elongated areas of degenerate collagen 

Common 

Interstitial histiocytes, no palisading 

Tuberculoid and sarcoid reaction common 

Capillary wall thickening 

Variable 

Variable 


Figure 97.16 Necrobiotic xanthogranuloma. A plaque with yellowish hue involving the 
scalp. 


immune complexes inducing granuloma formation [4]. It has been 
suggested that the central areas of necrobiosis in lesions of necro- 
biotic xanthogranuloma may be the consequence of ischaemia [5]. 
Another proposed pathogenetic mechanism is that an increase 
in circulating macrophage colony-stimulating factor (M-CSF) lev- 
els activates monocytes and favours the accumulation of large 
amounts of lipid and xanthoma formation [6-8]. The finding of 
Borrelia organisms in six of seven cases of necrobiotic xanthogran- 
uloma using focus-floating microscopy has led some authors to 
propose an infectious aetiology for this process [9]. 


Histopathology 

From the histopathological point of view, necrobiotic xanthogran- 
uloma is not a true panniculitis but a deeper extension of a 
predominantly dermal process (Figure 97.17). The most charac- 
teristic findings consist of a diffuse involvement of the dermis by 
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Figure 97.17 Histopathological features of necrobiotic xanthogranuloma. (a) Scanning 
power showing diffuse involvement of the entire thickness of the dermis and extension 
to subcutaneous tissue. (b) Areas of degenerate collagen with abundant cholesterol 
clefts. 


foamy histiocytes and some Touton-like multinucleated giant cells. 
From the dermis, the infiltrate extends through the connective 
tissue septa of the subcutis and underlying soft tissues. Areas of 
degenerate collagen bundles and cholesterol clefts are often seen 
within the diffuse infiltrate [10,11]. A palisading granuloma of 
epithelioid histiocytes is present, at least focally, around the areas 
of degenerate collagen [12]. Lymphoid aggregates, sometimes 
with germinal centre formation, and numerous plasma cells at 
the periphery are often seen around the deeper areas of collagen 
degeneration [13]. Although there is a diffuse infiltration of the 
dermis and subcutaneous tissue, some cases exhibit a multinodu- 
lar pattern [14]. From the immunohistochemical point of view, 
histiocytes and foamy macrophages express immunoreactivity 
for lysozyme, CD68, CD163 and CD11b [15]. In one case, intense 
histiocytic expression of CD10 was also observed [16]. 
Immunohistochemistry has demonstrated that, although necro- 
biotic xanthogranuloma is frequently associated with parapro- 
teinaemia, the skin lesions represent reactive inflammation because 
the plasma cells present in the cutaneous lesions are polyclonal 
[17]. Vasculitis is not usually seen, although some lesions may 


show leukocytoclasis and thrombosis [14,18]. Transepidermal 
and transfollicular elimination of degenerate collagen and choles- 
terol clefts have also been reported [19]. Reports of granuloma 
annulare with subsequent evolution into necrobiosis lipoidica or 
necrobiotic xanthogranuloma raise the possibility of a general 
granulomatous process accompanying paraproteinaemia [20,21]. 
The coexistence of normolipaemic plane xanthoma and necrobiotic 
xanthogranuloma in the same patient also suggests that these two 
processes represent part of a spectrum of xanthomatous dermal 
reactions associated with paraproteinaemia and that they may be 
more closely related than previously recognised [22]. 


Clinical features 

Differential diagnosis 

The histopathological differential diagnosis of necrobiotic xan- 
thogranuloma includes necrobiosis lipoidica, subcutaneous gran- 
uloma annulare, juvenile xanthogranuloma and deep xanthomas 
[6,12]. Subcutaneous granuloma annulare occurs mainly in children 
and does not tend to ulcerate. Usually, mucin deposits are evi- 
dent at the centre of degenerate collagen; lymphoid follicles and 
cholesterol clefts are absent. Necrobiosis lipoidica may extend to 
subcutaneous tissue and then the differential diagnosis may be 
challenging. However, xanthomatisation, lymphoid follicles and 
cholesterol clefts are less frequently seen than in necrobiotic xan- 
thogranuloma. Juvenile xanthogranuloma and deep xanthomas do 
not show large areas of degenerate collagen as seen in necrobiotic 
xanthogranuloma. 


Management 

Due to the rarity of the condition, there is no consensus regarding 
the optimal treatment. Therapies directed to the associated parapro- 
teinaemia have shown variable response of the cutaneous lesions. 
Melphalan, with or without prednisolone, achieved temporary 
improvement of cutaneous lesions, Intralesional corticosteroids, 
chlorambucil, IFN-a, cyclophosphamide, methotrexate, hydroxy- 
chloroquine, azathioprine, intravenous immunoglobulin and 
thalidomide have been used in isolated cases with variable results. 
More agressive therapies, including radiotherapy and carbon 
dioxide laser, should be considered in individual cases. 


Erythema nodosum — SoM 


Introduction and general description 

Erythema nodosum is the most common panniculitis. The process 
usually shows an acute onset and self-limited course. It is clini- 
cally characterised by the sudden eruption of several red, tender, 
non-ulcerating nodules and plaques, typically located on the shins. 
The condition normally resolves spontaneously without ulceration, 
scarring or atrophy, but recurrent episodes are common. Erythema 
nodosum is a cutaneous reactive process that may be triggered by 
a wide variety of infectious and inflammatory disorders and, less 
commonly, by malignant neoplasms and medications (Table 97.3) 
[1-9,10,11-78,79,80-150]. The most common triggers are bacterial 
infections, sarcoidosis and inflammatory bowel disease. 
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Table 97.3 Aetiological factors in erythema nodosum [1—9, 10, 11—78,79,80-150]. 


Infections Protozoal infections (cont.) Toxoplasmosis [55] 
Bacterial infections Atypical mycobacterial infections [1] Trichomoniasis [56] 
Bartonella henselae [2] Visceral larva migrans [57] 


Borrelia burgdorferi infections [3] 
Boutonneuse fever [4] 
Brucellosis [5] 

Campylobacter infections [6] 
Cat-scratch disease [7] 


Drugs Acetaminophen [58] 
Actinomycin-D [58] 
All-trans retinoic acid [59] 
Aminopyrine [1] 


Chancroid [1] pane [58] 
Chlamydia psittaci infections [8] Amoxici in [10] 
Ampicillin [10] 


Chlamydophila pneumoniae [9] 

Corynebacterium diphtheriae infections [1] 

Escherichia coli infections [10] 

Gonorrhoea [11] 

Klebsiella pneumoniae infections [12] 

Leprosy [13] 

Leptospirosis [14] 

Lymphogranuloma venereum [15] 

Melioidosis [16] 

Meningococcemia [17] 

Moraxella catarrhalis infections [18] 

Mycoplasma pneumoniae infections [19] 

Pasteurella pseudotuberculosis infections [20] . 

Propionibacterium acnés [21] Certolizumab [65] 
/p 


Pseudomona aeruginosa infections [22] Chlordiazepoxide (58] 
Chlorotrianisene [58] 
Q fever [23] 


Rickettsiae [24] Chlorpropamide [58] 
Ciprofloxacin [58] 
Clomiphene [58] 
Codeine [58] 


Antimony [1] 
Arsphenamine [11] 
Azathioprine [58] 
BRAF inhibitors [60] 
Bromides [61] 
Busulfan [58] 
Cabergoline [62] 
Capecitabine [63] 
Carbamazepine [58] 
Carbenicillin [58] 
Carbimazole [64] 
Cefdinir [58] 


Salmonella infections [25] 
Shigella infections [26] 
Staphylococcus xylosus [27] 


Streptococcal infections [28] Cotrimoxazole [58] i 
syphilis [29] D-penicillamine [66] a 
yp ; ome 
Tuberculosis [30] Dabrafenib and trametinib [67] U » 
Tularaemia [31] Dapsone [58] =— 
Yersinia infections [32] Diclofenac [58] rei) 
Dicloxacillin [58] U A 
Viral infections Covid-19 infection [33] Diethylstilbestrol [58] a = 
Cytomegalovirus [34] Disopyramide [58] nw 
Epstein-Barr virus infection after living-donor liver Echinacea herbal therapy [68] a=W) 
transplantation [35] Enoxacin [58] Ld > 
Hepatitis B [36] Erythromycin [10] re ° 
Hepatitis C [37] Etanercept [69] =< 2 
Herpes simplex [1] Everolimus [70] [-3 t 
HIV infection [38] Fluoxetine [58] = 
Infectious mononucleosis [39] Furosemide [58] =) 
Measles [40] Glatiramer acetate [71] U 
Orf [41] Glucagon [58] 
Parvovirus B19 [42] Gold salts [72] 
Varicella [43] Granulocyte colony-stimulating factor [73] 


Hepatitis B vaccine [74] 
HPV vaccine [75] 
Hydralazine [58] 


Fungal infections Aspergillosis [44] 
Blastomycosis [45] 
Coccidioidomycosis [46] 


Ibuprofen [58] 
Dertniataphy tes yl Imatinib mesylate [76] 
HiStePlEsMmG>I 15 Indomethacin [58] 
Sporotrichosis [49] infliximab [77] 
Protozoal infections Amoebiasis [50] Interleukin-2 [78] 
Ascariasis [51] lodides [58] 
Giardiasis [52] Ipilimumab [79] 
Hookworm infestation [1] Isotretinoin [80] 
Hydatidosis [53] Leukotriene modifying agents (zileuton and 
Sparganum larva [54] rafirlukast) [81] 


(continued) 
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Table 97.3 (continued) 


Drugs (cont.) Levofloxacin [58] 
Lidocaine [82] 


ethimazo 


ezlozillin 


eclofenamate [58] 
Medroxyprogesterone [58] 
eprobamate [58] 
esalamine [58] 

ethicillin [ 


58] 
le [58] 


ethyldopa [58] 


58] 


Minocycline [83] 


Naproxen 
Nifedipine [ 


58] 
58] 


Nitrofurantoin [1] 


Nivolumab 


84] 


Norethindrone acetate, ethinyl estradiol and ferrous 
fumarato combination therapy [85] 


Oestrogens 


[58] 


Ofloxacin [58] 

Olaparib [86] 
Omeprazole [87] 

Oral contraceptives [88] 
Oxacillin [58] 


Phenytoin 


Progestins 
Propylthio 
Pyritinol [11 
Rabies vacc 


Paroxetine [58] 
Penicillin [58] 
Phenylbutazone [58] 


[58] 


Piperacillin [58] 


[58] 
uracil [89] 
] 

ine [90] 


Serotonin reuptake inhibitors [91] 
Sparfloxacin [58] 

Streptomycin [58] 
Sulfamethoxazole [58] 
Sulfasalazine [58] 


Sulfisoxazol 


e [58] 


Sulfonamides [92] 
Thalidomide [93] 
Ticarcillin [58] 
Trimethoprim [94] 
Typhoid vaccination [95] 
Valproate [96] 


Vedolizuma 


b [97] 


Verapamil [58] 


Malignant diseases Adenocarcinoma of the colon [98] 


Carcinoid tumour [99 


Carcinoma 


of the uterine cervix [100] 


Hepatocellular carcinoma [101] 


Hodgkin disease [102 


Leukaemia 


The most well-documented associations are shown in bo! 


HIV, human immunodeficiency virus; HPV, hu 


[103] 


d. 
man papillomavirus; IgA, immunoglobulin A. 


Malignant diseases (cont.) 


Miscellaneous diseases 


Lung cancer [104] 

Myelodysplastic syndrome [105] 
Non-Hodgkin lymphoma [106] 

Pancreatic carcinoma [107] 

Parathyroid carcinoma [108] 
Post-radiotherapy for pelvic carcinoma [109] 
Renal carcinoma [78] 

Sarcoma [11] 

Stomach cancer [10] 


Acne fulminans [110] 

Acupuncture therapy and flu-like infection [111] 

Adult-onset Still disease [112] 

Ankylosing spondylitis [113] 

Antiphospholipid antibody syndrome [114] 

Autoimmune atrophic gastritis [115] 

Behcet disease [116] 

Breast abscesses [117] 

Chronic active hepatitis [118] 

Coeliac disease [119] 

Colon diverticulosis [120] 

Crohn disease [121] 

Cryopyrin-associated periodic syndrome [122] 

Diverticulitis [120] 

Eosinophilic oesophagitis [123] 

Exercise [124] 

GATA-2 deficiency [125] 

Granulomatosis with polyangiitis [150] 

Granulomatous mastitis [126] 

IgA nephropathy [127,128] 

Immune-mediated necrotising myopathy [129] 

Intestinal bypass syndrome [130] 

Jellyfish sting [131] 

Kawasaki disease [132] 

Large-vessel giant cell arteritis [133] 

Lupus erythematosus [134] 

Polyarteritis nodosa [135] 

Pregnancy [136] 

Primary biliary cirrhosis [137] 

Radiotherapy [138] 

Reactive arthritis [140] 

Relapsing polychondritis [139] 

Rheumatoid arthritis [141] 

Sarcoidosis [142] 

Sjogren syndrome [143] 

Smoke inhalation in a house fire [144] 

Sweet syndrome [145] 

Systemic lupus erythematosus-like syndrome due 
to C4 deficiency [146] 

Takayasu arteritis [147] 

Ulcerative colitis [148] 

Vogt-Koyanagi disease [143] 

Whipple disease [149] 
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Epidemiology 

Incidence and prevalence 

The population prevalence of erythema nodosum in a semirural 
area of England over a 2-year period was 2.4 cases per 1000 pop- 
ulation per year [151]. Erythema nodosum accounted for about 
0.5% of new cases seen in departments of dermatology in England 
[109] and about 0.38% of all patients seen in a department of 
internal medicine in Spain [152]. The average annual incidence of 
biopsy-proven erythema nodosum in persons aged 14 years or more 
at a hospital in northwestern Spain was 52 cases per million popula- 
tion served [10], although this almost certainly underestimated the 
real incidence of the disease, because only biopsy-confirmed cases 
were included. Most cases of erythema nodosum occur within the 
first half of the year [10], probably due to the increased frequency 
of streptococcal infections in this period; there is no difference 
in incidence between urban and rural areas [153]. Familial cases 
are usually attributable to infection; simultaneous occurrence in 
monozygotic twin sisters has been reported [154]. 


Age 

Erythema nodosum may occur at any age, but most cases appear 
between the second and fourth decades of life, with the peak 
between 20 and 30 years of age, probably due to the high incidence 
of sarcoidosis at this age [155]. Racial and geographical variations 
in incidence may be explained by differences in the prevalence of 
aetiological factors. 


Sex 

Several studies have demonstrated that erythema nodosum occurs 
three to six times more frequently in women than in men [156], 
although the incidence before puberty is approximately equal in 
both genders [157]. 


Associated diseases 

Concomitant presentation of Sweet syndrome and erythema 
nodosum has been repeatedly reported in the literature [12,158-169]. 
The simultaneous occurrence of these two reactive processes has 
been associated with sarcoidosis [159], throat infection [159,160], 
acute myelogenous leukaemia [161,162] and Crohn disease [162]. 
The association has been described in up to 15-30% of the patients 
in some series of biopsy-proven erythema nodosum [163-166], 
which suggests a common underlying pathogenetic mechanism for 
both processes [163,169]. 


Pathophysiology 

There are numerous recognised triggers of erythema nodosum 
(Table 97.3). Aetiological factors show considerable geographical 
variation related to specific endemic infections. In Europe, strep- 
tococcal infections, sarcoidosis and inflammatory bowel disease 
are important causes. In a significant percentage of cases (ranging 
between 37% and 60% in reported series), the aetiology of erythema 
nodosum cannot be determined despite extensive clinical and 
laboratory investigation [10,43,157,170-173]. 

A previous episode of upper respiratory infection by group 
A B-haemolytic Streptococcus is a frequent cause for erythema 
nodosum in children and young adults. Erythematous subcuta- 
neous nodules usually develop 2-3 weeks after the throat infection 


and are accompanied by an elevation of the antistreptolysin O 
(ASO) titre; by the time cutaneous lesions appear, the cultures 
from throat swabs usually fail to detect microorganisms [10,28]. 
Tuberculosis is a common cause of erythema nodosum in areas of 
high endemicity. This used to apply to many parts of Europe but 
no longer does so [10,170,174]. Erythema nodosum, when triggered 
by tuberculosis, presents mainly in children at the time of primary 
pulmonary infection and concomitant with the conversion of the 
tuberculin test [28]. 

Many medications have been implicated as the cause of ery- 
thema nodosum, although their real pathogenetic role is difficult to 
establish with confidence. Historically, sulfonamides, bromides and 
oral contraceptive pills have been the most commonly associated 
medications but a large number of drugs have been reported as 
triggers (Table 97.3). Oral contraceptive pills have become a rare 
cause since their oestrogen content was greatly reduced. Where 
erythema nodosum has arisen in patients receiving antibiotics for 
infections it is difficult to discern whether the cutaneous reaction is 
due to the antibiotic or the infectious process. 

Sarcoidosis is one of the commonest disorders associated with 
erythema nodosum in adults [170]. Hilar adenopathy, arthritis 
around the ankles and erythema nodosum is characteristic of 
Lofgren syndrome [175]. However, erythema nodosum and bilat- 
eral hilar adenopathy do not occur exclusively in sarcoidosis but 
may also be seen in lymphomas, tuberculosis, streptococcal infec- 
tions, coccidioidomycosis, histoplasmosis and acute infections by 
Chlamydophila pneumoniae [176,177]. 

In adults, erythema nodosum is often associated with a flare of 
inflammatory bowel disease, although the cutaneous eruption may 
sometimes precede the bowel disease. Crohn disease [121] is more 
frequently associated than ulcerative colitis [148]. 

The large list of very disparate processes that may be associated 
with erythema nodosum indicates that this disorder is a cutaneous 
reactive process and that the skin has a limited response capacity to 
very different triggers. Most probably, erythema nodosum results 
from immune complex deposition in and around veins of the 
connective tissue septa of the subcutis. In support of this hypoth- 
esis is the demonstration of circulating immune complexes [178], 
complement activation [179,180] and deposits of immunoglobu- 
lins in the blood vessels walls of the septa of subcutaneous fat 
in patients with erythema nodosum [181,182]. Some investiga- 
tors have, however, failed to demonstrate circulating immune 
complexes in erythema nodosum patients and a type IV delayed 
hypersensitivity reaction has been proposed as a possible patho- 
genetic mechanism [183]. 

Early lesions of erythema nodosum show a predominantly neu- 
trophilic infiltrate. Recent investigations have demonstrated that 
patients with erythema nodosum have a fourfold higher percentage 
of reactive oxygen intermediates (ROIs) produced by activated 
neutrophils in their peripheral blood compared with healthy vol- 
unteers. The percentage of ROI-producing cells correlates with the 
clinical severity of erythema nodosum and ROIs may play their 
pathogenic role by oxidative tissue damage and by promoting 
tissue inflammation [184]. 

Patients with sarcoidosis-associated erythema nodosum secrete 
an uncommon TNF-a II due to a nucleotide exchange (G-A) at 
position -308 in the human TNF-« gene promoter, whereas patients 
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with erythema nodosum without underlying sarcoidosis do not 
have this genomic anomaly [185]. Conversely, polymorphism of 
the macrophage MIF gene at position -173 has been associated with 
a significantly increased risk of developing sarcoidosis in patients 
with erythema nodosum [186]. These investigations support the 
hypothesis that sarcoidosis-associated erythema nodosum might be 
pathogenically linked to altered TNF-a or MIF production due to a 
genetic promoter polymorphism. 

Other investigators have found that the pro-inflammatory 
cytokine pattern, both in infectious and non-infectious disease 
related erythema nodosum, is characterised by raised IL-6 serum 
concentrations [146]. High expression of Th1 cytokines (IL-2 and 
IFN-y) has also been demonstrated in most skin lesions and in the 
peripheral blood of patients with erythema nodosum, whereas this 
cytokine gene expression pattern was absent or only minimally 
present in the skin and peripheral blood of control subjects. These 
results directly demonstrate that a polarised Th1 immune response 
occurs in the skin lesions of erythema nodosum patients regardless 
of the wide variety of provoking agents [187]. 

Recently, it has been demonstrated that adipocytes play an impor- 
tant role in activating inflammatory systems and adaptive immune 
systems, destroying pathogens throughout the secretion of multiple 
adipokines and adipocytokines [188]. This immunological role 
may explain why both coccidioidomycosis [189] and sarcoidosis 
appear to be less severe and of shorter duration in those patients 
who develop erythema nodosum, especially if they are carriers of 
the HLA-DRB1*03-positive leukocyte antigen [190]. 


Histopathology 

Histopathologically, erythema nodosum is the prototype of a pre- 
dominantly septal panniculitis without vasculitis. The connective 
tissue septa of the subcutis appear thickened and oedematous and 
are infiltrated by inflammatory cells that involve mainly the inter- 
face between the septa and the fat lobule. Usually, a mild, superficial 
and deep perivascular inflammatory infiltrate composed predomi- 
nantly of lymphocytes is also present in the overlying dermis. 

As with other panniculitides, erythema nodosum is a dynamic 
process and the composition of the inflammatory cells involving 
the septa varies with the stage of the condition. Early lesions of less 
than 48 h duration show oedema and haemorrhage at the septa 
and numerous neutrophils arranged interstitially between collagen 
bundles (Figure 97.18) [172]. In some early lesions most cells are 
represented by ‘histiocytoid’ cells, which in fact are immature neu- 
trophils similar to those observed in histiocytoid Sweet syndrome. 
Sometimes, if these early lesions show extension of the infiltrate to 
the periphery of the fat lobule surrounding individual adipocytes 
in a lace-like fashion, the process may be misinterpreted as a pre- 
dominantly lobular panniculitis. However, in contrast with a true 
lobular panniculitis, necrosis of the adipocytes at the centre of the 
fat lobule is never seen in erythema nodosum. In rare instances, 
eosinophils may be numerous in early lesions: this finding does not, 
however, correlate with any specific aetiological factor [191]. 

A histopathological hallmark of erythema nodosum is the pres- 
ence of so-called Miescher radial granulomas [192,193,194], that 
consist of small, well-defined nodular aggregates of small his- 
tiocytoid cells around a central stellate or banana-shaped cleft 
(Figure 97.19). The nature of the central cleft is unknown and, 


Figure 97.18 Histopathological features of an early lesion of erythema nodosum. (a) 

Scanning power showing a mostly septal panniculitis with thickened connective tissue 
septa of the subcutis. (b) The infiltrate at the septa is mostly composed of neutrophils 
interstitially arranged between collagen bundles. 


although some authors have considered them to be lymphatic 
spaces, immunohistochemical and ultrastructural studies have 
failed to demonstrate any endothelial cell lining. In early lesions, 
these granulomas are scattered in the septa and are surrounded by 
neutrophils. In older nodules, histiocytic cells group to form multi- 
nucleated giant cells, many of which still retain in their cytoplasm 
the stellate central cleft as found in Miescher radial granulomas. 
Sometimes Miescher radial granulomas are conspicuous in the 
septa. Occasionally, however, serial sections are required to identify 
them: if carefully sought, they can be found in almost all stages 
of erythema nodosum lesions and such a search should always 
be undertaken to establish a specific diagnosis [194]. However, 
some authors consider that similar granulomas may be found in 
subcutaneous Sweet syndrome, erythema induratum of Bazin, 
Behcet disease and necrobiosis lipoidica [200]. Recent immunohis- 
tochemical studies have demonstrated that the cells around the 
central clefts of Miescher radial granulomas express MPO [195] in 
a similar way to those of the small, elongated, twisted-appearing 


Figure 97.19 Histopathological features of a fully developed lesion of erythema nodosum. (a) Scanning power showing thickened septa of the subcutaneous tissue. (b) Higher 
magnification shows the characteristic features of Miescher radial granuloma: aggregations of small histiocytes around a central cleft. 


(a) 


Figure 97.20 Histopathological features of a late-stage lesion of erythema nodosum. (a) Scanning power showing a mostly septal panniculitis. (b) Numerous multinucleated giant cells 


are present in the infiltrate at the septa. 


mononuclear cells of the infiltrate in so-called histiocytoid Sweet 
syndrome [196,197]. These findings demonstrate that the mononu- 
clear cells that make up Miescher radial granuloma, and those seen 
in the so-called histiocytoid Sweet syndrome, are actually immature 
myeloid cells, providing a link between erythema nodosum and 
Sweet syndrome, two conditions in which neutrophils participate. 


Late-stage lesions of erythema nodosum show septal fibrosis and 
periseptal granulation tissue, partially replacing the fat lobules, 
with an infiltrate composed of lymphocytes, histiocytes and multi- 
nucleated giant cells (Figures 97.20 and 97.21). Despite this fibrotic 
process involving the septa, it is striking that erythema nodosum 
resolves completely after some weeks or months. 
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Figure 97.21 Histopathological findings of a very late-stage lesion of erythema 
nodosum. (a) Scanning power showing very thick connective tissue septa at the 
subcutis. (b) The infiltrate at the interface shows features of granulation tissue. 


Vasculitis is not normally seen at any stage in the course of ery- 
thema nodosum, although in rare cases a necrotising small-vessel 
vasculitis with fibrinoid necrosis of the small vessels in the septa 
has been described [198]. In a detailed histopathological study of 
a series of 79 cases of erythema nodosum, true leukocytoclastic 
vasculitis was not found [194]. The cases described as erythema 
nodosum with lobular neutrophilic panniculitis and vasculitis 
involving medium-size arteries are better interpreted as examples 
of STP because the involved vessels were medium-size veins 
rather than arteries [199]. Ultrastructural studies have also failed 
to demonstrate true vasculitis in lesions of erythema nodosum 


[200,201]. Lipomembranous or membranocystic panniculitis [202] 
and encapsulated fat necrosis (‘mobile encapsulated lipoma’) [203] 
may be seen in late-stage lesions of erythema nodosum. 


Clinical features 

Presentation 

Clinically, the eruption is quite characteristic and consists of a 
sudden onset of symmetrical, bilateral, tender, red, warm nodules 
and raised plaques usually involving the shins (Figure 97.22), 
ankles and knees. The nodules range from 1 to 5 cm or more in 
diameter and may become confluent resulting in red plaques. Occa- 
sionally, lesions of erythema nodosum may appear in other areas, 
including the thighs, extensor aspects of the arms, neck and even the 
face. Early lesions show a bright red colour and are raised slightly 
above the skin. After a few days, they become flat, with a livid red or 
purplish colour. Finally, they show a yellow or greenish appearance, 
often taking on the look of a deep bruise, and for that reason the 
process was classically named ‘erythema contusiformis’. Nodules 
of erythema nodosum never ulcerate and the lesions regress with- 
out atrophy or scarring. Often, acute bouts of erythema nodosum 
are associated with a fever of 38-39°C, fatigue, malaise, arthralgia, 
headache, abdominal pain, vomiting, cough or diarrhoea. Episcleral 
lesions and phlyctenular conjunctivitis may also accompany the 
cutaneous lesions. Rare clinical manifestations associated with 
erythema nodosum include lymphadenopathy, hepatomegaly, 
splenomegaly and pleuritis [171]. The eruption persists for 3-6 
weeks and regresses leaving no residual marks. Recurrences are 


Figure 97.22 Characteristic eruption of erythema nodosum with lesions in different 
stages of evolution involving the anterior aspect of the legs of an adult woman. Some 
early lesions consist of bilateral red nodules and plaques, whereas later stage lesions 
show a bruise-like appearance. 
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common. Duration of erythema nodosum in children is shorter than 
in adults and arthralgias and fever are less frequent in paediatric 
cases [204-206]. 


Clinical variants 

The processes described under the names of erythema nodosum 
migrans [207-210], subacute nodular migratory panniculitis of 
Vilanova and Pinol [211,212] and chronic erythema nodosum [174] 
are now all thought to be expressions of different stages of the evo- 
lution of erythema nodosum rather than separate entities [213]. In 
children, there is a rare variant of erythema nodosum characterised 
by unilateral red nodules involving the palms or soles that appear 
after physical activity [214-217]. Histopathological study of these 
palmoplantar lesions shows features of classic erythema nodosum. 


Differential diagnosis 

Besides authentic erythema nodosum, patients with Behcet disease 
may present with eruptions that clinically resemble erythema 
nodosum [116]. However, histopathological study demonstrates 
that these are not erythema nodosum but show a predominantly 
lobular panniculitis with leukocytoclastic or lymphocytic vasculitis 
[218,219]. Furthermore, the frequency of thrombophlebitis is higher 
in the erythema nodosum-like lesions of patients with Behcet 
disease compared with individuals with idiopathic erythema 
nodosum. 


Investigations 
To identify the responsible aetiological factor in a patient with 
erythema nodosum, a rational, cost-effective diagnostic approach 
should be initiated. A complete clinical history should include 
enquiry about previous diseases, medications, foreign travels, 
pets and hobbies, and possible familial cases. Initial laboratory 
investigations should include complete blood count, erythrocyte 
sedimentation rate, ASO titre, urinalysis, throat culture, intradermal 
tuberculin test and/or chest X-ray. When the aetiology is unclear, 
serological tests for those bacterial, viral, fungal or protozoal infec- 
tions most prevalent in the area should be undertaken. The results 
of the tuberculin test should be evaluated in the context of the 
local prevalence of tuberculosis: where tuberculosis is endemic, a 
significant percentage of healthy adults show positive results for 
the tuberculin test. A stronger relationship with tuberculosis may 
be established using an IFN-y release assay. 

When the clinical and laboratory findings are characteristic, a 
tentative diagnosis of erythema nodosum may be established, but 
diagnostic confirmation requires biopsy. 


Management 

Most cases of erythema nodosum regress spontaneously in 3-4 
weeks, but relapses are common. Recurrent episodes of erythema 
nodosum are more frequent in patients with idiopathic erythema 
nodosum and erythema nodosum associated with streptococcal 
upper respiratory tract infections. Complications are uncommon, 
although cases of retrobulbar optic nerve neuritis during the acute 
episode of erythema nodosum [220] and erythema nodosum coex- 
isting with erythema multiforme, lichen planus and concomitant 
reactivation of hepatitis C viral replication [221] have each been 
described. 


Treatment primarily includes identification and management 
of the underlying cause, especially if infectious. Usually, nodules 
of erythema nodosum regress spontaneously within a few weeks: 
limiting physical exercise and bed rest should be recommended. 
Aspirin, as well as several other NSAIDs, such as indometacin 
100-150 mg daily [222] or naproxen 500 mg daily [223], are helpful 
for pain and for hastening resolution. NSAIDs are contraindicated 
in patients with inflammatory bowel disease. 

In more persistent cases, potassium iodide 400-900 mg daily or 
a saturated solution of potassium iodide, 2-10 drops in water or 
orange juice three times per day, may be administered [224-226]. 
The mechanism of action of potassium iodide in erythema nodosum 
is unknown, but it probably induces mast cells to release heparin, 
which suppresses delayed hypersensitivity reactions. The reported 
response in some patients with erythema nodosum to heparinoid 
ointment under occlusion also supports this mechanism of action 
[227]. In addition, potassium iodide inhibits neutrophil chemotaxis 
[228]. It should be remembered that potassium iodide is contraindi- 
cated during pregnancy because it may induce goitre in the fetus. 
Severe hypothyroidism secondary to exogenous intake of iodide 
has also been described in patients with erythema nodosum treated 
with potassium iodide [229]. 

Systemic corticosteroids are not usually indicated in erythema 
nodosum and they should not be commenced unless an infectious 
aetiology has been excluded. When administered, prednisolone in 
a dosage of 40 mg/day is followed by resolution of the nodules in 
a few days. Intralesional injection of triamcinolone acetonide at a 
concentration of 10 mg/mL into the centre of the nodules may also 
be helpful in solitary persistent lesions. 

Some patients have responded to a course of colchicine, 0.6-1.2 mg 
twice a day [230,231], and to hydroxychloroquine in a dosage of 
200 mg twice a day [232]. 

Recently, cases of erythema nodosum have responded to treat- 
ment with anti-TNF biological agents including etanercept [233], 
adalimumab [234] and infliximab in patients treated with these 
drugs for inflammatory bowel disease [235]. Paradoxically, how- 
ever, etanercept [69] and infliximab [77] have been reported to 
produce erythema nodosum as a cutaneous side effect. 


Erythema nodosum leprosum —/7Z7 


Definition 

Erythema nodosum leprosum is a type II leprosy reaction that is 
characterised by a necrotising vasculitis involving small- to 
medium-size vessels of the deep dermis and subcutis. It is pro- 
voked by an immune complex-mediated response to the release 
of mycobacterial antigens from effete bacilli in patients with 
multibacillary leprosy (lepromatous and borderline lepromatous), 
usually after initiation of treatment (Figure 97.23). Leprosy reactions 
are described in detail in Chapter 28. 


Introduction and general description 

Type II reactions are due to the formation and deposit of immune 
complexes in association with excessive humoral reaction: the 
tissue expression of cytokines is mostly of IL-4 and IL-10. Erythema 
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Figure 97.23 Clinical features of erythema nodosum leprosum. Acute onset of 
erythematous nodules involving the left upper extremity in a patient with lepromatous 
leprosy. 


nodosum leprosum occurs only in patients with lepromatous 
or borderline lepromatous leprosy and usually occurs during 
treatment. It represents an immune complex-mediated vasculitis 
secondary to the deposition of large amounts of mycobacterial 
antigen, immunoglobulins and complement in the vessel walls [1]. 
During this type of reaction, patients show an increased CD4/CD8 
ratio due to an increase in T-helper and a decrease in T-suppressor 
lymphocytes, accompanied by a specific increase in Th2 lym- 
phocytes, which induce plasma cell proliferation and release of 
immunoglobulins [2,3]. In addition, these patients show a tem- 
porary recovery of Langerhans cell antigen-presenting function 
[4], which is directly proportional to the severity of the leprosy 
reaction [5,6]. 

The term ‘erythema nodosum leprosum’ is inadequate because 
it may easily be confused with true erythema nodosum, the proto- 
type of septal panniculitis without vasculitis. Erythema nodosum 
leprosum is a predominantly lobular panniculitis with vasculitis 
involving the large vessels of the subcutis [7,8]. 


Pathophysiology 

Histopathology 

Histopathological findings in erythema nodosum leprosum vary 
according to the age of the lesions. Early nodules show oedema of 
the papillary dermis and a neutrophilic infiltrate with necrotising 
vasculitis. Although the process is mostly centred in the dermis, 
it may occasionally extend to subcutaneous tissue, appearing as 
a predominantly lobular panniculitis with vasculitis involving 
vessels of the subcutis (Figure 97.24). Later stage lesions exhibit 
a lymphohistiocytic infiltrate in which foamy macrophages with 
numerous mycobacteria are seen within the fat lobule [7-9]. 

Lucio phenomenon is an uncommon variant of type II leprosy 
reaction with a unique clinical morphology [8,10-12]. It occurs 
almost exclusively in Mexican and Central American patients 
with untreated, diffusely infiltrated, non-nodular lepromatous 
leprosy and is characterised by multiple haemorrhagic necrotic skin 
infarcts. It does not result in panniculitis and subcutaneous tissue is 


not usually involved. Histologically, there is a necrotising vasculitis 
involving the superficial and mid dermis [8,12]. 


Management 
Erythema nodosum leprosum is difficult to treat. It often requires 
systemic therapy with high-dose corticosteroids (80 mg/day, 
(tapered down rapidly) or thalidomide (400 mg/day). Improve- 
ment has been also described in some patients with clofazimine 
(300 mg/day). 


Erythema induratum of 


Synonyms and inclusions 


¢ Nodular vasculitis 
e Bazin disease 
e Erythema induratum of Whitfield 


Introduction and general description 

Erythema induratum is a chronic, recurrent, reactive disorder char- 
acterised by subcutaneous nodules located preferentially on the 
posterior aspects of the lower legs of adult women. The nodules 
commonly develop after exposure to cold and may break down 
to form irregular ulcers (Figure 97.25). Its clinical features are 
discussed in greater detail in Chapter 27. 

Erythema induratum has historically been regarded as a tuber- 
culid linked to the presence of a distant focus of tuberculosis and, 
when this is the case, the condition has been referred to as erythema 
induratum of Bazin. Mycobacterium tuberculosis is not implicated in 
all cases, however, and the terms erythema induratum of Whitfield 
and nodular vasculitis have both been used to differentiate such 
cases from those linked to tuberculosis [1-9]. Whether it makes 
sense to maintain different terms for what is essentially an iden- 
tical reactive process is open to question. Although there are still 
authors who regard erythema induratum of Bazin and nodular 
vasculitis as separate entities [10,11], no significant clinicopatho- 
logical differences have been consistently demonstrated between 
cases related to tuberculosis and those which are not. In recent 
years, most authors thus consider erythema induratum of Bazin 
and nodular vasculitis to be a single reactive process that may be 
provoked by a number of different mechanisms, one of which is 
active tuberculosis [12]. Box 97.2 shows other suspected aetiological 
associations that have been reported [13-24,25,26-29]. 


Pathophysiology 

Histopathology 

As in other panniculitides, the histopathological findings in the 
lesional skin of erythema induratum vary with the age of the 
lesions. It is the prototype of a predominantly lobular panniculitis 
with vasculitis, but the histopathological picture and the compo- 
sition of the infiltrate in the fat lobule greatly depend on the stage 
at which the biopsy was taken [10,30-32]. In early stages, the fat 
lobules are punctuated throughout by discrete collections of inflam- 
matory cells, mostly neutrophils. There may be extensive necrosis 


(a) 


(c) 


(d) 


Figure 97.24 Histopathological features of erythema nodosum leprosum. (a) Scanning power showing dense nodular infiltrates in the dermis and a mostly lobular panniculitis. 
(b) Some of the small capillaries of the fat lobule show fibrin deposits and neutrophils involving their vessel walls. (c) A section of the same case stained with Ziehl-Neelsen stain. 
(d) Higher magnification of numerous microorganisms of Mycobacterium leprae within the cytoplasmic vacuoles of the histiocytes. 


of the adipocytes of the fat lobule (Figure 97.26). These necrotic 
adipocytes elicit a response from histiocytes, which phagocytose 
lipid and become lipophages. In fully developed lesions, epithelioid 
and foamy histiocytes, Langhans type or foreign-body multinucle- 
ated giant cells and lymphocytes contribute to the granulomatous 
appearance of the inflammatory infiltrate (Figure 97.27). When 
intense vascular damage occurs, large areas of caseous necrosis 


appear and the lesions show all the histopathological attributes 
of a tuberculoid granuloma. However, stains for acid-fast bacilli, 
such as Ziehl—Neelsen or Fite, and immunohistochemical stains 
for mycobacteria are negative. Caseous necrosis may extend to 
the overlying dermis and secondarily involve the epidermis with 
ulceration and discharge of liquefied necrotic fat. Previously, the 
presence of tuberculoid granulomas around the eccrine coils was 


Panniculitis 97.27 


SPECIFIC 


V—) 
Lu 
ce 
=) 
= 
U 
=) 
ce 
= 
a) 
6S 
= 
eo 
<2 
ag 
= 
=) 
U 


SPECIFIC 


Vv) 
ud 
ce 
=) 
= 
U 
=) 
ce 
= 
a) 
6S 
= 
Eo 
Od 
= 
=) 
U 


Chapter 


(a) 
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Figure 97.25 Clinical features of erythema induratum. (a) Erythematous nodules and plaques on the posterior aspect of the legs of an adult woman. (b) Some of the lesions are 


ulcerated. 


Box 97.2 Aetiological associations of erythema 
induratum other than tuberculosis 


¢ Chronic hepatitis C [13-15] 

° Ulcerative colitis [16] 

e Brucellosis [17] 

e Paraneoplastic process [18] 

¢ Nocardia infections [19] 

¢ Propylthiouracil [20] 

¢ Systemic lupus erythematosus [21] 

e Pneumonia due to Chlamydophila pneumoniae [22] 
° Bacille Calmette—Guérin (BCG) vaccination [23] 
e Aortic valve stenosis [24] 

¢ Hepatitis B [25] 

¢ Crohn disease [25] 

e¢ Leukaemia [25] 

e Rheumatoid arthritis [25] 

¢ Hypothyroidism [25] 

° Cold weather [25] 

¢ Chronic venous insufficiency [25] 

¢ Tumor necrosis factor antagonist therapy [26] 
¢ Takayasu arteritis [27] 

e Lung adenocarcinoma [28] 

¢ Cobimetinib and vemurafenib therapy [29] 


regarded as suggestive of a tuberculous aetiology [33], but these 
findings may also be seen in non-tuberculous cases. 

In the literature, considerable controversy persists about whether 
or not vasculitis is a required histopathological criterion for estab- 
lishing a diagnosis of erythema induratum. Furthermore, there is no 
agreement about the nature of the vessels involved in the vasculi- 
tis, because some authors have failed to report their nature or size 
[34], and even when the nature of the involved vessel was specifi- 
cally stated there has been disagreement as to whether it is arteries 
[35,36], veins [37,38] or both [39-43] that are affected. In a recent large 
study of 101 skin biopsies from 86 patients with a clinicopathological 


Figure 97.26 Histopathological features of an early lesion of erythema induratum. 
(a) Scanning power showing a mostly lobular panniculitis. (b) Higher magnification 
showing necrotic adipocytes without nuclei and luminal thrombosis of a small blood 
vessel. 
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Although vasculitis can be demonstrated in the majority of 
cases, there are some cases with all the other clinicopathologi- 
cal attributes of erythema induratum where vasculitis cannot be 
demonstrated despite a careful search. Therefore its presence should 
not be considered as an essential criterion for its histopathological 
diagnosis [25]. 


Clinical features 

Presentation 

From soon after its original description, the relationship between 
erythema induratum and M. tuberculosis has been a controversial 
issue, because mycobacteria cannot be cultured from the cutaneous 
lesions. Thus, evidence for the aetiological role of M. tuberculosis 
in erythema induratum has had to be established indirectly from 
a range of clinical and epidemiological data, including the strong 
hypersensitivity reaction to tuberculin [25], the presence of con- 
comitant active distant (usually pulmonary) tuberculous infection 
[30,44], the occasional coexistence in the same patient of erythema 
induratum and another tuberculid [45,46], the frequent personal or 
family history of tuberculosis [47,48] and the favourable response 
to antituberculous chemotherapy [49]. It has been suggested that 
adipose tissue might constitute a reservoir where the M. tuberculosis 
bacillus could persist for long periods of time and avoid both killing 
by antimicrobials and recognition by the host immune system [50]. 
It has, however, never been possible to isolate M. tuberculosis 
from lesions of erythema induratum [51]. 

Several recent polymerase chain reaction (PCR) studies have 
demonstrated the presence of M. tuberculosis DNA in cutaneous 
lesions of erythema induratum, with frequencies ranging from 25% 
to 77% of cases, supporting the pathogenic role of M. tuberculosis 
[52-56]. However, in a Spanish study of patients from a region 
with a high prevalence of tuberculosis, M. tuberculosis DNA was 
detected by PCR in only 14% of cases of erythema induratum [57]. 
Other investigators have failed to demonstrate the presence of DNA 
Es ' 3 —— oe | from M. tuberculosis or from any other Mycobacterium in lesions of 
(b) . ; : : erythema induratum [58], supporting the contention that there are 
Figure 97.27 Histopathological features of a fully developed lesion of erythema likely to be other triggers than tuberculosis. 
induratum. (a) Scanning power showing a mostly lobular panniculitis. (b) Small It has been suggested that erythema induratum results from an 
granulomas involving the fat lobule. immune complex-mediated vasculitis [10], but most authors believe 

that the disorder results from a type IV cell-mediated response to 
diagnosis of erythema induratum, vasculitis was, however, present 2" antigenic stimulus [59]. Supporting a delayed hypersensitivity 
in 90% of cases (Box 97.3) [25]. reaction is the presence of an abundant number of S-100-positive 
dendritic cells within the granulomatous infiltrate, which are prob- 
ably presenting antigens to T cells [60,61]. The presence in the 
Box 97.3 Vascular involvement in erythema lesional skin of M. tuberculosis DNA but not viable tuberculous 
induratum bacilli suggests that erythema induratum is a hypersensitivity 
reaction to fragments of tuberculous bacilli. 


— 
— 
U 
re 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


e Small venules of the fat lobule (46.5% of cases) 


¢ Both large veins of the connective tissue septa and small venules of Management 
the fat lobule (12.8% of cases) In those cases in which positive QuantiFERON-TB Gold in Tube® 
* Only large veins of the connective tissue septa (11.8% of cases) (QFT-GIT) or PCR studies have demonstrated the presence of 
¢ Large veins and arteries of the connective tissue septa and small M. tuberculosis DNA in cutaneous lesions of erythema induratum, 
venules of the fat lobule (9.9% of cases) full specific antituberculous therapy should be given according 
* Large veins and arteries of the connective tissue septa (8.9% of cases) to current recommended guidelines for systemic tuberculosis. No 
* No evidence of vasculitis (9.9% of cases) monotherapy should be administered as has been recommended 


in the past because drug resistance is likely to develop. In patients 
Adapted from Segura et al. 2008 [25]. with negative results for QFT-GIT or PCR for M. tuberculosis DNA, 
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simple measures such as resting, NSAIDs and compression ban- 
daging may be helpful. As in erythema nodosum, potassium iodide 
400-900 mg/daily or a saturated solution of potassium iodide, 
2-10 drops in water or orange juice, three times per day, may be 
administered in more persistent cases. 


Sclerosing panniculitis — 


Definition and nomenclature 

Sclerosing panniculitis is a relatively common form of long-term 
chronic panniculitis associated with chronic venous insufficiency 
and typically affecting the lower extremities of middle-aged or 
elderly women. This is manifested as a diffuse sclerosis and pigmen- 
tation of the skin and subcutaneous tissue (lipodermatosclerosis) 
(Figure 97.28). It is discussed in more detail in Chapter 101. 


Synonyms and inclusions 
e Lipodermatosclerosis 


Pathophysiology 

Histopathology 

Often, clinicians are reluctant to biopsy lesions of sclerosing panni- 
culitis because it is not unusual to induce a chronic ulcer with poor 
healing at the site of the biopsy [1,2]; most biopsies are thus obtained 
in the later stages of the disease. However, when a biopsy is per- 
formed at the early stages of the process, microscopic study demon- 
strates a sparse inflammatory infiltrate of lymphocytes in the septa 
and areas of ischaemic necrosis at the centre of the fat lobules. Necro- 
sis of fat in these early stages is characterised by small, pale, anu- 
cleate adipocytes. The small blood vessels of the fat lobule appear 
congested, with extravasated erythrocytes, haemosiderin deposits 


Figure 97.28 Late-stage sclerosing panniculitis showing depressed hard areas with 
woody induration involving the lower legs. 


and necrosis of endothelial cells [3]. In fully developed lesions, the 
septa show marked thickening and fibrosis, whereas lobules appear 
atrophic, often with lipophagic granulomas at their periphery. In this 
stage, the inflammatory infiltrate is composed of lymphocytes, his- 
tiocytes and foamy macrophages. Blood vessels appear prominent 
in the septa at all stages. 

In late-stage lesions, the inflammatory infiltrate is sparse or 
absent, septal sclerosis is prominent and fat lobules appear atrophic, 
with microcysts and focal lipomembranous (membranocystic) 
changes (Figure 97.29). The latter consist of cystic structures lined by 
a lipomembrane, which appears as feathery amorphous eosinophilic 
material, sometimes with a crenellated or arabesque pattern. The 
thickened undulating membrane is PAS positive, stains for Sudan 
black and Luxol fast blue, and expresses immunoreactivity for 
CD68 and lysozyme [4-6], suggesting the contribution of these 
macrophage-derived enzymes in its histogenesis. Histopatholog- 
ical findings of pseudomembranous or membranocystic changes 
involving the dermis have been described as a clue for early lesions 
of lipodermatosclerosis [7]. These changes are not, however, specific 
for sclerosing panniculitis because they may be seen in longstand- 
ing lesions of various forms of septal and lobular panniculitis. 
Box 97.4 summarises the conditions in which lipomembranous fat 
necrosis has been described in the literature [4-6,8-42]. Calcifica- 
tion and elastic tissue degeneration, sometimes with fragmented 
and calcified elastic fibres resembling those of pseudoxanthoma 
elasticum (PXE), may be seen in longstanding lesions [43]. These 
PXE-like fibres are positive for both von Kossa and Verhoeff—van 
Gieson stains and may develop metaplastic ossification [44]. 
Elastic fibres with PXE-like changes are not specific for sclerosing 
panniculitis because they have also been described in uraemic and 
non-uraemic calcific arteriolopathy (calciphylaxis) [45,46], erythema 
nodosum, granuloma annulare, morphoea profunda [13,42] and 
nephrogenic systemic fibrosis [47]. 

The overlying superficial dermis shows venous stasis changes, 
with lobules of capillaries and venules of slightly thick-walled 
vessels in concert with extravasated erythrocytes and haemosiderin 
deposition. Increased melanin pigment along the basal layer of the 
epidermis as well as within melanophages in the superficial dermis 
also contribute to the characteristic hyperpigmentation [48]. 

Histopathological differential diagnosis of sclerosing panniculitis 
includes panniculitis of scleroderma and deep morphoea, but these 
conditions show predominantly septal panniculitis and, although 
lipodystrophy and lipophagic changes adjacent to the septa may be 
seen, they are not prominent. Panniculitis of scleroderma and deep 
morphoea do no show stasis changes in the superficial dermis. 


Clinical features 

Presentation 

The aetiological role of venous hypertension in the pathogenesis 
of sclerosing panniculitis is undisputed. Venous hypertension 
increases capillary permeability, which results in leakage of 
fibrinogen and its polymerisation to form fibrin rings around 
vessels, with impedance of oxygen exchange and tissue anoxia 
[49]. Other factors such as trauma and recurrent episodes of 
cellulitis may also play a role [1,50]. In a study of 128 patients 
with systemic sclerosis, patients with sclerosing panniculitis had 
pulmonary hypertension at a significantly higher incidence than 
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Figure 97.29 Histopathological findings in sclerosing panniculitis. (a) Scanning power showing thickened septa and cystic spaces replacing the fat lobules. (b) A cystic structure lined 
by a lipomembrane with a crenellated border. (c) Superficial dermis shows stasis changes. (d) Proliferation of thick-walled capillaries and venules in the superficial dermis. (e) A section 
of the same case stained with periodic acid—-Schiff (PAS). (f) PAS positivity of the pseudopapillae with feathery projections into the cystic cavity. 
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Box 97.4 Panniculitides and other disorders with 
lipomembranous fat necrosis reported in the 
literature 


Vascular disorders 

¢ Venous insufficiency (lipodermatosclerosis) [3,4,9,14,25] 
e Arteriosclerosis [11,12] 

¢ Thromboangiitis obliterans [11] 

¢ Thrombophlebitis [9,13] 

e Diabetes [9,13-15] 


Connective tissue disease/autoimmune disease 

e Lupus panniculitis / discoid lupus erythematosus 
[4,8,9,14,16,17,27,30] 

¢ Morphoea/scleroderma [8,13,18,31,32] 

¢ CREST syndrome [8] 

e Dermatomyositis-associated panniculitis [19,25] 

e Vasculitis [9,14,21] 

¢ Behcet disease [17,22] 


Inflammatory panniculitis 

e Erythema nodosum [4,13,14] 
e Erythema induratum [4] 

¢ Traumatic panniculitis [4,23] 
¢ Necrobiosis lipoidica [4,14] 
¢ Pancreatic panniculitis [4] 

e Factitial panniculitis [16] 

¢ Nodular fat necrosis [33] 


Infections 
e Atypical mycobacteria [23] 
e Erysipelas [4,14] 


Neoplastic panniculitis 
¢ Subcutaneous panniculitic-like T-cell lymphoma [24,34] 


Miscellaneous conditions 

¢ Splinter granuloma [35] 

¢ Chemotherapy for leukaemia [36] 

¢ Chemotherapy for breast cancer [37] 

¢ Testicular torsion [38] 

¢ Subcutaneous elemental mercury injections [39] 
e Mature cystic teratomas of the ovary [40] 

¢ Myospherulosis [41] 

e Breast after radiotherapy [42] 


Adapted from Segura and Pujol 2008 [10]. 
CREST, calcinosis, Raynaud phenomenon, oesophageal dysfunction, 
sclerodactyly and telangiectasia. 


those without. The authors suggested that thrombosis caused by 
venous hypertension of the leg may be the main cause of pulmonary 
hypertension in patients with systemic sclerosis and sclerosing 
panniculitis [51]. 

Reported findings that may be of pathogenetic relevance in 
sclerosing panniculitis include increased plasminogen activation 
in the affected tissue [52-54], increased expression of vascular 
endothelial growth factor receptor 1 (VEGFR-1) and angiopoietin 2 
(Ang-2) [55], deficiencies of protein C and S [56] and local increased 
synthesis of collagen [57,58]. 


Differential diagnosis 

Because initial stages of the disease involve only one leg, it may be 
confused clinically with bacterial cellulitis or erysipelas, although in 
the latter situation there is accompanying heat on palpation, fever 
or other systemic symptoms [59]. Early lesions may also mimic 
erythema nodosum [60]. In longstanding lesions, the differential 
diagnosis is with other sclerodermiform processes, but the absence 
of histopathological findings of dermal sclerosis, the peculiar dis- 
tribution affecting only the distal part of one or both legs and the 
presence of features of chronic venous stasis exclude morphoea, 
scleroderma and acrodermatitis chronica atrophicans. A rare case 
of sarcoidosis clinically mimicked sclerosing panniculitis [61]. 


Management 

There is no effective treatment for sclerosing panniculitis. Com- 
pression bandaging may achieve transitory results in early cases. 
In more chronic cases, multilayer lymphoedema compression ban- 
daging is a better therapy. Improvement has been reported with 
the anabolic steroid stanozolol, mostly in the earlier stages of the 
disorder, but this medication is no longer commercially available. 
Danazol has been successfully administered as a substitute. How- 
ever, this drug may cause severe side effects, including sodium 
retention, lipid profile abnormalities, hepatotoxicity and virilisation 
in women. Oxandrolone is an anabolic steroid with less andro- 
genic effects and hepatotoxicity and may be another therapeutic 
option. Other described therapies that have been reported with 
variable results include ultrasound, pentoxifylline, fasciotomy and 
phlebectomy. 


Calcific uraemic arteriolopat 


Synonyms and inclusions 


© Calciphylaxis 


Introduction and general description 

Calcific arteriolopathy (calciphylaxis) is strongly associated with 
end-stage chronic kidney disease and renal transplantation, par- 
ticularly in diabetics, although a small proportion of cases arise 
in the absence of renal disease. It typically presents as irregular, 
exquisitely tender patches of mottled, dusky, livedoid red skin 
with pale greyish areas of devitalisation before progressing to 
full-thickness infarction of the skin with consequent necrotic ulcer- 
ation. These changes commonly extend deeply into subcutaneous 
fat. Although the most common areas of involvement are the lower 
extremities and abdomen, the process may also involve other areas 
(Figure 97.30) including the genitalia. The condition is discussed 
fully in Chapter 59. 


Pathophysiology 

Three-dimensional studies in calcific arteriolopathy have shown 
vascular mural calcification as an early feature, which probably 
precedes endovascular fibrosis [1]. Recent studies have revealed 
the presence of the matrix Gla protein, osteopontin and bone 
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Figure 97.30 Calciphylaxis involving the inner arm in a patient with end-stage renal 
disease. 


morphogenic protein 2 (BMP-2) in pathologically calcified arter- 
ies [2,3]. In involved skin, a significant upregulation of BMP-2, 
its target gene Runx2 and its indirect antagonist sclerostin, as 
well as increased expression of inactive uncarboxylated matrix 
Gla protein (Glu-MGP), have been detected. The upregulation of 
osteogenesis-associated markers is accompanied by an increased 
expression of osteopontin, fibronectin, laminin and collagen I indi- 
cating an extensive remodelling of the subcutaneous extracellular 
matrix. Electron dispersive X-ray analysis has revealed calcium/ 
phosphate accumulations in the subcutis of patients with calcific 
arteriolopathy. Widespread medial calcification in cutaneous arte- 
rioles is associated with destruction of the endothelial layer and 
partial exfoliation of the endothelial cells. CD31 immunostaining 
has revealed aggregates of endothelial cells contributing to intralu- 
minal obstruction and the consequent malperfusion which results 
in the clinical picture of ulcerative necrosis. These data indicate that 
vascular calcification in calciphylaxis is an active osteogenic pro- 
cess involving upregulation of BMP-2 signalling, hydroxyapatite 
deposition and extensive matrix remodelling of the subcutis [4]. 
Matrix Gla protein is vitamin K dependent and inhibits vascular 
calcification. Therefore, oral anticoagulant therapy with warfarin, 
a vitamin K antagonist, favours vascular calcification in these 
patients [5]. Other triggering factors that have been recognised as 
inducers of vascular calcification in calcific arteriolopathy include 
low levels of albumin, arterial hypertension, obesity, administration 
of systemic corticosteroids, vitamin D supplementation, blood 
transfusions, oral phosphate binders, metallic salts, calcitriol, local 
trauma, UV light treatment, malnutrition with weight loss and 
insulin injections [6-12]. 


Histopathology 

The most characteristic histopathological finding in calcific arteri- 
olopathy consists in small and medium-sized vessel calcification 
(Figure 97.31). Small arteries, arterioles and venules may be 
involved. Vascular calcification is usually extensive within the ves- 
sel walls and often exhibits a concentric, circumferential, ring-like 
pattern. Detailed histopathological studies, however, have demon- 
strated that the earliest sites of calcification are the media and/or 


intima of cutaneous arterioles [13]. Vascular calcification in the 
arterioles of the deeper reticular dermis or subcutaneous tissue 
is usually evident with H&E staining but von Kossa stain may 
help to highlight these deposits. Sometimes the involved vessels 
also show luminal thrombosis. The affected vessels develop inti- 
mal hyperplasia with endovascular endothelial proliferation and 
intimal fibrosis, resulting in ischaemia of the areas they supply 
[13,14]. Secondary ischaemic changes include epidermal ulceration 
and degeneration of dermal collagen. Focal lobular panniculitis 
is frequently seen [14], although some biopsies show few or no 
inflammatory infiltrate in the fat lobule adjacent to the calcified 
vessel. Some authors, however, have described a predominantly 
septal panniculitis in calcific arteriolopathy [13]. Since vascular cal- 
cification may be seen in cutaneous biopsies from other disorders 
(Box 97.5), additional features may be needed to support a histo- 
logical diagnosis of calcific arteriolopathy: these include interstitial 
deposition of calcium in the dermis, fine calcium deposits in and 
around the adipocytes [15], epidermal and hair follicle calcifica- 
tion [16], perineural calcium deposits [17], calcified elastic fibres 
with a PXE-like appearance [18,19] and association with diffuse 
dermal angiomatosis [20]. Perieccrine calcium deposition has been 
reported as a highly specific histopathological finding in calcific 
arteriolopathy [21]. 


Box 97.5 Disorders associated with cutaneous 
vascular calcification 


Renal failure and hyperparathyroidism 

e Atherosclerosis [23] 

e Liver disease (alcoholic cirrhosis) [24-26] 

¢ Crohn disease [27] 

¢ Malignancies: metastatic breast carcinoma [28], cholangiocarcinoma 
[29], malignant melanoma [30], osteosclerotic myeloma [31], chronic 
myelomonocytic leukaemia [32] 

e Rheumatoid arthritis on long-term steroid and methotrexate 
treatment [33,34] 

¢ Protein S deficiency [25,33] 

e AIDS [35] 

e Antiphospholipid antibody syndrome [36] 

¢ POEMS syndrome [37] 


Cutaneous vascular calcification as an incidental histopathological 
finding 

¢ Calcinosis cutis secondary to injections 

¢ Sclerosing panniculitis (lipodermatosclerosis) 

e Erythema induratum 

¢ Leukocytoclastic vasculitis 

e Traumatic ulcer 

¢ Basal cell and squamous cell cutaneous carcinomas 

° Scars 


Adapted from Dauden et al. 2002 [15] and Dauden and Onate 2008 [38]. 
AIDS, acquired immune deficiency syndrome; POEMS, 
polyneuropathy, organomegaly, endocrinopathy, monoclonal protein 
and skin changes. 


Calcific arteriolopathy should be distinguished from metastatic 
cutaneous calcification, which is a rare phenomenon involving the 
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Figure 97.31 Histopathological features of calcific arteriolopathy. (a) Scanning power view showing involvement of the vessels of deeper reticular dermis. (b) Calcification of the vessel 
walls and occlusion of the vascular lumina. (c) A section of the same case stained with von Kossa stain. (d) Calcification of the vessel walls is positive with von Kossa stain. 


dermis and subcutis and affecting predominantly uraemic patients 
with combined hyperphosphataemia and hypercalcaemia, often 
in the context of hyperparathyroidism (Chapter 59). It typically 
presents as firm papules, nodules or plaques in the dermis or 
subcutis, particularly around large joints or flexural sites. Unlike 
calciphylaxis, metastatic cutaneous calcification does not lead to 
tissue necrosis; histopathologically, deposits of calcium, appearing 
blue with H&E and black with von Kossa stains, are seen in the der- 
mis and subcutis with variable surrounding inflammatory infiltrate, 
but the vessel walls are spared [22]. 


Management 

Precipitating factors such as calcium supplementation and vitamin 
D intake should be identified and addressed. In patients with 
end-stage renal insufficiency, the frequency and duration of dial- 
ysis should be increased, in addition to a low phosphate diet and 
phosphate binders. Cinacalcet or etelcalcetide may be administered 
in patients with hyperparathyroidism, whereas parathyroidectomy 
should be reserved for those who fail to respond. There are multi- 
ple reported cases of the successful use of sodium thiosulfate; for 
patients in haemodialysis, the proposed intravenous dose is 25¢ 
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thrice weekly (during the last hour of haemodialysis). Although 
very painful, intralesional sodium thiosulfate is a beneficial treat- 
ment that should be kept until the resolution of erythema and 
purpura. In patients with extensive ulcerations, intensive wound 
care is required. Surgical debridement is usually followed by 
improvement and significantly better long-term survival, although 
there are also reports of the onset of new lesions and worsen- 
ing of the disease after surgical debridement. Isolated cases have 
improved under treatment with hyperbaric oxygen therapy. 


Cold panniculitis -— Fa 


Introduction and general description 

Cold panniculitis is a form of injury to subcutaneous fat induced 
by exposure to cold, either environmental [1] or as cold objects 
applied to the skin (e.g. ice packs) [2-3]. Infants are particularly 
susceptible. It is not uncommon in children in regions subject to low 
temperatures [4]. 


Pathophysiology 

Predisposing factors 

Cold panniculitis was originally described by Hochsinger in 1902 
as submental nodules and plaques in children after cold exposure 
[5]. Lemez, in 1928, demonstrated infants to be more susceptible 
to fat necrosis by exposure to cold than adults [6]. Haxthausen, 
in 1941, described similar cases on the cheeks of infants after cold 
temperatures and named the condition ‘adiponecrosis e frigore’ [7]. 
Adams et al. in 1954 clarified the pathogenesis of cold panniculitis 
demonstrating that pigs fed with a diet rich in saturated fatty 
acids showed higher cold susceptibility due to the higher ratio 
of saturated to unsaturated fatty acids, resulting in an elevated 
freezing point of fat [8]. In 1965 Hirsch confirmed than saturated 
fats solidified at a higher temperature than unsaturated fats [9]. 
Solomon and Beerman, in 1963, reported the occurrence of pan- 
niculitis in a 28-year-old Jamaican woman within hours of cold 
exposure with lesions which were readily inducible with local 
applications of ice [10]. Rotman reported similar cases involving 
the cheeks in two infants of 5 and 8 months of age [11]. A similar 
process was described under the name ‘popsicle panniculitis’ on 
the cheeks of children a few hours after eating ice lollies [1,2,12]. 
The most extensive histopathological study of cold panniculitis was 
performed by Duncan et al. in 1966, who studied serial skin biopsies 
after exposing the skin of the child to ice for 2-4 min and performing 
sequential punch biopsies. Increased duration of ice exposure was 
required to produce cold panniculitis as the child aged and the 
reaction no longer occurred at the age of 22 months [3]. 
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Histopathology 

Histopathologically, cold panniculitis consists of a predominantly 
lobular panniculitis [13], although a variable septal component is 
usually present [14]. Inflammation is denser in the lower reticular 
dermis and dermal—hypodermal interface (Figure 97.32) and the 
process is more a dermatitis than a panniculitis. The infiltrate is Figure 97.32 Histopathology of equestrian chilblain. (a) Scanning power showing 
composed mostly of | mphoc (ex and some Wieiocoles wolant dense nodular infiltrates in reticular dermis. (b) Dense deep dermal perivascular 
the. Ge idvalex. “the fore a ee aaa | lymphocytic infiltrate. (c) Sparse perivascular lymphocytic infiltrate in the fat lobule. 
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deep perivascular lymphocytic infiltrate with no vasculitis [13]. 
Blood vessels of both septa and fat lobules may exhibit endothelial 
swelling and intramural oedema, but there are no fibrin deposits or 
nuclear dust as would be seen in a true vasculitis. Interstitial mucin 
deposition may also be seen with a histopathological picture closely 
resembling lupus panniculitis [15]. 

Duncan et al. described the ‘lives of lesions’ of cold panniculitis 
in a 6-month-old black male infant by applying an ice cube to his 
buttocks and taking serial punch biopsies at 30 min, 6 h, 24 h, 48 h, 
72 h, 6 days and 2 weeks [3]. The earliest changes were seen in the 
24 h specimen, which showed a mild perivascular lymphohistio- 
cytic infiltrate mostly located at the dermal—hypodermal interface, 
without associated fat necrosis. The changes were more intense in 
the specimens taken at 48 and 72 h, which showed a denser mixed 
infiltrate, composed of lymphocytes, scattered neutrophils, histio- 
cytes and foamy macrophages mostly involving the fat lobule. At 
this time, features of adipocytic necrosis were evident in the form 
of lipophagic granulomas surrounding small cystic spaces. The 
inflammatory reaction progressively increased in biopsies taken 
in the next 2-3 days and then slowly decreased to regress com- 
pletely by 2 weeks. The subcutaneous nodules regressed leaving no 
residual lesion. 

In adults, histopathological findings of the so-called cold panni- 
culitis are similar to those of perniosis, with variable oedema of the 
superficial dermis and superficial and deep dermal perivascular 
lymphocytic infiltrate that may extend to underlying fat lobules, 
but usually involvement of the subcutis is no prominent. 


Clinical features 

Presentation 

Neonatal and infantile cold panniculitis. Neonates are particu- 
larly susceptible to cold panniculitis. This is thought to be because 
subcutaneous fat in newborns is rich in saturated fatty acids, 
particularly palmitic and stearic acids, which have a higher freezing 
point than unsaturated fatty acids [9,16] so that a small decrease 
in an infant’s temperature may result in crystallisation of subcu- 
taneous fat [1]. The risk in neonates may be increased by cooling 
for management of birth asphyxia or for infants undergoing car- 
diac surgery [1,17,18]. Cold panniculitis has also been reported 
in neonates who are administered ice packs to control neonatal 
supraventricular tachycardia [19,20]. Over the first 2 years of life the 
subcutaneous fat of children rapidly becomes less saturated, with 
an increase in the oleic acid content and a consequent lowering of 
the freezing point and lessening of the risk of cold injury. 

In young children, the most commonly involved areas are the 
cheeks and chin, because they are rich in subcutaneous fat and 
are normally more exposed to the cold than other body areas. The 
lesions consist of indolent red or violaceous indurated plaques or 
nodules with no systemic manifestations. The child is otherwise 
healthy and the lesions regress without treatment within weeks. 


Cold panniculitis in adults (equestrain chilblain). Adult patients 
with cold panniculitis are typically obese and predominantly 
female. The most commonly affected areas are the lateral upper 
thighs and gluteal region (Figure 97.33). The distribution of the 
lesions in adults has been postulated to be attributable to the effects 
of tight-fitting clothing compromising the blood flow in the upper 


Figure 97.33 Red nodules on the gluteal region and outer side of the thigh of a woman 
with equestrian chilblain. 


lateral thighs, rendering the ischaemic fat more susceptible to cold 
injury [21]. These patients often have very cold skin in the affected 
areas even when they are seen in clinic and perhaps a more plau- 
sible explanation is that the skin and immediately subjacent fat is 
insulated from core body temperature by a thick layer of interven- 
ing fat. The tight-fitting clothing offers little protection from low 
external environmental temperature and the lesions are usually 
accompanied by some degree of vasodilatation as one would expect 
with perniosis. It has also been suggested that a diet rich in satu- 
rated fatty acids would result in a subcutaneous fat similar to that 
of a newborn [22]. Some such patients have been found to have 
cryofibrinogenaemia, which probably predisposed them to cold 
panniculitis [23]. 

Cold panniculitis has also been described in healthy adult women 
with lesions involving the lateral upper thighs after prolonged 
horse-riding in cold weather. This variant may be regarded as a 
form of perniosis and has been named ‘equestrian chilblain’ or horse 
rider’s pernio [21]. Symptoms have been reported to be more pro- 
nounced in older women and appear to be aggravated by heavy 
smoking, by wearing tight riding clothes and by longer riding times 
[24]. Similar cases have been described in obese women engaged 
in sporting activities such as cycling and motorcycling in conditions 
of humidity and wind [25], or riding on open, slow-moving vehicles 
in similar weather conditions [26]. 
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Prolonged application of ice directly to the skin can produce local 
injury in a manner similar to popsicle panniculitis: ‘ice pack der- 
matosis’ has been described on the lower back of adults using ice 
packs for the alleviation of chronic low back pain [27]. 


Differential diagnosis 

The clinicopathological differential diagnosis of cold panniculitis in 
children includes subcutaneous fat necrosis of the newborn, scle- 
rema neonatorum, lupus panniculitis and poststeroid panniculitis, 
whereas in adults lupus erythematosus tumidus, perniosis and 
frostbite are the main differential diagnoses. 

Subcutaneous fat necrosis of the newborn usually appears in the 
first days of life and has a predilection for the thighs, buttocks, 
cheeks, back and arms. It may occasionally be associated with 
symptomatic hypercalcaemia. This panniculitis may be associated 
with hypothermia, obstetric trauma, maternal diabetes and mater- 
nal pre-eclampsia. Histopathology shows a lobular panniculitis 
with a mostly histiocytic infiltrate including multinucleate giant 
cells, and adipocytes and histiocytes contain needle-shaped clefts 
that result from lipid crystallisation [17,18,28,29]. 

Sclerema neonatorum is an extremely rare disorder which was 
described in premature or debilitated children who developed a 
diffuse board-like stiffness due to generalised fat necrosis. The 
condition appeared in the first days after birth and was usually 
fatal. Histologically, the adipocytes contain needle-shaped clefts in 
radial arrays with no inflammatory response [13,30]. There have 
been no recent reports of sclerema neonatorum and it is likely that 
the problem has disappeared in places with proper facilities for 
neonatal care of premature and debilitated newborns. 

Lupus panniculitis is rare in children and the few described paedi- 
atric cases [31-35] do not differ significantly from lupus panniculitis 
in adults. Histopathology shows a mostly lobular panniculitis, with 
an infiltrate composed predominantly of lymphocytes and plasma 
cells, lymphoid aggregates with germinal centre formation and 
sclerotic collagen bundles at connective tissue septa. The process 
is chronic and longstanding lesions show hyaline necrosis of the 
fat lobule, which is not seen in the more acute and self-resolving 
process of cold panniculitis. 

Poststeroid panniculitis occurs in children receiving high doses 
of systemic corticosteroids when the dose is rapidly decreased or 
suddenly withdrawn. The lesions appear as small painful nodules 
on the cheeks and posterior neck, the areas in which corticosteroid 
therapy has induced fat deposition. The histopathological picture is 
identical to that of subcutaneous fat necrosis of the newborn [14,29]. 

Chilblains appear following cold exposure as bluish macules, 
papules and plaques involving mostly the acral areas of the skin, 
but they can also be found on the thighs and buttocks. Histopatho- 
logically, the picture may be very similar to cold panniculitis; in 
adults although chilblains usually show oedema of the papillary 
dermis, the lymphocytic infiltrate is mostly arranged around eccrine 
coils and some cases show features of lymphocytic vasculitis in der- 
mal blood vessels. Extension to subcutaneous fat is uncommon 
in chilblains [35,36], except in lesions involving the thighs and 
buttocks. 

Lupus erythematosus tumidus may be also very similar to cold 
panniculitis, although usually there is no oedema in the superficial 
dermis and interstitial mucin deposits are often prominent. 


In early frostbite, there are reddish and oedematous plaques that 
may be painful or anaesthetic. In fully developed severe frostbite 
there is blistering and necrosis. Histopathology shows subepi- 
dermal oedema with blister formation, necrosis of epidermal 
keratinocytes and a superficial and deep perivascular lymphocytic 
infiltrate involving the full thickness of the dermis [35]. 


Management 

Treatment of cold panniculitis is not usually required because 
the condition resolves spontaneously. Prevention of infantile cold 
panniculitis in children is achieved by avoiding cold exposure and 
direct contact with ice products [10,18]. For equestrian cold panni- 
culitis in adult women, the use of loose, warm clothing should be 
recommended when riding, with avoidance of tight-fitting clothes 
and, where possible, cold exposure [21,37]. Nifedipine has been 
shown to be ineffective [37]. In one case, a dramatic response to 
tetracycline was observed, which was also effective prophylacti- 
cally [38]. 


Lupus panniculitis 


Definition and nomenclature 
Lupus panniculitis is characterised by a destructive inflammation of 
subcutaneous fat. 


Synonyms and inclusions 
e Lupus erythematosus profundus 
¢ Subcutaneous lupus erythematosus 


Pathophysiology 
Histopathology 
Histopathologically, lupus panniculitis is a predominantly lobular 
panniculitis in which the infiltrate in active lesions involves mainly 
the fat lobule [1]. Some authors find difficulty in classifying lupus 
panniculitis as predominantly lobular panniculitis because of the 
prominent septal component [2-4]. The septal component, how- 
ever, consists of thickening and sclerosis of the collagen bundles in 
the septa, whereas most of the infiltrate is found in the fat lobule. 
Active lesions exhibit a picture of a predominantly lymphocytic 
panniculitis with numerous plasma cells. Longstanding lesions 
show hyaline necrosis of the fat lobule with little or no infiltrate and 
replacement by diffuse eosinophilic glassy remnants of adipocytes 
[5,6-8]. Lymphoid aggregates, sometimes with germinal centre 
formation, are also frequently seen in the septa or at the periphery 
of the fat lobules (Figure 97.34). These lymphoid follicles, although 
characteristic, are not pathognomonic of lupus panniculitis because 
they may also be seen in deep morphoea, erythema nodosum, 
erythema induratum, necrobiosis lipoidica, panniculitis associated 
with dermatomyositis and necrobiotic xanthogranuloma [9]. 
Additional histopathological findings consist in calcification, 
interstitial mucin deposition and features of discoid lupus ery- 
thematosus in the overlying epidermis. An uncommon but, when 
seen, distinctive feature is the presence of nuclear dust within the 
infiltrate [4,10,11]. Eosinophils are not usually prominent in lesions 


2 
— 
U 
Lu 
a 
7A) 
S: 
- 
< 
3 


CUTANEOUS STRUCTURES 


SPECIFIC 


Vv) 
Lu 
ce 
=) 
= 
U 
=) 
ce 
= 
4) 
6S 
= 
Eo 
> 
ae 
= 
=) 
U 


97.38 


Chapter 97: Panniculitis 


i, 


v4 
2 


ae 
thy orah “ge 
ares Bose at 


a8 S 
me 


at 
we 
iadae 


oe Pee 


(d) 


Figure 97.34 Histopathological features of lupus panniculitis. (a) Scanning magnification showing a predominantly lobular panniculitis. (b) Dense lymphoid aggregations at the 
interphase between the fat lobule and the thickened septa. (c) Hyaline necrosis involving the fat lobule. (d) Reactive germinal centre formation within the lymphoid aggregates. 


of lupus panniculitis [5,7] but, in contrast with other forms of 
cutaneous lupus erythematosus in which eosinophils are charac- 
teristically absent, the infiltrate of lupus panniculitis may contain 
some eosinophils [12]. 

As with other lobular panniculitides, longstanding and residual 
lesions of lupus panniculitis may show lipomembranous changes 
[13]. Lymphocytic vasculitis has been described in lupus panniculi- 
tis with variable frequency [14-16]. This vasculitis consists of the 
presence of lymphocytes in and around the vessel walls, mural fib- 
rin deposition, luminal thrombosis and nuclear dust. Some authors 
consider that hyaline necrosis of the fat lobule results from the 
ischaemic process secondary to this lymphocytic vasculitis [17]. 

Histopathological features of discoid lupus erythematosus at 
the dermal-epidermal junction in lesions of lupus panniculitis 
have been described in varying proportions, ranging from 20% 
to 75% of cases [1,5,6,8,18,19]. These changes include epidermal 


atrophy with hyperkeratosis, follicular plugging, vacuolar alter- 
ation of the basal layer of the epidermis and basement membrane 
thickening. Additional features of discoid lupus erythematosus 
are interstitial mucin deposition, telangiectasia and superficial and 
deep perivascular dermal lymphocytic infiltrate. Calcification is 
also a frequent finding in chronic lesions of lupus panniculitis and 
consists of individual calcification of elastic fibres or large masses 
of calcium within the lobules and septa [8,20]. 

Only a few direct immunofluorescence studies have been per- 
formed in lesions of lupus panniculitis. The lupus band test at the 
dermal-epidermal junction is often positive [21]. Additional find- 
ings consist of IgG deposition at the periphery of adipocytes and 
around the vessels [19,22]. 

Immunohistochemical studies have demonstrated that the infil- 
trate in lupus panniculitis is composed mostly of T lymphocytes, 
with a slight preponderance of CD4 over CD8 lymphocytes. All of 
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Figure 97.35 Clinical features of lupus panniculitis showing an active red subcutaneous 
nodule and areas of hyperpigmented lipoatrophy secondary to regressed lesions. 


them show a/$ immunophenotype. Small aggregates of B lympho- 
cytes are also present at the periphery of the lymphoid aggregates. 
PCR analyses for TCRy gene rearrangement in the infiltrate has 
demonstrated its polyclonal nature in most cases [4,22—25]. Because 
of the presence of cytotoxic CXCR3+ lymphocytes in the fat lobules, 
it has been suggested that lupus panniculitis may be due to a type I 
interferon Th1-driven immune response [26]. 


Clinical features 

Presentation 

Clinically, lesions consist of indurated plaques that resolve with 
localised lipoatrophy. Depending on the intensity of inflammation 
a patient may first present with lipoatrophy rather than induration. 
The overlying skin may show changes of chronic cutaneous lupus 
erythematosus. The face, upper arms (Figure 97.35), upper trunk, 
breasts, buttocks and thighs are most commonly affected. The 
clinical features are described in detail in Chapter 51. 


Differential diagnosis 

Panniculitis associated with dermatomyositis shares identi- 
cal histopathological findings with lupus panniculitis [27-39]. 
Histopathological differential diagnosis of lupus panniculitis also 
includes cold panniculitis, deep morphoea, persistent nodules after 
injection of vaccines containing aluminium, panniculitis at the injec- 
tion sites of glatiramer acetate and subcutaneous panniculitis-like 
T-cell lymphoma (SPTCL). Differential diagnosis with cold panni- 
culitis is discussed earlier in this chapter. 

Deep morphoea may also display lymphoid nodules at the con- 
nective tissue septa of the subcutis, but in contrast with lupus 
panniculitis the process involves exclusively the septa and the fat 
lobule is spared. 


Persistent nodules at injection sites of a vaccine containing alu- 
minium show similar features to lupus panniculitis, including 
hyaline necrosis of the fat lobules and lymphoid aggregates, but the 
correct diagnosis may be suspected by the presence of histiocytes 
containing fine basophilic granules of aluminium and abundant 
number of eosinophils [40]. In addition, unlike lupus panniculitis, 
the infiltrate in vaccine-associated panniculitis is centred around an 
area of degenerated collagen representing the site of injection. 

Several patients receiving daily glatiramer acetate injections for 
the treatment of multiple sclerosis developed localised panniculitis 
at the injection sites. The lesions consisted of a mostly lobular pan- 
niculitis, with lipophagic granulomas, namely histiocytes engulfing 
the lipids from necrotic adipocytes. In many areas, scattered neu- 
trophils and eosinophils were seen both in the septa and in the fat 
lobules. Connective tissue septa showed widening and fibrosis in 
conjunction with many lymphoid follicles, presenting with germi- 
nal centre formation. Immunohistochemically, the inflammatory 
infiltrate of the fat lobule consisted of CD68-positive histiocytes 
and suppressor /cytotoxic T lymphocytes. In contrast, the lymphoid 
follicles in the septa and at the interface between the septum and 
fat lobule were mainly composed of B lymphocytes. The clinical 
history with lesions localised only at the injection sites rules out 
lupus panniculitis [41,42]. 

The most difficult histopathological differential diagnosis of 
lupus panniculitis is SPICL and overlapping cases of lupus pro- 
fundus and SPTCL have been described. SPTCL is a peculiar «/B 
T-cell lymphoma, usually CD8+, which involves subcutaneous fat 
without epidermal and/or dermal involvement, and mimics a pan- 
niculitic process (Chapter 139). Magro et al. [23] reviewed 32 cases 
of lymphocytic lobular panniculitis and classified them into three 
groups: lupus panniculitis, SPTCL and a third group with interme- 
diate features that they named ‘indeterminate lymphocytic lobular 
panniculitis’. Lesions of this third group showed the involvement 
of subcutaneous fat by atypical lymphocytes with pleomorphic 
and hyperchromatic nuclei. The same group has recently pro- 
posed the term ‘atypical lymphocytic lobular panniculitis’ for these 
intermediate cases [43]. The infiltrate showed deletion of one or 
more pan-T-cell markers (CD3, CD5 and/or CD7) and monoclonal 
TCRy gene rearrangement by PCR. The authors introduced the 
concept of subcutaneous lymphoid dyscrasia to encompass cases 
with overlapping findings of lupus panniculitis and SPTCL. More 
recently, Pincus et al. [44] reported on five patients and Bosisio 
et al. [45] described 11 patients with SPTCL who were unusual 
in that they also exhibited features of lupus erythematosus. In all 
cases, attributes indicating SPTCL included an infiltrate of lym- 
phocytes with pleomorphic nuclei involving subcutaneous lobules 
exhibiting a cytotoxic T-cell (CD3/CD8/fF1) immunophenotype. 
Additionally, a high proliferation rate and a monoclonal TCRy gene 
rearrangement were observed in most cases. The manifestations 
of lupus erythematosus in these patients included a spectrum of 
clinical and histopathological abnormalities. The clinical mani- 
festations consisted of subcutaneous nodules that healed with 
lipoatrophy on the face and serological and/or extracutaneous 
end-organ abnormalities as seen in patients with systemic lupus 
erythematosus. Histopathological evidences of lupus erythemato- 
sus included vacuolar change at the dermal-epidermal interface, 
interstitial deposition of mucin in the reticular dermis, clusters of 
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CD20+ B cells partially arranged within germinal centres, a few 
small clusters of CD123+ plasmacytoid dendritic cells within the 
adipose tissue and a positive direct immunofluorescence test on 
clinically uninvolved and lesional skin. The authors concluded that 
some patients show overlap between SPTCL and lupus panniculitis 
and that patients with lupus panniculitis should be monitored 
for possible evolution into SPTCL. This recommendation is also 
supported by other reports of T-cell lymphomas with subcutaneous 
tissue involvement, probably cutaneous y/5 T-cell lymphomas, 
with histopathological features similar to those of lupus panniculi- 
tis, including vacuolar interface dermatitis and dermal mucinosis 
[46-48]. In fact, one of these cases was erroneously diagnosed as 
lupus panniculitis [23]. Recently, it has been proposed that these 
‘overlapping’ cases represent examples of lupus panniculitis with 
focal atypical lymphoid infiltrates rather than true subcutaneous 
panniculitis T-cell lymphomas [49]. 

The most useful criteria now for distinguishing lupus pan- 
niculitis from SPTCL are the presence in lupus panniculitis of 
epidermal involvement, superficial and deep perivascular lym- 
phocytic infiltrate in the dermis, lymphoid follicles with reactive 
germinal centres, a mixed infiltrate with numerous plasma cells, 
clusters of B lymphocytes, clusters of CD123+ plasmacytoid den- 
dritic cells [2,50], low proliferative index in lymphocytes [51], few 
or no lymphocytes with immunohistochemical positivity for c-Myc 
[52] and polyclonal TCRy rearrangement [5]. 


Management 

Oral antimalarials drugs usually improve cutaneous lesions of 
lupus panniculitis. Isolated lesions may be handled with intrale- 
sional corticosteroids. Systemic corticosteroids are more effective 
in early phases of the disease. Other systemic therapies reported 
with variable results include dapsone, mycophenolate mofetil, 
cyclophosphamide, thalidomide and intravenous immunoglobu- 
lins. In facial residual lesions of lipoatrophy cosmetic improvement 
may be achieved with intralesional fillers, although these injections 
may be followed by reactivation of apparently non-active lesions. 


Dermatomyositis-associated 
panniculitis 


Clinical features 

Presentation 

Panniculitis is less frequent in dermatomyositis than in lupus ery- 
thematosus and systemic sclerosis [1-15]. In a series of 55 adult 
patients with dermatomyositis and cutaneous lesions studied 
histopathologically, panniculitis was only found in five cases [1]. 
Panniculitis has also been described in juvenile dermatomyositis 
[8,11]. When the inflammation settles it leaves areas of lipoatro- 
phy [4]. 

In some patients, panniculitis is associated with other character- 
istic cutaneous lesions of dermatomyositis [8,16], whereas in others 
panniculitis is the only cutaneous manifestation of the disease 
[3,9]. Conversely, there is a report of a patient presenting with 
panniculitis and vesiculo-bullous skin lesions but no evidence of 


muscle involvement [15]. The clinical features of dermatomyositis 
are discussed in detail in Chapter 52. 


Pathophysiology 

Histopathology 

The histopathological features of dermatomyositis-associated pan- 
niculitis are similar to those of lupus panniculitis and consist of a 
predominantly lobular panniculitis with lymphocytes and plasma 
cells among the adipocytes. The septal collagen bundles show 
hyaline sclerosis, and there is progressive replacement of fat with 
fibrous tissue [2]. Additional histopathological findings include 
thickening of the blood vessels of the fat lobule, neutrophilic vas- 
culitis with fibrinoid necrosis or lymphocytic vasculitis involving 
the arterioles of the septa, and calcification [16]. Lymphoid folli- 
cles, with or without reactive germinal centre formation, have also 
been described [5], although this finding is less frequent than in 
lupus panniculitis or deep morphoea. As in lupus panniculitis, 
there may be vacuolar change at the dermal—epidermal junction 
and, in the late stages of the process, membranocystic changes 
[9,12]. 

Direct immunofluorescence studies have been reported in only 
three cases: the results were negative in one case [5]; the second case 
had deposits of IgM, C3 and fibrinogen in the blood vessels walls 
of the dermis, but not at the dermal-epidermal junction [9]; and 
the third case showed deposits of C3 at the basement membrane 
zone of the dermal-epidermal junction and around the dermal 
blood vessels, but in the subcutaneous fat only deposits of fibrino- 
gen were detected [5]. As with lupus panniculitis, patients with 
dermatomyositis-associated panniculitis seem to be a subgroup 
with a generally good prognosis and no obvious increase in the 
incidence of malignancy [10,16]. In fact, malignancy has been 
reported in only one patient with dermatomyositis-associated 
panniculitis [3]. 

More common than pure dermatomyositis-associated panni- 
culitis is panniculitis occurring in association with calcification of 
the muscle and deep tissue. In these cases, the fat lobule shows 
lipophagic granulomas, calcification and various degrees of acute 
and chronic inflammation [2]. 


Management 

There is a clear discordance between response of the muscle 
disease to therapy and response of the skin disease. Cutaneous 
lesions of dermatomyositis-associated panniculitis respond better 
to immunosuppressive therapy than other cutaneous lesions of 
dermatomyositis. If muscle disease is confirmed, then systemic 
corticosteroid therapy should be initiated in doses aimed at the 
control of the myositis. In amyopathic dermatomyositis, systemic 
corticosteroids are not traditionally utilised. Oral antimalarial drugs 
are less effective in dermatomyositis-associated panniculitis than 
in lupus panniculitis. Other treatments that have been admin- 
istered in patients with dermatomyositis-associated panniculitis 
include low-dose weekly methotrexate, mycophenolate mofetil, 
intravenous immunoglobulins, dapsone, tofacitinib and thalido- 
mide. In contrast with lupus panniculitis, the face is usually spared 
in dermatomyositis-associated panniculitis and no cosmetic fillers 
are usually necessary for the treatment of lipoatrophic residual 
lesions. 


Panniculitis 97.41 


Pancreatic panniculitis a 


Synonyms and inclusions 


e Enzymatic fat necrosis 


Introduction and general description 

Pancreatic panniculitis was originally described by Chiari in 1883 
[1], but it was not until 1961 that Szymanski and Bluefarb reported 
the first case in the English literature [2]. There are only a few 
published series of patients with pancreatic panniculitis [3,4-7], and 
most reports include descriptions of no more than one or two cases. 


Epidemiology 

Incidence and prevalence 

Pancreatic panniculitis is uncommon and appears in only about 
2-3% of all patients with pancreatic disease [8], although its 
incidence is higher among males with alcoholism [9,10]. 


Pathophysiology 

The pathogenesis of pancreatic panniculitis remains unclear, but 
the release of pancreatic enzymes, such as lipase, trypsin and amy- 
lase, seems to be the most important aetiological factor. It is not 
completely clear how pancreatic proenzymes become activated in 
the tissues to produce fat necrosis [11], but trypsin may increase 
the permeability of the microcirculation within the lymphatic 
vessels [6], allowing lipase and amylase to enter the peripheral 
circulation. Within the fat lobules these enzymes hydrolyse neutral 
fat to form glycerol and free fatty acids, which results in adipocyte 
necrosis and an inflammatory response [12,13]. This theory is 
supported by the finding of elevated enzyme levels in the blood, 
urine and skin lesions, even in the absence of detectable pancreatic 
disease [12], and by the positive intracellular immunostaining of 
adipocytes with a monoclonal antibody to pancreatic lipase in 
lesions of pancreatic fat necrosis [14]. However, other factors apart 
from pancreatic enzymes must also play some pathogenetic role 
because there is clear discrepancy between the small number of 
cases of pancreatic panniculitis compared with the great number 
of patients with pancreatitis and pancreatic carcinoma who have 
increased serum levels of pancreatic enzymes but no panniculitis 
[13,15]. Conversely, some patients with pancreatic panniculitis have 
had normal serum levels of all pancreatic enzymes [5]. Furthermore, 
in vitro investigations have failed to reproduce pancreatic panniculi- 
tis when normal human fat has been incubated with the serum of 
patients with high levels of pancreatic lipase, trypsin and amylase 
[5]. Other proposed mechanisms implicate vascular damage [12,16], 
immune complexes [17], and adipocyte-generated cytokines and 
adipokines released in response to high levels of free fatty acids. 
Resistin and leptin have been shown to be potential markers of 
extrapancreatic fat necrosis [18]. 


Histopathology 

Histopathology of pancreatic panniculitis is almost pathognomonic, 
consisting of a predominantly lobular panniculitis without vasculi- 
tis [6,17]. However, some authors have proposed that the earliest 


feature in pancreatic panniculitis is a predominantly septal panni- 
culitis resulting from enzymatic damage to endothelial cells lining 
septal blood vessels. These damaged endothelial cells allow pan- 
creatic enzymes to cross from the blood to fat lobules, resulting 
in necrosis of adipocytes [3,6]. Regardless of this, early states of 
pancreatic panniculitis show a predominantly neutrophilic infil- 
trate, with occasional eosinophils and, as the most characteristic 
finding, ghost adipocytes resulting from coagulative adipocyte 
necrosis. These ghost adipocytes lose their nuclei and show a finely 
granular and basophilic material within their cytoplasm because 
of calcification. Often, ghost adipocytes group in small clusters 
at the centre of the fat lobule, whereas the neutrophilic infiltrate 
is present at the periphery (Figure 97.36) [19]. Dystrophic calci- 
fication in ghost adipocytes results from the hydrolytic action of 
pancreatic enzymes on fat cells with subsequent calcium depo- 
sition, a process known as saponification [5,6]. Often, adjacent 
lobules show a different stage in the histopathological evolution 
of the process. In late stages, fat necrosis and ghost adipocytes are 
less evident and the inflammatory infiltrate is more granuloma- 
tous, containing foamy histiocytes, multinucleate giant cells and 
haemosiderin deposits [11]. Residual lesions show fibrosis and 
lipoatrophy. Although ghost adipocytes are very characteristic of 
pancreatic panniculitis, they are not pathognomonic and similar 
findings may be seen in mucocutaneous mucormycosis [20] and 
cutaneous aspergillosis [21]. It has been shown that fungi of the 
family Mucoraceae produce remarkable amounts of extracellular 
lipases [22,23] and thus it is likely that the ghost adipocytes result 
from the local effect of these lipases. 

Most patients, although not all, show elevated serum levels of 
amylase, lipase or trypsin though often one enzyme is within nor- 
mal levels while the others are elevated [10]. There is no correlation 
between the serum levels of pancreatic enzymes and the sever- 
ity of the cutaneous lesions [24]. In rare instances, patients with 
pancreatic panniculitis may show high serum levels of pancreatic 
lipase with no evidence of underlying pancreatic disease [25,26]. 
A leukaemoid reaction and eosinophilia in the peripheral blood are 
also common haematological abnormalities, particularly in patients 
with pancreatic carcinoma [26,27]. Other tumour markers such as 
carcinoembryonic antigen or Ca 19.9 are often elevated in these 
patients. 


Clinical features 

Presentation 

Clinically, cutaneous lesions of pancreatic panniculitis consist of 
tender, red or red-brown nodules that may spontaneously ulcerate, 
draining an oily brown, sterile and viscous material that results 
from liquefactive necrosis of adipocytes (Figure 97.37). These lesions 
show a predilection for the distal parts of the lower extremities, 
mostly around the ankles. Venous stasis may promote this pro- 
cess, although lesions in other areas including the knees, thighs, 
buttocks, arms, abdomen, chest and scalp may also be seen [28]. 
Ulceration and fistulisation of necrotic fat to the skin surface are 
frequent clinical features in pancreatic panniculitis, but they may 
also occur in other panniculitides. Although there are no specific 
clinical findings, it seems that the panniculitis associated with 
pancreatic carcinoma tends to be more persistent, with more fre- 
quent recurrences and a greater tendency to ulceration, fistulisation 
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Figure 97.36 Histopathological features of pancreatic panniculitis. (a) Scanning power 
showing a mostly lobular panniculitis. (b) A group of ghost adipocytes surrounded by 
neutrophils is seen at the periphery of the fat lobule. 


and involvement of cutaneous areas beyond the lower extremities 
than that related to inflammatory pancreatic disease [10]. Cases 
of pancreatic panniculitis with a single cutaneous nodule have, 
however, also been reported [29]. The association of panniculitis 
with fever, polyarthritis and abdominal pain should raise suspicion 
of pancreatic disease. 

Enzymatic fat necrosis induced by pancreatic enzymes is not 
confined to the subcutaneous fat and often patients have other foci 
of fat necrosis. When this involves periarticular fat it may cause a 
mono- or oligoarticular arthritis [10,25], which may be symmetrical 


Figure 97.37 Pancreatic panniculitis in an alcoholic male showing nodular lesions, many 
of them ulcerated around the ankles. 


and can be intermittent, migratory or persistent [16], causing the 
so-called pancreatitis, panniculitis and polyarthritis syndrome (PPP 
syndrome) [30]. This enzymatic arthritis usually involves the small 
joints of the hands, wrists and feet, but also may affect larger joints 
such as the elbows, knees and ankles. Aspiration of the involved 
joint yields a creamy, purulent, sterile fluid with a few white cells 
[31]. Joint fluid may also contain lipid crystals with increased levels 
of amylase, lipase, free fatty acids, triglycerides and cholesterol 
[31]. In rare instances, this may progress to chondronecrosis and 
osteonecrosis of the involved joints [32]. Other less common extra- 
pancreatic sites involved by enzymatic fat necrosis rarely cause 
symptomatology, but autopsies of patients with pancreatic carci- 
noma and panniculitis have demonstrated fat necrosis in abdominal 
fat [33] and bone marrow [34]. Radiological images are character- 
istic, showing osteolytic lesions, moth-eaten bone destruction and 
periostitis of the involved bone of the extremities due to extensive 
areas of bone marrow fat necrosis and trabecular bone destruction 
[35]. The association of panniculitis, polyarthritis and eosinophilia 
in a patient with pancreatic cancer is known as the Schmid triad 
and usually carries a poor prognosis [16]. 

Skin lesions may be the first sign of pancreatic disease and there- 
fore represent an important clue for the diagnosis [1,16,36]. In the 
literature, there are several reports in which cutaneous nodules 
of pancreatic panniculitis preceded the detection of pancreatic 
carcinoma by several months, and the development of panniculitis 
may also predict progressive or metastatic malignant disease [37]. 
However, the most frequent underlying associated pancreatic dis- 
ease is not pancreatic carcinoma, but acute [6] or chronic [38,39] 
pancreatitis caused by alcohol abuse [6], trauma [40,41] or cholelithi- 
asis [42]. After acute and chronic pancreatitis, pancreatic carcinoma 
is the next most common cause of pancreatic panniculitis. Rarer 
disorders that may also cause this type of panniculitis are listed in 
Box 97.6 [3,6,13,16,17,25,37,40-78]. 
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Box 97.6 Disorders associated with pancreatic 
panniculitis 


Acute or chronic pancreatitis 

¢ Pancreatitis secondary to alcohol abuse [6] 

e Pancreatitis secondary to trauma [40,41] 

e Pancreatitis secondary to cholelithiasis [42] 

e Pancreatic pseudocyst [43,44] 

e Acute fatty liver of pregnancy and pancreatitis [45] 


Malignancy 

e Acinar cell pancreatic carcinoma [3,13,37,46-51] 

e Islet cell pancreatic carcinoma [17,37,52-57] 

¢ Acinar cell pancreatic cystadenocarcinoma [16] 

e Liver carcinoma [25] 

e Adenocarcinoma of unknown origin [58] 

¢ Cancer-associated fasciitis-panniculitis syndrome [59] 
e Pancreatic adenosquamous carcinoma [60] 

e Pancreatic neuroendocrine carcinoma [61] 


Postprocedural 

¢ Following renal or simultaneous pancreas and kidney 
transplantation [62-65] 

e After endoscopic retrograde cholangiopancreatography [66] 


Pancreatic anomalies 
e Vascular pancreatic fistulae [67] 
e Pancreas divisum [68-71] 


Miscellaneous 

e Systemic lupus erythematosus [72,73] 

e Association with HIV infection and haemophagocytic syndrome [74] 

¢ Hypertriglyceridaemia and nephrotic syndrome [75] 

¢ Sulindac therapy [76] 

¢ Following L-asparginase treatment for acute lymphoblastic 
leukaemia [77,78] 


Differential diagnosis 

Clinically, the main differential diagnoses are erythema induratum, 
a,-antitrypsin deficiency panniculitis and infectious panniculitis 
[3,12,17]. Histopathology usually resolves any doubt by find- 
ing ghost adipocytes in the saponified fat lobule [12]. Lobular 
panniculitis at the site of subcutaneous IFN-f injections for the 
treatment of multiple sclerosis may histologically mimic pancreatic 
panniculitis [79]. 


Management 

Treatment of pancreatic panniculitis should be directed to the 
underlying pancreatic disease and usually the cutaneous lesions 
heal once the acute inflammatory pancreatic process has resolved 
or the pancreatic anomaly has been surgically corrected [3,13,64,80]. 
Administration of the somatostatin analogue octreotide, a syn- 
thetic polypeptide that inhibits pancreatic enzyme production, has 
been reported to result in a significant improvement in pancreatic 
panniculitis in some [13,47,81] but not all [17,39,46,57] patients with 
pancreatic carcinoma. Corticosteroids, NSAIDs and immunosup- 
pressive drugs are usually not effective treatments for pancreatic 
panniculitis [35]. 


Alpha-1 antitrypsin deficiency 
panniculitis 


Introduction and general description 

Alpha-1 antitrypsin deficiency is a genetic disorder that manifests 
as pulmonary emphysema, liver cirrhosis and, rarely, as cutaneous 
panniculitis. It is characterised by low serum levels of «,-antitrypsin, 
the main protease inhibitor in human serum. 

Warter et al., in 1972, were the first authors to describe panni- 
culitis in association with «,-antitrypsin deficiency, although these 
authors considered the process to be a manifestation of familial 
Weber-Christian disease [1]. Rubinstein et al., in 1977, described the 
first two cases of o,-antitrypsin deficiency-related panniculitis as 
a specific manifestation of this autosomal recessive inborn error of 
metabolism [2]. 


Epidemiology 

Panniculitis associated with «,-antitrypsin deficiency is rare, with a 
female preponderance of 71% among the reported cases [3] and the 
age of presentation ranging from 7 to 73 years, with a mean age of 
39.7 years [4], although children may also be affected [5]. 


Pathophysiology 

Genetics 

Alpha-1 antitrypsin is the most important serine protease inhibitor 
produced in the liver. Its principal function is to inhibit trypsin 
activity, but it also acts as a potent inhibitor of chymotrypsin, 
plasmin, thrombin, neutrophilic elastase, pancreatic elastase, 
serine proteases, collagenase, factor VIII, kallikrein, urokinase 
and cathepsin G. It may also inhibit complement activation, both 
through a direct effect on complement-related proteases and by 
inhibiting the neutrophil proteases that activate enzymes of the 
complement system. Additionally, it is thought to help regulate 
protease-stimulated activation of lymphocytes and phagocytosis by 
macrophages and neutrophils. It is an acute phase reactant which is 
released in stress situations. 

Alpha-1 antitrypsin consists of 394 amino acids organised into 
three B sheets and nine « helices. The active site of the protein is 
a reactive central loop composed of 20 amino acids, which, when 
in contact with a serine protease, induces conformational changes 
resulting in inactivation of both «,-antitrypsin and protease [6]. 
The gene that encodes this protein, SERPINA 1 (formerly known 
as PI), is located at 14q32.1. More than 120 allelic variants have 
been described to date [6]. The most frequent allele, PiM, defined 
by its protein isoelectrophoretic mobility (M = medium mobility), 
is associated with a homozygous PiMM phenotype and normal 
serum levels of «,-antitrypsin (120-200 mg/dL) [7]. Two alleles, PiS 
(S = slow mobility) and PiZ (Z = very slow mobility), each caused 
by a single nucleic acid substitution, are considered to be involved 
in pathological manifestations. In the Z variant, glutamic acid 
replaces lysine at position 342 [8]. Homozygosity for the Z allele 
(PiZZ) is associated with very low serum levels of «,-antitrypsin 
(20-45 mg/dL), whereas the heterozygous phenotypes PiMZ or 
PiMS result in a moderate reduction of «,-antitrypsin serum levels. 
A null allele variant, without any apparent gene alteration, but 
with no detectable mRNA produced, has also been described. 
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In individuals who are homozygous for Pi null/null mutations, 
serum o,-antitrypsin is not detectable at all [9]. Heterozygosity for 
pathogenic «,-antitrypsin mutations (PiMS, MZ, SZ) is estimated 
to occur in about 10% of the general population [10], with 2% het- 
erozygous for the Z allele [11]. The prevalence of the homozygous 
PiZZ phenotype is only about 1 in 3500 in northern Europe popula- 
tions [8]. In heterozygous carriers of the S or Z allele, «,-antitrypsin 
production and function are apparently normal but only a small 
amount of a,-antitrypsin enters the circulation from its production 
site in the liver. Both mutations result in a high tendency for the 
protein to polymerise, especially in the Z variant. In both homozy- 
gous and heterozygous phenotypes, polymerised «,-antitrypsin 
cannot as a result be released from the liver. Z-type o,-antitrypsin 
polymers have been detected in lesional skin, which supports 
the inflammatory pathogenesis of panniculitis and the potential 
pro-inflammatory role of polymers [12]. 

In situations causing tissue injury, such as smoking for emphy- 
sema, trauma for panniculitis or hepatotoxins for cirrhosis, the 
absence or deficiency of a,-antitrypsin results in uncontrolled acti- 
vation of lymphocytes and macrophages, a lack of inhibition of 
the complement cascade including C3a—C5a neutrophilic chemo- 
tactic factors, and the accumulation of neutrophils with a release 
of proteolytic enzymes and secondary tissue damage [13]. The 
special susceptibility of subcutaneous fat to proteolytic degradation 
when not protected by «,-antitrypsin is due to its high fatty acid 
content. Fatty acids modify elastin conformation and render fat 
more susceptible to proteolytic degradation [14]. 

Severe «,-antitrypsin deficiency is associated with a variety of 
clinical manifestations including disorders of blood coagulation 
and fibrinolysis, anomalies in the phagocytic mechanism of the 
immune response and anomalies in the activation of zymogens and 
the release of hormonal peptides in addition to its effect on the lung, 
liver and subcutaneous fat. 

Alpha-1 antitrypsin deficiency panniculitis is most severe in 
homozygous PiZZ individuals. It can, however, also develop in 
heterozygotes with PiMS [6,14], PiMZ [15] and PiSZ [16] genotypes 
and in homozygotes with PiSS [17] and PiM,M, [18] genotypes. 
This suggests that factors other than «,-antitrypsin deficiency 
may be involved in the pathogenesis. Furthermore, some authors 
believe that there are patients with the phenotypic features of 
a,-antitrypsin deficiency but normal serum levels of «,-antitrypsin 
who develop panniculitis because of mutations that do not induce 
polymerisation but that affect the reactive centre loop, resulting in 
the production of non-functional protein [6,16]. 


Histopathology 

Histopathological study of o,-antitrypsin deficiency panniculitis 
shows a predominantly lobular panniculitis with no vasculitis. 
In the early stages, the presence of neutrophils extending into 
the lower reticular dermis in an interstitial pattern between col- 
lagen bundles (‘splaying of neutrophils’) has been proposed by 
some authors as a specific clue for the diagnosis [19]. This is, 
however, a non-specific finding that may be found in any neu- 
trophilic lobular panniculitis. A more specific finding consists 
in the focal nature of the damage with large clusters of normal 
adipocytes adjacent to areas of necrosis and dense neutrophilic 
and histiocytic infiltrates (Figure 97.38) [20,21]. Occasionally, the 


Figure 97.38 Histopathological features of a, -antitrypsin deficiency panniculitis. 
(a) Scanning power showing involvement at the septa and the periphery of the fat 
lobules. (b) Neutrophilic infiltrate and nuclear dust but no evidence of vasculitis. 


intense neutrophilic infiltrate may cause collagenolysis and elastic 
tissue destruction at the connective tissue septa and then necrotic 
fat lobules appear to be ‘floating’ and surrounded by neutrophils 
[22]. Transepidermal elimination of liquefied dermis may occur as 
a secondary phenomenon [23]. In late-stage lesions, neutrophils 
and necrotic adipocytes are less evident and the histopathologi- 
cal picture is dominated by non-specific lipophagic granulomas 
replacing fat lobules. Some macrophages may engulf nuclear dust 
of neutrophils and dystrophic calcification may develop [15]. Direct 
immunofluorescence studies have revealed deposits of complement 
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C3 and IgM around the dermal blood vessels: these are of uncertain 
significance [14,20]. 

Laboratory anomalies include absence or significantly reduced 
levels of o,-globulin on plasma protein electrophoresis and 
abnormally reduced levels of «,-antitrypsin. Sometimes an isoelec- 
trophoretic mobility study for «,-antitrypsin may demonstrate an 
abnormal phenotype with normal serum levels. Therefore, «,-anti- 
trypsin levels measured outside of the acute phase (a, -antitrypsin is 
an acute-phase reactive protein that may be elevated in the setting 
of inflammation) as well as «,-antitrypsin phenotyping and geno- 
typing should be requested in suspicious cases. In chronic cases, 
normocytic normochromic anaemia and hypoalbuminaemia are 
frequently found [24]. 


Clinical features 

Presentation 

Dermatologically, panniculitis is the most important clinical mani- 
festation of «,-antitrypsin deficiency. Inflammation of subcutaneous 
fat may be the first sign of the disease, although subcutaneous 
nodules usually appear when other manifestations of the dis- 
order have already developed. The panniculitis presents as red 
nodules and plaques mainly located on the trunk and around the 
shoulders and hips [14]. The head and extremities may sometimes 
also be involved [20]. The earliest lesions resemble cellulitis [11] 
and show a tendency to ulcerate and exude oily material derived 
from necrotic adipocytes (Figure 97.39) [20]. Healing of lesions 
leaves atrophic scars. A chronic relapsing course is characteristic. 
Antecedent trauma at the site of the lesion [14], surgical debride- 
ment [20], cryosurgery [25] or injections [24] can precipitate new 
lesions. Postpartum flares of the process have been attributed to an 
oestrogen-stimulated increase in proteinase inhibitor levels during 


Figure 97.39 Panniculitis associated with a, -antitrypsin deficiency. Necrotic ulcers 
exudate oily material that result from necrotic adipocytes. 


pregnancy, followed by a precipitous decline to subnormal levels 
postpartum [26]. Uncommon cutaneous manifestations associated 
with a,-antitrypsin deficiency include vasculitis and acquired 
angioedema [7,27,28]. Visceral extension is uncommon, but the 
involvement of perinephric fat as well as hepatic and splenic sterile 
abscesses have been reported [17]. 


Differential diagnosis 

Differential diagnosis of a,-antitrypsin deficiency panniculitis 
includes other neutrophilic panniculitides with a tendency to 
ulceration and fistula formation such as the early stages of ery- 
thema induratum, pancreatic panniculitis, factitial panniculitis and 
infective panniculitis. Most of these panniculitides show specific 
histopathological findings. When neutrophilic lobular panniculitis 
is found without indications of other specific diagnoses, measure- 
ment of serum levels of «,-antitrypsin and electrophoretic mobility 
studies should be undertaken. 


Complications and co-morbidities 

Systemic manifestations of «,-antitrypsin deficiency include panaci- 
nar emphysema, neonatal hepatitis, cirrhosis and liver disease 
resulting from retention of the abnormal polymerised protein 
within the liver, pancreatitis, membranoproliferative glomeru- 
lonephritis, c-ANCA-positive vasculitis and angioedema due to 
deficiency of a protease inhibitor [14,24]. Approximately 50% of ZZ 
patients will die from emphysema-related complications and 10% 
will develop liver disease; the MZ phenotype is associated with a 
slightly higher risk of both lung and liver disease; and no increased 
likelihood of either lung or liver disease is seen in MS patients [6]. 
The null/null phenotype is usually accompanied by emphysema 
but no liver disease because there is no «,-antitrypsin synthesis and 
accumulation in the liver cannot therefore occur [9]. 


Management 

Trauma and surgical debridement should be avoided, as should 
smoking or exposure to hepatotoxins. Reduction of alcohol intake 
should be recommended. Several treatments including corticos- 
teroids [14], immunosuppressive drugs, colchicine [25], danazol 
and antimalarials have shown poor or no response. The first line 
of treatment is based on doxycycline or minocycline in a dose 
of 200 mg daily for at least 3 months, which may be effective in 
mild cases as tetracyclines have anticollagenase activity which 
may partly re-establish protease—antiprotease homeostasis [10]. 
Dapsone has also shown to be effective because it inhibits the 
migration of neutrophils [14,17]. For severe cases with liver and 
lung involvement, the best option is replacement of «,-antitrypsin 
using human pooled plasma from normal donors (Prolastin®). 
Intravenous infusions in a dosage of 60-100 mg/kg per week, 
depending on the severity of the deficiency, over a period of 3-7 
weeks is recommended [3,8,23,29-35]. Recurrence after discon- 
tinuation of therapy is common, but there is a good response to 
reinfusion [31]. Other interventions that have been used include 
plasma exchange [36] and liver transplantation [37]. In one patient 
a,-antitrypsin deficiency panniculitis appeared after liver trans- 
plant and was successfully treated with retransplant [38]. The 
role of genetic engineering in producing o,-antitrypsin is being 
investigated [39-41]. 
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Infective panniculitis — 


Pathophysiology 

Histopathology 

The histopathological features of infective panniculitis consist of 
a predominantly lobular neutrophilic panniculitis without vas- 
culitis [1-3], although in some cases small-vessel vasculitis has 
been described [1]. Apart from the neutrophilic infiltrate in the fat 
lobule, additional features suggestive of an infective aetiology of a 
lobular panniculitis are haemorrhage, proliferation of vessels, foci of 
basophilic necrosis and necrosis of sweat glands [1]. Special stains, 
including Gram, PAS, Ziehl-Neelsen and methenamine-silver, as 
well as tissue cultures should be performed. 

Rarely, infective panniculitis may resemble SPTCL, as was 
reported in a case due to Borrelia burgdorferi where the lobular 
infiltrate was composed of atypical lymphocytes with cytotoxic 
immunophenotye. B. burgdorferi aetiology was, however, proven 
by positive PCR findings, serology and a favourable response to 
antibiotics [4]. 

The histopathological findings in panniculitis caused by mycobac- 
terial infections vary according to the organism involved and 
the immune state of the host. In most cases, the histopathologi- 
cal picture, as in other bacterial panniculitides, is a neutrophilic 
lobular panniculitis, but mycobacterial panniculitides often contain 
suppurative granulomas (Figure 97.40) [5-8] or frank tuberculoid 
granulomas [5,9,10]. Caseous necrosis is suggestive of tuberculous 
panniculitis [9]. 


In Q fever due to Coxiella burnetii, a ‘doughnut-like’ lobular 
granulomatous panniculitis, similar to the changes found in the 
liver and bone marrow, has been described [11]. 

Ghost adipocytes reminiscent of pancreatic panniculitis have 
been documented in cases of mucormycosis [12] and aspergillosis 
[13] involving subcutaneous fat. 

Different histopathological patterns have been described accord- 
ing to the inoculation route of the microorganisms into the skin. 
Primary cutaneous infections arise either from direct physical inoc- 
ulation or at the site of an occlusive dressing over an indwelling 
catheter, whereas secondary cutaneous infections develop either 
from direct extension to the chest wall in pulmonary infections or 
from haematogenous dissemination. In primary cutaneous infec- 
tions, the epicentre of the inflammation is the superficial dermis, 
and thrombosed vessels do not contain intravascular organisms. 
In contrast, in secondary cutaneous infections, the epicentre of 
the inflammation is more deeply seated and involves only the 
deep reticular dermis and subcutaneous fat. The blood vessels 
are thrombosed and dilated with masses of organisms expanding 
their lumina [14]. In immunosuppressed patients, microorganisms 
are numerous and they may be easily identified in tissue sections 
with routine H&E staining or with special stains. However, in 
immunocompetent patients, microorganisms are sparse and may be 
difficult to detect. In these latter cases, the diagnosis may be estab- 
lished only from culture [1,15]. In cases with few microorganisms, 
immunohistochemical staining with anti-bacille Calmette—Guérin 
(anti-BCG) antibody was proposed as a helpful tool for screening 
because this commercially available polyclonal antibody showed 


Figure 97.40 Histopathological features in a cutaneous infection by 
Mycobacterium chelonae. (a) Scanning power showing involvement of 
the reticular dermis and subcutaneous fat. (b) Suppurative granuloma 
involving the fat lobule, with granular basophilic material that 
corresponds to mycobacteria. (c) A section of the same case 
immunostained with the anti-BCG antibody. (d) Clusters of 
anti-BCG-positive mycobacteria are seen within the holes of the 
abscess. 


cross-reactivity with many bacteria, mycobacteria and fungi, and 
produced minimal background staining; it might therefore iden- 
tify microorganisms that could not be seen using conventional 
stains [16]. However, due to overpurification by the manufacturer 
in recent years, anti-BCG antibody no longer has the original 
wide sensitivity for bacteria and fungi and currently it should 
be restricted to the search for mycobacteria in formalin-fixed and 
paraffin-embedded samples. PCR-based methods are also available 
to test formalin-fixed tissue for specific agents. 


Causative organisms 
Several bacterial and fungal infections may cause panniculitis as 
their main clinical manifestation. 

Bacteria implicated in subcutaneous panniculitis include Strep- 
tococcus pyogenes [1], Staphylococcus aureus [1], Pseudomonas spp. 
[1,17,18], Klebsiella [1], Nocardia spp. [1,19], Brucella [2] and Borrelia 
burgdorferi [4,20]. Cutaneous lesions in patients with sepsis due to 
Stenotrophomonas maltophilia may also show a lobular panniculitis 
with macrophages engulfed by microorganisms [21]. Most cases of 
mycobacterial panniculitis reported in the literature have been 
caused by non-tuberculous mycobacteria [6,7,9,22-29], espe- 
cially rapidly growing mycobacteria such as Mycobacterium 
chelonae [5,6,27,28] and M. fortuitum [7,29], and less frequently 
by slow-growing mycobacteria such as M. avium intracellulare 
complex [23-25] and M. marinum [9,22-25]. There are excep- 
tional cases due to M. tuberculosis [6,7,9,26-30] and panniculitis 
caused by M. leprae is extremely rare [31]. M. ulcerans causes a 
well-defined clinicopathological entity known as Buruli ulcer, 
which involves predominantly subcutaneous fat [32-37]. Specific 
cutaneous involvement in Whipple disease (disorder of the small 
intestine due to infection with Tropheryma whippelii) is extremely 
rare. The few described cases presented subcutaneous nodules on 
their legs which histopathologically consisted of a mostly septal 
panniculitis with infiltration of the septa by foamy macrophages 
containing PAS-positive intracellular granules [38-41]. In some 
patients, erythema nodosum-like lesions appeared in treated 
Whipple disease as a sign of immune reconstitution inflammatory 
syndrome [42-44]. 

Fungal infections of the subcutaneous fat may be classified 
into two main categories: (i) panniculitis in the setting of a dis- 
seminated fungal infection; and (ii) classic subcutaneous mycosis. 
These two groups differ in their causative microorganisms, their 
pathogenesis, the setting in which they appear, their prognosis 
and their treatment. The most common disseminated fungal infec- 
tions causing panniculitis are Candida spp. [1,45,46], Aspergillus 
spp. [18], Fusarium spp. [1] and Histoplasma capsulatum [47,48]. The 
most common classic subcutaneous mycoses are sporotrichosis 
due to Sporothrix schenckii, eumycetoma caused by Madurella myce- 
tomatis [2049] and chromoblastomycosis caused by pigmented 
fungi, the most common being Phialophora verrucosa, Fonsecaea 
pedrosoi, F. compacta and Cladophialophora carrionii [50,51]. Uncom- 
mon subcutaneous fungal infections include phaeohyphomycosis, 
lobomycosis, rhinosporidiosis and subcutaneous zygomycosis. 
A case of septal panniculitis caused by cytomegalovirus infection 
with many cytomegalovirus inclusions in endothelial cells has been 
described in an immunosuppressed patient [52] and another case of 
neutrophilic lobular panniculitis due to acanthamoebiasis has been 


reported in a patient with acquired immune deficiency syndrome 
(AIDS) [53]. 


Clinical features 

Presentation 

With the exception of the classic subcutaneous mycoses, most of 
these infective panniculitides occur in immunosuppressed patients 
and are uncommon in immunocompetent hosts. The immunosup- 
pressed population, which has been increasing in recent decades 
due to human immunodeficiency virus (HIV) infection, organ 
transplantation and the widespread use of immunosuppressive 
drugs, is at risk not only of common cutaneous infections but 
also of opportunistic infections with atypical clinical presentations 
[54,55]. 

Bacterial panniculitis may appear in the setting of septicaemia, 
as the consequence of direct inoculation or by direct spread from 
an underlying infection. In patients with sepsis, solitary or multiple 
nodules and abscesses appear as a consequence of the haematoge- 
nous dissemination of bacteria. Constitutional symptoms are often 
absent, but the general condition of the patient is impaired by the 
underlying disease. 

The clinical features of subcutaneous mycobacterial infections 
vary according to the immune state of the patient. In immuno- 
compromised patients, lesions tend to be widespread due to 
haematogenous dissemination. Sporotrichoid spread is not uncom- 
mon in these patients (Figure 97.41) [3,15,56] and spread to internal 
organs may occur [23,56]. In immunocompetent patients, the 
infection is usually localised and related to trauma, such as pen- 
etrating injury, surgical procedures, acupuncture, injections or 
postepilation folliculitis [6,24,25]. 

Panniculitis in immunosuppressed patients with disseminated 
fungal infection presents as multiple, reddish, subcutaneous nod- 
ules, pustules or fluctuant abscesses [14,45,47]. In subcutaneous 
mycoses, the fungus enters the skin from the soil, plants or wood 
via a penetrating injury and the lesions are localised mostly to 


Figure 97.41 Sporotrichoid arrangement of subcutaneous nodules, several of them 
ulcerated and draining serous or oily discharge in an immunocompromised patient. 
Cultures isolated Mycobacterium chelonae. 
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exposed areas of the skin, such as the face, hands, arms or feet [49]. 
These lesions consist of a solitary painless nodule that spreads 
slowly; with time, secondary nodules and papules may develop in 
adjacent skin and may be accompanied by sinuses exuding a serous 
or oily discharge. 


Management 
Treatment of infective panniculitis consists of appropriate antimi- 
crobial therapy. Surgical excision may be necessary for isolated 
lesions due to grain-forming fungi or bacteria, such as mycetoma or 
botryomycosis. 


Factitious panniculitis — oF 


Introduction and general description 

Factitious or artefactual panniculitides result from external injury 
to subcutaneous fat. Aetiological factors may be mechanical trauma, 
chemical substances and thermal injury; the reasons for the injury 
may be accidental, intentional or iatrogenic. Traumatic and cold 
panniculitis are covered in other sections of this chapter. Often 
factitious panniculitis is a manifestation of underlying psychiatric 
disorders [1]. In other instances, the process results from iatrogenic 
injections of drugs or immunisation agents. 


Pathophysiology 

Histopathology 

The histopathological findings in factitious panniculitis vary 
depending on the causal agent. In most cases, early lesions show 
features of a predominantly neutrophilic lobular panniculitis, with 
severe fat necrosis and an intense inflammatory infiltrate. In some 
instances, eosinophils may be abundant [2], especially in panni- 
culitis arising at the site of cancer vaccines [3], and in sclerosing 
lipogranulomas of the genitalia [4]. Superimposed infection often 
complicates self-induced panniculitis. Fully developed lesions 
show granulomatous infiltrates involving the fat lobule, whereas 
longstanding lesions are characterised by lipophagic granulomas 
and surrounding fibrosis. In some cases, polarised light will reveal 
the birefringent foreign bodies responsible for the panniculitis. In 
panniculitis due to injected substances, the dermis is also involved 
by the inflammatory process, which may be a clue to the correct 
diagnosis. 

Sometimes, specific histopathological findings may be helpful in 
identifying the nature of the foreign material. Paraffinoma is char- 
acterised by a predominantly lobular panniculitis in which the 
subcutaneous fat exhibits a ‘Swiss-cheese’ appearance, with cystic 
spaces of variable size and shape, surrounded by foamy histio- 
cytes and multinucleated giant cells; intense fibrosis with sclerotic 
collagen bundles is seen surrounding the cystic spaces [5]. Similar 
findings have been described in the penis following a grease gun 
injury [6]. Exogenous oils may be highlighted by special stains such 
as oil red O and osmium tetroxide [7]. 

Histopathological findings in local reactions to implants of silicone 
are variable depending mainly on the form of the injected silicone. 


Solid elastomer silicone induces an exuberant foreign-body gran- 
ulomatous reaction, whereas silicone oil and gel induce a sparser 
inflammatory response. Silicone particles appear as groups of 
round, empty vacuoles of different sizes between collagen bun- 
dles or within macrophages. Silicone particles are not birefringent 
under polarised light, but sometimes translucent angulated foreign 
bodies that represent impurities in the silicone are also found [8]. 
Granulomas from polymethylsiloxane fillers consist of irregularly 
shaped cystic spaces containing translucent, jagged ‘popcorn’, 
non-birefringent particles of varying size dispersed in a sclerotic 
stroma, surrounded by abundant multinucleated foreign-body 
giant cells [9]. 

Granulomas from collagen-based cosmetic fillers containing 
polymethylmethacrylate microspheres show a nodular or diffuse 
granulomatous infiltrate surrounding rounded vacuoles of similar 
shape and size, which mimic normal adipocytes and correspond to 
the implanted microspheres [10]. 

Injections of lipomas with phosphatidylcholine-containing sub- 
stances induce an early reaction characterised by neutrophilic 
infiltration with partially destroyed fat cells. Late lesions show infil- 
tration of T lymphocytes and macrophages with foamy histiocytes, 
accompanied by thickened septa and pseudocapsule formation 
surrounding the inflamed area [11]. 

Persistent reactions to aluminium at the site of injection of 
hyposensitisation vaccines show abundant lymphoid follicles in 
the subcutaneous tissue with germinal centre formation. They may 
mimic lupus profundus, pseudolymphoma or deep morphoea, but 
the abundant eosinophils and the identification of characteristic 
histiocytes with basophilic granular cytoplasm are the key distinc- 
tive features allowing the correct diagnosis [12]. These macrophages 
contain lysosomes filled with aluminium salts that can be demon- 
strated with X-ray dispersion microanalysis. 

Pentazozine panniculitis is manifested as sclerodermoid plaques 
that result from the thrombosis of small vessels, endarteritis, gran- 
ulomatous inflammation, lipophagic granulomas and pronounced 
fibrosis of the dermis and subcutaneous fat [13,14]. 

Panniculitis secondary to vitamin K injections is also characterised 
by prominent sclerosis of the collagen bundles of the connec- 
tive tissue septa of the subcutis and an inflammatory infiltrate 
of lymphocytes, mast cells and plasma cells, which raises the 
histopathological differential diagnosis with morphoea [15,16]. In 
contrast with deep morphoea, vitamin K, panniculitis usually also 
involves the fat lobule with lipophagic granulomas. 

Povidone panniculitis shows granulomatous infiltration of the fat 
lobule with focal haemorrhage and necrosis. Many macrophages 
contain grey-blue foamy material in their cytoplasm, which is 
positive for Congo red and chlorazol-fast pink [17]. 

Extravasation of cytotoxic drugs shows lobular panniculitis, abun- 
dant adipocyte necrosis with little inflammatory infiltrate together 
with epidermal lesions attributable to direct cytotoxicity. More 
chronic cases show marked fibrosis and lipomembranous changes 
[18,19]. 

Panniculitis secondary to subcutaneous glatiramer acetate injections 
for the treatment of multiple sclerosis (Figure 97.42) consists of a 
predominantly lobular panniculitis, with lipophagic granulomas 


Figure 97.42 Panniculitis on the anterior abdominal wall secondary to subcutaneous 
glatiramer acetate injections for the treatment of multiple sclerosis. 


and scattered neutrophils and eosinophils both in the septa and 
in the fat lobules. The connective tissue septa show widening and 
fibrosis in conjunction with many lymphoid follicles, some with 
reactive germinal centres (Figure 97.43). Immunohistochemistry 
demonstrates that the inflammatory infiltrate of the fat lobule 
consists of CD68-positive histiocytes and suppressor/cytotoxic T 
lymphocytes. In contrast, the lymphoid follicles in the septa and 
at the interface between the septum and fat lobule are mainly 
composed of B lymphocytes [20]. 

Factitious panniculitis due to repeated trauma shows organ- 
ising haematomas, focal granulomas and haemosiderin deposi- 
tion [21]. 


Causative organisms 

Recently, the use of injectable filler agents has become widespread 
in aesthetic dermatology and plastic surgery for the treatment of 
wrinkles and soft-tissue augmentation. Biodegradable or resorbable 
agents may induce severe complications but these will usually dis- 
appear spontaneously in a few months. Slowly biodegradable or 
non-resorbable fillers may give rise to severe reactions that show 
little or no tendency to spontaneous improvement. They may 
appear several years after the injection, when the patient does 
not remember which product was injected. Previously, factitious 
panniculitis frequently resulted from subcutaneous injection of 
oily materials including mineral oil (paraffin) or vegetable oils 
(cottonseed and sesame oils) [7]. These products were used over 
many years to augment the size of breasts or genitalia but often 
induced subcutaneous foreign-body reactions known as paraffi- 
noma or sclerosing lipogranuloma. Fortunately, most such fillers 
have now been abandoned by medical professionals, although 
complications may appear a long time after the injections, even 
30 years later, and it still is possible to see cases of paraffinoma 
or sclerosing granuloma [8]. Although cosmetic fillers currently 
used for tissue augmentation, such as bovine collagen, silicone, 
polymethylmethacrylate microspheres (Artecoll®), polymethyl- 
siloxane (Bioplastique®) and hydroxyethylmethacrylate particles 
in hyaluronic acid (Dermalive®), are better tolerated, they may 
also sometimes induce factitious panniculitis [10,22-25]. In recent 
years, injections with Lipostabil®, a phosphatidylcholine-containing 
substance, have become a popular therapeutic technique for the 


Figure 97.43 Histopathological features of panniculitis secondary to subcutaneous 
glatiramer acetate injections for the treatment of multiple sclerosis. (a) Scanning power 
showing a mostly lobular panniculitis. (6) Numerous lymphoid aggregates are seen at 
the periphery of the fat lobules. 


treatment of localised fat accumulation and lipomas, causing 
factitious panniculitis of the injected fat tissue [11]. Mesotherapy 
injections in an attempt to produce reduction of the thickness of 
hypertrophic subcutaneous fat produce a granulomatous pan- 
niculitis with some cystic fat necrosis [26]. Panniculitis has also 
been reported at the sites of injection of several therapeutic drugs 
(Box 97.7) [3,12,13,15,20,27-34]. 
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Box 97.7 Medications causing panniculitis at the 
sites of injection 


e Pethidine [13] 

e Pentazocine [27] 

¢ Methadone [28] 

¢ Povidone [29] 

¢ Gold salts (aurothioglucose) [30] 

e Phytomenadione (vitamin K,) [15] 

¢ Glatiramer acetate for the treatment of multiple sclerosis 
(Figure 97.42) [20] 

¢ Tetanus antitoxoid vaccination and antihepatitis vaccines [31] 

¢ Hyposensitisation vaccination with vaccines containing 
aluminium [12] 

e Anticancer vaccines such as gangliosides for melanoma and 
carcinoembryonic antigen and mucin-1 (MUC1) for pancreatic 
cancer [3] 

e Interferon B [32] 

¢ Granulocyte colony-stimulating factor [33] 

e Interleukin 2 [34] 


The extravasation of cytostatic agents during antineoplastic 
chemotherapy also presents as a severe panniculitis [18,35]. Cup- 
ping and acupuncture techniques for the relief of pain may induce 
factitious panniculitis on the limbs [36,37]. Finally, patients with 
psychiatric disorders may present with self-inflicted panniculi- 
tis due to subcutaneous injections of a wide range of substances 
including acids, alkalis, farming products, mustard, milk, microbi- 
ologically contaminated material, urine and faeces [1,2]. 

The exact mechanisms involved in factitious panniculitis are 
uncertain, but vasoconstriction with tissue ischaemia at injection 
sites, a local inflammatory response elicited by direct contact with 
drugs or noxious injected substances, immune mechanisms and 
trauma due to repeated injections may be implicated. 


Clinical features 

Presentation 

The clinical features of factitious panniculitis are variable, depend- 
ing upon the causative agent. Self-induced factitious panniculitis 
usually occurs in young adults or middle-aged women with a 
history of drug addiction or psychiatric disorders (Chapter 84). 
Lesions tend to be localised to areas easily accessible to the hands, 
such as the buttocks and thighs, and they are usually solitary or few; 
when multiple they tend to be grouped. The clinical appearance 
is bizarre and suspicions should be raised when they do not fit 
with any well-defined dermatosis. Lesions due to blunt trauma 
often appear bruised and frequently involve the arm or hand [21]. 
A particular presentation of self-induced traumatic panniculitis 
is the so-called Secretan syndrome (l’oedéme bleu) [38,39], which 
consists of a factitious oedema of the hand caused by the frequent 
application of a tourniquet or repeated trauma. The course is chronic 
and recurrent, leading to progressive fibrosis of the dorsum of the 
hand [40]. 

Self-inflicted injections with contaminated material produce an 
acute suppurative panniculitis, often with systemic symptoms 
[41]. Early lesions manifest as inflammatory nodules and plaques 
secondary to fat necrosis and suppuration. Some cases may show 


abscess formation and lymphangitic spread. A case of factitious 
panniculitis masquerading as florid pyoderma gangrenosum was 
reported in a depressed woman [42]. There is a risk of progression to 
granulomatous inflammation and fibrosis in longstanding lesions. 
Sclerosing lipogranuloma is the term used for factitious lesions of 
the male genitalia secondary to injections of liquid paraffin intended 
to augment the size of the penis [43]. Often, these patients deny 
previous injections, making diagnosis difficult. Lesions similar to 
sclerosing granuloma may appear in other locations such as the 
eyelids, lips or gluteal region after the injection of liquid silicone [44]. 

Diagnosis of panniculitis secondary to the injection of drugs 
is usually easy and the location of the lesions provides a clue 
to their cause. Pentazocine abuse has been described in patients 
with chronic pain or addiction: repeated injections may induce 
panniculitis and myositis. Pentazocine panniculitis presents as 
multiple nodulo-ulcerative lesions of long duration located bilat- 
erally on the buttocks and shoulders [27]. These nodules slowly 
progress to fibrosis resulting in sclerodermoid plaques that extend 
to the underlying fascia and muscle [45]. Texier disease is another 
iatrogenic panniculitis due to vitamin K, injections [15]: early 
lesions have an eczematous appearance, but longstanding reactions 
mimic morphoea [16]. Procaine povidone was used to treat chronic 
pain with local infiltrations. Povidone is a synthetic product now 
widely used in skin care products such as hair sprays and as a 
dispersing or suspending agent in drugs such as procaine and 
hormones. Povidone polymers cannot be excreted by the kidney 
and they are phagocytised and stored permanently in macrophages, 
resulting in the so-called ‘povidone storage disease’ [17]. In addi- 
tion to panniculitis at the sites of injection, povidone may cause 
pulmonary lesions, lymphadenopathy and visceromegaly [29]. 

Subcutaneous extravasation of cytotoxic agents causes severe, 
painful, necrotic reactions of the subcutis and underlying muscles, 
which may disable a patient for months. Clinical lesions show 
red-brown painful oedema that may evolve into necrotic plaques 
that heal with sclerotic, indurated scars which may become bound 
to underlying muscle and bone [35]. 


Management 

Early lesions of factitious panniculitis should be treated with sys- 
temic antibiotics to cover a wide spectrum of microorganisms. 
If artefact is suspected, the affected area may be occluded for a 
week with a bandage: improvement would support a suspicion of 
self-induced factitious panniculitis, for which appropriate social 
and psychiatric care should be offered. Regrettably, these offers are 
usually rejected by patients. 

Panniculitis secondary to cosmetic fillers usually requires intrale- 
sional steroids and, if possible, removal of the implanted material. 
Panniculitis secondary to injection of drugs usually requires only 
supportive care and withdrawal of the responsible drug. 


Neutrophilic lobular panniculit 


Neutrophilic lobular panniculitis incorporates a range of different 
panniculitides in which the fat lobule infiltrate is mostly composed 
of neutrophils (Box 97.8). According to Cohen, ‘neutrophilic lobular 
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panniculitis is not a distinct entity but has a concise pathologic 
description of specific changes in the subcutaneous fat that have 
been observed in association with several conditions’ [1]. Some of 
these entities have been covered in other sections of this chapter. 
Included here is a small group of rare disorders characterised by 
neutrophilic lobular panniculitis [2]. It must be underlined that an 
infectious aetiology must always be ruled out before making the 
histopathological diagnosis of a neutrophilic lobular panniculitis. 


Box 97.8 Types of neutrophilic lobular panniculitis 


e Alpha-1 antitrypsin deficiency panniculitis 

e Pancreatic panniculitis 

¢ Infective panniculitis 

¢ Factitious panniculitis 

¢ Neutrophilic lobular panniculitis /subcutaneous Sweet syndrome 
¢ Neutrophilic/pustular panniculitis of rheumatoid arthritis 

e Erythema nodosum-like lesions of Behcet disease 

¢ Bowel bypass dermatosis 

e Jatrogenic neutrophilic panniculitis 

¢ Drug-induced neutrophilic panniculitis 

¢ Neutrophil-rich lupus panniculitis [79] 

e Neutrophilic variant of subcutaneous fat necrosis of the newborn [80] 


Adapted from Guhl and Garcia-Diez 2008 [22]. 


Subcutaneous Sweet syndrome (Chapter 49) 


Introduction and general description 
Acute febrile neutrophilic dermatosis or Sweet syndrome is a 
neutrophilic dermatosis characterised by an acute onset of oede- 
matous, red papules and plaques, often accompanied by fever and 
malaise, which was first described by Sweet in 1964 [3]. Histopatho- 
logically, cutaneous lesions show oedema of the papillary dermis 
and a dense band-like infiltrate of neutrophils involving mostly 
the superficial dermis, with no vasculitis [4]. Usually, Sweet syn- 
drome is mainly a dermal process, but even in the original series 
Sweet reported that the neutrophilic infiltrate may extend into the 
underlying subcutaneous tissue with an associated neutrophilic 
panniculitis [3]. Subcutaneous involvement in classic Sweet syn- 
drome is not rare and it has been described in some series with 
frequencies ranging from 25% to 50% of cases [5-9]. A diagnosis of 
subcutaneous Sweet syndrome should be made, however, only in 
those cases in which the neutrophilic infiltrate involves exclusively 
the subcutaneous tissue with few or no neutrophils in the dermis. 
Only a few patients have been described with this peculiar variant 
of Sweet syndrome with exclusively subcutaneous involvement. 
Cullity et al. [10] were the first authors to use the term ‘Sweet’s 
panniculitis’ or ‘acute febrile neutrophilic panniculitis’ to describe 
this entity, although similar cases had been previously reported 
[5,11]. Most of the cases show a neutrophilic lobular panniculitis, 
although in rare instances a septal component may be predominant 
[12]. To date, only 27 well-documented cases of subcutaneous 
Sweet syndrome have been reported [10-32]. Several features 
support the relationship of neutrophilic lobular panniculitis to 
Sweet syndrome. In some cases, subcutaneous Sweet syndrome 


was followed by classic dermal Sweet syndrome [5], whereas 
another patient presented simultaneously with classic Sweet syn- 
drome and Sweet panniculitis [18]. As in classic Sweet syndrome, 
many patients with subcutaneous Sweet syndrome had associ- 
ated myelodysplastic syndromes and haematological neoplasms 
[10,13-15,19,20,24,25,27-34], and their cutaneous lesions showed an 
excellent response to systemic corticosteroids. 


Pathophysiology 

Histopathology 

Histopathological study of the lesions demonstrates a dense infil- 
trate of mature neutrophils involving subcutaneous tissue. The 
neutrophilic infiltrate may involve the septa, lobules or both 
[1], but in most cases the lobular component predominates 
(Figure 97.44) [10,12,13,15-18]. Vasculitis is usually absent in all 
cases, but in two patients leukocytoclasia was noted [10,13]. The 
dermis is, by definition, spared in all patients. Occasionally, some 
mononuclear cells may be found in the subcutaneous tissue [10,14]. 
Rarely, infiltration of myeloperoxidase-positive immature gran- 
ulocytes has been described [21], representing the subcutaneous 
counterpart of the so-called histiocytoid Sweet syndrome [35]. 

In summary, Sweet syndrome may involve subcutaneous tissue 
with two different patterns: (i) with a mostly septal panniculitis 
and occasionally granulomatous infiltrate, as in classic erythema 
nodosum associated with Sweet syndrome [36]; and (ii) with a 
neutrophilic infiltrate mostly involving the fat lobules, as is the case 
in subcutaneous Sweet syndrome. 


Clinical features 

Presentation 

Subcutaneous Sweet syndrome, like classic Sweet syndrome, has 
a median age of onset during the sixth decade of life but appears 
not to show the female preponderance of the latter [4,9]. Clini- 
cally, the lesions consist of red nodules [11-15,17,18] or plaques 
[10,12] (Figure 97.45). Often the nodules are tender or painful 
[15]. Frequently, the onset of subcutaneous nodules is preceded 
or accompanied by systemic symptoms such as fever and malaise 
[5,10,12,14,16,17]; leukocytosis was found in several patients 
[12-14,16,17]. The most frequent locations are the lower extrem- 
ities [11-15,17,18], followed by the upper extremities [12,13,15], 
trunk [10,12,13,15] and head [10]. In one patient, the lesions 
were associated with all-trans-retinoic acid chemotherapy for 
promyelocytic leukaemia [19]; another patient presented associated 
dacryoadenitis [20]; and another developed the condition when 
administered pegylated granulocyte colony-stimulating factor 
(GCSF) [26]. 


Management 

Most patients with subcutaneous Sweet syndrome show dra- 
matic response to systemic corticosteroids, such as prednisolone 
[10,11,14-16]. Dapsone has also been administered successfully in 
one patient [17]. 


Behcet disease (Chapter 48) 


In the differential diagnosis of subcutaneous Sweet syndrome are 
the ‘erythema nodosum-like’ lesions which occur in approximately 
30% of patients with Behcet disease [37,38]. They consist of nod- 
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(b) 


Figure 97.44 Histopathological features of neutrophilic lobular panniculitis. (a) 
Scanning power showing a predominantly lobular panniculitis. (b) The lobular infiltrate is 
composed mainly of neutrophils. 


ules on the lower extremities [38-42], and sometimes also on the 
arms [38,39], identical to those of classic erythema nodosum [37]. 
However, histopathological study demonstrates involvement of 
both the septa and fat lobules [38,39], with necrotising leukocyto- 
clastic vasculitis involving the arterioles and venules [37-40]. In 
some cases, neutrophilic abscesses are found within the fat lobules 
[37]. A variable degree of fat necrosis is nearly always present 
[37]. Therefore, the histopathological findings rule out a diagno- 
sis of erythema nodosum and the vasculitis component allows 
subcutaneous Sweet syndrome to be ruled out [38]. 


Figure 97.45 Neutrophilic lobular panniculitis showing red plaques and nodules on the 
back of an adult woman. 


Rheumatoid arthritis (Chapter 155) 


Several cases of neutrophilic (pustular) panniculitis have been 
described in patients with rheumatoid arthritis [43-54]. In these 
patients, subcutaneous nodules are mostly located on the lower 
extremities and they show a tendency to form draining fistulae with 
a yellowish discharge [46-50]. Histopathologically, these lesions are 
characterised by a lobular infiltrate of neutrophils accompanied by 
lymphocytes, macrophages and multinucleate giant cells [45,47,48]. 
Fat necrosis has been found in nearly all cases [42,43,47,48] and 
leukocytoclastic vasculitis was described in some [43,48]. 


Bowel-associated dermatosis-arthritis syndrome 
(Chapter 153) 


The bowel-associated dermatosis—arthritis syndrome is charac- 
terised by recurrent fever, arthralgia and skin lesions after intestinal 
bypass or bariatric surgery [55,56]. The most frequent skin lesions 
consist of red papules or vesiculopustules. Lobular neutrophilic 
panniculitis with tender subcutaneous nodules on the lower extrem- 
ities has, however, rarely been described in these patients [55,56]. 


Drug-induced neutrophilic panniculitis 


In addition to drug-induced erythema nodosum and panniculitis 
induced by drugs at the sites of injection (see earlier), some recently 
introduced drugs may induce neutrophilic septal or lobular panni- 
culitis beyond the sites of injection [57-78], with red subcutaneous 
nodules mostly involving the upper and lower limbs (Table 97.4; 
Figures 97.46 and 97.47). These drug-induced panniculitides usually 
appear after an average of 30 days from the onset of treatment. They 
are often associated with systemic symptoms, such as fever or 
arthralgia. Lesions are usually mild and do not require withdrawal 
of the responsible drug. 


Table 97.4 Drug-induced panniculitis. 


Histopathological 
Drug patterns reported 
Granulomatous/sarcoid-like, 
nodosum-like 
Erythema nodosum-like, 
neutrophilic lobular 
Neutrophilic lobular 
Neutrophilic lobular 


Immune checkpoint inhibitors (e.g. ipilimumab, 
erythema nivolumab, pembrolizumab) 
BRAF inhibitors (e.g. vemurafenib, dabrafenib) 


Tyrosine kinase inhibitors (e.g. imatinib, dasatinib) 

Bruton tyrosine kinase (BTK) inhibitors (e.g. 
ibrutinib, acalabrutinib, zanubrutinib) 

TNF inhibitors (e.g. etanercept, infliximab, 
adalimumab) 

Hypomethylating agents (e.g. azacitidine, 
decitabine, guadecitabine) 


Erythema nodosum-like, 
lupus profundus-like 
Neutrophilic lobular 


TNE, tumour necrosis factor. 


Figure 97.46 Panniculitis on the anterior aspect of the lower extremities in a woman 
with metastatic melanoma receiving treatment with nivolumab. 


Subcutaneous sarcoidosis 


Synonyms and inclusions 


¢ Darier—Roussy sarcoid 


Introduction and general description 

Minimal dermal involvement is acceptable for a histopathologi- 
cal diagnosis of subcutaneous sarcoidosis [1], but subcutaneous 
sarcoidosis is considered a specific clinicopathological variant of 
sarcoidosis involving exclusively the subcutaneous fat. It should 
be differentiated from nodular dermal lesions of sarcoidosis 
with deep extension into the subcutaneous tissue [2]. Mostly, 


(b) 


Figure 97.47 Histopathological features of panniculitis induced by nivolumab. (a) 
Scanning power showing a predominantly lobular panniculitis. (b) The lobular infiltrate is 
composed mainly of histiocytes and lymphocytes. 


subcutaneous sarcoidosis is associated with systemic sarcoido- 
sis, although with an indolent and non-aggressive form of the 
disease [3]. 

The most frequent subcutaneous disorder associated with sar- 
coidosis is not subcutaneous sarcoidosis, but classic erythema 
nodosum [3]. However, patients with systemic sarcoidosis may also 
develop sarcoidal granulomas involving the subcutaneous tissue 
as a specific cutaneous lesion (Figure 97.48); this is referred to as 
subcutaneous sarcoidosis. Subcutaneous sarcoidosis is a rare form 
of cutaneous sarcoidosis [3-6] (Chapter 96). 
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Figure 97.48 Subcutaneous sarcoidosis. Subcutaneous firm nodules on the forearms 
covered by normal-appearing skin. 


Epidemiology 

Incidence and prevalence 

Subcutaneous sarcoidosis is the least common specific cutaneous 
manifestation of sarcoidosis. Its frequency varies, ranging in 
different series between 1.4% and 6% of patients with systemic 
sarcoidosis [7] and represents 11.76% of specific cutaneous lesions 
[8]. Its clinical features are described in detail in Chapter 96. 


Pathophysiology 
Histopathology 
Histopathologically, subcutaneous sarcoidosis is characterised by 
non-caseating granulomas involving fat lobules (Figure 97.49) 
[3,8]. At low-power magnification, the process appears as a 
predominantly lobular panniculitis, with minimal or no septal 


(a) 


involvement. Sarcoidal granulomas in subcutaneous tissue are 
usually small, uniform in size and mainly composed of epithelioid 
histiocytes, with limited numbers of multinucleate giant cells and 
a sparse lymphocytic component. Fibrosis is a frequent finding 
in subcutaneous sarcoidosis, and although it may be intense, it is 
not associated with pulmonary fibrosis or with long-term persis- 
tence of systemic sarcoidosis activity [9]. Occasionally, small foci of 
eosinophilic necrosis may appear in the centre of regressing sarcoid 
granulomas [10], raising the differential diagnosis of tuberculosis 
[11]. In rare instances, caseating necrosis may be extensive [11]. The 
development of calcification in these sarcoidal granulomas has also 
been reported [12]. Foreign refractile particles under polarised light 
have been detected in some cases of subcutaneous sarcoidosis and 
this finding should not exclude the diagnosis [13-15]. 


Management 

Corticosteroids, in either topical, intralesional or systemic form, 
are the mainstay of therapy for subcutaneous sarcoidosis. For 
extensive lesions, the usual dose is 0.5-1 mg/kg/day for 4-6 weeks, 
followed by a slow taper. For solitary cutaneous lesions, top- 
ical or intralesional corticosteroids may suffice. Alternative 
non-steroidal systemic medications include hydroxychloroquine 
(200-400 mg/day), chloroquine (250-500mg/day), minocycline 
(200 mg/day), methotrexate (10-25mg weekly) and thalidomide 
(50-300 mg/day). Improvement of both systemic and cutaneous 
sarcoidosis has been observed with TNF-a inhibitors, including 
infliximab and adalimumab. 


Traumatic panniculitis Cl 


Introduction and general description 
Traumatic panniculitis refers to the damage of subcutaneous tissue 
induced by physical and chemical agents. The physical injuries may 


Figure 97.49 Histopathological features of subcutaneous sarcoidosis. (a) Scanning power showing a predominantly lobular panniculitis. (b) Small non-caseating granulomas involving 


the fat lobule. 
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Figure 97.50 Traumatic panniculitis involving the shin. 


be from trauma, cold, electricity or chemicals. Cold panniculitis 
and chemical factitious panniculitis have been covered in other 
sections of this chapter. In general, there is no direct relationship 
between the severity of the injury and the severity of the resultant 
panniculitis: even minor trauma often causes nodules of panniculitis 
on the shins (Figure 97.50). 


Pathophysiology 

Histopathology 

The histopathological findings in traumatic panniculitis are not 
specific. Early lesions show intense haemorrhage and an inflamma- 
tory infiltrate, mostly composed of lymphocytes and macrophages 
arranged around septal vessels. Fully developed lesions are asso- 
ciated with cystic areas of fat necrosis surrounded by histiocytes, 
lipophagic granulomas scattered with haemosiderophages, and 


some neutrophils and eosinophils. Late lesions show fibrotic 
replacement of the fat lobule with residual cystic fat necrosis sur- 
rounded by macrophages and foreign-body multinucleate giant 
cells. Lipomembranous changes are also common in late-stage 
lesions of traumatic panniculitis [1]. Dystrophic calcification may 
appear in longstanding nodules. 

Biopsy from semicircular atrophy shows inflammatory perivas- 
cular changes in early lesions. Nodular-cystic fat necrosis shows 
extensive necrosis of the fat lobules, with cystic fat necrosis and 
lipomembranous changes, and as the most characteristic finding 
a thick, eosinophilic, peripheral, fibrotic pseudocapsule with hya- 
line appearance encircling the nodule and separating it from the 
surrounding tissues (Figure 97.51) [2]. 


Clinical features 

Presentation 

A specific form of traumatic panniculitis is common in women with 
large pendulous breasts. Large breast masses can form and may be 
misinterpreted as breast cancer [3]. 

Another peculiar variant of traumatic panniculitis is the so-called 
semicircular lipoatrophy that is probably induced by repeated 
microtrauma [4-9] (Chapter 98). These patients, generally adult 
women, develop horizontal band-like or circular depressions 
around the anterolateral aspects of the thighs. Lipoatrophy in these 
areas develops over several weeks without symptoms. Trauma is 
the most probable cause because the affected areas of the thighs are 
vulnerable to repetitive trauma from sitting at desks and tables. 

Post-traumatic panniculitis may present as a solitary nodule or 
as multiple subcutaneous nodules caused by traumatic separation 
and consequent devascularisation of pieces of subcutaneous fat 
from its blood supply. The resultant walling off of the necrotic 
fat by fibrous tissue results in so-called encapsulated fat necrosis, 
otherwise termed nodular cystic fat necrosis or mobile encapsulated 
lipoma [10-19]. 


(b) 


Figure 97.51 Histopathological features of encapsulated fat necrosis. (a) Scanning power showing an enucleated and very well-circumscribed lesion. (b) Necrotic adipocytes 


surrounded by hyaline material. 
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Electrical injuries appear at the point of contact of different elec- 
trodes causing skin burns with superficial subcutaneous involve- 
ment. 


Management 
Traumatic panniculitis is usually a self-limiting disorder and consid- 
erable improvement occurs with time. 


Lipoatrophic panniculitis of 
ankles in childhood 


Introduction and general description 

Lipoatrophic panniculitis characteristically involving the ankles 
was initially reported by Shelley and Izumi in 1970 and they coined 
the expression ‘annular atrophy of the ankles’ to name this pro- 
cess [1]. Since then, only a handful of cases have been reported 
[2-19], some of them under the heading of connective tissue pan- 
niculitis [3]. A recently published small series proposed the term 
‘recurrent lipoatrophic panniculitis in children’ as the best name for 
this paediatric form of panniculitis [20]. 


Pathophysiology 

Histopathology 

In all except one case in which histopathology has been reported, 
a mainly lobular inflammation of the subcutaneous tissue has 
been described, with predominance of histiocytes, lipophagic 
granulomas and a smaller number of lymphocytes, neutrophils, 
plasma cells and eosinophils (Figure 97.52) [1-4,9-18]. Neutrophils 
and myeloid cells are more prominent in early lesions, whereas 
macrophages predominate in late stages, leading to lipopha- 
gia and lipoatrophy [20]. Immunohistochemistry shows positive 
staining for myeloperoxidase around the necrotic adipocytes in 
the early stages and CD68/PGM1 macrophages in the late stages. 
Intense STAT1 staining has been observed in the inflammatory 
infiltrate [20]. 

One reported case was remarkable for the relative abundance 
of lymphocytes, some of them mildly atypical [19]. Immunohisto- 
chemistry in this case demonstrated that most lymphocytes were 
positive for CD3 and CD7, with only occasional CD20+ B lympho- 
cytes, and approximately equal numbers of CD4 and CD8 cells. 
A PCR study for B- and T-cell clonality yielded polyclonal results 
[19]. The authors concluded that their findings of a mostly lym- 
phocytic panniculitis in that case were due to a biopsy performed 
in an earlier stage of evolution of the lesions of the panniculitic 
process, compared with previously reported cases [19]. The partial 
‘rimming’ of necrotic adipocytes by lymphocytes, as well as the 
relatively high proliferative activity disclosed by MIB-1, raised the 
differential diagnosis of SPTCL, but the other immunohistochemical 
results and PCR studies ruled out that diagnosis. 


Clinical features 

Presentation 

Many of the reported patients with lipoatrophic panniculitis of 
the ankles are children with antinuclear antibodies, autoimmune 


(b) 


Figure 97.52 Histopathological findings in lipoatrophic panniculitis of the ankles in 
children. (a) Scanning power showing a mostly lobular panniculitis. (b) The fat lobule is 
replaced by a diffuse histiocytic infiltrate. Many histiocytes show a foamy cytoplasm as a 
consequence of phagocytosis of lipids, resulting in a lipophagic granuloma. 


conditions or both, so that this disorder has been included under 
connective tissue panniculitis, together with morphoea, lupus 
panniculitis and dermatomyositis [4,10]. 

Clinically, the characteristic annular or semicircular involvement 
of the ankles makes this a distinctive condition with few if any 
differential diagnoses. The lesions are tender and the onset of sub- 
cutaneous nodules is accompanied by fever, malaise and arthralgia 
of the ankles. Red nodules and plaques resolve with annular 
scaling leaving lipoatrophy around the ankles (Figure 97.53). In 
some cases, the lesions may extend to other areas of the lower and 
upper limbs and even the face may be involved. Lipoatrophy is the 
characteristic residual lesion of the affected areas [20]. 


essa 


Figure 97.53 Lipoatrophic panniculitis of the ankles in a 12-year-old boy. 


Laboratory abnormalities include increased acute phase reac- 
tants, leukocytosis with mild neutrophilia, microcytic anaemia 
and elevated liver enzymes [20]. The clinicopathological presen- 
tation of this variant of panniculitis shares features with other 
autoinflammatory disorders [20]. 


Management 

Symptomatic treatment with NSAIDs provides analgesia and helps 
resolution. Oral prednisolone usually leads to marked improve- 
ment, but some cases have recurred on tapering, and then other 
drugs such as hydroxychloroquine, methotrexate and azathioprine 
have been administered with good effect. Residual lipoatrophy of 
the ankles tends to improve slowly with time. In a recent small 
series of five cases, all patients improved with a combined therapy 
of methotrexate and corticosteroids [20]. 


Subcutaneous fat necros 
newborn 


Pathophysiology 

Predisposing factors 

The pathogenesis of this disorder is unknown. In many cases, peri- 
natal complications are recorded, such as Rh factor incompatibility, 
meconium aspiration, umbilical cord prolapse, placenta prae- 
via, birth asphyxia, seizures, congenital heart disease, intestinal 
perforation, hypothermia, sepsis, anaemia, obstetric trauma, ges- 
tational diabetes, pre-eclampsia or maternal abuse of drugs [1-12], 
but in many instances there is no history or any other associ- 
ated anomaly. It has been suggested that localised and transient 
hypoxia may be an aetiological factor [13]. Cold may also play a 
role, because there are several reports of subcutaneous fat necro- 
sis of the newborn in children who have had cardiac surgery 
and the lesions appeared after cutaneous applications of ice to 
induce hypothermia [10,14-17]. Cases of subcutaneous fat necrosis 


of the newborn have been described after whole body cooling 
in an infant with polycythaemia and hypocalcaemia [18] and in 
other newborns after hypothermia treatment of hypoxic ischaemic 
encephalopathy [19]. 

Another important predisposing factor may be the particular 
subcutaneous fat composition in neonates, with a relatively high 
concentration of saturated fatty acids compared with unsaturated 
fatty acids, which results in a higher melting point for neonatal fat 
that confers on it a greater propensity to undergo crystallisation 
under cold temperatures, resulting in adipocyte necrosis [20]. It 
has also been suggested that newborns with subcutaneous fat 
necrosis might have a transitory protease inhibitor deficiency due 
to liver immaturity, similar to o,-antitrypsin deficiency [21]. The 
histopathological findings of subcutaneous fat necrosis of the new- 
born are, however, entirely different from those of a,-antitrypsin 
deficiency-associated panniculitis, which militates against this the- 
ory. Other authors have proposed that subcutaneous fat necrosis of 
the newborn is a disorder of brown fat, which is present in the most 
frequently involved areas [12]. 

Subcutaneous fat necrosis of the newborn has also been described 
after the administration of prostaglandin E, for the treatment of 
congenital heart disease, which supports some pathogenic role of 
prostaglandin E, [22]. 

Approximately 25% of infants with subcutaneous fat necro- 
sis of the newborn present with hypercalcaemia for unknown 
reasons: this anomaly is more frequent in infants with extensive 
lesions and when the trunk is involved [23]. The origin of this 
hypercalcaemia is not known, but increased calcium absorption 
due to extrarenal hyperproduction of 1,25-dihydroxyvitamin D, 
(calcitriol) has been detected in several granulomatous processes, 
including sarcoidosis and subcutaneous fat necrosis of the newborn 
[23-27]. Elevated parathormone levels have been detected in some 
cases [28], but autopsy studies failed to reveal any parathyroid 
hyperplasia. Elevated urinary excretion of prostaglandin E, sug- 
gests an increased calcium resorption from bone as the explanation 
for the hypercalcaemia [29,30]. 


Histopathology 

Histopathologically, subcutaneous fat necrosis of the newborn 
shows a predominantly lobular panniculitis, with a dense inflam- 
matory infiltrate composed of lymphocytes, histiocytes, lipophages, 
multinucleate giant cells and sometimes eosinophils interspersed 
among the adipocytes of the fat lobule. A neutrophilic vari- 
ant mimicking infective panniculitis has been described, which 
probably corresponds to early stages of this disorder [31]. Many 
adipocytes are replaced by cells with finely eosinophilic granular 
cytoplasm that contain doubly refractile, narrow, needle-shaped 
clefts radially arranged, which represent triglyceride crystallisation 
within adipocytes and stain with oil red O (Figure 97.54) [32]. Some 
of these refractile clefts may also be found within the cytoplasm of 
multinucleate giant cells. The latter may also contain eosinophilic 
granules in their cytoplasm [33-35] and their origin from degran- 
ulating eosinophils has been postulated [33]. Fibrotic obliteration 
of small arterioles and calcium deposits in necrotic fat have also 
been described [36-39]. In late-stage lesions, there is septal fibro- 
sis and areas of calcification and lipoatrophy may appear within 
the fat lobule [11]. Adipocytes containing needle-shaped clefts 
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(a) 


(b) 


Figure 97.54 Histopathological features of subcutaneous fat necrosis of the newborn. (a) Scanning power showing a lobular panniculitis. (b) The fat lobule is replaced by a histiocytic 
infiltrate with some multinucleated giant cells. Many necrotic adipocytes and multinucleated giant cells contain needle-shaped clefts radially arranged. 


radially arranged have been also found during autopsy studies 
in ventilator-associated tracheobronchitis [4,8]. In some cases, the 
diagnosis was established using touch preparation, which was 
prepared by pressing a fresh sample biopsy against a glass slide, 
and fine-needle aspiration techniques [40,41]. 


Clinical features 

Presentation 

Clinically, the lesions consist of multiple, symmetrically distributed, 
indurated, smooth, non-pitting, mobile, subcutaneous red or vio- 
laceous nodules or plaques that appear in the first few weeks of 
life. The most common locations are the shoulders and buttocks, 
but lesions on the face, thighs, back and distal areas of the extrem- 
ities have been also described [42,43]. These lesions tend to spare 
the anterior trunk. In rare instances, the nodules may ulcerate, dis- 
charge their oily contents and heal leaving atrophic scars. Conflu- 
ence of the nodules results in extensive red indurated plaques. 


Complications and co-morbidities 

Most children remain otherwise healthy as the subcutaneous 
nodules develop, but approximately 25% develop complicating 
hypercalcaemia [23-30,44-46]. The hypercalcaemia may persist 
for several weeks after the subcutaneous lesions have regressed, 
which requires calcium levels to be monitored and associated 
endocrinological disorders to be ruled out. Other reported labo- 
ratory anomalies include transient thrombocytopenia, probably 
due to platelet sequestration [5,12,13,47], hypoglycaemia due to 
maternal diabetes and hypertriglyceridaemia [48]. In rare instances, 
the condition may be fatal, particularly when visceral fat is involved 
[4]. Nephrocalcinosis persisting several years after resolution of the 
skin nodules has been reported as a rare complication [49]. 


Management 
In most children with subcutaneous fat necrosis of the newborn, 
treatment is not required because the problem tends to resolve 


spontaneously. The main goals are the detection and treatment 
of hypercalcaemia [23-30,44,45] with avoidance of calcium and 
vitamin D,. Etidronate, a bisphosphonate that decreases bone 
resorption of calcium, has been helpful in the management of the 
associated hypercalcaemia [27,28,42—44]. It should be used as a sec- 
ond line drug because its effects on bone production, growth plates 
and mineralisation in infants are as yet unknown. Pamidronate is 
also helpful for the treatment for hypercalcaemia and may reduce 
the risk of nephrocalcinosis [50,51]. Calcitonin and citrate may be 
used as second line therapy for resistant cases. 


Introduction and general description 
In 1956, Smith and Good [1] reported 11 children with acute 
rheumatic fever receiving high doses of corticosteroids with rapid 
taper, of whom five developed red subcutaneous nodules. 
Poststeroid panniculitis is a rare panniculitis of children and 
infants on prolonged systemic corticosteroid treatment and is 
related to a rapid decrease or a sudden withdrawal of steroid 
therapy. Only about 20 cases have been described in the literature 
[2-15]. It develops in an older age group than sclerema neonatorum 
and subcutaneous fat necrosis of the newborn, with reported ages 
ranging from 20 months to 14 years [3]. Although the process is 
mostly seen in children, there are also a few reported cases in adults 
[12,13,15]. In one adult patient, the lesions involved the arms and 
legs and were painless [15]. 


Pathophysiology 

Histopathology 

Histopathological findings in poststeroid panniculitis lesions are 
identical to those of subcutaneous fat necrosis of the newborn. 


They consist of a mostly lobular panniculitis with an inflammatory 
infiltrate of foamy histiocytes and lymphocytes involving the fat 
lobules [6]. Often, doubly refractile narrow needle-shaped clefts 
radially arranged are found within the cytoplasm of some histi- 
ocytes and necrotic adipocytes, although usually they are not as 
numerous as in subcutaneous fat necrosis of the newborn. 


Clinical features 

The lesions vary in size from 0.5 to 4 cm and consist of asymp- 
tomatic firm subcutaneous nodules, often with overlying redness, 
and tend to be localised in those areas where there is the greatest 
accumulation of fat from steroid therapy, such as the face, arms and 
posterior neck [5]. They usually appear 1-10 days after the cessation 
of high doses of systemic corticosteroids. 

The disorders for which treatment with high doses of corticos- 
teroids have been administered are varied, including rheumatic 
fever, leukaemia, nephrotic syndrome, acute exacerbation of 
chronic obstructive pulmonary disease, erythema nodosum lep- 
rosum, autoimmune enteropathy, Sjogren syndrome and brain 
tumours. Conversely, different oral or intravenous corticosteroid 
drugs, including prednisolone and dexamethasone, have been 
associated with this panniculitis. Usually, reinstitution of corti- 
costeroid administration induces improvement of panniculitis, 
although some authors believe that this is not necessary for its 
resolution [3]. 


Management 

Lesions of poststeroid panniculitis usually disappear gradually 
without residual scarring over the course of weeks or months, 
even without resuming steroid therapy and therefore no treatment 
is usually necessary. However, readministration of high doses of 
systemic corticosteroid and a slower and more gradual decrease of 
the dose is followed by a faster improvement and resolution of the 
lesions. 


Introduction and general description 

Sclerema neonatorum is an uncommon condition that typically 
affects gravely ill, preterm neonates in the first week of life. It 
manifests as a diffuse hardening of skin and subcutaneous tissue 
such that the skin cannot be pitted or picked up and pinched into a 
fold. Histologically, there is minimal inflammation with extensive 
fat necrosis. It is associated with a high mortality (Chapter 114). 


Pathophysiology 

Histopathology 

Histopathologically, there is a striking contrast at low-power mag- 
nification between the severe damage in the subcutaneous fat and 
the sparse inflammatory response (Figure 97.55) [1-3]. Most fat 
lobules appear to be replaced by amphophilic granular detritus 
and the cellular structures of the adipocytes are no longer evident. 
Surprisingly, there is sparse or no inflammatory infiltrate in spite 
of the intense fat necrosis. The most characteristic histopathological 
feature consists of the presence of radially arranged needle-shaped 
refractile clefts in adipocytes and, occasionally, in the few multi- 
nucleate giant cells, which result from crystallisation of the lipid 
contents of the adipocytes. X-ray diffraction studies have demon- 
strated that the clefts in the fat cells are due to crystallisation of 
triglycerides [4]. In late-stage lesions, thickened connective tissue 
septa may be the only anomaly [3]. 


Clinical features 

Presentation 

Sclerema neonatorum is an extremely uncommon process and 
almost always appears during the first week of life, although there 
are also reports of infants born preterm with low birth weight who 
developed this condition later. In most cases, sclerema neonatorum 


(a) 


(b) 


Figure 97.55 Histopathological features of sclerema neonatorum. (a) Scanning power showing necrosis of the entire fat lobules and thickened connective tissue septa. (b) An entire 
fat lobule is replaced by granular detritus and the cellular structures of the adipocytes are no longer evident. Many necrotic adipocytes contain needle-shaped clefts. 
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is a grave illness and it has been associated with a mortality of up 
to 75% [5-7]. However, most case series date from 40 or more years 
ago, and now the process is very uncommon, probably due to better 
neonatal care. Prematurity and placental insufficiency have been 
proposed as pathogenetic factors for its development [7,8]. Affected 
infants are almost always severely ill from conditions such as sep- 
ticaemia or other disseminated infections, congenital heart disease, 
pneumonia, diarrhoea, dehydration, intestinal obstruction or other 
congenital developmental defects [7]. In a multivariate analysis 
of risk factors for sclerema neonatorum in preterm neonates in 
Bangladesh, lower maternal education, signs of jaundice and poor 
feeding on admission were the main risk factors, although the 
diagnosis in that study was not histopathologically confirmed [9]. 
Cold injury has also been proposed as an aetiological factor [10], 
but it does not appear to be important in most cases. 

Lipolytic immaturity in infants born preterm [11] and the differ- 
ent composition of subcutaneous fat in newborns, with a higher 
proportion of saturated (palmitic and stearic) to unsaturated (oleic) 
fatty acids, may also be predisposing factors [1,12] because they 
favour solidification of subcutaneous fat if there is a fall in the tem- 
perature of subcutaneous tissue as a result of peripheral circulatory 
collapse [2]. Sclerema neonatorum is characterised by increased 
blood lipid peroxidation and diminished superoxide dismutase 
activity, which raises the possibility that free radicals may also play 
some role in the pathogenesis of the process [13]. 

Clinically, infants with sclerema neonatorum typically appear 
severely ill from birth and during the first days of life they develop 
generalised woody induration of the skin [2,14]. Usually, the process 
begins on the buttocks and thighs but rapidly extends to involve 
almost the entire skin surface with the exception of the palms, 
soles and genitalia. The involved skin has a hard consistency, is 
non-pitting and is cold to the touch; it is yellowish white in colour, 
often with purplish mottling. There is immobility of the extremities 
and the face shows a mask-like expression. The prognosis is poor 
and most affected infants die within a few days. However, if the 
infant survives, the skin recovers its normal appearance and there 
are no long-term complications such as calcification. 


Differential diagnosis 

The main differential diagnosis of sclerema neonatorum is subcuta- 
neous fat necrosis of the newborn. This is important because they 
represent two distinctive clinicopathological processes with very 
different prognoses [14]. There is a single reported case of coexis- 
tence of both disorders in the same infant, but that is a doubtful 
case because histopathological study was lacking [15]. Usually this 
differential is straightforward, because subcutaneous fat necrosis of 
the newborn, which is a localised and self-healing process, does not 
develop in the first days of life and has characteristic histopathol- 
ogy consisting of a dense histiocytic infiltrate in the fat lobules with 
radially arranged needle-shaped refractile clefts within adipocytes 
and histiocytes. 

Histopathological changes similar to those of sclerema neonato- 
rum have been described in a patient with gemcitabine-associated 
livedoid thrombotic microangiopathy. The cutaneous biopsy 
showed small-vessel occlusion by intravascular fibrin and leuko- 
cytes, vessel wall thickening and endothelial cell swelling and some 
structures arranged radially with needle-shaped clefts resembling 
those of sclerema neonatorum [16]. 


Sclerema neonatorum should be not confused with scleroedema 
neonatorum, an entirely different process seen in premature infants 
with congenital heart disease, which is characterised by distended 
skin with wax-like appearance that results from dermal oedema 
with increased amounts of mucin [14]. 


Management 

Treatment of sclerema neonatorum is mainly directed to the under- 
lying disease. Systemic corticosteroids have been demonstrated not 
to be effective [6]. Repeated exchange transfusions may substan- 
tially reduce mortality [17,18], but the diagnosis in those cases was 
not histopathologically confirmed. Intravenous immunoglobulins 
were used in a newborn with sclerema neonatorum and sepsis, with 
transitory improvement of the skin induration, but the patient died 
of respiratory failure [19]. 


Gouty panniculitis —s Wi 


Definition 
Panniculitis is a very uncommon complication of tophaceous gout 
(Chapter 155). 


Pathophysiology 

Histopathology 

Histopathology shows a lobular, sometimes neutrophilic, panni- 
culitis with deposition of needle-shaped refractile crystals within 
adipocytes (Figure 97.56) [1]. Frequently, histiocytes and multi- 
nucleate giant cells form a palisade around the urate crystals. 
Ultrasound scans may be helpful for diagnosis and monitoring of 
the disorder [2]. 


Clinical features 

Presentation 

The usual clinical presentation consists of painful ulcerating nod- 
ules on the lower legs (Figure 97.57) [1,3-10]. In most reported 
cases, patients had already sustained severe joint damage by the 
time panniculitis manifested as subcutaneous nodules, but in some 
cases panniculitis may be the first manifestation of hyperuricaemia 
[1]. One of the patients reported also had involvement of bone 
marrow fat [10]. 


Management 

In gouthy tophi, the usually administered systemic drugs including 
colchicine, allopurinol and febuxostat block uric acid production, 
but they have little or no effect in cutaneous and subcutaneous tophi. 
Symptomatic lesions may improve with NSAIDs. 


Fungal panniculitis due to 
zygomycosis, mucormycosis ¢ 
aspergillosis 
A predominantly lobular panniculitis with fine needle-shaped refrac- 


tile crystals within adipocytes has been described in subcutaneous 
fungal infections including zygomycosis [1], mucormycosis [2] 
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(a) 


Figure 97.56 Histopathology of gouty panniculitis. (a) Scanning power showing involvement of the subcutaneous tissue, whereas the dermis is spared. (b) Basophilic amorphous 


deposits, which are fine needle-like shaped urate crystals, appear surrounded by histiocytes. 


Figure 97.57 Gouty panniculitis. Ulcerated nodules on the lower legs of a patient with 
hyperuricaemia. 


and aspergillosis [3] (Chapter 32). The presumed urate crystals are 
similar to those found in gouty panniculitis but the mechanism by 
which they are formed is unknown. 


Cytophagic histiocytic pannicu 
subcutaneous 7/6 T-cell lympho 
and subcutaneous panniculitis-I 
T-cell lymphoma 


Introduction and general description 
The term cytophagic histiocytic panniculitis was introduced 
to describe a rare entity characterised by the development of 


subcutaneous nodules containing lobular infiltrates of macrophages 
which had phagocytosed lymphocytes, erythrocytes and nuclear 
debris [1]. With the benefit of modern immunohistochemistry and 
genetic techniques, it has become evident that most patients who are 
found to have cytophagic histiocytic panniculitis have one of two 
types of primary lymphoma affecting the subcutaneous tissue [2]: 
SPTCL or primary cutaneous y/5 T-cell lymphoma. The former 
is a homogeneous entity with an a/f+ T-cell phenotype, indolent 
biological behaviour and good prognosis, whereas patients with 
the latter and a y/5+ T-cell phenotype are more heterogeneous and 
show a very aggressive clinical course with poor prognosis [3-7]. 
Both entities are discussed in detail in Chapter 139. This section 
focuses on SPTCL. 

Although most cases of cytophagic histiocytic panniculitis rep- 
resent examples of one of the subcutaneous lymphomas, it seems 
that there is still a group of patients in whom a definitive diagnosis 
of lymphoma cannot be made and in whom molecular studies fail 
to demonstrate monoclonal rearrangements of infiltrating lym- 
phocytes. Nevertheless, the prognosis within this group is often 
poor, with pancytopenia and fatal outcome from haemophagocytic 
syndrome involving liver, spleen and bone marrow [8]. 


Pathophysiology 

Histopathology 

Histopathologically, SPTCL and cytophagic histiocytic panniculitis 
may be indistinguishable, and only after immunohistochemical 
and molecular studies can they be differentiated. At low power 
both disorders mimic a predominantly lobular panniculitis. The 
fat lobule is involved by small and medium-sized atypical lym- 
phocytes with hyperchromatic nuclei. Numerous macrophages are 
also intermingled with the atypical lymphocytes. A characteristic 
finding in favour of the diagnosis of SPTCL consists in the sparing 
of the epidermis and dermis (Figure 97.58). In some areas, atypical 
lymphocytes are arranged in a circle around necrotic adipocytes, 
although this rimming is not entirely specific for SPTCL and it may 
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Figure 97.58 Histopathological features of subcutaneous panniculitis-like T-cell lymphoma. (a) Scanning power showing features simulating a lobular panniculitis. (b) Atypical 
lymphocytes arranged in a circle around necrotic adipocytes. (c) Neoplastic lymphocytes show CD8 immunopositivity. (d) Neoplastic lymphocytes express also positivity for TIA-1. 


also be seen in other lymphoid processes involving subcutaneous 
fat [9]. The presence of macrophages with cytophagic activity con- 
taining lymphocytes, neutrophils and nuclear debris within their 
cytoplasm is also a frequent finding in both processes, the so-called 
‘bean bag’ cells. Foamy histiocytes are also frequently found in 
areas of fat necrosis. 

A diagnosis of SPTCL can usually be established with confi- 
dence using immunohistochemistry and molecular techniques. 
Immunohistochemical studies have demonstrated that lympho- 
cytes involving the fat lobules in SPTCL have a TCR-a/B+, CD3+, 
CD4-, CD8+, T-cell intracellular antigen 1+ (TIA-1+), perforin+, 
granzyme B+, CD30- T-cell immunophenotype. There is no evi- 
dence of Epstein-Barr virus (EBV) infection, either using PCR 
amplification to detect EBV-encoded RNA and EBV DNA or by 


immunohistochemical staining for latent membrane protein 1. As a 
consequence of its «/B+ T-cell phenotype, SPTCL expresses BF1 but 
is negative for TCRy and TCRS, in contrast with primary cutaneous 
y/5+ T-cell lymphoma and other lymphoproliferative processes 
involving subcutaneous fat. Monoclonal rearrangement of y or B 
genes can usually be detected in lesions of SPTCL using molecular 
analyses, whereas these rearrangements are not found in patients 
with cytophagic histiocytic panniculitis. 


Clinical features 

Presentation 

Subcutaneous panniculitis-like T-cell lymphoma is rare, account- 
ing for less than 1% of all primary cutaneous T-cell lymphomas, 
with equal incidence in both genders and preferentially involving 
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In 1993, Winkelmann et al. [1] described the first four cases of 
pseudosclerodermatous panniculitis after irradiation and, since 
then, only 10 additional cases have been published [2-9]. This 
process represents an unusual variant of panniculitis which may 
rarely occur as a cutaneous complication of radiotherapy. 


Pathophysiology 

Histopathology 

The histopathological findings in sclerosing postirradiation panni- 
culitis include a predominantly lobular panniculitis with necrosis 
of the adipocytes at the centre of the fat lobule and dense inflamma- 
tory infiltrates composed mainly of foamy histiocytes. Lipophagic 
granulomas involving the periphery of the fat lobules and thick- 
ening and sclerosis of the connective tissue septa are the most 
characteristic features in the subcutaneous tissue (Figure 97.60). 


Figure 97.59 Subcutaneous pannicultis-like T-cell lymphoma. Red plaques involving the 
anterior aspects of the lower extremities. 


adult patients, although there are also cases described in children. 
Clinically, patients present with red subcutaneous nodules that may 
group into large plaques typically involving the lower extremities 
(Figure 97.59). A common feature consists of areas of lipoatrophy 
when the lesions resolve. Less commonly, SPTCL may involve the 
trunk, head or upper extremities. Approximately, 50% of patients 
have B symptoms, including fever, fatigue and weight loss; cytope- 
nia and elevation of liver enzymes are frequently found, but a frank 
haemophagocytic syndrome is rare [10]. 
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Management 

Conservative immunosuppressive regimens based on systemic 
corticosteroids and ciclosporin may be effective in patients with 
subcutaneous panniculitic T-cell lymphopma without an associated 
hemophagocytic syndrome. In patients presenting with solitary 
lesions, local radiotherapy may suffice. 
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Sclerosing postirradiation panniculi 


Synonyms and inclusions 
¢ Postradiotherapy panniculitis 


Introduction and general description 
Sclerosing postirradiation panniculitis is a rare clinicopatholog- (b) 

ical venient of P iculitis that se acct months bass yeds after Figure 97.60 Histopathological features of sclerosing postirradiation panniculitis. (a) 
radiotherapy in the irradiated skin. Clinically, lesions consist of Scanning power showing a mostly lobular panniculitis. (b) Sclerotic collagen bundles at 
subcutaneous indurated nodules. the septa of connective tissue of the subcutis. 
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Figure 97.61 Sclerosing postirradiation panniculitis showing a depressed and indurated 
nodule on the previously irradiated area of the skin. 


These histopathological findings may or may not be accompanied 
by dermal changes secondary to radiotherapy [10-12], namely 
sclerosis of the papillary dermis, atypical star-shaped fibroblasts 
scattered among dermal collagen bundles and dilated thrombosed 
blood vessels with endothelial cell swelling and hyaline sclerosis of 
their walls. 


Clinical features 

Presentation 

Clinically, sclerosing postirradiation panniculitis presents as an 
indurated, asymptomatic, subcutaneous nodule or plaque with 
little or no change in the epidermis and dermis at the site of pre- 
vious radiotherapy (Figure 97.61). The most common location 
is the anterior chest wall following treatment for breast cancer. 
However, it may appear in any previously irradiated area of the 
skin [2,6,7]. The interval between the radiotherapy and the pre- 
sentation of the condition varies from months to several years 
[1-5]. 


Differential diagnosis 

The histopathological differential diagnosis includes other dis- 
eases showing a septal or lobular panniculitis with sclerosis of 
the connective tissue septa of the subcutis, such as deep mor- 
phoea [13-15] and lupus panniculitis [16]. Deep morphoea consists 
histopathologically of a septal panniculitis without significant 
lobular involvement in which there are sclerotic collagen bundles 
and aggregates of lymphocytes and especially plasma cells at the 
interface between the connective tissue septa and the fat lobules. 
In contrast with sclerosing postirradiation panniculitis, deep mor- 
phoea does not show lobular involvement and the inflammatory 
cells within the thickened septa are mainly plasma cells. Lupus 
panniculitis is a mostly lobular panniculitis with sclerotic septa, 


but, in contrast with sclerosing postirradiation panniculitis, the 
inflammatory infiltrate involving the lobules is mostly composed of 
lymphocytes and plasma cells. 


Management 

Treatment of sclerosing postirradiation panniculitis is not required 
and biopsy and subsequent histopathological study are only per- 
formed when the possibility of a subcutaneous metastasis from 
the previously excised and/or irradiated breast cancer is raised. 
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Introduction 


This chapter addresses principally non-inflammatory acquired dis- 
orders of subcutaneous fat with an emphasis on acquired lipodys- 
trophy, fat hypertrophy, subcutaneous lipomatosis and lipoedema. 
While some of the entities discussed are very common, such as cel- 
lulite and obesity, most are much rarer. Panniculitis and genetic dis- 
orders of subcutaneous fat are addressed in Chapters 72 and 97, 
respectively. 


ACQUIRED LIPODYSTROP 1 


Acquired lipodystrophy refers to a heterogeneous group of dis- 
orders in which there is localised, partial or generalised loss of 
subcutaneous fat (lipoatrophy), in certain cases accompanied by fat 
accumulation in other body sites. 


Acquired generalised lipodyst 


Definition and nomenclature 

Acquired generalised lipodystrophy (AGL) is a rare disease charac- 
terised by a selective loss of adipose tissue from large regions of the 
body, occurring after birth [1]. 


Synonyms and inclusions 
e Lawrence syndrome 
e Lawrence-Seip syndrome 


Introduction and general description 

After its initial report by Ziegler in 1928 [2], AGL was described 
in more detail through autopsy findings by Lawrence in 1946 [3]. 
Although loss of adipose tissue in AGL most often occurs during 
childhood and adolescence, a few cases report AGL in individuals 
over the age of 65 years [4,5]. The pattern and extent of fat loss 
in AGL are variable. Most patients have generalised loss of fat, 
though fat may be spared in some areas, such as retro-orbital fat. In 
addition to the loss of adipose tissue, patients often develop severe 
hepatic steatosis and fibrosis, severe insulin resistance and hyper- 
insulinaemia, hypertriglyceridaemia and low serum high-density 
lipoprotein (HDL) levels [6-9]. 


Epidemiology 

Incidence and prevalence 

AGL is a rare disease and thus its incidence and prevalence are 
difficult to estimate. Fewer than 100 cases were identified in a 
literature review published in 2003 [10]. In 2012, it was estimated 
that AGL affects approximately 1 in 100 000 people in the European 
Union. 
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Age 
Most patients with AGL present during childhood or adolescence. 


Sex 
Women are affected three times more often than men [10]. 


Ethnicity 

In a case series, the majority of patients reported have been white 
although AGL has also been reported in Hispanic and East Asian 
patients [10,11]. 


Associated diseases 

Most AGL patients have some degree of metabolic derangement, 
including fasting and/or postprandial hyperinsulinaemia, hyper- 
triglyceridaemia, low serum levels of HDL, and low leptin and 
adiponectin [6-9,10]. Diabetes most often occurs subsequent to the 
onset of AGL, although in some it may present before or at the 
time of onset [10]. AGL patients usually do not develop diabetic 
ketoacidosis [12]. Patients may also have increased basal metabolic 
rate and complain of fatigue and voracious appetite [10]. 

Hepatomegaly occurs in 70-100% of AGL patients. Hepatic steato- 
sis or non-alcoholic steatohepatitis results in mild to moderate eleva- 
tion of serum transaminases. Splenomegaly may result from portal 
hypertension and cirrhosis [10]. 

Cardiomyopathy may be associated with AGL. In a 2011 study of 
left ventricular mass in 13 patients with AGL, three had mild and 
three had moderate ventricular hypertrophy. Abnormalities were 
seen in 5 of 11 AGL patients whose electrocardiogram was available 
for analysis [13]. 

Muscle and neurological involvement have rarely been repor- 
ted [5,11]. 

Reproductive capacity is normal in male patients with AGL. 
Female AGL patients may have normal reproduction although 
irregular menses are common [10]. Primary or secondary amenor- 
rhoea rarely occurs [10,14,15]. Single [16] or multiple [17,18] bone 
lucencies and cysts have been reported in AGL patients, although 
the clinical significance of these lesions is not clear [18]. Lym- 
phadenopathy has also been reported in some [7,18-20]. Recently, 
there have been five cases of patients with AGL who developed 
lymphoma, particularly peripheral T-cell lymphoma with possible 
association to metreleptin therapy [21]. 


Pathophysiology 

The mechanism of fat loss in AGL is unknown. Despite reports of 
a variety of preceding infections, it is not clear that these infections 
directly cause AGL [22,23]. The classic complement pathway is 
postulated to be involved in the pathogenesis among AGL patients 
with autoimmune hepatitis and low serum complement [24,25]. 
Antibody-mediated destruction or cell-mediated lysis of adipocytes 
has also been considered [26]. Specifically, anti-adipocyte antibodies 
against perilipin 1 (PLIN1) were found to be present in the serum 
of five patients with AGL [27]. 

The consequences are that there is an insufficient mass of adipose 
tissue to store excess energy, which is stored instead as triglyceride 
in the liver and skeletal muscle, and that there is a perpetual eleva- 
tion of plasma free fatty acid (FFA), resulting in an impaired f-cell 


response to glucose and insulin resistance [28-31]. Low serum lep- 
tin and adiponectin levels, reflecting the low amount of body fat in 
these patients, may further contribute to severe insulin resistance 
and the metabolic complications observed in AGL [32-35]. 


Pathology 

AGL is a clinical diagnosis, although histopathology may help 
confirm the diagnosis. Tissue examination demonstrates a complete 
or near-complete absence of subcutaneous fat, with the dermis 
and fascia in direct apposition. If adipocytes are present, they are 
markedly reduced in number and size and they are arranged in 
small groups surrounded by abundant connective tissue [36]. 


Genetics 
No known genetic mutation or familial cluster has been identified. 


Clinical features 

Presentation 

In contrast to congenital lipodystrophy, patients with AGL have 
normal fat density and distribution at birth. The onset of fat loss 
is typically insidious over months to years (Figure 98.1), although 
rapid progression over weeks has been observed [10]. Rarely, the 
process of fat destruction may occur rapidly in one area and stay 
quiescent over months to years, only to become active again later 
and result in generalised fat loss [2,10]. The extent and degree 
of fat loss are variable. Usual sites of involvement include the 
face (Figure 98.1a), trunk, abdomen and extremities. Underlying 
veins and musculature become prominent with severe fat loss 
(Figure 98.1b). In some, loss of fat may also involve the palms, soles 
and abdominal cavity. Generally, marrow and retro-orbital fat are 
preserved. Clinically, AGL and HIV-associated lipodystrophy can 
present similarly (see later). 

Acanthosis nigricans of the axillae, groin, neck, umbilicus and 
nipples is noted in 45-64% of AGL patients [10]. Other less common 
dermatological findings include localised [37,38] or generalised 
hyperpigmentation [39,40], telangiectasia [19] and hyperkerato- 
sis of the palms and soles [16]. Women with AGL may have 
mild hirsutism [10,39,41,42]. Rarely, virilisation with temporal 
recession of hair and acne has been reported [14,43]. Alopecia 
[6] and curly hair [17,10,16,22,39,42,44] have also been observed. 
Acromegaloid facial features with large hands and feet may rarely 
be seen [9,10]. 

In 2003, Misra and Garg proposed new diagnostic criteria appli- 
cable to the broad spectrum of AGL patients. Essential criteria 
include selective loss of body fat affecting large regions of the body, 
beginning after birth but usually before adolescence. Supportive 
clinical criteria include loss of subcutaneous fat from the palms 
and soles, a preceding history of tender subcutaneous nodular 
swellings, histological confirmation from involved tissue, acan- 
thosis nigricans, hepatosplenomegaly and the presence of other 
autoimmune diseases. 

Supportive laboratory criteria include impaired glucose tol- 
erance, severe fasting and/or postprandial hyperinsulinaemia, 
hypertriglyceridaemia, low serum HDL, low serum leptin and/or 
adiponectin, and evidence by magnetic resonance imaging (MRI) 
of fat loss from large regions of the body with preserved bone mar- 
row fat [10]. The number of these secondary clinical or laboratory 


Figure 98.1 Physical examination revealed (a) 
lipoatrophy of the face and (b) generalised 
lipoatrophy of the torso with visible subcutaneous 
veins. (c) A photograph of the patient taken 5 
years earlier, in 2008, is shown for comparison. 
Reproduced from Aslam et al. [56] with permission 
of John Wiley & Sons. (a) 


criteria needed to support a diagnosis of AGL has not been formally 
established. 


Clinical variants 
AGL is subdivided into three types: 
i. Type I AGL, in which initially localised panniculitis precedes 
generalised fat loss, accounts for approximately 25% of cases [1]. 
ii. Type Il AGL, which accounts for another 25% of cases, is associ- 
ated with autoimmune diseases including haemolytic anaemia, 
chronic autoimmune hepatitis, Hashimoto thyroiditis, juvenile 
rheumatoid arthritis, juvenile dermatomyositis and vitiligo 
[6,24,37,38,45-47]. Juvenile dermatomyositis may have the 
strongest association with AGL [10]. 
iii. Type III (idiopathic) AGL, the most common subtype, in which 
no triggers or associated diseases are identified. 
More recently, anti-PD-1 immune checkpoint inhibitor (nivolu- 
mab or pembrolizumab) associated AGL has been reported 
[48-50]. 


Differential diagnosis 

Some AGL patients may initially present with localised or partial 
lipodystrophy and hence may be misclassified as having acquired 
partial lipodystrophy or localised lipodystrophy. 

AGL patients are differentiated from congenital generalised lipodys- 
trophy (CGL) patients who have near-complete generalised fat loss at 
birth (Chapter 72). Furthermore, CGL patients have advanced bone 
age and intellectual disability. As with AGL, CGL patients may have 
acromegaloid features, lytic bone lesions and cardiomyopathy [10]. 
Lytic bone lesions are, however, more common and the cardiomy- 
opathy more severe in CGL [10,13]. MRI studies of CGL patients 
show an absence of ‘metabolically active’ fat in intra-abdominal and 
intrathoracic regions, and in bone marrow, while marrow fat is pre- 
served in AGL patients [10,51]. Genetic analysis for known muta- 
tions may aid in the confirmation of CGL. 

While patients with mandibuloacral dysplasia may have generalised 
fat loss, these patients also have skeletal anomalies (Chapter 72). The 
identification of associated genetic mutations can help to confirm 
this diagnosis. 

Family histories as well as genotyping will also help differen- 
tiate AGL from autosomal dominant familial partial lipodystrophy 
(Chapter 74) [1]. 


(b) (c) 


Complications and co-morbidities 

Patients with AGL may suffer complications from metabolic dis- 
turbances and other associated co-morbid conditions in association 
with type II AGL. Retinopathy, nephropathy and neuropathy 
are common complications because of the patients’ longstanding 
diabetes. Hypertriglyceridaemia may lead to eruptive xanthomas, 
lipaemia retinalis and acute pancreatitis [10]. These metabolic abnor- 
malities also predispose AGL patients to premature atherosclerosis 
and coronary heart disease [6,10]. 


Disease course and prognosis 

The loss of subcutaneous fat tissue in AGL patients is permanent. 
The prognosis of AGL patients largely depends on the course and 
management of co-morbidities. 


Investigations 

Laboratory and ancillary testing are pursued to establish the pres- 
ence and monitor the course of co-morbid diseases. While serum 
leptin is not useful for establishing the diagnosis, it may predict 
response to replacement therapy with the synthetic recombinant 
analogue of human leptin, metreleptin [1]. 


Management 

There is no established management algorithm for AGL. Subcuta- 
neous fat loss is irreversible. To the extent feasible, cosmetic pro- 
cedures such as filler injections, autologous adipose tissue transfer 
and muscle tissue transfers may help correct volume losses 
[152,53]. Optimal management of co-morbid conditions requires 
collaboration between primary care physicians and_ several 
specialists. 

In one trial, which included three AGL patients amongst others 
with various lipodystrophies, 4 months of twice-daily subcuta- 
neous metreleptin injections were shown to be safe and effective. 
There was a significant decrease in fasting blood glucose level 
and glycosylated haemoglobin in two patients. In three patients 
with hypertriglyceridaemia, fasting levels of plasma triglycerides 
decreased by 83%. In these patients, fasting plasma triglycerides 
increased soon after discontinuation of the injections and were cor- 
rected once again after reinitiation of the therapy [54]. Furthermore, 
liver volume and serum transaminases decreased significantly 
during metreleptin therapy, suggesting that it reduced hepatic 
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steatosis [55]. Metreleptin is approved in both the European Union 
and USA for the treatment of complications of leptin deficiency in 
patients with CGL or AGL. 


Acquired partial lipodystrophy 


Definition and nomenclature 

Acquired partial lipodystrophy (APL) is a rare disease charac- 
terised by symmetrical fat loss, usually occurring before the age of 
15 years [1,2]. 


Synonyms and inclusions 
e Barraquer-Simons syndrome 
¢ Progressive cephalothoracic lipodystrophy 


Introduction and general description 

APL was first reported by Mitchell [3] and later by Barraquer [4] 
and by Simons [5]. Although rare, APL is the most common of the 
non-localised lipodystrophies, other than HIV-associated lipodys- 
trophy. It is characterised by symmetrical and insidious although 
progressive fat loss starting from the face and scalp and gradually 
progressing downwards, to involve the neck, shoulders, upper 
extremities, thoracic region and upper abdomen. Involvement of 
the lower extremities is uncommon [1,2]. 


Epidemiology 

Incidence and prevalence 

Because it is rare, the incidence and prevalence of APL is difficult to 
estimate. By 2000, there were approximately 250 cases reported in 
the English literature [1]. 


Age 
Onset is typically before the age of 15 years, with a median of 8 
years [1,2]. 


Sex 
Women are affected approximately three times more commonly 
than men [1]. 


Ethnicity 
In a case series, most reported patients have been white [1]. 


Associated diseases 

Approximately one-third of patients develop mesangiocapillary 
glomerulonephritis (MCGN), usually more than 10 years after 
the onset of lipodystrophy [1]. Systemic lupus erythematosus has 
been associated with APL and has occurred 2-28 years after the 
onset of lipodystrophy [6-9]. Other autoimmune diseases, such as 
dermatomyositis [10], leukocytoclastic vasculitis [11], dermatitis 
herpetiformis and coeliac diseases [12], hypothyroidism, perni- 
cious anaemia [13], rheumatoid arthritis [8] and temporal arteritis, 
have also been reported. More recently, APL has been reported in 
the setting of chronic sclerodermatous graft-versus-host disease, 


POEMS (Polyneuropathy, Organomegaly, Endocrinopathy, Mon- 
oclonal gammopathy and Skin changes) syndrome and extrinsic 
allergic alveolitis, as well as central nervous system (CNS) disor- 
ders including epilepsy, sensorineural deafness and intellectual 
disability (Chapter 149) [14,15-17]. 


Pathophysiology 

There is evidence to support an autoimmune-mediated destruction 
of adipocytes in APL. Approximately 80-90% of APL patients have 
a serum immunoglobulin G named C3 nephritic factor [18,19]. This 
blocks the degradation of the enzyme C3 convertase, which leads 
to excessive consumption of C3. As a result, serum C3 levels are 
low in more than 80% of APL patients [20]. Levels of Clq, C4, C5 
and C6 and factors B and P are usually normal, suggesting selec- 
tive activation of the alternative complement pathway [21,22]. Lysis 
of adipocytes may be related to the expression of several comple- 
ment proteins such as factors D (adipsin), B, H and P [23,24,25]. For 
example, in vitro studies suggest that the C3 nephritic factor causes 
lysis in adipocytes expressing factor D [23]. Heterogeneity of factor 
D expression in adipose tissue in different anatomical locations has 
been postulated to explain the selective loss of upper body fat in 
APL [24]. 

In those APL patients without C3 nephritic factor, other immune 
abnormalities are postulated to be relevant pathogenetic factors. 
In a paediatric APL patient without C3 nephritic factor, serum 
tumour necrosis factor «a (TNF-a) and interleukin 6 (IL-6) were 
noted to be elevated [26]. TNF-a has been shown to cause apop- 
tosis in adipocyte cultures, and IL-6 stimulates lipolysis in human 
adipocytes [27,28]. TNF-a also influences the complement pathway 
by controlling factor D production in adipocytes [26]. 


Pathology 

APL is a clinical diagnosis based on the presentation and pro- 
gression of disease. Histopathology, in common with AGL, shows 
complete or near-complete absence of subcutaneous fat, with the 
dermis and fascia in direct apposition. If adipocytes are present, they 
are markedly reduced in number and size, and they are arranged in 
small groups surrounded by abundant connective tissues [29]. 


Causative organisms 

Although fat loss has been preceded by infection in some reported 
cases of APL, the relationship between APL and infection is 
unclear [24]. 


Genetics 
LMNB2 mutations have been reported in five patients with APL, 
although some of these had atypical presentations [30]. 


Clinical features 

Presentation 

Fat loss in APL occurs symmetrically, starting on the face and scalp, 
then gradually spreading to involve the neck, shoulders, upper 
extremities, thoracic region and upper abdomen (Figure 98.2). 
Involvement of the inguinal region or thighs is uncommon. Fat in 
the hips and lower extremities is unaffected. In fact, affected women 
frequently accumulate excess fat in these regions after puberty. 
Fat loss typically progresses over a period of about 18 months, 
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Figure 98.2 Acquired partial 
ipodystrophy (APL): (a—c) marked loss of 
acial fat resulting in a prematurely aged 
appearance and (d) prominence of arm 
veins, sternomastoid muscles and breast 
issue resulting from subcutaneous fat 
oss in a 31-year-old man with APL and 
renal failure; (e) note preservation of 
subcutaneous fat in the lower half of 

he body contrasting with dramatic loss 
of subcutaneous fat in the upper half of 
he body in a 50-year-old man whose 
ongstanding APL was not recognised 
until he presented with accelerated 
hypertension secondary to APL-related 
glomerulonephritis. (d) (e) 
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although it may continue for several years. Orbital, mediastinal, 
gluteal, intramuscular, intraperitoneal, perirenal and bone marrow 
fat is usually unaffected [1,2]. 


Clinical variants 

Three phenotypic subtypes have been recognised: (i) upper body fat 
loss; (ii) upper body fat loss with hypertrophy of adipose tissue in 
the lower half of the body; and (iii) hemilipodystrophy in which only 
one side of the face or body is affected. 


Differential diagnosis 

APL is differentiated from familial partial lipodystrophy in which 
there is a family history of similar lipodystrophy, variations in 
clinical presentation of fat loss and identified genetic mutations. 
A history of trauma and medication history can help differentiate 
other forms of acquired lipodystrophy from APL. APL is differ- 
entiated from AGL based on the extent of involvement as well as 
sparing of the intra-abdominal fat. 


Complications and co-morbidities 

Unlike in patients with AGL, insulin resistance, diabetes, dyslipi- 
daemia, acanthosis nigricans, hirsutism or menstrual abnormalities 
are less common in APL patients [1]. 


Disease course and prognosis 
Fat loss is irreversible in APL. Overall prognosis is driven by the 
presence of co-morbidities. 


Investigations 

The initial evaluation of APL patients should include serum C3 level 
and C3 nephritic factor, as well as baseline screening for metabolic 
derangements with a comprehensive metabolic panel, fasting 
glucose, lipid panels and insulin level. Evaluation should also 
include assessment of associated co-morbid conditions. Periodic 
and continued monitoring for renal disease and autoimmunity is 
warranted. MRI may demonstrate the extent of fat loss if needed. 


Management 

There is no established management algorithm for APL. Subcu- 
taneous fat loss is irreversible. To the extent feasible, cosmetic 
procedures such as filler injections, autologous adipose tissue trans- 
fer and muscle tissue transfers may help correct volume losses. 
However, the durable efficacy and safety of these approaches have 
not been extensively investigated. The identification of neutralising 
antibodies against C3 nephritic factors in intravenous immunoglob- 
ulin (IVIg) has led to treatment of patients who have C3 nephritic 
factors and type II MCGN with IVIg with encouraging results 
[31,32]. Optimal management of co-morbid conditions requires col- 
laboration between primary care physicians and several specialists. 


HIV-associated lipodystrophy 


Definition and nomenclature 
Lipodystrophy in patients affected with human immunodeficiency 
virus (HIV) is associated with highly active antiretroviral therapy 


(HAART) regimens containing protease inhibitor (PI) or nucleoside 
reverse transcriptase inhibitor (NRTI). It is now the most prevalent 
type of lipodystrophy, in which both lipoatrophy and lipohypertro- 
phy may be observed (Chapter 31). 


Synonyms and inclusions 

e Pseudo-Cushing syndrome 

e Fat redistribution syndrome 

¢ Maldistribution syndrome 

e Protease inhibitor-associated lipodystrophy syndrome 


Introduction and general description 

The first report of fat redistribution in an HIV-infected individual 
undergoing antiretroviral therapy including a PI was in 1997 [1]. 
Lipodystrophy in HIV-infected patients usually appears after 
patients have been receiving PI- or NRTI-containing HAART reg- 
imens for at least 2 years [2]. Currently, there is no consensus 
on the definition or diagnostic criteria for lipodystrophy in the 
HIV-infected patient [3]. In 2003, Carr et al. established a diagnostic 
model that included the variables of age, sex, known duration of 
HIV infection, HIV disease stage, waist to hip ratio, anion gap, 
serum HDL cholesterol level and trunk to peripheral fat ratio [4]. 
Although follow-up prospective studies confirmed its high diag- 
nostic sensitivity, the complexity of the model is thought to impede 
its use in daily clinical practice [5]. 


Epidemiology 

Incidence and prevalence 

Lipodystrophy in HIV-infected patients is the most prevalent 
among lipodystrophies. Due to limitations in the definition, selec- 
tion of study population and duration of follow-up, there are 
considerable differences in its reported incidence and prevalence. 
Prevalence ranges from 8% to 84% with an average of 42% [6]. Aver- 
age incidence ranges from 7.3 to 11.7 per 100 patient-years [7,8]. 
Generally, higher prevalence is reported among patients receiving 
long-term therapy. In pooled analyses, the prevalence is 17% among 
adults treated with Pl-containing therapy for less than 1 year and 
43% in those treated for more than 1 year [6]. Each additional 6 
months of treatment with HAART is associated with a 1.57 times 
increased risk of lipodystrophy [7]. It is expected that the prevalence 
will increase in the future with longer follow-up and continued use 
of HAART [6]. 


Age 

The risk of developing HIV-associated lipodystrophy increases with 
age [6,9]. Children receiving Pl-containing HAART therapy exhibit 
a similar redistribution of body fat and metabolic derangements, 
although children may have a relatively smaller increase in visceral 
fat in the trunk [10-13]. 


Sex 
Female sex is associated with an increased risk in some studies [3]. 


Ethnicity 
White and East Asian races have been linked to having an increased 
risk of HIV-associated lipodystrophy in a Canadian cohort 
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study [14]. It was also found that white males have more peripheral 
lipoatrophy whereas white females have more central lipohyper- 
trophy. According to the same study, women of African descent are 
most vulnerable to developing lipodystrophy [14]. 


Associated diseases 

Patients with HIV-related lipodystrophy may develop hypertrigly- 
ceridaemia, although diabetes is less common [2]. There may also 
be a predisposition to coronary artery disease [15]. 


Pathophysiology 

While the exact cause of HIV-associated lipodystrophy is unknown, 
both PIs and NRTIs are implicated in the pathogenesis. Because 
these drug classes are often given together as part of HAART, 
the individual effects of these drugs on the specific lipodystrophy 
phenotype remains unclear. It is speculated that while PIs induce 
peripheral lipodystrophy and metabolic abnormalities, NRTIs may 
be responsible for the fat accumulation in certain regions such as 
the buffalo hump [2]. 

First and second generation Pls have been shown to inhibit 
adipocyte differentiation and lipogenesis in vitro [16]. PIs may 
also induce insulin resistance by inhibiting glucose transporter-4 
expressions [17]. NRTIs, especially zidovudine and stavudine, have 
been proposed to induce fat loss by inhibiting mitochondrial poly- 
merase y and causing mitochondrial toxicity [18,19]. This results 
in production of reactive oxygen species (ROS), which have been 
linked to lipoatrophy [20]. Excess adipocyte apoptosis was also 
observed in ex vivo fat samples from lipoatrophic areas [21]. 

The mechanism for the increased amounts of visceral adipose 
tissue (VAT) observed in HIV-associated lipodystrophy is also 
unclear. VAT and subcutaneous adipose tissue (SAT) differ in their 
metabolism, gene expression and inflammatory status [22]. As a 
result, adipocytes or other cells in VAT and SAT may respond to 
stimuli (e.g. PIs) in different ways, resulting in hypertrophy in one 
area and atrophy in another [3]. 


Predisposing factors 

Several factors have been postulated to influence the risk of develop- 
ing HIV-associated lipodystrophy, including age, gender, ethnicity, 
duration and status of HIV infection, as well as exposure to both 
PI- and non-Pl-containing HAART [3,6]. Both high and low CD4 
counts have been reported in affected patients [23,24,25]. 

There is some evidence that first generation unboosted Pls, such as 
indinavir, are associated with a higher risk of lipodystrophy than are 
booster PIs [3]. In one study, the incidence of lipoatrophy was lower 
in patients treated with ritonavir-boosted atazanavir than in those 
who received unboosted atazanavir [14]. In another study, patients 
treated with ritonavir-boosted lopinavir developed lipodystrophy 
by 96 weeks of treatment less frequently than those who received 
efavirenz, regardless of the type of NRTI used [26]. 


Genetics 

Polymorphisms in genes involved in adipocyte apoptosis and 
metabolism have also been implicated [3], including ones involved 
in the pyrimidine pathway or encoding potentially relevant 
enzymes, cytokines or peptides such as polymerase y, matrix 
met-alloproteinase 1, TNF-a, IL-1, IL-6, resistin and mitochondrial 
haplogroups. 


Figure 98.3 Buffalo hump appearance in an HIV patient with lipodystrophy. Courtesy of 
Professor L. Requena, Universidad Autonoma de Madrid, Spain. 


Clinical features 

Presentation 

Most patients present with a gradual loss of subcutaneous fat from 
the face, arms and legs. Facial involvement is present in 38-52% 
of HIV patients with lipodystrophy [3]. Fat loss from the suprazy- 
gomatic and temporal regions of the face can be severe enough to 
impart a stigmatising emaciated appearance. Patients may also accu- 
mulate excess fat over the chin, breasts and waist, as well as over the 
upper back, producing a so-called buffalo hump (Figure 98.3) [6]. 


Differential diagnosis 

Generalised loss of body fat is commonly seen in HIV-infected 
patients with AIDS wasting syndrome. Patients with AIDS wasting 
syndrome have decreased body weight and lean body mass, with- 
out accumulation of excess fat over the chin, upper back, breasts 
or waist. Those with AIDS wasting syndrome also do not develop 
glucose intolerance or hyperinsulinaemia, although they may have 
hypertriglyceridaemia [6]. Other differential diagnoses to consider 
include Cushing syndrome and iatrogenic lipodystrophy related to 
testosterone therapy. 


Classification of severity 

Scoring systems have been developed to quantify facial lipoatrophy. 
In one, the score ranges from 0 (absent) to 4 (severe), depending 
on the degree of malar depression, presence or absence of buccal 
extension and defined melolabial ridge [27]. Other scoring meth- 
ods involve the use of various imaging modalities which may not 
be practical in the clinical setting [3]. 
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Complications and co-morbidities 

Complications are related to co-morbidities, including dyslip- 
idaemia, impaired glucose intolerance, insulin resistance and 
coronary artery disease. 


Disease course and prognosis 

Lipodystrophy is progressive with ongoing HAART therapy [2]. 
While the possibility of subcutaneous fat recovery exists, it is 
typically slow and incomplete [3]. 


Management 

There is no established algorithm for the management of HIV- 
associated lipodystrophy. Management is challenging and requires 
multidisciplinary input from infectious disease specialists, endocri- 
nologists, nutritionists and primary care physicians. The stigma 
associated with facial lipodystrophy particularly may have a pro- 
found psychosocial impact and psychological support may be 
required. 

Modification of previously successful antiretroviral therapy may 
increase the risk of treatment failure and must be done in consul- 
tation with an infectious disease specialist. Modest improvement 
in lipoatrophy has been reported with the removal of NRTIs [28]. 
While metabolic derangements such as dyslipidaemia and insulin 
resistance seem to be partly reversible if PI therapy is discontinued, 
lipodystrophy is usually unchanged [3]. 

Low-calorie or low-fat, high-fibre diets combined with aero- 
bic exercise may improve central fat accumulation [29], although 
there is little evidence that diet or exercise significantly improves 
lipoatrophy [29-31]. Thiazolidinediones, which have been shown 
to induce adipocyte differentiation and increase subcutaneous fat 
mass, have been tried as pharmacological agents to treat lipoatro- 
phy in HIV-infected patients with inconsistent results [32]. Uridine 
and pravastatin have been reported to improve lipoatrophy in 
small, randomised trials, but these results need further confirma- 
tion [33,34]. Facial fillers such as injectable poly-L-lactic acid as well 
as autologous fat transfers have both been used to correct severe 
facial lipoatrophy [35,36]. 

Switching or discontinuing antiretroviral therapy has not been 
shown to reduce VAT [37,38]. Since growth hormone deficiency has 
been associated with visceral adiposity in the general population 
as well as in HIV patients with lipodystrophy, growth hormone 
supplementation with doses ranging from 0.33 to 6mg daily 
has been tried [39,40]: patients with abdominal lipohypertrophy 
achieved a 10-20% reduction in VAT and 6-7% reduction in SAT 
in two studies involving the administration of growth hormone 
[41,42]. The improvement was lost once therapy was discontin- 
ued. Treatment with tesamorelin, a growth hormone-releasing 
hormone analogue that closely mimics the physiological dose and 
function of its physiological counterpart, showed a 15.2% reduc- 
tion in VAT, compared with a 5% increase in VAT in the placebo 
group (P <0.001), at 6 months in a large, randomised, double-blind, 
placebo-controlled study [43]. 

Surgical interventions such as liposuction have been used to 
remove excess fat from the anterior neck, breasts and abdomi- 
nal compartment [44-46]. However, liposuction cannot remove 
intra-abdominal visceral fat. Furthermore, approximately 25% 


of patients will experience recurrence of lipohypertrophy after 
liposuction. 


Lipodystrophy associated w 
body irradiation and haemat 
stem cell transplant 


Definition and nomenclature 

Development of partial lipodystrophy following total body irradia- 
tion (TBI) and haematopoietic stem cell transplant (HSCT) is now a 
recognised entity in the literature. Patients who have undergone TBI 
as part of the conditioning regimen prior to HSCT are predisposed 
to endocrinapthies [1]. 


Introduction and general description 

Endocrine disorders, including growth hormone deficiency, 
hypothyroidism and metabolic syndromes, can develop as long- 
term sequelae from TBI and HSCT [2]. Lipodystrophy associated 
with TBI and HSCT was first described by Adachi in 2013 [3]. Both 
lipoatrophy and lipohypertrophy are observed in these patients [3]. 


Epidemiology 

Incidence and prevalence 

Partial lipodystrophy associated with TBI and HSCT is rare. A total 
of 11 cases was identified in the literature published in 2020, but the 
prevalence is likely higher [2]. A cross-sectional survey conducted at 
a children’s hospital in Japan showed a prevalence of 9.2% among 
those who underwent TBI and HSCT [1]. 


Age 
Most patients with lipodystrophy associated with TBI and HSCT 
were adolescents [2]. 


Sex 
Men and women are equally affected [2]. 


Ethnicity 
White and Asian patients have been reported [2]. 


Associated diseases 

Patients with lipodystrophy associated with TBI and HSCT fre- 
quently have concomitant insulin resistance, diabetes, hypertriglyc- 
eridaemia and fatty liver disease [1]. 


Pathophysiology 

The exact pathophysiology is unknown. Patients with lipodystro- 
phy associated with TBI and HSCT have decreased adiponectin 
levels. It is postulated that inflammatory cytokines may be involved, 
although the level of TNF-a following HSCT is not different from 
those without HSCT. TBI and intensive chemotherapy may also 
cause damage to the subcutaneous adipose tissue expandability, 
which in turn forces lipids to accumulate in ectopic locations [3,4]. 


Genetics 
No known genetic mutation has been identified. 
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Clinical features 

Presentation 

Lipodystrophy typically develops 10 years after HSCT in those who 
received HSCT during infancy with a rigorous chemotherapy regi- 
men [3]. Proposed diagnostic criteria include presence of abnormal 
fat distribution favouring lipohypertrophy in the cheek and/or neck 
and lipoatrophy in the buttocks, along with presence of fatty liver 
disease and/or diabetes. Unlike patients with obesity, body mass 
index (BMI) is normal or low [3]. 


Differential diagnosis 
Dunnigan-type familial partial lipodystrophy (FPLD2) should be 
considered. 


Complications and co-morbidities 

Patients with lipodystrophy associated with TBI and HSCT may 
have complications similar to those of patients with FPLD2, includ- 
ing premature atherosclerosis, associated hypertriglyceridemia and 
insulin-resistant diabetes [1,4]. Patients are also at a higher risk 
for developing hypertension, elevated LDL-c, insulin resistance and 
fatty liver disease [3]. Cancer recurrence and multiple HSCTs are 
more common in those with lipodystrophy than those without [1]. 


Disease course and prognosis 

Due to underlying malignancy, lipodystrophy associated with TBI 
and HSCT runs a complicated course because patients may develop 
graft-versus-host disease [2]. The changes in subcutaneous adipose 
tissue are likely permanent. 


Investigations 

Patients should be evaluated for metabolic derangements and fatty 
liver with a comprehensive metabolic panel, fasting glucose, lipid 
panels and insulin levels. Regular blood pressure monitoring is 
recommended [3]. 


Management 

There is no established algorithm for the management of lipodystro- 
phy associated with TBI and HSCT. Metreleptin may improve the 
hyperinsulinaemia and underlying metabolic derangement [4]. 


Localised lipoatrophy and/or 
lipodystrophy 


Localised lipoatrophy and/or lipodystrophy is a heterogeneous 
group of disorders presenting as one or multiple depressions of 
various sizes, ranging from a few centimetres to greater than 20 cm 
in diameter. 


Semicircular lipoatrophy 


Definition and nomenclature 

Semicircular lipoatrophy (SL) is characterised by localised, often 
bilateral, symmetrical, transverse, semicircular depressions across 
the anterolateral aspects of the thighs due to atrophy of the under- 
lying subcutaneous fat. 


Localised lipoatrophy and/or lipodystrophy 


Synonyms and inclusions 
¢ Lipoatrophia semicircularis 


Introduction and general description 

First described in the German literature in 1974 [1], SL is charac- 
terised by localised, symmetrical and often bilateral, transverse, 
semicircular depressions over the anterolateral thighs [1,2,3]. 


Epidemiology 

Incidence and prevalence 

SL is probably commoner than the small number of reported cases 
(about 100) would suggest [2,4,5]. 


Age 

Most SL cases present in the third or fourth decades of life [6], 
although it has also been reported among children and the 
elderly [4]. 


Sex 
The majority of cases occur in women [3]. 


Pathophysiology 

The aetiology of SL is unclear. An older theory related the presence 
of SL to impaired circulation in the upper leg as a consequence 
of a congenital abnormality in the lateral femoral circumflex 
artery [7]. However, patients with arteritis or those whose quadri- 
ceps artery has been ligated do not develop SL [8]. An anomaly of 
fat metabolism in these patients has also been proposed [8,9]. 

A current and more plausible explanation associates SL with 
repeated mechanical pressure as a form of microtrauma to the 
thighs [10,11]. Suggested mechanisms include repeatedly standing 
or sitting in an unvarying position in which the affected area is 
constantly compressed by or knocked against various objects [1,12]. 
Wearing constricting jeans or use of an elastic girdle has also been 
implicated [3,13,14,15]. 

In cases where clusters of co-workers are affected in the same com- 
pany, repetitive pressure against desk furniture has been identified. 
In those cases, the height of the depression on the leg measured 
from the floor plus the height of the shoe heel were constant and 
the same as the height of the desk [12,16]. In a recent company-wide 
case-control study, the only statistically significant variables for SL 
development are female sex and leaning of thighs against the edge 
of the table [6]. 


Pathology 

The histopathology findings in SL are non-specific. There is partial 
or complete loss of fat in the affected area with replacement by newly 
formed collagen [5,17]. 


Clinical features 

Presentation 

SL is characterised by localised, transverse, semicircular depres- 
sions, 24cm in width, that are often symmetrical and bilateral. 
These depressions may also appear band-like, and when more than 
one is present, they may appear in a parallel arrangement [2,3]. 
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There is no preceding inflammation and the overlying skin is nor- 
mal. The anterolateral thighs are commonly affected bilaterally. 
Unilateral cases have been described as well [2,10,11,18]. Multilocu- 
lar and progressive lesions affecting the trunk and limbs were seen 
in one patient [19]. Although SL is usually asymptomatic, some 
patients complained of heavy legs, a burning sensation, cramps or 
pain after exercising [2,10,18,20]. 


Differential diagnosis 
The differential diagnosis of SL includes other forms of localised 
lipoatrophy or lipodystrophy as described elsewhere in this chapter. 


Disease course and prognosis 
SL has an excellent prognosis as most cases resolve gradually upon 
withdrawal of repetitive trauma. 


Investigations 
SL is a clinical diagnosis and further investigation is rarely 
required [3,6]. 


Management 

There are no established management guidelines for SL. However, 
lesions usually regress spontaneously after the removal of micro- 
trauma over months to as long as 8 years [12]. Recurrences are 
possible, however [7,9]. 


Localised lipoatrophy due to injected drugs 


Localised loss of subcutaneous fat can occur after intradermal, 
subcutaneous or intramuscular injection of certain drugs. The two 
most commonly implicated agents are insulin and corticosteroids 
and these are discussed in detail. Other injected medications or 
substances that have been implicated as causes of localised lipo- 
atrophy include benzathine penicillin, vasopressin, human growth 
hormone, methotrexate, iron dextran and diphtheria—pertussis— 
tetanus (DPT) vaccine [1-4]. 


Insulin-induced localised lipoatrophy 


Definition 
Insulin-induced localised lipoatrophy is the loss of subcutaneous fat 
at the site of insulin injection [1]. 


Introduction and general description 

Insulin-induced localised lipoatrophy was a common complication 
of insulin therapy prior to the development of purified insulin in 
the 1970s [2,3]. With the advent of human insulin, the incidence of 
lipoatrophy has decreased dramatically [4]. 


Epidemiology 

Incidence and prevalence 

Prior to the introduction of purified human insulin, lipoatrophy 
occurred in 25-55% of patients using insulin. Since the introduc- 
tion of highly purified insulin, it is estimated that fewer than 
10% of patients are affected [5,6], although lipoatrophy is still 
reported with the use of recombinant human insulin, rapid-acting 
insulin analogues and continuous subcutaneous insulin infusion 
[4,7-9,10,11,12]. 


Age 
Insulin-induced lipoatrophy occurs predominantly in children and 
young adults [13-15]. 


Sex 
The risk is greater in females than males [16,17]. 


Pathophysiology 

The pathogenesis of insulin-induced lipoatrophy is not completely 
understood. Lipolytic components or impurities in certain insulin 
preparations may have resulted in local allergic or immunological 
reactions. For example, a local immune reaction to insulin crystals 
with resultant dedifferentiation of adipocytes has been suggested 
[14,18]. An immune-mediated inflammatory process with release 
of lysosomal enzymes promoting lipoatrophy has also been pro- 
posed [19]. It has also been suggested that mast cells may play a 
pathogenetic role [12]: in one case series involving five patients 
with human insulin analogue-induced lipoatrophy, an elevated 
number of tryptase-positive, chymase-positive degranulated mast 
cells were seen in the subcutaneous tissue. 


Predisposing factors 

This form of lipoatrophy is more common among those with prior 
dermal reactions to insulin [1]. The use of older, less purified forms 
of insulin such as bovine or porcine insulin conveys a higher risk 
of lipoatrophy [20]. Repeated use of the same injection site also 
increases the risk. 


Pathology 

Histopathology shows lobules of small adipocytes and lipomem- 
branous changes [21]. A discrete lymphoid infiltration abutting the 
blood vessels in the hypodermis may also be observed [22]. 


Clinical features 

Presentation 

Insulin-induced lipoatrophy presents as a depressed plaque due to 
loss of subcutaneous fat at the site of insulin injection (Figure 98.4). 
The overlying and surrounding skin appears normal. Lipoatrophy 
normally presents after 6-24 months of insulin treatment [1]. Inter- 
estingly, there is concomitant lipohypertrophy in approximately 
25% of patients [23]. 


Differential diagnosis 
Other forms of localised lipoatrophy should be considered. 


Complications and co-morbidities 

Because insulin absorption from the lipoatrophic area is erratic, 
continued injection of insulin into affected areas may result in poor 
glycaemic control [22]. 


Management 

The risk of lipoatrophy may be reduced by regular rotation of 
insulin injection sites. The importance of this should be explained 
to all patients who require insulin. Once lipoatrophy develops, con- 
tinued injection into the lipoatrophic site should be avoided due to 
erratic absorption of insulin. Spontaneous resolution of established 
insulin-induced localised lipoatrophy is rare. 


Figure 98.4 Depressed plaques over bilateral hips due to subcutaneous fat atrophy at 
the site of insulin injections. Courtesy of Denise Metry, MD, Texas Children’s Hospital, 
USA. 


There is no generally agreed management algorithm but, if fea- 
sible, a change to purified human insulin is recommended. Several 
authors describe success in restoring fat by co-administration of a 
corticosteroid such as dexamethasone with the insulin [4,18,24-27]. 
Other strategies have included using an insulin jet-injection device 
[28] or a continuous insulin infusion pump [29], although lipoatro- 
phy with the latter has also been reported [7,8]. Twice-daily appli- 
cation of 4% sodium cromoglycate prepared in petrolatum has been 
claimed to reverse early lipoatrophy and prevent new lesions in one 
small case series [12]. 


Localised lipoatrophy due to injected corticosteroid 


Definition 

Localised lipoatrophy due to injected corticosteroid is the localised 
loss of subcutaneous fat that occurs after intramuscular or intra- 
lesional injection of corticosteroids [1]. 


Introduction and general description 

Injected depot preparations of corticosteroids have been widely 
used for their sustained systemic antiallergic and anti-inflammatory 
action for more than half a century. It was recognised at an early 
stage that corticosteroids were capable of producing profound 
lipoatrophy if they were injected into subcutaneous fat. 


Epidemiology 

Incidence and prevalence 

An overall incidence of local reactions following intralesional 
corticosteroid injection is reported to be 0.5%. These reactions 
include pain, panniculitis, haemorrhage, secondary infection, 
pigment alteration, hypersensitivity and atrophy [2]. Of all the 
persistent local reactions due to corticosteroids, atrophy is the most 
common [3]. 


Sex 
Women appear to be at significantly greater risk than men [1,4]. 
In one early study, it was observed that lipoatrophy occurred in 


6 of 14 women but in none of 13 men who received repeated 
intramuscular or deep subcutaneous injections of triamcinolone 
diacetate [4]. 


Pathophysiology 

The exact pathogenesis is not clear but several factors are thought 
to be involved. It is believed that intramuscular injection of tri- 
amcinolone has a direct traumatic and a hormonally mediated 
destructive effect on fat cells [5]. In addition, decreased type I colla- 
gen and glycosaminoglycan synthesis has been noted following the 
injection of corticosteroid [6]. One common finding from histolog- 
ical analyses is the identification of a granular basophilic material 
in the dermis, thought to represent altered ground substance asso- 
ciated with deposits of corticosteroid crystals [5,7,8]. Cutaneous 
atrophy has been noted to resolve in parallel with the gradual 
disappearance of corticosteroid crystals from the tissue [7]. 


Predisposing factors 

Compounds with low solubility, such as triamcinolone acetonide, 
injected at higher concentrations appear to be associated with 
greater risks of atrophy. One group of investigators noted that 
intralesional injections of triamcinolone acetonide at concentrations 
above 5mg/cm? were associated with increased risks of cuta- 
neous atrophy [9]. However, no lipoatrophy was observed at 6 and 
12 weeks after injection in a series of 14 patients with dermatological 
conditions who had received one or two 30mg or 60mg doses of 
intramuscular triamcinolone acetonide [10]. 


Pathology 

In addition to the presence of granular basophilic material asso- 
ciated with the deposition of corticosteroid, other histological 
findings include epidermal atrophy, homogenisation of collagen, 
degeneration of sebaceous glands, decreased elastin and involution 
of subcutaneous fat lobules with small lipocytes separated by hya- 
line material [1,5,7,8]. Inflammatory cells are not usually prominent 
although a sparse mononuclear cell infiltrate can be observed. There 
is no vascular inflammation [1]. 


Clinical features 

Presentation 

Patients present with an oval or circular depressed plaque at the 
site of prior injection (Figures 98.5 and 98.6). The overlying epider- 
mis is usually normal, although telangiectasia, hypopigmentation or 
alopecia may occur [3]. There is no associated redness or tenderness. 
Atrophy generally begins within weeks to 3 months after injection. 
The time course and extent of the atrophy depend on several factors, 
including the solubility and concentration of the corticosteroid used 
and the depth and anatomical location of the injection [5]. 


Differential diagnosis 
Other forms of localised lipoatrophy should be considered. 


Disease course and prognosis 

The lipoatrophy may resolve spontaneously over the course of 
1-2 years [11-14], although it may persist for longer in some 
cases [15]. 
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Figure 98.5 Delling of the skin over the right hip due to subcutaneous fat atrophy at 
the site of depot corticosteroid injection. 


Management 

There is no established management guideline. In one small case 
series, four patients were treated by infiltration of the affected 
area with normal saline. All four patients demonstrated complete 
resolution of lipoatrophy and restoration of surface contour after 
4-8 weekly injections. The injected volume ranged from 5 to 20 cm? 
per treatment session, depending on the size to be treated. The 
authors speculated that the efficacy of the treatment may be due to 
resuspension and redistribution of the poorly soluble corticosteroid 
crystals by saline solution [3]. 


Localised lipodystrophy secondary to panniculitis 


Localised lipodystrophy may be secondary to inflammation 
of the subcutaneous fat, of which there are several aetiologies 
(Chapter 97). 


Centrifugal lipodystrophy 


Definition and nomenclature 
Centrifugal lipodystrophy (CLD) is a form of localised lipodystro- 
phy in which atrophic plaques extend centrifugally. 


Synonyms and inclusions 
e Lipodystrophia centrifugalis abdominalis infantilis 


Introduction and general description 

CLD is characterised by localised lipoatrophy that expands centrifu- 
gally. Most cases of CLD have been reported from a single region 
of Japan. The condition predominantly affects children who are 
otherwise well. Because there have been a few cases of adult onset 
as Well as of involvement of areas other than the abdomen, the term 
CLD may be more appropriate than lipodystrophia centrifugalis 
abdominalis infantilis. 
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Figure 98.6 Histopathology of localised lipoatrophy secondary to corticosteroid 
injection. The sections show variably sized diminution of adipocytes without 
inflammation. (a) 20x (b) 200x. Courtesy of Catherine Chung, MD, The Ohio State 
University, USA. 


Epidemiology 

Incidence and prevalence 

CLD is rare: approximately 170 cases have been described [1] since 
its initial report in 1971 by Imamura et al. [2]. 


Age 

The majority (90%) of CLD patients develop the condition in the 
first 4 years of life with a mean of 2.4 years and a median of 
2 years [1]. Very few patients have developed their initial lesions as 
an adult [1,3]. 


Sex 
Girls outnumber boys by approximately 2:1 [1]. 
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Ethnicity 

CLD is reported almost exclusively among children of Asian 
descent, especially of Japanese origin [1,4-6]. There have been a few 
white patients reported from the USA [7], the UK [8,9], France [10], 
Italy [11], Germany [12] and Spain [13]. 


Associated diseases 

Most CLD patients exhibit no other signs or symptoms of systemic 
illness. However, immunological abnormalities that have been 
reported include positive antinuclear antibodies [1], rheuma- 
toid factor [10], antigliadin antibodies [12] and partial IgA 
deficiency [10,12]. 


Pathophysiology 

The cause of CLD is unknown. It has been suggested that apoptosis 
may play a part in the fatty tissue degeneration of CLD, but it is 
unclear whether this is a primary event [14]. Fibrous long-spacing 
collagen has been observed on ultrastructural studies of lesional 
skin, although the relation of their presence to disease pathogenesis 
remains to be elucidated [15]. So far, no abnormalities of serum 
leptin levels have been reported [1]. 


Pathology 

The epidermis and dermis in CLD are unaffected but there is 
markedly reduced or absent subcutaneous tissue in the affected 
areas. In the inflamed periphery of the plaque, the loss of subcuta- 
neous fat is accompanied by a moderate mononuclear cell infiltrate. 
Rarely, multinucleated giant cells, foam cells, swelling of blood 
vessels, vasculitis and thrombosis have been observed [1]. 


Genetics 

CLD has occurred in one pair of dizygotic twins and in one pair of 
affected siblings, which has raised the possibility of a genetic com- 
ponent of the disease [1]. 


Environmental factors 

Although various external factors such as hernia, congenital dislo- 
cation of the hip, external pressure, injection or previous skin infec- 
tion at the sites were reported in about 10% of the cases, no clear 
relationship has been established between CLD and environmental 
insults [1]. 


Clinical features 

Presentation 

Most cases of CLD begin with a single depressed plaque involving 
the groin (80%), axillae (20%) or neighbouring regions. Inter- 
estingly, in all reported non-Japanese cases, the initial plaque 
developed exclusively in or near the groin [1]. Less common areas 
of involvement include the neck, lower chin, retroauricular area or 
scalp [16-18]. The periphery of the atrophic plaque is typically red 
while the centre is of normal colour or may have a violaceous or 
bluish hue. Ulceration of the plaques has been reported to occur 
rarely [1,19]. Plaques beginning in the groin area may expand to 
involve the genital region, abdominal wall or even the chest wall. 
Plaques developing in the axillary region may also extend to the 


chest wall and abdominal wall. During the initial enlargement 
period, the atrophy may be multifocal. Although most lesions are 
asymptomatic, some patients report mild discomfort or tender- 
ness [1]. Regional lymph nodes are enlarged in 65% of cases. When 
the lesion stops expanding, the red rim and lymphadenopathy tend 
to resolve. 


Differential diagnosis 
Differential diagnosis of CLD includes other localised lipo- 
dystrophies. 


Complications and co-morbidities 

Patients with CLD usually do not suffer from any complica- 
tions and co-morbidities, except for rare instances of ulceration 
involving plaques [1,19]. A case of angioblastoma developing 
in a non-regressing CLD lesion lasting into adulthood has been 
reported. The angioblastoma responded to resection followed by 
radiation therapy [20]. 


Disease course and prognosis 
The atrophic area slowly enlarges centrifugally for 3-8 years, often 
stopping with the onset of puberty. By 13 years, 82% of cases show 
no residual inflammation at the periphery and 65% no longer have 
regional lymphadenopathy. 

The atrophic portion may subsequently improve but may remain 
depressed [1]. Hair regrowth has been observed in cases of scalp 
involvement [16-18]. 


Investigations 
Results of routine laboratory tests are unremarkable. 


Management 

There is no established guideline for the management of CLD. 
Many topical therapies have been tried including topical steroids, 
pimecrolimus, vitamin A cream and dimethyl sulfoxide. Various 
systemic therapies have been attempted including corticosteroids, 
chloroquine, penicillin, vitamin E and ibuprofen. None of these 
has been effective in preventing enlargement, although topical and 
systemic steroids occasionally reduced the inflammation at the 
periphery of the plaque [1]. Psoralen with UVA was reported to be 
effective in softening the skin and preventing further enlargement 
in one case [4]. 


FAT HYPERTROPHY —,/s «SK 


Fat hypertrophy is a circumscribed expansion of subcutaneous 
fat and is particularly associated with insulin injection sites. Less 
commonly, growth hormone and pegvisomant (growth hormone 
receptor antagonist) injections can also cause fat lipohypertro- 
phy [1,2]. Injection site rotation or discontinuation of the injections 
should be instituted. Fat hypertrophy is distinguished from lipo- 
matosis in that the latter involves the formation of multiple foci of 
proliferating adipocytes. 
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insulin-induced localised fat 
hypertrophy 


Definition and nomenclature 

Insulin-induced fat hypertrophy is a circumscribed increase in 
subcutaneous fat at the site or sites of repeated insulin injection by 
insulin-dependent diabetics. 


Synonyms and inclusions 
e Insulin-induced lipohypertrophy 


Introduction and general description 

Insulin-induced fat hypertrophy was, and still is, the most common 
cutaneous complication of insulin therapy [3]. It is thought to be 
due to the direct local anabolic and lipogenic effects of insulin on 
adipocytes. 


Epidemiology 

Incidence and prevalence 

With highly purified human insulin, the prevalence of fat hypertro- 
phy is approximately 30% in patients with type 1 diabetes and less 
than 5% in patients with type 2 diabetes [4]. 


Age 
No specific age of onset has been identified, although the condition 
is generally believed to be associated with a young age [4]. 


Pathophysiology 
The fat hypertrophy is thought to be secondary to the anabolic 
and lipogenic effect of insulin [3,4]. Although insulin antibodies 
are associated with fat hypertrophy in children and adolescents 
with type 1 diabetes, it is not known whether they play a role in its 
pathogenesis [5,6]. 


Predisposing factors 

Several factors have been associated with the development of fat 
hypertrophy. These include recent insulin initiation, low BMI, use 
of the abdomen as the injection site and infrequent rotation of the 
injection site [4]. 


Pathology 

Histological examination shows lobules of large mature adipocytes. 
Electron microscopy has revealed discrete populations of small 
adipocytes, suggesting differentiation or proliferation [7]. 


Clinical features 

Presentation 

The disorder presents as soft subcutaneous swellings at the sites 
of insulin injection (Figure 98.7). The overlying epidermis is nor- 
mal. Because the involved skin tends to be hypoaesthetic relative 
to uninvolved skin, patients often continue to inject insulin prefer- 
entially into affected sites [3]. 


Figure 98.7 Insulin-induced fat hypertrophy of the lateral aspect of the upper arm. 


Differential diagnosis 

Localised cutaneous amyloidosis has been associated with insulin 
injection sites and may be mistaken for insulin-induced fat hyper- 
trophy [8]. Furthermore, insulin per se has been identified as one 
of the proteins that can form amyloid fibrils [9]. Affected skin feels 
firmer on palpation than that overlying insulin-induced fat hyper- 
trophy and is unlikely to improve after changing the insulin injection 
site [3]. 


Complications and co-morbidities 

Because the lipohypertrophic nodules have decreased vascularity, 
impaired insulin absorption at these sites may result in poor gly- 
caemic control [3,10-12]. 


Disease course and prognosis 
Regression of insulin-induced lipohypertrophy is possible once 
management is instituted. 


Management 
To prevent the development of fat hypertrophy, patients requiring 
insulin injections should be advised of the importance of changing 
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injection sites regularly [4]. No universal treatment guideline has 
been established in the management of this condition. Rotation 
of injection sites is recommended with the anticipation that exist- 
ing nodules will regress [3]. Most patients requiring insulin will 
nowadays be prescribed biosynthetic human insulin analogues, 
which carry a lower risk of inducing fat hypertrophy. If they are not, 
changing to human insulin, particularly the short-acting, rapidly 
absorbed preparations, may help to reverse the condition [13]. 
Changing the insulin delivery method from injection to continuous 
subcutaneous infusion using a pump has also been advocated. This 
method of administration reduces overall insulin requirements 
and is therefore thought to lessen the overall stimulus to lipoge- 
nesis [3]. If the above strategies fail, some patients will demand 
removal of the excess fat. Liposuction has achieved good cosmetic 
results [14,15]. 


SUBCUTANEOUS LIPOMATC 


Benign symmetrical lipomatos 


Definition and nomenclature 

Benign symmetrical lipomatosis (BSL) is an uncommon condition 
characterised by multiple, symmetrical, unencapsulated fatty tissue 
deposits throughout the body. 


Synonyms and inclusions 

e Madelung disease 

¢ Multiple symmetrical lipomatosis 

e Launois—Bensaude adenolipomatosis 


Introduction and general description 

What subsequently came to be known as Madelung disease was 
first mentioned by Brodie in 1846 [1]. Madelung described a series of 
patients with the lipomatosis in 1888 [2] and Launois and Bensaude 
reported it again 10 years later [3]. More recently, the term benign 
symmetrical lipomatosis has been preferred for this uncommon 
condition. It is characterised by multiple, symmetrical, unencap- 
sulated fatty tissue deposits involving multiple areas of the body, 
particularly the neck, shoulder girdle and the proximal upper and 
lower extremities. 


Epidemiology 

Incidence and prevalence 

The exact incidence and prevalence of BSL are not known. The inci- 
dence in Italy has been estimated to be 1:25 000 [4]. There are, how- 
ever, fewer than 300 cases reported in the literature since its initial 
description [5]. 


Age 
The age of onset ranges from 30 to 60 years [6]. However, a few pae- 
diatric cases have been reported [7,8]. 


Sex 

Benign symmetrical lipomatosis is a disorder that predominantly 
affects males, with a reported male: female ratio as high as 31:1 
[1,6,9-11]. 


Ethnicity 

Historically, BSL has been linked to people of Mediterranean 
descent [1]. However, cases from non-Mediterranean ethnicities 
have been described [5,12,13]. 


Associated diseases 

Many conditions are associated with BSL. These include alcohol 
abuse, chronic hepatic disorders possibly related to the under- 
lying alcohol abuse, lipid abnormalities, arterial hypertension, 
chronic obstructive pulmonary disease (COPD), gynaecomastia, 
hypothyroidism, peripheral neuropathy, diabetes, hyperuricaemia 
and myoclonic epilepsy and ragged red fibres (MERRF) syndrome 
[1,7,8,10,14-16]. In one study of 22 patients from Spain, 95.5% of 
the patients had high alcohol intake and 59.1% had some form of 
hepatic disease. Furthermore, 77% of these patients were reported to 
be regular smokers. Statistics of reported associations include 41% 
with dyslipidaemia, 27% with gynaecomastia, 23% with arterial 
hypertension, 23% with COPD, 14% with hyperuricaemia, 9% with 
hypothyroidism and 4.5% with type 2 diabetes [1]. 

Peripheral neuropathy, polyneuropathy and autonomic dysfunc- 
tion are also common findings among BSL patients [11,17-19,20] 
and it may be the presenting symptom in some [21]. However, there 
is controversy as to whether these neurological manifestations are 
directly related to BSL or are the result of alcoholism. 

Compression symptoms affecting the respiratory and digestive 
tracts are thought to be directly due to fatty masses in the anterior 
neck and, in one case series, were the symptoms that in all cases 
occasioned their patients’ initial consultation [1]. 


Pathophysiology 

While many theories on the pathogenesis of BSL exist, a role for 
brown fat in BSL has garnered attention. Although, grossly and 
histologically, the accumulated adipose tissue in BSL is indistin- 
guishable from mature fat [1], ultrastructural analysis of adipose 
tissue deposits in BSL suggests that it resembles brown fat [22]. 
Further support for the role of brown fat in BSL came from another 
study that demonstrated mRNA expression of brown adipose 
tissue-specific uncoupling protein-1 (UCP-1) ina lipoma of a patient 
with BSL, but not in the normal subcutaneous fat from the same 
patient [23]. Brown fat hypertrophy has been proposed to result 
from functional sympathetic denervation [22], or from alterations 
in the synthesis of intracellular cyclic adenosine monophosphate 
(cAMP) under noradrenergic stimulation [24,25]. 


Pathology 

Lipomatous tissue in BSL consists of small adipocytes with no 
atypical features and a slight increase in vascular and fibrous 
elements. The lipomas are typically not encapsulated and may 
infiltrate across fasciomuscular and neurovascular planes [26]. 


Genetics 
Genetic alternations in mitochondrial DNA have been demon- 
strated in BSL patients [18,27]. Most reported BSL cases have been 
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Figure 98.8 Non-tender fatty deposits around the neck in a patient with benign 
symmetrical lipomatosis. Courtesy of Professor L. Requena, Universidad Autonoma de 
Madrid, Spain. 


sporadic, although a very small number of familial cases exist for 
which autosomal recessive inheritance has been proposed [28]. 


Clinical features 

Presentation 

Fatty masses develop most commonly on the neck (Figure 98.8), 
shoulder girdle and proximal upper and lower extremities. Other 
less common locations include the retroauricular and submandibu- 
lar areas [29], tongue [21], mammary region [22], abdomen [7] and 
perineum or scrotum [30]. Although rare, laryngeal involvement 
resulting in a compromised airway has been described [12,31-34]. 
The fatty deposits are slow growing and progressive over many 
years. In contrast to Dercum disease, the fatty growths in BSL are 
not tender or painful. 


Clinical variants 

Enzi’s classification of BSL is the most widely accepted [6]. In 
type I BSL, fatty deposits are mainly distributed around the neck, 
shoulders, supraclavicular fossa and proximal regions of the upper 
extremities. In type II BSL, more caudal regions of the body are 
involved, while the neck is unaffected. As a consequence, type II 
BSL patients may appear similar to obese patients. 


Differential diagnosis 

Differential diagnosis of BSL includes obesity, Dercum disease, 
familial multiple lipomatosis and less likely angiolipoma and 
liposarcoma. Genetic syndromes presenting with multiple lipomas 
such as Cowden syndrome, Bannayan-Riley-Ruvalcaba syndrome, 
multiple endocrine neoplasia type 1 (MEN1) and Gardner syn- 
drome can be differentiated from BSL by the presence of other 
disease-specific clinical features. 


Complications and co-morbidities 

Respiratory or digestive symptoms may develop if the lipomato- 
sis from the anterior neck is significant enough to compress vital 
structures. There have been a few cases of head and neck cancer, 


especially squamous cell carcinoma, reported in patients with 
BSL [9,35]. However, it is possible that this simply reflects the 
increased alcohol and tobacco consumption observed among BSL 
patients. Malignant transformation of lipoma into liposarcomas in 
BSL has been reported only twice [36,37]. 


Disease course and prognosis 

The lipomatous masses are slow growing and progressive. There 
are few long-term follow-up data on BSL patients. In one study, 
however, in which 31 BSL patients were observed for up to 26 years, 
three of the eight deaths observed were sudden and occurred in 
patients with autonomic neuropathy in the absence of coronary 
artery disease or history of cardiac disease [20]. 


Investigations 

The diagnosis of BSL is based on clinical presentation and disease 
history. Chest radiographs may show abnormal symmetrical mass 
lesions due to accumulations of adipose tissue. MRI is the best 
diagnostic tool in evaluation of the spread of adipose tissue, pres- 
ence of tracheal compression, vascular topography within the fat 
mass and exclusion of synchronous malignant disease [37,38]. 


Management 

There is no established guideline for the management of BSL. A thor- 
ough clinical review, especially for respiratory symptoms, should 
be carried out at each visit to check for signs of compression or for 
the rare occurrence of malignant transformation. 

Medical treatments have been tried with generally poor results. 
Oral salbutamol, which induces lipolysis by adrenergic stimulation, 
has been tested on BSL patients but the results have been disap- 
pointing [24]. Fibrate has been claimed to stop the growth or even 
reduce the volume of fatty masses in BSL patients [39]. Among BSL 
patients who reported alcohol abuse, abstinence from alcohol has 
had mixed results in preventing the progression or recurrence of the 
lesions after surgical treatment [1,40]. General weight loss does not 
seem to be effective in reducing fatty masses [1]. 

Open surgery, lipectomy and liposuction, with or without ultra- 
sound assistance, have been tried with varying success rates. 
Liposuction is less traumatic, has a lower complication rate and 
produces less scarring than open surgery [41-45,46]. However, 
because the fatty deposits are unencapsulated and diffusely infil- 
trate muscles and vessels without a clear plane for dissection, open 
surgery with direct observation of important structures is a safer 
approach in certain anatomical regions where liposuction may be 
too dangerous [1,46]. Some authors advocate ultrasound-assisted 
liposuction which can treat multiple areas in a single session and 
produces limited scarring. 

Regardless of the mode of surgical intervention, multiple pro- 
cedures are often required, especially given the high rates of 
recurrence [1,47,48]. In one study, BSL patients underwent an aver- 
age of 3.3 open surgical procedures with a 51% recurrence rate. 
Isolated lipoaspiration had a 95% recurrence rate in the same study. 
Recurrence rates vary by anatomical site and are highest following 
procedures on the arms and pectoral region. The average time taken 
for fat to reaccumulate after a surgical intervention is approximately 
21 months [1]. 
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Emergency intervention is needed when compression symptoms 
develop. In rare cases where the fatty tissue deposits extend to the 
mediastinum and compress the trachea, a tracheostomy may be 
required [20]. 


Dercum disease 


Definition and nomenclature 

Dercum disease is a rare disease characterised by generalised over- 
weight status or obesity and pronounced pain in the adipose tissue 
with or without the presence of lipomas. 


Synonyms and inclusions 
e Adiposis dolorosa 

¢ Morbus Dercum 

e Adiposalgia 

¢ Lipomatosis dolorosa 

e Adipose tissue rheumatism 
¢ Neurolipomatosis 


Introduction and general description 

Dercum disease was first described in 1888 [1]. The disease is charac- 
terised by diffuse or localised pain involving adipose tissue, usually 
affecting those who are overweight or obese. Patients experience a 
number of other somatoform symptoms, and management of the 
condition is a challenge. 


Epidemiology 

Incidence and prevalence 

The exact incidence and prevalence of Dercum disease are not 
known. 


Age 

Dercum disease most commonly presents between the ages of 
35 and 50 years [2,3]. While it was initially proposed that Der- 
cum disease affects postmenopausal women, a recent survey 
revealed that 86% of patients developed their symptoms prior to 
the menopause [3]. 


Sex 
Dercum disease is 5-30 times more common in women than in 
men [3,4]. 


Ethnicity 
No known ethnic predilection has been identified. 


Associated diseases 

Although various symptoms or diseases have been observed in 
these patients, none is consistently associated. These include easy 
bruising, sleep disturbances, impaired memory, depression, diffi- 
culty concentrating, anxiety, rapid heart rate, shortness of breath, 
diabetes, bloating, constipation, fatigue, weakness and joint and 
muscle aches [3,5]. 


Pathophysiology 

While the exact aetiology of Dercum disease is not known, many 
theories have been proposed. A local defect in lipid metabolism 
has been considered. One study showed a difference in the for- 
mation of long-chain monounsaturated fatty acids between the 
painful adipose tissue and the unaffected adipose tissue in the same 
patient [6]. Another study showed that the proportion of monosatu- 
rated fatty acids was significantly higher in Dercum disease patients 
than in healthy controls [7]. 

Recently, a study identified seven patients with Dercum disease 
with preceding infections which include histoplasmosis, coccid- 
iomycosis or Lyme disease. It is postulated that these infections 
may lead to altered lymphatics and subsequently development of 
Dercum disease [8]. 

Painful adipose tissue from a Dercum disease subject was found 
to have a significantly lower conversion rate of glucose to neutral 
glycerides than non-painful adipose tissue from the same sub- 
ject [9]. In vitro analysis demonstrated that painful adipose tissue 
had reduced responsiveness to norepinephrine and lack of response 
to the antilipolytic effect of insulin compared with non-painful 
adipose tissue [10]. 

Roles of various inflammatory factors have also been investi- 
gated. Higher levels of IL-13 and significantly lower macrophage 
inflammatory protein 1B and fractalkine expression were seen in 
Dercum disease patients. Fractalkine is a unique chemokine that 
is constitutively expressed by neurons. When fractalkine receptors 
are occupied, pain and resistance to opioid analgesia are promoted, 
which is in concordance with symptoms in Dercum disease [11]. 

Other theories for pain in Dercum disease have included 
endocrine dysfunction [10,12-17] as well as autonomic nervous 
system dysfunction [18] and stretching of and pressure on nerves 
by the growing fatty masses [19,20]. 

The significance of these observations is, however, unclear and 
their contribution to disease pathogenesis remains to be elucidated. 


Pathology 
When lipomas are present, they show the typical histological fea- 
tures of lipomas without inflammation or vascular abnormalities [21]. 


Genetics 

The majority of cases occur sporadically [5]. An autosomal dom- 
inant inheritance with variable expression has also been reported 
[2,22,23,24,25,26]. HLA typing has not been revealing [10]. A to 
G mutation at position A8344 of mitochondrial DNA, which 
is sometimes associated with familial multiple lipomas, is not 
detected [25,27]. 


Clinical features 

Presentation 

The main symptom in Dercum disease is the either abrupt or 
indolent onset of pain in adipose tissue [1]. Lipomas may or may 
not be present in these patients, who are typically obese. Patients 
have most commonly described the pain as burning or aching of 
the subcutaneous tissue. Some experience spontaneous paroxysmal 


Y 
— 
U 
re 
a. 
vi 


PART 8 
CUTANEOUS STRUCTURES 


98.18 Chapter 98: Non-inflammatory Disorders of Subcutaneous Fat 


— 
— 
U 
Lu 
-¥ 
Wn 
B 
- 
< 
-¥ 


CUTANEOUS STRUCTURES 


Figure 98.9 Painful lipomas on the lower extremity of a patient with Dercum disease. 
Courtesy of Professor L. Requena, Universidad Autonoma de Madrid, Spain. 


attacks of pain [5,28]. The most common locations of painful fat 
and lipomas are the extremities (Figure 98.9), trunk, pelvic area 
and buttocks [3]. The head and neck are spared [28]. Interest- 
ingly, patients experience more pain in the medial aspects of the 
involved extremities [5]. Lipomas, when present, vary in size and 
firmness [3]. 

While fatigue and psychiatric manifestations were initially 
included as cardinal symptoms of Dercum disease [29], subsequent 
literature has not supported this claim. Certainly, not all patients 
with Dercum disease exhibit psychiatric symptoms [30,31]. More 
recently, an association between BMI and anxiety and personality 
disorders has been noted [32]. It has also been proposed that pain 
and obesity in Dercum disease may contribute to the psychiatric 
manifestations seen in some patients [5]. 


Clinical variants 


Various classifications have been proposed over the years [5,17,28,29]. 


In 2012, Hansson and colleagues proposed the following classifica- 
tion [5]: 
I. Generalised diffuse form: widespread painful adipose tissue 
without clear lipomas. 
II. Generalised nodular form: general pain in adipose tissue and 
intense pain in and around multiple lipomas. 
III. Localised nodular form: pain in and around multiple lipomas. 
IV. Juxta-articular form: pain in solitary deposits of excess fat, for 
example at the medial aspect of the knee. 


Differential diagnosis 

Many diseases have similar symptoms to those of Dercum disease. 
For the generalised diffuse form, fibromyalgia, lipoedema, panni- 
culitis and primary psychiatric disorders may be considered in the 
differential. 

Other types of Dercum disease must be differentiated from 
conditions that may include solitary or multiple lipomas, as they 
may also sometimes be painful. These include multiple sym- 
metrical lipomatosis, familial multiple lipomatosis, adipocytic 


tumours, neurofibromatosis type 1, MEN1 and MERRF syndrome. 
MERRF syndrome is a disease of mitochondria which is sometimes 
accompanied by non-painful lipomas. 


Complications and co-morbidities 

The lipomas in Dercum disease may in rare instances become 
necrotic [33] or may compress visceral organs [34,35]. Other 
co-morbidities are mostly related to the associated obesity or 
the psychiatric morbidity. 


Disease course and prognosis 

Very little is known about the natural progression of Dercum dis- 
ease. Several case reports suggest that the pain gets worse over 
time [26]. However, in one long-term study of patients with the 
condition, pain seemed to be relatively constant over the 5-year 
study period [36]. 


Investigations 

Diagnosis is based on clinical criteria after a thorough physical 
examination and exclusion of the differential diagnoses discussed 
earlier [5]. There are no laboratory markers for the condition and 
laboratory tests for inflammatory and autoimmune disease are 
typically negative [3,37-39]. 


Management 
Overall, there is little evidence on which to base treatment of 
Dercum disease. Management may be best achieved through a 
multidisciplinary approach involving multiple specialists includ- 
ing dermatologists, surgeons, pain specialists, psychiatrists and 
psychologists. 

Pain in this setting has been observed to be refractory to tra- 
ditional analgesics and non-steroidal anti-inflammatory drugs 
(NSAIDs) [8,21,24,40-47]. However, this experience has been chal- 
lenged recently after a study found that pain diminished in 89% of 
patients when treated with NSAIDs and in 97% when treated with 
narcotics [3]. 

Topical lidocaine with or without prilocaine [39,48,49], intra- 
lesional lidocaine [50] and intravenous lidocaine [8,37,41,43,51-53] 
have also been tried with varying degrees of success. Pain relief 
from intravenous lidocaine infusion lasted from 10h [51] to 12 
months [41]. A recent case report of deoxycholic acid injection to 
the lipomas provided subjective reduction in pain in a patient with 
Dercum disease at his 3-month follow-up [54]. 

Systemic corticosteroids have been reported to improve pain 
in some [16,24,55], while worsening it in other patients [56]. 
Two patients with juxta-articular Dercum disease treated with 
intralesional corticosteroids experienced dramatic improvement of 
pain [57]. Methotrexate alone [26] and in combination with inflix- 
imab [58], pregabalin or oxacarbazepine [17,38,59,60], has also been 
used. Two patients with concurrent Dercum disease and hepatitis C 
were successfully treated with interferon-a-2b [61]. 

A small pilot study involving 10 patients showed that rapid 
cycling hypobaric pressure may decrease pain [62]. 

Procedure-based approaches with suction-assisted liposuc- 
tion [36] and lipectomy [4,19-21,63,64,65] have also been tried. 
However, pain often recurs after these procedures. 
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infiltrating lipomatosis of the 


Definition and nomenclature 

Infiltrating lipomatosis of the face is a congenital disorder where 
the unilateral overgrowth of unencapsulated benign and mature but 
invasive adipocytes involves the lower two-thirds of the face. 


Synonyms and inclusions 
© Congenital infiltrating lipomatosis of the face (CIL-F) 


Introduction and general description 

Infiltrating lipomatosis of the face (IL-F) is a disorder characterised 
by unilateral overgrowth of unencapsulated benign and mature 
but invasive adipocytes involving the lower two-thirds of the 
face. Although it usually presents at birth (congenital infiltrating 
lipomatosis of the face) it may present in adolescence or early 
adulthood. Somatic mutation in the PIK3CA gene have been iden- 
tified in patients with IL-F [1]. It is associated with soft tissue and 
bony hypertrophy [2,3]. IL-F patients have normal psychomotor 
development [4]. 


Epidemiology 

Incidence and prevalence 

Infiltrating lipomatosis of the face is a rare disorder with approx- 
imately 65 cases reported in the world literature [2-4,5,6-13,14, 
15-19,20,21,22,23-25,26,27,28]. 


Age 

Although most cases present at birth, adolescent and early adult- 
hood presentations have also been reported. All reported cases pre- 
sented during the first three decades of life [24]. 


Sex 
There is no gender predilection [4]. 


Ethnicity 
There is no racial predilection. 


Pathophysiology 

IL-F is caused by somatic mutation in the PIK3CA gene and it 
is now considered one of the conditions in the PIK3CA-related 
overgrowth spectrum (PROS) along with Congenital Lipomatous 
Overgrowth, Vascular malformation, Epidermal nevi, Scolio- 
sis/skeletal (CLOVES) and Klippel-Trenaunay syndrome [1]. 
PIK3CA regulates cellular growth, survival and proliferation in 
the PIK3CA/AKT/mTOR pathway. Dysregulation in this pathway 
leads to overgrowth of tissues that are the hallmark of conditions in 
this group of disorders [29]. 


Pathology 

In the initial case description, Slavin et al. described the histopatho- 
logical features of IL-F, which include infiltration of mature benign 
adipocytes into adjacent soft tissue with hypertrophy of the under- 
lying skeleton. They also emphasised the absence of malignant 


characteristics and lipoblasts, but found an increase in fibrous ele- 
ments with focal fibrosis affecting nerve bundles and vessels with 
unifocally thickened muscular walls [3]. 


Causative organisms 

Two patients with IL-F have been found to have cytomegalovirus 
inclusions within the secretory cells of the parotid gland. How- 
ever, the relationship between cytomegalovirus and IL-F remains 
unclear [7,9]. 


Genetics 
Non-inheritable somatic mutation in the PIK3CA gene. 


Clinical features 

Presentation 

Patients with IL-F present with unilateral facial swelling that is 
typically present at birth or in early childhood although it may 
be delayed until early adult life [24]. The facial swelling is due to 
the proliferation of unencapsulated benign and mature adipocytes 
as well as associated soft tissue and bony hypertrophy. There is 
a wide range of clinical presentations depending on the extent of 
involvement of the underlying tissue. The lower two-thirds of the 
face is most commonly involved [2]. 

Macroglossia and mucosal neuromas on the tongue and buccal 
mucosa have also been reported [14,20,22], as have dental abnor- 
malities such as abnormal tooth formation [8], root hypoplasia [24] 
and early eruption of deciduous and permanent teeth on the affected 
side [14,21,22,24]. A cutaneous capillary blush, usually occurring 
after resection, has also been reported [14]. 


Differential diagnosis 

Differential diagnosis of IL-F includes other hamartomatous or 
overgrowth syndromes such as Proteus syndrome, vascular or 
lymphatic malformations and trauma, as well as benign and 
malignant neoplasms of the bone and/or soft tissue. MEN2b, 
Bannayan-Riley-Ruvalcaba syndrome and Cowden syndrome 
should be considered since they are also associated with mucosal 
neuromas [14,22]. Congenital hemifacial hyperplasia shares some 
features with IL-F but this condition does not involve lipocytic 
infiltration [14,22]. Conditions causing contralateral hypoplasia, 
such as hemifacial microsomia and progressive hemifacial atrophy 
(Romberg syndrome), should be excluded [21]. Other disorders of 
fat tissue infiltration such as liposarcoma or lipoblastomatosis may 
be ruled out based on histological findings [16,17]. 


Complications and co-morbidities 

Complications and co-morbidities arising from IL-F depend on the 
extent of involvement of the underlying soft tissue and bone. The 
lipomatosis itself is benign, although cosmesis may be significantly 
altered. Resection of IL-F risks injury to vital structures such as the 
facial nerve. 


Investigations 
Imaging with MRI provides the best delineation [14]. 


Management 
Management of IL-F involves resection of the tumour followed by 
reconstruction. The resection is almost always subtotal due to the 
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infiltrative nature of the tumour into vital structures and carries a 


risk of injury to the facial nerve. On average, IL-F patients undergo 
at least three surgical procedures [10] with a recurrence rate that is 
as high as 62.5% with surgical resection alone [15]. 

The timing of surgery remains controversial. While earlier reports 
advocated early and wide local excision to prevent extensive lipo- 
matous infiltration [3,10], more recent literature favours delayed 
resection with temporising measures such as liposuction, excision 
of mucosal neuromas and surgery to the upper lip to restore facial 
symmetry [14]. By delaying the resection until early adulthood it 
is believed that the chances of facial nerve damage and the total 
number of debulking procedures required are diminished [6]. It 
has also been conjectured that growth hormone may play a role 
in recurrences, implying that mass reduction attempts prior to 
the end of adolescence may be more likely to fail [14]. Recently, 
a case of IL-F demonstrating C-KIT and platelet-derived growth 
factor receptor oncogene expression was treated with imatinib after 
subtotal surgical resection. At 18 months follow-up, the patient 
showed no disease progression [2]. PIK3CA-inhibitors may offer a 
new treatment paradigm for PROS which includes IL-F. 


Encephalocraniocutaneous 
lipomatosis 


Definition and nomenclature 

Encephalocraniocutaneous lipomatosis (ECCL) is a rare, neuro- 
cutaneous syndrome characterised by profound intellectual disabil- 
ity, early onset of seizures, unilateral temporofrontal lipomatosis, 
ipsilateral cerebral and leptomeningeal lipomatosis, cerebral mal- 
formation and calcification, and lipomas of the skull, eye and heart. 


Synonyms and inclusions 
e Haberland syndrome 
e Fishman syndrome 


Introduction and general description 

ECCL is a rare, sporadic, neurocutaneous syndrome involving 
tissues of ectodermal and mesodermal origin. It is associated with 
profound intellectual disability, early onset of seizures, unilateral 
temporofrontal lipomatosis, ipsilateral cerebral and leptomeningeal 
lipomatosis, cerebral malformation and calcification, and lipomas 
of the skull, eye and heart [1,2]. The hallmark skin finding is naevus 
psiloliparus, which is a fatty hamartomatous malformation of the 
scalp [3]. The condition is typically present at birth or shortly after 
birth. 


Epidemiology 

Incidence and prevalence 

ECCL is a rare disorder with about 60 cases reported in the English 
literature. 


Age 
Cutaneous and eye findings are usually present at or shortly after 
birth. Neurological manifestations may present at a later time. 
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Sex 
There is no gender predilection. 


Ethnicity 
There is no racial or ethnic predilection. 


Pathophysiology 

ECCL is caused by activating mutations in the FGFR1 gene which 
is involved in production of the fibroblast growth factor receptor. 
This receptor is involved in the signalling pathway for normal devel- 
opment of multiple organs including the brain, eyes and skin [4]. 


Pathology 
The histopathology of naevus psiloliparus shows focal dermal fibro- 
sis with subcutaneous fat in the reticular dermis. 


Clinical features 
Presentation 
Patients with ECCL present with a wide spectrum of clinical man- 
ifestations. Naevus psiloliparus of the scalp is the most common 
skin finding and was present in 44 of 54 patients studied [5]. Uni- 
lateral or bilateral subcutaneous fatty masses are often seen in the 
frontotemporal or zygomatic region and they are rarely seen out- 
side the craniofacial region (Figure 98.10). Patchy or linear alopecia 
which is typically non-scarring is commonly observed: it may follow 
the lines of Blaschko or occasionally be scarring. Fibromas, lipomas 
and fibrolipomas present typically as ipsilateral skin tag-like cuta- 
neous polyps on the eyelid or following a line from the outer canthus 
to the tragus. Less common cutaneous manifestations include irreg- 
ular or disrupted eyebrows and café-au-lait macules [5]. 
Choristomas, with or without other eye anomalies, were observed 
in 43 of 54 patients [5] but other ocular abnormalities may also 
be seen. 


Figure 98.10 Unilateral subcutaneous fatty mass over right temple in a neonate with 
encephalocraniocutaneous lipomatosis. Courtesy of Megan Craddock, MD, Texas 
Children’s Hospital, USA. 
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Brain anomalies primarily involve the tissue surrounding the 
brain including blood vessels [6]. Intracranial lipomas are the most 
prominent feature; other features include meningeal and meningo- 
vascular anomalies and spinal cord lipomas, which may be 
extensive. CNS findings are frequently confined to the same body 
side as the cutaneous lesions. The spectrum of neurological 
manifestations of ECCL patients is broad, ranging from normal 
development to intellectual impairment of various degrees to 
intractable seizures. Less commonly, skeletal system involvement 
with jaw tumours or lytic bone lesions may be present; these may 
be progressive [7-11]. 

Congenital heart malformation, particularly aortic coarctation, is 
seen in about 10% of ECCL patients [5]. 


Differential diagnosis 

This includes the Proteus syndrome, oculoectodermal syndrome, 
oculocerebrocutaneous syndrome and epidermal naevus syndrome 
[12-16]. 


Complications and co-morbidities 
Complications and co-morbidities depend on the extent of organ 
system involvement. 


Investigations 

Investigations for suspected ECCL include a biopsy of suspected 
naevus psiloliparus lesions or ‘skin tags’ around the eye. Oph- 
thalmological examination is required to detect associated ocular 
anomalies. Neuroimaging studies may characterise and assess the 
extent of CNS involvement [5]. Since fatty masses can involve 
the spinal cord, it is recommended that MRI of the spine be per- 
formed [5]. An electrocardiogram and an echocardiogram may help 
screen for cardiac problems. 


Management 
Treatment is symptomatic and requires multidisciplinary care. 


LIPOEDEMA -.— LL 


Lipoedema is the term used to describe swelling of tissues due to 
abnormal accumulation of subcutaneous fat rather than fluid as 
seen in lymphoedema, with which it may be confused or coexist 
(lipo-lymphoedema). In the majority of cases, lipoedema affects the 
lower extremities but it may also affect the upper extremities and 
the scalp. Hereafter the term lipoedema, if unqualified, will be used 
to denote lipoedema of the lower limbs. 


Definition 

Lipoedema is characterised by progressive, symmetrical and bilat- 
eral enlargement of involved areas due to subcutaneous deposition 
of fat. 


Introduction and general description 

Lipoedema, first described in 1940 [1], is characterised by progres- 
sive, symmetrical and bilateral enlargement due to subcutaneous 
deposition of fat occurring anywhere from the buttocks to the 
ankles, with sparing of the feet [1,2]. Lipoedema occurs inde- 
pendently of lymphatic stasis or venous insufficiency. Imaging 
studies verify that oedema is minimal and the swelling is in fact 
due to homogenous enlargement of the subcutaneous compart- 
ment [3-6,7,8]. Its principal clinical features are summarised in 
Box 98.1 [2]. 


Epidemiology 

Incidence and prevalence 

The exact incidence and prevalence of lipoedema are unknown. It is 
probably underreported and often misdiagnosed due to unfamiliar- 
ity with this disorder [9-12]. In lymphoedema clinics, up to 15% of 
referred patients were diagnosed with lipoedema [13,14]. 


Box 98.1 Clinical characteristics of lipoedema 


¢ Occurrence is almost exclusively in women 

¢ Bilateral and symmetrical nature with minimal involvement of the 
feet 

¢ Minimal pitting oedema 

¢ Pain, tenderness and easy bruising 

e Persistent enlargement despite elevation of the affected extremities 
or weight loss 


Age 
Onset occurs during or soon after puberty [15]. 


Sex 
Lipoedema occurs almost exclusively in women [1,2,9,16]. The 
condition has been reported only rarely in men [9,17]. 


Ethnicity 
There is no racial or ethnic predilection. 


Associated diseases 

Most lipoedema patients do not have elevated lipids or other abnor- 
mal laboratory values [9,18]. One group of investigators found 
elevated plasma lipids as well as an abnormal fatty acid composi- 
tion of tissue triglycerides in lipoedema patients relative to controls. 
However, the clinical significance of this finding is unclear [19]. 


Pathophysiology 
The aetiology of lipoedema is unknown. Hormones appear to play 
a role in the development of lipoedema, given that it occurs almost 
exclusively in women with a typical onset near puberty or during 
periods of significant hormonal changes [1,2,9,16]. Moreover, male 
lipoedema cases occurred in those receiving hormonal therapy for 
prostate carcinoma or with hepatic cirrhosis [12,20]. 

The anatomy of the lymphatic vessel system in lipoedema patients 
has been found to be normal or sufficient, as far as the large lymph 
vessels are concerned [15]. The degree of insufficiency in lipoedema 
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Table 98.1 Differential diagnosis of lipoedema. 


Lipoedema Lymphoedema Obesity Chronic venous insufficiency 
Sex Female Both Both Both 
Family history Frequent Rare (except for Milroy disease) Frequent n some cases 
Effect of leg elevation Little to none Initially with moderate improvement? No effect arked improvement® 
History of cellulitis one Frequent in secondary lymphoedema None Frequent 
History of ulcers None None None Very frequent 
Symmetry Present Absent Present Present or absent 
Involvement of feet jo Yes Yes Yes 
Tenderness to palpation Yes No No Yes 
Pitting oedema None or minimal initiallyS Present with varying severity Absent arked> 
Tissue consistency ay be soft, fat or firm Doughy, similar to gelatine Soft, like fat Soft, pitting 


@ Longstanding lymphoedema may not show improvement with leg elevation. 


© Longstanding venous insufficiency may be complicated by lymphoedema, in which case this may not apply. 


©Longstanding lipoedema may have pitting oedema. 


patients, if present, never however reached the level of true chronic 
venous insufficiency or lymphoedema [10,11,21,22]. The lymphatic 
transport in lipoedema decreases as the body ages and the fibro- 
sis increases [15]. As a result, in longstanding cases, lipoedema and 
lymphoedema often coexist [12]. 


Predisposing factors 
Although obese patients may be overrepresented, individuals with 
normal weight are also affected [1,2,9,16]. 


Pathology 

No histological abnormalities have been identified by haema- 
toxylin and eosin (H&E) stains, fat stains or electron microscopy 
[9,10,13,14,16,17-19]. 


Genetics 

A significant portion (16-64%) of affected women have a self- 
reported positive family history of lipoedema [1,11,14]. Pit-1 
mutation was identified in female members of one family with 
multiple anterior pituitary hormone deficiency and lipoedema [23]. 
However, no other genetic mutations have been identified. 


Clinical features 

Presentation 

The onset of symmetrical and bilateral gradual fat deposition 
starts around puberty in most cases. However, it may also develop 
during other periods of hormonal changes such as pregnancy or 
menopause [24]. 

Enlargement of the lower extremities is disproportionate in rela- 
tion to the trunk, upper extremities, face and neck [15], even among 
obese patients [2,13]. Feet are generally spared. Fat deposition of 
lipoedema begins abruptly above the malleoli, causing a sharp 
demarcation between the normal and abnormal tissue at the ankles, 
which is known as the ‘cuff sign’. The only sign during early stages 
of disease may be the disappearance of the retromalleolar sulcus. 
As the disease progress, this characteristic physical sign becomes 
more prominent. If the upper extremities are affected, a similar cuff 
sign that ends sharply above the wrists is seen with sparing of the 
hands [15]. Although the non to minimal pitting oedema component 
is mild initially, prominent oedema may eventually develop [15]. 


Patients often complain of heaviness and discomfort of the 
involved areas with sensitivity to pressure. The swelling and aching 
are aggravated by exercise and warm weather [15]. 


Clinical variants 
A classification based on the location of involved areas has been pro- 
posed [25]: 
I. Mostly buttocks. 

II. Buttocks to knees. 
III. Buttocks to malleoli. 

IV. Mainly arms. 

V. Mainly lower legs. 


Differential diagnosis 

Differential diagnosis of lipoedema includes lymphoedema, obe- 
sity, chronic venous insufficiency and lipohypertrophy (Table 98.1) 
[12,15,26]. In contrast to lipoedema, patients with lymphoedema 
have a positive Stemmer sign where there is an inability to pinch 
a fold of skin at the base of the second toe due to thickening 
and fibrosis of the subcutaneous tissue. In obesity, the increase in 
subcutaneous fat is generalised and pain is not usually a feature; 
furthermore, the typical sparing of the feet is not seen in obese 
patients. Chronic venous insufficiency is associated with hyper- 
pigmentation and, initially, pitting oedema that can be relieved by 
leg elevation; with time, however, lymphoedema may supervene. 
The main difference between lipohypertrophy and lipoedema is the 
absence of oedema and pain in lipohypertrophy [15]. Other differ- 
ential diagnoses include Dercum disease and benign symmetrical 
lipomatosis. 


Complications and co-morbidities 
Mobility can be significantly impaired. 


Disease course and prognosis 
Lipoedema is a progressive lifelong disorder. 


Investigations 
Lipoedema remains a clinical diagnosis. MRI may be used to ver- 
ify that the swelling is due to homogenous enlargement of the 


: Lipo-lymphoedema 98.23 


subcutaneous compartment [3-6,7,8]. Dynamic lymphoscintigra- 
phy can rule out true lymphoedema. Since venous disease can 
present concomitantly, duplex ultrasound is advocated by some 
if patients’ complaints cannot be fully explained by lipoedema 
[15]. No specific abnormalities have been found in phlebograms or 
arteriograms from lipoedema patients [16,18,19]. 


Management 

Management includes strategies to address the physical as well as 
psychological impact of the disease and, as such, a multidisciplinary 
approach is necessary [15]. 

Management of diet is important because additional fat laid 
down in lipoedematous limbs may be abnormally resistant to con- 
trol by dieting and exercise and will also compound the difficulties 
of taking adequate exercise, causing further frustration and low 
self-esteem [15,20,27]. Because BMI and total body weight may not 
accurately reflect obesity status in lipoedema patients, some authors 
advocate the use of waist circumference as an indicator for ‘healthy 
weight’ [15,28]. 

Diuretics and leg elevation do not help patients with lipoedema 
[11,13], although they may benefit patients with concomitant 
lymphoedema. 

Complex physical decongestion therapy, which combines manual 
lymphatic drainage and compression therapy, is widely accepted 
as a conservative therapeutic approach [13,20,29,30]. While manual 
lymphatic drainage reduces the actual volume, compression by 
stocking or bandage is used to minimise recurrence. Compres- 
sion therapy may improve, in part, the symptoms of lipoedema 
and also mitigate the progression of the lymphatic component. 
Certainly, patients with concomitant chronic venous insufficiency 
and/or lymphoedema will benefit from compression therapy [15]. 
In lipoedema patients, however, despite lifelong decongestion ther- 
apy, the amount of subcutaneous tissue increases and the disease 
overall progresses over time. 

Tumescent liposuction has become an integral part in the man- 
agement of lipoedema. Ideally, it should be performed early, and 
multiple sessions are often required [15]. Patients experience sig- 
nificant improvement in swelling, pain, mobility, appearance and 
quality of life [24,25,31-33]. Decongestion therapy should remain an 
integral part of post-liposuction management [24]. 


Lipo-lymphoedema — Za 


Definition 
Lipo-lymphoedema is the coexistence of lipoedema and secondary 
lymphoedema. 


Introduction and general description 

Secondary lymphoedema may coexist in patients with longstand- 
ing lipoedema and the distinction between the two entities can 
be a challenge. The increased pressure from expansion of fat tissues 
in lipoedema contributes to the development of lipo-lymphoedema 
by causing mechanical obstruction of small lymphatic vessels. 


Pathophysiology 

The lymphatic system in lipoedema is thought to be normal or 
sufficient, at least as far as the large lymph vessels are concerned. 
However, the increased pressure from the expansion of fat tis- 
sues may cause mechanical obstruction of the small lymphatic 
vessels in the septa, resulting in mild lymphostasis and oedema 
of the subcutaneous tissue. Furthermore, lymphatic transport in 
lipoedema also decreases as fibrosis increases with age, and this can 
exacerbate the secondary lymphoedema [1]. 


Pathology 
No distinct histological abnormalities have been identified in 
lipo-lymphoedema by H&E, fat stains or electron microscopy [2-4]. 


Clinical features 

Presentation 

In addition to the physical examination findings in lipoedema, 
patients with lipo-lymphoedema may have a positive Stemmer 
sign — the inability to pinch a skin fold at the base of the second toe 
due to oedema or fibrosis of the skin. Stemmer sign is often present 
in lymphoedema patients but is usually absent in lipoedema 
patients [5]. 


Disease course and prognosis 
Lipo-lymphoedema has a chronic and progressive course. 


Investigations 

Lipo-lymphoedema is a clinical diagnosis. Table 98.2 describes 
imaging modalities that may assist in identifying lipo-lymph- 
oedema [5]. 


Management 

The lymphatic oedema component of lipo-lymphoedema may 
improve initially with leg elevation and compression. See also the 
management section for lipoedema of the lower limbs. 


Table 98.2 Imaging characteristics of lipoedema and lymphoedema. 


Imaging 
modality Lipoedema Lymphoedema 
Lymphangiogram Normal Abnormal 


Normal, with mild 
lymphatic delay in some 


Lymphoscintigram Abnormal with delayed lymphatic 
flow, subdermal 
collateralisation and dermal 
backflow 

Thickening of the calf 
subcutaneous tissues and 
perimuscular aponeurosis 

Increased fat density 

Honeycomb appearance due to 
fibrous and oedematous 
stranding of fat 

Thickening of the skin and 
subcutaneous tissue 

Honeycomb appearance 


Computed 
tomography 


Diffuse and homogenous 
lipomatous hypertrophy 
of subcutaneous tissue 


Normal skin thickness, 
increased fatty tissue 


Magnetic resonance 
imaging 
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Lipoedema of the scalp 
and lipoedematous alopecia 


Definition and nomenclature 

Lipoedema of the scalp and lipoedematous alopecia are charac- 
terised by the presence of a thick, boggy scalp due to a prominent 
increase in subcutaneous adipose tissue, which may be associated 
with varying degrees of hair loss. 


Synonyms and inclusions 
¢ Lipoedematous scalp 
e Lipoedematous alopecia 


Introduction and general description 

Lipoedema of the scalp is a rare condition of unknown aetiology 
where a thick, boggy scalp develops due to a prominent increase in 
subcutaneous adipose tissue. It can be associated with scarring or 
non-scarring hair loss, when it is known as lipoedematous alope- 
cia [1]. Lipoedema of the scalp was first described by Cornbleet in 
1935 [2] and lipoedematous alopecia was first described by Coskey 
et al. in 1961 [3]. There is some debate as to whether lipoedema 
of the scalp and lipoedematous alopecia represent clinical variants 
of the same entity or two different disorders [1]. Since they are both 
very rare, they will be grouped together for the purposes of this 
discussion. 


Epidemiology 

Incidence and prevalence 

These are rare conditions with only approximately 45 cases of 
lipoedema of the scalp and 30 cases of lipoedematous alopecia 
reported in the literature [1,4]. 


Age 

Lipoedema of the scalp and lipoedematous alopecia are reported 
most commonly in adults [2,3,5-11,12,13,14,15,16,17,18,19-24, 
25-28,29-31]. 


Sex 
Among reported cases, there is an approximate female to male ratio 
of 5:1 [2,3,4,5-11,12,13,14,15,16,17,18,19-24,25—-28,29]. 


Ethnicity 
Both lipoedema of the scalp and lipoedematous alopecia have been 
described in all ethnicities [2,3,4,5-11,12,13,14,15,16,17,18,19-24, 
25-28,29]. 


Associated diseases 

Several conditions have been reported in association with lipoedema 
of the scalp or lipoedematous alopecia but there is no consistent 
link with any of them [3,5,8,12,13,15,16,17,18,19,21,23]. 


Pathophysiology 
The exact aetiology is unknown. A failure to maintain the integrity 
of the dermal-subcutaneous interface with an expansion and 


invasion of subcutaneous fat into the dermis is likely to be of 
relevance [27]. Some have speculated that female sex hormones 
may play a role, since these conditions have a predilection for 
women [29]. 

Hair cycle disturbance could occur as a result of lymphangiecta- 
sia [1,16,21,24] or oedema [1,9], both of which have been observed 
histologically in lipoedema of the scalp and lipoedematous alope- 
cia. Alternatively, the fat itself might invade and destroy the hair 
follicle [27]. 


Pathology 

The main pathological feature in both lipoedema of the scalp and 
lipoedematous alopecia is an approximate doubling in scalp thick- 
ness resulting from expansion of the subcutaneous fat layer [1]. 
Dilated lymphatic vessels have been observed in both conditions 
[1,16,21,24]. In lipoedematous alopecia there is also a loss of hair 
follicles without any inflammation. Perifollicular fat cells in direct 
continuity with underlying subcutaneous fat lobules are noted in 
the dermis, together with fibrous tracks [27] and fragmentation of 
dermal elastic fibres [1,11]. 


Genetics 

No genetic mutation has been identified in patients with lipoedema 
of the scalp and lipoedematous alopecia. However, a lipoedema of 
the scalp mother-lipoedematous alopecia daughter pair has been 
reported [23]. 


Environmental factors 

One group of Egyptian investigators observed that all of their 
patients wore a special tight head scarf called a mandil [19]. 
The associations between lipoedema of the scalp, lipoedematous 
alopecia and other headwear have not been reported by others. 


Clinical features 

Presentation 

Although lipoedema of the scalp and lipoedematous alopecia 
are usually asymptomatic, some patients may experience pain, 
pruritus, paraesthesiae or headache [27]. While lipoedematous 
alopecia patients may present earlier due to alopecia, most patients 
with lipoedema of the scalp were not aware of their condition and 
presented for other reasons [1]. 

Patients with lipoedema of the scalp and lipoedematous alopecia 
present with boggy thickening of the scalp, predominantly over 
the vertex, parietal and occipital scalp (Figure 98.11) [12]. The 
bogginess may gradually extend to the entire scalp. The condition 
is more easily palpable than visible [1]. The consistency of the 
scalp has been likened to cotton wadding as used in quilting and 
upholstering [27]. The involved scalp is easily pressed down to the 
underlying bone but returns to its original form immediately after 
pressure is removed [19]. 

Hair loss in lipoedematous alopecia is variable and both scarring 
and non-scarring alopecia have been reported. Hairs do not exceed 
2cm in length and tend to break off easily [3]. Sometimes the hair 
in the affected area can have a lighter colour than hair from the 
surrounding unaffected scalp [4]. 


Figure 98.11 Boggy thickening of the scalp over scalp vertex seen in lipoedema of the 
scalp. Courtesy of Soo Jung Kim, MD, Baylor College of Medicine, USA. 


Of note is the fact that none of the lipoedema of the scalp and 
lipoedematous alopecia patients reported to date has had concur- 
rent lipoedema of the legs. 


Differential diagnosis 

Differential diagnosis of lipoedema of the scalp and lipoedematous 
alopecia includes naevus lipomatosus superficialis of the scalp, 
cutis verticis gyrata and encephalocraniocutaneous lipomatosis. 
Naevus lipomatosus superficialis is usually present at birth and 
may have solitary or multiple lesions [20]. The scalp in cutis verticis 
gyrata is furrowed and on biopsy demonstrates closely packed hair 
follicles and considerable thickening of the collagen bundles of the 
dermis and subcutaneous tissue [25]. Encephalocraniocutaneous 
lipomatosis is associated with ophthalmological and neurological 
abnormalities. 


Disease course and prognosis 
Both lipoedema of the scalp and lipoedematous alopecia are chronic 
and persistent conditions. 


Investigations 

Ultrasound or MRI of the involved scalp area can confirm subcuta- 
neous tissue thickening [27]. The average scalp thickness in healthy 
individuals was 5.8 + 0.12 mm [31]. In contrast, the scalp thickness in 
lipoedema of the scalp and lipoedematous alopecia patients ranged 
from 8.5 to 16mm with an average of 11.4 mm [25]. Biopsy of the 
affected area may also support the diagnosis. 


Management 

There is no specific and effective management guideline for 
lipoedema of the scalp and lipoedematous alopecia. Pain, pruritus 
and paraesthesia are managed symptomatically. Surgical excision 
of lipoedema of the scalp has been reported in one patient. At 
12-month follow-up, there was no recurrence although residual 
alopecia remained [27]. Topical minoxidil solutions have not been 
helpful in regrowing hair [27]. 


MISCELLANEOUS DISORD 
SUBCUTANEOUS FAT 


Cellulite — SZ 


Definition and nomenclature 

Cellulite is an architectural disorder of human adipose tissue. It is 
characterised by the dimpled and nodular appearance of the skin in 
cellulite-prone areas in postpubertal females [1]. 


Synonyms and inclusions 

e Adiposis oedematosa 

¢ Status protusus cutis 

¢ Dermopanniculosis deformans 

¢ Nodular liposclerosis 

© Gynoid lipodystrophy 

¢ Oedematofibrosclerotic panniculopathy 


Introduction and general description 

The term cellulite was first introduced in the French literature 150 
years ago [2]. Cellulite is nowadays among the more common 
concerns of patients presenting to dermatologists. It is a localised 
metabolic disorder of subcutaneous tissue that results in a readily 
visible alteration in the appearance of the female body. Cellulite 
presents as a change of skin topography evident by skin with 
dimpling and nodularity that principally involves the pelvic region, 
lower limbs and abdomen of women. The topographical alteration 
is caused by herniations of subcutaneous fat through its fibrous 
connective tissue support matrix. 


Epidemiology 

Incidence and prevalence 

It is estimated that between 85% and 98% of postpubertal females 
display some degree of cellulite [1]. 


Age 
It first appears after puberty. 


Sex 
It is almost exclusive to women [1]. 


Ethnicity 
White women are affected more frequently than women of other 
races [3]. 


Pathophysiology 

The exact pathophysiology of cellulite is not fully understood; many 
theories seek to explain the structural, architectural, metabolic 
and biochemical differences between cellulite and non-cellulite fat. 
Ina study performed by Rosenbaum et al. [4], biopsies from women 
with and without cellulite showed an irregular and discontinu- 
ous dermal-subcutaneous interface that was characterised by fat 
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protrusion into the dermis. In contrast, the dermal—subcutaneous 
and connective tissue interface was smooth and continuous in male 
subjects. These findings suggest that there is a sexual dimorphism 
in the structural characteristics of subdermal connective tissue 
that predisposes women to the development of cellulite. Women 
with cellulite have a higher percentage of thinner, perpendicularly 
orientated, dermal septa: this appears to facilitate herniation of 
adipose tissue into the reticular dermis [5,6]. Furthermore, a recent 
anatomical study from cadavers comparing gender differences in 
gluteal subcutaneous architecture and biomechanics found that the 
force required to break the septae is significantly greater in the male 
cadavers than in female cadavers (P = 0.021) [7]. 

There are also regional differences in both the hormonal respon- 
siveness and metabolic activity of human adipose tissue. For 
example, adipocytes in the gluteal-femoral region are larger and 
are influenced by female sex hormones. The gluteal—femoral 
adipocytes are also metabolically more stable and resistant to lipol- 
ysis [1]. Although it has been conjectured that deterioration of the 
dermal vasculature with oedema and deposition of glycosoamino- 
glycans in the dermal capillary walls could result in cellulite [3], 
this observation has not been supported by others [5,6,8]. Similarly, 
the role of inflammation in the pathogenesis of cellulite remains 
controversial [2,5,9,10-12]. 


Predisposing factors 

Excessively high carbohydrate diets provoke hyperinsulinaemia 
and lipogenesis, leading to an increase in total body fat content, 
and thereby predispose to cellulite [1,12]. Prolonged periods of 
sitting or standing may impede normal blood flow and lead to 
stasis, which alters microcirculation and may increase the risk of 
cellulite. Finally, fluid retention and the hormonal environment in 
pregnancy may also be contributory [1]. 


Pathology 

Cellulite is a clinical diagnosis. Tissue sampling is not required for 
the diagnosis. Histopathological specimens demonstrate indenta- 
tions of subcutaneous fat into the dermis [5]. 


Genetics 

There seems to be a genetic predisposition to the development of 
cellulite as most women with cellulite report its occurrence in other 
family members [13]. However, no specific genetic mutation has 
been identified. 


Clinical features 

Presentation 

Cellulite presents almost exclusively in postpubertal females and 
involves the skin of the pelvic region, lower limbs and abdomen. 
The skin appears dimpled, like the surface of a mattress or of 
orange peel [1,5]. This surface irregularity is especially apparent 
when the skin is pinched. Cellulite can affect individuals with both 
high and low BMI [1]. 


Differential diagnosis 
Obesity is differentiated from cellulite in that obesity is charac- 
terised by hypertrophy and hyperplasia of adipose tissue that is not 
necessarily limited to the pelvis, thighs and abdomen [1]. The skin 
is not dimpled in obesity. 


Classification of severity 
Cellulite has been divided into three grades of severity [1]: 


Grade | Skin dimpling is apparent on pinching but not otherwise. 
Grade II Skin dimpling is apparent on standing but not on lying down. 
Grade Ill Skin dimpling is apparent both on standing and on lying down. 


Complications and co-morbidities 
There is no associated morbidity or mortality [1]. 


Disease course and prognosis 
Cellulite can be progressive. 


Management 

Although cellulite is a very common complaint, treatments pro- 
posed for it have lacked substantial proof of efficacy. There is no 
single treatment or treatment combination that has been shown to 
be reliably effective. The best currently available treatments have 
resulted in mild to moderate improvement at best. Most of any 
improvement obtained is not sustained over time and maintenance 
treatment is often needed. 

Weight gain may accentuate the visibility of cellulite. Weight 
reduction may reduce but, ironically, may also sometimes increase 
its prominence. One group of investigators has shown, however, 
that, on average, cellulite severity decreases following weight loss. 
This is especially true for those with higher BMI and greater cellulite 
severity grading [14]. 

Various over-the-counter and prescription topical therapies have 
been advocated for cellulite. Topical application of 0.3% retinol 
for 6 months or more has been claimed to improve cellulite [15]. 
So-called mesotherapy, whereby a variety of substances including 
phosphatidylcholine, caffeine, theophylline and herbal extracts 
are injected into subcutaneous tissue in an attempt to dissolve 
fat, has been widely promoted but, not surprisingly, has not been 
shown to have any useful place in managing cellulite [15-17]. 
A 2019 phase IIa, randomised, double-blind placebo-controlled 
study (n=375) of women with cellulite treated with collage- 
nase Clostridium histolyticum 0.84mg showed improvement in the 
Clinician Reported Photonumeric Cellulite Severity Scale and 
Patient Reported Photonumeric Cellulite Severity Scale scores from 
placebo [18]. 

Many non-invasive devices have been promoted for the treatment 
of cellulite. These include a skin-kneading device, unipolar and 
bipolar radiofrequency devices, ultrasound devices and selective 
cryolysis [15]. 

More invasive procedures such as subcision and liposuction have 
also been attempted. While subcision may temporarily improve 
cellulite appearance, long-term efficacy remains to be demonstrated. 
Liposuction for the treatment of cellulite carries risk. While liposuc- 
tion reduces fat deposits deeper in the subcutaneous fat, cellulite 
adipose tissue is deposited more superficially. When liposuction 
is performed at more superficial levels, there is an increased risk 
of necrosis and poor cosmetic outcome. Laser-assisted liposuction 
and/or laser-assisted lipoplasty, which are less invasive than tradi- 
tional liposuction and offer simultaneous skin tightening, may be 
the preferred treatment [1]. 


In the search for a novel approach to managing cellulite, various 
investigators have looked at peroxisome proliferator-activated 
receptors (PPARs), which are found on adipocytes and are thought 
to have an effect on the extracellular matrix, as possible targets for 
the treatment of cellulite, but there is no evidence to date that they 
are likely to be effective [15,19-23]. 

The ideal management for this condition, which so many women 
find distressing and for the treatment of which considerable sums 
have been expended, has yet to be found. 


Obesity and the skin -.— Lan 


Rates of people being overweight and obese (BMI >25 kg/m?) have 
been rising at an alarming rate in many countries of the world in 
recent years: in England, for instance, 62% of adults are currently 
overweight or obese [1]. The prevalence of obesity (BMI >30 kg/m?) 
in adult men and women rose over the 20 years from 1993 to 2013 
from 13.2% and 16.4% to 26.0% and 23.8%, respectively [1]. Nearly 
10% of all children entering English schools (at age 4—5 years) were 
classified as obese (weight >95th centile for age) [1]. 

Obesity not only exposes people to well-known metabolic and 
cardiovascular consequences including type 2 diabetes, but also 
has significant effects on other body systems including the skin [2]. 


Physiological consequences of obesity on the skin. Subcutaneous 
fat insulates the body core from the external environment. Whilst 
this may be of benefit in protecting the body from the effects of 
exposure to cold, it also means that it is harder for the obese to 
dissipate heat from the core out to the skin surface. This increases 
the reliance on sweating for thermoregulation in obese people, who 
tend to sweat more profusely than those who are not overweight [3]. 
Paradoxically, however, transepidermal water loss is increased in 
obese people, who are prone to xerosis [4]. 


Mechanical problems contributing to skin disease in the obese. 
Friction, sweating and maceration within body folds frequently 
lead to a painful erosive intertriginous dermatitis with secondary 
candidiosis. Obese women with restricted mobility are more likely 
to have problems with urinary incontinence, which can contribute 
further to inflammation, with an irritant contact dermatitis affect- 
ing the genito-crural folds [5]. Stretch marks (striae distensae) are 
common, particularly if weight gain has been rapid [2,5,6]. They 
tend to be located in the axillary folds, upper thighs, buttocks and 
abdomen. 

The mechanical effects of obesity may impede lymphatic drainage 
not only in the lower extremities but also elsewhere, for example 
in abdominal apron folds, resulting in lymphoedema [3]. The 
chronic high pressure exerted on the skin of the soles of the feet 
may result in plantar hyperkeratosis and postmenopausal plantar 
keratoderma (keratoderma climactericum) [2,6]. 


Peripheral vascular and lymphovascular disorders in the obese. 
Obesity puts strain on the vascular system. Lower limb venous 
hypertension from whatever cause may be exacerbated in the obese 
by high intra-abdominal pressures and by immobility. The risks 
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Figure 98.12 Gross obesity with bilateral lymphoedema of lower legs. 


of venous eczema and venous ulceration are increased and they 
may be more difficult to manage. Chronic lymphoedema frequently 
supervenes (Figure 98.12) [2]. 


Cutaneous infections and obesity. The prevalence of superficial 
skin infections such as candidosis, dermatophytosis and ery- 
thrasma is raised in the obese [2]. Pyogenic infections such as 
folliculitis and furunculosis are also more frequently seen and 
may be recurrent. In a large study of patients requiring operative 
treatment of skin and soft tissue infections by community-acquired 
methicillin-resistant Staphylococcus aureus (MRSA), obese patients 
were more than three times likely to need further surgical inter- 
vention within a year than non-obese patients [7]. Lymphoedema 
in the obese is commonly complicated by streptococcal cellulitis. 
Obesity also increases the risk of surgical wound infection and of 
necrotising fasciitis [8]. 


Cutaneous consequences of immunological and endocrine dys- 
regulation in the obese. It is increasingly recognised that adipose 
tissue has multiple, complex regulatory and hormonal functions in 
addition to its role as an energy store (see Chapter 97 for anatomy 
and physiology of subcutaneous fat); these functions may be dis- 
turbed in the obese. Altered adipocytokine secretion may have an 
effect on inflammation in the obese [9,10]: for instance, delayed-type 
hypersensitivity responses are increased in obesity and decline with 
weight reduction [11]. Adipocytokines may also play a role in the 
well-recognised link between severe psoriasis and obesity, with evi- 
dence that weight reduction, including that achieved by bariatric 
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surgery, can produce significant improvement in psoriasis [2,12,13]. 
There is also some evidence of a link between obesity and atopy 
including atopic eczema [2,14]. 


The hyperinsulinaemia associated with obesity increases andro- 


gen production from adipose tissue and reduces the production 
of sex-hormone-binding globulin, thus increasing circulating free 
androgen levels. This manifests as increased risks of acne, hirsutism, 
androgenetic alopecia and polycystic ovary syndrome in the obese 
[2,15]. Type 2 diabetes is a common complication of obesity and is 
associated with a variety of specific skin disorders (Chapter 62). 


Genetic disorders associated with obesity. Obesity is a component 
of a number of genetic disorders of which Prader-Willi syndrome is 
one of the best known. These are discussed in Chapter 72. 


Other skin disorders in the obese. Dercum disease (see earlier in 
this chapter) is strongly associated with obesity. The presence of 
obesity may aggravate a variety of other skin disorders including 
hidradenitis suppurativa and pilonidal sinus. Surgical wound 
healing is impaired in the obese with an increased risk of incisional 
hernia [16]. 
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Introduction 


Purpura and bruising, terms to describe bleeding into the skin, may 
be due to fragility or occlusion of blood vessels or haematological 
disturbance. It may be localised to one area or more generalised if 
part of a systemic disorder. Purpura is seen by haematologists when 
due to platelet and coagulation disorders and as part of cutaneous 
vasculitis which may be limited to the skin or part of a systemic vas- 
culitis. Vasculitis also causes other cutaneous lesions with a purpuric 
component, including urticarial lesions, nodules, ulcers, livedo and 
skin necrosis. These lesions also occur in disorders in which vessels 
are occluded. Morphology and biopsy of a lesion less than 48 hours 
old can aid diagnosis [1]. 

Management of purpura involves a multidisciplinary approach 
including haematology, general medicine, nephrology, rheumatol- 
ogy and dermatology. 

Classification of purpura is challenging, as similar clinical pat- 
terns may arise from different causes, including vasculitic and 
non-vasculitic. Aetiology of purpura or vasculitis may be impossi- 
ble to determine. Classifications based on morphology or aetiology 
have limitations. Capillaritis may be idiopathic, drug-induced or 
a manifestation of cutaneous T-cell lymphoma. Purpura due to 
idiopathic thrombocytopenic purpura may have more than one 
mechanism [2]. Although microvascular occlusion may initially be 
less inflamed than vasculitis, secondary inflammation may lead 


Key references, 99.24 


to palpable lesions with a similar appearance and histology to 
vasculitis. 

Haematological causes (thrombocytopenia and clotting factor 
abnormalities) can often be rapidly evaluated by full blood count 
and laboratory measures of clotting times. More complex haemato- 
logical disorders (e.g. thrombophilias or abnormal platelet function) 
[3], vessel wall defects (both structural and others) [4], infections, 
immunological disorders and thrombotic microvascular occlusion 
disorders should be considered. 

The differential diagnosis of purpura is based on history and mor- 
phology [1]. It is important to differentiate whether early lesions are 
inflammatory or non-inflammatory [5] as inflammation can point 
towards a diagnosis of vasculitis. 

Purpura is discoloration of the skin or mucous membranes due 
to extravasation of red blood cells. Petechiae are small, 1-2mm, 
purpuric lesions. Ecchymoses (bruises) are larger extravasations of 
blood. The causes of petechiae and ecchymoses overlap. Throm- 
bocytopenia usually causes petechiae but very low platelet counts 
can cause more extensive bleeding. Coagulation disorders cause 
ecchymoses rather than petechiae [6,7]. Haemophilias may present 
as bleeding from the umbilical cord or gingivae, or as haematomas 
or haemarthroses, although haemorrhagic subcutaneous nodules 
may be the first sign of an inherited haemophilia [8]. Gingival 
bleeding, epistaxis or internal bleeding may occur with platelet or 
coagulation disorders. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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99.2. Chapter 99: Purpura 


Extravasated blood is broken down to pigments derived from 
haem in 2-3 weeks. Colour changes include red, blue and purple in 
the first 5 days, green after 5-7 days and yellow after 7-14 days [9]. 
Darker pigmented skin may show brown or black discoloration. 
Individual factors and the injury determine the time scale: age, 
sex, Skin colour, body site, amount of blood extravasated, depth of 
bruising and medications that alter bruise dispersion. Superficial, 
purpuric lesions may be orange or brown in colour due to residual 
haemosiderin. 


Box 99.1 Causes of purpura and ecchymosis 


Platelet disorders 

¢ Thrombocytopenia 

e Abnormal platelet function 
¢ Thrombocytosis 


Coagulation disorders 

e Inherited, e.g. haemophilia or acquired factor deficiency or 
dysfunction (e.g. antibody inhibitor) 

e Drugs, e.g. anticoagulants 

¢ Localised, e.g. heparin injection sites, some insect bites 

¢ Metabolic, e.g. vitamin K deficiency, hepatic failure (decreased 
synthesis of clotting factors) 

¢ Thrombophilias, e.g. protein C deficiency, protein S deficiency 

¢ Disseminated intravascular coagulopathy and purpura fulminans 

¢ Secondary to systemic disease (often multifactorial, e.g. macrophage 
activation syndrome) 


Other intravascular causes of purpura/microvascular occlusion 

¢ Dysproteinaemias, e.g. hypergammaglobulinaemic purpura 
(Waldenstrém), Sjogren syndrome 

¢ Cryoproteinaemias 

e Emboli: crystal, fat, myxoma, infective 


Mechanical vascular causes of purpura 
¢ Raised intravascular pressure: 
¢ Coughing, vomiting, Valsalva manoeuvre, tourniquets, 
non-accidental injury 
e Decreased support for blood vessels: 
¢ Actinic (‘senile’) purpura 
¢ Corticosteroid purpura 
° Scurvy 
¢ Amyloidosis 
e Inherited disorders of connective tissue (pseudoxanthoma elasticum, 
Ehlers—Danlos syndrome) 
e Abnormal vasculature 
e Purpura around vascular lesions, e.g. targetoid haemosiderotic 
haemangioma, tufted angioma, aneurysmal fibrous histiocytoma 


Purpura with inflammation 
° Vasculitis 
¢ Non-thrombocytopenic toxin- and drug-induced purpura 
¢ Contact purpura 
e Purpura associated with infections 
¢ Capillaritis (pigmented purpuric dermatoses): 
e Idiopathic 
e Drug-induced 
¢ Pre-mycotic 
e Associated with other inflammatory dermatoses that are not usually 
purpuric 


¢ Solar purpura 


External and other causes of purpura or ecchymosis 

e Physical and artefactual causes 

e Easy bruising syndrome and purpura simplex 

e Paroxysmal finger haematoma (Achenbach syndrome) 

¢ Painful bruising (autoerythrocyte sensitisation, Gardner-Diamond 
syndrome) 

e Stigmata 


The assessment of traumatic ecchymoses may be important in sus- 
pected non-accidental injury of children or adults. 

Unlike purpura, increased intravascular blood in the skin can be 
blanched by pressure, typically using diascopy. Not all telangiectatic 
lesions can be emptied in this way. Small angiomas (e.g. in angioma 
serpiginosum or multiple minute Campbell de Morgan spots) and 
angiokeratomas may cause confusion [10]. Observation over several 
days may be necessary. Capillary microscopy or dermoscopy may 
help determine whether blood is intravascular or extravascular. 


Classification of purpura 


An aetiological classification of purpura is provided in Box 99.1. 

A simple pathogenetic classification of purpura can divide mech- 
anisms of extravascular bleeding into three groups: 
1 Simple haemorrhage. 

2 Inflammatory haemorrhage. 
3 Occlusion/ischaemia. 

Simple haemorrhage presents as non-inflammatory purpuric 
macules (Box 99.2), or as subcutaneous haemorrhage palpable as a 
haematoma. Inflammatory causes of haemorrhagic lesions usually 
evolve with increasing erythema in the first 24-36h, along with 
increasing purpura. Palpable purpura syndromes may uncom- 
monly produce lesions with retiform or stellate patterning, with 
accompanying early erythema. By 48h, erythema and palpability 
begin to fade in both types of lesions, although the purpura may 
persist for several days. By contrast, occlusion/ischaemia usually 
begins with minimal or no erythema and is not usually palpable 
unless eschar forms. Erythema may develop if necrosis induces a 
wound healing response. Occlusive syndromes tend to manifest 
retiform or branching patterns of purpura (non-inflammatory reti- 
form purpura), sometimes with accompanying localised livedo 
reticularis, or as necrotic plaques with minimal erythema. 


PURPURA DUE TO THROMB( 
OR PLATELET DEFECTS 


Thrombocytopenia 


Platelets are an essential component of the haemostatic pro- 
cess. Thrombocytopenia or abnormal platelet function from any 
cause may therefore produce purpura or a bleeding tendency 
[1,2,3,4,5-8,9]. 


Purpura due to thrombocytopenia or platelet defects 99.3 


vasodilator and inhibitor of platelet aggregation, is decreased 
because of endothelial damage. Developing platelet plugs are rein- 
forced by fibrin strands formed due to activation of the plasma 
clotting system by platelet factor 3, exposed by alterations in the 
surface characteristics of aggregated platelets. 

Purpura due to platelet defects can be divided into three groups, 
the second and third of which are discussed in this chapter: 


Box 99.2 Diagnosis of macular non-retiform 
haemorrhage/petechiae/ecchymosis by size 


Lesions <4mm 
¢ Thrombocytopenia: 
¢ Immune thrombocytopenic purpura 
¢ Thrombotic thrombocytopenic purpura 


¢ Disseminated intravascular coagulation (DIC) 1 Thrombocytopenia, i.e. decreased platelet numbers. 
¢ Other causes (see Box 99.3) 2 Abnormalities of platelet function. 
e Abnormal platelet function: 3 Thrombocytosis, i.e. increased platelet numbers. 


¢ Congenital/hereditary 
e Acquired: drug, systemic disease 
* In myeloproliferative disease Abnormalities of platelet function 
e Other causes (see Box 99.3) 
e With normal platelets: 
¢ Raised intravascular pressure 
e Trauma 
¢ Scurvy (perifollicular pattern) 
¢ Hypergammaglobulinaemic purpura (Waldenstrém) 


There are several haemorrhagic syndromes with abnormal platelet 
function, although the total count may be normal [1,2-4,5,6]. These 
may be inherited, idiopathic or secondary to drugs or other illnesses, 
including thrombopathia, thrombasthenia, von Willebrand disease, 
severe anaemia, chronic renal failure and fibrinogen defects. 


Intermediate-sized lesions Hermansky-Pudlak syndrome consists of a bleeding diathesis 
° Hypergammaglobulinaemic purpura due to storage pool disorder, with oculocutaneous albinism and 
(Waldenstrém) pigment-containing cells in the bone marrow [6]. 


e Infection in patients with thrombocytopenia or immune compromise 


Drugs that may cause abnormal platelet function with clinical 
¢ Early lesions of vasculitis (sometimes) 


bleeding include those listed in Box 99.3 [3,4,5]. 


Lesions >1cm (all involve a degree of minor trauma) 
e Procoagulant defect: 


* Anticoagulation Thrombocytosis 

e Liver failure 

* Vitamin K deficiency Abnormally high platelet counts may be due to essential throm- 
¢ Disseminated intravascular coagulation (DIC) (some) bocythaemia or other myeloproliferative disorders, or secondary 


¢ Poor dermal support: 
¢ Actinic and corticosteroid purpura 
e Scurvy 


to a variety of other disease processes (Box 99.3). This may lead to 
platelet plugging and thrombosis or, paradoxically, to a bleeding 
tendency (particularly when the platelet count exceeds 1000 x 


: ee syndrome) 10°/L with a clonal platelet defect such as in storage pool disease). = 

* Platelet deficiency or functional defect Many cases of thrombocytosis do not have this high platelet count 5 
© Other causes: and are unlikely to cause purpura, unless there are additional rea- [[®) 
¢ Hypergammaglobulinaemic purpura sons related to the causative disorder (such as lymphoma or other y 
(Waldenstrém) malignant disease). Ss 


¢ Capillaritis 
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e Easy bruising syndrome, purpura a 

simplex Box 99.3 Platelet disorders causing purpura oc 

¢ Physical and artefactual causes < 

¢ Gardner-Diamond syndrome Thrombocytopenia i 
° Stigmata ° Defective platelet production: 


¢ Bone marrow abnormality: 
e Aplasia: toxic, immunological, idiopathic 


Platelets exposed to damaged endothelium adhere to one * Neoplasia: leukaemia, myeloma, carcinomatosis 
another, collagen and other subendothelial components. Com- ¢ Replacement: myelofibrosis, radiation damage, sarcoidosis 
plex interactions occur, involving von Willebrand factor and its ¢ Other impaired production: Wiskott-Aldrich syndrome, vitamin 


B,, or folate deficiency 
¢ Metabolic: uraemia, alcohol, drugs 
e Infections 
¢ Diminished platelet survival: 


glycoprotein receptor, various integrin adhesion molecules, throm- 
bospondin, fibronectin, laminin, phospholipases and adenosine 
diphosphate released from damaged cells, as well as collagen 


and platelets. Platelet activation causes the release of serotonin ° Platelet alloantibodies: 
and thromboxane A,, which cause vasoconstriction, and increases ¢ Neonatal 
platelet adhesiveness and aggregation leading to platelet plug ° Post-transfusion 


e Antilymphocyte globulin 


formation. This process is aided by the presence of plasma fib- 
P y P P e Platelet autoantibodies: 


rinogen and thrombin. The production of prostacyclin, a powerful 
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99.4 Chapter 99: Purpura 


¢ Idiopathic (immune) thrombocytopenic purpura 
e Marrow transplant 

e Antiphospholipid antibodies 

¢ Systemic lupus erythematosus 


¢ Mechanical: prosthetic heart valves 
e Drugs and vaccines 

e Infections, sepsis syndrome 

e Excessive platelet consumption: 


Disseminated intravascular coagulation 

Haemangioma (Kasabach—Merritt) 

Hereditary haemorrhagic telangiectasia (‘mini-Kasabach—Merritt’) 
Thrombotic microangiopathies: 

e Haemolytic—uraemic syndrome 

¢ Thrombotic thrombocytopenic purpura 


¢ Sequestration: 


Splenomegaly 
Hypothermia 


Abnormal platelet function 
e Inherited and congenital: 


Von Willebrand disease and defects of the platelet von Willebrand 
factor receptor 

Hereditary haemorrhagic telangiectasia (often with platelet 
dysfunction too) 

Bernard—Soulier disease (GpIb/IX/V receptor defect with low 
platelet count) 

Gpla deficiency 

Glanzmann thrombasthenia (GpIIb/TIla deficiency) 
MYH9-related disorders (e.g. May-Hegglin abnormality) 
a-granule disorders 

Dense granule (8-granule) disorders (Hermansky—Pudlak 
syndrome, Chediak—Higashi syndrome, storage pool disease) 
Abnormalities of signal transduction pathways 

Membrane phospholipids abnormalities (e.g. Scott syndrome) 
Wiskott-Aldrich syndrome (5-granule abnormality) and X-linked 
thrombocytopenia (WASP gene mutations) 


¢ Drug-induced (almost any drug may occasionally cause purpura but 
some more common causes listed): 


Aspirin 

P2Y12 platelet receptor antagonists (clopidogrel, cangrelor, 
ticagrelor, prasugrel) 

Selective prostacyclin (IP) receptor antagonists (selexipag) 
Phosphodiesterase 3 inhibitors (cilostazol, dipyridamole, 
milrinone, amrinone) 

Glycoprotein IIb/IIIa antagonists (abciximab, eptifibatide, 
tirofiban) 

Protease-activated receptor antagonist (vorapaxar) 
Non-steroidal anti-inflammatory drugs (NSAIDs) 

Some penicillin and B-lactam antibiotics (especially high-dose 
penicillin) 

Some cardiovascular drugs (nitrates, calcium channel blockers, 
quinidine) 

Tricyclic antidepressants and phenothiazines 

Some chemotherapeutic agents (mitomycin and daunorubicin) 
Volume expanders (dextran or hydroxyethyl starch) 
Radiocontrast media 

Fibrinolytic agents (e.g. streptokinase, alteplase) 

Agents that increase platelet cAMP levels (iloprost or prostacyclin) 
Natural and herbal remedy agents including fish oil, garlic, cumin, 
turmeric, Gingko biloba and black tree fungus 


e Uraemia 


¢ Cardiac bypass 
¢ Platelet antibodies: 
¢ Idiopathic (immune) thrombocytopenic purpura 
¢ Systemic lupus erythematosus /antiphospholipid syndrome 
¢ Myeloproliferative disorders 
e Dysproteinaemias (especially IgA myeloma and 
macroglobulinaemia) 
¢ Cold-stored (blood bank) platelets 


Thrombocytosis 
e Essential thrombocythaemia 
¢ Other myeloproliferative syndromes 
¢ Medical diseases and other causes: 
¢ Blood loss, trauma, burns 
¢ Post-splenectomy 
¢ Malignant disease 
¢ Tuberculosis 
¢ Sarcoidosis 


Dermatological manifestations and associations of thrombo- 
cythaemia include purpura with or without necrosis, livedo 
reticularis, acrocyanosis, purple (blue) toe syndrome, Raynaud 
phenomenon, erythromelalgia, other vascular symptoms including 
gangrene, and associated disorders such as pyoderma gangreno- 
sum [1,2-6,7]. Many of these presentations are also seen in other 
hyperviscosity and dysproteinaemic conditions. 

Platelet hyperreactivity is not usually a dermatological consider- 
ation, but it is a factor in peripheral arterial disease and thrombotic 
emboli [8]. It may be more common in females, who have higher 
mean platelet levels [9]. 


NON-THROMBOCYTOPE! 
CAUSES OF PURPURA AND 
OF PRIMARY ECCHYMOTIC¢ 
HAEMORRHAGE 


RAISED INTRAVASCULAR PRESSURE 


Gravitational purpura. Gravity and venous stasis commonly cause 
purpura due to raised intravascular pressure. Many dermatoses on 
the lower leg, especially in the elderly, can become purpuric due 
to a combination of gravitational changes with vascular damage. 
Rapid development of lower leg oedema may cause eczema with 
purpura [1]. 


Acroangiodermatitis. Acroangiodermatitis (of Mali, or pseudo- 
Kaposi sarcoma) may mimic a pigmented purpuric dermatosis, 
but the purpura is due to abnormal vasculature and not capillari- 
tis. Occuring more often in men than in women, it is associated 
with venous insufficiency or with vascular anomalies such as 
Klippel-Trenaunay syndrome. It may occur as a stump dermatosis 
in amputees [2], and it has been linked with a thrombophilic 
prothrombin mutation [3]. 


lar causes of purpura and syndromes of primary ecchymotic haemorrhage 


99.5 


Acroangiodermatitis lesions occur mainly on the lower legs but 
may extend onto the dorsa of the feet and toes, and over dilated 
varicosities on the thighs. Individual minute purpuric macules 
may coalesce to form irregular plaques, which may be several 
centimetres in diameter. Follicular lesions may occur. The colour 
is not usually the purple of fresh purpura but varying shades of 
yellow (ochre) and brown from haemosiderin and other breakdown 
products. The epidermis may be normal or show mild eczematous 
changes. Oedema, sclerosis, ulceration and other signs of venous 
insufficiency may be associated but may be entirely absent even in 
cases of long duration. 

Differential diagnosis includes gravitational eczema, Schamberg 
disease and Kaposi sarcoma. CD34 antigen stains perivascular 
spindle cells in Kaposi sarcoma but only the endothelial cells in 
acroangiodermatitis [4]. 

Treatment for acroangiodermatitis is unsatisfactory but support 
hosiery seems logical. 


Exercise-induced purpura. Exercise-induced purpura is common. 
Histologically, it is a form of leukocytoclastic vasculitis [5]. There 
may be coexisting venous disease. The typical presentation of 
exercise-induced pin point purpura, which may resemble capillari- 
tis or be urticarial, is on the lower legs after prolonged standing or 
exercise (many descriptions are in golfers, clubbers or festival goers 
after dancing, marathon runners or long-distance walkers), often 
worse in hot weather. It may occur in all ages and has been described 
ina child with recurrent purpura on the trunk after vigorous exercise 
[6]. Compression stockings may help exercise-induced purpura. 


ABNORMAL OR DECREASED SUPPORT OF 
BLOOD VESSELS 


Several disorders are associated with abnormal collagen, elastic or 
other structural proteins, leading to abnormal vessels and/or poor 
dermal support (Table 99.1). Examples are Ehlers—Danlos syndrome 
(collagen), pseudoxanthoma elasticum (elastic) and amyloidosis 
(abnormal protein). 


Actinic purpura. Actinic purpura (also known as Bateman purpura 
or senile purpura) is the most common purpura due to lack of 
support in blood vessels [1,2]. It occurs in skin altered by both 
age and solar radiation and may occur in premature ageing syn- 
dromes. Damage to the connective tissue of the dermis by sun 
exposure results in decreased support for blood vessels. Minor, 
often unnoticed, trauma leads to purpuric macules, commonly on 
the forearms, hands, face and neck. These resolve after 1-3 weeks 
sometimes with residual hyperpigmentation. Further damage is 
reduced by clothing or sunscreen with UVA and UVB protection [3]. 
Topical retinoids may help. 


Corticosteroid purpura. Corticosteroid purpura due to topical, oral, 
endogenous (Cushing syndrome) or inhaled corticosteroids [4] is 
common and may coexist with actinic purpura, with a similar pre- 
sentation. Macular purpura occurs after minor trauma in atrophic 
skin, often on the hands, forearms or legs. Usually asymptomatic, 


Table 99.1 Some dermatologically relevant non-thrombocytopenic causes of purpura, 
easy bruising or cutaneous bleeding. 


Type of disorder Examples 

Inherited defects affecting structural 
components of the dermis and/or 
vascular wall 


Ehlers—Danlos syndrome? 

Marfan syndrome? 

Osteogenesis imperfecta 

Pseudoxanthoma elasticum 

Deposition disorders, e.g. amyloidosis® 

Solar damage (solar/actinic purpura) 

Scurvy 

Cavernous haemangioma® 

Hereditary haemorrhagic telangiectasia?> 

Haemophilias 

Von Willebrand disease 

Vitamin K deficiency 

Other nutritional deficiencies (often 
mixed) 

See Box 99.3 


Acquired defects affecting structural 
components of the dermis and/or 
vascular wall 

Haemangiomatous disorders 


Clotting factor and related inherited or 
acquired deficiencies 


Non-thrombocytopenic platelet 
abnormalities 

Biochemical (congenital or acquired) Homocystinuria 

Hyperhomocystinaemia?> 

Diabetes 

Cushing syndrome 

Systemic sclerosis 

Dermatomyositis 

Waldenstrém macroglobulinaemia? 

Other paraproteinaemias® 

Capillaropathies 

Vasculitides 

Behcet disease 

Many inflammatory dermatoses 

See section ‘Disorders of cutaneous 
microvascular occlusion’ later 

Septicaemia, measles, meningococcal 
infections 

Valsalva manoeuvre 

Cough purpura 

Distal to a sphygmomanometer cuff 

Non-accidental injury (self-induced or 
external) 

Simple trauma 

Venous rupture (Achenbach syndrome) 

Artefactual 

Chemical and mechanical contact 
irritants 

Drugs altering vascular permeability or 
causing direct endothelial damage 

Antiangiogenic drugs 

Malignant hypertension 

Autoerythrocyte sensitisation 


Connective tissue disorders 
Paraproteinaemias and hyperviscosity 


Intra- or perivascular inflammation 


Microvascular occlusion 
Infection 


Increased pressure within vessels 


Physical 


Drugs 


Others 


4 May also have platelet dysfunction. 
> May also have clotting factor abnormalities. 


lesions vary in size from a few millimetres to several centimetres; 
they may be linear or have a geometric shape. There is no inflam- 
mation, the lesions are usually dark purple, persist for several weeks 
and may leave residual hyperpigmentation. 


Paroxysmal finger haematoma. Also known as Achenbach syn- 
drome, paroxysmal finger haematoma is more common than the 
number of reported cases suggests [5]. It may be confused with 
Raynaud phenomenon or acute connective tissue diseases and 
investigated unnecessarily [6]. In paroxysmal finger haematoma 
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there are recurrent episodes of painful bruising on the palms and _— jumping and sudden stopping or twisting occur. In abuse, an empa- 
palmar aspects of the fingers. The syndrome probably represents thetic approach and evidence gathering from other sources may 
venous rupture, due to frictional trauma. help to explain recurrent unexplained traumatic lesions. 


Scurvy. Inscurvy, altered collagen for the blood vessels causes either Presentation 
petechiae, especially on the legs, or small or large bruises on the _In black heel or palm, loosely aggregated groups of bluish black 
limbs following mild trauma [7]. Large, deep bruises may lead to _ specks occur suddenly at the back or side of the heel just above the 


woody induration, usually of the legs. Perifollicular purpura is typ- _ hyperkeratotic edge of the foot or palm. The metatarsal area is rarely 
ical but is not diagnostic and frequently absent. Diagnosis is estab- _ involved. The lesion may resemble a tattoo or a melanoma [5]. Abuse 
lished by the associated symptoms and signs (twisted ‘corkscrew’ _ should be considered when atypical purpuric lesions possibly due 
hairs, gingival bleeding), dietary history, laboratory tests and thera-__to gripping, trauma or shaking are seen. 


peutic response. 
Differential diagnosis 
When there is sudden appearance of the pigmented lesions at a typ- 
Physical and artefactual bleeding ical site after activity, diagnosis of black heel and palm is rarely in 
— doubt. Viral warts can produce a similar appearance due to red cell 
extravasation, but skin surface is abnormal. Melanoma or atypical 


Definition and nomenclature melanocytic hyperplasia [6] may sometimes need to be excluded. 


This is bruising due to trauma. 
Investigations 


Synonyms and inclusions With black heel, the patient and physician can usually be reas- 
* Black heel and palm sured by carefully paring the affected stratum corneum, removing 
Talon noir the abnormality. There are specific features on dermoscopy and 
* Calcaneal petechiae epiluminescence microscopy [7]. 
Management 
Introduction and general description The condition is usually asymptomatic, and its importance lies in 


Bruising due to trauma may be revealed by taking a good history, its resemblance to melanoma. When in doubt, carefully paring may 
except when it occurs as an artefact or in elder or child abuse. Bizarre — remove the pigment. 

patterns of purpura may be caused by suction, for example vac- 
uum extractors in the neonate, electrocardiogram leads or around 
the mouth after sucking out the air from a glass [1]. Cultural reme- 
dies such as cupping, coin rubbing (Cao Gio) and spooning (Quat 


sha) produce unusual patterns of purpura [2]. Black heel (talon noir) hypergammaglobu linaemic purpura 
is a form of purpura due to frictional shearing of vessels. It is pig- 


Dysproteinaemic and Waldenstrom 


ce 
< 
= WV) 
s a mentation of the heel (or palm) secondary to extravasation of red Definition and nomenclature 
2 fay blood cells [3]. A syndrome with essential features of purpura with polyclonal 
> : 7 hypergammaglobulinaemia. Descriptions in the literature appear 
a ° Epidemio ogy to represent a collection of different diseases producing these end 
EO Incidence and prevalence features. In time the term may be dropped or refined as it is probably 
ee Black heel and palm is common and can occur in athletic people of ~~ ot a specific entity. 
< any age or sex. Football, basketball, tennis and squash players are 

often affected. The condition can occur on the hands of weightlifters. 

Synonyms and inclusions 
Pathophysiology ¢ Benign hypergammaglobulinaemic purpura 
Pathology - 


In black heel, extravasated erythrocytes may be found in the 

dermal papillae [1]. In older lesions, the histological changes are __!ntroduction and general description 

limited to the stratum corneum, where amorphous yellow-brown __ Waldenstré6m_ hypergammaglobulinaemic purpura was first 
material may be found in rounded collections having undergone _ described in 1943, in three women with chronic relapsing purpura, 
transepidermal elimination. This material is often negative with | hypergammaglobulinaemia, an elevated erythrocyte sedimentation 
Perls’ (haemosiderin) stain but gives a positive benzidine reaction, | tate (ESR) and mild anaemia [1]. Purpura may be the presenting 


showing that it is from haemoglobin [4]. and only symptom. It has been described at exposed skin sites 

in cryoproteinaemia and may occur due to monoclonal hyper- 
Clinical features gammaglobulinaemia in myeloma. In such instances there may 
History be platelet dysfunction, but clinical bleeding is usually related to 
Black heel or palm results from shear-stress rupture of papil- the hyperviscosity syndrome rather than to the altered platelet 


lary capillaries, for example during athletic sport where repeated _ function. 


Epidemiology 

Age 

In younger patients, Waldenstr6m hypergammaglobulinaemic pur- 
pura may be thought to be primary. Over time many patients man- 
ifest an underlying disease. 


Pathophysiology 

Predisposing factors 

Waldenstr6m hypergammaglobulinaemic purpura was origi- 
nally thought to imply an idiopathic phenomenon but in fact two of 
Waldenstrém’s three cases had sicca symptoms, one with sarcoidosis 
[1]. Waldenstrém is linked with sarcoidosis, lupus erythematosus, 
Sjégren syndrome and other autoimmune conditions [2,3,4]. Some 
patients have positive antinuclear antibody and anti-SSA (Ro) or 
anti-SSB (La) antibodies [5]. It has been associated with severe infec- 
tive lung disease with a poor prognosis. Other associations include 
arthropathy, renal tubular acidosis, lymphopenia and immune 
hypersensitivity pneumonitis. 


Pathology 

Hypergammaglobulinaemic purpura is usually polyclonal with a 
high presence of specific circulating immune complexes containing 
IgG or IgA rheumatoid factor. Histologically, lesions may be charac- 
terised by simple haemorrhage, or by mild perivascular lymphocytic 
infiltrate or leukocytoclastic vasculitis [6,7]. 


Causative organisms 
A high antigenic load due to chronic lung infection may be a cause 
of hypergammaglobulinaemic purpura. 


Clinical features 

Presentation 

Hypergammaglobulinaemic purpura is characterised by recurring 
crops of petechiae and larger purpuric macules, which commonly 
burn or sting. It may appear suddenly, mainly affects the lower 
legs, and is exacerbated by prolonged standing or by tight gar- 
ments or footwear. Other cutaneous features of paraproteinaemia 
include various patterns of vasculitis, neutrophilic dermatosis, 
cryoglobulinaemia, urticaria and systemic capillary leak syndrome, 
abnormalities of lipid metabolism (such as diffuse plane xan- 
thomatosis), subcorneal pustular dermatosis, scleromyxoedema, 
amyloidosis, and features due to hyperviscosity (purpura, mucous 
membrane bleeding, retinopathy and neurological disturbance) 
[8,9]. 


Differential diagnosis 

The condition may be due to many underlying disorders which 
should be considered. In palpable purpura one should consider 
cutaneous small-vessel vasculitis (Chapter 100). 


Complications and co-morbidities 
The complications and co-morbidities of all possible underlying 
conditions (as described earlier) should be considered. 
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Disease course and prognosis 

This depends on any underlying disease. In some, hypergam- 
maglobulinaemic purpura can be primary, where lesions usually 
resolve in about a week, or may become confluent and permanent. 
The disease may be secondary to many underlying conditions with 
consequent variable prognosis. 


Investigations 

Laboratory evaluation typically reveals polyclonal hypergamma- 
globulinaemia and an elevated ESR. Specific tests for IgG and IgA 
rheumatoid factor may be performed. Where anti-Ro (SS-A) and 
anti-La (SS-B) antibodies are present, this may indicate a higher 
likelihood of developing an associated autoimmune connective 
tissue disease [5]. Other tests for associated conditions should be 
guided by clinical findings. 


Management 

In the benign form, treatment may not be required for Walden- 
strom hypergammaglobulinaemic purpura. However, if underlying 
disease is present this will require specific treatment. There have 
been descriptions of the use of prednisolone, NSAIDs, hydroxy- 
chloroquine and etamsylate (ethamsylate). Support stockings may 
help or exacerbate symptoms, depending on the underlying cause. 
Avoidance of prolonged standing may help. Where the disease is 
secondary, treatment should be targeted at the underlying disease. 


PIGMENTED PURPURIC DER 


Five main morphological variants of idiopathic pigmented purpuric 

dermatosis exist [1,2,3,4,5,6-9]: 

1 Schamberg disease (about 50% of cases). 

2 Itching purpura (eczematid-like purpura of Doucas and 
Kapetanakis) (about 10%). 

3 Pigmented purpuric lichenoid dermatosis of Gougerot and Blum 

(about 5%). 

4 Lichen aureus (about 10%). 

5 Purpura annularis telangiectodes (Majocchi disease) (about 5%). 
Variations of these may contain granulomatous histology or be 

segmental. Favre-Chaix purpura is associated with pigmentation, 

oedema, cyanosis and sclerosis of the lower limb and is a mani- 

festation of venous disease. About 20% of cases are unclassifiable 

[2] and many drugs, systemic diseases or local skin inflammation 

in the setting of venous hypertension may lead to localised, mild 

purpura with haemosiderin deposition and secondary melanin 

pigmentation [6]. 


Pigmented purpuric dermatosis 


Synonyms and inclusions 
© Capillaritis 
_ © Purpura progressiva pigmentosa 
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Introduction and general description 

The pigmented purpuric dermatoses are a set of diseases, charac- 
terised by capillaritis [7]. They are usually benign and of unknown 
aetiology, but have rarely been described secondary to underly- 
ing disorders. Distinctive pupuric lesions occur with petechial 
haemorrhage (or extravasation or erythrocytes in the skin with 
marked haemosiderin deposition). The term ‘purpura simplex’ is 
best avoided because it has been applied to this group of disorders 
but also to other mild, unexplained and morphologically different 
patterns of purpura such as easy bruising. 


Epidemiology 

Incidence and prevalence 

Schamberg disease is the most common form, occurring in around 
50% of cases. Other conditions are rare, while granulomatous pig- 
mented purpura is extremely rare. 


Age 

Adults are mainly affected. Schamberg disease is seen rarely in 
children, while linear pigmented purpura can occur in children 
and adolescents, and purpura annularis telangiectodes occurs in 
adolescents and young adults, especially women [1,8]. 


Sex 

Schamberg disease is most often seen in middle-aged to older men, 
as are itching purpura and pigmented purpuric lichenoid dermatitis 
of Gougerot and Blum. 


Pathophysiology 

Predisposing factors 

The identification of pigmented purpuric dermatoses secondary to 
a systemic cause is discussed later. Gravity and increased venous 
pressure are important localising factors. Exercise may be a provok- 
ing factor. 


Pathology 

There is inflammation and haemorrhage of capillaries and other 
superficial papillary dermal vessels. There is no association with 
coagulation abnormality. 

These disorders are characterised by narrowing of the lumen and 
endothelial swelling of superficial small vessels, accompanied by 
perivascular T-lymphocytic infiltration, extravasation of erythro- 
cytes and haemosiderin deposits in macrophages. An appearance 
termed ‘ectasising endocapillaritis’ has been reported in a study 
which divided 22 cases into those that were papular (with an 
upper dermal bandlike infiltrate), macular (with a perivascular 
infiltrate) or eczematous (with exocytosis and spongiosis) [6], 
but this has not improved understanding. The cellular infiltrate 
contains CD4+ T cells in close contact with CDla+ Langerhans 
cells [7], suggesting cell-mediated immune mechanisms. Strong 
expression of the endothelial cell adhesion molecules ICAM-1 
(intercellular adhesion molecule 1) and ELAM-1 (endothelial cell 
leukocyte adhesion molecule 1) may determine the pattern of the 
infiltrate [7]. Immune complex deposition has been reported but 


direct immunofluorescence is usually negative. An IgA-associated 
lymphocytic vasculopathy was described in six cases with clini- 
cal and histological features of a pigmented purpuric dermatosis 
[7] who had a preceding or associated condition: viral infection, 
Henoch-Schénlein purpura, undifferentiated connective tissue dis- 
ease, lupus erythematosus profundus, Degos disease and Buerger 
disease, suggesting a non-specific reaction pattern to a variety of 
triggers. 


Clinical features 

Presentation 

The key characteristics of pigmented purpuric dermatoses are 
clusters of petechial haemorrhages. The background is often 
yellow-brown from haemosiderin deposition; brown or black in 
darker skin. Each subtype has a particular morphology and location 
(Table 99.2). 


Differential diagnosis 

Differential diagnoses include stasis dermatitis, fixed drug eruption, 
contact dermatitis and purpura secondary to haematological disor- 
ders. The petechial haemorrhage of lesions may lead to misdiagnosis 
of thrombocytopenia or vasculitis. 


Complications and co-morbidities 
These dermatoses are typically asymptomatic with no systemic find- 
ings. Pruritus is prominent in itching purpura. 


Disease course and prognosis 
Most are chronic, but two-thirds may improve or clear eventu- 
ally [5]. 


Investigations 

Histology can be helpful but may not be necessary in uncompli- 
cated asymptomatic cases. Usually, no further investigations are 
necessary. 


Management 

Consider medication causes and try discontinuing for several 
months. Some try avoiding food preservatives and artificial colour- 
ing agents for several months. 

Lesions may clear spontaneously, but they may persist for many 
years and are resistant to therapy. Explanation without active 
intervention, or support hosiery, is often the best approach. Topical 
corticosteroids may be of some help for itch, but prolonged use is 
best avoided. Emollients can help itching. A rapid response of lichen 
aureus to topical pimecrolimus has been reported [1]. Psoralen and 
UVA (PUVA) has proven effective in treating capillaritis of Scham- 
berg, Gougerot-Blum and lichen aureus patterns [10]. Narrow-band 
UVB (TLO1) has been reported to help Schamberg disease [5] and 
Gougerot-Blum pigmented purpuric lichenoid dermatitis [1]. 
Ciclosporin has been effective in individual reports [8]. 


Table 99.2 Presentation of different pigmented purpuric dermatoses. 


Syndrome Clinical features 
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Disorders of cutaneous microvascular occlusion 


Location 


Schamberg disease 
Old lesions become yellow-brown patches 


Oval or irregular outline pinpoint petechiae inside patches 


Successive crops 
Itching purpura 
Appears similar to Schamberg disease 
Pigmented purpuric lichenoid 
dermatosis of Gougerot and Blum thickened papules 
Chronic, can be pruritic 
Isolated, persistent patch 
Varying colour, purple-brown to golden or rust 
Annular brown plaques, 1-3 cm in size 
Plaques gradually spread outwards 


Lichen aureus 


Purpura annularis telangiectodes 
(Majocchi disease) 


Orange-red flat patches with ‘cayenne pepper’ spots on the borders 


Pruritic, scaly petechial or purpuric macules, papules and patches 


Combination of Schamberg-like and purpuric red-brown lichenoid 


Usually lower legs; also involves trunk, arms, thighs and 
buttocks 

rregularly distributed on both sides with few or many 
patches 

Usually lower extremities 


Usually lower extremities 


Usually lower extremities 
Commonly overlies a varicose vein 
Trunk, lower extremities (proximal) 


Punctuate telangiectases and petechiae inside border 


Contact allergy Scaling, erythema, vesicles 


Exercise-induced 
Fade to brown and disappear within days 


Crops of small red spots following prolonged or vigorous exercise 


Only affects skin in contact with material responsible (e.g. 
clothing dye, rubber) 
Commonly on ankles 


Possible burning sensation accompanies new lesions 


DISORDERS OF CUTANEOUS 
MICROVASCULAR OCCLU 


Platelet plugging: heparin necrosis j 


Definition and nomenclature 

There are two types of heparin-induced thrombocytopenia (HIT). 
Type I is a benign condition, not due to immune factors, with a 
mild, transient reduction in platelets. HIT type Il is an autoimmune 
condition leading to low platelet counts and blood clotting. This 
occurs in 1-5% of patients, usually 5-10 days after starting heparin. 
HIT usually refers to type II heparin-induced necrosis. Ulcera- 
tion related to heparin may be due to other mechanisms causing 
heparin-induced necrosis [1]. A similar process to HIT has been 
postulated as a cause of sometimes life-threatening thrombosis after 
Covid-19 vaccinations. 


ynyms and inclusions 

parin-induced thrombocytopenia syndrome with heparin-reactive antibodies 
parin-induced thrombocytopenia-associated thrombosis 

_ Heparin-associated thrombocytopenia with thrombosis (HATT) syndrome 


ie 


Introduction and general description 

Heparin necrosis may occur after subcutaneous or intravenous 
heparin administration. It is a rare but important iatrogenic syn- 
drome first described in the 1970s. HIT is characterised by platelet 
factor 4 (PF4)/heparin-reactive antibodies (HIT antibodies). In 90% 
of patients with HIT there is an absolute or relative thrombocy- 
topenia and evidence of venous or arterial thrombosis with heparin 
necrosis in the skin [2]. 


Incidence and prevalence 

Heparin-induced thrombocytopenia is an uncommon response to 
heparin and occurs in 1-5% of adults exposed to heparin, with up to 
30% of these developing subsequent thrombosis [3]. In children on 
intensive care units the incidence of thrombosis was 2.3%. 


Sex 
F>M [4]. 


Pathophysiology 

Predisposing factors 

Unfractionated heparin is three times more likely to trigger HIT than 

low-molecular heparin and is more common with bovine-derived 

unfractionated heparin than the porcine variety [2]. It is caused by 

an antibody, which binds to PF4 tetramers, platelet surface proteins. 
HIT is more common in postsurgical patients requiring heparin 

than in medical and obstetric settings [2]. 


Pathology 

Heparin necrosis is usually mediated by IgG [5], although IgA 
and IgM antibodies may play a role. These antibodies can be 
directed at heparin and other polyanions when bound to tetrameric 
PF4, exposing new epitopes. This may trigger further antibody 
production. Antiheparin/PF4 antibodies bind with heparin/PF4 
complexes on the surface of platelets resulting in platelet activation 
and aggregation. Other antibodies associated with HIT bind to 
chemokines or cytokines, including neutrophil-activating peptide-2 
(NAP-2) and interleukin 8, leading to platelet activation [2,5,6]. 


Clinical features 

History 

People with HIT often develop an absolute or relative thrombo- 
cytopenia (90%) with venous or arterial thromboses or heparin 
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necrosis in the skin [2]. A better indicator of early heparin-induced 
platelet aggregation is a proportional drop of over 50% in platelet 
number from the pre-treatment count rather than an absolute 
thrombocytopenia of 100-150 x 10°/L [2]. If heparin has been 
received within the past 10 days, this may occur immediately 
on administration. However, two-thirds of patients have a fall 
in platelet count 5-10 days after heparin administration, with 
significant thrombocytopenia taking up to 7-14 days to develop. 
Occasionally, HIT may develop several days after stopping heparin 
therapy (delayed-onset HIT). A history of HIT does not necessarily 
predict a second episode if there has been over 100 days between 
treatments. 


Presentation 

Cutaneous findings include haemorrhage with echymoses and 
occasionally urticaria or infiltrated plaques [7]. Rarely there is 
cutaneous microvasular occlusion. Some cases present with sharply 
demarcated, purpuric, tender plaques, with marginal retiform 
extensions, accompanied by erythema. These lesions are most com- 
mon at subcutaneous injection sites (Figure 99.1), although they 
can occur elsewhere, and often develop between day 5 and day 
10 of heparin therapy [8]. Patients already sensitised to heparin 
may develop heparin necrosis much earlier. There is a subset of 
delayed-onset heparin necrosis, which may take up to 3 weeks. 


Differential diagnosis 

People on heparin may develop thrombocytopenia for other rea- 
sons, while patients without thrombocytopenia may develop 
arterial or venous thromboses [2]. A history as to whether hep- 
arin has been given is therefore very important in patients who 
develop retiform purpura or bland necrosis, with or without 
thrombocytopenia. 


Management 

Stopping heparin is important. Substituting heparin with warfarin 
can lead to venous limb gangrene. Low-molecular-weight heparin is 
much less likely to cause HIT but may be contraindicated in patients 
with HIT due to other types of heparin. 

If patients with a previous history of HIT have not received 
heparin within 100 days, their antibodies may disappear, allowing 
them to be retreated with heparin. The anticoagulants used to 
treat HIT are typically a direct thrombin inhibitor such as arga- 
troban or bivalirudin in people undergoing percutaneous coronary 
intervention [9]. 


Platelet plugging: throm 


Introduction and general description 

Thrombocytosis can be due to essential thrombocythaemia (ET) 
linked to a myeloproliferative disorder or polycythaemia vera (PV) 
[1]. However, transient thrombocytosis is a common finding with a 
wide range of primary and secondary causes such as infection. 


(b) 


Figure 99.1 (a) Heparin necrosis at sites of subcutaneous heparin injection. (b) Close-up 
of a 15 cm lesion on the left abdomen. The lesion is a non-palpable haemorrhage with 
retiform margins, minimal erythema and central retiform-intense haemorrhage, early 
necrosis and bullae formation. From Robson and Piette 1999 [11]. Reproduced with 
permission of Elsevier. 


Epidemiology 

Incidence and prevalence 

ET and PV are rare but are the first and second most common causes 
of persistent elevated platelet counts, with an increased frequency of 
thrombotic events and of erythromelalgia [2]. ET has a 14% risk of 
thrombosis over 10 years [3]. 


Pathophysiology 

Reactive or post-splenectomy thrombocytosis at any level is not 
associated with blood vessel occlusion, suggesting that thrombo- 
sis in the setting of myeloproliferative disease is not a function of 
thrombocytosis alone. JAK2, CALR or myeloproliferative leukaemia 
mutations are found in 90% of patients with ET and JAK2 mutations 
in all with PV [4]. 


Predisposing factors 

Acquired von Willebrand factors in myeloproliferative disease have 
been associated with both bleeding and thrombotic complications. 
Anticardiolipin antibodies, factor V Leiden mutations, abnormal 
endothelial cell function, and decreased levels of protein C and 
protein S may be synergistic for thrombosis in chronic myeloprolif- 
erative diseases [5,6]. In addition to high platelet counts, abnormal 
platelet function occurs in myeloproliferative or myelodysplastic 
disease, although whether this can lead to vascular occlusion at 
platelet counts of fewer than 1000 x 10°/L is controversial. Throm- 
botic events have been reported at platelet counts of below 600 x 
10°/L in patients with essential thrombocytosis, including some 
events in those with normal platelet counts [7]. 


Pathology 

PV causes elevation of haemoglobin, haematocrit and red cell mass. 
All syndromes may show elevations in white cell count, but this is 
characteristic of chronic granulocytic leukaemia, especially in asso- 
ciation with elevated eosinophil and basophil counts. Biopsy find- 
ings are variable, but livedo reticularis and acral infarcts may be 
associated with microvascular occlusion. 


Clinical features 

Presentation 

Cutaneous lesions are common in ET and other myeloproliferative 
disorders. Paradoxically, patients with myeloproliferative throm- 
bocytosis may both bleed and clot abnormally. Skin lesions in 22% 
of 268 people with ET [8] included urticaria, livedo reticularis, 
petechiae, ecchymoses, haematomas, erythromelalgia, Raynaud 
phenomenon, recurrent superficial thrombophlebitis, necrotising 
vasculitis, leg ulceration and gangrene. Tender erythematous facial 
plaques and palmar violet macules and papules were reported as 
manifestations of platelet plugging in atypical chronic myeloprolif- 
erative disease with a history of Budd—Chiari syndrome, another 
known thrombotic complication of myeloproliferative disease [9]. 
Ruddy cyanosis is characteristic of PV. 

Erythromelalgia can occur as a primary or secondary syndrome. 
This intensely uncomfortable burning associated with paroxysmal 
erythema of the distal extremities can be triggered by skin contact 
witha warm surface. The association of purpuric or necrotic areas on 
the hands and feet with dysaesthetic erythema is seen with myelo- 
proliferative or myelodysplastic thrombocytosis [10]. 


Complications and co-morbidities 

People with ET and PV have a higher risk of thrombotic complica- 
tions [1]. Anaemia and altered red cell morphology can occur over 
time, and these diseases may progress to dyspoiesis, severe anaemia, 
leukaemia or myelofibrosis. Splenomegaly may be seen in all forms 
of myeloproliferative syndromes. 


Disease course and prognosis 

Median survival is 14 years for PV and 20 years for ET. In PV, there 
are two risk categories for thrombosis: high (age over 60 or history of 
thrombosis) and low (absence of both risk factors). In ET, thrombosis 
risk increases with age over 60, JAK2 mutation and history of throm- 
bosis. Leukaemic transformation rates at 10 years are estimated to be 
less than 1% for ET and 3% for PV [4]. 
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Investigations 

The diagnosis of ET requires a sustained thrombocytosis with 
platelet counts of greater than 400 x 10°/L, with the exclusion of 
reactive causes. The blood film will show thrombocytosis with 
platelet anisocytosis. There may be an elevated white blood cell 
count. Bone marrow examination remains the basis of diagnosis for 
PV and ET supported by genetic testing. 


Management 
Therapy in both PV and ET aims to prevent thrombotic and haem- 
orrhagic complications. People with PV receive phlebotomy to 
keep the haematocrit below 45% and aspirin. Low-risk ET is given 
aspirin. Cytoreductive therapy is recommended for high-risk ET 
and PV using hydroxyurea first line with second line interferon « or 
busulfan. Ruxolutinib, a selective JAK1 and JAK2 inhibitor, can help 
PV with severe and protracted pruritus or marked splenomegaly [4]. 
Because of the platelet origin of occlusion and vascular symptoms 
in thrombocythaemic erythromelalgia, aspirin administration may 
be effective in clearing lesions and alleviating burning pain, whereas 
it is much less effective in primary and other secondary forms of 
erythromelalgia. 


Cryogelling/cryoagglutination 
disorders 


Introduction and general description 

Disorders of cryogelling or cryoagulation, due to type 1 cryoglobu- 
lins, cyrofibrinogen or cold agglutinins (uncommon), are occlusive 
syndromes in the skin triggered by cold exposure. 

Cryoglobulins are immunoglobulins that reversibly precipitate 
or gel in the cold. They were first reported in 1933 and named 
cryoglobulins in 1947 [1,2,3,4]. In 1974, Brouet et al. [1] proposed the 
classification of cryoglobulins into types I, II and III. Type I (single 
molecule) cryoglobulins are single monoclonal immunoglobulins. 
Types II and III, termed mixed cryoglobulins, are multiple molecule 
proteins, typically immune complexes, that gel under laboratory 
conditions (2-4°C). Cryofibrinogen deposits consist of a complex of 
fibrinogen, fibrin and fibronectin that forms on cold exposure [5]. 

Cold agglutinins are immunoglobulins that can agglutinate red 
blood cells below normal body temperatures. 

Although the precipitation of cryoglobulins is primarily related to 
reversible cold-induced denaturation of protein, other factors such 
as cryoglobulin concentration in the microvascular environment, 
pH and non-covalent binding factors also influence the likelihood 
and intensity of precipitation. 


Epidemiology 

Incidence and prevalence 

Type I account for 10-15% of cryoglobulins. Cryofibrinogens and 
cold agglutinins are rarely the cause of occlusive syndromes trig- 
gered by cold exposure, despite being often detected in patients with 
various illnesses [6]. 


Age 
The median age at diagnosis of cryoglobulinaemia is the early to 
middle sixth decade. 
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Sex 
Female: male 2 : 1 [2]. 


Associated diseases 

Type I cryoglobulins are often associated with an underlying 
lymphoproliferative disorder, especially multiple myeloma or 
Waldenstrém macroglobulinaemia [5]. Unless they gel at temper- 
atures close to body temperature, type I and II cryoglobulins are 
much more likely to cause disease as immune complexes than as 
cryoproteins, but they can cause disease through either or both 
mechanisms in any given patient. Rheumatoid factor activity 
(defined by anti-Fc binding) is detectable in the sera of 87—100% of 
patients with mixed cryoglobulinaemia [3]. 

Antibodies to hepatitis C virus (HCV) have been found in more 
than 50% (42-98%) of patients with type II and III cryoglobulins 
[2,3,4]. Conversely, 13-54% of people with HCV have mixed cryo- 
globulins detected in the laboratory, and the majority of these are 
type III cryoglobulins (67-91%). Of HCV-infected individuals with 
cryoglobulins, only 27% had clinical signs consistent with the syn- 
drome of cryoglobulinaemia [2]. The reasons why only a fraction 
of HCV-infected and cryoglobulin-positive people develop symp- 
tomatic cryoglobulinaemia are unknown. 

Although type I cryoglobulinaemia is usually associated with 
lymphoproliferative disease, it is a much less common type 
than II and III. The latter two types account for the majority 
of cryoglobulinaemia-associated lymphoproliferative disease in 
regions with a high endemic rate of HCV and mixed cryoglobuli- 
naemia [2]. 

Other syndromes are also associated with cryoglobulins 
detectable in serum. Patients with connective tissue disease have 
higher rates of cryoglobulinaemia, including patients with systemic 
lupus erythematosus (SLE), systemic sclerosis, active rheumatoid 
arthritis and Sjogren syndrome [2]. In addition to HCV, other chronic 
infections such as Lyme disease, subacute bacterial endocarditis, 
Q fever, hepatitis A and B, hantavirus, cytomegalovirus, human 
T-cell leukaemia virus I and HIV have been reported [2,7]. Chronic 
inflammatory disease, such as liver cirrhosis from any cause, is 
also associated with a higher-than-expected rate of detectable 
cryoglobulins. 

Cryofibrinogenaemia may be idiopathic or can be associated with 
malignant disorders (especially haematological), thromboembolic 
disease, IgA nephropathy or various inflammatory, connective 
tissue or infectious syndromes including Covid-19 [8-10]. 

Monoclonal cold agglutinins are idiopathic or secondary to malig- 
nant lymphoproliferative diseases. Polyclonal cold agglutinins are 
usually associated with infection, especially due to Mycoplasma 
pneumoniae, and less often with HCV, parvovirus B19 or leptospiral 
infections. 


Pathophysiology 

Predisposing factors 

The presence of cryoglobulins in serum does not invariably predict 
disease. In fact, despite detectable serum cryoglobulins in the patient 
groups mentioned, most will not develop symptomatic cryoglobu- 
linaemia [2]. 


Pathology 

Type I cryoglobulins are single monoclonal immunoglobulins, 
usually IgG or IgM, less commonly IgA, and rarely Bence-Jones 
protein. 

Type II cryoglobulins are composed of monoclonal proteins of 
IgM, IgG or occasionally IgA class that bind to an antigen present 
in the blood, most commonly the Fe portion of polyclonal IgG 
molecules. Those that bind immunoglobulin (usually IgG) by 
anti-Fc affinity are also, by definition, rheumatoid factors, although 
only the IgM/anti-IgG rheumatoid factors are recognised by stan- 
dard rheumatoid factor testing. In up to 95% of type I cryoglobulins 
with IgM as the antirheumatoid factor immunoglobulin, the IgM 
contains a « light chain [3]. Type III mixed cryoglobulins are also 
most commonly rheumatoid factors, but the IgM, IgG or IgA anti-Fc 
antibodies in this group are polyclonal rather than monoclonal. In 
people with mixed type II and III cryoglobulins, complement levels 
are usually reduced, especially C4 component. 

Acquired dysfibrinogenaemia may rarely mimic a cryofibrinogen 
syndrome by acral occlusion, including gangrene. This subset of 
dysfibrinogenaemia appears to act by greatly increasing red cell 
aggregation, mimicking occlusion-inducing cold agglutinins. Blood 
smear preparations show marked rouleaux formation. 

In cases of cold agglutinin-related cutaneous occlusion, the agglu- 
tination of red blood cells depends on binding of antibody to more 
than one cell at a time. Pentavalent IgM is almost exclusively respon- 
sible for this phenomenon. As with cryoglobulins, there are both 
monoclonal and polyclonal cold agglutinins, usually directed at the 
Li or Pr antigens of erythrocytes [11]. 


Clinical features 
History 
The patient will have undergone exposure to cold temperatures. 


Presentation 

Occlusion syndromes triggered by cold exposure are suggested by 
an acral distribution of lesions of necrosis or purpura, often with 
retiform features, and sometimes associated with acral livedo reticu- 
laris. An acral distribution must be distinguished from a dependent 
distribution of lesions. Both patterns may involve hands and feet, 
but with a dependent pattern there are typically many more lesions 
on the feet and legs than on the hands. 

Recurrent showers of dependent palpable purpura, sometimes 
with burning or itching, frequently associated with arthritis or 
arthralgia, is the classic presentation of mixed (type II and III) 
cryoglobulinaemia (the combination of purpura, asthenia and 
arthralgia is termed Meltzer’s triad). Patients with symptomatic 
cryoglobulinaemia of any type most often present with cutaneous 
lesions, usually purpura (in 55-100%, especially if HCV associated) 
[3,12]. Ulceration, haemorrhagic crusts or cutaneous infarction are 
seen in 10-25%, most often with type I cryoglobulins. Cold-induced 
acrocyanosis of acral areas and non-inflammatory retiform purpura 
are also more typical of type I cryoglobulinaemia. Other reported 
cutaneous findings include acral cyanosis, Raynaud phenomenon, 
urticarial lesions, ulceration and livedo reticularis [4,13]. 

Non-cutaneous clinical findings include involvement of the joints, 
peripheral nerves, kidneys and liver [2,3,4]. 


Figure 99.2 Cold-induced lesions due to cryofibrinogenaemia, (a) on the ear and (b) on 
the foot. An acral location is typical for cryogelling. The foot lesion shows minimal 
erythema, retiform bullae and haemorrhage with necrosis. 


The most common cutaneous findings in cryofibrinogenaemia 
are cold intolerance, purpura, necrosis, livedo reticularis, gangrene 
and ulceration (Figure 99.2) [9,14]. The purpura, or necrosis, typ- 
ically has a non-inflammatory retiform morphology. In 67% of 
Covid-19-related acral chilblain-like presentations, cryofibrinogens 
were detected [10]. 


Clinical variants 
The acral distribution of cryo-occlusion syndromes often includes 
the ears and nose. 


Differential diagnosis 
A dependent distribution of lesions suggests immune complex- 
mediated disease that usually presents as palpable purpura or occa- 
sionally as inflammatory retiform purpura, not as non-inflammatory 
purpura or necrosis. Although an acral distribution is also charac- 
teristic of erythema multiforme, this presents with target lesions, 
atypical target lesions or classic palpable purpura, rather than 
livedo reticularis, non-inflammatory retiform purpura or necrosis. 
Chilbains usually develop slowly and rarely have acute purpura or 
necrosis [6]. 

Although ill, supine patients with immune complex vasculitis 
may develop dependent lesions on the posterior portions of the 


ears; their other lesions are typically in dependent areas as well, 
and cold exposure does not usually precipitate lesions. 

Distal occlusion syndromes (cholesterol emboli, acral antiphos- 
pholipid antibody syndrome) may have a similar presentation but 
lack a history of cold exposure and lesions on the nose and ears. 


Complications and co-morbidities 

There are two ways in which cryoglobulins can result in disease. 
The first is by precipitation within the vascular lumen, typi- 
cally cold induced, with hyaline plug formation and minor early 
phase inflammation. Typical clinical lesions are characterised by 
minimally inflammatory cutaneous infarction, with or without 
associated livedo reticularis, or non-inflammatory retiform pur- 
pura. Since there is little evidence that cryogelling of monoclonal 
antibody induces complement activation, cryogelling is the mecha- 
nism for vascular lesions for type I cryoglobulins [15]. The second 
mechanism is that of immune complex vasculitis. Nearly all type 
II and III cryoglobulins are immune complexes. Some may induce 
an immune complex vasculitis, although many do not. Those that 
cryoprecipitate near body temperature may cause vascular injury 
by simple occlusion, although most gel at temperatures well below 
37°C. Cryofibrinogenaemia is common as a laboratory abnormality 
but rarely causes symptomatic clinical disease [16]. 

As with many cryoglobulins and most cryofibrinogens, cold 
agglutinins are most likely to be asymptomatic. When responsible 
for disease, reversible acrocyanosis secondary to cold-induced 
acral agglutination is most common. Livedo reticularis, Raynaud 
phenomenon, cold urticaria and rarely cutaneous necrosis may 
occur. In addition to acral lesions on environmental cold exposure, 
cold intravenous infusions can also trigger localised cutaneous 
necrosis [17]. Cold agglutinins can induce complement activation 
after cold-induced binding to red blood cells, followed by lysis and 
haemolytic anaemia, independent of occlusive syndromes from 
agglutination. 


Investigations 

A biopsy of early lesions less than 48 hours old, before necrosis has 
had time to trigger a secondary vasculitic histology, should show 
non-inflammatory occlusion of dermal vessels with cryoprotein 
or agglutinated red cells. Early lesions may show a mixture of 
erythema and purpura, partially blanching on pressure. 

Careful handling of serum and plasma allows identification of 
cryogelling proteins because those most likely to cause disease gel at 
temperatures close to normal body temperature. The identification 
of cryoproteins or cryoagglutinins does not prove a cryo-occlusion 
syndrome, because these may either gel at temperatures that are not 
relevant to typical cold exposure or may simply represent incidental 
findings. The latter is especially true of cryofibrinogens and cold 
agglutinins [2,3]. 

Despite the presence of monoclonal protein, polyclonal gam- 
mopathy is the most frequent finding on serum protein elec- 
trophoresis of serum samples (not cryoprecipitate specimens) in 
patients with type II cryoglobulinaemia [2]. A more sensitive tech- 
nique, such as immunofixation, is needed to identify the presence 
of a clonal protein. 

Histological demonstration of non-inflammatory hyaline throm- 
bosis is more common in patients with type I cryoglobulinaemia, 
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but some patients have been reported to have cutaneous vasculitis, 
possibly due to biopsy of later lesions with secondary changes [12]. 

Since cryofibrinogens can be cleaved to form fibrin, plasma rather 
than serum must be tested to detect these cryogelling proteins. 
Cryoglobulins should be present in both plasma and sera [5,14]. 
Biopsy specimens from skin lesions typically show thrombi in 
small vessels with dermal necrosis [8]. Leukocytoclastic vasculitis 
has been reported, but is probably due to secondary ischaemic 
necrosis [9]. Fibronectin may be a major component of vascular 
plugs in patients with cryofibrinogenaemia alone, whereas vascular 
occlusion in patients with both cryofibrinogens and cryoglobulins 
shows a predominance of cryoglobulin deposition [9]. 


Management 

Treatment of cryoglobulinaemia is often challenging. Prospective, 
controlled trials are rare [3,4]. If symptoms are mild, no treatment 
may be needed. If symptoms of acral lesions are precipitated 
by cold, then the protection of affected areas may be sufficient. 
Measures to reduce the concentration of a type I cryoglobulin, 
such as plasmapheresis, plasma exchange or cytotoxic therapy, 
are occasionally effective, but usually only in the short term. For 
immune complex-related disease, corticosteroids, cytotoxic agents 
or plasmapheresis may be effective, but relapse is typical once ther- 
apy is stopped. Interferon « has been used to treat HCV-associated 
cryoglobulinaemia, with or without ribavarin [3,4]. Treatment 
with these agents has resulted in partial or complete remissions 
of vasculitis, but relapse often follows cessation of therapy. The 
therapy itself may trigger vasculitis. In mixed cryoglobulinaemia 
with recurrent cutaneous vasculitic lesions, colchicine or dapsone 
may reduce frequency and severity of episodes. 

Treatment of cryofibrinogenaemia should be aimed at the under- 
lying disease, where possible, and at protection from cold exposure 
[18]. Stanozolol, an androgenic steroid with fibrinolysis-enhancing 
effects, has been used for treatment of cryofibrinogenaemia, as have 
other fibrinolytic androgenic steroids [19]. Those with cold-induced 
agglutination syndromes must avoid cold exposure. Therapies such 
as corticosteroids, cytotoxic agents, danazol, rituxan or interferon « 
have been occasionally beneficial [18]. 


ORGANISMS IN VESSELS 


Cutaneous infections can produce purpuric lesions such as: 

e Ecthyma gangrenosum, caused by Pseudomonas aeruginosa 
(Chapter 32). 

e Aspergillus and Mucor fungal infections (Chapter 26). 

e Disseminated strongyloides infection (Chapter 33). 

e Lucio phenomenon (erythema necroticans) (Chapter 28). 


EMBOLI 


Cholesterol embolus 


Definition and nomenclature 

Cholesterol emboli resulting from the ulceration of arteriosclerotic 
plaques and the subsequent release of cholesterol crystals can cause 
disease of the skin, particularly in the lower extremities. 


Synonyms and inclusions 
e Blue toe syndrome 


Introduction and general description 

The most diagnosed cutaneous embolic syndrome is cholesterol 
embolus, which occurs secondary to fragmentation of ulcerated 
arteriosclerotic plaques, with distal cutaneous and visceral vessel 
obstruction. 


Epidemiology 

Incidence and prevalence 

The incidence of cholesterol embolisation syndrome (CES) follow- 
ing vascular procedures has ranged from 0.15% to 30%, with large 
retrospective studies reporting figures of 0.6-0.9% [1,2]. Autopsy 
studies have shown cholesterol emboli in 77% of patients who 
underwent aortic aneurysm resection [2]. A prospective study of 
1786 consecutive people aged over 40 years who underwent left 
heart catheterisation found an incidence of cholesterol embolus of 
1.4% [1]. Patients with cutaneous findings (livedo reticularis, blue 
toe syndrome or digital gangrene) were considered to have definite 
CES. In-hospital mortality was 16% of those with CES and was 
associated with progressive renal dysfunction. 


Age and sex 
Cholesterol embolus is a syndrome reported primarily in men aged 
50 years or older. 


Associated diseases 

Cholesterol embolus is associated with peripheral vascular disease 
and the known risk factors for atherosclerosis such as diabetes, 
hypertension and smoking [3]. Blue toe syndrome associated with 
warfarin use is a syndrome of cholesterol embolus and not of 
warfarin-induced skin necrosis. 


Pathophysiology 

Predisposing factors 

Although cholesterol embolus may be spontaneous, known triggers 
include angiography, angioplasty, vascular surgery, intra-aortic 
pump placement, cardiopulmonary resuscitation (all inducing 
traumatic rupture of plaques, usually within hours or days), throm- 
bolytic therapy (acute clot lysis in plaque with release of friable 
plaque within hours or days) and anticoagulation (slow reduction of 
clot with release of plaque fragments, usually after at least 2 months 
of therapy) [3,4]. 


Pathology 

Histology shows the skin arterioles, usually at the dermal- 
subcutaneous junction, with elongated clefts and thrombi within 
small-vessel lumina [5]. The clefts result from fixation-related 
dissolving of cholesterol crystals. In experimentally produced 
cholesterol embolus, a mixed inflammatory infiltrate in the arterial 
walls occurs within 24—48 h, followed by multinucleated histiocytes 
within 3-6 days, and subsequent occasional intimal fibrosis. 


Clinical features 

Presentation 

There are two ‘classic’ clinical triads of cholesterol embolus. The 
first comprises leg or foot pain, livedo reticularis and preservation 
of good peripheral pulses [4]. The second comprises livedo reticu- 
laris, renal insufficiency and eosinophilia [6]. Cutaneous findings in 
cholesterol embolus include livedo reticularis, gangrene, cyanosis, 
ulceration, nodules and purpura. Systemic findings include fever, 
myalgia, altered mental status, sudden-onset arterial hypertension, 
gastrointestinal ulceration and renal insufficiency that may progress 
to renal failure [4,6]. 


Investigations 

Eosinophilia occurs in up to 80% of those with CES, possibly 
due to C5 complement [1,7]. Pre-procedure elevation in serum 
C-reactive protein has been associated with an increased risk of 
post-procedure CES [1]. There may be leukocytosis, thrombo- 
cytopenia, pyuria, eosinophiluria, blood-positive urine or stool, 
elevated values of ESR, creatinine, urea and amylase, and decreased 
serum levels of complement [3,7]. 


Management 

The risk of further embolisation should be minimised (removal 
of remaining plaque or stenting of an atheromatous segment of a 
major vessel) to reduce end-organ damage. Aim to slow progression 
of atheromatous disease. Statins, iloprost (prostacyclin analogue), 
pentoxifylline (oxpentifylline) and steroids have limited success in 
minimising organ damage [2,8]. Limit anticoagulant use in known 
CES to reduce precipitation of further cholesterol emboli [2,9]. 
Some types of cardiac surgery that may precipitate CES also require 
postoperative anticoagulation [4,9]. 


Oxalate embolus, cardiac embolus 
and other emboli 


Introduction and general description 

Oxalate crystals are a rare cause of emboli but can mimic the 
cutaneous findings of cholesterol embolism. Primary (type I) 
hyperoxaluria is rare but the most common cause of oxalate crys- 
tal embolus. Atrial myxomas, marantic endocarditis and septic 
endocarditis are associated with cutaneous emboli. Fat emboli can 
produce petechiae, which may be few or very numerous [1]. 


Clinical features 
Presentation 
Primary hyperoxaluria oxalate crystal embolisation causes livedo 
reticularis, acrocyanosis, peripheral gangrene, purpura or ulcers [2]. 
Secondary hyperoxaluria, especially when due to long-term dialy- 
sis, causes extravascular cutaneous deposits of oxalate, producing 
calcified cutaneous nodules, or firm miliary papules often on the 
palmar aspect of the fingers [3]. 

Constitutional symptoms of atrial myxomas may mimic those 
of infectious endocarditis, connective tissue disease, vasculitis or 
rheumatic fever, with fever, malaise, arthralgia or weight loss. 
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Obstruction of intracardiac blood flow may mimic valvular disease 
and emboli may occur. 

Lentigines may be a cutaneous finding in the hereditary NAME 
(naevi (meaning birthmarks or moles), atrial myxoma, myxoid 
neurofibromas and ephelides (freckles)) or LAMB (lentigines, atrial 
and mucocutaneous myxomas and multiple blue naevi) syndromes, 
which are associated with cardiac myxomas. 

Cutaneous findings of myxomatous emboli include livedo 
reticularis, splinter haemorrhages, Raynaud phenomenon, an acral 
papular eruption with claudication, serpiginous or annular pur- 
puric lesions of the fingertips, red-violet malar flush, petechiae of 
hands and feet, or toe necrosis [4]. 

Marantic endocarditis results in the attachment of fibrin vege- 
tations to heart valve leaflets, like those seen in acute rheumatic 
endocarditis and Libman-Sacks (antiphospholipid syndrome) valve 
disease, and these vegetations can embolise [5]. Infective endocardi- 
tis can also produce emboli from vegetations, but these are usually 
associated with acute bacterial endocarditis. Cutaneous lesions 
in subacute bacterial endocarditis may be from either emboli or 
immune complex-related vasculitis. Idiopathic hypereosinophilic 
syndrome is associated with intracardiac mural thrombi, which can 
produce emboli [6] causing splinter haemorrhages, non-blanching 
livedoid discoloration, necrotic, blistering or purpuric lesions [7]. 

Crystal globulin vasculopathy is rare and usually associated 
with IgG or light-chain paraproteins, which can produce intravas- 
cular occlusion by spontaneous crystallisation [8]. This results 
in rapidly progressive renal failure, polyarthropathy, peripheral 
neuropathy and skin lesions. Cutaneous lesions include ulcers, 
petechiae, ecchymoses, with intravascular thrombus and crystalline 
deposits [9]. 


Investigations 

Histology can confirm myxomatous emboli but finding the emboli 
may require serial sectioning and multiple biopsies [4,5]. An 
echocardiogram is useful. 


Systemic coagulopathies: protein C/ 
protein S-related disease including 
warfarin necrosis and purpura 
fulminans 


Synonyms and inclusions 


exacerbate inherited protein C or rarely protein S deficiency 
e Neonatal purpura fulminans: homozygous protein C or protein S deficiency 
e Sepsis-related purpura fulminans with disseminated intravascular coagulation: 
acquired severe protein C deficiency and acquired severe protein S dysfunction 
| ¢ Idiopathic or postinfectious purpura fulminans: protein S deficiency 


| 
| e Warfarin-induced skin necrosis: severe acquired protein C deficiency which may 


Introduction and general description 

Several systemic coagulopathies have a predilection for the cuta- 
neous microvasculature. Cutaneous lesions may be a minor feature 
of a multiorgan syndrome, a prominent finding of multiorgan 
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involvement or the sole target of occlusion. Recognising these syn- 
dromes is critical to begin early, and sometimes syndrome-specific, 
therapy. 

The term ‘purpura fulminans’ has been used by physicians for 
three different situations. It was originally coined in 1887 to describe 
a syndrome occurring days to a few weeks after some preceding 
infection, especially varicella-zoster or streptococcal infections (now 
termed idiopathic ‘postinfectious purpura fulminans’) [1]. The term 
purpura fulminans has subsequently been used for widespread 
cutaneous haemorrhage in patients with sepsis triggered dis- 
seminated intravascular coagulation (DIC), including infection 
with Neisseria meningitidis, Staphylococcus aureus, groups A and B 
B-haemolytic streptococci, Streptococcus pneumoniae, Haemophilus 
influenzae and H. aegyptius [2]. The term neonatal purpura fulmi- 
nans describes a disease seen in neonates due to homozygous or 
complicated heterozygous protein C or protein S deficiency. 


Epidemiology 

Incidence and prevalence 

The frequency of homozygous protein C deficiency causing neona- 
tal purpura fulminans is estimated at 1 in 250 000-500 000 births [3]. 
Sepsis-induced purpura fulminans is the most common type seen 
in around 10-20% of people with meningococcal septicaemia. Idio- 
pathic, postinfectious purpura fulminans is very rare. 


Age 

The peak incidence of warfarin-induced skin necrosis is between the 
sixth and seventh decades. Neonatal purpura fulminans occurs in 
the first 5 days of life. Sepsis or idiopathic purpura fulminans can 
occur at any age [2,4]. 


Sex 
Female: male 4 : 1. 

Homozygous deficiency of either protein C or protein 5S is associ- 
ated with cerebral and ophthalmic vessel thrombosis. 

The most common associated infections in cases of postinfectious 
purpura fulminans are varicella-zoster and Streptococcus. This syn- 
drome has been associated with lupus anticoagulant activity and 
with autoantibodies to protein S [2,4]. 


Pathophysiology 

Predisposing factors 

Two natural anticoagulant pathways exist in humans. The 
antithrombin III-heparin/heparan pathway is important for pri- 
marily venous large-vessel thrombosis. The only cutaneous lesions 
related to antithrombin III disorders are stasis ulcers secondary 
to recurrent venous thrombosis with venous insufficiency. By 
contrast, disorders of the thrombomodulin-protein C/S anticoag- 
ulant pathway are important causes of severe cutaneous occlusion 
syndromes. 

The end point of the coagulation cascade is the conversion 
of prothrombin to thrombin, which catalyses the conversion of 
fibrinogen to fibrin and clot formation. When thrombin fails to 
bind to procoagulant sites on membranes and binds instead to 
the membrane protein receptor thrombomodulin, this powerful 
prothrombotic molecule undergoes a transformation. Bound to 
thrombomodulin, thrombin becomes ineffective at binding and 


activating clotting factors, and instead rapidly converts protein C 
in the plasma to activated protein C. Activated protein C, stabilised 
by certain phospholipids and by protein S, downregulates clotting 
by cleaving circulating activated clotting factors, including factor 
Villa and factor Va, thus it exerts an anticoagulant effect. There- 
fore, deficiency of protein C, or of its co-factor protein S, creates a 
procoagulant tendency. 

Protein C and S deficiencies can be inherited autosomally with 
variable penetrance. Homozygous deficiency leads to neonatal 
purpura fulminans. People who are heterozygous for the deficiency 
may develop repeated venous thrombosis or pulmonary embolism 
early in adult life or may be asymptomatic [1]. One variable affect- 
ing thrombosis risk in protein C and S deficiencies is co-inheritance 
of homozygous or heterozygous factor V Leiden mutations [5,6]. 

The factor V Leiden mutation is present in 5% of UK and North 
American populations. This reduces cleavage of the factor V Leiden 
molecule by activated protein C (APC resistance). Activated factor V 
Leiden remains longer in the plasma enhancing coagulation. In some 
groups of protein C-deficient families, the additional presence of the 
factor V Leiden mutation predicts those who develop large-vessel 
thrombosis in individuals with similar levels of protein C deficiency. 

The risk of warfarin necrosis is increased if loading doses (10 mg 
or more) of warfarin are used and if a second form of anticoagula- 
tion such as heparin therapy is not used to cover the initial phase of 
anticoagulant therapy [7]. 

The therapeutic effect of warfarin is due to inhibition of 
y-carboxylation of the vitamin K-dependent coagulant factors 
IL, VIL, IX and X. Although these factors are still in plasma, without 
y-carboxylation they are dysfunctional. Protein C and protein S are 
also vitamin K-dependent plasma factors affected by warfarin, and 
their inhibition can lead to a prothrombotic state. Protein C and fac- 
tor VIL, with half-lives of roughly 5h, are particularly vulnerable to 
early inhibition, whereas protein S and the remaining procoagulant 
factors with much longer half-lives remain active for a considerably 
longer period [7]. There is thus a period after administration of war- 
farin when the anticoagulant effect of protein C has been inhibited 
and there is an excess of uninhibited procoagulant clotting factors. 
Although up to one-third of patients with warfarin-induced skin 
necrosis may have partial protein C deficiency, most cases appear 
unrelated to inherited deficiencies of protein C [8]. 


Clinical features 

Presentation 

Retiform (stellate) purpura and necrosis result from thrombosis 
within the cutaneous microvasculature. In neonatal pulmina fulmi- 
nans, skin lesions typically begin within a few hours to 5 days after 
birth, and on the extremities, abdomen, buttocks and scalp; they 
may localise to sites of pressure or previous trauma [3,9]. 

Warfarin necrosis usually presents as the sudden onset of cuta- 
neous pain 3-5 days after beginning warfarin therapy, followed by 
well-demarcated erythema progressing to haemorrhage, necrosis 
and often haemorrhagic bullae or eschar [10]. Warfarin necrosis 
may rarely involve acral areas, but acral cutaneous purpura in 
patients on warfarin is more likely to be due to cholesterol embo- 
lus (see earlier) — so-called purple (blue) toe syndrome. Warfarin 
necrosis is commoner in areas with more fat, such as the breast, hip, 
buttocks and thigh [8,10]. 


Cutaneous microvascular occlusion in sepsis with DIC presents 
clinically as non-inflammatory (bland) haemorrhage, usually with a 
retiform, stellate or branching configuration, with rapid transition 
to necrosis and eschar [11,12]. 


Differential diagnosis 

Haemorrhage in patients with DIC may be due to septic vasculi- 
tis, simple bleeding or microvascular thrombosis. The patterns of 
cutaneous haemorrhage for each of these different mechanisms are 
distinctive and can be a guide to pathophysiology and therapy [13]. 


Disease course and prognosis 

In the absence of appropriate therapy, warfarin necrosis and skin 
lesions in purpura fulminans can progress to full-thickness cuta- 
neous necrosis. 


Investigations 

Laboratory findings in sepsis purpura fulminans are consistent 
with DIC, with evidence of the consumption of clotting factors 
(prolonged partial thromboplastin time, PTT), clot lysis (elevated 
fibrin split products) and often thrombocytopenia. 

Early biopsy of retiform purpuric lesions showed microvascular 
occlusion with fibrin, and perivascular haemorrhage with minimal 
to no inflammation; these findings correlated with severe protein C 
deficiency [12]. This was not true of other forms of purpura in sepsis 
with DIC. 


Management 

Warfarin skin necrosis is managed by stopping warfarin. Heparin 
can be used for anticoagulation in the short term if this is essential. 
If there is severe or life-threatening coagulation, then protein C con- 
centrates can be helpful. The areas of skin necrosis may require skin 
grafting. 

All forms of purpura fulminans require adequate hydration and 
supportive care to reduce end organ damage. Treatment of neonatal 
purpura fulminans is with fresh frozen plasma to replace deficient 
protein C or S, or protein C concentrates. Management of idiopathic 
or postinfectious purpura fulminans is similar. 

In adult sepsis-related purpura fulminans, early antibiotic 
treatment of the infective agent is essential. IVIg and activated 
protein C may be given. Anticoagulation is dependent on the 
presence of DIC [14-18]. 


Systemic coagulopathies: 
antiphospholipid antibody/lupus 
anticoagulant syndrome 


Introduction and general description 

Another major cluster of systemic coagulopathies with cutaneous 
microvascular occlusion are those related to lupus anticoagulant 
activity and antiphospholipid syndrome (APLS) (Chapter 51). APLS 
(Hughes syndrome), continues to be redefined [1], most recently 
by the addition of anti B,-glycoprotein I (B,-GPI) antibodies to the 
laboratory criteria for diagnosis (Box 99.4) [2]. 


Box 99.4 Criteria for antiphospholipid antibody 
syndrome (definitive diagnosis requires at least 
one clinical and one laboratory criterion) [2] 


Clinical criteria 
¢ Vascular thrombosis: one or more clinical episodes of arterial, venous 
or small-vessel thrombosis 
¢ Complications of pregnancy: 
¢ One or more unexplained deaths of morphologically normal 
fetuses at or after 10 weeks of pregnancy or 
¢ One or more premature births of morphologically normal 
neonates at or before 34 weeks of gestation or 
e Three or more unexplained consecutive spontaneous pregnancy 
losses before 10 weeks of gestation 


Laboratory criteria 

e Anticardiolipin antibodies, IgG or IgM, present at moderate or high 
levels on two or more occasions at least 12 weeks apart 

e Lupus anticoagulant antibodies on two or more occasions at least 12 
weeks apart 

e Anti B,-glycoprotein I (>99th centile) antibodies on two or more 
occasions at least 12 weeks apart 


Antiphospholid antibodies (aPL) bind to B2GPI on cell surfaces. 
The binding activates endothelial cells, monocytes and platelets, 
and leads to proinflammatory, prothrombotic changes and comple- 
ment activation [2]. This leads to thrombosis. There is neutrophil 
involvement with tissue factor (TF) expression and neutrophil 
extracellular traps. Rapamycin target (mTOR) upregulation on 
endothelial cells may contribute to the aPL-related vasculopathy. 
Prothrombotic effects include acquired protein C resistance, TF 
pathway inhibitor inhibition and inhibition of tissue plasminogen 
inhibitor [3]. 


Epidemiology 

Incidence and prevalence 

APLS may occur as a primary or secondary disorder. In one study, 
primary APLS comprised 53% of cases, lupus-associated APLS 36%, 
lupus-like APLS 5% and other disease associations with APLS 6%, 
with catastrophic APLS occurring in 0.8% of cases [4]. 


Age 

In a large study the mean age was 42 + 14 years at study entry, 
and the onset of symptoms was most often in young to middle-aged 
patients (2.8% before age 15 years, 12.7% after age 50) [4]. 


Sex 
Female: male 4 : 1 [4]. 


Associated diseases 
Compared with primary syndrome patients, those with lupus APLS 
are more likely to have arthritis, livedo reticularis, thrombocytope- 
nia or leukopenia [4]. 
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Pathophysiology 

Predisposing factors 

Precipitating factors include infections, surgical procedures, drugs 
and the discontinuation of anticoagulation. 


Pathology 

B,-GPI (apolipoprotein H) has five domains and binds anionic phos- 
pholipids as part of the physiological disposal of apoptotic cells 
[5]. Infections (such as leprosy, leishmaniasis, leptospirosis) may 
trigger anti B,-GPI antibodies, as may childhood atopic eczema. 
These antibodies may differ from those that trigger thrombosis by 
binding to domain V of the B,-GPI molecule, rather than to the 
domain I region of the thrombogenic subset [6]. Infection-related 
antibodies, especially in leprosy, are more often IgM than IgG type. 
IgM and IgA anti B,-GPI and anticardiolipin antibodies are seldom 
implicated in thrombotic events, except in cerebral stroke. IgG 
antibodies to B,-GPI are the most likely to be thrombogenic [7]. 


Clinical features 

Presentation 

APLS can present with a variety of cutaneous findings (Box 99.5) 
[8]. Livedo is common but is not specific since this and retiform pur- 
pura or necrosis occur in other microvascular occlusion disorders 
[10]. In one study, the frequency of these findings was livedo retic- 
ularis 24%, leg ulcers 5.5%, pseudovasculitis 3.9%, digital gangrene 
3.3%, cutaneous necrosis 2.1% and splinter haemorrhages 0.7% [4]. 
Thrombosis may lead to swollen red ears [9] (Figure 99.3). 


Box 99.5 Cutaneous findings in the 
antiphospholipid antibody syndrome 


¢ Livedo reticularis, with or without retiform purpura or retiform 
necrosis 

¢ Sneddon syndrome (this may be a subgroup of antiphospholipid 
syndrome) 

¢ Livedoid vasculopathy /atrophie blanche 

¢ Raynaud phenomenon 

e Anetoderma-like lesions with thrombosis 

e Behcet-like lesions 

¢ Nailfold ulcers 

¢ Widespread cutaneous necrosis (catastrophic antiphospholipid 
antibody syndrome) 

e Leg ulcers, secondary to recurrent thrombosis with stasis, or from 
conditions in this list 

¢ Cholesterol embolus-like proximal livedo reticularis, with or without 
distal retiform purpura 

¢ Acral livedo 

¢ Degos (malignant atrophic papulosis)-like lesions 

¢ Pseudo-Kaposi sarcoma 

e Vasculitis-like lesions 

¢ Pyoderma gangrenosum-like ulcers 

¢ Splinter haemorrhages 

¢ Superficial thrombophlebitis migrans 


Clinical variants 

Catastrophic APLS is an uncommon variant with widespread 
cutaneous necrosis and multiorgan failure, especially renal and 
pulmonary. 


Figure 99.3 Thrombosis producing bilateral swollen red ears in antiphospholipid 
syndrome. Reproduced from O'Gradaigh et a/. [9] with permission from BMJ Publishing 
Group Ltd. 


Common extracutaneous manifestations of APLS include 
deep-vein thrombosis, pulmonary embolus, central nervous system 
abnormalities and pregnancy loss. 


Investigations 

Serological markers are usually detected as antibodies against phos- 
pholipids (especially cardiolipin) in combination with antigens from 
a co-factor molecule (e.g. B,-GPI, prothrombin, annexin V, plasmin, 
tissue plasminogen activator, thrombin), or as an inhibitor of an in 
vitro coagulation test. The detection of antiphospholipid antibodies 
is roughly five times more common than the detection of lupus anti- 
coagulant [10]. 

Mechanisms of coagulation in APLS are most often detected as 
anti B,-GPI antibodies, lupus anticoagulant or antiphospholipid 
antibodies. The lupus anticoagulant activity is detected, often inci- 
dentally, by prolongation of the activated partial thromboplastin 
time (aPTT), the dilute Russell viper venom time (dRVVT) or the 
kaolin clotting time [7]. Activation of the intrinsic pathway can be 
tested by either aPTT or kaolin clotting time and direct activation of 
factor X (dRVVT). 

Antiphospholipid antibody activity is detected by one of sev- 
eral antibody assays, the most common being enzyme-linked 
immunosorbent assay screens for IgG or IgM antibody affinity for 
cardiolipin, a negatively charged phospholipid molecule found in 
mitochondrial membranes. 


Management 

Thrombotic and pregnancy complication risk is assessed using 
antibody characteristics and other clinical factors. Definitions of 
‘high risk’ vary, but generally include lupus anticoagulant with 
or without high-titre anticardiolipin or anti B,-GPI autoantibod- 
ies. IgG autoantibodies are more thrombogenic than IgM or IgA. 
EULAR management recommendations [11] for APLS define high 
risk by the presence of multiple antibodies with high titres. Preg- 
nancy morbidity risk assessments consider autoantibodies and 
history of thrombosis, diagnosis of SLE, elevated homocysteine, 
lower age, low complement and abnormal uterine artery Doppler 
velocimetry [2]. 

Asymptomatic APLS without underlying lupus may be left 
untreated. Low-dose aspirin therapy is of uncertain benefit but 
may be given to those with a high-risk profile. Most people after 
APLS-provoked venous or arterial thrombosis receive acute and 
often long-term anticoagulation. This is with either standard 
or low-molecular-weight heparin initially followed by warfarin 
[5]. Studies of DOACS (direct oral anticoagulants) to date have 
not showed benefits. Antimalarial therapy may help atrophie 
blanche-like or Degos-like syndromes in lupus patients; evidence 
suggests a protective effect in lupus patients against arterial or 
venous thromboses [1]. There is evidence that hydroxychloro- 
quine may interfere with the binding of IgG-B,-GPI complexes on 
phospholipid bilayers or to a line of cultured human monocytic 
leukaemia cells, which may provide some rationale for possible pro- 
phylactic benefit in APLS for high-risk patients [12]. Inconclusive 
data suggest a possible role for statins in high-risk patients [2]. 


VASCULAR COAGULOPATHIES 


Sneddon syndrome I 


Introduction and general description 

This syndrome comprises livedo racemosa with cerebrovascular 
lesions that cause focal neurological symptoms or signs [1,2,3,4,5]. 
Livedo racemosa is usually the first manifestation, initially affect- 
ing the lower trunk and proximal part of the legs but becoming 
more generalised. Livedo racemose (or broken livedo) has a net- 
work pattern with breaks producing incomplete circles in places 
(Figure 99.4). Associated Raynaud phenomenon or acrocyanosis 
may occur, and may be the presenting feature [1,2]. Various con- 
ditions, including APLS, may produce this presentation and have 
been reported as Sneddon syndrome, but Sneddon syndrome is 
thought to be a specific genetic disorder or group of disorders. In 
an affected family with three siblings with Sneddon syndrome a 
compound heterozygous mutation in the CECR1 gene segregated 
those with the condition [6]. 


Epidemiology 

Incidence and prevalence 

This may be confused by overlap with other conditions such as 
APLS or SLE but has been estimated at four cases per million 
people per year [3], and it is usually sporadic, although familial 
Sneddon syndrome has been reported. 
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Figure 99.4 Sneddon syndrome showing a typical, broad, racemose livedo patterning. 


Age 
Sneddon syndrome typically presents in the fourth or fifth decade 
of life. 


Sex 
Female: male 2 : 1. 


Pathophysiology 

The CECR1 gene produces adenosine deaminase 2, which when 
blocked produces changes in endothelial cells triggering coagula- 
tion. The presence of antinuclear antibodies or of antiphospholipid 
antibodies /lupus anticoagulant has been reported [4], but probably 
represents APLS with a higher risk of seizures, mitral regurgita- 
tion and thrombocytopenia [5]. Reported cases reflect a spectrum 
of disease from APLS to SLE. Antiprothrombin antibodies were 
demonstrated in 57% of 46 patients in one series [7], and there are 
reports of platelet activation in a patient with persistently elevated 
levels of circulating PF4 [8] and increased levels of antithrombin III 
[9], factor V Leiden mutation [10] and activated protein C resistance 
[11]. In the future, genetic testing should clarify this condition. 


Pathology 

As a range of conditions have been reported as Sneddon syndrome, 
not surprisingly the reported histology is variable. Biopsies may 
show an endarteritis of dermal arterioles. The most informative 
biopsies are from the clinically normal centre of any network area 
rather than from the peripheral ‘watershed’ area of livedo, and tak- 
ing multiple biopsies increases the sensitivity [12]. Initial changes 
are endothelial swelling with a mixed inflammatory infiltrate, 
progressing to vascular plugging, subendothelial proliferation and 
eventual vascular occlusion, fibrosis and disappearance of the 
inflammatory component [13]. 
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Clinical features 

Presentation 

In addition to the cutaneous livedo, there may be non-specific neuro- 
logical prodromal symptoms such as headache, migraine, dizziness 
or vertigo. Transient ischaemic attacks are reported more often than 
completed stroke [14]. 


Clinical variants 

This represents various diseases reported as Sneddon syndrome. 
Peripheral nerves may be affected and hypertension present, some- 
times aggravated by pregnancy or the use of oral contraceptives. 
There may be renal or cardiac involvement, including valve defects 
such as mitral regurgitation, although internal organ involvement 
other than neurological is often asymptomatic [3]. Other features 
such as shortened digits have been reported. 


Differential diagnosis 

The differential diagnosis is wide, including other causes of livedo 
and microvascular occlusion syndromes as well as vasculitis (e.g. 
polyarteritis nodosa). Other patterns of livedo with anticardi- 
olipin antibodies are associated with cerebral microthrombosis 
such as livedo with summer ulceration or livedo with pyoderma 
gangrenosum [15]. 


Disease course and prognosis 

Later neurological features include focal paresis or hemiparesis, 
focal sensory or hemisensory symptoms, fits and visual defects, and 
later cognitive changes. Hypertension confers a worse prognosis if 
untreated. 


Investigations 

Genetic testing should take place. Magnetic resonance imaging 
(MRI), electroencephalography and arteriography may help to 
confirm the neurological component; skin biopsy (as earlier) and 
exclusion of other causes of livedo are necessary. Cases with pos- 
itive antiphospholipid antibodies more commonly have infarcts 
in the distribution of the main cerebral arteries on MRI, whereas 
those with negative antibodies have small lacunar infarcts [16] and 
progressive leukoencephalopathy [14]. 


Management 

There is no very effective treatment, reflecting the non-inflammatory 
nature of the disease. There is no good evidence for corticosteroids 
or other immunosuppressives to which response may be difficult 
to assess, due to the intermittent nature of the neurological disease. 
The avoidance of smoking and oral contraceptives, and treatment of 
hypertension, hyperlipidaemia and diabetes, are important. Throm- 
bolytic agents and vasodilators have been used in acute situations, 
and antiplatelet agents may be effective in some cases [5]. 


Livedoid vasculopathy/atrophie 
blanche 


‘Synonyms and inclusions 
¢ Livedo reticularis with summer ulceration 
¢ Segmental hyalinising ‘vasculitis’ 


Introduction and general description 

This syndrome can be either an idiopathic or secondary syndrome 
[1]. It is the association of persistent painful ulceration of the lower 
limbs with atrophie blanche and livedo racemosa (broken livedo). 
Any vasculitis changes are secondary to blood vessel occlusion. 
Cases described are probably due to a range of underlying dis- 
orders including APLS leading to vessel occlusion in the setting 
of venous hypertension. Cutaneous vasculitis can cause similar 
clinical appearances [2]. 


Epidemiology 

Differential diagnosis 

The porcelain white skin changes of atrophie blanche associated 
with chronic venous hypertension and varicosities of any cause are 
a common finding, but are not preceded by small painful ulcer- 
ations, nor with surrounding livedo reticularis. Common venous 
stasis-related atrophie blanche is distinct from other forms of the 
syndrome. 


Pathophysiology 

The pathogenesis of livedoid vasculopathy is thought to be vari- 
ous causes of blood vessel occlusion in the setting often of venous 
hypertension. APLS can produce this syndrome [3]. Abnormalities 
implicated include platelet activation, factor V Leiden, altered fib- 
rinolysis, antiphospholipid antibodies and hyperhomocystinaemia 
[1,3,4,5]. In one series of 32 patients, heterozygous factor V Leiden 
mutation was found in 2 of 9 patients tested (22%), decreased pro- 
tein C or protein S activity in 2 of 15 (13%), prothrombin G20210A 
mutation in 1 of 12 (8%), lupus anticoagulant in 5 of 28 (18%), anti- 
cardiolipin antibodies in 8 of 29 (29%) and elevated homocysteine 
levels in 3 of 21 (14%) [6], suggesting a clinical syndrome with many 
possible causes. 


Pathology 

The most characteristic histological findings are thickening or hya- 
line changes in the walls of superficial dermal vessels, and luminal 
fibrin deposition [1,7]. Red cell extravasation and perivascular lym- 
phocytic infiltrates are expected findings. In a series of 45 skin biop- 
sies from 32 patients, all but one showed intraluminal thrombus and 
direct immunofluorescence was positive in 86% [6]. 


Clinical features 

Presentation 

Persistent, very painful and often punched-out ulcerations of the 
legs, especially around the malleoli, in women are typical of atrophie 
blanche [7] (Figure 99.5). The disease is bilateral in most cases. When 
accompanied by surrounding livedo reticularis, the term ‘livedoid 
vasculitis’ has been incorrectly applied. Retiform or stellate purpura 
or ulcer extension can occur. Healing results in a porcelain-white 
scar, frequently surrounded by telangiectasia — the characteristic 
appearance of atrophie blanche. Besides venous hypertension and 
antiphospholipid antibody-related syndromes, sickle cell ulcers can 
show the same porcelain-white scar of atrophie blanche. 


Investigations 
A skin biopsy may be helpful. 


Figure 99.5 Atrophie blanche. Reproduced from Bilgic et a/. 2021 [2] with permission 
from Elsevier. 


Management 

Treatment depends on the underlying cause. In idiopathic disease, 
antiplatelet, anticoagulant and fibrinolytic therapies have been 
used, as well as danazol and stanozolol [3]. PUVA therapy has 
been reported as effective [8]. In lupus with atrophie blanche, 
antimalarial therapy may help. Intravenous immunoglobulins may 
rapidly relieve pain [9], perhaps due to improved perfusion. Good 
response to lipoprostaglandin E, with essential cryoglobulinaemia 
[10] has been reported. There are reports of response to tetracyclines 
[11] and dapsone in those with underlying myeloproliferative 
syndromes. 


Malignant atrophic papulosis 


Definition and nomenclature 
Malignant atrophic papulosis is a progressive vasculopathy causing 
occlusion of small and medium-sized arteries [1]. 


Synonyms and inclusions 

¢ Degos disease 

¢ Kohlmeier—Degos disease 

e Lethal cutaneous and gastrointestinal arteriolar thrombosis 


Introduction and general description 

Malignant atrophic papulosis is characterised by skin and gas- 
trointestinal lesions, but neurological features are also frequent and 
postmortem studies show widespread organ involvement. Skin 
lesions are usually the first feature and may be the only manifes- 
tation over many years. Whether this represents a truly ‘benign’ 
variant is uncertain. However, it is suggested that the disease 
should be classified into a malignant systemic form and a benign, 
cutaneous one [2]. 


Epidemiology 

Incidence and prevalence 

It is rare; a review in 1995 suggested that about 120 cases had been 
reported [3]. 


Age 
It is mainly a disease of young adults, although it can affect any age 
group [4]. 


Sex 
M>FE 


Ethnicity 
It is mainly reported in white people. 


Associated diseases 
Cases have been reported with HIV infection, but a causal associa- 
tion is unproven. 


Pathophysiology 

The pathogenesis probably involves abnormal coagulation, 
although the precise mechanism is uncertain. Platelet and fib- 
rin thrombi are present in dermal, mesenteric and nervous system 
blood vessels, with abnormal platelet aggregation and inhibition 
of fibrinolysis [4-6]. However, most have no evidence of systemic 
coagulopathy, suggesting that the thrombotic tendency is at the 
microvascular level. Antiphospholipid antibodies have been docu- 
mented in a small number of patients, usually in the context of SLE, 
although also in so far benign cutaneous cases [7]. 

Lesions resembling malignant atrophic papulosis occur in some 
patients with SLE, rheumatoid arthritis, scleroderma or dermato- 
myositis [8-11]. Antiendothelial antibodies may be found but are 
probably not pathogenic [4]. Circulating immune complexes, or 
deposition of immune complexes or complement, are not usually 
demonstrated [2,12]. Although there can be a prominent lym- 
phocytic infiltrate in later lesions, especially around venules, true 
arteritis and leukocytoclasis are not found [4,13]. 

Abnormal mucin deposits, which may be thrombogenic, are com- 
moner in later lesions [4,13] possibly induced by activated T cells. 
A viral aetiology was proposed as electron microscopic structures 
resembling viral inclusions were seen in endothelial cells, but these 
are seen in other disorders, including SLE, and can be induced by 
interferon [4]. 


Pathology 

The histological picture in Degos disease depends upon lesion 
duration. Early lesions show a superficial and deep perivascular, 
perineural and periappendageal chronic inflammatory cell infil- 
trate [13]. Deep dermal vessels show endovascular inflammation, 
proliferation and thickening with thrombosis [14]. Mucin depo- 
sition is seen at all stages [2,3,13] and fibrin deposition may be 
demonstrated; fibrinoid necrosis of vessel walls may occur [14]. 
Immunofluorescence is occasionally positive for IgG or C3. Lym- 
phocytes in damaged vessel walls have led to some classifying 
Degos disease as a lymphocytic vasculitis [15], although this is 
probably not the primary abnormality and is secondary to vessel 
occlusion. Later lesions show a ‘wedge-shaped’ sclerotic change in 
the dermis, which is only sparsely cellular. Between these stages 
there is a phase with neutrophilic and eosinophilic infiltrate around 
adnexae and a dense perivascular lymphocytic infiltrate [13]. The 
epidermis, initially showing a mild vacuolar reaction, becomes 
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atrophic with slight scaling, resembling lichen sclerosus and corre- 
sponding with the porcelain-white colour seen clinically. There may 
be associated pigmentary incontinence. 

Panniculitis resembling that in lupus profundus has been reported 
[16]. Similar changes occur in the intestinal wall, particularly the 
submucosa. The muscularis mucosae is intact. Blood vessels 
are thickened and disorganised, with fibrinoid degeneration; 
platelet-fibrin thrombi are more prominent than in skin biopsy 
material. Microaneurysms of the bulbar conjunctival vessels have 
been described. Renal changes include thickening of the afferent 
glomerular arterioles and of the capillary basement membrane. 


Genetics 
Familial cases have been reported [17]. 


Clinical features 

Presentation 

Crops of cutaneous lesions usually precede systemic manifestations 
by months to years. These are usually asymptomatic, although 
they may be preceded by slight burning. Skin lesions typically 
affect the trunk and proximal limbs with sparing of the face, palms 
and soles. Although they may evolve gradually, and the number 
of lesions may vary considerably, about 30-40 active lesions are 
usually present [5]. Oral mucosal lesions are rare but penile lesions 
may occur [18]; the bulbar conjunctiva is often affected by lesions, 
which appear as sharply demarcated avascular areas [3]. Peristomal 
lesions have been reported. 

Early skin lesions are pink or red, dome-shaped papules, usually 
2-5mm in size, but sometimes up to about 15mm. Papules soon 
become necrotic and umbilicated with a central porcelain-white 
pallor and scaling, and the pink oedematous border becomes 
telangiectatic. Most heal slowly to leave a small white scar, often 
surrounded by telangiectases, as in atrophie blanche. Urticaria-like, 
ulceropustular and gumma-like nodules have been reported. New 
crops of lesions may continue for several years. Similar lesions 
occur in many organs. Gastrointestinal lesions are the most impor- 
tant as perforation of the gut is a cause of death [19]. Neurological 
symptoms are also relatively common. 

For features in different systems see Box 99.6. 


Differential diagnosis 

There can be a resemblance to atrophie blanche or to guttate 
lichen sclerosus, although the evolution of lesions is different. 
Identical lesions have been described in various connective tis- 
sue diseases [8-11] and in Crohn disease [20]. The characteristic 
features are usually hard to confuse with those of other syn- 
dromes once the diagnosis is considered. Another disorder termed 
‘cutaneous-intestinal syndrome with oropharyngeal ulceration’ 
[21] included a combination of macular, blistering and crusting 
lesions of the skin, with oro-pharyngeal ulceration and death from 
perforation of one of many intestinal ulcers. This differed clinically 
and histologically from Degos disease. Patients in whom systemic 
disease precedes skin lesions may cause diagnostic problems. 


Disease course and prognosis 
Although probably overestimated by reporting bias and acknowl- 
edging that there does appear to be a benign cutaneous 


(‘skin-limited’) variant, a mortality of 50% within 2-3 years is 
reported, and prognosis in males appears to be worse than in 
females. Systemic manifestations can develop years after the 
appearance of the skin lesions, including bowel perforation 
and peritonitis, thrombosis of the cerebral arteries, meningitis, 
encephalitis and myelitis [22]. 


Management 

There is no consistently effective treatment [2,3]. Systemic cor- 
ticosteroids do not help, although some benefit in neurological 
symptoms has been suggested. Aspirin, antiplatelet agents, fibri- 
nolytic agents and pentoxifylline, alone or in combination, may 
lead to remission in the cutaneous disease [2,3,4,7,23]. Heparin may 
produce short-term benefits. There is one report of a good response 
to transdermal nicotine patches [24]. Warfarin, dextrans, chloro- 
quine, immunosuppressive agents and plasma exchange have all 
been tried. Surgery to treat intestinal perforation may resolve acute 
situations but as there are usually multiple lesions, there may be 
little long-term benefit. 


Box 99.6 Features of Degos disease in different 
systems [3] 


Gastrointestinal 

¢ Dyspepsia 

e Abdominal pain or distension 

¢ Bleeding 

e Perforation 

e Peritonitis 

e Fistulae (enteroenteral or enterocutaneous) 
e Obstruction 

e Pancreatitis 


Neurological 

¢ Cerebral infarction (causing headache, aphasia, dementia, focal 
epilepsy, hemiparesis, pseudobulbar palsy) 

¢ Cord infarction (paraplegia / quadriplegia, transverse myelopathy) 

¢ Peripheral nerve (cauda equina syndrome, mononeuritis multiplex) 

e Various sites (sensory disturbance) 


Ocular 

¢ Ptosis 

¢ Diplopia 

¢ Nystagmus 

¢ Ophthalmoplegia 

¢ Optic neuritis 

¢ Papilloedema 

¢ Visual field loss 

¢ Pupillary reaction defects 

¢ Conjunctival avascular lesions 
¢ Posterior subcapsular cataract 


Cardiovascular 

e Renal artery occlusion 
e Pericardial effusion 

¢ Constrictive pericarditis 
e Ventricular wall defects 


Pulmonary 
e Pleuritis 


Calcific uraemic arteriolopathy 


Synonyms and inclusions 
© Calciphylaxis 


Introduction and general description 

Calcific uraemic arteriolopathy or calciphylaxis is usually seen in 
end-stage renal disease on dialysis. It is also seen at earlier stages 
of renal disease with normal kidney function when it is termed 
non-uraemic calciphylaxis [1]. It has a 1-year mortality rate of 
45-80% and is characterised by painful skin ulceration [2,3,4]. 


Epidemiology 

Incidence and prevalence 

It is rare but appears to be increasing in prevalence, possibly due to 
better awareness [5]. 


Age 
The disease is most common in the fifth decade but can be seen in 
children and the elderly [1]. 


Sex 
Female: male 2 : 1. 


Associated diseases 

Diabetes and obesity are commonly reported co-morbidities. It very 
rarely occurs in autoimmune diseases such as SLE. Hypercoagulable 
problems such as protein C and S deficiencies may be associated. 
Liver disease may lead to protein C or S deficiency [1,2]. 


Pathophysiology 

The pathogenesis remains obscure. Earlier animal models involving 
parathyroid hormone and vitamin D are considered unhelpful. Risk 
factors of obesity, diabetes, hypercalcaemia, hyperphosphataemia 
and hyperparathyroidism are common in renal disease but cal- 
ciphylaxis is rare. It appears to be the common end point of a 
heterogeneous group of stimuli. Theories include uraemic-induced 
defects in the nuclear factor-kB (RANK), RANK ligand and osteo- 
protegerin; chronic inflammation-induced reduction of fetuin-A, a 
liver-produced inhibitor of calcification; and upregulation of BMP-2 
triggering osteogenesis. 


Predisposing factors 

One large institutional study showed that, compared with other 
patients on dialysis, risk factors included obesity, liver disease, cor- 
ticosteroid use, elevated calcitum-—phosphate product and elevated 
aluminium levels [2]. Hypoalbuminuria (or albumin infusions), 
recent rapid weight loss, protein C or protein S deficiency, warfarin 
treatment and hypotension may be risk factors. 
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Pathology 

There is calcification in the medial layer of the wall of small 
subcutaneous vessels, with necrosis of overlying tissue [2,34]. 
Calcification may occur in dermal vessels, subcutaneous fat septae 
and adipocytes. Thrombosed vessels are presumably secondary to 
the calcification of small-vessel walls, which extends more widely 
than the thrombotic change or the extravascular calcification [4]. 
Dermal inflammation may be present without ulceration and bullae 
sometimes occur. 


Clinical features 

Presentation 

Early lesions tend to present as painful purpuric plaques, often 
with a retiform or stellate pattern, and may show blistering or 
central necrosis. Some may become semiconfluent as a ‘broken’ 
livedo. Ninety per cent of lesions are on the lower extremities. 
The abdomen, thigh and hips are typical sites, but the breasts may 
be involved. In some patients the disease is mainly distal below 
the knee. Uncommon sites include the penis and tongue [6] as 
well as the muscles and internal organs [3]. Woody induration 
with extending ulcer and eschar formation develops. Peripheral 
pulse detection may distinguish calciphylaxis from atherosclerotic 
peripheral vascular disease. 


Disease course and prognosis 

The prognosis is generally poor, with a 1-year mortality of 45-80%, 
although there are occasional reports of a more benign course [2]. 
Cutaneous lesions may develop into skin necrosis with sepsis. 
Internal involvement may lead to organ failure, infarction and 
gastrointestinal haemorrhage. 


Investigations 

A deep skin biopsy for histopathology is usually undertaken to 
confirm the diagnosis. Plain radiographs show vascular calcifica- 
tion in a net-like pattern. Investigations include full coagulation 
assessment, amylase, parathyroid hormone, cryoglobulins and 
cryofibrinogens, and investigations for vasculitis including ANCA, 
ANA and hepatitis C. 


Management 

Give good wound care, pain management and treat infec- 
tion. Consider removal of possible trigger factors such as par- 
enteral iron, calcium, vitamin D and warfarin. Reduce elevated 
calcium-phosphorus product with low-calcium dialysate fluids 
and non-calcium oral phosphate binders. Sodium thiosulphate 
infusions [7] increase the solubility of calcium deposits and have 
an antioxidant function, but may produce an anion gap metabolic 
acidosis requiring adjustment of dialysate bicarbonate. Correct 
hypercoagulability disorders. In hyperparathyroidism, cinacalcet 
[8] and parathyroid surgery may be useful. Hyperbaric oxygen, 
skin grafting and iloprost infusions can be useful adjuncts [9]. 


Solar purpura 4 


The term ‘solar purpura’ describes rapid development of purpuric 
lesions after exposure to sunlight. This condition is distinct from 
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Figure 99.6 Erythropoietic protoporphyria showing marked purpura with sharp cut-off 
after sunlight exposure. 


actinic purpura, due to cumulative sunlight-induced ageing of the 
skin. The nature of solar purpura is uncertain. It may be a variant 
of polymorphic light eruption or arising from solar capillaritis [1,2]. 
It is distinct from erythropoietic protoporphyria, which can cause 
purpura (Figure 99.6). Some cases may be due to profound inflam- 
mation, which has allowed purpura to develop in dermatoses which 
are not usually purpuric. 
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Introduction 


Definition 

Cutaneous vasculitis is inflammation of dermal blood vessel walls, 
resulting in purpura, which may be painful and palpable. Tissue 
loss can cause infarction and rarely ulceration. Nomenclature of 
the vasculitides is based upon the size of blood vessel affected 
(Box 100.1) [1]. 


Introduction and general description 

Vasculitis is usually a multisystem disorder that presents in a 
myriad of ways. Diagnosis is based on a detailed history and 
careful examination. Patients may present to different specialties 
and their care should be led by a multidisciplinary team involving 
physicians with a specialist interest in vasculitis. 

Vasculitis can be classified by aetiology or by calibre of the vessel 
involved. The accepted nomenclature was defined at an interna- 
tional consensus meeting held in 2012 in Chapel Hill, USA [1]. 
The meeting did not involve dermatologists, and all cutaneous 
vasculitides were considered under the umbrella of ‘single-organ 
vasculitis’. In 2018 a European skin vasculitis task force published 
a cutaneous vasculitis nomenclature [2]. It should be recognised 
that names and classifications will change in the future with greater 
understanding of the underlying disease mechanisms. 


The treatment of primary vasculitis involves immunosuppres- 
sion. The balance between disease severity and adverse effects of 
therapy requires expertise and experience in the management of 
these rare conditions. Secondary vasculitis can be due to infection, 
drugs, malignancy or inflammatory disease; treatment of the 
underlying condition may resolve the vasculitis. 


Epidemiology 
See the specific diseases. 


Pathophysiology 
The pathophysiology and histopathology vary according to the spe- 
cific disease. 


Clinical features 

History 

The management of patients presenting with cutaneous vasculitis 
should begin with a full history. Questions about systemic disease 
include (i) complications of vasculitis; (ii) potential malignant and 
infectious triggers; and (iii) systemic features of systemic vas- 
culitides (Box 100.2). The history should consider diseases that 
may present with secondary vasculitis including rheumatological 
diseases (such as systemic lupus erythematosus), thrombo-occlusive 
disorders and other inflammatory dermatoses. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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Chapter 100: Cutaneous Vasculitis 


Box 100.1 Classification of cutaneous vasculitis 
adapted from the 2012 Chapel Hill Consensus 
nomenclature [1] 


Single-organ (skin) small-vessel vasculitis 

¢ Cutaneous small-vessel vasculitis (see Figure 100.1) 

¢ Urticarial vasculitis (excluding immune complex disease) 

e Erythema elevatum diutinum (see Figure 100.8) 

e Acute haemorrhagic oedema of infancy 

e Recurrent cutaneous necrotising eosinophilic vasculitis (controversial 
entity) 

¢ Granuloma faciale (see Figure 100.10) 


Cutaneous vasculitis associated with systemic disease or variable 
vessel size 

¢ Behcet syndrome 

e Lupus vasculitis 

e Sarcoid vasculitis 

e Rheumatoid vasculitis 


Small-vessel immune complex-associated vasculitis 

e IgA vasculitis (Henoch-Schoénlein purpura) (see Figure 100.12) 

¢ Cryoglobulinaemic vasculitis (see Figure 100.13) 

¢ Hypocomplementaemic urticarial vasculitis (HUV) 

e Antiglomerular basement membrane vasculitis 
(anti-GBM/Goodpasture syndrome) 


Small-vessel ANCA-associated vasculitis 

¢ Microscopic polyangiitis (MPA) 

¢ Granulomatosis with polyangiitis (GPA) (see Figure 100.18a) 

¢ Eosinophilic granulomatosis with polyangiitis 
(EGPA/Churg-Strauss syndrome) 


Medium-vessel vasculitis 

¢ Polyarteritis nodosa (PAN) (including cutaneous PAN — now referred 
to as cutaneous arteritis’) (see Figure 100.3 and Figure 100.22) 

e Kawasaki disease 


Large-vessel vasculitis 
e Giant cell arteritis (GCA) 
¢ Takayasu arteritis 


* Tn the classification [1] cutaneous PAN is recognised as cutaneous 
arteritis (single-organ vasculitis), whereas in this chapter it is 
considered with PAN. 

ANCA, antineutrophil cytoplasmic antibody; IgA, immunoglobulin A. 


Box 100.2 Areas in the history of a patient with 
cutaneous vasculitis that may give clues indicating 
systemic disease 


¢ Weight loss, fatigue, fever 

e Arthralgia, myalgia, arthritis 

e Dry eyes, dry mouth 

° Red eye, eye pain, vision loss 

e Nasal or sinus congestion 

e Ear pain 

¢ Oral/nasal ulcers 

° Chest pain/dyspnoea 

¢ Abdominal pain, blood in faeces 
e Blackouts, weakness, fits 


A full drug history, taken from the patient, the case notes and 
other relevant clinicians, should focus on medication changes in the 
days, weeks and months prior to the onset of vasculitis. Occasion- 
ally, drugs taken for many years may precipitate reactions. Drugs 
purchased from pharmacies or borrowed from relatives, herbal 
treatments, tonics and vitamins should also be considered. Patients 
may be unwilling to reveal recreational drugs, drugs causing addic- 
tion or drugs taken for bodybuilding or sexual purposes. The reason 
for any drug change should be established. 

Vasculitis may be secondary to infection. A history should be 
taken of infections, both acute and chronic, and their treatments. 


Presentation 

On general examination, establish if the patient is acutely unwell; 
patients with systemic vasculitis may have life-threatening internal 
organ involvement requiring prompt management. All the skin and 
the mouth should be examined. Cutaneous vasculitis often results 
in painful, palpable purpura (Figure 100.1). Leakage of blood from 
the vasculature into the interstitium causes purpura, which is 
identified by a failure to blanch on diascopy (pressure with a glass 
slide). Increased pressure in the venous circulation increases blood 
vessel leakage and may worsen damage to the vessel walls. Purpura 
is therefore most apparent on the lower limbs. Prolonged standing 


Figure 100.1 Cutaneous small-vessel vasculitis producing palpable purpura. Courtesy of 
Andrew Carmichael. 


' Introduction 100.3 


exaggerates venous hypertension and thus increases blood leakage } ; 
and purpura. 

The physical signs are determined to some extent by the size of 
vessel involved (Table 100.1). Severe cutaneous vasculitis will result 
in painful ischaemia of the skin. Lesional skin will become haemor- 
rhagic (Figure 100.2) and then necrotic and will eventually detach, 
leaving erosions or ulcers (Figure 100.3), most commonly on the 
lower limbs. These ulcers may then become secondarily infected. 
The ulcers may be slow to heal, even after resolution of the vas- 
culitis, due to venous stasis, malnutrition, anaemia, lymphoedema, 
prolonged infection or old age. 

In people with more pigmented skin, vasculitis lesions may 
appear dark brown to black in colour. 


Table 100.1 Physical signs may give clues as to the predominant vessel size involved in 
the vasculitis. 


Blood vessel size Physical signs 


Small blood vessels Purpuric macules and papules, haemorrhagic vesicles, 
urticarial plaques 
Necrosis not usually a major feature 
Medium-sized blood Broken livedo (net/reticulate) pattern, infarction, ulceration, 
vessels deep nodules 


Figure 100.3 Ulcerated necrotic lesions in a livedo distribution suggestive of 
medium-vessel disease. Courtesy of Andrew Carmichael. 


The extent of systemic examination will depend on the history 
and on the overall assessment of the patient. Systemic examination 
may reveal an underlying infection or malignancy acting as a trig- 
ger for the vasculitis. Signs of a systemic primary vasculitis may 
be found (Box 100.3). Other underlying diseases that may cause 
secondary vasculitis such as rheumatoid arthritis or systemic lupus 
erythematosus may be apparent. 
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Box 100.3 Examination and bedside investigation 
for systemic vasculitis 


e Haematuria, proteinuria (urinalysis), oedema, hypertension 

¢ Congestive cardiac failure, pericardial rub, oedema 

¢ Cough, haemoptysis (examine sputum), wheeze, crepitations 

e Abdominal tenderness, melaena, nausea, vomiting, 
hepatosplenomegaly 

¢ Paraesthesiae, numbness, weakness, abnormal reflexes, psychiatric 


signs 


Clinical variants 

The size of purpuric lesions varies according to the disease. Areas 
Figure 100.2 Cutaneous small-vessel vasculitis demonstrating a haemorrhagic vesicle. of aes cai that are flat and less than 5 mm in diameter are called 
Courtesy of Andrew Carmichael. petechiae, those larger than 1 cm are ecchymoses; non-palpable 
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Chapter 100: Cutaneous Vasculitis 


Table 100.2 The purpura pattern may give clues as to the disease. 


Pattern of purpura Diseases to consider 


Pinpoint, cayenne pepper 
macular purpura, 
typically <5 mm 


Capillaritis, exercise-induced purpura (‘runners’ legs’), 
coughing, ligatures 

Purpura in contact dermatitis (e.g. rubber), venous 
hypertension, suction induced, fixed drug eruptions, 
cutaneous T-cell lymphoma 

Macular purpura of any Purpura due to infections, platelet disorders and 
size thrombocytopenia, other clotting disorders, mild 
small-vessel vasculitis 

Trauma/artefact 

Purpura of old age, topical, inhaled or systemic 
corticosteroid-induced purpura, scurvy 

Cutaneous vasculitis of all types, pityriasis lichenoides, 
thrombo-occlusive disorders of all types, secondary 
purpura in tuberculosis or leprosy reactions, 
neutrophilic disorders, atypical benign or malignant 
cutaneous growths (e.g. haemangiosarcoma, Kaposi 
sarcoma, amelanotic melanoma with haemorrhage) 

Antiphospholipid syndromes, vasculitis in medium-sized 
blood vessels (e.g. polyarteritis, ANCA vasculitides), 
thrombo-occlusive disorders of all types including 
cryoglobulins, chilblains 


Large macular purpura, 
typically over 2 cm 
Painful palpable purpura 

of any size 


Livedo pattern purpura 


ANCA, antineutrophil cytoplasmic antibody. 


purpura are somewhere between the two. Raised, non-blanching 
lesions are palpable purpura. A reticulate (like a net) livedo pat- 
tern is seen in some vasculitides and thrombo-occlusive disorders 
(Table 100.2). A broken livedo (incomplete net) (Figure 100.3) is 
said to be a feature of vasculitis disorders but may also be seen in 
thrombo-occlusive disease. 


Differential diagnosis 

Thrombo-occlusive disorders, trauma, inflammatory dermatoses 
with disordered clotting, purpura due to prolonged running, neu- 
trophilic disorders, erythema ab igne, cellulitis (particularly in the 
elderly with oedematous legs), platelet disorders, insect and snake 
bites are often confused with vasculitis. 


Disease course and prognosis 
See specific diseases. 


Investigations 

The investigation of vasculitis is dependent on the history and 
examination findings. A thorough assessment may clarify the likely 
cause and limit the need for extensive investigations. However, 
investigations are necessary for two main purposes. First, it is 
important to establish if the vasculitis is primary or secondary. 
Investigations should be directed to identify underlying rheuma- 
tological disease, malignancy, infection or a primary vasculitis. 
Second, investigations should be performed to demonstrate the 
presence of vasculitis involving internal organs. Urinalysis to 
exclude renal disease is useful in most patients. 

Skin biopsy in vasculitis, if needed, should be taken from a 
fresh lesion less than 48 h old. Patients may find it difficult to 
remember the age of lesions, particularly if there is widespread 
disease, so a useful clinical guide is to seek out lesions with a 
mixture of purpura and inflammation, which partially lose their 


Table 100.3 Vasculitis investigations. The ‘vasculitis screen’ is dependent on the history 
and examination findings. In acute vasculitis with an obvious infection or drug trigger, 
investigations may be minimal. The purposes of investigation are threefold: to look for 
(i) complications of vasculitis; (ii) causes of vasculitis; and (iii) differential diagnoses of 
vasculitis, such as thrombo-occlusive disorders. 


Investigation 


Notes 


Blood and urine tests 
Urinalysis 

Urea and electrolytes 
Full blood count 


Liver function 
Erythrocyte sedimentation rate 


C-reactive protein 

Antineutrophil cytoplasmic 
antibody (ANCA) 

Antinuclear antibodies 


Specialist haematological tests for 
thromboembolic disease such 
as lupus anticoagulant and 
anticardiolipin antibodies 

Cryoglobulins 


Tissue tests 

Skin biopsy from early lesion 
(less than 48 h old) for 
histopathology 


Skin biopsy from early lesion for 
direct immunofluorescence 
Skin biopsy for culture 


Infection 
Infection screen: cultures, serology 
and radiology 


Malignancy 
Malignancy screen: blood tests 
and radiology for malignancy 


Inflammatory disease 
Investigations for other systemic 
inflammatory disease 


Haematuria and proteinuria in renal involvement 
Raised creatinine and urea in renal involvement 
Raised white cells in infection/cryoglobulinaemia 

Thrombocytopenia may cause purpura 

Low albumin in renal disease 

May be raised in systemic vasculitis, infection 
and malignancy 

ay be raised in infections 

ay be present in systemic vasculitides — see text 


ay be present in autoimmune connective 
tissue disease 
f thrombo-occlusive disease is possible from the 
history, examination or histology 


f there is skin, kidney and joint vasculitis. Not 
necessarily triggered by cold 


ndicate if vasculitis or thromboembolic disorder 

ndicate size of blood vessel involvement and 
predominant cell type 

ndicate presence of granulomas 

ndicate certain infections, e.g. mycobacteria 

ndicate if IgA vasculitis 


ay be useful for chronic infections, e.g. TB 


Depends on age, history of travel and country of 
residence, history and examination. Screen 
for acute and/or chronic infections 


Relevant tests depend on the age of patient, 
history and examination 


If diseases (e.g. inflammatory bowel disease, 
rheumatoid arthritis) are suspected from 
history and examination 


red colour with pressure (the ‘partial blancher’). Older vasculitic 
lesions may develop secondary thrombosis making it difficult to 
differentiate from a thrombo-occlusive disorder. Older lesions of 
thrombo-occlusive disorders may develop secondary vasculitis. 

A skin biopsy for direct immunofluoresence should be taken if 
immunoglobulin A (IgA) vasculitis is suspected. A ‘lupus band’ 
of IgG and complement at the dermal-epidermal junction is of 
little value as a diagnostic test and is no longer recommended. 
A vasculitis screen may be used by inexperienced clinicians as a 
substitute for taking a history and examination and then applying 
logic. A list of tests is given in Table 100.3, but these should be used 
in support of clinical findings and careful reflection, and not as a 
substitute. 


Management 

The management of vasculitis is dependent on the diagnosis and 
the severity and presence of systemic vasculitis. Triggering drugs 
should be stopped, underlying infections treated and malignancy 
or associated rheumatological diseases managed. If systemic vas- 
culitis or vasculitic disease is identified, then the treatment is 
described under the specific diseases in this book. The correction 
of venous stasis by elevation of the legs, treatment of secondary 
infection, appropriate dressings in ulcerated areas and pain relief 
are required. 

In systemic vasculitis a multidisciplinary team approach is 
appropriate. Specialists may be required to deal with disease in 
almost any organ. In the UK, rheumatologists with an interest 
in vasculitis often lead or coordinate teams of other specialists 
to manage complex patients. Early referral is desirable to avoid 
potentially treatable disease in other organs causing irreversible 
damage. 


SINGLE-ORGAN SMALL-VESS! 
VASCULITIS 


Cutaneous small-vessel vasculitis j 


Definition and nomenclature 

Cutaneous small-vessel vasculitis (CSVV) is a single-organ vas- 
culitis producing leukocytoclastic angiitis of cutaneous vascula- 
ture [1,2]. 


"Synonyms and inclusions 

-e Allergic cutaneous vasculitis 

-¢ Allergic cutaneous angiitis 

© Hypersensitivity angiitis 

' persensitivity vasculitis 

-e Cutaneous leukocytoclastic angiitis 
© Cutaneous leukocytoclastic vasculitis 
'* Cutaneous allergic vasculitis 


Introduction and general description 

The American College of Rheumatology (ACR) has produced 
classification criteria for CSVV. The presence of three of the follow- 
ing five criteria has 84% specificity for CSVV: (i) age greater than 
16 years at disease onset; (ii) history of taking a medication at the 
onset that may have been a precipitating factor; (iii) the presence 
of palpable purpura; (iv) the presence of a maculopapular rash; 
and (v) a biopsy demonstrating granulocytes around an arteriole or 
venule [3]. 

CSVV is a single-organ vasculitis and therefore by definition does 
not have systemic manifestations. However, the diagnosis should 
prompt ongoing surveillance because it may be a first manifestation 
of a more generalised vasculitis indicating another disease. CSVV 
is a clinical syndrome that encompasses vasculitis due to a variety 
of causes. 


100.5 


Single-organ small-vessel vasculitis 


Epidemiology 

Incidence and prevalence 

The annual global incidence of CSVV is reported to be between 15 
and 30 per million [4,5]. 


Age 

The mean age at onset is between 36 and 56 years [4,6,7]. However, 
the age range is wide and extends from the second to the eighth 
decade of life. 


Sex 

Ina Spanish cohort, men were more commonly affected with a ratio 
of 1.6 : 1 [4], but in a Singapore cohort there was a female domi- 
nance of 2.1: 1 [6]. 


Associated diseases 
By definition the condition is localised to the skin, but it may be a 
precursor for other systemic vasculitides. 


Pathophysiology 

Predisposing factors 

There are many causes of cutaneous vasculitis, but most CSVV 
is idiopathic [6]. This is a consequence of vasculitis classification 
systems. For example, if patients with CSVV are found to have viral 
hepatitis and cryoglobulinaemia, they are no longer classifiable as 
CSVV. There are factors that are thought to contribute to a pure 
CSVV, which are listed in Box 100.4 [8-31]. 


Box 100.4 Aetiological triggers for cutaneous 
small-vessel vasculitis (with relevant references) 


e Acenocoumarol [8] 

¢ Staphylococcal protein A column immunoadsorption therapy [9-11] 
e Anisoylated plasminogen activator complex [12] 
¢ Food allergies [13] 

¢ Propylthiouracil [14] 

e Interferon 1B [15] 

¢ Ibuprofen [16] 

¢ Methotrexate [17] 

e Warfarin [18] 

¢ Granulocyte colony-stimulating factor [19] 
e Ant bite [20] 

° Procainamide [21] 

e Infliximab [22] 

¢ Maprotiline [23] 

¢ Omeprazole [24] 

e Exercise [25] 

° Insulin [26] 

¢ Imipenem-cilastatin [27] 

¢ Gabapentin [28] 

¢ Lamotrigine [28] 

¢ Coumarin [29] 

e Atenolol [30] 

¢ Solid-organ malignancies [31] 


Pathology 
Leukocytoclastic vasculitis with segmental inflammation in an 
angiocentric pattern, swelling of the endothelium, fibrinoid necrosis 
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Figure 100.4 Leukocytoclastic vasculitis. (a) Low-magnification photomicrograph 
showing perivascular infiltrates and fibrinoid deposits within the vessels of the upper 
dermis. (b) Higher magnification demonstrating nuclear dust, fibrinoid deposits, 
vascular alteration and collagen degeneration. Courtesy of Dr Eduardo Calonje. 


of vessel walls, extravasation of erythrocytes and an infiltrate of 
neutrophils with karyorrhexis of the nuclei (i.e. leukocytoclasia) 
are major features of CSVV (Figure 100.4). In superficial dermal 
papillary vessels, perivascular deposits of IgM or complement C3 
are demonstrated in up to 80% of fresh lesions [32]. Some studies 
state lower proportions, but this may depend on the timing of the 
biopsy and because IgM is relatively poor at fixing complement. 
IgG is found less often. 


Causative organisms 

In most patients, CSVV is idiopathic, but a small number of cases 
(4/138) [33] may be related to a bacterial infection. There have been 
case reports of CSVV following Covid-19 vaccination [34]. 


Genetics 
The genetics are not known. 


Clinical features 

History 

The skin lesions of CSVV typically arise as a simultaneous ‘crop’, 
resulting from exposure to an inciting stimulus. The formation 
of new lesions can continue for several weeks although they usu- 
ally resolve within several weeks or a few months; approximately 


10% of patients will have recurrent disease. There are no known 
risk factors to predict relapses. 


Presentation 

Lesions typically occur in areas prone to stasis, commonly includ- 
ing the ankles and lower legs (Figures 100.1 and 100.5a), and 
typically sparing intertriginous regions. CSVV is often asymp- 
tomatic although pruritus, pain or burning may be experienced, 
as well as systemic symptoms including fever, arthralgia, myalgia 
and anorexia. The major cutaneous manifestation of CSVV is pal- 
pable purpura, ranging in size from 1 mm to several centimetres 
(Figure 100.5b, c). Sometimes macular in the early stages, such 
purpura may progress to a wide array of lesions including papules, 
nodules, vesicles, plaques, bullae or pustules, with secondary 
findings of ulceration, necrosis and postinflammatory hyperpig- 
mentation (Figure 100.6). 


Clinical variants 

Other cutaneous findings include oedema, livedo reticularis and 
urticaria. The presence of the latter two should prompt consider- 
ation of cutaneous polyarteritis nodosa and urticarial vasculitis, 
respectively. 


Differential diagnosis 

The differential diagnosis of CSVV includes many more specifically 
defined disorders, which are discussed in this chapter and in other 
publications [2,3,8,9,33,35,36]. CSVV is a diagnosis of exclusion. 
Cutaneous vasculitis should prompt a search for a wide array 
of differential diagnoses, including systemic vasculitides, cancer, 
infections, allergies, chemical exposures, etc. 


Classification of severity 

There is no validated biomarker for quantifying disease severity 
in patients with CSVV. Histopathology is not a good surrogate for 
severity of disease [35]. The Birmingham Vasculitis Activity Score 
(BVAS) v3 has been validated to quantify the activity of systemic 
vasculitis [36]. The validation cohort of BVAS v3 included patients 
with cutaneous vasculitis and it can be used to create a tangible 
activity score. 


Complications and co-morbidities 
Hyperpigmentation and haemosiderosis can take months to resolve. 
Ulcerated lesions may become infected, adding to the morbidity. 


Investigations 

Investigation of CSVV is guided by the history and examination 
findings; the range of tests chosen will range from nothing to exten- 
sive blood testing, scanning and organ biopsies. The purpose of 
investigation is twofold: firstly, to look for evidence of vasculitis 
in other organ systems, and secondly, to look for evidence of a 
disease that is predisposing towards CSVV, such as infection or 
malignancy. 


Management 
Treatment of CSVV is often unnecessary as the disease may be 
self-limiting. The evidence for efficacy of therapy is derived from 


(a) 


(b) 


(c) 


Figure 100.5 Cutaneous small-vessel vasculitis (CSVV). (a) Vesicles in a dependent area 
on the foot. (b) Purpura on the thighs; there was similar involvement on the lower legs. 
(c) CSVV progressing to blistering. 


Single-organ small-vessel vasculitis 100.7 


(b) 


Figure 100.6 Vasculitis due to sepsis, in a patient with impaired level of consciousness. 
The necrotic lesion in (a) and the reticulate pattern on the leg in (b) are clues to the 
involvement of deeper vessels. Histologically, vasculitis due to infection may involve 
vessels at all levels of the dermis. 


clinical experience rather than controlled trials. If a triggering agent 
is identified, such as a drug or infection, it should be removed 
or treated. Efforts to minimise stasis, such as use of compres- 
sion hosiery and the elevation of dependent areas, as well as 
the use of non-steroidal anti-inflammatory drugs (NSAIDs) and 
antihistamines, may reduce symptoms [35] although they do not 
alter the course of the disease. 


First line 

Oral prednisolone 30-80 mg once daily, tapered over 2-3 weeks, 
often gives symptom control, although no controlled trials have 
been carried out to evaluate the treatment of CSVV with oral corti- 
costeroids. Corticosteroid use may be of particular benefit in cases 
with painful progressive cutaneous lesions. No data support the 
use of topical corticosteroids or antibiotics in CSVV although such 
therapies are commonly used. 
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Second line 


Colchicine 0.6 mg twice daily has been shown to be of benefit 
by anecdotal evidence and open-label studies [11-13]. Dapsone 
50-150 mg daily may be advantageous in the treatment of CSVV 
[14-17]. 


Third line 

In patients with disease refractory to the above therapies, cyto- 
toxic agents may be considered. Such agents include azathioprine 
(1-2 mg/kg/day) and methotrexate (15-25 mg/week). The use of 
ciclosporin (2.5-4 mg/kg/day) and cyclophosphamide is almost 
never indicated for purely cutaneous disease. 


Erythema elevatum diutinum 


— 
| 
| 


Definition and nomenclature 

Erythema elevatum diutinum (EED) is a rare, chronic, cutaneous 
eruption. The first descriptions were by Hutchinson and Bury 
in the 1880s, and the condition was later named in 1894 by 
Radcliffe-Crocker and Williams. It is characterised by fibrosing 
plaques with histological evidence of leukocytoclastic vasculitis. 
The condition in younger women has been called Bury disease 
after the early report. Hutchinson’s original cases were described 
in older men. Some early reports make this distinction although the 
conditions are considered synonymous. 


Epidemiology 

Incidence and prevalence 

Erythema elevatum diutinum is very rare with only a few hundred 
cases described. There are small case series published but most 
reports are of single cases only. Few dermatologists have looked 
after more than a handful of cases. 


Age 

Erythema elevatum diutinum is most commonly seen in adults in 
the fourth to seventh decades although occasional childhood cases 
are reported [1]. 


Sex 
It occurs equally in males and females. 


Ethnicity 
There has been no description of predilection in any ethnic groups. 


Associated diseases 

Erythema elevatum diutinum has been associated with autoim- 
mune diseases such as rheumatoid arthritis, coeliac disease, 
inflammatory bowel disease and type 1 diabetes. Associations with 
infections, including Streptococcus, hepatitis and syphilis, have also 
been suggested [2-5,6,7,8,9,10,11]. Lesions characteristic of EED 
have been induced by injection of streptococcal antigen into the 
dermis [12-15], and have occurred at sites of mosquito bites [10]. 
EED has been associated with human immunodeficiency virus 
(HIV) infection. As lesions of EED have responded to antiretroviral 


and dapsone treatment in HIV-positive patients, it is now recog- 
nised as one of the defined reactive dermatoses associated with HIV 
[16]. EED has been associated with hypergammaglobulinaemia 
and IgA monoclonal gammopathies, as well as with myelodys- 
plasia, pyoderma gangrenosum and relapsing polychondritis. The 
association with haematological abnormalities, such as multiple 
myeloma, is strong; however, EED may precede the haematological 
disease by several years [17]. 


Pathophysiology 

Although the exact aetiology is unknown, EED is thought to be 
related to an Arthus-type reaction with immune complex deposition 
and subsequent inflammation. 


Predisposing factors 
See the associated diseases. 


Pathology 

Acute lesions of EED are characterised by leukocytoclastic vasculi- 
tis, with little fibrin deposition (Figure 100.7). Eosinophils may also 
be present in the upper and mid dermis. Depending on the degree 
of oedema and infiltration into the dermis, unaffected collagen may 


(b) 


Figure 100.7 Erythema elevatum diutinum. (a) Prominent, often concentric, fibrosis is 
seen in the background. (b) Higher magnification showing a perivascular inflammatory 
cell infiltrate with neutrophils and nuclear dust. Fibrin is often missing or minimal. 
Courtesy of Dr Eduardo Calonje. 
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be present just under the epidermis. Chronic lesions demonstrate 
angiocentric eosinophilic fibrosis, capillary proliferation and infil- 
tration of macrophages, plasma cells and lymphocytes. Cholesterol 
deposits in histiocytes and in the extracellular tissue (the latter in 
a pattern that has been termed ‘extracellular cholesterolosis’) may 
be present in older lesions [18]. Dermal nodules of EED contain 
spindle cells and fibrosis [19]. 


Clinical features 

History 

Although they are generally asymptomatic, the lesions of EED may 
be painful. 


Presentation 

Lesions of EED most commonly appear chronically in a symmet- 
rical fashion over the dorsa of the hands, knees, buttocks and 
Achilles tendons (Figure 100.8). They are red-violaceous, red-brown 
or yellowish papules, plaques or nodules. Occasionally, the face 
and ears are also affected by EED. Initially the lesions are soft, but 
eventually they fibrose and later leave atrophic scars. 


Differential diagnosis 

Erythema elevatum diutinum may be difficult to distinguish from 
CSVV on histology but the clinical presentation enables accurate 
diagnosis. EED and Sweet syndrome are both described as neu- 
trophilic dermatoses. However, EED differs from Sweet syndrome 
by the character of the lesions and their distribution, as well as 
by histopathological features. The classic assumption that lesions 
from patients with Sweet syndrome lack histopathological fibrinoid 
necrosis of the vessel walls has been challenged. In one series, 29% 
of patients had biopsy specimens showing leukocytoclastic vasculi- 
tis [20], although this may have been secondary changes in older 
lesions. Clinically, the lesions in Sweet syndrome are acute, more 
often asymmetrical and located on the arms, face and neck [21]. 
By contrast, EED lesions are chronic, symmetrical and classically 
located over the dorsum of the hands and knees, buttocks and 
Achilles tendons. Although leukocytoclastic vasculitis has now 
been reported as a possible feature of Sweet lesions [2], it is not 
always present and the fibrosis seen in lesions of EED correlates 
with the clinical chronicity. Granuloma faciale has been considered 
in the same group of disorders as EED, but may have features of the 
IgG4-related sclerosing diseases, such as storiform fibrosis, which 
is histologically absent in EED [22]. 


Complications and co-morbidities 
Although the lesions can be painful and heal with scarring, compli- 
cations are rare. 


Disease course and prognosis 
Erythema elevatum diutinum may last from 5 to 35 years, with crops 
of new lesions developing every few weeks to months. 


Investigations 

The demonstration of IgA antineutrophil cytoplasmic antibodies 
(ANCA) (with various specificities) in 6 of 10 cases of EED has been 
suggested to be of some diagnostic value [23]; in this series, 7 of 
the 10 patients had raised IgA levels (monoclonal in three). 


(b) 


Figure 100.8 Erythema elevatum diutinum (EED). (a) On the hands. (b) Early 
non-fibrotic lesions at a typical site on the knee. This patient also had EED on the hands, 
and pyoderma gangrenosum. 


Management 
Treatment of an associated disorder such as HIV infection or para- 
proteinaemia may be effective [24]. 


First line 
Dapsone is usually effective in EED [15], although relapse on stop- 
ping may occur. 


Second line 

Niacinamide has also been used with good effect [25]. High-potency 
topical, or intralesional, corticosteroids may minimise the size of 
lesions in patients with limited disease; 5% topical dapsone gel has 
been described as effective [26]. 
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Third line 
Other therapies used for CSVV may also be effective in treating 
patients with EED. 


Recurrent cutaneous necrotising 
eosinophilic vasculitis 


Definition and nomenclature 

This is a relatively recently described and rare vasculitis consisting 
of a predominantly centripetal purpuric papular rash, angioedema, 
peripheral blood eosinophilia and an eosinophilic necrotising 
vasculitis of small vessels [1,2]. It can be argued that this is a 
pathological subdivision of CSVV rather than a distinct entity. 


‘Synonyms and inclusions 
e Recurrent cutaneous eosinophilic necrotising vasculitis 


Epidemiology 

Incidence and prevalence 

This is a very rarely described disease with only a few cases in the 
literature. 


Age 
The condition has been described in adults aged 17-81 years. 


Sex 
Either sex may be affected. 


Ethnicity 
There is no known association. 


Associated diseases 
Association with connective tissue diseases and with rheumatoid 
arthritis has been reported [3,4]. 


Pathophysiology 

The cause is unknown. As in other strongly eosinophilic disorders, 
eosinophil cytokines such as interleukin 5 (IL-5) and toxic eosinophil 
granule proteins such as the major basic protein have been demon- 
strated in serum and tissues, respectively, and presumably play a 
part in the tissue damage. Neutrophil elastase is prominent around 
vessels, and mast cell degranulation occurs. Eosinophilic vasculitis 
has also been reported in a patient with the hypereosinophilic syn- 
drome; in this patient, CD40 (a glycoprotein of the tumour necrosis 
factor (TNF) receptor family) was considered to be important in 
pathogenesis [5]. 


Predisposing factors 
There are no known predisposing factors. 


Pathology 
Histopathology shows fibrinoid deposition and necrosis of small 
dermal vessels with an infiltrate of eosinophils and absent or 


minimal leukocytoclasis. Small epidermal vesicles containing 
eosinophils may be present. Immunoglobulin deposition is not a 
feature. This eosinophilic small-vessel vasculitis may be distinct 
from other vasculitides such as eosinophilic granulomatosis with 
polyangiitis (previously known as Churg-Strauss syndrome), in 
which predominantly medium vessels are affected; and from most 
drug-induced vasculitis in which eosinophils are generally less 
prominent. 


Causative organisms 
There is no known association with causative organisms. 


Genetics 
The genetics of the condition are unknown. 


Environmental factors 
There are no reported environmental triggers. 


Clinical features 

History 

Patients may initially present with pruritic papules over the lower 
limbs. The course is long and recurrent, but fever, arthralgia and 
visceral involvement are absent. 


Presentation 

Recurrent pruritic papules and urticarial lesions occur at any site, 
especially the lower limbs, head and neck, with angioedema of the 
face and extremities. Digital occlusions manifesting as Raynaud 
phenomenon or digital gangrene have been reported in patients 
with cutaneous eosinophilic vasculitis associated with the hyper- 
eosinophilic syndrome [5,6], but they can also occur in the hyper- 
eosinophilic syndrome in the absence of cutaneous eosinophilic 
vasculitis [7,8]. 


Clinical variants 
An eosinophilic vasculitis, typically with hypocomplementaemia, 
also occurs in connective tissue diseases [9]. 


Differential diagnosis 

This condition was recently distinguished from other eosinophilic 
vasculitides that affect medium-sized vessels (eosinophilic gran- 
ulomatosis with polyangiitis; see separate section this chapter) 
and from eosinophilic disorders in which pruritic papules and/or 
angioedema may occur such as hypereosinophilic syndrome, 
episodic angioedema with eosinophilia, dermatitis herpetiformis, 
Wells syndrome, polymorphic eruption of pregnancy or drug 
eruptions. 


Complications and co-morbidities 

Ulceration and secondary infection of necrotic lesions may occur. 
By contrast with eosinophilic granulomatosis with polyangiitis, sys- 
temic features are not reported. 


Disease course and prognosis 
A good response to corticosteroids is reported. 


Investigations 
Investigations are guided by history and clinical examination and 
will be needed to exclude the differential diagnoses. 


Management 

First line 

The few cases described have been treated with oral corticosteroids 
with good effect, intermittently or as prolonged maintenance ther- 
apy depending on response [10]. 


Second line 
Secondary infection of ulcerated lesions may require topical or sys- 
temic antibiotics according to sensitivities. 


Granuloma faciale 


Definition and nomenclature 

Granuloma faciale is an uncommon condition typified by asymp- 
tomatic cutaneous nodules occurring primarily on the face, with 
occasional extrafacial involvement. Granuloma faciale is limited to 
the skin, without any systemic manifestations. 


Synonyms and inclusions 
e Eosinophilic granuloma (not to be confused with Langerhans cell histiocytosis) 


Introduction and general description 

Granuloma faciale is an uncommon condition of unknown aetiol- 
ogy that is characterised by the presence of benign, purely CSVV. 
In 1945, Wigley described a 46-year-old woman with recurrent, 
multiple, raised, discrete, smooth, greyish brown facial lesions. The 
histology demonstrated pleomorphic infiltrate with predominant 
eosinophils, but also polymorphs and plasma cells. In the absence 
of any bony involvement, this was diagnosed as an eosinophilic 
granuloma [1]. The term ‘granuloma faciale’ and ‘facial granuloma 
with eosinophilia’ was first used by Boersma in 1951 [2]. 


Epidemiology 
Incidence and prevalence 
Granuloma faciale is a rare condition. 


Age 
It is seen most commonly in 40-60-year-olds [3,4]. 


Sex 
It is commoner in males [3]. 


Ethnicity 
Granuloma faciale has been reported from various parts of the 
world and does not seem to have any ethnic predilection. 


Associated diseases 

As noted by Wigley [1], the dermal infiltrate consists of eosinophils 
and plasma cells. Cesinaro et al. reported a storiform fibrotic pattern 
and the presence of large amounts of IgG4-staining deposits [5]. This 
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raises the possibility that some patients with granuloma faciale may 
have IgG4-related disease. 


Pathophysiology 

Although the aetiology is unclear, this disease is considered to be a 
histological variant of leukocytoclastic vasculitis with a prominent 
eosinophilic infiltrate and confined to the skin [4]. The presence of 
plasma cells and IgG deposition in and around the dermal vascu- 
lature has been demonstrated, indicating that granuloma faciale 
may be immune complex mediated [5]. The reporting of T cells in 
the tissue is variable. Smoller and Bortz reported large numbers of 
CD4-+ cells that stain strongly for IL-2R antibodies [6], and Cesinaro 
et al. found T-cell subsets to be variable but with a predominance of 
GATA-3 lymphocytes [5]. 


Pathology 

Granuloma faciale is a misnomer. The one pathological finding 
that is almost always absent is a granuloma [7]. It is charac- 
terised by a mixed inflammatory infiltrate with a predominance 
of eosinophils and plasma cells as part of a pleomorphic infiltrate, 
mainly in the upper half of the dermis but with occasional spread 
into the lower dermis and subcutaneous tissue (Figure 100.9). 
A band of normal collagen referred to as a Grenz zone typically 
separates the inflammatory infiltrate from the epidermis and pilose- 
baceous appendages. Nuclear dust (fragmented neutrophil nuclei) 
may be observed near capillaries. The vascular changes may be 
mild (perivascular distribution of inflammatory cells) to florid 
(leukocytoclastic vasculitis with fibrinoid necrosis). Perivascular 
storiform fibrosis and obliterative venulitis have been observed. 


Clinical features 

History 

Lesions of granuloma faciale commonly occur on the face (Figure 
100.10); multiple lesions are present in about a third of cases but 
extrafacial involvement is uncommon, occurring in 5 of 66 patients 
in one study [4]. They are almost always asymptomatic, although 
some patients may describe itching, burning or pain associated with 
the lesions. 


Presentation 

The nodules or plaques are soft and red-brown. They are smooth, 
with prominent follicular orifices and telangiectatic surface changes 
or scaling. The lesions never ulcerate. Dermoscopy shows parallel, 
arborising blood vessels, brown dots and globules and dilated 
follicular openings [8]. 


Clinical variants 

Extrafacial granuloma faciale is rare, but it has been reported on the 
scalp, back, shoulders, arms, breast and trunk [9-12]. In a study of 
66 patients, only five patients had extrafacial lesions [4]; all these 
lesions coexisted with facial lesions. Intranasal lesions have been 
reported. 

Eosinophilic angiocentric fibrosis is thought to be a mucosal vari- 
ant of granuloma faciale that may occur in the nasal passages or 
upper airways in conjunction with skin lesions of granuloma faciale 
[13,14]. Eosinophilic angiocentric fibrosis may cause fibrotic steno- 
sis of the affected site with localised extension and damage [15]. 
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Figure 100.9 Granuloma faciale. (a) Low-power magnification showing a prominent 
perivascular inflammatory cell infiltrate. (b) Higher magnification where eosinophils, 
neutrophils with nuclear dust and plasma cells are noted. Courtesy of Dr Eduardo 
Calonje. 


For example, epiphora and proptosis have been reported in patients 
with obstructive sino-nasal eosinophilic angiocentric fibrosis [16]. 


Differential diagnosis 

Granulomatous rosacea does not have vasculitis on histology. 
Sarcoid, tuberculosis, cutaneous lupus erythematosus and rarely 
EED may present with solitary cutaneous lesions. 


Disease course and prognosis 
Granuloma faciale is a chronic disease with intermittent acute flares 
that is notoriously resistant to treatment. 


Investigations 
A definitive diagnosis of granuloma faciale requires clinically 
consistent lesions and a confirmatory biopsy. Although most labo- 
ratory studies are normal, mild peripheral blood eosinophilia may 
be present [10]. 


Management 
Management of granuloma faciale may be challenging and difficult 
to treat. 


(b) 


Figure 100.10 Granuloma faciale. (a) Reddish brown plaque on the nose. (b) Close up 
of a facial plaque. (a) Courtesy of Dr G. Dawn, Monklands Hospital, UK. 


Treatment ladder 


First line 
¢ Topical tacrolimus 0.03% or 0.1% 


Second line 
¢ Topical or intralesional corticosteroids 


Third line 

e Dermabrasion [17], laser treatments of various types [17-19], 
electrosurgery [17], cryosurgery [20], psoralen with 
ultraviolet A (PUVA) and other systemic treatments 
including dapsone [21] and tacrolimus [22] 

¢ Some cases have been treated with surgical excision [12] 


SMALL-VESSEL IMMUNE 
COMPLEX-ASSOCIATED VAS‘ | 


IgA vasculitis j 


Definition and nomenclature 

IgA vasculitis is an immune complex vasculitis characterised by 
IgA1-dominant immune deposits affecting small vessels (predom- 
inantly capillaries, venules or arterioles). It often involves the skin 
and gastrointestinal tract, and frequently causes arthritis. Glomeru- 
lonephritis indistinguishable from IgA nephropathy may occur [1]. 


‘Synonyms and inclusions 

-* Henoch-Schonlein purpura (HSP) 
-¢ Anaphylactoid purpura 

© Rheumatoid purpura 

_ © Allergic purpura 

-¢ Haemorrhagic vasculitis 

Purpura haemorrhagica 

-e Non-thrombocytopenic purpura 


Introduction and general description 

William Heberden, in the 1780s, described two children with 
petechiae, purpura and ecchymosis in conjunction with arthritis. 
One of the two boys also had abdominal pain, melaena and haema- 
turia [2]. In the 19th century, Johann Schénlein and Eduard Henoch 
independently characterised the condition, which bore their name 
until the renaming of eponymous vasculitides in 2012 [1]. 

For the purposes of homogeneity and classification, there are two 
sets of classification criteria in use. The ACR proposed classifica- 
tion criteria in 1990: if any two of the following four criteria were 
satisfied, the case could be classified as IgA vasculitis: (i) palpable 
purpura; (ii) bowel angina; (iii) age <20 years at onset; and (iv) the 
presence of granulocytes in the vessel wall on biopsy [3]. These cri- 
teria were modified in a combined effort by the European League 
Against Rheumatism and the Paediatric Rheumatology Society for 
classifying childhood-onset vasculitis. The presence of any one of 
the following four features in the presence of palpable purpura sat- 
isfies a classification of IgA vasculitis: (i) diffuse abdominal pain; 
(ii) any biopsy demonstrating predominant IgA deposition; (iii) any 
acute arthritis or arthralgia; and (iv) renal involvement in the form 
of haematuria or proteinuria [4]. 


Epidemiology 

Incidence and prevalence 

The annual incidence of IgA vasculitis is 10-20/100 000 in children 
[5-7,8], and about 1-1.5/100 000 in adults [9,10]. The incidence of 
nephritis in conjunction with IgA vasculitis is lower in children, at 
about 3.5/100 000 [11]. A peak incidence of 70.3/100 000 children 
between 4 and 6 years of age has been observed [8]. 


Age 
The peak incidence is between the ages of 4 and 6 years [8]. Chil- 
dren developing nephritis are typically slightly older. In one study, 
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children >8 years of age had an odds ratio of 2.7 for developing 
nephritis [12]. Adult-onset IgA vasculitis can occur at any age. 


Sex 
There may be a mild male preponderance with reported ratios of 
1.8:1 [13]. 


Ethnicity 

There is a higher incidence of IgA vasculitis reported from Scotland 
(20.3-26.7/100 000) [5] than in Taiwan (12.9/100 000) [6] or the 
Czech Republic (10.2/100 000) [7]. IgA-related nephritis has been 
more commonly reported in American Indians as compared with 
Hispanics [14]. 


Associated diseases 

Pathologically, IgA vasculitis in the kidney is indistinguishable 
from IgA nephropathy. Patients with IgA vasculitis are typically 
younger and have more extrarenal manifestations [15]. 

There may be an association of IgA vasculitis with familial 
Mediterranean fever (FMF). MEFV (familial Mediterranean fever) 
gene mutations have been observed in IgA vasculitis more com- 
monly than the general population [16,17]. The clinical syndrome of 
IgA vasculitis has been observed more commonly in patients with 
FMF than in the general population, and some consider it to be a 
feature of FMF [17-19]. 


Pathophysiology 

Predisposing factors 

IgA vasculitis appears to be commoner in the spring, autumn and 
winter as compared with the summer months [6,20-22]. Respira- 
tory infections may be a precursor in a small number of cases and 
may be the second hit in patients with a genetic predisposition 
[21,23]. Streptococcal infections are the most commonly observed 
predisposing infections [24,25]. It has been reported with Covid-19 
infection [26]. 


Pathology 

IgA is thought to be key in the pathogenesis. Increased levels of 
IgA in the serum (in 50% with active disease), circulating immune 
complexes containing IgA, and the deposition of IgA in blood 
vessel walls and in the renal mesangium are associated with IgA 
vasculitis (Figure 100.11). In IgA vasculitis, IgA1 rather than IgA2 is 
the main IgA subclass deposited in skin lesions [27,28]. Diminished 
glycosylation of the proline-rich hinge region of the IgA1 heavy 
chain is thought to be an important factor in allowing the IgA to 
be deposited in the mesangium and in activating the alternative 
pathway of complement in IgA, as it makes such IgA1 molecules 
more prone to forming macromolecular complexes [29]. Other IgA 
antibodies that occur in IgA vasculitis include IgA ANCA, although 
this finding is very variable between studies. IgA rheumatoid factor 
and IgA anticardiolipin antibodies are also sometimes present, as 
are IgA antiendothelial cell antibodies. 

The activation of several cytokines is documented although these 
are unlikely to be a primary cause. Levels of TNF-a in the periph- 
eral blood are increased, and it can be detected in skin lesions. IL-6, 
IL-8, transforming growth factor B (TGF-B) and vascular endothe- 
lial growth factor (VEGF) levels are all increased in active IgA 
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(b) 


Figure 100.11 IgA vasculitis at (a) lower and (b) higher magnifications. There is 
perivascular leukocytoclasis and fibrin deposition, and eosinophils are present. Courtesy 
of Dr Laszlo Igali, Norfolk and Norwich University Hospital, Norwich, UK. 


vasculitis. TGF-B is of particular interest as blood levels of T cells 
that produce this cytokine are increased, and it is known to enhance 
IgA1 responses. Neutrophil activation, elevated nitric oxide levels, 
reactive oxygen species and increased urinary leukotriene are all 
documented. 


Causative organisms 

There are no definitive causative organisms for IgA vasculitis. 
Streptococcal infections predispose to IgA vasculitis, and antistrep- 
tolysin O titre positivity confers a 10-fold risk of IgA vasculitis 
[25] but the exact role of the bacteria is unknown. It is likely to 
be a complex interplay between genetic predisposition, bacterial 
infection and perhaps other environmental factors. Bartonella and 
Haemophilus have been implicated [30,31]; Helicobacter antibodies 
have been reported in adults with IgA vasculitis [32]. 


Genetics 

There is no definite association of any genes with IgA vasculitis. 
Human leukocyte antigen (HLA) class I genes may be of relevance 
[33]. MEFV gene mutations have been observed to be commoner in 
patients with IgA vasculitis than in the general population [16,17]. 


Clinical features 

History 

Most commonly, IgA vasculitis manifests at the outset with the clas- 
sic findings of purpura, arthralgia and abdominal pain. Individual 
lesions usually fade within 5-7 days but crops of lesions can recur 
for a few weeks to several months. 


Presentation 

The cutaneous findings are typically red urticarial papules, which 
may evolve within 24 h into palpable purpura with haemorrhage. 
Urticaria, vesicles, bullae (Figure 100.12a) and necrotic ulcers 
(Figure 100.12b) may develop. A retiform pattern within lesions 
is characteristic, but not always present. The presentation may be 
identical to CSVV (see Figure 100.1). Although it typically involves 
the extensor aspects of the limbs (especially the elbows and knees) 
and buttocks in a symmetrical fashion, IgA vasculitis may also 
affect the trunk and face. Renal involvement with IgA vasculitis 
is common, occurring in approximately 40-50% of patients; 25% 
have gross haematuria and the remainder microscopic haematuria. 
Proteinuria occurs in 60% of these but is uncommon in the absence 
of haematuria. Gastrointestinal involvement is common (65%), 
with frank gastrointestinal bleeding in 30% of patients with IgA 
vasculitis. Painful arthritis is seen in about 75% of patients, most 
frequently affecting the knees and ankles. Less common mani- 
festations of IgA vasculitis include orchitis (in 10-20% of boys), 
intussusception, pancreatitis, neurological abnormalities, uveitis, 
carditis and pulmonary haemorrhage. 


Clinical variants 
Rarely, gastrointestinal involvement and arthritis can occur in the 
absence of skin disease. 


Differential diagnosis 

This includes IgA nephropathy, idiopathic thrombocytopenic 
purpura, septic shock, acute abdomen and systemic lupus erythe- 
matosus (SLE). 


Classification of severity 

The BVAS v3 system has been validated to assess the severity of 
IgA vasculitis alongside several other forms of systemic vasculi- 
tides. The tool can describe the nature of the clinical involvement, 
with higher scores suggestive of more severe disease, and is 
responsive to changes in clinical activity [34]. 


Complications and co-morbidities 

End-stage renal disease is uncommon but, if it occurs, may need 
renal transplantation. Renal transplant survival is over 80% at 
5 years. Uncommonly, IgA vasculitis may recur in the graft and 
cause graft rejection [35]. 


(b) 


Figure 100.12 IgA vasculitis. (a) Haemorrhagic vesicles present on the hand. 
(b) Vasculitis extending onto the arms. (a) Courtesy of Andrew Carmichael, South Tees 
Hospitals NHS Trust, UK. 


Disease course and prognosis 

About 25% of patients will relapse, and typically the relapse is mild 
and easily treated [36]. IgA vasculitis can become chronic in 5-10% 
of patients, the cutaneous involvement usually lasting between 
6 and 16 weeks. Only 1-3% of these patients progress to end-stage 
renal disease, although one-third to one-half of patients have 
renal abnormalities on long-term follow-up [13,37]. The presence 
of nephrotic or nephritic-nephrotic phenotype and the presence 
of crescents carry an adverse prognosis [38]. IgA vasculitis is not 
a benign disease in those above the age of 50 years. The 5-year 
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survival for those under the age of 21, aged 21-50 and those over 50 
is 100%, 94% and 40%, respectively [39]. 


Investigations 

IgA vasculitis is a clinical diagnosis, with confirmation by direct 
immunofluorescence and routine histology. Perivascular IgA 
deposits are characteristic of IgA vasculitis and can help to distin- 
guish it from other vasculitides including CSVV, granulomatosis 
with polyangiitis, eosinophilic granulomatosis with polyangiitis 
and microscopic polyangiitis. In one study, all individuals with 
IgA vasculitis had deposits of galactose-deficient IgA1 [40]. IgA 
immune complexes are not specific to IgA vasculitis, but can 
be seen in a variety of patients including those with SLE, endo- 
carditis, dermatitis herpetiformis, alcoholism, IgA nephropathy, 
inflammatory bowel disease, ankylosing spondylitis, Sjgren syn- 
drome, rheumatoid arthritis, some cancers and in some drug 
hypersensitivity reactions. No laboratory tests are specific for IgA 
vasculitis, but the serum levels of galactose-deficient IgA1 may be 
higher in all individuals with IgA vasculitis, especially those with 
nephritis [41]. 


Management 

In children, the treatment of IgA vasculitis is supportive because 
the condition may be self-limiting. There are no controlled studies 
of any drugs used in IgA vasculitis. Glucocorticoid agents may be 
of value in children with renal involvement and in most adults. 
Pulsed intravenous methylprednisolone, ciclosporin A, cyclophos- 
phamide, azathioprine and mycophenolate mofetil have all been 
tried in open-label fashion. There are no convincing data for any of 
them [42]. The recognition of poor prognosis in adults, especially 
those with renal involvement, does suggest the need for greater 
immunosuppression with first line glucocorticoids and cyclophos- 
phamide. The use of rituximab for refractory cases appears to be 
safe and effective but has not been subject to randomised controlled 
trials [43]. 


Cryoglobulinaemic vasculitis i 


Definition and nomenclature 

Cryoglobulins are abnormal immunoglobulins that precipitate 
spontaneously when serum is cooled to a temperature below 37°C. 
Cryoglobulinaemia is the condition characterised by the presence of 
circulating cryoglobulins; the accompanying vasculitis that affects 
the small vessels is due to cryoglobulins deposited as immune com- 
plexes. It is mainly the skin glomeruli and peripheral nerves that are 
affected. Not all cryoglobulinaemia is associated with symptoms. 
This chapter only deals with the vasculitis manifestations; details 
of the history, aetiology and pathogenesis of cryoglobulinaemia are 
provided in Chapter 124. 


“Synonyms and inclusions 


_¢ Type ll and type Ill cryoglobulinaemia 
_ © Mixed essential cryoglobulinaemia 
© Cryoglobulinaemia 
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Introduction and general description 

Cryoglobulinaemic vasculitis is a small-vessel vasculitis affecting 

the skin, joints, peripheral nerves and kidneys. About 80% of cases 

are secondary to hepatitis C infection [1]. Other causes include 

B-cell lymphoproliferative disorders, autoimmune diseases like 

Sjégren syndrome, other viral disorders (e.g. hepatitis B, HIV) and 

essential mixed cryoglobulinaemia. 

Cryoglobulins may be divided into three main subtypes: 

1 Monoclonal immunoglobulin, usually IgG or IgM, accounts for 
about 10-25% of cases and is usually associated with lymphopro- 
liferative disease, especially multiple myeloma or Waldenstré6m 
macroglobulinaemia. 

2 Mixed polyclonal (usually IgG) immunoglobulin and mon- 
oclonal (usually IgM-«) immunoglobulin, the latter having 
rheumatoid factor activity, account for about 25% of cases. 

3 Polyclonal IgM with rheumatoid factor activity and polyclonal 
IgG with antigenic activity account for about 50-65% of cases. 


Epidemiology 

Incidence and prevalence 

Cryoglobulinaemic vasculitis is a rare disease, and its incidence 
and prevalence are not known. 


Age 
The condition is seen usually in adults and is very rare in children. 


Associated diseases 

Hepatitis C is responsible for about 80% of cryoglobulinaemic vas- 
culitis. The other common associations are Sjogren syndrome and 
B-cell lymphoproliferative disorders. 


Pathophysiology 

The mechanism to produce cryoglobulins by a clonally expanded 
B-cell population is ill understood. Since most patients with hepati- 
tis C do not develop vasculitis, but have circulating cryoglobulins, 
there may be a failure of a separate mechanism responsible for the 
disease manifestations. There are significantly lower circulating 
T-regulatory cells in patients who develop vasculitis as compared 
with those with just cryoglobulinaemia [2]. 

Typically, a polyvalent IgM rheumatoid factor binds to anti- 
gen (although other monovalent immunoglobulins can also be 
responsible) to produce immune complexes that activate comple- 
ment resulting in endothelial activation and tissue damage. 


Predisposing factors 
Cold and immobility may precipitate acute episodes. 


Pathology 

Cryoglobulinaemic vasculitis affects capillaries, arterioles and 
venules. In the skin, it produces a pan-dermal leukocytoclastic 
vasculitis that may extend into the subcutis. Eosinophilic periodic 
acid-Schiff (PAS) positive globular immune complex deposits 
and PAS-negative intraluminal fibrin deposits can be visualised. 
More chronic lesions develop a mononuclear-predominant infiltrate 


and may become granulomatous. Changes in other organs include 
membranoproliferative glomerulonephritis, immune complex 
deposition in the lungs causing bronchiolitis obliterans organising 
pneumonia, and vasa nervosa vasculitis causing a peripheral 
neuropathy. 


Causative organisms 

The main aetiological factor in mixed cryoglobulinaemia is hepatitis 
C virus (HCV) infection, which accounts for about 80% of cases. 
However, although cryoglobulinaemia can be detected in about 
50% of subjects with HCV, immune complex vasculitis occurs in 
less than 5% [3]. 


Environmental factors 
Exposure to cold and immobility can trigger gelling in cryoglobuli- 
naemia, resulting in cutaneous necrosis. 


Clinical features 

History and presentation 

The classic ‘Meltzer triad’ of arthralgia, purpura and weakness was 
described in 1966, but is seen in less than a third of patients [4]. 
Myalgia, headache, fever and weight loss are common. Palpable 
purpura, the commonest presenting feature, is nearly universal 
(Figure 100.13). Sensorimotor neuropathy and mononeuritis multi- 
plex are both commonly documented. Pulmonary involvement is 
rare. Renal involvement is usually in the form of membranopro- 
liferative glomerulonephritis, and presents with nephrotic range 
proteinuria [5]. A smaller proportion of patients may present 
with proliferative mesangial lesions or thrombotic lesions [5]. The 
Raynaud phenomenon may be seen in patients with associated 
connective tissue disease. 


Differential diagnosis 

Cryoglobulinaemic vasculitis should be distinguished from 
other causes of CSVV because corticosteroid therapy, although 
sometimes necessary in the short term, may in the longer term 
worsen the underlying infection that is present in the majority of 


Figure 100.13 Cryoglobulinaemic vasculitis. 


cases. Most other causes of leukocytoclastic vasculitis appear 
as a more superficial vasculitis in biopsy specimens, and if 
cryoglobulin deposits are seen histologically then the diagnosis 
is usually suspected (although this is much commoner in type I 
cryoglobulinaemia). Clinically, head and neck involvement, signif- 
icant livedo, acrocyanosis, Raynaud phenomenon or larger-vessel 
occlusion are all more suggestive of type I cryoglobulinaemia. 


Complications and co-morbidities 

In patients with HCV-induced disease, the complications are those 
of liver involvement. Associated glomerulonephritis is common 
and important and may be more frequent in those with hepatitis C 
[6]. There is an increased risk of myeloproliferative disorders, 
particularly a B-cell non-Hodgkin lymphoma [7]. This appears 
to be fourfold greater in patients without hepatitis C [8]. Sjogren 
syndrome has been reported in up to 20% of patients [4]. 


Disease course and prognosis 

Cryoglobulinaemic vasculitis per se does not confer a significant 
mortality risk. In patients with HCV-induced disease, the viral 
disease will determine the prognosis. In patients without hepatitis 
C, renal involvement is associated with greater morbidity. There are 
no large cohort studies to predict outcomes. 


Investigations 

A pivotal consideration when testing for cryoglobulinaemic vasculi- 
tis is transport of the specimen. The greatest care should be taken 
to ensure that the blood is transported to the laboratory at 37°C to 
ensure that the tests are not falsely negative. The demonstration of 
cryocrit in patients with clinical evidence of small-vessel vasculitis 
is probably the gold standard for the diagnosis (Figure 100.14). 
A low complement C4 level with a near normal C3 is nearly uni- 
versal. Rheumatoid factor is positive in high titres. Evidence of 
viral hepatitis should be looked for. Inflammatory markers will be 
elevated. 

Urine analysis can range from normal to nephrotic range protein- 
uria. A renal biopsy will often be positive in the presence of signifi- 
cant renal disease, although occasionally the lesions may be due to 
minimal change disease [5]. A cutaneous biopsy will demonstrate 
leukocytoclastic vasculitis. 


Management 

Treatment will depend on the underlying cause. In patients with 
hepatitis C infection, the treatment should be coordinated with 
a hepatologist and will need a combination of glucocorticoids, 
antiviral therapy and immunomodulatory agents [9]. The HCV 
genotype will dictate the exact choice and duration of the antiviral 
agent. Interferon a in combination with ribavirin is beneficial, 
but relapses are common, necessitating long-term treatment [9]. 
Rituximab may be of benefit in this group of patients [10]. 

There is little evidence for the management of non-hepatitis C 
cryoglobulinaemic vasculitis. Consensus from the European League 
Against Rheumatism recommends a combination of immunomod- 
ulatory agents and glucocorticoid treatment based on the model 
of treating the other small-vessel vasculitides, such as the ANCA- 
associated vasculitides [9]. 
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(b) 


Figure 100.14 Serum protein electrophoresis. (a) Demonstrating a clear band in lanes 1, 
2 and 5. Lanes 3 and 4 are negative controls and lane 5 is a urine control from a 
nephrotic specimen. The sample was run on an enhanced urine programme and gel for 
greater demonstration of the migration of low protein concentrations. (b) Demonstrating 
the same sample as an IgM-« band. Courtesy of lan Thirkettle and Karen Ashurst. 
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Chapter 100: Cutaneous Vasculitis 


Hypocomplementaemic urticarial 
vasculitis 


Definition and nomenclature 

This section deals with hypocomplementaemic urticarial vasculi- 
tis (HUV); other forms of urticarial vasculitis are discussed in 
Chapter 44. HUV is defined as vasculitis affecting small vessels 
(i.e. capillaries, venules or arterioles), accompanied by urticaria and 
hypocomplementaemia and associated with anti-Clq antibodies. 
Glomerulonephritis, arthritis, obstructive pulmonary disease and 
ocular inflammation are common [1]. 


synonyms and inclusions 
 Anti-C1q vasculitis 
e MacDuffie hypocomplementaemic urticarial vasculitis 


° MacDuffie syndrome 


Introduction and general description 

The condition is very rare and is characterised by persistent urticar- 
ial lesions lasting for longer than 24 h with circulating anti-Clq 
autoantibodies. Arthritis, glomerulonephritis, pulmonary and ocu- 
lar disease, leukocytoclastic vasculitis, ocular inflammation and 
abdominal pain are associated. 


Epidemiology 

Incidence and prevalence 

Hypocomplementaemic urticarial vasculitis is very rare with only 
a few hundred cases described. The annual incidence in Sweden is 
0.7/million [2]. 


Age 
The most common presentation is when a person is in their thirties, 
but childhood cases have been described. 


Sex 
It is commoner in females [3,4]. 


Ethnicity 
There are no associations. 


Associated diseases 
It may be associated with SLE [4] and may be linked with increased 
susceptibility to pyogenic infections. 


Pathophysiology 

The sera of patients with HUV contains polyclonal IgG with Clq 
precipitin activity contained within the Fab fragments [5]. These 
IgG antibodies are directed against the collagen-like region of 
Clq, resulting in a reduction of Clq in the serum with subsequent 
activation of the complement pathway [6]. 


Predisposing factors 
These are unknown. 


Pathology 

Lesions of urticarial vasculitis are typically viewed as showing 
a leukocytoclastic vasculitis. HUV shows many interstitial neu- 
trophils rather than the pleomorphic infiltrate of normocomple- 
mentaemic vasculitis [7]. The deposition of immune complexes is 
present in normal and lesional skin in HUV, as opposed to only 
lesional skin in normocomplementaemic vasculitis [4,7]. 


Clinical features 

History 

Hypocomplementaemic urticarial vasculitis is characterised by 
weals, which are characteristically painful but can be itchy, and 
persist for more than 24 h. In HUV, weals resolve with areas of 
discoloration. Angioedema is common and may be a presenting 
feature. 


Presentation 

Cutaneous lesions of both the hypocomplementaemic and normo- 
complementaemic forms of UV are red indurated weals that may 
contain purpuric foci (Figure 100.15). Angioedema and macular 
erythema may also occur. Livedo reticularis, nodules and bullae 
may be evident, and may also contain purpuric foci. Patients 
with the hypocomplementaemic form may have constitutional 


symptoms. 


Differential diagnosis 

Hypocomplementaemic urticarial vasculitis has features similar 
to SLE and may overlap. Signs such as ocular inflammation, 
angioedema and chronic obstructive pulmonary disease may 
help distinguish the two processes. Pre-bullous pemphigoid, ery- 
thema multiforme, Sweet syndrome, other causes of vasculitis and 
urticaria coexisting with various forms of eczema should be consid- 
ered, as should mixed cryoglobulinaemia, Muckle—Wells syndrome, 
Cogan syndrome and Schnitzler syndrome. 


Classification of severity 
There is no classification. 


Figure 100.15 Urticarial vasculitis. 


Complications and co-morbidities 

Cough or dyspnoea may indicate pleural and pericardial effusions, 
emphysema or chronic obstructive pulmonary disease (seen in 
20-50%). Proteinuria or haematuria may indicate glomerulonephri- 
tis, which may progress to end-stage renal failure, particularly in 
those with childhood onset. Gastrointestinal symptoms (abdominal 
discomfort, nausea, vomiting and diarrhoea), arthritis, episcleri- 
tis, uveitis, conjunctivitis, aseptic meningitis, nerve palsies and 
transverse myelitis may occur. 


Investigations 

If urticarial lesions last for longer than 24 h (which can be deter- 
mined by drawing around their margin), then they are not ordinary 
urticaria (except delayed pressure urticaria) and a skin biopsy 
should be considered. Pain rather than itch, or the presence of 
purpura, also suggests urticarial vasculitis. History, physical exam- 
ination and laboratory studies, including C3, C4 and antinuclear 
antibody, should help to establish the extent of disease and to 
exclude underlying disease (e.g. hepatitis C) and to evaluate for 
SLE. Some patients may demonstrate an elevated erythrocyte sed- 
imentation rate (ESR), hypocomplementaemia, a low-titre positive 
antinuclear antibody and haematuria. A biopsy may help to confirm 
the diagnosis and to exclude other disorders. 


Management 

The evidence for the treatment of HUV is anecdotal. Systemic 
corticosteroids are effective. Steroid-sparing agents should be 
considered, but the evidence for their use is restricted to case 
reports for cyclophosphamide [8], methotrexate [9], dapsone [10], 
colchicine [11] and hydroxychloroquine [12]. Some patients require 
oral antihistamines for the control of angioedema and urticaria-like 
lesions in addition to therapies directed at the vasculitis. 


First line 
Although no single treatment is effective for all cases of urticarial 
vasculitis, most patients respond to systemic corticosteroids. 


Second line 

Drugs that have been shown to be effective for the treatment of 
urticarial vasculitis include dapsone (100-200 mg once daily), 
colchicine (0.6 mg twice to three times daily) and hydroxychloro- 
quine (200 mg once to twice daily). 


Third line 
For patients with refractory disease, there is limited evidence for 
the use of cyclophosphamide or mycophenolate mofetil [8,13]. 


Antiglomerular basement membrane 
vasculitis 


Definition and nomenclature 

Antiglomerular basement membrane (anti-GBM) vasculitis affects 
glomerular capillaries or pulmonary capillaries, or both, with GBM 
deposition of anti-GBM autoantibodies. Lung involvement causes 
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pulmonary haemorrhage, and renal involvement causes glomeru- 
lonephritis with necrosis and crescents [1]. 


Synonyms and inclusions 
 Anti-GBM syndrome 
© Goodpasture syndrome 

_ ¢ Lung purpura with nephritis 


Introduction and general description 

In 1919, Ernest Goodpasture described two men who he thought had 
a viral influenza. One of them had the classic changes that came to 
bear the eponymous diagnosis of Goodpasture syndrome — alveolar 
haemorrhage and glomerulonephritis with arteriolar vasculitis [2]. 
The name was formally changed by international consensus to 
anti-GBM disease in 2012 [1]. The consensus name is flawed 
because the antibodies bind to pulmonary alveolar capillary base- 
ment membranes as well. Cutaneous involvement is not common, 
although there are anecdotal reports of non-vasculitic skin changes 
with immune deposition [3]. Patients may present to dermatologists 
with pallor. 


Epidemiology 

Incidence and prevalence 

There are about 0.5 cases /million population per year [4]. The preva- 
lence is unknown. 


Age 
The disease is known to occur in children [5]; but the peaks seem to 
occur in the third and seventh decades [6]. 


Sex 
In children the male to female ratio is 1 : 2 [7], whereas this is 
reversed in those older than 65 years with a ratio of 1.9: 1 [8]. 


Ethnicity 
The relative ethnic differences are unknown. 


Pathophysiology 

The condition is due to immune complexes composed of autoanti- 
bodies directed against the NC1 domain of the «3 chain of type IV 
collagen [9]. The distribution of this molecule restricts the condition 
to the lung and kidney. 


Pathology 

Perivasculitis and anti-IlgM and C3 antibodies at the basement 
membrane zone in cutaneous lesions have been described in one 
case [3]. 


Genetics 
Familial instances of the disease have been described including in a 
pair of identical twins with exposure to hydrocarbon fumes [10]. 


Environmental factors 
It is most common in late spring and early summer. 
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Clinical features 

History and presentation 

Haemoptysis, fatigue, dyspnoea and cough may be presenting fea- 
tures. Pallor, oedema, chest signs, heart murmurs and hepatomegaly 
may be present. Discrete, red, macular lesions on the instep of the 
foot have been described [3]. 


Clinical variants 
Respiratory features predate renal disease by up to a year in 
two-thirds of cases, and there may be a gap of up to 12 years. 


Differential diagnosis 

Granulomatosis with polyangiitis, eosinophilic granulomatosis 
with polyangiitis, IgA vasculitis and microscopic polyangiitis may 
all present with renal failure and pulmonary haemorrhage. Identi- 
fication of anti-GBM antibodies helps diagnosis. 


Disease course and prognosis 

Untreated outcome is very poor, with near 100% mortality. With 
treatment, 1-year survival depends on early renal function: there 
is 100% survival if the serum creatinine is <500 pmol/L, but 65% 
survival in dialysis-dependent cases [11]. In a French cohort of 119 
individuals treated with a combination of renal replacement ther- 
apy, plasmapheresis and immunosuppression, the 5-year survival 
was 92% [12]. Poor prognostic markers include oliguria or anuria, 
hypertension, dyslipidaemia or need for mechanical ventilation 
on presentation; glomerulosclerosis, tubular atrophy or interstitial 
fibrosis on biopsy; and advancing age [12,13]. 


Investigations 

Investigations should exclude other systemic vasculitides. ANCA 
may be positive but antinuclear antibody is usually negative. 
Specific testing should be done for anti-GBM antibodies. 


Management 

First line 

Treatment is with corticosteroids, cyclophosphamide and plasma 
exchange. 


Second line 

Patients may require renal dialysis if in renal failure or respiratory 
support if there is severe pulmonary haemorrhage. Rituximab has 
been used safely in small series [14]. 


SMALL-VESSEL ANCA-ASSO¢ 
VASCULITIS 


Microscopic polyangiitis 1 


Definition and nomenclature 

Microscopic polyangiitis (MPA) is a necrotising vasculitis, with 
few or no immune deposits, predominantly affecting small vessels 
(i.e. capillaries, venules or arterioles). Necrotising arteritis involving 


small and medium arteries may be present. Necrotising glomeru- 
lonephritis is very common and pulmonary capillaritis often occurs. 
Granulomatous inflammation is absent [1]. Historically, MPA was 
grouped with polyarteritis nodosa and the two terms were often 
used interchangeably. It was defined and classified as a separate 
condition in 1994 at the first Chapel Hill Consensus Conference [2]. 


8) nonyms and inclusions 
© Microscopic polyangiitides 


Introduction and general description 

Friedrich Wohlwill described two cases with glomerulonephritis 
and non-granulomatous inflammation of small vessels in 1923 [3]. 
However, it was not until 1994 that MPA was formally defined by 
an international consensus [2]. MPA is part of a group of conditions 
termed ANCA-associated vasculitis (AAV). The other two con- 
ditions in this group are granulomatosis with polyangiitis (GPA) 
and eosinophilic granulomatosis with polyangiitis (EGPA). They 
are united by their association with antibodies directed against 
proteinase 3 (PR3) and myeloperoxidase (MPO). PR3 and MPO are 
proteins that serve as antigens inside the azurophilic granules in the 
cytoplasm of a neutrophil. Phenotypically, MPA and GPA are very 
similar in presentation, with the prime difference being the absence 
of granulomatous inflammation in MPA. 


Epidemiology 

Incidence and prevalence 

The annual incidence of MPA is 2.5-10/million [4,5]. However, this 
rises to 45/million per year in the population over the age of 65 years 
[6]. The point prevalence figures vary from 25 to 100/million 
population [7-9]. 


Age 
The peak incidence is in populations aged over 65 years [6]. 


Sex 
No predilection is known. 


Ethnicity 

White people are more commonly affected [10]. In Japan, the 
overall incidence of AAV is similar to that in the western Euro- 
pean population, but the AAV is exclusively MPA, with almost no 
GPA [6]. 


Associated diseases 
No associations are known. 


Pathophysiology 

The exact mechanism of the production of vascular inflammation is 
not known, but ANCA has a prime role in the pathogenesis. Murine 
models have demonstrated the pathogenicity of MPO ANCA in 
producing glomerulonephritis and pulmonary haemorrhage [11,12]. 
ANCA can induce degranulation of neutrophils primed by TNF-« 
[13]. Primed neutrophils exhibit MPO on their surface. The MPO 
ANCA can induce a respiratory burst leading to degranulation and 
the release of toxic oxygen radicals and intracytoplasmic enzymes, 
which may lead to vascular inflammation [13,14]. 


Small-vessel ANCA-associated vasculitis 


Predisposing factors 
Farming may predispose to pANCA positivity and MPA [15]. 


Pathology 

Histological specimens from MPA lesions demonstrate segmen- 
tal vascular necrosis. Neutrophils and monocytes permeate vessel 
walls, causing leukocytoclasis, the accumulation of fibrin and haem- 
orrhage. Biopsy specimens from lesions of palpable purpura 
demonstrate leukocytoclastic vasculitis. Focal segmental glomeru- 
lonephritis with extracapillary crescents is a characteristic finding 
in renal biopsies. The presence of glomerulosclerosis is suggestive 
of the duration of disease and dictates the renal impairment. 


Genetics 
No culprit genes have been identified but the geographical distribu- 
tion of the disease is suggestive of a genetic influence. 


Environmental factors 
Exposure to farming may be associated with MPA [15]. 


Clinical features 

History 

Many patients with MPA initially experience constitutional symp- 
toms, including fever, weight loss, myalgia and arthralgia. These 
may be present for several weeks before the onset of the pulmonary 
and renal disease that often occurs in patients with MPA. 


Presentation 

About 40% of patients have palpable purpura on dependent skin 
sites upon presentation [16]. Mouth ulcers, necrotic lesions on 
the fingers or toes, splinter haemorrhages and livedo reticularis 
can all be present. The presence of nodules and livedo reticu- 
laris is commoner in polyarteritis nodosa; 80% of patients will 
have renal involvement. The presentation may be explosive with 
rapidly progressive glomerulonephritis or pulmonary haemor- 
rhage (Figure 100.16). Peripheral neuropathy is common and is 
usually sensorimotor. Mononeuritis multiplex and even cranial 
nerve involvement are not unusual. 


Differential diagnosis 

Microscopic polyangiitis should be distinguished from other 
ANC A-associated vasculitides and polyarteritis nodosa. The 
diagnosis of MPA can be made only in the absence of cardinal 
features of EGPA and GPA. Significant peripheral eosinophilia, 
extravascular eosinophils, nasal or paranasal sinus involvement, 
endobronchial involvement, granulomas on a biopsy, fixed pul- 
monary infiltrates, cavitating nodules on a chest X-ray, asthma and 
mastoidal or retro-orbital disease all lead away from a diagnosis 
of MPA. 

Similarly, the absence of blood, protein or red cell casts in the urine 
leads away from the diagnosis of MPA. 

Alternate conditions that can produce a pulmonary renal 
syndrome include thrombotic thrombocytopenic purpura and 
anti-GBM disease. Anti-GBM disease does not cause skin involve- 
ment. The absence of ANCA and a haemolytic anaemia would 
suggest thrombotic thrombocytopenic purpura. 


Figure 100.16 Computed tomography of the thorax demonstrating pulmonary 
haemorrhage affecting both lung fields in microscopic polyangiitis. 


Classification of severity 

The diagnosis of MPA is associated with significant morbidity and 
mortality. Previous classifications of severity were based around 
need for cyclophosphamide. But now all individuals with MPA 
should be treated as having an organ or life-threatening disease. 


Complications and co-morbidities 

Microscopic polyangiitis can be associated with renal failure or 
life-threatening pulmonary haemorrhage. Pulmonary haemorrhage 
occurs in about 10% of patients and carries a high risk of death 
[17,18]. In the long term, there is a raised risk of coronary artery 
disease and hypertension. At 5 years, there is a 16% incidence 
of cardiovascular events (myocardial infarctions, cerebrovascular 
accidents or coronary revascularisation procedures) [19]. MPO 
ANCA positivity confers a higher risk of cardiovascular events 
compared with PR3 ANCA positivity. 


Disease course and prognosis 

Relapse is common and increases with time. In separate studies 
it has been documented to be 8% at 18 months [20] and 34% at 
70 months [16]. Survival at 12 months is 82-92%, falling to 45-76% 
at 5 years. 


Investigations 

Anaemia of chronic disease and laboratory markers of an acute 
phase response predominate. Urine analysis provides big clues. 
Most patients will have a blood and protein leak to varying extents. 
ANCA directed against PR3 or MPO are present in nearly all 
patients. Imaging helps to establish the extent and severity of dis- 
ease in patients with lung involvement. Chest X-ray followed by 
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computed tomography (CT) scanning identifies alveolar haemor- 
rhage or pulmonary fibrosis. Histopathology is the gold standard 
for diagnosis and, when possible, the kidneys should be biopsied 
on suspicion of MPA. Other tissues that may provide an answer are 
the sural nerve, muscle and skin. 


Management [21] 

Recommendations for the management of MPA have been proposed 
by the European League Against Rheumatism [22] and the British 
Society for Rheumatology [23]. Immunosuppressive therapies, 
including oral or intravenous glucocorticoids, are the mainstay of 
treatment. 


Remission induction 

Pulsed intravenous cyclophosphamide (15 mg/kg every 2-3 weeks) 
or daily oral cyclophosphamide (2 mg/kg/day) forms the mainstay 
of treatment for most patients with MPA. Intravenous cyclophos- 
phamide has the advantage of lower cumulative dose and lower 
risk of adverse events, but carries a greater risk of relapse [24,25]. 
Pulsed intravenous rituximab (1 g twice, 2 weeks apart) can also be 
used for remission induction. The authors prefer cyclophosphamide 
over rituximab as a first line agent unless there is a contraindication 
to the use of cyclophosphamide. Rituximab changes the B-cell 
repertoire irreversibly and can affect the production of antibodies 
long term. In the context of vaccine responses, this is an extremely 
important consideration since the beginning of the SARS-CoV-2 
pandemic. Oral prednisolone usually 40 mg daily is commonly 
used as an adjunct to cyclophosphamide, with the aim of reducing 
the dose to 10-15 mg/day at 3 months [22]. At the physician’s 
discretion, intravenous methylprednisolone can be added to speed 
up the induction of remission at the commencement of cyclophos- 
phamide. Standard practice would be to add 1 g intravenously per 
day for up to 3 days in those needing mechanical ventilation or 
renal replacement therapy. Avacopan is a complement C5a inhibitor 
and in one clinical trial a dose of 30 mg BD appeared to be as 
effective when used instead of prednisolone 60 mg [26]. Further 
evaluation will be necessary before its exact role in managing 
ANCA-associated vasculitis is understood. 


Relapsing and refractory disease 

For relapsing disease, pulsed intravenous rituximab is superior 
to pulsed intravenous cyclophosphamide [27,28]. Refractoriness 
to cyclophosphamide or rituximab is rare and should prompt 
re-evaluation of diagnosis and disease activity. But in the rare event 
of true refractoriness to cyclophosphamide (progressive disease 
after three pulses), a switch should be made to rituximab. Con- 
versely, true refractoriness to rituximab can be treated with a switch 
to cyclophosphamide [21]. Methotrexate (20-25 mg/week subcu- 
taneously), mycophenolate mofetil (2-3 g daily in divided doses) 
and leflunomide (20-30 mg daily) can be used when it is not safe or 
possible to use cyclophosphamide or rituximab. 


Remission maintenance 

Post-cyclophosphamide. Due to the cumulative toxicity of cyclo- 
phosphamide, azathioprine (2 mg/kg/day) is preferred to maintain 
remission [20]. The switchover can happen either at the end of six 
pulses of intravenous cyclophosphamide or after 3-6 months of oral 


cyclophosphamide. Methotrexate 20-25 mg/week subcutaneously 
can be used in the case of intolerance to azathioprine if the renal 
function will allow. 


Post-rituximab. In patients where rituximab is used to induce remis- 
sion it can be continued in a dose of 500-1000 mg every 6 months 
for 2 years [21,29,30]. Hypogammaglobulinaemia following the 
use of long-term rituximab can lead to serious, persistent, unex- 
pected and resistant infections (SPUR infections). Consensus 
recommendations have been published that advocate monitoring 
of immunoglobulin levels and the judicious use of antibiotics and 
intravenous immunoglobulin (IVIg) [31]. 


Granulomatosis with polyangiitis 


Definition and nomenclature 

Granulomatosis with polyangiitis is a necrotising granulomatous 
inflammation usually involving the upper and lower respiratory 
tract, and necrotising vasculitis affecting predominantly small to 
medium vessels (e.g. capillaries, venules, arterioles, arteries and 
veins). Necrotising glomerulonephritis is common [1]. 


Synonyms and inclusions 
Wegener granulomatosis 


Introduction and general description 

Friedrich Wegener published three cases in 1937 of patients in their 
thirties who had a 4—7-month history of spiking temperatures with 
negative septic screens, raised ESR, predominant upper respiratory 
tract inflammation with nasal septal involvement and active uri- 
nary sediment, resulting in death [2]. Sven Johnsson first used the 
term Wegener granulomatosis as a distinct diagnosis [3]. The name 
was changed to granulomatosis with polyangiitis by international 
consensus in 2013 [1]. 

The ANCA-associated vasculitides are a group of conditions 
characterised by their association with the presence of antibodies 
directed against PR3 and MPO. PR3 and MPO are intracytoplasmic 
enzymes of neutrophils. GPA is the archetypal ANCA-associated 
vasculitis, incorporating most of the clinical features of the other 
two AAVs — MPA and EGPA. 


Epidemiology 

Incidence and prevalence 

The incidence of GPA is 3-10/million per year [46,7]. There may 
be a distinct latitudinal divide, with GPA being commoner in the 
northern latitudes than in the southern latitudes [6]. The point 
prevalence of GPA is 24-112/million [8-10]. 


Age 
In children, the median age of onset is 14 years [11,12]. In adulthood, 
the median age of onset is 50-59 years [10,13,14]. 


Sex 
The condition affects males and females equally. 


Ethnicity 
It is reported all over the world. GPA is rare in Japan [15], and may 
be rare in Inuits [16]. 


Pathophysiology 

The exact mechanism of the production of vascular inflammation 
and granulomas is not known, but ANCA has a prime role in the 
pathogenesis. Murine models have demonstrated the pathogenicity 
of MPO ANCA in producing glomerulonephritis and pulmonary 
haemorrhage [17,18]. There is some evidence of in vitro pathogenic- 
ity of PR3 ANCA [19]. ANCA can induce the degranulation of 
neutrophils primed by TNF-« [20]. Primed neutrophils exhibit 
PR3 on their surface. The PR3 ANCA can induce a respiratory 
burst leading to degranulation and release of toxic oxygen radi- 
cals and intracytoplasmic enzymes, which may lead to vascular 
inflammation [20,21]. 

There may be a role for a bacterial infection (e.g. Staphylococcus 
aureus), which stimulates autoreactive PR3-producing B cells within 
granulomas [22,23]. In the autoinflammatory process, granuloma 
formation occurs prior to vasculitis. The granulomas in GPA have 
a high proportion of granulocytes, which serve as a source of PR3 
[24], which in turn help to continue driving a Th1 cytokine response 
to further the inflammatory process. 


Predisposing factors 
Farming and occupational solvent exposure may predispose to 
GPA [25]. 


Pathology 

Skin histology in GPA may show perivascular lymphocytic infil- 
trates; however, such non-specific infiltrates may not be related to 
disease pathogenesis. More specific findings such as leukocytoclas- 
tic vasculitis and/or granulomatous inflammation may be present 
in up to 50% of skin biopsy specimens (Figure 100.17). Granulo- 
matous inflammation around vessels and palisading necrotising 
granulomas are uncommonly demonstrated in skin lesions. 


Causative organisms 

Clinical observation points to Staphylococcus aureus as a potential 
trigger in some patients. The incidence of chronic nasal carriage 
of S. aureus is significantly higher in patients with GPA compared 
with healthy individuals and constitutes a risk factor for disease 
relapse [26,27]. 


Genetics 

There is evidence that GPA has an association with HLA-DP, 
although this may be an association with PR3 ANCA rather than 
the syndrome of GPA [28,29]. 


Clinical features 

History 

Features of the classic triad of GPA, including the skin, respiratory 
tract and kidneys, are not always present early in the course of the 
disease, sometimes making the diagnosis difficult. In up to 80% 
of patients, symptoms involving the upper or lower respiratory 
tract are present, and at presentation approximately 73% of patients 
will have nasal, sinus, tracheal or ear involvement. 


Less than half present with pulmonary infiltrates or nodules. 
Overt renal disease is initially present in only 18%, although approx- 
imately 77% will eventually develop glomerulonephritis. Although 
40% will eventually manifest skin findings, cutaneous manifesta- 
tions and oral ulcers are only found in 13% and 6% of patients at 
initial presentation, respectively. 


Presentation 

The most common cutaneous manifestation of GPA is palpable 
purpura on dependent skin sites (Figure 100.18a); digital infarcts 
(Figure 100.18b), tender subcutaneous nodules, papules, vesi- 
cles and petechiae, as well as non-specific ulcers or pyoderma 
gangrenosum-like lesions may occur. Cases previously diagnosed 
as having malignant pyoderma may have had lesions secondary to 
GPA. Nodular or papulonecrotic lesions occur on the extremities 
and sometimes on the face and scalp. These may be differentiated 
from rheumatoid nodules in that they ulcerate, whereas rheumatoid 
nodules do not. 

Oral ulcers are the second most common mucocutaneous sign of 
GPA. The upper respiratory tract is commonly affected, with 
otitis, epistaxis, rhinorrhoea and sinusitis as frequent presenting 
features. A saddle nose deformity may result from necrotising gran- 
ulomas of the nasal mucosa. Lower respiratory signs and symptoms 
include cough, dyspnoea, chest pain and haemoptysis. Nodules, 
which may be cavitating, may be visible on imaging (Figure 100.19). 
Ulcerative lesions in GPA are shown in Figure 100.20. 


Differential diagnosis 

Granulomatosis with polyangiitis must be differentiated from the 
other types of AAV. Destructive upper respiratory involvement 
and severe glomerulonephritis are unusual in EGPA, which typi- 
cally has asthma and eosinophilia, along with paranasal polypoidal 
involvement. MPA has predominant renal involvement and is 
more likely to be associated with MPO ANCA. Granulomatous 
disease involving midline structures can be seen in sarcoidosis and 
lymphomas. 


Classification of severity 

Granulomatosis with polyangiitis was historically classified as being 
classic or localised. Clinical trials used this classification to restrict 
exposure to cyclophosphamide. However, this classification was not 
based on good evidence [30]. All patients with newly diagnosed 
GPA should be treated in the same way as those suffering with organ 
or life-threatening disease. 


Complications and co-morbidities 

Granulomatosis with polyangiitis or its treatment (especially 
cyclophosphamide) has a twofold increase in the risk of cancer 
including acute myeloid leukaemia, bladder cancer and non- 
melanoma skin cancers [31,32]. The risk of bladder cancer has 
been mitigated by the use of concurrent mercaptoethane sulfonate 
sodium (MESNA). GPA also predisposes to increased cardiovascu- 
lar morbidity [33]. 


Disease course and prognosis 
Remission can be achieved in up to 90% of patients [34]. At 2 years, 
the relapse rate is between 18% and 40% [34]. Untreated GPA has a 
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Figure 100.17 Granulomatosis with polyangiitis. (a) There is extensive leukocytoclastic vasculitis involving the entire dermis. (b) Note the extensive area of collagen degeneration, 
destruction of vessels and mixed inflammatory infiltrate. (c, d) There is a necrotising vasculitis with fibrin deposition, red blood cell extravasation and a granulomatous reaction, at 
lower (c) and higher (d) magnifications. (a, b) courtesy of Dr Omar Sangueza, Wake Forest University School of Medicine, Winston-Salem, NC, USA. (c, d) Courtesy of Dr Laszlo Igali, 


Norfolk and Norwich University Hospital, Norwich, UK. 


1-year mortality of 83%; the survival of treated disease at 1 year is 
>80% [35]. End-stage renal disease occurs in 7% at 12 months, rising 
to 14% at 5 years and 23% at 10 years [36]. Cancer risk is as discussed 
earlier. 


Investigations 
Investigations are as in MPA. 


Management [37] 

Recommendations for the management of GPA have been pro- 
posed by the European League Against Rheumatism [30] and the 
British Society for Rheumatology [38]. lnmmunosuppressive therapy 


including oral or intravenous glucocorticoid is the mainstay of 
treatment. 


First line 
This is as for MPA. 


Second line 
This is as for MPA. 


Third line 
15-Deoxyspergualin and IVIg have a role in refractory and persistent 
disease [39,40]. 


Figure 100.18 Granulomatosis with polyangiitis. 
(a) Cutaneous infarction. (b) Digital infarction. (a) 


Remission maintenance 
This is as for MPA. 


Eosinophilic granulom 
polyangiitis 


Definition and nomenclature 

Eosinophilic granulomatosis with polyangiitis is a very rare sys- 
temic disorder characterised by an eosinophil-rich and necrotising 
granulomatous inflammation, often involving the respiratory tract, 
and necrotising vasculitis predominantly affecting small to medium 
vessels. There is an association with asthma and eosinophilia. 
ANCA is more frequent when glomerulonephritis is present [1]. 


Introduction and general description 
This is a rare systemic vasculitis characterised by asthma, peripheral 
blood and tissue eosinophilia (especially in the respiratory tract) and 
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(b) 


necrotising vasculitis with extravascular granulomas. The majority 
of patients have cutaneous findings in the active phase of the dis- 
ease. It was originally described by Rackemann and Greene in 1939 
as an allergic disease and was not classified as periarteritis nodosa; 
Churg and Strauss later described the syndrome and its histopatho- 
logical characteristics in 1951 [2]. The condition was renamed EGPA 
in 2012 by the Chapel Hill Consensus Conference on the Nomencla- 
ture of Vasculitides [1]. EGPA is associated with antibodies directed 
against MPO and PR3, and, along with GPA and MPA, forms the 
group of conditions termed ANCA-associated vasculitis. 


Epidemiology 

Incidence and prevalence 

The incidence is 1-2.5 per million [3,4,5] with a prevalence of 
10-15 per million [6,7]. The incidence of EGPA in known asthma 
sufferers may be up to 67/million per year [8]. 


Age 
It is most common in those aged 15-70 years with a peak incidence 
around the age of 50. It is very rare in children. 


Sex 
There may be a slight male predilection. 


Ethnicity 
No connection is recognised. 


Associated diseases 
It is associated with atopy, particularly asthma and allergic rhinitis. 
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Figure 100.19 Granulomatosis with polyangiitis. (a) X-ray showing bilateral nodules. 
(b) Computed tomography of the thorax demonstrating a thick-walled cavity in the right 
lung field. 


Pathophysiology 

The pathogenesis of EGPA is not precisely known. Allergy probably 
plays a central role, but the disease is almost certainly multifactorial. 
As the allergy association might suggest, the inflammatory response 
is primarily Th2 in nature, although Th1 and Th17 responses are 


Figure 100.20 Granulomatosis with polyangiitis. (a) Ulcerated lesions of cutaneous 
small-vessel vasculitis. (b) Larger ulcerated lesions with background vasculitis. (c) Deep 
skin ulcer in a person with nasal symptoms. 
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seen [9,10,11]. The Th2 response has been thought to be responsible 
for eosinophilic activation and prolonged eosinophil survival. The 
products of eosinophilic and neutrophilic degradation have been 
observed in inflamed tissues and are probably responsible for 
tissue injury [12,13]. The association with ANCA probably suggests 
a B-cell involvement as well. The role of ANCA in producing 
vasculitis has been discussed in the GPA and EGPA sections. 


Predisposing factors 
None is known. 


Pathology 

Eosinophilic granulomatosis with polyangiitis has three key histo- 
pathological features: eosinophilic infiltration of tissue, formation 
of extravascular granulomas in visceral and cutaneous tissues, 
and vasculitis involving both arteries and veins. The histology of 
a cutaneous lesion in EGPA may demonstrate any one, if not all, 
of these features [14]. The granulomas contain necrotic polymor- 
phonuclear leukocytes, eosinophils, severe fibrinoid and fibrillar 
collagen degeneration and a proliferation of granulomatous tissue. 


Causative organisms 
None is known. 


Genetics 

The genetics of EGPA may be stratified by the ANCA status. Those 
individuals who are ANCA positive appear to have an association 
in the HLA-DQ region. Those who are ANCA negative appear to 
have HLA and non-HLA associations [15]. This probably suggests 
that EGPA may have syndromic variants within the spectrum of 
hypereosinophilic syndromes. 


Environmental factors 
Environmental allergens are associated with more severe asthma. 


Clinical features 
History 
Three phases of EGPA are recognised: 

1 The first phase, which may continue for years, consists of asthma 
with allergic rhinitis and nasal polyps. The asthma typically 
begins in adulthood in contrast to allergic asthma. 

2 The second phase is that of rising peripheral and tissue 
eosinophilia. 

3 The third phase is the predominantly vasculitic phase of EGPA, 
which may affect almost all organ systems including the cuta- 
neous, cardiac, pulmonary, nervous, gastrointestinal, renal, 
genito-urinary and musculoskeletal systems. Cardiac involve- 
ment is the primary cause of death in patients who do not 
respond to conventional corticosteroid therapy. 


Presentation 

In all phases of the disease there may be cutaneous manifestations, 
with approximately 5% demonstrating cutaneous vasculitis [14]. 
Palpable purpura and infiltrated nodules (typically located on the 
scalp or limbs) are the most common skin manifestations, but livedo 
reticularis, necrotising livedo (i.e. retiform purpura), migratory 


Figure 100.21 Relatively subtle vasculitis on the legs in eosinophilic granulomatosis 
with polyangiitis. The patient also had eosinophilia and rapidly developed a 
mononeuritis multiplex. 


redness of the skin, new-onset Raynaud phenomenon, aseptic 
pustules or vesicles, or infiltrated papules may also be present. 

In the vasculitis phase of EGPA, 50-70% of patients have vasculitic 
skin lesions, most commonly on the lower limbs (Figure 100.21). 


Differential diagnosis 

Nasal polyp disease is common in patients with allergic rhinitis. 
The demonstration of vasculitis and systemic involvement is essen- 
tial for a diagnosis of EGPA. Hypereosinophilic syndrome, Samter 
triad and allergic rhinitis should all be considered. None of them is 
known to cause skin involvement. 


Disease course and prognosis 

Remission is common in EGPA and is achieved in >90% of patients 
[16]. Relapse rates rise from 10% at 12 months to 20% at 4 years [16]. 
Survival is better than in the other AAVs. In a pooled analysis, sur- 
vival at 1 and 5 years was 94% and 60-97%, respectively [17]. 


Investigations 

Peripheral blood eosinophilia is a requisite for the diagnosis of 
EGPA. Inflammatory markers will be raised and IgE is often ele- 
vated. ANCA directed against MPO or PR3 is positive in 30% of 
patients [18,19]. A urine microscopy demonstrates active urinary 
sediment in patients with glomerulonephritis. Renal involvement 
is more likely in ANCA-positive patients [18]. Chest radiographs 
demonstrate infiltrates. CT scans of the paranasal sinuses are often 
abnormal and demonstrate mucosal thickening, but rarely bone 
involvement; the latter is more a feature of GPA. The gold standard 
remains a biopsy of the affected organ. 


Management 

There are no randomised controlled trials of any treatment for 
EGPA. Knowledge of its treatment comes from open-labelled trials 
and from international consensus-based recommendations [20,21]. 
General management principles are as for MPA and GPA. 
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Remission induction 
This is as for MPA and GPA. 


Remission maintenance 
This is as for MPA and GPA. 


Relapsing and refractory disease 

Mepolizumab is a humanised monoclonal antibody that targets IL-5. 
There is one clinical trial that has demonstrated that in combina- 
tion with glucocorticoid therapy it is more effective than placebo 
in inducing and maintaining remission [22]. Its exact place in the 
management of EGPA is as yet undefined. 


MEDIUM-VESSEL VASCULITIS | 


Polyarteritis nodosa and cutaneous 
arteritis (cutaneous polyarteritis 
nodosa) 


Definition and nomenclature 

Polyarteritis nodosa (PAN) is a rare necrotising arteritis of medium 
or small arteries without glomerulonephritis and without vasculitis 
in the arterioles, capillaries or venules. It is not associated with 
ANCA [1]. Cutaneous PAN is a single-organ vasculitis affecting 
the skin. It is better termed cutaneous arteritis. It can be consid- 
ered a limited expression of PAN and does not exhibit systemic 
involvement [1,2]. 


_ Synonyms and inclusions 

_ © Benign cutaneous periarteritis nodosa 
_ © Periarteritis nodosa 

_ e Kussmaul-Maier disease 

_ ¢ Necrotising arteritis 

= Essential polyarteritis 


Introduction and general description 
A condition described as periarteritis nodosa was described by 
Adolf Kussmaul and Rudolf Maier in 1866. The first use of the 
phrase ‘polyarteritis nodosa’ denoting the pathological extent of 
the disease involving the arterial wall may have been in 1945 [3]. 
PAN was used as a term to cover a large variety of vasculitides. 
In 1994, the label was uniquely applied to a condition that spared 
small-calibre vessels [4]. 

This chapter considers cutaneous arteritis as a variant of PAN that 
is limited to the skin [5]. It may progress to become classic PAN [1], 
but conversion is exceedingly rare [2]. Although a distinct entity as 
described by Lindberg in 1931, the diagnosis of cutaneous arteritis 
should not be made until systemic disease is excluded. 


Epidemiology 

Incidence and prevalence 

The annual incidence of classic PAN is 1-2.5/million [6,7]. The point 
prevalence has been reported to be 30 per million [8,9]. Cutaneous 


arteritis is much rarer and there are no formal reports on the inci- 
dence and prevalence of this variant. 


Age 
The peak age is between 40 and 60 years. However, it can be 
observed in all ages, including in children. 


Sex 
There is no specific predilection. 


Ethnicity 
No racial predilection has been described. 


Associated diseases 

Hepatitis B was described as an association in 1970 [10]. PAN can be 
the first manifestation of hepatitis B and occurs in most cases within 
6 months of infection. Successful treatment of hepatitis B results 
in the cure of PAN with disappearance of any aneurysms [11]. 


Pathophysiology 

Predisposing factors 

Viral infections have been implicated in provoking classic PAN. 
Besides hepatitis B virus, Epstein-Barr virus [12], HIV [13], 
erythrovirus (parvovirus B19) [14] and cytomegalovirus [15] have 
been reported in new cases of PAN. Other microbial associations 
reported have been streptococcal infections [16] and coxsackie 
B4 [17]. 

Streptococcal infections [18], erythrovirus (parvovirus B19) [19] 
and Mycobacterium fortuitum [20] have been reported in association 
with cutaneous arteritis. Minocycline has been reported to induce 
classic PAN-like vasculitis [21] as well as cutaneous arteritis [22]. 


Pathology 

Early in the disease course there is a predominantly neutrophilic 
inflammatory infiltrate in the walls of medium-sized arteries and 
arterioles of septae in the upper portions of the subcutaneous fat. 
The involved vessels classically demonstrate a target-like appear- 
ance resulting from an eosinophilic ring of fibrinoid necrosis. Later 
in the disease process the infiltrate becomes less neutrophilic, con- 
sisting predominantly of lymphocytes and histiocytes. Complement 
and IgM deposits in vessel walls of lesions of cutaneous arteritis 
from some patients may be demonstrated by direct immunofluores- 
cence. Unlike those of systemic PAN, lesions of cutaneous arteritis 
do not typically involve arterial bifurcations. 


Genetics 

Recessively inherited missense mutations in CECR1 (cat eye syn- 
drome chromosome region, candidate 1), encoding adenosine 
deaminase 2 (ADA2), have been observed in nine unrelated cases 
from eight families [23]. Similar mutations were found in a separate 
study of 19 patients of Georgian Jewish descent [24]. 


Clinical features 

History 

Although some patients with cutaneous arteritis may report con- 
stitutional symptoms, along with mild involvement of the muscles 
and nerves, cutaneous manifestations are the most striking feature 
of the disease. 


(b) 


Figure 100.22 Cutaneous polyarteritis nodosa. (a) Red lesions on the leg. (b) Nodules and ulceration on the leg. (c) Ulcerating lesions on the leg. (d) Livedo of the leg. 


Presentation 

Dermal or subcutaneous nodules are mostly located on the distal 
lower extremities near the malleoli (Figure 100.22a) and may 
extend proximally to the thighs, buttock, arms or hands. Patients 
may report tenderness associated with the nodules, which may 
ulcerate (Figure 100.22b, c) or more commonly demonstrate necro- 
tising livedo reticularis, also referred to as retiform purpura (see 
Figure 100.3). Gangrene of the digits can ultimately occur, most com- 
monly in children with cutaneous arteritis, but this finding should 
trigger an aggressive search to exclude systemic features of PAN. 


Differential diagnosis 

Recurrent spiking fevers, polyarthralgia and a macular upper 
extremity eruption are symptoms shared by both PAN and adult- 
onset Still disease (AOSD) and can sometimes create a diagnostic 


challenge. The presence of livedo reticularis (Figure 100.22d) and 
the finding of a characteristic skin biopsy appearance with PAN 
help to differentiate it from AOSD. 

Those with necrotising lesions of livedo reticularis must be evalu- 
ated for vasculitis or vasculopathy (e.g. antiphospholipid antibody 
syndrome, cholesterol emboli or other factors that can produce 
non-vasculitic vessel occlusion; see Chapter 99). 

ANCA-associated vasculitis should also be considered as a differ- 
ential diagnosis [25]. 

If nodules are present, they should be biopsied by incisional 
biopsy methods to assess for a pan-arteritis of muscular arteries 
which would confirm a diagnosis of PAN. 

Cutaneous arteritis is best considered a variant of PAN, so 
evaluation by history, physical examination, screening laboratory 
tests and ongoing follow-up for systemic features are required. 
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A multidisciplinary team approach helps accurate diagnosis and 
limits the chances of missing or undertreating potentially life- 
threatening systemic features of PAN. 


Classification of severity 
Cutaneous arteritis is considered to have a more benign prognosis 
than PAN with systemic features. 


Disease course and prognosis 
Gastrointestinal tract, renal, heart and central nervous system 
involvement are associated with higher mortality [26]. 


Investigations 

Laboratory investigations are usually non-specific, revealing an 
acute phase response. Screening for potential infective triggers 
should be undertaken. Diagnosis of PAN requires histological evi- 
dence of medium-sized artery vasculitis if possible. Biopsies should 
be from symptomatic organs. Skin, muscle and nerve histology 
offer higher diagnostic yield and may be safer. If biopsies are 
unsupportive, visceral angiography may identify multiple micro- 
aneurysms suggesting PAN. 


Management 

There should be screening for infection (see the section on pre- 
disposing factors) and consideration should be given to a trial of 
discontinuing medication that predates disease. If associated with 
hepatitis B infection, antiviral therapies form the focus of treatment 
in combination with immunosuppressive treatment. 


First line 

Non-steroidal anti-inflammatory drugs and salicylates can be an 
effective treatment for symptoms of cutaneous arteritis. High-dose 
corticosteroids followed by tapering of the dosage over 3-6 months 
may occasionally be necessary for some patients. Also, without 
evidence from controlled trials, but based on a strong association 
with streptococcal infection, penicillin is often used for treatment 
and prophylaxis in children with cutaneous arteritis. Screening for 
recent streptococcal infection with anti-DNAse B or other tests may 
guide this decision. 

Other treatments documented in anecdotal reports include the 
use of dipyridamole, sulfapyridine, pentoxifylline and dapsone. 
Low-dose weekly methotrexate (7.5-20 mg/week) has been 
successful in some patients with skin lesions unresponsive to cor- 
ticosteroids given topically, intralesionally and orally [27]. Chronic 
leg ulcers resistant to treatment with high-dose corticosteroids have 
been successfully treated with granulocyte-macrophage colony- 
stimulating factor (GM-CSF) [28]. 


Second line 

There is international consensus that PAN requires treatment with 
a combination of cyclophosphamide and corticosteroids which 
achieves sustained remission but probably does not alter survival 
[29]. For patients with hepatitis B-associated PAN, the recom- 
mendation is to start with high-dose corticosteroids for 2 weeks 
followed by antiviral treatment and plasma exchange [29]. This 
treatment should be supervised at a specialist centre in conjunction 
with a hepatologist. 


Third line 
There are case reports for the use of rituximab in refractory disease 
[30,31]. 


Kawasaki disease 


Definition and nomenclature 

The 2012 Chapel Hill Consensus defined Kawasaki disease as an 
arteritis associated with the mucocutaneous lymph node syndrome 
and predominantly affecting medium and small arteries. Coronary 
arteries are often involved; the aorta and large arteries may be 
involved. It usually occurs in infants and young children [1]. 


Synonyms and inclusions 

¢ Mucocutaneous lymph node syndrome arteritis 
¢ Mucocutaneous lymph node syndrome 

¢ Kawasaki syndrome 

Infantile polyarteritis 


Introduction and general description 

Kawasaki disease occurs typically in infants and children less than 
5 years of age. It was first recognised in 1967 and thought to be 
a benign, febrile illness associated with mucocutaneous inflamma- 
tion and lymphadenopathy, until the demonstration of associated 
coronary arteritis in 1975 [2]. It is thought to be the commonest cause 
of acquired heart disease in children. Prompt diagnosis with treat- 
ment with aspirin and IVIg reduces heart complications [3,4]. 


Epidemiology 

Incidence and prevalence 

The annual incidence per 100 000 children aged under 5 years 
was 8.4 in England in the period 1998-2003 [5]. In a series of 
epidemiological surveys, Nakamura et al. have established that 
the incidence was rising in Japan every year and had peaked at 
240/100 000 in 2010 [6]. 


Age 
The disease almost always occurs in children. 


Sex 
There is a mild male predilection. 


Ethnicity 
The disease is much more common in Asia, particularly in Japan. 


Associated diseases 
Associated diseases include coronary vessel aneurysms and 
myocardial infarction. 


Pathophysiology 

Kawasaki disease is thought to be due to an intense inflammatory 
response to an unidentified infectious agent in genetically suscepti- 
ble hosts. 


Pathology 

The angiitis of Kawasaki disease affects nearly all organs, with a 
very high frequency of cardiac involvement. It is predominantly a 
vasculitis of medium-sized arteries but can involve any smaller and 
larger calibre blood vessels. Initially, there is medial oedema asso- 
ciated with neutrophilic infiltration. The inflammatory processes 
lead to the breakdown of internal and external elastic laminae, 
resulting in aneurysms and thrombosis. The inflammatory pro- 
cesses heal with scarring and resultant stenosis of the affected blood 
vessel. 


Causative organisms 
The disease is thought to be triggered by as yet unidentified infec- 
tious agents. 


Genetics 

A functional polymorphism of the ITPKC (inositol-1,4,5-trisphos- 
phate 3-kinase C) gene on chromosome 19q13.2 is significantly 
associated with a susceptibility to Kawasaki disease and coronary 
artery aneurysms [7]. Single nucleotide polymorphisms of interest 
have been found on the CD40LG gene [8] and CASP3 gene [9]. 
Genome-wide association studies have identified further loci of 
interest around the FAM167A-BLK region at 8p22-23, the HLA 
region at 6p21.3 and the CD40 region at 20q13 and the IgG receptor 
gene FCGR2A [10,11]. 


Clinical features 

History 

Patients present with at least 5 days of fever, irritability, vomiting, 
anorexia, cough, diarrhoea, runny nose, weakness and abdominal 
and joint pain. 

The disease typically has an initial acute, febrile stage lasting up 
to 2 weeks, a second phase lasting 4-6 weeks when the risk of death 
from coronary aneurysms is greatest, followed by a convalescent 
phase lasting up to 3 months and characterised by a reduction 
in the ESR and C-reactive protein (CRP) levels to normal. Larger 
aneurysms may expand leading to myocardial infarction in the 
convalescent phase. Those with established heart disease may 
enter a chronic phase with a risk of late aneurysm rupture even in 
adult life. 


Presentation 
The fever is typically spiking and unresponsive to paracetamol. 
There is acral and perianal redness and acral oedema, bilateral 
conjunctivitis with anterior uveitis, fissured lips and a strawberry 
tongue, and cervical lymphadenopathy, typically a single large 
cervical node. 


Clinical variants 

Incomplete Kawasaki disease should be considered in children 
who do not have all the features of the full disease. Typical 
echocardiographic features should lead to consideration of treat- 
ment as Kawasaki disease in the absence of external clinical 
features [12]. 


Differential diagnosis 

Scarlet fever, systemic-onset juvenile idiopathic arthritis and ery- 
thema multiforme can mimic Kawasaki disease, as can other 
localised and systemic infections. The diagnosis should be sus- 
pected in a child with prolonged fever. 


Classification of severity 

The Harada score has been used in some countries as an indica- 
tion for IVIg therapy [13]. Four of the following seven criteria are 
needed: (i) white blood count >12 000/mm%; (ii) platelet count 
<35 x 104/mm’; (iii) CRP >3; (iv) haematocrit <35%; (v) albumin 
<3.5 g/dL; (vi) age <12 months; and (vii) male sex. 


Complications and co-morbidities 
There may be hepatic, renal and gastrointestinal dysfunction, 
myocarditis and pericarditis. 


Disease course and prognosis 

Deaths may occur due to myocarditis, dysrhythmias, pericarditis, 
rupture of aneurysms and occlusion of coronary arteries; there 
is also an increased risk of atherosclerosis due to endothelial cell 
dysfunction. Coronary aneurysms are demonstrated in around 
20% of patients (and in 90% of those who die); some will regress 
(potentially with stenosis) but giant aneurysms (>80 mm) may 
require bypass surgery. Clinical factors that predict a higher risk 
of coronary artery arteritic lesions or aneurysms, or that predict a 
poor response to treatment, include age below 1 year, low serum 
albumin, low haemoglobin, high CRP, abnormal liver function and, 
especially, duration of fever before treatment. Peripheral blood 
eosinophilia (>4%) after treatment is also associated with treatment 
resistance. Early IVIg reduces the coronary aneurysm risk from 
around 25% to less than 5%. Delaying IVIg beyond day 10 of fever 
increases the risk of death, particularly in boys under 1 year old. 


Investigations 
There are no diagnostic tests and Kawasaki disease remains a clinical 
diagnosis. 


Management 
Patients should be treated in a specialist paediatric unit. Aspirin and 
IVIg are the mainstay of treatment. 


First line 

Intravenous immunoglobulin and aspirin should be given early. 
Aspirin 100 mg/kg/day is given initially until the fever has settled 
and is then reduced to 3-5 mg/kg/day for 6-8 weeks in those 
with no cardiac abnormality, but longer in those with coronary 
aneurysms. All children should receive IVIg, usually given as a 
single dose of 2 g/kg over 12h [4]. 


Second line 

For children who remain febrile 36 h after the first dose of IVIg, 
a further dose of 2 g/kg can be given. Patients who are unre- 
sponsive to IVIg [14] can be treated with high-dose prednisolone 
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2 mg/kg/day, which should be tapered after normalisation of the 
CRP [15]. 


LARGE-VESSEL VASCULITIS — 
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Giant cell arteritis | 


=¥ 


Definition and nomenclature 

Giant cell arteritis (GCA) is an arteritis, often granulomatous, usu- 
ally affecting the aorta and/or its major branches, with a predilec- 
tion for the branches of the external carotid and subclavian arteries. 
The onset is usually in patients older than 50 years. 


"Synonyms and inclusions 
_ © Horton disease 

a Temporal arteritis 

© Cranial arteritis 

3 Giant cell aortitis 


Introduction and general description 

This is a disease of the elderly, often associated with shoulder 
girdle stiffness, which presents with headaches and tender palpable 
arteries, including the temporal and facial arteries. It can rarely 
cause cutaneous infarction, so presenting to dermatologists [1]. 


Epidemiology 

Incidence and prevalence 

The highest mean annual incidence of GCA in people over the age 
of 50 years was recorded at 32.8/100 000 in southern Norway [2]. 
The age-adjusted (>50 years) annual incidence per 100 000 popu- 
lation was 18.8 in Olmsted county, Minnesota, USA [3] and 22.0 in 
the UK [4]. 


Age 

This affects people over the age of 50 years. The age-specific inci- 
dence per 100 000 population rises from 2.2 in the sixth decade to 
51.9 in the ninth decade [3]. 


Sex 
The disease is 2-3 times more common in women than men [3]. 


Ethnicity 
Giant cell arteritis is considered a disease that particularly targets 
people who have northern European ancestry. 


Associated diseases 

Symptoms of polymyalgia rheumatica are commonly seen in GCA 
and it is hypothesised that the two conditions may have a similar 
aetiology or lie on a disease spectrum. It is equally possible that 
the shoulder girdle involvement because of the subclavian artery 
and its branches may be mistaken for polymyalgia rheumatica. 


Pathophysiology 

The disease is thought to represent an inflammatory response in 
predisposed individuals towards an environmental factor. Local 
dendritic cells recruit and activate CD4 cells in the adventitia. 
Cytokine cascades involving Th1 and Th17 pathways dominate in 
the early phase, followed by a chronic smouldering arteritis led by 
chronic Th1 activation. The result is a stenosing arteritis. 


Predisposing factors 
These are unknown. But there is a possibility that individuals with 
diabetes may be protected against GCA [5,6]. 


Pathology 

Lesions can be found in all layers of the affected branches of the 
aorta, particularly the carotid branches. These show segmental 
and focal pan-arteritis with polymorphic cell infiltrates along 
with T cells, macrophages and multinucleated giant cells, as well 
as intimal hyperplasia with a fragmented internal elastic lamina 
(Figure 100.23). 


Causative organisms 
None is known. 


(b) 


Figure 100.23 Giant cell arteritis at (a) lower and (b) higher magnification showing 
involvement of the vessel wall by a granulomatous reaction. Dystyrophic calcification is 
also seen. Courtesy of Dr Eduardo Calonje. 


Genetics 
There is no known genetic association. 


Clinical features 

History 

Fever and weight loss may occur, and GCA is associated with 
shoulder girdle stiffness in about 50% of patients. Headache may 
be localised to the area of the affected artery that is temporal with 
temporal arteritis and occipital with occipital arteritis. The headache 
may start abruptly. Facial pain may occur on chewing due to clau- 
dication of the jaw muscles because of maxillary arteritis. Sudden, 
permanent visual loss is related to involvement of the branches 
of the ophthalmic artery causing either anterior ischaemic optic 
neuropathy or central retinal artery occlusion. Transient monocu- 
lar loss of vision (amaurosis fugax) may precede permanent loss. 
Vertebrobasilar artery involvement may cause posterior cerebral 
circulation or a cerebellar stroke. 


Presentation 

Patients may present with a new headache on the background of 
feeling generally unwell or with painless loss of vision. Very rarely, 
GCA may present with skin infarction. The temporal arteries may be 
tender, thickened and pulseless. A bruit may be heard over affected 
arteries (e.g. the axillary artery). 


Clinical variants 
Isolated involvement of the extracranial arteries is well recognised 
with a phenotype that is not unlike Takayasu arteritis. 


Differential diagnosis 

The temporal artery can be involved in other vasculitides, such 
as ANCA-associated vasculitides [7,8]. Cancer should always 
be looked for when the diagnosis of GCA cannot be established 
beyond doubt [9]. 
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Figure 100.24 Ultrasonographic image of the 
superficial temporal artery demonstrating (on 
the left) concentric hypoechoic thickening of 
the intima-media complex and (on the right) 
the compression sign, where it is possible to 
eradicate the lumen on pressure, but not the 
hypoechoic thickening. The image was taken 
with a GE Logiq™ e ultrasound machine with 
a 10-22 MHz linear probe. Courtesy of 
Georgina Ducker. 


1 L 0.40 cm 
2 L 0.10 cm 


PFE 6. 79%cm 


Complications and co-morbidities 
Permanent visual loss can be a presenting feature. There is a risk of 
aortic aneurysms developing as a late complication [10]. 


Disease course and prognosis 

Following a diagnosis of GCA there is a slight excess mortality 
over 2 years (standard mortality rate 1.52; 95% confidence interval 
1.20-1.85), but not with longer follow-up [11]. The excess mortality 
was greater in women and in those aged <70 years. 


Investigations 

International recommendations advocate an imaging modality like 
ultrasonography as the first line of investigation. In those where this 
is negative, but there is a high suspicion, a temporal artery biopsy 
may be offered. The ESR or CRP is almost always elevated. A nor- 
mochromic, normocytic anaemia, thrombocytosis and raised alka- 
line phosphatase may all be present. Colour Doppler ultrasound 
of the temporal and axillary arteries (Video 100.1) in steroid-naive 
patients commonly reveals intramural inflammatory change — the 
halo sign (Figure 100.24) [12]. Positron emission tomography with 
18-fluorodeoxyglucose is of value in demonstrating aortitis [13]. 


Management 

Treatment should be started as soon as the diagnosis is suspected 
in order to avoid complications; if the diagnosis turns out to be 
incorrect, the corticosteroids can be withdrawn [14]. Intravenous 
methylprednisolone 500-1000 mg daily for 3 days, followed by oral 
prednisolone, could be considered in individuals with threatened 
visual loss in the absence of any contraindications. 


First line 

Corticosteroids, for example prednisolone 40-60 mg daily, are used 
for GCA [15]. The dose can usually be reduced slowly in small 
steps every month, providing that the CRP and ESR levels remain 
controlled. Treatment is usually for about 2 years [16]. 
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Second line 

Methotrexate 20 mg/week subcutaneously can be used in addi- 
tion to prednisolone for individuals with relapsing disease [17]. 
Toclizumab 162 mg/week subcutaneously has been shown to be 
highly effective in reducing the need for prednisolone in individuals 
with GCA. The authors usually reserve this as a third line treatment 
or as second line in those where methotrexate is contraindicated or 
not tolerated [18]. 


Takayasu arteritis 


Definition and nomenclature 

Takayasu arteritis is often granulomatous and predominantly affects 
the aorta and/or its major branches. The onset is usually in those 
younger than 50 years [1]. 


Synonyms and inclusions 
e Takayasu disease 

e Takayasu syndrome 

© Pulseless disease 

e Aortic arch syndrome 

© Aortitis syndrome 

Occlusive thromboarteriopathy 


Introduction and general description 

Mikito Takayasu, a Japanese ophthalmologist, is credited with 
the eponym, but the earliest convincing clinical and pathological 
description in literature of this disease was provided by William 
Savory’s account of a 22-year-old woman’s 13-month hospital stay 
and postmortem examination that demonstrated widespread large 
arterial inflammation [2]. 


Epidemiology 

Incidence and prevalence 

The annual incidence of Takayasu arteritis in Europe and the USA is 
0.5-2.5/million [3,4,5]. The incidence in Japan is believed to be much 
higher [6]. 


Age 
The disease is seen in younger people, typically below the age of 
50 years, and is found also in children. 


Sex 
The disease is commoner in females than males. 


Ethnicity 
It is found in all populations but is commoner in Asians. 


Pathophysiology 

Pathology 

The aorta and its branches are targeted and skip lesions can occur. 
During the acute phase, a pan-arteritis is present. The inflammatory 
infiltrate may be predominantly around the vasa vasorum, and 
fibrosis gradually replaces the inflammatory infiltrates. The vessel 


lumen may be narrowed secondary to the fibrosing stenotic lesions 
and/or by intraluminal thrombosis. In older patients there may 
be superimposed atherosclerosis, and calcification in the wall may 
occur as a late feature. 


Genetics 

IL-12B on chromosome 5, MLX on chromosome 17, FCGR2A/ 
FCGR3A on chromosome 1 and HLA-B*52:01 are known associ- 
ations [7,8]. Two independent susceptibility loci have been identified 
in the HLA region (HLA-DQB1/HLA-DRB1 and HLA-B/MICA) [8]. 


Clinical features 

History 

Headache, malaise and fever are common presenting symptoms 
in children. Cutaneous lesions are present in around one-third of 
patients. 


Presentation 

Hypertension, pyrexia and pulseless disease are common findings 
in children. Skin lesions have been reported in up to a third of cases 
and may comprise erythema nodosum, erythema induratum and 
pyoderma gangrenosum, as well as ulcerated subacute nodular 
lesions, papulonecrotic eruptions, red papular lesions of the hands 
and fingers, facial lupus-like rashes and panniculitis [9]. Cuta- 
neous necrotising vasculitis has been described resembling nodular 
vasculitis/erythema induratum. The skin lesions do not appear to 
relate to the distribution of vascular involvement in any way. 


Complications and co-morbidities 

Renal artery stenosis, increased arterial stiffness and increased sen- 
sitivity of the carotid sinus reflex all contribute to the hypertension. 
Involvement of the renal arteries can also cause renal dysfunction, 
and abdominal pain, bleeding or perforation may result from 
ischaemia or infarction of a viscus. Involvement of the aortic arch 
and its branches can lead to the ‘aortic arch syndrome’ with arm 
claudication, absent radial or brachial pulses (hence ‘pulseless 
disease’) or subclavian artery bruits. Aortic regurgitation, coronary 
artery ischaemia with angina or myocardial infarction, pulmonary 
hypertension, stroke, syncope and visual disturbances can occur. 


Disease course and prognosis 

Most patients with Takayasu arteritis will need vascular surgery 
[10], although restenosis is common [11]. The disease and its treat- 
ment both lead to an impairment in quality of life even for patients 
believed to be in remission [10]. 


Investigations 

Positron emission tomography using 18-fluorodeoxyglucose has 
replaced conventional angiography as the gold standard for the 
diagnosis of Takayasu arteritis. However, due to the high radiation 
dose, magnetic resonance angiography could be used for follow-up 
monitoring. The ESR and CRP are usually elevated but this may be 
modest. 


Management 
There are no proven treatments in Takayasu arteritis. 


First line 
Prednisolone 1 mg/kg/day is the usual favoured first line treat- 
ment [12]. 


Second line 
Tocilizumab 162 mg/week subcutaneously is added to the pred- 
nisolone in individuals with relapsing or refractory disease [13]. 


Video legend 


Video for this chapter is available on the companion website 
(https: //www.wiley.com/rooksdermatology10e). 


Video 100.1 Colour Doppler ultrasound of the temporal and axillary 
arteries in steroid-naive patients with giant cell arteritis commonly 
reveals an intramural inflammatory change — the halo sign. 


Key references 


The full list of references can be found in the online version at 
https:/ /www.wiley.com/rooksdermatology10e 


Single-organ small-vessel vasculitis 
Cutaneous small-vessel vasculitis 

2 Jennette JC, Falk RJ, Bacon PA et al. 2012 revised International Chapel Hill Con- 
sensus Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1-11. 

3 Calabrese LH, Michel BA, Bloch DA et al. The American College of Rheumatology 
1990 criteria for the classification of hypersensitivity vasculitis. Arthritis Rheum 
1990;33:1108-13. 

4 Garcia-Porrua C, Gonzalez-Gay MA. Comparative clinical and epidemiological 
study of hypersensitivity vasculitis versus Henoch-Schonlein purpura in adults. 
Semin Arthritis Rheum 1999;28:404-12. 

5 Watts RA, Jolliffe VA, Grattan CE, Elliott J, Lockwood M, Scott DG. Cutaneous 
vasculitis in a defined population — clinical and epidemiological associations. 
J Rheumatol 1998;25:920-4. 

7 Martinez-Taboada VM, Blanco R, Garcia-Fuentes M, Rodriguez-Valverde V. Clin- 
ical features and outcome of 95 patients with hypersensitivity vasculitis. Am J Med 
1997;102:186-91. 

32 Boom BW, Mommaas AM, Vermeer BJ. Presence and interpretation of vascular 
immune deposits in human skin: the value of direct immunofluorescence. J Der- 
matol Sci 1992;3:26-34. 

33 Garcia-Porrua C, Gonzalez-Gay MA. Bacterial infection presenting as cutaneous 
vasculitis in adults. Clin Exp Rheumatol 1999;17:471-3. 

34 Kharkar V, Vishwanath T, Mahajan S, Joshi R, Gole P. Asymmetrical cutaneous 
vasculitis following COVID-19 vaccination with unusual eosinophil preponder- 
ance. Clin Exp Dermatol 2021;46:1596-7. 

35 Cribier B, Couilliet D, Meyer P, Grosshans E. The severity of histopatholog- 
ical changes of leukocytoclastic vasculitis is not predictive of extracutaneous 
involvement. Am J Dermatopathol 1999;21:532-6. 

36 Mukhtyar C, Lee R, Brown Det al. Modification and validation of the Birmingham 
Vasculitis Activity Score (version 3). Ann Rheum Dis 2009;68:1827-32. 


Erythema elevatum diutinum 
6 Planaguma M, Puig L, Alomar A et al. Pyoderma gangrenosum in association 
with erythema elevatum diutinum: report of two cases. Cutis 1992;49:201-6. 
8 Creus L, Salleras M, Sola MA et al. Erythema elevatum diutinum associated with 
pulmonary infiltrate. Br J Dermatol 1997;137:652-3. 
10 Sangiieza OP, Pilcher B, Sangiieza JM. Erythema elevatum diutinum: a clinico- 
pathological study of eight cases. Am J Dermatopathol 1997;19:214-22. 
17 Yiannias JA, el-Azhary RA, Gibson LE. Erythema elevatum diutinum: a clinical 
and histopathologic study of 13 patients. J] Am Acad Dermatol 1992;26:38-44. 
18 LeBoit PE, Yen TS, Wintroub B. The evolution of lesions in erythema elevatum 
diutinum. Am J Dermatopathol 1986;8:392-402. 
22 Cesinaro AM, LonardiS, Faccheti F. Granuloma faciale: a cutaneous lesion sharing 
features with IgG4-associated sclerosing diseases. Am J Surg Pathol 2013;27:66-73. 


23 Ayoub N, Charuel J-L, Diemerte M-C et al. Antineutrophil cytoplasmic antibod- 
ies of IgA class in neutrophilic dermatoses with emphasis on erythema elevatum 
diutinum. Arch Dermatol 2004;140:931-6. 

24 Chow RKP, Benny WB, Coupe RL ef al. Erythema elevatum diutinum associ- 
ated with IgA paraproteinaemia successfully controlled with intermittent plasma 
exchange. Arch Dermatol 1996;132:1360-4. 

25 Kohler IK, Lorincz AL. Erythema elevatum diutinum treated with niacinamide 
and tetracycline. Arch Dermatol 1980;116:693-5. 

26 Frieling GW, Williams NL, Sim SJ. Novel use of topical 5% dapsone gel in ery- 
thema elevatum diutinum: safer and effective. J] Drugs Dermatol 2013;12:381-4. 


Recurrent cutaneous necrotising eosinophilic vasculitis 

2 Chen KR, Pittelkow MR, Su D et al. Recurrent cutaneous eosinophilic 
necrotizing vasculitis: a novel eosinophil-mediated syndrome. Arch Dermatol 
1994;130:1159--66. 

5 Jang KA, Lim YS, Choi JH et al. Hypereosinophilic syndrome presenting as cuta- 
neous necrotizing eosinophilic vasculitis and Raynaud’s phenomenon compli- 
cated by digital gangrene. Br J Dermatol 2000;143:641-4. 

10 LiW, Cao W, Song Het al. Recurrent cutaneous necrotizing eosinophilic vasculitis: 
a case report and review of the literature. Diagn Pathol 2013;8:135. 


Granuloma faciale 
1 Wigley JE. Eosinophilic granuloma. Sarcoid of Boeck. Proc R Soc Med 1945; 
38:125-6. 
3 Marcoval J, Moreno A, Peyr J. Granuloma faciale: a clinicopathological study of 
11 cases. J Am Acad Dermatol 2004;51:269-73. 

5 Cesinaro AM, Lonardi S, Facchetti F. Granuloma faciale: a cutaneous lesion 
sharing features with IgG4-associated sclerosing diseases. Am J Surg Pathol 
2013;37:66-73. 

Lallas A, Sidiropoulos T, Lefaki I, Tzellos T, Sotiriou E, Apalla Z. Photoletter to 

the editor: Dermoscopy of granuloma faciale. J Dermatol Case Rep 2012;6:59-60. 

17 Dinehart SM, Gross DJ, Davis CM, Herzberg AJ. Granuloma faciale. Comparison 
of different treatment modalities. Arch Otolaryngol Head Neck Surg 1990;116:849-51. 

18 Apfelberg DB, Maser MR, Lash H, Flores J. Expanded role of the argon laser in 
plastic surgery. J Dermatol Surg Oncol 1983;9:145-51. 

19 Ludwig E, Allam JP, Bieber T, Novak N. New treatment modalities for granuloma 
faciale. Br J Dermatol 2003;149:634-7. 

20 Zacarian SA. Cryosurgery effective for granuloma faciale. J Dermatol Surg Oncol 
1985;11:11-13. 

21 Van de Kerkhof PC. On the efficacy of dapsone in granuloma faciale. Acta Derm 
Venereol 1994;74:61-2. 

22 Caldarola G, Zalaudek I, Argenziano G, Bisceglia M, Pellicano R. Granuloma 
faciale: a case report on long-term treatment with topical tacrolimus and dermo- 
scopic aspects. Dermatol Ther 2011;24:508-11. 


ao 


Small-vessel immune complex-associated vasculitis 
IgA vasculitis 

1 Jennette JC, Falk RJ, Bacon PA et al. 2012 revised International Chapel Hill Con- 
sensus Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1-11. 

3 Mills JA, Michel BA, Bloch DA et al. The American College of Rheumatology 
1990 criteria for the classification of Henoch-Schonlein purpura. Arthritis Rheum 
1990;33:1114—21. 

8 Gardner-Medwin JM, Dolezalova P, Cummins C, Southwood TR. Incidence of 
Henoch-Schonlein purpura, Kawasaki disease, and rare vasculitides in children 
of different ethnic origins. Lancet 2002;360:1197—202. 

12 Jauhola O, Ronkainen J, Koskimies O et al. Renal manifestations of Henoch- 
Schonlein purpura in a 6-month prospective study of 223 children. Arch Dis Child 
2010;95:877-82. 

13 Trapani S, Micheli A, Grisolia F et al. Henoch Schonlein purpura in childhood: 
epidemiological and clinical analysis of 150 cases over a 5-year period and review 
of literature. Semin Arthritis Rheum 2005;35:143-53. 

27 Yang YH, Chuang YH, Wang LC, Huang HY, Gershwin ME, Chiang BL. The 
immunobiology of Henoch-Schonlein purpura. Autoimmun Rev 2008;7:179-84. 

33 Peru H, Soylemezoglu O, Gonen S et al. HLA class 1 associations in Henoch Schon- 
lein purpura: increased and decreased frequencies. Clin Rheumatol 2008;27:5-10. 

36 Deng F, Lu L, Zhang Q, Hu B, Wang SJ, Huang N. Henoch-Schonlein purpura in 
childhood: treatment and prognosis. Analysis of 425 cases over a 5-year period. 
Clin Rheumatol 2010;29:369-74. 


7 Key references 100.35 


VASCULAR 


m) 
oc 
uu 
Q 
oc 
je] 
Mm 
a 


PART 9 


100.36 


Chapter 100: Cutaneous Vasculitis 


42 Zaffanello M, Brugnara M, Franchini M. Therapy for children with Henoch- 
Schonlein purpura nephritis: a systematic review. Sci World J 2007;7:20-30. 


Cryoglobulinaemic vasculitis 

1 Terrier B, Cacoub P. Cryoglobulinemia vasculitis: an update. Curr Opin Rheumatol 
2013;25:10-18. 

9 Mukhtyar C, Guillevin L, Cid MC et al. EULAR recommendations for the 
management of primary small and medium vessel vasculitis. Ann Rheum Dis 
2009;68:310-17. 

10 De Vita S, Quartuccio L, Isola M et al. A randomized controlled trial of ritux- 
imab for the treatment of severe cryoglobulinemic vasculitis. Arthritis Rheum 
2012;64:843-53. 


Hypocomplementaemic urticarial vasculitis 
3 Dincy CV, George R, Jacob M, Mathai E, Pulimood S, Eapen EP. Clinicopathologic 
profile of normocomplementemic and hypocomplementemic urticarial vasculitis: 
a study from South India. J Eur Acad Dermatol Venereol 2008;22:789-94. 

11 Ashida A, Murata H, Ohashi A, Ogawa E, Uhara H, Okuyama R. A case of 
hypocomplementaemic urticarial vasculitis with a high serum level of rheuma- 
toid factor. Australas J Dermatol 2013;54:e62-3. 

13 Enriquez R, Sirvent AE, Amoros F, Perez M, Matarredona J, Reyes A. Crescentic 
membranoproliferative glomerulonephritis and hypocomplementemic urticarial 
vasculitis. J Nephrol 2005;18:318-22. 


Antiglomerular basement membrane vasculitis disease 

2 Goodpasture EW. Landmark publication from the American Journal of the Med- 
ical Sciences: the significance of certain pulmonary lesions in relation to the 
etiology of influenza. Am J Med Sci 2009;338:148-51. 

7 Bayat A, Kamperis K, Herlin T. Characteristics and outcome of Goodpasture’s 
disease in children. Clin Rheumatol 2012;31:1745-51. 

8 Cui Z, Zhao J, Jia XY, Zhu SN, Zhao MH. Clinical features and outcomes of 
anti-glomerular basement membrane disease in older patients. Am J Kidney Dis 
2011;57:575-82. 


Small-vessel ANCA-associated vasculitis 
Microscopic polyangiitis 

1 Jennette JC, Falk RJ, Bacon PA et al. 2012 revised International Chapel Hill Con- 
sensus Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1-11. 

5 Mohammad AJ, Jacobsson LT, Westman KW, Sturfelt G, Segelmark M. Inci- 
dence and survival rates in Wegener’s granulomatosis, microscopic polyangi- 
itis, Churg-Strauss syndrome and polyarteritis nodosa. Rheumatology (Oxford) 
2009;48:1560-5. 

10 Lane SE, Watts R, Scott DG. Epidemiology of systemic vasculitis. Curr Rheumatol 
Rep 2005;7:270-5. 

20 Jayne D, Rasmussen N, Andrassy K et al. A randomized trial of maintenance 
therapy for vasculitis associated with antineutrophil cytoplasmic autoantibodies. 
N Engl J Med 2003;349:36-44. 

22 Mukhtyar C, Guillevin L, Cid MC et al. EULAR recommendations for the 
management of primary small and medium vessel vasculitis. Ann Rheum Dis 
2009;68:310-17. 

23 Ntatsaki E, Carruthers D, Chakravarty K et al. BSR and BHPR guideline for the 
management of adults with ANCA-associated vasculitis. Rheumatology (Oxford) 
2014;53:2306-9. 

27 Stone JH, Merkel PA, Spiera R et al. Rituximab versus cyclophosphamide for 
ANCA-associated vasculitis. N Engl J] Med 2010;363:221-32. 

28 Jones RB, Tervaert JW, Hauser T ef al. Rituximab versus cyclophosphamide in 
ANCA-associated renal vasculitis. N Engl J Med 2010;363:211-20. 


VASCULAR 


Ww 
oc 
Lid 
a 
a 
2) 
ey 
fa) 


PART 9 


Granulomatosis with polyangiitis 

1 Jennette JC, Falk RJ, Bacon PA et al. 2012 revised International Chapel Hill Con- 
sensus Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1-11. 

7 Watts RA, Mooney J, Skinner J, Scott DG, Macgregor AJ. The contrasting epidemi- 
ology of granulomatosis with polyangiitis (Wegener’s) and microscopic polyangi- 
itis. Rheumatology (Oxford) 2012;51:926-31. 

29 Lyons PA, Rayner TF, Trivedi S et al. Genetically distinct subsets within 
ANCA-associated vasculitis. N Engl ] Med 2012;367:214-23. 


30 Mukhtyar C, Mills J, Scott DGI. The nose is an organ too. Rheumatology (Oxford) 
2020;59:1196-7. 

31 Faurschou M, Sorensen IJ, Mellemkjaer L et al. Malignancies in Wegener’s granu- 
lomatosis: incidence and relation to cyclophosphamide therapy in a cohort of 293 
patients. J Rheumatol 2008;35:100-5. 

34 Mukhtyar C, Flossmann O, Hellmich B et al. Outcomes from studies of antineu- 
trophil cytoplasm antibody associated vasculitis: a systematic review by the Euro- 
pean League Against Rheumatism systemic vasculitis task force. Ann Rheum Dis 
2008;67:1004-10. 

35 Mukhtyar C, Hellmich B, Jayne D, Flossmann O, Lugqmani R. Remission in 
antineutrophil cytoplasmic antibody-associated systemic vasculitis. Clin Exp 
Rheumatol 2006;24(Suppl. 43):S93-8. 

37 Yates M, Watts RA, Bajema IM et al. EULAR/ERA-EDTA recommendations for 
the management of ANCA-associated vasculitis. Ann Rheum Dis 2016;75:1583-94. 


Eosinophilic granulomatosis with polyangiitis 

1 Jennette JC, Falk RJ, Bacon PA et al. 2012 revised International Chapel Hill Con- 
sensus Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1-11. 

2 Churg J, Strauss L. Allergic granulomatosis, allergic angiitis, and periarteritis 
nodosa. Am J Pathol 1951;27:277-301. 

3 Lane SE, Scott DG, Heaton A, Watts RA. Primary renal vasculitis in Nor- 
folk — increasing incidence or increasing recognition? Nephrol Dial Transplant 
2000;15:23-7. 

9 Vaglio A, Buzio C, Zwerina J. Eosinophilic granulomatosis with polyangiitis 
(Churg-Strauss): state of the art. Allergy 2013;68:261-73. 

11 Jakiela B, Sanak M, Szczeklik W et al. Both Th2 and Th17 responses are involved in 
the pathogenesis of Churg-Strauss syndrome. Clin Exp Rheumatol 2011;29(Suppl. 
64):S23-34. 

14 Davis MD, Daoud MS, McEvoy MT, Su WP. Cutaneous manifestations of Churg- 
Strauss syndrome: a clinicopathologic correlation. J Am Acad Dermatol 
1997;37:199-203. 

20 Mukhtyar C, Guillevin L, Cid MC et al. EULAR recommendations for the 
management of primary small and medium vessel vasculitis. Ann Rheum Dis 
2009;68:310-17. 


Medium-vessel vasculitis 
Polyarteritis nodosa and cutaneous polyarteritis nodosa 

1 Jennette JC, Falk RJ, Bacon PA et al. 2012 revised International Chapel Hill Con- 
sensus Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1-11. 

2 Daoud MS, Hutton KP, Gibson LE. Cutaneous periarteritis nodosa: a clinicopatho- 
logical study of 79 cases. Br J Dermatol 1997;136:706-13. 

5 Ishiguro N, Kawashima M. Cutaneous polyarteritis nodosa: a report of 16 cases 
with clinical and histopathological analysis and a review of the published work. 
J Dermatol 2010;37:85-93. 

6 Mohammad AJ, Jacobsson LT, Westman KW, Sturfelt G, Segelmark M. Incidence 
and survival rates in Wegener’s granulomatosis, microscopic polyangiitis, Churg- 
Strauss syndrome and polyarteritis nodosa. Rheumatology (Oxford) 2009;48:1560-5. 

11 Darras-Joly C, Lortholary O, Cohen P, Brauner M, Guillevin L. Regressing micro- 
aneurysms in 5 cases of hepatitis B virus related polyarteritis nodosa. J Rheumatol 
1995;22:876-80. 

12 Caldeira T, Meireles C, Cunha F, Valbuena C, Aparicio J, Ribeiro A. Systemic poly- 
arteritis nodosa associated with acute Epstein-Barr virus infection. Clin Rheumatol 
2007;26:1733-5. 

24 Navon Elkan P, Pierce SB, Segel R et al. Mutant adenosine deaminase 2 in a 
polyarteritis nodosa vasculopathy. N Engl J Med 2014;370:921-31. 

26 Guillevin L, Lhote F, Gayraud M et al. Prognostic factors in polyarteritis nodosa 
and Churg-Strauss syndrome. A prospective study in 342 patients. Medicine 
(Baltimore) 1996;75:17-28. 

29 Mukhtyar C, Guillevin L, Cid MC et al. EULAR recommendations for the 
management of primary small and medium vessel vasculitis. Ann Rheum Dis 
2009;68:310-17. 

30 Krishnan S, Bhakuni DS, Kartik S. Rituximab in refractory cutaneous polyarteritis. 
Int J Rheum Dis 2012;15:e127. 


Kawasaki disease 
3 Baumer JH, Love SJ, Gupta A, Haines LC, Maconochie I, Dua JS. Salicylate for the 
treatment of Kawasaki disease in children. Cochrane Database Syst Rev 2006;Issue 
4:CD004175. 


4 Newburger JW, Takahashi M, Gerber MA et al. Diagnosis, treatment, and 
long-term management of Kawasaki disease: a statement for health professionals 
from the Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease, 
Council on Cardiovascular Disease in the Young, American Heart Association. 


2 Haugeberg G, Paulsen PQ, Bie RB. Temporal arteritis in Vest Agder County in 
southern Norway: incidence and clinical findings. J Rheumatol 2000;27:2624-7. 

4 Smeeth L, Cook C, Hall AJ. Incidence of diagnosed polymyalgia rheumat- 
ica and temporal arteritis in the United Kingdom, 1990-2001. Ann Rheum Dis 


i. Key references 100.37 


Pediatrics 2004;114:1708-33. 

14 Kobayashi T, Inoue Y, Takeuchi K et al. Prediction of intravenous immunoglob- 
ulin unresponsiveness in patients with Kawasaki disease. Circulation 
2006;113:2606-12. 

15 Kobayashi T, Saji T, Otani T et al. Efficacy of immunoglobulin plus pred- 
nisolone for prevention of coronary artery abnormalities in severe Kawasaki dis- 
ease (RAISE study): a randomised, open-label, blinded-endpoints trial. Lancet 
2012;379:1613-20. 


2006;65:1093-8. 
15 Mukhtyar C, Guillevin L, Cid MC et al. EULAR recommendations for the man- 
agement of large vessel vasculitis. Ann Rheum Dis 2009;68:318-23. 


Takayasu arteritis 

5 Watts R, Al-Taiar A, Mooney J, Scott D, Macgregor A. The epidemiology of 
Takayasu arteritis in the UK. Rheumatology (Oxford) 2009;48:1008-11. 

9 Frances C, Boisnic S, Bletry O et al. Cutaneous manifestations of Takayasu arteritis. 
A retrospective study of 80 cases. Dermatologica 1990;181:266-72. 

11 Maksimowicz-McKinnon K, Clark TM, Hoffman GS. Limitations of therapy and a 

guarded prognosis in an American cohort of Takayasu arteritis patients. Arthritis 
Rheum 2007;56:1000-9. 


Large-vessel vasculitis 
Giant cell arteritis 
1 Baum EW, Sams WM, Jr, Payne RR. Giant cell arteritis: a systemic disease with 
rare cutaneous manifestations. J Am Acad Dermatol 1982;6:1081-8. 


VASCULAR 


m) 
oc 
uu 
Q 
oc 
je] 
mS 
ia) 


PART 9 


CHAPTER 101 
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ARTERIAL AND ARTERIOLAR D 


Vasculogenesis, angiogenesis 
and arteriogenesis 


Vasculogenesis is the first step in the development of blood vessels 
and is the process by which endothelial cells differentiate from 
their mesodermal precursors. Vasculogenesis leads to the formation 
of a primary capillary plexus and occurs mainly in embryonal 
development [1]. Angiogenesis is the process by which new cap- 
illaries are formed from existing vessels by sprouting, expanding 
and remodelling [2]. It is a normal process essential to growth and 
development. It is pivotal in wound healing, but it is also a key 
element in the pathogenesis of disease [3]. The establishment and 
remodelling of blood vessels require a complex orchestration of 
molecular regulators. In order for angiogenesis to occur, there exists 
an imbalance in angiogenic growth factors compared with angio- 
genesis inhibitors. Initially, there is an upregulation of angiogenic 
growth factors which are released to nearby tissues. The growth 
factors bind to specific receptors on adjacent vascular endothelial 


cells leading to cellular activation. The endothelial cells proliferate 
and secrete matrix metalloproteinases (MMPs) which degrade the 
extracellular matrix. This permits migration of budding endothelial 
cells under the influence of angiogenic stimuli, particularly the 
family of vascular endothelial growth factors (VEGF) A, B, C, D and 
E, plus placental growth factor and their tyrosine kinase receptors, 
VEGFR-1, VEGFR-2 and VEGFR-3. Stabilisation and maintenance 
of newly formed vessels occur mainly as a consequence of the 
angiopoietins [4], Angl (expressed by pericytes, smooth muscle 
cells and fibroblasts) and Ang2 (from endothelial cells) through 
their Tie receptors. There are many other angiogenic growth fac- 
tors which are variously important in health and disease such as 
basic fibroblast growth factor, interleukin-8, platelet-derived growth 
factor, transforming growth factor B and tumour necrosis factor o [3]. 

Differentiation into arteries, veins and capillaries is the respon- 
sibility of angiogenesis. Neoangiogenesis is an important cause of 
recurrent varicose veins after stripping [5]. Arteriogenesis produces 
rapid circumferential growth in the pre-existing collateral vessels, 
which are less perfused under normal flow conditions. While local 
tissue ischaemia or hypoxia stimulates angiogenesis, arteriogenesis 
is mainly induced by inflammation and sheer stress [6]. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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101.2 


Arterial disease and peripheral 
ischaemic disorders 


Definition and nomenclature 

Disorders where the arterial blood supply to the limb (usually the 
leg) is damaged by any disorder which restricts flow to the lower 
limb — typically atherosclerosis, a chronic disorder that can result 
in intravascular thrombosis that leads to damage and death of the 
tissues, but may include arterial embolisation of thrombi, cholesterol 
emboli and other causes. 


‘Synonyms and inclusions 
¢ Atherosclerosis 
© Peripheral ischaemia 

_ © Peripheral vascular disease 


Introduction and general description to atherosclerotic 
peripheral vascular disease 

Atherosclerosis of the lower limb is a condition most frequently 
managed by vascular surgeons, but patients may present to der- 
matologists when peripheral ischaemia leads to infarction and 
ulceration of the skin. 


Epidemiology 

Atherosclerosis is responsible for more than 90% of all arterial 
disease in the Western world. Approximately 202 million people 
worldwide are living with arterial disease of the lower extremity, 
and the numbers continue to rise with a 23% increase in incidence 
in the past 10 years. It commonly develops after the age of 50, with 
the rate increasing exponentially after the age of 65, going on to 
affect approximately 20% of those aged 80 and above [1]. Smoking 
is an important modifiable risk factor, with the association of lower 
extremity arterial disease reducing considerably after 10 years of 
cessation, although it continues to persist [2]. Other important risk 
factors include hypertension, dyslipidaemia, diabetes and family 
history of arterial disease. 


Pathophysiology 

This is a multifactorial disorder, but it is thought that the underlying 
mechanism is immunological [3]. Evidence suggests that cardio- 
vascular risk factors induce endothelial injury and endothelial 
dysfunction. Monocytes recruited to the inflamed endothelium 
of blood vessels differentiate into phagocytic macrophages which 
scavenge modified lipids to produce foam cells. This is the basis for 
the development of the lipid-rich atheroma core. In time, there is 
further influx and inflammation leading to unstable atherosclerotic 
plaques which can eventually ulcerate through the endothelial 
lining, exposing a highly thrombogenic surface. Platelets adhere 
to the ulcerated plaque and platelet aggregates (platelet thrombi) 
may embolise distally or may initiate local thrombosis. Inadequate 
collaterals, or occlusion by thrombosis or embolism, will lead to 
tissue infarction (e.g. peripheral gangrene). 
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Clinical features 
The clinical features of peripheral vascular disease are described in 
Table 101.1 


Investigations 

The most important investigations are summarised in Tables 101.2 
and 101.3. Radiological investigations aim to provide a detailed 
assessment of the anatomy of the arterial tree. Choosing the appro- 
priate tests should be made with the guidance of vascular surgeons 
and interventional radiologists [5]. 


Management 

Once the diagnosis of peripheral vascular disease is made, the 
patient is best managed by a vascular surgeon who can address 
the underlying cause. Table 101.4 outlines the basic management 


Table 101.1 Clinical features of peripheral vascular disease. 


Claudication: cramping pain on walking, usually in the posterior 
calf, relieved with rest 

Rest pain at night usually in the foot: indication of critical 
ischaemia 

Skin ulceration 

Poor healing of wounds on the extremities 

Erythematous or dusky mottled hue to legs; elevation of the leg 

leads to a white foot (Figure 101.1) 

Trophic changes (including dry skin, cracks, loss of hair, thickened 
nails) (Figure 101.2) 

Platelet emboli can lodge in the vasculature causing areas of 
discoloration in the toes and sole of the foot and can appear 
‘vasculitic-like’ (Figure 101.3) 

Ulceration of skin at pressure points and the dorsum of the foot 
(Figure 101.4) 

Clinical variants = N/A 

Differential Buerger disease 

diagnosis Embolism leading to acute ischaemia 
External arterial compression (popliteal entrapment or cervical rib) 
Dissecting aneurysms 
Ergot alkaloid poisoning 
Coagulation disorders (polycythaemia, thrombocytosis) 
Vasculitis 
Calciphyllaxis 
Fabry disease 
Mild, moderate and severe peripheral vascular disease (see the 
ankle—brachial Doppler pressure index in Table 101.2) 

Tobacco smoking (present or past), hypertension, dyslipidaemia, 
diabetes, history of peripheral vascular disease, chronic kidney 
disease, sedentary lifestyle, poor diet, family history of 
cardiovascular or peripheral vascular disease, autoimmune 
conditions (such as systemic lupus erythematosus, rheumatoid 
arthritis) 

Examination of skin (colour, temperature, trophic changes, 

vasculitic-like appearance) 

Palpation of peripheral pulses 

Cardiovascular: atrial fibrillation and other dysrhythmias, 
murmurs, heart failure, aortic aneurysm and bruits over 
stenosed vessels 

Fundi (may show hypertensive changes or cholesterol emboli) 

Peripheral neuropathy 

90% have coronary artery disease and the extent of this 

determines the overall survival of the patient rather than the 
peripheral vascular disease [4] 


History 


Presentation 


Classification of 
severity 
Risk factors 


Physical 
examination 


Disease course 
and prognosis 


Figure 101.1 Buerger test showing postural colour change in an ischaemic foot — white 
when the foot is elevated (right) and red when lowered (left). 


Figure 101.2 Trophic changes including dry skin, cracks, loss of hair and thickened nails 
(the latter two not shown in figure). 


strategies. Treatment options differ for patients presenting with 
claudication, rest pain or gangrene and acute limb ischaemia. 


Resources 


Further information 

Lower limb peripheral arterial disease; diagnosis and management, NICE guideline 
February 2018, http: / /guidance.nice.org.uk/CG147 

Percutaneous laser atherectomy as an adjunct to balloon angioplasty (with or without 
stenting) for peripheral arterial disease, NICE guideline November 2012, http:// 
guidance.nice.org.uk/IPG433 


orders 101.3 


erial and arteriolar 


Figure 101.3 Platelet emboli can lodge in the vasculature causing areas of discoloration 
in the toes and sole of the foot, and can appear ‘vasculitic-like’. 


Figure 101.4 Ulceration of the skin at pressure points. 


2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial Diseases, 
in collaboration with the European Society for Vascular Surgery (ESVS); endorsed 
by the European Stroke Organisation (ESO) 


Patient resources 
https: / /patient.info /heart-health/peripheral-arterial-disease-leaflet 
(All last accessed March 2022) 


Thromboangiitis obliterans a | 


Definition and nomenclature 

This is a non-atherosclerotic segmental inflammatory disease of the 
small- and medium-sized arteries of the distal extremities of pre- 
dominantly young male smokers [1]. These patients are normally 
seen by vascular surgeons but may present to dermatologists with 
redness and/or ulceration of the skin of the fingers and toes. 
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Table 101.2 Investigations for patients with suspected peripheral vascular disease. 


Doppler ultrasound to measure the 
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After the Doppler ultrasound probe has been used to locate the dorsalis pedis or posterior tibial vessel, a spohygmomanometer cuff 


ankle-brachial Doppler pressure index 


is placed around the limb above the ankle and inflated (Figure 101.5). The red cells flowing past the tip of the ultrasound probe 


deflect the beam, creating an audible noise. As the cuff is inflated above systolic pressure, flow in the artery ceases and the noise 
disappears. This ankle-brachial systolic gradient is normally 1.0. A fall in ankle pressure results in a reduction of the pressure 
index. Falsely high indices may be obtained in some limbs if the vessels are very calcified and fail to compress at systolic pressure. 
This is especially true for diabetic limbs. In such circumstances a more accurate means of assessment is to measure the Doppler 


pressures at the toe 


Ratio >1.4 = calcification may be present 


Normal result = 1.0-1.4 


Ratio 0.8-1.0 = no significant/mild peripheral vascular disease 

Ratio 0.5-0.8 = moderate peripheral vascular disease 

Ratio <0.5 = severe peripheral vascular disease 

Ratio <0.3 = usually associated with critical ischaemia and gangrene 


Toe systolic BP, toe—brachial index (TBI) and 


Useful in cases of lower extremity arterial disease with calcinosis and incompressible arteries; TBI considered abnormal if <0.70. 


transcutaneous oxygen pressure (TCPO,) = TCPO, determinant of healing capacity after amputation (<10 mmHg = wound healing unlikely) 
Blood tests Full blood count (to exclude anaemia and polycythaemia), urea and electrolytes (to monitor renal function), 
haemoglobinA1C/fasting glucose, fasting lipid profile, C-reactive protein (as a marker of inflammation), homocysteine; 
enzyme/genetic tests if Fabry disease suspected (Chapters 79 and 154) 


Cardiovascular and respiratory investigations 
cardiomegaly) 
Treadmill test 


Electrocardiogram (to investigate for ischaemic heart disease and cardiac dysrhythmias), chest radiograph (for heart failure, 


Useful for unmasking intermitted claudication of the lower limbs 


Table 101.3 Radiological investigations for patients with suspected peripheral vascular 
disease. 


Duplex ultrasound Duplex ultrasound is often the initial investigation and is used as a 
screening test to confirm the major sites of stenosis or 
occlusion in the vascular tree [6,7]. A duplex ultrasound scan 
provides both a B-mode image of the artery and a 
measurement of blood velocity; these can be combined to 
provide a map of stenoses and occlusions within the arterial 
tree from the aorta to the crural (calf) vessels. The greater the 
velocity, the tighter the stenosis 

Digital subtraction Often used to aid interventional procedures; however, it is invasive 


angiography and comes with risk of complication. It is useful in cases of 
discrepancy with non-invasive imaging techniques 

Computed Non-invasive and widely available, providing essential imaging for 
tomography planning interventional procedures. Disadvantages include 
angiography radiation of exposure and risk of nephrotoxicity from iodinated 
(CTA) contrast 

Magnetic Useful alternative for cases unsuitable for CTA imaging, for 
resonance example those with kidney disease. However, there is a greater 
angiography risk of motion artefact and may be contraindicated in those 


with pacemakers and implantable cardioverter defibrillators 


Introduction and general description 

Thromboangiitis obliterans (Buerger disease) appears to be a dis- 
tinct condition separate from other forms of vascular occlusion 
[2,3], with differences in the pathological appearance of the vessel 
wall, and in the population affected, compared with other arte- 
rial diseases [2]. It was first described by Felix von Winiwarter in 
1879. In 1908, Buerger published a pathological description of 11 
amputated limbs in young male smokers [4]. 


Epidemiology 

Incidence, prevalence and ethnicity 

The prevalence is higher in the Mediterranean, the Middle East, 
India and the Far East and less common in Western Europe and 
North America. 


Figure 101.5 Doppler ultrasound to measure the ankle-brachial Doppler pressure index. 


In Western Europe the prevalence varies, affecting between 0.5% 
and 5.6% of the population. By contrast, in Korea and Japan it affects 
15-66%, and 45-63% in India [5]. These differences are thought to 
reflect smoking habits and in particular the use of homemade 
cigarettes. 

The prevalence is falling in the USA, from 104/100 000 in 1947 to 
13/100 000 in 1986 [6], and in Thailand, the prevalence in one clinic 
has halved from 1988 to 1995, while the prevalence of peripheral 
vascular disease doubled in the same time period [7]. This is thought 
to be due to a decline in the numbers of cigarette smokers. 


Age 
Most are under the age of 45. 


Sex 
The condition is much more common in males, with 70-91% of those 
diagnosed being male [8]. The number of women with the condition 


Table 101.4 Treatment options for patients with peripheral ischaemia. 


Claudication: 


aim of treatment is to relieve symptoms Modify risk factors 


101.5 


Arterial and arteriolar disorders 


First line (conservative) as only 5% of patients go on to develop rest pain or gangrene 


Smoking, hypertension, dyslipidaemia, diabetes 


Supervised exercise programme 


To encourage the development of collateral blood vessels. This is effective and improves symptoms and quality of life 


Pharmacotherapy 


Antihypertensive agents reduce the risk of cardiovascular events and are preferred as they cause peripheral arterial dilatation. 
Verapamil in particular is preferred as it has been shown to increase walking distance in those with peripheral arterial disease [8] 

Statins are indicated in all patients with peripheral vascular disease. Lipid-lowering agents reduce major adverse cardiovascular 
events by 17% and significantly reduce risk of stroke [9] 

Single antiplatelet therapy is indicated if patients are symptomatic or have undergone revascularisation; clopidogrel is the preferred 


treatment of choice [10] 


Drugs such as naftidrofuryl oxalate, cilostazol, pentoxifylline, buflomedil and carnitine may be trialled; however, the benefit is 
variable and limited. Patients taking naftidrofuryl oxalate should be assessed for improvement after 3-6 months 


Second line 


Revascularisation 


Endovascular therapy and open surgery can be beneficial for symptomatic relief; hybrid procedures with endarterectomy/bypass and 
endovascular therapy may indicated in cases of ilio-femoral lesions 

Importantly, endovascular therapy is associated with significant mortality, morbidity and has limited durability. Potential 
complications of endovascular therapy include arterial rupture, aneurysm formation, thrombosis and dissection. Therefore, these 
procedures should be limited to those who do not respond to conservative measures 

Open surgery is associated with greater durability but higher complication rates 


Rest pain and gangrene: First line 
aim of treatment is to prevent amputation, 


relieve pain and preserve life 


Revascularisation 


Manage complicating conditions such as diabetes, dehydration, infection, polycythaemia and anaemia 
Effective wound care with analgesia and treatment of secondary infections 


Endovascular therapy is preferable in short, stenotic occlusions, or long occlusions where there is a risk of open surgery 
In long occlusions where patients are fit for surgery, bypass is considered first line 


Second line 


If these interventions fail, amputation is considered 


Acute limb ischaemia: First line 
aim of treatment is to prevent amputation, 


relieve pain and preserve life Ensure adequate analgesia 


Treatment with unfractionated heparin [11] 


Urgent angiography to confirm the diagnosis (consider embolism if patient is in atrial fibrillation, has had recent myocardial 
infarction or if the vascular flow in the other limbs is normal. The cardiac dysrhythmia should be managed) 


Revascularisation 


If any evidence of neurovascular compromise, urgent revascularisation is essential and should not be delayed by imaging [12] 

If embolic: balloon angioplasty with or without stenting and sometimes with percutaneous laser atherectomy as an adjunct 

Peripheral arterial disease: balloon catheter embolectomy with or without stenting and sometimes with percutaneous laser 
atherectomy and thrombolysis and anticoagulation 

If stenotic: thrombolysis often via an intra-arterial catheter, followed by anticoagulation. Angioplasty, stenting or surgery may be 


necessary 


Platelet emboli should be managed by antiplatelet medication 


Second line 
Amputation 


is rising but is about 11% in the USA [6], and fewer than 3% reported 
in Thailand [7]. 


Pathophysiology 

Predisposing factors 

The aetiology of this condition is unknown although tobacco addic- 
tion is invariably a major contributing factor [8], and a failure to 
overcome this addiction is associated with progressive occlusion of 
the vessels. 


Pathology 

Circulating autoantibodies have been identified, in particular 
antiendothelial cell antibodies are present in high titre in active 
disease [9]. Antibodies have a pathogenic role and can be used to 
monitor disease activity [2]. The full thickness of the vessel wall is 
invaded by lymphocytes, eosinophils, plasma cells and monocytes 
which disrupt the internal elastic lamina. There is luminal occlusion 
from thrombosis which is highly cellular. Accompanying nerves 
and veins may become involved in the inflammatory process. 
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All changes are segmental or focal. At a later stage in the disease, 
fibrosis occurs, which spreads to involve surrounding structures [2]. 
Prothrombotic factors may also be contributory, with anticardiolipin 
antibodies implicated in more severe disease [10]. 

Although smoking is known to contribute to the development 
and progression of the condition, its precise role in the pathophys- 
iology of the condition is unknown. It is postulated that it causes 
a delayed hypersensitivity reaction or toxic angiitis, triggering 
the release of cytokines which contributes to the inflammatory 
process [11]. 


Causative organisms 

Rickettsial infections have been postulated to play a role but evi- 
dence is lacking [12]. Chronic anaerobic periodontal infection has 
also been postulated to play a role, with approximately two-thirds 
of patients with thrombophlebitis obliterans having severe infec- 
tion [13]. However, this may be confounded by the fact that many 
chronic heavy smokers also have this condition concurrently. 


Genetics 

No confirmed genetic basis has been found though studies have 
been looking at the role of polymorphisms in the T allele of endothe- 
lial nitric oxide synthase [14,15]. 


Environmental factors 
Ambient temperature may be relevant; two studies have reported 
that thromboangiitis obliterans is worse in the winter and better in 
warmer weather [16,17]. 


Clinical features 
The clinical features are summarised in Table 101.5. 


Investigations 

There are no diagnostic tests. Often the diagnosis can be made on 
clinical grounds with other causes excluded. The erythrocyte sed- 
imentation rate (ESR) may be elevated and blood tests should be 
undertaken to exclude collagen vascular disorders and coagulation 
abnormalities. Angiography may be used to identify and establish 
the extent of the disease, showing arterial occlusion and the devel- 
opment of corkscrew collaterals (Figure 101.7). 


Management 

These patients are best managed by vascular surgeons. Treatment is 
difficult and many different modalities have been tried (Table 101.6) 
but evidence for their success is limited. 


NEUROVASCULAR DIS 


Erythromelalgia | 


Definition and nomenclature 

This is a rare neurovascular disorder in which the extremities are 
episodically painful and red (Chapter 82). A sensation of burning 
is associated with vasodilatation of the small blood vessels in the 
affected area. 


Table 101.5 Clinical features of thromboangiitis obliterans. 


History Pain in the upper and lower limbs with cold extremities 

e Intermittent claudication (classically in the arch of the 
foot) 

e Rest pain 

e Neuropathic pain and increased sensitivity to cold 

e Athralgia/arthritis — may be the first indication of 
disease 

Ulcers: at the sites of trauma and often the sides of the 

nails or the tips of the digits 

Gangrene (occurs early) (Figure 101.6) 

Trophic changes 

Red or cyanotic peripheries 

Oedema 

Venous thrombosis and thrombophlebitis migrans 

Proximal pulses are present, but dorsalis pedis, posterior 
tibial and brachial pulses are lost early 

Other organ ischaemia 

Age less than 45 

History of smoking 

Distal extremity ischaemia 

Findings supported by arteriography 

Other conditions such as autoimmune, thrombophilia, 
diabetes, embolic sources excluded 

Early onset atherosclerosis 

Multiple emboli 

Trauma or local lesions (such as entrapment) 

Collagen vascular disease 

Diabetic vasculopathy 

Hypercoagulable states 

Ergotism, cocaine/amphetamine abuse 


Presentation 


Diagnostic criteria 


Differential diagnosis 


Classification of severity N/A 

Complications and Ulcers and gangrene can lead to sepsis and digital/limb 
co-morbidities loss 

Disease course and If patients continue to smoke, the prognosis is poor as 


prognosis 


most will require multiple amputations 


Figure 101.6 Ischaemic toes in thromboangiitis obliterans. 


d inclusions 
ease (after Silas Weir Mitchell) 
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Epidemiology 

Incidence and prevalence 

There is not much data on the incidence of this rare condition. One 
study from the USA suggested a rate of 1.3/100 000 of the general 
population having both primary and secondary erythromelalgia, 
with 5% of those having the primary inherited form [1]; other stud- 
ies from Norway [2] and Sweden [3] have found the incidence to be 
even lower. A study from the Mayo Clinic recorded the incidence 
as 1 case per 40000 patients attending the hospital [4]. As there 
have been more recent discoveries of genetic causes of primary 
erythromelalgia resulting in a change in classification for some 
patients, the previous reports may not represent the true incidence 
of this condition. Dermatologists see this condition rarely even in 
specialist centres, although the incidence may be higher in reality 
as this condition is often underrecognised. 


Age 

Age of onset is variable. The primary form is generally thought to 
have a younger age of onset; however, although earlier reports from 
the Mayo Clinic suggested a median onset age in the primary form 
of 10 years, later studies have shown a wide range of onset: 5-91 
years, with a median age of 60 overall [1]. In Norway, the range of 
onset is from 7 to 76 years in the primary group and 18 to 81 years 
in the secondary group [2]. In a paediatric case series of 32 patients 
at the Mayo clinic, the mean age was 14 years, with an age range of 
5-18 years [5]. 


Sex 
There is a small female predominance [1,2]. 


Figure 101.7 Angiography in thromboangiitis obliterans showing vascular occlusion 
and corkscrew collaterals. 


Ethnicity 

Table 101.6 Management of thromboangiitis obliterans. There is no current evidence that this is relevant. oc 

First line Cessation of smoking. This is the only intervention of proven value A sted di : 4 th: lalsi < 
and is most beneficial if undertaken before the onset of gangrene aaleha € saab ee ae any ery’ ees ane ; : 5Wn 
or tissue loss [1] This diagnosis was initially associated with myeloproliferative [Tw i 
Second line Surgical: disorders, with figures reporting between 20% and 25% [6]. 2 a 
 revascularisation if possible (most occlusions are not amenable However, a case series of 168 patients with erythromelalgia has > ce 
because they are too distal or diffuse and segmental) found this association in fewer than 10% of cases at presentation, [EG je) 
¢ amputation for gangrene ith only 1.3% : fa devel 1 liteesPre dicen aw 
Medical: prostacyclin analogue infusions, phosphodiesterase WHIRL ORY 12:27:70: BOMIS OlVtO Geve lop TYE Oprometative Cisorcer -Q 

inhibitors, calcium-channel blockers, thrombolytics, anticoagulants subsequently. 5 

Sympathectomy: spinal cord stimulators Erythromelalgia is now recognised to be associated with a < 

Stimulating angiogenesis through autologous bone marrow cells rich number of other conditions including connective tissue dis- 


ip eneernelia progenitor cel eases, malignancies, metabolic conditions (such as diabetes and 


hypercholesterolaemia), infection, musculoskeletal conditions, neu- 
ropathies, and drug reactions [7]. It is associated with a significant 
Introduction and general description decrease in mortality and morbidity in the US general population 
Erythromelalgia is derived from the Greek erythros = red, melos = | compared with age and sex-matched non-affected equivalents [8]. 
limb and algos = pain. The painful burning attacks typically affect 
the hands or feet but can involve the face and ears. It isa disabling Pathophysiology 
disorder which may be primary idiopathic, primary hereditary (15% Primary erythromelalgia 
of patients have been shown to have a mutation in the SCNA9A _ Erythromelalgia is the first condition in which an ion channel 
gene) or secondary to anumber of underlying conditions. Itispoorly | mutation has been associated with chronic pain [9]. In 15% of cases 
understood although advances are being made, but unfortunately — genetic mutations have been identified. Other cases are thought to 
treatment is often unsuccessful. There are primary and secondary have anon-genetic cause or may be mediated by mutations in one or 
forms of this condition, and the aetiology and management of these — more as yet unidentified genes. Since 2004, at least 20 mutations in 
conditions differ. the SCN9A gene have been identified in erythromelalgia [10,11-20]. 
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The SCN9A gene codes for the «-subunit of a sodium channel called 
NaV1.7. Sodium channels transport positively charged sodium ions 
into cells. They act as threshold sensors and initiate action poten- 
tials. The mutations alter the activation profile to produce channels 
that are open for a longer period of time, leading to more prolonged 
changes in the membrane potential. NaV1.7 sodium channels are 
found in nociceptors in the dorsal root ganglion and sympathetic 
ganglion neurons. The hyperexcitability of the C-fibres in the dorsal 
root ganglion leads to the burning pain that characterises ery- 
thromelalgia. In the sympathetic system, there is hyporeactivity [14] 
resulting in altered vascular responses to stimuli such as heat and 
exercise, which causes persistent vasodilatation of the affected skin. 
It has been shown that the shift in a patient’s mutation hyperpolar- 
isation activation was less great in milder late-onset primary type 
erythromelalgia than in a patient with severe early-onset primary 
erythromelalgia [21]. 

It is unknown why the pain episodes associated with erythrome- 
lalgia occur mainly in the hands and feet. 


Secondary erythromelalgia 

In cases associated with thrombocythaemia, biopsies have revealed 
arteriolar fibrosis and vascular occlusion due to platelet thrombi [22]. 
It is thought the abnormally functioning platelets in thrombo- 
cythaemia clump in vessels and induce neurovascular damage by 
triggering inflammation. The pathophysiology of cases associated 
with other underlying conditions remain unknown. 


Pathology 
There are no diagnostic histopathological findings. 


Causative organisms 

There have been epidemic outbreaks of erythromelalgia reported in 
students in rural China. The cause is unknown but poxviruses were 
isolated from throat swabs of several patients in different areas and 
at different times of the year [23-25]. 


Genetics 
The primary idiopathic form may occur sporadically but when 
familial it is inherited in an autosomal dominant manner. 


Environmental factors 

Eating certain fungi, such as Clitocybe acromelalgia (Japan) and Clito- 
cybe amoenolens (France), has led to reports of mushroom-induced 
erythromelalgia which has persisted for up to 5 months following 
ingestion [26]. In medication-induced erythromelalgia, calcium- 
channel blockers and bromocriptine can trigger the condition. 


Clinical features 
Patients may present to general physicians, paediatricians, rheuma- 
tologists, vascular surgeons and dermatologists. There may be no 
abnormal signs at the consultation since the condition is episodic. 
Consequently, it often takes some time before a diagnosis is made. 
The Thompson criteria can be helpful in making the diagnosis. 
This includes burning pain of the extremities, symptoms exacer- 
bated by warmth and relieved by cooling, redness and warmth of 
the affected area [27]. 
The clinical features erythromelalgia are shown in Table 101.7. 
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Table 101.7 Clinical features of erythromelalgia. 


History Intense burning associated with erythema and increased 
warmth of the extremities (hands, feet, arms, legs, face 
and/or ears) 

Triggers of attacks may include heat (often wake the 
patient at night), movement, exercise and emotional 
distress 

Attacks last from a few minutes to several hours 

During attacks, patients are desperate to cool the 
affected area 

During attacks, the affected part is very red 

Initially, between attacks, the affected area appears 
normal. Over time dusky discoloration and acrocyanosis 
persist and the skin become shiny (Figure 101.8) 

Complex regional pain syndrome (reflex sympathetic 
dystrophy) following trauma 

Thromboangiitis obliterans 

Vasculitis 

Gout 

Lipodermatosclerosis 

Acrocyanosis 

Classification of severity N/A 

Complications Skin changes such as irritant dermatitis (Figure 101.9a) 
and fissuring (Figure 101.9b) secondary to chronic 
immersion in cold water to relieve symptoms 

Vascular occlusion in erythromelalgia secondary to 
thrombocythaemia can lead to ulceration, necrosis and 
gangrene 

Tendency to avoid using the affected limbs leading to 
oedema and atrophy 

Psychological issues due to chronic pain 

Secondary erythromelalgia due to myeloproliferative 
disease will respond if the underlying condition is 
treated successfully 

Primary erythromelalgia is a chronic disorder which is 
generally unremitting 


Examination 


Differential diagnosis 


Disease course and 
prognosis 


Figure 101.8 Patient during an attack of erythromelalgia. 


(b) 


Figure 101.9 Secondary changes in erythromelalgia due to immersion in water to 
relieve symptoms (a) irritant contact dermatitis, and (b) fissuring. Courtesy of Professor 
Pauline Dowd, University College London Hospital, London, UK. 


Table 101.8 Investigations for a patient with suspected erythromelalgia. 


Blood tests To exclude underlying conditions including 
myeloproliferative disorders, collagen vascular 
disorder, gout, diabetes; if no haematological 
abnormalities are identified, serial blood tests 
following the diagnosis should be considered 

If a peripheral neuropathy is suspected 


For SCNAYA gene mutation 


Nerve conduction studies 
Genetic testing - if primary 
erythromelalgia suspected 


Table 101.9 Management of erythromelalgia. 


Conservative measures Advice on avoiding exacerbating factors 

Advise patient against cold water immersion to relieve 
symptoms 

Psychological support 

Selective serotonin reuptake inhibitors such as 
venlafaxine, antiepileptic agents, calcium channel 
blockers, tricyclic antidepressants such as 
amitriptyline, neuropathic agents such as 
gabapentin and pregabalin [33] 

Lidocaine patch [34] 

Capsaicin cream (can cause exacerbations) 

Referral to pain specialist clinic 

Mexiletine can be effective 

Ranolazine (one case report) 

Treat underlying condition 

If due to myeloproliferative disorder, refer to 
haematologist 

Aspirin for thrombocythaemia [35] 


General treatment 


Primary erythromelalgia 
specific treatment 

Secondary erythromelalgia 
specific treatment 


Investigations 
The diagnosis of erythromelalgia remains a clinical one, and 
investigations should be undertaken to exclude secondary causes 
and for other conditions which can give painful red extremities 
(Table 101.8). Provocation by immersing affected areas in hot water 
can be helpful on occasion. Skin biopsies are not diagnostic, and 
may show non-specific changes, such as increased or decreased 
nerve density in primary erythromelalgia [28], and thrombi in the 
secondary form associated with haematological abnormalities. 
Once the diagnosis has been made, it should be classified into 
primary or secondary. Firstly, causes of secondary erythromelalgia 
should be excluded. Importantly, myeloproliferative disorders can 
follow by a median of 2.5 years, and therefore serial blood tests 
should be considered [29]. If primary erythromelalgia is suspected, 
genetic testing can be undertaken to look for mutation of the 
SCNAYA gene. This can be requested directly by dermatologists for 
NHS patients meeting the eligibility criteria [30]. 


Management 

Treatment is largely symptomatic. There are no large trials compar- 
ing supportive measures. Treatment of the underlying condition 
in secondary erythromelalgia yields variable results. Response to 
supportive treatment is also highly variable. In primary erythrome- 
lalgia, mexiletine has been shown to normalise the biophysical 
properties of the mutated NaV1.7 sodium channels and is very 
effective in some cases [31]. In one case report, ranolazine has also 
shown efficacy by a similar mechanism [32]. 

The management of erythromelalgia is outlined in Table 101.9. 
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TELANGIECTASES -— ae 


Definition and nomenclature 


Telangiectases (Latin: tel = end + Greek: angos = vessel + ectasis 
from Greek: ektasis = expansion) are chronically dilated capillaries 
or venules. 


Synonyms and inclusions 
e Telangectasia 


Introduction and general description 


Telangiectases appear on the skin and mucous membranes as 
small, dull red, linear, stellate or punctate macules or papules 
which blanche on palpation. They represent dilatations (expansion, 
stretching) of pre-existing vessels without any apparently new 
vessel growth (angiogenesis) occurring. As such, telangiectases 
can be bracketed with spider angioma (spider naevi) and capillary 
aneurysm—venous lakes, whereas vascular malformations represent 
anomalies of embryological development (disturbances in vascu- 
logenesis or angiogenesis). Hamartomas include proliferation of 
other tissue elements, for example melanocytic or eccrine cells, and 
are not solely vascular [1]. 


Pathophysiology 


The telangiectases are a heterogeneous group of disorders. They can 
be broadly divided into primary and secondary according to their 
aetiology, although one of the commonest naevi (spider naevi) can 
be both (Table 101.10). They have varying clinical appearances and 
are different structurally (Table 101.11). 


Table 101.10 Causes of telangiectases. 


Chapter 101: Dermatoses Resulting from Disorders of the Veins and Ai 


Primary telangiectases 


Secondary telangiectases 


Generalised essential telangiectasia 

Hereditary benign telangiectasia 

Hereditary haemorrhagic telangiectasia 

Unilateral naevoid telangiectasia 

Ataxia-telangiectasia 

Bloom syndrome 

Vascular naevi (naevus flammeus) 

Angiomas and angiokeratomas 

Angioma serpiginosum 

Mycosis fungoides and angiotrophic 
lymphoma 

Spider naevi 

Naevus anaemicus with telangiectatic 
vessels 

Cutis marmorata telangiectatica 

Solitary plaque-like telangiectatic 
glomangioma 


Prolonged vasodilatation (rosacea, venous 
disease, calcium-channel blocking 
drugs, smoking) 

Chronic UV exposure (ageing skin) and 

post-irradiation 

Post-traumatic 

Atrophy (poikiloderma and steroid-induced) 

Collagen vascular disease 

Raynaud phenomenon, CREST syndrome, 

scleroderma, morphoea lupus 
erythematosus 

Dermatomyositis 

Mastocytosis: telangiectasia macularis 

eruptiva perstans 

HIV infection 

Miscellaneous genodermatoses 

Spider naevi 


CREST: calcinosis, Raynaud phenomenon, oesophageal dysmotility, sclerodactyly and 


telangiectasia. 


ae 


Table 101.11 Telangiectases with their underlying histology. 


Naevus flammeus (Figure 101.10) — Ultrastructure of the collecting venules shows 
ectopic development of small 
valve-containing collecting veins 

Interconnecting dilated capillaries in the 
superficial dermis 


Microvascular arteriovenous anastomoses 


Cherry angiomas (Figure 101.12) 


Angiokeratomas of Fabry and 
Fordyce (Figure 101.13) 

Generalised essential telangiectasia 
(Figure 101.17) 

Hereditary haemorrhagic 
telangiectasia (Figure 101.19) 


Dilatation of the postcapillary venules of the 
upper horizontal (subpapillary) plexus 

Spherical and tubular dilatations of capillary 
loops in the dermal papillae with tortuous 
cross-connections between individual loops 

Subtle increase in mast cell numbers; mast cells 
loosely arranged around the dilated vessels of 
the superficial plexus 


Telangiectasia macularis eruptiva 
perstans 


Figure 101.10 Naevus flammeus. 


Spider telangiectases 


Definition and nomenclature 

These are common small vascular lesions found on the skin of the 
upper body which are benign. They have a characteristic appearance 
which can resemble a spider. 


Synonyms and inclusions 
e Arterial spider 

e Spider naevus 

e Naevus araneus 

Spider angioma 


Introduction and general description 

Spider telangiectases may be solitary or multiple. Their characteris- 
tic appearance is due to a central red arteriole (which resembles the 
body of the spider) surrounded by a circular pattern of thin-walled 
capillaries (which look like the multiple legs of a spider). 


Epidemiology 
Incidence and prevalence 
Spider telangiectases occur in up to 15% of healthy people [1]. 


Age 
They are a frequent finding in healthy children [6]. 


Sex 
Commoner in women (especially when pregnant or on the oral con- 
traceptive pill). 


Ethnicity 
No difference in racial groups has been reported but the lesions are 
much more visible in patients with less pigmented skins. 


Associated diseases 

Spider naevi are associated with states of excessive oestrogen and 
may occur in large numbers during pregnancy — one or more spi- 
der naevi are found in two-thirds of all pregnant women with white 
skin and 11% of those with skin of colour [7]. They may appear in the 
first few months but tend to increase in number until term; they usu- 
ally disappear within 6 weeks of delivery but may persist or recur 
in the same sites in subsequent pregnancies. They are also charac- 
teristically found in patients with liver disease, when they can be 
a presenting sign [8] and again this is thought to be due to a state 
of oestradiol excess relative to free testosterone [9]. They are more 
common in alcohol-induced disease than that due to viral hepatitis 
and the number correlates with disease severity [10]. They are also 
found in association with use of the oral contraceptive pill, and in 
states of thyrotoxicosis. 


Pathophysiology 

Pathology 

The main vessel of the spider telangiectasis is an arteriole. The blood 
flows from this to the periphery, and then passes into a capillary net- 
work [11]. The pressure in spider telangiectases rises to 40 mmHg. 
The lesions consist of a central, ascending, spiral, thick-walled 
arteriole which ends in a thin-walled ampulla just beneath the 
epidermis. From the ampulla, thin-walled branching channels 


Table 101.12 Clinical features of spider telangiectases. 


History 
Presentation Single or multiple 


1-1.5mm in diameter 


Figure 101.11 Spider telangiectases. Classically, when the central arteriole is 
compressed, the skin blanches and the lesion temporarily vanishes but rapidly returns 
when the pressure is released. 


radiate peripherally in the papillary dermis. Glomus cells have 
been described in the wall of the central arteriole [12]. Therefore, 
these lesions actually resemble microarteriovenous malformations. 
The high oestrogen states that predispose to the lesions (pregnancy 
and liver disease) are thought to induce vasodilatation of the central 
arteriole [13]. Other substances implicated in the pathogenesis of 
spider naevi include vascular endothelial growth factor (VEGF), 
basic fibroblastic growth factor (bFGF) [14] and substance P [15]. 


Clinical features 


The clinical features of spider telangiectases are described in 
Table 101.12. 


Investigations 
An approach to investigating patients with spider telangiectases is 
outlined in Table 101.13. 


Lesions appear suddenly. They are asymptomatic but can be a cosmetic issue 


The central body may be raised, and is usually pulsatile on diascopy 
Found on upper body: neck, face, arms and chest, etc. (in the territory of the superior vena cava) 


Often on the hands and fingers in children 
Sometimes at sites of trauma 
May be unilateral [2] 


Classically, when the central arteriole is compressed, the skin blanches and the lesion temporarily vanishes but rapidly returns when the 


pressure is released (Figure 101.11) 
Clinical variants 
Differential diagnosis 


Can rarely occur on the mucous membranes of the lips and nose 
The typical morphology, with a central pulsating vessel, does not occur in other conditions 


In hereditary haemorrhagic telangiectasia, the lesions are macular, punctate or linear; when they are stellate they do not pulsate 


Complications and co-morbidities 
Liver disease 


Trauma may cause bleeding, but this stops with simple pressure 


Number of telangiectases (>20), size (>15 mm) and atypical distribution of lesions (lower body) can predict severity of liver disease and risk 


of complications such as bleeding varices [3-5] 
Lesions can spontaneously resolve in healthy adults and children 


Disease course and prognosis 


Lesions may disappear at the end of the pregnancy or with resolution of the liver disorder 
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Table 101.13 Investigation of patients with spider telangiectases. 


Phenotype Investigations 


Healthy children and adults with 
single lesions or only a few 
typical lesions 

Multiple lesions: examine for 
clinical signs of pregnancy, 
liver disease, thyrotoxicosis, or 
use of oral contraceptive pill 
or topical oestrogen use 


No investigations needed 


When concerned about underlying disease: 

e Blood tests: full blood count, urea and 
electrolytes, liver function tests, autoantibody 
screen, hepatitis viral serology, thyroid 
function tests, a-fetoprotein 

¢ Liver: ultrasound if clinical examination and/or 
blood tests suggests liver disease 


Table 101.14 Management of spider telangiectases. 


First line Conservative approach (especially in children and pregnant patients) 
Many lesions resolve spontaneously 
Identify and treat underlying disease 
Cosmetic camouflage 
Second line Electrodesiccation (small risk of a depressed scar if overtreated and 
may recur if undertreated) 
Laser: 585 nm pulsed dye laser produces a high rate of initial 
clearance [16] but may recur and require a second treatment. 
Laser is non-scarring but produces purpura 
KTP 532 nm laser is also highly effective with no post-treatment 
purpura [17,18] 
Multi-wavelength laser treatment has recently shown efficacy [18] 
Management 


Spider telangiectases are asymptomatic and may resolve sponta- 
neously. They may also resolve through treating the underlying 
condition. When on the face, they can be a cosmetic issue. Manage- 
ment is outlined in Table 101.14. 


Cherry angiomas 


Definition and nomenclature 
These are very common, cherry red papules seen in the skin due to 
abnormal vascular proliferations. 


Synonyms and inclusions 
© Cherry haemangioma 
*® Campbell de Morgan spots 
¢ Senile angiomas 


Introduction and general description 
Cherry angiomas are the commonest angiomas seen in the skin. 
They are entirely benign and increase in numbers with age. 


Epidemiology 

Incidence and prevalence 

The actual incidence of cherry angiomas is not known. They are very 
common. One study reported that cherry angiomas were observed 
in 5% of adolescents and 75% of adults over 75 years of age [1]. 


Age 

They normally spontaneously appear in middle age and increase 
in number with age, although they can first appear in the second 
decade of life. 


Sex 
There is no difference between the sexes in the prevalence of cherry 
angiomas. 


Ethnicity 
They occur in all ethnic groups, although are more obvious in 
patients with less pigmented skins. 


Associated diseases 
There are no significant disease associations, although they have 
been reported to appear in pregnancy [2]. 


Pathophysiology 

Pathology 

Cherry angiomas are true capillary haemangiomas, formed by 
numerous, newly formed capillaries with narrow lumens and 
prominent endothelial cells arranged in a lobular pattern in the 
papillary dermis. The pathogenesis of these lesions remains poorly 
understood. One study has suggested a possible molecular basis for 
their pathogenesis. The level of MicroRNA4?24 is reduced in cherry 
angiomas when compared with normal skin. This is thought to 
lead to increased expression of MEK1 and Cyclin E1 which in vitro 
causes endothelial cells to proliferate and could possibly result in 
the vascular proliferations which make up cherry angiomas [3]. Ina 
case series of 10 cherry angioma samples, 50% displayed oncogenic 
mutations in GNAQ and GNA11 (also found in other vascular 
conditions such as congenital haemangiomas and port-wine stains), 
although the relevance of these findings remains unclear [4]. 


Environmental factors 
Exposure to chemicals such as bromides, solvents and mustard gas 
has been associated with the development of cherry angiomas [5-7]. 


Clinical features 

History 

They appear as small asymptomatic red dots on the skin usually in 
the third and fourth decade of life. They often start as pin prick sized 
lesions which gradually grow. They increase in number with increas- 
ing age. 


Presentation 

They may be single or multiple lesions predominantly on the upper 
trunk and arms [2]. However, they can arise anywhere on the skin, 
although rarely on the hands and feet, and not on the mucous 
membranes. Typically, they appear as round to oval, bright red, 
dome-shaped papules and pinpoint macules varying from less 
than 1mm in diameter and up to several millimetres in diameter 
(Figure 101.12). The larger lesions may be purple in colour. 


Differential diagnosis 

This includes angiokeratomas, infantile haemangiomas, bacillary 
angiomatosis, blue rubber bleb naevus syndrome and amelanotic 
melanoma. 


Figure 101.12 Cherry angioma. 


Complications and co-morbidities 
If traumatised, cherry angiomas may bleed. They are not associated 
with underlying disease. 


Disease course and prognosis 
These lesions are benign and increase in number with age. 


Investigations 
The diagnosis is usually made clinically, but a biopsy can be confir- 
matory in doubtful cases. 


Management 

No treatment is needed in most cases as cherry angiomas are benign 
and asymptomatic. For lesions that are bleeding, or cosmetically 
troubling, treatment options include shave excision, hyfrecation, 
cryotherapy and pulsed dye laser and intense pulsed light [9]. 


Resources 


Further information 
http://www.pcds.org.uk/clinical-guidance/cherry-angioma-syn.-campbell-de- 
morgan-spot 


Patient resources 
https: / / patient.info / doctor /campbell-de-morgan-spot 
(All last accessed March 2022.) 


Angiokeratomas : | 


Definition 
These are small benign cutaneous vascular lesions which present as 
red/blue or purple papules. 


Introduction and general description 

Angiokeratomas are not true angiomas but occur in existing vessels 

and are characterised by superficial vascular ectasia and overlying 

acanthosis or hyperkeratosis. They may be solitary or diffuse. There 

are many different clinical types with similar histology. The main 

ones are as follows: 

e Angiokeratoma of Mibelli — acral skin. 

e Angiokeratoma of Fordyce - scrotal or vulval skin (Chapter 109). 

e Angiokeratoma corporis diffusum - seen in Fabry disease 
(Chapters 79 and 154). 

e Angiokeratoma circumscriptum — usually congenital, associated 
with naevus flammeus and cavernous haemangioma. 

¢ Solitary or multiple angiokeratomas. 


Angiokeratoma circumsc 


These are usually solitary and asymptomatic benign lesions. 


Epidemiology 

Incidence and prevalence 

This is not known, although they are much rarer than other telang- 
iectases such cherry angiomas and spider naevi. 


Age 

The lesions may be congenital or acquired and therefore can be 
present at birth. They are more frequently seen in childhood and 
early adulthood. Angiokeratomas of the vulva usually develop 
between the age of 20 and 40 years [1], and in general, the Fordyce 
subtype is most prevalent in those over 40. 


Sex 
They are commoner in females than males (3: 1 ratio). 


Ethnicity 
There is no known ethnic variation in this condition. 


Associated diseases 

Angiokeratoma circumscriptum may coexist with other types of 
angiokeratomas and with Klippel-Trenaunay syndrome (KTS), 
naevus flammeus, cavernous haemangiomas and traumatic arteri- 
ovenous fistulae. 


Pathophysiology 

Pathology 

There is a thin layer of hyperkeratosis with papillomatosis and slight 
acanthosis of the overlying epidermis. There are dilated thin-walled 
vascular spaces encircled by elongated rete ridges filled with red 
blood cells. There may be associated telangiectasia in the subcutis. 


Genetics 
These are not thought to be genetically determined, unlike the 
lesions characteristic of Fabry disease (angiokeratoma corporis 
diffusum) 
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(b) 


Figure 101.13 (a) Angiokeratoma; (b) dermoscopic view of angiokeratoma. 


Clinical features 

History 

Generally, these lesions are solitary (although multiple lesions may 
occur in adulthood) and usually occur on the lower extremities. 
However, they can occur anywhere on the skin including the tongue 
and may be multiple and even distributed in band-like formation. 
They are largely asymptomatic but patients usually present because 
the lesion has turned very dark or black in colour and there is a 
concern about it being a malignant melanoma. 


Presentation 

Angiokeratomas are usually red/blue or purple in colour, some- 
times with a slightly rough surface (Figure 101.13). They may 
appear black if they have thrombosed or if they have been trauma- 
tised and bled. Lesions vary from small papules to larger plaques. 
Dermoscopy can be helpful in revealing blood-filled vascular 
spaces, known as lacunae (Figure 101.13b). A number of subtypes 
of angiokeratoma exist (Table 101.15). 


Chapter 101: Dermatoses Resulting from Disorders of the Veins and Arteries 


Differential diagnosis 
This includes other angiokeratomas, malignant melanoma and 
cherry angiomas. 


Complications and co-morbidities 
Trauma may lead to bleeding and/or thrombosis. 


Disease course and prognosis 
The lesions are benign and generally resolve spontaneously. 


Investigations 

No investigations are needed for isolated lesions. If there are multi- 
ple lesions, Fabry disease should be considered and genetic testing 
undertaken. 


Management 

None is needed if the lesions are asymptomatic. In cases of diag- 
nostic uncertainty, they can be surgically excised. Other treatment 
modalities that can be adopted are hyfrecation for superficial and 
small lesions, curettage and cautery and cryotherapy. Different 
lasers have been used (argon, carbon dioxide, erbium) but the KTP 
laser or 800 nm diode laser appears to be both effective and the least 
scarring thus giving the best cosmetic result [2]. 


Resources 


Further information 
https:/ /www.pcds.org.uk/clinical-guidance/angiokeratoma 


Patient resources 
http: / /dermnetnz.org/vascular/angiokeratoma.html 
(All last accessed March 2022.) 


Venous lakes — 


Definition and nomenclature 

Venous lakes are composed of dilated venules. They are dark pur- 
ple/blue papules that appear on the face, lips and ears of elderly 
patients. 


Introduction and general description 
Though venous lakes are entirely benign they can clinically mimic 
melanoma. 


Epidemiology 

Incidence and prevalence 

The incidence of venous lakes is unknown. A study from a derma- 
tology clinic in Italy identified the prevalence of venous lakes of the 
lips as 3.7% over a 10-month period [1]. 


Table 101.15 Subtypes of angiokeratoma. 


Subtype Age (years) Sex 


Association 


Presentation 


Childhood/ F>M 
adolescence 


Angiokeratoma of Mibelli 
Over 40 M>F 


Angiokeratoma of Fordyce 


Angiokeratoma corporis 
diffusum [4] 


Often prior to puberty M>F 


syndrome, traumatic arteriovenous fistulae, 


Angiokeratoma Usually at birth, can occur F>M3:1 
circumscriptum later in life 
Cobb syndrome 
Sporadic angiokeratomas Over 40 M>F None known 


Age 
Venous lakes occur mainly in the elderly. The mean age has been 
reported to be variously 65 [2] and 76.7 years [1]. 


Sex 

They are commoner in men; early studies suggested 95% occurred 
in men [2] though a more recent report found the male to female 
ratio to be 1.5: 1 [1]. Women may present for treatment more readily 
than men. 


Ethnicity 
There is no known racial predilection for this condition. 


Associated diseases 
Menni et al. [1] showed a significant increase in solar keratoses in 
patients with venous lakes. 


Pathophysiology 

Pathology 

Venous lakes are dilated venules. The lesions consist of a single layer 
of flattened endothelial cells and a thick wall of fibrous tissue. There 
is often elastosis in the surrounding tissue. 


Environmental factors 
Sunshine and ageing have been thought to be triggers, and possibly 
smoking [1,2]. 


Clinical features 

History 

The patient usually presents with a painless dark purple/blue 
papule often on the lip (Figures 101.14 and 101.15) which bleeds if 
traumatised. 


Presentation 

The papule is soft and compressible. They are usually single but 
multiple lesions can occur. The commonest sites are the ears, face 
and lips [2]. When they occur on the lips, the lower lip is the com- 
monest site [1]. 


Association with chilblains 
Familial variant described 


None known 


Fabry disease and a variety of other lysosomal 
enzyme deficiencies 
Also reported in healthy individuals [5] 
umerous including naevus flammeus, 
cavernous haemangioma, Klippel—Trenaunay 


Often acral skin, often over bony prominences; 
can be warty [3] 

Multiple 

May bleed with trauma 

Most commonly scrotal skin; 

also penis, vulva and groin 

Single or multiple 

Asymptomatic, but may bleed with trauma 

Multiple 

Mainly lower trunk/groin 

‘bathing suit area’ 

Solitary, asymptomatic 

Often unilateral 

Initially red and macular; become darker red/blue 
and raised/warty/hyperkeratotic with time 

Often solitary 

Any body area can be affected, often lower limbs 


Figure 101.14 Small venous lake. 


Differential diagnosis 

The fact that they can be emptied by compression usually excludes 
malignant melanoma on clinical grounds. Blue naevi may appear 
similar, but again cannot be emptied by compression, and rarely 
occur on the face. Cherry angiomas and angiokeratomas can be sim- 
ilar clinically. 


Complications and co-morbidities 

Venous lakes are benign and usually asymptomatic but occasionally 
when traumatised they will bleed. Cosmetically they can be an issue 
for patients. 


Disease course and prognosis 
Untreated venous lakes persist. 


Investigations 
None are necessary but biopsy can be confirmatory if the diagnosis 
is in doubt. 
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Figure 101.15 Larger venous lakes on upper and lower lips. 


Management 

Treatment is only needed if the patient is having problems with 
bleeding or finds the lesions cosmetically troubling. The lesions can 
be excised, or treated with cryotherapy or laser [3-5]. Many differ- 
ent lasers have been used (such as argon, carbon dioxide, pulsed 
dye and potassium titanyl phosphate lasers). The more destructive 
the laser treatment, the more likely it is to be effective; however, 
the risks of scarring are increased. Intralesional radiofrequency 
ablation has also shown good results with minimal scarring and 
recurrence [6]. Sclerotherapy is another therapeutic option which 
has shown efficacy [7]. 


Resources 


Further information 
http:/ /www.pcds.org.uk/clinical- guidance /venous-lake (last accessed March 2022). 


Primary telangiectasia | — ae 


A summary of primary telangiectasias described can be found in 
Table 101.16. 


Angioma serpiginosum 

Definition 

Angioma serpiginosum is a rare naevoid disorder affecting the small 
vessels of the upper dermis. It has been proposed that this condition 


be classified as a capillary naevus, although there is ongoing debate 
surrounding its classification [1]. 


Introduction and general description 

This is a benign, asymptomatic vascular condition characterised by 
small red puncta that cluster together in linear, serpiginous or gyrate 
patterns, chiefly on the lower limbs in females. It can also occur 
on acral sites [2] and disseminated forms have also been reported, 
although this is very rare [3]. 


Chapter 101: Dermatoses Resulting from Disorders of the Veins and Arteries 


Epidemiology 
Incidence and prevalence 
This is not known. 


Age 

The condition may be present at birth and often starts in childhood. 
Eighty per cent of cases occur before the age of 20 years. A late onset 
case at 35 years of age has been described [4]. 


Sex 
Ninety per cent of cases occur in females. 


Ethnicity 
There is no racial predilection for this condition. 


Associated diseases 

There is one report of a family whose members had oesophageal 
papillomatosis associated with angioma serpiginosum, inherited 
in an X-linked dominant fashion with the genetic defect linking to 
Xp11.3-Xq12 [5]. 


Pathophysiology 

Pathology 

Generally, it is thought that the condition results from a vascular 
malformation or neoplasm and is not just a simple telangiectasia. A 
recent case report describes histology with positive immunohisto- 
chemistry for Wilms Tumour-1 [6]. This is an endothelial marker of 
angiogenesis found in vascular tumours, suggesting that this con- 
dition is a vascular proliferation in origin [7]. The classical puncta 
of angioma serpiginosum are caused by either congenital hyperpla- 
sia or ectasia of pre-existing superficial dermal capillaries. Histol- 
ogy shows that the affected papillae are distended by a large sin- 
gle ectatic capillary, lined by flattened endothelial cells of normal 
appearance. Inflammatory changes are not present. Sometimes the 
vascular spaces disappear due to thrombosis. 


Genetics 

Most cases are sporadic. However, both autosomal dominant and 
X-linked dominant inheritance has been recorded and PORCN gene 
mutations or deletions have been reported [8,9]. 


Clinical features 
These are described in Table 101.17. 


Investigations 
If the diagnosis is in doubt, skin biopsy and imaging can be per- 
formed. 


Management 

Angioma serpiginosum is benign and asymptomatic. It tends to per- 
sist, and treatment is only indicated for cosmetic reasons. Cosmetic 
camouflage can be helpful and treatment with pulsed dye laser can 
be effective [13]. 
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Table 101.17 Clinical features of angioma serpiginosum. 


History Onset usually in early childhood 
Asymptomatic 
One or more small lesions that grow over a period of 
months or years 
Growth is irregular with little dots that form satellites that 
later coalesce 
Predominantly found on the lower limbs and extremities, 
but can be extensive [10] 
Not reported on the hands or mucosae 
Examination Pinpoint violaceous or red macules (may be non-blanching) 


Grouped in areas a few centimetres across, or sometimes 
form large sheets 

May be annular, serpiginous or linear (Figure 101.16) 

No bleeding, inflammation or pigmentation 

Dermoscopy: well-demarcated red oval or round lagoons 
can be seen [11] 

Rarely natural resolution leads to atrophic areas [12] 

Capillary haemangioma 

Angiokeratomas 

None 


Clinical variants 
Differential diagnosis 


Complications and 
co-morbidities 

Disease course and 
prognosis 


Lesions often stop growing at puberty and remain 
unchanged 
Occasionally, they may partially resolve spontaneously 


Resources 


Patient resources 
https: / /dermnetnz.org/topics/angioma-serpiginosum/ (last accessed March 2022). 


Generalised essential tela 


Definition 
This is a syndrome of primary acquired telangiectases with a 
widespread cutaneous distribution of lesions. 


Introduction and general description 

This is a benign, non-inherited condition chiefly distinguished from 
hereditary haemorrhagic telangiectasia by the distribution of the 
lesions, their arrangement into sheets and the usual lack of bleeding 
from the lesions. 


Epidemiology 
Incidence and prevalence 
This not known. It is not commonly reported in the literature. 


Age 
It commonly starts in late childhood or early adult life, although one 
report of 13 patients found the mean age of onset to be 38 years [1]. 


Sex 
It is much commoner in women (in one study, 10 out of 13 were 
females [1]). 


Chapter 101: Dermatoses Resulting from Disorders of the Veins and Arteries 


(b) 
Figure 101.16 Angioma serpiginosum: (a) grouped lesions, and (b) close up 
appearance. 


Ethnicity 

There is no known racial predilection for this condition. Reported 
cases have largely been in patients with less pigmented skin which 
may just reflect the fact that the telangiectasia are less noticeable in 
darkly pigmented skins. 


Associated diseases 
No known disease associations occur with this condition. 


Telangiectases 101.19 


Pathophysiology 
The aetiology and pathogenesis of this condition is unknown. 


Pathology 

There is chiefly dilatation of the capillaries with some dilated post- 
capillary venules of the upper horizontal (subpapillary) plexus. 
There are no associated epidermal or dermal changes. 


Genetics 
There is no known genetic basis for this condition. 


Environmental factors 
The role of environmental factors in unknown but female hormones, 
trauma and UVB have been postulated to be of importance [2,3]. 


Clinical features 

History 

The eruption frequently starts on the lower limbs as individual 
lesions, and then spreads to form red confluent sheets comprised 
of blanching telangiectasia. It is usually asymptomatic but tingling 
and numbness have occasionally been reported. 


Presentation 

The eruption is usually symmetrical. Early lesions are small, red, or 
pink linear telangiectases with occasional larger macules arranged 
in groups. The lesions spread over the skin to become large erythe- 
matous sheets and individual telangiectasia can be difficult to dis- 
tinguish (Figure 101.17). There is a predilection for the lower body, 
but they can occur anywhere; occasionally mucosal and conjuncti- 
val lesions have been reported [4]. The sheeted telangiectases are 
usually fixed but will blanch on pressure. 


Differential diagnosis 

This includes hereditary haemorrhagic telangiectasia, hereditary 
benign telangiectasia, telangiectasia triggered by calcium channel 
blockers and cutaneous collagenous vasculopathy. 
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Disease course and prognosis 
This benign condition is progressive and the lesions become fixed 
with time. (b) 
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Investigations 
None are needed. 


Management 

Treatment is largely for cosmetic issues. Skin camouflage creams can 
be helpful, but laser (pulsed dye and ND-Yag) treatment is often 
attempted. However, the lesions are often so widespread that mul- 
tiple treatments are needed and those on the lower leg are often 


very resistant to treatment [5]. Sclerotherapy is not feasible due to C 
the size and number of lesions. Single cases have reported positive Figure 101.17 (a) Generalised essential telangiectasia; (b) generalised essential 
responses to treatment with a tetracycline [6], oral acyclovir [7], keto- telangiectasia showing blanching with pressure; (c) generalised essential telangiectasia in 


conazole [8] and 6-mercaptopurine [9]. pigmented skin. 
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Hereditary benign telangiectasia 
(formerly Osler-Weber-Rendu 


disease) || 
This disorder has autosomal dominant inheritance [1] However, 
it has also been described in cases without positive family history 
[2-4]. It is characterised by the presence of extensive telangiec- 
tases, resembling generalised essential telangiectasia, which start 
in childhood and occur without systemic lesions (Figure 101.18) 
[5,6]. Less commonly, the telangiectases may be present at birth [7]. 
They tend to occur more in light-exposed skin including the lips. 
Histology and electron microscopy have been used to distinguish 
this condition from hereditary haemorrhagic telangiectasia [8], 
which is the most important differential diagnosis (Figure 101.19). 
The distinction is dependent on the lack of bleeding and systemic 
involvement, although lesions do appear related to arteriovenous 
anastomoses as in hereditary haemorrhagic telangiectasia [9]. 


Unilateral naevoid telangiectasia 
syndrome 


Definition and nomenclature 
A condition of telangiectases occurring in a Blaschkoid distribution 
on the skin. 


synonyms and inclusions 
“© Unilateral dermatomal superficial telangiectasia 
© Unilateral spider naevus 
© Linear telangiectasia 


Introduction and general description 
This condition was first described by Blaschko in 1899. It may be 
congenital or acquired and runs a benign course. 


Epidemiology 

Incidence and prevalence 

This is not known. There have been around 100 reported cases to 
date [1]. However, it is not thought to be that uncommon, and is 
likely to be under-reported due to its benign course [2]. 


Age 

The congenital form appears during or shortly after the neonatal 
period. The acquired form often starts at puberty or during preg- 
nancy but can occur at any time. Of the reported cases, the age of 
onset ranges from birth to 69 years [3]. 


Sex 
The congenital form is commoner in males, but the acquired form is 
much commoner in females. 


Ethnicity 
There is no racial predilection reported. 


(b) 


Figure 101.18 Benign essential telangiectasia: (a) arborising pattern, and (b) close up 
appearance. 


Environmental factors 

The occurrence of the acquired form of this condition has been 
reported to be associated with states of oestrogen excess. Increased 
oestrogen and progesterone receptors in the affected skin have been 
found by one research group [4]. This finding has not been repeated. 


Associated diseases 

Often there are no associated diseases, but in the acquired form 
it has been seen in patients with liver disease, hyperthyroidism 
and during pregnancy. This is hypothesised to be due to the 


: Telangiectases 101.21 


Table 101.18 Summary of clinical features of unilateral naevoid telangiectasia 
syndrome. 


History Onset of congenital form: neonatal period 
Onset of acquired form: most commonly puberty/pregnancy 
Can occur at any time 
Asymptomatic 
Examination C3/C4 dermatome in Blaschkoid distribution 
Mainly upper body 
Sometimes pale ring is visible around the lesions 


Dermoscopy: tortuous capillaries in reticulated pattern 
Diascopy: does not blanch 
Clinical variants Congenital or acquired 
Differential diagnosis Angioma serpiginosum 
Investigations one required 
Liver function tests and pregnancy test if appropriate 
Complications and one 
co-morbidities 
Disease course and Lesions remain fixed 
prognosis 
Treatment one required 


Pulsed dye laser 
Cosmetic camouflage 


Figure 101.19 Hereditary haemorrhagic telangiectasia. 


hyper-oestrogenic state, with a similar pathogenesis to spider 
naevi, although this remains a subject of debate. 


Pathophysiology 

The pathogenesis is not understood. The Blaschkoid distribution of 
the lesions suggests that there is genetic mosaicism that leads to the 
development of the telangiectasia. 


Pathology 

Biopsy of lesions shows multiple, dilated, thin-walled vessels lined 
by pump endothelial cells in the papillary and upper reticular der- 
mis. 
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Genetics 
The congenital form has been reported to be inherited in an autoso- 
mal dominant fashion. 
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Clinical features 
These are summarised in Table 101.18. 


History 
Patients develop asymptomatic unilateral telangiectases. 


Presentation 

The telangiectases are often distributed in the third and fourth 
cervical dermatomes in a Blaschkoid distribution (Figure 101.20). 

The lesions are most commonly seen on the upper body especially eas 
on the face, neck, shoulder and arm. Sometimes there is a pale ring (b) 
(‘anaemic halo’) in the skin surrounding the telangiectases. The Figure 101.20 (a) Unilateral naevoid telangiectasia, and (b) showing grouped lesions in 
lesions blanch on pressure. close up. 
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Differential diagnosis 
Benign essential telangiectasia, angioma serpiginosum. 


Complications and co-morbidities 

Unilateral naevoid telangiectasia is asymptomatic and benign. There 
are no complications but it can be associated with high oestrogen 
states, such as liver disease. 


Disease course and prognosis 

In most cases of the acquired and congenital form, the lesions are 
fixed and persist. However, occasionally if the condition is associ- 
ated with pregnancy or the oral contraceptive pill, the lesions resolve 
or improve once the patient’s oestrogen levels have fallen. 


Investigations 

None are necessary but liver function tests and a pregnancy test may 
be helpful if there are clinical indications of those underlying con- 
ditions. Dermoscopy characteristically shows red, tortuous, reticu- 
lated capillaries. The lesion blanches with diascopy, differentiating 
it from angioma serpiginosum [5]. A skin biopsy may help if there 
are diagnostic difficulties. 


Management 

No treatment is necessary for this benign condition unless the 
patient finds it cosmetically disabling. Cosmetic camouflage can be 
helpful. If the patient is pregnant or on the contraceptive pill then 
waiting to see what happens when the oestrogen levels normalise 
is advised. Pulsed dye laser can be effective but some authors have 
reported recurrence [6,7]. 


MALFORMATIONS — Tae 


Arteriovenous malformations 


Definition and nomenclature 

Arteriovenous malformations are fast-flow vascular lesions com- 
posed of malformed arterial and venous vessels connected directly 
to one another without an intervening capillary bed [1,2]. 


Table 101.19 Conditions associated with arteriovenous malformations. 


Condition Clinical features 
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‘Synonyms and inclusions 
¢ AV malformations 

e AVMs 

Arteriovenous anomalies 


Introduction and general description 

Arteriovenous malformations can occur throughout the body in 
many different organs and can be fatal in certain instances. For 
instance, brain arteriovenous malformations account for 1—2% of all 
strokes. Dermatologists are more likely to encounter arteriovenous 
malformations when the vasculature affected involves the skin or 
mucosal surfaces, or as an association of hereditary haemorrhagic 
telangiectasia (Table 101.19). 


Epidemiology 

Incidence and prevalence 

This is not known for arteriovenous malformations involving 
the skin but the incidence of brain arteriovenous malformations 
is ~1/100000 per year in unselected populations, and the point 
prevalence in adults is ~18/100 000 [1]. 


Age 

Approximately half are visible in the neonatal period and others 
become apparent during childhood and adolescence [2]. They often 
worsen with puberty and pregnancy. 


Sex 
There is equal incidence in females and males [2]. 


Ethnicity 
There is no known racial variance in this condition. 


Associated diseases 
See Table 101.19. 


Sites of arteriovenous malformations 


Familial cases of capillary malformations associated with 
arteriovenous malformations 

Autosomal dominant inheritance (inactivating mutation in RASA7) 

Parkes Weber syndrome 


Multiple cutaneous capillary malformations 


Soft-tissue and bony hypertrophy associated with 


Subcutaneous, intramuscular, intraosseous and/or 
cerebral 


On an extremity (usually limbs) 


the overlying arteriovenous malformation 


Hereditary haemorrhagic telangiectasia (autosomal dominance 
inheritance) 


Epistaxis — spontaneous, recurrent nose bleeds 
Telangiectases — multiple, at characteristic sites (lips, 
oral cavity, fingers, nose) 


Lungs, liver, gastrointestinal tract and central nervous 
system (these may result in massive visceral 
haemorrhage and death) 


Visceral lesions such as gastrointestinal telangiectasia 


Cobb syndrome (cutaneomeningospinal angiomatosis) 
of the back 


PTEN mutation syndromes: 
Bannayan-Riley-Ruvalcaba syndrome, Cowden syndrome, PTEN 
hamartoma tumour syndrome 


Dependent on syndrome: 
ectopic fat overgrowth, hamartomas, intracranial 
developmental issues, macrocephaly 


Capillary malformation on the skin along the midline Intraspinal corresponding to the dermatomal 


distribution of the overlying capillary malformation 
which may lead to spinal cord damage 
Intramuscular AVMs 
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Pathophysiology 

Pathology 

Arteriovenous malformations consist of arteries connecting directly 
to veins without the intervening capillary bed. Where they connect 
is called the nidus. The feeding arteries have a deficient muscularis 
layer and the draining veins dilate due to the high-velocity blood 
flow they receive. It is not known how these abnormal connections 
arise. It is postulated that during early fetal development there 
is a failure of regression of arteriovenous channels in the primi- 
tive plexus that allows these lesions to form, which may be due 
to an aberration in the transforming growth factor f signalling 
pathway [3]. Elevated levels of vascular endothelial growth factor 
(VEGF) have also been found in the plasma, and the nidus and 
adjacent cells of cerebral arteriovenous malformations suggesting 
this may also play a role in the pathogenesis [4]. 


Genetics 

Although most cases of arteriovenous malformations are sporadic, 
there are a few inherited syndromes whose molecular genetics have 
been elucidated. Approximately 5% cases are autosomal dominant, 
most commonly in association with conditions such as hereditary 
haemorrhagic telangiectasia, and the capillary malformation-AVM 
syndrome [5]. A mutation in the gene RASA1 has been identified on 
chromosome 5q in families with capillary malformations associated 
with arteriovenous malformations [6]. 


Environmental factors 
None are known but existing lesions may progress during puberty 
and pregnancy. 


Clinical features 
See Table 101.20. 


Investigations 

1 To confirm the diagnosis and monitor the response to treatment: 
ultrasound with colour Doppler examination shows low resis- 
tance high-velocity arterial flow, with high diastolic flux, and pul- 
satile venous flow below the baseline. Arteriovenous shunting is 
seen within tortuous vessels. 


Figure 101.21 Infant with an arteriovenous malformation. 


Table 101.20 Clinical features of arteriovenous malformations. 


40-60% are visible at birth 

30% become apparent during childhood 

More common in the head and neck area 

Excessive warmth in the area 

Unusual pain 

Bleeding episodes 

Overlying skin feels warm 

Prominent vessels (Figure 101.21) 

Possible palpable thrill 

Auscultation of the lesion should detect a machinery murmur 

Clinical variants Parkes Weber and Cobb syndromes 

Differential diagnosis Other vascular birthmarks and vascular malformations such as 
capillary malformations (increased warmth and prominent 
blood vessels should help make the diagnosis) 

Vascular tumours 

Kaposi sarcoma 

Stage | (quiescent phase) 

Asymptomatic 

May be clinically not apparent, or 

May resemble a port-wine stain or involuting haemangioma 

Stage Il (progressive stage) 

Vascular lesions enlarge and darken 

Lesions deform the integument 

Overlying skin becomes warm 

A pulse or thrill can be palpated 

Audible bruit may be present 

Stage Ill (same as stage II plus the following): 

Deep destruction of tissues occurs with spontaneous necrosis 

Chronic ulceration, pain and haemorrhage 

Stage IV (same as stage Ill plus the following): 

Cardiac decompensation due to high-output cardiac failure 

Patients usually start in stage | in childhood and may remain 
that way throughout life. Triggers for progression are 
puberty, pregnancy and trauma. Approximately 84% may 
progress to stage Il [5] 

Haemorrhage 

Ischaemia 

Chronic venous insufficiency 

Pain 

Cosmetic deformity 

Limb growth asymmetry 

High output cardiac failure 

Problems related to site of lesion such as impaired vision, 
difficulty eating or breathing, limb fracture 

Arteriovenous malformations grow with the child 

They do not regress 

It is not known how to predict which patients will go on to 
stage Ill and IV 

Morbidity and mortality depend on location, size of lesion (both 
determine its treatability), presence of severe complications 
such as heart failure 


History 


Examination 


Classification of 
severity 
(Schobinger 
staging system) 


Complications 


Disease course and 
prognosis 


2 To evaluate the extent of the arteriovenous malformation: mag- 
netic resonance imaging (MRI) and magnetic resonance angiogra- 
phy (MRA) demonstrate a collection of vascular flow voids which 
are the fast-flow vessels that do not enhance with contrast (no 
tumour aspect); the arteriovenous malformations and its network 
can be delineated. 

3 Catheter-based angiography is useful for planning and imple- 
menting endovascular procedures. 

4 If the patient is bleeding, full blood count and clotting studies 
should be undertaken 
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Management 

A multidisciplinary approach is essential with specialist vascular 
surgeons, interventional radiologists and paediatricians where 
appropriate [7]. Management is challenging. Treatment may be 
curative but is frequently palliative. Sclerotherapy, embolisation 
and surgery are all options. 

Arteriovenous malformations often recur following embolisation 
and surgical resection, because incomplete destruction of the lesion 
leads to rapid recruitment of new vessels from adjacent arteries to 
supply the nidus, with resultant growth and recurrence of the lesion. 


Surgery 

The aim of surgery is curative and may be possible for small and 
accessible lesions. Sometimes embolisation is performed beforehand 
to reduce intraoperative bleeding. 


Embolisation 

The aim is to temporarily occlude the nidus with either ethanol, glue, 
ethylene vinyl alcohol copolymer or coils [8]. This is usually pal- 
liative for bleeding, pain or the control of heart failure or prior to 
surgery. 


Sclerotherapy 

Alcohol is injected into the nidus. Sclerotherapy tends to be pallia- 
tive and is generally reserved for low flow lesions [9]. It can be used 
as an adjunct to embolisation or surgical resection [10]. 


When to treat 

For stage I and II arteriovenous malformations in infancy and early 
childhood, there is no treatment; just monitoring is recommended 
(see later for staging system). When the child is older, some clini- 
cians offer surgical resection if the cosmetic result is predicted to be 
acceptable and the lesion amenable. Follow-up is essential as there 
is a high rate of recurrence. 

For stage II later in childhood, and stage III and IV, surgical treat- 
ment (excision and reconstruction) where possible should be consid- 
ered. However, often the lesions are too deep or extensive for cure, 
and management is only palliative using embolisation and partial 
resection. 


Venous malformations 


Solitary venous malformations 


Definition and nomenclature 

Venous malformations are slow-flow, non-proliferating vascu- 
lar birthmarks. They are composed of anomalous ectatic venous 
channels. 


Synonyms and inclusions 
e Venous angioma 

© Cavernous angioma 

e Phlebangioma 
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Introduction and general description 

These are the commonest of all vascular anomalies. They are classi- 
fied as ‘slow-flow’ lesions. They vary enormously clinically, ranging 
from single small superficial lesions to deep extensive lesions. They 
may be single or multiple and can arise in the skin and mucosae 
and can involve the limbs, the gastrointestinal tract and cranio-facial 
area. They may be asymptomatic or a major problem for patients 
with pain, bleeding and disfigurement being the commonest com- 
plications. 


Epidemiology 

Incidence and prevalence 

Venous malformations are relatively common and the incidence has 
been reported to be 1 in 2000-5000 births [1]. 


Age 
The lesions are always present at birth but may not become clinically 
noticeable until later in childhood as they grow with the child. 


Sex 
There is no sex difference in venous malformations. 


Ethnicity 
There is no known racial difference. 


Clinical features 
Cutaneous venous malformations can be classified into a number 
of subtypes: common/sporadic, familial cutaneo-mucosal, glomu- 
venous and blue rubber bleb naevus syndrome [1]. 

The clinical features of venous malformations are outlined in 
Table 101.21. 


Associated diseases 

In blue rubber bleb naevus syndrome (Bean syndrome), there 
are cutaneous and gastrointestinal venous malformations which 
typically become apparent with age. There may be a risk of severe 
gastrointestinal haemorrhage. Maffucci syndrome is a rare condition 
characterised by venous malformations usually on the extremities 
and dyschondroplasia resulting in enchondromas. Patients with 
Turner syndrome may have venous malformations of the intestine 
and feet. 


Pathophysiology 

The pathogenesis of venous malformations remains poorly under- 
stood. It is thought that the slow flow of blood through the mal- 
formed vessels results in coagulation [2] which can lead to acute pain 
and localised intravascular coagulopathy [3]. 


Pathology 

The vascular channels of venous malformations are irregular, have 
narrow lumens lined with flattened endothelial cells and lack 
smooth muscle cells. The basement membranes are thin and there 
is no expression of vascular endothelial growth factor or basic 
fibroblast growth factor. 


Table 101.21 Clinical features of venous malformations. 


History Usually visible at birth sometimes as a blue/purple mark 

May appear more obvious at a later age 

They grow with the child 

Typically soft blue compressible masses 

More prominent with exercise or when the affected area is held 
in a dependent position 

No palpable thrill 

Common/sporadic: 

Typical presentation as above 

Not genetically inherited 


Presentation 


Clinical variants 


Cutaneo-mucosal: 
Multiple small lesions affecting skin and oral mucosa 
Autosomal dominant 


Glomuvenous malformations (glomangioma): 

Small firmer blue papules or larger pebbly plaques 

Tender to touch 

Pathology: anomalous venous channels lined by cuboidal 
glomus cells 

Often familial (autosomal dominant) with variable clinical 
appearance 


Associated syndromes: 

Blue rubber bleb naevus syndrome: 

Multiple cutaneous and gastrointestinal venous malformations 

Gastrointestinal venous malformations may bleed and cause 
anaemia 

Small dark raised lesions on palms and soles 


Maffucci syndrome: 

Rare sporadic condition 

Venous malformations usually on the extremities 
Dyschondroplasia resulting in enchondromas 
ncreased risk of malignancy 


Differential Haemangiomas (venous malformations do not spontaneously 
diagnosis regress or go through rapid proliferation phases) 
Classification of /A 
severity 
Complications and — Pain 
co-morbidities | Thrombosis (phleboliths may form even under the age of 2 
years) 
Bleeding 


Localised intravascular coagulopathy 

Cervico-facial lesions can cause airway obstruction, speech and 
dental abnormalities and sinus pericranii 

Limb lesions can be deep and involve muscle, bones and joints 
with functional difficulty, deformity and pain 

Never regress spontaneously 

Prognosis depends on the lesions’ depth and extent, and 
involvement of other organs 


Disease course 
and prognosis 


Genetics 

Most cases of venous malformations are sporadic. There have been 
familial cases of patients with multiple mucosal and cutaneous 
venous malformations. Genetic analysis has found a mutation 
in the gene that encodes for the tyrosine kinase domain of the 
endothelial cell receptor TIE2 which has an important role in 
vascular proliferation and maturation [4]. 

Somatic mutations on the angiopoietin receptor gene TEK (which 
encodes TIE2) have been identified in the different subtypes 
of venous malformation including sporadic (mutation in 50% 
cases [5], cutaneomucosal venous malformations and blue rubber 
bleb naevus syndrome [6,7]. Glomulovenous malformations have 


Table 101.22 Investigations for venous malformations. 


Full blood count 

Coagulation screen including D-dimers — if 
raised then suggestive of localised 
intravascular coagulopathy 


Blood tests: 
should be undertaken in extensive 
lesions and if there is bleeding 


Plain X-ray For phleboliths 
Direct intralesional injection of Can outline the vascular anomaly with faint 
contrast opacification of the draining veins and 


filling defects at the site of phleboliths 

MRI Most helpful for diagnosis and showing 
extent of lesion 

Characteristically lobulated margins and 
round signal voids (due to phleboliths). 
Contrast enhances lesional tissue and 
allows differentiation from unenhancing 
lymphatic malformations 

Phleboliths seen 

CT with contrast also demonstrates lesion 
enhancement 

Confirms lesion is ‘slow flow’ 

Assess patency of deep venous system 


CT scan 


Doppler ultrasound 


been found to be related to mutations in the glomulin gene, which 
is important for vascular smooth muscle cell differentiation [8]. 


Environmental factors 
Venous malformations do not regress but may expand with trauma, 
pregnancy and puberty. 


Investigations 
These are outlined in Table 101.22. 


Management 

The management of venous malformations depends on the size, 
depth and complications arising from the lesions. In many cases, 
the treatment is not curative but supportive. Patients with complex 
lesions are best managed by multidisciplinary teams in specialist 
centres. Small localised lesions can be managed with supportive 
care. Compression garments can prevent malformations on the 
limbs from growing and may reduce pain. Trunk and limb venous 
malformations are often difficult to manage. 

Treatment modalities for venous malformations are outlined in 
Table 101.23. Often treatment modalities may be combined. For 
instance, for extensive cervico-facial lesions, the lesions may be 
treated with sclerotherapy, surgical excision and laser. The mam- 
malian target of rapamycin (mTor) inhibitors are emerging as a 
possible therapeutic option. Sirolimus has shown some efficacy in 
a small group of patients who were refractory to other treatments, 
with improvement in pain, function and quality of life [9]. 


Resources 


Patient resources 


https: / /www.gosh.nhs.uk/conditions-and- treatments /conditions-we-treat/ 
venous-malformations (last accessed March 2022). 
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Table 101.23 Treatment options for venous malformations. 


Compression 
garments 
(supportive care) 


In limb lesions these can do the following: 

e Reduce pain 

e Protect the overlying skin 

e Limit swelling 

¢ Decrease localised intravascular coagulation 


Sclerotherapy 
(supportive care) 


Usually under general anaesthetic by an interventional 
radiologist 

Multiple sessions are often needed 

Larger lesions usually injected with 95% ethanol 

Smaller lesions injected with 1% sodium tetradecyl sulphate 


Laser This is often used for mucosal lesions 
Nd:YAG or 
endovenous laser 
Surgery Clotting studies and D-dimers should be measured before 
surgery due to risk of disseminated intravascular 
coagulopathy during surgery; treat with low molecular 
weight heparin prior to surgery [10] 
Surgery may be curative in small lesions 
Or to debulk larger lesions 
Analgesia Lose dose aspirin 


Anti-inflammatory medications 
Low-molecular weight heparin if evidence of localised 
intravascular coagulopathy 


Verrucous haemangioma 


Synonyms and inclusions 
e Verrucous venous malformation 


Definition 

This is a congenital vascular anomaly made up of a dermal and sub- 
cutaneous capillary vascular component with an overlying warty 
surface. There has been some debate as to whether it should be clas- 
sified as a vascular neoplasm, though evidence supports the original 
view that it should be regarded as a vascular malformation [1]. 


Introduction 

Verrucous haemangioma was first described in 1967 by Imperial and 
Hedwig [2], who reported 21 cases and distinguished it from other 
variants of angiokeratoma and considered it to be a vascular malfor- 
mation. 


Epidemiology [3-5] 
Incidence and prevalence 
This is a rare condition but the prevalence is unknown. 


Age 
It is usually noted at birth but can appear during the first 2 years. 


Sex 
The condition is equal in males and females. 


Ethnicity 
There is no known racial predilection. 


Pathophysiology 

The pathogenesis is not understood. The lesions show overlying 
epidermal hyperkeratosis, papillomatosis and irregular acanthosis 
with underlying dilated capillary vascular channels in the dermis 
and also often in the subcutis (Figure 101.22b, c). The vessels are 
organised in a diffuse or lobular pattern. Most studies show positive 
staining for GLUT-1 and WT-1, suggesting it is a type of vascular 
tumour [2]. However, a large study of 74 patients found most 
were negative for WT-1 staining, supporting the clinical view that 
these lesions behave like vascular malformations [5]. Recently, a 
somatic mutation in the MAP3K3 gene has been associated with this 
condition. This gene is important for vascular development, again 
supporting the notion that these are vascular malformations [6]. 


Clinical features 

History 

Over 70% occur on the lower limb but lesions can involve the upper 
limb and more rarely the trunk; most are solitary. 


Presentation 

The lesions initially are non-keratotic, soft and bluish-red in colour. 
They are well-circumscribed linear vascular plaques and vary 
from a few centimetres to 25cm in diameter. Over time the surface 
becomes hyperkeratotic and verrucous (Figure 101.22a). Over 50% 
are asymptomatic. However, the lesions may be painful and itchy. 


Differential diagnosis 
Angiokeratomas, circumscribed lymphangioma. 


Complications and co-morbidities 
They may ulcerate and become infected. 


Disease course and prognosis 
Unlike infantile haemangiomas they do not undergo spontaneous 
regression and grow in proportion to the child’s growth. 


Investigations 
Skin biopsy and magnetic resonance imaging should be undertaken 
to confirm the diagnosis and to evaluate the extent of the lesion. 


Management 

Surgery is the treatment of choice. Most can be excised in a single 
procedure or in stages. However, if lesions are deep and excision 
is incomplete, recurrence may be a problem. Where excision is not 
possible, Nd:YAG laser for plaques and pulsed dye laser for patches 
can help improve the appearance and relieve symptoms. Recently, 
sirolimus has emerged as a potentially effective treatment option [7]. 
Intralesional bleomycin has also been reported as a potential suc- 
cessful treatment modality for localised lesions, although the dura- 
tion of efficacy remains unknown [8]. 


Disorders associated with cutaneous | 
vascular malformations } 


A number of disorders exist which are associated with cutaneous 
vascular malformations (Chapter 71). These were outlined in the 


Figure 101.22 Verrucous haemangioma. (a) A linear 
congenital hyperkeratotic plaque on the lower leg and 
ankle of a child. (b) Dilated vessels in the superficial 
dermis and verrucous epidermal hyperplasia. (c) Lobules 
of capillaries in the subcutaneous tissue. Reproduced 
from Hoeger and Colmenero 2014 [1]. Reproduced 
with permission from John Wiley & Sons. (a) 


2018 classification of the International Society for the Study of Vas- 
cular Anomalies [1] (Table 101.24). 


Klippel-Trenaunay syndrome 

Definition 

KTS is characterised by three features: (i) a capillary malformation 
(port-wine stain) of the skin associated with (ii) a soft tissue and 
bone overgrowth and hypertrophy in combination with (iii) varicose 
veins, with or without deep venous and lymphatic abnormalities. It 
can be diagnosed if only two of the three features are present. 


Introduction and general description 

KTS was first described in 1900, when Maurice Klippel and Paul 
Trenaunay reported two patients with a capillary malformation, 
varicosities and hypertrophy of soft tissue and bone in their lower 
limb [1]. In 1907, Frederick Parkes Weber independently reported 
several cases similar to those described by Klippel and Trenaunay, 
although his cases were caused by multiple congenital arteriove- 
nous malformations [2]. KTS most commonly involves the lower 
limbs, followed by the arms, the trunk and rarely the head and 
neck. KTS is a congenital condition of unknown aetiology, the 
management of which is largely supportive [2]. 


Epidemiology 
Incidence and prevalence 
It is rare with an incidence <1: 10000. 


Age 
It is a congenital anomaly present at birth but clinically may present 
later in childhood. 


Sex 
There is no sex difference in the incidence of KTS. 


Ethnicity 
There is no known racial predilection. 


Pathophysiology 
The pathogenesis of KTS is not elucidated. Increased angiogenesis 
appears to be pivotal. 


Pathology 

The capillary malformations consist of ectatic capillaries with 
superficial dilated dermal venules corresponding to nodular 
lesions within the port-wine stains. When there are lymphatic 
malformations they appear to be due to lymphatic hypoplasia 
resulting in lymphatic macrocysts on the pelvis or trunk, and 
microcysts on the abdominal wall, gluteal region and/or limbs. 
The atypical varicose veins are persistent embryonic veins of the 
superficial venous system which lack valves and are long and tor- 
tuous. The deep venous system is abnormal in 25% of patients with 
KTS. Abnormalities include aneurysmal dilatations, duplications, 
hypoplasia, aplasia and external compression from anomalous 
vessels or fibrotic bands. Some patients get perianal and perirectal 
varicose veins, and suprapubic varicose veins can be a sign of 
atresia of the iliac vein. 


Genetics 

Most cases of KTS are sporadic. Many cases have shown postzy- 
gotic gain-of-function somatic mutations in the PIK3CA gene [3-5], 
which results in increased cell proliferation and angiogenesis. 
This has been similarly identified in syndromes such as MCAP 
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Table 101.24 Disorders associated with cutaneous vascular malformations. 


Syndrome 


Associated abnormalities 


Klippel-Trenaunay syndrome 

Parkes Weber syndrome 

Servelle—Martorelle syndrome 

Sturge-Weber syndrome 

Limb capillary malformation and 
congenital non-progressive 
limb overgrowth 

Macro/microcephaly-capillary 
malformation syndrome 


Mafucci syndrome 


CLOVES syndrome 


Proteus syndrome 


Bannayan-Riley —Ruvalcaba 


syndrome 


CLAPO syndrome 


Capillary malformations, venous malformations, 
limb overgrowth, lymphatic malformations 

Capillary malformations, arteriovenous fistulae, 
limb overgrowth 

Venous malformations of the limb, bone 
overgrowth 

Facial/leptomeningeal capillary malformations, 
eye anomalies, bone/soft tissue overgrowth 

As described 


Macrocephaly/microcephaly, capillary 
malformation, asymmetry/overgrowth, 
developmental delay, syndactyly/polydactyly 

Venous malformations, spindle cell 
haemangioma, echondroma 

Lymphatic malformation, venous malformation, 
capillary malformation, arteriovenous fistulae, 
lipomatous overgrowth 

Capillary malformation, venous malformation, 
lymphatic malformation, asymmetrical 
somatic overgrowth 

Arteriovenous malformation, venous 
malformation, macrocephaly, lipomatous 
overgrowth 

Lower lip capillary malformation, face/neck 
lymphatic malformation, asymmetry, 
partial/generalised overgrowth 


CLAPO, Capillary vascular malformation of the lower lip, Lymphatic malformations of 
the head and neck, Asymmetry and Partial or generalized Overgrowth; CLOVES, 
Congenital Lipomatous asymmetric Overgrowth, Vascular malformations, Epidermal 
naevi and Skeletal and spinal abnormalities. 


(megalencephaly capillary malformation syndrome) and CLOVES 
(congenital lipomatous asymmetric overgrowth, vascular malfor- 
mations, epidermal naevi and skeletal and spinal abnormalities), 
suggesting that these are all in a group of PIK3A-related overgrowth 
spectrum disorders. 

There have also been reports of a defect in the angiogenic fac- 
tor VG5Q [6], RASA1 mutations [7] and a de novo supernumerary 
ring chromosome 18 in KTS patients [8]. A case report of KTS in a 
monozygotic twin with an unaffected twin suggests the possibility 
of paradominant inheritance, although this remains rare [9]. 


Clinical features (Figure 101.23) 
The clinical features are described in Table 101.25. 


Differential diagnosis 

e Diffuse capillary malformation with overgrowth (DCMO) - these 
cases do not have lymphatic involvement and overgrowth tends 
to be proportionate rather than progressive [10]. 

¢ Other PIK3A-related overgrowth spectrum disorders. 

e Parkes Weber syndrome. 


Investigations 

KTS is often diagnosed based on the history and examination alone. 
Physical examination should include auscultation and palpation 
of the involved area to assess for the presence of an arteriovenous 


(.) 


Figure 101.23 Klippel—Trenaunay syndrome: (a) with capillary/venular malformation; 


(b,c) abnormal veins and soft-tissue overgrowth. 
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Table 101.25 Clinical features of Klippel-Trenaunay syndrome (KTS). malformation to rule out Parkes Weber syndrome. Duplex ultra- 


History Capillary/venular malformation (port-wine stain) in 98% of cases; sound scanning is the study of choice to evaluate for superficial 
usually present at birth; when deep can cause visceral and deep venous anomalies and can also be used in differentiating 
haemorrhage vascular tumours from vascular malformations and arteriovenous 

i i 9 a isi i i i . . . eos * 
POON Eee 70) Cees Often Ot Mei IS unas mes fistulae. MRI scans are effective for visualising the extent of tissue 
walking; can cause pain, ulceration, thrombosis th ast leet infil . fa . X 
Hypertrophy in 67% cases; usually present at birth, 63% have all vera Owe 0 eelone and infiltration o eeper tissues. X-rays may 
hree features, and 37% have two out of the three features show increased thickness or abnormal density of the affected soft 
Presentation Capillary/venular malformation (port-wine stain) tissue as well as phleboliths. Venograms may be required to delin- 
e Pink or reddish stain with linear borders, may darken with age eate the venous abnormality and to exclude deep-vein agenesis. 
P eae utes Blood tests, including full blood count, D-dimer and coagulation 
° « . 
e hosenoreaccine ridline screen, should be performed as a baseline, prior to surgery and 
° May be deep and involve underlying organs during pregnancy, due to the higher risk of thromboembolism [11]. 
Venous abnormalities Genomic testing on skin biopsy is not done routinely but can be 
aa wei _ helpful if there is diagnostic uncertainty [12]. 
¢ Can lead to skin ulcers and scarring if deep venous system 
involved 
Hypertrophy Management 
* Increase in limb girth and/or length The treatment of KTS is conservative and aimed at relieving the 
e Bony and soft-tissue enlargement t d i th licadi F ih dia 
e May have hand and feet abnormalities (macrodactyly, ayer PUINS SNE eM sie ee Mites eee ne 2 . = Sonn: 
syndactyly, ectodactyly, clinodactyly and camptodactyly) Patients are often managed best by a multidisciplinary team con- 
Lymphoedema sisting of the following specialists: paediatricians, dermatologists, 
Clinical Simple KTS a vascular surgeons, orthopaedic surgeons, interventional radiolo- 
vatianis 2 3s Bothy OF segmental Par Wwine stan gists and pain specialists. The treatment modalities for KTS are 
e Venous malformations and hypertrophy lined in Table 101.26 
Complex KTS outlined in lable 26. 
e Geographic port-wine stain 
e Venous malformations and hypertrophy 
= Bigher el lymphatic LEN Table 101.26 Management of Klippel-Trenaunay syndrome (KTS). 
e Increased risk of complications 
Compression garments (not To prevent/treat: 

Differential Proteus syndrome helpful in patients with a ¢ Chronic venous insufficiency 

diagnosis Bannayan-Riley—Ruvalcaba syndrome hypoplastic deep venous e Lymphoedema 
Maffucci syndrome system) e Recurrent cellulitis/bleeding 
Parkes Weber syndrome Orthotics To manage asymmetry in the limbs 


Complications 
and 


Diffuse capillary malformation with overgrowth (DCMO) 
Other PIK3A-related overgrowth spectrum disorders 
Skin 

° Stasis dermatitis 


Orthopaedics 


¢ For small difference in limb length heel inserts can 
be used 

e Larger differences may need osteotomy, 
epiphysiodesis, epiphyseal stapling 


co-morbidities ¢ Ulcers Avoidance of the oral Females with KTS should not use the oral 
¢ Secondary infection contraceptive pill contraceptive pill 
Veins 


Disease course 
and prognosis 


e Thrombosis 


¢ Thrombophlebitis Pain management Pain can be a difficult symptom to relieve and a 
¢ Haemorrhage referral to a pain clinic should be considered 

e Pulmonary emboli Sirolimus Recently shown to have modest benefit in reducing re 
Hypertrophy of a limb overgrowth, however associated with significant 4 
e May lead to subsequent vertebral scoliosis side effect profile [13] a 
e Gait problems Laser To treat the capillary malformation (port-wine 

e Impaired function stain) use pulsed dye laser for cosmesis 

e Premature onset of degenerative joint disease ° For treating ulceration 

Lymphoedema e To treat the greater saphenous vein to manage 

Pain — multifactorial aetiology varicosities, an endovenous laser can be used 

e Rarer complications depend on the site and depth of the lesions Surgery Treatment of venous malformations and varicosities 


Genitourinary haemorrhage 

Gastrointestinal haemorrhage 

Haemothorax 

Pulmonary emboli secondary to venous thrombosis 

Heart failure 

Central nervous system involvement with haemorrhage, 
infection, hemimegalencephaly, hydrocephalus, atrophy, 
epilepsy 

Risks of thrombosis and venous complications tend to increase 
with age 


Anticoagulation 


Consider anticoagulation prophylaxis for patients 
prior to surgical procedures/long haul flights, etc. 


by venous stripping, ligation, excision and 
sclerotherapy. 

This therapy is controversial because there is a high 
risk of complications and 90% chance of 
recurrence: 

e It should only be undertaken if the deep system is 
normal or shows mild to moderate reflux 

e It may help heaviness and recurrent bleeding 

Amputation is a last resort for intractable bleeding, 
pain or ulceration 
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Resources 


Patient resources 

https: / /www.gosh.nhs.uk/conditions-and-treatments /conditions-we-treat/ 
klippel-trenaunay-syndrome 

Patient support group: https: //k-t.org 

(All last accessed March 2022.) 


Parkes Weber syndrome 

Definition 

This syndrome was first described by Sir Frederick Parkes Weber in 
1907. It is a combined vascular malformation, similar to KTS, char- 
acterised by an arteriovenous fistula with varicosities and hypertro- 
phy of the affected extremity. It differs from KTS because of the pres- 
ence of the arteriovenous fistula and the absence of the following 
associations: an overlying vascular naevus, a marginal vein malfor- 
mation and lymphatic malformations. The musculoskeletal involve- 
ment is often less prominent than in KTS [1]. 


Epidemiology 
Incidence and prevalence 
This is a rare condition but the prevalence is unknown. 


Age 
It is present from birth. 


Sex 
The condition is equal in males and females. 


Ethnicity 
There is no known racial predilection. 


Pathophysiology 

The pathogenesis is not fully understood. The pathology of the arte- 
riovenous malformation is described under arteriovenous malfor- 
mations above. 


Genetics 

Most cases are sporadic. A mutation in the gene RASAI has been 
identified on chromosome 5q in families with capillary malforma- 
tions associated with arteriovenous malformations [2]. 


Clinical features 
These are described in Table 101.27 


History 

Over 70% occur on the lower limb, but Parkes Weber syndrome 
can involve the upper limb and the head and neck. The tissue 
overgrowth leads to limb enlargement that continues past puberty 
and gets progressively worse. There is frequently bone involve- 
ment rather than just soft tissue overgrowth. The arteriovenous 
malformation may not appear until puberty or after trauma. 


Presentation 

An obvious pulsatile swelling may be visible with discoloration of 
the overlying skin and large veins radiating from it. The overly- 
ing skin feels warm; there are prominent vessels with a possible 
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Table 101.27 Clinical features of Parkes Weber syndrome. 


Clinical features Large capillary malformation on extremity 

Arteriovenous fistula with varicosities 

Hypertrophy of bone and soft tissue of the affected 
extremity 

Present from birth 

Over 70% occur on lower limb, but can involve upper 
limb/head/neck 

Limb enlargement continues beyond puberty and gets 
progressively worse 

Frequent bone involvement 

Arteriovenous malformation may not appear until puberty 
or after trauma 

Pulsatile swelling may be visible with discoloration of 
overlying skin and large radiating veins 

Overlying skin feels warm 

Prominent vessels with possible palpable thrill 

Machinery murmur on auscultation 

Hypertrophy and asymmetry of affected extremity 

Musculoskeletal involvement often less prominent than in 
Klippel-Trenaunay syndrome 

Capillary malformation — arteriovenous malformation 

CLOVES syndrome 

Klippel-Trenaunay syndrome 

Proteus syndrome 

Main complications due to arteriovenous fistula: 

© Tissue ischaemia 

e Ulceration 

© Cellulitis 

e Blood loss and anaemia due to bleeding 

e High output cardiac failure 


History 


Presentation 


Clinical variants 
Differential diagnosis 


Complications and 
co-morbidities 


Disease course and 
prognosis 


Depends on type, location and severity of the arteriovenous 
malformation 


CLOVES, Congenital Lipomatous asymmetric Overgrowth, Vascular malformations, 
Epidermal naevi and Skeletal and spinal abnormalities. 


palpable thrill. Auscultation of the lesion should detect a machinery 
murmur. There may be obvious asymmetry of the affected limbs. 


Clinical variants 


e Capillary malformation — arteriovenous malformation, a new 
clinical and genetic disorder caused by RASA1 mutations [2]. 

e¢ CLOVES syndrome (congenital lipomatous overgrowth, vascular 
malformations, epidermal naevi and scoliosis, seizures and spinal 
and skeletal abnormalities) [3]. 


Differential diagnosis 


¢ Klippel-Trenaunay syndrome. 
e Proteus syndrome. 


Classification of severity 
The classification of the severity of arteriovenous malformations is 
described in Table 101.16. 


Complications and co-morbidities 
The main risks are complications of the arteriovenous fistula such as 
tissue ischaemia and high output cardiac failure. 


Disease course and prognosis 
This is dependent on type, location and severity of the arteriovenous 
malformation. 


Investigations 

The capillary malformation in Parkes Weber syndrome cannot be 
distinguished clinically from that in KTS. Imaging with ultrasound, 
MRI and MRA are helpful in distinguishing the two conditions. 


To confirm the diagnosis and monitor the response to treat- 
ment. Ultrasound with colour Doppler examination which shows 
low-resistance, high-velocity arterial flow, with high diastolic flux, 
and pulsatile venous flow below the baseline and arteriovenous 
shunting within tortuous vessels. 


To evaluate the extent of the arteriovenous malformation. MRI 
and MRA demonstrate a collection of vascular flow voids which are 
the fast-flow vessels that do not enhance with contrast (no tumour 
aspect). The arteriovenous malformation and its network can be 
delineated. 


Management 

A multidisciplinary approach is essential with specialist vas- 
cular surgeons, invasive radiologists and paediatricians where 
appropriate. Management is challenging, and treatment is fre- 
quently palliative. Sclerotherapy, embolisation and surgery are all 
options. Orthotics and compression garments may help with limb 
involvement. 


VENOUS DISORDERS Cl 


Anatomy [1-7] 


Most veins contain semi-lunar valves; these are usually in pairs, 
but some veins only contain one valve leaflet and sometimes three 
(tricuspid) valve leaflets are present. These valves are lined by 
endothelium and are found especially in the smaller veins and at 
the junction of these veins with larger branches. They prevent the 
reflux of blood and are particularly important in the leg, where 
their integrity, and that of the calf muscle pump (the venous heart), 
counters the gravitational hydrostatic pressure. 

There are three venous systems: the deep veins, the superficial 
veins and the perforating veins (or perforators). The perforating 
veins are numerous and inconstant, and connect the other two 
systems. During muscular activity, blood is directed from the 
superficial to the deep system, up from the foot to the thigh and 
thence to the abdomen, before venous blood returns towards the 
heart. Bicuspid valves are found in all three systems. The smallest 
veins contain valves which lie at the dermal subcutaneous junc- 
tions [4] and the valves are extremely variable. Valves may become 
damaged, thickened or degenerate with age [5]. Thrombosis also 
causes valvular destruction; the re-canalised post-thrombotic vein 
is valveless, anatomically distorted and functionally inefficient [5]. 
The most important perforating veins are considered to be on 


the medial side of the calf. Incompetence of the valves in these 
veins has been thought to be important in the causation of venous 
ulceration [5]. 

The superficial venous system of the leg begins from the veins on 
the dorsum of the foot, which join the greater saphenous vein (GSV) 
(originally called the long saphenous vein) and the short saphenous 
vein (SSV). They form a dorsal arch, which connects the territory of 
the SSV with that of the GSV. On the plantar side of the foot, the 
same venous network joins to a plantar venous arch that also joins 
both saphenous veins [6,7]. 


Physiology: the venous macrocirculation [1,2] 


Veins act as the capacitance vessels of the circulation. The ‘venous 
return’ is the blood returning to the heart via the great veins. Venous 
return from the lower limbs is achieved by the pumping action of the 
foot and calf muscles, associated with competent valves that prevent 
backflow [1]. 

The venous system of the legs contains a volume of 300-350 mL in 
a healthy standing subject. The venous wall contracts in response to 
filling, and its function is called ‘venous tone’. This acts as counter- 
pressure and automatically changes to attempt to maintain venous 
pressure at a constant level. The superficial veins drain through the 
communicating (perforating) veins into the deep system, and only 
10% of the venous blood flow from the lower limb passes through 
the saphenofemoral junction (SFJ). 

The deep veins are compressed by each muscle contraction, shift- 
ing the blood column towards the heart against the pressure of grav- 
ity. The venous valves prevent backflow during muscle relaxation. 
This mechanism is the ‘calf muscle pump’. Other muscle groups 
such as those of the foot also compress veins and aid venous return, 
but the calf muscle pump is the most important muscle pump of 
the leg. 


Venous thrombosis 7 | 


Deep-vein thrombosis 
Definition 
A deep-vein thrombosis (DVT) is a blood clot that forms within the 


deep veins usually of the leg, but can occur in the veins of the arms 
[1] and in the mesenteric and cerebral veins. 


Introduction and general description 

Deep-vein thrombosis is a common and important disease. It is part 
of the venous thromboembolism disorders which represent the third 
most common cause of death from cardiovascular disease after heart 
attacks and stroke [2]. Even in patients who do not get pulmonary 
emboli, recurrent thrombosis and ‘post-thrombotic syndrome’ are a 
major cause of morbidity. 
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Epidemiology 

Incidence and prevalence 

Deep-vein thrombosis and pulmonary emboli are common and 
often ‘silent’ and thus go undiagnosed or are only picked up at 
post-mortem. Therefore, their incidence and prevalence is often 
underestimated. It is thought that there are approximately 900000 
cases of DVT in the USA each year, although the precise numbers 
remain unknown. Between 60000 and 100000 Americans die of 
venous thromboembolism each year. In the UK, 1-2 per 1000 people 
have venous thrombosis each year. A third of those with DVT have 
ongoing complications as a result [3]. 


Age 
Deep-vein thrombosis is rare in children and the risk increases with 
age, most occurring in the over 40s. 


Sex 

There is no consensus about whether there is a sex bias in the 
incidence of DVT, although some reports suggest that the incidence 
is higher in men [4]. 


Ethnicity 

There is evidence from the USA that there is an increased incidence 
of DVT and an increased risk of complications in African American 
and white people when compared with Hispanic and Asian peo- 
ple [5,6]. 


Associated diseases 

The risk factors for DVT are listed in Table 101.28. In hospital the 
most commonly associated conditions are malignancy, congestive 
heart failure, obstructive airways disease and patients undergoing 
surgery. 


Pathophysiology 

Pathology 

In 1856, Virchow postulated that the main causes of thrombus for- 
mation were damage to the vessel wall, alterations in blood flow and 
hypercoagulability. This is called ‘Virchow’s triad’ and is still valid 
today. 

Maintenance of the fluidity and circulation of the blood and 
its ability to thrombose are essential for the maintenance of life 
and are governed by extremely complex homeostatic mecha- 
nisms. Thrombosis is a protective mechanism which prevents 
loss of blood and seals off damaged blood vessels. Fibrinolysis 
counteracts or stabilises the thrombosis. The triggers of venous 
thrombosis are frequently multifactorial, with the different parts of 
the Virchow triad contributing in varying degrees in each patient, 
but all resulting in early thrombus interaction with the endothe- 
lium. This then stimulates local cytokine production and causes 
leukocyte adhesion to the endothelium, both of which promote 
venous thrombosis. Depending on the relative balance between the 
coagulation and thrombolytic pathways, thrombus propagation 
occurs. 

DVT is commonest in the lower limb below the knee and starts 
at low-flow sites, such as the soleal sinuses, behind venous valve 
pockets. 
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Table 101.28 Risk factors for deep-vein thrombosis (DVT). 


Reduced blood flow Immobility (bed rest, general anaesthesia, operations, 
stroke, long haul flights) 


Increased venous Mechanical compression or functional impairment leading 


pressure to reduced flow in the veins (neoplasm, pregnancy, 
stenosis, or congenital anomaly which increases outflow 
resistance) 
Mechanical injury to Trauma, surgery, peripherally inserted venous catheters 
the vein Previous DVT 


Intravenous drug abuse 
Polycythaemia 
Thrombocytosis 
Dehydration 


Increased blood 
viscosity 


Increased risk of coagulation 

Genetic Deficiencies in protein C, S or antithrombin Ill, factor V 
Leiden 

Cancer 

Sepsis 

Myocardial infarction 

Heart failure 

Vasculitis, systemic lupus erythematosus and lupus 
anticoagulant 

Inflammatory bowel disease 

Nephrotic syndrome 

Burns 

Oral oestrogens 

Smoking 

Hypertension 

Diabetes 

Obesity 

Pregnancy 

Increasing age 


Acquired 


Constitutional factors 


Causes 

The risk factors for DVT are shown in Table 101.28. The most 
important ones are previous DVT (up to 25% of patients give a 
previous history of a DVT), active cancer, being postoperative and 
immobilisation. There is now an increasing understanding that 
the risk factors for DVT often overlap with those of atherothrom- 
bosis and that there is a common pathophysiology that includes 
inflammation, hypercoagulability and endothelial injury [2]. 


Clinical features 

These are outlined in Table 101.29. Deep-vein thrombosis may be 
‘silent’ in 5% of cases, at times making the diagnosis challenging 
as many patients do not have the classical signs or symptoms; 
and some of those with ‘classical’ features do not have DVT when 
investigated. 


Investigations 
These are outlined clearly in the National Institute for Health and 
Care Excellence (NICE) guidelines with a helpful algorithm [7]. 
Investigations that are performed are D-dimers (very sensitive but 
not very specific) and proximal leg vein ultrasound which when 
positive indicates that the patient should be treated as having a 
DVT (Table 101.30). 

Deciding how to investigate is determined by the risk of DVT. The 
first step is to assess the clinical probability of a DVT using the Wells 
scoring system (Table 101.31). For patients with a score of 0-1 the 


Table 101.29 Clinical features of deep-vein thrombosis (DVT). 


History Pain (50% of patients) 

Redness 

Swelling (70% of patients) 

Usually of the lower limb but can occur in the arms 
Examination Limb oedema may be unilateral or bilateral if the thrombus 


is extending to pelvic veins 

Red and hot skin, with dilated veins 

Tenderness 

Pain on dorsiflexion of the foot (the Homans sign) 

In upper limb DVTs 

© 80% have swelling 

© 30% have pain 

e Only 15% have redness 

Cellulitis 

Post-thrombotic syndrome (especially venous eczema and 
lipodermatosclerosis) 

Ruptured Baker cyst 

Trauma 

Superficial thrombophlebitis 

Peripheral oedema, heart failure, cirrhosis, nephrotic 
syndrome 

Venous or lymphatic obstruction 

Arteriovenous fistula and congenital vascular abnormalities 

Vasculitis 

Provoked 

Due to acquired states (surgery, oral contraceptives, trauma, 
immobility, obesity, cancer) 

Unprovoked 

Due to idiopathic or endogenous reasons 

More likely to suffer recurrence if anticoagulation is 
discontinued 

Proximal (above the knee: affecting the femoral or 

iliofemoral veins) 

uch more likely to lead to complications such as 

pulmonary emboli 

Distal (below the knee) 

Pulmonary emboli (paradoxical emboli if an atrioseptal 
defect is present) 

Post-thrombotic syndrome 
any DVTs will resolve with no complications 

Post-thrombotic syndrome [6] occurs in 43% cases 2 years 
post-DVT (30% mild, 10% moderate, 3% severe) 

Risk of recurrence of DVT is high (up to 25%) 

Death occurs in approximately 6% of DVT cases and 12% of 
pulmonary embolism cases within 1 month of diagnosis 

Early mortality after venous thromboembolism is strongly 
associated with presentation as pulmonary embolism, 
advanced age, cancer and underlying cardiovascular 
disease [6] 


Clinical variants 


Differential diagnosis 


Classification 


Complications and 
co-morbidities 


Disease course and 
prognosis 


clinical probability is low, but for those with 2 or above the clinical 
probability is high. 

If a patient scores 2 or above, a proximal leg vein ultrasound scan 
should be carried out within 4 hours of being requested and, if the 
result is negative, a D-dimer test should be undertaken. If imaging 
is not possible within 4 hours, a D-dimer test should be undertaken 
and an interim 24-hour dose of anticoagulation should be given. 
Then a proximal leg vein ultrasound scan should be carried out 
within 24 hours of being requested. 

In the case of a positive D-dimer test and a negative proximal leg 
vein ultrasound scan, anticoagulation should be stopped, and the 


Table 101.30 Investigations for deep-vein thrombosis (DVT). 


D-dimers These are specific cross-linked products of fibrin degradation 
and are raised in patients with venous thromboembolism 

Sensitivity is high but specificity poor 

Sensitivity 97% for proximal and 73% for distal vein 
thrombosis compared with phlebography 

Non-invasive, simple, easy to repeat, relatively inexpensive 

and free of complications 

Two main disadvantages: 

¢ Calf vein thrombosis can be missed, especially when the 

examination is limited to the popliteal and femoral veins 

e Small isolated thrombi in the iliac and superficial femoral 

veins or within the adductor canal can be difficult to 
detect and are therefore easily overlooked [8] 

Magnetic resonance venography and CT venography may 
be useful adjuncts but are expensive and not always 
available 

Chest X-ray, routine blood tests (full blood count, liver 
function tests, urea and electrolytes), urinalysis 

Mammogram and abdominal pelvic CT scan to look for 
malignancy 

Antiphospholipid antibodies in patients who have had 
unprovoked DVT if stopping anticoagulation treatment is 
planned 

Test for hereditary thrombophilia in patients who have had 
unprovoked DVT and who have a first-degree relative 

who has had DVT, if stopping anticoagulation treatment 
is planned 


Compression duplex 
ultrasound 


Radiology 


General investigations 


If DVT is ‘unprovoked’ 
in patients over the 
age of 40 


Table 101.31 Two-level deep-vein thrombosis (DVT) Wells score. DVT is likely with a 
score of 2 or more. 


Clinical feature Points 


Active cancer (treatment ongoing, within 6 months, or palliative) 1 

Paralysis, paresis or recent plaster immobilisation of the lower extremities 1 

Recently bedridden for 3 days or more or major surgery within 12 weeks 1 
requiring general or regional anaesthesia 

Localised tenderness along the distribution of the deep venous system 

Entire leg swollen 

Calf swelling at least 3cm larger than asymptomatic side 

Pitting oedema confined to the symptomatic leg 

Collateral superficial veins (non-varicose) 

Previously documented DVT 

An alternative diagnosis is at least as likely as DVT -2 


proximal leg vein ultrasound scan should be repeated 6-8 days later 
for all patients. If the patient does not score 2 on the DVT Wells score 
but the D-dimer test is positive, the patient should have a proxi- 
mal leg vein ultrasound scan carried out within 4 hours of being 
requested. Again, if this is not possible, the patient should receive 
an interim 24-hour dose of anticoagulation and a proximal leg vein 
ultrasound scan should then be carried out within 24 hours of being 
requested. 

In all patients diagnosed with DVT, treat as if there is a positive proximal 
leg vein ultrasound scan. 


Management 
The aims of treatment of DVT are to prevent pulmonary embolism, 
reduce morbidity and prevent or minimise the risk of developing 
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Table 101.32 Treatment of proximal deep-vein thrombosis (DVT). 


Anticoagulation Anticoagulation for at least 3 months, taking into account 
co-morbidities/contraindications/patient preference 

Apixaban or rivaroxaban first line 

If neither apixaban or rivaroxaban suitable, consider LMWH for 
at least 5 days prior to dabigatran/edoxaban. Alternative is 
LMHW with vitamin K antagonist for at least 5 days, until 
INR >2 for 24h (unfractionated heparin for patients with 
renal failure and increased risk of bleeding) 

In patients with cancer consider anticoagulation for 3-6 months 

In patients with unprovoked DVT consider anticoagulation 
beyond 3 months [12] 

If there is: 

¢ Symptomatic iliofemoral DVT 

¢ Symptoms of <14 days duration 

¢ Good functional status 

e Life expectancy of 1 year or more 

¢ Low risk of bleeding 

If anticoagulation is contraindicated 

If emboli are occurring despite adequate anticoagulation 


Thrombolysis 


Inferior vena cava 
filters 


INR, international normalised ratio; LMWH, low molecular weight heparin. 


the post-thrombotic syndrome. The cornerstone of treatment is anti- 
coagulation. NICE guidelines only recommend treating proximal 
DVT (not distal) and those with pulmonary emboli. In each patient, 
the risks of anticoagulation need to be weighed against the benefits. 
The current guidelines recommend treatment for 3 months follow- 
ing diagnosis of DVT. The direct oral anticoagulants rivaroxaban 
and apixaban are now first line. However, low molecular weight 
heparin (LMWH) and unfractionated heparin are still used based 
on the patient’s comorbidities (Table 101.32). 

The greatest area of improved clinical care has been in identi- 
fying those at increased risk of thromboembolism in hospital and 
providing thromboembolism prophylaxis. This includes preventing 
dehydration, improving mobilisation, prescribing anti-embolic 
stockings, using intermittent pneumatic compression in stroke 
patients. and pharmacological prophylaxis with either LMWH or 
fondaparinux sodium unfractionated heparin [9]. In the case of 
elective hip or knee surgery, NICE guidelines recommend either 
venous thromboembolism prophylaxis with LMWH followed by 
aspirin, LMWH with anti-embolic stockings, or a direct oral antico- 
agulant such as rivaroxaban, apixaban or dabigatran [10]. Treatment 
of proximal DVT is outlined in Table 101.32. 


Resources 


Further information 


https://www.nice.org.uk/guidance/ng158https: / /www.nice.org.uk/guidance/ 
ng89 (last accessed March 2022). 


Superficial venous thrombosis 


Definition and nomenclature 

This is common condition where there is the formation of a throm- 
bus in the veins near the surface of the skin and is usually associated 
with inflammation of the walls of the vein. 


Synonyms and inclusions 
¢ Superficial thrombophlebitis 


Introduction and general description 

Superficial venous thrombosis is an uncomfortable but self-limiting 
condition. It is often seen on the lower leg associated with varicose 
veins and in hospitals at the sites of intravenous cannulae. However, 
it can be associated with deep thrombosis and the serious conse- 
quences of venous thromboembolism. 


Epidemiology 

Incidence and prevalence 

Superficial venous thrombosis is a common condition. The actual 
prevalence and incidence is unknown. However, it is reported to be 
more common than deep-vein thrombosis [1]. Up to 25-35% of all 
hospitalised patients are thought to experience superficial phlebitis 
at the site of venous cannulae [2]. 


Age 
The mean age of onset is 60 [3]. 


Sex 
It is commoner in females (55-70% occurring in women). 


Ethnicity 
There is no known racial predilection. 


Associated diseases 

Migratory thrombophlebitis may be associated with an underlying 
carcinoma (such as pancreatic cancer), states of hypercoagulabil- 
ity [4], thromboangiitis obliterans, and Behcet disease. Concurrent 
DVT is reported to be present in up to 53% of cases and the 
incidence of concurrent PE is reported to range between 1% 
and 33% [5]. 


Pathophysiology 

Pathology 

The pathogenesis of superficial venous thrombosis is similar to 
that of DVT, although trauma to the vein is thought to be the 
predominant trigger in the Virchow triad (stasis, increased coag- 
ulability and vessel wall injury). Several studies have described 
an association between superficial venous thrombosis and venous 
thromboembolism. Superficial venous thrombosis located in the 
main trunk of the saphenous vein has the strongest association 
with venous thromboembolism [3,6]. Superficial venous throm- 
bosis usually develops in the lower limbs. In 60-80% of cases, the 
great saphenous vein system is involved, and in 10-20% the small 
saphenous vein system [7]. The main cause of superficial venous 
thrombosis of the lower limbs is varicose veins, which are present 
in 70% of cases [8]. The main cause of superficial venous thrombosis 
in the upper limb is iatrogenic, for example intravenous catheters or 
infusion of drugs such as chemotherapy or heroin. Mondor disease 
may also be a form of superficial venous thrombosis. 


Table 101.33 Clinical features of superficial venous thrombosis (Figure 101.24). 


History Gradual onset of localised tenderness 
Redness along the path of a superficial vein 
May have had intravenous catheter at the site 
May have varicose veins 

Examination Overlying skin may be red and hot 


Oedema may be present 

A tender firm cord extending along the vein on palpation 

If it occurs within varicose veins there may be bleeding 

Low grade fever sometimes present 

Migratory thrombophlebitis 

Thrombophlebitis of the superficial veins of the breast and 
anterior chest wall (Mondor disease) 

Cellulitis 

Panniculitis 

nsect bites 

DVT 

Lymphangitis 

Neuritis 

Chronic venous insufficiency 

Baker's cyst 


Clinical variants 


Differential 
diagnosis 


Haematoma 
Complications and Extension into the deep venous system (DVT and pulmonary 
co-morbidities embolism) 


f thrombosed veins do not re-canalise, patient can develop 
post-thrombotic syndrome 

Post-inflammatory hyperpigmentation over the affected vein 

Persistent firm subcutaneous nodule at the site 

Secondary infection possibly leading to septic emboli, abscesses 
and septicaemia 

Prognosis is usually good in uncomplicated disease and 

symptoms usually resolve within 3-4 weeks 
Recurrence is a risk with superficial venous thrombosis in 
association with varicose veins 


Disease course 
and prognosis 


Predisposing factors 

The risk factors are similar to those for DVT [6] (see Table 101.28). 
Venous stasis, which can be caused by DVT, as well as due to 
varicose veins and venous excision/ablation amongst others, also 
predisposes to the condition. 


Clinical features 
The clinical features of superficial venous thrombosis are outlined 
in Table 101.33. 


Investigations 

The aims of the investigations are to establish the extent of the 
thrombosis and to exclude involvement of the deep venous system. 
In patients without obvious risk factors for superficial venous 
thrombosis, studies to exclude hypercoagulability should be con- 
sidered. In migratory thrombophlebitis, investigations to exclude 
an underlying internal malignancy should be considered. These are 
outlined in Table 101.34. 


Management 

The treatment of superficial venous thrombosis is outlined in 
Table 101.35. Initial treatment is supportive and aims to reduce the 
change of propagation of thrombus. The limb should be elevated, 
non-steroidal anti-inflammatory drugs (NSAIDS) given, compres- 
sion therapy considered, and the patient encouraged to remain 
ambulatory. 


101.35 


Venous disorders 


Figure 101.24 Superficial venous thrombosis. 


Table 101.34 Investigations for superficial venous thrombosis. 


Imaging 

To detect the location and extent of the 
superficial venous thrombosis and to 
exclude deep-vein thrombosis (DVT) 


Duplex and compression 
ultrasonography (up to 53% may 
have proximal DVTs, although the 
superficial venous thrombosis will be 
contiguous with the proximal DVT in 
less than 50% of cases) [9] 


Consider tests for underlying 
malignancy 

If there is migratory thrombophlebitis 

Consider tests for underlying 
coagulopathy 

If there is no obvious trigger 


Blood tumour markers, chest X-ray and 
CT abdomen/pelvis, mammogram in 
females 

Factor V Leiden, protein C and S 
deficiency, antithrombin III deficiency, 
antiphospholipid antibodies 


Resources 


Patient resources 
https: / /patient.info /heart-health/varicose-veins-leaflet/superficial- 
thrombophlebitis (last accessed March 2022). 


Thrombophlebitis migrans [1-4] 


Definition 
This is a form of superficial venous thrombosis which is recurrent 
and diffuse affecting the large and small veins throughout the body. 


Introduction and general description 

This is a rare disorder which is important because it is often 
associated with underlying disease such as internal malignancy 
(Trousseau syndrome), Behcet disease and Buerger disease. 


Epidemiology 

Incidence and prevalence 

This is not known but it is rare. In one study of 1500 cases of throm- 
bophlebitis, 31 of 77 occurring in association with malignancy were 
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Table 101.35 Treatment of superficial venous thrombosis of the lower limb. 


Medication Anticoagulation 

Should be considered if there is increased risk of venous 
thromboembolism; prophylactic or treatment dosing 
dependent on location, extent of thrombosis and 
individual patient risk 

Non-steroidal anti-inflammatory drugs 

Similar in efficacy to low molecular weight heparin but 
easier to administer [3]; effective in reducing pain 
associated with inflammation 

Antibiotics: only of help in suppurative thrombophlebitis 

Excision and ligation 

When a thrombus is found in or near the saphenofemoral 
junction or saphenopopliteal junction (especially if it 
extends as free-floating thrombus extending into the 
common femoral vein or popliteal veins) it should be 
treated by surgical removal, combined with ligation and 
stripping and patient started on anticoagulation 

Sclerotherapy and stripping of any varicose veins should 
only be performed some months after the acute 
superficial venous thrombosis has settled 

Puncture and evacuation 

The thrombus can be squeezed out of the vein through a 
needle puncture 

Used as an adjunct to medical and surgical treatments 


Surgery 


Compression hosiery 
or bandages 


of a migratory type [1]. In this study, carcinomas of the lung and 
pancreas were the most common sites for the primary tumours, 
although carcinomas of the breast, colon and stomach were also 
reported [1]. Other associated diseases are Behcet (between 2% and 
20% of all cases; Chapter 48) and Buerger disease (one study found 
thrombophlebitis migrans in up to 65.4% of 86 patients [2]). There 
is no known gender or racial predilection. 


Pathophysiology 

This is not fully understood. As with superficial venous throm- 
bosis, the mechanism is thought to be within the Virchow triad 
(stasis, increased coagulability and vessel wall injury). In the 
thrombophlebitis migrans associated with malignancy, some have 
suggested that there is a state of chronic disseminated intravascular 
coagulation [3,4]. 


Clinical features 

History 

Patients develop crops of painful red lumps and streaks in the skin. 
These may resolve and then new ones develop. The lesions appear 
on the legs, arms, abdominal wall and flanks. 


Presentation (Figure 101.25) 

The lesions are hot and tender and can be linear or oval 
subcutaneous lumps or streaks. The overlying skin usually remains 
intact. 


Differential diagnosis 
This is wide as there are no pathognomonic features and includes 
cellulitis, panniculitis, DVT and states with increased coagulability. 


Figure 101.25 Thrombophlebitis migrans. 


Investigations 

Ultrasound to confirm the diagnosis, clotting studies and tests to 
look for an underlying malignancy are all advised. CT scanning, 
ultrasound, MRI and positron emission tomographic (PET) scans of 
the abdomen may be necessary to pick up a pancreatic carcinoma. 


Management 

Treatment is generally conservative, and patients should be treated 
with adequate anticoagulation. Lowering triglycerides may be 
advisable and exercise is good for prophylaxis. Medical elastic com- 
pression stockings or bandages may alleviate symptoms. In Behcet 
disease, immunosuppressive medication is given (Chapter 48) 


Mondor disease 

Definition 

This is a form of superficial venous thrombosis in the chest wall and 
affects veins that include the lateral thoracic vein, the superior epi- 
gastric vein and the thoracoepigastric vein [1,2]. Similar cases have 
been reported in the antecubital fossa, inguinal area, axilla, penis [3], 
abdomen and lower limbs. 


Introduction and general description 
This is a rare, self-limiting and benign condition that was first 
described in 1939 [1]. 


Epidemiology 

Incidence and prevalence 

The incidence and prevalence of this rare condition are unknown. 
Less than 500 cases have been published in the literature [2]. Penile 
Mondor disease is rarer still and accounts for fewer than 10% of 
cases. The incidence after breast surgery is estimated to be 1% [3]. 


Age 
Typically the patients are between 30 and 60 years old. 


Sex 
The sex ratio is 3: 1 female: male. 
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Ethnicity 
There is no known racial bias. 


Pathophysiology 

The pathogenesis of Mondor disease is not understood. As with 
superficial venous thrombosis the mechanism is thought to be 
within the Virchow triad (stasis, increased coagulability and vessel 
wall injury). 

In the chest wall type, a study of pooled cases of the disease found 
one-third of cases were idiopathic; most of the rest were related 
to trauma (injury, muscular strain, poorly fitting bras, surgery, 
breast prosthesis, etc.). Rare causes were underlying breast cancer, 
hypercoagulable states and connective tissue disorders [2]. 

In the penile type, surgical trauma, excessive sexual activity, sex- 
ual vacuum practices, use of constrictive elements during sexual 
activity, intravenous drug abuse, prolonged sexual abstinence, local 
or distant infection, venous obstruction due to bladder distension 
and pelvic tumours have all been reported [2]. 


Pathology [4] 

It is a two- stage process: initially there is a dense inflammatory cell 
infiltrate and usually a thrombus occluding the lumen of the affected 
veins. Thereafter, connective tissue proliferation occurs in the vessel 
leading to a hard cord which resolves when the vessel canalises. 


Clinical features (Figure 101.26) 
The features are described according to the latest clinical classifica- 
tion of the disease, outlined in Table 101.36 [2]. 


Figure 101.26 Mondor disease. 


Mondor disease of the chest wall. The lesions appear and may be 
painful or asymptomatic. On examination, the lesions may involve 
any subcutaneous vein on the upper anterolateral chest wall and 
produce a fibrous painful cord with skin retraction. However, unlike 
classical superficial venous thrombosis there is no overlying cuta- 
neous inflammation. 


Mondor disease involving other venous territories. The most 
usual site of involvement is the penis. A fibrous painful cord with 
local preputial inflammation but without skin retraction is seen. 
Other possible sites include the brachial, femoral and calf veins but, 
unlike chest wall Mondor disease, local inflammation is present. 


Mondor disease after breast surgery. This is a subtype described 
in association with axillary lymph node dissection in breast cancer, 
and is characterised by retractile scarring of the fascia. Some authors 
call it axillary web syndrome. It manifests with palpable cords with 
‘bowstringing’ across the axilla, creating a web of skin. The cords 
are painful and restrict shoulder movement. They can extend into 
the ipsilateral arm, and even the forearm, creating linear grooves. 
There is usually no concomitant superficial venous thrombosis. 


Differential diagnosis 

The differential diagnosis is wide and includes cellulitis, ery- 
thema nodosum, skin metastatic carcinoma, lymphangiectasia and 
lymphangioma. 


Disease course and prognosis 
This depends on the site and type of disease. 

In Mondor disease on the chest wall, this is generally benign and 
self-limiting with spontaneous resolution usually with 2-8 weeks [2] 
and only 13% recurrence is reported in one series [5] and none in 
another [6]. 

In Mondor disease involving other venous territories, the natural 
history is less well known and, as with other conditions with 
superficial venous thrombosis, can be associated with deeper 
thrombosis. 

In Mondor disease after breast surgery, this usually spontaneously 
resolves. 


Investigations 

Diagnosis is largely clinical. Ultrasound examination can diagnose 
superficial thrombus and exclude a deep thrombus. Mammography 
can be helpful if there is suspicion of an underlying carcinoma. 


Management 
This depends on the type of Mondor disease. 

In Mondor disease on the chest wall, as this is generally benign and 
self-limiting, no anticoagulation is needed and simple analgesia can 
be given if the patient is in pain. 

In Mondor disease involving other venous territories, anticoagulation 
is recommended and sometimes in penile disease the superficial 
dorsal vein of the penis is treated with thrombectomy or excision. 

In Mondor disease after breast surgery, no anticoagulation is needed. 
If the fascial fibrous bands persist, they can be manually ruptured 
with immediate return of function and reduction in pain [7]. 
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Table 101.36 Subtypes of Mondor disease. 


Subtype 


Mondor disease of the chest wall 
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Mondor disease involving other venous territories 


Mondor disease after breast surgery 


Clinical features Lesions may be painful or 


asymptomatic 


May involve any subcutaneous vein on 


the upper anterolateral chest wall 


Penis is most usual site of involvement 

A fibrous painful cord with local preputial 
inflammation but without skin retraction is seen 

Other possible sites include the brachial, femoral 


Associated with axillary lymph node dissection in 
breast cancer 

Retractile scarring of the fascia 

Palpable cords which ‘bowstringing’ across the 


Present as a fibrous painful cord with and calf veins 
skin retraction 
No overlying cutaneous inflammation 
Disease course Benign and self-limiting 
Spontaneous resolution within 2-8 
weeks in most cases 
Management Simple analgesia if needed 


excision 


Varicose veins 


Definition and nomenclature 
These are visible, dilated and tortuous elongations of the larger 
superficial venous trunks and their tributaries. 


Synonyms and inclusions 
e Venous varicosity 


Introduction and general description 

Varicose veins are very common and their characteristics and man- 
agement were described by Hippocrates and Galen [1]. Over the 
millennia, they have been the subject of controversy and remain so 
today with much research still being needed to identify their patho- 
genesis and optimum treatment [2]. 


Epidemiology 

Incidence and prevalence 

Varicose veins are common. The incidence of varicose veins is 
unknown but several studies have reported the prevalence to be 
high (varying from 10% to 50% of the adult population). Each 
year, around 7% of those with varicose veins develop secondary 
skin-related changes. Of those with skin changes secondary to vari- 
cose veins, 1-2% go on to develop ulceration of the lower limbs [3]. 
The condition affects a third of those aged between 18 and 64 years 
old [4]. The prevalence in pregnant women is as high as 72%, and 
occurs due to compression on the pelvic veins and hormonal-related 
dilatation of veins [5]. Most cases resolve after pregnancy; however, 
a significant proportion go on to develop varicose veins later in life. 


Age and sex 

The prevalence increases with age and the condition is commoner in 
females. By 20 years of age, the prevalence of varicose veins is 10%; 
by the age of 40 years, it is 40% in women and 25% in men. Varicose 
veins are present in about 70% of 80-year-old women and 60% of 
80-year-old men. 


Local inflammation is present 
Disease course less known 
Can be associated with other thromboses 


Anticoagulation is recommended 
Penile disease may be treated with thrombectomy or 


axilla, creating a web of skin. 
Cords are painful and restrict shoulder movement 
Usually no concomitant superficial venous 
thrombosis 
Usually spontaneously resolves 


Fascial fibrous bands can be manually ruptured if 
persistent 


Ethnicity 

There is no known ethnic variation in varicose veins, although there 
is some evidence that there is an increased prevalence in white peo- 
ple [6]. 


Risk factors 
Older age, female sex, pregnancy, obesity, poor mobility, white race 


Associated diseases 
Klippel-Trenaunay syndrome, where there is a congenital malfor- 
mation leading to varicose veins. 


Pathophysiology [7] 

In the healthy venous system, there is venous blood flow through 
the superficial system into the deep system and back to the heart. 
One-way valves exist in both systems, and in the perforating veins, 
which connect the two. Incompetence in any of the valves can dis- 
rupt the normal flow of the blood and cause venous hypertension. 
The pathogenesis of varicose veins is not fully understood. Valvular 
incompetence and venous hypertension are thought to be impor- 
tant and interdependent, but how they occur remains to be fully 
elucidated. 

Varicose veins can be divided into primary and secondary. The 
mechanical issues of valve incompetence and raised pressure can 
occur in both and lead to complex molecular and histopatho- 
logical alterations in the vessel wall and the extracellular matrix 
(Table 101.37). 


Pathology 
The chief findings in varicose veins are intimal hypertrophy, suben- 
dothelial fibrosis, luminal dilatation and wall thickening. 


Genetics 

A genetic basis has been thought to be possibly relevant in the patho- 
genesis of varicose veins, since familial clustering of cases occurs. 
Genetic studies in twins suggests that FOXC2 plays a critical role 
in valve development and function, and that mutations in FOXC2 
may promote varicose veins. Other studies have suggested a link 


Figure 101.27 (a) Varicose veins in the left leg, and 
(b) with superficial telangiectasia. (b) 


Table 101.37 Pathogenesis of varicose veins. Clinical features (Figure 101.27) 
Pathogenetic features The severity of symptoms does not necessarily correlate with the 
size or extent of the visible varices and that in turn does not always 
Primary varicose veins correlate with the degree of reflux or severity of venous hyper- 
No known underlying cause No uniform valvular abnormality found tension. The clinical features of varicose veins are described in 
Associated with valvular Intrinsic and structural abnormalities of vein fl : 
incompetence walls are seen Table 101.38. faa 
Secondary varicose veins 4 
Raised endoluminal venous pressure Raised venous pressure is thought to cause: Investigations oll un 
Wenous Iiypeiensionpaueste S SHSRENG OHNE SNCONSIN, Colour duplex Doppler ultrasound scanning is used to investigate a cc 
thrombosis, pregnancy, trauma e Expression of cytokines and adhesion Z : : ; ‘ 5 : : Ww 
facleculee patients with varicose veins as it provides an anatomical picture of y Q 
* Activation of extracellular signal-related the venous system. It is the investigation of choice for detecting deep Ss 
kinases vein reflux. Duplex scanning is also essential to investigate patients [EE ° 
* Free radical production with skin changes attributed to venous hypertension. There is some ra) 
e 


Dysregulation of transforming growth 
factor B 
Altered fibroblast activity 


evidence that the incidence of recurrent varicose veins is lower after 
duplex assessment has been used to plan surgery. 


co) 
- 
< 
a 


Management 
Patients with varicose veins are largely managed by vascular sur- 


sehseaa : . wry h geons. The management of varicose veins is outlined in Table 101.39 
with varicose veins and mutations in the NOTCH3 gene (thrombo- and is based on the latest NICE guidelines [2,10]. 


modulin promoter), mutations in the NDP gene (which cause Norrie 
disease) and in the transforming growth factor B receptor 2 gene. 
More recently, over 30 genetic loci have been identified, and a strong 
genetic correlation between varicose veins and DVT has been dis- 
covered [8]. 


Resources 


Further information 


. NICE guidelines: http: / /guidance.nice.org.uk/CG168 
Environmental factors 


A population-based cross-sectional survey in Germany of 3072 Da <patigne vesaureds 
ticipants found that the prevalence of varicose veins was twice as https:/ /patient.info /heart-health/varicose-veins-leaflet 
high in an urban population as in a rural population [9]. (All last accessed March 2022.) 
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Table 101.38 Clinical features of varicose veins. 


History 


Presentation 


Differential diagnosis 


Classification of severity 


Complications and co-morbidities 


Disease course and prognosis 


Often asymptomatic but unsightly 

Sometimes there is aching, which is worse on standing 

Ankle swelling 

Symptoms of chronic venous insufficiency: skin discoloration in a gaiter pattern, itching, chronic swelling, pain due to ulceration 

Visible palpable dilated and tortuous veins in the subcutis 

Reticular veins 

Telangiectases (spider veins) 

Signs of chronic venous insufficiency may accompany varicose veins: pigmentation, eczema, lipodermatosclerosis, ulceration 

Thrombophlebitis 

DVT 

CEAP classification [11,12] 

Clinical: C)-C, (from no signs to active venous ulcer); S = symptomatic, A = asymptomatic 

Ftiological: Ec, congenital; Ep, primary; Es, secondary; En, no venous cause found 

Anatomical: As, superficial veins; Ap, perforator veins; Ad, deep veins; An, no venous location identified 

Pathophysiological: Pr, reflux; Po, obstruction; Pr,o, obstruction; Pn, no venous pathophysiology identifiable 

Thrombophlebitis 

Bleeding 

DVT and chronic venous insufficiency 

Approximately 4% of patients with varicose veins progress to more severe clinical stages per annum [13] 

3-6% of patients with varicose veins will develop venous leg ulcers in their lifetime [2] 

There is a suggestion that obesity, increasing age and genetic factors may be relevant. NICE has recommended that large observational 
prospective cohort studies are needed to identify the factors that influence progression [2] 


NICE, National Institute for Health and Care Excellence. 


Table 101.39 Management of varicose veins. Based on [2]. 


Patient advice and information 


Referral to a vascular unit 


Assessment in a vascular unit 


Discuss the cause and natural history of varicose veins 

Give advice about weight control 

Advise light to moderate physical activity 

Advise leg elevation where possible 

Refer if any of the following: 

Bleeding varicose veins 

Primary or symptomatic recurrent varicose veins 

Lower limb skin changes, such as pigmentation or eczema, thought to be caused by chronic venous insufficiency 
Superficial vein thrombosis (characterised by the appearance of hard painful veins) and suspected venous incompetence 
An active or healed venous leg ulcer 

Use duplex ultrasound: 

To confirm the diagnosis of varicose veins 

To identify the extent of truncal reflux 

To plan treatment for people with suspected primary or recurrent varicose veins 


Interventional treatment: for people with Offer endothermal ablation and endovenous laser treatment of the long saphenous vein 
confirmed varicose veins and truncal reflux If endothermal ablation is unsuitable, offer ultrasound-guided foam sclerotherapy 


Non-interventional treatment 
Management during pregnancy 


Chronic venous insufficiency 


Venous insufficiency 


Definition and nomenclature 
This is a state which occurs when the blood no longer flows in the 
correct path from the superficial system into the deep venous system 


If ultrasound-guided foam sclerotherapy is unsuitable, offer surgery. If incompetent varicose tributaries are to be treated, 
consider treating them at the same time 

If offering compression bandaging or hosiery for use after interventional treatment, do not use for more than 7 days 

Do not routinely offer compression hosiery to treat varicose veins unless interventional treatment is unsuitable 

Explain that pregnancy exacerbates varicose veins and that following pregnancy they may improve 

Do not carry out interventional treatment for varicose veins during pregnancy other than in exceptional circumstances 

Consider compression hosiery for symptom relief of leg swelling associated with varicose veins during pregnancy 


be classified anatomically into three categories: 


1 Superficial vein insufficiency: this is indicated by the presence of vis- 
ible, tortuous, truncal varicose veins. It arises from primary valve 
failure or when the superficial veins become distended, causing 


the valves to become secondarily incompetent. 


and then back to the heart. This results in venous congestion and deep-vein insufficiency (post-thrombotic limb). 


impairment of the venous system. Chronic venous insufficiency may 


2 Perforating vein insufficiency: this is a rare condition in isolation, 
when it is caused by primary valve insufficiency. Secondary 
perforating vein insufficiency often occurs in combination with 


3 Deep-vein insufficiency: reflux is the most common type of abnor- 
mality. However, in approximately 10% of cases a functional 
obstruction from thrombosis (non-recanalised thrombosis) will 
be present, in which case it is likely to be associated with the 
post-thrombotic syndrome. Avalvulosis is rare unless associated 
with a mutation of the FOXC2 gene [1]. 

If untreated, venous insufficiency in either the deep or superficial 
system causes the progressive syndrome of chronic venous insuffi- 
ciency. 


f ‘Synonyms and inclusions 
© Post-thrombotic syndrome 


© Postphlebetic syndrome 


Introduction and general description 
Chronic venous insufficiency is common and can be disabling. It is 
a major aetiological factor globally in the development of leg ulcers. 


Epidemiology 

Those with superficial venous insufficiency usually present with 
varicose veins initially. Chronic deep venous insufficiency is most 
frequently post-thrombosis, and occurs in fewer than half of patients 
after DVT [2]. 


Incidence and prevalence 

Varicose veins and chronic venous insufficiency are common. One 
large study in 30000 subjects found a prevalence of 7% for varicose 
veins and 0.86% for ‘symptomatic’ chronic venous insufficiency [3]. 
Another screened 1566 subjects and found chronic venous insuffi- 
ciency in 9.4% of men, and 6.6% of women. Prevalence rose signif- 
icantly with age: 21.2% in men >50 years and 12.0% in women >50 
years [4]. 

Serious chronic venous insufficiency leading to venous ulcers 
has an estimated prevalence of approximately 0.3%, although 
active or healed ulcers are seen in up to 1% of the adult popula- 
tion [5]. In the USA, it is thought that approximately 2.5 million 
people have chronic venous insufficiency and about 20% of those 
develop venous ulcers [6]. The risk factors are summarised in 
Table 101.40. 


Age 
Chronic venous insufficiency prevalence increases with age. 


Table 101.40 Risk factors for chronic venous insufficiency. 


Older age 

Family history of venous disease 

Female sex 

Pregnancy 

Smoking 

Higher body mass index 

Prolonged standing 

Prior venous thrombosis 

Prior trauma to the lower extremities 

Hereditary conditions such as Klippel-Trenaunay syndrome 


Sex 
Varicose veins are more common in females, but studies differ on the 
sex difference in the prevalence of severe chronic venous deficiency. 


Ethnicity 

There is not thought to be any racial difference in the prevalence of 
chronic venous insufficiency. However, it occurs more commonly in 
Western society and this probably reflects lifestyle differences such 
as sedentary or standing occupations, higher rates of obesity and 
generally reduced levels of physical activity. 


Environmental factors 

A sedentary lifestyle reduces the efficiency of the muscle pump and 
thus leads to reduced venous return; occupations with prolonged 
standing act to increase the risk of higher venous pressures in 
the legs. 


Pathophysiology 

Changes occurring in the macrocirculation lead to microvascular 
abnormalities and chronic inflammation which are thought to lead 
to the physical manifestations of chronic venous insufficiency. 


Pathophysiology of venous reflux and chronic venous 
insufficiency 

It is thought that there are two elements to the pathophysiology; 
the first is abnormal venous blood flow with reflux, and the second 
occurs at the microvascular level and is a chronic inflammatory 
process which leads to the skin changes seen in chronic venous 
insufficiency. Venous reflux is regarded as the major cause of 
venous disorders. Reflux is the presence of retrograde flow in a 
vein in response to a stimulus such as a calf squeeze. It occurs 
during standing when the valves are incompetent. It can occur in 
the superficial, deep and perforating veins of the lower extremity. 
An elevated and sustained ambulatory venous pressure (venous 
hypertension) is indicative of chronic venous insufficiency. This 
may be caused by valvular incompetence, venous outflow obstruc- 
tion or poor muscle pump function (Table 101.41). Venous outflow 
obstruction occurs in some patients after a DVT; it is more serious 
than reflux and more difficult to treat. In this situation, when the 
leg muscles contract, the venous pressure increases, rather than 
the usual lowering of venous pressure that occurs during ambu- 
lation when the vein is not obstructed. Such heightened pressure 
is transmitted distally as far as the capillary system of the skin, 


Table 101.41 Causes of chronic venous insufficiency. 


Venous disease Superficial venous incompetence (varicose veins) 
Deep venous incompetence 

Primary deep venous obstruction (rare) 

Previous deep-vein thrombosis 


External compression 


Impaired calf muscle pump Immobility 
function Joint disease 
Paralysis 


Obesity (immobility, femoral vein compression, high 
abdominal pressures) 
ultiple causes 


Congestive cardiac failure 


7 Venous disorders 101.41 


VASCULAR 


m) 
oc 
ul 
Q 
oc 
je] 
Mm 
a 


PART 9 


101.42 


Chapter 101: Dermatoses Resulting from Disorders of the Veins and A 


VASCULAR 


Ww 
oc 
Lid 
a 
a 
2) 
ay 
fa) 


PART 9 


Table 101.42 Pathogenesis of chronic venous disease. 


Leukocytes accumulate in leg when there is chronic high venous pressure 


Leukocytes are activated by plasminogen activator 


Activated leukocytes shed L-selectin into the plasma and express members of the integrin family 
(CD11b, which binds to intercellular adhesion molecule 1) 

Integrin binding promotes firm adhesion of leukocytes 

Leukocytes start their migration out of the vasculature and undergo degranulation 

Increased levels of activated leukocytes occur both locally and systemically in patients with chronic 
venous disease 


Degradation of extracellular matrix proteins leads to breakdown of 
extracellular matrix causing reduced healing and promotes ulceration 


Vascular cells and inflammatory cells (e.g. macrophages) produce proteolytic enzymes 
Proteolytic enzymes, including matrix metalloproteinases and serine proteinases, are released as 


inactive proenzymes and activated by other proteinases, including those produced by mast cells 


Capillary proliferation and increased permeability; skin capillaries are 
elongated and there is tortuous proliferation of the capillary 
endothelium 

Dermal tissue fibrosis: feature of lipodermatosclerosis and ulceration 


Vascular endothelial growth factor, which is likely to be involved in these changes, has been shown to 
increase microvascular permeability 


It is postulated that activated leukocytes migrate out of the vasculature and release transforming 


growth factor. Transforming growth factor is a fibrogenic cytokine, stimulating collagen 
production by dermal fibroblasts resulting in dermal fibrosis 


Increased capillary permeability and extravasation of red blood cells leads 
to skin pigmentation, which induces the development of a 
microenvironment that exacerbates tissue damage and delays healing 


Figure 101.28 Venous eczema. 


causing capillary hypertension, and eventually leading to destruc- 
tion of the nutritive capillaries [7]. The current theories on the 
mechanisms for the pathogenesis of the chronic inflammation in 
venous disease are outlined by Bergan et al. [8] and summarised in 
Table 101.42. 


Genetics 

A genetic basis has been thought to be relevant in the pathogene- 
sis of varicose veins, since familial clustering of cases does occur. 
Genetic studies in twins suggests that FOXC2 plays a critical role in 
valve development and function, and that mutations in FOXC2 may 
promote varicose veins. Chronic venous insufficiency may also be a 
feature of Klippel-Trenaunay syndrome. 


This leads to elevated levels of ferritin and ferric iron in affected skin 
There is oxidative stress and matrix metalloproteinase activation 


Figure 101.29 Lipodermatosclerosis. 


Clinical features 

History 

The clinical features of chronic venous insufficiency vary from 
mild oedema to severe incapacitating leg ulceration (outlined in 
Table 101.43). Patients with superficial venous insufficiency may 
complain of burning, swelling, throbbing, aching, cramping and 
heaviness in the legs. Those with deep venous insufficiency almost 
always have pain. The symptoms are often improved by elevation 
and rest of the legs. 


Table 101.43 Clinical features of chronic venous insufficiency. 


Feature 


Description 


Pathology 


Swelling (oedema) 


Corona phlebectatica paraplantaris 
(ankle flare) (see Figure 101.31) 


Hyperpigmentation (see Figure 101.32) 


Pressure erythema 


Venous eczema (see Figure 101.28) 
Synonyms: stasis dermatitis, hypostatic 
eczema, dermatitis veineuse 


Lipodermatosclerosis (see Figure 101.29) 

Pathognomonic of venous and lymphatic 
hypertension 

Known to be associated with an increased 
risk of leg ulcer development 


Atrophie blanche 


Varicosities (see section on Varicose veins) 


Secondary (high output) 
Lymphoedema 


Ulceration (end stage of chronic venous 
insufficiency) 


Pitting oedema (especially around the ankle) 

Worst at the end of the day 

Usually disappears at night 

ay complain of a tight feeling 

Night cramps 

Presence of abnormally visible cutaneous blood vessels at the ankle 
with several components: ‘venous cups’, blue and red telangiectases 
and capillary ‘stasis spots’ 

Pigmentation in the ‘gaiter skin’ 

Pinpoint or patchy pigmentation may be minimal but may also extend 
over large indurated skin areas 


Grouped, confluent, very small telangiectasiae develop 

Often found near incompetent perforating veins. Pressure erythema is 
often one of the first signs of evolving venous insufficiency 

Starts around varicosities at the medial ankle 

Relatively sharply demarcated 

Papules and vesicles, which may also extend beyond the main area of 
eczematous skin 

Scaling and itching develop 

Chronic lichenified eczema may develop with time 

May lead to secondary spread onto adjacent and distant non-contact 
sites. Itching may develop at any site including the palms and soles 

Can be complicated by secondary infection 

Other types of eczema may also occur: 

e Irritant and allergic contact dermatitis due to locally applied 
treatments 

e Asteatotic dermatitis (synonym: eczema craquelé). Frequent washing 
may cause extreme dehydration of the skin. Morphologically similar 
to eczema with a ‘crazy paving’ pattern appears 


Often found just above the medial malleolus, at the level of the 
Cockett perforating veins, which are usually incompetent, as is the 
great saphenous vein 

When the small saphenous vein is incompetent, the 

lipodermatosclerosis often affects the lateral side of the calf 

Early stage lipodermatosclerosis may feel a little indurated and often 

has an inflamed erythematosus appearance 

It is also quite often tender and painful (can be confused with 

erysipelas, superficial venous thrombosis or even deep-vein 
thrombosis) 

In longstanding disease, there is a ‘woody’ hardness to the skin and 

subcutaneous tissues with pigmentation 
Atrophic ivory-white depressed skin lesion often located on the 
lower legs 
Usually multiple lesions (diameter 0.5-15 cm) 
Contains many centrally enlarged capillaries that are visible as red dots 
Often asymptomatic; however, associated ulceration can be very 
painful (see Figure 101.30) 

Not unique to venous insufficiency 

May also be seen in association with other disorders including lupus 
erythematosus, scleroderma, vasculitides, cryoglobulinaemia, 
polycythaemia and leukaemia 

Dilated and tortuous veins 

May be primary varicosities 

May be secondary, following deep-vein thrombosis 

May develop in patients with longstanding chronic venous insufficiency 

Develops when the previously healthy local lymphatic system fails in the 
face of an overwhelming filtration load, with eventual structural 
obliteration of lymphatic routes 

See Chapter 102 


The capillary filtration rate increases as a 


consequence of the increased ambulatory venous 


(and consequently capillary) pressure and 


overwhelms lymph drainage. This oedema always 


has a low protein content 


A direct consequence of increased capillary pressure, 


which causes these vessels to expand 


Haemosiderin accumulates after extravasation of 


erythrocytes (red cells) 
Melanin can also be deposited as part of 


post-inflammatory hyperpigmentation following 


venous eczema and ulceration 


Direct result of increased venous pressure causing 


vascular dilatation 


Histopathological features of eczema 
Aetiology is not completely clear. Homing of 


activated T lymphocytes appears to be the most 


reasonable explanation 


Increased matrix turnover is caused by a chronic 


inflammatory reaction 


The most characteristic histological findings are 


dermal and subcutaneous fibrosis, with fat 
degeneration 


The result of decreased capillary density caused by 
microthrombi and matrix degradation causing 


hypoxia 


There is an atrophic epidermis and a thickened, 
scleroderma like dermis with proliferative dilated 


capillaries 


One or more capillaries are often occluded with 


fibrinoid material 


See section on Varicose veins 


See Chapter 102 
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101.44 apter 101: Dermatoses Resul 


(a) (b) 


Disorders of the Veins and 


Figure 101.30 (a) Atrophie blanche: white scars with a central ischaemic ulcer and telangiectasia at the edge of the white areas. (b) Venous ulceration with atrophie blanche. 


Figure 101.31 Corona phlebectatica paraplantaris. 


Classification of severity 

The CEAP classification is the most widely used classification for 
severity of chronic venous insufficiency, as it is for varicose veins 
(see Table 101.31 for explanation). 


Complications and co-morbidities 
These include thromboembolic disease, venous ulceration and sec- 
ondary lymphoedema. 


Disease course and prognosis 

It is not known overall how many patients with chronic venous 
insufficiency progress to end-stage venous ulceration. Progres- 
sion and disease severity appear to correlate with the severity 
of venous valve incompetence [9]. Approximately 4% of patients 


Figure 101.32 Hyperpigmentation secondary to venous insufficiency. 


with varicose veins progress to more severe clinical stages per 
annum. Of patients with varicose veins, 3-6% will develop venous 
leg ulcers in their lifetime [10]. Patients with lipodermatosclerosis 
have an increased risk of venous ulceration. Approximately 3% 
of patients with DVT will go on to develop severe chronic venous 
insufficiency. 


Table 101.44 Investigations for chronic venous insufficiency. 


Duplex ultrasonography 

Colour flow duplex imaging uses doppler information to colour code the 
two-dimensional sonogram 

Accurate but very ‘operator dependent’ 


The investigation of choice 

Duplex gives excellent information on venous anatomy and reflux 

Allows the communications between deep and superficial veins to be directly assessed 

Indications include: recurrent varicose veins, signs of deep-vein pathology, analysis of the popliteal 


fossa veins/perforating veins, preoperative marking of varicose veins, assessment of venous 
malformations, surveillance after treatment, duplex-guided sclerotherapy, evaluation before 
endovenous interventions, diagnosis of deep-vein thrombosis and follow-up after treatment 


MRI venography (non-invasive venographic technique) 


Most sensitive and specific test for the assessment of deep and superficial venous disease in the 


lower legs and pelvis 
Also helpful at excluding unsuspected non-vascular causes of leg pain 


Phlebography (venography) 

Contrast is injected into a foot vein, and is driven into the deep veins by an 
ankle tourniquet 

Venous pressure measurement 

A vein in the foot is cannulated 

The patient stands up and down on tiptoes 10 times. The venous pressure 
drops and the pressure drop is measured. This is defined as the ambulatory 
venous pressure (should be below 40 mmbg or at least 50% of standing 
venous pressure) 

The patient stands still until the pressure returns; the time taken for the 
pressure to return is defined as the venous refill time (normally >25 s) 

Air plethysmography 

Measures volume changes in the limb as a result of changes in posture and 
activity; measured by pressure changes in a cuff wrapped around the calf 

Photoplethysmography 

Photoelectric plethysmographic method of measuring the skin circulation 

The intensity of light reflected from the skin red cells correlates with the blood 
volume in the skin 

Venous refill time after a standardised exercise is measured 


Table 101.45 Treatment for chronic venous insufficiency. 


General advice Leg elevation 

Exercise 

Optimise analgesia 

Options include elastic stockings, bandages, 
intermittent pneumatic compression 

Improves venous dynamics during the day. They can 
be removed or a lower class of compression worn 
at night 

In varicose veins and lipodermatosclerosis, 
compression helps to relieve symptoms 

Compliance may be an issue due to difficulty getting 
the stockings on 

Consider 4-layer bandaging when legs are ulcerated 
and/or very swollen; patients with severe arterial 
disease can often not tolerate compression 

Aim to correct the venous insufficiency by removing 
the major reflux pathways 


Graduated compression 


Interventional treatments [17] 
Offer endothermal ablation and endovenous laser 
treatment of the long saphenous vein 


If endothermal ablation is unsuitable, offer 
ultrasound-guided foam sclerotherapy 


If ultrasound-guided foam sclerotherapy is 
unsuitable, offer surgery 


If incompetent varicose tributaries are to be treated, 
consider treating them at the same time as surgery 


Invasive 
Largely replaced by MRI venography 


Provides a direct measurement of the severity of chronic venous insufficiency, since it actually 
measures pressure 


Provides overall assessment of venous competence 

Cannot localise sites of reflux 

Most often used to assess results of venous interventions and as a research tool 

Bays et a/. found in chronic venous insufficiency a positive predictive value of venous refill time 
examined with venous plethysmography of 77% and a negative predictive value of 100% [12] 


Investigations 

The diagnosis of chronic venous insufficiency is made on clinical 
and symptomatic grounds. The purpose of investigation is to detect 
venous occlusion, acute or chronic thrombosis, post-thrombotic 
changes, and patterns of obstructive flow and reflux. The most 
useful and universal investigation is duplex ultrasonography [11]. 
The chief tools of investigation of chronic venous insufficiency are 
outlined in Table 101.44. 


Management 

The aims of treatment are to relieve the symptoms of chronic venous 
insufficiency and if possible to correct the underlying cause. These 
are outlined in Table 101.45. Patients should be referred to a vascular 
unit for assessment. Compression therapy remains the cornerstone 
of management, as this compresses varicose veins, reduces reflux 
and improves calf muscle function. This can take the form of elastic 
stockings (class 2, 30-40 mmHg; or class 3, >40 mmHg), non-elastic 
and elastic bandages (short- and long-stretch), and intermittent 
pneumatic compression. A Cochrane meta-analysis of 22 trials [13] 
showed that compression stockings were more effective than no 
compression in healing venous ulcers and higher compression 
pressures were more effective than lower ones; multilayer compres- 
sion bandaging was superior to single-layer bandaging. Progressive 
graduated compression stockings (higher pressure at the calf than 
ankle) have been reported as having greater efficacy in symptoms 
and they are easier to apply. Intermittent pneumatic compression 
has been suggested for use in patients with refractory oedema and 
significant/persistent ulceration when other conservative measures 
have failed [14]. 
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Interventional treatments are usually undertaken by vascular 
surgeons or interventional radiologists. These include endovenous 
techniques such as endovenous thermal ablation, non-thermal 
ablation and foam sclerotherapy. These are less invasive and as 
effective as open surgery [15]. A landmark study in 2018 has shown 
that in the presence of venous ulcers, early endovenous ablation 
of superficial venous reflux resulted in faster healing of ulcers and 
greater time free of further ulceration [16]. This should encourage 
clinicians to refer vascular surgeons early for timely treatment. 
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Introduction 


Leg and foot ulcers represent a serious burden of disease. Their 
impact — both physically and psychologically — is underestimated, 
on both the sufferer and their families and friends. Chronic wounds 
cause considerable economic burden and are estimated to be 
around 1% of total health care expenses in western countries, and 
even more (2-3%) when indirect costs are included. Pain is very 
common, to the detriment of sleep and quality of life [1-6]. 

Nevertheless, surprisingly, many patients suffering from leg 
and foot ulcers never receive an adequate clinical, vascular and 
laboratory examination and a rational treatment plan based on 
a valid diagnostic assessment. The majority of patients with 
chronic ulcers can be treated effectively and healed, and those with 
refractory lesions can be helped with palliative measures. This, 
however, requires standardised work-up and treatment planning 
[7,8,9-13,14,15]. 

There are four major categories of leg ulcers: venous leg ulcers 
(VLUs); mixed venous and arterial leg ulcers (MLUs); arterial leg 
ulcers (ALUs); and hypertensive ischaemic leg ulcers (HYTILUs) 
(Figure 102.1). These groups cover 80% of the underlying causes 
of leg and foot ulcers [16,17]; other aetiologies are shown in 
Box 102.1. 

Peripheral arterial disease is categorised as asymptomatic, clau- 
dication or chronic critical limb ischaemia [18-20]. The majority 
of leg ulcer patients with concomitant peripheral arterial disease 
are above the threshold for chronic critical limb ischaemia [21]. 

Chronic venous disease is categorised with the CEAP clas- 
sification which covers clinical stage, aetiology, anatomy and 
pathophysiology [22]. Atypical (i.e. non-venous and non-arterial 
leg ulcers) can often only be correctly diagnosed through histology, 
microbiology and laboratory work [17,23]. 


Venous leg ulcers (VLUs) [1,3-6] 


20% Mixed venous and arterial leg ulcers (MLUs) [7] 


Bion § 


20% Other aetiologies of leg ulcers [2] 


Arterial leg ulcers (ALUs) [8,9] 
Hypertensive ischaemic leg ulcers (HYTILUs) [10] 


Figure 102.1 Aetiologies of leg ulcers. 


Venous leg ulcer 


Definition and nomenclature 

Venous leg ulcers are chronic skin ulcers of the gaiter area that 
result from chronic peripheral venous hypertension [22,24—27]. 
They represent the most advanced grade of chronic venous disease 
(CVD) [24,28]. 


| Synonynis and inclusions 


© Stasis ulceration 
e Venous ulcer 
© Gaiter ulcer 


Introduction and general description 
Venous leg ulcers are the most extreme manifestation of CVD, 
which results from chronic peripheral venous hypertension caused 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Box 102.1 Other aetiologies of leg ulcers [2] 


¢ Vasculitis* 

¢ Pyoderma gangrenosum* 

e Ecthyma? and necrotising bacterial infections 

* Klinefelter syndrome? 

* Livedoid vasculopathy” 

¢ Leg ulcers in patients with collagen vascular diseases 

e Embolia cutis (cholesterol emboli, embolia cutis medicamentosa, 
septic embolism) 

e Lacerations (skin tears) and deep dissecting hematoma in skin 
atrophy 

e Physical traumas (radionecrosis, cryonecrosis, stings) 

e Hydroxyurea associated 

¢ Ulcerated skin cancers 


* Risk of confounding with hypertensive ischaemic leg ulcer. 
> Risk of confounding with venous leg ulcer. 


by venous reflux and/or obstruction [29,30], or by neuromuscu- 
loskeletal dysfunction of the leg [31-34]. Venous pathologies involve 
the deep vein system and/or the superficial vein system and perfo- 
rator veins [9-12,35-40]. The ‘C’ grading of the CEAP classification 
system of venous disease describes the insidious development of 
chronic venous insufficiency resulting from ankle oedema (C3) 
and reversible morphological skin changes, such as stasis eczema 
(C4a), through partly reversible morphological changes, such as 
lipodermatosclerosis (C4b) and atrophie blanche (C4b), to active 
(C6) or healed (C5) VLUs [22]. 


Epidemiology 

Incidence and prevalence 

The lifetime incidence of leg ulcers is around 1%, with a point preva- 
lence of 0.1% [41-49]. Approximately half of all leg ulcers are VLUs, 
thus their lifetime incidence can be calculated at 0.5%, and point 
prevalence at 0.05%. The incidence of leg ulcers rises to 4% in the 
population aged over 80 years of age [45]. 


Age 

Venous leg ulcers primarily affect individuals aged over 65 years 
although they can occur in younger adults. The incidence increases 
with every decade [45,48]. 


Sex 

The advanced stages (C4-C6 including VLUs) occur equally in 
women and men. Pregnancy and a family history of varicosities 
create a predisposition for varicose veins (C1-C3), but not for 
advanced chronic venous disease and VLU (C4—C6) [41,43,45,46]. 


Ethnicity 

While occurring in all countries and populations, the incidence and 
prevalence have been investigated mostly in western nations. Since 
VLUs occur more often in the obese and in people with standing 
occupations, western lifestyles create a predisposition. A body mass 
index (BMI) >30 increases the risk of chronic venous disease (OR 6.5 
for women and 3.1 for men) [49], and a BMI >40 can cause advanced 
stages (C4-C6) of chronic venous disease even in the absence of 
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anatomical changes in the venous system [50]. Increased abdomi- 
nal pressure hampers venous outflow which results in peripheral 
venous hypertension [51]. 


Associated diseases 
Box 102.2 lists a number of the associated diseases. 


Box 102.2 Disorders associated with venous leg 
ulcers 


e Venous thromboembolism 

¢ Superficial venous thrombosis 
e Varicose veins 

e Chronic venous disease 

e Stasis dermatitis 

¢ Lipodermatosclerosis 

¢ Acroangiodermatitis 

¢ Obesity 

e Ankle joint ankylosis 

¢ Rheumatoid arthritis 

¢ Neuromuscular diseases with impact on venous calf pump ejection 


Pathophysiology 

Chronic venous disease and VLUs result from peripheral venous 
hypertension or chronic ambulatory venous hypertension [24—27,52]. 
They exclusively occur in humans. Gravitation, upright locomotion 
and dysfunctional venous ejection during leg motion or dysfunc- 
tional venous drainage due to obstruction (e.g. chronic occlusion, 
obesity, pregnancy) are prerequisites for the development of CVD 
and VLUs. Venous reflux can occur at the deep venous system — 
primarily or secondarily after deep venous thrombosis [29,30,53] — or 
at the superficial venous system (long and/or short saphenous vein) 
[9-12,29,35-40,54,55]. Perforator vein insufficiency rarely occurs in 
an isolated fashion and contributes less to chronic venous insuf- 
ficiency and VLUs than previously suspected [56-58]. Congenital 
valvular aplasia is a rare condition leading to severe chronic venous 
insufficiency and VLU early in life [59,60]. All forms of neuromus- 
cular diseases and/or ankle and knee joint dysfunction can induce 
CVD and VLUs [31-34]. Obesity raises the intra-abdominal pres- 
sure, which impedes venous drainage [49-51]. The May—Thurner 
syndrome describes an endovenous septum at the site where the 
right common iliac artery crosses the left common iliac vein. It 
predisposes to CVD and VLU of the left leg, with or without 
accompanying iliac vein thrombosis [61-70]. 

Venous hypertension induces changes that remain reversible 
in the early stages of CVD, such as stasis dermatitis and early 
lipodermatosclerosis (grade C4a in the CEAP classification). In 
later stages there are irreversible changes, such as severe forms of 
lipodermatosclerosis (with a leg shape of an inverted champagne 
bottle) and atrophie blanche (grade C4b). Chronic and recurrent 
protein-rich oedema and aseptic inflammation induce fibrosis and 
tissue hypoxia. Dermal and epidermal hypoxia causes skin break- 
down and VLU (grade C6) [52,71,72]. Healed VLUs are classified 
as C5 [22]. 


(b) 


Figure 102.2 Histology of a venous leg ulcer. (a) Fibrotic dermis and subcutis with an 
apparent increase of vessels (venules) at the level of the subpapillary plexus. The 
apparent increase in vessels is caused by multiple cross-sections through tortuous 
subpapillary venules. The vessels have thick walls, changes caused by chronic venous 
hypertension. (b) Extensive fibrosis extends into the subcutis. 


Predisposing factors 

Predisposing factors include family history [45], obesity [49-51], 
standing occupation [73], venous thromboembolism [29,30,53], 
varicose veins [9-12,35-40], ankle joint ankyloses and neuro- 
muscular diseases with an impact on venous calf pump ejection 
[31-34]. 


Pathology 

There is sclerosing panniculitis [74,75] with non-specific skin ulcera- 
tion. The epidermis is acanthotic, while the dermis is thickened and 
fibrotic. The subpapillary veins are elongated with thickened walls 
(pseudo-increased due to more cross-sections of tortuous vessels) 
(Figure 102.2) and haemosiderin deposits. The chronically inflamed 
and fibrotic dermis expands, to the cost of the subcutis [75]. The 
fascia is thickened and fibrotic; the leg muscles may show fatty 
degeneration [76-78]. The ulceration itself is non-specific, expos- 
ing fibrin and/or biofilm layers, granulation tissue and a mixed 
inflammatory infiltrate. 


Clinical features 

History 

There is frequently a family history of CVD and VLU [45] and a 
personal history of venous thromboembolism [29,30,53] and/or 
varicose veins [9-12,35—40]. 


Presentation 

Chronic skin ulcers are common in the medial gaiter area, embed- 
ded in trophic skin changes attributed to CVD (stasis dermatitis, 
lipodermatosclerosis, pigmentation, induration, leg shape of an 
inverted champagne bottle) [7,8,10,15,16]. VLUs are less commonly 
located in the lateral retromalleolar area (related to deep and short 
saphenous vein reflux) [16,60]. 


Clinical variants 

These ulcers may be semicircumferential or circumferential in 
extensive cases [76,79,80]. Patients with an insufficient deep venous 
system and an insufficient short saphenous vein may develop CVD 
at the lateral dorsum of the foot and the dorsum of the toes [16,60]. 


Differential diagnosis 

This includes MLU, ALU, HYTILU and vasculitic leg ulcer [81-84], 
particularly in patients with chronic hepatitis C with cryoglobuli- 
naemia [85-87] and males with Klinefelter syndrome [88,89]. 


Classification of severity 

The CEAP system classifies active VLU as C6 and healed VLU as C5 
[22]. The venous clinical severity score (VCSS) [90] and other score 
systems are also used [1-4,91]. 


Complications and co-morbidities 

These include chronic pain and impairment of quality of life [1-6], 
local wound infection, systemic infection and sepsis [92], infestation 
with maggots (fly larvae) [93], secondary squamous cell carcinoma 
[94-97] and secondary lymphoedema (peri-ulcer lymphoedema 
and/or foot and toe lymphoedema) [98,99]. 


Disease course and prognosis 

Venous leg ulcers are chronic and recurrent unless patients receive 
an accurate diagnostic assessment on which to base treatment and 
secondary prevention [29,100]. 


Investigations 
Recommended investigations are summarised here. 


Vascular investigations. These include assessment of peripheral 

arterial diseas and venous pathologies: 

e Assessment of peripheral arterial disease: assessment of systolic 
ankle blood pressure and calculation of the ankle brachial index (ABI) 
[7,8,9,10,15,16,20]. 

e Assessment of venous pathologies: the superficial venous reflux 
can be detected with simple continuous wave Doppler ultra- 
sound (if the operator is sufficiently experienced). Deep venous 
reflux/obstruction and/or post-thrombotic findings can only be exam- 
ined with duplex ultrasound [7,8,9-13,14,15,35-40]. Magnetic 
resonance venography gives good morphological information, 
particularly on the iliac veins and inferior vena cava [62-70]. 


— Venous leg ulcer 102.3 


VASCULAR 


m) 
oc 
uu 
Q 
oc 
je) 
Mm 
a 


PART 9 


DISORDERS 


ce 
< 
oll 
=) 
U 
< 
> 
re 
- 
ce 
a 


102.4 


Wound documentation. The wound size and its morphological 
qualities should be documented at every visit. Electronic photo- 
graphic documentation systems along with their software allow 
for photometric wound surface area measurement to objectify the 
healing process [101]. 


Microbiology. In the presence of clinical signs of critical colonisa- 
tion and/or bacterial cellulitis and/or sepsis, wound microbiology 
must be analysed. A swab from the wound base (after the removal 
of fibrin layers and biofilms) or a small tissue biopsy from the wound 
base — if feasible — yields more representative microbiology results 
than superficial swabs from necrotic material [102,103]. 


Wound histology. If there is a suspicion of ulcerating malignant 
skin tumour, vasculitis, pyoderma gangrenosum or hyperten- 
sive ischaemic leg ulcer, or with any refractory chronic leg ulcer 
showing no improvement after 3 months of optimised standard 
treatment, a biopsy should be performed [15,94-97]. A punch 
biopsy from the wound border is sufficient to rule out malignancy 
[15], but the optimal way to perform a wound biopsy is a matter 
of debate. The French literature, for example, recommends diag- 
nosing a hypertensive ischaemic leg ulcer exclusively on clinical 
grounds [104-106]. Our policy is to perform 4 mm wide, 3 cm long, 
cutaneous-subcutaneous biopsies from the surrounding skin into 
the wound [107]. Tumescent local anaesthesia guarantees analgesia. 
The 3 cm long, but narrow, biopsy wound can be easily closed with 
absorbable braided sutures. The risk of iatrogenic damage is small 
and justifiable. The body of the biopsy sent for histology should 
be left intact and sectioned lengthwise in order to obtain a histo- 
logical profile from vital skin to the ulceration, extending from the 
epidermis to the deep subcutis. Punch biopsies are not suitable for 
diagnosing panarteritis nodosa cutanea or hypertensive ischaemic 
leg ulcer. Sampling error can lead to erroneous overdiagnosis of 
pyoderma gangrenosum or leukocytoclastic vasculitis [107,108]. 


Assessment of malnutrition. Total protein, albumin and lympho- 
cyte count are sufficient to indicate malnutrition in the vast majority 
of cases [109,110]. More costly vitamin and/or zinc measurements 
should be restricted to specific situations [111,112]. 


Pain assessment. Pain should be assessed at regular (e.g. 4-week) 
intervals, with reproducible methods such as the visual analogue 
scale (VAS) [113,114]. 


Assessment of quality of life. The use of a standardised quality of 
life questionnaire (e.g. the more general SF36, or the more specific 
EQ-5D-3L or CIVIQ-20) is recommended [1-6]. 


Management 

Compression therapy, either using bandages [115,116] or stockings 
[115,117], is the mainstay in the treatment of VLUs (Figure 102.3). 
Manual or mechanical lymph drainage (intermittent pneumatic 
compression) can be used as an adjunct [98,99,118,119]. Wound 
bed preparation considers tissue quality (T), infection /inflammation 
(I), moisture balance (M) and edge advancement (E), according to 
the TIME concept [120]. There is a large array of synthetic dress- 
ings and none is noticeably superior [121]. Dressings have to be 
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selected according to the stage of wound healing and the TIME 
policy [120]. Initially, it is important to remove necrotic tissue 
and biofilm [93,122]. Most superinfected or critically colonised 
wounds benefit from local antiseptics. Povidone iodine [123,124] 
and sodium hypochlorite solution [124,125] are among the best 
investigated products. The use of local antibiotics can cause bacte- 
rial resistance and lead to allergies [126,127]. Systemic antibiotics 
are rarely involved in the treatment of chronic leg ulcers. Clinical 
signs of invasive infection, a swollen and red wound border and/or 
purulent discharge, with or without bacteraemia, are indications 
for bed rest and systemic administration of systemic antibiotics 
[126,127]. Negative pressure wound treatment (NPWT) is particu- 
larly effective in improving heavily infected wounds which have 
been debrided [128,129]. For optimal healing conditions, chronic 
wounds should be slightly moist. Therefore, heavily exuding 
wounds need highly absorbable synthetic dressings and frequent 
dressing changes, whereas dry wounds need hydrogels and semi- 
occlusive dressings to maintain an optimal moisture balance [120]. 
Ultimately, edge advancement is the result of optimal wound care. 
A variety of physical wound treatments with low-frequency pulsed 
current [130,131-133], low-dose high-frequency ultrasound [134], 
cold atmospheric argon plasma [135] or fluorescence biomodula- 
tion [136] have shown moderate, although statistically significant, 
enhancement of wound healing. Some chronic wounds fail to heal 
despite optimal management. A series of acellular and cellular 
matrices, or living skin equivalents, summarised as advanced ther- 
apies [137] in wound management, can be used to accelerate healing 
of refractory leg ulcers. Autologous skin grafts, such as punch grafts 
[138-143] or split-skin grafts [79,80,144,145], are a more invasive, 
but simple and proven alternative to treat hard-to-heal chronic 
wounds. 

Approximately half of patients with VLU suffer from superficial 
venous reflux which can be abolished by a variety of methods 
(flush ligation and stripping, endovenous thermoablation, foam 
sclerotherapy) [29,35-40,54,55], whereas patients with predomi- 
nantly deep venous reflux have less or no benefit from superficial 
vein surgery [29,54]. Longstanding VLUs that are located in 
areas of extensive dermatoliposclerosis benefit from tangential 
fibrosectomy followed by larger surface split-skin grafts (shave 
operation of VLU [77,79,80,145]; Figure 102.4). Recurrence of a 
healed VLU is common (30% in 12 months) if no preventative 
measures are taken. Consistent compression therapy [100] and 
the elimination of superficial venous reflux [29,54] are key to 
prevention. 

An algorithm of management is summarised in Figure 102.5. 


Mixed leg ulcer : | 


Definition and nomenclature 

Mixed leg ulcers are VLUs in a leg with concomitant peripheral 
arterial disease (PAD) [7,8,9,16,17,146-150]. They are harder to 
heal than VLUs and are indistinguishable on clinical appearance 
alone [16]. Diagnosis can only be made after vascular assessment. 
Bimalleolar (both medial and lateral) ulcer location is more com- 
mon in MLUs than in VLUs [21]. Clinical grading of chronic venous 


(b) 


102.5 


Mixed leg ulcer 


Figure 102.3 Venous leg ulcer. (a) A 77-year-old patient with chronic venous disease following recurrent venous thromboembolism. There was uncontrolled oedema and 
non-infectious redness of the skin; vascular assessment showed deep reflux of the superficial femoral and popliteal veins and segmental reflux of the long saphenous vein and side 
branches. There was no peripheral arterial disease. (b) Close-up view of the ulcer. (c) The same patient after 7 days of compression therapy with multilayer bandaging. The oedema 
and redness are under control, and there is early re-epithelialisation. This demonstrates the effectiveness of compression therapy. 


insufficiency follows the CEAP classification [22], and PAD is 
graded after the Fontaine classification and the concept of chronic 
critical limb ischaemia (CLI) [18-20]. Most patients with MLU 
have Fontaine grade 2 PAD and do not meet the criteria of CLI 
[146-150]. 


inclusions 


-and arterial leg ulcer 


Introduction and general description 

Approximately 20% of all leg ulcers are MLUs [16,17]. Since MLU 
patients with more advanced PAD do not tolerate compression 
therapy well, management primarily focuses on improving arte- 
rial inflow, mostly by the use of balloon catheter angioplasty 
(percutaneous transluminal angioplasty (PTA)), thereby trans- 
forming the MLU into a VLU [16,146-150]. As soon as the arterial 


inflow is restored, management follows the algorithm for VLU 
(Figure 102.5). 


Epidemiology 

Incidence and prevalence 

The lifetime incidence of leg ulcers is around 1% [41-49], with a point 
prevalence of 0.1%. Approximately 20% of all leg ulcers are MLUs, 
thus their lifetime incidence can be calculated as 0.2%, and point 
prevalence as 0.02%. The incidence of leg ulcers rises to 4% in the 
population aged over 80 years [45]. 


Age 

Mixed leg ulcers at a young age are rare since PAD mainly affects 
people aged 50 years and older, thus MLUs primarily occur in this 
older age group [146-150]. 


Sex 
Mixed leg ulcers occur equally in women and men [41,43,45,46, 
146-150]. 
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[ Venous leg ulcer (VLU) | 


Vascular assessment: 


Arterial examination and venous examination (see text) 


u 


Exudate management according to the TIME concept 


Management of critical colonisation or overt infection 


Compression therapy (bandages or hosiery as practicable) 


{ 


Refluxive truncal veins: endovenous thermoablation or surgery 


~ 


Feeder veins (side branches): US-guided foam sclerotherapy 


Iliac vein stenosis-obstruction: recanalisation and stent 


q dj 
t 


{ No trend to healing (after 12 weeks): \ 


A Wound biopsy (long, narrow, spindle-shaped biopsy): change 


management accordingly if alternative diagnosis occurs 


B Punch grafts or skin equivalents (cellular/acellular) 


or shave therapy and split-skin graft or 


eS excision, negative pressure wound treatment and a 


€ > 
Prevention of recurrence: 


Continue compression hosiery as long as underlying factors prevail 


q d 


Figure 102.5 Algorithm of the management of venous leg ulcers. US, ultrasound. 


c 
< Box 102.3 Disorders associated with mixed leg 
5 rf ulcers 
r Lu e Venous thromboembolism 
= a ¢ Superficial venous thrombosis 
=> ro) e Varicose veins 
fey) 1) (b) e Chronic venous disease 
EO e Stasis dermatitis 
ce Figure 102.4 Post-thrombotic syndrome. (a) An 80-year-old patient with recurrent ¢ Lipodermatosclerosis 
< venous thromboembolism where the right leg shows a large chronic venous leg ulcer ° Acroangiodermatitis 
(VLU) at the medial ankle, the typical location. The left leg has a longstanding * Obesity 
(approximately 30 years) circumferential VLU. (b) The same patient after a ‘shave’ ° Smoking 
operation with split-skin grafting in one procedure. & Diahates 
¢ Hyperlipidaemia 
Ethnicity ¢ Hypertension 
Mixed leg ulcers occur in any country and population. The inci- * Coronary heart disease 
dence and prevalence, however, have exclusively been investigated e Stroke 
in western nations. Western lifestyle increases the risk for both CVD 
and PAD. 
Predisposing factors 
Associated diseases Predisposing factors include family history [45], obesity [49,50], a 
Box 102.3 lists a number of the associated diseases. standing occupation [73], venous thromboembolism [9,29,53,80], 
varicose veins [40,80], smoking [18-20], diabetes [18-20], hyper- 
Pathophysiology lipidaemia [18-20], hypertension [18-20], coronary heart disease 


Pathophysiology combines the pathophysiology of VLU [8-13] and —‘[151,152], stroke [151,152], neuromuscular disease and joint disease 
PAD [18-20]. [33,34]. 


: Arterial leg ulcer 102.7 


Pathology 
This is identical to VLU [72,74-78]. 


Clinical features 

History 

There is frequently a family history of CVD and VLU [45] and a 
personal history of venous thromboembolism [53,62,66,70] and/or 
varicose veins [9-12,36—-40]. There are also cardiovascular risk fac- 
tors: coronary heart disease, stroke and PAD [18-20,151,152]. 


Presentation 

Mixed leg ulcers are clinically indistinguishable from VLUs 
[16,17,146] although a bimalleolar location (both medial and 
lateral skin ulcers on the same leg) occurs more frequently in MLUs 
(Figure 102.6) [16]. 


(b) 


Figure 102.6 Mixed leg ulcer. (a) An 80-year-old patient with chronic venous disease 
with lipodermatosclerosis and chronic leg ulceration at the medial ankle region. Vascular 
assessment demonstrated insufficiency of the superficial femoral, popliteal and posterior 
tibial veins, as well as peripheral arterial disease (ankle pressure 104 mmHg, ankle 
brachial index 0.7). (b) The same patient with a chronic leg ulcer at the lateral ankle 
region (i.e. bimalleolar leg ulcers). 


Clinical variants 

These ulcers may be semicircumferential or circumferential in exten- 
sive cases [76,79,80], with CVD at the dorsum of the foot in such 
cases [16,17,146-153]. 


Differential diagnosis 

This includes VLU, ALU, HYTILU and vasculitic leg ulcer [81-84] 
(particularly in patients with chronic hepatitis C with cryoglobuli- 
naemia [85-87]) and males with Klinefelter syndrome [88,89]. 


Classification of severity 
The CEAP system classifies active VLU as C6 and healed VLU 
as C5 [22]. The Fontaine classification of PAD and the concept of 
chronic CLI are also used [18-20] (see the section on arterial leg 
ulcers later in this chapter). 


Complications and co-morbidities 

These include chronic pain and impairment of quality of life [1-6], 
local wound infection, systemic infection and sepsis [92], infesta- 
tion with maggots (fly larvae) [93], secondary squamous cell carci- 
noma [94-97], secondary lymphoedema (peri-ulcer lymphoedema 
and/or foot and toe lymphoedema) [98,99] and extensive tissue 
necrosis requiring major surgery or amputation [16,146-153,154]. 


Disease course and prognosis 

There is a high risk of recurrence (50% in 12 months) [16,17,146-150]. 
Consistent compression therapy and angiological follow-up to 
quickly detect and re-treat PAD are key to reducing the frequency of 
recurrence [9,16,146-153,154]. Intermittent pneumatic compression 
(IPC) effectively treats both CVD and PAD. Therefore, IPC can be 
particularly beneficial to patients with MLU [119]. 


Investigations 

Recommended investigations correspond to those for VLUs (see 
earlier section in this chapter) and work-up for detection and 
evaluation of PAD [7-20,146-153,154]. 


Management 
An algorithm of management is summarised in Figure 102.7. 


Arterial leg ulcer | GG 


Definition and nomenclature 
Arterial leg ulcers are chronic skin ulcers primarily caused by skin 
ischaemia due to advanced PAD [16,21]. 


ipheral arterial disease 


Introduction and general description 
Arterial leg ulcers originate from local skin ischaemia in advanced 
PAD. They may occur spontaneously or after minor trauma to an 
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Mixed venous and arterial leg ulcer (MLU) 


> 
Vascular assessment: 
Arterial examination and venous examination (see text) 
4 
~ 
Exudate management according to the TIME concept 
Management of critical colonisation or overt infection 
4 


t 


Severe PAD (<80 mmHg): revascularisation (PTA or bypass) 


Moderate PAD (<100 mmHg): try first reduced compression treatment 
If refractory: switch to revascularisation (PTA or bypass) 


Mild PAD (>100 mmHg): continue according to venous leg ulcer 


t 


As soon as arterial inflow is restored: continue as venous leg ulcer 


a 


If arterial inflow cannot be restored: use cotton wool padding and 
reduced compression therapy; continue according to venous leg ulcer 


d 
u 
— > 


Prevention of recurrence: 


Mixed venous and arterial leg ulcers are prone to recur 


Follow-up with regular arterial assessments (2 per year) 


Continue lower compression class hosery as venous factors prevail 


Figure 102.7 Algorithm of the management of mixed leg ulcers. PAD, peripheral 
arterial disease; PTA, percutaneous transluminal angioplasty. 


area of ischaemic skin that is at risk of ulceration. Initially, they 
present as a black eschar or poorly granulating skin ulceration 
with a necrotic, black wound border. Delineation is sharp, and the 
wound border is generally steep. The surrounding skin does not 
exhibit signs of CVD, but looks unchanged and normal [16,17,21]. 
Distinction between ALU and HYTILU (see later in this chapter) 
can be challenging. Histology from debridement material or wound 
biopsy from ALU is non-specific and lacks subcutaneous arteri- 
olosclerosis with medial calcification. Otherwise, by definition, 
HYTILU would be found in a leg with PAD [107,143,155]. 

The measurement of systolic ankle pressure (AP) and the calcu- 
lation of the ankle brachial index (ABI) typically exhibit values of 
70-100 mmHg AP, which corresponds to an ABI of 0.4-0.7, depend- 
ing on the systolic blood pressure at the arm [21]. The criteria for 
CLI are rarely met: systolic AP <50 mmHg (or <70 mmHg in the 
presence of trophic skin lesions), systolic toe pressure <30 mmHg 
(or <50 mmHg in the presence of trophic skin lesions) and transcu- 
taneous oxygen pressure (tcPO,) <30 mmHg [18-20]. 


Epidemiology 

Incidence and prevalence 

The lifetime incidence of leg ulcers is around 1%, with a point preva- 
lence of 0.1% [41-49]. Since ALUs and HYTILUs together account 
for approximately 10% of all leg ulcers, the lifetime incidence 


Chapter 102: Ulceration Resulting from Disorders of the Veins and Arteries 


of HYTILUs and ALUs can be calculated as 0.1%, and the point 
prevalence as 0.01%. 


Age 

Arterial leg ulcers generally affect people aged 50 years and above 
[21]. Since PAD mainly occurs in individuals older than 50 years, 
ALU is very rare in young adulthood. 


Sex 
Arterial leg ulcers occur equally in women and men [21]. 


Ethnicity 
These ulcers occur in any country and population. The incidence 
and prevalence, however, have exclusively been investigated in 
western nations [7,8,17,21]. Western lifestyle increases the risk 
for ALUs. 


Associated diseases 
These include obesity, smoking, diabetes, hyperlipidaemia, hyper- 
tension, coronary heart disease and stroke [151,152]. 


Pathophysiology 

Peripheral arterial disease leads to tissue ischaemia. The angio- 
some concept describes how each of the three calf arteries supplies 
arterial blood to well-delineated segments of the leg [156]. Occlu- 
sion of one or several branches of an atherosclerotic calf artery 
may directly and irreversibly shut down the skin circulation of a 
well-circumscribed area. The affected skin becomes cyanotic and 
then necrotic, a process accompanied by severe ischaemic pain. 
It remains to be shown if the lateral and pretibial skin circulation 
is less abundant and collateralised than at the medial and dorsal 
aspect of the leg, which would explain the proneness of these 
locations to be affected by ALUs. 


Predisposing factors 
Predisposing factors include smoking, diabetes, hyperlipidaemia, 
hypertension, coronary heart disease and stroke [151,152]. 


Pathology 

The histology of ALU is non-specific. It shows tissue necrosis and — 
in the case of critical colonisation — dense inflammatory infiltrates 
with polymorphonuclear leukocytes. 


Clinical features 

History 

There is a history of cardiovascular risk factors and often symp- 
toms of atherosclerosis of other vascular territories (coronary heart 
disease, stroke, renal artery stenosis) [151,152]. 


Presentation 

Arterial leg ulcers arise spontaneously as areas of painful skin 
necrosis (eschar), generally at the lateral or pretibial aspect of the leg 
(Figure 102.8). Typically, an ALU develops within normal-looking 
skin. Wound pain is intense or excruciating. The ulcer surface area 
tends to grow progressively. Clinically, there is a well-delineated 
zone of skin necrosis covered with eschar or remnants of necrotic 


(a) 


(b) 


Figure 102.8 Arterial leg ulcer. (a) An 80-year-old patient with spontaneous and rapidly 
progressive, painful skin ulceration at the right lateral ankle region. Vascular assessment 
showed advanced peripheral arterial disease (ankle pressure 72 mmHg, ankle brachial 
index (ABI) 0.5). (b) A 51-year-old diabetic patient with skin necrosis with an eschar at 
the left lateral ankle and dorsum of the foot. Vascular assessment showed critical leg 
ischaemia (ankle pressure 54 mmHg, ABI 0.4, tcPO, 21 mmHg). 


wound border. Steep ulcer margins are usual, with a white or black 
wound base, with virtually no granulation tissue [21]. Smaller ALUs 
are round in shape and have a ‘punched-out’ appearance. Larger 
ALUs are polycyclic and figurated. 


Clinical variants 
Arterial ulcers at the dorsum of the foot usually occur in very 
advanced PAD, in a leg that typically meets the criteria of CLI 


[18-20]. ALUs can occur at a medial or dorsal location, however, 
this is unusual. 


Differential diagnosis 

This includes HYTILU [107,143,157] (in some situations discrimi- 
nating between ALU and HYTILU is difficult), necrotising vasculitis 
[81-84], necrotising cutaneous embolism [158,159], pyoderma gan- 
grenosum [160-162], necrotising cutaneous infections [163] and 
deep dissecting haematoma [164]. 


Classification of severity 

Peripheral arterial disease can cause intermittent claudication 
(Fontaine grade 2), rest pain (Fontaine grade 3) and toe and/or 
forefoot necrosis (gangrene; Fontaine grade 4). The higher grades 3 
and 4 of PAD commonly fulfil the criteria of chronic CLI, which are 
defined by systolic ankle pressure (<50 mmHg) and toe pressure 
(<30 mmHg) and tcPO, (<30 mmHg) [18-20]. ALUs do not fit 
well into the Fontaine classification, but approximately 90% corre- 
spond to Fontaine grade 2, even if they do not exhibit intermittent 
claudication, due to impaired mobility [21]. 


Complications and co-morbidities 

These include chronic pain and impairment of quality of life [1-6], 
local wound infection, systemic infection and sepsis [102,103,163], 
infestation with maggots (fly larvae) [93] and extensive tissue necro- 
sis requiring major surgery or amputation [18-20]. 


Disease course and prognosis 

If PAD is amenable to PTA (balloon catheter angioplasty) or bypass 
surgery, prognosis is favourable [16,18-20,21]. Restored arterial 
inflow alleviates pain almost immediately [21]. Not all ALUs, 
however, heal spontaneously after revascularisation. The majority 
benefit from an early skin graft to speed up wound healing and to 
terminate wound pain [21]. The recurrence of ALUs is exceptional 
(unlike VLUs and MLUs) [21]. In patients who are not amenable to 
revascularisation, iloprost perfusions can add some benefit [18-20], 
and IPC helps improve microcirculation in PAD [119]. Wounds 
should be kept debrided, and occlusive wound dressings are con- 
traindicated. Courses of antibiotic treatment may be required to 
treat critical colonisation, to reduce periwound oedema and to 
improve the chances of healing. Split-skin grafts should be tried 
even under suboptimal local conditions (e.g. little granulation 
tissue) [21]. 


Investigations 
Work-up is required for the detection and evaluation of PAD [7-20]. 


Management 

Percutaneous transluminal angioplasty (balloon angioplasty) or 
bypass surgery restores sufficient arterial inflow in the majority of 
cases [16,18-20,21]. As a result, wound pain improves dramatically, 
although the wounds do not necessarily start to heal [21]. Most 
patients still require a skin graft to speed up wound healing [21]. 
Recurrences of ALUs are exceptional [21]. 

An algorithm of management is summarised in Figure 102.9. 


Arterial leg ulcer 102.9 
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Arterial leg ulcer (ALU) ] 


Vascular assessment: 


Arterial examination and venous examination (see text) 
. 4 


t 
Ve = 


Exudate management according to the TIME concept 


Management of critical colonisation or overt infection 


No compression therapy (!) 


t 


Critical limb ischaemia (<50 mmHg) or 


Severe PAD (<80 mmHg): revascularisation (PTA or bypass) 
Moderate PAD (<100 mmHg): try first to graft the wound 


If refractory: switch to revascularisation (PTA or bypass) 


t 


Autologous punch grafts (repeatable) or split-skin graft | 


1 


Prevention of recurrence: 


Spontaneous recurrence is rare 


Padding the legs if prone to contusions in daily life 


Figure 102.9 Algorithm of the management of arterial leg ulcers (ALUs). PAD, 
peripheral arterial disease; PTA, percutaneous transluminal angioplasty. 


Hypertensive ischaemic leg ulcer 


Definition and nomenclature 

Hypertensive ischaemic leg ulcers represent a skin infarction due 
to ischaemic, subcutaneous arteriolosclerosis occurring in a patient 
with hypertension. Fifty-sixty per cent of patients have concomitant 
diabetes type 2 [107,165,166]. 


_ Synonyms and inclusions 

_ ¢ Martorell hypertensive ischaemic leg ulcer 
-e Ulcus hypertonicum Martorell 

_ ¢ Angiodermite nécrotique 

_ © Martorell hypertensive ischaemic leg ulcer 


Introduction and general description 

First defined by Martorell in 1945 [167], and by Farber and Hines in 
1946-47 [168], HYTILUs represent a form of skin infarction due to 
occlusive subcutaneous arteriolosclerosis [107,157,166-169]. Wound 
location is highly characteristic. In 80-90% of patients the eschar 
or wound is located at the laterodorsal aspect of the leg and/or 
over the Achilles tendon [107,143,155,170,171]. All patients have 
hypertension, and 60% have type 2 diabetes [107,165,166]. Clinically, 
HYTILU can be confused with pyoderma gangrenosum, vasculitic 
skin necrosis or ecthyma [107,108]. 
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Epidemiology 

Incidence and prevalence 

The lifetime incidence of leg ulcers is around 1%, with a point 
prevalence of 0.1% [41-49]. Since ALUs and HYTILUs together 
account for approximately 10% of all leg ulcers [16,17], the lifetime 
incidence of HYTILUs and ALUs can be calculated as 0.1%, and the 
point prevalence as 0.01%. 


Age 

It is exceptional to see HIYTILUs at a young age, since longstand- 
ing hypertension and diabetes mainly affect individuals aged 50 
years and older. Therefore, HYTLU typically occurs in patients aged 
over 50 years [107,143,157,165]. 


Sex 
These ulcers occur equally in women and men [107,143,157,165]. 


Ethnicity 

These ulcers occur in any country and population. The incidence and 
prevalence, however, have exclusively been investigated in west- 
ern nations [107,143,157,165]. Western lifestyle increases the risk for 
HIYTILUs. 


Associated diseases 

Associated diseases include obesity, smoking, diabetes, hyper- 
lipidaemia, hypertension, coronary heart disease and _ stroke 
[21,151,152,165]. 


Pathophysiology 

An HYTILU is an ischaemic skin infarction caused by subcutaneous 
arteriolosclerosis (Figure 102.10) [107,157,166-169]. The arterioles 
regulate blood pressure, and hypertensive arteriolosclerosis is an 
expression of longstanding hypertension [107,165,167,168]. Most 
patients with HYTILUs have been treated for hypertension for 
many years and have controlled hypertension with normal blood 
pressure values. Antihypertensive treatment prevents large num- 
bers of strokes and myocardial infarctions, leaving an increasingly 
large elderly population without any macrovascular complications 
of longstanding hypertension. This increases the likelihood that 
some well-treated hypertensive persons will develop HYTILUs as 
late complication of hypertension [107,172]. 

Hypertension and diabetes type 2 are the two undisputed risk 
factors of HYTILU. Oral anticoagulation with vitamin K antago- 
nists may represent a further driver of disease. Calciphylaxis and 
HYTILU share striking morphological similarities, which suggests 
a common pathophysiology [173]. It has been shown that dys- 
function of fetuin A and a,-HS (Heremans-Schmid) glycoprotein 
A (matrix GLA) - two vitamin K-dependent proteins that pro- 
tect tissues from calcification — can cause vascular calcification 
[165,174-178]. For the pathophysiology of calciphylaxis, medial 
calcification (and subintimal hyalinosis) is no longer believed to 
happen passively as a result of an elevated Ca x PO, product 
[172,173]. Recent research suggests that active biochemical cascades 
orchestrate simultaneous osseous break down and extraosseous 
calcification, summarised as chronic kidney disease—mineral bone 


Figure 102.10 Subcutaneous arteriolosclerosis. (a, b) Skin biopsy showing 
subcutaneous arteriolosclerosis with medial calcification. (c) Skin biopsy showing 
stenotic subcutaneous arteriolosclerosis without medial calcification. 


Hypertensive ischaemic leg ulcer 102.11 


disorder (CKD-MBD) [179-182]. The better understanding of the 
pathophysiology of calciphylaxis can probably not be directly trans- 
ferred to HYTILU, since HYTILU excludes by definition patients 
with advanced kidney disease (specifically KDIGO 4-5). Otherwise 
they would suffer calciphylaxis [172]. 


Predisposing factors 

Predisposing factors include hypertension, diabetes type 2 [107, 
165,166] and probably oral anticoagulation with vitamin K antago- 
nists [165,172]. 


Pathology 

The histology of HYTILUs is highly characteristic. The muscularis 
of the subcutaneous arterioles is greatly thickened at the expense 
of a narrow lumen [107,157,166-169]. Recently, however, the speci- 
ficity of an increased wall-to-lumen ratio has been challenged. The 
wall-to-lumen ratio of subcutaneous arterioles does not signifi- 
cantly differ between various types of chronic leg ulcers, including 
VLU [166]. It can also be found coincidentally in any kind of skin 
biopsy from the leg, at a prevalence rising with patient age [106]. 
Arteriolar subendothelial hyalinosis (93%), medial calcinosis (76%) 
and decreased cellularity (Figure 102.10a, b) are the highly spe- 
cific histological hallmarks of HYTILU [107,166]. Ring-shaped 
calcifications can be found in 35% of arterioles, horse-shaped in 
26%, spotted in 9%, and 30% are completely calcified. Up to now 
extravascular calcification was considered specific to calciphylaxis. 
Recent work, however, has detected extravascular calcification in 
85% of HYTILU sections as well. Alizarin Red S stain yields higher 
detection rates than haematoxylin and eosin (H&E) or von Kossa 
stains [169]. 


Clinical features 

History 

A history of longstanding and well-controlled hypertension, 
diabetes type 2 and atherosclerosis of other vascular territories 
(coronary heart disease, stroke, renal artery stenosis) is common 
[21,151,152]. 


Presentation 

This ulcer usually starts as violaceous spot that rapidly turns black. 
Small lesions tend to remain more superficial, involving the epider- 
mis and dermis, and can heal spontaneously. Larger lesions show 
a black eschar at the centre and a rapidly progressive violaceous 
undermined border. This circumscribed form of skin infarction 
commonly causes excrutiating pain. The classic location is at the 
laterodorsal aspect of the leg and/or over the Achilles tendon 
(Figure 102.11) [107,157,170-172]. In larger lesions, the necrosis 
comprises all skin levels and extends down to the fascia. 


Clinical variants 

There is overlap in localisation patterns, although the classic 
laterodorsal ulcer presentation prevails (80-90%). Mediodorsal 
(10-20%) and ventral (pretibial) (10%) location can occur simulta- 
neously or as the sole manifestation [171]. HYTILUs are typically 
located at the mid-leg (more distant from the sole) compared with, 
for example, VLUs, MLUs or ALUs, which are typically located 
around the ankles [171]. A few patients (10%) exhibit isolated 
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—— Rice, 


Figure 102.11 (a) A 65-year-old patient with hypertension (well controlled), diabetes (well controlled) and a polycyclic, figurated, painful ulcer at the laterodorsal aspect of the right 
leg. Vascular assessment showed no peripheral arterial disease (ankle pressure 132 mmHg, ankle brachial index (ABI) 1.0). (b) A 73-year-old patient with hypertension, no diabetes and 
skin necrosis at the right lateral ankle region, extending to the Achilles tendon. Vascular assessment showed no peripheral arterial disease (ankle pressure 146 mmHg, ABI 0.9). (c) The 


same patient as Figure 102.3 showing skin ulceration at the left Achilles tendon. 


skin necrosis over the Achilles tendon as the sole manifestation 
[107,170-172]. 


Differential diagnosis 
This includes pyoderma gangrenosum [160-163], vasculitic leg ulcer 
[81-84] and ecthyma [102,103]. 


Classification of severity 
Different grades of severity exist, but up to now they have not been 
standardised. 


Complications and co-morbidities 
These include chronic pain and impairment of quality of life, local 
wound infection, systemic infection and sepsis, and exceptionally 
death [107,157,165]. Extensive tissue necrosis may require major 
surgery or, exceptionally, amputation. 


Disease course and prognosis 

Prognosis is good even though HYTILU represents a severe disease 
in older people. Half of patients require not only one, but several, 
skin grafts to completely heal all their wounds. Even if skin grafts 
do not ‘take’, pain often gets immediately alleviated and controlled 
[107,143,155]. 


Investigations 

Recommended investigations correspond to those in ALUs (see 
earlier section in this chapter). The need to perform a wound and 
edge biopsy is a matter of debate [105-106,107]. As a rule these 
authors perform spindle biopsies of 3 x 0.4 cm for larger HYTILUs 
that require wound surgery at some point of treatment or in cases of 
diagnostic uncertainty. Laboratory work should rule out end-stage 
kidney disease (KDIGO 4-5). Patients with progressive skin necro- 
sis and/or acral gangrene who have end-stage kidney disease 
(KDIGO 4-5) probably suffer from calciphylaxis. They urgently 


Hypertensive ischaemic leg ulcer (HYTILU) 


Figure 102.12 Algorithm of management of hypertensive ischaemic leg ulcers. GLA, 
glycoprotein A; NPWT, negative pressure wound treatment; PTA, percutaneous 
transluminal angioplasty. 


need nephrology assessment. Relevant local or systemic infection 
requires microbiology, including tissue cultures. 


Management 

Pain control is the first thing to achieve. Skin grafts offer the most 
effective form of pain control [107,143,155], however their success- 
ful use requires some preparatory steps. Oral anticoagulation with 
vitamin K antagonists should be stopped [165,173] and replaced 


with other forms of anticoagulation, depending on indication, 
co-morbidities and co-medication. PAD (arterial macroangiopathy 
of the leg) should be searched for and, if necessary, treated [107]. 
Small HYTILUs do not require wound biopsy since this carries a 
risk of iatrogenic damage. Cautious superficial debridement com- 
bined with punch grafts may accelerate healing. Larger, progressive 
HYTILUs require an active surgical approach. Most patients benefit 
from systemic antibiotic treatment, early debridement, NPWT and 
early skin grafting [107,155]. Often, skin grafts take in the centre 
of the wound, whereas the wound borders continue to become 
necrotic and to expand. In such cases, serial debridements and skin 
grafts usually are the most effective way to end the ongoing process 
of skin infarction. Most extensive cases of HYTILU benefit from 
intravenous sodium thiosulfate [172,183], although this remains to 
be better studied in clinical trials [183-185]. 
An algorithm of management is summarised in Figure 102.12. 
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Introduction 


Basic principles 

The lymphatic system is the body’s cleansing and drainage system 
as well as being a transport route for immune cells and fat [1]. It 
is often described as the body’s second circulation after the blood 
circulation. It consists of lymphatic vessels operating as a one-way 
drainage system (containing lymph) and the lymphoid organs 
(the role of which is mainly in host defence). It behaves like a 
one-way drainage system such as a river. Tissue fluid is absorbed 


by blind-ending lymphatic capillaries otherwise known as initial 
lymphatic vessels (like the tentacles on sea anemones) to become 
lymph. Lymph flows through increasingly bigger lymphatic vessels 
towards lymph nodes. After absorption by initial lymphatics, lymph 
enters the larger collecting lymphatics which are invested by smooth 
muscle to enable pumping. Collecting lymphatics contain valves 
that enable unidirectional flow. The lymphatic vessels are lined 
by endothelial cells. Lymph flows through a series of lymphoid 
organs such as lymph nodes before finally discharging back into the 
blood circulation via the thoracic duct. Lymph is interstitial (tissue) 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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fluid, originally formed from a plasma ultrafiltrate, containing 
salts, proteins, fat and immune cells particularly lymphocytes and 
dendritic cells. 

Lymphoid organs/tissues are organised structures within the 
lymphatic system that support immune responses through the 
receipt of antigen-presenting cells (APCs) and lymphocyte acti- 
vation. Lymph nodes are secondary lymphoid organs (bone 
marrow and thymus are primary lymphoid organs and the sites 
of lymphocyte production). Lymph node-like structures such as 
mucosa-associated lymphoid tissue are also secondary lymphoid 
organs. The main cell of any lymphoid organ is the lymphocyte but 
also present are macrophages, vascular endothelium in the form of 
high endothelial venules and lymphoid stromal cells which include 
the specialised reticular and dendritic cells. These cells express 
cytokines and adhesion molecules, as well as other factors required 
for the migration, homeostasis and survival of immune cells. 
Adaptive immunity occurs within the secondary lymphoid organs. 

Lymphatic dysfunction interferes with tissue immunity as well 
as fluid and fat homeostasis, resulting in a predilection to infec- 
tion, oedema and disturbances in fat absorption and peripheral fat 
deposition. 


Immunity and the lymphatic system 

Many figures in publications on immune cell trafficking do not 
feature the lymphatics yet it is the lymphatic endothelial cells that 
provide the traffic light signals to direct immune cells towards, and 
into, the lymphatic vessels for transport to the lymph nodes, and 
other secondary lymphoid organs, which are the engine room for 
adaptive immunity. Trafficking of lymphocytes and dendritic cells 
via lymphatic vessels, with processing in lymph nodes, provides 
an important immunosurveillance function. Cells of the innate 
immune system, including dendritic cells, neutrophils and mono- 
cytes, as well as the adaptive immune system, including activated 
lymphocytes such as T and B cells, use lymphatic vessels to migrate 
from tissues into lymph nodes [2,3]. Lymphatic vessels are the pri- 
mary route of communication from the skin to the immune system 
[4]. Dendritic cells such as Langerhans cells acting as APCs play an 
essential sentinel function by taking up antigen and transporting 
it via the lymphatics to the lymph nodes for T-cell recognition and 
the priming of immune responses (Figure 103.1) [5,6]. 

The inflammasome is a multiprotein intracellular complex that 
detects pathogenic microorganisms and sterile stressors, and acti- 
vates the highly pro-inflammatory cytokines interleukin-1b (IL-1b) 
and IL-18. It is involved in the recycling of immune cells in lymph 
nodes. Dysregulation of inflammasomes is associated with a num- 
ber of autoinflammatory syndromes and autoimmune diseases [7,8]. 


Fluid homeostasis, oedema and the lymphatic 
system 
Fluid released from blood vessels into tissues is then drained away 
in the lymph and not, as was previously thought, removed by 
venous reabsorption [9]. It is therefore lymph drainage that mainly 
controls tissue fluid volume. This has implications for tissue fluid 
and plasma volume homeostasis. 

All chronic peripheral oedema (i.e. subcutaneous oedema persist- 
ing for at least 3 months) is caused by either an absolute reduction in 
lymph transport, as in lymphoedema, or by lymph drainage being 


Microbiota Staphylococcus epidermidis 


Non-classic MHCI 
restricted 


CD8* T cells 


apou ydwhy 


Figure 103.1 Microbiota induce a form of adaptive immunity that couples antimicrobial 
function with tissue repair. Areg, amphiregulin; FGF, fibroblast growth factor; MHCI, 
major histocompatibility complex (MHC) class |; MMPs, metalloproteinases; PDGF, 
platelet-derived growth factor; VEGF, vascular endothelial growth factor. Adapted from 
Lineham et a/. 2018 [6]. 


overwhelmed by a fluid (lymph) load, such as occurs with higher 
venous pressures from heart failure or venous disease. Therefore, 
chronic oedema always represents lymph drainage failure and as it 
is easy to identify and has the same physiological effects, it can be 
considered a surrogate for lymphoedema. 

Any chronic oedema represents lymphatic failure. If impaired 
lymph drainage is predominantly responsible, then lymphoedema 
results. This produces characteristic skin changes known as ele- 
phantiasis as well as fibrosis and increased fat deposition. Impaired 
immune cell trafficking results in an increased risk of infection, 
particularly cellulitis (erysipelas), which often becomes recurrent. 
This chapter describes the clinical consequences of lymphatic dys- 
function and in particular the impact on the skin and subcutaneous 
tissues. The sections are divided according to common clinical 
presentations. 


Fat homeostasis, nutrition and peripheral fat 
Intestinal lymphatics (lacteals) are responsible for most fat absorp- 
tion and consequently absorption of fat-soluble vitamins including 
vitamin D. Peripheral lymphatics are important for the return 
of extravascular lipoproteins to the blood. Reverse cholesterol 
transport is a multistep process resulting in the net movement of 
cholesterol from peripheral tissues back to the liver by first entering 
the lymphatic system. If lymph drainage is impaired, fat, as much 
as fluid, builds up in peripheral tissues [10]. This can influence 
subcutaneous fat accumulation and therefore obesity. 


Lymphatic involvement in skin disease 


The role of the lymphatic system in skin disease has not been 
specifically studied but much can be deduced from our knowledge 
of lymphatic function in general. Inflammatory skin disease inevitably 


will have increased blood flow and increased vascular permeability. 
The result will be increased microvascular filtration of fluid which 
then percolates through tissue and drains as lymph. Therefore, 
inflammation increases lymph load. This will apply to eczematous 
dermatitis where inflammatory fluid collects as spongiosis in the 
epidermis, in urticaria where fluid collects to form wheals before 
draining away in the lymph, and in psoriasis where lymphatic 
vessels as well as blood vessels are altered. The thickened plaque is 
as much to do with the upper dermal oedema as the keratinocyte 
hyperplasia [1]. Biological therapies aimed at blocking certain 
cytokines (e.g. IL-17 in psoriasis) may also exert parts of their 
anti-inflammatory effects by modulating the lymphatic vasculature 
[2]. In the dermis of psoriasis plaques, some elements of lymph node 
structure are contained in dermal aggregates, otherwise known as 
a tertiary lymphoid tissue or structure which may perpetuate the 
disease [3]. Tertiary lymphoid structures in cutaneous melanoma 
are postulated to serve as dynamic centres for the initiation of robust 
antitumour responses within affected regions of active disease [4]. 

The skin is a complex and dynamic ecosystem containing 
microbes — the microbiota. These microbes not only contribute 
to the development and function of the immune system but are 
also continuously sensed by the immune system via the lymphatic 
system. The constant feed of information by skin-resident APCs 
to lymphocytes within the lymph nodes results in a population of 
highly diverse T cells within the skin. The result of this dialogue is 
the induction of cognate, non-inflammatory B- and T-cell responses 
that control various aspects of skin function. One function of this 
homeostatic immunity between the skin and lymphoid organs is 
to identify and react to pathogens, but another role is to identify 
and tolerate non-pathogenic commensal microbes. Certain strains 
of Staphylococcus aureus are not only associated with more severe 
atopic dermatitis but are also sufficient to induce skin inflammation 
independent of host genetic predisposition [5]. In addition to their 
well-recognised importance in adaptive immunity, lymph nodes 
are reported to efficiently filter microbes and orchestrate innate 
immune responses that contain and kill pathogens [6]. 

B cells are sensitised in the lymph node to respond to antigens 
carried from the skin via the lymphatics. Without initial sensitisa- 
tion via the lymphatics, immunoglobulin E (IgE)-mediated allergy 
would not occur. The lymphatic system appears to be important for 
self-tolerance in that it polices for self-antigens involving regulatory 
T cells. 

The growth of new lymphatic vessels (lymphangiogenesis) 
accelerates wound healing and is required for local fluid homeosta- 
sis, granulation tissue formation, leukocyte trafficking and matrix 
remodelling. Poor lymph drainage results in oedema, fibrosis and 
lipid deposition, all of which have the potential to impair wound 
healing. Defective healing of chronic wounds in diabetic patients 
can be attributed, in part, to a deficiency in lymphatic regenerative 
potential. 


Diagnosis of lymphoedema 


A failure of lymph drainage results in a build-up of lymph within 
the body’s tissues. If this affects peripheral tissues, it is called 


Iymphoedema. Lymph is interstitial fluid formed from a blood cap- 
illary filtrate that would normally drain via the lymphatic system. 


Chronic oedema 


Definition and nomenclature 

Oedema simply means swelling (Greek oidéma, a swelling) but 
implies a build-up of fluid within tissues. Interstitial fluid is reab- 
sorbed almost entirely by the lymphatic vessels. Contrary to popular 
belief, venous reabsorption of interstitial fluid cannot be maintained 
for any length of time in peripheral tissues [1]. Therefore, all periph- 
eral oedema represents lymphatic failure. Most chronic oedemas 
arise from increased microvascular filtration overwhelming the 
lymph drainage. Chronic peripheral oedema means excess fluid 
within skin and subcutaneous tissues that is of more than 3 months’ 
duration. 


Synonyms and inclusions 
* Oedema 
e Lymphoedema (primary and secondary) 
e Venous oedema 
 Phlebolymphoedema 
e Elephantiasis 

Dependency oedema 


Difference between chronic oedema and lymphoedema 
There is little difference in composition between tissue fluid and 
lymph. Tissue fluid becomes lymph once it has entered the lym- 
phatic system. All chronic oedema is a dynamic state balancing the 
inflow of fluid from blood vessels (lymph production or lymph load) 
with the outflow from lymph drainage. Chronic oedema is a clinical 
sign but lymphoedema is a diagnosis. In physiological terms chronic 
oedema always represents lymph drainage failure, and as it is easy 
to identify and has the same physiological effects, it can be consid- 
ered a surrogate for lymphoedema. Both are due to lymph drainage 
failure, have the same pathophysiology and can be treated in the 
same way. 


Epidemiology 

Using chronic oedema as a surrogate for lymphoedema, the crude 
community prevalence was found to be as high as 3.93 per 1000 in 
an East Midlands population of the UK [2]. The prevalence increased 
with age and was twice as common in women as in men. The preva- 
lence among hospital in-patients was 28.5%. Only 3% of patients in 
the community population had oedema related to cancer or cancer 
treatment but 40% had a concurrent leg ulcer. 

A previous study using the same methodology in southwest 
London had determined a prevalence of 1.33/1000 population 
with a prevalence of 5.4/1000 in subjects aged over 65 years (i.e 
1 in 200). In only a quarter did the oedema arise from cancer 
treatment [3]. 


Pathophysiology 
Oedema develops when the microvascular (capillary and venular) 
filtration rate exceeds lymph drainage for a period of time. For 
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Table 103.1 Causes of chronic oedema. 


Increased capillary filtration 


Reduced lymph drainage 


+ Capillary pressure | Plasma proteins 


? Capillary permeability 


Primary lymphatic insufficiency | Secondary lymphatic insufficiency 


t Venous pressure: t Loss: Inflammation: Germline mutation: latrogenic: 

Right heart failure Nephrotic syndrome Varicose eczema Genes known (Milroy disease, Surgery 

DVT Protein-losing enteropathy Psoriasis lymphoedema, distichiasis) Radiotherapy 
Venous obstruction J Synthesis: Chronic infection Genes unknown (Meige Cancer 

Calcium channel antagonists Cirrhosis Urticaria and angio-oedema disease) Infection: 
Dependency Advanced cancer Drugs Mosaic mutation: Filanasis 
Overtransfusion: Malabsorption Lymphatic malformation Cellulitis 

Salt and water overload Malnutrition Overgrowth spectrum Accidental trauma 
Advanced renal failure Obesity 

t Blood flow: Immobility 
Inflammation Sustained lymph load: 


Arteriovenous fistula 


DVT, deep-vein thrombosis. 


oedema to develop either the microvascular filtration rate (lymph 
production) is high, the lymph flow is low, or there is a combination 
of the two. 

The filtration rate is governed by the Starling principle of fluid 
exchange. Microvascular filtration of fluid from the capillary into 
the interstitium is driven by the hydraulic (water) pressure gradient 
across the blood vessel wall (P. — P;) in which P, indicates capillary 
pressure and P; indicates interstitial pressure, and is opposed by 
the osmotic pressure gradient (x, — x;) in which x, indicates plasma 
osmotic pressure and 1; indicates interstitial osmotic pressure from 
tissue proteins. This is the suction force retaining fluid within the 
vessel. The colloid osmotic pressures influencing filtration across 
both fenestrated and continuous capillaries are exerted across the 
endothelial glycocalyx; the osmotic pressure of the interstitial fluid 
does not directly determine transendothelial fluid exchange. There 
is substantial evidence that with important exceptions such as 
the renal cortex and medulla, downstream microvessels are not 
in a state of sustained fluid absorption as traditionally depicted. 
Although doggedly persistent in textbooks and teaching, the 
traditional view of a filtration—reabsorption balance has little justi- 
fication in the microcirculation of most tissues. Tissue fluid balance 
thus depends critically on lymphatic function in most tissues. 
Unlike the circulation where the heart pumps the blood around, 
lymph flow depends entirely on changes in local tissue pressures 
to drive fluid into and then along the initial lymphatics (lymph 
capillaries). 

Most forms of chronic oedema derive from increased lymph 
production overwhelming the capacity of lymph drainage. Higher 
venous pressures in venous disease and heart failure change the 
Starling pressures and force more fluid from the blood vessels into 
the tissues, overwhelming the capacity of the lymph drainage to 
respond. In protein-losing states such as nephrotic syndrome and 
protein-losing enteropathy, the lower plasma osmotic pressure also 
encourages the escape of fluid from the blood vessels to increase 
lymph load. Dependency oedema is when gravitational forces 


Venous disease 
Heart failure 
Venous obstruction 
DVT 


increase venous pressures during standing and sitting to increase 
lymph load but limited movement results in no compensatory 
increase in lymph drainage (Table 103.1). Inflammatory oedema 
occurs from increased blood flow and increased vascular perme- 
ability raising lymph production. This can be seen with profound 
dermatitis. 

In cases of sustained blood capillary filtration and thus high 
lymph load, the lymphatic vessels can eventually fail so that even 
if the increased lymph load is corrected the lymph drainage is per- 
manently damaged and chronic oedema/lymphoedema remains. 
A good example is chronic venous disease which progresses to 
phlebolymphoedema. 


Clinical features 

Interstitial fluid volume must increase by over 100% before oedema 
is clinically detectable through pitting or indentation of the skin 
from pressure. Dermal oedema manifests as ‘peau d’orange’ due to 
expansion of the interfollicular dermis by fluid, whereas subcuta- 
neous oedema gives rise to pitting. Pitting is a sign where pressure 
on the skin pushes fluid away to leave an indentation or pit when 
the pressure is removed. 

Chronic oedema of the lower limbs due to high venous pressures 
will improve considerably overnight in bed if leg elevation allows 
venous pressures to drop and thereby reduce lymph production. 
However, lymphoedema does not reduce much overnight owing to 
the fact that elevation does not improve lymph drainage. Diuretics 
do not have much impact on chronic oedema where the dominant 
cause is impaired lymph drainage because they do not improve 
lymph flow. Diuretics work by reducing lymph production in cir- 
cumstances of increased microvascular filtration secondary to salt 
and water overload (e.g. heart failure). 


Investigations 
Any chronic oedema should be assessed through a full history and 
examination followed by investigation. Causes of increased lymph 


production such as heart failure, venous disease and inflammation 
can be judged clinically. 

The following blood tests should be considered: 
e B-type natriuretic peptide (BNP) estimation is a useful screen 
for cardiac failure. The main clinical utility of either BNP or 
N-terminal pro-BNP (NT-proBNP) is that a normal level rules 
out cardiac failure. 
Plasma albumin should be measured and if low a search for 
loss (e.g. nephrotic syndrome or protein-losing enteropathy) or 
failure of synthesis (e.g. liver disease or malnutrition) should be 
considered. 
Local inflammation (e.g. infection, dermatitis or underlying 
arthritis) can be suspected if there are elevated levels of white 
blood cell count, erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP) and complement. 
Venous or lymphatic obstruction may require ultrasound, com- 
puted tomography (CT) or magnetic resonance imaging (MRI). 
The gold standard investigation for chronic venous disease is colour 
Doppler duplex ultrasound and for lymph drainage abnormalities 
it is lymphoscintigraphy. 


Management 

If swelling is due to fluid, it is best not to approach a lower limb 
chronic oedema clinically by trying to pigeonhole the diagnosis 
into ‘cardiac failure’, ‘venous oedema’, ‘lymphoedema’, etc. A 
far better approach is to consider if the oedema represents pure 
lymphatic drainage failure, or, as is most common, increased lymph 
production overwhelming the lymph drainage capacity. 

Most cases of chronic oedema have more than one factor con- 
tributing to the impaired lymph drainage and increased capillary 
filtration. Consequently, treatment of chronic oedema should 
aim to enhance lymph drainage and address any factors causing 
increased lymph production. 

If lower limb oedema is unilateral or asymmetrical then local 
factors should be considered such as pelvic lymph or venous 
obstruction, post-thrombotic syndrome or inflammation from der- 
matitis or infection. Bilateral lower limb oedema suggests systemic 
factors such as hypoproteinaemia or high central venous pressure 
(e.g. heart failure). In an obese person, several factors contribute: 
increased intrabdominal pressure obstructs flow, and the weight of 
a huge abdominal apron when sitting causes obstruction of lymph 
and venous drainage in the thigh or groin; therefore weight loss is 
always helpful [4]. 

Poor mobility results in no enhancement of lymph drainage. 
Sitting with legs dependent causes periods of high venous pressure 
and consequently high microvascular fluid filtration (falling asleep 
in a chair without leg elevation is particularly bad). Sleep apnoea 
syndrome leads to periods of arterial and pulmonary hypertension 
and fluid retention [5]. 

Treatment of increased lymph production will depend on the 
cause. There is no drug or universally approved surgery for 
improving lymph drainage. Standard care is physically based 
therapy to stimulate lymph flow through a combination of move- 
ment combined with compression, with prudent use of massage 
techniques. 


Lymphoedema : 


Definition 
Lymphoedema occurs when lymph collects in tissues to cause 
swelling. 


Introduction and general description 

Strictly, lymphoedema is caused solely by impaired lymph drainage, 
but in practice lymphoedema can have multiple causes with an 
ever-changing balance between lymph production and lymph 
drainage. Lymphoedema is a common clinical condition encoun- 
tered in all ages but is not often diagnosed except in well-recognised 
circumstances such as following cancer surgery. 


Epidemiology 

Reliable incidence and prevalence data for lymphoedema have 
been elusive or non-existent. Published prevalence estimates for 
the population generally derive from extrapolations related to 
the soft data surrounding the relevant cancers and infections that 
predispose to acquired lymphoedema. 

Lymphoedema is not often diagnosed unless presenting in 
well-recognised circumstances such as after breast cancer treat- 
ment, where one in five women treated develops arm swelling 
[6], or presenting as elephantiasis in an area endemic for filaria- 
sis. Consequently, primary lymphoedema is often missed and so 
perceived as uncommon. However, of 120 million people infected, 
40 million are considered disfigured and incapacitated by lym- 
phatic disorders [7]. Chronic oedema is clinically recognisable and, 
being physiologically no different, has been used as a surrogate 
for lymphoedema in epidemiological studies. Using these criteria, 
lymphoedema encompassing all causes is common ranging from 
1.33 to 3.93 per 1000 population in the UK [2]. 


Pathophysiology 

There are many different causes of impaired lymph drainage. 
Primary lymphoedema is when there is an inborn or constitu- 
tional deficiency in the structure or function of the lymph draining 
routes. Genetic forms of lymphoedema fall into this category 
(Table 103.1). Secondary lymphoedema refers to those forms where 
there has been an identifiable injury to lymph draining routes 
such as occurs following cancer surgery where lymph glands are 
removed. 

Impaired lymph drainage leads to fibrosis, fat deposition and cel- 
lular infiltrate. Long-term lymph accumulation can induce chronic 
tissue inflammation, progressive fibrosis, impaired homeosta- 
sis, altered remodelling of adipose tissue, impaired regenerative 
capacity and immunological dysfunction [8]. 

The underlying pathogenesis of lymphoedema involves a 
dysfunction in lymphatic transport, but there is evidence of lym- 
phocyte involvement. Lymphoedema results in a mixed T-helper 
cell and T-regulatory cell (Treg) inflammatory response. Prolonged 
T-helper cell biased immune responses in lymphoedema regulate 
the pathology of this disease by promoting tissue fibrosis, inhibit- 
ing the formation of collateral lymphatics, decreasing lymphatic 
vessel pumping capacity and increasing lymphatic leakiness. These 
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Figure 103.2 The Kaposi-Stemmer sign: an inability to pinch or pick up a fold of skin at 
the base of the second toe indicates lymphoedema. 


principles could have implications for the pathology of any skin 
disease where lymphatic dysfunction is involved [9]. 


Clinical features 

Features that indicate primarily a lymphatic cause are (i) persistent 
swelling, which can be intermittent at first; (ii) oedema that does not 
resolve with overnight elevation; (iii) a poor response to diuretics; 
and (iv) recurrent cellulitis. 

Inflammation, fibrosis and a component of fat all convey a more 
solid tissue texture to the lymphoedema. Nevertheless, fluid is 
invariably present giving rise to the brawny nature of the swelling. 
Lymphoedema is often alleged not to pit but this is only the case 
in very advanced elephantiasis. Conversely, in the early stages 
of lymphoedema pitting occurs easily. Therefore, the presence of 
pitting does not exclude lymphoedema. 

With time, the skin doubles in thickness, a feature noticeable 
when trying to pick up a fold of skin between the fingertips. 
A failure to pinch a fold of skin at the base of the second toe is a pos- 
itive Kaposi-Stemmer sign and is pathognomonic of lymphoedema 
(Figure 103.2). The skin also becomes warty due to hyperkeratosis. 


Complications and co-morbidities 
The major complications of lymphoedema and chronic oedema are 
swelling and infection. 


Swelling. Limb swelling leads to discomfort, limb heaviness, 
reduced mobility and, on occasion, impaired function. The size and 
weight of affected limbs can result in secondary musculoskeletal 
complications such as back pain and joint problems, particularly 
in the case of asymmetrical lower limb swelling. Balance can be an 
issue with asymmetrical limb swelling affecting either the upper or 
lower limbs [10]. 


Skin changes. Elephantiasis refers to a big swollen limb but also 
to appearances resembling elephant skin. The epidermis becomes 
hyperkeratotic and warty and the dermis markedly thickened 
and fibrotic. Distended dermal lymphatics (lymphangiectasia) can 


Figure 103.3 Elephantiasis nostras verrucosa showing marked hyperkeratosis and 
papillomatosis. 


Figure 103.4 Acquired cutaneous lymphangiectasia leading to ulceration of the lower 
leg and lymphorrhoea. 


bulge on the skin surface to create lymph blisters and, with time 
and tissue organisation, can produce a cobblestone appearance. 
Elephantiasis skin changes (elephantiasis verrucosa nostra) occur 
in established chronic lymphoedema, particularly in the lower 
limb or in circumstances of profound cutaneous lymph congestion 
(Figure 103.3). Thickening of the skin impairs joint mobility. Leak- 
age of lymph through the skin (lymphorrhoea) may occur from 
lymphangiectasia (Figure 103.4). 


Infection. Episodes of secondary infection, particularly cellulitis, 
are a characteristic feature of lymphoedema. Patients with lym- 
phoedema irrespective of cause are liable to these attacks. Acute 
dermatolymphangioadenitis as seen in filariasis and podoconiosis 
represents the same process. It is likely that disturbances in immune 
cell trafficking compromise tissue immunosurveillance, but the 
exact mechanism is not known. 


Figure 103.5 Macerated web-space skin leading to bacterial entry points and fungal 
infection. 


Constitutional symptoms such as fever, rigors, headache or 
vomiting can be profound and sudden in onset. Within 24 h, red- 
ness appears within the lymphoedematous area but without an 
advancing border. Pain and heat also feature. Recurrent episodes 
may be frequent and further impair lymph drainage, thereby exac- 
erbating the lymphoedema. Thus, a vicious cycle is established. 
Haemolytic streptococci of groups A, B and particularly G have 
been demonstrated in the skin. Toxicity from infection can be 
extreme and even fatal [11]. 

It is not unusual for patients to comment that attacks of cel- 
lulitis can be induced by strenuous exercise or long car journeys. 
This suggests a mechanism not dissimilar to herpes simplex where 
the microorganism is always present but becomes reactivated. 

Fungal infections, particularly tinea pedis, are difficult to 
avoid because of web-space skin maceration from swollen toes 
(Figure 103.5). 

Opportunistic infections are also described in lymphoedema, 
lending further support to the localised immunodeficiency theory. 


Psychosocial issues. In one study over 80% of patients (188/217) 
had taken time off work due to lymphoedema, with an estimated 
mean absenteeism of 10.5 days per year for medical appoint- 
ments. Overall, 9% stated that the lymphoedema affected their 
employment status, with 4/209 (2%) respondents having to change 
jobs and 17/209 (8%) having to give up work because of it [3]. 
Relationships can also suffer. 

The difficulty in finding clothes or shoes to fit creates social prob- 
lems. Poor footwear will further compound the swelling by discour- 
aging a normal gait or adequate exercise. 

Patients with arm swelling in relation to breast cancer experi- 
enced functional impairment, psychosocial maladjustment and 
increased psychological morbidity. 


Malignancy. Chronic lymphoedema has a_ permissive effect 
with certain types of malignancies, particularly angiosarco- 
mas — the Stewart—Ireves syndrome. The presumed mechanism 
is through immunodeficiency of the compromised drainage 


Figure 103.6 Lymphangiosarcoma arising in primary lymphoedema. 


basin, in a similar way to malignancy complicating systemic 
immunodeficiency, such as in renal transplant recipients [12]. The 
Stewart-Treves syndrome describes lymphangiosarcoma devel- 
oping from well-established postmastectomy oedema. However, 
lymphangiosarcoma is now described as occurring with lym- 
phoedema of any cause (Figure 103.6) [13]. Other tumours that 
have been recorded to develop with lymphoedema include basal 
cell carcinoma, squamous cell carcinoma, lymphoma, melanoma, 
malignant fibrous histiocytoma, Merkel cell tumour and Kaposi 
sarcoma. Certain uncommon benign tumours are reported as being 
associated with lymphoedema [14]. 


Miscellaneous conditions. A range of cutaneous conditions has 
been reported as occurring preferentially at sites of lymphoedema- 
tous involvement. These include xanthomatous deposits, bullous 
pemphigoid, toxic epidermal necrolysis, atypical neutrophilic 
dermatosis and severe necrotising fasciitis. 


Investigations 

The gold standard investigation for lymphoedema is lymphoscintig- 
raphy but indocyanine green lymphography and magnetic 
resonance lymphangiography are increasingly used. Biopsy 
generally does not reveal a cause for lymphoedema except in 
certain circumstances such as lymphoedema due to granulomatous 
diseases or malignancy. 

Lymphoscintigraphy (isotope lymphography) involves the inter- 
stitial (dermis or subcutis) injection of a radiolabelled protein 
or colloid. Radioactivity, measured using a wide field-of-view 
gamma camera, is determined over the injection site depot and 
at regions of interest over vessels or nodes. The measurement of 
transit times and time activity curves permits a quantitative anal- 
ysis of lymph drainage [15]. The measurement of tracer uptake 
within axillary or ilio-inguinal lymph nodes at a specified time will 
discriminate lymphoedema from oedema of non-lymphatic ori- 
gin (Figure 103.7). Abnormalities on lymphoscintigraphy confirm 
lymphoedema but a negative scan does not exclude it. 


Management 
As yet there is no proven medical therapy nor any universally 
approved surgical procedure to improve lymph flow, although 
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(b) 
Figure 103.7 (a) Normal lymphoscintigraphy. Images show patent lymph routes draining tracer from the feet to the ilio-inguinal nodes. (b) Obstruction of lymph drainage at the groin 
leads to rerouting of tracer through the skin collaterals (dermal backflow). (a) Courtesy of Professor A. M. Peters. 


Table 103.2 Causes of a swollen leg. 


Genetic Acquired 
Vascular Lymphatic Other Vascular Lymphatic Inflammatory Musculoskeletal Tumours 
Vascular Lymphoedema Overgrowth DVT Lymphoedema: Cellulitis Rheumatoid Lymphoma 
malformation Lymphatic spectrum: Post-thrombotic Cancer surgery Pretibial arthritis Sarcoma 

Diffuse malformation Fat hypertrophy syndrome DXT myxoedema Ruptured Metastases 

phlebectasia Lymphangiomatosis Lipomatosis Chronic venous reflux Filanosis Varicose Baker cyst 
Klippel-Trenaunay Lipoedema Venous outflow Podoconiosis eczema Joint effusion 

syndrome Proteus syndrome obstruction Trauma Psoriasis Haematoma 
Parkes Weber Muscle hamartoma/ Dependency syndrome Reconstructive Pompholyx Torn muscle 

syndrome overgrowth Thrombophlebitis surgery Sarcoidosis Pathological 
Maffucci Gigantism/ Venous injury, e.g. IV Vein harvesting/vein Herpes simplex fracture 

syndrome hemihypertrophy drug abuse stripping Achilles tendonitis 


Acute arterial ischaemia 

Idiopathic/cyclical 
oedema of women 

Drugs, e.g. calcium 
channel antagonists 


Immobility/ 
armchair legs 

Factitial 

Chronic regional 
pain syndrome 


Myositis ossificans 


DVT, deep-vein thrombosis; DXT, radiotherapy; IV, intravenous. 


there are new operations of value. First line treatment is physical 
therapy based on the physiological principles that movement and 
exercise stimulate lymph flow, and the addition of compression 
enhances that process. Massage in the form of a specific technique 
called manual lymphatic drainage is used to complement move- 
ment and compression for limb lymphoedema and is used as a 
primary treatment for midline lymphoedema (head and neck, 
trunk, breast and genital area). 


The chronically swollen limb 


Synonyms and inclusions 
© Oedema 

¢ Lymphoedema 

Overgrowth 

e Vascular malformation 

e Lipoedema 


Introduction and general description 

Swelling of a limb may be caused by fluid, in which case pitting 
should be evident to some degree, or it may be caused by an increase 
in volume of other tissue elements, for example bone, muscle or 
fat. Overgrowth syndromes, such as Klippel-Trenaunay syndrome, 
may have excessive growth of bone, fat or muscle (with or without 
additional fluid). Lymphatic and other vascular malformations can 
produce swelling but without pitting. Lipoedema is due to fat hyper- 
trophy. A plexiform neurofibroma (neurofibromatosis) may cause 
tissue swelling from both the neural tumour and lymphoedema. 


Epidemiology 
Chronic leg swelling is common, but data are few. A point- 
prevalence study carried out during working day periods in 


Obesity 


six general hospitals in four countries (Denmark, France, the UK 
and Australia) and one hospital oncology in-patient unit in Ireland 
showed that from a total of 1905 patients, swollen legs were present 
in 723 (38%) of the cohort [16]. In a separate report from Denmark, 
595 hospitalisations of patients aged 75 years or over revealed 6.3% 
were due to suspected deep-vein thrombosis (DVT) or red swollen 
legs [17]. 


Pathophysiology 

The cause of the swelling will depend on the tissue component that 
is increased. For fluid swelling the same principles of pathophysiol- 
ogy apply as they do for any chronic oedema. The cause of swollen 
legs is often multifactorial (Table 103.2). In the case of a swollen leg, 
differential diagnoses to consider are a ruptured Baker cyst, infec- 
tion, trauma and malignancy. Inflammation of a joint or periarticular 
structure may cause oedema that is not primarily vascular. 


Clinical features 

Most cases of limb swelling will be due to fluid and will exhibit 
pitting to some degree but careful examination for causes of 
non-pitting swelling (e.g. fat hypertrophy, malformations, hamar- 
tomas, and benign and malignant tumours) is required. Therefore, 
the patient’s individual history and an appropriate physical exami- 
nation are important. A patient may perceive one leg to be swollen 
when in fact the other leg has become smaller, for example through 
atrophy of muscle or fat. Chronic, non-inflammatory, asymmetrical 
lower limb swelling should always suggest a cause within the 
hindquarter (e.g. chronic venous hypertension, lymphoedema and 
somatic mosaic disorders). Systemic causes of oedema including 
cardiac disease, renal disease or hypoproteinaemia should cause 
bilateral leg swelling. 


Investigations 
Blood tests are important to exclude hypoproteinaemia and heart 
failure, where measurement of plasma albumin and BNP (or 
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NT-proBNP) should be performed respectively. In cases of sus- 
pected venous and/or lymphatic obstruction, imaging such as 
ultrasound, CT or MRI of the root of the limb (e.g. the ilio-inguinal 
region) should be undertaken. CT or MRI of the limb can be helpful 
for determining the tissue component contributing to the swelling. 
Lymphoscintigraphy is the investigation of choice to confirm 
a lymphatic aetiology. Venous duplex ultrasound will identify 
whether venous reflux is contributory to the fluid swelling. A skin 
biopsy may be necessary if pathologies such as Kaposi sarcoma, 
pretibial myxoedema or malignancy are suspected. 


Management 

Treatment of a swollen leg is dependent on the cause. Fluid swelling 
should not be treated empirically with diuretics but should be 
managed through a reduction of any excess fluid filtration or 
improvement of lymph drainage or both. 


Venous oedema, lymphovenous © 
oedema and phlebolymphoedema 


Definition and nomenclature 

Venous oedema is oedema due to venous disease and specifically 
venous hypertension. Lymphovenous oedema means high lymph 
production from venous hypertension combined with lymphatic 
insufficiency. Phlebolymphoedema is lymphoedema arising from 
the effects of venous disease. 


d inclusions 


Introduction and general description 

The veins and lymphatics are inextricably linked. Their endothelial 
parentage is identical as lymphatics and veins have a common 
embryological origin [18]. Consequently, genetic forms of lym- 
phoedema are frequently associated with venous reflux. 

Oedema is a common complication of venous disease. It is incor- 
rectly assumed that venous oedema is the sole consequence of 
increased capillary filtration from venous hypertension. As lymph 
drainage is the main buffer against oedema, it is in fact the failure of 
local lymphatics to compensate for the increased lymph load from 
vascular filtration that leads to venous oedema. Lymphoedema 
associated with venous disease can give rise to significant swelling 
and skin changes owing to the combined effect of impaired lymph 
drainage and increased lymph load (Figure 103.8). 


Figure 103.8 Lymphoedema associated with chronic venous disease. 


Phlebolymphoedema results from high fluid filtration from 
venous hypertension overwhelming lymph drainage until even- 
tually lymphatic routes become permanently damaged and 
Iymphoedema ensues. 


Epidemiology 

Oedema is a common finding in chronic venous disease. The Bonn 
vein study identified 13.4% (11.6% men, 14.9% women) had pitting 
oedema of the lower limbs at the time of the investigation (oedema 
indicates a classification of C3 in chronic venous disease) [24]. 


Pathophysiology 

Venous oedema is due to capillary filtration resulting from venous 
hypertension overwhelming the lymph drainage for a sufficient 
period of time. Contrary to popular belief, venous reabsorption 
of interstitial fluid cannot be maintained for any length of time in 
peripheral tissues. Interstitial fluid is reabsorbed almost entirely by 
the lymphatic vessels. Venous hypertension causes an increase in 
microvascular fluid filtration that requires greater lymph drainage 
if oedema is to be avoided. A reduction in venous pressure reduces 
capillary filtration sufficiently for lymph drainage to cope and thus 
the oedema resolves. 

In the lower limbs, venous oedema may occur for many reasons 
including varicose veins, DVT or venous obstruction (Figure 103.9). 
In varicose veins and after a DVT there will often be venous valve 
failure (venous reflux). 

Dependency oedema, like venous oedema, arises from venous 
hypertension increasing lymph production; the difference is that 
in dependency oedema the veins may be normal and the venous 
hypertension is solely due to gravitational forces. Because the 
calf muscle pump is important for venous return, immobility will 
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Figure 103.9 Causes of mixed lymphovenous disease and phlebolymphoedema. DVT, deep-vein thrombosis; VV, varicose veins. 


encourage oedema. The lack of an effective calf muscle pump will 
cause venous hypertension and increased capillary fluid filtration 
(lymph production). Immobility will also cause a failure of lymph 
drainage so the combination of reduced venous return and poor 
lymph drainage can cause lymphovenous oedema. If immobil- 
ity is combined with leg dependency where gravitational forces 
increase venous pressure, this is referred to as dependency or 
orthostatic oedema. A common scenario is ‘armchair legs’, where 
patients sit in a chair day and night with their legs dependent. Cal- 
cium channel antagonists inhibit contaction of lymphatic smooth 
muscle. This is a likely mechanism for the oedema seen with this 
class of drug [20]. 

Many primary lymphoedemas for which gene mutations are 
known also possess venous reflux because of a genetically deter- 
mined venous valve failure. The best documented is lymphoedema 
distichiasis syndrome where the mutation is in the FOXC2 gene. 
All patients with the mutation appear to have superficial venous 
reflux [21]. 

Traditional surgical stripping of varicose veins or harvesting of 
the great saphenous vein for coronary artery bypass grafting can 
also damage leg lymphatics and lead to (lympho)venous oedema. 
Fortunately, both procedures are less commonly performed since 
the introduction of endovenous ablation therapy and stenting. 
Iliac vein obstruction can cause swelling of the left leg due to 
compression of the left iliac vein as it crosses the right iliac artery 
(May-Thurner syndrome). 

Phlebolymphoedema arises when the effects of a high fluid load 
eventually lead to an irreversible lymphatic insufficiency. There 
may be numerous factors contributing such as overworked lym- 
phatic vessels which fail in an analagous manner to the heart in 
high-output cardiac failure, and infection causing lymphangitis 
leading to permanent lymphangio-obliteration. 


Intravenous drug abuse can produce thrombotic damage and 
sepsis, damaging veins and lymphatics leading to phlebolym- 
phoedema in the upper and lower limbs. 


Clinical features 

Chronic venous disease may result in symptoms such as heaviness, 
aching, itching (from varicose dermatitis) and skin pigmentation 
(from purpura or haemosiderin). In the lower limb, symptoms 
worsen towards the end of the day, are relieved by overnight 
elevation and are usually exacerbated by heat and alcohol. 

Venous oedema usually pits easily and resolves following 
overnight elevation. Signs of venous hypertension include vari- 
cose veins, haemosiderin deposition (particularly submalleolar), 
varicose eczema, atrophie blanche and ulceration. The greater 
the severity and duration of venous hypertension, the greater the 
damage to the skin. The CEAP classification (based on clinical 
manifestations (C), aetiological factors (E), anatomical distribution 
of disease (A) and underlying pathophysiological findings (P)) pro- 
vides information on the staging of venous disease, with oedema 
featuring as stage III [22]. The reason why even severe venous 
disease may not exhibit oedema is where the lymph drainage is 
adequate. 

Once venous oedema stops resolving with overnight elevation, 
it indicates a failing lymph drainage. Under such circumstances, 
clinical signs of lymphoedema begin to accompany the signs 
of venous hypertension, so-called phlebolymphoedema. Phle- 
bolymphoedema most commonly occurs in the lower limb but 
can occur elsewhere in the body in circumstances of venous 
hypertension — for example a pendulous abdomen (hanging 
abdominal apron), large pendulous breast and upper limb venous 
outflow obstruction. 
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When lymphoedema dominates, the skin becomes harder. 
Advanced cases develop elephantiasis skin changes with hyper- 
keratosis and papillomatosis [23]. Recurrent cellulitis can occur 
due to disturbances in immune cell trafficking from the lymphatic 
insufficiency. Redness, pain and tenderness and warmth suggest 
lipodermatosclerosis and result from increased fluid congestion 
within the skin from the lymphovenous oedema. Poor wound 
healing can result in a chronic ulcer. 


Investigations 

Venous duplex ultrasound is the investigation of choice for chronic 
venous disease. It can detect venous reflux, thrombosis and venous 
obstruction. In cases of mixed vascular malformations and iliac vein 
obstruction, more specialist imaging with CT or MRI venography 
may be necessary. 


Management 
Compression and exercise treat both venous disease and lym- 
phoedema. Compression may be achieved through bandaging or 
compression garments. Bandaging is helpful initially to produce a 
reduction in swelling and improve limb shape to enable a better 
fit for compression garments. Standard ‘venous ulcer’ compres- 
sion bandaging will adequately treat most cases but if there is 
marked forefoot involvement (swollen or papillomatous toes) or 
if the swelling extends above the knee, then lymphoedema-style 
treatment in the form of decongestive lymphatic therapy (DLT) is 
preferred [24]. DLT involving toe and thigh bandaging can only be 
provided by trained therapists and is generally not available in the 
community. Wounds, dermatitis and infection need to be treated 
before, or at the same time as, compression is applied. Exercise 
is to be encouraged in preference to rest but when the patient is 
resting, the leg should be elevated to heart level. Patients should 
be discouraged from spending too long in a chair unless it is a 
reclining chair. In infirm patients, pneumatic compression therapy 
may be helpful [25]. Adjustable Velcro® compression devices can 
sometimes overcome the need for compression bandaging. 
Superficial venous reflux may be amenable to endovenous 
therapy (EVT). Hopefully this will reduce the lymph load and so 
reduce oedema, but it is often still necessary to wear compression 
garments afterwards to encourage good lymph drainage and dis- 
courage recurrence of varicose veins [26]. If EVT fails to relieve 
oedema, then poor lymph drainage is likely to be the dominant 
physiological component. 


Drug-induced oedema 


Introduction and general description 

A number of drugs can cause chronic oedema. Calcium channel 
antagonists are a common cause of peripheral oedema (up to 
30% of cases), with amlodipine one of the worst offenders [27]. 
Discontinuing the drug will often resolve the oedema. 


Epidemiology 

A search of drug databases for drugs for which an unwanted side 
effect includes oedema revealed a large number of examples, some 
of which may include angioedema. 


Pathophysiology 

Drugs that induce fluid retention cause an increase in blood vol- 
ume, which in turn leads to an increase in capillary pressure and 
an increase in capillary filtration. This will cause swelling if the 
lymph system cannot cope with the extra fluid. Drugs that may 
do this include corticosteroids, non-steroidal anti-inflammatory 
drugs (e.g. ibuprofen) and hormones (e.g. oestrogens). Other drugs 
may cause increased capillary filtration by increasing venous pres- 
sure as a result of arterial vasodilatation (e.g. calcium channel 
blockers such as amlodipine). Many chemotherapy agents cause 
oedema, particularly docetaxel; an increase in vascular permeability 
is probably to blame. Calcium channel blockers appear to cause 
oedema in those patients with reduced lymph drainage capacity. 
Mammalian target of rapamycin (mTOR) inhibitors (e.g sirolimus 
and everolimus) can cause lymphoedema probably by affecting 
lymphatic vessel repair. 


Clinical features 

The temporal relationship between the introduction of a drug and 
the onset of peripheral oedema suggests a cause and effect, partic- 
ularly if withdrawal of the drug resolves the oedema, as is often 
the case with amlodipine. In most cases it is not so straightforward, 
particularly if a drug combination effect is involved. For example, 
rosiglitazone caused oedema in 4.8% of people in whom it was 
used as monotherapy for diabetes, but in combination with insulin 
the frequency increased to 14.7% [28]. Among the best-known 
drugs causing oedema are calcium channel antagonists, oral corti- 
costeroids, sex hormones and related compounds (e.g. megestrol) 
(Box 103.1). Rates of oedema caused by sex hormones and related 
drugs are oestrogens (hormone replacement therapy) >1%, anastro- 
zole 7-10%, tamoxifen 8-9% and megestrol 14%. 


Box 103.1 Drugs causing oedema 


¢ Calcium channel antagonists of dihydropyridine (DHP) class 
¢ Cytotoxic chemotherapy, e.g. docetaxel (47-64%) 
¢ Oral corticosteroids 
¢ Sex hormones, e.g oestrogen, megestrol 
e Anticonvulsants, e.g. pregabalin (5-12%) 
e Antidepressants, e.g. trazodone (10%) 
e Antidiabetics, e.g. rosiglitazone (5%) 
e Antipsychotics, e.g. risperidone (16%) 
¢ Bisphosphonates, e.g. zoledronic acid (21%) 
¢ Mammalian target of rapamycin (mTOR) inhibitors, e.g sirolimus 
(>10%) 
e Baclofen (1-10%) 
¢ Others: 
e Dopamine receptor agonists: pramipexole, rotigoline and 
cabergoline 
e Lamotrigine (2% oedema) 
e Non-steroidal anti-inflammatory drugs (NSAIDs) 
° Morphine 
e Clonidine 
e Olanzapine 
e Thiazolidinediones 
e Quetiapine 
e Pemetrexed (eyelid oedema) 


Management 

In cases of drug-induced oedema (e.g. due to amlodipine), the drug 
should be replaced if possible or measures introduced to control 
swelling. The empirical use of diuretics is to be discouraged as they 
are often ineffective over time. 


CELLULITIS 


Recurrent cellulitis (erysipelas) 4 


Definition and nomenclature 

Cellulitis is an acute bacterial infection of the dermis and subcuta- 
neous tissue, which can be recurrent. It is a common consequence of 
lymphatic dysfunction. 


‘Synonyms and inclusions 

e Erysipelas 

-¢ Lymphangitis 

¢ Pseudo-erysipelas 

¢ Pseudo-cellulitis 

e Acute dermatolymphangioadenitis (ADLA) 


Introduction and general description 

Cellulitis (or erysipelas as it is more usually known in Europe) is one 
of the most common reasons for emergency admissions to hospital 
and up to half of patients have repeat episodes. Lymphoedema and 
leg ulcers provide the greatest risk for recurrent cellulitis. There 
is evidence that covert lymphatic insufficiency may predispose 
to first-time attacks of cellulitis [1]. Lymphangitis accompanies 
cellulitis but may not be clinically visible. Because an underlying 
microbiological cause is elusive in most cases of recurrent cel- 
lulitis occurring with lymphoedema, the terms pseudo-cellulitis 
and pseudo-erysipelas have been coined. In developed countries 
most patients with cellulitis are treated for the acute episode and 
discharged, yet the rate of recurrence is high, suggesting that 
underlying predisposing factors (e.g. lymphoedema) may not be 
sufficiently managed following the first episode. 


Epidemiology 

Recurrent cellulitis is common. In a recent study, 53% of subjects 
with a history of cellulitis had at least one recurrence during the 
3-year trial [2]. In another study similar results were obtained: 
22-49% of patients with cellulitis reported at least one prior 
episode; recurrences occurred in approximately 14% of cellulitis 
cases within 1 year and 45% of cases within 3 years, usually in the 
same location [3]. 


Pathophysiology 

Beta-haemolytic streptococci cause nearly three-quarters of cases 
of cellulitis. Staphylococcus aureus, by comparison, tends to cause 
more purulent infections, such as abscesses [4]. Common predis- 
posing conditions for recurrent cellulitis include wounds, venous 
disease, chronic oedema, obesity and diabetes [5,6]. Inflammatory 
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destruction of lymphatic channels, followed by the development 
of lymphoedema, progresses with recurrent cellulitis. Equally, 
lymphoedema predisposes to cellulitis thereby leading to a vicious 
cycle. 

Recurrent bacterial infections may also play a very important 
role in the pathogenesis of filarial lymphoedema, where it is called 
acute dermatolymphangioadenitis (ADLA), and may be responsi- 
ble for its progression to elephantiasis and disability [7]. Web-space 
entry points appear very important for triggering ADLA [8]. 
ADLA also occurs in non-filarial elephantiasis, otherwise known as 
podoconiosis [9]. 

Causes of cellulitis and ADLA are likely to be similar. The affer- 
ent lymphatic vasculature provides the major exit route from the 
skin for soluble antigens and for immunologically active cells (e.g. 
lymphocytes, dendritic cells and macrophages) (Figure 103.10). 
It is likely that disturbances in immune cell trafficking compromise 
tissue immunosurveillance and predispose to infection, but the 
exact mechanism is not known [10]. 


Clinical features 

The severity of recurrent episodes of cellulitis can vary. Some can be 
severe with marked systemic upset, high fever or rigors while others 
are milder, with minimal or no fever. Local signs always involve 
increased redness usually with pain, warmth and increased swelling 
of the affected area. 

When associated with established lymphoedema, clinical fea- 
tures may differ from classic cellulitis. Onset may be in minutes 
(as opposed to hours as in classic cellulitis). Toxicity may be severe 
with flu-like symptoms, nausea and vomiting, headache and high 
fever. Systemic symptoms may occur well before local signs. The 
rash may be polymorphic with no defined border. In milder cases, 
inflammatory markers are not always raised. Episodes may be 
slow to resolve with oral antibiotics. Recurrence of infection is not 
unusual after only a week’s course of antibiotics (Figure 103.11). 

In some cases, associated with lymphoedema, symptoms and 
signs may grumble over a period of weeks, suggesting a surviving 
or extant infection. The patient may complain only of tiredness and 
feeling unwell but without fever. Local signs may be redness and 
swelling with ‘flare-ups’ of redness from time to time. Inflamma- 
tory markers are usually negative and only a prompt response to a 
prolonged course of antibiotics can confirm the diagnosis. 

Episodes of ADLA are similar to cellulitis and characterised by 
malaise, fever, chills, diffuse inflammation, swelling of the limbs, 
lymphangitis, adenitis and, eventually, peeling skin. 

The main differential diagnoses are DVT, necrotising fasciitis and 
lipodermatosclerosis. Other possibilities include gout, vasculitis, a 
ruptured Baker cyst and panniculitis. 


Investigations 

Cellulitis is a clinical diagnosis supported by a blood neutrophilia 
and raised CRP. Blood cultures should be performed but may be 
positive in only 10% of cases. Microbiology of any cuts or breaks 
in the skin or aspiration of blister fluid should be considered before 
antibiotics are started. 


Management 
Cellulitis is best managed by dermatologists because up to one-third 
of patients can be misdiagnosed and over a quarter of cases have 
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Skin graft 
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Figure 103.11 Recurrent cellulitis in lymphoedema following breast cancer treatment. 
Note lymphangitis crossing the watershed to the contralateral lymph node territory. 


associated skin disease, treatment of which is likely to reduce the 
chances of cellulitis recurrence [11]. Wounds, breaks in skin integrity 
(particularly interdigital), dermatitis and fungal infections should be 
treated. 

Low-dose prophylactic penicillin, phenoxymethylpenicillin 250 
mg twice daily, given for a period of 12 months almost halves the 
risk of recurrence during the intervention period compared with 
placebo [2]. However, although some level of protection appears to 
be sustained for several months after the end of prophylactic ther- 
apy, this effect is lost by 36 months, a finding that suggests longer- 


Immunisation 


Bacilli 


Granuloma 


Figure 103.10 The lymphatic vessel sits centre stage 
for immune cell trafficking within the skin. DC, 
dendritic cell. Reproduced from Mortimer and Rockson 
2014 [12] with permission of American Society for 
Clinical Investigation. 


term prophylaxis may be required. Patients with a body mass index 
(BMI) of 33 or higher, multiple previous episodes of cellulitis or 
chronic oedema of the leg had a reduced likelihood of a response to 
prophylaxis [2]. A high BMI, multiple attacks and chronic oedema 
would all be associated with lymphatic dysfunction, supporting the 
view that lymphoedema is a very strong risk factor for cellulitis. 

In patients allergic to penicillin, or in whom penicillin prophy- 
laxis fails, alternative antibiotics such as clarithromycin or doxycy- 
cline should be considered although there are no data on efficacy 
or safety [12]. 


Lymphangitis | P| 


Definition 

Lymphangitis is inflammation of the lymphatic vessels. It accom- 
panies cellulitis but may exist in isolation and is most often caused 
by infection from bacteria, viruses or fungi or infiltration by cancer 
cells. 


Introduction and general description 

Lymphangitis represents inflammation of the lymphatic collector 
vessels and presents clinically as tender red streaks up the limb 
corresponding to the inflamed vessels. Oedema will often mask the 
red streaks. A more diffuse redness is seen extending up the medial 
side of the leg and thigh and thus distinction from an ascend- 
ing cellulitis is difficult. In some circumstances the inflammatory 
response may be profound and painful inflammation of the regional 
lymph glands (lymphadenitis) may arise. 


7 | Lymphadenitis 103.15 


Pathophysiology 

Lymphangitis may occur without any demonstrable inflammation 
or may be recurrent, for example following relapsing herpes simplex 
infection. Permanent obliteration of lymphatic collectors may follow 
severe or recurrent lymphangitis. In such cases, if reserve lymphatic 
capacity is limited, permanent swelling (lymphoedema) can result. 

Lymphangitis occurring in filariasis is known as ADLA. Sporotri- 
choid spread (also known as nodular lymphangitis) describes a 
characteristic pattern of superficial cutaneous lesions that progress 
along the path of lymphatic drainage. Fungi, and classically 
sporotrichosis, exhibit this tendency but also nocardiosis, chro- 
moblastomycosis and aspergillosis. Sporotrichoid spread through 
lymphangitis has been described with leishmaniaisis and atypical 
mycobacterium (e.g. Mycobacterium marinum). Cutaneous squa- 
mous cell carcinoma can occasionally demonstrate sporotrichoid 
spread as can a hypersensitivity lymphangitis to an arthropod bite. 

Snake toxin molecules are generally large and cannot directly 
enter the circulation but are readily taken up by the lymphatics. 
Snake bite venom will often cause lymphangitis. Pressure bandag- 
ing with immobilisation is the recommended first aid treatment 
with the intention of preventing lymph drainage. 

Mondor disease is considered to be a form of superficial 
thrombophlebitis but it commonly complicates lymph node 
removal, thus a form of lymphangitis or lymphatic thrombosis 
may also be possible. 

Lymphatic cording or axillary web syndrome following axillary 
lymph node intervention may be similar and is likely due to lym- 
phatic thrombosis [13]. It is also described following a jellyfish sting. 
Lymph can clot and lymphangiothrombosis may occur more often 
than realised [14]. 

Sclerosing lymphangitis of the penis is a condition related to 
vigorous sexual activity, manifesting as an asymptomatic, firm, 
cord-like swelling around the coronal sulcus of the penis [15]. 

Carcinoma erysipeloides (lymphangitis carcinomatosa, carci- 
noma telangiectatica, carcinoma en cuirasse) occurs when cancer 
cells infiltrate the dermal lymphatics. It is a form of metastatic 
spread and occurs most commonly with breast cancer but can 
occur with melanoma and thyroid, lung, gastric, pancreatic, ovar- 
ian, prostate and colorectal cancer [16]. Carcinoma erysipeloides 
manifests clinically with a fixed red patch or plaque resembling 
cellulitis, but without fever. The inflamed area may show a distinct 
raised periphery and oedema secondary to lymphatic obstruction. 
A network or lattice pattern of telangiectatatic vessels represents the 
infiltrated dermal lymphatics (Figure 103.12). Inflammatory breast 
cancer is a rare and very aggressive disease in which cancer cells 
block lymph vessels in the skin of the breast. This type of breast 
cancer is called ‘inflammatory’ or ‘inflamed’ because the breast 
often looks swollen and red. 


Investigations 

Lymphangitis is mainly a clinical diagnosis. Ultrasound examina- 
tion may be helpful but non-specific. A definitive diagnosis requires 
biopsy particularly if malignancy is suspected. 


Management 
Treatment is dependent on cause. Lymphangitis from infection can 
settle spontaneously. 


Pie 


Figure 103.12 Carcinoma erysipeloides (carcinoma telangiectatica) on the ipsilateral 
arm of a breast cancer patient: the network of red vessels are dermal lymphatic vessels 
infiltrated with adenocarcinoma of the breast. 


Lymphadenitis | 


Definition and nomenclature 

Lymphadenitis means inflammation (...itis) of the lymph nodes 
(...aden...). Lymphadenitis means enlargement of one or more lymph 
glands due to inflammation, usually infection. 


1s and inclusions 
n_ glands 
Jenopathy 


Pathophysiology 

The swelling is due to the proliferation of lymphocytes but also 
recruitment of additional macrophages which plug the medullary 
sinuses, resulting in retention of lymph fluid. It is usually caused 
by the immune response to infection or vaccination but can occur 
in inflammatory conditions such as sarcoidosis, Kikuchi—Fujimoto 
disease, systemic lupus erythematosus or autoinflammatory disor- 
ders such as periodic fever. 


Clinical features 

Symptoms include tenderness and swelling of the lymph glands 
with or without redness of the overlying skin. Lymphadenitis 
may be confined to one lymph node group (e.g. axilla) or be 
generalised. 


Investigations 
Lymphadenitis is usually diagnosed clinically but ultrasound exam- 
ination, with or without fine-needle aspirate, can be helpful. 


Management 
Treatment is dependent on the cause, but most cases will settle 
spontaneously. 
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Acute dermatolymphangioadenitis 


Definition and nomenclature 

According to the World Health Organization definition ADLA is 
‘acute onset fever and localised pain and warmth, with or without 
swelling or redness in the limb and/or genital area’. Two types of 
acute febrile attacks occur with filariasis: (i) caused by the death of 
adult filarial worms known as acute filarial lymphangitis (AFL); 
and (ii) due to secondary bacterial infections known as ADLA. 
ADLA is a common cause of elephantiasis both within and outside 
of filariasis endemic areas. Podoconiosis (non-filarial elephantiasis) 
also causes ADLA. 


Synonyms and inclusions 
© Cellulitis 
© Lymphangitis 


Epidemiology 

Episodes of ADLA affect approximately one-third of patients with 
filarial lymphoedema [17]. Globally, podoconiosis affects an esti- 
mated 4 million people in 32 endemic countries, many of which are 
in the highlands of tropical sub-Saharan Africa, but also in parts 
of Central and South America and South-East Asia [18]. Patients 
with podoconiosis experience on average 5-23 episodes of ADLA 
per year and up to 90 days per year when they are incapacitated 
by it [19]. 


Pathophysiology 

As with cellulitis in lymphoedema, the likely mechanism is dis- 
turbed access of antigen-presenting information to the lymph nodes 
and consequently a failure of the correct processing of the immune 
response to infection. In filarial lymphoedema, episodes of ADLA 
have been shown to accelerate damage to peripheral lymphatic ves- 
sels and to lead to fibrosis, resulting in a vicious cycle of impaired 
lymph drainage and more episodes of infection. 

The causes of ADLA among patients with podoconiosis are 
likely to be similar to its causes among patients with other types 
of lymphoedema, such as filarial or postsurgical. In other words, 
disturbances in immune cell trafficking predispose to infection with 
frequent recurrences. 


Clinical features 

Episodes of ADLA are characterised by malaise, fever, chills, diffuse 
inflammation, swelling of the limbs, lymphangitis, adenitis and, 
eventually, peeling skin. Clinical descriptions of ADLA in filariasis 
endemic areas are remarkably similar to those of erysipelas and 
cellulitis. 


Management 

In a recent placebo-controlled clinical trial, while both amoxicillin 
(the standard antibiotic treatment for ADLA) and doxycycline 
reduced the frequency of ADLA, doxycycline also showed surpris- 
ing efficacy in reversing the lymphoedema grade [20]. Participation 
in hygiene-based lymphoedema management was associated with 
a lower incidence of ADLA [21]. 


In podoconiosis endemic areas the cost of antibiotics, even sim- 
ple penicillin, is prohibitive. A package containing instructions for 
foot hygiene, skin care, bandaging, exercises and the use of socks 
and shoes proved helpful. The incidence of ADLA was 19.4 episodes 
per person-year (95%CI 18.9-19.9) in the intervention group and 23.9 
episodes per person-year (95%CI 23.4—24.4) in the control group [22]. 


Lipodermatosclerosis and chronic red 
leg 


Definition and nomenclature 

The chronically swollen red leg is a common sight in medical 
practice and is often due to lipodermatosclerosis (LDS). LDS is 
an inflammatory condition of the skin and subcutaneous tissues 
affecting the lower third of the leg, and is commonly, although 
incorrectly, called chronic cellulitis. It is often bundled together 
with stasis (or varicose) dermatitis and haemosiderin skin pig- 
mentation as all can result from venous hypertension. However, 
LDS can exist independently with lymphoedema without venous 
disease. 


Synonyms and inclusions 

© Chronic cellulitis 

e Red swollen legs 

 Sclerosing panniculitis 
 Hypodermatitis sclerodermiformis 
e Stasis panniculitis 


Epidemiology 

There are few prevalence data on LDS alone. Often included with 
varicose eczema, LDS is considered common in the elderly and is 
reported to affect about 20% of people aged over 70 years [23]. Of 595 
hospitalisations of patients aged 75 years or above in an emergency 
department in Denmark, 6.3% were due to suspected DVT or red 
swollen legs [24]. 


Pathophysiology 

Lipodermatosclerosis is due to sustained ‘congestion’ — that is, high 
interstitial fluid and venous pressure. It is most usually described 
with chronic venous disease, but the common denominator is 
chronic oedema, frequently occurring in lymphoedema without 
venous reflux. The pathology of LDS is not well understood but 
is considered secondary to chronic venous hypertension. mRNA 
and protein expression of matrix metalloproteinase 1 (MMP-1), 
MMP-2 and tissue inhibitors of metalloproteinase 1 (TIMP-1) have 
been shown to be significantly increased, indicating that LDS is 
characterised by elevated matrix turnover [25]. LDS is always 
accompanied by tissue iron overload. It has been suggested that 
patients with LDS are unable to counteract venous-induced skin 
iron overload [26]. 


Clinical features 
Lipodermatosclerosis mimics cellulitis but there are no systemic 
symptoms or signs of infection [27], and it is usually bilateral. 
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Figure 103.13 Acute and chronic lipodermatosclerosis; the bright red skin (acute) could 
be mistaken for bacterial cellulitis, but it is an inflammatory response to the skin blood 
and fluid congestion. The pigmented champagne bottle leg represents chronic 
lipodermatosclerosis. The treatment is decongestive lymphatic therapy with or without 
antibiotic cover. 


Although redness and oedema are always present this is not always 
the case for warmth. Induration indicates that the underlying 
subcutaneous tissues are involved with the inflammatory process 
(sclerosing panniculitis). Pain and tenderness are always present 
but not itch; if itch does occur, varicose/stasis eczema probably 
coexists. 

There are two forms of LDS: acute and chronic (Figure 103.13). 
Acute LDS mimics acute cellulitis with a flare of local redness, heat 
and pain. The differential diagnosis is acute cellulitis or DVT. With 
time, the chronic form supervenes. The skin becomes ‘bound down’ 
and retracted as the subcutaneous tissues become more fibrotic. 
Eventually redness gives rise to brown pigmentation and the leg 
contour takes on an ‘inverted champagne bottle’ shape. Pitting 
oedema will continue to exist both above and below the area of LDS 
and is a common feature (and common denominator) throughout. 
The skin surface remains smooth with no scaling as in eczema 
unless complications such as lymphorrhoea, infection or ulceration 
occur. 


Investigations 

Lipodermatosclerosis is a clinical diagnosis. Biopsy will reveal 
‘stasis dermatitis’ changes together with a fibrotic panniculitis but 
there are no specific or diagnostic features. Furthermore, biopsy 
may induce ulceration if healing is poor. 


Management 

Compression therapy is the only proven therapy. Compression 
bandaging will achieve quicker results than compression hosiery 
but may not be tolerated if the affected tissues are very inflamed 
and tender. In such circumstances it may be necessary to start with 
bed rest or even topical steroids before introducing gentle com- 
pression. In more chronic cases, where there has been a change in 
shape of the leg, multilayer lymphoedema compression bandaging 


works better [28]. Bandaging may have to be continued until a more 
normal contour is obtained. Only then will compression hosiery fit 
and work satisfactorily. 

If superficial venous reflux is proven on duplex ultrasound 
then endovenous therapy (e.g. radiofrequency vein ablation, laser 
vein ablation or foam sclerotherapy) could be administered. If 
endovenous therapy is considered unsuitable then traditional lig- 
ation and stripping of superficial veins could be undertaken [29]. 
Bacterial infection (true cellulitis) can frequently complicate LDS 
but antibiotics alone do not resolve it and the only proven treatment 
is compression therapy to ‘decongest’ the tissues. 


PRIMARY LYMPHOEDEMA 


Primary l_ymphoedema | 


Definition and nomenclature 

Primary lymphoedema (PL) is a build-up of lymph within tissues 
resulting from an inborn or intrinsic abnormality of lymph conduct- 
ing pathways, that is, lymphatic vessels and nodes. 


and inclusions 


lema congenita 
lema praecox 


Introduction and general description 

Primary lymphoedema can be a presentation of complex genetic 
disease, with at least 20 identified pivotal causative genes identified. 
Recognition of clinical patterns is key to diagnosis, research and 
therapeutics. PL, or lymphoedema due to an underlying genetic 
abnormality, should always be suspected in a patient presenting 
with swelling and no obvious underlying medical cause. Sus- 
picion of PL should be raised particularly if the presentation is 
during childhood or early adult years and when there is a family 
history. 

Historically, PL was classified into three categories depending 
on the age of onset of swelling: congenita (lymphoedema present 
at birth), praecox (lymphoedema developing after birth but before 
the age of 35 years) and tarda (lymphoedema developing after the 
age of 35 years). It became apparent that this classification system, 
based purely on age of onset, was oversimplified and redundant in 
clinical practice as it failed to facilitate categorisation based on more 
specific phenotypes. Rigorous phenotyping of patients with PL 
has led to causal gene discovery and the possibility of a molecular 
diagnosis. This new approach to diagnosis is embodied in the St 
George’s algorithm for clinical management [1]. 

The PL classification pathway is presented in the form of a 
colour-coded algorithm to illustrate the five main categories, 
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Table 103.3 Definition of terminology used in the classification pathway of primary lymphoedema. 


Term Definition 

Congenital onset Onset of lymphoedema before the age of 1 year 

Cutaneous manifestations Naevi/pigmentation variations (e.g. epidermal naevi/vascular malformations) 

Distichiasis Presence of aberrant eyelashes arising from the meibomian glands 

Disturbed growth Hypertrophy (overgrowth) and hypotrophy of bone or soft tissue resulting in altered length of a limb or body part 

KT/KT-like Klippel-Trenaunay/Klippel-Trenaunay-like syndrome 

Late onset Swelling presenting after 1 year of age 

Prenatal onset Detection of lymphatic abnormality in the prenatal period. Isolated pedal oedema is excluded from this definition as this may be a presentation 
of Milroy disease 

Segment A region of the body affected by lynphoedema (e.g. face, conjunctiva, genitalia, upper limbs, lower limbs - each constitutes one body part). 


Multisegmental refers to more than one segment affected by lymphoedema. Bilateral lower limb swelling is not considered to be 
multisegmental lymphoedema 


Syndromic A constellation of abnormalities, one of which is lymphoedema 

Systemic involvement Systemic lymphatic problems persisting beyond the newborn period or manifesting at any age thereafter. This includes hydrops fetalis, chylous 
ascites, intestinal lymphangiectasia, pleural and pericardial effusions and pulmonary lymphangiectasia 

Vascular anomalies Includes congenital vascular abnormalities 


Unknown syndrome 


Known syndrome 


Multisegmental lymphatic dysplasia (MLD) 


Primary ———<— > (congenital or late onset) 
lymphoedema Consider WILD syndrome 


Generalised lymphatic dysplasia (GLD) 


; Hennekam syndrome (ORPHA2136) 
Syndromic |— 
1 Consider ADAMTS3, CCBE1, FAT4 
Systemic/visceral PIEZO1, FBXL7 
involvement Hypotrichosis-lymphoedema-telangiectasia- 
pre- or postnatal onset renal defect syndrome (ORPHA69735) 
SOX18 


Yellow-nail syndrome 


Lymphatic-related fetal hydrops (LRFH) 
EPHB4-associated lymphatic-related hydrops 
PIEZO1-associated lymphatic-related 

\ 5 hydrops 
Central conducting lymphatic anomaly 
Consider Noonan syndrome, ARAF, EPHB4, 
PIEZO1 


Late onset (>1 y) 
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Distichiasis Yes ————__»> Lymphoedema-distichiasis syndrome 
(ORPHA33001) 
| FOXC2 
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Unilateral > Late-onset unilateral leg lymphoedema 
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Lower 
limbs only 


L Yes 


Meige-like 
Te Consider G/C2, HGF, CELSR1 


Bilateral 


Meige (ORPHA90186) 
FH +ve -/_-——_> Consider G/C2, HGF, CELSR1 


4-limb lymphoedema 
Consider GJC2, 45, XO 


Late-onset lower limb + genitalia 
= Consider GATA2 (ORPHA3226) 


Figure 103.14 St George's classification algorithm for primary lymphatic anomalies showing the five main groupings (colour coded) with their various clinical subtypes of disease. 
Primary lymphoedema is the major clinical feature in the green, pink and purple sections. The text in red indicates the suggested genetic test and/or differential diagnosis for the 
subgroup, however the indicated genes do not explain the cause of disease in all patients in each grouping. For example, only 70% of patients with Milroy disease are explained by 
mutations in FLT4/VEGFR3. CLOVES, congenital lipomatous overgrowth, vascular malformations, epidermal naevi and scoliosis; FH, family history; +ve, positive; —ve, negative; WILD, 
warts, immunodeficiency, lymphoedema and ano-genital dysplasia. Courtesy of St George’s Lymphovascular Research Group / Wikimedia Commons / CC BY-SA 4.0. 


and the individual subtypes (including genotypes) within them 

(Table 103.3; Figure 103.14). The main categories are: 

1 Syndromic associated with lymphoedema, but where lym- 
phoedema is not the predominant feature) (blue). 

2 Localised or generalised lymphoedema associated with sys- 
temic/visceral lymphatic abnormalities (pink). 

3 Lymphoedema in association with disturbed growth and/or 
cutaneous/vascular anomalies (yellow). 

4 Congenital-onset primary lymphoedema, that is, lymphoedema 
that is present at birth or develops within the first year of life 
(green). 

5 Late-onset primary lymphoedema, that is, lymphoedema that 
develops after the first year of life (purple). 


Epidemiology 

Approximately 25% of causal genes for PL are now known although 
limited data exist on its prevalence. The prevalence of PL was esti- 
mated as 1 in 6000 based on one UK clinic but this is almost certainly 
an underestimate. In a case ascertainment study of chronic oedema, 
12% were considered primary in type [2]. The prevalence of PL 
assessed from 8140 clinical records in nine lymphoedema services 


Table 103.4 A summary of genes causing primary lymphoedema and their phenotypes?. 


in four countries was 17.5%. Italy and France had higher numbers 
of patients with PL (29.7% and 36.6%, respectively) compared with 
just 8.8% in Turkey [3]. This may be a disproportionately high 
number compared with the prevalence in the wider population 
as a number of specialist services specialise in managing patients 
with PL. 


Pathophysiology 
Primary lymphoedema may occur as a non-syndromic Mendelian 
condition, or less commonly as part of a complex syndromic dis- 
order. Mutations in several genes are known as causative. Known 
causal genes are available for testing via the St George’s lym- 
phoedema gene panel [4]. Some, but not all, of these genes have 
been shown to play a role in the regulation of lymphangiogenesis 
(Table 103.4). The discovery of these genes has therefore informed 
their wider biological function. The first two genes to be identified 
as causative for human lymphoedema were VEGFR3 (also known as 
FLT4) in Milroy disease [5] and FOXC2 in lymphoedema distichiasis 
syndrome [6]. 

Developments in clinical phenotyping and identification of the 
genetic aetiology of a number of subtypes of PL demonstrate high 


Gene name Gene MIM number Phenotype associated with a primary lymphatic anomaly Phenotype ID number Inheritance 

GJA1/Cx43 121014 Oculo-dento-digital dysplasia (ODD) syndrome ORPHA2710 AD 

KIF11 148760 Microcephaly-lymphoedema-chorioretinopathy ORPHA2526 AD 
syndrome 

RAF1 164760 RASopathies (including Noonan syndrome) ORPHA536391 AD 

ADAMTS3 605011 Hennekam-lymphangiectasia-lymphoedema ORPHA2 136 AR 
syndrome type 3 

CCBE1 612753 Hennekam-lymphangiectasia-lymphoedema ORPHA2136 AR 
syndrome type 1 

EPHB4 600011 EPHB4-related LRFH ORPHA568065 AD 

FAT4 612411 Hennekam-lymphangiectasia-lymphoedema ORPHA2 136 AR 
syndrome type 2 
Van Maldergem syndrome type 2 ORPHA3 14679 AR 

PIEZO1 611184 PIEZO1-related GLD/LRFH ORPHA568062 AR 

SOX18 601618 Hypotrichosis-lymphoedema-telangiectasia—renal ORPHA69735 AD, AR 
defect syndrome 

FOXC2 602402 Lymphoedema distichiasis syndrome (LDS) ORPHA33001 AD 

GATA2 S7295 GATA2-deficiency syndrome (Emberger syndrome) ORPHA3226 AD 

GJC2/Cx47 608803 Late-onset four-limb lymphoedema OMIM613480 AD 

_VEGFC 601528 VEGFC-related congenital primary lymphoedema ORPHA79452 AD 


of Gordon 
“VEGFR3/FLTA. 13 Milr 


COUPTF-II 107773 
primary lymphoedema association reported) 
PROX1 601546 No reported phenotype 


Reproduced from Martin-Almedina et a/. 2021 [19]. 


Congenital heart defects, multiple types (but no 


ORPHA79452 AD 


OMIM615779 AD 


4 Alterations in most of the genes listed cause different types of disease. These genes have been selected because primary lymphoedema is a major 
feature of the disease phenotype or because the role of the gene in lymphatic development is well documented. Some of the genes listed have no 
primary lymphoedema associated with them (COUP-TFIl) or no phenotype at all (PROX7), but because their role in initiating the process of 

lymphangiogenesis is so crucial, they have been included in this review. The genes have been colour coded according to which of the categories of 


primary lymphoedema they are classified under in the St George's classification. 


AD, autosomal dominant; AR, autosomal recessive; GLD, generalised lymphatic dysplasia; LRFH, lymphatic-related fetal hydrops; M, mosaic. 
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heterogeneity. A new classification system and diagnostic pathway 
have been developed in order to delineate specific phenotypes of PL 
and facilitate a molecular diagnosis as well as the discovery of new 
causative genes [1]. 

Infection in the form of cellulitis can manifest as PL [7]. In other 
words, cellulitis may be the presenting condition, but careful 
investigation will reveal an underlying pre-existing lymphatic 
insufficiency only evident on lymphoscintigraphy. Cellulitis may 
then be blamed as the cause of the lymphoedema, which is cat- 
egorised as a secondary lymphoedema, but undetected primary 
lymphoedema was the true cause of both the cellulitis (because of 
altered immune cell trafficking) and the subsequent swelling. 


Clinical features 
Primary lymphoedema may not appear to be any different from any 
other form of lymphoedema except there will be no obvious cause. 
Swelling usually affects one or both legs but can be widespread, 
involving the upper limbs, face or genitalia. The more widespread 
the lymphoedema, the more likely there will be involvement of 
internal organs manifesting with pleural or pericardial effusions, 
ascites or chylous reflux. In such circumstances systemic immuno- 
deficiency may coexist as indicated by selective lymphopenia. 
Lymphatic or vascular malformations may often accompany PL. 
The range of presentations for PL can be very varied with many 
different categories with different physical characteristics (pheno- 
types). The St George’s classification suggests an approach that 
considers known syndromes (e.g. Turner syndrome or Noonan 
syndrome) first where lymphoedema may not be a dominant or 
common feature. Then one considers possible systemic involve- 
ment. Thereafter, time of onset is used to define phenotypes; for 
example congenital onset for Milroy disease caused by mutations 


in VEGFR3, or late onset (there is no need to distinguish between 
pubertal and late adult onset) such as lymphoedema distichiasis 
syndrome caused by mutations in FOXC2 or Emberger syndrome 
caused by mutations in GATA2. These phenotypes are called syn- 
dromes but are identified separately from the syndromic group 
because lymphoedema is a dominant and common feature. The 
final group to consider is the mosaic disorders where the gene fault 
is somatic and not germline. The identification of causal genes has 
permitted study of the exact phenotype for that gene. 

Phenotyping and genotyping of patients with PL have led to a 
better understanding of the natural history and management of the 
specific categories and have guided genetic counselling. 


Syndromic l_ymphoedema i 


Lymphoedema is a recognised feature of many syndromes where 
it is not the primary problem but is an associated feature. The 
genetic causes of many of these syndromes are known and testing 
is available. Table 103.5 provides a list of syndromes that include 
Iymphoedema as part of the phenotype; these include Turner and 
Noonan syndromes. 

Turner syndrome should always be suspected as the cause of 
congenital hand and/or foot swelling in female infants. It is a com- 
plex disorder caused by an absent or abnormal sex chromosome; 
karyotyping is necessary for diagnosis. It affects 1/2000 to 1/3000 
live-born females. Congenital lymphoedema of the hands, feet 
and neck region is present in over 60% of patients. The majority 
of patients present at birth with four-limb lymphoedema, which 
often resolves in early childhood, but frequently recurs in later life. 


Table 103.5 List of known syndromes associated with lymphoedema and the causative gene (or chromosomal abnormality) if known. 


Known syndrome 


Chromosome/gene 


Aagenaes syndrome 

Carbohydrate-deficient glycoprotein types 1a, 1b, 1h 
Cardio-facio-cutaneous (CFC) syndrome 

CHARGE syndrome 

Choanal atresia-lymphoedema 


Ectodermal dysplasia, anhidrotic, immunodeficiency, osteopetrosis and lynphoedema (OLEDAID) syndrome 


Fabry disease 

Hennekam syndrome 

Hypotrichosis-—lymphoedema-telangiectasia 

rons—Bianchi syndrome 

Lymphoedema—myelodysplasia (Emberger syndrome) 
acrocephaly-—capillary malformation (MCM) 


ucke syndrome 

joonan syndrome 

Oculo-dento-digital (ODD) syndrome 

Progressive encephalopathy, hypsarrhythmia and optic atrophy (PEHO) syndrome 
Phelan—McDermid syndrome 

Prader-Willi syndrome 

Thrombocytopenia with absent radius 

Turner syndrome 

Velo-cardio-facial syndrome 

Yellow-nail syndrome 


icrocephaly with or without chorioretinopathy, lymphoedema and mental retardation (MCLMR) 


Not known 

PMM2, PM1, ALG8 

RAS-MAP kinase pathway including KRAS, BRAF, MAP2K1, MAP2K2 
CDH7 

PTPN14 

IKBKG (NEMO) 

GLA 

CCBE1, FAT4 

SOX18 

Not known 

GATA2 

PIK3CA 

KIF11 

Not known 

RAS-MAPK pathway PTPN77, KRAS, SOS7 and others 
GJAI 

Not known 

22q terminal deletion or ring chromosome 22 

15q11 microdeletion or maternal uniparental disomy 15 
1q21.1 microdeletion and RBM8A 

45, XO 

22q11 microdeletion 

Not known 


CHARGE, coloboma, heart defects, atresia choanae, growth retardation, genital and ear abnormalities. 
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Systemic involvement (intestinal lymphangiectasia) can occur but 
is rare. Lymphoscintigraphy results suggest that the fault may be 
due to a failure of initial lymphatic (capillary) function [8]. 

The RASopathies, which include Noonan syndrome and 
cardio-facio-cutaneous syndrome (CFC) syndrome, are autoso- 
mal dominant disorders with genetic heterogeneity associated 
with germline mutations of genes in the RAS/mitogen-activated 
protein kinase (RAS-MAPK) pathway. Noonan syndrome and CFC 
syndrome in particular, are known to be associated with lymphatic 
problems. 

Both conditions are characterised by facial dysmorphism, short 
stature and congenital heart disease. There is a characteristic 
lymphatic phenotype with bilateral lower limb lymphoedema, 
genital swelling and chylous reflux. There is frequent systemic invol- 
vement, including intestinal lymphangiectasia and chylothoraces, 
which may be progressive. Lymphoscintigraphy demonstrates 
reflux and/or rerouting of lymphatic drainage associated with 
incompetent veins on venous duplex scans [9]. 


Yellow-nail syndrome 


Definition and nomenclature 

Yellow-nail syndrome (YNS) comprises overcurved, smooth, 
translucent, slow-growing nails with a yellow discoloration along 
with respiratory ailments such as chronic sinusitis, bronchiectasis 
or pleural effusion and lymphoedema (Chapter 93). Although listed 
by McKusick as a genetic disease it more commonly develops late 
in adulthood as a sporadic condition (https://omim.org/, last 
accessed August 2022). 


mms and inclusions 
1oedema and yellow nails 


Introduction and general description 

The first case series of 13 patients given a diagnosis of YNS was 
described by Samman and White [10]. Typically, the patient has 
(i) lymphoedema,; (ii) a respiratory disease such as pleural effusion; 
and (iii) yellow dystrophic nails. Two of these features are required 
for the diagnosis, since the complete triad is only observed in about 
one-third of patients. 


Epidemiology 

A systematic review of 150 patients with YNS revealed that the 
median age was 60 years (range: newborn to 88 years) and occurred 
in all age groups but in 78.7% patients were aged between 41 
and 80 years. The male : female ratio was 1.2 : 1. All cases had 
lymphoedema and 85.6% had yellow nails. Pleural effusions were 
bilateral in 68.3% of cases [11,12]. 


Pathophysiology 

The pathogenesis is unknown. Lymphangiogram abnormalities 
have been described although a lymphoscintigraphic study demon- 
strated that a primary lymphatic abnormality is unlikely [13]. 


Pathology 

The pleural effusion in YNS is an exudate in the vast majority of 
patients with lymphocytic predominance in 96% and a low count 
of nucleated cells. In 61 of 66 (92.4%) patients, pleural fluid protein 
values were >3 g/dL. 


Genetics 

Wells described a family with eight cases in four sibships of two 
generations. In the proband, who had yellow nails, lymphoedema 
began in the legs at the age of 51 years. At times oedema also 
affected the genitalia, hands, face and vocal cords. Lymphan- 
giograms were interpreted as showing primary hypoplasia of the 
lymphatics [14]. 

Govaert et al. reported a girl who was born at 33 weeks’ gesta- 
tion with non-immune hydrops and a recurrent left chylothorax to a 
mother with YNS. The non-immune hydrops in this case was diag- 
nosed on a 29-week ultrasound examination [15]. Slee et al. reported 
a case of a newborn infant who, at 23 weeks’ gestation, was found 
to have hydrops on antenatal ultrasonography; bilateral chylotho- 
rax was found at delivery [16]. The mother had YNS with typical 
nail changes and bronchiectasis. 


Clinical features 

The average age of onset is during the sixth decade. Patients are 
usually first aware of not needing to cut their nails, of them becom- 
ing thicker and harder to cut. The nail may discolour yellow but 
also may lift up and become opaque (due to onycholysis) or turn 
green/black due to secondary haemorrhage or Pseudomonas infec- 
tion. Manual dexterity may be affected due to tactile dysfunction. 
Nails may fracture or shed; nail units may become painful, particu- 
larly if affected by a paronychia. Cough is the commonest respira- 
tory symptom and may be productive. Peripheral oedema usually 
starts in the ankles bilaterally but may become very widespread and 
involve the trunk, genitalia and upper limbs if severe. 

Nail changes include slow growth, yellow-green discoloration, 
transverse and longitudinal overcurvature, onycholysis, shedding, 
cross-ridging and the loss of lunulae and cuticles. The nail plate 
remains translucent and smooth (Figure 103.15). 

Although lymphoedema is the most consistent association with 
yellow nails, other associations include bronchiectasis, sinusitis, 
chronic cough and pleural effusions. Rarely a pericardial effusion 
can occur. 

Recurrent chest infections are the commonest complication. 
Recurrent cellulitis frequently complicates lymphoedema. Acute 


Figure 103.15 Yellow-nail syndrome showing slow-growing, overcurved, thickened nail 
plates and hand oedema. 
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paronychia can complicate the nail unit changes. In one study 
4 of the 11 patients had complete recovery of their nails over a 
mean period of 4—5 years [17]. There are some suggestions that life 
expectancy is reduced. 


Differential diagnosis 

Onychomycosis in the setting of lymphoedema is an important dif- 
ferential diagnosis. A diagnosis of YNS is difficult without the char- 
acteristic nail changes. 


Investigations 

Yellow-nail syndrome is a clinical diagnosis. There is no confirma- 
tory diagnostic test. Intranodal lymphangiography has revealed a 
slow contrast flow and narrowing of the thoracic duct, suggesting a 
pathogenic mechanism for the lymphatic phenotype in YNS [18]. 


Management 

The most effective treatments for pleural effusions appear to be pleu- 
rodesis and decortication/pleurectomy. Diuretics do not improve 
lymph drainage, nevertheless diuretics such as spironolactone may 
be necessary if oedema is widespread and severe. Vitamin E is the 
most common treatment prescribed for the nail changes, but the evi- 
dence base for this is weak. Treatment of the chronic paronychia with 
fluconazole has been claimed to be beneficial in anecdotal reports. 


Lymphoedema with systemic/visceral 7 


involvement 


This is a widespread developmental abnormality of the lymphatic 
system that leads to systemic/visceral involvement and swelling 
that may not be confined to the limbs [19]. Lymphatic dysfunction 
may present prenatally with hydrothoraces or hydrops fetalis. 
The development of in utero oedema may cause dysmorphic facial 
features such as epicanthic folds, a broad nasal bridge and neck 
webbing with low-set ears. Systemic lymphatic abnormalities may 
present with pericardial and pleural effusions, chylous ascites and 
pulmonary and intestinal lymphangiectasia in the postnatal period. 
An individual with intestinal lymphangiectasia will complain of 
abdominal pain and diarrhoea following the ingestion of foods with 
a high fat content (as the intestinal lymphatics are responsible for 
fat absorption). 

Management of systemic lymphatic impairment is not straight- 
forward, and a multidisciplinary approach is key. Management 
includes the drainage of effusions and implementation of a 
medium-chain triglyceride diet to manage intestinal lymphangiec- 
tasia and chylous disorders. 

Patients with systemic lymphatic abnormalities can be classified 
into one of two categories depending upon the clinical presentation: 
a multisegmental lymphatic dysplasia with systemic involvement 
(MLDSIJ) or a generalised lymphatic dysplasia (GLD). 


Multisegmental lymphatic dysplasia with systemic 
involvement 


Patients with MLDSI have a segmental pattern of lymphoedema. 
The swelling affects different body parts in association with a 


systemic lymphatic abnormality. For example, they may have 
Iymphoedema of one or more limbs or body sites (including 
the face) in association with previous or current systemic lym- 
phatic abnormalities (e.g. intestinal lymphangiectasia, recurrent 
chylous pleural effusions). The patient has no syndromic fea- 
tures and is of normal intelligence. The underlying mechanism is 
thought to be of somatic mosaicism, and no known causal genes 
have been identified to date. There is a low sibling and offspring 
recurrence risk. 


WILD syndrome 


This is a condition comprising clinical signs of warts, immuno- 
deficiency, ymphoedema and ano-genital dysplasia (WILD) [20]. 
Lymphoedema affects regions of the body including the facial 
and conjunctival oedema and genital lymphoedema. Systemic 
involvement (intestinal lymphangiectasia/pleural or pericardial 
effusions) occurs in two-thirds of patients. Invariably there is a 
distinctive vascular malformation on the upper anterior chest wall 
and hyperpigmented lesions resembling epidermal naevi (but 
probably lymphatic in origin) can be found. Warts are common 
and often refractory [21]. In contrast to the previous single case 
report, ano-genital dysplasia is uncommon. Low CD4 counts and 
CD4/CD8 ratios typified the syndrome but monocyte counts were 
normal, unlike in GATA2 deficiency where warts may also be a 
presenting feature. WILD syndrome is a sporadic condition, sug- 
gesting probable somatic mosaicism. The underlying genetic cause 
has yet to be identified. 


Generalised lymphatic dysplasia 


Patients have a more global pattern of lymphoedema. Swelling 
typically affects all body parts and often presents in utero with 
hydrops fetalis. Patients with GLD may have a family history 
of lymphoedema suggestive of autosomal recessive inheritance, 
inferring a higher recurrence risk than in MLDSI. 


Hennekam (lymphangiectasia-lymphoedema) syndrome. This is 
one type of autosomal recessive GLD and presents with lym- 
phoedema of the lower limbs and genitalia although it can 
involve all four limbs. There is internal involvement with intestinal 
lymphangiectasia and a varible degree of pulmonary lymphatic 
dysplasia and learning difficulties. Characteristic facies include a 
flat face, flat and broad nasal bridge and hypertelorism. Associated 
problems include hypothyroidism, glaucoma, seizures, hearing 
loss and renal abnormalities. Lymphoscintigraphy has rarely 
been undertaken in this condition, but Bellini et al. demonstrated 
abnormal drainage in all four limbs and the thoracic duct in one 
patient [22]. 

The syndrome can be caused by biallelic variants in CCBE1 
(18q21.32) or FAT4 (4q28.1) or ADAMTS3 (4q13.3): 
¢ Type 1 (mutations in CCBE1) [23]. 

e Type 2 (mutations in FAT4) [24]. 
¢ Type 3 (mutations in ADAMTS3) [25]. 

The diagnosis is based on the clinical phenotype. Intestinal 
lymphangiectasia may be suspected because of hypogammaglob- 
ulinaemia, hypoalbuminaemia and lymphopenia with a molecular 
diagnosis indicating type. 


ssociated with disturbed growth and/or cutaneous/vascular anomalies 


Hypotrichosis-lymphoedema-telangiectasia syndrome (HLTS). 
This is caused by mutations in SOX18 (ORPHA69735; MIM: 
607823). Dependent on the type of variant and which domain of the 
SOX18 gene it resides in, HLTS can be described as either an autoso- 
mal recessive or an autosomal dominant disorder. No matter what 
the gene mutation, the phenotype is similar, and patients present 
with hypotrichosis (absence of hair including scalp, eyebrows and 
eyelashes) from infancy, primary non-congenital lymphoedema 
and telangiectasia (dilatation of cutaneous blood-filled capillaries). 
Thin transparent skin with widespread mottling (cutis marmorata) 
has also been described, although the expression of the disease 
features can be variable. Looking specifically at the primary lym- 
phoedema phenotype, individuals with SOX18 mutation(s) show 
variable ages of onset. The oedema is usually confined to the lower 
limbs, but most patients also have lymphoedema of the eyelids and 
periorbitally. Hydrocele, non-immune hydrops fetalis, progressive 
dilatation of the aorta and renal disease have been reported [26]. 


Lymphatic-related hydrops fetalis 


Impaired lymphatic drainage causes lymphoedema in adults but 
in the fetus it can develop into a more severe and lethal condition 
known as hydrops fetalis. The term hyrops fetalis (HF) refers to 
excessive fluid accumulation in more than two fetal extravascular 
compartments and body cavities, and is characterised by gener- 
alised skin thickness of >5 mm, placental enlargement and oedema, 
pericardial or pleural effusion, or ascites. HF is further divided into 
immune HF related to Rhesus disease, or non-immune HF (NIHF). 
NIHF now accounts for 85-90% of all hydrops cases of which 
generalised lymphatic dysplasia is a major cause. Identified genetic 
causes of NIHF include all the Hennekam syndromes as well as 
muatations in EPHB4, PIEZO-1 and hCALCRL [27]. Asking about 
hydrops when taking a history is important for the phenotyping of 
primary lymphoedema in children and adults. 


Mosaic lymphoedema associated 
with disturbed growth and/or 
cutaneous/vascular anomalies 


Genetic mosaicism is defined by the presence of at least two geneti- 
cally distinct cell populations in the same organism. It results from 
postzygotic mutations. The clinical phenotype of mosaic disorders 
is determined by the cells affected, the timing of the mutation and 
the level of pathway activation. Generally, somatic mutations are not 
inherited. 

Lymphatic abnormalities due to somatic mutations may develop 
in association with vascular abnormalities, disorders of growth 
and cutaneous abnormalities. Identifying the type of malformation 
and thereby the vessels involved is important for diagnosis and 
management. Several overgrowth syndromes, with overlapping 
phenotypic features, can all possess somatic mutations in the 
PIK3CA gene known as PIK3CA-related overgrowth syndrome or 
PROS. The best known of these syndromes is Klippel-Trenaunay 
syndrome, but others include megalencephaly-capillary mal- 
formation (MCAP) syndrome, CLOVES (congenital lipomatous 
overgrowth, vascular malformations, epidermal naevi and scoliosis) 
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syndrome as well as fibroadipose hyperplasia (FH) and hemihy- 
perplasia multiple lipomatosis (HHML). Findings in PROS include 
adipose dysregulation, unilateral overgrowth that is predominantly 
left-sided, overgrowth that affects the lower extremities more than 
the upper extremities and progresses in a distal to proximal pat- 
tern, with often marked paucity of adipose tissue in unaffected 
areas [28]. 

An increased risk of thromboembolism has been recognised 
in individuals with mosaic overgrowth disorders, particularly 
Proteus syndrome and PROS, so surveillance for thrombosis is 
recommended in all cases [29]. 

These patients are challenging as there is considerable overlap in 
clinical findings and a clear-cut diagnosis based upon phenotype 
or genotype alone is not always possible. A molecular diagnosis 
can guide therapy. Sirolimus, an mTOR1 inhibitor, has shown 
promise in the management of vascular anomalies and now PROS 
[30]. The PIK3CA direct inhibitor, alpelisib (BYL719), was recently 
trialled with significant clinical benefit [31,32]. Miransertib, an 
AKT1 inhibitor, was found to decrease the size of the cerebriform 
connective tissue naevus and associated pain [33]. 


Conditions with gene abnormalities within 
the AKT/PIK3/mTOR pathway that are associated 
with lymphoedema 


CLOVES syndrome. The spectrum of clinical signs includes con- 
genital lipomatous overgrowth, vascular malformations, epidermal 
naevi and skeletal abnormalities. Somatic mosaicism of activating 
mutations within PIK3CA has been reported. The same gene and 
mechanism have also been implicated in several patients with 
Klippel-Trenaunay syndrome and fibroadipose hyperplasia [34]. 
Lymphatic malformations can arise as part of these conditions. 
Further molecular studies, together with careful phenotyping, will 
facilitate the understanding of this spectrum of diseases. It is likely 
that combined vascular malformations may arise as a result of 
somatic mosaicism. 


Klippel-Trenaunay syndrome. This is a sporadic congenital vas- 
cular malformation which can possess somatic PIK3CA mutations 
as well as infrequent KRAS mutations. Patients present with a 
combination of several or all of the following within a single limb: 
limb length hypertrophy of muscle, fat or bone (e.g. presenting as 
increased limb length or girth), varicose veins, vascular malfor- 
mation (e.g. capillary malformations) and lymphoedema. While 
Klippel—-Trenaunay syndrome manifests with overgrowth and vas- 
cular malformations, the overgrowth is generally unilateral and 
overlapping with the vascular malformations. The typical vascular 
malformation is a lateral venous anomaly (lateral thigh varicose 
vein), and the skeletal overgrowth lacks the distortion and progres- 
sivity seen in people with Proteus syndrome. PIK3CA mutations are 
associated with scarring [35]. 


Proteus syndrome. Proteus syndrome is characterised by severe, 
progressive overgrowth that can affect nearly any region of the body 
[36]. Common syndromic manifestations include large superficial or 
deep lipomatous overgrowths, intellectual disability, seizures and 
other neurological problems and severe skeletal deformities with 
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skull overgrowth, kyphoscoliosis, asymmetrical macrodactyly and 
valgus or varus deformities of the knees. Lymphatic and capillary 
malformations are the most common vascular changes seen in this 
syndrome. The cerebriform connective tissue naevus of the soles 
found in many patients is a specific, but not a pathognomonic, find- 
ing. A somatic variant in the AKT1 gene is the only reported cause 
of Proteus syndrome. AKT1 is a serine-threonine kinase that partic- 
ipates in the AKT/PI3K/mTOR pathway. 


Somatic RASopathies associated with lymphatic 
abnormalities 


Parkes Weber syndrome. When arteriovenous malformations coex- 
ist, Klippel-Trenaunay—Weber (or Parkes Weber) syndrome is often 
diagnosed. Capillary malformation-arteriovenous malformation is 
an autosomal dominant disorder, caused by heterozygous RASA1 
mutations, and manifesting with multifocal capillary malformations 
and a high risk for fast-flow lesions. RASA mutations are responsi- 
ble for aberrant lymphatic architecture and functional abnormalities 
in the Parkes Weber syndrome [37]. 


Mosaic RASopathies. These are developmental syndromes caused 
by germline mutations in genes that alter the RAS/MAPK path- 
way, and include neurofibromatosis type 1 and Noonan syndrome. 
Genes within this pathway that are only somatically mutated lead 
to a group of conditions which clinically overlap with PROS. These 
somatic RASopathies present mainly with vascular malformations 
but lymphatic malformations can coexist and if they interfere with 
lymph conducting pathways then lymphoedema can occur. Mul- 
tiple mosaic-activating variants in four genes of the RAS/MAPK 
pathway, KRAS, NRAS, BRAF and MAP2K1, are responsible for 
the germline RASopathies. These variants are more frequent in 
high-flow than low-flow vascular malformations. MAPK inhibitors 
provide an opportunity for treatment [38]. 


Congenital-onset primary 
lymphoedema 


Historically, all cases of congenital lymphoedema were classified 
as Milroy disease. However, several different types of congenital, 
lower limb, primary lymphoedema have been describd. 


Milroy disease. This presents with congenital lymphoedema of 
the lower legs (usually symmetrical). The onset of swelling may 
occasionally be delayed but will occur within the first year of 
life, although may be missed if mild. Lymphoedema is typically 
confined to the feet and ankles but may progress to the knees. 
Up-slanting ‘ski-jump’ toenails are present as a result of distur- 
bance of the nail bed by oedema. Prominent large-calibre veins 
are frequently present on the feet and pretibial regions. Varicose 
veins, with venous reflux in the great (long) saphenous veins, are a 
common finding in adults with Milroy disease, but do not appear 
to affect the paediatric population. A third of affected males have 
hydroceles [39]. Milroy disease can rarely present in the antenatal 
period with hydrops fetalis, but the outcome may be favourable 


(i.e. the swelling may regress and remain confined to the feet), or 
the hydrops may progress and result in intrauterine death. 

Lymphoscintigraphy in Milroy disease confirms failure of the ini- 
tial lymphatic vessels to absorb fluid. The term ‘functional aplasia 
of lymphatic vessels’ has been used to describe the characteris- 
tic lymphoscintigraphy results [40]. The initial lymphatic vessels 
(lymphatic capillaries) are present (confirmed on_ histological 
examination) but are unable to absorb interstitial fluid [41]. Abnor- 
malities within the gene that encodes vascular endothelial growth 
factor receptor type 3 (VEGFR-3) on chromosome 5q35 are causal 
of Milroy disease [42]. Mutations in the tyrosine kinase domain of 
VEGFR3 are found in 70% of patients with congenital-onset primary 
lymphoedema affecting both lower limbs. Inheritance is autosomal 
dominant but de novo cases may occur. 


Gordon syndrome. Mutations in human VEGFC have been iden- 
tified as the cause of congenital primary lymphoedema of Gordon 
(ORPHA79452) [43]. Vascular endothelial growth factor C (VEGF-C) 
is the ligand for VEGFR-3 and controls lymphatic sprouting dur- 
ing embryonic development. The lymphoedema usually is milder 
than in Milroy disease, but otherwise is very similar. In nearly all 
cases reported, swelling is confined to the lower limbs, often just 
the dorsa of the feet. One case had intermittent hand swelling. The 
Iymphoedema usually presents at birth and there are no other major 
pathological features, apart from some patients who present with 
prominent varicose veins and hydrocele as in VEGFR3 mutations of 
Milroy. Lymphoscintigraphy demonstrates poor uptake with tortu- 
ous lymphatics and rerouting. 


Milroy-like lymphoedema. Individuals with congenital lower limb 
Iymphoedema who do not have an underlying VEGFR3 or VEGFC 
mutation are classified as having Milroy-like lymphoedema. 


MCLID syndrome. Microcephaly with or without chorioretinopathy, 
lymphoedema or intellectual disability (MCLID) syndrome is auto- 
somal dominant, comprising congenital lower limb lymphoedema 
(mimicking Milroy disease) as well as microcephaly and variable 
degrees of learning difficulties that occur as a result of mutations 
in the KIF11 gene on chromosome 10q24 [44]. The presence of 
chorioretinopathy is variable but should always be excluded by 
an expert ophthalmological opinion. Lymphoscintigraphy demon- 
strates the same pattern of lymphatic functional aplasia as that seen 
in Milroy disease. The KIF11 protein product is involved in spindle 
formation during mitosis but it is not clear how KIF11 relates to 
the lymphangiogenesis pathway. MCLID should be considered in 
all patients with congenital bilateral lower limb lymphoedema and 
microcephaly. 


Late-onset primary lymphoedema 


The term late-onset lymphoedema is used to describe a pri- 
mary lymphoedema that develops after the first year of life (ie. 
non-congenital lymphoedema). This section contains a number of 
assorted conditions, some with life-threatening associated diseases 
(e.g. Emberger syndrome), but they share the common finding of 
non-congenital limb swelling. 


Lymphoedema distichiasis syndrome. This condition presents 
with pubertal onset of bilateral lower limb lymphoedema. Dis- 
tichiasis (aberrant eyelashes arising from the meibomian glands) 
is present in 95% of affected individuals and is frequently present 
at birth but rarely causes symptoms until childhood. While the 
distichiasis can be evident from birth, the lymphoedema of the 
lower limbs usually develops late in childhood or later in life and 
sometimes not until the fifth decade. Early-onset varicose veins 
(49%), ptosis (31%), cardiac defects (7%), cleft palate (4%), spinal 
cysts and structural kidney abnormalities are other associated 
complications. The majority of affected individuals have varicose 
veins [45]. Lymphoedema distichiasis syndrome occurs as a result 
of mutations in the FOXC2 gene on chromosome 16q24 and is 
inherited in an autosomal dominant manner [46]. FOXC2 encodes a 
transcription factor necessary for ensuring normal development of 
the lymphatic collecting vessels and valves. Lymphoscintigraphy of 
affected individuals demonstrates reflux of lymph within the lower 
limbs as a result of valve failure within the lymphatic vessels [47]. 
Similarly, abnormal venous valves lead to early-onset venous reflux 
in all patients with FOXC2 mutations [48]. 


Emberger syndrome. This comprises late-onset (but in childhood), 
bilateral or unilateral lower limb with or without genital lym- 
phoedema, together with myelodysplastic syndrome and/or 
acute myeloid leukaemia [49]. It may also be associated with a 
high-frequency, progressive, sensorineural deafness. Severe cuta- 
neous warts occur as a result of the associated immune dysfunction. 
Myelodysplasia may develop at any stage and will progress to 
acute myeloid leukaemia with a high mortality [50]. Lymphoedema 
often precedes the haematological abnormalities; it is recom- 
mended considering this syndrome when evaluating a patient 
with lymphoedema or extensive warts. Initially, the haematological 
abnormalities present as monocytopenia usually during the sec- 
ond decade and can develop into pancytopenia, myelodysplasia 
or acute myeloid leukaemia with high mortality. Therefore, this 
is a life-threatening condition that demands close monitoring. A 
high incidence of monosomy 7 or trisomy 8 in the bone marrow is 
frequently reported. Other features reported include mild hyper- 
telorism, epicanthic folds and slender fingers. Mutations in the 
GATA2 gene on chromosome 3q21 are causal and are inherited in 
an autosomal dominant manner [51]. GATA2 is expressed in lym- 
phatic, vascular and endocardial endothelial cells. Mouse studies 
suggest the lymphoedema occurs as a result of abnormal lymphatic 
valve development [52]. GATA2 is also involved in the regulation 
of haematopoiesis, hence the association of lymphoedema with 
myelodysplasia in this rare, yet life-threatening, condition. 


Meige disease. Meige disease is the most prevalent subtype of 
primary lymphoedema but as yet no causal gene has been identi- 
fied [1]. It typically presents in females with bilateral lower limb 
lymphoedema that rarely extends above the knee. The onset of 
symptoms is in adolescence or adulthood. Family history is consis- 
tent with an autosomal dominant pattern of inheritance; there are 
no other associated features [53]. Lymphoscintigraphy frequently 
demonstrates abnormal, deep rerouting of lower limb lymph 
drainage as evidenced by an increased uptake of tracer within the 
popliteal lymph nodes and impaired main superficial lymphatic 
tract filling. 


Late-onset four-limb lymphoedema. An autosomal dominant pat- 
tern of late-onset lymphoedema affecting either the lower limbs, or 
all four limbs, occurs as a result of mutations in the GJC2 gene [54]. 
Apart from lower limb varicose veins, no other associated conditions 
have been reported. Lymphoscintigraphy demonstrates lymphatic 
tracts that appear normal but with significantly reduced quantifi- 
cation uptake of tracer, reflecting reduced absorption from tissues 
by peripheral lymphatics in all four limbs. The functional role of 
GJC2 within the lymphatic system is unclear as it encodes for the 
connexin 47 protein located on chromosome 1q42 and is not known 
to be involved in the lymphangiogenesis pathway. 


LYMPHATIC MALFORMATIONS 


Definition and nomenclature 

Vascular tumours are endothelial neoplasms characterised by 
increased cellular proliferation. Haemangioma is the most com- 
mon and is almost exclusive to infants. Vascular malformations, 
including lymphatic malformations, on the other hand, are the 
result of abnormal development, and in particular overgrowth, of 
vascular elements during embryogenesis and fetal life. These may 
be single-vessel forms (capillary, arterial, lymphatic or venous) or 
a combination [1]. Once established, vascular malformations do 
not continue to express increased endothelial turnover. The same 
principles apply to lymphangioma which is proliferative and to 
lymphatic malformations which are non-proliferative and increase 
in size mainly from distension [2]. 


Synonyms and inclusions 
 Lymphangioma circumscriptum 
Cavernous lymphangioma 
Microcystic lymphatic malformation 
Macrocystic lymphatic malformation 
Cystic hygroma 
Lymphangiodysplasia 
Mixed vascular anomaly 


eeee ee 


Lymphangioma circumscriptum 


Introduction and general description 
The term lymphangioma circumscriptum is in common usage 
to describe a lymphatic malformation. Strictly, a lymphangioma 
should be a ‘growing lymphatic tumour’ involving proliferating 
lymphatic endothelium. A lymphatic malformation (LM) once 
formed from an abnormal development of lymphatic vessels grows 
only by expansion/distension, not proliferation, and therefore 
lymphangioma is an inappropriate term for a malformation. 
Localised congenital LMs can be divided into macrocystic (or 
deep) and microcystic (or superficial) lesions. LMs can have both 
microcystic and macrocystic components. Deeper, larger and 
cavernous LMs are macrocystic LMs [2]. Lymphangioma circum- 
scriptum is a term best reserved for a LM that is localised to an area 
of skin, subcutaneous tissue and sometimes muscle [3]. 


7 Lymphangioma circumscriptum 103.25 
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LMs with few but large macrocystic swellings containing clear 
lymph are called cystic hygromas (hygroma = moist or watery 
tumour). The term cystic hygroma is usually reserved for those 
congenital LMs that present at birth or are diagnosed by prenatal 
ultrasound. Most occur in the neck, but they frequently extend into 
the upper mediastinum. In the neck they presumably arise from an 
embryonic jugular lymph sac. Individuals with Turner syndrome 
are particularly prone to both hydrops and cystic hygroma. Excep- 
tionally, a cystic hygroma occurs in the groin, presumably from an 
embryonic iliac lymph sac. Fetal cystic hygroma can give rise to 
severe abnormalities, leading to fetal death. 


Epidemiology 

Lymphatic malformations account for 4% of all vascular malforma- 
tions but comprise 25% of benign vascular growths in children [4]. 
Approximately 75% present at birth, while the remainder present by 
2 years of age. 


Pathophysiology 

An LM is characterised by the size of the malformed channels: 
microcystic, macrocystic (often known as cystic hygroma if in the 
neck) or combined (microcystic/macrocystic). The contraction of 
thickened muscular linings may increase intramural pressure and 
cause cystic dilatation [5]. On light microscopy of biopsies, there are 
marked expanded channels in the dermis, which can extend into 
the subcutaneous and other deeper tissues. The channels are lined 
with flattened cells, which express CD31 and D2-40. 

LMs can be isolated lesions disconnected from nearby normal 
lymphatic vessels (atruncular) or they can be connected (truncular) 
in which case lymphoedema will feature. In an LM, lymph fluid 
is trapped within the ectatic malformed lymph vessels, whereas in 
lymphoedema the lymph fluid is within the interstitial space of the 
tissues. 

These malformations can be part of a syndrome such as Turner 
syndrome (due to monosomy X) or overgrowth syndromes, such 
as Proteus syndrome, Klippel—Trenaunay syndrome (capillary lym- 
phaticovenous malformation) and CLOVES syndrome due to muta- 
tions in the AKT/PIK3 pathway [1]. 


Genetics 
The lack of familial forms and the unifocality of the lesions suggest 
that the cause could be a postzygotic somatic mutation restricted to 
cells of the lesion. Such a mutation would be lethal if in the germline. 
Somatic activating mutations in the PIK3CA gene cause the majority 
of LMs. Both macrocystic and microcystic LM can be driven by an 
activating PIK3CA™”® mutation, with the developmental timing 
of activation of the p110a PI3K signalling in lymphatic endothelia 
determining the LM subtype. The growth of PIK3CA#!#78_driven 
microcystic LM in mice is dependent on the upstream lymphan- 
giogenic VEGF-C/VEGFR-3 signalling. Combined inhibition of 
VEGF-C signalling and the PI3K downstream target mTOR using 
rapamycin, but neither treatment alone, promotes the regression of 
experimental LM in mice [6]. 

A recurrent somatic activating mutation has been discovered in 
the AKT1 pathway in patients with Proteus syndrome which can 
also cause malformations [7]. 


Figure 103.16 A lymphatic malformation otherwise called a lymphangioma 
circumscriptum showing fluid-filled vesicles resembling frogspawn. At times the vesicles 
can contain blood, weep clear fluid (lymphorrhoea) or become warty. 


Clinical features 

Lymphatic malformations (lymphangioma circumscriptum) man- 
ifest at birth or during infancy either as a localised subcutaneous 
swelling or as ‘frogspawn’ (groups of watery or haemorrhagic 
vesicles or lymph blisters) on the skin. Lymphangioma circum- 
scriptum may present at any age but is usually noted at birth or 
appears during childhood. The commonest sites are the axillary 
folds, shoulders, flanks, proximal parts of the limbs and perineum. 
Clinically, the condition manifests with fluid-filled vesicles (‘lymph 
blisters’), which bulge on the skin surface (Figure 103.16). They 
may be translucent when the overlying epidermis is very thin, or 
they may vary in colour from red to blue-black when they contain 
blood, which is a frequent occurrence. With time the surface of the 
lymphangiomas may appear extremely warty and the lesions may 
be mistaken for viral warts. The anatomical location of an LM is 
most frequently the head and neck (48%). LMs appear to involve 
the left side of the body more frequently. 

LMs grow proportionally with the affected child. Some show 
marked progression especially during puberty and may not be 
noticeable until this time. Lymphatic malformations may occur at 
any site, although they often appear in the mouth, on the neck or jaw 
or around the axilla or groin. The most common symptom is recur- 
rent oozing, usually of clear fluid (lymph), known as lymphorrhoea. 
If the malformation is disconnected from normally draining lym- 
phatic pathways/trunks there will be no lymphoedema (atruncular) 
(Figure 103.17). If connections exist, then limb lymph drainage will 
be adversely affected and lymphoedema will be observed and may 
be the presenting feature (truncular) (Figure 103.18). Infection (e.g. 
cellulitis) can be a presenting feature because of the dysfunctional 
immune cell trafficking associated with an LM. 

LMs of the neck region often lead to obstruction of the upper 
airways. The volume of the malformation increases with infection 
or trauma. Intracystic haemorrhage is also common. Frequent dis- 
charge of lymph fluid (lymphorrhoea), ulceration and infection are 
the most frequent complications. Pain can be a problem but it is diffi- 
cult to know if the cause is infection, lymph thrombosis or lymphatic 
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Lymphangioma circumscriptum 


Figure 103.17 Atruncular lymphatic malformation without lymphoedema. 


vessel distension from intralymphatic pressure. Squamous cell car- 
cinoma is described arising within a lymphangioma. Prognosis 
is usually excellent, providing there is no lymphangiomatosis. 
Infection can rarely be severe and life threatening. 


Figure 103.18 Truncular lymphatic malformation with 
blood-filled cutaneous lymphangiectasia and 
lymphoedema. 


Extensive LMs can have a blood vascular component. Consump- 
tion coagulopathy and in particular low platelets can complicate 
them. This may be because the correct separation of the lymphatic 
and blood vasculatures during embryonic development is depen- 
dent on CLEC-2-mediated platelet activation [8]. 


Differential diagnosis 

Vascular birthmarks in the skin that look like blood capillary mal- 
formations may be mistaken for lymphatic capillary dermal mal- 
formations. Biopsy and staining with D2-40 may be necessary to 
make the distinction although the dermal vessels may be sufficiently 
undifferentiated to express both blood capillary and lymphatic phe- 
notypes [9]. An LM can be mistaken for other vascular malforma- 
tions, hamartomas or tumours. The surface lymph vesicles can be 
confused with human papillomavirus warts. 


Investigations 

Biopsy will reveal angulated channels, which stain for CD31 and 
D2-40. Ultrasound should demonstrate fluid-filled channels, which 
on duplex will be slow flow, making a distinction from a slow-flow 
venous malformation difficult. MRI can demonstrate the extent of 
the LM — that is, extension into muscle or bone. Overgrowth of tis- 
sue elements (fat, muscle or bone) may also be seen, as may any 
lymphoedema component. Lymphoscintigraphy should be normal 
in an atruncular lymphatic malformation but abnormal in a truncu- 
lar lymphatic malformation. 


Management 

The majority of LMs are best managed conservatively [10]. Scle- 
rotherapy is the mainstay of treatment of macrocystic LMs, but 
the response using traditional sclerosants is much less beneficial 
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in microcystic lesions. Sclerotherapy of microcystic LMs using 
bleomycin is effective and safe, giving a complete response in 38% 
and a partial response in 58% (n = 31) in one series [10]. 

Itis generally not possible to excise an LM because of its extent and 
ill-defined infiltration of surrounding tissues. Indeed, attempted 
excision may result in further growth of the remaining malfor- 
mation. Debulking procedures may be necessary for very large 
malformations causing complications such as the obstruction of 
vital organs and their functions. 

Surface vesicles that weep or bleed should be destroyed by 
diathermy or laser. Since the vesicles have a tendency to reform, 
such procedures can be repeated as often as necessary. 

Infection should be treated promptly with antibiotics, as in lym- 
phoedema. If recurrent attacks of infection occur then prophylactic 
antibiotics should be considered. 

For truncular lymphatic malformations with lymphoedema, com- 
pression garments are recommended. In atruncular lymphatic mal- 
formations compression may prove fruitless, as the lymph fluid is 
trapped within the closed vessel system of the malformation. 

Sildenafil can reduce LM volume and symptoms in some 
children [11]. 

A clearer understanding of the genetic underpinnings of 
LMs and mixed vascular anomalies has enabled the identifica- 
tion of therapeutic drug targets. The identified importance of 
PI3K/AKT/MAPK signalling led to treatment with sirolimus and 
then alpelisib (BYL719) with ARQ092 for AKT inhibition becoming 
available for PROS and Proteus syndrome [12]. 


Lymphangiomatosis, 
lymphangioleiomyomatosis and 
non-malignant lymphatic tumours 


Definition and nomenclature 

Lymphangiomatosis is a disorder of proliferative lymphatic vascu- 
lature. It is characterised by the progressive involvement of various 
body tissues and can involve the skeletal system, connective tissues 
and visceral organs. The process may vary from progressive over- 
growth of an LM to a lymphatic tumour. A fundamental require- 
ment is cellular proliferation of lymphatic endothelial cells. 


Synonyms and inclusions 

e Lymphangioma 

© Kaposiform lymphangiomatosis 

e Acquired progressive lymphangioma 
© Benign lymphangioendothelioma 

e Atypical vascular lesions 

© Gorham-Stout disease 

© Generalised lymphatic anomaly 


Introduction and general description 

There is no clear distinction between LMs, lymphangiomatosis 
and some non-malignant lymphatic tumours. Lymphangiomatosis 
implies there is progression through proliferation of aberrant lymph 
vessels, whereas in an LM there should be no progression other 


than expansion though distension from intralymphatic pressure. 
Most LMs are stable and run a completely benign course. Con- 
versely, some visceral thoracic and abdominal LMs can relentlessly 
progress, infiltrating vital organs with fatal outcome and making 
distinction from lymphangiomatosis and frank neoplasia difficult. 

The identification of causal somatic mutations is helping to 
explain these findings. Mutations in PIK3CA and the somatic 
RASopathies have been described as causing LMs [13]. It would 
appear the same mutation (e.g. PIK3CA) can produce different 
phenotypes ranging from a limited benign lesion as in a simple 
lymphangioma circumscriptum to a progressive, infiltrating, mul- 
tifocal disease such as lymphangiomatosis (generalised lymphatic 
anomaly). The process may vary from progressive overgrowth 
of an LM to a lymphatic tumour. The phenotype depends on the 
mutation, the cells affected and at what time in development the 
mutation has greatest effect. 

Some non-malignant vascular tumours may exhibit a lymphan- 
gioma-like appearance with positive staining for lymphatic mark- 
ers (e.g. tufted angioma, kaposiform haemangioendothelioma, 
multifocal lymphangioendotheliomatosis with thrombocytopenia, 
papillary intralymphatic angioendothelioma, retiform haemangio- 
endothelioma and adult-type haemangioendotheliomas). However, 
it can be difficult to know if these are primarily lymphatic tumours. 
They can demonstrate locally aggressive behaviour and can be 
associated with life-threatening systemic complications such as 
Kasabach—Merritt syndrome. 

Chylous reflux may complicate visceral lymphangiomatosis. Dis- 
seminated intravascular coagulation can occur and may give rise to 
thrombosis and haemorrhage [14]. 


Gorham-Stout disease (GSD). Gorham-Stout disease or disappear- 
ing/vanishing bone disease is characterised by massive osteolysis 
resulting from bone-replacing abnormal lymphatic capillary pro- 
liferation early in the disease or fibrous hyperplasia in the later 
stage. Lymphatic vessels are not present in normal bones, but they 
are present in the bones of patients with GSD and generalised 
lymphatic anomaly. 

The major distinguishing characteristic is the progressive osteol- 
ysis seen in this disease. All bones could be affected, but the most 
common areas are the skull, shoulder girdle, pelvis and extremities. 
The osteolytic lesions in GSD are related to the local lymphatic ves- 
sel proliferation whereas no such vessels would usually be found in 
normal bones. ??™Tc-antimony sulfide colloid lymphoscintigraphy 
and single photon-emission computed tomography (SPECT)/CT 
can detect GSD and other rare lymphatic disorders [15]. Treatment 
with a combination of drugs has been used such as bisphosphonates 
with sirolimus with or without surgery [16]. 


Generalised lymphatic anomaly (GLA). GLA, formerly known as 
lymphangiomatosis, is a sporadic disorder characterised by diffuse 
or multifocal LMs which are progressive and involve multiple tissue 
sites including bone. GLA frequently displays lymphatic abnormal- 
ities in the skin, soft tissues and abdominal and thoracic viscera as 
well as pericardial, pleural or peritoneal effusions, which can have 
lethal consequences. GLA can involve bone and is associated with 
the loss of medullary bone, pain and impaired mobility [17]. GSD 
typically presents with cortical and progressive osteolysis with 


Lymphoedema as a result of amniotic band constriction 


adjacent soft tissue changes, and mainly axial skeletal involvement. 
GLA involves multiple bone and soft tissue sites and does not 
involve cortical bone; it typically presents at birth or in children and 
young adults. GLA can be caused by somatic activating mutations 
in PIK3CA. Mice that express an active form of PIK3CA in their 
lymphatic endothelial cells develop hyperplastic lymphatics and 
lymphatics in bone [18]. A mutation in NRAS was recently found in 
a patient diagnosed with GLA [19]. Rapamycin has been shown to 
reduce pain in patients with GLA [16]. 


Benign lymphangioendothelioma. Acquired progressive lym- 
phangioma (benign lymphangioendothelioma) is a benign tumour 
that differs from simple ‘acquired lymphangioma’ or simple cuta- 
neous lymphangiectasia by its clinical behaviour and histopathol- 
ogy [20]. It presents as reddish or bruise-like plaques, which are 
usually located on the abdominal wall, thigh or calf. Typically, the 
condition affects young adolescents but may also arise in adults. 
It is usually localised, flat and grows slowly. Acquired progressive 
lymphangioma is considered to originate from lymphatic endothe- 
lium. The histopathological appearance can mimic a low-grade 
sarcoma or Kaposi sarcoma. Anastomosing dilated channels, with 
a tendency to dissect the collagen bundles, are lined by swollen 
endothelial cells but without cellular atypia. It usually runs a 
long and benign course. D2-40 and Proxl immunostains are 
positive [21]. 


Maffucci syndrome. This consists of diffuse haemolymphan- 
giomatosis accompanied by severe, widespread deformities of 
bone and cartilage, notably enchondromas of the digits [22]. The 
lymphangiomas do not appear, on lymphography, to communicate 
with the main lymphatic pathways and often possess both blood 
vascular and lymphatic elements. Bony deformity may be gross; 
slowly uniting pathological fractures are common. The disease has 
high malignant potential including the development of lymphan- 
giosarcoma [23]. Somatic mutations have been described [24]. 


Kaposiform lymphangiomatosis (KLA). Kaposiform lymphan- 
giomatosis is a rare lymphatic anomaly affecting the lungs and 
mediastinum mainly in children, with a high mortality rate. Skin 
involvement resembles diffuse Kaposi sarcoma and can lead to lym- 
phoedemaa. It is distinguished from GLA and diffuse pulmonary 
lymphangiomatosis in part by characteristic haematological abnor- 
malities and haemorrhagic complications, including haemoptysis. 
Characteristic clusters or sheets of spindled lymphatic endothe- 
lial cells (human herpesvirus 8 negative) accompany malformed 
lymphatic channels histologically (Figure 103.19). Mutations in the 
RAS pathway, including NRAS and CBL, have been described with 
successful treatment with RAS pathway inhibition [25]. 


Lymphangioleiomyomatosis (LAM). Lymphangioleiomyomatosis 
is a slowly progressive, low-grade, metastasising neoplasm, associ- 
ated with cellular invasion and cystic destruction of the pulmonary 
parenchyma. LAM is almost exclusively seen in women, especially 
during child-bearing age. LAM cells harbour mutations in the 
tuberous sclerosis genes. Lymphatic manifestations of LAM include 
thoracic duct wall invasion, lymphangioleiomyoma formation, 
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Figure 103.19 Kaposiform lymphangiomatosis showing a Kaposi sarcoma-like rash 
with localised lymphoedema of the breast and chest wall associated with haemoptysis. 


chylous fluid collections in the peritoneal, pleural and pericardial 
spaces, chyloptysis, chyle leak from the vagina or umbilicus, chy- 
lous pulmonary congestion and lower extremity lymphoedema. 
Skin and kidney involvement is frequently found in tuberous 
sclerosis-LAM. Dermatological manifestations in tuberose sclerosis 
include angiofibromas, hypomelanotic macules, shagreen patch 
and ungal fibromas. Serum VEGF-D estimation and high-resolution 
CT can be helpful in diagnosis. mTOR inhibitors (e.g. sirolimus) are 
effective treatment [26]. The major histamine-derived metabolite 
methylimidazoleacetic acid (MIAA) is relatively more abundant 
in LAM plasma, and MIAA values are independent of VEGF-D. 
LAM tumorigenesis is reduced using approved drugs targeting 
monoamine oxidases A/B (clorgyline and rasagiline) or his- 
tamine H1 receptor (loratadine), and loratadine synergises with 
rapamycin [27]. 


Lymphoedema as a result of amniotic 
band constriction 


Definition and nomenclature 

Lymphoedema of a limb may be due to in utero circumferential 
entrapment of fetal parts by fibrous amniotic bands. These cause 
constriction and fibrosis, with subsequent impairment of regional 
lymphatic drainage, resulting in lymphoedema. Early surgical 
release may prove beneficial, but affected individuals typically 
suffer lifelong problems with lymphoedema. 


Synonyms and inclusions 

“Amniotic band syndrome 

» Amniotic band sequence 

Amniotic deformity, adhesion and mutilation complex 
e Pseudoainhum 


Epidemiology 
Incidence is less than 1 in 1 000 000. 
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Pathophysiology 

It is a sporadic condition, with rare exceptions: a few affected 
families have been described. A study conducted by the National 
Center on Birth Defects and Developmental Disabilities (Atlanta, 
USA) observed that maternal cigarette smoking and aspirin use 
increased the risk of limb reduction deficiencies accompanied by 
amniotic bands [28]. 

Two theories for development have been suggested. Firstly, the 
amniotic band theory where bands occur due to a partial rupture of 
the amniotic sac. Fibrous bands of the ruptured amnion float within 
the amniotic fluid and encircle and constrict parts of the fetus. Sub- 
sequently, the fetus grows but the bands do not enlarge, causing con- 
striction of the affected limb or digit. Constriction compromises the 
vascular supply, causing congenital abnormalities. Complete ‘natu- 
ral’ amputation of an affected digit or limb may occur prior to birth. 
Secondly, the vascular disruption theory where an ‘intrinsic’ defect 
of the vascular circulation must be present, because the constrict- 
ing mechanism of the amniotic band theory cannot fully explain the 
high incidence of cleft defects. 


Clinical features 
Amniotic bands rarely present on routine prenatal ultrasound imag- 
ing. Isolated amniotic bands are more likely to be detected at birth. 
Amniotic bands may affect digits or limbs. There is considerable 
variation in clinical presentation, depending upon the site of the 
amniotic band(s). Limb deformity and/or necrosis may be present. 
Lymphoedema may develop in the antenatal period. The swelling 
will develop distal to the site of an amniotic band, enhancing the 
appearance of the narrow linear band around the affected limb 
(Figure 103.20). Milder cases (e.g. amniotic bands that are not fully 
circumferential) may not develop lymphoedema until later life, if 
at all. Aside from circumferential limb constrictions, pseudosyn- 
dactyly, intrauterine amputation and umbilical cord constrictions 
have been reported. The reduction in amniotic fluid and/or limb 
tethering by amniotic bands may result in reduced fetal movements, 
scoliosis, limb deformity, lung hypoplasia and hydrops. There is a 
strong association between amniotic bands and clubfoot (talipes). 
Other associated abnormalities include clubhand, haemangioma, 


Figure 103.20 Amniotic bands and lymphoedema. 


cleft lip and/or cleft palate. Affected individuals have an increased 
risk of infection (e.g. cellulitis) within the swollen limb due to 
impaired lymphatic drainage and subsequent reduced immune 
surveillance. 


Differential diagnosis 

The differentiation of amniotic bands from Adams-Oliver syn- 
drome is usually straightforward. The latter condition is an 
autosomal dominant disorder characterised by transverse limb 
reduction defects, cutis marmorata and aplasia cutis congenita over 
the posterior parietal region with an underlying bone defect. 


Investigations 

Prenatal ultrasound scans may detect swelling of digits or limbs dis- 
tal to the amniotic band constriction, but the band itself cannot be 
visualised. Three-dimensional ultrasound and MRI may be used for 
more detailed imaging when the index of suspicion is high. 


Management 

If amniotic bands occur with limb deformities, with or without 
necrosis, all attempts are made to salvage a necrotic limb, but 
amputation may be necessary. Treatment typically occurs after 
birth, but with the advancement of prenatal radiodiagnosis, fetal 
surgery in utero has been attempted. Children with circumferen- 
tial or near-circumferential amniotic bands may undergo surgical 
release with a Z-plasty procedure. The aim of surgery is to release 
the fibrous tissue, thereby relieving constriction of both the vascular 
supply and draining lymphatic vessels of the limb. Surgery cannot 
completely reverse the constriction, so the child is often left with a 
degree of impaired lymphatic drainage within the affected limb. The 
child will benefit from the input of an experienced lymphoedema 
therapist to improve lymph drainage. Provision of made-to-measure 
compression hosiery can improve lymphatic drainage if worn on 
a daily basis. Fetoscopic release of the amniotic bands in the 
case of amniotic band syndrome is feasible with encouraging 
results [29]. 


LYMPHANGIECTASIA AND CHYLOUS DISEASE 


Definition and nomenclature 

Lymphangiectasia (or lymphangiectasis) means distension, expan- 
sion or dilatation of a lymph vessel. It is equivalent to telangiectasia 
of a blood vessel except lymphangiectasia can involve any size 
of lymphatic vessel whereas telangiectasia usually applies to skin 
capillaries. It could arise from dilatation of an otherwise normal 
lymphatic vessel due to raised intralymphatic pressure or it could 
arise from a structurally abnormal lymphatic vessel due to a fault 
in development. 

Lymphangiectasia can affect any lymph vessel in any tissue 
(e.g. pulmonary lymphangiectasia, intestinal lymphangiectasia). 
Intestinal lymphangiectasia can be associated with a protein-losing 
enteropathy and cause peripheral oedema. Chylous disease can 
be due to lymphangiectasia and manifests with reflux of lymph 
draining from the gut. Because gut lymph is rich in fat it appears 
milky white (chyle) and can reflux into cutaneous lymphangiectasia 
in the genitalia and lower limbs. 


Synonyms and inclusions 

e Lymphangiectasis 

¢ Acquired lymphangioma 

¢ Secondary lymphangioma 

¢ Benign lymphangiomatous papules 
© Cutaneous lymphangiectasia 

¢ Intestinal lymphangiectasia 

© Chylous reflux 


Cutaneous lymphangiectasia 


Introduction and general description 

Cutaneous lymphangiectasia represents distended, but otherwise 
normal, dermal lymphatics engorged with lymph due to a failure of 
downstream drainage. The surface ‘lymph blisters’ or vesicles seen 
in cutaneous lymphangiectasia are not necessarily structurally or 
histologically different from those seen in an LM or lymphangioma. 
Acquired or secondary lymphangioma is an alternative term, 
but is confusing as there is neither a tumour nor a proliferative 
component. 


Pathophysiology 

Cutaneous lymphangiectasia arises following damage to previ- 
ously normal, deep lymphatic vessels. The mechanism by which 
they form is identical to congenitally determined LMs [1]. Obstruc- 
tion to drainage leads to back pressure and dermal backflow of 
lymph, with subsequent congestion and expansion of the upper 
dermal lymphatics. Lymphangiectases are neither true neoplasms 
nor hamartomas but represent simple expansion and engorgement 
(lymphangiectasia) of normal dermal initial lymphatic vessels due 
to raised intralymphatic pressure. 

Histologically, the dermis exhibits expanded, angular, lymphatic 
vessels, which are CD31 and D2-40 positive. Endothelial cell atypia 
is usually absent. 

Lower limb lesions usually arise in association with lym- 
phoedema following either ilio-inguinal block dissection or pelvic 
surgery and radiotherapy for cancer, or when cancer relapses. Lym- 
phangiectasias/acquired lymphangiomas have been described in 
association with scarring processes, including recurrent or chronic 
infections (such as the scrofuloderma variant of tuberculosis), 
hidradenitis suppurativa and genital involvement with Crohn 
disease or ano-genital granulomatosis (Table 103.6) [2]. They may 
also occur because of defective collagen or elastin, as documented 
in a report of penicillamine dermopathy. 


Clinical features 

For cutaneous lymphangiectasia, weeping and discharge of clear 
lymph or chyle is the commonest sign. Confusingly, the discharge 
may be blood-stained as blood readily enters lymph. The clinical 
appearance of cutaneous lymphangiectases/acquired lymphan- 
giomas may vary greatly, ranging from clear, fluid-filled blisters to 
smooth, flesh-coloured papules or nodules. Typically, lymphang- 
iectasia can be seen as translucent, almost flat, papules or vesicles 
in the skin, which may ooze lymph spontaneously or after trauma. 
Blood content may make them look black and like angiokeratomas. 


Table 103.6 Causes of cutaneous lymphangiectasia. 


Acquired causes 


Congenital causes (acquired lymphangioma) 


Lymphatic malformation Post surgery 
(lymphangioma circumscriptum) Radiotherapy 
Chylous reflux (intestinal Scarring: 


Accidental trauma 
Inflammatory: 
Filariasis 
Crohn/ano-genital granulomatosis 
Hidradenitis suppurativa 
Tuberculosis adenitis/scrofuloderma 
Chylous reflux, e.g. post radiation 


lymphangiectasia) 
Noonan syndrome 
Lymphoedema distichiasis 


Figure 103.21 Vulval lymphangiectasia showing acquired lymphangiomas 
(lymphangiectasias) following cervical cancer treatment. The lymphangiomas were 
mistaken for genital warts. 


Genital lesions may become hyperkeratotic on the surface and be 
mistaken for warts. Lesions may be solitary but scattered through- 
out a lymphoedematous limb, or they may be grouped, as seen 
in ‘Iymphangioma circumscriptum’. When involving the external 
genitalia, the scrotum or vulva is studded with multiple clusters of 
tiny, translucent vesicles (Figure 103.21). 

The differential diagnosis includes human papillomavirus warts 
and molluscum contagiosum. Recognition and appropriate treat- 
ment of cutaneous lymphangiectasia are important because the 
lesions may act as portals of entry for infection. In addition, per- 
sistent leakage of lymphatic fluid may be mistaken for urinary 
incontinence in the case of vulval lymphangiectasia. In chylous 
reflux the lymph blisters /vesicles are white or cream coloured due 
to the milky chyle contained within. 


Investigations 
Skin biopsy with D2-40 stain is the definitive investigation. 


Management 

Treatment of cutaneous lymphangiectasia/acquired lymphan- 
giomas is essentially the reduction of any underlying lymphoedema 
through compression plus the control of infection. Compression 
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may be relatively straightforward on the leg but is not so straight- 
forward on the genitalia. Destruction of the ‘lymph blisters’ by laser 
or diathermy is helpful as palliative treatment [3]; recurrence is 
common. 


Intestinal lymphangiectasia 


Intestinal lymphangiectasia is an uncommon disorder and an 
important cause of protein-losing enteropathy [4]. It is relevant to 
dermatologists because it may manifest with peripheral oedema, 
cutaneous lymphangiectasia or chylous reflux (with milky lymph 
blisters appearing in the skin). 

The major symptoms are peripheral oedema, and abdominal pain 
and diarrhoea following dietary fat challenge. Hypoproteinaemia 
and low serum albumin and immunoglobulin levels are found on 
investigation. A raised faecal alpha-1-antitrypsin enzyme supports 
the diagnosis. Biopsies of the small intestine show variable degrees 
of dilatation of lymph vessels in the mucosa and submucosa. 
Capsule endoscopy is the investigation of choice but has a high 
false negative rate [5]. Primary intestinal lymphangiectasia can be 
associated with the Turner, Noonan and Hennekam syndromes. In 
secondary intestinal lymphangiectasia, the dilatation of the lym- 
phatics is caused by obstruction of the vessels or an elevated lymph 
pressure. Obstruction can be seen in patients with inflammatory 
bowel disease, sarcoidosis or lymphoma or in patients who have 
had pelvic radiotherapy. Secondary intestinal lymphangiectasia 
is observed in children with congenital heart disease who have 
undergone a Fontan operation [6]. 

Dietary avidance of fat with replacement by medium-chain 
triglycerides is recommended as these are absorbed and directed to 
the portal venous system rather than to the intestinal lacteals [7]. 
Diffuse intestinal lymphangiectasia and extensive lymphangiectasia 
require treatment with drugs (octreotide, sirolimus or everolimus) 
based on a comprehensive understanding of their mechanisms. 
Propranolol and tranexamic acid may be used in special conditions 
of primary intestinal lymphangiectasia [8]. 


Chylous disease a 


Fat is normally absorbed through the gut lymphatic vessels (lacteals) 
and drained through the cisterna chyli to the thoracic duct. Distur- 
bances to this drainage route either within the gut wall (intestinal 
lymphangiectasia) or mesenteric lymphatics will result in a redis- 
tribution of chyle to other sites such as the pleural or pericardial 
cavities (chylous pleural or pericardial effusions) or peritoneal 
cavity (chylous ascites). An incompetence of valves within the 
main abdominal lymphatic trunks results in gross reflux of chyle 
to the lower limbs, perineum and genitalia [9]. The reverse flow 
to skin or ‘dermal backflow’ will result in chylous cutaneous lym- 
phangiectasia. Chylous ‘blisters’ may occur on the toes. Chylous 
reflux can occur through a fault of lymphatic development such 
as in Noonan syndrome or be acquired from damage to lymph 
drainage routes through accidental or surgical trauma, filariasis or 
malignancy. 


Figure 103.22 Benign lymphangiomatous papules (atypical vascular lesions) post 
radiotherapy. 


Central conducting lymphatic anomaly (CCLA) is characterised 
by dilated lymphatic channels, lymphatic channel dysmotility and 
distal obstruction affecting internal lymphatic drainage and is clas- 
sified as a channel-type LM [10]. EPHB4 mutations cause CCLA and 
this suggests that extracellular signal-regulated kinase inhibitors 
may have therapeutic benefits in patients with complex lymphatic 
anomalies [11]. 


Atypical vascular lesions/ben 
lymphangiomatous papules 


Cutaneous vascular proliferations occurring in the field of prior 
radiotherapy include angiosarcoma and small, cutaneous lesions 
with a pseudosarcomatous pattern that are reported as atyp- 
ical vascular lesions or benign lymphangiomatous papules 
(Figure 103.22) [12]. Microscopically, the lesions are located mostly 
in the superficial/mid-dermis and are composed of expanded, 
irregularly jagged, vascular channels lined by a single layer of 
bland endothelial cells which are invariably D2-40 positive. Lesions 
can show additional cytological and/or architectural atypia but the 
prognosis is excellent [13]. 


Lymphocele, seroma and ly! 
fistula 


Introduction and general description 

Lymphoceles (lymphocysts) occur when afferent lymph vessels are 
disrupted, and lymph fluid accumulates in a potential space with- 
out a distinct endothelial lining. When copious lymph fluid drains 
externally it is referred to as a lymph fistula. A seroma is a pocket 
of clear serous fluid that also collects in a tissue space usually after 
surgery. Seromas may be difficult to distinguish from lymphoceles. 


Lymphocele. Lymphoceles usually occur following surgery or acci- 
dental injury with disruption to lymphatic drainage channels. The 
wall of lymphoceles is ‘false’, in that no endothelial (or epithelial) 
lining exists and instead a dense network of fibrin with lympho- 
cytes is present. Dermatologists might come across groin or axil- 
lary lymphoceles as they are superficial and frequently associated 
with infection and wound complications. In cases of groin lympho- 
celes, treatment options include observation, serial aspiration and 
compression, instillation of sclerosing agents, radiotherapy, nega- 
tive pressure wound therapy and operative resection of the cavity 
with or without muscle flap coverage. 

Lymphoceles following varicose vein surgery or vein harvesting 
have become much less common with changes in vascular surgi- 
cal practice. With increasing levels of plastic surgery, particularly 
abdominoplasties and thigh lifts, lymphatic complications are likely 
to become more common. 


Seroma. This is a localised swelling containing clear serous fluid 
which is indistinguishable from lymph. It may develop after lym- 
phadenectomy where the fluid, referred to as a seroma, fills a tis- 
sue space [14]. Repeat aspiration is often necessary until collateral 
lymph drainage forms. A seroma, particularly if infected, may her- 
ald the onset of lymphoedema if alternative drainage routes are not 
established. 


Lymph fistula. A lymph fistula occurs where a lymphatic vessel 
connects externally to the skin surface and weeps copious amounts 
of lymph. It usually occurs following trauma or surgery where 
lymph accesses the skin surface through a wound. It may be a 
feature of a lymphatic malformation. A chylous fistula drains fat. 


SECONDARY LYMPHOEDEMA 


Secondary lymphoedema occurs when an identifiable damage to 
lymph conducting pathways or a disease affects lymphatic function. 
Many examples of secondary lymphoedema can have more than one 
cause. 


Lymphatic filariasis (filarial 
elephantiasis) 


Definition and nomenclature 

The single largest cause of lymphoedema worldwide is lymphatic 
filariasis (LF) [1]. It is a parasitic disease caused by microscopic 
worms that are transmitted by mosquitos. The adult worms live 
within the human lymphatic system and disrupt drainage, resulting 
in lymphoedema and hydroceles. Worldwide, 120 million people 
are infected and 40 million of these have lymphatic problems. 
Access to health care and lymphoedema treatment is often limited, 
resulting in a severe burden of disease in endemic countries. 


Synonyms and inclusions 
¢ Elephantiasis 
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Introduction and general description 

Infection with one of three parasitic filarial worms causes LF: 
Wuchereria bancrofti, Brugia malayi and B. timori. W. bancrofti infec- 
tion accounts for 90% of LF worldwide [2] (Chapter 33). The adult 
worms reside within the afferent lymphatic vessels (and/or the 
lymph nodes) while their larvae, the microfilariae, circulate within 
the peripheral blood and can infect mosquito vectors as they feed, 
facilitating transmission to other human hosts (Figure 103.23). The 
adult female worm may survive for more than a decade and is 
able to release thousands of fully formed microfilariae into the 
lymphatic circulation of the host each day. Infected patients may be 
asymptomatic or demonstrate acute or chronic manifestations. The 
clinical signs are related to the adult worms residing in the lymph 
vessels and are not due to the microfilariae. The filarial parasites 
specifically target the lymphatics and impair lymph flow, which 
is critical for the maintenance of fluid balance and physiological 
interstitial fluid transport [3,4]. 


Epidemiology 

Lymphatic filariasis is endemic in 73 countries and 1.2 billion 
people are at risk of transmission and subsequent infection. An 
estimated 120 million individuals are currently infected. Approxi- 
mately 40 million have chronic lymphatic pathology: 13 million 
with lymphoedema/elephantiasis and an additional 27 mil- 
lion males have hydroceles as a result of LF. Areas where LF 
is endemic include parts of Africa, South-East Asia, the west- 
ern Pacific, the Americas and the Middle East. Transmission 
and morbidity are highest in South-East Asia and sub-Saharan 
Africa [2]. 


Pathophysiology 

The pathogenesis of filarial disease remains poorly understood 
and has been the subject of great debate [5]. The clinical con- 
sequences of LF are believed to occur as a result of interaction 
between the pathogenic parasite, the immune response of the host 
and secondary bacterial and fungal infections that complicate the 
situation [6]. 

Lymphoedema may occur as a result of live adult worms within 
lymphatic vessels in the lower limbs and pelvic region. The live 
worms secrete irritant toxins that cause dilatation of the lymph ves- 
sels surrounding the worm. This causes a reduction in lymphatic 
flow. The subsequent oedema promotes fibrosis. Lymphoedema 
is further aggravated by secondary bacterial (ADLA) and fungal 
infections that arise as a result of impaired immune surveillance 
within the lymphoedematous region. 

Lymphatic damage and subsequent lymphoedema may also 
occur as a direct result of dead adult worms within the lymphatic 
vessels (worm death due to old age or treatment). The presence 
of dead worms induces granuloma formation which leads to 
lymphatic outflow obstruction within the vessel and subsequent 
lymphoedema [4]. 

People residing for prolonged periods in tropical or subtropical 
areas where LF is endemic are at the greatest risk for infection. 
Repeated mosquito bites over several months are required in order 
to acquire LF. Visiting tourists have a very low risk of acquiring 
LF [7]. 
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Wuchereria bancrofti 


Mosquito stages 
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Figure 103.23 The life cycle of filarial nematodes in the human and mosquito hosts. Wuchereria bancrofti, Brugia malayi and B. timori have similar life cycles. The adult worms reside 
in the lymphatic system of humans and cause filarial disease. The female worm produces offspring (microfilariae), which leave the lymphatic system, enter the blood system of the 
human host and are taken up by mosquitoes during a blood meal. The microfilariae undergo development within the mosquito, become infective larvae and subsequently migrate to 
the mosquito’s mouthparts. These larvae may be transmitted to humans when the mosquito takes its next blood meal. Once transmitted to humans, the larvae take approximately 
6-12 months to mature into adult worms. From Centers for Disease Control and Prevention [1]. 


Causative organisms 

Numerous parasitic filarial nematodes may infect humans but only 
W. bancrofti, B. malayi and B. timori species are responsible for LF. W. 
bancrofti is responsible for 90% of cases of LF worldwide. 


Clinical features 
Lymphatic filariasis has a range of clinical manifestations, varying 
from clinically asymptomatic microfilaria-positive individuals to 
those with disfiguring chronic filarial disease (elephantiasis). Over- 
lap exists between the different symptom groups. While infections 
are contracted throughout life, most individuals remain asymp- 
tomatic until symptoms emerge during adolescence and adulthood. 
Males are mote likely to be affected than females. 

Clinical disease occurs in a minority of those infected with LF. The 
majority of infected individuals have few manifestations, despite 
the large number of circulating microfilariae in the peripheral 


blood. However, most will have some degree of subclinical disease, 
including microscopic haematuria and/or proteinuria, dilated and 
tortuous lymphatic vessels seen on lymphoscintigraphy, and scrotal 
lymphangiectasia in affected males. 

One presentation of LF is with acute filarial lymphangitis in 
adolescence. This is caused by the death of adult worms, and 
is characterised by sudden-onset fever, skin heat, painful lymph 
nodes, lymphangitis and transient oedema. It is relatively uncom- 
mon in untreated persons, is usually asymptomatic or has a mild 
clinical course, and rarely causes residual lymphoedema. Involve- 
ment of the genitals appears to occur exclusively with W. bancrofti 
infection. Previously asymptomatic individuals may experience 
symptoms lasting 4-7 days, with a tendency to develop recurrent 
episodes. 

The second syndrome, ADLA, is not caused by filarial worms 
per se, but probably results from secondary bacterial infections. 


ADLA is a common cause of chronic lymphoedema and elephan- 
tiasis. Individuals with established LF and lymphoedema develop 
more severe and prolonged episodes of ADLA. 

Chronic lymphatic obstruction as a result of filarial worms leads 
to the development of hydroceles, lymphoedema/elephantiasis skin 
changes (severe hyperkeratosis, papillomatosis and skin fissuring) 
and rarely chyluria. Hydroceles are the result of the accumulation 
of clear, straw-coloured lymphatic fluid within the tunica vaginalis 
because of obstruction of lymphatic vessels draining the retroperi- 
toneal and subdiaphragmatic areas. The diameter of the hydroceles 
may be significant, reaching up to 30 cm. 

Lymphoedema occurs as a result of the accumulation of lym- 
phatic fluid within tissues following lymphatic vessel damage. The 
sites most affected are the lower limbs and scrotum. Other sites 
such as the upper limbs and trunk can be affected. Initially, the 
lymphoedema is intermittent and pitting in nature, but over time 
it becomes persistent and fibrotic. It is accompanied by gross skin 
changes referred to as elephantiasis — profoundly thickened and 
fibrotic skin with severe papillomatosis and secondary microbial 
infections. 

Chyluria is a rare complication of LF and is the result of the pres- 
ence of chyle (intestinal lymph) within the urinary tract. It occurs 
as a result of impaired drainage of retroperitoneal lymph below the 
cisterna chyli with subsequent reflux and flow of the lymph directly 
into the renal lymphatic vessels, which may rupture and permit flow 
of chyle into the urinary tract. The urine appears milky white in 
colour. Serious nutritional deficiencies may occur as a result of the 
loss of fat and protein within the urine. 

Tropical pulmonary eosinophilia syndrome may rarely affect an 
individual with LF due to W. bancrofti or B. malayi. They develop 
respiratory wheeze and a paroxysmal nocturnal cough, similar to 
asthma. Chest radiographs demonstrate nodular or diffuse pul- 
monary lesions. Other features of this syndrome include elevated 
peripheral blood eosinophilia and high levels of serum IgE and 
specific antifilarial antibodies. Treatment with diethylcarbamazine 
is effective. 

The clinical course of untreated LF is of progressive skin changes, 
worsening lymphoedema and increased incidence of secondary 
infection. A poor quality of life is associated with untreated disease. 
Elephantiasis and subsequent deformity lead to social stigma, finan- 
cial hardship from loss of income and increased medical expenses. 
The socioeconomic burdens of isolation and poverty are immense. 


Differential diagnosis 

Filarial lymphoedema tends to be unilateral but frequently extends 
above the knee and can involve the groins and genitals causing 
hydrocele. The differential diagnosis includes podoconiosis and 
leprosy. In Ethiopia, where lower limb lymphoedema is common, 
leprotic lymphoedema is the second most common cause behind 
podoconiosis, accounting for more cases of lymphoedema than 
LF. Other causes of secondary lymphoedema include endemic 
Kaposi sarcoma, onchocerciasis (river blindness) and recurrent 
cellulitis /erysipelas [8]. 


Investigations 
In endemic areas, adults with lower limb lymphoedema and/or 
male genital involvement are likely to have LF. A definitive 
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diagnosis can be made by detection of the adult parasitic worm 
within the lymphatic vessels or accessible lymph nodes. Doppler 
ultrasound may detect motile adult worms within the scrotum. 
However, these diagnostic tests are not always suitable for use in 
developing countries. 

Filarial parasites exhibit ‘nocturnal periodicity’ that restricts their 
appearance in the blood to the hours of 10 pm to 2 am. The diag- 
nosis of LF has traditionally depended on the nocturnal laboratory 
examination for microfilaria in peripheral blood smears (stained 
with Giemsa or haematoxylin and eosin) between these hours to 
maximise the chances of detection. 

In recent years, polymerase chain reaction and rapid antigenic 
assays have been developed. Antigen testing is a simple, sensitive 
and specific tool for the detection of the W. bancrofti antigen and is 
being used widely by lymphatic filariasis elimination programmes. 
The test detects infection within minutes and can be carried out at 
any time of day, unlike previous tests. 

Lymphoedema, elephantiasis skin changes and hydroceles may 
persist in individuals with burned-out infections. Therefore, it is 
impossible to exclude a diagnosis of filarial-induced disease in the 
absence of circulating antigens or parasites. This situation may 
occur in patients who have received multiple courses of treatment 
or who no longer live in the endemic area. 


Management 

The World Health Organization (WHO) launched the Global Pro- 
gramme to Eliminate Lymphatic Filariasis (GPELF) to stop the 
spread of LF. Pharmaceutical companies have pledged to donate 
the required drugs. The strategy proposed by the WHO to achieve 
LF elimination comprises two components: (i) the interruption of 
transmission of filarial infection in all endemic countries by the 
drastic reduction of microfilariae prevalence levels; and (ii) the 
prevention and alleviation of disability and suffering in individ- 
uals already affected by LF. The interruption of transmission of 
infection is only possible if the entire at-risk population is treated 
by mass drug administration for a prolonged period of time to 
ensure a reduction in the blood levels of microfilariae to a level 
where transmission can no longer be sustained. The following drug 
regimens have been recommended by the WHO to be administered 
once a year for at least 5 years, with a coverage of at least 65% of 
the total at-risk population: (i) 6 mg/kg diethylcarbamazine citrate 
(DEC) in combination with 400 mg albendazole; or (ii) 150 pg/kg 
ivermectin in combination with 400 mg albendazole (in areas where 
onchocerciasis is prevalent) to avoid adverse drug reactions with 
DEC [7]. 

Lymphoedema, elephantiasis skin changes and acute inflam- 
matory episodes are typically managed with simple measures 
of improved hygiene, skin care, exercise activities and elevation 
of affected limbs. The GPELF has pledged to provide access to 
a minimum package of care for every individual with chronic 
manifestations of LF in all areas where the disease is present. 

Lifestyle measures can reduce the bacterial and fungal load that 
contributes to worsening lymphoedema. These include regular 
washing with soap and water, use of footwear and access to antibi- 
otics and lymphoedema treatment [9]. Prevention of infection can 
be achieved by avoidance of mosquito bites. Lifestyle measures 
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include sleeping under a mosquito net, using mosquito repellent on 
exposed skin and wearing long sleeves and trousers. 


Podoconiosis (non-filarial 
lymphoedema) 


Definition and nomenclature 

Podoconiosis is a form of lymphoedema that occurs in tropical high- 
land areas in genetically susceptible individuals who are exposed to 
irritant volcanic soils [8,10]. 


_ Synonyms and inclusions 
¢ Mossy foot 
e Verrucosis lymphatica 
-e Endemic non-filarial elephantiasis 


Introduction and general description 
Podoconiosis refers to the development of bilateral lower limb 
lymphoedema, thought to occur as a result of prolonged exposure 
to irritant mineral-rich soils present at high altitudes (Figure 103.24). 
These minerals appear to trigger an inflammatory response result- 
ing in impaired lymphatic drainage and subsequent lymphoedema. 
Development of the condition is closely associated with bare- 
foot living and working. A genetic susceptibility has also been 
postulated. 

Podoconiosis is a leading cause of lower limb lymphoedema of 
young people in Africa, Central America and north India, yet it 
remains a neglected condition. It has been prevalent for centuries 


Figure 103.24 Lower limb lymphoedema due to podoconiosis. Note the presence of 
toe maceration and typical ‘mossy’ appearance of the foot. Reproduced with permission 
from D. Markos. 


but was previously encompassed by the umbrella term ‘elephan- 
tiasis’ until the pathogenesis of filariasis was realised in the 19th 
century. All cases of elephantiasis were then assumed to be filarial 
in origin until the discrepancy between the widespread distribution 
of ‘elephantiasis’ cases and more focal distribution of filaria in 
North Africa, Central America and Europe prompted a review of 
this theory. 

The term podoconiosis was proposed in the 1980s to describe 
non-filarial cases of elephantiasis skin changes and has since gained 
widespread acceptance. It is derived from the Greek for foot, podos, 
and dust, konos [11]. 


Epidemiology 

It is estimated that 4 million people are affected by podoconiosis, 
mainly in tropical Africa, Central and South America and South-East 
Asia. Ethiopia is the country with the highest reported prevalence, 
with an estimated 1 million people living with the disease. Preva- 
lence estimates are limited but have been made in Ethiopia (4%) 
[12], Cameroon (8%) and Uganda (4.5%). The variation in reported 
prevalence figures may be attributable to survey size and sampling 
methods. Onset is typically in the first or second decade of life but 
may occur later. Gender ratio results may be unreliable, especially 
in remote areas affected by podoconiosis. The recent Ethiopian 
survey reported that females are more likely to be affected than 
males. 

People with certain occupations (i.e. those with prolonged contact 
with soil) are at higher risk of developing podoconiosis, especially 
farmers. Podoconiosis is associated with lower levels of income, 
poor education, being unmarried and the delayed introduction of 
footwear. 


Pathophysiology 

The pathogenesis of podoconiosis is not yet fully understood. 
Current evidence suggests a pivotal role of mineral particles within 
the soil, in a genetically susceptible individual [13]. One possible 
theory is that irritant particles cause an inflammatory response 
with subsequent impaired lymphatic drainage of the lower limbs, 
perhaps as a result of intraluminal lymphatic vessel obstruction by 
inflammatory cells. Supportive evidence for this theory includes 
the detection of elemental particles present in irritant clays (e.g. 
aluminium, silicon, magnesium or iron) within lower limb lymph 
node macrophages of affected individuals who live barefoot. The 
association between podoconiosis and exposure to irritant soil was 
established when maps of disease occurrence were superimposed 
onto geological survey maps, confirming a connection with clays 
derived from volcanic activity. Soil particles including smectite, 
mica and quartz are associated with podoconiosis prevalence and 
underpin the process. 

An association has been reported between podoconiosis and vari- 
ants in human leukocyte antigen (HLA) class II loci. Podoconiosis 
may be a T-cell-mediated inflammatory disease and could be a 
model for gene-environment interactions. 

The climatic factors thought to be necessary for producing irri- 
tant clays are high altitude (greater than 1200 m above sea level) 
and high seasonal rainfall (over 1000 mm annually). These condi- 
tions contribute to the steady disintegration of volcanic ash and the 
reconstitution of the mineral components into irritant silicate clays. 


Clinical features 

The affected individual typically resides in a high-risk area and will 
have lived and worked barefoot. Podoconiosis presents with a pro- 
dromal phase of pruritus of the forefoot skin and a burning sensation 
of the feet and lower limbs prior to the onset of elephantiasis skin 
changes. 

Early changes of podoconiosis are similar to those of any other 
cause of lower limb lymphoedema. The affected individual devel- 
ops bilateral lymphoedema of the foot and ankle regions. Lymph- 
orrhoea (leakage of lymph), hyperkeratosis, papillomatosis, fibrosis 
and gross disfigurement below the knee regions develop if the con- 
dition is untreated. The toes develop a characteristic macerated and 
‘mossy’ appearance, hence the pseudonym ‘mossy foot’. Recurrent 
lower limb cellulitis frequently complicates the clinical picture. 

Clinical features of podoconiosis that differentiate it from filarial 
elephantiasis include the feet and ankles being the initial site of 
symptoms in podoconiosis rather than the groin or proximal lower 
limbs. Podoconiosis affects both lower limbs, albeit asymmetri- 
cally, whereas filariasis typically presents with unilateral lower 
limb swelling that extends above the knee. Groin involvement in 
podoconiosis is extremely rare, unlike in filariasis. 

Progression is punctuated by episodes of ADLA, which occur as 
frequently as 23 times per year. The clinical presentation of ADLA 
resembles cellulitis, with diffuse swelling and redness of the limb, 
inflamed tender lymphatic vessels and lymph nodes and systemic 
symptoms including fever. 

Without access to footwear and conventional lymphoedema treat- 
ment (skin care and compression), the condition is progressive and 
complicated by recurrent cellulitis. 

Significant social stigma is attached to podoconiosis. Affected 
individuals are usually excluded from school, churches and 
mosques, and barred from marriage with unaffected individu- 
als because of local beliefs that the condition is contagious. An 
affected individual is less likely to work, and this impacts financial 
status [14]. 


Differential diagnosis 

Differential diagnoses include filariasis, endemic Kaposi sarcoma 
and leprotic lymphoedema. Podoconiosis may be distinguished 
from leprotic lower limb lymphoedema by the preservation of sen- 
sation within the lower limbs, and the absence of trophic ulceration, 
thickened palpable nerves or involvement of other body sites. 


Investigations 

Typically, affected individuals do not have access to lymphoscintig- 
raphy or other investigative techniques. Filariasis, leprosy and 
endemic Kaposi sarcoma should be excluded if suspected by the 
clinician. 


Management 

Primary prevention of podoconiosis consists of avoiding prolonged 
contact between the skin of the feet and irritant soils by using 
good footwear. Prevention of disease progression and recurrent 
infections may be possible if affected individuals are instructed in 
the use of foot hygiene (e.g. daily washing of feet with soap and 
water and the use of antiseptics), and the use of shoes and socks for 
life. Emollients help to improve and maintain the integrity of the 


skin barrier. Simple compression bandaging is effective in reducing 
limb volumes if elephantiasis changes have not yet developed. A 
change in occupation or relocation may be beneficial but may not be 
feasible for the affected individual. Advanced cases of podoconiosis 
are managed with daily skin care, leg elevation and multilayer 
compression bandaging if the affected individual has access to 
health care providers. Debulking surgery has been employed with 
mixed success. 


Resources 
Footwork (The International Podoconiosis Initiative): www.podo 
.org (last accessed August 2022). 


Cancer-related lymphoedema q 


Definition and nomenclature 

Lymphoedema is rarely a presenting feature of cancer unless the 
cancer is already advanced but it is acommon consequence of cancer 
treatment and relapsed cancer. 


Synonyms and inclusions 
© Breast cancer-related lymphoedema 
¢ Postmastectomy lymphoedema 
Radiation-induced lymphoedema 
Malignant lymphoedema 
Carcinoma erysipeloides 
Carcinoma en cuirasse 
 Lymphangitis carcinomatosa 

 Telangiectatic carcinoma 


e 


e 


e 


Introduction and general description 

Lymph flow is remarkably well maintained through malignant 
nodes; therefore, cancer does not usually present with swelling. The 
few exceptions to this general rule are lymphophilic tumours such 
as malignant eccrine poroma, Kaposi sarcoma, lymphangiosar- 
coma and inflammatory breast cancer (Table 103.7). Cancer-related 
Iymphoedema usually results from cancer therapy: surgical lym- 
phadenectomy, radiotherapy and chemotherapy. 


Table 103.7 Cancers presenting with lymphoedema and causes of cancer-related 
lymphoedema. 


Cancer treatment 
causing lymphoedema 


Cancers where lymphoedema 
is a presenting sign 


Inflammatory carcinoma 
Lymphangiosarcoma 
Kaposi sarcoma 
Malignant eccrine poroma 
Advanced primary cancer, e.g. axillary 
or pelvic lymph node metastases 
Relapsed cancer: 
Lymph node metastases 
Carcinoma erysipeloides 
Lymphangitis carcinomatosa 
Carcinoma en cuirasse 


Lymphadenectomy 
Radiotherapy 
Chemotherapy (taxanes) 
Breast reconstruction 
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Advanced or relapsed cancer can present with lymphoedema. 
Extensive lymph node involvement can compromise lymph flow 
but other factors such as venous obstruction and hypoproteinaemia 
may also contribute to oedema formation. Recurrent cancer should 
always be considered as a cause of limb swelling, particularly 
if associated with pain. Full staging investigations should be 
undertaken in any cancer patient who develops new limb swelling. 


Epidemiology 

Breast cancer-related lymphoedema. More than one in five women 
who survive breast cancer will develop arm lymphoedema [15]. Tax- 
ane chemotherapy significantly contributes to this. 


Lymphoedema related to cancers of the male and female 
uro-genital tract. The incidence of lower limb lymphoedema 
following radical hysterectomy alone was estimated at 5-10% but 
can be as high as 49% by 10 years of follow-up in patients who 
have also received adjuvant radiotreatment. The incidence after 
vulval cancer was reported at 28%. For prostate cancer, the rate 
was found to be 0-10% after extended pelvic lymphadenectomy. 
With extended-field irradiation for carcinoma of the prostate, an 
incidence of about 5% for genital and/or leg oedema has been noted 
and the oedema remained chronic in the majority of patients [16]. 
After penile cancer treatment the incidence of lymphoedema may 
be as high as 33% [17]. 


Melanoma-related lymphoedema. In a prospective study of lym- 
phoedema after melanoma treatment, moderate lymphoedema (i.e. 
an increase in limb volume of >10%) occurred in 14.8% after sen- 
tinel lymph node biopsy but in 30.4% after therapeutic lymph node 
dissection [18]. 


Extremity soft-tissue sarcoma. The incidence of lymphoedema was 
28.8% following limb salvage for extremity soft-tissue sarcomas. 
Nine percent of the cohort of 289 patients developed significant 
(grade >2) lymphoedema [19]. 


Pathophysiology 

Extensive surgery (e.g. axillary lymph node dissection, greater num- 
ber of lymph nodes dissected, mastectomy) and being overweight 
have been found to carry the highest risk for breast cancer-related 
lymphoedema. Recent evidence suggests axillary radiation may 
convey less risk than axillary clearance [20]. Cellulitis may be a 
trigger as may an insult to the limb such as a sterile or non-sterile 
skin puncture. Extreme resistance exercise such as carrying a heavy 
suitcase or shopping may trigger the swelling, as can a long-haul 
flight. 

Breast cancer-related lymphoedema has been the most widely 
studied form of cancer-related lymphoedema. The pathology con- 
sists of an accumulation of fat as well as fluid, hence the justification 
for liposuction. While the cause was always assumed to be lym- 
phatic obstruction in the axilla, evidence suggests the mechanism 
may be more complicated with constitutional, and pehaps genetic, 
predisposition [21]. 

Carcinoma erysipeloides is a form of metastatic spread and occurs 
most commonly with breast cancer but can occur with melanoma, 
thyroid, lung, gastric, pancreatic, ovarian, prostate and colorectal 
cancer [22]. 


Clinical features 

Lymphoedema following cancer treatment may occur immediately 
after lymphadenectomy, particularly if complicated by wound infec- 
tion or ‘seroma’, or may be delayed in onset for many years. Lym- 
phoedema can ache but is predominantly painless unless associated 
with infection, thrombosis or active cancer. 

Carcinoma erysipeloides (also called lymphangitis carcino- 
matosa, telangiectatic carcinoma or carcinoma en cuirasse) occurs 
when cancer cells infiltrate the dermal lymphatics. It represents 
metastatic disease. Bulk disease may be absent and therefore 
imaging may be normal. By obstructing collateral lymph drainage 
routes, dermal lymphatic infiltration by cancer is frequently asso- 
ciated with localised, or extensive limb, lymphoedema. It appears 
clinically with a fixed erythematous patch or plaque resembling 
cellulitis, but no fever. A network or lattice pattern of telang- 
iectatic vessels represents the infiltrated dermal lymphatics (see 
Figure 103.12). Inflammatory breast cancer is a rare, aggressive 
disease where cancer cells block the lymph vessels in the skin of the 
breast. The breast often looks swollen and red, or ‘inflamed’. 


Investigations 

If relapsed cancer is suspected, restaging investigations such 
as positron-emission tomography (PET)/CT are indicated. Skin 
biopsy is the investigation of choice for skin metastases. MRI can 
determine if the swelling is composed of fluid and therefore likely 
to be lymphoedema. 


Management 

If active cancer is diagnosed, then oncology treatment is the prior- 
ity. If cancer is in remission or stable, then lymphoedema treatment 
(decongestive lymphatic therapy) can be implemented. 


Obesity-related lymphoedema q 
Definition 


Obesity leads to, and exacerbates, lymphoedema at all sites but par- 
ticularly in the lower limbs. 


Introduction and general description 

Obesity is a significant risk factor for lymphoedema of the arms, 
legs and abdomen and for breast cancer-related lymphoedema 
after lymph nodes have been surgically removed [16]. Furthermore, 
dieting improves arm lymphoedema beyond that possible through 
the loss of subcutaneous fat alone (from weight loss irrespective of 
the diet used). The pathophysiology of lower limb lymphoedema 
can be complex, with increased fluid filtration from venous hyper- 
tension combined with impaired lymph drainage from an indirect 
effect of reduced mobility being the most important contributors 
(Box 103.2). The addition of obstructive sleep apnoea/sleep apnoea 
hypoventilation syndrome results in salt and water retention and 
heart failure. 


Box 103.2 Contributing factors to obesity-related 
lower limb lymphoedema 
¢ Poor mobility (to stimulate lymph drainage) 
e Venous hypertension: 
e Dependency (armchair legs) 
e Abdominal girth/pendulous abdomen obstructing venous 
drainage in thighs 
e Sleep apnoea syndrome 
e Drug therapy, e.g. calcium-channel antagonists 
¢ Co-morbidities, e.g. heart failure or post-thrombotic syndrome 


Epidemiology 

The prevalence of oedema in a UK bariatric service was 52.1% (25 of 
48 participants had oedema), potentially linked to obesity, immobil- 
ity and medications [23]. 


Pathophysiology 

Fat and lymphatics appear to have a close relationship [24]. 
High-density lipoproteins require transport through the lym- 
phatics to return to the bloodstream during reverse cholesterol 
transport, which requires lymph drainage [25]. In a model of hyper- 
cholesterolaemia, lymphatic function was severely compromised, 
including impaired dendritic cell migration. Mice with a heterozy- 
gous Prox1-inactivating mutation have leaky lymphatic vessels and 
develop obesity and inflammation [26]. 

Fat deposition is a striking feature of lymphoedema swelling 
and the justification for liposuction as a treatment for lym- 
phoedema. Obesity impairs lymphatic transport capacity and 
impaired lymphatic function promotes adipose deposition. How 
obesity predisposes to lymphoedema is not clear. Lymph drainage 
requires movement and exercise to promote flow. Ina cross-sectional 
study, 33% of severely obese participants had lymphoedema and 
those participants had worse physical function than those without 
lymphoedema. This association was independent of BMI [27]. 

It is the lower limb that is most closely linked with lymphoedema. 
In one study all 10 patients with a BMI between 30 and 53 had nor- 
mal lower extremity lymphatic function, whereas the five patients 
with a BMI greater than 59 had abnormal lymphatic drainage consis- 
tent with lymphoedema [28]. Using an isotope clearance technique, 
lymph drainage was found to be significantly lower in obese human 
subjects when compared with lean controls [29]. 

A large abdominal apron resting on the thighs during sitting 
obstructs venous drainage and probably interferes with lymph 
drainage as well. The pressure in the ilio-femoral vein in mor- 
bidly obese patients is significantly higher than in non-obese 
subjects [30]. Abdominal adipose tissue potentially leads to ele- 
vated risk for both venous thromboembolism and chronic venous 
insufficiency. 


Clinical features 

Swelling is usually insidious in onset and progressive. Acute cel- 
lulitis may alert patient and carers to the swelling. More often a 
chronic redness with local pain and tenderness indicative of lipo- 
dermatosclerosis may develop. Trivial trauma may result in the 
weeping of fluid from the skin (lymphorrhoea). Persistent weeping 
will irritate the surrounding skin to promote dermatitis, extensive 


erosion and even ulceration. Odour may result from bacterial 
colonisation. The constant weeping can discourage the patient from 
going to bed (to avoid soiling the bed). Consequently, the patient 
sleeps in a chair, which further increases fluid filtration into the legs. 
The patient may choose to sleep in a chair anyway for reasons of 
comfort or sleep apnoea syndrome. As the legs swell more the extra 
weight further impairs mobility thereby reducing lymph drainage 
even more. 

Skin changes of lipodermatosclerosis are invariably present in 
obesity-related lymphoedema. Distinction from bacterial cellulitis 
can be difficult with acute flares of pain and redness. Elephantiasis 
skin changes are common. Leg ulceration, heart failure and over- 
whelming sepsis are common complications. Co-morbidities such 
as diabetes, sleep apnoea syndrome and right-sided heart failure 
often coexist. 

The prognosis is poor unless the patient loses weight and becomes 
more ambulant. 


Differential diagnosis 

Systemic causes of oedema (including cardiac disease, hypopro- 
teinaemia and abdominal—pelvic malignancy) should always 
be considered, particularly if bilateral leg swelling is present. 
Calcium-channel blocking antagonists can cause peripheral 
oedema. 


Investigations 

Standard investigations such as venous duplex ultrasound and lym- 
phoscintigraphy are probably unnecessary as they are unlikely to 
change management. More important are BNP to exclude heart fail- 
ure, plasma protein estimation and D-dimers if thrombosis is consid- 
ered likely. 


Management 
There are a number of management options to pursue: 


1 Systemic conditions such as heart failure and sleep apnoea syn- 
drome should be treated. 

2 Compression therapy in the form of multilayer lymphoedema 
bandaging is the treatment of choice [31]. Standard venous ulcer 
bandaging will not address toe swelling with skin changes or 
oedema extending into the lower thighs. Pneumatic or adjustable 
Velcro compression devices can be useful adjunctive therapy. 
Compression garments should not be used until swelling is 
controlled and the skin is in good condtion. 

3 Exercise if logistically possible. This can be done through walk- 
ing or static cycling, if safe. Active movements should always be 
encouraged but passive exercises are better than nothing. 

4 Elevation of legs when resting. Encourage sleeping in a bed and 
not in a chair unless it is a reclining chair. 

5 Treat active infection (e.g. cellulitis) [32]. 

6 Wound care should be undertaken where necessary. 

7 Emollients such as 50/50 white soft and liquid paraffin should 
always be used. For the hyperkeratosis of elephantiasis, 10% sal- 
icylic acid is recommended. 

8 Bariatric assessment and intervention. 
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Trauma-induced lymphoedema 


Introduction and general description 

Lymphoedema and other lymphatic complications, such as lympho- 
cele or lymph fistula, can develop after therapeutic interventions 
or accidental damage to lymph drainage pathways. The fail- 
ure of lymphatics to regenerate and re-anastomose satisfactorily 
through scarred or irradiated tissue is probably responsible for 
lymphoedema development. 


Epidemiology 

The incidence of lymphatic complications from 5407 surgical proce- 
dures for varicose veins was 118 cases (2.2%); a lymphocele on the 
limb occurred in 1.3%, an inguinal fistula or lymphocele in 0.7% and 
lymphoedema in 0.2% [33]. 


Pathophysiology 
Trauma to lymphatics, either from elective surgery or by accident, 
usually needs to be extensive to induce lymphoedema. Indeed, the 
experimental production of lymphoedema is extremely difficult to 
achieve owing to the excellent regenerative powers of lymphatics. 
It remains a puzzle as to why most women who have a full 
axillary lymph node clearance following breast cancer surgery do 
not develop lymphoedema, yet 6% of women who have a single 
sentinel lymph node biopsy develop arm swelling. Furthermore, it 
is not known why breast cancer-related lymphoedema can manifest 
immediately post surgery or be delayed for many years. A genetic 
predisposition may be relevant: mice with a heterozygous muta- 
tion in the adrenomedullin gene developed lymphoedema when 
subjected to surgery but wild-type mice did not [34]. Radiotherapy 
to lymph nodes can be as much a risk factor for lymphoedema as 
surgery. Wound infections increase the incidence of postsurgical 
and accidental lymphoedema. 


Clinical features 

Lymphoedema can develop after varicose vein treatment. Varicose 
vein surgery may be undertaken for reasons of ‘venous oedema’. 
However, the chronic oedema may already reflect a compromised 
lymph drainage, in which case surgery may further undermine 
lymph drainage and make swelling worse. With the greater use 
of endovenous therapy using laser, radiofrequency or foam vein 
ablation (rather than traditional stripping and surgical ligation) the 
incidence of lymphoedema is likely to be reduced. 

Lymphatics can be damaged and produce lymphoedema dur- 
ing saphenous vein harvesting for coronary artery bypass grafts. 
However, the increasing use of coronary stents has considerably 
reduced this risk. Similarly, great saphenous vein harvesting for 
critical limb ischaemia can result in lymphatic complications such 
as lymphocele. 

Lymphoedema can develop at the donor site after reconstructive 
surgery such as a transverse upper gracilis free flap for breast 
reconstruction. 

Resection of excess skin and soft tissue of the thighs after massive 
weight loss can also cause lymphoedema. The lymphatic collectors 
of the thigh sit superficial to the veins. Therefore, in a vertical medial 


thigh lift, choosing a dissection plane superficial to the great saphe- 
nous vein is unlikely to preserve the collectors of the ventromedial 
bundle [35]. Lymphoedema and other lymphatic complications 
(e.g. cellulitis, lymphocele) are a significant risk. An interruption 
of lymphatic pathways presumably results in a failure of adequate 
lymphangiogenesis and repair, resulting in lymphoedema. 

Accidental trauma, such as a degloving injury to a limb, will pro- 
duce lymphoedema distal to the injury if widespread circumferen- 
tial scarring has occurred. 

Self-inflicted injury, such as the repeated application of a tourni- 
quet, will eventually cause permanent lymphatic damage and 
chronic swelling (Secrétan syndrome). The abrupt termination of 
the swelling often coincides with a skin contour change due to 
subcutaneous atrophy caused by a tight constricting band. Skin 
pigmentation may also coexist at the site. Factitious lymphoedema 
can be caused by tourniquets, blows to the arm or repeated skin 
irritation, usually in patients with known psychiatric conditions. 
Factitious lymphoedema results in symptoms and signs suggestive 
of chronic regional pain syndrome. 

Intravenous drug abuse may cause lymphoedema due to a com- 
bination of infection and injected agents causing lymphangitis plus 
associated venous damage. Puffy hand syndrome is a long-term 
complication of intravenous drug abuse [36]. It can affect 7-16% of 
intravenous drug users [37]. 


Investigations 
Lymphoscintigraphy is the investigation of choice to determine lym- 
phatic insufficiency. 


Management 

Decongestive lymphatic therapy is first line treatment. Infection 
needs to be treated and prevented. The use of additional therapies 
such as pneumatic compression therapy and adjustable Velcro 
wraps can be considered. 


Lymphoedema due to immobility 


Introduction and general description 

Lymph drainage, unlike blood flow, requires intermittent changes 
in local tissue pressure generated by movement and exercise in 
order to produce initial lymphatic transport. Main limb collec- 
tor lymphatic vessels pump the lymph supplied from the initial 
lymphatics. Lymphatic collector vessels rely on innervation and 
effective smooth muscle contraction for pumping. Consequently, 
immobility, by reducing initial lymphatic absorption and transport, 
reduces lymph flow to the collectors. Less pumping promotes 
swelling, particularly if gravitational forces (dependency syn- 
drome) encourage ongoing fluid filtration into the tissues but 
without sufficient compensatory lymph drainage. 

Lymphoedema is well recognised with certain neurological 
conditions that restrict movement. Cerebrovascular accident, spina 
bifida and multiple sclerosis are those that are best described. 

Postradiation brachial plexopathy following breast cancer treat- 
ment leads to severe lymphoedema, with paralysis being the major 
contributing factor. 


Epidemiology 

In a review of 240 electronic medical records from an adult spina 
bifida clinic, 22 patients (9.2%) had lymphoedema [38]. Lower limb 
oedema is common in multiple sclerosis patients, especially in 
those with reduced mobility. In one study, 93 patients (45%) of a 
total of 205 patients with definite multiple sclerosis had oedema 
with abnormal findings on lymphoscintigraphy [39]. 


Pathophysiology 

Exercise and movement are essential for stimulating lymph 
drainage. Any reduction in movement lowers lymph drainage 
accordingly. Immobilising any body part in the face of sustained 
microvascular filtration will result in (lymph)oedema despite 
patent, and otherwise normal, lymphatic vessels. The lower 
limb is most affected because of the contribution from depen- 
dency/ gravitational forces. Paralysis and neurological deficit cause 
lymphoedema for similar reasons. 

Hand oedema after a stroke is not considered to be lymphoedema 
owing to normal lymphoscintigraphy. However, one would expect 
lymph drainage pathways to be patent but not functional owing to 
the lack of movement. Combine that fact with increased microvas- 
cular filtration (and high lymph load) due to dependency of 
the paralysed or spastic limb, and lymphoscintigraphy might 
be expected to be falsely normal. After all, if the lymphatics are 
working, oedema should be avoided irrespective of cause [40]. 

It is likely, but unproven, that with neurological deficit a failure 
of lymphatic pumping due to denervation contributes the most 
to oedema formation, but a lack of isotonic exercise (from muscle 
weakness or spasticity) will reduce initial lymph flow so making 
less lymph available for collector pumping. 

With time, pathological changes within the failing, but hitherto 
normal, lymphatics occur. Lymphangiothrombosis [41] or luminal 
fibrosis [42] leads to an irreversible lymphoedema even if full mobil- 
ity is restored. 


Clinical features 

Oedema associated with immobility will usually develop insid- 
iously unless the immobility is sudden in onset (e.g. in a cere- 
brovascular accident hand or foot swelling is the norm because 
of the effect of gravity being maximal in the distal part of the 
limb). Peripheral oedema can cause pain and tissue tenderness. 
Extreme oedema may result in the weeping of fluid from the skin 
(lymphorrhoea). 

A common scenario is ‘armchair legs’, a term coined by Sneddon 
and Church [43] where patients sit in a chair day and night with 
their legs dependent (otherwise known as elephantiasis nostras 
verrucosa because of the severe lymphoedema skin changes that 
ensue). No premorbid abnormalities of the lymphatics exist, but 
the immobility results in minimal lymph drainage and a functional 
lymphoedema due to a lack of movement or exercise to stimulate 
normal lymph drainage. Dependency of the limb compounds the 
problem by increasing capillary filtration. The syndrome is not 
confined to the legs, but can affect any chronically dependent and 
immobile part, as demonstrated in a pendulous abdomen [44]. 

Physical examination reveals swelling in which pitting is marked, 
due to a mixed aetiology of reduced lymph drainage and increased 
microvascular fluid filtration. Neuropathic limbs take ona particular 


appearance with a bluish hue and background livedo. As with all 
forms of lymphoedema, there is an increased risk of infection. 


Differential diagnosis 
Deep-vein thrombosis should be considered if onset is acute. 


Investigations 

In cases of possible DVT, D-dimers and compression ultrasonogra- 
phy should be considered. In breast cancer patients, PET/CT of the 
axilla should be undertaken to exclude axillary recurrence. 


Management 
Compression bandaging is the mainstay of treatment but needs to 
be undertaken with care if sensation is reduced. Oedema should 
reduce easily but refill occurs rapidly, therefore well-fitting com- 
pression garments are applied as soon as swelling is reduced. 
Pressure areas need to be carefully monitored. Skin care is of the 
utmost importance. The tendency of paralysed limbs to reswell 
means that bandaging may need to be continued or replaced with 
adjustable Velcro wraps (e.g. FarrowWrap®). When resting, eleva- 
tion of the lower extremities is desirable, either while sitting in a 
wheelchair or lying in the bed, with the back of the knees and calves 
supported by pillows. The oedematous limb or limbs should be 
positioned higher than the hips, if possible. 

Systems that encourage passive movements can prove helpful. 
Pneumatic compression pumps may be helpful as they simulate the 
muscle pump. 


Pretibial myxoedema 


Definition and nomenclature 

Pretibial myxoedema (PTM) is a form of cutaneous mucinosis that 
typically occurs in association with Graves disease, hence the syn- 
onym thyroid dermopathy. 


Synonyms and inclusions 
© Localised myxoedema 
Thyroid dermopathy 

© Infiltrative dermopathy 


Introduction and general description 

Pretibial myxoedema is a form of cutaneous mucinosis that occurs 
in association with Graves disease. Patients typically present with 
asymptomatic, pretibial nodules and plaques that may have a 
red-brown hue. Lower limb lymphoedema may develop in severe 
cases. The classic triad of Graves disease is (i) PTM; (ii) oph- 
thalmopathy (e.g. exophthalmos and orbital myopathy); and (iii) 
thyroid acropachy (swelling of the digits and clubbing). It has 
been reported, on rare occasions, in association with Hashimoto 
thyroiditis and primary hypothyroidism and in euthyroid patients. 


Epidemiology 

Pretibial myxoedema affects up to 5% of patients with Graves 
disease, and affects up to 13% of patients with severe eye disease. 
It more commonly affects females, with a female : male ratio of 
4:1 [45]. 
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Pathophysiology 

Deposition of hyaluronic acid within the dermis and subcutis causes 
the development of asymptomatic ‘swelling’, nodules and plaques, 
typically of the pretibal region of both lower limbs. The dermal 
accumulation of hyaluronic acid and other glycosaminoglycans is 
secreted by fibroblasts. 

The hyperthyroidism of Graves disease occurs as a result of 
stimulation of the thyroid-stimulating hormone (TSH) receptor 
on thyroid follicular cells, by autoantibodies directed against it. 
However, the pathogenesis of Graves ophthalmopathy and PTM 
is less clear. The underlying mechanism of glycosaminoglycan 
(GAG) deposition is not clearly understood but is likely to occur as 
a result of several processes, including autoimmune, cellular and 
mechanical factors. For example, TSH receptor antibodies may bind 
to and stimulate dermal fibroblasts to increase the production of 
GAGs. Dermal GAG accumulation (i.e. mucin deposition) results 
in the separation of collagen fibres, the expansion of connective tis- 
sues and oedema formation. The obstruction of dermal lymphatic 
vessels by mucin results in lymphoedema [46]. The involvement 
of mechanical factors in the development of PIM may explain 
the lower limb predilection: dependency and trauma have been 
proposed. 

Characteristic histopathological features of PTM consist of mucin 
deposition (i.e. GAGs including hyaluronic acid) within the reticu- 
lar dermis. Alcian blue and periodic acid—Schiff stains demonstrate 
mucinous material between the collagen fibres. With extensive 
deposition of mucin, the collagen fibres become frayed and frag- 
mented. Stellate fibroblasts may be observed, but the actual number 
of fibroblasts is not increased. There may be hyperkeratosis of the 
overlying epidermis. 


Clinical features 

Pretibial myxoedema occurs almost exclusively with Graves dis- 
ease. The patient is likely to have a history of thyrotoxicosis (e.g. 
weight loss, palpitations and hyperhidrosis) and possible ophthal- 
mopathy and acropachy. PTM may develop prior to, during or after 
the thyrotoxic state as it is not related to thyroid function. It usually 
occurs 12-24 months after the onset of Graves disease but may 
occur up to 12 years after its development. 

PIM is typically confined to the lower limbs. The shins are the 
classic site, but the toes may be the only affected site. PTM may occur 
within surgical scars or sites of trauma. PTM may rarely affect other 
body sites, such as the head and neck region, torso and upper limbs, 
presumably triggered by trauma. 

Patients typically present with firm, non-pitting, indurated nod- 
ules and plaques on the pretibial regions and feet. The lesions may 
be flesh coloured or have a reddish brown hue. A peau d’orange 
appearance may develop as a result of expansion of the interfollic- 
ular dermis. Cutaneous lesions may be asymptomatic, occasionally 
pruritic, or cause discomfort. Mild cases are usually asymptomatic 
and only of cosmetic concern. In severe cases of PTM, lesions 
may coalesce to give the entire extremity an enlarged, verruciform 
appearance (Figure 103.25). Functional impairment (inability to 
wear shoes as a result of toe disfiguration) and/or the development 
of secondary lymphoedema may occur. 

PTM rarely causes significant morbidity. Local discomfort and dif- 
ficulty in finding footwear may be experienced. Severe forms of the 
disease may cause lower limb lymphoedema and subsequent com- 
plications of increased incidence of infection. 

Few studies exist on the evaluation of PTM outcomes. However, 
the prognosis for mild cases appears to be favourable. In mild cases, 


Figure 103.25 Pretibial myxoedema. 


50% of patients achieve complete remission after several years. The 
largest series reports after 25 years of follow-up that 70% of mild 
untreated and 58% of treated severe cases achieved complete or par- 
tial remission. Very severe forms appear to be persistent. 


Differential diagnosis 

Differential diagnoses include lymphoedema, stasis dermatitis, 
obesity-associated lymphoedematous mucinosis and lichen amyloi- 
dosis. Mucin deposition restricted to an expanded papillary dermis, 
with nodular angioplasia, and haemosiderin deposition are more 
suggestive of stasis dermatitis rather than PTM. 


Investigations 

The diagnosis of PTM is possible from the patient’s history and char- 
acteristic clinical findings. A positive blood TSH receptor antibody 
test is pathognomonic of Graves disease. It is rarely necessary to 
perform a skin biopsy, especially if there is a history of hyperthy- 
roidism or Graves ophthalmopathy. If a biopsy is undertaken, the 
histopathological findings are characteristic. 

The investigation of lymphatic function with lymphoscintigra- 
phy is not routinely performed. However, lymphoscintigraphy 
and fluorescence microlymphography may confirm structural and 
functional alterations to the lymphatic drainage. Mucin deposition 
within the dermis may compress or occlude the initial lymphatic 
vessels, resulting in lymphoedema. 


Management 

Mild and asymptomatic cases of PTM may not require treatment. 
If symptomatic, treatment options include the use of potent topical 
corticosteroids under occlusion at night for several months. Prompt 
diagnosis and initiation of treatment appear to correlate with better 
outcomes. Compression hosiery or multilayer bandages may be 
used to manage the associated lymphatic impairment/secondary 
lymphoedema seen in more extensive and chronic cases. 

A small number of case reports suggest surgical excision may be of 
benefit in select cases. However, surgery should be considered with 
caution as PTM may develop within areas of trauma. 

Several therapeutic agents have been trialled in the treatment 
of PTM. Evidence of their efficacy is limited. These include intra- 
lesional steroids, systemic immunomodulators (e.g. prednisolone, 
plasmapheresis, intravenous immunoglobulin and rituximab) and 
octreotide. 


REGIONAL SWELLING 


Swollen breast and breast 
lymphoedema 


Definition and nomenclature 

Unilateral breast oedema is most often caused by breast cancer 
treatment but can also be caused by infection (e.g. cellulitis), 
malignancy (e.g. inflammatory breast cancer or angiosarcoma) and 
inflammatory mastitis. Rarely, it can occur with congestive car- 
diac failure, nephrotic syndrome and from treatment with mTOR 


inhibitors such as rapamycin/sirolimus. It can also be due to 
overgrowth of breast tissue for genetic reasons. 


‘Synonyms and inclusions 
e Breast oedema 
e Swollen breast 


Introduction and general description 

As changes to breast cancer treatment have led to more breast- 
conserving surgery and increased use of therapeutic radiation to 
the breast, the incidence of lymphoedema localised to the breast 
has risen. The risk is higher in the obese and in women with larger 
breasts. 


Epidemiology 
Of 144 women enrolled into one study before cancer treatment, 38 
developed breast lymphoedema (26%) [1]. 


Pathophysiology 

Oedema is an excess of interstitial fluid. Any oedema, whatever 
the cause, is due to capillary filtration overwhelming the lymph 
drainage for a sufficient period of time. Interstitial fluid is reab- 
sorbed almost entirely by the lymphatic vessels. Inflammation 
will increase blood flow and vascular permeability, both of which 
amplify microvascular fluid filtration. Inflammation can be caused 
by radiation and infection. Lymph drainage may be unable to 
respond to higher filtration because of the effects from axillary 
surgery in compromising lymph flow. Disturbances in the Starling 
principle of fluid exchange will be greatest in the most dependent 
regions of the breast. 

Carcinoma erysipeloides refers to a red, swollen breast resulting 
from breast cancer infiltrating the dermal lymphatics overlying the 
breast. Removal of one or more axillary lymph nodes risks lym- 
phoedema within the drainage basin, that is the ipsilateral upper 
limb and adjoining quadrant of the chest including the breast. Ther- 
apeutic radiation to the breast can also induce/exacerbate breast 
swelling. Obesity and size of breast increase risk, as may adjuvant 
taxane chemotherapy. In multivariate analysis from one study, 
factors associated with the development of breast lymphoedema 
in the axillary surgery subgroup included baseline BMI, surgical 
incision location and prior surgical biopsy [1]. 

Other systemic causes for breast lymphoedema include heart fail- 
ure, low plasma proteins resulting from nephrotic syndrome or liver 
failure, axillary lymphadenopathy and central vein occlusion. There 
have been several reports of breast oedema associated with mTOR 
inhibitors [2]. 


Clinical features 
Breast swelling can be observed immediately following axillary 
lymphadenectomy, particularly if a ‘seroma’ or wound infection 
has occurred (a seroma is a misnomer as it represents a collection of 
lymph not serum). The onset of swelling can be delayed for months 
or years, particularly when arising from radiation effects. Swelling 
may be triggered by an attack of cellulitis. 

Symptoms are breast heaviness, swelling, indentations from a bra 
and sometimes pain and tenderness. Breast redness may feature, 
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Figure 103.26 Breast lymphoedema following cancer treatment. Note pitting from bra 
indentations in the skin of the right breast. 


indicating inflammation usually secondary to cellulitis, radiation 
effects or malignancy. Cellulitis can coexist and is difficult to distin- 
guish from post-radiation changes (Figure 103.26). Pitting and peau 
d’orange skin changes are most noticeable on the undersurface of 
the breast. 

Uncomplicated breast lymphoedema usually settles with treat- 
ment and resolves over time. Unexplained breast oedema should 
always be investigated in case of relapsed breast cancer or the 
development of (lymph)angiosarcoma. 


Differential diagnosis 

Oedema can be determined clinically from indentation due to pres- 
sure (pitting). Other differential diagnoses include swelling from 
hormonal effects and fat hypertrophy. 


Investigations 

Breast ultrasound is usually sufficient to confirm oedema and 
exclude malignancy; MRI is an alternative. A skin or breast biopsy 
may be necessary if malignancy is suspected. 


Management 

An infection, if present, should be treated and malignancy excluded. 
Obesity should be addressed, and weight reduced to as near normal 
as possible. 

Lymphoedema treatment should involve a supportive bra (a 
sports bra is often best). It is recommended that the bra be worn 
both day and night to keep the breast uplifted, which overcomes 
gravitational factors. Massaging techniques are recommended, such 
as manual lymphatic drainage therapy, kinesiotaping and water 
immersion exercises (swimming aerobics), although the evidence 
base for their use is limited. Mastectomy is a last resort. 


Swollen arm a | 


Definition and nomenclature 
Swelling of the upper limb is invariably due to oedema but over- 
growth of tissue can occur. Oedema is likely to be caused either 


from lymphatic insufficiency (e.g. breast cancer treatment) or from 
venous obstruction. 


s and inclusions 


Introduction and general description 

Swelling of an arm may be caused by oedema, in which case pit- 
ting should be evident to some degree, or it may be caused by an 
increase in the volume of other tissue elements, for example bone, 
muscle, fat or a tumour (Table 103.8). A swollen arm may be normal 
but perceived to be larger if the contralateral limb has shrunk. The 
commonest reason for upper limb swelling is lymphoedema follow- 
ing breast cancer treatment. Arm swelling can be a presentation of 
cancer with metastatic disease in the axilla. 

Upper limb swelling may be due to primary lymphoedema (usu- 
ally associated with lymphatic abnormalities elsewhere) or with a 
lymphatic malformation. Secondary lymphoedema can be caused 
by rheumatoid arthritis, psoriatic arthropathy, hand dermatitis, 
yellow-nail syndrome, chronic regional pain syndrome (reflex 
sympathetic dystrophy), PTM, sirolimus treatment and following 
repeated infections such as cellulitis and lymphangitis from herpes 
simplex. 


Epidemiology 
No data exist for upper limb swelling due to any cause, only for 
swelling caused by breast cancer. 


Pathophysiology 

Upper extremity swelling of vascular origin will be due to oedema 
or increased vascular volume (e.g. vascular malformation). A chron- 
ically swollen arm due to fluid indicates lymph drainage failure. 
This failure will be either due solely to lymphatic dysfunction 
(lymphoedema) or due to excessive microvascular fluid filtration 
overwhelming lymph drainage capacity. Increased filtration can 
be caused by high venous pressures or from enhanced vascular 
permeability from inflammation (e.g. dermatitis or infection). 

Upper limb lymphoedema is most commonly caused by cancer 
treatment (ie. axillary lymphadenectomy or radiation), but less 
commonly can be a presenting sign for advanced malignancy. 
Recurrent infections from herpes simplex can lead to upper limb 
Iymphoedema [3]. Non-infective forms of inflammation due to 
chronic hand dermatitis [4], rheumatoid arthritis or psoriatic 
arthropathy can lead to lymphoedema [5]. Rarely lymphangiosar- 
coma can complicate any form of lymphoedema. 

Venous outflow obstruction may be due to axillary/subclavian 
vein compression or stenosis (usually due to malignancy or radi- 
ation damage) or occlusion from thrombosis. Subclavian vein 
thrombosis is a rare condition that most often occurs in the context 
of central venous catheters, pacemakers, trauma, surgery immo- 
bilization, oral contraceptive pill use, pregnancy or malignancy. 
It occurs particularly in cancer patients receiving chemotherapy 
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Table 103.8 Causes of a swollen arm. 


Congenital/genetic Acquired 
Vascular Lymphatic Other Vascular Lymphatic Musculoskeletal Tumours 
Vascular Lymphoedema Overgrowth spectrum: Subclavian vein thrombosis: Lymphoedema: Rheumatoid arthritis Lymphoma 
malformation Lymphatic Proteus syndrome Effort thrombosis Axillary surgery Haematoma Sarcoma 
Diffuse malformation Fat hypertrophy Venous catheterisation DXT Torn muscle Metastases 
phlebectasia Lymphangiomatosis Muscle hamartoma Chemotherapy ports Cancer Pathological fracture 
Klippel-Trenaunay Gigantism/hemihypertrophy Chest radiotherapy Neurological deficit Myositis 
syndrome Lipoedema Thoracic outlet syndrome Chronic regional ossificans 
Arteriovenous Dercum disease Superior vena cava pain syndrome osteomyelitis 


malformation 


Madelung disease (benign 
symmetrical lipomatosis) 


obstruction 
IV drug abuse 


Lymphangitis 


(bacterial infection, 


Septic arthritis 


DXT, radiotherapy; IV, intravenous. 


through central lines. It can also have primary causes such as 
anatomical anomalies, including thoracic outlet syndrome and 
Paget-Schréetter syndrome (so-called ‘effort thrombosis’). Arte- 
riovenous fistulae for haemodialysis will increase arm size from 
an increased blood flow but arm oedema will only occur with 
thrombosis or if lymph drainage is compromised. 

Gene mutations causing tissue overgrowth have recently been 
identified [6]. PIK3CA mutations are frequently associated with 
a lymphatic anomaly and are usually mosaic/somatic in nature. 
Primary lymphoedema of the upper limb can be caused by a CCBE1, 
FAT4 or GJC2 mutation. 


Clinical features 

In its mildest form breast cancer-related lymphoedema may go 
unnoticed, even by the patient. Swelling of the hand or wrist may 
be observed. Alternatively, the patient may notice that their clothes 
are tight. Aching is frequently experienced. 

Upper limb breast cancer-related lymphoedema should exhibit 
pitting oedema but in more advanced cases fat and fibrosis con- 
tribute more to the swelling, so the consistency of the swelling 
may be fatty or firm. The distribution of swelling along the arm 
varies between patients, and swelling may be confined to a specific 
region of the upper limb. In some patients the hand may be swollen, 
while in others the hand may be spared despite more proximal 
swelling of the forearm or upper arm. In cases of incipient or mild 
breast cancer-related lymphoedema, when the arm is not obviously 
increased in size, inspection may reveal decreased visibility of 
subcutaneous veins on the ventral forearm and dorsal hand ipsilat- 
erally (the skin is thickened in lymphoedema and therefore more 
opaque) with smoothing or fullness of the medial elbow and distal 
upper arm contours. By pinching up the skin and subcutis of each 
arm between the finger and thumb, the thickened ipsilateral tissues 
can be palpated. Skin colour is normal except in the presence of 
venous outflow obstruction when it is red to blue; or with infection 
when it is pink to red; or with lipodermatosclerosis when it is deep 
to cherry red. 


herpes simplex, 
psoriasis, 
rheumatoid 
arthritis) 
Yellow-nail syndrome 


Differential diagnosis 

Venous outflow obstruction due to axillary/subclavian vein com- 
pression or stenosis, or occlusion from thrombosis, will produce a 
discoloured (red/blue) painful swollen arm often with parasthesia. 

A swollen arm due to overgrowth may be associated with lym- 
phoedema or lymphatic malformation in which case there may 
be signs of a vascular birthmark often at the root of the limb. 
There may be overgrowth with fat either from lipohypertrophy, 
as in lipoedema, or with lipomatosis such as Madelung disease 
(Figure 103.27). 

Other differentials to consider are musculoskeletal disorders (e.g. 
ruptured muscle, arthritis, myofascitis or polymyositis), infection, 
trauma, a neoplasm (including sarcoma and carcinoma), allergic 
reaction and factitious causes. Rarely, systemic causes such as heart 
failure, superior vena caval obstruction and hypoproteinaemia can 
produce arm swelling. 


Investigations 

Lymphoedema is usually a clinical diagnosis in the context of past 
cancer treatment. Imaging of the axilla is necessary to exclude a 
relapse of cancer (e.g. breast cancer or melanoma). 

In cases of suspected non-cancer lymphoedema, lymphoscintig- 
raphy is the investigation of choice to confirm impaired lymph 
drainage. A venous duplex ultrasound examination is the first 
investigation of choice in suspected venous outflow obstruction, 
but CT or MRI venography may be necessary in neutral and stress 
postions to confirm a thoracic outlet obstruction. A thrombophilia 
screen is indicated in cases of thrombosis. 

Where overgrowth is suspected, MRI comparing both upper limbs 
should identify enlarged muscle or fat. MRI can also help distin- 
guish fat from fluid. 


Management 

Treatment of a swollen arm is dependent on the cause. In circum- 
stances where systemic causes, for example cancer recurrence or 
heart failure, have led to, or coexist with, the lymphoedema, then 
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Figure 103.27 Madelung disorder. Benign symmetrical lipomatosis (also known as 
benign symmetrical lipomatosis of Launois—Bensaude, Madelung disease, multiple 
symmetrical lipomatosis and cephalothoracic lipodystrophy) is a cutaneous condition 
characterised by extensive symmetrical fat deposits in the head, neck and shoulder 
girdle area. 


treatment of the medical condition must be undertaken before 
embarking on specific lymphoedema therapy. The general princi- 
ple for treating a swollen limb is to limit increased microvascular 
filtration and enhance lymph drainage. Lymph drainage responds 
to exercise and movement done while wearing compression. 
Where cellulitis, particularly if recurrent, occurs then prophylactic 
antibiotics may be indicated. 


Although surgical decompression and venous angioplasty may 
be considered for thoracic outlet obstruction, the typical treatment 
for primary subclavian vein thrombosis is oral anticoagulation only. 
Venous compression or stenosis may benefit from stenting. 


Swollen face, head and neck 


Definition and nomenclature 

Facial swelling may be generalised or localised, for example to the 
eyelid(s), lips or one cheek. It may extend beyond the face to involve 
the head and neck. To be chronic it should persist for more than 3 
months. 


Synonyms and inclusions 

e Puffy face 

¢ Facial lymphoedema 

¢ Rosaceous lymphoedema 

¢ Morbihan disease 

© Solid facial oedema 

¢ Oro-facial granulomatosis 

¢ Granulomatous cheilitis 

¢ Melkersson-Rosenthal syndrome 


Introduction and general description 

Chronic swelling of the face is most often due to fluid oedema 
but can arise due to an increase in other tissue components, such 
as blood vessels in a port wine stain (capillary malformation), 
acromegaly, overgrowth spectrum (hemihypertrophy) or tumours 
(Table 103.9). 

Oedema may extend beyond the face to involve the head and neck, 
which occurs after surgery and/or radiotherapy for head and neck 
cancer or with recurrent cancer. Lymphoedema is a frequent late 
effect of head and neck cancer. Head and neck lymphoedema may be 
categorised as involving external structures (e.g. the skin and soft tis- 
sue of the face and neck) and internal structures, such as the mucosa 
and underlying soft tissue of the upper aero-digestive tract (e.g. the 
pharynx and larynx). Other than the eyelids, the most common sites 
of external lymphoedema are the neck and submental area. 

Oedema of the upper or lower lip (or both) may be from a vascular 
anomaly or result from recurrent angioedema, oro-facial granulo- 
matosis, sarcoidosis, infective cheilitis or from the administration of 
lip fillers for cosmetic purposes. 

Chronic oedema of the eyelids is common. Conditions that need 
to be considered include dermatomyositis, Graves disease and 
particularly rosacea/acne. Eyelid swelling may be quite simply 
due to acquired lax skin from photoageing and other processes 
that have undermined tissue compliance, such as blepharocha- 
lasis /dermatochalasis. In addition to an increase in the diameter 
and number of lymphatic vessels, a reduction in elastic fibres that 
are essential for the structure and function of the lymphatic sys- 
tem, a disarrangement in collagen fibres, stromal oedema and an 
increased number of macrophages play a role in the development 
of dermatochalasis [7]. 


Table 103.9 Causes of head and neck swelling. 


Congenital/genetic 


Vascular Lymphatic Overgrowth 


Acquired 


Tumours Inflammatory Miscellaneous 


Vascular Syndrome (neck Macrocephaly, e.g. 


malformation webbing): macrocephaly 
Turner capillary 
Noonan malformation 
Generalised lymphatic syndrome 
dysplasia 
Mosaic with segmental 
lymphoedema 
Lymphangioma/ 


lymphatic malformation 


Contact allergy or angioedema, if persistent or recurrent, may 
slowly compromise lymphatic function. Equally, one severe attack 
of facial cellulitis may damage the lymphatics sufficiently to cause 
lymphoedema. 

Angiosarcoma or Kaposi sarcoma may infiltrate local lymph 
drainage, and manifest with eyelid oedema. Facial swelling can 
coexist with obvious primary lymphoedema of one or more limbs, 
suggesting that there is widespread congenitally determined 
lymphatic insufficiency. 

Chronic inflammatory disorders (e.g. rosacea, psoriasis, eczema), 
bacterial cellulitis, pediculosis, trauma and primary (congenital) 
lymphoedema can all lead to localised, lymphoedematous enlarge- 
ment of the ear. Rosaceous enlargement is called otophyma [8]. 


Epidemiology 

There are no data for facial lymphoedema from inflammatory dis- 
orders. Chronic head and neck lymphoedema is highly prevalent 
following multimodal treatment for cancer. Most lymphoedema is 
internal (e.g. the floor of the mouth and pharynx) but 35% have com- 
bined internal and external (skin and subcutaneous tissues) [9]. 


Pathophysiology 

Oedema is an excess of interstitial fluid. Any oedema, whatever the 
cause, is due to microvascular (capillary) filtration overwhelming 
the lymph drainage for a sufficient period of time. Interstitial fluid 
is reabsorbed almost entirely by the lymphatic vessels. Gravitational 
factors contributing to increased microvascular filtration do not play 
a part except overnight when the patient is lying down, hence facial 
swelling is often at its worst in the morning. However, sustained 
increased venous pressures (e.g. superior vena caval obstruction) 
can produce facial oedema. 

If primary facial lymphoedema occurs it is invariably present at 
birth. It is usually asymmetrical and associated with lymphoedema 
elsewhere. Head and neck oedema occurring in utero may regress 
by birth but can leave signs such as prominent medial epicanthic 
folds or neck webbing postnatally, as seen in Turner and Noonan 


Rosacea/acne 
Cellulitis/erysipelas 
Oro-facial granulomatosis 
Tuberculosis 


Metastatic head 
and neck 
cancer 

Angiosarcoma 


Acromegaly 

Accidental trauma 
(cauliflower ear) 

Cushing syndrome 


Radical neck lym- Sarcoidosis Graves disease 
phadenectomy Dental abscess 
Radiotherapy Sinusitis 
Dermatomyositis 


Dermatitis/eczema, 
psoriasis, contact 
allergy 

Dermatochalasis/ 
blepharochalasis 

Pediculosis 

Angioedema 


syndromes. Congenital eyelid lymphoedema may be associated 
with conjunctival oedema. 

A lymphatic malformation (lymphangioma) of the head and neck 
is more common than lymphoedema and gives rise to swelling 
from lymph fluid present within abnormally formed lymphatics 
(whereas lymphoedema is lymph fluid within the interstitial space). 
The mouth and particularly the tongue are common sites. 

Facial lymphoedema may be secondary to other inflammatory 
pathologies of the skin such as rosacea or acne vulgaris. The skin or 
subcutaneous initial lymphatics fail rather than the main regional 
collecting trunks, but in addition telangiectasia and inflammation 
contribute to oedema through increased fluid filtration. Signalling 
neuropeptides, including pituitary adenylate cyclase-activating 
polypeptide (PACAP), a regulator of vasodilatation and oedema, 
are upregulated in rosacea skin. In a randomised, placebo-controlled 
trial sumatriptan was able to attenuate PACAP-38-induced rosacea 
flushing and oedema [10]. 

To what extent granulomatous rosacea, Morbihan disease and 
solid facial oedema (Figure 103.28) represent advanced versions of 
rosaceous lymphoedema remains unclear. Other inflammatory dis- 
orders considered to cause facial oedema include eczema, psoriasis, 
infection, pediculosis and trauma (cauliflower ears). Contact allergy 
or angioedema, if persistent or recurrent, may slowly compromise 
lymphatic function. One severe attack of facial erysipelas or cellulitis 
may damage the lymphatics sufficiently to cause lymphoedema. 

Chronic oedema of the eyelids is common and may just be due to 
acquired lax skin from photoageing and other processes that have 
undermined tissue compliance. 

Medical conditions associated with periocular oedema are der- 
matomyositis, Cushing syndrome (moon face) and thyroid disease 
particularly Graves disease. Renal disease, contrary to expecta- 
tions, does not cause oedema unless associated with hypoprotein- 
aemia (i.e. nephrotic syndrome) or when advanced. Inflammation 
within underlying structures may manifest with facial oedema 
(e.g. dental root infection, chronic sinusitis and salivary duct 
obstruction). 
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Figure 103.29 Oro-facial granulomatosis exhibiting redness and indurated swelling of 
the right upper lip. 


Angiosarcoma or Kaposi sarcoma may infiltrate local lymph 
drainage routes and manifest with facial lymphoedema. 

Oedema of the upper or lower lip (or both) may be congenital or 
result from chronic dermatitis, recurrent angioedema or oro-facial 
granulomatosis (OFG) (Figure 103.29). In OFG it may prove difficult 
to identify granulomas on biopsy therefore their absence does not 
necessarily exclude the diagnosis. If present, a diagnosis of OFG 
(also known as granulomatous cheilitis and Melkersson—Rosenthal 
syndrome) is made, but it remains unclear if the granulomas are 
cause or effect. Granulomatous inflammation may exist only locally 
but a thorough search for gastrointestinal Crohn disease or sys- 
temic sarcoidosis should be made. Crohn disease of the bowel can 
become apparent some time after presentation of OFG. Granulo- 
matous inflammation from administration of lip fillers for cosmetic 
purposes can also cause chronic swelling [11]. 

Head and neck lymphoedema is becoming increasingly more 
common as more head and neck cancer is treated by lymph node 
neck dissection and radiotherapy. Fibrosis and secondary infection 
are frequent complications. 


Clinical features 
The clinical features of facial lymphoedema depend on the underly- 
ing aetiology. Swelling usually affects the central forehead, eyelids, 
cheeks and submental region. It may be surprisingly asymmetrical. 
Oedema may not diminish overnight when lying down. Redness is 
always present in rosacea, but inflammatory pustules and papules 
may be absent. OFG starts with intermittent bouts of swelling 
resembling angioedema affecting the lips or cheeks, but with time 
the condition may become persistent. An extension of the oedema 
within the mouth is common and is the reason for the rugose 
changes on the buccal mucosal and tongue (scrotal tongue). 
Lymphoedema may be severe with head and neck cancer causing 
facial disfiguration and distress (Figure 103.30). 


Investigations 

Skin biopsy may be helpful if granulomatous disease, rosacea, 
dermatomyositis, angiosarcoma or Kaposi sarcoma is suspected. 
Lymphoscintigraphy can be performed on the head and neck but 
is difficult to interpret. MRI or CT imaging may be useful if an 
underlying pathology such as cancer, sinusitis or dental root infec- 
tion is suspected. Such imaging may also help distinguish between 
swelling due to fluids and other tissue components such as fat. 


Management 

The treatment of facial lymphoedema will depend on the cause. 
Any inflammation will need to be treated to reduce the higher 
lymphatic load arising from increased vascular permeability and 
blood flow. Raising the head of the bed during overnight sleep 
helps to reduce venous pressure and therefore microvascular filtra- 
tion. Otherwise, the standard principles of enhancing lymph flow 
through massage techniques and facial exercises apply. Modified 
decongestive lymphoedema therapy can be successful in treating 
head and neck lymphoedema following cancer treatment. 

In rosaceous lymphoedema, antibiotic therapy appears dis- 
appointing in reducing swelling; low-dose isotretinoin has been 
advocated but may need to be sustained for 1-2 years. Laser ablation 
of the telangiectasia may reduce the fluid load on the lymphatics. 


Figure 103.30 Severe facial lymphoedema following treatment for carcinoma of the 
tongue. 


Swollen genitalia and mons pubis 103.49 


There are no data from clinical trials for the treatment of OFG. 
In one review of 45 patients who required treatment, 24 (53.3%) 
were treated with topical corticosteroids/immunosuppressants 
only, whereas 21 (46.7%) received a combined therapy (topical 
plus systemic corticosteroids/immunosuppressants and/or intra- 
lesional corticosteroids). The long-term outcome analysis showed 
complete or partial resolution of tissue swelling and oral ulceration 
in 78.8% and 70% of patients, respectively [12]. There are reports of 
therapeutic success with azathioprine, thalidomide, infliximab and 
mycophenylate mofetil. 


Swollen genitalia and mor 


Definition and nomenclature 
Genital lymphoedema may affect the shaft of the penis and/or scro- 
tum plus the mons pubis. 


Introduction and general description 
Genital lymphoedema may be primary or secondary (Table 103.10). 
The genitalia have the option of bilateral lymph node drainage. For 
swelling to occur, drainage pathways to both inguinal regions must 
fail or local genital lymphatics must become occluded. 

In primary genital lymphoedema gene mutations have been iden- 
tified, including in GATA2 and FOXC2. 

Secondary lymphoedema may be caused by advanced or local 
infiltration of cancer, extensive scarring from accidental or surgi- 
cal trauma, obesity, granulomatous disease such as Crohn disease 


Table 103.10 Causes of lymphoedema of the genitalia and mons pubis. 


Primary (congenital/genetic) Secondary 


Noonan syndrome 
Hennekam syndrome (CCBE7, 


Cancer (advanced primary, inflammatory 
cancer, pelvic relapse, skin infiltration) 


FAT4) Lymphadenectomy (pelvic, bilateral, 
Generalised lymphatic ilio-inguinal) 

dysplasia Radiotherapy 
Chylous reflux Accidental trauma 
Emberger syndrome (GATA2) Obesity 


Lymphoedema distichiasis 
(FOXC2) 
Yellow-nail syndrome 


Crohn disease/ano-genital granulomatosis 
Hidradenitis suppurativa 
Infections: 
Filariasis 
Cellulitis 
Lymphogranuloma venereum 
Donovanosis 
Systemic causes (heart failure, nephrotic 
syndrome) 


(b) 


Figure 103.31 (a) Lymphoedema of the penis secondary to ano-genital granulomatosis. 
There may be no sign of inflammation. (b) Genital lymphoedema secondary to 
hidradenitis suppurativa. Note the cutaneous lymphangiectasia that predisposes to 
lymphorrhoea. (b) Reproduced from Thomas et a/. 2014 [13]. 


or ano-genital granulomatosis (Figure 103.31a), hidradenitis suppu- 
rativa (Figure 103.31b) and infections such as filariasis, lymphogran- 
uloma venereum and donovanosis. 

Mons pubis swelling can develop in isolation but more often is 
associated with genital or lower limb lymphoedema. 

Genital oedema occurring in isolation is usually a result of local 
inflammation, for instance due to infection, ano-genital granu- 
lomatosis (cutaneous Crohn disease), hidradenitis suppurativa 
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or sarcoidosis. Genital oedema can be part of more widespread 
oedema from heart failure or nephrotic syndrome. Primary lym- 
phoedema can affect the genitalia but not usually without lower 
limb involvement. Lymph or chylous reflux can produce genital 
oedema often with lymphangiectasia. 


Pathophysiology 

Pathology 

In all forms of pure lymphoedema the pathology is the same, 
namely increased dermal and subcutaneous thickness through 
fluid, increased fat and fibrosis. A non-specific inflammatory infil- 
trate is invariably present. Lymphatic vessels may be increased 
in number and expanded due to increased lymphatic pressure, 
but they may also be reduced in number through genetically 
determined underdevelopment or if obliterated by fibrosis. 


Causative factors 

In primary lymphoedema a genetic cause is probable. To date 
there are at least four phenotypes for which mutations are known 
and which cause genital lymphoedema: Emberger syndrome, 
lymphoedema distichiasis syndrome, Hennekam syndrome and 
Noonan syndrome. Genital swelling may be a feature of congenital 
lymphoedema, particularly if part of a generalised lymphatic dys- 
plasia. Chylous reflux into the scrotum may result from congenitally 
malformed retroperitoneal aortic and iliac lymphatics giving rise to 
megalymphatics or from intestinal lymphangiectasia. 

Most cases (60%) of genital lymphoedema will be caused by oblit- 
eration of the upper thigh, inguinal and iliac lymph vessels for rea- 
sons which are not always apparent. One-quarter of cases will be 
caused by obliteration of outflow lymphatics from the scrotum and 
15% caused by reflux [14]. 

The commonest cause of genital lymphoedema and hydrocele 
worldwide is filariasis. Other secondary causes of genital lym- 
phoedema include active cancer and its treatment (e.g. bilateral 
inguinal lymphadenectomy or radiotherapy), granulomatous dis- 
ease (e.g. Crohn disease and ano-genital granulomatosis) and 
extensive local inflammation and scarring (e.g. hidradenitis sup- 
purativa). Genital swelling may occur as part of extensive oedema 
below the waist in heart failure, hypoalbuminaemia and inferior 
vena cava obstruction. Less common causes include tuberculous 
lymphadenitis, lymphogranuloma venereum and donovanosis [15]. 

Mons pubis lymphoedema is caused by local radiotherapy, obe- 
sity and local inflammatory disorders such as Crohn disease and 
hidradenitis suppurativa. 

In both primary and secondary cases an infection or other forms 
of local inflammation (e.g dermatitis) may cause swelling. Compres- 
sion of leg lymphoedema, through bandages or pneumatic compres- 
sion pumps, can push fluid up to the trunk. This can result in genital 
oedema, especially if care is not taken to redirect the lymph through 
collateral drainage routes. 


Genetics 

Mutations in GATA2 cause Emberger syndrome in which gen- 
ital lymphoedema is one phenotypic feature [16]. Mutations in 
FOXC2 cause lymphoedema distichiasis syndrome; uncommonly 
genital lymphoedema and lymphangiectasia can also feature 
[17]. Mutations in CCBE1 and FAT4 cause Hennekam syndrome 


(lymphoedema-lymphangiectasia syndrome), a form of generalised 
lymphatic dysplasia; genital lymphoedema is variable as a feature 
[18]. In Noonan syndrome molecular genetic testing identifies a 
mutation in PTPN11 in 50% of affected individuals, in SOS1 in 
approximately 13%, in RAF1 in 3-17% and in KRAS in fewer than 
5%. Lymphatic dysplasia with a clinical lymphatic abnormality is 
one of the major features [19]. 


Clinical features 

The development of swelling will be dependent on the underlying 
cause. The onset may be insidious or sudden with no obvious trig- 
ger. Infection (e.g. cellulitis) may be a provoking factor. A history of 
exposure to filariasis with travel to endemic areas must always be 
considered. Primary cases invariably have one or both lower limbs 
swollen at the time of onset of genital lymphoedema. 

In primary lymphoedema swelling may be present at birth or 
develop later in life. Genital lymphoedema is much more common 
in men, probably because of anatomy and the dependent nature 
of male external genitalia. The various parts of the genitalia — the 
penis, scrotum and labia — are not always swollen equally. 

Longstanding lymphoedema causes thickening and hyperker- 
atosis of the overlying skin with the production of papillomas. 
These probably arise from lymph congestion within the dermal 
lymphatics, which, in the early stages, can appear as ‘lymph blis- 
ters’ on the skin surface before the tissues become organised and 
fibrotic. 

Episodes of cellulitis are common with genital lymphoedema. 
Each attack further undermines lymph drainage routes, leading 
to worse swelling and a higher risk of infections, so establishing a 
vicious cycle. Offending organisms may be many and difficult to 
identify. Gram-negative infections should always be considered. 
The inguinal lymph glands are often enlarged as a result of infection 
(filarial or bacterial). 

Mons pubis lymphoedema presents as a dome-shaped swelling 
with peau d’orange skin changes. In the obese it can grow to epic 
proportions whereupon it resembles a pseudosarcoma and is called 
massive localised lymphoedema [20]. 

Genital lymphoedema can be complicated by infection (e.g. cel- 
lulitis) or the leakage of lymph or chyle with resulting contact der- 
matitis. Penile swelling may interefere with micturition and sexual 
function. Impotence may develop. A secondary balanoposthitis may 
occur. 


Differential diagnosis 
The characteristic skin changes make a diagnosis of lymphoedema 
relatively straightforward. However, systemic causes of oedema 
such as heart failure and nephrotic syndrome should be considered 
when accompanied by more widespread oedema. A hydrocele can 
be mistaken for oedema. 


Investigations 
Filariasis must be excluded by a complement fixation test, or 
night-time blood smears if active filarial infection is likely. A skin 
biopsy is essential to diagnose granulomatous disease or cancer 
infiltrating the dermal lymphatics. 

Imaging with a CT or MRI scan is necessary to exclude lym- 
phatic obstruction within the pelvis or ilio-inguinal glands 


from cancer or other pathologies (e.g. retroperitoneal fibrosis). 
Lymphoscintigraphy may be helpful in identifying lower limb lym- 
phatic abnormalities. It may demonstrate tracer within the scrotal 
lymphatics in cases of reflux. 


Management 

Decongestive lymphatic therapy aims to reduce swelling through 
a combination of massage and compression [21]. This should only 
be undertaken if the underlying causes, such as cancer, granulo- 
matous disease or infection, have been treated. Skin care should be 
scrupulous. Prophylactic antibiotics may be necessary to counter 
recurrent cellulitis. Compression is easier on the female genitalia 
than the male. Custom-made tights or shorts are recommended. 
Foam inserts can increase local pressure comfortably. A scro- 
tal sling or harness may provide support and compression in 
the male. 

Surgical reduction may be straightforward and effective [22]. 
Circumcision may resolve preputial swelling and any redundant 
foreskin. Hyfrecation or diathermy is best for lymphangiectasia. 
Antibiotic cover is recommended in all cases. 


Abdominal wall lymphoedema q 


Definition and nomenclature 

Abdominal wall lymphoedema is skin and subcutaneous oedema 
of the lower abdominal wall generated when ilio-inguinal lymph 
drainage is compromised bilaterally, or within a pendulous obese 
abdomen or in heart failure or nephrotic syndrome. 


Synonyms and inclusions 
 Pendulous abdomen 

-¢ Swollen abdominal panniculus 

e Elephantiasis nostras verrucosa 

¢ Secondary cancer-related lymphoedema 
© Truncal lymphoedema 


Introduction and general description 

The abdominal wall is not considered a likely place for lym- 
phoedema but is probably more common than generally realised. 
Diagnosis may be difficult because the soft tissues of the abdominal 
wall make pitting difficult to elicit. Furthermore, abdominal wall 
Iymphoedema may manifest with more fat than fluid, making 
distinction from obesity demanding. Peau d’orange skin changes 
can be a helpful sign and palpation of fluid gives a more solid feel 
than fat. 

Abdominal wall lymphoedema can develop following cancer 
treatment when ilio-inguinal lymph drainage is compromised. In 
such circumstances lower limb lymphoedema would likely coexist. 
Cancer relapse must be considered if swelling develops some time 
after curative cancer treatment. Cancer relapse may be in the pelvis 
or with infiltration of the abdominal wall skin (e.g. carcinoma 
erysipeloides). 

Non-cancer-related lymphoedema of the abdominal wall is invari- 
ably related to obese abdominal panniculus, or in circumstances 


of extensive oedema such as heart failure, nephrotic syndrome or 
yellow-nail syndrome. 


Pathophysiology 

Causative factors include cancer treatment (e.g. bilateral inguinal 
or pelvic lymphadenectomy) or radiotherapy for gynaecological, 
penile, bladder or prostate cancer, as well as relapsed cancer and 
cellulitis. Obesity where the abdominal panniculus is pendulous is 
also a major risk factor. 

Compromised ilio-inguinal lymph nodes affect all lymph 
drainage routes below the waist. This usually causes lower limb 
lymphoedema first, but in more severe cases the lower abdominal 
wall and genitalia are affected as well. External beam pelvic radio- 
therapy not only affects the lymph nodes but can also affect smaller 
collateral lymphatics within the skin and subcutaneous tissue of the 
mons pubis to cause lymphoedema within the radiation field. 

Relapse of cancer with infiltration of the dermal and subcutaneous 
lymphatics of the lower abdomen can also produce lymphoedema. 
Advanced cancer can produce profound lymphoedema from the 
waist downwards, particularly if accompanied by iliac vein or 
inferior vena cava obstruction. 

Obesity is known to cause lymphatic dysfunction and exacerbate 
Iymphoedema. This is particularly so in abdominal panniculus 
when the abdomen becomes pendulous. This creates venous 
congestion so increasing fluid filtration into the abdominal wall. 
Intense oedema complicated by infection often leads to elephan- 
tiasis changes (elephantiasis nostras verrucosa). Obese patients 
often suffer sleep apnoea syndrome, which only further increases 
systemic salt and water retention. 


Clinical features 

The patient may not perceive mild abdominal wall oedema. With 
progression there may be a sensation of getting fatter, or tightness 
and discomfort within the affected area. There may be a history of 
past cancer treatment, obesity or cellulitis. 

Pitting can usually be demonstrated only over the anterior 
superior iliac spine. Pinching a fold of lower abdominal skin will 
reveal thickening with a heavier, more solid feel than just fat. Peau 
d’orange skin changes may be observed. With time, and progressive 
accumulation of fat and fibrosis within the swollen area, the tissues 
will feel more indurated, particularly following an episode of cel- 
lulitis. More severe cases can develop marked hyperkeratosis, skin 
thickening and papillomatosis. These changes produce a warty, 
cobblestone appearance (Figure 103.32). 

Cellulitis frequently occurs because of the compromised local tis- 
sue immunity. Recurrent attacks exacerbate the lymphoedema, lead- 
ing to a vicious cycle. Lipodermatosclerosis may develop within the 
pendulous abdomen due to venous congestion and previous cel- 
lulitis. Progression of abdominal wall lymphoedema can result in a 
huge swelling, which may hang down as far as the patient’s knees, 
thereby compromising mobility and risking overwhelming sepsis. 
There is a high morbidity and life-threatening sepsis in the very 
obese. 


Differential diagnosis 

Abdominal wall oedema may develop in heart failure, hypoalbu- 
minaemia (nephrotic syndrome, liver disease and malnutrition) and 
inferior vena cava obstruction. 


3 Abdominal wall lymphoedema 103.51 


DISORDERS 


ce 
¢ 
oll 
=) 
U 
< 
> 
a 
FE 
= 


103.52 


Chapter 103: Disorders of the Lymphatic System 


DISORDERS 


cf 
< 
oll 
=) 
U 
< 
> 
re 
- 
cf 
rs 


Ss 


Figure 103.32 Lymphoedema of the pendulous abdomen and mons pubis due to 
obesity. 


— 


Investigations 

In cancer patients, restaging using abdominal ultrasound or a 
PET/CT scan is recommended. Skin biopsy may be helpful if infil- 
trative cancer is a possibility. In the severely obese check for the 
following: (i) heart failure, using BNP estimation; (ii) low plasma 
albumin; and (iii) sleep apnoea syndrome, through sleep studies. 


Management 
Correction of any underlying causes is the first priority wherever 
possible. Diuretics are usually of little help in abdominal wall 
oedema except in heart failure, but may be tried for short periods 
where physiology involves increased microvascular filtration. 

In severe morbid obesity (BMI >50) bariatric intervention should 
be considered. 

Antibiotics should be given if infection is present. Prophylactic 
antibiotics may be given if there is recurrent infection. 

Decongestive lymphatic therapy (manual lymphatic drainage and 
abdominal compression using binding or compression garments) 
should be administered. 

A ‘melon slice’ surgical apronectomy may be considered but the 
risk of infection and wound dehiscence is high in obese patients. 


Massive localised l_ymphoedema @g 


Definition and nomenclature 

Massive localised lymphoedema is a benign lymphoproliferative 
soft-tissue overgrowth in the morbidly obese patient. It represents 
gross lymphoedema usually confined to one area such as a thigh 
and appearing like a tumour. 


onyms and inclusions 


tiasis nostras verrucosa 


Introduction and general description 

Lymphoedema typically affects a limb but uncommonly it can 
present as a localised mass resembling a tumour. It is not unusual 
for an area of lymphoedema on the lower inner thigh, leg, inguinal 
region or abdominal apron to hypertrophy into an enlarged fold 
and then, under the influence of gravity, progress into a pendulous 
swelling. Obesity and repeat attacks of infection locally increase risk. 


Pathophysiology 
Predisposing factors include obesity, filariasis and recurrent 
infection. 

Solid or papillomatous plaques can mimic tumours but biopsy 
will reveal typical features of lymphoedema, namely oedema, 
dilated lymphatics, fibrosis, fat, epidermal acanthosis and hyper- 
keratosis, and inflammatory dermal infiltrate. In one series all 22 
cases showed striking dermal fibrosis, expansion of the fibrous 
septa between fat lobules with increased numbers of stromal 
fibroblasts, lymphatic proliferation and lymphangiectasia. Multi- 
nucleated fibroblastic cells, marked vascular proliferation, moderate 
stromal cellularity and fascicular growth raised concern among 
referring pathologists for such conditions as atypical lipomatous 
tumour/well-differentiated liposarcoma, angiosarcoma and a 
fibroblastic neoplasm such as fibromatosis [23]. 


Clinical features 

An area of lymphoedema becomes raised like a tumour, then under 
the effects of gravity may become polypoid. Lesions most resem- 
ble a benign tumour such as a pedunculated lipoma although a 
soft-tissue sarcoma could also be suspected. The overlying skin is 
markedly thickened with a ‘cobblestone’ appearance and elephan- 
tiasis (Figure 103.33). The structure often appears lobulated and can 
grow to a considerable size. Weeping of lymph fluid and ulceration 
are common. Infection with septicaemia frequently occurs. When 
very large the ‘tumour’ can interfere with mobility. A total of 65 
cases of massive localised lymphoedema have been described in 
the literature, nine of which resulted in angiosarcoma (10.3% of all 
cases) [24]. The likelihood is that the lesion will continue to enlarge 
associated with chronic infection unless treated. 


Differential diagnosis 
Differential diagnoses include lipoma, lymphatic malformation, 
lymphocele and sarcoma. 


Investigations 

Magnetic resonance imaging typically demonstrates a sharply 
demarcated, pedunculated mass consisting of fat partitioned by 
fibrous septae surrounded by a thickened dermis. There is oedema 
both within the mass and tracking along the subcutaneous septae 
in a lace-like fashion outwards from the pedicle, outlining large 
lobules of fat [25]. 


Management 

The only satisfactory treatment is surgical resection with reconstruc- 
tion. However, this is not without hazard as wound dehiscence and 
overwhelming infection can present serious life-threatening risks. 
Intensive multilayer lymphoedema compression bandaging and IV 
antibiotics given first to shrink the mass might reduce the surgical 
complications and improve prognosis [26]. 


Figure 103.33 Massive localised lymphoedema of the right thigh showing marked 
‘cobblestone’ skin changes. 


LIPOEDEMA 


Lipoedema 7 


Definition and nomenclature 
Lipoedema is a disorder of adipose tissue that occurs almost exclu- 
sively in women, usually at a time of hormonal change. 


nonyms and inclusions 


- Adiposis dolorosa 

© Painful fat syndrome 
¢ Adipositas oedematosa 
‘ovepipe legs 


Introduction and general description 

Lipoedema is a condition characterised by abnormal adipose 
deposition within the lower limbs. It occurs almost exclusively 
in females and is thought to be an inherited disorder. The onset 
of symptoms typically occurs at a time of hormonal change such 
as puberty or pregnancy. Patients complain of progressive fatty 
swelling of the lower limbs, with associated local easy bruising, 
skin tenderness and pain. Contrary to the name, fluid is not a 
dominant feature and the ‘swelling’ is caused predominantly by 
adipose tissue. Lipoedema was first described by Allen and Hines 
in 1940 as ‘bilateral enlargement of the legs thought to be due to 
abnormal deposition of subcutaneous fat and accumulation of fluid 
in the lower legs’ [1]. The lack of a clear definition of the disorder 
and no confirmatory test have led to significant confusion regarding 
diagnosis and management. In fact, some clinicians consider it a 
physiological variant of obesity rather than a disease [2]. However, 
lipoedema recently received acceptance as a medical condition and 
obtained an MIM number (614103) in 2011 [3]. 


Epidemiology 
Limited prevalence data exist for lipoedema. Some clinicians 
believe it is a rare disorder, but many consider that it is more com- 
mon than expected and is often misdiagnosed as simple obesity or 
lymphoedema. 


Pathophysiology 

The aetiology of lipoedema is still unknown. It has not yet been 
determined whether the cause of the ‘fatty swelling’ is due to 
adipocyte hypertrophy or hyperplasia, or a combination of the 
two. Histological examination of tissue biopsies and liposuction 
aspirates identifies oedema of the adipocytes and/or interstitium, 
but no other abnormalities are detected. One study postulated 
that activated adipogenesis occurs in lipoedema tissue leading 
to hypoxia and subsequent adipocyte necrosis and recruitment 
of macrophages, as occurs in obesity [4]. Child et al. proposed 
that a hormonal influence was likely to underlie the condition as 
lipoedema appeared to be expressed most commonly at puberty or 
other times of hormonal change. 

Frequent observations of mother to daughter inheritance led to 
the hypothesis that lipoedema is a genetic disorder. Patterns of 
inheritance of the condition within families are consistent with 
either X-linked dominant inheritance or autosomal dominant 
inheritance with sex limitation [5]. 


Clinical features 

Lipoedema occurs almost exclusively in females. No ethnic differ- 
ences have been reported. Onset is typically at puberty or other 
times of hormonal change such as pregnancy or commencement 
of the oral contraceptive pill. Only six cases of lipoedema affecting 
males have been reported in the literature. All were thought to have 
developed lipoedema secondary to hormonal disturbances, with 
reduced testosterone levels being a common factor [6]. 

Affected individuals develop bilateral and symmetrical ‘fatty’ 
non-pitting swelling, usually confined to the legs and hips. The feet 
are spared, giving rise to an ‘cuffing’ or ‘bracelet’ effect at the ankles, 
sometimes called ‘cankles’ (Figure 103.34). Heavy deposition of fat 
on the thighs can result in knee hooding and loss of definition for the 
knee joint, saddlebags of fat on the hips, and excess buttock fat with 
a ledge between the buttocks and sacrum, so-called steatopygia. 
Patients frequently complain of tenderness and easy bruising of the 
affected areas. Over time, the patient may develop similar excess 
fat in their upper arms. Wold et al. have proposed a set of diagnostic 
criteria for lipoedema [6]: 


1 Occurrence is almost exclusively in women. 

2 It has a bilateral and symmetrical nature with minimal involve- 

ment of the feet, resulting in an ‘inverse shouldering’ or ‘bracelet’ 

effect at the ankle. 

Minimal pitting oedema is seen. 

There is pain, tenderness and easy bruising. 

5 There is no reduction in limb size despite elevation of the extrem- 
ities or weight loss. 


mm OW 


In the teenager or young adult, the lipoedema phenotype is char- 
acteristic; the classic disproportionate distribution of fat below the 
waist, the coexisting features of tissue tenderness and easy bruising 
and the lack of response to weight-reducing diets all argue against a 
form of obesity. However, later in life, lipoedema can be complicated 
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by obesity and/or lymphoedema, rendering the diagnosis more 
difficult to make. In this case historical symptoms are key to the 
diagnosis. While lipoedema is confused with obesity by many 
clinicians, associated obesity has, nonetheless, been observed in 
most patients particularly when older. 

Fluid oedema that develops during the day and _ resolves 
overnight can feature, and usually affects the legs below the 
knees. This oedema is called orthostatic oedema implying it is 
secondary to the effects of gravity in the upright posture. The feet 
usually remain unaffected. Allen and Hines proposed that this 
oedema formation in lipoedema was the result of poor resistance of 
accumulated fat against the hydrostatic passage of fluid from the 
capillaries into the interstitium [1]. 

Lipoedema is frequently complicated by the onset of a secondary 
lymphoedema, resulting in the clinical picture of lipo-lymph- 
oedema. The clinical features of lipo-lymphoedema range from 
mild pitting oedema of the feet to severe asymmetrical swelling 
of the lower limbs because of impaired lymphatic drainage. Lym- 
phoscintigraphy performed after the onset of lipo-lymphoedema 
will confirm impaired lymphatic drainage whereas in ‘pure’ 
lipoedema, lymphoscintigraphy is normal [7]. 

Hypermobility and disorders of gait, joint deformities (e.g. genu 
valgum) and pain may occur because of disproportionate adipose 
tissue of the legs. A number of women complain of knee pain 
prior to the onset of radiological changes, suggesting this is part of 
the lipoedema phenotype (possibly due to an associated disorder 
of connective tissue) or secondary to the strain put on the knee 
joint from increased limb volume. Venous telangiectasias are also 
common (but with no venous reflux on venous duplex examination). 


Figure 103.34 A patient with classic lipoedema. (a) 
Symmetrical fatty swelling of both lower limbs with 
sparing of the trunk. Increased adipose deposition 
of the upper arms is present. (b) Features include 
sparing of the feet with ‘inverse shouldering’ of the 
ankles. Fat pads are developing on the medial 
aspect of both knees. 


Patients with lipoedema often develop psychological morbidity 
as a result of their chronic progressive disorder. Poorly managed 
lipoedema will undoubtedly progress and be complicated by obe- 
sity and lymphoedema. The unwieldy nature of the leg swelling, 
and the pain, can be disabling in older age particularly if obesity 
complicates the picture. 


Differential diagnosis 
Lipoedema must be differentiated from lymphoedema, a more 
well-known cause of bilateral lower limb enlargement. How- 
ever, lymphoedema typically results in asymmetrical oedematous 
swelling due to the accumulation of lymph fluid within tissue 
spaces. Typical cutaneous findings of lymphoedema_ include 
brawny, hard and warty changes of the skin and subcutis. Pit- 
ting (where the skin remains indented for a few minutes after 
removal of firm finger pressure for 30 s) is usually present in 
Iymphoedema, except in very advanced cases. In contrast, in pure 
lipoedema the skin remains characteristically soft and pitting is 
almost always absent. The experienced clinician will be able to 
differentiate the two conditions by the soft ‘doughy’ consistency of 
excess subcutaneous adipose deposition in lipoedema compared 
with the pitting, firmer tissue consistency of lymphoedema. 
Dercum disease or adiposis dolorosa refers to a syndrome of 
painful fat disorder. Pain is the dominant feature and is consid- 
ered to emanate from lipomas. Dercum disease can present with 
a phenotype similar to lipoedema. Lipomas can be a feature of 
lipoedema and Dercum disease where there are multiple, painful, 
diffuse or nodular lipomas (with chronic pain lasting more than 3 
months) and generalised obesity. Men may be affected, but there is 


Table 103.11 Stages of lipoedema. 


Stage Clinical signs 

Stage | The skin is smooth and the subcutaneous layer is 
thickened, soft and with an even structure. This 
stage can last for several years 

Stage Il The skin might be cool in certain areas as a result of 
functional vascular imbalance. Over time, 
subcutaneous nodules develop and the skin surface 
becomes uneven 

Stage Ill After several decades, patients may develop large 


amounts of tender subcutaneous tissue and bulging 
protrusions of fat, mainly at the inner side of the 
thighs or knees, which lead to an impairment of gait 


a female preponderance with a ratio of 5-30 : 1 [8]. Dercum disease 
is frequently misdiagnosed as fibromyalgia. 

Table 103.11 contains the clinical stages of lipoedema as suggested 
by Schmeller and Meier-Vollrath [9]. 


Investigations 
The diagnosis of lipoedema is currently clinical with no absolute 
phenotypic features or confirmatory test. Numerous investigations 
have been undertaken in patients with lipoedema, including lym- 
phoscintigrams, venograms, arteriograms and magnetic resonance 
lymphangiography, all failing to demonstrate specific abnormali- 
ties but suggesting a subclinical reduction in lymphatic function 
in patients with lipoedema [10]. None of these investigations 
demonstrated specific diagnostic signs of lipoedema. 
High-resolution cutaneous ultrasonography has been pro- 
posed as a method for differentiating lipoedema from lym- 
phoedema. Naouri et al. reported a significant difference in 
dermal thickness between the two groups — no dermal thickening 
detected in lipoedema compared with marked dermal thickness in 
Iymphoedema [11]. 


Management 

No curative therapies are available for lipoedema. Manage- 
ment goals are aimed at the improvement of subjective symp- 
toms (e.g. pain), prevention of progression and prevention of 
lipo-lymphoedema. 

Conservative therapies including manual lymph drainage, inter- 
mittent pneumatic compression and multilayered short-stretch 
bandaging have been shown to reduce the perception of pain 
in patients with lipoedema. However, these treatments do not 
reduce limb volume unless there is coexistent lymphoedema. Com- 
pression therapy has been shown to prevent additional oedema 
formation. 

The prevention of lipoedema progression is key. Physical activity 
should be encouraged as it will reduce the risk of obesity and may 
have a positive impact on the oedema component. Dietary advice 
for avoiding weight gain is a crucial part of the management plan. 
Patients should be made aware that obesity is a major exacerbating 
factor of lipoedema. 

Liposuction has been accepted as a therapeutic option for 
lipoedema. Treatment is aimed at reducing limb volume/mass, 
and pain, and improving mobility. Treatment in the early stages 


yields a better outcome than when liposuction is used in advanced 
cases or in lipo-lymphoedema. The long-term data on liposuc- 
tion indicate good efficacy providing fitness is maintained [12]. 
Lipoedema legs have a delayed lymph transport. Tumescent lipo- 
suction does not diminish the lymphatic function in lipoedema 
patients, thus tumescent liposuction can be regarded as a safe 
treatment [13]. 

Patients must be aware that liposuction does not offer a cure. If the 
patient does not maintain their weight in the postoperative period 
then they will return to the original disease state. 


Imaging of the lymphatic system 


Introduction 

Most patients with lymphoedema are diagnosed from the history 
and clinical findings. The use and value of imaging techniques are 
highly dependent on availability and expertise. Table 103.12 com- 
pares the different techniques available for imaging the lymphatic 
system. The techniques used to investigate the lymphatic system 
are discussed here, but some patients will benefit from additional 
imaging in order to understand the cause of their swelling. For 
example, MRI and CT scanning may be indicated to assess the pres- 
ence of intra-abdominal or pelvic pathology or masses obstructing 
lymphatic drainage. MRI may also be requested to assess tissue 
hypertrophy or signs of overgrowth (e.g. in Klippel-Trenaunay syn- 
drome). Venous duplex imaging may be requested to investigate 
the possibility that the lymphoedema is associated with venous 
incompetence. 


Imaging techniques 

Lymphography 

X-ray contrast lymphography (lymphangiography) remains the 
gold standard mode of demonstrating lymphatic collectors and 
lymph nodes. However, it is rarely used as the technique requires 
the invasive procedure of direct cannulation of the lymphatics [1]. 


Lymphoscintigraphy 

Lymphoscintigraphy (isotope lymphography) is currently the 
investigation of choice for determining if chronic oedema may 
be due predominantly to a failure of lymph drainage. It involves 
a simple intradermal/subcutaneous injection of a radiolabelled 
tracer protein, exclusively cleared by the lymphatics. Qualita- 
tive lymphoscintigraphy involves examination of images only. 
Measurement of tracer uptake and transit through the lym- 
phatics that permits quantitative analyses of lymph drainage is 
referred to as quantitative lymphoscintigraphy and may discrim- 
inate lymphoedema from lipoedema [2]. Lymphoscintigraphy 
has the potential to distinguish between different types of pri- 
mary lymphoedema and their mechanisms of lymph drainage 
failure. For example, initial lymphatic dysfunction in Milroy 
disease versus lymph collector reflux in lymphoedema distichia- 
sis syndrome (Figure 103.35) [3]. However, lymphoscintigraphy 
suffers from poor spatial resolution with poor definition of the 
lymphatic vessels and limited functional measurements of actual 
lymph flow. 
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Imaging technique 


Contrast agent 


Depth of imaging and comments Invasiveness Availability 


Direct X-ray 
lymphography 


Lymphoscintigraphy 


Fluorescence 
microlymphangiog- 
raphy 

Near infrared ICG 
lymphangiography 


Magnetic resonance 


lymphangiography 


Intranodal MR 
lymphography 


Intralymphatic injection of a 
radio-opaque oil (e.g. 
lipiodol) 


Simple 
intradermal/subcutaneous 
injection of a radiolabelled 
tracer protein (e.g. 
technetium-99-labelled 
colloid) 

Simple intradermal injection 
of fluorescent contrast 
agent (FITC-dextran) 

Simple 
intradermal/subcutaneous 
injection of ICG 


Simple 
intradermal/subcutaneous 
injection of a gadolinium- 
based contrast agent 

Injection of gadolinium-based 

contrast agent into the 
lymph nodes 


Anatomical imaging of lymphatic 
collectors and lymph nodes 


Very invasive; requires 
the identification 
of a lymphatic 
collecting vessel by 
exploratory surgery 

Lymphatic collectors and lymph Minimal Readily available in 
nodes hospitals 

Poor resolution compared with 


Rarely performed 


lymphography technique 
Limited functional data acquired 
Not anatomical 
Superficial dermal lymphatic vessels Minimal Research tool 
Superficial dermal lymphatic vessels Minimal Increasing 
and superficial lymph nodes availability in 
Contractility can be visualised but not departments 
quantified offering 
lymphatic 
microsurgery 
Lymphatic collectors and lymph Minimal Research tool 
nodes 
Subcutaneous fat and oedema also 
visualised 
Visualisation of internal lymphatic Invasive Specialised 


vessels and thoracic duct centres only 


FITC, fluorescein isothiocanate; ICG, indocyanine green; MR, magnetic resonance. 


(a) 


(b) 


ymph nodes 
(groin) 


2. Lymphatic 


‘ ie 


Control 


channels 


_ Tracer depot 
(in feet) SS e 


Milroy 


Fluorescence microlymphangiography 


Fluorescence microlymphangiography (FML) is a research tool that 
uses a fluorescent contrast agent (fluorescein isothiocanate dextran) 
to provide information on superficial dermal lymphatic vessels. 
It has been used to improve understanding of lymphatic disease, 
including primary lymphoedema. For example, FML in conjunction 
with immunohistochemistry demonstrated that lymphatic dysfunc- 


tion, and not aplasia, underlies Milroy disease [4]. 


LDS Meige 


(c) (d) 


Figure 103.35 Lymphoscintigraphs showing the uptake 
of technetium-99 in the inguinal lymph nodes (ILNs) at 2 
h after injection in the normal lymphatic system and in 
patients with differing types of lower limb primary 
lymphoedema. (a) Healthy control. (b) Milroy disease, 
demonstrating functional aplasia of the lymphatics (i.e. 
no uptake into the ILNs). (c) Lymphoedema distichiasis 
syndrome (LDS) with reasonable uptake to the ILNs but 
evidence of marked reflux due to lymphatic valve 
incompetence. (d) Meige disease, with poor uptake and 
evidence of rerouting via the deep lymphatic channels 
resulting in uptake within the popliteal lymph nodes. 


’ 6 


Near infrared lymphangiography (ICG lymphography) 

Near infrared (NIR) lymphangiography using indocyanine green 
(ICG) is a recently introduced and potentially useful technique 
used to demonstrate superficial lymphatic collecting vessels [5]. 
NIR imaging techniques use tracers that fluoresce under the exci- 
tation of NIR wavelengths (750-1000 nm) and external fluorescent 
detectors. ICG is a dye with properties of NIR absorption and 
fluorescence emission. ICG solution is injected intradermally or 
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subcutaneously and enables real-time detection of the lymphatic 
vessels. 

ICG is administered intradermally in order to map the lymphatic 
architecture. Fluorescent images have been collated to describe pat- 
terns of abnormal lymphatic structure in lymphoedema (e.g. dilated 
vessels with proximal obliteration) and diffuse constellation-like 
patches of dye accumulation (termed the ‘Milky Way’ feature). 
This method has also been used to quantify lymphatic function 
in the lower limb. NIR lymphangiography is now widely used 
to assess lymphatic vessel patency prior to lymphatico-venous or 
lymphatico-lymphatic anastomosis surgery [6]. 


Magnetic resonance lymphangiography 

The use of contrast-enhanced magnetic resonance lymphangiog- 
raphy (MRL) has been reported in the investigation of patients 
with lymphoedema [7]. MRL has been used to demonstrate the 
presence of enlarged and tortuous lymphatic vessels in patients 
with unspecified lymphoedema. It is still mainly a research tool but 
could prove useful as it has the potential to provide high-quality 
images of anatomical abnormalities with high spatial resolution 
(Figure 103.36) and may be able to provide quantification of 
lymphatic function in the future. 

Peripheral MRL has been successfully performed in the arms 
and legs of participants diagnosed with lymphoedema and in 
healthy participants. Intranodal MRL involves contrast agent injec- 
tion into a lymph node, usually an inguinal lymph node, with 
needle positioning requiring ultrasound guidance. Imaging of 
intra-abdominal lymphatic vessels and the thoracic duct is possible. 
Central conducting anomalies can be diagnosed, and lymph leaks 
treated by embolisation [8]. 


Histopathological investigation of the lymphatic 
system 

Skin biopsies may be useful when investigating a suspected lym- 
phatic malformation. The distinction between lymphatic and blood 
vessels in skin biopsy sections has been made more straightforward 
by specific lymphatic markers. D2-40 (podoplanin) is considered 
the most robust as it stains the initial lymphatics, pre-collectors 


Figure 103.36 (a) Baseline magnetic resonance 
lymphangiography (MRL) images taken from a 
patient prior to contrast injection. His phenotype is 
of lymphoedema distichiasis syndrome (FOXC2 
positive). Two main vessels can be seen within the 
lower limbs. These could be venous or lymphatic in 
origin. (b) Post-contrast MRL images 
demonstrating multiple, dilated, tortuous 
lymphatic vessels seen in the below-knee regions. (a) 


and collecting vessels but not blood vessels. LYVE-1 stains the 
initial lymphatics but also macrophages and is downregulated by 
inflammation. Prox-1 and VEGFR-3 are also lymphatic-specific and 
stain larger vessels. A panel of markers is recommended, partic- 
ularly in vascular malformations where differentiation between 
venous and lymphatic phenotypes may not be clear-cut [9]. CD31 
and CD34 stain both lymphatic and blood vascular endothelium. 


Lymphoedema management 


Introduction 

Failure of lymph drainage results in the accumulation of protein, 
fat and cells as well as water within the swollen tissues. Treatment 
is difficult because of the presence of the ‘solid’ component in the 
swelling. The management of lymphoedema varies greatly around 
the world. In developed countries, the emphasis is more on physi- 
cal forms of therapy involving massage, exercise and compression 
designed to stimulate lymph drainage. In poorer, hotter countries 
where hosiery and appropriate bandages are too costly and uncom- 
fortable, surgery may be the mainstay of treatment. Two particular 
problems need to be overcome with lymphoedema: swelling and 
predisposition to infection, particularly recurrent cellulitis. 

There is limited research to inform evidence-based guidelines on 
the treatment of lymphoedema. Nevertheless, robust guidelines 
developed through consensus by experts do exist [1]. 

Unfortunately, there is no proven curative treatment for lym- 
phoedema. Management is aimed at improving swelling through 
physical treatments designed to stimulate flow through existing or 
collateral drainage routes. Several surgical techniques have been 
implemented in recent years in a bid to improve lymphatic drainage 
or achieve limb volume reduction via liposuction. However, in the 
absence of robust data to support most surgical techniques, so-called 
‘conservative’ physical therapies are relied on for the majority of 
patients. 


Medical assessment 
Medical assessment aims to identify, and treat, other causes of 
chronic peripheral oedema. In circumstances where systemic causes 
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for peripheral oedema, for example heart failure, have led to or 
coexist with the lymphoedema, then treatment of the medical 
condition must be undertaken before embarking on specific lym- 
phoedema therapy. Where necessary, appropriate investigations 
should be performed to confirm lymphoedema and to identify 
treatable underlying causes (e.g. active cancer) or co-morbidities 
(e.g. superficial venous incompetence). 


Physical therapies 

All patients with a diagnosis of lymphoedema should be referred 
to a trained lymphoedema therapist. Management will focus on 
the needs of each individual patient. This may include (i) risk 
reduction, for example in breast cancer patients; (ii) swelling reduc- 
tion and improvement of shape of a swollen limb; (iii) treatment 
and prevention of infection; (iv) treating skin problems such as 
elephantiasis, lymphorrhoea and wounds, as well as discouraging 
tissue fibrosis; (v) restoring functional independence and correcting 
posture imbalance; and (vi) pain and psychosocial management. 
Therapy assessment will include setting the benchmarks against 
which improvement can be judged, for example limb volume 
measurement, mobility and functional assessments. A treatment 
plan will depend on the site and severity of the lymphoedema and 
the need to engage other services, for example leg ulcer services, 
oncology or vascular surgeons. 

Physical methods of treating lymphoedema have been practised 
in Europe for many years [2]. Therapy essentially aims to (i) con- 
trol lymph formation (capillary filtration), including treatment of 
inflammatory causes and/or venous hypertension; and (ii) improve 
lymph drainage through existing lymphatics and collateral routes 
by applying normal physiological procedures that stimulate lymph 
flow. Physical treatment can, in most cases, improve quality of life 
considerably. Central to management is getting patients to under- 
stand their condition and know what they can do for themselves 
as self-management is an integral component of maintenance treat- 
ment. Only then can a high level of motivation and adherence to 
treatment be generated [3]. It is important to explain to patients that 
unlike blood, which is propelled by the heart, lymph drainage relies 
on local changes in tissue pressure generated by being active. Phys- 
ical treatment exploits these principles, enhancing lymph flow as 
much as possible within the limits of a compromised drainage sys- 
tem. It should be appreciated that lymph flow still exists in lym- 
phoedema, otherwise swelling would be a relentlessly progressive 
process. 

The essential components of physical therapy include the follow- 
ing elements. 


Care of the skin and prevention of infection 

Elephantiasis skin changes are not only unsightly but lead to 
infection, odour, lymphorrhoea, restricted movement from fibrosis 
(pseudoscleroderma) and poor wound healing. Regular appli- 
cation of an emollient is important for hydrating the hardened 
skin, making it more supple and discouraging hyperkeratosis. 
Tinea pedis is almost invariable because of the closely apposed 
swollen toes — circumstances not improved by elastic hosiery. Mod- 
ern antifungal creams macerate skin still further and therefore it 
is suggested that terbinafine cream is applied for 2 weeks to be 
replaced by an alcohol wipe in the longer term (assuming the skin is 


not broken); in other words the alcohol wipes are to be introduced 
after 2 weeks of terbinafine cream application. For deep cracks 
and crevices that bacteria may readily colonise, regular toilet is 
necessary followed by an antiseptic soak, for example potassium 
permanganate. Hyperkeratosis can often be improved through 
the regular application of 5% salicylic acid ointment, but the best 
treatment to reverse elephantiasis skin changes is long-term com- 
pression. Areas that constantly seep lymph should also respond to 
sustained compression. 

Prevention of infection, particularly lymphangitis/cellulitis, is 
crucial to the control of lymphoedema. Care of the skin, good 
hygiene, control of tinea pedis and good antisepsis following abra- 
sions and minor wounds are important in reducing the risk of 
cellulitis, as maintenance of skin integrity and an effective barrier 
will reduce the entry of microorganisms. 


Exercise 

Exercise and movement are crucial to lymph drainage [4]. Dynamic 
muscle contractions (isotonic exercises) encourage both passive 
(movement of lymph along tissue planes or through non-contractile 
lymphatics) and active (increased contractility and therefore 
propulsion of lymph within contractile lymphatics) phases of 
lymph drainage. Overexertion and excessive static (isometric, e.g. 
gripping) exercise increase blood flow, which tends to increase 
oedema. 


External compression 

External compression (hosiery, bandage or pneumatic compression) 
complements the exercise programme. Such compression is not 
intended to ‘squeeze’ oedema but to act as a counterforce to striated 
muscle activity and so generate higher tissue pressures during 
contractions. This provides the most powerful stimulus to lymph 
drainage. Compression also limits capillary filtration by opposing 
capillary pressure. Compression is much less effective without 
exercise. Multilayer bandaging can be used for limb reduction, 
but also has the advantage of restoring limb shape so that subse- 
quent use of compression garments (hosiery) is more effective at 
controlling swelling [5]. 

Bandaging may be the only method suitable for huge mis- 
shapen limbs and for controlling lymphorrhoea. Layers of strong, 
non-elastic (short stretch) bandages are applied to generate a high 
pressure during muscular contractions but low pressure at rest. 
The use of foam or soft padding helps to distribute pressure more 
evenly and to protect the skin. The digits are bandaged to control 
the swelling of the fingers and toes. The strategic positioning of 
rubber pads ‘irons out’ pockets of swelling and deep skin folds 
(Figure 103.37). Multilayer bandaging is a skill that takes time to 
learn and should not be undertaken without appropriate train- 
ing. The compression administered may have to be modified in 
circumstances such as cancer requiring palliative treatment, mod- 
erate limb ischaemia or if there is any neurological deficit. Hosiery 
(below-knee or full-length stockings, half or full tights and sleeves) 
usually requires high compression and double layers may occasion- 
ally be required. Most garments last no more than 6 months. Two 
garments (or pairs) should be provided, one to wear and one for the 
wash. Washing is necessary to maintain the compression properties 
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of the garment. The patient’s technique for the application, removal 
and care of garments is crucial for a successful outcome. 

Pneumatic compression therapy (intermittent/sequential pneu- 
matic compression) should not be used in preference to exercise and 
compression but can be useful in mixed lymphovenous oedema and 
in infirm patients [6]. An inflatable boot, legging or sleeve is con- 
nected to a motor-driven pump and lymph is displaced proximally 
towards the root of the limb. If hosiery is not fitted immediately fol- 
lowing compression therapy, the swelling readily recurs. Pneumatic 
compression softens the tissues and reduces limb volume during 
treatment. Oscillatory pressure waves (OPW) generated by inter- 
mittent pneumatic compression therapy can entrain lymphatic con- 
tractility and modulate lymphatic function depending on the fre- 
quency and propagation speed of the OPW [7]. It is doubtful that 
any long-term benefit is gained over hosiery and exercise alone. 


Massage (manual lymphatic drainage therapy) 

Massage is an important component of treatment, particularly for 
midline lymphoedema where there are few alternatives. Manual 
lymphatic drainage is a massage technique performed by lym- 
phoedema therapists with the aim of rerouting the accumulation of 
lymph from the swollen region via collateral lymphatic pathways 
to lymphatic basins that are able to drain normally. The initial 
step is to decongest central/proximal areas before massaging the 
oedematous region. This facilitates the drainage of lymph via lym- 
phatic vessels/pathways that have been stimulated by the massage 
technique. Tissue movement must be gentle if it is to stimulate 
lymph flow without increasing blood flow [8]. 

A number of techniques are available but no single method 
appears to be superior. Manual lymphatic drainage is widely prac- 
tised, and many patients, therapists and physicians advocate the 
benefits. Continuous manual lymphatic drainage delivered by a 
therapist is expensive and few health care providers will fund this 
long term. Simple lymphatic drainage is best delivered by a partner 
or carer trained in the technique and this can be a good maintenance 
option. 


(b) 


VASCULAR 


Breathing, postural exercise, elevation and rest 

Breathing and postural exercises are important, particularly for 

clearance of lymph from the thorax and abdomen [9]. Without the 

dispersal of truncal lymph, there is no further drainage of periph- 
eral limb oedema. Elevation per se does nothing to improve lymph 
drainage but lowering venous pressure (and therefore filtration) 
can help to reduce swelling. Rest and elevation alone, however, are 
not the correct treatment for lymphoedema. 

Additional therapies that may be of benefit include: 

e Weight loss. Many patients with lymphoedema are overweight 
because of obesity as well as fluid retention. Excessive weight gain 
is likely to impair lymph drainage in the same way as it impairs 
venous drainage, and obesity reduces mobility (and therefore 
exercise). Control of weight in combination with physical treat- 
ment may be sufficient to resolve oedema completely in some 
patients. Weight loss irrespective of type of diet has been shown 
to reduce arm volume over and above what would be expected 
from fat loss alone in breast cancer-related lymphoedema [10]. 

¢ Hyperbaric oxygen (HBO), low-level laser therapy (LLLT) and kinesio- 
taping. There are data recommending the use of HBO and LLLT 
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Figure 103.37 (a) Toe (or finger) bandaging with cotton crepe bandages. 
(b) Sub-bandage wadding over a tubular cotton bandage. (c) Short-stretch compression 
cotton bandages applied in layers in a figure of eight and/or spiral style. 
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independently in breast cancer-related lymphoedema although 
a randomised controlled trial failed to demonstrate significant 
benefits from HBO treatment [11]. However, LLLT may reduce 
limb volumes and pain in patients with breast cancer-related 
lymphoedema [12]. Kinesiotaping has been shown to be effective 
in treating lymphoedema [13]. 


Intensive and maintenance treatment 

Patients with mild limb lymphoedema, no fibrosis and no distortion 
of shape can be started on maintenance treatment with compression 
hosiery. Intensive therapy, comprising a 2-4-week course of daily 
skin care, manual lymphatic drainage, multilayer bandaging and 
exercises, is indicated for patients with moderate to severe limb 
swelling, poor limb shape or tissue changes such as fibrosis, ele- 
phantiasis or lymphorrhoea. Once intensive treatment is complete, 
maintenance treatment with hosiery is commenced immediately. 
While decongestive lymphatic therapy has become accepted first 
line therapy, the evidence for best treatment is weak. 


Pharmacological therapies 

There are many drugs available for treating disorders of the 
blood circulation, but there are none with proven efficacy for lym- 
phoedema [14]. Diuretics alone demonstrate minimal improvement 
in lymphoedema, as their mode of action is to reduce capillary 
filtration by a reduction in circulating blood volume. 

The chronic lymph accumulation in lymphoedema leads both to 
changes in the structure of the skin and also to impaired clearance 
of inflammatory cells and mediators, with dysregulated regional 
immune responses. Adipose tissue deposition and fibrosis lead to 
progressive anatomical distortion and eventually loss of function 
in the affected areas. Leukotriene B, (LTB,) antagonism amelio- 
rates experimental lymphoedema. LTB, was elevated in patient 
serum and was counterproductive to lymphatic repair in a mouse 
lymphatic surgery model, likely due to its various effects on lym- 
phatic endothelial cell function and growth. Accordingly, blocking 
LTB, ameliorated clinical symptoms in the mice. This knowledge 
prompted the use of drugs known to inhibit the production of LTB,, 
including ketoprofen and the leukotriene A, hydrolase inhibitor 
ubenimex. Ketoprofen did not reduce lower limb swelling but 
did produce improvements in skin histology, and a small trial 
evaluating ubenimex was negative [15]. 

Improvement in swelling can be obtained with antibiotics when 
subclinical infection is present. In a randomised controlled trial in 
a single setting (in Ghana) assessing the use of doxycycline for the 
treatment of filariasis, it was found that patients’ lymphoedema 
stage improved regardless of the presence of active infection. This 
led the authors to suggest that a wider group of patients with 
lymphoedema might benefit from doxycycline [16]. 

Paroven (an oxerutin) and coumarin (a benzopyrone) have been 
trialled in lymphoedema and may produce a small reduction in limb 
volume by reducing vascular permeability and thus the amount of 
fluid forming in the subcutaneous tissues. However, this has been 
shown to be of little clinical benefit to the patient [17]. 

Animal studies involving vascular endothelial growth factors 
have stimulated excitement and hope among the lymphatic com- 
munity that successful forms of drug therapy may be possible 
in the future. Introduction of VEGF-C into animal models of 


postsurgical lymphoedema (using mouse skin and rabbit ears) 
induced lymphatic vessel growth and a subsequent reduction in 
Iymphoedema [18]. A similar study demonstrated regeneration 
of functional cutaneous lymphatics in the skin of Chy mice with 
primary lymphoedema by viral-mediated VEGFC gene transfer 
that caused overexpression of VEGF-C [19]. More recent animal 
studies have incorporated growth factors with lymph node transfer 
surgical methods. Studies using transplanted lymph nodes that 
were transfected with VEGF-C demonstrated that the lymphatic 
network in the defective area could be restored, with transplanted 
nodes and existing vessels becoming incorporated [20]. 

Research is currently being undertaken to optimise growth fac- 
tor delivery with trials in patients with secondary lymphoedema. 
Lymfactin® is an adenovirus type 5-based gene therapy involving 
expression of human VEGF-C in the damaged tissue. It aims to cor- 
rect deficient lymphatic flow by promoting the growth and repair 
of lymphatic vessels. Results from a phase II study investigating 
Lymfactin for the treatment of breast cancer-related lymphoedema 
in humans were inconclusive [21]. 


Surgical options 

Surgery has a specific role in the management of lymphoedema 
[22]. It is of value in limb lymphoedema in a few patients in whom, 
even after conservative treatment, the size and weight of a limb 
inhibit its use or interfere with mobility. Surgery involves either 
removing excessive tissue or bypassing local lymphatic defects. 
Lifelong non-surgical measures such as hosiery must be continued 
postoperatively. 


Excisional methods 

Excisional surgical procedures for the management of lym- 
phoedema, regardless of the underlying cause, have been employed 
for more than a century. They are now rarely utilised as the post- 
operative complications can be disastrous. Reduction (excisional) 
operations remove a longitudinal ellipse of skin and the underlying 
abnormal subcutaneous tissue down to the deep fascia in a ‘melon 
slice’ that permits primary closure of the skin edges (Sistrunk pro- 
cedure). Undercutting of the skin allows the removal of additional 
tissue (Homans procedure). This procedure is preferred to circum- 
ferential excision and skin grafting (Charles procedure) or to the 
addition of in-rolling of a skin flap (Thompson buried dermis flap 
operation). Postoperative complications include skin transplant 
necrosis, poor cosmetic results and worsening lymphoedema distal 
to the surgical site. None of the excisional procedures has curative 
potential as all chances of restoring effective lymphatic transport 
have been surgically removed. Volume reduction may be achieved 
through tissue reduction, but not through lymphatic drainage 
improvement. The indications for this type of surgery should be 
restricted to rare cases lacking alternative conservative or surgical 
treatment options. The exceptions to this rule are cases of genital or 
eyelid lymphoedema, where reduction/debulking surgery is used 
sooner rather than later [23]. 


Liposuction (suction lipectomy) 

Chronic lymphoedema may be associated with fatty tissue depo- 
sition in some patients, although the mechanisms are not fully 
understood. Excess adipose tissue will not respond to decongestive 


lymphoedema treatments, anastomosis surgery or lymph node 
transfer procedures. Liposuction creates significant volume reduc- 
tion in therapy-resistant lymphoedema of the extremities, when 
combined with lifelong compression therapy [24]. This adjunctive 
therapy is used in compliant patients willing to wear lifelong 
compression garments. If patients disregard regular use of their 
garments, a relapse or worsening of lymphoedema is observed as 
liposuction may cause injury to the remaining subcutaneous lym- 
phatics within the lymphoedematous extremities. However, lipo- 
suction has been shown to create a long-term volume reduction of 
100% in compliant patients followed for up to 17 years. Liposuction 
techniques, although not curative, offer an effective symptomatic 
treatment. 


Lymphovenous bypass (lymphatico-venous anastomosis) 
Recently there has been much interest in lymphatico-venous 
anastomosis (LVA) surgery. LVA is a type of lymphovenous bypass, 
utilising a supermicrosurgical technique to anastomose distal sub- 
dermal lymphatic vessels with adjacent venules less than 0.8 mm 
in diameter in an attempt to improve regional lymph drainage and 
potentially remove the need for hosiery (an outcome that many 
patients are desperate to achieve). It is popular among surgeons as 
it is performed under local anaesthetic and the surgical incisions 
are small. Prior to LVA surgery patients undergo ICG fluorescent 
imaging to locate functional patent lymphatic vessels within the 
affected limb. 

A review of the literature suggests that the efficacy of LVA 
surgery is limited. Postoperative results (within 1 year of surgery) 
vary greatly between centres, with limb volume reductions of 
467% [25]. There is a lack of long-term data as the technique is 
relatively new. However, surgeons favour its use because of the low 
risk of complications. There is currently no method of determining 
its effect on lymphatic function. The development of imaging tech- 
niques could provide a tool to answer the question of its place in 
lymphatic treatment strategies. 


Lymphatico-lymphatic anastomosis surgery 

The rationale behind lymphatic grafting surgery is to avoid the 
inherent problems of LVA surgery caused by coagulation of blood 
within the lymphatics, by connecting the lymphatic system to itself. 
There is a lack of robust long-term data regarding efficacy. 


Lymph node transfer surgery 

Autologous transplantation of normal lymphatic tissue within a 
local or free flap to a site deficient of lymph nodes and vessels 
has been performed. The rationale is that the transplant of normal 
lymph nodes could encourage and improve lymphatic drainage 
in a previously oedematous region. Few surgeons perform this 
type of surgery but reported results appear encouraging, with 
one case series suggesting 40% of patients were cured of their 
Iymphoedema [26]. However, no long-term data are available on 
its use. One important concern to raise with this type of surgery 
is that it relies on the transfer of normal lymph nodes to improve 
lymphatic drainage. This may be possible in a patient with sec- 
ondary lymphoedema but may cause complications in patients 
with primary lymphoedema who may not have ‘normal’ lymph 
nodes, or ‘normal’ lymphatic vasculature, even at unaffected sites. 


This concern is supported by reports of donor site lymphatic vessel 
dysfunction in patients undergoing microvascular lymph node 
transfer surgery for cancer-related lymphoedema [27]. 


Resources 


Further information 

Clinical Resource Efficiency Support Team (CREST). Guidelines for the the 
Diagnosis, Assessment and Management of Lymphoedema, 2008. https://www 
.lymphoedemasupportni.org /sites /default/files /crest_guidelines_on_the_ 
diagnosis_assessment_and_management_of_lymphoedema.pdf. 


Patient resources 

A list of trained therapists can usually be accessed through national professional bod- 
ies for lymphoedema, for example: 

Australasian Lymphology Association: www.lymphoedema.org.au. 

Lymphoedema Support Network (UK): www.lymphoedema.org. 

National Lymphedema Network (USA): www.lymphnet.org. 

(All last accessed August 2022.) 
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Introduction 

Flushing and blushing are the result of transient cutaneous vaso- 
dilatation that is usually physiological in nature. Although these 
terms are often used interchangeably, they are distinct processes. A 
blush signifies a psychosocial response to an experienced emotion, 
whereas a flush is a thermoregulatory response to increased body 
temperature. Patients who develop excessive or socially impeding 
flushing or blushing may present for medical consultation. Frequent 
blushing can be associated with anxiety states and, in some cases, 
social phobia. Excessive flushing may be associated with topical 
agents, food or alcohol intake, or rarely with underlying systemic 
disease. Clinical features useful in defining the diagnosis include 
the environmental setting in which the vascular reaction occurs, the 
extent and pattern of cutaneous involvement, and whether sweating 
or other systemic symptoms accompany the vasodilatation. Histo- 
logical evaluation of skin is unhelpful but other investigations may 
be necessary in particular clinical circumstances. Understanding 
of the mechanisms by which these cutaneous reactions occur has 
increased, but treatment options remain limited. 


Epidemiology 

In the authors’ experience, frequent blushing tends to be most prob- 
lematic in younger individuals (i.e. early teens to mid-twenties) 
(Figure 104.1a,b) and diminishes with age. Flushing reactions can 
occur in all age groups. With the exception of menopausal flushing, 
excessive flushing does not appear to have any gender predilec- 
tion. Flushing and blushing affect all ethnic groups. However, 
individuals with lighter skin types are generally most troubled by 
the social burden of frequent blushing, presumably because the 
contrast between erythema and unaffected skin is most marked in 
this group. Aldehyde dehydrogenase 2 deficiency, seen frequently 
in individuals of East Asian descent, results in alcohol-induced 
flushing due to the accumulation of acetaldehyde. 


Physiology 

Physiological transient vasodilatation plays an integral role in 
thermoregulation. This sympathetically mediated process is reg- 
ulated by cutaneous arteriovenous anastomoses — the superficial 
venous plexus, located at the juncture of the papillary and reticular 
dermis, and the deep horizontal plexus, located at the juncture 
of the deep reticular dermis and panniculus [1]. Reflex cutaneous 
vasodilatation in response to an increase in core body temperature 
involves an initial abolition of the active vasoconstrictor tone that 
is dominant in normal circumstances. As body heating continues, 
active vasodilator neural activity to the cutaneous arterioles is 
enhanced, causing rapid increases in skin blood flow, which are 
often coincident with the onset of sweating. Overall, this active 
vasodilator system is responsible for 80-95% of the increase in 
skin blood flow that accompanies heat stress. During normo- 
thermic conditions, with the body at rest, total skin blood flow is 
approximately 200-500mL/min. With full active vasodilatation, 
skin blood flow can increase to 8L/min [2,3]. Neural control of 
cutaneous vasodilatation involves co-transmission by sympathetic 
cholinergic nerves, with the release of acetylcholine and one or more 
co-transmitters, such as substance P (and/or neurokinin-1 recep- 
tors), vasoactive intestinal peptide (VIP) and pituitary adenylate 
cyclase activating peptide (PACAP) [4,5,6]. This neurally mediated 
increase in blood flow in turn releases nitric oxide (NO) from 
endothelial cells, which, along with prostaglandins released from 
local keratinocytes, sustain these vasodilatory effects [7,8,9]. 


Pathophysiology of flushing 

Abnormal, non-thermoregulatory flushing may result from circu- 
lating vasoactive mediators that act directly on the vascular smooth 
muscle or may be mediated by vasomotor autonomic innervation. 
Autonomic nerves also innervate eccrine sweat glands, therefore 
neurally activated vasodilatation tends to be associated with sweat- 
ing, causing a ‘wet flush’. Vasoactive substances typically cause a 
‘dry flush’ [10]. A notable exception to this pattern of associated 
sweating is the carcinoid syndrome 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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(b) 


Figure 104.1 (a, b) Images demonstrating the typical distribution of the blush, as seen in two young men who presented for the management of frequent blushing. Note the ‘skip 
areas’ of pallor on the upper lateral cheek in (a). Sparing of the skin around the mouth suggestive of ‘circumoral pallor’ is evident in both cases. (c) Flush extending down onto the 


chest in a healthy 25-year-old woman. 


Vasoactive mediators can be external or internal. External medi- 
ators include those found in food or drugs (Boxes 104.1 and 
104.2). Specifically, foods containing tyramine, histamine, higher 
chain alcohols, monosodium glutamate, aldehyde, nitrites and 
sulphites may be associated with flushing [11]. Internal vasoactive 
mediators include neuropeptides (e.g. substance P, tachykinins, 
kallikrein, kinins, neurotensin, neuropeptide K, VIP, gastrin-related 
peptide, motilin), catecholamines (e.g. epinephrine, norepinephrine, 
dopamine), hormones (e.g. oestrogens, adrenocorticotrophic 
hormone, corticotrophin-releasing hormone, calcitonin), histamine 
and prostaglandins. 


Disorders associated with flushing are listed in Box 104.3, with 
the clinical features of the flush associated with specific disorders 
described in Table 104.1. Causes of flushing in the paediatric popu- 
lation are listed in Table 104.2. 


Psychosocial aspects of blushing 

The blush reaction appears with the development of self-awareness 
in childhood, usually between the ages of 2 and 3 years [12]. This 
non-verbal signal of social discomfort has been shown to evoke 
affiliative, empathic responses in others [12]. Individuals who com- 
monly blush often view it negatively and will try to conceal it. In 


7 Flushing and blushing 104.3 


Box 104.1 Food that causes flushing Box 104.3 Causes of flushing 
Alcohol (especially if alcohol dehydrogenase deficient) Anaphylaxis 
Caffeine Autonomic epilepsy 
Cheese (histamine rich — Roquefort) Autonomic hyperreflexia 
Fish Auriculotemporal syndrome (Frey syndrome) 
¢ Scombroid poisoning (due to improper refrigeration, cooking does not Basophilic granulocytic leukaemia 

prevent illness) Brain tumours 
¢ Ciguatoxin (due to a toxin made by algae, notify public health if Carcinoid syndrome 

suspected) Cholinergic urticaria 
Fruit (lemons, tomatoes) Cluster headaches 
Monosodium glutamate (food additive) Diabetic autonomic neuropathy 
Sodium nitrite rich meats (e.g. salami) Dumping syndrome 
Spicy food (especially chilli pepper) Food, beverages, medication, alcohol (Boxes 104.1 and 104.2) 
Sulfite - common preservative and additive used in food and Harlequin syndrome 

pharmaceuticals Horner syndrome 
Vegetables (spinach) Malignant histiocytoma 

Mastocytosis 
Box 104.2 Drugs that cause flushing Medullary carcinoma of the thyroid 
Anaesthesia combination with isoflurane and fentanyl eae Seats 
Migraine 


Angiotensin-converting enzyme (ACE) inhibitors: captopril, enalapril, 


Multiple sclerosi 
lisinopril, perindopril, ramipril ea eee 


Orthostatic hypotension 


Antimalarials 

Bromocriptine Pancreatic cell tumour 
: ; ‘ ‘ Parkinson disease 

63 adrenoceptor agonists: fluvoxamine, mirtazapine 

Calcitonin Phaeochromocytoma 


POEMS (polyneuropathy, organomegaly, endocrinopathy, 


Palaiet ceeonals monoclonal gammopathy and skin changes) syndrome 


Calcium-channel blockers: nifedipine, verapamil 


Polycythaemia 

Chemotherapeutics: tamoxifen, cyclosporine, doxorubicin, mithramycin, es F . 

. : ve ; Postsurgery (gastric/prostate/orchidectomy) 
dacarbazine, cisplatin, interferon «-2, flutamide ie. 
. Psychiatric disorders 

Cnlonprey aude Red ear syndrome 

Contrast media with alcohol ‘seep 
Renal cell carcinoma 

Cyproterone acetate 
Rosacea 


Disulfiram with alcohol 

Fumaric acid esters 

Griseofulvin 

Hormonal treatment for prostate/breast cancer (buserelin, triptorelin, 


Rovsing syndrome 
Spinal cord lesions 
Trigeminal nerve damage 


ce 

) s 
sosere lin, deuntonelin) Thermoregulatory — heat exposure, exercise, fever =) mn 
Hydralazine . Lu 
Ketoconazole . ; . . . <x a 
Methylprednisolone: high-dose pulsed some cases this can progress to avoidance of situations they link [>> 5 
Metrifonate to blushing and have a negative impact on quality of life [13]. This [Ets 
Metronidazole can progress in a small number to erythrophobia (i.e. an excessive [Fla 

Morphine and other opiates fear of blushing resulting in social phobia and avoidance of social [5 

Niacin circumstances that might lead to blushing). Individuals with social < 

Nitrates: isosorbine mononitrate/dinitrate, glyceryl trinitrate anxiety frequently experience other autonomic and motor signs 


Non-steroidal anti-inflammatory agents including aspirin of anxiety during social encounters [14]. Psychologists can assess 


aan aie the degree and impact of blushing using validated questionnaires, 
Phosphodiesterase inhibitors (sildenafil, tadalafil, vardenafil, mirodenafil) sae eeane Blushing ErOpenely Beale [15] ang the “Heat et NEE 
Prostacyelit ative Evaluation Scale’ [16]. The actual intensity of blushing (as 
Prostaglandin E measured by laser Doppler flowmetry or photoplethysmography) 
Raloxifene has been shown to be unrelated to the perceived intensity of, or 
Rifampicin the susceptibility to, blushing [17]. Similar findings have been 
Tacrolimus ointment shown in studies involving patients with rosacea who blush, and 
&P 
Tamsulosin who perceive the blush to be more intense than it is [18]. Blushing 
Triamcinolone: oral, intrasynovial or intramuscular appears to build up over repeated episodes in people who report 
Vancomycin that they blush frequently and frequent blushers have been shown 
Venlafaxine 


to be more sensitive to vasodilating agents such as niacin [19]. It 
has been proposed that such individuals may have a physiological 
predisposition to delayed vascular recovery. 


5-hydroxytryptamine (5-HT) 3 receptor antagonists: ondansetron, 
ramosetron, tropisetron 
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; Flushing and blushing 104.9 


Clinical presentation of blushing 


Table 104.2 Flushing in children. Many of the systemic diseases outlined in Box 104.3 Patients with excessive blushing complain of an involuntary and 
may also apply to the paediatric population. However, this table outlines disorders that prolonged reddening primarily of the facial skin, which is often 
ay I pe aE He Sees ea precipitated by anxiety, emotion or psychological upset. Blushing 

Pyrexia = usually starts on the lateral cheeks and spreads rapidly to involve 


Teething Parents and professionals frequently attribute symptoms 
such as irritability, increased salivation and flushed 
cheeks to the eruption of primary teeth in infants. Little 


the entire malar region. Frequently, ‘skip’ areas of pallor can be 
observed within the blush, with sparing of the area around the 


evidence exists to support these observations [33] mouth, giving the impression of circumoral pallor. The blush 

Mastocytosis Table 104.1 may spread to the forehead and the sides of the neck. The ears 

Frey syndrome/ Also known as auriculotemporal nerve syndrome, gustatory characteristically develop an intense redness, involving primarily 

Gy, sweating results from a disruption of the the helix and antihelix. Blushing is not usually associated with 
hyperhidrosis auriculotemporal nerve pathways. Damage to the nerve ¢ ; : 

rity eausecen mnisdinected regtowtiehatieats tn facial sweating, but there may be accompanying palmar hyper- 

parasympathetic innervation of sympathetic receptors hidrosis and tremor. Because of the tendency to blush in certain 

and, therefore, unilateral facial sweating and flushing social circumstances and their perception that the blush is more 


with gustatory stimulation [34] marked than it is, individuals may develop a degree of ‘antic- 


Raised intracranial 


Neurological deterioration associated with flushing involving 


ipatory anxiety’ and blush even before they venture into these 


pressure either upper chest, face or arms in children has been 7 : 
reported. The flush typically lasts 5-15 min and situations [20]. 
dissipates quickly. The flushing reaction is postulated to 
be a centrally mediated response to sudden elevations in ioe ‘ : 
ittiscranialipressure (28) Clinical presentation of flushing 
Nephropathic Children with this lysosomal storage disorder display an A flush may evolve in a similar manner to a blush, but often has 
cystinosis inability to produce normal volumes of sweat. This a more widespread distribution extending to the anterior chest 
deficiency results in heat intolerance and avoidance, and sometimes the abdomen, particularly the epigastric region. 
flushing, hyperthermia and vomiting in small , ‘ é ‘ A 
children [36] Localised facial sweating may bea feature of flushing. Depending 
Oesophageal Unilateral facial flushing has been reported following on the underlying aetiology, flushing can be episodic or constant. In 
atresia surgical repair of oesophageal atresia [37] patients with longstanding frequent flushing, fixed facial redness 
Harlequin colour A benign phenomenon, presenting as well-demarcated and telangiectases may develop [21]. 
change unilateral transient redness on the dependent side in a 


Flushing must be distinguished from facial plethora, which 
neonate. The flush lasts from 30 s to 20 min. It presents : : : : 
inthe festa) wees? life, usuallyon days 2-5: itis is chronic, persistent redness that develops slowly over time. A 
believed to be caused by temporary imbalance in the menopausal flush can be sudden in onset and associated with a 
drenching sweat. Patients with rosacea who flush may describe 
associated symptoms such as heat intolerance and skin sensitivity. 

Ingestion of alcohol can lead to dry flushing in those with alde- 
hyde dehydrogenase gene polymorphisms. Ingestion of certain 
foods containing nitrites, sulfites and capsaicin can also lead to 
flushing. Rarely, scombroid fish poisoning, which results from 
bacterial conversion of histidine to histamine in inadequately pre- 
served or refrigerated fish, can be associated with flushing along 
with other symptoms such as itch, vomiting and headache. Certain 
medications cause flushing (Box 104.2). Infusion reactions related to 
medications or blood products can also be associated with reactions 
in which flushing can occur. 

In a minority of patients who experience flushing there may be 
associated systemic complaints, which warrant further investigation 
(Table 104.1). Patients with carcinoid syndrome can experience asso- 
ciated diarrhoea and wheezing. Flushing associated with itch can 
be seen in patients with mastocytosis. In most cases of malignancy, 
flushing is generally considered a symptom of late disease, with the 
exception of carcinoid syndrome. Superior vena caval obstruction 
can also be associated with facial flushing and congestion. In these 
cases, the Pemberton sign (facial plethora occurring secondary to 
bilateral arm elevation) will be seen. 

Various neurological causes of flushing are well described 
(Box 104.3). Exertional flushing can sometimes be seen in patients 
with cholinergic urticaria. Flushing after a warm bath is occasion- 
ally reported in patients with polycythaemia. Flushing localised to 
the nose has been reported as a prodrome to migraine attacks. Men, 


tone of cutaneous blood vessels secondary to 
hypothalamic immaturity [38] (Figure 104.2) 
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PART 9 


Figure 104.2 Harlequin colour change. Transient well-demarcated facial flush on the 
dependent right side of a healthy 2-day-old full-term male infant, which faded within 
minutes. 
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104.10 


Chapter 104: Flushing and Blushing 


following surgery for prostate cancer, may experience flushing, 
particularly if they receive oestrogen therapy. 


Investigations (Table 104.1 and Figure 104.3) 

A thorough history, with particular emphasis on precipitating or 
exacerbating factors, drug and alcohol usage and food intake, 
and a detailed review of systemic symptoms including queries 
relating to anxiety and stress, is essential in the evaluation of an 
individual who presents with a complaint of excessive flush- 
ing. It may be useful for the patient to keep a record of flushing 
episodes, detailing possible triggers and associated symptoms 
such as headache, abdominal pain, wheeze, diarrhoea or chest 
pain. Patients who flush after alcohol intake can be tested by an 
ethanol patch test. In individuals deficient in the enzyme alco- 
hol dehydrogenase, an area of redness develops in the tested 
skin. If an underlying systemic disorder is suspected, a detailed 
history and clinical examination should help to direct further 
workup. Initial investigations should include a full blood count, 


renal and liver profiles, thyroid function tests, urinalysis, 24 h urine 
for 5-hydroxyindoleacetic acid (5-HIAA) (carcinoid syndrome), 24h 
urinary fractionated catecholamines and metanephrines, plasma 
fractionated metanephrines (phaeochromocytoma), serum tryptase, 
24 h urine histamine and calcitonin (medullary thryoid cancer). If 
the histamine is elevated or if there is mastocytosis such as urticaria 
pigmentosa, then referral to a haematologist for a potential bone 
marrow biopsy is indicated. Radiological imaging, when required, 
should be dictated by the underlying working diagnosis. 


Management 

The management of the flushing patient should be tailored to the 
individual and guided by the underlying cause (see Table 104.1 
and Figure 104.4). However, most flushing patients will benefit 
from general guidance on managing the flush, such as identi- 
fication of potential triggering factors (e.g. work environment, 
temperature, foods, alcohol, drugs) and their avoidance where 
feasible; information on histamine-releasing foods and medication; 


Identifiable 
exacerbants 


Food, drugs, 
alcohol 


Blushing History and physical examination papules, pustule, 


telangiectasia 


Persistent erythema, 


Rosacea 


FSH, AMH, 
inhibin B 


Drenching sweats: 


Menopause 


Associated systemic symptoms 


Neurological 
disease 


Elevated 5-HIAA, 
serotonin 


Rule out most common serious causes: 


Carcinoid 


e 24-hour urinary excretion of 5-HIAA, 
catecholamines, metanephrines, N-methyl 
histamine and 11-beta-prostaglandin F2 

e Urinary serotonin; serum tryptase; plasma 

fractionated metanephrines 


Elevated 
catecholamines, 
metanephrines 


histamine, 
prostaglandin F2 
metabolites 


Normal 


Elevated tryptase 


Phaeochromocytoma | 


Mastocytosis 


Haematuria 


Evaluate for renal cell 
carcinoma 


Rule out less common causes: 


Elevated VIP = Pancreatic cell carcinoma 


¢ Urinalysis 

e VIP 

© TFTs Raised free T4, low 
° Calcitonin ee 


¢ Radiological imaging 


Thyrotoxicosis 


© Endocrinology referral 


Thyroid nodule, 
e Immunology referral 


elevated calcitonin 


Medullary thyroid 
carcinoma 


Elevated mast cell 
tryptase, skin prick 
testing, in vitro 
IgE tests 


Consider other rare causes (Table 
104.3), psychiatric disorders or 
idiopathic flushing 


Anaphylaxis 


Figure 104.3 Algorithm for investigation of flushing 
and blushing. 
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Key references 


Blushing Flushing 


General recommendations: 

Identification of potential trigger factors 
and their avoidance 

¢ Information on histamine-releasing foods 
and drugs 


Consider referral for 
psychological counselling, 
cognitive behavioural therapy, 
biofeedback techniques if 
impacting on quality of life 


Directed therapy towards 
underlying systemic disease 
if present 


Figure 104.4 Algorithm for the management of 
flushing and blushing. 


© Cooling techniques and cosmetic cover 


Topical agents: 

¢ Brimonidine tartrate gel 0.5% gel 
formulation (@2-adrenoreceptor agonist) 

¢ Oxymetazoline 0.05% solution 


Systemic agents: 

¢ B-blockers: propranolol (30-120 mg/day) 
and carvedilol (titrated from 3.25 mg 
three times a day to 25 mg/day) 

Aspirin (blocks nicotinic acid flush) 

¢ Antihistamines (H1 and H2) 

¢ Indometacin 


Botulinum toxin A injection 
Endoscopic transthoracic sympathectomy 
Laser 


Menopausal flushing: 
e HRT 

¢ Gabapentin 
e SNRI or SSRI 


and advice on cooling techniques and temperature regulation 
(Figure 104.3). The management of blushing should encompass 
a comprehensive explanation of the psychosocial nature of the 
problem and its relationship to anxiety, as well as reassurance of 
the lack of disease association and the possibility of spontaneous 
improvement in younger patients with time. When blushing is 
associated with social withdrawal or excessive anxiety, consider 
referral for psychological counselling and cognitive behavioural 
therapy. Unfortunately, the studies examining its effectiveness are 
small in scale [39]. Biofeedback techniques may be useful in these 
patients. 

Topical a-adrenoreceptor agonists, which produce cutaneous 
vasoconstriction, have shown efficacy in the treatment of flushing 
associated with rosacea. Brimonidine tartrate is a highly selective 
a2-adrenoreceptor agonist. Topical brimonidine tartrate gel 0.5% 
has been shown in controlled prospective randomised clinical 
trials to reduce facial redness after single and repeated once-daily 
applications [40]. Oxymetazoline hydrochloride cream, 1%, an 
alpha,, adrenoceptor agonist, has also been approved for treatment 
of persistent facial redness in rosacea [41]. Side effects of these 
agents include rebound erythema, burning sensation and irritant 
dermatitis. Patients should be counselled carefully on appropriate 
application of these agents, as well as the ‘wear-off’ timeframe. 


Low-dose f-blocker therapy may be useful in some patients 
with either flushing or blushing. Non-selective p-blockers decrease 
sympathetic activity, thereby resulting in vasoconstriction. In addi- 
tion, their anxiolytic effects may reduce the anxiety that may be 
associated with flushing. Serotonin reuptake inhibitors are a recog- 
nised treatment for social phobia. However, their effectiveness for 
facial blushing itself is not well documented [42]. 

Both propranolol (30-120 mg/day) and carvedilol (titrated from 
3.25 mg three times a day to 25 mg/day) have been shown to reduce 
flushing episodes in patients with rosacea [43,44]. 

Other drugs reported to be helpful in certain subgroups include 
aspirin [45], antihistamines [46] and clonidine [47]. Evidence for the 
efficacy of these medications is lacking, and their potential toxicity 
should be considered before prescribing. 

Laser techniques such as pulsed dye laser, intense pulsed light 
and potassium-titanyl-phosphate laser may be useful for the treat- 
ment of telangiectasia and erythema. Endoscopic transthoracic sym- 
pathectomy has been shown to be helpful in some patients with 
intractable flushing or blushing, but long-term side effects such as 
compensatory hyperhidrosis are common, and more serious compli- 
cations may occasionally occur [48]. Botulinum toxin A, which acts 
presynaptically to abolish the release of all transmitters selectively 
from cholinergic nerves, has been used with success to treat neck 
and anterior chest wall flushing [49]. 
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SCALING DISORDERS OF THE 


Seborrhoeic dermatitis 


Introduction and general description 

Seborrhoeic dermatitis is an inflammatory condition of the skin 
that affects the scalp, face, groin and chest (Chapter 40). On the 
scalp there are a range of presentations from fine, dry flakes of skin 
or dandruff (previously referred to as pityriasis capitis) to thicker, 
greasy, yellow scales associated with an underlying inflammation 
of the scalp. 


Epidemiology 

Seborrhoeic dermatitis of infancy is probably a distinctive condi- 
tion and may be a marker of the atopic state (discussed later). For 
others, the condition becomes more prevalent from puberty, prob- 
ably driven by an increase in androgens and an increase in sebum 
production. 

At the mild end of the spectrum, seborrheic dermatitis is a very 
common condition, with around 50% of 20-year-old white males 
having evidence of dandruff. Inflammatory seborrhoeic dermatitis 
affects 1-3% of immunocompetent adults [1]. Seborrhoeic dermati- 
tis is more common in males, increases with age and is associated 
with a number of other skin conditions, with folliculitis being the 
most common (17%) [2]. There is a higher prevalence in patients with 


HIV infection, Parkinson’s disease, epilepsy and following a stroke 
or spinal cord injury. 


Pathophysiology 
Seborrhoeic dermatitis results from Malassezia hydrolysation of 
free fatty acids with activation of the innate immune system. 
Malassezia restricta and M. globosa are the most virulent subspecies. 
Malassezia lipases hydrolyse sebaceous lipids, which generates 
increased amounts of irritating unsaturated fatty acids, such as 
oleic acids. It is believed that oleic acids are the main trigger for 
inflammation and there is likely to be individual sensitivity to 
these irritating chemicals [3]. Endogenous factors include increased 
sebaceous activity associated with androgen activity, altered immu- 
nity (HIV, lymphoma, bone marrow suppression) and neurological 
conditions, such as Parkinson disease and after a cerebrovascular 
accident. Facial immobility, sebum accumulation and increased 
sebum production are thought to play a role. Exogenous factors 
include stress, recent alcohol consumption [4], high humidity, epi- 
dermal growth factor receptor (EGFR) inhibitors and poor skin and 
hair care practices. 

The role of diet remains controversial, but a high fruit diet 
may be protective and a typical Western diet may exacerbate the 
condition [5]. 


Clinical features 
At one end of the spectrum, seborrhoeic dermatitis consists of fine, 
small, white or grey scales, which may be diffuse or localised in 
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Figure 105.1 (a) Seborrhoeic dermatitis of the scalp and (b) showing a close-up of the 
thickened yellow adherent scales. 


patches (Figure 105.1). Seborrhoea may bind the scale to produce 
more adherent mounds of yellowish, greasy scales. There may be 
associated perifollicular redness. As well as the scalp, seborrhoeic 
dermatitis commonly involves the eyebrows, naso-labial folds, 
chest and groins. In patients with darker skin, seborrhoeic dermati- 
tis may present with hypopigmented scaly patches. Any underlying 
redness may be hard to appreciate. Arcuate and petaloid lesions 
may affect the hairline and face [6]. 


Differential diagnosis 

The main differential diagnoses of seborrhoeic dermatitis are 
scalp psoriasis, tinea capitis and lichen simplex chronicus. Pso- 
riasis is often characterised by a plaque of silvery scales with a 
well-demarcated edge and underlying redness of the skin, often 


involving the hair line. There may be some overlap of clinical 
features, which has led to the term ‘sebo-psoriasis’. Dermoscopy 
has been reported as a diagnostic tool to help differentiate these two 
conditions, with arborising vessels being a feature of seborrhoeic 
dermatitis, and red dots, globules and twisted red loops being 
features of scalp psoriasis [7]. 

Tinea capitis may be confused with seborrhoeic dermatitis, espe- 
cially tinea due to Trichophyton species, and one should have a low 
threshold for taking skin scrapings. Lichen simplex most typically 
involves the occiput and can be differentiated by itch, which is the 
characteristic feature of this condition. 


Management 

All treatments are aimed at control and not cure, and it is important 
that patients are made aware of this at the outset. Over-the-counter 
preparations include shampoos that are aimed at dandruff control; 
the active ingredients in these agents are zinc pyrithione, selenium 
sulphide, ciclopirox and ketoconazole. Coal tar shampoos can 
also be helpful in seborrheic dermatitis but are less cosmetically 
acceptable to patients. Medicated shampoos need to be used at 
least twice weekly for maintenance therapy to limit relapse. Both 
ketoconazole and ciclopirox have been shown to be superior to 
placebo at achieving early clearance and similar in efficacy to 
topical steroids but with fewer side effects [8]. 

The more inflammatory end of the seborrhoeic dermatitis spec- 
trum requires the addition of an anti-inflammatory agent, typically 
a corticosteroid. Topical corticosteroids for scalp use are available 
in gels, lotions, mousses and shampoos. These should be used for a 
short period, on an intermittent basis, to avoid side effects. 

Systemic oral antifungal agents such as ketoconazole, itracona- 
zole and terbinafine should be reserved for severe unresponsive 
refractory cases. The evidence for efficacy of systemic antifungal 
agents is poor [9]. 

Future treatments may be aimed at altering the skin microbiome 
with topical and oral probiotics to increase bacterial diversity, 
with some initial studies showing decreased redness, scale and 
pruritus with topical Vitreoscilla filiformis and improvements 
of dandruff, redness and seborrhoea with oral Lacticaseibacillus 
paracasei [10]. 


Seborrhoeic dermatitis of infancy 

Infantile seborrhoeic dermatitis or ‘cradle cap’ presents with greasy, 
yellow scales over the vertex of the newborn. It is often self-limiting 
and improves within the first year of life for the majority. It is 
regarded as a manifestation of the atopic state. 


Psoriasis 


Introduction and general description 

Psoriasis is a common inflammatory skin disease that has a par- 
ticular predilection for the scalp. It is not uncommon for the scalp 
to be the first site of involvement in psoriasis. The epidemiology, 
aetiology and pathology are all discussed in Chapter 35. The clini- 
cal features and treatment of scalp psoriasis are discussed here. 


Epidemiology 
Psoriasis affects 2-5% of the population and around 80% of psoriasis 
sufferers will have scalp involvement at some point. 


Pathophysiology 

In patients complaining of hair loss associated with psoriasis, scalp 
biopsies frequently show an increase in catagen and telogen hairs 
when viewed horizontally. Hair follicles often become miniaturised 
and there is atrophy of the sebaceous glands. 


Clinical features 

Psoriasis of the scalp is characterised by well-demarcated plaques 
covered in silvery thick scales (Figure 105.2). The scales may become 
matted together to form thickened plaques. Scalp psoriasis can be 
localised in patches or more diffuse throughout the scalp and occa- 
sionally covers the entire scalp. Psoriasis commonly involves the 
hair line, extending 1-2 cm beyond the hair line onto the forehead 
or neck. However, the earliest changes may be more subtle with 
diffuse scaling without specific features, and a diagnosis may only 


(b) 


Figure 105.2 Scalp psoriasis with hair loss. (a) Psoriatic alopecia. (b) Hair regrowth after 
active management of scalp psoriasis. 


be reached from the involvement of other sites or from a strong 
family history. 

In erythrodermic psoriasis, scalp involvement may lead to 
marked hair loss. Scalp psoriasis is associated with an increase of 
hairs in the telogen phase and a degree of hair loss is not uncommon, 
but often under-recognised. Treatment of the psoriasis often leads 
to hair regrowth but scarring hair loss associated with psoriasis has 
been described [11]. 


Differential diagnosis 

The main differential is seborrhoeic dermatitis, as discussed in the 
previous section. Examination of other body sites often provides 
clues to the true diagnosis but sometimes the conditions cannot 
be distinguished. Occasionally, discrete areas of discoid lupus can 
mimic psoriasis and a solitary scaly plaque on a bald scalp may 
represent Bowen disease. 


Management 

There are similarities with the management of scalp psoriasis and 
body psoriasis but important differences too. The main func- 
tion of hair in today’s society is largely cosmetic and treatments 
that impact on appearance are often considered unacceptable by 
patients. Creams and ointments that are messy, sticky and greasy 
need to be replaced with more suitable vehicles for hair-bearing 
skin such as gels, lotions, mousses or shampoo formulations. 
Counselling patients about long-term goals and the need for main- 
tenance therapy is important, as the condition is controlled by 
treatment and not cured. Hair can provide a framework for scales to 
adhere to so that plaques become thickened and produce a barrier 
to the absorption of topical treatments. In severe cases of scalp pso- 
riasis, removing these thickened plaques through physical means is 
an essential first step before the addition of any anti-inflammatory 
agent. 

Medicated shampoos are commonly used in the management 
of scalp psoriasis and these often contain coal tar, which has mild 
anti-inflammatory properties and can be soothing for patients with 
itch. Other active ingredients may include cade oil, arachis oil, 
salicylic acid, coconut oil and urea. The addition of conditioners 
to scalp preparations may make them more acceptable to patients. 
Antidandruff shampoos may also be helpful as part of a regular 
routine. 

In patients that have thickened plaques, efforts should be made 
to remove the scale. Scale can be softened with the use of oils 
(e.g. arachis or olive), petroleum-based emollients or pomades con- 
taining coal tar, salicylic acid or cade oils. These should be left on for 
several hours or overnight. Once the scale has been softened, it can 
be gently combed out, using a blunt tooth plastic comb, avoiding 
any trauma to the underlying scalp, which may exacerbate psoriasis 
due to koebnerisation. Assistance from a specialist nurse or friend 
or carer is often needed. If preparations are left on overnight, an 
ordinary shampoo should be applied to the scalp while the hair is 
still dry, rubbed in to produce an emulsion, and then the hair should 
be wetted and rinsed. For severe cases this procedure may need 
to be repeated for several days to make sufficient progress before 
proceeding to anti-inflammatory preparations. 

In milder cases of psoriasis or in severe cases that have been 
de-scaled, treatment is then focused on the underlying psoriasis. 


Scaling disorders of the scalp 105.3 
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Vitamin D analogues, topical corticosteroids and combination 
products containing both, or topical steroid and additional ingre- 
dients such as salicylic acid, are the mainstay of treatment. Very 
potent or potent topical steroids are superior to vitamin D ana- 
logues, while vitamin D and steroid combinations are superior 
to potent steroid monotherapy [12,13]. The atrophic potential of 
corticosteroid treatments for scalp psoriasis remains unclear but 
has been described in trials investigating clobetasol propionate 
[14]. Topical corticosteroid or combination products often need 
to be used frequently at the outset, for example daily for up to a 
month, and then reduced to twice weekly or so for maintenance. It 
is important that patients are aware of the different formulations 
and efforts made to select the most appropriate vehicle. Newer 
formulations in the form of gels, foams and shampoos are targeted 
at addressing patient dissatisfaction at older treatments, with the 
aim of improving compliance [15]. 

In resistant cases of scalp psoriasis it may be necessary to use 
systemic agents to control the condition. Ciclosporin used short 
term can be particularly effective, especially if there is marked hair 
loss associated with the psoriasis. Ultraviolet therapy is less useful 
since the hair coverage acts as a barrier to UV light, but excimer 
laser therapy can be effective for hair line psoriasis in resistant 
cases [16]. 

Both the phosphodiesterese inhibitor apremilast [17] and the 
biological treatments etanercept, adalimumab, ixekizumab, bro- 
dalumab, guselkumab and secukinumab have shown specific 
benefit in treating scalp psoriasis and itch [18]. While most of these 
outcomes have been reported in subgroup analysis of patients 
being treated for body psoriasis, secukinumab was shown to have 
achieved a 90% improvement at week 12 in scalp psoriasis in 53% 
of participants in a dedicated trial investigating moderate to severe 
scalp psoriasis [19]. 


Pityriasis amiantacea 


Introduction and general description 

Pityriasis amiantacea refers to a scaling pattern on the scalp where 
the scales overlap like tiles on a roof. The matted scale is attached 
to the underlying hair shafts. The condition may be localised and 
confined to a small patch (Figure 105.3) or widespread involving the 
entire scalp, creating a skull cap-type appearance of scale and crust. 
Lifting up the scale often results in hairs coming away, revealing a 
moist red scalp. Hairs usually regrow if the underlying condition 
is treated. Some consider pityriasis amiantacea to be a form of 
severe psoriasis while others consider this a pattern that can be 
attributable to a range of causes such as seborrhoeic dermatitis, 
eczema, lichen simplex and psoriasis. It has been described after 
valproic acid therapy [20], vemurafenib [21] and bone marrow 
transplant [22]. 


Pathophysiology 

Biopsies from 18 patients were examined by Knight [23]. The most 
consistent findings were spongiosis, parakeratosis, migration of 
lymphocytes into the epidermis and a variable degree of acantho- 
sis. The essential features responsible for the scaling are diffuse 


(b) 
Figure 105.3 Pityriasis amiantacea, showing (a) localised build-up of thick adherent 
scale around the hair shafts with localised areas of hair loss and (b) close-up showing 
encasement of the hairs and surrounding scarring hair loss secondary to removal of 
the scale. 


hyperkeratosis and parakeratosis together with follicular keratosis, 
which surrounds each hair with a sheath of horn. 


Management 

Scale should be gently removed as described in the treatment 
of scalp psoriasis. Attention should then turn to treating the 
underlying condition, which typically involves the use of topical 
corticosteroids in an appropriate vehicle. 


Contact dermatitis 


Introduction and general description 

Contact dermatitis of the scalp is an inflammatory condition result- 
ing from an external agent and can be separated into irritant 
(non-immunogenic) or allergic (immunogenic, typically type IV). 
The scalp is surprisingly resistant to contact dermatitis and this 
may be due to either a thickened stratum corneum acting as a 
barrier or impaired antigen presentation from Langerhans cells. 
Most contact dermatitis from products used on the scalp present in 
the surrounding skin, such as the hair line, or on the hands of those 
that apply them, for example hand dermatitis in hairdressers. 


Irritant contact dermatitis 

The commonest causes of an irritant dermatitis are bleaches, thio- 
glycolates (permanent waving solutions) and heat (blow drying) 
(Chapter 128). Shampoos may dry the scalp, but the majority of 
chemicals are washed off after a short contact period. Irritant 
dermatitis may present on the scalp with burning, soreness or 
tightness within a short period of time of the contact. There may be 
associated redness, oedema and exudation. 


Allergic contact dermatitis 

Causes include permanent hair dyes, bleaches, permanent waving 
solutions, hair straighteners and relaxers (Chapter 127). In a ret- 
rospective cross-sectional analysis of the North American Contact 
Dermatitis Group from 1996 to 2016, 4.8% of patients had scalp 
dermatitis and of those who had scalp and adjacent facial and neck 
involvement, 59.6% had a primary diagnosis of allergic contact 
dermatitis. The commonest allergens were p-phenlyenediamine, 
fragrance mix 1, nickel sulphate and balsam of Peru [24]. Contact 
allergic dermatitis may be iatrogenic and deliberate, such as with 
the use of diphencyprone in alopecia areata treatment. 


Management 

Contact dermatitis should be managed through identification and 
elimination of the offending contact irritant/allergen and the use of 
topical corticosteroids during the acute phase. Hair care practices 
may need to be altered. 


Lichen simplex chronicus 


Introduction and general description 

Lichen simplex chronicus refers to a localised thickening of skin 
that results from chronic rubbing and scratching. The dermato- 
glyphics of the skin are often accentuated. The nape of the neck is 
frequently affected and can mimic psoriasis. 


Epidemiology 

Lichen simplex chronicus is rare before puberty and has a peak 
incidence between 30 and 50 years of age, with women being more 
commonly affected than men. 


Pathophysiology 
Typical histological features include hyperkeratosis and acanthosis 
with localised areas of both parakeratosis and spongiosis. 


Clinical features 

Lichen simplex chronicus can result from any underlying cause 
of itch that leads to scratching and rubbing. An underlying cause 
though may not be identified and it falls within the spectrum of 
neurodermatitis. The main symptom is itch and the most com- 
monly associated diseases at this site are atopic eczema, seborrhoeic 
dermatitis and psoriasis. 


Management 

Management of lichen simplex chronicus requires education of the 
patient so that they have insight into the cause of the problem; any 
psychological aspect will need to be addressed. Efforts to break 
the itch-scratch cycle include treatment to manage the itch, which 
often involves potent or super-potent topical corticosteroids or 
intralesional corticosteroids. Occlusion of the affected area after 
the application of corticosteroid may be beneficial but is difficult 
to achieve on the scalp. Cognitive behavioural therapy, and in 
particular habit reversal, can be used in motivated subjects. 


Radiodermatitis 


Introduction and general description 

After the discovery of X-rays in 1895 there were a number of appli- 
cations for their use in the early 20th century in the management 
of hair-related problems. X-rays were advocated as a treatment for 
hirsutism and then subsequently as a treatment for scalp ringworm 
and this continued until the discovery of griseofulvin in 1958, 
with an estimated 300000 children treated in this way. Unfortu- 
nately, X-rays later were found to induce skin cancers and now their 
use is limited to the management of malignancy. 


Pathophysiology 

In chronic radiodermatitis the epidermis becomes atrophic, with a 
loss of hair follicles and sebaceous glands. Superficial vessels are 
telangiectactic but deeper vessels may be partially or completed 
occluded by fibrosis. 


Clinical features 

Patients may still present many decades after scalp X-ray treat- 
ment. Common presentations include the development of a basal 
cell carcinoma or a localised area of alopecia or finer hairs at 
the site of treatment. It is not uncommon for patients to refer to 
previous ‘light treatment’ for ringworm rather than X-ray ther- 
apy. Patients treated with modern radiotherapy for malignancy 
present with a well-circumscribed patch of cicatricial alope- 
cia. These may be red initially, fading to white in the chronic 
phase. In chronic radiodermatitis the skin is atrophic. Skin necro- 
sis may occur and skin malignancies can develop years after 
treatment. 
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Table 105.1 Causes of secondary cicatricial alopecia. 


Autoimmune Cicatricial pemphigoid 


Inflammatory Dissecting cellulitis of the scalp 
Degenerative Follicular mucinosis 
Sclerosing Morphoea 


Scleroderma 

Lichen sclerosus 

Sclerodermoid porphyria cutanea tarda 
Chronic graft-versus-host disease 
Sarcoidosis 

Necrobiosis lipoidica 

Granuloma annulare 


Granulomatous 


Infectious Bacterial Folliculitis 
Carbuncle/furuncle 
Fungal Kerion 
Favus 
Tinea capitis (rarely scarring) 
Viral Shingles 
Varicella 
HIV 
Protozoal Leishmaniasis 
Treponemal Syphilis 
Mycobacterial Tuberculosis 
Neoplastic Benign Cylindroma 
Other adnexal tumours 
Malignant Primary Basal cell carcinoma 
Squamous cell carcinoma 
Cutaneous T-cell 
lymphoma 
Secondary Renal, breast, lung, 


gastrointestinal 
Lymphoma, leukaemia 
Radiodermatitis 
Mechanical trauma 
Postoperative (e.g. flap necrosis) 
Burns 
Accidental alopecia 
Dermatitis artefacta 
Traction alopecia 
Hot comb alopecia 
Aplasia cutis 
Facial hemiatrophy (Romberg syndrome) 
Epidermal naevi 
Hair follicle hamartomas 
Incontinentia pigmenti 
Focal dermal hypoplasia of Goltz 
Porokeratosis of Mibelli 
ichthyosis 
Epidermolysis bullosa 
Polyostotic fibrous dysplasia 
Conradi-Htinermann syndrome 
(chondrodysplasia punctata) 


Exogenous insults 


Developmental and hereditary 


Management 
There is no treatment, but localised areas of alopecia, malignancy or 
necrosis may be amenable to surgical excision. 


SECONDARY CICATRI 


In contrast to primary cicatricial alopecia (Chapter 87) where 
the hair follicle is the primary target of inflammation, secondary 


Figure 105.4 Cicatricial pemphigoid. 


cicatricial alopecia occurs as a consequence of a separate primary 
insult. The causes for secondary cicatricial alopecia are listed in 
Table 105.1. 


Cicatricial (mucous membrane) 
pemphigoid 


Introduction and general description 

Cicatricial pemphigoid is discussed in Chapter 50. The disease 
preferentially affects the ocular and/or genital mucous membranes 
with the skin being involved in 40-50% of cases and lesions may 
precede the mucosal lesions by months or years. The skin lesions 
repeatedly recur and leave scars. The favoured sites are the face and 
upper trunk; the scalp is involved in approximately 10% of cases. 
Lesions typically present as red plaques, with erosions, milia and 
cicatricial alopecia (Figure 105.4). 

The Brunsting—Perry type originally described by Brunsting and 
Perry in 1957 is a rare variant of cicatricial pemphigoid, charac- 
terised by bullous lesions limited to the head, neck, scalp and upper 
trunk with mild or no mucosal involvement [25]. 


Management 

Mild to moderate disease may be controlled with super-potent 
topical steroids. Systemic options may be needed, depending on 
disease severity, and may be required long term. Treatments 
include systemic corticosteroids, dapsone, mycophenolate mofetil, 
azathioprine, cyclophosphamide, rituximab, high-dose intravenous 
immunoglobulins and immunoadsorption [26]. 


Dissecting cellulitis of scalp 


Synonyms and inclusions 


¢ Dissecting folliculitis 
 Perifolliculitis capitis abscedens 


Introduction and general description 
Dissecting cellulitis/folliculitis of the scalp is a chronic inflam- 
matory condition associated with boggy swellings, superficial 
abscesses in the dermis, sinus tract formation and extensive sec- 
ondary scarring hair loss. 

The terminology dissecting cellulitis is misleading since this entity 
is not a cellulitis of infectious origin. 

It can be associated with acne conglobata and hidradenitis suppu- 
rativa/acne inversa, often referred to as the follicular occlusion triad 
or tetrad if also associated with pilonidal sinus. 


Epidemiology 

Dissecting cellulitis of the scalp is rare and occurs predominantly 
in males aged between 18 and 40 years and is seen most commonly 
in those with Afro-textured hair. Familial cases are exceptional, as is 
childhood onset. 


Pathophysiology 

The aetiology of this inflammatory condition is unknown. Although 
staphylococci, streptococci and Pseudomonas may be cultured from 
various lesions, no specific causative organism has been isolated. 


Pathology [27] 

Histology shows a perifollicular inflammation with a heavy infil- 
trate of lymphocytes, histiocytes and polymorphonuclear cells. 
Abscess formation results, and leads to destruction of the pilose- 
baceous follicles initially, and eventually the other cutaneous 
appendages. Keratin fragments induce a granulomatous reaction, 
with foreign body giant cells, lymphoid and plasma cells. Special 
stains for bacteria, fungi and mycobacteria are negative. 


Clinical features 

Painful, firm, skin-coloured nodules develop near the vertex of the 
scalp and later become softer and fluctuant (Figure 105.5). Con- 
fluent nodules form tubular ridges with an irregular cerebriform 
pattern, on an inflamed, red and oedematous background. Thin, 
blood-stained pus exudes from crusted sinuses and pressure on one 
region of the scalp may cause discharge of pus from a neighbouring 
intercommunicating ridge. Cervical adenitis is present in some 
cases but is more remarkable for its absence in many others. Pro- 
gressive scarring and permanent alopecia occur. Characteristically, 
hair is lost from the summits of these inflammatory lesions and 
retained in the valleys. The condition is chronic, with frequent acute 
exacerbations. 


Differential diagnosis 

While the clinical features are often distinctive and characteristic, 
differential diagnoses can include kerion, pyoderma gangrenosum 
and erosive pustular dermatosis of the scalp. 


(b) 


Figure 105.5 Dissecting cellulitis with diffuse occipital involvement (a) and more 
localised swellings over the crown (b). (a) Courtesy of Professor Bianca Maria Piraccini 
and Dr Michela Starace, Department of Experimental, Diagnostic and Specialty 
Medicine (DIMES), Alma Mater Studiorum University of Bologna, Italy. (b) Courtesy of 
Dr Leona Yip, Skin Partners Specialist Dermatologist, Brisbane, Australia. 


Investigations 

Culture from affected areas often grow bacterial organisms. Fun- 
gal cultures and a scalp biopsy for routine histology and direct 
immunofluorescences will exclude other causes of scarring alopecia. 


Management 

Although systemic antibiotics and topical or intralesional corti- 
costeroids are sometimes helpful, relapses are frequent and the 
course is usually protracted. Isotretinoin (0.5-1mg/kg daily), 
in combination with prednisolone (0.5-1mg/kg daily) and ery- 
thromycin (500 mg four times daily), may induce a rapid remission 
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and significant hair regrowth in areas not yet irreversibly dam- 
aged. Because the inflammation is predominantly perifollicular, a 
surprising amount of regrowth may occur. The antibiotics can be 
stopped after 4 weeks and the prednisolone gradually tailed off and 
replaced by topical steroids. The isotretinoin should be continued 
for at least 6 months and reintroduced if the condition relapses. For 
mild to moderate cases, alternative or adjuvant therapies include 
oral zinc. The benefit of isotretinoin in this condition contrasts 
with the frequent worsening seen with oral isotretinoin in folliculi- 
tis decalvans and suggests that these two conditions are distinct 
entities rather than different points along a spectrum of the same 
disease. 

In recalcitrant cases, antitumour necrosis factor biologic agents, 
photodynamic therapy or laser therapy can be considered as second 
line options [28]. Widespread excision and grafting may be consid- 
ered [29]. In older patients, superficial radiotherapy has been used 
with success. Intensity-modulated radiation therapy, which uses 
three-dimensional imaging guided mapping in conjunction with 
individual radiation beam modulation to tightly focus radiation, 
allows radiation to shape around the convexity of the scalp avoid- 
ing undertreated ‘cold spots’, overtreated ‘hot spots’, or excessive 
radiation exposure to adjacent structures [30]. 


Follicular mucinosis 


Introduction and general description 

Follicular mucinosis is a condition that often presents in the scalp 
with plaques and papules, usually associated with alopecia. While 
the primary form is idiopathic, the secondary form can be associated 
with mycosis fungoides [31]. 


Epidemiology 

Follicular mucinosis is a rare condition. Two distinct forms are 
recognised: the primary form, idiopathic follicular mucinosis, is 
benign and occurs in children and young adults (10-40 years 
of age) with a self-limiting course, while the secondary form is 
lymphoma-associated and occurs in older adults. 


Pathophysiology 

The histopathological hallmarks of follicular mucinosis are the 
accumulation of mucin in the outer hair root sheath and sebaceous 
glands and a perifollicular and periadnexal inflammatory infiltrate, 
composed of lymphocytes, macrophages and eosinophils, with 
folliculotropism of the lymphocytes. 


Clinical features 

Follicular mucinosis is characterised by grouped follicular papules 
and scaly red plaques, usually located on the head and neck, result- 
ing in alopecia showing patulous follicular openings (Figure 105.6). 
Sometimes the follicles are studded with horny plugs and 
some lesions may ulcerate. Hair loss does not always occur and for 
this reason the name follicular mucinosis is preferred to the original 
name ‘alopecia mucinosis’. Linear lesions following Blaschko lines 
have been described. 


Figure 105.6 Lymphoma-associated follicular mucinosis, showing thickened plaques 
and associated alopecia. 


Management 

Many cases spontaneously improve. Topical or intralesional steroids 
are generally effective. Superficial radiotherapy and phototherapy 
are effective in treating follicular mucinosis secondary to mycosis 
fungoides. Hydroxychloroquine has been reported as a successful 
treatment inducing rapid remission and hair regrowth in idiopathic 
follicular mucinosis. Widespread pruritic lesions may benefit from 
low-dose systemic steroids or occasionally dapsone. Other anec- 
dotal therapies include retinoids, minocycline, pimecrolimus and 
methotrexate. 


Sclerosing conditions 


Introduction and general description 
Morphoea (Chapter 55) is a distinct autoimmune connective tis- 
sue disorder that can affect the scalp and produce localised areas 
of cicatricial alopecia. In early lesions of scalp morphoea, the 
centrifugally expanding lilac border is often obscured by hair. 
Well-established plaques of morphoea are white, smooth and 
hairless. Hair loss tends to be permanent. Lesional skin is thick- 
ened and indurated; as well as pallor there may be marginal 
hyperpigmentation. The lesions may be single or multiple. 

Linear morphoea on the frontal scalp, also known as ‘en coup 
de sabre’, is the most frequent subtype in children. It is the most 
common clinical variant of scalp morphea. It is characterised by a 


Figure 105.7 Linear morphoea (en coup de sabre). 


slowly progressive non-inflammatory linear alopecia (Figure 105.7). 
It has been suggested that lesions may follow the lines of Blaschko. 
The line of morphoea may extend inferiorly into the cheek, nose or 
upper lip. Rarely it may involve the mouth and tongue. A variety of 
neurological symptoms have been reported, which most commonly 
include seizures and headaches. In addition, computed tomography 
(CT) and magnetic resonance imaging (MRI) can reveal intracranial 
abnormalities, even in asymptomatic patients [32]. 

Histological examination shows chronic inflammation of the 
upper and mid-follicle and prominent fibrosis. Collagen bundles 
are densely packed in the reticular dermis, while eccrine glands 
appear atrophic [33]. A lymphocytic perineural infiltrate is a helpful 
histopathological feature [34]. 

The sclerodermatous phase of chronic graft-versus-host disease 
may involve the scalp to produce a cicatricial alopecia. Porphyria 
cutanea tarda may also produce scleroderma on the scalp. 


Management 

Potent topical steroids such as clobetasol propionate or intrale- 
sional triamcinolone may help, but systemic therapy incorporating 
methotrexate with or without oral corticosteroids is often required 
to stop progress. Mycophenolate mofetil, hydroxychloroquine and 
phototherapy have been used with varying success [35]. Surgical 
excision may provide definitive treatment, although recurrences 
occur, especially if the lesion is enlarging at the time of exci- 
sion. Successful hair transplantation in linear morphoea has been 
described [36]. 


Figure 105.8 Sarcoidosis of the frontal hairline and forehead. 


Granulomatous conditions 


Introduction and general description 

Distinguishing between necrobiosis lipoidica, granuloma annulare 
and sarcoidosis can be difficult on clinical grounds alone. Both 
granuloma annulare and necrobiosis lipoidica have been described 
affecting the scalp but are uncommon presentations of these dis- 
eases. Lesions typically present as annular, red or yellow plaques, 
with or without atrophy and telangiectasia, and often involve the 
forehead and frontal scalp. 

Sarcoidosis is an idiopathic multisystem inflammatory non- 
necrotising granulomatous condition that has a highly variable pre- 
sentation. It is more common in African and mixed-race individuals. 
The pattern of scalp involvement can range from annular plaques 
to infiltrated papules, nodules, scaly plaques and scarring alopecia 
(Figure 105.8). The age range of patients is between 30 and 60 years 
with males and females equally affected in the majority of cases. It 
is important to examine the rest of the skin since scalp involvement 
is commonly associated with cutaneous sarcoidosis [37]. 


Management 

Treatment for sarcoidosis includes topical, intralesional or systemic 
corticosteroids, antimalarials, methotrexate and tetracycline antibi- 
otics. Infliximab has been found to be beneficial in recalcitrant scalp 
sarcoidosis [38]. 
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THICKENED SCALP DISORDE 


Cutis verticis gyrata 


Introduction and general description 
Cutis verticis gyrata (CVG) is a rare morphological syndrome 
characterised by hypertrophy and folding of the scalp skin, produc- 
ing a gyrate or cerebriform appearance. In CVG there is overgrowth 
of the scalp in relation to the underlying skull. The diagnosis of CVG 
is based on clinical findings. CT and MRI scans may reveal a range 
of scalp lesions, as well as additional abnormalities in the head [39]. 
CVG is classified into primary and secondary forms. The primary 
forms are subdivided into primary essential CVG, where there are 
no associated features, and primary non-essential CVG, which is 
associated with a wide range of psychiatric, cerebral and ophthal- 
mological abnormalities. 


Primary CVG 
Primary CVG is extremely rare and the aetiology remains unknown. 
Most cases appear to be sporadic, although familial forms have been 
reported in the context of complex syndromes. The skin changes 
typically develop after puberty and usually before 30 years of age. 
It is more common in men, with a male to female ratio of 5:1. 
There is a strong association with learning difficulties [40]. 
Akesson found 47 cases (3.4%) of CVG in institutionalised subjects 
in Sweden, and CVG was observed in 22 out of 494 (4.5%) patients 
in an Italian psychiatric institution [41]. Cytogenetic analyses in 
the latter study showed chromosome fragile sites in nine subjects 
(chromosomes 9, 12 and X). 


Secondary CVG 

Secondary CVG is more common and often occurs as a response 
to multiple inflammatory or neoplastic processes. Congenital 
melanocytic naevi appear to be the most common but other naevoid 
abnormalities, such as naevus lipomatosus and connective tissue 
naevi, and acquired lesions such as neurofibroma may also cause 
CVG. CVG has been described in association with a variety of 
endocrine and genetic disorders, including acromegaly, myxedema, 
insulin resistance, Turner syndrome and eczema. The age of onset 
is more variable than in primary CVG and, in the naevoid forms, it 
may be present at birth. 


Clinical features 

CVG typically affects the vertex and occipital scalp but it may 
involve the entire scalp (Figure 105.9). The folds are usually 
arranged in an anteroposterior direction but may be transverse over 
the occiput. Hair density may be reduced over the convexities of 
the folds. 


Differential diagnosis 

The differential diagnosis includes pachydermoperiostosis (Chapter 
155) and ‘lumpy scalp syndrome’. The former is genetically deter- 
mined and occurs mainly in men. It differs from CVG in several 
ways: (i) the scalp is folded but the skin of the face, hands and 
feet is also affected; (ii) the cutaneous changes are accompanied 


Figure 105.9 Cutis verticis gyrata. Courtesy of Mr Greg Williams FRCS (Plast), Hair 
Transplant Surgeon, Farjo Hair Institute. 


by thickening of the phalanges and long bones of the limbs; and 
(iii) skin involvement progresses for 10-15 years, and then becomes 
static. 


Management 

Investigations are aimed at identifying the underlying causes. These 
may include neurological, endocrine, ophthalmological and cyto- 
genetic studies. In early-onset CVG, a biopsy is advisable to iden- 
tify those cases caused by a structural lesion, such as a melanocytic 
naevus. In the majority of cases, treatment is symptomatic. Patients 
should be educated in scalp hygiene to avoid accumulation of skin 
debris and secretions in the furrows. Surgical correction with skin 
expansion can be helpful in selected cases [42]. 


Lipoedematous alopecia 


Introduction and general description 

Lipoedematous alopecia is a rare, non-scarring symptomatic alope- 
cia characterised by an increasing thickness of the subcutaneous 
layer of the scalp and inability to grow hair longer than 2cm [43]. 
The condition more commonly occurs in women (Figure 105.10). 
The hormone leptin, which regulates the distribution of adipose 
tissue, has been postulated as playing a role in causing hyperplasia 
of the subcutaneous fat [44]. 

The pathogenesis remains unclear. The fundamental pathological 
finding consists of an approximate doubling in scalp thickness 
resulting from expansion of the subcutaneous fat layer. There is 
associated atrophy and fibrous replacement of many hair folli- 
cles. Light and electron microscopy suggests that the increase in 
scalp thickness is caused by localised oedema, with disruption 
and degeneration of adipose tissue. In addition to thickening of 
the adipose tissue layer, dermal oedema, lymphatic dilatation and 
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Figure 105.10 Lipoedematous alopecia. Courtesy of Dr Leona Yip, Skin Partners 
Specialist Dermatologist, Brisbane, Australia. 


elastic fibre fragmentation are frequently seen which may suggest 
that the primary pathology is related to abnormal lymphatics [45] 
and lymphatic dilatation may be the mechanism of hair loss [46]. 
Mucin is not seen [47]. 


Management 

Surgical debulking with scalp reduction has been described as 
a technique for managing a localised case [48]. Mycophenolate 
mofetil has also been described as a potential treatment, with a 
patient experiencing complete recovery of their hair [49]. 


TUMOURS OF THE SCALP — 


The scalp is acommon location of tumours of the skin and these can 
be broadly categorised as benign, malignant or metastatic. Benign 
and malignant tumours can arise from the epidermis, the piloseba- 
ceous unit or adnexal structures. Due to chronic sun exposure the 
scalp is a common site of squamous cell carcinoma, basal cell carci- 
noma, lentigo maligna, desmoplastic melanoma and angiosarcoma. 
Only tumours that have a particular predilection for the scalp are 
mentioned here. 


Sebaceous naevus 


Sebaceous naevus represents a common congenital hamartoma 
that presents as an orange-yellow hairless patch most commonly 


located on the scalp (Chapter 73). They may be present at birth or 
may become more obvious through childhood and adolescence. 
From puberty it is common for the patch to become thickened and 
more verrucous in nature. The development of basal cell carcinomas 
and other adnexal tumours has been described and for that reason 
some dermatologists advocate surgical removal of sebaceous naevi 
as a preventative measure. In a large retrospective study of 706 
patients, the most common tumours found within a sebaceous 
naevus were trichoblastoma (7.4%) and syringocystadenoma papil- 
liferum (5.2%). Malignant tumours were only found in 2.5% of cases 
(basal cell carcinomas 1.1% and squamous cell carcinomas 0.6%) 
and these did not occur in childhood, inferring that any removal 
can be planned for adolescence or adulthood [50]. Surgical tech- 
niques include primary excision with local tissue undermining and 
galeal scoring for small lesions, and rotation or transposition flaps, 
serial excisions and tissue expansion and excision for large lesions. 
However, over a third of patients experienced a poor outcome, even 
with small lesions [51]. 


Syringocystadenoma papilliferum 


Syringocystadenoma papilliferum is a rare, benign, adnexal tumour 
of the apocrine or eccrine sweat ducts, which typically presents as 
a solitary, pink, dome-shaped nodule on the scalp (Chapter 137). 
It may occur in association with a sebaceous naevus. They are 
usually present from birth or infancy. Malignant change has been 
described, heralded by ulceration, bleeding and rapid enlargement. 
Surgical excision is recommended as a preventative measure. 


Tumours of the pilosebaceous unit 


Trichoepitheliomas 

Trichoepitheliomas are firm, red nodules that commonly occur 
on the scalp (Chapter 136). Trichoepitheliomas can be solitary but 
typically multiple lesions coexist and can cover a large area of the 
scalp, which has led to the term ‘turban tumour’. They are benign 
tumours, but they grow slowly and can cause considerable cosmetic 
issues. Trichoepitheliomas can be surgically excised. 


Trichilemmal cysts 

Trichilemmal cysts arise from the outer root sheath of the hair folli- 
cle (Chapter 132). Ninety per cent of trichilemmal cysts are located 
on the scalp due to the increased density of follicles. While lesions 
may be solitary, it is common for patients to have multiple lesions. 
Cysts can be surgically excised if treatment is required. 


Scalp metastases 


The scalp is a common site for cutaneous metastases, accounting 
for 12% of all skin metastases (Chapter 148). They usually present 
as a single, smooth, bald nodule in the scalp and are often initially 
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Figure 105.11 Typical patchy ‘moth-eaten’ appearance of syphilis of the eyebrows (a) 
and full regrowth after treatment (b). Courtesy of Dr Michela Starace and Professor 
Bianca Maria Piraccini, Department of Experimental, Diagnostic and Specialty Medicine 
(DIMES), Alma Mater Studiorum University of Bologna, Italy. 


misdiagnosed as a benign cyst. Occasionally, they may be the first 
sign of an underlying malignancy. The primary tumour is commonly 
located in the lung, stomach, colon or kidney [52]. 


INFECTIONS OF THE S 


The scalp is a common site of skin infection and infestation. Hair 
loss can be a feature of this. Tinea capitis (Chapter 32), infestations 
(Chapter 34) and bacterial infections (Chapter 26) are discussed 
elsewhere. 


Syphilis 


Hair loss occurs in approximately 2.9-7% of cases of secondary 
syphilis and may be the presenting feature [53-55] (Chapter 29). The 
hair loss typically has a ‘moth-eaten’ appearance (Figure 105.11), 
but may be diffuse in nature [56]. Other features of secondary 
syphilis are present in most cases, particularly lymph node enlarge- 
ment and hepatomegaly, but hair loss has been reported as the 
only sign of the disease [56]. Li et al. describe a rare case of nodular 
secondary syphilis that presented with multiple nodules on the 
scalp, resembling Rosai-Dorfman disease or cutaneous malignant 
metastasis [57]. 

Trichoscopy of ‘moth-eaten’ secondary syphilis shows that alope- 
cia is mainly due to a reduction in the number of terminal hairs 
[58]. Trichoscopy of this presentation can also show black dots, focal 
atrichia, hypopigmentation of hair shaft and yellow dots [59]. 

Histological features include an increase in catagen and telo- 
gen hairs, and a peribulbar lymphocytic infiltrate, similar to the 
changes seen in alopecia areata [55]. Additional features in syphilis 
include lymphocytic infiltration of the isthmus region, parabulbar 
lymphoid aggregates and the presence of plasma cells within the 
infiltrate. Despite appropriate stains, Treponema pallidum is not 


usually seen. The alopecia is non-scarring and sometimes affects 
other hair-bearing areas [53,60]. The alopecia usually resolves 
within 3 months of appropriate treatment for syphilis [53]. 

The serpiginous nodulosquamous syphilide of tertiary syphilis 
may also affect the scalp. The syphilitic gumma is a cause of scarring 
alopecia. 


Human immunodeficiency virus 


A variety of alterations in hair growth have been described in 
patients with HIV infection (Chapter 31). Telogen effluvium is 
common; causes include chronic HIV-1 infection itself, secondary 
infections, nutritional deficiencies and drugs [61]. Hair loss on the 
body as well as the scalp has been reported with several antiretrovi- 
ral drugs, particularly indinavir [62] and other protease inhibitors. 
In one case, a 62-year-old man with HIV infection experienced 
alopecia totalis 18 months after initiating antiretroviral treatment, 
which included iopinavir/ritonavir. The alopecia reversed com- 
pletely 2 months after stopping iopinavir/ritonavir [63]. A review 
of the literature evaluating antiretroviral-related alopecia showed 
that the protease inhibitor class, in particular indinavir, was most 
commonly reported to cause hair loss, followed by the nucleoside 
reverse-transcriptase inhibitor, lamivudine. The majority of cases 
presented with alopecia of the scalp alone, with a median time of 
onset of 2.5 months. Management involved discontinuing the drug 
in most cases, with at least partial reversal in half the cases [64]. 
Case reports have implicated abacavir and tenofovir alafenamide 
in the development of alopecia [65,66]. 

There are also reports of alopecia areata occurring in patients with 
HIV infection [67-70]. Conversely, Ramot et al. describe the remis- 
sion of longstanding alopecia universalis after HIV infection [71]. 

Tinea capitis, psoriasis and seborrhoeic dermatitis are all more 
common in patients with HIV infection. Straightening of the hair is 
a common feature of HIV infection in black patients [72]. Various 
forms of folliculitis are seen in HIV infection, including acneiform 
eruptions, staphylococcal folliculitis and eosinophilic pustular 
folliculitis. 


PUSTULAR CONDITION 


There are a large number of conditions that can present with pus- 
tules on the scalp. These vary from conditions where the pustules 
are isolated findings without hair loss, to those that are associated 
with localised cicatricial alopecia. Figure 105.12 shows a clinical 
diagnostic approach to pustules in the scalp. 
Pustular conditions associated with cicatricial alopecia are 
discussed in Chapter 87. 
Other conditions are also covered elsewhere in this book: 
¢ Scalp folliculitis: Chapter 91. 
¢ Pseudofolliculitis barbae: Chapter 91. 
¢ Necrotising lymphocytic folliculitis of the scalp margin (acne var- 
ioliformis): Chapter 91. 
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or papules 
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in childhood 


An approach to pustules on the scalp 


Large crust 
covering lake 
of pus 

Actinic damage 
Bald or marked 
thinning 


Scarring 
hair loss 


Nuchal Tufting of hair 


Doll like 


Boggy swelling 
distribution Discharge of 
Keloidal papules pus/blood-stained 
and pustules fluid 


Acne keloidalis 
nuchae 


Figure 105.12 An approach to diagnosing pustules in the scalp. 


e Dissecting cellulitis/perifolliculitis capitis abscedens et suffo- 
diens: see under secondary cicatricial alopecias earlier in this 
chapter. 

¢ Folliculitis keloidalis/acne keloidalis nuchae: Chapter 91. 

¢ Folliculitis decalvans: Chapter 87. 


Erosive pustular dermatosis of the 
scalp 


Introduction and general description 

Erosive pustular dermatosis of the scalp (EPDS) is an increasingly 
recognised type of scarring alopecia, predominantly affecting the 
elderly, that was first described by Pye et al. in 1979 [73]. While orig- 
inal reports detailed a female preponderance, more modern series 
have shown it to be more common in men [74]. 

It presents with a thick crust overlying erosions, granulation 
tissue and pus with associated scarring alopecia. It is commonly 
associated with androgenetic alopecia and actinic damage of the 
scalp. It has a chronic course, often spreading outwards. 


Pathophysiology 

The exact pathogenesis of EPDS remains unknown. It is com- 
monly associated with androgenetic alopecia and actinic damage 
of the scalp and is usually preceded by trauma. Surgery, curettage, 
cryotherapy, photodynamic therapy, treatment of actinic damage 


with imiquimod or ingenol mebutate, topical minoxidil and EGFR 
inhibitors have all been associated with triggering the condition. 
It has also followed herpes zoster infection. It is considered an 
aberrant wound healing response and has been associated with 
increased expression of matrix metalloproteinase 3 (MMP-3) in 
the non-healing skin. The lack of follicles, which normally have a 
wound healing role in the skin, altered immunity due to UV light 
or age, and atrophy and altered blood flow may all have a negative 
impact on the ability of the skin to heal itself [75]. It has also been 
postulated that autoimmunity could play a role, with the follicle 
being a target after initial trauma. 


Pathology 

The histological features of EPDS depend on the stage of the disease 
and whether there is hair or not. Early-stage disease is characterised 
by orthokeratosis, psoriasiform hyperplasia and a slight mixed 
inflammatory infiltrate, consisting of neutrophils, lymphocytes, 
plasma cells and mild fibrosis. More intermediate-stage disease 
shows greater fibrosis at the level of the isthmus and loss of seba- 
ceous glands. Late disease shows an absence of follicles and diffuse 
and severe fibrosis. Miniaturised anagen follicles and shift to cata- 
gen are common, which is unsurprising given the association with 
androgenetic alopecia [76]. 

In patients who had biopsies from hair-bearing scalp, a dense 
neutrophilic and lymphocytic infiltrate was noted around the 
infundibula of terminal hair follicles, with prominent infundibular 
spongiosis and focal or total disruption of the follicle wall. Spongi- 
form pustules were also present. These findings led authors to 
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Figure 105.13 Erosive pustular dermatosis of the scalp. 


postulate it should be considered a neutrophilic dermatosis with 
pathergy features similar to pustular pyoderma gangrenosum [74]. 


Clinical features 
The characteristic clinical finding is crust overlying the scalp with 
underlying sterile pus sitting above a moist eroded scalp surface 
(Figure 105.13). It is commonly associated with androgenetic alope- 
cia, miniaturised hairs and decreased hair density or baldness. 
Actinic damage of the scalp is very common and the condition 
may coexist with actinic keratoses. The vertex is the most common 
site, followed by the frontal, parietal and temporal regions. Scalp 
atrophy and scarring are often evident [76]. 

Due to marked skin atrophy, trichoscopic features include the 
absence of follicular ostia and the visualisation of both dermal 
vessels and hair bulbs [76]. 


Differential diagnosis 
Pyogenic and yeast infection is excluded by bacteriological exami- 
nation and the lack of response to antibacterial or antifungal agents. 
Biopsy may be necessary to exclude pustular psoriasis, cicatricial 
pemphigoid, ‘irritated’ solar keratosis or squamous cell carcinoma. 
In one case series review of 30 patients, the most common clinical 
diagnosis at point of biopsy were squamous cell carcinoma (13), 
basal cell carcinoma (3), actinic keratosis (5) and autoimmune 
bullous disease (3). EPDS was only offered as a diagnosis in 
3 patients. The final diagnosis was reached after careful exclusion 
based on histology, direct immunofluorescence and microbiological 
analysis [74]. 


Management 

There is limited evidence from multiple case series to support the 
use of super-potent and potent topical steroids, with or without oral 
zinc, followed by maintenance with topical calcineurin inhibitors. 
Tacrolimus 0.1% has the advantage of not causing further atro- 
phy of the scalp. There are studies that support the use of topical 
photodynamic therapy but this modality has also been associ- 
ated with triggering the condition [77]. In cases induced by EGFR 
inhibitors, withdrawal or tapering of the drugs led to improvement 
[78]. In resistant cases, oral corticosteroids have been reported as 


being efficacious and should be considered first line over other 
modalities like oral antibiotics. There are also positive reports 
supporting the use of systemic retinoids and ciclosporin [78]. 


OTHER CONDITIONS OF TH 


Scalp pruritus 


Introduction and general description of scalp pruritis 

Scalp pruritus is a common symptom (Chapter 81). Pruritus, also 
known as itch, is an unpleasant sensation that evokes the desire to 
scratch [79]. An additional term, trichokinesis, has been introduced 
to describe itching sensations which increase by touching the hair 
[80]. It can be associated with a variety of conditions including 
dermatological, neurological and psychogenic diseases, as well as 
being a manifestation of a systemic problem, or being iatrogenically 
induced [81]. Scalp itch is distressing and causes significant mor- 
bidity. Often it can appear without any noticeable skin pathology. 
It can be both diagnostically and therapeutically challenging. 


Epidemiology 

Incidence and prevalence 

Although scalp itch is recognised as common, there is a lack of 
information published on its incidence and prevalence [82]. In an 
epidemiological study conducted in a representative sample of 
the French population, 44% declared suffering from a ‘sensitive 
scalp’. Of these subjects 25% complained of an itching sensation 
[83]. In 75 patients with generalised idiopathic pruritus without 
eruption, 14% described involvement of the scalp [84]. A large epi- 
demiological study on the prevalence of chronic pruritus involving 
2540 people found that 44.6% of subjects have scalp pruritus [85]. 


Age, sex and ethnicity 

In a French study population who had a ‘sensitive itchy scalp’, 
differences were noted according to age: 31% were under 35 years 
old, 27% 35-50 years old and 42% over 50 years old. Women suf- 
fered more frequently from a sensitive scalp than men [83]. In 
75 patients from Singapore with generalised idiopathic pruritus, 
there was no difference in sex or race affected. The mean age of 
those affected was 52 years. A cross-sectional study of 302 geriatric 
patients revealed a 28% prevalence of pruritus on the scalp area 
[86]. A cross-sectional study, designed to evaluate the prevalence of 
and risk factors for scalp pruritus in a general dermatology popula- 
tion, reports an overall prevalence of scalp pruritus of 25.3%. After 
adjustment for confounders, black participants had a more than 
twofold increased odds of scalp pruritus (odds ratio 2.13; 95% CI, 
1.10-4.13) [87]. 


Associated diseases 

Scalp pruritus can be associated with a variety of conditions. These 
include dermatological disease, systemic disease, neurological 
disease and psychiatric/psychosomatic diseases (Table 105.2) 
[79,84,88]. Vazquez-Herrera et al. propose a simple acronym 
(SCALLP) in order to easily recall the most common causes of 
scalp itch [89]: 


; Other conditions of the scalp 105.15 


Table 105.2 Diseases associated with scalp pruritus. Adapted from Stander et al. [79], demonstrates the itch mediators that have been demonstrated in 
Goon et al. [84] and Rattanakaemakorn and Suchonwanit [88]. the scalp and where they have been found. 
Type Examples Mast cells release histamine, which induces pruritus via the H1 


and Hé4 receptors on nerve fibres. Proteinase-activating receptor 


Dermatologica! Sebonmobic Sengtits 2 (PAR-2) mediates chronic pruritus via calcitonin gene-related 
ieee peptide (CGRP) and substance P. Exogenous activators of PAR-2 
Atopic eczema and lichen simplex chronicus include serine proteases generated by bacteria, fungi and house dust 
Allergic contact dermatitis mite. Transient receptor potential vanilloid type 1 receptor (TRPV1) 
Alopecia areata can be activated by capsaicin, heat, acidosis and endogenous 


Lichen planopilaris 
Central centrifugal cicatricial alopecia 
Discoid lupus erythematosus 


endovanilloids. Mas-related G-protein-coupled receptor (Mrgpr) 
can be activated directly by peptides with common C-terminal 


Dermatitis herpetiformis motifs. The endogenous opioid system includes three opioid recep- 
Acne necrotica tors: mu (MOR), delta (DOR) and kappa (KOR), and the opioid 
Folliculitis decalvans peptides enkephalins, endorphins, dynorphins and endomorphins. 


Scalp folliculitis 
nfection and infestation 
Red scalp disease 


KOR signalling suppresses itch while MOR signalling stimulates 
itch. Activation of cannabinoid receptors CB1 and CB2 leads to the 


Bullous pemphigoid inhibition of pruritus. Substance P binds with high affinity to the 
Dermatitis herpetiformis neurokinin-1 receptor (NK1R) on keratinocytes, endothelial cells 
Systemic Chronic renal failure and mast cells. Degranulation of mast cells releases pruritogenic 


Cholestatic liver disease 


pro-inflammatory cytokines. CGRP promotes itch on release after 
Haematological malignancy, e.g lymphoma or 


C-fibre activity. Four members of the neurotrophin (NT) family 


leukaemia 
Drug-induced pruritus are involved in the pathogenesis of itch: NGF, BDNF, NT-3 and 
Thyroid dysfunction NT-4. Gastrin-related peptide receptor (GRPR) is activated by 
Dermatomyositis histamine-independent mechanisms. Endothelin-1 (ET-1) evokes 


Diabetes mellitus 


; ; ; as pruritus in humans and animals. Interleukins (ILs) are implicated 
Neurological (diseases or disorders Diabetic neuropathy 


in the pathogenesis of pruritis including IL-2, IL-31 and IL-8 [82]. 


of the central or peripheral Postherpetic neuralgia 
nervous system) Migraine Mast cells are thought to be a key itch conductor in psoriatic scalp 
Atypical facial neuralgia itch due to their ability to trigger neurogenic inflammation, activate 
Scalp dysaesthesia the skin HPA-axis, process, integrate and orchestrate itch through 
Brain and spinal cord injury mast cell interactions with hair follicles [90]. 
Sr ea A study of patients with seborrheic dermatitis has shown an 
Narrowing of the bony foramina from increase in cathepsin S levels in patients with dandruff/seborrheic 
osteoarthritis dermatitis. Cathepsin S, pruritus and clinical severity were found to 
Psychogenic/psychosomatic Anxiety disorders be well correlated. Cathepsin S is a cysteine protease which is selec- 
Eeavetonal pateshoots tively upregulated in human keratinocytes under stimulation by 
Paine Sees gamma interferon, suggesting a role in inflammatory skin diseases. vi 
sessive compulsive disorders Ww 
Schizophrenia The trigger of the increased expression of cathepsin S and the links [= 
Somatoform and dissociative disorders between cathepsin 5 and itching remain to be determined [91]. 7) 
Tactile hallucinations Scalp pruritus can be a feature of dermatomyositis. A group [&J" 
from the University of Minnesota describe their discovery of a [4 ¢ 
small-fibre neuropathy of the scalp in a patient with dermatomyosi- if 
tis and chronic, severe scalp pruritus. These findings may lead to [-¥ A 
¢ Seborrhoeic dermatitis new areas of research in the pathogenesis and therapy of scalp de >< 
¢ Contact dermatitis pruritus [92]. ow 
e Anxiety Bin Saif et al. propose that the non-itchy scalp demonstrates a sig- Me 
e Lichen planopilaris nificant insensitivity of small C nerve fibres of the scalp to thermal, [és 
e Lice heat pain, itch and neurogenic inflammation similar to that noted < 
¢ Psoriasis in significant neuropathies. They suggest that the scalp has an aber- 
rant response of small C nerve fibres which makes the scalp a unique 
Pathophysiology body site in somatosensation disorders [93]. 


The scalp is unique in its innervation, vasculature and embry- 

onic origin. The scalp is the most densely innervated peripheral Causative organisms 

organ in the body. Taken together with hair follicles, which are — Malassezia species are found in high concentrations on the scalp. 
richly innervated, and a dense dermal scalp vasculature, these In normal conditions, Malassezia yeast reduces the production of 
neuroanatomical features alone could account for the intensity of | pro-inflammatory cytokines by keratinocytes. This is related to 
scalp itch [90]. However, numerous different cells and mediators the presence of a lipid-rich microfibrillar layer surrounding yeast 
in the scalp are thought to be involved in scalp itch. Figure 105.14 cells. A high quantity of lipid may prevent the yeast cell from 
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: Keratinocytes 
Infundibulum | CB1, CB2, NK1R PAR-2, HR, H3R, H4R, NGF NTA, 
NK1R, GRPR, eCB, ET-1, 
ORS CB2, TRPV1, TRPV3, NK1R, B-endorphin, kallikrein, 
B-endorphin, GRPR cathepsins, LTB4, TXA2, IL-8 


Figure 105.14 Cutaneous sensory receptors and mediators 


IRS | CB1, PAR-2, NK1R 


Unmyelinated 


PAR-2, H1R, H4R, CGRP, 
GRP ligand, Mrgpr, TrkA 


involved in the itchy scalp. BDNF, brain-derived neurotropic 
factor; CB, cannabinoid receptor; CGRP, calcitonin 


Nucleated hairshaft |NK1R C-fibres 


Blood vessel 


CB2, TRPV1, NK1R, 


ETE (| 


Hair bulb 


B-endorphin 


gene-related peptide; eCB, endogenous cannabinoids; 

ECP, eosinophil cationic protein; EDN, eosinophil-derived 
neurotoxin; ET-1, endothelin-1; ETAR, endothelin receptor A; 
GRP, gastrin-related peptide; GRPR, gastrin-related peptide 
receptor; H1R, histamine 1 receptor; H3R, histamine 3 


Mast cell 


Basophil 


receptor; H4R, histamine 4 receptor; IL, interleukin; IRS, inner 


Dermal papilla | SP. CGRP, MOR 


Eosinophil 


root sheath; LTB4, leukotriene B4; MOR, mu opioid receptor; 
Mrgpr, Mas-related G-protein-coupled receptor; NGF, nerve 
growth factor; NK1R, neurokinin-1 receptor; NT, neurotrophin; 


Histamine, H4R, Histamine, H4R, 
NGF, LTB4, NK1R, IL-4 

protease (tryptase), 
ETAR, PGD2, IL-2 


NT-3, BDNF, H4R 
EDN, ECP 


ORS, outer root sheath; PAR-2, proteinase-activating receptor 
2; PGD2, prostaglandin D2; SP, substance P; TrkA, high-affinity 


NGF receptor; TRPV, transient receptor potential vanilloid; 
TXA2, thromboxane A2. Adapted from Bin Saif et a/. [82]. 


Groups of patients 
Group |: pruritus on diseased skin 
Group II: pruritus on non- 5 as 
sessedsin SL 


Group Ill: chronic scratch lesions 


Categories of diseases 


Dermatological 


Neurological 


Psychogenic 


Figure 105.15 Clinical classification of scalp pruritus. Adapted from Stander et a/. [79]. 


inducing inflammation, whereas low lipid content may induce 
inflammation [94,95]. This may explain the aetiology of seborrhoeic 
dermatitis itch. 

Staphylococcus aureus may also induce itch. Staphylococcal endo- 
toxins lead to IL-31 expression, a known mediator of itch. Staphy- 
lococcus can also mediate serine protease expression through PAR-2 
receptor, which could explain why scalp folliculitis is itchy. 


Clinical features 

Pruritus is defined as an unpleasant sensation of the skin leading to 
the desire to scratch. This can be described as acute or chronic; the 
latter is defined as pruritus lasting 6 or more weeks. 

Pruritus of the scalp can be classified as that occurring on appar- 
ently normal skin, on diseased skin or on scratch-evoked lesions 
(Figure 105.15). 

Chronic pruritus can lead to scratching, rubbing and pinching. 
Scratching may induce skin damage such as excoriation, crusting, 
lichenification and excoriated papules and nodules. Lesions may 
coexist in different stages and secondary infection may occur. 
Lesions may resolve leaving atrophic, hyper- or hypopigmented 
scars. 


Table 105.3 Investigation of scalp itch. Adapted from Stander et a/. [79] and 
Rattanakaemakorn and Suchonwanit [88]. 


Classification Investigations 


Pruritus on diseased skin Microscopy and culture 

Skin biopsy for histology/immunofluorescence 

Guided by medical history but may include: 

Full blood count 

Urea and electrolytes 

Thyroid function 

Liver function 

Ferritin 

Often requires a combination of investigations for 
both pruritus on diseased skin and pruritus on 
non-diseased skin, e.g. biopsy and laboratory 
investigation 


Pruritus on non-diseased skin 


Pruritus with chronic scratch 
lesions 


The course and prognosis of scalp pruritus are dependent on the 
cause. Treatment of the underlying cause of pruritus should result 
in resolution. Chronic pruritus with no identifiable aetiology is 
more of a challenge and may persist for years, despite supportive 
treatment. 


Investigations 

Grouping pruritus as that occurring on apparently normal skin, on 
diseased skin or on scratch-evoked lesions can aid selection of the 
most appropriate investigation (Table 105.3). 


Management 

If there is evidence of a scalp dermatosis causing itch then that dis- 
order should be treated. Principal topical medications used for the 
treatment of scalp pruritus include emollients (including oils, e.g. 
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Specific findings on 
macroscopic and trichoscopic examinations? 


Work-up for Generalised 


systemic/psychiatry 
diseases and consultation 


Limited to scalp or 
generalised? 


Limited ip 


i Diagnosis of 
i scalp/hair disease(s) 
Conclusive ax 

Scalp biopsy 


a Treatment for 
scalp/hair disease(s) 


No Suspicious 


at History taking focusing on oe all 


Medical history 


Cervical spine 
diseases/injury 
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Psychiatric 
diseases/symptoms 


Orthopaedics 
Neurology 
Physiotherapy 


Imaging 
investigations 


1st: Analgesic agents 
Low dose of oral pregabalin/gabapentin with/without 
TALK (topical amitriptyline, lidocaine and ketamine) 


Triggers, worsening/relieving factors -_ Fluctuation throughout a day 


[Ll 


Education/behavioural change 


2nd: Other agents 
Oral antidepressants 
Oral anticonvulsants 


. Adjunctive agents 
with/ 


without 


Topical corticosteroids 
Oral antihistamines 


Figure 105.16 Proposal of diagnostic and therapeutic algorithm to manage scalp dysaesthesia. The process of investigations (blue boxes), history taking of associated factors (green 
boxes) and treatment approaches (yellow boxes) are demonstrated. Adapted from Lancer et al. [4]. 


coconut, olive or arachis), glucocorticoids, calcineurin inhibitors, 
menthol, capsaicin and shampoos with anti-inflammatory effects 
(coal tar, selenium sulphide, ketoconazole and shampoos containing 
zinc pyrithione). 

Principal systemic medications utilised for scalp pruritus include 
antihistamines, anticonvulsants (gabapentin, pregabalin), opioids 
(naloxone, naltrexone, butorphanol), antidepressants (amitripty- 
line, paroxetine, mirtazapine), cyclosporin A and thalidomide [88]. 


Scalp dysaesthesia 


Introduction and general description 

Hoss and Segal first described scalp dysaesthesia as chronic severe 
pain, burning, stinging and/or pruritus of the scalp without objec- 
tive findings [96]. The symptoms may be manifestations of an 
underlying psychiatric disorder or may represent a type of chronic 
pain syndrome (Chapter 82). Nerve trauma, either indirectly 
through muscle tension or directly through surgical trauma, has 
been indicated as a potential cause [97,98]. 


Epidemiology and aetiology 

In a study looking at the epidemiology of scalp sensitivity from 
a representative sample of the French population, 44% reported 
having a sensitive scalp. Women suffered more frequently from a 
sensitive scalp than men and no relationship with age was found. 
Prickling, itch and burning were the most common symptoms in 
those with a sensitive scalp. No link was found between scalp 
sensitivity and any specific scalp disease. Triggering factors of scalp 
sensitivity were heat, cold, pollution, emotions, dry or wet air, water 
and shampoos [83]. 

Hoss and Segal considered whether alopecia could have caused 
or contributed to scalp dysaesthesia and found that 7 of 11 patients 
had mild androgenetic alopecia. It was concluded that this is not 
an increased incidence of androgenetic alopecia compared with the 
general population, therefore it was unlikely to be the sole cause 
of the scalp problems [96]. This study also considered the role of 
a psychiatric cause in scalp dysaesthesia. Five of the 11 patients 
studied had one or more physician-diagnosed psychiatric disor- 
ders; of these, 4 had problems that were present prior to the onset 
of scalp dysaesthesia. The symptoms in 7 of the 11 intensified 
with psychological stress [96]. Hoss and Segal remain uncertain 
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as to whether their patients have pain secondary to an underlying 
psychiatric condition, or if the psychiatric problems are unrelated 
or caused by the scalp dysaesthesia. 


Two additional aetiological theories consider neurological trauma 


as a cause. A retrospective review of 15 women with scalp dysaes- 
thesia found that 14 patients had cervical spine disease confirmed 
by imaging [97]. The commonest finding on imaging was degen- 
erative disc disease, with 10 out of 14 patients having changes at 
C5/C6. The authors postulated that chronic muscle tension placed 
on the pericranial muscles or scalp aponeurosis secondary to the 
underlying cervical spine disease may lead to the symptoms of scalp 
dysaesthesia [97]. Scalp dysaesthesia has been described as a post- 
operative complication of patients who have an endoscopic brow 
lift. It is thought to be caused by peripheral nerve damage during 
this procedure [98]. 


Management 
Most treatment options are derived from case series/reports with- 
out comparisons with each other. 


Nine of the 11 patients studied by Hoss and Segal experienced 


improvement or complete resolution of their scalp symptoms with 
low-dose antidepressants (doxepin, amitriptyline) [96]. Oral pre- 
gabalin and oral or topical gabapentin have been used effectively 
in the management of scalp dysaesthesia [97,99]. Naltrexone is 
an opioid receptor antagonist. Low-dose naltrexone, defined as 
daily doses ranging from 1mg to 5mg, has been shown to reduce 
pruritis in patients with lichen planopilaris [100]. Tortelly et al. 
recommend low-dose naltrexone as a therapeutic option for scalp 
dysaesthesia [101]. Laidler et al. studied 16 participants to evaluate 
the use of an exercise protocol consisting of cervical spine range 
of movement exercises, gentle mobilisation and muscle stretches: 
ten (62%) experienced a reduction in their symptoms, four (25%) 


ex 


be 


perienced complete resolution and two (13%) experienced no 
nefit [102]. Kinoshita-Ise and Shear describe two cases who 


responded to pregabalin 50mg daily and two who responded to 
TALK (topical 5% amitriptyline, 5% lidocaine, 10% ketamine in 
lipobase; Leo Laboratories, Hurley, UK) [103]. This group present a 
useful initial version of a diagnostic and therapeutic algorithm for 
scalp dysaesthesia (Figure 105.16). 


Key references 


The full list of references can be found in the online version at 
https:/ /www.wiley.com/rooksdermatology10e 


1 


2 


3 


7! 


8 


8 


9 
10. 


3 Adalsteinsson J, Kausik S, Muzumdar S et al. An update on the microbiology, 

immunology and genetics of seborrheic dermatitis. Exp! Dermatol 2020;29:481-9. 

Gupta A, Richardson M, Paquet M. Systematic review of oral treatments for 

seborrhoeic dermatitis. J Eur Acad Dermatol Venereol 2014;28:16-26. 

8 Alsenaid A, Ezmerli M, Srour J et al. Biologics and small molecules in patients 

with scalp psoriasis: a systematic review. J Dermatol Treat 2020;19:1-10. 

Thomas J, Aguh C. Approach to treatment of refractory dissecting cellulitis of the 

scalp: a systematic review. J Dermatolog Treat 2021;32:144-9. 

5 Mazori D, Wright N, Patel M et al. Characteristics and treatment of adult-onset 
linear morphea: a retrospective cohort study of 61 patients at 3 tertiary care cen- 
tres. J Am Acad Dermatol 2016;74:577-9. 

4 Tomasini C, Michelario A. Erosive pustular dermatosis of the scalp: a neutrophilic 
folliculitis within the spectrum of neutrophilic dermatoses. J Am Acad Dermatol 
2019;81:527-33. 

2 Bin Saif GA, Ericson ME, Yosipovitch G. The itchy scalp — scratching for an expla- 
nation. Exp Dermatol 2011;20:959-68. 

8 Rattanakaemakorn P, Suchonwanit P. Scalp pruritus: review of the pathogenesis, 
diagnosis and management. BioMed Res Int 2019;1268430 eCollection 2019:1-11. 

6 Hoss D, Segal S. Scalp dysesthesia. Arch Dermatol 1998;143:327-30. 

3 Kinoshita-Ise M, Shear N. Diagnostic and therapeutic approach to scalp dysaes- 
thesia: a case series and published work review. ] Dermatol 2019;46:526-30. 


Oo 


ie} 


CHAPTER 106 


Dermatoses of the External Ear 


Cameron Kennedy! and Ashish Sharma* 


‘Bristol Royal Infirmary and Bristol Royal Hospital for Children, Bristol, UK 


?Nottingham University Hospital, Nottingham, UK 


Introduction, 106.1 

Anatomy and physiology, 106.1 
Microbiology, 106.2 

Cerumen (wax), 106.2 


DEVELOPMENTAL DEFECTS AND CHANGES WITH 
AGEING, 106.3 

Microtia (small ears), 106.4 

Macrotia (large ears), 106.5 

Low-set ears, 106.5 

Variations in the shape of the pinna, 106.5 

Peri-auricular anomalies, 106.6 

Ageing changes, 106.7 

Earlobe creases, 106.8 


TRAUMATIC CONDITIONS, 106.8 
Contusion and haematoma, 106.8 


Pseudocyst of the ear, 106.8 
Chondrodermatitis nodularis, 106.9 
Ear piercing, 106.11 

Split earlobe, 106.12 

Keloids, 106.14 


INFECTIONS, 106.15 

Otitis externa, 106.15 

Acute diffuse OE and chronic OE, 106.16 
Acute localised OE, 106.19 

Necrotising OE, 106.19 

Infection of the pinna, 106.19 
Otomycosis, 106.20 

Superficial and deep mycoses, 106.21 


EAR INVOLVEMENT IN SKIN DISEASE AND 
SYSTEMIC DISEASE, 106.21 


Miscellaneous conditions, 106.21 
Petrified ear, 106.21 
Cholesteatoma, 106.21 
Keratosis obturans, 106.21 


TUMOURS OF THE AURICLE, 106.21 

Basal cell carcinoma of the auricle, 106.21 

Squamous cell carcinoma of the auricle, 106.27 

Management of tumours at the external auditory 
meatus, 106.29 

Melanoma of the auricle, 106.31 

Other lesions and tumours affecting the ear, 106.33 

Benign lesions, 106.33 

Premalignant lesions, 106.33 

Other lesions, 106.34 


Key references, 106.35 


Introduction 


Anatomy and physiology [1-3] 

The outer ear, also known as the external ear or auris externa, 
is the external part of the ear and consists of the auricle (pinna) 
and the ear canal. The auricle, or pinna (Figure 106.1), is a con- 
voluted, elastic and cartilaginous plate covered by skin which is 
continuous medially with the lining of the external auditory canal 
(EAC). The skin is bound firmly to the cartilage, except on the 
fibro-fatty lobe and at the back of the ear. The auricle is attached 
to the head by fibrous ligaments and three vestigial auricularis 
muscles. 

The EAC is approximately 25-30 mm in length, extending back- 
wards and upwards in an S-shaped curve. It is composed of a 
distal cartilaginous canal and proximal bony canal (Figure 106.2). 
The EAC’s length gives it a fundamental tuning frequency of 
3-4 kHz, which coincides with the spectrum of human speech [4]. 

The EAC begins at the external auditory meatus and ends at the 
tympanic membrane (eardrum). The lateral one-third of the EAC 
has a cartilaginous infrastructure covered by a layer of sebaceous 
and apocrine glands and hair. This fibroelastic cartilage contains 
two horizontal fissures of Santorini, which communicate with 
the parotid anteriorly and the soft tissue overlying the mastoid 
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Figure 106.1 Anatomical landmarks of the auricle. 


posteriorly. This may provide a portal for spread of infection or 
tumour. The skin overlying the lateral canal is approximately 1mm 
thick and in direct contact with the perichondrium. The medial 
two-thirds of the EAC has osseous support from the tympanic 
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Figure 106.2 Anatomy of the external ear (green), consisting of the auricle, external 
auditory canal and the outer layer of the tympanic membrane. The middle ear (blue) and 
inner ear (light brown) are also shown. 


portion of the temporal bone, with thinner skin that is devoid of 
adnexal structures. 

The skin of the EAC is unique in that there is no frictional loss 
of stratum corneum; cerumen and epithelial debris have there- 
fore to be removed by lateral epithelial migration towards the 
external os, a process that slows with age. The epidermis of the 
ear has a conspicuous stratum granulosum and a thick, compact 
stratum corneum. The dermis contains abundant elastic tissue. 
Eccrine sweat glands are not present in the auditory canal but mod- 
ified apocrine (ceruminous) glands are numerous. Together with 
sebaceous glands, these contribute to the production of ear wax. 

The blood supply to the auricle is provided by anastomos- 
ing branches of the superficial temporal and posterior auricular 
arteries, which are continuations of the external carotid artery 
(Figure 106.3a). Venous drainage is via posterior auricular and 
superficial temporal veins into the external jugular vein and via 
the superficial temporal, maxillary and facial veins into the inter- 
nal jugular vein. Lymphatic drainage is to the superficial parotid, 


retroauricular and superficial cervical lymph nodes. There is a 
complex nerve supply to the ear involving elements of the Vth, 
VIlIth, IXth and Xth cranial nerves as well as cervical branches of the 
greater and lesser auricular nerves. The back of the ear is supplied 
by the greater auricular nerve (C2,3), the concha by the auricular 
branch of the vagus (Xth) and the anterior part of the pinna and 
the EAC by the auriculotemporal branch of the Vth cranial nerve 
(Figure 106.3b). Intercommunicating branches of the VIIth, Ixth 
and Xth supply the deeper parts of the ear. With this complicated 
nerve supply, otalgia is more commonly due to referred pain than 
to disease in the ear itself [5]. 

The foramen of Huschke is a developmental defect in the bony 
EAC and may provide a route of communication to the parotid 
gland and infratemporal fossa. If disease breaches the EAC it can 
invade several areas including the stylomastoid foramen, carotid 
canal, jugular foramen, petrotympanic fissure and eustachian tube. 

Hypertrichosis of the pinnae (MIM: 425500) was originally 
described as a Y-chromosome linked trait (Figure 106.4) [6]. An 
autosomal dominant genetic basis for hairy ears has also been noted 
in South Indian [7] and Maltese [8] people. Acquired hairy ears 
have been described in infants born of diabetic mothers [9,10] and 
in association with HIV infection [11]. 


Microbiology 

The skin of the EAC in most healthy individuals supports the 
growth of multiple bacterial species, especially Staphylococcus 
epidermidis, Corynebacterium spp., Bacillus spp. and less often Staphy- 
lococcus aureus. Pseudomonas aeruginosa, often relevant to external 
otitis, and fungi are not normally found [2]. The normal flora can 
include organisms such as Turicella otidis, which can cause otitis 
media [12]. 


Cerumen (wax) 

Cerumen is the combined product of sebaceous and apocrine 
glands, and its main function is to waterproof the EAC [13]. 
It contains both squalene and insoluble fatty acids and also diter- 
penoids [14]. Insufficient cerumen predisposes to infection, whereas 
thickened cerumen, which can be caused by genetics, metabolism, 
or age, fosters retention of water and debris. Extrusion is aided 
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Figure 106.3 (a) Arterial and (b) nerve supply to 
external ear. 


Figure 106.4 Coarse terminal hair on the auricle: a trait possibly associated with the Y 
chromosome. 


by mastication. It is impeded if the ear canal is too narrow or 
tortuous, or when inflammation interferes with the normal migra- 
tory process. 

There are genetically determined differences in cerumen compo- 
sition and character: so-called ‘dry’ ear wax is light grey, dry and 
flaky; ‘wet’ ear wax is golden brown and sticky. The former is very 
common in Asian people. Wax phenotype is determined by a single 
gene pair, the wet wax allele being dominant [13]. Cerumen darkens 
with exposure to air. 

Although not bactericidal, cerumen does not encourage bacterial 
or fungal growth. It is likely that antimicrobial peptides play a role 


[15,16]; other possible reasons include the presence of lysozyme, 
immunoglobulins and polyunsaturated fatty acids. The surface pH 
of the EAC is around 6.9, which discourages microbial growth. 
It varies from 5.6 to 5.8 at the concha to 7.3 to 7.5 at 5-10mm 
within the canal. With inflammation, the pH becomes slightly 
more acid. 

Two populations have been shown to have excessive production 
and/or impaction of cerumen: individuals with learning difficulties 
and the elderly [13]. An increased secretion of cerumen occurs in 
patients treated with aromatic retinoids [17]. 

If wax becomes impacted or adherent, it can cause various symp- 
toms such as hearing loss, tinnitus, vertigo, pain and itching, and 
can be a contributory factor to external otitis. It may be removed 
by irrigation techniques or by suction under direct vision [18,19]. 
Ear drops are based on water or oil, with and without active 
ingredients. A systematic review found that there is no good evi- 
dence to support one type of drop over another [20]. Regular use 
of an emollient liquid may have a role in prevention of impaction 
[21]. Inflammation interferes with normal epidermal migration and 
tends therefore both to induce and to encourage the retention of 
scale. 


DEVELOPMENTAL DEFECTS Al 


CHANGES WITH AGEING 


The auricle begins development in the fifth week of embryonic life. 
It arises from six auricular hillocks, described by His in 1885 [1]. 
These are mesenchymal proliferations located at the dorsal ends of 
the 1st (mandibular) and 2nd (hyoid) pharyngeal arches. The arches 
are also called branchial arches, derived from the Greek word for 
gill. These arches surround the first pharyngeal/branchial cleft, 
which will later become the external auditory meatus [2]. Together 
with the development of the face, these hillocks later fuse, deviate 
and gradually form the complex shape of the definitive auricle 
(Figure 106.5). The resulting fusion planes provide a potential path 
for the spread of skin cancer. 

As the fusion of the auricular hillocks is complex, developmen- 
tal abnormalities of the auricle are not uncommon. Cessation or 
retardation of the development at any stage will cause various 


Figure 106.5 Developmental anatomy of the auricle. Numbers 
represent relative positions of fusion planes. Left, 6-week 
embryo; centre, 8-week embryo; right, adult. 
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Figure 106.6 CHARGE syndrome: typical appearance of pinna with (i) almost triangular 
concha; (ii) discontinuity between the antihelix and antitragus; and (iii) ‘snipped-off' 
appearance of the helical folds. Source: Dr Michael Saunders, Consultant Paediatric 
Otolaryngologist, Bristol Royal Hospital for Children, UK. 


auricular anomalies, including a congenital auricular cleft, agenesis 
of the lobule, or a congenital bifid lobule [3]. Pinna abnormalities 
are associated sufficiently often with conductive hearing loss that 
screening tests should be carried out [4-8]. 


(a) 


External ear malformations as part of a genetic syndrome account 
for fewer than 10% of all external ear abnormalities; isolated cases of 
ear malformation may either be non-genetic in origin or may have 
a genetic basis but with poor gene penetrance [9]. Some are asso- 
ciated with chromosomal abnormalities, such as Down syndrome, 
or inherited disorders such as CHARGE syndrome (Figure 106.6) 
or brachio-oto-renal syndrome (Figure 106.7). 


Microtia (small ears) 


Microtia designates a spectrum of underdevelopment of the pinna, 
from small ears to absence of an ear or ears (Figure 106.8) [10]. The 
prevalence varies between 1 and 17/17 000 in different populations 
[11]. Small ears are often associated with hearing deficit and may 
be a feature of many syndromes. In addition to being small, the 
pinna may be rudimentary, resembling the hillocks from which it is 
embryologically derived. The more primitive the appearance, the 
greater the likelihood of hearing abnormalities, in most cases due 
to defects or atresia of the ossicles. There may also be a narrowing 
or atresia of the auditory canal [10-13] and various abnormalities 
of the middle ear [14] and inner ear [15]. Small ears are a feature 
of many syndromes, including Down syndrome, Treacher Collins 
syndrome (Figure 106.9), Goldenhar syndrome, Apert syndrome, 
Mohr orofaciodigital syndrome, Duane retraction syndrome and 
thalidomide embryopathy. 

Familial microtia inherited as an isolated autosomal dominant 
trait has been described [16]. Microtia is one of the birth defects that 
occurs more on the right than the left side [17]. 


(b) 


Figure 106.7 Branchio-oto-renal syndrome. (a) Second arch branchial cyst (arrowed), skin tag on lower cheek, pre-auricular sinus and microtia with absent ear canal. (b) Surgical 
excision of second arch branchial cyst. Source: Dr Michael Saunders, Consultant Paediatric Otolaryngologist, Bristol Royal Hospital for Children, UK. 


Figure 106.8 Microtia — reduction of auditory meatus, with partly formed pinna. 


Macrotia (large ears) 


Macrotia is a developmental variation in which the amount of tissue 
between the helix and antihelix is increased, causing the ears to 
wing out. The ear may also be diffusely enlarged or elongated. 
Such changes are common in Turner syndrome, and there may be 
associated sensorineural deafness. Large ears are well described 
in fragile X syndrome [18] and Kabuki syndrome, although in 
the latter they may also be smaller than normal [19]. Generally 
enlarged ears are sometimes seen in patients with the XXXXY 
chromosome defect. The cartilaginous parts of the ears are enlarged 
and soft in Zimmermann-—Laband syndrome [20,21]. In this rare 
disorder the ears are large and floppy, in association with a bulbous 
soft nose. 


Low-set ears 

Normally, the top of the helix is at the same level as the eyebrow, the 
earlobe is above the angle of the mandible and the external auditory 
meatus is at the level of the ala nasi. Low-set ears may in addition 
be posteriorly rotated and are often small. The condition is usually 
bilateral. Although it may be isolated, it is often associated with 
major middle-ear or systemic malformations, appearing for example 
in Turner, Noonan, Patau and Crouzon syndromes. 


Figure 106.9 Treacher Collins syndrome — marked retrognathia, low set pinna with 
microtia. Source: Dr Michael Saunders, Consultant Paediatric Otolaryngologist, Bristol 
Royal Hospital for Children, UK.) 


Variations in the shape of the pinna 


Minor variations in size and shape are common and not usually 
associated with any other abnormality. These include bat ear or 
protruding ear, in which the antihelix lacks the usual bulge; lop ear, 
in which there is an unrolled helix, a poorly developed antihelix 
and scapha, and a large concha resulting in a somewhat floppy ear; 
and prominent auricular (Darwin) tubercle. Variations in the contour 
of the helix and antihelix to produce a bulge of the anterosuperior 
part of the pinna account for so-called Mozart ear, and in Wildemuth 
ear the antihelix is prominent and the formation of the helix is poor. 
These minor ear anomalies can be a syndromic feature or can be 
associated with conductive and occasionally sensorineural hearing 
loss, but in most instances they are isolated. They may, however, 
be inherited, as in the Mozart family. A distinctive railroad track 
abnormality with marked prominence of the crus of the helix is said 
to occur in up to 30% of children with fetal alcohol syndrome [11,15] 
and a protruding auricle may, rarely, be a sign of neuromuscular 
disease [22]. Various abnormalities of the configuration of the pinna 
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Figure 106.10 Diagonal earlobe crease in an infant with Beckwith-Wiedemann 
syndrome. 


Figure 106.11 Pre-auricular sinus. 


have been described in the distinctive Jumpy scalp syndrome [23], 
in which other features include absent or rudimentary nipples 
and dermal nodules on the scalp [24]. The lobule can show iso- 
lated abnormalities, for example pits and clefts. Absence of the 
lobule is, however, usually associated with a syndrome of a more 
serious nature [4]. Diagonal linear creases in the lobule are seen 
in Beckwith-Wiedemann syndrome (Figure 106.10), and in adult 
life in association with some degenerative diseases, although they 
are also a common finding in normal individuals. Also see next 
section. 


Figure 106.12 Pre-auricular sinus acting as a focus of infection, with acute otitis 
externa. An adult patient presenting with a new onset of discharge from a previously 
asymptomatic indentation in front of the right ear. 


Peri-auricular anomalies 


Pre-auricular sinus (PAS) (synonym: ear pit/fistula/tract) is a con- 
genital malformation that manifests as a small opening in the 
external ear, usually near the anterior limb of the ascending helix 
(Figure 106.11). The term ‘pre-auricular’ is therefore a misnomer as 
the sinus opening is usually on the auricle, with occurrence reported 
along the superior helix margin, tragus and lobule [1]. 

The incidence varies between 0.47% and 2.5% [2-8], with bilat- 
eral lesions in 17-27% of cases [2,3,7]. The remaining unilateral 
lesions show no lateral preference, although one study found a 
left-sided predominance [7]. PAS is generally asymptomatic, with 
only one-quarter of subjects reporting an episode of symptomatic 
discharge, redness and pain [7] (Figure 106.12). If an abscess is 
present, it will likely need to be incised and drained. In the medical 
literature, some believe that even asymptomatic sinuses should 
be removed, others that surgery is only indicated if infection or 
other complications arise. Several surgical techniques are described 
for removal including use of methylene blue dye and probes [9]. 
Recurrence after surgery has been reported to be between 19% and 
42% [10-12]. 

PAS may be sporadic or inherited, with bilateral lesions more 
likely in the latter. PAS may also be part of a multiple congeni- 
tal abnormality syndrome, such as brachio-oto-renal syndrome 


Syndrome 
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Table 106.1 Developmental disorders which display changes to the external ear. 


Genetics 


Clinical findings on ears 


Other clinical features 


Apert 


Branchio-oto-renal 


CHARGE 


Crouzon 

Down 

Duane retraction 
EEC 

Fragile X 


Goldenhar 


Holoprosencephaly 


Kabuki 


Nager 

Noonan 
Orofaciodigital 1 
Orofaciodigital 2 
Townes-Brocks 
Treacher Collins 
Turner 


XXXXY 


Zimmermann-—Laband 


FGFR2 gene; autosomal dominant 


EYAT, SIX5, SIX1 genes; autosomal 
dominant 


CHD7 gene, in two-thirds of patients 


FGFR2 gene; autosomal dominant 


Trisomy of chromosome 21 


CHN1 gene 

TP63 gene in 90% of patients; 
autosomal dominant 

FMR1 gene; X-linked dominant 


Gene not yet identified 


Trisomy of chromosome 13 


MLL2 (autosomal dominant) and 
KDM6@A (X-linked dominant) 
genes 

SF3B4 gene 


PTPN11 gene; autosomal dominant 
OFD1 gene; X-linked dominant 


Exact gene uncertain; autosomal 
recessive inheritance 
SALL1 gene; autosomal dominant 


TCOF1 or POLR1D genes (autosomal 
dominant) 
Loss of X chromosome in females 


Presence of three extra X 
chromosomes in males 
KCNHT7 gene 


Microtia (small or partially formed ears) 


Microtia with cupped appearance; overfolding of skin 
and cartilage of superior helix (‘lop’ ear); preauricular 
pits or tags 

Short, wide ear with little or no lobe; ‘snipped off’ helix; 
prominent antihelix which is discontinuous with 
tragus; triangular concha; decreased cartilage 
(‘floppy’ ear); may by asymmetric and stick out 

Low-set ears; atresia of ear canal 


Overfolded helix; ear canal stenosis causing chronic wax 
impaction; chronic otitis media is common 


Microtia; preauricular tags 
Microtia, overfolded helix, low-set ears; attached 
earlobes; ear canal stenosis 


Macrotia (large ears) 


Microtia or anotia (absence of ear) 


Low-set ears 


Macrotia. Less commonly auricular atresia and 
preauricular fistula 


Microtia; blind-ending or absent ear canal 

Low-set and posteriorly rotated ears 

Milial cysts on ears 

Low-set and/or protruding ears 

Microtia; ‘satyr’ or ‘lop’ ear; preauricular skin tags 

Microtia or anotia; atresia or stenosis of ear canal 

Low-set ears; elongated or cup-shaped ears; thick 
earlobes 


Macrotia; low-set and folded ears 


Macrotia; thick and floppy ears due to soft cartilage 


Acrocephalosyndactyly; hydrocephalus; 
fusion of fingers; exophthalmos; 
mid-face hypoplasia 

Branchial fistulas and cysts; kidney 
malformation or atresia 


Coloboma (notch in lower part of eye); 
heart defects; atresia of choanae; 
retardation of growth and 
development; ear abnormalities and 
deafness 


Craniosynostosis (skull plates prematurely 


fuse); hydrocephalus 

Small chin; flat nasal bridge; single 
palmar crease; short stature; heart 
abnormalities 

Strabismus 

Ectrodactyly, ectodermal dysplasia and 
cleft lip—palate 


Intellectual impairment; large head; long 


face 

‘Oculo-auriculo-vertebral’ spectrum; 
ocular dermoid cysts; scoliosis or 
kyphosis 

Patau’s syndrome; congenital heart 
defects 

Long palpebral fissures; everted lower 


eyelids; arched eyebrows; congenital 


heart defects 
Acrofacial dystosis; micrognathia; cleft 
palate; clinodactyly or syndactyly 


Hypertelorism; micrognathia; congenital 


heart defects 
Accessory oral frenulum; cleft palate; 
hypertelorism; polycystic kidneys; 


Mohr syndrome; accessory oral frenulum; 


cleft nasal tip; cleft tongue 
Imperforate anus; triphalangeal or 

duplicate thumbs; renal failure 
Hypoplastic or absent malar, 


micrognathia, cleft palate, coloboma 
Short stature; premature ovarian failure; 


webbed neck; high arched palate 
Short stature; hypogonadism; 
hypertelorism; prognathism 
Gingival fibromatosis; nail absence or 
hypoplasia 


(Table 106.1). An association with renal structural abnormalities 
has been reported in 2.2-4.3% [13,14] of children with PAS. How- 
ever, routine ultrasound scanning in the presence of PAS is not 
recommended, except in the presence of one of the following: 
another malformation or dysmorphic feature; a family history of 
deafness; auricular and/or renal malformations; a maternal history 
of gestational diabetes [15]. 

Pre-auricular tags are commonly described, although lesions on 
or near the tragus are probably best termed ‘accessory tragus’ [16] 
(Figure 106.13). The term ‘accessory auricle’ is sometimes used for 
this, and for similar firm elevations of skin and cartilage just near 
the ascending crus of the helix. They may be single or multiple and 


may occur anywhere in a line from the tragus to the angle of the 
mouth. Accessory auricles, congenital fistulae and other external 
ear manifestations may occur alone or may be associated with 
more widespread first and second branchial arch abnormalities, for 
example Treacher Collins and Goldenhar syndromes. 


Ageing changes 


Many changes seen on the skin of the pinna attributed to ageing 
are a result of its exposure to environmental factors, especially 


7) 
Wu 
Ee 
vi 
a 
a 
U 
re 
a. 
vi 


PART 10 


SEX & AGE 


106.8 Chapter 106: Dermatoses of the External Ear 


SEX & AGE 


1) 
Lu 
Ee 
4] 
Y 
— 
U 
Lu 
-¥ 
A) 
a 
= 
- 
< 
-¥ 


(a) (b) 
Figure 106.13 (a) Pre-auricular skin tags. (b) Accessory tragus. 


UV radiation, cold (perniosis) and infrared radiation. The elderly 
exposed pinna often shows varying degrees of dermal and epider- 
mal atrophy, solar/actinic keratoses and lentigines, solar elastosis, 
telangiectasia and venous lakes. If the pinna is at least partially light 
protected, as in many women, the skin may still appear somewhat 
thinned due to intrinsic ageing changes. 

It has long been observed that the pinna grows progressively 
throughout life, more so in males than females, and this has been 
confirmed in a large study [17]. It is recognised in Chinese culture 
that length of the ear in men is a predictor for longevity [18]. Two 
studies would appear to confirm this: one from Kent, UK [19] and 
one from Japan [20]. The increase in length of the male ear from the 
age of 30 years onwards may have a 7-year periodicity [21]. 


Earlobe creases 


An earlobe crease can be a marker for internal disease. The Frank 
sign appears as an earlobe crease extending 45 degrees diagonally 
from the tragus to the outer border of the lobe [22]. It has been 
proposed that this earlobe crease is a predictor of coronary artery 
disease. An explanation of this pathophysiology may be intimal 
thickening leading to microvascular ischaemia to earlobe end 
arterioles. 

Nazzal et al. [23] examined 241 patients presenting to an acute 
stroke unit, with the Frank sign present in 73% of patients with 
a transient ischaemic attack and in 89% of patients with a cere- 
brovascular accident. Several other studies described the Frank 
sign as a predictor of future coronary heart disease [24-31], cere- 
brovascular disease [32-36] and peripheral vascular disease [37,38] 
although a systematic review [39] identified several studies dis- 
proving the association. Overall, the presence of the Frank sign with 
symptomatic cardiovascular disease should prompt physicians to 
evaluate for atherosclerotic disease, but it is not clear whether it is 
an independent risk factor. 


Diagonal earlobe creases are seen in other contexts, for example 
Beckwith-Wiedemann syndrome [40] (Figure 106.10), and do not 
seem to be associated with coronary artery disease in Hawaiian [41], 
Native American [42] or Chinese [43] people. Earlobe creases have 
also been associated with primary open-angle glaucoma [44]. 


TRAUMATIC CONDITION 


Contusion and haematoma 


Bruises of the ear and perichondrial haematomas are usually due 
to blunt trauma and are common in contact sports, such as boxing, 
wrestling and rugby. In children, physical abuse may need to be 
excluded [1,2]. A distinctive condition known as tin ear syndrome has 
been considered pathognomonic of child abuse: a triad of isolated 
ear bruising, haemorrhagic retinopathy and a small, ipsilateral 
subdural haematoma [3]. In a study of 250 Indian schoolchildren, 
18% reported physical abuse involving the ears, mostly related to 
poor performance in school. An overall mild or moderate hearing 
loss was detected in 50% of the affected children [4]. Following 
trauma, blood and serum collects in the plane between the peri- 
chondrium and cartilage resulting in ischaemia of cartilage. If the 
fluid is not removed early the cartilage will necrose and undergo 
fibrosis causing permanent swelling. Repeated trauma may result 
in the distorted nodular deformity known as cauliflower ear, which is 
due to varying degrees of cartilage necrosis, fibrosis and dystrophic 
calcification. 


Management 

Subperichondrial haematomas must be treated promptly, with 
full aseptic technique to avoid secondary perichondritis. Small col- 
lections of fluid can sometimes be aspirated by syringe, but usually 
need to be drained through a small incision and a laterally placed 
pressure dressing applied to prevent re-accumulation [5,6]. Another 
useful technique is to use a through-and-through suture technique 
to maintain bolsters over the area where the haematoma has been 
evacuated [7]. Other approaches include a posterior incision and 
suction drainage [8], or fenestrations in the cartilage to promote 
adhesion of the opposing perichondrial layers [9]. Prophylactic 
antibiotics are sometimes given. Improvement of cauliflower ear 
usually requires multiple corrective procedures. 


Pseudocyst of the ear 


Pseudocyst of the ear is an uncommon fluid-filled non-inflammatory 
swelling due to the appearance of a cavity within the cartilage. It is 
probably a result of trauma. 


Epidemiology 

It is most common in young men. It can occur over a wide age range 
[10] including infants [11]. There may be a predilection for Chinese 
people, although this could be due to reporting bias [12,13]. 


Pathophysiology 

The exact pathophysiology is unknown. There is often minor repet- 
itive trauma, such as rubbing and ear twisting. It has been reported 
in patients with neurological movement disorders [14]. Trauma 
may induce a break in the cartilage [15] or an underlying malfor- 
mation of the cartilage may be present. A characteristic finding is 
elevation of isoforms 4 and 5 of lactate dehydrogenase (LDH) - these 
are released from chondrocytes [16]. A role for cytokines has been 
suggested [17]. 


Predisposing factors 

Circumstances which cause trauma include rubbing due to atopic 
eczema [18], sporting injury, habit-related twisting of the ears, sleep- 
ing on hard pillows and wearing a motorcycle helmet and/or ear- 
phones. 


Pathology 

There is a cavity within the cartilage. The walls of the cavity are not 
lined by epithelium (hence the term pseudocyst) and within the car- 
tilage there is eosinophilic amorphous material. There may be focal 
fibrosis, especially in older lesions [19,20]. 


Clinical features 

Patients present with a 1-5 cm painless swelling that is typically fluc- 
tuant and non-tender, developing over a 1-3 month period. It is usu- 
ally on the upper outer aspect of the ear, involving the scaphoid, 
triangular fossa and antihelix (Figure 106.14). The condition is usu- 
ally unilateral [21], although bilateral lesions have been reported 
[22-25]. If fluid is aspirated, it is clear or yellowish. Uncommonly, 
there may be some signs of inflammation and tenderness. Untreated, 


Figure 106.14 Pseudocyst. Bilobed fluctuant swelling (asterisks) on the upper pinna. 


the condition may lead to fibrosis causing deformity of the pinna. 
The differential diagnosis includes haematoma, cysts, tumours, peri- 
chondritis and relapsing polychondritis. 


Management 
Reassurance and observation is a reasonable management plan for 
small lesions, as the condition is benign. 


First line 

Needle aspiration of the contents is a relatively simple procedure 
that can be performed at the initial consultation. To reduce recur- 
rence, chemical and mechanical obliteration of the residual ‘dead’ 
space can be performed. Injection with intralesional triamcinolone 
[26], fibrin [27], minocycline [28] or trichloracetic acid have been 
reported. A pressure dressing can then be applied for 3 weeks to 
prevent reaccumulation of fluid. This can be made from a thermo- 
plastic material such as Aquaplast® [29], a plastic sheet [30] or a 
mastoid bandage. 


Second line 

Surgical deroofing of the cyst may be more successful than aspi- 
ration. Under sterile conditions, an incision is made along the 
antihelical line, through the anterior cartilaginous leaflet [31]. The 
use of a punch biopsy has been described [32], followed by a 
pressure bolster. 


Chondrodermatitis nodularis 


Chondrodermatitis nodularis (CN) is an idiopathic, benign, usually 
painful condition of the ear [1]. 


Synonyms and inclusions 


e Chondrodermatitis nodularis chronica helicis and antihelicis (ante- is sometimes 
used as an alternative to anti-) 


Epidemiology 

Chondrodermatitis is most common in the middle aged and elderly, 
with an average age of 65 years [2] although it can occur in all age 
groups. In the older person, there is a ratio of 10 males to 1 female 
in most series [3]; it is relatively commoner in females in younger 
individuals. 

When it occurs in the younger patient there is sometimes a 
structural abnormality and/or a pathological process in the carti- 
lage. Only seven paediatric patients have been reported [4-7], the 
youngest being a 9-month-old infant [8]. Four of these patients 
had an underlying connective tissue disorder, including dermato- 
myositis, rheumatoid nodule, systemic lupus erythematosus and 
Beckwith-Weidemann syndrome. Simultaneous occurrence in 
monozygotic twins has been reported [9]. Magro et al. [10] observed 
an association between CNH and collagen vascular disease, scle- 
roderma, hypertension, thyroid disease and heart disease, with 
a higher incidence of any of these medical problems in younger 
patients. Therefore, it is suggested to screen younger patients 
(below 40 years) for an underlying vasculopathy or autoimmune 
connective tissue disorder. 
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Predisposing factors 

The small dermal blood vessels supplying the outer ear are vul- 

nerable to compression, due to an external location, lack of bony 

support and thin subcutaneous tissue. Necrosis from trauma, cold 

or actinic damage can help initiate CN, and the disruption of blood 

perfusion can prevent adequate healing. Predisposing factors are 

therefore summarised as: 

1 Prolonged and excessive pressure from, for example, sleeping on 
one side, headgear, mobile phone or headphones. 

2 Solar radiation. 

3 Exposure to cold and wind, with the formation of weathering 
nodules. 

4 Connective tissue disorders associated with microvascular injury. 

5 Abnormal structural variants of the pinna. 


Pathology 

A typical lesion of CN consists of a nodule of degenerate homoge- 
neous collagen surrounded by vascular granulation tissue with an 
overlying acanthotic epidermis, and there may be a central ulcer 
through which the damaged collagen is extruded. In nearly all 
cases, there is inflammation and fibrosis of the underlying peri- 
chondrium, and degenerative changes may be seen in the cartilage 
(Figure 106.15). There is often transepidermal elimination of altered 
connective tissue [11]. Other findings of CNH reported in the litera- 
ture include loss of elastic fibres in the central area of degenerated 
dermal collagen and nerve hyperplasia [12], which might account 
for pain. 


Clinical features 

The lesion usually begins as a globular or oval nodule, about 
0.5-1 cm in diameter, raised above the often hyperaemic surround- 
ing skin (Figure 106.16). It is commonly painful and exquisitely 
tender to touch which is virtually pathognomonic of the diagnosis. 
The surface may be scaly or crusted, concealing a small ulcer. 
Sometimes the condition is first noticed as an ulcer, requiring a 
biopsy to exclude a basal cell or squamous cell carcinoma. In men, 


nearly 90% of nodules are situated on the helix, usually at the upper 
pole, but may occur on the antihelix, tragus, concha and antitragus, 
in order of decreasing frequency [13]. The posterior surface can be 
affected if the ear is folded during sleep [14]. Although bilateral 
cases have been reported [15], it is typically unilateral and the right 
side appears to be more commonly affected [16,17]. The conchal 
bowl can be affected by modern earphones [18]. 

The differential diagnosis includes: basal cell carcinoma, squa- 
mous cell carcinoma, actinic keratosis, benign tumours and 
weathering nodule of the ear. 


Management 
For symptomatic CN, measures should be taken to relieve pressure 
over the ear where this is a contributory factor. Initial success rates 
of 87% have been reported [19], but with a recurrence rate of 34%. 
Various interventions to provide relief of pressure during sleep 
include a doughnut-shaped pillow [20], protective hollowed-out 
foam [21], a moulded prosthesis and self-adhering foam [22]. 
Nitroglycerin causes local vasodilatation and restores adequate 
blood flow to the pinna. A 5mg transdermal patch [23] or 2% 
ointment [24] is applied for 2 months, with a cure rate of 62-64%. 
This is much lower than surgery, but comparable to pressure relief, 
with which it can be combined. Diltiazem cream (2%) is reported 
to be effective [25]. Topical steroid is often used and can give some 
symptomatic relief [26]. Intralesional corticosteroid injection, e.g. 
triamcinolone 10 mg/mL can also help in the short term [27]. 
Surgical treatment can be curative in 85% of cases; removing the 
abnormal cartilage with or without the overlying skin is the best 
technique [28-30]. A modification of this using a sutureless clo- 
sure has been described [31]. Many other surgical techniques have 
been used anecdotally, including curettage [32-34], shave excision, 
wedge excision, punch excision replacing the removed tissue with 
punch biopsy derived graft [35] and excision followed by flap repair 
[36]. However, surgical intervention may lead to the formation of 
adjacent cartilaginous nodules around the scar site and so care is 
needed to prevent a mismatch in height around the treated area. 


Figure 106.15 Chondrodermatitis nodularis helicis. Transverse section 
stained with H&E. There is an area of ulceration beneath a funnel-shaped 
defect (*) in the epidermis. Adjacent to the defect the epidermis is 
acanthotic. In the floor of the ulcer there is fibrin (F) and beneath this there 
is fibrinoid degeneration of the dermal collagen with a mixed inflammatory 
cell infiltrate. The perichondrium (P) is focally thickened. Courtesy of Dr J. 
Oxley, Southmead Hospital, Bristol, UK. 
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Figure 106.16 Chondrodermatitis nodularis of the helix. (a) A superficially ulcerated, exquisitely tender nodule on the superior helical rim. (b) Erythematous papule with superficial 


ulceration on the antihelix of a female patient. 


Other options have minimal evidence and include cryotherapy, 
photodynamic therapy [37,38], cushioning from collagen injections 
[39] and carbon dioxide laser treatment [40]. 


Treatment ladder for chondrodermatitis 
nodularis 
First line 


Conservative treatment Pressure avoidance and devices 


Second line 


Medical management 


Third line 


Topical treatment with nitroglycerin, 
diltiazem or corticosteroid; or 
intralesional steroid 

Surgical intervention Excision, curettage, shave, punch 


Fourth line 


Alternative modalities Cryotherapy, PDT, laser 


Ear piercing 


Piercing of the earlobes has been performed among both sexes since 
ancient times for social, religious and cosmetic purposes [1], in both 
Eastern and Western societies. Body piercings other than earlobes 
represent a marker for risky behaviour [2-4]. While in most hands 
ear piercing is a rather low-risk procedure, it has its early and late 
complications [5,6]. Common local complications include: contact 
dermatitis, infection of the lobule, keloid formation beginning at the 
puncture site, lobular tissue loss from trauma through pulling the 


earring and splitting of the earlobe by the earring [7]. Embedding 
of the earring via a spring-loaded gun is a common problem in chil- 
dren [8]. The ear is also pierced in acupuncture as used in traditional 
medicine, and complications have been reported [9,10]. 


Complications 

Bacterial infection 

This is common and usually due to Gram-positive cocci. Predispos- 
ing factors include skin disease, such as atopic eczema or contact 
dermatitis. Life-threatening septicaemia has been described [11], 
and even in healthy individuals, infective endocarditis is a risk [12]. 
When cartilage is pierced the usual bacterial infection is with Pseu- 
domonas aeruginosa, which causes perichondritis [13] or chondritis 
[14], and for which the best treatment is ciprofloxacin [15]. Any 
purulent material should be cultured, since other pathogens have 
been described (e.g. Lactobacillus) [16]. There is a report of pyogenic 
spondylitis [17]. Primary tuberculosis has been described [18]. 


Contact allergy 

Earrings remain a major source of sensitisation to nickel, and ear 
piercing is one explanation for the higher incidence of nickel allergy 
in females [19,20]. Even stainless steel studs and clasps, which 
can produce irritant as well as allergic effects, may release sufficient 
nickel to elicit contact dermatitis [21]. When nickel in ear piercings 
was banned in Denmark in 1992, there was a substantial fall in 
nickel sensitisation [22]. 

Allergic contact dermatitis to pure gold is rare due to its stabil- 
ity and low tendency to ionisation [23], in contrast to that from 
nickel, copper or zinc. Earrings may be made of 24-carat pure gold. 
However, its malleability prevents screw threads being cut into the 
retaining bolt. Therefore, small quantities of copper, nickel, zinc or 
silver are added to the stem to retain strength. It is this part that is in 
direct and prolonged contact with the earlobe skin and may cause 
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an allergic contact dermatitis. This allergic response may manifest 
as a weeping eczematous reaction of the skin, resulting in a gradual 
splitting of the earlobe or a keloid-like scar. 

For gold to induce a contact dermatitis reaction, it must be 
converted into a soluble form and absorbed into the skin, probably 
by the action of amino acids in sweat [24]. Gold may ionise more in 
the dermis than in the epidermis [25]. The resulting cellular response 
in the dermis is distinct from that characterised by contact sensitiv- 
ity on the epidermis. Fisher [26] describes a non-eczematous dermal 
contact dermatitis, where the epidermal changes are minimal and 
more marked dermal involvement is observed. This may be relevant 
in patients who develop split earlobes or keloid formation, where 
the initiating cause is a subclinical allergic reaction to gold earrings. 

Patch testing is best carried out using gold sodium thiosulfate. 
Metallic (elemental) gold almost always tests negative and gold 
trichloride has been demonstrated to elicit more false-negative and 
false-positive reactions [27] (see Chapter 121 for reactions to gold 
and Chapter 127 for allergic contact dermatitis). 

Contact dermatitis from other materials used in earrings, such 
as olive wood [28], copper [29], cobalt [30,31] and chromium [32], 
has been described, and may also occur from the use of topical 
antiseptics, antibiotics and dressings used to treat infection. 


Granulomatous and lymphoid reactions 

Reddish brown and purple papules and nodules at sites of ear 
piercing may denote a granulomatous response to gold [33] 
and lymphoma-like reactions have been described [34-37]. A 
foreign-body reaction following ear piercing presenting as a 
keloid-like nodule has been reported [38]. Similar reactions have 
been associated with palladium [39] and titanium [40]. Sarcoidosis 
and a sarcoidal tissue reaction have presented after ear piercing 
[41,42]. 


Other complications 
Implantation epidermoid cysts due to ear piercing often present as 
tender, chronic, inflammatory swellings, sometimes with drainage. 
There is usually an epithelial lined track as well as cysts, and 
all epithelial tissue must be removed, for example with a skin 
punch [43]. 

Localised argyria presents as bluish macules, usually on the pos- 
terior surface of the earlobe [44,45]. 

Frostbite has followed the use of ethyl chloride topical anaesthe- 
sia [46]. 

A case of severe relapsing polychondritis following ear piercing 
has been reported [47]. 


Split earlobe 


Split earlobes can be classified into two groups: congenital and 
traumatic [1]. The congenital group can be divided into three cat- 
egories: anterior, posterior with doubled earlobe, and sagittal [2]. 
The traumatic group can be divided into two categories: complete 
and incomplete (Figure 106.17). Each can be unilateral or bilateral. 
Complete clefts are often due to acute trauma, causing transec- 
tion of the lobule. The wound edges usually heal without forming 


(a) (b) 
Figure 106.17 Traumatic cleft or split of the earlobe. (a) Complete. (b) Incomplete. 


visible scar tissue, leaving a complete cleft of the earlobe. Prolonged 
traction from heavy or pendulous earrings can cause the piercing 
hole to gradually enlarge until it becomes a complete cleft. Other 
predisposing factors include chronic and repetitive tension from 
jogging or habitual fondling. Complete clefts can also be caused 
by pressure necrosis from clip-on earrings, causing progressive 
atrophy. Incomplete clefts may be seen in older women who have 
worn heavy earrings for several decades. 

Incomplete clefts can be subclassified [3]: 

1 Type 1: boundaries of the cleft hole extending less than half the 
distance from piercing site to inferior margin of the earlobe. 

2 Type 2: boundaries of the cleft hole extending more than half the 
distance. 

3 Type 3: cleft hole completely splitting the earlobe. 

Type 1 clefts should be corrected by excising the borders and 
suturing them, without preserving the pierced hole. For Type 2 
deformities, a complete cleft should be created by incising the 
bridge of remaining soft tissue. 

Ina study of the pathology of split earlobes in 21 patients wearing 
heavy gold earrings, an inflammatory reaction was seen in the 
majority of cases, with perivascular infiltration of lymphocytes, 
plasma cells and eosinophils [4]. Most of the patients reported that 
the split was preceded by a moist discharge or itching of variable 
intensity, indicating an inflammatory response. The authors pro- 
posed that an allergic reaction may often be involved, rather than 
pure trauma or prolonged traction. 


Management 
Reconstruction of a cleft earlobe can be divided into those involv- 
ing direct suture and those using local flaps. All methods of earlobe 
repair concern the removal of the scar epithelium and some type 
of approximation of the fresh edges. Basic principles include pri- 
mary straight-line closure with or without a V-shaped wedge exci- 
sion or broken-line closures employing Z-plasty or L-plasty with full 
or partial-thickness flaps (Figure 106.18) [5-17]. 

Repairs can be performed with or without preservation of the 
earring hole. To create a new epithelialised earring hole, early 
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Figure 106.18 Repair techniques for complete clefts (a-i) and incomplete clefts (j-m) of the earlobe. (a) The edges of the cleft are excised and the margins opposed with sutures. (b) 
The edges of the cleft are excised, with a transposition flap at the superior aspect. (c) A Z-plasty at the inferior surface of the lobe, which prevents a notch developing from scar 
contracture. (d) A 2mm flap of skin is raised, rotated 180 degrees, and drawn through the cleft repair to form the floor of the new earring canal. This may provide more strength to 
support the weight of a new earring, compared with techniques where the canal floor is lined with scar tissue. (e) An L-plasty is used to prevent notching from the contracture of a 
linear scar. A flap may or may not be included, to create an earring hole. (f) The cleft is excised and the edges are undermined for 1 mm. The skin edges are then everted and closed 
with simple sutures. (g) The cleft is excised and the wound divided into an upper and lower portion. An upper flap is created to form an epithelial-lined earring hole and the lower flap 
supports its position. (h) Excision of cleft followed by Z-plasty. (i) A vertical mattress suture is used to create eversion of the inferior lobe to reduce the risk of notching. (j) The earlobe is 
stretched and a Z-plasty performed to the lower half of the cleft, leaving the upper half to act as a new earring hole. (k) A needle is inserted through an incomplete cleft to act as a 
guide. A punch biopsy then removes the skin edges, which are then sutured. Adapted from Dessy 2006. (I) An incomplete cleft is excised and a ‘purse-string’ suture is placed in the 
periphery to partially close the defect. (m) A ‘cross-stitching’ technique where the anterior surface of the lobe is closed in a vertical orientation and the posterior surface closed in a 


horizontal orientation. 


reports described a matchstick being left in the superior cleft for 
2 weeks [5] or a nylon suture for 4-6 weeks [6]. Repair by direct 
closure leaves a vertical scar that renders the earring susceptible 
to being pulled through again. Flap repair options may prevent 
this, by supporting the scar with fresh tissue that resists the ver- 
tical tension of a new earring. Such flap repairs also prevent a 


notch forming, due to contraction of a direct closure scar. Rim 
modification techniques produce appropriate lobule contour, avoid 
excessive lengthening and prevent excessive grooves or notching 
along the inferior lobule [7]. 

Ideally the original position of the earring hole is preserved so 
that earrings remain symmetrical, especially in unilateral tears. 
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Photographs or a template from the opposite ear may help with 
positioning of the new earring hole. 

Complicated flaps are difficult to handle on the fleshy and mobile 
tissues of the earlobe. Stability during reconstructive surgery can be 
achieved with the supportive use of chalazion clamps, skin hooks 
and sterile tongue depressors [18]. 


Keloids 


Keloids occur due to aberrant wound healing, resulting in excessive 
and disorganised collagen deposition, forming nodules and plaques 
beyond the margin of the initiating trauma [1]. Factors involved in 
keloid formation include inflammation from infection, excessive 
wound tension and foreign material. Earlobe keloids are unique 
due to the low tension in this area, their tenancy to respond better 
to therapy and their lower recurrence rates after excision. 

Earlobe keloids most often are the result of ear piercing 
(Figure 106.19). In a survey of 1200 pierced ears, Simplot and 
Hoffman [2] reported the incidence of keloid as 2.5%. Piercing 
before the age of 11 years is more likely to be followed by keloid 
than after that age [3]. The keloids seem to occur more on the back 
surface than the front of the earlobe [4], perhaps exacerbated by the 
presence of metal in the backs of earring [5]. A classification system 
for earlobe keloids has been proposed [6]. 


Management 
The treatment of keloids is discussed in greater detail in Chapter 94. 


Conservative treatment 

Compression therapy has been used since 1860 [7], first described 
using elastic stockings in patients with keloids to burn scars. Recur- 
rence rates can be low [8,9], but requires patient adherence to nearly 
continuous pressure application. This can be accomplished by 
means of acrylic splints [10], Oyster splints using dental plaster [11], 
silicone sheeting [12], a form pressure device [13] or special clip-on 
earrings. These devices are to be worn for 18-24 hours per day for 
between 4 and 6 months [14]. Early release of the device can lead to 
rebound hypertrophy, making it unsuitable for the non-compliant 
patient [15]. 


First Line 

¢ For earlobe keloids, injection of corticosteroids can be used as 
monotherapy with a response rate of 5-100% and a recurrence 
rate 9-50% [16]. 

¢ Surgical excision as monotherapy has a high risk of recurrence, 
with a study of 43 patients reporting a recurrence in 51.2% 
after 1 year [8], similar to previous reports [17]. A preoperative 
photograph of the opposite lobule may help as a template for 
surgical reconstruction [18]. Combination therapy of excision 
followed by intralesional corticosteroids (using triamcinolone 
acetonide 10-40 mg/mL) can maximise treatment success. Recur- 
rence rates are reported to be between 14% and 43% at 3-5 years 
[19-22]. 


(b) 


Figure 106.19 (a, b) Keloids secondary to ear piercing. A barbell keloid affecting, both 
the anterior and posterior aspects of the lobule. 


Second line 

Intralesional cryosurgery allows for a focused destruction of keloid 
scar tissue with minimal surface damage to the epidermis [23]. 
The keloid is pierced with a long, uninsulated, double-lumen cryo- 
needle, attached to a liquid nitrogen source. The cryogen gas is 
passed through the needle until the keloid is sufficiently frozen by 
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visual inspection, typically taking 10-60 minutes depending on scar Necrotising OE: this term is used for a more invasive and serious infection. 
volume. A prospective study of 29 keloid scars, 11 on the ear, found Otomycosis: this is a non-dermatophyte fungal infection of the EAC. 

a mean volume decrease of 63%, with recurrence in seven cases Although included in the subclassification of OE, it is dealt 
(24%) at one year [24]. with separately below. 

Other 


Radiation therapy has been used as monotherapy, with either exter- 
nal radiation or brachytherapy but is cautioned in young adults due 
to long-term carcinogenic potential. Adjuvant therapy following 
surgical excision can be useful, with a lower recurrence associated 
with shorter time intervals from excision to radiation [25,26]. This 
can be considered for recalcitrant keloids not responding to tradi- 
tional therapies. For earlobe keloids in particular, the combination 
of adjuvant radiotherapy and surgical excision can result in low 
recurrence rates of 3-25% [27-29]. This technique is not widely 
practised. An uncontrolled study has suggested that imiquimod 5% 
may be a reasonably effective adjuvant therapeutic alternative for 
the prevention of recurrences in excised earlobe keloids [30]. 


Treatment ladder for keloid scars 


First line 
¢ Pressure, intralesional corticosteroid, surgical excision in 
conjunction with intralesional corticosteroid 


Second line 
e Intralesional cryosurgery 


INFECTIONS -.— La 


Otitis externa 


Definition and nomenclature 

Otitis externa (OE) is a diffuse inflammatory or infective condition 
of the skin of the auditory canal that can affect the adjacent pinna all 
the way to the tympanic membrane. It may cause varying degrees of 
pain, itch, deafness and discharge. It can be divided into acute and 
chronic forms (Figures 106.20 and 106.21). 
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Introduction and general description 
The term OE may include a number of overlapping conditions: 


PART 10 


Acute localised OE: this term is sometimes used for furunculosis of the ear canal. 

Acute diffuse OF: this has a rapid onset and is generally due to infection, often 
precipitated by trauma and/or excessive exposure to water or 
high humidity. Although the infective agent is usually 
bacterial, viral infection, e.g. herpes zoster, can present as 


(b) 


OE. 
Chronic OE: this lasts for 2 months or more [1]. Factors that contribute to Figure 106.20 Acute otitis externa. (a) The pinna and adjacent skin are red with 
this include an inflammatory dermatosis, trauma, microbial crusting and scaling, with narrowing of the auditory meatus. (b) Milder form with 


flora, alterations in cerumen and anatomical variations. redness of the pinna and crusting at the meatus. 
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Figure 106.21 Chronic otitis externa. There is longstanding eczematous change, in part 
due to contact allergic reactions to ear drops, and induration causing narrowing of the 
canal. 


Acute diffuse OE and chronic OE 


Epidemiology 

Incidence and prevalence 

Most data relate to acute diffuse OE, which is common, some stud- 
ies indicating an annual incidence of about 1 : 250 [2] and appears to 
be commoner in the summer months, probably because of higher 
temperatures, humidity and more people engaging in swimming 
and other water sports [3]. It is unilateral in 90% of cases. 


Age 

Some studies indicate that acute diffuse OE is more common in chil- 
dren, adolescents and young adults [4], peaking at age 7-12 years 
and declining after 50 years. 


Sex 
There is no sex predilection. 


Ethnicity 

There are significant racial and individual differences in susceptibil- 
ity to OE. This may be due to anatomical differences in the curvature 
of the EAC or narrowing of the isthmus, e.g. natives of New Guinea 
with wide straight canals only rarely suffer from external otitis [5]. 


Associated diseases 

Chronic OE is often associated with an inflammatory dermatosis, 
particularly atopic eczema, seborrhoeic dermatitis, contact dermati- 
tis or psoriasis, but occasionally other skin diseases such as discoid 
lupus erythematosus (Figure 106.27). 


Pathophysiology 

Predisposing factors 

1 Trauma is a common immediate precipitating factor. Examples 
include insertion of fingernails, paperclips, matches, hair grips 
and even hearing aid earpieces. 

2 Water retention, e.g. from swimming, plugs of wax, a tortuous 
canal and abundant hair are also predisposing factors. 

3 Absence of ear wax, e.g. from repeated water exposure or 
overzealous cleansing can contribute; some individuals may not 
produce enough cerumen. 

4 Alkaline pH [6] may be associated with chronicity. Increased lev- 
els of proteases may also be associated with chronicity [7]. 

5 Variations in lectin binding may influence the likelihood of Pseu- 
domonas infection — binding occurs more in individuals express- 
ing blood group A on their epithelial cells [8]. 


Pathology 

In most cases of OE, there is acanthosis, elongation of the rete ridges 
and an increase in orthokeratosis and parakeratosis. Spongiosis 
occurs in eczematous and seborrhoeic forms. The nature of the der- 
mal infiltrate varies with both cause and chronicity. The histopathol- 
ogy is seldom diagnostic except when fungal mycelia are seen. 


Causative organisms 

Pseudomonas aeruginosa is the most common infection, particularly 
in swimmers and in hot humid environments, and the organism 
probably comes from resident flora in the ear canal. Some strains 
may be more pathogenic [9]. A recent study has shown evidence 
for increasing resistance to aminoglycosides but almost all iso- 
lates remain sensitive to fluoroquinolones [10]. In more temperate 
climates, Staphylococcus aureus is often isolated. This may be associ- 
ated with evidence of skin disease elsewhere or with staphylococcal 
carriage. Methicillin-resistant S. aureus (MRSA) infections are 
becoming more common, especially when the patient has recently 
had hospital exposure [11]. 

In the tropics, mycotic infections of the external ear canal are rela- 
tively common. Aspergillus, Candida, Penicillium and Mucor spp. are 
the organisms most often incriminated. There is some debate, how- 
ever, as to whether these fungi are pathogenic, opportunistic, sapro- 
phytic or simply commensal. Otomycosis is discussed later. 


Environmental factors 

Heat, humidity and moisture are undoubtedly important in 
hot-weather ear or swimmer’s ear [12]. This condition is com- 
mon, especially among white people in tropical and subtropical 
regions. High temperature, high relative humidity and swimming 
[13] all encourage maceration and secondary bacterial or fungal 
infections of the canal epithelium. Freshwater swimming appears 
to be a particular risk factor [14]. Failure to dry the ears completely 
after swimming, shampooing or showering may also be a factor in 
some cases [15]. 


Clinical features 

Presentation: acute diffuse OE 

Symptoms of acute diffuse OE typically include pain, itching and 
a sensation of fullness. There may be hearing loss and a clear or 
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purulent discharge, which tends to be bluish-green when Ps. aerug- 
inosa is the infective cause. 

Examination of acute diffuse OE shows redness and swelling 
which may spread from the EAC to involve the concha or beyond. 
The EAC shows redness and oedema, and there is macerated debris 
and perhaps greenish pus present. In severe cases, inflammation 
can extend to involve the tympanic membrane. Hearing loss is due 
to oedema of the canal, and this may be sufficient to obscure vision 
of its full length. Traction on the pinna to examine the canal and 
pressure over the tragus characteristically elicit pain. There may be 
associated low-grade fever, malaise and regional lymphadenopa- 
thy. If there is a temperature of more than 38.5°C and/or obvious 
cellulitis, consider necrotising OE. 

During examination, it is important to visualise the tympanic 
membrane; if it is not intact, the OE may be secondary to otitis 
media, and drops containing aminoglycosides are best avoided. 


Presentation: chronic OE 

In chronic OE, the main symptoms are itch, variable pain and dis- 
charge, which have persisted for more than 2 months. Signs will vary 
depending on the contributory pathologies. 

Infection is very likely to be a factor. Microbiological assess- 
ment demonstrated a significant organism in 82% of cases in one 
series [16]: S. aureus in one-third, Pseudomonas in one-third and 
various other Gram-negative and Gram-positive organisms in the 
remainder; in addition, 17 of the 99 patients had fungal disease 
alone. There is often a dry canal due to lack of cerumen. In most 
cases of chronic OE, particularly when treatment has been used 
for the acute attack and symptoms have continued, concurrent 
dermatological disorders are usually present (Figure 106.21). For 
recalcitrant disease, clinicians should consider the possibility of an 
underlying systemic disease, such as HIV infection, malnutrition 
or uncontrolled diabetes; a poor therapeutic response is also seen 
in patients treated with high-dose steroids or chemotherapeutic 
agents [17]. 

Seborrhoeic dermatitis, atopic eczema and psoriasis usually occur 
only at the meatus but may sometimes extend further into the 
canal. Seborrhoeic OE is common and has been regarded by some 
dermatologists as the basis for many cases of chronic OE. The symp- 
toms and signs are normally mild unless complicated by secondary 
factors, with only superficial scaling and a little discomfort or itch- 
ing. Signs of pityriasis capitis or seborrhoeic dermatitis elsewhere 
are usually present. Psoriasis involving the canal (Figure 106.30) is 
likely to be present on the pinna and/or elsewhere. 

Secondary bacterial infection is common. In this ‘reactive’ group 
the appearance is often that of a dermatitis spreading into the 
ear, in contrast with those cases with a primarily ‘infective’ aeti- 
ology where infection and/or inflammation often appears to be 
spreading out from the ear and where the entire length of the canal 
is commonly affected. The clinical appearance, however, is often 
non-diagnostic. 

‘Infective’ eczema usually causes intense pruritus associated 
with exudate, and may complicate both otitis media and OE. 
Alternatively, it may develop from seborrhoeic dermatitis that has 
become secondarily infected. The condition may affect the meatus, 
concha, lobe and periauricular skin and often spreads widely. The 
post-auricular fold is commonly affected. The symptoms and signs 


are those of eczema with an accompanying or preceding aural 
discharge. Fissures and cellulitis are common complications. 

Contact dermatitis is often occult and easily overlooked. It is both 
a complication (see later) and a contributory factor to chronicity. 
Sensitivity to topically applied medicaments is common in chronic 
external otitis. Neomycin and the related aminoglycosides are 
likely to be the commonest sensitisers [18-20], and medicated gauze 
should be considered [21]. Occlusion, the recurrent nature of the 
disease and frequent use of antibiotics on an already damaged skin 
probably account for the high incidence of contact dermatitis at 
this site. Other sensitivities include nickel from hair pins, metal 
implements, nail varnish, chromate and phosphorus sesquisulfide 
(from match heads introduced into the ears). One study of 37 
patients [22] with chronic OE found a positive reaction in 59% 
of patients, with 63% of those having a reaction to two or more 
substances. Other studies have shown a 23-40% positive test in 
patients with OE [23-25]. It is characteristic that the degree of 
itching and burning is often markedly out of proportion to the 
amount of redness and oedema present. Contact dermatitis may 
also occur with ear moulds. In a study of 25 hearing aid users with 
persistent irritation, 56% of patients developed a positive patch test 
reaction to methyl methacrylate [26], also demonstrated in later 
studies [23,27]. In-the-ear moulds commonly feature in case reports 
[28], but behind-the-ear devices, bone-anchored hearing aids [29] 
and cochlear implants [30] have also been affected. Chemicals and 
resins of ear prostheses can also cause an allergic contact dermatitis. 

Lichen simplex (neurodermatitis) may be localised to one area of 
the meatus or may occur more diffusely over the tragus, triangu- 
lar fossa and adjoining skin. The condition is usually diagnosed by 
the history rather than the signs. Itching is intense, but often inter- 
mittent. The need to scratch or rub is compulsive, although often 
denied. Signs of inflammation are often minimal, but some degree of 
oedema and scaling is common. Complications from trauma, infec- 
tion and sensitisation are frequent. Intermittent itching of the EAC 
(non-specific external otitis) can also occur, irregularly and over a 
long period, without any obvious cause and with minimal signs of 
disease. Clinically, it may be difficult to differentiate lichen simplex 
from contact dermatitis. 

Whatever the primary aetiology, with the passage of time, chronic 
OE becomes an increasingly complex diagnostic and therapeutic 
problem. 


Classification of severity 

With acute diffuse OE there is a spectrum. Mild cases have earache 
and or itching, some hearing loss and little or no discharge. At the 
severe end, the symptoms are more intense with swelling involving 
not only the ear canal but also the pinna; there may be low-grade 
fever and lymphadenopathy. If there is a high fever, necrotising OE 
(see later) should be considered. 


Complications and co-morbidities 

Hypertrophic OE or localised elephantiasis nostra (lymphoedema) 
[31] of the ears may accompany recurrent OE, as a result of the 
effects of chronic lymphatic obstruction. Narrowing of the EAC 
coupled with the underlying lymphoedema makes recurrent and 
repeated infections more likely. Benign non-necrotising OE presents 
as chronic non-painful otorrhoea with an ulcer present in the floor 
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of the EAC. Surgery may be a better alternative for this complication 
than long-term medical management [32]. Contact sensitisation, 
discussed above as a contributory factor to chronic OE, is a com- 
mon complication. Causes include the aminoglycosides, neomycin, 
framycetin and gentamicin, quinolines, corticosteroids, nail varnish, 
nickel, chromate and phosphorus sesquisulfide 


Disease course and prognosis 

Acute diffuse OE usually responds well to topical therapy. Recur- 
rence is likely if there are background factors such as heat, humidity, 
frequent swimming, an abnormal ear canal, eczema, etc. 


Once OE becomes chronic, it is less likely that it can be eradicated. 


Investigations 

Investigations are probably not necessary for acute diffuse OE when 
there are no co-morbidities. Bacterial swabs are recommended if 
there has been no response to treatment after 7 days, if the patient 
is systematically unwell or if there is concern that the diagnosis 
is necrotising OE. For resistant disease, a swab should be cul- 
tured for bacterial sensitivities, and fungal investigations including 
microscopy and fungal culture may be appropriate. Patients with 
chronic OE should be patch tested. 


Management [33,34] 


Acute diffuse OE 

For acute diffuse OE, topical treatment and appropriate analgesia 
is usually sufficient, with the condition resolving in a week or so. 
Ideally, the eardrum should be visualised before deciding on a top- 
ical therapy because of the potential ototoxicity of topical amino- 
glycosides although there is a consensus that aminoglycoside in ear 
drops is safe even if the drum is perforated, provided it is used for 
not more than 2 weeks [35]. 


When there is marked swelling of the ear canal, ear drops will 


be more effective if there is an ear wick in place. Wax and kerati- 
nous debris in the canal can be removed regularly by gentle suction, 
making treatment more effective. Alternatively, advise patients with 
a swollen ear canal to lie on one side with the affected ear up, holding 
position for 10 min after the introduction of ear drops. 


Recent systematic reviews and commentaries [35,36—40] of treat- 


ments for acute diffuse OE have established that: 
e A topical antibiotic plus steroid ear drop is effective and probably 


better than either alone. 

There is little to choose in efficacy between aminoglycosides such 
as neomycin, framycetin and gentamicin, polymyxin B, fluoro- 
quinolones, i.e. ciprofloxacin (currently only available in the UK 
as eye drops), ofloxacin (not available currently in the UK) and 
the antiseptic clioquinol. 

Treatment should be for 7 days, but longer (up to a further 7 days) 
if necessary. 

Acetic acid drops are as effective as an antibiotic-steroid combi- 
nation in the short term, but less effective if longer treatment is 
needed. 

Aluminium acetate ear drops are probably as effective as 
antibiotic—steroid drops. 

Treatment choice may be influenced by the possible risk of 
aminoglycoside toxicity, contact hypersensitivity (more likely 


when there is a history of recurrent episodes), availability, cost, 
dosing schedule (acetic acid and aluminium acetate require 
frequent administration) and possible bacterial resistance. 


Treatment ladder for acute diffuse OE 


e When feasible use microsuction or dry swabbing to remove 
debris, allow visualisation of the drum and improve access of 
medication to the canal wall. 

e Analgesia, e.g. paracetamol and ibuprofen. 

e If the ear canal is swollen, to improve delivery of drops an ear 
wick should be used. 

e The canal should be kept dry when bathing, etc. 


First line 
¢ Topical antibiotic/ corticosteroid, e.g. ciprofloxacin with 
dexamethasone 4 drops BD for up to 14 days. 


Second line 

e As alternative to topical antibiotic/corticosteroid: 
flumetasone pivalate with clioquinol 3 drops BD for up to 14 
days. 


Third line 
e As alternative to topical antibiotic/corticosteroid: aluminium 
acetate ear drops or spray. 


If there is a failure of response by 14 days’ topical treatment, 
the canal is completely stenosed or it remains full of debris, 
urgent referral to an otorhinolaryngology department should be 
considered. 


Chronic OE 
In cases of chronic OE it is important to review the likely cause(s) 
for chronicity. These include a dermatosis such as atopic eczema or 
psoriasis, an anatomical problem causing canal stenosis, contact der- 
matitis and fungal overgrowth. While awaiting the results of patch 
testing, aluminium acetate ear drops can be very useful. Topical 0.1% 
tacrolimus delivered via an ear wick is a useful alternative to topical 
steroids in chronic OE [41]. Pope wick and ichthammol wicks can be 
soothing. 

Occasionally, chronic OE is due to narrowing of the external 
auditory meatus. Surgical enlargement of the meatus can then bring 
about resolution [42-44]. 


Treatment ladder for chronic OE 


Chronicity is most likely due to one or more underlying skin 
diseases or abnormality of the ear canal. Contact dermatitis to 
medicaments is often a factor. Bacterial and/fungal infection 
may also be relevant. Initial investigations should include 
appropriate patch testing and microbial culture. If the ear canal 
is swollen, to improve delivery of drops an ear wick should be 
used. The canal should be kept dry when bathing etc. 


First line 

e If steroid +/- antibiotic have been used, particularly for a 
lengthy period, discontinue and use 2% aluminium acetate or 
2% acetic acid drops 3-4 times daily 


Second line 

¢ Further treatment is likely to be guided by the assessment of 
underlying cause(s) and results of investigations. If severe 
oedema of the canal persists a short course of oral 
corticosteroid may be indicated. 


Acute localised OE 


This is a furunculosis of the hair-bearing part of the canal. It is 
usually due to infection with Staphylococcus aureus. In the ear canal, 
furunculosis typically causes pain, which can be aggravated by 
chewing when the anterior wall of the canal is involved. Furunculo- 
sis of the canal can usually be distinguished from acute diffuse OE 
by the normal appearance of the canal epithelium and the absence 
of a discharge; the two conditions can, however, coexist. Swelling 
may obstruct the entrance to the canal. There is often regional 
lymphadenopathy and sometimes fever. Usually this can be treated 
with analgesia and the application of warmth. If there are signs of 
severe infection, however, treat with an oral antibiotic and consider 
the need for incision and drainage. 


Treatment ladder for acute localised OE 

e Most cases are caused by Staphylococcus aureus. 

¢ No fever or lymphadenopathy: antibiotic drops, e.g. ciprofloxacin. 

e Fever and/or lymphadenopathy: flucloxacillin (if penicillin allergic, clarithromycin). 

e If there is an abscess, drain and send sample for culture. Change treatment if 
necessary as determined by culture results. 


Necrotising OE 


Necrotising or malignant OE is a rare complication of OE, occur- 
ring in 0.5% of cases. Infection beginning in the EAC then spreads 
into the temporal bone causing osteomyelitis, then further into 
the base of the skull when cranial nerve palsies may occur. It is 
a serious and potentially fatal infection, typically affecting the 
elderly, immunosuppressed and diabetics [45]. Patients may report 
refractory purulent otorrhoea and severe otalgia that may worsen 
at night. 

On examination, the EAC is always abnormal, with varying 
degrees of oedema and redness, and extensive granulation tissue 
formation is evident. This is particularly seen on the posterior and 
inferior aspect of the wall at the junction between the bony and 
cartilaginous segments of the canal. There may be exposed bone in 
the floor of the canal and swelling of the soft tissues of the pinna 
and beyond, leading to lymphadenopathy and trismus (pain on 
mouth opening). The tympanic membrane is frequently necrotic in 
children but is characteristically spared in adults [46]. Cranial neu- 
ropathies may be found in up to 40% of patients, most commonly a 


facial nerve palsy with extensive disease affecting cranial nerves IX, 
X and XI. There may be a high fever. 

Management is a medical emergency requiring involvement of 
otorhinolaryngology colleagues. Prolonged antibiotic therapy of 
6-8 weeks’ duration and debridement surgery are among the treat- 
ment options. For a suspected mild case it is reasonable to initiate 
ciprofloxacin 750 mg PO twice daily. If there is no improvement, 
then refer as stated previously [47]. 


Infection of the pinna 


The anatomy of the ear, with its many folds and the semi-occluded 
nature of the EAC, make it particularly susceptible to intertriginous 
infection, especially with Gram-negative organisms. The close 
anatomical relationship between the middle and external ear means 
that infections can pass relatively easily from one to the other, and 
the eardrum should always be examined. The cartilaginous and 
bony structures close to the skin are particularly vulnerable to 
infection. 


Pyogenic infection 

Staphylococcus aureus, alone or in association with group A 
B-haemolytic Streptococcus, may cause impetigo of the ear. This 
is a relatively common site for infection in infants and young 
children. Staphylococcus aureus is also the most common causative 
organism of furuncles (boils) and carbuncles, which are more com- 
mon in the EAC (see previously, acute localised OE) than on the 
pinna. Cracks and fissures around the auricle are often the portal 
of entry for p-haemolytic streptococcal infection manifesting as 
erysipelas. This is more common in the elderly, the newborn and 
those suffering from malnutrition, disability, alcoholism, diabetes 
or immune deficiency states. 

Erysipelas typically begins with high fever and constitutional 
upset, including malaise, vomiting and headache, and there is 
rapidly spreading redness and oedema from the pinna on to the 
face. There is often lymphadenopathy. Recurrent attacks of cel- 
lulitis of the face may have the same predisposing factors as at 
other body sites. Recurrent attacks of cellulitis lead to fibrosis and 
Iymphoedema. Treatment of erysipelas and cellulitis is discussed in 
Chapter 26. Necrotising fasciitis has rarely been described arising 
from an initial infection of the pinna. 

The term infective eczematoid dermatitis is still sometimes used for 
an oozing crusted eczematous condition occurring on and often 
below the pinna in association with chronic discharge from the ear. 
Coagulase-positive staphylococci are the most frequently isolated 
bacteria. The ear canal is oedematous and red, and purulent dis- 
charge may be seen coming from a perforated tympanic membrane. 
The condition should be differentiated from impetigo, secondar- 
ily infected contact dermatitis, seborrhoeic dermatitis and atopic 
eczema. 


Other bacterial infections 

Mycobacterial infection can rarely involve the external ear. Lupus 
vulgaris can produce extensive destruction and may mimic other 
conditions. Secondary involvement from underlying lymph node 
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disease (scrofuloderma) can present with hearing loss, tinnitus and 
periauricular lymphadenopathy, with only minimal secretion in the 
ear canal. 

Atypical mycobacteria that may involve the ear include Mycobac- 
terium marinum acquired from swimming pool injuries. In leprosy, 
the ear is almost always involved in the lepromatous type, and there 
may be evident infiltration of the skin. The earlobe is often used for 
taking smears. 

Syphilis may occasionally involve the ear, usually in the secondary 
stage. 


Viral infections 

Herpes simplex occasionally involves the ear, transmitted during 
contact sports such as rugby and wrestling. Herpes zoster may 
present as an isolated herpetiform eruption of the external ear or 
associated with ipsilateral facial palsy and auditory symptoms 
(Ramsay—Hunt syndrome; geniculate herpes). The condition usu- 
ally begins with pain and may initially be mistaken for erysipelas. 
Vesicles usually appear on about the fifth day and involve the 
pinna, the EAM and, rarely, the tympanic membrane. There is 
usually malaise, pyrexia and lymphadenopathy. Facial palsy, when 
it occurs, is usually transient, but more severe and persistent cases 
do occur. Taste and lacrimation may also be affected. Compression 
damage to the VIIIth cranial nerve may lead to tinnitus, vertigo, 
nystagmus, nausea and deafness. Management of herpes zoster is 
discussed in Chapter 25. 


Otomycosis 


Definition and nomenclature 

Otomycosis is an inflammatory condition of the ear canal in which 
yeast or fungal organisms play an essential part. It may occur as an 
isolated condition, as a complication of OE, or included as a subtype 
of OE. 


Introduction and general description 

Otomycosis is recognised clinically by visible growth of filamentous 
fungi on the skin of the ear canal. It is usually a chronic disorder. The 
use of topical corticosteroids and/or antibiotics in the treatment of 
OE predisposes to otomycosis; however, it can occur de novo. It is 
commoner in hot climates and when there is excessive exposure to 
water. 


Epidemiology 

There are little data on incidence or prevalence, but in tropical coun- 
tries otomycosis constitutes about 10% of cases of OE. It can occur 
at all ages but is commoner in middle age. It is twice as common in 
males as in females. There is no ethnic, racial or genetic predilection 
recorded. 


Associated diseases 

Otomycosis is more common in patients with chronic OE treated 
with topical antibiotics and/or corticosteroids, and both diabetes 
and immunosuppression may make patients more susceptible. 


Predisposing factors 

Heat, humidity, trauma, frequent exposure to water, and prolonged 
use of antibiotics and/or steroid drops in the ear canal may all 
be important predisposing factors [1,2]. As such, it is probably 
commoner in hot and humid environments. Otomycosis can follow 
acute otitis media [3]. 


Pathology 

The fungal hyphae are in the stratum corneum. There may be little 
or no inflammatory change. Particularly in the immunosuppressed, 
the fungi can penetrate into the dermis and beyond. 


Causative organisms 

Most cases are due to Aspergillus and Candida species. In tropical 
regions, Aspergillus predominate whereas in more temperate areas 
Candida isolates are more common [4]. Candida is also more com- 
mon than Aspergillus in the immunocompromised [5]. Occasionally, 
other yeasts and fungi are found, including phycomycetes, Rhizo- 
pus, Actinomyces and Penicillium, and, rarely, dermatophytes. The 
fact that these organisms can be pathogenic as well as saprophytic 
has been confirmed in a number of studies [4,6,7] 


Clinical features 

History 

The usual symptoms are itching, earache, discharge, hearing loss, a 
sense of fullness and pain. Pain may be relatively more common in 
the immunocompromised [8]. 


Presentation 

On examination, the dominant feature is the presence of wispy fila- 
mentous masses, which may be isolated or diffusely present in the 
canal. These masses are white, grey or stippled black if Aspergillus 
is present. Inflammation of the canal epithelium is usually mild. 
There may be some epithelial debris, which may be either moist or 
dry. Otomycosis is usually unilateral, but commonly bilateral in the 
immunosuppressed [4]. 

Cellulitis of the surrounding soft tissues without bacterial infec- 
tion represents more severe infection and is more likely in the 
immunocompromised. Perforation of the tympanic membrane can 
occur. Otomycosis can become an invasive disease with penetration 
into the temporal bone in the immunosuppressed. It is often a 
chronic disorder but can be cured if adequately treated and any 
predisposing factors corrected. 


Management 

Fungal microscopy and culture are needed to establish the diag- 
nosis. The ear canal should be cleaned of debris and discharge, 
using gentle suction if available. Many treatments have been 
advocated, but there is little evidence for a particular agent. They 
include aluminium acetate, acetic acid, m-cresyl acetate, thio- 
mersal, gentian violet, clioquinol, nystatin, amphotericin and the 
imidazoles. 


Treatment ladder for otomycosis 


First line 
¢ 1% clotrimazole drops 2-3 times daily for at least 2 weeks. 


Second line 

e If there is tympanic membrane perforation or a likelihood of 
invasive disease, a systemic agent, e.g. itraconazole, should 
be used. 


Third line 

e If there is penetration into bone, voriconazole or 
posaconazole may be more effective systemic agents than 
itraconazole [9]. 


Superficial and deep mycoses 


Dermatophyte fungi may rarely involve the ear, and when present 
can simulate granulomatous disease and chondritis. Pityriasis ver- 
sicolor may involve the ears but is usually easy to diagnose. In cases 
of ulcerative granulomatous disease of the ear, deep fungal infec- 
tions, for example sporotrichosis, should be considered. Biopsy, 
examination of smears, cultures and serological studies should 
enable accurate diagnosis. Deep fungal infection may prompt an 
enquiry for underlying immune deficiency. 


EAR INVOLVEMENT IN SK 
SYSTEMIC DISEASE 


The external ear may be affected by a number of skin diseases 
and also can be a manifestation of a systemic disease presenting 
in the skin. Some of these cutaneous manifestations are shown 
in Table 106.2, with cross references to other chapters where the 
condition is covered in more detail. 


Miscellaneous conditions 


Petrified ear 


This is a rare condition where the ear cartilage is replaced by ectopic 
calcification or ossification [1]. It can be easily highlighted in radiol- 
ogy images [2]. The clinical presentation is of a partially or wholly 
rigid auricle, which may be uncomfortable with pressure over it. 
One or both ears may be involved. Causes include frostbite, trauma, 
radiation therapy and systemic diseases, including Addison disease, 
diabetes, hypopituitarism, acromegaly and hypothyroidism. It has 
been reported in pseudopseudohypoparathyroidism [3]. 


Cholesteatoma 


Cholesteatoma of the middle ear space is accumulation of ker- 
atinous debris within a sac-like squamous epithelial lining. A 
similar condition occurs rarely in the EAC, although its status as a 
true cholesteatoma is disputed [4,5]. The accumulation of stratum 


corneum occurs within a cyst-like penetration of the bony portion of 
the canal wall by the epithelial lining. There is localised ulceration 
of the skin of the floor of the canal, with underlying osteitis and 
sometimes necrosis of bone. Some cases are primary and several 
causes have been identified including previous trauma, operation 
and radiotherapy [6]. Examination may show a white cystic mass 
protruding into the canal. Treatment is by otorhinolaryngology 
colleagues. 


Keratosis obturans 


Due to a defect in the normal epithelial migration [7], there is a 
localised accumulation of desquamated keratin in the ear canal. It 
is usually bilateral and typically occurs in younger patients than 
those presenting with EAC cholesteatoma, which it can resemble. 
There is conductive hearing loss, sometimes with otalgia. It can be 
associated with paranasal sinus disease, bronchitis and the yellow 
nail syndrome [8]. Treatment consists of careful removal of the 
accumulated keratin. Irrigation with water should be avoided. 


TUMOURS OF THE AURICLE 


Despite accounting for 1% of the body surface area, approximately 
6% of all cutaneous neoplasms are found in the auricular and 
periauricular skin [1]. The ear’s external location and prominence 
may account for this disproportionate incidence. In addition, a sur- 
vey of 269 skin cancer patients found 73% used sunscreen regularly 
but only 26% of these regularly applied it to their ears [2]. Over 
the whole body, around two-thirds are basal cell carcinoma (BCC) 
and one-third are squamous cell carcinoma (SCC). This BCC : SCC 
ratio has been reported as 3.5: 1 in the UK [3] and 2.3:1 in Sweden 
[4], across all skin sites. For the cancers on the external ear, this 
ratio reduces to 1.4:1 in the UK [3] and 1:1 in California [2]. In a 
study of 426 patients in Birmingham, UK, Ahmad found a ratio of 
1.3:1 on the ear and 4:1 on the head and neck [5], supporting the 
perception that for a suspicious nodule on the pinna, the risk of 
SCC is comparatively much higher. 

These two keratinocyte skin cancers are the main focus of this 
section. 


Basal cell carcinoma of the auricle 


Aspects of basal cell carcinoma specific to the auricle and EAC are 
presented in this chapter. See Chapter 140 for a comprehensive 
account of BCC. 


Epidemiology 

Incidence 

BCC is the most common cancer worldwide and its incidence is 
increasing in many countries. In the UK, Venables [3] identified a 
5% increase between 2013 and 2015 using national data. This large 
study of over 200000 tumours found that 6.5% of all BCCs in men, 
and 1.3% in women, were located on the ear. Subgroup analysis of 
facial BCCs shows that 17% of male and 3% of female BCCs on the 
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Table 106.2 Ear dermatoses that may indicate other skin disease or systemic disease. 


Diagnosis 


Acne 


Acromegaly 
Addison disease 


Alkaptonuria 

Amyloidosis, primary 
cutaneous 

Angiolymphoid hyperplasia 


with eosinophilia 


Asteatotic eczema 


Atopic eczema 


Bazex syndrome 


Bullous diseases 


Calcification, dystrophic 


Contact dermatitis 


Crohn disease 
Cutis laxa 
Darier disease 


Drug reaction 


Elephantiasis 
Erythromelalgia 
Gout 

Granuloma annulare 
Granuloma faciale 
Granulomatosis with 


polyangiitis 
IgG4-related skin disease 


Jessner's lymphocytic infiltrate 


Clinical features 


Comedones frequently involve the concha and are occasionally found on the helix, tragus or earlobe. Inflammatory cysts 
may be found on the lobe, at the entrance to the external auditory canal, or in both the pre- and post-auricular areas 

There may be enlargement of the auricular cartilage and coarsening of the overlying skin 

Pigmentary changes may involve the ear and ossification of the auricular cartilage (petrified ear) may occur in Addison 
disease [1] 

aka ochronosis This is typically associated with a bluish discoloration of the auricular cartilage due to oxidation of bound 
homogentisic acid (Figure 106.22). The cerumen in such patients may be very dark, a finding that can precede other 
clinical manifestations 

Asymptomatic papules on the helix and concha of the ear have been described as the sole manifestation of cutaneous 
amyloidosis [2,3], more generalised papular amyloid [4] and with macular amyloid of the back [5] 

This commonly affects the pinna, external auditory meatus (Figure 106.23) and post-auricular area. The lesions are 
red-brown papules or nodules. Occasionally, they itch and can be painful or pulsatile [6]. The condition mainly affects 
young to middle-aged adults, and in some series there is a female preponderance 

This common cause of a dry itchy ear is mainly seen in the elderly. Aggravating factors include overzealous cleansing, 
cold, windy weather, low humidity indoors and air-conditioned air during the summer. There may be little to see other 
than slight scaling. Similar changes can occur in the ear canal, where additional factors include drying vehicles used in 
ear drops, e.g. alcohol and acetone. Management will include avoidance of provocative factors and use of emollients 

A crusted eczematous fissure at the junction of the earlobe and the face is a common finding in atopics and can be 
regarded as a reliable feature of atopy [7]. In addition to involvement of the infra-auricular crease, the tragal notch 
and sometimes the whole of the pinna may be commonly involved 

Bazex syndrome (acrokeratosis paraneoplastica) commonly affects the ears and is an important marker for internal 
malignancy [8] 

Pemphigus, pemphigoid, dermatitis herpetiformis and epidermolysis bullosa aquisita may all involve the ear and 
occasionally the auditory canal. Blistering of the pinna and stenosis of the canal can occur in dystrophic epidermolysis 
bullosa [9] 

Calcium deposition may occur in many circumstances and occasionally the ear is involved. Usually, calcium deposits in 
the ear occur for local reasons, e.g. degenerative changes in the cartilage. In infants, congenital calcinosis cutis has 
been reported [10], although congenital nodular calcification of Winer should be considered [11]. A distinctive 
paediatric condition often found on the pinna is subepidermal calcifying nodule (Figure 106.24). Petrified ear 
(idiopathic auricular ossification) should be considered in the differential diagnosis [12-14] 

The external ear is commonly affected by both irritant and allergic contact dermatitis. As well as products and 
medicaments used on the scalp and around the ears, allergens may be transferred by fingers, e.g. nail varnish, plant 
resins. Unilateral involvement of the earlobe may indicate a facial allergic contact dermatitis [15] 

Metastatic Crohn disease may rarely involve the ear [16] 

Cutis laxa may result in distinctive pendulous earlobes [17] 

Occasionally, Darier disease can present with involvement of the external ear as the principal affected site, with redness, 
oedema and crusting mimicking an eczematous reaction [18] 

Purpura of the ears has been described in a series of children receiving levamisole for nephritic syndrome [19]. Both 
vasculitis and thrombotic changes occurred, and there was an association with circulating autoantibodies 

Hypertrophy of the retroauricular folds may be seen as a consequence of phenytoin therapy [20] 

Hypertrichosis of the ear canal due to minoxidil therapy can be a predisposing factor for external otitis [21] 

Pseudolymphoma of the ear can be induced by phenytoin [22] 

Fixed drug eruption can occur at the site of ear piercing [23] 

Chronically red swollen ears may occur for a number of reasons, including longstanding eczema, psoriasis [24] and 
chronic streptococcal infection. Longstanding head louse infection has also been reported as a cause [25] 

Typical erythromelalgia of hands and/or feet is occasionally accompanied by concurrent episodes of red swelling of one 

or both ears associated with a burning painful sensation [26] 

Gouty tophi frequently involve the pinna (Figure 106.25) and may predate the onset of joint disease or appear decades 
after the initial attack. The helix and antihelix are typical sites. Histology is distinctive 

Typical papular and annular dermal lesions of granuloma annulare may involve the pinna, sometimes in the absence of 

lesions elsewhere [27], and the perforating variant has been reported [28] 

The ear is an occasional site for the brownish red plaques of this distinctive disorder [29] 

Granulomatosis with polyangiitis (Wegener's granulomatosis) can present with serous or suppurative otitis and 

conductive or sensorineural deafness [30] 

This is a recently recognised syndrome characterised by mass-forming lesions with lymphoplasmacytic infiltration, with 

an increased number of IgG4 cells within the affected tissues. Presentation as nodules behind the ears has been 

reported [31] 

This condition occasionally involves the ear and post-auricular region and sunlight may precipitate or worsen the eruption 
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Chapter 
Diagnosis Clinical features cross reference 
Leprosy Leprosy can present with swelling of the earlobe [32] and the earlobe is a valuable site for taking smears [33] 28 
Leishmaniasis Cutaneous leishmaniasis can present as a unilateral ‘Dumbo’ ear swelling, more common in Mexico [34] 
Lichen planus Lichen planus typically causes discharge and hearing loss due to stenosis of the external auditory canal. Pruritus, pain 37 
and bleeding may also occur. The canal appears red and there may be Wickham’s striae [35] 
Lupus erythematosus Discoid, subacute cutaneous and systemic lupus erythematosus can all involve the ears (Figure 106.26). The concha is a 51 
characteristic site for chronic discoid lupus erythematosus (Figure 106.27) 
Lymphoma Systemic lymphoma can occasionally present as an isolated lesion on the ear [36-38], as can other haematological 138 
malignancies. 
Mudi-chood This distinctive dermatosis, which typically affects the nape of the neck and upper shoulders of girls and young women 
in the state of Kerala in South India, can occur on the ears. It is thought to be the result of the frictional and occlusive 
effects of moist oily hair in a hot and humid environment. Individual lesions are hyperpigmented papules with a thin 
surrounding rim of scale, occurring on the posterolateral aspects of the pinnae [39,40] 
Otophyma This is due to enlargement of the outer third of the external auditory canal and its entrance due to fibrosis, sebaceous 
hyperplasia and oedema. It can result in conductive hearing loss. It is usually associated with rosacea and other 
‘phymatous’ enlargement of, for example, the nose, cheek, chin or eyelid. It can be managed by surgical reduction 
followed by low dose oral isotretinoin [41] 
Perforating disorders The ear may occasionally be the site for lesions of Kyrle disease, elastosis perforans serpiginosa, perforating folliculitis 
and perforating papules of diabetic dialysis patients 
Photodermatoses The ear is a common site for conditions provoked or aggravated by UV and/or visible radiation. A condition peculiar to 125 
the ear is juvenile spring eruption (Figure 106.28), a variant of polymorphic light eruption, typically found in young 
boys. A condition with a similar aetiology is seen in farmers, termed ‘lambing ears’ [42] 
Porphyria Porphyria cutanea tarda (Figure 106.29) may present with vesicles and bullae, often on a background of scarring, 58 
hyperpigmentation, milia, sclerodermoid plaques and hypertrichosis. Pseudocysts of the auricle and perichondritis 
may be simulated [43] 
Psoriasis Both guttate and plaque psoriasis involve the external ear. Sometimes this is by extension from the scalp, face or neck. 35 
Like seborrhoeic dermatitis, psoriasis often involves the concha and distal part of the external auditory canal, but 
usually its colour, the nature of the scaling (Figure 106.30) and the presence of psoriasis elsewhere allow it to be 
differentiated. Sometimes both conditions appear to coexist 
Red ear syndrome An episodic condition mainly described in children and young adults in which redness and swelling of one or both ears is 
associated with a burning sensation and headache, usually of the migrainous type [44] 
Relapsing polychondritis Relapsing polychondritis is characterised by redness, tenderness and swelling of the entire ear, but with sparing of the 
lobe; however, it can affect only the tragus and conchal bowl [45]. A persistent ulcer may be the first clinical sign 
[46]. It has been associated with pseudocyst of the ear [47]. The differential diagnosis includes auricular 
erythromelalgia [48] 
Rheumatoid disease Rheumatoid disease is characterised by nodules, which can occur on the ear, where they may ulcerate due to pressure 155 
from a pillow or spectacles 
Sarcoidosis Cutaneous sarcoidosis [49] can involve the ear, especially the lupus pernio variety 96 
Seborrhoeic dermatitis In its mildest form, seborrhoeic dermatitis simply causes a little scaling and inflammation at the entrance to the external 40 
auditory meatus, in the concha or in the auricular folds. When severe, the whole pinna may be affected and there 
may be infective eczematoid dermatitis both in and around the ear or post-auricularly 
Systemic sclerosis Scleroderma can produce pallor and telangiectasia of the auditory canal 54 
Syphilis This may occasionally involve the ear, usually in the secondary stage 
Tuberculosis Mycobacterial infection can rarely involve the external ear [50]. Lupus vulgaris (cutaneous tuberculosis) can produce 
extensive destruction and presentation as a unilateral enlarged ‘Turkey ear’ has been reported [51] 
Viral infection Herpes vegetans is a rare presentation of the herpes simplex virus, which presents as hyperkeratotic, verrucous eroded 
ulcerated plaques or nodules [52]. Orf can present on the ear as an isolated nodule [53] 
Verruciform xanthoma This uncommon condition is typically found in the mouth but has been reported on the ear, where it can mimic 60 
squamous cell carcinoma [54] 
Weathering nodules These asymptomatic histologically distinct nodules are found on the free edge of the helix (Figure 106.31). They are 
quite common, increasingly so with age in older men [55], although can occur in women [56] 
Xanthogranuloma, adult Symmetrical yellow-red nodular lesions with the same histology as juvenile xanthogranuloma have been described on 134 
the earlobes [57] 
Xanthoma Xanthomas occasionally occur on the ears, presenting as yellow nodules, and can occur without any associated lipid 60 


abnormality [58] 
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Figure 106.22 Alkaptonuria. The auricular cartilage has a distinctive blue colour. 
Courtesy of Dr P. Hollingworth, Southmead Hospital, Bristol, UK. 


Figure 106.23 Angiolymphoid hyperplasia with eosinophilia. Firm red-brown nodules 
at the entrance to the external auditory canal. 


Figure 106.24 Subepidermal calcifying nodule. Hard whitish nodule with slight 
overlying scale. 


Figure 106.25 Gouty tophi. Yellowish dermal nodules 


Figure 106.26 Cutaneous lupus erythematosus. Acute redness and erosions following 
sun exposure. 


face are located on the ear. This supports studies from the USA [6] 
and Australia [7], which showed that 10% of head and neck BCCs 
were located on the ear, across both genders. Left and right-sided 
carcinomas are equally distributed [1,8]. 


Age 

The average age of patients with BCC on the ear is reported as 
between 69 and 73 years [6], and 69 and 70 years [8]. This matches 
that seen for all BCC with a median age of 71 years [3]. 


Sex 

Over the whole body, BCC has a slightly higher incidence in men 
than women. Studies relating to ears have shown a greater male pre- 
ponderance. Mulvaney et al. [6] found that 86% of ear BCCs were in 
men, compared with 57% of non-ear locations. This is matched by 
Venables et al. [3] who showed an 86% male preponderance, com- 
pared with 54% of non-ear locations. In a study of 272 patients with 
BCC in the conchal bow], this male bias increased to 92% [9]. Other 
reports shortened the majority to 79% male for the ear [8] and 71.4% 
male for both ear and nose BCCs [10]. 
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Figure 106.29 Porphyria cutanea tarda. Firm whitish sclerodermoid changes at the site 
of repeated blistering. 


Figure 106.27 Discoid lupus erythematosus. Redness with adherent scaling extending 
into the ear canal. 


(b) 


Figure 106.30 Psoriasis. (a) Well-defined redness with prominent scaling at entrance to 
ear canal — close-up in (b). 
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Pathophysiology 
Embryology 
BCCs are typically locally invasive and slowly spreading. Bailin 
et al. [11] describe the pattern of spread of auricular BCC, suggest- 
ing it is influenced by the convoluted embryologic fusion planes 
(Figure 106.5). Tumours of the preauricular skin tend to extend 
toward the ear to involve the superior helix and/or tragus, and, by 
further extension, the antihelix and lobule. Tumours of the helix 
spread along the helix and then extend toward the antihelix or 
posterior surface of the ear. Tumours of the antihelix spread in 
all directions concentrically. Tumours of the posterior surface of 
the auricle can extend laterally to the helix and medially to the 
postauricular sulcus. 

BCC is more likely to occur in fusion planes of mid face [12]. Some 
infantile haemangiomas have also been shown to develop along 
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Figure 106.28 Juvenile springtime eruption: papules on the upper pinna of a boy 
following sunlight exposure during spring. 
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(a) 


Figure 106.31 (a) Several firm white ‘weathering’ nodules on the helical rim. (b) Transverse section stained with H&E. N, a nodule comprising a focus of cartilage overlying the edge 
of the pinna cartilage; E, solar elastotic degeneration; K, an overlying flake of hyperkeratosis. (c) Transverse section stained with Millers and Van Gieson. Serial sectioning showed this 
was not a separate nodule (N) of cartilage but comprised cartilage metaplasia within a spur of fibrous tissue extending up from disrupted perichondrium of the underlying pinna 
cartilage (C). Reproduced from Kavanagh et a/. 1996 [55] with permission of John Wiley & Sons. 


these fusion lines [13]. Connecting these, it is postulated that embry- 
onic fusion planes are areas especially hospitable to angiogenesis, 
with motility of cells and chemotaxis factors. A correlation is known 
to exist between degree of angiogenesis and BCC aggressiveness 
[14]. Similarly, the multiple embryonic fusion planes in the ear may 
provide a path of least resistance for unrestricted growth, within 
the undulations of the ear folds [15-18]. 


Pathology 

There is an association between tumour site and histological subtype 
of BCC [19-23]. BCC on the ear is more likely to be of an aggres- 
sive subtype (including infiltrative, morphoeic and micronodular 
variants), with 57% of ear BCCs showing a high-risk phenotype 
compared with 38% on the cheek [8]. There is a high discordance 
rate between biopsy samples and Mohs histopathology, with 35% 
of ear BCCs being up-staged to a more aggressive phenotype during 
Mohs surgery compared with 9% of non-ear BCCs [24]. Small biopsy 
specimens from this architecturally complex site may therefore miss 
an aggressive subtype, supporting the recommendation for Mohs 
surgery on the ear. Cartilage invasion has been identified in 1.7% of 
auricular and nasal BCCs [25]. 

Location of BCC on the ear or midface is associated with a 
more aggressive clinical course and a significantly higher recur- 
rence rate [26]. Location on the ears is one of the risk factors for 
extensive subclinical spread [27]. These tumours show greater 
subclinical extension, are more frequently associated with residual 
positive margins after excision and have a higher recurrence rate 
than at other sites. When analysing 758 BCCs on the ear, Mul- 
vaney et al. [6] found they presented as larger lesions (1.28 cm? vs 
0.98 cm”) and produced a larger final defect following Mohs surgery 
(4.92 cm? vs 4.21 cm?) than non-ear lesions. This indicates a clinically 


aggressive behaviour, even when controlling for aggressive tumour 
subtypes. 


Management 

The complete management options for BCC are described in 
Chapter 140 and discussed further in national guidelines [28]. As 
a general rule, surgical excision is preferred (standard excision or 
Mohs surgery), although in individual cases there may be a role for 
other treatment modalities including cryotherapy, radiotherapy, 5% 
imiquimod cream and active non-intervention. 

Small lesions may be treated by curettage or cryotherapy. Com- 
bination treatment with curettage—-cryosurgery can be effective [29], 
with 5-year outcomes reported [30]. 

Surgical excision is often the treatment of choice for BCC. How- 
ever, the multiple tissue planes and topography of the pinna can 
make histological interpretation difficult and confound total exci- 
sion. Furthermore, the external ear is not a uniform visual unit. The 
helical rim, antihelix and conchal bowl are separate cosmetic units 
and will require different repair strategies if infiltrated by tumour. 
For these reasons, removal of BCC from the ear is best managed by 
total margin analysis of the surgical specimen. Mohs micrographic 
surgery (MMS) is indicated for BCC of the pinna for preservation of 
both function and appearance. Recurrence rates following MMS to 
the ear have been reported as 4.2% [31] and 6.9% [32]. In a case series 
of 69 patients, Bumsted and Ceilley [31] found that conventional sur- 
gical excision of auricular malignancies would have produced 180% 
and 347% larger defects in primary and recurrent lesions, respec- 
tively, than with MMS. 

Where surgery is not appropriate, radiotherapy can be applied 
with good effect. This includes external beam radiation treatment 
and brachytherapy [33]. A study including 99 BCCs on the ear found 


a recurrence rate of 12% over an average 2-years’ follow-up, with a 
good cosmetic result in 75% of patients [34]. Brachytherapy involves 
the creation of a wax mould, shaped to the contours of the ear, to 
deliver radiation directly to the skin surface. This may not be appro- 
priate for lesions extending down the ear canal, as the deeper margin 
cannot be identified at the time of mould insertion. Photon therapy 
delivered with a planning CT scan may be more suitable in such 
cases. 

Although cartilage necrosis is a recognised side-effect, the ear 
should be considered a suitable site for radiotherapy. However, 
cancer that is infiltrating the cartilage is best not treated by radio- 
therapy, as the post-tumour defects within the cartilage structure 
can lead to weakness and deformity. A similar problem is seen with 
hoarse voice due to a floppy larynx, after radiotherapy for invasive 
throat cancer. 


Squamous cell carcinoma of the 
auricle 


Aspects of squamous cell carcinoma specific to the auricle are pre- 
sented in this chapter. Chapter 141 has a comprehensive account of 
SCC. Primary SCC arising within the EAC is rare, and usually man- 
aged by otolaryngology due to its proximity to the middle ear and 
temporal bone. 


Introduction 

Cutaneous SCC (cSCC) refers to malignancy developing from the 
keratinocytes of the epidermis. Overall, it is the second most com- 
mon type of skin cancer, after BCC, accounting for one-fifth of all 
cutaneous malignancies [1,2]. A study of nearly 1500 lesions found 
that 12% of all cSCC were located on the ear [3]. Auricular CSCC most 
often develops on the helix and antihelix, followed by the retroau- 
ricular region and concha cavum [4,5,6]. The right ear is affected in 
60% of cases, according to one study of 117 patients [5], supporting 
earlier observations demonstrating this figure [6,7]. 


Epidemiology 

Age 

The average age of patients with SCC on the ear is reported across 
studies as between 68 years and 81 years [4,5,8-10]. These figures 
are slightly lower than that seen for cSCC across all sites, which has 
a median age 79 years [11], but are generally higher than for BCC on 
the ear. As such, SCC occurs predominantly in elderly white men, 
although at a younger age in the immunosuppressed 


Sex 

The external ear, due to its location, is a site on the body that is 
exposed to sun on a regular basis. In females, however, the hairstyle 
determines the level of sun exposure. Several studies have noted a 
large male bias for auricular cSCC, with rates in females as low as 
0.2-3% [9,12-14]. Recent UK data [11] showed that in men, 15.8% 
of all cSCC is located on the ear, but only in 1.3% women. The 
same study showed a higher incidence on the lower legs of women 
compared with men (25.1% vs 4.9%), further indicating that UV 
exposure is a major risk factor for cSCC. 


(b) 


Figure 106.32 Squamous carcinoma. (a) Well-defined, symmetrical papule with a 
keratotic core and a raised pink base. (b) An ulcerated tumour on the superior helical 
rim, with an everted edge and destruction of the ear cartilage. 


Tokez et al. [15] looked at the incidence of SCC-in situ, a prema- 
lignant condition of which 2-5% will progress to SCC if untreated. 
In this study of 88754 patients in the Netherlands, the ears were a 
common location in men compared with women (10% vs 1%). 


Clinical features 

In most instances, SCC evolves from a premalignant lesion, usually 
a solar/actinic keratosis, but may appear de novo as a new growth 
or ulcer. Early SCC may be suspected when there is induration 
of the base of a scaly papule, nodule or cutaneous horn. There is 
often a keratinous core with well-differentiated SCCs, and kerato- 
acanthoma can be closely mimicked. As an SCC grows, it typically 
becomes a nodular tumour, liable to be ulcerated and crusted. 
Poorly differentiated tumours tend to be friable and haemorrhagic, 
and do not show any evidence of keratinisation. With progression, 
SCC may invade the cartilage and can become grossly destructive 
(Figure 106.32). Symptoms are sometimes present and include 
pain and bleeding. Enlargement of the lesion is typically faster than 
that of a BCC. 


Disease course and prognosis 
Lymph node metastasis 
Lewis in 1960 was one of the first to recognise that SCC of the 
pinna has a higher metastatic rate than cutaneous SCC that origi- 
nates elsewhere [16]. His series of 150 auricular cancers included 
seven patients with locally invasive SCC, in whom two developed 
lymph node metastases (LNM). Since then, his findings have been 
supported by numerous studies, with metastatic rates at presen- 
tation ranging from 10% to 16% [9,10,14,17-21]. By comparison, 
Venables et al. [22] used English registry data to calculate the overall 
metastatic rate of cSCC as 1.1% for women and 2.4% for men, 
supporting earlier reported rates of 0.5-2.6% [23,24]. The reasons 
for the higher rate of metastatic CSCC of the ear remains unclear, 
but is perhaps related to the anatomy and lymph node drainage of 
this region. 

A systematic review [18] found that 85% of metastases from auric- 
ular cSCC develop within 12 months and 98% within 24 months, 
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although follow-up was limited to 12-36 months in most studies. 
This supports the current UK recommendations [25] for a follow-up 
period of 2 years for auricular cSCC, recognised as a ‘high-risk’ loca- 
tion. If other features are low risk then follow-up is not needed, e.g. 
thin depth, small diameter, well differentiated, no perineural inva- 
sion, no lymphovascular invasion and patient not immunocompro- 
mised. 

Despite the gender bias in incidence, the likelihood of metastasis 
from auricular CSCC may be the same for both men and women. 
Venables et al. [22] showed the metastatic rates were greater for men 
for all body sites except the ears, scalp and neck, where rates were 
similar for both sexes. 

The skin on the anterior part of the pinna is thin and tightly 
bound to the underlying cartilage. Therefore, epidermal tumours 
of the pinna need only grow a short vertical distance through the 
dermis before encountering larger dermal and subcutaneous lym- 
phatic channels, and also cartilage. These anatomical features may 
explain the increased metastatic potential of auricular CSCC. The 
lymphatic drainage of the auricular region is plentiful and variable, 
with tumour location within the ear influencing the location of 
metastasis [26]. Spread to the parotid and upper deep cervical chain 
are most common and the postauricular nodes are also frequently 
involved (Figures 106.33 and 106.34, Table 106.3). 

Five-year overall survival rates for patients with cSCC of the 
ear without lymph node metastases (LNM) are 73-98% [27,28], 
whereas with LNM this decreases to 20-46% [9,29]. Therefore, 


Figure 106.33 Recurrent squamous cell carcinoma on the posterior pinna, extending 
onto the left neck. A postauricular lymph node was clinically palpable with a CT scan 
identifying further nodes in Levels Il, Ill, IV and V. A scar from the previous wedge 
excision is seen on the mid-helical rim. 


Level of hyoid bone 


Level of cricothyroid 


Figure 106.34 Lymph nodes and lymphatic drainage basins in the neck. P, parotid; PA, 
postauricular node. 


Table 106.3 Frequency of positive nodal involvement following SCC of the ear. Data 
from Clarke et a/. 2010 [10]. 


Frequency of 


Lymph nodes involvement 
Parotid 54% 
Postauricular 29% 

Level | Submandibular 4% 
Submental 

Level Il Superior spinal accessory 42% 
Superior jugular 
Jugulo-digastric 

Level Ill Midjugular 13% 

Level IV Jugular-omohyoid 8% 
Inferior jugular 

Level V Inferior spinal accessory 13% 


Transverse cervical 


identifying patients with cSCC of the ear who are at high risk of 
LNM may facilitate closer assessment and improve outcomes. Var- 
ious prognostic factors for LNM in ear cancer have been reported 
[1,9,10,14,17,18,20,28-32]. However, the results are inconsistent and 
sometimes conflicting. For example, cartilage invasion has been 
identified as a predictor of LNM [10,17,18,28], not a predictor of 
LNM [31,33] and correlated but not predictive of LNM [14]. Stud- 
ies have shown no correlation between histological features and 
LNM [4,9], indicating this is not a prognostic feature in isolation at 
this site. 


Direct spread 

SCC poses a higher risk of aggressive subclinical extension, both 
directly and via perineural invasion. Tumours at the tragus may 
spread deep along and under the anterior EAC wall toward the 
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stylomastoid foramen. In such cases, there may be positive margins 
deep to the main trunk of the facial nerve necessitating a total 
parotidectomy. Spread along the EAC is well recognised; there is 
virtually no natural barrier to restrict tumour growth in any one 
direction within the cartilaginous canal [34]. Posterior extension 
through the cancellous portion of the EAC into the mastoid is 
rare. More commonly, there can be anterior extension through 
Santorini fissures (see anatomy section). Once into the bony canal, 
the compact tympanic bone restricts tumour extension. However, 
patency of Huschke foramen can permit anterior extension to the 
temporomandibular joint and into the parotid gland. 

To assess for direct spread, patients should be evaluated for pain, 
otorrhoea, hearing loss, trismus (spasm of jaw muscles causing 
the mouth to remain tightly closed), facial weakness, hoarseness 
and dysphagia, with palpation for lymphadenopathy. Otoscopic 
evaluation is recommended to assess the bony EAC and tympanic 
membrane. Radiological imaging may be helpful, with either a 
high-resolution CT scan of the brain/parotid/neck or an MRI scan 
[35]. The EAC, neck, parotid, infratemporal fossa, glenoid fossa and 
temporal bone may be involved, despite the fact that they are not 
clinically suspected preoperatively. 


Management 

The complete management options for SCC are described in 
Chapter 141. It is helpful to discuss SCCs with high-risk features at 
a multidisciplinary meeting. 

It is important to achieve control of the disease with the initial 
treatment for SCC. For small minimally invasive lesions, simple 
excision, cryotherapy or curettage with electrodesiccation may be 
adequate. Excellent results have been reported from the combina- 
tion of curettage and cryotherapy for carefully selected cases [36], 
and the current UK guidelines [25] advocate curettage for small 
(under 1 cm), well-defined and low-risk SCC. 

The highest incidence of SCC occurs on the helical rim and this 
anatomic location usually lends itself to wedge excision with pri- 
mary closure [37] or excision with a skin graft [38]. If the tumour 
is very large or recurrent, partial or complete removal of the pinna 
may be required. Lesions arising in the concha bowl or tragus 
may extend down the EAC (see Basal cell carcinoma earlier) and 
a flap repair or skin graft may be required to prevent cicatricial 
narrowing of the canal. If the entire ear is removed, the area can be 
resurfaced with a skin graft and the defect covered with a highly 
cosmetically acceptable prosthesis. Two prostheses may be sup- 
plied to the patient, to match the skin colour in the summer and 
winter months. If there is spread beyond the auricle, resection of the 
parotid, temporal bone, temporomandibular joint or mandibular 
ramus may be required, with appropriate repair. 

Several authors have recommended predetermined resection 
margins, for example: 1 cm [39], 6mm with frozen section control 
[40], 8mm for 1 cm diameter tumours and 1.5cm for 3cm diameter 
tumours [41], all with removal of the underlying cartilage. Histor- 
ical data of 5-year recurrence rates shows an incidence of 18.7% 
for multiple modalities compared with 5.3% for MMS [20], with 
Mohs himself reporting 7.7% in 1988 [42]. A more recent study 
demonstrated a 5.7% recurrence rate over an average period of 
3 years [5]. Overall, the evidence favours microscopic control of 
tumour margins to reduce long-term recurrence [34,43,44], although 


no prospective comparison study has been performed for standard 
surgery versus MMS, unlike for BCC [45]. 

Squamous cell carcinomas in the tragal and pretragal location 
appear to have a greater tendency to spread along embryonic fusion 
planes and may only be curable by radical surgery, for example 
parotidectomy in association with removal of the tumour [33,34]. 
Various techniques can be employed to reconstruct the ear after 
curative surgery [43-55]. 

Sentinel lymph node biopsy (SLNB) may have a role in manag- 
ing auricular SCC [56], by indicating those patients with possible 
occult metastatic spread. A systematic review of SLNB in head and 
neck SCC highlighted its feasibility and reliability [57]. However, 
SLNB for early detection of LNM currently lacks evidence to show 
improvement in SCC recurrence or survival rates and is not per- 
formed routinely. Prophylactic lymph node dissection has been 
proposed when certain high-risk features are present [10,19,28]. 
However, recent UK guidelines (2020) [25] do not recommend 
lymph node dissection in clinically node-negative patients. 

Radiotherapy can be successful as a primary treatment for SCC of 
the auricle, megavoltage electron-beam therapy having therapeutic 
and cosmetic advantages over conventional superficial radiother- 
apy [58]. Although results can be as good as from surgery [59], 
there may be a higher recurrence rate compared with surgery for 
large tumours. Radiation therapy can be complicated by damage 
to the cartilage and associated chronic infection; deformity of the 
auricle is another long-term consequence. Adjuvant radiotherapy 
has a role in preventing local recurrence for tumours displaying 
perineural/perivascular invasion, or those excised with narrow 
histological margins. 

In renal transplant recipients, reducing the degree of immuno- 
suppression can improve survival in poor prognosis SCC without 
necessarily jeopardising the transplant [60]. 

For inoperable and metastatic tumours, local treatment will be 
palliative. There is a role for systemic treatment in the management 
of metastatic SCC. Chemotherapy and PD-1 inhibitors, such as cemi- 
plimab, may be of value. 


Management of tumours at the 
external auditory meatus 


Keratinocyte skin cancers (BCC and SCC) close to, or surrounding, 
the external auditory meatus are difficult to treat (Figure 106.35). 
This includes tumours within the conchal bowl, a fossa that is 
bisected by the helicis crus into the cymba superiorly and cavum 
inferiorly (Figure 106.1). Accessing the peripheral margins at this 
location is difficult and further increased by the late presentation 
of many tumours. In a review of 407 auricular carcinomas by 
Niparko et al. [1], 41 (10%) occurred in the conchal bow] and 16 (4%) 
in the EAC. Duffy et al. [2] examined cancers on these non-visible 
parts of the ear, of which 73% were BCC. The surgical defect follow- 
ing excision of the tumour was 1.6-2.3 times larger as those on more 
visible portions of the ear, and 2.53.5 times larger than defects on 
the nose. This may reflect a degree of visual neglect, where patients 
only palpate those areas of the ear more amenable to touch, without 
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Figure 106.35 Basal cell carcinoma of the right conchal bowl, encircling the entrance to 
the external auditory canal. 


direct visualisation of the entire ear. As a result, presentation is 
delayed until tumours are palpable. 

Complete excision of tumours at the conchal bow] can be techni- 
cally challenging under local anaesthetic, as medial extension into 
the EAC limits adequate surgical margins. Cartilage is often excised 
to maximise clearance at the deep margin. Substantial subclinical 
spread has been identified by tumours at these sites [3]. During 
Mohs surgery, the use of a tympanostomy blade [4] or a Beaver 
ophthalmic blade [5] may aid access to the medial aspects of the 
conchal bowl. A Dermablade [6] and Goulian knife [7] are better 
suited for flatter parts of the ear. A flap repair (such as the revolving 
door flap [8] may be preferable to a skin graft at the EAC, as the 
outward passage of migratory epithelium and cerumen may inhibit 
adequate uptake of the graft. 

Several authors [9,10,11] have described their experience of man- 
aging conchal bowl tumours, the majority of which were BCC. Most 
could be managed by a single modality, either MMS or surgical 
resection of the deeper aspect under general anaesthetic. However, 
they found it useful to adopt a multidisciplinary approach for 
the rare cases where an extensive subclinical spread was encoun- 
tered or complex reconstruction was required. If positive margins 
remain at completion of MMS, they suggest that positive areas are 
clearly identified with marking sutures, photography and a clinical 
drawing. This will assist the subsequent surgeon in reassessing 
the surgical field for wider excision. A proposed management 
algorithm is shown in Figure 106.36. In the UK, such cases are best 
discussed at a multidisciplinary team meeting. Complex surgical 
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Figure 106.36 Management pathway for patients 


with a keratinocyte cancer close to the external 
auditory meatus. EAC, external auditory canal; LTBR, 


Extended resection 


lateral temporal bone resection; TMJ, 
temporomandibular joint; ITF, infratemporal fossa. 


procedures may proceed jointly with ENT and an oncologically 
trained plastic surgeon, for example sleeve resection of the skin lin- 
ing the cartilaginous EAC, followed by flap repair of the resulting 
defect. 


Melanoma of the auricle 


Aspects of melanoma specific to the auricle are presented in this 
chapter. See Chapter 142 for a comprehensive account of melanoma. 


Epidemiology 

Incidence 

Melanoma of the ear accounts for 10-20% of melanomas on the head 
and neck [1,2,3,4,5] and 1-4% of all cutaneous melanomas [3,6]. The 
incidence in the USA is 1.91 per 100 000 persons-per-year [7]. 


Sex 

There is a male preponderance, perhaps due to the protective 
effect of long hair length in women. A systematic review found a 
male: female ratio of 3.5: 1 [8]. 


Age 

The mean age of patients is 59 years [8], although the incidence in 
young adults (aged 15-39 years) more than doubled between 1973 
and 2012 [9]. 


Pathology 

The commonest histological subtype is superficial spreading malig- 
nant melanoma, with the commonest location on the helix. The aver- 
age Breslow thickness is 2.0mm, which is non-significantly higher 
than for melanomas at other head and neck sites [1,4,8]. 


Clinical features 

Melanoma can arise de novo or as a change in a pre-existing 
melanocytic naevus. Lesions on the ear can present with a variety of 
clinical appearances, from multicoloured macules to exophytic nod- 
ules [10]. The presence of pigment on dermoscopy is a characteristic 
feature. 


Differential diagnosis 

Given its rarity on the ear, the unwary clinician may omit melanoma 
from the differential diagnosis during a busy clinic, perhaps favour- 
ing a pigmented basal cell carcinoma (Figure 106.37). Benign 
melanocytic naevi are easily identified, but Spitz naevi can cause 
diagnostic confusion (Figure 106.38). Dermoscopy may show a 
homogeneous blue coloration, giving the false impression of a blue 
naevus [11]. 


Disease course and prognosis 

The early literature suggested an aggressive biological behaviour of 
external ear melanoma [4,12-14]. This led to recommendations for 
extensive surgery including total amputation of the ear. Later stud- 
ies failed to demonstrate a worse prognosis compared with other 
sites [1,2,15]. A prospective study of 162 patients showed a high 


Figure 106.37 Desmoplastic melanoma — a pink cystic papule containing dots of 
pigmentation. The clinician had suspected a pigmented basal cell carcinoma. 


survival rate for stage 1 and 2 melanomas of the ear, with a 3-year 
disease-specific survival rate of 98% [3]. The 5-year survival rate was 
also high at 96%, although in the literature this varies between 43% 
and 89% [6-8,16-19]. 

The location of a head and neck melanoma at the external ear is 
not an independent risk factor for overall and disease-free survival, 
or recurrence. As with other anatomic sites, increasing tumour thick- 
ness and ulceration are negative prognostic indicators. 

Sub-group analysis of a large prospective trial [1] showed that 
loco-regional recurrence was non-significantly lower than for 
non-ear sites (8% vs 13%), although other reported rates vary 
between 13% and 37% [17,18,20]. Distant metastasis was also 
non-significantly lower than for non-ear sites (11% vs 14%), similar 
to other reported rates between 13% and 22% [17,18,20]. 


Management 

As with all melanomas on head and neck, surgical resection is a 
balance between sufficient surgical aggressiveness and preserva- 
tion of function and aesthetics of the ear [21]. There is no general 
agreement on the optimal surgical management, but a favourable 
prognosis tends to advocate a less invasive approach. There is no 
evidence to support the historical use of radical amputation, with 
several studies showing no relationship between surgical approach 
and survival. Furthermore, there is evidence that conservative 
resection margins, using wedge resection or cartilage-sparing wide 
local excision of the tumour, provide satisfactory outcomes with 
regard to survival and recurrence. 
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(b) 


Figure 106.38 (a) Compound melanocytic naevus, a symmetrical pigmented papule 
with a dark but even coloration. (b) Spitz naevus, on the posterior border of the right 
helix. A broadly symmetrical, minimally raised, pigmented macule, with mild overlying 
scale. Despite the irregular edge and lateral pigment projection, histological analysis 
identified no atypical features. 


Surgical margins 

Resection margins for treatment of ear melanoma are often lower 
than the general recommendations, with the aim of preserving 
function and improving cosmetic outcome. This practice is seen 
elsewhere in the head and neck, including the eyelid [22]. Despite 
the average Breslow thickness being 2.0mm, resection margins 
are often between 1 and 2cm. Several authors report a minimum 
excision margin of lcm [15,16,20], with some proposing that 
this is adequate management for most ear melanomas [23,24]. 
Excision margins below 1cm are correlated with a reduction in 
recurrence-free survival [3]. 

In a study of lentigo maligna melanoma [3], patients undergo- 
ing Mohs micrographic surgery had an average margin of 5mm, 
with a 5-year recurrence-free survival rate of 90%. Those undergo- 
ing conventional surgery had an average margin of 10mm, with 
a slightly lower survival rate. The melanomas were thicker in the 
Mohs cohort. 


Overall, there is insufficient evidence to recommend deviation 
from established guidance. The methods detailed above are based 
on surgeons’ preferred practice and only one study associated a 
1cm margin with a low risk of recurrence [20]. Indeed, some authors 
recommend following standard melanoma treatment guidelines to 
improve local tumour control [3,6], using excision margins as for 
other anatomical sites. 


Cartilage excision 

There is plenty of evidence to suggest that removal of cartilage 
is not necessary to improve survival and reduce recurrence in 
melanoma of the external ear. This permits a simpler recon- 
struction with better aesthetic and functional outcomes, without 
compromising prognosis. 

In a histological review of 51 ear melanomas, the perichondrium 
was never violated by the tumour regardless of the Breslow thick- 
ness [25], supporting earlier observations [26]. Translating this 
into surgical practice, cartilage-sparing resections are not associated 
with a higher rate of local recurrence [15,20,27,28]. It is suggested 
that the perichondrium may serve as a barrier to the tumour and 
may not need to be removed for satisfactory surgical removal of ear 
melanomas. 

Conversely, there is one report of cartilage invasion [29] and one 
author recommends cartilage excision for melanomas of >1.0 mm 
‘to avoid the risk of submicroscopic residual malignant cell in the 
perichondrium’ [19]. 

There are several reports of melanoma in the EAC (Figure 106.39), 
where the tumour is always removed with a margin of surround- 
ing cartilage and bone [30-33]. The authors justify this aggressive 
treatment because tumours at this specific location are often exten- 
sive, due to late diagnosis. 


Sentinel node biopsy 

The lymph node drainage of ear melanomas is unpredictable 
[16,34,35], as is true for many head and neck melanomas [36-41]. 
In a series of 111 patients undergoing lymphoscintigraphy for 
melanoma of the ear, lymphatic drainage occurred in a retrograde, 
antegrade or transaural pattern, although never contralaterally 
[42]. The SLNB procedure might therefore be less reliable on the 
ear. One retrospective study of 41 patients found a significantly 
lower rate of sentinel node positivity (10%) compared with other 
cutaneous sites (23%), despite similarity in other tumour prognostic 
features [43]. Some studies support this low positive SLNB rate of 
7-8% [1,844], although others report a high rate of 22-23% [6,45]. 
A low rate might reflect a less aggressive behaviour, or a higher rate 
of false negativity related to the variability of lymphatic drainage 
patterns. 

Despite the great variability, it has been demonstrated that SLNB 
is both feasible and useful in melanoma of the head and neck, includ- 
ing melanoma of the ear. Identification of the sentinel node is pos- 
sible in >90% of cases [20,34,35], with predominance of drainage to 
level IL. 

Two prospective randomised trials have reported on the outcome 
of patients with a positive sentinel node. The MSLT-2 and DeCOG 
trials randomised patients to either elective completion lymph 


(a) 


(b) 


Figure 106.39 (a) Lentigo maligna melanoma of Breslow thickness 2.5 mm, with 
extension into the auditory canal. The patient had been treated in the community for 
recurrent otitis externa. (b) A pigmented plaque arising on a background of shiny 
redness, with a papular component and superficial erosions. 


node dissection or nodal observation with radiological imaging 
[46,47]. The larger of these trials included 241 melanomas of the 
head and neck, although specific data for ear melanomas was not 
presented [46]. Neither trial demonstrated a survival benefit for 
having a completion lymph node dissection. This procedure is no 
longer routinely performed following a positive SLNB in patients 
with melanoma of the ear. However, adjuvant immunotherapy can 
provide a survival benefit and is the subject of ongoing research 
trials. 


Figure 106.40 Sebaceous naevus. An elongated plaque present since birth, with a 
papillomatous surface that appears pale and slightly yellow in places. 


Other lesions and tumours affecting 
the ear 


Benign lesions 


Benign mass lesions in the canal include exostosis and osteoma. 
Exostoses are usually bilateral, symmetrical, multiple, diffuse, 
broadly based growths of bone. Frequent exposure to cold water, 
such as from surfing, is an aetiological factor in nearly all cases. 
Somewhat similar are osteomas, although these can usually be 
differentiated by their solitary and unilateral distribution. 

Other benign lesions that may present in the canal are fibrous 
dysplasia — both monostotic and polyostotic (Albright syndrome), 
eosinophilic granuloma, cholesteatoma and keratosis obturans, 
benign ceruminous gland tumours, cartilaginous choristomas and 
temporomandibular joint herniation. Papillomatosis of the canal 
presents with multiple rounded papules; it has been associated 
with human papillomavirus (HPV) 6. A sebaceous naevus may be 
suspected from its presence since birth, but in darker skin types 
may lack the classical orange—yellow coloration (Figure 106.40). 


Premalignant lesions 


Because of its high level of exposure to UV radiation, especially 
in men, the auricle is a common site for premalignant lesions of 
epidermal origin. Other predisposing factors include prior ionising 
radiation, a chronic dermatosis such as lupus vulgaris and genetic 
factors such as xeroderma pigmentosum and Gorlin syndrome. 
The commonest premalignant lesion is the solar (or actinic) ker- 
atosis, which can occur on all sun-exposed aspects of the auricle, 
but is especially common on the upper surface of the helix. The clin- 
ical presentations include an red telangiectatic patch, a focal area 
of scaling or hyperkeratosis, or a cutaneous horn. Solar keratoses 
on the auricle are often multiple. Solar elastosis may be evident in 
the surrounding skin. With continued sun exposure, the dysplas- 
tic cells may involve the entire thickness of the epidermis. This is 
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Figure 106.41 Atypical fibroxanthoma. A firm fleshy tumour of the pinna. 


a squamous cell carcinoma in situ (or intraepidermal carcinoma or 
Bowen disease) and carries a higher risk of progression to SCC. A 
keratoacanthoma can closely resemble an SCC and should ideally be 
excised to ensure accurate diagnosis, unless it is clearly regressing. 

Several forms of treatment can eradicate premalignant lesions 
from the auricle, but there are no high quality trials to compare 
them. Options include cryotherapy, 5-fluorouracil, imiquimod, 
curettage, photodynamic therapy and excision. The choice will 
depend on a number of factors, including the need for a tissue 
diagnosis, size and location of the lesion, likely cosmetic outcome 
and the available facilities. Although most patients can be dis- 
charged following education on skin surveillance, follow-up is 
recommended for immunosuppressed patients [1]. 


Other lesions 


The dermatologist may also encounter sebaceous carcinoma, atypi- 
cal fibroxanthoma (Figure 106.41), trichilemmal carcinoma, Merkel 
cell tumour, carcinosarcoma, Kaposi sarcoma, angiosarcoma and, 
mainly in children, rhabdomyosarcoma. Lymphomas and pseu- 
dolymphoma may occur on the external ear (Figure 106.42). The 
ear may be involved by direct extension from tumours nearby, 
for example the parotid, and also by metastases from distant sites. 
Tumours of the ceruminous glands are rare. It is often difficult 
to distinguish between adenoma and carcinoma on histological 
grounds [2,3]. The tumours comprise benign and pleomorphic 
adenomas, adenocarcinomas, adenoid cystic carcinomas and per- 
haps others including mucoepidermoid carcinomas. The glandular 
tissue of a ceruminous adenoma has myoepithelial basal cells 


(a) 


(b) 


Figure 106.42 (a) B-cell lymphoma presenting as a purple nodular swelling in the 
retroauricular fold. (b) Erythematous swelling of the ear lobe due to infiltration by B-cell 
lymphoma. 


; Key references 106.35 


which are positive for CK5/6, S100 and p63 and luminal cerumi- 
nous cells which stain for CK7 [4]. Tumours of the cerumen glands 
have been reported in association with other sweat gland tumours 
elsewhere [5]. 

Isolated cases of syringocystadenoma papilliferum, apocrine cys- 
tadenoma, benign eccrine cylindroma, hidradenoma papilliferum 
and carcinomas of eccrine and sebaceous origin have also been 
reported [6,7]. Extramammary Paget disease of the external ear 
and/or canal [8,9] resembles Bowen disease or an inflammatory 
dermatosis. Cutaneous schwannoma can occur, with pain present 
in around a third of cases [10]. Folliculosebaceous cystic hamartoma 
is a rare cutaneous hamartoma comprised of follicular, sebaceous 
and mesenchymal elements, and has been described on the ear and 
preauricular skin [11]. 
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Introduction 


This chapter is not intended to be a comprehensive account of 
all diseases that affect the skin and eyes, for which there are sev- 
eral reviews [1-5,6,7]. The main focus is on those conditions that 
commonly occur in clinical practice and that present a problem 
with management. It is also intended to alert the dermatologist 
to conditions that might threaten visual acuity and require urgent 
referral to an ophthalmologist. Also, many systemic diseases affect 
both the skin and eyes, and ophthalmic assessment will be of help 


in making the correct diagnosis and in the long-term management 
of such patients. 


Anatomy and physiology of the eye [1,2] 


The eye and skin share a common embryological origin. The struc- 
ture of the lid, conjunctiva, lacrimal gland and associated drainage 
apparatus are of surface ectodermal origin while the remainder 
of the eye arises from epithelium of the ectodermal neural plate. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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The only mesodermal contribution to the eye is the myoblasts 
of the extraocular muscles. The anatomy of the eye is shown in 
Figure 107.1. The eye appendages are as follows. 


Eyebrows 

These hair-bearing areas rest on very mobile fat and muscle pads 
overlying the superior orbital ridge. Their mobility is important as a 
means of facial expression. The eyebrows help protect the eye from 
bright light and sweat. 


Eyelids 

The eyelids have distinct anatomical layers, comprising the skin 
with subcutaneous tissue and striated muscles that effect lid 
movement, the tarsal plate and conjunctiva (Figure 107.2). The 
grey line, an important anatomical landmark for surgical repair 
and pathological conditions of the lid margin such as blepharitis, 
divides the lid into an anterior lamella (skin and muscle) and a 
posterior lamella (tarsus and conjunctiva). The grey line represents 
the location of the marginal region of the orbicularis muscle (muscle 
of Riolan) seen through the lid skin. 


Figure 107.1 Anatomy of the normal eye. (a) The external 
appearance of the right eye. (b) Cross-section of the human eye. 


The skin is thin and modified in several ways to protect the eye- 
ball. It contains sebaceous glands associated with the fine hairs of 
the eyelashes (cilia) and both apocrine and eccrine sweat glands. 
There are about 300 eyelashes, arising in two rows along the eye- 
lid margin, two-thirds of which are in the upper lid. They have no 
associated erector muscles, but rudimentary sebaceous glands (of 
Zeis) are present. Some lashes, particularly those of the lower lid, 
are associated with ancillary apocrine sweat glands (of Moll). The 
ducts of these glands open both into the lash follicles and directly 
onto the anterior lid margin between the lashes. The eyelashes help 
to protect against foreign bodies impinging on the eyeball. Each lash 
follicle has a rich nerve plexus, which is easily excited — even faint 
touch initiates reflex lid closure. 

The tarsal plate of each eyelid gives the palpebral aperture shape 
and stability. They comprise dense, fibrous tissue surrounding 
modified sebaceous glands (meibomian glands). These secrete the 
outer lipid layer of the precorneal tear film through openings along 
the mucocutaneous junction of the eyelid margin. This lipid helps 
to stabilise the tear film and reduce evaporation. There are about 
30 glands in the upper tarsal plate and 20 in the lower. Meibomian 
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Figure 107.2 Cross-section of the upper eyelid. 


glands have up to 20 acini surrounding a central vertical duct and 
are visible through the conjunctiva. 

The eyelids are lined by a mucous membrane called the palpebral 
conjunctiva. It is reflected over the anterior portion of the eyeball 
up to the edge of the cornea as the bulbar conjunctiva. The folds 
formed by the reflection of the conjunctiva from the lids onto the 
eyeball are called the superior and inferior palpebral fornices. The 
conjunctiva contains numerous goblet cells secreting mucin into the 
tear film. It also contains about 50 accessory lacrimal glands and its 
substantia propria contains neural tissue, mast cells, lymphocytes 
and lymphoid follicles, which are important in mediating local 
immunological reactions. 

The striated muscle of the levator palpebrae superioris opens 
the eye, and the striated orbicularis oculi muscle closes it. Both 
are innervated by the facial nerve. Two divisions of the trigeminal 
nerve supply sensation to the eyelids; the upper lid and medial 
(inner) canthus are supplied by the ophthalmic division, and the 
remainder of the lower lid by the maxillary division. 

The eyelid has a rich blood supply, mainly through the medial 
and lateral palpebral arteries, which are branches of the oph- 
thalmic artery. There is also a rich anastomosis between adjacent 
arteries arising from the internal and external carotid. The blood 
drains through a network of veins to the facial and orbital veins 
and the cavernous sinus. Lymphatics drain the conjunctiva and 
tarsal plate to the post-tarsal plexus, and the skin and orbicu- 
laris to the pretarsal plexus. The medial canthus and lower lid 
subsequently drain to the submandibular nodes while the lat- 
eral canthus and upper lid drain to the parotid and preauricular 
nodes. 


Lacrimal glands 

The main lacrimal gland is a modified sweat gland located in 
the lacrimal fossa, a bony depression just under the upper and 
outer margin of the orbit. It produces an aqueous secretion, which 
discharges through a network of ductules onto the surface of the 
palpebral conjunctiva. In addition, there is a variable number of 
accessory lacrimal glands in the upper and lower conjunctival 
fornices. The lacrimal gland and accessory lacrimal glands are both 
innervated, but the accessory lacrimal glands lack parasympathetic 
innervation [3]. 


Precorneal tear film 
The eyelids make a vital contribution to the composition and sta- 
bility of the precorneal tear film. The precorneal tear film is now 
believed, based on spectral domain optical coherence tomography 
techniques, to be about 4 pm thick [4]. It is a layered structure 
consisting of a thin 50-100 nm outermost lipid layer secreted pri- 
marily by the meibomian glands with a lesser contribution from the 
eyelid glands of Moll and Zeis (as discussed earlier) and a central 
aqueous—mucous layer secreted primarily by the main lacrimal 
gland and accessory lacrimal glands of Krause and Wolfring, with 
additional fluid and electrolytes secreted by ocular surface epithe- 
lial cells. The aqueous—mucin pool contains soluble gel-forming 
mucins secreted by conjunctival goblet cells. Anchored to the apical 
plasma membrane of the corneal and conjunctival epithelial cells 
are transmembrane mucins, which contribute to formation of a 
glycocalyx. Blinking consists of a lateral to medial movement of the 
eyelids, which enables resurfacing of the tear film of the cornea and 
propels the tears to the punctum of the tear duct; from here, they 
are actively removed by the lacrimal pump mechanism through the 
lacrimal canaliculi into the common canaliculus and lacrimal sac, 
and then via the naso-lacrimal duct into the nose (Figure 107.3). 
The tear film has a number of functions: 
To supply oxygen and other nutrients to the cornea. 
To remove particulate matter from the surface of the eye. 
To prevent drying of the eye. 
To act as a lubricant and prevent adhesion of the palpebral to the 
bulbar conjunctiva. 
5 To protect the eye surface through its antibacterial role; it contains 
white blood cells, various proteins, lysozyme and immunoglob- 
ulins. 


PwoN 


Glossary of ophthalmological terms 


A glossary is provided in Table 107.1. 


Disorders affecting the eyebrows and 
eyelashes 


There is a wide variation in the colour, distribution and density 
of the eyebrow hairs. The inheritance of the appearance of the 
eyebrows is polygenic. Some hereditary variations are of no known 
significance, but others are associated with other development 
defects or are part of a recognised syndrome. 


Disorders affecting the eyebrows and eyelashes 107.3 
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Figure 107.3 The lacrimal apparatus of the right eye. 


Disorders of the eyebrows [1,2] 

Synophrys 

This term is applied when the eyebrows are profuse with a tendency 
to meet in the centre of the face. Synophrys is a feature of some 
genodermatoses. The eyebrows also tend to become more bushy in 
the ageing male for reasons that are unknown. Bushy eyebrows may 
also occur in other acquired forms of hypertrichosis, for example 
due to drugs such as diazoxide, and fusion of the eyebrows has been 
reported in kwashiorkor. 


Reduction in eyebrow hair density 

Some inherited diseases are characterised by hypoplasia of the 
eyebrows. Acquired conditions can cause sparsity or sometimes 
complete loss of the eyebrows. They may be the only site affected 
in alopecia areata. Thinning of the eyebrows occurs in hypothy- 
roidism, follicular mucinosis and secondary syphilis. Lepromatous 
leprosy causes thinning of the outer third of the eyebrows in the 
early stages, often with depigmentation, progressing to total loss of 
the brows and lashes. These changes do not occur in tuberculoid 
leprosy. Plucking the eyebrows for cosmetic reasons is common, 
but true trichotillomania (hair-pulling disorder) of the eyebrows is 
sometimes seen in clinical practice. It may mimic alopecia areata 
but there is typically a history of hair-pulling [3]. Dermoscopic 
findings are reportedly the same as those seen in the condition 
when it affects the scalp [4]. Any cause of repetitive rubbing or 
scratching can lead to hair loss. This can occur in the eyebrow area 
in seborrhoeic dermatitis, atopic eczema and psoriasis, for example. 
Scarring alopecia may result from inflammation, such as in discoid 
lupus erythematosus, frontal fibrosing alopecia, lupus vulgaris or 
secondary or tertiary syphilis. Scarring may also follow chemical 
and thermal burns or radiation. Drugs and toxins are a further cause 
of alopecia including in this area, as may occur with chemotherapy. 
Loss of eyebrows can be camouflaged by the use of eyebrow pencils, 
permanent tattooing or by a hair prosthesis glued in place daily. 
Bimatoprost has been proposed as a treatment for eyebrow loss, 
although the use of such topical prostaglandin analogues is more 
established for alopecia of the eyelashes [5]. 


Disorders of the eyelashes 

Trichomegaly [6-10] 

This may be due to a genetic trait. Increased growth of the eye- 
lashes has also been described in human immunodeficiency virus 
(HIV) infection and related to various drugs including ciclosporin, 
zidovudine, interferon, epidermal growth factor receptor inhibitors 
and topical prostaglandin analogues such as bimatoprost. The latter 
can be used for the treatment of hypotrichosis of the eyelashes 
and in alopecia areata [11]. However, chronic topical prostaglandin 
analogue use can be associated with worsening meibomian gland 
dysfunction leading to ocular surface inflammation and evapo- 
rative dry eye [12]. Long lashes also occur in some patients with 
phenylketonuria. 


Madarosis 

Madarosis is a decrease in the number of or complete loss of 
lashes [1]. Various causes have been recognised including alope- 
cia areata, chronic anterior lid margin blepharitis (Figure 107.4), 


Figure 107.4 Madarosis due to staphylococcal blepharitis. Courtesy of Mr J. Dart, 
Moorfields Eye Hospital, London, UK. 


Abnormalities of the eyelids 107.5 


Table 107.1 Glossary of ophthalmological terms 


Term 


Definition 


Anophthalmia 
Astichiasis 
Blepharitis 
Blepharochalasis 
Bruch membrane 
Chemosis 
Coloboma 
Dermatochalasis 
Distichiasis 
Ectropion 
Entropion 
Epicanthal fold 
Epicanthus inversus 
Epiphora 
Episcleritis 
Follicular inflammation 


Grey line 


Hypertelorism 


Hypopyon 
Keratitis 


Keratoconjunctivitis sicca 


Keratoconus 
Keratopathy 
Lagophthalmos 
Limbus 

Madarosis 

Pannus 

Papillary inflammation 


Phlyctenule 
Preseptal cellulitis 
Symblepharon 
Telecanthus 
Trichiasis 

Uveitis 


Absence of eye 

Absence of lashes 

Inflammation of the eyelid margin 

A rare syndrome consisting of recurrent bouts of upper eyelid oedema associated with thinning, stretching and fine wrinkling of the involved skin 

Retinal layer sandwiched between the retinal pigment epithelium and the vascular choroid 

Swelling or oedema of the conjunctiva, due to exudation from capillaries 

Congenital cleft created by failure of development of a portion of the eye or adnexal structures 

Loose and redundant skin of the eyelids, a common sign of periocular ageing 

Accessory row of eyelashes 

Eversion of the eyelid 

nversion of the eyelid 

Accessory fold of skin at the inner canthal region of the eye 

Lower lid fold larger than upper lid fold 

Excess tearing 

nflammation of the superficial scleral tissues 

nflammatory response of the conjunctiva characterised by discrete, round, elevated lesions of the conjunctiva with a vascular network around the 
follicle, diameter 0.5-5.0 mm. Composed of lymphocytes, macrophages and plasma cells; may form lymphoid follicles. Usually located in the 
inferior palpebral conjunctiva, sometimes superiorly 

An important anatomical landmark for surgical repair and pathological conditions of the lid margin such as blepharitis. The grey line divides the lid 
into an anterior lamella (skin and muscle) and a posterior lamella (tarsus and conjunctiva). It represents the location of the marginal region of 
the orbicularis muscle (muscle of Riolan) seen through the lid skin 

Increased distance between the two eyes measured radiologically 

Presence of pus in the anterior chamber 

Inflammation of the cornea. Various types are recognised, including: filamentary keratitis — the development of epithelialised mucous filaments on 
the corneal surface — and interstitial keratitis — inflammation of the corneal stromal layer 

Corneal and conjunctival inflammation associated with impaired tear secretion and ocular dryness 

Conical distortion of the central cornea as a result of a degenerative process in the stroma 

Corneal abnormalities including exposure keratopathy — from corneal exposure and drying of the cornea 

Persistent exposure of the eyeball despite closure of the eyelid 

Boundary between the cornea and sclera 

Loss of the eyelashes and/or eyebrow hair 

Vascularised corneal scar 

Inflammatory response of the conjunctiva characterised by elevated polygonal hyperaemic areas each with a central fibrovascular core, separated 
by paler areas. Diameter of 0.3 mm (micropapillae) to 2.0 mm; ‘giant’ papillae if >1.0 mm. Composed of polymorphonuclear leukocytes and 
other acute inflammatory cells, with epithelial hypertrophy. Typically occur on the tarsal conjunctiva and at the limbus 

Wedge-shaped, peripheral corneal or conjunctival nodule 

Cellulitis of the eyelids that has not penetrated through the orbital septum to involve the orbit 

Adhesions between the bulbar and palpebral conjunctiva resulting in complete or partial obliteration of the eyelid fornices 

Increased distance between the inner canthi 

Lashes that turn inward toward the cornea usually as a result of entropion 

Inflammation of the uveal tract. It is subdivided into anterior uveitis (which is the most common), intermediate uveitis, posterior uveitis and 
panuveitis. Anterior uveitis is subdivided into iritis, in which the inflammation predominantly affects the iris, and iridocyclitis, in which both the 
iris and the anterior part of the ciliary body (pars plicata) are equally involved. Intermediate uveitis involves the posterior part of the ciliary body 
(pars plana) and the extreme periphery of the choroid and retina. Posterior uveitis is inflammation located behind the vitreous base. Panuveitis is 
involvement of the entire uveal tract 


infiltrating tumours of the lid, burns, cryotherapy and radiotherapy, 


trichotillomania and discoid lupus erythematosus (see Figure 107.9e). 


Systemic diseases such as hypothyroidism and syphilis may also be 
responsible. 


Abnormalities of the eyelids 


These include dermatochalasis, blepharochalasis and lid laxity. 
Numerous developmental defects can affect the palpebral fissure or 
size and shape of the eyelids. A number of hereditary dermatoses 
affect the eyelids. 


Blepharochalasis 

Blepharochalasis is an eyelid condition that consists of chronic skin 
changes and episodic inflammation. This eyelid issue is bilateral 
and it tends to manifest in the upper eyelids. 


Dermatochalasis 

This is a condition in which the skin on the upper or lower eyelids 
loses its elasticity, causing it to sag and bulge. It is most commonly 
associated with old age, although certain inherited conditions, 
skin disorders, eye injuries and renal problems can also bring about 
dermatochalasis. 
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Ptosis 

Drooping of the eyelids on one or both sides is a common genetic 
defect. Mild ptosis commonly develops in the elderly due to the 
laxity of the connective tissue. There are many important acquired 
causes, such as third nerve palsy, Horner syndrome and myasthenia 
gravis, which require neurological referral. Ptosis may be associated 
with other ocular abnormalities. 


Skin diseases affecting the eyelids and periocular 
skin 

While noting that skin disease confined to the periocular area can 
be challenging to differentiate, a large number of dermatological 
conditions can affect the eyelids as part of a more widespread pro- 
cess [1]. The diagnosis can then usually be made by examination 
and investigation of the rest of the skin. Psoriasis and lichen planus 
can both involve the lids and cause considerable irritation. These 
are chronic diseases and management can become a problem with 
the potential for use of potent topical corticosteroids on the eyelids 
over a prolonged period of time. The topical immunosuppressants 
tacrolimus and pimecrolimus are effective and can reduce topical 
corticosteroid exposure in facial psoriasis [2]. Unilateral inflamma- 
tion of an eyelid raises the possibility of infective conditions, includ- 
ing dermatophytosis and mycobacterial infections. 


Psoriasis [3,4] 

Eye involvement can occur in 10-58% of patients with psoriasis, 
mostly in those with psoriatic arthritis. Men are more susceptible 
to ocular disease. Involvement of the eyelid gives rise to blephar- 
itis, madarosis and the development of psoriatic plaques. Chronic 
non-specific conjunctivitis may occur over time and lead even- 
tually to keratoconjunctivitis sicca with symblepharon formation 
and trichiasis. Conjunctivitis usually complicates eyelid margin 
involvement; white or yellow psoriatic plaques can spread from 
the lid on to the conjunctiva itself. Corneal changes are rare and are 
most commonly related to exposure and trichiasis. Anterior uveitis 
is rare but has been reported in patients with psoriatic arthritis and 
is similar to that seen in Reiter syndrome. Ocular psoriasis is treated 
with use of lubricants, topical corticosteroids and steroid-sparing 
topical calcineurin inhibitors where indicated. Patients with chronic 
eyelid involvement should be referred for ophthalmic assessment 
for possible impaired eyelid closure, and associated exposure 
keratopathy. 


Contact dermatitis [5-11] 

Contact dermatitis, whether irritant or allergic, is the responsible 
cause in approximately half of patients with periocular dermatitis. 
The remainder have manifestations of atopic or seborrhoeic eczema. 
The eyelid skin is very sensitive to primary irritants. These can cause 
dermatitis in their own right or can aggravate an underlying con- 
stitutional tendency in patients with either atopic or seborrhoeic 
eczema. 

Allergic contact dermatitis can present after many years of expo- 
sure to the culpable allergen. Clinically, it is characterised by severe 
itching, redness and swelling of the eyelid, progressing to the for- 
mation of vesicles. A wide variety of allergens have been reported 
as causing allergic contact dermatitis of the lid and include preser- 
vatives (used in cosmetics, topical medications (Figure 107.5) and 


Figure 107.5 Allergic blepharoconjunctivitis due to topical medication. Allergic eyelid 
skin reaction. Courtesy of Mr J. Dart, Moorfields Eye Hospital, London, UK. 


contact lens cleaning solutions), fragrances and various chemicals 
in cosmetic nail products. Patients with possible contact dermati- 
tis of the eyelids should be patch tested. A careful history is of 
paramount importance to ensure that the relevant allergens are 
included in the test battery. The possibility of transferring antigen 
from the hands to the eyelids needs to be considered. Maibach 
described the upper eyelid dermatosis syndrome in which patients 
have discomfort of the eyelids with or without dermatitis; this is 
thought to be unrelated to the use of cosmetics. 


Periorbital oedema [12,13] 
The subcutaneous tissue of the eyelids is lax and prone to oedema. 
There are many systemic and dermatological causes of eyelid 
oedema that must be considered. Systemic causes include glomeru- 
lonephritis, hypoalbuminaemia (especially nephrotic syndrome), 
cardiac failure, superior veno-caval obstruction and thyroid dis- 
ease. Some systemic infections, such as infectious mononucleosis 
and scarlatina, cause periorbital oedema. It may be the presenting 
feature of dermatomyositis and has been reported in systemic lupus 
erythematosus. 

The most common dermatological causes of periorbital oedema 
are angioedema, lymphoedema, allergic contact dermatitis (Figure 
107.6) and blepharochalasis; they are usually distinguished by 


Figure 107.6 Periorbital oedema as a manifestation of allergic contact dermatitis. 


the history. Angioedema is transient and often part of a more 
generalised urticarial eruption. Lymphoedema is persistent, tends 
to be worse first thing in the morning and improves during the day; 
it may be associated with underlying sinus disease or a chronic 
inflammatory condition such as granulomatous rosacea. Allergic 
contact dermatitis presents acutely with swelling, redness and 
itching. The typical eczematous scaling, which helps to differentiate 
this clinically from angioedema, may only become evident later. 
Blepharochalasis syndrome is an uncommon condition which may 
be inherited (autosomal dominant) or sporadic; it presents in the 
second decade with recurrent episodes of painless lid oedema, 
resulting in the development of excess skin and thickened subcuta- 
neous tissue which may require treatment by blepharoplasty. Senile 
orbital fat prolapse through a deficient orbital septum may mimic 
periorbital oedema but is differentiated by the fact that there is 
minimal fluctuation in the associated swelling. Periorbital oedema 
may be the presenting feature of rosacea. Melkersson—Rosenthal 
syndrome is a rare cause of isolated eyelid oedema which can pose 
a diagnostic challenge [14]. 


Changes in pigmentation [15-19] 

There are considerable racial and familial variations in the degree 
of pigmentation of the eyelids. Marked periorbital melanosis 
is seen as a genetic trait. Pigmentation of the periorbital skin 
can be post-traumatic, postinflammatory or can accompany 
melanocyte-stimulating hormone-induced melanosis of any cause. 
It can also be associated with metabolic syndrome and be a side 
effect of latanoprost eye drops. Infraorbital dark circles can be a sig- 
nificant aesthetic concern and are challenging to treat [20]. Chemical 
pigmentation can occur from prolonged use of a mercurial or silver 
preparation, producing a slate-blue or grey-brown discoloration. 
Mauve discoloration of the eyelids and periorbital area is an early 
part of chrysiasis from parenteral gold therapy. Grey discoloration 
can complicate long-term treatment with minocycline. Local hyper- 
pigmentation may also be due to cosmetics containing phototoxic 
agents, usually psoralens. Postinflammatory hyperpigmentation 
commonly follows dermatoses such as eczema and especially 
lichen planus and its variants. Dyspigmentation is also a frequent 
consequence of discoid lupus erythematosus. The eyelids may be 
involved in vitiligo. Hypopigmentation can complicate the use of 
topical medications including thiotepa eye drops and mercurial 
ointments. 


SKIN DISEASES AFFECTING TH 
EYELIDS 


Blepharitis, meibomian gland 
dysfunction, rosacea and seborrhoeic 
dermatitis [1-5] 


Definition and nomenclature 
An influential international workshop on meibomian gland dys- 
function (MGD) formalised definitions and terminology [2]. 


107.7 


Skin diseases affecting the eye and eyelids 


Blepharitis is a general term describing inflammation of the lid 
as a whole. Anterior blepharitis describes inflammation of the 
lid margin anterior to the grey line and concentrated around the 
lashes. It may be accompanied by squamous debris or collarettes 
around the lashes, and inflammation may spill onto the posterior 
lid margin, resulting in posterior blepharitis. Posterior blepharitis 
describes inflammation of the posterior lid margin, which may 
have different causes, including MGD, conjunctival inflammation 
(allergic or infective) and/or other conditions, such as rosacea. 
MGD is a chronic, diffuse abnormality of the meibomian glands, 
commonly characterised by terminal duct obstruction and/or quali- 
tative / quantitative changes in the glandular secretion. It may result 
in alterations of the tear film, symptoms of eye irritation, clinically 
apparent inflammation and ocular surface disease. MGD is further 
subcategorised into hyposecretory, obstructive and hypersecretory 
forms. 


Introduction and general description 

Table 107.2 classifies the five types of chronic blepharitis (including 
ocular rosacea) into those that principally affect the anterior lid 
margin structures (cutaneous margin with lash-bearing skin and 
associated glands) and those affecting the posterior lid margin 
(mucocutaneous junction, meibomian orifices). This classification 
corresponds with, and simplifies understanding of, the treatment 
of the different conditions, which differs between the anterior lid 
and posterior lid margin disorders but not between the individual 
conditions within each of these two groups. The commoner clinical 
signs of staphylococcal blepharitis are shown in Figure 107.7. Ocular 
rosacea is an important condition because of its severity and wide 
spectrum of clinical features (Table 107.3; Figure 107.8). 

In addition to these very common types of blepharitis, there are 
other chronic causes in which the pathogenesis is clear. These are 
all uncommon and are often misdiagnosed as one of the types 
of chronic blepharitis described in Table 107.2. They include fun- 
gal infection (e.g. Candida), parasitic infection (e.g. phthiriasis), 
protozoal infection (e.g. leishmaniasis), some neoplasms and 
autoimmune conditions such as lupus erythematosus; some of 
these are illustrated in Figure 107.9. They should be considered 
when therapy for conventional blepharitis fails. 

Acute blepharitis is a clearly defined group of conditions, for 
which the causes are summarised in Table 107.4. 


Epidemiology 

The epidemiology of blepharitis has been hampered by difficulties 
of disease definition, a lack of a standardised clinical assessment and 
the different perspectives of dermatologists and ophthalmologists 
[6,7,8]. 


Incidence and prevalence 

Chronic blepharitis is very common and makes up about 70% of 
ophthalmic referrals. MGD is the commonest cause of blepharitis 
and affects 20-40% of all patients consulting ophthalmologists for 
routine eye examinations. The reported prevalence of MGD varies 
widely, with a suggested higher prevalence (>60%) in Asian pop- 
ulations compared with a prevalence of 3.5-20% in white people; 
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Figure 107.7 Staphylococcal blepharitis. (a) Fibrinous ‘collarettes’ lifting away from the skin as the lashes grow. (b) Fibrinous scales on the anterior lid margin with the madarosis (loss 
of lashes) and poliosis (white lashes) that accompanies chronic blepharitis. (c) Follicular conjunctivitis with arrows showing the white/yellow follicles. (d) Localised ulcerative blepharitis. 
Sectoral disease like this is quite common in staphylococcal blepharitis which can also be largely unilateral. (e) Marginal keratitis with ulceration, a common corneal complication of 
staphylococcal blepharitis (fluorescence occurs in the area where an ulcer is present. Courtesy of Mr J. Dart, Moorfields Eye Hospital, London, UK. 
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Table 107.3 Clinical signs of ocular rosacea 


Signs Common Uncommon Rare 
Lid Meibomitis (Figure 107.8a) Entropion 
Seborrhoeic blepharitis 
Lid margin telangiectasia 
Lid notching 
Retroplacement of the 
mucocutaneous junction 
Chalazia (Figure 107.8b,d) 
Hordeoleum 
Conjunctiva Conjunctival hyperaemia Reticular and linear 
Papillary conjunctivitis tarsal scarring and 
fornix shortening 
(Figure 107.8a) 
Cornea Phlyctenular Pseudopterygium Corneal 
keratoconjunctivitis perforation 
Marginal corneal infiltration 
and ulceration 
(Figure 107.8c) 
Sclera and Episcleritis Scleritis 
episclera 


however, there is significant variation in disease definition and the 
age of the study groups in these studies [6]. Between 3% and 58% of 
patients with rosacea have ocular involvement; this wide variation 
largely reflects differences in disease definition. Approximately 
half of patients with rosacea have signs of ocular rosacea, while 
one-quarter of patients with ocular rosacea has no dermatological 
disease. In participants with all types of blepharitis, the prevalence 
of rosacea ranged from 26.7% to 44%, and that of seborrhoeic 
dermatitis was 32.9% [9,10]. 


Age 

In a case-control study conducted in San Francisco and Texas 
[1,11], the average age of onset of staphylococcal blepharitis was 
42 years, the mean age of participants with seborrhoeic blepharitis 
was 50 years, and that of MGD blepharitis patients was 50 years. 
Rosacea may be found in early childhood as well as in the elderly, 
but it is most often diagnosed at aged 30-50 [12]. 


Sex 

While staphylococcal blepharitis occurs more commonly in 
women (80%), the prevalence of seborrhoeic blepharitis, MGD 
and ocular rosacea is equal between men and women [1,13]. 


Ethnicity 

Asian ethnicity has been suggested to be a risk factor for MGD [6]; 
however, MGD is also more common in fair-skinned individuals 
due to its association with rosacea, which is more prevalent in this 
population [12]. 


Associated diseases 
See Table 107.2. 


Pathophysiology 

The pathogenesis of chronic blepharitis is, in general, poorly under- 
stood. There is some evidence to support hypotheses of pathogene- 
sis in staphylococcal blepharitis and in meibomian dysfunction. 


Predisposing factors 

Ophthalmic factors associated with MGD include contact lens wear, 
Demodex folliculorum and dry eye disease. Systemic factors that 
may promote MGD include, among others, androgen deficiency, 
menopause, ageing, Sjégren syndrome, hypercholesterolaemia, 
psoriasis, atopy, rosacea, hypertension and benign prostatic hyper- 
plasia (BPH). Medications associated with the pathogenesis of 
MGD include antiandrogens, medications used to treat BPH, post- 
menopausal hormone therapy (e.g. oestrogens and progestins), 
antihistamines, antidepressants and retinoids [6]. 


Pathology 

Staphylococcal blepharitis. In staphylococcal blepharitis there is an 
association with Staphylococcus aureus and S. epidermidis colonisation 
of the lid margins, although colonisation by S. aureus is often tran- 
sient and the numbers of either organism are often no greater than in 
normal controls [14] (Chapter 26). Although folliculitis, styes and lid 
margin ulcers may be due to infection by S. aureus, the persistence of 
lid inflammation after treatment and the sterile marginal ulcers are 
not explained by infection alone. The importance of cell-mediated 
immunity in the pathogenesis of the disease was shown by experi- 
mental studies in rabbits. When these were immunised with either 
whole S. aureus or with cell wall ribitol teichoic acid, ulcerative 
keratitis, phlyctenules and marginal corneal ulcers developed after 
secondary challenge, providing evidence for the hypothesis that 
these changes were due to the development of hypersensitivity to 
both viable and killed organisms [15,16]. These findings could not 
be reproduced for S. epidermidis. However, evidence for a similar 
pathogenesis in humans is lacking; the relationship between the 
clinical signs of staphylococcal blepharitis and hypersensitivity to 
subcutaneous injections of either whole S. aureus or of S. aureus cell 
wall protein A is poor. S. epidermidis is more often isolated than 
S. aureus from the lids of patients with staphylococcal blepharitis, 
but the role of a hypersensitivity response is assumed and not 
supported by any firm data [17]. The pathogenesis of the often 
severe follicular and papillary conjunctivitis that accompanies this 
condition is assumed to be due to a combination of transient infec- 
tion and hypersensitivity. Some researchers have hypothesised that 
toxins produced by the bacteria may cause irritation, but no specific 
toxin has been identified [18,19]. 


Demodex folliculorum infestation. Demodex folliculorum are small 
parasitic mites that live in hair follicles, sebaceous glands and 
meibomian glands. They are found in 30% of chronic blepharitis 
patients, but are also found with nearly the same prevalence in 
patients without blepharitis [20]. They may have a role in both ante- 
rior and posterior blepharitis. It is theorised that the infestation and 
wastage of mites cause blockage of the follicles and glands and/or 
an inflammatory response. Patients with recalcitrant blepharitis 
have responded to therapy directed at eradicating Demodex mite. 
Studies support its role in the activation of immune mechanisms in 
subtypes of rosacea (e.g. papulopustular rosacea [21]) and one study 
has found a correlation between serum immunoreactivity, ocular 
Demodex infestation, lid margin inflammation and facial rosacea [22]. 


Meibomian gland disease. The meibomian lipids (meibum) are a 
complex mixture of cholesterol esters and esterified unsaturated 


(c) 


(d) 


Figure 107.8 Ocular rosacea. (a) Scales on the anterior lid margin, meibomitis with posterior migration of the orifices associated with loss of the normal posterior lid margin 
architecture and scarring in the superior tarsal marginal sulcus. Entropion and trichiasis may result from this degree of scarring. (b) Meibomian dysfunction with blocked glands and 
small chalazia. (c) Corneal transplant following perforation of a marginal ulcer; also shows meibomitis. (d) Chalazion (meibomian gland cyst). (c) Courtesy of Mr J, Dart, Moorfields 


Eye Hospital, London, UK. 


fatty acids. These lipids are responsible for maintaining a stable 
tear film, reducing tear film evaporation (and, therefore, prevent- 
ing drying of the ocular surface) [23], preventing tear spill over 
the lid margins by lowering surface tension and reducing ocular 
surface contamination by sebum from the cutaneous surface of 
the lids, which otherwise forms dry spots. Three factors have been 
invoked as contributing to MGD: (i) keratinisation of the meibo- 
mian ductules; (ii) the effect of bacterial lipases on the meibum at 
the lid margin; and (iii) primary abnormalities in the production of 
meibum by individuals with MGD [24]. 

Normal meibomian gland ducts open just anterior to the muco- 
cutaneous junction. As the duct lining is partially keratinised, 
abnormalities of keratinisation, analogous to those present in the 
sebaceous glands of patients with rosacea, may be important in 
the pathogenesis of MGD by altering gland function. Bacterial 
lipases are produced by all the bacteria that colonise the lid margin 
and have the potential to break down meibum into free fatty acids, 


which destabilise the tear film [25]. These bacteria colonise the gland 
orifices, and expression of lipid from deeper within the glands can 
stabilise the tear film. Meibomian lipids differ between individuals 
and, as analytical methods increase in sensitivity, the relative roles 
of primary abnormalities of meibum and those secondary to the 
effects of bacterial lipases in the pathogenesis of MGD are likely to 
become clearer [26]. Neither the pathogenesis of the conjunctival 
inflammation that is common in meibomitis (and which is a feature 
of ocular rosacea), nor that of the keratitis in ocular rosacea, has 
been explained. 


Ocular rosacea. The precise aetiology and pathophysiology of 
ocular rosacea remains unknown, although different theories 
have been proposed [27,28] (Chapter 89). Molecular studies 
propose that abnormal recognition of common environmental 
stimuli leads to activation of pro-inflammatory systems as well as 
innate immune responses. Factors that trigger the innate immune 
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Figure 107.9 Rarer causes of chronic blepharitis. (a, b) Sebaceous carcinoma of the upper lid. (c, d) Blepharitis due to Phthirus pubis, showing the louse in (c) and the eggs (‘nits’) 
in (d). (e) Typical lid lesion of discoid lupus. (f) Cutaneous Leishmania infection of the upper eyelid. Diagnosis is by biopsy. (e) Courtesy of Mr J. Dart, Moorfields Eye Hospital, 


London, UK. 


system lead to increased expression of certain cytokines and 
antimicrobial molecules such as cathelicidin, which is vasoactive 
and pro-inflammatory [29]. Overreaction to environmental stimuli 
is believed in part to be due to elevated expression of Toll-like recep- 
tor 2 in the epidermis of rosacea patients via a complex interplay 
between a variety of mediators including matrix metalloproteinase, 


kallikrein 5, tumour necrosis factor « (TNF-a) and interleukins 
[27,28]. This leads to increased serine protease and cathelicidin 
production. Furthermore, tetracyclines, which improve the signs 
and symptoms of rosacea, inhibit the expression and activity of 
several matrix metalloproteinases, as well as a class of proteases 
that activate cathelicidin, thus supporting this theory. 


107.13 


Table 107.4 Causes of acute blepharitis 


Location Underlying diagnosis 


Folliculitis (infected lash follicles) 

External hordeoleum (stye) (Figure 107.24a) 
Angular blepharitis (at lateral canthus) 
mpetigo 

Herpes infection (Figure 107.22a) 
Chalazion (Figure 107.8b,d) 

nternal hordeoleum (Figure 107.24b) 
ecrotising fasciitis 


Acute anterior lid margin 


Acute posterior lid margin 


Generalised anterior and posterior 


Causative organisms 

Staphylococcal blepharitis is believed to be associated with staphy- 
lococcal bacteria on the ocular surface, but there are likely to be 
additional contributing factors, given that in some studies there 
is no difference in positive culture levels between controls and 
blepharitis patients. 

Demodex mites have also been considered a causative factor in 
blepharitis and papulopustular rosacea. Another proposed mecha- 
nism is that Demodex mites may act as vectors for other organisms 
such as Bacillus olenorius, which may be responsible for initiating 
the inflammatory response via stimulation of Toll-like receptor 2 
and the production of antigenic proteins [22]. 


Environmental factors 

It has been postulated that staphylococcal blepharitis occurs more 
commonly in warmer climates, while MGD may be more common 
in cooler climates [30]. 


Clinical features 
History 
See Table 107.2. 


Presentation 
See Tables 107.2 and 107.3. 


Clinical variants 
See Tables 107.2 and 107.3. 


Differential diagnosis 
See Table 107.5. 


Classification of severity 
A severity grading for MGD, which can be used to guide treatment, 
has been described [31]. 


Complications and co-morbidities 
See Tables 107.2 and 107.3. 

In severe and longstanding staphylococcal blepharitis, trichiasis 
(misdirection of eyelashes towards the eye), poliosis (depigmenta- 
tion of the eyelashes), madarosis (loss of eyelashes), eyelid ulcera- 
tion and eyelid and corneal scarring may occur [3]. 

Blepharitis due to MGD can be complicated by: 

1 Ocular surface damage with conjunctival and corneal involve- 
ment, including meibomian keratoconjunctivitis and phlyctenu- 
lar keratitis [32,33]. 


Skin diseases affecting the eye and eyelids 


Table 107.5 Differential diagnosis of blepharitis: other conditions associated with eyelid 
inflammation [3] 


Condition Entity 


Bacterial infections Impetigo (due primarily to Staphylococcus aureus) 
Erysipelas (due primarily to Streptococcus pyogenes) 
Herpes simplex virus 
Molluscum contagiosum 
Varicella zoster virus 
Papillomavirus 
Vaccinia 
Pediculosis palpebrarum (Phthirus pubis) 
Atopic eczema 
Allergic contact dermatitis 
Erythema multiforme 
Pemphigus foliaceus 
Ocular mucous membrane pemphigoid 
Stevens—Johnson syndrome 
Connective tissue disorders 
Lichen planus 
Discoid lupus erythematosus 
Dermatomyositis 
Graft-versus-host disease 
Crohn disease 
Melkersson-Rosenthal syndrome 
Psoriasis 
Ichthyosis 
Exfoliative dermatitis 
Irritant contact dermatitis 
Seborrhoeic dermatitis 
Other causes of erythroderma 
Pseudoepitheliomatous hyperplasia 
Actinic keratosis 
Squamous cell papilloma 
Sebaceous gland hyperplasia 
Haemangioma 
Pyogenic granuloma 
Basal cell carcinoma 
Squamous cell carcinoma 
Sebaceous carcinoma 
elanoma 
Kaposi sarcoma 
ycosis fungoides 
Chemical 
Thermal 
Radiation 

echanical 
Surgical 


Viral infections 


Parasitic infection 
Immunological conditions 


Other dermatoses 


Benign eyelid tumours 


Malignant eyelid tumours 


Trauma 


2 Evaporative dry eye [33]. 
3 Other ocular disorders including contact lens intolerance and 
recurrent corneal erosion syndrome [34]. 


Disease course and prognosis 

The natural history of MGD is not precisely known, but it is 
regarded as a progressive but treatable disease, in which therapy 
may prevent irreversible damage [33]. Therapy to prevent progres- 
sion is most important when the sight-threatening complications 
of ocular rosacea and severe staphylococcal blepharitis including 
corneal vascularisation, corneal thinning, perforation, pseudoptery- 
gium and corneal phlyctenules are first detected. One of the most 
important aspects of caring for patients with blepharitis is educating 
them about the chronicity and recurrence of the disease process, 
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and the likelihood that their symptoms can be improved but are 
rarely eliminated [3]. 


Investigations 

There are no specific diagnostic tests for blepharitis, which depends 
on recognition of typical clinical signs and symptoms for diagnosis. 
However, cultures of the eyelid margins may be indicated for recur- 
rent anterior blepharitis with severe inflammation, and for patients 
not responding to therapy. Microscopic examination of epilated 
lashes may reveal Demodex mites. A biopsy of the eyelid to exclude 
carcinoma should be considered in blepharitis unresponsive to 
therapy, especially if it is very asymmetrical, or in the context of 
unifocal recurrent chalazia which do not respond well to therapy. 

Meibomian gland disease may be diagnosed in isolation, or more 
commonly in association with dry eye or ocular surface damage. 
A series of tests may be performed in the ophthalmology clinic, 
first to diagnose generic dry eye and then to differentiate between 
MGD-related evaporative dry eye versus aqueous deficient dry 
eye. These may include the administration of a validated symptom 
questionnaire such as the OSDI (ocular surface disease index), 
measurement of blink rate and blink interval, measurement of 
lower tear meniscus height, assessment of tear film break-up time 
and the Schirmer test. Characterisation of MGD is by quantification 
of morphological features, meibum expressibility and quality, and 
meibomian gland drop out [33]. 

If testing suggests the diagnosis of a generic dry eye and tests 
of tear flow and volume are normal, then evaporative dry eye is 
implied, and quantification of MGD will indicate the meibomian 
glands’ contribution. This test sequence also allows a diagnosis 
of MGD, with or without ocular surface staining or dry eye, to be 
made. The grading scores for each test can be used to monitor the 
disease during treatment. 


Management 

The treatment of blepharitis is that of the underlying cause, if one 
can be identified. The blepharitis should initially be classified into 
either anterior or posterior lid disease or both (see Table 107.2). 
It is important to decide whether blepharitis is the cause of the 
symptoms; seborrhoea rarely causes symptoms and should not be 
used as a scapegoat to explain away symptoms possibly due to 
other, or undiagnosable, conditions. Other conditions that give rise 
to similar symptoms and signs (see Table 107.2) should be excluded 
or treated. Symptoms of dry eye, and associated skin disorders, 
should also be treated (Table 107.6). 

Diffuse folliculitis is generally caused by S. aureus and requires 
a course of an appropriate systemic antibiotic. Laboratory investi- 
gations are of limited value — bacteriology samples can be taken 
from lid margins using swabs dipped in trypsin digest broth, but 
these are usually only performed for recurrent disease that has not 
responded to initial therapy. 

Chalazia will resolve in time; approximately 60% of lesions will 
resolve in 6 months and the remainder will resolve spontaneously, 
given longer. Resolution of chalazia can be hastened by incision 
and curettage; the lid is incised, usually from the conjunctival 
surface, under local anaesthesia, and the necrotic granulomatous 
tissue in the centre of the lesion is removed with a curette. This 
leaves a linear conjunctival and tarsal scar. It is only recommended 


Aims of treatment 


Table 107.6 Treatment of chronic blepharitis 


Therapeutic guidelines 


For anterior lid margin disease 
Treat infection (may depend on 
local resistance patterns) 


Clean lid margins 


Lid hyperaemia and exudate 


For posterior lid margin disease 

Mechanically unblock 
meibomian glands 

Alter meibomian secretions 


For the tear film 
Restore tear film 


Staphylococcal and mixed 
staphylococcal/seborrhoeic groups 

Topical antibiotics (chloramphenicol or fusidic acid) 
4 times daily to lid margins or topical 
azithromycin drops 

Oral tetracycline or macrolide (especially for 
women of childbearing age or children) for 
10 days 

Tea tree oil lid scrubs for recalcitrant blepharitis due 
to Demodex 

‘Lid scrubs'*: 1-2 times daily with cotton pads 
dampened in boiled water or proprietary lid 
cleaning pads, to remove debris 

Topical chloramphenicol and hydrocortisone 
0.5-1.0% to lid margins 2-4 times daily for 
2 weeks 


Apply hot compresses to eyelid margins? to liquefy 
meibomian secretions 1-2 times daily 

Oral tetracycline (e.g. doxycycline 100 mg daily or 
lymecycline 408 mg daily) or macrolide (e.g. 
erythromycin 250-500 mg twice daily) for 
12 weeks minimum or azithromycin 500 mg 
daily for 3 days per week, for 3 weeks 


Artificial tears drops 2-4 hourly or carbomer gel 
3-4 times daily 


For associated conjunctivitis (papillary or mixed follicular and papillary) 


Reduce inflammation 


Treat associated skin disease 


For keratitis 

Coarse punctate keratitis and/or 
marginal keratoconjunctivitis 
and/or phlyctenules 

Corneal thinning and 
perforation 


Fluorometholone 0.1% 4 times daily for 1 week, 
progressively reducing to once daily over a 
further 4 weeks 

Consider topical ciclosporin as a steroid-sparing 

agent 

Treat coexisting seborrhoeic dermatitis 
conventionally with, for example, topical 
antiyeast agent 

Rosacea: oral lymecycline 408 mg or doxycycline 
100 mg once daily, or erythromycin 
250-500 mg twice daily for 12 weeks 


Fluorometholone 0.1% 4 times daily for 1 week, 
progressively reducing to once daily over a 
further 4 weeks? 

Exclude and treat any concomitant microbial 
keratitis and establish disease control by 
methods summarised above, apply tissue glue 
to perforations. Consider systemic 
immunosuppression (e.g. mycophenolate or 
azathioprine). Carry out tectonic corneal graft, 
if necessary, once the inflammation is controlled 


4 Lid scrubs, lid massage and low-dose systemic antibiotics take about 4-6 weeks to start 
to work. Do not assume that treatment has failed until at least 8 weeks on treatment 


has elapsed, and continue the regimen for a minimum of 2-3 months if benefit is 


shown. Then advise a maintenance regimen of lid scrubs (for anterior lid margin 


disease), hot compresses and tarsal massage (for posterior lid margin disease), + artificial 


tears. In the case of relapse, repeat a 3-month course of oral antibiotic treatment. 


> More prolonged courses of corticosteroid or more potent corticosteroids may be 
needed under specialist ophthalmological supervision. Topical ciclosporin has been 


shown to be effective for controlling inflammation in posterior blepharitis in small 


randomised trials and case series [36-39]. 


for cosmetic reasons or to improve vision in large lesions affecting 
the upper lid, which can cause temporary astigmatism. 

Practice points for dermatologists are that the association 
between blepharitis and skin disease is variable, that treatment 
with tetracyclines may be beneficial for both the ocular and derma- 
tological manifestations of these disorders, and that ocular rosacea 
and staphylococcal blepharitis may produce sight-threatening 
complications. 


First line (Figure 107.10) [31] 

Inform the patient about MGD and the potential impact of diet and 
environment on tear evaporation. Advise the patient on improving 
ambient humidity and increasing dietary omega-3 fatty acid intake. 
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Skin diseases affecting the eye and eyelids 


Institute eyelid hygiene with eyelid warming (once or twice daily) 
followed by moderate to firm massage and expression of meibomian 
gland secretions. 


Second line 

First line management plus artificial lubricants (for frequent use, 
non-preserved is preferred). Consider topical azithromycin, topical 
emollient lubricant or liposomal lubricant. 


Third line 

Try oral tetracyclines and lubricant ointment at bedtime, and con- 
sider anti-inflammatory therapy (topical steroids, topical ciclosporin 
[35-40]) as indicated. 


Anterior 


BLEPHARITIS | 


Posterior including chalazion 


Lid scrubs 1-2 times daily 


ti 


If staphylococcal infection: 
topical chloramphenicol or 
fusidic acid 4x/day to lid margins 


If infected chalazion: 
oral flucloxacillin 
or cephalexin 


Hot compresses and 
massage eyelids 
1-2 times daily 


ti 


Y ! 


lid margins 


If excessive hyperaemia and 
exudate: add topical 
hydrocortisone 0.5-1% to 


after >1 month: refer standing: incision 
to ophthalmologist. and curettage 
Oral doxycycline 


ti 


100 mg/day for 


If diffuse folliculitis or severe 
infection: oral lymecycline 
or erythromycin for 10 days 


6-12 weeks 


If not responding If chalazion long 


fi 


If recalcitrant blepharitis: tea 
tree oil lid scrubs for Demodex 


ti 


If still not responding to therapy: 
exclude any non-MGD cause 
(e.g. atopy, psoriasis, fungal) 


Seborrhoea: medicated soap and 
shampoo 
Rosacea: oral lymecycline 12 weeks 


V 


Is associated skin disease present? 


First line: artificial tear drops 


fi 


gel and/or ointment 


present? 


Are dry eye signs or symptoms 1 


Second line: topical steroid G. 


ti 


FML, prednisolone 0.5% or 


Is conjunctival inflammation 
(redness) persistent? 


dexamethasone 0.1% 4x/day. 
Consider topical ciclosporin as 
a steroid-sparing topical 


Figure 107.10 Management algorithm for blepharitis. 
MGD, meibomian gland dysfunction; FML, 
fluorometholone. 


medication, and for its 
independent effect on MGD 


Third line: systemic 
immunosuppression, e.g. 
1 mycophenolate 


Is punctate or 
marginal or 
phlyctenular 

keratitis present? 


Is corneal thinning or 

perforation present? Exclude infection 
Temporise with glue 

Consider tectonic corneal graft 


once inflammation is controlled 


_ __.| 
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Atopy and atopic eye disease 


Definition 
The atopic eye diseases comprise a group of disorders that have 
in common a papillary conjunctivitis and evidence of a type I 
allergic mechanism (Chapter 41). They include the milder con- 
ditions of seasonal allergic conjunctivitis (SAC) and perennial 
allergic conjunctivitis (PAC) and the more severe atopic keratocon- 
junctivitis (AKC), atopic blepharoconjunctivitis (ABC) and vernal 
keratoconjunctivitis (VKC). 

Atopic eczema is associated with these conditions. It commonly 
affects the eyelids but it is covered in Chapter 41 so will not be 
discussed in detail here. 


Introduction and general description 

The atopic eye diseases all involve immunoglobulin E (IgE) medi- 
ated hypersensitivity responses although each disease has specific 
immunogenic pathways. Ocular involvement in atopic patients 
ranges from 15% to 40% but is generally mild with features of 
SAC or PAC. Only a very small proportion of patients with atopic 
eczema have significant ocular disease. Table 107.7 summarises 
these disorders. Of these, only AKC and VKC can involve the 
cornea and threaten sight. They are often difficult to treat. The 
severity of symptoms is closely related to disease activity. Patients 
with minimal symptoms respond to simple topical measures and 
safe treatment with antihistamines and mast cell stabilisers. At 
the opposite extreme, acute exacerbations of AKC and VKC must 
be recognised and treated promptly as these may develop within 
hours and lead to blinding corneal complications within 1-2 days. 
ABC runs a similar course to AKC but has no corneal involvement 
and although infection with Staphylococcus aureus can be a signifi- 
cant complication, the disease in itself is not a potentially blinding 
condition. 


Epidemiology [1] 

Incidence and prevalence 

The incidence of allergic conditions has increased significantly 
over the past 40 years. It has been estimated that 15-40% of atopic 
patients have some ocular involvement although this is usually 
mild. SAC is the commonest form of atopic eye disease (90%) 
followed by PAC (5%). The remaining 5% is accounted for by AKC, 
ABC and VKC. 


Age 

Seasonal allergic conjunctivitis and PAC can occur in any age group. 
AKC and ABC begin in the late teens or early twenties and persist 
often until the fifth decade of life. VKC occurs mainly in children 
and 90% of cases resolve by adult life. 


Sex 
These diseases affect the sexes equally with the exception of VKC 
which is more common in boys than girls before puberty. 


Ethnicity 
These conditions affect all ethnic groups although VKC is more 
common in patients of African and Asian origin. 


Associated diseases 

Atopic keratoconjunctivitis is associated with a predisposition to 
staphylococcal lid and eye infections, and also herpes simplex lid 
and eye infections, such that bilateral herpetic eye disease is more 
frequently observed (usually herpetic eye disease is a unilateral 
condition). It is thought that susceptibility to these infections is 
related to impaired T-cell immunity in AKC patients. 


Pathophysiology [1-5] 
Predisposing factors 
There is usually a personal or family history of atopy. 


Pathology 

Recent advances in our understanding of the atopic eye diseases 
have come from investigation of the humoral mediators of inflam- 
mation in the tears and analysis of the cellular components by 
immunostaining and in situ hybridisation of conjunctival biopsies. 
These techniques have shown that SAC and PAC are primarily 
type I IgE-mediated hypersensitivity responses whereas the others 
show varying degrees of a coexisting type IV hypersensitivity 
response and also involve the production of cytokines by various 
effector cells. 

SAC and PAC show mast cells and eosinophils in the conjunc- 
tival mucosa and submucosa with high levels of locally produced 
IgE to specific allergens being present in the tears. Symptoms are 
due to the release of histamine and other inflammatory agents by 
mast cells which lead to dilated blood vessels, irritated nerve end- 
ings and increased secretion of tears. The diseases can be mimicked 
by topical instillation of allergens and are blocked by drugs that are 
active against mast cells. 

The pathogenesis of AKC and VKC involves both IgE-mediated 
type I and non-IgE-mediated type IV hypersensitivity responses, 
with the production of various cytokines by effector cells. These 
lead to the more severe inflammatory changes that cause corneal 
damage. AKC and VKC show the cellular components present 
in SAC and PAC but also increased fibroblast activity with con- 
nective tissue hyperplasia, CD4+ lymphocytes and plasma cells 
together with different subsets of mast cells. The T cells are prob- 
ably important inducers of the cellular inflammatory response in 
these diseases. Differences in AKC and VKC phenotypes may be 
explained by differences in the predominance of T-helper subsets; 
the Th1 subset involved in delayed hypersensitivity responses and 
inactivated by ciclosporin is more predominant in AKC than VKC 
in which the Th2 subset predominates with a B-cell helper role. 
Mast cells and eosinophils are found in larger numbers in VKC 
than AKC and functional heterogeneity in their populations may 
also be determinants of disease phenotypes. Eosinophils play a 
central role in atopic eye diseases and it appears that the level of 
eosinophil activation rather than the absolute number is relevant 
to the development of corneal disease. Eosinophils elaborate a 
host of cytokines and release cationic proteins including major 
basic protein, which is epitheliotoxic and has been identified in 
the tears in VKC. It is probably a major factor responsible for the 
development of corneal epithelial erosions and macroerosions. 
The presence of the latter, with the mucus and debris present 
in acute exacerbations of keratopathy, accounts for the forma- 
tion of plaque. Basophils have also been found to contribute to 


the atopic eye diseases through IgE-induced release of chemical 
mediators. 


Environmental factors 

These are most relevant in SAC and PAC where airborne allergens 
play a causal role. Symptoms for many patients are worse when the 
weather is warm and dry. 


Clinical features [1-12] 

History 

From the dermatologist’s perspective these patients will be under 
their care primarily for the management of atopic eczema but have 
or develop ocular symptoms. The dermatologist needs to be aware 
that any sudden deterioration of vision may herald one of the 
blinding complications of these diseases and should be treated as 
an emergency. 


Presentation 

The initial symptoms are similar for all the atopic eye diseases. 
Patients complain of itching, watering and the production of a 
sticky white mucus discharge. In the more severe variants of 
AKC, ABC and VKC exacerbations lead to rapid deterioration in 
symptoms. The itching may be superseded by extreme discomfort 
with soreness with a foreign body sensation and vision deterio- 
rates. The lids may be difficult to open in the morning because of a 
combination of discomfort and discharge. 


Clinical variants 

Seasonal allergic conjunctivitis is the commonest form of atopic eye 
disease often presenting with other features of hay fever: nasal and 
pharyngeal symptoms. The onset of symptoms is seasonally related 
to specific circulating aeroallergens most commonly grass and tree 
pollens. Ocular involvement is usually bilateral. The conjunctival 
surfaces are mildly injected and oedematous, and lid oedema and 
papillary inflammation along tarsal conjunctival surfaces are fea- 
tures (Figure 107.11). PAC is a variant of SAC that persists through- 
out the year although 80% of patients have seasonal exacerbations. 
Dust mites, animal dander and feathers are the most common aller- 
gic associations. SAC and PAC are mild and never affect the cornea. 
They are reversible upon removal of the causal allergen. 

VKC is a severe, chronic, ocular inflammatory process affecting 
children, which typically manifests as cobblestone papillae in the 
upper tarsal conjunctiva (Figure 107.12a). The condition presents in 
children aged 5-15 years old who often have a history of seasonal 
allergy, asthma and eczema. Presenting symptoms include intense 
pruritus, eye watering and redness with mucus production. There 
is a marked seasonal incidence with the most frequent onset in 
spring. In VKC, involvement of one eye may be minimal while the 
other is severely affected. Lid margin signs are uncommon in VKC 
although an extra lower eyelid crease from oedema may be present 
(Dennie line). The lower tarsal conjunctiva is usually less involved 
than the upper lid, which can be seen to be thickened and velvety 
with papillary inflammation when the lid is everted. Persistent 
forms of VKC are associated with subepithelial fibrosis that appears 
as a white linear scar running parallel to the lid margin (Arlt line). 
Progressive fibrosis gives rise to giant upper tarsal papillae known 
as cobblestone papillae. This occurs more commonly in VKC than 
in AKC. 
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(b) 


Figure 107.11 Seasonal and perennial allergic conjunctivitis (SAC and PAC) (a) Eyelid 
oedema and redness. (b) Upper tarsal papillary inflammation. (c) Lower tarsal papillary 
inflammation. 
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(b) 


(c) 


Figure 107.12 Vernal keratoconjunctivitis (VKC). (a) ‘Giant’ upper tarsal cobblestone 
papillae with mucous exudate in palpebral VKC. (b) Typical pale limbal papillae (Trantas 
dots) in limbal VKC. (c) Sclerosing variant of VKC. 


VKC spontaneously resolves in 95% of children after 10 years. 
Those with VKC who continue to suffer actively inflamed atopic 
eye disease in adulthood have disease which is then termed AKC. 
In burnt-out quiescent VKC there may be sheet-like scarring of the 
upper conjunctiva as evidence of previous fibrotic—inflammatory 
episodes. There are two clinical patterns of VKC, limbal and 
palpebral, depending on which part of the conjunctiva is mainly 


involved. Limbal VKC manifests with gelatinous macropapillae 
at the limbus (Trantas dots) (Figure 107.12b) and micropapillae 
on the upper tarsus. Palpebral VKC manifests with giant upper 
tarsal papillae (Figure 107.12a). Mixed forms show both limbal and 
palpebral disease. During exacerbations of VKC, the tarsal conjunc- 
tiva becomes very red and inflamed and covered with adherent 
mucus. In severe cases keratitis develops, most often in the upper 
cornea due to contact with cytokines released from the upper tarsal 
papillae. This initially manifests as punctate epitheliopathy and 
progresses to macroerosion, shield ulcer and then a vernal plaque. 
This results in severe discomfort to the patient with photophobia, 
tearing, pain and deterioration of vision. Central corneal scars 
may develop. VKC will threaten sight if it involves the cornea. A 
sclerosing variant of VKC has been observed, where the limbus is 
sclerosed and vascularised (Figure 107.12c), most likely a long-term 
fibrotic sequel of limbal VKC. In the majority of cases, VKC burns 
out by the age of 30 (<10 years after onset). 

AKC affects patients in their early twenties to fifties. AKC usually 
presents with itching, burning and tearing which is more severe 
than with SAC and PAC. The disease is usually bilateral and 
symmetrical. AKC can recur at any time during the course of the 
associated atopic disease and is independent of its degree of sever- 
ity. Patients with AKC may have prolonged exacerbations of the 
disease that are difficult to control, which are associated with red- 
ness, severe photophobia, pain and blurring of vision. Examination 
of patients with AKC shows severe eczema affecting the eyelids 
and periorbital skin often extending onto the cheeks. The associated 
blepharoconjunctivitis gives rise to thickened and inflamed lid 
margins (Figure 107.13e). Excessive tearing can result in maceration 
of the eyelid skin and secondary staphylococcal infection. AKC 
patients have an increased susceptibility to staphylococcal infec- 
tions as well as herpes simplex infections, which can involve the 
cornea (Figure 107.13d) and eyelid. The cornea infections are sight 
threatening, sometimes bilaterally, which is uncommon in non-AKC 
patients with herpes simplex keratitis. There may be an absence 
of the lateral eyebrows from chronic rubbing. The conjunctivae 
are chronically inflamed. Papillary hypertrophy of both upper and 
lower tarsal conjunctiva is usual in the early years of the disease 
and giant (compound) upper tarsal papillae may occur in some 
patients (Figure 107.13c). The conjunctiva is often so thickened by 
infiltrate that the tarsal vessels are obscured (Figure 107.13b) — later 
in the disease the papillae may be obscured by sheet scarring. 
Shortening of the inferior fornix develops in some patients and less 
often the medial and lateral fornices may be obliterated by scar 
tissue (Figure 107.13f). The bulbar conjunctiva is inflamed during 
exacerbations but otherwise grossly normal except for the limbal 
region which may be thickened and nodular with the presence of 
pinpoint Trantas dots at the apices of the nodules (Figure 107.13g). 
One of the more common corneal changes is pseudogerotoxon 
(Figure 107.13h), in which there is a limbal pannus giving rise to an 
arcus senilis-like appearance. 

ABC (Figure 107.14) runs a similar course to AKC but has no 
corneal involvement and is therefore not potentially blinding. It 
can, however, be associated with chronic staphylococcal infection 
with the associated risk of long-term complications. 

Key clinical features distinguishing the different variants of atopic 
eye disease are summarised in Table 107.7. 
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Figure 107.13 Atopic keratoconjunctivitis (AKC). (a) Normal upper tarsal conjunctiva; the tarsal vessels are clearly visible through the healthy conjunctival epithelium and substantia 
propria. (b) AKC with an infiltrated, papillary, upper tarsal conjunctiva. Compare with the normal tarsal conjunctiva in (a). (c) Giant upper tarsal papillae in AKC. (d) Bacterial keratitis 
complicating AKC showing a corneal infiltrate. The eyes of this patient are shown in (e), with atopic eczema localised to the eyelids; the eczema is often generalised. The right eye 
shows the infection in (d). (f) Inferior fornix and plical scarring. (g) Limbitis in AKC. (h) Pseudogerontoxon. (i) AKC anterior subcapsular ‘polar bear rug’ cataract. 


(h) (k) 


(i) 
Figure 107.13 (Continued) 
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Table 107.7 Clinical characteristics and distinguishing features and diagnosis of the atopic eye diseases 


Disease 


Disease course 


Conjunctival signs 


Corneal signs 


Disease associations 


Diagnostic tests 
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Periocular atopic eczema 


Seasonal allergic 
conjunctivitis (SAC) 


Perennial allergic 
conjunctivitis (PAC) 


Atopic 
keratoconjunctivitis 
(AKC) 


Atopic 
blepharoconjunctivitis 
(ABC) 

Vernal 
keratoconjunctivitis 
(VKC) - palpebral, 
limbal and mixed 
forms 


Onset variable but often 
in childhood 
Varies in severity 
over time 
Onset 5-20 years 
Spontaneous remissions 
common 
Rare in old age 
Strikingly seasonal 
As for SAC but 
symptoms all year 
round with seasonal 
exacerbations 
Onset between 20 and 
50 years 
Chronic course over 
many years 
(Figure 107.13e) 
Spontaneous resolution 
in old age 
Non-seasonal 


As for AKC 


Onset between 5 
and 15 years. 
Spontaneous 
resolution in 95% 
after 10 years 
Seasonal exacerbations 
usual 


Typically none 


Hyperaemia, stringy white 
discharge, oedema, 
micropapillae if severe 


Hyperaemia, stringy white 
discharge, micropapillae 
common 


Micropapillae with intense 
infiltrate (Figure 107.13b). 
Reticular and sheet 
scarring. Shortened 
fornices in some cases 

Trantas dots? 


Micropapillae with intense 
infiltrate, reticular scarring 


Palpebral form: giant upper 
tarsal papillae 
(Figure 107.12a) often 
bilaterally asymmetrical 

Limbal form: micropapillae on 
upper tarsus but gelatinous 
macropapillae at limbus 
(Figure 107.12b) 

Trantas dots in both 

Mixed form: combines 
features of both diseases 


None 


None 


None 


Punctate epithelial 
keratopathy, pannus, 
macroerosion? and 
plaques 

Pseudogerontoxon4 

Herpes keratitis and bacterial 
keratitis (Figure 107.13d) 

common 


None 


Palpebral form: punctate 
epithelial keratopathy 
affecting upper half of 
cornea. Adherent mucus 
appearing as superficial 
syncytial opacity 
progressing to 
macroerosion, shield ulcer 
and then vernal plaque 

Limbal form: keratopathy 

extending in from limbus 
with associated epithelial 
dysplasia 


@Trantas dots: white, pinhead-sized dots consisting of eosinophils and necrotic epithelial cells usually at the limbus. 
5 Macroerosion: large epithelial erosions usually in the upper half of the cornea. 
© Plaque (vernal plaque): laminated structure of protein and polysaccharide adherent to the anterior stroma with destruction of the Bowman layer. 
4 Pseudogerontoxon: arcus-like appearance in relation to limbal pannus; may disappear in remissions. 


Personal or family history 
of atopy 


Personal or family history 
of atopy including 
atopic eczema 


Personal or family history 
of atopy including 
atopic eczema 


Systemic: atopy and 
atopic eczema in all 
cases 

Ocular: staphylococcal lid 

disease, cataract, 
keratoconus, herpes 
simplex keratitis (often 
bilateral) 


Personal or family history 
of atopy 


Ocular: keratoconus and 
cataract 
(Figure 107.13i) 

Systemic: atopy in variable 
proportions from 0% to 
100% depending on 
geographic location 
(atopy common in 
northern Europe but 
rare in Middle East) 


Cytology: usually normal. Serum 


and tear IgE often elevated 
but not diagnostic 


Cytology: shows eosinophils 
and mast cells. Serum 
immunoglobulin E (IgE) 
elevated. Skin prick tests 
positive to many allergens 
but not diagnostic 

Upper tarsal conjunctival punch 

biopsy: the gold standard for 
disease confirmation after a 

2-week abstention from use 

of topical corticosteroids 

Tear IgE: useful unless the 

serum IgE is very high 


Differential diagnosis 

The clinical features together with a personal or family history of 
atopy are usually sufficient for diagnosis. Diagnostic dilemmas 
usually occur in two settings: firstly, in those patients who do 
not respond to appropriate topical therapy as expected to control 
the disease process before starting systemic immunosuppression; 
secondly, in cases of conjunctival scarring to differentiate AKC from 
other causes of cicatrisation such as primary Sjégren disease, rosacea 
and mucous membrane pemphigoid (MMP) (see Table 107.10). 


Classification of severity 
There are no generally accepted or validated classifications of 
severity in these diseases; however, for the purposes of evaluating 


response to therapy in a treatment trial, severity grading scores 
have been used [13]. 

The more severely affected patients with AKC have associated 
blepharoconjunctivitis and corneal disease formation of an atopic 
cataract (Figure 107.131) and are particularly vulnerable to infection 
with Staphylococcus aureus and herpes simplex virus. The corneal 
epithelium reveals punctate scarring with fluorescein and limbal 
inflammation with Trantas dots (Figure 107.13g). More severely 
affected patients can develop changes of a cicatrising conjunc- 
tivitis with subepithelial fibrosis, shallowing of the conjunctival 
fornix obliterated by scar tissue and symblepharon formation 
(Figure 107.13f). Corneal scarring and neovascularisation can lead 
to blindness. 
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Figure 107.14 Atopic blepharoconjunctivitis (ABC). 


Complications and co-morbidities 

Cataracts occur in 8-12% of patients with severe atopic eczema, 
particularly young adults. They characteristically affect the anterior 
lens giving rise to a ‘polar bear rug’ appearance (Figure 107.13i). 
Posterior subcapsular cataracts are also present due to steroid usage. 
Keratoconus occurs in a small percentage of patients with AKC 
and VKC adding a further complexity to management — conversely, 
16% of patients with keratoconus have atopic eczema. Patients with 
atopic eye disease are at risk of glaucoma because of the long-term 
use of topical steroid. It is difficult to treat, often requiring complex 
surgical procedures. 


Disease course and prognosis 
This is covered in the clinical variants section. 


Investigations 

Laboratory investigations may be required in patients who do not 
respond to therapy or who require topical or systemic immunosup- 
pressive therapy for the relief of symptoms or when the diagnosis 
is uncertain. Raised serum IgE levels may be helpful in supporting 
a diagnosis of atopy, but skin prick testing is of limited value as the 
results do not necessarily identify the causal allergens. Ophthalmic 
investigations (upper tarsal conjunctival punch biopsy, tear IgE 
evaluation, impression cytology of the upper tarsal conjunctiva) 
are the province of the ophthalmologist and are summarised in 
Table 107.7. 


Management [5,13-20,21] 

Most cases of atopic eye disease are managed with topical ocular 
therapy which has no effect on the dermatological aspects of the 
disorder. Because of the potential sight-threatening complications 
more severe atopic eye disease (VKC, AKC) is best managed by 
a specialist ophthalmologist with an interest in these conditions. 
Treatment with courses of systemic agents when needed either 
for the dermatological or ophthalmological aspects of atopy is 
clearly going to be beneficial to the management of both. The risk 
of cataract and especially glaucoma with the use of potent topical 
steroids in the periocular skin demands that regular screening is 
carried out. Use of steroid-sparing topical calcineurin inhibitors 
(tacrolimus, pimecrolimus) is therefore preferable. 


First line (Figure 107.15) 

Simple measures of allergen avoidance, use of cold compresses 
and lubrication with preservative-free artificial tears are helpful 
first-line steps. An addition of a potent topical antihistamine or 
a systemic antihistamine may help relieve itch in some patients. 
Any long-term systemic antihistamine intake can lead to dry eye, 
the clinical features of which can complicate the ocular allergy 
features. Topical cromones are mast cell stabilisers (sodium cro- 
moglycate 2-4% or the more recently introduced nedocromil or 
lodoxamide), and are helpful as first line treatments given once to 
four times daily depending on symptoms. Topical olopatadine and 
ketotifen fumarate combine the effects of a cromone with that of an 
antihistamine and are probably used more widely than cromones 
as a first line drug. These treatments are very safe and do not 
require ophthalmological supervision but are only effective for very 
mild disease. Cromones are often not tolerated until the inflam- 
mation is brought under control with high-dose topical steroids 
such as dexamethasone 0.1% or prednisolone 0.5%. Because of the 
attendant risk of glaucoma and steroid-induced cataract, topical 
ciclosporin and a less potent topical steroid (e.g. fluorometholone 
or hydrocortisone 0.335%) should be substituted as soon as the 
disease is brought under safe control. Topical calcineurin inhibitors 
(ciclosporin, tacrolimus) are used topically wherever possible as 
corticosteroid-sparing drugs. Novel agents, such as Janus kinase 
(JAK) inhibitors may be useful agents, on the horizon for these 
disorders [22]. 


Second line 

The addition of topical calcineurin inhibitors is effective because 
T cells play a central role in the pathogenesis of the disease. 
Ciclosporin inactivates calcineurin which then inhibits T-cell acti- 
vation and interleukin 2 (IL-2) production. It also inhibits histamine 
release from mast cells. Various preparations of topical ciclosporin 
are available for different regions, both for ocular allergy and 
for dry eye, including 0.05% and 0.1% concentrations, as well 
as an unlicensed 0.2% veterinary ointment formulation. Topical 
ciclosporin is more soluble in an oily vehicle, although this stings 
on application. Adverse effects apart from stinging are infrequent, 
so introduction of the drug for patients requiring high doses of topi- 
cal corticosteroid has allowed the reduction or complete withdrawal 
of corticosteroid in many cases. Topical ciclosporin is best tolerated 
if introduced during remissions. Both the 1% and 2% concentrations 
have been reported to be safely used in children with VKC for up 
to 4 years, with no reports of malignancy or infection. 

Topical tacrolimus (0.03% and 0.1%) ointment and pimecrolimus 
cream are both also useful as steroid-sparing agents when applied 
to the eyelids. There is also some benefit from spreading onto the 
conjunctival surface in treating other aspects of the disease. 

Severe staphylococcal blepharitis often accompanies AKC and 
ABC and can be treated with a course of azithromycin followed 
by local therapy with an antibiotic ointment to which the skin 
flora are sensitive, usually chloramphenicol together with a topical 
ophthalmic corticosteroid ointment such as hydrocortisone 0.5% 
or 1% applied to the lids. Combined preparations often contain 
aminoglycosides which frequently cause toxicity or allergy and 
should be avoided. 
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MANAGEMENT OF ALLERGIC EYE DISEASE 


Y 


Cool compresses 
Artificial tears 
Allergen avoidance 


itch? 
No Severe itch? Yes 


Topical olopatadine or ketotifen 
or cromones (SCG, lodoxamide) 
If still itchy: oral antihistamines 

and/or add another topical 
antihistamine, e.g. emedastine 


| Severe conjunctival inflammation or vision affected? 


Nof y Yes 


Continue as above | Refer to ophthalmologist for: 


ee rE rn 


First line for inflammation: Investigation and treatment 
Topical olopatadine of cause of visual 
Topical steroids, e.g. FML, prednisolone 0.5% deterioration, e.g. 
Lubricants corneal ulcer, cataract 


Second line: 


Topical ciclosporin (steroid-sparing) to eye History of previous 


\ 


Topical tacrolimus or pimecrolimus to eyelid HSV? 
skin 
| Yes 
Third line: 
Systemic immunosuppression, No Oral antiviral 


e.g. oral ciclosporin or azathioprine prophylaxis 


Consider dupilumab for severe atopic eczema 


2 


—— 4 


Is severe eyelid inflammation 
and skin fissuring present? 
No Yes 


Continue as above 


Staphylococcal blepharitis: oral azithromycin + 


Figure 107.15 Management algorithm for allergic eye disease. 
FML, fluorometholone; HSV, herpes simplex virus; SCG, sodium 
cromoglycate. 


topical chloramphenicol 
HSV blepharitis: topical + oral aciclovir 


Herpetic blepharitis may require treatment with local aciclovir 
ointment, and corneal involvement may require systemic aciclovir 
therapy combined with appropriate topical steroid (see the herpes 
infection sections later in this chapter). 


Third line 
Systemic immunosuppression is needed for severe exacerbations 
of disease; a 3-4-week course of systemic corticosteroids starting 
with prednisolone at a dose of 60 mg/day may be necessary to 
bring the disease under control while topical therapy is being 
introduced. Systemic steroids also carry a risk of glaucoma, but 
topical application of corticosteroid around the eyelids probably 
constitutes a higher risk. 

Patients with a previous history of ocular herpes simplex virus or 
with serological evidence of previous exposure to herpes simplex 
virus, should be aware that they may develop herpes keratitis while 


on systemic or topical steroids. Patients who have had previous 
episodes of ocular herpes simplex should receive prophylaxis with 
oral aciclovir 400 mg BD (or valaciclovir 500 mg OD); topical pro- 
phylaxis is unnecessary and may complicate the clinical signs in 
patients with complex keratoconjunctivitis. Patients with AKC are 
predisposed to bilateral herpes keratitis and prophylactic antivirals 
are advisable when they are using corticosteroids. 

Patients with severe or resistant AKC may benefit from oral 
immunosuppressive agents such as ciclosporin, azathioprine, 
mycophenolate mofetil and methotrexate. These are also likely to 
be beneficial for any associated eczema. 


Future therapeutic agents 

New biologics to modify T- and B-cell responses are all being tri- 
alled. Anecdotal reports suggest that omalizumab can be helpful in 
atopic eye disease. 
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Cicatrising conjunctivitis associated 
with immunobullous disorders 


Definition and nomenclature 

Cicatrising conjunctivitis is conjunctival inflammation with pro- 
gressive scarring. The immunobullous disorder mucous membrane 
pemphigoid (MMP) is the commonest cause of progressive con- 
junctival cicatrisation [1] (Chapter 50). 


Synonyms and inclusions 
© Cicatricial pemphigoid (CP) 


¢ Ocular cicatricial pemphigoid, benign mucous membrane pemphigoid 


¢ Oral pemphigoid 


e Desquamative gingivitis, and incorrectly ocular pemphigus 


Introduction and general description 

Mucous membrane pemphigoid was previously referred to as 
a number of synonyms, as well as ocular pemphigus, which is 
incorrect. MMP was deemed the most appropriate nomenclature 
in a 2002 consensus document [2]. The other synonyms should no 


longer be used for MMP. 


Although uncommon, cicatrising conjunctivitis is one of the most 
difficult management problems in ophthalmology because of the 
widespread effects on the ocular surface, leading to corneal blind- 
ness in many patients. The classification of cicatrising conjunctivitis 
follows the dermatological classification of immunobullous and 
other autoimmune mucocutaneous disorders, although not all of 
the dermatological disorders are associated with conjunctivitis. The 
severity of the conjunctival involvement varies but is mild, without 
scarring, in pemphigus vulgaris, with variable degrees of scarring 


and severity in the remainder. 


Early diagnosis and treatment of progressive conjunctival cica- 
trisation is important to try to prevent irreversible sequelae. 
Table 107.8 lists the different causes of progressive versus relatively 
static conjunctival cicatrisation. Henceforth, this section will focus 
on the commonest causes of autoimmune cicatrising conjunctivitis, 
first MMP, then erythema multiforme and graft-versus-host disease 


(GVHD). 


Mucous membrane pemphigoid [2,3,4,5-7] 


Introduction and general description 

Mucous membrane pemphigoid is an immunologically hetero- 
geneous group of systemic autoimmune disorders that share a 
cicatrising clinical phenotype, affecting mucous membranes and 
skin. Disease may be localised to one site or may affect multiple 
sites (Chapter 50). The proportion of patients with ocular involve- 
ment alone varies from 18% to 50%; these differences are likely to 
reflect differences in the referral base for each series. About 60% of 
patients presenting to a dermatology clinic will have conjunctival 
involvement, in addition to skin disease. 


Table 107.8 Differential diagnosis of cicatrising conjunctivitis 


Static or very slowly progressive 


conjunctival scarring Progressive conjunctival scarring 
1 Trauma — physical, chemical, thermal, 1 Neoplasia — squamous cell 
radiation injury, artefacta carcinoma, sebaceous carcinoma, 
ymphoma 
2 Infection: 2 Immunobullous disorders: 
Trachoma ucous membrane pemphigoid 
Membranous streptococcal conjunctivitis Paraneoplastic MMP. 
Adenoviral conjunctivitis (antilaminin-332 MMP) 
Corynebacterium diphtheriae Drug-induced ocular MMP 
Chronic mucocutaneous candidiasis Linear IgA disease 
Epidermolysis bullosa acquisita 
Paraneoplastic pemphigus 
Dermatitis herpetiformis 
3 Allergic eye disease: 3 Other mucocutaneous disorders: 
Atopic keratoconjunctivitis Lichen planus 
Vernal keratoconjunctivitis SJS/TEN? 
4 Drug-induced conjunctival cicatrisation 
DICC)a® 
5 Mucocutaneous disorders: 
SJS/TEN? 


Graft-versus-host disease 

Discoid and systemic lupus 
erythematosus‘ 

6 Immunobullous disorders: 

Linear IgA disease? 

Epidermolysis bullosa acquisita® 

Bullous pemphigoid 

Pemphigus vulgaris 

Dermatitis herpetiformis 

7 Systemic disease: 

Rosacea 

Sjogren syndrome 

Sarcoidosis‘ 

Scleroderma 

Granulomatosis with polyangiitis 

Inflammatory bowel disease 

Ectodermal dysplasia? 

Immune complex diseases 

Porphyria cutanea tarda 

Erythroderma ichthyosiform congenita 


Adapted from De Rojas et a/. 2007 [22]. 

A subset of patients with these diseases may develop autoantibody-positive progressive 
conjunctival scarring similar to ocular MMP. 

> Associated with granulomatous conjunctival inflammation. 

©Rare cases can develop progressive scarring. 

IgA, immunogobulin A; MMP, mucous membrane pemphigoid; SJS, Stevens-Johnson 
syndrome; TEN, toxic epidermal necrolysis. 


Epidemiology 

Incidence and prevalence 

Unambiguous data on the epidemiology of MMP are difficult to 
obtain because studies have been based on the site of involve- 
ment. A UK ophthalmic surveillance study found the incidence of 
ocular MMP to be 0.8 per million UK population, and the overall 
incidence of cicatrising conjunctivitis (including MMP, Stevens— 
Johnson syndrome (SJS) and other causes) to be 1.3 per million 


107.25 


Skin diseases affecting the eye and eyelids 


UK population [1]. A French study of MMP patients presenting to 
dermatologists reported an incidence of 1.13 per million/year [8]. 
In ophthalmology centres, MMP affects between 1 : 8000 and 1 : 
46 000 patients. 


Age 
The age range is 30-90 years with peak onset in the seventh decade, 
although patients may rarely present in childhood. 


Sex 
The male : female ratio is most commonly 1 : 3. 


Ethnicity 
No racial or geographic predilection to MMP is reported. 


Associated diseases 

Mucous membrane pemphigoid is associated with other autoim- 
mune disorders including Sj6gren syndrome, rheumatoid arthritis, 
systemic lupus erythematosus and polyarteritis nodosa. The 
antilaminin-332 (or antiepiligrin) subtype of MMP is associated 
with solid organ malignancies. 


Pathophysiology 

Predisposing factors 

In the eye, drug-induced MMP (also known as pseudopemphigoid 
in the ophthalmic literature), SJS, toxic epidermal necrolysis (TEN) 
and ectodermal dysplasia [9-11] can also lead to the development 
of autoantibodies against basement membrane, and a clinical and 
immunopathological phenotype typical of ocular MMP. This sug- 
gests that chronic conjunctival damage can precipitate MMP in 
susceptible individuals, perhaps via epitope speading (the devel- 
opment of immune responses to endogenous epitopes secondary 
to the release of self-antigens during a chronic autoimmune or 
inflammatory response). Thus ocular MMP may be a final common 
pathway following various conjunctival insults. 


Pathology 

Current evidence suggests that MMP develops as a consequence 
of the loss of immunological tolerance to structural proteins in the 
basement membrane. This results in the production of circulating 
autoantibodies that bind the basement membrane and weaken 
adhesion of the overlying epidermis or mucosal epithelium, via 
inflammatory mechanisms in the case of autoantibodies to bul- 
lous pemphigoid antigen 2 (BPAG2) [12] or via non-inflammatory 
mechanisms in the case of autoantibodies to laminin-332 [13,14]. 
While the pathogenic activity of experimental or patient IgG versus 
the NC16A domain of BPAG2, and that of IgG versus laminin-332, 
have both been shown in passive transfer studies, the pathogenic 
activity of IgG versus integrin subunits «6 or B4 has not yet been 
shown. However, the latter IgGs against integrin subunits have 
been shown to induce basement membrane separation in skin 
organ culture models. 

MMP is a heterogeneous group of disorders, with different 
subtypes identified according to the autoantigens recognised by 
circulating autoantibodies. Autoantigens identified include: the 
NC16 and C-terminal regions of BP180 in oral and other forms of 


MMP (ocular, nasal, hypopharyngeal); the integrin subunit 64 in 
some ocular MMP patients; the integrin subunit «6 in some oral 
MMP patients; laminin-332 in antiepiligrin MMP; and the NC1 
domain of collagen VII [15]. 

In the eye, irreversible blinding consequences occur as a result 
of two main pathological processes: excessive inflammation (lead- 
ing to limbal stem cell failure and/or corneal vascularisation) and 
fibrosis (trichiasis and entropion leading to corneal ulceration and 
microbial keratitis, and severe dry eye). 


Inflammation. Immunohistology and cellular phenotyping stud- 
ies have described the inflammatory cellular response in human 
ocular MMP, giving detailed phenotypic information but lim- 
ited functional information [16]. In acute disease, subepithelial 
bulla formation is accompanied by inflammatory infiltration of 
the substantia propria by neutrophils, macrophages, dendritic 
antigen-presenting cells and some plasma cells, together with an 
increase in CD4 (helper) T cells, which probably reflects their role in 
recruiting other inflammatory cells. The cytokine profile observed 
in the acute phase of MMP indicates a mixed helper T-cell type 1 
(Th1) IL-2, interferon y (IFN-y) and type 2 (Th2) IL-4, IL-5 and IL-13 
response [17,18]. 

In chronic disease, macrophages and T cells are present, of which 
the Th1 subset is active, as demonstrated by the presence of the 
cytokines IL-2 and IFN-y, as opposed to the Th2 subset that is 
involved in B-cell activation. This, coupled with the low numbers 
of B cells but increased number of plasma cells, suggests that B-cell 
activation must be occurring in the extraocular tissues with homing 
of mature plasma cells to the conjunctiva. Major histocompatibility 
complex (MHC) class II expression is increased, suggesting the 
potential for local antigen presentation to T-helper cells. There is 
a slight increase in activated T cells, which are involved in the 
recruitment of fibroblasts and macrophages. 


Fibrosis. Growth factors including fibroblast growth factor (FGF), 
platelet-derived growth factor (PDGF) and transforming growth 
factor B (TGF-f) are all present in MMP. PGDF upregulates the 
extracellular matrix component (ECM) thrombospondin, which 
is itself important in activating latent TGF-B. PDGF is a powerful 
chemoattractant for macrophages and fibroblasts and is probably 
pivotal to the scarring response. However, only TGF-B is capable of 
stimulating fibroblasts to produce collagen and ECM components. 
It also blocks matrix degradation by decreasing protease synthesis 
and increasing protease inhibition. In acute disease, TGF-f is signif- 
icantly increased and is produced by macrophages and fibroblasts 
in conjunctiva affected by ocular MMP. Once macrophages and 
fibroblasts are present in large numbers and activated they may 
become self-regulating; fibroblasts from ocular MMP conjunctiva 
display a profibrotic phenotype in cell culture [19]. 


Implications of immunopathological findings for therapy. Inflam- 
mation is important in acute disease; severe inflammation is 
associated clinically with rapid scarring and therefore demands 
urgent and effective immunosuppression. Inflammation may also 
play a role in chronic disease although scarring may continue even 
in the presence of minimal inflammation, suggesting that growth 
factor production by macrophages and fibroblasts may be relatively 
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independent of the other inflammatory cells. Therefore, modulation 
of growth factor activity, collagen metabolism or fibroblast activity 
may be necessary to halt the disease process. 


Genetics 
A genetic predisposition to MMP has been found in an association 
with the HLA-DQB1*0301 haplotype [20]. 


Clinical features of ocular MMP [4] 

History 

In most patients the onset is insidious, with non-specific conjuncti- 
val symptoms including irritation, hyperaemia and discharge due 
to what is often thought to be recurrent conjunctivitis. In other 
patients the first symptoms are due to trichiasis, or less commonly 
ptosis as a result of cicatricial entropion affecting the upper lid. Dry 
eye and mucous deficiency are late signs. Acute disease occurs in 
about 20% of new patients with severe inflammation and conjunc- 
tival ulceration; this presentation may follow failed lid surgery for 
entropion on undiagnosed cases. 


Presentation 

Signs, in order of progression, often start at the medial canthus with 
loss of the plica and later of the caruncle (Figure 107.16f), subep- 
ithelial reticular fibrosis of the tarsal conjunctiva (Figure 107.16a), 
conjunctival infiltrate due to increased cellularity and collagen 
formation (Figure 107.16c, d), hyperaemia, shortening of the for- 
nices (Figure 107.16a), symblepharon (Figure 107.16b), blepharitis, 
trichiasis and cicatricial entropion (Figure 107.16g), punctate ker- 
atopathy, limbitis (Figure 107.16d), conjunctival keratinisation 
(Figure 107.16e), corneal keratinisation and corneal surface failure 
(Figure 107.16e). 


Clinical variants 

Clinical variants of ocular MMP include: 

1 Idiopathic autoimmune ocular MMP (most common). 

2 Ocular MMP associated with other immunobullous disorders 
such as linear IgA disease, epidermolysis bullosa acquisita and 
antilaminin-332 MMP (Table 107.8) [21]. 

3 Ocular MMP arising as a result of drug-induced conjunctival 
damage (also known as drug-induced conjunctival cicatrisation 
(DICC) or drug-induced pseudopemphigoid). 

4 Ocular MMP arising in association with SJS and other autoim- 
mune conjunctival disorders. 


Differential diagnosis 

The conjunctival signs in MMP may be identical to those produced 
by the other immunobullous disorders that are summarised in 
Table 107.8. However, in the latter conditions, the skin disease 
precedes the ocular disease, so that there is rarely any confusion. 
In SJS/TEN, exacerbations of conjunctival inflammation can occur 
many years after the acute disease, leading to a condition indis- 
tinguishable from MMP both in terms of the clinical signs and 
immunopathology [22]. 

The principal problems in differential diagnosis relate to dis- 
eases other than the immunobullous disorders that may also cause 
cicatrising conjunctivitis (Table 107.8). Patients with conjunctival 
cicatrisation secondary to infective causes are sometimes referred 


for investigation of what has been longstanding conjunctival scar- 
ring, following a long-forgotten episode of infection, where the 
absence of a recent history of inflammation or of progressive symp- 
toms usually indicates static disease. Patients with sarcoidosis or 
systemic sclerosis normally have a well-established diagnosis by 
the time conjunctival scarring develops. Sjégren syndrome may 
mimic early MMP, but can usually be differentiated by the presence 
of Sjégren-specific antibodies and/or a positive labial biopsy. AKC 
can occasionally be difficult to differentiate from slowly progressive 
MMP, but the history and clinical signs of severe eczema, and a 
tarsal conjunctival biopsy (performed after withdrawal of topical 
corticosteroids for 2 weeks) that shows excessive numbers of mast 
cells and eosinophils, can confirm the diagnosis. Iatrogenic con- 
junctivitis is non-progressive, except in the case of drug-induced 
MMF, which is indistinguishable from classic MMP. Awareness that 
conjunctival scarring can occur in ocular rosacea (see Figure 107.8a) 
and in staphylococcal blepharoconjunctivitis is usually enough to 
distinguish these conditions from MMP. Factitious conjunctival 
trauma is rare and usually more focal than classic MMP but can 
mimic MMP while the self-trauma is active. 


Classification of severity 

A validated scoring system, the Cicatrising Conjunctivitis Assess- 
ment Tool, incorporates three functional categories of inflammation, 
scarring and morbidity, and is recommended for severity assess- 
ment in ocular MMP [23]. 


Complications and co-morbidities 

Late ocular MMP results in fusion of the lids and globe known as 
ankyloblepharon (Figure 107.16f), which may obscure the cornea 
completely. In these advanced cases the surface of the eye is 
extremely dry, keratinised, cicatrised and blind (Figure 107.16h). 
Persistent corneal epithelial defect, microbial keratitis and corneal 
perforation are common in ocular MMP, either occurring as a 
result of trichiasis abrading the cornea and/or severe cicatricial 
dry eye and/or exposure from scarred distorted eyelids. Corneal 
surface failure and these associated complications account for the 
management challenges posed by the disease. 


Disease course and prognosis 

Most patients with ocular MMP have progressive disease. Current 
aggressive treatment regimens with systemic immunosuppression 
have been shown to reduce the rate of progression. Because patients 
can occasionally progress to blindness within months from the 
onset, both early diagnosis and effective treatment are critical in 
improving the prognosis. At presentation, between 25% and 38% of 
patients with ocular disease have significant visual loss and about 
30% become legally blind. 


Investigations 

Diagnostic problems in predominantly ocular MMP [1,2, 
24-29] 

The diagnosis of predominantly ocular MMP has been complicated 
by the definition of MMP used by the first International Consensus 
Statement on MMP [2] in which the disease was defined as ‘a group 
of putative autoimmune, chronic inflammatory, subepithelial 
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Figure 107.16 Ocular signs of mucous membrane pemphigoid (MMP). (a) Inferior fornix shortening and subconjunctival scarring. (b) Conjunctival symblepharon tethering the globe 
to the lower lid. (c) Acute exacerbation of conjunctival MMP showing conjunctival ulceration. This occurs in only 10% of patients presenting with MMP affecting the eye. (d) Severe 
conjunctival inflammation and limbitis. This leads rapidly to the ocular surface failure and corneal blindness shown in (e) unless it is promptly controlled with adequate 
immunosuppressive therapy. (e) Ocular surface failure and keratinisation (the white area) in advanced pemphigoid; this eye is blind. (f) Advanced ocular pemphigoid showing loss of 
the medial canthal structures (plica and caruncle) with a reduced interpalpebral aperture secondary to shortening of the fornices (as in (a)) and fusion of the tarsal and bulbar 
conjunctivae. (g) Upper and lower lid trichiasis due to cicatricial entropion. (h) Terminally dry keratinised blind eye with trichiasis and entropion. (f) Courtesy of Mr J. Dart, Moorfields 
Eye Hospital, London, UK. 
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Figure 107.16 (Continued) 


blistering diseases predominantly affecting mucous membranes 
that is characterized by linear deposition of IgG, IgA or C3 along 
the epithelial basement membrane zone’. While it has done much 
to harmonise the various definitions of MMP in terms of the clin- 
ical and diagnostic characteristics, and also to encourage both 
careful clinical phenotyping and the application of diagnostic 
immunopathology tests, the necessity of positive direct immunoflu- 
orescence (DIF) raises important issues for ocular MMP. It is well 
recognised that DIF is invariably positive from at least one site 
when MMP affects the oro-pharynx and skin as well as the eyes; 
compliance with a definition that requires positive DIF is therefore 
usually straightforward in such cases with multiple sites affected. 
However, from the perspective of clinicians caring for patients with 
MMP affecting the eyes alone, the 2002 Consensus Statement has 
resulted in a substantial proportion of patients (27.4-47.3% having 
negative DIF) failing to meet these immunopathological criteria for 
diagnosis. As a result, despite having a typical MMP phenotype and 


response to treatment, they fall outside the Consensus Statement 
diagnostic criteria. Subsequent to the publication of the Consensus 
Statement, peer reviewers of studies on ocular MMP have sug- 
gested that this group of patients are omitted from studies on MMP. 
Extending this to clinical settings, the resulting uncertainty about 
the diagnosis has meant that immunosuppressive therapy has been 
delayed or deferred in some patients. Recently, 53 consensus-based 
European guidelines on the diagnosis and management of MMP 
have been established and these highlight the challenges in the 
diagnosis of ocular MMP [24]. 


Sensitivity and specificity of direct immunofluorescence for 
MMP 

Direct immunofluorescence is not a specific test for MMP and a 
positive result does not exclude other immunobullous disorders, 
as is made clear in both consensus statements. In effect, a pos- 
itive DIF test is used as a surrogate to provide evidence for an 
autoimmune pathogenesis. For DIF to be integral to a diagnosis 
of ocular MMP, the test should ideally be both highly sensitive 
and specific. Not only is DIF of low sensitivity in ocular MMP, it 
is also of low specificity. Conjunctival biopsies may have a posi- 
tive DIF result typical of that found in MMP (linear IgG and/or 
IgA deposition along the basement membrane zone) in a range of 
disorders, including bullous pemphigoid, skin-dominated linear 
IgA bullous dermatosis, skin-dominated epidermolysis bullosa 
acquisita, drug-induced pemphigoid, SJS, rosacea and ulcerative 
colitis [2,27,28]. Most of these are immunobullous disorders with 
an autoimmune basis, but not all. Furthermore, some must be 
differentiated from each other by the clinical phenotype or may 
require more sophisticated tests to reliably distinguish them from 
each other, such as indirect immunofluorescence (IIF) studies on 
salt-split skin, immunoblotting and immunoelectron microscopy. In 
addition, DIF may not be consistently positive and may change with 
time [26,29]. With regard to the low sensitivity of DIF, studies have 
shown that there is a well-recognised DIF-negative subgroup com- 
prising up to 27.4-47.3% of patients with ocular MMP, these subjects 
having scarring conjunctival inflammation that is phenotypically 
indistinguishable from MMP, and which responds identically to 
immunosuppressive therapy. 


Indirect immunofluorescence in MMP 

Indirect immunofluorescence positivity, detecting circulating 
autoantibodies in patient sera, occurs in 36-84% of MMP patients 
(using salt-split skin) [24]. Positive IIF provides evidence for an 
underlying autoimmune pathology, and may be positive in ocular 
MMP when DIF is negative. 


European Consensus criteria for the diagnosis of predomi- 
nantly ocular MMP 
These are as follows [24]. 


Predominantly ocular MMP. This is a term used for those cases 
without any evidence of MMP affecting other systems. The term 
‘predominantly’ is used to recognize the fact that, even with the 
most careful phenotyping, it is not possible to exclude asymptomatic 
involvement of, for example, the oesophagus. 
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Criteria for the diagnosis of ocular MMP. 

1 Positive DIF on the conjunctiva and/or tissue from other sites. 
Patients with DIF showing IgG, IgA and/or C3, either in the con- 
junctiva or from another site, meet the currently widely adopted 
2002 Consensus criteria. Biopsy of normal skin or oral mucosa 
may be positive when a conjunctival biopsy is DIF negative in 
ocular MMP. 

e Where possible, bulbar conjunctival biopsies should be taken 
from uninflamed conjunctiva because of the reduced sen- 
sitivity in inflamed conjunctiva. When they are taken from 
inflamed conjunctiva, this should be recorded. 

¢ Biopsies should be taken from another non-lesional site if 
the conjunctiva is inflamed, and because multiple biopsies 
improve the detection of a positive DIF. Non-lesional skin 
gives results similar to those of uninflamed conjunctiva, and 
buccal mucosal DIF may also be positive when the conjunc- 
tival DIF is negative. More data are needed regarding the 
numbers of biopsies that are optimal to provide good DIF 
sensitivity. 

¢ Conjunctival DIF should also include staining for fibrinogen 
to identify lichen planus, which shows shaggy discontinuous 
fibrinogen deposits at the basement membrane zone. 

2 Routine conjunctival histopathology is needed to exclude sarcoid 
and ocular surface tumours, both of which may present with 
inflammation and scarring. Ocular surface tumours are usually, 
but not always, unilateral. 

3 Serology tests: patients with positive IIF, or the presence of anti- 
bodies to epithelial basement membrane zone proteins, can be 
diagnosed as having ocular MMP providing the clinical features 
are consistent. These tests are generally less often positive than 
DIF, and it is important to be aware that a variable proportion 
of age- and sex-matched healthy controls have positive serology 
findings. 

4 When both DIF and serology are negative, and the other diseases 
that may cause cicatricial conjunctivitis have been excluded, this 
immunopathology negative subset of patients can be diagnosed 
as having ocular MMP. However, if the disease course or response 
to therapy is not as expected, all tests should be repeated. 


Management 

General principles of management [7,30-32] 

The same strategies can be used to treat the ocular aspects of cica- 

trising conjunctivitis due to any cause, whether ocular MMP or SJS. 

The aim of treatment is the successful management of each of five 

principal components of these diseases. 

1 Treating any ocular surface disease present (e.g. blepharitis, 
trichiasis, dry eye). 

2 Excluding and treating any secondary infection. 

3 Identifying any treatment toxicity. 

4 Managing any underlying autoimmunity-driven inflammation. 

5 Preventing and treating fibrosis. 

These components of disease are present to variable degrees in 

different diseases. For example, in SJS, most patients have relatively 

little inflammation once the surface disease has been treated and any 

treatment toxicity eliminated, so it is the minority of these patients, 

with recurrent inflammation or progressive cicatrisation [22], who 


require suppression of inflammation with systemic therapy. Con- 
versely, most, but not all, MMP patients require management of 
all five components of disease, with 80% of patients requiring 
systemic immunosuppressive therapy to control the inflammation 
that persists once the surface disease, any infection or toxicity have 
been controlled. At present, there are few therapies widely used 
that specifically target fibrosis. The only demonstrated means of 
slowing the progression of scarring is good control of inflammation, 
usually with systemic therapy. However, even with conventional 
immunosuppressive regimens in ocular MMP, fibrosis of the eye 
can still progress in 11-53% of patients [7]. 

The following management strategy is depicted as an algorithm 
in Figure 107.17. 


Manage any ocular surface disease. Ocular surface disease is 
secondary to previous or current lid and conjunctival scarring and 
inflammation. This surface disease causes much of the damage to 
the cornea and is responsible for additional inflammation. Trichi- 
asis and entropion, blepharitis, dry eye and filamentary keratitis, 
keratinisation, persistent epithelial defect, microbial keratitis and 
corneal perforation may all result from a combination of a poor tear 
film, poor lid closure and corneal damage secondary to trichiasis. 
These are treated as follows. 

¢ Trichiasis: epilate in the short term and use electrolysis or laser for 
odd lashes, cryotherapy for misdirected lashes and surgery for 
entropion (inferior retractor plication for lower lid and anterior 
lamellar reposition for upper lid, labial mucosal graft for conjunc- 
tival fornix reconstruction if indicated). 

¢ Blepharitis: use oral tetracyclines and institute a lid hygiene 
regimen (see ‘Blepharitis, meibomian gland dysfunction, rosacea 
and seborrhoeic dermatitis’ earlier in this chapter). 

e Dry eye and filaments: use non-preserved lubricants, topical 
acetylcysteine 5-10% as a mucolytic, punctal occlusion to con- 
serve tears (once any blepharitis has been controlled), courses of 
topical steroids and topical ciclosporin. 

¢ Keratinisation: topical retinoic acid is effective in 30% but is only 
available in specialised centres. 

e Persistent corneal epithelial defect: exclude infection, treat 
ingrowing lashes, use non-preserved lubricants and therapeutic 
lenses (silicone hydrogel if the eyes are not too dry) and, if these 
measures are unsuccessful, close the eye with a botulinum toxin 
protective ptosis or with a temporary tarsorrhaphy. Other more 
specialised treatments may be needed. 

¢ Corneal perforation: temporise with therapeutic contact lenses 
and/or corneal glue, followed by keratoplasty only if absolutely 
necessary. 


Exclude and treat any secondary infection. The compromised 
environment of the cicatrised conjunctiva harbours more poten- 
tially pathogenic bacteria [33] and fungi such as yeasts. The index 
of suspicion for infection must be high, for example in the pres- 
ence of any corneal epithelial defect, given that the typical clinical 
signs of a white cell-mediated corneal infiltrate may be suppressed 
in an immunosuppressed host, and topical steroids may also con- 
tribute to the lack of an infiltrate. Taking a swab or small scrape 
from the edge of the corneal epithelial defect and sending it for 
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MANAGEMENT OF CICATRISING CONJUNCTIVITIS 
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currently available) 


Treat dry eye 


Treat filamentary 
keratopathy 


Treat trichiasis 
and entropion 


Treat keratin 


L 


In conjunctival inflammation still present? 


No Yes: investigate for 
As above ocular MMP 


First line: 
Treat autoimmunity-driven inflammation: 


Short course of topical steroid can help symptoms 
but will not alter disease course 

Topical ciclosporin 

Second line: 


Systemic immunosuppression (see Fig. 107.18) 


Treat persistent 
corneal ulcer or > 
perforation 


Figure 107.17 Management algorithm for the management of cicatrising 
conjunctivitis. IVIg, intravenous immunoglobulin; MMP, mucous membrane 
pemphigoid; TNF, tumour necrosis factor. 


Third line: 
IVIg and/or biological agents: rituximab, anti-TNF 
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microbiology will help confirm that an infection is present and 
whether it is likely to respond to the empirical treatment instituted. 


Eliminate or minimise treatment toxicity. Treatment toxicity 
results principally from the preservative benzalkonium chloride, 
a component of most reusable bottles of eye drop preparations 
as well as of topical glaucoma medications and aminoglycoside 
eye drops. Unnecessary topical treatment should therefore be 
avoided and unpreserved drops or saline used as far as possible. 
The effects of topical treatment toxicity are hard to distinguish from 
those of the ocular surface disease. After withdrawal of toxic topical 
therapy, the mean recovery period is 2 weeks but may extend to 3 
months. 


Suppress inflammation/commence immunosuppressive therapy. 
Any inflammation on the upper bulbar conjunctiva that per- 
sists once any ocular surface disease has been treated and any 
infection and treatment toxicity excluded is likely to be due to 
underlying autoimmune activity. The upper bulbar conjunctiva is 
a good location to assess underlying autoimmune disease activity 


because it is less susceptible to the effects of blepharitis and dry 
eye, given the protection of the upper eyelid. In some cases, 
conjunctival autoimmune activity can, however, manifest as a 
patchy distribution of inflammation, and this may not necessarily 
involve the upper bulbar conjunctiva. In these cases, persistence 
of inflammation despite maximal treatment of ocular surface dis- 
ease is an indication that systemic immunosuppression is needed 
(Figure 107.18). 


It is worth pointing out that MMP disease activity at sites other 
than the eye may dictate how aggressively the condition should be 
treated. Guidelines recommend that all of ocular, naso-pharyngeal, 
laryngeal, oesophageal and genital involvement should be 
regarded as high risk for complications, but oral disease alone 
can be highly symptomatic and refractory cases may require 
treatment escalation [34]. 


First line 
In mild ocular disease (hyperaemia and oedema), a low-dose topical 
corticosteroid for short durations may be helpful, particularly in 
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IMMUNOSUPPRESSION IN MUCOUS MEMBRANE PEMPHIGOID 


Figure 107.18 Systemic immunosuppression stepladder for 
ocular mucous membrane pemphigoid (MMP). 
Immunosuppression can be carried out using a ‘stepladder’ 
approach for the introduction of systemic drugs [7,39]. Mild 
disease may respond well to dapsone, sulfapyridine or 
sulfasalazine, or to methotrexate. If there is no response after 2-3 
months, treatment is ‘stepped up’ to azathioprine or 
mycophenolate mofetil. If these drugs are not effective in another 
2-3 months then rituximab (anti-CD20) or cyclophosphamide are 
the treatments of choice. Steroids, the sulfones (dapsone and 


Combine Add high-dose corticosteroids and taper over 8-12 
drugs from weeks for rapid onset of effect 
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for resistant 
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4 


sulfapyridine) and the bone marrow suppressive 
immunosuppressants (methotrexate, azathioprine and 


mycophenolate) can be combined although the neutrophil count, 
in particular, must be monitored. Rituximab can be combined 


Methotrexate ; Methotrexate 
For mild 

Dapsone or Pats Dapsone or 

sulfasalazine sulfasalazine 


with dapsone if needed. Rituximab may also be combined with 


bone marrow suppressants but there is an increased risk of 


life-threatening infection. Systemic ciclosporin has been little 
used in cicatrising conjunctivitis because of lack of evidence of 
efficacy and concern about potential fibrogenic side effects as 


[-]Group A: Sulfa drugs 
Group B: Myelosuppressants 


Group C: Corticosteroids 


Group D: Biological agents 


well as likely renal toxicity in elderly patients. 


the alleviation of the symptoms of very dry eye. However, pro- 
longed topical corticosteroid use increases the risk of ocular surface 
infection in cicatrised eyes, which harbour more pathogenic flora 
(bacteria, fungi) compared with non-cicatrised eyes [4]. Topical 
ciclosporin preparations can be used as a steroid-sparing agent. 
This can similarly help with dry eye symptoms [31] but targets 
surface inflammation rather than the underlying autoimmune 
process [35]. 


Second line 

For moderate ocular disease (hyperaemia, intense infiltration), 
immunosuppressants used initially include a sulfa agent such 
as dapsone or sulfasalazine [7], or the antimetabolite methotrexate. 
The dose of dapsone is 75 mg daily, increased each month by 25 
mg daily to 125 mg, assuming that haemoglobin levels remain 
satisfactory; there is a 70% response in 1-2 months, reducing to 50% 
after 1 year. Methotrexate (5-25 mg once weekly) is sometimes used 
as a first line immunosuppressant in ocular MMP (effective in about 
80% depending on the severity of the disease) [32]. Mycophenolate 
mofetil (1-2 g daily) has also been used as a first line systemic 
immunosuppressant in ocular MMP, with a greater efficacy (effec- 
tive in about 80% depending on the severity of the disease) than 
sulfa agents yet less frequent side effects [36]. Azathioprine may also 
be considered (1-2 mg/kg/day; effective in about 60%), although it 
tends to be less well tolerated [7]. 


Third line 

For severe or refractory ocular disease (hyperaemia, limbitis, conjuncti- 
val ulceration), start oral prednisolone 1 mg/kg/day, reducing the 
dose after 2 weeks and with the aim of tailing off after 2-4 months. 
This is ineffective at low doses in the long term and a steroid-sparing 
immunosuppressive agent is usually added for long-term disease 
control. 


Cyclophosphamide. One of the most effective immunosuppres- 
sive agents for MMP is cyclophosphamide 1 mg/kg/day, but it is 
associated with significant toxicity (bladder toxicity, risk of pancy- 
topenia). The dose of cyclophosphamide is adjusted to maintain a 
lymphocyte count between 0.5 and 1.0 x 10?/L; other haematologi- 
cal parameters should remain normal. To minimise bladder toxicity, 
cyclophosphamide therapy is usually discontinued after 1 year and 
substituted by sulfonamides or alternative immunosuppressive 
agents. 


Rituximab. Rituximab is an anti-CD20 chimeric monoclonal 
antibody [37,38]. It reduces circulating B cells and prevents 
their maturation into antibody-secreting plasma cells. There is 
significant level 3 evidence derived from systematic reviews 
and phase II studies, and as yet unpublished UK cost data, 
indicating that rituximab is more effective and safer than cyclophos- 
phamide, and more cost effective and more convenient (and more 
rapidly effective) than intravenous immunoglobulin (IVIg) [38]. 
For this reason, rituximab is increasingly being considered for 
refractory ocular pemphigoid prior to using cyclophosphamide 
or IVIg. 

Rituximab appears to induce complete remission rates ranging 
from >66% to 75% and up to 80%, often in response to a single cycle. 
There is also evidence of adjuvant (steroid and immunosuppressive 
agent) treatment-sparing effects. Relapse rates were of the order 
of 40-50%. Times to relapse were typically in the order of 12-18 
months. In patients with relapse, rituximab retreatment induced 
previously observed disease control responses [38]. 

Rituximab is administered either as four infusions, each 375 
mg/m, given at weekly intervals over 4 weeks (the ‘lymphoma 
protocol’) or two infusions of 1 g, 2 weeks apart (the ‘rheumatoid 
arthritis protocol’). Current evidence supports the rheumatoid 
arthritis protocol in terms of higher response rates and greater 
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steroid-sparing effect; however, it may also be associated with 
higher relapse rates [38]. 


Other agents. Intravenous immunoglobulin [39] and anti-TNF-a 
agents [40] may also be beneficial. Results of these therapies have 
been reported in non-randomised series or case reports. 


Combination therapy. Most of this therapy is empirical. A sul- 
fonamide (dapsone or sulfasalazine) can be used together with 
an alkylating agent (cyclophosphamide) or an antimetabolite 
(azathioprine, methotrexate or mycophenolate mofetil) to control 
inflammation. A sulfonamide can be combined with rituximab, and 
if necessary a bone marrow suppressive immunosuppressant can 
be combined with both of these, but the risk of infection is higher. 
This immunosuppressive strategy is summarised in Figure 107.18. 


Preventing fibrosis 

Currently, the only convincingly demonstrated means of slowing 
the progression of scarring is good control of inflammation with 
systemic immunosuppression. Therapy specifically targeted at 
fibrosis in MMP is limited. Mitomycin C has been delivered either 
subconjunctivally or applied intraoperatively following division 
of symblephara, but no controlled trials have been carried out. 
Adverse effects of mitomycin include tissue ischaemia, which 
may affect the success of mucous membrane graft reconstructive 
surgery, and potential limbal stem cell damage. Subconjunctival 
injection of 5-fluorouracil has also been used in view of its antifi- 
brotic action and prior experience of its use in ophthalmology for 
other indications. Evidence is limited, although a recent report 
described positive effects on scarring and visual acuity in patients 
with ocular MMP and SJS/TEN in a retrospective, single-centre 
study [41]. 


Other subepithelial disorders and conjunctivitis 


Other immunobullous disorders are much less frequently asso- 
ciated with conjunctival cicatrisation. As a result, little is known 
about the pathogenesis of the conjunctival disease as opposed to 
the events in the skin. Bullous pemphigoid generally results in 
mild conjunctivitis although severe cicatrisation has been reported. 
Epidermolysis bullosa aquisita, linear IgA disease [42], dermati- 
tis herpetiformis and lichen planus may all be associated with 
progressive conjunctival scarring indistinguishable from that of 
MMP [2]. 


Stevens-Johnson syndrome/toxic epidermal necrolysis 

The ocular complications of SJS/TEN are shown in Table 107.9 
(Chapter 117) [43]. About 70-80% of patients admitted for treatment 
of these diseases will develop eye disease. This can result in pro- 
found, long-term morbidity in many such patients. In addition, the 
eye disease, unlike the lesions affecting the remaining mucosal sur- 
faces, may progress years after the acute episode has resolved [22]. 


Acute ocular complications of SJS/TEN. These usually occur con- 
currently with the skin disease (Figure 107.19a) but may sometimes 
precede it by several days. The conjunctivitis varies from a papil- 
lary reaction with watery discharge (Figure 107.19b) to a membra- 
nous conjunctivitis with sloughing of the conjunctival epithelium. 
Corneal epithelial defects are common and may progress to corneal 


(SJS/TEN) 


Ocular effects 


Loss of goblet cells 

Loss of accessory lacrimal glands 

Scarring of meibomian gland orifices 

Metaplasia of meibomian gland 
epithelium with development of 
metaplastic lashes 

Conjunctival scarring and obliteration of 
lacrimal gland ductules 


Resulting symptoms and signs 


Disrupted tear film leading to poor vision 
and punctate keratopathy 
(Figure 107.19d) 

Trichiasis secondary to metaplastic lashes 


Very dry eye with secondary conjunctival 
and corneal squamous metaplasia 


(Figure 107.19d) 
Corneal and conjunctival keratinisation Exacerbates drying and discomfort 
due to squamous metaplasia 
Conjunctival scarring with fornix 
shortening and symblepharon 
formation leading to lid shortening 
Retroplacement of meibomian gland 
orifices and irregularity of 
mucocutaneous junction 
Entropion of upper and lower lids with 


May cause lagophthalmos and corneal 
exposure 


Disrupts tear film 


Corneal punctate keratopathy and 


trichiasis of both metaplastic and ulceration 
normal lashes 
Corneal epithelial failure secondary to Blindness 


limbal inflammation causing loss of 
palisades of Vogt, conjunctivalisation 
of the cornea, corneal 
neovascularisation and corneal 
opacification 


Reproduced from Jovanovic et a/. 2021 [41] with permission of Wolters Kluwer 
Health, Inc. 


ulceration with or without bacterial superinfection. The morbidity 
of the disease may be due to the acute corneal complications but is 
more usually due to conjunctival scarring. 


Chronic ocular complications of SJS/TEN. These are numerous. 
The severe conjunctival inflammation leads to a loss of goblet cells 
and the accessory conjunctival lacrimal glands as well as disruption 
of the meibomian gland orifices leading to MGD. This results in a 
disrupted tear film and a secondary punctate keratopathy. In mildly 
affected patients, this causes chronic mild discomfort, photophobia 
and slightly reduced vision. In more severely affected patients, 
the conjunctival inflammation leads to cicatrisation of the lacrimal 
ductules, resulting in a severely dry eye accompanied by squa- 
mous metaplasia and keratinisation (Figure 107.19c) of both the 
conjunctival and corneal components of the ocular surface, thereby 
causing more severe discomfort and loss of vision (Figure 107.19d). 
In addition, the meibomian gland ductal epithelium undergoes 
metaplasia, resulting in the development of fine metaplastic lashes 
which are not a feature of MMP. The conjunctival shortening leads 
to entropion, resulting in ocular surface abrasion by normal as well 
as by metaplastic lashes, and may also cause lid shortening, leading 
to reduced eye closure (lagophthalmos), which is easily overlooked. 
Lash abrasion and trichiasis lead to the development of corneal 
epithelial defects which, as a result of the poor tear film, may 
persist. Persistent epithelial defect predisposes to corneal stromal 
melts and perforation, which are often precipitated by infection. 


(a) 


(b) 
Figure 107.19 Ocular disease in Stevens—Johnson syndrome (SJS). (a) Acute conjunctivitis with mucus discharge occurring concurrently with erythema multiforme-like skin lesions. 
(b) Acute conjunctivitis in a patient with mild SJS. The conjunctiva is hyperaemic with a papillary reaction and mucopurulent discharge. (c) Lower tarsal conjunctival scarring with 
squamous metaplasia and keratinisation adjacent to the mucocutaneous junction of the lower lid. A punctal plug (arrow) is in situ to conserve tears in a dry eye. (d) The late ocular 
complications of SJS showing entropion, a dry eye with ocular surface failure (in this case an opaque keratinised epithelium). (b) Courtesy of Mr J. Dart, Moorfields Eye Hospital, 
London, UK. 


This evolution of changes is not the direct consequence of the acute 
disease but is secondary to the effects on the tear film and lids. A 
grading system for the chronic ocular manifestations of SJS has been 
proposed [43]. 

The severe inflammation may also lead to blinding opacity of the 
corneal epithelium, not only as a result of squamous metaplasia but 
also by the loss of corneal epithelial progenitor cells (stem cells). 
Because of prolonged survival of transient amplifying cells, the 
progeny of stem cells, stem cell failure may not be manifest for 
12-18 months after the onset of the disease. 

An additional problem for patients with ocular complications 
of SJS is the development of severe conjunctival inflammation 
with or without progressive scarring that may be indistinguishable 
from MMP and may also be DIF positive. The latter can occur as 


(d) 


a continuation of the acute episode or may develop many years 
after the onset of disease. Necrotising sclerokeratitis may also 
follow SJS [22]. All of these severe inflammatory problems can 
precipitate stem cell failure and demand rapid control, usually 
requiring systemic immunosuppressive therapy. The cause of these 
late inflammatory complications is not understood. 


Management 

Management of acute ocular SJS/TEN includes topical steroids 
[44] (Chapter 117). Urgent amniotic membrane transplantation 
in acute disease with extensive ulceration can be helpful [45]. 
Management of chronic ocular SJS/TEN includes management of 
severe dry eye, trichiasis and entropion, limbal stem cell deficiency 
and inflammation. Systemic immunosuppression may be needed 
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if inflammatory complications of chronic disease (e.g. recurrent 
inflammation, secondary ocular MMP) do not respond to topical 
therapies. The immunosuppressive therapy strategy for ocular 
SJS/TEN is similar to that of cicatrising conjunctivitis in MMP, 
apart from the avoidance of sulfa agents which may precipitate 
SJS/TEN. A paradigm shift in ocular surface stabilisation in SJS 
with mucous membrane grafting for lid margin keratinisation and 
scleral contact lenses has been reported to maintain better visual 
acuity and prevent limbal stem cell damage [46]. 


Graft-versus-host disease 
Ocular complications are common (60-90%) in patients with GVHD, 
and typically result from involvement of both the conjunctiva and 
the lacrimal gland (Chapter 38). The spectrum of chronic GVHD 
varies from dry eye to sight-threatening surface inflammation, 
scarring and, in rare cases, perforation, which may present many 
months after the bone marrow allograft. Notably, severe ocular 
disease can occur in the absence of systemic GVHD. Ocular GVHD 
can lead to loss of vision due to corneal involvement. In acute 
GVHD, conjunctivitis ranges from hyperaemia through chemosis 
to a pseudomembranous conjunctivitis, with or without corneal 
epithelial sloughing. Severe conjunctival involvement is a marker 
for the severity of acute GVHD, occurring in 12% of patients, and 
is a poor prognostic factor for mortality [47]. In chronic GVHD, 
conjunctival involvement has been observed in 11% of patients, 
for whom it was also associated with disease severity. Some of 
these patients develop a severe scarring response like that of MMP. 
Lacrimal gland involvement occurs in about 50% of patients with 
chronic GVHD who develop a Sjégren syndrome-type picture of 
dry eyes. The pathogenesis of the conjunctival disease has been 
examined in a few cases and appears to be similar to that in the 
skin. Involvement of panophthalmic structures can sometimes 
be evident in chronic GVHD. Although dry eye and cicatrising 
conjunctivitis are the commonest (90%) ocular findings in GVHD, 
choroiditis, retinitis and scleritis may also occur. 
Anti-inflammatory treatments, particularly T-cell suppressants, 
can help manage GVHD. Topical anti-inflammatory therapy 
with steroids, and steroid-sparing calcineurin inhibitors such as 
ciclosporin and tacrolimus, should be instituted early in the course 
of the disease [48]. Autologous serum eye drops have beneficial 
effects. Antifibrotic agents such as tranilast may also help. 


Systemic diseases with skin and eye 
involvement 


Some multisystem diseases affect both the skin and eye [1,2-23]. It is 
not possible to catalogue every complication of all these diseases 
but the most frequent are summarised in Table 107.10. 


INFECTIONS .— ao? 


A number of infections involve the eyelids, but the following are 
important to recognise because they are common, or require urgent 
therapy or referral to an ophthalmologist [1]. 


VIRAL INFECTIONS 
Warts 


Clinical features 
These are common and found on the eyelid margins, often as a long 
thin (filiform) projection (Figure 107.20). 


Management 

Lesions in this site are most simply treated with careful cryother- 
apy with accurate application of liquid nitrogen to the base of the 
lesion using a cotton wool bud rather than cryospray. An alternative 
is surgical removal by snip or shave excision. 


Molluscum contagiosum [2] 


Clinical features 

This condition mainly affects children and young adults (Chapter 
25). It is also prevalent in patients with acquired immune deficiency 
syndrome (AIDS), who may develop multiple lesions around 
the eyelids. As elsewhere on the skin, typical lesions arise as 
dome-shaped papules with a central umbilication. Lesions may 
grow in the lash line as well as on the lid skin and, occasionally, 
on the mucocutaneous junction. Lesions can be easily overlooked 
or mistaken for an epidermoid cyst; this condition must always 
be considered in the differential diagnosis of patients with uni- 
lateral or bilateral follicular conjunctivitis. There is associated 
conjunctival discharge and a variable, often severe, follicular con- 
junctival response (Figure 107.21). A superficial epithelial keratitis 
may develop in longstanding cases which progresses to pannus 
formation across the cornea. 


Management 

In uncomplicated cases in immunocompetent individuals, treat- 
ment may not be required as the lesions will usually resolve 
spontaneously. Curettage or cryotherapy can be used. 


Herpes simplex virus [3,45] 


Clinical features 

Primary herpes simplex virus infection is asymptomatic in many 
patients; in others it causes blepharoconjunctivitis (Chapter 25). 
However, most of the ocular manifestations of herpes simplex virus 
infection are due to reactivation of latent infection in the trigeminal 
ganglion. Both the primary infection, and reactivation of latent 
disease, may be particularly severe in patients with atopic eczema 
or with immunodeficiency. The blepharoconjunctivitis of herpes 
simplex virus usually results in crops of small vesicles, which 
may be associated with mild oedema of the lids with or without 
associated conjunctivitis (Figure 107.22a). As with herpes simplex 
virus elsewhere, the vesicles dry to a crust and heal within a few 
days. Neither the blepharitis nor conjunctivitis present a serious 
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Table 107.10 Systemic diseases with skin and eye involvement 


Systemic disease Eye disease 

Sarcoidosis Lids and orbital findings: clusters of granulomatous eyelid swellings. Proptosis from orbital granulomas. Dry eye from lacrimal gland 

Epidemiology: ocular involvement involvement 
the presenting feature in 10%; Heerfordt syndrome (uveoparotid fever): consists of uveitis and parotid gland enlargement, fever and facial nerve palsy. L6fgren 
20-30% of patients have eye disease syndrome: acute iritis, bilateral hilar lymphadenopathy, erythema nodosum and arthralgia. Mikulicz syndrome: bilateral swelling of 
at some stage [1,2-7] lacrimal and salivary glands 


Anterior segment findings: conjunctivitis: occasionally a granulomatous conjunctivitis mimicking a follicular conjunctivitis. Uveitis: 
usually, but not always, bilateral granulomatous anterior uveitis in 80% of patients with eye manifestations with redness, pain, 
photophobia and blurred vision with floaters 

Posterior segment findings: rare 


Systemic lupus erythematosus [8-10] Anterior segment findings: dry eye, peripheral corneal ulcers. Scleritis is rare. Episcleritis occurs in 10% causing a red eye 
Posterior segment findings: retinal vasculitis common during exacerbations of systemic disease with flame-shaped haemorrhages and 
cotton wool spots. May be associated with severe central nervous system vasculitis or lupus nephritis 


Sjégren syndrome [11] Lids and orbital findings: lacrimal gland inflammation causing dry eye 
Anterior segment findings: symptoms: often severe with chronic discomfort, foreign body sensation, dryness and blurred vision. 
Conjunctiva: conjunctivitis and scarring in some cases. Cornea: punctate keratopathy, persistent corneal epithelial defects leading to 
corneal ulceration and perforation or corneal infection 


Reactive arthritis (formerly Reiter Anterior segment findings: symptoms: red irritable eyes resolving spontaneously within 7-10 days. Conjunctiva: bilateral mucopurulent 
syndrome) conjunctivitis is the most frequent manifestation affecting approximately 30% of patients; this usually follows a urethritis by about 2 
Epidemiology: ocular involvement weeks and precedes the onset of arthritis. Cornea: keratitis may occur in isolation and is rare. Uveitis: anterior uveitis (iritis) occurs in 
in about 30% of patients [1] about 20% of patients either with the first attack of reactive arthritis or during a recurrence 
Behcet syndrome Anterior segment findings: external eye diseases: conjunctivitis, keratitis and episcleritis may occur but are not specific for the condition. 
Epidemiology: ocular involvement Uveitis: the commonest manifestation of the disease 
in 60-70% of patients [12,13] Posterior segment findings: visual impairment or blindness is a frequent complication of Behcet syndrome as a result of the retinal 
ischaemia 
Inflammatory bowel disease Anterior segment findings: external eye diseases: conjunctivitis, limbitis, peripheral corneal infiltrates and episcleritis may occur. Uveitis: 
Epidemiology: ocular manifestations in acute iritis in about 5% of patients which may occur at the same time as exacerbation of colitis 


about 5% of patients [14,15] 


Acquired immune deficiency syndrome Common features: (i) opportunistic infections with viruses, mycobacteria and fungi; (ii) malignancies, e.g. Kaposi sarcoma; (iii) retinal 
(AIDS) microangiopathy; and (iv) neuro-ophthalmic lesions with intracranial infections and tumours 

Epidemiology: ocular complications occur Anterior segment findings: external eye diseases: Molluscum contagiosum is a common ocular finding in patients with AIDS, they tend 
in about 75% of patients [16-20] to be large and when located on the lid margin can give rise to follicular conjunctivitis. The lesions can be complicated by epithelial 


keratitis with associated pannus formation. Kaposi sarcoma may involve the lids and conjunctiva. Herpes simplex keratitis tends to 
be severe with more frequent relapses. The peripheral cornea is more often involved in contrast to central disease in 


immunocompetent patients. Herpes zoster ophthalmicus is common and may be a presenting feature of human immunodeficiency 7, ) 
virus (HIV) infection, especially if severe disease presents in young patients Lu 
Posterior segment findings: retinal microangiopathy is common and characterised by retinal haemorrhages, microaneurysms and cotton = 
wool spots. Cytomegalovirus retinitis and Pneumocystis jirovecii choroiditis are serious ophthalmic complications signifying severe vn 
systemic involvement U Li] 
; ; ae ; en uw U 
Porphyria [21,22] Common features: ocular involvement results from either photosensitisation and/or neurological dysfunction. Photosensitisation can U <q 
affect the eyelids, conjunctiva, cornea, sclera and possibly the retina LU og 
Lids and orbital findings: inflammation can lead to vesicle and bulla formation, secondary infection to scarring with ectropion and a. 
hyperpigmentation “ < 
Neuro-ophthalmic complications: these include optic neuritis, optic atrophy, ptosis and cranial nerve palsies f=) rT) 
Granulomatosis with polyangiitis [23] Episcleritis is very common in the active stages. Also retinal vasculitis, optic neuritis, orbital pseudotumour = 
Polyarteritis nodosa Episcleritis, scleritis and keratitis - 
Dermatomyositis Periorbital ‘heliotrope rash’. Ocular signs may include conjunctival oedema, extraocular muscle dysfunction, nystagmus, iritis and ou 
retinopathy 
Amyloidosis Ocular amyloidosis can be highly variable: nephrotic syndrome can lead to periorbital oedema; mass or infiltration may affect the 


lacrimal glands or extraocular muscles, causing for example proptosis, ptosis, ophthalmoplegia or epiphora; amyloid deposits may 
also involve the conjunctiva, cornea and retina 


Histiocytoses Langerhans cell histiocytosis may present with a lytic lesion in the bones of the orbit; orbital and intraocular masses are reported in 
Rosai—Dorfman disease; Erdheim—Chester disease causes bilateral proptosis due to orbital masses in association with xanthelasmas; 
ocular lesions of juvenile xanthogranuloma occur, particularly affecting the iris 
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Figure 107.20 Wart on the eyelid. 


Figure 107.21 Molluscum contagiosum at the medial aspect of the upper lid margin 
with an associated follicular conjunctivitis. Courtesy of Mr J. Dart, Moorfields Eye 
Hospital, London, UK. 


problem for most patients. The serious and sight-threatening ocu- 
lar complications of herpes simplex virus infection of the eye are 
due to recurrent keratitis or keratouveitis. Herpetic keratitis may 
affect the epithelium alone (dendritic keratitis (Figure 107.22b)), 
the stroma (stromal herpetic keratitis (Figure 107.22c), geographic 
corneal ulceration or metaherpetic keratitis (Figure 107.22d)) or 
the endothelium (disciform keratitis or herpetic endotheliitis 
(Figure 107.22e)). Dendritic keratitis is in itself a benign disease 
unless treated with topical corticosteroids when the disease will 
rapidly spread, resulting in geographic keratitis, which may cause 
destructive corneal disease. Most cases of corneal disease repre- 
sent reactivation of latent herpes simplex virus and patients may 
develop any of the corneal manifestations. Stromal and endothelial 
disease can progress to blinding corneal vascularisation, scar- 
ring (Figure 107.22f) and ulceration. Fortunately, the disease is 
normally unilateral, except in atopic individuals when it may be 
bilateral. 


Management 

Because of the difficulties of managing the ocular manifestations 
of this disease, patients with suspected herpes simplex virus 
involvement of the eye should be referred for urgent ophthalmic 
assessment. The conjunctivitis can be treated with ganciclovir 
gel or aciclovir ointment five times a day for 5 days or with oral 
aciclovir 400 mg five times per day for 5 days. Topical steroids 
alone will mask the symptoms and signs, leading to spread of the 
ulcer and corneal perforation with disastrous consequences for the 
patient’s vision. Dendritic keratitis may ensue. The management 
of the stromal and endothelial keratitis is beyond the scope of this 
chapter except to state that it involves the judicious use of topical 
corticosteroids with systemic or topical antivirals. Keratouveitis 
involves the endothelium and stroma and may be associated with 
secondary glaucoma. 


Herpes zoster [6-10] 


Clinical features 

Herpes zoster of the ophthalmic division of the trigeminal nerve 
(Figure 107.23a) is an important condition to recognise (Chapter 25). 
As occurs when it affects other sites, it often presents with a 
non-specific flu-like illness with fever and malaise, and symptoms 
of unilateral neuralgia. This develops over the distribution of the 
affected nerve and varies in severity from a mild tingling in the skin 
to a deep severe pain. The characteristic lesions of herpes zoster 
may appear up to a week after the initial symptoms. Red macules 
develop into clusters of papules and vesicles, becoming pustular 
and haemorrhagic after 3-4 days. The lesions then scab and are dry 
by 7-14 days, and sometimes result in pitted scars. Involvement 
of the naso-ciliary nerve, which supplies the skin on the side of 
the nose, occurs in about 35% of patients and vesicles at this site 
(Hutchinson sign) are associated with a high risk of ophthalmic 
complications. Ocular involvement may occur in the absence of 
naso-ciliary involvement but it is usually milder. Herpes zoster 
sine eruptione can cause ocular complications without the cutaneous 
eruption. It is rare but evidence of the infection can be found by 
polymerase chain reaction analysis of the aqueous fluid or sequen- 
tial titres of varicella zoster virus antibodies. Patients whose eyes 
cannot be examined due to persistent lid oedema, or those with ocu- 
lar signs and symptoms, should be referred for urgent ophthalmic 
assessment. The disease can affect any part of the eye, including the 
orbit, extraocular muscles, optic nerve and cornea, and may give 
rise to long-term complications including severe relapsing keratitis, 
glaucoma and cataract. The commonest ocular complications are 
dendritiform keratopathy (Figure 107.23b), stromal keratitis and 
uveitis. 


Management 

Antiviral drugs reduce the duration and severity of acute herpes 
zoster but must be given within the first 3 days of the onset of the 
rash to be effective. Oral aciclovir has been the standard therapy 
at doses of 800 mg five times a day for 7-10 days. Valaciclovir 
(1000 mg three times per day) or famciclovir (500 mg three times 
per day for 7 days) are now preferred because of simpler dosing 
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Figure 107.22 Herpes simplex virus. (a) Primary herpes simplex blepharoconjunctivitis in a child. (b) Dendritic epithelial keratitis. (c) Stromal herpetic keratitis. (d) Metaherpetic 
keratitis. (e) Herpetic endotheliitis. (f) Herpetic corneal vascularisation and scarring. (d) Courtesy of Mr J. Dart, Moorfields Eye Hospital, London, UK. 
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Figure 107.23 Herpes zoster. (a) Herpes zoster ophthalmicus. (b) Dendritiform 
keratopathy in herpes. 


regimens and superior pharmacokinetics. Topical aciclovir is not 
indicated and unhelpful in almost all aspects of herpes zoster 
affecting the cornea, which respond to topical steroid treatment 
alone. One exception to this is late dendritiform lesions on the 
cornea in herpes zoster, which have been shown to be foci of 
productive varicella zoster virus [10], and thus require topical or 


systemic antiviral treatment in addition to topical steroids. Topical 
corticosteroid therapy is necessary to control the numerous corneal 
manifestations of the disease and may need to be continued for 
several years. Some of these complications may be delayed and 
occur months after the initial skin eruption. 


BACTERIAL INFECTIONS 
Impetigo 


Clinical features 

Impetigo is a common staphylococcal or streptococcal skin infec- 
tion that mainly affects children (Chapter 26). It can involve the 
eyelids, but usually as part of a general infection over the face. It 
presents as rapidly spreading red macules, developing into flac- 
cid blistering, which become weepy before giving rise to surface 
crusting. 


Management 

The lesions need to be swabbed for bacteriology and appropriate 
topical or oral antibiotics given. Chloramphenicol drops or ointment 
are indicated if there is marked eyelid involvement. 


Hordeolum 


Clinical features 

An external hordeolum (stye) is caused by staphylococcal infection 
of an eyelash follicle and its associated glands. It presents with 
a tender, red, inflamed swelling on the lid margin, which subse- 
quently points anteriorly and discharges close to the lash roots 
(Figure 107.24a). 


Management 

No treatment is usually required beyond the application of local 
soothing compresses and removal of the affected lash. If there is 
local cellulitis then systemic antibiotics should be given. An inter- 
nal hordeolum is a staphylococcal abscess of the meibomian glands 
(Figure 107.24b) and needs incision and drainage. 


Erysipelas [11] 


Clinical features 

This represents subcutaneous spreading cellulitis, usually caused by 
B-haemolytic Streptococcus (Chapter 26). It usually presents with a 
rigor followed by a raised red plaque with a well-demarcated edge 
that spreads rapidly over the skin. 


Management 
Erysipelas is a serious skin infection that needs to be treated urgently 
with appropriate systemic antibiotics. 


(b) 


Figure 107.24 (a) External hordeolum (stye). (b) Internal hordeolum (infected chalazion) 
which has spontaneously discharged anteriorly through the skin (arrow), which is not 
uncommon. There is a large lesion on the left and a smaller lesion on the right. 


Necrotising fasciitis [12] 


Clinical features 

This is very rare in the periorbital area, is typically polymicrobial 
and mainly affects elderly or debilitated patients (Chapter 26). 
A spreading purple discoloration of the eyelid rapidly progresses 
to gangrene. 


Management 

Early recognition, immediate institution of broad-spectrum intra- 
venous antibiotics and referral to an ophthalmic plastic surgeon for 
emergency debridement of the necrotic tissue are mandatory as the 
condition carries a high mortality. 
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MYCOBACTERIAL INFECTIONS 
Tuberculosis 


Clinical features 

There are no specific ocular findings in tuberculosis, and diagnosis 
is often based on indirect evidence such as intractable uveitis that 
is unresponsive to corticosteroid therapy, with negative findings for 
other causes of uveitis, and in the presence of tuberculosis at a dis- 
tant body site (Chapter 27). Chronic iridocyclitis, which is usually 
granulomatous, is the commonest feature. Choroiditis and retinal 
vasculitis may occur. 


Management 
Appropriate antituberculous chemotherapy should be given. 


Leprosy [13,14] 


Clinical features 

Ocular complications of leprosy are common, most frequently 
madarosis, conjunctivitis, episcleritis or scleritis (Chapter 28). 
Keratitis results from a combination of corneal anaesthesia, 
lagophthalmus, trichiasis and secondary infection. Iritis and its 
complications are the most common causes of blindness from 
leprosy. Lepromatous disease is more commonly associated with 
uveitis than is tuberculoid leprosy. 


Management 
Appropriate antilepromatous chemotherapy should be given. 


TREPONEMAL INFECTIONS 
Syphilis [15] 


Clinical features 

Ocular syphilis is very rare and there are no pathognomonic signs 
(Chapter 29). Eye involvement mainly occurs during the secondary 
and tertiary stages, although primary chancre of the conjunctiva 
may occur. External features include madarosis, scleritis and inter- 
stitial keratitis. Uveitis and chorioretinitis are rare but serious 
complications of syphilis and lead to blindness. Neuro-ophthalmic 
features include Argyll Robertson pupils, optic nerve lesions 
and palsies of the third and sixth cranial nerves. Gummatous 
involvement of the brain can cause visual field defects. 


Management 

Patients with suspected ocular syphilis should be referred to an 
infectious diseases or genito-urinary medicine specialist for assess- 
ment and therapy. Ophthalmic involvement should be assessed by 
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an ophthalmologist, although definitive treatment is likely to be the 
same as for systemic infection. 


Lyme disease [16,17] 


Clinical features 

Ocular manifestations of Lyme disease involve all parts of the eye 
(Chapter 26). As with syphilis, these vary according to the stage of 
the disease. In stage 1, a localised conjunctivitis with photophobia 
occurs in 10% of patients. This is mild and brief, and ophthal- 
mologists are rarely consulted. In stage 2, various ophthalmic 
complications have been described including cranial nerve palsies; 
these may occur within 1 month of the appearance of erythema 
migrans. It is in the late stage 3 that most of the severe ocular com- 
plications are seen, including episcleritis, symblepharon, interstitial 
keratitis, uveitis, chorioretinitis and retinal vasculitis. 


Management 
Patients with suspected ocular involvement with Lyme disease 
should ideally be referred to an ophthalmologist with a specific 
interest in infection for assessment and management of the ocular 
complications. 


PARASITIC INFECTIONS 
Phthiriasis (lice) [18,19] 


Clinical features 

This is an infestation of the eyelashes by the pubic louse, Phthirus 
pubis (Chapter 34). It mainly affects children and causes chronic 
itching, irritation and rubbing of the lids. As with louse infec- 
tion elsewhere, the adult lice can be difficult to see, although nits 
(eggs) and their shells are visible, adhering to the eyelashes (see 
Figure 107.9c, d). The skin nearest to the base of the lashes may 
show small bluish spots due to the louse bites (maculae caeruleae). 


Management 

A number of measures have been used to treat louse infestation of 
the eyelids, including mechanical removal with forceps, epilation 
and trimming of infested lashes, and the application of fluorescein, 
occlusive ointments (e.g. petrolatum) or aqueous malathion for 
7-10 days. 


Filariasis (onchocerciasis) [20] 


Clinical features 

Onchocerciasis or river blindness is caused by the filarial organism 
Onchocerca volvulus (Chapter 33). It is the second most common 
cause of preventable blindness in sub-Saharan Africa with an esti- 
mated prevalence of 500 000 cases with visual impairment and 
270 000 with blindness. It appears that Wolbachia endobacteria, a 
bacterial symbiont, produces an endotoxin-like product which 


constitutes a major pro-inflammatory stimulus in the eye, causing 
corneal inflammation and sclerosing keratitis. 


Management 

Patients with suspected ocular onchocerciasis should be referred to 
an ophthalmologist with a special interest in tropical diseases for 
assessment and management. 


OTHER INFECTIONS 
Protozoal infections 


Clinical features 

Ocular disease may complicate leishmaniasis. In Leishmania dono- 
vani infection, bilateral retinal haemorrhages may be a feature 
(Chapter 33). In L. tropica and L. braziliensis infection, eyelid 
lesions (see Figure 107.9f) and corneal lesions occur, and subse- 
quent destruction may lead to loss of the eye. In trypanosomiasis, 
unilateral oedema of the lids may occur. 


Management 

Patients with suspected ocular complications of leishmaniasis 
should ideally be referred to an ophthalmologist with a special 
interest in the management of tropical diseases for assessment and 
management. 


OTHER DISORDERS .— ae 


INHERITED DISORDERS 


A large number of inherited disorders affect the skin and eyes. 
Major reference texts are cited in [1-3]. The main ocular features are 
summarised in Table 107.11 [4-51]. 


OCULAR COMPLICATIONS OF 
DERMATOLOGICAL THERAPY 


A number of drugs used by dermatologists have significant side 
effects on the eye and require careful monitoring. 


Corticosteroids [1-15] 

The use of corticosteroids can cause significant side effects on 
the eye. Both systemic and topical corticosteroids are responsible, 
although the greatest risk is to those receiving prednisolone at a 
dose of 10-15 mg/day for over a year. Continuous therapy is more 
likely to cause side effects than intermittent therapy. 

Posterior subcapsular cataracts are induced by long-term systemic 
corticosteroids in as many as 30% of patients. They rarely occur at 
doses less than 10 mg/day and for less than 1 year. Children are 
particularly vulnerable. Reversibility of cataracts is not common 
and progression of cataracts may occur in spite of the reduction or 
discontinuation of corticosteroid therapy. 


Table 107.11 Inherited disorders affecting the skin and eyes 


Group 


Condition 


Inheritance 
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Other disorders 


Ocular features 


Nutritional deficiency 
Connective tissue disorder 


Dysplasias, hyperplasia, 
atrophies and aplasias 


Hair disorders 


Keratinisation disorders 


Acrodermatitis enteropathica [4] 
Ehlers—Danlos syndrome [5] 


Marfan syndrome [6] 


Pseudoxanthoma elasticum [7] 


Ablepharon macrostomia 
syndrome [8] 
Aplasia cutis congenita [9] 


Blepharophimosis, ptosis, 
epicanthus inversus 
syndrome [10] 

Cockayne syndrome [11] 


Dyskeratosis congenita [12] 


Ectodermal dysplasias — a 
complex group of disorders 
with various inheritance 
patterns and a variety of 
ocular findings [13] 

Examples are: 

(i) Christ-Siemens—Touraine 
syndrome 

(ii) Fischer—Jacobsen—Clouston 
syndrome 

(iii) Ellis-van Creveld syndrome 

Focal dermal hypoplasia (Goltz 
syndrome) [14] 

Fraser syndrome [15] 


Frydman syndrome [16] 

Hallermann-Streiff 
syndrome [17] 

MIDAS syndrome [18] 

Pachyonychia congenita (PC) 
[19] 

Brachmann-Lange 
syndrome [20] 

Monilethrix [21] 

Pili torti [22] 

Chondrodysplasia punctata [23] 


The ichthyoses [24]: 

i) Ichthyosis congenita gravis 
ii) Ichthyosiform erythroderma 
iii) Lamellar ichthyosis 


iv) X-linked ichthyosis 

KID syndrome [25] 

Refsum syndrome [26] 
SjOgren-Larsson syndrome [27] 


Ulerythema ophryogenes [28] 


AR (MIM 201100) 
Mainly AD (MIM 130000) 


AD (MIM 154700) 


Types | and Il AR 

(MIM 264800, 264810) 
Types Ill and IV AD 

(MIM 177850, 177860) 
Unknown (MIM 200110) 


AD (MIM 107600) 
AR (MIM 207700) 
AD (MIM 110100) 


AR (MIM 216400) 


XR (MIM 305000) 


XR (MIM 305100) 
AD 


AR (MIM 225500) 
XD (MIM 305600) 


AR (MIM 219000) 


AR 
Unknown (MIM 264090) 


XD (MIM 309801) 

AD; PC1 (MIM 167200) 
PC2 (MIM 167210) 

AR 


AD (MIM 158000) 
AR (MIM 261900) 
AD (MIM 215105) 
XR (MIM 302950) 


AR (MIM 242500) 
AD (MIM 242100) 
AR (various types) 


XL (MIM 308100) 
XD (MIM 148210) 
AR (MIM 266500) 
AR (MIM 270200) 


AD 


Loss of eyebrows and eyelashes, conjunctivitis, blepharitis, photophobia 

Lax eyelid skin with redundant folds, epicanthal folds, hypertelorism, 
strabismus, blue sclera, corneal abnormalities including keratoconus, 
angioid streaks (breaks in Bruch membrane), ectopic lens. Retinal 
detachments occasionally occur 

Subluxation of lens — 60-80% of patients in early childhood. Amblyopia, 
myopia, cataract, corneal abnormalities, glaucoma. Retinal detachment 
is the most serious complication 

Angioid streaks in majority. Haemorrhagic maculopathy after trauma may 
cause visual loss 


Absent eyelids and ectropion 


Congenital absence of skin leading to eyelid colobomas, corneal opacities, 
scleral dermoids and lamellar cataracts 

Blepharophimosis, ptosis, epicanthus inversus, telecanthus. Amblyopia in 
50% of patients 


Corneal opacities, cataracts in 30%, retinitis pigmentosa, optic atrophy, 
strabismus, photophobia 

Obliteration of the lacrimal puncta in 80% of cases, conjunctivitis, 
blepharitis, ectropion, loss of eyelashes and eyebrows 


Photophobia, dry eye 
Usually normal 


Coloboma of iris, microphthalmia, occasional cataract 

40% have ocular abnormalities, the commonest being colobomas of iris, 
choroid, retina or optic nerve 

Bilateral or unilateral absence of palpebral fissure with loss of eyebrows, 
anophthalmia, microphthalmia 

Synophrys, blepharophimosis, weakness of extraocular and frontal muscles 

Loss of hair of eyebrows and eyelashes, microphthalmos, cataracts, 
amblyopia, nystagmus 

Microphthalmia, sclerocornea 

Cataract and corneal dyskeratosis 


Synophrys, long thick eyelashes, narrow palpebral fissure, myopia, 
nystagmus, strabismus 

Loss of eyebrows and lashes 

Loss of eyebrows and lashes 

Cataracts 

Ocular albinism, cataracts, microphthalmia 
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Severe ectropion 

Early development of ectropion is characteristic 

Cicatricial ectropion with exposure keratitis 

Direct conjunctival involvement may occur 

Deep corneal opacities 

Keratitis 

Night blindness, posterior subcapsular cataracts develop in most cases 

Blepharitis, conjunctivitis, punctate corneal erosions, pigmentary 
degeneration of the retina 

Redness and perifollicular papules on eye to eyebrows, spreading medially 
and causing thinning of eyebrows (occurs in keratosis pilaris, Noonan 
syndrome, cardio-facio-cutaneous syndrome) 
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Table 107.11 (continued) 


Group Condition Inheritance Ocular features 
Metabolic disorders Alkaptonuria [29] AR (MIM 203500) Scleral pigmentation is early sign, eyelid pigmentation 
Angiokeratoma corporis XL (MIM 301500) Angiokeratomas of conjunctiva, corneal opacities, posterior capsular 


Neurocutaneous 
syndromes 


Photosensitive disorders 


diffusum [30] 
Homocystinuria [31] 


Hurler syndrome [32] 
Richner—Hanhart syndrome [33] 


Neurofibromatosis type | [34] 


Neurofibromatosis type II [34] 
Tuberous sclerosis [35] 
Basal cell naevus syndrome [36] 


> 


R (MIM 236200) 


R (MIM 252800) 
R (MIM 276600) 


>> 


AD (MIM 162200) 


D (MIM 101000) 
D (MIM 191100) 
D (MIM 109400) 


>> yD 


AD (MIM 210900) 
R (MIM 268400) 


Bloom syndrome [37] 

Rothmund-Thomson 
syndrome [38] 

Xeroderma pigmentosum [39] 


> 


> 


R (various types) 


Chediak—Higashi syndrome [40] 
Cross syndrome [41] 
Epidermal naevus syndrome [42] 


R (MIM 214500) 
R (MIM 257800) 
poradic 


>> 


Pigmentation disorders 


Za) 


x< 


Incontinentia pigmenti [43] D (MIM 308300) 


Hypomelanosis of Ito [44] Sporadic (MIM 300337) 
Oculocutaneous albinism [45] AR (various types) 
Piebaldism [46] AD (MIM 172800) 


Waardenburg syndrome [47] D (MIM 193150) 
Cutis marmorata telangiectatica 


congenita [48] 


cP 


Vascular and 
haematological 


syndromes Fanconi pancytopenia AR (MIM 227650) 
syndrome [49] 
Lymphoedema-distichiasis AD (MIM 153400) 


syndrome [50] 
Sturge-Weber syndrome [51] 


nknown (MIM 219250) 


Sporadic (MIM 185300) 


cataracts 

Myopia, cataracts, subluxation of lens, secondary glaucoma, retinal 
detachment 

Early clouding of cornea 

Corneal lesions vary from erosions to deep ulcers 

Nystagmus and lens opacities 

Neurofibromas of eyelid, corneal clouding, Lisch nodules of iris, optic nerve 
glioma, palsies from cranial nerve involvement 

Cataract fundus lesions, extraocular motility abnormalities 

Tumours of the lids or nodules on conjunctiva and retina 

Basal cell carcinoma of eyelid and periorbital area, hypertelorism, 
strabismus, colobomas of the choroid, cataracts, glaucoma in 5-10% 

Telangiectasia on lower lids, blistering and scarring on lower eyelids 

Sparse eyebrows and eyelashes, degenerative changes in cornea, 50% of 
patients have bilateral cataracts which develop in childhood, strabismus 

Angiomas, keratoses, papillomas, carcinomas develop on eyelids, 
sometimes extending on to conjunctiva and cornea, scarring and 
atrophy of lids with exposure keratitis leading to corneal ulceration and 
symblepharon formation; ocular melanoma 

Oculocutaneous albinism, corneal opacities 

Microphthalmia, small opaque cornea, coarse nystagmus 

Ocular melanocytic naevi, coloboma of the lids, iris and choroid; 
lipodermoid of conjunctiva or choroid 

35% of patients have eye abnormalities including strabismus, cataract and 
microphthalmia; retinal detachment may occur 

Hypertelorism, strabismus, myopia 

Total loss of pigment in eyes, nystagmus, absence of binocular vision 

Absent pigmentation medially of eyebrows, eyelids and eyelashes, 
heterochromia of iris 

Telecanthus, synophrys, partial albinism, heterochromia of iris 

Clouding of cornea, glaucoma 


Microphthalmia strabismus, nystagmus and colobomas 
Double row of eyelashes on upper and lower eyelids 


50% of patients have angiomatous changes of the ipsilateral choroid 
causing glaucoma 


AD, autosomal dominant; AR, autosomal recessive; KID, keratitis, icthyosis and deafness; MIDAS, microphthalmia, dermal aplasia and sclerocornea; XD, X-linked dominant; XL, 


X-linked; XR, X-linked recessive. 


Patients also risk developing open angle glaucoma, particularly 
if genetically predisposed. The precise mechanism is unknown, 
although it is thought to be due to decreased aqueous outflow. 
Particular risk factors include type 1 diabetes, high myopia, con- 
nective tissue disorders and a family history of glaucoma. Topical 
corticosteroids induce a rise in intraocular pressure more quickly 
than systemic corticosteroids. Topical corticosteroids applied to, or 
near, the eyelids may spread over the lid margin and are absorbed 
through the cornea; mid to high potency preparations can reach 
sufficient concentrations to elevate ocular pressures over long 
periods. 

Topical corticosteroids also predispose patients to secondary 
surface infection. Injudicious use in herpes simplex virus infection 
masks the clinical signs of dendritic ulcer and risks perforation. 
Wearing contact lenses (including single-use lenses) increases the 
risk of infection when using topical ocular corticosteroid. The risk is 


higher with soft lenses than hard. Other ocular complications from 
corticosteroids include angioedema, papilloedema from raised 
intracranial pressure and toxic amblyopia. Systemic treatment 
with corticosteroids may cause serous chorioretinopathy or diffuse 
retinal pigment epitheliopathy. 

The question arises of what constitutes ‘safe’ usage of topical 
corticosteroids in the context of dermatoses affecting the eyelids, 
the commonest scenario being that of atopic eczema. This is difficult 
to answer from the literature or major national guidelines. For 
example, neither those from the UK National Institute for Health 
and Care Excellence (NICE) [16] nor those of the American Academy 
of Dermatology [17] address the issue. A useful review by Beck et al. 
[18] published in 2019 stated the generally accepted view that lower 
potency corticosteroids are preferred on the eyelids. These authors 
noted a lack of prospective evidence. Anecdotal reports suggest that 
intraocular pressure (IOP) increases in some patients as a result of 
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topical corticosteroid use; the results of retrospective studies have 
been inconsistent. The report noted that certain individuals are at 
higher risk of corticosteroid-induced elevation in IOP, including age 
<10 and >40 years, and those with diabetes, myopia, connective 
tissue disease, a history of refractive surgery or family or personal 
history of open angle glaucoma. Overall, however, which individu- 
als will develop raised IOP from topical corticosteroid use cannot 
be predicted. It is thought that it takes a few weeks of use for IOP 
to occur and pressures usually return to normal 2-4 weeks after 
cessation. In relation to cataract formation, Beck et al. noted that 
this is associated with atopic eczema, but concluded that there is no 
evidence that long-term use of low-potency products or short-term 
use of higher potency products increases the risk. 

The suggestion to treat in short bursts of a few days at a time 
with the lowest potency product that is effective seems sensible. 
In addition, it is advisable to monitor IOP closely — such as every 
3 months — in individuals in whom long-term periocular use of 
topical corticosteroids cannot be avoided. Consideration should 
always be given to switching the topical corticosteroid to a cal- 
cineurin inhibitor if the indication is appropriate. The latter have 
not been associated with ocular adverse effects. Their use is limited 
in some patients by the sensation of burning or stinging, although 
this usually subsides after a few applications. It may be helpful to 
control acute inflammation initially using topical corticosteroids, 
before transitioning to the calcineurin inhibitor. In cases where the 
eyelid dermatosis does not respond sufficiently to topical treatment 
or where continuous or near-continuous potent corticosteroids are 
required, systemic therapies should be considered. 

Patients on long-term systemic corticosteroids similarly require 
monitoring of IOP regularly (e.g. 1-6 monthly intervals) depend- 
ing on their degree of risk. Long-term systemic corticosteroids 
(at any dose) can cause or worsen glaucoma, and patients and 
clinicians need to be aware of this risk and ensure appropriate 
regular monitoring is carried out. 


Oral retinoids [19-21,22] 

Isotretinoin, alitretinoin and acitretin can each cause ocular side 
effects. The most common is evaporative dry eye with associated 
conjunctivitis and blepharoconjunctivitis, giving rise to blurred 
vision. There may be associated staphylococcal infection. Exposure 
keratopathy and corneal ulceration rarely occur; asymptomatic 
corneal opacities may develop but resolve after 6-8 weeks. Patients 
should be warned that they may be unable to tolerate contact 
lenses while on retinoid therapy. Use of tear substitutes, humidifi- 
cation of the environment and lid hygiene measures help. Retinal 
abnormalities may also occur, with poor night vision and increased 
sensitivity to glare, and can be a significant problem in those 
who drive at night; pilots are not allowed to fly while taking 
isotretinoin due to the potential effects on night vision. The cause 
is unknown but may be due to competitive inhibition of ocular 
retinol dehydrogenase causing local vitamin A deficiency and 
reduction in rhodopsin formation. More serious side effects include 
papilloedema from raised intracranial pressure, optic atrophy and 
cataract. Although these are rare, a history of visual disturbance 
should be asked for when patients come for follow-up. Severe 
headache early in the course of treatment is significant. The ocu- 
lar manifestations are dose dependent and usually reversible, 


provided they are recognised and the treatment regimen adjusted. 
However, there have been reports of severe dry eye syndrome and 
night blindness persisting after retinoids have been discontinued. 
Laser eye surgery is contraindicated within 6 months of being on 
isotretinoin [23]. 


Antimalarials [24,25,26] 

A key potential adverse effect of both hydroxychloroquine and 
chloroquine is irreversible retinopathy with resulting loss of vision. 
The mechanisms are not fully understood, but the drugs are thought 
to induce degeneration of the retinal pigment epithelium [24]. It is 
estimated that long-term exposure to hydroxychloroquine results 
in retinopathy in about 7.5% of patients. This can produce central 
visual loss and the characteristic ‘bull’s eye maculopathy’. Chloro- 
quine appears to lead to similar problems, but more rapidly than 
hydroxychloroquine, whereas this problem has not been linked 
with mepacrine. Previous recommendations for prescribers of the 
two former drugs involved simple tests of visual acuity. With the 
development of more sensitive methods to detect retinopathy prior 
to the onset of symptoms or visual loss, UK guidelines for the 
surveillance of patients taking these drugs were released by the 
Royal College of Ophthalmologists. These were updated in 2020 [26] 
and recommend referral to ophthalmology for annual monitoring 
after taking hydroxychloroquine for 5 years or chloroquine for 1 
year. Monitoring should preferably be with both spectral-domain 
optical coherence tomography (SD-OCT) and wide-field fun- 
dus autofluorescence imaging (FAF). Referral of patients prescribed 
hydroxychloroquine should take place sooner if there are additional 
risk factors, namely a dose greater than 5 mg/kg/day, concomitant 
tamoxifen or renal impairment (estimated glomerular filtration 
rate (EGFR) <60 mL/min/1.73 m?). If retinal toxicity is identified, 
cessation of the causative drug will generally be recommended by 
the ophthalmologist as this is the only intervention likely to prevent 
progression. In some cases, retinopathy worsens despite stopping 
the drug, although this is more likely in the context of advanced 
disease. 


Antibiotics for acne [27-31] 

Oxytetracycline, minocycline and doxycycline can all cause raised 
intracranial pressure. The mechanism is unknown but is thought 
to be related to interference with the energy-dependent absorption 
mechanism of cerebrospinal fluid, which is mediated by cyclic 
adenosine monophosphate (cAMP) at the arachnoid granula- 
tions. Patients who complain of headache should be examined 
carefully with fundoscopy through dilated pupils to look for 
papilloedema, and should have formal testing of visual acuity 
and of visual fields. Permanent visual field loss can occur if the 
condition is not recognised early and the drug stopped. Sometimes 
treatment with acetazolamide is required to reduce the pressure. 
Erythromycin or trimethoprim may cause SJS/TEN or erythema 
multiforme with associated ocular changes. Pigmentation due to 
minocycline can occur in the skin and has also been reported in the 
sclera. 


Psoralens [32-45] 
Psoralens have been shown to bind to the lens proteins, and some 
animal studies have shown induction of anterior cortical opacities 
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although others have not. 8-Methoxypsoralen can be detected in the 
human lens 12 h after oral ingestion. There has been a longstand- 
ing concern about the risk of cataract in patients having psoralen 
and long-wave ultraviolet A radiation (PUVA) therapy. Although 
PUVA has been used in the treatment of skin diseases for 30 years, 
and clinical studies have not yet shown any convincing evidence of 
an increase in cataracts as compared with the general population, it 
is still recommended that UVA-filtered spectacles are used for 12 h 
after ingestion of psoralens in case significant long-term sequelae 
eventually develop. Failure to do so may result in other signs of ocu- 
lar toxicity such as conjunctival hyperaemia, decreased lacrimation 
and pinguecula formation, which represents elastotic degeneration 
of the cornea. Care must be taken to ensure that the spectacles are 
suitable for UV protection. 


Botulinum toxin [46] 

With the increased use of botulinum toxin for the treatment of facial 
wrinkling and eyebrow position, dermatologists need to be aware 
of the potential side effects. These include haematoma, ptosis, 
ectropion, diplopia and eyelid drooping, and are often related to 
poor injection technique. 


Biologic agents 

Dupilumab is the first biologic agent approved for eczema. It is a 
recombinant IgG4 monoclonal antibody that interrupts the path- 
ways involved in type 2 inflammatory disease by inhibiting IL-4 
and IL-13 [47]. While atopic eczema is known to be associated with 
a variety of eye disorders including dry eye syndrome, kerato- 
conjunctivitis, conjunctivitis, blepharitis and several others [48], 
clinical trials of dupilumab found higher than expected rates of 
eye complications, usually described as conjunctivitis (8.6-22.1% 
in participants taking dupilumab versus 2.1-11.1% on placebo 
[47]). This appears only to occur in patients with eczema and not 
those with other indications such as asthma, chronic rhinosinusitis 
with nasal polyps or eosinophilic oesophagitis and is more com- 
mon in individuals with more severe atopic eczema or a previous 
history of conjunctivitis [49]. It is thought that IL-13 has a role in 
the regulation of conjunctival goblet cells and its blockade results 
in impaired tear quality [50]. Most cases are mild to moderate in 
severity and discontinuation due to ocular adverse effects is rare 
[49,51]. 

Wollenberg et al. reported a good response to topical corticos- 
teroid (fluorometholone 0.1% eye drops) or tacrolimus (0.03% eye 
ointment), whereas antihistamine drops and artificial tears were 
unhelpful [52]. On the other hand, Rial et al. reported good results 
in their small series of patients with severe atopic eczema from 
using prophylactic artificial tears from a week prior to initiation of 
dupilumab [50]. Hot compresses and topical ciclosporin may also 
be helpful. 

The other IL-13 antagonists, tralokinumab and lebrikizumab, 
appear to be associated with similar ocular adverse effects of mild 
to moderate severity [53-55]. 

Potential ocular side effects of biologic agents used within 
oncology include (depending on the agent used) trichomegaly, 
blepharitis, conjunctivitis, cicatricial entropion, corneal erosion, 
reversible posterior leukoencephalic syndrome and possible optic 
neuritis. Further details can be found in Hager and Seitz [56]. 


BENIGN LESIONS OF THE EYELID 


As would be expected of such complex tissue, the eyelid gives 
rise to a large number of skin tumours. Tumours can arise from 
the epidermis and dermis in addition to the adnexal structures, 
which include the meibomian and Zeis sebaceous glands, eccrine 
and Moll apocrine sweat glands, and the specialised hair follicles 
of the eyelashes. They may also originate from lymphoid neural 
and vascular tissue found in the preseptal tissues of the eyelid. 
Although optimal treatment of the tumours begins with accurate 
diagnosis, many are rather non-specific in their appearance and are 
only diagnosed with certainty by histology. 


Seborrhoeic keratosis 


Seborrhoeic keratoses occur on the eyelid and show similar clini- 
cal features to those at other sites. They can be treated if necessary 
with careful cryotherapy, or laser ablation or surgery under local 
anaesthesia. 


Xanthelasma [1,2] 


These present as yellowish cutaneous plaques, most commonly 
located on the medial part of the eyelids (Figure 107.25). They are 
usually bilateral and are much more common in elderly patients. 
About 60% of patients have associated hypercholesterolaemia and 
lipid levels should be measured. Patients often request treatment 
for cosmetic reasons. Although 90% trichloroacetic acid applied 
with a cotton wool bud is used there is a significant risk of spillage 
into the eye. More effective treatment is by surgical excision or 
ablation with carbon dioxide laser. Necrobiotic xanthogranuloma 
may look similar to xanthelasma but are thicker and more nodular. 
These lesions may involve the conjunctiva and sclera. On the rare 
occasions that they infiltrate the orbit, they may cause proptosis. 


Figure 107.25 Xanthelasma. There are two lesions on the medial eyelid and one lesion 
on the temporal eyelid. The cornea shows arcus senilis, which is also associated with 
hypercholesterolaemia. 
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Figure 107.26 Juvenile xanthogranuloma. 


Juvenile xanthogranuloma [3] 


These lesions occasionally involve the eyelid, conjunctiva or uveal 
tract. They may be associated with glaucoma and threaten sight. 
Patients need screening by an ophthalmologist (Figure 107.26). 


Benign adnexal lesions (4] 


Syringomas, milia, trichoepitheliomas and tricholemmomas present 
as small papules around the eyelids. They can be very difficult to 
distinguish from each other. Syringomas are the most common, but 
histology from a biopsy is the only way to make a definite diagnosis. 
Treatment is by local destruction of the lesions. Eccrine hidrocys- 
tomas can present in an eruptive fashion on the face and eyelids; 
they may respond to topical atropine. 

Benign sebaceous lesions also occur in the periocular area. 
Histology is required for diagnosis and to differentiate them from 
sebaceous carcinoma, which is discussed later in this section. 
Confirmed diagnosis of a sebaceous lesion should prompt consid- 
eration of testing for mismatch repair genes, although sebaceous 
lesions occurring below the neck are much more strongly associated 
with Muir—Torré syndrome. 


Benign cysts of the eyelid 


Retention cysts may arise from either the glands of Moll or Zeis. A 
cyst of Moll usually presents as a small translucent lesion on the 
anterior lid margin close to the lacrimal punctum (Figure 107.27). 
Glands of Zeis are sebaceous glands and their retention cysts 
contain oily secretions and are more opaque than a cyst of Moll 
(Figure 107.28). An eccrine hidrocystoma is similar in appearance 
to a cyst of Moll but is not confined to the lid margin. These cysts 


Figure 107.27 Cyst of Moll, a small translucent cyst on the anterior lid margin. Courtesy 
of Mr N. Joshi, Chelsea and Westminster Hospital/Medical Illustration UK, London, UK. 


Figure 107.28 Cyst of Zeis. Opaque sebaceous cyst. 


are easily confused with a basal cell carcinoma clinically and are 
treated by excision biopsy. 


Chalazion [5] 


This lesion represents a chronic granulomatous inflammatory reac- 
tion around a blocked sebaceous gland. Patients with seborrhoeic 
dermatitis and rosacea are at increased risk of chalazion formation. 
A chalazion presents as a firm lump in the eyelid (see Figure 107.8b, 
d), which is clearly visible when the lid is everted; an association 
with chronic posterior blepharitis is common. Chalazia will usually 
resolve spontaneously but large and troublesome lesions can be 
treated by everting the lid with a special clamp, incising the cyst 
and curetting the contents through the tarsal plate. Patients who 
develop recurrent chalazia associated with seborrhoeic dermatitis 
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and rosacea benefit from long-term antibiotic treatment using 
tetracyclines. Hot compresses reduce the inflammation. 


Melanocytic naevii [6,7] 


The skin on the eyelid can develop pigmented naevi. Their appear- 
ance, classification and potential malignant change is the same as 
elsewhere on the skin. Patients with dysplastic naevus syndrome 
should be referred to an ophthalmologist for ocular assessment 
(Chapter 131). Melanocytic lesions of the conjunctiva extending onto 
the cornea or pigmented lesions of the conjunctiva (Figure 107.29), 
which change in character, should also be referred with a view to 
excision biopsy. 


Naevus of Ota [3] 


This lesion affects the eyelids, conjunctiva and sclera (Chapter 73). 
Occasionally, the pigmentation is confined to the eye and uvea with 
no cutaneous involvement (Figure 107.30). Naevus of Ota carries an 
increased risk of ocular melanoma and glaucoma, and patients need 
to be referred for ophthalmic examination and long-term review. 


Haemangioma [10-15] 


Strawberry naevus (capillary haemangioma) can affect the eyelids 
(Chapter 116). It is more common on the upper lid and presents 
as a unilateral, red, raised lesion, which grows quickly during the 
first year of life (Figure 107.31). Spontaneous involution occurs usu- 
ally by age 9 years. Amblyopia is the main potential complication 
of larger periorbital lesions and results either from physical closure 
of the eye and occlusion of the pupil, giving rise to stimulus depri- 
vation, or from refractive errors caused by corneal distortion due to 
lid pressure. Lesions that threaten function such as sight or those 


(b) 


Figure 107.30 (a, b) Naevus of Ota. In this case the pigmentation is confined to the 
eye, with no cutaneous involvement. The yellow staining of the eyelid is due to 


“a 7 
; fluorescein instillation into the eye to measure intraocular pressure. 
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Figure 107.31 Capillary haemangioma. The enlarging lesion on the right upper lid is 
starting to occlude vision. Courtesy of Mr N. Joshi, Chelsea and Westminster 
Hospital/Medical Illustration UK, London, UK. 


Figure 107.29 Primary acquired melanosis of the conjunctiva. 


that are symptomatic are generally treated with systemic or topical 
B-blockers. Surgical resection or laser therapy is helpful in certain 
cases. 


Port-wine stain [16,17] 


This is an uncommon congenital vascular lesion, which may affect 
the eyelids (Chapter 71). It presents as a sharply demarcated, red, 
macular lesion, which becomes darker and thicker over time. Cases 
with upper eyelid and forehead involvement in particular may 
be associated with Sturge-Weber syndrome (SWS), which is char- 
acterised by a wide spectrum of neurological features including 
epilepsy and learning difficulties. Hennedige et al. found that SWS 
was present in only 3% of their series of 874 patients with facial 
port-wine stain [16]. There is also an association between facial 
port-wine stain and other ocular abnormalities. Rujimethapass 
et al., for example, found that 18% of their patients with port-wine 
stain had glaucoma and recommended screening [17]. 


Keratoacanthoma 


Keratoacanthoma may develop on the eyelid (Chapter 140). It 
presents as a rapidly enlarging papulonodule, which develops a 
characteristic keratin-filled crater and may reach up to 3 cm in diam- 
eter (Figure 107.32). The lesion then stops growing and remains 
static for weeks to months before spontaneously involuting. This 
can lead to unpredictable scarring of the eyelid so it is generally 
seen as preferable to excise lesions at this site at an early stage. 


Squamous cell carcinoma in situ 


Both actinic keratoses and Bowen disease can occur on the eyelid. 
They have similar clinical features to those elsewhere on the skin 


Figure 107.32 Keratoacanthoma. Keratin-filled crateriform nodule on the lid margin. 
Courtesy of Mr N. Joshi, Chelsea and Westminster Hospital/Medical Illustration UK, 
London, UK. 


and can be treated similarly. Options include carefully applied 
cryotherapy, or laser ablation under local anaesthesia. Topical 
5-fluorouracil cream can also be used with care in the periocu- 
lar area [18] and is often the best option for larger lesions or in 
cases with more widespread actinic field change. Although sur- 
gical treatment may be required, curettage can be difficult in the 
periocular region: the skin is mobile and thin, making it difficult 
both to gain any purchase with the curette and also to control the 
depth of treatment. Recurrent actinic keratosis should be biop- 
sied and sent for histological examination to make sure it is not a 
deceptive manifestation of skin cancer such as superficial basal cell 
carcinoma. 


MALIGNANT LESIONS OF THE EYELID [1-4] 


Basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and 
malignant melanoma all occur on the eyelid as on other areas of 
the skin (Chapters 139 and 140). The same rules for management 
apply on the eyelid as at any site, but the eyelid poses specific 
problems in preserving good cosmesis and residual function. 
Clinical examination is an unreliable way of determining the extent 
of many of these lesions, particularly infiltrative BCC. For such 
lesions, margin-controlled excision, preferably Mohs micrographic 
surgery, should be considered as primary treatment, with recon- 
struction by an operator appropriately experienced and skilled in 
operating in this area. 


Basal cell carcinoma [4-14] 


This is the most common skin malignancy and in most series 
accounts for 90% of malignant tumours. Although it rarely metas- 
tasises, it can cause problems in the periocular area through local 
tissue destruction and invasion of periorbital tissue. This can lead 
to disruption of the delicate functioning of the eyelids and lacrimal 
system. Furthermore, infiltrative tumours may eventually extend 
behind the globe so that exenteration is the only potentially cura- 
tive treatment. Over 70% of periocular BCCs arise on the lower 
eyelid, followed in order of frequency by the medial canthus, upper 
eyelid and lateral canthus. Tumours located near to the medial 
canthus can invade the orbit and sinuses. Treatment of these can 
be particularly problematic because of the high risk of damaging 
the tear duct. The majority of BCCs are solid or cystic and are fairly 
straightforward to recognise (Figure 107.33). The infiltrative or 
morphoeic subtype is more difficult to diagnose as it may lack some 
of the classic features of BCC and tends to present later. The paucity 
of reticular dermis and subcutaneous fat to resist deep invasion 
presents a particular problem around the eye. Once the orbital sep- 
tum is penetrated the BCC can rapidly invade, threatening the orbit. 
At the medial canthus the lacrimal sac and the rich anastomosis of 
blood vessels offers little barrier. 

Treatment of any periocular BCC is ideally by complete exci- 
sion. Histological confirmation of an adequate excision margin is 
mandatory. Mohs micrographic surgery is often indicated in this 
area, both to be confident that ill-defined lesions are fully removed 
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(c) 


Figure 107.33 Basal cell carcinoma (BCC). (a) Ulcerated BCC on the lower lid. (b) Poorly 
defined BCC at the medial canthus. (c) Morphoeic BCC along the lower lid. Courtesy of 
Mr N. Joshi, Chelsea and Westminster Hospital/Medical Illustration UK, London, UK. 


and also for tissue sparing in an area where it is vital to preserve 
function. This can minimise the complexity of the reconstruction 
and thus the likelihood of complications. Radiotherapy damages 
and scars the eyelid tissues and lacrimal system and should be 
reserved for situations when surgery is otherwise inappropriate. 
Cryotherapy should be avoided due to the risks of leaving residual 
tumour and excessive scarring. Hedgehog pathway inhibitors can 
be helpful in the management of patients with unresectable disease, 
such as large infiltrating eyelid BCC and in Gorlin syndrome where 
there may be numerous eyelid lesions; however, the drugs are 
poorly tolerated [7]. 


Squamous cell carcino! 


This is much less common than BCC, accounting for between 5% 
and 10% of eyelid malignancies. SCCs usually occur on a back- 
ground of marked actinic damage and are much more common 
in immunosuppressed individuals. They mainly affect the lower 
eyelid and lid margin, and may arise de novo or from pre-existing 
in situ disease. SCC of the eyelids may be nodular, plaque-like or 
ulcerated (Figure 107.34). Excision with adequate margins is the 
treatment of choice. Tumours greater than 2 cm in diameter and 
those with deep penetration have a higher risk of metastasis. His- 
tological evidence of poor differentiation or of perineural invasion 
are also poor prognostic factors and require more aggressive treat- 
ment. Mohs micrographic surgery can be considered as a primary 
treatment in the periocular region where tissue sparing is likely 
to be a particular advantage, and especially if on conventional 
excision the margins are not free of tumour. Radiotherapy is a 
potentially curative alternative to surgery; it is usually used as an 
adjuvant treatment for high-risk lesions. Locally advanced tumours 
which are not suitable for these interventions may respond to 
immune checkpoint inhibitors or epidermal growth factor receptor 
inhibitors. 


Figure 107.34 Squamous cell carcinoma (SCC). Infiltrating ulcerated SCC on the lower 
lid. Courtesy of Mr N. Joshi, Chelsea and Westminster Hospital/Medical Illustration UK, 
London, UK. 
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Figure 107.35 Malignant melanoma. Irregularly pigmented lesion on the lower lid. 
Courtesy of Mr N. Joshi, Chelsea and Westminster Hospital/Medical Illustration UK, 
London, UK. 


Malignant melanoma [10] 


This may occur on the eyelids or conjunctiva (Chapter 142) and will 
sometimes extend from one to the other. Its features are essentially 
the same as melanoma at other sites (Figure 107.35). However, 
a significant proportion of lid melanoma is amelanotic and this 
may give rise to difficulties with clinical diagnosis. Periocular 
melanoma most commonly affects the lower lid. The superficial 
spreading and lentiginous subtypes are most frequent. As with 
melanoma at other sites, treatment is generally by wide local exci- 
sion. Difficulty can arise due to the proximity to the eye, as well 
as subclinical extension often seen in lentigo maligna. Such cases 
should be managed in conjunction with the skin cancer multidisci- 
plinary team. 


Sebaceous carcinoma [11,12] 


This rare but aggressive cancer accounts for about 3-5% of malig- 
nant tumours of the eyelid, making it the third most common 
type of periocular cancer after BCC and SCC. It appears to be 
more common in Far Eastern populations. It usually arises from 
the meibomian glands although occasionally from the glands of 
Zeis. In contrast to BCC and SCC, the upper lid is the most com- 
mon site for periocular lesions (Figure 107.36). Nodular lesions 
can be impossible to distinguish clinically from keratinocyte can- 
cers, but sebaceous carcinoma is notorious for mimicking benign 
conditions, such as chalazia or blepharitis (see Figure 107.9a,b). 
The diagnosis is thus often delayed, with later presentation asso- 
ciated with poorer outcomes. A sebaceous tumour should be 
considered if a ‘chalazion’ lasts for more than 6 months, and one 
that recurs should be viewed with suspicion. Primary treatment 
is surgical, either by wide local excision or Mohs micrographic 
surgery. 


Figure 107.36 Sebaceous carcinoma. Infiltrating lesion on the upper lid. Courtesy of 
Mr N. Joshi, Chelsea and Westminster Hospital/Medical Illustration UK, London, UK. 


Eccrine carcinoma [13] 


This is a rare cancer of the eye and may present as an indurated 
thickening of the lid or with a signet-ring appearance. They are 
commonest in middle-aged or elderly men and may recur after 
excision. 


Microcystic adnexal carcinoma [14] 


This rare type of skin cancer most commonly presents on the head 
and neck in older white individuals. It tends to grow slowly and 
presents as a smooth papulonodule with features that may be 
indistinguishable from a variety of other benign and malignant 
lesions. Metastasis is rare but the tumour is infiltrating and locally 
aggressive. Wide local excision can be effective, but given the impor- 
tance of tissue sparing in the periocular region, Mohs micrographic 
surgery is useful for such lesions. 


Merkel cell carcinoma 


This tumour very rarely occurs on the eyelid. It can also mimic a 
chalazion in its early stages, with a resulting delay in diagnosis 
(Chapter 146). It is highly malignant and has often metastasised by 
the time of excision. 


Kaposi sarcoma 


A vascular malignancy, Kaposi sarcoma presents as a reddish, pur- 
ple or brown lesion on the eyelid or conjunctiva and can be mistaken 
for a benign haemangioma (Chapter 137). However, it will tend to 
enlarge, and may ulcerate and bleed. When it presents on the eyelid 
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it is usually associated with HIV infection, of which it may be the 
sole manifestation at the time of presentation. If HIV-related, it may 
regress with retroviral therapy, although it is very radiosensitive, 
and this is otherwise the preferred mode of treatment once the diag- 
nosis has been confirmed histologically. 
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Introduction 


Oral and labial lesions are usually the result of local disease but 
may be the early signs of systemic disease, including dermatological 
disorders. This chapter discusses disorders of the periodontal and 
mucosal tissues that may be related to skin disease and/or may 
present to a dermatology clinic. 

It provides a brief overview of the biology of the mouth followed 
by review of the more common signs and symptoms affecting 
specific oral tissues and how to undertake an oral examination 
optimally. The remainder of the chapter is divided into sections 
based upon types of clinical presentations, e.g. lumps and bumps, 
pigmented, red or white lesions and oral ulceration. The chapter 
concludes with the oral manifestations of systemic diseases and 
oculo-cutaneous syndromes. Only the more classic oral lesions are 
illustrated. Approximately 20 of the colour illustrations are from 
Oral and Maxillofacial Diseases, 2010 (reproduced by kind permission 
of C. Scully, S. Flint, J.V. Bagan et al., Informa, London). More detail 
of histology is available elsewhere [1]. Diseases affecting the teeth, 
salivary glands, jaws or temporomandibular joints are not dis- 
cussed because problems in these sites should be referred directly 
to their dental surgeon, oral medicine or oral and maxillofacial 
surgery. 

It is important to remember that diseases confined to the oral 
soft tissues may best be referred to oral medicine for diagnosis 
and management. Complex mucocutaneous disorders will, how- 
ever, be optimally managed with a multidisciplinary team. 


BIOLOGY OF THE MOUTH -— 7a 


The oral cavity is a unique anatomical structure, characterised by a 
combination of soft and hard tissues, which is continuously chal- 
lenged by the external environment. It is a site where pathogens, 
antigens and allergens are often first encountered and thus it has 
significant protective and immunological roles. It is notable that 
the oral mucosa heals very effectively often with minimal scarring in 


health, partly on account of the rapid turnover of epithelial cells. 
However, in disease it may be very slow to heal. Thus, it is vital 
to ensure that the clinician and patient are aware of this before 
changing doses or therapeutic interventions. 


Lips 


The opening of the oral cavity is surrounded by the lips. The lips 
mainly consist of bundles of striated muscle, particularly the orbicu- 
laris oris muscle. The labial mucosa on the inner lip is a wet surface 
within which there is a profusion of minor salivary glands. The 
outer lip, or vermilion, is the transitional zone between the glabrous 
skin and the mucous membrane, and is found only in humans. It 
contains no hair or sweat glands but does contain sebaceous glands 
(Fordyce spots). The epithelium of the vermilion is distinctive, with 
a prominent stratum lucidum and a very thin stratum corneum. 
The dermal papillae are numerous at this site, with a rich capillary 
supply, which produces the reddish-pink colour of the lips in white 
people. Melanocytes are abundant in the basal layer of the vermilion 
of pigmented skin, but are infrequent in white skin. 

The oral commissures are the angles where the upper and lower 
lip meet. The upper lip includes the philtrum, a midline depression, 
extending from the columella of the nose to the superior edge of the 
vermilion zone. 


Oral epithelium 


The oral epithelium consists of a functional compartment — the progen- 
itor cells (basal and parabasal cells) —- which is the site of cell divi- 
sion; a maturation compartment (spinous and granular cells) where 
the cells become more terminally differentiated; and a superficial 
cornified compartment of squames and areas of keratinisation, either 
orthokeratotic or parakeratotic. In the non-keratinised regions such 
as the buccal mucosa (cheek) and floor-of-mouth, overt keratinisa- 
tion and granular cells are absent and the surface cells are flattened, 
with elongated nuclei. 
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Oral mucosa 


The mucosa is divided into masticatory, lining and specialised types. 
Masticatory mucosa (hard palate, attached gingiva) is adapted to the 
forces of pressure and friction and is keratinised, with numerous 
tall rete ridges and connective tissue papillae and little submucosa. 
Lining mucosa (buccal, labial and alveolar mucosa, floor of mouth, 
ventral surface of tongue, soft palate, lips) is non-keratinised, with 
broad rete ridges and connective tissue papillae and abundant 
elastic fibres in the lamina propria. The buccal mucosae are similar 
in structure to the lips with which they are continuous, but contain 
a fat pad in the subcutaneous tissue. The floor of the mouth is 
formed by mucosa overlying the mylohyoid muscle. In the midline 
lies the lingual frenum, on either side of which is the opening 
of the submandibular duct (Wharton’s duct) from the associated 
submandibular gland. Similarly, in the upper arch midline is the 
labial frenulum that attaches the lip to the uppermost aspect of the 
attached gingiva. 

Specialised mucosa on the dorsum of the tongue, adapted for taste 
and mastication, is keratinised, with numerous rete ridges and 
connective tissue papillae, abundant elastic and collagen fibres in 
the lamina propria and no submucosa. The tongue is divided by a 
V-shaped groove, the sulcus terminalis, into an anterior two-thirds 
and a posterior third (Figure 108.1). Various papillae on the dor- 
sum include the filiform papillae, which cover the entire anterior 
surface and form an abrasive surface to control the food bolus as 
it is pressed against the palate, and the fungiform papillae. The latter 
are mushroom-shaped red structures covered by non-keratinised 
epithelium. They are scattered between the filiform papillae and 
have taste buds on their surface. Adjacent and anterior to the 
sulcus terminalis are eight to 12 large circumvallate papillae, each 
surrounded by a deep groove into which open the ducts of serous 
minor salivary glands. The lateral walls of these papillae contain 
taste buds. 

The foliate papillae consist of four to 11 parallel ridges, alternating 
with deep grooves in the mucosa, on the lateral margins on the 


Figure 108.1 Diagram of the oral cavity. 


posterior part of the tongue. There are taste buds on their lateral 
walls. The lingual tonsils are round or oval prominences with inter- 
vening lingual crypts lined by non-keratinised epithelium. They 
are part of Waldeyer’s oropharyngeal ring of lymphoid tissue. The 
lingual tonsil is a mass of lymphoid tissue in the posterior third of 
the tongue, between the epiglottis posteriorly and the circumvallate 
papillae anteriorly. It is usually divided in the midline by a ligament. 


Teeth 


The teeth are important in mastication. Each tooth consists of a 
crown, which varies in shape dependent on position in the mouth, 
with one or more roots. Teeth comprise a crown of insensitive 
enamel, surrounding sensitive dentine, and a root which has no 
enamel covering. Teeth contain a vital pulp (nerve and blood 
vessels) and are supported by the periodontal ligament which 
connects the root to the socket within the alveolar process of the 
jaws (maxilla and mandible). The fibres of the periodontal ligament 
attach through cementum on the root surface to the dentine surface. 
With erosion of the cementum and gingival recession, the root 
surfaces may become very sensitive. The alveolus is covered by the 
gingivae, or gums, which in health are pink, stippled and tightly 
bound down, and form a close-fitting cuff, with a small sulcus 
(gingival crevice) around the neck of each tooth. 

The first or primary (deciduous or milk) dentition comprise 
20 teeth. The secondary or permanent teeth begin to erupt at about 
the age of 6-7 years. The normal permanent (adult) dentition com- 
prises two incisors, a canine, two premolars and three molars in 
each quadrant (32 teeth). 


Junction of the mucosa with the teeth 


The dentogingival junction represents a unique anatomical feature 
concerned with the attachment of the gingival (gum) mucosa to 
the tooth. Non-keratinised gingival epithelium forms a cuff sur- 
rounding the tooth, and at its lowest point on the tooth is adherent 
to the enamel or cementum. This ‘junctional’ epithelium is unique 
in being bounded both on its tooth and lamina propria aspects by 
basement membranes. Above this is a shallow sulcus or crevice 
(up to 2mm deep), the gingival sulcus or crevice. Neutrophils 
continually migrate into the gingival crevice, and there is also a 
slow exudate of serum (crevicular fluid) into the saliva. 


Saliva 


Saliva is produced by the three paired major salivary glands 
(parotid, submandibular and sublingual), together with the many 
minor salivary glands throughout the oropharynx. A reasonable 
indication of salivary flow may be obtained by measuring the 
resting (unstimulated) salivary flow over a period of 10 minutes. In 
health, the rate will normally be around 0.35 mL/min, with a range 
of 0.2-0.5mL/min. However, this will be reduced in patients with 
xerostomia secondary to xerostomic medications or underlying 
conditions such as Sjégren’s syndrome. Saliva flow also reduces 
overnight and explains why patients often wake with a dry mouth. 


Immunity in the oral cavity 


The host defence in the oral cavity is complex and involves several 
components: saliva, the periodontium and the tonsilar lymphoid 
tissue. Additionally, movement of the soft tissues during speech and 
swallowing, and salivation, ensures that much foreign material is 
swallowed. The need for this cleaning mechanism is clearly appar- 
ent in patients with facial paralysis, or in those with xerostomia, in 
whom there is accumulation of oral debris and subsequent infection. 
Saliva aggregates bacteria and deters their attachment to surfaces. 
In xerostomia, patients have higher levels of dental plaque and 
an increased risk of periodontitis and candidiasis than otherwise 
healthy individuals. Additionally, saliva contains many molecular 
elements which restrict microbial growth. These include lysozyme 
which cleaves bacterial cell walls, lactoferrin which complexes 
iron ions and is an essential microbial nutrient, and antimicrobial 
peptides such as histatins that inhibit the growth of Candida albicans 
and Streptococcus mutans. 

The gingival sulcus (the space between the tooth and the gum) 
is susceptible to inflammation caused by plaque bacteria. This 
region, however, has a high turnover of keratinocytes and a rich 
vasculature that enables leukocyte emigration, and both of which 
protect against bacterial invasion. Additionally, the sulcus is bathed 
with a serum exudate called gingival crevicular fluid, which carries 
complement components as well as antibodies, neutrophils and 
plasma cells. 

The tonsils comprise the palatine, lingual and tubal tonsils as well 
as the adenoids (pharyngeal tonsils) and are collections of lymphoid 
tissue beneath the epithelium. The different tonsillar tissues form a 
ring of lymphoid tissue known as Waldeyer’s ring. The tonsils are 
often a site of bacterial infection and are the main induction sites for 
mucosal immunity in the oropharynx. These are part of the common 
mucosal immune system leading to induction of secretory IgA anti- 
bodies locally and at distant mucosal sites as well as linking to the 
systemic immune system. 

The mucosal immune system has evolved to provide protection 
against pathogens yet maintain a tolerance (termed ‘oral tolerance’) 
towards non-harmful commensal microbes and benign environ- 
mental substances. It is by far the largest component of the entire 
immune system with regard to the deployment of immune cells 
and the production of immunoglobulins [1]. Secretory IgA (SIgA) is 
produced in quantities far exceeding those of all other immunoglob- 
ulin isotypes combined [2]. Whereas bone marrow derived serum 
IgA is mostly monomeric, and consists predominantly of IgA1 
subclass, SIgA is dimeric and consists of variable proportions of 
IgA1 and IgA2. Secretory IgA is produced in salivary gland tis- 
sue and derives its B cells from the gut-associated lymphoid tissue 
(GALT) system. Salivary acinar cells produce a secretory component 
(transport piece) needed for transport of immunoglobulin A (IgA) 
into the saliva and its stability in the presence of salivary or gastric 
proteolytic enzymes. Salivary IgA aggregates oral bacteria such 
as Streptococcus mutans, reducing the formation of dental plaque. 
Although the exact contribution to oral defence made by salivary 
IgA antibodies is difficult to assess, some patients who have IgA 
deficiency suffer from oral infections, and in animals it is possible 
to induce protective salivary IgA antibodies to caries-producing 
organisms such as Streptococcus mutans. 


108.5 


Examination of the mouth and perioral region 


Neutrophils and other leukocytes are particularly essential for 
oral health as shown by the fact that patients with HIV infection, 
neutropenia, agranulocytopenia, leukaemia or chronic granulo- 
matous disease are predisposed to severe gingivitis and rapid 
periodontal breakdown, as well as ulceration and infections. 


Oral microbiome 


The oral microbiome is defined as the collective genome of microor- 
ganisms that reside in the oral cavity. After the gut, it is the second 
largest microbial community in humans, comprising a core micro- 
biome common to all individuals, and a variable microbiome 
which is unique to an individual but is determined by lifestyle and 
physiological differences. The teeth, tongue, cheeks, gingival sulcus, 
tonsils, hard palate and soft palate provide a rich environment in 
which microorganisms can flourish [3]. 

The role of the oral microbiome is an area undergoing exten- 
sive research and to date is poorly understood. However, it is 
recognised that both maintenance of health and conversely dis- 
ease susceptibility, involves a complex interplay between host 
immunity, genetics and environmental factors including the host 
microbiome. 


PRESENTATION OF ORAL L! 


Patients presenting to a dermatology clinic will generally complain 
of one of the following symptoms: pain (with or without visible 
changes in the mucous membranes), pain associated with epithelial 
thinning (atrophy), ulceration or blistering, a lump (persistent or 
fluctuating), a colour change (pigmentation, white or red lesion) 
or oral dryness. It is vital to take a detailed history of symptoms, 
comorbidities, concurrent medication and family history. This, 
combined with a detailed systematic examination, will determine 
the diagnosis in the majority of cases. 


EXAMINATION OF THE MOL 
PERIORAL REGION 


Examination includes inspection under a good light, and palpa- 
tion of the cervical lymph nodes, salivary glands and oral cavity. 
The extraoral assessment includes inspection of the lips, face and 
neck, noting any obvious asymmetry, masses or changes to the 
skin. Malignant tumours in the face, head or neck may cause facial 
paralysis due to perineural tumour spread. Perineural invasion 
of the facial nerve result in facial palsy, while involvement of the 
trigeminal nerve may result in facial pain, facial numbness and/or 
weakness of muscles supplied by this nerve. 

Assess any mass, swelling or lump by inspection and palpation. 
Note the shape of the lump and if the borders are regular or irregular. 
Check the consistency if it feels soft, hard (e.g. in malignancy) or 
rubbery (e.g. a lymph node). Assess if the lump feels mobile or is 
tethered to other local structures. 
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Table 108.1 Drainage areas of cervical lymph nodes. 


Area Draining lymph nodes 


Central lower lip, the floor of the mouth and the Submental 
tip of tongue 

Cheeks, the lateral aspects of the nose, upper lip, 
lateral parts of the lower lip, gums and the 
anterior tongue. Also receive lymph from the 
submental and facial lymph nodes. 

Scalp, face and neck 

Nose, the nasal cavity, the external acoustic meatus, 
the tympanic cavity and the lateral borders of 
the orbit 

Nasal cavities and the nasopharynx 

Superficial areas of the face and temporal region 

Posterior neck, upper ear and the back of the 
external auditory meatus 


Submandibular 


Superficial lymph nodes 
Superficial parotid 


Deep parotid 
Pre-auricular 
Post-auricular 


Occipital area of scalp Occipital 

Superficial surfaces of the anterior neck Anterior superficial cervical 
lymph nodes 

Superficial surfaces of the neck Posterior superficial cervical 
lymph nodes 


Lymph nodes (Table 108.1) 


Lymph from the superficial tissue of the head and neck generally 
drains first to groups of superficially placed lymph nodes, then to 
the deep cervical lymph nodes. Systematically, each region needs to 
be examined lightly with the pulps of the fingers, trying to roll the 
lymph nodes against harder underlying structures. With the patient 
seated upright, expose the neck from the jawbone to clavicles. 

Examine the patient from behind if possible. Ask the patient to tilt 

their chin slightly downwards to allow for muscle relaxation and 

allow easier palpation. 

e Parotid, mastoid and occipital lymph nodes can be palpated 
simultaneously using both hands. 

e Superficial cervical lymph nodes are examined with lighter 
palpation as they can only be compressed against the softer 
sternomastoid muscle. 

¢ Submental lymph nodes are examined by tipping the patient’s 
head forward and rolling the lymph nodes against the inner 
aspect of the mandible. 

¢ Submandibular lymph nodes are examined in the same way with 
the patient’s head tipped to the side being examined. 

¢ The deep cervical lymph nodes, which project anterior or poste- 
rior to the sternomastoid muscle, can be palpated. The jugulodi- 
gastric lymph node should be specifically examined, as this is the 
most common lymph node involved in tonsillar infections. 

e The supraclavicular region should be examined at the same time 
as the rest of the neck; lymph nodes here may extend up into the 
posterior triangle of the neck on the scalene muscles, behind the 
sternomastoid. 

e Any asymmetry in size, consistency, tenderness and swelling 
should be documented. Lymph nodes that are tender may be 
inflammatory (lymphadenitis). Nodes that are increasing in size 
and are hard or fixed to adjacent tissues may be malignant. 

¢ Both anterior and posterior cervical nodes should be examined 
as well as other nodes, liver and spleen if systemic disease is a 
possibility. 


Jaws 


There is wide normal individual variation in morphology of the 
face. Most individuals have facial asymmetry but of a degree that 
cannot be regarded as abnormal. Maxillary, mandibular or zygo- 
matic deformities or lumps may be more reliably confirmed by 
inspection from above (maxillae/zygomas) or behind (mandible). 
The jaws should be palpated to detect swelling or tenderness. 


Salivary glands 


The major salivary glands include the parotid and submandibular 
salivary glands [4]. Inspect and palpate for symmetry, enlargement, 
evidence of salivary flow from salivary ducts and the appearance of 
saliva. The parotid glands can be palpated by placing fingers over 
the pre-auricular region and angle of mandible. Early enlargement 
of the parotid gland is characterised by outward deflection of the 
lower part of the earlobe, which is best observed by looking at 
the patient from behind. This simple sign may allow distinction 
from simple obesity. The submandibular glands can be bimanu- 
ally palpated using fingers inside the mouth and extraorally. The 
submandibular gland is best palpated with a finger of one hand 
in the floor of the mouth lingual to the lower molar teeth, and a 
finger of the other hand placed over the submandibular triangle. 
The submandibular duct (Wharton’s duct) opens at the side of the 
lingual fraenum on the anterior floor of the mouth. 


Intraoral examination 


The examination should be conducted in a systematic fashion to 
ensure that all areas are included. If the patient wears any remov- 
able prostheses or appliances, these should be removed in the 
first instance. Use of a head light can be helpful for examining 
the oral cavity because it frees both hands for the examination. 
Dry the mucosa with gauze to improve visibility. White and red 
plaques and textural changes should be noted by careful palpation. 
Ulceration and lumps, their size, tenderness, and extension to 
adjacent anatomical sites should be recorded. 

All mucosal surfaces should be examined, starting away from the 
location of any known lesions. The labial mucosa, buccal (cheek) 
mucosae, floor of mouth and ventrum of tongue, dorsal surface of 
the tongue, hard and soft palates, gingivae and teeth should then be 
examined in sequence and lesions noted on a diagram of the oral 
cavity (Figure 108.1). 


Lips. The lips should be inspected first. Features such as cyanosis 
are seen mainly in the lips in cardiac or respiratory disease; angular 
cheilitis (stomatitis) is seen mainly in oral candidosis or in iron, 
vitamin or immune deficiencies. Examination is facilitated if the 
mouth is gently closed at this stage, so that the lips can then be 
everted to examine the labial mucosa. 


Labial mucosa. Normally appears moist with a fairly prominent 
vascular arcade. In the lower lip, the many minor salivary glands 
are easily visible. Many adults have a few yellowish pinhead-sized 


papules in the vermilion border (particularly of the upper lip) and 
at the commissures; these are ectopic sebaceous glands (Fordyce 
spots), and may be numerous, especially as age advances. 


Cheek (buccal) mucosa. This is readily inspected if the mouth 
is held half open. The vascular pattern and minor salivary glands 
are not obvious, but Fordyce spots may be conspicuous, particularly 
near the commissures and retromolar regions in adults. Place the 
surface of a dental mirror against the buccal mucosa. The mirror 
should lift off easily; if it adheres to the mucosa, then xerostomia is 
present. 


Floor of mouth and ventrum of the tongue. These are best exam- 
ined by asking the patient to push the tongue first into the palate 
then into each cheek in turn. This raises for inspection the floor of 
the mouth, an area where tumours may start. Its posterior part is 
the most difficult area to examine well and one where lesions are 
most easily missed. Lingual veins are prominent and, in the elderly, 
may be conspicuous (lingual varices). Bony lumps on the alveolar 
ridge lingual to the premolars are most often tori (torus mandibu- 
laris). The quantity and consistency of saliva should be assessed. 
Examine for normal pooling of saliva in the floor of the mouth. 


Dorsum of the tongue. This is best inspected by protrusion, when 
it can be held with gauze. The anterior two-thirds of the tongue 
is embryologically and anatomically distinct from the posterior 
third and separated by large circumvallate papillae (Figure 108.2). 
The anterior two-thirds is coated with many filiform, but relatively 
few fungiform, papillae often located anteriorly (Figure 108.3). 
Behind the circumvallate papillae, the tongue contains several large 
lymphoid masses (lingual tonsil) and the foliate papillae lie on the 
lateral borders posteriorly. The tongue may be fissured but this is 
usually regarded as a developmental anomaly. A mild coating is not 


Figure 108.2 Circumvallate papillae involving the posterior dorsum tongue. 


Examination of the mouth and perioral region 


Figure 108.3 Anterior two-thirds of the tongue coated with many filiform and fewer 
fungiform papillae. 


uncommon in healthy adults. Abnormalities of tongue movement 
(neurological or muscular disease) may be obvious from dysarthria 
or involuntary movements and any fibrillation or wasting noted. 
Hypoglossal palsy may lead to deviation of the tongue towards the 
affected side on protrusion. 


Palate and fauces. These consist of an anterior hard and posterior 
soft palate, and the tonsillar area and oropharynx. The mucosa of 
the hard palate is firmly bound down and appears pink/grey as 
a mucoperiosteum (similar to the gingivae) and with no obvious 
vascular arcades. Rugae are present anteriorly on either side of the 
incisive papilla that overlies the incisive foramen. Bony lumps in 
the posterior centre of the vault of the hard palate are usually tori 
(torus palatinus). The palate should be inspected and movements 
examined when the patient says ‘Aah’. The soft palate is delineated 
by two small palatal pits in the midline and is mobile. Using a 
mirror to depress the tongue, this permits inspection of the poste- 
rior tongue, tonsils, oropharynx, and can even offer a glimpse of the 
larynx. Glossopharyngeal palsy may lead to uvula deviation to the 
contralateral side. 


Anatomical variants 


Patients sometimes become concerned after noticing various 
anatomical variants in the mouth. These include tori and exostoses, 
which are developmental bony lumps [5,6]. Most common is torus 
palatinus, a slow-growing, asymptomatic, benign, bony lump in 
the midline of the palate (Figure 108.4). Tori mandibularis are bilat- 
eral, asymptomatic, benign, bony lumps lingual to the premolars 
(Figure 108.5). 

The diagnosis is confirmed by radiography. These are excised or 
reduced only if causing severe difficulties with dentures. Rarely, 
there is a need to exclude other conditions such as Gardner syn- 
drome and familial polyposis coli. 
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Figure 108.4 Torus platinus. 


Figure 108.5 Tori mandibularis presenting as bilateral lumps lingual to the premolars. 


Oral Disease Severity Score 


The oral disease severity score (ODSS) (Figure 108.6) is a validated 
method of assessing oral disease scoring applicable to most oral 
mucosal diseases [7-9]. It has now been validated for use in pem- 
phigus vulgaris (PV), oral lichen planus and mucous membrane 
pemphigoid. The ODSS records the presence of lesions and degree 
of activity at multiple oral sites. Additionally, it includes a subjective 
assessment of the patient’s degree of oral pain over the preceding 
week. The ODSS divides the mouth into 17 sites weighted according 
to area of possible involvement and allocated a site score of 0-2. 
The sites include the outer/inner lips, left and right buccal mucosa, 
six gingival segments, hard palate (left/right or both), soft palate 
(left/right or both), dorsum tongue (left/right or both), left ventral 
tongue, right ventral tongue, floor of mouth (left/right or both), 
and oropharynx. Individual sites are allocated an activity score 
(0-3), reflecting mild inflammation (minimal erythema or a white 
‘healing’ mucosa) = 1; moderate inflammation (marked erythema 


Date: Consultant: 


Name: M/F: 


Hospital No. Diagnosis: 


DoB: Management: 


Site Site 
Upper lip (1) 
Lower lip (1) 
R Buccal mucosa (1 or 2) 
L Buccal mucosa (1 or 2) 
Gingivae (1 each segment) 
Lower R 
Lower central 
Lower L 
Upper R 
Upper central 
Upper L 
Dorsum of tongue (1 or 2) 
R Ventral tongue (1) 
L Ventral tongue (1) 
Floor of mouth (1 or 2) 
Hard palate (1 or 2) 
Soft palate (1 or 2) 
Oropharynx (1 or 2) 


Activity Pain 


Total 


Figure 108.6 Oral Disease Severity Score. 


but no ulceration) = 2; and ulceration = 3. A subjective assessment 
of the patient’s oral pain in the preceding week is included (based 
on a visual analogue scale 0-10). The theoretical maximum total 
score is 106. Combined with serological markers, the ODSS can 
confirm a clinical and immunological response to therapy. 

The ODSS and Autoimmune Bullous Skin Disorder Intensity 
Score (ABSIS) have been validated for use in oral PV and mucous 
membrane pemphigoid. The disease-specific Pemphigus Disease 
Area Index (PDAI) and Mucous Membrane Pemphigoid Disease 
Area Index (MMPDAI) have been validated for use in oral PV and 
mucous membrane pemphigoid, respectively. 

Measurement of quality of life provides a patient-based measure 
to assess disease burden and monitor activity. The Oral Health 
Impact Profile (OHIP) is the most common generic patient-based 
instrument used in oral medicine. The Chronic Oral Mucosal 
Disease Questionnaire (COMDQ) is a validated instrument to 
evaluate chronic conditions of the oral mucosa. The Autoimmune 
Bullous Disease Quality of Life (ABQOL) and Treatment of Autoim- 
mune Bullous Disease Quality of Life (TABQOL) have been shown 
to be reliable and valid instruments for the assessment of quality of 
life in autoimmune bullous disease. 


LUMPS AND SWI 


Lumps and swellings in the mouth range from simple anatomical 
variants, which can cause the patient considerable concern, to 
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pathological lumps caused by inflammatory, cystic, neoplastic and 
other disorders (Box 108.1). 

Lip or facial swelling may be diffuse or localised. If it appears 
rapidly over a few minutes or up to an hour, it may be caused by 
an insect bite or sting, or angioedema. If the swelling appears over 
hours or days is often inflammatory in origin. Swelling that appears 


Box 108.1 Lesions that may cause lumps or 
swellings in the mouth 


Normal anatomical features 
e Pterygoid hamulus 
¢ Parotid papillae 


* Foliate or circumvallate papillae over days or weeks may be caused by granulomatous disorders 
° Unerupted teeth (e.g. orofacial granulomatosis or sarcoidosis). Swelling that appears 

over weeks or months may be due to a neoplasm or deposits 
Developmental such as amyloidosis. Facial swelling that is persistent may be 
° Haemangioma caused by fluid (e.g. vascular lesions or lymphangiomas), solids 


e Lymphangioma 

e Palatal and mandibular tori 

¢ Hereditary gingival fibromatosis 

¢ Von Recklinghausen neurofibromatosis 
¢ Cysts of developmental origin 


(e.g. neoplasms), deposits (e.g. amyloidosis) or foreign material 
(e.g. fillers). 


Inflammatory SOFT TISSUE SWELLING 
e Abscess 
¢ Pyogenic granuloma Abscesses 


¢ Oral Crohn disease 

¢ Orofacial granulomatosis 

¢ Sarcoidosis 

e Granulomatosis with polyangiitis 


The two main types of dental abscess are periapical abscess (orig- 
inates in the dental pulp) and periodontal abscess (originates in 
the supporting structures of the teeth) [1,2]. Periapical abscess 


Traumatic formation is usually secondary to dental decay whereas peri- 
¢ Epulis odontal abscess formation is associated with chronic periodontitis. 
*¢ Fibroepithelial polyp Most intraoral abscesses are odontogenic in origin. Most dis- 
¢ Denture-induced granuloma charge intraorally on the buccal gingiva but occasionally discharge 
* Mucocoele palatally, lingually, on the chin or submental region (Figure 108.7). 


* Herniation of buccal fat pad Very occasionally, abscesses follow trauma or a foreign body, 


or rarely are related to unusual oral infections such as actino- 
mycosis or nocardiosis. The usual signs include swelling with 
cervical lymphadenopathy and gum swelling with a purulent 


Infective 
¢ Various papillomatous lesions 


Cystic exudate. Drainage and appropriate antimicrobials are indicated 
° Cysts of odontogenic origin (e.g. dental cysts) [3]. Dental attention is required; dental abscesses are drained by 

tooth extraction, incision and drainage, or through the root canal 
Deposits (endodontics). 


e Amyloidosis (oral manifestations of systemic diseases) 


Drug therapy (gingival swelling only) 
¢ Oral contraceptive (pill gingivitis) 

e Phenytoin 

¢ Calcium-channel blockers 

¢ Ciclosporin 
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Hormonal 
¢ Pubertal gingivitis 
e Pregnancy epulis/gingivitis 


PART 10 


Blood dyscrasias 
¢ Leukaemia, lymphoma and myeloma 


Benign neoplasms 
Malignant neoplasms 


Others 

e Angioedema 

¢ Fibro-osseous diseases 
* Acanthosis nigricans (oral manifestations of systemic diseases) Figure 108.7 Sinus on the chin related to a dental abscess on a mandibular incisor 


tooth. 
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Angioedema 


Angioedema manifests with rapid development of oedematous 
swelling of the lips, tongue and oral or facial swelling. It can be 
life-threatening as oedema may also involve the neck and com- 
promise the airway. The swelling is usually relatively transient 
and the skin does not scale. Angioedema may be acquired or 
hereditary. Acquired forms may be of allergic origin (histaminer- 
gic angioedema) or non-allergic. Allergic angioedema is a type 1 
hypersensitivity response seen predominantly in those with atopy. 
Hereditary angioedema is caused by a deficiency of the comple- 
ment component C1 esterase inhibitor (C1-INH) [1-3]. Acquired 
angioedema may be drug-induced (mainly by angiotensin- 
converting enzyme inhibitors and non-steroidal anti-inflammatory 
drugs (NSAIDS)) or complement-mediated (due to an acquired 
deficiency of C1-inhibitor) [3]. Occasionally, the precipitating agent 
is not clearly identified. All types of angioedema may be aggra- 
vated by the oral contraceptive pill (OCP) or hormone replacement 
therapy. 

e Allergic angioedema may be induced by foods (e.g. shellfish, eggs 
nuts), drugs (e.g. antibiotics, aspirin, exposure to latex or insect 
bites/stings). Allergic angioedema results from mast-cell and 
basophil activation, with release of histamine and bradykinin, 
causing vasodilatation and increased vascular permeability. The 
oedema appears within 60 minutes of antigen exposure and 
can cause pronounced itchy labial and periorbital swelling and 
involve any oral site. 

¢ Non-allergic angioedema can manifest after many weeks of 
drug exposure. The swelling usually affects the lips, although 
it can be localised to the tongue or soft palate. Intramuscular 
adrenaline (epinephrine), and systemic corticosteroids and/or 
antihistamines, such as chlorphenamine may be indicated for 
allergic and non-allergic angioedema. 

e Hereditary angioedema is a rare autosomal dominant disorder 
caused by C1-INH deficiency. It mimics allergic angioedema, 
although it produces a more severe reaction, with oedema affect- 
ing the lips, mouth, face and neck region, the extremities and 
gastrointestinal tract after minor trauma. It may not present 
until later childhood or adolescence, and nearly 20% of cases 
are caused by spontaneous genetic mutation. Type I hereditary 
angioedema exhibits low levels of functionally normal C1-INH, 
while in the type II variant, C1-INH is dysfunctional. In both 
types, plasma C4 levels fall but C3 levels are normal. Type III is 
X-linked and seen in women in relation to pregnancy or OCP 
use linked with F12 gene mutations. Blunt injury is the most 
consistent precipitating event. The trauma of dental treatment 
is a potent trigger, and some attacks follow emotional stress. 
It is characterised by acute onset of non-itchy or painful oedema 
affecting the lips, tongue, mouth, face and neck region, the 
extremities and the gastrointestinal tract - with abdominal pain 
and sometimes diarrhoea. Oedema may persist for many hours 
and even up to 4 days. Involvement of the airway is a constant 
threat. Management is with C1-INH replacement, plasmino- 
gen inhibitors such as tranexamic acid, the bradykinin-receptor 
antagonist icatibant, the plasma kallikrein inhibitor ecallantide, 
fresh frozen plasma, or androgenic steroids, such as danazol and 


stanozolol, which raise plasma Cl-esterase inhibitor levels to 
normal [4,5]. 


Buccal fat-pad herniation 


Trauma may rarely cause the buccal fat pad to herniate through 
the buccinator muscle, producing an intraoral swelling [1,2]. The 
condition is rare and usually occurs in males from 5 months to 
12 years of age. Treatment options include excision or repositioning 
of the herniated fat. 


Denture-induced hyperplasia 


Denture-induced hyperplasia is a hyperplastic condition of the oral 
mucosa caused by chronic excessive mechanical pressure on the 
vestibular mucosa by ill-fitting dentures. Where a denture flange is 
overextended and irritates the vestibular mucosa, a linear reparative 
process may result, eventually producing an elongated fibroepithe- 
lial enlargement. Firm leaf-like painless swellings are seen, usually 
in the buccal or labial vestibule. It is usually asymptomatic but some- 
times severe inflammation and ulceration can occur. The pathology 
is that of a fibrous lump. A denture-induced granuloma should 
be excised and examined histologically to exclude more serious 
pathology if modification of the denture does not induce regression. 


Eruption cyst 


This is a bluish, fluctuant cystic swelling over an erupting tooth. 
It is most frequently seen in babies overlying a primary tooth but 
may occur in childhood in association also with the permanent 
dentition. It is usually painless and spontaneously resolves in most 
cases (Figure 108.8). 


Figure 108.8 Bluish, fluctuant swelling of an oral cyst, in this case an eruption cyst over 
an erupting maxillary permanent incisor. (The lesion on the maxillary canine is early 
dental caries.) 


Focal epithelial hyperplasia 
(multifocal epithelial hyperplasia) 


Focal epithelial hyperplasia, also known as Heck’s disease, is a 
rare benign familial disorder (through transmission of human 
papillomavirus (HPV)) with no sex predisposition, presenting with 
soft, nodular elevations of the oral mucosa [1-4]. Heck disease 
occurs particularly in American Indian people, in Inuit people in 
Greenland and in Chinese people but has been reported rarely from 
many other countries. The prevalence in Greenland and Venezuela 
approaches 35%. 

The papillomaviruses HPV-13 and HPV-32 appear to be causal 
in patients with the genetic predisposition to focal epithelial hyper- 
plasia [5]. Household transmission of HPV through saliva and 
the shared use of contaminated objects may be implicated. 

The characteristics of focal epithelial hyperplasia are local epithe- 
lial hyperplasia, acanthosis and elongated ‘Bronze Age axe’ rete 
ridges, together with a ballooning type of nuclear degeneration. 
Koilocyte changes and mitosoid bodies are present in the superficial 
keratinocytes. 

The condition is characterised by the occurrence of multiple cir- 
cumscribed, sessile, soft, elevated papules or nodules in the oral 
cavity, especially on labial and buccal mucosa, lower lip and tongue, 
which sometimes form clusters [6]. 

Focal epithelial hyperplasia is a benign asymptomatic condi- 
tion and requires no treatment, except in some cases of functional 
(e.g. lesions that are repeatedly traumatised on biting) or aesthetic 
impairment. 


Foliate papillitis 


The foliate lingual papillae may become inflamed and swell in 
response to oral or upper respiratory tract infection [1]. Because 
of their location on the posterolateral tongue this may give undue 
concern about malignancy. The condition resolves spontaneously. 


Lingual tonsil 


The lingual tonsil is a mass of lymphoid tissue in the posterior third 
of the tongue, between the epiglottis posteriorly and the circumval- 
late papillae anteriorly [1,2]. It is usually divided in the midline by a 
ligament (Figure 108.9). Although usually small and asymptomatic, 
it may become enlarged, especially in infections and atopy. It may 
be so prominent that it fills the vallecula and impinges against the 
epiglottis. If the lingual tonsil is large, it may cause a globus sen- 
sation, alteration of the voice, obstructive sleep apnoea or airway 
obstruction [3,4]. It tends to involute with increasing age. 

Occasionally, there may be lingual tonsillitis with a red, swollen, 
painful tongue, fever and neutrophilia. 

The condition should be distinguished from benign and malig- 
nant tumours of the tongue, including lingual thyroid, but the 
symmetry of the lingual tonsil and its midline division are helpful 
diagnostic pointers. 


Figure 108.9 Lingual tonsil showing a well-demarcated midline groove. Courtesy of Dr 
C.T.C. Kennedy. 


Treatment may be required if the enlarged tonsil causes symp- 
toms. Surgery may be hazardous because of the copious blood 
supply to the tongue base. Electrocautery and cryotherapy are 
generally regarded as the safer procedures. 

Gastro-oesophageal reflux and body mass index may be associ- 
ated with lingual tonsil hypertrophy in adults with sleep-disordered 
breathing. 


Lingual thyroid 


Ectopic thyroid tissue may rarely present clinically in the mouth, 
although some 10% of cadaver tongues contain thyroid tissue. 
Typically, an asymptomatic, smooth-surfaced lump in the midline 
of the base of the tongue, between the sulcus terminalis and epiglot- 
tis at the site of the foramen caecum [1-3], a lingual thyroid may 
occasionally produce dysphagia, cough, pain or, rarely, airways 
obstruction [4]. 

Not all lingual thyroid tissue is functional, and function tends 
to decline with age. Where thyroid-stimulating hormone levels 
are high, thyroid hormone supplements are indicated. Malignant 
change is rare in lingual thyroid, although follicular carcinomas 
have been recorded. MRI and Tc pertechnetate scintiscanning 
is important to ensure the presence of normal thyroid tissue in the 
neck before considering treatment of a lingual thyroid by surgery 
or radioiodine. If removal is deemed appropriate a total lingual 
thyroidectomy transoral approach with use of either a microscope 
or a robotic endoscope for optical assistance is recommended [5]. 


Macroglossia 


Macroglossia is enlargement of the tongue. True macroglossia 
(apparent enlargement of the tongue due to an underlying dis- 
ease or condition) and relative macroglossia (normally sized 
tongue fills a small oral cavity) may be further subdivided into 
congenital and acquired disorders [1]. Congenital causes include 
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Figure 108.10 Mucocoele. 


Down syndrome, Pierre Robin syndrome, Beckwith Wiedemann 
syndrome, mucopolysaccharidoses (Hunter syndrome and Hurler 
syndrome), Pompe disease, Robinow syndrome, Crouzon syndrome 
and idiopathic muscular hypertrophy. Focal enlargement is caused 
by congenital tumours such as haemangiomas and lymphangiomas. 
Acquired causes include allergic reactions, amyloidosis, neurofibro- 
matosis, head and neck infections, trauma, polymyositis, inflamma- 
tory diseases, venous congestion, benign tumours (lymphangioma, 
haemangioma, lipoma), malignant tumours and endocrine dis- 
orders (hypothyroidism, acromegaly). Progressive macroglossia 
occurs in the mucopolysaccharidoses. Symptoms include drooling, 
difficulty speaking and eating, and airway obstruction. 


Mucocele (mucous cyst) 


Mucoceles are common and usually seen in the lower labial mucosa 
(Figure 108.10), resulting from the escape of mucus into the lamina 
propria from a damaged minor salivary gland duct (extravasation 
mucoceles). This type of mucocele is not, however, lined by epithe- 
lium, and therefore is not a true cyst. Mucoceles appear usually 
as solitary, painless, dome-shaped, fluctuant translucent, whitish 
blue papules or nodules [1-3]. Occasionally mucoceles are caused 
by saliva retention (retention mucoceles), especially in the floor 
of mouth and are termed ‘ranula’. Care should be taken to ensure 
that the lesion is not a salivary gland tumour with cystic change, 
especially when dealing with an apparent mucocele in the upper 
lip. Mucoceles can be seen on the palate in graft-versus-host dis- 
ease (GVHD) [4]. Superficial mucoceles may also be seen in lichen 
planus [5]. Mucoceles can be excised but they also respond well to 
cryosurgery [3,6]. 


Nodular fasciitis 


Nodular (pseudosarcomatous) fasciitis affects the head and neck in 
20% of cases but rarely involves the mouth [1-4]. In the mouth, most 


cases involve the lips and buccal mucosae. The spindle cells are 
positive for smooth muscle actin and muscle-specific actin (HHF-35) 
antibodies. Treatment typically involves conservative excision, but 
the lesion may regress spontaneously [1]. 


Oral allergy syndrome 


Oral allergy syndrome (OAS), also known as ‘pollen-fruit allergy 
syndrome’, is a type of food allergy limited to the oral mucosa and 
caused by uncooked fruit, raw vegetables, flavours and nuts [1-3]. 
An IgE-mediated hypersensitivity to an environmental allergen 
triggers the food allergy. The most frequent symptoms are a com- 
bination of oral pruritus, irritation or swelling of the lips, tongue, 
palate and throat, sometimes associated with other allergic features 
such as rhinoconjunctivitis, asthma, urticaria, angioedema and ana- 
phylactic shock. The adverse effects begin quickly after eating raw 
fruits or vegetables. OAS can happen at any time during the year. 
In patients who are adversely affected by birch tree pollen, fruit 
such as apples, cherries, nectarines, peaches and pears may pro- 
voke a response. Likewise, in subjects with birch-pollen allergy, 
carrot, celery, almond and hazelnut may also cause oral pruritus. 
Individuals with grass allergy may have a response to kiwi, peach 
and tomatoes. Those with responses to ragweed may have OAS 
when eating melon, cucumber and banana. Latex-sensitive patients 
may be sensitive to bananas, avocado, kiwi and chestnuts. OAS 
may respond to antihistamines, corticosteroids and epinephrine 
(intramuscular). Cooking often destroys food allergens. 


Papillary hyperplasia 


Papillary hyperplasia is a benign lesion of the oral mucosa charac- 
terised by the growth of one or more nodular lesions, measuring 
about 2mm or less. The lesion almost exclusively involves the 
vault of the palate. It is typically associated with the use of 
removable upper dentures and chronic denture-related stomatitis 
and may be related to Candida infection [1-3], although has also been 
found in patients with no history of a dental prosthesis. The lesion 
is mostly asymptomatic and the mucosa may vary from pink to red. 

Papillary hyperplasia may require treatment with antifungals, 
excision, laser removal or cryotherapy. 


SOFT TISSUE BENIGN TUMOURS 


Dermoid cyst 


Dermoid cyst is a hamartoma, a development lesion commonly 
arising in the midline of the neck, above the mylohyoid. It occa- 
sionally occurs elsewhere such as the tongue, antrum and rarely 
the parotid gland [1-6]. Dermoid cysts usually become clinically 
obvious in the second decade of life and cause elevation of the 
tongue. Occasionally, dermoid cysts become infected and then 
painful. Treatment is by surgical excision. 
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Leiomyoma 


This benign tumour of smooth muscle is rarely encountered in 
the oral cavity. Leiomyomas present as a slow-growing, asymp- 
tomatic submucosal mass, usually in the tongue, hard palate or 
buccal mucosa [1-4]. They may be seen at any age. Sometimes it is 
an angioleiomyoma and rarely multiple. The diagnosis is mainly 
determined by histological studies and immunohistochemical 
stains confirm the smooth muscle origin. Excision is the usual 
management and recurrence is rare. 


Lipoma 


Lipomas are uncommon in the mouth, comprising fewer than 5% 
of oral benign tumours [1-3]. They present as asymptomatic 
slow-growing, spherical, smooth and soft semifluctuant lumps 
with a characteristic yellowish colour. Most involve the buccal 
mucosa or floor of the mouth. Occasionally, lipomas can develop 
within the tongue [1]. Although benign, they may rarely infiltrate. 
Histology shows adult fat cells gathered into lobules by vascular 
septa of fibrous connective tissue. Angiolipomas, spindle cell lipo- 
mas and liposarcomas are in the differential diagnosis. Surgery is 
the treatment of choice for lipomas interfering with speaking and 
mastication. Infiltrating lipomas are prone to recurrence. 


Lymphangioma 


Lymphangiomas are uncommon congenital hamartomas of the 
lymphatic system. They are usually diagnosed in infancy or early 
childhood. Many are of similar structure to haemangiomas and can 
clinically resemble them, with a ‘frog-spawn’ appearance, but they 
contain lymph rather than blood (Figure 108.11). Approximately 
75% of lymphangiomas are located in the head and neck. The oral 
cavity is rarely affected. Although uncommon, the most frequent 
site of occurrence of lymphangioma in the mouth is on the tongue, 
followed by the palate, gingiva, lips, alveolar ridge and rarely 
buccal mucosa [1-5]. Lymphangiomas are usually solitary. They are 
occasionally associated with cystic hygroma. 

Contrast-enhanced Tl-weighted magnetic resonance imaging 
(MRI) can be used to differentiate between lymphangiomas 
and deep haemangiomas. Small lymphangiomas need no treat- 
ment. Larger lesions may require excision, although cryotherapy, 
laser therapy, sclerotherapy and radiofrequency ablation can be 
useful. 


Multiple mucosal neuroma syndrome 


The syndrome of multiple endocrine neoplasia (MEN) type 2b 
is inherited as an autosomal dominant condition, although new 
cases often arise sporadically. The gene locus is on chromosome 10 
with germline mutations in the RET proto-oncogene. 


Figure 108.11 Lymphangioma of the tongue. 


Figure 108.12 Multiple neuromas of the lips and tongue in a patient with multiple 
endocrine neoplasia syndrome (type 2). Courtesy of Dr M. Hartog. 


Multiple endocrine neoplasia type 2b is characterised by 
medullary carcinoma of the thyroid and phaeochromocytoma, in 
association with multiple mucosal neuromas and an abnormal phe- 
notype — a striking facial appearance, with thick slightly everted lips 
that usually have a slightly bumpy surface due to multiple neu- 
romas [1-4]. These are mucosal and submucosal hamartomatous 
proliferations of nerve axons, Schwann cells and ganglion cells. 

Lesions may also involve the tongue and commissures but are less 
frequent on the buccal mucosa, gingivae, palate, pharynx or larynx 
(Figure 108.12). 

Most patients have a marfanoid habitus, with high arched palate, 
pectus excavatum, arachnodactyly and kyphoscoliosis, but the 
lens subluxation and cardiovascular abnormalities of Marfan 
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syndrome are not present. Differential diagnosis includes multi- 
ple idiopathic mucosal neuromas and PTEN hamartoma-tumour 
(Cowden) syndrome. 


Myxoma 


Myxomas are rare in the oral cavity, mainly as odontogenic or soft 
tissue myxomas [1-4]. Neurothekeoma (nerve sheath myxoma) [5] 
may also affect the oral cavity. Myxomas arise in bone or soft tissue 
and, although benign, are aggressive and difficult to eradicate 
because of the tendency to infiltrate normal tissue. 


Papilloma 


Papilloma are benign epithelial neoplasms caused by HPV [1-3]. 
Papillomas can appear anywhere in the mouth, but are most com- 
mon at the junction of the hard and soft palate. The papilloma is 
a white or pink, cauliflower-like lesion that may resemble a wart. 
Papillomas of normal colour may be confused with fibroepithelial 
polyps, although the latter are most common at sites of potential 
trauma. Papillomas are common in HIV-infected people and 
have increased with the introduction of HAART [4]. Unlike some 
papillomas of the larynx or bowel, oral papillomas are generally 
benign although some are dysplastic [5]. 

Oral papillomas should be removed and examined histologically 
to establish a correct diagnosis. Histology includes acanthotic and 
sometimes hyperkeratotic epithelium with occasional koilocytosis. 
Excision must be total, deep and wide enough to include any abnor- 
mal cells beyond the zone of the pedicle. Cryosurgery or pulse dye 
laser or carbon dioxide (CO,) laser may also be used. 

Both common warts (verrucae vulgaris) and sexually transmitted 
warts (condyloma acuminatum) are caused by HPV. They are rare 
in the mouth (Figure 108.13) but are more common in HIV disease, 
especially after long-term antiretroviral therapy [5]. None is known 
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Figure 108.13 Warts on the lower lip in HIV infection. 


to be premalignant. Most can be treated by excision, cryosurgery 
or laser. 


Rhabdomyoma 


Rhabdomyomas are rare but most extracardiac rhabdomyomas 
present in the mouth, typically as lumps in the floor of the mouth, 
tongue or soft palate [1-3]. Most are seen in the sixth decade, 
predominantly in males, most are solitary but cases with multiple 
lesions have been reported [3]. Surgery is effective provided total 
excision is achieved. 


Verruciform xanthoma 


Verruciform xanthoma is a very uncommon papillary growth 
seen chiefly in the oral mucosa but is also known occasionally to 
affect skin and non-oral mucosae [1,2]. The lesion is usually found 
in the fifth decade. The aetiology is unknown but may be a reaction 
to some irritant. The gingiva, alveolar mucosa and hard palate are 
the most common intraoral sites of involvement. It usually presents 
as an asymptomatic solitary, sessile or pedunculated lesion with a 
normal, pale, reddish or keratotic surface [1,2]. 

The lesions consist of parakeratotic verruciform epithelium, 
with large foamy xanthoma cells containing slightly periodic 
acid-Schiff-positive granules and abundant lipid in the lamina 
propria between the epithelial rete pegs. 

Excision is rarely followed by recurrence. Verruciform xanthoma 
has been reported in GVHD [3]. 


HARD TISSUE BENIGN TUMOURS 


Osteoma mucosae 


There are rare cases of osteoma of the oral mucosa, usually in the 
tongue. Most have been in females in the third and fourth decades 
and have arisen as pedunculated hard painless lumps on the dorsum 
of the tongue immediately posterior to the foramen caecum [1-4]. 
They may arise from thyroid anlages. Simple excision suffices. 


PIGMENTED LESIONS (sox 2 i 


Most oral hyperpigmentation is physiological in origin and seen 
in patients with darker skin tones (Figure 108.14) but there are 
many other causes — especially various drugs — from antimalarials 
to imatinib. Seen mainly in people of African or Asian heritage, 
physiological pigmentation can also be noted in patients of Mediter- 
ranean descent, sometimes even in some fairly light-skinned 
people. It is most obvious in the anterior labial gingivae and palatal 
mucosa, and pigmentation is usually symmetrically distributed. 
Patches may be seen elsewhere. Pigmentation may be first noted 
by the patient in adult life and then incorrectly assumed to be 


acquired rather than congenital in origin. Generalised oral mucosal 
hyperpigmentation is usually racial in origin and only occasionally 
has a systemic cause, such as Addison disease. 


Box 108.2 Causes of mucosal pigmentation 


Localised 

e Amalgam tattoo 

¢ Ephelis (freckle) 

e Naevus 

e Malignant melanoma 

¢ Kaposi sarcoma 

e Peutz—Jeghers syndrome 

e Laugier-Hunziker syndrome 
¢ Melanotic macules 


Generalised 

e Physiological in darker skin tones 

¢ Localised irritation, e.g. smoking 

e Drugs, e.g. phenothiazines, antimalarials, minocycline, 
contraceptives 

e Addison disease 

¢ Nelson syndrome 

e Ectopic adrenocorticotrophic hormone (e.g. bronchogenic carcinoma) 

e Heavy metals 

e Albright syndrome 

¢ Other rare causes, e.g. haemochromatosis, generalised 
neurofibromatosis, incontinentia pigmenti 

¢ Malignant acanthosis nigricans 


The tongue is often discoloured due to superficial staining from 
foods, drinks or habits such as tobacco or betel use. Localised hyper- 
pigmented lesions are usually due to pigmentary incontinence, 
amalgam tattoos, melanotic macule or naevi, although melanomas, 
Kaposi sarcoma and epithelioid angiomatosis must be excluded. 

Wide variation in gingival colour is common clinically and 
may relate to physiological pigmentation and smoker’s melanosis. 
Local causes, exogenous staining (e.g. due to betel, herbal prepa- 
rations, beverages), systemic causes (including Peutz—Jeghers syn- 
drome, acanthosis nigricans, Addison disease, chloasma, Albright 


Figure 108.14 Betel staining of teeth with physiological pigmentation of the attached 
gingiva. 


Figure 108.15 Amalgam tattoo. 


syndrome, neurofibromatosis), medications (quinacrine, phenolph- 
thalein, minocycline, amiodarone) and heavy metal ingestion (lead, 
tin, mercury) may need to be considered depending on the pattern 
and distribution of gingival pigmentation. 


Amalgam tattoos 


Amalgam tattoos are a common cause of blue-black pigmentation, 
usually seen in the mandibular gingiva or at least close to the teeth 
(Figure 108.15), or in the scar of an apicectomy where there has 
been a retrograde root filling with amalgam used as root-end filling 
material [1-3]. The amalgam associates with elastin fibres. The 
lesion does not change significantly in size or colour and is painless. 
Opacities may or may not be seen on radiography. Similar lesions 
can result if, for some reason, pencil lead (graphite tattoo) or other 
similar foreign bodies become embedded in the oral tissues. 

Biopsy may be indicated to exclude a melanoma but otherwise 
these innocuous lesions require no treatment. 


Body art 


Tattooing of the lower lip may occasionally be seen. A tattooed lower 
lip in a Sudanese woman, for example, signifies that she is mar- 
ried. The Wodaabe people of Nigeria and Cameroon may tattoo on 
the skin surface at the angle of the mouth, a practice which has its 
basis in the ritual of warding-off the ‘evil eye’. The vermilion may 
be tattooed red in Western countries. 

Intraoral tattooing is less common [1,2]. Traditional tattooing of 
the gingiva is common among some populations in Africa’s Sahel 
region and is termed ‘ethnobotanical tattooing’ [3]. A number of dif- 
ferent pigments and techniques are employed in gingival tattooing 
but most involve the use of soot coated thorns. Other reported tat- 
tooing agents include burnt seeds and herbs combined with lantern 
soot, lampblack mixed with unspecified herbs and applied with nee- 
dles, lantern soot and resin from the plant D. Stramonium and soot. 


: Pigmented lesions 108.15 
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Figure 108.16 Tongue piercing. 


The practice of piercing oral and facial soft tissues and then 
placing foreign objects/ornaments in the defects on a more or 
less permanent basis is one which has also been largely confined, 
historically, to certain tribal groups in continental Africa and iso- 
lated Amazon regions of South America. Piercing is now common 
in resource-rich countries. The most common sites are the tongue, 
followed by the lip (Figure 108.16). 

Gingival recession is the most frequent complication of tongue 
and lip piercing [4]. Additional complications secondary to oral 
and facial piercings include pain, bleeding, dental fractures and 
gingival damage. 


Carney complex 


Carney complex is a rare multiple endocrine neoplasia syndrome 
characterised by distinctive pigmented lesions of the skin and 
mucosal surfaces, cardiac and non-cardiac myxomatous tumours, 
and multiple endocrine tumours. The Carney complex gene 1 is 
the regulatory subunit 1A of protein kinase A (PRKAR1A) located 
at 17q22-24. An inactivating heterozygous germ line mutation of 
PRKARIA is observed in about two-thirds of Carney complex 
patients. Carney complex causes cardiac and cutaneous myxomas, 
with mammary myxoid fibroadenomas, spotty cutaneous hyper- 
pigmentation, primary pigmented nodular adrenocortical disease, 
testicular Sertoli cell tumours and growth hormone-secreting pitu- 
itary adenoma. It may present with oral hyperpigmentation and 
myxomas [1-4]. 

The hyperpigmentation in Carney complex is facial and occurs 
on the vermilion of the lips in about 35%, although about 8% have 
pigmented lesions on the oral mucosa and about 2% have oral 
myxomas, usually on the palate or tongue [2,3]. Carney complex 
differs clinically from Peutz-Jeghers syndrome in that hyperpig- 
mentation is less common intraorally but more common on the 
conjunctiva, and other manifestations are also present. 


Carney complex has been previously called NAME (nevi, atrial 
myxoma, ephelides) and LAMB (lentigines, atrial myxoma, blue 
nevi) syndrome. In LEOPARD (lentigines, EKG (electrocardiogram) 
abnormalities, ocular hypertelorism, pulmonary stenosis, abnor- 
mal genitalia, retardation of growth, and sensorineural deafness) 
syndrome, lentigines tend to involve a large portion of the skin, 
including the face, neck and upper trunk, which is in contrast with 
the Carney complex. 


Coated, furred, brown or black hairy 
tongue 


Children rarely have a furred (coated) tongue in health but it may be 
coated with off-white debris in febrile and other illnesses. Adults, 
however, not infrequently have a coating on the tongue in health, 
particularly if they are edentulous, are on a soft non-abrasive diet, 
have poor oral hygiene or are fasting. The coating appears more 
obvious in ill patients or those with hyposalivation, especially those 
who cannot maintain oral hygiene. 

The coating in most cases consists of epithelial, food and micro- 
bial debris; indeed, the tongue is the main oral reservoir of some 
microorganisms, such as Candida albicans and viridans streptococci. 
The filiform papillae become excessively long and stained by the 
accumulation of squames and chromogenic microorganisms. 

Habits such as alcohol, tobacco and betel use, various medica- 
ments such as chlorhexidine or iron, and confectionery or beverages 
can cause a black or brown superficial staining of the tongue (and 
teeth) [1-4]. 

Occasionally, a brown or black hairy tongue may be caused by 
drugs that induce hyposalivation, or antimicrobials, when it may be 
related to overgrowth of microorganisms such as Candida species. 

Black hairy tongue usually involves the posterior and middle 
dorsal tongue (Figure 108.17). 

Patients with black hairy tongue may find the condition improves 
if they avoid habits or drugs that stain the tongue, increase their stan- 
dard of oral hygiene, brushing the tongue with a hard toothbrush, 
use sodium bicarbonate mouthwashes, chew gum, eating rougher 
foods such as raw fruits and vegetables, or suck a dry peach stone. 
Fresh pineapple (not tinned or pasteurised) contains a proteolytic 
enzyme called bromelaine that can break down the overgrown 
papillae. 


Drug, food, habits and heavy metal 
induced hyperpigmentation 


Causes (Box 108.2) can include [1-6]: 

¢ Foods and beverages (such as beetroot, red wine, coffee and tea). 

¢ Confectionery (such as liquorice). 

¢ Smoking tobacco — a fairly common cause (smoker’s melanosis) 
and this may produce extrinsic discoloration but also intrin- 
sic pigmentary incontinence, with pigment cells increasing 
and appearing in the lamina propria. Nicotine may stimulate 
melanocytes located in the basal layer of the oral mucosa. It is 


Pigmented lesions 108.17 


pigmentation caused by staining of the underlying bone, 
and some intrinsic faint bluish-grey staining, mainly near the 
anterior teeth. 

¢ Busulphan, hydroxyurea, zidovudine and clofazimine oral 
contraceptives, phenothiazines, tetracycline, cyclophospha- 
mide, bleomycin, fluorouracil and anticonvulsants may also 
occasionally produce, or increase, brown pigmentation. 

¢ Gold may produce purplish gingival discoloration. Many of 
the heavy metals formerly implicated in producing oral hyper- 
pigmentation (such as mercury, lead and bismuth) are not used 
therapeutically now, although industrial or accidental expo- 
sure is still occasionally seen. Metallic sulphides deposited 
in the tissues were seen especially where oral hygiene was 
poor, with bacteria producing sulphides that resulted in 
pigmentation at the gingival margin (e.g. lead line). 

¢ Some drug-induced hyperpigmentation resolves on cessation 
of exposure to the drug and improved oral hygiene, although 
resolution can take months or years. 

e Endocrine causes: oral hyperpigmentation may be seen in 
adrenocorticotrophic hormone therapy, Addison disease, Nelson 
syndrome or ectopic adrenocorticotrophic hormone production 
(e.g. by bronchogenic carcinoma). The brown or black pigmen- 
tation is variable in distribution but is seen typically on the soft 
palate, buccal mucosa and at sites of trauma. 


Figure 108.17 Black hairy tongue. 


especially likely in persons who smoke with the lighted end of the HIV infection 

cigarette within the mouth (reverse smoking), with pigmentation 

changes most common on the hard palate. Smoker’s melanosis is Oral hyperpigmentation may be seen in HIV infection, sometimes 
characterised by irregular hyperpigmentation of the oral mucosa. related to adrenal hypofunction or drug use [1,2]. 

Brown patches are most commonly located on the anterior labial 

gingiva in cigarette smokers and on the buccal mucosa in pipe 

smokers. Over months or years, smoker’s melanosis gradually 

disappears after smoking cessation. Inherited patterned lentiginosis 


e Chewing betel may cause superficial brownish-red discol- VV 
oration, mainly in the buccal mucosa (and on the teeth), with — This is an extremely rare, autosomal dominant condition reported = 
an irregular epithelial surface that has a tendency to desqua- _in patients of African descent, especially those with mixed [%] 
mate, seen mainly in women from South and South-East Asia American Indian heritage. It is characterised by small discrete J&¥™ 
(see Figure 108.14). The epithelium in betel chewer’s mucosa is _ hyperpigmented macules on the face, lips, extremities, buttocks and [E49 ¢ 
often hyperplastic with material from the betel quid visibleonthe —_ palmoplantar areas [1]. No series of patients have been reported re Re 
epithelial surface with ballooning of epithelial cells. Importantly — with oral mucosal lesions or internal organ system abnormalities. ry 
betel use predisposes to submucous fibrosis and squamous cell This condition can resemble other lentiginosis syndromes, v < 
carcinoma. especially Peutz-Jeghers syndrome, centrofacial lentiginosis syn- = “ 

e Drugs and chemicals such as chlorhexidine, iron salts, griseoful- drome and Carney complex. - 
vin, crack cocaine, minocycline, bismuth subsalicylate, lan- [o4 
soprazole and hormone replacement therapy. With these, < 
hyperpigmentation may be due to deposition of the agent on 
oral mucosal surfaces, stimulation of melanin synthesis, drug or Lentiginoses 
metabolite accumulation and bacterial metabolism. 

e Drugs that cause intrinsic staining include: The lentiginoses (or lentigenoses) include Peutz—Jeghers syndrome, 


e Antimalarials produce a variety of colours in the mucosa, | LEOPARD syndrome (lentigines, EKG (electrocardiogram) abnor- 
ranging from yellow with mepacrine to blue-black with malities, ocular hypertelorism, pulmonary stenosis, abnormal 


amodiaquine. genitalia, retardation of growth, and sensorineural deafness), 
e Minocycline may cause grey/black discoloration of teeth, syndrome of arterial dissections with lentiginosis, Laugier— 
gingivae and bone, skin, sclera and even breast milk. Minocy- Hunziker-Baran syndrome, Cowden disease, Ruvalcaba~Myhre- 


cline can, in a minority of patients, produce blue-grey gingival |§ Smith (Bannayan—Zonana) syndrome, and the centrofacial, benign 
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patterned and segmental lentiginoses, all of which can be associated 
with a variety of developmental defects. 


Laugier-Hunziker syndrome 


Laugier-Hunziker syndrome is an acquired, benign disorder 
presenting in adults with labial, oral mucosal and nail hyperpigmen- 
tation [1-5]. A possible variant of this or Peutz-Jeghers syndrome 
has been termed idiopathic lenticular pigmentation, in which there 
are oral, labial, perianal and digital hyperpigmented lenticular 
macules. Treatment with cryosurgery, Q-switched alexandrite laser 
and Nd-Yag laser has been reported [6]. There are no underlying 
systemic abnormalities and no malignant predisposition. 


Melanoma 


Oral melanoma is rare and highly aggressive. Most patients are 
over 50 years of age and there is a male preponderance. Mucosal 
melanomas account for fewer than 1% of all melanoma. However, 
they account for approximately 10% of melanoma of the head 
and neck. The most common sites for mucosal melanoma are 
nasal, paranasal sinuses, oral cavity and nasopharynx. Malignant 
melanoma may arise in apparently normal oral mucosa or in a 
pre-existent pigmented naevus, most commonly (~80%) in the 
palate or maxillary alveolus [1-5]. The initial presentation is often 
swelling, which is usually with a brown, dark blue, or black macule. 
Satellite foci may surround the primary lesion. Advanced lesions 
may present as a raised, nodular or polypoid mass. Amelanotic oral 
melanomas are rare. Features suggestive of malignancy include a 
rapid increase in size, change in colour, ulceration, pain, bleeding, 
the occurrence of satellite pigmented spots, or regional lymph node 
enlargement. The prognosis is poor unless detected very early. 
Metastatic melanoma is rare. Surgery is the mainstay of treatment 
in oral melanoma. c-KIT (CD117) is overexpressed in more than 80% 
of mucosal melanoma [6]. BRAF protein mutations are uncommon 
in mucosal melanoma and found in fewer than 10%. Histology 
may show anaplastic spindle-shaped or squamoid cells. However, 
the histology is quite varied and staining with dopa or antibodies 
may be required to help the diagnosis. Most cases are positive 
for S-100, tyrosinase and Mart-1/melana-A. Lesions suspected to 
be melanoma should not be biopsied until the time of definitive 
surgical excision. 


Melanocanthoma 


Oral melanoacanthoma is a rare reactive melanocytic lesion with 
solitary or multifocal diffuse pigmentation, found mainly in chil- 
dren: most reported cases have been in individuals with highly 
pigmented skin. A hyperpigmented symptomless macule appears 
over a course of days or weeks. It is thought to be a reactive 
response to local trauma or chronic irritation. There is a female pre- 
dominance among the patients with solitary oral melanoacanthoma, 


whereas multifocal oral melanoacanthoma showed an equal gender 
distribution. Multifocal lesions tended to occur on the palate, and 
solitary lesions on the buccal mucosa. The sudden appearance and 
rapid radial growth often mimics melanoma. Biopsy is required to 
exclude mucosal melanoma and shows increased numbers of den- 
dritic melanocytes in an acanthotic epithelium. The course is benign, 
and some cases resolve spontaneously within 6 months [1-5]. No 
specific treatment is required but argon plasma coagulation is a 
relatively safe and effective modality. 


Melanotic macule 


The melanotic macule is the most common mucosal pigmented 
lesion. It is an acquired, small, flat, brown to brown-black, asymp- 
tomatic, benign lesion, unchanging in character. Oral melanotic 
macule is similar to the ephelis and lentigo. Melanotic macules 
are usually solitary, discrete, pigmented brown collections of 
melanin-containing cells. 

It can occur on the lips and intraorally, especially at the keratinised 
sites, such as gingiva and palate, and ranges in colour from brown 
to black (Figure 108.18). Most on the lips are seen near the midline, 
on the lower lip vermilion [1-4]. They are typically symmetric with 
sharp borders. Clinically, the melanotic macule may resemble other 
lesions such as early melanoma and ephelides, although the latter 
tend to fade in winter and darken in summer. 

Histopathologically, the mucosal epithelium is normal apart from 
increased pigmentation of the basal layer, accentuated at the tips 
of rete ridges. There are no naevus cells or elongated rete ridges. 
There is melanin in the epithelial basal layer and/or upper lamina 
propria. Occasionally they are seen along with melanonychia striata 
(Laugier-Hunziker syndrome). 

In contrast to melanoma, basal layer melanocytes are not 
increased. Melanotic macules occasionally appear suddenly as 
reactive lesions following trauma. Excision biopsy may be indicated 
to exclude melanoma or for cosmetic reasons. 


Figure 108.18 Melanotic macule of the lower lip. 
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Oral melanocytic naevi 


Oral melanocytic naevi are much less common in the oral mucosa 
than in skin [1]. Approximately half of naevi are histologically 
of the intradermal (intramucosal) type; one-third are blue naevi; 
many others are compound naevi; and some are junctional naevi. 

They are formed from increased melanin-containing cells, are 
flat or raised, do not change rapidly in size or colour, are painless 
and are seen particularly on the palate. The intramucosal type of 
naevus is most common (about 60%), while another 25% are blue 
naevi. Compound and junctional naevi and combined naevi are 
rare in the mouth. The intramucosal naevus consists of a collection 
of melanocytic cells in the lamina propria without involvement of 
the epithelium. The blue naevus consists of spindle cells at any level 
in the lamina propria. The junctional naevus consists of clusters of 
benign naevus cells at the epithelio-mesenchymal junction and the 
lamina propria is otherwise not involved. Naevi are seen particu- 
larly on the vermilion border of the lip and on the palate or buccal 
mucosa [2,3]. They usually present as a solitary, brown or blue, 
well-circumscribed nodule or macule, do not change rapidly in size 
or colour and are painless. There is no evidence that most pigmented 
naevi progress to melanoma [3]. However, pigmented naevi may 
resemble melanomas and if early detection of oral melanomas is to 
be achieved, all pigmented oral cavity lesions should be viewed with 
suspicion. Therefore, excisional biopsy is recommended to exclude 
malignancy and may also be performed for cosmetic reasons. This 
is particularly important if the lesions are raised or nodular. 


Peutz—Jeghers syndrome 


Peutz—Jeghers syndrome is an autosomal dominant trait most often 
due to germline mutations in the STK11 (LKB1) gene encoding 
a serine threonine kinase mapped to chromosome 19p13.3 and is 
characterised by gastrointestinal hamartomatous polyps, mucocuta- 
neous pigmentation, especially circumorally, and an increased risk 
of gastrointestinal and non-gastrointestinal cancer. Mucocutaneous 
pigmented macules are present in more than 95% of individuals 
with Peutz-Jeghers syndrome and are caused by pigment-laden 
macrophages in the dermis. Those affected have discrete flat brown 
to bluish black macules mainly around the oral, nasal and ocular 
orifices, 1-5 mm in size. The lips, especially the lower, have pig- 
mented macules in about 98% of patients (Figure 108.19) [1-4]. The 
buccal mucosa in involved in 66% of Peutz—Jeghers syndrome indi- 
viduals. Mucocutaneous pigmentation usually occurs during the 
first one to two years of life, increases in size and number over the 
ensuing years, and finally fades after puberty. Oral brown or black 
macules, unlike the circumoral lesions, do not fade after puberty. 
Malignant transformation is extremely rare. 

Intestinal polyps are found mainly in the small intestine and rarely 
undergo malignant change but if they produce intussusception, 
surgical intervention is required. There is a slightly increased risk 
of gastrointestinal carcinoma and carcinomas of the pancreas, lung, 
breast, uterus and ovary. 

Ruby and argon lasers have been used to treat the pigmentation 
of the lips and oral mucosa. 


Figure 108.19 Peutz—Jeghers syndrome. 


Figure 108.20 Postinflammatory hyperpigmentation in oral lichen planus. 


Pigmentary incontinence 


Melanin pigment ingested by macrophages in the upper lamina 
propria (pigmentary incontinence) may give rise to hyperpig- 
mentation in lichen planus, especially in dark-skinned people 
(Figure 108.20) [1]. 


RED LESIONS 


Some red lesions may be associated with localised inflammation 
(e.g. infections or traumatic injury), autoimmune conditions 
(e.g. mucous membrane pemphigoid) or may be additionally asso- 
ciated with epithelial thinning (atrophy) (e.g. geographic tongue 
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or lichen planus) or desquamation (e.g. desquamative gingivi- 
tis). Lesions in pemphigus vulgaris are associated with epithelial 
thinning, will appear red and are very painful. Structural vascular 
changes are also often red (e.g. telangiectasia), with vascular prolif- 
eration (e.g. haemangiomas), increased vascular permeability (e.g. 
purpura) or malignant lesions (e.g. leukaemia or Kaposi sarcoma). 
This section will be grouped into: 

1 Inflammatory lesions, e.g. infection or autoimmune, trauma or 

atrophic lesions. 
2 Vascular lesions: structural anomalies or tumour-related. 


INFLAMMATORY LESIONS 


Acrodermatitis enteropathica 


Acrodermatitis enteropathica is a rare autosomal recessive inborn 
error of metabolism resulting in zinc malabsorption and severe zinc 
deficiency. It is the result of mutations in the SLC39A4 gene, which 
encodes a protein involved in zinc transport [1-4]. 


Clinical features 

Diarrhoea, mood changes, anorexia and neurological disturbance 
are reported, most frequently in infancy. Growth retardation, alope- 
cia, weight loss and recurrent infections are prevalent in affected 
toddlers and schoolchildren. A vesiculobullous dermatitis with 
perioral involvement may be seen, often sparing the vermilion [2]. 
Zinc deficiency during growth periods results in growth failure and 
lack of gonadal development in males. Other effects of zinc defi- 
ciency include skin changes, poor appetite, mental lethargy, delayed 
wound healing, neurosensory disorders and cell-mediated immune 
disorders. Skin lesions and poor wound healing are observed in 
severe forms and the disorder can be lethal. 


Diagnosis 

Assays of zinc in granulocytes and lymphocytes provide better 
diagnostic criteria for marginal zinc deficiency than plasma zinc 
assays. 


Management 

Patients with acrodermatitis enteropathica require high doses of zinc 
to overcome the defect in intestinal zinc absorption (approximately 
3mg/kg/day of elemental zinc). 


Angina bullosa haemorrhagica 


Angina bullosa haemorrhagica is an uncommon, acquired fragility 
of the non-keratinised mucosa resulting in haemorrhagic bullae 
that spontaneously rupture leaving a ragged ulcer that heals within 
1-2 days. It usually affects individuals over the age of 50 and 
has no known structural or systemic underlying cause. Lesions 
frequently involve trauma prone sites, e.g the soft palate, buccal 
mucosa or ventrolateral tongue. Although the blister is subepider- 
mal it heals rapidly and without scarring [1-6]. (Figure 108.21). 
Patients are otherwise well, with no detectable immunological or 


Figure 108.21 Angina bullosa haemorrhagica: a large blood blister in a typical site on 
the soft palate. The adjacent whitish lesions are from scarring after a previous biopsy. 


bleeding disorder [1-6]. Occasional cases are related to the use of 
corticosteroid inhalers and trauma seems to be the major provoking 
factor. The diagnosis of angina bullosa haemorrhagica is mainly 
clinical. A clotting function test will exclude bleeding disorders that 
may present with intraoral blood-filled lesions. Only symptomatic 
care is available. The diagnosis is based upon the history and biopsy 
is not usually indicated. 


Erythematous candidiasis 


Candidiasis often presents with oral white lesions, but red variants 
are increasingly recognised. Erythematous or atrophic candidiasis 
may be seen in: 

e Acute candidiasis 

e Denture-related stomatitis 

Angular cheilitis 

Antibiotic- or steroid-induced stomatitis 

e HIV infection 


Acute candidiasis 


Acute oral candidiasis may complicate corticosteroid or antibiotic 
therapy, particularly with long-term broad-spectrum antimicrobials. 
There is widespread erythema and soreness of the oral mucosa, 
particularly noticeable on the tongue, sometimes with associated 
thrush. Topical antifungals usually suffice. 


Angular cheilitis 


This presents as inflammation of the skin and contiguous labial 
mucosa located at the commissures of the mouth. 


Denture-related stomatitis 


This common form of mild, chronic, atrophic oral candidiasis 
occurs only beneath a denture, and is often asymptomatic [1-7]. 
It is a disease mainly of the middle-aged or older. Dentures worn 


Figure 108.22 Denture-induced stomatitis showing diffuse erythema in the 
denture-bearing area. 


throughout the night, or with a dry mouth, favour development 

of this infection with Candida species mainly. It is not caused by 

allergy to the denture material. It is more prevalent in women than 
men. Patients appear otherwise healthy. Denture-related stomatitis 
consists of mild inflammation and erythema of the mucosa beneath 

a denture (Figure 108.22). 

Dentures can produce a number of ecological changes, including 
the following: 

e Changes in the oral flora. 

e Plaque accumulation between the mucosal surface of the denture 
and the palate. 

¢ Saliva present between the maxillary denture and the mucosa 
may have a lower pH than usual. 

e Accumulation of microbial plaque (bacteria and/or yeasts) on 
and in the fitting surface of the denture and the underlying 
mucosa. 

Decreased salivary flow and a low pH under the denture prob- 
ably results in a high Candida enzymatic activity, which can cause 
inflammation. Yeasts such as Candida are isolated from up to 90% 
of persons with denture-related stomatitis. The most frequently 
isolated species is Candida albicans. Of the C. albicans isolates, 75% 
are serotype A and 25% serotype B. C. albicans is the most frequently 
isolated species, followed by C. tropicalis and C. glabrata. Histo- 
logical examination of the soft tissue beneath dentures has shown 
proliferative or degenerative responses with reduced keratinisation 
and thinner epithelium. 

It is not clear why only some denture wearers develop denture- 
related stomatitis, since most patients appear otherwise healthy. 
Patients with denture-related stomatitis have no serious, cell- 
mediated immune defects but they may sometimes be deficient in 
migration inhibition factor and may have overactive suppressor 
T cells or other T-lymphocyte/phagocyte defects. 


Predisposing factors 

Dental appliances (mainly maxillary dentures), especially when 
worn throughout the night, or with a dry mouth, are the major 
predisposing factor. Diabetes, immunosuppressive therapy or a 
high-carbohydrate diet occasionally are predisposing factors. HIV 


is a rare underlying factor. Factors that are usually not significant 
include allergy to the dental material, trauma, pharmacological 
agents and smoking. 


Clinical features 

The characteristic presenting features of denture-related stomatitis 

are: 

¢ Chronic erythema and oedema of the mucosa that contacts the 
fitting surface of the denture. 

¢ The mucosa below the lower dentures is rarely involved. 

e Erythema is restricted to the denture-bearing area. 

e Usually there are no symptoms. 

¢ Uncommon complications include angular stomatitis and papil- 
lary hyperplasia in the vault of the palate. 


Clinical variants 

The lesions have been classified into three clinical types (Newton's 

types), increasing in severity: 

¢ Type 1:a localised simple inflammation or a pinpoint hyperaemia. 

¢ Type 2: an erythematous or generalised simple type presenting 
as more diffuse erythema involving a part of, or the entire, 
denture-covered mucosa. 

¢ Type 3: a granular type (inflammatory papillary hyperplasia) 
commonly involving the central part of the hard palate and the 
alveolar ridge. 


Investigations 

Denture-related stomatitis is a clinical diagnosis. A full blood pic- 
ture, haematinic assays and smears for fungal hyphae and culture 
may be warranted. 


Management [8,9] 

Any underlying systemic disease should be treated where pos- 
sible. The oral biofilm must be removed regularly. The denture 
plaque and fitting surface is infested, usually with C. albicans, 
and dentures acts as a reservoir for microbial colonisation. To 
treat and prevent recurrence of denture-related stomatitis, den- 
tures should be removed from the mouth at night, cleaned and 
disinfected, and stored in an antiseptic. Cleansing is crucial to 
therapeutic success. Sodium hypochlorite 0.5% can help disinfect 
denture liners and tissue conditioners. Hypochlorite is an effective 
anticandidal agent but can turn chrome cobalt dentures black. 
The incorporation of nystatin in those materials is also able to 
treat or prevent oral candidiasis. Many other cleansers are avail- 
able (alkaline peroxides, alkaline hypochlorites, acids, yeast lytic 
enzymes). 

The mucosal infection is eradicated by brushing the palate and 
using antifungals. Effective agents include nystatin pastilles or 
suspension, miconazole gel or fluconazole suspension or tablets, 
administered concurrently with an oral antiseptic such as chlorhex- 
idine, which itself has antifungal activity. 


HIV-associated candidiasis 


It has been reported that up to 90% of HIV-infected patients develop 
oropharyngeal candidiasis at some time [1-8]. Low CD4 counts, 
denture-wearing, smoking, corticosteroid therapy, broad-spectrum 
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antibiotic therapy and hyposalivation predispose to candidiasis. 
The most dominant oral fungal species, in decreasing order of 
frequency, are: 

¢ C. albicans. 

¢ C. glabrata. 

° C. tropicalis. 

¢ C. parapsilosis. 

° C. krusei. 

Other Candida species such as C. dubliniensis, C. africanus and 
C. inconspicua. 

Erythematous or atrophic candidiasis may arise as a conse- 
quence of persistent acute pseudomembranous candidiasis when 
the pseudomembranes are shed, may develop de novo, or in HIV 
infection may precede pseudomembranous candidiasis. The clinical 
presentation is of erythematous areas generally on the dorsum 
of the tongue, palate or buccal mucosa. Lesions on the dorsum 
of the tongue present as depapillated areas. Lesions are often 
seen in the central palate. There can be an associated angular 
stomatitis. 

Pseudomembranous candidiasis is a well-recognised feature 
of T-cell immunodeficiencies, particularly after the severe T-cell 
immunosuppression necessary for organ transplantation and in 
other secondary immunodeficiencies, such as leukaemia, diabetes 
or HIV/AIDS. It is a common and early feature of AIDS. 

Furthermore, with increasing use of antimycotic therapy, espe- 
cially in HIV disease, there is a shift towards not only resistant 
C. albicans, as well as the appearance of novel species, but also 
other species such as C. glabrata and C. krusei. Pseudomembra- 
nous candidiasis is characterised by white patches on the surface 
of the oral mucosa, tongue and elsewhere. The lesions develop 
to form confluent plaques that resemble milk curds, and can be 
wiped off to reveal a raw, erythematous and sometimes bleeding 
base. Complications of oropharyngeal candidiasis may sometimes 
present as lesions of the adjacent mucosa, particularly in the upper 
respiratory tract and the oesophagus. The combination of oral and 
oesophageal candidiasis is particularly prevalent in HIV-infected 
patients. 

Antifungal therapy is indicated [9-12]. Tobacco habits should 
be stopped. Antiretroviral treatment reduces the frequency of can- 
didiasis. The negative effects of antiretroviral treatment include: 
an increase in oral lesions from HPV, xerostomia, dysgeusia/ageusia, 
hyposmia, perioral paraesthesia, hyperpigmentation of oral 
mucosa, facial lipodystrophy and ulceration. Candidiasis in HIV 
disease may prove poorly responsive to polyene antifungal drugs, 
so systemic fluconazole is usually indicated. 


Median rhomboid glossitis 


Median rhomboid glossitis, or glossal central papillary atrophy, 
is a depapillated red rhomboidal area in the centre line of the 
dorsum of the tongue, just anterior to the sulcus terminalis [1-4]. 
It is uncommon and mainly found in older patients. There is a 
significant association between median rhomboid glossitis, Candida 
and diabetes, but the other possible risk factors, such as sex, 
smoking and denture wearing, may not be present. Occasionally, 
immune defects (including HIV) and diabetes predispose to this 
lesion. 


Figure 108.23 Median rhomboid glossitis. 


Pathophysiology 

The aetiology of the lesion is controversial. Formerly thought to 
be caused by persistence of the embryonic tuberculum impar, 
this lesion is now thought to be related to candidiasis. Culture 
frequently shows Candida. Histopathologically, candidal hyphae 
infiltrate the superficial layers of the parakeratotic epithelium 
and a neutrophil infiltrate occupies the epithelium, with elon- 
gated hyperplastic rete ridges (pseudoepitheliomatous hyper- 
plasia) that may resemble a carcinoma (but it is not a malignant 
condition). 


Clinical features 

There is typically a red midline lesion, rhomboidal in shape, anterior 
to the sulcus terminalis on the dorsum of the tongue (Figure 108.23). 
It is usually asymptomatic. Occasionally it may have a hyperplas- 
tic or lobulated exophytic appearance. An opposing ‘kissing’ lesion 
may be seen in the palatal vault. 


Investigations 

Median rhomboid glossitis is usually diagnosed on clinical grounds. 
Long disease duration and no benefit from topical steroids are sug- 
gestive of this condition. The differential diagnosis may include 
haemangioma, pyogenic granuloma, amyloidosis, granular cell 
tumour, Kaposi sarcoma and neoplasms. Since some lesions are 
nodular and may simulate a neoplasm or other pathology, biopsy 
may be indicated. 


Management 

Median rhomboid glossitis may respond to cessation of smok- 
ing and to the use of antifungals. There is no good evidence that 
median rhomboid glossitis lesions completely resolve after topical 
antifungals. 


Desquamative gingivitis 


Desquamative gingivitis is a clinical descriptive term. It is usu- 
ally the result of a disease process that causes separation of the 
epithelium from the underlying connective tissue. Desquama- 
tive gingivitis may be a manifestation of several mucocutaneous 
diseases, most commonly mucous membrane pemphigoid, pemphi- 
gus vulgaris and lichen planus [1-3]. Treatment consists of treating 
the underlying disease. Elimination of dental plaque and calculus 
can significantly improve the treatment outcome. 


Epidermolysis bullosa 


Epidermolysis bullosa is characterised by blisters, sometimes 
preceded by white patches, which develop rapidly, particularly 
where there is trauma. Blisters rupture to produce ulcers, often with 
eventual scarring, particularly in the recessive dystrophic types 
[1-5]. Oral manifestations differ in frequency and severity accord- 
ing to the disease subtype, but the most common are bullae, which 
leave painful ulcers on rupture, followed by scarring. Oral lesions 
are fairly common in dystrophic and lethal forms of epidermolysis 
bullosa but are rare in most simplex types except the superficial 
type, where they are found in 70% of patients. Overall, oral mucosal 
lesions are found in about 30% of patients with epidermolysis 
bullosa. There is a predisposition to oral squamous cell carcinoma 
(SCC), mainly in the Hallopeau-Siemens type. 

Dental hypoplasia (and other defects) and delayed tooth eruption 
may also be a feature, especially in junctional epidermolysis bullosa 
(Table 108.2). Also, with the difficulty in maintaining adequate oral 
hygiene, there is a predisposition to caries. 


Table 108.2 Oral manifestations in epidermolysis bullosa (EB). 


Type EB subtype 


Patients with recessive dystrophic epidermolysis bullosa suffer 
from severe growth inhibition due to reduced food intake as a result 
of severe oropharyngeal and oesophageal blistering or scarring, 
with smaller maxillae and smaller mandibles than normal. 

Dental treatment is complicated by severe oral and perioral 
scarring, microstomia and ankyloglossia [6,7]. 

The oral manifestations in the various inherited forms of this 
condition are summarised in Table 108.2 and epidermolysis bullosa 
acquisita is discussed in Chapter 69. 


Erythroplakia 


Erythroplakia is defined as ‘any lesion of the oral mucosa that 
presents as bright red velvety plaques which cannot be characterised 
clinically or pathologically as any other recognisable condition’ 
[1-6]. It is uncommon and appears to occur mainly in the middle 
aged and elderly. Erythroplakia is usually solitary and involves the 
floor of the mouth, the ventrum of the tongue or the soft palate 
(Figure 108.24). Erythroplakia presents as a fiery red macule or 
patch with a soft velvety texture [1,2]. Lesions are usually irregular 
in outline, though well defined. There are usually no symptoms. 
Risk factors for erythroplakia are as for carcinoma, mainly tobacco, 
alcohol and betel quid chewing. Other possible aetiological factors 
include body mass index and nutritional status. 

The overall risk of malignant transformation is 33.1% and the 
malignant transformation rate per year is 2.7% [5,6]. Many red 
lesions may present with carcinoma in situ or invasive disease at 
the time of diagnosis. 

Surgical excision is the treatment of choice, either by scalpel or 
laser excision, and sent for histological examination. There is no reli- 
able data about the prognosis or recurrence rate. 


Mucosal lesions Dental hypoplasia 


Generalised (Koebner) 
Localised (Weber—Cockayne) 
Localised (Kallin) 
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- Anodontia 
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With bruising (Ogna) 


Herpetiform (Dowling—Meara) 


Superficial 
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Inverse 

Progressive 
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Ill: Dermolytic (dystrophic) 
Autosomal dominant Albopapuloid (Pasini) 
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Mutilating 
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Adult form 


Child form 
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Figure 108.24 Erythroplakia involving the left buccal mucosa. Figure 108.26 Somewhat less obvious signs of lingual erythema migrans. 


Some patients with geographic tongue have atopic conditions such 
as hayfever and a few relate the oral lesions to a particular food [3]. 
Geographic tongue (benign migratory 


lossitis/erythema migran Pathophysiology 
aa ts ae gra a) There is epithelial thinning at the centre of the lesion with an inflam- 


A benign inflammatory condition of the tongue with map-like areas matory ate nly Geely aor nomucle pukon 


of erythema which are not constant in size, shape or location. The 
condition is unrelated to cutaneous erythema migrans. 

Geographic tongue is characterised by map-like red areas with 
increased thickness of intervening filiform papillae. Alternatively, 
there are rounded, sometimes scalloped, reddish areas with a 
white margin (Figures 108.25 and 108.26). These patterns change 
from day to day and even within a few hours. It is a common 
condition, affecting about 1-2% of the population [1-6]. Patients of 
any age may be affected. There may be a positive family history. 


Clinical features 

Geographic tongue may be asymptomatic or cause a sore tongue. 
Rarely, other sites, such as the labial or palatal mucosa, are affected 
(benign migratory stomatitis). The tongue is usually, but not invari- 
ably, affected simultaneously with the other sites. There are no 
complications. 


Investigations 
Clinical examination usually suffices to differentiate the condition. 
Many patients with a fissured tongue also have geographic tongue. 


vi Similar oral lesions may be seen in reactive arthritis (previously 
= termed Reiter syndrome), generalised pustular psoriasis and 
vn acrodermatitis continua of Hallopeau [5]. 
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ZU Management 

ox No effective treatment is available except reassurance, but benzy- 
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Glossitis is characterised by atrophy of the filiform papillae of the 
tongue, giving the tongue a smooth, glossy, red appearance. Causes 
of glossitis include: 

e Nutritional deficiencies (iron, vitamin B12, folic acid). 

¢ Oral Candida infection. 

° Coeliac disease. 

e Lichen planus. 

¢ Benign migratory glossitis. 

e Protein—-calorie malnutrition. 

Figure 108.25 Classical geographic tongue (lingual erythema migrans). e Xerostomia. 


Figure 108.27 Atrophic glossitis in vitamin B,, deficiency. 


Deficiency glossitis may be related particularly to deficiency of 
iron, folate or vitamin B,,, and may then be associated with angu- 
lar stomatitis and/or mouth ulcers. In anaemic glossitis the tongue is 
red, sore and smooth (Figure 108.27) [1-4]. Occasionally, pernicious 
anaemia can also produce red areas or patterns of red lines. Patients 
with glossitis often complain of a burning sensation and increased 
sensitivity when eating acidic or salty foods. Most causes of glossi- 
tis are self-limiting and require no treatment. Symptomatic relief is 
possible with good oral hygiene and mouthwash, e.g. benzydamine 
hydrochloride. 


Immune defects 


Mouth ulcers and early-onset periodontitis feature in congenital 
immune defects, including Chédiak—Higashi syndrome, Papillon— 
Lefévre syndrome, familial neutropenia, cyclic neutropenia, Job 
syndrome, chronic granulomatous disease and glycogen storage 
disease type 1b [1-8]. 


Plasma cell gingivitis 


Plasma cell gingivitis is a rare benign inflammatory condition 
characterised by extensive infiltration of plasma cells within the 
connective tissue of the oral mucosa [1]. The first cases were caused 
by hypersensitivity to a component of chewing gum. Flavouring 
agents such as cinnamaldehyde, mint candy, herbs and spices have 
also been recognised as causative factors [2-4]. Patients report 


soreness and sensitivity, especially on eating acidic and spicy foods. 
The gingiva presents with diffuse erythema with swelling and loss 
of stippling, similar to desquamative gingivitis. Other oral sites 
such as the buccal and palatal mucosa may be affected. Biopsy 
shows sheets of polyclonal plasma cells. Identifying the causative 
agent is important and patch testing may be useful. Treatment 
includes topical and systemic corticosteroids. Lesions will persist if 
the patient is exposed to the antigen. 


Strawberry tongue 


A red denuded appearance of the dorsum tongue with persis- 
tent hypertrophic fungiform papillae may be seen in scarlet fever, 
Kawasaki disease [1] and Riley-Day syndrome (familial dysautono- 
mia), giving rise to an appearance similar to a strawberry. 


VASCULAR LESIONS 


Blue rubber-bleb naevus syndrome 


Oral haemangiomas may be seen [1-3]. 


Glomovenous malformations 


Glomovenous malformations are disseminated variants of cuta- 
neous glomus tumours. Some have been treated successfully with 
sequential pulsed dye Nd-Yag laser [1]. 


Haemangioma 


Haemangiomas are usually deep red or blue-purple, blanch on pres- 
sure, are fluctuant to palpation, and are level with the mucosa or 
have a lobulated or raised surface. Most are small and of no conse- 
quence [1,2]. 

Most haemangiomas are seen in isolation, but a few may be 
multiple and/or part of a wider syndrome, such as Maffucci 
syndrome. Large facial haemangiomas, which can involve the lips, 
may be associated with Sturge-Weber syndrome or Dandy—Walker 
syndrome, or other posterior cranial fossa malformations. 

Haemangiomas are at risk from trauma and prone to excessive 
bleeding if damaged (e.g. during tooth extraction). Occasionally, 
oral haemangiomas develop phlebolithiasis. 

Oral lesions suspected of being haemangiomatous should not be 
routinely biopsied. Kaposi sarcoma and epithelioid angiomatosis 
should be excluded. After intravenous administration of contrast 
medium, enhancement is observed in haemangiomas in areas 
corresponding to those with high signal on T,-weighted MRI. 

Oral haemangiomas are left alone unless causing symptoms, 
when they are best treated with cryosurgery or laser if small, injec- 
tion of 3% sodium tetra decyl sulphate locally or by ligation or 
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embolisation of feeding vessels if large. Propranolol is an effective 
treatment of head and neck infantile haemangiomas. 


Hereditary haemorrhagic 
telangiectasia (Osler-Rendu-Weber 
syndrome) 


Hereditary haemorrhagic telangiectasia is an autosomal dominant 
disorder predominantly caused by mutations in ENG (encodes 
endoglin) and ACVRL1 (encodes ALK1), which both belong to 
the transforming growth factor (TGF)-f signalling pathway [1]. 

The most common clinical findings are epistaxis, gastrointestinal 
bleeding and iron deficiency anaemia, along with characteristic 
mucocutaneous telangiectasia on the lips, perioral skin, oral and 
nasal mucosae as well as the gastrointestinal tract [1-4]. Mucocu- 
taneous and gastrointestinal telangiectasia develop by the age of 
30 years and increase in number over time [5]. Hereditary haemor- 
rhagic telangiectasia manifests in the oral cavity as red spots approx- 
imately 1-3 mm in diameter that appear on the tongue, lips, buccal 
mucosa or palate. Visceral arteriovenous malformations of the liver, 
lung and central nervous system are common [6]. Complications 
include high-output heart failure, portal hypertension, liver failure, 
haemoptysis, polycythaemia, cerebral abscess and stroke. 

Oral haemorrhage can be controlled by cryotherapy, cautery, 
infrared coagulation, Nd-Yag laser or intense pulsed light. Beva- 
cizumab, a vascular endothelial growth factor (VEGF) inhibitor, 
may be efficacious in those with severe, intractable nosebleeds. 


Kaposi sarcoma 


Kaposi sarcoma (KS) accounts for 20-25% of sarcomas within the 
head and neck. Cases are most frequently associated with the 
human immunodeficiency virus. The pathogenesis of KS is poorly 
understood but it is known to be initiated by the human herpesvirus 
8 (HHV-8) [1,2]. Clinical presentation of KS in the head and neck can 
vary from isolated blue/purple macules to exophytic or multifocal 
lesions. Intraorally, it commonly presents on keratinised surfaces, 
most frequently the gingiva and palate (Figure 108.28). Up to 95% 
of lesions are seen in the palate, 23% in the gingiva and others on 
the tongue or buccal mucosa [3-6]. A red—purple macule is the 
early lesion, progressing to a purple nodular swelling that may 
be extensive and ulcerated. Multiple lesions are common. Lesions 
are often asymptomatic, but more than 25% are painful and about 
8% bleed. 

Histologically, spindle cells proliferate along with irregular ves- 
sels which can appear slit-shaped. Mitoses are often abundant 
and central necrosis can occur. Immunohistochemistry to identify 
HHV-8 is useful to confirm the diagnosis. 

Differential diagnoses should include benign and malignant 
lesions such as haemangioma, pyogenic granuloma, bacillary 
angiomatosis and melanoma. 

Highly active antiretroviral treatment is effective in preventing 
and controlling HIV-related KS. Other treatment modalities can 


Figure 108.28 Kaposi sarcoma in a typical site with a characteristic purplish 
appearance. Courtesy of Dr J.B. Epstein. 


include surgical excision and radiotherapy for localised lesions and 
chemotherapy (e.g. paclitaxel, doxorubicin) for widespread disease 
[7-10]. 


Klippel-Trenaunay-Weber syndrome 


Haemangiomas of the buccal mucosa and tongue, macroglossia, 
maxillary hyperplasia and an anterior open bite have been recorded 
in this syndrome. Post-extraction bleeding can be a problem [1-3]. 


Maffucci syndrome 


Oral haemangiomas may be seen [1-4]. 


Mucoepithelial dysplasia 


Hereditary mucoepithelial dysplasia is an autosomal dominant 
dyskeratotic epithelial syndrome affecting oral, nasal, vagi- 
nal, urethral, anal, bladder and conjunctival mucosae, causing 
cataracts, follicular keratosis, non-scarring alopecia and terminal 
lung disease [1-3]. 


Pathology 

The condition is probably a pan-epithelial cell defect of desmo- 
somal and gap junction structure. Histochemically, there is a lack 
of cornification and keratinisation. Electron microscopy shows 
an abnormality in desmosomes and gap junctions, with a lack 
of keratohyalin granules, a paucity of desmosomes, intercellular 
accumulations, cytoplasmic vacuolisation and formation of bands 
and aggregates of filamentous fibres and structures in the cyto- 
plasm resembling desmosomes and gap junctions. There is some 
acantholysis as well as benign dyskeratosis of individual cells. 


Figure 108.29 Oral purpura in thrombocytopenia. 


Histologically, the mucosal epithelium shows dyshesion, thinning 
of the epithelial layer and dyskeratosis. Mucosal Papanicolaou 
smears show lack of epithelial maturation, cytoplasmic vacuoles 
and inclusions, and individual cell dyskeratosis. 


Clinical features 

Red periorificial mucosal lesions are typically noted during infancy 
and may persist throughout life. The oral lesions are painless 
red macules or maculopapules and are seen predominantly on 
the palate and gingiva. Angular cheilitis and fissured tongue are 
additional features. Severe photophobia, tearing and nystagmus in 
infancy herald the development of keratitis, corneal vascularisation 
and lens cataracts. 


Purpura 


Petechiae are usually caused by trauma, but senile purpura or a 
thrombocytopathy (as in chemotherapy, infectious mononucleosis, 
HIV infection or leukaemia) must be excluded (Figure 108.29) [1,2]. 
Thrombocytopenic lesions are usually on the soft tissues most 
susceptible to trauma, such as the buccal mucosa from cheek-biting, 
the junction between the hard and soft palate in denture-wearing 
individuals or the gingiva. Petechiae may be seen in parvovirus- 
related papular-purpuric ‘gloves and socks’ syndrome [3]. 

Blood-filled blisters may be seen in localised oral purpura (angina 
bullosa haemorrhagica) and pemphigoid, and occasionally in 
amyloidosis [4]. 


Sturge-Weber syndrome 


The haemangioma in the trigeminal area in Sturge-Weber syn- 
drome is usually unilateral, may involve the mouth but fortu- 
nately rarely involves bone (Figure 108.30). It may be associated 
with hypertrophy of affected tissues and, if the patient is treated 
with phenytoin, with gingival hyperplasia [1-3]. 


Figure 108.30 Haemangioma affecting the lip in Sturge-Weber syndrome. 


Telangiectasia 


Oral telangiectases occur mainly in hereditary haemorrhagic telang- 
iectasia, CREST (calcinosis, Raynaud, oesophageal, sclerodactyly, 
telangiectasia) syndrome, chronic liver disease, pregnancy and after 
irradiation. 


Varicosities 


Bluish oral varicosities may often be seen in elderly patients, 
particularly in the ventrum and lateral margin of the tongue. They 
are benign. 


Vascular proliferative lesions 


Benign atypical vascular lesions may exhibit cytological or archi- 
tectural features that simulate angiosarcoma such that considerable 
caution is required in diagnosis [1]. The head and neck region is a 
common location, particularly for lobular capillary haemangioma 
(pyogenic granuloma), while the lip is an especially common site 
for lobular capillary haemangioma [2-5] and intravascular papil- 
lary endothelial hyperplasia (Masson haemangioma or pseudoan- 
giosarcoma) [5,6]. Intravascular papillary endothelial hyperplasia 
is a benign non-neoplastic vascular lesion characterised histolog- 
ically by papillary fronds lined by proliferating endothelium and 
probably represents an organising thrombus. Seen mainly in the lip 
or tongue in females, it may simulate angiosarcoma histologically. 
Excision suffices. 

Vascular lesions such as epithelioid haemangioma, epithelioid 
haemangioendothelioma, spindle cell haemangioendothelioma, 
acquired progressive lymphangioma or angiosarcoma and Kaposi 
sarcoma may need to be excluded. 
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Figure 108.31 Venous lake of the lip. Courtesy of Addenbrooke's Hospital. 


Venous lake 


This is a bluish-purple soft swelling, 2-10 mm in diameter, usually 
seen on the lower lip of an elderly person, due to a venous dilatation 
(Figure 108.31). They are usually seen in people older than 50 and 
are more common in men than in women [1]. The lesion is lined 
by a single layer of flattened endothelial cells with a thick wall of 
fibrous tissue. The lesion empties on prolonged pressure. A venous 
lake (also referred to as phlebectasis or phlebectasia) may be only 
a trivial cosmetic problem or it can bleed after trauma. It can be 
excised but often leaves a permanent scar. Cryotherapy, electro- 
cautery, infrared coagulation or treatment with an argon laser can 
also give good results. Cosmetic camouflage cream can make the 
lesion less noticeable [2-4]. 


Venous mucocutaneous malformation 


The condition venous mucocutaneous malformation (VMCM) is 
characterised by the presence of small, multifocal bluish cutaneous 
and/or mucosal venous malformations [1]. They are usually present 
at birth and new lesions appear with time. Small lesions are usually 
asymptomatic, while larger lesions can invade subcutaneous mus- 
cle and cause pain. Venous mucocutaneous malformation are seen 
most commonly on mucous membranes, including the mouth, are 
lighter purple in colour than glomulovenous malformations, are 
compressible and not painful. 

VMCM is a rare autosomal dominant condition with incom- 
plete penetrance, reported in only about 20 families. VMCM are 
associated with amino acid substitutions in the tyrosine-protein 
kinase endothelial cell receptor (TEK/TIE2; 9p21). Approxi- 
mately 90% of individuals with a TEK gene mutation develop 
the venous mucocutaneous malformation by age 20; and ~10% 
are clinically unaffected. More than 80% of individuals with mul- 
tifocal VMCM have elevated D-dimer concentration. Treatment is 
with ethanol sclerotherapy. Surgery is effective for small lesions. 
Malignant transformation has not been described. 


Wiskott-Aldrich syndrome 


Oral petechiae and infections such as candidiasis may occur in 
Wiskott-Aldrich syndrome (associated with adaptive and innate 
immunodeficiency, thrombocytopenia, eczema, and an increased 
risk of autoimmune disorders and malignancy) [1-4]. 


WHITE LESIONS 


CONGENITAL 


Clouston syndrome 


Hidrotic ectodermal dysplasia, Clouston type, is an autosomal 
dominant condition characterised by nail dystrophy, palmoplantar 
hyperkeratosis and abnormal hair. Individuals are able to sweat and 
generally have normal teeth but a tendency toward excess caries. 
HED2 is caused by variants in the gene encoding connexin-30, 
GJB6, on chromosome 13q11-q12.1. In the oral cavity, there may 
be diffuse white lesions in the buccal mucosa, palate, tongue and 
elsewhere [1-3]. 


Darier disease 


Darier disease is a rare autosomal dominant genodermatosis. Oral 
lesions are seen in up to 50% of patients with skin lesions of Darier 
disease. They may also occur in the oesophagus and on the anogen- 
ital mucosa. The oral changes are typically flattish, coalescing, red 
plaques that eventually turn white and affect the keratinised mucosa 
of the dorsum of the tongue, palate and gingiva (Figure 108.32) [1-6]. 
Oral lesions may cause blockage of the salivary ducts, particularly 
of the parotid gland, and xerostomia [7,8]. 


Figure 108.32 Darier disease: oral white lesions resemble those of nicotinic stomatitis. 


Dyskeratosis congenita 


Dyskeratosis congenita (DC) is an inherited disorder characterised 
by bone marrow failure, cancer predisposition and somatic abnor- 
malities. DC is caused by mutations that interfere with normal 
maintenance of telomeres (specialised structures at the end of chro- 
mosomes that shorten with each cell division). It usually presents 
with oral lesions between the ages of 5 and 10 years, when the 
tongue and sometimes the buccal mucosa and palate develop 
leukoplakia [1-3]. Other rare oral features include taurodontism 
(an elongated crown affecting molar teeth with short roots) or 
hypocalcified teeth, mucosal hyperpigmentation and severe dental 
or periodontal disease. Head and neck SCC account for 40% of 
cancers reported in DC [4,5]. 


Focal palmoplantar and oral 
hyperkeratosis syndrome 


This syndrome is an autosomal-dominant disorder characterised 
by hyperkeratosis of the attached gingiva and palmoplantar 
hyperkeratosis [1,2]. Biopsy of gingival lesions histologically show 
acanthosis and hyperkeratotic cornification of the epithelium. 


Fordyce spots 


Fordyce spots are sebaceous glands containing neutral lipids similar 
to those found in skin sebaceous glands [1] but are not associated 
with hair follicles. Fordyce spots are yellowish small grains seen 
beneath the buccal or labial mucosa. Fordyce spots are extremely 
common: probably 80% of the population have them. Fordyce spots 
are often not noticeable in children until after puberty (although 
they are present histologically), and they seem to be more obvious 
in male patients with greasy skin and the elderly. They are usually 
seen in the buccal mucosa, particularly inside the commissures 
(Figure 108.33), and sometimes in the retromolar regions and upper 
lip [1-4]. They may be associated with genital Fordyce spots. 
Fordyce spots are completely benign. No treatment is indicated, 
other than reassurance. 


Hereditary benign intraepithelial 
dyskeratosis 


Hereditary benign intraepithelial dyskeratosis is a rare autosomal- 
dominant disorder associated with chromosome 4 anomalies, 
first described and predominantly affecting descendants of 
Haliwa-Saponi American Indians. It is a disorder of the bulbar 
conjunctiva and oral mucosa, associated with epithelial hyperplasia 
and hyperkeratosis [1-4]. 

Oral milky white, smooth, somewhat translucent plaques appear 
in childhood and become more obvious by adolescence. These 
lesions affect predominantly the buccal mucosae, lips and ventrum 
of the tongue. 


Figure 108.33 Fordyce spots: sebaceous glands in the buccal mucosa. 


Ocular lesions include conjunctivitis with gelatinous conjunctival 
plaques, which become evident in infancy. Dilated superficial ves- 
sels in association with the conjunctival plaques give the eye a red 
appearance. Patients complain of symptoms of irritation, such as 
itching, excessive lacrimation and photophobia. 

Oral biopsy is usually indicated for diagnosis. There is pro- 
nounced epithelial acanthosis, vacuolisation in the stratum 
spinosum and eosinophilic cells apparently engulfed by normal 
squamous cells (‘tobacco cells’). 

No treatment is required. The plaques persist throughout life and 
sometimes progress, but may wax and wane. 


Keratitis, ichthyosis and deafness 
syndrome 


Keratitis, ichthyosis and deafness (KID) syndrome is a rare auto- 
somal dominant disorder caused by heterozygous mutations in 
the GJB2 gene. Dental dysplasia, persistent oral ulceration, chronic 
mucocutaneous candidiasis and occasional carcinoma may be seen 
in KID syndrome [1-3]. 


Leukoedema 


Leukoedema is not a mucosal disease but simply the name given 
to the faint whitish lines seen in some normal buccal mucosae, 
often prominent in black people (Figure 108.34). It is the result 
of fluid accumulation within keratinocytes. The whitish lines are 
bilateral and disappear if the mucosa is stretched — a diagnostic test 
[1,2]. Confusion with lichen planus should thereby be avoided. A 
biopsy is rarely necessary. The condition is benign. 


Linear naevus syndrome (naevus 
sebaceous of Jadassohn) 


Linear naevus syndrome (naevus sebaceous of Jadassohn) is 
an epidermal naevus with predominant sebaceous glands on 
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Figure 108.34 Leukoedema of the right buccal mucosa in a black individual. 


histology. Oral involvement ranges from papillomatous growths 
on the tongue, gingiva and palate to dental abnormalities such as 
hypodontia, unerupted teeth, abnormal spacing of teeth and teeth 
of abnormal size [1-3]. 


Linear epidermal naevus 


Linear epidermal naevus is a sporadic hamartomatous lesion 
of the skin caused by a proliferation of embryonic ectodermal 
cells distributed in a linear configuration along Blaschko’s lines 
and composed primarily of surface epithelium. Lesions typically 
present as brown verrucous papules and plaques and tend to 
occur circumferentially on the trunk and longitudinally on the 
extremities. Most oral linear epidermal naevi are associated with 
cutaneous lesions [1,2]. 

Intraorally, lesions may present as unilateral or midline papules 
or nodules with a papillary or verrucous surface ranging in colour 
from that of normal mucosa to brown [1,2]. Lesions are unilateral 
and do not cross the midline. The lips, tongue and palate are the 
most frequently affected sites. Oral lesions require no treatment in 
the absence of symptoms or functional problems. 


Olmsted syndrome (congenital 
palmoplantar and periorificial 
keratoderma with corneal epithelial 
dysplasia) 


Olmsted syndrome is a rare palmoplantar keratinising disorder 
associated with diffuse alopecia, nail dystrophy, corneal dystrophy, 
recurrent infections and susceptibility to develop SCCs in keratotic 
areas. Keratotic plaques may be seen intraorally [1-5]. Most of 
reported Olmsted syndrome cases are sporadic, although familial 


cases with different modes of inheritance have been described. 
Mutations in TRPV3 (transient receptor potential vanilloid-3) gene 
have recently been identified as a cause of autosomal dominant 
(gain-of-function mutations) or recessive Olmsted syndrome. Muta- 
tions in MBTPS2 (membrane-bound transcription factor protease, 
site 2) gene have been identified in a recessive X-linked form. 


Pachyonychia congenita 


Pachyonychia congenita is a rare autosomal dominant disorder 
of keratinisation affecting primarily the skin and nails [1-3]. It is 
caused by dominant negative variants in KRT6A, KRT6B, KRT6C, 
KRT16 or KRT17, which encode the keratins K6a, K6b, K6c, K16 
and K17, respectively. The predominant clinical manifestations 
are a triad of hypertrophic nail dystrophy, plantar keratoderma 
and severe plantar pain. Other clinical findings reported include 
fingernail dystrophy, oral leukokeratosis, palmar keratoderma, 
follicular hyperkeratosis, hyperhidrosis, cysts, hoarseness due to 
laryngeal involvement and natal teeth. About 60% of patients have 
oral keratosis (white-greyish patches on the tongue and buccal 
mucosa), 16% have natal or neonatal teeth and 10% have angular 
stomatitis [3-6]. There is a higher likelihood of oral leukokeratosis 
in individuals with KRT6A mutations and a strong association of 
natal teeth and cysts in carriers of a KRT17 mutation. 

The keratosis requires no treatment. Dental advice should be 
sought regarding natal or neonatal teeth. 


Sebaceous adenoma 


Sebaceous adenomas are exceedingly rare in the mouth, except in 
association with salivary glands but have been described in the 
buccal mucosa [1-4]. 


Tylosis 


Tylosis is an autosomal dominant syndrome of palmoplantar 
hyperkeratosis that may predispose to oesophageal carcinoma. Oral 
leukoplakias have also been described [1-4]. The causative gene is 
RHBDEF2, coding for a rhomboid protease involved in epidermal 
growth factor receptor. 


Warty dyskeratoma (focal 
acantholytic dyskeratosis) 


Warty dyskeratoma is a benign proliferative epidermal disorder, 
which originates from the pilosebaceous apparatus. It is rare in 
the oral cavity but typically presents as a whitish centrally umbili- 
cated papule or nodule on keratinised mucosa, including maxillary 
and mandibular alveolar ridges and the hard palate [1-5]. Warty 
dyskeratoma is typically asymptomatic in both cutaneous and 
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mucosal sites. The histology is similar to that of Darier disease and 
transient acantholytic dermatosis, with suprabasal epithelial splits 
and corps ronds. 


White sponge naevus 

White sponge naevus (also called white sponge naevus of Cannon) 
is a rare, autosomal dominant disorder caused by mutations in 
keratin 4 (KRT4) or keratin 13 (KRT13) genes [1-3]. It presents in 
childhood. The oral mucosa is almost invariably involved with 
non-painful white plaques primarily involving the buccal mucosae 
and floor of the mouth. Painless, shaggy or folded white lesions 
typically affect the buccal mucosa bilaterally, but may also involve 
other areas, although rarely the gingival margins [1,3]. Extra- 
oral lesions most often occur in the oesophagus or anogenital area, 
but almost invariably follow the development of typical oral lesions. 
There is hyperplastic acanthotic epithelium in which gross oedema 
causes a basket-weave appearance. The superficial epithelium has 
a ‘washed-out’ appearance as it stains only very lightly. 

The family history and clinical examination are usually ade- 
quate to differentiate this from other more common causes of white 
lesions. 

This is a benign condition with an excellent prognosis. Reassur- 
ance is all that is required, although some have suggested a benefi- 
cial effect with topical tetracyclines. 


ACQUIRED 


Acquired white lesions in the mouth are usually caused by mate- 
ria alba (a soft whitish material formed from an accumulation 
or aggregation of microorganisms, desquamated epithelial cells, 
blood cells, and food debris loosely adherent to surfaces of teeth 
or soft tissue and is washed away with water) (Figure 108.35), 
cheek biting or chemical burns. However, keratoses, infections 


Figure 108.35 Materia alba. 


(mainly candidiasis), dermatoses (usually lichen planus), neoplastic 
disorders and other conditions must be excluded. 


Actinic cheilitis | 


See later in this chapter. 


Burns 


Chemical burns (due, for example, to holding mouthwashes in the 
mouth or drugs against the buccal mucosa) or burns caused by heat, 
cold or irradiation can cause white sloughing lesions of the mucosa. 
Such lesions typically heal spontaneously within 1-3 weeks. 


Candidiasis (ce also ‘Fungal infections’ later in this 
chapter) 


Of the several clinical presentations of oral candidiasis, only acute 
pseudomembranous candidiasis, candidal leukoplakia and chronic 
mucocutaneous candidiasis present as white lesions; the other 
types, acute and chronic atrophic candidiasis, are red. 


Acute pseudomembranous candidiasis 


Healthy neonates, who have yet to develop immunity to Candida 
species, may develop acute pseudomembranous candidiasis 
(thrush). In other patients, predisposing factors include antibi- 
otic or corticosteroid use, xerostomia and severe T-cell immune 
defects associated with immunosuppression or immunodeficien- 
cies such as leukaemia or HIV disease. Acute pseudomembranous 
candidiasis is a common and early feature of HIV infection. 

Clinically, it presents as soft creamy patches of thrush, which 
resemble milk curds, and can be wiped off the oral mucosa with 
gauze, leaving an area of erythema (Figure 108.36) [1-3]. 


Chronic candidiasis 


The aetiology of chronic oral candidosis is unclear and in only a few 
patients can either a local cause or underlying immune defect be 
identified [1-3]. HIV/AIDS and chronic mucocutaneous candidi- 
asis syndromes are rare causes. Chronic hyperplastic candidiasis 
(candidal leukoplakia) is a persistent discrete lesion that varies from 
small, palpable, whitish areas to large, dense, opaque plaques, and 
are non-homogeneous ‘speckled’ leukoplakias in up to 50% [4-6]. 
They usually occur on the buccal mucosa on one or both sides, 
mainly just inside the commissure, and less often on the tongue 
dorsum. 

The diagnosis of oral candidiasis is usually clinical, but it tends to 
be overdiagnosed by physicians. In contrast, erythematous candidi- 
asis is probably underdiagnosed. In immunosuppressed patients, a 
Gram-stained smear should be taken to distinguish oral candidiasis 
from the plaques produced by opportunistic bacteria. Hyphae seem 
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Figure 108.36 Thrush: scattered white lesions on an erythematous background. 


to indicate that the Candida organisms are acting as pathogens and 
not simple commensals. 

Chronic hyperplastic candidiasis should be biopsied to dis- 
tinguish it from other non-candidal lesions and to examine for 
dysplasia [6]. Although candidal hyphae and a neutrophil infiltrate 
may be seen on haematoxylin and eosin staining, periodic-acid 
Schiff will demonstrate the purple staining of the hyphae. 


Management 

Except in healthy neonates, possible predisposing causes should be 
looked for and treated. Topical polyenes such as nystatin or ampho- 
tericin, or imidazoles such as miconazole are often indicated [3]. 
Fluconazole may be required. The oral lesions of chronic hyper- 
plastic candidiasis prove poorly responsive to polyene antifungal 
drugs and, in some cases, respond only to systemic fluconazole or 
itraconazole. 


Chronic mucocutaneous candidiasis 


Chronic mucocutaneous candidiasis (CMC) is the term given to 
a heterogeneous group of rare syndromes, sometimes familial, 
in which there is persistent mucocutaneous candidiasis of the 
skin, nails and mucous membranes that are usually resistant to 
topical treatment and there is an absence of invasive fungal infec- 
tions. CMC is associated with a defect in T helper 17 (Th17) cell 
immunity or disruption to cytokines IL-17 and IL-22 [1-6]. CMC 
is associated with defects involved in Candida recognition (e.g. 
CARD9 and Dectin-1), Th17 differentiation (e.g. STAT1 and STAT3 
mutations) and IL-17 signalling (e.g. anti-[L-17 autoantibodies). 
Persistent adherent white lesions are seen in the mouth, often 
with angular stomatitis. In autoimmune polyendocrinopathy- 
candidiasis-ectodermal dystrophy (APECED) (triad of mucocuta- 
neous candidiasis, hypoparathyroidism and adrenal failure) there 
may also be enamel hypoplasia and, rarely, oral carcinoma. CMC is 
a prominent feature of a number of primary immune deficiencies 
including the hyperimmunoglobulin E syndromes (HIES) and 
autoimmune polyendocrine syndrome type I (APS-]). Patients with 


Figure 108.37 Frictional keratosis and cheek biting (morsicatio buccarum) at the 
occlusal line. 


autosomal dominant HIES have heterozygous loss-of-function 
(LOF) mutations in the STAT3 gene. Patients with APS-I have LOF 
mutations in the AIRE gene. Autosomal dominant GOF mutation 
in STAT] is the most common cause of CMC and accounts for more 
than half of cases [7]. The genetic defect leads to an exaggerated 
Th1 cell response and a diminished Th17 response. The mainstay of 
treatment for patients with CMC is systemic and topical antifungals 
[3,7,8]. Long-term suppressive therapy is often required to prevent 
recurrence. 


Cheek biting 


A horizontal white line may be seen in the buccal mucosa of healthy 
people (linea alba) but can be exaggerated in individuals with 
a parafunctional habit. Cheek biting causes a whitish shredded 
appearance usually of the buccal or lower labial mucosa at the 
occlusal line (adjacent to where the teeth meet) (Figure 108.37) 
[1,2]. The lesion is benign but may simulate white sponge naevus, 
leukoplakia or lichen planus. 


Hairy leukoplakia 


Oral hairy leukoplakia is caused by the Epstein-Barr virus and is 
usually seen in immunocompromised individuals, such as those 
with HIV infection and systemic immunosuppression [1-8]. It is 
characterised by white painless corrugated non-removable plaques, 
usually involving the lingual squamous epithelium (Figure 108.38). 
There have been cases of oral hairy leukoplakia in those using 
immune-modulating medications, long-term corticosteroid inhaler 
use and diabetes. The diagnosis is largely clinical, supported by 
proof of Epstein-Barr virus and usually HIV testing [9]. His- 
tological features include hyperparakeratosis, hyperplasia and 
ballooning of prickle cells, few or absent Langerhans cells, and 
only a sparse inflammatory cell infiltrate in the lamina propria. 
Treatment is not often required, but the condition often resolves 


Figure 108.38 Hairy leukoplakia. Found mainly in HIV infection, vertical white ridges on 
the lateral margin of the tongue. 


with aciclovir or other agents active against Epstein-Barr virus, or 
with antiretroviral agents. Oral hairy leukoplakia is not considered 
a premalignant lesion. 


Keratoses 


The cause of most keratoses is unknown (idiopathic keratoses) but 
some are caused by chronic irritation, particular lifestyle habits or 
infective agents. 

© Tobacco-induced keratoses. Consumption of tobacco products has 
long been causally connected with oral cancer and is a common 
cause of keratosis. Tobacco use also predisposes to cancers else- 
where in the upper aerodigestive tract, bladder and other sites. 
Tobacco use should thus be discouraged. 

¢ Tobacco chewing. Tobacco is chewed in many parts of the world and 
may induce keratosis. In many communities, tobacco is a com- 
ponent of betel quid, along with Areca nut and betel leaf, and 
sometimes slaked lime and spices. Sometimes betel is used with- 
out tobacco (pan or paan), though others use paan with tobacco. 
Oral carcinoma can result. 

e Reverse smoking (bidi). In some communities, especially in Asia, 
cigarettes are smoked with the lit end within the mouth. Palatal 
or other oral carcinomas can result. 

¢ Cigarette-induced keratoses. Mild keratosis may be seen espe- 
cially on the palate, lip and at the commissures, along with 
nicotine-stained teeth. Malignant change is uncommon. 

e Pipe smoking. Diffuse whiteness over the palate is termed 
‘smoker’s keratosis’ or ‘stomatitis nicotina’. The palatal minor 
salivary gland orifices appear red against this white background. 

© Cigar smoking. Cigar smokers may develop stomatitis nicotina and 
nicotine-stained teeth. Malignant change is uncommon. 

¢ Snuff dipper’s keratosis and other smokeless tobacco lesions. Snuff 
may produce keratosis — white hyperkeratotic lesions caused 
by snuff-dipping (holding flavoured tobacco powder in the oral 
sulcus or vestibule) (Figure 108.39). 


Figure 108.39 Homogeneous keratosis involving the labial gingiva and labial sulcus due 
to holding tobacco in the sulcus. 


Koplik spots 


White specks may be seen in the buccal mucosa in early measles. 


Leukoplakia 


The World Health Organization defines leukoplakia as a pre- 
dominantly white plaque of questionable risk having excluded 
(other) known diseases or disorders that carry no increased risk of 
cancer. By definition, the term excludes entities such as frictional 
keratosis or smoker’s keratosis [1,2]. The main differential diagnoses 
include white sponge naevus, leukoedema, oral lichen planus and 
oral hairy leukoplakia. 


Epidemiology 
Leukoplakia occurs in about 0.1% of the population with a global 
prevalence of 2-4%. Most cases are seen in the 50-70 age group. 


Risk factors 

Risk factors for leukoplakia are as for carcinoma, mainly tobacco, 
alcohol and betel. Other factors may include personal or familial 
history of cancer or cancer therapy, chronic immunosuppres- 
sion, age, syndromes such as dyskeratosis congenita, ultraviolet 
light damage for lesions of the vermilion and human papillomavirus 
in a small number of cases. 


Pathology 

Leukoplakias show, to a varying degree, three main microscopic fea- 

tures: 

¢ Increased keratin production: increased keratin produces the 
white clinical appearance of keratosis. 

e Change in epithelial thickness: thinning (hypoplasia) or thicken- 
ing (hyperplasia) may be present. Malignant change is more likely 
in a hypoplastic epithelium. 

¢ Disordered epithelial maturation. 
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Figure 108.40 Sublingual keratosis. 


Clinical features 
Leukoplakias vary in size: the majority are solitary, small and focal 
white plaques, others more widespread, occasionally involving very 
large areas of the oral mucosa. Leukoplakia has a wide range of 
clinical presentations, from homogeneous white plaques, which can 
be faintly white or very thick and opaque, to nodular white lesions, 
or lesions admixed with red lesions. It is generally asymptomatic. 
The tongue, gingiva, buccal mucosa and palatal mucosa are the most 
commonly affected sites. High-risk sites for malignant transforma- 
tion include the soft palate complex, ventrolateral tongue and floor 
of the mouth (where sublingual keratosis has a particularly high risk 
of malignant change; Figure 108.40). Sublingual keratosis is more 
common in women than men, has a typical ‘ebbing-tide’ appearance 
clinically (Figure 108.40). 
Leukoplakia is classified as: 
¢ Homogeneous leukoplakia: most common type, well-demarcated, 
uniform white plaque, usually of low malignant potential 
(Figure 108.41). 


| . 


Figure 108.41 Homogeneous leukoplakia in the buccal mucosa. 


Figure 108.42 Speckled leukoplakia. 


¢ Non-homogeneous leukoplakia: high risk of malignant transfor- 

mation. 

e Verrucous leukoplakia has a well-demarcated border, wrinkled 
or warty exophytic surface, often occurs on the gingiva. 

¢ Nodular leukoplakia surface has rounded exophytic lesions, 
well demarcated. 

e Erythroleukoplakia which has areas of erythema within the 
leukoplakia that may be patchy or speckled (speckled leuko- 
plakia) (Figure 108.42). 


Other leukoplakias 

¢ Chronic hyperplastic candidiasis (candidal leukoplakia) may be 
associated with an increased risk of malignant change. The role 
of Candida in oral potentially malignant disorders remains con- 
tentious. Chronic hyperplastic candidiasis leukoplakias may 
respond to antifungals and cessation of smoking. 

e Hairy leukoplakia is caused by Epstein-Barr virus. It usually 
has a corrugated surface and affects margins of the tongue. The 
condition is benign and self-limiting. 

¢ Syphilitic leukoplakia, especially of the dorsum of the tongue, is 
a feature of tertiary syphilis and rarely seen now. 


Prognosis 

There is a higher risk of transformation for non-homogeneous 
leukoplakias. The malignant transformation rate has been reported 
as 3% for homogeneous lesions and 14.5% for non-homogeneous 
lesions [3,4,5,6]. 

Proliferative verrucous leukoplakia is a special subtype of ver- 
rucous leukoplakia, characterised by progressive involvement of 
the oral mucosa by white plaques, often verrucous, at multiple, 
non-contiguous sites, or it may present as a single large lesion 
with or without involvement of contiguous sites (Figure 108.43). 
The average age at diagnosis of proliferative verrucous leukoplakia 
is in the seventh decade. There is less association with smoking. The 
most common intraoral sites involved include the gingiva, alveolar 
mucosa and palatal mucosa. The malignant transformation rate is 
49.5% [5]. It may be associated in some patients with preceding oral 
lichen planus. 
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Diagnosis 

There are no clinical signs or symptoms that reliably predict 
whether a leukoplakia will undergo malignant change. Biopsy 
can confirm the presence and degree of dysplasia. Dysplasia is 
characterised by cytological and architectural alterations reflecting 
the loss of normal maturation and stratification pattern of surface 
epithelium. Dysplasia is graded as mild, moderate or severe. The 
malignant transformation rate of dysplastic lesions is 1.7-15.0% for 
mild, 0.0-32.1% for moderate and up to 50.0% for severe. Biopsy is 
generally indicated for leukoplakias that are: 

* in patients with previous or concurrent head and neck cancer 

¢ non-homogeneous, i.e. have red areas, are verrucous or nodular 
¢ ina high-risk site such as the floor of the mouth or tongue 

° focal 


Figure 108.43 Proliferative verrucous leukoplakia involving the maxillary gingiva. * symptomatic 
¢ without obvious aetiological factors. 
In lesions that are large, multiple biopsies should be performed 


Leukoplakia has an annual malignant transformation rate of such as from a white area, from a red area, and from an indurated 


1.56% and 9.3% for proliferative verrucous leukoplakia [5]. It is 974 

not possible to predict reliably which leukoplakias will progress to 

carcinoma, but currently, the most predictive markers of transfor. | Management 

mation in leukoplakias are (Box 108.3): Lifestyle modification to eliminate risk factors is indicated. Up to 

© speckled (erythroleukoplakia) 45% of leukoplakias may regress or totally disappear if tobacco use 

* “Verrucolls is stopped. Leukoplakias induced by smokeless tobacco may 

* from high-risk sites, including the soft palate/fauces, floor of the resolve if the habit is ceased. The current treatment for oral 
mouth/ventral tongue leukoplakia can range from careful observation to surgical interven- 


tion. ‘Watchful waiting’ may be considered in patients with mild 
dysplasia. Moderate-to-severe dysplasia are more likely to progress 
and should be excised with a scalpel with a clear margin or laser 
excision. 

Current chemoprevention approaches to prevent malignant 
transformation include retinoids, epidermal growth factor receptor 
inhibitors/antagonists, cyclooxygenase-2 inhibitors, p53 modula- 
tors and topical agents such as bleomycin. Medical therapies are 


¢ ina patient with previous cancer in the upper aerodigestive tract 

¢ in non-smoking females 

e dysplasia 

e DNA polysomic (aneuploidy or tetraploidy) 

° positive for genetic markers such as mutated tumour suppressor 
factor p53, or loss of heterozygosity on chromosomes 3p or 9p. 


Box 108.3 Leukoplakias at increased risk of not reliably effective. Retinoids (13-cis-retinoic acid) can induce 
malignant transformation regression of leukoplakia. However, chemoprevention with 

retinoids is not a definitive treatment since there is a high lesion 
* Non-homogeneous type recurrence rate after stopping treatment [2,7]. 


e Dysplasia 

¢ In non-smokers 

e In females 

e High-risk sites — the soft palate /fauces, floor of the mouth/ventral 
tongue 

° Size >200 mm? 

¢ Cancer history positive 

e DNA aneuploidy 

* Loss of chromosomal heterozygosity (LOH) See later in this chapter. 
¢ High risk —- LOH for 9p, 17p and 4q 

° p53 protein expression 


Recurrence has been reported in approximately 7-38% of lesions. 
Follow-up is usually life-long with clinical photographs. 
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Psoriasis (Chapter 35) 
No single molecular marker appears to be predictive of malignant 
transformation in leukoplakia. Malignant change to carcinoma is The oral mucosa appears to be rarely involved in psoriasis, although 
most frequent in women >50 years and in large lesions. Inter- _ there are occasionally lip lesions or white oral lesions, especially 
estingly, leukoplakias developing in non-smokers have a higher in the buccal mucosa, or lesions clinically indistinguishable from 
rather than lower risk of malignant change. Some leukoplakias may — geographic tongue, particularly in generalised pustular psoriasis 
regress clinically, not only when supposed aetiological factors have [1,2]. Oral lesions are more likely to develop in those with the more 
been removed but also sometimes spontaneously. severe forms of psoriasis. 
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ULCERATION — 


Blisters 


Box 108.4 lists the potential causes for oral blistering lesions. The 
commonest is trauma or mucocoeles. Most mucocoeles arise from 
damage to the duct which normally allows mucus to drain freely 
from minor salivary glands, e.g. within the lower lip to drain into 
the mouth. Minor trauma results in extravasation of mucus from the 
minor salivary glands forming a clear or bluish swelling. Superficial 
mucocoeles can also be seen on the soft palate in chronic GVHD. 


Box 108.4 Causes of blisters 


Trauma — friction, chemical burns 

Mucocoeles 

Infection — bacterial, viral (herpes simplex, coxsackie, varicella) 
Angina bullosa haemorrhagica 

Immunobullous disorders 

Bullous lupus 

Bullous lichen planus 

Erythema multiforme 

Stevens—Johnson syndrome/toxic epidermal necrolysis 
Drugs 

Amyloidosis 


There are many other causes for oral blisters and these will be 
discussed in more detail. Many of these quickly burst and form 
erosions as in pemphigus or ulcers (full thickness loss of the epithe- 
lium). Many of these will be clear fluid filled or serosanguinous. 
Blood-filled blisters may be seen in angina bullosa haemorrhagica, 
pemphigus or in amyloidosis. Blisters in pemphigus are rarely seen 
as they break down rapidly to produce erosions. Epidermolysis 
bullosa acquisita and erythema multiforme may present with oral 
bullae or vesicles, although ulcers are more common. Vesicles may 
be seen in viral infections, especially in herpes simplex stomatitis, 
chickenpox, herpangina and hand, foot and mouth disease. 


Erosions and ulcers 


Erosions are typically erythematous areas of thinned epithelium 
where there has not been a breach in the basement membrane. They 
may be seen for example in pemphigus vulgaris or atrophic lichen 
planus. 

Oral ulcers are often caused by trauma or recurrent aphthae. How- 
ever, there are many potential causes that are listed in Box 108.5. 
Malignant neoplasms may present as ulcers. Various infections or 
systemic disorders, particularly those of the blood, gastrointesti- 
nal tract or skin, also produce mouth ulcers, as may drugs and 
irradiation. The causes of mouth ulcers are thus diverse. How- 
ever, the history of the oral ulcer(s) will provide most of the clues 
for diagnosis. There are four main groups based upon clinical 
presentation (Box 108.5). 


Box 108.5 Cause of oral ulcers 


Single episode 

¢ Local factors, e.g. trauma, dental appliances, sharp teeth, irradiation 
e Infections 

e Drugs, e.g. nicorandil 

¢ Stevens—-Johnson syndrome/toxic epidermal necrolysis 


Recurrent episodic 
e Aphthous ulcers 
e Erythema multiforme 


Persistent ulcers (see Oral manifestations of systemic diseases) 
¢ Immunobullous disorders 

e Lichen planus 

e Lupus erythematosus 

¢ Behcet syndrome/disease 

e Vasculitis 

¢ Ulcerative colitis/Crohn disease 


Single persistent lesion (see Malignant lesions) 
¢ Malignant neoplasms 


SINGLE EPISODE OF ORAL ULCERATION 


Mouth ulcers of local aetiology 


Oral ulceration due to local factors tends to resolve spontaneously. 
Accidental cheek biting or facial trauma may cause ulceration; 
the history is usually quite clear and a single ulcer of short duration 
(5-10 days) is present. Ulceration due to biting an anaesthetised 
lower lip or tongue following a dental local analgesic injection is a 
fairly common problem in young children. 

Orthodontic appliances or, more commonly, dentures are res- 
ponsible for many traumatic oral ulcers. These ulcers are usually 
clearly related to the appliance. Chronic trauma may cause a 
well-defined ulcer with a whitish keratotic halo [1]. 

The possibility of some other aetiology for ulcers of apparently 
local cause should always be borne in mind. Riga—Fede disease 
consists of ulcers of the lingual frenum in neonates with natal 
lower incisors [2]. Child abuse may cause ulcers, especially over 
the upper labial fraena. Self-mutilation may be seen in some psy- 
chologically disturbed patients, patients with learning disability, 
individuals with sensory impairment and in Lesch-Nyhan syn- 
drome [3]. Other local causes of ulceration include thermal burns, 
especially of the tongue and palate (e.g. ‘pizza burn’ — now more 
common with microwave oven use), chemical burns from the hold- 
ing of medicaments or drugs (e.g. aspirin or cocaine) against the 
mucosa, and irradiation mucositis [4]. Most ulcers of local cause 
heal spontaneously within 7-14 days if the cause is removed. 


Management 

Maintenance of good oral hygiene and the use of hot saline 
mouth-baths and 0.2% aqueous chlorhexidine gluconate mouth- 
wash aid healing. A 0.15% benzydamine mouthwash may help 


give relief. Occasionally, mechanical protection with a plastic guard 
may help. Patients should be reviewed within 3 weeks to ensure 
healing has occurred. Any patient with a single ulcer lasting more 
than 2-3 weeks should be regarded with suspicion and investigated 
further, usually by biopsy. 


Traumatic ulcerative granuloma 
with stromal eosinophilia 
(eosinophilic ulcer) 


Traumatic ulcerative granuloma with stromal eosinophilia (TUGSE) 
is a benign and self-limited lesion which typically affects the tongue 
[1-7]. It is rare and may be easily mistaken for a cancer or microbial 
infection. 


Epidemiology 

It affects older adults 50-80 years of age. There is a slight female 
predominance reported. The aetiology remains obscure but trauma 
has been found to be a contributing factor. 


Pathophysiology 

Pathological features show an extensive subepithelial inflammatory 
cell infiltration, with predominantly eosinophilic cells throughout 
the submucosa and histological similarities to CD30+ lympho- 
proliferative disorders [3]. It involves the superficial mucosa and 
extending deep into the submucosa involving the muscle and 
even salivary glands. The peripheral blood eosinophil count is 
normal. 


Clinical features 

TUGSE typically affects the lateral or dorsal surface of the tongue. 
It presents as a rapidly developing solitary ulcer with elevated or 
indurated margins. Lesions may vary in size from a few millimetres 
to several centimetres. In addition, submucosal masses, multifocal 
lesions and recurrences have also been described. 


Investigations 
A diagnostic biopsy is usually undertaken. 


Management 
A variety of approaches has been used including a conservative exci- 
sional biopsy and intralesional or topical corticosteroids. 


RECURRENT (EPISODIC) ORAL ULCERATION 


Ulcers are the most common lesions to affect the oral mucosa. 
Among the many causes, aphthae are the most frequent. There 
are three subtypes that need to be recognised: minor, major and 
herpetiform. Ulcers similar to aphthae (aphthous-like ulcers) may 
be seen in some multisystem disorders such as Behcet syndrome. 

Recurrent episodes of ulceration may also be due to EM and infec- 
tions such as recurrent herpes simplex (cold sores) or very rarely 
varicella-zoster. 


Recurrent aphthous stomatitis 


Recurrent aphthous stomatitis (RAS) is characterised by multi- 
ple recurrent, round or ovoid ulcers, which have circumscribed 
margins, erythematous haloes and a yellow or grey base. Lesions 
may be single or multiple and the three main subtypes are detailed 
in Table 108.3. Aphthae last only a limited period of time (from 1 
to 6 weeks) depending upon the subtype, before healing sponta- 
neously. Episodes are recurrent, unlike ulcers that persist without 
healing, such as malignant ulcers and those associated with vesicu- 
lobullous disorders. The natural history of RAS is one of eventual 
remission, but this may take many years. 


Epidemiology 

RAS is a common disease affecting 10-20% of the general popu- 
lation. RAS typically starts in childhood or adolescence. There is 
a slight female predisposition and it is often familial. There is no 
underlying systemic disease associated. However, there may be 
nutritional deficiencies aggravating the condition. 


Pathophysiology 

The aetiology of RAS is unclear [1-4]. There are identifiable pre- 
disposing factors in some patients (Table 108.3). There is no known 
association with systemic autoimmune disorders and it tends to 
resolve or decrease spontaneously with increasing age. It seems 
likely that a minor degree of immunological dysregulation underlies 
aphthae, and a genetic tendency to ulceration, and cross-reacting 
antigens between the oral mucosa and microorganisms may be 
involved. Immune mechanisms that appear to play a role ina people 
with a genetic predisposition to oral ulceration include [5-8]: 

¢ A local cell-mediated immune response to Henoch-Schénlein 
purpura involving cytotoxic CD8* T-cells, natural killer cells, 
macrophages and mast cells. 

T-helper cells (gamma-delta cells) predominate in early RAS 
lesions, along with some natural killer cells. 

Cytotoxic cells then appear in the lesions. 

IL-1p and IL-6 gene polymorphisms are associated with an 
increased risk for RAS. 

There is increased expression of TNF-a, IL-2, IL-4, IL-5 and 
interferon-y in aphthous ulcers. 

Immune dysregulation leads to an exaggerated proinflammatory 
process or a relatively weak anti-inflammatory response. 


Infectious causes 
Attempts to implicate a variety of viruses or bacteria in the aetiology 
of RAS have largely been unsuccessful. 


Genetics 

There is a genetic predisposition shown by a positive family his- 
tory in about one-third of patients and by an increased frequency 
of human leukocyte antigen (HLA) types (HLA-A2, A11, B12 and 
DR2) [1-4]. There is an association between RAS and inheritance 
of a single-nucleotide polymorphism of the NOS2 gene (encoding 
inducible nitric oxide synthase) [9]. IL-18 and IL-6 gene polymor- 
phisms are associated with an increased risk for RAS [10]. 
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Table 108.3 Main features of recurrent aphthous stomatitis. 


Minor aphthae 


Childhood or adolescence 
2-4mm 
Up to about 6 


Age of onset 

Ulcer size 

Number of ulcers 

Sites affected 
dorsum of tongue, gingiva or palate 

Up to 10 days 

Most common type of aphthae 


Duration of each ulcer 
Other comments 


Environmental factors 

Stress underlies RAS in some cases. Trauma from biting the mucosa 
or from dental appliances may lead to aphthae. Cessation of 
smoking may precipitate or exacerbate RAS in some cases. In up 
to 20% of patients, deficiencies of iron, folic acid (folate) or vitamin 
B are found and sometimes the correction of this may relieve the 
ulceration. Endocrine factors are relevant in some women where 
RAS is related to the fall in progestogen level in the luteal phase of 
the menstrual cycle. RAS may regress temporarily in pregnancy. 


Clinical features 

Patients with RAS have no clinically detectable systemic symptoms 
or signs. There are three main clinical types of RAS (Table 108.3): 

e Minor aphthous ulcers (~80% of all RAS). 

e Major aphthous ulcers. 

¢ Herpetiform ulcers. 


Minor aphthous ulcers. This type of RAS occurs mainly in the 
10-40 years age group. Ulcers are small, round or ovoid ulcers 
2-4mm in diameter and occur in crops of only a few ulcers (1-6) at 
a time, with initially yellowish floors surrounded by an erythema- 
tous halo and some oedema, but become greyish as epithelialisation 
proceeds (Figure 108.44). They affect mainly the non-keratinised 
mobile mucosae of the lips, cheeks, floor of the mouth, sulci or 
ventrum of the tongue and occasionally soft palate or fauces. Ulcers 
heal in 7-10 days and recur at intervals of 1-4 months. The ulcers 
heal without scarring. 


Figure 108.44 Recurrent aphthae. 


Mainly vestibule, labial, buccal mucosa and floor of mouth; rarely 


Major aphthae Herpetiform ulcers 
Childhood or adolescence Young adult 

May be 10mm or larger Initially tiny but ulcers coalesce 
Up to about 6 10-100 


Any site Any site but often on ventrum of tongue 


Up to 1 month 
May heal with scarring 


Up to 1 month 
Affects females predominantly 


Figure 108.45 Major aphthous ulcer involving the right soft palate. There is evidence of 
scarring involving the left soft palate. 


Major aphthous ulcers. The ulcers are round, ovoid or more angu- 
lar as in Figure 108.45. They can be large, frequently about 1cm in 
diameter. They are found on any area of the oral mucosa, including 
the keratinised dorsum of the tongue or palate. They occur in crops 
of only a few ulcers at one time and heal slowly over 10-40 days. 
They are extremely painful and may heal with scarring. 


Herpetiform ulceration. This type of RAS are found in a slightly 
older age group than the other RAS and begin with vesiculation, 
which passes rapidly into multiple minute pinhead-sized discrete 
ulcers that increase in size and coalesce to leave large, round, 
ragged ulcers (Figure 108.46). They involve any oral site, including 
the keratinised mucosa, and heal in 10 days or longer. Herpetiform 
ulcers are often extremely painful and recur so frequently that 
ulceration may be virtually continuous. Their similarity to herpetic 
stomatitis gives herpetiform ulcers their name, but there is no 
evidence that herpes simplex virus (HSV) is involved. 


Aphthous-like ulcers 


The diagnosis of RAS is often misapplied to the similar ulcers 
(aphthous-like ulcers), which may be seen in a range of sys- 
temic conditions (Table 108.4). History and examination should 
be directed to eliciting any cutaneous, gastrointestinal, genital, 
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e Serum ferritin levels (or other iron studies). 
e Vitamin B,, measurements. 
¢ Calcium measurements (low in coeliac disease). 
e Tissue transglutaminase and IgA anti-endomysial antibody 
assays (positive in coeliac disease). 
The relevance of HLA studies for differentiating RAS from Behcet 
syndrome is discussed below. 


Management 

RAS in most patients resolves or abates spontaneously with age. 

An underlying, identifiable predisposing cause is particularly likely 

where ulceration commences or worsens in adult life [12-14]. 
Predisposing factors should be corrected: 

¢ Trauma: patients should avoid hard or sharp foods. 

e Any iron or vitamin deficiency should be corrected. 
Relief of pain and reduction of ulcer duration: 

¢ Good oral hygiene should be maintained; chlorhexidine mouth- 
wash may help. 

e Anti-inflammatory agents: topical agents, such as benzydamine, 
may help in the management of discomfort. 

¢ Topical analgesics, e.g. 5% lidocaine gel or spray 

¢ Topical corticosteroids can often control minor or major RAS. 
Topical corticosteroids are the primary therapeutic agents used 
to treat ulcerative mucosal lesions. A mild potency agent such as 


Figure 108.46 Herpetiform ulceration. 


Table 108.4 Systemic factors that may occasionally underlie or be associated with 
aphthous-like ulcers. 


comments hydrocortisone hemisuccinate pellets (Corlan®) 2.5 mg or triam- 
. . . ® 
Autoinflammatory disorders e.g periodic fever, aphthous stomatitis, pharyngitis cinolone ae tongs mm carboxymethylcellulose paske (Adcortyl 
and cervical adenitis (PAPA) syndrome in Orabase®) may be effective, but more typically a medium 
Behcet disease Association of recurrent mouth ulcers with ocular potency corticosteroid such as betamethasone (500g soluble 
lesions, genital ulcers and multisystem disease tablets dissolved in 10mL of water and used as a mouth- 
Gastrointestinal disease Malabsorption states (coeliac disease and Crohn wash) may be required [15-17]. Larger and recalcitrant ulcers 
disease) may precipitate RAS in a small minority : : : : 
a can be treated by intralesional therapy such as triamcinolone 
Immunodeficiency e.g. HIV, cyclical neutropenia 


Sweet syndrome See Chapter 49 injections. Topical tetracycline (a capsule of 100mg doxycy- 
cline dissolved in 10mL water) as a mouth rinse may provide 
relief and reduce ulcer duration [18]. Systemic immunomodu- 
lators may be required and include short courses of systemic 


ocular, joint problems or history of fever, which might point to these corticosteroids (e.g. prednisolone) usually reserved for major "a 

conditions. They include conditions such as: aphthosis or other immunomodulatory agents (e.g. colchicine, [Lm 

e Immune deficiencies such as HIV, cyclical neutropenia and other azathioprine, pentoxifylline, ciclosporin, dapsone, interferon [4 
immune defects. or anti-TNF agents) [19-28]. Colchicine is a useful second line FEA" 

¢ Behcet disease, where mouth ulcers are seen along with genital agent. It is well tolerated if introduced slowly to mitigate the gas- JF ¢ 
ulcers. trointestinal adverse reactions that frequently occur. Treatment re B 

© Coeliac disease. may be with 500 pg once daily, increasing after a week or two to F-1 oe 

¢ Crohn disease. twice daily. Occasionally three times daily is required inthe more [qayft 

e Autoinflammatory conditions such as periodic fever, aphthous severe cases. Six-monthly full blood count is advisable. Azathio- = “ 
stomatitis, pharyngitis and cervical adenitis (PFAPA) syn- prine could be considered in those inadequately controlled with [% 
drome [11]. colchicine plus betamethasone mouth rinses. ce 

¢ Sweet syndrome. < 


e Drug use, especially NSAIDs and nicorandil. 


Investigations Complex aphthosis “a 


Diagnosis of RAS is based on history and clinical features; no spe- 
cific tests are available. Biopsy is indicated only where some other |= Complex aphthosis is a term usefully applied to patients with either: 
cause of ulceration is suspected. To exclude a number of systemic _ (i) more than three almost continual oral aphthae or (ii) recurrent 


disorders, it is often useful to undertake blood investigations: oral and genital aphthae but with no other features to support a diag- 
¢ Fullblood picture (haemoglobin, white cell count and differential, nosis of Behcet syndrome [1,2]. These patients very rarely progress 
red cell indices. to Behcet. It is important in these cases to undertake a full screen- 


e Red cell folate assay. ing for underlying systemic causes (secondary complex aphthosis), 
y: & ying sy’ ry P Pp 
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especially for underlying inflammatory bowel disease. The major- 
ity, however, will be idiopathic, i.e. with no identifiable underlying 
cause. 


Management 

These patients are usually well-controlled with colchicine and 
betamethasone mouthwash or azathioprine. Combined colchicine 
and dapsone may also be used in these group [1,3]. 


Behcet syndrome (chapter 48) 


Behcet syndrome (BS) /Behcet disease is a systemic variable vessel 
vasculitis that involves the mucosa, skin, joints, eyes, arteries, veins, 
nervous system and the gastrointestinal system [1-4]. Turkey has 
the highest prevalence of BS at 420/100 000. The prevalence of BS is 
approximately 0.64/100000 in the UK and up to 0.33/100000 in 
the USA. Onset of the disease usually occurs in the third or fourth 
decade of life. 


Aetiology 
The aetiology of BS is unknown. There is a genetic predisposition 
to BS, which is strongly associated with HLA-B*51 (HLA-B*5101). 
The frequency of HLA-B51 along the Silk Route ranges between 50% 
and 80% among patients with BS (<25% in the population). In con- 
trast, the frequency of HLA-B51 in Northern Europe and the USA 
is around 15% among patients with BS against 5% in the general 
population. HLA-DR/DQ haplotypes are important for the devel- 
opment of the mucocutaneous type of BS. 

The aetiopathogenesis of BS is still unclear. The most widely 
accepted theory behind its pathogenesis is that an environmental 
stimulus elicits an abnormal immune response in a genetically 
susceptible host. A possible pathogenic role of certain bacterial 
antigens that have cross-reactivity with human peptides has been 
proposed. Heat shock proteins, streptococcal antigens, Helicobac- 
ter pylori, Herpes simplex virus, and parvovirus B19 have been 
implicated [5]. 

There are many immunological findings in BS similar to those seen 
in RAS, with various T lymphocyte abnormalities and increased 
polymorphonuclear leukocyte motility. 

e There is increased T cell (Th-1) activity; cells infiltrating into 
lesions expressing interferon (IFN)-y and reacting against heat 
shock proteins. Proinflammatory cytokines IL-12, IL-18 and 
tumour necrosis factor alpha (TNF-a) are increased. There may 
be a mix of Th1 and Th2 activity in BS and increased activity of 
Th17 cells. 

¢ Circulating autoantibodies against a number of components, 
including oral mucosal antigens, endothelial cells, T cell costim- 
ulatory molecule CTLA-4, killer immunoglobulin-like receptors, 
oxidised low-density lipoprotein and kinectin. 

e Hypercoagulability is also a feature. Von Willebrand factor, 
endothelin-1,2, thromboxane and thrombomodulin are inc- 
reased and factor V Leiden and prothrombin mutations are 
associated with thromboses in BS. 

e Endothelial dysfunction is a characteristic finding in BS. 

¢ Polymorphonuclear leukocytes are activated. 


Clinical features 

BS is a chronic multisystem vasculitis characterised mainly by: 

¢ Oral aphthous-like ulceration (90-100% cases) is usually the 
initial manifestation of BS. The minor form is by far the most 
common in BS, followed by the major and herpetiform variants. 

e Recurrent painful genital ulcers that tend to heal with scarring 
(64-88% cases). In women, ulcers most commonly affect the labia 
and in men, the scrotum is regularly involved. 

¢ Ocular lesions (30-70%) are more frequent and severe in men. 
Uveitis with conjunctivitis (early) and hypopyon (late), retinal 
vasculitis (posterior uveitis), iridocyclitis and optic atrophy can 
arise. 

e Central nervous system lesions are predominantly subtentorial 
(affecting cerebellum, brainstem and spinal cord), with menin- 
goencephalitis, cerebral infarction, psychosis, cranial nerve 
palsies, and hemi- and quadriparesis. 

e Skin lesions (80%) include erythema nodosum-like lesions, papu- 
lopustular lesions and acneiform nodules. Pathergy phenomenon 
is not routinely tested for in UK or US patients. 

e Cardiac or large vein thrombosis (of the inferior vena cava and 
cranial venous sinuses). 

¢ Involvement of the joints, epididymis, heart, intestinal tract. 

e Myalgia and migratory arthralgias without overt arthritis. 


Diagnosis 
BS is usually diagnosed on clinical grounds. Because BS is rare 
and the established features overlap those of many other diseases, 
the condition can be difficult to diagnose. The International Study 
Group for Behcet’s Syndrome Criteria 1990 [6] suggests the diag- 
nosis should be made on clinical grounds alone (Table 108.5). 
The International Criteria for Behcet’s Disease (ICBD) (2013) criteria 
[7] use a points-based system whereby a score of 4 points or above 
is classified as BS (Table 108.6). This system is more useful for 
research studies in patients already confirmed as having BS. In 
clinical practice and to minimise overdiagnosis in what is a rare 
disease, the International Study Group criteria are generally used. 
There are no specific tests for the diagnosis of BS. Findings 
of HLA-B51 (more frequently associated with ocular Behcet), 
raised serum IgD and antibodies to cardiolipin are supportive of a 


Table 108.5 International Study Group for Behcet's Syndrome Criteria 1990. 


Oral aphthous-like ulcers plus two or more of: 

Recurrent genital ulceration 

Typical eye lesions 

Characteristic skin lesions 

Pathergy reaction — venepuncture followed by pustulation. 


Table 108.6 International Criteria for Behcet's Disease (ICBD) (2013). 


Oral aphthous ulcers (2 points) 

Genital ulceration (2 points) 

Ocular lesions (2 points) 

Skin lesions (1 point) 

Vascular lesions (1 point) 

Neurological manifestations, e.g. headache (1 point) 


diagnosis of BS. Disease activity may be assessed by serum levels 

of acute-phase proteins (ESR, CRP). 
The differential diagnosis for BS includes the following: 

¢ Sweet syndrome: aphthae, conjunctivitis/episcleritis, inflamed 
tender papule or nodule 

e Erythema multiforme: erosions, target lesions 

¢ Pemphigoid: bullae, erosions 

¢ Pemphigus: erosions, multiple flaccid bullae 

e Reactive arthritis: ulcers, conjunctivitis, keratoderma blenor- 
thagica 

e Ulcerative colitis 

e Herpes simplex 

¢ Syphilis 

e Lupus erythematosus 

e Mixed connective tissue disease. 


Management 

BS is not self-limiting. Central nervous system involvement, throm- 
boses of major vessels and gastrointestinal perforation while 
rare, result in a poor prognosis. 

The effects of BS may be cumulative, especially with neurological, 
vascular and ocular involvement; one main problem is ophthalmic 
involvement, which can result in blindness. Mortality, though low, 
may result from neurological involvement, vascular thromboses, 
bowel perforation or cardiopulmonary disease, or as a compli- 
cation of immunosuppressive therapy. Few patients with Behcet 
syndrome have spontaneous remission and thus treatment is indi- 
cated. A multidisciplinary approach is essential and patients ideally 
managed in a tertiary referral centre [8,9,10-13]. 


Topical treatment for oral ulcers. Treatment for aphthous-like 
ulcers in BS includes tetracycline mouthwash and topical corticos- 
teroids. Benzydamine hydrochloride and lidocaine are helpful for 
symptomatic relief. 


Systemic treatment. Systemic therapy with colchicine (1500 pg 
daily) and dapsone is often useful for mucocutaneous lesions. 
In refractory cases, thalidomide, azathioprine or biological agents, 
such as tumour necrosis factor-a antagonists (infliximab, etanercept) 
may be necessary [8,9,10-13]. 


MAGIC syndrome 


MAGIC syndrome is associated with mouth and genital ulcers and 
inflamed cartilage [1-4]. Other oculomucocutaneous syndromes 
(Table 108.7) may cause similar manifestations. 


Ulcers in association with systemic 
disease 


Aphthous-like ulcers may be associated with systemic disease 
especially haematological, gastrointestinal and dermatological 
disorders. Oral ulceration is also frequently caused by infections and 
can be caused by iatrogenic problems such as drugs or irradiation 
or GVHD (Table 108.4). 


Table 108.7 Oculomucocutaneous syndromes.@ 


Main lesions 


Disease Oral and genital Ocular Skin 
Behcet syndrome = Aphthae Uveitis Erythema nodosum 
Sweet syndrome Aphthae Conjunctivitis,  Inflamed papule or nodule 
episcleritis 
Erythema Erosions Erosions Target lesions 
multiforme 
Cicatricial Bullae Erosions Occasional dome-shaped 
pemphigoid bullae 
Erosions Scarring 
Pemphigus Erosions Erosions (rare) Multiple, flaccid bullae 
Reactive arthritis Ulcers Conjunctivitis | Keratoderma 


blenorrhagica 


Ulcerative colitis, herpes simplex, lupus erythematosus, mixed connective tissue disease 
and other disorders may also cause oral, cutaneous and ocular lesions. 


Acute febrile neutrophilic dermatosis (Sweet 
syndrome) (Chapter 49) 


Aphthous-like ulcers particularly on the buccal mucosa, palate or 
tongue may be found in this condition. Additional reported oral 
findings include bullae, vesicles, gingival hyperplasia, necrotising 
ulcerative periodontitis, nodules, papules, pustules and tongue 
swelling [1-3]. 


Drugs 


A wide range of drugs can occasionally induce mouth ulcers, by 
a variety of effects [1]. Oral local use of caustics or agents such 
as cocaine can cause erosions or ulcers. Oral ulcers are regularly 
produced by cytotoxic agents. Aphthous-like ulcers may follow the 
use of nicorandil or methotrexate [2]. The ulcers usually resolve 
in 10-14 days if the offending drug can be identified and withdrawn. 

Drugs may also cause mucocutaneous lesions; ulcers of a 
lichenoid type may follow exposure to antimalarials, beta block- 
ers, NSAIDs, phenothiazines and sulfonylureas [3]. The Stevens— 
Johnson syndrome/toxic epidermal necrolysis spectrum may be 
associated with many drugs including allopurinol, carbamazepine, 
lamotrigine, nevirapine, oxicam, NSAIDs, phenobarbital, pheny- 
toin, sulfamethoxazole and other sulphur antibiotics, and sul- 
fasalazine [4]. Rarely drugs may be implicated in erythema 
multiforme. Infection, however, is by far the most frequently 
identified trigger. 


Miscellaneous causes 


Glucagonoma. Glossitis, stomatitis, or cheilitis has been reported 
[1,2]. 


Mucha-Haberman disease. Oral, genital and conjunctival mucosal 
ulcerations have been reported in pityriasis lichenoides et vario- 
liformis acuta (Mucha—Haberman disease) [1,2]. 


Kawasaki disease. Kawasaki disease is an acute self-limiting sys- 
temic vasculitis that affects medium-sized arteries. It is characterised 
by a fever lasting for 5 days or more, non-exudative conjunctivitis, 
oropharyngeal changes, and rash and cervical lymphadenopathy, 
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lasting for an average of 12 days without therapy [1]. There is 
erythema of the lips and oral mucosa. It is common in childhood 
and occurs only rarely in adults. At least one oral feature should 
be present for the diagnosis to be made. The oral and pharyngeal 
mucosae become generally red and sore and the lips dry and 
fissured. There may be oral ulceration and a ‘strawberry tongue’ 
appearance [1-3]. 


Necrotising sialometaplasia. Necrotising sialometaplasia is an 
uncommon benign self-limiting condition seen predominantly in 
the posterior hard palate of young adult males, most of whom smoke 
tobacco [1-4] but has been reported at other oral sites, such as the 
tongue, floor of the mouth and salivary glands. Hypoxia-inducible 
factor (HIF)-1«, VEGF and epidermal growth factor receptor have 
been implicated in the pathogenesis. An association with bulimia 
has been reported [5,6]. 

A painless deep ulcer persists for several weeks before sponta- 
neously healing. This benign lesion must be differentiated from 
malignancy. Biopsy is usually indicated and reveals necrosis and 
pseudoepitheliomatous changes probably resulting from squamous 
metaplasia following infarction of minor salivary glands [7]. 


Superficial mucocoeles. Superficial extravasation mucocoeles of 
the intraoral minor salivary glands in the palate, buccal mucosa 
or labial mucosa are not uncommon, especially associated with oral 
lichen planus in middle-aged or elderly women and with chronic 
GVHD [1]. This benign self-limiting condition may cause confusion 
with vesiculobullous disorders [2-4]. No treatment is available or 
required. 


PREMALIGNANCY AND MALIGI 


PREMALIGNANT LESIONS 


The WHO Collaborating Centre for Oral Cancer Workshop in 2020 
defined oral potentially malignant disorders (OPMDs) as ‘any oral 
mucosal abnormality that is associated with a statistically increased 
risk of developing oral cancer’ [1]. The current classification of oral 
potentially malignant disorders include: leukoplakia, proliferative 
verrucous leukoplakia, erythroplakia, oral lichen planus, lichenoid 
lesions, oral submucous fibrosis, oral lupus erythematosus, actinic 
cheilitis, palatal lesions in reverse smokers, dyskeratosis congenita 
and oral graft versus host disease. Oral epidermolysis bullosa 
(OEB), chronic hyperplastic candidiasis (CHC) and exophytic ver- 
rucous hyperplasia were removed from the classification [1]. The 
prevalence of OPMDs varies and has been estimated to be 4.47%, 
ranging from 0.11% in North American populations to 10.54% in 
Asian populations [2]. 


Eryth roplakia (see earlier in this chapter) 


Leukoplakia (see earlier in this chapter) 


Oral submucous fibrosis 


Oral submucous fibrosis is a chronic, potentially malignant condi- 
tion seen only in persons who chew betel (Areca catechu) nuts, pan 
masala or gutkha [1,2]. It is characterised by tightening of the buccal, 
and sometimes palatal and lingual mucosae, causing trismus [1]. 
Areca nut also causes or aggravates pre-existing conditions such as 
neuronal injury, myocardial infarction, cardiac arrhythmias, hepa- 
totoxicity, asthma, central obesity, type II diabetes, hyperlipidaemia 
and metabolic syndrome. It affects the endocrine system, leading to 
hypothyroidism, prostate hyperplasia and infertility. It suppresses 
T-cell activity and decreases release of cytokines. It is associated with 
adverse birth outcomes when used during pregnancy. It is linked 
to cancers of the oral cavity, pharynx, oesophagus, liver and biliary 
tracts and uterus. 


Epidemiology 

It occurs at high frequency in Asian populations, especially in those 
from the Indian subcontinent. The prevalence of oral submucous 
fibrosis in India has been estimated to range from 0.2 to 2.3% in males 
and 1.2—4.6% in females. It usually affects persons between the ages 
of 30-65 years. 


Predisposing factors 

Chewing betel quid is available in various forms both in the coun- 
tries of Asia and in peoples from those areas living in resource-rich 
countries: 

¢ Betel quid without tobacco. 

Gutka (gutkha, guttkha or guthka): a manufactured version of 
betel quid with tobacco sold as a single-use sachet. 

Mainpuri tobacco: a mixture of Areca nut, tobacco, lime and vari- 
ous condiments. Sweeteners or spices (i.e. anise seed, cardamom, 
clove, mustard, saffron, turmeric) may also be added. 

Mawa (kharra): a combination of Areca nut, tobacco and lime. 
Pan: freshly prepared betel quid (with or without tobacco). 

Pan masala: a commercially manufactured powdered version of 
betel quid. 

Commercially freeze-dried products such as pan masala, gutka 
and mawa have higher concentrations of Areca nut per chew 
and appear to cause oral submucous fibrosis more rapidly than 
self-prepared conventional betel quid. 


Pathophysiology 

Areca nut contains alkaloids (the most potent of which is areco- 
line), flavonoids and copper, all of which interfere with collagen 
metabolism [3-10]. Arecoline stimulates fibroblasts to increase colla- 
gen production. It induces production of interleukin 6, keratinocyte 
growth factor-1, insulin-like growth factor-1, cystatin C (a protein 
up-regulated in a variety of fibrotic diseases) and tissue inhibitor of 
matrix metalloproteinases (TIMP). Arecoline inhibits matrix metal- 
loproteinases (MMPs, particularly MMP-2) and chewing areca quid 
may also activate NF-«B expression, thereby further stimulating 
collagen fibroblasts. Flavonoids, catechin, tannin and possibly cop- 
per in betel nuts stabilise collagen molecules causing collagen fibres 
to cross-link and inhibit collagenase. There is a subepithelial chronic 
inflammatory reaction with fibrosis extending to the submucosa 
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and muscle. The carcinogenic properties of areca nut are attributed 
to polyphenols, alkaloids (most importantly, arecoline), metabo- 
lites of alkaloids (e.g. arecoline N-oxide), and areca nut-specific 
nitrosamines [9]. Chronic exposure to such molecules results in 
increased oxidative stress and subsequent DNA damage which, 
when unrepaired, may lead to carcinogenesis. 


Genetics 

Patients have an increased frequency of HLA-A10, HLA-B7 and 
HLA-DR3. Further, the HLA class I chain-related gene A (MICA), 
particularly the phenotype frequency of allele A6 of MICA, is 
increased in oral submucous fibrosis, expressed by keratinocytes 
and other epithelial cells and interacts with gamma/delta T cells 
in the submucosa. Increased levels of proinflammatory cytokines 
and reduced antifibrotic interferon gamma may be central to the 
pathogenesis. 


Clinical features 

The buccal mucosa is the most commonly involved site, but any 
part of the mouth can be involved, and the pharynx. Oral sub- 
mucous fibrosis develops insidiously, often initially presenting 
with a burning sensation of the oral mucosa, ulceration, vesicle 
formation, petechiae, postinflammatory hypermelanosis and pain. 
This is followed by symmetrical fibrosis of the cheeks, lips, tongue 
or soft palate, which appears as vertical bands running through the 
mucosa, and oral opening becomes restricted. In advanced disease, 
the fibrosis can become so severe that the affected site appears 
mottled and marble-like, and severely restricts mouth opening and 
tongue and/or palate mobility resulting in difficulty in mastication, 
speech and swallowing [1,2]. 

There is epithelial atrophy and sometimes frank erythroplakia or 
leukoplakia. There may be oesophageal fibrosis and, if the palatal 
and paratubal muscles are involved, conductive hearing loss may 
appear because of functional stenosis of the Eustachian tube. 


Prognosis 

Oral submucous fibrosis may predispose to the development of 
leukoplakia and oral carcinoma, with 7-13% of cases exhibiting 
transformation to SCC (0.5-1.1% per year) [11,12]. 


Investigations 

The diagnosis is usually clinical, based upon clinical features, 
history of betel chewing and often of slowly increasing trismus. 
Diagnosis can be confirmed by biopsy which shows collagen hyalin- 
isation, blood vessel obliteration and extensive fibrosis. A biopsy 
should be undertaken when leukoplakia, erythroplakia or persistent 
ulceration is noted. 


Management 

Management is difficult [13-17]. Stopping consumption of betel 
products is the mainstay of management but the condition does not 
regress with cessation of the habit. Physiotherapy may be useful 
in the early stages. Surgery may be needed to relieve the fibrosis. 
Medical therapies range from topical medication (e.g. with COX-2 
inhibitors) to intralesionally injected medicaments such as corticos- 
teroids, collagenase or hyaluronidase, to systemic medication with 
lycopene or pentoxifylline [13-17]. 


MALIGNANT NEOPLASMS 


Oral cancer accounts for a large proportion of cancers in the head 
and neck region. Cancer of the lip is the most common malignant 
tumour affecting the head and neck. More than 90% of cancers are 
oral squamous cell carcinomas (OSCC). 


Basal cell carcinoma of the lip 


Epidemiology 
Ultraviolet light is a major aetiological factor in the development 
of basal cell carcinoma, with more than 85% occurring on the 
sun-exposed areas of the head and neck [1,2]. Fair-skinned indi- 
viduals who burn and those whose occupations require excessive 
exposure to sunshine are at greatest risk; the tumour is rare in 
dark-skinned persons and 95% occur after the age of 40 years [3]. 
SCC is more common than basal cell carcinoma in the lower lip. 
Other significant risk factors for the development of basal cell 
carcinoma include prior burns, vaccinations, irradiation, exposure 
to inorganic arsenic, genetic syndromes (e.g. xeroderma pigmen- 
tosum, naevoid basal cell carcinoma syndrome, albinism) and 
immunosuppression. 


Clinical features 
On the lip this manifests as a pearly, sometimes ulcerated, nodule 
or papule. Unlike SCCs, basal cell carcinomas only rarely originate 
on the vermilion but commonly occur periorally [4-6]. Basal cell 
carcinomas more commonly arise on the upper rather than the lower 
lip. The lesions can also arise de novo on the vermilion or occasionally 
the mucosa of the lip [7]. 
Basal cell carcinoma has multiple forms that can be divided as fol- 
lows: 
¢ Nodular: the most frequent type around the lips presents as a 
translucent nodule with fine telangiectasias and is often ulcerated. 
¢ Morphoeic: an atrophic plaque resembling a scar, with an aggres- 
sive infiltrative growth pattern and high rate of recurrence 
after excision. 

¢ Superficial: appears as an erythematous plaque with elevated 
borders and central atrophy or ulceration. It is rare around 
the lips. 

Although the tumour rarely metastasises, it is responsible for 
considerable functional and cosmetic morbidity. Multiple lesions 
are commonly encountered and the various forms have overlapping 
clinical features. 


Investigations 

Basal cell carcinoma of the lips must be differentiated from other 
nodules, including SCC, keratoacanthoma and sebaceous ade- 
noma. Since lesions that arise periorally are often aggressive, early 
detection and confirmation by biopsy will prevent infiltration and 
destruction of the underlying structures. 


Management 
Various treatment modalities for basal cell carcinoma include sur- 
gical excision, and laser surgery, radiation, and non-surgical topical 
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interventions [8-10]. Selection of the treatment modality depends 
on the size, site and histological pattern of the tumour as well as 
the age of the patient. Mohs micrographic surgery offers the highest 
cure rate with the greatest preservation of tissue [11]. 


Keratoacanthoma of the lip 


Keratoacanthoma is a rapidly growing lesion most likely derived 
from the follicular infundibulum. Keratoacanthomas are common 
self-limiting proliferative tumours that arise most frequently in 
men after the sixth decade of life [1,2]. The lesions mimic SCC 
both clinically and microscopically [3]. Keratoacanthomas rarely 
develop on mucosal surfaces [4,5]. The role of actinic damage is 
strongly supported by the fact that the majority of lesions occur on 
sun-exposed skin (90%), with up to 10% occurring periorally or on 
the vermilion border of the lips, often on the lower lip. 


Clinical features 

Keratoacanthomas often manifest at the vermilion border, as 
indurated dome-shaped nodules displaying a characteristic cen- 
tral, keratin-filled, crusted and frequently darkened crater. While 
cutaneous lesions are asymptomatic, labial and oral lesions are 
frequently painful [6-12]. They usually appear as an ulcer with a 
rolled margin, usually on the anterior or maxillary gingiva, clini- 
cally indistinguishable from SCC. Keratoacanthomas grow rapidly, 
attaining a size typically greater than 1 cm, may be locally invasive 
and result in significant tissue damage. 


Diagnosis 

Keratoacanthomas require differentiation from SCC [13]. When 
lesions develop intraorally or on the lips, they should immediately 
be subjected to biopsy for confirmation. 


Management 
Management is often by surgical excision. Spontaneous resolution 
of mucosal lesions usually does not occur. 


Squamous cell carcinoma of the lip 


SCC of the lip is the most common malignant tumour affect- 
ing the head and neck. SCC is the most common malignancy to 
affect the vermilion zone and, as with squamous carcinoma of the 
glabrous skin, usually due to actinic damage [1-3]. However, there 
are occasional cases of sebaceous carcinoma and other variants. 

Like actinic cheilitis, SCC is most common on the lower lip of 
fair-skinned outdoor workers in sunny climates and is relatively rare 
in pigmented skin [4-6] (Figure 108.47). About 90% of tumours arise 
in the lower lip, 7% in the upper lip and 3% at the oral commissure. 
Lip cancer has a far better prognosis than intraoral cancers. SCC 
that arise in the upper lip and oral commissure have a worse prog- 
nosis than those originating in the lower lip. These tumours grow 
rapidly, ulcerate sooner, metastasise earlier and have the potential 
for invasion into the premaxilla and nasal cavity. Facts that support 
a relationship to actinic radiation include the following: 


(b) 


Figure 108.47 Squamous cell carcinoma of the lip. This may appear initially (a) as a 
subtle erosion on the lip with actinic cheilitis or (b) as an established ulcer on the 
lower lip. 


e Lip cancer involves the more exposed lower lip, rather than the 
upper lip. 
e There is a higher incidence of lip cancer in outdoor workers in 
occupations such as farming and fishing, and in rural populations. 
¢ More fair-skinned than dark-skinned people tend to develop lip 
cancer (as well as skin cancer and melanoma) in sunny climates. 
Other risk factors may include low social class, tobacco smoking 
and immunosuppression [1-5]. Several large cohort studies and 
a meta-analysis have shown that organ transplant patients (who of 
course are chronically immunosuppressed) have between 17 and 
46 times an increased risk of lip cancer and 2-5 times an increased 
risk of mouth and pharyngeal cancers, compared with the general 
population. A US cohort study showed white people who were 
taking the photosensitising antihypertensive hydrochlorothiazide 
for 5 or more years had a fourfold increased risk of lip cancer. 


The initial features are a keratinous growth or swelling of the lip 
(Figure 108.47), soreness and ulceration. Most lesions are amenable 
to surgical excision. Lymph node metastasis is not often seen, 
except in the presence of a large lesion. A margin >5 mm for resec- 
tion is recommended [6,7]. Ten-year recurrence-free survival rate is 
94% for stage I and 78% for stage II disease [8]. 


Florid oral papillomatosis 


Florid oral papillomatosis is a rare but well-defined clinical entity 
[1-8]. Florid oral papillomatosis is a type of verrucous carcinoma. 
There is conflicting evidence for HPV involvement in oral florid 
papillomatosis. The papillomatous lesions are exuberant, warty 
or verrucous, and characterised by their benign appearance on 
histology. It destroys and extends into underlying tissue but is 
characterised by a low incidence of metastases to lymph nodes. 
Biopsy is required. Treatment in the early stage of the disease is 
usually successful. Surgical or laser excision is favoured. 


Granular cell tumours 


Congenital granular cell epulis is a rare lesion of unknown histo- 
genesis with a predilection for the maxillary alveolar ridge of new- 
born girls. Microscopically, there are nests of polygonal cells with 
granular cytoplasm, a prominent capillary network and attenuated 
overlying squamous epithelium. The lesion lacks immunoreactiv- 
ity for S-100, laminin, chromogranin and most other markers except 
neuron-specific enolase and vimentin [1-4]. This lesion should be 
distinguished from the more common adult granular cell tumour as 
well as other differential diagnoses. 

Adult granular cell tumour (Abrikossoff tumour) develops 
between the second and sixth decades of life, more frequently 
among women and people of African heritage. The head and neck 
area is affected in 45-65% of cases and, of these, 70% are located 
intraorally (tongue, oral mucosa, hard palate) [5,6]. Both benign 
and malignant lesions have been reported, although malignancy 
is rare, comprising 2% of all granular cell tumours. The benign 
form shows polygonal cells with granular eosinophilic cytoplasm 
and small nuclei. The malignant form, however, is associated with 
a high mitotic index and pleomorphic cellular tissue. The clinical 
feature of either is a swelling covered by mucosa of normal clinical 
appearance. Histological examination is required. The treatment is 
surgery. 


Metastatic oral neoplasms 


Metastases to the oral cavity are rare, comprising only 1-3% of all 
malignant oral neoplasms [1]. In 25% of cases, oral metastases were 
found to be the first sign of the metastatic spread and in 23% it 
was the first indication of an undiscovered malignancy at a distant 
site. The jaw bones, particularly the mandible, were more fre- 
quently affected than the oral soft tissues (2:1). Most oral metastases 


originate from carcinomas of the breast, prostate, lungs, thyroid 
gland and kidneys [1-13]. The mandible is the most common 
location, with the molar area being the most frequently involved 
site [1]. In the soft tissues, the attached gingiva is the most fre- 
quently involved site (54%). In the early stages, gingival metastases 
resemble hyperplastic or reactive lesions. 


Clinical features 

Metastases usually present as a lesion in the jaw, sometimes only 
revealed coincidentally by imaging. Many metastases are asymp- 
tomatic but others manifest with: 

e Pain 

¢ Paraesthesia or hypoaesthesia 

¢ Swelling 

° Ulcer 

¢ Tooth mobility 

¢ Non-healing extraction sockets 

¢ Pathological fracture 

¢ Radiolucency or radio-opacity. 

Early manifestation of metastases may resemble a hyperplastic 
or reactive lesion, such as pyogenic granuloma, peripheral giant 
cell granuloma or fibrous lump. Patients complaining of a numb 
chin should always raise the possibility of a metastatic disease 
in the mandible. Diagnosis is from history and clinical features 
supplemented by radiography and histopathology. In any case, 
where the clinical presentation is unusual, biopsy is mandatory. The 
prognosis of metastatic lesions to the oral cavity is very poor. 


Oral squamous cell carcinoma 


Carcinoma of the oral cavity may develop de novo or from a pre- 

malignant dysplastic lesion that appears clinically as leukoplakia, 

erythroplakia or an erythroleukoplakia. OSCC is among the 10 most 

common cancers worldwide. OSCC is seen predominantly in older 

patients (>65 years), but intraoral cancer is increasing, especially 

in younger adults (<45 years) and particularly in the oropharynx. 

OSCC is seen predominantly in males, but the male/female differ- 

ential is decreasing. Mouth cancers include: 

¢ Cancer of the lip is the most common malignant tumour affecting 
the head and neck. Lip cancer may follow chronic actinic cheilitis 
(Figure 108.47). About 90% of tumours arise in the lower lip, 7% 
in the upper lip and 3% at the oral commissure. Lip cancer has a 
far better prognosis than intraoral cancers. SCC that arises in the 
upper lip and oral commissure have a worse prognosis than those 
originating in the lower lip. These tumours grow rapidly, ulcerate 
sooner, metastasise earlier and have the potential for invasion into 
the premaxilla and nasal cavity. 

¢ Most intraoral SCCs involve the lateral border of the tongue 
and/or the floor of the mouth (Figure 108.48) [1-5]. In the devel- 
oping world, oral SCC is most common in the buccal mucosa and 
arises mainly from betel use. 

¢ Oropharyngeal cancer arises in the fauces/ posterior tongue. 


Epidemiology 
Worldwide, over 450000 new cases of head and neck cancer are 
diagnosed each year. There is marked intercountry variation in 
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Figure 108.48 Squamous cell carcinoma on posterolateral border of the tongue with a 
raised rolled edge. 


both the incidence of and mortality from OSCC. There is growing 
evidence of intracountry differences in OSCC, including ethnic dif- 
ferences in incidence and mortality. In South-East Asia and Brazil, 
the incidence of oral cancer is the highest in the world but varies 
widely in different areas. In the developed world, the incidence 
of OSCC varies between countries and between different regions 
of the same country. For example, OSCC is more than twice as 
common in Scotland than in England and Wales and, even within 
Scotland, there are regional differences. Oral cancer is the most 
common cancer for men and the third most common for women 
in India, Sri Lanka and Pakistan, whereas only 3% of new cases of 
cancer in the UK are oral cancer. 


Predisposing factors 

Factors important in mouth cancer include lifestyle modifiable risk 

factors and the following [5-11]: 

e Age. Mouth cancer is more common in people over 45. Oropha- 
ryngeal cancer is increasing especially in younger adults 
(<45 years). 

¢ Gender. Mouth cancer is generally more common in men than 
women, but the male/female differential is decreasing. 

e Social class. Oral cancer is a problem particularly for people of 
resource-poor groups and ethnic minority groups. Many other 
explanations (e.g. habits, oral health, diet, nutrition) may be 
responsible. 

¢ Genetics. There are a few familial cases, and people with certain 
syndromes have a high risk of mouth and throat cancer. Syn- 
dromes with a predisposition to mouth cancer include mainly: 

e Dyskeratosis congenita: a disease of defective telomere main- 
tenance, characterised by mucocutaneous abnormalities, 
bone marrow failure and cancer predisposition. Leukoplakias 
occur in approximately 80% of patients and typically involve 
the buccal mucosa, tongue and oropharynx. Patients have 
an increased prevalence of SCC within sites of leukoplakia 
(especially the tongue), or of the skin, Hodgkin lymphoma, 


gastrointestinal adenocarcinoma, bronchial and _ laryngeal 
carcinoma, and leukaemia. 

e Fanconi anaemia: a recessively inherited disease, characterised 
by congenital anomalies and bone marrow failure, and a pre- 
disposition to develop cancer, particularly SCC in the head 
and neck and anogenital region, myelodysplastic syndrome, 
and acute myelocytic leukaemia. 

e Xeroderma pigmentosum: a rare disease of defective DNA 
repair mechanisms, predisposing to cancer in light-exposed 
areas such as skin and lips. 

The main modifiable risk factors are as follows: 

¢ Tobacco use. All forms of tobacco both smoked and smokeless are 
carcinogenic. There is a strong dose-response relationship. Smok- 
ing cessation leads to a fall in mouth cancer risk; by 20 years or 
more after cessation the risk is reduced to that of a never-smoker. 

e Alcohol. The risk of developing oral cancer due to alcohol alone 
appears to be influenced by the type of alcoholic beverage and 
the frequency of consumption. Tobacco use, including smoke- 
less tobacco, and excessive alcohol consumption are estimated to 
account for about 90% of oral cancers. Risk of a secondary primary 
tumour in the upper aerodigestive tract is also increased. 

¢ Betel use. Some 20% of the world’s population use betel. Betel may 
also cause oral submucous fibrosis (see earlier). 

e UV light. Lip cancer, particularly on the lower lip, is an issue 
mainly in older men exposed over long periods to sunlight. 

e Human papillomavirus (HPV). Infection with oncogenic HPV, espe- 
cially HPV-16 (>90%), are implicated mainly in oropharyngeal 
cancer (base of tongue, fauces) and does not appear as frequently 
in the oral cavity. The prevalence rates of HPV positivity were 41% 
in oropharyngeal cancer and 15% in oral cavity cancers. High-risk 
(oncogenic) HPV subtypes have been identified in a significant 
fraction of oropharyngeal tumours, including HPV-16, -18, -31 
and -33. 

e Previous cancer. There is an increased risk of mouth cancer fol- 
lowing a previous cancer diagnosis. People with a previous 
head and neck cancer (including of the tongue, mouth, pharynx 
and larynx) have between a 12- and 16-fold increased risk of 
subsequent head and neck cancer. Survivors of oesophageal SCC 
have an almost sevenfold increase in risk of mouth and pharynx 
cancers. Previous irradiation for either malignant or benign 
disease has also been implicated. 


History 

Oral cancer in the initial clinically detectable stage is a red or red 
and white (erythroleukoplastic) area without symptoms. The initial 
lesions are usually solitary and asymptomatic. Lesions of oral cancer 
can range from a few millimetres to several centimetres in diameter 
in the more advanced cases (Box 108.6). In advanced cancers, there 
is often a red or red and white single lesion, ulcer or lump with 
irregular margins which are rigid to touch (indurated) and there 
may be pain especially in the tongue and floor of the mouth lesions. 
A typical malignant ulcer is hard with heaped-up and often everted 
or rolled edges and a granular floor. The rule is that a single lesion of 
three or more weeks’ duration, especially a red and/or white lesion, 
an ulcer, a lump, or especially a combination of these, or if indurated 
(firm on palpation) should be regarded with suspicion, and a biopsy 
arranged. 


Box 108.6 Features suggestive of oral squamous 
cell carcinoma 


Red lesion 
Mixed red/white lesion 


Erythroplakia may be associated 

Erythroleukoplakia may be 
associated 

Verrucous or nodular leukoplakia 
may be associated 

Especially if enlarging and/or hard 

Especially if persistent, or with 
fissuring or raised exophytic 
margins 

May be a late feature 


Irregular white lesion 


Lump 
Ulcer 


Pain or numbness 
Abnormal blood vessels 
supplying a lump 
Tooth mobility Destruction of the periodontium by 

malignant cells 
Extraction socket not healing 
Induration beneath a lesion 


Fixation of lesion 


Firm infiltration beneath the mucosa 

To deeper tissues or to overlying 
skin or mucosa 

Especially if there is hardness in a 
lymph node or fixation 

Enlarged cervical nodes in a patient 
with OSCC may be caused by 
infection, reactive hyperplasia, 
secondary or metastatic disease 


Lymph node enlargement 


Dysphagia 
Weight loss 


Presentation 

Some mouth cancers arise in clinically apparently normal mucosa, 
but some are preceded by a clinically obvious potentially malignant 
disorder. The risk of malignant transformation in the potentially 
malignant disorders is approximately as shown in Table 108.8. 
The presenting features of mouth cancer usually relate to the local 
effects of the primary tumour, occasionally to regional spread, 
metastatic disease or paraneoplastic phenomena. OSCC predomi- 
nantly metastasises locally and to draining regional lymph nodes. 
Extraoral examination should therefore include cervical lymph 
node examination. A painless enlarged cervical lymph node may 
be the only presenting symptom. 


Table 108.8 Potentially malignant disorders. 


Entities Approximate malignant potential over 10 years 
Very high (70-85%) High (10-30%) Low (1-5%) 
Main Erythroplakia Leukoplakia Leukoplakia 
(non-homogeneous- (homogeneous) 
Proliferative verrucous nodular and 
leukoplakia speckled) 


Lichenoid lesions 

Lichen planus 

Discoid lupus 
erythematosus 


Less common Actinic cheilitis 


Dyskeratosis congenita 
Submucous fibrosis 


Classification of severity 

Grading is used as a prognostic indicator; well-differentiated or 
low-grade cancers have the better prognosis (Box 108.7). Low-grade 
tumours will usually grow more slowly and be less likely to spread 
than a high-grade tumour. High grade means the cells look more 
abnormal and the tumours metastasise more readily. 


Box 108.7 Grades of carcinoma 


Well differentiated 
e Elongated rete pegs invading lamina propria, with keratin pearls 


Moderately differentiated 
e Irregular invading rete pegs; loss of cellular cohesion 


Poorly differentiated 

¢ Sheets of invading epithelium with no obvious architecture, but 
severe cellular abnormalities such as pleomorphism and. 
hyperchromatism 


OSCC should be staged according to the TNM (tumour, node, 
metastases) classification of the Union for International Cancer 
Control (UICC) — according to tumour size, nodal metastases and 
distant metastases (Tables 2 and 3) — since this classification relates 
well to overall survival rate (i.e. the earlier the stage of tumour, the 
better the prognosis and the less complicated and mutilating is the 
treatment). The current TNM staging system [12] (Table 108.9) now 
incorporates maximum depth of invasion. Patients with >5mm 
depth of invasion have a minimum tumour stage of T2; patients 
with >10mm depth of invasion have a minimum tumour stage 
of T3. 


Disease course and prognosis 

The quality of life during and after mouth cancer treatment has 
steadily improved over the years but survival rates have increased 
at a slower pace. The stage at which mouth cancer is diagnosed has a 
significant effect on overall survival and quality of life. For stage 1 
and 2 oral cavity cancer, the 3-year survival is around 80%. For 
stage 3 and 4, the 3-year survival is almost 50%. Early diagnosis 
reduces mortality and also minimises morbidity, disfigurement, 
treatment duration and costs. 


Investigations 

Single ulcers, lumps, red patches or white patches, particularly 

if any of these persist for more than 3 weeks, may be manifesta- 

tions of frank malignancy and thus biopsy is invariably indicated. 

Usually, examination under general anaesthesia may be indicated, 

particularly for patients with: 

¢ Tumours in the posterior tongue. 

¢ Tumours where the margins cannot be readily defined. 

e Anenlarged cervical node but no visible primary neoplasm. 
Imaging and other studies which may help detect abnormalities 

missed during the clinical examination may include: 

¢ An orthopantomogram (jaw), which might demonstrate bone 
invasion. 

¢ Achest CT, which may demonstrate second primary tumours or 
metastases to lungs or hilar lymph nodes, ribs or vertebrae. 
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Table 108.9 TNM classification of cancer of the lip and oral cavity. 


T - Primary tumour 


T™X Primary tumour cannot be assessed 

TO No evidence of primary tumour 

Tis Carcinoma in situ 

T1 Tumour <2 cm with depth of invasion (DOI) <5 mm 

TZ Tumour <2.cm, with DO! >5 mm and <10 mm; or 
tumour >2.cm and <4cm, with DOI <10 mm 

T3 Tumour >2 cm and <4cm with DOI >10 mm; or 
tumour >4 cm with DOI <10 mm 

T4a (lip) Tumour invades through cortical bone, inferior alveolar 

nerve, floor of mouth or skin (chin or nose) 
T4a (oral cavity) Moderately advanced local disease. Tumour >4 cm with 


DOI >10 mm; or tumour invades adjacent structures 
only (e.g. through cortical bone of the mandible or 
maxilla, or involves the maxillary sinus or skin of the 
face) 

Very advanced local disease. Tumour invades masticator 
space, pterygoid plates, or skull base and/or encases 
the internal carotid artery 


T4b (lip and oral cavity) 


N - Regional lymph nodes 


x Regional lymph nodes cannot be assessed 
0 No regional lymph node metastasis 
1 Metastasis in a single ipsilateral lymph node, <3 cm in 
greatest dimension 
2 Metastasis as specified in N2a, 2b, 2c below 
2a Metastasis in a single ipsilateral lymph node, >3 cm but 
not >6cm in greatest dimension 
2b Metastasis in multiple ipsilateral lymph nodes, none 
>6cm in greatest dimension 
2c Metastasis in bilateral or contralateral lymph nodes, 
none >6 cm in greatest dimension 
3 Metastasis in a lymph node >6 cm in greatest dimension 
M - Distant metastasis 
0) No distant metastasis 
1 Distant metastasis 


DOI, depth of invasion. 


¢ MRI of the primary tumour site and of the neck to delineate the 
extent of cervical node metastases. 

e Ultrasound and fine needle aspiration of neck lymph nodes that 
may contain metastases. 


Management 

Lip cancer is treated mainly surgically. Surgical resection is the 
mainstay of management for most oral cancers. Tumour resection 
should be performed with a clear margin of 1cm (vital structures 
permitting). ‘Close’ margins (defined as a histopathological margin 
of <5mm) mean further surgery or adjuvant radiotherapy. Neck 
dissection to clear the neck of cancer containing lymph nodes is 
often also needed in addition to the excision of the primary tumour. 
Reconstruction is crucially important to restore appearance and/or 
the function (e.g. the use of tissue flaps, bone grafts or prosthetic 
materials) and is best performed at the time of initial surgery. 
Adjuvant postoperative radiotherapy to the primary site and 
neck, with or without concurrent chemotherapy, is indicated for 
patients who have positive or close final resection margins, for 
those who have bone invasion, for patients with pathologically 


positive lymph nodes or to treat the neck prophylactically without 
a neck dissection [13]. Concomitant chemoradiotherapy in cases of 
advanced neck disease, positive margins or extracapsular spread 
improves control rates [13]. Approximately, 80-90% of recurrences 
occur within the first 2-4 years. 


Verrucous carcinoma 


Verrucous carcinoma accounts for fewer than 5% of cases of SCC. 
Verrucous lesions clinically present as a velvety or warty exophytic 
mass [1-6]. It may develop from proliferative verrucous leukoplakia. 
Confirmation of the diagnosis by biopsy is particularly important 
because although they demonstrate progressive local growth, the 
prognosis is favourable. Complete surgical excision is the primary 
treatment. 


Other oral malignant primary 
neoplasms 


The following comprise up to 10% of all oral malignant tumours: 
e Salivary gland tumours. 

e Malignant melanoma (see earlier in this chapter). 

e¢ Lymphomas: non-Hodgkin lymphomas. 

¢ Sarcomas. 

¢ Kaposi sarcoma (see earlier in this chapter). 

¢ Some odontogenic tumours. 

e Maxillary antral carcinoma (or other neoplasms). 

e Langerhans cell histiocytosis. 

¢ Neoplasms of bone and connective tissue. 


Complications of treatment 


Bone marrow transplantation 
(haematopoietic stem cell 
transplantation) 


Oral complications are common and can be a major cause of 
morbidity following bone marrow transplantation. Mucositis, 
infections, bleeding, xerostomia and loss of taste result from the 
effects of the underlying disease, chemotherapy or radiotherapy, 
and GVHD [1]. 


Graft-versus-host disease 


The oral manifestations of acute GVHD are difficult or impossible 
to differentiate from chemotherapy-induced mucositis and con- 
sist of painful mucosal desquamation and ulceration. Erythema 
and ulceration are most pronounced at 7-11 days after human 
stem cell transplant (HSCT) and may be associated with obvious 
infection. The ventral surface of the tongue, buccal and labial 
mucosa and gingiva may be affected. Acute GVHD may also 
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Table 108.10 Scoring of oral chronic graft-versus-host disease lesions. 


Erythema None 0) Mild or moderate erythema (<25%) 1 Moderate (>25%) or severe (<25%) erythema 2 Severe erythema (>25%) 3 
Lichenoid None 0 Lichen-like changes (<25%) 1 Lichen-like changes (25-50%) 2 Lichen-like changes (>50%) 3 
Ulcers None 0 Ulcers involving (<20%) 3 Severe ulcerations (>20%) 6 


Total score for all mucosal changes 


manifest as cheilitis, hyposalivation, infections (candidiasis, HSV 
stomatitis (occasionally zoster), cytomegalovirus, protozoal and 
Gram-positive bacterial infections), purpura and bleeding. 

The oral lesions of chronic GVHD (cGVHD) are painful and 
present as lichenoid lesions, hyperkeratotic plaques, generalised 
mucosal erythema, ulceration and mucoceles of minor salivary 
glands. Other problems include hyposalivation, taste abnormal- 
ities, infections, especially candidiasis, sclerodermatous changes 
manifesting as restricted mouth opening, loss of elasticity of the 
lips and restricted tongue movement [1-4]. The National Institute 
of Health (NIH) cGVHD Task Force developed a scoring system for 
cGVHD that includes three types of oral manifestations (erythema, 
lichenoid and ulcers) that can be graded in three activity levels 
(mild, moderate and severe) [5] (Table 108.10). 


Management [6,7] 
The aim of treatment is to alleviate symptoms to allow normal 
oral function. Pain relief with topical anaesthetic agents such as 
lidocaine or benzydamine hydrochloride mouthwash or spray and 
topical corticosteroids can be applied as solutions, gels, creams 
or ointments several times a day. Intralesional injections of corticos- 
teroids (e.g. triamcinolone acetonide) for localised persistent ulcers 
is helpful. Calcineurin inhibitors may also be used for intraoral 
involvement. 

Patients should be screened regularly as the risk for developing 
oral cancer is seven times higher in long-term survivors of allogeneic 
HSCT [8,9]. 


Mucositis 


Mucositis, sometimes called mucosal barrier injury, is the term given 
to the widespread oral erythema, ulceration and soreness that is 
a common complication of a number of therapeutic procedures 
involving chemotherapy, radiotherapy or chemoradiotherapy, used 
largely in the treatment of cancer but also in the conditioning 
prior to bone marrow transplantation (i.e. haematopoietic stem cell 
transplantation) [1-5]. Mucositis appears 3-15 days after cancer 
treatment, earlier after chemotherapy than after radiotherapy. 

Mucositis invariably follows external beam radiotherapy involv- 
ing the orofacial tissues, and is also common in upper mantle 
head and neck radiation, and particularly in total body irradiation. 
Tissues such as the soft palate, and the lateral borders and ventral 
surface of the tongue and floor of the mouth, which have a good 
vascular supply or a higher cell turnover rate, are more susceptible 
to radiation mucositis. Risk factors for radiation mucositis include 
concurrent chemotherapy, younger age, alcohol, poor oral hygiene 
and dental disease. 


Some two-thirds of patients on chemotherapy develop mucositis. 
Injury to mucosae tends to be acute but affects the whole gas- 
trointestinal tract. Chemotherapy appears to cause injury to 
the mucosal barrier, with activation of the NF-KB pathway and 
release of cytokines such as TNF-a, IL-1 and IL-6. Most patients on 
high-dose chemotherapy develop severe oral mucositis that usually 
appears within 4-7 days after initiation of treatment and peaks 
within 2 weeks. The oral microflora is considered to play only a 
secondary role in the pathogenesis of mucositis. Risk factors for 
mucositis include age, body mass index, female gender, poor oral 
health, mucosal trauma and comorbidities (e.g. diabetes mellitus, 
impaired renal function). The impaired mucosal barrier in mucositis 
predisposes to life-threatening septic complications. 


Clinical features 

Mucositis typically presents with pain (which can be so intense as 
to interfere with eating and significantly affect the quality of life), 
widespread erythema, ulceration, swelling and sometimes bleeding. 


Diagnosis 
This is clinical and it is helpful to score the degree of mucositis in 
order to monitor progression and therapy [6]. 


Management 

The basic strategies in the management of mucositis aim at pain 
relief, efforts to hasten healing and prevention of infectious compli- 
cations. Interventions which have some proven success with some 
evidence base include [6-8]: 

¢ Excellent oral care, including pre-treatment dental evaluation. 

¢ Avoiding irritants (smoking, spirits or spicy foods). 

Topical analgesics used prior to meals to help combat pain 
and dysphagia, such as benzydamine hydrochloride and 2% 
lidocaine (lignocaine) gel. 

¢ Oral cryotherapy using ice popsicles. 

¢ Opioids, such as morphine and hydromorphone. 

¢ Exposure to soft laser. 

¢ Systemic administration of keratinocyte growth factor (palifer- 
min), FDA-approved for use in patients with haematological 
malignancies receiving myelotoxic therapy requiring haemato- 
poietic stem cell support. 

Interventions that show some statistically significant evidence 
of a benefit also include aloe vera, amifostine, granulocyte-colony 
stimulating factor (G-CSF), intravenous glutamine, honey, sucral- 
fate and polymixin/tobramycin/amphotericin (PTA) antibiotic 
pastille/paste. There are many other preparations used, often 
variants on the ‘magic mouthwash’ (viscous lidocaine, diphen- 
hydramine, bismuth salicylate and a corticosteroid). Monitoring 
microbial colonisation and the institution of antiviral prophylaxis 
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and antifungal prophylaxis, to avoid colonisation and superin- 
fection, is particularly important in patients with low neutrophil 
counts. 


INFECTIONS OF THE ORAL CAV 


Infections frequently present with oral ulceration. It is a common 
presentation in some viral infections, typically in the herpesvirus 
or enterovirus infections seen in childhood. It can also be seen in 
HIV/AIDS and several bacterial diseases, notably acute necrotising 
gingivitis, but also in tuberculosis and syphilis. It is rare in fungal 
infections in resource-rich countries, although the deep mycoses 
may be responsible for infection in resource-poor countries or 
in the immunocompromised. Parasitic infections may occasion- 
ally cause ulceration. Infections may also present as blisters, e.g. 
Coxsackie, herpetic or varicella infections, or erythematous spots or 
macules, e.g. measles or candidal infection. 


VIRAL INFECTIONS (CHAPTER 25) 


Chikungunya 


This togavirus (RNA), transmitted in areas around the Indian Ocean 
by the Asian tiger mosquito (Aedes albopictus) and now spread to 
Europe and the Americas, has an incubation period of 3-7 days. 
It presents with a high fever and joint pain. Similar to dengue 
fever and o’nyong’nyong virus, it features a maculopapular rash, 
headache, malaise and arthralgia [1,2]. The oral manifestations 
include oral ulceration, gingival bleeding, oral mucosal pain and 
burning, erythema, and pigmentation of the lips, tongue and hard 
palate [3]. Oral lesions occur 2-6 days after disease onset. Lesions 
mainly affected the gingiva, lips, tongue and buccal mucosa [4]. 
No cure or drug treatment is available. 


Dengue 


This is a mosquito-borne viral infection with an incubation period 
of 3-14 days. It characteristically presents with fever and headache, 
joint pains and morbilliform or maculopapular rash. Gingival 
and palatal bleeding, dry mouth and taste changes have been 
reported, but ulceration is not a prominent feature [1,2]. Osteonecro- 
sis of the jaw associated with dengue fever was also reported. 


Enteroviruses 


Hand, foot and mouth disease (Chapter 25) 


Aetiology 
Hand, foot and mouth disease is caused by predominantly cox- 
sackievirus A16 and enterovirus A71 [1,2]. Coxsackievirus A6 


has increasingly been reported as a cause of outbreaks world- 
wide [3]. 


Clinical features 

The incubation period is 3-10 days and, although young children 

are predominantly infected, there are occasional outbreaks in adults. 

Many infections are subclinical but features of the clinical syndrome 

include the following: 

¢ General features: malaise, anorexia, irritability and fever may be 
present but usually only in severe cases. 

e Anterior cervical lymph nodes may occasionally be slightly 
enlarged and tender. The oral lesions are most commonly on the 
tongue and buccal mucosa. The lesions begin as erythematous 
macules, which progress to vesicles, ranging from 1 to 5mm. The 
vesicles rupture and form superficial ulcers with a greyish-yellow 
base and an erythematous rim [1]. 

e Rash: the exanthem may be macular, maculopapular or vesicular. 
The skin lesions are non-pruritic but may be painful when caused 
by certain serotypes (e.g. coxsackievirus A6). The lesions typically 
resolve in 3-4 days. The rash typically affects the hands, feet, but- 
tocks, legs and arms. 

Hand, foot and mouth disease is self-limiting and only rarely com- 
plicated by systemic illness such as encephalitis. The condition tends 
to be more severe when it occurs in adults. 


Diagnosis and management 
As for herpangina later. 


Herpangina 


Aetiology 

Herpangina is caused by 22 enterovirus serotypes, most com- 
monly coxsackievirus A serotypes. The incubation period is 
3-5 days and young children are predominantly affected. 


Clinical features 

Many infections are subclinical, but features of the clinical syn- 
drome include malaise, anorexia, irritability, fever, sore throat, 
slightly enlarged and tender anterior cervical lymph nodes and 
mouth ulcers, predominantly on the soft palate [1,2]. Patients 
present with vesicles, ulceration, and diffuse erythema on the soft 
palate, fauces and tonsillar areas. The ulcers heal in 7-10 days. 


Diagnosis 

There may be a contact history. The main differential diagnosis is 
primary herpetic stomatitis, but in herpangina there is no acute gin- 
givitis and ulceration is mainly restricted to the soft palate. A viral 
swab may be taken from the oropharynx for polymerase chain reac- 
tion. 


Management 
The condition is self-limiting and treatment is supportive only. 


Herpesviruses 


Herpesviruses are DNA viruses that can be transmitted in body flu- 
ids such as saliva, contracted in early life, characterised by latency 
and reactivated during immunosuppression [1]. 


; Infections of the oral cavity 108.51 


There are eight subtypes of herpesviruses which span three sub- 

families (a, B, y). 

e « herpesviruses include herpes simplex viruses (HSV-1 and 
HSV-2) and varicella-zoster virus. HSV causes primary herpetic 
stomatitis and recurrent herpes labialis or intraoral recurrences. 
Herpes varicella-zoster virus causes chickenpox and shingles. 

¢ 6 herpesviruses include cytomegalovirus, which may cause some 
salivary infections. 

e y herpesviruses include EBV, which causes infectious mononu- 
cleosis, and may be associated with nasopharyngeal carcinoma, 
lymphomas and hairy leukoplakia. HHV-8 is associated with 
Kaposi sarcoma. 


Chickenpox (Chapter 25) 


Chickenpox (varicella) affects children predominantly and may 
present with intraoral vesicles that rupture to form ulcers on the 
tongue, buccal mucosa, gingival, palate and oropharynx. They are 
generally not very painful. Following the primary infection, the 
virus is transported via the sensory nerves to the dorsal spinal 
ganglia or trigeminal ganglion, where it remains latent. There is 
no gingivitis [1,2]. There may be a contact history. Following the 
primary infection, the varicella-zoster virus is transported via the 
sensory nerves to the dorsal spinal ganglia or trigeminal ganglion 
and remains latent and may be reactivated to produce shingles. 


Cytomegalovirus infection 


Cytomegalovirus may cause a glandular fever type of syndrome and 
rarely causes oral ulceration. Indolent cytomegalovirus-induced 
oral ulcers may be seen in immunosuppressed patients and in 
AIDS [1-3]. It has been termed the ‘salivary gland inclusion virus’ 
since there are inclusion bodies seen histopathologically in salivary 
glands of infected people [4]. These strikingly enlarged cells contain 
intranuclear inclusions that have the histopathological appearance 
of owl’s eyes. 


Epstein-Barr virus infections (Chapter 25) 


Epstein-Barr virus is responsible for infectious mononucleosis and 
is found in pharyngeal epithelium and appears in the saliva of 
patients for several months after clinical recovery. Infection appears 
to be spread by close oral contact, especially kissing. It is typically 
a disease of the student population. It is also associated with oral 
hairy leukoplakia, a number of malignancies of the head and neck 
including oropharyngeal carcinoma and some lymphomas [1-3]. 
Infection is often subclinical [4]. Infectious mononucleosis is also 
protean in its clinical manifestations, which include particularly 
lymphadenopathy, sore throat, fever, malaise and rashes. In the 
anginose type (sore-throat type), the throat is sore with soft-palate 
petechiae and a whitish exudate on oedematous tonsils. There may 
be non-specific oral ulceration or pericoronitis and pharyngeal 
oedema may threaten the airway. 

The glandular type of infectious mononucleosis is characterised 
by generalised lymph node enlargement and splenomegaly; the 
febrile type is characterised by fever. 

Similar syndromes may be caused by cytomegalovirus, human 
herpesvirus (HHV)-6, toxoplasmosis and HIV. Characteristic of 


infectious mononucleosis are large numbers of atypical mononu- 
clear cells in the blood and a wide variety of serological changes, 
particularly heterophil antibodies, which are detectable by the 
Paul—Bunnell or Monospot tests, usually during the first or second 
week of illness [5,6]. Several other antibodies against EBV appear 
during the course of infectious mononucleosis, but the most fre- 
quent is the antibody to viral capsid antigen, the titre of which 
reaches a peak at about 4 weeks [7]. Complications are rare but 
may include autoimmune haemolysis (and cold agglutinins), CNS 
involvement (meningitis, encephalitis, etc.), erythema multiforme, 
hepatomegaly or hepatitis, jaundice (from hepatic involvement 
or haemolysis), pericarditis or myocarditis, pneumonitis, splenic 
rupture and thrombocytopenia. 

No specific treatment is available for infectious mononucleo- 
sis [1,2,6], but supportive care is important, not only because of 
the potential for airways obstruction but also because of the asso- 
ciated lassitude. Systemic corticosteroids are required if there is 
pharyngeal oedema severe enough to hazard the airway. 


Herpes simplex gingivostomatitis 


Oral infection is common with the herpesviruses. Inoculation of 
HSV-1 at mucosal surfaces permits entry of the virus into sensory 
and autonomic nerve endings, through which it is transported to 
the cell nuclei where it remains latent [1]. Reactivation results in 
recurrent HSV disease. Herpesviruses are often excreted in saliva, 
especially in immunocompromised persons. 


Epidemiology 

About 60% of the world population under the age of 50 has HSV-1 
[2]. The prevalence is highest in low- and middle-income countries. 
It affects both sexes equally. 

Primary infection affects predominantly children and adoles- 
cents. With improving socioeconomic circumstances and standards 
of hygiene, a larger number of children are not exposed to HSV 
and enter adult life without immunity. Cases of primary her- 
petic stomatitis are therefore now seen occasionally in adults. 
HSV transmission typically occurs via oral-oral, oral—genital, or 
genital-genital contact, as well as through skin abrasions with 
infected oral secretions. HSV transmission can occur if the source is 
asymptomatic or symptomatic [3-5]. 


Pathology 

Transmission rate is higher when patients are symptomatic since 
the viral load is much greater [6]. Primary genital HSV-1 infection 
is thought to be transmitted most frequently through oral—genital 
contact. The incubation period for HSV infection ranges from 2 days 
to 2 weeks. Primary herpetic gingivostomatitis typically occurs in 
children but can occur in older children and adolescents. 


Causative organisms 

In general, HSV-1 causes primary herpetic gingivostomatitis and the 
secondary infection of recurrent herpes labialis. There are no precise 
distinctions now in the type of HSV causing oral herpes. Oral infec- 
tion with HSV-2 is more frequently seen [7,8]: 

¢ ~60% of adults are infected with HSV-1. 

e ~12% of adults are infected with HSV-2. 
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Figure 108.49 Scattered ulcers and a furred tongue in primary herpetic stomatitis. 


It is possible to have genital outbreaks of HSV-1 and HSV-2 at dif- 
ferent times. Acquiring HSV-1 in HSV-2-infected persons is unusual. 
In contrast, there is little protection against acquiring HSV-2 in those 
with a history of HSV-1 infection [8]. 


Clinical features 

The incubation period is 2 days to 2 weeks, with a mean of 4 days. 
Many infections with HSV occur in childhood and are subclinical 
and, where there is disease, it varies greatly in severity. In many, it is 
trivial and misdiagnosed or passed off as ‘teething’. 

Primary herpetic gingivostomatitis typically presents with 
malaise, anorexia, irritability, fever, enlarged and tender anterior 
cervical lymph nodes, and a diffuse, purple, boggy gingivitis espe- 
cially anteriorly. Multiple vesicles followed by round or ovoid 
ulcers 1-3mm in diameter scatter across the oral mucosa and 
gingiva (Figure 108.49). They coalesce to form large, painful ulcers 
of the oral and perioral tissues. Lesions heal without scarring within 
14 days. There are often perioral vesicular lesions (up to two-thirds 
of cases). In immunocompromised persons, herpes may manifest 
with chronic ulcers [9]. Halitosis may be an additional feature. 


Differential diagnosis 

The main differential diagnoses of herpetic gingivostomatitis in 
otherwise healthy persons are herpangina, hand, foot and mouth 
disease, aphthous ulcers and acute leukaemia. In immunocompro- 
mised persons, the differential is wider. 


Disease course and prognosis 

The resolution is spontaneous in otherwise healthy people but 
protracted in immunocompromised patients. Herpetic stomatitis 
resolves spontaneously in 7-14 days but HSV remains latent in 
the trigeminal ganglion. The most obvious sequel is that about 
one-third of patients are thereafter predisposed to recurrences. HSV 
is shed intermittently into the saliva [3-5]. HSV is implicated in 
many instances of erythema multiforme and may cause chronic 
ulcers in the immunocompromised (see later) or occasionally ulcers 
following trauma to the mouth. Complications of herpetic gingivo- 
stomatitis include dehydration, herpetic whitlow or herpetic 
keratitis from autoinoculation, eczema herpeticum, secondary 


bacteraemia with upper respiratory bacteria and encephalitis. 
In immunocompromised patients, complications include severe 
local lesions, disseminated HSV infection (e.g. hepatitis), HSV 
pneumonitis and HSV encephalitis. 


Investigations 

Usually a clinical diagnosis. A full blood picture, white cell count 

and differential, and viral studies may be prudent [10]. The latter 

include the following: 

¢ Nucleic acid studies. Polymerase chain reaction detection of HSV 
DNA: this is sensitive but expensive. 

e¢ Immunodetection: detection of HSV antigens is of some value. 
A rising titre of serum antibodies is confirmatory but only gives 
the diagnosis retrospectively. 

e The Tzanck smear can be performed in patients with active 
lesions. It is only helpful if it is positive and does not distinguish 
between HSV-1, HSV-2 and varicella-zoster virus. 


Management 

Supportive care is the mainstay of therapy and includes antipyretic 

analgesics (e.g. acetaminophen/paracetamol), sponging with tepid 

water and a high fluid intake. An antihistamine such as pro- 
methazine may help sedate an irritable child. 

e Encourage patient not to touch lesions. 

e Avoid sharing eating utensils or toys. 

e Wash utensils and hands frequently. 

e Adequate pain control. Analgesics (as elixirs or syrups for chil- 
dren) and, in adults, lidocaine mouth-baths help ease discomfort 
and 0.2% aqueous chlorhexidine mouth-baths aid resolution. 

e Blisters and sores should be kept dry. 

e Antiviral medications can shorten outbreaks. 

¢ For immunocompetent children with severely limited fluid intake 
and who present within 96 hours of onset, aciclovir may be given. 
In immunocompromised children with herpetic gingivostom- 
atitis, IV or oral aciclovir regardless of symptom duration before 
presentation is recommended [11-14]. Topical antiviral agents are 
not helpful. 


Recurrent labial HSV infection (RHL). Primary oral infection by 
HSV may produce perioral lesions (Figure 108.50). Approximately 


Figure 108.50 Primary herpetic stomatitis with extraoral lesions. 


Figure 108.51 Herpes labialis. 


Figure 108.52 Impetigo. 


30% with primary HSV-1 will develop recurrent infection. It occurs 
mainly in adults and both sexes are affected. Recurrent HSV may 
recur at the site of initial inoculation or in the distribution of the 
associated nerves. Reactivating factors include sunlight, fever, 
trauma, immunosuppression, stress and hormonal changes. Recur- 
rent herpes labialis involving the lip is the most common cause of 
blisters at the mucocutaneous junction (Figure 108.51). The lesions 
arise at the mucocutaneous junction as itching papules that progress 
to vesicles, pustules and then scab. They are unsightly and occasion- 
ally become infected with Staphylococcus or Streptococcus, resulting 
in impetigo (Figure 108.52). In immunocompromised persons, 
extensive and persistent lesions may result. In atopic persons, the 
lesions may spread to produce eczema herpeticum (Figure 108.53). 
Aciclovir has been the standard treatment used as a 5% cream and 
penciclovir 1% [15,16]. Hydrocolloid patches may be beneficial. 
Topical therapy must be administered multiple times per day and 
is less effective than oral antiviral therapy. 

Prevention may be achieved with prophylactic antivirals; aci- 
clovir (400 mg orally twice daily) or valaciclovir (500 mg orally once 
daily). 


Figure 108.53 Eczema herpeticum. 


Recurrent intraoral HSV infection. A small crop of ulcers, often 
with a raised white border and sometimes with a dendritic appear- 
ance, may occasionally affect apparently healthy individuals, 
especially at sites of trauma, for example following palatal infil- 
tration of a local anaesthetic. Chronic indolent lesions, usually 
ulcerative or nodular, may be seen in patients with neutropenia or 
chronic leukaemia; in patients with more severe immunosuppres- 
sion, such as acute leukaemia or HIV infection, more aggressive 
chronic, often dendritic, ulcers are seen frequently on the tongue 
dorsum. Aciclovir or other antivirals may be indicated systemically 
[17-21]. 


Herpesviruses 6, 7 and 8 


Oral lesions have yet to be demonstrated in infections with HHV-6 
or HHV-7. However, HHV-8 is implicated in oral Kaposi sar- 
coma [1]. Human herpesvirus 8 (HHV-8) is one of the human y 
herpesviruses. Gamma herpesviruses play an important role in 
cellular proliferation and the development of malignancies. Host 
immunity plays an important role in the control of Kaposi sarcoma, 
as demonstrated by the increased incidence among transplant 
recipients and AIDS patients. Regression of Kaposi sarcoma has 
been shown with reduction of immunosuppressive treatment and 
in immune reconstitution following antiretroviral therapy [2]. Oral 
Kaposi sarcoma is discussed earlier in this chapter. 


Herpes zoster (Chapter 25) 


Recurrence of varicella-zoster virus causes zoster, or shingles. 
If shingles affects the maxillary or mandibular divisions of the 
trigeminal nerve, mouth ulcers are usually seen [1]. 
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Chapter 108: Dermatoses of the Oral Cavity and Lips 


Clinical features 

Thirty per cent of zoster is in the trigeminal region. The pain of 
trigeminal zoster may simulate toothache. Severe pain often pre- 
cedes, accompanies and follows the rash, and postherpetic neuralgia 
may persist for months or years. 

The rash is restricted to a dermatome and is unilateral, but some- 
times a few chickenpox-type lesions can be found elsewhere. Oral 
ulcers appear in the distribution of the involved nerve division. 
There is ulceration of one side of the tongue, floor of the mouth 
and lower labial and buccal mucosa if the mandibular division 
of the trigeminal nerve is involved. One side of the palate, the 
upper gingiva and buccal sulcus are involved in maxillary zoster. 
Rarely, mandibular or maxillary zoster may disturb the formation 
of developing teeth [2] or cause jaw necrosis [3]. 

If the geniculate ganglion of the facial nerve is affected, there 
may be otitis externa, a unilateral lower motor neuron palsy of the 
facial nerve, ulceration of the soft palate and anterior two-thirds 
of the tongue unilaterally (Ramsay—Hunt syndrome) [4,5]. Herpes 
zoster keratitis or herpes zoster ophthalmicus can result from 
involvement of the ophthalmic branch of the trigeminal cranial 
nerve and can be sight-threatening [6]. 

Occasionally, there is misdiagnosis of toothache, leading to 
extraction, the true diagnosis becoming apparent only when the 
rash appears. Zoster resolves spontaneously. Postherpetic neuralgia 
(PHN) is defined as significant pain persisting for 90 days after the 
onset of rash. Numbness, dysaesthesias and allodynia may be noted 
in the affected dermatome. 

Approximately 10-15% of patients with herpes zoster will 
develop PHN. Individuals older than 60 years and immunosup- 
pressed patients have a higher incidence. 


Management 

An underlying immune defect, such as AIDS or malignancy, should 
be excluded in patients with zoster, although most zoster is related 
simply to lesser problems in advanced age. Treatment is mainly 
supportive but antivirals such as aciclovir can be useful [7-10]. 
Antiviral treatment is recommended for all immunocompetent 
patients over 50 years of age. Aciclovir tablets (400-800 mg) five 
times daily, or sugar-free oral suspension, for 7 days, or valaci- 
clovir 1000 mg three times daily for 7 days, or famciclovir 500 mg 
three times daily for 7 days are useful. Addition of systemic cor- 
ticosteroids may be beneficial in reducing PHN in patients over 
50. In ophthalmic zoster, valaciclovir 1000mg three times daily 
is indicated, and an ophthalmological opinion, since there can be 
corneal ulceration. Analgesics are indicated in zoster, although 
the pain may prove refractory to even potent analgesics, when 
antidepressants such as amitriptyline may have a place [9,11,12]. 
Treatment advances include lidocaine patches, opioid analgesics 
and gabapentin. Early recognition and treatment of high-risk 
herpes zoster patients with antiviral and analgesic therapies is 
mandatory. 


HIV infection (Chapter 31) 


Oral lesions include three types of oral and pharyngeal candidi- 
asis (pseudomembranous, erythematous and angular cheilitis), 
hairy leukoplakia due to EBV infection, other herpes-group virus 


infections including herpes simplex and herpes zoster, papillo- 
mavirus warts, severe periodontal disease, salivary gland disease, 
Kaposi sarcoma and AIDS lymphoma [1-7]. Oral lesions of HIV 
infection can serve as early markers of the disease and indicators of 
disease progression in the untreated, and their presence correlates 
with HIV load and CD4 cell depletion. 

Oral ulceration in patients infected with HIV may be due to any 
of the causes of mouth ulceration, and aphthous-like ulcers are 
also seen. Painful ulceration is one of the most distinctive man- 
ifestations of acute HIV infection and may be found on the oral 
mucosa [8]. However, it is important to exclude infections, mainly 
herpesviruses. There are also occasional examples of mouth ulcers 
due to mycobacteria, Rochalimaea, syphilis, Histoplasma, Cryptococ- 
cus, leishmaniasis and others. Malignant disease (mainly Kaposi 
sarcoma or non-Hodgkin lymphoma) may result in lumps that can 
ulcerate. 

Aphthous-like ulcers in HIV may respond to local treatment or, 
failing that, thalidomide at a dose of 200 mg/day has been shown 
in randomised double-blind placebo-controlled trials to be effective 
in the treatment of HIV-related recurrent aphthous ulceration [9]. 
Other mouth ulcers should be treated as appropriate. 

Use of long-term antiretroviral therapy may be associated with an 
increased risk of oral warts, hyposalivation, erythema multiforme, 
toxic epidermal necrolysis, lichenoid reactions and exfoliative cheili- 
tis [10,11]. HPV-associated oral warts have a prevalence of 0.5% in 
the general population, up to 5% in persons living with HIV and in 
up to 23% of those on antiretroviral therapy. 


BACTERIAL INFECTIONS (CHAPTER 26) 


Acute necrotising (ulcerative) 
gingivitis and noma 


Acute necrotising (ulcerative) gingivitis (ANUG), also called 
Vincent’s angina or trench mouth, is typically an acute gingival 
ulceration, rarely complicated by gangrenous stomatitis (when it is 
called noma). 


Epidemiology 

ANUG is uncommon, typically seen in students, malnutrition or in 
conflict situations [1]. Noma is a serious destructive necrosis affect- 
ing the soft tissues and bones of the mouth and adjoining orofa- 
cial areas [2,3]. Noma is seen predominantly in sub-Saharan Africa, 
where the estimated frequency in some communities varies from 1 to 
7 cases per 1000 population. ANUG is typically seen in children or 
adolescents and in young adults [4,5]. 


Predisposing factors 

Viral respiratory infections, stress, smoking, malnutrition or 
immune defects may precede the onset of disease, suggesting 
depression of immunity as a predisposing cause. Necrotising 
ulcerative periodontitis may be a feature of HIV infection as well 
as patients with severe immunosuppression related to cancer 
chemotherapy or malnutrition. This manifests as severe loss of 
periodontal attachment and alveolar bone [5-7]. 


Causative organisms 

Prevotella intermedia, Fusobacterium spp., Tannerella forsythia, Tre- 
ponema denticoli and other oral spirochetes are associated with this 
infection [8,9]. 


Presentation 
The mouth ulceration is usually initially restricted to the gin- 
giva, specifically the interdental papillae, which appear blunted 
(Figures 108.54 and 108.55). The history is characteristic, with an 
acute onset of severe gingival soreness, bleeding and _halitosis. 
Acute necrotising gingivitis occurs especially in the anterior part 
of the mouth where the affected gingiva are extremely tender to 
touch and an ulcerative necrotic slough forms on the gingiva. There 
is often anterior submandibular and submental lymphadenopathy 
and there may be pyrexia and malaise. 

Failure to treat acute necrotising gingivitis adequately may predis- 
pose to recurrence and, in malnourished or immunocompromised 
individuals, may lead to noma (cancrum oris, orofacial gangrene). 


Figure 108.54 Acute necrotising gingivitis showing typical ulceration of interdental 
gingival papillae. This was in HIV infection. 


Figure 108.55 Untreated acute necrotising gingivitis can lead to extensive gingival 
ulceration and irreparable damage. 


Management 

Gentle cleansing with hydrogen peroxide or chlorhexidine glu- 
conate mouthwash and a soft toothbrush is remarkably effective. 
Oral metronidazole 200 mg should be given three times daily for 
3-7 days to limit the tissue destruction in ANUG. Penicillin is 
equally effective. The patient should also be referred for dental 
advice [1] and predisposing factors, including smoking, poor sleep 
hygiene and stress, should be addressed. Noma requires attention 
also to nutrition, antimicrobials and sometimes reconstructive 
surgery [3]. 


Epithelioid (bacillary) angiomatosis 
(Chapter 26) 


This condition is due to infection with Bartonella henselae or Bartonella 
quintana. It is uncommon but occurs in the immunocompromised, 
although it may also be seen in immunocompetent patients. It 
presents with skin papules and nodules. Oral lesions have been 
seen clinically in HIV disease [1-4], sometimes as the first mani- 
festation of HIV infection [3]. Oral lesions can occur without skin 
involvement. Mucosal lesions appear as smooth purple papules or 
plaques on the gingiva, buccal mucosa, labial mucosa, hard palate 
and posterior pharynx [5]. 


Gonorrhoea 


This is a sexually transmitted disease which may infect the orophar- 
ynx with the Gram-negative organism Neisseria gonorrhoeae. 
Oropharyngeal asymptomatic carriage of gonococci is found in 
around 4% of those attending clinics for sexually transmitted 
diseases [1-3]. Following contact with infected body fluid the 
incubation period is 7-21 days. Oral mucosal erythema, sometimes 
with oedema and ulceration, is occasionally seen in oropharyngeal 
gonorrhoea [1,2]. The majority are asymptomatic, although sore 
throat, pharyngeal exudates and cervical lymphadenopathy are 
present in some cases. Diagnosis is by a bacterial throat swab. 


Leprosy 


Mycobacterium leprae causes a bacterial infection presenting with 
skin, nerve, respiratory and ocular lesions. Oral involvement has 
been reported in up to 60% of leprosy cases. It is proportional to 
the duration of the disease. Intraoral manifestations are charac- 
terised as nodular lesions that tend to ulcerate leading to necrosis 
[1-4]. The incisive papilla and anterior maxillary gingiva, soft and 
hard palate, uvula and tonsils/glossopharyngeal arches are most 
commonly affected. Cranial nerve involvement, especially of the 
trigeminal and facial nerves, may occur leading to anaesthesia of 
the orofacial tissues and facial palsy, respectively [1-4]. It is an 
important differential for granulomatous oral diseases. Diagnosis is 
through oral biopsy [5]. 
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Syphilis 


Oral ulcers may be seen at any stage but particularly in secondary 
syphilis [1-6]. In primary syphilis, a primary chancre develops 
at the site of inoculation and may involve the lips, tongue or 
palate. A small, firm pink macule changes to a papule which 
ulcerates to form a painless round ulcer with a raised margin and 
indurated base [1,2]. Chancres heal spontaneously in 3-8 weeks 
but are highly infectious and are associated with painless regional 
lymphadenopathy. 

Secondary syphilis follows after 4-6 weeks, with oral lesions in 
about one-third of patients. These are highly infectious and are usu- 
ally fairly painless ulcers (mucous patches and snail-track ulcers) or 
raised nodules in the mouth, known as condyloma lata [2-4]. 

The most characteristic oral lesion of tertiary syphilis is a localised 
granuloma (gumma) that varies in size from a pinhead to sev- 
eral centimetres, affecting particularly the palate, or the tongue. 
Gummas break down to form deep chronic punched-out ulcers that 
are not infectious (Figure 108.56). There may be bone destruction 
with palatal perforation and oronasal fistula formation. Neu- 
rosyphilis can also give rise to trigeminal neuropathy and facial 
nerve palsy. 

Oral manifestations of congenital syphilis are characterised by 
altered morphology of the anterior teeth (Hutchinson incisors), and 
the posterior dentition (mulberry molars), and perioral rhagades 
[2-4]. 


Diagnosis 

The diagnosis of syphilis is usually based on a combination of 
clinical findings, serology and histopathological confirmation. Visu- 
alisation of Treponema pallidum bacterium via darkfield microscopy 
is rarely used. Treponemal tests looking specifically for T. pallidum or 
its components as antigens include T. pallidum haemagglutination 


Figure 108.56 Gumma. 


assay (TPHA) and fluorescent treponemal antibody absorption 
assay (FTA-ABS). Importantly, the features of syphilis histologically 
are non-specific. A deep perivascular infiltrate containing plasma 
cells is suspicious of syphilis. Immunohistochemistry staining is 
essential to highlight and confirm Treponema antibody positive 
spirochetes [5]. 


Tuberculosis 


Oral lesions can develop in pulmonary tuberculosis but are not com- 
mon. A chronic ulcer with indurated, ill-defined margins, usually 
of the dorsum of the tongue, is the most common oral presenta- 
tion but patches, papillomatous lesions and indurated soft tissue 
lesions have also been described. Tuberculous osteomyelitis involv- 
ing the maxilla or mandible, or cervical lymphadenitis may be seen 
[1-4]. Rare tubercular involvement of the parotid gland has been 
reported [1]. Atypical mycobacteria are not uncommonly involved. 
Mycobacterial oral ulcers, particularly caused by Mycobacterium 
avium-—intracellulare, have been reported as a complication of AIDS 
and occasionally in apparently healthy individuals [5]. Cervicofacial 
infection is occasionally caused by M. chelonei, usually in the form of 
lymph node abscesses, or occasionally as intraoral swellings [6,7]. 


FUNGAL INFECTIONS (CHAPTER 32) 


Oral fungal infections, apart from candidiasis, rarely causes mouth 
ulcers in resource-rich countries, where they are usually seen only 
in immunocompromised or debilitated patients, including those 
with AIDS. However, they may be seen occasionally in otherwise 
healthy persons from the tropics (Table 108.11). 


Aspergillosis 


Rhinocerebral aspergillosis may ulcerate through to the mouth. This 
is a rare event, except in the severely immunocompromised [1-3]. 


Table 108.11 Rare orofacial fungal infections. 


Infection Oral manifestations 


Aspergillosis Aspergilloma 
Rhinocerebral type causes palatal necrosis 
Disseminated in immunocompromised patients 


Blastomycosis 


North American 

South American 
(paracoccidioidomycosis) 

Coccidioidomycosis 

Cryptococcosis 

Histoplasmosis 


Phycomycosis (mucormycosis, 


zygomycosis) 


Sporotrichosis 


Oral ulcers or suppurating granulomas 
Oral ulcers and lymphadenopathy 


Rarely oral ulcers 

Oral ulcers 

Lumps or ulcers in mouth 

Antral involvement with palatal ulceration in 
immunocompromised patients, especially 
diabetics 

Oral lesions rare 


; Lip lesions 108.57 


Mandibular aspergillosis has also been reported [4]. Occasionally, 
solitary aspergillosis arises as a consequence of endodontic treat- 
ment where root canal filling material enters the antrum [5], but this 
does not cause oral ulceration. Surgical debridement is usually indi- 
cated. 


Blastomycoses 


Blastomycoses may produce oral lesions which are typically 
mulberry-like ulcerated swellings especially seen on the gingiva 
and alveolus [1-3]. 


Candidiasis 


At least 70% of the normal population carry the fungus Candida 
albicans as a normal oral commensal. Carriage is more common 
in cigarette smokers. Candida resides particularly on the poste- 
rior dorsum of the tongue. The commensal form is a unicellular 
budding yeast whereas the pathogenic form is a true hyphae 
with parallel-side wall. Infection with Candida (usually Candida 
albicans) known as candidiasis, or candidosis, is likely to result 
from xerostomia, local disturbances in salivary flora such as occurs 
during broad-spectrum antimicrobial treatment, or in people who 
are immunocompromised, e.g. HIV-infected patients, transplant 
recipients and chemotherapy patients. Acute pseudomembranous 
candidiasis, candidal leukoplakia and chronic mucocutaneous 
candidiasis present as white lesions (see earlier in this chapter); the 
other types, acute and chronic atrophic candidiasis, are red (see 
earlier in this chapter) (Table 108.12). 


Table 108.12 Intraoral candidiasis. 


Type of candidosis 


Usual age at onset 


Predisposing factors® 


Acute pseudomembranous 
candidiasis (thrush)° 


Acute atrophic candidiasis 
(antibiotic sore mouth) 


Erythematous candidiasis 

Chronic atrophic 
candidiasis 
(denture-related 
stomatitis) 

Chronic hyperplastic 
candidiasis? 


Median rhomboid glossitis 


Chronic mucocutaneous 
candidiasis? 


Any 


Any 


Adults 


Usually middle-aged 
or elderly 


Third or later decades 


Usually first decade 


@ Immune defects can predispose to any form. 


5 White lesions. 


Local: dry mouth, 
antimicrobials 
General: corticosteroids, 
leukaemia, HIV 
Broad-spectrum 
antibiotics 
or corticosteroids 
Any, HIV especially 
Denture wearing, 
especially at night 


Tobacco smoking, denture 
wearing, immune 
defect 

Tobacco smoking, denture 
wearing, HIV 

Often immune defect 


Cryptococcosis 


Cryptococcus neoformans may occasionally produce violaceous 
nodules of granulation tissue, swellings or ulcers in immunocom- 
promised patients [1-4]. Oral lesions have been described on the 
gingiva, hard and soft palate, pharynx, oral mucosa, tonsillar pillar 
and after extraction [5-7]. 


Geotrichosis 


Geotrichosis is a rare livid, sharply-defined enanthema of the oral 
mucosa with ulcerations seen in immunocompromised persons, 
such as those with leukaemia or HIV infection. Geotrichum cap- 
itatum is responsible and there may also be pneumonic lung 
infiltrates [1]. Treatment includes amphotericin, 5-fluorocytosine 
and itraconazole. 


Histoplasmosis 


Oral lesions of histoplasmosis are uncommon. They are typically 
seen in chronic disseminated histoplasmosis, usually as a fungating 
or ulcerative lesion on the tongue, palate, buccal mucosa or gingiva, 
sometimes in AIDS [1-5]. 


Mucormycosis 


Rhinocerebral mucormycosis typically commences in the nasal 
cavity or paranasal sinuses and invades the palate to produce a 
black necrotic ulcer, although it might occasionally commence in 
the palate [1-4]. Although very rare, mandibular involvement can 
occur [5]. Cases are seen in diabetics or in immunocompromised 
patients such as those with AIDS [4,6]. Biopsy and radiography are 
required for diagnosis. Treatment is surgical debridement together 
with amphotericin intravenously and/or azoles. 


PROTOZOAL INFESTATIONS 


Leishmaniasis 


Leishmaniasis is rare in northern Europe and the USA; it is not 
uncommon, however, in hotter climes and may cause ulcers in the 
mouth or more commonly on the lips [1] and is seen increasingly in 
HIV disease [2-4] or in other immunocompromised states. 


LIP LESIONS .—l Va 


Lip lesions can be seen in many of the disorders described earlier 
in this chapter; this section covers conditions that manifest mainly 
or exclusively on the lips. 
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Actinic cheilitis (solar cheilosis) 


Actinic cheilitis, also called solar cheilitis or solar cheilosis, is a pre- 
malignant disorder of the lip caused by chronic sun exposure [1-4]. 


Epidemiology 

Most actinic cheilitis is seen on the lower lip of patients in their fifth 
to eighth decade of life. The frequency is higher in geographical 
areas with high ultraviolet (UV) radiation, in open-air workers and 
in people with fair skin. 


Predisposing factors 

The main factor is UV radiation. The vermilion of the lower lip 
in particular receives a high dose of UV irradiation and is poorly 
protected by keratin and melanocytes [5]. Tobacco smoking may 
aggravate the condition. Voriconazole therapy is a further risk fac- 
tor [6]. Other forms of radiation such as arc-welding can occasionally 
cause similar damage. Actinic cheilitis rarely may be an early mani- 
festation of a genetic susceptibility to light damage, as in xeroderma 
pigmentosum and oculocutaneous albinism. Immune defects, 
including immunosuppression in organ transplant recipients, also 
predispose to actinic damage and malignant transformation. 


Pathology 

Histology shows acanthosis, hyperkeratosis, focal areas of atrophy. 
An inflammatory infiltrate in which plasma cells may predominate 
can also be seen. Nuclear atypia and abnormal mitoses may be seen 
in the more severe cases, and some develop into invasive squamous 
carcinoma. The collagen generally shows basophilic (elastotic) 
degeneration [3,4]. 


Clinical features (Figure 108.57) 

Actinic cheilitis tends to affect the lower lip with sparing of the 
oral commissures [1,2]. In the early stages there may be redness 
and oedema. Repeated exposure to UV radiation over long peri- 
ods produces chronic tissue changes and the lip may become dry, 


Figure 108.57 Chronic actinic cheilitis with leukoplakia. Courtesy of Addenbrooke's 
Hospital. 


scaly and atrophic. The lip may become palpably thickened with 
small greyish white plaques. The border between the vermilion 
and the skin or mucosa becomes indistinct. Eventually, warty 
nodules may form, which may evolve into SCC. Suspicious features 
include: pain, chronic ulceration, a speckled area, generalised atro- 
phy with focal areas of whitish thickening, persistent flaking and 
crusting. 


Investigations 

A biopsy should be taken from an area representative of the 
lesion’s severity, as well as from areas with atrophy, ulceration or 
induration. The differential diagnosis includes lichen planus, lupus 
erythematosus, leukoplakia and SCC. 


Management 

Treatment of actinic cheilitis is required to relieve symptoms and 

to endeavour to prevent development of squamous carcinoma 

[7,8-10]. Wearing broad-brimmed hats, using broad-spectrum 

sunscreen (protection against both UVA and UVB rays) applied 

generously and frequently, and minimising sun exposure is advised. 

The highest success rates are reported with surgical approaches, 

laser therapy (mainly ablative CO, laser) or photodynamic therapy 

with aminolaevulinic acid. However, topical therapies are also very 
successful. 

Topical chemotherapeutic approaches, e.g. topical applications 
of fluorouracil (5-FU) or 5% imiquimod have a good success rate 
of approximately 75% and are straightforward to prescribe and 
administer. Repeated courses over 2-3 weeks provide incremental 
success. 

e 5% fluorouracil twice daily for 2-4 weeks. Imiquimod 5% cream 
may be applied to the involved area three times per week for 
4-6 weeks. 50% trichloracetic acid or 3% diclofenac gel with 2.5% 
hyaluronic acid may also be effective. 

e For patients with severe actinic cheilitis with evidence of high- 
grade dysplasia, vermilionectomy followed by defect repair by 
primary closure or mucosal advancement flap is the treatment of 
choice. 

e Laser ablation may be an option for severe actinic cheilitis without 
evidence of high-grade dysplasia. 

e Photodynamic therapy (PDT) with and without imiquimod is also 
a treatment option. 

Following treatment, the regular use of a sunscreen lipsalve 
containing p-aminobenzoic acid probably gives the best protection. 
The estimated malignant transformation rate of actinic cheilitis 
into SCC approximately 3% [10,11]. Particular care should be taken 
to protect the vermilion of the lips with adequate sunscreens in 
patients with photosensitivity disorders such as xeroderma pig- 
mentosum, in those whose exposure to UVB is high, and in those 
using photosensitising agents. 


Actinic prurigo (Chapter 126) 


Actinic prurigo is a photodermatosis often considered a variant 
of polymorphous light eruption, although actinic prurigo has 
distinct clinical features [1]. Actinic prurigo is characterised by 
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symmetrical involvement of sun-exposed areas of the skin, lips and 
conjunctivae. 


Epidemiology 

Onset usually occurs in childhood, may spontaneously improve 
in adolescence, but can persist into adulthood. A family history is 
present in up to 50% of patients. 

The condition predominates in women. It is seen mainly in native 
populations living at high altitudes especially in Latin America 
and in Asia, including in India, Thailand and China. The absence 
of mucosal involvement is a distinguishing feature between Asian 
and white populations. 


Pathophysiology 

Pathology 

The diagnosis of actinic prurigo is often based upon clinical find- 
ings. Histological examination shows acanthosis, mild spongiosis, 
oedema of the lamina propria, moderate-to-dense in a band-like 
lymphocytic inflammatory infiltrate, eosinophils and, occasionally, 
lymphoid follicles [2]. 


Genetics 

The specific locus, HLA-DRB1*0407, has been identified in 60-70% 
of patients [1,3-5]. In Singapore, there is a close association with 
HLA-DRB1*0301 [6]. 


Environmental factors 
Lesions are induced by exposure to both UVA and UVB. UVA elicits 
the condition in most patients. 


Clinical features 

Facial skin and lips are involved in two-thirds of cases with an 
intensely itchy, excoriated papular and nodular skin eruption, 
and lip pruritus, oedema, scales, fissures, crusts and ulceration 
[7,8]. Polymorphic light eruption (PMLE) is usually present in 
the actinic prurigo of American Indians. It commonly presents in 
young women as a photosensitive facial rash with pruritic lower lip 
cheilitis, and it may be associated with conjunctivitis, pseudoptery- 
gium and eyebrow alopecia. Commonly, lesions are symmetrically 
distributed. 


Investigations 

On biopsy, actinic prurigo is distinguished from actinic cheilitis, 
which is due to prolonged and excessive exposure to UV irradiation, 
by the relative absence of epidermal dysplasia and solar elastosis. 
Serum immunoglobulin E (IgE) levels are elevated in nearly 50% 
and are associated with moderate or severe disease [9]. 


Management 

Actinic prurigo treatment is with sunscreens, B-carotene and anti- 
histamines. Topical corticosteroids can offer some relief. Topical 
application of tacrolimus may be effective in patients with milder 
disease. Phototherapy with psoralen plus ultraviolet A (PUVA) 
is an option in those with persistent symptoms [10]. Thalido- 
mide has been successful in patients with resistant disease [11,12]. 


Pentoxifylline, cyclosporine and azathioprine are other options in 
resistant cases [13,14]. 


Angular cheilitis 


Angular cheilitis is a chronic inflammatory lesion affecting 
usually both commissures. Most cases are seen in people with 
denture-related stomatitis and is related to Candida [1,2]. 


Epidemiology 

Angular cheilitis is common. It occurs mostly in adults, particularly 
the older age group. It occurs in both males and females. There is no 
known geographic incidence. 


Pathophysiology 

Predisposing factors 

Most cases are due to mechanical and/or infective causes or dry 

mouth, but nutritional or immune defects are also causes: 

° Infective agents are the major cause. 

¢ Immune deficiency, such as diabetes and HIV infection, may 
present with angular stomatitis [3-5]. Outbreaks of acute pus- 
tular and fissured cheilitis may occur in children, particularly 
if they are malnourished, and in some cases streptococci or 
staphylococci have appeared to be causative. 

¢ Mechanical factors in edentulous patients who do not wear a 
denture or who have inadequate dentures, and also as a normal 
consequence of the ageing process, produce an oblique curved 
fold and keep the small area of skin constantly macerated. 

¢ Nutritional deficiencies, particularly deficiencies of riboflavin, 
folate, iron and general protein malnutrition, may produce 
smooth shiny red lips associated with angular stomatitis, a 
combination called cheilosis [6]. 

e Disorders where the lip anatomical relationships are changed — 
such as when the vertical dimension of occlusion is reduced, 
or where lips are enlarged, such as in orofacial granulomatosis, 
Crohn’s disease and Down syndrome [7,8] may cause angular 
cheilitis. 

¢ Hyposalivation, such as after drug therapy, irradiation or in Sjogren 
syndrome may be a predisposing factor. 


Causative organisms 

Candida and/or staphylococci are isolated from most patients [9,10]. 
Permanent cure can be achieved only by eliminating the Candida 
beneath the upper denture [11,12]. Agents causing hyposalivation 
(e.g. irradiation, chemotherapy or anticholinergic drugs) can predis- 
pose to infections. Candida albicans or Staphylococcus aureus can be 
isolated in up to 54% of lesions. 


Clinical features 

The common complaints are of soreness, erythema and fissuring 
affecting the angles of the mouth. Typically, the condition persists 
or recurs. Atrophy, erythema, ulceration, crusting and scaling may 
be seen (Figure 108.58). Lesions occasionally extend beyond the 
vermilion border onto the skin in the form of linear furrows or 
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fissures radiating from the angle of the mouth (rhagades), mainly 
in the more severe forms, especially in denture wearers. An eczema- 
tous dermatitis may extend onto the cheek or chin as an infective 
eczematoid reaction. 


Investigations 

This is usually a clinical diagnosis, made by clinical examination. 
Intraoral inspection in angular cheilitis may reveal palatal erythema 
caused by associated denture-related stomatitis. 


Management 

Management of angular cheilitis is sometimes difficult and therapy 
may need to be prolonged. Dentures should be removed from 
the mouth at night and stored in a candidacidal solution such as 
hypochlorite. Denture-related stomatitis should be treated with an 
antifungal. Miconazole may be preferable treatment for candidiasis 
(cream applied locally, together with the oral gel) as it has some 
Gram-positive bacteriostatic action. New dentures that restore 
facial contour may help. The skin lesions should be swabbed and 
staphylococcal infection treated with fusidic acid ointment or cream 
at least four times daily. Miconazole plus hydrocortisone cream, 
fucidin plus hydrocortisone cream, clotrimazole plus hydrocor- 
tisone cream and nystatin plus hydrocortisone cream are other 
choices. 


Blisters on the lips 


Blistering is commonly due to recurrent herpes labialis but may 
be caused by various forms of cheilitis; trauma; burns from 
irradiation, heat or chemicals; solvent abuse; infections such as 


impetigo; mucoceles; allergies; lupus erythematosus; amyloidosis 
or vesiculobullous disorders [1-5]. 


‘Chapping’ of the lips 


Chapping is a reaction to adverse environmental conditions usually 
caused by exposure to freezing cold or to hot dry winds. The keratin 
of the vermilion loses its plasticity, so that the lips become sore, 
cracked and scaly. The affected person tends to lick the lips, or to 
pick at the scales, which may aggravate the condition. 

Treatment is by application of petroleum jelly and avoidance of 
the adverse environmental conditions. 


Cheilitis 


Cheilitis may arise as a primary disorder of the vermilion zone or 
the inflammation may extend from nearby skin or, less often, from 
the oral mucosa. 


Contact cheilitis 


Contact cheilitis is an inflammatory reaction provoked by an irri- 
tant (irritant contact cheilitis) or a sensitising compound leading 
to type 4 hypersensitivity (allergic contact cheilitis). Substances 
leading to allergic contact cheilitis include medicaments, cosmetics 
and toothpastes /mouthwashes but may also include other contact 
items, e.g. the mouthpiece of musical instruments [1-3]. Box 108.8 
includes the most common as well as the rarer causes. 


Box 108.8 Allergens associated with delayed 
contact cheilitis 


Fragrances /flavour — fragrance mix, cinnamon, eugenol, oak moss, 
limonene, linalool, menthol, carvone, Balsam of Peru (Myroxylon 
pereirae), anethole 

¢ Propolis (bee glue) 

e Preservatives — gallates, benzoic acid 

¢ Medicaments and ointment bases 

¢ Metals — nickel, gold 

e Shellac 


Rarer causes 

¢ Colourings/dyes 

¢ Other metals, e.g. tin fluoride 
e Sunscreens — benzophenones 
e Nail varnish 


It is essential to undertake patch testing that includes a standard 
European series plus cosmetics, flavourings and the patient’s own 
products. Dental allergens for stomatitis with a history of restorative 
work should also be considered. Photopatch test for cheilitis caused 
by photocontact allergy to sunscreens, e.g. benzophenone-3. When 
considering irritancy with toothpaste, it is important to test diluted 
samples and undertake semi-open tests (Chapter 127). 


Allergen groups may include drugs, vehicles, perfumes and 
flavourings, dental materials and photocontact products, e.g. 
sunscreens. Some of the specific allergens are detailed below: 

e Medicaments. These may include: topical anaesthetics, corticos- 
teroids, antimicrobials, e.g. antiviral, antibacterial, anti-yeast 
therapies plus their vehicles (lanolin, propylene glycol). 

¢ Cosmetics. These include lip balms and lipsticks (Box 108.8). Com- 
ponents include: fragrances /flavourings, e.g. limonene, linalool, 
cinnamon, essential oils; propolis; preservatives /antioxidants; 
shellac; vehicle allergens such as lanolin and propylene glycol; 
sunscreens — consider potential photocontact allergy. 

¢ Toothpaste: flavourings, e.g. mint/spearmint; allergens, e.g. 
limonene and linalool, carvone, surfactants, tin, other metals. 

¢ Mouthwashes (borderline substances) contain flavourings and 
antiseptics (chlorhexidine, triclosan). 

¢ Dental materials: acrylates, metals (nickel/chrome, gold), amal- 
gam/mercury, topical anaesthetics, rubber, chlorhexidine. 


Clinical features 

Lipstick cheilitis is sometimes confined to the vermilion but more 
often extends beyond. There may be persistent irritation and scaling 
or a more acute reaction with oedema and vesiculation. Hyperpig- 
mentation is an occasional complication. 


Diagnosis 

If acute eczematous changes are obviously present, the diagnosis 
of contact cheilitis is confirmed with patch testing. An irritant cheili- 
tis will improve with avoidance of the contact factor. A history of 
eczema or atopy may otherwise indicate eczematous cheilitis. 


Management 
Avoidance of contact allergen and topical corticosteroids (fluticas- 
one propionate, mometasone furoate) or tacrolimus. 


Drug-induced cheilitis 


Haemorrhagic crusting of the lips (Figure 108.59) is a feature 
Stevens—Johnson syndrome (Chapter 118). 

Aromatic retinoids such as etretinate and isotretinoin frequently 
cause cheilitis, dryness and cracking of the lips [1,2]. Similar effects 
may follow use of voriconazole [3-5]. Many other drugs have been 
described as detailed in Table 108.13 [6]. 


Table 108.13 Drug-related cheilitis. 


Drugs most commonly implicated Drugs occasionally implicated 


Isotretinoin Atrovastatin 
Acitretin Busulfan 
Protease inhibitors Clofazimine 
Vitamin A Clomipramine 
Cyanocobalamin 
Methyldopa 
Psoralens 


Streptomycin 
Sulfasalazine 
Tetracycline 


Eczematous cheilitis 


The lips are often involved secondarily to atopic eczema (Chapter 
41). The treatment is with emollients and topical corticosteroids. 
A potent steroid such as fludrocortisone may be required. 


Exfoliative cheilitis 


Exfoliative cheilitis is an uncommon inflammatory condition affect- 
ing the vermilion border of one or both lips that results in peeling, 
cracking, pain or burning and is a significant cause of morbidity 
(Figures 108.60 and 108.61) [1,2]. It is often ongoing with fluctua- 
tions in severity. Patients frequently search tirelessly for a solution 
and try numerous ointments and balms to ease symptoms. Making 
the diagnosis is essential as early as possible to break the habits 
that patients develop, explaining where possible the underlying 
cause and introducing optimal multidisciplinary approaches to 
management. The precise cause is unknown, but it is frequently 
associated with atopy or seborrheic dermatitis and is therefore often 
considered to be a localised form of eczema [3]. There is very little 
literature on this condition. 


Epidemiology 

Patients may present in adolescence or early adulthood although 
later presentation is also seen. Males and females may be affected. 
Age of onset varies. 


Figure 108.59 Haemorrhagic crusting of the lips in Stevens-Johnson syndrome. 


Figure 108.60 Factitious cheilitis due to repeated lip sucking. 
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Figure 108.61 Exfoliative cheilitis. 


Pathophysiology 

An underlying tendency to eczema is present in about 40% of 
patients. Additionally, underlying mental health problems are also 
frequently present ranging from stress and anxiety to combined 
anxiety and depression, obsessive compulsive disorders and eat- 
ing disorders. Contact dermatitis may be relevant in a significant 
proportion of patients. Secondary infection is also very frequent. 


Clinical features 

Patients slowly develop a tendency to dry, peeling lips at the onset. 
The process, which often starts in the middle of the lower lip and 
spreads to involve the whole of the lower or both lips, is more or less 
confined to the vermilion border, and persists in varying severity for 
months or years [1,2]. Patients find themselves picking and peeling 
the dry skin away and start to apply copious amounts of emol- 
lient. This harbours bacteria, most frequently Staphylococcus aureus, 
and yeasts. Patients complain of pain, burning and discomfort. 
There is a large psychological morbidity that further exacerbates a 
tendency to anxiety or depression. Patients start to avoid wetting 
their lips in the shower and guard their lips, trying to have as little 
contact with liquid or food as possible. Some drink through a straw 
and allow large amounts of keratin to sit on the lip surface. 


Differential diagnosis 

Contact and active cheilitis must be carefully excluded. Chronic 
exfoliative cheilitis is readily contaminated by Candida. Swabs of 
the nose and mouth for microscopy, culture and sensitivity are vital 
and need to be repeated frequently. Biopsy is not indicated. Patch 
testing is valuable. 


Management 

Some cases resolve spontaneously or with improved oral hygiene. 
Modification of unhelpful habits such as lip licking is important. 
Vaseline or lip balms should be limited to occasional use. Wiping 
away the loose keratin each morning after a shower is important, 
followed by a twice daily application of topical tacrolimus 0.1% 
for 6 weeks initially [4-6]. This can be continued as needed to 
control inflammation, but should be avoided if exposure to direct 
sunlight is likely during the day. Maintenance twice weekly is 


Table 108.14 Some lip/facial fillers and implants. 


Origin Material Usage 


Natural fillers Hyaluronic acid Frequent 

Fat Occasional 

Calcium hydroxylapatite Occasional 

Poly-L-lactic acid Occasional but more typically 
for volume restoration in 


other parts of the face 


Synthetic fillers 


Polyacrylamide and Rare 
polymethylmethacrylate 
Synthetic alloplastic Silicone Occasional use 


implants Rarely used 


Extended 
polytetrafluoroethylene 


essential. Treating infection in the nose and mouth with antibiotics 
and antifungals is important. Antiseptic mouthwashes should 
also be used daily. Finally, and most importantly, a psychological 
assessment is recommended in those with mental health prob- 
lems [7]. Without this combined approach, treatment is unlikely to 
be successful. 


Foreign body cheilitis 


Injectable fillers used in cosmetic procedures are listed in Table 
108.14. Hylauronic acid is the most frequently used, has a low 
side-effect profile and is dissolvable. These are temporary fillers 
lasting for 6 months, although some may have an effect for 2-3 years. 
Synthetic injectable materials are permanent and are now rarely 
used. They have been associated with a higher risk of complications. 

Early complications of fillers may include oedema, erythema, 
paraesthesia, pain, bruising and haematoma [1]. Later complica- 
tions include temporary lumps caused by volume effect, infection 
or a foreign body reaction [2-8]. Rarely, more serious complications 
have been described, such as delayed-onset nodules and vascular 
occlusion with resulting tissue necrosis [9]. 

MRI shows signs of intense inflammatory reactions in the 
affected areas. Histology reveals foreign body granulomas with 
multinucleated giant cells. The foreign material can be identified on 
histological examination. 

Treatment of complications from hyaluronic acid fillers includes 
hyaluronidase to dissolve the filler and antibiotics for infection. 
Synthetic fillers are non-reversible; intralesional corticosteroid may 
be used for inflammatory reactions, use of a needle to break up 
clumps of material or surgical intervention. 


Glandular cheilitis 


Glandular cheilitis is characterised by inflammatory changes and 
swelling of salivary glands in the lips [1-4]. It is a clinical diag- 
nosis based on the clinical finding of a swollen lip with dilated 
salivary gland ostia exuding a mucous substance and forms part 
of the spectrum of OFG. It is an uncommon idiopathic condition 
that in a few cases has apparently been familial. Although it was 
originally thought that the condition was due to inflammation of 
enlarged heterotopic salivary glands, the glands are often normal 
in size, depth and histology [3,4]. Several factors appear to play a 
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role, including atopy, infection and tobacco use. Where swelling is 
persistent or has a fluctuating acute on chronic course, the diag- 
nosis is now usually grouped into OFG and investigations for an 
underlying cause may be helpful. This is further discussed in the 
systemic disease section. 


Infective cheilitis 


Types of infective cheilitis are as follows: 
e Viral. Lip infections with HSV are common, and varicella-zoster 
virus and HPV may also affect the lips. Rare viral infections such 
as orf [1-4] and vaccinia [5] can affect the lips. 
e Bacterial. Dental infection or occasionally a furuncle or carbuncle 
may cause swelling of the lip. Impetigo may mimic herpes labi- 
alis (Chapter 25). Cancrum oris (fusospirochaetal infection) may 
cause labial and buccal necrosis [4]. 
¢ The lip is the most common extragenital site for a primary 
syphilitic lesion. Most lip chancres in males tend to occur on 
the upper lip, in females on the lower lip. In secondary 
syphilis, moist flat papulonodular lesions (condylomata lata) 
often appear at the mucocutaneous junctions and on mucosal 
surfaces, especially at the commissures [5]. The tropical 
treponematoses may present similarly to syphilis. 

e Tuberculosis or leprosy may cause chronic lip swelling or ulcer- 
ation [6]. 

¢ Rhinoscleroma initially affects the nasal mucosa but may 
spread slowly to the upper lip, producing plaques or nodules 
with sunken centres. The extreme hardness of the infiltrations 
is characteristic. The lip can appear to fuse to the alveolar 
process, but the overlying skin and mucosa remain normal. 

e Protozoal. Cutaneous or mucocutaneous leishmaniasis typi- 
cally causes swellings on the upper lip with later enlargement 
and destruction of the lip [7], reflecting the three stages of 
oedema, granulomatous proliferation and then necrosis. Skin 
scraping or biopsy stained with Giemsa, culture and polymerase 
chain reaction are useful for diagnosis. 

e Fungal. Blastomycosis and paracoccidioidomycosis are uncom- 
mon causes of chronic ulceration affecting the lip, producing very 
similar clinical lesions to leishmaniasis [8]. 

¢ Others. Red swollen lips with fissuring and exfoliation are 
prominent in mucocutaneous lymph node syndrome (Kawasaki 
disease). 


Plasma cell cheilitis 


Plasma cell cheilitis is an idiopathic benign inflammatory condition, 
presenting with a well-defined, indurated, or eroded erythematous 
plaque and characterised by dense plasma cell infiltrates in the lips 
and other mucosae close to body orifices [1,2]. The condition has 
been reported (under a wide variety of names) to affect the penis, 
vulva, lips, buccal mucosa, palate, gingiva, tongue, epiglottis and 
larynx. 

Plasma cell cheilitis is the counterpart of Zoon plasma cell 
balanitis (Chapter 109). It presents as circumscribed flat or ele- 
vated patches of erythema, usually on the lower lip in an elderly 
person. Histology demonstrates a dense, band-like lichenoid 
infiltrate predominantly composed of mature plasma cells. The 
cause is unknown and treatment is difficult. It may respond to the 


Figure 108.62 Lip fissure. 


application of powerful topical corticosteroids such as clobetasol [3], 
or to the intradermal injection of triamcinolone [4,5], or to topical 
tacrolimus [6,7]. 

A similar lesion, which tends to form a tumorous mass with a 
hyperkeratotic surface and needs to be differentiated from extra- 
medullary plasmacytoma [8], has been called plasma-acanthoma [9]. 


Other lesions of the lip 


Calibre-persistent artery 


A calibre-persistent artery is defined as an artery with a larger 
than normal diameter near a mucosal or external surface. When 
such arteries occur in the gut wall (Dieulafoy malformation) they 
may bleed, but in the lip they tend to cause chronic ulceration 
that can be mistaken for a mucocoele or a squamous cancer [1,2]. 
Intraoral examples have been reported [3]. The ulcer is attributed 
to continual pulsation from the large artery running parallel to the 
surface, although the exact mechanism is obscure. Ultrasound may 
assist diagnosis [4]. Ligation of the artery appears successful. 


Lip fissure 


A lip fissure may develop when a patient, typically a child, is 
mouth-breathing (Figure 108.62). Otherwise, the aetiology may be 
obscure, though sun, wind, cold weather and smoking are thought 
to predispose. A hereditary predisposition for weakness in the first 
branchial arch fusion seems to exist. Lip fissures are common in 
Down syndrome and the lips may also crack in this way if swollen, 
for example in cheilitis granulomatosa. 


Clinical features 

Most lip fissures are seen in males, typically median in the lower 
lip and chronic, causing discomfort and possibly bleeding from 
time to time [1]. Contrary to the clinical impression that fissures 
are seen only in the lower lip, there is also a high prevalence in the 


upper lip. 
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Figure 108.63 Discoid lupus erythematosus of the lower lip. 


Diagnosis 
The diagnosis is clinical. 


Management 

Predisposing factors should be managed. Bland creams may help 
the lesion heal spontaneously. Otherwise, local applications of 1-2% 
silver nitrate, 0.5% Balsam of Peru, salicylic acid and topical antimi- 
crobials seem less effective than excision, preferably with a Z-plasty, 
cryosurgery [2] or carbon dioxide laser [3]. 


Lupus erythematosus (Chapter 51) 


Involvement of the vermilion zone is quite common in both discoid 
erythematosus and systemic lupus erythematosus [1-4]. The cheili- 
tis of systemic lupus erythematosus tends to be more severe, with 
erosions and haemorrhagic crusts. Lupus erythematosus can be 
very difficult to distinguish from lichen planus of the lips, both 
clinically and by histology (Figure 108.63). Discoid lupus can be 
premalignant [5-8] and should be treated with topical steroid oint- 
ments and sunscreens. Microinvasive squamous carcinoma arising 
in DLE lesions have been successfully treated with imiquimod 5% 
cream [9]. 


Reactive perforating collagenosis (Chapter 94) 
Crateriform papules of the lower lip have been reported in reactive 
perforating collagenosis [1]. 


Sarcoidosis (Chapter 96) 


Sarcoidosis may cause chronic violaceous lesions on, or swelling of, 
or in, the lips. See later in this chapter. 


FACIAL PAIN SYNDRO! 


Most oral pain is of local aetiology, usually resulting from odonto- 
genic infections. Neurological, vascular and referred causes are less 
common, but must also be excluded. 


Chronic oral soreness may be caused by ulceration, or by mucosal 
lesions in geographic tongue, lichen planus or deficiency states. 
Geographic tongue and burning mouth syndrome are common 
causes of a sore tongue. Lichen planus is the most common cause of 
chronic soreness in the buccal mucosae. Desquamative gingivitis is 
the common cause of persistently sore gingivae. 


Burning mouth syndrome 


Burning mouth syndrome (BMS), also known as oral dysaesthesia, 
is the term used when symptoms, usually described as a burning 
sensation, exist in the absence of clinically identifiable oral mucosal 
disease and when a medical or dental cause has been excluded. 
The International Headache Society defines BMS as an ‘intra- 
oral burning or dysaesthetic sensation, recurring daily for more 
than 2 hours per day over more than 3 months, without clinically 
evident causative lesions’. A burning sensation may have defined 
causes. Haematinic deficiency states, erythema migrans (geographic 
tongue), ulcers, mucositis, lichen planus and candidiasis can cause 
oral soreness or burning sensation. 


Epidemiology 

BMS is seen especially in middle-aged or older patients. It is most 
frequent in postmenopausal women, with a general population 
prevalence of around 1% [1-3]. BMS is seen in women in a ratio of 
about 10:1. 


Pathophysiology 

Idiopathic BMS is considered ‘primary’ BMS, whereas ‘secondary’ 
BMS has an identifiable cause. Defined clinical conditions that 
must be excluded, since they can also present with a burning 
sensation, are shown in Box 108.9. There is consistent evidence 
for neuropathic alterations in primary BMS. Damage to peripheral 
small nerve fibres can produce a burning sensation and may result 
from deficiency, endocrine disorders, viral infection and Sjégren’s 


Box 108.9 Causes of burning mouth 


Local 

¢ Candidiasis 

¢ Geographic tongue 

¢ Lichen planus 

¢ Oral submucous fibrosis 

¢ Denture-induced allergy 

e Ill-fitting dentures 

e Parafunctional habits, e.g. tongue thrusting 


Systemic 
¢ Deficiency states 
e Pernicious anaemia and other vitamin B deficiencies 
¢ Folate deficiency 
¢ Tron deficiency 
¢ Zinc deficiency 
e Diabetes 
¢ Sjégren’s syndrome 
¢ Drugs (captopril, proton pump inhibitors, protease inhibitors) 
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syndrome [4]. Tongue biopsies have shown a lower density of small 
fibres in symptomatic areas suggesting damage of peripheral small 
fibres as a possible cause [5]. Nerve growth factor (NGF) peptide 
and tryptase activity appear significantly and persistently raised 
in saliva in BMS. It can also follow damage to the cauda tympani 
nerve [6]. 

In Parkinson disease, 40% of patients report burning mouth. 
The reduction in dopamine in the nigrostriatal neurons and the 
putamen in primary BMS patients found by positron emission 
tomography (PET) studies is similar to PET findings in early 
Parkinson disease [7]. 

The predisposition of BMS in peri-/postmenopausal females 
has suggested dysfunction of the hypothalamus-pituitary—gonadal 
(HPG) axis may play a role [8]. There is a high prevalence of 
psychiatric symptoms and/or disorders in BMS: anxiety, depres- 
sion, somatisation, cancer phobia and insomnia are the most 
common diagnoses seen in this patient group [9,10]. 


Pathology 

Burning mouth with a tongue of normal clinical appearance may 
be seen in deficiency states, drugs (e.g. angiotensin-converting 
enzyme inhibitors such as captopril, enalapril, lisinopril; protease 
inhibitors; cytotoxic agents; clonazepam) and diabetes. Uncommon 
causes that may need to be considered include hypothyroidism, 
lupus erythematosus, hypersensitivity (to sodium metabisulphite, 
nuts, dental materials and other substances) and galvanic reactions 
to metals in the mouth. 


Clinical features 
BMS most frequently affects the tongue, especially its tip and 
anterior two-thirds, but it can also affect the anterior palate or, 
less commonly, the lips or gingivae. Usually, symptoms are bilat- 
eral and symmetrical. Symptoms of BMS vary between occurring 
mildly with occasional symptom-free days, to unremitting constant 
burning. The pain tends to be worse as the day progresses. Dry 
mouth and dysgeusia (altered taste perception) are also frequently 
described, e.g. metallic or sour taste. Frequent comorbid conditions 
include depression and anxiety, chronic fatigue and gastrointestinal 
symptoms. 
The symptoms are variable and may be: 
¢ Moderately severe. 
e Relieved by eating and drinking, in contrast to pain caused by 
organic lesions, which is typically aggravated by eating. 
e Persistent though fluctuating in severity, but does not disturb 
sleep. 
e Prolonged. 


Investigations 

BMS is the diagnosis when all organic causes have been excluded, 
investigations are all negative, and examination shows no clinically 
detectable signs of mucosal disease. Investigations indicated may 
include psychological screening using, for example, the hospital 
anxiety and depression scale (HADS). Hyposalivation should be 
excluded as this may predispose to candidiasis. Laboratory screen- 
ing for anaemia, diabetes, a deficiency state or hypothyroidism 
should be undertaken. 


Management 
Few patients with BMS have spontaneous remission in the short 
term and thus an attempt at treatment is indicated [11-14]. Patient 
information is an important aspect in management and often 
reassurance is very helpful in alleviating anxiety from the outset. 
Active dental or oral surgical treatment, or attempts at ‘hormone 
replacement’, in the absence of any specific indication, should be 
avoided. Attention to factors such as haematinic deficiencies may 
occasionally be indicated [15,16]. Patients should avoid anything 
that aggravates symptoms. Cognitive behavioural therapy or a 
specialist referral may be indicated [17]. Some patients respond 
to medication: 
¢ Topical medication: benzydamine rinse or spray [18]; capsaicin 
cream 0.025% (Zacin) or a clonazepam tablet 0.5mg sucked for 
2 minutes before discarding [19,20]. 
¢ Mouth wetting agents (for BMS patients with hyposalivation). 
¢ «-lipoic acid systemically [21]. 
¢ Hormone replacement therapy (HRT). 
e Anti-depressants in low doses [22-24]. 
However, treatment is rarely completely successful [25]. 


Persistent idiopathic facial pain 


Persistent idiopathic facial pain (PIFP) is described as a persistent 
facial and/or oral pain, with varying presentations but recurring 
daily for more than 2 hours per day over more than 3 months, 
in the absence of clinical neurological deficit. The pain cannot be 
attributed to any pathological process [1]. The diagnosis is difficult 
to make since it is reached only by the exclusion of organic disease. 
The current theory is that PIFP is a disproportionate reaction to a 
mild injury, but the exact pathophysiology is still unknown. There 
are often recent adverse life events, such as bereavement or family 
illness and/or dental or oral interventional procedures. 


Epidemiology 

PIFP is rare but may account for up to 20% of the patient popula- 
tion in orofacial pain clinics. Mean age of onset is in the mid-40s. 
Most patients are female. 


Pathophysiology 

PIFP is considered a neuropathic pain syndrome. Studies show 
increased neuronal excitability at the brainstem level, disturbed 
inhibitory function of the prefrontal cortex, and alterations in 
the dopamine systems associated with pain transmission and mod- 
ulation [2-4]. Psychiatric and psychosocial disability have often 
been associated with PIFP, in particular anxiety and depression [5,6]. 


Clinical features 

Onset is often associated with minor surgical or other invasive 
dental procedures [7]. The location of the pain is unrelated to the 
anatomical distribution of trigeminal nerve innervation, poorly 
localised, and sometimes crosses the midline to involve the other 
side or moves to another site [4]. It may be bilateral in up to 40% 
[8]. The pain is long-lasting (years) and often of a deep, dull, boring 
or burning type, persisting for much or all of the day, but does 
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not wake the patient from sleep. There are few, if any, periods of 
remission. Objective signs are lacking. Investigations are normal. 
Response to treatment is poor. 


Diagnosis 

Making this diagnosis is not simple and follows a process of elim- 
ination of other potential causes of orofacial pain. Examination 
of at least the mouth, perioral structures and cranial nerves, and 
imaging (tooth/jaw/sinus/skull radiography, MRI/CT scan with 
particular attention to the skull base) to exclude organic disease 
are important. PIFP is a clinical diagnosis, only made after careful 
dental and otolaryngological evaluation, and other tests that rule 
out organic causes. 


Management 

A multidisciplinary approach is needed for the management of 
PIFP. Patient education on the condition is a very important aspect 
in management. Considering the chronicity and distress that result, 
behavioural interventions such as cognitive behavioural therapy 
may be indicated. Pharmacological treatment with antidepressants, 
antiepileptic or other drugs can also be tried. Amitriptyline is the 
primary choice starting at 10mg at night, given as tablets or solu- 
tion, increasing if needed by 10 mg each week to 50 mg [9]. Trials on 
duloxetine, venlafaxine and anticonvulsants have shown beneficial 
effects [10-13] High frequency repetitive transcranial magnetic 
stimulation (rTMS) is a promising new therapy in patients with 
neuropathic orofacial pain [14]. 


Post-herpetic neuralgia 


Herpes zoster (shingles) is often preceded and accompanied by neu- 
ralgia. Neuralgia may also persist after the rash has resolved. Pain 
in the trigeminal region may follow an attack of zoster, especially 
in older patients. In half those patients the pain resolves within 
2 months. Post-herpetic neuralgia is defined by the International 
Headache Society as pain developing during the acute phase of 
herpes zoster and persisting for more than 6 months thereafter. 
However, spontaneous improvement may follow after about 18-36 
months in some patients. 

Post-herpetic neuralgia causes continuous burning pain. Treat- 
ment is difficult, but there may be relief using gabapentin, 
antidepressants (amitriptyline), carbamazepine, topical capsaicin 
0.025% or lidocaine, and transcutaneous electrical nerve stimulation 
[1-3]. 


Trigeminal neuralgia 


Trigeminal neuralgia (TN) is a disorder of the trigeminal nerve 
that consists of episodes of unilateral intense, stabbing, electric 
shock-like pain that is abrupt in onset and termination in the areas 
of the face supplied by one or more divisions of the trigeminal 
nerve [1]. TN is not fatal, but it is universally considered to be one 
of the most painful afflictions known. TN may occur in tumours 


of the trigeminal nerve (e.g. neuroma), with lesions affecting the 
trigeminal nerve at the cerebellopontine angle and in disseminated 
sclerosis or cerebral neoplasms, and these cases are termed sec- 
ondary or symptomatic TN (STN), when there may be detectable 
physical signs — initially a reduced corneal reflex, progressing to 
trigeminal sensory loss. TN, however, much more frequently has 
no clinically obvious neurological cause (termed classic TN (CTN) 
or tic doloureux) and is then usually ascribed to pressure on the 
trigeminal nerve from an adjacent but atherosclerotic artery. 


Epidemiology 

CTN is uncommon; probably about four cases per 100000 popula- 
tion [2,3]. The average age of onset is 53 years in CTN and 43 years 
in SIN. It is slightly more common in women. There is no known 
geographic incidence. 


Pathophysiology 

CTN is caused by demyelination of primary sensory trigeminal 
afferents in the root entry zone. Demyelination results in neuronal 
discharge. In a significant proportion of patients, demyelination is 
caused by a neurovascular conflict (typically the superior cerebellar 
artery) resulting in morphological changes of the trigeminal nerve 
such as distortion, dislocation, distension and indentation. 


Clinical features 

In both CTN and STN, the pain is unilateral and follows the 

sensory distribution of cranial nerve V, typically radiating to the 

maxillary (V2) or mandibular (V3) area. TN has the following 
characteristics: 

e Pain restricted to one or more divisions of the trigeminal nerve. 

e Bilateral TN is very rare in CTN, and should raise suspicion 
of STN. 

e Abrupt in onset and typically lasts only a few seconds (2 minutes 
at maximum). 

e Pain may arise spontaneously but can be triggered by innocuous 
mechanical stimuli or movements such as eating, talking, wash- 
ing the face, shaving or cleaning the teeth. 

e Electric shock-like, shooting, stabbing or sharp in quality. 

¢ No clinically evident neurological deficit. 

e Usually entirely asymptomatic between paroxysms. 

e There is no neurological deficit in CIN. 

e TN patients may have autonomic symptoms. 


Diagnosis 

The diagnosis of TN is primarily based on patient history, as 
there is no definitive diagnostic test. Examination should include 
careful neurological assessment, especially of the cranial nerves — 
particularly the trigeminal nerve and those closely related to the 
trigeminal (i.e. cranial nerves VI, VII and VIII). Patients with CTN 
should have a completely unremarkable neurological examination. 
MRI of the brain should be undertaken early in the work-up to 
exclude tumours or multiple sclerosis. 


Management 

Patient information is an important aspect in management. Patients 
are best seen at an early stage by a specialist in order to confirm the 
diagnosis and initiate treatment [4]. 
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Medical treatment. Successful for over 80% of patients. Carba- 
mazepine or oxcarbazepine (better tolerability) are recommended 
as first-line treatments. Carbamazepine prevents attacks of 
neuralgia in 60% of patients [6-8]. Most patients respond to 
200-400 mg carbamazepine three times daily. Combination treat- 
ment of carbamazepine with lamotrigine, pregabalin, gabapentin 
or baclofen may provide relief. These agents may also be used as 
monotherapy. Long-acting local analgesic injections as peripheral 
blocks (e.g. mepivacaine) may be of additional value. If these 
regimens fail to control TN, a neurosurgical opinion is necessary. 


Neurosurgical treatment. Gasserian ganglion percutaneous tech- 
niques, gamma knife surgery and microvascular decompression 
[9] are the most promising options. Peripheral surgery involves 
deliberately interrupting nerve conduction in a division or branch 
of the trigeminal nerve and include: injections of long-acting anal- 
gesics such as ropivacaine, or alcohol or glycerol, local cryosurgery, 
chemical peripheral neurectomy or radiofrequency thermocoagula- 
tion. In medically refractory patients, with a neurovascular conflict, 
microvascular decompression is the first-choice treatment. 


Trigeminal trophic syndrome 


This is a rare dysaesthesia that follows damage to the trigeminal 
nerve [1-3]. The commonest causes are injuries or procedures such 
as trigeminal rhizotomy or injection of alcohol to the Gasserian gan- 
glion for TN. While most frequently affecting the ala nasi, it can 
occasionally lead to oral lesions. 


ORAL MANIFESTATIONS OF § 
DISEASES 


Acanthosis nigricans 


Oral lesions may be a feature of familial [1] and malignant [2,3] 
acanthosis nigricans (AN). Malignant AN is most often associated 
with gastric adenocarcinoma. Between 30% and 50% of patients 
with malignant AN have oral lesions, which involve the tongue 
and lips predominantly as extensive papillomatous areas of normal 
mucosal colour and soft consistency. In malignant AN, success- 
ful treatment of the underlying cancer results in improvement of 
cutaneous or oral signs. 


IgG4 disease 


IgG4-related disease is a rare systemic fibroinflammatory dis- 
order that was first described in 2003, and includes disorders 
formerly regarded as different entities such as Mikulicz disease, 
Kiittner’s tumour, Riedel thyroiditis and Ormond disease [1]. It 
is frequently associated with salivary gland swelling and xerosto- 
mia. It is characterised by high serum IgG4 levels and multiorgan 


inflammation that may target the salivary and lacrimal glands, 
periorbital structures, the pituitary gland, thyroid, pancreas, biliary 
tract, lungs, prostate gland and retroperitoneal cavity [2]. The clas- 
sification criteria proposed by Umehara et al. in 2012 are based on 
the bioptic presence of IgG4* cells and high serum IgG4 level [3]. 
There are reports of mucosal manifestations of IgG4 related disease 
in the oral cavity. Most of these lesions have occurred on the mucosa 
of the gingiva, the alveolar mucosa, hard palate and floor of the 
mouth. Lesions characteristically show thickening and fibrosis of 
the tissues, nodules or ulcers [4]. 


Sarcoidosis 


Head and neck manifestations can be seen in localised and systemic 
forms of sarcoidosis. Oral lesions are uncommon and may present 
as well-circumscribed brown-red papules, submucosal nodules, 
ulceration, gingival lesions, or facial or labial swelling [1-6]. Sali- 
vary gland involvement presents as painless swelling or salivary 
hypofunction. The buccal mucosa is the most frequently involved 
site, followed by gingiva, lips, tongue and palate. Intraosseous 
lesions are rare [7,8]. Oral involvement has been described in 
33-58% of sarcoidosis cases and can be the first or only sign of 
systemic disease. 

Histology demonstrates non-necrotising granulomatous inflam- 
mation. The granulomas may contain concentric calcifications 
(Schaumann bodies). 

Stimulation or replacement of saliva may help in cases of salivary 
hypofunction. Surgery may be useful for single nodular lesions. 
Systemic treatments include corticosteroids, hydroxychloroquine, 
methotrexate and minocycline. Hydroxychloroquine is especially 
useful in the treatment of cutaneous and mucosal sarcoidosis. 
It is important to exclude systemic sarcoidosis in patients with 
isolated lesions involving the oral cavity. 


RHEUMATOLOGICAL DISEASES 


Rheumatological disorders relevant to the oral mucosa include der- 
matomyositis and other inflammatory myopathies, the vasculitides 
including lupus erythematosus, inflammatory arthritides, Sjégren’s 
syndrome, Behcet syndrome and systemic sclerosis (Table 108.15). 
Oral lesions among these conditions are widely variable and 
include erythema, erosions, ulcers, sclerotic changes, xerostomia 
and dysaesthesia [1]. 


Dermatomyositis (chapter 52) 


Dermatomyositis and mixed connective tissue disease may be 
associated with non-specific mucosal erosions [1,2]. However, oral 
lesions in dermatomyositis are not infrequently reported to occur 
in 10-20% patients. The most frequently reported findings include 
mucosal oedema, erythema and telangiectasias. White plaques, vesi- 
cles, erosions and ulcers have also been noted. Among idiopathic 
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PART 10 


Table 108.15 Main oral features for rheumatological conditions. 


Disease Main oral features 


Rheumatoid arthritis/juvenile 
chronic arthritis 


SjOgren’s syndrome 

Temporomandibular joint involvement (pain, 
crepitus, trismus, locking) 

Lichenoid lesions (e.g. drug-induced) 

Oral ulceration (e.g. secondary to anaemia) 

Amyloid deposits (rarely) 

SjOgren's syndrome 

Oral aphthous-like ulcers 

Oral mucosal white/red patches 

Lichenoid lesions (e.g. drug-induced) 

Trigeminal neuralgia or neuropathy 

Periodontitis 

Lichenoid lesions 

Characteristic chronic erosions/ulcers with 
sunray/brush border 

Xerostomia 

Candidiasis 

Salivary gland enlargement secondary to: 

Inflammation of the gland 

Acute suppurative sialadenitis 

Mucosa-associated lymphoid tissue (MALT) 
lymphoma 

SjOgren’s syndrome 

Microstomia 

Trismus 

Telangiectasia 

Widening of the periodontal space 

Trigeminal neuropathy 


Systemic lupus erythematosus 


Discoid lupus erythematosus 


SjOgren's syndrome 


Systemic sclerosis 


Dysphagia 
Immune-mediated myopathies Erythema, oedema and telangiectasia 
including dermatomyositis Dysphagia 


Behcet syndrome 
Giant cell arthritis 
Granulomatosis with polyangiitis 


Oral aphthous-like ulcers 
Jaw claudication 
Strawberry-like gingivitis 


inflammatory myopathies, additional oral associations included 
dysgeusia, dysphagia, burning mouth and xerostomia [3,4]. 


Inflammatory arthritides 


Fibrosis or scarring of oral tissues 


Fibrosis of oral tissues leads to restricted oral opening, and with loss 
of sulcal depth, difficulty in maintaining adequate oral hygiene. 
While the mouth in health heals rapidly, with chronic or severe 
inflammation scarring may occur. This may follow burns or irradi- 
ation. It may also be associated with habits such as the chewing of 
betel nut (Areca) (see earlier in this chapter), which predisposes to 
oral submucous fibrosis and may be caused by the connective tissue 
disorder, scleroderma. Rarely, it is occupational (polyvinylchloride 
workers). The autoimmune blistering disorders, mucous mem- 
brane pemphigoid and epidermolysis bullosa acquisita (see later) 
may result in scarring. Inherited dystrophic epidermolysis bul- 
losa results in prominent scarring and microstomia. Additionally, 
subtypes of severe oral or mucocutaneous lichen planus, e.g. the 
vulvo-vaginal-gingival (VVG) variant may also lead to scarring. 


Reactive arthritis (Reiter's syndrome) 


Oral involvement in reactive arthritis is common (9-40%) and is 
often painless. Lesions may include red patches or superficial pain- 
less mucosal erosions that may resemble benign migratory glossitis 
(geographic tongue) both clinically and histologically [1]. Erosions 
or ulcers may also be present. 


Rheumatoid arthritis 


Rheumatoid arthritis (RA) is associated with increased periodon- 
titis as well as potentially affecting the temporomandibular joint 
(TMJ). Similarly, juvenile chronic arthritis may also affect the TMJ. 
Both disorders may be associated with oral manifestations of 
immunosuppression including increased candidiasis. RA may also 
be associated with secondary Sjégren’s syndrome and xerostomia 
(Table 108.15) [1]. 

It is now thought that RA is due to a combination of environmen- 
tal factors such as smoking and microbiota, on a predisposed genetic 
background [2]. A number of observations support an association 
between periodontitis and RA [3]. These include a higher prevalence 
of periodontitis than controls. Both are chronic inflammatory condi- 
tions that share the overexpression of pro-inflammatory cytokines 
such as interleukin (IL)-1B, TNF-a, IL-6 and IL-8. Porphyromonas 
gingivalis (a component of the oral microbiota that is frequently 
associated with periodontitis) may promote aberrant citrullination 
(i.e. conversion of arginine to citrulline) via peptidyl arginine deim- 
inase type IV, and eventually elicit the appearance of ACPAs [4]. 
Furthermore, the non-surgical treatment of periodontal disease is 
accompanied by a reduction in the severity of RA and periodon- 
titis seems to negatively affect the response to RA treatment with 
biological agents such as TNF blockers. 


Scleroderma (Chapter 54) 


Oral features are common in systemic sclerosis (SSc) and are gen- 
erally more obvious in those with diffuse rather than localised 
scleroderma. Rarely, however, the variant of localised scleroderma 
(en coup de Sabre) may involve the lip or intraoral soft and hard 
tissues. 

Microstomia, which limits mouth opening in 70% of SSc patients, 
is the most frequent oral finding and is due to fibrosis of perioral 
soft tissue [1,2]. Decreased oral opening is correlated to oesophageal 
involvement. Subcutaneous collagen deposition in facial skin gives 
the face a characteristic smooth, mask-like appearance, and may be 
associated with perioral, labial or tongue telangiectasias. About 70% 
of patients have hyposalivation, most commonly in anticentromere 
antibody-positive cutaneous limited forms of SSc, and there is an 
increase in both caries and periodontal disease [2-4]. 

A characteristic finding is an increased width of the periodontal 
ligament space in all teeth on radiography, found in about 40% of 
SSc patients. It can be caused by a reduced number of periodontal 
capillaries, together with reduced levels of VEGF, as well as by 
increased collagen deposition, and may explain the high prevalence 
of tooth loss in SSc patients. There are mandibular erosions in the 
angle particularly, but also in the condyle, coronoid or digastric 
regions. Calcifications within the periodontal ligament space and 


pulp calcifications have been reported. Telangiectasia may be seen. 
The dropped head sign and tongue atrophy are rare manifestations 
in SSc associated myopathy. SSc patients are at increased risk of 
developing cancer, especially of the lung, oral cavity (particularly 
the tongue) and pharynx. 

A multidisciplinary approach should be adopted to encour- 
age oral hygiene and rehabilitation [5,6]. Specific mouth-opening 
rehabilitation programmes, connective tissue massage, Kabat’s 
technique, kinesitherapy and home-based exercises may help oral 
opening. Autologous fat tissue grafting has been successfully 
used [7,8]. 


Vasculitides 


Behcet disease/syndrome (see Chapter 48) 


Giant cell arteritis (Chapter 100) 


Giant cell arteritis, or temporal arteritis, is an autoimmune disease 
affecting the large blood vessels of the scalp, neck and arms. It typ- 
ically involves the extracranial branches of the carotid artery such 
as the temporal artery, which may appear tortuous and be tender 
upon palpation. Inflammation leads to narrowing or ischaemia 
of the blood vessels that may result in blindness in up to 20%. 
The disease is commonly associated with polymyalgia rheumatica 
(40-60%) and is more frequent in white European females (F:M 3:1) 
over the age of 50. Patients may suffer ischaemic pain during 
mastication, intermittent claudication of the tongue or, rarely, facial 
palsy. Ulceration and necrosis of the tongue or occasionally the lip 
have also been observed [1-3]. Patients reporting jaw claudication 
should therefore be immediately evaluated by a rheumatologist. 


Granulomatosis with polyangiitis 


This rare (0.9/million) small- and medium-sized vessel necrotis- 
ing vasculitis typically presents in 90% of patients with upper 
respiratory tract involvement. It is characterised by granulomatous 
sinusitis and if left untreated it may lead to the progressive destruc- 
tion of maxillary and mandibular bone and nasal cartilage, nasal 
septum perforation, saddle nose deformity, damage to the walls of 
the sinus and orbit, and fistula formation. Additionally, it may have 
life-threatening complications such as lung and renal involvement. 

The strawberry-like gingival lesions present with reddened, 
swollen and somewhat granular tissue that is often covered with 
petechiae and small punctate lesions. It is an almost pathognomonic 
clinical sign. Other oral manifestations include mucosal ulceration 
with non-specific histology findings, and lingual necrosis, which 
has also been reported as a rare presenting sign [1-6]. 


Lupus erythematosus (see Chapter 51) 


Polyarteritis nodosa 


Transient submucosal oral nodules may occur singly or in crops 
along the path of vessels and especially in the tongue. Other mucosal 
lesions include erythema, papules, haemorrhages, ulceration or 
necrosis [1]. 
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Figure 108.64 Macroglossia and oral petechiae in amyloidosis. 


HAEMATOLOGICAL DISEASES 


Amyloidosis 


In primary amyloidosis the tongue is enlarged and firm or hard. 
There may also be yellowish submucosal nodules, lumps or 
petechiae (Figure 108.64). Rarely, there are similar deposits else- 
where (e.g. in the soft palate), and jaw claudication, salivary 
gland swelling or hyposalivation [1-10] and sometimes burning 
sensations. 

Amyloidosis results from the abnormal folding of proteins form- 
ing insoluble amyloid fibrils with subsequent accumulation in 
various tissues and organs. It is classified as localised amyloidosis, 
acquired systemic amyloidosis, reactive systemic AA amyloidosis 
and hereditary systemic amyloidosis based on the specific pro- 
tein deposited. Localised amyloidosis is the most common and 
results in the deposition of AL protein in an organ or tissue. Both 
localised and systemic amyloidosis may present with head and 
neck involvement with the tongue and the larynx being the most 
frequent sites of amyloid deposition. Amyloid deposition within 
the tongue manifests as macroglossia and results in restriction 
of tongue movement. Scalloping may be noted on the lateral 
borders of the tongue from impingement on the teeth. Discrete 
yellow papules and nodules affecting the tongue, palate, buccal 
and labial mucosa, haemorrhagic bullae, petechiae/ecchymosis 
(Figure 108.64) and ulceration are recognised presentations [1-10]. 
Infiltration in the salivary glands may manifest as decreased sali- 
vary flow and salivary gland swelling. Jaw claudication can occur 
in AL amyloidosis. 

Secondary amyloidosis rarely involves the mouth except in the 
case of multiple myeloma or haemodialysis-associated amyloid. 
Amyloidosis of the tongue should be regarded as a marker of 
occult underlying plasma cell dyscrasia, in particular myeloma. 
Investigations should be undertaken focusing on the existence 
of gammopathies and underlying lymphoid and plasma cell 
malignancies. 

Hereditary systemic amyloidosis is rare and results in the pro- 
duction of amyloid fibrils from inherited variant proteins such 
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as transthyretin, gelsolin and apolipoprotein A-1 and fibrinogen. 
Hereditary gelsolin amyloidosis, a rare dominantly inherited sys- 
temic disease caused by a c.654G>A or c.654G>T gelsolin gene 
mutation, may cause oral dryness and cranial polyneuropathy. 

A biopsy usually confirms the diagnosis. On light microscopy, 
amyloidosis appears as an eosinophilic amorphous substance, 
which on Congo red staining demonstrates green birefringence 
under polarised light [11]. 

Solitary intraoral amyloid is rare. Localised forms have an excel- 
lent prognosis and are not at increased risk of developing systemic 
involvement [12]. There is no cure for amyloidosis with current 
treatments focusing on the slowing amyloid accumulation and 
any subsequent organ dysfunction. For localised amyloidosis, 
therapeutic options include observation, surgery if functional or 
cosmetic disability is present, laser therapy, corticosteroids, radio- 
therapy and chemotherapy. Excision is usually curative in cases of 
localised amyloidosis in the head and neck. However, recurrence 
can occur. 


Deficiency states 


Low iron, folate or vitamin B12 levels may predispose to mouth 
ulcers. A few of these patients also have anaemia, sometimes 
with other oral features such as glossitis or angular stomatitis, 
but many have a deficiency state with no established anaemia [1]. 
Occasionally, patients with deficiency of B vitamins may develop 
other types of oral ulcer and sometimes epithelial dysplasia. 


Extranodal NK/T-cell lymphoma, nasal 


type 


Extranodal NK/T-cell lymphoma, nasal type (ENKTCL-NT) is a 
rare type of lymphoma that commonly involves the nasal cavity, oral 
cavity and/or pharynx but less commonly can also involve the eye, 
larynx, lung, gastrointestinal tract, skin and various other tissues. 
Patients presenting with highly localised midline facial disease 
fit the historical definition of lethal midline granuloma. These 
cases, unlike other cases of ENKTCL-NT with more widespread 
disease, often show no or relatively little progression of their disease 
over long periods of time [1]. 


Gamma heavy chain disease (Franklin 
disease) 


This disease is characterised by an excessive production of heavy 
chains that are short and truncated. It is presumed to arise 
from a somatic mutation. It is associated with paraproteinaemia. 
Palatal oedema and oral ulceration have been described in a few 
patients with heavy-chain disease, but the former feature is not as 
invariable as initially described [1]. 


Graft-versus-host disease (sce earlier in this 
chapter) 


GVHD may follow as a complication of bone marrow transplan- 
tation. Oral lesions are usually lichenoid, often associated with 
hyperkeratotic plaques, mucosal ulceration and salivary gland 
dysfunction. Oral lesions can resemble reticular, atrophic, erosive 
and plaque-like oral lichen planus [1-3]. Palatal involvement is 
more frequent in GVHD than oral lichen planus. Regular monitor- 
ing of the oral mucosa is essential because patients are at increased 
risk of SCC of the oral cavity. 


Granulocytic sarcoma (myeloid 
sarcoma) 


Granulocytic sarcoma is a rare extramedullary tumour of imma- 
ture granulocytic cells. It arises in myeloproliferative disorders 
especially in chronic myeloid leukemia and myelodysplastic 
syndromes. Granulocytic sarcomas are rare in the oral cavity. Most 
present with swelling or symptoms related to skeletal involvement 
[1,2]. The maxilla is particularly involved. 


Hypereosinophilic syndrome 


Oral erosions affecting buccal, gingival or labial mucosae may be a 
feature of the hypereosinophilic syndrome and may herald cardiac 
involvement [1,2]. 


Hypoplasminogenaemia 


Also known as plasminogen deficiency type 1, this is a genetic dis- 
order characterised by a lack of the protein plasminogen. Gingival 
swelling and ulceration are features of hypoplasminogenaemia [1]. 


Idiopathic thrombocytopenic purpura 


This may present with oral purpura and/or spontaneous gingival 
haemorrhage. The differential diagnosis includes coagulation dis- 
orders, angina bullosa haemorrhagica, trauma and other causes 
of thrombocytopenia including bone marrow suppression, HIV, 
chemotherapy agents, etc. Full blood count and coagulation screen 
should be undertaken in patients presenting with blood blisters. 


Langerhans cell histiocytosis 


This condition typically produces lytic bone lesions, but gingi- 
val swelling, periodontal destruction with loosening of teeth, 


Figure 108.65 Herpes simplex lingual recurrence, and candidiasis in leukaemia: similar 
lesions may be seen in HIV infection. 


non-healing extraction sockets and mouth ulceration may be seen 
[1-4]. FDG-PET/CT is useful alongside histology for diagnosis. Sur- 
gical treatment has been shown to be very effective in the treatment 
of localised oral manifestations of Langerhans cell histiocytosis 
and is usually regarded as being sufficient as a sole treatment, 
sometimes combined with steroid injections 


Leukaemias 


Oral ulceration may be a prominent feature, especially in the 
acute leukaemias. Other oral manifestations of leukaemia include 
mucosal pallor, gingival haemorrhage, gingival swelling, petechiae 
and ecchymoses [1,2]. Oral infections with Candida albicans and 
Gram-negative bacteria including Pseudomonas spp., Escherichia coli, 
Proteus, Klebsiella and Serratia spp. are common, especially in acute 
leukaemias, and may act as a portal for septicaemia. Herpes simplex 
or varicella-zoster virus ulcers are also common (Figure 108.65). 
Chemotherapy complicates the situation because it too can produce 
oral ulceration, as can bone marrow transplantation. 

Other occasional findings include paraesthesia (particularly of the 
lower lip), facial palsy, extrusion of teeth or bone, painful swellings 
over the mandible and parotid swelling (Mikulicz syndrome). 


Leukopenias and agranulocytosis 


White cell dyscrasias and HIV infection are also often complicated 
by oral ulceration (Figure 108.66). Oral ulceration may be a major 
symptom in patients with leukopenias and the first manifestation 
of drug-induced agranulocytosis. Painful deep irregular ulcers, 
often with only a minimal inflammatory halo (in contrast to typical 
aphthous ulcers), involve the mouth and/or pharynx and tend to 
extend and penetrate slowly. In cyclic neutropenia, ulcers appear 
episodically at 21-day intervals in association with the neutropenic 
episodes. Severe periodontitis is often also a feature of leukocyte and 
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Figure 108.66 Aphthous-like ulceration in HIV disease. 


other immune defects and the patients may suffer from recurrent 
infections elsewhere [1-4]. Methotrexate can cause oral ulceration 
in the absence of leukopenia. 


Lymphomas 


Lymphomas make up 2.2% of all malignancies of the head and 
neck and are the second most frequent in that region surpassed 
only by epithelial malignancies [1-5]. Non-Hodgkin lymphoma is 
diagnosed in extranodal sites in 40% of cases, and the head and neck 
region is the second most affected, with an incidence of 11-33%, 
while Hodgkin lymphoma has a very low incidence in extranodal 
sites (1-4%). 

Some 2-10% of lymphomas present first in the oral cavity. Of 
these, 80% are composed of follicular centre cells or post-follicular 
cells. Lymphomas usually occur on the pharynx or palate, but 
occasionally on the tongue, gingivae or lips; they may appear as 
oral swellings, which sometimes ulcerate and may cause pain or 
sensory disturbance. The manifestations of oral lymphomas are 
often difficult to diagnose because they present clinical features that 
mimic other diseases such as periodontal disease, osteomyelitis and 
other malignancies. This may delay the correct treatment thereby 
worsening the prognosis. Oral herpes zoster and herpes simplex 
infections are common in patients with lymphomas. 

There is an increased incidence of oral lymphomas in HIV dis- 
ease [6] including oral plasmablastic lymphomas. AIDS-related lym- 
phomas have a rapid progression, poor response to treatment, high 
relapse rates and an overall poor prognosis. 


Multicentric reticulohistiocytosis 


Multicentric reticulohistiocytosis is a very rare multisystem arthro- 
pathic form of reticulocytosis [1]. It is a type of non-Langerhans 
cell histiocytosis characterised by skin and mucosal lesions, and 
arthritis. 
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Oral lesions are seen in up to 50% of patients with multicentric 
reticulohistiocytosis [2]. Lesions are collections of histiocytes that 
form nodular or granular lesions, particularly in the labial or buc- 
cal mucosa. The temporomandibular joint may also be involved as 
part of the polyarthropathy. 


Mycosis fungoides 


Oral mycosis fungoides is very rare and has been associated with 
advanced disease and a poor prognosis. Skin lesions are present 
for an average of more than 6 years before oral involvement occurs. 
The clinical appearance is highly variable with tongue, palate 
and gingiva most often affected. Oral lesions in mycosis fungoides 
typically are red or white areas on the tongue but may present as 
ulcers, erythematous plaques or tumours [1]. 


Myelodysplastic syndromes 


Oral manifestations in myelodysplastic syndromes include partic- 
ularly ulceration but also paraesthesiae, petechiae, burning mouth, 
gingival swelling, xerostomia and herpes labialis [1]. 


Myeloma and paraproteinaemias 


Multiple myeloma very occasionally presents with an intraoral 
mass or oral bleeding. Osteolytic bone lesions are more common. 
Extramedullary plasmacytoma may also be seen; indeed, some 80% 
of these rare tumours are found in the head and neck region [1-4] 
but typically occur in the mucosa of the upper respiratory tract, 
especially in the supraglottic larynx, and only occasionally in the 
oral cavity. Extramedullary plasmacytoma is characterised by mon- 
oclonal restriction in immunoglobulin production identified using 
serum protein electrophoresis, immunofixation and serum-free 
light chains. 

Patients with myeloma treated with intravenous bisphospho- 
nates are at risk from medication-related osteonecrosis of the jaw 
(MRONJ). 


Pseudolymphoma 
Rare tumour-like lymphoproliferative infiltrates that lack the malig- 


nant potential of lymphomas may be seen intraorally, notably in the 
palate [1,2]. 


Waldenstr6m macroglobulinaemia 


Oral manifestations in Waldenstr6m macroglobulinaemia include 
purpura, ulceration and occasional mental nerve anaesthesia [1-3]. 


GASTROINTESTINAL DISEASES 


Gastrointestinal disorders may be associated with oral lesions and 
include Crohn disease, ulcerative colitis and coeliac disease. All may 
be associated with nutritional deficiencies and therefore a propen- 
sity to aphthous-like ulceration. However, there are additional oral 
manifestations that will be discussed below. 


Coeliac disease 


The two main oral manifestations of coeliac disease are related to 
nutritional deficiencies. These are recurrent aphthous ulceration and 
enamel defects in the permanent dentition [1,2]. 


Crohn disease 


Oral lesions in Crohn disease form part of the spectrum of orofacial 
granulomatosis, though some aspects of the clinical presentation 
will suggest Crohn disease as the underlying cause. These include 
linear ulceration in the sulci, mucosal tags, cobblestoned appearance 
in the buccal mucosa and gingival hyperplasia. Patients with Crohn 
disease may also have signs of angular cheilitis, candidiasis and 
perioral erythema. A multidisciplinary approach is required for 
suspected patients with endoscopy, imaging and faecal calprotectin 
often indicated. Those with oral lesions tend to present in child- 
hood or later in life. Treatment of the oral manifestations is for the 
underlying Crohn disease. 


Orofacial granulomatosis 


Orofacial granulomatosis (OFG) is a term applied to a spectrum of 
conditions associated with granuloma formation in the oral and 
perioral tissues [1]. Confusingly some patients may not be found to 
have clear granulomas on biopsy but are still classified from a man- 
agement perspective in the same way. Underlying causes include 
Crohn disease, sarcoidosis, infections, allergy and the distinct 
Melkersson—Rosenthal syndrome [1]. It is now considered usual 
practice to try to identify any of the above causes. If an underlying 
cause such as Crohn disease is identified then ‘oral Crohn’ would be 
a more accurate name or ‘orofacial sarcoidosis’ [2]. For the remain- 
der where the underlying cause is unclear then the term OFG is 
used. The majority of these cases will present with lip swelling as 
the main feature. Chronic lip swelling has also been termed gran- 
ulomatous cheilitis. However, this is clinically and histologically 
indistinguishable from OFG. 


Epidemiology 
OFG is an uncommon condition. Onset is usually in children or 
young adults. There is no gender or geographic predilection. 


Predisposing factors 

e Dietary factors. There is an association with foods or additives 
including cinnamic aldehyde, benzoates, butylated hydroxyino- 
sole or dodecyl gallate (in margarine), or menthol (in pepper- 
mint oil). 


e There is a strong association with atopy. 

¢ Inadults, approximately 10% of cases over 10 years from diagno- 
sis have or develop gastrointestinal Crohn disease (oral Crohn). In 
children, approximately 25% of cases over 10 years from diagnosis 
have or develop gastrointestinal Crohn disease. 

e¢ Asmall percentage may have sarcoidosis (orofacial sarcoidosis). 

e A reaction to antigens (e.g. metals, such as cobalt), paratubercu- 
losis or mycobacterial stress protein mSP65 has been suggested. 


Pathophysiology 

OFG is likely to represent a heterogeneous group of disease entities, 
each of which may arise from different combinations of genetic 
and environmental allergens. A delayed type of hypersensitiv- 
ity reaction appears to be involved, although the exact antigen 
inducing the immunological reaction appears to vary in individual 
patients. The inflammatory response is a Thl-mediated immune 
response and is associated with non-caseating granulomas in the 
lamina propria, which appear to cause lymphatic obstruction and 
lymphoedema, resulting in the clinical swellings (Figure 108.67). 


Genetics 
The genetic background, any role of allergy and other diverse 
possible aetiological factors such as Mycobacterium paratuberculosis 
is unclear. 


(a) 


Figure 108.67 Granulomatous cheilitis may affect 
one or both lips. (a) Prominent swelling of the lower 
lip. (b) Midline fissuring is not infrequent and can be a 
nidus for infection. (c) Swelling of upper lip with 
secondary infection. 
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Clinical features 

Intermittent acute or chronic swelling of one or both lips is present 
(Figure 108.67) and may be associated with perioral erythema 
and swelling of the surrounding skin. With repeated swelling the 
lips become firmer, developing a rubbery texture. Persistent lym- 
phoedema and granulomatous changes may be associated with a 
more nodular texture with fissuring and peeling of the epidermis. 
Eventually the lips develop chronic oedema and angular cheilitis 
associated with infection, e.g. Staphylococcus aureus or Candida may 
be present. Intraorally, patients may have mucosal lesions including 
thickening and folding of the mucosa to produce a ‘cobblestone’ 
type of appearance and mucosal tags. Purple granulomatous 
enlargements may appear on the gingiva, along with full thickness 
gingivitis. Ulcers classically involve the buccal sulcus where they 
appear as linear ulcers, often with granulomatous masses flanking 
them [1,2]. 

In the rare Melkersson—Rosenthal syndrome, patients may present 
with facial palsy, facial swelling and a fissured tongue. Though 
intermittent at first, the palsy is lower motor neuron type and may 
become permanent. It may be unilateral or bilateral, and partial or 
complete. It has been reported in association with other conditions 
including taste disturbance and systemic diseases such as Crohn 
disease and sarcoidosis. Spontaneous remission occurs in 25% 
patients. 


(b) 
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Investigations 

The oral history is not specific and investigation of the gastro- 
intestinal tract is mandatory in patients with gastrointestinal 
symptoms. Investigations such as chest radiography, serum angio- 
tensin-converting enzyme and a FDG-PET (fluorodeoxyglucose- 
positron emission tomography) CT scan may be required to exclude 
sarcoidosis. Patch tests and skin prick tests may be indicated to 
exclude reactions to various foodstuffs or additives [3]. A biopsy 
may be undertaken in more chronic cases to identify granulomas, 
avoiding the lip if possible. Salivary and skin microbiology is 
helpful to investigate possible Candida or S. aureus on the lips. 


Management 

The principal aims of treatment are to reduce lip swelling thereby 
improving the cosmetic appearance of the condition and reduce 
ulceration if present. Elimination diets such as a cinnamon and 
benzoate free diet should be introduced for a 3-month trial period 
and has been shown to improve 54-78% patients [3,4]. 

Topical corticosteroids or topical tacrolimus may be helpful for 
patients in the early stages of the condition or where there is an 
associated exfoliative cheilitis. Intralesional corticosteroids may 
be used for more chronic lip swelling and may effectively control 
the oral lesions [5]. Intralesional corticosteroid injections may also 
reduce the swelling. The injection of up to 10mL triamcinolone 
(10mg/L) into the lips after local analgesia may be effective. 
The injections may have to be repeated every 4-6 months once a 
response plateau has been reached. 

Other therapies include short courses of prednisolone, and in 
patients with underlying Crohn disease treatment with azathio- 
prine, methotrexate, mycophenolate mofetil or anti-TNF-o agents 
can be helpful. In patients with sarcoidosis, appropriate systemic 
therapy, e.g. hydroxychloroquine may be beneficial. Cheiloplasty 
is reserved for severely disfiguring cheilitis and only when the 
condition is quiescent and is often unsuccessful. Psychological 
support is important for patients and parents of children with the 
condition. 

Table 108.16 lists potential causes of acute or chronic lip swelling. 
In early attacks of acute lip swelling, clinical differentiation 
of angio-oedema may be difficult. Persistence of the swelling 
between attacks would suggest an alternative diagnosis: sarcoido- 
sis, tuberculosis or OFG/Crohn disease being the main differentials. 
In established cases, other causes of enlarged lips (Table 108.16) 
must be excluded. Lymphoma is a rare differential diagnosis. 
Ascher syndrome, associated with blepharochalasia, rarely causes 
confusion as the swelling of the lip is caused by redundant salivary 
tissue and is present from childhood. Cutaneous leishmaniasis and 
leprosy have also been reported to mimic OFG. 


Pyostomatitis vegetans 


The oral lesions termed pyostomatitis vegetans are deep fissures, 
pustules and papillary projections. Most patients have had inflam- 
matory bowel disease, that is ulcerative colitis or Crohn disease 
[1-3]. The course of these lesions tends to follow that of the 
associated bowel disease. Although the oral lesions may respond 


Table 108.16 Differential diagnoses of acute or chronic enlargement of one or both lips. 


Acute Chronic 
Traumatic Developmental 
Infective Familial 
° Bacterial © Double lip 
e Herpes simplex e Ascher syndrome 
© Primary syphilis e Lymphangioma 
e Angio-oedema e Haemangioma 

e Neurofibroma 


Erythema multiforme 


Actinic cheilitis (when secondarily e Mucopolysaccharidoses 
infected) 
Coffin-Siris syndrome 
Acquired 
e Post-traumatic 
e Lymphatic defect 
 Infective 
e Tuberculosis 
e Leprosy 
e Rhinoscleroma 
e Leishmaniasis 


Neoplastic 

Inflammatory 

e Meischer cheilitis (orofacial granulomatosis 
limited to the lip) 

e Melkersson-Rosenthal syndrome 

© Cheilitis glandularis 

© Sarcoidosis 

© Oral Crohn disease 

© Orofacial granulomatosis 


at least partially to topical therapy (e.g. corticosteroids), systemic 
treatment is often needed. 


Ulcerative colitis 


Patients with ulcerative colitis may have oral aphthous-like ulcers, 
haemorrhaghic lesions, pyostomatitis vegetans or pyoderma gan- 
grenosum [1,2]. 


Other gastrointestinal disease 
associations with the oral mucosa 


Gastro-oesophageal reflux disease may be associated with oropha- 
ryngeal burning, erythematous lesions of the oropharyngeal region, 
hypersalivation, dysgeusia and dental erosion. 

Hepatitis associated with jaundice may present with yellow oral 
mucosal pigmentation, oral mucosal atrophy, lichenoid lesions, 
hyposalivation and parotid gland swellings. 


DERMATOLOGICAL DISEASES 


Several conditions presenting to dermatologists may have oral and 
other mucosal presentations and it is essential that the dermatologist 
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is able to recognise, assess and refer appropriately for multidisci- 
plinary care. Some of these conditions are associated with oral ulcers 
or erosions while others may present as erythema, white patches 
or oral pain. The most common mucocutaneous disease is lichen 
planus which has a spectrum of oral presentations. The immuno- 
bullous diseases are less common but are generally more severe and 
again recognition of the oral features and an understanding of the 
chronicity of this site with its impact upon management is vital. 


Erythema multiforme (chapter 47) 


Erythema multiforme (EM) is an uncommon inflammatory mucosal 
or mucocutaneous disease often presenting in young adults [1]. 
It is painful, but self-limiting, although episodes may be recurrent. 
Lesions may be oral, cutaneous or mucocutaneous with other sites, 
e.g. conjunctiva affected. 


Epidemiology 

The oral EM variant is an under-recognised form of EM. The peak 
age at presentation is between 20 and 40 years, although 20% of 
cases occur in children. Several reports suggest that males are 
affected more than females. However, in a large European series, 
52% of patients were male and 48% were female, with a mean age 
of 38 years [2]. 


Pathophysiology 

There may be a genetic predisposition, with associations of recur- 

rent EM with HLA-B15 (B62), HLA-B35, HLA-A33, HLA-DR53 

and HLA-DQB1*0301. HLA-DQ3 has been proven to be espe- 
cially related to recurrent EM and may be a helpful marker for 
distinguishing this herpes-associated EM from other diseases with 

EM-like lesions. Patients with extensive mucosal involvement may 

have the rare HLA allele DQB1*0402. 

The reaction is triggered by the following: 

e Infective agents, particularly HSV (herpes-associated EM), which 
is implicated in 70% of recurrent EM. Bacteria (Mycoplasma pneu- 
moniae and many others), other viruses, fungi or parasites are less 
commonly implicated [3,4]. 

e Drugs such as sulphonamides (e.g. co-trimoxazole), cephalo- 
sporins, aminopenicillins, quinolones, barbiturates, oxicam 
non-steroidal anti-inflammatory drugs, anticonvulsants, pro- 
tease inhibitors, allopurinol and many others may trigger severe 
EM or toxic epidermal necrolysis in particular. 

e Food additives or chemicals such as benzoates, nitrobenzene, 
perfumes, terpenes. 

¢ Immune conditions such as bacille Calmette-Guérin (BCG) or hep- 
atitis B immunisation, sarcoidosis, GVHD, inflammatory bowel 
disease, polyarteritis nodosa or systemic lupus erythematosus. 
The aetiology of EM is unclear in most patients but appears to 

be an immunological hypersensitivity reaction with the appearance 

of cytotoxic effector cells (CD8+ T lymphocytes) in the epithelium, 
inducing apoptosis of scattered keratinocytes and leading to satellite 
cell necrosis. 

EM has been classified into a number of variants - EM minor 
affecting one mucosa and EM major affecting two or more 


mucous membranes [5,6]. In Stevens-Johnson syndrome there 
is extensive skin involvement, multisite mucositis and an associated 
mortality rate of 10%. 


Clinical features 

Most patients with EM (70%), of either minor or major forms, have 
oral lesions. The oral mucosa may be involved alone or in asso- 
ciation with skin lesions. Mucosal lesions begin as erythematous 
areas that blister and break down to irregular extensive painful 
erosions with extensive surrounding erythema. The labial mucosa 
is often involved, and a serosanguinous exudate leads to crusting 
of the swollen lips [1,5,6]. 

Mucosal erosions plus typical or raised atypical targets and epi- 
dermal detachment, involving less than 10% of the body surface 
and usually located on the extremities and/or the face, char- 
acterise herpes simplex-induced EM major. The gingivae are 
characteristically spared. 

It may be a recurrent condition. In a large European study, the 
frequency of previous occurrences ranged from 0 to 10 [2]. 


Diagnosis 

A diagnosis of EM can be difficult to establish easily, and there 
may be a need to differentiate from viral stomatitides, pemphigus, 
toxic epidermal necrolysis and the subepithelial immune blistering 
disorders (pemphigoid and others). There are no specific diag- 
nostic tests. The diagnosis is mainly clinical. It may be helpful to 
undertake serology for Mycoplasma pneumoniae or HSV, or other 
microorganisms. Biopsy of perilesional tissue with immunostaining 
and histological examination may help to exclude other pathology, 
particularly PV. 


Management 

Spontaneous healing can be slow, up to 2-3 weeks in EM minor 

and up to 6 weeks in EM major. The use of oral corticosteroids is 

controversial [7]. In a series comprising eight EM major cases and 
four cases of Stevens—Johnson syndrome, patients were treated with 
fluocinolone, prednisolone or methylprednisolone in a variety of 
doses for 5-7 days during the acute illness. Oral assessment revealed 

a complete remission of buccal lesions in all patients 7-10 days after 

onset of systemic corticosteroid treatment. 
e EM minor may respond to topical corticosteroids, although sys- 
temic corticosteroids may still be required and patients report 
faster healing with treatment. 
e EM major should be treated with systemic corticosteroids 
(prednisolone 0.5-1 mg/kg/day tapered over 7-10 days) and/or 
azathioprine or other immunomodulatory drugs [7] if recurrences 
are frequent. 
e Levamisole and thalidomide have occasionally been used to some 
effect. Plasmapheresis possibly has a place in the management 
of severe disease. 
e Antimicrobials may be indicated: 
¢ Aciclovir in EM related to HSV 400 mg twice daily for 6 months 
is recommended [7]. Continuous therapy with valaciclovir 
500 mg twice a day has also been reported to be effective. 

e Tetracycline is indicated in EM related to Mycoplasma 
pneumoniae. 
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Oral lichen planus (chapter 37) 


Oral lichen planus (OLP) is a chronic inflammatory condition that 
can involve the oral mucosa alone or in addition to other sites 
such as the skin, scalp, nails or genitalia. Less well recognised sites 
include the external auditory canal or the mucous membranes of 
the oesophagus, conjunctiva, vagina or urethra. These latter sites 
may be more frequently encountered in the vulvovaginal—gingival 
syndrome, which has a propensity for scarring with significant 
morbidity [1]. In the mouth, there is a dysregulation of epithelial 
turnover resulting in white striae, papules or plaques when there 
is reduced shedding. With increased shedding there is epithelial 
atrophy, and lesions are erythematous and often uncomfortable. 
With further thinning, ulceration may occur in any affected site and 
is painful. 


Epidemiology 

The prevalence of OLP has been estimated to be between 0.5% and 
2.2% [2,3]. It presents most frequently after the fourth decade. It is 
twice as common in females and can affect more than one family 
member [4]. The reported incidence of cutaneous lesions in patients 
presenting with OLP ranges from 4% to 44% [5]. 


Pathophysiology 

Most OLP is idiopathic. However, there are patients in whom a sim- 

ilar appearance both clinically and histologically may be associated 

with known triggers. These are termed ‘lichenoid lesions’ and may 

be associated with dental restorative materials, e.g. chromate, gold 

and thiomersal, chronic GVHD or hepatitis C virus (HCV) [6-10]. 

¢ Genetics: OLP is likely to result through combined genetic, envi- 
ronmental and gene-environment interactions. Genetic studies 
have focused on the major histocompatibility complex (MHC) 
region on chromosome 6p. In a phenome wide analysis per- 
formed in the USA, with 97 OLP cases and over 7000 pop- 
ulation controls, a significant association between OLP and 
six single nucleotide polymorphisms (SNPs) in the region of 
HLA-DQB1*05:01 was reported. The VVG subtype of lichen 
planus has also shown association with the HLA-DQB1*0201 
variant through candidate gene analysis, with 80% carriage rates 
of this allele (28/35) among individuals with vulvo-vaginal gin- 
gival lichen planus (VVG-LP) compared with 41.8% of healthy 
controls (74/177) [1,11,12]. 

¢ Autoimmunity: OLP demonstrates some features of an autoim- 
mune condition, e.g. it more commonly affects women and 
has a tendency to cluster with other autoimmune conditions 
such as autoimmune thyroid disease, Sjégren’s syndrome and 
systemic lupus erythematosus [13]. No autoantibodies have 
been identified for OLP, though through epitope spreading, low 
titre bullous pemphigoid antigens are sometimes detected. The 
antigens that trigger the immune activation of OLP are as yet 
unknown. However, a number of possible antigenic triggers 
have been suggested including local and systemic inducers of 
cell-mediated hypersensitivity, such as infection, drugs or dental 
materials [14]. 

e Drugs: lichenoid reactions may arise secondary to many classes 
of drugs, including non-steroidal anti-inflammatory drugs, 


antihypertensives (particularly ACE inhibitors), oral hypogly- 
caemics and antimalarials [15,16]. 

e Infections: a number of infectious triggers for OLP have been 
suggested, including bacterial and viral causes [17]. Proposed 
viral triggers include varicella-zoster virus, Epstein-Barr virus 
and cytomegalovirus. Many studies have demonstrated an asso- 
ciation between chronic hepatitis C virus (HCV) infection and 
OLP, particularly in areas with higher prevalence of hepatitis C, 
such as Japan and the Mediterranean. However, while it is not 
believed to be a causal association there may be an increased risk 
of malignant transformation in those with hepatitis C. 

e Dental materials: lichenoid reactions may be associated with con- 
tact allergic reactions to positive patch test reactions to chromate, 
gold and thiomersal [18]. Unilateral irritant contact reactions may 
also be observed with direct apposition of soft tissue to dental 
restorations, particularly amalgam. 


Pathology 

The pathology is similar to that of cutaneous lichen planus, although 
sawtooth rete ridges are rarely seen in oral biopsies, and other 
epithelial changes may be less distinct. 


Clinical features 

Oral lesions of lichen planus are bilateral and often symmetrical. 
There are a number of presentations which frequently overlap in any 
individual. These include reticular, papular or plaque-like lesions 
most frequently seen on the buccal mucosae or tongue (Figures 
108.68-108.72). However, lesions may be atrophic, ulcerative and 
rarely bullous. 


Reticular OLP 

The reticular form is the most common oral presentation fre- 
quently involving the buccal mucosa, lips, tongue or gingivae. 
The majority of the patients are asymptomatic though some may 
complain of roughness or dryness of the affected areas. It presents 
as a white, linear or lacy pattern known as Wickham’s striae 
(Figure 108.68). 


Figure 108.68 Lichen planus: reticulopapular lesions in the common oral site, the 
buccal mucosa. 


Figure 108.69 Lichen planus: plaque-like lesions resemble leukoplakia. 


Figure 108.70 Plaque type lichen planus on the tongue with sparing of the lingual tip. 


Papular or plaque OLP 

Papular OLP is typically seen on the dorsal aspect of the tongue 
or buccal mucosa as slightly elevated areas which may eventually 
become more homogeneous (Figure 108.68). Plaque type lesions 
may present on any oral mucosal site. Most frequently they arise 
on the buccal mucosa or dorsum of tongue. Generally, a biopsy 
is advisable as the lesions are frequently asymmetrical and may 
represent an area of dysplasia arising within OLP. In some patients, 
plaques may become progressively thickened with a verrucous 
appearance as seen in Figure 108.70. 


Atrophic and ulcerative OLP 

Atrophic lesions are common (44%), appearing as symptomatic 
erythematous areas. When affecting the dorsum of the tongue, 
the lateral margins are affected initially, leading to a hemilunar 
depapillation often with sparing of the lingual tip. The depapilla- 
tion may progress to involve the entire mid-dorsum. Once lost the 
papillae do not reappear, leaving a smooth atrophic surface. Within 
atrophic areas, progressive inflammation may lead to ulceration. 


Figure 108.71 Ulcerative lichen planus on the lower lip. 


Figure 108.72 Lichen planus on the gingivae with a characteristic violaceous hue. 


While these patients are very uncommon, they are the ones pre- 
senting to dermatology clinics and will often require systemic 
therapy. 


Desquamative gingivitis 

Gingival lichen planus may be mild with a violaceous hue or may 
appear as a glassy erythema with or without lichenoid striae, or 
may progress to form areas of desquamation or frank ulceration 
known as desquamative gingivitis (Figure 108.72). Patients with 
desquamative gingivitis may also be at risk of developing the 
VVG-LP subtype or rarely in males peno-gingival lichen planus. 
Gingival lichen planus may progress to a keratotic appearance 
and ultimately to verrucous changes called progressive verru- 
cous leukoplakia which is a potentially malignant condition that 
needs to be closely monitored as it has a high transformation rate 
into OSCC. 


Oral manifestations of systemic diseases 108.77 
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Bullous OLP 

Bullous OLP is rare and is characterised by the appearance of blis- 
ters, usually within an OLP lesion. It may be necessary to undertake 
direct immunofluorescence to distinguish from mucous membrane 
pemphigoid. 


Prognosis 

OLP is a chronic disease and may be present for many years. 
Long-term follow-up of patients with OLP reveals a malignant 
transformation rate of 1: 200 patients /year with an approximate 1% 
lifetime risk [19,20]. The most frequently affected sites are the buccal 
mucosa and tongue with erosive, erythematous or atrophic lesions 
being more susceptible to malignant change. Modifiable risk factors 
such as smoking and alcohol consumption increase the patient’s 
overall risk of developing SCC in the oral cavity. 


Investigations 

Biopsy with immunofluorescence may be undertaken if the diagno- 
sis is unclear, when systemic therapy is being considered or where 
lesions are suspicious for dysplastic changes. An oral swab for 
Candida may be required if the degree of discomfort is dispropor- 
tional to the clinical appearance or where the patient is at high risk 
of candidiasis. 


Management 

Treatment is aimed at improving symptoms. A stepwise approach 

is recommended according to symptoms and disease severity 

(Figure 108.73). 

General advice: 

e Assessment of disease severity using clinical outcome and patient 
reported outcome measures is essential. The oral disease severity 
score is ideal as it is validated for use in OLP [21]. 

¢ Improvement in oral hygiene is helpful. Additional antiseptic 
mouthwashes may reduce plaque. 

e Avoiding foods that trigger discomfort is advisable, e.g. spicy or 
acidic food. 

e Dental amalgams or gold crowns that are in direct contact with 
an area of localised OLP may have an irritant effect and may be 
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Figure 108.73 Algorithm for management of oral lichen planus. 


replaced. However, there is no evidence that removing amalgams 
in the mouth is helpful and should not be advised. 

e Identification of any lichenoid drug reaction is important so that 
the offending drug can be avoided. 

e Identification of co-existing candidiasis is important and regu- 
lar monthly antifungal therapy may be needed in patients with 
a propensity for infection (e.g. xerostomia, topical corticosteroid 
use, diabetes mellitus or systemic immunosuppression). 


Mild symptomatic lichen planus 

Topical corticosteroids are the mainstay of therapy. Betamethasone 
mouthrinses are typically used initially though higher potency cor- 
ticosteroids such as clobetasol, fluocinonide or fluticasone may also 
be used. Suggested options are detailed in Table 108.17. 


Moderately severe lichen planus 

In addition to topical corticosteroids, intralesional triamcinolone for 
localised disease or systemic therapy may be required for uncon- 
trolled symptoms. This might include reducing courses of oral 
prednisolone or a 3-6 month trial of hydroxychloroquine [22,23]. 


Severe lichen planus 

In severe erosive (partial loss of epithelium) or ulcerative (full loss 
of epithelium) lichen planus, patients may require longer term sys- 
temic agents. There is very limited evidence for efficacy for these, 
derived mainly from small case series [24-28]. Options include 
hydroxychloroquine, systemic corticosteroids, mycophenolate 
mofetil, azathioprine or methotrexate. There is some evidence for 
retinoids and apremilast. There is emerging evidence to suggest 
that biologics may be of benefit particularly when targeting TNF. 
Adalimumab successfully cleared a patient with oral and cuta- 
neous lichen planus in 6 weeks while in an OLP case there was 
improvement with etanercept. Preliminary evidence is emerging to 
support apremilast, the novel phosphodiesterase type IV inhibitor, 
in mucocutaneous lichen planus. 


Differential diagnoses 

Lichen planus pemphigoides. Oral lesions in lichen planus pem- 
phigoides may be similar to those of lichen planus or pemphigoid 
[1-4], clinically and histologically, with direct immunofluorescence 
demonstrating linear deposits of immunoglobulin G and comple- 
ment component C3 along the basement membrane. 


Discoid lupus erythematosus. Oral involvement resembles 
atrophic, reticular or erosive lichen planus and may be unilat- 
eral rather than the typical bilateral presentation of OLP [1-3] 
(Figure 108.74). The typical oral lesion of discoid lupus erythe- 
matosus is a central erosion or erythema with a surrounding radial 
keratotic striae ‘sun-ray’ appearance and is often relatively painless. 


Systemic lupus erythematosus. Up to 50% of patients with sys- 
temic lupus erythematosus may have oral lesions [1,2]. Typi- 
cally, oral lesions include aphthous type ulcers or erythematous 
patches on the hard palate. However, lichenoid lesions may also 
be present and indistinguishable from OLP. Sjégren syndrome may 
also be present in systemic lupus erythematosus. 
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Table 108.17 Topical therapeutic options for oral lichen planus. 


Preparation Treatment 


Directions 


Mouthrinse Soluble prednisolone 5 mg tablets 
Flixonase nasules 400 pg with nystatin 100 000 units 
Betamethasone sodium phosphate 500 yg tablets 
Spray Fluticasone propionate spray, 50 pg/puff 


Beclomethasone spray, 100 j1g/puff 

Clobetasol proprionate ointment (0.05%) + orabase 
Fluticasone cream (0.05%) 

Tacrolimus 0.1% ointment 


Ointment/cream 


Figure 108.74 Oral lesions in discoid lupus erythematosus. 


Chronic ulcerative stomatitis. Chronic ulcerative stomatitis may 
present as desquamative gingivitis with or without lesions on 
buccal or lingual mucosa and sometimes resembles lichen planus. 
It may be associated with lichenoid histology but is characterised 
by antinuclear antibodies directed against stratified squamous 
epithelia [1,2]. These autoantibodies are directed against a 70 kDa 
epithelial nuclear protein homologous to the p53 tumour suppressor 
and the p73 putative tumour suppressor, and shown to be a splicing 
variant of the KET gene. The lesions may respond to hydroxychloro- 
quine [1,2]. 


Stevens—Johnson syndrome/toxic 
epidermal necrolysis (chapter 118) 


Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) 
are conditions that form part of a spectrum of disease severity 
with TEN having a high mortality proportional to the extent of 
skin involvement and patient comorbidities. It is characterised 
by extensive detachment of full-thickness epithelium. Most cases of 
SJS/TEN are drug induced [1]. A number of cases in patients with 
HIV/AIDS have been recorded. 


Clinical features 
Patients present with a cough, sore throat, burning eyes, malaise 
and low fever, followed after about 1-2 days by skin and mucous 


5 mg dissolved in 15 mL of water as a mouthwash 3-4 times daily 

1mL of nystatin and 1 flixonase nasule added to 10 mL of water as a mouthwash twice daily 
500 pg tablet dissolved in 10 mL of water as a 3-minute mouthwash up to 4 times daily 
Applied to affected areas 3-4 times daily 

Applied to affected areas 3-4 times daily 

Applied to painful areas 1-2 times daily 

Applied to painful areas 3-4 times daily 

Applied to OLP of the lips twice daily for 6 weeks before as required use 


membrane lesions. Mucosal erosions plus widespread distribu- 
tion of flat atypical targets or purpuric macules, and epithelial 
detachment involving 10-30% of body surface on the trunk, face 
and extremities are characteristic of drug-induced Stevens—Johnson 
syndrome. 

In TEN, oral lesions can be seen in over 95% of patients. Gingival 
lesions are common and clinically are inflamed, with blister for- 
mation leading to painful widespread erosions. The blisters and 
erosions may precede the skin lesions by a day or so and may per- 
sist [1]. It is essential to have ophthalmology involvement alongside 
oral medicine assistance [1]. 


Diagnosis 

Sheet-like loss of the epithelium and a positive Nikolsky sign are 
characteristic. Biopsy of perilesional tissue with immunostain- 
ing and histological examination are essential to the diagnosis. 
Histopathological examination is characteristic, showing necrosis 
of the whole epithelium detached from the lamina propria. 


Management 

Admission is required for SJS/TEN patients [1]: 

¢ The mouth should be examined as a part of the initial assessment 
of a patient with SJS/TEN. Thereafter, daily oral review is neces- 
sary during the acute illness. 

¢ Apply white soft paraffin ointment to the lips immediately, and 
then every 2h throughout the acute illness. Protect ulcerated 
mucosal surfaces with a mucoprotectant mouthwash, used three 
times a day (e.g. Gelclair®). Clean the mouth daily with warm 
saline mouthwashes or an oral sponge, sweeping the sponge 
gently in the labial and buccal sulci to reduce the risk of fibrotic 
scars. 

e Use an anti-inflammatory oral rinse or spray containing benzy- 
damine hydrochloride every 3 hours, particularly before eating. 
If pain is inadequately controlled with benzydamine, then a top- 
ical anaesthetic preparation, e.g. viscous lidocaine 2%, 15 mL per 
application, may be used as an alternative. Cocaine mouthwashes 
2-5% can be used for severe oral discomfort three times a day. 

e Use an antiseptic oral rinse twice a day to reduce bacterial 
colonisation of the mucosa. Agents available include 1.5% 
hydrogen peroxide mouthwash (e.g. Peroxyl® mouthwash, 
10mL twice a day) or 0.2% chlorhexidine digluconate mouth- 
wash (e.g. Corsodyl® mouthwash, 10 mL twice a day). Diluting 
0.2% chlorhexidine mouthwash by up to 50% will reduce the 
soreness which can accompany this treatment. 
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¢ Oral and lip swabs should be taken regularly if bacterial or can- 
didal secondary infection is suspected. Candidal infection should 
be treated with nystatin oral suspension 100000 units four times 
a day for 1 week, or miconazole oral gel (e.g. Daktarin® oral gel) 
5-10 mL held in the mouth after food four times a day for 1 week. 
Slow healing of the oral mucosa may reflect secondary infection 
by, or reactivation of, HSV. 

¢ Consider using a topical corticosteroid four times a day (e.g. 
betamethasone sodium phosphate 0.5mg in 10mL water as a 
3-min rinse-and-spit preparation). A more potent preparation, 
clobetasol propionate 0.05%, mixed in equal amounts with 
Orabase®, can be applied directly to the sulci, labial or buccal 
mucosae daily during the acute phase. 


IMMUNOBULLOUS DISORDERS 


Pemphigus (chapter 50) 


There are several variants of this group of intraepidermal blister- 
ing disorders. However, oral lesions are only present in pemphigus 
vulgaris (PV) and paraneoplastic pemphigus. PV is a rare mucocuta- 
neous disorder presenting in over 90% of patients with oral lesions. 
These are very painful and can be recalcitrant to standard therapy. 
It is vital that the dermatologist understands the chronicity of oral 
PV, appreciates the need for objective disease severity assessment 
and how to manage patients optimally in a multidisciplinary team 
setting. Paraneoplastic pemphigus is a rare variant of pemphigus 
associated with an underlying neoplasm, e.g. lymphoproliferative 
disorders such as lymphoma, thymoma or the very rare Castleman 
disease. Extensive oral lesions are a major feature of this condition 
and require skilled management also in a multidisciplinary team 
setting. 


Pemphigus vulgaris. The epidemiology and pathophysiology of 
pemphigus is discussed in Chapter 50. 

Dsg3 is strongly expressed in oral epithelia and it is well recog- 
nised that increasing titres of Dsg3 IgG autoantibodies are associated 
with increasingly more severe oral disease [1,2]. Patients with both 
Dsg3 and Dsg1 may transform their clinical presentation over time, 
e.g. from PV to pemphigus foliaceous and vice versa. 


Clinical features 

The oral mucosa is almost invariably involved in PV and oral 
lesions are commonly the presenting feature (Figure 108.75) in over 
60% of cases. At some point over the course of their disease, over 
95% of patients will develop oral lesions. The most predominant 
site of involvement is the buccal mucosa, followed by palatal, 
lingual, labial mucosa and finally gingivae [1]. Oral lesions of PV 
are typically seen in adults, rarely in childhood. 

Bullae appear on any part of the oral mucosa but are fragile 
and so are rarely seen. Typically, the patient presents with large, 
painful, irregular and persistent red lesions which can be difficult to 
differentiate clinically from those of other erosive conditions, such 
as mucous membrane pemphigoid, although intact bullae are more 
commonly seen in mucous membrane pemphigoid. The Nikolsky 


Figure 108.75 Pemphigus vulgaris: irregular persistent oral erosions. 


sign, where application of lateral pressure to the edge of an erosion 
extends the lesion, is present in acute pemphigus but is painful and 
should be avoided. Furthermore, it can be seen in other immune 
blistering conditions. 


Investigations 

Diagnosis should be confirmed by biopsy and immunofluores- 
cence studies. A biopsy of perilesional mucosa should be taken for 
haematoxylin and eosin stained sections and a normal adjacent area 
of tissue biopsied for direct immunofluorescence [3] (Table 108.18). 
Serum collected for autoantibody titres may be helpful for monitor- 
ing disease activity. Enzyme-linked immunosorbent assay (ELISA) 
are routinely undertaken. 


Management 
The management of PV is discussed in detail in Chapter 50 [4,5]. It 
is vital to use a validated clinical outcome measure and two main 
tools for multisite PV have been proposed: the pemphigus disease 
activity index (PDAI) [6] and the autoimmune bullous severity 
index score (ABSIS). For oral lesions, a more sensitive methodology 
has been devised and validated: the Oral Disease Severity Score 
(ODSS) [7]. Additionally, patient reported outcome measures are 
helpful. The Autoimmune Bullous Disease Quality of Life Ques- 
tionnaire (ABQOL) has been devised for multisite disease, whereas 
for oral disease, the OHIP 14 and Chronic Oral Mucosal Disease 
Questionnaire (COMDQ) are recommended. 

Treatment is largely based on systemic immunosuppression using 
corticosteroids, with mycophenolate mofetil, azathioprine, dapsone 
or methotrexate as adjuvants. 


Specific management of oral lesions 

Mucosal lesions are recalcitrant, often only healing long after 
skin lesions have resolved. Topical corticosteroids are helpful 
(Table 108.17). Tacrolimus topically may also be effective. However, 
patients will additionally require systemic immunosuppression 
for active oral disease. This needs to be maintained at a level that 
ensures healing before slowly reducing. It is vital to see the disease 
severity scores reduce before treatment is reduced. 
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Table 108.18 Immunostaining in oral mucosal vesiculobullous disorders. 


Disease DIF Oral mucosal deposits mainly: Pattern of IF IF Autoantibodies against: 
Pemphigus + gG, C3 Epithelial intercellular + Dsg 1+3 
Mucous membrane pemphigoid + gG, C3, IgA Linear epithelial B + BP180, L332 (COL7) 
Bullous pemphigoid + 9G, c3 Linear epithelial B + BP180, BP230 
Dermatitis herpetiformis + gA +/- C3 Microgranular IgA dermal papillae and basement membrane = — Transglutaminase 2 (TG2) 
Linear IgA disease + gA, C3 Linear epithelial B 7 BP180 extracellular domain 
Erythema multiforme + C3 Vessel walls in lamina propria - - 

gM 
Lichen planus? + Fibrin® Granular BM - - 
Discoid lupus erythematosus? + gG, IgA, IgM, C3 Granular epithelial BM + None, or antinuclear 


Angina bullosa haemorrhagica 


+, Present; —, absent; +, sometimes. 
2 Rarely vesiculobullous; "non-specific deposits. 


The anti-CD20 monoclonal antibody, rituximab, is a highly effec- 
tive treatment for refractory PV. In the RITUX-3 study comparing 
rituximab plus a short course of prednisolone with high dose 
prednisolone alone there was an 89% sustained response over 
2 years with a much lower total dose of prednisolone in a post-hoc 
analysis [8,9]. The earlier it is given the better the outcome. In 
the USA and parts of Europe it is available as first line therapy. 
However, in the UK it is only approved for third line use by NICE. 


Paraneoplastic pemphigus. Paraneoplastic pemphigus is usually 
associated with lymphoproliferative diseases or thymoma [1-4]. 
Oral lesions may be the sole manifestation and have been seen in all 
reported cases of paraneoplastic pemphigus [1-4]. Patients present 
with painful hyperplastic ulcerative lesions often with a panstom- 
atitis, painful paronychia and lichenoid papules may be seen, and 
histology may show lichenoid changes, acantholytic blister for- 
mation and apoptotic keratinocytes. Direct immunofluorescence 
is positive for IgG both in the epidermal intercellular spaces and 
along the basement membrane zone. Indirect immunofluorescence 
is similarly positive in a PV pattern. 

There is often only a partial response to intravenous corti- 
costeroids [5]. Recent therapeutic advances include the use of 
anti-CD20 monoclonal antibody (rituximab) and mycophenolate. 


Pemphigus vegetans. Oral lesions in pemphigus vegetans are 
hyperplastic and are most frequently encountered at the commis- 
sures of the lips [1]. 


Other pemphigus variants. Oral lesions may be seen in less com- 
mon pemphigus variants, especially in most cases with IgA pemphi- 
gus (intraepithelial IgA pustulosis or intraepidermal neutrophilic 
IgA dermatosis) [1-3], and in some cases of pemphigus associated 
with inflammatory bowel disease [4-10]. 


Pemphigoid (subepithelial immune 
bullous diseases) 


A spectrum of immune-mediated subepithelial bullous diseases 
can present with oral blisters and/or erosions and/or desqua- 


BM, basement membrane; DIF, direct immunofluorescence (biopsy); IF, immunofluorescence; IIF, indirect immunofluorescence (serology). 


mative gingivitis. These include bullous pemphigoid, mucous 
membrane pemphigoid, linear IgA disease and epidermolysis bul- 
losa acquisita. P200 pemphigoid may also have oral lesions though 
diagnosis of this rare subtype is not routinely available in most 
laboratories. 


Bullous pemphigoid (Chapter 50) 


Oral lesions alongside skin lesions may be present but are usu- 
ally transient and respond quickly to treatment. Lesions may 
present as blisters or ulcers but desquamative gingivitis would 
not be a feature. Where patients have troublesome or persistent 
oral lesions this suggests that the diagnosis is mucous mem- 
brane pemphigoid, linear IgA disease or epidermolysis bullosa 
acquisita [1]. 


Chronic bullous dermatosis of childhood (linear IgA 
disease of children) (Chapters 50 and 115) 


Oral ulceration and desquamative gingivitis have been reported 
[1-5]. 


Dermatitis herpetiformis 


Rarely, oral mucosal lesions may occur in dermatitis herpetiformis 
and if present may appear as erythema or ulcers. Dapsone and 
sulfapyridine are the most effective therapeutic agents along with a 
gluten-free diet [1]. 


Epidermolysis bullosa acquisita (Chapter 69) 


Blisters or ulcers may be seen in the oral mucosa: typical sites include 
the tongue, lips and buccal mucosae. The gingivae are relatively 
spared. Scarring may be present and may result in ankyloglossia 
and microstomia. Perilesional biopsy for direct immunofluores- 
cence shows dermal binding linear IgG and C3 with autoantibodies 
specifically targeting type 7 collagen [1,2]. Epidermolysis bullosa 
acquisita may be recalcitrant to treatment which includes dapsone, 
prednisolone and mycophenolate mofetil/azathioprine and/or 
rituximab. 


7) 
Lu 
Ee 
vi 
Y 
a 
U 
re 
a. 
vi 


SEX & AGE 


PART 10 


108.82 Chapter 108: Dermatoses of the Oral Cavity and Lips 


1) 
Lu 
Ee 
4] 
be 
— 
U 
Lu 
-¥ 
7A) 
i 
= 
- 
< 
-¥ 


SEX & AGE 


Linear IgA disease of adults (Chapter 50) 


Oral lesions are more frequently seen in linear IgA disease as 
vesicles, bullae and erosions or desquamative gingivitis [1,2]. 
Treatment is similar to that for MMP, with dapsone being first line. 


Mucous membrane pemphigoid (Chapter 50) 


Mucous membrane pemphigoid (MMP) is a mucocutaneous, 
immune-mediated, subepithelial blistering disease characterised by 
autoantibodies to a range of molecules in the basement membrane 
zone, although typically BP180 and/or L332 [1,2]. The mouth may 
be involved as part of a wider disease, although in many patients 
only oral lesions are seen [1]. 


Clinical features 

MMP involves the oral mucosa in over 75% patients with or without 
conjunctival, nasopharyngeal, anogenital, cutaneous, oesophageal, 
laryngeal or rarely tracheobronchial lesions. 

Oral MMP frequently presents with gingival lesions. Blisters may 
occasionally be visible on the gingivae but more typically patients 
will have gingival erythema with the appearance of a shiny smooth 
‘glassy’ erythema with loss of stippling. More severe patients may 
have areas of ulceration, termed desquamative gingivitis. In con- 
trast to PV, where desquamation sits around the neck of teeth as 
ragged gingival tip erosions, or marginal gingivitis associated with 
plaque, in MMP the inflammation affects much of the attached or 
bound-down gingivae and is visible as a band of erythema several 
millimetres in width. This inflammation is sometimes termed ‘full 
thickness’ desquamative gingivitis and is characterised by erythe- 
matous glazed often sore gingivae (Figure 108.76). Bullae when 
present may be seen in any affected sites but are not infrequently 
visible on the soft palate. They may be blood filled or are serosan- 
guinous and rupture to form ulcers [1,3]. The buccal mucosa and 
hard or soft palate are also frequent ‘extragingival’ sites. Scarring is 
uncommon but when present is seen as whitish change in the buccal 
mucosae, loss of gingival sulci or flattening of the soft palate with 
distortion or loss of the uvula. Unusual sites in MMP include the 
tongue and lip. If these sites are affected, the patient may have an 
atypical subtype of L332 MMP or epidermolysis bullosa acquisita. 


Figure 108.76 Pemphigoid: vesicles and desquamative gingivitis. 


Investigations 

A biopsy is required for diagnosis [3,4,5]. Direct immunofluo- 
rescence is positive for linear basement membrane zone IgG, 
IgA and/or C3. It is important to ensure that a representative 
sample is collected that maintains epithelium. Perilesional intact 
tissue is recommended [4]. Serum autoantibodies to epithelial 
basement membrane molecules may be detected in addition with 
salt-split skin substrate and may correlate with disease severity and 
sequentially with activity [6,7] (Table 108.18). 


Management 
Management of MMP is discussed in detail in Chapter 50. 


Disease assessment 

This is extremely important as the scarring sequelae of MMP may be 
severe and even life threatening. A multidisciplinary assessment is 
recommended for multisite involvement. However, an ophthalmol- 
ogy review is specifically recommended if any redness or dryness 
of the eyes is present, as is an ENT examination if there is nasal 
crusting, bleeding or hoarseness. Swallowing difficulties may also 
indicate oesophageal MMP. Clinical outcome measures are also 
useful for assessing baseline disease severity and sequentially to 
assess therapeutic efficacy. The Oral Disease Severity Score (ODSS) 
[8] has been compared with other proposed outcome measures and 
has been shown to be a more sensitive and reproducible technique 
compared with the Autoimmune Bullous Disease Severity Score 
(ABSIS) or the MMP Disease Activity Score (MMPDAI) [9,10]. 
Additionally, it is equally applicable to PV and OLP. When patients 
have an unusual clinical presentation or a more severe scarring 
phenotype it is important to consider atypical variants including 
L332 MMP because this is associated with an increased risk of 
malignancy [11-14]. 

Patient reported outcome measures are also vital and a vari- 
ety of options are available including Dermatology Life Quality 
Index (DLQI), Oral Health Impact Profile (OHIP-14), a Chronic 
Oral Mucosal Diseases Questionnaire (COMDQ) and Autoimmune 
Bullous Disease Quality of Life questionnaire (ABQOL) [15-17]. 


Treatment 

There is no high-quality evidence available upon which to base 
treatment recommendations [18,19]. Patients are typically treated 
with topical corticosteroids either alone where there is localised 
disease or, more typically, alongside systemic immunomodulating 
therapy. Systemic corticosteroids as a reducing short course may be 
used at initial presentation, but more typically an immunomodulat- 
ing agent, such as dapsone or sulphapyridine, is introduced. These 
should be introduced slowly to minimise the risk of haemolysis 
and it is important to appreciate that response may be slow and 
progressive. Tetracyclines with or without nicotinamide may be 
used. Recalcitrant mucous membrane pemphigoid may respond to 
mycophenolate mofetil. A layered approach can be helpful in more 
complex cases with low dose prednisolone, dapsone and mycophe- 
nolate mofetil/azathioprine being combined. There is some evi- 
dence for use of intravenous immunoglobulins, rituximab or other 
biological agents [18]. The most recent European guidelines recom- 
mend that rituximab be considered a second-line agent in severe 
MMP and third-line in cases recalcitrant to standard therapies [18]. 


ENDOCRINE DISORDERS 


Addison’s disease may be associated with oral and peri-oral 

melanotic pigmentation. 

¢ Hyperparathyroidism can cause central and peripheral giant cell 
tumours, also known as ‘Brown tumours’. 

¢ Menopause has been associated with diminished salivation, 
mucosal atrophy, oral dysaesthesia and dysgeusia, 

e Pregnancy may be associated with pyogenic granulomas, oral 
peripheral giant cell granuloma, angiogranuloma and periodon- 
tal disease. 

e Autoimmune thyroid disease may be associated with lichen 

planus. 

Diabetes mellitus may be associated with mucosal atrophy and 

oral candidosis. 


RENAL DISEASES 


e Patients with acute kidney disease can present with oral ulcera- 
tive lesions or uraemic stomatitis. Chronic renal impairment may 
lead to oral candidosis, oral mucosal atrophy, hyposalivation 
and increased incidence of oral dysaesthesia. 


NEUROLOGICAL DISEASES 


Multiple sclerosis can present with chronic orofacial pain, trigem- 
inal neuralgia, oral paraesthesia and taste disturbances. 
Amyotrophic lateral sclerosis (motor neuron disease) may present 
with progressive paralysis of orofacial and pharyngeal function as 
well as an atrophied fasciculating tongue. 

Stroke patients may also present with chronic orofacial pain, 
oral dysaesthesia and taste disturbances. 

Patients with Parkinson’s disease or dementia may have signifi- 
cant difficulty with sialorrhea. 


PSYCHIATRIC DISORDERS 


e Oral dysaesthesia and persistent idiopathic facial pain are 
often associated with a variety of psychiatric disorders, particu- 
larly anxiety and depression. Psychosocial factors, e.g. stress, are 
also known to aggravate and perpetuate chronic orofacial pain. 

e Eating disorders can present with oral mucosal atrophy, oral 
candidiasis, salivary gland enlargement and dental enamel ero- 
sions that occur typically on the lingual/palatal surfaces of the 
anterior teeth. 


OROCUTANEOUS SYNDROM 


Cleft lip/palate 


Definition 
The primary palate or premaxilla includes that portion of the alve- 
olar ridge containing the four incisors. The secondary palate forms 


the remaining hard palate and all the soft palate. Cleft of the lip with 
or without cleft palate (CL/P) is one of the commonest congenital 
malformations in western countries. Based on their association 
with specific malformative patterns or their presence as isolated 
defects, CL/P can be classified as syndromic and non-syndromic, 
respectively. Both forms of CL/P are characterised by a strong 
genetic component. Syndromic forms are in many cases due to 
chromosomal aberrations or monogenic diseases. Non-syndromic 
CL/P is a multifactorial disease caused by the interaction between 
genetic and environmental factors. 

Orofacial clefts result from an embryopathy in which there is 
failure of the frontonasal process and/or fusion of the palatal 
shelves. In the submucous cleft palate, the palatal shelves may 
fail to join, but the overlying mucous membranes are intact and 
the muscle attachments of the soft palate are abnormal, causing 
velopharyngeal insufficiency. Bifid uvula may signify a submucous 
cleft palate. 


Epidemiology 

The common clefts are cleft lip with or without cleft palate (CL/P) 
and cleft palate (CP) only. The total incidence of facial clefting 
is between two and three per 1000 live births. Cleft lip occurs in 
about 1/1000 white-skinned neonates. The prevalence is higher in 
Asian neonates (about 1.7/1000 births) and lower in black neonates 
(approximately 1/2500 births). CP has an incidence of 0.5/1000 
births. The risk of recurrence in subsequent children is about 2% if 
one child has it, 6% if one parent has it, and 15% if one parent and 
one child have it. The male to female ratio of CL/P is 2:1, while the 
male to female ratio of CP is 1:2. 


Associated diseases 

Facial clefts are associated with a syndrome in up to 15-60% of cases 
and are then termed syndromic clefts. More than 100 syndromes 
may include a facial cleft as one manifestation and CL/P may be 
associated with many congenital syndromes. 

However, the majority of cases are not syndromic and may be 
due to a combination of genetic and environmental factors. A num- 
ber of teratogens (environmental agents that can cause birth defects) 
have been implicated, as well as defects in essential nutrients. 


Pathophysiology 

The development of the face and the upper lip takes place during 

the fifth to ninth week of pregnancy. CL/P and CP alone result 

from the failure of the first branchial arches to complete fusion 

processes and are the most common of all craniofacial anomalies. 

Failed fusion of the palatal shelves can be caused by different gene 

defects culminating in: 

¢ A problem in the formation of the midline epithelial seam. 

¢ Small size of the palatal processes. 

¢ Unsynchronised timing of the elevation or growth of the palatal 
shelves with the growth of surrounding structures such as cranial 
base. 

e A small mandible preventing the downwards relocation of the 
tongue which mechanically may prevent palatal fusion. 


Predisposing factors [1-6] 
CL/P is more prevalent in the lower socioeconomic classes. Environ- 
mental factors present during the first trimester of pregnancy and 
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those which may generate CP include smoking or alcohol, obesity, 
diabetes and folate deficiency. Drugs recognised as teratogens 
with specificity for midfacial development include anticonvulsants 
(phenytoin, valproic acid, topimirate, carbamazepine), methotrex- 
ate, selective serotonin reuptake inhibitors (SSRIs), clomiphene, 
fluconazole, ondansetron and a number of other psychoactive 
drugs (e.g. cocaine, crack cocaine, heroin). A maternal age of 
35 years or older has also been associated with an increased risk. 


Genetics 

Genetic factors have been identified for some syndromic conditions. 
Clefts can be seen in over 100 different syndromes (Box 108.10). 
The cause of non-syndromic CL/P is unclear but there is a strong 
genetic component. In monozygotic twins, there is nearly 40% 
concordance. A number of genes are involved, including cleft lip 
and palate transmembrane protein 1 and GAD1 [7]. 


Box 108.10 Syndromes which may include cleft 
lip/palate 


e Apert syndrome 

¢ Basal cell carcinoma naevoid syndrome 

¢ Carpenter syndrome 

¢ Cleidocranial dysplasia 

¢ Craniosynostosis 

¢ Crouzon syndrome 

e Freeman-Sheldon syndrome 

¢ Goldenhar syndrome 

e Hallerman-Streiff syndrome 

¢ Hemifacial microsomia 

e Hydrocephalus 

¢ Microtia 

¢ Miller syndrome 

¢ Moebius syndrome 

e Nager syndrome 

¢ Nasal encephalocoeles 

¢ Neurofibromatosis 

¢ Orbital hypertelorism 

e Parry-Romberg syndrome 

¢ Pfeiffer syndrome 

e Pierre Robin sequence 

e Saethre-Chotzen syndrome 

¢ Shprintzen syndrome 

¢ Stickler syndrome 

¢ Treacher Collins syndrome 

e Van der Woude syndrome 

¢ Velocardiofacial syndrome (DiGeorge syndrome or 22q11 deletion 
syndrome) 

e Waardenberg syndrome 


Clinical features 

Presentation 

A person may have a cleft lip, cleft palate or both cleft lip and palate. 
A unilateral cleft lip occurs on one side of the upper lip. A bilateral 
cleft lip occurs on both sides of the upper lip. In its most severe form, 
the cleft may extend through the nose base. Cleft lip is not always 
complete (i.e. extending into the nostril). A cleft may involve only 
the upper lip or may extend to involve the nostril and the hard and 


soft palates. In about 9% of the cases, the cleft is associated with 
skin bridges or Simonart bands. Isolated cleft lip may be unilateral 
or bilateral (approximately 20%). When unilateral, the cleft is more 
common on the left side (about 70%). 

Lips are more frequently cleft bilaterally (approximately 25%) 
when combined with cleft palate. CL/P is more common in men. 
CL/P comprises about 50% of cases, with cleft lip and isolated 
cleft palate each comprising about 25%. About 85% of bilateral 
cleft lips and 70% of unilateral cleft lips are associated with cleft 
palate. One subgroup have cleft lip and palate with median facial 
dysplasia and cerebrofacial malformations; others have laryngo- 
tracheal oesophageal clefts (Opitz—Firas or G syndrome) or cranial 
asymmetry (Opitz or B syndrome). 

Clefts in the middle of the upper lip may be true or false. True 
median clefts have been described in association with bifid nose 
and ocular hypertelorism. Other cases of true median labial cleft are 
associated with polydactyly or other digital anomalies, constituting 
an autosomal recessive trait called orofaciodigital syndrome II. 

Pseudocleft of the middle of the upper lip may occur in orofa- 
ciodigital syndrome I. A somewhat similar central defect, but of mild 
degree, is seen in chondroectodermal dysplasia (Ellis-van Creveld 
syndrome). Clefts in the lower lip are rare and usually median but 
may involve the mandible and sometimes the tongue. Management 
of cleft lip is discussed elsewhere. 

Cleft palate may be incomplete involving only the uvula and 
the muscular soft palate. A complete cleft palate extends the entire 
length of the palate. Cleft palates can be unilateral or bilateral. Clefts 
are often accompanied by impaired facial growth, dental anomalies, 
speech disorders, poor hearing and psychosocial problems. 


Clinical variants 

Submucous cleft palate can be recognised by a notched posterior nasal 
spine, a translucent zone in the midline of the soft palate and a bifid 
uvula. However, not all these features are necessarily present and a 
bifid uvula may be seen in isolation. About 1/1200 births are affected 
and feeding difficulties, speech defects and middle-ear infections 
may develop in 90% of affected children. Adenoidectomy is con- 
traindicated as it may reveal latent velopharyngeal insufficiency. 


Complications and co-morbidities 

A high percentage of patients with cleft palate develop otitis media 
with effusion. Up to 20% have additional abnormalities that can 
affect management in various ways. Systemic disorders are more fre- 
quent in patients with cleft palate than in those with cleft lip alone, 
and include especially skeletal, cardiac, renal and CNS defects. 


Investigations 

Health care providers that frequently participate in a multidisci- 
plinary cleft palate team include: audiologists; maxillofacial, ear, 
nose and throat, and plastic surgeons; geneticists; neurosurgeons; 
nurses; dentists (paediatric dentist/orthodontist/prosthodontist); 
paediatricians; social workers/psychologists, and speech and 
language pathologists. 


Management [8-10] 
Treatment of the airway takes priority and may be managed with 
positioning but, in severe cases, may need tracheostomy. Aesthetics 


is a major issue for parents. One of the problems for the child is feed- 
ing: a Rosti bottle with Gummi teat often helps. The timing of the 
initial cleft lip and palate repair is controversial. In general, when 
the lip alone is cleft, initial cosmetic repair is carried out at about 
3-6 months of age, although earlier operations are becoming pop- 
ular. Many repair cleft lip and palate within the first few days of 
life because, after repair, the appearance is dramatically improved, 
feeding difficulties are significantly minimised and speech develop- 
ment is improved. If the palatal defect is too wide, it can be repaired 
3 months later to allow for sufficient palatal growth. Cleft palate 
is now usually repaired before the child speaks, between 6 and 18 
months, typically at 6-12 months of age. 

Palatal ulcers seen in neonates with cleft lip and palate appear 
to result from trauma from the tongue and resolve if a palatal plate 
is fitted. Dental abnormalities include malocclusion (almost 100%), 
hypodontia (50%), hypoplasia (30%) and supernumerary teeth 
(20%). Children may have a higher prevalence of caries in both 
the primary and permanent dentitions, and significantly more 
gingivitis, especially in the maxillary anterior region. 


Syndromic cleft palate 


Syndromes account for approximately 30% of cases of CL/P and 
50% of cases of CP. Van der Woude syndrome is the most common 
form of syndromic clefting, accounting for 1-2% of cases. 
Other examples include: 
¢ Stickler syndrome. 
¢ Deletion of chromosome 22q11. 
e Treacher Collins syndrome. 
¢ SATB2 syndrome. 


Cowden syndrome (chapter 78) 


Most cases of Cowden syndrome are caused by mutations in 
the PTEN tumour suppressor gene [1-3]. It is considered part of 
the PTEN hamartoma-tumour syndrome spectrum which also 
includes Bannayan—Riley—Ruvalcaba syndrome [4,5] and Proteus 
syndrome [6]. Characteristically, it starts in the third decade. There 
is an increased risk for breast, thyroid and endometrial cancer. 


Clinical features 

Patients present with multiple hamartomas, macrocephaly, trichi- 
lemmomas and papules in the mouth. Oral mucosal lesions may 
be found in the presence or absence of cutaneous stigma [6-11]. 
The oral lesions are typically 14mm smooth, pink or whitish 
benign fibromas found especially on the palatal, gingival and 
labial mucosae. When they coalesce, they can form a distinctive 
cobblestone appearance. 


De Lange syndrome 


Classic Brachmann or Cornelia de Lange syndrome presents with 
a striking face, pronounced growth and learning disability, and 
variable limb deficiencies. Most cases are sporadic [1,2]. About 


50% of patients have been found to have heterozygous mutations 
in the NIPBL gene with some cases being caused by mutations in 
SMC1L1, HDAC8, RAD21 and SMC3 genes [3]. A long philtrum 
and crescent-shaped mouth with down-turned corners is typical 
[4-6]. The characteristic face of classic de Lange syndrome is present 
at birth and changes little throughout life, although there is some 
lengthening of the face with age and the jaw becomes squared. 


Double lip 


Double lip is a developmental anomaly usually involving the upper 
lip. It is reported to be common among some groups of Africans [1]. 
Double lip may occur alone or in association with other anomalies. 
The association with blepharochalasis (laxity of the upper eyelid 
skin) and sometimes non-toxic thyroid enlargement is known 
as Ascher syndrome [2,3]. Non-syndromic double lip has been 
reported [4]. A fold of redundant tissue is found on the inner aspect 
of the involved lip [5,6]. Double lip requires no treatment unless 
except for cosmetic purposes. 


Down syndrome 


The incidence of clefts and of angular cheilitis is increased in people 
with Down syndrome, caused by an increased level of Staphylococcus 
aureus and Candida albicans [1,2]. Lip fissures may appear intermit- 
tently over a period of years or be intractable and longstanding. The 
tongue is often enlarged and may be fissured. 


Erythropoietic protoporphyria 
(Chapter 58) 


Erythropoietic protoporphyria is thought to be caused by a com- 
pound loss-of-function mutation in the gene encoding ferro- 
ochelatase (FECH; 612386) found on chromosome 18q21. Typically, 
there is a mutation on one gene as well as a second, low-expression 
allele. Rarely, there is a gain in function mutation in ALA synthase 
(ALAS)-2 (X-linked dominant inheritance). Thus, inheritance can 
be autosomal recessive or autosomal dominant with incomplete 
penetrance (96% of patients in the UK). In very rare instances, ery- 
thropoietic protoporphyria has been reported to have been caused 
by myelodysplasia or myeloid leukaemia due to associated chromo- 
somal instability, including knock-out loss of chromosome 18. The 
result is in inhibition of the conversion of protoporphyrin to haem. 


Clinical features 

Shallow elliptical or linear scars around the lips and linear peri- 
oral furrowing (pseudorhagades) are subtle changes that are 
pathognomonic when observed in children [1-3]. 


Focal mucinosis 


Oral focal mucinosis is an uncommon clinicopathological entity 
considered to be the oral counterpart of cutaneous focal mucinosis 
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and/or cutaneous myxoid cyst. The nature of the lesion is unknown. 
It occurs predominantly in adults during the fourth and fifth decade 
of life. It is most commonly found on the gingiva and presents as 
a painless, sessile or pedunculated mass of the same colour as the 
surrounding mucosa [1-3]. Histologically, it is characterised by 
localised areas of myxomatous connective tissue. 


Gardner syndrome (chapter 78) 


Multiple jaw osteomas are a feature of Gardner syndrome of famil- 
ial adenomatous polyposis coli. Some 80% of patients with familial 
adenomatosis polyposis coli have osteomas and 30% have dental 
anomalies such as unerupted teeth, supernumerary teeth, dentiger- 
ous cysts and odontomas [1-10]. 


Gorlin syndrome (chapter 140) 


Keratocystic odontogenic tumours (Kodontogenic keratocysts or 
primordial cysts) of the jaws are a prominent feature of Gorlin 
syndrome (naevoid basal cell carcinoma syndrome) [1-3]. The 
syndrome is caused by mutations in the Sonic Hedgehog patched 
gene, a tumour suppressor gene [4,5]. A single point mutation in 
one patched allele may be responsible for the various malforma- 
tions found in the syndrome. Inactivation of both patched alleles 
results in the formation of tumours and cysts (basal cell carcinomas, 
odontogenic keratocysts and medulloblastomas). Three-quarters 
of odontogenic keratocysts present in the mandible [2,3,6]. The 
keratocysts should be surgically removed but have a tendency to 
recur [7]. 

There are also occasional reports of oral neoplasms, notably 
fibrosarcoma, ameloblastoma, squamous carcinoma, basal cell car- 
cinoma and B-cell lymphoma [8-12]. 


Jacob disease 


Jacob disease is a rare condition consisting of new joint formation 
between the coronoid process of the mandible and the inner aspect 
of the zygomatic arch [1,2]. 


Kindler syndrome 


Kindler syndrome is a rare autosomal recessive type of epidermol- 
ysis bullosa due to a loss of function mutation in the KIND1 gene 
encoding kindlin-1. It is characterised by skin blistering, photosen- 
sitivity, progressive poikiloderma and SCCs of skin and mucosal 
membranes [1-3]. Bulla formation starts at birth on areas of the 
skin that receive pressure and may lead to bilateral incomplete 
syndactylies involving all web spaces. 

The oral mucosa is affected, with erosions and early and severe 
periodontitis leading to premature loss of teeth [4,5]. Trismus may 
also result. 


Figure 108.77 Angular sinus (lippit), a congenital anomaly. 


Lip pits and sinuses 


Congenital lip pits or sinuses are small blind fistulae on the vermilion 
border [1]. They are usually bilateral and symmetrical, often just to 
one side of the philtrum. The pits may be up to 3-4mm in diame- 
ter and up to 2cm deep. They may communicate with underlying 
minor salivary glands. They may appear as isolated findings but are 
often (67%) associated with cleft lip and/or palate (Van der Woude 
syndrome) [2-4] and caused by a DNA variation in IRF6 [5]. 

Dimples are common at the commissures. They should be dis- 
tinguished from commissural pits, which are distinct definite pits 
ranging from 1 to 4mm in diameter and depth present from infancy 
[10,11], often showing a familial tendency and probably determined 
by a dominant gene (Figure 108.77). Commissural pits are some- 
times associated with aural sinuses or pits. Rarely, they may be 
infected and present as recurrent or refractory angular cheilitis. 
Surgical removal may be indicated for cosmetic purposes. 


Noonan syndrome 


Noonan syndrome is an autosomal-dominant condition. It is caused 
by mutations in the RAS/mitogen-activated protein kinase (MAPK) 
pathway which is essential for cell cycle differentiation, growth and 
senescence. A number of mutations have been identified with the 
four most common being the PTPN11 (50% of cases), KRAS, SOS1 
and RAF1 genes [1,2]. 

The classic features include short stature and congenital heart 
disease. Central giant cell lesions or cherubism of the jaws may 
be present [3-8]. Dental anomalies such as malocclusion and 
abnormalities of tooth number or morphology are common. 


Tuberous sclerosis 


Oral manifestations in tuberous sclerosis include pit-shaped enamel 
defects in both dentitions, and gingival fibromatosis and intraoral 
fibromas [1-4]. 


Van der Woude syndrome 


Van der Woude syndrome is a rare autosomal dominant syndrome 
[1] caused by mutations in the IRF6 gene, located on chromo- 
some 1q32-41 [2,3]. It is the most common syndromic form of cleft 
lip and palate, representing 1% of cases. It is characterised by pits 
and/or sinuses in the lower lip and cleft lip and/or cleft palate [2-5]. 


Velocardiofacial syndrome (22q11 
deletion syndrome) 


In approximately 90% of patients this arises as a sporadic mutation. 
In 10% of cases it is inherited from a parent with this syndrome. It is 
associated with many clinical features including cleft lip or palate, 
learning difficulties, congenital heart disease and hypoparathy- 
roidism [1,2]. 


Von Recklinghausen 
neurofibromatosis 


Neurofibromatosis consists of distinct variants due to NF gene muta- 
tions: type I (NF-D, often referred to as von Recklinghausen dis- 
ease; and type II (NF-ID), a much less common disorder of bilateral 
acoustic schwannomas. The incidence of head and neck manifes- 
tations in patients with NF varies between 14% and 37%. Multi- 
ple neurofibromas may occur as a feature of NF; cosmetic lesions 
include pigmentary changes (café-au-lait spots). 

Neurofibromas may be seen mainly in NF-I. Neurofibromas 
may also be seen in NF-II, but bilateral acoustic neuromas are the 
hallmark of this disease and neurilemmomas and acoustic neuro- 
mas are the predominant neural tumours. Neurofibromas may also 
be part of the MEN syndrome (Chapter 148). 

Oral lesions are not uncommon in von Recklinghausen gen- 
eralised NF [1-5]. About two-thirds of patients have intraoral 
neurofibromas affecting predominantly the tongue, lips, buccal 
mucosa or palate [4,5]. Neurofibroma represents a benign over- 
growth of all elements of a peripheral nerve (axon cylinder, Schwann 
cells and fibrous connective tissue), arranged in a variety of patterns. 
Enlarged fungiform papillae are found in about 50% of patients. 
About 60% of patients have radiographic evidence of disease, 
especially enlargement of the inferior alveolar canal or foramen, 
or branching of the canal. Neurofibromas may occur multiply as 
a feature of NF but only rarely undergo sarcomatous change [6]. 
Other rare, malignant tumours include nerve sheath tumour [7], 
triton tumour [8] and Merkel cell carcinoma [9]. 


Xeroderma pigmentosum 


SCC of the lip may arise in patients with xeroderma pigmentosum 
and therefore it is crucial to institute sun protection [1-3]. Topical 
5-fluorouracil or surgery may be used to treat potentially malignant 
lesions. 


CONGENITAL ANOMALIES 


Ankyloglossia 


Ankyloglossia is an isolated anomaly that occurs when a short 
lingual frenulum or a tightly attached genioglossus muscle restricts 
tongue movement [1-3]. Most cases of ankyloglossia are sporadic. 
The association of cleft palate with ankyloglossia is inherited as a 
semidominant, X-linked disorder previously described in several 
large families of different ethnic origins and related to chromosome 
Xq21: the T-box transcription factor gene TBX22 is mutated [4-6]. 

It results in impaired protrusion of the tongue and side-to-side 
movement of the tongue, and a heart shape to the tongue when it is 
protruded. 

Speech is not affected in patients with ankyloglossia but difficulty 
breastfeeding, articulation problems and mechanical problems can 
result. No investigations are necessary. If necessary, surgery to the 
fraenum will relieve ankyloglossia [7]. 


Fissured tongue 


Fissured tongue, a normal tongue variant seen in adults, presents 
with deep grooves located on the midline or evenly distributed 
on the tongue surface (Figure 108.78) [1]. It may be noted from 
childhood. Geographic tongue is commonly found in people with 
fissured tongues. Patients with Down syndrome often have a fis- 
sured tongue and it is a feature of the rare Melkersson—Rosenthal 


Figure 108.78 Fissured or scrotal tongue. 
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syndrome comprising recurrent orofacial swelling, facial palsy and 
plicated tongue. No investigations are required. 

Patients are generally asymptomatic but may complain of halito- 
sis. Reassurance only is required. 
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Introduction 


Male patients with non-sexually transmitted and non-urological 
skin problems commonly present to genito-urinary or urology clin- 
ics where the training and expertise are not orientated to adequate 


dermatological diagnosis and treatment [1]. 


Careful dermatological evaluation, including a full history 
and complete examination, usually allows confident clinical 
differential diagnosis. A biopsy and other investigations are 
sometimes indicated. It is important to consider the possibility 
of sexually transmitted disease or a urological disorder and refer 


accordingly. 


Itching, rashes and tumours are the major components of general 
dermatology and the genito-crural area is not spared. The pruritic 
diseases that may affect the region are listed in Boxes 109.1, 109.2 
and 109.3 and the causes of genito-crural intertrigo (any dermatosis 
affecting skin folds associated with occlusion and friction) are listed 
in Boxes 109.4 and 109.5. Itch occurring in the absence of specific 
diagnostic skin lesions is not usually confined to the genito-crural 
area, but if so it should not be labelled as psychogenic until all pos- 
sible causes have been excluded. The intensity with which itch can 
be perceived in the ano-genital area may be a result of the vagaries of 
cortical representation afforded the region in the sensorium as well 
as anxiety about exposure to sexually transmitted disease and geni- 


tal cleanliness. 


While this chapter concerns male genitalia, it bears acknowledge- 
ment that patients with male genitalia may not identify as male; 
judicious use of gender terminology is particularly important in this 


context. 


Box 109.1 Common causes of genital pruritus 


e Eczema/dermatitis 
e Exogenous 
¢ Contact 
e Irritant 
e Allergic 
e Endogenous 
e Atopic 
© Seborrhoeic 
e Lichen simplex 
¢ Psoriasis 
e Lichen sclerosus 
e Lichen planus 
¢ Perianal streptococcal dermatitis (referred itch or involvement by 
direct extension to base of scrotum) 
e Erythrasma 
e Herpes simplex 
° Candidosis 
e Tinea 
¢ Onchocerciasis (in developing countries) 
e Phthiriasis 
° Scabies 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.2 Rare causes of genital pruritus 


¢ Insect bites/papular urticaria 
¢ Radiodermatitis 

e Hirsutism (frictional irritation) 
¢ Hyperhidrosis 

¢ Fox—Fordyce disease 

¢ Urticaria and dermographism 
¢ Dermatitis herpetiformis 

¢ Chlamydia 

¢ Gonorrhoea 

¢ Syphilis 

¢ Other sexually transmitted diseases 
¢ Trichosporosis 

e Larva currens 

¢ Cutaneous larva migrans 

¢ Onchocerciasis (in western practice) 
¢ Bowen disease 

e Extramammary Paget disease 
e Langerhans cell histiocytosis 

e Drugs 

¢ Foods 

e Senescent pruritus 

e Dysaesthesia syndromes 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.3 Causes of genital itching in the absence 
of fixed clinical findings 


¢ Symptomatic dermographism 
¢ Contact urticaria 
¢ Non-immunological/allergic (e.g. mechanical friction of pubic 
hair, topical substances) 
¢ Immunological (latex, body fluids) 
¢ Contact dermatitis 
¢ Incognito disease 
¢ Psoriasis 
¢ Candidosis 
¢ Scabies 
e Drugs and foods 
¢ Senescent pruritus 
¢ Delusional infestation 
¢ Unexplained 
e Dysaesthesia syndromes 
e Psychosexual 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Structure and function of the male genitalia 


The penis is the male organ of urinary elimination and sex- 
ual function (for the insemination of the female). The prepuce 


Box 109.4 Common causes of genito-crural 
intertrigo 


e Primary (e.g. induced by heat, maceration, friction) 
e Eczema 
e Exogenous 
¢ Irritant contact 
e Endogenous 
¢ Seborrhoeic 
¢ Psoriasis (inverse pattern/flexural) 
e Erythrasma 
¢ Candidosis 
e Tinea 
¢ Trichosporosis (in India) 
e Pseudoacanthosis nigricans 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.5 Rare causes of genito-crural intertrigo 


e Eczema 

e Exogenous 

e Allergic contact 
e Endogenous 
e Atopic 

¢ Reactive arthritis 
e Lichen sclerosus 
e Hailey—Hailey disease 
e Darier disease 
¢ Streptococcal dermatitis 
¢ Gonorrhoea 
e Secondary syphilis 

e Part of a syphilide 

¢ Mucous patch 
¢ Congenital syphilis (in the infant) 
¢ Trichosporosis (in industrialised countries) 
e Extramammary Paget disease 
e Kaposi sarcoma 
e Langerhans cell histiocytosis 
e Carcinoma erysipeloides 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


and its secretions provide physical and immunological protective 
functions, and it has erogenous properties (e.g. forms part of the 
penile dartos muscle and the corpuscular receptor-rich ridged 
band), but none of these is indispensable for erogenous function 
in copulation or other sexual activity [1]. The scrotum maintains 
the testes at the ideal temperature for spermatogenesis. The male 
genital structures are illustrated in Figure 109.1. The anatomical 
position is that of full penile erection. 

The anatomy is explained by the embryology [2]. At about the 
third week of fetal development, mesenchymal tissue from the 
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Figure 109.1 (a) Cross-section of the body of the penis. (b) Circumcised and 
uncircumcised glans penis. Adapted from Last’s Anatomy, 9th edn. Reproduced from 
Bunker CB. Male Genital Skin Disease, 2nd edn. London: Bruce Shrink, 2019. © 2019, 
with permission from the author. 


primitive streak forms cloacal folds around the cloacal membrane, 
joined anteriorly and cranially to form the genital tubercle, posteri- 
orly and caudally to form an annulus. The cloacal membrane is thus 
divided into uro-genital and anal membranes craniocaudally, and 
lateral genital swellings appear as precursors of either the scrotum 
or labia majora. 

Fetal and testicular androgens then induce lengthening of the 
genital tubercle to form first an urethral groove and then the ure- 
thral canal. The urethral epithelium of the penis is therefore derived 
from endoderm. Initially, it is incomplete cranially where the glans 
has developed from the genital tubercle. The glandular urethra and 
the meatus form from an invading canalising cord of ectoderm. The 
scrotal swellings fuse posteriorly at about 14 weeks but are empty 
until birth. 

The prepuce [1] is formed by a midline fusion of ectoderm, neu- 
roectoderm and mesenchyme, resulting in a pentalaminar structure 
consisting of (from the inner layer outwards) squamous mucosal 
epithelium, lamina propria, dartos muscle (also found in the penis 
and scrotum), dermis and glabrous skin. The preputial fold progres- 
sively extends, but there is also an ingrowth of a cellular lamella. 
It then fuses with the mucosa of the glans. The female analogue is 
the clitoral hood. 

The ano-genital area is densely endowed with eccrine and apoc- 
rine sweat glands. Also in plentiful number are holocrine sebaceous 
glands, usually in association with hair follicles but also occurring 
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Figure 109.2 Normal distribution of pubic hair in men (three types). After McGregor 
[3]. Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. London: Bruce 
Shrink, 2019. © 2019, with permission from the author. 


as free glands at some sites such as the anal rim or around the 
coronal sulcus (Tyson glands). These secretions exist to lubricate 
hair, lubricate the mucocutaneous junctions to assist in the voiding 
of excreta and protect the epithelia from irritation, and to lubricate 
the penis for sexual activity (probably mainly the retraction of the 
foreskin rather than the penetration of the introitus and vagina). 

Pubic hair appears in puberty as vellus hair that is focally replaced 
by terminal hair. The pattern of pubic hair in men is different from 
that in women, and its distribution varies widely between men. 
McGregor [3] defined three patterns (Figure 109.2). Generally, the 
abdominal wall, pubic mound, groins, scrotum and perineum are 
hairy but the natal cleft, perianal skin, distal penile shaft, prepuce 
and glans are hairless. 

The pattern of keratinisation of the epithelium is different 
throughout the ano-genital area, particularly at the mucosal junc- 
tions, the prepuce and distal penile shaft and the glans in the 
circumcised male. The spectrum of differentiation of the male 
uro-genital tract is manifest in the expression of differing epithelial 
cytokeratins [4]. 


History and examination 


The symptomatology of genital dermatology is more extensive 
than the standard symptomatic presentation of skin disease. This 
obliges the clinician to elicit symptoms resulting from sexual dys- 
function (e.g. soreness, pain, bleeding or tearing on intercourse) [1] 
and the components of sexual function (erection, lubrication, libido, 
ejaculation, orgasm, fertility), urinary dysfunction (frequency, dis- 
charge, dysuria) or colorectal symptomatology (pain, bleeding, 
discharge). 

Complete skin examination is mandatory to elicit important 
signs at extragenital sites. The physical examination of the male 
at any age is incomplete without examination of the penis and 
scrotum (but this is frequently not carried out in general clinical 
settings). Urologists teach that there are three primary reasons for 
careful examination of the scrotum: pain, swelling and absence 
of contents. The presence or absence of the prepuce (foreskin), 
phimosis or paraphimosis should be sought and the foreskin 
retracted gently (if present). The gluteal and crural folds should be 
parted to allow adequate inspection. Sometimes it is useful to elicit 


dermographism of the inner thighs. Urinalysis is often done as part 
of the initial assessment (diabetes is an important cause of candidal 
balanoposthitis). 

Findings specific to the male genitalia include phimosis, para- 
phimosis, balanitis and posthitis. Phimosis (‘muzzling’) refers to a 
non-retractable foreskin. The literature can be confusing; Rickwood 
et al. [2] have defined it as scarring of the tip of the foreskin. There 
are many possible causes of phimosis (Box 109.6). In adults, phi- 
mosis is often the consequence of lichen sclerosus (LSc), although 
erosive lichen planus, graft-versus-host disease or cicatricial pem- 
phigoid may also be responsible. Diabetes may be present in up to 
36% of adults with acquired phimosis [3,4], which may be due to 
obesity-induced LSc [5]. In boys, the histological findings may be 
normal in nearly half of those circumcised [6]. This finding does not 
exclude LSc or other dermatoses, since the prepuce may not be the 
seat of the disease, but might contribute to it. 


Box 109.6 Causes of phimosis 


¢ Non-specific balanoposthitis (e.g. in diabetes) 
¢ Lichen sclerosus 

¢ Lichen planus 

¢ Hidradenitis suppurativa 

¢ Crohn disease 

¢ Cicatricial pemphigoid 

¢ Chronic penile lymphoedema 

¢ Penile intraepithelial neoplasia 

¢ Cutaneous lymphoma 

¢ Kaposi sarcoma 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Paraphimosis refers to a foreskin fixed in retraction. Although 
some authors have used the term to describe a foreskin that is tight 
in retraction around the flaccid penile shaft, ‘waisting’ or ‘constric- 
tive posthitis’ may be better terms [7]. Rickwood [8] has said that 
paraphimosis results from ‘abuse’ not disease of the foreskin, but 
some medical causes can be identified (Box 109.7). 


Box 109.7 Causes of paraphimosis 


e Acute contact urticaria 

¢ Acute allergic contact dermatitis 

¢ Lichen sclerosus 

¢ Vigorous sexual activity or abuse 

¢ Topical treatments (e.g. imiquimod, 5-fluorouracil) 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Balanitis is inflammation of the glans penis; posthitis is inflamma- 
tion of the prepuce [9]. Balanoposthitis means inflammation of the 
glans and prepuce and can be regarded as a special form of intertrigo 
(Boxes 109.8 and 109.9). By definition, therefore, balanoposthitis 


cannot normally occur in the circumcised male, but with age and 
obesity men may acquire a ‘pseudo’ foreskin, with attendant 
risks. Generally, dermatologists feel that balanitis, posthitis and 
balanoposthitis are probably more commonly caused by inflamma- 
tory and pre-cancerous dermatoses, in contrast to genito-urinary 
physicians, who teach that most cases are caused by infection, 
usually with Candida [10,11]. However, the evidence for Candida 
as a primary cause of balanoposthitis is not strong [12], although 
diabetes should always be excluded. 


Box 109.8 Common causes of balanoposthitis 


e Eczema 
e Exogenous 
e Allergic contact 
e Irritant contact 
e Endogenous 
¢ Seborrhoeic 
¢ Psoriasis 
¢ Reactive arthritis 
e Lichen sclerosus 
¢ Zoon plasma cell balanitis 
¢ Gonorrhoea 
¢ Human papillomavirus 
¢ Herpes simplex 
¢ Candidosis (in the context of diabetes or secondary to another 
primary penile dermatosis, e.g. lichen sclerosis) 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.9 Rare causes of balanoposthitis 


¢ Crohn disease 

¢ Streptococcal dermatitis 

¢ Staphylococcal cellulitis 

¢ Gonorrhoea 

¢ Syphilis 
¢ Chancre with balanitis of Follmann 
¢ Mucous patch 

e Mycoplasma 

¢ Trichomonas vaginalis 

e Lymphogranuloma venereum 

¢ Non-syphilitic spirochaetal ulcerative balanoposthitis 

¢ Tinea 

e Amoebiasis 

e Myiasis 

¢ Scabies 

e Eccrine syringofibroadenomatosis 

e Erythroplasia of Queyrat 

¢ Kaposi sarcoma 

¢ Chronic lymphatic leukaemia 

e Fixed drug eruption 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


The principal causes of male genital ulceration are sexually 
transmitted and non-sexually transmitted infection, cancer and 
artefact [13]. Several causes can co-present, especially in HIV/AIDS. 
Dorsal perforation of the prepuce is a recently highlighted complica- 
tion of several ulcerative penile diseases, sexually and non-sexually 
acquired, as listed in Box 109.10 [14,15]. Penile necrosis is a 
rare but devastating presentation with an important differential 
diagnosis. 


Box 109.10 Causes of dorsal perforation of the 
prepuce 


e Hidradenitis suppurativa 
e Pyoderma gangrenosum 
¢ Florid condylomata 

¢ Podophyllin 

¢ Chancroid 

¢ Herpes simplex 


Investigations 


In genito-urinary clinics, application of 3-5% acetic acid to the penis 
has been used as an aid to the clinical diagnosis of viral warts and is 
held to reveal subclinical infection [16] but is not felt to be clinically 
useful in dermatological practice so is not in routine use. Human 
papillomavirus (HPV) polymerase chain reaction (PCR) screen- 
ing suggests that the acetowhite test is not very specific [16-18]. 
Penoscopy (i.e. the use of a colposcope and acetowhite testing) is 
not practised by dermatologists. There is an increasing literature 
on the utility of dermoscopy in the differential diagnosis of genital 
dermatoses. A penis biopsy is not often necessary but can be infor- 
mative in carefully selected cases of suspected neoplasia rather than 
the differential diagnosis of the inflammatory dermatoses [19,20]. 
It is safe to use small amounts of epinephrine (adrenaline) with 
the local anaesthetic. In practice, 1-3 mL of lidocaine + 1 in 200000 
adrenaline is adequate for most diagnostic biopsies. A penile ring 
block is useful for bigger excisions. Beware of the distal ventral 
midline area where the urethra is very close to the skin surface. It 
is often not necessary to suture a punch biopsy site but two 5/0 
Vicryl Rapide surface sutures can be inserted to help haemostasis 
and shorten the healing time. 


Normal variants 


Normal male genital variants include pigmentary variation, hair 
variation (as discussed earlier), skin tags, pearly penile papules, 
sebaceous prominence, melanocytic naevi, prominent veins, 
angiomas and angiokeratomas, common congenital abnormalities 
and circumcision. 

Skin tags are common in the groins, especially of obese men. 
They may catch on clothing, bleed and become infected. Treat- 
ment is by electrodessication or scissor amputation and cautery. 
Fibrosed haemorrhoids result in perianal skin tags. Larger, fleshier, 
more oedematous skin tags should arouse the suspicion of Crohn 


Normal variants 109.5 
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Figure 109.3 Pearly penile papules. Courtesy of Dr D.A. Burns, Leicester, UK. 


disease and can predate gastrointestinal disease by several years. 
Sigmoidoscopy and biopsy should be considered [1]. 

Pearly penile papules are common; they may be found in up to 
50% of men [2,3]. They present as flesh-coloured, pink, smooth, 
rounded, 1-3mm papules, occurring predominantly around the 
coronal margin of the glans, rarely on the glans, in rows or rings 
(Figure 109.3). Ectopic lesions on the penile shaft have been reported 
[4]. They are frequently mistaken for warts and misdiagnosed as 
Tyson glands or ectopic sebaceous glands of Fordyce. The patient is 
often an anxious adolescent. Disproportionate concern and impact 
on life suggest the possibility of body dysmorphic disorder (BDD). 
The histology is that of angiofibroma. The lesion is analogous to 
other acral angiofibromas such as adenoma sebaceum, subungual 
and periungual fibromas, fibrous papule of the nose, acquired acral 
angiofibroma and oral fibroma [5]. Reassurance is usually sufficient 
but cryotherapy and laser treatment can be effective [6,7]. 

Sebaceous gland prominence, Tyson glands, sebaceous hyper- 
plasia and ectopic sebaceous glands of Fordyce are all virtually 
synonymous, common, normal variants of the skin of the scrotal 
sac and penile shaft, but they may cause concern to the patient 
(Figure 109.4). They have been held to be very rare or their pres- 
ence doubted at all [8]. Fordyce’s condition also commonly affects 
the vermilion border of the lips. Naevoid linear lesions on the 
penile shaft have been seen [9-11]. The glans can be affected [12]. 
Reassurance is usually all that is required, but BDD can occur. 

Congenital and acquired melanocytic naevi are not uncommon in 
the male genital region. It is possible that naevi on the penis occur 
more frequently in patients with the atypical naevus syndrome, 
but this has not been formally documented. Genital epithelioid 
blue naevus is very rare [13]. A man who developed multiple blue 
naevi on the glans penis has been described [14]. Spitz naevus 
has been described [15]. Divided or ‘kissing’ naevus (analogous 
to the entity recognised on the eyelids) has been reported, with 
one component located on the glans and the other on the distal 
penile shaft or prepuce, separated by uninvolved skin across the 
coronal sulcus [16,17,18]; melanoma developed in one case [19]. 
Large ‘bathing trunk’ naevi frequently involve the ano-genital area 
and pose significant management problems, including the risk of 
melanoma. 


Figure 109.4 Prominent sebaceous glands on the penis. Courtesy of Dr F.A. lve, 
Durham, UK. 


Prominent veins are common, if not universal, and occasionally 
give rise to concern. Vascular white spots are sometimes seen on the 
glans, and are possibly analogous to Bier spots seen on the palms 
and forearms. 

Cherry Campbell de Morgan angiomas may, unusually, be con- 
fined to the genitalia. Angiokeratomas on the genitalia have also 
confusingly been given the Fordyce eponym (Figure 109.5). They 


Figure 109.5 Scrotal angiokeratoma of Fordyce. Courtesy of Dr D.A. Burns, 
Leicester, UK. 
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are usually multiple, blue to purple, smooth, 2-5 mm papules on 
the scrotum; angiokeratomas occur rarely on the penile shaft [20] 
and glans [10,21]. The role of local venous hypertension in the 
causation of these lesions is controversial [22]. Angiomas and 
angiokeratomas may bleed following trauma. The differential 
diagnosis includes angiokeratoma corporis diffusum, acquired 
capillary and cavernous haemangiomas, Masson tumour, glomus 
tumour, epithelioid haemangioma, bacillary angiomatosis, Kaposi 
sarcoma and epithelioid haemangioendothelioma. One case of 
florid genital angiokeratomatosis has been associated, perhaps 
coincidentally, with corporeal papular xanthomatosis [23]. Most 
patients are content with reassurance, and a biopsy is not usually 
necessary. Hyfrecation, electrocautery or laser ablation [24] can be 
offered, but lesions recur. Appearing in some contexts, such as HIV 
infection or follow-up for genital cancer, they can cause alarm [25]. 
Diffuse angiokeratomas should alert the physician to the possibility 
of Fabry disease, a rare X-linked lysosomal storage disorder. 


The foreskin 


The prepuce has been present in primates for 65-100 million years 
and its function is controversial [1-4]. It is usual for it to be adherent 
to the glans at birth. Four per cent of boys have a retractable fore- 
skin at birth, 15% at 6 months, 50% at 1 year and 80-90% at 3 years; 
the process should be complete by 17 years [5]. The foreskin varies 
in length and retractability: ‘short’ and ‘long’ variants are seen. 


Circumcision 


Circumcision, surgical removal of the prepuce, has been performed 
for religious, cultural or medical reasons throughout history [1] 
and a variety of techniques or alternative surgical procedures 
are now employed [2,3]. Worldwide, it has been estimated that 
approximately 25% of men have been circumcised [4]. 

There is some controversy around routine neonatal circumci- 
sion [5,6-8]. The UK General Medical Council (GMC) undertook 
a review of infantile circumcision in 1997, which ‘demonstrated 
widely conflicting views in society that neither doctors nor the 
GMC can resolve’ [9]. The debate still rages although some policy 
makers now endorse the procedure for derived health benefits [10]. 
The effects of circumcision on male sexual function and sensitivity 
are also disputed [11,12]. 

During infancy, circumcised boys have a higher incidence of 
penile problems than the uncircumcised, but after infancy the 
situation is significantly reversed [13,14]. Circumcision decreases 
the total bacterial load of the penis (coronal sulcus) and in par- 
ticular decreases the abundance of putative anaerobic bacterial 
families, and reduces microbiota biodiversity [15,16]. Circumcision 
is protective against HPV infection, cancer of the penis and urinary 
tract, and sexually transmitted infections including HSV-2 and 
HIV [15-17,18-21]. Also, the effects of circumcision on the other 
outcomes may be small [22] (e.g. urethritis may be more common 
in the circumcised, whereas ulcerative disease is more common in 
the uncircumcised). 

Circumcision is important in the management of disorders 
of the penis and the foreskin, including dermatological disease. 


Circumcision protects men from certain inflammatory genital der- 
matoses including seborrhoeic dermatitis and LSc, while variable 
results have been identified in lichen planus and psoriasis [23-25]. 
Variability exists between clinicians in the indications for circumci- 
sion, especially in children. They include true phimosis, recurrent 
balanoposthitis, LSc, penile lymphoedema, intraepithelial neoplasia 
and carcinoma. 

The consensus is that circumcision has insignificant adverse 
effects on health, but it is not risk-free or complication-free. Postop- 
eratively, almost all patients have swelling, and altered sensation 
(long-term reduced sensation or short-term hyperaesthesia) [26]. 
The complication rate for therapeutic circumcision (e.g. those per- 
formed due to preputial disease such as phimosis or balanoposthitis) 
is 7.47% with adhesions, meatal stenosis and infections the most 
frequent complications [27]. Rarely bleeding, necrosis, bridges, 
chronic penile lymphoedema, fistula, keloid, concealed or buried 
penis, amputation, necrosis, excessive excision of penile skin, meati- 
tis and meatal ulcer, cysts, chordee, hypospadias and epispadias, 
amputation neuromas, abnormal sexual behaviour, psychological 
distress, and dissatisfaction with appearance including penile dys- 
morphic disorder occur [28-39]. There does not appear to be a risk 
of sexual dysfunction with circumcision [40,41]. In some developing 
world settings, the complication rate can be very high [38], implying 
that better training is required if circumcision is going to become 
more commonly adopted as part of HIV-prevention strategies 
[18]. ‘Uncircumcision’ describes preputial restoration performed 
throughout history for various reasons [42,43]. 

As circumcised men age and become obese the penis may retract 
into the pubic mound - the ‘vanishing penis syndrome’. This 
phenomenon can create a ‘pseudoforeskin’, especially if the initial 
circumcision was inadequate or incomplete, and this is likely to 
explain the observation of dermatoses found characteristically only 
in uncircumcised men, such as LSc [44]. 


Congenital and developmental 
abnormalities 


Congenital and developmental anomalies are common, reflecting 
the complicated embryogenesis and subsequent sexual differen- 
tiation of the ano-genital region. The dermatologist may not be 
called upon to make a primary diagnosis but needs to be aware 
of syndromic associations as well as anatomical and functional 
abnormalities because these additionally predispose the area to der- 
matoses and infections. Naevi are discussed earlier. Other common 
abnormalities include meatal pit, sacral pit, hypospadias, median 
raphe cysts, canals and sinuses, and ambiguous genitalia [1-3]. 

Rarer anomalies include hypospadias variants, epispadias, 
penile hypoplasia, mucoid or urethral cysts, dermoid cyst, juve- 
nile xanthogranuloma, buried penis, urethral atresia, penoscrotal 
transposition, congenital lymphoedema, lymphangiectasia, lym- 
phangioma, giant preputial sac, megaprepuce, accessory scrotum, 
haemangiomas, strawberry naevus, white sponge naevus, os penis, 
congenital megaprepuce, true aposthia, faun tail, aphallia, diphallia, 
chordee, penoscrotal webbing and micropenis [2,4-7]. 

Examples of syndromes that may be associated with one or 
other of these common or rarer anomalies include ano-genital 
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haemangiomas in the PELVIS syndrome (Perineal haemangioma, 
External genitalia malformations, Lipomyelomeningocele, Vesicore- 
nal abnormalities, Imperforate anus and Skin tag) [8], ano-genital 
lymphoedema in Hennekam syndrome [9], the micropenis of the 
MORM syndrome (Mental retardation, truncal Obesity, Retinal 
dystrophy and Micropenis) and Kabuki make-up syndrome [10,11], 
the cribriform scrotal atrophy associated with an unusual form of 
ectodermal dysplasia [12] and genital leukoplakia associated with 
dyskeratosis congenita [13]. 


TRAUMA AND ARTEFACT .— Oe 


Definition 
Exogenous causes of penile trauma. 


Introduction and general description 


This is a rarely encountered phenomenon in male genital dermatol- 
ogy clinics. 


Penile haematoma and rupture 


The genitals may be readily traumatised, including by sexual 
activity. The penis is very vascular but haematoma formation and 
‘fracture’ (penile rupture) are quite rare [1,2]. Pain, swelling and 
deformity associated with the history of a cracking noise during 
strenuous or contorted intercourse characterise the diagnosis. Split- 
ting of the tunica albuginea of the corpus cavernosum can result 
in urethral damage, haematoma and retention. The prognosis is 
generally good but Peyronie disease can occur [3]. Injection of drugs 
for erectile dysfunction can be complicated by haematoma. 


Sclerosing lymphangitis 


Non-sexually transmitted sclerosing lymphangitis/penile sexually 
transmitted oedema/Mondor phlebitis/localised penile (sexually 
transmitted) lymphoedema/penile lymphocele presents with a 
serpiginous mass in the coronal sulcus. The lesion usually arises 
after prolonged or frequent sexual intercourse with a passive or 
unenthusiastic partner; subsequent sexual activity may result in 
tenderness and enlargement. The circumferential scar left by cir- 
cumcision may be a predisposing factor. There may be spontaneous 
resolution or surgical excision may be needed [4]. It is not known 
whether lymphangitis or phlebitis is the cause [5]. True phlebitis 
of penile and scrotal veins has been reported in three patients, 
of whom one had been injured by a golf ball, but the other cases 
were idiopathic [6]. Its occurrence after taking tadalafil for erectile 
dysfunction has been used to argue for an anatomical variation in 
the distal draining subcoronal venous emissary arcade [7]. Throm- 
bophlebitis of superficial penile and scrotal veins is analogous to 


Mondor phlebitis of the chest wall, but it may be associated with 
polyarteritis nodosa and thromboangiitis obliterans [8]. Penile 
thrombophlebitis has been misdiagnosed as Peyronie disease and 
has also been the initial manifestation of a paraneoplastic migratory 
thrombophlebitis resulting from pancreatic cancer [9]. Given the 
circumstances that usually create the problem, patients should be 
screened for underlying sexually transmitted infection, despite the 
appellation [10]. 


Strangulation of the penis 


The penis may be strangulated by ring devices [11,12], including 
vacuum erection equipment [13], condom rings [14], rubber bands, 
string, rings (washers), nuts, bushes and sprockets, which are 
placed deliberately on the penis by the patient for masturbation 
or to prolong erection [15,16]. In boys, strangulation can occur 
following experimental use of rubber bands, string or thread to 
control enuresis, or can result from encoiled hair after circumcision 
[17]. Penile strangulation — the tourniquet syndrome — causes pain, 
swelling, urethral fistula, pseudoainhum, gangrene, amputation 
and even death [18]. 


Foreign body 


Self-instrumentation of the external genitalia may have an auto- 
erotic, psychiatric, therapeutic (relief of itch [19], aiding voiding, 
cleaning) or accidental aetiology [20]. Complications include fre- 
quency, haematuria, abscess, retention, fistulae and calculi. The 
diagnosis is made by palpation and radiography. Endoscopic 
removal is usually possible for foreign bodies below the uro-genital 
diaphragm. 

Glass beads, spheres of plastic or small round smooth stones 
(even pearls) may be introduced under the skin of the penis for 
erotic reasons, causing clinical and radiographical confusion. In the 
Philippines this practice is called ‘bulleetus’, in Sumatra ‘persim- 
braon’, in Korea ‘chagan ball’ and in Thailand ‘mukhsa’ or ‘tancho’ 
[21,22,23]. Extrusion of a testicular prosthesis has been reported as 
a cause of scrotal ulceration [24]. 

If oil, petroleum jelly or silicone is used then a paraffinoma, sili- 
cone granuloma or (sclerosing) lipogranuloma can result. 


Lipogranuloma 


Patients may take it upon themselves to inject various substances 
with the aim of maintaining erection or enlarging the penis. The 
consequences may not be desirable. Infection is an obvious risk 
[25]. Mineral oil, petroleum jelly and silicone introduced into the 
genital skin can elicit lipogranuloma or paraffinoma. Most cases 
are self-induced, either to increase penile size or enhance sexual 
pleasure, but some may be accidental [26,27]. One patient injected 
his penis with an industrial high-pressure pneumatic grease gun 
[28]. Idiopathic cases attributed to endogenous fat liberation have 


been reported, predominantly from Japan [29]. The psychological 
consequences may be debilitating [30]. 


Dermatitis artefacta and mutilation 


Dermatitis artefacta of the genitalia is rare but does occur. Lesions 
are typically geometrical, angulated and rectilinear. External trauma 
can be induced by needles, knives or cigarette burns, and extrane- 
ous foreign material may be introduced into the skin (lipogranuloma 
and silicone granuloma are discussed earlier). 

Self-mutilation of genitalia may be performed by those who do 
not identify as their assigned sex [30]. It may also be undertaken by 
psychotic individuals [30]. It may be performed as a cultural prac- 
tice: Australian aborigines create a slit in the penis by opening the 
urethra ventrally, thereby creating hypospadias; this is called subin- 
cision [31,32,33]. Biopsy and other investigations may be necessary 
to exclude penile cancer. It is important also to consider pyoderma 
gangrenosum, which is rare but frequently omitted from the differ- 
ential diagnosis of penile ulceration by non-dermatologists. 


Child abuse 


Physical and sexual child abuse should be considered in the dif- 
ferential diagnosis of cutaneous disease of the ano-genital area in 
children (Box 109.11), but signs should be interpreted with caution 
and re-examination should be avoided [34,35-38]. Child abuse may 
be erroneously suspected (Box 109.12) when the ano-genital area is 
involved by a dermatosis or a diarrhoeal illness [39]. 


Box 109.11 Ano-genital signs of child abuse 


¢ Overall context 

e Emotional disturbance 

e Passivity on ano-genital examination 
e Anal relaxation/ dilatation 

¢ Purpura, bruising, tearing 

e Signs of sexually transmitted disease 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.12 Ano-genital mimics of child abuse 


¢ Nappy rash 

¢ Innocent skin tags and fissures 

e Threadworms 

e Eczema 

e Phytophotodermatitis 

e Lichen sclerosus 

e Henoch-Schoénlein purpura 

e Acute haemorrhagic oedema of childhood 
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e Ano-genital streptococcal dermatitis 
¢ Causes of diarrhoea 

¢ Haemolytic-uraemic syndrome 

¢ Crohn disease 
¢ Causes of constipation 

e Hirschsprung disease 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


The significance of ano-genital warts in suggesting possible 
child sexual abuse is controversial. However, early recognition as 
a marker for child sexual abuse is in the child’s long-term best 
interest [40]. 


Other traumatic and artefactual 
conditions 


Sometimes the penis is bitten by another individual or an animal 
[41]. Purpura and ecchymoses may develop after oral sex (‘love 
bites’) or the use of vacuum erection devices [13]. Post-traumatic 
neuromas may be encountered and be mistaken for genital warts 
or pearly penile papules [42]. Degloving injuries can occur in 
accidents with industrial or agricultural equipment [43]. Electrical 
burns are rare [44]. Sex aids can result in abrasions, eczema and 
ulceration. Self-circumcision might be attempted, with adverse 
consequences [45]. Ano-genital tattoos are commonplace [46]. 

Localised gangrene of the scrotum and penis resulting from arte- 
rial embolisation with particulate matter complicating accidental 
femoral self-injection of heroin in an addict has been reported [47]. 
Scrotal gangrene from a snake bite has been described [48]. 


INFLAMMATORY DERMATOS! 


Psoriasis 


Introduction and general description 

This is a common condition that can affect the genital region in iso- 
lation or as part of widely distributed disease. Psoriasis of the glans 
may exhibit circinate morphology (circinate balanitis) and may be 
severe. 


Epidemiology 

Approximately 2-3% of the population are said to have psoriasis 
[1] but it is possible that many more than 2% of men may have 
or have had ano-genital psoriasis at some time; it is certainly a 
common. ano-genital diagnosis in isolation. Genital psoriasis is 
found in 30-40% of patients with psoriasis [2-4], but 63% of patients 
with psoriasis have experienced genital involvement [5]. Men are 
affected more often than women [4]. In 2-5% of psoriasis patients, 
the genital area may be the only affected area [6]. 
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Pathophysiology 

Psoriasis and its clinical manifestations and the relationship of pso- 
riasis to HIV/AIDS are discussed in other chapters (Chapters 35 
and 31). 


Clinical features 

Presentation 

Ano-genital presentations of psoriasis may be vague in symptoma- 
tology and non-specific on examination. Itch is very common, but 
is not universal [5]. Pain, burning and dyspareunia are observed 
in approximately 50%, and exacerbation following intercourse 
occurs in a substantial minority [5,7]. Sexual function may also 
be impacted by the presence of scale, embarrassment or fear of 
rejection [7-9,10,11]. 

Clinical features are those of symmetrical sharply demarcated 
redness, with or without scale; fissuring is also seen [3,4]. Genital 
appearances may be challenging to interpret, especially on the 
glans or inner foreskin of the uncircumcised patient. The diag- 
nosis is usually easier in the circumcised male where the tissue 
is keratinised and morphology is similar to extragenital lesions. 
A comprehensive examination, with particular focus on typically 
affected sites, should be undertaken for signs of the disease. 

Although the prevalence of genital involvement is increased in 
patients with inverse psoriasis [12], genital psoriasis is distinct from 
inverse psoriasis, as only 22% of patients with genital psoriasis also 
have inverse psoriasis [13]. Non-specific presentation and patient 
embarrassment may both lead to delayed diagnosis. Failure by 
physicians to examine may also lead to non-detection of genital 
involvement in patients with extragenital psoriasis [4]. 

Risk factors for genital involvement include male sex, overall 
severity of psoriasis, flexural psoriasis, and involvement of scalp, 
nails or external auditory canal [2,4,5]. 

There does not appear to be an association between genital 
involvement and psoriatic arthritis [2,4,5]. 


Differential diagnosis 

Eczema, fixed drug eruption, lichen planus, carcinoma in situ, extra- 
mammary Paget disease and dermatitis (atopic, seborrhoeic, allergic 
contact) are the differential diagnoses. 


Investigations 

Usually, the diagnosis of psoriasis is clinical, but a biopsy may be 
necessary (e.g. of a solitary mucosal lesion in an uncircumcised 
individual) to distinguish psoriasis from Zoon balanitis, lichen 
planus, carcinoma in situ (Bowen disease, erythroplasia of Queyrat) 
or Kaposi sarcoma. Carcinoma in situ and extramammary Paget 
disease may be misdiagnosed as psoriasis when there are single or 
several foci on the penile shaft and/or in the groins. 


Management 
Standard clinical tools such as the Psoriasis Area Severity Index 
(PASI) and Physician’s Global Assessment (PGA) may lead to 
underestimation of the impact of genital psoriasis as they do not 
include a specific measurement of these areas [14]. The static Physi- 
cian’s Global Assessment of Genitalia (sPGA-G) is a more helpful 
tool in determining the clinical severity of psoriasis [9]. 
Determination of the impact on quality of life may be helpful in 
informing treatment choices; Genital Psoriasis Sexual Frequency 


Questionnaire (GenPs-SFQ) and Genital Psoriasis Symptoms 
Scale (GPSS) are validated scores for assessment of the severity 
of disease symptoms in genital psoriasis and their impact on a 
patient’s quality of life. The psychological impact of the condition 
may be more significant than physical symptoms and this must be 
taken into account when determining treatment options. 

Circumcision does not play a role in the treatment of psoriasis; 
it appears to neither improve nor aggravate psoriasis [5]. 

Supportive measures play an important role in the manage- 
ment of genital psoriasis [15]. These include reducing of friction 
with emollients, use of lubricant during sexual activity to min- 
imise symptoms and koebnerisation, omission of soap in favour of 
emollient soap substitutes, and loose-fitting clothing. 

Of patients with genital psoriasis, 45% have never applied treat- 
ment to their genital psoriasis [16]. Topical corticosteroids of mild to 
moderate potency represent first line treatment in genital psoriasis 
[15]. The literature provides little information on adverse effects 
of topical corticosteroids in the context of psoriasis [15]. Topical 
calcineurin inhibitors (tacrolimus, ciclosporin, pimecrolimus) and 
vitamin D analogues particularly calcitriol are well tolerated and 
are effective [17-23], although satisfaction with topical treatments 
in general appears to be low overall [5]. Phototherapy is not rec- 
ommended for genital psoriasis, due to the risk of genital cancer 
[24,25], although studies indicate the risk of photocarcinogenesis of 
NB-UVB is low [26]. 

A stepwise algorithm for topical therapies has been suggested 
for patients with genital psoriasis, with varying potencies of topical 
steroids and/or non-steroidal agents such as tacrolimus of vitamin 
D analogues, with reported success in an open-label study [27]. 

Weak tar solutions represent another treatment option. Strong 
crude tar preparations should be avoided at this site given that 
ano-genital skin has a propensity to increased absorption of topical 
agents and because of the risk of genital cancer. Dithranol and 
tazarotene are usually avoided in this region. 

Crisaborole ointment (2%), a topical phosphodiesterase E4 
inhibitor approved by the Food and Drug Administration (USA) 
to treat mild to moderate atopic eczema, has been shown to be 
effective in ano-genital psoriasis in a small randomised controlled 
trial [28]. Topical JAK inhibitors are an emerging therapy in der- 
matology but are not currently routinely available. However, they 
may prove useful for the treatment of genital psoriasis in the 
future [29]. 

Severe or recalcitrant ano-genital involvement in psoriasis may 
be an indication for systemic treatment, even if the genital region 
is used in isolation. The evidence base for the efficacy of systemic 
treatments in genital psoriasis is limited [15]; one study indicates 
that approximately 25% of patients on conventional systemic agents 
and biologics have persistent genital involvement [4]. 

Among biologics that have been studied specifically in genital 
psoriasis, ixekizumab has been found to be effective, with the major- 
ity of patients experiencing either clearance or minimal disease with 
treatment [30-33]. A randomised controlled trial has also indicated 
efficacy of secukinumab for genital psoriasis [34]. A small obser- 
vational study of psoriasis in difficult to treat sites has suggested 
that adalimumab is effective in genital psoriasis [35]. Apremilast is 
currently undergoing clinical trials in genital psoriasis [36]. 


Eczema 


Introduction and general description 

Eczema and a history of atopy are common in the general popu- 
lation and may be a risk factor for developing male genital skin 
disease. In a retrospective study of 331 new patients attending a 
specialist clinic, the most common primary diagnosis was irritant 
contact dermatitis in 67 patients. Of uncircumscribed patients in the 
whole cohort, 69% had a history of eczema [1,2]. Eczema is covered 
in more detail in other chapters (Chapters 39, 40 and 41). Eczema 
has several clinical manifestations and causes, and may present with 
genital involvement in isolation. 


Clinical variants and presentation 

Eczematous dermatoses 

Itching and lichenification, particularly around the scrotum, are 
common presenting problems [2]. Contributory factors include 
pre-existing dermatoses such as xerosis, atopy, sedentary occupa- 
tions, long-distance travel, and tight underclothing and trousers. 

Irritation is a key adverse exogenous influence to which ano- 
genital sites are vulnerable, and sweat, sebum, desquamated cor- 
neocytes, dirt, excreta, sexual secretions, clothing, detergents, 
toiletries, cosmetics, barrier contraceptives and some therapeutic 
topical treatments are all potential irritants. 

Frequently underrated are the effects of overwashing and the 
excessive use of soap and toiletries, especially in the presence of 
skin symptoms or urinary or bowel problems, and particularly 
if patients feel that they might have been exposed to a sexually 
transmitted disease. 


Lichen simplex 

Lichen simplex is not uncommon around the male genitalia and 
may eventuate from different forms of dermatitis and other der- 
matoses. It is not usually a flexural condition but can be seen on the 
penile shaft and scrotum (Figure 109.6). Giant forms (of Pautrier) 
occur, giving an appearance like the outside of a pineapple [3]. 
The skin may be broken by excoriations and become secondarily 
impetiginised or colonised by Candida. 


Irritant contact dermatitis 

Irritant contact dermatitis is relatively common and is caused by 
non-immunological physical or chemical damage to the genital 
tissue; nappy (diaper) rash is a common example. Contact allergy 
requires exclusion with comprehensive assessment and patch 
testing. It may become superinfected with staphylococci or Candida, 
or both. An erythematous weeping or crusted eruption develops 
in the area of contact with irritants [4]. Irritant contact dermatitis is 
typically less florid than allergic contact dermatitis [1]. However, 
erosion or ulceration may be observed [5]. With chronicity, lichen- 
fication and hyperkeratosis are observed. Ano-genital irritants 
are discussed earlier and listed in Box 109.13. Friction [6], macera- 
tion, overwashing and concomitant ano-rectal or urological disease 
are the chief influences. Irritant sources may be surfactants, e.g. 
sodium lauryl sulphate in soaps and other cleansers, preservatives, 
fragrances, ammonia or adhesives. Men also may be overusing 
soaps after sex or masturbation, or do so as a reflex response to 


Figure 109.6 Scrotal lichen simplex. Courtesy of Dr F.A. lve, Durham, UK. 


developing redness or itching in their genital region [7]. It may 
develop due to antiseptic agents in emollient soap substitutes [8]. 
There may be an association with atopy; Birley et al. [9] diagnosed 
irritant dermatitis in 72% of patients presenting to a genito-urinary 
clinic with ‘balanitis’ (probably meaning balanoposthitis) of whom 
a possible 67% had a history of atopy, but none of these patients 
was patch tested. Topical 5-fluorouracil used to treat keratoses at 
extragenital sites has caused genital irritant dermatitis [10]. Topical 
retinoids for the treatment of genital warts may also cause irritant 
dermatitis [11]. The scrotum is particularly vulnerable to irritants 
[12]. Erosive dermatosis of Jacquet, classically described in infants 
in association with irritancy by urine, may also be observed in 
adults with urinary incontinence [13,14,15]. 


Box 109.13 Ano-genital irritants 


° Sweat 

¢ Sebum 

¢ Desquamated corneocytes 
e Dirt 

e Excreta 

¢ Sexual secretions 

e Wart treatments (topical retinoids) 
¢ Clothing 

¢ Soap and detergents 

e Antiseptic agents 

¢ Topical antibiotics 

¢ Toiletries 

¢ Toilet paper 

¢ Cosmetics 

¢ Solvents 

¢ Contraceptives 

¢ Therapeutic agents 

¢ Friction 

¢ Maceration 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 
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Allergic contact dermatitis 

Patch testing may reveal a diagnosis of allergic contact dermatitis 
(ACD) in a substantial proportion of patients with ano-genital skin 
problems [16]. In the genital region, as in other areas, ACD may 
manifest with redness, oedema, blistering, erosions and ulceration. 
Other skin conditions affecting the genital area, particularly irritant 
contact dermatitis, are likely to predispose individuals to ACD 
[17,18]. The patient may also present with phimosis or paraphimo- 
sis, due to oedema [19]. Eczematous symptomatology can appear 
approximately 1 week after first contact with the allergen if previ- 
ously unsensitised, or within a few hours if already allergic. More 
immediate symptomatology and acute redness and angio-oedema 
suggest a contact urticaria, which can occur with some of the rubber 
constituents of condoms and gloves [16,20-22]. Allergens may be 
transferred from another part of the body, such as the hand, to the 
genital area (e.g. urushiol as in poison oak, poison ivy and poison 
sumac dermatitis). 

Among the most common allergens leading to genital involve- 
ment are preservatives, fragrances (in personal care products and 
medicaments), dyes, rubber vulcanisation accelerators, medications, 
emulsifiers, corticosteroids, nickel sulphate, surfactants and lubri- 
cants [23,24]. Other triggers include tattoos (p-phenylenediamine) 
and metal piercings (nickel). Allergy to methylisothiozolinone, a 
ubiquitous preservative, has become an often reported phenomenon 
[25,26], although legislation in the European Union permits this 
in limited concentrations and only in wash-off products. Contact 
allergy to corticosteroids may also develop [27]. Contact with aller- 
gens may be indirect, such as fragrances on a partner’s face, hands 
or genitalia [28], known as ACD by proxy dermatitis (synonym 
‘connubial’ dermatitis as relating to the relationship between a 
couple). 

While genital presentations of rubber and rubber accelerator con- 
tact allergies are usually observed in sexually active male condom 
users and their partners, they may also be observed in men suffering 
incontinence that use external urinary collection devices [29-35]. 
Patients may become sensitised to the spermicide [36]. Contact 
allergy to topical anaesthetics, e.g. benzocaine and lidocaine in 
condoms to delay ejaculation, has also been reported [37]. Contact 
allergy to benzyl alcohol, a preservative and solvent, has also been 
reported [23,26,38,39,40]. Lubricants may be either silicone-based 
or oil-based and may contain formaldehyde, parabens, benzoic 
acid, propylene glycol as a humectant, flavourings such as straw- 
berry, mint or pina colada, fragrances, colourings, aloe vera and 
thermoactive substances - all of which may result in contact 
allergy [23]. 

Clothing dye dermatitis of the penis and scrotum [17,41,42] is 
common. Dietary nickel appears to be relevant in ano-genital ACD, 
but its exact role is not understood [17]. Other reported allergens 
include coal tar allergy. Amputees who have a prosthetic limb 
appear to be at high risk of developing a number of contact allergies 
which may result in penile ACD potentially [43]. Allergens may 
also come from occupational exposures [44]. 


Atopic eczema 
Genital involvement may occur in up to 45% of patients with atopic 
eczema (AE), and causes itch, stinging, burning and pain [46,47]. 


Genital involvement may be associated with poor health-related 
quality of life, and a proportion of patients indicate impairment 
of sexual function [46,47,48] and emotional distress. It is not 
known how genital AE responds to circumcision, or its relation- 
ship to sexually transmitted disease. Based on the experience of 
AE patients, genital involvement appears to receive inadequate 
attention, with a majority indicating that their dermatologist had 
not paid any attention to this aspect of their condition [46]. 

Unlike other common chronic dermatoses such as seborrhoeic 
dermatitis and psoriasis, AE rarely affects the genital region in 
isolation. Isolated involvement of the genital region should prompt 
consideration of differential diagnoses such as contact dermati- 
tis (irritant or allergic), lichen simplex chronicus, Hailey—Hailey 
disease, tinea cruris and extramammary Paget disease, or rarely 
secondary syphilis [49-52]. 


Radiodermatitis 

Radiodermatitis is not usually a diagnostic challenge or a therapeu- 
tic problem in the acute stage after radiotherapy to the ano-genital 
skin for skin cancer or internal cancer, e.g. anal. In the chronic 
state, there may be pruritus together with the typical poikiloderma. 
Radiotherapy was historically used for the treatment of numerous 
ano-genital dermatoses over the years, including Bowen disease, 
erythroplasia of Queyrat, squamous cell carcinoma, psoriasis, 
Peyronie disease and pruritus ani [53]. Chronic worsening atrophy 
can lead to fragile skin and erosions especially when the scrotum 
has been treated. Radiotherapy also confers a long-term increased 
risk of skin cancer. 


Seborrhoeic dermatitis 

Genital involvement appears to be highly variable with this 
common dermatosis [2,54]. Careful examination of other sites 
typically affected may support the diagnosis, although the groins 
and penis may be the only sites involved. On the scalp, the face, 
in the flexures and at ano-genital sites, seborrhoeic dermatitis and 
psoriasis may be indistinguishable. 


Investigations 

The diagnosis is usually clinical. Investigations such as patch testing 
or biopsy are indicated in recalcitrant, persistent or atypical cases, 
and scrapings for mycology where scale is present. 


Management 

Management of all forms of dermatitis follows common principles. 
Irritants should be identified and eliminated or reduced. Where 
patients are attempting to self-treat the issue with zealous bathing, 
disinfectants or shower gels, this must be identified and counselling 
should be undertaken to address this. Soaps should be replaced 
with emollient soap substitutes. 

Patients should be advised to apply emollients frequently and 
educated in emollient application technique. Patients must also 
be advised to avoid sources of friction (e.g. vigorous rubbing 
with towels and toilet paper). Topical corticosteroid ointments 
of moderate potency are recommended to control the dermatitis. 
Where secondary infection is present, swabs must be taken and 
antibiotics prescribed. Topical local anaesthetics should be avoided 
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because of the risk of sensitisation. For specific scenarios, additional 
treatment may be needed. 

Treatment of male genital lichen simplex may require a potent or 
super-potent topical corticosteroid and/or occlusion. Counselling 
regarding the itch-scratch cycle is crucial. Systemic treatment such 
as dupilumab may be required for recalcitrant cases [55]. Surgery 
is not usually considered as a treatment modality in this condition. 
However, two cases of extensive giant lichen simplex of the scro- 
tum resistant to medical therapy have been successfully treated by 
hemiscrotectomy [3,56]. 

Recalcitrant or florid cases of eczema may merit patch testing to 
detect ACD. The broad principle of managing ACD on genital skin 
is elimination of the allergen(s) (Box 109.14), although the condition 
may persist even after withdrawal of the trigger allergen. 


Box 109.14 Allergens of particular relevance to 
genital contact dermatitis [17,45] 


Fragrances Balsam of Peru 
Hydroxycitronellal 
Geraniol 
Isoeugenol 
Eugenol 
Cinnamic aldehyde 
Cinnamic alcohol 
a-amyl cinnamic alcohol 


Majantole 
Food Nickel (dietary) 
Antimicrobial/ Neomycin 
antiseptics Chlorhexidine 
Benzyl alcohol 


Benzylalkonium chloride 
Fusidic acid 
Polymyxin 
Clotrimazole 
Clindamycin 
Nystatin 
Iodopropynyl butylcarbamate (IPBC) 
Aciclovir 
Personal care/ Propylene glycol 

medicaments Cocamidopropy] betaine 
Wool alcohols/lanolin 
Ethylenediamine 
Methyldibromo glutaronitrile (MDBGN) 
Amidoamine 
Oleamidopropyl! dimethylamine 
Oleamidopropy] betaine 
Propolis 
Dimethylaminopropylamine (DMAPA) 
Cocamide diethanolamine 
Lavender oil 
Bufexamac 
Sorbisan sesquioleate 

Preservatives Methylisothiazolinone 
Methylchloroisothiazolinone (MCI) / 
methylisothiazolinone (MI) 

Parabens 
Formaldehyde 


Rubber products 


Corticosteroids 


Local anaesthetics 


Textile dyes 


Additional components 
in condoms 


Lubricants 


Miscellaneous 


Formaldehyde releasing preservatives 
(bronopol, diazolidinyl urea, DMDM 
hydantoin, imidazolidinyl urea, 
Quaternium 15) 

Methyldibromoglutaronitrile 

Ethylenediaminetetraacetic acid disodium 
salt (EDTA) 

Vulcanisation accelerators (thiurams, 
dithiocarbamates, thiazoles) 

Antioxidants (N-isopropyl-N-phenyl]-p- 
phenylenediamine (IPPD), N-cyclohexy]- 
N-phenyl-p-phenylenediamine (CPPD) 
and N,N-diphenyl-p-phenylenediamine 
(NPPD)) 

4-Tert-butylphenol formaldehyde resin 

Ethylenediamine 

Carba mix 

Black rubber mix 

Hydrocortisone 

Hydrocortisone-17-butyrate 

Tixocortol-21-pivalate 

Triamcinolone 

Budesonide 

Desoximetasone 

Benzocaine 

Lidocaine (lignocaine) 

Dibucaine 

Cinchocaine 

Disperse blue 106 

Disperse blue 124 

Disperse orange 3 

Local anaesthetic (benzocaine) 

Spermicides (nonoxynol-9) 

Fragrances 

Dyes 

Flavours 

Lubricants 

Formaldehyde 

Parabens 

Benzoic acid 

Propylene glycol 

Ethylenediamine 

Compositae 

Bisphenol A epoxy resin 

Calendula 

Roman chamomile 

Testosterone 


In florid or acute cases of genital dermatitis, treatment with potas- 
sium permanganate soaks, systemic corticosteroids and antibiotics 


may be required. 


Where seborrhoeic dermatitis is asymptomatic, reassurance may 
suffice. When treatment is desired, topical antifungals (such as clio- 
quinol, nystatin and imidazoles) as ointments, creams, lotions or 
shampoos, and mixtures of the same agents with mild and mod- 
erately potent topical corticosteroids, can be effective. Topical cal- 
cineurin inhibitors are also effective in seborrheic dermatitis [57]. In 
severe cases, patients with concomitant seborrhoeic folliculitis, or in 
patients with HIV/AIDS, treatment with an oral imidazole and/or 
an oral tetracycline may be suitable. 
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Chapter 109: Dermatoses of the Male Genitalia 


Zoon balanoposthitis 


Introduction and general description 

An asymptomatic, inflammatory and irritant condition of the 
glans and mucosal prepuce. Zoon balanoposthitis is probably 
overdiagnosed. 


Epidemiology 
Zoon plasma cell balanoposthitis is a disorder of the middle-aged 
and older uncircumcised male [1,2], although an analogous con- 
dition has been reported to afflict the vulva, mouth, lips [3] and 
epiglottis [3,4]. 


Pathophysiology 

Since the original report in 1952 by Zoon, a Dutch dermatolo- 
gist, there have been many accounts in the literature, but the 
aetiopathogenesis remains poorly defined. There is no evidence of 
an infectious cause and immunohistochemical findings suggest that 
Zoon balanoposthitis represents a non-specific polyclonal tissue 
reaction [5,6], consistent with an irritant process. The presence 
of the foreskin is pivotal; the potential curative effect of circum- 
cision raises the possibility that retention of urine and squames 
between two tightly apposed and infrequently and inadequately 
separated and/or inappropriately bathed, commensally hyper- 
colonised, desquamative, secretory epithelial surfaces leads to a 
disturbed ‘preputial ecology’ and excessive frictional trauma (Zoon 
balanoposthitis is often located on the dorsal aspect of the glans 
and/or the adjacent ‘kissing’ prepuce, sites of maximal friction on 
foreskin retraction), and irritation by urine [7,8,9,10]. 

The evidence suggests that Zoon balanoposthitis is a chronic, 
reactive, principally irritant pattern brought about by a dysfunc- 
tional prepuce. 

The existence of Zoon balanoposthitis as a distinct entity has 
been questioned [8,11-13] and the literature contains many 
examples of purported cases of the entity that describe or exhibit 
clinically pathognomonic features of LSc [8,14,15,16,17]. Cases of 
premalignant and malignant transformation in the context of Zoon 
balanoposthitis have been reported [18,19,20,21]. Phimosis has been 
described in Zoon balanitis [8] and proposed by some authors to 
predispose to the condition [14,22]. 


Pathology 

The classic histology is of epidermal attenuation with absent gran- 
ular and horny layers, and diamond- or lozenge-shaped basal cell 
keratinocytes with sparse dyskeratosis and spongiosis. Epidermal 
erosion may be present [5,6,8]. There is a band of dermal infiltration 
with plasma cells of variable density. Extravasated erythrocytes, 
haemosiderin and vascular proliferation are also seen. Although 
Zoon stressed the presence of the plasma cell infiltrate in this 
condition, the plasma cell numbers can be very variable [9,10,23]. 
In biopsies reported as Zoon balanoposthitis, these histological fea- 
tures are inconsistently present and findings are often non-specific 
[12]. In some cases, such non-specific features mask other inflam- 
matory patterns. The histological diagnosis of ‘Zoon balanitis’ is 
thus ill-defined and appears to be loosely applied to a number 
of variable pathological features. It has been proposed that these 


histological features should be considered a reactive pattern rather 
than a histological diagnosis [12]. Zoonoid histological features may 
be present in LSc [24] and other dermatoses. 


Clinical features 

The presentation is classically indolent and asymptomatic, although 
staining of the underclothes with blood has been reported [25]. 
Well-demarcated, glistening, moist, bright red or autumn brown 
patches involve the glans and visceral prepuce, with sparing of 
the keratinised penile shaft and foreskin (Figure 109.7). Erosions 
may be present [5,6,8]. The navicular fossa may be involved. Other 
signs include dark red stippling — ‘cayenne pepper spots’ — and 
purpura with haemosiderin deposition, solitary or multiple lesions 
of differing sizes (guttate or nummular), characteristically symmet- 
rical about the axis of the coronal sulcus and ‘kissing’. Although 
vegetative and nodular presentations have been recorded, atypical 
or unusual morphology should be viewed with great suspicion and 
biopsied [9,10]. 


Differential diagnosis 

The differential diagnosis includes LSc, erosive lichen planus, 
psoriasis, seborrhoeic dermatitis, contact dermatitis, fixed drug 
eruption, secondary syphilis, histoplasmosis [26], erythroplasia of 
Queyrat [27] and Kaposi sarcoma. A confident clinical diagnosis 
is not always possible or safe [8,10,28], so a biopsy is advisable if 
there is any diagnostic uncertainty and the pathologist should be 
asked to look for concomitant disease. Frank cases of LSc, lichen 
planus, Bowenoid papulosis (BP) and penile cancer often appear 


Figure 109.7 Zoon balanitis. Symmetrical moist redness of the glans and prepuce. 
Courtesy of Professor C.B. Bunker and with permission from Medical Illustration UK, 
Chelsea & Westminster Hospital, London, UK. 


to have Zoon balanitis-like changes on clinical examination and 
on histology [10,28]. In other words, the signs of Zoon balanitis 
may be secondary to underlying preputial disease [10]. It is likely 
that some of the clinical and histological variants that have been 
reported [29-31] are a consequence of this phenomenon. Zoon 
balanitis indicates a dysfunctional foreskin and a more common or 
more sinister dermatosis may be concealed [10]. Most patients diag- 
nosed with Zoon balanoposthitis probably have clinically subtler 
underlying LSc. 


Investigations 
The diagnosis of Zoon balanoposthitis is usually clinical. Biopsy is 
subject to ‘sampling error’; Zoonoid inflammation may be present 
in LSc, therefore Zoonoid histological features may erroneously 
‘confirm’ a diagnosis of Zoon balanitis if a biopsy is taken from 
areas of clinically Zoonoid inflammation, whereas if taken from 
a different area of the same genital dermatosis, it may illustrate 
histological features of LSc. 

Zoonoid inflammation and balanoposthitis may resemble ery- 
throplasia of Queyrat [5], and biopsy is indicated in clinically 
equivocal cases. 


Management 

Zoon balanitis may be treated with topical corticosteroid (potent 
or super-potent strength is usually needed, testifying to the likeli- 
hood of the underlying condition actually being LSc) and improved 
washing practices, although it usually persists or relapses [9,10], 
ultimately requiring circumcision in such cases [9,10]. In uncircum- 
cised patients, follow-up may allow detection of fibrosis suggestive 
of LSc, or cancerous transformation. Case reports concerning the use 
of topical calcineurin inhibitors have appeared [17,32-34] but given 
the frequency of underlying LSc already highlighted they are not 
recommended [35]. Various other treatments have been reported to 
be effective, including topical imiquimod 5% and erbium:YAG or 
carbon dioxide laser [10,36-41]. 


Lichen sclerosus 


Definition and nomenclature 
LSc is a common inflammatory dermatosis with a predilection for 
ano-genital skin. 


Synonyms and inclusions 
e Lichen sclerosus et atrophicus 
¢ Balanitis xerotica obliterans 

¢ Posthitis xerotica obliterans 


Introduction and general description 

LSc is a chronic inflammatory scarring dermatosis with a genital 
predilection that incurs a risk for penile carcinoma. It is a common 
cause of dermatological problems in the genital region. 


Epidemiology 
The prevalence of LSc is unknown. It is perceived that symptoms are 
underreported by patients and even when reported, the condition 


is often unrecognised and/or misdiagnosed by clinicians [1]. A fur- 
ther impediment to establishing accurate epidemiological statistics 
is the presentation of the condition to and management by mul- 
tiple separate specialties including dermatology, genitourinary 
medicine and urology [1]. Genital LSc (GLSc) is more common than 
extragenital or oral disease, but there may (rarely) be concomitant 
involvement of these sites. In adults, ano-genital LSc is said to be 
about 10 times more common in women than men. Perianal disease 
is very rare in the male. The age of presentation is bimodal [2], 
although peak incidence occurs in the sixth and seventh decades of 
life [3,4]. The first report of male genital LSc (MGLSc) in children 
appeared only in 1977 [5]. MGLSc may be much more frequent 
than is generally supposed in early childhood, being diagnosed 
histologically in 14-95% of prepuces removed for phimosis [6,7]. 


Pathophysiology 

The inflammatory process in LSc appears to be driven by CD4* and 
CD8* T-lymphocytes; CDla*/HLA-DR* dendritic cells and the 
expression of several cytokines including tumour necrosis factor « 
(TNF-a), interferon y (IFN-y) and interleukin 1 (IL-1) is increased 
[8,9-12]. 

The aetiology of male and female GLSc remains contentious and 
the current consensus is that it is multifactorial [13]. Among pro- 
posed aetiological factors are genetic predisposition, autoimmunity, 
immune dysregulation, aberrant fibrogenesis, occluded exposure to 
urine, infection, site-specific dysbiosis and epithelial susceptibility. 
There is an inconsistent association with organ-specific autoimmune 
disease [10,14-16,17,18,19,20,21,22,23-25,26] and atopy [27], and a 
variable association with ECM1 autoreactivity (probably an epiphe- 
nomenon) [21,28,29]. HLA distributions in GLSc do not support an 
autoimmune association [18,25,30,31-33]. 

MGLSc is extremely rare in those circumcised at birth and circum- 
cision is usually curative, indicating a pivotal role for occlusion and 
the foreskin in its aetiopathogenesis [2,34]; occlusion is also likely 
to underlie the relationship with obesity [35]. The presence of the 
histopathological features of LSc in a percentage of acrochordons 
(skin tags) suggests that occlusion of flaccid skin is a pathogenic 
factor [36]. Evidence points to the crucial role of chronic occluded 
exposure of susceptible epithelium to urine [2,37—40]. 

In contrast with women, the male perineum or perianal skin, 
which is not subject to chronic urinary irritation, is spared in 
MGLSc [2]. A high incidence of MGLSc is seen in patients with 
hypospadias, including those who have been circumcised [1,41]. 
MGLSc is also commonly encountered in patients with failed 
hypospadias repair [42]. 

There is increasing evidence to support the role of urine; these 
include clinical observations of LSc following fistulating genital 
piercing, and occurrence around ureterostomies and urethrostomies 
[43,4446], including in the perineal area, which is usually unaf- 
fected in male patients. Recently, a prospective cross-sectional study 
of female patients demonstrated an association between urinary 
incontinence and LSc [47]. Patients also frequently report postmic- 
turising dribbling or ‘micro-incontinence’ [48]. Nuclear magnetic 
resonance spectroscopy of urine has not identified a single culpable 
chemical constituent of urine [49]. 

The potential role of infectious agents has been subject to much 
investigation. HPV has been extensively studied but does not 
appear to play a causative role [30,50-59,60,61-75]. Borreliosis 
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[17,76,77,78-85,86,87-89] and hepatitis C [90] have been implicated 
and refuted. The epidemiology and clinical tenor of LSc are not 
those of an infectious or sexually transmitted disease: it is rarely 
seen in sexual partners [91]. Microbes have received renewed 
investigative attention; however, rather than frank infection, recent 
studies have focused on the potential role of dysbiosis. Differ- 
ences in microbiota composition have been demonstrated between 
MGLSc and controls, in both the balanopreputial sac and urinary 
tract [92,93], with increased relative abundance of Fusobacterium 
spp. in the balanopreputial sac of MGLSc patients compared with 
healthy controls, and its abundance in the balanopreputial sac 
is closely associated with that of the urine. Fusobacterium spp. 
exhibit properties and associations that could be relevant to the 
defining characteristics of MGLSc, specifically pro-inflammatory 
and pro-carcinogenic properties [94]. Fusobacterium spp. mediate 
carcinogenesis via Wnt/f-catenin signalling, which plays a role 
in penile carcinoma [95]. Circumcision significantly reduces the 
abundance of Fusobacterium spp. [96,97], which could explain the 
curative effect of circumcision in LSc. 


Pathology 

The epidermis is atrophic with flattening of the rete ridges and 
basal cell hydropic degeneration. Variable hyperkeratosis may be 
seen. The superficial dermis is oedematous and hyalinised [98-100]. 
Deep to the hyalinised zone is a band-like lymphohistiocytic infil- 
trate. In early cases, the inflammatory infiltrate may be found 
superficially. Plasma cells are seen in addition to lymphocytes and 
histiocytes. Inflammation may be minimal or absent in late stages. 
Telangiectatic vessels are common, as is purpura. Perivascular 
lymphocytic infiltrates and lymphocytic vasculitis are sometimes 
seen [101]; the occasional association of endarteritis led originally 
to the usage of the term ‘obliterans’ [102]. Sometimes, LSc may be 
difficult to differentiate from lichen planus, and criteria to assist, 
in the vulva, have been proposed by Fung and LeBoit [103]. The 
histological features may simulate mycosis fungoides [104]. 


Clinical features 

LSc of the penis may be asymptomatic, but diverse, sometimes 
vague, symptomatology is usually encountered at rest or during 
or after sexual congress. Patients may describe itching, burning, 
bleeding, tearing, splitting, rash, haemorrhagic blisters, discomfort 
with urination and narrowing of the urinary stream, and/or they 
may be concerned about the changing anatomy of their genitalia. 
Discomfort or pain occurs during or following sexual intercourse 
(male dyspareunia) in a majority of patients. In a substantial minor- 
ity it is asymptomatic [23,105]. The development of secondary 
phimosis in school-age boys is highly suggestive of LSc [106]. In the 
older male, persistent primary phimosis or the secondary develop- 
ment of phimosis in a previously retractable foreskin may be related 
to LSc [107]. 

The clinical features of MGLSc are highly variable. It may present 
initially as a non-specific balanoposthitis [107]. The skin may 
exhibit whitened atrophic skin (leukoderma) on the glans or pre- 
puce (Figure 109.8), or a more subtle appearance of etiolation. 
There may be telangiectasia and sparse purpura. Shiny-red ‘moist’ 
erythema of the glans and/or the inner prepuce may be evident, 
resembling the classic description of Zoon balanitis. Predominant 


Figure 109.8 Chronic lichen sclerosis of the glans with pallor, fibrosis and area of 
telangiectasia. Courtesy of Dr A. Affleck, Dundee, UK. 


Figure 109.9 Lichen sclerosus causing phimosis. Courtesy of Dr D.A. Burns, 
Leicester, UK. 


purpura, angiokeratomas, bullae, erosions and ulceration may be 
encountered. Postinflammatory hyper- and hypopigmentation are 
often seen. 

Phimosis or paraphimosis may be evident (Figure 109.9); there 
may also be incomplete phimosis or paraphimosis caused by 
a constrictive posthitis, whereby constriction of the prepuce 
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Figure 109.10 Lichen sclerosus. Sclerotic band of the prepuce causing a constrictive 
posthitis ‘waisting’. Courtesy of Professor C.B. Bunker and with permission from Medical 
Illustration UK, Chelsea & Westminster Hospital, London, UK. 


creates an ‘hourglass’ appearance when the prepuce is retracted 
(Figure 109.10). This sign has also been called ‘waisting’ [107]. Signs 
may, however, may be more subtle, with meatal ‘pin hole’ narrow- 
ing. Chordee (congenital or acquired due to frenular disease) may 
be evident to varying degrees. 

Adhesions are common. Detection of small subcoronal adhe- 
sions may require retraction of the corona, whereas transcoronal 
adhesions are more easily visualised. Loss of anatomical definition 
may manifest in dissolution or effacement of the normally sharply 
defined architectural features. For example, extensive transcoronal 
adhesions may cause complete loss of the coronal sulcus but milder 
expressions of the disease may lead to a more subtle effacement 
of the coronal sulcal architecture. Similarly, the frenulum may be 
effaced. Adhesions may also be observed in the inguinal folds. 
Pearly penile papules may be destroyed. The arrangement of the 
naviculo-meatal fossa and meatus may be abnormal, as described 
earlier. Involvement of the meatus occurs in approximately 16% 
of cases and it may lead to stenosis in 12% of affected individuals 
manifesting in a ‘pin hole’ appearance [21,23,107,108]. 

LSc in men may extend into the navicular fossa, the penile ure- 
thra or rarely the bulbar urethra resulting in urinary symptoms, 
including impaired urinary stream and dysuria [109,110]; LSc is 
the commonest cause of penile urethral strictures in young and 
middle-aged adults [109]. The involvement of the anterior ure- 
thra can be serious; in some cases, urethral strictures may cause 
obstructive nephropathy and renal failure [109]. 

MGLSc may rarely be hyperkeratotic [107]. Pseudo- 
epitheliomatous micaceous and keratotic balanitis (PEMKB) is 


a rare entity believed to represent a form of chronic, untreated 
MGLSc with a high risk of transformation to verrucous carcinoma 
[6,111,112]. It manifests as irregular, thin or thick scaly patches on 
the glans [113,114]. 

MGLSc may also develop in association with chronic penile 
oedema [115]. There may be evident signs of dysplasia, carcinoma 
in situ (usually erythroplasia of Queyrat clinically, whereas the 
histological type of penile intraepithelial neoplasia (PeIN) usually 
associated with both male and female GLSc is the differentiated 
pattern) or of an invasive cancer. 

Lichen planus, non-specific balanoposthitis and very rarely 
mucous membrane pemphigoid are in the differential diagnosis. 
A biopsy is not usually required for the diagnosis of MGLSc, as it 
is a clinical diagnosis [116,117,118]. Moreover, histology in LSc may 
be non-specific, particularly in early cases, or lead to misdiagnosis 
of the underlying condition [1]. Reliance on histological diagnosis 
may also lead to progression of the disease when typical histological 
features of LSc are not demonstrated [108,118]. However, biopsies 
should be performed if there is clinical doubt or if the result might 
impact on management decisions, e.g. PeIN, particularly in the 
context of lesions that are eroded, ulcerated or verrucous. 


Investigations 
A biopsy is required in cases of suspected malignant transformation 
or when PeIN cannot be excluded clinically. 


Management 
Guidelines for the management of LSc have been published by the 
British Association of Dermatologists [13]. 

The aims of treatment are (i) early diagnosis and effective treat- 
ment to obtain normalisation of sexual function; (ii) to minimise 
dermatological and urinary morbidity; (iii) to prevent transforma- 
tion to penile cancer or pre-cancer (or detect such transformation 
early where it has already occurred); and (iv) preservation of the 
foreskin if possible [107,119]. Contact with soap, pubic hair and 
urine should be avoided; a barrier emollient and a soap substitute 
are advocated and pubic hair should be trimmed. A super-potent 
topical corticosteroid (usually 0.05% clobetasol propionate) used 
under supervision for a finite course (twice daily for 1 month is the 
authors’ practice) is effective [107,120-122]. Super-potent topical 
steroids can be useful for urethral and meatal disease [123,124]. 
The use of super-potent topical corticosteroids is usually safe, 
but herpes simplex and wart reactivation do occur [13,61], and 
counselling must take this into account. Prophylactic aciclovir mer- 
its consideration in those with a history of genital herpes simplex 
virus (HSV). 

The plasticity of the male genital epithelium seems to allow 
significant remodelling, with the relief of phimosis, improvement of 
incomplete phimosis or constrictive posthitis, improvement in the 
histological changes and avoidance of circumcision [107,121,125]. 
Approximately 50% of patients will achieve a durable remission 
with medical treatment [126]. Topical clobetasol propionate has 
been shown to relieve undifferentiated ‘phimosis’ in many boys 
and so obviate the need for circumcision [122]. Treatment may 
prove difficult to apply in cases of severe phimosis [13]. Although 
currently evidence is lacking for the use of systemic retinoids 
in LSc generally, they may be of some benefit, particularly in 
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hyperkeratotic LSc [13,127]. The use of topical calcineurin inhibitors 
is to be deprecated because of the theoretical risk of accelerated 
carcinogenesis [1,128,129,130]. 

Reasons for failure to respond to medical treatment may include 
ongoing urinary contact or occlusion (often due to anatomical 
abnormalities), a coincident second diagnosis such as psoriasis 
or ACD, or poor adherence to treatment [13]. In cases of genuine 
treatment failure, circumcision is indicated. Additional surgical 
options may be offered depending upon the clinical presentation, 
including division of adhesions in those with extensive coronal 
adhesions, frenuloplasty in cases of chordee, meatotomy in cases of 
meatal stenosis or distal urethral strictures, or glans resurfacing in 
cases of pseudoepitheliomatous keratotic and micaceous balanitis 
[131,132]. In boys, complete circumcision is the treatment of choice 
because all affected tissue is removed. Any secondary involvement 
of the glans probably regresses or resolves. This phenomenon may 
also occur in adult patients. 

Fundamental to planning of penile surgery for LSc is the recog- 
nition of the pernicious role in the initiation and progression of 
MGLSc played by the chronic occluded exposure of genital skin to 
urine [133]. Causes of failure to respond to circumcision include 
distortion of meatal anatomy by instrumentation (e.g. during 
cystoscopy), genital piercing (which may cause fistula formation 
between the urethra and the skin) and congenital anatomical abnor- 
malities, including hypospadias [1]. A so-called ‘neo-foreskin’ may 
develop in obese or elderly patients; this may also cause resistance 
to treatment by circumcision, or recurrence in those who initially 
responded to circumcision [1,35]. 

The vast majority of patients respond to either medical treatment 
or circumcision; ongoing symptoms were reported by a small minor- 
ity of fewer than 3% [126]. Superimposed penile dysaesthesia or 
penodynia may account for some patients with ongoing symptoms 
that have no clinical evidence of inflammatory activity [13]. 

Persistent disease requires individualised follow-up and manage- 
ment. Residual burnt-out fibrosed disease on the glans may improve 
with long-term topical retinoid treatment. Subdermal injection of 
polydeoxyribonucleotide (a mitogen for fibroblasts, endothelial 
cells and adipocytes) has been reported [134]. Squamous carci- 
noma of the penis is the most serious potential complication of 
LSc [1,13,107]. Carcinoma in situ and early microinvasive disease 
can be difficult to diagnose clinically against a background of LSc 
[1,107,135]. Squamous hyperplasia and the basal and parabasal 
dysplasia of the differentiated PeIN seen histologically in associ- 
ation with LSc-associated squamous carcinoma can be subtle and 
underappreciated by histopathologists and clinicians [136]. The 
risk of squamous carcinoma complicating MGLSc suggested by 
the literature is 0-12.5%, depending on the size of study, length of 
follow-up and approach to management; the latent period may be 
one to three decades [1,135-143]. Involvement of the glans penis 
confers a greater risk [137]. The types of squamous carcinoma asso- 
ciated with LSc are the ‘usual’ and verrucous subtypes [136,144]. 
One-third to one-half of all established penile cancer is associated 
with LSc [142,145,146]. The effect of medical and surgical treatment 
on the subsequent incidence of penile cancer is not precisely known 
[147,148]. Liatsikos et al. [141] report squamous carcinoma of the 
glans developing in one of eight patients followed up after circum- 
cision for LSc. However, evidence from the large cohorts of patients 


reported by Edmonds et al. and Kravvas et al. suggest that accurate 
diagnosis and effective medical and surgical management abolish or 
significantly attenuate the risk of squamous cell carcinoma [23,126]. 
A subset of patients requires long-term follow-up, including those 
in whom circumcision has not been performed or disease activity 
persists despite treatment. 


Resources 


Further information 
British Association of Dermatologists Guidelines 
http://www.bad.org.uk/ 


Patient resources 
https: / / www.bad.org.uk/pils/lichen-sclerosus-in-males/ 
(Both last accessed November 2022.) 


Lichen planus 


Introduction and general description 
It is a common inflammatory dermatosis with a particular predilec- 
tion for the oro-genital epithelium [1] (Chapter 37). 


Pathophysiology 

The aetiopathogenesis of lichen planus is poorly understood. The 
cytokine profile indicates a Thl IFN-y-induced immune response 
[2]. Drugs can cause a generalised lichenoid eruption; a case of a 
lichenoid drug eruption confined to the penis resulting from pro- 
pranolol has been reported [3]. Lichen planus involving the genital 
region has also been reported as a paraneoplastic phenomenon [4]. 

The pathophysiology is described in more detail in Chapter 37. 


Clinical features 
Lichen planus can present in, and remain localised to, the ano- 
genital area, including the groins and perianal skin. Like the clas- 
sical disease at other sites, it presents as itchy red-purple papules, 
patches or plaques (Figure 109.11). Lesions may be hyperkeratotic, 
polygonal or annular morphology, or a combination; the male geni- 
talia represent the commonest site for the annular subtype of lichen 
planus [5,6]. Wickham’s striae, fine white reticular lines, may be 
prominent. It may rarely exhibit erosive morphology; this subtype is 
usually painful and is associated with adhesions and scarring. There 
is a male equivalent of the vulvovaginal syndrome of Hewitt — the 
genitogingival syndrome — with chronic erosive gingival and gen- 
ital lesions [7]. Lichen nitidus is a condition that may represent a 
variant of lichen planus, or an independent entity. It manifests in 
very small, smooth, translucent and glistening ‘micropapules’ with 
an affinity for the penis, specifically the glans penis and prepuce 
[5]. It is sometimes seen on penile skin in isolation in young Asian 
males. Lichen nitidus can be difficult to diagnose because the signs 
may be subtle, even when the lesions are widespread. Hypertrophic 
penile lichen planus has also been described [8,9]. 

It may rarely present as phimosis [5,10], more frequently an 
erosive subtype. The Koebner phenomenon may partly explain 
the oro-genital predilection [11]. In most cases, ano-genital lichen 
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Figure 109.11 Lichen planus. Papules and annular lesions with striae of Wickham 
on the glans and shaft. Courtesy of Professor C.B. Bunker and with permission from 
Medical Illustration UK, Chelsea & Westminster Hospital, London, UK. 


planus is self-limiting, although some patients remit and relapse. 
Postinflammatory hyperpigmentation can persist for months or 
years. 

The link between lichen planus and squamous cell carcinoma is 
unclear. Chronic mucosal erosive lichen planus is associated with 
a risk of progression to squamous carcinoma, but most reports of 
this concern oral lichen planus. There are rare reports of squamous 
carcinoma eventuating from chronic penile dermatoses thought to 
be lichen planus [8,9,12-17]. Such reports appear to be very rare. 

Overlap syndromes in which both LSc and lichen planus are 
present may occur [18]. 


Differential diagnosis 

The differential diagnosis includes psoriasis, Zoon balanitis, LSc, 
viral warts, BP and porokeratosis. The differential diagnosis of 
ano-genital lichen planus is influenced by the morphology; for 
example, annular lichen planus may resemble porokeratosis, while 
lichen nitidus may resemble penile pearly papules. Similarly, ero- 
sive lichen planus requires specific consideration of infective and 
neoplastic differential diagnoses. 


Complications and co-morbidities 
In the follow-up of cases of chronic ano-genital lichen planus, 
erosive, ulcerative or verrucous features arouse concern about the 
development of squamous carcinoma. 


Investigations 
A biopsy is frequently necessary for diagnostic purposes. 


Management 

The current evidence base for treatment of genital lichen planus 
is limited. Potent and super-potent topical corticosteroids usually 
suffice for treatment. Patients are told to continue with the treat- 
ment until the lesions are non-itchy and flat; they are warned about 
postinflammatory hyperpigmentation. Reactivation of genital warts 
may occur [19]. Calcineurin inhibitors including tacrolimus and 
ciclosporin have been used in topical and oral forms but are not 
favoured due to the potential risk of squamous cell carcinogenesis 
[20-24]. Although evidence varies on the impact of circumcision 
[25,26], circumcision may be helpful particularly in the context 
of phimosis [27] or refractory erosive disease [28]. Photodynamic 
therapy has been reported as effective [29]. Pulsed dexamethasone 
therapy has been used for erosive disease [30]. Acitretin and secuk- 
inumab have been reported as being effective in erosive penile 
lichen planus [31,32]. 


Chronic penile oedema 


Chronic penile lymphoedema is a relatively rare, disfiguring condi- 
tion that causes sexual dysfunction and phimosis (Chapter 103) [1]. 
It is often chronic, leading to substantial psychosocial and physical 
morbidity. It has been called tumorous lymphoedema or elephanti- 
asis verrucosa nostra [2]. It may be congenital or acquired [3]. 


Pathophysiology 
Numerous causes have been described (Boxes 109.15-17). 


Box 109.15 Causes of genital lymphoedema 


¢ Idiopathic congenital lymphoedema (Milroy disease) 
¢ Lipogranuloma and silicone granuloma 
¢ Strangulation of the penis 
¢ Jatrogenic 
¢ Radical abdomino-pelvic surgery 
¢ Radiotherapy 
¢ Granulomatous lymphangitis 
¢ Crohn disease 
¢ Sarcoid 
¢ Postinfectious 
¢ Cellulitis and erysipelas 
¢ Chronic penile lymphoedema 
¢ Chancroid 
¢ Lymphogranuloma venereum 
¢ Tuberculosis 
e Leprosy 
¢ Syphilis 
e Filariasis /onchocerciasis 
¢ Carcinomatosis 
¢ Lymphatic involvement 
¢ Lymphatic blockage 
¢ Lymphoma 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 
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Rigorous clinical evaluation is important [3]. Causes of ano-genital 
lymphoedema and penoscrotal swelling are listed in Boxes 109.15, 
109.16 and 109.17. 


Box 109.16 Commoner causes of penoscrotal 
swelling 


¢ Paraphimosis 
¢ Foreign body 
¢ Strangulation of the penis 
¢ Jatrogenic 
¢ Contact dermatitis 
¢ Continuous ambulatory peritoneal dialysis 
¢ Genital oedema resulting from raised right heart filling pressure in 
ITU 
¢ Postoperative 
¢ Postradiotherapy 
¢ Varicocele 
e Hydrocele 
¢ Strangulated hernia 
¢ Priapism 
¢ Peyronie disease 
¢ Epididymitis and orchitis 
° Cellulitis 
¢ Idiopathic chronic penile lymphoedema 
¢ Testicular tumours 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.17 Rarer causes of penoscrotal swelling 


¢ Lymphangiectasia (with chylous reflux) [7] 
¢ Giant haemangioma 

¢ Urethral diverticulum 

¢ Segmental urethral hypospadias 

e Accessory scrotum [8,9] 

¢ Herniation of scrotal contents into penile shaft 
¢ Foreign body 

¢ Haematocele 

¢ Lipogranuloma and silicone granuloma 

e Aortic aneurysm [10] 

° Scrotal fat necrosis 

¢ Henoch-Schénlein purpura 

¢ Familial Mediterranean fever 

e Acute haemorrhagic oedema of childhood 
¢ Pancreatitis 

e Infected cyst 

e Abscess of corpus cavernosum [11] 

e Fournier gangrene 

¢ Tuberculosis 

¢ Paracoccidioidomycosis 

e Amputation of septic limbs in diabetics 

e Giant scrotal tumours (e.g. neurilemmoma) 
e Epithelioid haemangioma 

° Kaposi sarcoma 


e Epithelioid haemangioendiothelioma 

e¢ Lymphoma 

¢ Sarcoma 

e Drugs (e.g. angio-oedema caused by lisinopril) 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Several factors may be involved in any individual case, and the 
aetiopathogenesis of penile lymphoedema requires careful consid- 
eration in each patient. Once the process of lymphatic damage has 
been initiated, each episode of acute or acute-on-chronic infection 
leads to loss of elastic fibres, hyperplasia of the collagenous con- 
nective tissue and scarring, resulting in permanent swelling with 
progressive loss of function and worsening appearances [4]. It is 
therefore likely that the worse the oedema becomes, the lower the 
chances of full recoverability. 

Acquired lymphoedema can be the result of neoplasia, surgery or 
radiation to the pelvis [4]. Radical cancer surgery and/or radiother- 
apy to the ano-genital area and the lymphatics can cause swelling 
because of lymphoedema, early or delayed [5,6]. Infections may 
also be culpable [7,8] and may complicate or aggravate cases due 
to other causes. Bacteria appear to be the most common cause, in 
particular Streptococcus, which is known to be lymphatolytic [9,10]. 
Penile sexually transmitted oedema has been associated with gono- 
coccal and herpes infection, and scabies infestation, and resolves 
after treatment of the underlying disease [11]. 

Inflammatory disorders that distort lymphatics may be culpable, 
including granulomatous disorders such as sarcoidosis or Crohn 
disease (CD), and non-granulomatous disorders such as hidradeni- 
tis suppuritiva [12,13,14,15]. Of note, genital (metastatic) CD may 
develop before bowel involvement, or in the context of occult and 
asymptomatic CD; CD may be present in up to one-third of patients 
with genital lymphoedema [13,16,17,18,19,20]. 

Many cases are viewed as idiopathic; idiopathic cases may be due 
to primary lymphatic hypoplasia but comprehensive work-up may 
reveal an underlying cause. 

Reactive causes include trauma (including compulsive mastur- 
bation, chronic strangulation and circumcision) [21-23], venous 
thrombosis and angio-oedema. Localised genital lymphoedema can 
be associated with obesity (due to neolymphovascularisation of the 
scrotal region below the tunica dartos muscle and its associated 
hypertrophy) [18,24] However, scrotal lymphoedema after weight 
loss (resulting from lymphatic stasis in the redundant skin) has 
also been reported [25]. Acute idiopathic oedema of childhood 
is self-limiting; adult cases are very rare [26]. Congenital defects 
of the inguinal canal and other non-inguinal peritoneal leaks can 
lead to scrotal and penile swelling as a manifestation of dialysate 
oedema in patients with end-stage renal failure treated by continu- 
ous ambulatory peritoneal dialysis [27]. Contact allergies may also 
cause genital lymphoedema [28]. 

Peno-scrotal oedema has also been attributed to continuous 
ambulatory peritoneal dialysis [29], amputation of septic limbs in 
diabetes [30] and acute necrotising pancreatitis [31]. It may also be 
caused by disorders of fluid balance. 


Clinical features 

Patients with chronic penile oedema present with chronic swelling 
of the penis, foreskin, scrotum, pubic mound, buttocks and thighs, 
which may be warm and red [16]. The penis may resemble a 
saxophone. Some cases of penile lymphoedema are transient and 
self-limiting. In others, there may be intercurrent attacks of cellulitis 
and/or erysipelas with systemic symptoms and partial or complete 
remission of the oedema. 


Investigations 

Investigations should be directed at elucidating possible underlying 
causes and predisposing factors, as discussed earlier (Boxes 109.15, 
109.16 and 109.17). Investigations required in the work-up include 
imaging, and serological and faecal screening diagnostics, and may 
include biopsy (Box 109.18). Computed tomography or magnetic 
resonance imaging of abdomen and pelvis may be performed [32] 
to delineate the subcutaneous lymphatic oedema and exclude other 
causes of lymphatic obstruction; it may illustrate features of occult 
inflammatory bowel disease. Imaging of lymphatic channels is not 
particularly helpful [21]. Other tests include screening for sexually 
transmitted diseases and filariasis (in cases of previous travel history 
to endemic areas), antistreptolysin antibody titre (ASOT) and faecal 
calprotectin [33] to screen for CD. Genital biopsy may be performed 
if specific diagnoses such as CD or sarcoid are being considered; 
the risk of delayed healing must be considered, and diagnostic tissue 
may be difficult to obtain, leading to a false negative. 


Box 109.18 Evaluation of penile lymphoedema 


¢ Consider in all patients: 

e History (focused on onset, associated symptoms, travel, 
constitutional, urethral, gastrointestinal and respiratory 
symptoms) 

e Physical examination (focused on identifying extent of oedema, 
associated cellulitis and possible bacterial portals of entry) 

¢ Imaging of abdomen/pelvis (ideally magnetic resonance imaging) 

¢ Surgical opinion (for suspected acute surgical causes) 

¢ Based on these findings, consider: 

e Investigations including: 

e Screening for sexually transmitted infection 

¢ Screening for filarial infections 

¢ Serum angiotensin converting enzyme 

e Antistreptolysin O titre 

¢ Faecal calprotectin 

¢ Chest radiography 

¢ Genital skin biopsy 

e Patch testing 

¢ Multidisciplinary discussion led by initial results 


Management 

Treatment may comprise a multifaceted approach, tailored to the 
individual case and its aetiology. Management options are informed 
by the cases and series of chronic penile oedema that have been 
reported [1,16,18,34], and the principles include early aggressive 
treatment with antibiotics, prevention of recurrent episodes of cel- 
lulitis with antibiotic prophylaxis, aggressive treatment of relapses, 


surgical debulking and removal of the grossly dysfunctional pre- 
puce, and long-term follow-up. 

As outlined earlier, all cases of peno-scrotal oedema require 
aggressive treatment at first presentation to optimise outcome, as 
inadequate treatment can increase the risk of lymphatic scarring 
and subsequent recalcitrant oedema [16,35]. Glucocorticoids are 
most appropriate in patients with acute and rapid presentation of 
oedema. 

Long-term treatment with lymecycline, erythromycin, clarithro- 
mycin, clindamycin, clindamycin plus rifampicin, amoxicillin— 
clavulanic acid, trimethoprim, sulphamethoxazole plus trimetho- 
prim or ciprofloxacin appears to ameliorate and stabilise the process. 
Antibiotics may be alternated or rotated in relapsing and remit- 
ting disease. Patients should be evaluated, treated and counselled 
regarding prevention for dermatoses, particularly tinea pedis, that 
cause fissures or erosions in the skin because these can serve as a 
portal of entry for bacteria. 

Treatment directed to CD, sarcoid or hidradenitis suppurativa 
should be instituted as appropriate; a multidisciplinary approach 
with gastroenterology or respiratory input may be appropriate in 
the case of CD or sarcoid. 

The aim of medical treatment is to minimise sufficiently preputial 
and penile oedema to allow therapeutic debulking circumcision 
[18,35]. Plastic repair or skin grafting using full- and split-thickness 
skin grafts may be necessary after excision of affected tissue 
[16,35-37] and may lead to improvement in quality of life [16,38]. 
Prophylactic antibiotics may need to be continued long term after 
surgery. 


MISCELLANEOUS INFLAMMA 
DERMATOSES 


Non-specific balanoposthitis 


Balanoposthitis presents a wide differential diagnosis. Sexually 
transmitted disease, eczematous dermatoses, psoriasis, lichen 
planus, LSc, Zoon balanitis, cicatrising pemphigoid and penile 
carcinoma in situ need to be considered. However, in practice, clin- 
ical signs may be non-specific and diagnostic investigations may 
not contribute to a specific diagnosis. Where specific causes have 
been excluded, the term non-specific balanoposthitis is assigned 
[1,2]. Non-specific balanoposthitis is a relatively common diag- 
nosis in male genital dermatology [3,4], runs a chronic relapsing 
course and is likely to reflect a dysfunctional foreskin. Symptoms 
of dyspareunia are common. Microbiological investigations yield 
higher rates of positive results in balanoposthitis patients than 
controls, including Staphylococcus aureus, group A and group B 
streptococci, Candida albicans, Mycoplasma genitalium and Malassezia 
spp. [5,6,7,8], although identification of these organisms does not 
necessarily signify causation. Syphilis may present as balanitis, 
termed ‘syphilitic balanitis of Follman’, which typically presents 
with clear erosions [9]; however, subtle forms of syphilitic balanitis 
have been reported [10]. 

The principles of management include supportive therapy of 
emollients, avoidance of soap and other irritants, and potent or 
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super-potent topical corticosteroids. Treatment for candidosis may 
be considered. Diagnostic investigations include swabs, patch 


testing and biopsy. 


Non-specific balanoposthitis often proves recalcitrant to medical 
treatments [11], and in these cases circumcision must be considered. 


Circumcision may yield a specific diagnosis in some cases. 


Ulcerative disease and penile necrosis 


The causes of genital ulceration are listed in Boxes 109.19 and 109.20, 
and the causes of penile necrosis in Box 109.21. Many of the causes 


are discussed in this or other sections. 


Box 109.19 Common causes of genital ulcers 


e Trauma 

e Behcet disease 

¢ Pressure sores 

¢ Aphthae 

e Pilonidal sinus 

e Anal fistula 

e Anal fissure 

e Erythema multiforme /Stevens—Johnson syndrome 
¢ Hidradenitis suppurativa 

¢ Crohn disease 

¢ Chancroid 

¢ Donovanosis/ granuloma inguinale 
¢ Lymphogranuloma venereum 

¢ Syphilis: primary chancre 

¢ Squamous cell carcinoma 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 


London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.20 Rare causes of genital ulcers 


e Extrusion of testicular prosthesis 
e Embolisation 
e Dermatitis artefacta 
e Penile necrosis 
¢ Spontaneous scrotal ulceration 
e Degos malignant atrophic papulosis 
° Calciphylaxis 
¢ Haematological 
e Hypereosinophilic syndrome 
e Langerhans cell histiocytosis 
e Drug reaction 
e Inflammation 
¢ Autoimmune bullous diseases 
¢ Bullous pemphigoid 
° Cicatricial pemphigoid 
e Linear IgA disease 
¢ Necrobiosis lipoidica 
¢ Dermatomyositis 


e Pyoderma gangrenosum 
¢ Sarcoid 
e Erythema elevatum diutinum 
¢ Necrotising vasculitis 
¢ Granulomatosis with polyangiitis 
¢ Polyarteritis nodosa 
¢ Systemic lupus erythematosus 
¢ Idiopathic systemic vasculitis 
¢ Hereditary spherocytosis with vascular necrosis 
e Infections 
¢ Staphylococcus 
¢ Pseudomonas 
e Ecthyma gangrenosum 
e Necrotising ano-rectal ulcer in leukaemia 
¢ Gonorrhoea 
¢ Chancroid 
¢ Donovanosis (granuloma inguinale) 
¢ Lymphogranuloma venereum 
¢ Fournier gangrene 
¢ Tuberculosis and tuberculides 
e Atypical mycobacteria, e.g. Mycobacterium ulcerans 
¢ Syphilis: snail track ulcers 
e Yaws 
¢ Non-syphilitic spirochaetal ulcerative balanoposthitis 
¢ Herpes simplex 
¢ Herpes zoster 
¢ Cytomegalovirus (CMV) 
e HIV 
¢ Chikongunya 
¢ Deep fungal infections 
¢ Histoplasmosis 
¢ Blastomycosis 
¢ Cryptococcosis 
e Actinomycosis 
¢ Paracoccidioidomycosis 
¢ Leishmaniasis 
e Amoebiasis 
e Filariasis 
¢ Neoplasia 
e Extramammary Paget disease 
¢ Basal cell carcinoma 
e Squamous carcinoma 
e Verrucous carcinoma 
¢ Sweat gland carcinoma 
¢ Melanoma 
¢ Kaposi sarcoma 
¢ Leukaemia 
¢ Lymphoma 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.21 Causes of penile necrosis 


¢ Decubitus ulcer 

¢ Injection of foreign material 
¢ Spider bite 

e Priapism 


e Embolism 
¢ Strangulation and tourniquet syndromes 
e Vacuum erection device 
e Systemic vasculitis [46] 

¢ Lupus erythematosus 

¢ Polyarteritis nodosa [47] 
¢ Granulomatosis with polyangiitis 
e Diabetes [48,49] 
e Chronic renal failure [50] 
¢ Thrombocytopenia 
¢ Polycythaemia 
¢ Cryoglobulinaemia 
¢ Coagulopathy [51] 
e Pyoderma gangrenosum 
¢ Calciphylaxis 
e Ecthyma gangrenosum 
e Fournier gangrene 
¢ Herpes simplex 
e Leukaemia 
¢ Mucormycosis (in acute myeloblastic leukaemia) [52] 
e Warfarin 
e Fixed drug eruption 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Aphthous ulceration of the penis and scrotum can occur, includ- 
ing in HIV/AIDS, but specific exclusion of sexually transmitted 
diseases and consideration of other causes of genital ulceration, 
especially Behcet syndrome, is necessary. The causes are obscure 
and the histology is non-specific. 

Rare cases of spontaneous scrotal ulceration in young, previ- 
ously fit men have been described — juvenile gangrenous vasculitis 
of the scrotum [1]. Histology shows non-specific vasculitis and 
spontaneous resolution can occur. This entity may be related to 
idiopathic scrotal panniculitis and fat necrosis. Both are distinct 
from other causes of the acute scrotum in prepubertal boys, pre- 
senting as acute, tender, sometimes painful swelling (classically, but 
not always, after swimming in cold water). Masses may be palpable 
in the scrotal wall. Otherwise, the patient is well, with no fever 
or leukocytosis. Idiopathic scrotal necrosis in a 2-month-old boy 
has been documented by Sarihan [2], where trauma, extreme cold 
and Fournier gangrene were excluded. Management is expectant 
and conservative [3,4]. In adults, one case of idiopathic scrotal 
panniculitis has been reported [5] and another associated with 
pancreatitis [6]. 

Subtle or severe oro-genital ulceration can occur in erythema mul- 
tiforme or Stevens-Johnson syndrome. 

Adamantiades—Behcet disease is discussed in another chapter 
(Chapter 48). Recurrent genital ulceration is not mandatory for 
the diagnosis; if patients do not have genital ulceration then they 
must have ophthalmic and dermatological involvement or a pos- 
itive pathergy test [7]. In practice, there are many patients who 
have an incomplete syndrome. Other ano-genital manifestations 
include epididymitis and urethritis [8], spontaneous haematocele 
from venous rupture resulting from lymphocytic venulitis [9] and 
erectile dysfunction [10]. The genital ulcers of Behcet disease in men 


can be very painful and occur anywhere in the ano-genital area, 
including the perianal skin. Generally, they are larger, deeper, fewer 
and less recurrent than those in the mouth. Patients with relapsing 
polychondritis and Behcet disease have been reported, and the 
acronym MAGIC (mouth and genital ulcers with inflamed carti- 
lage) syndrome has been proposed [11,12]. The histology of Behcet 
disease is non-specific and does not enable it to be distinguished 
from idiopathic aphthae, although sometimes necrotising vasculitis 
can be present. 

Scrotal involvement can occur in Hailey—Hailey disease [13]. 

Degos malignant atrophic papulosis can cause painful penile 
ulceration that may precede the development of the eruption else- 
where and be associated with fatal involvement of other organs, 
despite aggressive treatment [14,15]. 

The hypereosinophilic syndrome involves the skin in up to 50% 
of cases, with oro-genital ulceration, erythroderma and urticaria. It 
may occur in HIV infection [16]. 

Granulomatosis with polyangiitis may present with glans penis 
ulceration and necrosis; repeated antineutrophil cytoplasmic anti- 
bodies (ANCA) estimation may be needed and it may be some time 
before systemic manifestations declare themselves [17—20,21]. 

There has been one case report of a patient with erythema ele- 
vatum diutinum causing penile ulceration [22]. Three cases of 
necrobiosis lipoidica have been reported presenting as erythema- 
tous ulcerated lesions of the glans penis. One patient was diabetic 
and also had lesions on the legs [23]; the others had penile lesions 
only, and were treated with oral pentoxifylline [24,25]. 

There are a number of case reports of pyoderma gangrenosum, 
including the variant superficial granulomatous pyoderma [26], 
involving the penis and scrotum in adults and children (where the 
ano-genital area is a site of predilection as well as the head and 
neck) (Figure 109.12) [27,28]. Genital pyoderma gangrenosum may 
occur following local trauma such as urological surgery [29,30] or 
treatment for cancer [31], or complicate ulcerative colitis [32] or 
chronic lymphocytic leukaemia, or it may be idiopathic [33-36]. 


Figure 109.12 Pyoderma gangrenosum in a patient with severe seronegative 
arthropathy. Courtesy of Dr F.A. lve, Durham, UK. 


Zi Miscellaneous inflammatory dermatoses 109.23 


7) 
uu 
Ee 
vi 
a 
— 
U 
uu 
a. 
vi 


SEX & AGE 


PART 10 


7) 
uu 
= 
vi 
Y 
— 
U 
ire 
a. 
vi 


SEX & AGE 


PART 10 


109.24 


Chapter 109: Dermatoses of the Male Genitalia 


L 


Figure 109.13 Calciphylaxis involving the penis in a patient with end-stage renal 
disease. 


Pyoderma gangrenosum is a diagnosis made when other causes of 
purulent ulceration, such as infection (sexually acquired and exotic 
or rare, including Fournier gangrene), malignancy and artefact have 
been excluded. Systemic treatment is usually required but one case 
has responded to topical tacrolimus [37]. 

Calciphylaxis is a rare and serious complication of chronic renal 
failure in which extending ischaemic gangrenous necrosis affects 
acral tissues and sometimes the thighs, buttocks and genitals 
(Figure 109.13) [38,39,40,41,42,43]. 

Ulcers in the peno-scrotal region have been reported to appear 
2-4 weeks after chikungunya, a novel togavirus arboviral infection 
that causes fever, headache and arthralgia [44]. 

There has been one case report of primary cutaneous T-cell lym- 
phoma of the penis presenting with a 2-year history of ‘recurrent 
balanitis’, a preputial ulcer and phimosis [45]. Other reports include 
genital ulceration due to amoebiasis, methicillin-resistant Staphylo- 
coccus aureus (MRSA) infection, tuberculosis and in association with 
leukaemias [46-50]. 

Penile necrosis is rare but has been reported with polyartertitis 
nodosa, systemic lupus, hyperparathyroidism, calciphylaxis, dia- 
betes, vena caval thrombosis and opportunistic fungal infection 
[51-60]. 


Pilonidal sinus 


Pilonidal sinus very rarely affects the penis [1], but when it does 
it usually occurs in the coronal sulcus [2,3]. Some of the reported 
cases have been complicated by actinomycosis [2,4], and one has 
been associated with a dermoid cyst [5]. 


Penile acne 


There is no literature on this condition but it is occasionally 
encountered. Patients have comedones, papules, pustules and 


inflammatory nodules of the proximal shaft of the penis. The dif- 
ferential diagnosis should include chloracne. Patients respond to 
conventional treatment for acne. 


Peyronie disease 


Peyronie disease [1,2], which affects middle-aged and older men, 
is a localised fibrotic disorder involving tissue immediately adja- 
cent to the erectile tissues. It presents with pain and curvature on 
erection, a sensation of a cord within the penis, palpation of a lump 
or knot, decreased erection distal to the plaque, interference with 
intercourse and progressive impotence. It may be subclinical in 
many men, given that 23% of autopsies have shown histological 
evidence of the condition [1]. Psychological complications and 
marital difficulties occur. The penis curves towards the lesion, with 
dorsal curvature being most common. Peyronie (a physician to 
Louis XV) described nodules as ‘rosary beads’ but plaques vary in 
size. It has been associated with systemic sclerosis [3,4], and such 
patients may have penile Raynaud phenomenon [5]. It has occurred 
as a complication of the use of a vacuum erection device [6], but in 
most men the cause is unknown. Some evidence has been advanced 
for an autoimmune pathogenesis [7]. A case complicating chronic 
graft-versus-host disease has been reported [8]. 

The differential diagnosis includes congenital curvature, fibrosis 
secondary to trauma or urethritis and abscess, syphilitic gumma, 
lymphogranuloma venereum and infiltrative tumours (e.g. lipo- 
granuloma). Penile thrombophlebitis as the initial presentation 
of a paraneoplastic migratory thrombophlebitis resulting from 
pancreatic cancer has been misdiagnosed as Peyronie disease [9]. 

In some men, there may be spontaneous regression. Treatment 
tends to be by a urologist and includes intralesional corticosteroid 
injection [10], including delivery by Dermojet® [11]. Surgery is 
avoided, but some specialised techniques are available [12]. Symp- 
tomatic relief has been claimed following iontophoresis of drugs 
such as dexamethasone, lidocaine (lignocaine), para-aminobenzoic 
acid and verapamil [13,14]. 


Drug reactions 


The penis is a site of predilection for fixed drug eruption. Symp- 
toms are itch or burning. The eruption is acute, with a red plaque, 
sometimes with central blister formation, erosion and ulceration. 
Cases have occurred in men after congress with sexual partners 
who have taken the drug to which they were known to be sensitive: 
co-trimoxazole, diclofenac, isosorbide and aspirin are the drugs 
cited [1,2]. The differential diagnosis of penile fixed drug eruption 
includes herpes simplex and localised erythema multiforme. 
Ulceration has been reported following the inadvertent subcu- 
taneous injection of papaverine for the treatment of erectile impo- 
tence [3]. All-trans retinoic acid has been reported to induce scrotal 
ulceration in a patient with acute promyelocytic leukaemia [4]. 
Foscarnet is a recognised cause of genital ulceration in HIV-infected 
patients [5,6,7,8]. Nicorandil is a recognised cause of ano-genital 


and peristomal ulceration and has been reported to have been trig- 
gered by circumcision [9,10,11]. Isolated penile ulceration following 
nivolumab treatment has also been reported [12]. Erosion following 
the use of topical steroids has been seen. Penile argyria due to 
chronic application of silver sulfadiazine has been reported [13], as 
has necrosis following warfarin administration [14,15]. 


Other inflammatory dermatoses 


Bottomley and Cotterill [1] have described an acutely tender ery- 
thematous scrotum associated with zinc deficiency in a patient with 
Crohn disease. Necrolytic migratory redness can be localised to the 
genitalia [2]. Skin fragility and ulceration in the ano-genital area are 
features of prolidase deficiency [3]. 

Autoimmune bullous diseases such as pemphigus can involve the 
penis (the glans is the usual site) (Figure 109.14), but very rarely in 
isolation [4]. Pemphigus vegetans presenting with a 4-year history 
of indolent tender balanitis has been reported [5]. In this case, the 
glans penis was involved with a moist vegetative plaque with beefy 
red erosions separating irregular hyperkeratotic mounds [5]. Linear 
IgA disease commonly involves the mucosae. Mucosal lesions 
of bullous pemphigoid are uncommon; their presence suggests 
another diagnosis or an underlying neoplasm. 

Cicatricial pemphigoid or mucous membrane pemphigoid is 
a rare variant of bullous pemphigoid in which blisters affect 
the skin and the mucous membranes. Skin lesions are usually 
less widespread than in bullous pemphigoid and they may heal 
with scarring. Oral lesions predominantly involve the palate and 


Figure 109.14 Pemphigus of the penis. Courtesy of Dr FA. lve, Durham, UK. 


gingivae, but there may be oesophageal involvement with dyspha- 
gia, and conjunctival disease can lead to blindness. Involvement of 
the penis may be with blisters, erosions, ulcers, transcoronal adhe- 
sions, scarring and phimosis [6,7,8]. Although direct immunofluo- 
rescence is usually positive, circulating antibodies to the basement 
membrane zone are rarely found. The disease often proves dif- 
ficult to treat, but options include oral corticosteroids, dapsone, 
cyclophosphamide, azathioprine, mycophenolate mofetil, thalido- 
mide, intravenous immunoglobulin and rituximab. 

One patient with Darier disease developed an HPV-16 associated 
squamous carcinoma of the scrotum during oral isotretinoin treat- 
ment; he had not previously had radiotherapy to the genito-crural 
area [9]. Genito-crural papular acantholytic dermatosis can involve 
the penis, as can granuloma annulare. Erythematous smooth, round 
and linear nodules are described in the latter. Most patients are 
uncircumcised. Extragenital granuloma annulare is uncommon in 
these patients. 

Occasionally, patients with generalised cutaneous sarcoid present 
with genital lesions [10]. Tender erythematous induration of the 
distal shaft of the penis and yellowish subcutaneous nodules on the 
glans have been described [11]. A case presenting with penile ulcer- 
ation has been reported [12]. Importantly, sarcoid can masquerade 
as testicular malignancy [12,13-15]. 

A granulomatous lymphangitis may be found histologically in the 
investigation of penile lymphoedema [16]. It can be a rare feature 
of the Melkersson—Rosenthal syndrome. Crohn disease can involve 
the penis and scrotum, presenting as peno-scrotal lymphoedema or 
erosions and ulcers [17—20,21,22,23]. 

Primary cutaneous amyloidosis of the penis is a rare entity. 
Nodular cutaneous amyloid is associated with systemic disease 
and up to 10% of cases with associated paraproteinaemia progress 
to systemic disease [24]. A soft-tissue mass in the penis associated 
with systemic amyloid has been reported [25]. True penile-limited 
cutaneous amyloidosis is highly associated with nodular amy- 
loidosis. Primary amyloid of the urethra is very rare indeed, but 
accurate diagnosis is essential, as its presentation simulates car- 
cinoma, with dysuria, bloody discharge and tender induration of 
the penis [26], or as an obstructive voiding syndrome, with tender 
periurethral masses and irregular urethral strictures [27]. 

One case each of eccrine syringofibroadenomatosis with penile 
involvement manifesting as a balanoposthitis [28], benign mucinous 
metaplasia with a preputial 0.6cm papule replacing the superficial 
epidermis [29], and mucinous syringometaplasia with an ulcerated 
papule on the shaft of the penis [30] have been reported. 

Acute scrotum is a clinical syndrome defined as acute painful 
swelling of the scrotum or its contents, usually in boys, accompa- 
nied by local signs and general symptoms [31]. It is a urological 
emergency. The critical differential diagnosis is torsion of the testis 
or spermatic cord. Other causes include idiopathic scrotal oedema, 
epididymitis, orchitis, hernia and haematocele. Thromboangiitis 
obliterans has been found in two cases [32]. Acute scrotal swelling 
may be a physical sign of primary peritonitis in children and 
infants [33] or secondary peritonitis resulting from appendicitis, 
healed meconium peritonitis in the neonate, haemoperitonitis 
(ruptured spleen) and pseudotorsion resulting from ventricu- 
loperitoneal shunts inserted for hydrocephalus that have migrated 
into the scrotum from the peritoneum. Acute idiopathic scrotal 
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oedema usually affects children aged 4-12 years. Allergy, infection 
(umbilical sepsis), trauma, insect bites, urinary extravasation and 
Henoch-Schoénlein purpura have all been considered as causes. It is 
rare in adults, but cases in association with septic diabetic foot have 
been reported [34]. 

Henoch-Schénlein purpura/anaphylactoid purpura/allergic vas- 
culitis may affect the genitalia. Ureteritis, renal pelvic haemorrhage 
and pain and swelling of the spermatic cord have been reported. 
The incidence of scrotal involvement ranges from 2% to 38%. Penile 
shaft involvement is less common and involvement of the glans 
very rare [35]. In some cases, the presentation has masqueraded 
as testicular torsion, resulting in unnecessary surgical exploration. 
Ultrasonography can help to distinguish between them [36]. How- 
ever, testicular torsion can also be a real and serious complication 
of Henoch-Schoénlein purpura [36]. 

Acute haemorrhagic oedema of childhood may present as ten- 
derness, redness and swelling of the penis and scrotum with the 
development of more widespread haemorrhagic lesions [37]. The 
differential diagnosis includes acute febrile neutrophilic dermatosis, 
erythema multiforme, Henoch-Schénlein purpura and child abuse. 
The prognosis for complete recovery is excellent. Acute inflam- 
mation of the scrotum in patients with familial Mediterranean 
fever can occur [38]. It is manifested by pain, redness and swelling, 
fever, leukocytosis and elevated erythrocyte sedimentation rate 
(ESR). It may occur in isolation or accompanying peritonitis. The 
differential diagnosis includes torsion, orchitis and epididymitis 
in boys. 

Polyarteritis nodosa may be associated with testicular and epi- 
didymal involvement, with scrotal pain and swelling. In one 
case these were the sole presenting features and testicular biopsy 
provided the diagnosis [39-41]. 

There has been one patient who presented with ‘inaugural’ pain- 
less erythematous papules on the penis that histologically showed 
granulomatous vasculitis, leading to the diagnosis of Churg—Strauss 
syndrome (eosinophilic granulomatosis with polyangiitis) [42]. 


NON-SEXUALLY TRANSMITTE 
INFECTIONS 


Staphylococcal cellulitis 


Cellulitis may affect the penis. Piercing and genital jewellery pre- 
dispose to infection. Cellulitis and abscess formation can complicate 
cysts, sinuses and fistulae, and sexually transmitted infections. 

Ano-genital infection is a serious complication in patients with 
malignant disease, and potentially life-threatening necrotising 
fasciitis and Fournier gangrene may occur. 


Perineal streptococcal 
dermatitis/perianal cellulitis 


This syndrome occurs in children and also occurs in adults [1], but 
it is much more common in boys in whom, if the penis is involved, 


there may be dysuria, redness and swelling of the penis and bal- 
anoposthitis. Bullous necrotic erysipelas of the penis due to Strepto- 
coccus pyogenes has been reported [2]. 


Ecthyma gangrenosum 


Ecthyma gangrenosum has a predilection for the acral and ano- 
genital regions, and may affect the penis in isolation, leading to 
gangrene [1]. The prognosis is poor. A case has been reported that 
was probably caused by direct arterial septic embolisation of the 
penis from femoral heroin injection [2]. 


Fournier gangrene 


Fournier gangrene is analogous to necrotising fasciitis and Meleney 
gangrene. In 1883, the Parisian dermatologist Jean Alfred Fournier 
described five cases of spontaneous genital gangrene and ulcera- 
tion, but Baurienne (1764) probably first reported this condition [3]. 
The disease begins with urethral or appendageal polybacterial infec- 
tion. Most of the organisms isolated are resident urethral or lower 
gastrointestinal flora, and most patients have mixed infections. 
In children, staphylococci and streptococci are most commonly 
isolated [4]. A necrotising vasculitis ensues, possibly exotoxin medi- 
ated, with devastating consequences for involved skin, subcutis, 
fascia and muscle. It is held to be the human counterpart of the local 
Shwartzman phenomenon [5,6]. A typical presentation is charac- 
terised by painful, red, non-suppurative swelling of the genital skin 
(particularly the scrotum [7], where a dark red or a black spot may 
appear [8]), or the perianal zone or lower abdominal skin, accom- 
panied by crepitus [9], marked systemic toxicity (may be absent in 
children [4]) and urinary retention. Necrosis of skin and deeper tis- 
sues can occur rapidly, and there is a very high mortality unless the 
diagnosis is made promptly and radical management undertaken. 
The diagnosis is clinical, but imaging including plain X-rays (that 
may show soft-tissue gas [10]), ultrasound, computed tomography 
and magnetic resonance imaging may assist with the diagnosis in 
established cases and determine the extent of disease. Predispos- 
ing factors are listed in Box 109.22. Preceding surgery, including 
vasectomy and instrumentation, including genital piercing [11], 
especially in patients with the listed risk factors, is particularly 
important. The differential diagnosis is given in Box 109.23. 


Box 109.22 Risk factors for Fournier gangrene 


Diabetes 

Alcoholism 

Ano-genital infection 

Chemotherapy 

HIV 

Postinstrumentation (especially in the immunocompromised) 
Postoperative (urological and colorectal) 

Heroin addiction 

Trauma 

Unconventional sexual practices 
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Non-sexually transmitted infections 


Box 109.23 Differential diagnosis of Fournier 
gangrene 


¢ Trauma 

¢ Herpes simplex 

¢ Cellulitis (streptococcal, staphylococcal) 
e Streptococcal necrotising fasciitis 
¢ Gonococcal balanitis and oedema 
e Ecthyma gangrenosum 

e Allergic vasculitis 

¢ Polyarteritis nodosa 

¢ Necrolytic migratory erythema 

e Vascular occlusion syndromes 

e Warfarin necrosis 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 


London: Bruce Shrink, 2019. © 2019, with permission from the author. 


If a diagnosis of Fournier gangrene is made, radical surgical 
debridement of all affected tissue is undertaken and broad spectrum 
systemic antibiotic therapy initiated. Plastic repair can be under- 
taken if the patient survives [7]. Hyperbaric oxygen, high-dose 
systemic steroids and unprocessed honey treatment have been 
used [6,12,13,14,15]. In adults, the mortality is approximately 25%. 
Children can be treated with more conservative surgery and their 
mortality rate is lower [4,16]. 


Trichomycosis pubis 


Trichomycosis pubis causes asymptomatic yellow, red or black 
micronodules around hair shafts [1]. Pubic and axillary hair may 
be involved. The skin is normal but the sweat may be discoloured. 
Trichomycosis pubis is rare in western dermatological practice but 
is common in the Middle East [2] and may occur concomitantly 
with trichosporosis in India [3]. It is caused by Corynebacterium spp. 
The differential diagnosis includes true mycoses such as white or 
black piedra. Treatment is with topical benzoic acid, salicylic acid, 
clindamycin or naftifine [1]. 


Tuberculosis 


Tuberculosis of the penis is rare [4] but important given the 
resurgence of the disease. Primary penile ulceration (solitary and 
multiple), with or without inguinal lymphadenopathy, caused by 
sexual infection or contact with infected clothing may occur [5], 
or the ulceration may be secondary to tuberculosis elsewhere 
(e.g. the lung) [6]. A cold abscess (presenting as erectile impo- 
tence) has been reported [7]. Tuberculides have involved the penis, 
including in isolation [8]. Penile manifestations have also followed 
immunotherapy [9,10]. 


Non-syphilitic spirochaetal ulcerative 
balanoposthitis 


This condition is recognised in the Tropics and South Africa, pre- 
senting as large serpiginous foul-smelling ulcers in uncircumcised 
men, associated in some with non-tender inguinal lymphadenopa- 
thy. Treatment is with penicillin or metronidazole [11]. 


Yaws 


An ulcerated, crusted and papillomatous lesion has been reported 
on the prepuce as part of disseminated early yaws (with other skin 
lesions elsewhere) in a patient in an endemic region. Several family 
members were also infected. The genital lesion probably arose from 
autoinnoculation [12]. 


Candidosis 


Genito-urinary physicians maintain that Candida can be the cause 
of urethritis and balanoposthitis [13] and cause erosive disease of 
the glans and prepuce. Candida of the penis (with a prevalence of 
approximately 10% of that of vaginal candidosis) has attracted very 
little research interest [14]. However, Candida may be more often a 
secondary pathogen than a sexually acquired infection. Observing 
the signs of candidosis, or demonstrating the presence of the organ- 
ism, does not prove that it is the cause of all the symptoms and 
signs. An underlying dermatological or medical cause should be 
excluded. The symptoms and signs of Candida may be more florid 
than the underlying predisposing cause. Medical causes include 
diabetes, iatrogenic immunosuppression and systemic antibiotic 
treatment. Although oropharyngeal candidosis is almost invariably 
found in HIV infection, candidal balanoposthitis is not generally 
associated, perhaps because it is overlooked or because many 
patients take long-term imidazole antifungals orally. 

Candida albicans is such a ready opportunist organism because it 
is a part of the resident flora of the gastrointestinal tract and may be 
retrieved from intertriginous areas, including the preputial folds, in 
the absence of symptoms and signs. Candidal balanoposthitis could 
be a sexually transmitted disease that may have an affinity for the 
anatomically or physiologically abnormal penis, or in individuals 
predisposed by other factors or disease, and where there is chronic 
vaginal or anal carriage in a partner. Screening should be performed 
for other sexually transmitted diseases. 

Underlying disease should be identified and treated, and pre- 
disposing factors rectified. Treatment includes topical nystatin, 
clioquinol or an imidazole, often usefully combined with hydrocor- 
tisone or a moderately potent corticosteroid. In severe disease, an 
oral imidazole may be indicated. 


Tinea 


Tinea of the penis or scrotum is uncommon and when it occurs it 
is usually associated with crural disease. Rarely encountered is the 
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occurrence of tinea on the glans penis as a seat of itch or pain and 
producing a red patch or a crop of scaly papules [15-19,20]. Penile 
tinea in India has been associated with occlusion resulting from the 
wearing of a langota — a T-shaped piece of cloth tied over the geni- 
talia [17]. 


Deep fungal infections 


Although histoplasmosis is a common cause of disseminated fungal 
infection in the USA, urological and ano-genital disease (usually 
ulceration and adenopathy in an ill patient) is rare [21,22]. An 
otherwise well man with a small warty nodule on the glans penis 
has been reported [23]. One patient with a penile ulcer transmitted 
the disease sexually to his wife [24]. Another report documents 
a phimosis at presentation [25]. In blastomycosis, although the 
genito-urinary tract (prostate and epididymis) is involved in 
20-30% of cases [26], involvement of the genital skin is rare. How- 
ever, lesions of the prepuce and perianal skin have been recorded 
[27,28]. Paracoccidioidomycosis can be the cause of scrotal swelling 
and genital nodules and erosions [29]. Zygomycosis is usually 
regarded as a rhinocerebral infection but a diabetic with purulent 
lesions of the penis has been described [30]. 


Other non-sexually transmitted 
infections 


Bacillary angiomatosis is important in the differential diagnosis 
of AIDS-related Kaposi sarcoma. A case in which the present- 
ing tender red nodules affected the scrotum and groins has been 
published [1]. 

Buruli ulcer of the penis and scrotum due to Mycobacterium ulcer- 
ans is a rare disease. Medical treatment is disappointing, and lesions 
need excision and grafting [2]. 

Male genital involvement with leprosy is uncommon, but there 
are reports, and it may occur in isolation [3,4,5]. 

The penis is rarely affected by pityriasis versicolor and prob- 
ably almost never in isolation [6,7]. However, Malassezia yeasts 
may colonise both the circumcised and uncircumcised penis [8]. 
Occasionally, the anterior pelvic girdle is the site involved. 

Only one case of superficial phaeohyphomycosis manifesting 
as multiple, 1-3mm pigmented papules, resembling seborrhoeic 
keratoses, on the scrotum of an HIV-positive patient has been 
described. Microscopy showed a mass of mycelia and two demati- 
aceous fungi were cultured [9]. 

Genital herpes simplex may be acquired non-sexually (e.g. during 
contact sports such as rugby [10]). A phenomenon of chronic erosive 
and verrucous herpes as part of immunoreconstitution disease has 
been described in HIV infection [11]. 

Sacral herpes zoster lesions may be found on the scrotum and 
penis [12], and urinary retention and constipation can occur. 

It is not unusual for the herald patch of pityriasis rosea (thought 
now to be due to human herpesvirus (HHV)-6/7) to appear on 
suprapubic skin or in the groin. Incomplete or limited presentations 


(e.g. affecting the pelvic girdle) are not rare, although careful exam- 
ination may elicit another patch on the neck or in the axilla. 

A distinctive sequel of chikungunya may be ulcers in the peno- 
scrotal region [13]. Amoebiasis can rarely present as a painful 
ulcerative balanitis, with swelling, frequency, dysuria and reten- 
tion [14]. Self-inoculation from concomitant intestinal infection, 
by heterosexual intercourse where the female partner has amoe- 
bic vaginitis, or by anal intercourse are the putative mechanisms. 
Amoebiasis as the cause of genital ulceration should lead to the 
suspicion of underlying HIV infection [15]. 

Cutaneous leishmaniasis can affect the genitalia [16,17]. A red 
scaly plaque [18] and a giant hyperkeratotic nodule on the glans 
[19], as well as a sporotrichoid distribution on the shaft of the penis 
[20], have been reported. Post-kala-azar dermal leishmaniasis of the 
penis and scrotum has been described. Rarely, genital skin lesions 
may lead to the diagnosis of schistosomiasis. They occur because 
ova shed by worms enter the perineal vessels [21]. The papules and 
nodules may be skin coloured, pink or brown, scattered or grouped, 
affecting the penis and scrotum. They can spread onto the perineum 
and around the anus, and may develop into soft, warty, vegetat- 
ing lesions. Ulceration is rare and, even more rarely, concomitant 
carcinoma has been reported [21]. 

The ano-genital consequences of onchocerciasis are ‘leopard 
skin’ hypopigmentation (the scrotum is commonly involved), ileal 
crest and scrotal nodules, ‘hanging groin’ and scrotal enlarge- 
ment [22,23]. The differential diagnosis of the scrotal enlargement 
includes bancroftian filariasis [24]. Other filarial infections can 
lead to mild hydrocele or gross elephantiasis. Filariasis can cause 
secondary lymphangiectasis. Excision, grafting and genital recon- 
struction can be undertaken [25]. 

Primary penile cryptococcal infection has been reported [26,27] 
and treated successfully with oral azoles and amphotericin. 


DERMATOLOGICAL ASPECTS 
SEXUALLY TRANSMITTED DI: 


MRSA 


MRSA presents increasing challenges in general dermatology. 
There is evidence that community-associated MRSA can be a 
sexually transmitted disease [1]. 


Syphilis 


Syphilis is endemic throughout the world. After a period of 
reduced incidence, it has undergone a resurgence [2]. All manifes- 
tations of syphilis can affect the genital region [3]. Balanoposthitis 
can complicate and obscure penile chancre. The granulomatous 
gumma may affect the genital area as an ulcer, a white plaque 
or an atrophic scar. Pseudochancre redux describes gummatous 
(tertiary stage) recurrence at the site of the primary chancre [4]; it is 
very rare. 
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Viral warts 


The burden of genital infection with HPV is enormous (Chapter 25) 
[5]. Circumcised men are more likely to have genital warts than 
the uncircumcised, but when warts are present in uncircumcised 
men they are more likely to be distally situated [6]. The risk of 
acquiring genital warts is significantly reduced by using condoms 
[7]. Clinically inapparent disease may present as balanoposthitis 
[8]. Subclinical or latent genital HPV infection may be 100 times 
more common than classical condylomas [9]. The prevalence of 
HPV in the genital tract of men is similar to that in women, and is 
between 3% and 45% depending on the age and population [10]. 
The estimated lifetime risk of acquiring HPV sexually is greater 
than 50% and may be 80% [9]. Only 25% of the population of the 
USA were thought to have no prior or current genital HPV infection 
in 1997 [11]. The 5% acetic acid test is not a very specific aid to the 
identification of warts or dysplastic lesions [12]. Accurate diagnosis 
of HPV infection can probably only be achieved by molecular meth- 
ods [13]. Congenital and acquired immunosuppression increases 
the susceptibility of the ano-genital region to HPV infection and 
reactivation and progression to dysplasia and frank malignancy 
[14]. Topical steroid treatment of genital dermatoses may reactivate 
genital warts [15]. 

The clinical diagnosis of genital warts caused by HPV infection is 
usually certain, but condylomata lata (secondary syphilis), lichen 
planus, molluscum contagiosum, BP and pearly penile papules 
enter the differential diagnosis. Solitary lesions have a wider differ- 
ential diagnosis, including giant condyloma, squamous carcinoma 
and transitional cell carcinoma of the distal urethra, which can 
present as a warty lesion at the urethral meatus [16]. Biopsy should 
be performed if there is diagnostic doubt. Patients with ano-genital 
warts and their partners may require full sexually transmitted 
disease and sometimes colorectal assessment. Treatment can be 
challenging, due to the Koebner phenomenon, and is not generally 
the preserve of the dermatologist [3,5]. Treatment options include 
salicylic acid, podophyllotoxin, cryotherapy, imiquimod and curet- 
tage; combination therapy with 5-fluorouracil/salicylic acid is an 
unlicensed option [17-20]. There have been case reports of treat- 
ment response to cidofovir and postexposure Gardasil vaccination 
[19,21,22]. 


Molluscum contagiosum 


Young men are commonly seen with penile and pubic lesions and it 
is assumed that this is a sexually transmitted infection, but this may 
not always be the case. 


HIV infection 


Ulcerative genital disease is a risk factor for HIV [23,24], but 
ano-genital ulceration may be a consequence of HIV infection [25]. 
Box 109.24 lists the main causes. Biopsy, with special stains and cul- 
ture, is mandatory. Other genital problems in HIV, such as psoriasis, 


warts, intraepithelial neoplasia, squamous carcinoma and Kaposi 
sarcoma, are discussed elsewhere in this chapter and in Chapter 31 
- HIV and the Skin. 


Box 109.24 Causes of penile and scrotal ulcers in 
HIV infection 


Syphilis 

Chancroid 

Herpes simplex 
Squamous cell carcinoma 
Drugs (e.g. foscarnet)* 
Pseudomonas* 
Penicilliosis* 
Amoebiasis* 

Kaposi sarcoma* 


@ Denotes causes that are typically observed in the context of AIDS. 


Phthiriasis 


Phthiriasis (crab louse) can present with marked genital and pubic 
itching with few overt physical signs, or as an infected genito-crural 
and pubic eczema that conceals the underlying primary signs. In 
hirsute men, the abdomen, chest, axillae and thighs may also be 
involved. Screening for other sexually transmitted diseases should 
be offered to the patient and partner(s). 


Scabies 


Scabies may present with ano-genital itch, ‘folliculitis’ (including of 
the buttocks) and penile, scrotal and pubic nodules (Figure 109.15). 
An AIDS patient with a single non-pruritic, ‘crusted’ lesion on the 
glans penis has been described [26]. Topical pimecrolimus has been 
used with benefit in the treatment of steroid-resistant post-scabies 
nodules [27]. 


Other infections 


Human bite injuries acquired during oro-genital contact usually 
heal well but a penile ulcer infected with the oral flora organism 
Eikenelia corrodens has been reported [28]. 


BENIGN TUMOURS -— 


The following entities are all encountered in the male genital area: 
pearly penile papules (angiofibromas); angiomas and angioker- 
atomas, and angiokeratoma corporis diffusum; basal cell papillomas 
(may be mistaken for viral warts [1] or BP); melanocytic naevi; 
inguinogenital epidermoid or (much rarer) pilar (including giant 
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Figure 109.15 Papules on the penis in scabies. Courtesy of Dr C. White, University 
Hospital of North Durham, Durham, UK. 


forms) cysts; these may become infected, and lesions containing 
molluscum contagiosum have been described [2,3]. 


Median raphe cysts 


Congenital cystic median raphe anomalies may remain unobtrusive 
until adulthood. Cystic or nodular and linear swellings of the ven- 
tral penis occur near the glans. In adolescence or adulthood they 
may become traumatised or infected with staphylococci, gonococci 
or Trichomonas and present as tender, red, purulent nodules [4]. 
Histologically, they are either dermoid or mucoid, depending on 
their embryology or epithelial lining [5]. Very rarely, the basal 
epithelial lining of the cysts may contain melanocytes, imparting a 
brown-black pigment to the lesion [6]. 


Mucoid cysts 


These are rare lesions that are present at birth or develop in child- 
hood as small, flesh-coloured, mobile cystic papules or nodules with 
no punctum, commonly on the ventral glans or foreskin, rarely in the 
perineum. They can be asymptomatic, become infected or interfere 
with intercourse. The histological features suggest that they arise 
from ectopic urethral tissue during embryological development [7]. 


Scrotal calcinosis 


Scrotal calcinosis is a relatively common, benign, idiopathic dis- 
order presenting as solitary or multiple, hard, smooth, white 
papules or nodules on the scrotum, rarely the penis (Figure 109.16). 


Figure 109.16 Benign, idiopathic scrotal calcinosis. Courtesy of Dr A. Affleck, Dundee, 
UK. 


Interestingly, these lesions are much rarer on the vulva [8]. Occasion- 
ally, they may become secondarily inflamed or infected following 
trauma. Their occurrence was first described by Hutchinson [9]. 
Their origin has been debated: they have been said to arise from 
epidermoid cysts, eccrine duct milia, eccrine epithelial cysts, dys- 
trophy of the dartos muscle, trauma and the presence of foreign 
bodies [10-20]. Scrotal calcinosis may occur after meconium peri- 
tonitis, with leakage of meconium through the processus vaginalis, 
and in testicular tumours such as teratomas, gonadoblastomas 
and Leydig cell tumours [17]. In endemic areas of onchocerciasis, 
calcified scrotal cysts may be caused by the living or dead nema- 
todes, and patients have evidence of the disease elsewhere [21,22]. 
Onchocercal nodules are more common on the iliac crests and the 
rib cage. The unsightly and embarrassing lesions can be treated 
by incision and eventration under local anaesthesia. Idiopathic 
calcinosis of the penis is very rare [23,24]. A man who presented 
with a dome-shaped nodule on his glans has been described; the 
dystrophic calcinosis here was thought to derive from syringoma 
[25]. Other associations are trauma, self-injection with papaverine, 
Peyronie disease and cytotoxic chemotherapy [23]. Metastatic cuta- 
neous calcinosis may affect the scrotum and is due to renal failure 
and secondary hyperparathyroidism. 


Verruciform xanthoma 


Verruciform xanthoma mainly affects the mouth. The genital skin is 
the next most frequently involved area, where it presents as a pain- 
less, yellow-brown or red, verrucous, sessile or papillary plaque. 
The histological findings are hyperkeratosis, focal parakeratosis, 


acanthosis and fat-filled foam cells in the papillary dermis. Verru- 
ciform xanthoma is thought to represent epidermal degeneration, 
with keratinocyte lipid then taken up by dermal macrophages [26] or 
fibroblasts to form the foam cells. Treatment is by surgical excision. 


Other benign tumours 


Naevus comedonicus of the glans penis, generally devoid of pilose- 
baceous structures, has been reported [27]. Keloid is rare, but can 
complicate circumcision [28,29,30] and other surgery and trauma 
[31,32]. Keloid has been simulated on the dorsum of the penis by 
chronic oedema caused by a condom catheter [33]. Dermoid cyst 
affecting the penis, presenting with pain, swelling and suppuration 
from abscess formation, has been reported [34]. Acanthosis nigricans 
almost always affects the groins. In pseudoacanthosis nigricans, the 
associated obesity is almost always responsible for intertrigo and 
skin tags. Penile colloid degeneration has been described, presenting 
as a dermal plaque of the dorsal shaft [35]. Some cases of multiple 
syringomata localised to the penis have been described, mimicking 
genital warts or lichen planus [36-39]. Other benign tumours that 
have been reported rarely to affect the genital area include apocrine 
cystadenoma [40,41], syringocystadenoma papilliferum [42], mixed 
syringocystadenoma papilliferum and papillary eccrine adenoma 
occurring in a scrotal condyloma [43], composite adnexal tumour 
[44], dermatofibroma [45], reticulohistiocytoma [46], giant cell 
fibroblastoma [47], connective tissue naevi (scrotum) [48], fibrous 
hamartoma of infancy [49], leiomyoma [45,50], genital smooth 
muscle hamartoma (scrotum) [51,52], traumatic neuroma [53], 
neurofibroma, neurilemoma, granular cell myoblastoma [45,54—56], 
varicosities /venous lakes, acquired capillary and cavernous hae- 
mangioma [45] (other angiomatous lesions are very much rarer, 
and controversy exists as to whether they represent a true neo- 
plasm, herniation of the corpus spongiosum or vascularisation 
of a haematoma or thrombus [57]), Masson vegetant intravascu- 
lar haemangioendothelioma [58], angiokeratoma circumscriptum 
of Mibelli [59], glomus tumour [48,60], port-wine stain, straw- 
berry naevus [61-63], haemangiomas and PELVIS syndrome [64], 
epithelioid haemangioma [65], epithelioid haemangioendothelioma 
[45,66], pyogenic granuloma [67], angiolymphoid hyperplasia with 
eosinophilia/Kimura disease (penis and spermatic cord) [68,69,70] 
and lymphangioma circumscriptum [71,72]. 


PRE-CANCEROUS DERMATO: 
CARCINOMA IN SITU 


Erythroplasia of Queyrat, Bowen 
disease of the penis and bowenoid 
papulosis 


Definition 
PeIN is a histological term for the precursor state of invasive penile 
squamous cell carcinoma (PSCC). 


Introduction and general description 

There is a heterogeneous spectrum of clinical and histological 
presentations of carcinoma in situ of the penis: erythroplasia of 
Queyrat, Bowen disease of the penis (BDP) and BP. Nomenclature 
used for its clinical classification is distinct from that used for its 
histological classification. Clinical nomenclature categorised the 
entity by clinical morphology: BP, erythroplasia of Queyrat and 
BDP [1,2,3,4]. Histologically, PeIN is classified into undifferentiated 
(HPV-related) and differentiated (LSc-related, unrelated to HPV) 
that in turn are associated with specific PSCC subtypes [5-9]. PeIN 
is characterised histologically by dysplasia with an intact basement 
membrane. Differentiated PeIN is associated with squamous hyper- 
plasia and LSc and the ‘usual’ and verrucous keratinising subtypes 
of squamous carcinoma of the penis. Undifferentiated PeIN is 
associated with HPV and the warty, condylomatous, basaloid and 
‘mixed’ subtypes of penile squamous carcinoma [7,10]. 


Aetiology and pathophysiology 

The two principal aetiological factors for PeIN are LSc (differenti- 
ated PeIN) and HPV (undifferentiated PeIN). Other contributory 
aetiological factors include smoking, the presence of the foreskin, 
poor hygiene, ultraviolet light exposure, immunological dysfunc- 
tion and, potentially, other chronic dermatoses such as lichen planus 
[1,4,7,11,12]. Iatrogenic or acquired immunosuppression is also a 
risk factor for PeIN [13]. 

Undifferentiated PeIN results from integration of HPV genome 
into the DNA of the host epithelial cell, leading to oncogene expres- 
sion [14,15,16,17,18,19,20]. Evidence of HPV infection is found in 
70-100% of all cases of PeIN. HPV 16 is the most prevalent type 
encountered; this and other implicated types (18, 31, 33, 35, 39, 45, 
51,52, 54, 56, 58, 59, 66, 68 and 69) have been incriminated in 22-45% 
of PSCC and in over 70% of PSCC in situ [7,11,12,21]. It is possible 
that the various clinical phenotypes of HPV-related PeIN may have 
distinct molecular HPV signatures. One study has shown that in BP, 
90% of HPV types are genital types, of which 35% are HPV 16, with 
the next most prevalent being HPV 6, whereas in erythroplasia of 
Queyrat, 90% are also genital types of which approximately 50% are 
HPV 16, followed by HPV 45 and 68. In BDP, 80% are genital types 
of which 50% are HPV 16, followed by HPV 33 and 18 [22]. 

The prevalence of PeIN appears to be high among male sexual 
partners of women with cervical intraepithelial neoplasia [23,24], 
but the exact risk of transmission is not known; the prevalence of 
HPV among male partners of women with cervical intraepithelial 
neoplasia varies between 12.95% and 86% [25]. Immunosup- 
pression is an important risk; in one study, 50% of HIV patients 
with ano-genital warts had carcinoma in situ on histology in one 
study [26]. 

LSc is present in 10-42% of all cases of PeIN and in up to 100% of 
cases of differentiated PeIN [6,10,13,27,28,29]. The association with 
LSc is likely to explain the fact that neonatal circumcision protects 
against penile carcinoma [12,30,31]. Circumcision in later life may 
reduce the risk but does not abolish it, especially if the circumcision 
was performed for penile disease [1,12,32-34]. 

Upregulation of Wnt/-catenin signalling is observed in penile 
carcinoma [35] and this signalling pathway is up-regulated by 
Fusobacterium spp., the relative abundance of which is increased in 
patients with MGLSc; this genus is also implicated in oral squamous 
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cell carcinoma and colorectal carcinoma [36-40], raising the pos- 
sibility that this genus is also implicated in LSc-associated penile 
carcinoma. 

Spontaneous regression can occur [12] including with restitution 
of immunocompetence in the treatment of HIV [41]. 


Epidemiology 

Erythroplasia of Queyrat and BDP are typically seen in older 
patients than BP; in one study the difference in the mean age 
between the two groups was around 16 years (mean ages: BDP 58.1; 
erythroplasia of Queyrat 56; BP 41) [13]. 

BP is the most common clinical subtype of PeIN, with BDP the 
next most common and erythroplasia of Queyrat the least common, 
being approximately three times less common than both BP and 
BDP [13]. 

Using data from the Office for National Statistics, it has been cal- 
culated that the UK age standardised incidence in 2011 was 0.66 
per 100000; the estimated 10-year prevalence is 3.089 per 100000 
[13,42,43,44] 

In the UK, undifferentiated PeIN is more than eight times as 
common as differentiated PeIN [13], although this ratio is likely to 
be substantially higher in societies in which circumcision is a more 
prevalent practice. 


Clinical features 

In contrast to the relatively distinct histological definitions of PeIN 
subtypes, the clinical spectrum of PeIN is heterogeneous. There are 
three principal morphological variants: erythroplasia of Queyrat, 
BDP and BP [1,4]. These clinical entities possess differences in 
epidemiology and malignant potential [45]. BP appears as mul- 
tiple, grouped brown or red papules that are smoother topped, 
more polymorphic and more coalescent than common genital 
viral condylomata acuminata (Figure 109.17), while erythroplasia 
of Queyrat is characterised by red, moist, shiny patches or mini- 
mally elevated plaques of the glabrous glans and inner (‘mucosal’) 
aspect of the prepuce in the uncircumcised [45]. BDP manifests 
as paucifocal, scaly plaques affecting hair-bearing, keratinised 
epithelium [2,12,46]. Clinical features of PeIN lie along a continuum 
and features of different clinical variants of PeIN can be present 
concomitantly. 

Even with experience and appreciation of the morphological sub- 
tleties, a high index of suspicion and a low threshold for biopsy 
are required for the diagnosis of PeIN [13]. Biopsies can be both 
non-specific and false-negative [6,8,13,47,48]. 

The non-specificity of the clinical appearances makes for an 
important differential diagnosis, which includes psoriasis, LSc 
(especially with Zoonoid manifestations), lichen planus and extra- 
mammary Paget disease. The differential diagnosis of BP includes 
lichen planus, common warts, seborrhoeic warts, naevi and condy- 
lomata lata. Reflectance confocal microscopy may prove useful 
for diagnosis [49], although this diagnostic modality is not widely 
available. 

In most reports, PeIN is preferentially distributed on the glans 
and prepuce [27,50] and one series indicates that the shaft is also 
a predominantly affected site [2,51]. 

Dermoscopic features of PeIN include structureless areas, vas- 
cular structures, particularly dotted vessels, scale and scar-like 


areas [52]. Other features include erosions and pigmentation 
consisting of brown-grey dots and globules. 

The risks of transformation to PSCC in PeIN have been estimated 
as 1% for BP, 5% for BDP and 10-33% for erythroplasia of Queyrat 
[12,13,27,46,53-58,59]. Reports of overall progression rates vary 
from 0% to 7% (mean 6.7, median 6.0 years) [13]. Progression to 
PSCC may have occurred in 8.7-1-% of cases at the time of biopsy 
or circumcision [13]. 


Investigations 

Biopsy is required to confirm a diagnosis of PeIN. Where there is 
clinical suspicion and biopsies are negative or equivocal, repeat 
biopsies are required. 


Histology 

PeIN - differentiated or undifferentiated — constitutes the latest 
nomenclature, having been adopted in the World Health Organiza- 
tion classification of urological malignant tumours, and is endorsed 
by the International Society of Urological Pathology [5,7,8,47]. 

In undifferentiated PeIN (Figure 109.17b), atypia are present in 
at least two-thirds of the epidermis, with dyskeratosis, paraker- 
atosis and disorganised epithelial architecture; nuclei are enlarged, 
hyperchromatic and pleomorphic with atypical mitoses; koilo- 
cytes are also observed. Warty, basaloid and mixed warty-basaloid 
subtypes are described. 

In differentiated PeIN (Figure 109.17c), dyskeratosis, acanthosis 
and elongated rete ridges are observed. In the superficial epithelium, 
keratinocytes lack atypia and maturation is preserved; koilocytes 
are not a feature. Atypical basal and parabasal keratinocytes are 
observed, with hyperchromatic irregular nuclei, with some mitotic 
figures and abundant cytoplasm. Squamous pearls may occasion- 
ally be visualised at the tip of the rete ridges. Differentiated PeIN 
may be discontiguous. Differentiated PeIN is frequently associated 
with squamous hyperplasia [14,60,61] (see later). 

Nevertheless, the histological distinction diagnosis can be diffi- 
cult, especially with small biopsies [6,8]. The triple panel of p16, p53 
and Ki-67 may prove useful to help distinguish between the two 
forms of PeIN as follows: differentiated PeIN (p16 [-ve], Ki-67 [+vel], 
p53 [+ve]), squamous hyperplasia (p16 [-ve], Ki-67 [+ve], p53 [-ve]); 
undifferentiated (HPV-associated) PeIN (p16 [+ve], Ki-67 [+ve], p53 
[+ve]) [62,63]. However, sensitivity and specificity are as yet poorly 
defined. 

Differentiated PeIN is associated with ‘usual’, papillary, pseu- 
dohyperplastic, verrucous and sarcomatoid carcinomas, whereas 
undifferentiated PeIN is associated with warty, basaloid and mixed 
warty-basaloid carcinomas [7,28]. 


Management 

The goals in managing PeIN are cure with tissue conservation, 
concomitant restoration and preservation of sexual and urinary 
function, and, crucially, prevention of PSCC [13,64]. 

Multidisciplinary management is ideal, as at least half of patients 
will require more than one treatment modality [13]. 

Treatment modalities for PeIN include topical chemotherapy 
(5-fluorouracil) [1,3,4,65], topical imiquimod [46,66-68], surgical 
procedures including curettage and electrocautery, excisional 
surgery, circumcision, glans resurfacing, Mohs micrographic 


Figure 109.17 (a) Bowenoid papulosis affecting penile shaft and groins. Courtesy of Dr A. Affleck, Dundee, UK. (b) Haematoxylin and eosin stain. Magnification x10. 
Undifferentiated PelN basaloid type. Full-thickness atypia of the surface squamous epithelium with a monotonous population of basophilic cells. Courtesy of Dr A. Haider, University 
College Hospital, London, UK. (c) Haematoxylin and eosin stain. Magnification x10. Differentiated PelN (pleomorphic variant): marked pleomorphism of the basal and parabasal 
keratinocytes. There is surface maturation. Courtesy of Dr A. Haider, University College Hospital, London, UK. 


surgery, and other procedures including cryotherapy, laser and 
photodynamic therapy [1,3,4,12,69,70]. Topical cidofovir has been 
used [71-73]. 

Treatment choice depends on many factors [3,4,12], including 
anatomical site of genitalia affected, histological subtype and 
patient’s overall health status. The available guidelines lack struc- 
tured management protocols and are limited by the poor quality 
of the evidence available [65,74,75]. Although many treatment 
modalities (particularly topical treatments and cryotherapy) are 


associated with high failure rates, incomplete response to treatment 
necessitates re-evaluation and consideration of repeat biopsy, as 
this could reflect subclinical progression to invasive disease. 
Circumcision has a crucial role in the management of PeIN, as it 
(i) removes the occlusive environment that is crucial for devel- 
opment of LSc, which serves as a major risk factor for PeIN and 
PSCC; (ii) removes a substantial proportion of susceptible tissue; 
(iii) provides extensive tissue for histological analysis; (iv) triggers 
‘eukeratinisation’ of the residual, largely glanular, epithelium; and 
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(v) facilitates clinical follow-up [4,76]. However, circumcision is not 
universally required, specifically in cases of BP and in cases of BPD 
of the shaft without involvement of balanopreputial epithelium. 
PeIN on the glans may respond to circumcision alone [77]. 

Topical treatments and cryotherapy play a role in the manage- 
ment of the majority of cases of PeIN, albeit alongside other modal- 
ities, as they are only successful alone in a small minority (14%) of 
cases [13]. 

Imiquimod yields a response rate of 40-100%, with a recurrence 
rate of 20%, while 5-fluorouracil yields a 48-74% response rate 
with an 11% rate of recurrence. Adverse effects occur in 5-12% of 
cases with these agents, with severe irritation and associated pain 
among the most common examples. Discontinuation of treatment 
by patients treated with imiquimod and 5-fluorouracil occurs in 
10% and 11% of cases, respectively. A discontinuation rate of topical 
agents due to side effects has been reported as 12% [77]. 

Risks of cryotherapy include meatal stenosis, severe inflamma- 
tion, spontaneous bleeding, pain and infection [13]. Perimeatal dis- 
ease represents a particular challenge for cryotherapy and topical 
treatments, with risks of penetration, oedema, infection and scarring 
[13,70]. 

Scarring can incur morbidity and functional impairment, but 
also can render monitoring and surveillance by gross inspection 
more challenging [70]. Glans resurfacing represents an important 
advance, as it can overcome many of the shortcomings of other 
treatments. Glans resurfacing restores normal anatomy and the 
risk of local recurrence is reduced by the replacement of diseased 
epithelium and subepithelial tissues with healthy extragenital skin. 
There is an additional advantage in the removal of diseased epithe- 
lium, in turn allowing accurate histopathological staging. Penile 
form and function and length are preserved, while optimising 
cosmesis and oncological control [78]. A substantial proportion 
(28%) requires subsequent further surgery for positive surgical 
margins or understaging of their primary disease, although the 
need for further surgery does not compromise oncological control. 

Laser treatment (CO, and Nd:YAG), photodynamic therapy, Mohs 
micrographic surgery and radiotherapy are also among treatments 
described [46,79-81,82,83,84,85,86-89,90]. Radiotherapy should be 
avoided. 

Response rates for laser therapies were 52-100%, with recurrence 
in 7-48%; laser therapy precludes the opportunity to examine the 
tissue that is removed [77]. Excision (including undefined ’wide 
local excision’) leads to a recurrence rate of 25%, compared with 
4% for Mohs surgery, 5% for total glans resurfacing and 10% for 
glansectomy [77]. 

HPV vaccines against oncogenes E6, E7 and others hold promise 
for future treatment of HPV-driven intraepithelial neoplasia [91], 
but they are not currently commercially available. In their absence, 
adjunctive postexposure HPV vaccination with available options 
(e.g. Gardasil) has been advocated in the management of undif- 
ferentiated PeIN [92]. These target the L1 capsid protein, although 
trials against established HPV-driven neoplasia have not shown 
clear efficacy [91]. 

Smoking is a risk factor for penile carcinoma and smoking cessa- 
tion is therefore an important component of management. Patients 
should be screened for sexually transmitted diseases, including HIV 
infection. Sexual partners should be advised to seek assessment. 


Follow-up forms an essential component of management, as the 
overall recurrence rates lie between 3% and 10% [3,4,13,93,94] and 
the risk of progression to invasive penile cancer is significantly 
increased with estimates at between 5% and 33% [13,58,59]. BP 
that does not involve the balanopreputial sac may represent an 
exception, given the low risk of invasion. 


Miscellaneous pre-cancerous 
conditions 


Squamous hyperplasia and squamous intraepithelial 
lesion(s) 


Squamous hyperplasia manifests clinically as small, red or white 
patches (Box 109.25) that are either thin and atrophic or hyper- 
trophic and verrucous [1]. It is associated with differentiated PeIN, 
underlying LSc and penile carcinoma of the ‘usual’ and verrucous 
subtypes. Although squamous hyperplasia is the most common 
epithelial abnormality found in association with invasive squa- 
mous carcinoma of the penis, histologically there is no cytological 
atypia. The other histological features of squamous hyperplasia 
are those of hyperkeratosis with orthokeratosis or parakeratosis, 
acanthosis, elongated rete ridges, absence of koilocytosis; matu- 
ration of the squamous cells is normal with hypergranulosis [2]. 
The hyperplasia may sometimes be verrucous; the French term 
‘hyperplasie épithéliale verruqueuse’ overlaps with this entity, and 
also encompasses PEMKB [1]. 


Box 109.25 Causes of male genital white patches 
and plaques 


¢ Post-traumatic or surgical scar 
e Lichen simplex 
¢ Lichen sclerosus 
¢ Vitiligo 
e¢ Mucous membrane (cicatricial) pemphigoid 
¢ Peyronie disease 
¢ Syphilis 
¢ Leukoderma: postsecondary syphilide 
¢ Gumma 
e Postgummatous atrophic scar 
¢ Viral warts 
¢ Pityriasis versicolor 
¢ Pseudoepitheliomatous micaceous and keratotic balanitis 
¢ Intraepithelial neoplasia 
e Squamous hyperplasia 
e Squamous cell carcinoma 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Squamous intraepithelial lesions present clinically as redder or 
more pigmented papules and plaques; they are classified histo- 
logically into squamous, basaloid or warty, high- or low-grade 
subtypes; they are associated with undifferentiated (or ‘usual’ type) 


bowenoid PeIN, HPV and the warty, condylomatous, basaloid and 
‘mixed’ subtypes of penile squamous carcinoma [2,3]. 


Penile horn 


Penile horn refers to dramatic protruding hyperkeratosis. It is rare 
for cutaneous horn to affect the penis [4]. The underlying causes 
include PEMKB [5], verrucous carcinoma [6-9], squamous carci- 
noma [10] or condyloma acuminatum [11]. Chronic inflammation 
and recent circumcision for longstanding phimosis are said to be 
important predisposing factors [11-13]. Penile horn may be asso- 
ciated with PeIN or frank carcinoma in a substantial proportion of 
cases; the limited literature available suggests that over a third are 
associated with squamous cell carcinoma at the time of presentation 
[14]. The exact risk of malignant transformation is not known, 
but in the authors’ experience the development of penile horn is 
likely to signify a high risk of transformation even in many cases 
where such histological features fall short of PeIN or squamous 
cell carcinoma. Treatment should be dictated by precise diagnosis, 
achieved by adequate excision and histology of the underlying 
epithelium. Given the association with premalignant and frank 
malignant change, circumcision is recommended by experts in the 
field. Follow-up is mandatory because recurrence may occur. 


Porokeratosis of Mibelli 


Porokeratosis of Mibelli has been reported on the penis and scrotum 
in rare cases. It may be commoner in Asian populations [15]. Pruritus 
and ulceration may occur [16]. 

It classically manifests as a slightly atrophic lesion with an annu- 
lar, raised border and may have overlying scale [17,18]. It may 
be inherited; other potential causes include irradiation, infection, 
trauma, immunosuppression and other drugs. Porokeratosis may 
be confused with psoriasis, Bowen disease, granuloma annulare 
or lichen planus; biopsy differentiates these conditions [19]. Poro- 
keratosis is due to clonal expansion of keratinocytes that exhibit 
varying degrees of dysplasia and consequently are thought to be 
premalignant; the risk of malignant transformation varies between 
7.5% and 11.6% [20,21]. Topical 5-fluorouracil and imiquimod have 
been used for treatment [22,23]. 


Porokeratosis ptychotropica 


Porokeratosis ptychotropica, also known as verrucous poroker- 
atosis, is a rare variant of porokeratosis, only relatively recently 
described [24]. The term ‘ptychotropica’ derives from the Greek 
words ‘ptyche’ and ‘trope,’ meaning ‘fold’ and ‘turning’ respec- 
tively. Its aetiology is unknown. It manifests clinically as sym- 
metrical, scaly red papules and plaques, typically located on the 
natal cleft and buttocks but they may also occur in the genital area 
[25,26,27]. The dermatosis has been described as having a ‘butterfly’ 
pattern, symmetrically affecting both buttocks but sparing the anal 
mucosa. The rash is slowly progressive over many years, expanding 
through the formation of peripheral satellite lesions that coalesce, 
and it can be associated with pruritus. Porokeratosis ptychotrop- 
ica has been reported with other classical forms of porokeratosis 
[28] and there has been a single reported case with progression to 
squamous cell carcinoma [29]. 


Porokeratosis ptychotropica can be confused clinically with 
inflammatory dermatoses such as psoriasis, fungal infection or 
condyloma accuminatum. Diagnosis relies on clinicopathologi- 
cal correlation, with its distinctive features being its distribution, 
recalcitrance to treatment and the presence of multiple cornoid 
lamellae throughout the lesions on histology. The diagnosis is 
often missed because, although well described in the literature, it 
is underrecognised by dermatologists, and prominent secondary 
changes such as lichenification are often present, which obscures the 
cornoid lamellae both clinically and histologically [30]. A further 
impediment to diagnosis is inadequacy of biopsies, as these often 
do not capture cornoid lamellae that are appreciated clinically. 
Treatment represents a challenge [31]. Various therapies, including 
topical corticosteroids, tacrolimus, calcipotriol, psoralen ultravio- 
let A, 5-fluorouracil, podophyllin, topical retinoids, intralesional 
bleomycin, cryotherapy and CO, laser, often yield negligible ben- 
efit. Treatment success has been reported with oral acitretin, 5% 
imiquimod, photodynamic therapy and surgical excision [32]. 


Pseudoepitheliomatous micaceous and keratotic 
balanitis 


PEMKB is a rare condition that represents chronic, unstable, inad- 
equately treated or treatment-refractory (even after circumcision), 
LSc. PEMKB is a clinicopathological diagnosis, with clinical 
features of thick scaly micaceous patches on the glans of an uncir- 
cumcised penis [5,33] and histological features of acanthosis, 
hyperkeratosis and pseudoepitheliomatous hyperplasia [34]. Basal 
atypia is also seen in the majority of patients [35], and other features 
include prolongation of the rete ridges. 

Its association with LSc [36-38] has been outlined in the literature 
by direct observation, analysis of published clinical photographs 
demonstrating pathognomonic features of LSc, and via an observed 
association with acquired phimosis [35]. HPV has not been demon- 
strated to play an aetiological role in PEMKB [35]. 

PEMKB is associated with differentiated PeIN [35] and may 
also progress to verrucous squamous cell carcinoma [36,37,39]. 
Metastatic spread has not occurred except where there was a penile 
horn [40], and in one patient who developed an aggressive soft 
tissue sarcoma of the penis [41]. 

Glans resurfacing appears to lead to the best outcomes with com- 
plete remission and favourable patient reported outcomes [35]. Lim- 
ited excision may prove effective. Topical agents are ineffective in 
most cases [35]; cryotherapy and photodynamic therapy have also 
been reported. Radiotherapy is described in the historical literature 
[5] but does not play a role in current practice. 


SQUAMOUS CARCINOMA AN 
MALIGNANT NEOPLASMS 


Carcinoma of the penis 


Introduction and general description 
The earliest stages of penis cancer and pre-cancer form a hetero- 
geneous spectrum of disease as discussed in detail earlier [1,2]. 
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Although some penile cancers arise de novo, others develop from 
premalignant situations, which may be misdiagnosed or may be 
difficult to diagnose, and there are the issues of multifocality, field 
change and the temporal dynamic to acknowledge. The precise aeti- 
ologies of the types of PeIN and squamous carcinoma of the penis 
are unknown, but as outlined previously, there is a dichotomous 
pathway, HPV-related or LSc-related, as in the vulva. Verrucous 
carcinoma is verruciform in morphology, unrelated to HPV and 
with better survival compared with other forms of squamous cell 
carcinoma due to a low rate of metastasis. 


Epidemiology 

The incidence of penile carcinoma in Europe is 0.9-2.1/100 000 per 
annum [3]. Of the approximately 500 new cases per year, carcinoma 
of the penis causes about 100 deaths per annum in the UK and 
accounts for fewer than 1% of deaths from cancer in the USA. It 
constitutes 10-20% of tumours seen in males in either developing 
countries or in areas where early circumcision is not commonly 
practised; overall, the highest incidence is in Africa, South America 
and Asia (2-4/100000 inhabitants) and lowest in the USA and 
Europe (0.3-1/100 000) [1,4]. 


Pathophysiology 
Risk factors for penis cancer are listed in Box 109.26. The pathophys- 
iology is discussed in detail earlier in this chapter. 


Box 109.26 Risk factors for squamous carcinoma of 
the penis 


¢ Uncircumcised 
¢ Phimosis 
e Long foreskin 
¢ Poor hygiene 
¢ Chronic irritation, inflammation, scarring 
e¢ Smoking 
¢ Many sexual partners 
e Lichen sclerosus 
e Lichen planus 
¢ Human papillomavirus 
e HIV 
¢ Squamous hyperplasia/squamous intraepithelial lesion 
¢ Bowen disease 
e Erythroplasia of Queyrat 
¢ Bowenoid papulosis 
¢ Pseudoepitheliomatous micaceous and keratotic balanitis 
¢ Giant condyloma/verrucous carcinoma 
¢ Photochemotherapy 
e Iatrogenic immunosuppression 
e Renal transplantation 
¢ Systemic lupus erythematosus 
¢ Radiotherapy 


Phimosis and balanitis are known risk factors for penile cancer 
[5,6]. The possession of a ‘long’ foreskin may be important. Poor 
personal and sexual hygiene [6] and phimosis are risk factors. It is 
not widely appreciated that phimosis is a physical sign and not a 
diagnosis. 


LSc is a common cause of phimosis in males and it predisposes 
to penile carcinoma [1,7-10]. Powell et al. [11] found that half of 
patients with penis cancer had a clinical history and/or histological 
evidence of LSc. 

Verrucous carcinoma is unrelated to HPV but associated with 
LSc [12], and cases in association with hidradenitis suppurativa and 
very rarely lichen planus have occurred [13-15]. 

Regarding other chronic dermatoses, chronic erosive and hyper- 
trophic lichen planus are premalignant conditions, and lichen 
planus is a cause of phimosis [5]. Chronic irritation and inflam- 
mation or scarring are all risk factors for squamous carcinoma 
of the skin generally and the penis is no exception; penis can- 
cer complicating a burn scar and a chronic sinus tract have been 
reported [5]. 

Smoking is a risk factor, independent of phimosis, for penile 
carcinoma [5,16], and is also a recognised risk factor for anal and 
cervical cancer. Smoking may cause squamoepithelial cancer, not 
only in parts of the body in contact with smoke but also at distant 
sites by dissemination of carcinogens in the circulation or in secre- 
tions. The presence of tobacco-specific nitrosamines in the preputial 
secretions of rats has been demonstrated [5]. 

Penile carcinoma is a complication of psoralen and UVA therapy 
(PUVA) [5,17], and possibly other treatments for psoriasis. 

Penis cancer complicates immunosuppression in solid organ 
transplantation [5,18] and HIV infection [5] (risk increased five- to 
sixfold). It is also seen in men with psoriasis treated with immuno- 
suppressive drugs [5,19,20]. Topical immunosuppressive agents 
such as the calcineurin inhibitors should be used with extreme 
caution for genital dermatoses, especially in the uncircumcised, 
because of the risk of squamous carcinoma [21,22,23]. There is no 
evidence for a risk attributable to topical steroids [24]. 

The HPV-dependent pathway leads predominantly to basaloid 
and warty subtypes and the LSc—related pathway leads mainly to 
usual and verrucous subtypes [1,4,25]. 


Pathology 

There is a spectrum of histological subtypes of PSCC [1,4,26,27]. 
Histological signs of squamous hyperplasia, squamous intraep- 
ithelial lesion (SIL), carcinoma in situ (CIS), PeIN, LSc and HPV 
are commonly found. HPV typing and immunohistochemistry, 
for example for p16INK 4a (as a co-factor for HPV), are emerging 
as adjunctive diagnostic tools [4,27]. Chaux and Cubilla [4] have 
classified PSCC as detailed in Table 109.1. 

Verrucous carcinoma represents a distinct subtype of squa- 
mous cell carcinoma that is well-differentiated with histological 
features that include papillomatososis, acanthosis, hyperkerato- 
sis, fibrovascular cores, broad pushing tumour base and stromal 
reaction. If tumours are non-invasive and well-differentiated, 
metastases do not occur [4]. Where invasion in lamina propria is 
present focally (microinvasive verrucous carcinomas), prognosis is 
not affected. Verrucous carcinomas may undergo dedifferentiation; 
if dedifferentiation is extensive, the tumour classification changes 
to ‘mixed verrucous carcinoma (hybrid)’ and the risk of metastasis 
increases to 25% [4]. 

Carcinoma cuniculatum represents a variant of verrucous carci- 
noma, named for a characteristic labyrinthine growth pattern that 
resembles rabbits’ burrows [4]. 
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Table 109.1 Classification of squamous cell carcinomas of the penis [4,28]. 


Subtype 


Table 109.2 TNM clinical and pathological classification of penile cancer. 


Clinical classification 


HPV-related Papillary basaloid carcinoma 
Basaloid carcinoma 

Warty carcinoma 

Warty-basaloid carcinoma 

Clear cell carcinoma 
Lympho-epithelioma-like carcinoma 
Usual squamous cell carcinoma/NOS 
Verrucous carcinoma 
Adenosquamous carcinoma 
Pseudohyperplastic carcinoma 
Carcinoma cuniculatum 
Pseudoglandular carcinoma 
Sarcomatoid carcinoma 

Papillary carcinoma/NOS 


Non-HPV-related 


Clinical features 

Itch, irritation, pain, bleeding, discharge, ulceration or the discovery 
of a mass are the presenting symptoms of squamous carcinoma. 
There is often a long history of preceding problems with the penis 
and foreskin, which may manifest as dyspareunia, balanoposthi- 
tis or phimosis and dysuria. Irregular nodular and ulcerative 
morphology is found on examination (Figures 109.18 and 109.19) 
and there may be background BDP, erythroplasia of Queyrat and BP, 
LSc or lichen planus. Undiagnosed, untreated disease is destructive 
and mutilating. Phimosis should be regarded as a sinister situation, 
not least because it impedes complete inspection and palpation of 
the glans and coronal sulcus. The inguinal lymph glands must be 
palpated, although in penile cancer only 50% of enlarged glands 
will be found to contain tumour [29]. 

Verrucous carcinoma is a verruciform tumour with an exophytic 
and papillomatous pattern of growth. 

The differential diagnosis includes the manifestations of intraep- 
ithelial neoplasia (and the differential diagnosis of these), erosive or 
ulcerative sexually transmitted disease, basal cell carcinoma, Kaposi 
sarcoma, pyoderma gangrenosum and artefact. Genito-urinary and 
urological assessment should be sought. 


Investigations 
Diagnosis is confirmed histologically by incisional or excisional 
biopsy. An incisional biopsy should be of adequate size and depth, 
and it may be necessary to sample several sites. Particular care 
is needed in verrucous carcinoma to obtain a biopsy of adequate 
depth, as the histological differential diagnosis can be challenging. 
The biopsy(ies) may need to be performed by a urologist under 
general anaesthesia. Patients who have negative or equivocal biop- 
sies, but who have risk factors or in whom there is a high index of 
suspicion, should be followed up closely and undergo repeat biopsy 
if indicated. Staging should not be based on incisional biopsies. 


Management 

Staging of all PSCC is as per TNM detailed in Table 109.2. The 
treatment of genital squamous carcinoma is not the province of the 
dermatologist. Nonetheless, dermatologists have a crucial role 
in diagnosis and treatment of its precursor conditions, LSc, HPV 
and PeIN, and are thus particularly well placed to detect and/or 
prevent progression from intraepithelial disease to invasive disease. 


T — Primary tumour 


TX Primary tumour cannot be assessed 
TO No evidence of primary tumour 
Ta Carcinoma in situ 
Non-invasive verrucous carcinoma 
T1 Tumour invades subepithelial connective tissue 


Tla Tumour invades subepithelial connective tissue 
without lymphovascular invasion and is not 
poorly differentiated 


T1b Tumour invades subepithelial connective tissue with 
lymphovascular invasion or is poorly 
differentiated 
If either of the following are present, it is T1b rather 
than T1a: sarcomatoid change, perineural invasion 
T2 Tumour invades corpus spongiosum with or without invasion of the urethra 
T3 Tumour invades corpus cavernosum with or without invasion of the urethra 
T4 Tumour invades other adjacent structures 


N — Regional lymph nodes 


NX Regional lymph nodes cannot be assessed 

NO 0 palpable or visibly enlarged inguinal lymph nodes 

N1 ncreased to >2 unilateral inguinal lymph node (LN) metastases without 
extranodal extension 

N2 ncreased to >2 unilateral or bilateral inguinal LN metastases without 
extranodal extension 

N3 Fixed inguinal nodal mass or pelvic lymphadenopathy, unilateral or bilateral 

M -— Distant metastasis 

MO jo distant metastasis 

M1 Distant metastasis 


Pathological classification 
The pT categories correspond to the clinical T categories 
The pN categories are based upon biopsy or surgical excision 


pN — Regional lymph nodes 


pNXxX Regional lymph nodes cannot be assessed 

pNO jo regional lymph node metastasis 

pN1 etastasis in one or two inguinal lymph nodes 

pN2 etastasis in more than two unilateral inguinal nodes or bilateral inguinal 
lymph nodes 

pN3 etastasis in pelvic lymph node(s), unilateral or bilateral extranodal or 
extension of regional lymph node metastasis 

pM -— Distant metastasis 

pM1 Distant metastasis microscopically confirmed 


G - Histopathological grading 

GX Grade of differentiation cannot be assessed 
G1 Well differentiated 

G2 Moderately differentiated 

G3 Poorly differentiated 

G4 Undifferentiated 


Adapted from Hakenberg et a/., EAU Guidelines on Penile Cancer, and Paner et al., 
Updates in the Eighth Edition of the Tumor-Node-Metastasis Staging Classification for 
Urologic Cancers [3,30]. 


The overriding general principles of treatment are to obtain com- 
plete disease control, conserving tissue where possible in order to 
minimise residual sexual dysfunction [31]. 

The penile surgery may need to be radical, total or partial, depend- 
ing on location and extent. 

To conserve tissue and minimise residual sexual dysfunction, con- 
servative techniques are increasingly used, with narrow excisional 


7) 
Lu 
ea 
vi 
a 
a 
U 
ie 
a. 
vi 


PART 10 


SEX & AGE 


109.38 Chapter 109: Dermatoses of the Male Genitalia : 


7) 
Wu 
= 
vi 
Y 
— 
U 
uu 
a. 
vi 


SEX & AGE 


PART 10 


Figure 109.18 High-grade dysplasia and invasive squamous carcinoma. Courtesy of 
Professor C.B. Bunker and with permission from Medical Illustration UK, Chelsea & 
Westminster Hospital, London, UK. 


margins and innovative plastic repair, as is Mohs micrographic 
surgery for squamous carcinoma of the penis. 

The concepts of field change, multifocality and the temporal 
dynamic and implications of infection by HPV must also be 
considered. 

Fundamental to the planning of penile surgery for penile car- 
cinoma associated with LSc is the recognition of the pernicious 
role in the initiation and progression of LSc played by the chronic 
occluded exposure of genital skin to urine [32]; the laudable goals of 
organ-saving surgery in penis cancer should include the avoidance 
of new or, more likely, recurrent LSc, because of the ensuing morbid- 
ity and risk of second squamous cancers. For this reason, patients 
with a diagnosis of penile carcinoma should undergo circumcision, 
even if the carcinoma is on the glans. 

A diagnosis of penile carcinoma dictates individualised expert 
multidisciplinary treatment, in the UK, by a multidisciplinary team. 

PSCC limited to the prepuce may be treated by circumcision. 
Verrucous carcinoma of the glans, if non-invasive (pTa), may 
be treated with glans-sparing techniques, including local exci- 
sion or glans resurfacing; other options described include focal 
chemotherapy or immunotherapy, laser ablation, radiation therapy 
or surgery [3]. 

Treatments for PeIN (carcinoma in situ/pTis) are discussed earlier 
in this chapter. 

Complete excision of the tumour with a clear histopathologi- 
cal margin is needed; there is no clear evidence on the optimal 
surgical margins, but a 3.5mm margin is considered likely to be 
satisfactory [3,33]. The use of Mohs micrographic surgery has been 
described [34]. 


Figure 109.19 Squamous carcinoma. Severe background lichen sclerosus. Reproduced 
with permission from Elsevier. 


Invasion of the corpus spongiosum (pT2) or the corpora caver- 
nosa (pT3) necessitates glansectomy, and extensive tumours (pT4), 
in some cases including removal of the tips of the corpora. In these 
cases, plastic reconstruction should also be attempted. Extensive 
tumours (pT4) require either partial or radical penectomy [3]. 

Radiotherapy in the form of external beam radiotherapy or focal 
brachytherapy may be performed in stages T1 and T2 for tumours 
<4cm, but local control rates are less favourable compared with 
the surgical options of glansectomy or glans resurfacing [3]. Poten- 
tial complications of radiotherapy include urethral stenosis, glans 
necrosis and late fibrosis of the corpora cavernosa [3]. 

PSCC exhibits a tendency for early metastasis to regional (inguinal 
and pelvic) lymph nodes. One in seven patients has lymph node 
metastasis at the time of diagnosis [35]. Given the limitations in 
non-invasive imaging in detecting lymph node metastases in those 
without palpable lymphadenopathy, invasive diagnostic investi- 
gations are undertaken in stage pT1 and grade G2-3 and beyond, 
including dynamic sentinel lymph node biopsy (DSNB). 

In those with confirmed lymph node metastasis, radical inguinal 
lymphadenectomy is indicated. Ipsilateral pelvic lymphadenec- 
tomy is required if additional inguinal lymph node metastases are 
detected at completion of lymphadenectomy. 

If metastases are only detected in one lymph node, and capsu- 
lar penetration or extranodal extension is detected, the disease is 
classified as pN3, and adjuvant chemotherapy can be offered. 

The most common sites for distant metastases of penile carcinoma 
are the lungs, liver and brain [3]. Palliative chemotherapy, usually a 
triple regimen including both cisplatin and paclitaxel, can achieve a 
limited improvement in survival [3]. 
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Data for targeted therapies remain limited [3], although a number 
of trials are ongoing [36]. Dacomitinib, a pan-HER tyrosine kinase 
inhibitor, has undergone an open-label phase 2 study and showed 
an overall response rate of 32.1% in patients with either lymph node 
or systemic metastases [37], lower than standard chemotherapy 
regimens. There are case reports indicating treatment response 
to PD-1 inhibitors [38,39] and epidermal growth factor receptor 
(EGFR) inhibitors [40-42]. In a case series of six patients with 
advanced penile carcinoma treated with sunitinib or sorafenib, a 
response (partial) was observed in just one patient [43]. 

The overall 5-year relative survival rate for localised disease is 
80%, while regional metastasis reduces 5-year relative survival to 
50% [44]. Distant metastasis portends a poor prognosis, with only 
9% of patients surviving 5 years. 


Carcinoma of the scrotum 


Squamous cell carcinoma of the scrotum is rare, with an incidence 
of approximately 0.34/100 0000 per year in a European population 
[1]. It has historically been recognised in chimney sweeps (exposed 
to carcinogens in soot) [2], mule spinners (exposed to carcinogens in 
lubricating oils for the spinning jenny in the cloth industry), Persian 
nomads (who travelled with pots of burning charcoal between 
their legs) and Indian jute oil processors [3-7]. Oil-mist exposure 
in industry continues to be widespread and, apart from scrotal 
cancer, has been associated with other cutaneous problems (such as 
contact dermatitis and oil acne) and respiratory diseases, including 
cancer [8]. 

Other individuals at risk of scrotal squamous carcinoma include 
those with a history of psoriasis treated with arsenic, coal tar, UVB 
and PUVA, radiotherapy [9-11,12,13,14], scrotal HPV infection, 
hidradenitis suppurativa, Bowen disease and multiple cutaneous 
keratoses and epitheliomas [15-19]. The 5-year survival for squa- 
mous cell carcinoma of the scrotum is 77% [1]. The incidence 
of scrotal squamous cell carcinoma has remained stable, despite 
increased recognition and mitigation of industrial exposures [1]. 

The clinical presentation of scrotal carcinoma may include symp- 
toms of itch, irritation, pain, bleeding, discharge, ulceration or the 
discovery of a macule, ulcer or lump. The differential diagnosis 
includes the manifestations of intraepithelial neoplasia (and the 
respective differential diagnoses of each manifestation of this), 
erosive or ulcerative sexually transmitted disease, basal cell carci- 
noma, Kaposi sarcoma, metastasis, extramammary Paget disease, 
pyoderma gangrenosum and artefact. The diagnosis is confirmed 
by biopsy [20]. 


Buschke-L6wenstein tumour/giant 
condyloma 


Introduction and general description 
Buschke-Léwenstein tumour is a large HPV-related ano-genital 
tumour that can affect the penis and the ano-rectal region. 


Figure 109.20 Gross condylomas of Buschke-Léwenstein of the penis. Courtesy of 
Professor R.M. MacKie, Glasgow University, Glasgow, UK. 


Literature on the entity is problematic; it is composed almost 
entirely of case reports and case series, and the characteristics of 
lesions described as Buschke—Léwenstein tumours vary substan- 
tially [1]. A definition has therefore been recently proposed in which 
Buschke-Léwenstein tumour refers to an HPV-related ano-genital 
verrucous mass larger than 5 cm in total diameter, occupying greater 
than one-third of the circumference of an ano-genital organ (e.g. 
the penis, anus or vaginal introitus), with histological features of 
papillomatosis, hyperkeratosis, parakeratosis, acanthosis and mild 
koilocytosis [1]. 


Clinical features 

Buschke-Léwenstein tumour exhibits a characteristically verru- 
ciform appearance [1,2]. It may appear dramatically polypoid or 
cauliflower-like (Figure 109.20). The term ‘giant condyloma’ has 
been variously used as a synonym for Buschke-Léwenstein tumour, 
or a precursor lesion that lacks downward growth (towards deeper 
tissue). 

Buschke-Léwenstein tumours may be associated with symptoms 
of malodour, discomfort and bleeding [1]. They may also be associ- 
ated with sinus tract formation [1]. Patients are frequently, but not 
always, immunocompromised. The tumours are often described as 
slow growing, but rapid growth has also been described [1]. 

Buschke and Lowenstein classified the entity as a non-carcinoma 
in their original description [3]. L6wenstein later elaborated on the 
basis for this classification, referring to the absence of metastasis 
or invasion of blood vessels, and the fact that apparent infiltration 
was ‘not active’ but rather reflected downward displacement of 
tissue by the prolific growth of the overlying condyloma [3]. 

However, subsequent literature has been characterised by incon- 
sistencies and controversies regarding its clinical behaviour, and 
the classification of the entity varies between sources, with some 
classifying it as premalignant [4], others as ‘semimalignant’ [5,6] 
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and others leaving the issue of classification open or undefined. 
Malignant transformation has been reported, but due to publication 
bias, the true risk of malignant transformation is difficult to estimate. 
A further impediment to determining the malignant potential of 
the entity is the pervasive confusion between Buschke—Léwenstein 
tumour and verrucous carcinoma in the literature; the terms are 
frequently used as synonyms, and it is frequently erroneously 
proffered that Buschke—-Léwenstein tumour is classified as a form of 
verrucous carcinoma [1]. In addition, given the obscure definition of 
Buschke-Léwenstein tumour, it is possible that lesions reported as 
such may in fact have been misdiagnosed squamous cell carcinomas 
from the outset [1]. Analysis of reported cases indicates that death 
related to malignant transformation is extremely rare [1]. Instead, 
where mortality occurs related to the condition, infectious com- 
plications are the predominant cause. These observations suggest 
that the risk of malignant transformation, as implied in literature, is 
probably exaggerated [1]. 


Pathology 

Histological features include papillomatosis, hyperkeratosis, para- 
keratosis, acanthosis and mild koilocytosis [1]. An exoendophytic 
growth pattern is observed, in which the tumour ‘pushes’ into 
adjacent tissue [3,5,7]. The basement membrane is intact [6,7], 
although it may be obscured by a lymphocytic infiltrate [3]. 


Pathophysiology 

Buschke-Léwenstein tumour is most frequently associated with 
low-risk HPV types 6 and 11, but high-risk types 33, 52, 56 have also 
been detected [1]; and it is highly likely that HPV type influences 
the malignant potential of each tumour. 


Investigation and management 

In terms of management, true invasion must be excluded, with 
biopsy of any areas of induration or ulceration, although inva- 
sion may prove difficult to exclude conclusively without complete 
excision [1]. Cross-sectional imaging may be indicated to assess for 
invasion and for operative planning [7]. 

The predominant modality of treatment in the literature is sur- 
gical excision; given the low risk of malignant transformation, 
organ-preserving techniques are favoured [1,7]. 

Other procedural modalities described include electroresection, 
shave excision and cautery [8], ablative laser [9] and angioemboli- 
sation of supplying vasculature [10]. 

Medical treatment has also been reported to be effective, includ- 
ing agents such as topical imiquimod [11-13], photodynamic 
therapy [8], topical cidofovir, podophyllotoxin, liquid nitrogen 
cryotherapy [14], oral acitretin [15] and antiretroviral therapy [16]. 
Injectable treatments including mycobacterial vaccination and 
interferon alfa-2a [5] have also been reported. 

Chemoradiation is also documented relatively frequently [17-20] 
and immunotherapy (pembrolizumab) has also been reported [21], 
but treatment response was not discussed. 

Local recurrence following surgery is common, reportedly occur- 
ring in up to two-thirds of patients [22], possibly reflecting the 
Koebner phenomenon. 


Extramammary Paget disease 


Definition 

Extramammary Paget disease (EMPD) is a malignant skin condi- 
tion in which there is intraepidermal infiltration by neoplastic cells 
showing glandular differentiation. 


Introduction and general description 

Clinically, EMPD typically presents as unilateral well-demarcated, 
persistent and red eczematous patches or plaques in the ano-genital 
region. 

It tends to progress slowly over a number of years so that a delay 
in diagnosis is not uncommon. EMPD is often associated with an 
underlying malignancy [1]. The condition has been classified into 
primary EMPD, in which it is not associated with an underlying 
carcinoma, and secondary EMPD, in which it is associated with 
an underlying carcinoma of a dermal adnexal gland or underlying 
viscera [2]. 

Although properly regarded as a type of carcinoma in situ, 
EMPD may itself become invasive and metastatic. There may be 
subjacent carcinoma (e.g. in periurethral glands) or distant carci- 
noma (e.g. prostate or bladder) or both (e.g. in periurethral glands 
and bladder). Pagetoid epidermal invasion of inguinal cutaneous 
metastatic mesothelioma of the tunica vaginalis of the testis has 
been reported. The prognosis for in situ or minimally invasive 
disease appears to be generally favourable [2]. 


Epidemiology 
EMPD typically presents between the ages of 60 and 70. The inci- 
dence is six per million person-years [3]. 


Pathophysiology 

Immunohistochemical evidence points to sweat gland epithelium 
or primitive epidermal cells as the source of Paget cells in primary 
EMPD [2]. The distribution along the ‘milk line’ has led to the 
suggestion that the ‘clear cells of Toker’ are the histogenic pre- 
cursors of both clear cell papulosis and mammary and EMPD, 
respectively [4,5]. HPV is not present [6], but the c-erbB-2 onco- 
protein may have a role in the pathogenesis of EMPD. It has been 
proposed that EMPD may be triggered by a central oncogenic stim- 
ulus that causes multicentric intraepidermal, adnexal and distant 
adenocarcinomas [7]. 


Pathology 

Histological examination shows nests of large vacuolated cells with 
circular nuclei and foamy pale cytoplasm in the epidermis (Paget 
cells). Dermal involvement signifies a poor prognosis. CK7 is a 
sensitive marker for EMPD. Immunohistochemistry may also be 
helpful in determining the probability of an underlying visceral 
malignancy; expression of GCFDP-15 and lack of expression of 
CK20 indicate that an underlying malignancy is relatively less 
likely [2]. 


Clinical features 
EMPD appears as unilateral well-demarcated, persistent and red 
eczematous patches or plaques that may exhibit crusting, scaling, 
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lichenifcation, ulceration or bleeding on a unilateral red patch or 
plaque affecting the ano-genital skin, or other sites rich in apocrine 
glands; they may be solitary or multifocal [8]. In skin types IV-VI, 
EMPD may present as a hypopigmented macule or patch [9]. There 
may be papillomatous components or deep ulceration that may be 
suggestive of invasion [10]. Lesions are usually itchy; pain may also 
occur [11]. These are associated with symptoms of irritation and 
burning. 

EMPD can occur anywhere in the ano-genital area, including the 
glans penis [1,6,12]. Localisation outside the ‘milk line’ has also been 
described and is termed ‘ectopic EMPD’ [13]. EMPD may appear 
concurrently in two different areas, termed ‘synchronous EMPD’ 
[13]. Penile EMPD is frequently misdiagnosed as psoriasis, eczema, 
tinea or Bowen disease [6,12]. An ‘underpants’ pattern of redness 
has been reported in a number of patients. Subclinical EMPD has 
been documented, where the skin looks normal macroscopically but 
is involved microscopically. EMPD behaves indolently, spreading by 
local extension and metastasis [1]. 

The concurrence of genital and extragenital EMPD is extremely 
rare, but overt and latent axillary EMPD can coexist and change 
daily in association with penile and pubic EMPD. Also very rare 
is depigmented EMPD of the genitalia, evoking the differential 
diagnosis of vitiligo, hypopigmented mycosis fungoides and LSc. 
A focus of cutaneous squamous carcinoma has been reported 
complicating genital EMPD [14]. 

Estimates of associated adnexal neoplasms are 7% [11] to 35% 
[2], while associated internal malignancies affect 12-40% [11,15]. 
The exact risk of underlying malignancy is difficult to determine 
due to limitations in the literature such as reporting bias, dis- 
parate definitions of terminology such as ‘underlying malignancy’, 
variability in methods used to investigate for underlying malig- 
nancy, and reporting bias [2]. The risk of internal malignancy 
appears to be lower in penoscrotal EMPD than in other anatomical 
locations [2]. 


Investigations 

Diagnosis is by biopsy. Age-appropriate cancer screening should 
be undertaken, including urinalysis cytology, cystoscopy, chest 
X-ray, cross-sectional imaging of the thorax, abdomen and pelvis 
(to investigate for secondary malignancy and also to investigate 
for metastasis), colonoscopy and a prostate-specific antigen test 
[2,16,17]. Serum carcinoembryonic antigen may be helpful in inva- 
sive disease [2]. Associated cancers may be metachronous, however, 
and there are currently no guidelines regarding the frequency of 
cancer screening. 


Management 

While the condition presents challenges for surgical management, 
including its multifocal nature and poorly defined margins, wide 
excisional surgery has generally been the treatment of choice; mar- 
gins of 2cm or 5cm have been recommended [13,18]. A ‘clockface’ 
mapping biopsy technique has been proposed to reduce the risk of 
incomplete excision; this involves marking the skin radially from 
the positions of 1 o’clock to 12 o’clock, with punch biopsies taken at 
1cm intervals to 5cm from the visible edge of the lesion [8]. Mohs 
micrographic surgery for primary EMPD appears to lead to reduced 


rates of recurrence (8-23%) compared with conventional surgical 
excision (33-44%) [11,18,19-22]. 

Sentinel lymph node biopsy may be useful in prognostic predic- 
tion in invasive disease [13,23,24]. An approach has been proposed 
in which sentinel lymph node biopsy is routinely performed where 
invasion is more than 1 mm and only performed in other cases where 
clinical suspicion is present [2]. 

Other treatments used for EMPD [6] include topical therapy, 
laser therapy (CO, and Nd:YAG), radiotherapy, photodynamic 
therapy and cryotherapy. Topical imiquimod has been found 
to be effective in patients with both primary and recurrent 
EMPD with complete response in 52—100% and recurrence rates 
of 6-60% [2,13,25,26]. Aminolevulinic acid-photodynamic therapy 
(ALA-PDT) has been reported as effective with a complete response 
rate of 33% and a recurrence rate of 50% [27]. Cryotherapy and top- 
ical 5-fluorouracil have been described in case reports and series, 
and efficacy appears to be poor [11,23,28]. Radiation therapy has 
also been utilised, with a reported complete response rate of 55% 
with a recurrence rate of 39% [29]. A combination of treatments is 
often required. 

Regression of EMPD has been observed to occur following exci- 
sion of an underlying neoplasm [30]. 

For metastatic EMPD, there is no standardised chemotherapeu- 
tic regimen, although many reported regimens include cisplatin 
and 5-fluorouracil [2]. 

Long-term follow-up is required, as recurrences have been 
reported 15 years following diagnosis [13]. There is no consensus 
regarding when repeat cancer screening for metachronous sec- 
ondary malignancy should be undertaken [16]. 


Malignant melanoma 


This is a rare condition of the penis. It is estimated to account for 
1-1.5% of all malignancies of the penis [1,2] and fewer than 0.15% 
of all melanomas [3]. Melanoma is even rarer on the scrotum, with 
only 20 cases appearing in a recent literature review [4-6]. 

Genital melanoma presents as a pigmented macule or as a pig- 
mented or amelanotic papule or nodule, possibly developing from a 
pre-existing dysplastic naevus that may ulcerate or bleed [1,2,7-10]. 
One case has been reported of a melanoma arising in a divided or 
‘kissing’ naevus (naevi that became divided during embryogenesis) 
of the penis [10]. Multifocal melanoma of the glans penis has been 
reported [11]. Patients are usually middle-aged or older, although it 
has been reported in a boy [12]. It is exceedingly rare in Asian people 
and has not been reported in Afro-Caribbean people (although a 
case of melanoma of the urethra has been seen) [13]. The diagnosis 
is often delayed [2]. 

Between 60% and 70% of lesions occur on the glans. There may 
be a family history of melanoma and other atypical or ‘dysplastic’ 
naevi on examination. The inguinal and other nodes, as well as the 
abdomen, should be palpated. Between 40% and 50% of patients 
have lymphatic or other metastatic dissemination at the time of 
presentation. Clinically, atypical lesions should be biopsied and the 
histology critically reviewed [14,15]. Malignant melanoma of any 
histological subtype may be encountered [16]. 

Treatment is by primary excision. 
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Kaposi sarcoma 


Solitary Kaposi sarcoma of the penis was very rarely seen before the 
HIV epidemic and cases are still occasionally seen in HIV-negative 
patients [1-4], but genital Kaposi sarcoma is essentially an 
HIV-associated disorder. It presents on the penis or scrotum, 
perineum or perianal skin in one of its classic forms: purple, slightly 
scaly patches or plaques, nodules or ulcerative lesions [5]. More 
atypical presentations that have been seen include engorgement 
with hypervascularity [6], penile lymphoedema [7] and phimosis. 
The differential diagnosis includes cellular naevus, histiocytoma, 
angioma, angiokeratoma, pseudo-Kaposi sarcoma [8], bacillary 
angiomatosis and melanoma. 


Other malignant neoplasms 


Although basal cell carcinoma is the most common type of skin 
cancer, it is rare in the ano-genital area [1,2]. Most reported cases 
have been located on the shaft, appearing clinically as plaques or 
nodules, and the majority are either nodular or superficial types 
on histology, with one case report of fibroepithelioma of Pinkus 
affecting the base of the penis [2,3]. A case of multiple erosive scrotal 
basal cell carcinomas with metastasis has been described [4]. 

Fibrosarcoma, haemangiopericytoma, leiomyosarcoma, malig- 
nant fibrous histiocytoma, epithelioid sarcoma, dermatofibrosar- 
coma protuberans and spindle cell sarcoma may occur, presenting 
as painful or painless nodules, masses or swelling with dysuria 
and erectile difficulties (e.g. masquerading as Peyronie disease) 
[5-7]. Other rarities include Merkel cell carcinoma [8], malignant 
eccrine poroma [9], malignant schwannoma [5,10] and solitary 
reticulohistiocytic granuloma of the scrotum [11]. Scrotal angiosar- 
coma complicating oedema following surgery and radiotherapy for 
carcinoma of the rectum has been described [12]. 

Involvement of the penis with Langerhans cell histiocytosis is 
very rare; fleshy papules on the dorsal penis, a painful nodule of 
the prepuce and penile ulceration have been reported [13,14]. 

Mycosis fungoides can be confined to, or concentrated in, the 
genital region. Localised perianal involvement [15], a solitary 
plaque on the penis [16] and response to treatment with imiquimod 
have been described [16,17]. 

Although lymphoma is the most frequent secondary tumour of 
the testis, it is rare in other parts of the male uro-genital tract [5]. 
Penile lymphoma can present as painless subcutaneous nodules, 
erythematous swelling, phimosis and ulceration [18-23]. There 
may be no evidence of systemic lymphoma. Ulcerating scrotal 
lymphoma has been reported [24], as have scrotal and penile 
ulceration resulting from leukaemic infiltration [25,26]. 

Metastases to the penis are rare, but several hundred cases 
have been reported [27,28]. They are usually secondary to cancer 
of the uro-genital tract [29] or gastrointestinal system, or other 
common cancers such as of the lung [30], and present with pain, 
swelling, priapism, urinary symptoms or haematuria. A very rare 
cause is secondary melanoma [27,31] and primary cholangiocarci- 
noma [32]. 


MISCELLANEOUS CUTANEO 
GENITAL CONDITIONS 


Penile melanosis 


Causes of ano-genital hypo- and hyperpigmentation are listed in 
Boxes 109.27 and 109.28. 


Box 109.27 Causes of genital postinflammatory 
hypopigmentation 


¢ Following cryotherapy 
e Electrotherapy 
¢ Chemocautery 
e Laser surgery 
¢ Contact dermatitis 
e Lichen sclerosus 
¢ Systemic sclerosis 
¢ Lichen planus 
¢ Cicatricial pemphigoid 
¢ Gonococcal dermatitis 
¢ Syphilis 
¢ Leukoderma: postsecondary syphilide 
¢ Gumma 
¢ Postgummatous atrophic scar 
¢ Herpes simplex 
¢ Pityriasis versicolor 
¢ Onchocerciasis ‘leopard skin’ 
¢ Peyronie disease 
¢ Pseudoepitheliomatous micaceous and keratotic balanitis 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Box 109.28 Causes of genital postinflammatory 
hyperpigmentation 


¢ Post-traumatic 

e Lichen planus 

¢ Herpes simplex 

e Fixed drug eruption 


Reproduced from Bunker CB. Male Genital Skin Disease, 2nd edn. 
London: Bruce Shrink, 2019. © 2019, with permission from the author. 


Pigmented macules are not uncommon on the glans and shaft of 
the penis [1,2]. They are benign but, because they may be large or 
enlarging, with irregular edges and multifocal and variegated pig- 
mentary patterns, they arouse concern about atypical melanocytic 
proliferation and acral lentiginous melanoma. Such clinical concerns 
should lead to biopsy [3]; it is important to decolourise slides from 
deeply pigmented lesions because large quantities of melanin can 
obscure cytological detail [2]. Postinflammatory hyperpigmentation 


(e.g. LSc, lichen planus) may be the cause in many patients. Some 
cases have been associated with previous treatment with dithra- 
nol, PUVA therapy or diabetes [4,5]. The eruptive appearance of 
melanotic macules and papules in the ano-genital region may be 
associated with advanced metastatic adenocarcinoma [6]. 

The term penile melanosis has been used to describe pigmented 
lesions without lentiginous hyperplasia [5,7], but the field is 
confusing and this definition may be problematic. Revuz and 
Clerici [7] proposed the grouping of penile melanosis, vulvovaginal 
melanosis and the predominantly oral mucosal hyperpigmentation 
of the Laugier-Hunziker syndrome under the umbrella of essential 
melanotic hyperpigmentation of the mucosa. Lenane et al. [8] used 
the term genital melanotic macules. On histological examination 
there may be increased basal epidermal pigmentation, with or 
without benign lentiginous melanocytic hyperplasia (despite some 
definitions), or an increase in basal melanocyte number. Breathnach 
et al. [9] have proposed that depigmentation is an essential element 
of penile melanosis and demonstrated melanocytic hyperplasia 
in areas of hyperpigmentation. Harmelin et al. have reported 
vitiligo-like macules in penile melanosis, speculatively due to local 
antimelanocyte autoimmunity [10]. 

Patients ask for treatment of penile melanosis as it is unsightly 
and embarrassing, but options are limited [2]. Laser treatment or 
topical depigmenting agents may help [11]. Follow-up decisions are 
by necessity individualised. 

Acral lentiginous melanoma is very rare but important [12,13]. 


Hypopigmentation 


Striae as a consequence of growth or weight surges are common 
around the pelvic girdle, or represent a complication of topical 
corticosteroid application [14]. Initially, they are often purple-red 
in colour. Vitiligo is a commonly observed affliction of the male 
genitalia, although patients may be unaware of it and clinicians 
might not always observe it [15]. Penile vitiligo attributed to the use 
of topical imiquimod for the treatment of genital warts has been 
described [16]. 


Idiopathic lipogranuloma 


Cases of characteristic, spontaneously resolving, painless, Y-shaped 
swelling of the scrotum embracing the penile root, with sclerosing 
eosinophilic lipogranuloma on histology and electron microscopy 
(but no exogenous lipids) and associated with blood eosinophilia 
(one patient had arthralgia), have been reported from Japan [1]. 


Dysaesthesia and chronic pain 
syndromes 


It is not uncommon to encounter florid symptomatology affecting 
the genital skin with a paucity or absence of primary dermatologi- 
cal signs. These symptoms may include itching, excessive redness, 


burning and discomfort — in some cases so severe that it prevents 
the patient from sitting down. The skin may be completely normal 
or there may be redness. These presentations are grouped under 
the umbrella term of genital dysaesthesia, and related chronic 
uro-genital and rectal pain syndromes include orchialgia, prosta- 
todynia, coccygodynia, proctalgia fugax, perineal pain, and the 
descending perineum syndrome [1-3]. It has been proposed that 
persistent genital arousal disorder, also known as restless genital 
syndrome, should also be classified among these disorders [4]. 

Redness may be present or absent in such disorders, although 
no other primary pathological morphology should be observed 
that could provide an alternative explanation for the symptoms. 
Localised dermographism should be sought by stroking the inside 
of the thigh with a chaperone present, because such patients may 
be helped by oral antihistamine treatment. The possibilities of zinc 
deficiency and necrolytic migratory erythema should also be con- 
sidered. A history of infection with herpes zoster may explain the 
symptoms in some cases, as this can lead to damage or dysfunction 
of peripheral and skin nerve fibres and chronic pain and/or pruritus 
can develop as a consequence [5]; localised pain without cutaneous 
signs may also indicate a new infection or recurrent episode of 
herpes simplex. 

In addition to the presence or absence of redness, the presenta- 
tion of genital dysaesthesia is also heterogeneous in terms of the 
specific anatomical area(s) involved and the symptoms experienced 
(e.g. itch or pain or both). A well-described form of genital dysaes- 
thesia is the red burning scrotum syndrome as defined by Fisher [6]. 
It manifests as ‘persistent redness of the anterior half of the scro- 
tum that may involve the base of the penis usually accompanied 
by a persistent itching or burning sensation and hyperalgesia’. It 
is a chronic condition that is resistant to treatment and its cause is 
unknown [6,7], although it has been proposed that it may represent 
a localised form of erythromelalgia [8,9]. 

The neurophysiological basis for chronic genital dysaesthesia is 
likely to be heterogeneous, reflecting the variability observed in 
clinical manifestations. Among the possible causes are small fibre 
neuropathy, nerve injury, inflammation or entrapment [5,10,11, 
12,13]; the role of somatisation is debated [14]. Small fibre 
polyneuropathy, affecting small unmyelinated C-fibres and thinly 
myelinated A-delta fibres, is prevalent in complex chronic pain 
syndromes, in which genital pain syndromes are observed as a 
co-morbidity [12]. There is some evidence to suggest increased 
expression of transient receptor potential vanilloid type 1 (TRPV1) 
ion channels by nociceptors in patients with vulvodynia [13]; these 
play a role in modulating itch and pain signals. There may be 
additional neural components that contribute to amplification or 
perpetuation of pain and these may be peripheral or central, and the 
immune system may also contribute [10]. Magnetic resonance imag- 
ing, which may include specialised techniques such as magnetic 
resonance neurography, may prove helpful in the diagnosis [10]. 

Pudendal nerve entrapment syndrome can result in cutaneous 
symptoms anywhere from the anus to the penis (or clitoris) [15]. 
In this syndrome, pain is predominantly experienced while sitting 
and pruritus may accompany pain, but does not occur in the absence 
of pain [15]. Normal electrophysiological studies do not exclude 
pudendal nerve entrapment syndrome, and pudendal nerve block 
is both diagnostic and therapeutic [14]. 


Miscellaneous cutaneous male genital conditions 109.43 
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Treatment in these situations can be challenging and multidis- 


ciplinary management is often necessary [16], with input from 
dermatologists, pain specialists, psychologists, physiotherapists 
and radiologists. A diagnosis of a chronic pain syndrome implies 
the prospect of considerable psychological morbidity [14]. Body 
dysmorphic disorder, depression and psychosis may be present, 
and the risk of suicide must be considered [17,18]. 


Cognitive-behavioural therapy and physiotherapy may prove 


beneficial in genital dysaesthesia, as observed in female patients 
with vestibulodynia [19]. Patients should be counselled on avoid- 
ance of scratching to prevent lichenification and perpetuation of 
the itch-scratch cycle [20]. Topical lidocaine and oral doxepin, 
dosulepin, amitriptyline and paroxetine can afford some relief 
[6,20]. Topical capsaicin has also been reported to be successful 
[21]. Intradermal botulinum toxin has also been described as 
showing benefit in a case of genital (scrotal) dysaesthesia without 
redness [22]. 


Treatment success in the red burning scrotum syndrome has 


been reported with several agents including doxycycline [23-25], 
pregabalin [26,27], ivermectin [28], carvedilol [29], timolol [30] and 
indometacin [31]. 


Involvement of a pain specialist is crucial if nerve entrapment 


is suspected. If lumbosacral radiculopathy is confirmed, then 
paravertebral blockade can be offered [11]. Neuromodulation 
including techniques such as spinal cord stimulation, pudendal 
nerve stimulation and sacral neuromodulation may also prove a 
useful therapeutic option for patients [10]. 


Miscellaneous 


Penile dysmorphic disorders may lead to patients seeking plastic 
surgery to the penis [1] for psychosexual reasons (e.g. body dysmor- 
phic disorder). 


The koro syndrome is a psychiatric disorder characterised by fear 


of genital retraction (i.e. the penis shrinking, retracting or disappear- 
ing into the abdomen), acute anxiety, and fear of death and genital 
pain. There is rarely real associated genital pathology. Although 
originally thought to be a culture-specific condition in South-East 
Asia and China, it has been observed in the West, without fear of 
death [2]. 
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Introduction 


Common dermatoses that are easily recognised elsewhere may 
have a modified appearance on the vulva, where the typical clinical 
features are often altered significantly. The ano-genital skin is vul- 
nerable, with the local environmental influences of heat, moisture 
and friction all acting as irritants; changes in the normal bacterial 
flora are also important. 

There has been some confusion regarding the terminology used 
for vulval disease. The classification of vulval disorders has been 


clarified and older terms such as vulval dystrophy, leukoplakia and 
kraurosis vulvae should no longer be used [1]. 

The development of vulval clinics has helped to improve the 
management of women with vulval disease. A multidisciplinary 
approach is needed as the management of many vulval disorders 
will require the expertise of different specialties including dermatol- 
ogy, gynaecology and genito-urinary medicine. Clinicopathological 
correlation involving discussion with a histopathologist is vital [2]. 
A study showed that consensus reporting between surgical and 
dermatopathologists can increase diagnostic confidence and 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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improve overall reporting, particularly in select cases [3]. Clear 
pathways of care and links with other specialties including plas- 
tic surgery, urology, paediatrics, psychology and psychosexual 
medicine are important in the management of specific conditions. 
Standards of care for vulval clinics are now published [4]. 


History and examination 

An accurate diagnosis depends on a thorough history, examination 
of the genital and extragenital skin, and relevant investigations. 
The history must include the nature and duration of the presenting 
complaint, how the problem changes (e.g. variation with menstrual 
cycle) and the type, regimen and effectiveness of any prescribed 
or over-the-counter treatment used. The complaint of ‘irritation’ 
should be defined, since the patient may use the term to describe 
the sensation of itch, dryness, pain or burning. This is important 
as a patient with itch will scratch or rub the skin, and the response 
will be lichen simplex or lichenification, whereas with discomfort 
or pain there will be no such change as the patient avoids touching 
the area. 

A personal and family history of autoimmune disease, atopy or 
psoriasis should be established, together with any known skin sen- 
sitivities. The patient should also be asked about vaginal discharge, 
urinary symptoms and bowel function. It is helpful to know if there 
have been any abnormalities with cervical cytology, whether the 
human papillomavirus (HPV) vaccine has been administered and 
also whether the patient smokes cigarettes, as this is a major risk 
factor for intraepithelial neoplasia. As the vulva is important for 
normal sexual function, questions relating to dyspareunia and any 
psychosexual difficulties should be included. 

The patient often finds the examination embarrassing and so it 
must be carried out sympathetically, with all the equipment that 
may be required such as swabs and speculums readily available. 
Good lighting and a means of magnification are needed. A method- 
ical approach will ensure that all areas of the vulva and perianal 
skin are examined fully. It is important to know the normal anatomy 
of the vulva as some dermatoses result in scarring and therefore 
architectural changes can give diagnostic clues. The examination 
must also include inspection of other flexural sites and mucosae, the 
scalp and nails. It is also useful to determine if the patient exhibits 
dermographism [5], as this may be relevant for dyspareunia caused 
by pressure urticaria. The vagina and cervix should be examined in 
patients who have dermatoses that affect the mucosal surfaces and 
in any patient with symptoms of dyspareunia, vaginal discharge 
or postcoital bleeding. This may require referral to a gynaecologist 
for hysteroscopy or transvaginal ultrasound as significant vaginal 
bleeding is rarely related to skin disease. 


Investigations 
Investigations are determined by the specific problem. If an unusual 
or sexually transmitted infection is high on the list of differential 
diagnoses, it is important to involve a genito-urinary physician in 
the investigation and work-up of these patients and their sexual 
partners. 

Vulval biopsy is often required and is very useful in the diag- 
nosis of ano-genital dermatoses. However, careful clinicopatholog- 
ical correlation and discussion with a dermatopathologist are vital. 


It is very important to include a clinical differential diagnosis when 
submitting biopsies for histological examination. 

Some investigations are not the usual remit of the dermatolo- 
gist but are necessary in patients with ano-genital dermatoses, for 
example cervical smear and proctoscopy in patients with high-grade 
squamous epithelial lesions. 


Structure and function of the female 
genitalia 


The vulva is the collective term used for the structures that comprise 
the female external genitalia. Anatomically, it is the region known 
as the uro-genital triangle, bounded anteriorly by the symphysis 
pubis, the pubic rami laterally and the transverse perineal body 
posteriorly. The vulval structures included within this area are the 
mons pubis, labia majora and labia minora, clitoris, vulval vestibule 
and hymen (Figure 110.1a). It is now recognised that there can be a 
wide variety in the size and appearance of these components [1,2]. 
The epithelia that cover the vulva change from skin on the outer 
aspects to mucosa on the inner aspects of the labia minora. 

The mons pubis lies in front of and above the upper part of the 
symphysis pubis. The densely hair-bearing epithelium covers a 
thick cushion of subcutaneous fat. 

The labia majora are paired, rounded folds of skin and are the 
homologue of the scrotum. They extend downwards and backwards 
from the mons pubis and meet posteriorly in the midline to form 
the posterior commissure, which lies approximately 2 cm anterior 
to the anus. The structure is similar to that of the mons pubis in 
that there is a thick layer of adipose tissue and a dense distribution of 
hair on the outer surfaces of the labia. Hair is absent from the inner 
surfaces but numerous sebaceous glands remain. The inner aspects 
of the labia majora fuse into the outer aspects of the labia minora 
laterally, forming the interlabial sulci. 

The labia minora are the equivalent of the male prepuce, and are 
paired pendulous folds, which lie between the labia majora and the 
vulval vestibule. Anteriorly they split into two folds on each side, 
which fuse in the midline. The superior folds form the clitoral hood, 
and the lower folds fuse on the inferior aspect of the clitoris, form- 
ing the clitoral frenulum. Posteriorly, the labia minora fuse to form 
the fourchette, and sometimes form a depression in the midline — the 
fossa navicularis. The labia minora possess little subcutaneous fat. 
Their epithelium lacks hair but there are numerous sebaceous glands 
and sweat glands. The epithelium is cornified but its barrier function 
is not as effective as skin elsewhere. 

The clitoris is the homologue of the penis and contains all the vas- 
cular and muscular structures found in its male counterpart. The end 
of the clitoris is surmounted by a small rounded tubercle, the glans 
clitoris (Figure 110.1b). 

The vestibule is the area that lies between the labia minora 
and contains the openings of the urethra and vagina. The vaginal 
opening is partially closed by the hymen. When the hymen is 
ruptured, its remnants form rounded crenulations, the hymenal 
caruncle. Sometimes a line of demarcation between the keratinised 
epithelium of the labia minora and the non-keratinised mucosa of 
the vestibule can be clearly seen (the Hart line). The vestibule is a 
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Figure 110.1 (a) The vulva. (b) The clitoris. Reproduced from Neill and Lewis 2009 [13] with permission of John Wiley & Sons. 


mucosal epithelium and lacks hairs and sebaceous glands. On each 
side, the duct of the Bartholin glands can be seen sited between the 
hymenal ring and posterior part of the labium minus. The ducts of 
the minor vestibular glands, the Skene glands, open on either side 
of the urethral orifice. 


Labial and clitoral variations 

There is a wide variety of normal appearances of all structures 
on the vulva and it is important to recognise these to reassure the 
patient and to avoid unnecessary surgical modification. The labia 
minora are often asymmetrical and the rims may be pigmented [1]. 

Labial adhesions are common in children and are probably due 
to minor irritation and inflammation occurring in a low oestrogen 
state, but they can be inherited as a familial trait [3] or occur in 
association with disorders of sexual differentiation. In general, most 
occur in the neonatal period and early infancy, and usually divide 
spontaneously by the time the child is 6 years old. No intervention 
is necessary unless there is a problem with urination with pooling 
of urine and frequent urinary tract infections [4]. Some cases of 
labial adhesions in older children and adults result from lichen 
sclerosus. 

Accessory labio-scrotal folds are well described in males, usually 
in association with a perineal lipoma. The equivalent in women, 
accessory labial folds, are extremely rare with only two cases having 
been reported [5]. 

The clitoris may be absent because of a failure of the genital 
tubercle to fuse, it may remain hypoplastic [6] or it may be enlarged 
because of congenital adrenal hyperplasia. The Lawrence—Seip 
syndrome, which is a congenital generalised lipodystrophy with 
the onset of insulin-resistant diabetes around the time of puberty, 
may also result in clitoral hypertrophy. Clitoral tumours may mimic 
disorders of sexual differentiation [7-9]. A pseudocyst of the cli- 
toris, caused by a build-up of keratinous debris under clitoral hood 
adhesions, can occur in lichen sclerosus. 

Virilisation of the external genitalia may also occur with mater- 
nal ingestion of testosterone or synthetic progestogens in the first 


trimester, and if taken later in pregnancy there may be clitoral hyper- 
trophy alone. 

An imperforate hymen is usually discovered at puberty and 
is caused either by failure of the epithelial cells of the hymen to 
degenerate or by scarring after an inflammatory reaction in the 
hymen at birth. 


Normal flora 

The skin of the perineal area has a higher pH, temperature and 
degree of humidity than skin elsewhere and, because of its proxim- 
ity to the vagina and rectum, harbours many of the flora from these 
sites. The main resident organisms are micrococci, diphtheroids and 
lactobacilli. Lactobacilli are probably the most common organisms, 
particularly on the mucosal surfaces, as the glycogenated epithe- 
lium of the vagina, under the influence of oestrogen, encourages 
colonisation by them. The lactobacilli in turn metabolise the glyco- 
gen to lactic acid, which keeps the vaginal pH at approximately 
4.5, restricting the growth of many organisms. Study of the vulval 
microbiome is an emerging field [10]. 


Normal variants 

Angiokeratomas 

Angiokeratomas are small (1-4 mm) vascular papules found on the 
labia majora. They vary in colour from red to blue-black and are 
normally asymptomatic, but can become quite large and bleed if 
traumatised, particularly in pregnancy (Figure 110.2). 


Fordyce spots 

These are sebaceous glands seen on the inner aspects of the labia 
majora and labia minora where the glands do not usually have an 
associated hair unit. They open directly onto the surface and may 
be very prominent and numerous. The yellow, uniform papules are 
often best seen when the skin is stretched (Figure 110.3). Rarely, 
they become very large and can be mistaken for a sebaceous gland 
adenoma [11]. They can disappear in lichen sclerosus. 
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Figure 110.2 Angiokeratomas 


Figure 110.3 Fordyce spots (prominent sebaceous glands) of the inner labia. 


Vestibular papillomatosis 

Vestibular papillomatosis is the term used to describe the occasional 
normal finding of multiple, tiny, filiform or soft, frond-like projec- 
tions on the vestibular epithelium and inner aspects of the labia 
minora. Vestibular papillae are symmetrically distributed and each 
papilla has a solitary base. Previously, there was some confusion as 
the vestibule has heavily glycogenated epithelial cells that become 
vacuolated on processing and may resemble koilocytes. It is now 


Figure 110.5 Vulval varicosities. 


known that HPV infection is not associated with these papillae [12] 
and that they are a normal entity and possibly the female equivalent 
of pearly penile papules (Figure 110.4). 


Varicosities 

Varicosities of the labial veins (Figure 110.5) may occur unilaterally 
in association with limb varicosities, or appear in pregnancy. Other 
changes in pregnancy include a fall in the pH and increased pigmen- 
tation. At the menopause, vascularity decreases and the sebaceous 
glands become less active. 


Table 110.1 Classification of disorders of sexual development (DSDs). 


Chromosome abnormality Example disorder 


Sex chromosome DSD Klinefelter syndrome (XXY) 
Turner syndrome (XO) 
46XY DSD 
46XX DSD 

Disorders of gonadal development Gonadal dysgenesis 
Ovo-testicular DSD 
Androgen excess Testicular DSD 


Others 


CONGENITAL ABNORMALITII 


Disorders of sexual development 


Definition and nomenclature 
This group of disorders relates to those where there is an abnormal- 
ity in gonadal development or sexual differentiation. 


Synonyms and inclusions 
e Ambiguous external genitalia 
e Intersex disorders 


Introduction and general description 

In a newborn, the external genitalia may not be phenotypical of 
either a male or female. Evaluation and management of these infants 
require an expert multidisciplinary team (MDT). The disorders of 
sexual development (DSDs) have been reclassified [1] as shown in 
Table 110.1. 

The 46XX is the most common type of DSD encountered and 60% 
will be due to congenital adrenal hyperplasia. The ovaries are nor- 
mal but the masculinisation of the external genitalia results from 
androgen exposure in utero. 


GENODERMATOSES -— (shave 


Epidermolysis bullosa 


Definition 
Epidermolysis bullosa (EB) is a group of disorders characterised by 
skin fragility and blister formation. 


Introduction and general description 
The forms of EB that specifically involve the vulva are junctional EB 
inversa and recessive dystrophic EB inversa (Chapter 69). 


Clinical features 

Presentation 

Extensive erosion and ulceration can affect the ano-genital area and 
may heal with scarring [1]. In junctional EB inversa, blistering and 


erosions occur in the flexures, vulva and vagina and oesophagus. 
There may be nail dystrophy and atrophic scarring elsewhere. 

In recessive dystrophic EB inversa, oral lesions are always present 
and oesophageal involvement may be severe. Vaginal strictures 
have been reported [2]. 


Complications and co-morbidities 
Vulval squamous cell carcinoma (SCC) has been reported [3]. 


Management 
The management depends on expert nursing care and follows the 
principles used for other sites. 


Hailey-Hailey disease 


Definition and nomenclature 
Hailey—Hailey disease (HHD) is an autosomal dominant inherited 
disorder of keratinisation with incomplete penetrance (Chapter 64). 


Synonyms and inclusions 
¢ Benign familial chronic pemphigus 


Epidemiology 

Age 

The clinical features usually start in the teenage years but may 
present at any time up to the fourth decade. 


Pathophysiology 

Pathology 

Acantholysis is seen throughout the epidermis, giving rise to the 
‘delapidated brick wall’ appearance. Direct immunofluorescence 
will be negative. 


Clinical features 

History 

Patients complain of painful erosions in flexural sites, particularly 
the axillae and inguinal folds. The use of the adjective ‘benign’ is a 
misnomer. 


Presentation 

Moist red plaques are seen in the flexures and these may be eroded 
and crusted. The vulva and perineum are frequently involved. Heat, 
friction and pregnancy may exacerbate the symptoms. 


Differential diagnosis 

Hailey—Hailey disease is often misdiagnosed as intertrigo initially. 
Flexural psoriasis, Darier disease, pemphigus erythematosus and 
extramammary Paget disease can have similar clinical features. 


Complications and co-morbidities 
Secondary infection with bacteria (most commonly Staphylococ- 
cus aureus), viruses (herpes simplex) and Candida is a common 
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complication and needs appropriate management. SCC has also 
been described [1,2]. 


Investigations 
A skin biopsy will confirm the diagnosis. 


Management 

First line 

First line management is a reduction in friction, with the use of emol- 
lients and a moderately potent topical steroid. 


Second line 

Topical tacrolimus may be of benefit [3] but a case of SCC developing 
after treatment has been reported [4]. Long-term antibiotics may be 
required for those where secondary infection is a major issue. 


Third line 

There is one case report of a patient with perineal disease responding 
to alefacept which inhibits T-cell activation and proliferation [5]. 
Photodynamic therapy [6] and CO, laser [7] have been used. 
Botulinum toxin has been used in axillary, submammary and 
inguinal HHD but is rarely reported on the vulva [8]. 


Resources 


Patient resources 
Hailey—Hailey Disease Society: www.haileyhailey.com (last accessed April 2022). 


Darier disease 


Definition 
Darier disease is an acantholytic disorder of keratinisation, usually 
with autosomal dominant inheritance (Chapter 64). 


Epidemiology 

Age 

Lesions develop in childhood and adolescence and tend to fluctuate 
in severity. 


Clinical features 

History 

Patients complain of uncomfortable lesions on the vulva and in the 
inguinal folds. The lesions can weep and become macerated. 


Presentation 
All areas of the vulva can be affected, and rarely it may be the only 
site affected [1,2]. 


Differential diagnosis 
There can be considerable overlap with HHD and genital papular 
dyskeratosis. 


Complications and co-morbidities 

Secondary bacterial and viral infections are common on ano-genital 
lesions. There is one case report of an SCC developing in vulval 
Darier disease [3]. 


Management 

The management of vulval Darier disease is the same as for other 
sites but topical preparations may be more irritant in the ano-genital 
area. Prompt treatment of any infection is important. 


INFLAMMATORY DERMATO: 
VULVA 


Lichen sclerosus 


Definition and nomenclature 
Lichen sclerosus (LS) is a common inflammatory dermatosis with a 
predilection for ano-genital skin (Chapter 55). 


Synonyms and inclusions 


e Lichen sclerosus et atrophicus 


Introduction and general description 

Lichen sclerosus is one of the most common dermatoses to affect 
the ano-genital skin [1]. The aetiology is still unknown but there 
is some evidence in women that LS is a genetically determined 
autoimmune disorder, and antibodies to extracellular matrix pro- 
tein 1 have been identified in about 75% of women with the 
disease [2]. 


Epidemiology 

Incidence and prevalence 

Lichen sclerosus is estimated to occur in 1 in 30 postmenopausal 
women [3]. The prevalence in children is not clear but was suggested 
to occur in 1 in 900 girls in one study [4]. 


Age 

Lichen sclerosus can affect females of any age, but there are two 
peaks of incidence, in prepubertal girls and postmenopausal 
women. 


Sex 
Lichen sclerosus is 6-10 times more common in females than males. 


Associated diseases 

There is a link with other autoimmune disorders in 21% of patients 
[5], with thyroid disease being the commonest association. How- 
ever, this link is not as great in males [6]. It is also observed that 
there is often concomitant psoriasis in patients with LS [7,8]. 
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Figure 110.6 Histological features of lichen sclerosus. 


Pathophysiology 

Predisposing factors 

Lichen sclerosus is known to exhibit the Koebner phenomenon and 
is sometimes seen in episiotomy scars. The Koebner phenomenon 
has also been reported at sites of radiotherapy [9], scar tissue [10], 
vaccination [11] and congenital haemangioma [12]. 


Pathology 

The classic histological features are of a thinned epidermis with 
flattening of the rete pegs. The underlying dermis is pale and 
hyalinised and there are often extravasated red cells. Below the 
hyalinised area is a band-like zone of chronic inflammatory cells, 
mainly composed of CD4+ T lymphocytes (Figure 110.6). There is 
an absence of elastic fibres in the upper dermis. Attempts have been 
made to grade the histological appearances but there is probably 
little correlation between the timing of a lesion and its histological 
appearance [13]. In some cases the epidermis is thickened, and this 
is found in approximately 30% of cases of LS in association with 
vulval SCC [14]. 

There are abnormalities of the basement membrane, but it is 
uncertain whether these are a primary or secondary event [15]. 
Immunofluorescence studies are usually negative or demonstrate 
non-specific fibrin deposition at the dermal-epidermal junction. 
There is also an alteration of the elastin and fibrillin in the affected 
dermis [16]. Studies of cell kinetics show active regeneration of 
collagen [17] and there is altered p53 expression and epidermal cell 
proliferation [18]. Increased numbers of CD1+ Langerhans cells 
are found at all stages of disease [19]. There may be epigenetic 
phenomena in addition [20]. 


Causative organisms 
Borrelia burgdorferi has been implicated in LS but there is no consis- 
tent evidence that it is causative. 


Genetics 
A positive family history is recognised in 12% of patients [21] and 
the disorder has been described in twins, both identical [22] and 


Figure 110.7 Lichen sclerosus showing white sclerotic plaques and architectural change. 


non-identical [23]. There is an increased incidence of DQ7 in both 
adults [24] and girls [25]. 


Clinical features 

History 

The presenting symptom is usually itching, which is often severe 
and distressing. Patients may also complain of discomfort and dys- 
pareunia if there is introital narrowing or fissuring. Constipation is 
a common feature of LS when it occurs in prepubertal girls. 


Presentation 

Ano-genital disease tends to be characterised by flat, atrophic, 
whitened epithelium (Figure 110.7), which may become confluent, 
extending around the vulval and perianal skin in a figure-of-eight 
configuration. There may also be oedema, purpura or ecchymosis 
(Figure 110.8), bullae, erosions, fissures (Figure 110.9) and ulceration. 
Sometimes the epithelium can become thickened (Figure 110.10). 
The sites most commonly affected are the inguinal folds, the inner 
aspects of the labia majora, labia minora and clitoral hood. Vestibu- 
lar involvement is rare and vaginal lesions do not occur as LS seems 
to spare the mucosal epithelium. The one exception to this is when 
significant prolapse causes the skin to keratinise, which may then 
become affected by lichen sclerosus [26,27]. Perianal lesions occur 
in approximately 30% of female patients. The classic lesions seen 
on the extragenital skin are ivory-white papules and plaques with 
follicular delling. These occur in 10% of women with vulval disease. 
The extragenital areas may be truncal, at sites of pressure, or on the 
upper back, wrists, buttocks and thighs. Facial [28], lip [29], scalp 
[30] and nail [31] involvement have all been recorded. 

Lesions of LS in the oral cavity are extremely rare but are reported 
on the tongue [32]. Many of the reports of oral involvement in the 
literature have often not been confirmed histologically [33] and 
may have been examples of lichen planus. It is not uncommon for 
patients with vulval LS to have coexistent oral lichen planus [34]. 


Inflammatory dermatoses of the vulva 110.7 
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Figure 110.8 Ecchymosis (purpura) in lichen sclerosus 
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Figure 110.9 Fissuring in lichen sclerosus. 


LS is a scarring dermatosis and the changes that can occur on 
the vulva include loss of the labia minora and sealing over of the 
clitoral hood, burying the clitoris (Figure 110.11). Introital narrowing 
resulting from anterior and posterior labial fusion sometimes results 
in a tiny opening into the vestibule. Milia may occur. 


Differential diagnosis 

Vitiligo, mucous membrane pemphigoid, lichen planus and mor- 
phoea may present with a similar clinical appearance. There can be 
clinical and histological overlap between morphoea, lichen planus 


Sousa 


= a | 


Figure 110.10 Thickened epithelium in acanthotic lichen sclerosus. 


and LS, and they may represent a spectrum of disease rather than 
three distinct conditions [35]. The two conditions may coexist on the 
vulva [36]. 

LS and other dermatoses can be mistaken for sexual abuse [37-40], 
but sometimes the sexual abuse may be the initiating or exacerbat- 
ing factor of the dermatological condition [41]. Thus it is important 
to consider sexual abuse if there are any concerns as the two can 
exist together. 


Complications and co-morbidities 

There is undoubtedly an association between vulval SCC and LS 
(Figure 110.12) but the incidence is less than 4% [42]. However, in 
retrospective reviews of pathological specimens of vulval carci- 
noma, histological evidence of LS is found in approximately half 
of the cases [43,44,45], and may be underrepresented [46]. These 
series included patients presenting with SCC as well as those on 
long-term follow-up for LS. A longitudinal cohort study of 211 
patients showed that the number of invasive SCCs significantly 
exceeded that in an age-matched group [47]. The oncogenic HPV 
types do not appear to be implicated in the development of SCC on 
LS [48,49]. 

The histological patterns associated with SCC arising on LS 
include epithelial hyperplasia and differentiated intraepithelial 
neoplasia (dysplastic changes that are confined to the basal layers). 
Several studies have looked at markers to predict possible pro- 
gression to SCC [50], but none is confirmatory or used in routine 
practice. 

LS has been reported in association with verrucous carcinoma 
[51,52], basal cell carcinoma [53] and melanoma [54-56]. However, 
malignant melanoma and atypical genital naevi are known to be 


Figure 110.11 (a) Scarring in lichen sclerosus with 
mild ecchymosis. (b) Scarring in lichen sclerosus with 
loss of the labia minora and sealing of the clitoral 
hood. 


Figure 110.12 Squamous cell carcinoma arising on a background of lichen sclerosus. 


difficult to diagnose in the presence of LS [57,58] and are generally 
reported in children with LS. It is thought that the inflammatory 
process may activate melanocytes. 

Other complications of LS include urinary and sexual dysfunc- 
tion. The role of urinary incontinence as an aetiological factor in 
women is not proven. 
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Disease course and prognosis 

There is usually a good response to a super-potent topical steroid 
[59] but some patients have a relapse of symptoms, requiring 
repeated treatment. Most patients will require intermittent treat- 
ment to maintain control of symptoms and signs [60]. This has been 
shown to reduce scarring and risk of malignancy. Many girls with 
LS who are treated early and whose disease responds well before 
puberty do well and it often remits at that point. However, it can 
persist and require ongoing treatment and follow-up [61,62]. 


Investigations 
A biopsy can confirm the diagnosis and is essential in atypical dis- 
ease or if there is a failure to respond to treatment. 


Management 

First line 

Super-potent topical steroid, clobetasol propionate 0.05%, is the first 
line treatment [63,64]. This has been shown to be superior to topical 
tacrolimus in a randomised controlled trial. The regimen currently 
recommended for a newly diagnosed case is initially clobetasol 
propionate ointment once nightly for 4 weeks, then alternate nights 
for 4 weeks, and twice a week for a further 4 weeks [64]. This taper- 
ing regimen is as effective as once-daily treatment. A 30 g tube of 
clobetasol propionate should last 12 weeks, and the patient is then 
reviewed. The treatment is then individualised to control symp- 
toms and signs. Most patients seem to require 30-60 g annually. 
Although some patients do go into remission and do not require 
further treatment with no signs of active disease, most continue to 
have flares and remissions and they are advised to use clobetasol 
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propionate ointment to maintain control. A soap substitute is also 
recommended such as emulsifying ointment. Barrier preparations 
may be helpful in those with urinary incontinence. 


Second line 

It is rare for LS not to respond to a potent topical steroid and it is 
important to exclude other causes for the symptoms such as infec- 
tion, contact allergy or vulvodynia. An alternative topical steroid 
can be tried [64]. 


Other treatments 

Topical testosterone has no role in the management of LS. It is 
expensive and is not as effective as clobetasol propionate [65]. 
Recent reports have suggested the use of the calcineurin inhibitors 
tacrolimus [66] or pimecrolimus [67] as steroid-sparing alternatives. 
The use of these topical immunosuppressants should be limited to 
the treatment of the rare cases of LS that prove unresponsive to a 
potent topical steroid. The treatment should be a short course and 
it should not be used long term as the safety of these immunosup- 
pressants is still unknown, particularly as the condition carries a 
risk of neoplastic change. Ciclosporin [68] and UVA1 [69] have also 
been used to treat recalcitrant disease. 

Surgery is only indicated for the management of functional prob- 
lems caused by postinflammatory scarring, premalignant lesions 
and malignancy [70]. There is no evidence for the use of laser [71] 
or platelet-rich plasma to treat LS [72]. 


Resources 


Further information 


British Association of Dermatologists guidelines: https: //onlinelibrary.wiley.com/ 
doi/full/10.1111/bjd.16241. 


Patient resources 

Association for Lichen Sclerosus: www.lichensclerosus.org/. 

International Society for the Study of Vulvovaginal Disease information sheets: 
https://www.issvd.org/resources /vulvar-lichen-sclerosus. 

(All last accessed April 2022.) 


Lichen planus 


Synonyms and inclusions 


e Syndrome of Hewitt and Pelisse 
¢ Desquamative vaginitis 


Introduction and general description 

Lichen planus (LP) is an inflammatory dermatosis that can affect 
the skin and mucous membranes. It may affect the ano-genital skin 
and mucosa without involvement elsewhere but can also present 
at multiple sites, requiring multidisciplinary management [1] 
(Chapter 37). 


Figure 110.13 Histological features of lichen planus. 


Epidemiology 

Incidence and prevalence 

The incidence in the general population is unknown but in one 
study of 3350 women attending a vulval clinic, 3.7% had vulval 
lichen planus [2]. Vulval LP was also found in 57% of patients with 
oral LP [3] and in 51% of those presenting with cutaneous lesions. 
Many were asymptomatic [4]. 


Age 
The symptoms usually start in the fifth and sixth decades of life [5]. 


Associated diseases 

There is an association of LP with autoimmune diseases including 
alopecia areata, vitiligo and thyroid disease. An association with 
hepatitis C infection has been reported in some Mediterranean and 
Japanese populations but not in northern Europe [6]. 


Pathophysiology 

Lichen planus is probably a T-cell-mediated inflammatory disor- 
der but no causative antigen that may trigger the T-lymphocyte 
response has been found. Antibasement membrane antibodies have 
been reported [7]. 


Pathology 

On a cornified epithelium there is hyperkeratosis, irregular acantho- 
sis with a typical saw-tooth appearance of the rete pegs, an increased 
granular layer and disruption of the basal layer with a closely 
apposed, dermal band-like lymphocytic infiltrate (Figure 110.13). 
The acanthosis and hyperkeratosis are marked in the hypertrophic 
form, and the characteristic band-like infiltrate may be focal. 
Eosinophilic colloid bodies may be seen. The classic histological 
features in the epidermis may not be seen in erosive disease, and 
mucosal lesions may show many plasma cells, which is where the 
diagnosis of Zoon vulvitis is often made incorrectly. Immunofluo- 
rescence studies reveal uneven staining of the basement membrane 
zone for fibrinogen and immunoglobulin M (IgM), cytoid bodies 
and, on occasion, IgG or IgA. 


Genetics 

Familial cases have been described and although human leukocyte 
antigen (HLA) findings are conflicting, an association with 
HLA-DR1 is postulated [8]. The DQB*0201 allele is associated 
with the vulvo-vaginal-gingival syndrome form of erosive LP [9]. 


Clinical features 

History 

The symptoms will depend on the clinical type of LP. Itching may 
be predominant in the classic and hypertrophic variants, whereas 
soreness, pain and dyspareunia are the common complaints in 
erosive LP. If vaginal disease is present, a serosanguinous discharge 
and postcoital bleeding may occur. 


Presentation 
The clinical features vary with clinical type. 


Clinical variants 

Three clinical forms are recognised but there may sometimes be 

overlap features. 

1 Classic/papular lichen planus. This type can occur with cutaneous 
lesions. The typical violaceous papules are seen on the outer 
labia majora, interlabial sulci and clitoral hood. These may 
coalesce into small plaques or annular lesions (Figure 110.14a). 
The hallmark Wickham striae may be present (Figure 110.14b). 
Hyperpigmentation is common and may affect other flexural 
sites including the inguinal and inframammary folds and axillae. 
Lichen plano-pilaris has also been described on the vulva [10]. 

2 Hypertrophic lichen planus. This is the least common form of LP 
seen on the genital skin. Thickened, intensely pruritic plaques, 


Figure 110.14 (a) Classic vulval lichen planus 
showing plaques in the interlabial sulci. (b) Classic 
vulval lichen planus with Wickham striae. 


sometimes with a violaceous edge, are seen on the labia majora, 

perineum and perianal skin. Vaginal lesions do not occur in clas- 

sic or hypertrophic LP. 

3 Erosive lichen planus. Erosive LP is the commonest type to 
affect the female genital area. On the vulva, symmetrical ero- 
sions are most commonly seen at the fourchette and vestibule. 
These may have an irregular lacy edge with Wickham striae. 
Diagnostic criteria have been put forward for the diagnosis of 
erosive LP [11], with the suggestion that three supportive criteria 
should be present to make the diagnosis. Clinicopathological 
correlation yields the most reliable diagnosis of vulval lichen 
planus [12]. 

4 Vulvo-vaginal-gingival (VVG) syndrome. This distinctive erosive 
subtype of LP principally affects the inner aspects of the labia 
minora, vestibule and vagina (Figure 110.15), together with a 
characteristic gingival erythema (Figure 110.16), which may 
be asymptomatic [13,14,15]). In the past, many cases labelled 
desquamative vaginitis were probably this entity [16]. The 
mucosa is eroded and there may be marked loss of architecture 
(Figure 110.17). The anal margin, external urethral meatus and 
cervix may also be involved. 

The vaginal lesions are velvety red erosions or bright red, glazed 
erythema, which is friable and bleeds when touched. Vaginal 
synechiae and adhesions develop, which may rapidly lead to 
vaginal stenosis and unfortunately many patients present at this 
stage. Vaginal examination is therefore mandatory in these patients. 

This is increasingly recognised as a multisite disease with lesions 
described on the conjunctiva [17], lacrimal duct (Figure 110.18) [18], 
oesophagus [19,20] and external auditory canal [21]. The manifesta- 
tions of this syndrome do not necessarily all occur synchronously. 
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Figure 110.15 Lichen planus: vulval aspect showing glazed erythema and distortion of 
the architecture, with a remnant of the left labium minus and buried clitoris above it. 


Figure 110.16 Gingival erythema in vulvo-vaginal-gingival syndrome. 


Differential diagnosis 

The main differential diagnosis is usually LS, but mucous mem- 
brane pemphigoid, morphoea and lichenoid drug eruptions should 
also be included. In some cases, the differentiation between LS and 
LP can be extremely difficult as the two diseases have so many 
features in common [22,23]. The lichenoid form of graft-versus-host 
disease has clinical features that may be indistinguishable from 
erosive LP but this diagnosis should be clear from the history. 
Frequently, there are cases of LP misdiagnosed as Zoon vulvitis. 
Some hypertrophic lesions can mimic malignancy and histology is 
Vital. 


Complications and co-morbidities 
Scarring is a major issue, particularly in erosive LP, and early diag- 
nosis and appropriate management are important. 


i ae 
Figure 110.18 Lacrimal duct scarring in erosive lichen planus in vulvo-vaginal—gingival 
syndrome. 


Malignancy is not thought to occur in erosive LP but SCC and 
SCC in situ have been reported in other forms of the disease [24-26]. 
Studies of patients with vulval SCC have shown that LP is present 
in the surrounding tissue in about 15% of patients [27,28]. 

In addition to the sites mentioned earlier which may be involved 
in the VVG syndrome, oral manifestations may be seen in all 
forms of genital LP on the buccal mucosa, tongue and palate. Nail 
changes are sometimes seen and scarring alopecia may occur in any 
form of genital LP. Frontal fibrosing alopecia was the commonest 
association in one series [29]. 


Disease course and prognosis 

Classic LP often clears completely with little or no scarring. Hyper- 
pigmentation may take months to resolve. Erosive and hypertrophic 
disease tends to pursue a chronic course with flares of disease. It can 
have a significant impact on quality of life [30]. 


Investigations 
The clinical diagnosis can be confirmed on biopsy. The use of topical 
anaesthesia may obscure the true histological diagnosis [31]. 


Management 

There are no definitive randomised controlled trials of treatment in 
genital LP and most therapy is based on small case series and sin- 
gle case reports [32]. A Cochrane review of treatments for mucosal 
erosive LP did not identify any studies of genital disease [33]. 


First line 

Use super-potent topical steroid ointment for the vulva and intra- 
vaginal foam preparations for vaginal disease [34,35]. Emollients are 
also used as an adjunct to first line active treatment. 


Second line 

There are reports about the use of calcineurin inhibitors [36-38] but 
these must be used with caution, as in LS, as there have been con- 
cerns about malignant change after their use [39,40]. 


Third line 

Oral retinoids, dapsone and ciclosporin have been used anecdotally 
but there is little evidence for their use [41]. Low-dose methotrexate, 
either alone or in combination with topical steroids and tacrolimus, 
has been reported to be useful [42-44]. Hydroxychloroquine was 
reported to be of benefit in one series [45]. 

Surgery to release vulval and vaginal adhesions may be required 
[46] but the use of super-potent topical steroids in the early postop- 
erative phase is vital to prevent restenosis [47]. 

Photodynamic therapy has been trialled [48]. There are single case 
reports of the use of biologics to treat widespread erosive LP [49,50], 
but lichenoid eruptions may be a side effect [51,52] so they should 
be used with caution. 


Resources 


Patient resources 

International Society for the Study of Vulvovaginal Disease information sheet: https: // 
www.issvd.org/resources /vulvar-lichen-planus. 

UK Lichen Planus: www.uklp.org.uk/. 

(Both last accessed April 2022.) 


Zoon vulvitis 


Synonyms and inclusions 


e Vulvitis circumscripta 
¢ Plasma cell vulvitis 


Introduction and general description 

Although Zoon balanitis is well described, true Zoon vulvitis is 
rare. The criteria needed to make the diagnosis have varied in the 
literature, and there is some doubt whether plasma cell vulvitis 
is a distinct clinicopathological entity, as many of the reports of 
vestibular Zoon are probably LP [1]. It is likely that it represents 
a reaction pattern to another inflammatory condition. A plasma 
cell-rich infiltrate in a vestibular biopsy may be a misleading 
finding, because plasma cells are commonly found in inflamma- 
tory conditions of the vestibule. Many of the cases are examples of 
unrecognised dermatoses such as LP, or a chronic postinflammatory 
phenomenon. 


Pathophysiology 

Pathology 

The essential features are epidermal thinning, absent horny and 
granular layers and distinctive lozenge-shaped keratinocytes 
with widened intercellular spaces. In the dermis there is a dense, 
inflammatory infiltrate composed largely of plasma cells, with 
dilated blood vessels and usually a lot of haemosiderin. Russell 
bodies and dermal—epidermal splitting have also been described [2]. 


Clinical features 

History 

Patients may complain of pruritus or discomfort, but it can be 
asymptomatic [3]. 


Presentation 
The original description was of red, glazed patches, usually on the 
labia minora or vestibule [4]. The clitoris is rarely, if ever, affected. 


Clinical variants 

It is not uncommon to find patients with purpuric patches, often 
at the vestibule (Figure 110.19), in which haemosiderin and 
plasma cells are found without any specific epidermal change, 
and the term chronic vulval purpura may be a more accurate descrip- 
tion [5]. An association with lichen aureus has been suggested, as 
pressure factors are thought to be relevant in the extravasation of 
blood [6]. 


Differential diagnosis 
Lichen planus, postinflammatory pigmentation and vulval adenosis 
have similar features. 


Disease course and prognosis 
It follows a chronic but benign course. 


Investigations 
A vulval biopsy will show the features described. 


Management 

First line 

First line management is with emollients and a potent topical steroid 
[7,8]. 
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Figure 110.19 Chronic vulval purpura. 


Second line 

There are case reports of the use of misoprostol [9] and intralesional 
interferon « [10]. Topical tacrolimus has not been found to be use- 
ful [11]. 


Seborrhoeic eczema 


Introduction and general description 
This is a common type of eczema in younger people and may affect 
the vulva (Chapter 40). 


Pathophysiology 

Pathology 

Histological examination is not always helpful as there may be fea- 
tures of both eczema and psoriasis. There is moderate acanthosis 
with slight spongiosis and a mild dermal inflammatory infiltrate. 


Clinical features 
History 
Patients describe intermittent itching and soreness if fissures occur. 


Presentation 
The signs may be subtle, but scaling and redness are seen on the 
inguinal folds, labia majora, perineum and perianal skin. Keratin 
debris may build up in the interlabial sulci and sometimes under 
the clitoral hood. 

Vulval involvement may be associated with skin changes on the 
scalp and changes at other flexural sites. 


Differential diagnosis 
This condition has both eczematous and psoriasiform features, 
sometimes making differentiation between it and psoriasis difficult. 


In psoriasis, the lesions are usually better defined and thickened. 
The keratin debris can be mistaken for candidiasis but the discharge 
with this latter condition is seen in the vestibule and lower vulva. 


Disease course and prognosis 
Vulval lesions may recur and require intermittent treatment until 
resolution. 


Investigations 
The diagnosis is usually clinical. 


Management 


Treatment ladder for seborrhoeic eczema 


First line 
e Emollients 
e Mild topical steroid once daily as needed 


Second line 
e Topical calcineurin inhibitors may be used but are not always 
well tolerated on the vulva 


Irritant eczema 


Synonyms and inclusions 
¢ Irritant contact eczema 
e Irritant contact dermatitis 


Introduction and general description 

If the barrier function of the vulval skin is impaired, as measured 
by transepidermal water loss, there is an increased susceptibility to 
irritant contact eczema [1,2] (Chapter 128). 


Epidemiology 

Age 

An irritant contact eczema is common in children and in older 
women, particularly those who are incontinent. 


Pathophysiology 

Predisposing factors 

The problem may occur because of the dampness and maceration 
secondary to a heavy vaginal discharge, or increased contact with 
urine in the incontinent patient. Contact with irritant chemicals 
in topical agents, particularly cleansers, bubble baths, lubricants, 
perfumed products, deodorants and medicaments, may all be 
responsible for an irritant dermatitis. 


Clinical features 
History 


Soreness is often more common than pruritus in an irritant contact 
eczema. If severe, it can be painful, especially with micturition. 


Presentation 

Redness is most pronounced on the convex areas — the outer labia 
majora, perianal skin and buttocks — which are the sites most in con- 
tact with external irritants. 


Differential diagnosis 

There are some features in common with seborrhoeic eczema but 
extravulval involvement is unlikely. There is less scaling in irritant 
dermatitis compared with seborrheoic eczema. 


Complications and co-morbidities 

In severe cases of irritant dermatitis, most commonly in older 
women with urinary incontinence, ulcerative lesions similar to 
those seen in infantile gluteal granuloma may occur. These are 
often on the outer labia majora [3]. Jacquet erosive dermatitis and 
papulonodular verrucous plaques are likely to be a spectrum of the 
same disease [4]. 


Investigations 
The diagnosis is clinical. 


Management 


Treatment ladder for irritant dermatitis 


First line 

¢ Removal of irritants 

¢ Referral to a uro-gynaecologist can be helpful to improve 
urinary incontinence 

e Emollients as soap substitute 

e Barrier preparations 


Second line 
e Mild topical steroid, with antibacterial/antifungal if 
appropriate 


Allergic contact dermatitis 


Introduction and general description 

Allergic contact dermatitis is a type IV delayed hypersensitivity 
reaction. It is rare as a primary cause of vulval symptoms but can 
complicate other dermatoses (Chapter 127). 


Epidemiology 

Incidence and prevalence 

A high incidence of vulval contact dermatitis has been described 
[1,2,3,4] but this may be explained by many patients who also have 
perianal involvement. One study has shown a higher incidence 
of positive patch tests in patients with ano-genital dermatoses if 
both the genital and perianal areas are involved, compared with 
dermatoses affecting the genital skin alone [5]. 


Pathophysiology 

Predisposing factors 

There are reports of allergy to vaginal preparations and an intrauter- 
ine device [6-8], sanitary wear [9] and condoms [10]. Oestradiol 
may rarely cause a localised allergic contact dermatitis at a transder- 
mal patch site, or generalised contact dermatitis with oral therapy 
[11]. Many other allergens can cause a vulval allergic contact 
problem [12,13]. 


Clinical features 

Presentation 

An allergic contact dermatitis most commonly presents with pruri- 
tus but, if acute, an erosive eruption may be seen which frequently 
extends down the thighs. An eczematous eruption can be seen 
which can extend to the perianal skin. 


Differential diagnosis 
Other forms of eczema and ano-genital psoriasis may have similar 
features. 


Disease course and prognosis 
Once the causative allergen is established and then avoided, the 
problem should resolve. 


Investigations 

A detailed history is vital; patch testing is needed in patients 
where an allergic contact dermatitis is suspected. It is important 
to include allergens that may be important in the genital area, and 
vulval/perianal allergen series are widely available. It may also be 
helpful to include the patient’s own products. 


Management 


Treatment ladder for allergic contact dermatitis 


First line 

e Remove relevant allergens 

e Emollients 

¢ Moderately potent topical steroid + an antibacterial or 
antifungal 


Second line 

¢ Potassium permanganate soaks (1 : 10 000 dilution applied 
on gauze) if weeping and eroded 

e Antibiotics if secondary infection 


Resources 


Patient resources 

British Society for Cutaneous Allergy patient information: https: //cutaneousallergy 
.org/resources /patient-information-leaflets-pils/. 

International Society for the Study of Vulvovaginal Disease information sheet: https: / / 
www.issvd.org/resources /contact-dermatitis-of-the-vulva. 

(Both last accessed April 2022.) 
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Allergic contact urticaria 


Introduction and general description 

This is a type I immediate hypersensitivity reaction; the two most 
common causes of contact urticaria in the vulvo-vaginal area are 
latex and semen (Chapter 42). Seminal fluid usually induces an 
urticarial immediate type I reaction and rarely produces a type IV 
contact allergy. There are reports of mixed sensitivities; one patient 
was allergic to semen and latex and another to her husband’s semen 
and sweat [1,2]. However, semen itself may not be the responsi- 
ble allergen, the problem being caused by a medication or other 
allergen carried in the seminal fluid [3-5]. 


Epidemiology 
Associated diseases 
There is often a history of atopy. 


Clinical features 

History 

The history is helpful diagnostically since immediate swelling of the 
vulva will occur. A condom will abolish the symptoms if the patient 
is allergic to semen but will cause the problem if latex is the relevant 
allergen. 


Presentation 
Immediate swelling occurs during or just after intercourse. 


Differential diagnosis 

Pressure urticaria can cause identical clinical features but occurs 
with or without a condom and dermographism elsewhere is 
usually seen. 


Investigations 
Intradermal testing with appropriate precautions can be done for 
semen allergy. Serological tests for latex can be used. 


Management 

Remove the cause — for instance, use non-latex condoms if the 
patient is latex allergic. Antigenic treatment of semen before arti- 
ficial insemination has resulted in successful pregnancy if there is 
semen allergy [6]. Patients need referral to a specialised allergy or 
immunology centre. 


Lichen simplex 


Synonyms and inclusions 
e Lichen simplex chronicus 

e Lichenification 

e Neurodermatitis 


Introduction and general description 
Lichen simplex is used to describe the changes seen on appar- 
ently normal skin secondary to rubbing the skin in response to 


itch, although the provoking symptom of itch may be initiated 
by a low-grade dermatosis. The term lichenification is used for 
similar changes arising on a background of a visible dermatosis 
(Chapter 81). 


Epidemiology 

Associated diseases 

Lichen simplex occurs more commonly in patients who have a back- 
ground of psoriasis or eczema. 


Pathophysiology 

Pathology 

There is hyperkeratosis, acanthosis, a prominent granular layer, 
lengthened rete ridges and a chronic inflammatory dermal infil- 
trate. In addition, lamellar thickening of the papillary dermis and 
perineural fibrosis can be seen. Twelve cases of what was termed 
multinucleated atypia of the vulva have been reported [1], but this 
is thought to be a non-specific change found in lichenified skin [2,3]. 


Clinical features 

History 

The patient describes intense itching which may keep them awake 
at night. This often starts on the vulva but frequently spreads to 
involve the perineum and perianal skin. 


Presentation 

There are localised, thickened plaques, most commonly affecting the 
outer labia majora (Figure 110.20). The perianal skin is frequently 
involved. The epidermis becomes ridged and the trauma of contin- 
ued rubbing can lead to hair loss in hair-bearing skin. 


Differential diagnosis 

It is always important to exclude an underlying dermatosis or 
naevoid lesion where the lichenification may be a secondary 
phenomenon [4,5]. 


Figure 110.20 Lichen simplex. 


Disease course and prognosis 

In many cases, patients respond well to appropriate treatment but 
some enter a chronic itch—-scratch-itch cycle that is more challeng- 
ing to treat. Dysaesthesia may develop when the lichenification has 
resolved. 


Investigations 
The diagnosis is usually made on clinical grounds but if there are 
atypical features or a failure to respond to treatment, a biopsy will 
be helpful. 

In cases where an allergic contact dermatitis trigger is suspected, 
patch testing is useful, but is not done routinely. 


Management 


Treatment ladder for lichen simplex 


First line 

e Emollients and a potent topical steroid on a reducing regimen 
over 2-3 months. The symptoms may improve quickly but 
there is often relapse if the treatment is stopped before 
the lichenification has resolved 


Second line 
¢ Sedative antihistamines at night, e.g. hydroxyzine 25-50 mg 


Third line 

¢ Doxepin, low-dose tricylics in increasing doses, e.g. 10 mg 
nocte and increasing by 10 mg increments every 3-4 weeks. 
Low-dose naltrexone can also be considered 


Psoriasis 


Synonyms and inclusions 
e Flexural psoriasis 

¢ Inverse psoriasis 

e Intertriginous psoriasis 


Introduction and general description 
Psoriasis may affect the ano-genital area as part of generalised dis- 
ease but can occur in isolation (Chapter 35). 


Epidemiology 

Incidence and prevalence 

Vulval psoriasis accounts for up to 5% of patients who present with 
persistent vulval symptoms [1]. Over 60% of patients with psoria- 
sis will have genital involvement at some time [2,3]. Patients often 
find the problem embarrassing and do not consult readily about the 
issues [4]. 


Associated diseases 
Many patients with lichen sclerosus are also noted to have psoriasis 
[5,6]. 


Pathophysiology 

Pathology 

Flexural psoriasis does not always have the typical histological 
features of psoriasis seen elsewhere and there may be marked 
spongiosis and papillary oedema. 


Environmental factors 
Friction and occlusion are important aggravating factors in vulval 
psoriasis. 


Clinical features 

History 

Most patients complain of itching, but soreness and pain can occur, 
particularly if the lesions become fissured. Dyspareunia may also 
be a feature, which can have an impact on sexual function [7] and 
quality of life [8]. 


Presentation 

Well-demarcated erythematous plaques are seen on the labia 
majora, and extension on to the mons pubis, inguinal folds, perianal 
skin and gluteal cleft is common (Figure 110.21). The typical silvery 
scale seen elsewhere is lost but may be seen on the mons. Rarely, 
there may be some scarring associated with vulval psoriasis, with 
loss of the labia minora [9]. However, it is possible that some of 
these patients may have had previous lichen sclerosus. 


Differential diagnosis 

Seborrhoeic eczema and intertrigo can have very similar clinical 
features. Extramammary Paget disease occasionally has psoriasi- 
form features. 


Disease course and prognosis 

Ano-genital psoriasis generally runs a chronic course. It is reported 
that over 90% of adults and children respond to treatment but this 
may need to be used intermittently to control the disease [3]. 


Investigations 

Psoriasis is usually diagnosed clinically and a biopsy is rarely 
needed. Swabs may be required if there is extensive fissuring and 
evidence of secondary infection. 


Figure 110.21 Vulval psoriasis. 
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Management 


Treatment ladder for psoriasis 


First line 
e Emollients and moderately potent topical steroid once daily 
on a reducing regimen [10] 


Second line 

¢ Calcineurin inhibitors 

¢ Topical vitamin D analogues (but with care because 
of irritancy) 

e Weak coal tar preparations 


Third line 

e Systemic agents and biologics may be used if severe, but 
these are rarely necessary for isolated genital disease, and do 
not have the same effect as on generalised psoriasis [11]. 
Ixekizumab has been shown to be effective for genital 
psoriasis [12]. There is one report of the successful use 
of dapsone in flexural psoriasis [13] 


Resources 


Patient resources 

International Society for the Study of Vulvovaginal Disease information sheet: https: / / 
www.issvd.org/resources /vulvar-psoriasis. 

Psoriasis Association: www.psoriasis-association.org.uk. 

(Both last accessed April 2022.) 


Reactive arthritis 


Definition and nomenclature 

Reactive arthritis is the triad of polyarthritis (of over a month’s 
duration following gastrointestinal or lower genital tract infection), 
urethritis and non-gonococcal conjunctivitis. A scaly and erosive 
dermatosis of the vulva may accompany these features. 


Synonyms and inclusions 
© Circinate vulvo-vaginitis 
¢ Reiter syndrome 


Epidemiology 
Sex 
Genital lesions are rare in women. 


Pathophysiology 

Pathology 

Histology shows hyperkeratosis and parakeratosis, an absent gran- 
ular layer and prominent neutrophil epidermal microabscesses. 


Causative organisms 

Shigella dysentery (Shigella flexneri and S. dysenteriae) were the first 
infections to be associated with reactive arthritis, but species of 
Salmonella, Yersinia, Campylobacter, Streptococcus and Mycoplasma 
have all been associated with the disease. Sexually transmitted 
infections with Chlamydia trachomatis may also lead to reactive 
arthritis. 


Genetics 
It is more likely to occur in HLA-B27-positive individuals and also 
those with HLA-B51 positivity. 


Clinical features 

Presentation 

Scaling, crusting and erosions are seen and the whole vulva may 
be involved including the mucosa [1]. A rash on the hands and feet 
that is indistinguishable from psoriasis is often present. 


Differential diagnosis 
The vulval lesions in reactive arthritis may resemble psoriasis and 
candidiasis. 


Complications and co-morbidities 
Cervicitis may develop. 


Disease course and prognosis 

The disease may follow a relapsing course. It is more difficult to 
control in patients with human immunodeficiency virus (HIV) 
infection. 


Investigations 
Associated infection must be sought. A biopsy may also be 
informative. 


Management 

Management should be shared with rheumatology, especially in 
complex cases. Any infection should be treated and this may require 
the input of a genito-urinary specialist. 


Treatment ladder for reactive arthritis 


First line 
¢ Potent topical steroids 


Second line 
e Systemic agents such as methotrexate may be needed 


ULCERATIVE AND BULLOUS | 


The differential diagnosis of genital ulceration is wide and an accu- 
rate diagnosis involves careful history taking, clinical examination 
and appropriate microbiological and histological investigation. 


Table 110.2 Causes of vulval ulcers. 


Genetic 

Epidermolysis bullosa 

Acantholytic dermatoses 

Infective 

Non-sexually transmitted 

Herpes simplex/zoster 

Epstein-Barr virus, HIV 

Tuberculosis, actinomycosis, amoebiasis 

Leishmaniasis, schistosomiasis 

Inflammatory 

Bullous 

Autoimmune bullous disorders 

Erythema multiforme 

Stevens—Johnson syndrome/toxic epidermal 
necrolysis 


Tumours 
Malignant 


Squamous cell carcinoma/vulval intraepithelial 


neoplasia 
Extramammary Paget disease 
Basal cell carcinoma 
Cutaneous lymphoma/leukaemia 
Langerhans cell histiocytosis 
Melanoma 
Trauma 


Blunt/sharp accidental/non-accidental trauma 


Chemical — irritant contact dermatitis 
Dermatitis artefacta 

Radiation damage 

Mechanical hymenal fissures 


Sexually transmitted 
Chancroid 
Lymphogranuloma venereum 
Granuloma inguinale 
Syphilis 


Non-bullous 

Aphthae 

Lichen sclerosus/lichen planus 

Crohn disease 

Behcet disease 

Lupus erythematosus 

Graft-versus-host disease 

Pyoderma gangrenosum 

Hidradenitis suppurativa 

Drug reactions, fixed drug 
eruptions, foscarnet, nicorandil 

Rheumatoid nodule 

Reactive arthritis 


Benign 
Capillary haemangioma 


The major causes of vulval ulceration are listed in Table 110.2 and 
many are discussed fully elsewhere in this book. 


Aphthous ulcers 


Introduction and general description 
Aphthous ulcers are recurrent, often multiple, small ulcers affecting 


the oral and genital mucosa. 


Epidemiology 
Age 


The age of onset is in childhood, and there may be a family history. 


Clinical features 
History 


There is acute onset of painful ulcers, and oral ulcers may be 
concurrent. Sometimes there are premenstrual exacerbations once 
the menarche is reached. 


Presentation 

The lesions are usually multiple, small (2-10 mm), superficial and 
painful. They are sited most frequently on the labia minora. They 
have a yellow base surrounded by a red rim and tend to heal 
quickly. Less commonly aphthous ulcers are solitary or few in 
number. Larger ulcers are referred to as giant aphthae. 


Differential diagnosis 
Herpes simplex and ulcers caused by Behcet disease are similar. 


Disease course and prognosis 
Lesions frequently recur in some patients. 


Investigations 
The diagnosis is clinical. 


Management 
Topical steroids and local anaesthetic preparations are helpful. 


Non-sexually acquired reactive 
genital ulcers 


Synonyms and inclusions 


e Ulcus vulvae acutum 
e Lipschutz ulcers 


Introduction and general description 

These are acute vulval ulcers presenting in young girls, usually as 
a reactive phenomenon to infection. They were first described by 
Lipschutz in 1913 [1]. 


Epidemiology 
Age 
These ulcers typically occur in teenagers and young adults [2]. 


Pathophysiology 

Causative organisms 

They have been most commonly linked with Epstein-Barr virus 
infection, which has been isolated from the ulcers in some 
cases [3,4]. Typhoid, paratyphoid fever, mumps and several other 
infections have also been associated [5,6]. They are also reported in 
association with Covid-19 infection [7]. 


Clinical features 

History 

The onset is acute with rapidly expanding, and very painful, vulval 
ulcers. There may be a history of preceding systemic illness or sore 
throat. 


Presentation 

The lesions start as haemorrhagic blisters and then enlarge and 
ulcerate. The base is covered by thick slough. They are usually 
located on the lower inner labia majora and may be bilateral 
(‘kissing’ ulcers). 
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Differential diagnosis 
Major aphthae and Behcet ulcers can have similar features. One 
case mimicked a lymphoma [8]. 


Disease course and prognosis 
The ulcers heal spontaneously over a few weeks. Recurrence is 
uncommon. Despite the deep nature of the ulcers, scarring is rare. 


Investigations 
Viral serology may be helpful. The diagnosis is usually clinical. 


Management 

Small ulcers can be treated with a moderately potent topical 
steroid; 5% lidocaine ointment and oral analgesia are helpful in 
relieving symptoms. Larger lesions may require a short course of 
oral prednisolone (e.g. 15-20 mg/day for 10 days) or doxycycline [9]. 


Behcet disease 


Introduction and general description 

Behcet disease is a multisystem disease with ulceration affecting 
the mucous membranes and is associated with systemic features 
(Chapter 48). 


Clinical features 

Presentation 

The vulval ulcers seen in Behcet disease are recurrent, deep and 
heal with scarring after a few weeks. They can occur on the labia 
minora and majora and may be accompanied by some oedema. 
Vaginal ulcers have been reported [1]. 


Differential diagnosis 
Initially, the genital ulcers can have similar features to simple aph- 
thae and herpes simplex, but are larger and more persistent. 


Investigations 
Patients need full investigation for manifestations at other sites. 


Management 

Topical steroids are helpful initially for the genital ulcers. Manage- 
ment requires a multidisciplinary approach and is discussed else- 
where (Chapter 48). 


Immunobullous disease 


Synonyms and inclusions 

e Mucous membrane pemphigoid 

© Cicatricial pemphigoid 

e Linear IgA disease of children 

¢ Chronic bullous disease of childhood 


Introduction and general description 

The features of those diseases that commonly affect the genital area 
in females will be covered here — bullous pemphigoid (BP), mucous 
membrane pemphigoid (MMP), pemphigus vulgaris (PV), epider- 
molysis bullosa acquisita (EBA) and linear immunoglobulin A (IgA) 
disease. 


Epidemiology 

Incidence and prevalence 

Genital involvement is common in BP and MMP, where 50% of 
adults with these conditions will have vulval involvement [1]. In 
those with linear IgA disease, 50% of adults and 80% of children 
will have vulval lesions. 


Clinical features 

Presentation 

See Table 110.3 for the clinical presentations of immunobullous dis- 
eases on the vulva. 


Differential diagnosis 

Erosive lichen planus and lichen sclerosus can show similar scarring 
to MMP. It is also important to exclude herpes simplex in the early 
stages. 


Complications and co-morbidities 
Scarring of the vulva and vagina can occur in MMP. 


Investigations 
Investigations are the same as for autoimmune bullous disease on 
extragenital skin. 


Management 

Topical steroids and potassium permanganate soaks for open, 
eroded areas are helpful, but most patients will require systemic 
therapy as for diseases at other sites. 


PIGMENTARY DISORDERS — 7 
Vitiligo 


Introduction and general description 
This is an acquired disorder characterised by loss of pigmentation 
in the skin and hair (Chapter 86). 


Clinical features 
History 
Asymptomatic areas of hypopigmentation are noticed. 


Presentation 

There is complete depigmentation of the skin, which is otherwise 
normal. The edge is well defined and the outer labia majora are 
usually affected. There may be extension into the inguinal folds and 
perianal skin (Figure 110.22). In hair-bearing skin, the hair may also 
lose its colour (poliosis). 


Pigmentary disorders 110.21 


Table 110.3 Clinical presentation of immunobullous disease on the vulva. 


Mucous membrane Epidermolysis bullosa 
Bullous pemphigoid pemphigoid Pemphigus vulgaris Linear IgA acquisita 
Age Elderly; a localised form is described — Adults; uncommon in children Usually middle-aged Children and adults Rare; adults and children 
in children but is rare [2] 
Clinical features Tense fluid-filled bullae Vaginal lesions common with Flaccid bullae, painful erosions Tense bullae, may be Tense bullae 
scarring Vaginal disease can cause a clustered in children 
discharge [3] 


Figure 110.23 Histological features of vulval melanosis. 


Figure 110.22 Vulval vitiligo with extension into the inguinal folds. 


Synonyms and inclusions 


Differential diagnosis _ © Idiopathic lenticular mucocutaneous pigmentation wi 
The major differential diagnosis is lichen sclerosus but there is no Lu 
architectural change in vitiligo and the texture of the skin is normal. = 
The pallor sometimes seen in lichenification can also mimic vitiligo. Epidemiology Cl 
Age = 
- uO 
Complications and co-morbidities Vulval melanosis is seen more commonly in young women. ot 
Vitiligo and lichen sclerosus can coexist. a re 
Pathophysiology 72) s 
Management Pathology Su 


No treatment is needed and treatment modalities used at other sites There is basal cell layer hyperpigmentation but no increase in the 
(e.g. psoralen and ultraviolet A (PUVA)) are inappropriate on the number of melanocytes. Pigmentary incontinence and pigment-rich 
genital skin. macrophages may be seen in the dermis (Figure 110.23). 
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Clinical features 


Vulval melanosis History 
~~ Melanosis is asymptomatic and usually an incidental finding. 


Definition and nomenclature Presentation 

Vulval melanosis is characterised by hyperpigmented lesions The lesions are usually multifocal (a single lesion would be termed 
in the absence of any previous cause. There is no increase in a genital melanotic macule) and often irregular and asymmetrical. 
melanocytes [1,2]. The colour may vary. They are most common on the inner labia 
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minora and vestibule but the vagina and cervix may also be involved 
[3,4]. There may be similar lesions on the oral mucosa. 


Differential diagnosis 

The main differential diagnosis is from genital lentigines, but this 
term is used when there are increased numbers of melanocytes. 
The clinical appearance can mimic melanoma (Figure 110.24) and 
hence biopsy is always recommended. Melanosis is often darker 
than postinflammatory hyperpigmentation. 


Disease course and prognosis 

Melanoma has not been reported in vulva melanosis and the 
accepted view is that vulval melanosis is a benign condition, but 
there are no long-term follow-up studies. 


Investigations 
Dermoscopy can be helpful but if there is any uncertainty then the 
diagnosis is easily confirmed on vulval biopsy. 


Management 

There are no guidelines on follow-up but simple observation by 
the patient using photographs or diagrams as an aid is usually 
sufficient. 


Acanthosis nigricans q 


Definition 
Acanthosis nigricans is characterised by hyperpigmentation and 
thickening of the skin, particularly in the flexures. 


Figure 110.24 (a) /n situ melanoma. (b) Vulval 
melanosis. Clinical appearances are almost 
indistinguishable and pigmented vulval areas such as 
this require biopsy for diagnosis. 


Epidemiology 

Associated diseases 

Acanthosis nigricans is associated with insulin resistance in almost 
all cases. In adults, it can be a cutaneous sign of an underlying 
malignancy, usually an adenocarcinoma. If linked with malignancy, 
the onset and progression are rapid and unusual sites such as the 
eyelids, lips and palms (tripe palms) may be involved. 


Clinical features 

Presentation 

The genital area is almost always involved [1] and velvety, dark 
plaques are seen on the labia majora, extending into the inguinal 
folds. These then develop a warty texture and skin tags are common 
on the plaques. 


Differential diagnosis 

Pseudoacanthosis nigricans may be seen in obese patients and is 
related to moisture, friction and subsequent maceration. Epidermal 
naevi may have similar clinical and histological features but are 
unlikely to occur at several sites. 


Investigations 

The diagnosis can be made clinically and confirmed on biopsy. 
A fasting blood glucose is indicated to check for type 2 diabetes. 
Referral for endocrine investigation is important to investigate 
insulin resistance. If there is a rapid onset or unusual features in an 
adult, then a potential associated malignancy should be sought. 


Management 
Keratolytics, retinoids and laser treatment have all been tried. These 
may be irritant in the genital skin. 


; Vulval oedema _ = 110.23 


Dowling-Degos disease 


Definition and nomenclature 
This condition is characterised by reticulate pigmentation in the 
flexures. 


Synonyms and inclusions 
e Reticulated pigmented anomaly of the flexures 


Epidemiology 
Age 
Lesions typically appear in the third or fourth decade of life. 


Pathophysiology 

Pathology 

Irregular elongation of the rete ridges is seen with melanin at the 
tips. The number of melanocytes is not increased. 


Genetics 
It is probably inherited in an autosomal dominant pattern with 
loss of function in the keratin 5 gene [1]. 


Clinical features 
History 
Dowling—Degos disease is asymptomatic. 


Presentation 
Reticulate pigmentation is seen on the vulva, which may be involved 
in isolation rarely [2] or as part of more widespread disease [3]. 


Clinical variants 
Galli-Galli disease has acantholysis as a feature. 


Differential diagnosis 

Simple lentigines and the postinflammatory pigmentation seen 
with lichen planus have similar clinical features. Multiple genital 
lentigines are occasionally features of Laugier-Hunziker disease, 
Carney complex or LAMB syndrome (lentigines, atrial myxomas, 
mucocutaneous myxomas and blue naevi). 


Investigations 
A skin biopsy will show typical histological features. 


Management 
Depigmenting agents, adapalene and laser treatment have been 
reported to be successful in individual cases [4]. 


VULVAL OEDEMA | i 


The causes of vulval oedema are generally classified into acute and 
chronic (Table 110.4) and most cases are due to leakage through the 
capillaries. The skin of the vulva is lax and fluid easily accumulates. 


Table 110.4 Causes of vulval oedema. 


Acute causes Chronic causes 


Inflammatory dermatoses, 
e.g. acute eczema 

Infections, e.g. candidiasis 

Urticaria — pressure urticaria 
after intercourse 

Type 1 allergy (see allergic 
contact urticaria) 

Ovarian hyperstimulation 
syndrome 

Pre-eclampsia 


Primary lymphoedema secondary to congenital 
lymphatic hypoplasia 

Crohn disease 

Hidradenitis suppurativa 


Infections, e.g. filariasis 


Lymphangioma — lymphangioma circumscriptum [1] 
and cavernous lymphangioma [2] 

Malignancy 

Post-radiotherapy or lymphadenectomy 

Cyclist’s vulva [3,4] 


Crohn disease 


Definition 
Crohn disease is an inflammatory disease of the gastrointestinal 
tract. 


Introduction and general description 

Vulval disease may present many years before intestinal involve- 
ment, and in some cases there is vulval oedema only, with no other 
features of inflammation [1-3]. 


Epidemiology 

Incidence and prevalence 

Ano-genital lesions may occur in about 30% of patients with gas- 
trointestinal Crohn disease. This may either be by direct extension or 
by so-called ‘metastatic’ disease. However, it can occur in patients 
without any bowel involvement and the cutaneous lesions may 
precede it. 


Age 
The average age of presentation is in the fourth decade but it has 
been reported in children [4]. 


Associated diseases 
Crohn disease may be associated with pyoderma gangrenosum, 
erythema nodosum and a leukocytoclastic vasculitis. 


Pathophysiology 

Pathology 

Initially, only dermal oedema and lymphangiectasia may be seen. 
Non-caseating granulomas occur later with features of ulceration in 
more severe disease. Granulomatous histology is seen in about 80% 
of cases so absence does not exclude the diagnosis. 


Clinical features 

History 

The patient may simply complain of vulval oedema initially but 
soreness, pain and discharge occur in more severe disease. 
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Figure 110.25 Vulval Crohn disease with swelling, erosion and early fissuring. 


Presentation 

Oedema may be the initial finding, which may be unilateral and 
generally affects the labia majora first [5]. Ulceration, erosions, 
abscesses, sinuses and fistulae can form and the classic feature is 
that of deep linear fissures (knife cut sign) along the skin creases 
(Figure 110.25). This is common in the gluteal cleft but can also 
occur in the abdominal folds. 


Clinical variants 

A separate form of vulval granuloma akin to the oro-facial lesions 
seen in Melkersson—Rosenthal syndrome has been described [6,7]. 
The term ‘ano-genital granulomatosis’ is sometimes used when 
there are granulomatous skin changes but no evidence of gastroin- 
testinal Crohn disease [8,9]. However, most of these cases are likely 
to be related to Crohn disease that may present later. 


Differential diagnosis 
Hidradenitis suppurativa is the main differential diagnosis and 
there are some patients with features of both conditions. 


Complications and co-morbidities 
Bowen disease has been reported to occur in Crohn disease [10] and 
rarely squamous cell carcinoma [11]. 


Disease course and prognosis 

The disease follows a chronic course with secondary infection being 
a common feature. The oedema may become firm and fixed and is 
the most challenging feature to influence with treatment. 


Investigations 
A biopsy may be helpful, but may show only oedema. 


Management 

If genital Crohn disease is the presenting problem it is important 
to involve a gastroenterologist in management as these patients 
need a full work-up to assess if there is intestinal disease as well. 


First line 

In patients who have no systemic disease, topical measures may 
be sufficient to control the cutaneous lesions in mild cases, that is 
the use of a super-potent topical steroid or topical tacrolimus [12]. 
An oral tetracycline or metronidazole can also be helpful [13]. 


Second line 

In ulcerative disease it is essential to exclude any fistulous tracts with 
magnetic resonance imaging (MRI) scans, especially if anti-tumour 
necrosis factor (anti-TNF) agents are being considered. More severe 
disease may respond to oral steroids but recalcitrant ulcerative 
ano-genital lesions and fistulous tracts may require systemic 
immunosuppressants and/or biologic agents [13,14]. The cuta- 
neous involvement can be more resistant to treatment than the 
gastrointestinal involvement [13,15]. 


NON-SEXUALLY TRANSM 
INFECTIONS 


The majority of infections in the ano-genital area are sexually 
acquired and these are dealt with elsewhere. Non-sexually acquired 
routes of infection include transfer by touch, fomites or contact with 
contaminated water. Threadworms and Candida species may spread 
from the anus. 


DIAGNOSIS OF VAGINAL DISCHARGE 


The diagnosis usually falls into one of the categories seen in 
Table 110.5. If an infective cause is suspected, the patient should 


Table 110.5 Causes of vaginal discharge. 


Cause Example Clinical features 
Physiological Excess physiological secretion of The discharge is thick, with a 
mucus, usually resulting from grey-white appearance, and is 
cervical erosion or an odourless and non-irritant. 
increase in the amount of Vaginal pH is normal 
vaginal transudate 
latrogenic Tamoxifen, oral contraceptive 
pills, danthron [1] 
Infective Bacterial vaginosis pH usually >6. Grey, watery 
discharge with fishy odour 
Infective cervicitis (gonorrhoea, — Associated with deep pelvic pain 
Chlamydia, herpes simplex, 
trichomonas) 
Threadworms [2] 
Inflammatory Erosive lichen planus, Chronic odourless discharge, 
pemphigus which may be blood-tinged. 
Postcoital bleeding may occur 
Neoplastic Tumours of the fallopian tubes, 


uterus, cervix and vagina 


be referred to a genito-urinary clinic for full evaluation and 
management. 


Resources 


Patient resources 
International Society for the Study of Vulvovaginal Disease information sheet: https: // 
www.issvd.org/resources /vaginal-discharge (last accessed April 2022). 


BACTERIAL INFECTIONS 
Staphylococcal infections 


Introduction and general description 

Staphylococcus aureus is usually the causative agent in infec- 
tive folliculitis, boils and abscesses of the vulva (Chapter 26). 
Panton—-Valentine leukocidin S. aureus infection [1] can cause infec- 
tion in the ano-genital skin. 


Epidemiology 

Associated diseases 

Staphylococcal infection is often associated with diabetes and 
immunosuppression. 


Pathophysiology 
Predisposing factors 
Shaving and waxing to remove hair can predispose to folliculitis. 


Pathology 

The impetiginous lesion shows subcorneal pustules filled with 
neutrophils and some spongiosis, with a moderate inflamma- 
tory response in the papillary dermis. Acute folliculitis may be 
superficial, with a subcorneal pustule present at the follicular open- 
ing, or be deep and associated with a perifollicular abscess and 
destruction of the follicle wall and sebaceous gland. Chronic deep 
intrafollicular abscesses may have the additional features of fibrosis 
and foreign body giant cells. 


Causative organisms 
Staphylococcus aureus is the most common bacteria causing folliculi- 
tis and furunculosis. 


Clinical features 
Clinical variants 
A staphylococcal folliculitis on the buttocks may occur secondary 
to the pruritus induced by intestinal infestation with pinworm. 

Menstrual toxic shock syndrome is caused by S. aureus superanti- 
genic toxins and is associated with fever, hypotension and macular 
erythema. In the 1980s, retained tampons were a common focus of 
infection but this is now rare. 

Staphylococcal scalded skin syndrome is a toxin-mediated infec- 
tion and the flexural areas may often be the first to be involved. 

An abscess of the Bartholin gland caused by acute infection of the 
duct may be caused by S. aureus. 


Differential diagnosis 

Pseudofolliculitis is a sterile folliculitis that may follow shaving or 
waxing and is caused by the newly regrowing hairs inducing an 
inflammatory reaction. It is a foreign body reaction and results in 
changes from mild inflammation to the formation of abscesses and 
sinuses. 


Investigations 
Microscopy and culture of lesional swabs will confirm the diagnosis. 
If recurrent, exclude staphylococcal carriage at other body sites. 


Management 

Topical antibiotics may be sufficient for mild folliculitis with 
antibacterial washes. Oral or intravenous antibiotics are required 
for more severe or widespread infection. 


Streptococcal infections 


Introduction and general description 

Group B haemolytic streptococcal species are commonly found 
as commensals in the vulva and vagina, and do not cause symp- 
toms [1]. However, if the patient is pregnant, this must be treated 
to prevent infection in the neonate. Group A species can cause 
cellulitis and more severe infections such as necrotising fasciitis 
(Chapter 26). These organisms may also cause secondary infection 
in patients with psoriasis [2]. 


Pathophysiology 

Causative organisms 

Streptococcus pyogenes and other p-haemolytic Lancefield group A 
bacteria are the usual cause of vulval cellulitis. Streptococcus faecalis 
may cause Bartholin abscesses. 


Clinical features 

Clinical variants 

¢ Vulval cellulitis. The redness and oedema may be extreme, and 
vesicles and bullae may develop. There are usually associated 
systemic features. The infection arises at sites of trauma and is 
most commonly seen following a vulvectomy with lymphadenec- 
tomy. If there is residual lymphoedema then further attacks of 
cellulitis are more common. 

¢ Streptococcal dermatitis. This usually affects the ano-genital area of 
children. 

e Necrotising fasciitis (synergistic bacterial gangrene). This severe, 
rapidly extending and life-threatening disease is caused by the 
synergistic effect of a microaerophilic Streptococcus and Staphylo- 
coccus aureus. Anaerobes and Gram-negative bacilli may also be 
involved. 


Differential diagnosis 

It is important to distinguish more severe infection from pyoderma 
gangrenosum, as the management is completely different for these 
conditions and high-dose steroids would be required for pyoderma 
gangrenosum. 
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Investigations 
Microscopy and culture of the lesion confirm the diagnosis. In severe 
infection, blood cultures may be positive. 


Management 

Appropriate antibiotic therapy and supportive care are needed in 
severe infections. Immediate surgical debridement is needed in 
necrotising fasciitis. 


Mycobacterial infections 


Synonyms and inclusions 
¢ Genital tuberculosis 
e Leprosy 


Introduction and general description 

Tuberculosis of the female genital tract is common in endemic 
areas (Chapter 27). Vulval lesions are rare and the upper genital 
tract is most commonly affected [1]. 


Pathophysiology 

Predisposing factors 

Genital tuberculosis is more common in HIV-positive patients and 
has been reported in a renal transplant patient [2]. 


Causative organisms 

Mycobacterium tuberculosis is the cause of tuberculosis and occurs 

by haematogenous spread from foci outside the genital tract, by dis- 

tal spread from the upper genital tract or as a primary exogenous 

infection contracted from sputum or sexual intercourse. 
Mycobacterium leprae causes leprosy. 


Clinical features 
Presentation 
In a primary infection the initial lesion may be inconspicuous, 
the main feature being a caseating lymphadenopathy. In other cases 
the lesions are masses or nodules that may ulcerate and lead to 
lymphoedema. The Bartholin gland may be involved. 

Vulval lesions are rare in leprosy [3] and may present with loss of 
pubic hair. 


Investigations 
Investigation is similar to that at other sites. 


Management 
Management of both tuberculosis and leprosy requires specialist 
input from infectious disease specialists. 


Malakoplakia 


Introduction and general description 
Malakoplakia is a rare inflammatory lesion that usually occurs in 
the urinary bladder. There are reports of it affecting skin sites and 


the tongue. It results from an atypical inflammatory response to 
Escherichia coli or other pathogens. 


Epidemiology 

Associated diseases 

There is often underlying immunosuppression, the aetiology of 
which may include malignancy, dermatomyositis [1], lupus erythe- 
matosus, rheumatoid arthritis and organ transplantation [2]. 


Pathophysiology 

Predisposing factors 

Malakoplakia is due to macrophage dysfunction, and primary or 
acquired immunodeficiency is common [3]. 


Pathology 

There are confluent sheets of histiocytes with eosinophilic granular 
cytoplasm and small eccentric nuclei. Round, sometimes lami- 
nated, structures are found with these cells and are known as 
Michaelis—-Gutmann bodies. The histiocytic infiltrate may be mixed 
with neutrophils, lymphocytes and plasma cells, with associated 
granulation tissue. Electron microscopy of malakoplakia shows that 
the histiocytes contain numerous phagolysosomes within which 
there may be occasional intact and partly digested bacteria. 


Causative organisms 
It is not usually caused by one specific agent but the organisms 
involved include E. coli, Pseudomonas and Staphylococcus aureus. 


Clinical features 

Presentation 

Malakoplakia most often affects the urinary or gastrointestinal 
tract but cutaneous lesions may occur on the vagina, vulva and 
perineum [4]. Involvement of Bartholin gland has been described 
[5]. The lesions are non-specific and include persistent pink/red 
plaques, ulcers, nodules and sinuses with pin-point bleeding. They 
are often multiple. 


Differential diagnosis 
Crohn disease, hidradenitis suppurativa and malignancy may have 
similar features. 


Investigations 
A culture of lesions and histology will confirm the diagnosis. 


Management 


Long-term antibiotics are needed and surgery may be required if 
sinuses are present. 


Other bacterial infections 


Synonyms and inclusions 
e Actinomycosis 
e Mycoplasma infection 


Introduction and general description 
Some other bacteria will cause genital infections, primarily actino- 
mycosis species and Mycoplasma organisms. 


Pathophysiology 

Predisposing factors 

Genital infection usually arises from bowel disease [1], but iso- 
lated lesions of the vulva have been reported. 


Causative organisms 

The Gram-positive acid-fast organisms responsible for actinomyco- 

sis are predominantly Actinomyces israelii and A. gerencseriae. 
Mycoplasma hominis and Ureaplasma urealyticum are found in the 

vagina and rarely cause vulval disease. 


Clinical features 

Presentation 

Actinomycosis organisms may colonise intrauterine devices and 
are usually asymptomatic, but invasion of the genital tract can 
occur [2,3]. 


Investigations 
Cultures of lesional skin and histology are needed. 


Management 

Penicillin is the treatment of choice, and treatment may need to 
be prolonged. Tetracyclines, clindamycin and erythromycin are 
alternative agents. 


FUNGAL INFECTIONS 


Candidal vulvo-vaginitis 


Synonyms and inclusions 
¢ Thrush infection 
e Yeast infection 


Introduction and general description 
Candida albicans causes vulvo-vaginitis and 75% of women will expe- 
rience at least one episode (Chapter 32). 


Epidemiology 

Incidence and prevalence 

Vulvo-vaginal candidiasis is the second most common genital 
infection (bacterial vaginosis being the commonest) in the western 
world [1]. 


Age 

It is rare before menarche as the vaginal microbiota are different 
and the number of lactobacilli are reduced. It is most prevalent in 
the third and fourth decades. 
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Pathophysiology 

Predisposing factors 

Pregnancy, diabetes, possibly oral antibiotics, high-dose oestrogen 
oral contraceptive pills and immunosuppression may all be predis- 
posing factors. 


Causative organisms 
Candida and Torulopsis are both yeasts that can infect the vulva 
and vagina. Torulopsis accounts for very few infections, whereas 
Candida albicans is the most frequently isolated and accounts for 
90% of symptomatic episodes. It is a non-pathogenic commensal in 
the gastrointestinal tract in 30% of the normal population. 

Changes in host factors and cell-mediated immunity are impor- 
tant in the transition to pathogenicity. 


Clinical features 

History 

The major symptom is pruritus. Some patients may report vulval 
swelling. 


Presentation 

The primary infection arises in the vagina, causing inflammation 
and a heavy, white, curdy discharge, which then leads to a sec- 
ondary vulvitis with well-demarcated sheets of erythema on the 
outer aspects of the vulva, sometimes extending on occasions into 
the genito-crural folds and perianally. There may be a scaly or 
vesiculopustular edge. Beyond this edge lie grouped or isolated 
superficial small pustules, which rupture rapidly, leaving a slightly 
scaly periphery. 


Differential diagnosis 
Eczema and flexural psoriasis may have similar appearances. 


Complications and co-morbidities 

In some cases of vulval eczema and psoriasis, Candida is cultured 
from skin swabs but the candidal overgrowth is a secondary prob- 
lem arising on a background of an inflamed epithelium. Treating 
the dermatosis alone with a topical steroid will usually resolve the 
problem, without the addition of anticandidal agents. 


Investigations 

The diagnosis is confirmed by direct microscopy and culture. In 
resistant and recurrent infection, swabs for species and sensitivities 
are indicated. 


Management 

Treatment of vulvo-vaginal candidiasis requires vaginal pessaries 
or creams and/or oral imidazoles. In those patients with recurrent 
infection, that is, four or more proven infections in one year, it 
is always important to consider diabetes. In those with recalci- 
trant symptoms, referral to a genito-urinary physician is helpful 
as species and sensitivities may need to be known if they require 
alternative treatment regimens. 
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Resources 


Further information 

British Association for Sexual Health and HIV guidelines on the management of 
vulvo-vaginal candidiasis 2019: https://www.bashhguidelines.org/media/1249/ 
vvc-ijsa-pdf.pdf. 


Patient resources 

International Society for the Study of Vulvovaginal Disease information sheet: https: / / 
www.issvd.org/resources /candidiasisyeast-infection. 

(Both last accessed April 2022.) 


Tinea cruris : 


Introduction and general description 
Tinea cruris is a dermatophyte infection affecting the inguinal folds, 
which may extend to the vulva and perianal area (Chapter 32). 


Epidemiology 
Sex 
Fungal infection in the genital area is more common in men. 


Pathophysiology 
Predisposing factors 
Heat, occlusion and humidity predispose to this infection. 


Causative organisms 
The causative agents are Trichophyton rubrum and Epidermophyton 
floccosum. 


Clinical features 
History 
The rash is usually itchy. 


Presentation 
The lesions are red and scaly, with a spreading serpiginous edge 
(Figure 110.26). Folliculitis is also seen, particularly in the perianal 


Figure 110.26 Tinea incognito, extension to the perianal area and thighs. 


area. Tinea incognito may also occur perianally following the inap- 
propriate use of a topical steroid in the presence of an unrecognised 
dermatophyte infection. 


Differential diagnosis 
Flexural psoriasis, eczema, erythrasma and candidiasis are the 
major differential diagnoses. 

Pityriasis versicolor classically occurs on the trunk, but in severe 
widespread infection there may be vulval involvement [1,2]. 


Complications and co-morbidities 

Deep fungal infections are rare but have been reported with 
Microsporum canis infection [3] and a kerion will usually affect 
the mons pubis [4]. Vulval phycomycosis has been described [5]. 
Subcutaneous infections occur in children and young adults. 
Histologically, the epidermis is unremarkable, but subcutaneously 
there are deep granulomatous masses containing hyphae. There 
is one case report of chromomycosis (chromoblastomycosis) affect- 
ing the vulva [6]. Cryptococcus neoformans can induce painless 
ulceration of the vulva in the immunosuppressed patient [7]. 


Investigations 
The diagnosis is usually made by direct microscopy and the culture 
of skin scrapings. 


Management 


Treatment ladder for tinea cruris 


First line 
¢ Topical azoles if non-hair-bearing skin 


Second line 
¢ Oral terbinafine 250 mg/day for 4 weeks or itraconazole 
200 mg BD for 2 weeks 


VIRAL INFECTIONS 


Three groups of viruses are important causes of infection in the 
genital area: the poxviruses, papillomaviruses and herpesviruses 
(Chapter 25). Other viruses seldom give rise to distinctive clinical 
pictures, although vulval lesions may occur as part of a generalised 
viral infection. 


Poxvirus infections a 


Introduction and general description 

The most common poxvirus infection of the vulva is molluscum 
contagiosum but isolated reports of orf [1] and cowpox [2] infection 
exist (Chapter 25). 


Epidemiology 
Age 
Molluscum infection can occur in adults and children. 


Pathophysiology 

Predisposing factors 

Atopic eczema, immunodeficiency, HIV infection and Darier disease 
can all predispose to mollusum contagiosum. 


Causative organisms 

Molluscum contagiosum virus (MCV) has four subtypes. MCV 
I usually causes childhood infection, whereas MCV II is a com- 
mon cause in adults and is the major type seen in HIV-positive 
individuals. 


Clinical features 

Presentation 

Lesions are often found on the mons pubis and labia majora, and 
the typical lesions are small, pearly papules with an umbilicated 
centre. Lesions of molluscum contagiosum can be profuse and large 
in immunosuppressed women. 


Clinical variants 
Giant molluscum lesions may occur and these can be mistaken for 
large genital warts. 


Differential diagnosis 
They may resemble genital warts and other infections and, if 
inflamed, mimic folliculitis. 


Complications and co-morbidities 
Adults with gential molluscum should be offered screening for other 
sexually transmitted infections. 


Disease course and prognosis 
The lesions regress spontaneously but may take many months to 
do so. 


Investigations 

The diagnosis is usually made clinically. If there is any doubt, then a 
biopsy will show characteristic cytoplasmic inclusions (molluscum 
bodies). The inflammatory response can vary from total absence to 
an intense lymphohistiocytic dermal inflammation. 


Management 

No treatment is needed as lesions will resolve. However, podophyl- 
lotoxin [3] and imiquimod [4] have shown cure rates of over 90% 
in controlled trials. Cryotherapy, curettage and extirpation of the 
core are other treatments used. 
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Resources 


Further information 


British Association for Sexual Health and HIV guidelines on the management of mol- 
luscum contagiosum: https://www.bashhguidelines.org /media/1055/mc_2014- 
ijstda.pdf (last accessed April 2022). 


Herpes simplex virus infections 


Epidemiology 

Incidence and prevalence 

Sexual transmission is responsible for 95% of herpes simplex virus 
(HSV) infections. The remainder are cases of autoinoculation or 
non-sexual contact (Chapter 25). 


Pathophysiology 

Causative organisms 

Once this sexually transmitted DNA virus is acquired it lies 
dormant in the dorsal root ganglia and can give rise to recurrent 
symptomatic lesions. It exists in two types: I and IL. Type I usually 
affects non-genital sites and type II is responsible for 50-80% of 
genital infections. 


Clinical features 

History 

There may be prodromal symptoms of tingling or tender, enlarged 
inguinal nodes. Paraesthesiae may occur, affecting 52-54, which 
may lead to urinary retention. Pain and oedema may also lead to 
retention, particularly in primary infections. 


Presentation 

The lesions are typically painful vesicles or ulcers, which are often 
multiple in primary infection but are fewer and usually localised to 
one side with recurrences. Cervical ulceration may be seen. 


Clinical variants 
Hypertrophic HSV infection in immunosuppressed patients can 
mimic tumours [1]. 


Differential diagnosis 

Varicella-zoster virus may also affect the vulva if the third sacral der- 
matome is involved. It may be accompanied by bowel and bladder 
dysfunction [2]. 

Cytomegalovirus infection can sometimes resemble herpes sim- 
plex. This has been reported in an infant with congenital HIV 
disease who presented with pustular and ulcerative lesions on the 
perineum [3]. 


Complications and co-morbidities 

Herpes simplex virus infection is an important co-factor in the 
transmission of HIV. Autonomic dysfunction can lead to constipa- 
tion and hyperaesthesia of the perineal and sacral region. Aseptic 
meningitis is reported in up to 36% of women [4]. 
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Investigations 
It is important to obtain a definite diagnosis with a positive cul- 
ture of HSV, and it is necessary to perform the test as soon as the 
blisters arise as the virus is harder to culture from older lesions. 
Polymerase chain reaction (PCR) techniques are increasingly used 
in diagnosis [5]. 

Patients should also be screened for other sexually transmitted 
infections. 


Management 

The treatment is either oral aciclovir 200 mg five times daily for 
5 days, valaciclovir 500 mg twice daily for 5 days or famciclovir 
250 mg three times daily for 5 days. Suppressant therapy is some- 
times required for patients with frequent recurrences (six or more in 
a year). It is especially important to manage HSV infection in preg- 
nancy and there are obstetric guidelines for this. 


Resources 


Further information 

British Association for Sexual Health and HIV guidelines on the management 
of ano-genital herpes: https: / / www.bashhguidelines.org /media/1019/hsv_2014- 
ijstda.pdf. 

British Association for Sexual Health and HIV guidelines on the management 
of genital herpes in pregnancy: https: //www.bashhguidelines.org /media/1060/ 
management-genital-herpes.pdf. 


Patient resources 

International Society for the Study of Vulvovaginal Disease information sheet: https: / / 
www.issvd.org/resources/genital-herpes. 

(All last accessed April 2022.) 


Human papillomavirus infections 


Introduction and general description 

Human papillomavirus is a small DNA virus, and the types that 
most commonly infect the vulval skin are HPV-6, -11, -16 and -18 
(Chapter 25). 


Epidemiology 

Incidence and prevalence 

Human papillomavirus is the commonest sexually transmitted 
infection and up to 85% of people will be infected with at least one 
type in their lifetime. 


Age 

Warts are more common in the younger age groups after sexual 
activity starts. If seen in children, this must always raise the 
possibility of sexual abuse [1]. 


Associated diseases 

Immunosuppressed patients often have more florid infection 
with lesions that are difficult to treat. They are also at greater risk of 
developing HPV-related ano-genital cancers. 


Pathophysiology 

Predisposing factors 

There is an increased risk of acquiring genital warts with a higher 
number of sexual partners, the presence of other sexually transmit- 
ted infections and a history of smoking. 


Pathology 

The histology of genital warts is characterised by the koilocyte, 
a vacuolated squamous cell with a basophilic and pyknotic nucleus 
in the upper part of the epidermis. It is important not to confuse it 
with the heavily glycogenated clear cells of vestibular epithelium. 
Other histological features are elongated dermal papillae, acantho- 
sis, a prominent granular layer often containing koilocytes, and a 
stratum corneum of variable thickness. 


Clinical features 

Presentation 

The warty lesions are known as condylomata acuminate (Figure 
110.27). Extensive vegetating masses can cover the vulva and 
perianal area, particularly in diabetes, pregnancy and immunocom- 
promised patients. 


Differential diagnosis 
Secondary syphilis may also present with extensive papulosqua- 
mous lesions. 


Complications and co-morbidities 
Human papillomavirus types 16, 18 and sometimes 33 are associated 
with ano-genital intraepithelial neoplasia and SCC. 


Disease course and prognosis 
Warts may resolve spontaneously, but may persist and be resistant 
especially in the immunosuppressed. 


Figure 110.27 Vulval warts with plaques in the interlabial sulci. 


Investigations 

The diagnosis is usually clinical, but if there are atypical features 
it is important to exclude vulval intraepithelial neoplasia with his- 
tological examination. Patients with genital warts should also be 
screened for other sexually transmitted infections. 


Management 
The treatment of genital warts is usually undertaken in the setting 
of a genito-urinary clinic. Podophyllotoxin, cryotherapy, topical 
imiquimod and destructive treatments are used [2]. Imiquimod 
has to be used with care as it induces an inflammatory response 
in patients who have latent or active dermatitis. It should be used 
with extreme care in any patient with any inflammatory vulval 
dermatosis or vulval aphthous ulcers, as these can flare significantly. 

In pregnancy, only cryotherapy or destructive techniques with 
cautery or hyfrecation can be used safely. 

Prophylactic vaccination prior to exposure is now available for 
HPV types 6, 11, 16 and 18 and has been shown to reduce the inci- 
dence of warts and genital intraepithelial neoplasia [3,4]. 


Resources 


Further information 

British Association for Sexual Health and HIV guidelines on the management of 
ano-genital warts: https://www.bashhguidelines.org /media/1075/uk-national- 
guideline-on-warts-2015-final.pdf (last accessed April 2022). 


BENIGN TUMOURS -.— 


The main benign tumours are discussed in this section, with 
Table 110.6 giving details of some others [1,2,3,4]. Nodular fasciitis 
[5] and glomus tumours [6,7] are rarely reported. 


Mucinous cysts 


Introduction and general description 
Mucinous cysts occur at the site if there is obstruction of the duct of 
a minor vestibular gland. 


Epidemiology 
Age 
These occur in adult women and rarely in adolescence. 


Pathophysiology 
The cysts are of uro-genital sinus origin and not, as was once 
thought, of Miillerian origin [1,2]. 


Pathology 
The cysts are lined by a layer of mucinous epithelium. 


Clinical features 
Presentation 
The lesions present as single or multiple lesions in the vestibule. 


Benign tumours 110.31 


Management 
Simple excision is curative. 


Bartholin cyst 


Introduction and general description 
Bartholin cysts are common and arise as a result of obstruction of 
the main duct of the Bartholin gland. 


Epidemiology 
Age 
These are most common in women of child-bearing age. 


Pathophysiology 

Pathology 

The cyst is lined with transitional epithelium which may exhibit 
squamous metaplasia. 


Clinical features 

History 

Simple cysts are asymptomatic and the patient may simply notice 
a lump. 


Presentation 
The lesions present as swellings 1-3 cm in size on the lower third of 
the inner labium majus. 


Differential diagnosis 
Benign or malignant tumours can present in a similar way. 


Complications and co-morbidities 
If the cysts become infected, then this abscess leads to painful 
swelling. There is a case report of an SCC arising within a cyst [1]. 


Management 

The treatment is enucleation of the cyst but if incompletely removed 
they can recur. Several methods are used to treat these cysts 
but there is no evidence base to recommend one method over 
another [2]. 


Papillary hidradenoma 


Definition and nomenclature 

This sweat gland adenoma with apocrine differentiation occurs 
almost exclusively in the ano-genital region of middle-aged white 
women [1]. 


Synonyms and inclusions 
e Hidradenoma papilliferum 
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Epidemiology 
Age 
These occur in middle-aged women. 


Pathophysiology 

Pathology 

A well-demarcated nodule is seen that is composed of papillary 
processes that extend into cystic spaces. Periodic acid—Schiff (PAS) 
stain-positive cytoplasmic granules are common. 


Clinical features 
History 
The lesions are often asymptomatic but may be painful. 


Presentation 

The lesions are 1-2 cm nodules and occur most commonly on 
the labia majora, interlabial sulcus, lateral surfaces of the labia 
minora or perineal region [2]. Although usually single, there are 
occasionally multiple lesions. Curiously, when they are multiple, 
all the lesions tend to develop on one side of the vulva. In most 
patients, the covering epidermis remains intact, but in a proportion 
the elevated epithelium may become ulcerated. Larger lesions are 
described [3]. They are rarely described on the nipple, eyelid and 
external auditory meatus. 


Complications and co-morbidities 

Malignant change within a papillary hidradenoma has been 
reported, producing apocrine carcinoma [4] and adenosquamous 
carcinoma [5]. 


Management 
Simple excision is curative. 


Cutaneous endometriosis 


Introduction and general description 
Endometrial deposits on the vulva are rare [1]. 


Pathophysiology 
Pathology 


Endometrial glands and stroma are seen. 


Clinical features 

History 

The lesions may be painful and patients may report a variation in 
size with the menstrual cycle. They may bleed at the same time as 
menstruation. 


Presentation 
The lesions present as small, bluish nodules and common sites are 
the perineum or episiotomy scars and the umbilicus. 


Management 
Surgical excision is usually curative. 


Atypical genital naevi 


Synonyms and inclusions 
e Atypical melanocytic naevi of genital type 


Introduction and general description 

All types of naevi can occur on the genital skin but they may show 
atypical and concerning features, and it is important to be aware of 
the entity to avoid aggressive treatment (Chapter 131). 


Epidemiology 

Incidence and prevalence 

The prevalence of vulval naevi has been estimated as 2.3% in one 
series [1]. 


Age 
These are most commonly seen in young women, but children and 
teenagers can be affected as well. 


Pathophysiology 

Pathology 

The histological features of these lesions can be difficult to interpret 
[2]. They may be asymmetrical with the junctional component 
often involving the adnexae and exhibiting large nests of cells. 
The naevoid cells are atypical with this cytological atypia visible in 
both junctional and dermal parts. Dermal mitoses may be evident. 


Clinical features 
History 
The naevi are asymptomatic and often an incidental finding. 


Presentation 
The most common sites where naevi develop are the inner aspects 
of the labia majora, the labia minora and the clitoris. 


Differential diagnosis 
Melanoma is usually seen in elderly women. 


Disease course and prognosis 
There are no long-term follow-up studies but these naevi are thought 
to be benign [3]. 


Investigations 
Histological examination reveals the findings discussed. 


Management 
Complete excision is recommended. 
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PREMALIGNANT CONI 


‘High-grade squamous intraepithelial 


lesions ' 


Synonyms and inclusions 
 Vulval intraepithelial neoplasia (VIN) 
* Bowen disease 

© Bowenoid papulosis 
© Carcinoma in situ 

¢ Carcinoma simplex 


Introduction and general description 

High-grade squamous intraepithelial lesions (HSIL) are non- 
invasive, premalignant disease that may progress to vulval SCC. 
This is HPV related. The other premalignant change is that of 
differentiated vulval intraepithelial neoplasia (VIN), which occurs 
on a background of lichen sclerosus (Table 110.7). 

The previous three-tier grading of VIN was misleading as there 
is interobserver variation in the grading, and in clinical practice 
many cases of VIN 1 with basal atypia are not truly premalignant 
but reparative (e.g. LP), or proliferative as in a benign condyloma. 
Therefore, in 2004, the International Society for the Study of Vulvo- 
vaginal Disease (ISSVD) proposed replacing the three-tier grading 
system with two types of VIN, undifferentiated and differentiated. 
This classification eliminates the term VIN 1 and replaces the 
terms VIN 2 and 3 with ‘undifferentiated VIN’. ‘Differentiated VIN’ 
remains as the term reserved for the severe atypia confined to the 
basal layers, most often seen on a background of a chronic scarring 
dermatosis. This classification did not include extramammary Paget 
disease or melanoma in situ [1]. The most recent change is to align 
the terminology with that of cervical disease and so the current 
classification is of low-grade (i.e. condylomata) and high-grade 
(previously undifferentiated VIN) squamous intraepithelial lesions. 
Differentiated VIN remains as a precursor of invasive malignancy 
on a background of inflammatory disease [2]. 


Table 110.7 Differences between types of premalignant lesions. 


HSIL Differentiated VIN 


Older women 

Very rare 

Usually associated 

Usually unifocal 

None known 

High risk 

Surgical excision is 
treatment of choice 


Age Younger women 

HPV infection Types 16 and 18 strongly associated 
Lichen sclerosus Not generally associated 

Lesions Often multifocal 

Risk factors Smoking, immunosuppression 
Progression to SCC Low risk (9% within 1-8 years) 
Treatment Responds to medical treatment 


HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesions; SCC, 
squamous cell carcinoma; VIN, vulval intraepithelial neoplasia. 


Epidemiology 

Incidence and prevalence 

The incidence of HSIL has been increasing, with an estimated 
doubling of incidence to 2.1 per 100 000 population in 2005 [3]. 
However, the incidence of invasive SCC is not increasing at the 
same rate. 


Pathophysiology 

Predisposing factors 

Smoking is a known risk factor in HSIL. HIV-positive women have 
an increased incidence and prevalence of both HSIL and vulval can- 
cer [4]. 


Pathology 
There is two-thirds to full-thickness loss of cellular stratification 
throughout the epidermis, with large hyperchromatic cells, dysker- 
atosis, multinucleated cells and numerous typical and atypical 
mitoses (Figure 110.28). In warty lesions, the appearance may 
be condylomatous, whereas basaloid lesions have a thickened 
epithelium with a non-papillomatous surface. 

In differentiated VIN (dVIN), the histology may be mistaken for 
a benign dermatosis as there may be subtle abnormalities in the 
basal layers with normal keratinocyte differentiation above this 
(Figure 110.29). In addition to the basal changes, the rete ridges 
may be long and forked with keratin pearls. This change on a 
background of LS/LP either represents very early invasive disease 
or heralds its imminent onset. 


Causative organisms 
Multifocal ano-genital HSIL is strongly associated with the onco- 
genic papillomaviruses, particularly HPV types 16 and 18 [5,6]. 


Clinical features 
History 
The main symptom is pruritus, but some patients are asymptomatic. 


~>¢ 
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Figure 110.28 Histological features of a high-grade squamous intraepithelial lesion. 
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biopsied early and subjected to good clinicopathological correlation 
to confirm the diagnosis. 


Differential diagnosis 

The warty lesions of HSIL need to be distinguished from simple 
condylomata. The reddened lesions can resemble dermatoses and 
extramammary Paget disease. 


Complications and co-morbidities 

High-grade squamous intraepithelial lesions occur almost exclu- 
sively in smokers. The condition is caused by a failure of the host to 
mount an immune response to HPV. Patients who are immunocom- 
promised have a higher incidence of this problem, but the majority 
of young women with this problem do not have an identifiable 
immunodeficiency. In addition to being multifocal, HSIL may be 
associated with multicentric disease, with lesions of intraepithelial 
neoplasia involving the cervix, vagina and perianal skin. Up to 
two-thirds of patients with HSIL have a current or past history of 
cervical intraepithelial neoplasia. 


we 
os 


Figure 110.29 Histological features of differentiated vulval intraepithelial neoplasia. 
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Disease course and prognosis 

The risk of progression to invasive disease is estimated as 10% or 
less in multifocal HSIL, but this risk is likely to be higher in immuno- 
compromised patients, those with perianal disease and in the older 
woman with a solitary plaque. Patients with dVIN are much more 
likely to develop an invasive tumour and in fact dVIN is rarely diag- 
nosed prior to the development of SCC [7]. 


Investigations 

High-grade squamous intraepithelial lesions are a multicentric 
problem, and other sites that need to be monitored are the cervix, 
vagina and perianal area. If there is perianal disease, anoscopy 
should be performed to exclude involvement of the anal canal. 


Management 
This is tailored to the individual but the patient should be managed 
in a specialised vulval clinic. In the case of a solitary lesion that is 
amenable to simple excision, this is the treatment of choice; surgi- 
cal excision is always needed for areas of dVIN. In the woman with 
extensive HSIL, surgery would be mutilating physically and dis- 
tressing psychologically, and does not guarantee a cure as the risk 
of recurrence is significant, due to the presence of oncogenic HPV. 
Figure 110.30 High-grade squamous intraepithelial lesions. Such patients require regular and long-term follow-up, with biop- 
sies of suspicious areas. Thick or polypoid lesions should be excised, 
as early invasive changes are difficult to detect in these areas [8]. 
Presentation Cryotherapy is not effective, but 5-fluorouracil can be used 
The lesions of HSIL can be solitary or multiple. The morphology of successfully for lesions of the labia minora, vestibule and clitoral 
the lesions is also diverse, with lesions that resemble viral warts, area. It is not effective on the hair-bearing parts of the vulva, 
plaques that may be shiny and smooth, skin-coloured, red or white, probably because of the deep adnexal structures, which can all be 
or others that are warty and pigmented and resemble seborrhoeic —_ involved. Laser vaporisation has a high recurrence rate, particularly 
keratoses (Figure 110.30). Less commonly, the lesions may be large _ if the hair-bearing parts of the vulva are involved, and there is 
and papillomatous, particularly perianally, where they may be the additional danger that early invasive disease may be missed 
polypoid. Vaginal involvement can be associated and should be _and therefore inappropriately treated. It is also extremely painful 
checked by colposcopy. postoperatively. 
Differentiated VIN is often subtle but red, hyperkeratotic or Imiquimod has proved very effective in the treatment of multi- 
irregular lesions on a background or lichen sclerosus should be focal HSIL in younger patients and recurrent disease after surgical 
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excision [9,10]. Lower recurrence rates compared with surgery have 
also been confirmed. 

The development of HPV vaccines, which became licensed in 
Europe for preventative management in 2006, have already had an 
impact on the incidence of HSIL and should continue to do so. 


Resources 


Patient resources 

International Society for the Study of Vulvovaginal Disease information sheet: https: / / 
www.issvd.org /resources /vulvar-squamous-intraepithelial-lesions. 

Macmillan Cancer Support information sheet: https://www.macmillan.org.uk/ 
cancer-information-and-support/worried-about-cancer /pre-cancerous-and- 
genetic-conditions/vulval-intraepithelial-neoplasia. 

(Both last accessed April 2022.) 


MALIGNANT NEOPLASMS — 


Squamous cell carcinoma 


Introduction and general description 
Squamous cell carcinoma is the most common malignancy occurring 
on the female genitalia (Chapter 141). 


Epidemiology 

Incidence and prevalence 

Squamous cell carcinoma accounts for 90% of all vulval malignan- 
cies. The incidence of vulval SCC is 1-2 per 100 000. 


Pathophysiology 

Predisposing factors 

Aetiologically, there appear to be two types of vulval SCC [1,2]. 
The first and largest group occurs in elderly women on a back- 
ground of a chronic dermatosis such as LS or LP. The second 
type, which accounts for approximately 40% of cases, occurs in 
younger women and is associated with intraepithelial neoplasia 
associated with oncogenic-type HPV infection. There is, however, 
some overlap, and SCC arising in lichen sclerosus may be HPV 
positive [3]. 


Pathology 

In the older age group, the tumours are usually well to mod- 
erately differentiated and keratinising, whereas in the younger 
HPV-associated group, they are poorly differentiated and often 
non-keratinising. 

There is also an adenoid variant of SCC with acantholysis in 
the centres of some of the infiltrating nests, producing cystic 
spaces lined by cubocolumnar nests. These pseudocysts do not 
contain mucin, which differentiates them from adenosquamous cell 
carcinoma. 


Causative organisms 
High-risk oncogenic HPV types 16 and 18 are associated with VIN 
and the development of SCC in the younger age group. 


Clinical features 

History 

The common symptoms are soreness and pruritus. The patient 
may present because of the presence of a nodule or plaque that 
causes few symptoms. Bleeding can occur if the tumour has 
ulcerated. 


Presentation 
Tumours can occur on any area of the vulva but common sites are 
the labia majora, clitoris, perineal body and fourchette. 


Differential diagnosis 

Some forms of ulcerated exophytic infection can mimic SCC. Hyper- 
trophic infection with herpes simplex in immunosuppressed indi- 
viduals can present as a tumour-like growth. 


Classification of severity 

There are combined TNM (tumour size, lymph nodes, distant 
metastasis) and FIGO (Federation of Gynaecology and Obstetrics) 
staging systems based on clinical examination and histological 
criteria. The depth of stromal invasion is measured from the 
epithelial-stromal junction of the adjacent dermal papilla to the 
deepest point of invasion by the tumour [4]. 


Disease course and prognosis 

The overall 5-year survival is approximately 75%, which rises to 90% 
or greater in those with no nodal metastases. The main reason for 
failure of treatment is the inability to control lymphatic and distant 
metastases, lymphatic spread being the most important factor. 


Investigations 

A biopsy can confirm the diagnosis, and multiple mapping biop- 
sies may be needed in multifocal disease. The patient must also be 
assessed for other sites of disease with cervical cytology, colposcopy 
and anoscopy if appropriate. Imaging will be needed to look for 
nodal involvement and distant spread. 


Management 

Surgery remains the primary treatment modality of locally 
resectable vulval cancer. In view of the rarity, the procedure should 
ideally be performed in dedicated cancer centers to achieve opti- 
mal disease control and maintain continence and sexual function 
whenever possible [5,6]. 

Surgical excision is tailored to the individual and is determined 
by the size and site of the tumour. Less radical surgery has not 
reduced survival rates but has significantly improved morbidity 
[7]. These patients are managed in a multidisciplinary setting with 
gynaecology oncologists, plastic surgeons and clinical and medical 
oncologists. 

The vulval lymphatics drain to the inguinal and femoral nodes 
and from there to the pelvic nodes. Central lesions (those placed 
near the clitoris, urethra, vagina, fourchette and perianal area) have 
a bilateral lymphatic drainage, and it is important in these cases 
that the inguino-femoral nodes on both sides are excised. Radio- 
therapy is used as an adjuvant in patients with positive nodes and 
in those with inoperable tumours. It is also sometimes used as a 
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primary treatment, together with chemotherapy, in tumours of the 
anus and urethra, to reduce their size before surgery and to try to 
preserve sphincter function. 

Sentinel lymph node biopsy techniques are now being used in the 
management of these patients. 


Resources 


Patient resources 


International Society for the Study of Vulvovaginal Disease information sheet: https: / / 
www.issvd.org/resources /vulvar-cancer. 

Macmillan Cancer Support information sheet: https://www.macmillan.org.uk/ 
cancer-information-and-support/vulval-cancer. 

(Both last accessed April 2022.) 


Verrucous carcinoma 


Definition and nomenclature 
A verrucous carcinoma is a low-grade and slowly growing form of 
SCC (Chapter 141). 


Synonyms and inclusions 

e Well-differentiated epidermoid squamous cell carcinoma 
¢ Epithelioma cuniculatum 

© Carcinoma cuniculatum 

e Buschke—Lowenstein tumour 

¢ Giant condyloma of Buschke—Lowenstein 


Epidemiology 
Age 
These tumours occur in older women. 


Associated diseases 
Verrucous carcinomas can arise on a background of lichen sclero- 
sus [1]. 


Pathophysiology 

Pathology 

The histological changes include epidermal acanthosis, with large 
bulbous rete ridges which compress and push down the underly- 
ing stroma. There is very little cellular atypia and the few, if any, 
mitoses are confined to the basal layers. The upper keratinocytes 
are often paler and there is a loss of the granular layer. Lymph node 
and distant metastases occur rarely. 


Causative organisms 
A proportion of cases may harbour HPV [2,3]. 


Clinical features 

Presentation 

Clinically, the lesions appear as a warty plaque or cauliflower-like 
tumour (Figure 110.31) which can ulcerate and become extremely 
large. 


Figure 110.31 Verrucous carcinoma arising on a background of lichen sclerosus. 


Differential diagnosis 

Verrucous carcinomas are often misdiagnosed as squamous 
papillomas or condylomata because of the benign histological 
features. 


Investigations 
Multiple biopsies are often required to reach a firm diagnosis. 


Management 
Treatment is wide, local excision. Oral retinoids may also be help- 
ful [4]. 


Extramammary Paget disease 


Definition 

Primary extramammary Paget disease (EMPD) is an intraepithe- 
lial adenocarcinoma arising in the epidermis or skin appendages. 
Secondary EMPD is epidermal involvement from an internal 
neoplasm, either by direct extension or metastasis. 


Introduction and general description 
The proposed classification for EMPD is shown in Table 110.8 [1]. 
In contrast to Paget disease of the nipple, the association with malig- 
nancy is only about 30%. 

The differentiation between primary and secondary disease is not 
always straightforward clinically and sometimes relies on immuno- 
histological investigations (Table 110.9) [2,3-5]. 
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Table 110.8 Classification of extramammary Paget disease (EMPD). 


Primary EMPD Secondary EMPD 


Primary intraepithelial neoplasm 

Intraepithelial neoplasm with invasion 

Manifestation of primary adenocarcinoma of 
a skin appendage or subcutaneous gland 


Secondary to anal or rectal carcinoma 

Secondary to urothelial neoplasia 

Secondary to adenocarcinoma or 
related tumours of other sites 


Adapted from Wilkinson and Brown 2002 [1]. 


Table 110.9 Immunocytochemical markers in extramammary Paget disease (EMPD). 


Malignant 
Marker Primary EMP SecondaryEMP Bowen’ melanoma 
PAS + + - 7 
CK7 + + - - 
CK20 Usually - Usually + - - 
CEA + + - - 
CAM5.2 + + 7 = 
GCDFP-15 + + - 7 
$100 - - - + 
Melan A - - - + 
Uroplakin Ill + if urothelial Ca 

Epidemiology 


Incidence and prevalence 
The true prevalence is unknown but it accounts for 1-2% of all vulval 
malignancies. 


Age 
It generally affects women over 50 years [6,7]. 


Pathophysiology 

Pathology 

There is frequently epidermal hyperplasia. The epidermis is infil- 
trated with pale-staining Paget cells. The Paget cells are PAS positive 
and diastase resistant, and stain with Alcian blue and markers for 
the simple keratins. 


Clinical features 

History 

The lesions may be asymptomatic initially and patients may 
report a longstanding eruption. Itching and burning are common 
symptoms. 


Presentation 

The lesions are typically moist, red plaques (Figure 110.32). The 
site of the lesions is important, as disease involving the urethra 
and perianal skin is more likely to be associated with an underlying 
malignancy of the urinary or gastrointestinal tract, respectively. 


Differential diagnosis 

The clinical differential diagnosis includes psoriasis and eczema. 
HSIL can have similar features. The important histological differen- 
tial diagnoses are HSIL, melanoma and Bowen disease. 


Figure 110.32 Extramammary Paget disease. 


Complications and co-morbidities 

The two most common tumours associated with secondary vulval 
EMPD are ano-rectal adenocarcinoma and urothelial carcinoma of 
the bladder or urethra. Other associated tumours reported include 
the cervix, endometrium and ovary [2,6]. 


Disease course and prognosis 

Recurrence is common with all currently available treatment 
modalities. Regular monitoring and evaluation for invasion are 
important. The prognosis for primary intraepithelial disease is 
excellent. Invasive disease has an estimated 5-year survival of 
72% [8]. 


Investigations 

The diagnosis is confirmed histologically. Patients should have a 
full clinical examination and cervical cytology and mammography 
should be up to date. Further urological and bowel investiga- 
tion should be undertaken if appropriate for secondary EMPD. 
There is no evidence for a routine screening programme for these 
malignancies in patients diagnosed with primary non-invasive 
VPD [2,9]. 


Management 

In primary EMPD, excision of visible disease is often recommended 
for treatment and to exclude underlying appendageal adenocar- 
cinoma. Sometimes in the very elderly, with extensive disease or 
recurrence after vulvectomy, this is not always an option. Patients 
should be regularly monitored, and topical steroids can be used 
if there is troublesome pruritus. Recurrence rates of over 40% 


are reported after surgery, and even with Mohs micrographic 
surgery, the disease can recur in up to 27% and large margins are 
required [10]. 

Topical 5-fluorouracil, bleomycin and oral retinoids have been 
used, with some success. The recurrence rates are high after carbon 
dioxide laser and radiotherapy. Photodynamic therapy is reported 
to be of some benefit [11] but long-term results have not been 
evaluated. 

There has been interest in the use of 5% imiquimod and although it 
is not licensed to treat EMPD, it can be useful in widespread disease 
and in recurrence after surgery [2,6,12]. 

Overexpression of the HER-2/neu protein is found in about 30% 
of cases, and in recurrent disease there are reports of the use of 
trastuzumab as targeted therapy [13]. 

In secondary disease, the treatment is directed predominantly at 
the associated carcinoma. 


Resources 


Patient resources 

International Society for the Study of Vulvovaginal Disease information sheet: https: / / 
www.issvd.org/resources /extra~mammary-pagets-disease 
(accessed April 2022). 


Basal cell carcinoma 


Introduction and general description 
Basal cell carcinomas account for 2-5% of all vulval malignancies 
(Chapter 140). 


Epidemiology 

Age 

These tumours generally occur in the elderly but can be seen in 
younger women. 


Clinical features 

Presentation 

Vulval basal cell carcinomas present as an eroded plaque, which 
may be pigmented. Less commonly, the tumour may form a nodule 
or ulcer. They occur most frequently on the labia majora or mons 
pubis [1-3]. 


Disease course and prognosis 
Inadequate excision accounts for a high recurrence rate and vulval 
BCC has been reported to metastasise to regional lymph nodes [4]. 


Management 

Due to their uncommon nature, consider discussing cases of 
vulval BCC at an MDT meeting. Complete histological excision 
should be achieved, be it wide local excision or margin-controlled 
surgery (Mohs micrographic surgery) in large or ill-defined 
lesions, or in cases where tissue preservation may have functional 
impact [5,6]. 


Vulval melanoma 


Introduction and general description 
Vulval melanoma is rare. All types of melanoma may occur on the 
vulva [1] (Chapter 142). 


Epidemiology 

Incidence and prevalence 

Vulval melanoma accounts for about 2-10% of vulval malignancy. 
About 3% of all melanomas are found on the genital tract and 
the estimated annual incidence is about 1 per 1 million women. 


Age 
It is more usually found in the sixth and seventh decades of life. It 
has been reported in children but is extremely rare [2]. 


Pathophysiology 

Genetics 

Mutations in the KIT pathway are more common in vulval 
melanomas than in other mucosal lesions [3]. 


Clinical features 

History 

Vulval melanoma is often asymptomatic until it ulcerates, or 
becomes nodular. Bleeding may occur. 


Presentation 

The labia majora and clitoris are most common sites involved 
(Figure 110.33). The vagina is rarely involved and the cervix even 
less so. The clinical features are similar to melanoma elsewhere but 


Figure 110.33 Melanoma of the vulva. Courtesy of Dr F. A. lve, Durham, UK. 
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in one study of 219 patients, 27% were amelanotic [4]. Dermoscopy 
can aid in diagnosis and prompt early detection of thin melanomas 
[5] but is not always easy to do on the vulva. 


Differential diagnosis 
Amelanotic variants can mimic SCC and other tumours. Melanosis 
can have similar features to early lentigo maligna melanoma. 


Disease course and prognosis 

There is often a delay in diagnosis and a poorer prognosis for vul- 
val and vaginal melanoma in particular. A 5-year survival rate of 
11.4% has been estimated for female genital tract melanoma [6]. 


Investigations 
The diagnosis is made histologically. 


Management 

The primary management is wide, local excision, with input from 
a specialist MDT. Adjuvant treatment with immunotherapy may be 
needed [7,8]. 


Resources 


Further information 

Gore M, Bagwan I, Board R et al. Ano-uro-genital Mucosal Melanoma. Full Guideline. 
Melanoma Focus 2018. https://melanomafocus.com/wp-content/uploads/2018/ 
05/2_Full-Guideline- V.7.4-FINAL-29.5.18.pdf (last accessed April 2022). 


Langerhans cell histiocytosis 


Definition 

Langerhans cell histiocytosis is a systemic disease with growth and 
proliferation of the Langerhans cells (Chapter 135). It can affect 
many organs and its presentation is variable. 


Epidemiology 

Age 

Vulval Langerhans cell histiocytosis can present from childhood 
to old age. Primary or isolated involvement of the genitalia is 
uncommon [1,2]. 


Pathophysiology 

Pathology 

Large histiocytic cells with coffee bean nuclei are seen. Langerhans 
cells stain positively with S100 and characteristic Birkbeck granules 
are seen on electron microscopy. 


Clinical features 

Presentation 

In infants, it may present as a resistant napkin eruption with 
yellowish and sometimes purpuric lesions. In adults, the lesions are 
papular, and scarring and ulceration may be prominent. 


Differential diagnosis 
The differential diagnosis is wide as it can mimic dermatoses and 
malignancy. 


Management 

Small localised lesions can be excised, but for more extensive disease 
this is impractical and radiotherapy, chemotherapy and thalidomide 
have been used [3]. 


Other malignant vulval neoplasms 


There are some other tumours that are seen on the vulva but these 
are uncommon. They are detailed in Box 110.1. 


Box 110.1 Other vulval neoplasms 


Adenocarcinoma Presents as painless subcutaneous 
nodules that can invade deeply. The 
mucinous carcinomas may be of 
cloacal origin [1] 

Lymphoma Non-Hodgkin lymphoma is more 


common than Hodgkin lymphoma 
[2] and has been reported 
post-transplantation [3] and in 
HIV-positive individuals [4] 

These may be better regarded as 
hyperplasia or hamartomas [5,6] 


Bartholin duct tumours 


Bartholin gland carcinoma [7] 

Dermatofibrosarcoma 
protuberans [8] 

Liposarcoma [9] 

Epithelioid sarcoma [10] 

Merkel cell carcinoma [11] 

Myofibroblastic tumours Angiomyofibroblastoma, cellular 
angiofibroma and aggressive 
angiomyxoma have a predilection for 
vulval soft tissues [12] 

These are uncommon and may be 
from malignancies of the cervix, 
endometrium, vagina, ovary, urethra, 
kidney, breast and lung [13] 


Metastatic tumours 
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Vulval pain 


Definition and nomenclature 

Vulvodynia is defined as vulval discomfort, most often described 
as burning pain, occurring in the absence of relevant visible find- 
ings or a specific, clinically identifiable neurological disorder [1] 
(Chapter 82). 


Synonyms and inclusions 
e Previously termed dysaesthetic vulvodynia, essential vulvodynia, vestibulitis or 
vestibulodynia 


Introduction and general description 

There has been much confusion in the literature about the termi- 
nology used for vulval pain and a system has been established 
by the ISSVD which replaces the 2003 classification (Box 110.2). 
A diagnosis of vulvodynia should be strictly reserved for those 
patients who have symptoms of pain or in the absence of any 
visible abnormality or explanation that would account for their 
symptoms. If any active dermatosis or dermographism is found 
that could account for the symptoms, then that condition is the 
diagnosis rather than vulvodynia. However, it is possible to have 
a dermatosis or other problem that is completely treated with no 
signs of activity, and vulvodynia as the condition that accounts for 
the symptoms of burning and discomfort. 


Box 110.2 International Society for the Study of 
Vulvovaginal Disease (ISSVD) terminology and 
classification of vulval pain 2015 


A. Vulvar pain caused by a specific disorder 
¢ Infectious (e.g. recurrent candidiasis, herpes) 
¢ Inflammatory (e.g. lichen sclerosus, lichen planus, 
immunobullous disorders) 
e Neoplastic (e.g. Paget disease, squamous cell carcinoma) 
¢ Neurological (e.g. postherpetic neuralgia, nerve compression or 
injury, neuroma) 
¢ Trauma (e.g. female genital cutting, obstetric) 
¢ Iatrogenic (e.g. postoperative, chemotherapy, radiation) 
¢ Hormonal deficiencies (e.g. genito-urinary syndrome of 
menopause (vulvo-vaginal atrophy), lactational amenorrhoea) 
B. Vulvodynia 
¢ Localised (e.g. vestibulodynia, clitorodynia) or generalised or 
mixed (localised and generalised) 
¢ Provoked (e.g. insertional, contact) or spontaneous or mixed 
(provoked and spontaneous) 
¢ Onset (primary or secondary) 
e Temporal pattern (intermittent, persistent, constant, immediate, 
delayed) 


Adapted from Bomstein et al. [1]. 


The two common types seen are provoked vulvodynia and gener- 
alised spontaneous vulvodynia. There is frequently overlap between 
the two types. 

It is also important to remember that a form of dysaesthesia, 
probably more accurately labelled postinflammatory vulval hyper- 
aesthesia, is a problem following inflammatory conditions of the 
vulva, particularly those involving the vestibule. It is seen most 
frequently following LP, when the patient still has symptoms 
despite the fact that the dermatosis has responded to treatment. 


Epidemiology 

Incidence and prevalence 

The exact prevalence is not known but 16% of women in one study 
reported vulval pain lasting more than 3 months [2]. 


Age 
Vestibulodynia occurs in young women, whereas the generalised 
form is more common in older postmenopausal women. 


Associated diseases 
There is frequently a history of other pain issues such as fibromyal- 
gia, migraine and back pain [3]. Irritable bladder symptoms are 
particularly common in patients with vulvodynia. 

Depression is a common feature in chronic pain but it is difficult 
to determine if this is a primary cause or a secondary effect of the 
symptoms. 


Pathophysiology 

The pathophysiology of vulvodynia is unknown but the exis- 
tence of complex regional pain syndromes is now well recognised. 
Chronic pain syndromes are rarely caused by primary psychiatric 
disorders as originally thought, but are the result of peripheral 
and/or central neuronal sensitisation. 


Predisposing factors 

The majority of patients affected by vestibulodynia are psycholog- 
ically normal but they do have higher anxiety and somatisation 
scores [4]. 


Pathology 
There is now good evidence that inflammation is not a feature in 
vulvodynia [5]. 


Causative organisms 

There is no evidence to support an association with chronic infec- 
tion with either Candida or HPV, although there is sometimes a 
history of this prior to onset of symptoms. 


Clinical features 

History 

In provoked vulvodynia, the classic history is of pain with pene- 
tration at intercourse. This can also occur with the use of tampons 
or speculum examination. Patients will sometimes relate the onset 
of symptoms to a particular event such as a severe episode of 
candidiasis or urinary tract infection. They frequently complain of 
increased sensitivity at other sites. 

In the generalised form, the history is of constant pain with no 
obvious trigger factors. The pain may vary in intensity and patients 
may complain of shooting pain into the pelvis, thighs or anal area. 
Dyspareunia is not generally a feature. 


Presentation 
The vulva looks completely normal on examination. In provoked 
vulvodynia, there will be touch-provoked tenderness over the 
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vestibule when pressure is applied with a cotton-tipped swab 
(the touch test). This is usually at a maximum between 5 and 
7 o'clock, but can affect the anterior vestibule also. In some 
patients, the pain is localised to the clitoris and this is then termed 
clitorodynia. 


Differential diagnosis 

Dermatoses, infections and malignancy can cause pain but the 
signs are evident. Dermographism, mechanical hymenal tears 
and vestibular fissures can cause pain with intercourse and some- 
times it is helpful to examine the patient soon after intercourse to 
assess these. Pudendal neuralgia can be confused with generalised 
vulvodynia but here the pain is alleviated by standing. 


Disease course and prognosis 

Spontaneous resolution may occur but is unusual. As with any 
chronic pain problem, most patients show a steady but slow 
response to treatment and sometimes combination therapies are 
needed. Treatment outcomes are summarised in guidelines [6,7]. 


Investigations 
The diagnosis is clinical and investigation is unhelpful. 


Management 

First line 

Lidocaine 5% ointment can be applied regularly to the maximum 
points of tenderness. This is particularly helpful for provoked 
pain. Sensitisation is very rarely a problem with the use of the 5% 
lidocaine ointment. If alternative preparations are used, allergic or 
irritant dermatitis may occur. 


Second line 

Low-dose tricyclics (e.g. amitriptyline 10 mg nocte increasing 
by 10 mg increments to a maximum of 100 mg/day) may be 
used, however side effects can be troublesome and newer agents 
are increasingly favoured including pregabalin, gabapentin and 
duloxetine. Physiotherapy is particularly useful for associated 
vaginismus [8]. 


Third line 

Referral to a pain clinic and expert psychosexual counselling are 
helpful. Vestibulectomy has been used for provoked vulvodynia but 
is only suitable for a small minority and there are few long-term 
results of efficacy. Psychological issues must be dealt with as these 
have an impact on outcome. Vestibulectomy is not advocated as a 
routine procedure and surgery is rarely used for other neuropathic 
pain problems. 

There is often a need for combination therapies [9]. 


Resources 


Patient resources 

British Vulval Pain Society: www.vulvalpainsociety.org. 

International Society for the Study of Vulvovaginal Disease information sheets: 
https: / /www.issvd.org/resources/vulvodynia. 

National Vulvodynia Association: www.nva.org. 

(All last accessed April 2022.) 


TRAUMATIC LES 


There are various causes of vulval trauma, including accidental 
injury, obstetric tears and self-induced lesion [1,2]. Sclerosing 
lipogranuloma [3] is a granulomatous response induced artefactually. 


Mechanical hymenal fissures Z| 


nyms and inclusions 


ital fissures 
enel fissures 
ympho-hymenal tears 


Introduction and general description 
Mechanical hymenal fissures are a cause of dyspareunia and occur 
in nulliparous women on each intercourse. 


Clinical features 

History 

Postcoital bleeding and pain at the site of the tear are the main 
symptoms. Abstinence, even for long periods of time, does not 
prevent recurrence. 


Presentation 

Fissures occur radially at 3 and 9 o’clock (Figure 110.34). They can 
be bilateral and extend from the hymenal ring into the vagina. 
Similar lesions can occur in the midline at the fourchette. 


Figure 110.34 Tear of the right inferior aspect of the nympho-hymenal sulcus. 
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Differential diagnosis 

The symptoms of provoked vulvodynia may be similar, but these 
usually improve very quickly after the pressure of intercourse stops. 
With mechanical hymenal fissures, the symptoms can last for over 
48 h after intercourse. 


Disease course and prognosis 
They heal rapidly within a few days but recur at the same site with 
each intercourse. They may leave a pale scar. 


Investigations 

The diagnosis is clinical. It is important to examine the patient within 
24 h of intercourse and to stretch the hymenal ring or the signs may 
be missed. 


Management 

Excision of the radial fissure with resuturing usually resolves the 
problem. For the midline fissures, good emollients and topical 
oestrogens applied directly to the area twice weekly can help, but 
surgery may be required to remove the area of recurrent fissuring. 
This should be done in the context of a specialised clinic. 


Female genital mutilation 


Synonyms and inclusions 


e Female circumcision 
° Cutting 


Introduction and general description 

Female genital mutilation (FGM), although banned in most 
European countries, is still forced on many women worldwide. 
Many cases are now being seen in the UK because of the rise in 
immigration of women who have had previous FGM. It involves 
a variety of procedures to remove parts of the female genitalia for 
non-medical reasons [1]. 


Epidemiology 
Incidence and prevalence 
It may affect up to 140 million women worldwide. 


Age 
Most FGM occurs before the age of 1, but in Egypt girls are likely to 
be circumcised between 5 and 15 years old. 


Clinical features 

Presentation 

There are four types of operation performed, which vary according 

to the country and culture: 

1 Clitoridectomy: removal of the clitoris and/or the clitoral hood 
(Sunna circumcision). 

2 Excision: removal of the clitoris and part or all of the labia minora. 


3 Narrowing of the introitus by cutting and apposing the labia 
minora and/or the labia majora, with or without excision of the 
clitoris (infibulation), leaving a tiny opening for urination and 
menstruation. 

4 All other practices, which might involve cauterisation, apply- 
ing corrosive material, and piercing or cutting of the clitoris, 
surrounding skin or vagina. 


Complications and co-morbidities 

There may be immediate damage to the urethra and vagina but 
the later complications are often only seen during delivery in those 
who have had infibulation. Many of the women who have had 
FGM experience difficulties with sexual intercourse, urination and 


pregnancy [2]. 


Management 
Referral to a specialist clinic for further management is 
recommended. 


Resources 


Further information 

Royal College of Obstetricians and Gynaecologists 2015 guidelines: https://www 
.tcog.org.uk/globalassets / documents / guidelines /gtg-53-fgm.pdf. 

World Health Organization information: https://www.who.int/health-topics/ 
female-genital-mutilation#tab=tab_1. 


Patient resources 
Foundation for Women’s Health Research and Development: www.forwarduk.org.uk. 
(All last accessed April 2022.) 


MISCELLANEOUS DERMATOS 


Graft-versus-host disease 


Definition 

Graft-versus-host disease (GVHD) occurs with acute followed by 
chronic features after allogeneic stem cell transplant, and is due to 
the donor cells reacting against host tissue (Chapter 38). 


Epidemiology 
Incidence and prevalence 
Genital GVHD can occur in up to 49% of patients after transplant [1]. 


Clinical features 


Presentation 
Vulval and vaginal redness and erosions are seen [2]. 


Differential diagnosis 

The clinical features are indistinguishable from erosive lichen 
planus. This is sometimes difficult to differentiate histologically as 
there may be a lichenoid infiltrate present. 
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Complications and co-morbidities 

Vaginal involvement leads to the development of synechiae and 
complete stenosis, hence early recognition is vital [3]. It may be 
associated with cutaneous and oral GVHD. 


Management 


Treatment ladder for graft-versus-host disease 


First line 
¢ Super-potent topical steroids [4] 


Second line 

e Systemic steroids or immunosuppressive agents as guided 
by transplant physicians [5]. Patients also respond 
to ciclosporin [6] 


Third line 

e Extracorporeal photophoresis. Those with vaginal stenosis 
need expert surgical intervention to open the adhesions. 
Potent topical steroids must be used immediately 
postoperatively to maintain patency of the vagina 


Vulvo-vaginal adenosis 


Definition 
Vulvo-vaginal adenosis is the presence of metaplastic cervical or 
endometrial epithelium. 


Epidemiology 

Associated diseases 

Vulval adenosis may follow a severe erosive disease such as toxic 
epidermal necrolysis [1]. 


Pathophysiology 
The pathogenesis is unknown but it is postulated that it develops 
from remnant tissue of paramesonephric origin. 


Predisposing factors 

Prolonged use of the oral contraceptive pill and trauma can pre- 
dispose to adenosis. Upper vaginal disease is well recognised to 
occur after in utero exposure to diethyl stilboestrol taken during 


pregnancy. 


Clinical features 
Presentation 
The lesions are red and very friable. 


Complications and co-morbidities 
Vaginal adenosis has been associated with vaginal adenocarci- 
noma [2]. 


Investigations 
Histology shows mucous or endometrial glands are seen within 
the epithelium. 


Management 
Laser treatment has been used successfully. 


Necrolytic migratory erythema 


Synonyms and inclusions 
e Glucagonoma syndrome 


Introduction and general description 

This dermatosis is usually seen in patients with the glucagonoma 
syndrome, but it is possible for it to occur in the absence of a 
glucagonoma or increased levels of glucagon [1] (Chapter 47). 


Pathophysiology 

The aetiology is unknown and even though there is a vey strong 
link with high levels of glucagon in the glucagonoma syndrome, 
this does not appear to cause it. The eruption is not reproduced by 
application or injection of glucagon and does not occur in other 
conditions where increased levels of glucagon are found, such as 
diabetes and renal failure. 


Pathology 
The keratinocytes are vacuolated and pale; necrosis leads to intraepi- 
dermal clefting. Subcorneal pustules may be a feature. 


Environmental factors 
Moisture, friction and trauma may precipitate fresh lesions. 


Clinical features 

History 

The lesions are pruritic, and flaccid bullae occur which then rup- 
ture and crust over. This may occur in cycles. 


Presentation 

The lesions occur on the vulva, perineum and perianal skin and 
extend onto the thighs and lower abdomen. The central face and 
limbs may rarely be involved. Extensive eroded erythema with 
crusting and a desquamative, serpiginous edge, which spreads out 
centrifugally, give rise to the characteristic annular lesions. 


Differential diagnosis 

A similar clinical picture is seen with zinc and protein deficiency 
and there are now a number of reports of necrolytic migra- 
tory erythema occurring with liver diseases in the absence of 
a glucagonoma [2]. Acrodermatitis and pellagra have similar 
histological features. 


Disease course and prognosis 

The eruption may relapse and remit and postinflammatory hyper- 
pigmentation can last for a few weeks. The eruption resolves rapidly 
after surgery or medical treatment of the glucagonoma. 


Investigations 

A skin biopsy will show the features described, and further 
endocrinological and imaging investigations are required to confirm 
any associated glucagonoma. 


Management 
Expert advice from an endocrinologist is needed for management. 
Topical steroids are helpful. 


Genital papular acantholytic 
dyskeratosis 


Introduction and general description 

This was first described in 1984 [1], and is characterised by the 
presence of multiple papules or, less frequently, a single papule or 
plaque-like lesion on genital skin [2-5]. 


Epidemiology 
Age 
Middle-aged females are most affected. 


Pathophysiology 
Pathology 
Histology shows hyperkeratosis and acantholysis. 


Clinical features 
History 
The main symptom is pruritus. 


Presentation 

Multiple, small papules up to a few millimetres in size appear in 
the inguinal folds and may extend to the thighs and perineum. They 
may coalesce into nodules and small plaques. 


Clinical variants 
Cases with disseminated lesions have been described [6]. A case 
with positive immunofluorescence has been reported [7]. 


Differential diagnosis 

The histological changes are similar to those seen in Darier disease 
or Hailey—Hailey disease, but there is no family history or evidence 
of these diseases at other sites. 


Investigations 
The diagnosis is made on histology. 


Management 
Laser treatment has been reported to be useful in those who are unre- 
sponsive to topical steroids or retinoids [8]. 


Vulval acne 


Introduction and general description 
This condition has recently been described [1]. 


Epidemiology 
Age 
Younger women below the age of 40 are generally affected. 


Pathophysiology 
Pathology 
Histology shows folliculocentric inflammatory change. 


Clinical features 

History 

Patients develop painful papules and nodules usually premenstru- 
ally. They can discharge or just spontaneously resolve. 


Presentation 
Small papules and pustules are seen on the inner labia majora or 
minora. 


Differential diagnosis 
Early hidradenitis suppurative can have similar features. 


Investigations 
The diagnosis is made on the clinical features and histology. 


Management 
Treatment is with oral antibiotics, the oral contraceptive pill or 
low-dose isotretinoin in persistent cases. 
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Introduction 


History and examination 

The correct diagnosis of skin disease affecting the perineum and 
perianal skin depends on detailed history taking, thorough method- 
ical examination including of extragenital skin and relevant 
investigations. The history should include a history of topical 
treatments that have been used including over-the-counter reme- 
dies and wet wipes. Examination using a Wood light can be helpful 
in the diagnosis of conditions including erythrasma and vitiligo. 


Investigations in perineal and perianal 
dermatology 

Investigations are determined by history and clinical findings. Clin- 
icopathological correlation is essential through discussion with a 
dermatopathologist. Clinicians should have a low threshold to take 
bacterial and viral swabs, or scrapings for fungal culture. Diagnos- 
tic imaging techniques such as pelvic magnetic resonance imaging 
(MRI) and endoanal ultrasound are utilised in the investigation of 
conditions such as anal fistula and anal malignancy. 


Structure and function of the ano-genital region 
The perineum is a diamond-shaped region that lies below the pelvic 
floor and corresponds to the outlet of the pelvis (Figure 111.1). 


The anterior boundary is formed by the symphysis pubis, the 
posterior boundary by the coccyx, the anterolateral boundary by 
the ischio-pubic rami and ischial tuberosities, and the postero- 
lateral boundary by the sacrotuberous ligaments. The deep limit 
of the perineum is the inferior surface of muscles forming the 
pelvic diaphragm and the superficial limit is the skin, which is 
continuous with the skin of the groins and lower abdomen. An 
imaginary line drawn transversely joining the ischial tuberosities 
divides the perineum into an anterior uro-genital triangle and 
a posterior anal triangle. The perineal body is the central point 
between the uro-genital and anal triangles. The anal triangle con- 
tains the anal canal and its sphincters and the ischio-anal fossae, a 
horseshoe-shaped region filling the majority of the anal triangle. 
The uro-genital triangle contains the male or female genitalia. 

The anal orifice lies in the midline approximately 2-3 cm in front 
of and slightly below the tip of the coccyx. The anus is principally for 
the evacuation of faeces, but may also be an organ of sexual utility. 
The anal canal is the terminal portion of the large intestine and is 
anatomically defined as extending from the dentate line to the anal 
verge (Figure 111.2) [1]. The anal verge is a narrow band of tissue 
that separates the anal canal from perianal skin. It extends from the 
intersphincteric groove onto the skin surrounding the anus. It is 
covered by thin squamous epithelium that can be identified by the 
lack of hair follicles. It is marked by a sharp turn where the squa- 
mous epithelium lining the lower end of the anal canal becomes 
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Urogenital triangle 


Anal triangle 


Figure 111.1 The perineum is a diamond-shaped region that lies below the pelvic floor. 
A transverse imaginary line drawn between the ischial tuberosities divides the perineum 
into an anterior urogenital triangle and posterior anal triangle. Adapted from Snell 2012 
[10]. Reproduced with permission of Lippincott Williams & Wilkins/Wolters Kluwer. 


continuous with the skin of the perineum (Figure 111.2). The skin of 
the anal verge is pigmented and is puckered due to the contraction 
of fibres of the conjoint longitudinal layer. Identification of the anal 
verge may be difficult, particularly in males in whom the perineum 
may funnel upwards towards the lower anal canal. The distinct 
border between the anal verge and perianal skin, as identified by 
the appearance of hair follicles and keratinising epithelium, is called 
the anal margin. The anal margin extends for 5 cm in circumference 
distal to the anal verge. 

The anal canal measures approximately 2.5-5cm in length and 
consists of an epithelial lining, vascular subepithelium and anal 
sphincters, and has a dense neuronal network of autonomic and 


somatic origin. The anal glands originate within either the internal 
anal sphincter or the intersphincteric plane between the internal 
and external anal sphincter (Figure 111.2) and open into small 
depressions, anal crypts, in the anal valves [2]. The ducts carry 
mucous from the glands to the valves. The glands are branched 
and lined by stratified columnar epithelium. Cystic dilatation of the 
glands may extend through the internal sphincter and further into 
the external sphincter. Infection of the anal glands is the main cause 
of anal sepsis, including anal abscesses. 

The upper portion of the anal canal is lined by columnar epithe- 
lium similar to that of the rectum and contains secretory and 
absorptive cells. The columnar epithelium in the mid anal canal 
is thrown into 6-10 vertical folds, the anal columns. Each column 
contains a terminal radicle of the superior rectal artery and vein. 
The columns are expanded in three areas in the anal canal to form 
the anal cushions. The lower end of the columns form semilunar 
folds, called the anal valves, between which lie small recesses 
referred to as anal sinuses. The anal valves and sinuses together 
form the dentate line. The dentate line represents an important 
landmark because the blood supply and innervation of the anal 
canal transition at this point. Proximal to the dentate line, the anus 
is innervated by parasympathetic and sympathetic nerves with an 
absence of pain fibres. Distal to the dentate line, the anal canal has 
numerous somatic nerve endings derived from the inferior rectal 
nerve and is sensitive to pain, temperature, touch and pressure. 

The columnar epithelial cells of the upper anal canal transi- 
tion to non-keratinised squamous epithelial cells approximately 
1-1.5cm proximal to the dentate line in an area referred to as the 
anal transition zone. Mucosa below the dentate line lacks sweat 
and sebaceous glands and hair follicles. It extends to the inter- 
sphincteric groove, a depression at the lower border of the internal 
sphincter. The canal below the intersphincteric groove is lined by 
hair-bearing, keratinising, stratified epithelium that is continuous 
with perianal skin. 

The smooth muscle of the internal anal sphincter is innervated by 
sympathetic and parasympathetic nerves and is in a state of tonic 
contraction. The striated muscle of the external anal sphincter is 
innervated by the inferior rectal nerve. The external anal sphinc- 
ter is also in a state of tonic contraction but has a component of 
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Figure 111.3 Muscles of the pelvic floor in a female. The levator ani muscle complex is 
composed of the ischiococcygeus, iliococcygeus and pubococcygeus muscles. The 
levator ani forms a large part of the pelvic floor, dividing the abdominal cavity from the 
perineum. From Standring 2008 [1]. Reproduced with permission of Elsevier. 


voluntary control. The anal canal remains closed at rest as a result of 
tonic circumferential contraction of the sphincters and the presence 
of the anal cushions. 

The ischio-anal fossa is a wedge-shaped space on each side of the 
anal canal filled with loose adipose tissue. The base of the wedge is 
formed by perianal and buttock skin. Infections, tumours and fluid 
collections may spread relatively freely within the ischio-anal space 
to the side of the anal canal and across the midline to the opposite 
side. The inferior rectal nerve supplies the perianal skin. 

The lymphatic vessels of the perianal skin and the lower anal 
canal (below the dentate line) drain into inguinal lymph nodes. 
Lymphatic drainage above the dentate line is to the mesorectal, 
lateral pelvic and inferior mesenteric nodes. Lymphatic spread of 
malignant disease from the lower half of the anal canal is to the 
inguinal lymph nodes. 

The deep natal cleft (gluteal cleft), the inguinal (crural) folds and 
the infragluteal folds are intertriginous sites because they are areas 
where two layers of skin come into close apposition. The natal cleft 
is deep and firmly fixed to the underlying fibrous and fascial tissues, 
and its sides are steep and closely apposed. Mucous discharges, 
excreta and moisture are retained easily within this cleft. 

The levator ani muscle complex forms the pelvic diaphragm and 
divides the abdominal cavity from the perineum (Figure 111.3). 


Embryogenesis of the ano-genital region 

In the early embryo, the blind ending diverticulum called the 
allantois and the hindgut open into a common cavity called the 
cloaca [3]. The cloaca is partitioned into the uro-genital sinus ante- 
riorly and the ano-rectal canal posteriorly (Figure 111.4). The anal 
membrane disintegrates at about 9 weeks to open into an ectoder- 
mal anal pit formed in the posterior cloacal folds. The mucosa of 
the upper half of the anal canal is derived from hindgut endoderm 
and is lined by columnar epithelium, it is innervated by autonomic 
nerves and the lymphatics and veins drain towards the portal 
system in the abdomen. The lower half of the anal canal is derived 


from ectoderm, is lined by stratified squamous epithelium, has a 
somatic nerve supply and venous drainage is towards the external 
iliac system while the lymphatics drain to the inguinal lymph 
nodes. 


Congenital and developmental abnormalities 
Complete or partial failure of the anal membrane to resorb during 
embryogenesis can result in anal stenosis. Other congenital abnor- 
malities resulting from defective embryogenesis of the cloacal region 
include imperforate anus, anal agenesis, anal duplication, perineal 
groove and perineal fistulae. 

Dermoid cysts are ectodermal growths that occur at embryonic 
fusion lines. They can occur on or adjacent to the perineal raphe and 
sacral area. 

Congenital hypertrichosis over the midline in the lumbosacral 
area (the faun tail) is a sign of underlying spinal dysraphism 
(e.g. spina bifida). Other skin lesions presenting in the sacral region 
that can be associated with spinal dysraphism include congenital 
melanocytic naevi and hamartomas. 

Infantile haemangiomas may involve the perianal skin (Figure 
111.5). Large perineal infantile haemangiomas may be associated 
with structural abnormalities including lipomyelomeningocele and 
imperforate anus [4]. 

Chordomas arise from the embryonic precursor of the axial 
skeleton, the notochord. They can involve the skin of the perineum, 
sacral area and buttocks by direct extension, recurrence or metasta- 
sis [5]. They present as single or multiple, smooth, skin-coloured, 
non-tender nodules. Persistent sacrococcygeal pain including 
coccygodynia may precede the diagnosis by many years. 

Perianal keratotic plaques may occur in Olmsted syndrome [6]. 
Inflammatory linear verrucous epidermal naevi can affect the 
ano-genital region [7]. Hereditary mucoepithelial dysplasia is 
associated with perineal intertriginous plaques [8]. 


Infantile perianal pyramidal protrusion 

Definition 

Infantile perianal pyramidal protrusion is a rare benign perineal 
lesion characterised by a solitary flesh-coloured or pink-red nodular 
protrusion in the midline anterior to the anus. It may be present at 
birth or develop later in childhood, usually in association with con- 
stipation or lichen sclerosus. It is commoner in girls [9]. Differential 
diagnoses include haemorrhoids, skin tags, viral warts, Crohn 
disease, haemangiomas and sexual abuse. Lesions tend to resolve 
spontaneously. 


PERIANAL SENSORY DISTURB: 


Pruritus ani 


Definition 

This is the symptom of perianal itch or burning. Pruritus ani can 
be primary (idiopathic) or secondary and is not a diagnosis unless 
qualified as constitutional or idiopathic. 
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Figure 111.4 Partitioning of the cloacal membrane into the uro-genital membrane and anal membrane with the formation of the perineum occurs at 5-7 weeks’ gestation. 
It is brought about by the separation of the cloacal portion of the hindgut by the uro-rectal septum growing caudally between the allantois anteriorly and the hindgut 
posteriorly to fuse with the cloacal membrane. The area of fusion becomes the perineal body and separates the dorsal anal membrane from the larger ventral uro-genital 
membrane. (a) Early cloaca. (b) Proliferation of the urorectal septum. (c) Separation of the urethra and the anal canal. From Standring 2008 [1]. Reproduced with permission 


of Elsevier. 


Introduction and general description 

The symptom of pruritus ani has many causes. Management 
requires detailed assessment to determine whether there is an 
underlying cause. Pruritus ani can be associated with most forms of 
ano-rectal disease or perianal skin disease. Typically, an itch—-scratch 
cycle develops irrespective of the underlying cause. Management 
strategy involves breaking the itch-scratch cycle. 

Pruritus ani is considered idiopathic when no dermatological or 
ano-rectal cause can be found. Idiopathic pruritus ani is responsible 
for 50-90% of all cases of pruritus ani [1]. The pathogenesis of 
idiopathic pruritus ani is thought to be primarily the consequence 
of faecal contamination or possibly the intake of certain food or 
drinks. The discussion here primarily deals with idiopathic pruritus 
ani. See Box 111.1 for secondary causes. 


Box 111.1 Secondary causes of pruritus ani 


Inflammatory skin disease 

e Endogenous eczema including seborrhoeic and atopic 
e Allergic or irritant contact dermatitis 

¢ Psoriasis 

e Lichen planus 

e Urticaria 

e Lichen sclerosus (almost always females) 

¢ Hidradenitis suppurativa 


Infections 

¢ Candidiasis and dermatophytes 

e Erythrasma (Corynebacterium minutissimum) 

¢ Staphylococcus aureus, p-haemolytic streptococci 
¢ Gonorrhoea, syphilis 


Perianal sensory disturbances 111.5 


Ethnicity 
It is commoner in middle-aged white males [2]. 


Pathophysiology 
Predisposing factors 
The common factor linking most cases of idiopathic pruritus ani 
is faecal contamination. Faeces contain potential irritants and 
allergens, demonstrated by positive skin patch tests to autologous 
faeces and enzymes of bacterial origin that are capable of inducing 
itch and inflammation. Patients with idiopathic pruritus ani have a 
high incidence of loose stools and are rarely constipated. Patients 
with a colostomy do not suffer from pruritus ani. Any factor that 
increases faecal contamination exposes perianal skin to irritants. 
A sedentary lifestyle has been implicated. 

Causes of faecal contamination include the following (more than 
one factor may be operative): 
1 Difficulty cleaning the perianal area: 

¢ Obesity leads to poor ventilation and maceration. 

e Anatomical factors including deeply placed ‘funnel anus’ and 
hirsutism can cause mechanical problems in the maintenance 
of hygiene. 

2 Anal leakage: 

¢ Local causes that alter anal morphology or function such 
as haemorrhoids, perianal tags or fissures can lead to anal 
incontinence. 

e Primary anal sphincter dysfunction. Exaggerated recto-anal 
inhibitory reflex and anal sphincter dysfunction may result in 
faecal soiling. Caffeine can lower anal resting pressure. 

3 Loose frequent stools. These will cause faecal soiling and an 
e Human papillomavirus, herpes simplex virus increase in perianal trauma from frequent wiping of the skin. 
¢ Human immunodeficiency virus Underlying conditions include irritable bowel syndrome. 
4 Flatulence. Leads to aerosolised delivery of faecal irritant mate- 
rial to perianal skin. 
Other contributing factors include the following: 
1 Food and drink. The role of food and drinks is uncertain but 


Figure 111.5 A 4-month-old female child with a perianal infantile haemangioma. 


Infestations 
e Threadworms (Enterobius vermicularis) 
¢ Pubic lice (Phthiriasis pubis) 


Perianal premalignant or malignant disease 


: os ; ; coffee, tea, cola, alcohol, chocolate, tomatoes, spices and citrus [FF) 
* Anal intraepithelial neoplasia, anal carcinoma fruits are implicated. The mechanisms proposed include effects [@% 
e Extramammary Paget disease : ‘ ; [= 
on anal sphincter tone, production of loose stools and undi- ni 
Ano-rectal disease gested food components irritating or sensitising the perianal Uw 
¢ Haemorrhoids, anal fissure skin. LY 
* Perianal fistula, perianal abscess 2 Psychological factors. Idiopathic pruritus ani has been attributed [Fj s 
* Inflammatory bowel disease to stress and anxiety. Patients may be tense individuals in whom [UUF} 
Systemic disease everyday problems induce a profound colonic reflex, with diar- E- >< 
¢ Metabolic including diabetes, renal, thyroid and liver disease thoea subtype irritable bowel syndrome, which may result in P=) | 
° Iron deficiency anaemia defecation and soiling. = 
¢ Malignancy including leukaemia and lymphoma = 
e May be psychoneurogenic/secondary to a psychiatric disorder Clinical features - 
History a 
The complaint is of itching, stinging or soreness that may be chronic 
Epidemiology and recurrent. Symptoms may be triggered by a bowel movement 
Incidence and prevalence or wiping with toilet paper, but may occur at night when the patient 
It affects 1-5% of the general population [2]. is asleep. 
Age Presentation 
It most commonly presents in the fourth to sixth decade. Physical signs include redness, excoriations, abrasions and lichenif- 
cation which result from the effects of rubbing and scratching 
Sex (Figure 111.6), secondary infection or contact dermatitis. There may 


It is four times commoner in men than women. be no visible abnormality at the time of examination. 
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Figure 111.6 Excoriations and lichenification (arrow) secondary to idiopathic pruritus 
ani in a 6-year-old boy. It is important to exclude threadworms at this age. 


Differential diagnosis 

Fungal infection often causes intense pruritus, and diabetes must 
be excluded in all severe or persistent candidal infection. See 
Box 111.1 for other secondary causes. 


Complications and co-morbidities 

Lichenification, excoriations and secondary infection can occur. 
A contact irritant or allergic dermatitis can result from overwash- 
ing and treatment. Patients with pruritus ani are at high risk of 
sensitisation from topical medicaments, toiletries and wet tissue 
wipes. Chronic pruritus ani can lead to disruption in quality of life, 
irritability and depression [3]. 


Disease course and prognosis 

Generic measures usually improve symptoms in 90% of patients [2]. 
Many patients who undergo surgery for potentially implicated 
causes such as haemorrhoids continue to have symptoms. 


Investigations 

In the young, threadworms should be sought with the Sellotape 
test or by stool examination. Skin patch testing should be con- 
sidered at an early stage to assess for contact allergy. Common 
allergens include fragrance, topical anaesthetics, topical antifungals 
(e.g. neomycin), topical antibiotics, methylisothiazolinone [4] and 
rarely topical steroids [5]. 


Management 

Specific secondary causes should be addressed. Clear explanation is 
helpful. The aim of management should be to break the itch-scratch 
cycle. Management includes attention to the patient’s washing 
habits. It is important to maintain cleanliness and to ensure that 
the perianal area is dried after washing. Soap substitutes should 
be used and shampoo residues washed off. An emollient should be 
applied after each wash. A barrier preparation can be preapplied 


to the perianal skin before the bowels are opened. Washing peri- 
anal skin after defecation is preferable to wiping with toilet paper. 
Rubbing with toilet paper should be discouraged and dabbing 
recommended. Premoistened toilet paper or wet wipes should be 
avoided. Underwear should be loose and preferably made of cotton. 
Topical anaesthetic preparations should be avoided as sensitisation 
commonly occurs. Fingernails should be kept short. 

A reduction of coffee consumption or elimination of food or drinks 
implicated may help. A high-fibre diet should be encouraged if there 
is any history of constipation or haemorrhoids and, conversely, 
a lower-fibre diet if diarrhoea is a feature. 

Referral to a colorectal specialist is indicated if ano-rectal disease 
is suspected. Haemorrhoidectomy or excision of prominent skin 
tags may enable better perianal hygiene and lead to improvement 
in symptoms. 


First line 

The aim of treatment is to break the compulsive itch-scratch cycle. 
Habit reversal behavioural techniques are desirable. Local appli- 
cations should be soothing and as mild as possible. Use of a twice 
daily liquid cleanser can be as effective as twice daily potent topical 
steroid application [6]. Mild steroid ointments (1% hydrocortisone) 
can be helpful [7] and these can be combined with antibacte- 
rials or antifungals. Caution should be exercised with topical 
steroids because perianal skin is occluded and atrophy may occur, 
although in practice, short courses of potent topical steroids are 
often helpful. 


Second line 

Other treatments that have been advocated include zinc paste 
with 1-2% phenol, 0.006% capsaicin ointment [8], 0.1% tacrolimus 
ointment [9], oral antihistamines, intralesional corticosteroids and 
corticosteroid suppositories. 


Third line 

Successful treatment of refractory idiopathic pruritus ani with 
intradermal injection of 1% methylene blue in combination with 
1% lidocaine has been reported. Samalavicius et al. reported a high 
symptom improvement rate with low recurrence rate in patients 
with idiopathic pruritus ani [10]. The intradermal injections were 
administered after saddle block anaesthesia. Cryotherapy has 
also been used. 


Perineal and perianal pain 


Functional ano-rectal pain occurs in the absence of any underlying 
discernable organic disease. Functional disorders of the perineum 
causing pain include proctalgia fugax, levator ani syndrome and 
idiopathic coccygodynia [1], and may be part of the pelvic pain syn- 
drome (Chapter 82). 

Proctalgia fugax is characterised by severe, self-limiting, fleeting, 
episodic ano-rectal pain. Attacks tend to be infrequent, averaging 
once monthly [2]. Sudden-onset cramp-like pain occurs and lasts 
from a few seconds up to 20 min. Patients usually cannot iden- 
tify any triggers. The prevalence is 4-18% and it is commoner in 


females [3]. The pathogenesis is unknown but may be due to spasm 
of the internal anal sphincter or compression of the pudendal nerve. 

Chronic proctalgia (chronic idiopathic anal pain) can be defined 
as chronic or recurrent episodes of ano-rectal pain lasting more 
than 20 min in the absence of organic cause. Levator ani syndrome 
causes recurrent or persistent pain, pressure or discomfort in the 
perineal region and is commoner in females [4]. It is thought to be 
due to spasm of the levator ani muscles. Digital rectal examina- 
tion distinguishes between levator ani syndrome and unspecified 
functional ano-rectal pain. Tenderness occurs on palpation of the 
puborectalis muscle in levator ani syndrome but not in patients 
with unspecified functional ano-rectal pain. 

Coccygodynia is the symptom of pain in and around the coccyx. 
It is usually precipitated by prolonged sitting and rising from the 
seated position. Idiopathic coccygodynia is commoner in females 
and is associated with obesity. Secondary causes of coccygodynia 
include trauma, arthritis or rare tumours such as chordoma, intradu- 
ral schwannoma, perineural cyst or intraosseous lipoma [5]. 

Descending perineum syndrome is commoner in females and 
is associated with multiparity. Clinical features include poorly 
localised deep perineal discomfort, faecal incontinence, constipa- 
tion, rectal prolapse and perineal descent [6]. 

Precipitating factors of pain in chronic pain syndromes include 
sitting, defecation and psychological stress. Treatment is usually 
unnecessary for the transient symptoms of proctalgia fugax. Treat- 
ment options for chronic pain include analgesia, biofeedback, sitz 
baths, tricyclic antidepressants, botulinum toxin injections and 
sacral nerve stimulation (Chapter 82). Coccygectomy has been 
advocated for refractory coccygodynia [7]. 


Perianal trauma and pressure sores 


Definition 
Trauma includes accidental, self-induced or iatrogenic injury, as well 
as sexual abuse. 


Figure 111.7 Obstetric perineal trauma. 

(a) Cloacal-like defect following a missed 
third-degree tear. The perineal body is absent and 
there is minimal tissue separating the anus from 
the vagina. (b) Breakdown of a wound following 
the repair of a fourth-degree tear has occurred, 
leading to a recto-vaginal fistula. Suture threads 
from the perineal tear closure are visible. Courtesy 
of Mr A. Sultan, Department of Obstetrics and 
Gynaecology, Croydon University Hospital, UK. 


Perianal sensory disturbances 111.7 


Introduction and general description 
Anal, perianal and perineal trauma is not uncommon. Trauma can 
lead to anal stenosis. 


Clinical variants 

Pressure sores (synonym decubitus sores) due to tissue damage 
caused by sustained pressure are common and in most cases are 
preventable [1]. Reported prevalence rates range from 4.7% to 32% 
in hospital populations, and 22% in nursing homes [2]. The most 
common locations in adults are over the bony prominences of the 
sacral or hip region [1]. Sustained pressure over a bony promi- 
nence leads to tissue ischaemia and necrosis. Risk factors include 
neurological or cognitive impairment, diabetes and congestive 
cardiac failure. A persistent patch of non-blanchable red skin on the 
sacral or ischial region is a sign of impending ulceration. Oedema, 
induration or pain may also be present. Progression to ulceration 
can be prevented if this early stage is identified promptly [3]. 
Risk assessment tools have been developed to identify individuals 
at risk. 

Dermatologists should be able to recognise early changes that 
occur before skin breakdown and to identify the different stages 
of ulceration to prevent delay in appropriate care [3]. Manage- 
ment of pressure ulcers includes pressure relief, assessment of 
nutritional status, wound care including managing infection and 
consideration of surgical techniques including debridement [4]. 
Squamous cell carcinoma (SCC) is a rare complication of pressure 
ulcers occurring in 0.5% of cases. 

Clinical signs of perianal and anal trauma following sexual abuse 
in children include gaping of the anus and anal fissures [5]. Perianal 
skin diseases can be mistaken for sexual abuse, including lichen 
sclerosus and perianal Streptococcus infection. The presence of 
definitive skin disease does not exclude sexual abuse. 

Obstetric perineal trauma is sustained in more than 85% of women 
during vaginal delivery in the UK and up to 69% will require 
sutures [6]. Injury may occur spontaneously or be iatrogenic 
(Figure 111.7). Prevalence is dependent on variations in obstetric 
practice. Prospective studies using endoanal ultrasound scanning 
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Table 111.1 Classification of obstetric perineal trauma. 


Degree of trauma Definition 


Laceration of vaginal mucosa or perineal skin only 
Involvement of perineal muscles but not anal sphincter 
Disruption of anal sphincter muscles: 

3a: <50% of external anal sphincter torn 

3b: >50% of external anal sphincter torn 

3c: internal anal sphincter also torn 

Third-degree tear with disruption of anal epithelium 


First degree 
Second degree 
Third degree 


Fourth degree 


Adapted from [5]. 


have identified that occult anal sphincter injury is common [6]. See 
Table 111.1 for a classification of obstetric trauma [7]. 


SUPERFICIAL INFLAMMATORY DERMATOSES 


The microenvironment of the ano-genital and genito-crural region 
may alter the usual morphology of skin conditions easily recog- 
nised elsewhere. Skin disease may take on a vegetating appearance, 
especially in hot humid climates and in the presence of infection 
(Figure 111.8). Specific inflammatory dermatoses that commonly 
affect the perineum and perianal region are briefly described. The 
reader is referred to detailed description of specific diseases in 
relevant chapters. 

In adults, inflammation may result from the coexistence of sev- 
eral factors such as haemorrhoids, anal discharge and the effects of 
scratching. In all cases of perianal and perineal inflammation, the 
urine should be tested for glucose, and swabs and scrapings tested 
for organisms. Inflammatory skin conditions can cause diagnostic 
difficulties because clinical features may be altered by the perianal 
microenvironment. Macerations and erosions can be a feature as 
demonstrated by the case of pemphigus foliaceous (Figure 111.8) 
and flexural psoriasis (Figure 111.9). 


Seborrhoeic dermatitis. This causes a brownish-red inflammation 
with large greasy scales towards the edge, extending beyond and 
outside the natal cleft (Figure 111.10). Other areas may be involved 
including the scalp and other flexures. 


Psoriasis. Psoriasis has a smooth glazed surface, dull red hue and is 
often fissured (Figure 111.9). Other signs of the disease are usually 
present including scalp and nail changes. 


Lichen simplex. This simulates psoriasis but is usually unilateral, 
except when it involves the perianal area. It may occur as a small, 
intensely irritable area, localised to the edge of the anus. 


Fungal infection. This should be suspected, particularly if there has 
been prior use of topical corticosteroids. 
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(a) 


(b) 


Figure 111.8 Vegetative pemphigus foliaceous. (a) Affecting the genito-crural 
region and lower abdomen. (b) Affecting the perianal region and buttocks in the 
same patient. 


Figure 111.9 Perianal and natal cleft psoriasis causing fissures in a 42-year-old 
woman. 
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Irritant contact dermatitis. Perineal dermatitis can commonly 
arise as a result of contact with urine or faeces. Common chemical 
irritants include alcohol and detergents. Danthron redness is a 
form of irritant contact dermatitis caused by the use of laxatives 
containing danthron. 


Lichen sclerosus. This extends from the vulval skin to the perianal 
skin in 30% of women, producing a typical figure-of-eight distri- 
bution (Figure 111.12). Perianal lichen sclerosus occurs in 30% of 
women with genital lichen sclerosus and its occurrence has been 
associated with urinary incontinence [3]. This pattern reflects the 
areas of ano-genital skin that come into contact with urine. Men 
rarely if ever have perianal lichen sclerosus, probably because the 
male perineum is rarely exposed to urine [4]. The development of 
perineal lichen sclerosus on previously healthy perineal skin has 
been described in men following perineal urethrostomy for anterior 
urethral stricture [5]. It is possible that chronic occluded contact of 
urine with susceptible epithelium is involved in the pathogenesis 


Figure 111.10 Seborrhoeic dermatitis affecting the natal cleft and perianal skin. 


Figure 111.11 Contact dermatitis causing blistering in an infant due to the use of wet 
wipes containing methylisothiazolinone. 


SPECIFIC SITES, 


Allergic contact dermatitis. Allergic contact dermatitis is caused by 
a type IV immune response to specific allergens. It can lead to 
markedly inflamed perianal skin and may have an ill-defined 
spreading border. Blistering may occur (Figure 111.11). Patients 
with chronic perianal dermatoses are at a higher risk of developing 
sensitisation to topical medicaments than patients with genital 
dermatoses [1]. Skin patch testing is required to determine what 
specific allergens are implicated. Common contact allergens in 
the ano-genital region include neomycin, fragrance and Balsam 
of Peru. Methylisothiazolinone, a preservative that can be present 
in household items including wet wipes, cosmetics, toiletries and 
detergents, is a common cause of allergy in patients presenting with 
perineal eczema [2]. Carers may present with a hand dermatitis. (b) 


Condom or spermicide allergy may develop in those practising Figure 111.12 Lichen sclerosus. (a) Ano-genital lichen sclerosus in a female in a typical 
anoreceptive sex. figure-of-eight configuration. (b) Perianal lichen sclerosus. 
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of ano-genital lichen sclerosus. The barrier function of wet skin 
is diminished and it is more permeable to irritants. In addition, 
wet skin has an increased frictional coefficient and higher microbial 
content [5]. 


Lichen planus. Lichen planus affecting the perianal region is 
typically very pruritic and may become excoriated or hyper- 
trophic. Solitary involvement of the perianal region may occur 
(Figure 111.13). 


Hailey-Hailey disease (Chapter 64). Heat, friction, infection and 
contact dermatitis can predispose to exacerbations in the ano-genital 
region (Figure 111.14). It is frequently misdiagnosed as other skin 
diseases such as seborrhoeic dermatitis. Histology and negative 
direct immunofluorescence are required to confirm the diagnosis. 


Figure 111.13 Perianal lichen planus showing Wickham’s striae. Courtesy of Dr F. lve, 
Durham, UK. 


Figure 111.14 Hailey—Hailey disease affecting the ano-genital region and causing 
inflammation and superficial blistering. A skin biopsy has been taken for histology and 
direct immunofluorescence. 


Acrodermatitis enteropathica (Chapter 61). This should be con- 
sidered in the differential diagnosis of perianal inflammation in 
children or adults resulting from malnutrition or malabsorption. 


Cicatricial pemphigoid and Stevens—Johnson syndrome (Chapters 
12 and 50). These may cause perianal inflammation, ulceration 
and scarring and lead to anal stenosis. 


Behcet disease (Chapter 48). Behcet disease can present with mul- 
tiple shallow ulcers and fissures of the anal margin. 


Radiodermatitis (Chapter 109). This may be encountered following 
treatment for anal carcinoma. 


DEEP INFLAMMATORY DERMATOSES 
Hidradenitis suppurativa 


Definition and nomenclature 

Hidradenitis suppurativa is a chronic, follicular, occlusive, inflam- 
matory skin disease that affects the hair follicles in apocrine 
gland-bearing skin of the axillae, ano-genital and perianal region, 
buttocks, groin and inframammary region. It is characterised by 
recurrent abscesses, sinuses and scarring (Chapter 90). 


Synonyms and inclusions 
e Acne inversa 

¢ Verneuil disease 

© Chronic perianal proderma 


Introduction and general description 

It is characterised by recurrent, painful, deep-seated nodules and 
abscesses that progress to the development of bridged comedomes, 
sinus tracts and scars. It typically affects the ano-genital region in 
men and the axillae in women. Follicular occlusion is the primary 
event followed by inflammation of the apocrine gland. 


Epidemiology 
Incidence and prevalence 
Prevalence is up to 4% [1]. 


Age 
The average age of onset is the early twenties. Peak prevalence is in 
the fourth decade and declines with age [2]. 


Sex 
There is a female to male ratio of 3:1. 


Ethnicity 
It is commoner in Afro-Caribbean people [3]. 


Associated diseases 
These include other follicular occlusive disorders that form the 
follicular occlusion tetrad, namely acne conglobata, dissecting 
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cellulitis of the scalp and sacrococcygeal pilonidal sinus disease. 
Other disease associations include inflammatory bowel dis- 
ease, pyoderma gangrenosum, spondyloarthropathies and non- 
melanoma skin carcinoma. 


Pathophysiology 
Predisposing factors 
These include obesity, smoking, friction and pressure. 


Pathology 

Features include infundibular plugging, follicular hyperplasia, 
ductal hyperkeratosis, chronic inflammation, abscess formation, 
sinus tract formation, fibrosis and scarring. 


Genetics 

There may be a positive family history in 30-40% of cases. It is 
associated with an autosomal dominant pattern of inheritance with 
variable penetrance. 


Clinical features 

History 

There is usually a history of painful recurring lumps with a dis- 
charge that is often malodourous and blood stained. Quality of 
life can be severely affected; activities such as sitting, walking and 
defecation can be impaired. 


Presentation 

There is a clinical spectrum overlapping with chronic furunculosis 
(Figure 111.15) through to severe disease. Mild or localised forms 
are frequently misdiagnosed as furunculosis or infected cysts. 
Recurrent deep-seated nodules occur at the same site. 

Groin disease is common (Figure 111.16a). Women are more likely 
to have upper torso and axillary involvement (Figure 111.16b), 
while men are more likely to have perineal or perianal disease 
(Figure 111.17). In established hidradenitis suppurativa, fluctuant 
abscesses, bridged comedomes and deep, burrowing, discharg- 
ing sinuses occur as well as scarring, including keloid scars 


Figure 111.15 Hurley stage | hidradenitis suppurativa presenting as chronic furunculosis 
on the buttocks. 


(b) 


Figure 111.16 Hurley stage Il hidradenitis suppurativa. (a) Affecting the groin of a 
female causing sinus track formation and scarring. (b) Affecting the axilla of a female 
causing sinus track formation and scarring. 


(Figure 111.17a). Men tend to have more severe disease and a 
history of severe acne [4]. Inflammation can invade fat and extend 
widely over the buttocks and thighs (Figure 111.17b). Persistent 
perineal sinuses are frequent and deep-seated lesions may lead to 
anal fistulae. 


Differential diagnosis 
Crohn disease can coexist with and may simulate hidradenitis 
suppurativa. Acne conglobata, pyoderma gangrenosum, lym- 
phogranuloma venereum, developmental fistulae and chloracne 
should all be considered. 


Classification of severity 

The Hurley staging system can be used (Table 111.2) [5]. Males 
and smokers are more likely to have higher stage disease severity 
[2,4]. 
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(b) 


Figure 111.17 Hurley stage Ill severe hidradenitis suppurativa. (a) Affecting the 
perineum and causing extensive keloid scar formation in a 75-year-old male patient. 
(b) Affecting the buttocks and thighs causing extensive sinus formation and scarring. 


Complications and co-morbidities 

Secondary bacterial infection including with streptococci or 
staphylococci may occur. Complications of severe disease include 
anaemia, development of malignancy such as SCC, genital lym- 
phoedema, contractures and reactive arthritis. Other conditions that 
are also part of the follicular occlusion tetrad are acne conglobata, 
pilonidal cyst and dissecting cellulitis of the scalp, which may 
co-exist with hidradenitis suppurativa. 


Disease course and prognosis 
The disease course is chronic and recurrent. Prevalence decreases 
with age. 


Investigations 
Swabs should be taken for bacterial culture. 


Management 
Hidradenitis suppurativa can be a difficult and recalcitrant con- 
dition to treat. A combination of different treatment modalities is 
often required. 
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Table 111.2 Hurley severity stages. 


Stage Definition 

Stage! — Solitary or multiple abscesses occurring without formation of sinus tracks 
or scarring 

Stage Il Recurrent abscesses with sinus track formation and scarring occurring 
within an anatomical region but separated by areas of normal skin 

Stage Ill Confluent involvement of an entire anatomical region with multiple 


interconnected abscesses, nodules, sinus tracks and scarring 


Adapted from [5]. 


First line 

Topical antibiotics and long-term combination oral antibiotic ther- 
apy should be used. The combination of rifampicin and clindamycin 
can be an effective treatment. The mode of action of antibiotics is 
likely to be mainly anti-inflammatory rather than bactericidal in 
nature. Oral antibiotic therapy is seldom of lasting value, although 
the elimination of specific secondary infection organisms such as 
Streptococcus milleri may be effective. 

Small localised sinuses may be phenolised successfully, and early 
lesions may respond to intralesional corticosteroids. Surgical and 
laser therapy are useful adjuncts for early disease. Marsupiali- 
sation and diathermy of the affected tissue have been successful 
in some cases. Wide local excision for severe disease has been 
advocated [6]. Disease recurrence rates are high. 


Second line 
Oral retinoids have been used with mixed results [7]. 


Third line 
Biologic drugs such as infliximab and adalimumab have been shown 
to be effective [7]. 


Resources 


Further information 
Hidradenitis Suppurativa 
accessed June 2022). 


Foundation: https://www.hs-foundation.org (last 


DRUG REACTIONS 


Fixed drug eruption. Fixed drug eruptions may produce striking 
pigmentation. 


Cutaneous atrophy. Prolonged use of potent or superpotent topi- 
cal steroids can cause dusky redness, telangiectasiae, atrophy and 
induration. Acneiform lesions and comedones may occur. 


Perianal contact dermatitis. Topical treatments such as imiquimod 
or 5-fluorouracil cream may cause a contact dermatitis that can be 
irritant or allergic in nature (Figure 111.18). 


Perianal ulceration. Painful perianal ulceration is a well-recognised 
complication of nicorandil (Figure 111.19). Complications include 


Figure 111.18 Perianal contact dermatitis caused by imiquimod cream used to treat 
perianal molluscum contagiosum. 


Figure 111.19 Perianal ulceration due to nicorandil. Courtesy of Dr S. Baron and Dr E. 
Kulakov, Kent, UK. 


infection and fistula formation. Ulceration may commence shortly 
after starting treatment or years after treatment is commenced. The 
pathogenesis is unknown. The drug should be withdrawn. Oral 
isotretinoin can lead to vulnerability to mucocutaneous injury due 
to frictional forces including in genital and perianal skin [1]. 


INFECTIONS — 


BACTERIAL INFECTIONS 
Folliculitis and furunculosis 


Definition and nomenclature 
Folliculitis is a superficial inflammatory or infective process occur- 
ring in the hair follicle. Furunculosis is a deep infection of the hair 


follicle and can lead to abscess formation and is usually caused by 
Staphylococcus aureus. 


Synonyms and inclusions 
Boils 


Introduction and general description 

The ano-genital area, particularly the buttocks and thighs of men, 
can be susceptible to infection particularly with S. aureus. Severe 
involvement with furunculosis and abscesses suggests an overlap 
with hidradenitis suppurativa. 


Epidemiology 
Incidence and prevalence 
These infections are common. 


Age 
All age groups are affected. 


Sex 
Both sexes are affected equally. 


Associated diseases 

Diabetes, immunodeficiency, anaemia and atopic eczema are all 
associated. Eosinophic folliculitis is associated with immunosup- 
pression, including HIV infection [1]. 


Pathophysiology 
Predisposing factors 
The high temperature and humidity of the ano-genital area, com- 
bined with pressure and friction, encourage colonisation with S. 
aureus. Poor personal hygiene, hyperhidrosis, obesity, anaemia, 
family history and skin conditions such as atopic eczema are also 
predisposing factors. Nasal carriage of S. aureus is the primary 
risk factor for recurrent furunculosis and occurs in 60% of indi- 
viduals [2]. Recurrent furunculosis may be a manifestation of 
underlying immunodeficiency including HIV infection, diabetes 
and malnutrition. Neutrophil dysfunction may contribute to recur- 
rent furunculosis including iron deficiency-associated reduction in 
myeloperoxidase activity [3]. 

Folliculitis is a side effect of drugs including epidermal growth 
factor receptor inhibitors (e.g. cetuximab). 


Pathology 

An inflammatory infiltrate occurs within the follicle and may rup- 
ture through the follicular epithelium. Organisms may be identified 
within the follicle. 


Causative organisms 

Staphylococcus aureus is the commonest pathogen. Methicillin- 
resistant S. aureus (MRSA) and S. aureus possessing the Panton- 
Valentine leukocidin (PVL) virulence factor are common causes 
of recurrent furunculosis (Figure 111.20) [2]. PVL consists of two 
proteins that cause lysis and cell death of neutrophils, leading to 
tissue necrosis and abscess formation. Other organisms include 
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Figure 111.20 Panton—Valentine leukocidin Staphylococcus aureus infection affecting 
the buttock of a 3-year-old female. 


Figure 111.21 Furunculosis affecting the buttocks of a 22-year-old female. 


Pseudomonas species (hot tub or wet suit folliculitis), Malassezia fur- 
fur (Pityrosporum folliculitis), Klebsiella (Gram-negative folliculitis) 
and herpes simplex virus. 


Clinical features 
History 


Symptoms include pruritus, painful nodules and purulent discharge. 


Presentation 

Papules, pustules and suppurative nodules are seen (Figure 111.21). 
Scarring and hair loss may occur. PVL infection is associated with 
larger, redder, painful furuncules and may affect other family 
members [2]. 


Differential diagnosis 
This includes hidradenitis suppurativa, pyoderma gangrenosum, 
pilonidal sinus and Crohn disease. 


Complications and co-morbidities 
These include bacteraemia, infective endocarditis and necrotising 
pneumonia. 


Disease course and prognosis 

Most patients present with a few boils that resolve with first 
line treatment. Colonisation with S. aureus may lead to recurrent 
furunculosis. 


Investigations 

Bacterial, fungal or viral swabs or scrapings should be taken. Swabs 
of nasal and other carrier sites including of close contacts should be 
considered. 


Management 

Antibacterial soaps and good personal, interpersonal and environ- 
mental hygiene should be advised. Incision and drainage may be 
required. A topical decolonisation regimen should be considered in 
recurrent furunculosis and where MRSA or PVL S. aureus infection 
has been identified. 


First line 

Topical antibiotics may be helpful in superficial folliculitis. Systemic 
antibacterial therapy is usually required for furunculosis based, if 
possible, on the results of culture. 


OTHER BACTERIAL INFECTIONS 


Streptococcal dermatitis/perianal cellulitis. Group A B-haemolytic 
streptococcal perianal dermatitis is most common in children 
between the ages of 6 and 10 months [1] but may occur in adults [2]. 
The child may present with pruritus, perianal soreness and painful 
defecation. Examination reveals a sharply demarcated, boggy red- 
ness. Satellite pustulosis may be present on the buttocks. It is com- 
moner in boys. B-haemolytic streptococci are frequently cultured 
from the pharynx [1] and streptococcal perianal dermatitis may 
trigger guttate psoriasis [3]. Treatment includes systemic antibiotics. 


Ano-genital cellulitis. Cellulitis and abscess formation can compli- 
cate cysts, sinuses and fistulae. The differential diagnosis is given in 
Box 111.2. 


Box 111.2 Differential diagnosis of ano-genital 
cellulitis 


¢ Staphylococcal cellulitis 

¢ Streptococcal cellulitis 

¢ Hidradenitis suppurativa 

¢ Crohn disease 

¢ Gonococcal cellulitis 

¢ Necrotising soft-tissue infections, e.g. necrotising fasciitis, Fournier 
gangrene 

¢ Malakoplakia 

e Extramammary Paget disease 

¢ Carcinoma erysipeloides (bladder, prostate, colon) 


Adapted from Bunker 2004 [4]. Reproduced with permission of Elsevier. 


Perianal tuberculosis. Perianal tuberculosis can cause indolent, 
irregular, painful ulcers, fistulae and abscesses and may be difficult 
to distinguish from Crohn disease. Lupus vulgaris may spread 
widely over the buttocks and perianal region or assume a fun- 
gating, vegetating appearance. Perineal scrofuloderma (secondary 
skin involvement from underlying lymph node disease) may cause 
diagnostic difficulty. 


Necrotising soft-tissue infections. A number of overlapping, 
severe, gangrenous, necrotising conditions may affect the ano-rectal 
and perineal skin and subcutaneous tissues including muscle. 
Previously known by names such as clostridial and non-clostridial 
gangrene, gas gangrene and Fournier gangrene, they are now 
referred to by the generic term of necrotising soft-tissue infection 
[5]. Pathogens such as Streptococcus and Clostridium species are 
usually involved. Early recognition and intervention are crucial as 
delay in diagnosis increases mortality. Necrotising fasciitis is one of 
these infections. 

Necrotising fasciitis most often affects middle-aged and elderly 
people but all ages can be affected. Risk factors include diabetes, 
intravenous drug use, trauma and haematological malignancy. 
Pain (often severe and out of proportion to physical signs), fever 
and cellulitic skin changes usually develop first. A distinct, dusky 
red to black spot may appear on affected skin. Tenderness and 
dusky red redness extend with extreme rapidity to involve wide 
areas of the perineum. Crepitus is an important feature, as is the 
presence of a dark brown, turbid fluid without pus. Deterioration 
and septicaemia may occur rapidly. Swift surgical intervention 
with exploration and debridement of affected tissue is essential to 
improve outcome. 


Ecthyma gangrenosum. Ecthyma gangrenosum is usually caused 
by Pseudomonas aeruginosa and occurs in the critically ill or immuno- 
suppressed. It has a predilection for the ano-genital region and may 
cause severe, painful, necrotising, ano-rectal ulceration and septi- 
caemia. The mortality is high. 


Perianal malakoplakia. Malakoplakia is a rare inflammatory 
condition associated with infections, malignancy and immuno- 
suppression [6]. It has been reported in many different organs 
including the bladder, kidney, lung, pancreas and rarely the skin. 
The most common reported skin site affected is perianal skin. The 
pathogenesis is not understood but it is thought to result from a 
defect in macrophage function. Management depends on the extent 
of disease and the underlying condition. Antibiotic therapy in 
combination with surgical excision achieves the best results. 


FUNGAL INFECTIONS 


The possibility of fungal infection should be considered in all 
unusual forms of perianal dermatitis. The presence of superficial 
longitudinal fissures is typically seen. Microscopy and culture 
should be performed. 


Candidiasis. This causes a bright red, glazed area, often with outly- 
ing small pustules, and may spread to the groins or natal cleft. 


Figure 111.22 Ulcerated and inflamed skin affecting the natal cleft and buttock 
secondary to herpes simplex type Il virus infection. 


Dermatophyte infection. Dermatophyte infection (e.g. with Tri- 
chophyton rubrum) produces a well-defined, scaly patch with a 
circinate edge. Prior treatment with corticosteroids may disguise 
the appearance. 


Histoplasmosis and blastomycosis. These can produce perianal 
lesions. 


VIRAL INFECTIONS 


Herpes simplex virus infection. This commonly affects the buttocks 
and perianal skin (Figure 111.22). Most ano-genital infections are 
sexually transmitted and are caused by herpes simplex virus (HSV) 
type 2. HSV type 1 infection can be transmitted to the ano-genital 
region by oral sex. Symptoms include ano-rectal pain, discharge 
and fever. Clinical features include perianal vesicles, ulceration and 
discharge. The diagnosis should be confirmed, e.g. by viral HSV 
DNA polymerase chain reaction (PCR). HSV becomes latent in the 
sacral ganglion after primary infection and may become reactivated 
to cause recurrent symptoms. 


Human papillomavirus infection. See the section on human papil- 
lomavirus later in this chapter. 


Molluscum contagiosum infection. Molluscum contagiosum infec- 
tion is caused by a virus from the Pox family and is common in 
children. It may be secondary to eczema and spread by scratching. 
Typically, the lesions are pale waxy papules with an umbilicated 
centre (Figure 111.18). Molluscum contagiosum is often sexually 
transmitted in adults but can be transmitted from clothes or towels. 
Molluscum contagiosum infection can be a manifestation of HIV 
infection in adults. Testing for underlying HIV infection should 
always be considered. 


Cytomegalovirus infection. This may cause perianal ulceration. It 
is rare in the immunocompetent but may occur in HIV infection. 
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Kawasaki disease. The cause is unknown but of possible viral 
aetiology. A red, desquamating, perineal eruption occurring in the 
first week of the disease may be the first cutaneous feature in up to 
two-thirds of children [1]. 


HELMINTH INFESTATIONS 


Strongyloides stercoralis. Strongyloides stercoralis usually 
presents with cutaneous or gastrointestinal symptoms but may be 
asymptomatic in over 60% of cases and indicated only by a raised 
blood eosinophil count [1]. In chronic infection, filariform larvae 
passed in the stool can attach to the perianal skin and lead to autoin- 
fection by migrating through the skin at this site (exoauto-invasion). 
Rapid intradermal migration of these infectious larvae causes the 
rash of larva currens and usually presents with very itchy red 
papules and serpiginous tracts on perianal, buttock and upper 
thigh skin. Larva currens is pathognomonic for strongyloidiasis [2]. 


Cutaneous larva migrans. This results from migration of infec- 
tive larvae from the dog or cat hookworms Ancylostoma brasiliense 
or A. caninum after percutaneous invasion and may occur on 
perineal skin. 


Schistosomiasis (bilharziasis). Perineal granulomatous lesions are a 
rare manifestation presenting as pruritic papules in the ano-genital 
region in endemic countries. 


OTHER INFESTATIONS 


Scabies infection. Infection with Sarcoptes scabiei var hominis can 
cause nodules on the buttocks and perineum. 


Amoebiasis. This is caused by the protozoan Entamoeba histolytica. 
The spectrum of disease includes proctocolitis, liver and perianal 
abscess, and perianal ulceration. Transmission usually occurs by 
the faecal-oral route but direct inoculation of abraded perianal 
skin may occur. The highest prevalence is in developing countries. 
Ulcers typically extend slowly, but may progress rapidly until 
a phagedenic ulcer completely destroys the perianal and sacral 
tissue [1]. 


OTHER DISEASES AND IN 


Sexually transmitted diseases 


Introduction and general description 

Clinical descriptions pertinent to perineal/perianal skin only are 
discussed. The reader is directed to detailed description of specific 
sexually transmitted infections elsewhere. 

In female patients, perianal symptoms may be caused by the 
posterior spread of genital infections such as candidiasis or tri- 
chomoniasis. An irritant perianal dermatitis may occur due to 
vaginal or anal discharge. 


Noe 


Figure 111.23 Condylomata lata. Courtesy of Dr S. Gold, London, UK. 


Clinical features 
Gonorrhoea. This may cause anal inflammation and discharge 


or an oedematous perianal dermatitis with multiple fissures and 
erosions. 


Syphilis. This should always be considered as a cause of perianal 
and anal ulceration, especially in men who have sex with men 
(MSM). Primary chancres can be mistaken for anal fissures. In 
secondary syphilis, papular lesions may coalesce in moist areas 
such as the perianal region to form highly contagious condylo- 
mata lata (Figure 111.23). These can be mistaken for genital warts 
(condylomata acuminata). A granulomatous gumma of tertiary 
syphilis may affect the perianal area and present as an ulcer, white 
plaque or atrophic scar. Congenital syphilis may cause perianal 
rhagades. 


Lymphogranuloma venereum (LGV). LGV is a sexually transmit- 
ted infection endemic in tropical areas including West Africa. It is 
caused by one of three invasive serovars (L1, L2 or L3) of Chlamydia 
trachomatis and usually presents with an inguinal syndrome. Infec- 
tion has become endemic in the UK since 2004 in MSM, particularly 
HIV-positive men [1]. Similar outbreaks have been reported across 
Europe and the USA [2]. An ano-rectal LGV syndrome is the usual 
presentation in industrialised countries with the development of 
ulcerative haemorrhagic proctitis that can mimic Crohn colitis. 
Perianal ulcers and fissures may occur [1]. If untreated, LGV may 
progress to cause widespread vegetating and scarring lesions of the 
genito-perineal area. 


Human papillomavirus (HPV) infection. HPV infection is the 
commonest viral sexually transmitted disease. Anal warts are 
common in young adults but are not always sexually transmitted. 


Herpes simplex virus infection. HSV type 2 infection is a common 
cause of acute painful perianal and anal ulceration and proc- 
titis in MSM. Proctitis can occur often without visible perianal 
ulceration [3]. 


Granuloma inguinale (Donovanosis). This is an infection caused 
by Klebsiella granulomatis. It is most frequently seen in tropical 
countries and is rare in temperate climates. It usually affects per- 
ineal skin, causing relatively painless papules and nodules that 
ulcerate. Ulcers may be phagedenic. Nodules may be mistaken for 
lymph nodes (pseudobubo). Perianal lesions can scar leading to 
anal stenosis and SCC can occur. 


Chancroid. Chancroid is an infection caused by Haemophilus ducreyi 
and is characterised by painful ano-genital or perianal ulceration 
and inguinal lymphadenopathy. The prevalence of chancroid has 
decreased worldwide. 


Infestations. Infestations including Phthiriasis pubis (pubic lice) 
should be considered. 


Management 
Patients should be managed by a genito-urinary medicine specialist. 


Human immunodeficiency virus 
infection 


Introduction and general description 

Many skin conditions can affect perianal skin, including seborrhoeic 
dermatitis and flexural psoriasis, and are associated with HIV infec- 
tion. The reader is referred to Chapter 31. Ano-rectal disease is 
common in HIV infection. Up to 66% of patients may have more 
than one condition [1]. Anal warts are the commonest disorder. 
There is a higher risk of progression to anal intraepithelial neoplasia 
and frank malignancy in HIV-positive men and women [2]. 

Painful perianal and intra-anal ulcers are also common, occurring 
in 32% of patients in a cohort of 180 HIV-positive men and women 
with ano-rectal symptoms [3]. Most of the ulcers were idiopathic; 
12% were due to HSV infection and 7% due to cytomegalovirus 
reactivation. 

Ano-genital ulceration can increase the risk of HIV acquisition per 
sexual exposure by a factor of 10-50 for male to female transmission 
and of 50-300 for female to male transmission [4]. 

Severe, painful recrudescence of ulcerated herpes simplex infec- 
tion type 2 may occur, including as a manifestation of immune 
reconstitution after initiation of antiretroviral therapy [5]. 

Box 111.3 lists the main causes of anal ulceration associated with 
HIV infection. 


Box 111.3 Causes of anal/perianal ulceration in HIV 
infection 


e Herpes simplex virus infection 

¢ Syphilis (primary chancre) 

e Lymphogranuloma venereum 

¢ Idiopathic (aphthous) 

e Anal fissures 

e Anal sepsis (perianal abscess, perianal fistula) 
e Haemorrhoids 

¢ Cytomegalovirus infection 


¢ Kaposi sarcoma 

¢ Non-Hodgkin lymphoma 
¢ Squamous cell carcinoma 
e Pruritus ani 

¢ Trauma 

¢ Amoebiasis 


Human papillomavirus infection 


Definition and nomenclature 

Human papillomaviruses are DNA viruses that infect squamous 
epithelia or cells with the potential for squamous maturation, 
including the skin and mucosae of the ano-genital region. 


Synonyms and inclusions 


¢ Condylomata acuminata 
e External genital warts 


Introduction and general description 

Infection with HPV of the ano-genital region is the commonest viral 
sexually transmitted disease. Perianal and intra-anal HPV infection 
is common. Approximately 40 out of the 180 known HPV geno- 
types have been associated with ano-genital lesions. The majority 
of HPV-associated diseases are caused by HPV types 6, 11, 16 and 
18. HPV genotypes are divided into low-risk types such as HPV-6 
and -11 that predominantly cause benign ano-genital warts and 
high-risk types such as HPV-16 and -18 that may cause neoplasia, 
including anal intraepithelial neoplasia (AIN) and anal cancer. 
At least 13 of the known HPV genotypes have oncogenic potential. 


Epidemiology 

Incidence and prevalence 

The annual incidence of clinically visible ano-genital HPV infec- 
tion has been estimated to be 1-2% in sexually active individuals. 
Many other patients may have subclinical or latent infection. The 
estimated lifetime risk of ano-genital wart infection is 10% [1]. 


Age 

The peak prevalence of genital HPV infection occurs in females in 
their late teens and twenties and prevalence declines in subsequent 
decades. Men acquire infection in their late teens but prevalence 
does not decline with age [2]. The rate of acquiring a new genital 
HPV infection decreases with age in women but does not vary by 
age in men. 


Sex 

Genital HPV prevalence is higher in men than women. Anal HPV 
infection has been studied more frequently in men than women. 
Anal HPV prevalence among MSM is twice that of women and 
anal HPV prevalence in women is twice that of men who have sex 
with women [2]. The prevalence of anal HPV in men who have sex 
with women has been shown to be 12% [2] and up to 70% in MSM [3]. 
Anal HPV prevalence is higher in women with HPV-related cervical 
disease and women at risk of HPV infection [2]. 
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Pathophysiology 

Predisposing factors 

Warts in the anal canal are associated with anoreceptive sex. An 
increased number of lifetime sexual partners and immunosuppres- 
sion are risk factors for HPV infection. 


Pathology 

Histology is characterised by papillomatosis, acanthosis, hyperker- 
atosis and parakeratosis (Figure 111.24a). Koilocytes in the granular 
cell layer as well as coarse keratohyaline granules are characteris- 
tic (Figure 111.24b,c). 


Causative organisms 

Viral gene expression is confined to the keratinocytes. HPV infects 
and replicates in differentiating squamous epithelium only and 
is effective at evading host recognition and immunity [4]. HPV-6 
and -11 are low-risk HPVs and are responsible for over 90% 
of ano-genital warts [5]. The presence of low-risk HPV infection 
may be a marker for the carriage of high-risk genotypes such as 
HPV-16. 


Clinical features 

History 

Symptoms include pruritus ani, discomfort, bleeding and palpable 
lesions. 


Presentation 
Warty papules, plaques and nodules are seen and may be profuse 
and extend into the anal canal. 


Clinical variants 

Perianal viral warts may occur in infants and young children 
(Figure 111.25). Sexual abuse needs to be considered in all cases, 
particularly in children older than 2 years where vertical trans- 
mission is less likely. The upper age limit for vertical transmission 
is uncertain as latent infection may occur. Furthermore, HPV geno- 
types do not seem to show the same degree of tropism for either 
mucosal or cutaneous sites as occurs in adults [6]. The presence of 
warts or HPV DNA alone is not sufficient to make a diagnosis of 
sexual abuse and social, behavioural and other supporting clinical 
information is required. 


Differential diagnosis 
Molluscum contagiosum, condylomata lata, lichen planus, AIN and 
anal carcinoma should all be considered as possible diagnoses. 


Complications and co-morbidities 
Diagnosis of ano-genital warts is associated with a long-term risk 
of ano-genital neoplasia and other malignancies including oropha- 
ryngeal carcinoma. There is a higher risk of progression to AIN 
and anal carcinoma in the immunosuppressed. 

MSM with ano-genital HPV infection have a significantly higher 
risk of acquiring HIV infection [7]. 


Disease course and prognosis 
The average incubation period from sexual exposure to HPV and 
development of ano-genital warts in young adults is 3 months. 


(a) 


Figure 111.24 Perianal wart. (a) Low-power histological features of a perianal wart 
showing hyperkeratosis, acanthosis and papillomatosis. Magnification 40x. 

(b) Higher-power view of a perianal wart showing papillomatosis, hyperkeratosis, coarse 
keratohyaline granules and koilocytosis. Magnification 200x. (c) High-power view of a 
perianal viral wart showing keratohyaline granules and koilocytes. Magnification 400x. 
Courtesy of Dr Eduardo Calonje, London, UK. 


Approximately 80-90% of ano-genital HPV infections regress due 
to a successful cell-mediated immune response. Persistent HPV 
infection with high-risk oncogenic genotypes able to evade host 
immunity can lead to the expression of potent oncogenes E6 and 
E7, with subsequent neoplastic transformation and progression to 
high-grade AIN or anal carcinoma [4]. 
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Figure 111.25 Florid perianal warts in a 5-year-old male. 


Investigations 

Infection with HPV can be investigated using molecular hybridisa- 
tion to detect HPV DNA in biopsy specimens, swabs or scrapings 
obtained from the mucosa or skin. 


Management 

Patients should be managed by a genitourinary medicine specialist. 
A full sexual health screen is required and colorectal assessment 
if intra-anal disease is suspected. A biopsy should be performed 
if diagnosis is in doubt or dysplasia suspected. The treatment 
choice depends on the morphology, number of lesions and patient 
preference. Relapse is common. 


HPV vaccination 

The quadrivalent HPV vaccine consists of virus-like particles 
assembled from major capsid proteins (L1) of HPV-16, -18, -6 and 
-11. It has been shown to reduce ano-genital HPV infection preva- 
lence in young females by more than 90%, as well as reducing 
high-grade cervical intraepithelial neoplasia in the same popula- 
tion [8]. Randomised controlled trials with the quadrivalent HPV 
vaccine have also demonstrated high efficacy against the develop- 
ment of ano-genital warts in men who have sex with women and 
MSM [9]. A gender-neutral vaccination programme has been advo- 
cated to induce true herd immunity and prevent all HPV-associated 
disease including anal cancer and oropharyngeal cancer in men and 
women [10]. Currently a quadrivalent vaccine is offered to boys and 
girls in the UK at age 12 and 13. 


First line 
Options include imiquimod cream 5%, podophyllin, podophyllo- 
toxin or trichloroacetic acid solution and cryotherapy. 


Second line 
Options include ablative therapy with cryotherapy or electro- 
cautery, curettage, surgical excision or laser therapy. 


Third line 

Topical, intralesional or systemic interferon treatment has been 
described. Interferons are not recommended for routine manage- 
ment of ano-genital warts. Various regimens have been described 
using interferons a, B and y as creams and as intralesional or 
systemic injection [11]. 


Resources 


Further information 
British Association for Sexual Health and HIV: www.bashh.org/guidelines (last 
accessed May 2022). 


Anal intraepithelial neoplasia 


Definition and nomenclature 

This is an intraepidermal, non-invasive, squamous neoplasia that 
can affect the anal canal and perianal skin. It is the precursor for 
anal SCC. 


Synonyms and inclusions 

e Anal intraepithelial dysplasia 

e Carcinoma in situ 

¢ Anal squamous intraepithelial lesion 
¢ Bowen disease 

¢ Bowenoid papulosis 


Introduction and general description 

The clinical presentation of AIN is variable. Perianal lesions are 
often referred to as Bowen disease. The high-risk HPV genotypes 
HPV-16 and -18 are strongly associated with the development of 
AIN and anal carcinoma. It is thought that early diagnosis and man- 
agement of AIN are important to prevent progression to invasive 
SCC, although there is no current clear evidence that this is the case. 
There are several different classifications for AIN. Classification 
into low- or high-grade squamous intraepithelial lesion (LSIL and 
HSIL) has been adopted by many centres [1]. 


Epidemiology 

Incidence and prevalence 

The incidence of high-grade AIN is estimated to be 0.45 per 100000 
of the general population. The prevalence is higher in high-risk 
groups and is estimated to occur in 52% of HIV-positive MSM and 
5% of renal transplant recipients [2]. 


Age 
It is commoner in older women and younger men. 


Sex 
Anal intraepithelial neoplasia is commoner in women and in MSM. 
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Figure 111.26 Histopathology of low-grade anal intraepithelial neoplasia. Koilocytes 
are present high in the upper half of the epidermis. Magnification 200x. Courtesy of 
Dr Nick Francis, London, UK. 


Associated diseases 

Anal intraepithelial neoplasia can be part of multicentric disease 
affecting other genital sites including the vulva, cervix and penis. 
There is a higher risk of malignancy including AIN and colorectal 
cancer in patients with hidradenitis suppurativa. 


Pathophysiology 

Predisposing factors 

Predisposing factors include receptive anal sex, a history of 
ano-genital warts, smoking, lifetime number of sexual partners 
and immunosuppression including renal transplant recipients. The 
highest risk group for AIN is HIV-positive MSM. 


Pathology 

Cytological atypia is confined to the epidermal layer. AIN is char- 
acterised by varying degrees of loss of stratification and nuclear 
polarity, dyskeratosis, nuclear pleomorphism and hyperchroma- 
tism, and increased mitotic activity with the presence of mitoses 
high in the epithelium. Koilocytes may be present. Atypia can be 
graded into low grade (Figure 111.26) or high grade (Figure 111.27) 
depending on severity. Expression of proliferative biomarkers 
such as p16 can be a useful diagnostic tool to confirm the grade of 
disease. 


Causative organisms 

There are approximately 15 recognised high-risk oncogenic 
ano-genital HPV genotypes. HPV-16 and -18 are predominantly 
associated with AIN in men and women [1]. 


Clinical features 

History 

Anal intraepithelial neoplasia is often asymptomatic. Symptoms 
include pruritus ani and bleeding. 


Presentation 

Lesions can be solitary or multifocal. Intra-anal AIN when visible 
macroscopically may present as papillomatous papules or plaques 
that can appear red, white, pigmented or fissured. Induration or 
ulceration may indicate invasion. Intra-anal AIN can be identi- 
fied after the application of 3% acetic acid during high-resolution 
anoscopy. AIN is often an incidental finding on surgical specimens. 


Clinical variants 

Perianal Bowen disease presents as relatively asymptomatic red, 
shiny or scaly plaques (Figure 111.28). There may be continuity with 
dysplastic lesions in the anal canal. HPV-16 has been identified in 
60-80% of cases [1]. Perianal Bowen disease is estimated to progress 
to invasive SCC in 2-6% of cases [2]. 


Figure 111.27 Histopathology of high-grade anal intraepithelial neoplasia (AIN). (a) High-grade, full-thickness AIN. Magnification 100x. (b) High-grade AIN occurring within a 
perianal wart. There is marked nuclear atypia, dyskeratosis and basal crowding of the nuclei. Magnification 40x. (c) High-grade AIN occurring within a perianal wart. Magnification 


100x. Courtesy of Dr Nick Francis, London, UK. 


Figure 111.28 Extensive eroded plaque of perianal high-grade intraepithelial neoplasia 
(Bowen disease) in a 75-year-old female. 


Bowenoid papulosis is a distinct clinical entity presenting as 
solitary or multiple, reddish-brown, pigmented or flesh-coloured 
papules with a flat or verrucous surface that can merge into plaques. 
It typically occurs in the ano-genital region or groin of young, sex- 
ually active individuals. Histology is of full-thickness epithelial 
dysplasia. HPV-16 is usually implicated. The risk of progression to 
invasive carcinoma is unknown. 


Differential diagnosis 
Anal carcinoma, HPV infection, psoriasis and lichen planus should 
be considered. 


Classification of severity 
Anal intraepithelial neoplasia is commonly defined as low or high 
grade based on the degree of cytological atypia. 


Disease course and prognosis 

The risk of progression to anal or perianal SCC is poorly understood, 
partly because there are relatively few trained experts in anoscopy 
and few and limited published data. The risk of progression of 
high-grade AIN to invasive anal carcinoma in immunocompe- 
tent patients over 5 years is approximately 10% [2]. The risk of 
progression to anal carcinoma in HIV-positive patients is currently 
unknown but invasive disease can develop quickly [2]. 


Investigations 

Histological assessment of the suspected area of AIN is required 
to confirm the diagnosis and investigate whether there is evidence 
of invasive disease. Screening for AIN includes anal cytology and 
high-resolution anoscopy with mapping biopsies of suspicious 
areas. 


Management 

Multidisciplinary specialist management is essential. Digital rectal 
examination and anoscopy are required to determine if there is 
intra-anal disease. Genital skin should be examined for evidence of 
associated diseases. All females with AIN require gynaecological 


assessment in view of the high prevalence of concomitant cervical 
intraepithelial neoplasia. 

The aims of management are to alleviate symptoms and prevent 
progression to anal cancer. Management of AIN is not standardised. 
There is no consensus on which modality of AIN treatment is opti- 
mal and whether treatment of AIN prevents development of anal 
SCC [3,4]. Some advocate close follow-up for low-grade intra-anal 
disease. Recurrence is common following intervention, especially in 
the immunosuppressed. 


First line 

Topical 5% imiquimod and 5-fluorouracil cream are therapeutic 
options for perianal or intra-anal disease and can be self-applied [5]. 
Targeted ablation options include CO, laser, electrocautery or 
infrared coagulation. Solitary, small perianal lesions may be 
amenable to surgical excision [6]. Risks of surgery include anal 
stenosis and faecal incontinence. 


Second line 
Photodynamic therapy or radiofrequency ablation can be considered. 


Screening and prevention 

The utility of screening for AIN using anal cytology and high- 
resolution anoscopy is currently controversial in terms of cost- 
effectiveness and there are no national screening programmes in 
place, but it has been recommended for high-risk populations 
including MSM and HIV-positive patients [7]. 

HPV vaccination has been shown to reduce the prevalence of AIN 
in MSM [8]. HPV vaccination is also being explored as a therapeutic 
option to prevent recurrence of AIN. Authors in a recent review of 
the efficacy of treatment options for AIN have concluded that HPV 
vaccination is unlikely to be an effective treatment for high-grade 
AIN [9]. 


Anal and perianal malignancy 


Synonyms and inclusions 
e Anal cancer 

e Squamous cell carcinoma 

e Epidermoid carcinoma 


Introduction and general description 
Malignancies of the anal region are relatively uncommon, com- 
prising 24% of all ano-rectal malignancies. Tumours of the anal 
region include tumours of the anal canal and anal margin. Distinc- 
tion between tumour location at the anal margin or anal canal is 
important as there are differences in management and prognosis. 
Unfortunately, the literature has often grouped these two anatomi- 
cal sites together, leading to difficulties in interpreting the results of 
interventions. 

SCC is the most common type of anal cancer, comprising approx- 
imately 80% of cases [1]. Anal adenocarcinoma accounts for fewer 
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than 10% of all anal cancers [2]. Other rarer malignancies affect- 
ing the anal region include melanoma, lymphoma and Kaposi sar- 
coma. Ano-genital Kaposi sarcoma is essentially HIV related. 

SCC of the anal region is usually preceded by AIN. Most cases 
are a result of sexually acquired infection with oncogenic HPV sub- 
types, predominantly HPV-16 and -18. Prevention may be possible 
through the use of HPV vaccination. 

The following discussion will be limited to SCC. 


Epidemiology 

Incidence and prevalence 

Anal SCC is rare, but the incidence is increasing worldwide in men 
and women. The rise in incidence in women is thought to be due 
to more women having anoreceptive sex with a resultant increased 
risk of exposure to high-risk HPV types. The rise in incidence in 
men is attributed to prolonged survival of patients with HIV infec- 
tion, enabling progression of persistent high-risk HPV infection to 
AIN and subsequent invasive malignancy. The incidence of SCC 
of the anal canal is approximately 1.5 cases per 100 000 per year 
globally [3]. Anal cancer is not an AIDS-defining diagnosis but 
the incidence is 40-70 times higher in HIV-positive patients, and 
highest in MSM who practise anoreceptive sex [4]. 


Age 
Women older than 50 years have a higher incidence rate. Men have 
a higher incidence rate in the 20-49-year age group [5]. 


Sex 
It is commoner in women and HIV-positive men. 


Associated diseases 

Associated diseases include ano-genital HPV infection and other 
sexually transmitted diseases, vulval, penile and cervical intra- 
epithelial neoplasia and carcinoma. Chronic inflammation and 
ulceration from severe hidradenitis suppurativa is also a risk factor. 


Pathophysiology 
Predisposing factors 
Factors that increase the risk of ano-genital HPV infection or mod- 
ulate the host immune response to HPV are associated with anal 
SCC. These include anoreceptive sex, lifetime number of sexual 
partners, immunosuppression (including organ transplant recip- 
ients) and smoking. Anal SCC is also increased in autoimmune 
disease including psoriasis and granulomatosis with polyangiitis 
[6]. The highest-risk group is HIV-positive MSM. HIV control as 
measured by the per cent of time with undetectable HIV viral load 
has been reported to decrease the risk of anal SCC [7]. Optimising 
antiretroviral therapy and control of HIV viral load may decrease 
the risk of anal SCC. 

Perianal SCC can also develop on a background of chronic der- 
matoses including lichen planus, lichen sclerosus and hidradenitis 
suppurativa. 


Pathology 
Anal intraepithelial neoplasia is thought to be the precursor 
of invasive SCC (Figure 111.29). Histological features of anal 


Figure 111.29 Squamous cell carcinoma infiltrating adipose tissue that has developed 
from adjacent high-grade anal intraepithelial neoplasia. Magnification 400x. Courtesy 
of Dr Nick Francis, London, UK. 


SCC include hyperkeratosis, acanthosis, ectopic keratinisation, 
nuclear pleomorphism and mitoses. Cells can vary from large, 
pale eosinophilic cells to small, basaloid or spindle-shaped cells. 
Tongues of atypical keratinocytes invade the dermis. The invasive 
margin can vary from well circumscribed to irregular. A lympho- 
cytic infiltrate of varying degrees may be present. No significant 
association between histological subtype and prognosis has been 
established. 


Causative organisms 
Anal SCC is associated with high-risk HPV infection, including 
HPV-16, in more than 96% of cases [8]. 


Clinical features 

History 

Symptoms include pruritus ani, bleeding, pain, tenesmus, faecal 
incontinence, discharge, change in bowel habit, ulceration and 
presence of a mass. History may include ano-genital HPV infection, 
HIV infection, anoreceptive sex or smoking. 


Presentation 

Presentation includes an ulcer or a hard mass that can be flat, 
raised or polypoid (Figures 111.30 and 111.31). SCC of the anal 
margin is at least fivefold less common than of the anal canal [9], 
but is the commonest tumour of the anal margin. Anal margin 
SCC is commoner in men [10]. It can be difficult to determine 
from the outset whether the tumour originated in the anal canal 
or anal margin as often both areas are involved at the time of 
diagnosis. 

Locally advanced disease may present with perianal infection, 
fistula formation and inguinal lymphadenopathy. Lymph node 
involvement at diagnosis occurs in 30-40% of cases with distant 
extrapelvic metastases recorded in 5-8% at diagnosis. Rates of 
metastatic progression after primary treatment vary between 10% 
and 20% [10]. Tumours distal to the dentate line drain to the 
inguinal and femoral nodal chains. 


(a) 


(b) 


Figure 111.30 (a) Large polypoid mass of perianal carcinoma in a 56-year-old female. (b) Close-up view of the same carcinoma. 


Figure 111.31 Poorly differentiated, eroded, perianal nodule of squamous cell 
carcinoma present at the anal margin occurring in a 50-year-old HIV-negative man 
within the radiotherapy treatment field 10 years after treatment of anal carcinoma with 
chemoradiotherapy. The patient subsequently had an abdomino-perineal resection and 
perineal reconstruction for the recurrent disease. 


Clinical variants 

Buschke—Léwenstein tumour (also called giant condyloma acumi- 
natum or verrucous carcinoma) is a rare, slow-growing, cauliflower- 
like exophytic tumour of the ano-genital region caused by HPV 
and characterised by invasive growth (Figure 111.32). HPV-6 and -11 
are the most common HPV genotypes identified. HPV-16 and -18 
can also be detected, especially in cases with foci of invasive SCC. 
The histological features are similar to those of condyloma acumi- 
natum. The Buschke-Léwenstein tumour is thought to exhibit 
intermediate biological behaviour towards malignancy. Wide local 
excision or abdomino-perineal resection is considered the treatment 
of choice. Adjuvant chemoradiotherapy may be necessary if there 
is an invasive component. Malignant transformation to SCC can 
occur in 40-60% of cases. 


Figure 111.32 Buschke—Lowenstein tumour affecting the perianal skin of a 56-year-old 
male. 


Differential diagnosis 

Anal carcinoma should be considered in all nodulo-ulcerative anal 
and perianal disease, including when there is a history of perianal 
chronic inflammatory skin disease such as lichen planus, lichen 
sclerosus, hidradenitis suppurativa or a background of immuno- 
deficiency. The diagnosis of anal cancer is often delayed and is 
mistaken for benign disease such as haemorrhoids or anal tags. 


Classification of severity 

Anal and perianal SCC can be staged according to the American 
Joint Committee on Cancer TNM classification, which includes 
assessment of the tumour, lymph nodes and distant metastasis [11]. 


Disease course and prognosis 

Tumour size (>5cm), nodal involvement and male sex are asso- 
ciated with a less favourable prognosis. Anal margin tumours 
have a better prognosis. Overall 5-year survival rates for localised 
disease, disease with regional lymph node involvement and disease 
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with distant metastases are 80%, 58% and 31%, respectively [12]. 
Chemoradiation leads to complete tumour regression in 80-90% 
of patients. HIV-positive patients on highly active antiretroviral 
therapy have been shown to have similar clinical response and 
tolerability to chemoradiation as HIV-negative patients [13]. 

Anal margin SCC has a slightly better prognosis. 


Investigations 

Histological diagnosis is required and imaging undertaken for 
tumour staging. MRI of the pelvis and endoanal ultrasound 
enable assessment including of tumour size and anal sphincter 
involvement. Distant metastatic spread is assessed by computed 
tomography of the thorax, abdomen and pelvis. 


Management 
A multidisciplinary approach is essential including involvement of 
an ano-rectal surgeon, radiotherapist and medical oncologist. 

The aim of treatment is to achieve cure with preservation of 
faecal continence. Chemoradiotherapy using a combination of 
5-fluorouracil and mitomycin C has been established as first 
line treatment for invasive anal canal disease [10]. Small, well- 
differentiated anal margin tumours without nodal involvement can 
be treated with wide local excision if anal sphincter function can be 
preserved. 

The main role for surgery in anal cancer is for residual or recur- 
rent disease after failure of chemoradiotherapy and is referred to 
as salvage surgery. Abdomino-perineal resection with perineal 
reconstruction is the most frequently performed operation. This 
operation involves resection of the anus and rectum, end colostomy 
formation and reconstruction of the perineum. 


Miscellaneous malignancies 


Extramammary Paget disease (EMPD). EMPD is a rare but impor- 
tant diagnosis. Primary EMPD is an intraepithelial adenocarcinoma 
arising possibly from intraepidermal cells of the apocrine gland 
ducts or from pluripotent keratinocyte stem cells and is the 
commonest form of EMPD [1]. Secondary EMPD arises from 
an underlying malignancy in a dermal adnexal gland or a local 
organ with contiguous epithelium. Perianal EMPD represents 
approximately 20% of cases of extramammary disease [2]. The 
association between EMPD and malignancy is variable, ranging 
from 38% to 70% [2]. The commonest tumours are ano-rectal ade- 
nocarcinoma and adenocarcinoma of the bladder or urethra, but 
distant tumours including breast may be responsible. Perianal 
EMPD is strongly associated with ano-rectal adenocarcinoma, with 
up to 80% of patients having an underlying ano-rectal adenocarci- 
noma [1,2]. 

Common symptoms are pruritus ani and perianal bleeding [3]. 
Lesions are typically red plaques or erosions that are moist or hyper- 
keratotic. Perianal lesions can extend into the anal canal. 

Management of primary disease is tailored to the extent of the 
EMPD and can include imiquimod cream, surgery (including Mohs 
micrographic surgery) or photodynamic therapy. Recurrence is 
common. Management of secondary disease is primarily directed 
towards the associated malignancy. 


Basal cell carcinoma. This very common non-melanoma skin can- 
cer rarely affects the ano-genital area. Predisposing factors include 
radiation, trauma or burns [4]. 


Melanoma. Anal margin melanoma is rare, accounting for 2-4% of 
all ano-rectal malignancies [4]. 


Langerhans cell histiocytosis. This condition can cause perianal 
ulceration. 


Carcinoma erysipeloides. Infiltration of the skin with neoplastic 
cells produces the clinical appearance of cellulitis or erysipelas. 
Infiltrative papules can be seen on close inspection. It has been 
reported in the perineum and on the thigh in carcinoma of the 
bladder and prostate [5] and in the genito-crural region secondary 
to adenocarcinoma of the colon (Figure 111.33) (E. Mallon, personal 
observation). 


(b) 


Figure 111.33 (a) Infiltrative carcinoma erysipeloides affecting the genito-crural region 
and lower abdomen in a man with adenocarcinoma of the colon. A colostomy bag is 
visible. (b) Close-up view showing a cellulitis-like appearance and infiltrated papules of 
cutaneous metastatic adenocarcinoma. 
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Pilonidal sinus 


Definition and nomenclature 
Pilonidal sinus is an acquired midline sinus due to entrapment of 
hairs in the pilosebaceous unit of the sacrococcygeal region. 


Synonyms and inclusions 

¢ Pilonidal disease 

¢ Sacrococcygeal pilonidal disease 
¢ Pilonidal cyst 

e Jeep driver's disease 


Introduction and general description 

Pilonidal disease is commonest in the sacrococcygeal region but 
can also occur on the pubis, anterior perineum or on the hands 
of people with certain occupations such as dog groomers or hair- 
dressers. The word pilonidal is derived from the latin pilus (hair) 
and nidus (nest). 


Epidemiology 

Incidence and prevalence 

The incidence was determined to be 26 per 100000 in a study from 
Norway [1]. 


Age 
The peak is in the second to third decades. 


Sex 
The male to female ratio is 2.2:1 [1]. 


Associated diseases 

Other diseases involving follicular occlusion, namely hidradeni- 
tis suppurativa, dissecting cellulitis and acne conglobate, are 
associated. 


Pathophysiology 

Predisposing factors 

The disease was previously thought to be congenital due to fail- 
ure of fusion in the dorsal midline resulting in entrapment of hair 
follicles in the sacrococcygeal region, but is currently considered an 
acquired disorder [2]. 

Trauma, obesity, hirsutism, sedentary lifestyle and family history 
are predisposing factors. Hair follicles altered by pressure and 
maceration become occluded and hairs continue to grow beneath 
the surface, leading to a foreign body inflammatory reaction. 


111.25 


(b) 
Figure 111.34 (a) Pilonidal sinuses in a natal cleft with buttock abscesses. (b) Close-up 
view of the same pilonidal sinus. 


Clinical features 

History 

Symptoms include itch, pain (including coccygodynia), recurrent 
abscess, purulent discharge and persistent nodules in the natal cleft. 
It may be asymptomatic. 


Presentation 

A midline pit/sinus may be visible in the natal cleft (Figure 111.34) 
but may be obscured by a suppurative discharging nodule. 
Hairs may protrude from the sinuses. The sinus may extend to 
the sacrum. Secondary tracks and sinuses may develop off the 
midline in chronic disease (Figure 111.35). 


Differential diagnosis 
Perianal abscess, perianal fistula, Crohn disease and hidradenitis 
suppurativa should all be considered. 
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Figure 111.35 MRI scan of the patient with sacrococcygeal pilonidal disease shown in 
Figure 111.34. A sagittal T,-weighted small field of view image showing multiple sinus 
tracks (arrows) extending from the natal cleft and buttock skin into the subcutaneous 
tissue, almost reaching the coccyx. Courtesy of Dr John Rendle, Department of Imaging, 
Croydon University Hospital, UK. 


Complications and co-morbidities 
Chronic inflammation over many years can lead to SCC. 


Investigations 
An MRI scan of the pelvis can define the sinus tracks (Figure 111.35). 


Management 

Depilation of hair in the natal cleft (e.g. by shaving) has been 
advocated [2]. The treatment of symptomatic disease is surgical. 
Various procedures ranging from excision, incision and marsu- 
pialisation or phenol injections to complex flaps to remove the 
natal cleft have been described. Asymptomatic pits do not require 
treatment [3]. 


Crohn disease 


Definition and nomenclature 

Crohn disease is an idiopathic, chronic, granulomatous, inflamma- 
tory disease that can affect any part of the gastrointestinal tract from 
mouth to anus. Perianal abscesses and fistulae are a common occur- 
rence in Crohn disease. 


Synonyms and inclusions 
e Regional enteritis 


Introduction and general description 

Mucocutaneous manifestations of Crohn disease occur in up to 
44% of patients [1] and can be categorised as granulomatous 
(contiguous or non-contiguous with the gastrointestinal tract), 
non-granulomatous reactive (e.g. pyoderma gangrenosum) or 
nutritional. Granulomatous disease non-contiguous with the gas- 
trointestinal tract is referred to as metastatic Crohn disease. Crohn 


disease affects the perianal skin in 20-30% of cases, with the majority 
of patients having fistulae or abscesses. Patients with rectal or distal 
colonic disease are at a higher risk of developing perianal disease. 


Epidemiology 
Incidence and prevalence 
Prevalence in the UK is estimated to be 50-100 per 100000. 


Age 
The peak age of onset is the second to fourth decades. 


Sex 
It is commoner in females. 


Pathophysiology 

Predisposing factors 

The aetiology is unknown. Smoking and a diet high in fatty foods 
may be risk factors. 


Pathology 
Histology is of non-caseating granulomas. 


Clinical features 

History 

Perianal symptoms include pruritus ani, discharge and pain. Symp- 
toms of inflammatory bowel disease include diarrhoea, abdominal 
pain and ano-rectal bleeding. 


Presentation 

Approximately 25% of patients with large or small bowel disease 
have perianal manifestations [2]. Perianal disease can precede symp- 
toms of intestinal disease. The perianal manifestations are listed in 
Box 111.4. 


Box 111.4 Perianal features of Crohn disease 


e Pruritus ani 

e Maceration 

e Erosions 

e Ulceration 

e Fissures 

e Abscesses 

e Fistulae 

¢ Secondary infection 
e Skin tags 

e Anal stenosis 

¢ Metastatic granulomatous ulcers, nodules or plaques 


The commonest perianal lesions are ulcers, anal fissures, abscesses 
and fistulae (Figure 111.36) [2]. Up to 50% of patients with Crohn 
disease develop fistulae [3], of which 54% are perianal [4]. The fistu- 
lae are often complex and multiple with severe impairment of qual- 
ity of life. 

Metastatic Crohn disease is rare. Lesions may present as ulcers, 
nodules or plaques and have been reported to occur on the face, 
retroauricular area, limbs, inframammary area, abdomen and geni- 
tal skin. 
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Figure 111.36 Crohn disease: perianal and buttock involvement. Courtesy of Dr D. |. 
McCallum, Inverness, UK. 


Cutaneous disease activity does not correlate consistently with 
intestinal activity. Mucocutaneous manifestations of Crohn disease 
are listed in Box 111.5. 


Box 111.5 Mucocutaneous features of Crohn 
disease 


e Erythema nodosum 

¢ Pyoderma gangrenosum 

¢ Polyarteritis nodosa 

¢ Granulomatous cheilitis 

¢ Oral apthous ulceration 

e Anal and perianal lesions (Box 111.4) 

e Epidermolysis bullosa aquisita 

¢ Genital disease including balanitis, chronic penile or vulval 
lymphoedema and contiguous granulomatous disease of the vulva 

e Erosions and ulceration around ileostomies and colostomies 

¢ Metastatic Crohn disease 

¢ Ulceration of the perineum and buttocks after colectomy 

e Skin changes secondary to malabsorption including pallor 


Differential diagnosis 

This includes the causes of pruritus ani, anal fissures, fistulae and 
perianal ulceration. Other possible diagnoses include ulcerative 
colitis, diverticulitis, hidradenitis suppurativa, pyoderma gan- 
grenosum, HIV infection, tuberculosis and sexually transmitted 
disease including syphilis. 

Granulomatous nodules, with or without ulceration, create 
a differential diagnosis that includes sarcoidoisis, tuberculosis, 
atypical mycobacterial infection, deep fungal infection, foreign 
body reaction, granuloma inguinale, lymphogranuloma venereum, 
chanchroid, amoebiasis and syphilis. 


Complications and co-morbidities 

These include fissures, anal skin tags, perianal ulceration, ano-rectal 
strictures, rectovaginal and anovaginal fistulae, faecal incontinence 
and anal carcinoma. 


hs bs 


Disease course and prognosis 
The course can be chronic and relapsing. Prognosis is variable. 


Investigations 

Endoscopic visualisation and biopsy are needed. Histological con- 
firmation of non-caseating granulomas of both the skin and bowel 
should be sought. Endoanal ultrasound and MRI will assist in 
defining the anatomy of fistula tracks. 


Management 

A multidisciplinary approach is required, with gastroenterology 
being the main specialty likely to lead treatment. Management 
options include topical and intralesional steroids, oral pred- 
nisolone, oral antibiotics, sulfasalazine and immunosuppressive 
therapy including antitumour necrosis factor (anti-TNF) agents 
such as infliximab or adalimumab [5]. Surgical intervention may 
be required including for management of fistulae and drainage of 
abscesses. 


First line 
Local measures include soaks with potassium permanganate and 
the use of an antiseptic soap substitute. Potent or very potent 
topical steroid/antibiotic combinations and oral antibiotics (as for 
hidradenitis suppurativa) may be effective for localised perianal 
disease. 

Anti-TNF agents should be considered as first line treatment in 
patients with fistulae [6] and can lead to clinical remission of trans-, 
supra- and extrasphincteric fistulae [2]. 


Resources 


Further information 
Crohn’s and Colitis UK: www.crohnsandcolitis.org.uk (last accessed May 2022). 


Anal abscess 


Definition and nomenclature 
Anal abscess is a form of ano-rectal sepsis. Pus formation occurs in 
the connective tissue around the anus and rectum. 


Synonyms and inclusions 


¢ Perianal abscess 
e Ano-rectal abscess 


Introduction and general description 

Anal abscesses are common in healthy individuals but may occur in 
patients with inflammatory bowel disease including Crohn disease. 
Anal abscesses are classified based on their location in relation to 
the anal sphincters and anatomical spaces of the ano-rectal region 
(Figure 111.37). 
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Epidemiology 
Incidence and prevalence 
They are common. 


Sex 
Anal abscesses are twice as common in men as in women [1]. 


Age 
Anal abscess is primarily a disease of the young to middle-aged. 


Pathophysiology 

Predisposing factors 

Anal gland infection in the intersphincteric space is the likely cause 
secondary to impaction with faecal debris (cryptoglandular hypoth- 
esis). Anal glands tend to atrophy with age, perhaps explaining 
why anal abscesses are less common in the elderly. Predisposing 
factors include trauma (e.g. impacted fish bone), constipation, 
sedentary occupation, immunodeficiency (including leukaemia and 
HIV infection), diabetes and anal cancer. 


Clinical features 
History 
Symptoms include pain, swelling, discharge, fever and malaise. 


Presentation 
Perianal abscesses are common and superficial infections that 
extend between the internal and external sphincter and reach the 
anal verge (Figure 111.37). If the abscess penetrates the external 
anal sphincter, it becomes an ischio-rectal abscess. Intersphincteric 
abscesses develop in the space between the internal and external 
sphincters [1]. 

Perianal abscess may cause an eythematous, fluctuant, tender, 
indurated swelling. 


Clinical variants 
See Figure 111.37. 
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Figure 111.37 Classification of ano-rectal abscesses based on the relation of the 
abscess to the internal and external anal sphincters. 


Differential diagnosis 

Crohn disease, hidradenitis suppurativa, tuberculosis, thrombosed 
external haemorrhoids, perianal cellulitis, threadworm infection 
and malignancy should all be considered. 


Complications and co-morbidities 
Fistula formation following perianal abscess occurs in 26-37% of 
cases [2]. 


Disease course and prognosis 
Risk factors for recurrence include diabetes, Crohn disease, 
immunosuppression and ischio-anal location. 


Management 
Incision and drainage are required. 


First line 

Antibiotics are not required unless there are signs of cellulitis or the 
patient is at risk from underlying co-morbidities such as diabetes 
or immunosuppression. Antibiotic therapy after surgical drainage 
does not seem to protect against fistula formation [3]. 


Anal fistula 


Definition and nomenclature 

A fistula is an abnormal communication between two epithelial 
surfaces. An anal fistula is a communication between the ano-rectal 
canal and perianal skin that is lined with granulation tissue. 


Synonyms and inclusions 
e Fistula-in-ano 
e Ano-rectal fistula 


Introduction and general description 

Anal fistula is part of the spectrum of perianal sepsis. An anal fistula 
may present de novo or after an acute ano-rectal abscess. A high index 
of suspicion of anal fistula is necessary when examining patients 
with a perianal abscess. 


Epidemiology 

Incidence and prevalence 

The prevalence of anal fistulae is 1-2 per 10000 of population 
in European studies [1]. This may be an underestimate as many 
patients do not seek medical advice because of embarrassment. 


Age 
It most commonly presents at around 40 years. 


Sex 
Men are twice as likely to be affected. 


Associated diseases 
See Box 111.6. 
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Box 111.6 Conditions associated with anal fistulae 


¢ Crohn disease 

e Tuberculosis 

¢ Hidradenitis suppurativa 

¢ Pilonidal disease 

¢ HIV infection 

¢ Trauma: obstetric or ano-rectal 
¢ Foreign bodies 

e Surgery 

¢ Radiotherapy 

e Malignancy 

e Lymphogranuloma venereum 
¢ Perianal actinomycosis 

e Bridging of anal fissure 

e Sacrococcygeal teratoma 

e Ano-rectal duplication 

¢ Presacral dermoid cysts 


Pathophysiology 

Predisposing factors 

Approximately 90% of anal fistulae are idiopathic [2]. Infection 
of anal glands in the intersphincteric space of the anal canal is 
thought to underlie both acute ano-rectal abscesses and anal fistulae 
[2,3]. This is called the cryptoglandular hypothesis (Figure 111.38). 

It is not clear why certain cases of perianal sepsis are limited 
to abscess formation whereas others are associated with fistula 
track formation. The rate of formation of fistula following perianal 
abscess is 26-37% [4]. 

See Box 111.6 for diseases associated with anal fistulae. The 
prevalence of fistulae in patients with Crohn disease is up to 
50% [5], of which most are perianal (Figure 111.36). The transmural 
inflammation characteristic of Crohn disease predisposes patients 
to fistula formation. Fistulae in Crohn disease are often complex 
and multiple. 


Internal 
sphincter 
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abscess 
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Anal gland 


Figure 111.38 Cryptoglandular hypothesis of the development of an intersphincteric 
fistula. 
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Clinical features 

History 

Patients may complain of pruritus ani, discharge, pain and consti- 
pation. In severe cases faecal material may pass through the fistula, 
leading to soiling of underwear and skin irritation. There is often 
a history of an abscess that failed to heal after surgical drainage or 
recurred at the same site. 


Presentation 

An anal fistula may appear as a pit in the skin with a surrounding 
rim of granulation tissue, and discharge may be noted. Surrounding 
skin may be indurated and tender and there may be scarring from 
previous abscess formation. 

Fistulae have a primary track but there may be secondary exten- 
sions. Most occur on the midline posteriorly, but there may be 
multiple openings. The fistula may harbour chronic infection that 
may discharge onto the skin. Intermittent discharge is usually 
caused by cyclical accumulation of an abscess with associated 
discomfort and pain before some relief from discharge [2]. 


Differential diagnosis 

Underlying diseases associated with anal fistula should be consid- 
ered, including Crohn disease and infections such as tuberculosis 
(Box 111.6). Tuberculosis should always be suspected and excluded, 
especially in patients who fail to respond to treatment or who 
have recurrent disease. 


Classification of severity 
Fistulae are classified based on their relation to the anal sphincter 
complex and whether the track is low or high. A low fistula track 
passes through few or no sphincter muscle fibres and is relatively 
close to the skin. A high fistula describes a track that passes through 
or above large amounts of muscle (Figure 111.39). 

After considering whether a fistula track is low or high, additional 
complexity arises from the presence of secondary tracks or residual 
abscess cavities. 


Complications and co-morbidities 
Squamous cell carcinoma is a rare complication that may arise in 
chronic complex fistulae. 


Disease course and prognosis 

Anal fistulae will not heal without intervention and if left untreated 
are at risk of recurrent perianal abscess and development of a 
complex fistula network [2]. The consequences may include chronic 
pain, bleeding, incontinence, cellulitis and systemic sepsis. In some 
cases, treatment may require stoma formation. 


Investigations 

Endoanal ultrasound and MRI improve the characterisation of the 
fistula anatomy and are the most useful imaging techniques in com- 
plex cases [6]. 


Management 
Referral to a colorectal specialist is required. The aims of man- 
agement are to eradicate the fistula and prevent recurrence whilst 
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External 
sphincter 


Internal 
sphincter 


Figure 111.39 Parks classification of anal fistulae. A: superficial fistula track beneath 
the internal and external sphincters. B: intersphincteric fistula track between the internal 
and external sphincters in the intersphincteric space. C: transsphincteric fistula track 
crossing both the external and internal anal sphincters. D: suprasphincteric fistula 
passing outside the internal and external anal sphincters over the top of the puborectalis 
muscle and penetrating the levator muscle before tracking down to the skin. E: 
extrasphincteric fistula tracking outside the external anal sphincter and penetrating the 
levator muscle into the rectum. Adapted from Parks et a/. 1976 [3]. 


maintaining continence. Successful management of an anal fis- 
tula requires that all primary and secondary tracks are drained 
and eradicated [2]. Antibiotics are not usually effective in treating 
perianal abscess or infection associated with anal fistula but are 
recommended in patients who have cellulitis [3]. 


First line 

Surgical procedures performed by a colorectal specialist include fis- 
tulotomy and seton insertion (see later) [7]. Fistulotomy entails the 
division of superficial tissue to lay open the fistula track and is an 
effective way to treat low fistulae. Fistulotomy should be avoided 
where there is significant anal sphincter involvement to avoid the 
risk of postoperative faecal incontinence. A seton is a thread (usually 
a non-absorbable suture or vascular sling) placed through the fis- 
tula track and tied to form a continuous ring between the internal 
and external openings of the fistula. Setons maintain the patency 
of the fistula track, acting as a wick and allowing the drainage of 
pus and healing to occur. Secondary treatment is usually required 
to close the track. 


Second line 
Fibrin glue can be injected into the fistula track and is a sphincter- 
sparing technique. 


Third line 

Other surgical options include the insertion of a fistula plug derived 
from porcine small intestine and an endo-rectal advancement flap. 
Formation of a colostomy is considered a last resort in non-healing 
anal fistulae [2]. Defunctioning colostomy is more frequently 
utilised in Crohn disease where wound healing is poor following 
other surgical procedures. 


Resources 


Further information 
Crohn’s and Colitis UK: www.crohnsandcolitis.org.uk (last accessed May 2022). 


Anal fissure 


Definition and nomenclature 
An anal fissure is a longitudinal ulcer occurring in the squamous 
epithelium of the anal canal located distal to the dentate line. 


Synonyms and inclusions 


e Fissure-in-ano 


Introduction and general description 

Primary anal fissures are idiopathic and usually affect the posterior 
midline. Secondary anal fissures usually occur in the lateral aspect 
of the anal canal and are associated with underlying diseases such 
as Crohn disease. 


Epidemiology 

Incidence and prevalence 

The exact incidence is unknown and probably underreported as it is 
likely that many patients do not seek medical advice as the fissure 
heals without intervention. It has been suggested that the lifetime 
incidence is 11% [1]. 


Age 
Anal fissures are commonly encountered in young adults but may 
affect extremes of age [2]. 


Sex 
There is an equal prevalence in males and females. 


Associated diseases 

Atypical fissures (large, irregular, multiple and non-midline) are 
associated with underlying disease such as Crohn disease, HIV 
infection, syphilis, tuberculosis and malignancy. 


Pathophysiology 

Predisposing factors 

The aetiology is poorly understood. Trauma causing pressure or 
necrosis by the passage of hard stools is thought to be an initiating 
factor. Pregnancy-associated anal fissures are thought to arise due 
to shearing forces during labour. 


Pathology 

Histology in idiopathic cases is of non-specific ulceration. In sec- 
ondary anal fissures, specific pathology such as anal carcinoma or 
Crohn disease will be identified. 


Clinical features 

History 

Painful defecation occurs, often described as a tearing sensation. 
Blood may be present on the surface of the stool. Other symptoms 


Conditions best managed with an ano-rectal specialist surgeon 


include mucous discharge and constipation. Anal fissures result in 
significant morbidity and reduction of quality of life [3]. 


Presentation 

The tear can usually be visualised in the distal anal canal [2]. Acute 
fissures are typically superficial with well-delineated mucosal 
edges and granulation tissue at the base. Chronic fissures may have 
a fibrotic rolled edge, sentinel tag at the anal pole of the fissure and 
visible transverse fibres of the internal anal sphincter. 

Fissures are normally single and occur in the posterior midline in 
80-90% of cases [2]. Anterior midline fissures are usually found in 
women. Fissures occurring in patients older than 65 are typically 
secondary and appropriate investigations are required to exclude 
underlying disease. 


Clinical variants 

Although not true anal fissures, erosions and fissures may occur 
in the sulcus beneath odematous haemorrhoids or in any area of 
perianal skin disease including the natal cleft. These fissures, which 
are secondary to inflammatory skin disease such as psoriasis or 
lichen simplex, or to trauma, are sometimes referred to as anal 
rhagades. The presence of even a small fissure in an area of cuta- 
neous inflammation maintains the pruritus and may predispose to 
infection. 


Differential diagnosis 

Sexually transmitted diseases including primary syphilis, Crohn 
disease, tuberculous and HIV infection should be considered and 
excluded by appropriate investigations. Trauma is also a possible 
cause. Behcet disease occasionally presents with multiple shallow 
ulcers and fissures of the perianal skin. 


Complications and co-morbidities 

Constipation is frequently found. Perianal tags may result when 
an anal fissure has healed. Squamous cell carcinoma is a rare 
complication of chronic anal fissure. 


Disease course and prognosis 

More than 50% of acute fissures heal spontaneously with conserva- 
tive management [2]. Only 10% of chronic fissures will heal spon- 
taneously and either surgical or medical intervention is required to 
achieve healing. 


Investigations 
Proctoscopy and histological assessment are mandatory if the aeti- 
ology is in doubt. 


Management 

Management is the domain of the ano-rectal specialist. Conserva- 
tive management, including advice on a high-fibre diet, is advis- 
able. Warm sitz baths (a shallow bath used for cleansing the perineal 
and perianal skin) can help with symptomatic relief [4]. The aim of 
management of chronic fissures is to treat the triad of anal pain, 
spasm and ischaemia. Medical treatment should be pursued prior 
to surgical intervention. 
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First line 

The use of topical nitrate (e.g. glyceryl trinitrate 0.4% ointment) 
may be considered. Topical calcium channel blockers (e.g. diltiazem 
2% gel) can be tried in patients unresponsive to topical nitrates. 


Second line 

Surgery is the mainstay of treatment for chronic anal fissures unre- 
sponsive to first line measures. Lateral internal sphincterotomy 
results in cure rates of up to 98% but may compromise anal 
continence in up to 30% [2]. 

The relatively high risk of anal incontinence following surgical 
intervention has led to the search for medical therapy to reduce anal 
pressure. Options that may be tried prior to surgery include oral 
calcium channel blockers (e.g. nifedipine) or injection of botulinum 
neurotoxin A into the internal anal sphincter. 


Third line 
Fissurectomy and endoanal advancement flap are surgical 
options [2]. 


Haemorrhoids 


Definition and nomenclature 
Haemorrhoids are dilatations in the venous system draining the 
anus. 


Synonyms and inclusions 
e Piles (Latin pila, a ball) 
e Varicose veins of the anus 


Introduction and general description 

Internal haemorrhoids typically develop from three anal cushions 
present in the anal canal (Figure 111.40). Anatomically, an inter- 
nal haemorrhoid is a fold of mucous membrane and submucosa 
containing a varicosed tributary of the superior rectal vein and a 
terminal branch of the superior rectal artery (Figure 111.41). Internal 
haemorrhoids are proximal to the dentate line and have visceral 
innervation with an absence of pain fibres. External haemorrhoids 
are varicosities of tributaries of the inferior rectal vein and are 
located below the dentate line in the distal third of the anal canal 
(Figure 111.42). They are covered by squamous epithelium and 
have somatic pain fibre innervation. External haemorrhoids are 
commonly associated with internal haemorrhoids. 


Epidemiology 
Incidence and prevalence 
Symptomatic haemorrhoids affect up to 36% of the population [1]. 


Age 
Prevalence increases with age. 


Sex 
They are common in both men and women. 
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Figure 111.40 Typical positions of development of internal haemorrhoids in the anal 
canal at 3, 7 and 11 o'clock seen with the patient in the dorsal lithotomy position. The 
anal column blood vessels are largest at the left lateral, right posterior and right anterior 
quadrants of the anal canal where the subepithelial tissues expand to form three anal 
cushions. The cushions help to seal the anal canal to maintain continence to faeces and 
flatus, and are also important in the pathogenesis of internal haemorrhoids. Adapted 
from Snell 2012 [4]. Reproduced with permission of Lippincott Williams & 
Wilkins/Wolters Kluwer. 
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Figure 111.41 Origin of internal and external haemorrhoids. Adapted from Snell 
2012 [4]. Reproduced with permission of Lippincott Williams & Wilkins/Wolters Kluwer. 


Pathophysiology 

Predisposing factors 

Factors that increase intra-abdominal pressure, including preg- 
nancy, obesity and straining at stool due to constipation, contribute 
to the incidence of haemorrhoids. Other predisposing factors 
include portal hypertension due to liver cirrhosis and malignancy 
causing compression of the superior rectal vein. Haemorrhoids are 
often familial and there may be a family history of leg varicose 


Figure 111.42 Second-degree prolapsed internal haemorrhoids with surrounding anal 
tags. Courtesy of Mr M. Abulafi, Croydon University Hospital, UK. 


veins. Age-related loss of anal canal muscle support may explain 
the increase in prevalence with age [2]. 


Clinical features 

History 

Symptoms are bleeding, mucous or faecal discharge, pruritus 
ani and the sensation or awareness of prolapse. Typically, uncom- 
plicated internal haemorrhoids cause painless bleeding. Pain may 
arise if thrombosis, ulceration or infection occurs. External haem- 
orrhoids are more likely to cause pain. Haemorrhoidal bleeding 
consists of bright red blood on the stool or toilet paper or dripping 
into the toilet. The symptoms of haemorrhoidal disease do not 
correlate with the size of the haemorrhoids. 


Presentation 

Prolapsed internal haemorrhoids with an overlying columnar 
mucosal surface may be visible on inspection of the perianal skin 
(Figure 111.42). External thrombosed haemorrhoids can be differ- 
entiated as they are covered by squamous epithelium. A perianal 
dermatitis may occur secondary to skin irritation resulting from 
faecal leakage or a contact dermatitis (irritant or allergic) secondary 
to overwashing or medicaments. Examination should include 
digital rectal examination to exclude the presence of a mass and 
proctocopy to evaluate if there is any other ano-rectal pathology. 


Clinical variants 
Perianal skin tags (anal tags) can result from thrombosed external 
haemorrhoids and are common (Figure 111.43). In contrast to 
external haemorrhoids, perianal skin tags do not swell with blood 
when the patient strains or reduce with pressure. Perianal tags are 
usually asymptomatic but large or multiple lesions can interfere 
with perianal hygiene and predispose to perianal dermatitis. 
Perianal haematoma (perianal thrombosis) is caused by the rupture 
of tributaries of the inferior rectal vein as a result of coughing or 
straining, with the appearance of a haematoma affecting perianal 
skin (incorrectly called a thrombosed haemorrhoid). The history 
is of sudden onset of pain and swelling. A blue-black nodule that 
can be multilocular can be seen on inspection of the anal margin 


Key references 111.33 


Figure 111.43 Perianal skin tag. 


Table 111.3 Classification of haemorrhoid severity. 


Severity Definition 


Contained within the anal canal 

Prolapse on straining and defecation but reduce spontaneously 

Prolapse on straining but remain outside the anus and require 
manual reduction 

Prolapsed and incarcerated 


First degree 
Second degree 
Third degree 


Fourth degree 


region. If the overlying skin perforates, a clot of blood is extruded 
leading to pain relief. A perianal skin tag can result when the 
haematoma resolves. Many perianal haematomas are associated 
with haemorrhoids. 


Differential diagnosis 
The differential diagnosis includes ano-rectal malignancy, Crohn 
disease, perianal metastases and Kaposi sarcoma. 


Classification of severity 
See Table 111.3. 


Complications and co-morbidities 

The complications of haemorrhoids include pain, thrombosis, stran- 
gulation, ulceration, fibrosis, infection and abscess and incarceration 
of a prolapsed haemorrhoid. 


Management 
Management of symptomatic haemorrhoids is the domain of the 
ano-rectal specialist. First- and second-degree disease (Table 111.3) 
can usually be treated conservatively without the need for operative 
intervention. The aims of management include addressing any pre- 
disposing factors such as constipation or diarrhoea. Symptomatic 
relief for perianal symptoms can be achieved with topical agents 
including lubricants and mild topical steroids. Dietary fibre should 
be increased and there should be adequate water intake. 
Third-degree haemorrhoids usually require surgical intervention. 
First line options include injection sclerotherapy, rubber band liga- 
tion, infrared coagulation and cryotherapy. These techniques result 


in tissue destruction, subsequent fibrosis and resultant resolution of 
the haemorrhoid. 

Fourth-degree haemorrhoids require urgent surgical intervention. 
Surgical procedures include excisional haemorrhoidectomy, stapled 
haemorrhoidopexy and Doppler-guided transanal haemorrhoid 
devascularisation [3]. 


Resources 


Further information 
https: / /patient.info / doctor /haemorrhoids-piles-pro (last accessed May 2022). 


Key references 


The full list of references can be found in the online version at 
https://www.wiley.com/rooksdermatology10e 
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Introduction 


An abdominal stoma (ostomy) is a surgically created opening 
from the gastrointestinal or urinary tract onto the skin in order 
to drain the effluent from that system. Ostomies are inherently 
incontinent so this typically involves a collection device worn on 
the skin, usually held in place by an adhesive material. Each year 
in the UK approximately 21 000 people have an abdominal stoma 
formed with a large proportion intended as temporary or palliative 
procedures rather than a long-term therapeutic solution. There 
are no exact figures available and, although estimates vary, at any 
one time there are probably over 100 000 people in the UK with a 
chronic abdominal stoma. Skin problems are the commonest longer 
term complications and while estimates vary, figures from several 
studies would suggest that between one-third and two-thirds will 
experience a skin problem around their stoma at some time that 
will interfere with normal appliance use [1,2]. In theory, most der- 
matoses could affect peristomal skin but in practice the majority 
fall into one or more of a few groups that are predictable because of 
the occluded nature of the peristomal skin, prolonged contact with 
the appliance and any medicaments or cleansers, leakage of urine 
or faeces onto the skin and the underlying abdominal disease itself. 
The common cutaneous complications are (in order of prevalence): 
irritant reactions (including dermatoses exacerbated by trauma), 
common generalised inflammatory dermatoses (e.g. psoriasis and 
pemphigoid), disorders associated with the reason for surgery 
especially Crohn disease, infections and allergic reaction [3]. 


Types of stoma and appliances 

Most ostomates (a person who has an ostomy) use modern stoma 
appliances that consist of a polythene or vinyl bag attached to a firm 
thermoplastic armature which is itself fixed to an adhesive system 


that is intended to contact the abdominal skin (Figure 112.1) [4]. 
Patients with a short or buried stoma may use an appliance with 
a convex skin barrier to effectively lengthen the stoma spout. The 
types of stomas covered in this chapter and the appliances used are 
described in Table 112.1. 


Assessment of the patient 

The involvement of an experienced stoma nurse specialist is invalu- 
able, particularly as they may know the patient well. The stoma 
nurse can advise the patient on how to manage their stoma, includ- 
ing advice on appliance modifications and the use of accessory 
adhesives, filler pastes, etc. In this way many irritant reactions can 
be resolved without further dermatological input. It is important 
that the dermatologist examines the peristomal skin as this will 
quickly identify common conditions (e.g. psoriasis or seborrhoeic 
warts) and rarer conditions such as skin cancers as the cause of the 
skin problems. Specific points to consider when assessing a stoma 
patient in addition to a general dermatological consultation are 
listed in Table 112.2. 


General aspects of treatment for stomas 
Inflammatory dermatoses can usually be managed with topical 
therapies as at other body sites, but topical therapies need to be 
chosen carefully, particularly with regard to the vehicles used in 
order to minimise greasiness that would interfere with appliance 
adhesion (Table 112.3). Progression to systemic therapy should 
be considered earlier for more severe inflammatory dermatoses 
such as psoriasis or pemphigoid as such disorders themselves will 
diminish adhesion and the resulting leakage may worsen the skin 
disease. The avoidance of irritants or allergens are dealt with in the 
sections on allergic contact dermatitis and irritant reactions and in 
Table 112.1 [5]. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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(b) 


Figure 112.1 (a) Patient with a urostomy for bladder carcinoma who has reacted to the 
tape border of a two-piece appliance on a 5-day skin test (right of picture). She has not 
reacted to the hydrocolloid central portion or the all-hydrocolloid one-piece appliance on 
the left. The product on the left is a typical drainable urostomy bag with a nylon tap at 
the bottom of the device. Similar bags with different drain systems are used by ileostomy 
patients and some with colostomies of the ascending colon. (b) Patient with a colostomy 
who has clearly reacted to a component of the appliance adhesive as the central 
hydrocolloid washer prevents the reaction. 


Irritant skin reactions 


e ICD-10: L24.8 
e BAD: RE800, RE801, RE802, C7210, C7211, C7212 


Introduction 
Irritant reactions are a common cause of skin problems in patients 
with a stoma. 


Epidemiology 
Irritant reactions account for more than 50% of the skin problems 
experienced by stoma patients [1,2]. 


Pathophysiology 
See Chapter 128 for pathogenetic information on irritant contact der- 
matitis. 

Damage to the skin barrier producing irritant reactions can result 
from physical trauma (e.g. pressure and skin stripping) but the 
reactions are most commonly due to repeated exposure to the 
stoma contents which may be corrosive in the case of faeces. Most 
stoma effluent is of neutral pH or above and ammonia from the 
urea in urine will also increase skin pH thus impairing barrier 
function. Repeated microscopic skin stripping at appliance changes 
may also contribute to faecal or urine dermatitis reactions [3]. 
When all potential causes of peristomal dermatitis have been 
excluded (including allergy, infection and psoriasis, etc.) there 
remain approximately 10% of stoma patients with what is regarded 
as idiopathic dermatitis [2]. 


Clinical features 

Irritant reactions may present with a dermatitis or one of a range of 

distinctive papular reactions [4]. In most cases the patient’s stoma 

nurse specialist will have diagnosed the problem and arranged 
effective management, usually by modification of the appliance 
system to prevent leaks or adhesive reactions. The causes and 

types of these disorders are detailed in Tables 112.1 and 112.2. 

Most patients presenting to dermatologists will therefore be those 

who require further investigations or treatments that cannot be 

undertaken or prescribed by the nurse. 

Faecal or urinary irritant dermatitis may result from wearing an 
appliance that is too large so that it exposes skin to effluent because 
the stoma is buried or in a skin fold (Figure 112.2), or because the 
stoma is too short (Figure 112.3) so that faeces inevitably track 
under the barrier. Occasionally, ileostomies or urostomies are very 
contractile such that they spasmodically shorten with the same 
results (Figure 112.4). In this situation, the injection of botulinum 
toxin into the stoma musculature can be highly effective as it pref- 
erentially paralyses the longitudinal muscle thus maintaining a 
longer spout. It does not work with colostomies [5]. Some patients 
develop persistent reactions to portions of the adhesive barrier 
with no demonstrable allergic component. This is particularly the 
case with adhesive tape borders similar to the dressings used for 
patch testing (Figures 112.1a and 112.6). A proportion of patients 
(up to 10%) have persistent or recurrent dermatitis affecting the 
whole of the occluded skin for which no cause can be found 
(Figure 112.6). 

Three patterns of papular reaction deserve particular mention. All 
are the probable consequences of exposure to stoma effluent: 

1 Hypergranulating polyps or ‘granulomas’. These occur par- 
ticularly around colostomies as cherry red papules at the 
mucocutaneous junction; these may proliferate into normal 
skin if it is exposed to faeces (Figure 112.7) [6]. A similar pro- 
cess can affect an ileostomy where it presents as a flatter, red, 
bleeding area in which bowel metaplasia of the skin is relatively 
common (Figure 112.8). In either case they may be symptomatic 
as they bleed and cause leaks. Occasionally they are painful 
(Figure 112.9). The metaplastic lesions may very rarely develop 
primary adenocarcinoma [7]. Exceptionally, this metaplastic 
process may affect urostomies (Figure 112.10). 


Table 112.1 Types of stoma and appliance.? 


Type of stoma 


Description 


Indications 


Appliance types used 


Specific associated skin problems 


lleostomy 


Colostomy 


Urostomy (ileal conduit) 


Abdominal fistula 


Others 


Placed usually in right iliac fossa 
with an ideal spout of at least 
2 cm. Produces liquid output 
which increases in inverse 
proportion to the amount of 
functioning ileum remaining; 
as does the pH of effluent 
which ranges from 6.5 to 7.5 

Placed typically in the left iliac 
fossa with a minimal spout 


A length of ileum with a spout 
similar to an ileostomy into 
which one or usually both 
ureters drain. Can be on right 
or left 

Opening of an abdominal viscus 
directly onto the skin 


Gastrostomy is placed in left 
upper quadrant and 
nephrostomy on either flank 


Inflammatory bowel disease (IBD) either 
as a permanent or temporary end 
ileostomy. Loop ileostomies 
(double-barrelled) intended to protect 
the distal bowel pending 
re-anastomosis or pouch formation. 
Other indications include bowel 
carcinoma and ischaemic bowel 

Large bowel carcinoma, IBD including 
temporary stomas to rest diseased 
distal bowel or perineum 


Bladder carcinoma, incontinence and 
iatrogenic damage to urological tract 
either due to radiotherapy or surgical 
trauma 


Usually results from dehiscence of a 
surgical abdominal wound especially 
in IBD, fistulating diverticular disease 
or carcinoma 

Gastrostomy is typically for nutritional 
support 

Nephrostomy is usually temporary and 
used to divert urine from a distal 

obstruction often secondary to 
carcinoma 


One-piece and 
occasionally two-piece 
drainable pouches 
changed every 2-3 days 


One-piece closed 
appliance changed 
daily or more frequently 
depending on output 

One- or two-piece 
drainable appliances 
changed every 2-3 days 


A variety of appliances 
together with dressings 
may be used 


A drainable appliance is 
used for a nephrostomy 


Irritant reactions particularly with 
high-output stomas. Short or 
imperfectly placed stomas 
(e.g. in an abdominal fold) and 
loop ileostomies are especially 
prone to leakage onto skin. 
Disorders associated with the 
underlying bowel pathology 

Irritant reactions are relatively 
uncommon unless stool is not 
formed. Bleeding 
overgranulating papules 

Irritant reactions particularly with 
short or poorly positioned 
stomas 


Irritant reactions 


Nephrostomies are occasionally 
associated with irritant 
reactions 

Gastrosomies develop exuberant 

granulation tissue that can 
bleed and be painful 


; Irritant skin reactions 112.3 


@ The appliances attach to the skin usually by means of a hydrocolloid material. These are commonly composed of polyisobutylene (PIB), which provides ‘dry tack’ adhesion to the skin, 
and a mixture of carboxymethylcellulose and fruit pectins, which serve to preserve the acidic pH of the skin and to absorb water thereby maintaining the dry skin adhesion. Newer 
products incorporate additional materials such as addition buffers, ceramide and aloe vera. In addition, silicon gel-based adhesive barriers are increasingly used. The polymer's 
adhesion is not optimal until warmed so most barriers incorporate an immediate adhesive tackifier on the surface. This is traditionally rosin based (pentaerythritol ester of rosin) but 
increasingly non-allergenic, synthetic hydrocarbon materials are used. A range of accessories may be used including belts, additional adhesive tapes, cleansers, adhesive removers, 
deodorisers and barrier preparations including acrylic adhesive materials. 


Table 112.2 Dermatological assessment: aspects specific to peristomal skin. 


Aspect 


Problems 


Actions 


Patient's technique 


Patient anxiety or 
acceptance of the stoma 

The stoma itself 

Bowel contents 

Infection 


Underlying bowel disease 


Other skin diseases 


Appliance may no longer be appropriate size or shape 

Patient may be inappropriately rough when cleaning the skin or using inappropriate accessory 
products or medicaments 

Usually fear of leaks or noise leads patients to change appliances too frequently, wear excessively 
tight belts or use unnecessary additional adhesive tapes 

The stoma may be short, in the wrong place or contractile, causing it to shorten and leak 

Parastomal hernias are common (up to 34% of patients [2]) and cause bag failures 

Liquid motions are more likely to cause leaks and short bowel stomas, especially jejunostomies, will 
have effluent with a high pH 

Local skin infection may not present in the typical manner under occlusion and broken skin may 
become secondarily infected 

Extraintestinal manifestations of Crohn disease and metastatic Crohn disease 

Complications of antineoplastic therapy 

These may present atypically under occlusion, for example bullae in localised pemphigoid may not be 
apparent 


Stoma nurse input is essential 


Stoma nurse input is essential 


Stoma nurse input may help but surgical 
referral may be necessary 

Consider codeine phosphate, loperamide 
or omeprazole 

Always swab rashes and consider Candida 
infection 

Consider biopsy early 


Consider biopsy early 
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Table 112.3 Topical corticosteroids useful for inflammatory peristomal skin diseases.? 


stulae 


Active ingredients Trade name Other ingredients 

Betamethasone valerate 0.1%: scalp lotion Betnovate™: GlaxoSmithKline Carbomer, sodium hydroxide and water 

Betamethasone dipropionate 0.05%: scalp lotion Diprosone™; Schering-Plough Carbomer, sodium hydroxide and water 

Clobetasol propionate 0.05%: scalp lotion Dermovate™; GlaxoSmithKline Carbomer, sodium hydroxide and water 

Fluocinolone 0.025%: scalp gel Synalar™; GP Pharma Benzoates and propylene glycol 

Betamethasone and calcipotriol: scalp gel Dovobet™; Leo Laboratories Paraffin, liquid polyoxypropylene 15, stearyl ether, castor oil and 
butylhydroxytoluene (E321) 

Beclometasone dipropionate 200 pg: metered dose asthma Clenil modulate™; Chiesi None 

inhaler 
Fludroxycortide 4 jg/cm?: tape Generic None 
Betamethasone valerate: plaster Betesil™: Derma UK None 


@ There is no perfect preparation applicable to stomas that is available ‘off the shelf’ and getting medicaments manufactured can be problematic and expensive. The table details some 


preparations that can be used. Lotions containing oils should be avoided and the patient shoul 


d be warned that preparations containing propylene glycol and Dovobet™ gel should be 


left to dry for 10 min before placing their bag. Alcoholic scalp lotions can sting when applied to broken skin and can be applied to the bag directly and left to dry before fitting. The 


potency of the steroid is increased under occlusion. Continuous daily treatment should be for 
atrophy. Haelan tape is useful for small ulcerated lesions, particularly pyoderma gangrenosum. 


(b) 


Figure 112.2 (a, b) A short colostomy that leaks onto the skin because it is in a skin 
fold. This results in leakage and an eroded faecal dermatitis. 


no more than 4 weeks and thereafter no more than three times per week to avoid skin 


Figure 112.3 A short ileostomy that has become shortened after surgery and is fixed 
with its opening pointing to the skin at the 6 o'clock position. Leaks are inevitable and 
this will require surgery. The eroded dermatitis is due to the corrosive faecal contents. 


2 Multiple hyperkeratotic and acanthotic papules. These occur 
around short ileostomies and particularly abdominal fistulae 
(Figure 112.11) 

3 Chronic papillomatous dermatitis (CPD). This is a term used by 
Bergman et al. [8] to describe a distinctive hyperkeratotic irritant 
skin reaction affecting leaking urostomies. The term has been 
used by subsequent authors to refer to lesions near ileostomies 
but is probably best reserved for urostomies as the clinical pre- 
sentation is distinct (Figure 112.12). Small hyperkeratotic papules 
can lead to massive and progressive hyperkeratotic plaques that 
may impinge on the stoma, resulting in stenosis in some cases if 
the leaking onto the skin is not corrected. 


Figure 112.4 A highly contractile ileostomy that varies in length from flush (pictured) to 
3 cm long. This type of stoma can respond to intramuscular botulinum toxin. 


Figure 112.5 A short colostomy in a fold demonstrating severe faecal dermatitis 
resulting from frequent leaks. 


Investigations 

In most cases the diagnosis is clinically obvious and measures 
taken to prevent further skin damage will confirm the underlying 
irritancy. A biopsy may be undertaken in the remaining cases to 
look for other diagnoses (see the section on other diseases later 
in this chapter). The histological features of all the irritant reac- 
tions including an idiopathic dermatitis are essentially the same, 
comprising various degrees of acanthosis, hyperkeratosis, erosion, 
mixed inflammatory infiltrate and capillary dilatation. Patients with 
longstanding stomas, usually ileostomies for ulcerative colitis, may 
very rarely develop carcinoma in the surrounding skin such that a 
biopsy is indicated for any unusual or persistent lesions. 


(b) 


Figure 112.6 Idiopathic dermatitis affecting the whole skin covered by the stoma 
barrier. The patients did not develop a reaction to the appliance when worn for 7 days 
on anormal piece of skin. (a) A patient with a colostomy for bowel carcinoma. (b) A 
patient with darker skin and an ileostomy for Crohn disease. Mottled, postinflammatory 
hyperpigmentation occasionally occurs. 


Management 

The general management for all irritant reactions is to prevent 
exposure to the irritant wherever possible. It is therefore essential 
to liaise with a stoma nurse specialist in the management of these 
patients. CPD in particular responds rapidly to measures to prevent 
leaks. Patients presenting to a dermatologist will, in most cases, 
have already seen their nurse and will require specific dermatolog- 
ical intervention as well. Where the stoma is short, suboptimally 
placed or associated with a hernia, surgical refashioning might 
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Figure 112.7 (a) Inflammatory polyps affecting a colostomy where the skin has been 
exposed to faeces. (b) Where these bleed, proliferate, cause pain or otherwise result 
in appliance failures they can be removed under local anaesthetic by curettage and 
cautery. 


seem the most appropriate step, however surgical considerations 
such as the amount of available remaining bowel or medical con- 
siderations such as anaesthetic risk may make this too hazardous 
for the patient. 

For dermatitis a short-term topical corticosteroid is usually all that 
is needed in order to settle the inflammation and to enhance appli- 
ance adhesion (Table 112.3). This may be required intermittently for 
a longer period, particularly for idiopathic dermatitis. 

CPD responds very well to the prevention of urine leakage. This is 
typically more achievable than for leaking ileostomies, colostomies 
or fistulae. One effective additional measure for early CPD is to 
apply 50% domestic vinegar (diluted in tap water) to the skin 
for 10 min a day after cleaning [9,10]. This is best achieved using 
soaked gauze. It probably works by reducing the corrosive effects 
of ammonia produced by urea-splitting bacteria as well as main- 
taining the physiological pH of the skin. Papular irritant reactions 
that do not respond to the prevention of leaks can be removed 
under local anaesthetic, usually by cautery with or without prior 


Figure 112.8 Granulation tissue with bowel metaplasia affecting an ileostomy. In this 
case the affected area is in a scar/fold that channels leakage onto the skin, which may 
be the triggering factor. These lesions cause further bag failures especially by bleeding. 
Because of this and in particular in the presence of metaplasia, the skin should be 
resurfaced under local anaesthetic with light cautery or, if available, laser. 


Figure 112.9 Pain is occasionally prominent and sometimes severe as in this woman 
with an ileostomy for Crohn disease. There are typical ‘granulomas’ beneath the stoma 
but a very painful and more vascular one at the 3 o'clock position. Treatment is as for 
Figure 112.8. 


curettage or shaving off of the lesions (see Figures 112.7-112.11 
and 112.12). This may need to be repeated periodically as often as 
every 3-4 months in the case of granulomas as they tend to recur. 
Cryotherapy with liquid nitrogen can be effective for small papular 
lesions even in CPD [11]. Botulinum neurotoxin A can also be an 
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Allergic contact dermatitis 


e ICD-10: L23 
e BAD: C6zzzz 


Introduction 
Allergic contact dermatitis (ACD) affecting the skin can occur 
around stomas. 


Epidemiology 

Allergic contact dermatitis around stomas is uncommon, occurring 
in less than 1% of the skin problems seen in almost 1000 patients 
attending a dedicated dermatology and joint stoma care clinic [1]. 
; Despite this many patients and stoma nurses suspect allergy to 
Figure 112.10 Ileal metaplasia affecting a longstanding urostomy and covering a wide a stoma appliance as the cause of an otherwise unexplained der- 
area of skin. This was treated with laser resurfacing. matitis before considering any other aetiology. This can be partly 
explained by the numbers of individual case reports published in 
the last 30 years detailing sensitivities to individual components 
many of which, such as epoxy resin systems, are no longer used 
in appliance manufacture. These reports have been eloquently 
summarised by Martin et al. [2]. Where ACD occurs, it is usually to 
biocides in cleansers, fragrances in deodorisers or resin systems in 
pastes used to fill irregularities in the peristomal skin (Gantrez™ 
PMV/MA co-polymers). 


Pathophysiology 
See Chapter 127 for pathogenetic information on ACD. 


Clinical features 

The symptoms and clinical appearances of ACD and irritant der- 
matitis are similar in the occluded peristomal environment and 
are therefore difficult to distinguish on clinical grounds alone. The 
patient experiences an itchy, sometimes burning, eczematous rash 
affecting the skin in contact with the material responsible and 
spreading out from that area. 


Investigations 

Patch testing (Chapter 127) is carried out to a standard series, 
specific stoma series (Table 112.4) and samples of the appliance 
and any accessory products used (e.g. aloe vera). It is also useful 
for the patient to undertake a usage test. This involves applying a 
; = stoma bag together with accessories such as additional hydrocolloid 
Figure 112.11 A short and buried ileostomy where leaks are inevitable. The mottled washers or skin pastes to the non-stoma side of the abdomen. The 
appeatatice ot Mie nypemmerstoue papules > Wiplcel appliances are changed at the same time as that on their stoma 
and it is important that they continue this for 5-7 days. However, 
occasionally patients have a severe reaction before 5 days and 
effective treatment for irritant dermatitis caused by ostomy leaks in should stop the test and if possible photograph the reaction. The 
patients with retractile stomas [12]. test, if positive (see Figure 112.1), can confirm which part of an 
Occasionally patients present with bleeding granulomas which — appliance or which accessory product is likely to be causing the 
are not irritant in nature but are vascular lesions due to portal skin reaction although this may or may not be an allergic reaction. 
hypertension. This is almost exclusively in ulcerative colitis patients | Consideration of the distribution of the dermatitis is important 
with liver disease (Figure 112.13). These granulomas will bleed in identifying potential allergens. For example, patients may use 
profusely if approached surgically as one would with irritant gran- fragranced deodorisers placed in the pouch. These can penetrate 
ulomas and should be left, with the patient being referred for a the plastic and contact the skin causing reactions even below the 

hepatology opinion. inguinal crease [3]. 
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Figure 112.12 (a) Chronic papillomatous dermatitis (CPD) and irritant dermatitis associated with a leaking urostomy. The papules are typical. (b) These may proliferate and are 
occasionally blue due to bacterial degradation of tryptophan in the urine to produce an indigo-like substance. (c) These hyperkeratotic papules can encroach on the urostomy as in 
this Asian woman with a urostomy for neurological incontinence. Squamous epithelium encroaching onto the urostomy mucosa is seen in severe cases. Surgical removal under local 


anaesthetic may be necessary, as in this case, to prevent stoma stenosis. 


Management 

As confirmation of the allergy requires clearance of ACD on avoid- 
ance of the culprit product, further management is usually unneces- 
sary. Topical corticosteroid is, however, useful to relieve symptoms 
and to speed resolution of the dermatitis. 


Infections 


Introduction 
The moist occluded environment of the peristomal skin is ideal for 
microbiological growth. 


Epidemiology 

Despite the environment created by a stoma, significant infections 
are relatively uncommon, accounting for approximately 7% of 
patients that seek help for skin problems [1]. The most frequent 
infections are Candida overgrowth (Figure 112.14) and folliculitis 
(staphylococcal), usually from shaving or plucking the hairs with 
bag adhesive. Secondary bacterial infection, particularly cellulitis 
affecting ulcerating conditions, occurs occasionally (Figure 112.15). 
Synergic gangrene (Figure 112.16) and other serious infections are 
rare, as surprisingly is tinea corporis. 


Pathophysiology 
See chapters on specific infections (Chapters 26 and 32). 


Figure 112.13 A patient with an ileostomy for ulcerative colitis with associated liver 
disease. Portal hypertension is affecting the peristomal skin, effectively caput medusa. 


Table 112.4 Suggested stoma patch test series 


No. Agent No. Agent 

1 Cinnamyl alcohol 20 1,6-Hexanediol diacrylate 

2  Cinnamaldehyde 21 Tetrahydrofurfuryl methacrylate 

3 Eugenol 22 Tetraethyleneglycol dimethacrylate 

4 Alpha-amyl-cinnamaldehyde 23 N,N-dimethylaminoethyl methacrylate 

5 Hydroxycitronellal 24 Ethyl cyanoacrylate 

6 Geraniol 25 Diazolidinyl urea 

7 |soeugenol 26 Propylene glycol 20% in aqueous 

8 Oak moss absolute 27 Chlorhexidine digluconate 0.5% in aqueous 
9 Sorbitan sesquioleate 28 2-Ethylhexyl acrylate 0.1% in petrolatum 
10 Methyl methacrylate 29 Isopropyl alcohol 10% in aqueous 

11 n-Butyl methacrylate 30 Cetrimide 0.1% in aqueous 


12 2-Hydroxypropyl methacrylate 31 Polyvinyl pyrrolidone 1% in aqueous 
13 2-Hydroxyethyl methacrylate 32 Gantrez™ ES225/Gantrez ES425 

14 Ethyleneglycol dimethacrylate | 33 Cavilon foam applicator 

15 Triethyleneglycol dimethacrylate 34 Karaya 10% in aqueous 

16 1,4-Butanediol dimethacrylate 35 Benzoyl peroxide 


17 Urethane dimethacrylate 36 1H-benzotriazole 1% in petolatum 

18 BIS-MA (bisphenol A 37 D-Limonene 10% in petrolatum 
dimethacrylate) 

19 BIS-GMA (bisphenol A 38 Propyl gallate 1% in petrolatum 


glycerolate dimethacrylate) 


Clinical features 

Bacterial infection presents either as a typical folliculitis or a 
patchy dermatitis with moist, superficial erosions. The latter is 
non-specific with psoriasiform or eczematous features and can 
occur with a variety of pathogens [1]. A swab should there- 
fore be taken in all cases of unexplained rash. Bacterial cellulitis 
presents typically and can complicate pre-existing skin disorders 
(Figure 112.15). Synergic gangrene occurs in the weeks after surgery 
usually following surgical wound breakdown (mucocutaneous 
separation [2]). 
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Figure 112.14 (a) Candida infection presenting as an itchy, non-follicular pustular 
rash affecting an immunosuppressed woman with an ileostomy for Crohn disease. 

(b) Psoriasis (confirmed histologically) in a young woman with Crohn disease. There are 
small satellite lesions, some presenting as deroofed pustules representing a significant 
Candida infection confirmed on mycology. 
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Investigations 
A swab should be taken from all rashes for bacteriology and skin 
scrapings where appropriate for mycology. 


Management 
Antibiotic prescribing should be guided by microbiology findings. 
Systemic treatment is preferable as topical creams interfere with 
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Figure 112.15 Streptococcal cellulitis complicating healing pyoderma gangrenosum in a 
65-year-old woman with irritant bowel disease. 


Figure 112.16 Synergic gangrene affecting a recently formed ileostomy. The patient 
required surgical debridement in addition to systemic antibiotics. 


appliance adhesion. Patients who shave their abdomen are advised 
to do this no more than weekly. An adhesive remover spray is 
helpful if strong adhesion is causing hair plucking. 


Other skin conditions presenting near 
stomas 


Psoriasis: 

e ICD-10: L40.0 

e BAD: D10 

Localised pemphigoid: 

e ICD-10: L12.0 

e BAD: ME201 

Lichen sclerosus, localised extragenital: 
e ICD-10: L90.0 

e BAD: M412 


Introduction 
Theoretically almost any dermatosis could involve the peristomal 
skin and a dermatologist will be able to diagnose such disorders 


based upon the features both locally and beyond the stoma. In 
practice a few skin diseases warrant special mention either because 
they are more common than expected or because they can present 
atypically. The isomorphic (Koebner) phenomenon might be 
expected to make certain disorders more likely in the potentially 
traumatised peristomal skin. 


Epidemiology 

Although conditions such as pemphigus vulgaris have been 
reported [1], in the author’s experience with the exception of psoria- 
sis [2] these are uncommon. Psoriasis is more than twice as common 
in patients with irritable bowel disease (IBD) compared with the 
population as a whole [1] and is the most frequent generalised 
dermatosis seen around stomas as a result of this and probably 
also the Koebner phenomenon [3]. Around stomas it presents like 
flexural psoriasis (Figure 112.17a). Features of psoriasis elsewhere 
may be limited and subtle (Figure 112.17b) so that diagnosis may 
not be immediately obvious. 

Lichen sclerosus has been described involving peristomal skin 
[4,5] where it can present acutely with features similar to active 
genital lichen sclerosus (Figure 112.18). It particularly affects 
urostomies and can appear without associated genital involvement 
[6,7]. 

The anti-anginal nitrate drug nicorandil is known to cause oral 
aphthous ulceration [8], perianal ulcers [9], peristomal ulceration 
(Figure 112.19) [10] and bowel perforation [11] or fistula formation 
particularly in patients with diverticular disease [12,13]. It accounts 
for up to 2% of referrals to a specialist stoma care/dermatology 
clinic [10]. This drug is rarely used in the Americas and is now 
restricted in the UK because of these complications. Cases are 
therefore now rare. 

Localised bullous pemphigoid occasionally involves peristomal 
skin (Figure 112.20) and can cause diagnostic confusion as the typ- 
ical blisters are not seen having been deroofed by the action of the 
appliance adhesive [14]. 

Other congenital or acquired bullous, xerotic or hyperkeratotic 
disorders are surprisingly rare around abdominal stomas. 


Pathophysiology 
See chapters on specific diseases (Chapters 110 and 111). 


Clinical features 

Psoriasis presents typically outside the area covered by the appli- 
ance and will only cause diagnostic confusion if the features of pso- 
riasis elsewhere are scant or subtle (Figure 112.17a, b). Under an 
appliance it has the features of flexural psoriasis. 

Lichen sclerosus (Figure 112.18) may present as an asymptomatic, 
papery, atrophic plaque of typical extragenital lichen sclerosus but 
more usually presents as painful, purpuric plaques often associated 
with ulceration. 

Localised pemphigoid affecting stomas (Figure 112.20a) presents 
as painful and often itchy denuded areas. 


Investigations 

For all these conditions a skin biopsy is indicated if there is any 
doubt about the diagnosis. Histological features are typical 
(Chapters 110 and 111). 


Other skin conditions presenting near stomas = 112.11 


(b) 


Figure 112.17 (a) Typical psoriasis affecting the abdominal skin around the stoma 
appliance in a man with Crohn disease. The skin beneath the adhesive plate was mildly 
red but asymptomatic. (b) The patient had mild flexural psoriasis elsewhere in the axillae 
and natal cleft. 
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Management 
The principles of topical corticosteroid treatments are detailed in 
Table 112.3. 

Topical treatment alone is usually effective for psoriasis. If the 
patient is not using a mostly or wholly hydrocolloid barrier it is 
worth changing to one as the psoriasis may clear under occlusion 
with a hydrocolloid but not a thin fabric dressing [4,15]. Ultra- 
violet (UV) phototherapy can be used: the patient should hold a 
cardboard tube (from a toilet roll or similar) filled with gauze over 
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(b) 


the stoma to protect it from UV exposure and leakage. Systemic Figure 112.18 (a) Lichen sclerosus affecting a urostomy in a woman with a history of 


genital lichen sclerosus presenting some years prior to stoma formation for bladder 
carcinoma. (b) The inflammation settles rapidly within 1 month after administration of 
triamcinolone acetonide 20 mg intralesionally. 


treatment may be required early because the psoriasis reduces bag 
adhesion and irritation from leaks can exacerbate the dermato- 
sis. The clinician should be aware that the nephrotoxic effects of 
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Figure 112.19 (a) Nicorandil ulceration affecting an ileostomy for ulcerative colitis. (b) 
This healed completely (B) within 6 weeks of stopping the drug. 


certain drugs, particularly ciclosporin, can be enhanced by the 
haemodynamic changes that result from even moderate-output 
ileostomies. 

Lichen sclerosus, particularly if ulcerated, usually requires an 
intralesional corticosteroid to gain control (e.g. triamcinolone 
acetonide 20 mg). 

Nicorandil ulceration around stomas responds to cessation of the 
drug. This can usually be stopped immediately and the nitrate effect 
replaced by an increased dose of an alternative such as isosorbide 
mononitrate. 

Bullous pemphigoid and pemphigus vulgaris respond to the 
usual treatments and although topical treatments may suffice 
(Table 112.3), systemic treatments may be required at an earlier 
stage (Chapter 50). 


Chapter 112: Cutaneous Complications of Stomas and Fistulae 


(b) 


Figure 112.20 Localised bullous pemphigoid affecting a large colostomy in a 
90-year-old man. (a) At presentation denuded areas of skin but no obvious blisters are 
seen. (b) The skin has healed 1 month later on a reducing dose of oral prednisolone 
(average 20 mg per day). 


Dermatoses associated 
with underlying bowel disease 


Pyoderma gangrenosum: 
e ICD-10: y88.3 

e BAD: FA7F 

Crohn disease of the skin: 
e BAD: E9 


Introduction 
Superficial ulceration secondary to trauma is relatively common 
near stomas particularly if there is an associated parastomal hernia. 


(a) 


Dermatoses associated with underlying bowel disease 


112.13 


(b) 


Figure 112.21 (a) Fistulating Crohn disease affecting an ileostomy in a teenage girl. The original stoma on the left has been partly destroyed by the inflammatory process and faeces 
emerges from this and three other fistulous openings. There is associated irritant dermatitis in which papule formation is prominent. (b) Histologically confirmed Crohn disease 
affecting a colostomy. There is a fistula beneath the papules and the stoma itself has been destroyed by the inflammation. 


Such ulcers typically settle rapidly with conservative treatment 
from the stoma nurse specialist. Where they persist or worsen one 
should consider other diagnoses and the possibility of secondary 
infection or progression to pyoderma gangrenosum (PG) via the 
pathergy phenomenon. 


Epidemiology 

In the author’s speciality clinics, perineal and genital Crohn disease 
are common referrals, while Crohn disease affecting peristomal skin 
is rare. Where it does occur, it is usually contiguous with the stoma 
itself and may be associated with fistulation (Figure 112.21). As a 
result, most patients require gastro-enterological and/or colo-rectal 
surgical management. 

PG by contrast is commoner than expected. Whereas an aver- 
age dermatologist might be expected to see no more than two 
new cases per year, PG accounts for between 1% and 4% of the 
patients presenting with peristomal skin problems [1,2]. This high 
prevalence is partly explained by the association with IBD, but PG 
occurs in stoma patients with no IBD and can also affect urostomies 
suggesting some other pathogenic mechanisms may be involved. It 
has been suggested that peristomal PG may be overdiagnosed [3] 
and there is certainly a wide differential warranting careful eval- 
uation of each patient (Chapter 49). In the author’s experience of 
ostomy patients these are usually Crohn patients with non-healing 
scars and traumatic small wounds 


Pathophysiology 
See Chapter 49 for pathogenetic information on PG and Chapters 
111 and 153 for Crohn disease of the skin. 

There is some evidence that PG is more likely where the under- 
lying IBD is currently active [3-6] but this is not universal [7] and 
PG should not be considered an indication for further bowel resec- 
tion unless it is otherwise indicated. 


Pathergy, for example from skin stripping on appliance removal, 
probably contributes to the prevalence of peristomal PG. Convex 
appliances (see Figure 112.1) put pressure on the peristomal skin 
and are associated with PG. In the author’s experience, in the early 
2000s 14% of our stoma patients were using convex appliances. Of 
those with a first episode of PG, 30% were using these appliances 
and in patients with recurrent episodes the figure rose to 74%. 


Clinical features 

The clinical features of ulcers due to Crohn disease near a stoma are 
similar to PG and a biopsy may be necessary to distinguish them if 
there is no mucosal involvement. PG itself almost never involves the 
stoma mucosa (Figure 112.22). 

The clinical features of peristomal PG are essentially the same as 
for PG elsewhere (Chapter 49) although patients may not recall a 
pustular or papular stage and this is only occasionally observed by 
the clinician. The ulceration is typically very painful (Figure 112.23) 
and this is worsened by stoma leaks. Some ulcers are not painful at 
all because of surgical damage to local sensory nerves. Figure 112.24 
demonstrates the typical features of an overhanging, purple and 
perforated edge that results in cribriform scarring. Irregular scar- 
ring itself will impair appliance adhesion. Although some stoma 
patients have concurrent PG at more typical sites like the leg [8], 
the great majority in the author’s experience are restricted to the 
peristomal area. 


Investigations 

A biopsy is required to differentiate an ulcer due to Crohn disease 

from a PG ulcer if there are no other features of Crohn disease. 
Investigations for peristomal PG are the same as for PG else- 

where, and are directed at finding a potential underlying disease 

and ruling out other differential diagnoses. An ulcer biopsy is 

usually recommended for this purpose. However, because of the 
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(b) 


Figure 112.22 (a) Crohn ulceration beneath an ileostomy in a woman with active intestinal disease. The presentation is non-specific and requires histological confirmation. (b) Crohn 
ulceration affecting a colostomy site. A biopsy from the umbilical ulceration also demonstrated the granulomatous inflammation of Crohn disease. 


Figure 112.23 Pyoderma gangrenosum (PG) affecting an ileostomy in a man with 
recent surgery for Crohn disease. There are painful, typical ulcers above the stoma and 
some ragged scarring at the 9 o'clock position. Note the inflammation at the base of the 
stoma that has resulted from leaks as the PG ulcers reduce bag adherence. There is also 
partial squamous epithelialisation of the proximal stoma which is a rare occurrence that 
can cause stenosis. 


risk of worsening the ulceration via pathergy, the typical peri- 
stomal clinical picture and the association with underlying bowel 
disease, this author recommends a trial of topical treatment for 


up to 2 weeks before considering a skin biopsy. The possibility 
of infection causing or complicating the ulcerative processes on 
the occluded peristomal skin should be borne in mind and a 
biopsy for microbiological examination as well as histology may be 
indicated. 


Management 

For both PG and the much rarer Crohn disease ulcer, the deleteri- 
ous effect on normal stoma appliance use of both the active disease 
and the resultant scarring warrants the early introduction of effec- 
tive treatments. The majority of cases respond satisfactorily to topi- 
cal therapy alone [2,9]; corticosteroid preparations that can be used 
are detailed in Table 112.3. There is no perfect preparation applica- 
ble to stomas that is available off the shelf and obtaining medica- 
ments manufactured can be problematic and expensive. If one of the 
topical corticosteroid preparations is not effective or well tolerated 
within 14 days in the author’s service we move to tacrolimus 0.3% in 
Orabase™ paste applied once daily for up to 1 month. The addition 
of fludroxycortide tape applied over the paste reduces healing time 
and appears to minimise the overgranulation that can occur during 
healing [10]. If topical treatments are ineffective or PG is very severe 
at presentation (Figure 112.25) the systemic treatment approach is as 
for PG in general (Chapter 49). Systemic steroids are indicated first 
line in this clinical situation [11]. In patients with any active IBD, 
particularly Crohn disease, anti-tumour nuclear factor (anti-TNF) 
therapy with infliximab [12] or other anti-TNFs is usually highly 
effective. 


Key references 112.15 


Figure 112.25 Severe pyoderma gangrenosum in a middle-aged man with Crohn 
disease. The ulceration failed to respond to topical or systemic treatments but resolved 
spontaneously a few weeks after a completion proctectomy. This is a recognised but not 
universal phenomenon. 
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Figure 112.24 (a) Pyoderma gangrenosum (PG) affecting a temporary loop ileostomy 
in aman with a history of ulcerative colitis. The perforated, purple edge is typical and J Dermatol 2019;181:629-31. 

results, in severe cases, in very irregular cribriform scarring which can interfere with 8 Bergman BFK, Lincoln K, Lowhagen GB, Mobacken H, Wahlen P. Chronic papil- 
appliance adhesion. Note the exuberant granulation tissue at the 9 o'clock position lomatous dermatitis as a peristomal complication in conduit urinary diversion. 
where a recent PG ulcer has been treated with topical tacrolimus. (b) This shows an Scand J Urol Nephrol 1979;13:201-14. 

example in 30-year-old woman with Crohn disease where the PG has healed. (c) The 
skin bridging was removed under local anaesthetic to prevent trauma and maceration 
to the underlying skin that could have triggered further PG. This minor surgery should 
be delayed until after PG has healed completely to minimise the risk of further ulceration 
via the pathergy phenomenon. 


Allergic contact dermatitis 
1 Al-Niaimi F, Almaani N, Samarasinghe V, Williams J, Lyon C. The relevance of 
patch testing in peristomal dermatitis. Br J Dermatol 2012;167:103-9. 
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Physiological skin changes in pregnancy 


During pregnancy there are marked changes in the sex hormones, 
immune system and cardiovascular system, which can lead to 
profound changes in the skin. It is important to recognise these 
physiological skin changes and to distinguish them from true skin 
disease (Box 113.1). 


Pigmentation 

Most women notice a generalised increase in skin pigmentation dur- 
ing pregnancy, most marked on the areolae, genitals and midline of 
the abdominal wall (linea nigra) (Figure 113.1). It is more marked in 
women with darker skin types [1]. This pigmentation usually fades 
after delivery, but seldom to its previous level. 

In approximately 70% of women, especially those with skin of 
colour, melasma (or chloasma) pigmentation also develops dur- 
ing the second half of pregnancy. Irregular, sharply marginated 
areas of pigmentation develop in a symmetrical pattern, either 
on the forehead and temples or on the central part of the face 
(Figure 113.2). Melasma usually fades completely after parturition 
but may persist and require treatment post-delivery. Prevention 
includes counselling on sun protection. Azelaic acid is generally 
considered safe during pregnancy. Less is known about hydro- 
quinone safety and it is generally not recommended. Patients can 
also develop new or worsening acanthosis nigricans lesions [2]. 


Hair and nail changes 

Hair growth on the scalp often increases during pregnancy. In 
the third trimester, the proportion of hair follicles retained in the 
anagen phase rises, with a compensatory shedding of hair post- 
partum (telogen effluvium) [1]. Spontaneous recovery within 6-12 
months is usual. Mild frontoparietal recession may also occur [3]. 
Minor degrees of hypertrichosis are not uncommon, particularly 
along the midline suprapubic area. New, soft, fine hairs may dis- 
appear around 6 months postpartum, but coarse hair typically 
persists [2]. 

Hirsutism, acne and rarely other evidence of virilisation occur 
more commonly in women with darker hair, usually during the 
second half of pregnancy. This may indicate an androgen-secreting 
tumour, luteoma, lutein cysts or polycystic ovary disease [1,4] 
and must be thoroughly investigated. In the absence of a tumour 
that can be eradicated, the problem tends to recur in subsequent 
pregnancies. Hirsutism may regress between pregnancies, but this 
is not always complete. 

Multiple nail changes have been reported in pregnancy [2]. 
Single or multiple nail longitudinal melanonychia is recognised. 
Uniform, symmetrical hyperpigmentation of multiple nails due 
to melanocyte activation is reported during pregnancy with 
fading postpartum [5]; however, irregular pigmentation with 
cuticle involvement should prompt investigation of possible 
melanoma. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Box 113.1 Physiological skin changes in pregnancy 


Pigmentation 

e Areola and nipple 
e Linea nigra 

° Genitals 

¢ Melasma 


Hair changes 

¢ Hypertrichosis 

¢ Postpartum telogen effluvium 

¢ Postpartum androgenetic alopecia (rare, typically male-pattern 
balding) 


Nail changes 

e Increased brittleness 

e Distal onycholysis 

¢ Subungual hyperkeratosis 

¢ Transverse grooving 

¢ Longitudinal melanonychia 

¢ Ingrown toenails 

¢ Uniform hyperpigmentation of all nails 


Glandular function 

e Increased eccrine gland activity 

e Increased sebaceous gland activity 
¢ Decreased apocrine gland activity 


Vascular changes 

¢ Peripheral oedema 

e Varicosities 

¢ Spider naevi/angioma 

e Palmar erythema 

¢ Gingival hyperaemia and oedema 
e Pregnancy epulis 

¢ Pyogenic granuloma 


Striae distensae 
e¢ Abdomen, thighs and buttocks 


Eccrine, apocrine and sebaceous gland activity 

Eccrine and sebaceous gland activity typically increases during 
pregnancy and apocrine gland activity decreases [6]. Increased 
eccrine gland activity occurs throughout the body except on the 
palms and may present clinically as hyperhidrosis and miliaria. The 


Figure 113.2 Melasma on the forehead. Courtesy of Associate Professor Amanda 
Oakley, Hamilton, New Zealand. 


Figure 113.1 Physiological skin changes in pregnancy showing striae distensae (a, b), prominent linea nigra (a, c) and hyperpigmented areolae (c). (b, c) Courtesy of Dr Louise Reiche, 


Kauri Healthcare, Palmerston North, New Zealand. 


rate of sebum excretion tends to increase during pregnancy and 
returns to normal after delivery due to rising maternal progesterone 
and androgen levels in the third trimester [7]. Heightened sebaceous 
gland activity promotes the enlargement of Montgomery tubercles, 
which are small papules on the areolae that provide lubrication to 
the nipples and areolae for breastfeeding. This can be distinguished 
from pregnancy-associated hyperkeratosis of the nipple and areola 
which appears as bilateral, yellow-to-tan, hyperkeratotic and/or 
warty papules that typically involve the top of the nipple [2]. 
Fox—Fordyce disease usually improves in pregnancy. 


Vascular changes 

The vascular changes of pregnancy are similar to those in hyperthy- 
roidism or cirrhosis. All are thought to be due to sustained high lev- 
els of circulating oestrogen. Vascular ‘spider naevi’ are common in 
pregnancy in areas that are drained by the superior vena cava (face, 
neck, upper chest and arms) (Figure 113.3) and usually disappear 
postpartum. Palmar redness is also common (Figure 113.3) [2]. 

Less commonly, pregnant women develop small haemangiomas 
or pyogenic granulomas. These can occur in approximately 5% of 
pregnancies and often present on the head, neck or digits [1]. They 
may also occur on the oral and vulvovaginal mucosa (Figure 113.3). 
Varicose veins of the legs, haemorrhoids and vulvar varicosities are 
frequent complications of pregnancy. A rarer but more serious event 
is the development of deep vein thrombosis, which can lead to per- 
manent damage to the veins of the legs and, occasionally, death from 
pulmonary embolism. Eighty per cent of pregnant women develop 
some gingival oedema and redness [8]. This can become painful and 
ulcerative, especially if oral hygiene is poor. In approximately 2%, 
the gingival changes are associated with the appearance of a small 
vascular lesion on the oral mucosa similar to a pyogenic granuloma, 
known as a pregnancy epulis or granuloma gravidarum [1]. In most 
women, gum changes resolve after parturition. 

Increased venous hydrostatic pressure can result in a non-pitting 
oedema in up to 50% of normal pregnancies. This most commonly 
affects the lower extremities, but involvement of the face and hands 
has also been described. This benign oedema can be relieved by bed 
rest, leg elevation, compression stockings or sleeping in the left lat- 
eral decubitus position. Persistent oedema, particularly of the face 
and hands, can be a sign of pre-eclampsia [2]. 


Striae distensae 

Striae distensae are extremely common in the second and third 
trimesters of pregnancy and can arise in up to 90% of pregnant 
women. They are linear, pink or purple atrophic bands that develop 
at right angles to the skin tension lines on the abdomen, breasts, 
thighs and buttocks (Figure 113.1). There is some evidence that 
creams with Centella asiatica extract (a medicinal herb that is thought 
to increase the production of collagen and elastic fibres) and a daily 
massage may prevent the development of striae. Postpartum treat- 
ment of existing striae includes tretinoin cream and non-ablative 
fractional lasers. Microdermabrasion and microneedling are newer 
modalities which show some success [9,10]. 


Immune system changes 
A switch from cell-mediated to humoral immunity (T-helper cell 
1 (Th1) to Th2 shift) during gestation plays a key role in placental 


113.3 


Physiological skin changes in pregnancy 


Figure 113.3 Vascular changes in pregnancy: (a) palmar redness (superior) contrasting 
with a normal palm (inferior); (b) spider angioma; and (c) oral pyogenic granuloma. 

(a, b) Courtesy of Associate Professor Amanda Oakley, Hamilton, New Zealand. (c) 
Courtesy of Mr David Chrisp, Tauranga Oral and Maxillofacial Surgery, Tauranga, New 
Zealand. 
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immune tolerance. This influences a woman’s susceptibility 
to skin disease, increasing autoimmune disease and reducing 
cell-mediated immunity. Diseases that are Thl-driven, such as 
psoriasis, tend to improve, while Th2-driven diseases, such as 
atopic eczema and systemic lupus erythematosus, are exacer- 
bated [11]. Reduced cell-mediated immunity during normal 
pregnancy probably accounts for the increased frequency and 
severity of certain infections such as candidiasis, herpes simplex 
and varicella zoster [11]. Candida infection, genital warts and herpes 
simplex virus (HSV) can all be transmitted to the baby during 
childbirth. 


SKIN INFECTIONS ANI 


Human papillomavirus infection 


Synonyms and inclusions 
¢ Condyloma acuminata 


Condyloma acuminata (due to human papillomavirus (HPV) 
infection; Chapter 25) can dramatically worsen during pregnancy, 
growing very rapidly particularly in the second trimester and occa- 
sionally obstructing the birth canal (Figure 113.4). Some studies have 
suggested that HPV infection in the mother can result in increased 
complications during early pregnancy; however a recent large 
retrospective cohort study of 15 000 women did not show an 
increased risk of adverse pregnancy events in HPV-positive women 
[1-5]. Infants born through an infected cervix are at increased risk 
for laryngeal papillomatosis, usually associated with HPV types 6 
and 11. Therefore, genital HPV infections should be treated during 
pregnancy. It is still unclear whether a caesarean section reduces 
the risk of vertical transmission [6,7]. 


Management 

Podophyllin, imiquimod and 5-fluorouracil should never be used 
in the treatment of warts during pregnancy because of potential 
maternal and fetal toxicity; physical treatments such as cryotherapy 
or electrocautery are preferable [8]. The introduction of vaccines 
against HPV types 16 and 18 and a quadrivalent vaccine (Gardasil®) 
containing HPV types 6, 11, 16 and 18 has resulted in significantly 
reduced risks of cervical intraepithelial neoplasia of grade 2 or 
3 (CIN2 or CIN3) and adenocarcinoma in situ associated with 
HPV-16/18 [9]. A French study found that 88% of young men 
and women with genital warts had one of the HPV genotypes 
in the quadrivalent vaccine [10] which is consistent with the 
dramatic decline in prevalence of genital warts in post-HPV vac- 
cination studies [11,12]. The occurrence of severe adverse events 
or adverse pregnancy outcomes was not significantly higher in 
recipients of HPV vaccines than in women included in control 
arms [9,13]. 


Figure 113.4 Extensive condyloma acuminata obstructing the vaginal entrance. 
Courtesy of Associate Professor Amanda Oakley, Hamilton, New Zealand. 


Treatment ladder for human papillomavirus 
infection in pregnancy 


First line 
e Cryotherapy 
e Electrocautery 


Avoid 

¢ Podophyllin 
e Imiquimod 

e 5-fluorouracil 


Herpes simplex virus infection 


Primary herpetic infection (HSV-1 or HSV-2) occurs in 2% of preg- 
nancies and is often more severe than in the non-pregnant state. 
In babies of very low birth weight, infection with herpes simplex 
can be life threatening [14] (Chapter 25). Primary or recurrent 
genital HSV infection during pregnancy is an indication for drug 


; Skin infections and infestations 113.5 


therapy. Caesarean section is recommended when active lesions 
are present at term. The risk of vertical transmission to the fetus 
or neonate is higher in women who have a primary first episode 
infection (30-60%), as compared with 1% in women with a recurrent 
infection [15]. 

Systemic aciclovir is considered safe in pregnancy as it has been 
used extensively without adverse effects. In the case of a first or 
recurrent episode of genital HSV infection occurring during preg- 
nancy, current guidance is to treat at the time of infection with 400 
mg oral aciclovir three times daily for 7-10 days. Treatment should 
be recommenced from 36 weeks’ gestation (or continued if the first 
episode occurs after 36 weeks’ gestation) with a suppressive dose 
of 400 mg of aciclovir three times daily until delivery to suppress 
viral load and reduce the likelihood of active genital lesions and 
caesarean section. Routine prophylaxis is not recommended for 
women with a history of genital herpes but no recurrence during 
pregnancy [15-17]. 


Management 


Treatment ladder for herpes simplex infection in 
pregnancy 


First or recurrent episode of genital HSV occurring during 

pregnancy 

e 400 mg oral aciclovir three times daily for 7-10 days for initial 
episode 

e Prophylactic aciclovir 400 mg three times daily from 36 
weeks’ gestation until after delivery 


Varicella zoster virus infection 


Reactivation of latent varicella zoster virus (VZV) infection 
(Chapter 25) in pregnancy is not associated with viraemia and 
therefore does not put the fetus at risk. Primary VZV infections 
occur in up to 1 in 2000 pregnancies and may put both mother 
and child at risk of pneumonia and encephalitis. Infections during 
weeks 1-20 (highest risk from weeks 13 to 20) can lead to fetal 
(congenital) varicella syndrome in 1-2% of cases, with significant 
neurological and growth defects. Perinatal VZV infections pose 
considerable risk for the development of neonatal varicella, par- 
ticularly if the infant is exposed to infection at or just after birth 
(Box 113.2). The infant will then develop widespread cutaneous 
and visceral disease, usually with severe pneumonia and a 30% 
mortality rate [18]. 


Management 
Passive immunisation with varicella zoster immunoglobulin to 
seronegative mothers within 72 h post exposure may prevent or 
ameliorate maternal infection. Confirmed primary varicella com- 
plications should be treated early with aciclovir either orally or 
intravenously. 


Box 113.2 Potential complications of varicella 
zoster infection 


Fetal varicella syndrome 
¢ Neurological defects 
¢ Growth defects 

e¢ Pneumonia 

e Encephalitis 


Maternal varicella infection 
e Pneumonia 


¢ Encephalitis 


Treatment ladder for varicella zoster virus 
infection in pregnancy 


VZV in seronegative mothers 

e Immunisation with VZV immunoglobulin within 72 h of 
exposure 

¢ Confirmed infections treated early with oral aciclovir 800 mg 
five times daily for 7-10 days (severe cases may require 
intravenous aciclovir) 


VZV in neonates 

e Intravenous aciclovir is usually required 

e¢ VZV immunoglobulin should be given to neonates whose 
mothers develop varicella within the period from 7 days 
before to 7 days after delivery 


VZV in previously exposed mothers (shingles) 
¢ No viraemia occurs, no prophylaxis is required and treatment 
is as per non-pregnant women 


Scabies 


Infestation with scabies (caused by Sarcoptes scabiei) is common 
during pregnancy and this diagnosis should always be considered 
when assessing a pregnant woman with an itchy skin eruption 
(Chapter 34). 


Management 

First line treatment should be topical 5% permethrin and sec- 
ond line treatment benzoyl benzoate 25% [19]. It is important 
to repeat the treatment after a week to kill eggs and persistent 
mites as cell-mediated immunity is reduced. All potentially infec- 
tious close contacts should be treated. Antihistamines and mild to 
moderately potent topical steroids may be needed to control the 
marked irritant dermatitis that often results when the mites are 
destroyed in the skin. Oral ivermectin is not safe to use during 
pregnancy. 
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Treatment ladder for scabies in pregnancy 


First line 

¢ Topical permethrin 5% 

e Antihistamines to reduce itch, e.g. chlorphenamine, 
loratadine, cetirizine 


Second line 
¢ Benzoyl benzoate 25% 


Avoid 
e Ivermectin 


Leprosy 


Immune alterations in pregnancy may have an adverse effect on 
leprosy (Chapter 28). Leprosy reactional states are more com- 
mon and the decline in immune reactivity may also lead to an 
increase in drug resistance [20]. Paucibacillary leprosy in remission 
may reactivate in the third trimester. There are limited studies on 
leprosy in pregnancy and it is unclear if there is vertical transmis- 
sion [21,22]. The benefit of caesarean section in mothers affected 
with leprosy is not established. Erythema nodosum leprosum in 
pregnancy is associated with an early loss of nerve function and 
disability compared with non-pregnant individuals, so regular 
neurological examinations must be carried out and early treatment 
given. 


Management 

Dapsone, clofazimine and rifampicin are considered safe in preg- 
nancy. Thalidomide is not a treatment option. Leprosy reactions can 
be treated with prednisolone 40-60 mg daily for 2 weeks followed 
by a steady reduction in the dose. 


Treatment ladder for leprosy in pregnancy 


First line 
e Dapsone and clofazimine and rifampicin 


Second line 
e Prednisolone for reactional states 


Syphilis 


Treponema pallidum causes syphilis via sexual exposure or ver- 
tical transmission during pregnancy. Syphilis causes several 
hundred thousand stillbirths and neonatal deaths every year in 
developing nations. Consideration of syphilis in the differential 
diagnosis of rashes occurring during pregnancy is therefore of high 
importance. 


The risk of mother to child transmission is highest in primary 
and secondary stages, followed by early latent syphilis. However, 
transmission risk remains high during the first 4 years after expo- 
sure, after which vertical transmission risk declines over time. The 
rate of fetal infection depends on the stage of maternal infection, 
with approximately 30% of pregnancies resulting in fetal death 
in utero or death shortly after delivery. Infants born to infected 
mothers are often preterm, of low birth weight or with clinical signs 
that mimic neonatal sepsis. Syphilis is now the second leading 
cause of preventable stillbirths worldwide, following malaria. The 
greatest burden of maternal syphilis occurs in Africa, representing 
>60% of the global estimate [23]. Heterosexual spread of syphilis has 
declined in the general population in moderate to high income coun- 
tries but remains problematic in some high-risk subpopulations, 
such as female sex workers and their male clients. 

Adverse birth outcomes caused by fetal exposure to syphilis are 
preventable if women are screened for syphilis and treated before 
the end of the second trimester of pregnancy. Many countries have 
routine screening for syphilis in place, but vigilance is required as 
higher-risk populations may not take up antenatal care. 


Management 

Penicillin is the only antibiotic known to be effective in treating 
syphilis in pregnancy and in preventing adverse birth outcomes. 
Doxycycline is contraindicated in pregnancy, and macrolides such 
as azithromycin and erythromycin do not cross the placenta well, 
therefore there are few alternatives to penicillin for the treatment 
of pregnant women with syphilis who are allergic to penicillin. 
Desensitisation is recommended for those who are allergic to 
penicillin. 


Treatment ladder for syphilis in pregnancy 


First line 
¢ Penicillin 


Pityriasis rosea 


Pityriasis rosea is a common inflammatory skin condition that 
typically presents in adolescents and young adults and can present 
during pregnancy. It has been associated with human herpesvirus 
(HHV-6 and HHV-7) infection and some studies support a response 
to aciclovir [24,25]. Syphilis needs to be excluded. A small case 
series of pityriasis rosea (76 patients) in pregnancy has suggested 
that pityriasis rosea in early pregnancy is associated with a high 
risk of pregnancy complications [26]. An earlier case study of 38 
of these patients suggested that fetal loss occurred in over half the 
women who developed pityriasis rosea in the first 15 weeks of 
pregnancy [27]. 


Management 
Treatment has traditionally been conservative as the rash fades 
rapidly within a few weeks in most cases. However, a recent 


Cochrane review did find some support for the use of aciclovir 
in reducing the duration of the rash and possibly improving itch 
for pityriasis rosea [28]. Aciclovir is safe in pregnancy and if the 
risk of fetal loss in early pregnancy is confirmed this may become 
the recommended treatment in early pregnancy or in particularly 
severe cases with systemic symptoms. 


Treatment ladder for pityriasis rosea in 
pregnancy 


First line 

e Bland emollients and soap substitutes 

¢ Consider oral aciclovir in early pregnancy or severe 
symptoms 


Second line 

¢ Oral erythromycin 

¢ Topical steroid 

¢ Ultraviolet B phototherapy 


YEAST AND FUNGAL INFEC 


Candidiasis 


Pregnancy can result in increased incidence of vulvovaginal can- 
didiasis with a prevalence of 25-60% of women affected. Several 
studies suggest that Candida infections in pregnancy increase the risk 
of premature rupture of membranes (PROM). Systemic treatments 
for candidiasis are not recommended in pregnancy, but use of top- 
ical treatment is effective in most cases and may reduce the risk of 
PROM and neonatal candidiasis [1-6]. 


Management 


Treatment ladder for candidiasis in pregnancy 


First line 
e Topical nystatin 


Second line 
¢ Topical clotrimazole 
¢ Topical miconazole 


Dermatophyte infections 


Most dermatophyte infections are not life threatening and do not 
appear to result in complications of pregnancy. If topical antifungal 
treatments are not effective, then delaying use of systemic treatment 
until after pregnancy is prudent. 


113.7 


Autoimmune skin diseases 


Management 


Treatment ladder for dermatophyte infections in 
pregnancy 


First line 
¢ Topical miconazole 
¢ Topical ketoconazole shampoo 


Second line 
e If there is no response to topical treatments, or if there is 
extensive skin surface involvement, wait until after delivery 


and use a systemic agent 


AUTOIMMUNE SKIN DISEA' 


Systemic lupus erythematosus 


Approximately 60% of women with pre-existing systemic lupus 
erythematosus (SLE) will have a flare during pregnancy or the 
puerperium compared with 40% of non-pregnant women over the 
same period [1] (Chapter 51). Cutaneous flares are the most com- 
mon, followed by joint symptoms. SLE in pregnancy can cause 
spontaneous abortion, fetal loss, pre-eclampsia, preterm delivery 
and intrauterine growth restriction (Box 113.3) [2]. Risk factors 
for adverse pregnancy outcome include the presence of antiphos- 
pholipid antibodies, lupus nephritis, Raynaud phenomenon, 
hypertension and either active disease at the time of conception or 
a first presentation of SLE during pregnancy [3]. 


Box 113.3 Potential complications of systemic 
lupus erythematosus in pregnancy 


Flare of SLE activity (60%) 

Spontaneous abortion 

Fetal loss 

Antiphospholipid syndrome — venous thromboembolism 
Pre-eclampsia 

Preterm delivery 

Intrauterine growth restriction 

Neonatal lupus erythematosus — annular rash face and scalp 
Congenital heart block (2-3%) 


Neonatal lupus erythematosus 

About 30% of women with SLE have anti-Ro antibodies. They 
are most common with subacute cutaneous lupus erythematosus 
and Sjégren syndrome. These antibodies cross the placenta and 
can cause neonatal lupus erythematosus, which presents with a 
scaly, annular eruption on the face and scalp, and heart block. 
Twenty per cent of affected babies will die in the early neonatal 
period, and 70% of those who survive will need a permanent pace- 
maker [4,5]. The risk of neonatal lupus in women with positive 
Ro antibodies is approximately 2% for the first pregnancy, but if 
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there is a history of a previous pregnancy complicated by neonatal 
lupus, the risk increases to 13-18%. Despite efforts to prospectively 
monitor fetuses at risk and treat heart block immediately upon 
identification, sustained reversal of third-degree blocks has never 
been achieved [6]. 


Management 

Family planning should be discussed as early as possible after the 
diagnosis of lupus. Most women can have successful pregnancies 
and measures can be taken to reduce the risks of adverse mater- 
nal or fetal outcomes. Risk stratification includes disease activity, 
autoantibody profile, previous vascular and pregnancy morbidity, 
hypertension and medication use. Hydroxychloroquine is recom- 
mended for women with SLE preconceptionally and throughout 
pregnancy. Several retrospective studies support the beneficial role 
of hydroxychloroquine in controlling SLE disease activity and pre- 
venting flare-ups during pregnancy. Discontinuation of hydroxy- 
chloroquine is related to an increased risk for SLE exacerbations 
during pregnancy. A recent prospective study has confirmed a 
beneficial effect of hydroxychloroquine in Ro-positive mothers with 
a history of previous pregnancy complicated by neonatal lupus: 400 
meg of hydroxychloroquine daily started before 10 weeks’ gestation 
was safe and resulted in a 50% reduction in the incidence of congen- 
ital heart block and a reduction in neonatal mortality from 22% to 
0% [7]. Hydroxychloroquine may work by inhibiting complement 
activation in the placenta [8]. Flares of SLE during pregnancy should 
be treated as usual; corticosteroids are first line agents. Uncontrolled 
studies suggest an acceptable benefit : risk ratio of oral gluco- 
corticoids, azathioprine and calcineurin inhibitors (ciclosporin, 
tacrolimus) in controlling SLE activity during pregnancy. In moder- 
ate to severe flares, additional modalities can be considered, such as 
high-dose glucocorticoids (including pulsed intravenous therapy), 
intravenous immunoglobulin and plasmapheresis [9-11]. 


Treatment ladder for systemic lupus 
erythematosus in pregnancy 


First line for SLE flares during pregnancy 
¢ Topical corticosteroids 

e Hydroxychloroquine 

e Prednisolone 


Second line for SLE flares during pregnancy 
e Azathioprine 


General recommendations 

¢ Obtain good disease control before conceiving 

e Involve a rheumatologist and obstetrician early in the 
pregnancy 

e All pregnant women with SLE should be on aspirin to 
prevent thromboembolic complications 

e Hydroxychloroquine is recommended preconception when 
possible in women with SLE 

e All women with a previous pregnancy complicated by 
neonatal lupus should start hydroxychloroquine 400 mg 
daily before 10 weeks’ gestation and continue for the 
duration of pregnancy 


Pemphigus vulgaris and foliaceus 


There is limited literature on pemphigus in pregnancy. Pemphi- 
gus vulgaris and foliaceus can both develop or worsen during 
pregnancy. Exacerbations occur more commonly in the first and 
second trimesters and may improve in the third trimester due to 
maternal immunosuppression. Pemphigus in pregnancy is con- 
sidered as high risk due to potential adverse outcomes for the 
mother and fetus (Box 113.4). In one review, maternal pemphigus 
was associated with a 12% rate of stillbirth, spontaneous abortion 
or neonatal mortality and was transmitted to the fetus in approx- 
imately 50% of pregnancies (more commonly with vulgaris than 
foliaceus) [12]. Two reviews combining the results of 41 and 47 case 
reports (respectively) found that approximately 60% of women 
with pre-existing pemphigus had infants with neonatal pemphigus, 
compared with 35% of women who developed pemphigus during 
pregnancy [13,14]. The clinical presentation in the mother is the 
same as in non-pregnant individuals (Figure 113.5). The blistering 
and erosions can be very similar to pemphigoid gestationis so 
a skin biopsy including direct immunofluorescence is required 
for an accurate diagnosis. Enzyme-linked immunosorbent assay 
(ELISA) using recombinant desmoglein 3 can also confirm the 
diagnosis [14]. Fetal skin shares the same desmoglein 3 profile as 
adult oral mucosa, so neonatal pemphigus is more likely to occur if 
the mother has oral disease. There is no direct correlation between 
the severity of the mother’s disease and the extent of neonatal 
involvement. Neonatal skin lesions appear to resolve within 4 
weeks postpartum [12]. 


Box 113.4 Potential complications of pemphigus 
vulgaris in pregnancy 


¢ Spontaneous abortion 

e Exacerbation of disease (Th-2 mediated) 

¢ Stillbirth 

¢ Caesarean section needed if there is severe vulvovaginal disease 
¢ Neonatal pemphigus with transient blistering 

¢ Perinatal mortality of 12% with placental dysfunction 


Management 

Treatment with immunosuppressant therapy is normally required. 
Treatment of pregnant women is aimed at managing maternal 
disease but also preventing neonatal pemphigus and adverse 
pregnancy outcomes such as preterm birth, low-birth-weight 
pre-eclampsia, stillbirth and spontaneous abortion [12,15]. The 
optimal treatment regimen is expert guided rather than evidence 
based as there is a lack of controlled trials. Wherever possible, 
pregnancy is planned so that medications such as methotrexate, 
cyclophosphamide and mycophenolate can be replaced with more 
appropriate immunosuppression. Consideration should be given to 
pre-treatment with rituximab at least 6 months before conception 
to induce stable remission, as this medication cannot be given 
during pregnancy. When exacerbations occur during pregnancy, 
oral corticosteroids are first line agents [12,16,17]. 


(b) 


Figure 113.5 Pemphigus vulgaris. (a) New disease onset in the second trimester 
showing pink scaly plaques and erosions on the back. (b) Indirect immunofluorescence 
using the patient's serum and showing intercellular immunoglobulin G with 
intraepidermal split. 


Treatment ladder for pemphigus vulgaris and 
foliaceus in pregnancy 


First line 
e Prednisolone 


Second line 
e Azathioprine 


Third line 

e Intravenous immunoglobulin 
e Plasma exchange 

e Plasmapheresis 


Other connective tissue disorders 


Women with Ehlers—Danlos syndrome types I and IV often have 
major problems during pregnancy, including bleeding, uterine lacer- 
ations and wound dehiscence. Some patients with pseudoxanthoma 
elasticum have suffered major gastrointestinal bleeds necessitating 
blood transfusion [18]. The diagnosis of Ehlers-Danlos syndrome in 
women of child-bearing age should prompt counselling regarding 
risks during pregnancy to ensure the correct specialist care is sought 
when required. 


SKIN TUMOURS CC 


Benign melanocytic naevi 


Changes in the moles of pregnant women have frequently been 
attributed to pregnancy in the past, but recent studies suggest that 
pregnancy does not induce significant physiological changes in 
naevi. It is common for naevi on the breasts and abdomen to grow 
with skin expansion, but studies that have examined melanocytic 
naevi on the back or lower extremities have found no significant 
changes in size during pregnancy. Several studies have also inves- 
tigated the belief that moles darken during pregnancy and have 
found insufficient evidence to support this. However, dermoscop- 
ically, transient changes have been identified during pregnancy, 
such as new dot formation, thickening of the pigment network, 
darkening of globules and increasing numbers of vessels, and 
have been described as the pregnancy-related nevus pattern. These 
changes are subtle and not suggestive of melanoma [1,2]. Any 
clinical or histopathological features consistent with melanoma 
should be viewed as suspicious and not attributed to pregnancy. 
Prompt excisional biopsy should be performed on any concerning 
skin lesion. Cutaneous surgery can be performed safely during 
pregnancy and should not be delayed until after pregnancy [1]. 


Malignant melanoma 


The incidence of melanoma during pregnancy varies depending 
on the population studied. Melanoma was the most common 
malignancy during pregnancy in large population studies from 
Sweden [3] and Australia [4] and the third most common cancer 
during pregnancy in a US study [5]. Early reports suggesting a 
worse prognosis for melanoma diagnosed in pregnancy have not 
been supported by more recent larger studies, but this remains 
controversial. The discrepancy may reflect an historical diagnostic 
and therapeutic delay. While the effect of oestrogen and proges- 
terone on melanoma is under investigation, it is generally accepted 
that oral contraceptive use is not contraindicated after a diagnosis 
of melanoma in pregnancy. A subsequent pregnancy should be 
delayed for 2-3 years after a diagnosis of a high-risk melanoma [6]. 

After staging is complete, systemic therapy may be needed in 
advanced melanoma. Immunotherapy or target therapy (with BRAF 
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(proto-oncogene B-Raf or v-Raf murine sarcoma viral oncogene 
homolog B) and MEK (mitogen-activated protein kinase) inhibitors) 
is not recommended during pregnancy and lactation. Drugs 
used in immunotherapy act on the PD-1 (programmed death 1) 
pathway (e.g. nivolumab and pembrolizumab) or the cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) pathway (e.g. ipili- 
mumab) and reduce the natural regulatory mechanisms on immune 
response. This could reduce maternal tolerance for the fetus, 
therefore increasing the risk of spontaneous abortions and devel- 
opmental defects [7]. Among BRAF inhibitors, dabrafenib is clearly 
teratogenic but animal studies suggest that although vemurafenib 
can cross the placenta there are no associated teratogenic effects. 
Animal reproduction studies demonstrated that MEK inhibitors 
trametinib and cobimetinib can harm the fetus. Good outcomes 
without apparent harm to the newborn have been reported for 
ipilimumab alone [7]. 


Box 113.5 Guidance for the management of 
melanoma in pregnancy 


¢ Most studies show no adverse effect of pregnancy on prognosis 

¢ Pigmented lesions should be evaluated as for non-pregnant patients; 
changes suggestive of melanoma cannot be attributed to pregnancy 

e Primary excisional biopsy should be performed under local 
anaesthetic without delay as for non-pregnant patients (with respect 
for judicious dose of local anaesthetic) 

e Ifsurgery requires general anaesthesia and cannot be deferred, the 
second trimester is the safest time to perform it 

¢ Staging should be performed as necessary but ultrasonography and 
magnetic resonance imaging are considered the safest techniques 
Computed tomography could be considered if the benefits clearly 
outweigh the risks 

¢ The sentinel lymph node provides prognostic information only and 
is difficult to justify during pregnancy. If considered essential for 
treatment planning, technetium 99m alone should be used as a 
marker 

e Adjuvant treatment of metastatic melanoma during pregnancy is 
difficult since traditional agents such as dacarbazine and interferon a, 
as well as targeted therapy (BRAF and MEK inhibitors) and 
immunotherapy, are contraindicated. Vemurafenib and ipilimumab 
are the agents less likely to cause harm to the fetus 

e Inhigh-risk patients a multidisciplinary tailored approach is 
preferred, if available, and adequate counselling and involvement of 
the mother in decisions are necessary 


Metastatic pregnancy-associated melanoma (MPAM) is associ- 
ated with a very poor outcome for the mother. Termination of 
pregnancy should be discussed with women with advanced disease 
in the first or second trimester, to gain more therapeutic possi- 
bilities. MPAM can involve the placenta in exceptional cases and 
the fetus in even rarer circumstances. Careful macroscopic and 
histopathological examination of the fetal adnexa with appropriate 
immunohistochemical staining is recommended after delivery 
in women with known or suspected metastatic melanoma in 
pregnancy. If there is no placental involvement, fetal metastasis 
can be reasonably excluded [7]. If there is evidence of placental 
involvement, thorough examination of the newborn should be 


performed, including skin inspection, chest radiography, abdomi- 
nal ultrasound, liver enzymes and lactate dehydrogenase testing, 
since approximately 22% of neonates can also show clinical evi- 
dence of disease [7]. Apparently healthy neonates delivered with 
concomitant placental metastasis represent a high-risk population 
and should be followed up for at least 24 months [5,8]. 

Box 113.5 lists some important aspects of the management of 
melanoma during pregnancy. 


INFLAMMATORY SKIN DISE 


Psoriasis and generalised pustular 
psoriasis 


Psoriasis typically improves during pregnancy but worsens in up 
to 10-20% of women, requiring increased treatment [1]. Severe 
psoriasis may be associated with a slight increased risk of compli- 
cations such as low birth weight and premature delivery, but mild 
to moderate disease is not associated with any adverse outcomes 
of pregnancy [2-4]. With the increased use of biologic treatment 
for psoriasis many women may already be on a biologic agent 
when they become pregnant, or it may be considered as a treatment 
option for disease not controlled with other medications. There are 
no large, controlled trials on which to base treatment decisions, but 
expert opinion is concordant [3,5-7]: topical treatments are used 
in mild disease with the addition of ultraviolet B (UVB) in moderate 
to severe disease. When these fail biologics are considered prefer- 
able to ciclosporine. Biologics may act like maternal antibodies 
and cross the placenta to a varying extent, especially in the second 
and third trimesters. Certolizumab crosses the placenta less than 
other biologics and has been recommended as the preferred biologic 
in pregnancy. Neonates who have been exposed to biologics in utero 
in the third trimester should not be given live vaccines for the first 
6 months of life due to persistence of biologic antibodies in the 
neonate. 

Generalised pustular psoriasis can present in pregnancy. This is 
also known as impetigo herpetiformis, but the term is best avoided 
since the pustules are sterile and there is no evidence of viral or bac- 
terial infection. Pustular psoriasis in pregnancy tends to occur in the 
early part of the third trimester of pregnancy and usually resolves 
after parturition. This can be severe, presenting with flexural 
and periumbilical redness and pustules, which rapidly desquamate 
and coalesce, spreading in a centrifugal manner (Figure 113.6). It 
may be associated with erythroderma, fever, tetany and hypocal- 
caemia. Recurrence in subsequent pregnancies is characteristic 
with earlier onset and increased severity. It must be differentiated 
from acute generalised exanthematous pustulosis which is typi- 
cally drug related. Systemic treatment is usually required and case 
reports support the use of moderate- to high-dose corticosteroids, 
narrow-band UVB and ciclosporin [4,8—11]. Ciclosporin is becoming 
the preferred first line agent by many experts [12]. Infliximab is 
an option for resistant disease. Treatment can usually be quickly 
tapered postpartum. 


Figure 113.6 (a) Evolution of pustular psoriasis of pregnancy; the patient was treated 
with prednisone and ciclosporin (i, ii) and was then commenced on infliximab (iii) with 
good results 1 week later (iv). (b) Plaque of pustular psoriasis of pregnancy (i) and 
histology of pustular psoriasis of pregnancy (ii). Courtesy of Dr Caroline Mahon and 
Dr Julia Zhu, Department of Dermatology, Christchurch Hospital, New Zealand. 


Management 


Treatment ladder for psoriasis in pregnancy 


First line 
e Emollients 
¢ Topical corticosteroids (low to mid potency) 


Second line or first line for moderate to severe disease 
e¢ Narrow-band UVB (TL-01) 

Or 
e Broad-band UVB 


Third line 

¢ Certolizumab is the preferred biologic agent; etanercept is an 
alternative 

¢ Ciclosporin 


Treatment ladder for generalised pustular 
psoriasis in pregnancy 


¢ Ciclosporin 
¢ Oral corticosteroids 
e¢ Narrow-band UVB 
Infliximab 


Acne vulgaris and rosacea 
Acne vulgaris (Chapter 88) often improves in early pregnancy but 
worsens in the third trimester as maternal androgen levels increase. 
In patients with skin of colour the sequelae of postinflammatory 
hyperpigmentation (PIH), keloids and severe scarring are com- 
mon [13]. Early and aggressive control of the disease process is 
necessary in at-risk groups. Patient education is important to pre- 
vent excoriation of acne lesions and to avoid harsh skin regimens 
and cultural skin and hair care practices that can aggravate acne or 
cause PIJH or scarring. All treatments during pregnancy should be 
kept to short courses of the lowest effective dose. Topical agents are 
preferred for mild to moderate acne. Systemic and topical retinoids 
should be avoided because of their known teratogenic poten- 
tial [14]. Oral erythromycin and azithromycin appear safe (after the 
first trimester). Severe acne conglobata may require treatment with 
systemic corticosteroids in addition to oral antibiotics. Narrow-band 
UVB can be used as second line therapy for more severe acne vul- 
garis during pregnancy [15]. There is interest in light and laser treat- 
ments for acne, but further information is needed to assess safety. 

Acne neonatorum may occur due to passive transfer of maternal 
androgens across the placenta during the third trimester. This is usu- 
ally a transient eruption in the young infant that does not require 
ongoing treatment. 

Rosacea (Chapter 89) often worsens during pregnancy and may 
require systemic treatment. Rosacea fulminans is a rare, severe 
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variant of rosacea that may flare significantly in pregnancy. This is 
characterised by numerous pustules, marked facial redness, cystic 
swellings and coalescing sinuses. Rosacea fulminans normally 
requires treatment with oral antibiotics and oral corticosteroids, 
and early treatment is necessary to prevent scarring. Azithromycin 
is the preferred first line antibiotic [16]. 


Management 


Treatment ladder for acne vulgaris in pregnancy 


First line 

¢ Benzoyl peroxide gel 2.5-10% 
¢ Topical clindamycin 

¢ Topical erythromycin 


Second line 

¢ Oral azithromycin 

¢ Oral erythromycin (avoid in first trimester) 
¢ Topical salicylic acid 


Third line/severe disease 
e Narrow-band UVB (TL-01) 
e Prednisolone (can be combined with oral antibiotic therapy) 


Treatment ladder for rosacea in pregnancy 


First line 
¢ Topical azelaic acid 10-15% 
¢ Topical metronidazole 


Second line 
¢ Oral azithromycin (preferred over erythromycin for rosacea) 
¢ Oral erythromycin (avoid in first trimester) 


Third line/severe disease 
e Prednisolone (can be combined with oral antibiotic therapy) 


Ocular rosacea 

e Artificial tears and lubricating ointment 

e Eyelid hygiene morning and evening 

e If above is insufficient add in topical fusidic acid or 
ciclosporin ophthalmic emulsion (most likely to be 
implemented by ophthalmologists) 


Urticaria 


Urticaria can mimic other pregnancy dermatoses, particularly the 
pre-bullous phase of pemphigoid gestationis or polymorphic erup- 
tion of pregnancy. Urticaria presents frequently during pregnancy 
and can be difficult to control effectively (Chapter 42). 


Management 

Oral antihistamines are the treatment of choice; the second- 
generation antihistamines loratadine and cetirizine are safe to 
use from the second trimester onwards. Omalizumab is likely to 
become the preferred second line option for urticaria unresponsive 
to antihistamines as reports emerge of large cohorts of patients 
taking omalizumab during pregnancy (predominantly for asthma, 
with small series of patients with urticaria), with no apparent 
increased risks of poor pregnancy outcomes [17-19]. Data registries 
have been established to provide further information on the safety 
of omalizumab in pregnancy. 


Treatment ladder for urticaria in pregnancy 


First line 
¢ Topical emollients: aqueous cream + 1-2% menthol 
e Oral antihistamines: loratadine and cetirizine 


Second line 
¢ Omalizumab 


Third line 
e Prednisolone 
¢ Ciclosporin 


Erythema nodosum 


Erythema nodosum (Chapter 97) is a reactive inflammation of 
the subcutaneous fat, secondary to a wide variety of underlying 
conditions including streptococcal infections, tuberculosis, leprosy, 
sarcoidosis and inflammatory bowel disease. Pregnancy and oral 
contraceptive therapy can also trigger this eruption, which presents 
with tender red nodules or plaques over the anterior lower legs. 
Fever, malaise and arthralgia often occur, and the eruption typically 
lasts up to 6-8 weeks. Supportive treatment is normally all that 
is required — rest, leg elevation, compression hosiery and analge- 
sia can all help to improve symptoms. It is important to exclude 
non-pregnancy-related causes of erythema nodosum. 


Management 


Treatment ladder for erythema nodosum in 
pregnancy 


First line 

e Rest and leg elevation 
¢ Compression hosiery 
e Analgesia 


Second line 


¢ Short course of prednisolone 


PREGNANCY-SPECIFIC DER 
ITCHING 


Introduction and classification 

Itch is common in pregnant women and more common in multiple 
pregnancies. One-third of affected women will have either a specific 
dermatosis of pregnancy (atopic eruption of pregnancy, polymor- 
phic eruption of pregnancy or pemphigoid gestationis) or a specific 
illness (including intrahepatic cholestasis of pregnancy) to explain 
the pruritus [1]. Two-thirds of women will have no specific diagnosis 
for the itch and this group is termed as having pruritus gravidarum. 

Most pruritus during pregnancy is of symptomatic significance 
only but some conditions, such as pemphigoid gestationis and 
intrahepatic cholestasis of pregnancy, are associated with adverse 
outcomes for the fetus and need to be identified and managed early 
to reduce perinatal morbidity and mortality. The dermatosis of 
concern can usually be identified on clinical grounds, but specific 
investigations may be required (Table 113.1). Atopic eruption of 
pregnancy has the earliest onset during pregnancy, usually in the 
first or second trimester, in a patient with atopic tendencies. Pem- 
phigoid gestationis may occasionally also occur in early pregnancy 
(but usually later), often involves the periumbilical region and 
eventually progresses to bullous lesions. Polymorphic eruption of 
pregnancy and intrahepatic cholestasis of pregnancy usually occur 
in the third trimester. Polymorphic eruption of pregnancy starts in 
the striae gravidarum and typically spares the periumbilical region 
and the palms. Pruritus gravidarum and intrahepatic cholestasis of 
pregnancy have no primary skin lesions and may produce intense 
itching of the palms. 

The specific dermatoses of pregnancy have been renamed and 
reclassified many times over the years, with several names for each 
disease, which has led to confusion. There is considerable overlap in 
clinical presentation and histopathology between pregnant women 
with atopic eczema, prurigo of pregnancy and pruritic folliculitis of 


Pregnancy-specific dermatoses and itching 113.13 


Table 113.2 Classification of the specific dermatoses and itch of pregnancy. 


Classification Synonyms 


Pemphigoid gestationis Herpes gestationis 

Gestational pemphigoid 

Pruritic urticarial papules and plaques of 
pregnancy (PUPPP) 

Toxaemic rash of pregnancy 

Late-onset prurigo of pregnancy 

Toxic erythema of pregnancy 

Cholestasis of pregnancy 

Pruritus/prurigo gravidarum 

Obstetric cholestasis 

Jaundice of pregnancy 

Prurigo of pregnancy® 

Prurigo gestationis 

Early-onset prurigo of pregnancy 

Papular dermatitis of pregnancy 

Pruritic folliculitis of pregnancy? 

Eczema in pregnancy 


Polymorphic eruption of 
pregnancy (PEP)? 


Intrahepatic cholestasis of 
pregnancy 


Atopic eruption of 
pregnancy 


4 Previous classification by Holmes and Black, 1983 [4]. 


Pruritus gravidarum and intrahepatic 
cholestasis of pregnancy 


Introduction and general description 

Pruritus gravidarum is considered by most to be a mild variant of 
intrahepatic cholestasis of pregnancy occurring in approximately 
0.03-3% of pregnancies [1,2]. There is poor correlation of severity 
of itch and serum bile salts [3]. The accuracy of serum bile salts 
in diagnosing intrahepatic cholestasis of pregnancy is not clear 
according to a Cochrane review and this may explain the large 
number of women presenting with the typical pruritus of intrahep- 


pregnancy. These conditions are now grouped together as ‘atopic _atic cholestasis without the corresponding laboratory findings [4]. a 
eruption of pregnancy’ [2,3]. Table 113.2 gives the most up-to-date | Therefore, some authors classify pruritus gravidarum as with or [iS 
classification, with previous synonyms included. without cholestasis. wn 
Uw 
uO 
uc 
a) 
Table 113.1 Clinical features of the specific dermatoses and itch of pregnancy. F-1 ~ 
Presentationin  Presentationin Riskto Specific clinical Prognosis Recurrence with ran) - 
early pregnancy late pregnancy fetus features postpartum subsequent pregnancy = 
Atopic eruption of pregnancy v Less common x Eczematous changes Improvement v fe 
Pruritus gravidarum without x v x Secondary excoriation only, Spontaneous resolution v <x 
cholestasis itchy palms, bile salts within days to weeks ou. 
<40 pmol/L 
Intrahepatic cholestasis of x v v Secondary excoriation only, Spontaneous resolution v 
pregnancy (pruritus itchy palms, serum bile within days to weeks 
gravidarum with cholestasis) salts >40 pmol/L 
Polymorphic eruption of x v x Redness, urticated papules, May flare peripartum then x May recur in multiple 
pregnancy plaques, small vesicles resolves spontaneously pregnancies 
Pemphigoid gestationis Less common v v Initially redness, papules and May persist for months; ¥ May also recur with 
plaques; eventually bullae systemic treatment contraception, 
usually required menstruation 


Source: Dr Amy Stanway. 
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Pathophysiology 

Intrahepatic cholestasis of pregnancy is a reversible form of hor- 
monally triggered cholestasis that typically develops in genetically 
predisposed individuals in late pregnancy. The cause is thought to 
be multifactorial [5]. 


Clinical features 


Presentation 

Itching begins in the second or third trimester and is often localised 
to the abdomen, or the palms and soles, although it may also be 
widespread. In about 10% of cases the patient may be mildly jaun- 
diced. Secondary skin lesions develop due to scratching and range 
from subtle excoriations to severe prurigo nodules as pruritus per- 
sists (Figure 113.7). 


Disease course and prognosis 

The prognosis for the mother is generally good. After delivery, pru- 
ritus disappears spontaneously within days to weeks, but may recur 
with subsequent pregnancies and oral contraception [6,7,8]. Pruri- 
tus gravidarum with serum bile salts <40 pmol/L does not seem 
to be associated with a poor perinatal outcome and symptomatic 


Figure 113.7 Excoriations with no background eczematous features in pruritus 
gravidarum (normal serum bile salts). 


treatment only is required [3]. If jaundice or high serum bile salts are 
present, patients are at risk of developing steatorrhea with malab- 
sorption of fat-soluble vitamins, including vitamin K, which might 
lead to bleeding complications and cholelithiasis [6]. Fetal prognosis 
may be impaired with an increased risk of prematurity, fetal distress 
and stillbirth [3,6]. Therefore, prompt diagnosis, specific therapy, 
close obstetric monitoring and maternal counselling are essential. 


Investigations 

Liver function tests are usually normal (alkaline phosphatase may 
be raised but this is a normal finding in pregnancy due to placental 
production) [4]. Serum bile salts may be raised. In healthy pregnan- 
cies, total serum bile acid levels may increase up to 11.0 pmol/L in 
the third trimester. Serum bile salts >40 pmol/L are associated with 
increased preterm delivery, meconium staining of amniotic fluid and 
asphyxial events [3]. 


Management 

Ursodeoxycholic acid (UDCA) has been the treatment of choice 
based on small studies suggesting that this improved maternal 
itch and reduced fetal morbidity and mortality [9]. Later larger 
studies did not confirm this finding [10,11]. Recent Cochrane 
reviews showed a small benefit for maternal pruritus with UDCA 
but no reduction in fetal death or spontaneous preterm delivery 
[4,12]. Studies are needed to determine if there is a benefit in the 
higher-risk group with serum bile salts >40 pmol/L. There do 
not appear to be any safety concerns with the use of UDCA in 
pregnancy and it would seem reasonable to trial it in symptomatic 
women. There is little evidence to support the use of activated char- 
coal, S-adenosyl-L-methionine, dexamethasone or cholestyramine. 
Of note, cholestyramine and other bile acid exchange resins may 
contribute to the malabsorption of vitamin K with possible bleeding 
complications and should therefore be avoided [13]. Close obstetric 
surveillance is indicated in women with bile salts >40 pmol/L. Still- 
birth is a sudden occurrence and there is no evidence that weekly 
fetal cardiac monitoring prevents this, but regular obstetric review 
may pick up growth retardation and early fetal distress. 


Treatment ladder for pruritus gravidarum and 
intrahepatic cholestasis of pregnancy 


First line 

¢ Topical emollients: aqueous cream + 1-2% menthol 
¢ Oral antihistamines: loratadine and cetirizine 

e Oral UDCA 1 g per day 


Second line 

e S-adenosyl-L-methionine 
e¢ Dexamethasone 

¢ Cholestyramine 


Other recommendations 

e Weekly fetal cardiotocography to monitor fetal heart rate and 
detect early signs of fetal distress if bile salts >40 pmol/L 

e Maternal vitamin K replacement (if jaundice is present) 

e Early delivery (36-37 weeks) if bile salts >40 pmol/L 

e¢ Dexamethasone may be needed for fetal lung maturity 


(b) 


Figure 113.8 E-type atopic eruption of pregnancy: (a) on the upper trunk and shoulders 
in the second trimester and (b) with nipple eczema. 


Atopic eruption of pregnancy 


Introduction and general description 

Atopic eruption of pregnancy (AEP) is the most common specific 
dermatosis of pregnancy, accounting for 50% of patients. It is a 
benign pruritic disorder of pregnancy that includes eczematous 
and/or papular lesions in patients with an atopic diathesis. Other 
dermatoses of pregnancy must be excluded (Chapter 41). It usually 
starts early on in pregnancy, with 75% of cases presenting before the 
third trimester, and tends to recur in subsequent pregnancies [1]. 


Pathophysiology 

The pathogenesis of AEP is thought to be triggered by pregnancy- 
specific immunological changes: increased Th2 cytokines (inter- 
leukin 4 (IL-4), IL-10) and a reduced cellular immunity and reduced 
production of Th1 cytokines (IL-2, interferon y, IL-12) [2]. 


Clinical features 


Presentation 
Twenty per cent of patients suffer from an exacerbation of 
pre-existing atopic eczema with a typical clinical picture. The 


remaining 80% experience atopic skin changes for the first time 
ever or after a long remission (for example, since childhood). 
Two-thirds of patients present with widespread eczematous 
changes often affecting typical atopic sites such as the face, neck, 
décolleté and flexural surfaces of the limbs (so-called E-type AEP; 
Figure 113.8). One-third of patients have papular lesions (P-type 
AEP; Figure 113.9) [1] which are characterised by small red papules 
disseminated on the trunk and limbs as well as typical prurigo 
nodules, mostly located on the shins and arms. A key feature is 
severe dryness of the skin and frequent Hanifin and Rajka atopic 
‘minor’ features [3]. 


Disease course and prognosis 

Maternal prognosis is good even in severe cases as skin lesions 
usually respond quickly to therapy. Recurrence in subsequent 
pregnancies is common. Fetal prognosis is unaffected. 


Investigations 

Histopathology is non-specific and varies with the clinical type and 
stage of the disease. Direct and indirect immunofluorescence are 
both negative. Elevated serum IgE levels are found in 20-70% of 
patients [1]. 


Management 

Basic treatment with emollients and topical corticosteroids for sev- 
eral days will usually lead to quick improvement of skin lesions. 
Severe cases may require a short course of systemic corticosteroids 
and antihistamines. Phototherapy (UVB) is useful for severe cases in 


early pregnancy. 


Treatment ladder for atopic eruption of 
pregnancy 


First line 

¢ Topical emollients 

© Topical corticosteroids 

¢ Oral antihistamines: loratadine and cetirizine 


Second line 
¢ Narrow-band UVB phototherapy 


Third line 
e Prednisolone 
e Azathioprine 


Resource 


EADV (European Academy of Dermatology and Venerology). Atopic Eruption of Preg- 
nancy (AEP). https://www.eadv.org/cms-admin/showfile/EADV%20Pregnancy 
%20TF_%20A topic%20Eruption%200f%20pregnancy%20%28AEP%29.pdf (last 
accessed February 2022). 
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Figure 113.9 P-type atopic eruption of pregnancy showing (a) excoriated red patches 
on the arms; (b) excoriated papules, redness and dry skin on the upper thighs; and 
(c) excoriated prurigo lesions on the lower legs (all in the second trimester). 


Polymorphic eruption of pregnancy 


Introduction and general description 

Polymorphic eruption of pregnancy (PEP) is a specific dermatosis 
of pregnancy also known as ‘pruritic urticarial papules and plaques 
of pregnancy’. It is a benign, self-limited skin disorder. Key features 
include an increased prevalence in primigravidas, onset in the third 
trimester or immediately postpartum (15% of cases [1]), remission 
near the time of delivery, and association with multiple gestation 
pregnancy and maternal weight gain [1,2]. There are no associated 
maternal or fetal risks, and treatment is symptomatic [3]. 


Pathophysiology 

The pathogenesis of PEP remains unclear. The main theories focus 
on abdominal distension and hormonal and immunological factors, 
but supportive evidence is insufficient for all current hypothe- 
ses [1,4,5]. The fact that PEP starts within striae distensae at the 
time of greatest abdominal distension may suggest that damage 
to the connective tissue due to overstretching plays a central role. 
An increase of CD1a cells in the cutaneous inflammatory infiltrate 
could confirm the theory that previously inert structures develop an 
antigenic character, thus triggering the inflammatory process. The 
phenomenon of peripheral microchimerism in pregnancy has also 
been hypothesised to play a role in triggering the inflammation [6]. 
Serum cortisol levels were found to be low in one study of women 
with PEP, while human chorionic gonadotrophin (hCG) and oestra- 
diol were normal [5]. Unlike pemphigoid gestationis, there is no 
human leukocyte antigen (HLA) association [7]. 


Clinical features 

The clinical features are crucial to diagnosis. PEP typically starts 
on the abdomen, often within the striae, and classically spares the 
umbilical area, palms, soles and face. The sparing of the umbilical 
area helps to differentiate PEP from pemphigoid gestationis since 
clinical features can be very similar early in the course of disease. 
The striae first become itchy, then red, and finally urticarial. The 
rash spreads to the buttocks and proximal thighs, coalescing into 
plaques (Figure 113.10). Patients are very uncomfortable, and the 
pruritus often interferes with sleep. The lesions are rarely excori- 
ated [3]. Later, the morphology becomes more polymorphic; vesicles 
(1-2 mm in size; never frank bullae as in pemphigoid gestationis), 
widespread non-urticated red patches, and targetoid and eczema- 
tous lesions develop in half of patients. The rash usually resolves 
within 4-6 weeks, independently of delivery [6]. 


Disease course and fetal prognosis 

There is no suggestion that PEP has any adverse effect on the out- 
come of the pregnancy or the newborn [5,7]. Lesions are self-limiting 
and the disease tends not to recur; the exception being in a multiple 
pregnancy when earlier presentation in pregnancy may occur. 


Investigations 

The histopathology of this condition is non-specific and there are 
many similarities with the early pre-bullous phase of pemphigoid 
gestationis. Most biopsies show epidermal and upper dermal 
oedema, with a perivascular infiltrate of lymphocytes and histio- 
cytes. There may be a striking number of eosinophils (as there may 


Figure 113.10 Polymorphic eruption of pregnancy showing papules and urticarial 
lesions on the abdomen and thighs. Note sparing of the umbilical area. Courtesy of 
Associate Professor Amanda Oakley, Hamilton, New Zealand. 


be in pemphigoid gestationis). Spongiotic vesicles, hyperkeratosis 
and patchy parakeratosis are seen [7]. 

Direct immunofluorescence is generally negative, even by 
immunoelectron microscopy, and this provides the best means 
of distinguishing this disorder from pemphigoid gestationis should 
there be any diagnostic doubt [8]. There are occasional reports of 
equivocal direct immunofluorescence findings in PEP, including 
minimal C3 deposition on the basement membrane, in the epider- 
mis and perivascularly [7]. In these rare situations of equivocal 
immunofluoresence, a BP180 NC16a ELISA has been shown to be 
highly sensitive and specific in distinguishing pemphigoid gestatio- 
nis from PEP [9]. Indirect immunofluorescence is also negative [5]. 


Management 

Symptomatic treatment with topical corticosteroids and emollients, 
with or without antihistamines, is usually sufficient to control 
pruritus and skin lesions, with relief in 24-72 h [3]. In severe gener- 
alised cases, a short course of systemic corticosteroids (prednisolone 
starting at 40-60 mg/day and tapering to zero over a few weeks) 
may be necessary and is usually very effective [2]. Early induction 
of labour can also be considered if the patient is close to term. 


Treatment ladder for polymorphic eruption of 
pregnancy 


First line 

¢ Topical emollients: aqueous cream + 1-2% menthol 
¢ Topical corticosteroids 

¢ Oral antihistamines: loratadine and cetirizine 


Second line 
e Prednisolone 
Consider early induction of labour if patient is close to term 
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Pemphigoid gestationis 


Introduction and general description 

Pemphigoid gestationis (PG) is a rare, autoimmune, bullous dis- 
order that presents mainly in late pregnancy or the immediate 
postpartum period (Chapter 50). It may occur earlier in multi- 
gravida pregnancies [1]. It also rarely presents in association with 
trophoblastic tumours (choriocarcinoma, hydatidiform mole) [2,3]. 
The incidence varies from 1 : 2000 to 1 : 50 000-60 000 pregnancies [4]. 
PG has a strong association with maternal major histocompatibility 
complex (MHC) class II antigens haplotypes HLA-DR3 (human 
leukocyte antigens DR3) and HLA-DR4 [5,6]. There is also an 
increased risk of developing other organ-specific autoimmune 
diseases, in particular Graves disease [6]. 


Pathophysiology 

Circulating complement-fixing IgG antibodies of the subclass IgG1 
(formerly known as herpes gestationis factor) bind to a 180 kDa 
protein BP-180 (or bullous pemphigoid antigen 2) in the hemidesmo- 
somes of the dermal—-epidermal junction, leading to tissue damage 
and blister formation [1,5]. The immune response is highly restricted 
to the NC16A domain [1]. Of interest, the primary site of auto- 
immunity seems not to be the skin, but in the placenta, as antibod- 
ies bind not only to the basement membrane zone of the epidermis 
but also to that of chorionic and amniotic epithelia, both of ecto- 
dermal origin. Aberrant expression of MHC class II molecules on 
the chorionic villi suggests that an allogenic immune reaction to a 
placental matrix antigen may be pathogenic [7]. 


Clinical features 


Presentation 

Pemphigoid gestationis presents with intense pruritus that may 
precede skin lesions. Typically, urticated red papules and plaques 
develop on the abdomen, characteristically involving the peri- 
umbilical region, but may spread to the entire skin surface 
(Figure 113.11). Extremities are involved in all cases, but face 
and mucous membranes are usually spared [4,8]. In the pre-bullous 
stage, differentiation between PG and PEP is almost impossi- 
ble, both clinically and histopathologically. Whilst small vesicles 
(1-2 mm) may occur in PEP, tense bullae develop only in PG 
(Figure 113.12). 


Disease course and fetal prognosis 

The natural course of PG is characterised by exacerbations and 
remissions during pregnancy, with frequent improvement in late 
pregnancy followed by a flare-up at the time of delivery (75% 
of patients). After delivery, the lesions usually resolve within 
weeks to months but may recur with menstruation and hormonal 
contraception. Rarely, PG can persist over several years. A sys- 
tematic review found that approximately 80% of women were in 
complete remission around 9 months postpartum, half of whom 
were off therapy [9]. 

Maternal autoantibodies can be transferred to the newborn 
and around 5-13% of newborns may develop mild skin lesions 
(neonatal PG) which resolve spontaneously within days to weeks 
[4,8,9,10,11]. In almost all cases, conservative management is all 
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(a) () 


Figure 113.11 Pemphigoid gestationis that erupted 3 days postpartum. (a) Widespread red urticated plaques on the trunk and limbs with early blistering. (b) Close-up view of 
urticated targetoid plaques on the upper thighs. (c) Close-up view showing tense intact blisters on the forearms on a background of urticated red plaques. 


Figure 113.12 More advanced blister formation in pemphigoid gestationis. Courtesy of 
Associate Professor Amanda Oakley, Hamilton, New Zealand. 


that is required until maternal antibodies are cleared from the fetal 
circulation [12]. Fetal prognosis is generally good but there is an 
increase in prematurity and small-for-date babies [8-11]. It has been 
shown that this risk correlates with disease severity, as represented 


by early onset and blister formation, and not with corticosteroid 
treatment [13]. PG commonly recurs in subsequent pregnancies, 
with usually earlier onset and increasing severity [11,14]. 


Investigations 

Histopathological findings from lesional skin depend on the stage 
and severity of the disease. The pre-bullous stage is characterised 
by oedema of the upper and middle dermis accompanied by a 
predominantly perivascular inflammatory infiltrate, composed of 
lymphocytes, histiocytes and a variable number of eosinophils. 
Histopathology of the bullous stage demonstrates subepidermal 
blistering located at the lamina lucida of the dermal-epidermal 
junction [4]. 

Linear C3 deposition along the dermal—epidermal junction is 
present in 100% of cases and additional IgG deposition in 30% of 
cases [1,8,11]. Circulating serum IgG antibodies may be detected 
by indirect immunofluorescence, binding to the epidermal side of 
an artificial split on salt-split skin. Antibody levels may also be 
monitored using ELISA and immunoblot techniques and show a 
good correlation with disease activity [4,15]. 


Management 
Treatment depends on the stage and severity of the disease and 
aims to control pruritus and to prevent blister formation. Topical 
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corticosteroids with or without oral antihistamines may be suffi- 
cient in cases of mild pre-bullous pemphigoid [4,8,9]. All other cases 
require systemic prednisolone, usually started at a dose of 0.5-1 
mg/kg/day [9]. When the disease improves, the dose can typically 
be reduced, but should be increased in time to prevent the flare 
postpartum. Cases unresponsive to systemic corticosteroid treat- 
ment may benefit from third line treatments including azathioprine, 
intravenous immunoglobulins and plasma exchange [12,16,17]. 
Ultraviolet light therapy is relatively contraindicated as it may pro- 
mote new blister formation [6]. After delivery, if necessary, a greater 
range of immunosuppressive treatment may then be administered. 
If associated with gestational trophoblastic disease, treatment of 
this may result in remission [12]. 


Treatment ladder for pemphigoid gestationis in 
pregnancy 


First line 

¢ Topical emollients: aqueous cream + 1-2% menthol 

¢ Potent topical steroids (see section on general treatment 
guidance) 

¢ Oral antihistamines: loratadine and cetirizine 


Second line 
e Prednisolone 


Third line 

e Azathioprine 

e Plasma exchange 

e Intravenous immunoglobulins 


General guidance on safe treatments 
in pregnancy, lactation and male fertility 


All topical, injected, physical and systemic agents need to be care- 
fully considered during pregnancy and lactation due to potential for 
harm to the fetus /infant. Pregnant and lactating women are usually 
excluded from controlled trials and information regarding safety of 
medications in pregnancy and lactation is often through case series 
or data registries. Inadvertent exposure to medications during 
pregnancy may necessitate consideration of therapeutic abortion, 
but in most circumstances the caution is due to an unknown risk 
and close monitoring of the pregnancy may be all that is required. 
The benefit of treating severe disease often outweighs the potential 
risk of treatment and many therapeutic agents commonly used in 
dermatology have sufficient accumulative data to support safe use 
in pregnancy and lactation if necessary. Treatments for mild disease 
and cosmetic treatments are best avoided if possible. The effect of 
medications on male fertility has not been well studied. 

In 2015 the US Food and Drug Administration (FDA) updated the 
risk categories on prescription and biologic drug labelling to make 
them more meaningful to both patients and health care providers. 
The A, B, C, D and X risk categories, in use since 1979, are now 
replaced with individual descriptions of drugs and post-marketing 
information. Subsections include Pregnancy, Lactation and Females 


and males of reproductive potential. These provide information about 
dosing and potential risks, and registry information that collects and 
maintains data on how pregnant and lactating women and males of 
reproductive potential are potentially affected. 

The following recommendations are based on the current 
available data and expert opinion for common dermatological 
treatments, but clinical judgement is still required on a case-by-case 
basis (Tables 113.3 and 113.4) [1,2-4]. 


Topical therapies 


Topical corticosteroids 

A Cochrane review on the safety of topical corticosteroids during 
pregnancy found no associations between mothers’ use of topical 
steroids of any potency and type of delivery, birth defects, pre- 
mature births or low Apgar score [5]. There was some evidence 
indicating a relation between low birth weight and maternal use 
of potent or very potent topical steroids, especially when high 
doses are used in pregnancy, but maternal use of mild or moderate 
topical corticosteroids is not related to low birth weight. The review 
also found that mild or moderately potent topical steroids protect 
against fetal death, but this was not seen when the mothers used 
potent or very potent topical steroids. This finding needs further 
examination. This review confirms that, if required, use of topical 
steroids is safe but, as in the non-pregnant patient, should be lim- 
ited to the minimum potency required and for a restricted period. 
Topical steroid use during pregnancy will increase the likelihood of 
striae distensae. 


Systemic therapies 


Systemic corticosteroids 

There is a small increased risk of cleft palate when oral cortico- 
steroids are used in the first trimester. Prednisone may also result 
in premature delivery, premature membrane rupture, intrauter- 
ine growth retardation, gestational diabetes, hypertension, 
pre-eclampsia and eclampsia [1]. Prednisolone is the systemic 
corticosteroid of choice in pregnancy. Cortisol, prednisone and 
prednisolone are inactivated enzymatically in the placenta, but 
betamethasone and dexamethasone are not. Total daily doses 
should be kept to less than 20 mg/day and prolonged use should 
be limited to doses of 7.5 mg/day if possible [1]. In treating preg- 
nancy dermatoses, corticosteroids are usually used as a short-term 
therapy (<4 weeks) so that side effects are minimised. In rare cases 
with high-dose therapy over many weeks, fetal growth should be 
monitored by ultrasound. Should this therapy be continued up to 
delivery, possible adrenal insufficiency of the newborn must be 
kept in mind and treated accordingly. Systemic corticosteroids are 
excreted in breast milk and it is recommended to delay nursing 
until 4 h after high doses to minimise the effect on the infant. 


Systemic antihistamines 

If systemic antihistamines are needed during pregnancy, the 
first-generation antihistamine chlorphenamine is preferable due 
to the greater experience with its use. This is especially valid for 
the first trimester. If a non-sedating antihistamine is required, then 
the second-generation antihistamines loratadine and cetirizine can 
be administered in the second and third trimesters [6,7]. 
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Treatment 


Pregnancy 


Lactation 


Male fertility 


Notes 


Anti-inflammatory and 
itch treatments 


Acne treatment (also see 
topical antibiotics) 


Scabies treatment 


Topical antifungal agents 


Topical corticosteroids 


Calcipotriene 


Topical calcineurin 


inhibitors 


Coal tar 


Tazarotene 


Benzoyl peroxide 


Azelaic acid 


2% Salicylic acid 


Topical retinoids 


Topical permethrin 
Topical sulphur (2-10% 
precipitate in 
petroleum base) 
Topical ivermectin 


— 
oO 


Malathion 


Nystatin 


Clotrimazole 


Miconazole 


Ketoconazole shampoo 


Selenium sulphide 


Topical terbinafine 


Ciclopirox 


Considered appropriate in 
pregnancy on small 
surface area 

Considered appropriate in 
pregnancy on small 
surface areas 

Considered appropriate in 
pregnancy on small 
surface areas 


Avoid but intermittent 
exposure in small doses is 
low risk 

Avoid but intermittent 
exposure in small doses is 
low risk 


Considered appropriate in 
pregnancy on small 
surface areas 


Considered appropriate in 
pregnancy on small 
surface areas 

Considered appropriate in 
pregnancy on small 
surface areas 

Best avoided but intermittent 
exposure in small doses is 
low risk 

Compatible 

Limited data, probably safe 


Best avoided but intermittent 
exposure in small doses is 
low risk 

Avoid but intermitten 
exposure in small doses is 
low risk 

Considered appropriate in 
pregnancy on small 
surface areas 

Considered appropriate in 
pregnancy on small 
surface areas 

Considered appropriate in 
pregnancy on small 
surface areas 

Considered appropriate in 
pregnancy on small 
surface areas 

Considered appropriate in 
pregnancy on small 
surface areas 

Avoid but intermitten 
exposure in small doses is 
low risk 

Avoid but intermitten 
exposure in small doses is 
low risk 


Compatible, avoid nipple 
area 


Compatible in small 
doses, avoid nipple 
area 

Compatible in small 


doses, avoid nipple 
area 


Avoid 


Caution if used over 20% 
body surface area 


Compatible. 


Low risk of significant 
excretion in breast milk 


Compatible 

Low risk of significant 
excretion in breast milk 

Compatible 

Limited data, probably 


safe 


Limited data 


Avoid 


Compatible 


Compatible 


Limited data 


Low risk of significant 


excretion in breast milk 


Compatible 


Low risk of significant 


excretion in breast milk 


Low risk of significant 
excretion in breast milk 


Limited data. No known 
adverse effect 


Limited data. No known 
adverse effect 


Limited data. High-dose oral 
tacrolimus associated with 
decreased sperm function 
in rodents, but limited 
systemic absorption with 
topical agents 

Limited data. No known 
adverse effect 


Limited data 


Limited data. No known 
adverse effect 


No known adverse effec 


No known adverse effec 


No known adverse effec 


No known adverse effec 
Limited data 


Limited data. Likely low risk 


Avoid 


Limited data 


No known adverse effect 


Limited data 


Limited data 


Limited data 


No known adverse effect 


No known adverse effect 


See text 


High molecular size 
results in low systemic 
absorption 


Highly bound to plasma 
protein and maternal 
plasma concentration 
is low 

5% Benzoyl peroxide 
absorbed through skin 
but lower exposure 
than from food (food 
preservative) 

Low risk — use if no better 
alternative 


Low risk — use if no better 
alternative 


Treatment of choice for 
superficial Candida 
infections in pregnancy 

Best studied in lactation: 
first line 


No known abnormality in 
fetus due to lack of 
systemic absorption 

Limit time period 


(continued) 
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Treatment Pregnancy Lactation Male fertility Notes 
Wart treatment Trichloroacetic acid Considered appropriate in Limited data Limited data Second line for genital 
pregnancy on small warts in pregnancy 
surface areas (liquid nitrogen is 
preferred option). 
Avoid use as a 
cosmetic peel 
Salicylic acid Considered appropriate in Compatible No known adverse effect Small surface area for 
pregnancy on small limited time periods 
surface areas (liquid nitrogen is 
preferred option) 
Podophyllin Avoid Avoid Limited data. No known adverse 
effect 
Cantharidin Avoid Avoid Limited data 
Imiquimod Avoid Limited data Limited data. No known adverse 
effect 
Topical antibiotics Erythromycin Compatible Compatible No known adverse effect 
Clindamycin Compatible Compatible No known adverse effect 
Mupirocin Considered appropriate in Compatible Limited data. No known adverse _ Topical antibacterial of 
pregnancy on sma effect choice in lactation 
surface areas 
Metronidazole Considered appropriate in Compatible Limited data. High-dose oral 
pregnancy on sma metronidazole caused 
surface areas infertility in rats 
Topical cosmetic Lactic acid peels Considered appropriate in Compatible Limited data 
treatments pregnancy on sma 
surface areas 
Glycolic acid peels Considered appropriate in Compatible Limited data 
pregnancy on sma 
surface areas 
Minoxidil Avoid Compatible Limited data 
Hydroquinone Avoid Avoid Limited data High transcutaneous 
absorption and 
retained in breast milk, 
no known toxicity 
Jessner peel Avoid Avoid Limited data 
Salicylic acid peels Avoid Compatible. Avoid large No known adverse effect 


Locally injected agents 


Local anaesthetic 


Intralesional steroids 


Botulinum toxin 


Sclerotherapy 


Cosmetic fillers 


Considered appropriate in 
pregnancy in small doses 


Considered appropriate in 
pregnancy in small doses 
Avoid, but likely low risk 


Avoid 


Avoid, but likely low risk 


surface areas and 
frequent treatments 


Compatible Limited data Lignocaine preferred in 
pregnancy, use of 
adrenaline acceptable 

Compatible. No known adverse effect 


Limited data, likely low 
risk 


Limited data, likely low risk in 
dermatological cosmetic 
applications 


Avoid Used commonly for varicocele 
with no negative effect on 
fertility 

Limited data Limited data 


Biologics 

With increasing overall use, more women of child-bearing age 
are on biologic agents. If the benefits of continuing treatment are 
compelling, tumour necrosis factor « (TNF-a) inhibitors are pre- 
ferred over IL-12/23 and IL-17 inhibitors due to greater safety data. 
Etanercept is preferred over adalimumab and infliximab due to 
less placental transfer. Discontinuing the TNF-« inhibitor in the 
third trimester is recommended to minimise risk of disseminated 
infection from live vaccines in exposed neonates. Certolizumab 


has minimal active placental and breast milk transfer and could 
be considered the preferred biologic agent during pregnancy. 
Dupilumab has limited safety data but is expected to cross the 
placenta [8-11]. 


Other therapies 
Ultraviolet light therapy 


Ultraviolet B phototherapy is considered a safe option for inflam- 
matory skin conditions during pregnancy. However, folate 
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Treatment 


Table 113.4 Systemic therapies in pregnancy, lactation and male fertility. 


Pregnancy 


Lactation 


Male fertility 


Notes 


Systemic 
corticosteroids (see 
text) 


Systemic 
antihistamines (see 
text) 


Biologics (see text) 


Immunomodulators 
and retinoids 


Prednisolone 


Prednisone 
Cortisol 
Betamethasone 
Dexamethasone 


Chlorphenamine 


Loratadine 


Cetirizine 


Certolizumab 


Etanercept 


Adalimumab 


Infliximab 


Ustekinumab 
Secukinumab 
Omalizumab 
Rituximab 


Dupilumab 
Hydroxychloroquine 


Intravenous 
immunoglobulin 
Ciclosporin 


Dapsone 


Azathioprine 


Compatible 


Use with caution, limit dose 
and duration 

Use with caution, limit dose 
and duration 

Avoid 


Avoid 


Considered safe in pregnancy 


Use with caution, limit dose 
and duration 


Use with caution, limit dose 
and duration 


Use with caution, limit dose 
and duration, discontinue 
in third trimester if 
possible; biologic of choice 

Use with caution, limit dose 
and duration, discontinue 
in third trimester if possible 

Use with caution, limit dose 
and duration, discontinue 
in third trimester if possible 

Use with caution, limit dose 
and duration, discontinue 
in third trimester if possible 

Avoid 

Avoid 

Use with caution, limit dose 
and duration 

Avoid 


Avoid 
Compatible 


Compatible 


Use with caution, limit dose 
and duration 


Use with caution, limit dose 
and duration 


Use with caution, limit dose 
and duration 


Compatible. Delay nursing until 
3-4 h after taking high doses 


Compatible. Delay nursing until 
3-4 h after taking high doses 
Compatible. Delay nursing until 
3-4 h after taking high doses 
Compatible. Delay nursing until 
3-4 h after taking high doses 
Compatible. Delay nursing until 
3-4 h after taking high doses 
Caution: observe infants for 
sedation, tachycardia, dry 
mouth 
Caution: observe infants for 
sedation, tachycardia, dry 
mouth 
Caution: observe infants for 
sedation, tachycardia, dry 
mouth 
Compatible, biologic of choice, 
minimal excretion in breast 
milk 


ut 


Compatible, minimal excretion in 
breast milk 


Compatible, minimal excretion in 
breast milk 


Compatible, minimal excretion in 
breast milk 


Avoid 
Avoid 
Limited data 


Avoid 


Limited data 
Compatible 


Probably compatible but excreted 
in breast milk 

Caution: monitor fetus as per 
usual ciclosporin guidelines 


Caution: monitor fetus as per 
usual dapsone guidelines 


Compatible, wait 4 h after taking 
medication before nursing 


No known negative effect 


Limited data 
Limited data 
Limited data 
Limited data 


Limited data 


Limited data 


Limited data 


No known negative effect 


No known negative effect 


No known negative effect 


No known negative effect 


Avoid 

Avoid 

Limited data. No known 
adverse effect 

Limited data. No known 
adverse effect 


Limited data 
Limited data 


No known adverse effect 


No known negative effect 


Limited data 


No known negative effect 


Preferred antihistamine in 
pregnancy 


Preferred non-sedating 
antihistamine in second 
and third trimesters 

Second and third trimesters 
only 


Avoid live vaccines in infants 
or 6 months if exposed in 
hird trimester 


Avoid live vaccines in infants 
or 6 months if exposed in 
hird trimester 

Avoid live vaccines in infants 
or 6 months if exposed in 
hird trimester 

Avoid live vaccines in infants 
or 6 months if exposed in 
hird trimester 

Limited data 

Limited data 


Delay conception in females 
for at least 12 months 
after discontinuation 


Possible toxic accumulation in 
neonate due to slow 
elimination rate, but low 
concentrations in breast 
milk 


May cause low birth weight, 
prematurity and maternal 
hypertension 

May cause neonatal 
hyperbilirubinaemia and 
haemolytic anaemia, avoid 
nursing infants with 
known G6PD deficiency 

Associated with low birth 
weight, prematurity, 
sporadic birth defects and 
neonatal haematological 
toxicity. Possibly reduces 
efficiency of intrauterine 
coil contraception devices 


Table 113.4 (continued) 


Treatment 
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Pregnancy 


Lactation 


Male fertility 


Notes 


Antiandrogen 
medication 


Antimicrobials 


Methotrexate 


Mycophenolate 
mofetil 


Acitretin 
Isotretinoin 
Hydroxyurea 
Apremilast 
Doxepin 
Cyclophosphamide 
Thalidomide 


Spironolactone 


Cyproterone acetate 


Finasteride 


Minoxidil 
Penicillins 


Cephalosporins 
Erythromycin 


Clindamycin 
Rifampicin 


Clofazimine 


Avoid 


Avoid 


Avoid 
Avoid 
Avoid 
Avoid 
Avoid 
Avoid 
Avoid 


Avoid in first trimester 


Avoid 


Avoid 


Avoid 
Compatible 


Compatible 
Compatible. Avoid estolate 


Compatible 
Compatible 


Compatible 


Avoid 


Avoid 


Avoid, but low risk of toxicity 
Avoid 
Avoid 
Avoid 
Avoid 
Avoid 
Avoid 


Caution 


Caution 


Limited data 


Compatible 

Compatible, but may cause infant 
hypersensitivity and 
gastrointestinal symptoms 


Compatible 
Compatible, avoid long-term use 


Compatible 
Compatible 


Caution 


Avoid 


Avoid 


No known negative effect 
No known negative effect 
Avoid 

No known negative effect 
Limited data 

Avoid 

Limited data 


Avoid 


Avoid 


Avoid 


Limited data, avoid 
Caution 


No known negative effect 
No known negative effect 


No known negative effect 
Limited data 


Limited data 


Conflicting reports, 
recommend delay in 
conception (male and 
female) for 3 months after 
discontinuing 
methotrexate. May reduce 
sperm count in males but 
unlikely mutagenic 

Delay conception in males for 
3 months after 
discontinuing 
mycophenolate. Use 
non-hormonal 
contraception in females 
for 6 weeks after 
discontinuing, 
mycophenolate mofetil 
compromises efficacy of 
hormonal contraception 

Avoid conception in females 
for 3 years after 
discontinuation 

Avoid conception in females 
for 1 month after 
discontinuation 

Potentially irreversible 
decreased fertility in males 


Risk of permanent infertility in 
males and females 

Avoid conception in females 
for 1 month after 
discontinuation 

May suppress lactation in 
nursing mothers and 
fertility in males 

Excreted in small amounts in 
breast milk, unknown 
effect on neonate and 
lactation 

Small exposure to pregnant 
women from male semen, 
mild reversible effects on 
male fertility 
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First line treatment in 
pregnancy. Loose stools 
and rash in some nursing 
infants. Some effect on 
male fertility at high doses 

First line treatment 

Second line; erythromycin 
base or ethylsuccinate is 
preferred: risk of maternal 
hepatotoxicity with 
erythromycin estolate 
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Treatment of choice in 
tuberculosis; administer 
vitamin K to neonate 
exposed in later pregnancy 

Excreted in breast milk, may 
cause skin discoloration in 
infant 
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Table 113.4 (continued) 


Treatment Pregnancy Lactation Male fertility Notes 
Quinolones Use with caution, limit dose Compatible, watch for diarrhoea Caution Animal studies show effect on 
and duration in infants developing cartilage in fetus 
and decreased male fertility, 
not reported in humans 
Sulphonamides/ Avoid Caution: excreted in breast milk, Caution Conflicting study results in male 
trimethoprim avoid in premature neonates, fertility 
hyperbilirubinaemia or G6PD 
deficiency 
Tetracyclines Avoid after 15 weeks’ Avoid, but low risk if used for <3 Avoid Avoid breastfeeding for >3 
gestation weeks weeks after discontinuation 
to avoid dental staining in 
infant 
Ketoconazole Avoid Compatible Avoid 
Fluconazole Avoid Caution: fluconazole is excreted Limited data 
in breast milk but low risk to 
infant 
Terbinafine Avoid Avoid No known adverse effects 
Itraconazole Avoid Avoid No known adverse effects 
Griseofulvin Avoid Avoid Avoid Avoid for 6 months prior to 
conception 
Ivermectin Avoid Low risk, use if topical treatment Limited data 
fails 
Antivirals Aciclovir Compatible Compatible Limited data Antiviral of choice in pregnancy 
and lactation 
Valaciclovir Compatible Compatible No known negative effect Second line antiviral in 
pregnancy and lactation 
Famciclovir Compatible Avoid Caution: testicular toxicity 


G6PD, glucose-6-phosphate dehydrogenase. 


supplementation is necessary in the first trimester due to pho- 
todegradation of folic acid with light therapy. Currently, there is 
no consensus on the appropriate folate supplementation during 
phototherapy and patients who are at high risk may require up 
to 5 mg daily. Of note, vitamin B,, deficiency must be ruled out 
if a patient takes more than 1 mg folic acid per day because vita- 
min B,, deficiency and high serum folate are associated with an 
increased risk of cognitive impairment and anaemia in adults [12]. 
Pregnant women are at higher risk of melasma (especially women 
of skin of colour) so photoprotection of the face is important during 
light therapy [13]. Psoralen and UVA (PUVA) treatment is best 
avoided. 


Surgery 

Limited local anaesthetic surgery with small volumes of lignocaine 
or prilocaine with or without epinephrine for essential procedures 
is considered safe in pregnancy. Mepivacaine and bupivacaine are 
best avoided. Care should be taken to avoid accidental arterial 
injection. Topical lidocaine or prilocaine may be used with caution. 
Topical benzocaine should be avoided. Tetracaine has a limited use, 
for ocular surfaces only, if a topical anaesthetic is essential. Large 
volume local anaesthetic surgery such as tumescent anaesthesia is 
not recommended [12]. Electrocautery in short bursts is considered 
safe. Scars may widen in areas prone to change in size such as the 
abdomen and breast during pregnancy. Pregnancy-related oedema 


in animal studies, no 
effect in human 
studies 


may adversely affect the healing process. Non-essential surgical 
procedures should be deferred until at least the second trimester 
of the pregnancy. The left lateral decubitus position is the recom- 
mended positioning during lengthy surgery because it ensures 
optimum dynamics of the blood circulation [12]. 


Cosmetic treatments 

Botulinum toxin is probably safe due to low systemic absorption, 
but the general recommendation is to avoid this for cosmetic 
procedures. It has been used without complication for medical 
indications. Glycolic and lactic acid peels are considered safe in 
pregnancy due to low systemic absorption, but trichloroacetic acid 
and salicylic acid peels are not recommended. Laser and light 
therapies are considered safe for medical treatment of small lesions 
(e.g. warts, vascular lesions, acne lesions) but cosmetic treatment 
of larger areas such as for facial rejuvenation or hair removal 
procedures is best avoided due to lack of safety data. Electroly- 
sis should be avoided because theoretically the current could be 
transferred to the amniotic fluid. It does not appear that there are 
any additional risks of cosmetic fillers in the pregnant population 
other than the risk of adrenaline injected intra-arterially, but there 
are insufficient studies to support its safe use during pregnancy. 
Sclerotherapy agents can cross the placenta and should be avoided 
in pregnancy, although there are some small studies suggesting no 
adverse outcomes [12]. 


Key references 


The full list of references can be found in the online version at 
https:/ /www.wiley.com/rooksdermatology10e 
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DISORDERS OF SUBCUTANEOUS FAT, 114.14 
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Raised linear bands of infancy, 114.18 Purpura fulminans, 114.27 

Neonatal adnexal polyp, 114.19 Congenital syphilis, 114.27 

Collodion baby, 114.19 Congenital tuberculosis, 114.28 
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INFECTIONS, 114.22 
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Neonatal herpes simplex, 114.22 

Fetal varicella syndrome, 114.23 

Congenital rubella, 114.23 


Introduction 


Nomenclature 


Neonatal period: first 4 weeks of extrauterine life. 


Infancy: first 1 year of extrauterine life. 


Skin function in the neonate 

Barrier function 

From the moment of birth, the skin of a newborn begins a period 
of adaptation. During this period various skin manifestations occur 
that may be transient or markers of underlying disease [1]. In the 


Premature (preterm): born before the 37th week of gestation. first few hours of life newborn skin undergoes adaptative changes 


Full term: born in weeks 37-42 of gestation. 


Postmature: born after the 42nd week of gestation. 


Low birth weight: born under 2500 g. 


to accommodate the transition from the wet, aseptic, thermoregu- 
lated uterine environment to a dry atmosphere with temperature 
oscillation as well as being surrounded by microorganisms. 


Intrauterine growth retardation: birth weight low for gestational The skin of the newborn performs several vital functions, includ- 


age (small for dates). 


ing (i) being a barrier to water loss, light and irritants; (ii) infection 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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control and immunosurveillance; (iii) resilience to mechanical 
trauma; (iv) sensation and tactile discrimination; and (v) thermal 
regulation. The skin’s barrier function is mainly due to the stratum 
corneum. Histological analysis suggests that epidermal develop- 
ment becomes completely neutral at approximately 34 gestation 
weeks but will only become functional in the first week of life [2]. 

Neonates born before 30 weeks have reduced cornified layers and 
they are at risk of increased permeability to exogenous materials, 
additional skin damage, delayed barrier maturation and infection 
[3-5,6]. The thickness of the protective epidermal barrier is a poten- 
tial marker of pregnancy dating [7]. 

Term infants have a thicker stratum corneum than adults as the 
epidermis is not adequately sloughed in utero, as it is in postnatal life. 
It can take about 2 weeks for a preterm infant to develop skin that 
resembles that of a term infant. This process can take even longer 
in ultralow-birth-weight infants who are extremely preterm [8]. The 
preterm dermis is deficient in structural proteins, and has reduced 
mechanical properties and increased fragility. 

Post-term infants are often observed to have significant xerosis 
and desquamation, particularly if they have been found to have low 
amounts of vernix at birth. Age-related transepidermal water loss 
(TEWL) studies indicate that infant skin barrier function at birth [6] 
or very soon thereafter (within 2-4 weeks) is in the same range as 
that of healthy adults. 

Toxicity resulting from percutaneous absorption in the full-term 
neonate appears less dependent on impaired barrier function but is 
more often related to one or more of the following: 

1 The greatly increased ratio of surface area to volume. 

2 The frequent presence of occlusive conditions, such as exist under 
waterproof nappies. 

3 High ambient temperatures and humidity. 

Percutaneous absorption is increased in preterm infants where 
there is evidence of impaired barrier function. Absorption corre- 
lates inversely with gestational age, but barrier function appears to 
improve rapidly after birth in the preterm infant and will generally 
be normal by the end of the second or third week after birth [4,5,9]. 

Preterm newborns with a gestational age >37weeks have a very 
thin epidermis and a less developed functional barrier than full-term 
newborns [10]. Preterm neonates nursed in humidified incubators 
have lower fluid requirements, improved electrolyte balance, higher 
urine output and increased growth velocity [11]. In the neona- 
tal intensive care unit (NICU) the following interventions have 
been shown to be beneficial in preterm neonates: short-term appli- 
cation of non-adhesive polyethylene wraps within 10 minutes of 
birth, placement in humidified incubators, longer-term application 
of semipermeable, transparent dressings and air-drying the stump 
of the umbilical cord rather than cleansing with antiseptics [8]. 

The risk of toxicity via percutaneous absorption in the neonate, 
particularly in preterm babies, is high. Evidence for toxicity has been 
reported for aniline dyes [12], hexachlorophene and related antisep- 
tics [13], alcohol [14-16] and corticosteroids [17]. A number of other 
substances should always be avoided in neonates and especially in 
preterm neonates; these include neomycin [18], boric acid [19], resor- 
cinol (in Castellani paint) [20], y-benzene hexachloride [21], benzyl 
alcohol [22], urea [23] and salicylic acid [24]. Antiseptics such as 
chlorhexidine [25] and iodine [26,27] should be used with caution 


and alcohol-based products should be avoided in view of the risk of 
‘chemical burns’ [28]. 

However, low-dose (0.25%) aqueous chlorhexidine applied to 
term babies has been shown to decrease mortality from sepsis in a 
community-based study of 17 500 low-birth-weight neonates from 
Nepal, but no differences were seen in those with birth weights 
over 2500 g [29]. 

Multiple studies show an increased risk of sepsis with the 
application of petrolatum ointment to preterm neonates [30]. 
Sunflower seed oil has been shown to reduce the incidence of 
nosocomial infections and to improve skin condition in studies 
conducted in Bangladesh and other developing countries [31,32]. 
The use of virgin coconut oil has been studied in 2294 preterm 
infants and was observed to reduce the incidence of hypothermia 
and apnoea. Skin maturity was noted to be improved with a better 
neurodevelopmental outcome [33]. No data yet exist on the use 
of emollients in preterm infants with severe skin disease, such as 
Netherton syndrome or harlequin ichthyosis, where nosocomial 
infection is a common problem and often lethal [34]. 

TEWL is greatly increased in preterm compared with full-term 
babies [4,35]. A recent study was undertaken to establish normal 
values for TEWL in early life using data gathered from the Cork 
BASELINE Birth Cohort Study [36,37]. 

The resulting outward passage of water can lead to high rates of 
heat loss by evaporation, which may even exceed the baby’s resting 
rate of heat production. These losses can be reduced by increasing 
the ambient humidity [35,38] (although this leads to an increased 
risk of infection) by covering the child with a plastic bubble blanket 
[39] or a Perspex shield [36], or by applying a lipid barrier [40,41]. 

It is possible that immaturity of the skin also predisposes the pre- 
mature neonate to penetration of the skin by microorganisms, lead- 
ing to systemic infection. This may be the reason that the premature 
infant with congenital cutaneous candidiasis is at greater risk of dis- 
seminated candidiasis [42]. 

There is very little scientific evidence on which to base recom- 
mendations for parents on routine neonatal skin care in terms of 
cleansing and/or moisturising, and advice varies considerably 
between doctors, health visitors and midwives. In view of the risks 
of percutaneous absorption, it is of concern that a study undertaken 
in the USA several years ago revealed that parents had applied over 
48 different chemicals in over-the-counter preparations to the skin 
of their 1-month-old babies [43]. 

A recent study looking at cleansers suggested there was no 
difference between using plain water and a commercially available 
wash product for babies, so this at least allows parents some choice. 
The same group has also shown that olive oil (often used in neonatal 
units or for baby massage) can damage the skin barrier in adults 
so probably should be avoided in neonates [44-46]. The sunflower 
oil used in the latter study did not show the same deleterious effect 
but sunflower oils vary considerably in composition and some are 
indeed harmful. As commercially available sunflower oils are not 
‘product labelled’ they cannot be recommended for neonatal skin. 

Bacterial colonisation of the umbilical stump may result in inva- 
sive pathogenic infection and represents a major cause of neonatal 
morbidity and mortality worldwide. Since 1998, the World Health 
Organization (WHO) has advocated the use of dry umbilical 
cord care in high-resource settings [47]. This includes keeping the 
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cord clean and exposed to air. If it does become soiled the cord 
should be cleaned with soap and sterile water or chlorhexidine. A 
meta-analysis provided no evidence for antiseptic treatment of the 
cord with chlorhexidine [48]. 

Itis clear that more studies are needed to provide basic recommen- 
dations for parents and health care professionals on routine basic 
neonatal skin care. 


Eccrine sweating 

By the 28th week of gestation a full complement of anatomically 
normal eccrine sweat glands is present. These appear to be function- 
ally immature in neonates born before the 36th week in terms of their 
responses to intradermal injection of acetylcholine and epinephrine 
(adrenaline), and to thermal stress [1,2]. However, responsiveness 
usually develops in such babies by 2 weeks after birth. Neonates 
born after the 36th week of gestation sweat in response to thermal 
stress from birth, although such sweating is initially relatively inef- 
ficient as a thermoregulatory mechanism [3]. Care must therefore be 
taken not to overheat any neonate, particularly the preterm neonate, 
and although severe overheating leading to hyperpyrexia is proba- 
bly rare, lesser degrees of iatrogenic overheating appear to be com- 
mon and may even induce apnoeic attacks [4-7]. 

The forehead appears to be the principal site of thermally induced 
sweating in the neonate. The palms and soles, however, are sites 
of ‘emotional’ sweating, occurring in response to arousal, which 
appears to be well developed at birth in full-term but not preterm 
neonates. 

Skin conductance measurements (as a measure of increased 
sweating) may be helpful in assessing pain levels in neonates [8]. 


Sebaceous gland secretion 

The secretions of the fetal sebaceous glands make a significant 
contribution to the vernix caseosa [1]. Vernix caseosa acts as a 
naturally occurring ‘barrier cream’ that also contains antimicrobial 
peptides and is formed from week 24 of gestation [2,3]. The presence 
of vernix at birth is associated with better hydration of the epider- 
mis. One group has even studied it as a ‘natural’ barrier cream to aid 
healing in a controlled wound model [4,5]. Sebum secretion rates 
are high in neonates compared with older preadolescent children, 
and it is assumed that this sebaceous gland activity reflects stim- 
ulation by placentally transferred maternal androgen, particularly 
by dehydroepiandrosterone [6]. Sebaceous gland activity decreases 
from about the end of the first month to reach a stable level by the 
end of the first year [6,7]. 


Appearance of neonatal skin 

Full-term neonate 

A variety of skin lesions commonly seen in the newborn are 
regarded as ‘physiological’. Their frequency has been stud- 
ied by several authors, and varies somewhat in different racial 
groups [1,2,3,4]. 


Vernix caseosa. At birth the skin is covered with a whitish, greasy 
film, the vernix caseosa. This is an acidic lipid mantle produced by 
fetal sebaceous glands and is composed of water (81%), lipids (19%) 
and protein (10%) naturally adhered to the skin [5]. Vernix may 
cover the entire skin surface, or it may be present only in body folds 


such as the groins. It usually dries rapidly and starts to flake off 
within a few hours of birth. The vernix also contains antimicrobial 
peptides so it may play some role in keeping the skin hydrated and 
innate immunity [6,7]. Its colour may reflect intrauterine problems, 
such as haemolytic disease of the newborn and postmaturity, both 
of which result in golden yellow staining. Fetal distress in utero 
may lead to staining of the vernix by the bile pigments present in 
meconium. 


Peripheral cyanosis. Peripheral cyanosis (or acrocyanosis) is a fea- 
ture of the newborn, particularly the full-term newborn, and is usu- 
ally particularly marked on the palms and soles and around the 
mouth. In the absence of cyanosis of warm central parts such as 
the tongue, this may be regarded as normal during the first 48 h 
or so. It is made more obvious by hypothermia, and is improved by 
warming [8]. 


Erythema neonatorum. A few hours after birth, many babies 
develop a striking, generalised hyperaemia usually known as 
erythema neonatorum, which fades spontaneously within 24-48 h. 


Harlequin colour change. Up to 15% of neonates show a vivid 
colour difference along the midline at some time during the first 
week of life. This phenomenon occurs when the baby is lying on 
its side: the upper half of the body is pale, the lower half a deep 
red colour [9,10]. The duration of the attack is highly variable, 
but generally is between 30 s and 20 min. If the baby is turned 
on the other side, the colour change may reverse. An individ- 
ual neonate may have only a single episode, or it may recur on 
several occasions. This curious phenomenon, called harlequin 
colour change, appears to have no pathological significance in 
the great majority of cases, and is considered to reflect imma- 
turity of the hypothalamic centres responsible for the control of 
peripheral vascular tone. If it persists beyond the end of the fourth 
week, it may be associated with hypoxia due to cardiovascular 
anomalies [11]. 


Cutis marmorata. Newborn infants who are subjected to cooling 
will show distinct marbling of the skin. Although this more or less 
disappears on rewarming, many normal neonates demonstrate 
faint marbling, even under optimal environmental conditions. The 
marbling comprises a reticulate blue vascular pattern, which has 
often been called cutis marmorata [12]. This response is a physio- 
logical one, and may be seen throughout infancy. Cutis marmorata 
telangiectatica congenita is a distinct vascular developmental disor- 
der, and is easily distinguished as it is fixed (Chapter 71) and may 
be associated with a variety of other abnormalities, for example of 
limb growth or renal anomalies [13,14]. 


Desquamation. Rather superficial cutaneous desquamation 
(physiological scaling of the newborn) occurs in up to 75% of 
normal neonates [15]. This usually first appears around the ankles 
on the first day of life, and is more or less confined to the hands and 
feet. It may remain localised or may gradually become widespread, 
usually reaching its maximum extent and intensity by the eighth 
day. It tends always to be more severe in neonates who are small for 
dates, whatever their gestational age. 
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Mild variants of ichthyosis such as ichthyosis vulgaris may 
be hard to distinguish from pronounced physiological scaling. It 
should be borne in mind that X-linked hypohidrotic ectodermal 
dysplasia may present with scaling of the skin in the neonatal 
period [16]. 


Suction blisters. These small blisters or erosions may be present 
in 0.5% of newborns. They typically affect the back of their hands, 
fingers, arms and lips and are believed to be caused by vigorous 
oral suction in utero; hence the term sucking blister. The blisters heal 
rapidly without sequelae [17,18]. 


Neonatal occipital alopecia. The scalp hair is shed synchronously 
during the fifth month of fetal life. After regrowing, the hair then 
enters a telogen phase in wave from front to back, starting about 
12 weeks before term. After shedding of the telogen hairs from the 
frontal and parietal areas, the roots again enter the anagen phase in 
a similar wave from front to back [19,20]. The roots in the occipital 
area do not enter telogen until term, and as a result alopecia may 
appear at this site at birth or within the first 2 months (neonatal 
occipital alopecia). Trauma from lying on this area may also con- 
tribute [21]. Neonatal alopecia has been reported to occur due to 
birth trauma. Trichoscopy elucidates purple dots that correspond to 
blood extravasation and follicular ostia [22]. 


Hair shedding in infancy. There appear to be two phases of hair 
loss and regrowth from front to back during early infancy, but by 
the end of the first year the typical mosaic pattern of hair growth 
is established [23]. In some babies, there is unusually synchronous 
hair loss during the neonatal period, resulting in obvious diffuse 
alopecia (telogen effluvium of the newborn), but, by 6 months of life, 
most babies have a full head of hair. At this stage, the hairline often 
extends to the lateral ends of the eyebrows, but the terminal hairs 
comprising this extension gradually convert to vellus hairs during 
the remainder of the first year of life, causing the hairline to recede 
to its characteristic childhood position. 


Sebaceous gland hypertrophy/milia. Sebaceous gland hyperplasia 
is a physiological event in the newborn, reflecting the influence of 
maternal androgens. It is visible to the naked eye in the great major- 
ity of infants as multiple, uniform, pinpoint, yellowish papules that 
are most prominent on the nose, cheeks, upper lip and forehead, 
but may also be visible on the upper trunk, especially the areolae, 
genitalia and limbs. The phenomenon is associated in about 40% 
of infants with milia, which represent minute follicular epidermal 
cysts [24]. The numbers of milia may vary from one or two to 
many hundreds. They comprise 1-3 mm diameter, white, globular 
papules, which occur at the same sites as sebaceous gland hyperpla- 
sia. Rather larger and usually single milia, often termed pearls, are 
seen sometimes on the areolae, scrotum and labia majora. Both the 
sebaceous gland hyperplasia and the milia tend to disappear spon- 
taneously during the first weeks of life, although a few may persist 
longer. Milia that are exceptionally extensive or persistent, or whose 
distribution is atypical, may be features of the oro-facio-digital 
syndrome type I (Chapters 65 and 66), Marie-Unna-type congenital 
hypotrichosis (Chapter 66) or the X-linked Bazex-Dupré-Christol 
syndrome, which features hypotrichosis and milia (Chapter 140). 


‘Miniature puberty’. The influence on the fetus of maternal and 
placental hormones may give rise to a number of features 
[25]: an enlarged clitoris; mucoid vaginal discharge; enlarged 
well-developed genitalia (boys and girls); hypertrophy of the 
mammary glands (boys and girls), which resolves in 2-4 weeks; 
desquamation of the hyperplastic vaginal epithelium (a few days 
after birth); frank withdrawal bleeding, which may occur from the 
uterus on day 3/4, usually lasting for 2 or 3 days; and lactation 
(‘witch’s milk’) on day 2/3 — if persistent this can predispose to 
mastitis /breast abscess in girls. 


Hyperpigmentary disorders. A linea alba occurs in 8% of babies and 
may persist for 2-3 months. Mongolian blue spots occur in up to 85% 
of Chinese babies [26], are common in black babies but only occur 
in about 3% of white babies [27]. Hyperpigmentation of the scro- 
tum may occur especially in Chinese babies (up to 30%) [26]. Lin- 
ear/reticulate pigmentary anomalies have been described in black 
newborns [28]. 


Oral findings. Epstein pearls are 1-2 mm diameter, yellowish 
white, keratinous cysts seen in the mouths of up to 85% of all 
neonates, along the alveolar ridges and/or in the midline at 
the junction of the hard and soft palate [29,30]. These gener- 
ally disappear without treatment within a few weeks. Succulent 
gums, analogous to the hypertrophic gingivitis often seen in 
pregnant women, are common in neonates. A whitish hue to 
the oral mucosa (‘leukoedema’) is also common. This is proba- 
bly synonymous with what other authors have called ‘suckling 
pads’ [29,30]. 


Preterm neonate 

The skin of the preterm neonate tends to have a rather translucent, 
gelatinous quality, and the so-called miniature puberty features 
are much less prominent. Cutaneous vessels are easily visible [1,2]. 
Preterm infants are often covered in lanugo hairs, which tend to 
be most dense on the face, limbs and trunk. This hair would nor- 
mally be shed in utero about 1 month before term, to be replaced 
by a second coat of shorter lanugo, which is present at birth in 
full-term infants. Like the terminal scalp hair, this downy lanugo is 
shed during the first months of life and is itself replaced by vellus 
hair [1]. 


Small-for-dates and postmature neonates 

The small-for-dates or dysmature neonate presents a character- 
istic appearance due to relative prenatal malnutrition. The baby 
is small and, from the dermatological point of view, the most 
striking feature is the lack of subcutaneous fat, which causes the 
baby to look thin and wrinkled. Vernix is absent in the extremely 
immature infant, but may be profuse nearer to term. The skin 
and vernix are often stained yellowish green by meconium. After 
birth, the skin dries quickly and becomes ‘crazed’ with long 
transverse splits on the trunk. It then peels off to reveal more 
normal-appearing skin beneath. The fingernails are often long. The 
postmature infant is longer but of otherwise similar appearance 
to the small-for-dates neonate, having also experienced intrauter- 
ine malnutrition due to placental insufficiency. Vernix is often 
absent [1]. 


SKIN DISORDERS IN THE I 


Toxic erythema of the newborn 


Definition and nomenclature 

Toxic erythema of the newborn is a common, transient, blotchy, 
red macular rash (sometimes with small pustules) seen in the first 
few days of life. The most widely used term for this condition is 
inappropriate in view of the complete absence of any evidence of a 
toxic cause [1]. 


Synonyms and inclusions 
e Erythema toxicum neonatorum 


Epidemiology 

Incidence and prevalence 

A degree of toxic erythema develops in 30-50% of children. It 
is hardly ever seen in preterm infants or those weighing less than 
2.5 kg. A high prevalence of this dermatosis is found in higher-birth- 
weight newborns. It is also found to occur more frequently during 
the summer [2,3]. 


Age 
It usually appears in the first 24-48 h of life. 


Sex 
There is equal prevalence in most studies. 


Ethnicity 
It occurs in all racial groups. 


Associated diseases 
Blood eosinophilia is associated. 


Pathophysiology 

The cause is unknown. There is frequently an associated blood 
eosinophilia. This probably does not reflect an allergic response 
as tissue eosinophilia is a non-specific feature of inflammatory 
responses in neonates [1]. The intrafollicular location of mature 
pustules has led to the suggestion that the inflammatory response 
is elicited by some component of sebum [4]. Scanning electron 
microscopy of neonatal skin shows that colonisation of hair follicle 
epithelium by staphylococci is common in early life. Furthermore, 
the accumulation of tryptase-expressing mast cells around the hair 
follicles in lesional skin has been recently demonstrated but its 
relation to the staphylococci and its significance in toxic erythema 
remain unclear [5,6]. 


Predisposing factors 
No predisposing factors are known. 


Pathology 

Histologically, the macular redness shows oedema in the upper der- 
mis, associated with a sparse and largely perivascular inflammatory 
infiltrate composed principally of eosinophils. Papular lesions are 


characterised, in addition, by eosinophil infiltration of the outer root 
sheath of one or more hair follicles, above the point of entry of the 
sebaceous duct. Pustular lesions show intrafollicular accumulation 
of eosinophils immediately below the stratum corneum. Smears of 
the pustule contents demonstrate inflammatory cells, more than 90% 
of which are eosinophils [4,7-10]. 

There is an associated blood eosinophilia of up to 20% of the white 
cell count in around half the cases, and this is generally more marked 
when there is a prominent pustular element to the eruption. 


Causative organisms 
No pathogenic bacteria have been isolated from pustules. 


Environmental factors 
No environmental factors have been demonstrated. 


Clinical features 

History 

Some degree of toxic erythema will manifest in 30-50% of full-term 
infants of all racial types during the first few days of life. In most 
cases the onset is during the first 48 h after birth, but it may occur at 
any time until about the fourth day. It very rarely presents at birth 
[7,10-12]. 


Presentation 

Most commonly, the eruption initially takes the form of a blotchy, 
macular redness, the number of individual lesions varying from 
one or two to several hundred. They are most profuse on the trunk, 
particularly the anterior trunk (Figure 114.1), but also commonly 
appear on the face and proximal parts of the limbs, especially the 
thighs. Lesions have been recorded, however, at almost any site 
except the palms and soles. In the mildest cases, these macules fade 
within a day [13-18]. 


(a) (b) 


Figure 114.1 (a) Eruption on the trunk of toxic erythema of the newborn. (b) Close-up 
of the eruption on the trunk. 
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Clinical variants 

In more severe cases, urticarial papules arise within the red areas or, 
occasionally, independently of them (particularly on the back and 
buttocks). These papules are, in about 10% of cases, surmounted 
by small pustules 1-2 mm in diameter. Presentation with scrotal 
pustules present at birth has been reported more recently [19]. 


Differential diagnosis 

Toxic erythema of the newborn has to be distinguished from several 
other disorders featuring pustular lesions during the neonatal 
period, particularly miliaria, transient neonatal pustular melanosis, 
incontinentia pigmenti and, most importantly, herpes simplex virus 
(HSV) infection, varicella, impetigo neonatorum and Malassezia 
furfur pustulosis. Of these, perhaps pustular miliaria is the one most 
often confused clinically with toxic erythema. 


Classification of severity 
No classification exists but more severe cases have papules and 
pustules. 


Complications and co-morbidities 
The infant appears well, and unperturbed by the eruption. There 
are no complications. 


Disease course and prognosis 

Spontaneous recovery occurs rapidly, usually within 3 days, but 
recurrences are occasionally seen and have been reported as late as 
the sixth week of life. 


Investigations 

Investigations are rarely needed as it is a clinical diagnosis. If there 
is any diagnostic doubt, toxic erythema can be rapidly diagnosed 
by microscopic examination of a smear of pustule contents (stained 
with Giemsa) to show the eosinophils and by negative bacterial and 
viral cultures. 


Management 
No treatment is needed. 


Resources 


Further information 


Medscape, toxic erythema of the newborn: https: / /emedicine.medscape.com/article/ 
1110731-overview (last accessed June 2023). 


Miliaria 


Definition and nomenclature 

Miliaria crystallina is a self-limiting eccrine gland disorder 
due to blockage of sweat glands resulting in rapidly evolving 
non-inflammatory vesicles that easily break (Chapter 92). It can 
be subdivided into three subtypes depending on the level of 
blockage: miliaria crystallina (stratum corneum), miliaria rubra 
(mid-epidermal) and miliaria profunda (dermal-epidermal junc- 
tion) [1,2]. 


Synonyms and inclusions 
Prickly heat (for miliaria rubra) 


Epidemiology 
Incidence and prevalence 
Miliaria occurs in about 3-8% of neonates. 


Age 
Miliaria may occur at any age but malaria rubra and miliaria 
crystallina are common in neonates. 


Sex 
There is an equal sex prevalence. 


Ethnicity 
It occurs in all racial groups. 


Associated diseases 
Very rarely hypernatraemia or hyperaldosteronism is associated. 


Pathophysiology 

Predisposing factors 

Immature sweat ducts are an important factor in neonates although 
high levels of heat and humidity are important at any age. Occlu- 
sive clothing is probably more relevant to adults. Hypernatraemia 
and/or hyperaldosteronism is a very rare underlying factor. 


Pathology 

Miliaria crystallina is characterised by the presence of intracorneal 
or subcorneal vesicles in communication with the sweat ducts. In 
miliaria rubra, focal areas of spongiosis and spongiotic vesicle for- 
mation are seen in close proximity to the sweat ducts, which often 
contain an amorphous, periodic acid—Schiff (PAS) stain-positive 
plug [3,4-7]. 


Causative organisms 
There is a possible link with Staphylococcus epidermidis and S. aureus. 


Environmental factors 
Associated factors include heat, humidity, occlusive clothes and 
plastic sheets. 


Clinical features 

History 

Milaria in the neonate usually presents with a rash in the first few 
weeks of life. 


Presentation 

Miliaria crystallina presents as crops of clear, thin-walled, superficial 
vesicles 1-2 mm in diameter, without associated redness, resembling 
drops of water (Figure 114.2). These are exceedingly delicate and 
generally rupture within 24 h, and are followed by bran-like desqua- 
mation. Lesions are asymptomatic. They arise most frequently dur- 
ing the first 2 weeks of life, and are particularly likely to be seen on 
the forehead, scalp, neck and upper trunk. Although rare during the 
first 4 days, congenital cases have been reported [7-12]. 
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Figure 114.2 Miliaria crystallina on the upper arm of a 7-day-old infant. 


Miliaria rubra (‘prickly heat’) comprises red papules and 
papulovesicles about 1-4 mm in diameter, on a background of 
macular redness. Sometimes, quite large, weal-like lesions occur. 
Frequently, some of the lesions are pustular (miliaria pustulosa), but 
this does not necessarily indicate secondary infection. Nevertheless, 
staphylococcal secondary infection of miliaria (periporitis) is not 
infrequent, and may lead to sweat gland abscesses. Miliaria rubra 
is common and, although it may be seen throughout infancy, it 
probably occurs most frequently during the neonatal period. Crops 
of lesions arise fairly symmetrically, most often in flexural areas, 
especially around the neck and in the groins and axillae. The face, 
scalp and upper trunk are also frequently affected. It may also occur 
rather locally at sites that have been occluded, for example where 
there has been direct contact between the skin and a plastic mattress 
cover or plastic pants. Lesions can be itchy or sore. Where the erup- 
tion is profuse, the child may be restless and distressed. Each crop 
of lesions will subside within 2-3 days, but recurrences are common 
unless the provocative environmental conditions are modified. 

Recurrent bouts of miliaria pustulosa are a common finding in 
type 1 pseudohypoaldosteronism [13,14]. 

Miliaria profunda is very uncommon in neonates as it usually 
occurs in adults where there have been repeated episodes of mil- 
iaria rubra. However, a granulomatous variant of giant centrifugal 
miliaria profunda was recently described in two 3-month-old 
babies [15]. This presents with papules and geographic and annular 
plaques over the extensor aspects of the limbs and the trunk. 


Clinical variants 
There are three clinical variants: miliaria crystallina, miliaria rubra 
and miliaria profunda (granulomatous giant centrifugal variant). 


Differential diagnosis 

Miliaria crystallina is distinguishable from viral infections of the 
skin (e.g. herpes simplex) by the lack of background redness, and 
by the absence of inflammatory cells or giant keratinocytes on 
cytological examination of vesicle contents. When it occurs during 
the first few days of life, miliaria rubra is often confused with toxic 
erythema, especially if it has become pustular. However, miliaria 
rubra can generally be distinguished by its flexural predominance, 


by the frequent presence of vesicular lesions and by its tendency to 
recur. If in doubt, a smear of a vesicle/pustule will show an absence 
of eosinophils (large numbers are seen in toxic erythema). Miliaria 
pustulosa may also be confused with infantile acne or folliculitis, 
but the lesions are not follicular. 


Complications and co-morbidities 
Staphylococcal infection and sweat gland abscess rarely occur. 


Disease course and prognosis 

Miliaria crystallina improves spontaneously as the sweat ducts 
mature. Milaria rubra improves if the predisposing aetiological 
factors (high heat/humidity and occlusion) are removed. 


Investigations 
The diagnosis is usually clinical. Occasionally, a smear from a vesicle 
or pustule is useful to exclude HSV infection or toxic erythema. 


Management 
Milaria crystallina spontaneously improves without therapy over a 
few weeks as the sweat ducts mature. 


First line 

Miliaria rubra will improve in a few weeks without medical treat- 
ment if the child is removed from conditions of high heat/humidity 
and any occlusive clothing or bedding is removed. 


Second line 
Antibiotics may be needed if staphylococcal infection occurs but this 
is rare. 


Resources 


Further information 


Medscape, dermatological manifestations of miliaria: https://emedicine.medscape 
.com/article/1070840-overview (last accessed June 2023). 


Transient pustular melanosis 


Synonyms and inclusions 


e Transient neonatal pustular melanosis 


Despite transient pustular melanosis having first been described 
more than 40 years ago [1], its aetiology remains unknown. It was 
first reported in black Americans, and appears to be commoner 
in, but not confined to, black neonates (4.4% in black US neonates 
against 0.6% in white US neonates). It has been suggested that it 
is merely an early-onset variant of toxic erythema of the newborn 
[1,2]. 

Lesions are usually present at birth. The most characteristic com- 
ponent of the eruption is 1-3 mm flaccid, superficial, fragile pus- 
tules, with no surrounding redness. These pustules may occur at any 
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site, but favour the chin, neck, forehead, back and buttocks [3-7,8,9]. 
Sites where they have ruptured are marked initially by a detach- 
able brown crust, and subsequently by a small collarette of scale, 
which may surmount a pigmented macule. Sometimes, pigmented 
macules are already present at birth. The pigmented macules are a 
prominent element in black infants, and are seen more rarely in other 
races [5]. The pigmentation may persist for about 3 months. Affected 
infants are otherwise entirely well. Diagnosis can usually be made 
on clinical grounds without the need for a biopsy or smear. 

A skin biopsy of a pustule shows intra- or subcorneal collec- 
tions of neutrophils and a few eosinophils [1]. The underlying 
dermis may show no abnormality, or a sparse perivascular and 
perifollicular inflammatory infiltrate, also mainly of neutrophils 
with a few eosinophils. The pigmented macules demonstrate 
basal and suprabasal increases in pigmentation only, apparently 
without pigmentary incontinence. Smears of pustular contents 
show predominantly neutrophils, and bacterial culture is negative. 

No treatment is needed for this self-resolving condition. The 
differential diagnoses of neonatal pustular eruptions are given in 
Box 114.1. 


Box 114.1 Pustular eruptions in the neonate 


¢ Congenital or neonatal candidiasis 
¢ Congenital syphilis 

¢ Eosinophilic pustulosis 

e Herpes simplex virus infection 

° Impetigo 

e Infantile acropustulosis 

e Langerhans cell histiocytosis 

¢ Malassezia pustulosis 

¢ Miliaria 

¢ Neonatal acne 

¢ Neonatal listeriosis 

¢ Neonatal pustulosis of transient myeloproliferative disorder 
¢ Pustular psoriasis 

° Scabies 

¢ Toxic erythema of the newborn 

e Transient pustular melanosis 


Infantile acropustulosis 


Infantile acropustulosis is an uncommon disorder of unknown aeti- 
ology. It occurs in all races [1] although it was first described in black 
infants [2]. It has been suggested that eosinophilic pustular folliculi- 
tis and infantile acropustulosis may be different manifestations of 
the same disease [3]. It has also been suggested that, at least in some 
cases, infantile acropustulosis occurs following successful treatment 
of scabies [4—6]. It has been reported in siblings [7] and in only one 
of a pair of identical twins [8]. 

Infantile acropustulosis presents with recurrent crops of intensely 
itchy, 1-4 mm vesicopustules that appear principally on the soles 
and sides of the feet, and on the palms, but may also occur on 
the dorsa of the feet, hands and fingers, and on the ankles, wrists 
and forearms. Scattered lesions may also be seen on the face, scalp 
and trunk, but a predominantly acral distribution is characteristic. 


Mucosal lesions do not occur [2,7,9,10]. Individual lesions appear to 
start as tiny, red papules, which evolve into vesicles and then pus- 
tules over about 24 h. Excoriation results in erosions and then crusts. 
Healing is frequently succeeded by macular postinflammatory 
hyperpigmentation. 

In the majority of cases, the onset is in the first year of life, partic- 
ularly during the first 6 months [7]. Lesions rarely present at birth. 
Each crop lasts for 7-14 days. They tend to occur at intervals of 2-4 
weeks in most cases, often being more frequent and more numerous 
in the summer months. 

The predilection for the palms and soles and the recurrent attacks 
differentiate this disorder from most other pustular eruptions seen 
in the neonatal period, particularly toxic erythema, miliaria and 
transient pustular melanosis. Scabies may initially be extremely 
difficult to exclude, and where there is any doubt a therapeutic 
trial of an appropriate acaricide is justified. Diagnosis is usually 
clinical. Skin biopsy of a pustule will show well-circumscribed 
subcorneal or intraepidermal aggregations of neutrophils, with a 
sparse perivascular lymphohistiocytic infiltrate in the underlying 
papillary dermis [9,11]. Biopsy of a pre-pustular lesion shows 
focal intraepidermal vesiculation with keratinocyte necrosis. This 
intraepidermal vesicle is subsequently invaded by neutrophils 
and/or eosinophils. The pustule starts its life deep in the epidermis, 
but does not become clinically fully developed until it reaches a 
subcorneal location. Direct and indirect immunofluorescence stud- 
ies are negative. Stained smears of pustule contents generally show 
a predominance of neutrophils, but there may be a preponder- 
ance of eosinophils early in the course of the disorder. Sometimes 
peripheral blood eosinophilia is present [12-14]. 

Treatment is with potent topical corticosteroids with or with- 
out occlusion [7,9]. Dapsone has been used in a few severe 
cases [2] as has topical maxacalcitol [15]. The attacks occur with 
gradually diminishing numbers of lesions, and with decreasing 
frequency, until they cease altogether, usually within 2 years of the 
onset. 


Neonatal pustulosis of transient 
myeloproliferative disorder 


There have been several reports of neonates with trisomy 21 
(and mosaic trisomy 21) developing pustules and vesicles (on 
a reddish background), predominantly on the face, as part of 
congenital leukaemia or transient myeloproliferative disorder 
(TMD) [1,2,3-5]. They may pustulate at sites of trauma, such as 
venepuncture sites or under adhesive tape. The patients may 
also have hepatosplenomegaly. There is an associated high white 
blood cell count, often with the presence of blasts. Skin biopsy 
shows intraepidermal pustules with a perivascular dermal infiltrate 
of neutrophils, eosinophils and atypical mononuclear cells. The 
lesions often resolve spontaneously over a few weeks paralleled by 
a decreasing white cell count. 

Mutations in the transcription factor GATA1 seem to underlie 
TMD but a second genetic hit is needed to develop leukaemia 
[6]. Up to 20% of patients with TMD will go on to develop an 
acute megakaryoblastic leukaemia within the first 4 years of life so 
follow-up is mandatory. 
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Congenital erosive and vesicular 
dermatosis healing with reticulated 
supple scarring 


Definition and nomenclature 

Congenital erosive and vesicular dermatosis (CEVD) presents in 
neonates as erosions, ulcerations, vesicles and red skin affecting 
around 75% of skin surface area, which heal to leave distinctive 
reticulate scarring. To date, there are fewer than 40 cases reported 
in the literature [1-8,9]. 


Synonyms and inclusions 


e Extensive congenital erosions and vesicles healing with reticulate scarring 


Introduction and general description 
This is a rare, self-limiting, blistering disorder of unknown aetiology 
first described in 1985 by Cohen et al. [1]. 


Epidemiology 
Incidence and prevalence 
It is very rare. 


Age 
It occurs at birth and the majority of affected infants have been 
premature. 


Sex 
Occurrence is greater in boys than in girls. 


Pathophysiology 

Pathology 

Biopsies of vesicular areas have shown spongiosis or epidermal 
necrosis with dermal haemorrhage and inflammation [1-6]. In 
one report, an eroded area showed loss of the epidermis with a 
superficial and deep dermal inflammatory infiltrate comprising 
mostly neutrophils [4]. Parakeratotic scale may be present. Scarred 
areas have shown an increased density of dermal collagen, and 
absence of eccrine sweat glands. Direct immunofluorescence does 
not show any specific pattern of deposition of immunoglobulins, C3 
or fibrin. Electron microscopy and immunohistochemical mapping 
of perilesional skin have shown nothing to suggest that this is a 
variant of epidermolysis bullosa [5]. 


Clinical features 

History 

The condition presents at birth with blistering and erosions which 
heal with soft scars. 


Presentation 

There are extensive, superficial erosions, with scattered vesicles and 
bullae, affecting up to 75% of the body surface. These erosions may 
extend in the first few days. The trunk and limbs tend to be more 
severely affected than the face and scalp. Hands and feet may be 


spared [10-12]. Patients are prone to infection prior to the skin heal- 
ing. Bacterial, fungal and HSV infections have been described [13]. 

The blisters/erosions heal fairly quickly within the first few 
weeks of life, leaving rather characteristic soft, reticulated scarring. 
Following healing of the skin lesions, there may be residual loss of 
eccrine sweating in the scarred areas, with the potential for hyper- 
thermia under appropriate conditions, patchy alopecia, partial 
loss of eyelashes and the absence or hypoplasia of nails. Teeth are 
normal. Mild, localised, recurrent vesiculation may occur. 

The largest published review of 18 cases revealed the follow- 
ing associations: preterm birth (79%), nail dystrophies (46%), 
hyperthermia/hypophidrosis (46%), maternal chorioamnionitis 
(43%), neurological disorders (microcephaly, convulsions, devel- 
opmental delay) and ophthalmological complications (lacrimal 
duct obstruction, macular or corneal scars) (36% each) and tongue 
atrophy (29%) [10]. 


Differential diagnosis 

This includes infective blisters (e.g. herpes simplex), epidermoly- 
sis bullosa, bullous ichthyosiform erythroderma, incontinentia pig- 
menti, aplasia cutis congenita, focal dermal hypoplasia and staphy- 
lococcal scalded skin syndrome. 


Complications and co-morbidities 

Postnatal infection is a risk. It is unclear if the disease associations 
are caused by congenital erosive and vesicular dermatosis itself or 
by prematurity or an unidentified intrauterine pathology. 


Disease course and prognosis 
Spontaneous healing occurs within 2 weeks to 3 months. 


Investigations 
Skin swabs and blood culture are needed to investigate for infections 
(viral, bacterial and fungal). Skin biopsy may be useful. 


Management 

The baby will need to be nursed on an appropriate neonatal unit for 
the management of fluid balance, temperature control and any infec- 
tion if this develops. Non-adhesive dressings (e.g. silicone dressings) 
will be needed for the first few weeks of life until healing occurs 
[10-12]. There is no specific treatment for this condition. 


COMPLICATIONS OF PREMAT 


Anetoderma of prematurity 


Introduction and general description 

Anetoderma is characterised by focal loss of elastic tissue in the 
mid-dermis, resulting in localised areas of macular depressions or 
pouch-like herniations. Anetoderma may occur in preterm babies 
appearing at, or soon after, birth [1,2,3]. Its early onset differentiates 
it from anetoderma of prematurity caused by electrocardiogram 
(ECG) electrodes [4]. 
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Epidemiology Table 114.1 Complications arising from some antenatal procedures. 
Incidence and prevalence Beeradure 


Its incidence is unknown but it is very rare. 


Cutaneous complication or disorder 


Amniocentesis needles Punctate scars and dimples (prevalence 


Age Antenatal biopsies (skin, liver, decreased with real-time ultrasound) 
tumours) [1-5] 
Intrauterine red cell transfusion (used Gangrene abdominal wall [6] 


in haemolytic disease/rhesus 


It is found in extremely premature babies (<29 weeks). 


Sex incompatibility) 

There is equal sex incidence. Scalp electrodes (used for monitoring Scarring alopecia/cephalohaematoma 
etal heart rate) [7,8] 

Pathophysiology Neonatal HSV at the site of electrodes 


(cutaneous blisters/encephalitis) [9-12] 
Scalp abscess (in 4% of neonates; rarely 

deep tissue infections) [13-17] 
Subcutaneous fat necrosis 


The underlying cause is unknown although it is found in prema- 
ture babies. A skin biopsy of a lesion shows reduced or absent 
elastic tissue, consistent with anetoderma [1,2,3,4]. There may be an 


Scalp blood sampling (monitoring 
acid-base balance) 
Forceps delivery 


underlying genetic predisposition. Anetoderma has been described Scalpel injury during caesarean Lacerations/scars 
in two identical premature twins but all other cases have been section 
sporadic [3]. Ventouse extraction Scarring alopecia (usually after severe 


caput succedaneum) (very rare) [18] 
Clinical features Annular blisters of the scalp (‘vesicular . 

. eruption of vacuum-assisted delivery’) 
History can be traumatic or due to HSV [19] 
Anetoderma presenting in extremely premature babies was first 


described by Prizant et al. in 1996 [1]. HSV, herpes simplex virus. 
Presentation 

Anetoderma of prematurity presents with nummular areas of 
cutaneous atrophy appearing on the trunk and/or proximal limbs 
within a few weeks of birth [1,2,3]. All patients have been born Procedure 
between the 24th and 29th weeks of gestation and in almost all 
cases the lesions first appeared while the child was still in the 
neonatal intensive care unit. Rarely, anetoderma may be present at 
birth. Cases that present later at 2-3 months of age are more likely a 
consequence of trauma from gel ECG electrodes [4,5]. 


Table 114.2 Complications arising from some neonatal medical procedures. 


Cutaneous complication 


Aortic thrombosis/spasm, arterial 
embolism (lower limb 
ischaemia/gangrene) 

Transcutaneous oxygen monitoring (heated Superficial burn 
electrode) [7-10] (redness/vesiculation) — less risk 
with unheated pulse oximetry 

Anetoderma secondary to trauma 
(may be purpuric initially) 


Umbilical artery catheterisation [1,2-6] 


Differential diagnosis Electrocardiograph electrodes [11,12] 


These include anetoderma from trauma and aplasia cutis congenita 


type 5. 


Complications and co-morbidities 


Patients have the co-morbidities of extreme prematurity. 


Transillumination (more common if infrared 
filters are switched off) [13] 

Extravasation intravenous medication 
[14-17] 

Heel pricks [18-20] 


Blisters: 2-4 mm in diameter, often at 
acral sites 
Cutaneous necrosis 


Cutaneous calcification (localised) 


Extravasation with calcium-containing 
solutions [21-23] 

Scalp electroencephalograph electrodes 
(calcium chloride-containing paste) [24] 

Needle insertions (repeated)/chest drain Punctate white scars (speckled 
insertions [17] scarring) 

Chemical burns from Cutaneous necrosis (often on the 
antiseptics/alcohol-based cleansers back or buttocks where the 
(25,26-30] cleanser has pooled) 


Disease course and prognosis 
It is non-progressive and persistent. 
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Investigations 
Skin biopsy should be done. 
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Management 
There is no known treatment for anetoderma. 
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COMPLICATIONS OF MEDIC 
PROCEDURES ON THE FET 
NEONATE 


Neonatal medical procedures 
Adverse consequences of medical procedures on the neonate are 
more common if the baby is premature (Table 114.2). 


Phototherapy 
Phototherapy is mostly used for neonatal jaundice and can lead to 
various complications (Table 114.3) [21]. 


Antenatal procedures 
Antenatal procedures and amniocentesis can lead to a range of prob- 
lems arising in the fetus (Table 114.1). 


Table 114.3 Phototherapy-induced rashes. 


Cutaneous complication Cause 


Red rash Macular red rash (as bilirubin falls) [1] 

Ultraviolet-induced redness (‘burn’) [2] 

Skin tanning (especially type VI skin) [3] 

Bronze baby syndrome (underlying 
hepatic disease) [4-10] 

(Differential diagnosis: central cyanosis, 
‘carbon baby’ and ‘grey baby’ 
syndrome [11,12]) 

Drug phototoxicity (furosemide, 
methylene blue) [13,14] 

Congenital porphyrias [15-17] 

Transient porphyrinaemia (after repeated 
transfusions for severe haemolytic 
disease of the newborn) [18] 

Transient porphyrinaemia (secondary to 
transfusions) [19,20] 


Hyperpigmentation 


Bullous eruptions 


Epidermolysis bullosa-like eruptions 


Localised purpura on ‘exposed’ sites 


ATROPHIC LESIONS OF NE 


There are a number of causes of atrophic lesions in neonates 
(Box 114.2). Some are covered elsewhere in this chapter. 


Box 114.2 Causes of atrophic lesions in neonates 


¢ Morphoea 

e Atrophic dermatofibrosarcoma protuberans 

¢ Cutis marmorata telangiectatica congenita 

e Aplasia cutis congenita 

e Anetoderma of prematurity 

¢ Congenital erosive and vesicular dermatosis healing with reticulated 
supple scarring 

¢ Medallion-like dermal dendrocyte hamartoma 

¢ Congenital infection (HSV and VZV; may be zosteriform) 

¢ Focal dermal hypoplasia of Goltz 

¢ Neonatal lupus erythematosus 


HSV, herpes simplex virus; VZV, varicella zoster virus. 


Medallion-like dermal dendrocyte 
hamartoma 


Introduction and general description 

Medallion-like dermal dendrocyte hamartoma is a benign atrophic 
lesion presenting at birth and was first described in 2004 in female 
neonates [1,2-6]. 


Epidemiology 
Incidence and prevalence 
It is very rare with fewer than 15 cases described. 


Age 
There is congenital presentation. 


Sex 
It is more common in females. 


Pathophysiology 
The underlying cause is unknown. 


Pathology 

It shows epidermal atrophy, spindle cell proliferation in the der- 
mis and to a lesser degree the subcutis, and reduced adnexal 
structures. Spindle cells stain positive for CD34, factor X111a, 
vimentin and fascin, suggesting a dermal dendritic origin. Atrophic 
dermatofibrosarcoma protuberans is also CD34 positive, but is 
factor X111a negative [1,2,3]. 


Clinical features 

Presentation 

This rare condition presents with a reddish brown, slightly 
indurated, congenital, atrophic lesion of the skin often on the 
side of the neck or on the upper trunk. Lesions are typically round 
or oval, measure 2-6 cm across and persist unaltered into adult- 
hood. They may show a slight increase in hair growth and visible 
underlying blood vessels beneath a wrinkled epidermis [1,2-5]. His- 
tology and immunohistochemistry help differentiate this disorder 
from other causes of neonatal cutaneous atrophy. 


Differential diagnosis 

Differential diagnoses include congenital dermatofibrosarcoma 
protuberans, aplasia cutis congenita, anetoderma of prematurity, 
neurofibroma (atrophic blue-red macule variant) and cutis mar- 
morata telangiectatica congenita. There appears to be some overlap 
with fibroblastic connective tissue naevi, which also presents as 
CD34-positive solitary painless plaques or nodules. 


Disease course and prognosis 
The course is persistent but there is no recorded case of malignant 
transformation. 


Investigations 
Skin biopsy and immunostaining are useful. 


Management 
There is no known medical therapy. Lesions can be safely left or 
excised (usually by a plastic surgeon, depending on the size). 


DISORDERS CAUSED BY 
TRANSPLACENTAL TRANS: 
MILK 


Transplacental transfer of maternal 
autoantibodies 


Clinical manifestations in the neonate have now been reported in 
a number of maternal disorders that are believed to be induced by 


Disorders caused by transplacental transfer/maternal milk 114.11 
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circulating autoantibodies. These include pemphigus vulgaris, pem- 
phigus foliaceus, herpes gestationis and lupus erythematosus. 

Because immunoglobulin A (IgA), IgM and IgE antibodies do 
not cross the placenta in significant amounts, this phenomenon 
is restricted to diseases caused by autoantibodies of IgG class. 
Placental transfer of IgG is a mechanism for protecting the neonate 
while their immune system is immature and ineffective. Where 
complement is also involved in pathogenesis, this must be provided 
by the fetus as it does not pass across the placenta. Complement 
can be detected in the fetus from about the 11th week of gestation. 
Maternal IgG is catabolised more or less completely within the first 
3-6 months of life, and antibody-mediated transplacental diseases 
can be expected to remit spontaneously within this period. 


Neonatal pemphigus vulgaris 


Pemphigus vulgaris is unusual in pregnancy because it is largely 
a disease of an older age group and because affected individuals 
receiving systemic treatment rarely become pregnant. Nevertheless, 
several cases of transplacentally transmitted pemphigus vulgaris 
have been reported [1-7,8,9] (Chapter 50). Not all mothers have had 
clinically apparent disease during pregnancy [10]; in other cases the 
disease has been mild [11]. It is rare that pregnancy is considered as 
a triggering factor for pemphigus [12]. 

Affected infants have had cutaneous and/or mucosal erosions or 
bullae; several have been stillborn [1-6]. Approximately one-third 
of neonates born to mothers with pemphigus are unaffected at 
birth [13]. Direct immunofluorescence has been positive in skin 
biopsies from all affected infants, and circulating IgG pemphigus 
antibodies have been found in the majority. There are no cases 
of infants born to mothers with pemphigus requiring treatment. 
Lesions have resolved spontaneously within about 3 weeks and no 
new lesions have occurred after birth. Circulating IgG antibodies 
become undetectable by the end of the second month of life. 

Transplacental transmission of pemphigus foliaceus has been 
similarly described [14,15]. 


Transplacental pemphigoid 
gestationis 


Cutaneous lesions occur in about 10% of infants born to mothers 
with pemphigoid gestationis, although maternal IgG antibasement 
membrane autoantibody can be found in all infants of affected 
mothers [1,2] (Chapter 113). The lesions may be present at birth or 
they may appear at any time up to the third day of life [3]. These 
lesions may vary from evanescent, non-specific, red or urticarial 
papules to fully developed bullae [4]. Lesions in the infant may be 
extensive [5]. Spontaneous regression of lesions within 3 weeks is 
the rule. Direct immunofluorescence is normal by the end of the first 
month, and circulating IgG antibasement membrane zone antibody 
can no longer be found. 

The risk of fetal and infant morbidity and mortality in mothers 
with pemphigoid gestationis is debated [6] and has not been con- 
firmed [7-9], although there are some reports of fetal growth restric- 
tion and pre-eclampsia [10,11]. However, there does appear to be an 


increased risk of premature delivery [8,9,10,11]. The risk of adrenal 
insufficiency should be considered in neonates whose mothers have 
required long-term oral prednisolone treatment. 


Neonatal lupus erythematosus 


Introduction and general description 

Neonatal lupus erythematosus (LE) is a rare syndrome comprising 
transient skin lesions resembling subacute cutaneous LE and/or 
congenital heart block (Chapter 51). Neonatal LE occurs in the 
babies of mothers with clinical or subclinical autoimmune con- 
nective tissue disease, and is associated with the transplacental 
passage of maternal autoantibodies to the ribonucleoproteins 
(RNPs) Ro-SSA (>90%), La-SSB or rarely U,-RNP [1]. 


Epidemiology 

Incidence and prevalence 

Only 1-2% of Ro-positive/La-positive mothers will have babies 
with neonatal LE, but babies from subsequent pregnancies have a 
20-25% risk of skin or cardiac disease [2-4]. 


Age 
It occurs in neonates up to 3 months old. 


Sex 
There is an equal sex incidence. 


Ethnicity 
It is described in all racial groups. 


Associated diseases 
The risk of connective tissue disease later in life is increased. 


Pathophysiology 

It is now accepted that this disease is provoked in the fetus or new- 
born infant by maternal IgG autoantibodies that have crossed the 
placenta [5,6]. In 95% of cases, these are of IgG1 class and are directed 
against the Ro RNP antigen [7-9]. These antibodies are relatively 
prevalent in young women, and often appear to be compatible with 
apparently normal health. Anti-La, anti-native DNA, anticardiolipin 
or antinuclear antibodies, or rheumatoid factor may be present in 
addition to Ro antibodies [9]. A small proportion of affected infants 
do not have detectable Ro antibodies but do have La and U,-RNP 
antibodies [10]. 

The presence of Ro and La antigens has been demonstrated in fetal 
skin and cardiac conducting tissue [11,12]. Up to 60% of the mothers 
of infants with neonatal LE have no clinical evidence of connective 
tissue disease at the time of birth [5,9,13]. However, there is a sub- 
stantial risk of a subsequent development of symptoms of autoim- 
mune connective tissue disease. About 40% of mothers have signs 
or symptoms of systemic LE, subacute cutaneous LE or the sicca 
syndrome [14-17], although these may be minimal. More recently, 
it has been recognised that about 5% of women of child-bearing age 
who present with leukocytoclastic vasculitis will have Ro antibod- 
ies [18], and it is probable that about 5% of babies with neonatal LE 
have mothers with leukocytoclastic vasculitis [19]. 
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Predisposing factors 
There appears to be a genetic predisposition to develop the cardiac 
complications of neonatal LE. 


Pathology 

Skin biopsy specimens from infants with cutaneous lesions 
generally demonstrate the features of LE: epidermal atrophy, 
liquefaction degeneration of basal keratinocytes, colloid bodies and 
a perivascular and periappendageal lymphohistiocytic inflamma- 
tory infiltrate in the dermis [14,20]. Direct immunofluorescence is 
positive in about 50% of cases, showing dermal—epidermal junction 
and perivascular deposition of IgG, IgM and C3. 


Environmental factors 
Sunlight may induce skin lesions. 


Clinical features 

Presentation 

Most infants with neonatal LE have either skin lesions (90%) or car- 
diac lesions (1%); approximately 8% have both [2,21,22]. In about 
two-thirds of those infants who develop cutaneous lesions, these are 
already present at birth. In the remainder, the lesions appear dur- 
ing the first 2-3 months (sometimes sun-induced), although their 
appearance may be delayed for as long as 5 months. 

The skin lesions of neonatal LE generally take the form of 
well-defined areas of macular or slightly elevated redness, fre- 
quently annular, occurring predominantly on the face, particularly 
the forehead, temples and upper cheeks, and on the scalp and neck 
(Figure 114.3). A ‘spectacle-like’ distribution of lesions around the 
eyes is especially characteristic. The chest, back or limbs may also 
be affected [20,21,22-24]. Provocation or exacerbation of lesions by 
sun exposure has been reported in some cases. 

Follicular plugging is not prominent, but scaling is a common 
early feature. A degree of atrophy and/or telangiectasia are frequent 
long-term sequelae. Permanent hair loss may occur. 

In most cases, the skin lesions have resolved within the first year, 
but areas of atrophy and/or telangiectasia may be more persis- 
tent [25]. Longstanding depressions have followed subcutaneous 
lesions. The most frequent sites for such lesions are the temples and 
scalp [26]. 


Clinical variants 

Less commonly, lesions take the form of annular patches of redness 
without an epidermal component; this type of presentation has pre- 
dominantly been reported in Japanese infants [23]. Subcutaneous 
lesions have also been described [26]. 

Occasionally, neonatal LE presents as extensive reticulate redness 
with atrophy, closely resembling cutis marmorata telangiectat- 
ica congenita [27,28]. Depigmentation may be very prominent in 
infants with skin of colour [29]. Lesions resembling morphoea have 
been reported [30]. 


Differential diagnosis 

The lesions of congenital rubella or cytomegalovirus infection may 
need to be considered, although these are of purplish colour and 
purpura is generally prominent. Congenital syphilis may also need 
to be excluded, but whereas mucosal, periorificial and palmar and 


Figure 114.3 Neonatal lupus erythematosus showing fading facial lesions in a 
characteristic periorbital distribution, with residual atrophy, in a 4-month-old infant. 


plantar lesions are common in congenital syphilis, these features 
are rare in neonatal LE. Confusion may be caused by the false 
positive antibody tests that are as much a feature of neonatal as of 
acquired LE. 

Atrophy and telangiectasia of the cheeks is seen with photosensi- 
tivity in Bloom syndrome (Chapter 77), and without photosensitiv- 
ity (in most cases) in the Rothmund-Thomson syndrome (Chapter 
75). In these disorders, skin lesions are not present at birth and gen- 
erally appear later than in neonatal LE. 


Complications and co-morbidities 
Systemic features are detectable in over half of all affected infants, 
of which cardiac involvement is the commonest. Congenital heart 
block (due to fibrosis of the conducting tissue) occurs in about 1-2% 
of Ro-positive pregnancies, probably due to genetic susceptibility 
[2,31-35]. In these families it will recur in 20% of subsequent preg- 
nancies [3]. Anti-Ro antibodies can bind to cardiac conduction cells 
during mid to late fetal development, leading to altered membrane 
repolarisation and selective damage to the atrioventricular node. 
Congenital heart block can be detected as early as the 18th week of 
gestation by ultrasound or electrocardiography [34]. The block is 
generally permanent, and is not associated with structural cardiac 
abnormalities such as septal defects. About a half of affected infants 
require pacemakers [33,34]. 

A smaller proportion of infants have combinations of hep- 
atomegaly, splenomegaly, lymphadenopathy and pneumoni- 
tis, which are generally mild in degree and fairly transient. 
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Autoimmune haemolytic anaemia and thrombocytopenia are 
seen in a small proportion of affected infants [36]. 

The central nervous system may be involved in neonatal LE and 
this can cause an asymptomatic vasculopathy or a more serious cere- 
bral vasculitis [37,38]. 


Disease course and prognosis 
Infants with skin lesions alone, or with skin lesions and systemic 
features other than heart block, generally show little sign of resid- 
ual disease after the age of 1 year [38,39]. However, their long-term 
prognosis must remain slightly at risk in the light of reports of the 
later development by some of full-blown connective tissue disease 
[33,40,41]. Conduction defects of the heart tend to be permanent, and 
when severe are associated with a significant mortality [2,33,42]. 

The risk of recurrence in further pregnancies appears to be about 
20-25% [2,3]. Spontaneous abortion and stillbirth do not appear to 
be more frequent in further pregnancies of mothers who have had a 
previous child with neonatal LE [2]. 

Neonatal LE antibodies disappear from the infant’s serum within 
about 6 months. 


Investigations 

A skin biopsy will usually allow an accurate diagnosis of neonatal 
LE, particularly if combined with direct immunofluorescence stud- 
ies, and tests for the appropriate circulating autoantibodies in both 
the mother and the child. 


Management 
The skin lesions of neonatal LE require no treatment, but sun 
protection is essential. Occasionally, thrombocytopenia, haemolytic 
anaemia or hepatitis may warrant systemic steroid therapy [43]. 
Up to 50% of infants with cardiac involvement will require a 
pacemaker [23]. 

The pregnancy of a woman who has Ro, La or U,-RNP antibodies 
should be monitored to detect a slow fetal heart rate [44,45]. Treat- 
ment with high-dose systemic steroids may be indicated for fetal 
bradycardia where there are signs of heart failure [46]. 


Transplacental transfer of maternal 
malignant disease 


Transplacental transfer of maternal malignant disease is fortunately 
extremely rare, despite the fact that malignancy occurs in 1 in 1000 
pregnancies [1,2], and it is well established that maternal cells regu- 
larly reach the fetus. 

Melanoma accounts for approximately 90% of transplacentally 
transferred malignant disease, although this particular malignancy 
accounts for only about 8% of those occurring in pregnant women 
[3]. Melanoma transmitted in this way may result in the appearance 
of nodular skin deposits in the neonate. Fetal melanoma metas- 
tasis is reported in mothers already known to have metastatic 
melanoma, and there was placental involvement in all cases [4]. 
Placental involvement does not always signify metastatic disease 
in the neonate. Although the prognosis is generally poor, spon- 
taneous regression of transplacentally transferred melanoma has 


been reported [5,6]. In cases where placental metastasis is detected 
with no evidence of fetal metastasis the infant should be monitored 
until 24 months with skin examination, imaging (chest X-ray and 
liver ultrasound) and blood monitoring (lactate dehydrogenase 
and liver enzymes). 

Transplacental transmission of acute monocytic leukaemia [7], 
natural killer cell lymphoma [8] and choriocarcinoma [9] has also 
been reported. 

Checking the maternal origin of a tumour in a neonate can be done 
quickly by a quantitative polymerase chain reaction (PCR) technique 
[10,11]. 


Transfer of toxic substances 
in maternal milk 


When considering the cause of any rash in a young infant, the pos- 
sibility that it reflects exposure of the mother to a toxic substance 
that has been transferred in her milk needs to be borne in mind. A 
good example is provided by two reports of bromoderma occurring 
in neonates whose mothers had taken bromide medicinally [1] or 
had been accidentally exposed in a photographic laboratory [2]. 


DISORDERS OF SUBCUTANEOU 


Four separate conditions are described — cold panniculitis, neonatal 
cold injury, subcutaneous fat necrosis of the newborn and scle- 
rema neonatorum — but there is some clinical and pathological 
overlap. 


Cold panniculitis 


Cold panniculitis is a distinctive form of panniculitis provoked 
directly by cold exposure, to which infants appear particularly 
predisposed. The fat of the newborn appears to be more highly sat- 
urated than that of older children and adults, with the effect that it 
solidifies at a higher temperature [1,2]. Applying ice for 50 s causes 
panniculitis in all newborn infants, in only 40% of 6-month-old 
infants and almost never in 9-month-old infants [3]. 

Cold panniculitis in infancy has most often followed exposure 
of the cheeks to (i) extremely cold air [4]; (ii) ice bags applied as a 
therapy for supraventricular tachycardia [5-7]; or (iii) frozen lol- 
lies (popsicles) [8,9]. Indurated, warm, red, subcutaneous plaques 
and nodules appear within hours or days of appropriate cold 
exposure. Skin biopsy is not usually needed but if done early it 
shows a lymphohistiocytic infiltrate around blood vessels at the 
junction of the dermis and subcutaneous fat [10]. After a few 
days, lipocyte rupture leads to the formation of cystic cavities 
surrounded by areas of marked infiltration by lymphocytes and 
histiocytes, with a few neutrophils and eosinophils. The indura- 
tion resolves over a period of a week or so, often leaving some 
residual postinflammatory hyperpigmentation. No treatment 
is required. 


; Disorders of subcutaneous fat 114.15 


Neonatal cold injury 


Neonatal cold injury is a disorder, now rare in developed coun- 
tries, in which cold exposure of a small-for-dates neonate causes 
hypothermia associated with lethargy and generalised pitting 
oedema of the skin, clinically and pathologically distinct from scle- 
rema neonatorum. A low environmental temperature has been the 
principal cause of virtually all reported cases of this disorder [1-4]. 
Other factors that appear to have predisposed babies to this com- 
plication of cold exposure include intrauterine growth retardation, 
which results in a relatively thin panniculus, and tight wrappings, 
which restrict muscular activity. 

The infant is usually a full-term neonate, born at home, but small 
for gestational age. In the great majority of cases, presentation is 
within the first 4 days of life, and usually during the first 24 h. 
The most striking features are intense redness or cyanosis of the 
face and extremities, and firm, pitting oedema beginning at the 
extremities and spreading centrally, and becoming progressively 
more indurated in a proportion of cases [1-4]. Petechiae have 
occasionally been observed. The skin feels cold, and the baby is 
usually hypothermic with a low core temperature. Associated 
non-cutaneous features of cold injury are generally present, and 
may occur in the absence of skin changes. These include immobility, 
drowsiness, poor feeding, vomiting, oliguria and gastrointestinal 
bleeding with vomiting of altered blood or melaena. 

Skin biopsy shows a thin panniculus; otherwise there is little obvi- 
ous abnormality apart from dilatation of the dermal blood vessels 
[5]. Profuse exudation of clear fluid from the cut surface at post- 
mortem suggests that the induration is due to oedema. 

The mortality rate of historical cases was about 25% (usually due 
to massive pulmonary haemorrhage). Fortunately, the condition 
seems to be much less common in the UK now than it was 40 years 
ago, probably because of improved heating in homes, reduced 
frequency of home delivery and abandonment of the previous habit 
of bathing babies at birth. 

Care should be taken when rewarming in cases of accidental 
hypothermia as rapid rewarming in prolonged hypothermia is 
associated with fatal thrombocytopenia [6]. 


Subcutaneous fat necrosis of the 
newborn 


Definition 

Subcutaneous fat necrosis of the newborn (SCEN) is a rare and 
usually transient form of panniculitis which mostly affects full-term 
infants usually within the first few weeks of life [1,2]. 


Epidemiology 
Incidence and prevalence 
The incidence is unknown but the disease is rare. 


Age 
It generally occurs in full-term or post-term infants of normal birth 
weight during the first 6 weeks of life [3]. 


Sex 
There is an equal sex incidence. 


Ethnicity 
This is an unknown influence. 


Associated diseases 

Maternal pre-eclampsia, diabetes, perinatal asphyxia and hypother- 
mia, including therapeutic whole body cooling, may be associated 
[1,2,4-10,11]. 


Pathophysiology 

Predisposing factors 

The precise cause is unestablished, but a variety of insults appear 
to have contributed in individual cases. These have included birth 
asphyxia, maternal pre-eclampsia, maternal diabetes, obstetric 
trauma, hypothermia and hypothermic cardiac surgery [1,2,4-10]. 
The most important predisposing factors appear to be the combi- 
nation of local tissue hypoxia and cold injury. This might explain 
the predominant location of lesions on the shoulders and buttocks, 
cutaneous areas where mechanical pressure might compromise the 
circulation and contribute to hypoxia. A primary abnormality in 
brown fat has also been postulated [12]. 


Pathology 

It is characterised by granulomatous reaction, lobular panniculitis 
and multinucleated giant cells found on histology. The composition 
of neonatal fat with increased saturated fatty acids and its higher 
melting point compared with adult fat have been associated with 
the tendency for solidification and crystallisation [1,13-15]. Both 
the fat cells and the giant cells contain needle-shaped clefts, which 
may be radially arranged. Fibrotic obliteration of small arterioles 
has also been observed. Calcium deposits are commonly found in 
the necrotic fat. 

Ultrastructural examination has shown parallel aggregations of 
electron-lucent, needle-shaped spaces within the adipocytes [13,14]. 
Similar changes in visceral adipose tissue have been reported in 
postmortem studies of affected infants [4]. Widespread calcium 
deposition in internal organs has also been shown in postmortem 
specimens from hypercalcaemic cases and nephrocalcinosis has 
been observed in such infants during life [16]. 


Environmental factors 
Hypoxia, cold and trauma all seem to play a role. 


Clinical features 
Presentation 
Infants who develop subcutaneous fat necrosis are generally 
full-term or post-term neonates of normal weight [1,2,4,8-10]. There 
is an association with perinatal asphyxia, therapeutic hypothermia, 
meconium aspiration and obstetric trauma. It is generally felt that 
some form of neonatal distress can reduce the blood supply to 
neonatal fatty tissue, resulting in necrosis in an attempt to shunt 
blood from the skin and adipose tissue to the vital organs [17]. 
Nodular thickening of the subcutaneous tissues is usually first 
detected between the 2nd and 21st days of life. Sometimes, the 
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Figure 114.4 Subcutaneous fat necrosis of the newborn showing red and violaceous 
plaques involving the shoulders, arms and buttocks. Courtesy of Dr Luis Requena. 


changes are present at birth and, rarely, they may appear as late as 
the sixth week. The nodules tend to be symmetrically distributed 
and show a predilection for the buttocks, thighs, shoulders, back, 
cheeks and arms (Figure 114.4). Lesions may be single or multiple, 
rounded or oval, and pea-sized or many centimetres in diameter. 
They are initially discrete, but may fuse to form large plaques. The 
overlying skin is often red or bluish red. The nodules feel rubbery 
or hard, and are not attached to deeper structures. The lesions 
may be painful [18]. New nodules may continue to develop for 
a week or more. There has been a single report of subcutaneous 
fat necrosis being complicated by a haematoma, requiring surgical 
debridement [19]. 

In most cases, the child’s health is not substantially impaired, and 
within a few months the nodules disappear. Where calcium deposi- 
tion is marked, the lesions may take rather longer to resolve. Usually 
no trace of the nodules remains but there may be slight atrophy. 
Rarely, the nodules may ulcerate, discharge their fatty contents and 
leave scars. 

The condition has occasionally been fatal, particularly when vis- 
ceral fat has been involved [4], or where there has been complicat- 
ing hypercalcaemia which may result in gastrointestinal disorders, 
and neurological and cardiac life-threatening complications [20-24]. 


Clinical variants 

There have been several reports of the occurrence of lesions anal- 
ogous to those of SCFN in children who have had hypothermic 
cardiac surgery [7-9]. The cutaneous application of ice to induce 
hypothermia, trauma and/or hypoxia may all have contributed. It 
is noteworthy that these children appear to have developed lesions 
of subcutaneous fat necrosis rather than cold panniculitis. The ages 
of the children at the time of surgery varied from 12 days to 20 
months. Lesions appeared between 14 and 30 days later, principally 
at the sites subjected to the greatest cold exposure. The lesions 
resolve within a few weeks and no treatment is usually required. 


Differential diagnosis 
Neonates delivered by forceps may develop subcutaneous nodules 
where the forceps were applied, presumably as a result of traumatic 


fat necrosis. SCFN was in the past frequently confused with sclerema 
neonatorum. Occasionally, the two conditions may occur simultane- 
ously [25]. 


Complications and co-morbidities 

Subcutaneous fat necrosis of the newborn may be associated with 
hypercalcaemia, which tends to occur in around a quarter of all 
cases, appears more frequently in infants with extensive disease, 
and almost exclusively when the trunk is affected [19-24]. 

The cause of the hypercalcaemia is unknown. It may be due 
to increased calcium absorption due to extrarenal production of 
1,25-dihydroxyvitamin D [22,23], which has been observed in 
other granulomatous disorders including sarcoidosis. The find- 
ing of increased urinary excretion of prostaglandin E, led to 
the suggestion that increased bone calcium resorption might be 
responsible [24]. 

Transient thrombocytopenia has been reported during the period 
of initial development of the lesions, possibly due to sequestration 
of platelets [26]. Plasma lipid abnormalities have been reported in 
a neonate with subcutaneous fat necrosis, but their relevance was 
unclear [27]. 

All infants who have experienced subcutaneous fat necrosis 
should have their serum calcium measured on presentation and 
every 2-3 weeks for up to 3 months as the increase in calcium can be 
delayed. If hypercalcaemia is present, its cause requires thorough 
investigation to exclude disorders such as primary hyperparathy- 
roidism and vitamin D intoxication. Nephrocalcinosis is a common 
persistent finding even in those children who have undergone 
treatment for hypercalcaemia, but fortunately renal impairment is 
very rare. 


Disease course and prognosis 
The skin condition resolves over several weeks although the hyper- 
calcaemia can persist for a few months. 


Investigations 

Skin biopsy is required to confirm the diagnosis (see Chapter 97 for 
histopathological images and description). Serum calcium needs to 
be monitored for 3 months. 


Management 

No treatment is generally required as the condition spontaneously 
resolves over several weeks. Analgesia may occasionally be 
required. 

Hypercalcaemia should be treated aggressively to prevent 
soft-tissue calcification. Treatments include diuretics, dietary 
restriction of calcium and vitamin D, and sometimes oral corti- 
costeroids [10,18,20]. In resistant cases bisphosphonates can be 
used [28,29], and a case of hypercalcaemia treated with calcitonin 
has been reported [30]. These measures should be instituted as 
early as possible with maintenance of adequate hydration with 
intravenous normal saline. Furosemide has been used to achieve 
increased calcium excretion by inhibiting calcium reabsorption, 
but a risk of dehydration and consequent worsening of hyper- 
calcaemia exists. Prednisolone interferes with the metabolism of 
vitamin D to its active form and also inhibits the production of 
1,25-dihydroxyvitamin D, by the macrophages involved in the 
inflammatory process. 


Disorders of subcutaneous fat 114.17 


Resources 


Further information 
Medscape, subcutaneous fat necrosis of the newborn: https://emedicine.medscape 
.com/article/1081910-overview (last accessed June 2023). 


Sclerema neonatorum 


Introduction and general description 

Sclerema neonatorum is an uncommon panniculitis with an invari- 
ably high mortality [1]. It predominantly affects gravely ill, preterm 
neonates in the first week of life. It manifests as diffuse harden- 
ing of skin and subcutaneous adipose tissue to such an extent 
that it hinders feeding and respiration, and usually culminates in 
death [2,3]. 


Epidemiology 
Incidence and prevalence 
It is very rare and its prevalence is unknown. 


Age 

Sclerema neonatorum almost always appears during the first week 
of life, although it has occasionally been recorded later in infants 
born preterm. 


Sex 
There is an equal sex incidence. 


Associated diseases 
There is underlying severe illness. 


Pathophysiology 

Predisposing factors 

Prematurity and smallness for dates appear to be frequent predis- 
posing factors [3]. It has been recorded as already present at birth 
in infants subjected to placental insufficiency [4]. The disorder does 
not seem to occur in otherwise healthy infants, and most charac- 
teristically develops during the course of one of a wide variety of 
severe illnesses, particularly serious infections, congenital heart dis- 
ease and other major developmental defects [3]. A proportion of 
these infants have been hypothermic, and occasionally sclerema has 
been described as a complication of neonatal cold injury [5]. Never- 
theless, cold does not appear to be an important aetiological factor 
in the majority of cases. 

Lipolytic mechanisms are poorly developed in the newborn, 
particularly in those born preterm [6]. The maturation of these 
enzyme systems might be further compromised by major infec- 
tion or hypoxia. It has been suggested that sclerema might reflect 
defective lipolysis within adipose tissue, which would result in 
failure of fat mobilisation and an impaired capacity to maintain 
body temperature. It has been reported that the ratio of saturated 
to unsaturated fatty acids is relatively high in the adipose tissue of 
all neonates, and that this ratio was even higher in an infant with 
sclerema [7]. This would lead to a raised melting point, and it is 


possible that the induration of subcutaneous fat, which is the major 
clinical feature of sclerema, might reflect its solidification due to 
a fall in the temperature of the adipose tissue during peripheral 
circulatory collapse. 


Pathology 

In most cases the subcutaneous fat layer appears to be thickened 
due to an increased size of the individual lipocytes and to an 
increased width of the intersecting bands of connective tissue, 
probably due to oedema [7,8]. There is very little evidence of fat 
necrosis and, generally, only the slightest indication of inflam- 
mation. The most characteristic histological feature of sclerema 
neonatorum is the presence of radially arranged, needle-shaped 
clefts in adipocytes and, occasionally, in multinucleate giant cells, 
reflecting the presence of crystals prior to processing (see Chapter 
97 for histopathological images and description). 


Environmental factors 
These are unclear. 


Clinical features 

History 

Sclerema neonatorum was first described by Underwood in 1784 
and was called ‘skinbound disease’ [2]. In 1817, Alibert intro- 
duced the term sclerema, derived from the Greek word skleros, 
meaning hard. 


Presentation 

Sclerema neonatorum is a very rare disorder that almost always 
appears during the first 1-2 weeks of life [2-4]. It predominantly 
affects preterm neonates, although there are some case reports of 
term babies with this presentation [9]. It has generally been consid- 
ered a non-specific sign of severe illness and has been associated 
with a mortality ranging from 82% to 98% [1]. The affected infant is 
generally very ill at the time of onset of sclerema. Woody induration 
of the skin starts on the buttocks, thighs or calves and extends 
rapidly and symmetrically to involve almost the whole surface 
(Figure 114.5), with the exception of the palms, soles and genitalia. 


Figure 114.5 Sclerema neonatorum in a newborn with generalised woody induration 
of the skin. Courtesy of Dr Luis Requena. 
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Neonatal cold injury 


Sclerema 


Subcutaneous fat necrosis 


Frequency Previously common, now rare 

Patient Full-term neonates, often small for dates, 
born at home 

Onset During the first week 


Sites Extremities, spreading centrally 


Rare, usually seen in neonatal intensive care units 

Usually severely ill neonates, often preterm or 
small for dates or post-term 

Almost always during the first week 

Lower limbs initially, becoming generalised 

Diffuse, yellow-white, woody induration with 
immobility of limbs 

Subtle; thickened connective tissue trabeculae, 


Uncommon 
Healthy infants, usually full-term 


1-6 weeks 
Trunk, buttocks, thighs, arms, face 


Firm, reddish violet, subcutaneous nodules 


Granulomatous inflammation, fat necrosis 


radial needle-like clefts 


Appearance Pitting oedema initially with redness or 
cyanosis of the face and extremities 

Histology Thin panniculus 

Prognosis Mortality around 25% 


The skin is bound to adjacent subcutaneous tissue including muscle 
and bone and therefore it cannot be pitted by pressure or pinched 
into a fold. This skin is hard and cold to touch, and yellowish white 
in colour, often with purplish mottling. Mobility is limited and this 
can result in a typical facial appearance. 


Differential diagnosis 

The main area of diagnostic confusion has been between sclerema 
and subcutaneous fat necrosis [10,11]. It is now clear that the two 
disorders are distinct pathologically and clinically, although rarely 
they can occur together. Table 114.4 outlines their distinguishing 
features. 

Scleredema has been reported in an infant at 2 weeks of age, 
and was distinguished from sclerema principally on histological 
grounds [12]. Turner syndrome is often recognisable at birth by the 
presence in a female of firm, non-pitting lymphoedema of the dorsa 
of the hands and feet, associated with low birth weight and loose 
folds of skin around the neck. Where primary lymphoedema occurs 
in neonates, it will already be clinically evident at birth. The condi- 
tion may be familial, and generally first affects the legs, particularly 
the lower legs. The presence of oedema at birth, and its very slow 
progression in an otherwise healthy neonate, distinguishes primary 
lymphoedema from sclerema. 


Complications and co-morbidities 
Respiratory insufficiency occurs due to restricted movement of the 
chest wall. 


Disease course and prognosis 

The prognosis is poor, and is largely determined by the nature of the 
underlying disease. In spite of advances in the treatment of many of 
the predisposing disorders, particularly sepsis, the mortality proba- 
bly remains in excess of 50%. In infants who survive, the appearance 
of the skin returns to normal without long-term complications such 
as calcification. 


Investigations 
Skin biopsy is the most useful test. 


Management 

First line 

Treatment of the underlying medical condition(s) in a neonatal unit 
is the key to survival. 


Poor; mortality greater than 50% in past 


Generally excellent 


Second line 

Systemic corticosteroids [13] are probably not effective but there 
is evidence that repeated exchange transfusions [14,15] and intra- 
venous immunoglobulin [16] may be helpful in some cases. 


Resources 


Further information 
Medscape, sclerema neonatorum: https: / /emedicine.medscape.com/article/1112191- 
overview (last accessed June 2023). 


MISCELLANEOUS DISORDERS 


Raised linear bands of infancy 


Definition and nomenclature 
These are raised bands found on the skin, usually of the legs, in the 
first few months after birth. 


Synonyms and inclusions 


e Persistent linear bands of infancy 
e Acquired raised bands of infancy 


Introduction and general description 

Raised linear bands of infancy was first described in 2002 in two 
premature babies [1]. Thirteen cases have since been described in 
both premature and term babies [2-7]. 


Epidemiology 
Incidence and prevalence 
Its incidence is unknown but it is very rare. 


Age 
The onset is usually at 1-2 months of age. 


Sex 
There is a female to male ratio of 8: 5. 
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Associated diseases 
Ina few cases amniotic band syndrome may be present with poten- 
tial limb defects obvious from birth. 


Pathophysiology 

The cause is unknown but various theories have been postulated 
revolving around the possibility of an abnormal reaction to pressure 
on the skin [5,6]. In the first four cases described, three of the children 
were born prematurely (28-31 weeks) and there was documented 
evidence of amniotic bands or placental abruption/placental tears 
[1-4]. Short toes and a club foot were described in two of these chil- 
dren. It was therefore suggested that either amniotic bands or some 
undetermined prenatal insult was the cause. However of the 13 cases 
described, 9 were in term children with no documented evidence 
of amniotic bands or limb constriction/defects. Marque et al. pos- 
tulated in their three cases [5] that the lesions arose exactly under 
where tight socks had been worn and the pressure effect of clothing 
may be relevant [6]. However, lesions have been described on the 
trunk, the buttocks and much higher up the leg where it seems less 
likely that occlusive clothing is an aetiological factor [3,4]. 


Pathology 

Skin biopsy is usually unremarkable. There may be a little oedema 
in the dermis and fat, but the collagen and elastin are normal [1-4]. 
There are no signs of smooth muscle or lipomatous naevus. One 
author has described a dermal infiltrate of adipocytes along blood 
vessels and eccrine ducts in two cases and suggested a similar aeti- 
ology to post-traumatic piezogenic pedal papules [5]. 


Genetics 

It is not known if there is an underlying genetic cause. Two familial 
cases have been described (brother and sister) but no consanguinity 
has been recorded. 


Clinical features 

History 

The raised bands typically present in the first few months of life. 
They are often multiple and can be symmetrical. They are common 
on the legs but may be found on the upper limbs and rarely the 
trunk. They vary from 1 to 3 mm across. 


Presentation 
The lesions are palpable and firm but not hard. 


Differential diagnosis 

This includes amniotic band syndrome/congenital pseudoainhum. 
While in a few cases amniotic bands have been suggested as a 
potential cause for raised linear bands of infancy, the amniotic band 
syndrome is a separate, more severe entity presenting with constric- 
tions at birth. These may lead to limb malformations, lymphoedema 
and even ischaemia and autoamputation (congenital pseudoain- 
hum). Constriction bands may also occur in other conditions such 
as Michelin tyre baby syndrome. If the amniotic band syndrome 
occurs early in utero malformations tend to be more extensive and 
include alopecia, aplasia cutis, neural tube defects and cranio-facial 
defects as well as limb constriction bands. Ultrasound and Doppler 
are used to assess limbs. Treatment is difficult in this condition and 
is by fetoscopic surgery when possible [7-9]. 


Classification of severity 
It is a benign, non-progressive but persistent condition. 


Disease course and prognosis 
The condition persisted in all but one case (longest follow-up to date 
is 18 years [5)). 


Investigations 

Most cases can be diagnosed clinically but a skin biopsy (which 
is essentially normal) may occasionally be required to exclude 
other conditions like Michelin tyre baby syndrome. The finding of 
adipocyte infiltrates along blood vessels by one author needs to be 
confirmed in other cases. 


Management 

Reassurance is usually all that is required and explaining that the 
lesions will probably persist lifelong. One case failed to respond 
to oral antihistamines. One case was treated with topical antihis- 
tamines and the lesions resolved within 3 months. This case was not 
biopsied and had some atypical features in that it presented late, at 
6 months (much later than the usual 1-3 months), in a child with 
marked dermographism [10]. Also, the clinical pictures showed 
more urticated and wider lesions than typical limb bands. 


Neonatal adnexal polyp 


Solitary, self-healing, polypoid lesions have been observed in some 
4% of neonates in a Japanese survey [1,2]; their occurrence in other 
racial groups has yet to be documented. These lesions are firm, pink, 
polypoid nodules, about 1 mm in diameter, usually found close and 
medial to one or other nipple. They have also been reported to occur 
on the scrotum, labia majora, cheeks, chin and arms [3]. 

Histology shows a normal epidermis, a vascular dermis contain- 
ing prominent hair follicles with vestigial sebaceous glands and 
well-developed eccrine glands. These lesions generally separate 
from the skin spontaneously after a few days but they may persist 
in early life [4-6]. 


Collodion baby 


Introduction and general description 
Collodion baby is a descriptive term that refers to an infant who is 
born encased in a tight shiny membrane. It may represent the first 
expression of some forms of ichthyosis, the commonest of which are 
the autosomal recessive ichthyoses [1,2]. 


Epidemiology 

Incidence and prevalence 

The incidence of collodion baby is approximately 1 per 100 000 deliv- 
eries [3]. 


Age 
It presents at birth. 
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Sex 
There is a slight predominance in males. 


Ethnicity 
There is an equal distribution. 


Associated diseases 

Up to 10% of babies born with a collodion membrane will later 
develop entirely normal skin. This is one end of the spectrum for 
this heterogeneous disorder and may be referred to as a ‘self-healing’ 
collodion baby. Almost 90% will, however, go on to develop a severe 
form of autosomal recessive ichthyosis in the first few weeks of 
life: lamellar ichthyosis and non-bullous ichthyosiform erythro- 
derma (synonym congenital ichthyosiform erythroderma) are the 
most common (Chapter 63) [1,2]. It is difficult to predict which 
children will go on to have normal skin or later develop a vari- 
ant of ichthyosis. The collodion baby phenotype is also reported 
in the rarer autosomal dominant form of lamellar ichthyosis [4] 
and in bathing suit ichthyosis [5]; it is also characteristic of the 
trichothiodystrophy—ichthyosis syndrome [6,7]. 

There are other ichthyoses in which an initial collodion baby 
phase has occasionally been reported. These include the Netherton 
syndrome [1], neutral lipid storage disease [8], loricrin keratoderma 
(syn. Camisa keratoderma) [9] and Sj6gren—Larsson syndrome [1], 
but the great majority of neonates with these disorders do not 
demonstrate the collodion baby phenotype. A transient collodion 
membrane has also been reported in Gaucher disease [10]. 

In about 10% of cases, the collodion baby phase is followed by 
a relatively mild ichthyosis of lamellar type or indeed normal skin 
(self-healing ichthyosis) [11,12]. 


Pathophysiology 
Predisposing factors 
Underlying genetic mutations predispose to this condition. 


Pathology 

Skin biopsy is not necessary for this clinical diagnosis. Indeed 
histopathology does not help predict the outcome. Histologically 
the membrane is a compact, thickened, orthokeratotic stratum 
corneum; the epidermis and dermis are both relatively normal 
[1,13,14]. 


Genetics 

As the collodion baby is not a disease entity but is the first expression 
of some forms of ichthyosis, early genetic testing is not advised. An 
underlying ichthyosis phenotype will usually reveal itself over the 
first few weeks of life after the collodion membrane has shed. At that 
point specific genetic testing can help confirm a diagnosis. 


Clinical features 

Presentation 

In severe presentations the baby will appear erythrodermic and 
encased in a rigid, shiny, glistening, yellowish, translucent covering 
resembling clear plastic film [1,2,15]. The tightness of the membrane 
may cause the eyelids to turn out revealing the pink inner lid; a 
condition called ectropion. Eclabium, the turning out of the lips 
due to the tightness of the membrane, may accompany ectropion, 


and may interfere with feeding. The nostrils may also be blocked. 
Restriction of the skin over the fingers, hands, toes and feet may 
result in immobility and could interfere with blood flow, occasion- 
ally resulting in the loss of parts of the digits [16]. Surgery may be 
required in cases of acute ischaemia to free the constrictive bands 
responsible. In the absence of surgery, the constrictive bands can 
lead to amputation (pseudoainhum) [16]. 

Within a few hours of birth, the membrane usually dries and 
cracks, and bleeding may occur along the resulting fissures. Within 
1 or 2 days, it starts to shed, either in extensive sheets or as large, 
light brown scales, but it may reform several times. The shedding 
will generally be more or less complete within 4 weeks. Subse- 
quently, the typical features of one of several varieties of ichthyosis 
will be revealed over the next few weeks or months. 

During the first day or two, tightness of the skin on the thorax may 
impede respiration, and very occasionally respiratory distress may 
also be induced by nasal obstruction. 


Clinical variants 

Rarely, the collodion phenotype may be confined to acral sites 
only. This usually heals spontaneously (‘acral self-healing collodion 
baby’) [12]. 


Differential diagnosis 

The appearance of the collodion baby is unmistakable. However, 
a baby with a severe collodion phenotype (marked ectropion 
and eclabium) may be confused with harlequin ichthyosis as the 
facial appearances can be similar (Chapter 63). However, a child 
with harlequin ichthyosis has much thicker skin, which typically 
encases the baby like a suit of armour with deep fissures. Harlequin 
ichthyosis shows almost fusion of the fingers and toes with thick 
palmoplantar skin. Finally, the ears are usually bound down to the 
scalp in harlequin ichthyosis whereas they are normally ‘free’ in col- 
lodion babies. Restrictive dermopathy also results in a neonate with 
tight and immobilising skin, but in this condition the skin appears 
thin and transparent, with prominent underlying blood vessels. 
The mouth is also open, but ectropion is not present. The skin does 
not dry out and come away. Death occurs rapidly as a consequence 
of respiratory failure. Neonates with the lethal autosomal recessive 
Neu-—Laxova syndrome may have skin changes closely resembling a 
collodion membrane. The condition is characterised by intrauterine 
growth retardation, and central nervous system, skeletal and cranial 
abnormalities. 


Complications and co-morbidities 

The collodion baby is at risk, largely because of the consequences of 

losing the skin barrier function [17]. This results in the following: 

¢ Impaired temperature regulation. 

e Increased insensible water loss, hypernatraemic dehydration and 
acute renal failure [18,19]. 

¢ Septicaemia (bacterial, Candida). 

e Percutaneous toxicity from topical medicaments (increased 
absorption). 

e Respiratory failure. Respiration may be impaired as a result of 
intrapartum aspiration of squamous debris shed into the amniotic 
fluid. Immobility of the chest may also compromise respiratory 
function, and predispose to pneumonia [20]. 
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With good neonatal care mortality figures have fallen from 50% in 
the 1960s to less than 5% today in the western world. 


Disease course and prognosis 

The longer-term outlook depends on which type of ichthyosis 
develops, and it is important to be aware that there is no correlation 
between initial severity in a collodion baby and the gravity of the 
ichthyosis that follows. While advances in genetics should soon 
allow routine genetic screening of collodion babies, the genotype 
does not always correlate well with phenotype, so a ‘wait and see’ 
policy is still required. 


Investigations 
Genetic analysis, if available, should be used. 


Management 

The most important element in treatment is an awareness of the 
possible medical complications from skin barrier failure. The baby 
should be nursed in an incubator in a high-humidity atmosphere, 
with careful monitoring of body temperature (overheating can also 
be an issue). Great attention needs to be given to fluid and electrolyte 
balance [21]. In severe cases fluid therapy should be given intra- 
venously, but in less severe cases oral or nasogastric fluid supple- 
mentation will suffice. Peritoneal dialysis may be indicated if renal 
failure occurs. Fluid loss is significantly reduced by frequent appli- 
cations of lipid; a 50% /50% mixture of white soft paraffin and liquid 
paraffin is ideal for this purpose. Frequent oiling of the skin increases 
mobility and comfort, accelerates healing of fissures and may reduce 
the risk of infection [22]. Supplemental feeds may be needed via a 
naso-gastric tube. Avoid topical products that contain active com- 
pounds (e.g. urea or salicylic acid) as toxicity is a real risk due to 
absorption. 

Prevention of infection is of the greatest importance in saving 
these babies. Great attention should be paid to this aspect of care. 
Skin punctures should be kept to a minimum, and vascular access 
should be avoided as far as possible. Deeper fissures are more 
likely to become infected especially if inflamed, so regular swabs 
should be done for bacteria and Candida as septicaemia is a common 
complication [21]. 

Bands of tight skin constricting the digits, hands or feet may occa- 
sionally require surgical division. 


‘Blueberry muffin’ baby (dermal 
erythropoiesis) 


This term has been used to describe a characteristic eruption in 
neonates, often present at birth, comprising widespread, purple-red, 
oval or circular macules, papules and nodules reflecting dermal 
erythropoiesis. 

The ‘blueberry muffin’ type of lesion has been recorded in a num- 
ber of congenital infections, congenital haematological disorders 
and neonatal neoplastic conditions (Table 114.5). 

There may be frank petechiae on the surface of some of the lesions. 
Favoured sites include the trunk, head and neck. The lesions gen- 
erally fade into light brown macules within a few weeks of birth. 


Table 114.5 Causes of ‘blueberry muffin’ baby. 


Underlying disease process Specific examples 


Congenital infections Rubella, cytomegalovirus, coxsackie B2, syphilis, 
toxoplasmosis [2-10] 

Hereditary spherocytosis, rhesus haemolytic 
anaemia, ABO blood group incompatibility, 
twin-twin transfusion syndrome, severe 
maternal anaemia [11-14] 

Erythropoietin [15] 

Congenital leukaemia, neuroblastoma, 
congenital rhabdomyosarcoma, Langerhans 
cell histiocytosis [16-27] 

Neonatal lupus erythematosus 

Gaucher disease [28,29] 


Haematological 


Drug induced 
Neoplasia® 


Inflammatory@ 
Lysosomal storage disease 


4 Shows ‘blueberry muffin-like’ lesions but dermal erythropoeisis is not always present 
histologically. 


Periorbital swelling can be observed in neuroblastoma, and less fre- 
quently in congenital leukaemia [1]. 

Histologically the lesions show foci of dermal erythropoiesis. The 
reticular dermis contains aggregates of nucleated and non-nucleated 
erythrocyte precursors, but generally no cells of myeloid or 
megakaryocytic type. It is possible that this process represents 
persistence and exaggeration of the dermal erythropoiesis that is a 
normal occurrence in early fetal development. 


Neonatal purpura fulminans 


Neonatal purpura fulminans is a rare but potentially lethal disorder 
characterised by a rapidly progressive haemorrhagic necrosis of the 
skin associated with cutaneous vascular thrombosis. It is probably 
best referred to as a form of disseminated intravascular coagulation 
(DIC) with associated purpura and haemorrhagic infarction func- 
tion of the skin [1]. 

It may result from genetically transmitted thrombophilic disorder, 
most commonly homozygous deficiency of protein C or, less fre- 
quently, protein S [2-8,9,10,11]. Protein C resistance has also been 
reported due to mutations in the factor V gene [12,13]. In the 
older child, purpura fulminans is a highly characteristic feature of 
meningococcal septicaemia, where it results from acquired defi- 
ciency of protein C or S. It may also occur as a result of acquired 
conditions (DIC, antiphospholipid antibodies, galactosaemia, 
severe congenital heart disease, warfarin therapy) [14]. 

Neonatal purpura fulminans can also rarely occur due to 
infection, such as with group B Streptococcus, meticillin-resistant 
Staphylococcus aureus, varicella, measles, Klebsiella, Enterobacter and 
Citrobacter [15-22]. 

The earliest cutaneous changes are redness and ecchymosis, 
which typically appear within the first 12 h of life but their initial 
development may occasionally be delayed. The lesions rapidly 
progress into more or less symmetrical and well-defined ‘lakes’ of 
confluent ecchymosis, without petechiae [2-8,9,10-15]. The lesions 
occur most often on the limbs, particularly at sites of pressure, but 
may also appear on the trunk and on the face and scalp. The onset 
is sudden, and the lesions enlarge rapidly, with coalescence and the 
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development of haemorrhagic bullae and central necrosis. There 
is surrounding redness and the lesions are tender. The patient is 
frequently febrile. These infants are also at risk of thrombosis in 
the central nervous system and in the retinal vessels. There is a 
substantial danger of internal haemorrhage, shock and death. 
Treatment should be carried out in a specialist neonatal unit 
[7,13,15]. The early institution of extracorporeal membrane oxy- 
genation (ECMO) with aggressive intensive care management has 
led to improved outcomes [23]. Initially, fresh frozen plasma should 
be given urgently in a dose of 10-15 mL/kg/12 h. If protein C 
deficiency is confirmed, onward therapy with protein C concentrate 
should continue until the skin lesions have healed [24]. Longer-term 
treatment is with oral anticoagulants. Liver transplantation can be 
curative. Any concomitant infection needs to be treated as well. 


INFECTIONS — |S SJ?“ 


Although infectious diseases affecting the skin are described in 
detail elsewhere in this book, the clinical features of some of the 
more important infections affecting the skin during the neonatal 
period will be briefly considered here because of their importance 
in the differential diagnosis of other dermatoses. 


VIRAL INFECTIONS 


Neonatal herpes simplex 


Herpes simplex virus infection in the newborn is generally a serious 
disease with a high mortality (Chapter 25). The worldwide incidence 
is estimated at about 10/100 000 live births and up to 40% of such 
infants are premature [1,2]. The majority of infections are a result of 
peripartum transmission of HSV type 1 (20%) and HSV type 2 (80%) 
through contact with an infected genital tract during delivery [1-4]. 

However, intrauterine HSV infection occurs rarely (5% of all 
neonatal HSV infections) [5], due either to transmission across the 
placenta or to ascending infection related to prolonged rupture of 
the fetal membranes. Intrauterine HSV is usually due to HSV type 2 
and the risk is higher when HSV is a primary and/or disseminated 
infection in the mother. Infection may also occur postnatally by 
contact with non-genital sites, both maternal and non-maternal [6]. 

Most infants with neonatal HSV infection are born to mothers who 
have no previous history of genital HSV and who show no overt 
clinical signs of herpes at delivery. Up to two-thirds of women who 
acquire genital HSV during pregnancy manifest no symptoms or 
develop non-specific symptoms [2]. Over 70% of all infants with 
neonatal HSV infection have skin or mucosal lesions [7-9], but only 
in about 10-20% of cases will the disease be confined to the skin or 
mucous membranes. The skin lesions appear between days 2 and 20, 
unless intrauterine infection has occurred, in which case they will 
generally already be present at birth [5,10]. 

Isolated or grouped vesicles are the most common type of lesion, 
and the scalp and face are the most commonly affected sites, 
although lesions can occur at virtually any site (Figure 114.6). 
Occasionally, the eruption may be generalised and bullous, and 


Figure 114.6 Neonatal herpes simplex showing congenital ulceration and scarring at 10 
days. This infant responded rapidly to aciclovir therapy and is now entirely healthy apart 
from residual atrophy. 


widespread erosions may occur without obvious vesicles or bullae, 
mimicking epidermolysis bullosa [10]. When infection is acquired 
during birth, the initial lesions have a predilection for the scalp 
in vertex presentations, and the perianal area in breech presen- 
tations. Lesions may also be localised to areas of intrauterine or 
intrapartum skin damage [9,11], such as the area in which a fetal 
scalp electrode was sited. Areas of cutaneous atrophy or scar- 
ring are not infrequent in the intrauterine form, and vesicular 
lesions may continue to appear within or at the periphery of these 
areas [5,12]. A zosteriform pattern has also been described and, 
in some cases [13,14], localised or generalised non-vesicular red 
macules. Congenital cutaneous calcification has been reported 
in a child with intrauterine HSV infection [15]. Oral lesions are 
also frequent, and take the form of erosions on the tongue, palate, 
gingivae and buccal mucosa. It may also present with widespread 
aplasia cutis [16]. 

A fatal outcome is unusual when infection is limited but mortality 
is high in disseminated or central nervous system infections even 
with appropriate therapy. Mortality is also higher with HSV type 2 
infection [3]. Early recognition and adequate early treatment with 
aciclovir appear to protect infants from dissemination of infection 
where this is initially confined to the skin [11,12,17]. 

HSV infection in premature infants is even more severe in terms 
of clinical outcomes. In one study, 9 of 12 infants died and the 
other 3 had neurological sequelae [18]. It is also more difficult to 
diagnose as vesicular lesions are found in less than half of cases. 
It often presents with respiratory distress and thrombocytopenia. 
Non-specific signs such as lethargy, hypotension, raised aspartate 
transaminase and fits have also been observed. Diagnosis is by 
culture/PCR but treatment with intravenous aciclovir should not 
be delayed if HSV is suspected. 

Ganciclovir (need to monitor for neutropenia) and foscarnet 
have also occasionally been used in treatment [19]. There is 
insufficient evidence to suggest that aciclovir prophylaxis in 
the third trimester of high-risk pregnancies affects the incidence 
of neonatal HSV although it will lessen the need for caesarean 
section [20]. 


; Infections 114.23 


Fetal varicella syndrome 


Approximately 90% of adults are seropositive for the varicella-zoster 
virus (VZV) antibody. If a woman is seronegative, she may develop 
chickenpox during pregnancy (Chapter 25); this occurs in up to 10 
per 10 000 pregnancies [1]. The infection may be transmitted to the 
fetus in about 25% of cases. Such transmission of VZV to the fetus 
is very rare in mothers who develop herpes zoster (shingles) during 
pregnancy [2]. 

When a mother develops varicella between the 7th and 20th week 
of pregnancy, spontaneous abortion may follow, or the child may 
be born with a variety of abnormalities considered characteristic 
of fetal varicella syndrome (FVS) (Box 114.3) [3-6]. This appears 
to occur most frequently when maternal infection has occurred 
between weeks 13 and 20 [1]. However, most children of such 
mothers are born with no detectable abnormality, despite labora- 
tory confirmation of intrauterine infection. FVS therefore appears to 
be a relatively rare complication of maternal varicella early in preg- 
nancy, with a fetal risk of approximately 2% [2,5,7]. Some authors 
have argued that occasionally FVS can occur as late as 28 weeks 
into the pregnancy [7,8]. 


Box 114.3 Principal clinical features of the fetal 
varicella syndrome 


¢ Low birth weight 

¢ Cutaneous lesions: 
¢ Localised absence of skin, usually on a limb 
¢ Scars, often of dermatomal outline 
e Papular lesions resembling connective tissue naevi 

¢ Hypoplasia of one or more limbs (usually the limb affected by 
localised absence of skin or scarring) and/or malformed digits 

¢ Ocular anomalies, including chorioretinitis, cataracts, 
microphthalmia, Horner syndrome 

¢ Central nervous system abnormalities, including seizures, mental 
retardation, hydrocephalus, cortical atrophy, encephalitis, 
encephalomyelitis, dorsal radiculitis 


Localised scarring, presumed to be the sequel to intrauterine 
ulceration, is the most common cutaneous feature of FVS. The 
larger single lesions characteristically occur on a limb, and have fre- 
quently been associated with hypoplasia of that limb; these lesions 
have generally followed infections occurring in early pregnancy 
[3,7-13]. Their segmental outline may be a direct consequence of 
damage to the fetal nervous system [4,9], as VZV is known to be 
strongly neurotropic, or to fetal herpes zoster [11]. The occurrence 
of larger numbers of smaller lesions appears to result mainly from 
varicella later in the pregnancy; their antecedents seem likely to be 
vesicular lesions, essentially the same as those occurring in postna- 
tal varicella. If fetal infection has occurred in the last trimester, these 
smaller skin lesions, reflecting fetal varicella, may still be ulcerated 
at birth [14]. 

Areas of congenital localised absence of skin, without associated 
limb hypoplasia or other neurological abnormalities, have been a 
less well-recognised consequence of intrauterine varicella [15-17] 
and may reflect fetal herpes zoster infection later in gestation. 


Skin-coloured papular lesions [18] and more verrucous lesions [19] 
have also been described in children with FVS. 

If a child is born with ‘full-blown FVS’ the mortality is about 25% 
in the first 3 months of life [1]. 

Herpes zoster infection in early infancy is likely to indicate that 
the child has been infected with VZV in utero [20]. 

Pregnant women who are not immune (on the basis of history 
and, preferably, serology), and who experience exposure to VZV, 
should be given varicella-zoster immune globulin (VZIg) [21,22]. 
Although this can prevent or modify clinical varicella if given up to 3 
days after contact, there is no definite evidence that it prevents fetal 
infection or damage [2]. Giving VZIg to neonates of mothers who 
have chickenpox at the time of delivery does not appear to reduce 
the incidence of clinical infection but may reduce its severity [23]. 
But, as the risk of fetal damage is small, termination of pregnancy is 
not indicated. Ultrasound examinations can be performed to detect 
some of the abnormalities that occur in the cardiovascular system, 
but several of the important ocular and neurological sequelae cannot 
be diagnosed in this way. 

There are no reports that establish a role for aciclovir therapy in 
the prevention of FVS. Therefore, the decision whether to treat the 
mother should be based solely on the severity of her illness [21]. 

A potentially dangerous situation relates to maternal develop- 
ment of varicella in the 4 days either side of delivery [24]. In this 
case, neonatal varicella may also occur, but, in the absence of the 
protection offered by the maternal immune system, mortality may 
be as high as 30%. Where maternal infection occurs at this time, 
VZIg is recommended for the newborn. If overt varicella develops 
in the child, intravenous aciclovir should be added to the VZIg [25]. 


Congenital rubella 


Rubella contracted by the fetus before the 20th week of gestation 
may result in disseminated infection, causing intrauterine growth 
retardation, microcephaly, microphthalmia and a wide variety of 
other abnormalities [1,2] (Chapter 25). Cutaneous lesions are among 
the most prominent clinical features of congenital rubella [3-7]. The 
typical lesions are present at birth, or make their appearance during 
the first 48 h. They comprise discrete, rounded, red or purple infil- 
trated macules, 3-8 mm in diameter. Although such lesions may 
be seen at any site, they generally occur in the largest numbers on 
the face, scalp, back of the neck and trunk. Occasionally, the lesions 
are slightly raised. They tend to fade over a period of weeks. These 
lesions have often been described as ‘purpuric’ and have generally 
been attributed to thrombocytopenia, which is another common 
feature of congenital rubella [4]. However, histological examination 
has shown them to comprise foci of dermal erythropoiesis [3,8]. 
Such lesions have frequently been described as ‘blueberry muffin’ 
lesions. Genuine thrombocytopenic purpura is probably rather 
uncommon. 

Other reported skin manifestations of congenital rubella have 
included cutis marmorata, seborrhoea and hyperpigmentation 
of the forehead, cheeks and umbilical area [9], and discrete deep 
dimples over bony prominences, particularly the patellae [10]. 

Fewer cases are seen today and comprehensive vaccination pro- 
grammes should allow for eradication of this condition [11]. 
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Human immunodeficiency virus 
infection 


Human immunodeficiency virus (HIV) infection may be transmit- 
ted to the infant in utero, during delivery or through breastfeeding 
(Chapter 31). Because most infections are probably transmitted 
around the time of birth, clinical manifestations are not commonly 
seen for the first few months, and some infected infants will remain 
asymptomatic for many years before manifestations first appear. 

Mucocutaneous manifestations are common in infant HIV infec- 
tion and frequently have an infective aetiology [1-3]. In a study in 
Ethiopia up to 75% of HIV-positive children had one or more muco- 
cutaneous disorders — again showing infection to be more common 
than inflammatory disorders [4]. Studies in Tanzania [5] and Thai- 
land [6] have shown similar results. Skin disease is more prevalent 
when there is a higher degree of immuosuppression. 

Persistent mucocutaneous candidiasis is the commonest of all. 
In addition to infection of the oral and nappy areas, there may be 
extensive cutaneous involvement. Dermatophyte fungal infections 
are also characteristic, and infection with more unusual fungi 
may occur, including Aspergillus [7]. Bacterial infections include 
unusually severe or recurring impetigo, folliculitis, cellulitis and 
abscesses. Problems with viruses include atypical chickenpox, 
herpes zoster, herpes simplex and unusually severe molluscum and 
human papillomavirus infections. Norwegian scabies may present 
in infancy. 

A wide variety of non-infectious manifestations of HIV infection 
may also occur. Ina study of Ethiopian children [4], ‘papular pruritic 
eruption of HIV’ was the most common inflammatory disorder, seen 
in 30% of cases. Seborrhoeic dermatitis (sometimes severe) was also 
common, affecting 8% of children. 

Drug eruptions are more frequent, especially with trimethoprim— 
sulfamethoxazole. 


BACTERIAL INFECTIONS 


As in older children and adults, Staphylococcus aureus causes a wide 
variety of cutaneous lesions in neonates. Other bacterial sources 
are important too, such as streptococci, Listeria monocytogenes, 
Pseudomonas aeruginosa and Neisseria meningitidis. 


Bullous impetigo 


The neonate is peculiarly liable to the development of bullous 
impetigo, which is most often caused by phage group II strains 
of S. aureus [1]; meticillin-resistant S. aureus has been reported as 
a causative organism [2] (Chapter 26). The disorder in neonates 
differs in no significant way from that in older children and adults, 
although it was formerly distinguished by the rather confusing term 
pemphigus neonatorum. Epidemics of bullous impetigo, in which 
some infants may develop staphylococcal scalded skin syndrome, 
have occurred in neonates due to transmission of infection in the 
nursery principally via nursing or medical staff [3-7]. Although the 


infection is acquired in hospital following delivery, the lesions do 
not generally appear until the second week of life, when the child 
will usually have left hospital. 

The perineum, periumbilical area and neck creases are predilec- 
tion sites for the initial lesions. Rapidly enlarging bullae with thin, 
delicate walls and a narrow, red areola contain clear fluid at first, 
which may later become turbid or frankly purulent. The condition 
may remain localised or become widespread. Untreated generalised 
bullous impetigo in the neonate is associated with a significant mor- 
tality; serious complications including lung abscess, staphylococ- 
cal pneumonia and osteomyelitis have been reported, even in cases 
treated with antibiotics [8,9]. 

The differential diagnoses of bullae and erosions in the neonate 
are given in Box 114.4. 


Box 114.4 Differential diagnoses of bullae and/or 
erosions in the neonate [10] 


More common disorders 

¢ Miliaria crystallina 

¢ Bullous impetigo 

¢ Thermal or chemical burns 

¢ Sucking blisters 

Rare disorders 

¢ Mastocytosis 

¢ Infections: neonatal herpes simplex, fetal varicella syndrome, herpes 
zoster, congenital syphilis 

¢ Passively transferred: pemphigus vulgaris, pemphigoid gestationis 

¢ Bullous pemphigoid 

¢ Porphyrias: congenital erythropoietic porphyria, transient 
porphyrinaemia 

¢ Transient myeloproliferative disorder (Down syndrome) 

¢ Congenital absence of skin 

e Langerhans cell histiocytosis 

e Extensive congenital erosions and vesicles healing with reticulate 
scarring 

¢ Genodermatoses: epidermolysis bullosa, AEC syndrome, 
Weary-Kindler syndrome, ectodermal dysplasia—skin fragility 
syndrome (plakophilin-1 deficiency), bullous ichthyosiform 
erythroderma, incontinentia pigmenti 


AEC, ankyloblepharon/ectodermal dysplasia/cleft lip and palate. 


Staphylococcal scalded skin syndrome 


The staphylococcal scalded skin syndrome (SSSS) was first 
described in neonates by a German, Ritter von Rittershain [1]. 
It is caused by epidermolytic toxins A and/or B, which are elab- 
orated by certain strains of S. aureus, most commonly of phage 
group II, particularly strains 71 and 55 [2,3] (Chapter 26). These 
toxins reach the skin via the circulation from a distant focus of 
infection, usually in the umbilicus, breast, conjunctiva or site of 
circumcision or herniorrhaphy. Transmission of the causative toxin 
through human milk has been reported [4]. Both these toxins attack 
desmoglein 1 (a desmosomal protein), so mucosal involvement 


does not occur (this is analogous to pemphigus foliaceus, which has 
the same target antigen) [5,6]. 

The disorder is most often seen in young children, particularly 
in neonates. The very much greater incidence of this condition in 
neonates is believed to reflect less efficient metabolism and excretion 
of the toxin. Multiple cases can occur in a neonatal unit [6]. Cases 
occurring in later childhood tend to be associated with underlying 
disease, especially immunosuppression and renal failure [7]. 

It does not present at birth, although it may appear within the 
first few hours thereafter [8]. The first sign of the disease is a faint, 
macular, orange-red, scarlatiniform eruption [3,4]. The eruption 
generally becomes more extensive, and over the next 24-48 h turns 
to a more confluent, deep redness with oedema. The surface then 
becomes wrinkled before starting to separate, leaving raw, red 
erosions. Sites of predilection for the development of erosions are 
the central part of the face, the axillae and the groins. It can result in 
widespread skin denudation. 

Extreme tenderness of the skin is an early feature, and may occur 
at a stage where cutaneous signs are not yet striking. The child is 
pyrexial and distressed. These features can lead to a suspicion that 
the child has arthritis or an acute abdomen. The presence of impetig- 
inous crusting around the nose and mouth can be diagnostically 
helpful. Recovery is usually rapid, even without antibiotic therapy, 
although infants occasionally die in spite of such treatment. Healing 
occurs without scarring. 

The scalded appearance of the skin differentiates the disease from 
bullous impetigo, and the rapid onset with marked cutaneous ten- 
derness distinguishes it from most of the other causes of erythro- 
derma in infancy. The rarity of clinically apparent bullae and the 
confluent nature of the rash help differentiate it from those bullous 
disorders likely to be seen in young children. 

Milder forms of SSSS have been described where the same 
toxin-producing S. aureus is isolated but where clinically the rash 
starts as impetigo on the face followed by an exanthem with peeling 
mostly confined to the skin folds [9]. The children have mild pyrexia 
but no shock or fluid disturbance. 

The main differential diagnosis is toxic epidermal necrolysis but 
this condition shows mucosal involvement. If there is any doubt, the 
two conditions may be distinguished by histology; a frozen section 
provides rapid differentiation. The level of split in toxic epidermal 
necrolysis is lower at the subepidermal level, but is intraepidermal 
in SSSS. 

Treatment is with either a penicillinase-resistant penicillin ana- 
logue, such as co-amoxiclav, or with a cephalosporin or sodium 
fusidate [10,11]. A recent study found that SSSS-associated isolates 
demonstrated significantly higher rates of clindamycin resistance 
and lower rates of nestling resistance compared with overall 
staphylococcal infections. Clindamycin, a ribosomal inhibitor, is 
frequently recommended as a first line agent in SSSS to reduce 
toxin production. Cephalosporins are now favoured for empirical 
therapy [12]. If the attack is severe, the drug should initially be 
given intravenously. Systemic corticosteroids are contraindicated as 
they aggravate the disease [13,14]. Appropriate compensation must 
be made for heat and fluid losses and hyponatraemia. Pain will 
also require treatment, and affected infants will generally be much 
more comfortable if the lesions are dressed rather than left open 
[15]. In severe cases, it may occasionally be justifiable to ventilate 


the patient in order to obtain adequate relief of pain. Pneumonia 
itself can be a complication. 

Even with treatment mortality is 2-10% in children, but this usu- 
ally reflects late diagnosis. 


Periporitis staphylogenes and sweat 
gland abscesses 


Periporitis staphylogenes is the term applied to pustular lesions 
appearing in neonatal skin as a result of secondary infection of 
miliaria by S. aureus [1-4]. Such lesions may progress to sweat gland 
abscesses, although it is not clear whether sweat gland abscesses are 
always a complication of miliaria. These disorders have in the past 
been incorrectly called ‘folliculitis and furunculosis of the newborn’. 
Sweat gland abscesses are distinguished from furuncles clinically 
by a lack of any tendency to ‘point’, ‘coldness’ and the absence of 
tenderness. Outbreaks caused by medical staff in neonatal units 
have been described [5]. 

Periporitis must be distinguished from miliaria pustulosa, which 
is not an infective disorder, and from bacterial folliculitis, which 
in the neonate is usually caused by S. aureus. Candida albicans and 
Malassezia furfur may also cause pustulosis in the neonate, and a 
number of non-infective conditions may cause confusion such as 
eosinophilic pustulosis. 


Mastitis and breast abscesses 


Infection of the breast is common and is usually associated with S. 
aureus, but a variety of other bacteria may be responsible includ- 
ing Acinotobacter buamannii and Foeniculum vulgare [1-3]. It is almost 
always unilateral; it occurs within the first 8 weeks of life, most com- 
monly in the second or third week of life. It occurs more often in girls 
than boys, and only very rarely in the preterm infant. The affected 
breast is swollen and often red and hot. Systemic toxicity is usually 
absent. Fluctuation implies abscess formation, which will require 
surgical drainage [4]. Colour flow Doppler ultrasound helps distin- 
guish mastitis from an abscess [5,6]. The development of a breast 
abscess may lead to the loss of breast tissue in the longer term [4,7]. 


Neonatal staphylococcal cold 
abscesses of the large folds 


A number of neonates have been described presenting with ‘cold’ 
abscesses in the skin folds (groins and axillae) shortly after birth 
[1]. These children are well with no associated fever or malaise 
although the lesions may fistulate. Lesions have also been seen in 
occipital, submandibular and supraclavicular areas. There may be 
an associated omphalitis. Culture of pus from these lesions grows 
S. aureus. Treatment with oral antibiotics is usually sufficient and 
leads to rapid resolution of the lesions, although some children may 
require an incision and drainage procedure [2]. 
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Omphalitis 


Omphalitis is rare in the developed world (0.7% of births) but is 
more of a problem for developing countries (up to 6% of births). 
The mean age of development is 3.2 days [1]. It is characterised by 
redness, oedema and discharge of the umbilical ‘stump’. Cases can 
progress to cellulitis and deeper tissue infection. It is more common 
in protracted labour, non-sterile delivery and cord care, prematurity, 
low birth weight and some cultural practices such as the application 
of tobacco ash [2]. 

The umbilical cord may become colonised by a variety of 
potentially pathogenic bacteria, and an equally wide variety of 
topical antiseptics and antibiotics have been used in an attempt to 
reduce this colonisation. The use of hexachlorophane was popular 
until it became apparent that this could lead to serious neurotoxi- 
city, particularly in the preterm infant [3]. The best substitute may 
be chlorhexidine, applied as a dusting powder or aqueous solution 
rather than as an alcoholic solution [4]. In developing countries, 4% 
chlorhexidine has been shown to reduce omphalitis and to reduce 
neonatal mortality [5-8]. Since 1998, the World Health Organization 
has advocated the use of dry umbilical cord care where possible 
[9]. A recent meta-analysis provided no evidence for antiseptic 
treatment of the cord with chlorhexidine [8]. 

Occasionally, infection of the umbilical cord becomes dissemi- 
nated, either by bloodstream invasion or by direct extension via 
the umbilical vessels to the peritoneal cavity. Tetanus, diphtheria 
and necrotising fasciitis [10] may also occur as complications of 
umbilical infection. Such infections are still responsible for a high 
proportion of deaths in the neonatal period in developing countries. 


Preorbital and orbital cellulitis 


Preorbital cellulitis is restricted to the part of the orbit anterior 
to the orbital septum and is manifest by eyelid swelling. Orbital 
cellulitis involves the structures deep to the septum and presents 
with painful proptosis, eyelid oedema and conjunctival redness [1]. 
A variety of bacteria can cause these infections, such as S. aureus, 
including meticillin resistant strains [2,3], and group A and other 
streptococci. One should always be alert to the possibility of group 
B Streptococcus as a rare cause of periorbital cellulitis or any form of 
cellulitis in a neonate in view of the high risk of septicaemia with 
this organism [4,5]. Treatment is with intravenous antibiotics and 
occasionally surgery. 


Necrotising fasciitis 


This name is given to a distinctive form of cellulitis in which 
infection tracks along the fascial planes, causing thrombosis of the 
blood vessels running through the fascia with resulting necrosis 
of the skin, subcutaneous fat and even muscle [1,2] (Chapter 26). 
In neonates, it may arise spontaneously, but most often is a com- 
plication of physical birth trauma, omphalitis, breast abscess or 
iatrogenic skin wounds such as result from scalp electrodes [3,4] or 


circumcision [5]. The mother’s genital tract may also be the source 
of the infection [6,7]. 

Initially, the infant develops what appears to be straightforward 
cellulitis, usually affecting the abdominal wall. However, the child 
becomes disproportionately toxic, and the area affected becomes 
indurated, discoloured and extends progressively [2,8-10]. The 
surface may show a peau d’orange appearance. Purpura and, occa- 
sionally, bullae may develop in the centre of the indurated area, 
often followed quite rapidly by frank necrosis. The destruction of 
superficial nerves results in local cutaneous anaesthesia. Gas and 
crepitation may be clinically apparent, or may be seen radiologically. 
Fever is not invariably present. 

A wide variety of bacteria have been associated with necro- 
tising fasciitis, most commonly group A streptococci, but also 
group B streptococci, Staphylococcus aureus and Escherichia coli [7-9]. 
In many cases, a synergistic infection by aerobic and anaerobic 
organisms appears to be responsible. Occasionally, fungi have 
been responsible. Antibiotic (and antifungal) therapy appears to 
be of limited value in this potentially lethal situation. The most 
important aspect of treatment is early surgical excision of the 
necrotic tissue [9,10]. This ‘gold standard’ of treatment has been 
challenged by some authors who advise a more conservative 
approach [11,12], but most doctors would still advise early surgical 
debridement. Cultured epidermal autografts have also been used 
successfully [13]. 


Neonatal listeriosis 


Listeriosis during the neonatal period is uncommon, but dan- 
gerous. The responsible organism, Listeria monocytogenes, may be 
transmitted to humans principally through contaminated foods [1]. 
In pregnancy, it causes a non-specific, mild, influenza-like illness in 
the mother [2,3], but it may lead to transplacental infection of the 
fetus. Maternal HIV infection may predispose to neonatal listeriosis 
[2]. Adult listeriosis has increased in a number of European coun- 
tries during the early 21st century, but mostly in the elderly and 
not as yet in pregnancy-related cases [4]. Attention to food hygiene 
and recall of contaminated products have reduced the prevalence 
of neonatal listeriosis by 44% in the USA. Products made with 
unpasteurised milk are a common source of infection. A large 
epidemic of L. monocytogenes occurred in South Africa in 2017; 
epidemic neonatal listeriosis was associated with a predominance 
of bacteraemic, early-onset disease. Listeriosis-associated mortality 
rates were higher than previously published [5]. 

Clinically, there are early-onset and late-onset forms of neonatal 
listeriosis [6-11]. The early-onset form results from the develop- 
ment of miliary granulomas following blood-borne dissemination 
of infection. Severely affected babies tend to be born prematurely 
and there is a high mortality. Postmortem studies reveal miliary 
granulomas in many organs. A few infants will have analogous 
miliary skin lesions during life, manifest as scattered, discrete, grey 
or white papules or pustules about 1-2 mm in diameter, with a red 
margin, which will provide a source of organisms for culture. The 
back appears to be the site of predilection for such lesions, which 
are also seen in the mouth and on the conjunctiva. Other cutaneous 


lesions have been described in such babies, including purpura and 
morbilliform rashes. However, in the majority of cases the skin is 
not involved in the initial clinical presentation [12]. 

The late form of the disease is commoner, taking the form of 
meningitis, occurring a week or two after birth. 

Diagnosis is by culturing the organism from a variety of sites, 
including cerebrospinal fluid, blood, urine and from biopsy mate- 
rial, including the skin. Treatment is usually with a combination of 
parenteral ampicillin with gentamicin or tobramicin, followed by a 
prolonged 3—-4-week course of oral ampicillin. 


Ecthyma gangrenosum 


Pseudomonas aeruginosa is common in the hospital environment and 
infections are encouraged by the widespread use of broad-spectrum 
antibiotics (Chapter 26). A weak mechanical defense barrier and 
underdeveloped cellular or humoral immunity increase the risk 
of infection from this pathogen in newborns. Most, but not all, 
neonates who develop the skin lesions of ecthyma gangrenosum 
have P. aeruginosa septicaemia, usually in the context of predis- 
posing factors that include prematurity, renal failure, neutropenia 
and other immunodeficiencies, necrotising enterocolitis and bowel 
surgery [1-3,4]. Occasionally, the lesions develop at the site of direct 
inoculation of the causative organism. Other bacteria have been 
implicated such as E. coli and Klebsiella [4,5,6]. 

Histologically, the presence of vasculitis, due to bacterial infiltra- 
tion of the vessel walls, is characteristic, together with haemorrhage 
and necrosis [7]. For this reason skin biopsy can be very helpful in 
diagnosis. 

Clinically, lesions initially take the form of painful macular red 
skin or purple ecchymosis [1-3,4,8,9]. The centre then generally 
develops either vesicles (or less commonly bullae) or pustules, 
which rapidly ulcerate. Subsequently one or more ulcers occur, 
each with a depressed, necrotic, often black, crusted centre and a 
raised edge. The perioral and perianal areas may show grouped 
lesions. 

This infection is potentially dangerous when it occurs in the 
setting of septicaemia. Appropriate parenterally administered 
combination antibiotic therapy will be required. Awareness of this 
presentation in neonates is critical since its presence prompts the 
need for early treatment, as Pseudomonas infections carry a high 
mortality rate [9]. 


Noma neonatorum (cancrum 
oris/oro-facial gangrene) 


Noma neonatorum is a gangrenous disorder. The primary site of 
involvement is the oral cavity. Other sites have included the nose, 
eyelids, umbilicus, scrotum and groin [1-3]. Reported onset is from 
the third postnatal day to 120 days of age. Noma neonatorum occurs 
in low-birth-weight and/or premature neonates, almost exclusively 
in developing countries [1-3]. It is frequently caused by P. aerugi- 
nosa and is almost invariably lethal in the absence of appropriate 


antibiotic treatment. A similar condition may be seen in older chil- 
dren and adults in the context of poor nutrition, delayed growth and 
immunodeficiency [4,5]. It was also seen in concentration camp vic- 
tims in the Second World War. 

Treatment is with parenteral antibiotics and often requires plastic 
surgery later to repair large facial defects. Surgical repair is generally 
delayed for 1 year post resolution [6]. 


Purpura fulminans 


Although in the newborn this condition is most often a reflec- 
tion of genetically transmitted thrombophilic disorder, it may be 
caused by acute infections, particularly with endotoxin-associated, 
Gram-negative bacteria such as Neisseria meningitidis [1,2]. 


Congenital syphilis 


Congenital syphilis is described in detail in Chapter 29, but its 
cutaneous manifestations in the neonate will be considered here 
briefly because of their importance in differential diagnosis [1]. 
About 15% of children born to mothers with untreated syphilis will 
contract congenital syphilis, but fetal loss/stillbirth occurs in about 
20% of such pregnancies. 

The skin is clinically affected in about 40% of neonates with 
congenital syphilis [1,2]. In such cases, the skin is usually of normal 
appearance at birth, the initial lesions occurring between the second 
and eighth week, and occasionally later. Sites of predilection are 
the ano-genital area, the face and the palms and soles. The lesions 
themselves are reddish brown in colour; they may be macular or 
papular, and tend to be larger and firmer than those seen in acquired 
secondary syphilis (Figure 114.7). In about 3% of cases the lesions 
are bullous; keratoderma and desquamation of the extremities 
have been described [3,4]. Paronychia is commonly present. Small, 
round, moist, papular lesions, traditionally termed mucous patches, 


Figure 114.7 Congenital syphilis showing nummular erythematosquamous lesions in a 
4-week-old infant. 
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are frequently present in the mouth and on other mucosal surfaces. 
Condylomata lata may be present in the ano-genital flexures or at 
other flexural sites, for example between the toes or in the angles of 
the mouth. 

Birth weight is below 2500 g in approximately 50% of affected 
infants. Apart from the cutaneous features, the most frequent clin- 
ical manifestations of congenital syphilis in the newborn are hep- 
atomegaly, splenomegaly, jaundice, pneumonia and rhinitis, often 
with a blood-stained discharge. 

The recent resurgence in the incidence of syphilis in many coun- 
tries may lead to an increase in cases of congenital disease, especially 
where antenatal care is poor [2,5,6]. 


Congenital tuberculosis 


Tuberculosis in the newborn due to transmission of infection in utero 
is relatively rare (Chapter 27). The lungs and/or liver tend to be 
the predominant sites of involvement, and skin manifestations are 
unusual. However, cutaneous lesions have occasionally occurred, in 
the form of small numbers of discrete, umbilicated, red papules up 
to 4 mm in diameter [1]. Congenital tuberculosis has a high mortal- 
ity rate. In a recent retrospective review from China the mortality 
rate was 43.48% [2]. 


FUNGAL INFECTIONS 


Both Candida and Malassezia species can cause neonatal fungal dis- 
ease. There are two distinct forms of neonatal candidiasis, present at 
birth or seen in the first weeks of life. 


Neonatal candidiasis 


This is a relatively common disorder that occurs in the early weeks 
after birth, in the form of oral candidiasis with or without candidia- 
sis in the nappy area (Chapter 32). The rash is usually focused in the 
perianal area and is a deep ‘beefy’ red colour, with a moist appear- 
ance, often with pustules at the periphery, which is often scalloped 
in outline. Just beyond the margin, in as yet unaffected skin, there 
may be punctate red lesions, sometimes pustular (‘satellite’ lesions). 

It is assumed that the infection is acquired during delivery from 
the mother’s genital tract, and it should be borne in mind that the 
frequency of vaginal candidiasis at the time of delivery is between 
20% and 25% [1]. 

Occasionally, the rash may become more generalised. The occur- 
rence of localised palmar pustules in an infant with neonatal oral 
candidiasis was believed to reflect the inoculation of Candida from 
the mouth into the skin as a result of sucking [2]. 

Treatment is with topical anticandidal creams and oral gels. Sys- 
temic neonatal candidiasis is a particular problem for preterm babies 
on intensive care units where it can cause septicaemia and death. 
Often there are no associated skin lesions. Treatment is with intra- 
venous antifungal therapy. 


Congenital candidiasis 


This is a rarer condition, seen at birth, which is generally believed 
to reflect maternal Candida chorioamnionitis resulting from ascend- 
ing infection from the genital tract [1-4,5,6,7]. A total of 10-35% of 
women suffer from candidal vaginitis during pregnancy, but less 
than 1% of them develop candidal chorioamnionitis that can affect 
the fetus [8]. It appears that Candida is, however, able to find its 
way into the amniotic fluid without prior rupture of membranes. 
Foreign bodies in the uterus or the cervix increase the risk, particu- 
larly intrauterine contraceptive devices [9]. There is no evidence that 
maternal antibiotic therapy or immunodeficiency in the infant plays 
a role in predisposition [6,10]. 

An extensive eruption of scattered pinkish red macules and 
papules is present at birth or appears within a few hours. The 
lesions generally progress to a vesicular phase, and then either to a 
pustular or a bullous phase, over a period of 1-3 days. More or less 
any part of the skin surface may be affected, including the nails, 
palms and soles. In fact, palmar and plantar pustules are regarded 
as a hallmark of congenital cutaneous candidiasis. Paronychia may 
occur and isolated involvement of the nail plates has been described 
[11]. Oral involvement is usually absent, and the nappy area tends 
to be spared, at least initially. 

Very low-birth-weight infants may have a scalded appearance, 
and are particularly at risk of systemic infection. 

When infection is confined to the skin, affected infants are gener- 
ally well, and the rash clears within a week with appropriate topical 
antifungal therapy, for example with topical ketoconazole. Usually 
there is prominent postinflammatory desquamation. 

Skin and mucosal involvement may be complicated by systemic 
candidiasis, particularly in the premature baby [2,12]. The lungs 
may be affected [13]; hepatosplenomegaly and abnormal liver func- 
tion have also been recorded [6]. Candidal meningitis is another 
potential complication [14]. Criteria have been proposed that 
indicate a high risk of systemic involvement. Systemic antifungal 
therapy should be considered in at-risk infants [9]; amphotericin B 
is probably the drug of choice [9,12]. 

Studies have shown that intravenous fluconazole prophylaxis in 
very low-birth-weight infants can reduce both invasive candidiasis 
and mortality rates [15-17], but a Cochrane review using oral anti- 
fungal prophylaxis in preterm infants has not shown a definitive 
benefit [18]. 


Malassezia pustulosis 


Colonisation of the skin by Malassezia furfur starts soon after birth 
and progresses until the age of about 3 months, probably reflecting 
the activity of the sebaceous glands during this period [1,2]. This 
yeast has been a cause of systemic infections in infants receiving 
intravenous lipids, and it is presumed that the source of organisms 
in such cases is the skin [3]. 

It is now believed that M. furfur and M. sympodialis may be a 
frequent cause of red papulopustular eruptions occurring on the 
face and scalp in neonates, a condition now widely termed neonatal 


cephalic pustulosis [2,4,5], although not all neonates with this clin- 
ical presentation had detectable Malassezia in the lesions [6]. This 
type of rash was reported to have a frequency of 10% in neonates 
seen as out-patients in a paediatric dermatology department [5], 
with pustule contents showing M. furfur yeasts in over half of 
these. A good therapeutic response to the topical application of 2% 
ketoconazole cream for 15 days was seen in almost every case. A 
frequency of 66% was reported in one study, with 62% being culture 
positive for Malassezia [6]. 

Differential diagnosis includes eosinophilic pustulosis of the 
scalp, transient pustular melanosis, scabies, neonatal acne and 
infections with Candida or Staphylococcus aureus [7]. 
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Introduction 


No hard and fast definition of infancy exists, so for the purposes 
of this chapter the infant period is regarded as from 4 weeks to 
18 months, with emphasis on the first year of life. An overview of 
the most common or important dermatoses presenting in this age 
group is discussed, but the list is not exhaustive. 


INFLAMMATORY CONDITIO 


Cradle cap 


Although cradle cap may be seen in the neonate, the condition is 
most common between the ages of 4 and 16 weeks, and is estimated 
to affect up to 41.7% of infants [1]. It can occur in isolation or in 
association with seborrhoeic dermatitis (see the next disorder). 
Large flakes of yellowish scale are seen on the scalp, especially 
over the vertex and frontal regions, and may become matted into 


large plaques of crust (Figure 115.1). There is usually minimal 
inflammation. Mild cases are very common. The condition is 
asymptomatic and the infant is always well. In extensive cases, 
Langerhans cell histiocytosis (LCH) should be considered. Most 
cases of cradle cap resolve spontaneously after a few weeks. An 
emollient will help lift the scale, and may be used in combination 
with a mild shampoo [2]. A topical non-steroidal cream may be 
therapeutically beneficial [3]. 


Seborrhoeic dermatitis 


Infantile seborrhoeic dermatitis (ISD) is distinct from seborrhoeic 
dermatitis in later life (Chapter 40). Typically, ISD occurs between 
the ages of 4 and 12 weeks, but most commonly before the age 
of 2 months (64%) with 28% occurring later, between 2 and 
4 months [4]. Characteristically, in addition to redness and scale on 
the scalp and eyebrows, macerated redness occurs in the skin folds, 
especially the neck (Figure 115.2) and the inguinal regions. Yeasts, 
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Figure 115.1 Cradle cap: adherent yellow scale on the scalp of an 8-week-old infant. 


Figure 115.2 Seborrhoeic dermatitis showing macerated erythema in the neck folds of 
a 3-month-old girl associated with some postinflammatory hypopigmentation. 


particularly Malassezia species, may be isolated from intertriginous 
areas and colonisation with yeasts is significantly greater in infants 
with ISD than in their healthy counterparts [5]. 

The child is healthy and often well above the median centile 
for weight. ISD is rarely symptomatic. Typically, the inflamma- 
tion resolves with transient hypopigmentation, which can be very 
pronounced in children with darker skin colour. Repigmentation 
generally occurs within a few weeks. 

Differential diagnosis includes irritant napkin dermatitis, atopic 
eczema and LCH. If the onset is very acute, the infant is febrile 
or there is significant desquamation, Kawasaki disease should be 
considered. 

In mild cases, treatment with emollient alone has been shown 
to be as effective as a weak topical steroid [6]. Combination 
steroid—antifungal creams are often employed in cases where 
inflammation is marked, but should only be used for short periods. 

Some infants may go on to develop atopic eczema and the two 
conditions can merge. It is estimated that 34% of infants with ISD 
go on to develop atopic eczema at an average time interval of 
6 months [7]. 


Figure 115.3 Atopic eczema showing facial involvement in a 5-month-old infant. 


Atopic eczema 


Atopic eczema (AE) is very common in developed countries and is 
the most frequent reason for infants to be referred to a dermatologist 
(Chapter 41). Mutations in the filaggrin encoding gene (FLG) have 
been shown to be a major factor in susceptibility to AE, through 
the disruption of the epidermal barrier function [8]. A European 
cohort study has estimated that the cumulative prevalence of AE 
in the first 2 years of life is 21.5% [9]. Prevalence peaks at 10% at 
18 months [10], slightly earlier for boys than girls [11]. Epidemio- 
logical studies have shown that the prevalence of AE among black 
children born in the UK or USA is significantly higher than in their 
white peers [12,13], and that being born abroad appears to confer 
protection from atopic disease for at least a decade after 
migration [13]. 

In infants, AE characteristically begins on the face (Figure 115.3) 
[11]. Some children show a nummular (discoid) pattern, predomi- 
nantly on the back and legs (Figure 115.4), and most commonly in 
winter. However, evidence of flexural involvement in infancy has 
the highest predictive value of AE persisting at age 3 years [11]. 
Although secondary infection is a common component of AE, 
early colonisation with Staphylococcus aureus is not associated with 
persistence of AE [14]. 

Infantile eczema present at 1 month of age is associated with a 
cord blood eosinophilia and a higher rate of wheezing and subse- 
quent AE [15]. Infants with AE who are exclusively breastfed are 
also significantly more likely to be sensitised to common foodstuffs, 
particularly if the disease is severe, possibly through epidermal 
barrier dysfunction [16]. However, there is a lower incidence of 
AE in infants who were born extremely prematurely (<29 weeks’ 


Figure 115.4 Nummular, discoid pattern on the legs of a 5-month-old infant. 


gestation) [17], and duration of neonatal intensive care exposure is 
associated with a decreased risk of atopic eczema [18]. 

Of children presenting early in infancy, 43.2% are in complete 
remission by age 3 years [9]; 38.3% have intermittent disease, but 
18.7% have evidence of symptoms every year [9]. A history of early 
AE is associated with asthma at school age [9]. However, estimate 
of total IgE at 6 months is the best predictor of the persistence of 
AE [19]. Certain FLG mutations have also been found to predict 
persistent symptoms [20]. The management of infantile atopic 
eczema for the most part is with topical treatments, and is aimed 
at restoring skin barrier function [21,22], reducing inflammation, 
treating secondary infection and providing parental education and 
support (Chapter 41). 

Food allergy is reported in 10-30% of children with AE, most 
commonly arising from allergen presentation through eczematous 
skin [23]. Prompt and effective treatment at this age can prevent the 
development of chronic eczema. 

Topical therapy is the cornerstone of management of infants 
with AE and dietary interventions if clinical features indicate pos- 
sible food-related exacerbation [24]. Dietary intervention should 
be undertaken in an informed and evidence-based manner to 
ensute it is appropriate and that the essential nutrition, growth and 
development of the infant are maintained. 


Napkin dermatitis 


Napkin (diaper) dermatitis has become less frequent since the 
advent of modern disposable nappies, which are more absorbent 
than cloth [25]. Traditional cloth nappies are still in widespread 


Figure 115.5 Napkin dermatitis showing redness, with relative sparing of the skin folds. 


use in some parts of the world, associated with levels of napkin 
dermatitis as high as 50-70% [26]. Prolonged contact with urine 
induces an irritant redness, which may break down to form ero- 
sions if untreated. Transepidermal water loss and pH are higher in 
infants with napkin dermatitis than those without [26]. 

Involved areas are those in contact with the irritant (e.g. the but- 
tocks), while the skin folds may be spared (Figure 115.5), in contrast 
to seborrhoeic dermatitis and infantile psoriasis. 

Treatment is aimed at keeping the skin dry and using barrier 
creams or emollients. Topical steroids should only be used in the 
short term and only if inflammation is severe; secondary infection 
should be treated appropriately. 

Punched-out ulcers may be seen in persistent cases of napkin der- 
matitis. They are thought to be due to the irritant effect of urine 
compounded by secondary infection and are considered to be part 
of the spectrum of presentation of napkin dermatitis, along with 
infantile gluteal granuloma [27]. Jacquet dermatitis, characterised 
by erosive lesions with elevated borders, is rare nowadays due to 
the improved absorbency of modern nappies. 


Infantile gluteal granuloma 


Overuse of potent, especially fluorinated, steroids under occlusion 
in infants with napkin dermatitis has been thought to be the cause 
of a granulomatous inflammatory reaction, characterised by reddish 
brown nodules on the buttocks [27]. Treatment requires avoidance 
of further topical steroids and the use of emollients to restore the 
epidermal barrier. 


Infantile psoriasis 


Estimates of the frequency of psoriasis in children are 3-4% [28,29], 
but the prevalence appears to be increasing [28,30]. Of children 
affected, 27% present before the age of 2 years [31] (Chapter 35). 


Inflammatory conditions 115.3 
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Figure 115.6 Infantile psoriasis. 


Involvement of the nappy area is the most common presentation in 
infants (Figure 115.6) [31]. 

Although some authors consider infantile psoriasis to be a 
self-limiting disease [32], it may be a prelude to more typical 
chronic plaque psoriasis in later life [33]. All patterns of psoriasis 
have been described in children: guttate, chronic plaque, pustular 
and erythrodermic [29,32], but severe disease and joint involvement 
are relatively rare [34]. 

Treatment is determined by the extent and severity of disease. 
In the majority of infants, emollients and mild topical steroids, often 
in combination with an anticandidal agent, is sufficient [33]. 

Parakeratosis pustulosa is a localised inflammatory condition 
involving the distal phalanx. Usually a solitary digit is involved — 
fingers more frequently than toes. Characteristically, the thumb, 
index finger or great toe is affected. The skin signs are very char- 
acteristic [35,36], with sharply demarcated redness and scale of the 
skin adjacent to the nail fold, with accompanying nail dystrophy, 
resembling the changes seen in Hallopeau psoriasis. Pustulation is 
seen in 25% [35], but swabs are sterile and mycology is negative. 
The nail may be shed. 

The condition is fairly resistant to treatment, but usually resolves 
over the course of 12-18 months. Potent steroids and antibiotics 
may be of some benefit. There may be a family history of psoriasis, 
and the condition may be a prelude to psoriasis in later life [35]. 


Infantile acropustulosis 


Synonyms and inclusions 
e Acrodermatitis pustulosa 


Infantile acropustulosis is a rare disorder characteristically affecting 
children between the ages of 1 and 2 years [37]. It appears more fre- 
quent in boys. Crops of itchy vesicopustules, 2-4 mm in diameter, 
appear along the borders of the feet, particularly around the heel 
(Figure 115.7). Occasionally, similar changes occur on the palm. 


_ al 


Figure 115.7 Infantile acropustulosis showing discrete pustules along the medial border 
of the foot of an 11-month-old boy. 


The pathogenesis is not well understood. The differential diag- 
nosis is scabies infestation and sometimes the condition is seen to 
follow a genuine scabies infection, as a persistent, reactive, postin- 
flammatory phenomenon. 

Topical steroids are rarely of benefit. The condition tends to 
resolve spontaneously over 6-12 months. 


Pityriasis alba 


Transient, hypopigmented areas on the face, associated in some 
cases with fine scale, are common in school-aged children, but 
less frequent in infants. When pityriasis alba does occur in infants, 
it may be more extensive [38]. It tends to be more common in 
boys [39]. It appears most frequently on the cheeks. Lesions are 
often ovoid, with indistinct margins. It is asymptomatic. 

Individual lesions resolve over a few weeks, but can be recur- 
rent. The condition is considered to be part of the atopic spectrum 
[39,40] (85% of affected infants have an atopic history [40]). Emol- 
lients can help reduce the scale and mild topical corticosteroids 
or calcineurin inhibitors may speed resolution [38], but are rarely 
required. 


Infantile acne 


Infantile acne is rare. The majority of infants affected (75%) are male 
and most do not have a family history of acne [41]. The mean age 
of onset is 6 months (range 0-21 months) [42]. The cheeks are the 
most commonly affected area [42]. 

Most infants have mild or moderate disease with inflammatory 
papules (Figure 115.8), but 17% have comedones and in 14% the 
disease is classified as severe [41]. Scarring is estimated to occur in 
17% of infants with acne [41]. No underlying endocrinopathy was 
found in infants [41,43], in contrast to older children presenting with 


aa Infective conditions 115.5 


_—————J 


Figure 115.8 Infantile acne showing papules, pustules and comedones in a 
6-month-old boy. 


preadolescent acne, in whom more detailed investigation may be 
merited. 

Treatment may be topical (benzoyl peroxide, erythromycin or 
retinoids) in mild cases [41]. More extensive disease may require 
oral erythromycin. Trimethoprim can be used in cases of ery- 
thromycin resistance [41]. Prolonged treatment may be required 
(18-24 months) [41]. In severe disease, oral isotretinoin, typically 
0.5mg/kg/day, with cumulative doses of up to 60-162.5 mg/kg, 
has been shown to be safe and effective in infants, without evidence 
of adverse effects on bone development [42]. 


Urticaria 


Urticaria in infancy differs from urticaria in adults in that it presents 
more frequently with haemorrhagic lesions and angio-oedema [44] 
(Chapter 42). Anaphylactic shock is very rare in the first year of life 
[45,46]. Approximately half of infants presenting with urticaria have 
a personal or family history of atopy [44]. 

Infection, usually viral, with or without drug intake, appears to 
be the cause of urticaria in the majority of cases [44]. Foods appear 
to be responsible in fewer than 10% of cases. In the first year of life, 
cow’s milk, hen’s eggs and wheat are the most common allergens. 
In the second and third year of life the top three food allergens are 
hen’s eggs, cow’s milk and peanuts [47]. 

Chronic or recurrent urticaria is reported to occur in 30% of 
cases [44]. Physical factors are more likely to be implicated in 
chronic urticaria [48]. Cholinergic urticaria, precipitated by exercise, 
emotion and heat, is common. Cold may be a trigger in up to 8% of 
cases [49]. 

Urticaria in infancy may be a feature of systemic disease includ- 
ing systemic lupus erythematosus, juvenile rheumatoid arthritis, 
mastocytosis and Kawasaki disease [50], but is very rarely the 


only presenting feature. Urticaria is associated with attacks of 
fever, musculoskeletal and sensorineural inflammation and high 
levels of acute phase reactants in the cryopyrin-associated periodic 
syndromes including the Muckle—Wells syndrome and NOMID/ 
CINCA (neonatal-onset multisystem inflammatory disease /chronic 
infantile neurological, cutaneous and articular syndrome), arising 
from gain-of-function mutations in the NLRP3 gene, leading to 
excessive interleukin 1 (IL-1) signalling [51-53]. 


INFECTIVE CONDITIONS — ae 


COVID-19/SARS-CoV-2 (SEVERE ACUTE 
RESPIRATORY SYNDROME CORONAVIRUS 2) 


Urticarial [1], papulovesicular, morbilliform and purpuric erup- 
tions, and acral pernio-like lesions [2] have been reported in infants 
infected with Covid-19, although less commonly than in older 
children and adults (Chapter 25). 

Paediatric inflammatory multisystem syndrome, temporally 
associated with SARS-CoV-2 (PIMS-TS), also known as multisys- 
tem inflammatory syndrome (in children) (MIS(-C)) is also less 
common in infants than older children. Cutaneous features have 
most frequently been described as morbilliform or erythrodermic, 
with features similar to those of Kawasaki disease (see later) [3]. 


VIRAL EXANTHEMS 


Many viral infections are associated with a transient rash, which 
may be macular, maculopapular (with or without petechiae), urticar- 
ial or vesicular [1,2]. Often this is non-specific and harmless [1], 
but some viral infections have very characteristic features that 
allow a diagnosis to be made. Atypical exanthems present more 
of a challenge [2]. A detailed account of viral infections appears 
in Chapter 25, but the most frequent or important infections seen 
in children are highlighted here. Viral exanthems account for the 
most common presentation to a paediatric emergency department 
[3]. Differentiation from exanthems due to other causes (drugs, 
bacterial toxins, autoimmune disease) must be made [1,2]. Overall, 
petechial changes are much more likely to occur in exanthems 
associated with infections, particularly of viral origin (although 
meningococcal septicaemia should always be considered) [2]. A 
declining rate of vaccinations in some countries requires a high level 
of expertise for the clinical diagnosis of both classic and atypical 
presentations of viral exanthems. The spectrum of viral causes 
of exanthems has widened with emergence of novel viruses and 
advances in laboratory diagnostic methods [4]. 


Roseola infantum 


Synonyms and inclusions 
e Exanthema subitum 
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o: us 
Figure 115.9 Fine, lacy rash on the back of the infant. Source: phadungsak 
sawasdee/Shutterstock.com. 


Roseola infantum has a peak prevalence between 6 and 12 months 
of age with 90% of cases occurring in children younger than 2 years. 
It occurs equally in boys and girls [5]. It is characterised by a high 
fever lasting for 3-5 days and may rarely be associated with febrile 
convulsions [6]. As pyrexia subsides, a fine, lacy, macular red- 
ness appears, which may be accompanied by occipital or cervical 
lymphadenopathy (Figure 115.9). The rash fades over 48h with- 
out desquamation. The incubation period is 5-14 days. Although 
initially associated with human herpesvirus 6 (HHV-6) infection 
[7], cases due to HHV-7 are now also reported [8]. 


Fifth disease _ 


Infection is due to parvovirus B19 [7] and the incubation period 
is 7-14 days. Infection occurs in epidemics, predominantly in the 
spring. The sudden onset of a rash on the face, with hot, bright 
red cheeks, gives rise to the typical ‘slapped cheek’ appearance. 
A more reticulate rash then appears on the limbs and body, and 
palmoplantar redness is common. The eruption fades over 7 days, 
but recrudescences are not infrequent, particularly if the child gets 
hot (e.g. in sunlight, after a bath or exertion). 

European studies estimate seroprevalence to be 20% in children 
aged 1-3 years, and rising with age [9]. Older individuals may 
develop a papulopruritic eruption in a glove and stocking distri- 
bution with parvovirus B19 infection [10], but this pattern is rarely 
seen in infants. The virus may lead to serious cytopenia in children 
with malignancy [11]. 


Hand, foot and mouth disease 


This is a common infection in young children, affecting the oral cav- 
ity and extremities. Vesicles, which may be very painful, develop in 


Figure 115.10 Hand, foot and mouth disease showing small vesicles with surrounding 
redness on the palmar aspect of the fingers. 


the mouth and may ulcerate. Small, tense blisters, with a surround- 
ing rim of redness, occur on the palms (Figure 115.10) and soles 
and fade within 3 days. It is most commonly associated with Cox- 
sackie A viral infection, most usually A16 [12], but infection with 
A6 [13], Coxsackie B [12] and enterovirus 71 [12] have also been 
described. Spread is by droplets or faecal contamination and the 
incubation period is 7 days. However, virus may be present in the 
faeces for several weeks after infection, making isolation impractical 
[12]. Symptomatic treatment only is required, but it is highly conta- 
gious and widespread outbreaks are common. 


Varicella . _ 


Varicella is still common in the UK, where vaccination is not rou- 
tine. The incubation period is 14-21 days. The onset of the rash 
may be preceded by 1-2 days of malaise and fever. Skin lesions 
begin as small red macules which rapidly evolve into papules 
followed by characteristic vesicles. Lesions occur in crops, crusting 
over as they resolve, and lesions in different stages of evolution 
are evident. The eruption may become widespread but retains a 
centripetal pattern. The child should be isolated until the lesions 
have crusted over. The majority of cases are self-limiting and 
can be managed in the community. Severe cases, or chickenpox 
occurring in immunosuppressed children, should be treated with 


Infective conditions 115.7 


aciclovir. Encephalitis may occur, but is rare in infants younger than 
12 months. The prevalence of complications in infants is inversely 
proportional to the level of antivaricella zoster virus maternal 
antibodies and varicella severity [14]. Passively acquired maternal 
immunity persists for about 4 months, but then rapidly declines 
after the neonatal period [15]. The incidence of complications from 
varicella among infants with severe disease hospitalised for infec- 
tion rises from 10% in babies younger than 1 month of age to over 
70% at 5 months [14]. 


Measles 


The decline in uptake of MMR vaccination in the UK over recent 
years has been associated with a resurgence of measles infec- 
tions due to loss of herd immunity. In an outbreak in northwest 
England, 22% of cases were younger than 13 months [16]. At 
this age, children would not usually have received their initial 
vaccination in the UK, but herd immunity would have conferred 
protection. Encouragingly, recent public health campaigns and 
immunisation programmes in schools seem to be increasing uptake 
again [17]. 

Measles is caused by an RNA paramyxovirus. The infection is 
spread by droplets and the incubation period is 7-14 days. An 
initial prodrome of fever and coryzal symptoms is followed after 
3 days by the development of small, white Koplik spots on the 
buccal mucosa. On the fourth day of the illness the rash appears, 
initially on the forehead, spreading caudally down the face onto 
the trunk and limbs. Complications can be serious and include 
bronchiolitis, otitis media and encephalitis. Treatment is support- 
ive, but children remain infectious for 7 days after the onset of 
the rash. 


OTHER INFECTIONS AND INFESTATIONS 


Impetigo 


Impetigo is a very common, highly contagious cutaneous infec- 
tion, occurring in children worldwide [1]. The usual causal 
organism is Staphylococcus aureus, but Streptococcus pyogenes may 
also be implicated (Chapter 26). Honey-coloured crusts appear on 
a background of redness. The child is usually well. Children aged 
2-5 years are most frequently affected, but as the condition is so 
highly infectious, spread within families, including to infants, is 
common. 

Bullous and non-bullous forms exist. Non-bullous impetigo 
most typically occurs on the face (Figure 115.11), whereas bullous 
impetigo is more often seen in intertriginous areas such as the 
napkin area, axilla or neck folds. Bullae arise as a result of pro- 
duction of staphylococcal exotoxins specific for desmoglein 1 [2]. 
Affected areas are painful and become eroded. The bullous form 
is more frequent in the autumn [2]. The choice between topical or 
oral antibiotics depends on the severity and extent of involvement. 
Antibiotic resistance is increasing [3]. Topical disinfectants can 
help reduce colonisation [3]. 


Figure 115.11 Impetigo showing multiple lesions on the cheeks, lip and chin of a 
10-month-old infant. 


Staphylococcal scalded skin syndrome 


The estimated incidence of staphylococcal scalded skin syndrome 
(SSSS) is 0.56 cases/million population per year, with a median age 
of 2 years, males and females being equally affected [2] (Chapter 26). 
There is a seasonal peak in the autumn [2]. Several exfoliative toxins 
have been identified [2], but exfoliative toxin B is more likely to be 
associated with SSSS and exfoliative toxin A with bullous impetigo 
[4]. Isolating the causal organism can be difficult. 

Following a prodrome of fever, irritability and malaise, tender 
redness appears with subsequent development of superficial flaccid 
blisters, typically around the flexures and perioral region, progress- 
ing to peeling and erosions (Figure 115.12). Pain is a prominent 
feature and affected infants resist movement or touch. 

Management is with intravenous antibiotics and supportive care 
with liberal emollients, attention to fluid balance and adequate 
analgesia. Differentiation from Stevens-Johnson syndrome/toxic 
epidermal necrolysis should be made clinically, due to sparing of the 


Figure 115.12 Staphylococcal scalded skin syndrome showing widespread peeling and 
erosions in a 2-month-old infant. 
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mucous membranes. Resolution over 2-3 weeks is usual and mor- 
tality is low in otherwise healthy infants. Recurrence is very rare [5]. 


Blistering distal dactylitis 


Typically, large acral bullae, oval in shape and up to 1-3cm in 
diameter, develop on the finger pulps, but may also occur more 
proximally on the digits and even occasionally on the palms. The 
condition is due to infection with Gram-positive bacteria, most 
frequently Staphylococcus aureus [6], but occasionally p-haemolytic 
Streptococcus may be implicated. When multiple bullae are present, 
Staphylococcus is the more likely culprit organism, and the condition 
is considered to be a localised bullous impetigo. 

Infants should be swabbed to look for bacterial colonisation of the 
nares, conjunctiva and anus [6]. The differential diagnosis includes 
epidermolysis bullosa simplex and sucking blisters. Management 
is by deflating the blisters, dressing eroded areas and using appro- 
priate antibiotics. Resolution is usually rapid. 


Perianal streptococcal dermatitis 


This presents as a beefy redness with oedema in a circumferential 
and well-demarcated distribution 2-3cm around the anal margin 
[7] (Figure 115.13). Pain can be severe and blood may be seen in 
the stool. The condition is due to B-haemolytic streptococcal infec- 
tion. It responds rapidly to appropriate oral antibiotics and rarely 
recurs unless an intrafamilial reservoir of Streptococcus is responsible 
for its transmission. 


Cutaneous Candida infection 


Transient oral candidiasis is common in infants, infection probably 
having been acquired during delivery [8]. Colonisation of eroded 


Figure 115.13 Perianal streptococcal dermatitis showing well-demarcated redness. 


Figure 115.14 Tinea faciei in a 4-week-old baby inoculated from an older sibling with 
tinea capitis. 


or macerated skin in intertriginous areas, especially the napkin 
region [9], is less common. Satellite pustules are characteristic. 

Topical treatment will usually suffice and resistance is rare [9]. 
Recurrent, persistent or extensive infections should prompt inves- 
tigation for an underlying immunodeficiency. 


Tinea corporis 


Tinea infections in children younger than 1 year of age are rela- 
tively unusual, and nearly always acquired from an older child [10] 
(Chapter 32). In very young infants, the face is the most common 
site of inoculation (Figure 115.14) [10]. In the UK, infection with 
Trichophyton tonsurans is predominant, especially in urban areas, 
but occasional sporadic cases of Microsporum canis or M. audouinii 
may occur. In cases of T. tonsurans tinea corporis, the reservoir of 
infection is always an infected scalp, so if an infant is seen with tinea 
faciei, their own scalp, but particularly those of their older siblings, 
should be screened for tinea capitis. 

Annular, inflammatory lesions, which clear from the centre, most 
usually occur on the cheek in infants. Lesions may occasionally 
be vesicular and often resolve with postinflammatory hyperpig- 
mentation. Treatment for purely cutaneous lesions is with a topical 
antifungal agent for 2 weeks, but if scalp involvement is suspected 
or proven, oral therapy will be required. 


Tinea capitis 


Scalp ringworm due to T. tonsurans has reached epidemic propor- 
tions in urban areas of the UK and USA in recent decades (Chapter 
32). Spread through nurseries and day care facilities is common 
[11,12]. Tinea capitis in infants may be mistaken for seborrhoeic 
dermatitis. In rural areas, sporadic cases of animal ringworm may 
occasionally occur, but are exceedingly rare in this age group. In 
Europe, M. canis still predominates, but patterns of infection are 
changing with wider migration [13]. 

The presentation and clinical signs vary and include patchy or 
localised alopecia, diffuse scale and black dots due to swollen, 
broken-off hairs. Pustules, or a focal inflammatory kerion, may 


also occur. Cervical lymphadenopathy is common. Mycological 
confirmation is always recommended, as treatment schedules vary 
depending on the causal fungus [11]. Oral therapy is the gold 
standard [11], and although griseofulvin remains the only licensed 
treatment for tinea capitis in children in the UK, worldwide practice 
has demonstrated that in cases of T. tonsurans, oral terbinifine and 
itraconazole are preferred for their greater efficacy and are well tol- 
erated in young children. Itraconazole has the advantage of being 
available ina liquid formulation, so is preferred in infants. All family 
contacts should be screened to try and minimise reinfection [13]. 


Scabies 


Extreme pruritus characterises infestation with the mite Sarcoptes 
scabei. The condition is highly contagious. Estimates of prevalence 
in children range from 4.8% in parts of Europe [14] to 21.5% in 
India [15], but worldwide it is very common and has a significant 
impact on global health [16] (Chapter 34). In infants, burrows may 
be seen on the palms and soles more characteristically than in 
the finger webs. The wrists are commonly involved. Burrows can 
appear inflamed, with surrounding secondary eczematous changes. 
Nodular lesions develop in the axillae and genital region if the 
infection is untreated. 

Eradication requires treatment of the individual and all close 
contacts using a topical scabecidal lotion or cream, in two applica- 
tions 7 days apart. In recalcitrant cases, ivermectin has been shown 
to be safe and well tolerated in infants [17]. Post-scabetic pruritus 
may be prolonged. 


Molluscum contagiosum 


This is an extremely common cutaneous viral infection charac- 
terised by discrete, pearly, umbilicated papules 2-5 mm in diameter 
(Figure 115.15). Lesions usually occur in the axilla or groin, but 
may be widespread, especially in children with atopic eczema [18]. 
Spread between siblings is frequent. The condition is more preva- 
lent in tropical climates [19]. The condition generally resolves 
spontaneously within 12 months [19]. Ablative treatments such as 
cryotherapy or laser, and topical treatments with hydrogen perox- 
ide creams or commercially available potassium hydroxide, may 
destroy individual lesions but do not appear to reduce the overall 
duration of infection. 


REACTIVE CONDITIONS .— ae 


Acute haemorrhagic oedema 
in infancy 


Acute haemorrhagic oedema is a benign, cutaneous, leukocytoclas- 
tic vasculitis, arising after respiratory infection, medication admin- 
istration or immunisation in approximately 75% of cases [1]. It is 
thought likely to be an immune complex-mediated vasculitis. 


Figure 115.15 Molluscum contagiosum: typical pearly umbilicated papules on the trunk 
of a 12-month-old infant. 


Although histopathology typically shows leukocytoclastic vas- 
culitis with fibrinoid necrosis and erythrocyte extravasation [2], 
in some cases fibrinoid necrosis is not evident [1]. Perivascular IgA 
deposits have been found in about one-third of cases [2]. 

The condition affects children between the ages of 4 months and 
2 years, with males being affected twice as frequently as females. 
Fever is mild and systemic disturbance is minor. The limbs and 
face are the most commonly affected areas. Lesions are discrete or 
confluent with purpura often appearing in a targetoid or cockade 
pattern (Figure 115.16). Oedema mainly affects the eyelids, face 
and extremities. Visceral and joint involvement is not typical. Some 
cases may show features of Henoch-Schénlein purpura [1]. The 
differential diagnosis includes purpura fulminans, erythema mul- 
tiforme, urticarial disease and Kawasaki disease, but in all these 
conditions the child appears unwell. Resolution of acute haemor- 
rhagic oedema in infancy occurs within 3 weeks, and recurrences 
are not a feature. Treatment is not required. 


Kawasaki disease 


Kawasaki disease is a febrile illness with systemic vasculitis, first 
described in Japan four decades ago, but now recognised worldwide 
[3] (Chapter 100). It typically affects children aged 3-6 years, but can 
be seen in infants. It is estimated that about 17% of cases occur in 
children under 1 year of age, with a median age of 7 months. 
Recognition of the clinical signs is imperative, as early diagnosis 
and treatment are central to preventing complications, such as 
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Figure 115.16 Multiple eccymotic and purpuric areas on the legs of a 10-month-old 
infant with acute haemorrhagic oedema in infancy. 


Figure 115.17 Cracked lips and strawberry tongue in a 15-month-old infant with 
Kawasaki disease. 


coronary artery aneurysms. Kawasaki disease in infants is more 
likely to be atypical (the rash and conjunctivitis may be much less 
prominent), and treatment instituted late, resulting in a higher 
risk of complications and poorer outcome [4,5]. Kawasaki disease 
should be considered in all infants younger than 6 months of 
age with unexplained, persistent fever, as presentation is often 
incomplete [3]. 

High fever lasting up to 8 days, associated with conjunctival 
injection, red, cracked lips and strawberry tongue (Figure 115.17), 


Figure 115.18 Generalised morbilliform rash on a 12-month-old infant with Kawasaki 
disease. 


Figure 115.19 Swelling and distal desquamation of the fingers of a 13-month-old 
infant with Kawasaki disease. 


is followed by the development of a generalised maculopapular 
rash (Figure 115.18) with prominent swelling and redness of the 
hands and feet, which then desquamate (Figure 115.19). Cervical 
lymphadenopathy may be pronounced. 

Leukocytosis, thrombocytosis and high erythrocyte sedimen- 
tation rate are characteristic. Echocardiography may contribute 
diagnostically in infants with atypical presentation [4]. Management 
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comprises the early administration of intravenous immunoglobulin, 
as soon as the diagnosis is suspected, plus supportive measures. 


Linear IgA disease 


Synonyms 
© Chronic bullous disease of childhood 


Linear IgA disease (LAD) (Chapter 50) is a non-familial, autoim- 
mune, blistering disease that occurs in prepubertal children and 
is characterised by linear IgA staining of the basement membrane 
zone on direct immunofluorescence [6]. The disease is often idio- 
pathic but may be triggered by infections, drugs, vaccinations, 
ultraviolet radiation or malignancy [7]. The production of an IgA 
autoantibody suggests either that a cross-reacting antigen enters via 
the mucosa or that an IgA diathesis exists in affected patients [8]. 
Autoantibodies are most commonly directed against proteolytic 
fragments of collagen XVII. 

LAD is often initially diagnosed as bullous impetigo and may 
even temporarily improve with a course of antibiotics. Children 
present with the abrupt onset of tense, clear or haemorrhagic 
vesicles and bullae on normal or red skin. New lesions often arise 
around resolving lesions, and these arciform or annular bullae 
surrounding a central crust have been described as being in a 
string of pearls, cluster of jewels or rosette pattern (Figure 115.20). 
The eruption occurs on the face, trunk and extremities. There is a 
predilection for the lower trunk, genital area and medial thighs; dis- 
ease onset in the perineum has been mistaken for sexual abuse [9]. 
On the face, lesions tend to occur in a perioral pattern. Younger 
children more often have the classic distribution of facial and 
perineal lesions. 

The disease is associated with significant morbidity and usually 
requires systemic therapy, most frequently with dapsone. Treatment 
is aimed at controlling blistering while avoiding adverse reactions. 
Controlled or comparative studies are lacking [10]. Spontaneous 
resolution usually occurs in a matter of months or years. 


Figure 115.20 Clusters of small bullae in the groin of a child with linear IgA disease. 


Figure 115.21 Gianotti-Crosti syndrome. Multiple monomorphic papules over the 
knees developed 2 weeks after an upper respiratory tract infection in this 1-year-old 
infant. 


Gianotti-Crosti syndrome 


Synonyms and inclusions 
e Papular acrodermatitis 
e Infantile papular acrodermatitis 


Early reports of this distinctive red papular eruption on the face, 
buttocks and extremities showed a strong association with hepatitis 
B infection [11]. However, since the introduction of vaccination 
against hepatitis B this is now rare as a cause and it has become 
clear that the eruption may be associated with a variety of viruses 
[12], including Epstein-Barr virus [13], herpesvirus 6 [14] and 
Coxsackie virus [15], as well as with immunisation [16,17]. 

The rash appears as monomorphic, flat-topped, pink to red-brown 
papules or papulovesicles in a symmetrical distribution favouring 
the cheeks and extensor surfaces of the limbs and buttocks, often 
preceded by a minor illness (Figure 115.21). Lesions may some- 
times be found on the trunk and flexor surfaces [18,19]. Particularly 
in infancy, lesions may be oedematous. Constitutional symptoms 
are usually mild. The presence of lymphadenopathy and hepatitis 
is no longer required to make the diagnosis [20]. The rash lasts for a 
minimum of 10 days and may persist for up to 8 weeks. Recurrences 
are unusual. 

Histopathology is not specific [21] and there is no specific 
treatment. 


Papular urticaria 


Papular urticaria arises as a result of a hypersensitivity reaction to 
insect bites, usually appearing as crops of more or less symmetrically 
distributed, itchy papules and papulovesicles, most frequently on 
exposed areas of the extremities. They are often heavily excoriated 
and secondary bacterial infection is common. 

It tends to occur more in the summer months, when blood-feeding 
insects are most plentiful [22], but can occur at any time of year, 
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particularly if caused by insects that breed in a domestic environ- 
ment, such as cat fleas and bedbugs. The elapsed time between an 
insect bite and the formation of a firm, intensely itching papule 
begins to lengthen as children have increased exposure to these 
allergens. This delay can make it hard for parents to accept that 
insects are the cause of the eruption [23]. Diagnosis may also be 
complicated by reactivation of old lesions by new bites at a different 
site [23], thought to arise from circulating insect antigen-stimulating 
cutaneous T cells in previously sensitised sites [24]. 

Histopathological findings in papular urticaria vary with the par- 
ticular insect, age of the lesion and sensitivity of the patient. 
The characteristic urticarial lesions will demonstrate promi- 
nent papillary dermal oedema and perivascular lymphocytes, 
eosinophils and mast cells; there may be superficial and deep 
perivascular and interstitial infiltrate with a variable density of 
lymphocytes and eosinophils. Chronic lesions may demonstrate 
pseudoepitheliomatous hyperplasia and atypical dermal infiltrates 
[23,25]. 

The treatment of papular urticaria includes topical steroids and 
systemic antihistamines, but response is usually limited, and the 
condition will only be controlled if insect bites can be avoided. Chil- 
dren eventually outgrow this disease, probably through desensitisa- 
tion after multiple arthropod exposures [26]. 


Eosinophilic pustular folliculitis 


Synonyms and inclusions 
¢ Eosinophilic pustulosis 


Eosinophilic pustular folliculitis in infants is an uncommon condi- 
tion, which appears to be distinct from the condition encountered 
in adults and older children [27,28]. As lesions are not always truly 
follicular [29], the term eosinophilic pustulosis is sometimes pre- 
ferred. It is more common in males than females (4:1), and usually 
presents before the age of 14 months and clears by the age of 3 years 
[30]. The cause is unknown. Theories include a hypersensitivity 
response to microorganisms or dust mites [31], and a possible role 
for neuronal nitric oxide synthetase [32]. 

Histopathology of scalp lesions usually shows a perifollicular and 
periapendigeal infiltrate in the upper and mid dermis composed 
mainly of eosinophils, with neutrophils and mononuclear cells. 
Interstitial eosinophilic flame figures may be seen between collagen 
bundles [27,33]. There are some histopathological similarities to 
erythema toxicum neonatorum, which has led to the suggestion 
that they may be related conditions [33]. 

The condition is characterised by recurrent outbreaks of groups 
of very itchy papulopustules on a red base, most commonly on the 
scalp, but also on the trunk and limbs, including the hands and 
feet (Figure 115.22) [33]. These may resolve in 1 or 2 weeks, to be 
followed by further crops every few weeks. Spontaneous resolution 
usually occurs by 3 years of age. Affected infants are well. 

During exacerbations there is peripheral blood eosinophilia and 
leukocytosis. Abundant eosinophils can be seen on Wright's stained 
smear of pustular contents. The differential diagnosis includes 


Figure 115.22 Eosinophilic pustulosis showing crops of small itchy pustules on the arm 
of a male infant. 


staphylococcal folliculitis, scabies, herpes simplex, infantile acro- 
pustulosis and LCH. 

Because of the self-limiting nature of the condition, and lack of 
controlled trials, it is difficult to make specific recommendations for 
treatment. Benefit has been reported with cetirizine dihydrochloride 
[34], mid- to high-potency topical steroids [28,33] and topical cal- 
cineurin inhibitors [35]. 


DEVELOPMENTAL/GENETIC C¢ 


Dermoid cysts 


Dermoid cysts arise from skin trapped within embryonic fusion 
lines. They may contain adnexal structures such as hair or eccrine 
glands, and very rarely bone and teeth. They occur most com- 
monly on the head, presenting as firm subcutaneous nodules 
(Figure 115.23), particularly in the area of the anterolateral frontozy- 
gomatic suture [1], but also the parieto-occipital scalp and nose. 
They may connect to underlying structures, including the central 
nervous system if lying over the midline [2]. 


Preauricular cysts and sinuses 


Preauricular cysts and sinuses are thought to arise from a failure 
of fusion of the auditory component of the first two branchial 
arches. They usually present as very small pits just anterior to the 
upper anterior helix. When bilateral they may be transmitted as 
an autosomal dominant trait. They may be associated with deaf- 
ness and with other anomalies, as in branchio-oto-renal syndrome 
and branchio-otic syndrome [3,4]. Auditory testing and renal 
ultrasound are indicated if a preauricular pit is associated with 
dysmorphic features or another anomaly, or with a family history 
of deafness [5]. 

Preauricular sinuses are usually asymptomatic in infancy, but may 
occasionally become infected. Surgery requires complete excision 
of the sinus tract and associated cysts [6]. 


Figure 115.23 A dermoid cyst of the right temple. 


Pigmentary mosaicism 


Pigmentary mosaicism is a general term used to describe a wide 
range of phenotypes that include genetically determined variation 
of skin pigmentation [7] (Chapter 68). It often presents as streaks 
and whorls of hypo- or hyperpigmentation following the lines of 
Blaschko (Figure 115.24), with midline demarcation, determined by 
the embryonal migration paths from the neural crest of clones with 
different pigment-producing potential [8]. Pigmentary mosaicism 
may also manifest as patches, flag-like, leaf-like (phylloid) [9] 
or chequerboard shapes, or as patchy variation without midline 
demarcation. It may arise from a very wide variety of cytogenetic 
abnormalities [10] and may therefore be found in association with 
a broad range of associated clinical features, most frequently neu- 
rological and musculoskeletal. Infants with pigmentary mosaicism 
should be thoroughly assessed with particular attention to devel- 
opment, the internal organs and skeletal and ophthalmological 
abnormalities. 


Linear morphoea 


Morphoea develops less commonly in infancy than in early school- 
aged children [11], and most commonly presents in the linear form 
[11,12] (Chapter 55). The cause remains unknown. Triggers may 
include vaccination [13], infections, including with Epstein-Barr 
virus [14] and Borrelia burgdorferi [15], autoimmune processes [12] 
and genetic factors [16]. Linear morphoea follows the lines of 
Blaschko, suggesting that susceptible cells may be present in a 
mosaic state [17]. 

Linear morphoea tends to progress faster than plaque-type mor- 
phoea and is more likely to involve muscle and bone [18], which 
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Figure 115.24 Whorls of hyperpigmentation following the lines of Blaschko on the 
back. 


may lead to facial hemiatrophy [19]. It may present with macular 
redness, sometimes leading to misdiagnosis as a vascular malfor- 
mation [20]. When on the head (so-called ‘en coup de sabre’), scar- 
ring alopecia and partial loss of the brow or lashes are characteristic. 
Up to 13% of children with linear morphoea en coup de sabre have 
seizures [21]. 

Proposed minimum standards of care for children with linear 
morphoea on the face or scalp include brain magnetic resonance 
imaging (MRI), screening for uveitis and dental assessment [22]. 
Disease activity is difficult to determine clinically. Scanning laser 
Doppler imaging may be useful in predicting disease progres- 
sion [23]. 

There is lack of consensus on optimal treatment [24], but first 
line treatment is usually with combined systemic steroids and 
methotrexate, and maintenance with methotrexate alone for at least 
3 years [25]. 


MISCELLANEOUS CONDITIONS 


Small, firm, white papules, predominantly occurring on the 
face of newborn babies and infants, are common and harmless 
(Figure 115.25). Lesions should not be confused with sebaceous 
hyperplasia or the more florid milia associated with bullous disor- 
ders. Infantile milia may occasionally be associated with oral lesions 
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Figure 115.25 Milia on the right cheek of a 6-week-old male. 


on the gingivae or palate. The estimated prevalence is 16% and the 
majority of lesions occur on the cheeks, forehead or chin [1]. Milia 
are more common in white children, but less frequent in children 
born prematurely or of low gestational weight [1]. 


Koilonychia 


The nail plate of infants is very soft and malleable. Transient con- 
cavity of the nail plate is not uncommon [2] and not usually a 
manifestation of iron deficiency. The condition is self-resolving, 
growing out normally over time. 


Non-accidental injury 


Sadly, non-accidental injury (NAJ) is still a widespread problem, 
especially among infants and toddlers. Injuries can take many 
forms [3] but all health care professionals, nursery workers and 
social service agencies should be fully aware of possible signs of 
NAT and the mechanisms for reporting and safeguarding children 
at risk. 

Subconjunctival haemorrhages in an infant should arouse suspi- 
cion that the child is a victim of shaken baby syndrome. Toddlers 
and older children frequently have genuine accidents, but these 
are less likely in infants who are not yet mobile [3,4]. In children 
with multiple attendances at A&E, delayed attendance after an 
injury or unexplained injuries, the concern of NAI should be raised, 
and investigating clinicians must consider undertaking a skeletal 


Bee Ase Nee 


Figure 115.26 A bite mark on the upper limb of a 10-month-old infant (inflicted by his 
4-year-old brother). 


Sacra 


survey and CT scan of the head. Bites, burns, signs of neglect or 
sexual abuse may all form part of the spectrum [3,4]. Emotional 
abuse may coexist or occur in isolation. A young child becom- 
ing withdrawn, or wary of adults, should arouse suspicion and 
appropriate measures to investigate be taken. 


Bite injuries 


Bite injuries in infants are not infrequent. Establishing the source of 
the bite is imperative. Animal bites are usually clear-cut, in that they 
present rapidly to A&E with a clear history, but the wounds can be 
deep and ragged and usually require antibiotics to treat infection 
and expert plastic surgery to minimise scarring. 

Human bites may simply leave bruising or purpura, rather than 
puncture marks. However, it is essential to establish whether the 
injury has been inflicted by an adult or another child by assessing 
the size of the dentition from the marks on the skin. Bites inflicted 
by adults are indicative of NAI and need to be managed accordingly. 
Bites perpetrated by children may reflect sibling rivalry /jealousy 
over a new arrival in the home (Figure 115.26) [5] and can usually be 
managed with temporary support for the family. 


Pedal papules of infancy 


Symmetrical, painless, flesh-coloured nodules, characteristically on 
the medial aspect of the heels in infants, may be present at birth, but 
are usually not apparent until infancy [6]. Although once thought 
to be uncommon, recent surveys suggest that they may occur in 
up to 40% of infants [6]. They may be solitary (Figure 115.27), 
but unlike piezogenic papules in adults, tend to be larger and 
asymptomatic [7]. 


Figure 115.27 Pedal papule of infancy showing a soft swelling on the medial aspect of 
the heel. 


Calcified cutaneous nodules of the 
heels 


Small firm, calcified dermal lesions have been described on the 
heels of infants who have been on neonatal intensive care units 
and subjected to multiple heel pricks for venesection [8]. Histo- 
logically, the lesions appear to have features of epidermal cysts 
and so are believed to arise from epidermal implantation through 
trauma, with subsequent calcification of the cyst, rather than dys- 
trophic calcification per se [9]. Natural resolution over the course of 
18 months is the norm, but if slow to resolve they may cause pain 
on pressure when walking in older children [8]. 


Hair loss in infancy 


Shedding of hair occurs during the seventh to eighth month 
in utero in all areas except the occiput, where shedding is delayed 
until 2-3 months postpartum [10], leading to the normal occipital 
alopecia in this age group. 

Absent or diffusely sparse hair in infancy can arise from abnor- 
malities of initiation of growth, hair shaft abnormalities and abnor- 
mal cycling. 

Alopecia areata is relatively rare in the first year of life [11] and 
early onset tends to indicate a poor prognosis. It is important to 
distinguish rarer causes of extensive hair loss in infancy, including 
vitamin D-resistant rickets [12]. 

Telogen effluvium is less common in infants than in adults, 
and is more likely to be related to a sudden and transient illness 
than to drugs or hormonal fluctuations. 

Loose anagen syndrome refers to a condition seen in children, 
usually girls, who have sparse hair with easily extracted anagen 
hairs, with misshapen bulbs, absent root sheaths and ruffled 
cuticles [13]. 
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Figure 115.28 Juvenile xanthogranuloma showing a well-circumscribed yellowish 
nodule with a red margin on the upper back of a 6-month-old infant. 


Juvenile xanthogranuloma 


Juvenile xanthogranuloma (JXG) often presents in the first year of 
life, and is more common in boys than girls [14]. Lesions generally 
start as red-brown papules that become orange (Figure 115.28), 
occurring most frequently on the face and scalp and upper torso. 
The eye is involved in 0.4% of cases under the age of 2 years [15], and 
may lead to spontaneous hyphema, glaucoma, cataract and uveitis 
[16]. Localised cutaneous JXG heals spontaneously, sometimes 
leaving atrophic scars. 

Benign cephalic histiocytosis has many similarities to JXG and 
may be the same disease [17]. It usually presents in the first or sec- 
ond year of life as multiple, small, yellow-red macules and papules, 
initially on the head, but sometimes spreading to other sites [18]. 
The lesions heal spontaneously without scarring. 


Langerhans cell histiocytosis 


LCH is the commonest of the histiocytic disorders in childhood, 
most frequently presenting in infants under the age of 1 year [19], 
with boys affected twice as often as girls [20] (Chapter 135). The 
cause of LCH is unknown. BRAF V600E mutations have been 
demonstrated in a number of cases [21], but the clinical significance 
of this mutation is unclear [22]. 

LCH can be divided into (i) an acute, disseminated form 
(formerly Letterer-Siwe disease); (ii) a chronic, localised form 
(eosinophilic granuloma); (iii) a progressive, multifocal, chronic 
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form (Hand-Schiiller-Christian disease); and (iv) a_ benign, 
self-healing form (congenital self-healing reticulohistiocytosis 
or Hashimoto-—Pritzker disease). In practice these tend to overlap 
and are therefore best regarded as a continuum. 

Because the cutaneous features are very variable, including 
seborrhoeic dermatitis-like redness and scaling (Figure 115.29), 
papules, pustules, vesicles, nodules, petechiae and ulceration 
(Figure 115.30), the diagnosis is often delayed [23]. The prognosis 


Figure 115.29 Infant with Langerhans cell histiocytosis, resembling seborrhoeic 
dermatitis. 


Figure 115.30 Infant with Langerhans cell histiocytosis with red and eroded areas in the 
groin area, resembling diaper dermatitis. Note the distended abdomen. 


depends on the extent of the disease. Truly single-system disease 
has almost 100% survival [24], but up to 56% of infants presenting 
with skin-only disease may progress to multisystem disease [25]. 

Non-Langerhans cell histiocytoses are rare in infancy and may 
be related predominantly to the dendritic cell line (the juvenile 
xanthogranuloma group) or to the macrophage line (reticulo- 
histiocytoma, cutaneous Rosai-Dorfman disease, multicentric 
reticulohistiocytosis and sinus histiocytosis). 


Mastocytosis 
Mastocytosis in infancy is usually limited to the skin, with three dis- 
tinct clinical presentations: maculopapular (formerly urticaria 
pigmentosa) (Figure 115.31), diffuse cutaneous mastocytosis 
and solitary mastocytoma (Figure 115.32). Somatic activating muta- 
tions in the KIT gene, which encodes a tyrosine kinase receptor that 
induces mast cell growth and maturation, play a central role in the 
pathogenesis of mastocytosis [26]. Unlike adults, a wider variety of 
KIT mutations occur in patients with childhood-onset mastocytosis: 
codon 816 in ~35-40%; exons 8-11 in ~35-40%; and no detectable 
mutation in ~15-20% of those with complete KIT sequencing of 
a lesional skin sample [27-30]. Serum tryptase is the best marker 
for mast cell burden in infants, and, at baseline, correlates well 
with the severity of symptoms [31]. While in adults mastocytosis is 
considered systemic until proved otherwise (Chapter 46), in infants 
this is not the case [32] as systemic mastocytosis is extremely rare in 
children and is usually indolent [33]. 

Parents of infants with extensive skin involvement should 
be given advice on the avoidance of factors known to stimu- 
late mast cell degranulation, including aspirin, non-steroidal 
anti-inflammatory drugs, codeine, opiates, polymyxin B and intra- 
venous radiograph contrast fluids and MRI contrast media [34]. 
Symptomatic therapy, usually consisting of an H, receptor blocker, 
may help control itch, blistering, flushing and urtication [35], plus 


Figure 115.31 Maculopapular mastocytosis in a 7-month-old infant. 
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Infantile haemangioma 


Definition and nomenclature 

Infantile haemangiomas are common, benign, vascular tumours that 
develop in early infancy and undergo spontaneous involution there- 
after. 


Synonyms and inclusions 

e Haemangioma of infancy 

e Terms such as strawberry naevus, capillary haemangioma and cavernous 
haemangioma have contributed to the diagnostic confusion in the field of 
vascular anomalies, and are best avoided 


Introduction and general description 

Infantile haemangiomas are by far the most common benign vascu- 
lar tumours encountered in infancy. The natural history is of prolif- 
eration in the first few months of life, and involution over a matter 
of years. Most resolve spontaneously without sequelae, but treat- 
ment is indicated for those causing, or likely to cause, impairment 
of function, permanent disfigurement or ulceration. 

Segmental infantile haemangiomas of the head and neck and 
of the lumbo-sacral region may be associated with structural 
anomalies. Multifocal infantile haemangiomas are usually asymp- 
tomatic but may occasionally be associated with extensive visceral 
involvement. Rapidly involuting congenital haemangiomas (RICH), 
non-involuting congenital haemangiomas (NICH) and _ partially 
involuting congenital haemangiomas (PICH) are clinically distinct 
from infantile haemangiomas and appear to have completed their 
proliferative phase in utero. 

The classification approved at the April 2014 General Assembly 
of the International Society for the Study of Vascular Anoma- 
lies (ISSVA), and revised in 2018 [1], divides vascular anomalies 
into tumours (including infantile haemangiomas and congenital 


haemangiomas) and malformations (Table 116.1). The distinction 
between infantile haemangiomas and vascular malformations is 
often straightforward on the basis of history and examination, but 
occasionally investigations such as ultrasound, histopathology and 
immunohistochemistry are required (Table 116.2). 


Table 116.1 Benign vascular tumours and vascular malformations: simplified 
classification. 


Benign vascular tumours Vascular malformations 


Infantile haemangioma (IH): High flow: 
Hepatic haemangioma (HH) Arteriovenous 
ultifocal IH: Low flow: 
Without systemic involvement Capillary 
With systemic involvement Venous 
Congenital haemangiomas: Lymphatic 


Rapidly involuting (RICH) 
Non-involuting (NICH) 
Partially involuting (PICH) 
Tufted angioma 

Spindle cell haemangioma 
Epithelioid haemangioma 
Pyogenic granuloma 


Mixed (for example): 


Capillary venous 
Capillary lymphatic venous 
Capillary arteriovenous 


Table 116.2 Distinction between infantile haemangiomas and vascular malformations. 


Infantile haemangioma Vascular malformation 


Clinical features Usually evident within the 
first few weeks of life 

Proliferate rapidly 

Involute over a number of 
years 

More common in girls and 
low-birth-weight infants 

GLUT-1 positive 


Usually present at birth 


Proportionate growth 

Do not involute 

Epidemiology No gender or birth-weight 
bias 


Immunohistochemistry GLUT-1 negative 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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Table 116.3 Anomalies associated with segmental infantile haemangiomas (IHs). 


Facial segmental haemangioma Lower body segmental haemangioma 


Posterior fossa malformations, 
haemangiomas, arterial anomalies, 
cardiac anomalies, eye abnormalities, 
sternal pit and supraumbilical raphe 
(PHACES syndrome) 


Lower body IH, uro-genital anomalies, 
ulceration, myelopathy, bony 
deformities, ano-rectal 
malformations, arterial anomalies, 
renal anomalies (LUMBAR syndrome) 

Spinal dysraphism, ano-genital 
anomalies, cutaneous anomalies, 
renal and urological anomalies, 
lumbo-sacral IH (SACRAL syndrome) 

Perineal IH, external genitalia, 
malformations, 
lipomyelomeningocele, vesico-renal 
abnormalities, imperforate anus 
(PELVIS syndrome) 


Adapted from International Society for the Study of Vascular Anomalies (ISSVA) 2014 [1]. 


Infantile haemangiomas can be classified morphologically as: 
¢ Superficial. 
¢ Deep. 
¢ Mixed (superficial and deep). 
¢ Reticular, abortive or minimal growth. 
These can exist in different patterns: 
e Focal. 
e Multifocal. 
e Segmental. 
e Indeterminate. 
Infantile haemangiomas can also occur with or without associated 
lesions (Table 116.3) [1]. 


Epidemiology 

Infantile haemangiomas are the most common tumours of infancy, 
occurring in up to 10% of infants, more commonly in girls than 
boys [2]. Most cases are sporadic. Amniocentesis, in vitro fertili- 
sation, breech presentation, being first born and low birth weight 
(<2500 g) appear to be independently associated with the develop- 
ment of infantile haemangioma [2]. 


Pathophysiology 

Pathogenesis 

The aetiology of infantile haemangioma remains unclear [3]. 
Endothelial cells are characterised by the surface marker GLUT-1, 
an erythrocyte-type glucose transporter protein, which is also 
expressed on the placental vasculature. It has been proposed that 
this placental phenotype may be the result of embolisation of 
placental endothelial cells to the fetal circulation [4]. Against this 
theory is the lack of evidence of maternal-fetal chimerism [5]). 

An autosomal dominant inheritance pattern and a linkage to 5q 
have been reported in a small number of families [6], as well as 
a twofold increased relative risk for the disorder among siblings 
of an affected proband [7]. Somatic mutations leading to uncon- 
trolled proliferation of haemangioma cells have been proposed. 
In support of this theory, clonality of endothelial cells from hae- 
mangioma lesions has been shown in a small subset of infantile 
haemangiomas [7]. Mutations in the integrin-like receptor tumour 
endothelial marker 8, and in VEGFR2, have been identified in 
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a subpopulation of haemangioma-derived endothelial cells and 
corresponding blood samples from patients with infantile hae- 
mangioma [8]. There is evidence that hypoxia may contribute to 
pathogenesis [9]. 


Pathology 

The diagnosis is nearly always clinical, and biopsy is rarely 
required to distinguish infantile haemangioma from other vas- 
cular anomalies or malignancy. During the early phase of growth 
the haemangiomas consist of solid groups of cells with few lumina. 
The endothelial cells flatten out as the lumina develop. The cells 
are surrounded by a thickened basement membrane. During the 
process of involution a more lobular appearance develops, with 
islands of fibrous and fatty tissue between the lobules. Mast cells 
are evident at all phases. Immunohistochemistry is positive for 
factor VIII, CD31 and von Willebrand factor. Glucose 1 transporter 
protein (GLUT-1) positivity can be useful in differentiating infantile 
haemangiomas from other vascular lesions, such as congenital 
haemangiomas, but it may also be positive in verrucous vascular 
malformations. 


Clinical features 

Presentation 

Haemangiomas may be evident shortly after birth as a faint telang- 
iectatic patch or an area of pallor (Figure 116.1), or as a flat pink 
mark, which rapidly becomes red and raised (Figure 116.2). Super- 
ficial types of infantile haemangioma show their most rapid growth 
between 5.5 and 7.5 weeks of age (Figure 116.3) [10]. Deep hae- 
mangiomas, which develop in the lower dermis and subcutis, tend 
to appear blue or purple, may have no overlying skin changes 
(Figure 116.4), often present later and continue to grow for longer 
than superficial haemangiomas. Most infantile haemangiomas 
reach 80% of their final size by 3 months of age [11]. Mixed infan- 
tile haemangiomas, sharing features of both the superficial and 
deep types, are common (Figures 116.5 and 116.6). A minority of 
infantile haemangiomas, sometimes referred to as abortive infantile 
haemangioma, show relatively little proliferation, remaining as 
a patch of telangiectatic vessels. Airway infantile haemangiomas 
most commonly occur in patients with segmental infantile hae- 
mangiomas in the so-called beard distribution (S3 segment), which 
includes the preauricular skin, mandible, lower lip, chin and/or 
anterior neck [12]. Affected infants will develop stridor, hoarseness 
and respiratory failure between 4 and 12 weeks of age due to rapid 
growth of infantile haemangioma. 


Figure 116.1 Haemangioma precursor. 
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Figure 116.2 Evolution of facial and neck plaque-type haemangiomas from day 1 (a, b) 
to day 10 (c, d). 


Figure 116.3 A small capillary haemangioma in the proliferative phase on the forehead 
of a 3-month old infant. 


Figure 116.4 An 8-week-old infant with a deep infantile haemangioma involving the 
lateral neck. 


During the proliferative phase, infantile haemangiomas are firm. 
With involution they become softer. Superficial haemangiomas 
develop islands of greying within the redness, with some flattening 
of the surface. In untreated lesions, involution of superficial hae- 
mangiomas is complete at a median age of 3 years, and most cases 
cease to improve substantially after 3.5 years of age [13]. Therefore, 
surgical reconstruction, if indicated, may be best undertaken at 
this age, as further aesthetically beneficial, spontaneous improve- 
ment is unlikely to occur. Permanent changes — most frequently 
telangiectases, atrophy and residual bulk in the form of fibrofatty 
tissue (Figure 116.5c) — have been reported to remain in up to 69% 
of untreated haemangiomas [14]. Atrophic scars frequently follow 
ulceration. 


Clinical variants 

Segmental infantile haemangioma. A proportion of infantile 
haemangiomas, referred to as segmental or plaque-like, involve 
a broad anatomical region, thought to reflect embryological 
metameres [15]. Segmental infantile haemangioma of the face 
(Figure 116.7) and of the lumbo-sacral region (Figure 116.8) may 
be associated with underlying structural anomalies (Table 116.3). 
Up to 30% of large segmental facial infantile haemangiomas are 
associated with the PHACES syndrome (posterior fossa malforma- 
tions, haemangiomas, arterial anomalies, cardiac anomalies, eye 
abnormalities, sternal pit and supraumbilical raphe) [16]. Segmen- 
tal infantile haemangiomas of the frontotemporal or mandibular 
regions are at the highest risk, but rare cases of PHACES syndrome 
have been reported without facial involvement [17]. Abnormalities 
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(a) (b) 


(c) 


Figure 116.5 Large, mixed infantile haemangioma at (a) 3 months, (b) 16 months and (c) 3 years. 


Figure 116.6 Lateral view of an infantile haemangioma on the face of a 7-week-old 
infant showing both superficial and deep components (mixed form). 


of the cerebral vasculature and coarctation of the aorta are the most 
common extracutaneous findings [18]. Head and neck magnetic 
resonance angiography (MRA), echocardiogram and ophthal- 
mological examination are recommended for patients with large 
segmental facial infantile haemangiomas. 

Segmental infantile haemangiomas in the beard region, especially 
if bilateral, may be associated with airway haemangiomas. Oto- 
laryngological advice should be sought for such infants, even in the 
absence of overt respiratory symptoms. 


Figure 116.7 Female infant aged 4 weeks with facial segmental infantile haemangioma 
associated with dilatation of the right internal carotid, proximal middle cerebral and 
posterior communicating arteries, right Ill nerve palsy, and vascular ring arising from a 
right-sided aortic arch, retro-oesophageal left subclavian artery and patent left ductus 
arteriosus. 


Segmental infantile haemangioma in the lumbo-sacral and per- 
ineal regions may be associated with spinal dysraphism, uro-genital 
abnormalities, ano-rectal malformations, arterial anomalies and 
renal abnormalities [19]. For infants under the age of 3 months, 
spinal ultrasound may be useful for the initial assessment, 
but spinal magnetic resonance imaging (MRI) with contrast is 
advisable. 


Figure 116.8 Male infant aged 6 weeks with segmental infantile haemangioma 
associated with complex spinal dysraphism. 


Multifocal cutaneous infantile haemangioma with and without 
extracutaneous involvement. Historically the term haeman- 
giomatosis — qualified variously as diffuse, miliary or disseminated — 
has been used to refer to multiple haemangiomas, with or without 
visceral involvement. Further confusion has arisen from inclu- 
sion under this term of GLUT-1 negative conditions such as 
multifocal lymphangioendotheliomatosis. In this text the terms 
multifocal infantile haemangioma, with or without extracutaneous 
involvement, will be used. 

Multifocal haemangiomas may range in number from a few to 
hundreds, and are usually small (Figure 116.9). They are histolog- 
ically and immunohistochemically identical to solitary cutaneous 
infantile haemangiomas. Most affected infants follow an uncompli- 
cated course [20], but some have symptomatic visceral lesions, with 
liver involvement being the most common. 


Hepatic haemangioma. Hepatic haemangioma (HH) may occur 
with or without cutaneous infantile haemangioma. Many HHs are 
asymptomatic, and those that become symptomatic usually do 
so within the first 3 months of life [20,21] presenting with hep- 
atomegaly and high-output cardiac failure. HHs may be focal, 
multifocal or diffuse [22]. Focal HHs may be evident on antenatal 
ultrasound, are usually GLUT-1 negative, occur without cutaneous 
lesions, regress rapidly and probably represent rapidly involuting 
congenital haemangioma of the liver. 

Multifocal HHs are usually associated with multiple, small, 
cutaneous infantile haemangiomas, and are GLUT-1 positive [23]. 


Figure 116.9 Multifocal cutaneous infantile haemangioma. 


Most HH in this group are asymptomatic and do not require 
treatment [20,24]. 

Diffuse HH is a term that has been used to describe massive 
involvement of the liver, often with symptomatic arteriovenous 
shunting and high-output cardiac failure. It is possible that histori- 
cally the morbidity of HH may have been overestimated as a result 
of the misinterpretation of multifocal lymphangioendotheliomato- 
sis and multifocal kaposiform haemangioendothelioma as HH. 


Complications and co-morbidities 

The main complications of infantile haemangiomas are ulceration, 

disfigurement and functional impairment. 

e Ulceration is common, the risk being greatest between 4 and 
6 months of age. Ulceration is more likely in large infantile hae- 
mangiomas (Figure 116.10), segmental morphology and location 
on the neck, ano-genital area or lip where there is exposure to 
friction and moisture. Early grey or white discoloration of the 
haemangioma surface in infants younger than 3 months might 
be an early sign of ulceration [25]. Ulcerated infantile haeman- 
giomas are very painful and place the infant at risk of secondary 
bacterial infection and bleeding. Before the widespread use of 
B-blockers, ulceration occurred in up to 20% cases, almost always 
resulting in scarring [25]. 

¢ The risk of disfigurement depends on the location, morphological 
subtype and size. Even relatively small infantile haemangiomas 
on the central face, lips and nose (Figure 116.11), particularly those 
with a dermal component, can lead to permanent distortion [25]. 
Persistent cutaneous dysaesthesia in involuted infantile haeman- 
giomas have been reported [26]. 
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Figure 116.10 Large segmental ulcerated infantile haemangioma. 


= 


Figure 116.11 Residuum from a forehead haemangioma with residual textural change 
and central scarring after involution of ulcerated infantile haemangioma in an 
8-year-old child. 


e Impairment of function is most commonly encountered with 
periocular infantile haemangiomas (Figure 116.12), which may 
cause astigmatism, visual axis obstruction and strabismus, which 
in turn can lead to amblyopia and the risk of permanent visual 
loss [27]. Haemangiomas involving the airway and the nose can 
endanger breathing, and those on the lip may interfere with 
feeding. 
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Figure 116.12 Eyelid haemangioma in the line of vision. 


Disease course and prognosis 

Most infantile haemangiomas follow a predictable course, appear- 
ing shortly after birth, usually achieving 80% of their growth 
by 3 months, and completion of growth by about 9 months. 
Approximately 3% of infantile haemangiomas, mainly deep ones, 
may show growth for longer. Involution occurs over a matter of 
years. 

The prognosis is excellent without treatment for small infantile 
haemangiomas. Prognosis is also excellent for larger haemangiomas 
if there is no functional impairment, and if it is not at an aesthet- 
ically important site. If appropriate treatment with f-blockers is 
started in a timely fashion, prognosis is also good for infantile 
haemangiomas causing (or likely to cause) functional or aesthetic 
impairment. 


Investigations 

Investigation is rarely required as the diagnosis is usually clinical. 
Occasionally, ultrasound may be required to distinguish infantile 
haemangiomas from other soft-tissue masses or vascular mal- 
formations. Investigation may also be indicated for plaque-type 
infantile haemangiomas on the face and lower trunk and before 
treatment with B-blockers. 


Management 

Treatment will depend on the location, morphology and stage 
of evolution, impact on function, risk of disfigurement and 
co-morbidities [28]. Active non-intervention is appropriate if there 
is no impairment of function, no ulceration and it is considered that 
spontaneous regression will produce an excellent outcome. In the 
early stages parents are often very concerned about aesthetic issues, 
and require detailed explanation of the natural history of infantile 
haemangioma, supported with serial photography illustrating 
examples from the time of maximum proliferation until complete 
resolution. 
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Until 2008, treatment for infantile haemangiomas causing, or 
likely to cause, impairment of function or permanent disfigure- 
ment included systemic and intralesional corticosteroids and 
a-interferon. All of these treatments were associated with signifi- 
cant adverse effects. In 2008, the first report of the successful use of 
propranolol radically changed the therapeutic approach to infantile 
haemangioma, and propranolol is now the first line treatment 
(Figure 116.13) [29]. Propranolol has been shown to induce a bet- 
ter and faster response than systemic steroids, and is associated 
with fewer and less concerning adverse effects [30,31-33,34,35]. 
Treatment before the completion of the proliferative phase, which in 
most cases occurs by 5 months of age, may prevent poor outcomes 
[10,36]. 

Recommendations for pre-treatment investigation, dosage and 
monitoring schedules have varied, but most protocols emphasise 
particular care when treating very small infants and those with 
co-morbidities (Figure 116.13) [34,37,38,39]. Treatment of infant 
haemangiomas should extend beyond the proliferative period to 
avoid rebound growth; in the majority of patients, the treatment 
can be stopped at 12-14 months of age. 

Systemic corticosteroids remain a treatment option in patients 
with severe or life-threatening infantile haemangiomas if -blockers 
are contraindicated or in conjunction with f-blockers in patients 
not responding well to treatment with B-blockers alone. Treatment 
needs to be started in conjunction with paediatricians due to the 
risk of adrenal suppression. 

Although the efficacy of topical propranolol 1% twice daily for 
superficial infantile haemangioma has been reported [40], there is 
far greater experience with timolol maleate, usually as a gel forming 
solution, with benefit reported particularly for very small superficial 
lesions [41]. Despite widespread use there are few data on percuta- 
neous absorption, with estimates of equivalence with oral propran- 
olol varying widely [42,43]. 

Although f-blockers may be helpful for the treatment of ulcer- 
ated infantile haemangioma, worsening of ulceration can occur, 
perhaps reflecting reduced blood flow. Most ulcerated infantile 
haemangiomas respond well to protective non-adherent dressings 
and topical or systemic antimicrobial treatment based on sensi- 
tivities on culture of swabs. The specific mechanism of action of 
B-blockers remains largely unknown, but it appears that clinical 
improvement may occur through the induction of vasoconstriction 
and the decreased expression of proangiogenic factors [44]. 

Pulsed-dye laser (PDL) can be helpful for the treatment of 
ulceration [45] and may be required for residual telangiectases 
post-involution. Use of PDL in the early proliferative phase of 
non-ulcerated infantile haemangiomas does not appear to improve 
long-term outcomes, the evidence indicating that treated lesions are 
more likely to show atrophy or hypopigmentation [46,47-50]. 

Surgery may very occasionally be required for infantile hae- 
mangioma in the proliferative phase if functional impairment or 
ulceration cannot be managed medically. In the involuting phase, 
surgery may be indicated provided the size and appearance of 
the scar is likely to be superior to the result from surgery when 
involution has ceased. In the involuted phase, indications for plastic 
surgery or laser resurfacing include abnormal contour due to a 
fibrofatty residuum and distortion of an important anatomical 
structure [51,52]. 


Treatment ladder for infantile haemangiomas 


First line 
e Watch and wait: for small infantile haemangiomas on the 
body without ulceration and no risk of disfigurement 


Second line 

¢ Topical B-blocker: for small superficial infantile 
haemangiomas without risk of functional obstruction and/or 
disfigurement, mainly for those located on the face or nappy 
area 


Third line 

¢ Oral B-blocker: for infantile haemangiomas on the periorbital 
area, nose, lip, auditory canal and airway, and for ulcerated 
haemangiomas, risk of disfigurement, spinal cord 
compression and selected liver infantile haemangiomas 


Fourth line 

e Oral B-blocker and oral corticosteroid: oral steroid can be 
added to treatment with oral B-blockers when there is an 
inadequate response to propranolol monotherapy 


Congenital haemangioma 


Congenital haemangiomas are benign vascular tumours that prolif- 
erate in utero, and do not show further proliferation postnatally [1]. 
They may be evident as early as 12 weeks of gestation by prena- 
tal ultrasound studies [2]. They either regress within 1-2 years 
(RICH) or not at all (NICH). An uncommon intermediate type is 
also recognised, presenting with early features similar to a RICH, 
but showing only partial involution, and referred to as partially 
involuting congenital haemangioma or PICH [3]. All three types are 
GLUT-1 negative. 

Congenital haemangiomas occur equally in male and female 
infants, and usually arise on the head or the extremities. The 
pathogenesis is unknown. 

Rapidly involuting congenital haemangiomas typically present 
as blue or purple tumours, often with telangiectases and periph- 
eral pallor (Figure 116.14), and sometimes with a central ulcer, 
scar or depression. The rapid regression may leave pronounced 
atrophy. Ultrasonography demonstrates a uniform hypoechoic 
mass with centrilobular draining channels [4]. Histology shows 
small lobules of capillaries with plump endothelium peripherally, 
and more thin-walled vessels with surrounding fibrous tissue cen- 
trally [5]. RICH may be associated with transient thrombocytopenia, 
which usually resolves spontaneously [6]. Large lesions may cause 
haemodynamic instability. 

Embolisation or excision may need to be considered for RICHs 
that are ulcerated, bleeding or causing haemodynamic instability. 
There is no evidence that B-blockers accelerate the involution of 
RICHs. Sclerotherapy may be indicated for prominent veins in areas 
of atrophy following involution. 

Non-involuting congenital haemangiomas present as violaceous 
plaques or tumours with coarse telangiectases and peripheral pallor 
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Patient with an infantile haemangioma 


At least one of the indications present: 

1. 1H causing/likely to cause vision compromise 

2. Airway IH causing/likely to cause airway compromise 

3. Nasal IH causingj/likely to cause obstruction Watch and wait 
4. Lip IH causing/likely to cause functional impairment 

5. Involvement of auditory canal causing recurrent infections 
6. Any ulcerated IH, especially when topical treatment would 
not be appropriate or has not been effective 

7. Risk of permanent disfigurement 

8. IH causing/likely to cause spinal cord compression 

9. Liver IH in conjunction with cutaneous IH in selected cases 


Absolute contraindications present? 2 

1. Recent or ongoing hypoglycaemic episodes Alternative treatment 
2. Heart block, second or third degree 

3. Hypersensitivity to propranolol 


Relative contraindications present? 

1. Wheezing, frequent 

2. Blood pressure outside normal for age 
3. Heart rate outside normal range for age 


Treat in conjunction with 
paediatrician 


Further Investigations needed 

Pretreatment ECG: 

1. Heart rate below fifth percentile for age 

2. Strong family history of sudden death/arrhythmia 
3. Maternal history of connective tissue disease 


History and examination: 

1. No history of loss of consciousness, no maternal history 
of connective tissue disease, no family history of sudden 
death/arrhythmia? 

2. Normal cardiovascular system examination 

3. Normal blood pressure and heart rate 

4. Non-segmental IH 


Pretreatment ECG and ECHO: 
1. Patients with bradycardia 
2. Patients with murmur 


Patient with cervicofacial segmental IH: 

1. Referral for ECHO and ECG to be interpreted by a paediatric 
cardiologist/paediatrician with special interest in cardiology 
before starting treatment 

2. Brain MRI/MRA, ideally before starting propranolol (referral to 
paediatric neurologist if arterial stenosis/agenesis is present) 


Does the patient fulfil the following criteria? Admission to hospital 

1. Born at term with normal birthweight 1. 2-4h on initiation and for dose increments greater than 

2. Older than 4 weeks 0.5 mg/kg daily 

3. No significant co-morbidities 2. Heart rate and blood pressure measurements before the first 
4. Has established feeds and appropriate weight gain dose and then every 30 min for 2-4h 

5. Has a nonsegmental IH 3. Glucose measurement only for patients at risk of 
hypoglycaemia (preterm infants, low weight, failure to thrive, 
neonates, history of hypoglycaemia) 

4. In non-segmental IH start propranolol 1 mg/kg daily in 3 
divided doses, the dose can be increased to 2 mg/kg daily in 3 
divided doses after at least 24h 

5. Patients with segmental IH and suspected PHACES syndrome 
ideally require MRA before starting propranolol — if not possible 
to obtain urgent MRA, start propranolol 0.5 mg/kg daily in 3 
divided doses 


Start treatment ambulatory 

Start propranolol 1 mg/kg daily in 3 divided doses 

The dose can be increased to 2 mg/kg, daily in 3 divided 
doses after at least 24h 
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Figure 116.13 Protocol for the use of 
propranolol in treating infantile 
haemangiomas. Reproduced from 
Solman 2018 [39] with permission of 
John Wiley & Sons. ECG, 
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Review 2-3 months after starting treatment 


4 ae : iste 7 electrocardiogram; ECHO, 
e Adjust the dose of propranolol for weight at , : ‘ 
Pai eer aces aoe echocardiogram; IH, infantile 


* Total dose can be given in 2 or 3 divided doses haemangioma; MRA, magnetic 
* Maximum dose 3 mg/kg daily resonance angiography; MRI, magnetic 
* Suspend treatment in the setting of significantly resonance imaging; PHACES, posterior 


eRe intake or wheezing:that requires fossa malformations, haemangiomas, 


¢ Treatment should extend beyond the arterial anomalies, cardiac 
proliferative period of IH to avoid rebound growth abnormalities, eye abnormalities, sternal 


cleft and supraumbilical raphe. 


Figure 116.14 Rapidly involuting congenital haemangioma on the leg of a 6-week-old 
male, showing peripheral pallor. 


(Figure 116.15), and may be warm to touch. They grow in propor- 
tion with the affected individual, but never regress. On ultrasound, 
NICHs often show prominent arterial flow. Histology shows large 
lobules of small vessels in a stroma of fibrous tissue containing 
abnormal appearing arteries and veins [5]. 

For NICH requiring treatment, surgery is the preferred option [7]. 


Kaposiform haemangioendothelioma 


Introduction and general description 

Kaposiform haemangioendothelioma (KHE) is a rare, locally 
aggressive tumour named for its histological resemblance to Kaposi 
sarcoma. It may be present at birth or develop in early childhood, 
but rare cases have also been reported in adults [1]. It presents as a 
slightly raised, subcutaneous mass with a purpuric, bruised appear- 
ance, with occasional overlying telangiectasias (Figure 116.16) [2]. 
KHE is usually unifocal and most commonly involves the extremi- 
ties, followed by trunk and cervico-facial region [1]. Approximately 
10% of KHEs do not involve the skin [3]. Although the mechanism of 
tumorigenesis has not been fully defined, somatic activating GNA14 
mutations have been identified in some KHEs and have been found 
to induce changes in cellular morphology and increased cell growth 
via mitogen-activated protein kinase (MAPK) activation [4]. 


Pathophysiology 

Histologically, KHE is marked by irregular sheets of spindle-shaped 
endothelial cells and characteristic slit-like vascular channels [5] 
with positive immunohistochemical staining for lymphatic mark- 
ers, D2-40, LYVE1 and Prox-1,8, and negative for GLUT-1, the 
marker for infantile haemangioma [6]. 


116.9 
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Figure 116.15 Non-involuting congenital haemangioma in an 11-year-old child. 


Figure 116.16 Kaposiform haemangioendothelioma on the neck of a 6-month-old 
infant. 


Kasabach-Merritt phenomenon 

Approximately 50-70% of patients with KHE develop the Kasabach— 
Merritt phenomenon (KMP) [7], a potentially life-threatening 
disorder characterised by severe thrombocytopenia, hypofibrino- 
genaemia, microangiopathic haemolytic anaemia and consumptive 
coagulopathy. For decades, KMP was thought to be a complication 
of infantile haemangiomas, however it is now understood to be 
specific to KHE and tufted angioma [8]. The mechanism is not 
completely clear, but it is thought that abnormal endothelium and 
architecture of the tumour promote platelet adhesion and trap- 
ping [9]. The presenting sign of KMP is rapid enlargement of the 
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Figure 116.17 Massive kaposiform haemangioendothelioma of a newborn with severe 
Kasabach—Merritt phenomenon. 


KHE, which becomes tense, purpuric or ecchymotic (Figure 116.17). 
KHE can exhibit dramatic episodes of tumour growth in response to 
infection or trauma [2]. These changes are accompanied by a fall in 
the platelet count (platelets can drop to 3-5 x 10’/L) and fibrinogen 
(often below 1 g/L). D-dimers are almost always elevated. Despite 
profound thrombocytopenia, severe haemorrhage is rare. 


Investigations 

Blood tests 

When KHE is suspected, full blood count and clotting, including 
fibrinogen, prothrombin time (PT), activated partial thromboplastin 
time (aPTT) and pD-dimers, should be obtained. The detection of 
severe thrombocytopenia with hypofibrinogenaemia and elevated 
p-dimers suggest the diagnosis of KMP, however other vascular 
tumours of infancy (such as congenital haemangioma) and vascular 
malformations can also be associated with thrombocytopenia and 
coagulopathy [10]. 


Biopsy 

If possible, the diagnosis of KHE should be confirmed histopatho- 
logically as long-term treatment is often required. The biopsy should 
be carried out in a specialist centre, as high vascularity and associ- 
ated coagulopathy lead to a high risk of bleeding. 


Imaging 

Magnetic resonance imaging is helpful in delineating the extent of 
the disease and assessing the response to treatment, especially in 
KHE that does not involve the skin. 


Management 

The approach to management must be individualised, based on the 
size, location and severity of the coagulopathy. Although platelets 
can be dramatically low, life-threatening haemorrhage is rare. 
Platelet transfusion should not be given unless in preparation for 
procedures or if the patient is actively bleeding. The transfusion 
of platelets tends to worsen the condition, as the KHE will rapidly 
sequester and consume platelets, leading to increase in size and 
increase in the systemic bleeding risk. Fresh frozen plasma or cryo- 
precipitate can be given for correction of hypofibrinogenaemia if 
there is active bleeding, before surgical procedures or if fibrinogen is 
below 1 g/L. Cryoprecipitate is highly concentrated and should be 


considered in patients with high-output heart failure. Symptomatic 
anaemia can be treated with the transfusion of red blood cells. 

In the past, KHE was treated with surgical excision, however 
due to the risks of high vascularity, coagulopathy and size increase 
with trauma, pharmacological treatment is preferred. Vincristine 
and systemic steroids were primarily used as first line therapy for 
the treatment of KHE with KMP. However, more recently, several 
studies have demonstrated rapid normalisation of the platelet count 
and softening of the tumour within days of initiation of treatment 
with sirolimus [11-14]. Sirolimus is an oral medication and, unlike 
vincristine, does not require a central line. 

Embolisation may be an alternative to surgery if a single feeding 
vessel is demonstrated, which is infrequent; necrosis and super- 
infection are common. Propranolol is not beneficial for KHE. 
Multidisciplinary team collaboration with a paediatric dermatol- 
ogist, neonatal/paediatric intensivist, interventional radiologist, 
plastic surgeon and haematologist/oncologist is essential to provide 
comprehensive and individualised treatment for these patients. 


Tufted angioma 


Tufted angioma (TA) is so-called because of its histological appear- 
ance, which reveals groups of dermal capillary tufts. It shares several 
histopathological features with KHE and they are thought to be a 
part of a spectrum [1,2]. Most cases are present in childhood, but it 
can also manifest in adulthood [3]. 

TAs are characterised by multiple, discrete lobules of tightly 
packed capillaries (tufts) scattered in the dermis and sometimes 
in the subcutis in a so-called ‘cannonball’ pattern [4]. These capil- 
lary tufts are surrounded by cleft-like, semilunar, empty vascular 
spaces. Thin-walled lymphatic spaces may be seen throughout the 
dermis [4]. 

Lesions are usually located on the limbs or trunk and rarely on 
the face [5]. The size can vary from a few to 20 centimetres. A TA is 
usually pink, red, violaceous or blue in colour and overlying hyper- 
trichosis and hyperhidrosis is common (Figure 116.18). Over time, 
the tumour can thicken; induration and fibrosis can affect limb and 
joint function [6]. TAs can also be painful. Only about 10% of TAs 
develop KMP [7]. 

The treatment of TA depends on size, location, impaired function, 
pain and presence of KMP. Observation without intervention is a 
reasonable option in some cases. Surgical intervention can be used 
for smaller lesions. TA with KMP should be treated the same way 
as KHE. 


Pyogenic granuloma 


Pyogenic granuloma (PG; acquired eruptive lobular capillary hae- 
mangioma) is a common, benign, acquired vascular lesion of the 
skin and mucous membranes. PG can occur at any age, but is more 
common in children and young adults [1]. 

A PG starts as a small, bright red papule that grows rapidly over 
weeks to months. It can be sessile or slightly pedunculated. Most 
PGs are less than 1 cm in size. In children, they are most common 


Figure 116.18 Tufted angioma on the elbow of a 6-year-old child with overlying 
hypertrichosis. 


Figure 116.19 Pyogenic granuloma on the face of a 5-month-old infant. 


on the face and neck (Figure 116.19), and in adults on the trunk and 
limbs [1]. Trauma has been suggested as a trigger, but only 7-23% 
of patients with PG report a preceding injury at the site [2,3]. PGs 
are usually solitary, but may be multiple and agminated, as seen in 
association with pre-existing capillary malformations [4]. 

Angiogenic growth factors, such as vascular endothelial growth 
factor (VEGF) [5], transcription factors (p ATF2 and pSTAT3) [6] and 
MAPK signal transduction pathway proteins [7], are overexpressed 
in PG, although their role is not clear. A whole exome sequencing 
study of 40 PG lesions found HRAS somatic mutations in four 
tumours, supporting a role for the RAS-MAPK pathway in the 
development of PG [8]. 

PGs are often mistaken for infantile haemangiomas, but they 
rarely manifest before 4 months of age and infantile haemangiomas 
appear a few weeks after birth. The surface of the PG is very friable 


and they bleed profusely after even minor trauma. Bleeding can 
be recurrent and difficult to control. In infantile haemangiomas, 
bleeding is uncommon and usually easily controlled with pressure. 

Treatment of a PG is usually surgical, either elliptical excision or 
shave/scoop excision with electrodesiccation and healing by gran- 
ulation. PDL or carbon dioxide laser can be effective, but more than 
one session may be required and is no better than surgery. Topical 
B-blockers, such as timolol, have been used with favourable results 
in some patients [9]. Treatment with salt has been regularly used in 
umbilical granulomas and a recent case report has shown it might 
be beneficial in the treatment of PG [10]. 


Resources 


Patient resources 

Birthmark Support Group: www.birthmarksupportgroup.org.uk 

Changing Faces: https: / /www.changingfaces.org.uk 

Great Ormond Street Hospital, haemangioma information: https://www.gosh 
nhs.uk/conditions-and-treatments /conditions-we-treat/haemangiomas/ 
(All last accessed February 2023) 
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Drug-induced exanthems i 


Definition and nomenclature 

Exanthematic eruptions can be caused by a variety of drugs and 
resemble in appearance the classical rash of viral infection for which 
the paradigm is the morbilliform rash associated with measles. 
Typically, exanthematic drug reactions do not show systemic 
involvement, but a mild fever and eosinophilia, which would char- 
acterise a viral reaction, may be seen [1,2]. 


nyms and inclusions 

iform drug eruption 

lopapular drug eruption is a term that is frequently used but many eruptions 
=n not papular 


Introduction and general description 

There is no consensus definition of an exanthem, but it is gener- 
ally considered to represent an acutely spreading eruption, hence 
the derivation of the name from the Latin/Greek exanthem ‘to burst 
forth’ [3]. These types of eruptions are the most frequent of all cuta- 
neous reactions to drugs and can occur after almost any drug at any 
time up to 3 (but usually 2) weeks after administration; they may be 
accompanied by fever, pruritus and eosinophilia. It is not possible 
to identify the offending drug by the nature of the eruption. 


Epidemiology 

Exanthematous reactions are the most frequent presentation of 
non-immediate (non-IgE) drug allergy. The epidemiology of such 
reactions is not well characterised, but a French study identified 
3.6 cutaneous allergic reactions per 1000 hospitalised patients, 
of which 56% showed exanthematous reactions [4] and a later 
study showed similar results [5]. Approximately 5% of those with 
Epstein-Barr virus infection who are prescribed aminopenicillins 
will develop a drug-induced exanthem [6]. 


Pathophysiology 
The mechanism of cutaneous inflammation is mediated by drug- 
specific T cells (Chapter 14). 


Pathology 
Histology is generally non-specific. However, some histological 
features are used to discriminate drug-induced exanthems from 
non-drug exanthems including apoptotic keratinocytes, eosinophils 
within the inflammatory infiltrate, papillary oedema, and vascular 
changes [7]. 


Clinical features 

These eruptions are often pruritic and the clinical features are vari- 
able; the lesions may be scarlatiniform, rubelliform or morbilliform, 
or may consist of a profuse eruption of small papules showing no 
close resemblance to any infective exanthem (Figures 117.1 and 
117.2). Less common are eruptions with large macules, polycylic 
and gyrate redness, reticular eruptions and sheet-like redness. The 
distribution is also variable but is generally symmetrical. The trunk 
and extremities are usually involved, and not uncommonly intert- 
riginous areas may be favoured, but the face may be spared. Palmar 
and plantar lesions may occur, and sometimes the eruption is gener- 
alised. Purpuric lesions, especially on the legs, and erosive stomatitis 
may develop. There may be relative sparing of pressure areas. 


Differential diagnosis 

Viral infection is the most important differential diagnosis. Classical 
viral exanthems such as measles and chickenpox are readily iden- 
tifiable [8]. In a recent series of atypical exanthems, morphology 
and laboratory investigations led to an aetiological diagnosis in 
77% of cases [9]. Drugs were responsible for 25% of the exanthems 
(more commonly in adults) of which antibiotics and non-steroidal 
anti-inflammatory drugs (NSAIDs) were most frequently impli- 
cated. It is useful, in differentiating exanthematic drug eruptions 
from viral exanthems, to remember that viral rashes may start on 
the face and acral sites with subsequent progression to involve the 
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Figure 117.1 An exanthem caused by ampicillin. 


Figure 117.2 A drug-induced exanthem composed of macular and popular lesions, 
becoming confluent on the chest. 


trunk, and are significantly more often accompanied by fever, sore 
throat, gastrointestinal symptoms, conjunctivitis, cough and insom- 
nia [9]. Furthermore, enanthems (involving mucous membranes) 
were more commonly associated with an infectious aetiology. 
Pruritus was more commonly associated with drug causes in adults. 

Drug reaction with eosinophilia and systemic symptoms (DRESS) 
is also important to exclude as the rash can be similar (Chapter 118). 
Stevens-Johnson syndrome or toxic epidermal necrolysis would 
not typically present in a similar manner. However, blisters, facial 
involvement, facial oedema, mucous membrane involvement and 
pyrexia should alert the clinician to the possibility of a severe 
cutaneous reaction [6]. 


Chapter 117: Benign Cutaneous Adverse Reactions to Drugs 


Table 117.1 Drugs causing exanthematic reactions. 


Most common Less common 


Proton pump inhibitors 
Cephalosporins 


Ampicillin and penicillin 
Carbamazepine 


Sulphonamides Thiazides 
Phenytoin Naproxen 
Non-steroidal anti-inflammatory drugs Isoniazid 
Allopurinol Phenothiazines 


Angiotensin-converting enzyme inhibitors 


Complications and co-morbidities 

If the administration of the drug is continued, an exfoliative der- 
matitis may develop, although occasionally the eruption subsides 
despite continuation of the medication. 


Disease course and prognosis 
The illness follows a benign course and resolves without sequelae 
following cessation of the offending drug. 


Investigations 

Blood tests to exclude organ dysfunction and haematological abnor- 
malities associated with DRESS are important. Viral serology/ 
polymerase chain reaction may be useful to exclude viral infections. 
Skin histology is not routinely undertaken as it is not diagnostic of 
a drug cause, but may be useful to exclude other conditions where 
the clinical features are not characteristic. 


Management 

Cessation of the culprit drug is essential. On withdrawal of the 
drug, maculopapular drug eruptions usually fade with desquama- 
tion, sometimes with postinflammatory hyperpigmentation, and 
resolution is faster than for infectious exanthems. 

Generally, symptomatic treatment only is required, and most 
cases benefit from emollients. Approximately 50% of exanthe- 
matous eruptions are pruritic and intermediate potency topical 
corticosteroids may be useful for these cases. 

Morbilliform drug eruptions usually, but not always, recur on 
rechallenge. Commoner causes are listed in Table 117.1. 


Definition 
Itch, which may be localised or generalised, caused by a drug. 


Introduction and general description 

Pruritus is generally a complication of systemic drugs, but is also 
associated with topical application, e.g. calcineurin inhibitors and 
beta-adrenergic blockers [10,11]. Drug-induced pruritus may be a 
primary neuronal/central nervous system interaction or through 
secondary mechanisms. Secondary pruritus includes direct skin 
effects such as hypersensitivity drug (allergy) rashes, xerosis and 
induction of inflammatory skin disease (such as lichen planus, 
psoriasis and eczema); alteration of biochemical profiles (e.g. renal 
or hepatic dysfunction); or other as yet unexplained mechanisms. 


Table 117.2 Drugs causing pruritus.? Adapted from Reich et a/. 2009 [22]. 


More frequent side effects Less frequently reported 


Opioids Lapatinib 
Statins Quinolones 
Paclitaxel Metronidazole 


Antimalarials 
Granulocyte-macrophage 
colony-stimulating factor 


Cephalosporins 
Methyldopa 


Interleukin-2 Tetracyclines 
Matuzumab Tiamphenicol 
Angiotensin-converting enzyme inhibitors Rifampin 


Sulphonylurea derivates 
Non-steroidal anti-inflammatory drugs 


Selective serotonin reuptake inhibitors 
Non-vitamin K oral anticoagulants 


@ Excludes those drugs in which the aetiology of pruritus is thought to be due to drug 
hypersensitivity or drug-induced cholestatic liver injury. 


Epidemiology 

Pruritus has been reported to arise in 13.3% of adverse reactions 
to prescribed drugs in general practice [12]. Opioid-induced pruri- 
tus is the most frequent and best recognised primary drug-induced 
pruritus and is reported to arise in 2-10% of patients treated with 
opiates [13]. 


Pathophysiology 

The risk of drug-induced pruritus is increased with higher doses. 
Itching is usually first noted on the face, especially the perinasal 
area, but may become widespread. Opioids can induce mast cell 
degranulation and histamine release associated with an itchy 
urticarial rash. However, most opioid pruritus appears not to be 
histaminergic and likely involves binding of the drug to central 
t-opioid pain receptors in the medullary dorsal horn [14], but 
serotonin and dopamine D, receptors, spinal inhibitory pathways 
and prostaglandins have also been implicated [15]. 

Chloroquine can cause mast cell-induced histamine pruritus. 
However, the precise cause of generalised pruritus seen in 60-70% 
of black African people treated with antimalarials is unclear and 
likely to be multifactorial, including p!-opioid receptor signalling 
as well as a genetic cause (it is less common in white people) [16,17]. 
Selective serotonin reuptake inhibitor (SSRI)-induced pruritus is 
also well recognised; these drugs can induce itching when injected 
into the skin [18]. Interestingly, SSRIs can also be used to treat 
psychogenic itching [19]. 

Hydroxyethyl starch (HES) is used for colloid fluid replacement 
in some settings and has been associated with chronic pruri- 
tus in approximately one-third of patients. HES-induced itch 
can arise even after small volumes, but the complication is more 
common with greater exposure. The symptoms typically arise after 
1-6 weeks of HES infusion, which accounts for the relatively recent 
characterisation of this association in 1990 [20]. Furthermore, the 
itch can persist for 12-24 months [21] and is generally refractory 
to treatment [22]. 

Recently, the increased prescribing of non-warfarin oral anti- 
coagulants has led to the recognition that these therapies may be 
common causes of drug-induced itch although the mechanism has 
not been elucidated [23]. 


Clinical features 

Pruritus describes only the sensation of itch, which is purely sub- 
jective to the patient, and therefore there may be no skin changes 
evident. However, scratching may leave excoriations or purpura 
from recent-onset pruritus, or lichenification in more chronic cases. 


Differential diagnosis 

Pruritus is most commonly caused by dry skin and associated 
disorders such as eczema, so other conditions must be excluded 
(Chapter 81). 


Disease course and prognosis 
Although considered a mild adverse drug reaction, chronic pruritus 
can have a very significant negative effect on quality of life. 


Investigations 
Exclusion of other causes of itch is recommended (Chapter 81). 


Management 

Generally, cessation of the culprit drug brings rapid relief. How- 
ever, as with HES, some drug-induced pruritus can be long-lived. 
Although antihistamine medications are frequently prescribed for 
drug-induced pruritus, they are rarely of benefit. Cooling emollients 
such as 0.5% menthol in aqueous cream may be of benefit. 

In view of the direct involvement of opioid receptors in opiate- 
induced pruritus, the most effective means of treatment is reduction 
in dose or cessation of opiate treatment. Alternatively, introduction 
of naloxone, naltrexone (l-receptor antagonists) or nalbuphine 
(partial k-receptor agonist, y-receptor antagonist) may be tried, 
but all of these approaches are likely to lead to loss of pain con- 
trol. Other approaches including addition dopamine (D,) receptor 
antagonists, serotonin (5-HT3) receptor antagonists (ondansetron, 
dolasetron), antihistamines and preoperative gabapentin have been 
tried with varying success [22]. Interestingly, )-receptor antagonists 
have also been utilised in other forms of pruritus especially where 
endogenous endorphins are thought to be pathogenic, such as 
in cholestatic pruritus, which has been proven in a double-blind 
randomised controlled clinical trial [24]. 

For more resistant cases of drug-induced pruritus, phototherapy 
and other therapeutic options may be of value (Chapter 81). 


Drug-induced eczema 


a 


Definition and nomenclature 
Allergic contact dermatitis is discussed in Chapter 127. This section 
concerns systemic allergic contact dermatitis (SACD) [25-27]. 


nyms and inclusions [28] 

allergic contact dermatitis includes: 

ymmetrical drug-related intertriginous and flexural exanthema (SDRIFE) 
oon syndrome (BS) 

rgic contact dermatitis syndrome 

nic nickel allergy syndrome 


Drug-induced eczema _ = 117.3 
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Table 117.3 Terms previously used for systemic allergic contact dermatitis and related 
conditions. Adapted from Pan et a/. 2021 [29] and Hausermann et al. 2004 [30]. 


Internal-external contact type hypersensitivity (Ratner et a/. 1974) [39] 

Mercury exanthem (eczema rubrum) (Nakayama et a/. 1983) [38] 

Baboon syndrome — systemically induced allergic contact dermatitis (Andersen et a/. 
1984) [37] 

Non-pigmenting fixed drug eruption (Shelley and Shelley 1987) [40] 

Intertriginous drug eruption (Wolf et a/. 1992) [41] 

Drug-induced intertrigo (Wolf et a/. 1993) [42] 

Systemic contact dermatitis (Menne et a/. 1994) [27] 

Paraptic eczema (Happle 1994) [43] 

Symmetric ptychotropic and non-pigmenting fixed drug eruption (Helmbold et a/. 
1998) [44] 

Flexural (drug) eruption (Wakelin et a/. 1999) [45] 

Symmetrical drug-related intertriginous and flexural exanthema (SDRIFE) 
(Hausermann et a/. 2004) [30] 

Systemic allergic (contact) dermatitis (Thyssen and Maibach 2008) [46] 


Introduction and general description 

Systemic allergic contact dermatitis describes the elicitation of an 
eczematous reaction following topical sensitisation on subsequent 
systemic re-exposure to the same substance. Discussion of this 
condition in the literature is confused by the variety of names used 
to describe this problem (Table 117.3). A patient initially sensitised 
to a drug by way of allergic contact dermatitis may develop an 
eczematous reaction when the same, or a chemically related, sub- 
stance is subsequently administered systemically. The eruption 
tends to be symmetrical, and may involve first, or most severely, 
the site(s) of the original dermatitis, before becoming generalised. 


Epidemiology 
Rare. 


Pathophysiology 

The eczematous response is mediated by drug-specific T-cell- 
induced inflammation in the skin. Recently, the possibility of sen- 
sitisation via other routes of exposure including implants and 
prostheses has been proposed [29] (Chapter 14). 


Pathology 

The histological features of drug-induced eczema (including BS and 
SDRIFE) are non-specific but show eczematous features including 
variable spongiosis and upper dermal infiltrates of mononuclear 
cells and including eosinophils. Apoptotic and necrotic changes 
in keratinocytes are reported in some cases but are uncommon [30]. 


Clinical features 

Patients with a contact allergy to ethylenediamine may develop 
urticaria or systemic eczema following injection of aminophylline 
preparations containing ethylenediamine as a solubiliser for theo- 
phylline [31,32]. Patients with contact allergy to parabens may 
develop systemic eczema on medication with a drug containing 
parabens as a preservative [33]. Similarly, sensitised patients may 
develop eczema following oral ingestion of neomycin or hydrox- 
yquinolines [34]. Diabetic patients sensitised by topical preparations 
containing p-amino compounds, such as p-phenylenediamine hair 
dyes, para-aminobenzoic acid (PABA) sunscreens and certain local 
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anaesthetic agents (e.g. benzocaine), may develop a systemic contact 
dermatitis with the hypoglycaemic agents tolbutamide or chlor- 
propamide. Sulphonylureas may also induce eczematous eruptions 
in sulphanilamide-sensitive patients as a result of cross-reactivity. 
Phenothiazines can produce allergic contact dermatitis, photoal- 
lergic reactions and eczematous contact-type dermatitis, and may 
cross-react with certain antihistamines. Tetraethylthiuram disul- 
phide (disulfiram, Antabuse) for the management of alcoholism 
can cause eczematous reactions in patients sensitised to thiurams 
via rubber gloves. Drugs given systemically have also been iden- 
tified as causing eczematous drug reactions without prior contact 
sensitisation and approximately 50% of cases of SACD are due to 
penicillins or B-lactam antibiotics (Table 117.4). The term ‘endogenic 
contact eczema’ [35] refers to the occurrence of an eczematous 
contact drug reaction following primary sensitisation by oral ther- 
apy, as in the case of a patient with a drug-related exanthem who 
later develops localised dermatitis due to topical therapy. Such 
eczematous eruptions have been reported following therapy with 
penicillins, NSAIDs and others. Patients may have positive patch 
tests to the drug. 

BS denotes a characteristic pattern of systemic allergic contact 
dermatitis [21,22,23] in which there is diffuse redness of the but- 
tocks, upper inner thighs and axillae. There has been some debate 
regarding the exact pathomechanism of this pattern and although 


Table 117.4 Systemic drugs associated with systemic allergic contact dermatitis®. 
Adapted from [46-52]. 


a-Blockers 

8-Methoxypsoralen 

5-Aminosalicylic acid 

Aminophylline 

Analgesics: non-steroidal anti-inflammatory drugs, opiates, paracetamol 

Antibiotics: amoxicillin, ceftriaxone, chloramphenicol, clindamycin, erythromycin, 
fusidic acid, gentamicin, isoniazid, miconazole, neomycin, nystatin, quinolones, 
streptomycin, sulfamethoxazole-trimethoprim, terbinafine 

Antihistamines: cetirizine, diphenhydramine, hydroxyzine 

Antihypertensives: alprenolol, captopril, telmisartan-hydrochlorothiazide 

Anti-inflammatories: acetyl salicylic acid, 5-aminosalicylic acid, corticosteroids, 
cyclo-oxygenase-2 inhibitors 

Antivirals: acyclovir, valacyclovir 

Biologic agents: cetuximab 

Chemotherapy agents: 5-fluorouracil, mitomycin C 

Clobazam 

Clonidine 

Doxepin 

Ephedrine 

Glyceryl trinitrate 

Heparin 

Hydroxycarbamide 

Intravenous human immunoglobulins 

lodinated radio contrast media 

Oestradiol 

Phenobarbitol 

Phenothiazines 

Pseudoephedrine 

Rivastigmine 

Sulfonamides 

Suxamethonium 

Vitamin B6 


* Including Baboon syndrome and SDRIFE. 


initially reported as a systemic allergic contact dermatitis in which 
the rash evolves following systemic exposure to a known contact 
allergen, it has become clear that systemic drugs can also induce 
BS without prior skin sensitisation and without cross-reactivity to 
known contact allergens. Thus, the term SDRIFE was proposed 
to identify those cases of BS in whom exposure to a systemically 
administered drug induces BS [30]. Diagnostic criteria for SDRIFE 
stipulate a symmetrical, sharply demarcated redness of the but- 
tocks/perineum and groin, with involvement of at least one other 
flexural site and absence of systemic symptoms and signs. SDRIFE 
is considered alongside other ‘classical’ systemic delayed-type 
T-cell-mediated drug hypersensitivity variants such as DRESS 
(Chapter 118). 

BS/SDRIFE has been reported to be provoked by antibiotics 
(especially penicillins), nickel, heparin, mercury (including that 
found in a homeopathic medicine [36]), and more recently biologics 
(Table 117.4). Disulfiram therapy of a nickel-sensitive alcoholic 
patient may induce this syndrome, as the drug leads to an initial 
acute increase in blood nickel concentration [37]. Cases have been 
described from Japan under the name ‘mercury exanthem’ follow- 
ing inhalation of mercury vapour from crushed thermometers in 
patients with a history of mercury allergy [38]. 


Differential diagnosis 

¢ Idiopathic eczematous reactions 
e Allergic contact dermatitis 

¢ Bacterial toxin reaction 


Complications and co-morbidities 
Following drug withdrawal, complications and co-morbidities are 
minimal. 


Disease course and prognosis 

On withdrawal of the offending drug, resolution of the clinical 
symptoms generally occurs in 1-3 weeks. Re-exposure at a later 
time would be expected to reproduce the same clinical picture. 


Investigations 

Patch tests are commonly positive and usually vesicular, although 
histology of the eruption itself may show leukocytoclastic vasculi- 
tis; oral challenge with the suspected antigen may be required to 
substantiate the diagnosis. 


Management 

The primary objective is cessation of the causative drug. Ther- 
apies utilised to treat eczematous dermatoses, such as topical 
corticosteroids, are usually effective. For severe reactions systemic 
treatment with prednisolone may be appropriate. 


Drug-induced urticaria, angioed: 
and anaphylaxis 


Definition and nomenclature 
Urticaria and angioedema are physical signs that principally 
involve circumscribed skin oedema and redness and are described 


117.5 


Drug-induced urticaria, angioedema and anaphylaxis 


in detail in Chapter 42. Anaphylaxis is a constellation of clinical 
findings that describes respiratory and cardiovascular compromise 
(bronchoconstriction and hypotension) in a life-threatening manner 
and is described in Chapter 42. This chapter is concerned with 
drug-induced causes of these reaction patterns. 


clusions 


immune mediated) describes a presentation which is clinically 
le fro m true allergy (IgE mediated). Pseudoallergic urticaria, 

| anaphylaxis are commonly mediated by drugs as discussed here 
are sometimes referred to as ‘anaphylactoid’. 


Introduction and general description 
Drug-induced urticaria can be seen in isolation or in association with 
anaphylaxis and angioedema. 


Epidemiology 

Urticaria (Chapter 42) is the second most common type of adverse 
cutaneous drug eruption [53,54] (Figure 117.3). Drug-induced 
urticaria is seen in 0.16% of medical in-patients and accounts 
for 9% of chronic urticaria or angioedema seen in dermatology 
out-patient departments [53]. Urticaria develops in about 1% of 
patients receiving blood transfusions [55]. 

In children, food is the commonest cause of anaphylaxis, whereas 
in adults it is drugs. It has been estimated that 1 in 1500 of the 
population of England has experienced anaphylaxis at some point 
in their lives [56] and of the average 20 deaths recorded each year 
in the UK, at least half were due to drugs [57]. The incidence of 
anaphylaxis during general anaesthesia has been estimated to arise 
in 1: 4000 to 1: 25000 cases [58]. 


Pathophysiology 

The mechanisms underlying the localised superficial vasodilation, 
oedema and itch in urticaria are identical to that seen in the 
angioedema (deeper in skin) and anaphylaxis (systemic circulation). 
Classical reactions are mediated by the presence of drug-specific 
IgE. On exposure to the drug, cross-linking of IgE on the surface 


Bets 


Figure 117.3 Urticaria induced by acetylsalicylic acid. Courtesy of St John’s Institute of 
Dermatology, King’s College London, UK. 
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of mast cells (and possibly basophils) is followed by inflam- 
matory mediator release (including histamine), which induces 
vasodilatation, neuronal activation and smooth muscle contraction 
(Chapter 14). 

Recent discovery of the Mas-related G protein-coupled receptor 
member X2 (MRGPRX2) [59] has helped explain pseudoallergic 
reactions. The MRGPRX2 receptor binds a variety of drugs and 
causes mast cell degranulation without involvement of adaptive 
immunity. Drugs which bind this receptor include morphine and 
contrast agents. NSAIDs are well-established inducers of pseu- 
doallergic urticaria and angiodema, but as yet evidence does not 
support their interaction with MRGPRX2 [60]. 


Genetics 
See Chapter 14. 


Pathology 
See Chapter 42. 


Clinical features 

Urticaria with or without angioedema and anaphylaxis typically 
arises within 24-36h of drug ingestion on the first occasion. On 
rechallenge, lesions may develop within minutes. Angioedema, 
involving oedema of the deep dermis or subcutaneous and sub- 
mucosal areas, usually arises with urticaria, but the combination is 
seen less frequently than urticaria alone. 

Anaphylaxis and anaphylactoid reactions usually develop within 
minutes to hours (the vast majority within the first hour), are often 
severe and may be fatal [61]. In most cases, there are associated 
skin or mucosal changes. 

There are different clinical features of anaphylaxis identified in 
different organs. In less severe cases, there may be premonitory 
dizziness or faintness, skin tingling and reddening of the bulbar 
conjunctiva, followed by urticaria, angioedema, bronchospasm, 
abdominal pain and vasomotor collapse. Intravenous adminis- 
tration is associated with more severe reactions and more rapid 
progression over minutes to cardiac arrest as compared with insect 
sting- and food-induced anaphylaxis which evolves more slowly 
[62]. Deaths are uncommon (<2%) and the major predisposing 
risk factor for poor outcome is coexistent severe asthma [63,64]. 
Anaphylaxis usually develops on second exposure to a drug as it is 
thought that prolonged treatments may induce tolerisation rather 
than allergy (in contrast to T-cell-mediated hypersensitivities) and 
are typically noted on the first dose of the second exposure. 

Recent identification of anaphylaxis with the Covid-19 vaccine has 
highlighted the role of vaccines as unpredictable triggers in 2.5-11 
per 10° doses. This may be as high as 2-8.5 times more frequent than 
that noted for routine vaccinations [65]. 


Differential diagnosis 

Drug-induced urticaria needs to be distinguished from other causes 
of urticaria, especially infection. This distinction may require 
specialist testing. More than 90% of those investigated for peni- 
cillin allergy are subsequently found to be negative on testing. Drug 
allergy testing for local anaesthetics suggests that the frequency of 
allergy to these drugs is very rarely confirmed. 
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Drug-induced anaphylaxis needs to be distinguished from other 
causes of anaphylaxis (Chapter 42). Angiodema without urticaria 
induced by angiotensin-converting enzyme (ACE) inhibitors is not 
a true allergy and is usually mediated by ACE induced bradykinin 
accumulation. It arises in 0.1-0.7% of treated patients [66]. This 
may arise many months to years after commencing therapy. 
Other possibilities are not drug related and include hereditary 
angioedema, for which various screening tests are required [67]. 


Complications and co-morbidities 

Anaphylaxis may result in death if untreated. With early inter- 
vention treatment outcomes are good. However, it is critical that 
causation is addressed and investigated as necessary to prevent 
accidental reoccurrence. 


Disease course and prognosis 

On withdrawal of the offending drug, clinical improvement arises 
within 24—-48h. It is important to recognise that after an initial 
improvement from anaphylaxis, late phase reactions may arise 
5-6 h afterwards (Chapter 14). 


Investigations 

The investigation of immediate drug allergy reactions (charac- 
terised by urticaria, angioedema or anaphylaxis) is well established 
and various guidelines represent consensus approaches to the 
investigation of the culprit drug [68]. The general approach is 
based upon a careful documentation of the exposure history in the 
hours preceding the reaction to establish the most likely causative 
drugs. Careful record should be made of the timeline of clini- 
cal features, for example detailed examination of the anaesthetic 
chart for records of onset of hypotension in cases of perioperative 
anaphylaxis. Testing involves an escalation of exposures which 
is stopped if any positive result is identified, thereby minimising 
risk. In many circumstances it is more useful to prove a negative 
through testing than confirm a drug allergy through testing, so as 
to establish what is safe for the patient to take. The testing process 
involves plasma sampling for drug-specific IgE, skin prick testing, 
intradermal testing and challenge testing. Despite the availability 
of some antibiotic-specific IgE measurements (e.g. penicillin), it 
is to be emphasised that because the interpretation of the results 
requires detailed knowledge, such investigation is recommended 
to only be undertaken by those who have specialist experience in 
drug allergy investigation [69]. 

Aspirin and NSAIDS are the most frequently implicated drugs 
in allergic reactions and most frequently cause NSAID-induced 
urticaria [70] as well as exacerbating idiopathic urticaria [71] 
and physical urticarias. However, NSAID-induced urticaria is 
not thought to precipitate chronic urticaria [70]. Although cross- 
reactivity occurs throughout the NSAID class, selective COX-2 
inhibitors are recommended in low-risk NSAID-sensitive patients 
where anti-inflammatory therapy is required [69]. In addition, an 
unsuspected agent, for example the yellow dye tartrazine, may 
really be responsible for an urticaria attributed to aspirin or another 
drug. The opiate analgesics are also a cause of urticaria by directly 
activating mast cells [72]. There have been numerous papers on 


the potential role of food and drug additives [73], including preser- 
vatives such as benzoic acid, butylated hydroxyanisole, butylated 
hydroxytoluene, sulphites and rarely aspartame, as well as tar- 
trazine dyes, in the development of chronic urticaria. However, 
reports of the role of food additives in the pathogenesis of urticaria 
are conflicting [74,75]. Urticaria may follow alcohol consumption, 
but this is thought to be most commonly due to sulphite reactiv- 
ity [76]. Other reports associate the reaction with intra-articular 
methylprednisolone [77] and even cetirizine and fexofenedine 
[78,79]. 

Other drugs, such as radiocontrast media, local anaesthetics and 
dextrans (in plasma expanders), may release mast cell mediators 
directly (see earlier). Cyclo-oxygenase inhibitors, such as aspirin 
and indomethacin, and ACE inhibitors, such as captopril and 
enalapril, may cause urticaria or angioedema by pharmacological 
mechanisms. 

The most frequent drug causes are antibiotics (usually beta- 
lactams) and NSAIDs [58]. However, biologics are increasingly 
common culprits including anti-IgE therapy. Omalizumab causes 
anaphylaxis in approximately 0.09-0.2% of treated patients [58]. 
Infliximab is estimated to cause anaphylaxis or IgE-mediated reac- 
tions in 2-3% [80] and reaction to other tumour necrosis factor 
(TNF) antagonists is also recorded [81]. Anaphylaxis during gen- 
eral anaesthesia is also an important problem and can be difficult 
to investigate if intraoperative exposures are not well recorded. 
Furthermore, distinction between true immune-mediated and 
non-immune-mediated reactions can be challenging. Due to their 
similar formulation, increasing reports of anaphylaxis to excipients 
of injectable therapies are recognised. These are difficult to diagnose 
and usually come to light in individuals with reactions to multiple 
unrelated active medications, and therefore it is important to con- 
sider excipient allergy in multidrug-allergic individuals to avoid 
the possibility of a further reaction [82]. 

Common perioperative causes of anaphylaxis or anaphylac- 
toid reactions include anaesthetic agents (especially thiopental), 
neuromuscular blocking agents (NMBA), analgesics (opioids are 
usually associated with non-IgE-mediated reactions), antibiotics, 
protamine and blood transfusions (mechanism unclear) [58]. The 
pholcodeine hypothesis suggests that NMBA cross-reactivity to 
pholcodeine, a common ingredient in cough medicines, has gained 
support from European countries that have banned its sale and 
noted subsequent decline in NMBA anaphylaxis, in contrast to 
countries where sale was permitted to continue [83]. Recently, 
anaphylaxis caused by drugs bioengineered onto medical equip- 
ment such as chlorhexidine-coated central venous catheters has been 
increasingly recognised [84]. The B-blockers enhance anaphylactic 
reactions caused by other allergens and may make resuscitation 
more difficult [62]. 

B-Lactam allergy reactions are due to IgE recognition of the drug 
bound to a carrier molecule (Chapter 14). Skin testing is undertaken 
with benzylpenicilloyl-polylysine ‘major antigenic determinant’ 
and ‘minor determinants’ (other penicillin antigens). Drug-specific 
IgE measured by ImmunoCAP™ (RAST) has a high specificity but 
low sensitivity and therefore should only be used by specialists 
with access to the full range of skin testing as well. Progression 
to intradermal testing and challenge if necessary is advocated by 
European and UK guidelines [68]. Multiple studies have shown 


ichen planus-like drug eruptions and drug-induced lupus erythematosus 


117.7 


the very low positive predictive value of labels of ‘penicillin 
allergy’ confirmed by negative testing including oral challenge. 
Although penicillin avoidance is not difficult for the majority of 
cases, adverse outcomes of mislabelling with penicillin allergy are 
increasingly recognised and confirmatory testing is recommended 
in specific groups [69]. Given the prevalence of mislabelling of 
penicillin allergy, false negatives and false positives, and cost of 
skin testing, some groups have promoted ‘direct challenge’ testing 
by non-allergists for both children [85] and adults [86]. This would 
require a validated questionnaire to de-risk the process and identify 
high-risk cases. 

Patch testing is not useful in the investigation of anaphylaxis 
and caution should be employed when considering patch test- 
ing to allergens where the clinical reaction may have been IgE 
mediated. Anaphylaxis does occur after non-mucosal topical drug 
administration, especially to skin wounds or to skin with impaired 
barrier function [87]. 


Management 

For evolving urticaria with or without angioedema or anaphylaxis, 
the key principal management step is to stop the offending drug 
and disease resolution occurs quickly. Oral/IV antihistamines, 
oral/IV corticosteroids and SC epinephrine/adrenaline may be 
required as per local guidelines [88]. 


Lichen planus-like drug eruptions and 
drug-induced lupus erythematosus 


q 
1) 


Definition 
Lichen planus-like drug eruptions are clinically indistinguishable 
from normal lichen planus although they are more frequently severe 
and show similar lichenoid histology. Generally, this diagnosis is 
established by temporal association with drug exposure and dis- 
ease resolution on drug withdrawal but distinction from idiopathic 
lichen planus can be challenging. 

Drug-induced lupus shows the clinical and immunological fea- 
tures of idiopathic lupus erythematosus but is initiated by drug 
exposure and resolves on withdrawal of the offending drug. 


Introduction and general description 

Lichenoid skin eruptions are characterised by epidermal basal 
keratinocyte damage, with an associated dermal lymphoid infil- 
trate. Lichenoid drug eruptions may present as a variety of clinical 
patterns including fixed drug eruptions, lupus erythematosus (LE) 
and lichen planus (LP). It has been suggested that the different 
clinical patterns reflect lymphocyte ‘cell rich’ (e.g. LP) and ‘cell 
poor’ (e.g. LE) lichenoid patterns [89]. However, although it seems 
likely from the highly varied presenting features, there is no clear 
evidence that a different disease mechanism underlies the different 
conditions. 


Epidemiology 

Drug-induced LP reactions are less common than non-drug, and 
probably represent approximately 10% of cases. They are largely 
clinically indistinguishable from the non-drug reactions. 
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Table 117.5 Causes of drug-induced lupus erythematosus. Adapted from [103-105]. 


Important/widely used causes Less widely used causes 


Low-risk causes Recent reports 


ACE inhibitors (e.g. captopril) 
6-Blockers (e.g. atenolol)? 
Calcium channel blockers (e.g. diltiazem)? 


Anti-thyroid drugs (e.g. propylthiouracil) 
Chlorpromazine 
Fluorouracil (systemic)? 


Isoniazid Hydralazine 
Statins? Methyldopa 
Sulfasalazine Procanamide 
Terbinafine® Quinidine 

Thiazide diuretics Minocycline 


Anticonvulsants (e.g. carbamazepine) Biologic anti-TNF monoclonal antibodies 


Ciprofloxacin Cimetidine 
D-penicillamine Clobazam 
Griseofulvin® Clopidogrel 
Hydroxycarbamide Clozapine 
Lithium Interferons 
NSAIDs? Interleukin-2 
Penicillin Ticlopidine 
Proton pump inhibitors (e.g. Omeprazole)” Zafirlukast 
Rifampicin 


ACE, angiotensin-converting enzyme; NSAID, non-steroidal anti-inflammatory drug; SCLE, subacute cutaneous lupus erythematosus; SLE, systemic lupus erythematosus; TNF, tumour 


necrosis factor. 
4 More typically associated with SCLE-type reactions. 
> May be associated with both SLE and SCLE-type reactions. 


Pathophysiology 

The mechanisms underlying lichenoid drug eruptions are essen- 
tially unknown, but they may develop as a result of autoreactive 
T cells directed against a drug-MHC antigen complex, such that 
keratinocytes and Langerhans cells are viewed by the immune 
system as ‘non-self’. Genetic factors have been strongly linked 
with drug-induced lupus such as hydralazine (73% HLA-DR&4) [90] 
and minocycline (HLA-DQB1) [91], which support the prevailing 
concept of a T-cell-mediated disease. Lage et al. showed a significant 
positive correlation between CD8 frequency and perforin expres- 
sion in skin biopsies from drug-induced lichenoid eruptions versus 
classical LP, suggesting that cytotoxic CD8 T cells may be crucial 
for induction of keratinocyte apoptosis [92]. However, injection 
of autoreactive CD4 T cell clones has been shown to be sufficient 
to induce a lichenoid skin reaction in a murine model reaching 
maximal severity at day 5 [89]. The presence of epidermotropic 
T cells correlates with that of MHC class II (HLA-DR)-expressing 
keratinocytes and Langerhans cells in lichenoid eruptions [89]. The 
cross-reactive nature of herpes simplex virus (HSV)-specific T cells 
with drugs has recently been reported and the authors suggest 
that antiviral skin-resident CD8 memory T cells cross-reactive with 
drug antigens may represent an important disease mechanism in 
lichenoid drug eruptions [89]. 


Pathology 

Lichenoid drug eruptions show typical histological evidence of 
lichenoid change including hyperkeratosis, hypergranulosis, ‘saw 
tooth’ acanthosis, and a band-like infiltrate in the superficial der- 
mis. Although histological features such as a more pleomorphic 
and less dense infiltrate and the presence of focal parakeratosis, 
focal interruption of the granular layer and cytoid bodies in the 
cornified and granular layers have been reported to be suggestive 
of a drug cause [93], a recent study found that the only distin- 
guishing characteristics were a statistically significantly higher 
frequency of necrotic keratinocytes (in clusters), and infiltrating 
plasma cells and eosinophils were associated with drug-induced 
LP [92]. Drug-induced LP may also show sparse eosinophils, often 
identified around blood vessels [94]. Later, there may be scarring, 
with destruction of the sweat glands. 


Clinical features 

The skin changes of LP-like drug eruptions may be non-specific or 
may resemble the classical small, shiny papules and plaques with 
Wickham striae as in idiopathic LP. Mucosal lichenoid reactions 
can similarly be caused by drugs. Oral LP is less frequently associ- 
ated with drugs, and typically occurs on the buccal mucosa, tongue 
and gingivae (Chapter 37). 

It is recognised that approximately 10% of LE cases are medi- 
ated by drugs, but the clinical pattern of drug-induced LE is more 
commonly like systemic LE than subacute LE [95]. 

Drug-induced LE is classically caused by drugs such as pro- 
cainamide, methyldopa, quinidine and hydralazine (Table 117.5), 
but many of these are no longer widely used. Hyperpigmented 
lichenoid drug eruptions are more common in skin of colour and 
have been reported with a variety of medications including statins 
(Figure 117.4). 

Photodistributed lichenoid lesions may occur with a number 
of drugs, including thiazide diuretics. More recent reports of bio- 
logics (especially anti-TNF-« inhibitors and immune checkpoint 
inhibitors) causing lichenoid eruptions suggest that this may 
become an increasing problem [96-98,99,100]. 


Figure 117.4 Pravastatin-induced lichenoid drug eruption with numerous 
hyperpigmented patches and plaques disseminated over the torso. 
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Table 117.6 Causes of drug-induced lichen planus. Adapted from [94,106,107]. 


Well-established causes Less well-established causes 


Antimalarials Angiotensin-converting enzyme inhibitors 
Gold B-Blockers 


Mercury amalgam Lithium 
Non-steroidal anti-inflammatory drugs Methyldopa 
Pencillamine Quinidine 
Anti-tumour necrosis factor drugs Statins 
Nivolumab; pembrolizumab Sulfonylureas 
Thiazide diuretics Ethambutol 


Differential diagnosis 
¢ Idiopathic lichen planus 
¢ Idiopathic lupus erythematosus 


Complications and co-morbidities 
If untreated these are the same as the idiopathic conditions 
(Chapters 37 and 51). 


Disease course and prognosis 
The diagnosis is proven by disease resolution on withdrawal of the 
offending drug. 


Investigations 
Skin histology is essential for the investigation of lichenoid drug 
eruptions (Chapter 37). 

In drug-induced LE, immunological findings typically show 
positive antinuclear antigen and positive anti-Ro antibodies. Posi- 
tive antihistone antibodies (90% ANA positive) are seen in 75% of 
patients [101]. 


Management 

Diagnosis is confirmed by withdrawal of the offending drug and 
this is the essential step in management. Time to resolution will be 
modified by drug half-life and therefore biologics-induced lichenoid 


eruptions may resolve slowly. Therapy with topical corticosteroids, 
oral antihistamines, gabapentin and pregabalin have been used to 
modify the itch. Oral glucocorticoids may be required but should be 
employed cautiously because they may mask ongoing disease activ- 
ity, should the diagnosis be incorrect. Only in rare circumstances 
would oral retinoids or methotrexate be considered if stopping the 
offending drug was not possible [102]. 

Common causes for drug-induced LE are represented in 
Table 117.5. Common causes for drug-induced LP are represented 
in Table 117.6. 


Key references 


The full list of references can be found in the online version at 
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Severe Cutaneous Adverse Reactions to Drugs 
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Introduction 


Phenotypic classification of the cutaneous adverse drug reactions 
can divide these disorders according to severity. Benign cutaneous 
adverse reactions (Chapter 117) tend not to have a systemic com- 
ponent whereas the severe cutaneous adverse reactions (SCARs) 
are characterised by significant systemic involvement causing 
considerable morbidity and a risk of mortality. The entities clas- 
sified as SCARs are acute generalised exanthematous pustulosis 
(AGEP), drug reaction with eosinophilia and systemic symptoms 
(DRESS) and Stevens—Johnson syndrome/toxic epidermal necroly- 
sis (SJS/TEN). The initial presentation of all of the SCAR disorders, 
however, may be similar to a drug-induced exanthem and therefore 
serial evaluation of the patient is necessary to monitor for progres- 
sion or the emergence of a serious dermatosis. The clinician must be 
aware of the features (‘red flags’) that herald a more severe pheno- 
type, therefore careful evaluation for a SCAR syndrome is essential 
in the assessment of any patient with a suspected drug-induced 
dermatosis. 


Acute generalised exanthematous 
pustulosis 


Definition and nomenclature 

Acute generalised exanthematous pustulosis is one of the SCAR 
syndromes. It is characterised by the rapid appearance of sheets 
of non-follicular sterile pustules, usually localised to the major 
flexures, in response to a drug. It is a self-limiting phenomenon, 
which usually resolves without sequelae. 


nd inclusions 
hemic pustular psoriasis 


These terms are now outmoded and in the interests of clarity, the 
term AGEP is preferred. 


Introduction and general description 

It is a drug-induced cutaneous reaction pattern first recognised 
in 1968 by Baker and Ryan who, in describing a series of patients 
with pustular psoriasis, identified a subgroup of five patients with 
a pustular eruption which was rapid in onset and in resolution, 
without a past history of psoriasis and in whom recurrence of the 
pustules was not seen [1]. There appeared to be a drug trigger in 
each of these cases, and the term exanthemic pustular psoriasis 
was coined. This term was later superseded by the terms toxic 
pustuloderma and pustular drug rash, which were variously used 
by authors to describe drug-related pustular eruptions which had a 
similar time course and characteristics; that is, short latency, rapid 
onset and resolution, and full recovery without recurrence [2,3]. In 
1980, Beylot et al. suggested the term pustulose exanthemique aigué 
generalisée (PEAG), and its English translation, AGEP, is now the 
accepted name for this phenomenon [4]. 


Epidemiology 
The incidence of AGEP is estimated to be 1-5 per million per year [5]. 


Age 

Acute generalised exanthematous pustulosis occurs more 
frequently in the adult population than in paediatric patients. 
A case-control study of 97 patients with a validated diagnosis of 
AGEP taken from the EuroSCAR registry demonstrated the mean 
age of onset to be 56 years [6]. 


Sex 
The EuroSCAR registry study demonstrated a slight female prepon- 
derance, reporting a male to female incidence ratio of 0.8 [6]. 


Ethnicity 
No ethnic variations have been described. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Associated diseases 

While 90% of cases of AGEP are thought to be drug related, there 
have been case reports associating the condition with a variety of 
underlying infections such as Mycoplasma pneumoniae [7], coxsackie- 
virus [8], parvovirus B19 [9,10] and cytomegalovirus (CMV) [11]. 
Mercury exposure [12] and spider bites [13] have also been associ- 
ated with AGEP in isolated case reports. 


Pathophysiology 

The pathophysiology of AGEP has not been fully elucidated, 
although some pathogenetic mechanisms have been proposed. 
Drug-specific CD4+ and CD8+ cells have been isolated from patch 
test sites and the peripheral blood of patients with AGEP [14,15]. 
These have demonstrated a high level of CXCL8 production. In 
addition, subtypes of T cells producing interleukin 8 (IL-8), a 
neutrophil-attracting chemokine, have also been identified in the 
peripheral blood of patients with AGEP [16,17]. These are proposed 
to be important in the pathogenesis of the sterile pustules seen 
in this disease process, by attracting neutrophils into the already 
oedematous skin and creating pustules. More recently, mutations 
in the IL36RN gene, which codes for the IL-36 receptor antagonist 
(IL-36Ra), have been identified in a subgroup of patients with AGEP 
[18]. Mutations in the IL36RN gene have been recognised to predis- 
pose to pustular psoriasis, particularly in patients who develop this 
condition without a preceding history of psoriasis vulgaris, as well 
as a number of other pustular phenotypes [19,20]. This indicates a 
possible mechanism of genetic predisposition to the development 
of AGEP. 


Predisposing factors 

Certain drugs are more closely associated with the development 
of AGEP (Box 118.1). In the largest study to date of this dis- 
ease, the most commonly associated agents were pristinamycin, 
aminopenicillins, quinolones, chloroquine and hydroxychloro- 
quine, sulphonamides, terbinafine and diltiazem [6]. Less com- 
monly associated drugs were corticosteroids, other macrolide 
antibiotics, non-steroidal anti-inflammatory drugs of the oxi- 
cam class and antiepileptic medications (except valproate). 
Of note, this study also demonstrated that a number of com- 
monly prescribed drugs which predispose to SJS/TEN do not 
appear to trigger AGEP. This included paracetamol, benzo- 
diazepines, angiotensin-converting enzyme (ACE) inhibitors, 
B-blockers, aspirin, calcium-channel blockers, thiazide diuret- 
ics, angiotensin 2 receptor blockers (‘-sartans’), allopurinol and 
cephalosporins [6]. 


Box 118.1 Commonest drugs causing acute 
generalised exanthematous pustulosis 

e Aminopenicillins 

Chloroquine and hydroxychloroquine 

Diltiazem 

Pristinamycin 

Quinolones 

Sulphonamides 


e 
e 
e 
e 
e 
¢ Terbinafine 
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The EuroSCAR study examined other potential risk factors for 
AGEP and failed to find an association with infections, or past 
personal or family history of psoriasis [6]. 


Pathology 

The histopathology of AGEP is characterised by marked spongiosis 
affecting the dermis and epidermis, accompanied by intraepider- 
mal pustules and vesicles. A perivascular infiltrate occurs, which 
is usually neutrophilic. Occasional eosinophils may be seen but are 
not invariably present. There are infrequent necrotic keratinocytes 
(Figure 118.1). The classic histopathological features of psoria- 
sis are absent, a fact which may be important in distinguishing 
the presentation of AGEP from its closest differential, pustular 
psoriasis. 

A study of the histopathological features of 21 patients with 
AGEP demonstrated marked to moderate papillary dermal oedema 
and a mixed dermal inflammatory infiltrate in all biopsy samples 
[21]. Spongiform pustules were noted within the epidermis and 
occasional dyskeratotic cells with residual perivascular dermal 
oedema. Although no definitive vasculitis was seen, there was 
leukocytoclasis within the dermal infiltrate in the majority of biopsy 
specimens performed more than 48 h after the onset of the eruption. 


Genetics 

A genetic susceptibility common to AGEP and pustular psoriasis 
has been described in patients with mutations in the gene IL36RN, 
which codes for IL-36Ra, an anti-inflammatory cytokine. In a study 
examining a cohort of 96 patients with AGEP, one was found 


Figure 118.1 Histopathology of acute generalised exanthematous pustulosis. 


to have a homozygous IL36RN mutation, and a further three to 
have heterozygous mutations in this gene [18]. It is proposed that 
IL36RN mutations may constitute a genetic predisposition to the 
development of a number of pustular phenotypes, including AGEP, 
and such mutations may be found in a subset of patients with this 
disease [22]. Similarly, the CARD14 mutation, associated with the 
pustular variant of psoriasis, has been detected in patients with 
AGEP, suggesting that this may represent a further common genetic 
susceptibility factor for pustular psoriasis and AGEP [23]. 


Clinical features 

History 

Exposure to the culprit drug typically occurs between 2 and 5 days 
prior to the onset of the eruption. This short latency is typical 
of AGEP. A prodrome of burning or itching in the skin may be 
described, and the patient may be asthenic. More than 90% of cases 
are caused by an identifiable drug, and therefore careful history 
taking should explore over-the-counter preparations which may 
have been ingested, as well as prescribed drugs. 


Presentation 

Sheets of hundreds of sterile, non-follicular pustules are seen aris- 
ing most commonly in the major flexures such as the neck, axillae 
and inframammary and inguinal folds (Figures 118.2 and 118.3). 
However, non-flexural sites may be involved. The pustules typically 
arise on a background of oedema and reddening. Less commonly 
described clinical features include atypical targets, purpura, blisters 
and vesicles. Mucous membrane involvement is rare, and if present, 


Figure 118.2 Acute generalised exanthematous pustulosis (AGEP): sheets of sterile, 
non-follicular pustules on the arm of a patient who developed AGEP 3 days after a dose 
of amoxicillin. 


generalised exanthematous pustulosis 11 


Figure 118.3 Acute generalised exanthematous pustulosis: similar appearance of 
pustules at the knee flexure. 


Figure 118.4 Acute generalised exanthematous pustulosis. The eruption typically 
resolves with postpustular desquamation. 


is mild and generally limited to one site, usually the mouth. The 
Nikolsky sign has been described but arises in the minority of 
patients. 

Systemically, the patient may be febrile. A leukocytosis, typically 
a neutrophilia, may be present. Eosinophils are less commonly 
elevated. A study of 58 patients with AGEP has suggested that 
involvement of internal organs may be present in up to 18% of 
patients with AGEP, including hepatic, renal and pulmonary dys- 
function [24]. Agranulocytosis has also been described in a few 
cases, suggesting that bone marrow may be affected. Systemic 
involvement of this kind appears to be self-limiting and resolves 
spontaneously. 

The disease resolves rapidly, within days, leaving postpustular 
desquamation (Figure 118.4). 

A set of diagnostic criteria was proposed by Roujeau et al. in 1991 
[25] as follows: 
1 Appearance of hundreds of sterile, non-follicular pustules at 

flexural sites. 
2 Histopathological changes of spongiosis and epidermal pustule 

formation. 
3 Fever >38°C. 
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Table 118.1 Features that distinguish acute generalised exanthematous pustulosis 
(AGEP) from psoriasis. 


AGEP Psoriasis 
History of psoriasis Possible Common 
Distribution pattern Predominance in the folds More generalised 
Duration of pustules Shorter Longer 
Duration of fever Shorter Longer 
History of drug reaction Usual Uncommon 
Recent drug administration Very frequent Less frequent 
Arthritis Rare c.30% 
Histology Spongiform subcorneal Subcorneal and/or 


and/or intraepidermal intraepidermal 


pustules, oedema of pustules, 
papillary dermis, papillomatosis, 
vasculitis, exocytosis of acanthosis 


eosinophils, single-cell 
necrosis of 
keratinocytes 


4 Blood neutrophil count >7 x 10?/L. 

5 Acute evolution. 
This was then refined by Sidoroff et al. in 2001, as a series of criteria 
both to assist in the diagnosis of AGEP, as well as its distinction from 
pustular psoriasis (Table 118.1) [5]. 


Clinical variants 

A localised form of AGEP, called acute localised exanthematous 
pustulosis (ALEP), is recognised and is characterised by pustules 
confined to a single body area, most commonly the neck. A similar 
clinical course of short latency, rapid recovery and lack of recurrence 
is seen. Since the first case was published in 2005 [26], nine further 
cases of ALEP have been reported [27-33]. 


Differential diagnosis 

Pustular psoriasis (the Von Zumbusch variant) is the major 
differential of AGEP, and some difficulty may be encountered 
in distinguishing the two entities. A relevant drug history, the 
lack of a personal or family history of psoriasis and the absence of 
other stigmata of psoriasis on clinical examination may be helpful 
in directing the clinician to the diagnosis of AGEP rather than 
psoriasis (Table 118.1) [5]. 

Subcorneal pustular dermatosis (Sneddon-Wilkinson disease) 
may be distinguished by its less acute course, and the presence of 
flaccid pustules which demonstrate a hypopyon. 

AGEP must also be distinguished from DRESS, as the latter 
disorder may feature pustules; however pustules will generally be 
less numerous in DRESS than in AGEP [34]. The former diagnosis 
will also invariably have systemic involvement of an internal organ, 
while this is less common in AGEP. 

Candida infection can present with pustules in flexural sites, but 
can be distinguished by clinical context and the detection of yeast 
on microbiological samples. 


Classification of severity 
While classed as one of the SCAR syndromes, AGEP is gener- 
ally rapid in both onset and resolution. While the patient may 
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feel unwell during the acute episode, particularly in cases where 
systemic involvement is pronounced, supportive care is generally 
limited to topical therapy. Intensive care or organ support is not 
required. 


Complications and co-morbidities 
The patient must avoid the culprit drug and related compounds 
following the episode. No other sequelae are described. 


Disease course and prognosis 
The prognosis in AGEP is excellent and full recovery is to be 
expected. 


Investigations 

In most cases, a careful drug history is adequate to elucidate the 
culprit drug, which must be excluded as a matter of priority in 
the care of these patients. A skin biopsy should be taken early in 
the disease presentation as it will assist in the distinction from 
pustular psoriasis. Baseline haematological investigations, looking 
for neutrophilia and eosinophilia, should be undertaken. Bio- 
chemical investigations should be performed to rule out renal 
and liver dysfunction, as well as hypocalcaemia. Measurement 
of acute phase reactants such as C-reactive protein (CRP) may 
help to distinguish infection from the systemic involvement in 
AGEP. A septic screen may be instituted if suspicion of infection 
is high. 


Management 

Management of AGEP generally involves corticosteroid therapy, 
the route of administration being determined by the severity of the 
presentation. In cases where the patient appears systemically well, 
with limited areas of involvement, potent topical corticosteroid may 
suffice. In cases of more extensive involvement, or where systemic 
features such as fever, haemodynamic compromise or systemic 
upset are seen, oral corticosteroids may be required. Intravenous 
administration is not usually necessary. Emollient therapy should 
be prescribed, and continued throughout the phase of postpustular 
desquamation, until full skin integrity is restored. 

In cases where systemic involvement such as renal impairment 
or liver function disturbance is noted, appropriate supportive 
care such as intravenous fluids and careful haemodynamic 
monitoring should be employed. If the patient is febrile, care 
should be taken to exclude an infective source, and if suspi- 
cion of this remains, then empirical antibiotic therapy should be 
considered. 


Drug reaction with eosinophilia and 
systemic symptoms 


Definition 

Drug reaction with eosinophilia and systemic symptoms is one 
of the SCAR syndromes, characterised by cutaneous features, 
namely a rash, and systemic upset incorporating haematological 
and solid-organ disturbances [1]. 


Drug reaction with eosinophilia and systemic symptoms 


Introduction and general description 

There has been a proliferation of terms used to describe the entity 
discussed here as DRESS. This perhaps reflects the difficulties 
that have been encountered in defining the disorder. The first 
descriptions of the disease date from the 1940s, following the 
introduction of the first anticonvulsant drugs, hydantoin and its 
derivatives. Early in the use of these agents, reports emerged of a 
cutaneous adverse reaction pattern associated with lymphadenopa- 
thy, fever and systemic upset. The dermatopathological features 
of skin biopsies taken from these patients resembled cutaneous 
lymphoma, and the term drug-induced pseudolymphoma was 
coined [2]. The introduction of newer anticonvulsants such as car- 
bamazepine led to a broadening of the definition and the suggestion 
of the term ‘anticonvulsant hypersensitivity syndrome’ [3]. When 
it was noted that a similar constellation of symptoms could be 
seen following exposure to other medicines such as allopurinol and 
antibiotics, the more generic term drug-induced hypersensitivity 
syndrome (DIHS) was introduced, and is preferred by some authors 
currently [4]. A further attempt to name the disease was made by 
Sontheimer in 1998, with drug-induced delayed multiorgan hyper- 
sensitivity syndrome (DIDMOHS), but this has not gained popular 
approval [5]. 

The acronym DRESS was proposed by Bocquet et al. in 1996, and is 
preferred by this author in that it has a mnemonic purpose, describ- 
ing the component parts of the syndrome [6]. 

It is an idiosyncratic multisystem drug hypersensitivity disorder 
characterised by cutaneous features, namely a rash, which may 
be of variable morphology, and systemic involvement. The latter 
includes haematological disturbance, with eosinophilia being the 
most consistent finding. Leukocytosis, lymphopenia, lymphocy- 
tosis, thrombocytosis and thrombocytopenia are also described. 
Atypical lymphocytes are a common finding on blood film in 
DRESS patients, the presence of which is used as a component of 
the diagnostic criteria. Lymphadenopathy is found in more than 
75% of patients, with involvement of two nodal basins required to 
meet diagnostic criteria. 

Systemic disease typically comprises solid organs, most com- 
monly the liver, although renal, lung, intestinal, myocardial, 
pericardial, splenic, pancreatic, thyroid and central nervous system 
involvement have also been described. The disease is usually 
accompanied by a fever. 

Management in the acute phase is centred on the identification 
and withdrawal of the culprit drug; corticosteroid therapy, adminis- 
tered by topical, oral or intravenous routes, is guided by the severity 
of the disease. In most patients, the disease is of less than 4 weeks’ 
duration, with few or no sequelae. However, it is recognised that a 
minority of patients enter a chronic phase of disease characterised 
by persistence either of the cutaneous features or of the systemic 
involvement. 


Epidemiology 

Incidence and prevalence 

The incidence of DRESS was estimated to be 1 in 1000 to 1 in 10 000 
in one study examining the risk of the disease in a population taking 
anticonvulsants [7]. 
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Age 
The largest study of validated cases to date demonstrated a mean 
age of onset of 48 years [7]. 


Sex 
A slight female preponderance has been found, with a male to 
female ratio of 0.8 [7]. 


Ethnicity 

No clear ethnic predisposition has been demonstrated, although 
certain human leukocyte antigen (HLA) types may confer added 
risk when particular medicines are administered. Many of these 
observations are ethno-specific (see Genetics section). 


Associated diseases 

While no specific disease entity has been associated with suscepti- 
bility to DRESS, the notoriety of certain drug classes such as anticon- 
vulsants, antibiotics and allopurinol leads to an overrepresentation 
of cases in the neurology, neurosurgical and rheumatological set- 
tings, as well as acute hospital admissions of patients with fever. 
Patients with human immunodeficiency virus (HIV) infection may 
also be at higher risk of developing DRESS, in part no doubt due to 
the high notoriety of the drugs used to treat this disease. 


Pathophysiology 

A number of pathogenetic models have been proposed to explain 
the multisystem nature of DRESS; however, none is fully accepted. 
The two main theories are that of a drug-specific T-cell reaction, and 
that of viral reactivation [8,9]. In reality, it is likely that there are a 
number of mechanisms at play, acting synergistically to produce the 
clinical phenotype. 

The drug-specific T-cell theory is based on the principle that a 
given drug may elicit a T-cell reaction specific to that medication. 
There are a number of proposed mechanisms for this, chief among 
which are the haptenisation theory, and secondly the p-i concept. 
Haptenisation describes the process whereby a small immunologi- 
cally neutral molecule is rendered antigenic when bound to a pro- 
tein. In order for this binding process to occur, the drug must first 
undergo enzymatic degradation. It is thought that one possible locus 
of susceptibility to DRESS might be polymorphisms in the genes that 
encode these enzymes; nevertheless, thus far no such variation has 
been discovered [10,11]. 

However, it has also been noted that drugs may stimulate 
production of T-cell receptors without undergoing haptenisation. 
A drug molecule may bind directly to the major histocompati- 
bility complex (MHC) via a protein bound to the MHC, or may 
insert itself into the MHC groove. In each of these scenarios, the 
part of the antigen-presenting cell (APC) presented to the T-cell 
receptor has been reconfigured, thus provoking a T-cell response. 
If the drug-modified structure is subsequently recognised by a 
T cell in the context of co-stimulation, then a cascade effect of the 
T-cell response occurs. This putative mechanism by which T-cell 
responses are elicited by drugs bound to MHC molecules has been 
termed the p-i concept — ‘pharmacological interaction of drugs with 
the immune receptor’ [12]. 

Herpesvirus reactivation has been reproducibly demonstrated to 
occur in DRESS [13,14,15]. The implicated viruses have included 
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human herpesvirus 6 (HHV-6), CMV, Epstein-Barr virus (EBV) and 
HHV-7 [8,16]. Virus reactivation appears to occur in a sequential 
fashion, with HHV-6 and EBV being detected earlier in the course 
of the disease, followed by HHV-7 and CMV [14]. It has been postu- 
lated that a drug-induced immunosuppressed state, characterised 
by hypogammaglobulinaemia, facilitates the initial reactivation of 
latent herpesvirus [17]. The sequential nature of viral reactivation 
suggests a correlation with the clinical phases of DRESS. Rash 
and fever are often the first presenting features, followed by lym- 
phadenopathy and internal organ dysfunction. Some authors have 
hypothesised that it is the fluctuation of viral loads that gives rise to 
these ‘waves’ of disease in DRESS [18]. It has also been asserted that 
the persistence of viral reactivation explains the so-called chronic 
phase of DRESS experienced by some patients [18,19,20]. 

The detection of anti-HHV-6 immunoglobulin G (IgG) and HHV-6 
viral DNA in blood and lesional skin of patients with DRESS led to 
the hypothesis that this agent was pivotal in disease pathogenesis 
[21]. However, it has proved difficult to consolidate this hypoth- 
esised relationship between the phenomenon of virus reactivation 
and the pathogenesis of the disease. Some authors believe that the 
virus is directly responsible for the disease manifestations of rash, 
fever and haematological and solid organ dysfunction, while oth- 
ers suggest that the virus reactivation is a bystander phenomenon, 
similar to that seen in graft-versus-host disease [14]. It seems likely 
that there is a complex interplay between the virus, the host immune 
response to the virus and a drug-specific immune response, which 
produces the clinical picture [15]. 


Predisposing factors 

As mentioned, the high notoriety of certain drugs in the causation of 
DRESS has led to an overrepresentation of patients with coexisting 
neurological or rheumatological disease, as well as in patients with 
HIV infection. Certain genetic polymorphisms may also predispose 
DRESS to certain drug agents. 


Pathology 

The histopathological features of DRESS vary widely, but com- 
mon features seen include spongiosis, a superficial perivascular 
lymphocytic infiltrate and an eosinophilic infiltrate in the dermis 
[21,22]. A lichenoid infiltrate may be seen (Figure 118.5). In some 
cases, basal cell vacuolar change with the presence of necrotic 
keratinocytes has been noted, with changes resembling erythema 
multiforme (EM) (Figure 118.6) [23]. Walsh et al. found a correlation 
between the presence of EM-like changes histopathologically and 
more severe liver dysfunction, and suggested that such features 
may be predictive of a higher mortality [24]. 


Genetics 

The paradigm for genetic susceptibility to severe drug reactions was 
the observation in 2002 of an association between severe drug hyper- 
sensitivity to abacavir, and the expression of HLA-B*5701 in white 
HIV-positive patients [25]. Subsequently, susceptibility to reactions 
to carbamazepine has been noted in association with HLA-B*1502, 
a haplotype commonly expressed in South-East Asian populations 
[26-32]. Susceptibility to carbamazepine reactions in white and Chi- 
nese populations appears to be linked to expression of HLA-B*3101 
[33,34]. This association has also been demonstrated in Japanese 
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Figure 118.5 Drug reaction with eosinophilia and systemic symptoms (DRESS). 
Histopathology in a case of DRESS: spongiosis is seen in the epidermis, with a superficial 
perivascular lymphocytic infiltrate in the upper dermis, with some eosinophils. 


Figure 118.6 Drug reaction with eosinophilia and systemic symptoms (DRESS). 
Histopathology in a case of DRESS: this skin biopsy demonstrates features reminiscent of 
erythema multiforme, with basal cell vacuolation, and several necrotic keratinocytes. 
Courtesy of Dr Marianna Philippidou. 


populations [35-37]. Pharmacogenetic investigations focusing on 
allopurinol hypersensitivity have demonstrated a susceptibility 
to reactions in Han Chinese [38,39] and Portuguese [40] popula- 
tions expressing HLA-B*5801. More generically, HLA-DR3 and 
HLA-DQ2 have been linked to DRESS secondary to carbamazepine 
[41,42]. DRESS in response to vancomycin has been associated with 
HLA-A*32:01 [43]. 

Other authors have found an association between cytokine gene 
polymorphisms and heightened susceptibility to DRESS [44]. Allelic 
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variants associated with low IL-10 production, as well as polymor- 
phisms and differing haplotypes in IL-1 gene clusters, have been 
more frequently seen in patients with DRESS [44]. Putative mech- 
anisms for this include a greater susceptibility to virus reactivation 
and a reduced drug tolerance [45]. 


Clinical features 

History 

The patient may present with a variety of non-specific symp- 
toms in the early phase of the disease. The prolonged latency of 
DRESS following drug exposure adds to diagnostic difficulty for 
the non-specialist, and thus it is unsurprising that the constella- 
tion of presenting features may be misattributed to infection on 
initial presentation. Patients typically describe a prodromal phase 
characterised by asthenia, malaise and fatigue. They may have a 
fever. The appearance of a rash, accompanied by facial swelling, 
is usually the first clinical feature to emerge, and may provoke 
the patient to seek medical attention. The drug history should be 
elicited carefully in such patients, as a considerable period of time, 
between 2 and 6 weeks, may have elapsed between ingestion of 
the culprit drug and the onset of symptoms. The patient may not 
attach importance to a drug which they deem to have been taken 
too long ago to be relevant, and thus this aspect of the history must 
be explored thoroughly. Latencies towards the shorter end of this 
spectrum (less than 2 weeks) have been described with antibiotics 
and iodinated contrast media; more prolonged latencies have been 
described with anticonvulsants, allopurinol and sulfasalazine [46]. 
It is helpful to construct a timeline of drug ingestion as it relates 
to the onset of symptoms in order to demonstrate causality [6]. 
Some of the medicines with high noteriety for causing DRESS are 
displayed in Box 118.2. 


Box 118.2 Commonest drugs causing drug reaction 
with eosinophilia and systemic symptoms (DRESS) 


e Allopurinol 

e Antibiotics — vancomycin, amoxicillin, minocycline, 
piperacillin-tazobactam 

e Antiepileptics — carbamazepine, phenytoin, lamotrigine 

e Furosemide 

e Ibuprofen 

¢ Omeprazole 

¢ Sulpha drugs — sulphasalazine, dapsone, sulphadiazine 


There is also value in exploring the family history for drug 
reactions of a similar nature. Familial cases of DRESS in reaction to 
carbamazepine, linked to HLA-A3101, have been described [47]. 


Presentation 
By definition, DRESS is characterised by a rash suspected to be drug 
induced, accompanied by a fever, lymphadenopathy and systemic 
upset, the latter referring to derangement of the function of at least 
one organ system, and haematological abnormalities [6,48-50]. 

A clinical classification system for the cutaneous findings in 
DRESS has been proposed [24]. The most common variant appears 
to be the urticated papular exanthem. This consists of widespread 


118.7 


Figure 118.7 Drug reaction with eosinophilia and systemic symptoms (DRESS). The 
most common clinical phenotype is widespread papules and plaques accompanied by 
cutaneous oedema, seen here in a patient who developed DRESS to phenytoin. 


Figure 118.8 Drug reaction with eosinophilia and systemic symptoms (DRESS). A 
morbilliform eruption may occur. 


papules and plaques, often accompanied by cutaneous oedema 
(Figure 118.7). A morbilliform eruption has been noted in a smaller 
proportion of patients, consisting of a pinkish macular rash resem- 
bling measles (Figure 118.8). In black skin, the eruption is red or 
reddish brown. Erythroderma may occasionally be the present- 
ing cutaneous feature, characterised by a widespread exfoliative 
dermatitis (Figure 118.9). A number of patients with DRESS may 
present with EM-like features in the skin, developing dusky or 
purpuric atypical targets, not necessarily confined to acral sites 
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Figure 118.9 Drug reaction with eosinophilia and systemic symptoms (DRESS). A 
widespread exfoliative dermatitis seen in a patient with DRESS following allopurinol 
given as prophylaxis against tumour lysis syndrome. 


Figure 118.10 Drug reaction with eosinophilia and systemic symptoms (DRESS). The 
erythema multiforme-like phenotype in DRESS is often accompanied by more severe liver 
dysfunction; this patient went on to develop acute liver failure necessitating a liver 
transplant. 


(Figure 118.10). The EM-like presentation may be associated with a 
more severe systemic phenotype [24]. 

An important clinical finding in the majority of patients with 
DRESS is head and neck oedema (Figure 118.11). This is often most 
noticeable when looking at the ears. It is worthwhile in cases where 
the clinician is unsure as to the presence of oedema to ask the patient 
themselves or a relative if they find the face is swollen compared 
with normal appearance. The face may be uniformly swollen, or 
have a more leonine appearance [1]. 

Other accessory cutaneous features have been noted in DRESS. 
Although frank mucous membrane involvement is a rarity (and 


Figure 118.11 Drug reaction with eosinophilia and systemic symptoms (DRESS). Facial 
oedema is an important sign in patients with DRESS. 


indeed its presence should call the diagnosis of DRESS into ques- 
tion), cheilitis is a common finding. Pustules may be seen but are 
more sparse than the sheets of pustules seen in AGEP [7]. 

Clinical examination reveals lymphadenopathy in at least two 
sites in the majority of patients. One set of clinical criteria require 
the nodes to be at least 2 cm in diameter to be considered clinically 
significant [49]. 

Regarding haematological abnormalities, the most common seen 
is that of eosinophilia, with both modest and marked elevations 
noted by authors. The eosinophil level may fluctuate over the initial 
phase of disease progression, but in general settles in tandem with 
overall clinical improvement. Pancytopenia is seen in some cases, 
and is a negative predictive factor in terms of outcome [51]. IL-5 
levels, which stimulate eosinophil release, have been noted to be 
elevated in DRESS [52,53]. It is also postulated that the protein 
content of the eosinophil granules may have a pathogenetic role 
in the visceral involvement in DRESS, being toxic to many tissues, 
including the liver [53]. A pronounced lymphocytosis may be seen, 
with levels rising to >20 x 10° leukocytes/L. It is imperative in all 
cases for a blood film to be examined for the presence of atypical 
lymphocytes, which are frequently present in DRESS. Leukopenia, 
lymphopenia (possibly virally induced) and thrombocytopenia 
have been noted [18,51]. 

The liver is the most common viscera to be involved, with 
both hepatocellular and obstructive patterns of hepatitis reported. 
Between 70% and 95% of cases of DRESS demonstrate liver abnor- 
malities [7,20,54]. Although any drug has the potential to cause 
liver dysfunction in the context of DRESS, phenytoin, minocycline 
and dapsone have been described as having a particular propen- 
sity to provoke this component of the disease complex. Severity 
of involvement varies widely, from mild and transient hepatitis, 
with alanine aminotransferase levels <250 iU/L, to fulminant hep- 
atic failure requiring liver transplantation. Early identification of 
patients at highest risk has proved difficult, but there are indications 
that certain clinical markers (such as the presence of atypical targets 
and purpura at presentation) [24] and specific high-notoriety drugs 
(such as minocycline) [55] may confer a higher risk of more severe 
hepatic involvement. Liver dysfunction is the primary cause of 
mortality from DRESS [7]. 
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Renal involvement in DRESS is well described, with up to 10% 
of patients manifesting this in the course of their illness [26,28,29]. 
Again, certain drugs are postulated to confer a higher risk of kidney 
injury, notably allopurinol. Any underlying renal dysfunction may 
be exacerbated by the syndrome, and prerenal causes of kidney 
impairment such as dehydration from fever in the prodromal phase 
may contribute. While structural abnormalities of the kidneys 
are not usually encountered on ultrasound, the patient may have 
haematuria, proteinuria and the presence of urinary eosinophils. 
Histologically, interstitial nephritis is seen. Severe renal impairment 
analogous to the fulminant liver failure described earlier is excep- 
tionally rare, although dysfunction sufficient to require dialysis in 
the acute phase of illness has been described [56-58]. 

Cardiac involvement, both pericarditis and myocarditis, is 
reported in DRESS [59-61]. These are rare manifestations, but, 
where present, may have serious consequences. Cardiac complica- 
tions are suggested by the presence of chest pain and dyspnoea. 
Examination may reveal tachycardia, hypotension and signs 
of a pericardial and/or pleural effusion. An electrocardiogram 
(ECG) may demonstrate T-wave abnormalities or other arrhyth- 
mias. Echocardiograms may demonstrate a pericardial effusion or 
reduced ejection fraction. Cardiac enzymes such as creatine kinase 
MB fraction and troponin I may be elevated. The majority of patients 
will demonstrate resolution of both pericarditis and myocarditis 
with standard therapy [59]. However, a clinical variant of myocardi- 
tis known as acute necrotising eosinophilic myocarditis (ANEM) 
has been described in the context of DRESS. This is a severe form 
of myocarditis which carries a high mortality (>50%). Diagnosis 
is suggested by more pronounced findings on echocardiogram, 
such as extreme impairment of ejection fraction and major systolic 
dysfunction [62]. 

Pulmonary involvement in DRESS is less fully described in the 
literature, but clinical symptoms of cough and dyspnoea should 
prompt examination and investigation of the respiratory system, 
looking for pleural effusion, pleuritis or acute interstitial pneumoni- 
tis [63]. Lung function tests may reveal a reduced diffusion gradient 
[20,54]. 

Central nervous system involvement in DRESS is again a more 
poorly elucidated aspect of the syndrome [64]. Rather subjective 
symptoms such as headache are described and are postulated to 
indicate inflammation of the meninges. There are isolated descrip- 
tions of more objective phenomena such as seizures and cranial 
nerve palsies, but these are in the authors’ experience exceptional 
[20]. Objective assessments of neurological involvement in DRESS 
have been attempted; magnetic resonance imaging (MRI) of the 
brain of a patient with DRESS and symptoms of limbic encephalitis 
revealed symmetrical enhancement of the amygdala, cingulate 
gyrus and temporal lobes, with HHV-6 demonstrated by poly- 
merase chain reaction (PCR) on the patient’s cerebrospinal fluid 
(CSF) [65]. A presentation of inappropriate secretion of antidiuretic 
hormone in a patient with limbic encephalitis in the context of 
DRESS has also been described [66]. 

The incidence of gastrointestinal involvement in DRESS is 
unknown, but probably underreported. Endoscopic evaluation 
of this aspect of disease is sparse, but the symptom of diarrhoea, 
which may be bloody, is the most common presenting feature 
[54]. Authors who have examined this entity have described an 
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ulcerative colitis with or without eosinophilic infiltrate on endo- 
scopic biopsy [30,67-71]. Upper gastrointestinal tract involvement 
has also been described, with eosinophilic oesophagitis [68] and 
dysphagia [72,73]. 

Involvement of the endocrine system is more usual in the latter 
phase of DRESS than the acute phase, with the thyroid gland being 
most frequently involved. Both hyper- and hypothyroidism are 
recognised in the convalescent phase, both of which may have a 
chronic course, and therefore regular monitoring of thyroid func- 
tion for a year after the acute event is advocated [74]. In a study of 
27 patients with DRESS presenting to a tertiary referral centre for 
severe drug reactions over a 5-year period, five patients developed 
thyroid dysfunction, namely sick euthyroid syndrome, isolated 
increased free T4, low thyrotropin and thyroiditis [63]. 

Where pancreatitis has manifested as part of the DRESS constel- 
lation, pancreatic insufficiency may supervene, presenting as type 1 
diabetes [75-77]. Type 1 diabetes occurring following DRESS does 
not appear to be accompanied by islet cell antibodies. However, the 
most common cause of diabetes in the context of DRESS is that aris- 
ing secondary to corticosteroid therapy administered for the disease. 

Other autoimmune phenomena such as alopecia areata, alopecia 
universalis [78] and systemic lupus erythematosus (SLE) have also 
been described in the aftermath of DRESS [18,79,80]. 


Clinical variants 

The spectrum of disease in DRESS is broad. Diagnostic criteria 
have been proposed by a number of authors [49,50]; the preferred 
criteria of the authors are those proposed by the RegiSCAR group 
(Table 118.2) [49]. The onset of the components of disease may have 
a sequential nature and thus patients who do not initially reach 
the diagnostic criteria on admission may evolve such that they 
subsequently fulfil these requirements. There is a further cohort of 
patients who do not appear to ever reach the full diagnostic criteria 


Table 118.2 RegiSCAR drug reaction with eosinophilia and systemic symptoms 
(DRESS) scoring system (abbreviated version). 


Clinical feature Score 
Extent of rash >50% body surface area 1 point 
Rash suggestive of DRESS 1 point 


Systemic involvement: 
lymphadenopathy, eosinophilia®, atypical 
lymphocytosis, organ involvement’ 
Relevant negative serological tests4 


Maximum 6 points 


1 point 


<2 points: no case; 2-3 points: possible case; 4—5 points: probable case; >5 points: 
definite case. 

4>2 sites, >1 cm. A maximum of 1 point gained from lymphadenopathy. 

> Eosinophilia: 10-19% of total white cell count = 1 point; >20% = 2 points (if total 
leukocytes <4 x 10°/L, an eosinophil count of 0.7-1.5 x 109/L will gain 1 point, an 
eosinophil count >1.5 x 10°/L will score 2 points). Atypical lymphocytosis will gain 

1 point. 

‘Liver: transaminases >2 x upper limit of normal (ULN) on two successive dates or 
bilirubin x 2 ULN on two successive days or aspartate aminotransferase, 
y-glutamyltransferase and alkaline phosphatase >2 x ULN on one occasion. Renal: 
creatinine 1.5 x patient's baseline. Cardiac: echocardiographic evidence of pericarditis. 
Maximum of 2 points gained from internal organ involvement. 

4 >3 of the following performed and negative: hepatitis A, B and C; 
Mycoplasma/chlamydia; antinuclear antibody; blood culture (performed <3 days after 
hospitalisation). A maximum of 1 point is gained for relevant negative serological tests. 
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and yet clearly manifest a syndrome that is more complex than a 
simple drug exanthem. The term ‘mini-DRESS’ has been used to 
describe this phenomenon. 

The concept of overlap syndromes within the sphere of DRESS has 
gained credence in recent years, with certain presentations acknowl- 
edged to have features of one of the other SCAR diagnoses such as 
AGEP or SJS/TEN. A study examining overlap cases recorded to 
a SCAR disease registry found this to be a rare entity, with only 
three cases (two SJS/TEN-DRESS and one AGEP-DRESS) out of 
216 examined (2.1%) confirmed as being true overlap syndromes 
(i.e. simultaneously meeting the criteria for two diagnoses). How- 
ever, a larger number of cases (45, 21%) were found to have one 
predominant SCAR diagnosis, and even more cases were found to 
have features of one or more of the other SCAR syndromes. While 
true overlap syndromes are rare, it would seem that features of other 
SCAR diagnoses may be seen more frequently in DRESS [81]. 


Differential diagnosis 

Drug reaction with eosinophilia and systemic symptoms is most 
commonly mistaken for sepsis /infection, caused by virus or bacte- 
ria, and care must be taken to exclude this as a cause of the patient’s 
symptoms. That infection may supervene during the course of a 
hospital admission for DRESS should also be remembered [82]. 

The other SCAR syndromes should be considered in the differen- 
tial diagnosis of DRESS [83]. Certain clinical features are common to 
different SCAR syndromes, such as pustules, which when present 
should provoke consideration of AGEP as a differential diagnosis. 
However, the pustules in AGEP tend to be predominantly flexu- 
ral, whereas in DRESS they are unlikely to be localised to these 
sites. Epidermal loss, purpura and target lesions of the skin may 
be present in DRESS, all of which may occur in EM, SJS or TEN. 
One of the most helpful features in distinguishing DRESS from the 
other SCAR syndromes is latency of onset of the eruption; this is 
classically shorter in AGEP (<5 days) and SJS/TEN (7-10 days) 
than in DRESS, where the latency may be 2-6 weeks after drug 
ingestion. As outlined earlier, overlap syndromes do exist and thus 
two diagnoses may not be mutually exclusive [81]. 

Where exfoliative erythroderma is the presenting cutaneous 
feature of DRESS, this may mimic the presentation of an acute 
severe eczema or psoriasis, or a cutaneous lymphoma. Where pur- 
pura and targets are present, the differential diagnosis of a systemic 
vasculitis should be considered. Angioimmunoblastic lymphoma 
is a rare differential of DRESS and may mimic its presentation 
[6,83,84]. 


Classification of severity 

Prognostication has been attempted by several researchers in 
the domains of morphological features, drug characteristics and 
laboratory results. A prognostic scoring system, analogous to 
SCORTEN in SJS/TEN, has been described [85]. Application of the 
scoring system to a cohort of patients with a diagnosis of DRESS 
suggests that older age, longer exposure to the culprit drug, extent 
of rash involvement, duration of fever and appetite loss are pre- 
dictive of a poorer outcome. Allopurinol as the culprit drug was 
also associated with a negative impact on prognosis. Laboratory 
markers form part of the score, with elevations of creatinine, liver 
enzymes and C-reactive protein all conferring a negative prognosis 


Table 118.3 Scoring system for drug reaction with eosinophilia and systemic symptoms 
(DRESS). 


Parameter? Grade/extent Score 
Age (years) <40/41 to 74/>75 —1/0/1 
Duration of drug exposure after onset 0-6/>7 0/1 
(days) 
Allopurinol exposure Yes 1 
Pulsed prednisolone? Yes 2 
Skin involvement: 
Erythema %BSA <70/>70/erythroderma 0/1/2 
Erosion %BSA <10/10 to 29/>30 0/1/3 
Fever >38.5°C (days) 0-1/2 to 6/<7 0/1/2 
Appetite loss (<70% regular intake) 0-4/>5 0/ 
(days) 
Creatinine (mg/dL) <1.0/1.0 to 2.0/>2.1 or 0/1/3 
dialysis 
Alanine aminotransferase (iU/L) <400/400 to 1000/>1000 0/1/2 


CRP (mg/dL) <2/<2 to <10/>10 to —1/0/1/2 


<15/>15 


Reproduced from Mizukawa et a/. 2019 [85]. 

<1 point: mild DRESS (may be managed with topical therapy only); 1-3 points: 
moderate DRESS (systemic corticosteroids indicated (<50 mg/day)); >4 points: severe 
DRESS (systemic corticosteroids indicated (>50 mg/day)). 

@Each variable parameter was determined at early (days 0-3 after the initial 
presentation) and later times (2-4 weeks after the initial presentation), and on an 
as-needed basis. 

> Intravenous methylprednisone use 500 mg/day for 3 days. 

BSA, body surface area; CRP, C-reactive protein. 


(Table 118.3). The score calculated early in the course of disease may 
be used to guide treatment choices. 

Walsh et al. classified the eruption seen in DRESS morphologi- 
cally into four categories: urticated papular exanthem, morbilliform 
erythema, exfoliative erythroderma and an EM-like reaction. The 
EM-like group demonstrated more pronounced liver dysfunction, 
and there was an overrepresentation of mortality in this group [24]. 

Some observers have associated cases of DRESS where allop- 
urinol and minocycline were causative with increased severity of 
disease [51,55]. There is conflicting evidence as to whether or not 
higher viral titres are associated with a more severe course of disease 
[11,19]. A number of haematological markers such as eosinophilia, 
pancytopenia and thrombocytopenia have been proposed to be 
poor prognostic indicators. A further study linked lymphocytosis, 
eosinophilia, elevated ferritin and elevated creatinine with greater 
disease duration and higher mortality rates [5]. 

Putative biomarkers for DRESS have been described. Serum 
thymus and activation-related chemokine (TARC) levels have been 
proposed as markers of disease severity, but none has consistently 
and reproducibly shown an association [45,86,87]. High mobility 
group box 1 (HMGB1) has been demonstrated to be preferentially 
elevated in DRESS, and has been proposed as a marker of disease 
severity [10]. Polymorphisms in the genes coding for IL-1 and IL-10 
have also been demonstrated as a predisposing factor in DRESS 
[44]. More recently, interferon-y-induced protein 10 (IP10) levels 
have been demonstrated to be elevated in patients with DRESS who 
exhibited HHV6 reactivation; higher IP10 levels were associated 
with a higher probability of the development of long-term 
sequelae [88]. 


Drug reaction with eosinophilia and systemic symptoms 


Complications and co-morbidities 

The most severe and life-threatening complication of DRESS is 
fulminant liver failure, necessitating transplant or leading to 
death. Mortality has been estimated at 5-10%, with hepatic failure 
being the predominant cause of death. A delayed-onset interstitial 
nephritis is described [31] following cases of DRESS where kidney 
involvement has been prominent, and, analogous to this, a persis- 
tent interstitial pneumonitis is also described where pulmonary 
involvement has been present. Thyroid dysfunction may supervene 
in the convalescent phase of DRESS. Myocarditis, with associated 
cardiac insufficiency, has also been described. 

Autoimmune phenomena may arise following DRESS, includ- 
ing lupus erythematosus and, as described earlier, autoimmune 
thyroid disease. One author has described the detection of 
autoantibodies in the convalescent phase in 44% of a series of 
34 patients with DRESS syndrome. The autoantibodies detected 
were antinuclear antibody (ANA), antithyroglobulin antibody 
(ATGA) and antithyroperoxidase antibody (ATPOA). The authors 
demonstrated a preponderance of autoantibody positivity in the 
non-corticosteroid-treated group as compared with the group who 
received corticosteroid, suggesting a possible protective role for this 
treatment [20]. 

The development of fulminant type 1 diabetes has been described 
as a sequela in 27 cases of DRESS; blood glucose should be moni- 
tored actively in the acute and convalescent phases [89]. 

A small number of patients may experience a protracted course 
of cutaneous involvement, characterised by a chronic exfoliative 
dermatitis. 


Disease course and prognosis 

The majority of patients with DRESS will recover fully follow- 
ing withdrawal of the culprit drug and management of the acute 
episode as described. A number of organ-specific chronic sequelae 
may arise following involvement of these organs in the acute phase. 
In addition, a number of autoimmune phenomena such as alopecia 
areata and autoimmune thyroid disease are described. 


Investigations 

Investigations suggested in the acute phase are listed in Table 118.4. 
In both the acute and convalescent phases of illness, lymphocyte 
transformation tests and cytokine release assays have been used 
to assign culpability to triggering medications, but with variable 
degrees of sensitivity and specificity [90-92]. 


Management 

The most important initial task once the diagnosis of DRESS is 
established is to identify and exclude the culprit medication. In 
some cases where polypharmacy has been in place this may not be 
straightforward, but all efforts must be made to ascribe causality 
to a likely culprit based on latency and notoriety data. A review of 
the patient’s regular medication should be performed in order to 
exclude all unnecessary drugs. In all cases, supportive care should 
be prioritised, placing the patient in a clinical area equipped to 
provide an intensity of clinical care and monitoring appropriate 
to the severity of disease. This may involve intravenous fluids, 
thermoregulation, catheterisation to facilitate fluid balance man- 
agement and supplemental oxygen. Extracorporeal membrane 
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Table 118.4 Suggested investigations in drug reaction with eosinophilia and systemic 
symptoms (DRESS). Those in italics do not form part of the standard assessment of a 
patient with DRESS, but may be ordered when clinically indicated. 


Body system Investigation 


Full blood count to include white cell differential 
Liver function tests 

Lactate dehydrogenase (LDH) 

Ferritin 


Haematological 
Hepatic 


Coagulation screen (prothrombin time/international normalised ratio) 


Hepatitis B, C 

Epstein-Barr virus, cytomegalovirus, human herpesvirus 6 (HHV-6), 
HHV-7 titres 

Electrocardiogram 

Echocardiogram 

Cardiac enzymes (creatine kinase, troponin) 

Chest X-ray 

Pulmonary function tests 

Antinuclear antibody 

Extractable nuclear antigens 

Complement 

Antineutrophil cytoplasmic antibody 

Urea and creatinine 

Calcium 

Urinalysis 

Renal ultrasound 

Microscopy, culture and sensitivity of cerebrospinal fluid 

Computed tomography/magnetic resonance imaging of head 

Electroencephalogram 

Thyroid-stimulating hormone 

T3/T4 

Blood glucose 

Blood cultures 

Mycoplasma serology 

Polymerase chain reaction for herpes simplex virus 

Amylase 

Lipase 

Triglycerides 

Colonoscopy 


Cardiac 


Pulmonary 


Autoimmune 


Renal 


Neurological 


Endocrine 


Infection 


Gastrointestinal 


oxygenation (ECMO) has been used in cases of cardiac insufficiency 
secondary to myocarditis in DRESS [61]. Careful surveillance for 
coexisting infection, either in an organ or arising in the skin, should 
be undertaken. However, in the absence of indicators of infection, 
no empirical antibiotic therapy should be given. Skin-directed 
therapy should be prescribed by a physician with expertise in 
the management of DRESS, including topical emollient and, if 
appropriate, topical corticosteroid therapy. 

Advice regarding the management of organ-specific involvement 
should be sought from appropriate specialties such as hepatology, 
cardiology, renal medicine and respiratory medicine. 

The mainstay of active treatment is corticosteroid therapy, 
administered topically, orally or intravenously. In refractory 
cases, or where the disease enters a chronic phase, recourse to a 
steroid-sparing agent such as ciclosporin may be required. Although 
no definitive evidence is available, the active treatments outlined 
reflect recent literature based on case series and case reports. 


First line 
In cases of limited severity with minimal cutaneous involve- 
ment, or where administration of corticosteroid by other routes is 
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contraindicated, the application of highly potent topical steroids 
may suffice as treatment. However, the majority of patients will 
require systemic corticosteroid therapy via either the oral route or 
the intravenous route, as guided by clinical state. An oral pred- 
nisolone dose of 1 mg/kg/day is recommended as initial treatment, 
with a tapering-off period varying from 1 to 3 months [21]. Where 
intravenous therapy is required, or where institution of oral ther- 
apy has failed to produce a satisfactory clinical improvement, 
methylprednisolone is indicated [15]. One study using 1 g/day 
methylprednisolone for 3 days demonstrated safety and improved 
clinical outcome with this dose [93]. 


Second line 

Cases of DRESS refractory to steroid treatment may require alterna- 
tive agents. Ciclosporin has been used in this capacity, and is useful 
in patients where a protracted course of illness (e.g. with persis- 
tent liver dysfunction or a chronic exfoliative dermatitis) supervenes 
[58]. The use of intravenous immunoglobulin (IVIg) as second line 
therapy has been described [94-99]. The rationale for IVIg is based 
on early observations that a fall in endogenous immunoglobulins is 
seen in DRESS, and this has a permissive effect on virus reactivation 
[17,100,101]. However, severe adverse reactions have been observed 
when the drug has been used in the setting of DRESS, and outcomes 
reported in the literature are conflicting [97,98]. 


Third line 

The literature contains a number of case reports of other treatments 
used in refractory cases of DRESS. Plasmapharesis has been used 
[102,103], as has ECMO [61]. Alternative immunosuppressants such 
as cyclophosphamide [104] may be used for their steroid-sparing 
effect. Rituximab has been reported to have benefit in this setting 
[103]. Valganciclovir has been used, in theory to combat the virus 
reactivation described in this syndrome [105]. In cases of severe liver 
involvement, N-acetylcysteine has been used as an adjunct to other 
treatments [105]. 


Stevens-Johnson syndrome/toxic 
epidermal necrolysis 


Definition and nomenclature 

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis 
(TEN) are severe mucocutaneous reactions, usually to drugs, char- 
acterised by blistering and epithelial sloughing. The two terms 
describe phenotypes within a severity spectrum, in which SJS is the 
less extensive form and TEN is the more extensive. Both names are 
used to describe the syndrome, thus SJS/TEN. 


nonyms and inclusions 
yell syndrome 


Introduction and general description 
Stevens and Johnson first reported their eponymous syndrome in 
1922 by describing two boys, aged 7 and 8 years, who presented 


with a widespread eruption, fever, erosive stomatitis and severe 
ocular inflammation [1]. The original report suggested that the 
cutaneous lesions were indicative of EM, and as a consequence SJS 
was considered for many years to be a severe form of EM. In 1956, 
Lyell published a report of six patients presenting with a dermato- 
sis characterised by extensive epidermal loss, similar to scalding, 
and associated with marked systemic upset [2]. Lyell coined the 
term toxic epidermal necrolysis to describe the new syndrome. 
Over time, it was recognised that severe forms of SJS could lead to 
extensive epidermolysis, and so in 1993 a group of clinician-experts 
suggested that SJS should be removed from the EM spectrum and 
added to TEN, therefore propounding a new spectrum of severe 
drug-induced dermatoses, SJS/TEN [3]. 

SJS/TEN presents as an acute eruption characterised by epidermal 
loss and multisite mucositis, accompanied by systemic disturbance. 
Although rare, SJS/TEN is a devastating disease; in severe cases, 
the acute phase is accompanied by a variety of systemic complica- 
tions and may proceed to multiorgan failure. As well as it carrying 
an appreciable mortality during the acute illness, survivors often 
develop significant long-term sequelae [4]. 


Epidemiology 

Incidence and prevalence 

The incidence of SJS/TEN is approximately one to two cases per 
million per year [5,6]. 


Age 
It occurs in all age groups including infants and children. There is 
an increased incidence in the elderly. 


Sex 
There is an increased incidence in women, the female to male ratio 
being 2:1 [4]. 


Ethnicity 
It occurs in all ethnic groups. 


Associated diseases 

There is an increased risk of SJS/TEN in HIV-infected individuals 
[7]. There is a suggested association with SLE, however an extensive 
form of acute bullous lupus erythematosus can mimic TEN [8]. 


Pathophysiology 

It is primarily a drug-induced phenomenon, with a culprit drug 
being demonstrated in approximately 85% of cases [9]. The disease 
is characterised by widespread epithelial keratinocyte necrosis 
of both the skin and mucous membranes, a process initiated by 
drug-induced cytotoxic T lymphocytes (CTLs) [10]. MHC class 
I-restricted drug presentation leads to clonal expansion of CD8+ 
CTLs [10] which infiltrate the skin, while soluble factors induce 
keratinocyte apoptosis [11]. Pro-apoptotic molecules, including 
tumour necrosis factor «a (TNF-a), interferon y and inducible nitric 
oxide synthase, may link drug-induced immune responses to ker- 
atinocyte damage [12]. Soluble Fas ligand, perforin and granzyme 
have all been implicated in triggering keratinocyte death [13,14], 
however current evidence favours granulysin as the key mediator 


of apoptosis in SJS/TEN [15]. A study by Chung et al. demonstrated 
the presence of high concentrations of secretory 15 kDa granulysin 
in TEN blister fluid, while the injection of 15 kDa granulysin into 
mouse skin induced changes mimicking the clinical features of 
SJS/TEN [15]. A study by Saito et al. has indicated that keratinocyte 
necrosis (necroptosis) in SJS/TEN may be mediated by annexin Al 
acting through the formyl peptide receptor 1 [16]. Overexpression 
of receptor-interacting protein kinase 3 (RIP kinase3) in lesional skin 
suggests that additional pathways of cytotoxicity and necroptosis 
regulation may be involved in SJS/TEN keratinocyte apoptosis [17]. 

Notoriety of specific drugs in causing SJS/TEN can be determined 
from population pharmacovigilance data and is useful in identify- 
ing a likely culprit [18]. Two multinational case-control studies have 
evaluated drug causation risk: the first, conducted from 1989 to 1995, 
included 372 cases and 1720 controls [19]; the second, carried out 
between 1997 and 2001, consisted of 379 cases and 1505 controls 
[18]. From these studies, a list of drugs has been identified which are 
strongly associated with the induction of SJS/TEN and are respon- 
sible for one-half of all cases (Box 118.3). 


Box 118.3 Commonest drugs causing 
Stevens-Johnson syndrome/toxic epidermal 
necrolysis (SJS/TEN) 


¢ Allopurinol 

¢ Carbamazepine 

e Lamotrigine 

¢ Nevirapine 

e Oxicam non-steroidal anti-inflammatory drugs 
e Phenobarbital 

e Phenytoin 

¢ Sulfamethoxazole and other sulfa antibiotics 

¢ Sulfasalazine 


Histopathology 

There is variable epidermal damage ranging from individual 
cell apoptosis to confluent epidermal necrosis [20]. Keratinocyte 
necrosis is also seen in mucosal biopsies. Epidermal changes are 
associated with basal cell vacuolar degeneration and subepidermal 
vesicle or bulla formation (Figure 118.12). Adnexal structures such 
as sweat ducts and hair follicles are occasionally involved. Within 
the dermis, there is usually only a mild perivascular infiltrate 
of lymphocytes and histiocytes. Dermal eosinophils occur in the 
minority of cases and, if present, tend to be few in number [20]. 


Causative organisms 

In at least 15% of SJS/TEN cases a culprit drug is not identified. 
In SJS, some cases, especially in children, appear to be triggered by 
infections, most notably by Mycoplasma pneumoniae [21]. 


Genetics 

Research in Taiwan has investigated SJS/TEN susceptibility in 
the Han Chinese people, who possess a high degree of genetic 
homogeneity. Investigations have demonstrated a strong genetic 
predisposition to the development of carbamazepine-induced 
SJS/TEN in individuals bearing HLA-B*1502 [22] and an asso- 
ciation of HLA-B*5801 with allopurinol-induced SJS/TEN [23]. 


Stevens—Johnson syndrome/toxic epidermal necrolysis 
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Figure 118.12 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). 
Histopathology. There is parakeratosis overlying the epidermis which has separated from 
the papillary dermis. On the left, there are multiple Civatte bodies affecting the full 
thickness of the epidermis in a ‘gunshot’ distribution; on the right, there is full-thickness 
epidermal necrosis. Within the dermis, there is a superficial, predominantly lymphocytic 
perivascular infiltrate, vascular telangiectasiae and red cell extravasation. Courtesy of Dr 
Marianna Philippidou. 


The same susceptibility to carbamazepine has been demonstrated 
with HLA-B*1502 in other Asian countries including Thailand and 
Malaysia [24]. The presence of this genetic association in any given 
ethnic population depends on the allele frequency within that pop- 
ulation. These studies indicate that MHC-restricted presentation of 
the drug is central to the pathogenesis of SJS/TEN. Genetic markers 
have the potential to be used as pharmacogenetic tests to identify 
individuals at risk of SJS/TEN [25]. 


Clinical features 

History 

A latent period occurs between initiation of the culprit drug and 
onset of SJS/TEN. This latency is typically 7-10 days, but ranges 
from 5 to 28 days. A history of malaise, fever and upper respira- 
tory tract symptoms often precedes the onset of the dermatosis by a 
few days (the prodrome). The rash of SJS/TEN commonly devel- 
ops on the face and chest initially and disseminates widely over 
the ensuing days. Pruritus and cutaneous pain accompany the skin 
signs. Involvement of mucosal sites may occur before, after or simul- 
taneously with the dermatosis. SJS/TEN involvement of the respira- 
tory tract presents with cough, chest pain, dyspnoea or haemoptysis. 
Involvement of the bowel is characterised by diarrhoea. 


Presentation 

The patient with SJS/TEN is unwell with malaise, fever and, usu- 
ally, prostration. The earliest skin lesions are atypical targets or 
purpuric macules which occur on the face, upper torso and proxi- 
mal limbs (Figures 118.13 and 118.14). Subsequently, lesions spread 
to involve the rest of the trunk and limbs; involvement of the palms 
and soles with target lesions (usually atypical) is often prominent 
(Figure 118.15). Dusky redness of periungual skin is commonly 
seen. Lesions increase in size and number over 5-7 days, tending 
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Figure 118.13 StevensJohnson syndrome/toxic epidermal necrolysis (SJS/TEN). Atypical 
targets. There are multiple discrete red macules — each has a darker centre and a slightly 
paler outer ring. 


Figure 118.14 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). Purpuric 
macules. The dusky, purpuric lesions on this patient's skin are coalescing and blistering. 


to coalesce. Vesicles or fluid-filled blisters develop within lesional 
skin (Figure 118.16). Large areas of confluent redness may develop, 
either de novo or from confluence of discrete lesions (Figure 118.17). 
Detachable epidermis (as opposed to detached epidermis) is demon- 
strated by a positive Nikolsky sign, in which gentle lateral pressure 
causes lesional epidermis to slide over the dermis. Although not 
specific for SJS/TEN (it is also positive in pemphigus), the Nikolsky 
sign is a helpful clinical indicator of epidermal necrolysis. Shearing 
forces applied to the skin (typically from careless patient handling) 
will cause fragile lesional epidermis to peel back leaving areas 
of exposed dermis (Figure 118.18). The combination of necrolytic 


(b) 


Figure 118.15 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). 
Palmoplantar involvement. Multiple circular lesions are present on (a) the palms and (b) 
the soles. Blistering is occurring at both sites, but prominently on the feet. 


blistering and shearing-induced epidermal detachment will pro- 
duce areas of denuded dermis which readily bleed and can become 
secondarily infected (Figure 118.19) [26]. 

Acute inflammation of the mucosal surfaces of the eye and eyelids 
is painful and causes visual impairment (Figure 118.20). The ocular 
signs are varied and include chemosis, conjunctivitis, pseudomem- 
brane formation and corneal and conjunctival epithelial defects [27]. 
Compared with SJS, patients with TEN have more frequent but not 
more severe acute ocular involvement [27]. 

Oral involvement in SJS/TEN is usual and characterised by 
painful mucosal redness with subsequent blistering and ulceration. 
Similar changes to the vermillion of the lips progress to the retention 
of adherent haemorrhagic crusts (Figure 118.21). The tongue and 
palate are frequently affected. In severe cases, mucosal involve- 
ment may extend to the oropharynx, larynx, respiratory tract and 
oesophagus. Drinking and eating are usually compromised by oral 
involvement in acute SJS/TEN. 


(b) 


Figure 118.16 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). 
Blistering. Lesional skin in SJS/TEN typically blisters forming both vesicles (a) and large 
flaccid bullae (b). 


Involvement of the uro-genital tract in SJS/TEN is characterised 
by mucosal redness, blistering and erosions (Figure 118.22). During 
the acute phase, uro-genital pain is prominent and urinary dysfunc- 
tion (dysuria or retention) is common. 

One-quarter of SJS/TEN patients develop pulmonary manifes- 
tations early in the disease characterised by dyspnoea, increased 
respiratory rate and bronchial hypersecretion [28]. Fibreoptic bron- 
choscopy reveals bronchial epithelial detachment and loss in the 
proximal airways [29]. 


Clinical variants 

At the less severe end of the spectrum, differentiation of SJS from 
erythema multiforme major (EMM) is difficult. In both EMM 
and SJS there is mucous membrane involvement and cutaneous 
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drome/toxic epidermal necrolysis 


Figure 118.17 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). 


Individual lesions may coalesce to form large areas of redness, as seen on this patient's 
back. In this case, blistering/epidermal detachment was negligible. 


Figure 118.18 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). 
Detached epidermis. In SJS/TEN, lesional necrolytic epidermis readily peels back to reveal 
the dermis. 


blistering with epidermal detachment of less than 10% body surface 
area (BSA). However, in EMM the lesions consist of typical targets 
or raised atypical targets, predominantly localised on the limbs and 
extremities; in SJS, the lesions are atypical targets with predilection 
for the torso. Distinguishing EMM from SJS/TEN has causality 
implications: EMM is mostly related to herpes simplex virus reac- 
tivation and rarely to drugs; SJS/TEN is usually triggered by a 
drug, rarely by an infection. Mycoplasma-induced SJS is reported, 
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Chapter 118: Severe Cutaneous Adverse Reactions to Drugs 


Figure 118.19 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). 
Denuded skin. Extensive epidermal loss in TEN produces large areas of exposed dermis. 


and in some cases (mostly children) may be characterised by a 
predominance of mucous membrane involvement with little or 
no cutaneous lesions. This clinically atypical form of SJS has been 
termed Mycoplasma pneumoniae-associated mucositis (MPAM) [30]. 


Differential diagnosis 
A number of disorders can present with blistering of the skin and 
mucosal erosions or a mucositis (Box 118.4). 


Box 118.4 Differential diagnosis of 
Stevens-Johnson syndrome/toxic epidermal 
necrolysis (SJS/TEN) 


e Erythema multiforme major 

¢ Pemphigus vulgaris 

¢ Mucous membrane pemphigoid 

¢ Bullous pemphigoid 

e Paraneoplastic pemphigus 

¢ Bullous lupus erythematosus 

e Linear IgA bullous dermatosis 

¢ Generalised bullous fixed drug eruption 

¢ Acute bullous acute graft-versus-host disease 
¢ Staphylococcal scalded skin syndrome 

e Acute generalised exanthematous pustulosis 


Classification of severity 

In a study from Bastuji-Garin et al., a group of expert physicians 

reviewed the clinical photographs of more than 200 patients and cat- 

egorised the cases according to type of cutaneous lesion and extent 

of maximal epidermal detachment [3]. From this study the following 

disease classification is used in clinical practice: 

e SJS: epidermal detachment less than 10% BSA, plus widespread 
purpuric macules or flat atypical targets. 

¢ Overlap SJS-TEN: detachment of 10-30% BSA, plus widespread 
purpuric macules or flat atypical targets. 

e TEN with spots: detachment greater than 30% BSA, plus 
widespread purpuric macules or flat atypical targets. 


(b) 


Figure 118.20 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). Ocular 
involvement. (a) There is eyelid oedema, conjunctivitis and keratitis: the green material is 
exudate stained by fluorescein dye used for ophthalmic examination. (b) The same 
patient 5 days later: there is eyelid epidermal loss and a purulent ocular discharge. 


Figure 118.21 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). Lip 
involvement. Severe cheilitis has produced thick haemorrhagic crusts. This SJS/TEN 
patient had a coagulopathy which resulted in bleeding from the involved mucosae of 
the mouth and nose. 


Figure 118.22 Stevens—Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). Genital 
involvement. There is confluent redness of the scrotum and discrete lesions on the glans 
penis. Redness at the meatus indicates that urethral involvement is likely. 


e TEN without spots: detachment greater than 30% BSA, with loss 
of large epidermal sheets without purpuric macules or target 
lesions. 

A system has been devised by Power et al. to grade the sever- 

ity of acute ocular SJS/TEN according to degree and extent of 

involvement [31]. 


Complications and co-morbidities 

Acute. Extensive epidermal detachment in SJS/TEN is complicated 
by deranged thermoregulatory control leading to hypothermia. 
Skin failure also results in considerable transcutaneous fluid losses, 
compounded by decreased oral fluid intake due to disease involve- 
ment of the mouth. Epidermal detachment of 50% BSA will lead to 
a water loss of 2-3 L/day from exudation and evaporation. Fluid 
depletion can cause end-organ hypoperfusion leading to acute kid- 
ney injury. Haematological complications accompanying the acute 
phase of SJS/TEN are common, most notably anaemia and leukope- 
nia. Abnormal liver function is typical during the early stage of 
the disease, but rarely leads to hepatic failure. Hypoalbuminaemia 
usually occurs in TEN. Hyperglycaemia may develop as a stress 
response in acute SJS/TEN. Extensive epidermal detachment is 
accompanied by a greatly increased metabolic demand [32]. 

Epithelial necrolysis may occur in the bronchi during the acute 
phase of SJS/TEN resulting in bronchial erosions and airway 
obstruction by sloughed epithelium. This occurs in up to 25% of 
patients and causes dyspnoea, haemoptysis, increased bronchial 
secretion and hypoxaemia [33]. Colonic involvement in SJS/TEN 
can occur, but is a rare complication [34]. 

The commonest life-threatening complication of acute SJS/TEN is 
septicaemia. The denuded dermis in SJS/TEN acts as a substrate for 
microbial colonisation, initially by Staphylococcus aureus and later by 
Gram-negative rods from the digestive flora, especially Pseudomonas 
aeruginosa. Systemic sepsis can quickly follow skin infection and lead 
to multiorgan failure [4]. 


Stevens—Johnson syndrome/toxic epidermal necrolysis 


118.17 


Long-term. Survivors from an acute episode of SJS/TEN may 
develop delayed sequelae which are associated with signifi- 
cant morbidity and reduced quality of life. The most common 
sequelae involve the skin and mucous membranes; the most 
disabling complications are ocular. In the skin, postinflamma- 
tory dyspigmentation persists in darker skinned patients from 
months to years following resolution of the acute dermatosis [35]. 
Re-epithelialisation usually occurs without scarring but cicatricial 
healing may develop in areas that were infected during the acute 
phase, at sites of unrelieved pressure injury and in circumstances 
where skin grafts were used [36]. Eruptive melanocytic naevi occur 
occasionally in the recovery phase, more commonly in children 
and young adults [37]. Shedding of nails (onychomadesis) may 
occur a few weeks after the acute episode due to nail matrix 
arrest; occasionally, there is subsequent permanent anonychia [38]. 
Involvement of the scalp in acute SJS/TEN is extremely unusual, 
however telogen effluvium occurs in about 20% of patients in the 
post-acute phase [38]. Other skin complications include pruritus, 
abnormal photosensitivity, abnormal sweating and heterotopic 
ossification [38]. 

Long-term ocular sequelae are the most disabling complications of 
SJS/TEN. In a study of 49 patients with acute ocular involvement, 
31 went on to develop chronic eye disease; the severity of the acute 
ocular involvement was found to be the only significant risk factor 
for late eye complications [39]. Chronic eye complications include 
corneal and conjunctival ulceration and scarring, dry eye, distichia- 
sis, entropion, trichiasis and ocular surface failure [40]. Corneal ero- 
sions and ulcers are perpetuated by the loss of limbal corneal stem 
cells, as well as destruction of the conjunctival goblet cells, which 
impairs the tear film [40]. In the conjunctiva, scarring of the fornix 
obstructs the ductal openings of lacrimal glands thus aggravating 
ocular dryness. Bulbar and forniceal cicatricial changes lead to sym- 
blepharon or ankyloblepharon formation with limitation of ocular 
mobility and interference of the tear meniscus. Scarring of the eye- 
lid margin leads to ectropion, entropion and misdirected eyelashes. 
Patients with chronic eye involvement require lifelong management 
for dryness, conjunctival inflammation and ocular discomfort; many 
suffer permanent visual impairment or blindness. 

A range of long-term oral complications may occur result- 
ing in functional impairments. Oral mucosal scarring can cause 
gingival synechiae resulting in food trapping and limitation of 
oral mobility [41]. A Sjégren-like syndrome has been reported 
(ANA/Ro/La-negative) and is believed to occur in up to 40% of 
survivors [42]. 

The most important late complication of pulmonary involve- 
ment is bronchiolitis obliterans, in which airway epithelial injury 
is followed by regeneration and scarring [43]. It leads to severe 
airway obstruction and progressive dyspnoea. Most cases present 
3-4 months after the acute episode and are associated with a poor 
prognosis [43]. 

Long-term complications in the gastrointestinal tract are rare 
but oesophageal stricture is reported [44]. Intestinal ulceration 
may occur in acute SJS/TEN and usually heals along with skin 
re-epithelialisation, however in some patients small intestinal 
ulcers can be persistent causing diarrhoea and malabsorption. 
Vanishing bile duct syndrome, characterised by cholestasis and 
histological loss of interlobular bile ducts, has been reported [45]. 
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Chronic uro-genital lesions in SJS/TEN are mostly adhesions: 
vaginal and introital adhesions may be associated with dyspareu- 
nia and, in one report, haematocolpos [46]. Other gynaecological 
complications include vaginal adenosis, which is the replacement 
of non-cornified vaginal epithelium with metaplastic epithelium of 
endocervical differentiation [47]. 

Although little is written on the subject, it appears that many 
survivors of SJS/TEN suffer psychological sequelae, including 
post-traumatic stress disorder [48]. In a qualitative study, it was 
found that many patients, following an episode of acute SJS/TEN, 
were fearful of taking medications [48]. 


Disease course and prognosis 
During the acute phase of SJS/TEN the extent of skin involvement 
increases over the first 5-10 days. With appropriate supportive 
therapy, and intensive skin/mucous membrane-directed treatment, 
re-epithelialisation should start once the disease stops extending. 
Epithelialisation of involved mucous membranes tends to take 
longer than healing of lesional skin. Delayed healing will occur in 
the presence of skin sepsis, systemic complications or if the trig- 
gering agent (culprit drug) has not been removed. Uncomplicated 
re-epithelialisation will take 3-4 weeks to heal eroded areas fully. 
The overall SJS/TEN mortality is about 22%; in SJS less than 10% 
of patients die from the acute illness, while in TEN the mortality is 
approximately 30% [49]. The cause of death in SJS/TEN is usually 
septicaemia-induced multiorgan failure. In 2000, Bastuji-Garin et al. 
published a validated prognostic scoring system for SJS/TEN, 
called SCORTEN (SCORe of Toxic Epidermal Necrolysis), which 
uses seven clinical parameters to predict probability of hospital 
mortality (Box 118.5) [50]. In SCORTEN, one point is attributed to 
each of the parameters, with increasing scores predicting higher 
mortality rates (Table 118.5). SCORTEN should be calculated on 
admission and again within the first 5 days of hospitalisation. Ret- 
rospective analysis of several SJS/TEN case series has confirmed 
SCORTEN’s ability to predict mortality accurately [51,52]. Survivors 
of the acute illness often develop significant long-term sequelae. 


Box 118.5 The seven parameters used to calculate 
SCORTEN (SCORe of Toxic Epidermal Necrolysis) 


e Age greater than 40 years 

Presence of malignancy 

Heart rate >120 beats/min 

Epidermal detachment >10% of body surface area at admission 
Serum urea >10 mmol/L 

Serum glucose >14 mmol/L 


e 
e 
e 
e 
e 
e Bicarbonate level <20 mmol/L 


Investigations 

If SJS/TEN is suspected clinically, a set of investigations is needed 
to (i) substantiate the diagnosis; (ii) exclude other blistering der- 
matoses; and (iii) identify any systemic complications. Important 
blood tests are listed in Box 118.6. A biopsy must be taken from 
lesional skin, just adjacent to a blister, for routine histopathology. 
A second biopsy taken from periblister lesional skin should be sent 


Table 118.5 SCORTEN (SCORe of Toxic Epidermal Necrolysis) 
predicted mortality 


Number of parameters Predicted mortality (%) 
1.2 
3.9 
3.9 
32.4 
62.2 
85.0 
95.1 
98.5 
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Box 118.6 Blood tests needed at presentation in 
Stevens-Johnson syndrome/toxic epidermal 
necrolysis (SJS/TEN) 


¢ Full blood count 

Urea and electrolytes 

Amylase 

Bicarbonate 

Glucose 

Liver function tests 
Erythrocyte sedimentation rate 
C-reactive protein 

Coagulation studies 
Mycoplasma serology 
Antinuclear antibody and extractable nuclear antigen 
Complement 

Indirect immunofluorescence 


unfixed for direct immunofluorescence to exclude an immunobul- 
lous disorder. 

At presentation, swabs should be taken from lesional skin and 
sent for bacteriology. A chest X-ray is mandatory. Clinical pho- 
tographs of the skin should be taken to show the type of lesion 
and extent of involvement. The extent of redness and the extent of 
epidermal detachment should be recorded separately on a body 
map; for each parameter the percentage of BSA involved should be 
estimated. 


Management 

Evaluation of both cutaneous and systemic disease components 
of SJS/TEN should be undertaken immediately the diagnosis is 
suspected. It is also imperative to identify the culprit drug as soon as 
possible, and to discontinue it. The fundamental elements of patient 
management in SJS/TEN are meticulous care of lesional skin and 
mucous membranes, coupled with intensive supportive care for 
the systemic complications of acute skin failure. The patient must 
be managed in an appropriate care setting, usually an intensive 
care unit (ICU) or burns unit, by a team of clinicians experienced in 
treating SJS/TEN. 

Currently, the efficacy of active pharmacological therapy in 
SJS/TEN is not clear; unambiguous data from therapeutic trials 
are lacking. Similarly, the role of surgical debridement of lesional 
epidermis in SJS/TEN has been challenged [4]. 


Culprit drug 

As soon as a diagnosis of SJS/TEN has been made, discontinua- 
tion of the culprit drug is an essential and immediate intervention; 
this manoeuvre decreases the risk of death [53]. The patient’s other 
regular medicines must be continued. In order to identify the cul- 
prit, the date of onset of the adverse reaction must be noted and a 
record made of all medicines taken by the patient over the previous 
2 months. For each drug, delineate a timeline indicating the date of 
drug commencement in relation to the onset of SJS/TEN. A latent 
period between the drug initiation and onset of SJS/TEN always 
occurs; a latency of 7-10 days is typical, but this period can range 
from 5 to 28 days. 

Identification of the causative agent may be straightforward 
in cases where a single drug is implicated, but difficulties are 
posed by the patient who has been exposed to multiple drugs. 
Although any medicine can, theoretically, cause SJS/TEN, certain 
drugs have a greater probability to trigger the reaction. A list of 
drugs has been identified that are strongly associated with the 
induction of SJS/TEN, and are responsible for one-half of all cases 
(see Box 118.3). Paracetamol, aspirin, ibuprofen and corticosteroid 
have an unclear association, but may be confounders used to treat 
prodromal symptoms of SJS/TEN. An algorithm, termed ALDEN 
(ALgorithm of Drug causality in Epidermal Necrolysis), has been 
developed to help define drug causality in SJS/TEN [9]. ALDEN 
is generally used as a tool for the retrospective assessment of drug 
causality, and not for use in the acute phase of illness. 

No test currently available, either in vitro or in vivo, is able to rule 
out, categorically, a potential culprit drug so that the patient can 
undergo risk-free drug rechallenge. However, several testing meth- 
ods are used and can be helpful in strengthening the clinical assess- 
ment. Patch testing is safe but has a low sensitivity in SJS/TEN. 
In vitro tests, such as lymphocyte-transformation test (LIT) or 
enzyme-linked immunospot assay (ELISPOT), offer the potential 
for a clinically useful biological assay in drug hypersensitivity. 

Following a diagnosis of SJS/TEN the patient must carry a Medic 
Alert card, or wear a Medic Alert bracelet or amulet, which states 
the culprit drug. 


Care environment and care provision 

Patients with large areas of epidermal loss (greater than 10% of BSA) 
should be admitted to an ICU for critical care management and 
specialist nursing. Since the cutaneous defect in SJS/TEN is analo- 
gous to a large superficial burn, many patients are transferred to a 
burns unit that can deliver both intensive supportive management 
as well as skin-directed therapy. Rapid admission to a specialist 
unit improves survival, while a delay in transfer is accompanied by 
increased mortality [54,55]. 

A number of specialist services are needed to manage SJS/TEN 
cases effectively. A multidisciplinary team (MDT), coordinated by 
a specialist in acute skin failure (dermatologist or burns surgeon), 
should be convened to manage the patient. As well as dermatology 
and wound care expertise, the SJS/TEN MDT must include clin- 
icians from intensive care, ophthalmology and skin care nursing. 
Additional clinical input is often required from thoracic medicine, 
gastroenterology, gynaecology, urology, oral medicine, microbi- 
ology, dietetics, physiotherapy and pharmacy. Within an ICU or 
burns care unit the patient must be barrier nursed in a side room on 
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a pressure-relieving mattress with the ambient temperature raised 
to 25-28°C. 


Skin handling, topical therapy and dressings 

In SJS/TEN, necrolytic epidermis readily detaches from the under- 
lying dermis and therefore careful handling of the skin is essential. 
Day-to-day bedside care should be delivered by specialist nurses 
familiar with skin fragility disorders [56]. Shearing forces applied to 
the skin are a particular problem; extreme care is required when han- 
dling and moving an SJS/TEN patient. Other sources of skin trauma 
to be avoided include the use of sphygmomanometer cuffs, adhesive 
ECG leads, adhesive dressings and identification wrist tags. 

Despite careful nursing, lesional epidermis (referred to as 
‘detachable epidermis’) in SJS/TEN often peels away, especially at 
pressure areas, to leave zones of denuded dermis. In the conser- 
vative approach, detached epidermis can be left in situ to act as a 
biological dressing for the underlying dermis. In cases where bullae 
are prominent, blisters can be decompressed by fluid aspiration and 
the blister roof retained to cover the underlying dermis. In the inter- 
ventional approach, favoured by many burns surgeons, necrotic or 
infected epidermis which has fully detached is removed using a 
variety of surgical techniques. At present there are no comparative 
studies of conservative versus interventional regimens to support 
the universal adoption of one approach over the other. 

The intact skin should be cleansed each day by gentle irrigation 
with warmed sterile water or sprayed with a weak solution of 
chlorhexidine (1/5000). If mobility permits, the patient may be 
bathed in a weak solution of chlorhexidine (1/5000). The whole 
skin, including denuded areas, should be treated with frequent 
applications of a greasy emollient, such as 50% white soft paraffin 
with 50% liquid paraffin (50/50 WSP/LP). Aerosolised formula- 
tions of 50/50 WSP/LP can be used to minimise shearing forces 
associated with the manual application of topical agents. A topical 
antibiotic ointment should be used only on sloughy or crusted 
areas, or at sites of proven bacterial infection. 

The use of dressings on denuded areas in SJS/TEN will reduce 
fluid and protein loss, limit microbial colonisation, help pain 
control and accelerate re-epithelialisation. Silicone dressings are 
recommended for areas of exposed dermis, while an absorbent 
non-adherent dressing should be applied as a secondary layer 
to collect exudate and protect lesional skin. Smear the surface of 
dressings with 50/50 WSP/LP prior to contact with the patient. 

In the surgical approach, favoured by burns specialists, biological 
dressings or skin grafts are applied to denuded areas under a general 
anaesthetic. 


Local therapy for eyes, mouth and uro-genital tract 

Eyes. The eyes should be examined by an ophthalmologist as 
a part of the initial assessment and daily thereafter during the 
acute phase. An ocular lubricant must be applied 2-hourly. Ocular 
hygiene, to remove inflammatory debris and break down conjunc- 
tival adhesions, must be carried out each day. A broad spectrum 
topical antibiotic should be used in the presence of corneal fluores- 
cein staining or frank ulceration. The use of topical corticosteroid 
drops, supervised by an ophthalmologist, may reduce ocular 
surface damage in the acute phase of SJS/TEN. For patients in 
whom there is extensive loss of ocular surface epithelia, which is 
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unresponsive to conservative measures, then amniotic membrane 
transplantation (AMT) can be considered [57,58]. The proposed 
benefits of AMT in the acute phase include reduced inflamma- 
tion, enhanced re-epithelialisation and reduction of scarring and 
symblepharon formation [59,60]. 


Mouth. Regular examination of the mouth must be undertaken. 
WSP ointment should be applied frequently to the lips; protect 
ulcerated intraoral surfaces with a mucoprotectant mouthwash. 
Clean the mouth daily with warm saline mouthwashes or an oral 
sponge. Use an anti-inflammatory oral rinse containing benzy- 
damine hydrochloride every 3 h, and an antiseptic mouthwash 
(e.g. chlorhexidine digluconate) twice per day. In the absence of 
secondary infection, consider using a topical corticosteroid four 
times per day (e.g. Betnesol mouthwash 0.5 mg in 10 mL of water 
as a3 min rinse-and-spit preparation). 


Uro-genital tract. Examine the uro-genital tract regularly through- 
out the acute illness. Use WSP ointment as an emollient frequently. 
Use silicone sheet dressings to eroded areas in the vulva and vagina. 
Consider applying a topical corticosteroid cream with additional 
antimicrobial activity to the involved but non-eroded surfaces. 
Catheterising all patients will prevent urethral strictures. 


Fluid replacement and nutrition 

Extensive epidermal detachment will result in large insensible 
transcutaneous fluid losses, compounded by decreased oral intake 
due to disease involvement of the mouth. During the acute illness, 
replace fluids intravenously, using a crystalloid fluid at 2 mL/kg 
body weight/% of BSA epidermal detachment, or alternatively 
use urine output to guide fluid replacement [61]. Establish periph- 
eral venous access by inserting a cannula through non-lesional 
skin. Overageressive fluid resuscitation may be associated with 
pulmonary, cutaneous and intestinal oedema. 

In SJS/TEN cases with significant areas of skin involvement, a 
nutritional regimen must be initiated early to support metabolic 
disturbances, minimise protein losses and promote healing. Enteral 
nutrition is preferable to parenteral nutrition since this feeding 
route will reduce peptic ulceration and limit translocation of gut 
bacteria. Since buccal mucositis in SJS/TEN often precludes normal 
oral intake, naso-gastric feeding with a silicone tube should be insti- 
tuted when necessary. During the early, catabolic phase of SJS/TEN 
20-25 kcal/kg/day should be delivered, while requirements in the 
recovery, anabolic phase increase to 25-30 kcal/kg/day [62]. 


Respiratory support 

Disease involvement of the bronchial epithelium can cause 
occlusion of airways and hypoxia. In this situation, broncho- 
scopic removal of necrotic debris is helpful [28]. Nonetheless 
approximately 25% of SJS/TEN patients require intubation and 
mechanical ventilation, an intervention which is associated with 
a worse outcome [29]. Sedation and ventilation are also indicated 
when cutaneous pain limits effective patient handling. 


Analgesia 
Stevens-Johnson syndrome/toxic epidermal necrolysis is charac- 
terised by cutaneous pain which is most severe at sites of epidermal 


detachment. Patients should receive adequate background simple 
analgesia to ensure comfort at rest, with the addition of opiates, as 
required, delivered either by patient-controlled analgesia (PCA) or 
infusion. Involvement of the skin of the hands may limit the ability 
of the patient to operate a PCA device. If the patient is in severe 
pain, then an opiate-based analgesia regimen using morphine 
delivered by an appropriate route should be considered. Additional 
analgesia is often needed to address increased pain associated with 
patient handling, repositioning, dressing changes and physiother- 
apy: a bolus of 0.1 mg/kg of morphine may be given intravenously 
10-20 min before commencement of the procedure. Bolus ketamine 
analgosedation (0.5 mg/kg) may be useful for procedural analgesia. 
Adjuvants, including y-aminobutyric acid (GABA) analogues, may 
have an opiate-sparing role. Topical anaesthesia of mucous mem- 
branes may facilitate placement of naso-gastric tubes and urinary 
catheters. 


Additional supportive medication 

Patients with SJS/TEN are subject to stress-related gastric or 
duodenal ulceration and, if immobile, are at risk of venous throm- 
boembolism. Gastric protection with a proton pump inhibitor is 
recommended if the patient is not absorbing food. Prophylactic 
anticoagulation with low-molecular-weight heparin is necessary, 
unless contraindicated. 

Anaemia and leukopenia are common complications of the 
acute phase of SJS/TEN. Neutropenia will increase the risk of 
sepsis and therefore the administration of recombinant human 
granulocyte colony-stimulating factor (G-CSF) has been used to 
resist infectious complications [63]. It has been suggested that 
G-CSF in SJS/TEN may also be immunomodulatory and enhance 
re-epithelialisation [63]. 


Monitoring for infection 

Cutaneous infection, which is a common complication of SJS/TEN, 
will impair re-epithelialisation and may lead to systemic sepsis. 
Swabs for bacterial and Candida culture should be taken from 
multiple sites, particularly sloughy or crusted areas, throughout 
the acute phase of SJS/TEN. Prophylactic systemic antimicrobial 
therapy may increase skin colonisation, particularly with Candida 
albicans, therefore antibiotics should only be given if there are 
clinical signs of infection. The SJS/TEN disease process may be 
accompanied by a fever which complicates detection of secondary 
sepsis. Patients should be monitored carefully for other signs of 
systemic infection such as confusion, hypotension, reduced urine 
output and reduced oxygen saturation [64]. The detection of sepsis 
may also be indicated by a rise in CRP, elevated procalcitonin, a 
neutrophilia and an increase in skin pain. A monoculture of organ- 
isms from swabs taken at various sites indicates that one strain of 
bacteria has become predominant and increases the likelihood of 
invasive infection [64]. 

Inasmall proportion of cases, SJS/TEN is triggered by Mycoplasma 
pneumoniae infection. Typically the patient is a child, there is no 
culprit drug and the disorder is marked by high fever and cough 
at the outset. If Mycoplasma infection is considered, treat with a 
macrolide antibiotic while awaiting results from naso-pharyngeal 
PCR and serology. 


Active therapy 

Only one randomised controlled trial of an active treatment has been 
conducted in TEN: the anti-TNF agent thalidomide was compared 
with placebo. However, the study was discontinued prematurely 
because of an excess of deaths in the thalidomide treatment group 
[65]. A number of other immunomodulating drugs have been 
studied in SJS/TEN patients, most notably IVIg, systemic corticos- 
teroid and ciclosporin [66]. Unfortunately, the nature of SJS/TEN 
is such that published studies have been sullied by ascertainment 
bias, low numbers of patients, variations in the timing and nature 
of intervention, diversity of case mix and setting and differences in 
supportive care. Trials have, thus far, failed to identify a therapy 
with unambiguous benefit. There is insufficient evidence, at the 
time of writing, to support unequivocally the use of any particular 
systemic intervention in SJS/TEN. 


Intravenous immunoglobulin. Evidence for possible efficacy of 
IVIg in SJS/TEN came from a study indicating a role for Fas-Fas 
ligand (Fas-FasL) interaction in TEN keratinocyte apoptosis [13]. 
This study, from Viard et al., demonstrated that high concentrations 
of normal immunoglobulin inhibited Fas-FasL interaction and 
apoptosis through anti-Fas activity. The authors then reported an 
uncontrolled prospective open trial of 10 patients with TEN treated 
with IVIg, none of whom died [13]. Since this report in 1998, a 
number of studies of IVIg treatment in SJS/TEN have been pub- 
lished, with results that vary from benefit to harm [67,68-79]. In a 
systematic review and meta-analysis, published in 2012, a pooled 
estimate of mortality risk was determined, comparing IVIg and sup- 
portive care in patients with TEN [80]. The pooled odds ratio (OR) 
for mortality comparing IVIg and supportive care was 1.00 (95% 
confidence interval (CI) 0.58-1.75, P = 0.99) [80]. Paediatric patients 
treated with IVIg had significantly lower mortality than adults 
(0% versus 21.6%, respectively; P = 0.001). Adults treated with 
high-dose IVIg exhibited significantly lower mortality than those 
treated with low-dose IVIg (18.9% versus 50%, respectively; 
P = 0.022). However, multivariate logistic regression model adjust- 
ment indicated that IVIg dose does not correlate with mortality 
(high-dose versus low-dose: OR 0.494, 95%CI 0.106-2.300, P = 0.369) 
[80]. Two further studies (published after the meta-analysis) com- 
prising a total of 87 SJS/TEN patients demonstrated no improved 
survival in subjects receiving IVIg [79,81]. 


Corticosteroids. Corticosteroids have been used in the manage- 
ment of SJS/TEN for many years. It has been suggested that 
high-dose systemic corticosteroid administered early in the disease 
may ‘switch off’ the inflammatory process [82]. However, it is 
also recognised that systemic corticosteroids used indiscriminately 
may increase the risk of sepsis and impair re-epithelialisation. The 
majority of studies of systemic corticosteroid treatment in SJS/TEN 
indicate benefit, however all are case series, none is a randomised 
controlled trial and most are retrospective [67,68,82,83]. Retro- 
spective analysis of a large number of SJS/TEN patients in France 
and Germany (the EuroSCAR study) indicated a lower mortality 
in German patients (but not French patients) treated with corti- 
costeroids compared with controls receiving supportive care alone 
[67]. Two studies have investigated the effects of pulsed intravenous 
high-dose corticosteroids [82,84]. In the study by Kardaun et al., 
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12 patients received 100 mg or 1.5 mg/kg of IV dexamethasone 
for 3 days and were reported to have a decreased mortality com- 
pared with the death rate predicted by SCORTEN [83]. Hirahara 
et al. presented a series of eight SJS/TEN patients who received 
1000 mg of IV methylprednisolone on 3 consecutive days, followed 
by either a tapering course of oral prednisolone, or a further 2 days 
of half-dose IV methylprednisolone [81]. No patients died despite a 
SCORTEN-predicted mortality of 1.6 [81]. 


Ciclosporin. Inhibition of lymphocyte function should interfere 
with a key element in SJS/TEN pathogenesis; thus, ciclosporin 
is a drug with theoretical efficacy in SJS/TEN. Four cohort stud- 
ies demonstrated that ciclosporin treatment in SJS/TEN may 
improve outcomes [85-88]. A study by Valeyrie-Allanore et al. 
from the dermatology ITU in Créteil, Paris, demonstrated that 
in 29 SJS/TEN patients given ciclosporin (3 mg/kg/day for 
10 days, and then tapered) there were no deaths, despite a SCORTEN 
predicted mortality in this group of 2.75 [86]. Singh et al. reported 
11 SJS/TEN patients treated with ciclosporin (3 mg/kg/day for 
7 days, and then tapered) and compared their outcomes with six 
historical controls treated with systemic corticosteroids [87]. In 
the ciclosporin group there was a significantly enhanced speed of 
epithelialisation, a reduced length of hospital stay and a benefit in 
SCORTEN-predicted mortality [87]. A similar positive outcome was 
demonstrated by Kirchhof et al. in a group of ciclosporin-treated 
patients compared with a group treated with IVIg [88]. However, in 
a larger, single-centre, retrospective study of 174 patients the reduc- 
tion of mortality and improvement in healing time with ciclosporin 
were not confirmed [89]. 


Other treatments used in the management of SJS/TEN. Other ther- 
apies have been tried in SJS/TEN, but studies contain small num- 
bers of patients and are, generally, uncontrolled. Plasmapheresis has 
been used in SJS/TEN and reports suggest that it may provide a 
rapid benefit [90,91]. There is also interest in the therapeutic role 
of TNF-« inhibitors in SJS/TEN. Paradisi et al. reported an uncon- 
trolled series of 10 SJS/TEN patients treated with a single 50 mg 
subcutaneous dose of etanercept. None of the patients died, despite 
a SCORTEN-predicted mortality rate of approximately 50% [92]. An 
uncontrolled, prospective study compared etanercept with cortico- 
steroids in 96 patients (60% of the study population had SJS) and 
reported a quicker healing time with etanercept but a similar mor- 
tality rate in the two groups [93]. 


Treatment ladder for Stevens-Johnson 
syndrome/toxic epidermal necrolysis 


First line 

e Withdraw culprit drug 

e If epidermal loss is >10% body surface area transfer to a 
specialist unit (intensive care unit or burns unit) 

e Institute supportive care package, with particular attention 
to: 
e Heated environment 
e Fluid replacement 
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¢ Nutritional regimen 
e Analgesia 
e Preventing/treating infection 
¢ Specialist skin care nursing is essential for delivery of topical 
therapy/dressings 


Second line 

In the early stages of the acute phase consider using: 

e Intravenous immunoglobulin (0.5-1 g/kg daily for 3-4 
consecutive days), or 

e Systemic corticosteroid (e.g. prednisolone 0.5-1 mg/kg daily 
for 10 days, and tapered; or IV methylprednisolone 500 mg 
on 3 consecutive days), or 

¢ Ciclosporin (3 or 4 mg/kg/day in divided doses for 10 days, 
and tapered) 


Resources 


Further information 
SJS Awareness UK: www.sjsawareness.org.uk (last accessed June 2023). 
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Toxic erythema of chemotherapy 3 


Definition and nomenclature 
Toxic erythema of chemotherapy is the term used to describe a vari- 
ety of overlapping cutaneous reactions to chemotherapy agents. 


1s and inclusions 
antar erythrodysaesthesia 


hilic eccrine hidradenitis 


Introduction and general description 

Although several distinct dermatoses are described it has been 
suggested that the term ‘toxic erythema of chemotherapy’ (TEC) 
should be used to encompass the spectrum of eruptions triggered 
by anticancer drugs [1]. TEC includes entities such as palmoplan- 
tar erythrodysaesthesia, intertriginous eruption associated with 
chemotherapy and neutrophilic eccrine hidradenitis [1]. The drugs 
that are most commonly associated with the induction of TEC are 
listed in Box 119.1. 


Box 119.1 Cancer chemotherapy agents associated 
with toxic erythema of chemotherapy 


e Cytarabine 

¢ Clofarabine 

e Anthracyclines (e.g. doxorubicin) 
¢ Carboplatin 

¢ Cyclophosphamide 

¢ 5-Fluorouracil 

¢ Capecitabine 

¢ Taxanes (e.g. docetaxel) 

¢ Methotrexate 


It is important for clinicians to recognise that TEC is a non-allergic 
reaction. An understanding of this concept avoids erroneously 
labelling patients as having a drug allergy. 


Epidemiology 

Incidence and prevalence 

There are no reliable data for the incidence or prevalence of TEC in 
patients exposed to chemotherapy. 


Age and sex 
Toxic erythema of chemotherapy affects both sexes equally, and 
all ages. 


Pathophysiology 

It has been proposed that TEC is caused by direct toxicity of a 
chemotherapeutic agent after it is excreted through the straight 
portion of the eccrine duct, the acrosyringium and the epidermis 
[1]. The high density of eccrine glands in the palms and soles may 
explain, in part, the predilection of TEC to these sites. Other factors, 
including temperature gradient, friction, trauma and vascularity, 
may play a role in the distribution of skin signs in TEC [1,2]. TEC 
reactions are dose dependent. 


Pathology 

The histopathology of TEC will depend on the timing of the skin 
biopsy. Early histological features (within the first 24h of the 
eruption) include hyperplastic eccrine ducts with mitotic figures 
and multiple necrotic duct cells without associated keratinisation. 
Late histological features (within 72-96h of the eruption) include 
syringosquamous metaplasia, in which there is non-inflammatory 
metaplastic transformation of the eccrine cuboidal epithelium into 
two or more layers of squamous cells with intraductal keratinisation 
[3-5]. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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Clinical features 
TEC usually presents between 2 days to 3 weeks after the adminis- 
tration of chemotherapeutic agents with pain, pruritus, paraesthesia 
and tenderness over the hands and feet and/or intertriginous areas 
[1,2]. Patients present with red patches or oedematous plaques, 
typically distributed on the acral skin and at the major flexures 
(axillae, groins and inframammary folds). Less often it can involve 
the elbows, knees and ears. In some areas the redness may become 
dusky or contain petechiae. Occasionally, lesional skin in TEC may 
blister. 

A delayed onset of TEC, up to 2-10 months after the onset of treat- 
ment, can be seen in patients receiving continuous, low-dose intra- 
venous infusions of chemotherapy [1,2]. 


Clinical variants 

Prior to the adoption of the umbrella term of TEC, several dis- 
tinct entities were described and appear in the dermatological 
literature. 


Palmoplantar erythrodysaesthesia. This describes a _ reaction 
of acral reddening, which starts 24h to 3 weeks after the initi- 
ation of chemotherapy. Patients initially complain of a tingling 
or burning sensation that precedes the eruption. When the skin 
signs appear, there is well-demarcated palmoplantar reddening 
with oedema. Lesional skin can become bullous and may erode 
(Figure 119.1). The reaction generally resolves 1-2 weeks after 
stopping chemotherapy treatment [6,7]. Doxorubicin, cytarabine, 
docetaxel, fluorouracil and capecitabine are the most commonly 


Figure 119.1 Severe palmoplantar erythrodysaesthesia secondary to docetaxol 
treatment demonstrating reddening, desquamation and erosions. 


Chapter 119: Cutaneous Side Effects of Chemotherapy and Radiotherapy 


implicated agents. The combination of a taxane (especially doc- 
etaxel) with capecitabine is associated with an increased incidence 
of palmoplantar erythrodysaesthesia. Dose reduction of the culprit 
agent(s) usually ameliorates the symptoms. 


Intertriginous eruption associated with chemotherapy. This 
eruption appears between 1 and 25 days following the onset 
of the chemotherapy cycle. It is characterised by dusky red 
papules coalescing into patches and plaques. The redness of 
lesional skin may become dusky. The eruption predominates in 
the major flexures, especially in the axillary and inguinal folds and 
antecubital fossae. It can also be seen in areas of occlusion. Histolog- 
ically there is eccrine squamous syringometaplasia. The eruption 
resolves spontaneously with postinflammatory pigmentation and 
desquamation [8,9]. 


Neutrophilic eccrine hidradenitis. This is characterised by red 
papules, nodules or plaques that typically involve the extremities, 
trunk, face and palms. It usually appears between 2 days and 
3 weeks following the start of chemotherapy and may be preceded 
by a fever. Patients are often neutropenic at the time skin signs 
appear. Pustules, purpura and urticarial lesions have also been 
described [10,11]. Neutrophilic eccrine hidradenitis is caused by a 
variety of chemotherapeutic agents, particularly cytarabine, and 
usually resolves spontaneously within 4 weeks of discontinuing the 
culprit drug. Histologically there is usually a dense neutrophilic 
inflammation around the eccrine glands, and secretory coils with 
associated necrosis of the eccrine coils and glands in the deeper 
reticular dermis or subcutaneous fat. If patients are neutropenic 
then lower numbers of neutrophils will be seen. 


Differential diagnosis 

Main differentials include drug hypersensitivity reaction or 
graft-versus-host disease. Intertriginous eruption associated 
with chemotherapy can be mistaken for an infective intertrigo 
or symmetrical drug-related intertriginous and flexural exanthem 
(Chapter 116). Neutrophilic eccrine hidradenitis can be mistaken 
for erysipelas. 


Disease course and prognosis 
TEC can recur if the patient is rechallenged to the same dose of the 
chemotherapeutic agent, or there may be a more intense skin reac- 
tion with higher doses of the same agent. Recurrence can be reduced 
by dose reduction and a lengthening of the interval between cycles 
of chemotherapy. 

TEC usually resolves spontaneously with desquamation without 
any specific treatment. 


Investigations 
A skin biopsy can be helpful in cases of diagnostic difficulty. 


Management 

There is no standardised treatment regimen for TEC. The treatment 
is symptomatic as the reaction usually spontaneously resolves with 
intense desquamation [1]. Discontinuing treatment is needed if the 
skin reaction is severe. 


Papulopustular eruptions — 


Definition and nomenclature 

Papulopustular eruptions are drug-induced acneform dermatoses 
that resemble acne vulgaris in lesion morphology and distribution, 
but generally lack a comedonal component. 


Introduction and general description 

Papulopustular eruptions are a side effect of many of the tar- 
geted agents now used in cancer therapy, especially epidermal 
growth factor receptor (EGFR) and mitogen-activated protein 
kinase (MEK) inhibitors. The drugs that are most commonly asso- 
ciated with the induction of papulopustular eruptions are listed in 
Box 119.2. 


Epidemiology 

Incidence and prevalence 

Papulopustular eruption of any toxicity grade can occur in up 
to 90% of patients receiving an EGFR inhibitor and up to 10% 
for grade 3. Third generation EGFR-TKI inhibitors (osimertinib) 
have been reported to have significantly less skin side effects; 
58% compared with 78% of standard EGFR inhibitors (gefitinib or 
erlotinib) [1]. 


Age and sex 

Patients of any age may be affected. With erlotinib there is an 
increased risk of developing a severe papulopustular eruption in 
patients aged over 70 years; with cetuximb there is an increased 
risk of developing severe papulopustular eruption in male patients 
aged under 70 years. 


Box 119.2 Commonest drug triggers for 
papulopustular eruptions 


EGFR-targeting monoclonal antibodies 

¢ Cetuximab (for treating colo-rectal, head and neck cancers) 
e Panitumumab (for treating colo-rectal cancer) 

¢ Necitumumab (for treating lung cancer) 


EGFR-tyrosine kinase inhibitors 

e Erlotinib (for treating lung and pancreatic cancer) 
° Gefitinib (for treating lung cancer) 

e Lapatinib (for treating breast cancer) 

¢ Osimertinib (for treating lung cancer) 

e Dacomitinib (for treating lung cancer) 


Mitogen-activated protein kinase inhibitors 
¢ Trametinib (for treating BRAF mutated melanoma) 
e Selumetinib (for treating lung cancer) 


EGFR, epidermal growth factor receptor. 


Pathophysiology 

The pathophysiology of EGFR and MEK inhibitor induced rash 
remains poorly understood. It has been proposed that inhibition 
of signal transduction pathways play a role in papulopustular 
development as EGFR is expressed in undifferentiated, proliferat- 
ing keratinocytes in the basal epidermis and hair root sheath [2]. 
EGFR inhibitors interfere with EGFR-mediated signalling, caus- 
ing growth arrest and premature differentiation of keratinocytes. 
The subsequent release of inflammatory cell chemoattractants 
recruits leukocytes and induces a folliculocentric inflammatory 
response [3]. Also, reduced inhibition of Staphylococcus aureus 
colony formation by the supernatant produced by EGFR inhibitor 
keratinocytes has been implicated in the increased risk of sec- 
ondary infections found in a third of patients on EGFR and MEK 
inhibitors [4]. 


Pathology 

The histopathology of EGFR inhibitor-induced papulopustular 
eruption demonstrates a superficial neutrophilic suppurative 
folliculitis with ectatic follicular infundibula and rupture of the 
epithelial lining [5]. 


Clinical features 

The papulopustular eruption typically occurs within the first 
2 weeks of treatment. Prior to the appearance of the dermatosis, 
patients may complain of a burning pain and pruritus. Lesions 
occur in a seborrhoeic distribution on the scalp, face, chest and 
back; other sites which may be involved include the extremities, 
abdomen and buttocks. 

The eruption consists of sterile follicular pustules and papules, 
without comedones (Figure 119.2). The evolution of the eruption 
passes through four phases: (i) sensory disturbance with redness 
and oedema on the face and upper trunk; (ii) papulopustular lesions; 
(iii) crusting lesions; and (iv) persistent xerosis, redness and telang- 
iectasis [6]. 

Patients with fair skin (skin phototype I/II) are at particular risk 
of EGFR inhibitor-induced papulopustular eruption. 


Figure 119.2 Papulopustular eruption, secondary to an epidermal growth factor 
receptor inhibitor, involving the trunk. 


Papulopustular eruptions 119.3 
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Differential diagnosis 

Differential diagnoses include drug-induced acne, Malassezia folli- 
culitis, Staphylococcus folliculitis, eosinophilic folliculitis and tinea 
barbae. 


Classification of severity 

The National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE) has published a widely used sever- 
ity grading scale for papulopustular eruptions (Table 119.1). 
The Multinational Association of Supportive Care in Cancer 
(MASCC) Skin Toxicity Study Group has created a grading 
scale specific to EGFR inhibitor-induced dermatological toxicities 
(Table 119.2) [7]. 


Table 119.1 The National Cancer Institute Common Terminology Criteria for Adverse 
Events (CTCAE) severity grading scale for papulopustular eruptions. 


Grade Adverse event 


Grade 1 Papules and/or pustules covering <10% BSA, which may or may not be 
associated with symptoms of pruritus or tenderness 

Papules and/or pustules covering 10-30% BSA, which may or may not 
be associated with symptoms of pruritus or tenderness; associated 
with psychosocial impact; limiting instrumental ADL; papules and/or 
pustules covering >30% BSA with or without mild symptoms 

Papules and/or pustules covering >30% BSA with moderate or severe 
symptoms; limiting self-care ADL; associated with local 
superinfection with oral antibiotics indicated 

Life-threatening consequences; papules and/or pustules covering any 
% BSA, which may or may not be associated with symptoms of 
pruritus or tenderness and are associated with extensive 
superinfection with IV antibiotics indicated 

Death 


Grade 2 


Grade 3 


Grade 4 


Grade 5 


Definition: a disorder characterised by an eruption of papules and pustules, typically 
appearing in face, scalp, upper chest and back. ADL, assisted daily living; BSA, body 
surface area. 

From National Cancer Institute, Cancer Therapy Evaluation Program. CTCAE v5, Nov 
2017. https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ 
CTCAE_v5_Quick_Reference_5x7.pdf (last accessed February 2023). 


Table 119.2 The Multinational Association of Supportive Care in Cancer (MASCC) Skin 
Toxicity Study Group severity grading scale for papulopustular eruptions due to 
epidermal growth factor receptor inhibitors. 


Grade Adverse event 
Grade 1A umber of papules or pustules <5 
Or one area of erythema or oedema <1 cm in size 
Grade 1B umber of papule or pustules <5 
Or one area of erythema or oedema <1 cm in size and pain or pruritus 
Grade 2A umber of papules or pustules 6-20 
Or 2-5 areas of erythema or oedema <1 cm in size 
Grade 2B umber of papules or pustules 6-20 
Or 2-5 areas of erythema or oedema <1 cm in size and pain, pruritus 
or effect on emotions or functioning 
Grade 3A umber of papules or pustules >20 
Or >5 areas of erythema or oedema <1 cm in size 
Grade 3B umber of papules or pustules >20 
Or >5 areas of erythema or oedema <1 cm in size and pain, pruritus, 
or effect on emotions or functioning 


Adapted from [7]. 
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Table 119.3 The Multinational Association of Supportive Care in Cancer (MASCC) Skin 
Toxicity Study: papulopustular rash recommendations. 


Preventative management 


Topical Hydrocortisone 1% cream, with moisturiser and sunscreen twice daily 

Systemic Minocycline 100 mg daily/doxycycline 100 mg BD 

Treatment 

Topical Fluocinomide 0.05% cream BD/alclometasone 0.05% cream/ 
clindamycin 1% 

Systemic Doxycycline 100 mg BD/minocycline 100 mg daily. Low-dose 


isotretinoin 20-30 mg daily 


Adapted from [8]. 


Disease course and prognosis 

The severity of the skin eruption can vary, with clinically more 
severe reactions seen with the monoclonal antibodies com- 
pared with the EGFR and EGFR-TK inhibitors [8]. An EGFR 
inhibitor-related papulopustular eruption may wax or wane and 
typically resolves without scarring within 2 months of therapy 
discontinuation provided there was no superadded skin infection 
[6]. Postinflammatory hyperpigmentation can be prominent. 

There is growing evidence to suggest that the presence and 
severity of the skin eruption may correlate with improved tumour 
response to the targeted agent. An early phase II study of erlotinib 
used in 57 patients with advanced non-small cell lung cancer (stage 
IIIB or IV) demonstrated that median survival improved with the 
severity of the papulopustular eruption: grade 0 rash, 1.5 months 
median survival; grade 1 rash, 8.5 months median survival; and 
grade 2-3 rash, 19.6 months median survival [7,9]. Several other 
retrospective analyses of phase II and III studies on EGFR inhibitors 
in other tumour types including colo-rectal, ovarian cancer and 
pancreatic cancer have confirmed this correlation [9,10]. The skin 
eruption is the best surrogate marker for clinical response to EGFR 
inhibitors. 


Investigations 

Skin biopsy can be useful in demonstrating the histopathology but 
is not mandatory. Skin swabs should be taken to exclude an infective 
folliculitis and/or superadded infections. 


Management 

Prior to the initiation of an EGFR inhibitor, the potential dermato- 
logical side effects should be discussed with the patient. Avoidance 
of excessive sun exposure while on the treatment is advised since UV 
radiation can trigger an eruption. A high protection factor topical 
sunscreen should be applied to uncovered skin 1-2h prior to sun 
exposure and reapplied every 2 h. 

Prophylactic skin treatments started 24 h prior to initiating the 
EGFR inhibitor (including moisturiser, sunscreen, hydrocortisone 
1% and oral doxycycline 100 mg BD) are beneficial in reducing 
the incidence of grade 2 reactions by 50% at 6 weeks (Table 119.3) 
[8,11]. A randomised, double-blind, controlled trial of prophylactic 
oral minocycline 100 mg reduced the number of papulopustu- 
lar lesions during the first 8 weeks on cetuximab therapy [12]. 
Effective prophylaxis with topical dapsone gel has also been 
reported [13]. 


Active measures to treat EGFR inhibitor-induced skin reactions 
include the use of potent topical steroids and tetracycline antibiotics 
(Table 119.3). Topical EGF creams have recently been reported to be 
effective [14]. 

Low-dose isotretinoin (20-30 mg/day) is recommended for the 
management of severe EGFR inhibitor-induced eruptions that fail 
to respond to standard therapy [15]. 


Resources 


Further information 


National Cancer Institute, Cancer Therapy Evualuation Program. Common Termi- 
nology Criteria for Adverse Events (CTCAE) v5, Nov 2017. https://ctep.cancer 
.gov /protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_ 
Reference_5x7.htm (last accessed February 2023). 


Chemotherapy mucositis q 


See Chapter 108. 
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Chemotherapy-induced alopecia 


Definition 
This is a loss of scalp and body hair caused by the cytostatic effect 
of chemotherapy on hair follicles. 


Introduction and general description 

Chemotherapy-induced alopecia (CIA) is a common and distress- 
ing manifestation that is seen with most chemotherapeutic agents. 
The hair is an innocent bystander since chemotherapy drugs tar- 
get dividing cells and in so doing interrupt the cell division of the 
hair matrix cells. Up to 90% of scalp hair is in the anagen, prolifer- 
ative phase at any given time and therefore the pattern of alopecia 
is known as anagen effluvium. The degree of alopecia is, however, 
dependent on the specific chemotherapeutic drug, the dose regimen, 
the duration of treatment and the route of administration [1]. Com- 
bination therapy consisting of two or more agents usually produces 
a greater incidence of more severe CIA compared with single-agent 
therapy [2]. The drugs that are most commonly associated with CIA 
are listed in Box 119.3. 


Epidemiology 

Incidence and prevalence 

The overall incidence of CIA is estimated to be 65% [2]. The fre- 
quency of CIA differs for the four major drug classes: >80% for 
antimicrotubule agents; 60-100% for topoisomerase inhibitors; 
>60% for alkylators; and 10-50% for antimetabolites. 


Age and sex 
CIA affects all ages and both sexes equally. 


Pathophysiology 

Cytostatic drugs act preferentially on follicles in the proliferative, 
anagen phase of the hair cycle. This results in anagen effluvium with 
the shedding of fully pigmented hair shafts. However, telogen efflu- 
vium also occurs as a response to chemotherapy and contributes to 
hair loss in these patients. 


Box 119.3 Cancer chemotherapy agents associated 
with alopecia 


e Antimicrotubule agents (e.g. paclitaxel, docetaxel) 

¢ Topoisomerase inhibitors (e.g. etoposide, doxorubicin) 
e Alkylators (e.g. cyclophosphamide, ifosfamide) 

e Antimetabolites (e.g. 5-fluorouracil) 


Much of our understanding of the pathogenesis of CIA is 
derived from human and C57BL/6 mouse model studies of 
cyclophosphamide-induced alopecia. These studies showed that 
hair follicular damage is dose dependent, and is accompanied by 
dystrophic anagen and catagen response pathways [3]. 


Pathology 

Histopathological features include the disruption of melanin accu- 
mulation, an irregular banding pattern of the hair shaft, an irregular 
follicular diameter, widened hair canal and distortion of the hair 
follicle. Permanent alopecia is characterised by an increased vellus 
to terminal hair ratio, an increased ratio of telogen to anagen folli- 
cles and the appearance of basaloid epithelium without scarring or 
inflammation [3]. 


Clinical features 

CIA usually presents suddenly within days to weeks of initiating 
therapy. The hair is usually lost first over the vertex and the sides of 
the head above the ears. By 2-3 months a more established, diffuse 
or patchy pattern of alopecia is seen, which continues throughout 
the treatment. 


Differential diagnosis 
The speed of onset of hair loss discriminates CIA from telogen 
effluvium. 


Disease course and prognosis 
On discontinuing therapy, the alopecia is usually reversible and 
spontaneously recovers within 1-3 months and is fully recovered 
by 6 months [1]. Mild to moderate hair follicle damage initiates the 
dystrophic anagen pathway, whereas the dystrophic catagen path- 
way is triggered with severe hair follicle damage. These pathways 
determine the clinical appearance and the subsequent speed and 
quality of hair regrowth. Dystrophic anagen hairs recover more 
slowly, are of poor hair shaft quality and have pigmentary defects. 
In comparison, dystrophic catagen pathway is associated with the 
fastest and most complete recovery of damaged hair follicles. 
Sometimes after chemotherapy the hair may grow back with a 
different texture, colour and thickness. A rare adverse effect of per- 
manent CIA can occur with incomplete and absent hair regrowth at 
6 months post therapy. It is most commonly seen with bulsulphan, 
cyclophosphamide and taxane therapy. 
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Investigations 
None are needed. 


Management 
The management of CIA consists of careful explanation, psycholog- 
ical support and providing access to wigs. 

Scalp cooling methods are the most widely used preventative 
measure for CIA. Data suggests a relative risk reduction of between 
one-third and two-thirds depending on chemotherapy regimen 
[4-6]. A cooling agent (air or liquid) applied to the scalp via a 
cooling cap is thought to reduce the cytotoxic effect of the drug by 
causing local vasoconstriction, thus slowing cellular uptake of the 
drug and limiting toxicity. 

Currently there is no pharmacological treatment for CIA. Scalp 
compression alone and topical minoxidil 2% lotion have not been 
shown to be helpful as prophylaxis in preventing CIA; it has, 
however, been shown to be a safe accelerator of hair regrowth after 
CIA [2]. 


Chemotherapy-induced hypertrichosis 


Definition 
This is excessive growth of scalp and body hair caused by 
chemotherapeutic agents. 


Introduction and general description 

Hypertrichosis as a side effect of cancer treatment is encountered 
most frequently with the EGFR inhibitors but also reported in 
newer pan-FGFR inhibitors [1-3]. These drugs are associated with 
a number of hair changes at different body sites including: (i) 
facial hypertrichosis; (ii) slow-growing, brittle, curly hair; and (iii) 
increased thickness, length and curvature of eyebrow hair and eye- 
lashes (trichomegaly) [4]. The EGFR inhibitors can also cause diffuse 
non-scarring alopecia over the scalp and body. The multitargeted 
receptor TK inhibitors, including sunitinib and dasatinib, may cause 
reversible hair depigmentation. The drugs that are most associated 
with chemotherapy-induced hypertrichosis are listed in Box 119.4. 


Pathophysiology 

Epidermal growth factor receptor is physiologically expressed in 
the outer root sheath of the hair follicle. EGFR functions as a bio- 
logical on-off switch guarding the entry and exit from the anagen 
growth phase. 


Clinical features 

Patients notice a change in the texture, length and thickness of the 
hair in various body sites. Hair changes tend to occur from 2 to 6 
months after initiation of EGFR inhibitor therapy [3,5]. Trichiasis is 
a complication of trichomegaly; eyelash hairs grow towards the eye, 
inducing corneal abrasions and posing a risk for conjunctivitis [6]. 


Differential diagnosis 
The differential diagnosis includes paraneoplastic hypertrichosis. 


Disease course and prognosis 
The hair changes are usually reversible and disappear within a 
month of stopping treatment. 
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There are rarely any significant long-term problems arising from 
chemotherapy-induced hypertrichosis. 


Box 119.4 Cancer chemotherapy agents associated 
with hypertrichosis 


e Interferon a 
° Cetuximab 
e Erlotinib 
° Gefitinib 


Investigations 
No investigations are needed. 


Management 

Stop the culprit chemotherapeutic agent. Facial hirsutism with 
EGFR inhibitors can be treated with temporary or permanent 
hair removal methods, including topical eflornithine or laser hair 
removal. 


Chemotherapy-induced nail changes j 


Definition 
These are any nail changes caused by chemotherapeutic drugs. 


Introduction and general description 

Nail abnormalities are a common side effect of systemic chemother- 
apy and can cause significant morbidity especially when long-term 
maintenance treatment is required, as with the EGFR inhibitors. 
The clinical presentation of drug-induced nail changes depends on 
the duration and severity of the toxic damage, as well as on the 
nail constituent involved. The drugs most implicated in causing 
chemotherapy-induced nail changes, and their effects, are listed in 
Table 119.4. Newer agents such as the selective pan-FGFR (fibroblast 
growth factor receptor) 1-4 tyrosine kinase inhibitors have recently 
been associated with severe nail toxicity. 


Epidemiology 

Incidence and prevalence 

A meta-analysis of published nail changes associated with EGFR 
inhibitors revealed an overall incidence of all-grade nail toxicity to 
be 17.2% and high-grade nail toxicity to be 1.4% [1]. The published 
incidence of taxane-induced nail toxicity ranged from 0% to 44% [2]. 
Peri-ungual toxicity has been observed in 5—46% of patients on anti- 
cancer mTOR inhibitors (everolimus, temsirolimus) [3]. 

A single centre study, at the Gustave Roussy (Paris, France), 
demonstrated that 235 (39%) of 607 patients who were referred to 
the dermatology unit for any chemotherapy-associated cutaneous 
toxicities presented with nail changes [4]. 


Age and sex 
Chemotherapy-induced nail changes can affect all ages and both 
sexes equally. 


Table 119.4 Effects of cancer chemotherapy agents associated with nail changes [5-8]. 


Drug Nail changes 


Docetaxol, paclitaxel | Onycholysis, Beau lines, pigmentation, onychomadesis, 
subungual haemorrhage 


Sorafenib, sunitinib Subungual haemorrhage 


Trametinib Onycholysis, paronychia 

Cetuximab, Onycholysis, paronychia 
pamitumumab 

Bleomycin Onycholysis, dystrophy 

Cyclophosphamide Beau lines, onycholysis 


Beau lines 
Transverse leuconychia (Mees lines) 


Dactinomycin 
Daunorubicin 


Doxorubicin Onycholyis, Beau lines 

Fluorouracil Onycholysis, dystrophy, onychomadesis 

Gefitinib Paronychia 

Hydroxyurea Onycholysis, dystrophy 

Lapatinib Paronychia 

Melphalan Transverse leuconychia (Mees lines) 

Methotrexate Paronychia, onycholysis 
Pathophysiology 


Nail changes occur in the majority of cases because of direct toxi- 
city to the nail plate. The nail matrix epithelium, which is formed 
from proliferating cells that differentiate and keratinise, is highly 
susceptible to damage from cytotoxic agents that cause defective 
nail plate production. The most typical changes are Beau lines 
and onychomadesis (reflecting arrest in epithelial proliferation) or 
leukonychia (indicating abnormal keratinisation). Toxicity to the 
matrix epithelium can also result in melanocyte activation with nail 
plate pigmentation and melanonychia. 

The nail bed epithelium is very thin and is mainly responsible for 
the adhesion of the nail plate to the underlying structures. Onychol- 
ysis can result from toxic damage to this epithelium, which causes 
nail plate detachment. 

Drugs that interfere with the integrity of the proximal nail fold 
may cause exposure of the nail matrix, leading to disordered nail 
growth. 


Pathology 
Nail biopsies are rarely performed to assess chemotherapy-induced 
nail changes. 


Clinical features 

The nail changes that occur as a side effect of chemotherapeutic 
agents include dystrophy, onycholysis, onychomadesis, Beau lines, 
transverse leuconychia (Mees lines), melanonychia, subungual 
erythema, subungual haemorrhage and paronychia. 

Cytotoxic chemotherapy-induced nail changes tend to occur 
mostly in the nail plate or matrix, with nail plate colour abnormal- 
ities (chromonychia), transverse grooves on the nail plate (Beau 
lines) and decreased linear nail growth as the most common asso- 
ciated changes. MEK, EGFR and mTOR inhibitors treated patients 
can also develop mild to moderate changes of the nail bed and 
matrix characterised by mild onycholysis, brittle nails and a slower 
nail growth rate usually after 1-2 months of treatment. However, 
EGFR and MEK inhibitors may also cause damage to nail folds, 
with paronychia and periungual pyogenic granuloma. The risk is 


Chemotherapy-induced nail changes 


Figure 119.3 Grade 3 reaction with periungual pyogenic granulomas secondary to 
erlotinib. 


independent of the EGFR inhibitor being used [1]. Patients com- 
plain of nail plate and nail fold tenderness and pain, which may be 
associated with bleeding, crusting and discharge. The nails can be 
slow growing and brittle; the surrounding skin tends to be dry and 
fissured. EGFR inhibitor-related paronychia is often suppurative 
and painful; it usually affects the thumbs and great toes. When 
severe, periungual pyogenic granulomas can develop with friable 
granulation tissue involving the lateral nail folds (Figure 119.3). Sub- 
sequent onycholysis and onychodystrophy may develop. Similar 
changes are also seen in patients receiving MEK inhibitors. 

Lichenoid nail changes can also be observed in patients on check- 
point inhibitors characterised by nail plate thinning, which may 
then become grooved and ridged. The nail may eventually darken, 
thicken or lift off the nail bed (onycholysis). 


Differential diagnosis 

The differential diagnosis includes psoriasis, tinea infection, trauma 
and vasculitis. When nail pigmentation is involved, the differen- 
tial diagnosis includes idiopathic melanonychia, melanocytic nae- 
vus and melanoma. 


Classification of severity 

Changes in the nail apparatus induced by anticancer therapies 
are classified using the CTCAE v5.0 and include paronychia, nail 
loss, nail ridging, nail discoloration and nail infection. However, 
this does not capture all the nail changes observed with anticancer 
therapies and the significant effects that such symptoms can have 
on a patient’s quality of life. Table 119.5 shows the grading scale of 
the adverse effects to the nail plate and nail folds caused by EGFR 
inhibitors (can be extended to include MEK and mTOR inhibitors) 
developed by the MASCC group [9]. 

Furthermore, according to CTCAE v5.0 paronychia is classified 
under the infectious group of toxicities as ‘a disorder characterised 
by an infectious process involving the soft tissues around the nail’, 
whereas it is in fact inflammatory, although secondary infection 
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Table 119.5 The Multinational Association of Supportive Care in Cancer (MASCC) Skin Toxicity Study Group grading scale for nail changes due to epidermal growth factor receptor 


Or crusted lesion or any fold lesion interfering with 


inhibitors [9]. 
Grade Adverse event nail plate changes Nail fold changes 
Grade 1 Onycholysis or ridging without pain Disruption or absence of cuticle 
Or erythema 
Grade 2 Onycholysis with mild/moderate pain; any nail plate 
lesion interfering with instrumental ADL Or pyogenic granuloma 

instrumental ADL 

Grade 3 Nail plate changes interfering with self-care ADL 


self-care ADL 


ADL, activities of daily living. 


often occurs. Pyogenic granuloma is also not mentioned in this 
grading. 


Disease course and prognosis 
The nail changes secondary to EGFR and MEK inhibitors are usu- 
ally evident by 1-2 months and can persist for several months even 
after stopping the EGFR inhibitor treatment. Xerosis and fissures 
are evident within 30-60 days of EGFR inhibitor therapy. Beau lines 
can occur after each cycle of chemotherapy and resolve once the 
chemotherapy has stopped. Dyspigmentation of nails may persist 
once treatment has stopped. 

Most nail changes reverse after the causative chemotherapeutic 
agent is stopped. However, full resolution generally takes many 
months and rarely does not resolve. 


Investigations 

Skin swabs should be taken to exclude secondary infection of EGFR, 
MEK or mTOR inhibitor paronychia [10]. Clippings of dystrophic 
nails must be sent to mycology to exclude a tinea infection. 


Erythematous/tender/painful nail fold changes 


Periungual abscess or fold changes interfering with 


Digit tip 
Xerosis and/or erythema without pain 


Xerosis and/or erythema with mild/moderate pain or 
stinging 

Or fingertip fissures or any digit tip lesion interfering 
with instrumental ADL 

Digit tip lesions interfering with self-care ADL 


Management 

Most nail changes caused by chemotherapeutic agents can be man- 
aged conservatively. Preventative measures should include advice 
on avoidance of any damaging or irritating regimen including dry- 
ing nails carefully after wet work, avoiding excessive immersion in 
water, smoothing nail edges with a file, regular use of emollients 
and in some cases application of nail lacquers is sometimes advised 
to restrict water evaporation from the nail plate. Recommendations 
for managing EGFR inhibitor-related paronychia are summarised in 
Table 119.6 [11]. 

Drug withdrawal is not recommended as it would take sev- 
eral months for the nail changes to improve, given the relatively 
long half-life of EGFR inhibitors and the slow growth of nails. 
Preventative measures to reduce periungual trauma include wear- 
ing comfortable shoes and avoiding aggressive nail manicuring. 
Measures to reduce superinfection include the use of topical antimi- 
crobial washes, topical steroids and oral tetracyclines for least 4-6 
weeks. Brittle nails can be treated with biotin. Excessive granulation 
tissue can be removed by cautery or topical silver nitrate. Recent 


Table 119.6 The Multinational Association of Supportive Care in Cancer (MASCC) skin toxicity study: paronychia recommendations [11]. 


Level of Recommendation 
Recommend Not recommended evidence grades Comments 
Preventive 
Topical Diluted bleach soaks I? A Recommend final concentration of 
Avoid irritants approximately 0.005% (approximately 
1/4-1/8 cup of 6% bleach for 3-5 gal 
water) 
Treatment 
Topical Corticosteroids Antifungals Il? A Recommend usage of ultrapotent topical 
Calcineurin inhibitors Antibiotics steroids as first-line therapy given cost 
and availability of these agents 
Systemic Tetracyclines Empiric antibioticc—employed veil D/A 
without culturing lesional skin 
Antimicrobials: reserved for culture Antifungals 
proven infection 
Systemic Biotin for brittle nails Ill? B 
Other Silver nitrate chemical cauterization Iva D Reserved for pyogenic granulomata; 
weekly consensus of experts 
Electrodesiccation 
Nail avulsion 


@ Non-EGFRI noncancer treatment study 
5 EGFRI study 


studies have demonstrated that topical timolol (beta blocker) can 
be helpful to treat periungual pyogenic granulomas [12]. 


Dyspigmentation _ 


Skin, mucosa and nail pigmentary changes are well recognised as 
side effects of anticancer medication [1]. Both hyperpigmentation 
and hypopigmentation have been described. 


Chemotherapy-induced hyperpigmentation 


Definition and nomenclature 
This is an increase in skin pigmentation caused by cancer chemo- 
therapy [2]. 


d inclusions 
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Introduction and general description 
The anticancer drugs that are most commonly associated with the 
induction of hyperpigmentation are listed in Table 119.7. 


Epidemiology 

Incidence and prevalence 

Flagellate hyperpigmentation in patients treated with bleomycin has 
a reported incidence of between 8% and 22% [3]. 


Age and sex 
There is no specific association with either age or sex. 


Pathophysiology 

Postulated mechanisms of drug-induced hyperpigmentation 
include: (i) a direct pigmentary effect of the deposited drug in 
the skin; (ii) a direct toxic effect on epidermal melanocytes stimulat- 
ing increased melanin production; (iii) the suppression of adrenal 


Table 119.7 Cancer chemotherapy agents associated with hyperpigmentation [1,4]. 


Drug Type of hyperpigmentation Incidence 
Bleomycin Flagellate, nails Frequent 
Busulfan Generalised, mucous membrane Frequent 
Capecitabine Generalised, nails Occasional 
Carmustine Localised to injection site Occasional 
Cyclophosphamide Generalised Occasional 
Daunorubicin Generalised, nails Occasional 
Doxorubicin Generalised, nails, mucous membrane Frequent 
Epirubicin Nails Frequent 
5-Fluorouracil Generalised, nails, mucous membrane Frequent 
Hydroxyurea Generalised Occasional 
lfosfamide Localised to injection site Occasional 
Methotrexate Generalised, nails Occasional 
Vinorelbine Generalised, nails, mucous membrane Occasional 


function leading to increased adrenocorticotrophic hormone and 
melanocyte-stimulating hormone causing hyperpigmentation; 
and (iv) a depletion of tyrosinase inhibitors resulting in increased 
pigmentation. 

Bleomycin-induced flagellate hyperpigmentation appears to be 
induced by minor trauma to the skin causing increased blood flow 
and local accumulation of the drug. Tissues contain a cysteine 
proteinase capable of inactivating bleomycin; however, reduced 
concentration of this enzyme in the skin may lead to a local adverse 
effect causing hyperpigmentation [5]. 


Pathology 

The histopathological changes of flagellate pigmentation include 
hyperkeratosis of the basal layer, focal parakeratosis and spongiosis 
within the epidermis. There is a characteristic increase in melanin 
pigmentation in the basal epidermal layer. Dermal oedema and 
perivascular lymphocytes can also sometimes be seen. 


Clinical features 

Hyperpigmentation can occur locally at the site of infusion 
or diffusely [1]. Flagellate hyperpigmentation of bleomycin is 
characterised by multiple, macular, linear streaks, which are ini- 
tially red and subsequently become pigmented (Figure 119.4). The 
stripes often form a criss-cross pattern, giving the appearance of 
a scourging or whipping. Fluorouracil, vinorelbine and daunoru- 
bicin can cause pigmentation which, although not flagellate in 
nature, can follow the distribution of the veins and is termed ser- 
pentine supravenous hyperpigmentation. Chemotherapy-induced 
hyperpigmentation is more typically patchy and widespread. The 
nails, mucous membranes and teeth have all been reported sites of 
discoloration. 


Figure 119.4 Flagellate hyperpigmented dermatitis on a patient's leg induced by 
bleomycin. 
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Differential diagnosis 

The differential diagnosis includes postinflammatory hyperpigmen- 
tation, haemochromatosis, Addison disease (adrenocorticoid insuf- 
ficiency) and hypermelanosis in patients with metastatic melanoma. 


Disease course and prognosis 
Hyperpigmentation can progress further if the patient continues on 
the chemotherapeutic agent or may remain limited to the initial site 
of involvement. 

Some hyperpigmentation may be irreversible, but most often it 
resolves after discontinuation of the culprit chemotherapeutic agent. 


Investigations 

Generally, the diagnosis can be made after taking a good clinical his- 
tory, identifying the likely culprit drug and examining the patient. 
A skin biopsy can be taken if the diagnosis is in doubt. 


Management 

There is no specific treatment for chemotherapy-induced hyper- 
pigmentation. When the chemotherapy drug is stopped, the 
pigmentation can be expected to slowly disappear. Patients should 
be counselled about the risk of developing pigment changes when 
starting any of the chemotherapeutic agents listed in Table 119.7. 


Chemotherapy-induced hypopigmentation 


Definition and nomenclature 
This is a decrease in skin pigmentation (partial or complete) caused 
by cancer chemotherapy. 


nyms and inclusions 
inflammatory hypopigmentation 
e Hypomelanosis 


Introduction and general description 

A variety of chemotherapeutic medications have been demon- 
strated to cause pigment loss or vitiligo. The anticancer drugs 
that are most associated with the induction of hypopigmentation 
are listed in Box 119.5. Checkpoint inhibitor associated vitiligo or 


Box 119.5 Cancer chemotherapy agents associated 
with hypopigmentation [8,9] 


¢ Doxorubicin 

Imatinib 

Dasatinib 

Gefitinib 

Vemurafenib 

Imiquimod 

Interferon a 

Interferon B 

Interleukin 2 

Interleukin 4 

Mitoxantrone 

Survivin inhibitor 

Checkpoint inhibitors — anti-PD1 (anti-Programmed Cell Death) and 
anti-CTLA-4 (anti-cytotoxic T lymphocyte associated protein 4) 
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vitiligo-like depigmentation is the newest addition to this list and 
occurs in 8% on anti-PD1 therapy and 5% on anti-CTLA-4 therapy 
and has been observed to be a good prognostic feature [4]. 


Pathophysiology 

In most cases of chemotherapy-induced hypopigmentation the 
pathogenesis is unknown. Several hypotheses have been proposed 
to explain the pathogenesis, including genetic factors, neurological 
factors, toxic metabolites and lack of melanocyte growth factors. 
In tyrosine kinase inhibitors the proto-oncogene c-Kit mutations, 
along with blockade of the stem cell factor ligand and inhibition of 
the c-Kit signal transduction pathway of melanocytes, have been 
postulated in the pathogenesis of drug-induced hypopigmenta- 
tion [6]. 


Pathology 

Histopathological examination of skin affected by drug-induced 
hypopigmentation has shown the absence of melanin using the 
Fontana—Masson stain and the absence of melanocytes using S-100 
and melan A stains [7]. 


Clinical features 

Chemotherapy-induced hypopigmentation results from the 
destruction of melanocytes and clinically manifests as partial 
and/or total loss of skin pigment. Hypomelanotic and amelanotic 
macules develop symmetrically in a similar manner to idiopathic 
vitiligo. Affected areas often include distal digits and peri-orificial 
sites. 


Differential diagnosis 
This includes idiopathic vitiligo and post-inflammatory hypopig- 
mentation. 


Disease course and prognosis 

The onset of chemotherapy-induced hypopigmentation has been 
found to occur as early as a couple of days to as long as 6 months 
after the associated medication has been started. In most patients 
the chemotherapy is continued despite the progression of hypopig- 
mentation. Hypopigmentation may persist after discontinuation of 
the associated drug. 


Investigations 

Wood's light examination can be helpful to distinguish between 
the diagnosis of chemotherapy-induced hypopigmentation and 
post-inflammatory hypopigmentation. A skin biopsy may also be 
performed if the diagnosis cannot be made clinically. 


Management 
Patients should be advised to wear sunblock. 


Photosensitivity q 


Definition 
This is abnormal photosensitivity induced by a chemotherapy agent. 


Introduction and general description 

Photosensitive drug eruptions occur after exposure to a drug or its 
metabolite and then to either ultraviolet light (UVA, UVB) and/or 
visible light [1,2]. Chemotherapy associated with photosensitivity 
reactions can be divided into phototoxic, photoallergic and UV 
recall reactions. A phototoxic reaction is the most common reaction 
pattern with chemotherapeutic agents; it is non-immunologically 
mediated and is characterised by an exaggerated sun burn reac- 
tion [3]. Drug-induced phototoxicity requires three essential steps: 
(i) the drug or metabolites must reach the viable cells in the skin; 
(ii) light of an appropriate wavelength must penetrate the skin; 
and (iii) a photon of light must be absorbed by photosensitising 
chemicals [4]. Photoallergic reactions occur in a minority of individ- 
uals and require immune sensitisation. UV recall reaction is a rare, 
unique phenomenon that can occur with certain chemotherapeutic 
agents. The chemotherapeutic agents most commonly associated 
with abnormal photosensitivity are listed in Box 119.6. 


Pathophysiology 

Chemotherapy-associated photosensitivity can involve the absorp- 
tion of radiation (UVA, UVB and visible light) by a photosensitising 
drug or drug metabolite within the skin to cause a phototoxic or 
photoallergic reaction [1]. Phototoxic reactions are a dose-dependent 
phenomenon involving both the drug and amount of light expo- 
sure. Ultimately the reaction is due to the damaging effects of 
photoactivated chemicals on cell membranes and DNA. Photoal- 
lergic reactions are cell-mediated responses whereby UV radiation 
converts the drug into an immunologically active compound 
(a photo-antigen) which subsequently induces a T-cell-mediated 
inflammatory skin response. 


Pathology 

The histology of a phototoxic reaction reveals spongiosis and 
necrotic keratinocytes associated with dermal oedema and a 
mononuclear cell infiltrate. The histology of a photoallergic reaction 
is similar to allergic contact dermatitis with spongiosis and an 
intense lymphocytic perivascular infiltrate in the dermis [9]. 


Clinical features 

A phototoxic reaction is characterised by redness, which can be 
categorised according to its onset as immediate, delayed (12-24 h) 
or late-onset redness (24-120h), the latter often referred to as 
‘exaggerated sunburn’. Reactions usually occur in light-exposed 
sites over the face, neck, anterior ‘V’ of the chest and forearms. It 
can present with painful, well-demarcated redness and oedema 
progressing to blistering and desquamation. The reaction resolves 
with hyperpigmentation over several months. Photo-onycholysis 
is a form of phototoxicity that involves the distal one-third of 
the nail and can be associated with tenderness. It is seen with 
mercaptopurine therapy [5]. 

Photoallergic reactions can present with an eczematous reaction 
over sun-exposed sites which spread beyond the exposed irradi- 
ated areas. It has been described with flutamide and tegafur [5]. 
They do not occur until 24-72 hours after exposure and as it is a 
cell-mediated type IV hypersensitivity reaction it can only occur in 
previously sensitised patients. 


Differential diagnosis 
The differential diagnosis includes other photosensitivity diseases, 
such as chronic actinic dermatitis. 


Box 119.6 Cancer chemotherapy agents associated with photosensitivity [5—7,8] 

Type of drug 

Alkylating Hydroxyurea Dacarbazine Chlorambucil 
Procarbazine 

Antimetabolite Methotrexate Pentostatin Thioguanine 
Mercaptopurine Tegafur/uracil Tegafur/gimeracil/oteracil 
Capecitabine Tegafur Fluorouracil 

Antimicrotubule Vinblastine Docetaxel Paclitaxel 

Anthracycline Epirubicin 

Small molecule inhibitors Vemurafenib Cobimetinib Regorafenib 
Vandetanib Crizotinib Erlotinib 
Dabrafenib Dasatinib Imatinib 
Gefitinib Canartinib Alectinib 
Lapatinib Trametinib 

Topoisomerase inhibitor —_Irinotecan 

Monoclonal antibodies Nivolumab Cetuximab Trastuzumab 
Eculizumab Panitumumab Mogamulizumab 

Ipilumumab Pembrolizumab 

Others Flutamide Bicalutamide Rucaparib 
Midostaurin Mitomycin Anagrelide 
PEG interferon Interferon alpha Mercatopurine 
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Disease course and prognosis 

Phototoxic reactions usually subside within a week, whereas pho- 

toallergic reactions may last up to 3 weeks. 
Chemotherapy-induced photosensitivity usually resolves over 

weeks; however, the subsequent hyperpigmentation may last 

several months. 


Investigations 

Laboratory investigations are usually not necessary. Suspected 
phototoxic and photoallergic drug reactions can be investigated 
with phototesting, photopatch testing or re-challenge testing to 
determine the wavebands involved, the degree of photosensitivity 
and the reaction to the suspected drug [1,2]. 


Management 

The treatment of chemotherapy-induced photosensitivity is 
symptomatic. Discontinuing the culprit chemotherapeutic agent 
may be necessary if the skin reaction is severe. Alternatively, dose 
reduction can sometimes be helpful. The use of topical steroids, 
broad spectrum sunscreens and UV light-protective clothing is 
recommended [4,9]. 


Recall reaction dermatitis 


Definition 

Recall reaction dermatitis is a rare phenomenon characterised by a 
drug-induced inflammatory eruption confined to an area of skin that 
has previously been irradiated. 


Introduction and general description 

Recall reaction dermatitis represents the ‘recalling’ of an effect 
similar in appearance to that of an acute radiation reaction in a 
previously irradiated field. The recall is initiated by a culprit medi- 
cation given days to years after exposure to ionising radiation. 
Anticancer agents, in particular cytotoxics, are the most common 
causes of radiation recall, but other drugs have been implicated 
including antibiotics and simvastatin [1,2,3]. It can also develop, 
albeit infrequently, in areas of skin that have been previously 
sunburnt. Rarely, radiation recall phenomena have been described 
in different internal organs with concomitant radiation recall der- 
matitis affecting the skin as the presenting symptom [4]. The most 
common drugs that can cause recall reactions are listed in Box 119.7. 


Epidemiology 

Incidence and prevalence 

Few systematic reports have examined the incidence of radiation 
recall. However, radiation recall was reported in 8.8% of patients 
receiving a range of chemotherapeutic agents after completion of 
radiotherapy in an observational study of 91 patients undergoing 
palliative treatment for metastatic disease [7]. 


Age and sex 
There is no specific association with either sex or age. 
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Box 119.7 Cancer chemotherapy agents associated 
with recall reactions [5,6] 


e Gemcitabine 
¢ Methotrexate 
¢ Docetaxel 
e Paclitaxel 
¢ Hydroxyurea 
¢ Etoposide 
¢ Doxorubicin 
¢ Capecitabine 
° Tamoxifen 
e Vemurafenib 


Pathophysiology 
The mechanism of recall reactions is unknown. Various hypotheses 
have been proposed including the notion that radiotherapy-induced 
mutations in skin yield cells that are vulnerable to cytotoxic ther- 
apies [1,2,3]. Others propose that local vascular permeability or 
proliferative change induced by the radiotherapy may affect the 
subsequent pharmacokinetics of certain drugs. Camidge and Price 
have also proposed that cutaneous radiation recall reactions are 
caused by idiosyncratic drug hypersensitivity reactions which are 
analogous to a fixed drug eruption [3]. It has been suggested that 
this mechanism could be mediated by continued low-level secre- 
tion of the inflammation-mediating cytokines induced by radiation. 
The presence of a precipitating chemotherapy agent may then 
up-regulate these cytokines, resulting in a radiation recall reaction. 
There is no relationship between the occurrence of radiation recall 
and the applied radiation dose. Therapeutic schedules well below 
20 Gy can elicit radiation recall [3]. 


Pathology 

Specimens from eight patients with radiation recall dermatitis 
showed ballooning degeneration of epidermal keratinocytes with a 
mixed inflammatory infiltrate [8]. Others have reported a histologi- 
cal picture mimicking the pattern of a graft-versus-host reaction of 
the skin or cutaneous drug allergies [9]. 


Clinical features 

One of the important features of cutaneous radiation recall is that the 
reaction affects skin that was previously quiescent and apparently 
normal (Figure 119.5). The area affected clearly corresponds to an 
area previously irradiated, although may occasionally spread or 
become generalised. Clinically the reaction can range from a red 
maculopapular eruption through to vesicle formation, desqua- 
mation and rarely severe skin necrosis. Patients who experience 
radiation recall reactions may or may not have experienced acute 
radiation reactions. 

The interval between radiotherapy and recall reaction after drug 
administration should be more than 7 days. Most recall reactions 
occur when radiotherapy and chemotherapy are separated by fewer 
than 2 months [10]; the median interval is 40 days [3]. However, 
there are several reports of radiation recall occurring many years 
after completion of radiation treatment. Skin reactions appear to be 
more severe when the period between the radiation and exposure to 
the recall-triggering drug is shorter. 


Figure 119.5 Radiation recall reaction secondary to vemurafenib confined to the 
previously irradiated site. 


The skin reaction develops within minutes to days of taking the 
drug. The time to develop the reaction may be slightly longer for 
oral than intravenously administered drugs, reflecting differences in 
bioavailability. Recall usually occurs on first exposure to a particular 
recall-triggering drug. 


Differential diagnosis 

Acute or chronic radiodermatitis should be considered within the 
differential diagnosis. Contact dermatitis and photosensitivity reac- 
tions may also cause a similar reaction. 


Disease course and prognosis 

Skin reactions usually settle within a few days of stopping the trig- 
gering drug. Re-challenge does not always result in the recurrence 
of the skin reaction. 


Investigations 
A careful history is needed to establish the link between the drug 
and the radiation recall phenomenon. A skin biopsy may be helpful. 


Management 
Severe reactions should be treated with systemic or topical steroids, 
non-steroidal anti-inflammatory agents and antihistamines [2]. 
Treatment should also involve minimising exposure to the sun. 
Once the reaction has occurred it is advisable to discontinue the 
triggering drug. 

Uneventful rechallenge may be achievable with prophylactic oral 
corticosteroids or dose reduction of the culprit chemotherapeutic 
agent. 


Radiotherapy-associated skin sid 
effects 


Definition and nomenclature 

Radiotherapy consists of using high energy ionising radiation, 
usually X-rays and similar rays such as electrons, to target and 
kill cancer cells in the area treated. There are two ways of giving 
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Radiotherapy-associated skin side effects 


radiotherapy — either external beam radiotherapy or internal radio- 
therapy. Radiotherapy is associated with a number of skin side 
effects. 


_and inclusions 
rmatitis 


Introduction and general description 

Skin side effects from radiation therapy are common and can be 
divided into those occurring early (days to weeks) during the 
treatment and those occurring late (months to years). Most reac- 
tions are due to radiation-induced dermatitis. Radiation dermatitis 
is a side effect of external beam ionising radiation. It can rarely 
result from exposure to radiation during interventional proce- 
dures such as coronary angiography, embolisation procedures and 
indwelling catheter placements [1]. Cutaneous side effects are the 
main dose-dependent effects of ionising radiation. They result from 
direct damage to the irradiated tissue and have known threshold 
doses. Specifically, the threshold doses for the development of 
redness, permanent epilation, moist desquamation and necrosis are 
3-10, 7-10, 12-25 and 25 Gy, respectively [2]. 


Epidemiology 

Incidence and prevalence 

The development of radiation dermatitis is common. For example, 
during the course of breast cancer radiotherapy the vast majority 
of patients (74-100%) will experience radiation dermatitis [3]. Radi- 
ation dermatitis has also been reported to occur in the majority 
of patients undergoing radiotherapy for loco-regionally advanced 
head and neck cancer [4]. In most patients, the radiation dermati- 
tis is mild to moderate (grades 1 and 2), but 20-25% of patients 
experience severe reactions (grade 3 and 4) [5]. 

Certain risk factors have been found to be associated with a higher 
rate of development of radiation dermatitis including obesity, 
poor nutrition, existing skin disease and prolonged or multiple pro- 
cedures requiring radiation exposure. Also, underlying concomitant 
diseases and syndromes increase the risk of radiation dermatitis 
including porphyria, connective tissue disease, ataxia telangiectasia, 
HIV and diabetes. 


Pathophysiology 

Irradiation of the skin leads to a complex pattern of direct tissue 
injury and inflammatory cell recruitment, involving damage to epi- 
dermal basal cells, endothelial cells and vascular components and a 
reduction in Langerhans cells [6]. Radiation-induced keratinocyte 
damage induces DNA injury repair via activation of the p53 path- 
way and a simultaneous release of inflammatory cytokines as a 
consequence of the generation of free radicals. The main cytokines 
involved in this reaction are tumour necrosis factor «, interleukins 
1 and 6 and transforming growth factor [7]. 

Significant infiltration of the epidermis with neutrophils and asso- 
ciated apoptosis is seen in severe radiation dermatitis. Recovery of 
the epidermis is limited by the nature of the treatment, which is 
repeated, usually daily, thereby leading to further cumulative dam- 
age. Chronic radiation-induced changes in the skin are characterised 
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by the disappearance of follicular structures, an increase in dermal 
collagen and damage to elastic fibres. 


Clinical features 

Radiation dermatitis generally manifests within a few days to weeks 
after the start of radiotherapy. It is confined to areas of skin that have 
been irradiated, and the skin changes are usually sharply demar- 
cated. Its onset varies depending on the radiation dose intensity and 
the normal tissue sensitivity of individuals. As the cumulative dose 
of radiation increases, the transient redness occurring during the 
first weeks of radiotherapy may evolve into more persistent redness 
to dry or even moist desquamation, which reflects the damage to the 
basal cell layer and the sweat and sebaceous glands. 

Radiation dermatitis can be classified as acute or chronic. 


Acute radiation dermatitis. Acute radiation dermatitis occurs 
within 90 days of exposure to radiation. The initial symptoms are 
usually redness of the skin, which can be associated with oedema. 
Further progression to desquamation and in severe cases skin 
necrosis and ulceration can also occur. Mucositis can develop if 
mucosal surfaces are included within the treatment zone. 


Chronic radiation dermatitis. The onset of chronic radiation der- 
matitis may occur from 15 days to 10 years or more after the begin- 
ning of radiation therapy. It is an extension of the acute process and 
involves further inflammatory changes in the skin. Changes result 
from an increase in collagen and damage to elastic fibres with the 
loss of follicular structures (alopecia), appearance of telangiectasia 
and in some cases pigmentation. The skin often appears hypopig- 
mented and atrophic. 


Differential diagnosis 

A Koebnerisation phenomenon may occur in sites of radiation, and 
therefore a differential diagnosis of psoriasis should be considered. 
If recurrent tense bullae develop then bullous pemphigoid should be 
excluded and a biopsy taken. Radiation recall may also occur con- 
fined to the radiotherapy site, but this will be triggered by concomi- 
tant use of a chemotherapeutic agent not with radiotherapy alone. 
Infection and contact dermatitis should also be considered. 


Classification of severity 
Table 119.8 gives the criteria for grades 1 to 5 of the CTCAE definition 
of radiation dermatitis. 


Investigations 
Careful history taking and timing of the eruption should in most 
cases be enough to make a clinical diagnosis. Where there is doubt 
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as to the diagnosis a skin biopsy can be taken. A skin swab may be 
helpful if infection is thought a possibility. 


Management 

There is currently no evidence that prophylactic treatments, beyond 
keeping the irradiated area clean and dry, are effective in reducing 
the incidence or severity of radiation dermatitis. However, emol- 
lients and soap substitutes are generally instituted early on during 
treatment [8]. Patients being irradiated should be advised to avoid 
sun exposure, cover up and using broad spectrum sun protection. 
Grade 1 reactions require no specific treatment although the use of 
a regular, unperfumed, emollient therapy with careful drying of the 
area after washing with a soap substitute can be helpful for symp- 
tomatic relief. 

In grades 2 and 3 radiation dermatitis, as with grade 1, the irradi- 
ated area should be cleaned and dried, even when ulcerated. A num- 
ber of topical applications can be used including antiseptic-based 
creams (e.g. silver sulfadiazine), hydrophilic dressings and mod- 
erate or strong topical steroids. These topical agents are generally 
applied in the evening after cleaning the area first. 

If infection is suspected a swab should be taken and, depending 
on the severity, either topical or systemic antibiotics given. Severe 
desquamation is associated, in a number of cases, with a risk of 
septicaemia. Grades 2 and 3 radiation dermatitis are best managed 
by an integrated team comprising the radiation oncologist, med- 
ical oncologist (where appropriate), nurse and dermatologist, as 
required. Skin reactions should be assessed at least once a week. 
Grade 4 radiation dermatitis is relatively rare, generally occurring in 
<5% of patients receiving radiotherapy for squamous cell carcinoma 
of the head and neck [4]. This stage of radiation dermatitis requires 
specialised wound care and should be treated on a case-by-case 
basis. 


Other skin side effects of radiotherapy 


Chronic ulcers may develop after many years as a result of necrosis 
in areas previously treated with radiotherapy (Figure 119.6). Often 
these need to be biopsied to exclude a second malignancy. Both basal 
cell and squamous cell carcinomas have been reported to occur in 
previous radiotherapy sites. 

Radiation-induced cutaneous vascular neoplasms occur infre- 
quently and comprise benign, so-called atypical vascular lesions 
and angiosarcomas, the latter being high-grade malignant tumours 
[9]. Both arise most frequently within previously irradiated skin 
in cancer patients with breast-conserving treatment. Whether an 
atypical vascular lesion is a precursor of angiosarcoma is much 
debated and unresolved to date. 

Post-irradiation morphoea is a potential complication after radio- 
therapy, particularly radiotherapy for breast cancer [10,11]. It can 


Table 119.8 Common Terminology Criteria for Adverse Events (CTCAE): definition of the five grades of radiation dermatitis. Version 5. Published 2017. 


Grade 
1 2 5 


4 5 


Faint erythema or dry 
desquamation 


Moderate to brisk erythema; patchy, moist 
desquamation, mostly confined to skin 
folds and creases; moderate oedema 


Moist desquamation in sites other than skin 
folds and creases; bleeding induced by 
minor trauma or abrasion 


Skin necrosis or ulceration of full Death 
thickness of dermis; spontaneous 
bleeding from involved site; skin 


graft indicated. 


Figure 119.6 Radionecrosis causing ulceration over the clavicle occurring 20 years after 
radiotherapy treatment. 


Figure 119.7 Morphoea affecting the left breast confined to the radiotherapy zone for 
breast cancer treatment. 


occur months to years after treatment, and is associated with con- 
siderable morbidity and pain as well as being cosmetically disfig- 
uring (Figure 119.7). Treatment is very difficult, with poor results 
reported from all modalities tried including topical and systemic 
steroids and phototherapy. Sclerosing post-irradiation panniculitis 
is a rare condition presenting as subcutaneous nodules in previous 
irradiated sites. 

Erythema nodosum has also been reported to occur as a result of 
radiotherapy treatment [12]. 

Vitiligo and depigmentation have been reported in association 
with radiotherapy [13-15]. It can occur in patients with or without 
a previous history of vitiligo. The suggested mechanism for the 


hypopigmentation is radiation-induced apoptosis of susceptible 
melanocytes. In patients with previous vitiligo, the risks and ben- 
efits of radiation therapy should be carefully weighed in order to 
prevent undesired cosmetic results, particularly if an alternative 
therapy is available. Repigmentation rarely occurs. 
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Introduction 


The use of psychoactive drugs or narcotic drugs and psychotropic 
substances without medical supervision is associated with signifi- 
cant health risks. For this reason, international treaties regulate the 
production, sale, distribution and use of many of these substances 
with the aim of preventing negative effects that could significantly 
undermine health and security. Traditionally, psychoactive drugs 
were mainly plant-derived substances, such as cocaine, heroin 
and cannabis. However, in recent decades, new psychoactive sub- 
stances synthetised in illicit laboratories have become more widely 
available and are consumed in every region [1]. 

Far from being an exceptional and ‘deviant’ behaviour, the use of 
illicit drugs is relatively common and is found among all sections of 
society. The misuse of drugs is often thought of as mainly a prob- 
lem among adolescents and young adults but it also occurs among 
children and older adults, although patterns of use tend to differ in 
different age groups. 

The terms used to describe recreational drug use are often vague 
and poorly defined, and this is especially true of the terms ‘misuse’ 
and ‘abuse’ which have no precise medical or scientific meaning. 
Drug-taking behaviours may occur as experimental use, occasional 
and recreational use, or as regular and dependent use of drugs. 
Drug taking may be conceptualised in terms of three dimen- 
sions. These are: (i) consumption behaviours (e.g. frequency of 
use, dose levels, route of administration); (ii) substance-related 
problems (intoxication, accidents and injury, overdose, infections); 
and (iii) severity of dependence (withdrawal symptoms, impaired 
behavioural control). These three dimensions can be regarded as 
being conceptually distinct and separate. In reality, of course, they 
may be related (sometimes closely) in a number of ways. Drug 
dependence (addiction) differs fundamentally from the mere use 


of drugs: it is manifested, psychologically and behaviourally, in 
feelings of compulsion to use drugs and difficulty in resisting those 
urges, and these changes are underpinned by neurophysiological 
changes in the brain. 

Many forms of drug use, but especially drug dependence, can 
cause a wide range of serious health and social problems, and the 
use of medical health services among persons with substance use 
disorders is far higher than for the general population. All doctors 
can expect to see substantial numbers of patients who use illegal 
drugs, although this will often not be made explicit at the time of 
seeking treatment. In a UK study of treatment outcomes for individ- 
uals receiving treatment for drug addiction, about half of them were 
found to have attended an accident and emergency department 
in the 2 years prior to starting addiction treatment, and a quarter 
had at least one admission to a hospital for a medical problem; 
more than-two thirds had also visited a general practitioner [2]. 
Physicians should bear in mind that drug users’ concerns about 
problems with their physical health are often an important moti- 
vating factor that may lead them to seek substance use treatment. 
Drug deaths in the UK in 2021 were the highest on record (over 
4800), 6.2% higher than the rate in 2020. Heroin and morphine are 
the most commonly mentioned drugs, alongside an 8% increase in 
deaths involving cocaine or crack cocaine [3]. 

The United Nations Office on Drugs and Crime (UNODC) World 
Drug Report 2019 estimates that around 271 million people, or 
5.5% of people aged 15-64 years worldwide, used an illicit drug 
at least once in 2017. Some 35 million of the people who used 
drugs (0.7% of the adult population) have drug use disorders 
[4]. The overall prevalence of drug use reported in the UK has 
remained relatively stable throughout the last decade. Approx- 
imately 1 in 11 adults aged 16-59 years (9.2%: approximately 3 
million adults) and approximately 1 in 5 adults aged 16-24 years 
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(18.6%: approximately 1.1 million adults) reported drug use in the 
year ending June 2022; there was no change compared with the 
year ending March 2020 [5]. The most commonly used drugs have 
not changed over time. Cannabis is the most prevalent, followed by 
powder cocaine, ecstasy / N-methy1-3,4-methylenedioxymetamphe- 
tamine (MDMA), ketamine and amphetamine. Synthetic cannabi- 
noid receptor agonists, such as Spice, are widely used in prisons; 
they were detected in more random drug tests than cannabis in 
England and Wales in 2018-19. In Scotland, buprenorphine was the 
most commonly detected drug in addiction prevalence tests carried 
out in prisons in 2018-19 [6]. 

In the UK, taking the health and criminal justice costs together 
(alongside associated costs to families and society), the total cost of 
the illicit drugs trade is now estimated to be over £19 billion a year, 
which is more than double the estimated value of the illicit drugs 
market itself [7]. An estimate in the USA suggested that in 2007 recre- 
ational drug use cost the US economy more than $193 billion [4]. 
Health costs include the treatment of a wide range of medical prob- 
lems as well as the treatment of psychiatric and addiction problems. 
Medical care costs associated with heroin addiction and its asso- 
ciated medical complications account for a large proportion of the 
treatment costs. Other costs are incurred by social services, and for 
policing, interdiction and processing offenders within the criminal 
justice system. 

For the dermatologist, skin eruptions induced by recreational 
drugs may be encountered in a variety of clinical settings. Der- 
matoses in this group of patients may range from pharmacological 
side effects of the drug to cutaneous complications of drug admin- 
istration (Table 120.1) [8]. 

Some ‘recreational’ drugs may be used for iatrogenic purposes 
(e.g. opiates or even substances such as ketamine) by health care pro- 
fessionals (HCPs) such as anaesthetists working in pain clinics. This 
may be relevant to the clinical picture. 

There is a growing body of (albeit of variable quality) research 
indicating that some recreational drugs may be beneficial in the man- 
agement of some inflammatory dermatoses such as psoriasis. 
Patients may access these (especially ‘medicinal’ cannaboids) from 
partly or totally unregulated sources. 


Recreational drug usage and dermatology 


Recreational drug usage in dermatology is common and is more 
usual in specific scenarios. It is likely that recreational drug usage 
will increase over the next decades and so dermatologists will 
need to be familiar with the use of recreational drugs, the derma- 
tological implications of their use and how to detect when they are 
being used. It is clear also that patients who use (abuse) recreational 
substances will not always admit that they have a recreational drug 
habit (for a variety of reasons). Therefore, having a lower threshold 
of suspicion about the use of recreational drugs may be relevant 
to dermatologists. Dermatologists may need to consider asking for 
consent to test patients for their use even when a patient denies 
their usage [1]. 


Psychodermatology 
In the Chapter 84 on psychodermatology it is clear that there are 
several psychodermatological conditions which are very much 


Table 120.1 Recreational drugs with potential dermatological and non-dermatological 
complications. 


Dermatology-specific Non-dermatology-specific 


Substance complications complications 
Cannabis Arteritis Neglect 
Delusional infestation Interaction with medicines 
Pruritus Psychosis 
Dysaesthesia Affective disorders 
Vasculitis 
Cutaneous necrosis 
Contact dermatitis 
Cocaine Acneform facial rash Neglect 
(no comedones) Interaction with medicines 
Delusional infestation Psychosis 


Pruritus Affective disorders 
Dysaesthesia 

Vasculitis 

Cutaneous necrosis 

IV drug use dermatological 


syndromes 


Amphetamines Oral disease (dry mouth, Neglect 
caries, ulceration) Interaction with medicines 
Delusional infestation Psychosis 


Dysaesthesia Affective disorders 
Pruritus 

Vasculitis 

Cutaneous necrosis 


Tactile hallucinations 


Ecstasy/MDMA Acneform facial rash Neglect 
(no comedones) Interaction with medicines 
Delusional infestation Psychosis 
Pruritus Affective disorders 
Opiates Delusional infestation Neglect 
Dysaesthesia Interaction with medicines 
Pruritus Psychosis 
Cutaneous necrosis Affective disorders 
Pemphigus vegetans 
Fixed drug eruptions 
Toxic epidermal necrolysis 
ecrolytic migratory erythema 
Phlebitis (from IV use) 
Limb ischaemia 
Cutaneous embolic disease 
\V drug use dermatological 
syndromes 
Tactile hallucinations 
Inhalants rritant dermatitis Neglect 
Interaction with medicines 
Psychosis 


Affective disorders 


MDMA, N-methyl-3,4-methylenedioxymetamphetamine. 


associated with the use of recreational drugs, in particular delu- 
sional infestation. Patients with a recreational drug habit may not 
admit to it. 


ChemSex 

There is an increasing trend of ChemSex, especially in the men who 
have sex with men (MSM) community. ChemSex is a term that is 
used when people are having sex that involves using one or more of 
three specific drugs (‘chems’) in any combination. People take part 
in ChemSex for a number of different reasons: some find it increases 


sexual stimulation, for other people it can reduce their inhibitions. 
ChemSex can take place in groups, and it can often last for days 
or over a weekend. Drugs commonly used in ChemSex include 
cocaine, mephedrone and y-hydroxybutyric acid (GHB). Asking 
about ChemSex practice may be relevant for conditions described 
in this chapter and Chapter 84 and for the chapters related to genital 
dermatoses and infections. 


Sexually transmitted diseases 

Gamma-hydroxybuyrate is one of the newer recreational drugs 
which may be used in ChemSex meetings (often in MSM). This is 
a difficult drug as the therapeutic window is narrow, so overdose 
(with a risk of coma and death) is relatively common. There is an 
increased risk of sexually transmitted diseases (Chapters 29-31) in 
MSM and other individuals who use GHB (and other drugs), and 
there is an increased risk of anal intraepithelial neoplasia in human 
immunodeficiency virus (HIV) infected MSM who use GHB [2]. 


Psoriasis 

It has been known for some time that patients with psoriasis are 
more likely to abuse alcohol and to smoke than patients who do 
not have psoriasis. Recent research has shown that patients with 
psoriasis may abuse other substances in addition to alcohol and 
tobacco when compared with patients who do not have psoriasis 
(Chapter 35). It is expedient, then, for clinicians who work with 
patients living with psoriasis to ask about recreational drug use as 
well as alcohol and tobacco usage. 


Testing for recreational drug use 

It is becoming increasingly important, for the reasons discussed, for 
health care professionals working in dermatology to ask patients 
routinely about recreational drug use. Even then patients may not 
own up to taking recreational drugs, and so dermatology HCPs may 
need to ask for a recreational drug screen. This involves: 

1 Consent. Verbal consent to test for recreational drugs is necessary. 
HCPs should record in the patient notes that they have asked 
the patient’s permission to check for recreational drugs via a 
urine /blood/hair sample. 

2 Urine screens for recreational drugs can be performed with a 
screening strip or with a sample formally sent to the biochemistry 
laboratory. 

3 Other tests for recreational drugs (usually used in specific circum- 
stances such as in child or vulnerable adult protection issues) may 
include blood samples and hair/nail samples (these samples may 
indicate past recreational drug use). 


Alcohol use in dermatology patients 
See Chapter 84 on psychodermatology. 
Recreational and pharmaceutical drug 
interactions 


There is a paucity of evidence regarding the metabolism and 
pharmacokinetic interactions with illicit substances, and further 


research is needed. Despite the absence of comprehensive data on 
the subject, the available information indicates that the use of illicit 
substances may have a significant impact on medications used to 
treat co-morbid conditions. Alternatively, those medications may 
affect the kinetics of recreationally used substances. For example, 
marijuana may have serious interactions with drugs including 
warfarin (increased international normalised ratio and risk of bleed- 
ing), clobazam (increased risk of benzodiazepine toxicity), central 
nervous system depressants and sympathomimetics (additive 
effects) and theophylline, clozapine and olanzapine (reduced 
efficacy). Patients should be advised about possible increased 
cannabinoid effects with concomitant CYP3A4 and -2C9 inhibitors 
[1,2]. There is also an interaction between cocaine and {-blockers 
by direct and indirect action, particularly at postsynaptic levels on 
dopamine and norepinephrine reuptake, sympathetic activation 
and increase of heart rate, blood pressure and cardiovascular toxi- 
city. Cocaine also induces an increase in serotonin synaptic activity 
leading to the development of a serotoninergic syndrome when 
used with drugs that affect the serotonin pathway [3]. 


Legal aspects of drug use 


The laws controlling drug use are complicated but there are three 
main statutes regulating the availability of drugs in the UK: the 
Misuse of Drugs Act (1971), the Medicines Act (1968) and the 
Psychoactive Substances Act (2016) [1]. 


Misuse of Drugs Act 1971 
This act is intended to prevent the non-medical use of certain drugs. 
For this reason it controls not just medicinal drugs (which will also 
be in the Medicines Act) but also drugs with no current medical 
use. Drugs subject to this act are known as ‘controlled’ drugs. The 
law defines a series of offences including: unlawful supply, intent 
to supply, import or export and unlawful production. The main dif- 
ference from the Medicines Act is that the Misuse of Drugs Act also 
prohibits unlawful possession. 

The Misuse of Drugs Act (MDA) divides drugs into three classes 
as follows: 

1 Class A. These include: cocaine and crack, ecstasy (added in the 
January 2021 sentencing guidelines), heroin, lysergic acid diethy- 
lamide (LSD), methadone, methamphetamine (crystal meth) and 
fresh and prepared magic mushrooms. 

2 Class B. These include amphetamine (not methamphetamine), 
barbiturates, codeine, ketamine, synthetic cannabinoids such as 
Spice and cannabis (medicinal cannabis is now legal in the UK 
and can be prescribed by specialist doctors, since 1 November 
2018), y-butyrolactone (GBL) and GHB (available since April 
2021) and synthetic cannabinoid receptor agonists (SCRAs) 
(added in the January 2021 sentencing guidelines). All cathinone 
derivatives, including mephedrone, methylone, methedrone 
and methylenedioxypyrovalerone (MDPV) were brought under 
control as class B substances in 2010. 

3 Class C. These include anabolic steroids, minor tranquillisers or 
benzodiazepines, khat and benzylpiperazine (BZP). 

Class A drugs are treated by the law as the most dangerous. 
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Chapter 120: Dermatoses Induced by Illicit Drugs 


Psychoactive Substances Act 2016 

The Psychoactive Substances Act received Royal Assent on 28 
January 2016. The act applies across the UK and came into force on 
26 May 2016. The act excludes legitimate substances, such as food, 
alcohol, tobacco, nicotine, caffeine and medical products, from the 
scope of the offence, as well as controlled drugs, which continue 
to be regulated by the Misuse of Drugs Act 1971. Exemptions 
include health care activities and approved scientific research on 
the basis that persons engaged in such activities have a legitimate 
need to use psychoactive substances in their work. 


Medicines Act 1968 

This law governs the manufacture and supply of medicine. It 
divides medical drugs into three categories: prescription-only 
medicines, pharmacy medicines and general sales list medicines. 


Drug-induced dermatoses 


Cannabis 

Cannabis is the most widely used of the recreational drugs, and 
a conservative estimate suggests that about 78 million Europeans 
(about 20% of all 15-64-year-olds) have used cannabis on at least 
one occasion, and an estimated 22.5 million have used it in the 
previous year [1]. 

Cannabis, or marijuana, is prepared from the plant Cannabis sativa 
and can be eaten, drunk or, as is most common in Europe and Amer- 
ica, smoked. Pharmacologically, cannabis is a complex substance; 
the main active components are the cannabinoids, tetrahydro- 
cannabinol being the most psychoactive constituent. The subjective 
effects of cannabis include a sense of relaxation, coupled to a 
heightened sensory awareness. 

The short-term side effects of cannabis include a reddening of the 
eyes, dry mouth and a slight rise in blood pressure. If a large dose 
is taken then the user may develop intense anxiety, which can be 
misinterpreted as an acute psychiatric illness. 


Cannabis-induced dermatoses 

Chronic cannabis use can cause cannabis arteritis, a subtype of 
thromboangiitis obliterans, which may lead to peripheral necrosis, 
most often of the lower limbs [2] (Chapter 101). It is thought to be 
caused by the vasoconstrictive effects of A-9-tetrahydrocannabinol 
and other unidentified contaminants. Cannabis arteritis presents 
with Raynaud phenomenon and, if neglected, digital necrosis. 
Duplex ultrasound can differentiate between cannabis arteritis and 
atherosclerosis [2]. Revascularisation and reperfusion of an affected 
extremity should occur with discontinuation of cannabis along with 
antiplatelet and vasodilator therapies. Other cannabis-induced 
dermatoses include delusional infestation, pruritus, dysaesthesia, 
vasculitis and cutaneous necrosis. 

Contact and irritant dermatitis has also been reported from topical 
use (e.g. for treatment of inflammatory dermatoses) and handling 
of cannabis. The use of over-the-counter and Internet-acquired 
cannabinoid oils is likely to increase both for non-dermatolo- 
gical reasons (e.g. psychiatric disease) and for skin disease (e.g. 
psoriasis) [3]. 

Short term and longer term use of cannabis is also a potent 
cause of both anxiety and/or depression and other affective 


disease, and is one of the commoner causes of secondary delusional 
infestation [4]. 


Inhalants 

The misuse of volatile substances (sometimes, though inaccurately, 
referred to as ‘glue sniffing’) may involve the inhalation of aerosols, 
glues, lighter fuel, thinners and other solvents, and is primarily a 
problem found among children and young adolescents. Reliable 
prevalence estimates are difficult to obtain. However, it is thought 
that between 3.5% and 10% of adolescents may have at least exper- 
imented with volatile substances [5]. Solvent fumes are normally 
inhaled through the nose (‘sniffing’) or via a plastic bag held tightly 
around the mouth (‘bagging’) or with a solvent-soaked rag placed 
in the mouth (‘huffing’). Aerosolised cleaning products for elec- 
tronic equipment can be inhaled by placing the canister nozzle 
straw into a nostril (‘dusting’). 


Inhalant-induced dermatoses 

A characteristic perioral or perinasal papular eruption with pus- 
tules, known as ‘glue sniffer’s rash’, is caused by a non-specific 
contact reaction and may be encountered in chronic users of 
inhalants [6]. The abuse of aerosolised cleaning fluid has been 
associated with cutaneous and mucosal blistering, and also with 
angioedema [7]. Chemical burns around the nose and mouth caused 
by solvent irritancy have been also reported [8]. 


Ecstasy 

Ecstasy is the name given to MDMA, a drug which is taken orally. 
It is mainly used as a ‘dance drug’ and has widespread usage in the 
‘dance’, ‘rave’ and ‘techno’ scenes. Ecstasy has unique psychoactive 
properties, producing a controllable emotional state of relaxation 
and happiness. Doses are generally in the range of 75-150 mg, the 
effects starting within 30 min of taking the drug by mouth. The peak 
effects tend to occur during the next hour, and then diminish over 
the following 2 h. 

Among the more common side effects of ecstasy are tension in 
the jaw and grinding of the teeth (bruxism). Anxiety, palpitations 
and an increase in blood pressure may also occur. Acute hepato- 
toxicity is recognised, while the exertion that follows fast dancing 
may compound the pharmacological effects of ecstasy resulting 
in collapse, convulsions and acute kidney injury [9]. Hyperther- 
mia is another potentially life-threatening side effect that may be 
mediated by increased dopamine release acting on D1 receptors [10]. 


Ecstasy-induced dermatoses 

‘Ecstasy pimples’ describe a facial dermatosis occurring in individ- 
uals shortly after the consumption of ecstasy [11]. The dermatosis 
consists of inflammatory papules and pustules, but no comedones, 
similar to perioral dermatitis. 


Methamphetamine 

Crystal methamphetamine (meth) is made by the reduction of 
ephedrine or pseudoephedrine through a toxic and flammable 
process, often in mobile ‘meth labs’, using batteries and fertilisers. 
It can be injected, smoked or snorted. Methamphetamine induces 
euphoria and gives the user a feeling of increased energy; the ‘high’ 
lasts for up to 10h. 


Figure 120.1 A patient with intractable itch and excoriations from using amphetamines. 


The side effects of crystal meth are predominantly psychological 
or psychiatric. Anxiety and irrational fear is a short-term problem. 
Prolonged, heavy use of meth may be accompanied by persecutory 
symptoms resembling those of paranoid schizophrenia [12]. 

Recreational amphetamine use also commonly causes tactile 
hallucinations and delusional infestation [13]. Patients may seem 
agitated, and unable to concentrate or focus on the consultation. 


Methamphetamine-induced dermatoses 

The commoner cutaneous side effects of crystal meth abuse are 
xerosis and pruritus (Figure 120.1). Pruritus and formication 
(‘meth mites’) are well recognised and can lead to skin picking, 
especially on the face [14]. A florid form of tooth decay, ‘meth 
mouth’, is also well recognised and characterised by severe caries, 
excessive tooth wear and gum disease [15]. It is caused by poor 
oral hygiene, bruxism, xerostomia and, perhaps, a reduction in 
saliva pH. Resorption of gingival bone from tooth decay and gum 
disease contributes to a loss of volume of the lower face, which 
exaggerates the premature ageing characteristic of crystal meth 
abuse [16]. 


Cocaine 

Cocaine is extracted from the Erythroxylum coca plant in the form 
of a paste. It is then purified into a water-soluble powder that can 
be inhaled, ingested orally or mixed with water and injected. It can 
only be smoked as ‘crack cocaine’, a free base, hard, brittle substance 
produced after neutralisation with sodium bicarbonate or ammonia 
mixed with water. Cocaine is a sympathomimetic that causes eupho- 
ria within minutes or seconds if smoked. 

Inhalation of cocaine results in nasal inflammation, while the 
local vasoconstrictor effect may lead to mucosal necrosis. Cocaine- 
induced midline destructive lesions are exacerbated by micro- 
traumas to the nasal mucosa complicated by Staphylococcus aureus 
infections [17]. The continuous consumption of high doses of 
cocaine is associated primarily with psychological side effects: the 
user may experience feelings of persecution or, in extreme cases, 
develop a toxic psychosis [18]. 


Cocaine-induced dermatoses 

Formication may occur with cocaine usage and, as in other similar 
situations, may result in skin picking [19]. A few case reports have 
identified long-term cocaine abusers who have developed pyo- 
derma gangrenosum (PG). In one report, PG occurred on the legs 
in conjunction with cavitating chest lesions; investigations revealed 
a positive level of perinuclear antineutrophil cytoplasmic antibod- 
ies (ANCA), indicating a Wegener granulomatosis-like syndrome 
[20]. In this patient, episodes of PG were associated with periods 
of cocaine use, while remission from PG coincided with cocaine 
abstinence. 

Since 2010 there have been case reports of cocaine users devel- 
oping cutaneous vasculitis [21] (Chapter 100). The causative sub- 
stance is an adulterant, levamisole, used as a cocaine-bulking 
agent. Levamisole-induced vasculitis presents with purpuric 
retiform lesions, typically on the ears, cheeks, nose and extremi- 
ties (Figure 120.2). Lesional skin may become confluent to produce 
large areas of cutaneous necrosis or haemorrhagic bullae [22]. 
Histologically, lesions demonstrate a leukocytoclastic vasculitis 
and/or thrombotic vasculopathy involving small or medium-sized 
vessels [23]. Many patients are found to have a positive ANCA, as 
well as other autoantibodies [24]. 


Heroin 

Heroin (chemical name, diacetylmorphine) is synthesised from 
morphine, which is a naturally occurring substance extracted from 
the seed pod of the Asian opium poppy plant. The most common 
forms of heroin are a white powder or a black sticky substance 
(called ‘black tar’). The heroin base (common in Europe) must be 
mixed with an acid such as lemon juice to dissolve it in water; 
the hydrochloride salt (common in the USA) only requires water 
to be dissolved. Heroin is usually injected but can be smoked or 
snorted. Intravenous injection of heroin induces an instantaneous 
sensation of ecstasy (the ‘rush’) followed by a period of detached 
and dreamy relaxation (the ‘high’). 

‘Krokodil’ is the jargon term for an opiate drug being used 
increasingly in eastern Europe and elsewhere. It is manufactured by 
boiling codeine tablets with a number of other substances to yield 
a suspension containing desomorphine [25]. Krokodil has a swift 
onset and short half-life. 
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(b) 


Figure 120.2 (a) Characteristic retiform purpuric lesions on both cheeks in 
levamisole-associated vasculitis. (b) Involvement of the helices and pinna is typical in 
patients with levamisole-associated vasculitis. Reproduced from Massera et a/. 2012 [28] 
with permission of BMJ Publishing Group Ltd. 


The major side effects of heroin use relate to the dangers of drug 
injection, most notably the risk of infection with HIV and hepatitis 
viruses. However, the drug itself is recognised to impair sexual drive 
and to cause impotence. 


Heroin-induced dermatoses 

Itching at the site of the injection, the central face and genital skin 
is common with heroin use. However, in a blinded cross-over 
study, itch and urticaria were more severe in 39 injecting drug 
users when given morphine compared with heroin [26]. Pemphigus 


vegetans, fixed drug eruptions, toxic epidermal necrolysis and 
necrolytic migratory erythema (not associated with glucagonoma) 
have all been described with long-term heroin consumption [27]. 
Krokodil contains numerous toxic contaminants that cause damage 
to the blood vessels and soft tissues. Thrombophlebitis, abscesses 
and skin and soft-tissue necrosis are all common with krokodil and 
produce widespread cicatricial and scaly skin changes reminiscent 
of crocodile skin, hence the name. 


Dermatoses caused by intravenous and 
subcutaneous drug administration 


Scarring, ulceration, popping and necrosis 
The skin is the tissue most prominently affected by injecting drug 
use [1]. The commonest cutaneous stigma of drug use is a line of 


Figure 120.3 Scarring, subcutaneous atrophy and fibrosis as a consequence of skin 
popping with recreational drugs when venous access is difficult. Courtesy of Professor 
lIknur Altunay, Istanbul. 
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Figure 120.4 Puffy hand syndrome caused by injection of 
sublingual buprenorphine to the wrists. Oedema of the hands is 
seen extending to the forearm bilaterally, characterised by loss of 
visibility of the tendons and veins, small scars and symmetrical 
cyanosis of the dorsum of both hands with no cyanosis of the 
fingers. Reproduced from Vivaldelli et a/. 2017 [21] with permission 
of Elsevier. 


puncture scars distributed over a vein, or parallel to it. The typical 
progression of venous access sites used over time starts with the 
antecubital fossae followed by the upper arms and then the hands. 
As accessible veins become sclerosed, the drug user will utilise 
veins in the neck, feet, legs, groins, digits and even the penis [2]. 
Postinflammatory hyperpigmentation occurs at sites of injections; 
more specifically ‘soot tattooing’ may occur from flamed needles [3]. 
When all the veins have been destroyed, users may inject subcuta- 
neously or intramuscularly, known as ‘skin popping’ (Figure 120.3), 
which results in circular, pale, atrophic (or hypertrophic) scars mea- 
suring 1-2 cm in diameter, or to large areas of thickened woody skin 
(sclerodema-like changes) [4]. Necrotising ulcers may also develop 
as a consequence of skin popping, and are caused by infection or 
the irritant properties of the drug or adulterant. Injection of the 
analgesic drug pentazocine may cause ulceration, panniculitis, 
sclerosis and hyperpigmentation [5]. Large areas of cutaneous 
fibrosis interspersed with ulceration can complicate methadone 
injection [6]. 

Injection by the intra-arterial route may occur once venous access 
is no longer obtainable and is accompanied by postinjection pain, 
cyanosis and oedema [7]. Cutaneous necrosis may be caused by 
arterial thrombosis or by particulate material within the injected 
drug, leading to embolic infarction. Irreversible, non-pitting oedema 
(lymphoedema) of the dorsum of the hands, the puffy hand syn- 
drome (Figure 120.4), is caused by damage to cutaneous lymphatics 
from long-term IV drug use [8]. 


Skin and soft-tissue infections 

Cutaneous infections are a common complication of IV drug abuse. 
A retrospective study in a London teaching hospital over a 5-year 
period identified a cohort of 124 injecting drug users requiring 191 
admissions. Skin and soft-tissue infections were the commonest 
reason for admission (58%) [9]. Abscesses, cellulitis and necro- 
tising lesions occur frequently [10]. One study of IV drug users 
found that 11% of subjects reported having at least one abscess 


in the past 6 months [11], and a fivefold higher risk associated 
with ‘skin popping’ in comparison with IV injection [12]. Most 
bacterial infections are caused by the subject’s own skin flora, 
with Staphylococcus aureus and Streptococcus species being the most 
common pathogens [13]. A number of factors contribute to skin 
infection, including contamination of drugs, non-sterile equipment, 
lack of aseptic technique, HIV positivity, intradermal injection and 
‘booting’, which is the jargon term for repeatedly flushing and 
pulling back during injection [14]. Injecting ‘speedballs’ (a mixture 
of cocaine and heroin) is a recognised risk factor for skin abscesses; 
it has been suggested that the vasoconstrictive effect of cocaine 
may enhance the risk of skin sepsis [15]. Other bacterial pathogens 
isolated in skin infections include Gram-negative and anaerobic 
organisms, which may originate from the mouth since drug addicts 
are known to use saliva as a skin cleanser and as a drug diluent. 

Over the past 20 years cases of wound botulism have been 
reported occurring among injecting drug users in the USA and 
Europe [16]. Injection sites become infected with the anaerobic, 
spore-forming bacterium Clostridium botulinum, which releases a 
neurotoxin causing cranial nerve palsies and descending flaccid 
paralysis (botulism). In many of these cases C. botulinum has been 
isolated from the drugs used, particularly black-tar heroin. Many of 
the patients had injected the drug subcutaneously, suggesting the 
role of skin popping. There has also been a cluster of tetanus cases 
in the UK among drug users, suggesting contamination of drugs 
with Clostridium tetani [17]. Necrotising fasciitis due to clostridial 
infection is also seen. In a US study of necrotising fasciitis in injec- 
tion drug users, all 32 patients were injecting black-tar heroin; it was 
caused by clostridial infections in 24 of the cases, eight of which were 
C. sordelli [18]. Skin infections caused by other virulent organisms 
have been reported, including Candida [19] and Panton—Valentine 
leucocidin-elaborating S. aureus [20]. Finally, deep tissue fungal 
infections are more common in intravenous drug use and skin 
popping patients, especially where there is immunocompromise 
from HIV and neglect. 
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Figure 120.5 Track marks in the antecubital fossa from intravenous drug use. Courtesy 
of Professor Ilknur Altunay, Istanbul. 


Management of skin diseases associated 
with recreational drug use 


Managing the patient who uses recreational substances and who 
has skin disease is similar to managing patients with any psycho- 
dermatological disease. It is important to manage the skin disease 
while managing the recreational drug habit as well. 


Assessment and management of psychosocial 
co-morbidities 

Assessment and management of anxiety and/or depression, or 
other psychosocial co-morbidities including recreational drug use 
can be and should be initiated by dermatology health care profes- 
sionals if they are the primary source of contact with the patient 
(Chapter 84). Signposting to psychological and/or psychiatric 
services can also be initiated by dermatology staff. 


Referral to drug and alcohol services 

The management of recreational drug use can start with psychoed- 
ucation by dermatology health care professionals as the treatment 
for recreational drug use is mainly psychological. However, it is 
vital to utilise the psychiatric liaison services available locally when 
facing a complex or what is considered to be a high-risk presen- 
tation. Dermatology health care professionals can ask the primary 
care services to initiate a referral to the local drug and alcohol 
services. However, having a positive therapeutic relationship with 
patients plays a significant role in signposting to the right services. 
Information about the local services is readily available in the UK 
through the NHS website or by visiting the FRANK website to find 
local drug treatment services. There are charities and private drug 
treatment options which can be accessed by visiting the Adfam 
website to see a list of useful organisations. Patients can approach 
their local drug and alcohol services without the need of referral. 
There are different tiers of therapeutic interventions, starting from 
giving information and psychoeducation to in-patient specialist 
rehabilitation treatment. It is the responsibility of the specialist 
services to decide the intervention level a patient requires. In the 
USA, information about the drug and alcohol services are available 
from the Substance Abuse and Mental Health Services Adminis- 
tration (SAMHSA), which is the agency within the US Department 
of Health and Human Services that leads public health efforts to 
advance the behavioural health of the nation. 


Management of the skin 

Management of the skin may include: 

e Stop and/or manage the recreational drug use. 

e Consider investigating for blood-borne diseases (e.g. HIV, 
hepatitis). 

e Consider a multidisciplinary approach (usually via drug and 
alcohol rehabilitation services). 
Specific treatments are given in Table 120.2. 


Table 120.2 Management of the skin following recreational drug use. 


Skin manifestation Management 


Track marks 
(Figure 120.5) 


Rotate injections sites 

Clean needles 

Consider topical steroid/antibiotic combination 
As above 

Consider systemic antibiotics according to microbiology advice 
As above 

Suggest patients stop ‘popping’ 

Antibiotics 

Systemic steroids 

Lasers 

As above 

Systemic steroids 

Immunosuppresants 

Surgery 

See Chapter 102 

As above 

Systemic steroids 

Immunosuppresants 

Surgery 

See Chapter 100 


Skin infections 


Skin popping 


Necrosis 


Vasculitis 


Resources 


Further information 
Substance Abuse and Mental Health Services Administration: www.samhsa.gov/ 
about-us. 


Patient resources 

Adfam: https://adfam.org.uk/. 

FRANK: https://www.talktofrank.com/. 

NHS website, getting help for drug addition: https://www.nhs.uk/live-well/ 
healthy-body /drug-addiction-getting-help/. 

(All last accessed June 2023.) 
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Introduction 


An excessive exposure to any metal can result in cutaneous and 
systemic toxicity. Cutaneous manifestations of metal poisoning vary 
from acute skin problems to longstanding, chronic dermatoses, and 
occur with or without signs of internal involvement. Contact with 
metal compounds may be from environmental sources, through 
contaminated air, water or soil (and thus food), or can be encoun- 
tered in an occupational setting. Iatrogenic sources, usually from 
an alternative form of medicine, need to be considered in certain 
situations: natural health food supplements may contain metals and 
trace elements in toxic doses [1,2]. A patient can also present with 
the signs of metal toxicity occurring as a consequence of deliberate 
poisoning. The exponential rise of internet shopping allows easy 
access to markets in countries where manufacturing practices are 
less stringently regulated. Cosmetic products, such as eyebrow 
pencils, containing excessive lead (kohl) have been obtained via 
the internet, their use resulting in lead poisoning. Complementary 
medicines are also frequently affected: one study demonstrated that 
20% of 231 complementary medicines purchased over the internet 
contained higher than permitted levels of mercury, arsenic and lead. 
The percentage did not vary between products manufactured in the 
USA and those produced in developing countries [3]. 

Measurement of abnormal levels of metals in the body is an inte- 
gral assessment in situations where toxicity is being considered. The 
main routes of metal elimination are the urinary and biliary system, 
but skin and its appendages also play a role. The natural presence 
of various metals in the skin means that quantification for toxicity 
purposes is meaningless unless compared with control levels. 

The easy accessibility of hair has encouraged its use as a tissue 
for assaying the presence of metals: palladium, arsenic, cadmium 
and mercury are metals for which normal and toxic values can be 
assessed in hair [4]. Nails can also be used to measure metal con- 
tent. The usual growth pattern of a nail allows a 3-month time-frame 
for analysis following exposure to the culprit substance. Toenails 
are preferred since levels of external contamination are low: lead, 


chromium and manganese levels measured in this fashion provide 
a reasonable record of exposure. 
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Introduction and general description 

Antimony is a semimetallic chemical which, along with arsenic, 
once enjoyed a reputation of being a universal panacea for multiple 
diseases. 

Antimony is a metalloid existing as a lustrous silver-white, brit- 
tle, hard metal which is easily converted into antimony oxide or 
antimony trioxide. The origin of its name suggesting ‘anti-monos’ 
(‘enmity to solitude’ or ‘not alone’) is due to the fact that antimony 
is usually found with other metals. 

The usage of antimony as a therapeutic agent dates to around 
the third to fourth millennium BC and closely parallels arsenic 
with similar broad historical indications. Antimony has been used 
to treat syphilis, whooping cough, leprosy, epilepsy and pneumo- 
nia. Antimony is still used in the treatment of leishmaniasis and 
schistosomiasis [1]. 

Antimony exposure is a hazard in the enamel and ceramic 
industries. Smelting workers may also be occupationally exposed. 
Inadvertent toxicity via medical usage may occur in areas where 
leishmaniasis and schistosomiasis remain endemic. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


ol 
< 
2a 
ce 
Lu 
= 
x< 
Lu 


PART 11 


AGENTS 


ol 
< 
2 
ce 
Lu 
= 
Fad 
pre 


PART 11 


AGENTS 


121.2 


Pathophysiology 
Antimony, like lead, has an affinity for sulfhydryl groups and phos- 
phates, and thus interferes with multiple metabolic functions [2]. 


Pathology 
No specific features on pathology are attributable to antimony. 


Clinical features 
Acute exposure results in a pustular rash with crusting resembling 
varicella. In some patients there may be vesicles along the lips, 
gingivitis, stomatitis, conjunctivitis and keratitis. Perforation of the 
nasal septum may occur; nodules can develop in the flexures. 
Chronic antimony exposure can result in a flexural eczematous 
rash with sparing of the face, hands and feet [3]. ‘Antimony spots’ 
are due to airborne contamination with antimony resulting in a pus- 
tular eruption on the trunk and limbs. These are seen close to sweat 
and sebaceous glands, and resemble miliaria rubra. A cooler envi- 
ronment results in the rash clearing up within 2 weeks [4]. Recently, 
antimony trioxide has been reported to cause contact eczema among 
enamellers and decorators in the ceramic industry [5]. 


Investigations 
A 24-hour urinary antimony concentration can be used to assess 
toxicity, with normal levels ranging from 0.5 to 6.2 pg/L. 


Management 

Treatment of skin involvement is symptomatic, with supportive 
care as the mainstay of antimony poisoning. Chelation experience 
has been limited in view of the rarity of case reports. Dimercaprol 
(British anti-lewisite or BAL) may help patients with acute severe 
antimony toxicity [6]. 


Reactions to arsenic i 


ic weight: 74.92 Da 
al concentrations: whole blood <5 jig/L (<0.067 pmol/L), urine <50 pmol/g 


Introduction and general description 
Arsenic or arsenic trioxide is a metalloid with the trivalent and pen- 
tavalent forms being the most prevalent. 

Human arsenic exposure may occur from various sources. The 
commonest routes are from medicines (including traditional reme- 
dies), the workplace (occupational) or environmental sources [1]. 
Typically, people are exposed to the inorganic form, pentavalent 
arsenic, through soil and water. The safe level of arsenic in drinking 
water, recommended by the World Health Organization (WHO), 
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is a maximum concentration of around 10 ppb. Arsenic is used 
in fertilisers and can be found in fish and algae. It is used in the 
semi-conductor industry. Arsenic can be found in the minerals 
arsenopyrite, loellingite and arsenic trioxide. Exposure to arsenic is 
a worldwide problem as it is ubiquitously present in small amounts 
in drinking water. Hydroarsenicism (contamination of water with 
arsenic) has been reported in many countries. In Bangladesh alone 
it has been estimated that 40 million people are at risk [2]. Chile, 
Taiwan, Brazil, India, Mexico and Argentina have also reported 
cases of hydroarsenicism [1]. 

Arsenic is a favoured poison since it is virtually tasteless and lacks 
a specific odour. 


Pathophysiology 

The toxicity of arsenic occurs through the inhibition of adenosine 
triphosphate (ATP) synthesis with an effect on oxidative phospho- 
rylation. Arsenite has an affinity with thiol groups in molecules 
such as keratin. As a result of this affinity, the metabolites have a 
predilection for the skin, hair and nails. There is also a direct effect 
on DNA damage with p53 mutations being reported [3]. Methy- 
lation in the liver is a major route of metabolism for arsenic and 
pre-existing liver disease consequently results in increased toxicity. 
The presence of inflamed skin can cause increased absorption when 
arsenic is topically applied to the skin. The comparison of subjects 
who develop cutaneous malignancies versus normal controls has 
led to suggestions that increased absorption and retention of arsenic 
occurs in individuals predisposed to arsenic toxicity [4]. A genome- 
wide association study has identified a gene, AS3MT, which codes 
for the enzyme arsenite methyltransferase, at the chromosome 
10q24.32 region. Mutations in this gene impact on metabolism 
efficiency and subsequent toxicity risk [5]. 


Pathology 

The diffuse pigmentation seen in arsenic toxicity is due to 
increased melanin production with no increase in melanocytes. 
The pre-cancers and malignancies due to arsenic show no special 
features. 


Clinical features 

Acute toxicity features include alopecia, oral herpetiform ulcers and 
diaphoresis (diffuse sweating state). Acute arsenical dermatitis is 
a pruritic, red, papular eruption that can blister and may lead to 
erythroderma [6]. Acute contact dermatitis due to arsenic as an occu- 
pational contact allergen has been reported [7]. Mee’s lines are trans- 
verse white bands on the nails (transverse striate leukonychia) that 
occur in arsenic poisoning. Mee’s lines also occur in thallium poison- 
ing (Figure 121.1) [8]. Toxic epidermal necrolysis has been reported 
after 3 weeks of usage with a topical herbal cream containing high 
levels of arsenic [9]. 

Features of chronic arsenic poisoning include arsenical keratoses 
on the palms and soles, which usually occur after approximately 
2 years and are premalignant in nature (Figures 121.2 and 121.3). 
Peripheral neuropathy can be prominent in chronic arsenicism. 
Intraepidermal carcinomas, basal cell carcinomas (BCC) and squa- 
mous cell carcinomas (SCC) have all been reported. Latency periods 
of between 1 and 40 years have been reported for the development 
of SCC [10,11]. 


Reactions to gold = 121.3 


Diffuse pigmentation with macular areas of depigmentation 
within the hyperpigmented skin may result from long-term arsenic 
exposure. There may be flexural predominance [12]. This pigmen- 
tary anomaly has been described as ‘rain drops on a dusty road’. 
Both alopecia and a palmoplantar vesicular dermatitis have been 
reported as manifestations of arsenic toxicity. 

Blackfoot disease describes the presence of gangrenous feet 
secondary to chronic arsenic toxicity. In the past this was more 
prevalent in southwest Taiwan [13]. 

Patients with chronic arsenicism features should be screened for 
liver, lung and bladder malignancies [14-16]. 


Investigations 

To assess the presence of excess arsenic, a spot urine test or a 24-hour 
urine test for arsenic is available. The 24-hour urine test is more 
reliable and is considered positive if arsenic levels exceed 50 pg/L, 
100 pg/g creatinine or 100 pg of total arsenic [1]. 


Management 

Acute arsenic toxicity is treated with BAL 5mg/kg with a maxi- 

mum of 300 mg intramuscularly along with 2,3 dimercaptopropane 

sulphonic acid (DMPS) intravenously followed by long-term 

monotherapy with oral DMPS [17,18]. 

= ; Nicotinamide has been shown to play a role in repair of arsenic 
and ultraviolet radiation induced DNA damage and its use may be 

considered in cases of chronic arsenicism [19]. 

Ina phase 3 randomised controlled ONTRAC study performed in 
Australia, high-risk individuals — defined by patients with two or 
more non-melanoma skin cancers (NMSC) in the last 5 years — were 
given nicotinamide 500mg BD for 1 year. Overall, a 23% reduction 
in NMSC was noted, with a specific reduction of 30% in SCC and a 
20% reduction in BCC at 1 year [20]. 


Reactions to gold aq 


Figure 121.1 Mees lines caused by chemotherapy. Source: Yannick Trottier/Wikimedia 
Commons/CC BY-SA 3.0. 


Figure 121.2 Multiple discrete punctate keratoses on the palm due to chronic arsenic 
exposure. Courtesy Dr S. Evans. 
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Introduction and general description 

Elemental gold is inert; however, mono- and trivalent forms com- 
bine with electron donors. These ions bind strongly with sulfhydryl 
groups [1]. 

Gold is an inert substance present throughout the world and 
exposure is predominantly through the mining industry and as a 
therapeutic agent. Introduction of gold into the skin can also occur 
Figure 121.3 Diffuse scaling and keratoses on the sole in chronic arsenicism. Courtesy from tattoos, piercings, dental restorations and prolonged eet 
Dr S. Evans. ing of gold jewellery [2]. Gold has been used to treat rheumatoid 
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arthritis, pemphigus and psoriatic arthritis. As an isotope 8Au has 
been used to treat cancers. Edible gold leaf is used in liqueurs and 
as a flavourless wrap in expensive foods [3]. 


Pathophysiology 

A wide variety of immune reactions to gold are recognised; most 
typical is a type 4 cell-mediated hypersensitivity, resulting in 
a lichenoid eruption. Type 1 (immediate) and type 3 (immune 
complex) reactions also occur. 

Gold, after being engulfed by macrophages, is stored in lysosomes 
(aureosomes). It inhibits lysosomal enzyme activity, histamine 
release from mast cells, phagocytosis and the inflammatory effects 
of prostaglandins [4]. Gold also reduces the production of proin- 
flammatory cytokines including tumour necrosis factor « (TNF-a), 
interleukin-1 (IL-1) and IL-6 [4]. There has been an association 
between human leukocyte antigen (HLA) types and cutaneous 
gold reactions, particularly with HLA-DRW3, HLA-DR5, HLA-B7, 
HLA-B8 and HLA-B27 [5-8]. A study has shown that gold der- 
matitis in patients with rheumatoid arthritis is associated with both 
HLA-B35 and disease duration [9]. Antibodies to the Ro 52-kDa 
antigen are associated with skin eruptions in rheumatoid arthritis 
patients treated with gold [10]. 


Pathology 

The histology of a gold-induced eczematous and lichenoid erup- 
tion is characterised by a sparse dermal perivascular infiltrate, pre- 
dominantly of CD4* HLA-DR-positive helper T lymphocytes, an 
increase in the number of dermal Langerhans cells and epidermal 
macrophage-like cells, and Langerhans cell apposition to mononu- 
clear cells [11]. Metallic gold particles can be demonstrated in dermal 
macrophages and around blood vessels [12]. 


Clinical features 

The use of gold in rheumatoid arthritis is associated with a 23-30% 
incidence of reactions [3,13,14]; most of these are minor, but about 
15% may be severe or even fatal [15]. Rashes and mouth ulcers are 
common [2,3,16-21], representing about 50% of all complications 
with parenteral gold and 35% of those with oral gold. Localised 
or generalised pruritus is an important warning sign of potential 
toxicity. Gold reactions may simulate exanthematic eruptions [22], 
erythema annulare centrifugum [23], seborrhoeic dermatitis or 
lichen planus [24,25]. A mixture of these patterns, sometimes with 
discoid eczematoid lesions, is characteristic. Lichen planus is often 
of the hypertrophic variety especially on the scalp, and severe and 
irreversible alopecia may follow [26]. There may be striking and 
persistent postinflammatory hyperpigmentation. Permanent nail 
dystrophy has followed onycholysis [27]. Yellow nails have been 
described [28]. 

In one study, eczematous or lichenoid rashes persisted for up to 
11 months after cessation of therapy [21]. A patient with a lichenoid 
and seborrhoeic dermatitis-like rash on gold sodium thiomalate 
therapy had a positive intradermal test to gold thiomalate; patch 
tests were positive to thiomalate (the thiol carrier of gold thioma- 
late) but negative to gold itself [29]. Interestingly, the same patient 
subsequently developed a seborrhoeic dermatitis-like eruption, but 
not a lichenoid eruption, while on auranofin. This time, patch tests 
were positive to both auranofin and gold. 
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A previous contact dermatitis from gold jewellery may be 
reactivated [30]. Other reactions documented include erythema 
nodosum [31], severe hypersensitivity reactions [32], vasculitis 
[33], polyarteritis, a systemic lupus erythematosus-like syndrome, 
generalised exfoliative dermatitis and toxic epidermal necrolysis. 
Psoriasis was reported to be exacerbated in a patient with arthri- 
tis treated with gold [34]. Prolonged administration of gold may 
cause a distinct grey, blue or purple pigmentation of exposed skin 
(chrysiasis), which is a dose-dependent reaction that occurs above 
a threshold of 20 mg/kg; gold granules are seen within dermal 
endothelial cells and macrophages [35-39]. Even in the absence of 
pigmentation, gold can be detected histochemically in the skin up 
to 20 years after therapy. Localised argyria with chrysiasis has been 
caused by acupuncture needles [40]. An unusual late cutaneous 
reaction involved the appearance of widespread keloid-like angiofi- 
bromatoid lesions [41]. Oral lesions due to gold include red eroded 
areas and lichenoid reactions. Stomatitis may be seen as a result of 
gold reactions [42]. The gold cyanidation process used in the gold 
industry causes irritant reactions on the skin with discoloration of 
fingernails [43]. 

A benign vasodilatory ‘nitritoid’ reaction, consisting of flushing, 
light-headedness and transient hypotension, may occur immedi- 
ately after the first injection of gold [2,44]. It occurs in roughly 
5% of patients taking gold sodium thiomalate. Non-vasomotor 
effects including arthralgia, myalgia and constitutional symptoms 
within the first 24h are recognised. Mucous membrane symptoms 
include loss of taste, metallic taste, stomatitis, glossitis and diar- 
rhoea. Punctate stomatitis may occur with or without skin lesions. 
Gold is also deposited in the cornea and may cause keratitis with 
ulceration. 

Eosinophilia is common, and serum IgE may be raised [45]. Other 
immunological reactions are rare, although pulmonary fibrosis is 
recorded [46]. Blood dyscrasias, especially thrombocytopenic pur- 
pura, and occasionally fatal neutropenia or aplastic anaemia, occur 
in a small proportion of cases and usually present within the first 
6 months of therapy. Jaundice occurs in about 3% of cases and may 
result from idiosyncratic intrahepatic cholestasis [47]. Proteinuria 
and renal damage are well recognised. 


Management 
Generally, there are no effective treatments for chrysiasis — localised 
or generalised. Recently, a case of localised chrysiasis was success- 
fully treated with a long-pulsed ruby laser [48]. 

Dimercaprol has been used with varied success. Acetyl cysteine 
and granulocyte colony-stimulating factor have been used mainly 
to reduce the haemopoietic side effects [3]. 


Reactions to lead j 
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Introduction and general description 
Lead is a silvery grey metal with trivalent and pentavalent forms. 
Lead poisoning represents an important health issue, both as 
an environmental and occupational hazard. Exposure to lead in 
the environment can be from dust or from contaminated soil and 
water. In the past, lead used in paints was a cause of poisoning, 
particularly in children licking painted toys. In 2007 millions of toys 
produced in China were withdrawn due to their high lead content. 
Imported diaper powder has been linked with lead poisoning in an 
infant [1]. ‘Kajal’, an eye cosmetic, has repeatedly been reported to 
be contaminated with lead in multiple countries [2]. Lead in engine 
fuel was another important source. However, leaded fuel has now 
been withdrawn from most countries. Occupations with high risk 
of exposure include automobile mechanics, ceramic workers, lead 
smelters, those working in storage battery manufacturers, painters 
and construction workers [3]. 


Pathophysiology 

Lead competes with calcium, thus affecting various metabolic path- 
ways. Even though lead forms complexes with several elements, 
the most important toxicological combination is with the sulfhydryl 
group [4]. A direct carcinogenic effect on cells has also been pos- 
tulated [5]. Three genetic polymorphisms have been reported to 
influence the toxicokinetics of lead in humans: a gene coding for 
5-aminolaevulinic acid dehydratase, the vitamin D receptor gene 
and the HFE protein gene [6]. 


Pathology 
There are no_ histological features unique to lead-induced 
dermatoses. 


Clinical features 

Chronic lead poisoning results in a typical, waxy ‘lead hue’ with 
pallor on the skin. Kohl pencils sold in the Middle East and Asian 
countries, used as eyeliners, have been shown to have high lead con- 
tent. These may result in periocular pigmentation [7]. An eczema- 
tous eruption on the left chest has been reported as being due to lead 
pencils [8]. Greenish discoloration of the skin, due to embedded lead 
fragments in the skin, from bullets used in the Second World War, 
has been described in one patient [9]. 

Burton’s lead line is a bluish line on the gingival margin, seen in 
lead poisoning, and is due to the deposition of lead sulphite result- 
ing froma reaction between sulphur from the oral flora and lead [10]. 

Oral erosions on the lips mimicking paraneoplastic pemphigus 
has been reported in a 61-year-old patient working in a tin foil 
factory [11]. 

Exposure to lead has effects on multiple organs including periph- 
eral neuropathy, problems with learning and memory function, 


erythrocyte fragility, Fanconi-like syndrome, plumbism gout (satur- 
nine gout), increased blood urate concentrations and urate crystals 
in the joints, hypertension, altered cardiac electrophysiology, infer- 
tility, hypothyroidism, hypopituitarism, lead lines in the bones, 
impaired bone growth, shortened stature and gastrointestinal 
toxicity resulting in lead colic and lead-induced constipation. 


Investigations 

To determine lead toxicity, whole blood lead levels can be per- 
formed. Radiographical studies may also show lead lines in the 
bones. 


Management 


Three chelation agents — dimercaprol, ethylenediaminetetra-acetic 
acid (EDTA) and succimer — have been used for lead toxicity. 


Reactions to mercury i 


ic weight: 200.59 Da 
| concentrations whole blood <10 pg/L (<50 jumol/L), urine <20 pg/L 
mol/L) 


s and inclusions 


Introduction and general description 

Mercury is a trace metal that occurs in the elemental form or in 
organic and inorganic compounds. It is the only metal that exists as 
a liquid at room temperature. Restrictions on its usage have been 
imposed due to concerns about toxicity. Three main forms exist: 
metallic mercury found in thermometers and paints; inorganic 
salts of mercury found in laxatives, pesticides and antiseptics; and 
organic mercurials used as commercial fungicides. 

The three forms of mercury — elemental, organic and inor- 
ganic — have varied toxic effects on the gastrointestinal, renal and 
central nervous system. Effects on the skin are primarily due to 
inorganic mercury salts. Mercury is widely used in alternative 
medicines. Multiple episodes of accidental mercury exposure have 
been reported. In the 18th century, ‘hatter’s shakes’ were described 
among the hat industry workers in Danbury, USA, who used mer- 
cury in the production of felt, and led to the origin of the phrase ‘mad 
as a hatter’ [1,2]. Later on, in the 19th century, acrodynia, or pink dis- 
ease, was reported in children who were given calomel (mercurous 
chloride) as a universal panacea [3]. The most recent mass episode 
of mercury poisoning was in Iraq in 1971 when seeds earmarked 
for cultivation were mistakenly used in making bread. These 
seeds had been treated with methyl mercury as a fungicidal agent. 
This calamity was thought to have caused at least 400 deaths [4]. 
Replacement of old mercury thermometers with digital thermome- 
ters has resulted in decreased exposure. Fluorescent lamps, dental 
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amalgams, barometers, old paints and seeds treated with the now 
banned mercurous chloride are significant exposure risks. Incorrect 
disposal of paints, batteries, lights and coal power plants pollutants 
may result in water contamination with mercury [5]. 


Pathophysiology 

Mercury binds predominantly with sulfhydryl groups but also 
retains an affinity to phosphoryl, carboxyl and amide groups, 
resulting in the disruption of multiple cellular mechanisms and 
resultant widespread organ toxicity. 


Pathology 

The histology of mercury skin deposition shows brown-black 
granules within macrophages and in the dermis. In most situa- 
tions, the granules are around the superficial blood vessels and 
are also distributed along the connective tissue fibres [6]. Mercury 
granulomas have been described as spherical, opaque globules of 
varying sizes with a zone of necrosis around them. Granuloma- 
tous inflammation with a mixed infiltrate along with epidermal 
or dermal necrosis may also be seen [7]. Subcorneal pustules with 
dermal oedema are a feature of generalised mercury-induced exan- 
thematous eruption. A few patients may also show leukocytoclastic 
vasculitis [8]. Cutaneous hyperpigmentation due to mercury results 
partly from increased melanin production in the epidermis and 
partly from the presence of multiple mercury granules in the papil- 
lary dermis [9]. Eccrine hyperplasia with a non-specific infiltrate is 
seen in cases of acrodynia [10]. 


Clinical features 

Acute mercury exposure results in a symptom complex that may 
include gingivostomatitis, hypersalivation (ptyalism) and erethism. 
Erethism consists of facial blushing and tremors. Individuals have a 
specific emotional state including shyness, anxiety, emotional labil- 
ity and delirium. 

A fatal episode of mercury toxicity in an adult female patient has 
been described after usage of a topical herbal cream containing high 
levels of mercuric bromide for eczema of the chest [11]. 

Mercury exanthem has been reported due to exposure to mercury 
or its metabolic compound. Fifteen patients have been described 
with a typical inverted triangular or V-shaped redness involving 
both inner thighs. Other major flexures were also affected with 
purpura and pustules on a red background. Previous sensitisa- 
tion with mercurochrome during its use as a topical disinfectant 
and subsequent exposure to mercury either due to the use of a 
thermometer or with dental treatment resulted in the onset of the 
exanthematous rash [12]. 

Repeated exposures may result in acrodynia, which was first 
described in 1903 by Selter, who termed this trophodermatoneurose 
or vegetative neurose [13-15]. It was first described in children 
with significant redness, scaling and induration of the extremities, 
and hyperkeratosis on the palms, soles and face. There may be 
ulceration of the extremities. Acrodynia can feature an exanthe- 
matous rash that may have urticarial, vesicular and haemorrhagic 
components. Other features include hyperhidrosis, irritability, 
photophobia, alopecia, loss of nails and scarlet cheeks, ears and 
nose. Eleven patients have been described with a distinct, mildly 
pruritic eruption, predominantly on palms and forearms. These 
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patients had high blood levels of mercury, ingested via a diet high 
in seafood. All patients responded to either restrictions in diet or 
chelation therapy [5]. 

The chronic application of mercury-containing creams used 
as skin bleachers can paradoxically result in an accumulation of 
mercury compound in the skin resulting in a slate grey hyper- 
pigmentation. Face and flexures are common sites to be affected. 
Histology in these situations shows multiple mercury granules 
deposited in the upper dermis [16]. Baboon syndrome has been 
reported as a result of mercury toxicity [17]. Membranous fat necro- 
sis has been described in a 21-year-old after subcutaneous and 
intramuscular injections of mercury [18]. Mercury has also been 
reported as a contact allergen due to its incorporation into dental 
mercury fillings. Oral lichenoid lesions have been reported with 
dental amalgams. In the original study by Laine et al. involving 
118 patients with oral lichenoid plaques, 68% had positive patch 
tests to related metal compounds. Replacement of the fillings 
caused complete healing in 45% of patients [19]. Since then, other 
studies have shown patch testing to be of limited value [20,21]. 
A more pragmatic approach to correlate the site of oral lichenoid 
reactions with the dental restoration materials has been recom- 
mended [19]. Mercuric sulphide in tattoos causes a distinctive 
red colour in the case of lichenoid or granulomatous reactions 
(Chapter 122). 


Investigations 

In acute poisoning, increased levels of mercury can be demonstrated 
in whole blood and in urine samples. Hair can be assessed in sus- 
pected cases of chronic mercury toxicity [22]. Skin biopsies may be 
useful in identifying mercury granules. 


Management 

The treatment of rashes caused by mercury is mainly symptomatic 
and dependent on presentation, and the extent of mercury toxicity 
documented by investigations. In acute mercury toxicity, chelation is 
appropriate, and may be combined with plasma exchange or dialy- 
sis (peritoneal or haemodialysis). The two main chelation agents are 
dimercaptosuccinic acid (DMSA) and dimercaptopropane sulfonate 
(DMPS). 


Reactions to selenium 


elenium (Se) 
¢ Atomic number: 34 
ft mic weight: 78.96 Da 
© Normal concentrations: 
whole blood =0.1-0.34 mg/L (<1.27-4.32 pmol/L) 
‘serum = 0.040.06 mo/L (0.51-7.6 pmol/L) 
urine (24 h) <0.03 mg/L (<0.38 pmol/L) 
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Introduction and general description 

Selenium is an essential trace element with a recommended daily 
intake of 55 jig. Discovered by Jons Berzilius in 1817, as a contam- 
inant in sulphuric acid wax, its chemical activity closely resembles 
that of sulphur and tellurium [1]. 

Named after the moon Selene, selenium is unusual in that it 
has good photovoltaic and photoconductive properties. This has 
resulted in wide usage in electronics and in the glass industry. 
Sodium selenite is also found in animal feeds and food supple- 
ments. Toxicity is usually due to industrial exposure, inadvertent 
high-dose selenium supplement ingestion or excessive intake of 
paradise nuts (Lecythis ollaria). Selenium occurs naturally in the 
environment and is present in grains, cereals and meat. Exposure 
to excessive selenium can also occur via water. Chronic selenium 
toxicity has been described in China and Venezuela in seleniferous 
areas, resulting in eczematous and bullous skin changes, alopecia, 
onychodystrophy and nail changes [2]. 


Pathophysiology 

In selenium deficiency, glutathione peroxidase levels are lowered. 
This interferes with the detoxification of reactive oxygen species. In 
selenium toxicity, it has been proposed that oxidative stress causes 
tissue damage and is due to excessive levels of pro-oxidant selenite 
and ions. Molecular mimicry between selenium and sulphur in 
cellular enzyme cycles could cause disruption of mitochondrial 
functions. Selenium also interferes with the disulphide bridges in 
structural proteins, such as keratin, causing tissue damage [3]. 


Pathology 
Histological findings are non-specific and relate to the lesion being 
biopsied. 


Clinical features 

Acute exposure on the skin to selenious acid or selenium dioxide 
causes considerable tissue necrosis resulting in a chemical burn [4]. 
Inorganic selenium ingestion results in toxic effects in the gastroin- 
testinal tract and cardiovascular system and can cause fulminant 
damage resulting in death from circulatory collapse, in some cases 
within an hour. In these patients, a typical garlicky odour has been 
reported [5,6]. 

Excessive ingestion of certain nutritional supplements can cause 
chronic selenosis or selenium toxicity [7]. In a study of 201 patients 
who ingested a supplement with 200 times the stated selenium 
dose, multiple skin problems were noted [8]. Alopecia was common 
(70%), as was greyish nail discoloration and brittleness (61%); 26% 
of patients also reported a non-specific cutaneous eruption, with 
37% reporting garlicky breath. Intentional fatal overdose with sele- 
nium has been reported, with death occurring within a few hours. 
A striking orange-brown staining of skin and viscera was noted at 
autopsy [9]. 

Selenosis has also been reported after excessive ingestion of 
paradise nuts [10]. In this report a 55-year-old woman presented 
with headaches, dizziness, nausea and abdominal pain for 5 days. 
There was quite significant hair loss and a trichogram showed 
anagen hairs with dystrophic follicles with progression to complete 
alopecia on day 2. Generalised greyish discoloration of the skin was 
noted. Red eczematous plaques on the limbs, which can blister and 


ulcerate, may also be a feature in some cases [2]. Dental caries have 
been reported [11]. 

Nail changes in chronic selenosis include leukonychia (which can 
be transverse or longitudinal) associated with paronychia. Leukony- 
chia has been described in a patient with Crohn disease induced 
by selenium deficiency [12]. In this report a 30-year-old patient 
presented with leukonychia affecting the proximal half of the nails 
on the fingers and toes. After 14 weeks of selenium substitution 
the nails returned to normal. Haemorrhagic onychomadesis has 
been reported in eight adults and two children due to consumption 
of wheat contaminated by selenium. In these cases, initial splinter 
haemorrhages were noted, which then progressed to subungual 
and in late stages led to haemorrhagic onychomadesis [13]. 


Investigations 

Increased selenium levels can be demonstrated by serum concentra- 
tions greater than 2mg/L. Hair levels have been extensively stud- 
ied. However, in patients who use selenium sulphide as a shampoo, 
this may be misleading. 


Management 

Acute selenium exposure to skin and nail beds may cause pain and 
may be treated with 10% sodium thiosulphate solution, which con- 
verts selenium dioxide to elemental selenium [1]. Decontamination 
is essential in acute exposure. In some patients, haemodialysis has 
been tried. Dimercaprol and EDTA have been used unsuccessfully 
and may, paradoxically, worsen the toxic effects of selenium. 


Reactions to silver / 


ic number: 47 

ic weight: 107.9 Da 

al concentrations: serum <1 pg/L (<9 pmol/L), urine (24 h) <2 pg/L 
18.0 pmol/L) 


yms and inclusions 


Introduction and general description 

Silver is a rare but naturally occurring precious metal. The antibac- 
terial properties of silver have been exploited in medicine and as a 
water purifier. 

Silver is a commonly used brilliant white, highly ductile and 
malleable metal. It has been shown to have excellent electrical and 
thermal conductivity with little contact resistance. It is used as a 
bactericidal agent and has been incorporated into metal containers 
for transporting water as well as into surgical appliances. Silver has 
also been used as a medicament to treat various illnesses and still 
enjoys a reputation as an alternative to antibiotics. Silver plays a 
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large role in various industries including health, engineering and 
science. The use of silver as a photographic reagent has reduced 
due to the ascendancy of digital photography. Silver iodide crystals 
are used to make rain by ‘cloud melting’ exercises in drought-hit 
areas. The crystals induce freezing in clouds and allow the water 
held in them to fall as rain [1]. 

Silver exposure is predominantly occupational in the pho- 
tographic, medical and pharmaceutical industries. Cutaneous 
exposure also occurs in mining and manufacturing industries. 
Colloidal silver proteins are widely available as a ‘natural health 
antibiotic supplement’. 


Pathophysiology 

Activated silver causes electron displacement in bacterial mem- 
branes and has an affinity to sulfhydryl, carboxyl and phosphate 
groups, resulting in significant protein denaturation and precip- 
itation [2]. This activity accounts for silver’s bacteriocidal action. 
Large doses of silver can block Na*-Kt-ATPase activity with severe 
effects on the heart, liver and bone marrow. A single dose of 50 mg 
of silver is fatal in humans [1,3]. 

The photoreduction of silver nanoparticles to elemental silver 
and stimulation of melanin production by photoactivated silver 
is thought to be the basis for the increased pigmentation seen in 
argyria [4,5,6,7]. Ingested silver is transformed by stomach acid into 
an activated nano silver form and transported to the skin. Here it is 
converted to elemental silver by a process akin to a photochemical 
process used in old black and white photographs. The scientific 
basis has been described elaborately by Liu et al., while Shelley 
et al. have eloquently and concisely described it as an intradermal 
photograph [5,7]. 


Pathology 
Silver granules in the dermis can be seen close to the vasculature 
and in the basement membranes in close approximation to dermal 
elastic fibres [8]. The colour has been described as brown-black. 
Silver particles may also be found lying free within the cytoplasm 
of the epithelial cells, in the secretory segment of eccrine sweat 
glands and in mast cells. 
Silver granules are readily visible with dark-field illumination. 
Electron microscope and X-ray dispersive microanalysis studies 
have also been used to visualise the silver granules [9]. 


Clinical features 
Argyria is the main manifestation of cutaneous silver toxicity. 
Argyria is divided into localised argyria and generalised argyria. 
Localised argyria, due to repeated direct exogenous contact with 
silver particles, results in the silver particles being embedded into 
the skin. This appears as bluish grey discoloration due to silver 
elements in the dermis. Localised argyria can also be present in 
the mucous membranes and cornea [10,11]. Corneal argyrosis is 
due to the use of silver eye drops. The incidence has now reduced 
because silver-containing eye drops have largely been discontinued. 
Unilateral conjunctival and corneal argyrosis mimicking melanoma 
has been reported in a photographer who repeatedly used the same 
cloth contaminated with a photographic fixing agent to wipe his 
tears [12]. The commonly used silver sulfadiazine agent can pro- 
duce localised argyria around wounds. In one study, after 4 weeks 
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of using silver-containing dressings for leg ulcers, levels of silver 
in the blood increased in 50% of patients. This indicates a high 
propensity for absorption in granulating wounds. Therefore, silver 
dressings should only be used for short periods and for small ulcers 
[13]. Blue argyria macules have been noted to appear at the sites of 
acupuncture needles [14]. Silver earrings may also cause localised 
argyria. Localised argyria may be mistaken for a blue naevus if 
sufficiently small [15]. 

The use of silver dental amalgams can result in argyria being 
present in the tongue and gingiva [16]. Argyria may be present in 
the gingiva as a bluish line due to the presence of metallic silver 
and silver sulphide. 

Generalised argyria is due to systemic absorption of silver. The 
dermatosis usually occurs in a photosensitive distribution affecting 
the face, neck, back and dorsal aspect of the hands [4]. The ‘Blue 
Man’ presented at the Barnum and Bailey circus in New York was a 
case of generalised argyria. Generalised argyria may be due to cuta- 
neous absorption over a large area of skin or mucous membranes, 
or from ingestion of silver as a health supplement. This results in 
a generalised pigmentation appearing as a bluish grey tint on the 
skin. The sclera, mucous membranes and nails may become hyper- 
pigmented. Permanent bluish discoloration of the lunula of the nails 
(azure lunulae) has been reported with argyria [17]. Nasal sprays 
containing silver have been reported to cause argyria, which is more 
marked on exposed areas [18,19]. 

Four cases of argyria have been reported after chewing betel nut 
covered with silver. It has been proposed that as exposure to silver 
in the diet is common in Asian countries, argyria is underdiagnosed 
as a cause of photosensitive pigmentation in this population [20]. 


Investigations 

Skin biopsies with electron microscopic and X-ray diffraction studies 
may be useful in unusual cases to identify silver granules. Urine 
and serum concentration of silver may aid in the diagnosis of silver 
toxicity. 


Management 

Treatment with depigmenting preparations may be tried but 
they are not usually effective. Sunscreens should be advised for 
all patients with generalised argyria. The Q-switched 1064nm 
Nd:YAG laser has been used successfully in the treatment of argyria 
in patients with a history of colloidal silver protein ingestion [21,22]. 
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© Thallotoxicosis 


Introduction and general description 

Thallium is a soft metal that is generally non-toxic; however, con- 
version to monovalent thallous and trivalent thallic salts results in a 
highly toxic version. 

Thallium has a long history of being used to treat various 
disorders including syphilis, tuberculosis and tinea capitis. A case 
study of thallium usage in tinea capitis listed 46 deaths in 700 
cases [1]. Thallium is an efficient rodenticide. As a result of its 
odourless and tasteless nature, human accidental and intentional 
poisonings were common until 1972, when commercial use was 
banned in most countries. Contamination of homeopathic med- 
ications and substance abuse products with thallium has also 
been reported with resultant toxicity [2,3]. Homicidal use is well 
recognised. 


Pathophysiology 

Thallium competes with potassium for its metabolism and has a 
tendency to be substituted as a physiological mimicker. This is pre- 
dominantly in the central and peripheral nervous systems, liver and 
striated muscle [4]. As a substitute for potassium, thallium stimu- 
lates potassium-dependent enzymes in low doses, but is inhibitory 
in high doses. Along with other heavy metals, thallium has a high 
affinity to sulfhydryl groups, resulting in altered enzyme function 
and denaturation of proteins. In hair, thallium interferes with the 
keratin bonds resulting in alopecia, with a similar mechanism in 
nails leading to defective nail growth and the appearance of Mees 
lines [5,6]. 


Clinical features 

Alopecia and peripheral neuropathy are striking features of thal- 
lium poisoning. Alopecia is considered to be highly typical of 
thallium toxicity and usually occurs around 10 days after exposure 
to thallium. The delay of alopecia onset can cause misdiagnosis in 
its early stages. Careful examination of the hair reveals hyperpig- 
mentation of the hair roots [7-10]. Multiple alternating bands on the 
hair shaft may also be present. ‘Bayonet hairs’ with tapering points 
may be seen in thallium intoxication. Alopecia may be irreversible 
after considerable thallium toxicity. Acne, xerosis and redness of the 
palms have also been reported [10]. Red scaly patches on the face 
that later became acneform have been described [11]. Mees lines 
are homogenous, white, horizontal bands traversing the entire nail 
plate. Multiple nails may be affected, a feature also seen in arsenic 
poisoning. 

Cardiovascular effects include tachycardia and hypertension. 
Peripheral neuropathy is usually painful, progressive and associ- 
ated with paraesthesia. Other features include nephrotoxicity and 
optic neuritis. 


Investigations 

Elevated thallium concentrations may be found in the hair, nails, 
saliva, blood and urine. Hair analysis should be performed 
7-10 days following exposure, to eliminate false negative results, 
which may occur if analysis is undertaken before this interval. 


Management 
Decontamination after immediate exposure has been recom- 
mended. Activated charcoal has also been used in acute thallium 


poisoning. Prussian blue is widely used in thallium poisoning, 
and is administered three or four times a day, with a total dose of 
250 mg/kg/day, orally through a nasogastric tube [12]. Recently, 
Prussian blue, along with haemodialysis, has been recommended 
in severe thallium poisoning [13]. 


Reactions to other metals : j 


Beryllium 

Beryllium is a light, alkaline, rare metal that was used until 1950 in 
multiple industries including the manufacture of fluorescent lamps. 
The usage of beryllium has now been reduced, resulting in fewer 
cases of beryllium toxicity. Beryllium exposure to intact skin does 
not cause any significant toxicity, although soluble beryllium salts 
readily penetrate inflamed and damaged skin causing hypersensi- 
tivity reactions and allergic contact dermatitis [1]. 

Beryllium hypersensitivity is permanent and significant re- 
exposure can cause recurrence of beryllium dermatitis [2,3]. The 
Koebner phenomenon has been reported in beryllium dermati- 
tis [4]. Beryllium is also added to copper and exposure to this 
alloy can result in beryllium dermatitis. Beryllium usage in dental 
material has resulted in beryllium stomatitis and hypersensitivity 
reactions [5]. 

Beryllium nodules are non-tender and persistent; excision has 
been recommended [6-9]. 


Molybdenum 

Molybdenum toxicity is primarily from high exposure in foundry 
industries and molybdenum mines. Molybdenum sensitivity can 
result in an eczematous response as well as urticarial responses 
[1]. Generalised urticaria has been reported due to dental implants 
[2]. Molybdenum has been implicated in orthopaedic implants, 
resulting in systemic sensitisation. Newer alloys have now been 
employed reducing the usage of molybdenum [3]. 


Platinum 
Platinum is an inert material; however, platinum salts can be 
absorbed in tetra- and hexachloro-palatinate forms. This results in 
platinum salt sensitivity known as platinosis. 

The main features are contact urticaria, asthma, cyanosis, 
rhinoconjunctivitis and in severe cases anaphylaxis [1,2]. A case of 
occupational argyrosis and platinosis has been reported [3]. 


Key references 
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Overview of skin injury 


The skin is constantly subjected to both internal and external 
mechanical forces, so that for experimental purposes it may be 
impossible to determine what constitutes the normal resting state. 
These forces are likely to be as important in the maintenance of the 
structural integrity of the connective tissues of the dermis [1,2,3] 
and the keratin intermediate filament network of the epidermis [4] 
as they are with bone, which becomes demineralised during the 
protracted absence of normal gravitational force during space travel 
[5]. Mechanical stretching of keratinocytes induces a hyperprolifera- 
tive response via the activation of extracellular signal-related kinase 
[6]. In contrast to events in the whole organism, isolated human 
dermal fibroblasts in culture make more collagen when subjected 
to reduced gravity [7]. Many normal biochemical functions of the 
skin are dependent on appropriate mechanical forces, and when 
these become excessive, as in lymphoedema, protease inhibitors are 
released with many deleterious consequences [8]. 

Healthy skin is well adapted to resist the adverse effects of 
a wide range of mechanical injuries [9]. These include friction, 
pressure, contusion, laceration, suction and vibration. The clinical 
consequence of injury will depend on characteristics of the nox- 
ious stimulus, such as its intensity and duration. Factors related 
to the skin also influence the response; thus, the same degree of 
friction may produce a blister in one person but no visible change 


in another. Time is required for adaptive responses, such as callus 
formation and lichenification, to occur. 

When skin is subjected to mechanical stress its properties may 
be altered, and these changes may make disease more likely. For 
example, stretched skin can have a higher transepidermal water 
loss [10]. 


Determinants of the response to injury 
It is likely that racial and genetic factors have a major role in 
determining the responses to mechanical forces. At extremes of 
age, the skin has a reduced ability to withstand shear and other 
forces. Body site can determine how the skin responds, for example 
friction blisters do not occur on loose skin. The presence and degree 
of subcutaneous fat will influence the effect of pressure on the skin. 
The physiological status of the skin that is being subjected to 
injury can have a major effect. For example, a moderate degree of 
sweating hydrates the stratum corneum and increases the coefficient 
of friction, whereas higher levels of sweating sufficient to produce 
free fluid on the surface markedly reduce the coefficient of friction. 
Environmental temperature is also important, as is humidity, the 
stratum corneum becoming brittle and inelastic when humidity is 
reduced. The withdrawal response to noxious stimuli is impaired 
by neurological disorders, such as syringomyelia, and as a result 
burns and other injuries are common in patients with neurological 
deficits. Some systemic diseases can result in a qualitatively different 
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response to injury, for example the dermopathy of diabetes, and 
debilitating disease will increase susceptibility to pressure. The 
defective organisation of the dermal-epidermal junction or of the 
superficial dermis seen in the mechanobullous disorders predis- 
poses to blister formation with trivial trauma, and individuals with 
disorders of the connective tissue, such as Ehlers—Danlos syndrome 
and Marfan syndrome, show abnormal fragility to mechanical 
injury. Some drugs, notably corticosteroids, can modify the struc- 
tural integrity of the skin. Occasionally, structural changes in the 
skin protect patients from mechanical injury. In amyotrophic lateral 
sclerosis, pressure ulcers occur less than in comparably bedridden 
patients, probably because of more dense packing of collagen fibrils 
[1]. Finally, there seem to be reproducible differences in response 
between individuals that are poorly understood. 

The discussion of mechanical injury to the skin in this chapter is 
limited to those effects that may concern the dermatologist. 


Isomorphic (Koebner) response 

Introduction and general description 

Koebner originally described the localisation of psoriasis to skin 
injured by a wide range of stimuli [1] but the term has been used 
for a similar phenomenon in other diseases [2]. 

The isomorphic response is the development of lesions in 
previously normal skin that has been subjected to trauma [1,2]. 
The response should be reproducible and not limited to one type 
of trauma. The term Koebner response is best not used when 
a dermatosis results from the spread of an infective agent (e.g. 
molluscum contagiosum or warts); for this phenomenon, the term 
‘pseudo-Koebner’ could be used. In the ‘reverse’ Koebner response, 
trauma to a lesion results in it resolving. It differs from the isotopic 
response [3,4], in which a dermatosis occurs at the site of a previous 
healed and unrelated dermatosis. 


Pathophysiology 

Many forms of physical trauma, including friction, pressure, 
incision and laceration, skin grafting, bites, vaccination skin tests, 
burns, freezing and ultraviolet (UV) and ionising radiation, have 
been implicated. In addition, many infections of the skin and 
dermatoses have been associated with the Koebner response. 


Pathogenesis 

The underlying mechanisms have been most intensively studied in 
psoriasis (Figure 122.1) [5], in which it seems that the epidermis and 
dermis both contribute [6] but that epidermal damage is probably a 
critical event [7]. There is an increased influx of CD4 lymphocytes 
[8], and the local production of cytokines and adhesion molecules 
are likely to be important. Little is known about the pathogenesis in 
other conditions in which the Koebner phenomenon occurs. 


Clinical features 

A dermatosis develops at a site of trauma. In psoriasis, the Koebner 
response occurs in about 20% of patients but reported series vary 
widely [5]. The latency is about 10-14 days, and a Koebner response 
is more likely to occur when the disease is active. As well as in pso- 
riasis [9], the Koebner response is often seen in lichen planus [2] and 
vitiligo (Figure 122.2) [10,11-13]. It has been well recorded in many 
other diseases, some of which are shown in Table 122.1 [14-29]. 


Figure 122.1 Histologically proven psoriasis appearing in a split-skin donor site. 
Courtesy of Southmead Hospital, Bristol, UK. 


Figure 122.2 Multiple nummular depigmented macules in the donor areas of the 
abdomen of a 14-year-old girl with vitiligo. Reproduced from Liu and Ma 2019 [30]. 


It is controversial whether it is appropriate to use the term 
Koebner phenomenon for the pustular response to injury in 
Behcet disease and pyoderma gangrenosum; this is usually termed 
pathergy (Chapter 48). Sacroidosis is known to appear in scars and 
in some tattoos, however it is not clear that this is a true Koebner 
response as there may be a long delay of years between the tattoo 
and the development of the sarcoidosis, or the sarcoidal granulomas 
may only appear in one colour of the tattoo and spare the remaining 
tattoo area. 


Nikolsky sign 

This well-known effect of shearing trauma was originally described 
as evoking lesions of pemphigus foliaceus (Chapter 50) but may 
be positive in other bullous diseases such as Stevens—Johnson 
syndrome and toxic epidermal necrolysis (Chapter 118). 


Table 122.1 Diseases showing the Koebner response. 


Disease 


Reference 


Carcinomas 

Darier disease 
Erythema multiforme 
Granuloma annulare 
Hailey—Hailey disease 
Leukaemia 

Lichen planus 

Lichen sclerosus 
Lupus erythematosus 
Scleromyxoedema 
Multicentric reticulohistiocytosis 
Necrobiosis lipoidica 
Pemphigus foliaceus 


Fisher et al. 1967 [14] 
Penrod et a/. 1960 [15] 
Huff and Weston 1983 [16] 
Borgia et al. 2004 [17] 
Morales et a/. 1966 [18] 
Koizumi et a/. 1991 [19] 
See Chapter 37 

Todd et a/. 1994 [20] 

Ueki 2005 [21] 

Durani et a/. 2001 [22] 
Aldridge et a/. 1984 [23] 
Gebauer and Armstrong 1993 [24] 
Rotunda et a/. 2005 [25] 


Perforating collagenosis and folliculitis Jelinek 1986 [26] 


Psoriasis Farber et a/. 1965 [9] 
Myxoedema, pretibial Missner et a/. 1998 [27] 
Vasculitis Green and Narajan 1986 [28] 
Vitiligo Sweet 1978 [10] 

Xanthoma Miwa and Kanzaki 1992 [29] 


Utilisation of mechanical stimuli 

Selective use may be made of mechanical stimuli to confirm the 
diagnosis or to allow for the biopsy of early lesions in conditions 
in which dynamic changes and secondary effects occur rapidly [1]. 
Simple frictional trauma, such as that caused by twisting a 
rubber-tipped pencil on the skin, can be used to facilitate accurate 
diagnosis of mechanobullous diseases. 

The Nikolsky and Koebner phenomena may be used to study the 
early changes in diseases in which they are characteristic and can be 
of value in the diagnosis of pemphigus when patients are already on 
treatment and immunofluorescent techniques are not available [2]. 
The pustular reaction to skin puncture (including venesection) is 
evidence of an active stage of Behcet disease. Suction [3,4] evokes 
bullous diseases and may produce petechiae in scurvy, etc. It has 
also been used to study vasculitis [5,6]. 

Firm stroking of the skin may elicit purpura in amyloidosis, is 
routinely used to diagnose dermographism, and has also been used 
to study the early lesions of vasculitis [7] and to confirm a diagnosis 
of delayed pressure urticaria [8]. 


Biomechanical considerations 


Resistance to various mechanical stimuli, both external and arising 
within the body, is a fundamental property of the skin [1,2,3,4]. 
External forces include friction, stretching, compression, vibra- 
tion and penetration. The major mechanical properties of skin 
are stiffness (resistance to change of shape), elasticity (ability to 
recover the initial shape after deformation) and _ viscoelasticity. 
Quantification of the behaviour of skin subjected to mechanical 
forces is complicated by many factors. The skin is composed of not 
one but multiple and interrelated functional components, and its 
behaviour is subject to the confounding effects of physiological phe- 
nomena, such as the previous experience of the tissue, nutritional 
status, sweating and sebum excretion. Other variables of practical 
relevance [5] are related to body site, age, sex and disease — not only 


cutaneous disease but also systemic (e.g. diabetes). In addition, the 
mechanical properties of the skin may be profoundly influenced by 
environmental factors such as UV and heat radiation. 

The generation of mechanical forces within the skin and subcutis 
has long been of interest to surgeons, with early contributions by 
Langer on the oval shapes produced when round punctures are 
made in the skin, and the recognition of relaxed skin tension lines 
[6]. The mechanical qualities of skin, especially creep, are critical 
to understanding the expansion techniques used in dermatological 
surgery [7]. The effects of mechanical forces have also been studied 
extensively in relation to wound healing and the consequences of 
excess fluid in tissues [8]. 

In vitro studies have shown that the application of mechanical 
stress results in increased DNA synthesis [9], the production of 
collagen and proteoglycans [10] and non-collagenous proteins [11] 
and cytoskeleton formation. The application of mechanical force 
intermittently results in more cellular activity than a constant force 
[12]. Wounds that heal under some stress have greater strength than 
those where there is no stress [13]. 

The importance of weight bearing on bones for their normal struc- 
tural integrity was recognised long ago, and the stress imposed by 
gravitational forces is also important for the maintenance of dermal 
constituents [14]. 

A quantitative analysis of the mechanical properties of skin and 
subjacent tissues must begin from engineering principles [1,15]. 
Most studies involve the measurement over time of deformation 
produced by a given constant force. The force is standardised as 
force per unit area or ‘stress’. Stresses perpendicular to the surface 
are termed normal, whereas those in other directions are termed 
shearing stresses. The change in dimensions may be expressed as 
‘strain’ and is the ratio between the deformation and the original 
length. Many elastic materials show a linear relationship between 
stress and strain, for example: 


Stress = Young modulus x strain 


Similarly, linear viscous liquids obey the Newton law in which 
stress is directly proportional to the rate of strain but independent of 
the strain itself. Many biological materials combine the characteris- 
tics of elastic solids and viscous liquids and are termed viscoelastic. 
Skin, in common with other viscoelastic materials, has non-linear 
stress-strain properties and has time-dependent behaviour even 
with low loads [16]. The best known of these are the properties 
of hysteresis (in which the stress-strain relationships are differ- 
ent between loading and unloading), stress relaxation (the stress 
resulting from a constant strain decreases with time) and ‘creep’ 
(increasing strain or length of the material when a constant stress is 
maintained). These time-dependent properties are thought in part 
to be a function of the ground substance. Furthermore, skin shows 
anisotropic properties; there is a systematic and regular directional 
variation in its mechanical and viscoelastic properties. The elastic 
component is broadly analogous to a linear spring and the viscous 
component to a dashpot shock absorber. 

Much of the earlier work on the mechanical properties of the skin 
was carried out on tissues or their components (collagen, elastin, 
etc.) in vitro [1,17]. Strength-related values such as breaking strain, 
time-dependent creep and non-time-dependent parameters, such as 
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Chapter 122: Mechanical Injury to the Skin 


elasticity and viscosity, have been measured, but these studies can 
be unhelpful in predicting the behaviour of whole skin in vivo. 

The principal source of mechanical strength in the skin and 
subcutis is the reticular dermis. The papillary and periadnexal 
dermis (often known as the adventitial dermis) and the connective 
tissue running between fat lobules to deeper structures have a 
somewhat similar although lesser capacity to resist deformation 
[18], and it is likely that the epidermal components are only relevant 
in resisting relatively minor forces [2]. At a molecular level, it is the 
properties of collagen, usually of types I and III, and its relation- 
ship with elastic fibres and ground substance that determine the 
mechanical responses of skin. 


Mechanical properties of the skin 

Methods of evaluation 

Many methods have been used to derive information about the 
mechanical properties of the skin [1,2,3,4]. Some have included 
subcutaneous tissue [5,6]. Most methods measure properties of the 
dermis, although some give information predominantly about the 
stratum corneum [7,8], and all have limitations. The following are 
the main test methods. 

1 Tensile tests, in which the skin is extended by applying a force 

parallel to the surface [9-17]. 

2 Torsional tests, in which force is used to rotate a disc glued to the 

skin [3,18-20]. 

3 Vertical traction [7,21-23]. 

4 Indentation [8,24—26] and nano-indentation [27]. 

5 Suction within a cup pressed on the skin [28-34]. 

6 Vibration, for example using the hammer of a ballistometer 
[35-38]. 

7 Elastic wave propagation [39]. 

8 Hardness, using a durometer [40,41]. 

Because of problems with the standardisation of methods, results 
are not usually comparable between investigators. Details of 
methodology, such as the area of skin subjected to suction, are of 
great importance in understanding which zone of the skin is being 
evaluated. Results should always be standardised for skin thickness 
[42,43]. One of the few studies that directly compared different 
methods concluded that the suction cup device mainly measures 
elasticity, whereas the ballistometer predominantly measures 
stiffness [44]. 

Some of the measurements that can be derived from in vivo 
methods such as torsion [42] and suction [43] can be expressed as 
ratios, obviating the dependence on skin thickness, and give useful 
information about the elastic and viscoelastic properties of the skin 
(Figure 122.3). Despite their shortcomings, the various methods 
used have led to a general understanding of the mechanical prop- 
erties of the skin, and quantification of some of these properties 
has proved useful in the recognition of pathological changes in 
connective tissues before they have become clinically apparent. 


Determinants of mechanical properties of the skin 
Stratum corneum 

The main function of the stratum corneum is to provide a limited 
barrier across which exchanges occur with the environment. It 
consists of dead corneocytes embedded in an extracellular lipid 
matrix. In vivo it is criss-crossed by a series of depressions outlining 
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Figure 122.3 Deformation of skin by an applied force showing how elastic and 
viscoelastic properties can be deduced from ratios of measurements. 


polygonal zones. This pattern is anisotropic and related to the 
anisotropy of the underlying dermis. When subjected to stretch it 
is only slightly extensible [1], deformation occurring by flattening 
out or redistribution of these depressions [2]. These changes cause 
secondary alterations in the shape of the cells in the Malpighian 
layer and the underlying papillary dermis [2]. The elastic modulus 
of the individual corneocyte is far higher than of the complete 
stratum corneum, suggesting that the biomechanical properties 
of the latter are largely a function of the substances binding the 
cells to each other [3,4]. Direct measurements of the biomechanical 
properties of the stratum corneum using nanotechnology methods 
have recently been published [5]. 

The extensibility of the stratum corneum is greatly influenced by 
the relative humidity and its state of hydration [4,6,7-9]. 

Frictional contact with the stratum corneum is an essential 
prerequisite for tactile sensation and many physical activities. It is 
also a cause of a variety of acute and chronic injuries to the skin. 
The stratum corneum behaves as a viscoelastic membrane when 
subjected to frictional force. The major component producing fric- 
tion is a tendency to adhesion at the surface. In general, frictional 
resistance increases with the state of hydration, although free water 
or sebum on the surface reduces resistance. The contribution of the 
stratum corneum towards skin biomechanics can be seen in studies 
evaluating the effect of moisturisers and emollients. Extensibility 
and creep were both rapidly increased when water and paraffin 
oil were applied, and more slowly with glycerine; water only had 
a very short-term effect [10]. Chemical modification of stratum 
corneum proteins (e.g. by glutaraldehyde) can also reduce frictional 
resistance [11]. 

The important property of the stratum corneum to resist forces 
that would tend to separate its layers, as occurs with Sellotape 
stripping, has been studied in various ways [12]. 


Basement-membrane region 
This has been evaluated mainly by suction devices, which can split 
the skin in this region. It is likely that the basement-membrane 


region has a relatively minor role in the overall mechanical integrity 
of the skin [13], although abnormalities of structural components 
such as laminin 5 in the lamina lucida cause marked weakening of 
the skin in some types of junctional epidermolysis bullosa. 


Dermis 

The dermal collagen bundles are an intermeshing network of 
undulating fibres (Chapter 3). Although electron microscopic 
studies show the bundles running in all directions, in the reticular 
dermis the predominant direction is parallel with the skin sur- 
face, and in the adventitial dermis and subcutis the alignment is 
perpendicular to the surface. The initial response to deformation 
is a straightening of the collagen bundles and realignment of the 
straightened fibres in the direction of the applied force. Beyond 
this, extension may occur through slip between fibrils, a process 
opposed by the closely associated glycosaminoglycans (Chapter 3). 
Elastic fibres are responsible for returning the collagen to its prede- 
formation state, particularly with low levels of load [14]. Elastin is 
the only mammalian protein with truly elastic properties. The inter- 
dependence of elastic tissue and collagen has been demonstrated in 
experiments using selective removal [15]. In addition to collagen, 
elastin and glycosaminoglycans, « and integrins are essential for 
mechanical integrity, and contribute to fibroblast homeostasis [16]. 


Physiological variation 

Age 

From about the age of 35 years in women and 45 years in men, 
the thickness of skin decreases with ageing on light-protected sites 
and the dermal—-epidermal junction becomes flatter [1,2,3,4]. Many 
studies, using a variety of techniques, have evaluated the skin at 
different ages (reviewed in [5]). Although there are some conflicting 
results, overall there is agreement that there is a decrease in elastic 
properties with age. It seems likely that there is increasing resistance 
by the dermis to traction parallel to the skin surface, at least until 
the age of 60 years, but vertical resistances at the dermal—epidermal 
junction and within the dermis and subcutis progressively fall. 
Using a device for the propagation of low-amplitude shear dis- 
turbances it has been shown that there is a progressive increase in 
viscosity of the skin with age [6]. 


Sex 

Again, no clear answer emerges as to whether there is a difference 
between sexes, except for a decrease in skin thickness and elasticity 
after menopause. Some methods have shown that female skin is 
more extensible [7,8,9], although others have failed to confirm this 
[1,10,11]. The increase in extensibility from hydration of the stratum 
corneum may be greater in women than men [12]. Hormone replace- 
ment therapy appears to alleviate the loss of elasticity associated 
with the menopause [13,14]. 


Body site 

There are great differences between body sites, mainly because of 
differences in skin thickness [3,15]. When this is corrected for, skin 
distensibility and elasticity are lower in the acral areas than centrally, 
and are subject to diurnal variation, with elasticity increasing in the 
evening [16]. Elasticity is greater across the epidermal ridges of the 
fingerpads, a feature that may contribute to their specialised sensory 


function [17]. These properties contribute resistance to gravitational 
oedema formation, and are diminished in the elderly. 

Using a small suction device, the ratio between viscous defor- 
mation and elastic deformation and the biological elasticity (i.e. 
the ratio between immediate recovery and total deformation) was 
lower in vulval than in forearm skin [18]. 


Light exposure 

Chronic sun exposure produces a decrease in extensibility, elastic 
recovery and elastic modulus. The higher the melanin content, 
the lower the differences between sun-exposed compared with 
sun-protected sites [19]. Sun-exposed facial dermis has both 
increased thickness and decreased parameters of elasticity [20]. 


Pathological variation 

Various in vivo techniques have been used to measure the mechani- 
cal properties of the skin in disease states over a period of time. In 
some situations, the abnormalities predate the clinical changes (as 
in Raynaud phenomenon when preceding scleroderma [1]). Such 
measurements clearly have application for monitoring therapy 
[2]. Examples include scleroderma [3-7] and its treatment [8,9]; 
the decreased distensibility but unaltered elasticity of scleroderma 
of Buschke [10,11]; the consequences of corticosteroid atrophy 
[12,13]; the waxy skin of diabetics [14]; the increased elasticity in 
acromegaly, broadly related to insulin-like growth factor 1 (IGF-1) 
levels [15]; the reduced extensibility (photosclerosis) resulting from 
psoralen and UVA (PUVA) therapy [16,17,18]; and an acute increase 
in elasticity during radiotherapy [19] and in the gravitational syn- 
drome [20]. In neurofibromatosis the skin is hyperextensible, even 
clinically normal skin to some extent [21]. In lymphoedema there 
is reduced viscoelasticity [22]. Chronic haemodialysis produces 
some impairment of the viscous properties of the skin similar to 
those of ageing [23]. Useful correlations have emerged between 
biomechanical and genetic differences in diseases of connective 
tissue such as pseudoxanthoma elasticum [24] and Ehlers—Danlos 
syndrome [25-27]. Smoking can cause facial wrinkling [28] but the 
biomechanical correlates have not been defined. 

Piérard et al. [16] have studied the ability of skin to be elongated 
(skin extensibility) and its capacity to regain the initial position after 
deformation (biological elasticity) in a number of disease states. 
Their findings are used in Figure 122.4 to illustrate the principles 
outlined in this section. 


Modifying biomechanical properties of the skin 
Understanding these mechanical properties can lead to strategies 
of modifying them for the treatment of disease or ageing (Chapter 
156). This may be possible through dietary manipulation through 
nutrients or through external treatments such as injectables and laser 
(Chapters 158 and 161). 

One promising method to improve the biomechanical properties 
of the skin could be the injection of small amounts of hyaluronic 
acid. Several studies have shown that serial injections of small 
molecules of hyaluronic acid can increase the elasticity of the 
skin. This can be seen with both cross-linked and non-cross-linked 
hyaluronic acid. The injections are typically given in monthly 
intervals for 3 months, with some of the benefits lasting 4 months 
or more, but declining with time [1]. 
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Figure 122.4 Rheological properties of some conditions affecting the dermis. Each area 
represents data from several patients. From Piérard et a/. [16]. Reproduced with 
permission of MTP Press. 


Another emerging method is the ingestion of collagen peptide 
supplements. These treatments are based on the premise that a large 
proportion of the skin (and other connective tissues) is composed 
of collagen. Collagen, while the most abundant molecule, is closely 
associated with other key skin components, such as hyaluronic acid, 
elastin, reticulin and cellular components such as immune cells, 
keratinocytes and melanocytes. Animal- and marine-based colla- 
gens, sometimes on their own or supplemented with other vitamins 
or nutrients, have been shown to bring about measurable changes 
in the skin’s properties. The properties most consistently improved 
are skin hydration, elasticity, skin density and a reduction in wrin- 
kles. This can be seen with collagen supplementation alone, or 
combined with a variety of vitamins and nutritional supplements. 
For example, hydrolysed collagen can combine with coenzyme 
Q10, which in itself can lead to a reduction in skin wrinkles and 
increased smoothening. The effect of the collagen supplements 
may be through increased collagen synthesis by dermal fibroblasts, 
but may also be due to an increase in hydration as there is also an 
increased production of hyaluronic acid. These benefits last while 
the supplements are being taken, up to 90 days in studies, but may 
decrease 30 days after disontinuation. More studies are required to 
clarify if there are long-term increases in collagen deposition [2]. 
It is also possible that the improvements seen are because the 
collagen peptides have an affect on regulatory T lymphocytes and 


M2 macrophages, which may suppress an immune response to 
endogenous collagen [3]. 

Lasers, both non-ablative and ablative, can increase the amount 
of collagen and elastin in the dermis, with sustained benefits mea- 
sured at 12 months. These benefits can be seen as increased elasticity 
and not just increased extracellular matrix components [4]. As with 
hyaluronic acid injections and oral collagen supplements, more data 
are needed about the long-term benefits and in which patient groups 
these supplements are best targeted. 


Effects of friction 


Friction is defined as the resistance that any body meets in moving 
over another. Humans cannot function without friction between 
themselves and the environment, although even mild degrees of 
friction can cause distress, as in the unpleasant sensation that wool 
can induce for an atopic subject. Excessive frictional forces will 
cause injury, which may be acute, occurring in seconds or minutes, 
or chronic, as a result of repeated, lesser degrees of friction. The 
response of the skin will depend on the magnitude and duration of 
the frictional force applied and properties of the skin itself. Abra- 
sions and friction blisters are examples of acute frictional trauma, 
but blisters can only form if the stratum corneum is tough and 
thick enough to form a blister roof. Friction blisters are therefore 
difficult to produce except on the palms and soles [1]. The chronic 
effects of friction are dependent on adaptive responses, in particular 
a steady rate of increase in epidermal turnover, and perhaps the 
laying down of thickened, vertically orientated collagen bundles 
in the papillary dermis, as seen in lichenification. The best-defined 
clinical consequences of chronic frictional injury are calluses and 
corns, but various forms of dermatitis are perpetuated and perhaps 
initiated by friction. 

The scientific study of friction-induced injury has largely been 
directed towards understanding friction blister formation. The laws 
of static friction state that frictional resistance is (i) directly propor- 
tional to load; and (ii) independent of the area of contact between 
the surfaces [2]. The ratio between the force necessary to move one 
surface over the other and the load between the two surfaces is thus 
a constant, called the coefficient of friction. The static coefficient 
of friction is the force required to start one object in motion past 
another, and the dynamic coefficient is the force required to sustain 
the motion of one object past another. Because of its viscoelastic 
properties, skin deviates from the Amonton laws. Several different 
techniques have been used to measure friction [1,2,3-9,10,11,12,13]. 
Coefficients of static and dynamic friction have been determined 
for a number of materials in contact with human skin, with and 
without lubricants, but there is great individual variation [1,2,14,15]. 
Of the various anatomical sites measured, the palm of the hand 
has the highest coefficient of friction [16]. A number of machines 
to simulate repetitive rubbing have been devised, but there is no 
entirely satisfactory model for chronic frictional injury [6]. 

Physiological changes, such as the degree of hydration, have a 
large effect — very dry or wet skin having a much lower frictional 
resistance than moderately hydrated skin [17] for most sites but 
not for the dorsal forearm or lower back [18]. Skin surface lipids 
have relatively little effect [19]. Petrolatum initially decreases the 


coefficient of friction because of its lubricating property but then 
increases it because of its occluding effect on the skin, causing 
increased hydration [15]. Age and sex have no significant effect on 
the frictional properties of the skin, but body site is important: the 
forehead and behind the ear have the highest dynamic coefficient of 
friction, and the abdomen the lowest [18]. The rough skin in atopics 
has a lower coefficient of friction than normal [10]. 


REACTIONS TO MECHANICAL INJURY 


Callosities, corns and calluses 


Definition and nomenclature 

A callosity is a plaque of hyperkeratosis caused by repeated friction 
and/or pressure. A corn is a sharply demarcated callosity occurring 
over a bony prominence, usually on the hand or foot, and is painful. 
A soft corn occurs between the toes. Podiatrists often refer to a corn 
as a heloma (Greek helus, a stone wedge). A callus is a broad-based 
diffuse area of hyperkeratosis of relatively even thickness, usually 
under the metatarsal heads (Figure 122.5) [1]. 


Introduction and general description 

Calluses and corns on the feet are usually the result of deformity, 
sometimes associated with dynamic changes in the function of the 
foot. They are more common in the elderly, in particular in those 
with high pressures exerted on the plantar skin [2]. They are often 
made worse or even caused by unsuitable footwear. 


Figure 122.5 Calluses of the forefoot. 
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Reactions to mechanical injury 


Perhaps the most extreme example of footwear causing gross 
abnormalities is the Chinese foot-binding syndrome, although some 
western shoe fashions, such as ‘winkle-pickers’ and high-heeled 
shoes, can be similarly damaging albeit on a lesser scale [3]. Various 
intrinsic abnormalities of the foot predispose to callosities. These 
include bony prominences such as occur with hallux valgus, a 
prominent condylar projection or malunion of a fracture. 


Epidemiology 

Age 

Calluses may form in all age groups, depending on the predisposing 
factors to which the patient is exposed. 


Sex 

Both sexes are prone to callus formation, although the distribution 
and presentation may vary with social factors such as occupation 
and hobbies. 


Pathophysiology 

Predisposing factors 

In some rheumatic diseases (e.g. rheumatoid arthritis) there are 
distinctive patterns of callosity formation which can be predicted 
from the joints involved [4]. Diabetic subjects, especially those with 
neuropathy, are prone to callus formation, and high mechanical 
pressure is strongly associated with ulceration [5]. Faulty foot 
mechanics can occur when there is a toe deformity (e.g. claw, 
hammer or mallet toe), a short first metatarsal or hallux rigidus. 
The dermatologist should be aware of the effects of deformity 
throughout the foot. In the hindfoot, a varus or valgus position 
of the heel as an anatomical abnormality will lead to a failure of 
the foot to absorb loads applied to it during the stance phase of 
gait. The net result is that excessive loads are applied to the plantar 
skin, leading to callosities. The pattern of these changes can be very 
distinctive. With the hindfoot anomaly, there is often an associated 
forefoot deformity with excessive pronation or supination of the 
metatarsals, hallux valgus and fixed deformities of the lesser toes. 
Calluses on the edges of the weight-bearing area of the sole are 
often caused by shoes that are too loose. 

The biomechanics of the foot that lead to callosities have been 
investigated in detail [6-8]. A variety of measuring devices are avail- 
able to document the abnormal forces and assist in the design of 
appropriate orthoses [9]. 

On the dorsum of the foot, factors provoking callosities include 
footwear and a habit of sitting with the foot tucked under the 
body [10,11], with or without a prominent underlying talus. A 
soft corn usually occurs when tight shoes press the condyle of 
a metatarsal or phalanx against the base of a phalanx on the 
adjacent toe. 

On the hands and at other sites, callosities generally reflect 
repeated frictional injury which will be apparent from the history. 


Pathology 

In a callus, there is epidermal hyperplasia. The stratum corneum 
is thickened and compact, sometimes with parakeratosis over the 
dermal papillae, and there may be expansion of the granular layer. 
The underlying dermis may show an increase in dermal collagen 
and fibrosis around neurovascular bundles. An increased expression 
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of adhesion molecules such as corneodesmosin, desmoglein 1 and 
desmoglein 3, and an increase in the number of proliferating stratum 
basale cells, are suggested mechanisms for callus formation [12]. 

A corn differs in that there is a thick parakeratotic plug set in a 
cup-shaped depression of the epidermis, usually with loss of the 
granular cell layer. 


Genetics 
An inherited disposition to callosities has been described, with an 
autosomal dominant inheritance [13,14]. 


Clinical features 

History 

Patients present with thickened areas of skin, gradually progressing 
over time, which are usually very well localised to the affected area. 
In some cases, the areas may be tender on direct pressure. 


Presentation 

Feet [1,5,10,11,13]. On the plantar surface, the most common site 
for corns and callosities is over the metatarsal heads (Figure 122.5), 
although the sides of the arches and heel can be involved. A callus is 
an ill-defined area of waxy, often yellowish, thickening over which 
the dermatoglyphic markings may become indistinct. A corn is 
smaller, usually very painful, and may have a glassy centre. Corns 
can occur within an area of callus. On the dorsum of the foot, corns 
and calluses are particularly found over the interphalangeal joints 
and tips of the toes. A distinctive variety of callus occurs over the 
talus, anteromedial to the lateral malleolus [13]. Calluses and corns 
can be painful, interfere with mobility and can damage deeper 
tissues, even causing ulceration. 

In the autosomal dominant ‘hereditary callosities’, blisters occur 
at the periphery of hyperkeratotic skin [13]. This is distinct from 
epidermolysis bullosa, epidermolytic hyperkeratosis and blistering 
sometimes associated with palmoplantar keratodermas. 

Soft corns are usually between the fourth and fifth toes, are 
typically very painful and exhibit hyperkeratosis that becomes 
white from maceration. A small sinus may be present, and sec- 
ondary bacterial infection can then present as cellulitis. 


Hands. Callosities on the hands most commonly occur as distinc- 
tive occupational stigmata in many trades and professions [15,16]. 
Areas of thickening most commonly occur on the palmar surface 
and over the metacarpo-phalangeal joints. The site of the callosity 
may be highly specific [17]. They are rarely complained of, as was 
shown ina survey of solid-waste handlers in whom there was a 75% 
prevalence of palmar calluses [18]. Unless they become fissured or 
infected, they should be considered as an adaptation rather than a 
disability. 

The habit of biting or chewing the side or knuckle of the finger 
is not uncommon in children (‘gnaw warts’). Larger callosities are 
sometimes seen in those with intellectual disability. 

Callosities on the hands caused by frictional injury against the 
teeth have been described in patients with bulimia nervosa as a 
result of repeated manual stimulation of the gag reflex [19,20]. 
A distinctive hyperkeratosis on the side of the thumb can occur 
with use of a cigarette lighter [21]. 


Callosities from clothing and appliances. Trusses, especially if 
ill fitting, may cause circumscribed patches of hyperkeratosis and 
pigmentation. Pressure from calipers or reinforced shoes may cause 
calluses in those wearing them. 


Clinical variants 

Prayer nodules are seen on the forehead of Muslims from repeatedly 
touching the forehead on a prayer stone [22—24,25]. They may also 
occur on the knees, ankles and dorsa of feet from the squatting posi- 
tion adopted by worshippers. A similar pattern has been described 
on the ankles from sitting cross-legged [10]. 


Differential diagnosis 
The differential diagnosis includes viral warts, keratoderma, 
granuloma annulare and knuckle pads. 


Investigations 
Skin biopsy is rarely indicated. 


Management 
The major difficulties with diagnosis lie with foot callosities. The 
patient’s footwear and any orthoses, the gait and the alignment of 
the feet should all be examined. Palpation may reveal abnormal 
bony prominences. There may be a past history of surgery. Radio- 
graphy can be helpful. Pressure studies (pedobarographs) can be 
helpful in evaluating foot biomechanics (reviewed in [9,26]). 

The aims of treatment are to: 
1 Provide symptomatic relief. 
2 Determine the source of the abnormal mechanical stress. 
3 Relieve the cause by conservative means. 
4 Consider surgery if these fail. 

Relief of symptoms caused by corns and calluses can usually be 
achieved by careful and regular paring. Regular paring reduces the 
pressure induced by corns [27]. The initial procedure is often best 
done with a scalpel and subsequent treatment with an abrasive 
device. For soft corns, the use of a toe separator (felt, foam or 
silicone) can provide rapid relief. Salicylic acid (10-20%) keratolytic 
preparations can be of some help, but care is needed to avoid 
irritancy. 

The role of the patient’s shoes in producing callosities should be 
carefully assessed, and appropriate corrective steps taken. Extra 
width may be needed, especially with the toebox. A softer upper 
may be needed. With marginal calluses, the shoe is likely to be 
too loose. The shoe may need to be adapted to receive an ortho- 
sis — a cushioning device designed to redistribute the mechanical 
forces causing the callosity. Examples are the metatarsal pad for 
localised plantar callus, and a medial wedge for the cavovarus foot. 
Customised shoe inlays can be moved from shoe to shoe. Another 
useful orthosis is the silicone sleeve that can be used on deformed 
toes that have corns on them. 

Sometimes, conservative measures are insufficient or fail. The 
surgical correction of toe deformities and resection of prominent 
condyles causing soft corns can be rewarding. Surgery for other 
bony causes should only be undertaken after careful study of 
radiographs and pedobarographs by an orthopaedic surgeon with 
expertise in the field [28,29]; results can be encouraging [30,31], but 


can also be disappointing [32]. When there is loss of subcutaneous 
fat, silicone injections are sometimes used [33]. 

The principles outlined here can be applied to symptomatic 
callosities elsewhere, for example at sites of abnormal pressure from 
a limb prosthesis. Occasionally, excision is justified on cosmetic 
grounds, for example for athlete’s nodules [34]. However, surgical 
debridement of painful calluses in a randomised, blinded study 
showed no significant improvement in pain scores compared with 
a sham intervention in elderly patients [35]. Similarly, no improve- 
ment was found in rheumatoid arthritis patients undergoing 
debridement of plantar callosities [36]. In this study, pain scores did 
not improve compared with sham treatment and localised pressure 
or gait function was not significantly improved. A multicentre ran- 
domised controlled trial of rheumatoid arthritis patients compared 
standard foot care comprising education, bespoke orthoses and/or 
provision of footwear with standard care plus scalpel debridement. 
There was no additional benefit seen in the scalpel debridement 
group [37]. 

Nevertheless, simple debridement in combination with a topical 
application of 1% cantharidin, 30% salicylic acid and 5% podophyllin 
has been shown to treat calluses effectively, with a 1.4% recurrence 
rate. This treatment, applied under occlusion, leads to blister 
formation in about 2 days, with the callus peeling off at day 5. 
Seventy-nine per cent (57/72) of patients were treated in one 
session, with the remainder responding to multiple sessions [38]. 


Friction blisters Gg 


Definition 
These are blisters that form in response to frictional force applied 
across the skin surface. 


Introduction and general description 

In order for friction blisters to occur, the stratum corneum must be 
strong enough not to be rubbed away. Usually, friction blisters do not 
form on lax or thin skin but are common on the palm (Figure 122.6), 
sole, heel or dorsum of the fingers. Frictional force and the number 
of times an object moves across the skin determine the likelihood of 
blister development; the greater the force, the fewer the number of 
cycles of movement needed. 


Epidemiology 

Incidence and prevalence 

The incidence may increase in populations where there is increased 
mechanical trauma particularly on acral skin. For example, athletes 
such as long-distance runners or skaters may experience horizontal 
shearing forces that may split the stratum granulosum [1]. 

In a study of 872 military personnel serving in Iraq, with a 97% 
response rate, blister prevalence was self-reported at 33% of which 
11% sought medical treatment [2]. The US military study found a 
1.55 female : male prevalence ratio, which may be related to wearing 
boots that were not sufficiently broken in. Other factors identified 
were age 26-34 years, a past history of blisters and greater than 6 
months on active service. 


Figure 122.6 Friction blister on the palm mimicking a target lesion of erythema 
multiforme. This patient had generalised pruritus caused by biliary cirrhosis, and he 
repeatedly rubbed his thenar eminence on his skin to relieve the itch. 


Pathophysiology 

Any form of friction applied to the skin with sufficient intensity may 
cause a blister to form. In the feet, friction between socks and the 
skin can lead to blistering. This may be exacerbated by increased 
skin moisture. 


Pathology 

The blister usually forms in the spinous layer, just beneath the 
stratum granulosum. The keratinocytes in the base of the blister 
show variable oedema and perhaps degenerative changes. Mitotic 
activity commences in the base within 30 h [3,4]. 


Genetics 
Patients with epidermolysis bullosa have a genetic susceptibility to 
friction-induced blisters (Chapter 69). 


Environmental factors 
Skin hydration and increased skin temperature may increase the risk 
of blistering. 


Clinical features 

History 

A careful history of appropriate frictional trauma will usually 
enable the diagnosis to be made. There are often specific aspects 
to the circumstances in which blisters occur that are relevant to 
occupational causes [5]. Other situations, such as sporting activities, 
may also be relevant. 


Presentation 

These are usually self-evident and seldom present diagnostic 
problems when the cause is known. However, a patient may seek 
advice when a bulla appears unexpectedly or under inappropriate 
circumstances. It then becomes important for the dermatologist to 
consider whether the trauma was merely a localising factor in a 
hitherto undiagnosed congenital or acquired disease (Figure 122.6). 
As well as blister formation, there may be other consequences of 
the inciting trauma such as callus formation, petechiae, etc. 


Reactions to mechanical injury = 122.9 
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Chapter 122: Mechanical Injury to the Skin 


Trauma may induce lesions in both acquired and hereditary 
epidermolysis bullosa. Skin fragility can occasionally be a present- 
ing feature of systemic amyloidosis. The blisters seen in patients 
comatose from neurological lesions or drug overdose can clinically 
resemble those caused by friction; however, they differ histologi- 
cally. Occasionally, bullous insect-bite reactions and other bullous 
diseases can be confused with friction blisters. 


Differential diagnosis 
The differential diagnosis includes epidermolysis bullosa, epider- 
molysis bullosa acquisita and bullous diseases. 


Disease course and prognosis 
Uncomplicated blisters heal rapidly. 


Investigations 
These are not usually required. 


Management 

Preventative measures include the use of antiperspirants [6]; some 
case studies have shown that these may reduce blistering in epi- 
dermolysis bullosa simplex (Weber—Cockayne disease) [7] and in 
pachyonychia congenita [8]. Although most controlled trials have 
not shown convincing evidence of benefit [9,10], 20% aluminium 
chloride hexahydrate in anhydrous ethyl alcohol used for 3 days 
before hiking can reduce blistering [11], but such preparations may 
cause irritant dermatitis. Foot powders with the aim of absorbing 
moisture are another traditional approach [12], but again controlled 
trials show lack of efficacy [13-15]. 

By contrast, certain types of synthetic insole can absorb fric- 
tional force and reduce blistering, for example Spenco, a closed-cell 
neoprene material [16,17], and the polyurethane product Poron® 
[18]. Acrylic socks [19] and the use of a thin polyester sock under 
a thick, dense, outer sock [20] can reduce blistering. It is likely that 
subthreshold exposure of the feet to friction reduces the likelihood 
of blistering [21]. 

When blistering has occurred, drainage so as to allow the 
roof to adhere to the base provides relief of symptoms and 
optimises healing [22]. If the blister has burst and the roof has 
torn away, the wound should be treated with a non-adherent 
dressing and protective padding. Hydrocolloid dressings have 
been used with success [23,24]. There is no evidence to sup- 
port the use of cyanoacrylate glue in the management of friction 
blisters [25]. 


Black heel and palm q 


Definition and nomenclature 
This is pigmentation of the heel or palm secondary to extravasation 
of red blood cells. 


ms and inclusions 


Introduction and general description 

The condition results from shear-stress rupture of the papillary 
capillaries, for example during violent sport, particularly where 
repeated jumping and sudden stopping or twisting of the heel 
occur. Similar circumstances explain the occurrence on the palm. 


Epidemiology 

Age 

Young adolescents may be more prone, in addition to athletes and 
sportspersons. 


Sex 
Either sex may be affected. 


Pathophysiology 

Black heel occurs when the repeated shearing force of the epidermis 
sliding over the dermal papillae results in damage to the papillary 
dermal capillaries, resulting in intraepidermal haemorrhage. 


Pathology 

Extravasated erythrocytes may be found in the dermal papil- 
lae [1], but often the histological changes are limited to the stratum 
corneum, where amorphous yellow-brown material may be found 
in rounded collections having undergone transepidermal elimina- 
tion. This material is often negative with Perls stain (which stains 
haemosiderin) but gives a positive benzidine reaction, showing that 
it is derived from haemoglobin [2,3]. 


Clinical features 

History 

The patient may not recall the precise onset, and may therefore not 
relate the blue-black pigmentation to their own activities. However, 
a history of participation in sports or other traumatic exposures to 
the heel will often be elicited. 


Presentation 

Closely aggregated groups of bluish black specks occur suddenly 
at the back or side of the heel (Figure 122.7), just above the hyper- 
keratotic edge of the foot. The metatarsal area has, rarely, been 
involved. The lesion may resemble a tattoo [4] or even a melanoma 
[2,5]. Either sex may be affected [2], but the condition is virtually 
confined to athletic adolescents [6]. Football, basketball, lacrosse 
and, less often, tennis and squash players are mainly affected. The 
condition can occur on the hands of weightlifters [7]. Dermoscopy 
may help visualise subcorneal haemorrhage, revealing a red-black 
homogeneous pattern or red-black globules at the periphery of 
the lesion. In cases where a black pigment is seen from haemor- 
rhage, this can be removed by scratching the stratum corneum 
(Figure 122.8) [8]. 

When there is a history of a sudden appearance of the pigmented 
lesions at a typical site, diagnosis is rarely in doubt. Occasionally, 
melanoma or atypical melanocytic hyperplasia [9] will need to be 
excluded. 


Differential diagnosis 
This includes malignant melanoma (acral type) and viral warts 
which can be haemorrhagic. 


Figure 122.7 Black heel showing stippled pigmentation within the stratum corneum. 


Figure 122.8 Dermoscopy of a subcorneal haematoma showing a parallel-ridge 
pattern. This is typified by a brownish pigmentation aligned along the ridges of the skin 
markings that are thicker than the non-pigmented furrows. A blotch of black 
homogeneous pigmentation is also seen in the centre. Scratching of the stratum 
corneum, performed using a scalpel, allowed an almost complete removal of the 
pigmentation (bottom inset). The clinical appearance of the lesion is shown in the upper 
inset (original magnification 10x). Reproduced from Zalaudek et a/. 2004 [8] with 
permission of John Wiley & Sons. 


Investigations 
By epiluminescence microscopy, black heel has highly specific 
features [10]. Sharply demarcated reddish brown or reddish black 
pigmentation may be seen. This can appear as pebble-like droplets, 
in the ridges of the skin, with no pigment network. 

A skin biopsy may be required to rule out melanoma, depending 
on the clinical history and appearance. 
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Management 

The condition is asymptomatic, and its importance lies in its 
resemblance to malignant melanoma. When in doubt as to the 
diagnosis, carefully paring away the stratum corneum is generally 
sufficient to remove the pigment. 


Skin reactions to musical inst 


Definition and nomenclature 
These are skin surface changes that may occur following the 
repetitive movements made by musicians. 


Introduction and general description 

The prolonged hours of practice required of musicians, whether 
professional or amateur, predispose them to a variety of medical 
complaints, such as musculoskeletal overuse injuries. Dermatolog- 
ically, the repetitive movements required in instrument practice 
may result in skin changes caused by or exacerbated by repetitive 
friction or pressure, although contact allergy should not be over- 
looked. Differences in presentation depend on the instrument and 
the body site involved. 


Epidemiology 

Incidence and prevalence 

In a self-reported questionnaire study of German university-level 
music students, 22% (89/412) of respondents reported skin changes 
related to their instrument [1]. Callosities were seen in 58%, contact 
dermatitis in 19% and skin reactions of the neck in 19%. In this 
group, 26% of respondents reported that this slightly or moder- 
ately altered their music making, with only 2% reporting severe 
disease. 


Sex 

In the German university study, the greatest difference between 
the sexes was noted in the string / plucking instrument group, where 
the female : male ratio was 42 : 19, but this may simply represent the 
demographic of the responders (115 female to 66 male) [1]. 


Pathophysiology 

The pathophysiology of most skin reactions to musical instruments 
is callosities, lichen simplex chronicus-type reaction or irritant 
contact dermatitis with repeated friction or pressure at the site of 
contact as an exacerbating factor. Allergic contact dermatitis is an 
important differential diagnosis. 


Predisposing factors 

The predisposition depends on the instrument being played and 
individual susceptibility. Faulty technique, sweating or excessive 
hours of playing are aggravating factors. 
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Chapter 122: Mechanical Injury to the Skin 


Clinical features 

History 

Patients present with lichenificaton, hyperpigmentation, redness, 
swelling, papules, pustules and, occasionally, cysts, depending on 
the instrument and the body site. 


Presentation 

These have been reviewed by type of instrument [2,3,4] and by type 
of causative injury [5,6]. One study was prospective [7]. Mechani- 
cal injuries can be acute (e.g. redness, blisters and erosions) but are 
more commonly chronic, resulting from repetitive friction and/or 
pressure between the musician and the instrument. In some situa- 
tions, cutaneous reactions to musical instruments can be aggravated 
by sweating, faulty technique or excessive hours of playing. Not 
only the skin but also bony and soft tissues can be affected, and in 
younger wind instrument players there can be permanent distortion 
of dentition and palatal morphology. Trauma to the fingers can also 
damage nails and associated tissues. 

Contact allergies in musicians are usually to rosin (string 
instruments), exotic woods (string instruments, woodwind instru- 
ments, chin rests), nickel (flute, brass instruments), cane reeds 
(saxophones, clarinets) or to propolis (violin varnish) [4,8]. 

Violin and viola players may develop ‘fiddler’s neck’ [9], charac- 
terised by localised plaques of lichenification, often with hyperpig- 
mentation, redness, inflammatory papules, pustules and sometimes 
cysts. Marked oedema may be associated in some cases [10]. The 
condition occurs at the site where the chin rest of the instrument 
presses against the skin over the angle of the jaw (Figure 122.9). 
The mode of grip on the instrument and the fitting of the chin rest 
are likely causative factors and a soft cloth may ameliorate a poor 
fit in the short term [11]. Violinists are also subject to developing 
thickened pads over the interphalangeal joints (Garrod pads or ‘fid- 
dler’s fingers’). These are areas of thickening over the dorsal aspect 
of the left second and third proximal interphalangeal joints. They 
may result from the intermittent relaxation and contraction of the 
extensor tendon over an interphalangeal joint that is held in extreme 


Figure 122.9 ‘Fiddler's neck’. Lichenification and cysts on the neck of a violinist. 
Courtesy of Dr R. D. G. Peachey, Bristol Royal Infirmary, Bristol, UK. 


flexion [12]. Thrombosis of the axillary and subclavian veins has 
occurred from pressure from a viola [13]. Pizzicato paronychia is 
another hazard for string players. 

Finger callosities occur on the pulps of the fingers of many 
musical instrument players. A typical example is ‘harpist’s fingers’, 
which usually show paronychia and calluses on the sides and 
tips of the fingers, often together with onycholysis and subungual 
haemorrhage [14]. 

Piano paronychia is associated with long hours of piano playing, 
and nails can be loosened by repetitive glissando (gliding of fingers 
over the keys). 

‘Guitar nipple’ is usually found in young girls and presents as an 
inflamed cystic swelling at the base of the nipple [15]. Deep-vein 
thrombosis has been described in guitarists as a result of a combi- 
nation of flexion of the left leg with pressure from the belly of the 
guitar on the medial aspect of the thigh [16]. Acro-osteolysis has 
been described in the digits of the left hand, the only symptom being 
tenderness in relation to pressure on the nails [17]. 

Cellists can develop a condition known as ‘cellist’s chest’ [18] 
from pressure, producing redness, oedema and pigmentation over 
the sternal area. There may be changes similar to those found on 
violinists’ necks. ‘Cellist’s knee’ and even ‘cello scrotum’ have been 
described, although the validity of the latter has been questioned 
[19]. In fact, Baroness Murphy and her husband confessed that this 
was a hoax, publishing a retraction in 2008 [20] and themselves 
casting doubt on the aforementioned ‘guitarist’s nipple’. 

‘Clarinettist’s cheilitis’ [21,22] is a localised eczematous condition 
of the middle portion of the lower lip, under the reed of the clarinet. 
Patch testing is usually negative, ruling out an allergy, and is thought 
to be secondary to friction, pressure, shearing forces and occlusion. 

‘Flautist’s chin’ [23] is probably similar to ‘fiddler’s neck’. 

Wind instrument players can develop permanent laxity of the 
cheeks, and forceful blowing of the trumpet can rupture the 
orbicularis oris (Satchmo syndrome) [24]. 

‘Drummer’s digit’ is an erosion or blister on the left ring 
finger [25]. 

Black dermographism of the lip has been described in a flute 
player using a lotion containing zinc oxide, titanium dioxide, iron 
oxides and talc [26]. 


Differential diagnosis 
This includes allergic contact dermatitis and localised skin infection. 


Management 

A period of refraining from playing is recommended if possible. 
Patch testing may be required to identify potential allergens. In 
many cases, modification of technique may be all that is required 
to resolve skin reactions in musicians. For more recalcitrant cases, 
particularly in irritant or allergic contact dermatitis, topical corti- 
costeroids or topical calcineurin inhibitors may be used. In cases of 
allergic contact dermatitis, substitution of the allergenic component 
of the instrument may be possible. Callosities may be reduced by 
emollients, keratolytics and gentle abrasion with a pumice stone. 


Resources 


Gambichler T, Boms S, Freitag M. Contact dermatitis and other skin conditions in musi- 
cians. BMC Dermatol 2004;4:3. 


‘Hypothenar hammer syndrome 


Definition 

Hypothenar hammer syndrome is ischaemic and neurological 
changes in the digits in the distribution of the ulnar artery, following 
repetitive trauma. 


Introduction and general description 

This condition is brought about by the effects on the ulnar artery 
and associated soft tissues of repetitive trauma to the hypothenar 
eminence [1]. It is typically associated with actions that use the hand 
to hammer, push or squeeze. 


Epidemiology 

This syndrome is mainly found among individuals in certain craft 
occupations, such as mechanics and carpenters, but can also occur 
as a sporting injury (e.g. in golf and badminton) [2] and may present 
in those using a vibrating tool [3]. 


Age 
The condition tends to present in the mid-forties [4]. 


Sex 
Among manual workers, most patients are male. 


Associated diseases 

Surprisingly, common risk factors for peripheral vascular disease, 
such as hypertension, diabetes and hyperlipidaemia, are not over- 
represented in affected cohorts. 


Pathophysiology 

The proposed pathogenesis is that the superficial palmar branch of 
the ulnar artery is compressed against the hook of the hamate and 
this can lead to stenosis, occlusion or aneurysm, with thrombosis 
or emboli ensuing. Although the condition typically presents uni- 
laterally, the presence of bilateral abnormalities when patients are 
investigated suggests that there is an underlying predisposition [5]. 


Clinical features 

Presentation 

Patients present with pain or paraesthesia and variable degrees 
of ischaemic change, including blackened eschar formation on the 
ends of the second, third, fourth or fifth digits of the dominant 
hand. There may be surrounding hyperkeratotic changes [6]. Fin- 
gers affected by the underlying vascular pathology are cooler, and 
may show other signs of chronic ischaemia. 


Differential diagnosis 

The condition is often misdiagnosed as hand-arm vibration 
syndrome [7] (see section later in this chapter), a connective tissue 
disease or some other vaso-occlusive disorder. 


Complications and co-morbidities 
Some patients have co-morbidity factors such as smoking and cold 
exposure. 


Investigations 

Investigations should include arteriography, which can demonstrate 
stenosis, occlusion, aneurysm, etc. and provide essential informa- 
tion for vascular surgical repair. Magnetic resonance angiography is 
proving to be a highly informative and minimally invasive method 
of evaluation [8]. 

The Allen test may be used to demonstrate signs of chronic 
ishaemia: the ulnar and radial artery are both compressed, while 
the fist is repeatedly clenched and relaxed to drain blood from 
the hand. One of the ateries is released and the rate of reperfu- 
sion of the hand can be observed. This is repeated so both the 
ulnar and radial arteries are tested. A ‘negative’ test indicates poor 
perfusion from that vessel. This serves as a quick clinical assess- 
ment but can be enhanced with the addition of pulse oximetry 
to look for loss of the waveform, or more advanced tests such as 
Doppler ultrasound, computed tomography or magnetic resonance 
angiography. 


Management 

First line 

Management includes counselling to avoid repetitive trauma, to 
minimise exposure to the cold and to stop smoking. 


Second line 
Aspirin and calcium-channel blockers may be helpful. 


Third line 

Vascular surgical expertise will generally be required for throm- 
bolytic measures or resection of the abnormal vasculature and 
appropriate reconstruction. 


Achenbach syndrome 3 


Definition and nomenclature 

This is a sudden, painful, bluish discoloration and swelling of a fin- 
ger or fingers (or sometimes the palm of the hand), often after a 
physical effort of gripping or twisting [1]. 


Epidemiology 
Sex 


A female preponderance has been reported [2], with some reports of 
familial links spanning two generations [3]. 


Associated diseases 
Raynaud phenomenon may be associated. 


Pathophysiology 
It is probably caused by the rupture of a small vein. 
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Chapter 122: Mechanical Injury to the Skin 


Figure 122.10 Typical appearance of Achenbach syndrome with blue discoloration and 
swelling localised to a single finger. Reproduced from Moss and Cohen 2022 [5]. 


Clinical features 

History 

Patients may present with a sharp pain in the hand, particularly 

the volar aspect of the finger, accompanied by a rapid bluish 

discoloration of the affected digit (Figure 122.10). This may occur 

after minor trauma or light manual work, but may be recurrent and 

force the patient to withdraw from work involving manual tasks. 
Prominent phlebectasia may be seen on the volar aspects of the 

fingers, over the interphalangeal joints. 


Differential diagnosis 
Its importance is that it may be confused with the Raynaud 
phenomenon. 


Disease course and prognosis 
The condition is self-limiting and resolves within a few days. 


Investigations 

There may be angiographic abnormalities in some patients 
[4] but generally invasive investigations are not warranted in 
uncomplicated self-limiting cases. 


Management 
Rest the affected limb and cool the area to reduce the swelling. Avoid 
trigger activities. 


Spectacle-frame acanthoma Gq 


Definition and nomenclature 
This condition is a skin change at the site of contact with the specta- 
cle frame, often with a lesion that mimics basal cell carcinoma. 


5 and inclusions 
fissuratum of the ear 
oma fissuratum 


Introduction and general description 

Spectacle-frame acanthoma is characterised by localised skin 
thickening in response to low-grade, chronic pressure from specta- 
cle frames [1]. It is often unilateral and occurs in the postauricular 
groove, or on the bridge of the nose, and is commonly mistaken for 
a basal cell carcinoma. 


Epidemiology 
Sex 
In a review of 27 published cases, males predominated [2]. 


Pathophysiology 
Friction between the skin and spectacles frame at the postauricular 
fold, or the lateral nose, can lead to localised epidermal hyperplasia. 


Predisposing factors 
Factors that contribute to the pathogenesis include the weight of the 
spectacles, minor derangement in local anatomy and maceration. 


Pathology 

Histology shows acanthosis and hyperkeratosis of the epidermis, 
with a central depression and occasionally ulceration. In the dermis, 
there is often hyalinisation of the collagen and a mild, mixed inflam- 
matory infiltrate [2]. Granulomatous change is not usually present. 


Clinical features 

Presentation 

The typical lesion occurs behind the ear or on the side of the nose 
[3-5] as a soft, flesh-coloured papule, nodule or plaque, often with 
a groove at the site where there is contact with the spectacle frame 
(Figure 122.11). Cases with bilateral involvement are uncommon [6]. 


Differential diagnosis 
Basal cell carcinoma should be considered as a differential diagnosis. 


Figure 122.11 Spectacle-frame acanthoma showing a soft plaque, which may mimic 
basal cell carcinoma, caused by pressure and friction from the spectacle frame. 


Investigations 
A biopsy to exclude basal or squamous cell carcinoma should be 
undertaken if there is clinical suspicion. 


Management 

First line 

Spectacle-frame acanthoma usually resolves after a few weeks or 
months if the patient discontinues wearing spectacles or changes are 
made to obviate the mechanical trauma. For example, a thin hydro- 
colloid or silicone dressing may be applied to the overlying skin as 
a cushion. 


Second line 
Corticosteroids may be injected intralesionally. 


Third line 
If necessary, the condition can be treated by surgical excision, 
electrosurgery and curettage. 


Semicircular lipoatrophy q 


Definition and nomenclature 
Semicircular lipoatrophy is caused by mechanical injury to the 
subcutaneous fat inducing band-like depressions in the skin. 


ms and inclusions 
yphia semicircularis 


Introduction and general description 

It should be noted that mechanical injury to the subcutaneous fat, 
especially on the lower legs, can be a primary cause of fat injury [1,2]. 
It is often followed by atrophic changes. Since the initial report [3], 
relatively few cases of semicircular lipoatrophy have been reported, 
but it is asymptomatic so may be underreported; several authors 
have commented that it may well not be rare [4]. 


Epidemiology 
Age and sex 
It mainly occurs in women, aged between 20 and 40 years. 


Clinical features 

History 

Repetitive mild trauma has been suggested as causative in most 
cases. In one series, seven women of different heights and body 
mass index working in the same office all developed the condition 
at the same vertical distance from the floor, corresponding to the 
height of the edge of their desks; pressure against this edge was 
postulated to have caused the semicircular lipoatrophy [5]. Pressure 
from folds in trousers has also been implicated [6]. Leaning on 
the edge of a table/desk while working/passing files to colleagues 
seems to be a common theme in many of the reported cases. Semicir- 
cular lipoatrophy on the thighs can also occur following therapeutic 
injections [7]. 


Presentation 

Semicircular lipoatrophy is characterised by one or more partial, 
horizontal, band-like depressions, usually on the anterolateral thigh 
or thighs. 


Management 

When a cause is identified and remedial action taken, spontaneous 
resolution generally occurs [5], in most cases after 9 months to 
4 years. 


Acne mechanica j 


Definition and nomenclature 
Acne mechanica is a localised acneform eruption induced by occlu- 
sion or friction [1]. 


yms and inclusions 


Introduction and general description 

Most cases of acne mechanica in the literature refer to patients who 
are using a medical device such as a prosthetic stump or crutches, or 
to athletes who are experiencing friction from the use of equipment 
and protective clothing. 


Pathophysiology 

Friction with heat, increased humidity and maceration may cause an 
acneform folliculitis in susceptible individuals. The effect of occlu- 
sion has been proposed to lead to the rupture of microcomedones 
that are not ordinarily clinically visible [1]. 


Clinical features 

Presentation 

Right-handed students may have predominantly left-handed facial 
acne from pressure of the left hand. High-necked jerseys, shoulder 
pads, seat backs in trucks or even adhesive plasters may produce 
the required mechanical stress. Some athletes are prone to this 
condition [2]. Acne mechanica has also been described in other 
circumstances, for example on the backs of young patients lying 
in hospital beds for several weeks, and on the face following jaw 
splinting [3] and with the use of orthopaedic crutches [4]. The 
resultant acne can be severe (e.g. acne conglobata occurred on the 
buttocks in a trans-Atlantic rower) [5]. 


Management 

Devices in contact with the skin should be removed as soon as they 
are not in use. For example, sports equipment should be removed 
immediately after the activity is over. Benzoyl peroxide, applied 
for 5 min, can be used to clean the skin prior to being rinsed off 
[2]. Topical retinoids may be applied at night [6]. Other keratolytics 
may be useful, such as 3% salicylate and 8% resorcinol in 70% 
ethanol [2]. 
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Chapter 122: Mechanical Injury to the Skin 


Dermatoses due to traumatic effects 
of sports 


Definition 
Skin conditions related to sport include mechanical injuries and 
other direct consequences of the sporting activity. 


Introduction and general description 

The traumatic dermatoses induced by sports have been usefully 
reviewed in terms of disease processes [1] and the causative sports 
[2,3]. While the professional sportsperson and trainer may be well 
aware of these skin conditions, the amateur may not recognise any 
connection and even the dermatologist may at times be puzzled. 
Some of the clinical entities are highly characteristic. The skin 
adapts to training, developing a higher degree of ‘elastic efficiency’, 
but this requires time and continuity in the chosen sport. Many 
traumatic effects occur in the ‘weekend jogger’ or the summer 
holiday activist. The wheelchair athlete is particularly prone to 
blisters and pressure injury [4,5]. 

Some of the dermatoses affecting those engaged in sports are an 
indirect consequence of trauma. These include infections commonly 
transmitted by contact [6,7], such as herpes simplex [8], molluscum 
contagiosum [9] and tinea corporis [10,11]. Other infections that 
appear to be more common include viral warts [12], impetigo and 
furunculosis [13]. The sport of mud-wrestling has been associated 
with Gram-negative folliculitis [14]. Tinea pedis, often in a mixed 
infection with Gram-negative bacteria, is a common problem par- 
ticularly in those using swimming pools. Otitis externa is also an 
important problem for the swimmer (Chapter 106). Trauma together 
with heat and moisture are likely contributory factors to contact 
dermatitis acquired during various sporting activities [15,16]. 

The sports enthusiast is often at significant risk from sunburn 
and skin cancer or cold injury. In hot conditions, miliaria and 
hyperhidrosis can be problems. There are many circumstances 
in which contact dermatitis can occur — from sports equipment, 
environmental allergens, etc. [3,16,17]. Sporting activities can exac- 
erbate pre-existing skin disease, such as atopic dermatitis, psoriasis, 
acne and other skin diseases. The spectrum of sports-related skin 
disorders also includes the consequences of anabolic steroid mis- 
use, physical urticarias, exercise-induced anaphylaxis [18] and 
leukocytoclastic vasculitis [19]. 


Clinical features 


Blisters. These usually result from violent or unaccustomed 
localised friction, and are most common on weight-bearing sur- 
faces; in the wheelchair athlete, this includes the back [5]. Heat 
and humidity favour the development of blisters. Preventative 
measures and the management of friction blisters are discussed 
earlier in this chapter. 


Haemorrhagic effects. Black heel (calcaneal petechiae) [20] is 
described earlier in this chapter. It is particularly common after 
sports where there are sudden stops, such as basketball. A simi- 
lar condition, ‘black palm’, can occur in weightlifters [21] and is 


occasionally seen in golf and tennis players. Petechiae around the 
ankle in a long-distance runner have been described [22]. Annular 
purpura can occur when the skin is struck by a table tennis ball 
(‘ping-pong patch’) [23]. Annular purpura of a different type has 
been described in association with step aerobics, where annular 
purpuric lesions developed on the legs [24]. Subungual haematoma, 
sometimes preceded by redness, oedema and a throbbing pain, is 
common among racket-sport enthusiasts (‘tennis toe’) [25] and 
runners (‘jogger’s toe’) [26]. Splinter haemorrhages have been seen 
in golfers [27]. Tennis toe most often affects the first or second toe, 
whichever is the longer, and the symptoms and signs may mimic a 
fracture. Jogger’s toe tends to involve the third, fourth or fifth toe. 
Hyperpigmentation resulting from small ecchymoses of the skin on 
either side of the upper portion of the gluteal cleft is a distinctive 
finding in long-distance runners, and has been called ‘runner’s 
rump’. It is caused by contact between the buttocks while running 
[28]. Auricular haematoma may affect athletes in close contact, for 
example in wrestling, boxing and judo. This is caused by shearing 
forces separating the perichondrium and cartilage leading to the 
accumulation of blood and serum. 


Abrasions. These are common in many sports but are particularly 
associated with contact with wrestling mats [29,30] and artificial 
turf, which can also produce ‘turf toe’. Abrasions from the use of 
skateboards are also common [31]. 


Acute inflammation. ‘Turf toe’, a painful condition in which there 
is oedema and redness over the dorsal aspect of the great toe with 
acute tendonitis of the flexor and extensor tendons, frequently 
occurs in athletes playing on artificial turf [32,33]. ‘Jogger’s nipples’ 
occurs in women who run without brassieres [34], but also in men 
who wear shirts consisting of coarse fibres. It may be more preva- 
lent when ambient conditions are cool, making the nipples erect, 
and when the skin is moist from sweating, increasing frictional 
resistance. A similar condition can be seen in competitive cyclists, 
but it has been suggested that the injury is thermal rather than the 
result of friction [35]. 


Corns and calluses. Many sporting activities result in calluses and 
corns. Some special examples include ‘pulling boat hands’ [36] in 
which there is an additional effect of cold injury, and ‘rower’s rump’ 
[37]. When calluses or corns are a problem on the feet in runners, it 
is important to consider basic biomechanical principles of the foot, 
which may require specialist orthopaedic intervention. 


Athlete’s nodules. An entity sometimes known as ‘surfer’s nodules’ 
or ‘athlete’s nodules’ can present on the anterior tibial prominence 
[38], dorsa of the feet or knuckles [39]. These asymptomatic nodules 
show dermal fibrosis as well as epidermal hyperplasia. Knuckle 
pads can occur at this site but these fail to resolve when the athletic 
activity is discontinued [40]. A similar ovoid, largely dermal nodule 
occurring in the sacro-coccygeal area of Japanese students has been 
attributed to pressure from the bicycle saddle over a distinctive 
abnormally posteriorly projecting sacrum [41,42]. 


Other frictional effects. Acne mechanica is common in many 
participants in sports [43] and may precede acne keloidalis nuchae 


in football players [44]. This may be caused by protective clothing 
such as helmets, masks and pads and lead to a localised acneform 
eruption caused by a combination of pressure, friction, occlusion 
and heat [45]. 

‘Swimmer’s shoulder’ is a transient red plaque caused by friction 
from an unshaven face during freestyle swimming [46]. 

Intertrigo of the groins is a frequent problem in the heavily mus- 
cled athlete. ‘Judo jogger’s itch’ [47] occurred while jogging follow- 
ing vigorous judo, but may be a manifestation of a dry skin subjected 
to abnormal physical and climatic trauma. A distinctive eruption of 
symmetrical, red, linear plaques on the palms has been described 
in children, resulting from grabbing the floor and walls of the pool 
while swimming underwater [48]. 

‘Mogul skier’s palm’ consists of hypothenar ecchymoses from 
repetitive planting of ski poles [49]. ‘Hooking thumb’ is unique to 
competitive weightlifters and consists of abrasions, haematomas 
and calluses on the distal third of the thumb [50]. 


Miscellaneous. Striae distensae have been associated with weight- 
lifting [51,52]. The areas of skin most frequently involved are the 
anterior shoulders, lower back and thighs. Painful piezogenic pedal 
papules and muscle herniation have been ascribed to sporting 
activities [53,54]. ‘Bicyclist’s vulva’ is a unilateral lymphoedema 
resulting from repeated chafing and folliculitis; investigations 
showed previously unrecognised abdomino-pelvic lymphatic 
abnormalities [1]. 


REACTIONS TO FOREIGN MATERIALS 
Foreign-body reactions i 


Definition 
This is a host immune response, typically granulomatous, to exoge- 
nous material within the skin. 


Introduction and general description 
The term foreign-body reaction is used for this tissue response but 
may also be used for other patterns of pathological response to extra- 
neous materials that become deposited in the skin or deeper tissues. 
This is usually as a result of direct penetration of the skin by the 
material itself, during surgery or by injection. Epidermis, hair and 
nail can induce a ‘foreign-body’ response if implanted in or beneath 
the dermis. 

Some extraneous materials (e.g. silica, zirconium) incite a charac- 
teristic pattern of granulomatous reaction in which a distinctive type 
of multinucleate giant cell, the foreign-body giant cell, is prominent. 


Pathophysiology 

The biological response to a foreign body will depend on its compo- 
sition, how it enters the body, the body site, the quantity of material 
and its physical form. In some instances (e.g. mercury and some ani- 
mal and vegetable matter), a toxic or allergic reaction can occur as 
well as a later foreign-body reaction. Some reactions are complicated 
by infection, especially traumatic inoculation of wooden splinters 
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and vegetation spines, which can introduce sporotrichosis and deep 
mycotic organisms as well as more common pyogenic infections. 
Infection may also localise to sites of inert foreign bodies during bac- 
teraemia [1]. When material has penetrated the skin there is usually 
a phase of acute inflammation in response to the injury. This may be 
necrotising if there is significant trauma, toxin release or bacterial 
infection. Persistence of foreign material results in the accumula- 
tion of monocytes, the evolution of these into tissue macrophages, 
epithelioid histiocytes and giant cells (Langhans and foreign-body 
type) and a fibroblastic reaction with laying down of new connective 
tissue around the area of foreign-body deposition. 

Penetration injury can also result in implantation cysts mixed with 
granulomatous response. 

Polarisable foreign bodies can be seen in biopsies of otherwise 
typical sarcoidosis, and if adequate criteria are met for a diagno- 
sis of sarcoidosis, such foreign-body material does not alter the 
diagnosis [2]. 


Pathology 

The classic histopathology of a foreign-body reaction consists of 
foreign-body granulomas, containing multinucleate giant cells, 
with haphazardly arranged nuclei, interspersed with neutrophils 
and necrotic debris (Figure 122.12). The granulomas may contain 
foreign bodies such as suture material, talc, tattoo pigment, hair, etc. 
Polarised light microscopy and special stains should be considered 
when a foreign-body reaction is suspected. 


Clinical features 

Presentation 

The clinical presentation will depend on the mode of entry and 
nature of the foreign body, the tissue response to it and whether 
there is associated infection. In some instances, there may be 
characteristic toxic effects (e.g. absorption of mercury from a bro- 
ken thermometer) [3], pharmacological effects (e.g. resulting from 
alkaloids in blackthorn) [4] or allergic responses (e.g. to oils and 
resins in some woods). 

Retained foreign bodies are commonly associated with bacterial 
infection, which tends to be resistant to antibiotic therapy. Vegetative 
foreign bodies may be associated with fungal infection. Soft-tissue 
infections may manifest as cellulitis, an abscess or a draining sinus. 
A wound that fails to heal or continues to cause pain with movement 
may suggest the presence of a foreign body, as can the persistence of 
a purulent discharge. 

Many types of foreign body elicit a granulomatous response, seen 
clinically as reddish brown or purple papules, nodules or plaques. 
The lesions often become harder over time because of fibrosis. Some 
materials result in discharge even when there is no infection (e.g. 
paraffins and other oils). 

The implanted material may produce pigmentary change (e.g. car- 
bon and metals result in a tattoo-like, black or bluish black colour). 
A metallic foreign body rich in iron can present as a black skin lesion 
and be mistaken for a melanoma [5]. 

Clinical presentation can be modified by epidermal cyst for- 
mation, resulting from pieces of epidermis being carried in by 
a penetrating foreign body. It is important to recognise that even 
small external signs of entry of a foreign body can denote significant 
damage to deeper structures, such as tendons, joints and bones. This 
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Chapter 122: Mechanical Injury to the Skin 


[EU OY 
Omm 1 2 


(a) 


(b) 


sP 43.9 
sL 4. 
FoV 150*1 


Figure 122.12 Foreign-body reaction caused by a deeply embedded thorn. The patient 
presented with a chronic leg ulcer. (a) Thorn that eventually emerged spontaneously. 
(b) Mixed inflammatory and granulomatous reaction from the ulcer bed. (c) Magnetic 
resonance imaging scan showing the sinus tract containing the thorn (in cross-section, 
at tip of arrow). 


is especially true of high-pressure injection (grease, paint, water 
and some firearm injuries). 

A careful history surrounding any suspected penetrating injury 
is essential, taking into account the timing and the type of material 
involved. Patients with a foreign body implanted into the skin 
may have discomfort at the wound site. Lacerations should be 
carefully examined for foreign bodies, using instruments rather 
than the gloved finger if there might be a sharp object in the wound. 
Palpation of a mass may justify extending the wound so as to 
explore it adequately. 

When there is strong suspicion that all or part of a foreign body is 
in or beneath the skin, imaging techniques should be considered. 


Investigations 

Plain radiography 

A plain X-ray will often detect a foreign body, but visualisation 
depends on the object’s density, configuration, size and orientation. 
Metal, bone, teeth, pencil graphite, some plastics, glass and gravel 
are radio-opaque but may not be visible if located over a radio- 
logically dense background such as bone. Some materials that are 
less dense than tissue can be seen as filling defects (e.g. white pine) 
[6], but very often organic foreign bodies are not visible on plain 
radiographs, especially 48 h or more after entry [7]. Plain films, 
using multiple projections, can enhance localisation. 


Ultrasonography 

Ultrasound imaging is often helpful for vegetative foreign bodies 
that are not visible on plain X-ray. However, there are a number 
of pitfalls in interpretation, especially in the hand where tendons 
produce their own echogenic images [8,9]. Wooden splinters can be 
obscured by surrounding granulomatous tissue [10], and old scar 
tissue, small bones, fresh bleeding and sutures can produce false 
positive echo patterns [11]. 


Computed tomography 

Computed tomography (CT) scanning, which can visualise wooden 
material, has the advantage of producing images in multiple planes, 
which can aid localisation and can relate a foreign body accurately 
to nearby structures. However, there is a greater radiation dose than 
plain radiography, so CT is best avoided as a screening procedure. 


Magnetic resonance imaging 

Magnetic resonance imaging (MRI) is comparable to CT for 
materials of similar density to soft tissue (Figure 122.12c) and 
may be superior for the detection of plastics [12], but must not be 
used for metal fragments. Gravel produces a severe artefact. 


Histopathological techniques 

For foreign bodies below the limits of detectability by imaging 
techniques, it may be possible to make a diagnosis on material 
taken at biopsy by microscopic or ultrastructural techniques [13]. 
Some foreign materials have a distinctive microscopic structure, 
for example the regular arrays of plant cells in some vegetative 
material, such as wooden splinters and thorns. The presence of 
particulate material in phagocytic cells can often be seen on routine 
haematoxylin and eosin (H&E) stained sections. The periodic 
acid-Schiff (PAS) stain often shows up splinters, talc, starch and 


fungi. Dark-field illumination can help visualise some metallic 
materials. Polarisation microscopy can demonstrate silica, talc, 
suture material, wood and plant matter [14]. 

In suitably processed material the elements present can be 
ascertained by electron-dispersive X-ray analysis (EDXA) and 
for lower-molecular-weight substances electron energy loss spec- 
troscopy (EELS) may be appropriate [15]. The application of 
different methods is indicated in Table 122.2. 


Management 

First line 

It can be difficult to judge whether or not to remove a foreign body 
[16]. Some indications for the removal of a foreign body are shown 
in Box 122.1. Reactive material, especially if organic in nature (e.g. 
thorns, spines), should be removed so as to prevent infection and 
inflammation. Non-reactivity, small size and inaccessibility may 
weigh in favour of leaving a foreign body. All wounds should be 
clean and tetanus immunisation provided if necessary. 


Box 122.1 Indications for the removal of a foreign 
body 


e Reactivity of the material (e.g. thorns, spines, clothing) 

¢ Heavy bacterial contamination (e.g. teeth, soil) 

¢ Toxicity (e.g. spines with venom, heavy metals) 

¢ Proximity to tendons, vessels, nerves or fractured bone 

e Impairment of mechanical function (e.g. abnormal gait from foreign 
body in foot) 

¢ Intra-articular location 

¢ Potential for migration towards an important anatomical structure 

e Intravascular location 

e Persistent pain 

e Established infection or inflammation 

e Allergic reaction 

¢ Cosmetic or psychological considerations 


Adapted from Lammers and Magill 1992 [16]. 


The best approach to removing a foreign body will depend on the 
size, location and nature of the material, and length of time it has 
been there. A simple method for locating a radio-opaque foreign 
body is to insert two or three needles of different sizes angled at 
90° to each other. Using radiographs in multiple projections, ultra- 
sound or CT, the needle closest to the foreign body is identified, and 
tissue dissected along its path [17]. It may be possible to pull out the 
foreign body intact, or slide out a long pointed object along the axis 
it entered. Material likely to be dealt with by the dermatologist may 
often be excised as a block of tissue. 

After removal, the wound should be irrigated and debrided if 
necessary. If the foreign body was radio-opaque, and there is any 
doubt about completeness of removal, a postoperative film can be 
carried out. 


Paraffinoma 


Some vegetable oils containing triglyceride can be digested by 
lipases, but others, and mineral oils, greases and wax, cannot be 


broken down, and elicit a foreign-body reaction. Most instances 
of paraffinoma nowadays are caused by misguided attempts at 
tissue augmentation, often self-administered. The penis is the most 
common site [1]; other sites include the male breast [2], gluteal 
regions and extremities. Paraffin gauze that was used to pack the 
nasal passages and sinuses has caused chronic inflammatory paraf- 
finoma of the periorbital tissues [3,4]. A study of 11 patients with 
periocular deposition of petrolatum-based material demonstrated a 
range of iatrogenic causes, including ointment being applied to the 
eyelid skin, to the canaliculi and to the ethmoid cavities following 
surgery [5]. 

The pathology of paraffinoma shows rounded, clear spaces of 
varying sizes surrounded by fibrous tissue and a mixed inflamma- 
tory reaction, including foamy macrophages and multinucleated 
giant cells — the ‘Swiss cheese’ appearance. A study of paraffinomas 
of the female breast reported MRI appearances that can reliably 
distinguish a mass caused by paraffin injection from a breast 
cancer [6]. 

Treatment is by excision and may require a local or distant flap 
reconstruction. 


Sclerodermiform reaction to vitamin K and vitamin B, 
injections 
The intramuscular injection of preparations of vitamin K has been 
followed by a red plaque in the lumbo-sacral area, which takes 
on a dusky colour and becomes infiltrated and itchy after 10-15 
days. After some months, it resembles a patch of scleroderma, 
ivory white in colour with a surrounding lilac ring. Confluence 
of plaques in the trochanteric and lumbo-sacral area produces 
the so-called ‘cowboy’s belt’ appearance, complete with holsters. 
The distribution of these changes reflects the sites of vitamin K 
injections. A case has been reported of similar changes occurring on 
the upper arms, where intramuscular injections of vitamin K had 
been administered [1]. Histopathology demonstrated dermal and 
pannicular sclerosis [1]. A case resembling eosinophilic fasciitis has 
also been described [2]. All the nine cases studied by Texier [3] had 
received other vitamins, liver extract or iron injections and no case 
resulted from vitamin K alone, but this ingredient was a common 
factor. There is a tendency for sclerotic reactions to resolve slowly 
following withdrawal of vitamin K injections [1,4]. Intradermal 
testing with vitamin K produced redness and induration at 2 days 
in one reported case [4]. 

Localised sclerodermoid skin reactions have also been reported 
occurring at the site of intramuscular injections of vitamin B,, [5,6]. 


Pentazocine ulcers 


A distinctive woody induration with overlying ulceration is 
characteristic of repeated intramuscular or subcutaneous use of 
the analgesic pentazocine (Figure 122.13) [1]. Such reactions are 
usually found in narcotic abusers. Longstanding changes occurring 
around major joints can lead to myofibrosis with contractures [2]. 


Reactions to intralesional corticosteroids 


Occasionally, deposits of injected insoluble corticosteroids have 
been associated with a granulomatous response [1,2] and in 
one instance a reaction resembling rheumatoid nodule was 
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Table 122.2 Foreign bodies: their sources and investigation techniques. 


Chapter 122: Mechanical Injury to the Skin 


Source Material Pathological features Reference 
Traumatic Metals H, EDXA as appropriate (e.g. mercury) 
Glass P, EDXA (silicone) 
Graphite, e.g. carbon fibre P, characteristic heat resistance up to 600°C Young et a/. 1995 [18] 
Thorns, wood splinters Mehregan and Faghri 1974 [19] 
Other vegetation P, H&E; rectangular cell walls Hirsh and Johnson 1984 [20] 
Cactus spines PAS; may be concurrent bacterial and/or Winer and Zeilenga 1955 [21] 
fungal infection Snyder and Schwartz 1983 [22] 
Lindsey and Lindsey 1988 [23] 
lwatsu and Miyaji 1984 [24] 
Connor and Gibson 1985 [25] 
Sea-urchin spines Kinmont 1965 [26] 
Arthropod mouth parts Allen 1948 [27] 
Grease gun injury H&E; extensive necrosis and thrombosis Schon et a/. 1980 [28] 
Blast injury EDXA (silicone) Mesquita-Guimaraes et a/. 1987 [29] 
Hanke et a/. 1987 [30] 
Amalgam tattoo EDXA (usually mercury, aluminium, tin) Hatch et a/. 1984 [31] 
Hartman et a/. 1986 [32] 
Synthetics: 
Plastics Cortez Pimentel 1977 [33] 
Fibres PH, FTIRM Centeno et a/. 1992 [34] 
Epidermis Stein 1985 [35] 
Hair P, H&E appearance Hogan 1988 [36] 
Nail Brown et al. 1993 [37] 
Occupational Beryllium EELS Jones Williams 1988 [38] 
Silica P, EDXA (silicone) Mowry et a/. 1991 [39] 
Hair P, H&E appearance Hogan 1988 [36] 
Fibreglass P See Fibreglass dermatitis in this chapter 
Cosmetic Tattoos H&E appearance, EDXA (appropriate See Complications of tattoos in this chapter 
elements) 
Silicone Travis et al. 1985 [40 
Collagen IRS or EDXA (silicone), H&E; vacuoles Swanson et a/. 1983 [41] 
Immunoperoxidase using antibovine type | Kligman 1988 [42] 
collagen antibody Morgan 1995 [43] 
Paraffins Oertel and Johnson 1977 [44] 
Vegetable oils H&E; ‘Swiss cheese’ cavities Alagaratnam and Ong 1983 [45] 
FDMS Nakamura et a/. 1985 [46] 
Zirconium EDXA (zirconium) Hirsh and Johnson 1984 [47] 
Surgically Suture materials P H&E Postlethwaite et a/. 1975 [48] 
implanted Talc P, EDXA Terzakis et a/. 1978 [49] 
Starch ?P, PAS crystals with Maltese cross Leonard 1973 [50] 


Injected drugs 


Self-inflicted 


Absorbable gelatine 
Insulin 
Vaccines 


Calcium salts 
Intralesional corticosteroid 


Polyvinylpyrrolidone 


Vitamin K 


Narcotic and analgesic abuse, e.g. pentazocine 


(Figure 122.12), meperidine 
Talc in fillers used by intravenous drug abusers 


Dermatitis artefacta using injections of faeces, milk, etc. 


appearance on polaroscopy 
H&E appearance of acellular sponge material 


EDXA (zinc) 
EDXA (aluminium) 
H, EDXA (calcium) 


H&E; granular, amorphous, acellular material 


H&E (P if talc from tablets is used); 
thrombosis and fibrosis 

EDXA 

H&E; necrosis, abscesses 


Jaworsky 1991 [51] 

Jordaan and Sandler 1989 [52] 
Slater et a/. 1982 [53] 
Garcia-Patos et a/. 1995 [54] 
Morgan 1995 [55] 


Goldman 1962 [56] 
Weedon et a/. 1982 [57] 
Bhawan 1983 [58] 
Morgan 1995 [55] 
Kossard et a/. 1980 [59] 
Morgan et a/. 1989 [60] 
Texier 1975 [61] 

Padilla et al. 1979 [62] 
Posner and Guill 1985 [63] 
Hirsch 1972 [64] 
Sullivan 1949 [65] 


EDXA, electron-dispersive X-ray analysis; EELS, electron energy loss spectroscopy; FDMS, field desorption mass spectroscopy; FTIRM, Fourier transform infrared microscopy; H, 
histochemical reaction available; H&E, haematoxylin and eosin; IRS, infrared spectrophotometry; P, birefringence by polarisation microscopy; PAS, periodic acid-Schiff stain. 


Figure 122.13 Pentazocine ulcers. 


described [2]. Another case of a bodybuilder using anabolic 
steroids has been described, with granulomatous inflammation 
and ossification [3]. 


Reactions to silicone 


Silicone (polydimethy] siloxane) is used medically in three forms: 
liquid for soft-tissue augmentation, bag-gel implants for augmenta- 
tion mammoplasty and as a solid elastomer in joint prostheses. In 
tissues, it has a tendency to migrate both locally and via the lym- 
phatics. Many of the reported adverse effects are likely to have been 
a result of adulterants, although even medical-grade silicone can 
produce a granulomatous reaction [1,2]. 

When silicone bag-gel material ruptures, it can migrate along 
fascial planes and gravitate into the skin, producing indurated 
inflammatory subcutaneous masses [3]. 

Following liquid or gel silicone injections, the histological appear- 
ance is of varying sized vacuoles similar to paraffinoma, but with 
less fibrosis and usually an absence of granulomatous response 
if medical-grade silicone is used [4]. Sometimes, however, gran- 
ulomatous reactions do occur [5], including cases of multiple 
silicone-containing granulomas at the site of entry of acupuncture 
needles coated in silicone oil [6,7]. A case has been reported of 
widespread granulomatous papules developing many years after 
liquid silicone injection into the face [8]. In the facial lesions, sil- 
icone was demonstrated by EDXA, while extrafacial lesions did 
not contain foreign material but were histologically consistent with 
sarcoidosis [8]. It was suggested that the granulomatous response 
to silicone in this case occurred as a manifestation of sarcoidosis [9]. 

If adulterants are present, a more inflammatory reaction is 
described. Particles of rubbery silicone elastomer can elicit a 
vigorous foreign-body granulomatous response. 

The Si-C chemical bond, characteristic of silicone and not found 
in nature, can be detected by infrared spectroscopy, and silicone can 
be demonstrated by EDXA. 

Silicone reactions can be treated by surgery, where amenable. 
Ameloriation of the inflammatory response by treatment with 
minocycline has been reported [10]; however, a variety of top- 
ical and system agents have been thought to be useful in case 
reports [11]. 
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Fibreglass dermatitis 


Reactions to glass fibre are usually caused by physical injury, 
although allergic contact dermatitis resulting from residual epoxy 
resin on the fibres has been described [1]. The fibres that cause 
reactions are generally greater than 4 jm in diameter [2]. Pruritus is 
very common and may occur with or without skin lesions, which, 
if present, usually consist of transient red papules that are often 
follicular. The forearms, hands, face, neck and flexural folds are 
common sites. Covered sites can be affected because the fibres can 
penetrate clothing. Fair-skinned, blue-eyed individuals seem to be 
more susceptible [3]. The fibres only penetrate the more superficial 
epidermis, yet the histopathological changes include subcorneal 
pustules, spongiosis and a mixed upper dermal infiltrate [4]. The 
mechanisms underlying these changes remain speculative. Glass 
fibres are often difficult to see in biopsy specimens but can be 
recovered by Scotch tape stripping and this may be of use in 
diagnosis [5]. 

With prolonged exposure, a form of hardening can occur, with 
the pruritus but not the visible signs of dermatitis reducing in 
intensity [3]. 


Complications of tattoos 


The term tattoo, derived from the Tahitian tatau [1], is used for 
both the deliberate introduction of permanent colours into the skin 
through punctures, and for accidental entry of pigmented material 
[2]. The latter is common after abrasion injuries, for instance in 
cyclists and coal miners. Cases have been described of tattooing 
from close exposure to black gunpowder, as used in replica firearms 
[3]. Accidental tattooing from Monsel solution or ferric chloride 
[4,5] provides rare iatrogenic causes. Tattooing can occur from 
contact with jewellery (e.g. earrings) [6]. The placement of tattoos 
for cosmetic reasons has increased in recent years; a US survey from 
2004 showed that 24% of adults aged 18-50 years had at least one 
tattoo [7]. 

For body art, the most common method of tattooing uses an 
electric tattoo machine, in which a group of oscillating needles 
injects ink into the skin 80-150 times a second. Since tattoo instru- 
ments come in contact with blood, infectious diseases may be 
transmitted if appropriate precautions are ignored. A properly 
equipped tattoo studio will have a sharps container for used 
needles, biohazard containers and an autoclave for sterilising 
equipment. In certain states in the USA, tattoo artists are required 
to pass a test of health and safety understanding to gain a licence. 
The potential infection risk has led to the prohibition of blood 
donation for 12 months after receiving a tattoo in the USA (unless 
the procedure was done in a state-regulated and licensed studio) 
and for 6 months in the UK. 

Modern tattooing inks are carbon-based pigments and have uses 
outside tattoo applications. Many of the brighter tattoo pigments 
available are derived from the plastic acrylonitrile butadiene styrene 
(ABS). ABS is ground down to particles less than 1 pm in diameter 
and these are introduced into tattoo inks to produce vivid colours 
that are less likely to fade. The traditional pigments are carmine, 
indigo, vermilion, India ink, chrome green, cobalt blue, cinnabar 
(red) and cadmium sulphide (yellow). Ferrous oxide is used to 
pigment the eyebrow area [8]. A study using energy-dispersive 
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spectrometry analysed the constituents of 30 tattoo inks and found 
that the most commonly identified elements were aluminium, 
oxygen, titanium and carbon [9]. Histologically, tattoo pigments 
are refractile and found in macrophages and fibroblasts clustered 
around vessels in the upper and mid dermis [10]. Deposits of 
pigment can also be visualised between collagen bundles [10]. 

Immediately after tattooing there is a local traumatic response 
with the formation of a scab. Although pyogenic infection as 
a postprocedure complication is generally uncommon, one US 
study identified unlicensed tattooists as the source of six unlinked 
clusters of community-acquired meticillin-resistant Staphylococcus 
aureus (MRSA) skin infection [11]. The tattooists were found to 
be using non-sterile equipment and poor infection control proce- 
dures [11]. Hepatitis infection has also been attributed to tattooing 
[12], however a US study was unable to identify an increased risk 
for hepatitis B or C virus infection in low-risk adults who had 
received a tattoo [13]. In a study of 345 Brazilian subjects, a positive 
association between tattooing and hepatitis C infection was demon- 
strated but no relationship with respect to hepatitis B, human 
immunodeficiency virus (HIV) or syphilis [14]. Transmission of 
molluscum contagiosum [15] and of viral warts [16] by tattoos has 
been reported. 

Aside from infectious complications, other adverse effects of 
tattoos include the induction of skin diseases via the Koebner 
phenomenon, such as lichen planus, psoriasis, Darier disease and 
discoid lupus erythematosus. Sarcoidal granulomatous inflamma- 
tion can also develop in tattoos (Figure 122.14) and may occur in 
conjunction with systemic sarcoidosis [17,18,19,20]. Hypersensitiv- 
ity reactions to the tattoo inks are most commonly seen with the red 
pigment cinnabar (mercuric sulphide) [21,22], but also with inks 
containing cobalt, chrome, manganese [23] and aluminium (purple) 
[24]. Histologically, there is a diffuse lymphohistiocytic infiltrate in 
the dermis with an admixture of plasma cells and eosinophils [9]. 
Other histological patterns reported include lichenoid reactions 


Figure 122.14 Cutaneous sarcoid-like reactions secondary to tattoo ink. Examination 
shows linear raised papules confined to the tattoo ink on the patient's torso (arrows). 
Reproduced from Mathis and Johnson 2023 [34]. 


[25,26] and a pseudolymphomatous infiltrate [27,28]. B-cell 
lymphoma has been recorded as evolving from a tattoo-induced 
pseudolymphoma [29]. Abnormal photosensitivity in tattoos has 
been observed and is considered to be triggered by photoreac- 
tion to pigments containing cadmium yellow [30,31]. Perforating 
granuloma annulare can also complicate tattooing [32]. 

Traumatic tattooing (e.g. from an explosion) is amenable to laser 
treatment (e.g. with erbium:yttrium-aluminium-garnet (Er:YAG) 
laser) [33]. The treatment of decorative tattoos is discussed in 
Chapter 161. 


Hair as a foreign body a | 


Fragments of hair may penetrate the skin and cause a variety of 
reactions, according to the site and depth of penetration, ranging 
from slight redness to the formation of abscesses and sinuses. 
Chronic reactions take the form of foreign-body granulomas, which 
may present as subcutaneous nodules or with hypertrophy of the 
overlying epidermis. The clinical syndromes encountered are very 
diverse and their cause is often unsuspected. 


Barbers’ hair sinus. Interdigital sinuses are common in men’s 
barbers, presumably because of the short, sharp hair fragments 
generated from cutting men’s hair [1,2]. They also occur in female 
hairdressers [3] and those who cut animal hair [1]. The sinuses 
usually affect the first or third left or second right finger web. The 
lesions are tender nodules within the affected finger web containing 
a central sinus that may intermittently discharge. Barbers’ hair 
sinuses are relatively inconspicuous and may be disregarded by the 
patient. Hair can also cause inflammation when implanted into the 
finger pulp [4] and beneath the fingernails [5], probably when there 
is an abnormality of the nail or a pre-existing dermatosis [6]. 


Hair sinuses of the feet. Hair fragments may penetrate the skin 
of the feet. Long, curved hairs embedded in the toes or ankles 
have been recorded in ladies’ hairdressers [7]. Deeper penetration 
may provoke tender nodules or abscesses. A distinctive syndrome, 
seldom recognised, may follow the penetration by a hair of the 
toe cleft skin, usually the fourth. The patient complains of pain 
and tenderness, which is usually attributed to other causes. There 
is oedema of the dorsum of the foot above the involved cleft. A 
pinhole sinus is found beneath the accumulated interdigital debris. 
Surgical excision may be necessary. The hair-thread tourniquet 
syndrome may also involve the feet. 


Creeping hair. Loose, individual hairs can penetrate the skin and 
migrate superficially, producing a wave-like linear redness with the 
hair at the leading end. This eruption has been called ‘creeping hair’ 
and clinically resembles cutaneous larva migrans. Two reported 
cases have involved pubic hairs penetrating the lower abdominal or 
pubic skin and migrating along the Langer lines to the iliac region 
[8,9]. The hair can be easily removed by extracting it through a 
shallow incision. 


Milkers’ sinuses. Milkers’ sinuses are now uncommon but are 
more disabling. Fragments of cow hair may penetrate deeply, 


Figure 122.15 Pilonidal sinus. 


involving even the tendon sheaths. Secondary infection often 
follows, sometimes by dermatophytes [10]. Most lesions involve 
the second or third web of the right hand, forming tender nodules 
and discharging sinuses [11]. Recurrent episodes of cellulitis follow. 
Spontaneous cure may eventually take place, but may be so long 
delayed that surgical intervention is advisable. 


Ano-genital pilonidal sinus. Ano-genital pilonidal sinus is dis- 
cussed more fully in Chapter 111. Some cases are of developmental 
origin but many follow the penetration of the skin by hair(s) by the 
root end, through the action of the cuticular cells. The sinus itself 
does not have hair follicles. The penetrating hair(s) may cause a 
foreign-body giant cell reaction, sometimes with secondary bacte- 
rial infection, which can cause a sudden onset of pilonidal abscess. 
In addition to the primary track resulting from the initiating hair(s), 
there may be secondary tracks opening from the cavity. Presentation 
is usually as a midline opening or series of openings in the natal 
cleft about 5 cm from the anus. Pilonidal disease usually starts at 
the onset of puberty. Males are affected much more commonly than 
females. The peak age of onset is 15-24 years and it is rare over the 
age of 45 [12]. It occurs more commonly in individuals with stiff 
dark or auburn haizr. 

Half of affected patients present as emergencies with an acute 
pilonidal abscess; the remainder have chronic, fluctuating discom- 
fort associated with a foul-smelling discharge from one or more 
sinus openings [12]. Examination reveals the characteristic opening 
in the natal cleft (Figure 122.15) through which a tuft of hair is often 
seen emerging. 

There is no uniform approach to management. A small sinus can 
sometimes be treated by removal of the hairs and regular shaving of 
the surrounding skin. A phenol injection technique has been used, 
either alone, with curettage or combined with excision [12]. Most 
patients are treated either by excision and primary closure [13], or 
by laying open and healing by secondary intention or repair with 
skin flaps [14]. Primary closure or flap repair produces more rapid 
healing and shorter time off work [14,15]; wound breakdown after 
suturing may be lessened by prophylactic use of clindamycin [16]. 
Modifications of direct closure can be used to flatten the natal cleft 


and thereby reduce the risk of recurrence [17], but there may be 
greater morbidity if such techniques fail [12]. 

A pilonidal abscess is probably best treated by incision, drainage, 
curettage of the hair and granulation tissue, and leaving open for 
secondary intention healing. 

Squamous cell carcinoma has been described as a rare compli- 
cation of pilonidal sinus [18,19]. The high rate of metastasis and 
mortality in reported cases indicates that pilonidal sinus-related 
squamous cell carcinoma tends to be aggressive [20,21]. 


Miscellaneous hair-filled sinuses. The penis can occasionally be the 
site for a pilonidal sinus-like lesion [22]. Pain, tenderness and dis- 
charge in the umbilicus have been associated with the presence of 
hair, perhaps in association with a hirsute abdomen and poor umbil- 
ical hygiene [23]. A hair sinus originating on the chin has resulted 
in the loss of a tooth resulting from penetration of the sinus through 
into the incisor tooth socket [24]. Trauma was reported to account 
for a hair sinus over the mandible [25]. 


Hair-thread tourniquet syndrome. A foreign-body reaction to hair 
and hair-like fibres has been described following the encirclement 
of the fingers, toes and penis, usually as an accidental event [26] 
but also as an instance of child abuse. The affected area presents 
as a dusky swelling, sometimes with focal discharge, and the hair 
may be completely buried and only evident after surgery [27]. 
Removal of the constricting fibre is usually sufficient to solve the 
problem [26,28]. 


Pseudofolliculitis barbae. This foreign-body reaction to the 
ingrowth of obliquely cut, often tightly curled hair causes an 
eruption of red papules in the beard area [29,30]. It is especially 
common in dark-skinned people. Stretching of the skin and shaving 
against the ‘lie’ of the hair increase the tendency. The pubic hair 
has also been involved. A similar condition has been described 
in Iraqi women who pluck the hairs of their legs, leaving some 
broken stumps that curl back into the follicle [31]. Pseudofolliculitis 
vibrissae [32] represents a variant caused by the close cutting of 
nasal hairs that may be confused with perforating folliculitis of 
the nose. 

Preventative measures include discontinuing shaving and the use 
of a clipper to maintain a beard hair length of 1 mm. 

Treatment is generally unsatisfactory; reported symptomatic 
remedies include topical retinoids, «-hydroxyacids and antibiotics. 
Depilation techniques modify the physical trigger in pseudo- 
folliculitis barbae, and laser hair removal may offer the best 
approach thus far [33,34]. A variety of lasers and light devices are 
suitable: alexandrite and Nd:YAG lasers, in addition to intense 
pulsed light. 


Complications of artificial hair implantation. Although the use 
of synthetic fibres implanted in the scalp has been known for 
many years to produce severe foreign-body reactions [35-37], 
baldness sufferers continue to undergo implantation proce- 
dures with synthetic materials. Although some fibres, such as 
polyester, have been promoted as less liable to produce reactions 
[38], chronic purulent foreign-body reactions remain a typical 
consequence [39,40]. 


Reactions to foreign materials = 122.23 
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OTHER SKIN INJURIES Cl 
Hand-arm vibration syndrome q 


Definition and nomenclature 

Vibration is defined as a repetitive movement about a point of 
equilibrium. Transmission of vibration energy to the skin has been 
associated with a number of chronic biological consequences, the 
best defined of which is the hand-arm vibration syndrome. 


ynonyms and inclusions 
vil oration white finger 
Vibration syndrome 


Introduction and general description 

The term ‘vibration white finger’ has long been used for Raynaud 
phenomenon resulting from the use of hand-held vibratory tools. 
Recognition that there are also neurological and musculoskeletal 
consequences of vibration exposure in the affected limb has led 
to the now preferred term hand-arm vibration syndrome (HAVS) 
[1,2-4]. Vibration-related changes can also occur in the feet [5]. 

The most common tools causing HAVS are percussive metal- 
working machines, such as riveting and fettling tools, drills, impact 
wrenches, jack hammers, road-breaking tools and chainsaws. In 
many other occupations there is some risk, albeit less well studied 
[6]. The condition has even been described in a teenager making 
prolonged use of a hand-held vibrating computer game [7]. 

It is also recognised that vibration can induce localised hyper- 
hidrosis, callus formation, vibratory angioedema and a condition 
characterised by pain, swelling and erythrocyanosis [8]. Vibration 
may be a contributory factor to the hypothenar hammer syndrome. 
Potentially beneficial effects have been ascribed to short-term expo- 
sure to vibration, such as the elevation of skin temperature and 
increased lymphatic clearance [9]. The monographs by Griffin [10] 
and Pelmear et al. [11] deal comprehensively with the study of 
vibration and its medical consequences. 


Epidemiology 

Incidence and prevalence 

In the UK approximately 500 000 workers are exposed to vibration 
and of these about 20 000 suffer moderate to severe HAVS [3]. In 
high-risk occupations, the incidence and prevalence can be 90% or 
more [12,13]. 

The time of exposure to vibrations may be as little as 1 month 
to more than 30 years, but increased exposure is associated with 
an increased risk. A longitudinal study of Swedish car mechanics 
showed a prevalence of HAVS rising from 15% to 25% after 20 years’ 
exposure [12]. 


Pathophysiology 

Predisposing factors 

There are numerous variables that determine whether or not the 
condition occurs [14]. Some relate to the equipment, some to the 
environment and others to the individual [15]. Thus, low ambient 


temperature, firm gripping of the equipment and smoking are risk 
factors [16,17]. 


Pathology 

Almost any vibratory source within the range 4000-5000 Hz can 
produce HAVS if sufficiently intense. Under experimental condi- 
tions a vibration frequency of 125 Hz has been shown to induce 
greater changes in finger circulation than lower or higher frequen- 
cies [18]. A study of vibration transmission at various frequencies 
has shown that, at low frequencies (<25 Hz), energy absorption into 
the palms is greater than into the fingers, but is similar at higher 
frequencies (>100 Hz) [19]. The same study demonstrated that 
vibration energy absorption by fingers is independent of the type 
of hand-handle coupling [19]. There is some evidence to suggest 
that exposure to intermittent vibration has a less severe effect than 
continuous vibration [20]. Existing vascular disease and vasocon- 
strictive medications may be risk factors in some cases [21]. HAVS 
was thought not to occur in hot climates; a study of quarry workers 
in Vietnam found no evidence of vibration white finger among 
rock drill operators [22]. However, it is recognised that there are 
differences in presentation in tropical climates, with white finger 
being less of a feature compared with neurological changes [23]. 

The initial events are not well understood [24]. The following 
documented changes are likely to be important: (i) damage to 
mechanoreceptor nerve endings and non-medullated fibres [25]; 
(ii) a more generalised loss of neuronal activity than occurs in 
primary Raynaud phenomenon [26]; and (iii) selective damage 
to a,-adrenergic receptors in vessels causing an excessive vaso- 
constrictor response from the predominant «,-receptors [16,27,28]. 
There is also a reduction of cutaneous nerve fibres that express 
calcitonin gene-related peptide, a powerful vasodilator [29]. An 
ultrastructural study of forearm skin biopsies demonstrated a sig- 
nificant reduction in epidermal nerve density in workers exposed 
to hand-transmitted vibration compared with controls [30]. Nerve 
conduction velocity along the distal part of the radial nerve is 
reduced in patients with HAVS when compared with normal con- 
trols, again identifying a putative neurogenic pathophysiology 
[31]. Other structural neural changes noted include loss of myelin, 
increased numbers of Schwann cells and fibrosis [32]. 

Vascular lumina are reduced, probably by both internal thickening 
and smooth muscle hypertrophy [25,33,34,35]. There is an increase 
in fibrous tissue within and around blood vessels [36] and arte- 
rial thrombosis can occur [37]. Laser Doppler flowmetry studies 
demonstrated a longer time to maximal reactive hyperaemia after 
a standard provocation in HAVS compared with primary Raynaud 
phenomenon. This finding suggests the involvement of arterial 
occlusive disease in addition to microcirculatory vasospasm [38]. 
An in vivo study demonstrated a decreased vasodilator response 
in the finger skin of patients with HAVS when challenged with 
histamine and endothelin 1 [39]. These findings are in contrast to 
asymptomatic vibration-exposed workers who showed normal 
responses to both mediators, while patients with primary Ray- 
naud disease had a normal histamine-induced flare, but a reduced 
vasodilatation with endothelin 1 [39]. Soluble intercellular adhe- 
sion molecule 1 (ICAM-1) levels are increased, as in scleroderma, 
suggesting that neutrophils may adhere and contribute to the 


microvascular damage [40]. Whole blood viscosity may be elevated 
[41], although the importance of this is uncertain. 

A generalised abnormality in the autonomic nervous system 
[42] may cause orthostatic hypotension [43] and vasoconstriction 
of limbs not directly exposed to vibration [44]. There is an associ- 
ation with hearing loss in HAVS that is not explained purely by 
occupational exposure to noise [45]. Auditory impairment may be 
caused by ischaemia in the inner ear [46], via damage to the central 
nervous system [47], and exacerbated by the effects of vibration on 
the autonomic nervous system [48,49]. 

As well as damage to nerves, there is evidence of damage to 
muscles, especially the intrinsic muscles of the hand [50]. Bone cysts 
have been described in HAVS but may be a coincidental finding 
and not purely a result of vibration injury [51]. 


Clinical features 

Presentation 

There are three possible major components to HAVS: circulatory, 
neural and musculoskeletal [52]. 

After a highly variable latent period, the initial symptom is 
usually tingling and/or numbness in one finger. This often occurs 
directly after using the vibrating tool and also at night. This sensory 
change is followed by episodes of blanching, initially of the tip 
of the finger most exposed to the vibration source, with progres- 
sion towards the base, and then increasing numbers of digits are 
affected. The thumb below the tip is usually spared. The pattern of 
digits affected reflects the subject’s grip on the tool, and extent of 
involvement increases with cumulative vibration exposure. Attacks 
are usually precipitated by cold and sometimes damp conditions, 
most common early in the morning and during rest periods rather 
than during work. However, many patients experience attacks that 
are unprovoked and unpredictable. The attacks may last 15-120 min 
followed by painful reactive hyperaemia. With progression of the 
disease there is reduction in touch sensation, and difficulty doing 
fine manual work. Muscle fatigue and weakness are common, 
probably because of incomplete muscle contraction. 

Late in the disease, attacks of pallor wane but there is persistent 
dusky cyanosis, swelling and stiffness of the digits and focal areas of 
necrosis of the fingertips. When the latent period is short, the symp- 
toms and signs of HAVS tend to be more severe and more rapidly 
progressive. 

The toes can be affected, either directly (e.g. from exposure to a 
vibrating platform) or by reflex sympathetic spasm. 

Other changes attributed to vibration injury include carpal tunnel 
syndrome [53,54], although this may be more a result of mechanical 
and ischaemic factors [55]. 


Differential diagnosis 

This includes primary Raynaud disease, thoracic outlet syndrome, 
syringomyelia, spinal cord compression, connective tissue disease, 
peripheral vascular disease and vasoconstrictive drugs [2,57,58]. 


Classification of severity 

Patients with HAVS should be staged as part of the assessment of 
their disability, for each hand separately. The Stockholm Workshop 
Scales [1,56] are most widely used (Table 122.3). 


Table 122.3 The Stockholm Workshop Scales for assessing vibration injury. 


Stage Grade Description 
Vascular ov No attacks 
component 1V Mild Occasional attacks affecting only the 

tips of one or more fingers 

2V Moderate Occasional attacks affecting the distal 
or middle (rarely also proximal) 
phalanges of one or more fingers 

3V Severe Frequent attacks affecting all the 
phalanges of most fingers 

AV Very severe As in stage 3, with trophic changes in 


the fingertips 
OSN Vibration exposed but no symptoms 
1SN Intermittent numbness with or 
without tingling 


Sensorineural 


2SN Intermittent or persistent numbness, 
reduced sensory perception 
3SN Intermittent or persistent numbness, 


reduced tactile descrimination 
and/or manipulative dexterity 


Clinical variants 

Other vasomotor symptoms. This is a condition in which pain, 
swelling and erythrocyanosis is induced by high-speed electrical 
tools (frequency 166-833 Hz) and was described many years ago 
[8]. This syndrome is not provoked by exposure to cold. 


Vibratory angioedema. Unlike the other dermatological phenom- 
ena induced by vibration, vibratory angioedema tends to occur at 
low frequencies (approximately 10 Hz) [59], such as are produced by 
handling a power lawnmower or by rubbing or towelling the skin. 
The condition may be quite common among mountain bikers [60]. 


Disease course and prognosis 

The early stages of HAVS are reversible, but advanced stages in 
patients aged over 45 years are irreversible and may progress 
despite withdrawal from vibration [9,61]. One observational study 
demonstrated that 43% of patients with stage 2 HAVS at first 
examination and 70% of patients with stage 3 still suffered from 
finger blanching attacks 15 years after presentation [62]. However, 
if measures are taken early in the course of disease, improvement is 
possible [63]. 


Investigations 

The diagnosis of HAVS is based on a history of vibration exposure 
before the onset of symptoms. A variety of tests have been used in 
the diagnosis and assessment of vascular, neurological and mus- 
culoskeletal abnormalities [58,64]. For the purposes of assessing 
a claim for industrial injury compensation, certain tests may be 
regarded as the most reliable [65]. Thus, in the UK, the following are 
recommended: (i) finger systolic blood pressure following cooling 
to assess vascular abnormalities; (ii) either vibrometry or aesthe- 
siometry for neurological dysfunction; and (iii) grip strength [66,67]. 
These tests are likely to be available only in centres specialising in 
the evaluation of HAVS. In general, a reduced finger systolic blood 
pressure following cooling is indicative of HAVS, whereas zero 
finger systolic blood pressure suggests Raynaud phenomenon [68]. 
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Laser Doppler flowmetry can be used to assess skin blood flow 
after cold provocation and can discriminate between patients with 
HAVS who demonstrate significantly lower perfusion compared 
with controls [69]. 

Even with a battery of tests it may be difficult to determine which 
patients will benefit from carpal tunnel release [70]. 


Management 
Because the more advanced stages of HAVS are irreversible, 
preventative measures and surveillance of at-risk workers are 
widely regarded as essential. Various steps can be taken to reduce 
exposure, for example automation [71], shorter shifts, antivibra- 
tion gloves and pads on the tools. Much effort has been made to 
redesign equipment so as to reduce vibration [72,73] and the need 
for excessive grip strength. In a large Finnish study of forestry 
workers, HAVS decreased from 13% to 4% over a 19-year period 
during which time antivibration chainsaws were introduced [74]. 
Workers should be informed of the hazards of their occupation, 
and should wear warm antivibratory gloves, avoid smoking and 
undergo regular medical surveillance. It is best for those at risk to 
avoid medications that can cause vasoconstriction (e.g. B-blockers). 
Current industry standards in the USA and Europe are reviewed 
in [75]. 


First line 

It is important to maintain central body temperature and to avoid 
allowing the hands to become cold. Mittens are preferable to gloves. 
Smoking should be strongly discouraged. If possible, further vibra- 
tion exposure should be avoided, if this is not feasible, frequent work 
breaks should be allowed. 


Second line 

Calcium-channel antagonists such as nifedipine can help the 
vascular symptoms. Other drugs that may be useful include 
a-adrenoreceptor antagonists such as thymoxamine and some 
prostanoids. A case report has indicated a positive response to ilo- 
prost infusions in a patient with severe HAVS [76]. Other remedies 
used in the Raynaud syndrome are given in Chapter 123. Sympa- 
thectomy is not generally effective. 


Resources 


UK Health and Safety Executive, hand-arm vibration at work: http://www.hse.gov 
.uk/vibration/HAV/ (last accessed September 2023). 


Piezogenic pedal papules a | 


Definition 

These are soft, skin-coloured papules and nodules that appear on 
the side of the heel, usually the medial aspect, when the subject is 
standing, and disappear when weight is taken off the foot (derived 
from ‘piesis’ meaning pressure) [1]. 


Introduction and general description 
Observation of healthy subjects has shown that such papules are 
common, although painless and indeed often unnoticed [2,3,4,5,6]. 


Figure 122.16 Piezogenic pedal papules. 


The frequency of the condition makes it difficult to assess the 
assertion that piezogenic pedal papules can be familial [7] and 
also that there is an increased frequency in some diseases such as 
Ehlers—Danlos syndrome [8]. In a population study, there was no 
association with hypermobile joints [5]. It has also been described 
in several patients with Prader-Willi syndrome [9]. 


Pathophysiology 

Painless papules consist of normal fat tissue [3], but when pain 
occurs it has been attributed to herniation of the fat into the dermis 
with a resultant reduction in dermal thickness [10,13]. Postulated 
reasons for this pain include a defect in septation of the adipose 
tissue [13] and ischaemia resulting from the extrusion of fat within 
its vascular supply and associated nerves [14]. 


Clinical features 

Presentation 

Piezogenic pedal papules are transient, soft, skin-coloured papules 
or nodules that appear on standing and disappear on lying. They 
most typically occur on the medial side of the heel (Figure 122.16). 
Pain on standing is the usual reason for presentation, although some 
patients do express curiosity about the papules even when they are 
symptomless. 

Similar papules have also been noticed on the lateral edge of 
the hand [10] and wrist [11], and piezogenic palmar papules have 
recently been described as a physical sign of suprafascial palmar 
lipoma [12]. 


Investigations 
Clinical assessment is usually sufficient. Ultrasound can demon- 
strate fat globules protruding into the dermis. 


Management 

First line 

When piezogenic pedal papules of the feet are painful, improvement 
of the symptoms can sometimes be achieved by avoidance of pro- 
longed standing and, when relevant, loss of weight. 


Second line 

Compression hosiery [15], electroacupuncture [16] and injections 
of equal parts of betamethasone with bupivacaine [17] have been 
reported to relieve symptoms. Supportive rubber footpads and heel 
cups can also be helpful. 


Third line 
If conservative measures fail, small excisions of the papules can be 
curative [18]. 
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Definition and nomenclature 


A pressure ulcer may be defined as localised damage to the skin 
and/or underlying tissue as a result of pressure or pressure in 
combination with shear. Pressure injuries /ulcers usually occur over 
a bony prominence but may also be related to a medical device 
or other object [1]. A pressure ulcer can involve damage to the 
epidermis, dermis and subcutaneous tissues, including fat, muscle 
and tendon. 


ms and inclusions 
er (UK/English-speaking community Europe) 
injury (US/Canada/Australia/Asia) 


Previous terms that are still used include ‘decubitus ulcers’ 
and ‘bed sores’ (both terms that refer to lying in bed, which is 
just one potential mechanism for tissue damage) and ‘ischaemic 
ulcers’ (a term which implies an overly limited aetiological path- 
way) [1,2]. In the latest ICD-11 the term ‘pressure ulceration’ is 
used [3]. 


Introduction and general description 


Pressure ulcers present a significant health concern for patients, 
their families and health care systems. They are associated with 
increased morbidity and mortality [4], pain and discomfort. There is 
also a negative impact on quality of life, including increased anxiety 
and depression [5,6], and decreased autonomy [6] and social func- 
tion [7]. Economic evaluations show high financial costs associated 
with increased hospitalisation and care cost [8,9], approaching 
$11.6 billion annually in the USA [9] and up to 4% of NHS budget 
in the UK [10]. 


Pressure ulcers occur most often in individuals with multiple 
risk factors, including age over 65 years, spinal cord injuries, other 
mobility-related deficits (e.g. fractured hip and extended surgical 
procedure), chronic neurological conditions, diabetes mellitus, and 
requiring critical or trauma care [1]. 

Pressure ulcers primarily occur on bony prominences. Based 
on data from almost 80 European clinical studies, pressure 
ulcers are shown to occur most often at the sacrum and heels 
(Figure 123.1) [11]. 

As pressure ulcers are largely preventable, identifying patients 
who exhibit risk factors and developing a prevention plan that 
addresses these risks are essential [12]. Strategies including an 
appropriate support surface, a skin care regimen and regular repo- 
sitioning of the patient are key preventative measures [1] alongside 
regular skin assessment to ensure early identification of localised 
skin and/or tissue damage. 

Once a pressure ulcer is suspected, differential diagnosis fol- 
lowed by an assessment of the extent of skin and/or tissue damage 
using a pressure ulcer classification system should be undertaken, 
followed by appropriate management by a multidisciplinary team. 


Epidemiology 


Estimates of prevalence and incidence of pressure ulcers vary 
widely depending on the clinical setting, population and method- 
ology used to measure and report pressure ulcer proportion and 
rates. While prevalence provides an overview of the burden of 
pressure ulcers, incidence rates provide an indication of new 
events over time. So called facility-acquired pressure ulcers are 
also reported, indicating pressure ulcerations that occur during 
an individual's facility stay [1]. Table 123.1 provides estimates of 
pressure ulcer prevalence and incidence in a range of populations, 
based on pooled meta-analysis when available. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Figure 123.1 Indicative pressure ulcer prevalence by anatomical site. 


Additionally, many pressure ulcers are associated with medical 
devices (e.g. monitors, leads, tubes, splints and braces, catheters, 
etc.), particularly in populations with more vulnerable skin such as 
neonates and children. In intensive care units (ICUs) where medi- 
cal device use is almost ubiquitous, estimates of the prevalence of 
medical device-related pressure injuries is estimated at 6.46% (95% 
confidence interval [CI] 1.97-13.11%), while the incidence of medical 
device-related pressure injuries in ICU is estimated at 3.85% (95%CI 
0-16.71%) [28]. 


Pathophysiology 


Pressure ulcers occur due to prolonged exposure to mechanical load 
increasing internal stresses and strains exceeding the resistance of 
the skin and/or underlying soft tissues, such as subcutaneous 
fat and muscle tissues [29]. Damage is more likely to occur when 
the patient’s damage threshold is reduced due to morphological 
properties of the tissue or bone anatomy, mechanical properties 
of the skin and tissue and/or their circulatory supply, and other 
unknown highly individual intrinsic susceptibility to mechanical 
loading [30-32]. 

Mechanical load refers to forces that are applied to the skin 
and soft tissues due to contact between the skin and a supporting 
surface (for example, a bed or chair). These forces are pressure, 
friction and shear. They may occur either as an external load or as 
a force transferred through bony structures and the soft tissue to 
the supporting surface (i.e. bodyweight). External loads can occur 
as forces that are either perpendicular (normal force) or parallel to 
the skin surface (shear force); in real-world clinical situations both 
normal and shear forces always occur together [33]. Mechanical 
loads are usually highest near to bony prominences or other stiff 
internal anatomical structures (e.g. tendon or joint capsules), where 
pressure ulceration is most likely to start. 

Prolonged deformation of skin and underlying soft tissues 
leads to a number of pathophysiological processes (represented in 
Figure 123.2). Very high strains (e.g. when lying on a hard spine 


Le 
cycle of a Inflammatory pain 
pressure 


injury 


ured aai3daa190 


Figure 123.2 Cycle of cell damage and pain experience in pressure ulcer development. 
Developed by Gefen and Soppi (2020) [37], reproduced with permission from 
Cambridge Media. 


board) may lead to direct tissue deformation damage in very short peri- 
ods of time (e.g. minutes) [29,33,34]. The mechanical deformation 
may directly cause cell membrane failure and/or the disruption of 
the cytoskeleton [34]. 

Irrespective of the primary triggering event, the initial cell dam- 
age and necrotic area cause local inflammation, oedema and further 
changes in the mechanical properties of the affected soft tissues, 
leading to a possible damage cycle [33,35]. Depending on the 
duration and degree of strain, blood and lymph vessels may also 
be occluded, limiting perfusion (ischaemia). This causes metabolic 
changes, including accumulation of waste products and acidosis in 
the affected tissues. If this ischaemic process continues for several 
hours, cell damage and local necrosis may occur [29]. Unload- 
ing of the compressed tissue helps to restore perfusion (reactive 
hyperaemia); however, unloading may also result in increased 
inflammatory responses known as reperfusion injury [29,33,36]. 

Because mechanical loads are highest near bony prominences 
and muscle tissue is most susceptible to ischaemic and direct 
deformation damage, initial necrotic regions usually occur near 
bony prominences under intact skin [30,38,39]. If the initial necrotic 
area is small, there is complete perfusion, no other mechanical 
deformation occurs and there is sufficient healing capacity [35,40], 
this injury can resolve quickly, sometimes unnoticed by clinicians 
[41]. However, if the necrotic region exceeds an absorbable size, 
perfusion is reduced and/or other direct or indirect risk factors 
apply, deep pressure ulcers may develop. This is referred to as the 
‘bottom-up’ or ‘inside-out’ pathway of pressure ulceration [41] and 
may take up to two weeks from initial damage to fully visualise 
the extent of the pressure ulcer [42-44]. Even if only superficial 
clinical signs are visible (ie. a Category I or II pressure ulcer as 


Table 123.1 Prevalence and incidence by population and clinical setting. 
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Incidence/facility-acquired 


Population and setting Prevalence 

Adult care By setting 
Acute care 2.8% (95%CI? 11.8-13.9%) [13] 
Intensive care 0.0-25.9% [14] 
Aged care 3.4-32.4% [15] 


Palliative care 
Mixed settings 


Paediatric care By age 
Neonates 27.0% (95%Cl 22.1-33.1%) [19] 
<1 year old 9.2% (95%Cl 9.4-31.3%) [19] 


1-18 years old 


By setting 

Primary health care 75% [20] 
General acute care .8-4.0% [22] 
Critical care 32.8% [22] 
Rehabilitation 4.40% [27] 
Mixed settings 2.25% [27] 


295%ClI = 95% confidence interval. 
©SD = standard deviation. 


Table 123.2 Pressure ulcer risk factors: mechanisms and level of associated risk [1,46]. 


Risk factor 

Risk factors mechanism? Risk? 
Activity and mobility limitations 

General activity and mobility limitation MBC High 

Time spent immobilised before surgery MBC oderate 

Duration of surgery MBC oderate 
Skin status 

Having a Category/Stage | pressure ulcer ST Highs 

Having pressure ulcer of any category/stage ST Weak? 

Skin maturity in neonates and children ST oderate 
Perfusion, circulation and oxygenation factors 

Diabetes mellitus ST oderate 

Perfusion and circulation deficits ST oderate 

Oxygenation deficits ST Weak 
Impaired nutrition ST oderate 
Moist skin BC; ST Weak 
Increased body temperature ST Weak 
Older age BC; ST Weak 
Sensory perception limitations BC Weak 
Blood markers ST Weak 
General and mental health status BC; ST Weak 


@ MBC, mechanical boundary conditions; ST, individual's susceptibility and tolerance. 

5 Likelihood that risk factor presence will increase pressure ulcer risk based on systematic 
review of prognostic studies. 

© Risk of developing a more serious pressure ulcer. 

9 Risk of developing another pressure ulcer. 


described in Table 123.3), deeper soft tissues are also likely to be 
affected [45]. 


Predisposing factors 

Risk for pressure ulcers is influenced by a range of factors that affect 
either the level of damage associated with exposure to mechanical 
load, or the individual’s susceptibility and ability to tolerate that 
load (Figure 123.3) [46]. 


2.4% (range 9.9-54.7%) [18] 
0.8% (SD* 7%, range 4.6-27.2%) [11] _— 


2.3% (95%CI 2.3-27.9%) [19] 


8.4% (95%CI 7.6-9.3%) [13] 
16.9-23.8% [14] 

1.9% [16] to 59% [17] 
11.3% (range 0-37.5%) [18] 


9.8% (95%Cl 2.9-19.8%) [19] 
11.3% (95%Cl 4.4-20.7%) [19] 


0.57% [21] to 21.4% [22] 
0.25% [23] to 27% [24] 
0.29% [25] to 27.7% [26] 
0.86% [27] 

1.41% [27] 


Risk factors (Table 123.2) that influence the type, magnitude and 
duration of the mechanical load contribute to increased internal 
strain and stress that could lead to a pressure ulcer. This is more 
likely to occur in the presence of risk factors that influence the 
susceptibility and tolerance of the patient to tissue loading [1,46]. 
The factors in Table 123.2 often occur in combination leading to 
more complex pathophysiological processes that increase pressure 
ulcer risk. 


Mechanical boundary-related risk factors. Reduced mobility 
and/or activity are necessary conditions for pressure ulcers [1]. 
When a person moves around regularly, they probably will not 
develop a pressure ulcer (unless associated with medical devices). 
Reduced mobility influences the mechanical boundary conditions 
by increasing exposure to friction and shear and increasing the 
duration of exposure to mechanical load [1,46]. Patients who are 
bed- or chairbound are at specific risk [47,48]; other examples 
include critically unwell, neurological impairment, or undergoing 
anaesthesia. 

Moisture, temperature, humidity and airflow at the skin/surface 
interface are referred to as the microclimate [49]. Changes in 
these conditions, particularly increased hydration of the stratum 
corneum, affect mechanical boundary conditions by influenc- 
ing the frictional properties of skin, the magnitudes of frictional 
forces and the level of frictional sliding movement and shear 
force between the skin and surface. Additionally, skin structural 
changes associated with hydration can influence its protective 
ability and therefore the patient’s tolerance and susceptibility to 
forces. Numerous conditions increase skin hydration and are there- 
fore considered risk factors, including incontinence and increased 
perspiration [1]. 

Sensory deficits, common sequelae of neurological impairment, 
reduce the patient’s ability to detect pain and discomfort from 
pressure, reducing the natural response to reposition and thereby 
increasing duration of exposure to the mechanical load [50]. 
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Chapter 123: Pressure Injury and Pressure Ulcers 


Mechanical boundary conditions 
Magnitude of mechanical load 


Time duration of the mechanical load 
Type of loading (shear, pressure, friction) 


Internal strains 
Stresses 


Risk factors 


Pressure 
ulcer? 


bones 
Individual physiology and repair 


Susceptibility and tolerance of the individual 
Individual mechanical properties of the tissue 
Individual geometry (morphology) of the tissues and 


Individual transport and thermal properties 


Damage threshold 


Figure 123.3 Factors influencing risk of developing a pressure ulcer/injury [46]. Reproduced from [46] with permission from John Wiley & Sons. 


Susceptibility and tolerance-related risk factors. Logistic models 
indicate that a previous pressure ulcer is indicative of increased 
risk of future ulceration or scar tissue breakdown [51]. Patients 
with an existing pressure ulcer have a high propensity to devel- 
oping a deeper or a new pressure ulcer [1,46]. Other cutaneous 
changes including xerosis may also increase pressure ulcer risk. In 
neonates, skin immaturity is considered as an additional risk [52]. 
More recently, skin pain at pressure points has been identified as a 
potential risk factor [53]. 

Perfusion, circulation and oxygenation factors are indicators of 
cardiovascular supply to the skin. Diabetes mellitus is a surrogate 
indicator of underlying cardiovascular dysfunction and can also 
contribute to neurological and sensory impairment [1]. Deficits in 
perfusion, circulation and oxygenation are identified and measured 
via numerous indicators including smoking status, pulse pressure, 
blood pressure, ankle-brachial pulse index, oedema and diagnosed 
vascular or respiratory disease [1,46,54]. For patients receiving 
critical care, use of both vasopressors and mechanical ventilation 
are additional risks [55]. 

Impaired nutritional status, measured as food intake, diagno- 
sis of malnutrition, anthropometric measurements or score on a 
nutrition assessment tool, is associated with a moderate increase 
in pressure ulcer risk [1,46,56]. Other factors commonly recognised 
to increase risk include age, general health and mental status and 
impaired laboratory blood tests (e.g. lymphopenia, albumin levels 
and inflammatory markers) [57], which are de facto measures of 
disease and inflammation [1]. 


Clinical features 


Following a baseline risk assessment, regular assessment of the 
skin is required to identify early signs of a pressure ulcer. Changes 
to the characteristics and appearance of skin and underlying tis- 
sues can provide an early indicator of pressure damage [58]. Pay 
particular attention to skin folds, skin over bony prominences, 
skin around and under medical devices and, in children, the 
occiput [1]. 


Differential diagnosis from other types of skin ulcer or skin condi- 
tions (particularly so-called moisture-associated skin damage [59]) 
is required. 

Redness is the most significant indicator of pressure damage; 
it is important to differentiate persistent, non-blanchable redness 
(an indicator of pressure damage) from blanchable redness. Non- 
blanchable redness persists with the application of pressure and 
suggests structural damage to the capillary bed/microcirculation, 
and is an indication of a Category 1 pressure ulcer [60]. Blanchable 
redness goes white under light pressure and may be either a normal 
hyperaemic response or an inflammatory response without damage 
to the microcirculation. When evaluating darker skin tones, redness 
may be more subtle and it is important to assess for tissue oedema, 
cooler skin temperature and areas of discoloration in relation to 
surrounding skin [1,61,62]. 

Skin temperature may be assessed using either the hand, a ther- 
mographic imaging device or an infrared thermometer [1,63]. Tissue 
oedema can be assessed by palpation, paying attention to changes 
in consistency, or using instrumental devices (e.g. instruments 
measuring the water content of soft tissues based on the electrical capaci- 
tance) [1,64]. Poorer prognosis of a pressure injury, and detection of 
deep tissue injury, is associated with cooler areas of skin [61] and 
increase in tissue oedema [62]. 


Classification 
To document, interpret and compare morbidity and mortality 
data [2] and, to a lesser extent, to assist in selecting treatment 
options, pressure ulcers are classified according to the type and 
extent of skin and tissue involvement that can be visually observed 
(and felt/palpated). Different classification systems have evolved 
as the conceptualisation of pressure damage has changed over time. 
Two of the most commonly used pressure ulcer classification 
systems are the National Pressure Injury Advisory Panel/European 
Pressure Ulcer Advisory Panel (NPIAP/EPUAP) International 
Classification System (2009, 2014, 2019) [1,65,66] and the World 
Health Organization International Statistical Classification of 
Diseases and Related Health Problems, edition 11 (WHO ICD-11) 
(2018) [3] (Table 123.3). 


Clinical features 123.5 


Table 123.3 Two commonly used pressure ulcer classification systems. With permission from National Pressure Injury Advisory Panel, © 2020. 


NPIAP/EPUAP International 
PU Classification 
(2009, 2014, 2019) [1,65,66] 


WHO ICD-11 (2018) [3] Graphic Indicative photograph 


Category/Stage | pressure ulcer: EH90.0 Pressure ulceration grade 1 
non-blanchable erythema Pressure ulceration grade | is a precursor to 

Intact skin with non-blanchable redness of a skin ulceration. The skin remains intact but 
localised area usually over a bony there is non-blanchable redness of a 
prominence. Darkly pigmented skin may localised area, usually over a bony 
not have visible blanching; its colour may prominence. The area may be painful, 
differ from the surrounding area. The firm, soft, warmer or cooler as compared 
area may be painful, firm, soft, warmer or — with adjacent tissue. It can be difficult to 
cooler as compared with adjacent tissue. detect in individuals with dark skin but 
Category/Stage | may be difficult to affected areas may differ in colour from 
detect in individuals with dark skin tones. the surrounding skin. The presence of 
May indicate ‘at risk’ individuals (a pressure ulceration grade 1 may indicate 
heralding sign of risk). persons at risk of progressing to frank 

ulceration. 


Category/Stage II pressure ulcer: EH90.1 Pressure ulceration grade 2 
partial-thickness skin loss Pressure injury with partial-thickness loss of 
Partial-thickness loss of dermis presenting as dermis. It presents as a shallow open ulcer 
a shallow open ulcer with a red/pink with a red or pink wound bed without 
wound bed, without slough. May also slough or as a serum-filled or 
present as an intact or open/ruptured serosanguinous blister which may rupture. 


serum-filled blister. Presents as a shiny or This category should not be used to 
dry shallow ulcer without slough or describe skin tears, tape burns, 
bruising.* This category/stage should not incontinence associated dermatitis, 
be used to describe skin tears, tape burns, maceration or excoriation. 


perineal dermatitis, maceration or 
excoriation. *Bruising indicates suspected 
deep tissue injury. 


Category/Stage Ill pressure ulcer: 
full-thickness skin loss 
Full-thickness tissue loss. Subcutaneous fat 


EH90.2 Pressure ulceration grade 3 
Pressure ulcer with full-thickness skin loss. 
Subcutaneous fat may be visible but bone, 


may be visible, but bone, tendon or 
muscle is not exposed. Slough may be 
present but does not obscure the depth 
of tissue loss. May include undermining 
and tunnelling. The depth of a 
Category/Stage Ill pressure ulcer varies by 
anatomical location. The bridge of the 
nose, ear, occiput and malleolus do not 
have subcutaneous tissue and 
Category/Stage Ill ulcers can be shallow. 
In contrast, areas of significant adiposity 
can develop extremely deep Category/ 
Stage Ill pressure ulcers. Bone/tendon is 
not visible or directly palpable. 


Category/Stage IV pressure ulcer: 


full-thickness tissue loss 


Full-thickness tissue loss with exposed bone, 


tendon or muscle. Slough or eschar may 
be present on some parts of the wound 
bed. Often include undermining and 
tunneling. The depth of a Category/Stage 
IV pressure ulcer varies by anatomical 
location. The bridge of the nose, ear, 
occiput and malleolus do not have 
subcutaneous tissue and these ulcers can 
be shallow. Category/Stage IV ulcers can 
extend into muscle and/or supporting 
structures (e.g. fascia, tendon or joint 
capsule) making osteomyelitis possible. 
Exposed bone/tendon is visible or directly 
palpable. 


tendon or muscle is not exposed. Slough 
may be present but does not obscure the 
depth of tissue loss. There may be 
undermining and tunnelling into adjacent 
structures. The depth varies by anatomical 
location: grade 3 pressure ulcers can be 
shallow in areas with little or no 
subcutaneous fat (e.g. bridge of the nose, 
ear, occiput and malleolus). In contrast, 
grade 3 pressure ulcers can be extremely 
deep in areas of significant adiposity. 


EH90.3 Pressure ulceration grade 4 
Pressure ulcer with visible or directly palpable 


muscle, tendon or bone as a result of 
full-thickness loss of skin and 
subcutaneous tissue. Slough or eschar 
may be present. The depth varies by 
anatomical location: grade IV pressure 
ulcers can be shallow in areas with little 
or no subcutaneous fat (e.g. bridge of 
the nose, ear, occiput and malleolus) but 
are typically deep and often undermine 
or tunnel into adjacent structures. 


(continued overleaf) 
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Table 123.3 (continued) 


NPIAP/EPUAP International 
PU Classification 


(2009, 2014, 2019) [1,65,66] WHO ICD-11 (2018) [3] 


Graphic Indicative photograph 


Unstageable: depth unknown 


the ulcer is covered by slough (yellow, 
tan, grey, green or brown) and/or eschar 
(tan, brown or black) in the wound bed. 
Until enough slough and/or eschar is 
removed to expose the base of the 
wound, the true depth, and therefore 
category/stage, cannot be determined. 
Stable (dry, adherent, intact without 
redness or fluctuance) eschar on the heels 
serves as ‘the body’s natural (biological) 
cover’ and should not be removed. 


which actual depth of the ulcer is 
completely obscured by slough (yellow, 


(tan, brown or black) in the wound bed. 
Until enough slough and/or eschar are 
removed to expose the base of the 
wound, it is not possible to determine 
whether the ulcer is grade 3 or grade 4. 


Suspected deep tissue injury (SDTI): 
depth unknown 

Purple or maroon localised area of 
discoloured intact skin or blood-filled 
blister due to damage of underlying soft 
tissue from pressure and/or shear. The 
area may be preceded by tissue that is 
painful, firm, mushy, boggy, warmer or 
cooler as compared with adjacent tissue. 
Deep tissue injury may be difficult to 
detect in individuals with dark skin tones. 
Evolution may include a thin blister over a 
dark wound bed. The wound may further 
evolve and become covered by thin 
eschar. Evolution may be rapid exposing 
additional layers of tissue even with 
optimal treatment. 


tissue damage, depth unknown 
An area of soft tissue damage due to 
pressure or shear which is anticipated to 


not yet done so. The affected skin is 
may display haemorrhagic blistering. It 
either warmer or cooler than adjacent 


rapid even with optimal treatment. 


Other classification systems [67] are used in some geographic 
regions or clinical settings. 


Management 


Risk assessment 
Every patient should be rapidly screened for pressure ulcer risk 
on admission using clinical knowledge of the risk factors, noting 
that impairment to mobility/activity or skin integrity are strong 
predictors of a high risk [1,68,69]. A more comprehensive risk 
assessment should follow, using a structured approach based on 
clinical judgement [69,70], which could be facilitated using a risk 
assessment tool [71] (Table 123.4). Assessment tools offer a struc- 
tured approach to risk assessment, but are neither comprehensive, 
nor do they replace clinical judgement [70,71]; using them alone 
does not reduce the risk of a pressure ulcer [1,71]. In addition 
to questionable clinical relevance, the measurement properties 
depend on cut-off scores and are highly dependent on the setting 
and unlikely to improve clinical decision making. 

Once assessed the health care professional should develop an 
individualised plan to mitigate and minimise risks specific to the 
patient [1]. 


EH90.5 Pressure ulceration, ungradable 
Full-thickness tissue loss in which the base of Pressure ulcer with full-thickness skin loss in 


tan, grey, green or brown) and/or eschar 


EH90.6 Suspected deep pressure-induced 


evolve into a deep pressure ulcer but has 
typically discoloured purple or maroon and 
may be painful and oedematous. It can be 


tissue. Evolution into a deep ulcer may be 


Prevention of pressure ulcers 
Figure 123.4 provides an overview algorithm for prevention and 
treatment of pressure ulcers. 


Repositioning. Repositioning is one of the most important preven- 
tative interventions because it reduces the duration once anatomical 
location is exposed to mechanical load. This is particularly impor- 
tant for people who are unable to reposition themselves, and/or 
who are unable to detect or respond to stimulus that indicates 
exposure to pressure (e.g. pain) [73]. Repositioning should be done 
in such a way and using appropriate manual handling equip- 
ment to avoid exposure to unintentional friction and shear from 
dragging [1]. Assess the patient after repositioning to ensure that 
medical devices are correctly positioned, no items are inadvertently 
left under the patient and pressure points are fully offloaded [1]. 
More recently, real-time continuous bedside pressure mapping has 
become available in some regions and this may be used to evaluate 
pressure redistribution on the support surface [1]. 

Frequency of repositioning should be individualised [1] and 
based on level of activity/mobility [74], response of the skin 
and tissue [53,75] to the time spent in one position, general con- 
dition, sleep requirements [76], comfort and pain [53]. Using 
repositioning reminder systems (e.g. wearable sensors, musical 


Figure 123.4 Algorithm for assessment, 
prevention and treatment of pressure ulcers. 
Adapted from [72]. 
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FLOWCHART FOR PREVENTING AND TREATING PRESSURE ULCERS 


e Screen all patients for pressure ulcer (PU) risk as soon as possible after admission 
e Use the screening outcome to determine patients who require a full pressure ulcer risk assessment 
e Include the patient, their family and multidisciplinary team in care planning 
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Assess skin and tissue with every risk assessment and consider: 

* Erythema (blanchable or non-blanchable) * Tissue consistency/oedema 
* Skin and tissue temperature * Vascular/perfusion status 
* Skin under devices and prophylactic dressings 


Provide a high-specification foam Implement individualised 


pressure redistributing support surface repositioning based on activity, 
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Optimise nutritional intake of energy and factors 
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Low PU risk 


Implement skin hygiene plan 


Implement incontinence 
Provide high-specification foam pressure management plan 
redistributing support surface or 
alternating pressure support surface or 
specialty support surface for patients 


with PU 


Consider using prophylactic 
dressings 


All levels of PU risk 
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Provide nutritional intake of 30-35 kcal/kg devices 
body weight and 1.2-1.5 g protein/body 
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Chapter 123: Pressure Injury and Pressure Ulcers 


Table 123.4 Characteristics of pressure ulcer risk assessment tools, adapted with permission from EPUAP/NPIAP/PPPIA International Pressure Ulcer/Injury Guideline (2019) [1]. 


Risk tool Risk factors on tool Sensitivity median (range) Specificity median (range) 
Braden Scale Mobility Nutrition 0.74 0.68 
(all adults) Activity Moisture (0.33-1.0) (0.34—0.86) 
Friction-shear Sensory perception 
Norton Scale Mobility Incontinence 0.75 0.68 
(all adults) Activity Physical condition (0-0.89) (0.59-0.95) 
Food intake Mental condition 
Fluid intake 
Waterlow Scale Mobility Continence 0.88-1.00 0.13-0.29 
(all adults) Skin type Gender/age 
Special risk eurological deficit 
Appetite ajor surgery/trauma 
Build (weight for height) edications 
Cubbin-Jackson Scale obility Weight/tissue viability 0.72 0.68 
(critically ill adults) General skin condition utrition 
Hygiene ncontinence 
Oxygen requirements ental condition 
Respiration Past medical condition 
Haemodynamics 
SCIPUS obility Urine incontinence or moistness 0.85 0.38 
(adults with spinal Level of activity Age 
cord injury) Complete SCI Albumin 
Autonomic dysreflexia/severe spasticity Haematocrit 
Blood glucose levels Respiratory disease 
Tobacco use Renal disease 
Cardiac disease Cognitive function 
Braden Q Mobility Tissue perfusion oxygenation 0.86 0.59 
(children) Activity Sensory perception (0.76-0.96) (0.55-0.63) 


Friction-shear 


chimes or visual cues) has been shown to increase adherence of 
both patients and health professionals to repositioning regimens 
[77,78]. 

The way in which the patient is repositioned is as important as 
repositioning frequency. Avoid positioning the patient on areas 
of existing non-blanchable erythema [1]. Use support pillows to 
promote offloading and ergonomic positioning, paying particu- 
lar attention to the heels. Heel lifts or heel supports that provide 
support along the full length of the calf, avoiding pressure on 
the Achilles tendon, are recommended [1,79]. When positioned in 
supine, maintain the bed as flat as possible to reduce shear and 
friction [80]. In lateral position, a 30-degree tilt reduces pressure 
on the trochanter more effectively than a 90-degree tilt [81]. Prone 
position should be minimised unless the patient’s clinical condition 
requires. Use facial pillows and prophylactic dressings to reduce 
pressure ulcer risk when using this vulnerable position [1,82]. For 
patients sitting out of bed, reduce time spent seated upright and 
reduce the mechanical load on the sacrum by using reclined seating 
with the legs supported, and tilt-in-space options when available 
[83,84]. This prevents the person from sliding forward, causing 
friction and shear [1]. 


Support surfaces. A support surface is a specialised device 
designed to redistribute pressure through the management of 


the mechanical load (Table 123.5). A pressure redistributing support 
surface distributes the forces applied to the body across a larger 
surface area, which reduces the mechanical load sustained to pres- 
sure susceptible anatomical locations. Redistribution of pressure 
occurs through immersion and/or envelopment of the patient in the 
support surface [1]. In most advanced countries, the standard foam 
mattress that is supplied in a health care setting has technical char- 
acteristics that are classified as high specification. However, some 
facilities still provide mattresses that do not adequately redistribute 
pressure. 

Strong evidence shows that using a foam mattress with high- 
specification pressure redistributing characteristics is more effective 
in preventing a pressure ulcer than a standard foam mattress [88]. 
Individual patient needs and preferences may require considera- 
tion of other support surfaces. Reactive air support surfaces are 
comparable to high-specification foam mattresses [1,89]; less evi- 
dence is available on effectiveness of other constant lower-pressure 
surfaces. Contemporary alternating air pressure mattresses and 
low air loss beds are considered specialty support surfaces because 
they have more technical features that optimise the microclimate, 
which is a priority for some patients. Alternating pressure air 
mattresses are more effective than a standard foam mattress but 
have also been shown to be less comfortable [87], as have low 


Table 123.5 Types of support surfaces, their characteristics and clinical use. 


Type of surface 


Characteristics 


Management 


Clinical use 


123.9 


Reactive support surfaces 
High-specification single-layer foam 
mattress/cushion/overlay 


Static air mattress/cushion/overlay 
without alternating air features 


Water, gel or bead surfaces 
Medical grade sheepskin (Australian 
Standard AS4480.1) 


Air fluidised beds 


Active support surfaces 

Low air loss surfaces 

(may be combined with an active or 
reactive surface) 


Alternating pressure air mattress or 
overlay or cushion 


Constant lower pressure 

Immerses and/or envelops the body 

Made from high-resilience foam and with a density 
>35 kg/m? [1] 

Sufficient thickness to prevent bottoming out [1] 


Constant lower pressure 

Immerses and/or envelops the body 

Requires regular inspection to ensure it is functional 
May require power and regular maintenance 

If powered, may be noisy and generate heat and motion 


Constant lower pressure 

mmerses and/or envelops the body 
Can become overly warm 

Requires specialty laundering [85] 


High immersion and envelopment 

High moisture vapour transmission rate, which can increase 
humidity between the surface and the skin [1] 

Reduces patient mobility 


Ambient air is circulated below the mattress to control 
temperature and moisture, maintaining a constant 
microclimate 

Noisy and generates heat and motion 

May be uncomfortable [1,86] 


Periodic redistribution of pressure across surface of the body 
as different mattress cells inflate and deflate 

Control of microclimate achieved by the changing cell contact 
with the body continually replacing air at the skin surface 


Select for patients at risk of pressure ulcers who can 
independently reposition [1] 


An option for patients at risk of pressure ulcers who can 
independently reposition [1] 
Consider other options if noise, heat or motion is disruptive [1] 


An option for patients at risk of pressure ulcers who can 
independently reposition [1,85] 

Consider other options for people with incontinence or heavy 
wound exudate [1] 


An option for patients with pressure ulcers [1] 


An option for patients with or at risk of pressure ulcers regardless 


of whether they can independently reposition [1] 


An option for people with obesity who require superior control of 


the microclimate [1] 
Consider other options if noise, heat or motion is disruptive [1] 


Noisy and generates heat and motion 
Can be difficult to get in/out of bed 


Less comfortable than a standard hospital mattress [87] 


air loss beds [1,86]. Regardless of the support surface chosen, the 
patient still requires regular repositioning [1]. 


Nutrition. The patient requires macro- and micronutrients for main- 
tenance and repair of the skin and tissues. Inadequate nutritional 
intake and undernutrition are associated with the development, 
severity and duration of pressure ulcers [90]. All patients should be 
screened using a population-specific nutrition screening tool, and 
those identified as having a nutrition risk should be referred to a 
dietitian for a comprehensive nutritional assessment [1,91-93]. 


Skin protection and hygiene. Maintaining skin integrity and the 
barrier function is important. Increased skin hydration, as well as 
the mechanical damage of the stratum corneum and underlying 
skin layers, increases the risk of pressure ulcers [1]. Ensure that 
excess moisture on the skin surface is reduced through regular 
hygiene, use of high-absorbency incontinence products [94] and 
application of skin protection products. Minimise exposure to irri- 
tants (including faeces and urine) and promote the skin’s integrity 


through use of mild soaps or cleansers [95], and avoid friction from 
excessive rubbing [96]. 

Prophylactic soft silicone multilayered foam dressings are used to 
protect individuals with higher pressure ulcer risk. A prophylactic 
dressing should be initiated early in the care pathway and used at 
anatomical sites most vulnerable for the specific patient (e.g. heels 
or sacrum) [1,97]. Prophylactic dressings made of multiple layers 
reduce the interface pressure, friction and shear between and within 
the skin and the support surface [98,99]. It is important to assess the 
skin underneath the dressing regularly [1]; prophylactic dressings 
are transparent and/or designed to be easily lifted for skin inspec- 
tion [97,100,101]. 


Treatment of pressure ulcers 
Continue and escalate preventative strategies. Review and rein- 
force preventative measures discussed earlier. 

The nutrition management plan should ensure intake meets 
general energy, protein and micronutrient requirements, plus addi- 
tional requirements associated with wound healing [102]. For adults 
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Chapter 123: Pressure Injury and Pressure Ulcers 


Table 123.6 Aspects of wound care and associated local wound care strategies. 


Aspect of Clinical strategies 
wound care Goals of wound care to achieve goals 
Tissue Removing devitalised or Wound assessment 
management necrotic tissue Cleansing 


Inflammation and 


Control of inflammation 


Debridement 


Wound assessment 


infection Treatment of microbial Control of inflammation 
burden Topical antimicrobial 
Treatment of biofilm treatment 
Debridement 
Moisture Promoting moist wound Wound assessment 
balance healing Wound dressings 


Debridement 


Epithelial edges Reducing the wound size Wound monitoring 

Control of inflammation 

Topical antimicrobial 
treatment 

Debridement 

Wound dressings 


Negative pressure wound 


therapy 
Repair and Stimulating wound healing Advanced stimulating 
regeneration process therapies 


Surgical repair 

Negative pressure wound 
therapy 

Electrical stimulation 


Social and patient 
factors 


Addressing individual 
contexts that influence 
healing 


Psychosocial assessment 
Education 
Psychosocial support 


with a pressure ulcer who are at risk of being or are malnourished, 
general recommendations are for an intake of 30-35kcal/kg of 
body weight/day and 1.25-1.5 g protein/kg of body weight/day 
[1]. Supplementation, usually with high-calorie, high-protein oral 
nutritional supplements containing arginine, zinc and antioxidants, 
may be required for adults who are unable to meet these needs 
through dietary intake [103]. For neonates and children with pres- 
sure ulcers, nutritional requirements should be individualised and 
monitored by a paediatric dietitian [1,104,105]. 

Repositioning and the support surface require re-evaluation. 
Patients should not be repositioned on an existing pressure ulcer, 
unless unavoidable [1]. Frequency of repositioning and feasibility of 
positions should be reviewed. For individuals with ischial pressure 
ulcers, optimal healing will occur by avoiding seated positions. The 
benefits of complete pressure avoidance should be weighed against 
the risks associated with prolonged bed rest [106]. 

The patient should be supplied with a pressure redistributing 
support surface. If available and tolerated, a specialty support 
surface (with additional technology such as alternating pressure, 
air fluidised or loss air loss features) could be considered [1,107]. 


Pain management. Pain includes nociceptive pain (e.g. gnawing, 
aching and/or throbbing) and neuropathic pain (e.g. burning 


and/or stinging) [37]. Pain assessment tools should be used to 
develop an individualised pain management plan. 


Local wound care. Six major aspects of wound care are involved 
in managing hard-to-heal, chronic wounds such as pressure ulcers 
[108]. These concepts are outlined in Table 123.6. 


Wound cleansing and debridement. Cleanse the wound and 
peri-wound surface to remove exudate, debris and fibrinous mate- 
rial; for most pressure ulcers cleansing with potable water is 
acceptable unless local wound care guidelines require a sterile fluid 
[1,109]. If infection is suspected or confirmed cleanse with a topical 
antiseptic solution [1,109]. 

Non-viable tissues (dead cells and debris) along with slough 
(fibrin, cells and proteinaceous material) can form on the surface 
of wounds, promoting inflammation and the growth of micro- 
organisms, and affecting the moisture balance. This leads to slower 
or delayed healing of the pressure ulcer [1,109]. Debridement, the 
removal from the wound bed of non-viable tissue, should be under- 
taken (excepting stable, dry eschar present on ischaemic limbs and 
heels that should be left undisturbed) [1,109,110]. Different methods 
are summarised in Table 123.7. 


Wound infection. Due to the ischaemic processes that may be 
involved in their development, pressure ulcers are highly suscep- 
tible to infection that can delay healing. Moreover, biofilms, which 
are synergistic collections of microorganisms of varying species 
and strains that have mechanisms to increase their virulence when 
developing in a microbial community, are commonly present in 
chronic wounds [110,111]. Wound infection is recognised as occur- 
ring on a continuum in which more severe signs and symptoms 


Table 123.7 Debridement techniques [1,109]. 


Debridement 


technique Description and characteristics 


Surgical sharp Removes non-viable tissue rapidly 

Removes biofilm 

Stimulates healing 

Can be painful 

Causes bleeding 

Mechanical Physical methods to remove non-viable tissue including 
brushes, ultrasound therapies and wet-to-dry gauze 

Can be painful 

Non-selective, may damage healthy tissue 

Autolytic Utilises endogenous enzyme to break down non-viable tissue 

Takes more time 

Painless 


Enzymatic Application of enzyme treatment to break down non-viable 
tissue 

Examples include papain/urea, fibrinolysin/DNAase, 
streptokinase/streptodornase combination and subtilisin 


Biological Laval (sterilised fly maggots) destroy non-viable tissue 
Highly selective 
Not painful 


become apparent as the microbial burden increases in quantity or 
virulence, overwhelming the host response [110,112]. 

Local wound infection may present as covert signs and symp- 
toms. This includes hypergranulation, friable granulation, delayed 
wound healing or large areas of wound breakdown, pocketing and 
epithelial bridging. As infection develops, overt signs of infection 
including increased redness, local warmth, swelling, purulent dis- 
charge, pain and wound odour become apparent [110,112]. Without 
adequate management, infection can spread to other local structures 
or systemically [110]. Because pressure ulcers frequently occur over 
bone and joint structures, osteomyelitis is a risk [1]. 

Definitive diagnosis of wound infection is made based on tis- 
sue biopsy or semi-quantitative swab technique using the Levine 
technique and microscopy. High-resolution microscopy is required 
to identify biofilm [110,111]. Plain film X-rays, nuclear bone scan 
and magnetic resonance imaging are appropriate for confirming 
osteomyelitis [1,113,114]. 

Topical antiseptics used at tissue-appropriate strengths prevent 
and treat wound infection. If possible, antiseptic choice should be 
based on sensitivity and culture results, and the chosen antiseptic 
should be used for 2 weeks before evaluating its effect (unless dete- 
rioration is evident earlier) [1,110]. Topical antiseptics should be 


Table 123.8 Wound dressing selection [1,109]. 


Dressing type Uses in pressure ulcers 


Management 123.11 


used in combination with regular debridement to address biofilm 
[1,110,115]. 


Wound dressings. Contemporary wound dressings are designed 
to protect the wound and surrounding skin and to optimise wound 
bed moisture, with some including an antimicrobial component to 
treat infection. Advanced wound dressings are universally effec- 
tive in achieving these goals [1,109]. Selection should be based 
on the diameter/shape/depth of the wound, moisture balance 
requirements, condition of the wound bed and peri-skin, presence 
of microbials, pain, resources and the patient’s preferences [1,109]. 
A summary of wound dressings available in most advanced health 
care systems is provided in Table 123.8. 


Surgery. Surgical management may be an option. The two most 
common reconstructive procedures are the musculocutaneous and 
the fasciocutaneous flap that provide vascularised tissue for clo- 
sure of deep pressure ulcers [116,117]. Rates of complete healing 
following surgery are generally high [118]; however, recurrence is a 
significant concern, particularly in patients who have a high pres- 
sure ulcer risk (e.g. people with spinal cord injury). This risk should 
be discussed with surgery candidates, together with the strict 


Cautions 


Basic wound dressings 


Transparent film Secondary dressing 


Autolytic debridement when enzymatic options unavailable 


Moist gauze 
Soaked in saline or topical antiseptic 
Packing deeper cavities and sinuses 


Advanced wound dressings 
Foams (including hydropolymers) 
Secondary dressing 


Hydrogels Uninfected Stage 2 pressure ulcer 


Used when advanced wound dressings are unavailable 


Cannot contain heavy exudate 
Avoid skin trauma on removal 


Monitor moisture to prevent drying of the wound bed or 
skin maceration 


Stage 2 pressure injuries with moderate to heavy exudate 


Protect peri-skin to prevent maceration 


Uninfected Stage 3 or 4 pressure ulcer with minimal exudate 


Autolytic debridement 


Hydrocolloids Uninfected Stage 2 pressure ulcer 


Locations where wound dressing is unlikely to roll 


Polymeric membrane Moderate to heavy exudate 


Reduce inflammation and oedema 


Calcium alginates 


Antimicrobial dressings 


lodine (povidone or cadexomer) nfected pressure ulcers 
impregnated Suspected biofilm 
Honey impregnated nfected pressure ulcers 
Suspected biofilm 
Low or moderate exudate 
Silver nfected pressure ulcers 
Suspected biofilm 


Stage 3 or 4 pressure ulcer with moderate to heavy exudate 


Avoid skin trauma from removal 
Protect peri-skin to prevent maceration 


Avoid use in narrow sinuses 
Irrigate to facilitate removal 


Avoid use for people with iodine sensitivity 


Avoid products that are not gamma irradiated 


Change regularly in presence of heavy exudate 
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postoperative repositioning, rehabilitation and skin assessment 
requirements. Appropriate candidate selection [117], adequate pre- 
operative education and high motivation to adhere to management 
are associated with superior long-term outcomes [1,116]. 
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Introduction 


Human exposure to cold and warm environments has occurred 
throughout millennia. Human skin responds physiologically to 
environmental temperature; however, pathological responses may 
occur to extremes of temperature in those who have an under- 
lying predisposition. This chapter details the pathophysiological 
responses to cold and heat, the resultant disease processes and the 
treatment plans used to manage patients injured by cold or heat. 


Physiological reactions to cold 


The maintenance of a steady core body temperature is achieved by 
various thermoregulatory mechanisms, not least of which is con- 
trol of the skin’s blood flow. Exposure to cold causes constriction of 
the arterioles and veins by a direct mechanism mediated in part by 
endothelial synthesis of the vasoconstrictor peptide endothelin-1 [1]. 
A reflex increase in sympathetic tone is triggered by cold receptors 
in the skin and, if the blood temperature falls, by the hypothalamic 
heat-regulating centre. Heat conservation is further enhanced by a 
counter-current exchange system between the arteries and veins in 
the limbs. Cold-induced vasoconstriction causes shunting of blood 
to the deep venous system which allows heat to be transferred from 
the arteries to veins. Consequently, arterial blood passing into the 
limbs is cooler, venous blood returning to the body is warmer and 
less heat is lost to the outside environment. 

Persistent exposure of fingers to cold leads to the ‘hunting 
reaction’ of Lewis in which there are repeated cycles of vasodi- 
latation following periods of vasoconstriction [2]. Cold-induced 


vasoconstriction is a heat-preserving, protective mechanism but 
prolonged vasospasm may jeopardise the vitality of the skin. 
Therefore, a transient vasodilatory response, mediated by the 
opening of arteriovenous anastamoses, protects against skin necro- 
sis. With continued cold exposure, there is a phasic increase and 
decrease in blood flow through the cutaneous microvasculature. 
However, when core temperature is under threat the hunting 
reaction stops and vasoconstriction persists [2]. 

Cold-induced vasoconstriction causes a rise in intracapillary pres- 
sure and increased filtration of fluid into the interstitium, resulting 
in haemoconcentration and a reduction in plasma volume. Other 
physiological effects of cold include increased blood viscosity, 
slowing of the dissociation of oxyhaemoglobin to haemoglobin, 
diminished conduction velocity in cutaneous nerves and changes 
in platelet adhesiveness [3]. 


DISEASES CAUSED OR AGGRA 
COLD . 


The ambient temperature and duration of exposure will deter- 
mine the type and degree of injury sustained by all people when 
exposed to severe cold. However, there is a variable endoge- 
nous susceptibility to cold; certain individuals suffer cold-related 
disorders on exposure to modest degrees of cold that would be 
tolerated without ill effect by other normal individuals. Hence, 
cold-induced diseases can be divided into two groups: (i) diseases 
of cold exposure; and (ii) diseases of abnormal susceptibility to cold 
(Box 124.1). 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Box 124.1 Diseases caused by or aggravated by cold 


Diseases of cold exposure 
e Frostbite 
e Trench foot 


Diseases of abnormal susceptibility to cold 
e Raynaud phenomenon (Chapter 54) 

¢ Livedo reticularis (Chapters 99 and 100) 

¢ Cryoglobulinaemia (Chapters 99 and 100) 
¢ Cold agglutinins 

¢ Cold haemolysis 

¢ Cold urticaria (Chapter 42) 

¢ Perniosis 

¢ Acrocyanosis 

e Erythrocyanosis 

¢ Cold erythema 

¢ Cold panniculitis (Chapter 97) 

¢ Neonatal cold injury (Chapter 114) 


Frostbite 4 


Definition and nomenclature 

Frostbite is the term used to describe tissue damage caused by 
freezing. Skin and subcutaneous tissues are at risk of frostbite when 
exposed to cold air, liquids or metals. 


nyms and inclusions 
Frostnip — this is a milder form of cutaneous cold damage than frostbite and is 
characterised by reversible redness of the skin 


Introduction and general description 

Frostbite, and its precursor, frostnip, can lead to varying degrees 
of tissue damage, ranging from redness to necrosis of soft tissue, 
muscle and bone. Most cases of frostbite are seen in winter sports 
enthusiasts and climbers who have been stranded in exposed sites 
in cold weather. Frostbite also occurs in soldiers, homeless people 
and those who work outdoors in cold climates. 


Pathophysiology 
Predisposing factors 
The risk of frostbite increases with alcohol use and smoking [1]. 


Pathology 

Freeze-induced damage results largely from the formation of ice 
in both the intracellular and extracellular compartments [2]. Fast 
freezing tends to produce intracellular ice, while slow freezing 
causes the formation of extracellular ice. Ice crystals not only injure 
cellular architecture but also disturb the flux of electrolytes and 
water across cell membranes [3]. The degree of cryodamage is 
also influenced by the rate of thawing. Slow rewarming causes the 
formation of larger, more destructive ice crystals and the develop- 
ment of greater osmotic stresses. As well as the direct effects on 
cells, tissue damage in frostbite is compounded by cold-induced 


vascular and haematological responses. Reflex vasoconstriction 
in the extremities results in decreased capillary perfusion, which 
is aggravated by cold-induced hyperviscosity and a tendency to 
thrombus formation [4]. 


Clinical features 

Presentation 

The parts of the body that can be least protected from cold are 
affected — the toes, feet, fingers, ears, nose and cheeks. Frostnip 
involves the skin only and is characterised by painful red patches, 
which normalise with rewarming. In superficial frostbite there is 
involvement of the skin and subcutis with redness accompanied 
initially by pain and then a sense of warmth. The affected skin 
becomes waxy and white. The injury in deep frostbite extends to the 
subcutaneous tissues and may involve the nerves, major vessels, 
muscle and bone, resulting in joint immobility and paralysis [5]. 
The cold exposure is fairly evident at presentation, but the degree of 
damage may take many weeks to become apparent (Figure 124.1). 


Classification of severity 

A method of classifying frostbite severity has been proposed. In 
first-degree frostbite there is partial skin freezing, with redness, 
oedema and hyperaemia, but no blisters or necrosis. Desqua- 
mation develops 5-10 days later, leading to complete recovery. 
Second-degree frostbite is a full-thickness skin freeze, with red- 
dening, substantial oedema, vesiculation, blistering and a black 
eschar, requiring soft-tissue amputation only. Third-degree frostbite 
requires bone amputation. Fourth-degree frostbite necessitates 
major amputation and is complicated by systemic effects [6]. 


Complications and co-morbidities 

The extent and severity of tissue damage become apparent on 
rewarming. Redness and mild pain lasting for a few hours occur 
following mild frostbite. Blistering, full-thickness skin necrosis and 
gangrene can be seen in severe cases [7]. Damage to nerves and 
blood vessels can lead to paraesthesiae, abnormal sensitivity to cold 
and hyperhidrosis, which may last for months to years [7]. 


Prognosis 

The prognosis of frostbite injury only becomes apparent over a 
period of weeks, as the demarcation between viable and non-viable 
tissue becomes evident. 


Investigations 

Technetium-99 bone scintigraphy may be helpful in evaluating 
outcome in frostbite injury and indicating the level of amputa- 
tion needed in severe cases (Figure 124.2) [8]. Magnetic resonance 
angiography may also be beneficial, with the ability to visualise 
directly any vascular occlusion and simultaneously image the 
surrounding soft tissues (Figure 124.3). 

Bone scintigraphy can be performed early at day 2-4 with a 
comparison study at day 7-10 after exposure. This imaging method 
can be performed in three phases which allow evaluation of the 
vasculature, soft tissues and bone uptake of technetium. Tech- 
netium binds to viable hydroxyapatite in bone, with a reported 99% 
specificity and 96% sensitivity for ischaemic bone [9]. These studies 
can allow for early debridement of non-viable areas. 


(a)  (b) 


— 


(c) 


Figure 124.1 Typical frostbite affecting the hallux and third left toes showing the initial injury at (a) presentation at base camp on Everest, (b) at 6 weeks and (c) at 10 weeks. 


Reproduced from Hallam et a/. 2010 [15] with permission of BMJ Publishing Group. 


(b) 


Figure 124.2 (a) Technetium-99 scans of the hands of a patient with frostbite (b). 
Reproduced from Hallam et a/. 2010 [15] with permission of BMJ Publishing Group. 


Management 

First line 

It is important that immediate warming techniques are instituted. 
Debridement surgery should be delayed until the full extent of the 
recovery /persisting damage is clear. 


Rapid rewarming by immersion in water at 37-39°C is recom- 
mended. Use a thermometer to measure water temperature, or a 
caregiver’s hand, to ensure that an additional thermal burn injury is 
not imparted. As the water will cool rapidly, it will need to be topped 
up to maintain the temperature, and circulated around the limb. 
Rapid rewarming has been shown to be more effective than slow 
rewarming and the tissue can be considered completely rewarmed 
when it takes on a red/purple appearance and is soft and pliable 
to the touch. Further additional rewarming does not add additional 
benefit. The area should be air dried or patted dry to avoid shear- 
ing forces damaging tissue [10]. Other authors have advocated a 
higher-temperature rewarming for at least 30 min at 40-41°C until 
tissues are soft and pliable, with continuing twice daily warming. 

Non-steroidal anti-inflammatory drugs (NSAIDs) such as 
ibuprofen have been recommended although the evidence for 
their use is weak. The Wilderness Medicine Society recommends 
their use at 12 mg/kg body weight twice daily in order to reduce 
levels of prostaglandins and thromboxanes that may contribute to 
vasoconstriction, ischaemia and tissue damage [10]. Also, NSAIDs 
may help alleviate the pain of rewarming. Topical aloe vera gel has 
been suggested on the basis that it may also reduce inflammatory 
prostaglandins; however there is a lack of strong clinical evidence 
or animal studies to confirm efficacy. It is recommended that 
non-haemorrhagic blisters should be aspirated as the blister fluid 
may also contain prostaglandins and thromboxanes. The blister 
roof should be kept intact and not debrided. 


Second line 

In the hospital setting, other pharmacological interventions can 
be beneficial. A retrospective study has indicated a reduction in 
the need for digital amputation if intra-arterial infusion of tissue 
plasminogen activator (tPA) is given within 48 h of the injury 
[11]. In this study, the incidence of amputation reduced from 41% 
(untreated) to 10% in those treated within 24 h of injury. Vasodilator 
drugs may also improve outcome [12] — in addition to vasodilata- 
tion, they may also inhibit microvascular occlusion and platelet 
aggregation. In a study of aspirin with buflomedil versus aspirin 
plus iloprost, or aspirin plus iloprost and tPA, no amputations 
were seen in the iloprost group (0/16) versus 3/16 patients when 
combined with tPA or 9/15 patients treated with buflomedil. 
The authors recommend aspirin with iloprost for third-degree 
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(a) (b) 


Figure 124.3 Digital subtraction angiography showing thrombotic occlusion of the terminal digits in a major frostbite injury of the hand (a) and reperfusion after urgent thrombolysis 


(b). Reproduced from Hallam et a/. 2010 [15] with permission of BMJ Publishing Group. 


frostbite, with consideration of tPA on a case-by-case basis for 
fourth-degree frostbite [13]. Following tPA, patients are treated 
with low-moelcular-weight heparin for a week and then aspirin 325 
mg daily for 1-3 months [14]. 


Third line 

Surgical removal of gangrenous tissue should be delayed until there 
is a distinct demarcation between viable and non-viable tissue, a 
process that usually takes several weeks. 


Trench foot / 


Definition and nomenclature 

Trench foot describes a combination of stasis, non-freezing cold 
injury and wet conditions leading to numbness and skin changes 
on the distal legs and feet. 


inclusions 


Introduction and general description 

Trench foot and immersion foot are regarded as similar processes. 
Trench foot was a common problem suffered by soldiers in the early 
years of trench warfare in the First World War [1] but is now mostly 
encountered among the homeless population [2]. A similar entity, 
tropical immersion foot, is a warm water immersion injury and is 
less severe. 


Pathophysiology 

Predisposing factors 

Smoking and peripheral vascular disease probably contribute to the 
severity of the tissue damage, with variation in vasoconstriction and 
vasodilatation leading to local tissue damage. 


Figure 124.4 A 91-year-old patient who had been trapped in the bath for 4 days. The 
foot is grey, with maceration and wrinkling of the skin. Reproduced from Matsuura and 
Nakazawa 2019 [4] with permission of Oxford University Press. 


Pathology 

The pathological changes are those of dependent oedema and lym- 
phovenous stasis. Perivascular inflammation occurs and in severe 
cases arterial occlusion and ischaemic necrosis. There is damage to 
both myelinated and unmyelinated nerve fibres [3]. 


Clinical features 
Affected individuals develop numbness of the feet and distal legs 
accompanied by skin changes caused by non-freezing cold injury. 
This is compounded by wet conditions and aggravated by leg 
dependency, immobility and constrictive footwear. 

Affected legs and feet are cold and anaesthetic (Figure 124.4). 
There is redness, oedema, tenderness and, in severe cases, areas of 


superficial gangrene. On rewarming there is worsening oedema, 
hyperaemia and painful paraesthesiae. 


Differential diagnosis 

Other causes of limb ulceration should be considered, such as 
diabetes mellitus, arterial and venous insufficiency, autoimmune 
disease, inflammatory disease such as pyoderma gangrenosum and 
infections. 


Prognosis 

Initially the ability to sweat is lost but with time there is hyperhidro- 
sis, cold sensitivity and vasomotor instability. Changes may persist 
for months or years. 


Investigations 

The investigations required depend on the clinical presentation. 
Usually there is a clear history of cold water immersions and no 
specific investigations are required. 


Management 

The best approach is prevention, but once the condition has occurred 
bed rest, elevation and analgesics are helpful. Conservative excision 
of necrotic tissue may be necessary and antibiotics should be given 
if there is evidence of infection. 


Perniosis . 


Definition and nomenclature 


Perniosis describes localised inflammatory lesions on the acral 
skin, which occur as an abnormal reaction to cold in susceptible 
individuals [1]. 


Introduction and general description 
Perniosis lesions are cold induced and affect areas of the skin vul- 
nerable to cold exposure, such as the digits, nose and ears. 


Epidemiology 

Age and sex 

Presentation is typically in the late thirties, with a large female pre- 
ponderance (79%) [2]. 


Associated diseases 

Aetiological factors include poor nutrition, anorexia nervosa 
and systemic diseases, most typically lupus erythematosus (LE) 
and haematological malignancy [3-5]. The Covid-19 pandemic 
(SARS-CoV-2 viral infection) saw an increases in cases but the 
relationship to viral infection remains controversial (Chapter 25). 


Pathophysiology 

Pathology 

In perniosis there is a persistent, cold-induced vasoconstriction 
of the deep cutaneous arterioles with concomitant dilatation of 
the smaller, superficial vessels. This is in contrast with normal 
subjects, in whom cold exposure induces cutaneous vasocon- 
striction succeeded by vasodilatation, a homeostatic mechanism 
necessary for the maintenance of reperfusion. Investigation of 
the cutaneous nerves in patients with perniosis demonstrated 
no quantitative or qualitative difference in immunoreactivity for 
substance P, neuropeptide Y, calcitonin gene-related peptide or 
vasoactive intestinal peptide compared with controls [6]. However, 
in the affected skin of patients with acral perniosis, who also had 
a past history of very low body weight, immunohistochemistry 
revealed a great increase in nerve bundles in the papillary dermis, 
some with an abnormal morphology [6]. This indicates that in 
uncomplicated perniosis the neuronal supply to the microvas- 
culature is normal and suggests that the pathology involves the 
microvessels themselves. 

Although there may be a temporal relationship between Covid-19 
infection and the clinical appearance of chilblains, or ‘Covid toes’, 
the evidence for a causal relationship remains weak. Despite imm- 
nunohistochemistry suggesting SARS-CoV-2 spike protein stains 
positive in the lesion in some studies, authors report inconsis- 
tencies in immunostaining, with positive stains seen in control 
samples from normal skin and negative stains in affected skin. 
Also, many of the patients with the clinical presentation of ‘Covid 
toes’ were negative on both serology or reverse transcription 
polymerase chain reaction (RT-PCR) for present or past infection 
with the virus. There may be a relationship with levels of inter- 
feron type I, but this is also inconclusive [7,8]. Another postulated 
mechanism is the sedentary lifestyle imposed by the Covid-19 
lockdowns, which may also be related to the acrocyanosis seen in 
this condition. 


Histopathology 

The histopathology of perniosis usually demonstrates dermal 
oedema with superficial and deep dermal inflammation [9]. The 
mononuclear cell infiltration, mostly T cells, is primarily perivas- 
cular but also occurs in a perieccrine distribution [10]. Epidermal 
changes in chilblains consist mainly of necrotic keratinocytes and 
spongiosis. Perniosis occurring on the lateral thigh is characterised 
by an intense mononuclear cell infiltrate extending throughout 
the dermis and into the subcutaneous fat, with ‘fluffy oedema’ of 
the blood vessel walls [9]. In these cases of deep perniosis, dermal 
oedema is not a prominent feature. Inflammation occurring in the 
deeper dermis and subcutis may be explained by the combined 
effects of external cooling together with insulation from internal 
warming [9]. 


Genetics 
There may be a genetic influence in perniosis since several genera- 
tions within a family can be affected [1]. 


Environmental factors 
Perniosis occurs in susceptible individuals during the autumn or 
winter in a climate that is both cold and damp. 
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DermNetNZ.org 


Figure 124.5 Perniosis over the distal right middle toe. Reproduced from DermNet New 
Zealand Trust/https://dermnetnz.org/assets/Uploads/reactions/pernio1__ 
WatermarkedWyJXYXRIcm1hcmtlZCJd.jpg (last accessed August 2023). 


Clinical features 

Presentation 

The lesions are red-purple and usually macular, papular or nodular 
(Figure 124.5). Plaque-like perniosis also occurs, as do lesions with 
an annular morphology. Perniosis develops symmetrically on the 
acral skin, in particular the fingers and toes, but other body extrem- 
ities may also be involved including the heels, lower legs, nose and 
ears. Pruritus and burning pain are common, although some lesions 
may be asymptomatic. In severe cases blistering and ulceration may 
occur. Each lesion tends to undergo spontaneous resolution after 
2-3 weeks; however, in some patients perniosis persists throughout 
the winter and occasionally continues to develop in the summer. 

Chilblain LE (also known as Hutchinson lupus) is a form of cuta- 
neous LE that presents in a similar way to idiopathic perniosis. Ery- 
throcyanotic papules, located on the fingers and toes, develop in 
cold weather and tend to persist, in some cases becoming ulcerated 
[11]. Chilblain LE may be accompanied by discoid LE or other forms 
of cutaneous LE. Up to 20% of patients with chilblain LE develop 
systemic LE [12] (Chapter 51). 

Perniosis may also complicate haematological malignancy, typ- 
ically myelodysplastic syndrome and chronic myelomonocytic 
leukaemia (Chapter 149). Cyanotic swelling of acral digital skin, 
particularly the toes, has been reported in these patients [13]. The 
onset of perniosis may coincide with a blast crisis, which can be 
demonstrated on skin biopsy by the presence of large, atypical 
mononuclear cells in the perivascular infiltrate [14]. 


Clinical variants 

There are various less common variants. In papular perniosis, 
crops of small lesions develop on the sides of the fingers often on a 
background of acrocyanosis [15]. Perniosis occurring on the outer 
thighs has been reported in women who are horse-riding enthusi- 
asts (‘equestrian panniculitis’) (Figure 124.6) [11]. Clinically, these 
lesions are composed of clustered papules or plaques, which may 


Figure 124.6 (a—c) Red and violaceous plaques of the upper thigh in horse riders. From 
Karkouche et a/. 2017 [18] with permission of John Wiley & Sons. 


ulcerate. Tight-fitting trousers, such as riding breeches, have been 
implicated aetiologically [11]. In chronic perniosis, especially in the 
presence of arterial disease or prolonged cold exposure, irreversible 
changes of fibrosis, lymphoedema and hyperkeratosis may occur, 
altering the physical signs. 


Differential diagnosis 
This includes granuloma annulare, peripheral vascular insufficiency 
and vasculitis. 


Prognosis 

The prognosis depends on the underlying cause. Most patients will 
experience good disease control when steps are taken to prevent 
cold exposure. 


Investigations 

Investigations should be guided by the clinical presentation of the 
patient but may include a full blood count and/or blood film, pro- 
tein electrophoresis, an autoimmune screen, cryoglobulins and cold 
agglutinins. Investigations were positive in 11/20 tested patients 
from a Mayo Clinic series [2]. 


Management 

Warm clothing and central heating generally prevent perniosis. 
Susceptible individuals must avoid cold, damp conditions and 
should not smoke. A double-blind, placebo-controlled study demon- 
strated the efficacy of nifedipine in clearing existing lesions 
and preventing the development of new ones [16]. A study has 
demonstrated the successful treatment of chilblain LE with myco- 
phenolate mofetil [17]. 


Acrocyanosis a | 


Definition 
Acrocyanosis is a persistent cyanotic or erythrocyanotic mottled dis- 
coloration of the hands and, less commonly, feet and face. 


Introduction and general description 

Acrocyanosis may be idiopathic or secondary to a number of sys- 
temic disorders, including an underlying malignancy (Box 124.2) [1]. 
Sometimes there is a family history, indicating a genetic basis. Rarely, 
it is drug induced. 


Box 124.2 Aetiology of acrocyanosis 


Idiopathic 


Secondary 
e Autoimmune: 
¢ Connective tissue disorders 
e Primary and secondary antiphospholipid antibody syndrome 
¢ Neoplastic: 
¢ Benign and malignant paraproteinaemias 
e Paraneoplastic syndrome 
¢ Cold agglutinin disease 
¢ Cryoglobulinaemia 
e Eating disorders: 
e Anorexia nervosa 
¢ Bulimia nervosa 
¢ Orthostatic disorders: 
¢ Chronic orthostatic intolerance 
¢ Postural orthostatic tachycardia syndrome of adolescents 
e Adolescent chronic fatigue syndrome 
¢ Neurological disorders: 
¢ Brachial plexus neuropathy 
e Chronic arsenic poisoning 
e Drugs: 
¢ Butyl nitrate 
e Interferon « (2a) 
¢ Metabolic diseases: 
¢ Fucidosis 
e Ethylmalonic encephalopathy 
¢ Psychiatric: 
¢ Intellectual disability 
¢ Schizophrenia 
e Essential thrombocythaemia 


Epidemiology 

Age and sex 

Presentation is typically in adolescence, with a reported female pre- 
ponderance [2]. 


Pathophysiology 

There is vasospasm of peripheral arterioles, aggravated by cold, 
and dilatation of the subpapillary venous plexus [3]. The condition 
is most probably a primary vascular defect since studies have 
not demonstrated a deficit of neuronal supply to the cutaneous 
vessels [4]. Decreased acral blood flow may be further compromised 
by plasma hyperviscosity. In ethylmalonic encephalopathy — a rare 
metabolic disorder with neuromotor delay, hyperlactic acidaemia 
and orthostatic acrocyanosis — a mutation has been demonstrated 
in ETHE1, a gene encoding a mitochondrial matrix protein [5]. 


Clinical features 

Presentation 

Idiopathic acrocyanosis usually starts in adolescence and persists 
into adult life. The changes may be transient after cold exposure 
but usually persist during the winter and even throughout the sum- 
mer months. Clinically there is a painless mottled duskiness of both 
hands in the presence of normal peripheral pulses. Similar changes 
may be seen on the feet and face. Trophic changes, such as ulcer- 
ation, are absent. In some individuals acrocyanosis spontaneously 


remits. Acrocyanosis must be distinguished from the Raynaud phe- 
nomenon, which occurs episodically with triphasic colour changes 
and often involves just a few digits. Arterial and venous occlusion 
must be excluded. In cases of acrocyanosis developing for the first 
time in adult life a secondary cause should be sought (Box 124.2). 


Differential diagnosis 
This includes Raynaud phenomenon, arterial occlusion and venous 
occlusion. 


Prognosis 
The prognosis varies with the underlying disorder. Primary 
acrocyanosis in young adults may disappear spontaneously by 
middle age. 


Investigations 

Capilleroscopy has been used to demonstrate dilated and con- 
gested capillary loops at the base of the fingernail. However, the 
usefulness of this technique in distinguishing primary acrocyanosis 
from connective tissue disease has yet to be firmly established. 
Duplex vascular ultrasound can be used to exclude intravascular 
thrombosis. 


Management 

There is no effective medical treatment for acrocyanosis. Vasodilator 
therapies, such as the calcium-channel antagonists, do not appear 
to be beneficial. Drug-induced acrocyanosis will be improved by 
cessation of the culprit drug. Treatment of an underlying systemic 
disorder may improve the appearance in secondary acrocyanosis. 


Erythrocyanosis | 


Definition 

Erythrocyanosis is a persistent, dusky redness of the skin occurring 
at sites with a thick layer of underlying subcutaneous fat, such as the 
thighs and lower legs. Erythrocyanosis is seen less commonly on the 
buttocks and arms. 


Introduction and general description 

Erythrocyanosis is a condition that predominantly affects the lower 
legs, distinguishing it from acrocyanosis, which affects peripheral 
areas such as digits and appendages [1]. 


Epidemiology 

Age and sex 

Erythrocyanosis occurs most commonly in adolescent girls and 
middle-aged women. 


Pathophysiology 

It has been hypothesised that the subcutaneous fat in these sites acts 
to insulate the superficial vessels from the warmth of the underlying 
blood supply, thus rendering them susceptible to cold exposure. It is 
exacerbated by cold and therefore usually more prominent during 
the winter. 
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Clinical features 

Presentation 

Erythrocyanosis is seen on the lower legs of adolescent girls, the 
thighs and buttocks of overweight boys and the thighs and lower 
legs of middle-aged women. Very occasionally it can occur on 
the forearms of infants. It is characterised by dusky discoloration 
of the skin and may be accompanied by keratosis pilaris, angio- 
keratomas and telangiectases. The area is cold to touch. Nodular 
perniotic lesions occurring after cold exposure may complicate 
erythrocyanosis. Oedema and fibrosis may be seen as chronic mani- 
festations of erythrocyanosis. 


Differential diagnosis 
While the diagnosis is often clinically apparent, other vascular dis- 
orders and livedo reticularis may be considered in the differential. 


Prognosis 
The disorder may persist indefinitely but spontaneous improvement 
can occur in adolescent patients. 


Investigations 
None is required. 


Management 

Warm clothing, exercise, weight reduction and elastic support 
hosiery may be helpful. Vasodilators, such as calcium-channel 
antagonists, are of limited value. 


Livedo reticularis q 


Definition and nomenclature 
Livedo reticularis is a mottled, cyanotic discoloration of the skin, 
which has a characteristic network pattern. It is accentuated by cold. 


Introduction and general description 
Livedo reticularis is a lace-like pattern on the surface of the skin 
created by low blood flow within anastomoic areas of the skin. 


Pathophysiology 

Pathology 

The blood supply of the skin is arranged in cones, the bases of which 
measure 1-4 cm in diameter and lie on the skin’s surface [1]. Each 
cone is supplied by an arteriole, which passes through the dermis 
perpendicular to the surface. When blood flow through the feed- 
ing arterioles is diminished, deoxygenated blood at the anastamotic 
junctions produces a cyanotic network pattern on the skin which is 
livedo reticularis (Figure 124.7). Livedo reticularis may be physio- 
logical, idiopathic or secondary to intravascular obstruction or ves- 
sel wall disease (Box 124.3). 


Box 124.3 Classification of livedo reticularis 


Physiological livedo reticularis 
¢ Cutis marmorata 


Idiopathic or primary livedo reticularis 
¢ Congenital: 

¢ Cutis marmorata telangiectatica congenita 
¢ Acquired idiopathic: 

¢ Uncomplicated 

¢ With winter ulceration 

¢ With summer ulceration 

e With systemic vascular involvement 


Secondary livedo reticularis 
e Intravascular obstruction: 
e Stasis: 
* paralysis 
¢ cardiac failure 
¢ amantadine therapy 
¢ Occlusive disease: 
¢ emboli [8,9] 
¢ oxalosis (primary hyperoxaluria) [10,11] 
¢ compressed air 
¢ bismuth, pentazocine, non-steroidal anti-inflammatory drugs, 
minocycline [12] 
¢ Thrombocythaemia [13,14] 
¢ Cryoglobulins 
¢ Cold agglutinins 
e Vessel wall disease: 
e Arteriosclerosis 
e Arteritis: 
¢ polyarteritis nodosa 
¢ systemic lupus erythematosus 
¢ antiphospholipid syndrome 
e rheumatoid arthritis 
¢ dermatomyositis 
¢ lymphoma 
© pancreatitis 
¢ Infections: 
¢ tuberculosis 
¢ syphilis 
¢ hepatitis C 
¢ brucellosis 
© Coxiella burnetii 
¢ Metabolic disease: 
¢ hyperparathyroidism and hypercalcaemia [15] 
¢ calciphylaxis [16] 


There is hyperkeratosis, red blood cell aggregates and vessel wall 
thickening in the deep dermis. If the livedo reticularis is caused by 
vasculitis, there will be vascular inflammation and arterial obliter- 
ation in the deep dermis and the subcutaneous tissue. There is no 
difference in the histological features between the blanched and red 
areas [2]. 


Clinical features 

Presentation 

Livedo reticularis most commonly occurs on the legs but the arms 
and trunk may also be affected. Cold usually exacerbates the 


Abnormal 
artery 


Abnormal 
arteries 


Figure 124.7 (a) Normal vasculature. (b) Livedo racemosa due to patchy arterial 
pathology. (c) Livedo reticularis due to diffuse arterial pathology. 


cyanotic discoloration, while leg elevation tends to decrease the 
intensity of the colour changes. Diffuse arterial disease or hyper- 
viscosity problems give rise to diffuse livedo reticularis; limited 
arterial disease leads to patchy mottling. In many cases livedo 
reticularis forms a complete network, in other cases there is a 
branching configuration known as livedo racemosa. Ulceration of 
the dark areas occurs rarely but, if present, suggests significant 
large-vessel vasculitis or intraluminal thrombosis. The appearance 
of livedo reticularis is initially reversible if the underlying cause 
is treated, but with chronic problems permanent telangiectases 
develop. 


Clinical variants 

Physiological livedo reticularis. Also known as cutis marmorata, 
this is a transient cyanotic mottling of the skin that occurs as a phys- 
iological response to cold exposure and disappears with warming. 
It is usually encountered in healthy infants and resolves during the 
first year of life. Involvement of the trunk as well as the limbs is com- 
mon. Physiological livedo reticularis rarely occurs in adults, but in 
this situation is often associated with a disorder that causes stasis 
within blood vessels, for example paralysis. 


Figure 124.8 (a,b) A reticular red patch and subtle cutaneous atrophy over the right 
thigh extending to the midsection of the shin, consistent with cutis marmorata 
telangiectatica congenita, in a 3-month-old girl. Reproduced from Levy and Lam 2011 
[17] with permission of CMA Impact Inc. 


Congenital livedo reticularis. Also known as cutis marmorata 
telangiectatica congenita, this is a rare developmental defect, present 
at birth, characterised by a red-purple vascular network [3-5]. 
Lesions are usually asymmetrical, typically on a limb (Figure 124.8), 
less often involving the torso or head. The reticulated area is per- 
sistent and enhanced by cold, crying and exercise. Skin atrophy 
may accompany the livedo. Usually congenital livedo reticularis 
occurs in isolation but it may be associated with a variety of other 
congenital abnormalities. In most cases the condition gradually 
resolves, with most improvement occurring during the first 2 years 
of life. 


Acquired idiopathic livedo reticularis. This occurs predominantly 
in young adult and middle-aged women. Mild degrees are harmless, 
while more severe cases are associated with ulceration, usually in the 
winter. The mottling is at first transient and occurs on exposure to 
cold (Figure 124.9). Permanent livedo may develop with time. Tin- 
gling and numbness of the skin, and sometimes oedema, may be 
present. The diagnosis is clinical and can only be made once other 
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Figure 124.9 Livedo reticularis. Macular, reticulate, violaceous discoloration of the 
thigh. Reproduced from Gibbs et a/. 2005 [18] with permission from Elsevier. 


disorders have been ruled out, including erythema ab igne, capillary 
naevi and angioma serpiginosum and causes of secondary livedo 
reticularis. Livedo reticularis occurs in 20-25% of migraine sufferers 
and in this subset stroke is more frequent, raising the possibility that 
livedo reticularis can be used as a clinical marker to identify those 
migraine sufferers with an increased risk of stroke [6]. 


Livedoid vasculopathy. This may be a distinct entity, presenting 
with broken livedo, forming incomplete circles in the livedo race- 
mosa pattern (Figure 124.10). Histologically, a true vasculitis is 
not seen, although there may be mild leukocytoclasis and hyalin- 
isation of the vessels. The predominant feature is that of vascular 
occlusion by intraluminal thrombi in the upper and mid dermis. 
Therefore, besides the primary (idiopathic) form, many cases can be 
considered secondary to underlying diseases that promote vascular 
occlusion [7]. 


Differential diagnosis 
This includes erythema ab igne, capillary naevi and angioma 
serpiginosum. 


Prognosis 
Prognosis is related to the underlying cause, if one is present. 


(a) 


(c) 


Figure 124.10 (a—d) Clinical photographs demonstrating widespread livedo racemosa 
with persistant, violaceous, mottled discoloration of the skin. Reproduced from Timoney 
et al. 2019 [19] with permission of BMJ Publishing Group. 


Investigations 
Laboratory studies should be directed by the underlying medical 
presentation. Typical investigations would include a thrombophilia 
screen, autoimmune screen, full blood count, metabolic panel and 
serum protein electrophoresis. Further investigations such as ultra- 
sound and echocardiography may be required to look for sources of 
emboli. 

Skin biopsies should be performed from both the central blanched 
areas and the purplish livedo areas to increase the diagnostic yield 
as changes may be present in either or both areas. 


Management 
The management is directed to the underlying condition, if one is 
identified. 


Raynaud phenomenon 


Definition 
Raynaud phenomenon is defined as episodic digital ischaemia 
occurring in response to cold or emotional stimuli. 


Introduction and general description 
Raynaud phenomenon is characterised by sequential colour 
changes: white (pallor), blue (cyanosis) and red (rubor). Pallor 


is essential for the diagnosis. However, in severe recalcitrant 
Raynaud phenomenon, particularly in association with a connec- 
tive tissue disease, attacks of long duration may occur in which the 
initial pallor is short-lived and succeeded by prolonged cyanosis. 
Primary Raynaud phenomenon (also called Raynaud disease) is 
idiopathic and occurs as an isolated innocuous disorder (Box 124.4). 
Secondary Raynaud phenomenon occurs in association with under- 
lying diseases, or is caused by physical factors or drugs (Box 124.5). 


Box 124.4 Criteria for the diagnosis of primary 
Raynaud phenomenon 


¢ Intermittent attacks of discoloration of the extremities 

e No evidence of organic peripheral arterial occlusion 

¢ Symmetrical or bilateral distribution 

e Exclusion of any disease, occupation, trauma or drug ingestion that 
could give rise to vasospastic abnormalities 

e Absence of immunological abnormalities 

¢ Commoner in female sex, age under 25 years 

e History of cold intolerance since childhood 

¢ Normal nail fold capillaries 


The sequential colour changes were first described by Maurice 
Raynaud in 1862 [1]. In 1901, Jonathan Hutchinson reported that 
there were several causes for the phenomenon [2] and, subse- 
quently, Allen and Brown established clinical criteria to distinguish 
innocent primary Raynaud phenomenon from secondary Raynaud 
phenomenon [3]. The advent of immunological tests for the con- 
nective tissue diseases has helped refine the diagnosis of primary 
Raynaud phenomenon (Box 124.4). 


Epidemiology 

Incidence and prevalence 

Studies of prevalence of the Raynaud phenomenon have been ham- 
pered by differences in diagnostic criteria and survey technique. 
Population-based surveys have reported a prevalence of between 
6% and 20% in women, and between 3% and 12.5% in men [4]. 
There is some evidence for an increased prevalence of Raynaud 
phenomenon in family members of affected individuals, suggesting 
a genetic susceptibility [5]. A genome linkage study of affected 
individuals within a family indicated five candidate regions with 
possible linkage, of which three were potential candidate genes: the 
beta subunit of the muscle acetylcholine receptor and the serotonin 
1B and 1E receptors [6]. 


Age 
The age of onset is usually under 40 years, but it may occur over 
this age. 


Sex 
Primary Raynaud phenomenon is commoner in women, in the 
proportion of at least 5 : 1 [7]. 


Pathophysiology 
The pathogenesis of Raynaud phenomenon is centred on a 
functional unit composed of vascular endothelium, smooth muscle 


Box 124.5 Aetiology of Raynaud phenomenon 


Primary Raynaud phenomenon (Raynaud disease) 


Secondary Raynaud phenomenon 
¢ Trauma or vibration: 
e Reflex sympathetic dystrophy 
e Vibration exposure 
e Arteriovenous fistula 
¢ Hypothenar hammer syndrome (ulnar artery thrombosis) 
¢ Intra-arterial drug administration 
¢ Connective tissue disease and vasculitis: 
e Systemic sclerosis 
e Systemic lupus erythematosus 
¢ Rheumatoid arthritis 
¢ Sjogren syndrome 
¢ Mixed connective tissue disease 
¢ Dermatomyositis 
¢ Temporal arteritis 
¢ Hepatitis B antigen vasculitis 
¢ Obstructive arterial disease: 
¢ Atherosclerosis 
¢ Thromboangiitis obliterans (Buerger disease) 
¢ Hypothenar hammer syndrome (ulnar artery thrombosis) 
¢ Neurological disease: 
¢ Thoracic outlet syndrome (cervical rib) 
¢ Carpal tunnel syndrome 
¢ Hypothenar hammer syndrome 
¢ Reflex sympathetic dystrophy 
¢ Haematological disease: 
¢ Cryoglobulinaemia 
¢ Cold agglutinins 
e Paroxysmal haemoglobinuria 
e Waldenstrém macroglobulinaemia 
¢ Drugs and toxins: 
e Ergot 
¢ £-Blockers 
¢ Methysergide 
¢ Bleomycin 
e¢ Amphetamines 
¢ Imipramine 
¢ Bromocriptine 
¢ Clonidine 
¢ Ciclosporin 
¢ Oral contraceptives 
¢ Vinyl chloride 
¢ Nitroglycerin withdrawal 
¢ Heavy metals 
¢ Miscellaneous: 
¢ Paraneoplastic syndrome 
¢ Chronic renal failure 
¢ Primary pulmonary hypertension 
¢ Hypothyroidism 
e Anorexia nervosa 


cells and nerve endings. This integrated neurovascular system 
responds to a range of soluble mediators and physical stimuli, 
which determine the balance between vasoconstriction and vasodi- 
latation. In primary Raynaud phenomenon the vascular changes 
are considered to be functional. In contrast, in secondary Raynaud 
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phenomenon there are structural vascular changes, most clearly 
delineated in patients with systemic sclerosis. Severe intimal hyper- 
plasia consisting of collagen deposits is often associated with 
intravascular thrombi, which can completely occlude the lumen 
[8]. In systemic sclerosis there is also distorted nail fold capillary 
architecture with dilated loops and areas of vessel drop-out. 

Aberrant expression of endogenous vasodilatory substances 
(nitric oxide, prostacyclin, prostaglandin and leukotrienes) and 
vasoconstrictors (endothelin, angiotensin II and thromboxane A2) 
has been implicated in the pathogenesis of the Raynaud phe- 
nomenon [9]. A disturbance in vascular homeostasis may lead 
to uncontrolled vasoconstriction and studies have demonstrated 
downregulation of nitric oxide and upregulation of endothelin-1 
in Raynaud phenomenon patients [10,11]. Investigation into the 
innervation pathways of vascular smooth muscle have highlighted 
a prominent role for «,.-adrenoreceptors in cold-induced vaso- 
constriction [12]. Studies of Raynaud phenomenon patients have 
demonstrated that, compared with normal controls, the increased 
contractile response to cold and a-adrenergic agonists is associated 
with increased activity of protein tyrosine kinase and tyrosine 
phosphorylation in vascular smooth muscle [13]. 


Clinical features 

Presentation 

The Raynaud phenomenon affects the hands and, less often, the 
feet; changes elsewhere are exceptional, although the tongue can be 
involved [14]. 

A typical attack consists of sudden pallor of one or more digits, 
followed after a few minutes by cyanosis or sometimes by red- 
ness. In primary Raynaud phenomenon the condition is usually 
symmetrical and involves several digits. In secondary Raynaud 
phenomenon only one or a few digits are affected and asymmetry 
is not unusual. Attacks are usually precipitated by cold, either local 
or of the whole body, or by psychological stimuli. Episodes may 
occur infrequently or many times each day. Severe cases, which are 
usually of the secondary type, may be complicated by telangiectases 
of the nail fold, thinning and ridging of the nail and atrophy or scle- 
rosis of the fingers (sclerodactyly). Skin necrosis is extremely rare 
in primary Raynaud phenomenon but not uncommon in secondary 
Raynaud phenomenon and may result in destruction of the digits. 

The disease tends to run a variable course. In primary Raynaud 
phenomenon the outcome is good in 80% of cases, but some disabil- 
ity occurs in 20%. In secondary Raynaud phenomenon the prognosis 
is that of the underlying disease. 


Differential diagnosis 

This includes acrocyanosis, hand-arm vibration syndrome, heavy 
metal intoxication, ergot intoxication, thoracic outlet syndrome and 
cervical rib, and Buerger disease and other arterial diseases. 


Prognosis 
Prognosis varies with the underlying disease, if one is present. 


Investigations 

Investigations are directed towards detecting an underlying cause 
for the Raynaud phenomenon. A variety of vascular imaging stud- 
ies have been employed but are not specifically useful in clinical 
diagnosis. 


Management 

Conservative management includes taking measures to keep the 
hands and feet warm and reducing cold exposure and also emo- 
tional stress. Hand and feet warmers may be useful. With drug 
treatment, the clinician must balance the beneficial effects versus 
drug-related adverse effects [15]. 


First line 

Calcium-channel antagonists can be useful in decreasing the fre- 
quency, duration and severity of attacks. A meta-analysis of 18 
randomised, placebo-controlled, double-blinded trials assessed the 
efficacy of calcium-channel blockers against placebo in patients with 
primary Raynaud phenomenon and found a decrease in attacks 
and reduction in symptom severity [16]. Recommended doses 
of nifedipine range from 30 to 180 mg daily and for amlodipine 
between 5 and 20 mg daily. Slow-release or long-acting prepara- 
tions are recommended to improve compliance and reduce side 
effects; nonetheless discontinuation occurs in approximately 15% of 
subjects because of headaches and leg oedema [17]. 


Second line 

In a double-blind, placebo-controlled study of 16 patients with 
secondary Raynaud phenomenon, sildenafil 50 mg twice daily 
demonstrated significant improvement in mean attack rates and 
duration [18]. Sildenafil is a phosphodiesterase inhibitor and acts 
by increasing the vasodilatory effect of both nitric oxide and prosta- 
cyclin. A variety of newer phosphodiesterase inhibitors are being 
investigated that may increase perfusion but with variable efficacy 
on duration and severity of attacks. 


Third line 

Intravenous infusion of vasodilatory prostaglandins can reverse 
ischaemic complications in Raynaud phenomenon. Iloprost, a 
prostacyclin analogue, is commonly administered to patients with 
severe digital ulceration. In a randomised, placebo-controlled, 
double-blind study of 131 patients with systemic sclerosis, the 
mean weekly number of Raynaud phenomenon attacks signifi- 
cantly decreased on iloprost compared with placebo [19]. Repeated 
treatment with iloprost over 1 year was found to be more effec- 
tive than nifedipine in reducing the severity score of Raynaud 
phenomenon in patients with systemic sclerosis [20]. 

A study of bosentan, an endothelin receptor antagonist, demon- 
strated a marked reduction in new digital ulcers in systemic sclerosis 
patients but did not decrease the frequency or severity of Raynaud 
attacks [21]. A randomised controlled trial demonstrated that the 
angiotensin II receptor antagonist losartan significantly reduced 
the frequency and severity of vasoconstrictive episodes in patients 
with primary Raynaud phenomenon and in Raynaud phenomenon 
secondary to systemic sclerosis [22]. 

Topical glyceryl trinitrate, a nitric oxide donor, significantly 
reduced the number and severity of Raynaud attacks in individuals 
with primary Raynaud phenomenon and secondary Raynaud phe- 
nomenon compared with placebo [23]. Glyceryl trinitrate 2% was 
associated with headaches whereas glyceryl trinitrate 1% reduced 
the incidence of side effects but maintained a similar improvement 
in Raynaud phenomenon symptoms [23]. A systematic review of 
typical nitrate use suggests that improvements are seen in both 


primary and secondary Raynaud phenomena, with the response 
being greater in secondary cases [24]. Botulinum toxin A, injected 
into the hand, can also cause vasodilatation; its role in the treatment 
of Raynaud phenomenon has yet to be established [25]. Several 
studies have shown decreased pain, decreased ulceration and 
improvement in Raynaud symptoms with either botulinum toxin 
A or botulinum toxin B. The dose range used in studies is variable, 
but can be as low as 10 units of botulinum toxin A [26,27]. 


Cryoglobulinaemia q 


Definition 

Cryoglobulinaemia refers to the presence of immunoglobulin 
complexes that precipitate in vitro when cooled below body tem- 
perature [1]. 


Introduction and general description 

Cutaneous features in cryoglobulinaemia occur as a consequence of 
intravascular precipitation of cryoglobulins in the small vessels of 
the skin or as an immune complex disease (Chapters 99 and 100). In 
the demonstration of cryoglobulins, venous blood is drawn into a 
warm syringe and allowed to clot at 37°C. The serum (or plasma if 
cryofibrinogen is suspected) is cooled to 4-5°C and any precipitate 
noted. This should redissolve on warming. The amounts of cryo- 
globulin reported to cause symptoms are very variable: less than 
25 mg/dL may rarely be associated with symptoms, however much 
higher levels may be symptomless. Levels as high as 80 g/L have 
been recorded. 


Epidemiology 

Incidence and prevalence 

There are few epidemiological data on the prevalence of cryoglob- 
ulinaemia. However, a population study of a small town in Italy, 
Origgio, demonstrated a prevalence of mixed cryoglobulinaema 
affecting 8.5/10 000 in the general population, or 26/10 000 in those 
aged over 50 years. In this study, the main underlying association 
was hepatitis C [2]. 


Age 

The mean age of onset of symptoms in mixed cryoglobulinaemia 
is reported as being 53 years, with a mean age at diagnosis of 
56 years [3]. 


Pathophysiology 
Type I cryoglobulins are single monoclonal immunoglobulins 
usually associated with haematological disorders, such as multiple 
myeloma, macroglobulinaemia and lymphoma. These precipitate 
in blood vessels, leading to ischaemia from vascular occlusion. 
Type II mixed cryoglobulins are composed of a monoclonal 
component (usually immunoglobulin M « (IgM-«)) with rheuma- 
toid factor activity against polyclonal IgG. In type III mixed 
cryoglobulins, all the components are polyclonal [3]. Mixed cryo- 
globulinaemia is most commonly associated with hepatitis C 
virus (HCV) infection and is mainly of type III [4]. Other infec- 
tions are also implicated in mixed cryoglobulinaemia, including 


hepatitis B and human immunodeficiency virus (HIV), and cases 
are also seen in conjunction with autoimmune diseases such as 
Sjogren syndrome, systemic LE and rheumatoid arthritis [5]. Mixed 
cryoglobulinaemia causes a systemic vasculitis with multiorgan 
involvement, mainly of the skin, joints, kidneys and peripheral 
nerves. 


Clinical features 

The most usual skin manifestation is purpura on the lower legs, 
which may develop after cooling of the extremities. In cryoglobuli- 
naemia of all types, other skin signs are livedo reticularis, Raynaud 
phenomenon, atypical ulceration of the legs, digital skin necrosis 
and cold urticaria [6]. 


Differential diagnosis 

Other causes of vascular occlusion such as hypercoagulable states, 
embolic disease and vasculitides need to be included in the differ- 
ential diagnosis. 


Investigations 

Investigations include a skin biopsy to look for vascular occlusion or 
vasculitis, immunoglobulin titres and plasma protein electrophore- 
sis, and hepatitis B and C serology. Serology for autoimmune disease 
should also be performed. 

If cryoglobulinaemic vasculitis is suspected clinically, investiga- 
tions should demonstrate circulating cryoglobulins, high rheuma- 
toid factor titre and low C4 levels. 

Histology may show a leukocytoclastic vasculitis of the small 
blood vessels on a skin biopsy. Histopathology of cryoglobuli- 
naemia without vasculitis will reveal homogeneous eosinophilic 
material within the vascular lumina of dermal vessels, which 
corresponds to cryoglobulin deposits. 


Management 

Treatment of mixed cryoglobulinaemia is aimed at reducing 
immune complex activity by immunosuppression (with pred- 
nisolone and cyclophosphamide) and plasmapheresis. In the 
presence of HCV infection, therapy should also be directed at 
viral eradication with pegylated interferon and ribavirin. Recently, 
reports have demonstrated benefit from the use of rituximab, 
a chimeric monoclonal anti-CD20 antibody, that exerts a selec- 
tive B-cell control [7]. Similarly, for hepatitis B virus infection, a 
step-wise approach with antiviral therapy (oral nucleot(s)ide ana- 
logues, B-cell depletion (rituximab), steroids, plasmapharesis and 
non-steroidal drugs has been proposed [8]. 


Cold agglutinins j 


Cold agglutinin disease is a disorder of autoimmune haemolysis 
in which cold-sensitive immunoglobulins react against erythro- 
cyte surface antigens. In primary cold agglutinin disease, a bone 
marrow monoclonal CD20+ «+ B-lymphocyte population is often 
demonstrated, while lymphoplasmacytic lymphoma may underlie 
the production of cold agglutinins in other patients [1]. Cases may 
also be secondary to a variety of diseases, notably Mycoplasma and 
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Chapter 124: Cutaneous Reactions to Cold and Heat 


Epstein-Barr virus infections. Cutaneous features occur mainly on 
acral sites and include Raynaud phenomenon, acrocyanosis and 
skin necrosis. 

Fatigue is one of the dominant symptoms of cold agglutinin dis- 
ease, affecting about 90% of patients. This can vary with time but has 
a marked impact on physical, emotional and financial well-being [2]. 

Non-pharmacological treatments involve avoiding or mitigating 
against cold exposures. This may include wearing gloves for 
example when accessing fridges or freezers, making sure patients 
have a warm environment on hospital wards and warming intra- 
venous infusions. The results of therapy with corticosteroids, 
alkylating agents and interferon « have been poor. However, stud- 
ies of the chimeric anti-CD20 antibody rituximab have produced 
good response rates [3]. This may be further enhanced when 
combined with fludarabine or bendamustine [4]. 


Physiological reactions to heat and infrared 
radiation 


The physical and biochemical effects of infrared (IR) radiation, 
comprising approximately 40% of solar irradiation, have been 
relatively neglected [1], but are the subject of a comprehensive 
review [2]. 

IR is the segment of the electromagnetic spectrum that extends 
between red visible light and microwaves and radiowaves. The 
wavelengths range from 0.75 jm (750 nm) to 100 pm. As with ultra- 
violet (UV) radiation, there is an arbitrary subdivision into near IR 
(0.75-3 wm), middle IR (3-30 pm) and far IR (30-100 pm). Energy 
is inversely proportional to wavelength, therefore most biological 
effects are seen at shorter wavelengths. IR causes molecular vibra- 
tion, the most obvious effect of which is to raise temperature. 
Radiation from 0.75 to 0.8 sm can cause photochemical reactions. 
Some wavelengths of IR are strongly absorbed by water — both in 
the atmosphere and in the hydrated stratum corneum. Transmitted 
IR can penetrate up to 30 mm [3]. 

The major sources of IR radiation are the sun and IR lamps, but 
in clinical practice various forms of radiant heater in the home and 
workplace, hot water bottles, heating pads, etc. are important. Most 
experimental work into the effects of IR radiation on the skin has 
used sources that emit UV and/or visible radiation as well, and the 
data are conflicting. 


Experimental effects 

Acute effects 

Infrared radiation alone produces redness, which disappears by 
6 h [4]. Histological studies have shown vasodilatation and mast 
cell degranulation [5]. The mediators have been studied in suction 
blisters and are essentially similar to those found in UVB-induced 
skin changes: free arachidonic acid, prostaglandins PGD,, PGE,, 
PGF, and 6 oxo-PGF,,. The free arachidonic acid level is still high 
after 72 h [6]. Epidermal proliferation is reduced by IR and does not 
become normal until after 7 days [7]. 

Prior heating with IR radiation reduces the phototoxic response to 
methoxypsoralen and UVA [8]. The interaction between UV and IR 
radiation has been evaluated but with conflicting results [8-10] and 
further studies are needed. 


Chronic effects 


In a mouse model, over a 45-week period, the histological effects of 
radiation were studied, using a visible plus IR source, either alone, 
in combination with UVA and UVB, or with UV followed by IR 
[11]. There was deposition of fibres with the staining properties of 
elastin in animals receiving only visible plus IR radiation, and an 
augmentation of the elastosis was attributable to UV radiation. As 
with clinical solar elastosis, there was also an increase in ground 
substance. 


Carcinogenesis 

Infrared radiation can coagulate protein and nucleic acid and is 
synergistic with UV radiation in denaturing DNA. The production 
of UVB-induced cyclobutane dimers is temperature dependent [12], 
therefore this tumour-initiating event is likely to be augmented by 
IR radiation. DNA repair after UV- and X-ray-induced damage is 
slower at 41-43°C than at 37°C, as occurs with heating resulting 
from IR [13]. It has been shown that mice heated to 35-38°C had 
a shorter latent period for UVR-induced tumours than controls 
[14,15]. Heat, wind and humidity have been shown to enhance UV 
carcinogenesis [16]. 


DISEASES CAUSED BY HEAT 
INFRARED RADIATION 


Erythema ab igne 7 


Definition 

This is a characteristic reticular telangiectatic and pigmented der- 
matosis, resulting from repeated or prolonged exposure to IR radia- 
tion, insufficient to produce a burn. 


Introduction and general description 

The condition, once common in the UK, has become rare since the 
introduction of central heating, although it is still sometimes seen 
in rural areas among elderly people who stand or sit closely over 
fires (Granny’s tartan), or who are habituated to the use of hot 
water bottles. It may be a valuable sign of hypothyroidism. A resur- 
gence of the condition in the USA affects not only the elderly but 
also impecunious students [1], because of the high cost of central 
heating. 

Sources other than domestic heating may be responsible for 
erythema ab igne at other body sites. Examples include the repeated 
application of hot water bottles or heated pads for chronic back- 
ache, recliner chairs with built-in heaters [2] and even bathing in hot 
water [3]. Among occupations, foundry workers and bakers and 
the various tasks that involve carrying heated coals are sometimes 
relevant. Car heaters may also be a cause [4]. Erythema ab igne 
has been found on the thighs of laptop computer users [5-8]. It has 
been reported as a useful marker of chronic pancreatitis because 
local heat relieves the abdominal pain [9] but also occurs when heat 
is applied for other real and imagined pains [10], including cancer 
[11]. In mentally disturbed patients with thermophilia, bizarre areas 
of erythema ab igne are sometimes encountered. 


Epidemiology 
Sex 
Erythema ab igne most commonly affects the legs of women. 


Pathophysiology 

Pathology 

In the early stages, epidermal atrophy, dermal pigmentation 
and vasodilatation are evident. Basophilic degeneration of the 
connective tissue, focal hyperkeratosis and epithelial cellular atypia 
occur later, closely resembling the changes induced by actinic dam- 
age [12]. Electron microscopy shows similar changes in the elastic 
fibres as found in chronic sun exposure [13]. There can be loss of 
type IV collagen from the basement membrane zone [14]. Keratoses 
and eventually squamous cell carcinomas may form [15-17]. 


Clinical features 

In most cases, a heat source explaining the dermatosis is readily 
identified in the clinical history, although some patients may deny 
heat exposure. Any surface of the body is susceptible [18] and the 
condition can occur at all ages including in children [19]. Following 
a single exposure to IR radiation of a subthreshold intensity, a 
mild and transient reticular redness occurs. Further or repeated 
exposure causes a more marked redness with noticeable hyperpig- 
mentation (Figure 124.11) and, sometimes, superficial epidermal 
atrophy. Subepidermal blistering [20] can occur in the affected skin 
(Figure 124.12). The cumulative effects of the small and repeated 
thermal exposures often clear during the summer months but 
involution gradually becomes less complete. The changes caused 
by repeated and prolonged exposure to IR radiation eventually 
resemble those of poikiloderma, with reticulate telangiectasia, 
atrophy, melanosis and diffuse hyperkeratosis. 

The distribution of the dermatosis depends not only on the 
direction of the incident radiation, but also on the contour of the 
skin and the interposition of clothing. When erythema ab igne 
results from sitting in front of the fire, people may sit sideways, 
causing the outer aspect of one leg and the inner aspect of the other 
to be particularly affected. Others habitually sit directly in front, 
and a strictly symmetrical eruption is seen. In severely affected 
individuals the reticular pattern is lost, a wide area of skin becom- 
ing pigmented and atrophic, with only the periphery showing the 
characteristic pattern. 

An unusual variant has been described in elderly immobile 
females with lymphoedema in which there are reticulate ridges of 
tissue that can be compressed [21]. 

Rarely, lichen planus, psoriasis or chilblain lupus may appear as a 
Koebner phenomenon in the affected area. 

While often the heat source is a heater or warming pad, increasing 
reports of laptop computer-related erythema ab igne are appearing 
in the literature. A cluster of paediatric erythema ab igne cases has 
even been reported in children being home schooled in the Covid-19 
lockdown, while sitting next to a space heater [22]. 


Heat-associated carcinomas 

Squamous carcinomas of the skin occurring in areas of heat dam- 
age have been known from ancient times; they have often been 
regarded as exotic curios and their significance overlooked [23]. 


Figure 124.11 Reticular hyperpigmentation on the anterior aspect of both legs. 
Reproduced from Ozturk and An 2020 [34] with permission from John Wiley & Sons. 


They include the Kang cancer of northern China [24] and Japan [25] 
from sleeping on beds of hot bricks, the Kangri cancer of Kashmir 
[26,27] from wearing pots of hot coals and the Kairo cancer of 
Japan caused by carrying metallic benzene-burning flasks - all 
devices used to counteract the cold. ‘Turf’ cancer of the legs of rural 
Irish women has been associated with standing for long periods of 
time over peat fires [28]. Simultaneous occurrence of Merkel cell 
carcinoma with squamous carcinoma has been recorded [29,30]. 
Basal cell carcinomas and actinic keratoses have been reported at a 
site on the cheeks of those wearing rimless glasses, where the tem- 
perature is higher than the surrounding skin because of focusing of 
the sun’s rays [31,32]. 


Differential diagnosis 

Although diagnosis is usually straightforward, there may be 
confusion with livedo reticularis, in which changes are strictly 
symmetrical and telangiectatic rather than pigmented. 
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taneous Reactions to Cold and Heat 


Figure 124.12 Erythema ab igne with subepidermal bulla formation. 


Complications and co-morbidities 

There may be associated hypothyroidism, explaining the need for 
warmth in some cases. When heat is being used to control pain, for 
example on the abdomen, the relevant underlying causes of pain 
should be investigated. 


Prognosis 

Milder cases of erythema ab igne will settle spontaneously. How- 
ever, in more severe cases the pigmentation and atrophy may persist. 
The increased risk of skin cancer means that long-term monitoring 
either by the patient or a physician may be required. 


Investigations 
Thyroid function tests and ultrasound of the abdomen can be used 
if appropriate. 


Management 

Removing the heat source from the skin and investigating for under- 
lying causes of pain, where appropriate, are the mainstay of manage- 
ment. Hypothyroidism should be excluded. In elderly women living 
alone, erythema ab igne may be a sign of hypothermia. The help of 
ancillary social services may be needed. Advice should be given on 
clothing and efforts made to improve the microvascular circulation. 
5-Fluorouracil cream has been used to eliminate the dyskeratotic 
keratinocytes [33]. 
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Introduction 


There is no greater trauma than major burn injury, which can be 
classified according to different burn causes and depths. Over half 
a million burn injuries occur in the USA yearly [1]. These injuries 
are typically not severe, but 40000-50000 burn patients require 
admission and treatment at a burn centre or burn hospital. The 
debilitating effects of burns have led to the dedication of consider- 
able amounts of resources, which have greatly improved outcomes 
[2,3,4]. Improved outcomes can be attributable to specialised burn 
centres, advances in resuscitation, protocolised and specialised 
critical care, better coverage of wounds, improved treatment of 
infections and inhalation injury, and enhanced management of 
the burn-induced hypermetabolic response [4,5]. Another major 
advance is the recent initiative by burn care providers to hold con- 
sensus conferences and implement specific definitions of disease 
processes in severely burned patients, allowing for the conduct 
of appropriate multicentre trials [6] and comparative studies. All 
these changes have significantly improved post-burn morbidity 
and mortality. Indeed, in a recent study in The Lancet, it was shown 
that the burn size associated with an enhanced risk of mortality 
in a specialised centre increased from 40% total body surface area 
(TBSA) burned to over 60% TBSA in children [5], while it increased 
from 20% TBSA to 30-40% TBSA in adults [7]. 

Despite advances in burn care, severe burns still inflict damage 
on almost every organ in the body resulting in profound debilitat- 
ing complications or even death [2,3,4,5,7,8]. Of all burn cases, nearly 
4000 people die of complications related to thermal injury [2,9,10]. 
Burn deaths generally occur either immediately after the injury or 
weeks later as a result of infection/sepsis, multisystem organ failure 


or hypermetabolic catabolic responses [5,11]. Over the last decade, 

the cause of death has changed profoundly [11]. The major cause of 

death in severely burned patients admitted to a burn centre used to 
be due to anoxic brain injury, followed by sepsis and multiple organ 
failure. Now, the major cause of death in burned patients is sep- 

sis followed by multiple organ failure and anoxic brain injury [11]. 

This shift in the cause of death requires the development of novel 

paradigms and treatment approaches to improve post-burn morbid- 

ity and mortality further. The quality of the complex care that burn 
patients receive is directly related to patient outcome and survival. 

Key aspects of care are as follows: 

° Initial care at the scene, pre-hospital care and the early hospital phase: 
adequate and timely response, evaluation of the burns, resuscita- 
tion and admission to a burn centre; escharotomies/fasciotomies, 
resuscitation and treatment of inhalation injury. 

¢ Later hospital phase: wound care including burn surgeries, infec- 
tion control, maintaining organ function and attenuation of 
hypermetabolism. 

¢ Long-term phase: persistent hypermetabolism, reconstruction and 
rehabilitation. 

Four aspects appear to be central for survival and are interrelated: 
burn shock and resuscitation, inhalation injury, wound closure and 
burn hypermetabolism. Therefore, in this chapter, standards of care 
and novel treatment avenues in these areas will be discussed. 


Initial assessment, pre-hospital care 
and emergency treatment 


The initial assessment and management of a burn patient begin with 
pre-hospital care. There is a great need for efficient and accurate 
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125.2. Chapter 125: Burns and Heat Inj 


Guidelines for Burn Patient Referral ue 


(Advice on Transfer and Consultation) 


tion 


¢ These guidelines are designed to be used to aid in clinical decision making. If you have sustained a burn injury, please seek medical advice from 
a medical professional. 

¢ Local and regional infrastructure, resources, and relationships may determine the necessity and timeliness of burn center referral. 

¢ These guidelines are not meant to be definitive care recommendations. They may facilitate building the proper referral network within the local 
healthcare community. 


immediate Consultation with Consideration for Transfer Consultation Recommendation 


¢ Full thickness burns 
Partial thickness >10% TBSA* 
Any deep partial or full thickness burns involving the face, 
Thermal Burns hands, genitalia, feet, perineum, or over any joints 
Patients with burns and other comorbidities 
Patients with concomitant traumatic injuries 
Poorly controlled pain 


* Partial thickness burns <10% TBSA* 
¢ Allpotentially deep burns of any size 


: : . a Patients with si \f ial inhalation such as facial fl 
Inhalation Injury « Allpatients with suspected inhalation injury ° Pause do dansciope = as tara fashbune, 


e Allpediatric burns may benefit from burn center referral due 
to pain, dressing change needs, rehabilitation, 
patient/caregiver needs, or non-accidental trauma 


Pediatrics (14 
years, or <30 kg) 


Chemical Injuries ¢ Allchemical injuries 


¢ All high voltage (21,000V) electrical injuries ¢ Low voltage (<1,000V) electrical injuries should receive consultation 


Electrical Injuries ee eee and consideration for follow-up in a burn center to screen for 
PUNY delayed symptom onset and vision problems 
Burn Severity Determination Percentage Total Body Surface Area (TBSA) 
SUPERFICIAL “RULE OF NINES" “PALMAR METHOD" 


¢ Dry, red, easily blanching, sometimes painful 

¢ Example: Sunburn 

¢ NOT counted in calculations of total burn surface area 
(TBSA) 


SUPERFICIAL PARTIAL THICKNESS 
¢ Moist, red, blanching, blisters, very painful 
¢ Counted in calculations of total burn surface area (TBSA) 


DEEP PARTIAL THICKNESS 


¢ Drier, more pale, less blanching, less pain 
* Counted in calculations of total burn surface area (TBSA) 


ws) Patient's entire palmar 
surface is approximately 1% 


For more information visit ameriburn.org/burnreferral 


Figure 125.1 ABA guidelines for burn patient referral. Reproduced with permission of the American Burn Association. 


FULL THICKNESS 
© Dry, leathery texture, variable color (white, brown, black), 
loss of pin prick sensation 
* Counted in calculations of total burn surface area (TBSA) 


assessment, transportation and emergency care for these patients in 
order to improve their overall outcome. Once the initial evaluation 
has been completed, transportation to the appropriate care facility 
is of utmost importance. It is imperative that the patient is trans- 
ported to a facility with the capacity to provide care for the thermally 
injured patient; however, at times, patients need to be transported 
to the nearest care facility for stabilisation (i.e. airway control, estab- 
lishment of intravenous access, etc.). 

Once in the emergency room, the assessment as with any trauma 
patient is composed of primary and secondary surveys (Box 125.1). 
As part of the primary survey, the establishment of a secure airway 
is paramount. An expert in airway management should accomplish 
this as these patients can rapidly deteriorate from airway oedema. 
Once this initial assessment is complete, the clinical status of the 
patient will be determined by the American Burn Association (ABA) 
criteria for burn unit referral (Figure 125.1). 


Box 125.1 Initial assessment of a burned patient 


Primary survey 
e Airway 
e Endotracheal tube placed orally 
e Always be prepared for possible surgical airway 
¢ Breathing 
e Ensure proper placement of endotracheal tube by 
auscultation / X-ray 
¢ Bronchoscopic assessment for inhalation injury 
¢ Circulation 
e Establish adequate intravenous access (large-bore intravenous 
placed peripherally in non-burned tissue if possible, central access 
would be required but can wait) 
¢ Begin resuscitation based on the Parkland formula 


Secondary survey 
¢ Complete head to toe assessment of patient 
¢ Obtain information about the patient’s past medical history, 
medications, allergies, tetanus status 
e Determine the circumstances/mechanism of injury 
e Entrapment in closed space 
¢ Loss of consciousness 
¢ Time since injury 
e Flame, scald, grease, chemical, electrical 
e Examination should include a thorough neurological assessment 
e All extremities should be examined to determine possible 
neurovascular compromise (i.e. possible compartment syndrome) 
and need for escharotomies 
e Burn size and depth should be determined at the end of the survey 


In determining the % TBSA burn, the ‘rule of 9s’ can be used; 
however, it is not as accurate as the Lund and Browder chart 
(Figure 125.2) which further subdivides the body for a more accu- 
rate calculation. First-degree burns are not included. Assessment of 
burn depth can be difficult even for experts in the field. There are 
some basic principles, which can help in evaluating the burn depth 
(Table 125.1 and Figure 125.3). Always be aware that burns are 
dynamic and burn depth can progress or convert to being deeper. 
Therefore, reassessment is important in establishing burn depth. 


Table 125.1 Typical clinical appearances of burn depths (see also Figure 125.3). 


First-degree burns Involve only the epidermis and never blister 

Appear as a ‘sun burn’ 

Are not included in the % total body surface area 
calculation 

Superficial: pink, homogeneous, normal capillary refill, 


painful, moist, intact hair follicles 


Second-degree 
burns (dermal 
burns) 

Deep: mottled or white, delayed or absent capillary refill, 
dry, decreased sensation or insensate, non-intact hair 
follicles 


Third-degree burns Dry, white or charred, leathery, insensate 


Burn shock and resuscitation 

Once the patient is assessed and evaluated at a burn centre, the man- 
agement of a burn patient starts. A central aspect of this phase is 
determining if the patient’s injury is ‘survivable’ or futile. Futility 
in adults or elderly burn patients is usually determined by the sum 
of age (years) plus burn size (%) plus presence or absence of inhala- 
tion injury (+14) being greater or equal to 140-150 [12]. In paediatric 
patients, the philosophy of many paediatric burn centres is that there 
is no futility in children except in very rare instances, for example a 
100% TBSA full-thickness burn. Once the decision to treat is made, 
the initial management and therapeutic goal is preservation of limbs 
and prevention of organ failure, which begins with well-established 
recognition of injury severity, first care protocols and surgical inter- 
ventions [2,4]. 


Resuscitation formula 

A central aspect of the clinical response is adequate resuscitation 
[13-16]. Many formulae have been studied, with all having the 
same goal: maintenance of organ perfusion during burn shock 
with restoration of intravascular volume. The most commonly used 
formulae are the Parkland formula [14] and modified Parkland 
formulae: 


Parkland 
4 mL x %TBSA x weight (kg) = 24h fluid requirement, with half 
given over the first 8 h and the 
Wadia Padiand remainder over the following 16h 
2mL x %TBSA x weight (kg) = 24 h fluid requirement, with half 
given over the first 8 h and the 
remainder over the following 16h 


Recent analyses indicate that the modified formula is superior to the 
traditional 4 cc and the recent ABLS ABA recommendation uses the 
modified 2 cc/kg. 

However, recent evidence suggests that the Parkland formula 
may not be as accurate as previously thought in providing esti- 
mates of fluid requirements in patients with large/deeper burns, 
inhalation injury, delays in resuscitation, obesity, alcohol or drug 
use, and electrical injury, resulting in inadequate/inappropriate 
resuscitation [13,17-19]. The catastrophic events associated with 
underresuscitation include multiple organ failure and death. Over- 
resuscitation induces ‘fluid creep’ with its inherent complications 
such as pulmonary oedema, pleural effusions, pericardial effusions, 
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Figure 125.2 Lund and Browder chart to calculate body surface area burned. 


First degree 


r__taegiee second 
Po hesgree 


Partial 


Deep second 
degree 


abdominal compartment syndrome, extremity compartment syn- 
drome and conversion of burns to deeper wounds [6]. In addition, 
providing greater fluid than required in burn patients significantly 
increases the risk of developing acute respiratory distress syn- 
drome, pneumonia, bloodstream infections, multiple organ failure 
and death [20]. 


Resuscitation goal 
One of the greatest challenges in resuscitation is monitoring 
whether it is adequate and effective. The traditional end points of 


thickness 


Second degree 


Figure 125.3 First-, second- and third-degree burn 
levels in the skin. 


urine output (0.5-1 cL/kg body weight/h), mean arterial pressure 
(>60-65 mmHg), normal base excess and lactate levels are not 
always accurate and can be misleading [14,17,18,20]. However, 
there are currently no better physiological markers that enable ade- 
quate resuscitation, and therefore these parameters remain the ‘gold 
standard’. New attempts to improve and individualise resuscitation 
include use of thermal dilution catheters (e.g. PiCCO®) [15,21] 
and computer-assessed closed loop resuscitation [22,23]. These 
technologies hold promise but have not been fully established in 
the clinic. 


Type of resuscitation fluid 

Current literature is related not only to the amount of fluid used 
in resuscitation but also the type of fluid. Crystalloids have been 
compared with colloids or other means of resuscitation (e.g. hyper- 
tonic saline). To date, no large prospective randomised trial has 
been conducted to determine whether crystalloids are superior to 
colloids. However, the majority of specialist burn surgeons use 
crystalloids (e.g. Ringer lactate) and add colloids (e.g. albumin) 
as a rescue modality [14,24]. Fresh frozen plasma is being used in 
trauma patients but is not currently used in burn patients, and its 
use should be limited to experimental clinical trials. Hypertonic 
saline showed some promise in small studies of burn patients [25], 
but failed to improve outcome in patients with traumatic brain 
injury [26]. Recently two resuscitation adjuncts gained interest in 
the burn community. First, the use of high doses of vitamin C and 
second, the addition of antioxidants and trace elements. Vitamin 
C has been discussed over the last decade and is controversial. 
Recent evidence in critically ill patients led a large group of collab- 
orators to launch the VICToRY (Vitamin C in Thermal injuRY) trial, 
a feasibility and pilot study led by Dr Daren Heyland (personal 
communication) [27]. 

This will hopefully give burn care providers an answer as to 
whether vitamin C is beneficial or not during acute resuscitation. 
The addition of antioxidants and trace elements is another aspect 
that may improve outcomes of burn patients. A recent study by 
Rehou ef al. [28] indicated that antioxidants and trace elements 
dampen the inflammatory response in burn patients. While the 
aforementioned study was not sufficiently powered to detect differ- 
ences in clinical outcomes, it is believed that this modality can be of 
further benefit in decreasing inflammation and hypermetabolism 
after burn. In general, resuscitation has profoundly evolved over 
the last two decades and will continue to do so, because it plays a 
central role in initial post-burn survival. 


Inhalation injury 


Background 

A total of 20-30% of all major burns are associated with a concomi- 
tant inhalation injury, with a mortality of 25-50% when patients 
required ventilatory support for more than 1 week post-injury 
[2,4,29]. A significant portion of fire-related deaths result not from 
burn injury but from inhalation of the toxic products of com- 
bustion [17,29-31]. Many of these compounds may act together 
and can increase mortality. This is especially true of carbon 
monoxide (CO) and hydrogen cyanide where a synergism has 
been found to increase tissue hypoxia and acidosis, and may 
also decrease cerebral oxygen consumption and metabolism. 
Cyanide (CN) toxicity associated with inhalation injury remains 
a diagnostic dilemma because markers for CN toxicity (i.e. ele- 
vated blood lactate, elevated base deficit or metabolic acidosis) 
can also represent underresuscitation, associated trauma, CO 
poisoning or hypoxia. Regardless, aggressive resuscitation and 
administration of 100% oxygen remains a mainstay of treatment. 
Controversy continues as to the need for specific antidotes in 
CN poisoning [32]. The use of hydroxycobalamine (a standard 
of pre-hospital care in some European centres) has not been as 


widely accepted in North America. There is minimal evidence 

for the role of CN antidotes in smoke inhalation injury. There- 

fore, aggressive supportive therapy aimed at permitting hepatic 
clearance of CN without specific antidotes should be the first 
line of treatment. Other possible contributing toxic substances 
are hydrogen chloride (produced by polyvinyl chloride degrada- 
tion), nitrogen oxide or aldehydes, which can result in pulmonary 
oedema, chemical pneumonitis or respiratory irritability. Direct 
thermal damage to the lung is seldom seen except as a result 
of high-pressure steam, which has 4000 times the heat-carrying 
capacity of dry air. Laryngeal reflexes and the efficiency of heat 
dissipation in the upper airway prevent heat damage to the lung 
parenchyma. 

The clinical course of patients with inhalation injury is divided 
into three stages: 

e First stage: acute pulmonary insufficiency. Patients with severe 
lung injuries show acute pulmonary insufficiency from 0 to 36h 
after injury with asphyxia, CO poisoning, bronchospasm, upper 
airway obstruction and parenchymal damage. 

¢ Second stage: pulmonary oedema. This stage occurs in 5-30% of 
patients, usually from 6 to 72h post-burn, and is associated with 
a high mortality rate. 

¢ Third stage: bronchopneumonia appears in 15-60% of these 
patients and has a reported mortality of 50-86%. Bronchopneu- 
monia occurs typically 3-10 days after burn injury and is often 
associated with the expectoration of large mucous casts formed 
in the tracheobronchial tree. Those pneumonias appearing in 
the first few days are usually due to penicillin-resistant Staphy- 
lococcus species, whereas after 3-4 days the changing flora of 
the burn wound is reflected in the appearance in the lung of 
Gram-negative species, especially Pseudomonas species. 


Diagnosis 

Early detection of bronchopulmonary injury is critical in improving 

survival after a suspected inhalation injury. Clinical signs include 

the following [17,29]: 

¢ History of exposure to smoke in a closed space (patients who are 
stuporous or unconscious). 

e Physical findings of facial burns/singed nasal vibrissae/ 
bronchorrhoea/sooty sputum/auscultatory findings (wheezing 
or rales). 

¢ Laboratory findings: hypoxaemia and/or elevated levels of CO. 

¢ Chest X-ray (insensitive method because admission studies are 
very seldom abnormal and may remain normal as long as 7 days 
post-burn). 

¢ Bronchoscopy should be the standard diagnostic method on 
every burn patient. Inhalation injury can be graded using the 
scale of Endorf and Gamelli [31] as follows: 
¢ No inhalation injury (grade 0): absence of carbonaceous deposits, 

erythema, oedema, bronchorrhoea or obstruction. 

e Mild injury or (grade I): minor or patchy areas of erythema, 
carbonaceous deposits in proximal or distal bronchi (any or 
combination). 

¢ Moderate injury (grade II): moderate degree of erythema, car- 
bonaceous deposits, bronchorrhoea with or without compro- 
mise of the bronchi (any or combination). 
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e Severe injury (grade III): severe inflammation with friability, 
copious carbonaceous deposits, bronchorrhoea, bronchial 
obstruction (any or combination). 

¢ Massive injury (grade IV): evidence of mucosal sloughing, 
necrosis, endoluminal obliteration (any or combination). 

* To define parenchymal injury, the most specific method is ?Xe 
lung scanning, which involves intravenous injection of radioac- 
tive xenon gas followed by serial chest scintiphotograms. This 
technique identifies areas of air trapping from small airway 
partial or total obstruction by demonstrating areas of decreased 
alveolar gas washout. 

¢ Additionally, pulmonary function test can be performed and 
could show an increased resistance and decreased flow in those 
with abnormal !°°Xe scans. 


Treatment 

The treatment of inhalation injury should start immediately, with 
the administration of 100% oxygen via face mask or nasal cannula. 
This helps reverse the effects of CO poisoning and aids in its clear- 
ance, as 100% oxygen lowers its half-life time from 250 to fewer 
than 50 min. Maintenance of the airway is critical. If early evidence 
of upper airway oedema is present, early intubation is required 
because the upper airway oedema normally increases over 8-12h. 
Prophylactic intubation without good indication, however, should 
not be performed. 

Several clinical studies have shown that pulmonary oedema 
could not be prevented by fluid restriction. Indeed, fluid resuscita- 
tion appropriate for the patient’s other needs results in a decrease 
in lung water, has no adverse effect on pulmonary histology and 
improves survival. Although overhydration could increase pul- 
monary oedema, inadequate hydration increases the severity of 
pulmonary injury by sequestration of polymorphonuclear cells and 
leads to increased mortality. 

Prophylactic antibiotics for inhalation injury are not indicated, 
but clearly are indicated for documented lung infections. Empirical 
choices for the treatment of pneumonias prior to culture results 
should include coverage of meticillin-resistant Staphylococcus aureus 
in the first few days post-burn (these develop within the first 
week after burn) and of Gram-negative organisms (especially Pseu- 
domonas or Klebsiella) which mostly occur after 1 week post-burn. 
Systemic antibiotic regimes are based on serially monitored sputum 
cultures, bronchial washings or transtracheal aspirates. 


Pharmacological management 
¢ Bronchodilators: every 2 h. 
¢ Nebulised heparin: 5000-10000 units with 3mL normal saline 

4 hourly which alternates with: 

¢ Nebulised acetylcysteine: 20%, 3 mL 4 hourly. 
¢ Hypertonic saline: to induce effective coughing. 

e Racemic epinephrine: to reduce mucosal oedema. 

The theoretical benefits of corticosteroid therapy include a 
reduction in mucosal oedema, reduced bronchospasm and 
the maintenance of surfactant function. However, in several 
animal and clinical studies, mortality increased with the adminis- 
tration of corticosteroids and bronchopneumonia showed a more 
extensive abscess formation. Thus the use of corticosteroids is 
contraindicated. 


Evaluation and early management of the 
burn wound 


Evaluation of burn depth 

Closure of the burn wounds determines the length of hospital 
stay, risk of infection and ultimately survival, while failure to get 
the wounds closed is equivalent to death. Treatment strategies for 
superficial wounds must be differentiated from treatment plans 
for deeper wounds. The most significant factor improving patient 
outcome has been the implementation of early excision and grafting 
of burn wounds, which was first described by Janzekovic and col- 
leagues in the 1970s [33]. Subsequent studies clearly demonstrated 
that if the source of stress and inflammation is removed early, 
survival is significantly improved [34-36]. The challenge that came 
along with this approach was how to best cover the excised burn 
wounds. Currently, the gold standard is to cover these wounds with 
autografts, either in combination with allograft, when the autograft 
is meshed widely (1:3, 1:4 or larger), or just autografting as a sheet, 
or when meshed 1:1.5 or 1:2. There are several new strategies on 
the horizon that may change the surgical care for burn patients. 

First-degree burns are of minimal concern. They only involve the 
epidermis with erythema and no blisters and do not require medical 
attention. 

Second-degree burns (dermal burns) and beyond are those that will 
require medical attention. Dermal burns are divided into super- 
ficial and deep. Their clinical characteristics are summarised in 
Table 125.1 (and see Figure 125.3). The depth of the burn determines 
not only the requirement for admission but also the manage- 
ment — operative versus conservative. The ideal treatment for all 
burns which will not heal between 14 and 21 days is operative exci- 
sion and skin grafting. All others can be treated conservatively. The 
conservative management of burns includes appropriate wound 
care and therapy aimed at maintaining range of motion and overall 
function. 


Partial-thickness burns 
Partial-thickness burns can be categorised as superficial or deep 
burns. Superficial wounds usually heal in between 7 and 14 days. 
Conversely, complete re-epithelialisation of deep dermal burns can 
take up to 4-6 weeks, with scarring often resulting from the loss of 
dermis. A large variety of topical creams and agents are available 
for treatment, and many are silver-based for anti-infective effects 
(summarised in Table 125.2). Recent studies support the use of syn- 
thetic and biosynthetic membranes (e.g. Biobrane® and Suprathel® 
[37]). These membranes decrease the number of dressing changes 
and the amount of pain medication associated with these dressing 
changes. Several studies have been conducted on Biobrane, which 
was established in 1982, and they have shown that this membrane 
is efficacious for superficial burns [38-40]. Suprathel is a synthetic 
copolymer containing >70% lactic acid. Prospective randomised 
clinical studies of partial-thickness burns and split-thickness donor 
sites have shown that Suprathel is associated with less pain than 
other commercially available membranes, though wound healing 
times and long-term scar qualities are comparable between this 
synthetic membrane and other membranes [37]. 

Another approach to burn wound coverage is the use of biologi- 
cal membranes. Human amniotic membrane has a long history of 
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Table 125.2 Topical therapy for treatment of cutaneous burns. 


Antimicrobials Agent Description 


Solutions Mafenide acetate Available as 11% water-soluble cream or 5% solution for deep dermal and full-thickness burns 
Painful application and when used over large areas may cause severe systemic metabolic acidosis 
Broad antibacterial spectrum (poor against Staphylococcus aureus). Good eschar penetration. Useful on 
full-thickness infected or unexcised burns 
Good eschar penetration. Useful on full-thickness infected or unexcised burns. Topically applied cream to ears 
and nose 
Chlorhexidine Concentrations vary from 0.02% to 4%. Can be found in alcoholic or aqueous solution 
High concentrations are not proven to be more effective than lower concentrations. Toxicity is dose dependent 
Broad spectrum against Gram-positive and Gram-negative organisms, facultative anaerobes, aerobes and yeast 
Indicated for superficial burns. May produce skin hypersensitivity 
Povidone Available commercially as solutions, creams and impregnated dressings 
Used for disinfection of inanimate objects and intact skin, and as an antimicrobial agent for all types of wounds 
Spectrum against Gram-positive and Gram-negative organisms, fungi and protozoa 
Toxic to fibroblasts, reduces cell proliferation. Contraindicated in extensive lesions or a known allergy to iodine. 
Use cautiously on pregnant women, children, diabetics and patients with known thyroid disorders, 
compromised renal function or receiving lithium therapy 
Acetic acid Antiseptic, topical agent often used in a diluted form as an adjunct in the setting of Pseudomonas aeruginosa 
Effective against Gram-negative bacteria including Pseudomonas aeruginosa 
High concentrations inhibit epithelialisation, polymorphonuclears and fibroblasts 
Superficial burns have been described when not used properly 
Sodium hypochloride Topical antiseptic used to irrigate, cleanse or as a component in wet-to-dry dressings to treat or prevent skin and 
soft tissue infections. Concentration varies: full strength at 0.5%, half strength at 0.25% and quarter strength 
at 0.125%. 
Broad-spectrum antimicrobial activity includes MRSA, Vancomycin-resistant Enterococcus (VRE) and other 
antibiotic-resistant bacteria 
Loses its antiseptic properties rapidly after application. Gauze sponges soaked with the antiseptic applied once a 
day are recommended 
May produce redness, swelling, skin irritation and impaired wound healing with higher concentrations 
Silver-containing dressings 
Aquacel® Ag Methylcellulose dressing with ionic silver for superficial dermal burns 
Can be left intact until wound fully healed 
Wound base needs to be clean for dressing adherence 
Silver sulfadiazine 1% cream for deep dermal and full-thickness burns 
Has broad spectrum of activity 
Intermediate eschar penetration 
Has broad spectrum of activity, but minimal activity against Staphylococcus species 
Excellent eschar penetration 
Acticoat® Sheet of thin, flexible rayon/polyester bonded with silver crystal embedded polyethylene mesh 
Can be left on the wound for 3-7 days 
Has broad spectrum of activity 
Silver nitrate Available as 0.5% solution, applied through a soaked gauze dressing 
Broad antimicrobial spectrum, stains black, makes a flaky crust on unburned skin and has no eschar penetration 
Also used for cauterisation of wounds and removal of granulation tissue 
Over larger areas produces hyponatremia and hypochloremia 
UrgoTul™ Non-adherent petrolatum and hydrocolloid impregnated dressing 
Treatment of partial-thickness burns 
No adherence to the wound, expect pain-free and non-traumatic removal 
Mepilex® Ag Silicone contact layer and silver-impregnated foam 
Broad-spectrum antimicrobial activity 
Designed to absorb exudate and maintain a moist wound environment. Protects surrounding skin 
Atraumatic removal and minimal pain at dressing change 
Ointments Bacitracin/polymyxin B Ointment for superficial burns 
Mupirocin 2% ointment for superficial burns 
Activity against MRSA 
Neomycin Use limited to small burn areas as spray or ophthalmic ointment. Frequently mixed with bacitracin and polymyxin 
to reduce absorption 
Caution in patients with impaired renal function. It may cause nephrotoxicity and neurotoxicity 
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Table 125.2 (continued) 


Antimicrobials Agent Description 


Other 
Biobrane® 


Artificial skin substitute bilayer — silicone film with a nylon fabric outer layer and a tri-filament thread with collagen-bound inner layer 


For treatment of superficial dermal burns can be left intact until wound fully healed 


Reduces pain and evaporative losses 
Bismuth-containing 


petrolatum gauze Antimicrobial properties 


Preferred dressing for skin graft donor sites and for covering fresh skin grafts. May use on small superficial partial-thickness burns. 


Applied as a single layer over the burn and then covered with a bulky dressing. Will separate from the wound when it has 


re-epithelialised. Useful in children 


Medihoney® Consists of Leptospermum honey 


Exerts antimicrobial activity due to a low pH, high osmolarity, presence of phytochemicals, hydrogen peroxide and blocking cell 


adhesion 


Anti-inflammatory properties, reduces malodour, debrides slough and keeps moisture 


Enzymatic debridement 


Collagenase derives from a strain of Clostridium histolyticum. Papain derives from papaya and bromelain derives from pineapple 


Effectiveness is questionable. High cost. Relatively slow acting 
Good option in patients who require debridement but are not surgical candidates 


MRSA, meticillin-resistant Staphylococcus aureus. 


use as a wound dressing. However, amnion can be used only as a 
temporary wound covering, not as a skin transplant. Over the last 
two decades, an increasing amount of data has accumulated with 
regard to the use of amnion in burn wound coverage. Some of the 
benefits of amnion are that it is thin, pliable, adhesive but not prone 
to sticking and is easily removed. In a recent prospective study of 
paediatric burns by Branski et al. [41], amnion exhibited outstand- 
ing wound healing properties and produced excellent long-term 
cosmetic results. Because amnion is complicated to harvest, process 
and store, various companies who recognise the potential of amnion 
have now added it to their repertoire. The most fascinating aspect 
of amniotic membrane is that it contains stem cells, which can 
be applied in various ways to create new treatment approaches. 
These approaches await further evaluation in prospective clinical 
trials. 

Bioengineered approaches have also been tested for use in 
partial-thickness burns. Examples include keratinocyte-fibrin 
sealant sprays, fibrin sealant-containing growth factors and cell 
suspensions. An autologous cell suspension known as ReCell® has 
gained recent interest. This spray contains autologous keratinocytes, 
melanocytes, fibroblasts and Langerhans cells that are harvested 
from a split-thickness biopsy. Small clinical studies indicate that 
ReCell improves time of wound healing and quality of wound 
healing. These results led to a prospective randomised multicentre 
trial comparing ReCell to autologous skin grafting [42,43]. 


Full-thickness burns 

Full-thickness burns will not heal and are treated by excision and 
coverage with autograft. If autografting is not possible due to a 
large burn size, allograft or other dermal/epidermal substitutions 
are required. The scientific and commercial community agrees that 
harvesting autograft is the gold standard, though this is an ancient 
approach. Hence, several new approaches have surfaced over the 
last two decades. 

The oldest and best studied dermal substitute is Integra® which 
was developed by a team led by surgeon John Burke from the 
Massachusetts General Hospital and by scientist Ioannis V. Yannas 
from the Massachusetts Institute of Technology [44,45]. Integra is 


composed of bovine collagen and glucosaminoglycans which allow 
fibrovascular ingrowth. Various clinical trials have demonstrated 
that Integra is an effective tool for burn surgeons and results in 
excellent cosmetic and functional outcomes [46,47]. Another der- 
mal analogue available for the treatment of full-thickness burns 
is Alloderm®. Alloderm consists of cadaveric dermis devoid of 
cells and epithelial elements. Its use is very similar to that of other 
dermal analogues, and it has shown favourable results [48]. 

After the potential of dermal substitutes became understood, 
a trend emerged to produce epithelial skin substitutes with or 
without a dermis. Cultured epithelial autografts (CEA) became a 
surgical option in the management of patients with massive injuries 
involving more than 90% TBSA burned. CEAs are created in vitro 
from autologous keratinocytes and, as the name indicates, consist 
of a pure layer of keratinocytes. The promise of this technique has 
not been fully realised because of costs and the low quality of the 
neo-skin [49]; however, it is currently considered a rescue modality 
for massive burns. A possible improvement over CEA is ReCell. 
ReCell is sprayed onto the wound, which is usually grafted with 
widely meshed autograft, and this spray contains an epidermal 
cell mix that may be superior to CEA. Positive findings from small 
animal studies and clinical trials need to be confirmed in larger ran- 
domised trials [42,43]. A very promising bioengineered approach 
is the combination of autologous keratinocytes and Integra, known 
as cultured skin substitute (CSS). Boyce et al. first described this 
method in the 1990s [50-53]. The healing and take were very good, 
but CSS had several negative features: it had no or spotty pigmen- 
tation, it took a long time to produce and was highly expensive. 
Since then, the group has added melanocytes, shortened the time 
of production and, with novel manipulation, introduced hair fol- 
licle and sweat glands [54,55]. The addition of skin appendages 
may make this a highly promising tool for the future care of burn 
patients. Studies are also investigating the possibility of using 
porcine dermis as a dermal substitute. Porcine dermal matrices 
are very similar to human dermal matrices. Although they have 
the disadvantages of xenografts, they represent the first choice 
among non-human-derived natural biological dermal substitutes 
and many researchers consider them to be the best substitute for 
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acellular human dermal matrices in the future [56,57]. Currently, 
there are three acellular porcine dermal matrices on the market: 
Permacol®, Strattice™ and Xenoderm®, and their efficacy needs to 
be proven in clinical trials. 

Stem cells represent a new hope in the management of burns. 
These cells play an important role in wound healing, both locally 
and systemically, and several of the mechanisms underlying their 
actions in wound healing have been described. In humans, stem 
cells can be found in adipose tissue, bone marrow, umbilical 
blood and the blastocystic mass of embryos [58,59]. Stem cells 
have a multitude of promising features. Given their clonicity and 
pluripotency, they can be used to regenerate dermis and expedite 


re-epithelialisation. Another important characteristic of stem cells is 
their lack of immunogenicity, which would allow them to be trans- 
planted with relative ease [60,61]. Stem cells present in the bone 
marrow migrate to tissues affected by injury and aid in the healing 
and regeneration process [59]. Embryonic human stem cells can 
be differentiated into keratinocytes in vitro and stratified into an 
epithelium that resembles human epidermis [62]. This graft can 
then be applied to open wounds on burn patients as a temporary 
skin substitute while autograft or other permanent coverage means 
become available. 

Table 125.3 gives a more conclusive listing of all available skin sub- 
stitutes for significant burn wounds [7]. 


Table 125.3 Skin substitutes for full-thickness burns. 


Name (manufacturer) 


Composition 


Advantages 


Disadvantages 


Epicel® (Genzyme Tissue Repair Corp, 
Cambridge, MA, USA) 


ReCell® (Avita Medical, Woburn, MA, 
USA) 


CEA from human keratinocytes 
embedded in fibrin mesh 


Autologous skin suspension produced 
using minimal donor skin and applied 
as a cell spray 


Autologous coverage of epidermis 


Induces acceleration re-epithelialisation and 
wound healing; for wide meshes, most 
likely to improve appearance of scar 


High cost; limited reliability; fragile; 
increased susceptibility to infections; 
complex postoperative care; tendency 
for blistering; poor healing 

High cost; no dermal substitute; limited 
to more superficial burns 


Myskin® (Regenerys, Cambridge, UK) Suspended CEA delivered as a spray Promotes re-epithelialisation No RCT data 

SkinGun™ (RenovaCare, Inc., New York, Epidermal cells and stem cells Expansion ratio of skin donor site to No RCT data 
USA) treatment surface area of #1: 20 

KeraHeal™ (MCTT, Seoul, Korea) Suspension formed of cultured epithelial Facilitates epithelial cell attachment No RCT data 


OASIS® Wound Matrix (Healthpoint Ltd, 
Fort Worth, TX, USA) 


MatriDerm® (Skin and Health Care AG, 
Billerbeck, Germany) 


cells plus fibrin glue 

Derived from the submucosal layers of 
the porcine intestine; contains 
glycosaminoglycans and growth 
factors 

Made of type | collagen fibre coated with 
3% a-elastin hydrosylate matrix 


Dermal element to improve scar appearance 


Can be used as single-stage procedure with 
split-thickness skin grafts; very good 
outcomes in initial clinical trials 


Porcine composition; high cost 


Possible increased susceptibility to 
infections 


Biodegradable Temporizing Matrix, BTM Biodegradable polyurethane foam plus a — Low cost; improves appearance; good results No RCT data 
(PolyNovo, Melbourne, Australia) temporary non-biodegradable in initial clinical trials 
polyurethane seal; fully synthetic 
MatriStem™ (Acell, Inc., Columbia, MD, Composed of extracellular matrix derived Provides barrier protection No RCT data 


USA) 
Integra® (LifeSciences, Plainsboro, NJ, 
USA) 


from porcine urothelium 
Bovine collagen matrix with a silicone 
layer 


Most-studied dermal replacement matrix; 
improves scarring and skin appearance; 
used in acute and reconstructive surgery; 
efficacy shown in RCT 


High cost; possible increased 
susceptibility to infections 


AlloDerm™ (Allergan, Coolock, Dublin, Human cadaveric acellular matrix Improved scarring High cost 
Ireland) 
Suprathel® (PolyMedics Innovations Synthetic copolymer >70% DtL-lactide Promising results in initial clinical studies No RCT data 


GmbH, Denkendorf, Germany) 
NovaDerma (Regenicis, New York, USA) 
Self-Assembled Skin Substitute (SASS) 

(Loex, Quebec, Canada) 

Epifix® (MiMedx Group, Marietta, 


GA, USA) 


Cultured Skin Substitute (Cincinnati, OH, 
USA) 


RCT, randomised clinical trial. 


polymerised with e-caprolactone and 
methylenecarbonate 
Autologous fibroblasts and keratinocytes 
embedded with collagen and 
glycosaminoglycan substrates 
Reconstruction of a fully autologous 
bilayered skin substitute 


Composed of dehydrated amniotic and 
chorionic membrane containing 
collagen, connective tissue, cytokines 
and growth factors 

Autologous keratinocytes and fibroblasts 
from patient biopsy, combined into a 
bilayer with bovine collagen matrix 


Autologous epidermal and dermal skin 
substitute 


No exogenous scaffold or biomaterial 
needed; good scar development; 
autologous 

Improves wound healing and regeneration 


Good scarring; epithelial and dermal 
elements 


No RCT data; limited information 


Requires a 31-day production period; 
very high cost; limited clinical data 


Not a skin substitute per se; no RCT data 


High cost; long production time; does 
not include melanocytes 
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Choice of topical dressings 

There are various topical agents that are available for the manage- 
ment of burns. Typically, the topical management of deep burns 
requires an antimicrobial agent to minimise bacterial colonisation 
and hence infection. For superficial burns, the goal of the topical 
agent is to reduce environmental factors causing pain and pro- 
vide the appropriate environment for wound healing. Table 125.2 
summarises some of the agents available for the topical treatment 
of burns; the choice of agent is dependent on their availability 
and the comfort and knowledge of the caregivers. The choice of 
burn dressing needs to take into account the following factors: 


e The need to eliminate the environmental factors causing pain. 
e Acting as a barrier to environmental flora. 

¢ Reducing evaporative losses. 

e Absorbing and containing drainage. 

¢ Providing splinting to maintain position and function. 


Escharotomy 

In the evaluation of wounds, consideration also needs to be given to 
the possible need for escharotomy. All deep circumferential burns to 
the extremity have the potential to cause neurovascular compromise 
and therefore benefit from escharotomy. The typical clinical signs 
of impaired perfusion in the burned extremity/hand include cool 
temperature, decreased or absent capillary refill, tense compart- 
ments with the hand held in the claw position and, as a late sign, 
absence of pulses. On occasion, non-circumferential deep burns 
or circumferential partial-thickness burns might require a prophy- 
lactic escharotomy as the patient might require large resuscitation 
volumes due to overall injury or the inability to perform serial 
reassessments. Escharotomies of the extremities are performed 
along the medial and lateral lines, with the extremity held in the 
anatomical position. For the hand, the escharotomy is performed 
along the 2nd and 4th metacarpals and for the fingers care is taken 
to prevent any neurovascular damage; therefore, escharotomies are 
typically not performed along the ulnar aspect of the thumb or the 
radial aspect of the index finger. 


Operative management 

Once the thermally injured patient has been admitted, resuscitated, 
all wounds assessed and managed appropriately with escharotomy 
and dressing, the surgeon needs to determine the most efficient 
course of action in regard to excision of burn and coverage. This 
needs to be undertaken as soon as the patient is resuscitated, usually 
within 2448 h post-injury. 


Infection control 


Infections remain one of the leading causes of death in burn 
patients [11]. This is not only the result of loss of the environmental 
barrier function, but also due to a combination of immunosup- 
pression, inflammation, hypermetabolism and catabolism, all of 
which contribute to the immune dysfunction of burn patients 
[2,3]. To improve the morbidity and mortality of burn patients, 
early diagnosis and treatment are of paramount importance. The 
pathophysiological progression of burn wound infection runs 


the spectrum from bacterial wound colonisation to infection to 
invasive wound infection [63]. The characteristics of each are as 
follows: 

e Bacterial colonisation: 

¢ Bacterial levels of <10°. 

¢ Does not necessarily prevent wound healing. 
¢ Bacterial infection: 

* Bacterial levels >10°. 

¢ Can result in impaired wound healing and graft failure. 

¢ Can lead to systemic infection. 
¢ Invasive wound infection: 

¢ Clinically, can have separation of the eschar from the wound 

bed. 

¢ Appearance of focal dark brown, black or violaceous discol- 

oration of the wound. 

e Presence of pyocyanin (green pigment) in subcutaneous fat. 

e Erythema, oedema, pain and warmth of the surrounding skin. 

e Associated with signs of systemic infection/sepsis and positive 

blood cultures. 

Not every burn centre uses this differentiation. Some centres 
believe in qualitative measurements and do not quantitate. In gen- 
eral, the organisms causing burn wound infection/invasion have 
a chronological appearance with initial Gram-positive organisms, 
while Gram-negative organisms become predominant 5-7 days 
post-burn injury. Yeast and fungal colonisation/infection follow, 
and finally multiresistant organisms appear typically as a result of 
broad-spectrum antibiotics or inadequate burn excision or patient 
response to therapy. Recently, burn care providers have had to face 
not only common pathogens (Table 125.4) but also very uncommon 
and multidrug-resistant organisms [63]. 


Clinical management of burn wound infection 

Early excision and wound coverage not only remove the inflamma- 
tory source but are also the best method of minimising burn wound 
infection. Any delay in the surgical treatment of burn wounds 
leads to increased bacterial loads, and any wound with bacterial 
counts exceeding 10° organisms per gram of tissue can develop 
burn wound sepsis. Beside the burn wound excision, the treatment 
of burn wound infections involves both local and systemic therapy 
[2,4,63]. 


Table 125.4 Common pathogens of burn wound infection. 


Organism Common species 


Gram-positive bacteria 
Gram-negative bacteria 


Staphylococcus and Streptococcus spp. 
Pseudomonas aeruginosa, Acinetobacter baumannii, 
Escherichia coli, Klebsiella pneumoniae, Enterobacter 


cloacae 

Yeast Candida spp. 

Fungi Aspergillus, Penicillium, Rhizopus, Mucor, Rhizomucor, 
Fusarium and Curvularia — have greater invasive 
potential 

Virus Herpes simplex virus, cytomegalovirus 


Multiresistant bacteria MRSA, VRE, MDR pseudomonal and Acinetobacter spp. 


MDR, multidrug-resistant; MRSA, meticillin-resistant Staphylococcus aureus, VRE, 
vancomycin-resistant enterococci. 


Table 125.5 Extract of topical agents and the antimicrobial activity. 


Agent Affective against 


Silver sulfadiazine 
Mafenide acetate (5%) 
Silver nitrate (0.5%) 
Acetic acid (0.5%, 2%) 


Gram-positives, Gram-negatives, yeas 
Gram-positives, Gram-negatives 
Gram-positives, Gram-negatives, yeast, fungi 
Gram-positives, Gram-negatives, 

Pseudomonas at higher concentration 
Dakin solution (0.25% or 0.5% Gram-positives, Gram-negatives, yeast, fungi 

sodium hypochlorite) 
Acticoat® 


Gram-positives, Gram-negatives, yeast, 
fungi, MRSA, VRE 


MRSA, meticillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci. 


Local/topical 

e Early excision of burn wound. 

e Aggressive excision of necrotic/infected tissue. 

¢ Bacterial or fungal invasion of viable tissue needs to be treated as a 
‘cancerous’ process and excised from healthy non-infected tissue. 

e Topical agents and their antimicrobial targets are shown in 
Table 125.5; their goal is to minimise bacterial colonisation. The 
use of any particular topical agent should be based on the sus- 
pected organism in the wound but is at times guided by the 
availability of the agent on the hospital formulary. These are 
not a substitute for aggressive surgical management of wound 
infections. 


Systemic 

¢ Use of antibiotics and antifungals should be reserved for patients 
demonstrating systemic signs of severe infection or sepsis, or 
are profoundly immunosuppressed. Prophylactic administration 
of antibiotics is controversial; although the use of systemic pro- 
phylaxis can reduce rates of surgical wound infection, it can also 
increase bacterial antimicrobial resistance. 

e The choice of antimicrobials needs to be based on each institu- 
tion’s antibiogram and needs to be tailored specifically to the 
organism. 

¢ Yeast species (e.g. Candida) are typically sensitive to fluconazole, 
while fungal infections would most likely require treatment with 
amphotericin or caspofungin. 

e Viral infections, often herpes simplex virus, cytomegalovirus or 
HIV, should be treated with aciclovir. 

Burn wound infection occurs in 30-40% of all burn patients and 
represents a common complication. The usual organisms remain 
Staphylococcus and Pseudomonas; however, more ‘exotic bacteria’ 
and dangerous multidrug-resistant strains are becoming prevalent. 
The key to improved outcomes of burn wound infection and sepsis 
is prevention, but if prevention fails early recognition and treatment 
are paramount. 


Central line-associated infections 

Central catheters inserted into veins and arteries are common prac- 
tice in the management of the burn patient and are necessary but 
are associated with an increased risk of infection and thrombosis. 
Infection rates have been reported from 1.5% to 20%. Recently, the 
introduction of central line insertion bundles by the Centers for Dis- 
ease Control and Prevention (CDC) has significantly reduced these 


infection rates. The full description of these bundles is available via 
the CDC. The diagnosis of catheter-related infection (CRI) is based 
on clinical and microbiological criteria. Following the diagnosis of 
CRI, prompt treatment is essential as delay in catheter removal or in 
the start of appropriate antimicrobial therapy can result in increased 
morbidity and mortality. Currently, there is no clear evidence that 
routine exchange of lines decreases the rate of catheter-related 
bloodstream infections (CRBSI); however, all catheters need to be 
removed once a CRBSI is diagnosed or once they are no longer 
needed. As already indicated, the CDC also provides guidelines for 
central line care and replacement. 


Ventilator-associated pneumonia 

Ventilator-associated pneumonia (VAP), as defined by the CDC, 
is an infection that occurs in a mechanically ventilated patient 
with an endotracheal or tracheostomy tube (by definition >48h 
after hospital admission). The diagnosis of VAP in burn patients 
can be challenging, as the symptoms such as fever, leukocyto- 
sis, tachycardia and tachypnoea are typically present due to the 
inflammatory response. The organisms also have a temporal 
pattern: community-acquired organisms (Streptococcus pneumo- 
niae and Haemophilus influenzae) are dominant in the early phase 
of VAP and Gram-negative and multiresistant organisms (i.e. 
meticillin-resistant Staphylococcus aureus (MRSA)) are the common 
pathogens in late-stage VAP. Regardless of the organisms, early 
antimicrobial treatment guided towards the likely organism based 
on the onset of VAP (early versus late) is beneficial in the overall 
outcome for patients. Broad spectrum antimicrobials would need to 
be de-escalated as culture and sensitivities become available. 


Sepsis 

The incidence of burn sepsis has been described at a rate between 8% 
and 40% with a mortality of 28-65%. Burn care providers recognise 
the presence of sepsis, but the definition of burn sepsis has been chal- 
lenging. The ABA criteria for the definition of burn sepsis have been 
described by an ABA expert panel [6]. However, Mann-Salinas et al. 
have challenged the predictive ability of ABA criteria, demonstrat- 
ing that their multivariable model (heart rate >130, mean arterial 
pressure < 60 mmHg, base deficit <6 mmol/L, temperature <36°C, 
use of vasoactive medications and glucose >150 mg/dL) is capable 
of outperforming the ABA model [64]. Recently, Yan et al. [65] com- 
pared the ABA definition, Man-Salinas definition and Sepsis-3 defi- 
nition in terms of sensitivity and specificity. The authors showed that 
sepsis-3 is the best performing definition even for burn patients and 
suggested that sepsis-3 should be used. There are new initiatives, 
however, to adjust and edit the ABA sepsis definition to improve 
its sensitivity and specificity. As much as the diagnosis of burn sep- 
sis is difficult, the treatment of burn sepsis is very straightforward. 
Burn sepsis treatment follows the guidelines as recommended by 
the Surviving Sepsis Campaign committee [66]. 


Hypermetabolism 


A key cause of poor outcomes after burn injury is the hyperme- 
tabolic response, which is associated with severe alterations in 
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glucose, lipid and amino acid metabolism [3,7,67,68]. Hyperme- 
tabolism leads to vast catabolism that is associated with protein 
breakdown in muscle and specific organs, leading to multiple organ 
dysfunction. Therefore, hypermetabolism, organ function and, 
consequently, survival are likely closely linked with one another. 
The burn-induced hypermetabolic response is profound, extremely 
complex and most likely induced by stress and inflammation 
[3,7,67,68]. The reason for this response is not entirely clear, but 
persistent elevations in catecholamines, glucocorticoids, glucagon 
and dopamine secretion are thought to participate in activating 
cascades that trigger the hypermetabolic response and subsequent 


catabolism [69,70-76]. In addition, coagulation and complement 
cascades as well as cytokines, endotoxin, neutrophil-adherence 
complexes, reactive oxygen species and nitric oxide may modulate 
the hypermetabolic response [77]. After activation, the pathways 
upstream of the hypermetabolic response seem to contribute to 
prolonging hypermetabolism with changes in glucose, lipid and 
amino acid metabolism [7,67]. 

Burn-induced changes in metabolism occur in two separate 
phases [78] (Figure 125.4). The ‘ebb phase’ usually occurs within 
48 h of burn [78,79] and is associated with a reduction in cardiac out- 
put, oxygen consumption and metabolism. It is also associated with 
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Figure 125.4 Hypermetabolic state in burn injury. Severe burn injury induces a unique and remarkably complex response that involves the release of stress hormones and 
pro-inflammatory mediators. The immediate response leads to a hypometabolic response that lasts for 72-96 hours (ebb phase), but then rapidly turns into the flow phase that can 
persist for years after the initial injury. Stress mediators, such as catecholamines, glucocorticoids and cytokines, are released into the system and cause a plethora of systemic responses. 
The heart goes into a hyperdynamic overdrive, increasing circulation and blow flow to increase oxygen and nutrient delivery. However, increased stress signalling causes changes in 
organ function and metabolic demand. Protein is degraded to deliver energy for hepatic function, and the gut develops mucosal atrophy to absorb more nutrients but also enables 
bacterial translocation. The kidneys are hyperperfused but oxygen delivery is decreased, leading to acute kidney injury and stress signals from the kidney. The interplay between these 


organs accumulates, leading to conversion to this metabolic and inflammatory overdrive subsequently causing white adipose tissue change to brown adipose tissue. Brown adipose 
tissue releases energy and induces substantial lipolysis and with the accompanying appearance of lipotoxic intermediates, such as triglycerides, free fatty acids and diacylglycerols 


(DAG), all of which are transferred to the liver. The liver is unable to metabolise all of the 


accumulating substances and develops hepatomegaly. In turn, hyperlipidaemia and 


hyperglycaemia with insulin resistance are present, which worsen the hypermetabolic and inflammatory state. If hypermetabolism cannot be diminished or decreased this response 
leads to holistic catabolism and, subsequently, to multiple organ failure and death. CNS, central nervous system. Reproduced from Jeschke et a/. [7] with permission from Springer 


Nature. 


diminished glucose tolerance and a hyperglycaemic state. After the 
ebb phase, the metabolic rate slowly increases within the first 5 days 
after injury to a plateau or ‘flow’ phase. This phase is associated 
with hypermetabolism and hyperdynamic circulation. The flow 
phase is also associated with insulin resistance (IR) [80,81], as seen 
by a twofold increase in insulin release in response to glucose load 
[82,83] and elevated blood glucose levels. In addition, lipolysis 
is tremendously increased, leading to elevated levels of free fatty 
acids and triglycerides. These metabolic changes have previously 
been thought to resolve shortly after wound closure is complete. 
However, burn-induced hypermetabolism appears to last a much 
longer time, as seen by a 3-year elevation in energy requirements, 
catecholamines, urine cortisol and serum cytokines, and impair- 
ment in glucose metabolism and insulin sensitivity [7,67,84]. These 
results underscore the importance of long-term follow-up and 
treatment of the seriously burned. The hypermetabolic response 
involves a vast number of pathways; however, two in particular 
appear to most profoundly affect post-burn outcomes: (i) glucose 
metabolism with IR and hyperglycaemia [85-87,88] and (ii) lipid 
metabolism with increased lipolysis [89,90-92]. 


Treatment of the hypermetabolic response 

Various studies suggest that hypermetabolism is a major contributor 
to poor outcome post-burn and that treatment or alleviation of the 
hypermetabolic response is beneficial for patient outcomes. Treat- 
ment options include pharmacological and non-pharmacological 
strategies (Figure 125.5). 


Nutrition 

The primary goal of nutritional support is to provide an adequate 
energy supply and the nutrients necessary to maintain organ 
function and survival. Early adequate enteral nutrition alleviates 
catabolism and improves outcomes [93]; however, overfeeding in 


Figure 125.5 Early excision and grafting (a), high 
ambient temperatures (b), exercise (c) and diet (d) 
can all alleviate the hypermetabolic response 
improving post-burn outcomes. LBM, lean body 
mass; Phe, phenylalanine. Reproduced from 
Williams FN, Jeschke MG, Chinkes DL, Suman OE, 
Branski LK, Herndon DN. Modulation of the 
hypermetabolic response to trauma: temperature, 
nutrition and drugs. J Am Coll Surg 2009 
Apr;208(4):489-502; reproduced with permission 
from JACS and Elsevier. 
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the form of excess calories and/or protein is associated with hyper- 
glycaemia, carbon dioxide retention, fatty infiltration of organs and 
azotaemia [94]. Therefore, nutrition is an essential component of 
alleviating hypermetabolism, but too much feeding is detrimental. 
Consequently, calculating caloric requirements as accurately as 
possible is imperative. Currently, resting energy requirements of 
burned patients are commonly estimated using equations that 
incorporate body mass, age and sex. Although these equations are 
based on patient-specific factors, caloric requirements still may 
be significantly overestimated, increasing the risk of overfeeding 
[95,96]. The adapted Toronto equation seems to be the best formula 
for calculating resting energy expenditure, as the calculated results 
very closely match the measured values [97]. In general, adequate 
nutrition is an essential component of burn care and should be 
initiated within 12h after injury [98]. 

No ideal nutrition or gold standard for burn patients exists. 
Many experts recommend using high-glucose, high-protein/amino 
acid and low-fat nutrition with some unsaturated fatty acids [4]. 
Carbohydrates and amino acids should serve as the chief energy 
source, sparing protein from oxidation for energy and allowing 
it to be effectively used by the skin and organs. Supplementation 
of single amino acids, especially alanine and glutamine, is con- 
troversial. After burn injury, glutamine is quickly depleted from 
serum and muscle [99,100]. However, this depletion mainly occurs 
intracellularly; effective delivery of glutamine to the cells is very 
difficult. Small studies in burn patients indicate that glutamine 
supplementation decreases the incidence of infection, length of stay 
and mortality [90,100]. Therefore, glutamine supplementation may 
be beneficial. A multicentre trial (REducing Deaths due to OXida- 
tive Stress (REDOXS)) is addressing this question, and the results 
are expected over the next 4-5 years. The literature on alanine 
is even sparser, and there are no data related to whether alanine 
should be administered. Finally, dietary components that have 
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gained more recent attention are vitamins, micronutrients and trace 
elements [101]. Plasma levels of vitamins and trace elements are 
significantly depressed for prolonged periods after the acute burn 
injury due to increased urinary excretion and significant cutaneous 
losses. Replacement of these micronutrients reduces morbidity in 
severely burned patients [102-108]. Therefore, a complete daily 
multivitamin/mineral supplement should be given. 


Other non-pharmacological strategies 

Of the advances in burn care occurring over the past few decades, 
early wound excision and closure has been the greatest. It has 
considerably reduced basal energy expenditure, mortality and 
costs [3,34-36,109]. Excising burn wounds early and covering the 
excised areas with temporary cover materials or autologous skin 
is imperative. This will diminish burn-induced inflammatory and 
stress responses, in turn decreasing hypermetabolism. 

The hypermetabolic response is thought to occur, at least in part, 
to compensate for dissipation of heat resulting from water loss. 
Accordingly, the skin and core body temperatures are elevated by 
2°C. It is not often realised that increasing ambient room temper- 
ature is a simple approach to counteracting this response to burn 
injury [110]. In fact, a change in temperature from 25°C to 33°C 
has been shown to reduce resting energy expenditure in seriously 
burned patients [3]. 

Providing burn patients with physical therapy is a crucial yet 
easy intervention that can ameliorate metabolic disruptions and 
prevent contractures of the burn wound. Progressive resistance 
exercises have been shown to promote muscle protein synthesis, 
increase body mass, strengthen muscles and build endurance 
[95,111]. Resistance exercises are safe for burned children who do 
not have exercise-related hyperpyrexia [95,111]. 


Pharmacological modalities 

Beside non-pharmacological interventions various pharmacological 
agents have been used in an attempt to reduce the hypermetabolic 
response and improve outcomes in burn patients. 


Recombinant human growth hormone 

Acute administration of recombinant human growth hormone 
(rhGH) (0.1-0.2 mg/kg/day IM) has been shown to have a host 
of beneficial effects. It increases donor site healing and quality of 
wound healing [112], diminishes stress responses and inflammation 
[113,114], elevates levels of insulin-like growth factor 1 (IGF-1) [115], 
decreases basal energy expenditure and cardiac output [116] and 
augments muscle protein and preserves muscle growth [117,118]. 
Nonetheless, a large multicentre trial showed that morbidity and 
mortality were higher in critically ill patients taking high doses of 
thGH (0.10 + 0.02 mg/kg) than in patients receiving placebo [119]. 
Growth hormone treatment has also been linked to hyperglycaemia 
and IR [120,121]. Despite these findings, rhGH was not found to 
affect survival in paediatric patients with severe burns when given 
for a brief or prolonged time [72,122]. 


Insulin-like growth factor 

Given that IGF-1 is an effector of growth factor, it is not surprising 
that administering IGF-1/binding protein-3 (BP-3) complex (i.e. 
equimolar amount of recombinant human IGF-1 and IGFBP-3) 


ameliorates protein metabolism in burned children and adults with 
fewer episodes of hypoglycaemia than rhGH [123]. IGF-1/BP-3 
reduces muscle protein breakdown, ameliorates gut mucosal 
integrity, improves immune function, attenuates the acute-phase 
response, elevates constitutive proteins in the serum and decreases 
inflammatory responses [123-126]. However, unpublished data 
have revealed that IGF-1/BP-3 increases neuropathies in severely 
burned patients and it is, therefore, on hold for clinical use. Various 
studies by other investigators indicate that, when used by itself, 
IGF-1 alone is ineffective in non-burned critically ill patients. 


Oxandrolone 

Oxandrolone is structurally similar to testosterone but, for the 
most part, lacks the virilising effects of this hormone. This anabolic 
agent has been shown to stimulate muscle protein synthesis [127], 
reduce weight loss and promote wound healing [128]. Oxandrolone 
(10 mg, twice daily) has also been shown to decrease hospital stay, 
morbidity and mortality [49]. When given at a dose of 0.1mg/kg 
(BD), oxandrolone decreases hospitalisation, preserves lean body 
mass, improves body composition and enhances protein synthesis 
in the liver [129]. The effects of oxandrolone are comparable among 
patients of all ages [130,131]. Finally, long-term treatment with 
oxandrolone decreases hypermetabolism and promotes weight 
gain, with lean body mass and bone mineral content increasing 
from 6 to 12 months post-burn [132,133]. A recent long-term study 
in severely burned children found significant benefit for long-term 
oxandrolone administration over 5 years [134]. 


Propranolol 

Of the anticatabolic therapies for burns, the B-adrenergic blocker, 
propranolol, is perhaps the most effective [135]. When adminis- 
tered acutely, propranolol exerts anti-inflammatory and antistress 
effects [136]. In burn patients, propranolol counters loss of skeletal 
muscle, augments lean body mass [137,138] and decreases IR [139]. 
Long-term propranolol treatment significantly reduces predicted 
heart rate and resting energy expenditure, decreases accumulation 
of central mass and central fat, prevents bone loss and improves 
lean body mass accretion [140]. Very few adverse effects were noted 
with the dose of propranolol used [140]. 


Insulin 

Burn patients with stress-induced hyperglycaemia have a greater 
incidence of bacteraemia/fungaemia, poorer wound healing, more 
pronounced protein catabolism and lower likelihood of survival 
than burn patients with adequate glucose control [85,86]. Normal- 
isation of blood glucose levels with insulin is an effective therapy 
for stress-induced diabetes and coincident IR and hyperglycaemia. 
Insulin administration also promotes muscle protein production, 
helps prevent decreases in lean body mass, blocks the acute phase 
response and speeds wound healing [73,141-147]. In a recent study, 
patients receiving insulin exhibited better wound healing and organ 
function than controls [88]. These results are in agreement with two 
other cohort studies demonstrating that insulin administration is 
beneficial to burn patients [87,148]. The ideal glucose concentration 
to be targeted in severely burned children is 130 mg/dL, as this con- 
centration falls below 150-160 mg/dL while avoiding detrimental 
hypoglycaemia [149]. Care must be taken to avoid hypoglycaemia 


at any cost. In a large paediatric burn population, patients who 
suffered more than one episode of hypoglycaemia (blood glucose 
<60 mg/dL) had an almost 5-10-fold greater incidence of morbidity 
and mortality [150]. Together, the above data show that hypergly- 
caemia associated with IR is a clinically significant problem in burn 
patients and that insulin administration improves morbidity and 
mortality. 


Other options 

Ongoing trials are investigating other agents for treating post-burn 
hyperglycaemia. These include glucagon-like peptide-1 (GLP-1), 
agonists of peroxisome proliferator-activated receptor (PPAR-y) (e.g. 
pioglitazone and thioglitazones), and combinations of diabetic med- 
ications. In diabetic patients, the PPAR-y agonist fenofibrate reduces 
IR. This finding has been confirmed by a blinded placebo-controlled 
trial, which also showed that fenofibrate increases mitochondrial 
glucose oxidation, ultimately reducing blood glucose concentrations 
[151]. Fenofibrate has also been shown to promote insulin receptor 
signalling, as seen by its ability to stimulate tyrosine phosphory- 
lation of the insulin receptor and its downstream effector, insulin 
receptor substrate-1, following hyperinsulinaemic-euglycaemic 
clamp [151]. GLP-1 has been shown to reduce glucose levels in 
severely burned individuals; however, GLP-1 may not be suffi- 
cient to decrease glucose by itself and insulin needs to be given 
as an adjunct therapy. The biguanide metformin (Glucophage®) 
suppresses gluconeogenesis and increases peripheral insulin sen- 
sitivity, making it a candidate for the treatment of hyperglycaemia 
associated with severe burns [152,153]. To date, no large randomised 
controlled trials have been conducted in burn patients; however, 
two small studies have shown that metformin decreases glucose 
production, speeds glucose removal and improves muscle protein 
synthesis/net muscle protein balance [152,154]. Although met- 
formin has clear advantages, it and other biguanides often produce 
lactic acidosis [155]. Metformin is an interesting agent that may or 
may not have a place in the treatment of post-burn metabolism. 


Summary and conclusions 


Burn injury triggers pronounced metabolic changes accompanied 
by prolonged impairments in glucose metabolism, both of which 
lead to detrimental outcomes. Progress in diminishing the hyper- 
metabolic response has led to a clinically significant improvement 
in patient outcomes; however, developing strategies to counteract 
long-lasting hypermetabolism and associated hyperglycaemia still 
remain a challenge. Prompt wound excision and closure remains 
the most important development in burn care over the last 20 years, 
with this advance considerably reducing basal energy expendi- 
ture and increasing survival. Currently, the B-adrenergic blocker 
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propranolol appears to be the most effective pharmacotherapy for 
countering catabolism in burn patients. Other drugs available for 
easing burn-induced hypermetabolism include growth hormone, 
oxandrolone and IGF. Intensive insulin management aimed at 
maintaining glucose at <130mg/dL has also lessened morbidity 
and increased survival in the critically ill, though hypoglycaemia 
associated with this approach has prompted the search for better 
substitutes such as metformin and PPAR-y agonists. Additional 
studies are needed to identify ideal glucose ranges and determine if 
the abovementioned agents are safe for the critically ill. 
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Introduction 


Cutaneous erythema (skin reddening) develops as a normal 
response following exposure to ultraviolet radiation (UVR) and 
this is termed photosensitivity (Figure 126.1). Abnormal photo- 
sensitivity occurs when an individual’s cutaneous responses to 
sunlight (UVR and/or visible radiation) fall outside the ranges for 
healthy subjects. This includes the development of skin redden- 
ing at lower doses than those required in the normal population. 
Abnormal photosensitivity also encompasses cutaneous reactions 
to sunlight of abnormal morphology, that is, a rash developing 
during or following sun exposure. 


Figure 126.1 Skin reddening (erythema) following acute UV radiation (intense natural 
sunlight) exposure (‘sunburn’). 


The photosensitivity diseases can be broadly categorised as shown 
in Box 126.1. The idiopathic (immunological) photodermatoses are 
the commonest due to the high prevalence of polymorphic light 
eruption (PLE) [1,2]. The genophotodermatoses are rare (Chapters 
75 and 76). Drug and chemical photosensitivity may be due to 
excess endogenous photoactive chemicals, as in the porphyrias, 
or photosensitisation by exogenous drugs or chemicals. Photoag- 
gravated diseases are relatively common and are often hard to 
distinguish from the specific photodermatoses on clinical grounds, 
emphasising the importance of phototesting. 


Box 126.1 The cutaneous photosensitivity diseases 


¢ Idiopathic (immunological): 
¢ Polymorphic light eruption (PLE) 
¢ Juvenile spring eruption (JSE) 
¢ Actinic prurigo (AP) 
e Chronic actinic dermatitis (CAD) 
e Solar urticaria (SU) 
e Hydroa vacciniforme (HV) 
¢ Genophotodermatoses (Chapter 76) 
¢ Metabolic (Chapter 61) 
e Drug- or chemical-induced photosensitivity: 
e Endogenous — porphyrias (Chapter 58) 
e Exogenous — systemic or topical drug /chemical photosensitivity 
¢ Photoaggravated skin diseases 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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126.2 Chapter 126: Cutaneous Photosensitivity Diseases 


IDIOPATHIC (IMMUNOLOG 
PHOTODERMATOSES 


Polymorphic light eruption q 


Definition and nomenclature 

PLE is a recurrent, delayed-onset, abnormal reaction to sunlight 
(or artificial UVR source) that resolves without scarring. There are 
several morphological variants [3-8], hence the term ‘polymorphic’. 


:onyms and inclusions 

morphous light eruption (PMLE) 

uvenile springtime eruption: arguably a variant of PLE [9] 

Oo ‘Spring and summer eruption of the elbows: probably a variant of PLE [10] 
Benign summer light eruption: probably a variant of PLE [11-13] 

» Taiwanese solar dermatitis: probably a variant of PLE [14] 


ee 
i 


Introduction and general description 
PLE is common and can vary widely in severity and can markedly 
affect quality of life [15-17,18,19-21], and so should not be disre- 
garded. The diagnosis is usually straightforward and based on his- 
tory. Investigations to exclude alternative or concomitant diagnoses 
are not usually required [22,23]. Management involves photoprotec- 
tion and advice on natural hardening, and prophylactic topical or 
systemic corticosteroid therapy, sometimes also with prophylactic 
phototherapy. Uncommonly, other immunosuppressive therapy is 
necessary. 

Historically, actinic prurigo was sometimes considered within 
PLE but is now recognised as a distinct entity [24,25]. 


Epidemiology 

Incidence and prevalence 

In many parts of the world PLE is the commonest cause of pho- 
tosensitivity. Studies have shown high point prevalence (10-20%) 
in selected northern European and North American populations 
[2,26-28]. The frequency in a population survey of photodermatoses 
in China produced lower prevalence figures, although it was still 
the most common photodermatosis diagnosed [29]. Although it 
may occur more frequently in places further from the equator, 
PLE has been reported in many countries, including those near the 
equator. 


Age 
It usually starts before 30 years of age, although onset was later in 
25% of 545 patients investigated in Dundee [30]. 


Sex 
PLE is much commoner in females [31,32]. 


Ethnicity 

PLE is most frequently reported in Northern Europe and North 
America but has also been described among African, African Amer- 
ican [7,33,34,35], Chinese and Indian [36] populations in addition to 
those of western European background. 


Associated diseases 
Associations with PLE have been described but are probably mainly 
coincidental. Positive reported associations include the following: 
¢ Lupus erythematosus (LE: systemic, subacute cutaneous and discoid). 
A questionnaire survey of LE patients in Sweden and Finland 
found that 49% of respondents might have PLE as well as LE 
[37]. Another questionnaire survey appeared to corroborate these 
findings [38]. However, prospective follow-up of 94 PLE patients 
did not detect an increased risk of developing LE [39]. If PLE 
patients are at increased risk of developing LE, the risk is small. 
¢ Actinic prurigo (AP). PLE may be more common in AP patients; 
35% of AP patients also reported PLE symptoms [40]. 
¢ Photosensitive psoriasis. There is no evidence that PLE and psoria- 
sis occur together more than would be expected due to chance. 
However, PLE is the most frequent trigger for photosensitive 
psoriasis [41]. 
In one report, the coexistence of hepatitis C and PLE was observed 
[42], with an apparent beneficial effect of interferon «2a (IFN-a2a) 
(for hepatitis C) on PLE. However, another case report described 
an eruption occurring on covered injection sites of IFN-a2a that 
shared histological features with PLE and developed simultane- 
ously with classic photo-exposed site PLE [43]. Other probably 
coincidental associations have been reported between PLE and 
solar urticaria [22,4447] and, in a separate case, with aquagenic 
urticaria [48]. Other coexistent conditions have been reported 
because of unusual localisation of PLE on sites of vitiligo [49] and 
naevoid telangiectasia [50]. The coexistence of common variable 
hypogammaglobulinaemia was noted because of an improvement 
in PLE when the patient was treated with intravenous immunoglob- 
ulins [51]. The coexistence of PLE and autoimmune thyroid disease 
has also been observed, although as both conditions are common a 
genuine association has not been confirmed [52,53]. 


Pathophysiology 

PLE is believed to be a delayed-type hypersensitivity response 
to a UV-induced allergen (photoallergen). This is supported by 
(i) the nature of the lymphocytic infiltrate, which comprises mainly 
T-helper cells early on but is predominantly T-suppressor cells 
at 72h [54], and (ii) the pattern of adhesion molecule expression, 
which also resembles that of contact dermatitis [55,56]. 

It is not known what causes PLE, although increasing evidence 
suggests a multifactorial pathogenesis [16]. It may be an autoim- 
mune disorder, with an abnormal delayed hypersensitivity to an 
undetermined endogenous molecule. Impaired apoptotic cell clear- 
ance may facilitate photo-induced autoantigen development and 
with impaired UV-induced immunosuppression then enabling the 
manifestation of PLE lesions [16,57]. Pro-inflammatory cytokines 
from the interleukin (IL)-1 family (particularly IL-36 « and y) and 
IL-31, altered regulatory T cells and dermal dendritic cells, differen- 
tial antimicrobial peptide expression and IL-15 expression, have also 
been implicated in the pathogenesis of PLE [58-64], although the 
pathways and processes involved need further clarification [16,65]. 

The relative intensity of wavelengths at different latitudes may 
play a part in determining whether PLE occurs or not, but it is 
not certain that relatively greater exposure to longer wavelengths 
at higher latitudes is important in the initiation of the disorder, or 
whether this just unmasks it. Some investigators have an impression 


that it begins after particularly intense UVR exposure, such as expe- 
rienced during sunbathing or sunbed use. Perhaps such exposure 
leads to autosensitisation [66]. 

There is evidence that in people with PLE there is less UVR 
suppression of the induction phase of delayed hypersensitivity 
responses than in those without PLE [67,68]. This may be the factor 
predisposing some people to the presumed autosensitisation of PLE 
as proposed above [16]. This would fit with the fact that people with 
PLE appear less prone to skin cancer than would be expected due 
to sunlight avoidance alone [69]; perhaps those who show easier 
induction of skin antigen recognition after UVR exposure are better 
immunologically protected against skin cancer but more prone 
to PLE. 


Predisposing factors 

The occurrence of PLE is more frequent at higher latitudes. Although 
not confirmed, there is an impression that previous greater sunlight 
exposure followed by more intermittent, less intense exposure might 
predispose to PLE development. 


Pathology 

In most cases there is a superficial and deep, predominantly perivas- 
cular, dermal inflammatory cell infiltrate (Figure 126.2). The cells of 
this infiltrate are mainly T lymphocytes [70-72], usually CD4+ in 
early lesions and CD8+ later [54]. Upper dermal oedema is com- 
mon [73]. It has been suggested that an absence of dermal deposits 
of acid mucopolysaccharides may help distinguish it from LE [74], 
but in practice this may not be useful. Some basal liquefaction is not 
uncommon but is not as marked as in LE. Spongiosis may be found, 


Figure 126.2 Histopathology of polymorphic light eruption showing a superficial and 
deep, predominantly perivascular, lymphohistiocytic, dermal inflammatory infiltrate. 


126.3 


Idiopathic (immunological) photodermatoses 


especially in papulovesicular PLE [75]. Direct immunofluorescence 
is negative in PLE. 


Causative organisms 
The previous suggestion that PLE might be triggered by Chlamydia 
has not been substantiated [76]. 


Genetics 

Many patients diagnosed with PLE have close relatives with a simi- 
lar problem. Percentages with a positive family history have ranged 
from 12% to 46% [28,77,78]. We would expect at least 10-20% (the 
same as the general population prevalence) of relatives to have PLE. 
However, 15% of monozygotic twin pairs compared with 5% of 
dizygotic twin pairs had PLE [77], helping to confirm an inherited 
component to the predisposition to PLE [79]. Genetic modelling 
of abnormal photosensitivity suggestive of PLE, in families of 
patients with PLE or AP, further confirmed a significant inherited 
component to the disorder [78]. 


Environmental factors 

UVR and occasionally visible light [80] exposure are important 
in the manifestation of PLE. There is one report suggesting that 
in China, PLE occurs more commonly at higher altitudes [29]; 
however, this study may have included cases of AP, a photoder- 
matosis that is considered to have an altitude association [29]. The 
contraceptive pill, once considered as possibly relevant [81,82], is 
not implicated [83,84]. One study indicated that disease may be 
less severe post menopause, although any causal association has 
not been proven and this may reflect the natural history of the 
condition, with an overall tendency to diminish in severity over 
time [85]. 


Clinical features 

History 

The trigger time for PLE induction can be from as little as 10 min 
of exposure through to several hours of sunlight (or occasionally 
other UVR source) exposure. Typically, there is then a delay until 
an intensely itchy photo-exposed site eruption develops. Some, par- 
ticularly those who only have a significant problem during sunny 
holidays, describe a ‘priming phenomenon’ — the need for 2 or 3 days 
of initial exposure before PLE occurs. The delay after exposure until 
onset is usually 6 or more hours. Often, the symptoms or rash are 
not noted until the evening or night after midday sunlight exposure, 
or not until the following day. However, there is an early-onset PLE 
variant, with onset as soon as 30 min after first exposure, which may 
cause diagnostic confusion with solar urticaria. 

With subsequent sunlight avoidance, the eruption usually 
resolves within a few days to 2 weeks of onset. Occasionally, 
patients describe a longer duration. Reasons for this include 
(i) unclear history causing confusion between postinflammatory 
changes and the original rash; (ii) true persistence due to inade- 
quate avoidance measures; and (iii) secondary ‘eczematisation’, 
particularly in atopic patients, although the possibility of contact 
and photocontact reactions to sunscreens should be considered. 
An unexplained, unusually prolonged rash raises suspicion of LE 
or AP. 
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Figure 126.3 Papulovesicular polymorphic light eruption in a child; facial involvement is 
seen more commonly in children. 


Presentation 

Affected sites. PLE typically affects only sunlight-exposed sites. 
The occasional exceptions to this can usually be explained by UV 
transmission through clothing. Sparing of the face (in 28% of 549 
patients in one series) [30] and of the dorsal hands is quite common, 
and presumably due to tolerance induced by repeated perennial 
UVR exposure. This is akin to the ‘hardening’ phenomenon, char- 
acterised both by the decline of PLE susceptibility after repeated 
sunlight exposure, and by the tendency of PLE to be less trou- 
blesome towards the end of summer. Facial involvement is more 
commonly seen in children with PLE (Figure 126.3). Localised 
forms, such as PLE described at sites of a brachial neuropathy, 
have also been reported [86]. PLE is generally non-scarring unless 
secondary excoriation is prominent. 


Exposure source. This is usually sunlight, whether direct or trans- 
mitted through window-glass or thin clothing. Sunbed irradiation 
can also be responsible and has been reported as the only trigger 
in a patient who developed PLE just on a site exposed to pressure 
while irradiated [87]. If questioned directly about sunbed use (this 
information is often not volunteered), many patients will describe 
sunbed-induced episodes. Many use sunbed exposure in the hope 
this will have a prophylactic effect, and descriptions of this causing 
the ‘worst ever’ PLE are frequent. Arc welding and photocopying 
equipment are occupational irradiation sources that have been 
reported to provoke PLE [88-90]. 


Clinical variants 

One recent series found the mixed papulovesicular type to be most 
frequent (Figure 126.4a), closely followed by plaque (Figure 126.4b) 
and papular/micropapular morphologies (Figure 126.4c); vesiculo- 
bullous and erythema multiforme-like variants were uncommon 
(Figure 126.4d) [35,91]. An insect bite-like PLE variant (strophula), 
a form without a rash (‘sine eruptione’ with a typical time course 
but no visible eruption) and purpuric/haemorrhagic subtypes are 
rarely reported (Figure 126.4e, f) [3-6,92,93]. It has been suggested 
that some of these morphological variants, such as papulovesic- 
ular [94] or purpuric [92,93] PLE, should be regarded as distinct 


entities [95]. However, currently, as we do not know if the different 
subtypes have differing aetiologies, and as the treatment approach 
is the same it may be best to continue to regard them as variants 
of one condition. PLE is often said to be monomorphic within 
individuals — it looks similar each time it occurs. However, some 
individuals have different morphologies on different sites, for 
example oedematous plaques on the face and a papulovesicular 
eruption on the forearms [30]. Severe photosensitivity as part of the 
clinical features of the PLE spectrum (Polymorphic Light Eruption 
with Severe Abnormal Phototesting Sensitivity, PLESAPS) is also 
recognised and these patients may be referred for photodiagnostic 
investigations as it is important to exclude chronic actinic der- 
matitis (CAD) [96]. However, the characteristics and time course 
of the photosensitive eruption and response to UVB desensiti- 
sation phototherapy in PLESAPS are more typical of PLE than 
of CAD. 


Differential diagnosis 

It is usually straightforward to diagnose PLE. If the suspected 
PLE starts almost immediately after sunlight exposure, then solar 
urticaria (idiopathic or secondary to drugs, lupus or porphyria) 
should be considered in the differential. Cutaneous LE should be 
excluded if lesions last for more than 3 weeks. Jessner lymphocytic 
infiltrate may also be a differential but the distinction is usually 
clear. AP can be distinguished by its typical early age of onset and 
involvement of the dorsal nose and, frequently, lips and conjunc- 
tivae. Occasionally, CAD needs to be considered, such as in the 
situation of a patient with pre-existing atopic eczema in whom 
the main differential is between PLE-triggered photoaggravated 
eczema and CAD. 


Classification of severity 

The effect on an individual’s quality of life is the key issue and 
will vary according to whether it only occurs occasionally on hol- 
idays, or is recurrent throughout the spring and summer months 
or, uncommonly, may occur on sunny winter days. Various PLE 
severity scores have been developed for use in clinical trials. 


Complications and co-morbidities 

Sunscreen allergy and photoallergy can complicate PLE [97-99]. 
Patients can be reassured that they are not at increased risk of 
developing skin cancers; in fact, they have a lower skin cancer risk 
than people without PLE, even when the confounding factor of 
increased sun avoidance is accounted for [69]. 


Disease course and prognosis 

Follow-up of 94 Finnish patients (by questionnaire, supplemented 
by repeat clinical assessments of a subgroup) up to a mean of 
32 years after onset found 24% to have experienced resolution of 
PLE, and 51% to have milder disease [39]. A more recent registry 
study also indicated that PLE usually follows a long-term course, 
but that symptoms usually improve over time [100]. One report 
suggested that those with negative provocation tests would be 
more likely to enter remission than those with positive provocation 
tests [101]. In view of the differences in provocation test procedures 
between centres, and the variation in patients referred to different 


(d) 


(e) 
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Figure 126.4 Polymorphic light eruption (PLE) subtypes. (a) Mixed papulovesicular PLE in an adult with vesicles predominating. (b) Plaque PLE showing variably sized red papules, 
which have merged to form plaques (patient's own photograph). (c) Micropapular/papular PLE. (d) Erythema multiforme-like PLE; note sparing under the watch strap. (e, f) 
Purpuric/haemorrhagic PLE of the anterior thigh, showing sparing at bikini line, and dorsum of the foot; note sparing under the sandal straps. 


photodiagnostic units, it will be interesting to see if this finding 
is replicated. If so, provocation testing might provide valuable 
prognostic information for newly diagnosed patients. In Dundee, 
Scotland, a substantial proportion of those with PLE severe enough 
to require repeated yearly prophylactic phototherapy, after several 
years, experienced resolution, or marked improvement, so that they 
could stop attending for treatment [102]. It is not known whether 
this is spontaneous resolution or a result of repeated treatment 
courses. 


Investigations 

Monochromator phototesting. The majority of people with PLE 
do not need phototesting. Those that do are generally patients with 
more severe disease or atypical features, thus raising diagnostic 
doubt and the need for referral to a photodiagnostic centre [1,103]. 
Most patients have normal minimal erythema doses (MEDs) [30], 
but moderately reduced thresholds occur to UVA and/or UVB 
in about one-third of patients tested. In an uncommon subset of 
patients with PLE, there can be severe abnormal photosensitivity 
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(PLESAPs) on monochromator phototesting and in these cases it is 
important to distinguish from CAD [96]. 


Provocation testing. PLE can occasionally be provoked by irra- 
diating very small areas of skin with a monochromator, or when 
determining the MED before UVB phototherapy or the minimal 
phototoxic dose (MPD) before psoralen and UVA (PUVA) treatment. 
In this setting, a papular response is noted at the threshold ery- 
thema dose (and sometimes at a lower dose). However, to provoke 
it in most patients, larger areas — ranging from a 46cm diame- 
ter square field [91] to the whole body [13] — must be irradiated. 


_ = ‘ 


(b) 


Figure 126.5 Artificially provoked polymorphic light eruption (PLE). (a) Back of the hand 
after iterative UVA photoprovocation (2 x 25 J/cm?). (b) Erythema multiforme-like PLE 
provoked on the elbow. 


Figure 126.6 Polymorphic light eruption provoked on the extensor forearm by window 
glass-transmitted light (patient's own photograph). 


Often, iterative testing with repeated daily exposures is required 
(Figure 126.5) [31,104,105]. Up to four successive daily doses were 
needed to reach a 90% positive provocation test in one series of PLE 
patients [106]. High UVA doses, close to the erythema threshold, 
may be necessary [107-109]. The choice of irradiation site is another 
factor to be considered: most centres use sites on the arms or legs 
where the eruption occurs naturally (Figure 126.6) [110]. However, 
it is possible that testing on sites not usually exposed, and thus not 
usually affected, may be more useful in providing prognostic infor- 
mation [101], although perhaps less helpful in making the initial 
diagnosis. In most series UVA has induced PLE (Figure 126.7a) in 
more patients than UVB, but there is no doubt from localised provo- 
cation testing [111], and experience in whole-body UVB treatment, 
that UVB can also reproduce PLE in many patients (Figure 126.7b) 
[102,112]. 


Photopatch testing. This may reveal relevant coexistent contact or 
photocontact allergy to sunscreen agents [97-99]. 


Autoantibody screen. Autoantibody screens (antinuclear antibody 
(ANA), anti-Ro and anti-La) should always be done if phototherapy 
or PUVA is considered, or if there are atypical features raising 
suspicion of LE. Unfortunately, ANA screening is not very specific, 
although reasonably sensitive: in other words, a negative ANA 
is reassuring, but if positive at a low titre (as it often is in PLE 
patients) it may be hard to interpret [113]. In general, it is acceptable 
to disregard a low-titre ANA if unaccompanied by positive anti-Ro 
or anti-La antibodies and without clinical pointers towards LE 
(e.g. unusually persistent skin lesions or systemic symptoms). High 
ANA titres, unless explained, for example by Sjégren syndrome, 
should usually mean avoidance of phototherapy unless UVA1 
treatment, which can also be used in LE, is available [114,115]. 


Figure 126.7 Artificially provoked papular polymorphic light 
eruption. (a) On the extensor forearm (two UVA exposures: 
10 and 20 J/cm2). (b) At narrow-band UVB (TL-01) MED test sites. (a) 


Porphyrin screen. Occasionally porphyria cutanea tarda (PCT) 
will be considered in the differential diagnosis for a patient with 
vesiculobullous PLE, or erythropoietic protoporphyria (EPP) in a 
patient with early-onset PLE. Plasma spectrofluorimetry screening 
is quick to perform, so is worth requesting even if the index of 
suspicion is low. 


HLA class Il typing. This may be useful if AP is suspected. Based on 
the determination of likelihood ratios for the presence of AP versus 
PLE with positive and negative tests we can say, ina UK population 
(based on summated London and Dundee data) [40,116], that the 
absence of HLA-DR4 helps to rule out AP (and supports a diagnosis 
of PLE) whereas the presence of the subtype HLA-DRB1*0407 helps 
to confirm a diagnosis of AP (rather than PLE). 


Histopathology of a skin biopsy. This is usually unnecessary but 
can help in atypical cases. 


Management 

Once the diagnosis of PLE has been made and discussed with the 
patient, management depends on disease severity, the patient’s 
wishes and other factors that influence risk—benefit considerations. 
In those patients who are only affected a few times each year, such 
as on holidays, photoprotection — sometimes supplemented by 
infrequent prophylactic topical or systemic corticosteroid use — 
usually suffices. Patients may sometimes be able to induce nat- 
ural ‘hardening’ or tolerance by repeated low levels of natural 
sunlight exposure. For those more severely affected, who are 
repeatedly affected throughout at least the spring and summer 
months, one of the second line phototherapy approaches is indi- 
cated [102,103-111,112]. For those who remain severely affected 


(b) 


despite prophylactic phototherapy/photochemotherapy, systemic 
immunosuppression is occasionally appropriate. 


First line 

Sun avoidance and protective measures are sufficient for most 
mild/moderately affected people. Many who are affected suffi- 
ciently severely enough to be referred to a dermatologist require 
other treatment as well, but sunlight avoidance remains important 
for all patients. Avoidance of unnecessary environmental exposure, 
such as intense exposure on holidays in sunny climates, is recom- 
mended. However, total avoidance is to be avoided as low-level 
sub-triggering levels of exposure can help to induce a degree of 
natural hardening. For some severely affected individuals, advice 
on the use of UV-absorbing window film on car and house windows 
is appropriate [117]. Patients should avoid middle of the day sun 
(11 a.m. to 3 p.m.) and wear appropriate clothing (tightly woven 
fabrics). Broad-spectrum high SPF sunscreens [118-122] should be 
used and applied correctly (thickly, evenly and frequently) [123]. 
Advice should be provided regarding dietary vitamin D intake 
and supplementation because despite sun avoidance measures, 
knowledge and awareness of the risks of vitamin D deficiency are 
often lacking and highlighting this through patient education is 
important [124]. 


Second line 

Prophylactic phototherapy /photochemotherapy is the main second 
line therapy used. There is randomised, double-blind, controlled 
trial evidence that narrow-band (TL-01) UVB is as effective as 
PUVA [112], although PUVA is more effective than broad-band 
UVB [125]. UVA1 therapy can also be used [126], although this pho- 
totherapy has also been reported as triggering unusually prolonged 
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PLE [127]. UVA ‘rush hardening’ may also be beneficial in some 
cases [128], although it is a time-intensive regimen for patients and 
phototherapy services and is not generally required. 

Courses given in the spring serve to ‘harden’ the skin (by tanning 
and epidermal thickening and/or effects on immune responses) and 
are beneficial in most patients. No treatment is sufficient to allow 
unlimited exposure. Nevertheless, it is prudent to limit prophylac- 
tic treatment as far as possible, and it is certainly worth considering 
a trial without ‘desensitisation’ for those patients who have previ- 
ously responded [102]. 

How treatment is given is important. Factors to consider in 
optimising it include time of year of administration (too early in 
the year may lead to loss of effect before it can be topped up by 
natural UVR exposure), whether to treat the whole body or nor- 
mally exposed sites only, how to deal with PLE provoked during 
therapy, how many exposures are given, and what advice is given 
following the course [102,129,130]. A typical regimen would be 
narrowband UVB three times per week for 5 weeks in spring- 
time [102,129], although the optimal methodology has not been 
rigorously investigated. In one retrospective study in 15 patients 
with severe PLE, 88% experienced sustained benefit from desen- 
sitisation using narrowband UVB twice a week for a month, so 
shorter courses may also be effective [131]. PLE is provoked during 
desensitisation phototherapy in the majority of patients, whereas 
it will only be provoked in the minority of patients receiving pho- 
totherapy for other indications, such as psoriasis [132]. However, 
use of lower dose increments and topical corticosteroids after each 
treatment usually enables patients to complete a phototherapy 
course [102,129]. 

Prednisolone tablets taken at the first onset of PLE in a population 
only affected by holiday-type exposure slightly, but significantly, 
shortened the duration of the eruption [133]. Although not fully 
supported by published studies, the use of a potent to very potent 
topical corticosteroid applied daily from the day before to the 
third day of a holiday can also be helpful for prevention of PLE on 
holiday [134]. 


Experimental second line systemic therapies 

¢ 6-Carotene has proved disappointing. A randomised crossover 
trial found 15% of patients to have an ‘excellent’ response (no skin 
symptoms despite extensive sun exposure), whereas none had 
an ‘excellent’ response during their years when they received 
placebo capsules [135]. Lesser degrees of improvement were 
similar regardless of therapy. So, possibly B-carotene has a small 
effect. However, despite attempts at blinding, as f-carotene 
changes skin colour this would have been challenging, poten- 
tially influencing the reliability of interpretation of these studies. 
Another controlled study suggested a small beneficial effect [136] 
but attempts at replication with a larger B-carotene dose failed. 

¢ Controlled trials using antimalarial drugs showed only minimal, 
if any, benefit [135,137-139]. 

e A preliminary study using omega-3 polyunsaturated fatty 
acids from fish oil showed a statistically significant effect [140]. 
However, it is not known whether reduced PLE provocation 
experimentally will translate into a clinically useful therapeutic 
approach. 


e Encouraging early studies of Escherichia coli filtrate [141-143] and 
of nicotinamide have not been replicated [142,144] and are not 
used in clinical practice. 

e An extract of the tropical fern Polypodium leucotomos, which has 
antioxidant and anti-inflammatory effects, may, according to 
uncontrolled studies, be of value [145-147]. 

e A randomised controlled study suggested that prophylactic 
application of a vitamin D analogue can have a beneficial effect 
[148]. 


Third line 
Long-term immunosuppressive drugs, such as azathioprine [149] 
and ciclosporin [150], have been used for refractory cases. 


Juvenile springtime eruption 
Definition and nomenclature 

This is typically a recurrent blistering eruption affecting the upper 
pinnae of boys and young men occurring with intense sunlight 
exposure during spring [1]. 


Introduction and general description 

This is a characteristic condition which is far more common than 
is typically recognised. It is usually a nuisance rather than a severe 
problem and the relationship between this condition and sunlight 
exposure is normally clear-cut. These factors mean that medical 
advice is often not sought. 


Epidemiology 

Juvenile springtime eruption (JSE) appears common, at least 
among boys and young men exposed to intense sunlight [2-5]. 
It was found in 12% of a group of school-age New Zealand boys 
examined in springtime [6]. It has been reported among school chil- 
dren, farmers during the lambing season in spring [7] and military 
personnel [5,8,9]. 


Sex 

Although it has been reported in females it is typically a condition 
of males. This may be due to differences in hairstyles between males 
and females meaning that the upper pinnae of boys and men are 
more often exposed to intense sunlight. 


Ethnicity 
It has mainly been reported among those of European ancestry. 


Associated diseases 
It can occur concomitant with PLE and some categorise it as a variant 
of PLE. 


Pathophysiology 
The pathophysiology of the condition is not well defined but con- 
sidered to be similar to that of PLE. 


Predisposing factors 
It is more common in males with short hair and prominent ears. 


Pathology 

A dermal, perivascular, mononuclear cell infiltration is seen on biop- 
sies taken from recent-onset lesions. Later, epidermal ulceration and 
acanthosis are found. 


Causative organisms 

It has been reported in outbreaks, such as among military conscripts. 
However, shared hairstyles and sunlight exposure probably explain 
these outbreaks rather than there being an infectious aetiology. 
An association with Parvo-B19 was reported in one case [10]. How- 
ever, these observations have not been replicated and a causative 
organism has not been identified. 


Genetics 
No strong genetic component has been identified. 


Environmental factors 
JSE eruption seems more common in countries with typically sepa- 
rate seasons rather than similar weather year-round. 


Clinical features 

History 

The typical history is of blisters, sometimes coalescing, but usually 
unilocular on the upper pinnae, often occurring after a few days of 
sunlight exposure (Figure 126.8). Pruritus and papules are usually 
also present. 


Presentation 
Blisters and papules appear on the upper pinnae. 


Differential diagnosis 

This may be a variant of PLE. Erythema multiforme [11] can appear 
similar as, rarely, can erythropoietic protoporphyria, hydroa vaccini- 
forme and bullous LE. 


Classification of severity 

There is no standard severity scoring scheme. Measures of 
disease-related quality of life, including the DLQI (dermatology life 
quality index), have been used. 


Complications and co-morbidities 
None has been described. 


Disease course and prognosis 

No good-quality follow-up studies have been reported but JSE, 
while sometimes recurring over a few years, does appear to 
spontaneously resolve. 


Figure 126.8 Juvenile spring eruption: sunlight-induced blisters on the prominent pinna 
of a young male. 


Investigations 

Diagnosis is based on history and examination findings. Rarely, 
in atypical presentations, the exclusion of other diagnoses such as 
porphyria or lupus is required. Phototesting is not usually under- 
taken but, if it is, monochromator responses are typically normal, 
and iterative UVA provocation testing may be positive [8]. 


Management 

Advice on its benign nature and expected spontaneous resolution 
can be given. Where possible, depending on occupational require- 
ments, advice to grow hair long enough to cover upper pinnae is 
usually all that is required. 


Treatment ladder 


First line 
e Sunlight avoidance — best by hair cover 


Second line 

e Topical broad-spectrum sunscreen 

e Desensitisation may be achieved naturally by repeated 
low-level, less intense sunlight exposure 


Third line 

e Rarely, prophylactic (desensitisation) phototherapy, usually 
with narrow-band UVB as administered for PLE, may be 
appropriate 
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Actinic prurigo i 


Definition and nomenclature 

Actinic prurigo (AP) is a distinct photodermatosis, diagnosed 
on the basis of characteristic clinical features including perennial 
(although typically worse in summer) itchy papules and vesicles 
during acute flares, persistent eroded nodules and/or dermatitic 
patches (sometimes affecting covered sites), scarring, dorsal nose 
involvement and, frequently, cheilitis and conjunctivitis [1,2]. 


ms and inclusions 

itary polymorphous light eruption of American Indians 

on’s summer prurigo 

todermatitis in North American Indians 

roa aestivale (this term has also included other photodermatoses) 


Introduction and general description 

AP is rare in Europe but is common among some populations in the 
Americas. Abnormal photosensitivity (UVA, UVB) is often severe, 
but generally gradually improves, especially when (as is usual, at 
least in Native American and European cases) it presents before the 
age of 10 years. Classic AP is clinically distinct but there is some 
overlap in features with severe PLE. In general, it can be managed 
similarly to PLE. When severe, an additional treatment that may be 
required is thalidomide. 


Epidemiology 

Incidence and prevalence 

AP ranges in prevalence from about 3 per 100 000 population in 
Scotland [3] to around 10% of the population among some isolated 
susceptible populations. AP probably occurs in most parts of the 
world [3-5,6,7,8-14]. 


Age 
Most commonly AP starts in childhood. 


Sex 
AP is commoner in females. 


Ethnicity 
It is more common among those of Native American ancestry than 
in other populations [7,8,15,16]. 


Associated diseases 
AP can, like the other photodermatoses, be complicated by sun- 
screen allergy. 


Pathophysiology 

UVR exposure is important in AP and the action spectrum for 
abnormal photosensitivity is usually in the UVB and UVA wave- 
lengths (rarely UVA only). There is a possibility that AP and PLE 
share pathomechanisms, with some considering AP essentially as 
a persistent form of PLE in those who are genetically susceptible. 
The underlying mechanism is considered to be immunological: 
a delayed hypersensitivity reaction; although as with PLE the chro- 


mophore(s) and/or photo-induced antigen(s) are unknown. A lack 
of Langerhans cell migration after UV irradiation in patients with 
AP who have abnormal phototesting supports the hypothesis of 
aberrant UV-induced immunosuppression in AP [15]. 


Pathology 

A dermal, perivascular, mononuclear cell infiltration is seen on biop- 
sies taken from recent-onset lesions. Later, epidermal ulceration, 
acanthosis and fibrosis occur. Histopathology of cheilitis is said to 
be characteristic [17], with a follicular pattern of cheilitis predomi- 
nating [18], although changes elsewhere are not specific to AP. 


Genetics 

There is strong evidence of a genetic component with inheritance 
occurring within families. The majority of AP patients have the 
HLA-DR4 tissue type, which is common in most populations; more 
than two-thirds of AP patients express the DRB1*0407 subtype, 
which is usually rare [6,19,20,21,22,23-27]. Other allele associations 
have been reported, such as an association with HLA DRB1*03:01 
in Singaporean Chinese AP patients [4]. 


Environmental factors 

AP is more frequent in populations living at high altitude although 
there are exceptions such as the high prevalence among Chimila 
Native American people living near sea level in Columbia [20]. 


Clinical features 

History 

AP may begin at any age but most commonly starts in childhood, 
although late-onset variants have been reported, particularly in Asia 
[5]. Patients with AP typically present with symptoms in the first 
decade, have chronic and perennial disease and most affected peo- 
ple are aware of distinct flares related to UVR exposure, usually 
from sunlight. These features are common to all ethnicities and geo- 
graphical locations [6,7,28]. It is commonly very itchy, with early 
pink papules or small nodules and plaques, and sometimes vesi- 
cles, which usually become rapidly excoriated, crusted and scabbed 
(Figure 126.9), not infrequently with associated ‘eczematisation’ and 
subsequent scarring. Ocular symptoms and soreness and inflamma- 
tion of the lips are also common. 


Presentation 

The face (including dorsal nose) (Figure 126.10) and distal limbs 
are most affected, with lesser involvement of more frequently 
covered sites. The buttocks may be affected in severe cases. There 
may be hypo- or hyperpigmented resolving lesions and scars 
(Figure 126.11). There may also be cheilitis and conjunctivitis 
(Figure 126.10) — these features are considered more common in 
Native American populations with AP than among those of west- 
ern European and Asian ancestry [6,7]. These features are more 
frequent, and often more severe, in those of indigenous American 
background. 


Clinical variants 
Some have considered the Native American form of AP to be 
distinct from AP in other populations. It is true that the frequency, 
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Figure 126.9 Papules and plaques on photo-exposed sites during an acute flare of 
actinic prurigo (AP). (a) On the cheeks and nose; note distal nose involvement. (b) On 
the mastoid area of the neck. (a and b are patient’s own photographs.) (c) Excoriated 
papules on a photo-exposed part of the chest in AP. 
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and probably the severity, of cheilitis and conjunctivitis is greater in 
Native American populations. 


Differential diagnosis 
Severe PLE, especially in a patient who also has atopic eczema, can () 
appear similar. Widespread, florid, insect bite reactions may have : = a / ; 
en F Figure 126.10 Persistent actinic prurigo in an adult. (a) Note inflammation of the 
similar features to early AP. Photoaggravated atopic eczema, nodu- eae ; Ea aa reer 
i aa : lower eyelids, distal nose involvement and cheilitis (with coincidental xanthelasma). 
lar prurigo and hydroa vacciniforme should also be considered. (b) Close-up of the cheilitis. (c) Close-up of the photo-exposed sites of the ear. 
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Figure 126.11 Scarring and hypopigmentation on the chronically photo-exposed site of 
the back of the neck in actinic prurigo. 


Classification of severity 
There is no standard severity scoring scheme. Measures of disease- 
related quality of life, including the DLQI, have been used [29]. 


Complications and co-morbidities 
Secondary infection with staphylococci and sometimes streptococci 
can occur. Scarring may also occur with chronic disease. 


Disease course and prognosis 

While AP typically spontaneously improves and may resolve by 
teenage years or early adulthood, the precise proportion among 
whom this occurs is unknown. Persistence of disease into adult life 
can also occur and it is advisable to be cautious about prognosis in 
the early stages of the disease course. 


Investigations 

Diagnosis is based largely on history, particularly age of onset and 
distribution, with a history of dorsal nose involvement often being a 
helpful clue to the diagnosis. This is supported by examination find- 
ings. Monochromator phototesting is important, showing severe 
abnormal photosensitivity in most cases, sometimes as marked as 
that typically found in CAD, and with far more prominent abnor- 
mal sensitivity than in most patients with PLE (Figure 126.12a). 
Iterative UVA provocation testing can usually provoke an abnormal 
papular response (Figure 126.12b). Abnormal photosensitivity may 
also be evident on narrowband UVB MED testing and on exposure 
to compact fluorescent lamps (Figure 126.12c, d). HLA typing is not 
a diagnostic test for AP but can be helpful in cases of doubt. The 
absence of HLA-DR4 makes AP unlikely whereas the presence of 
the DRB1*0407 subtype (rare in most populations) is supportive 
of an AP diagnosis [25]. To help exclude other diseases, which 
occasionally mimic AP, antinuclear and extractable nuclear anti- 
bodies and porphyria biochemical screening are usually indicated. 
Lesional histopathology can also be helpful [17]. Photoaggravated 
atopic eczema and nodular prurigo may be distinguished on clin- 
ical grounds and insect bites by their shorter time course and 
asymmetry; phototesting would be normal in these conditions. 


The diagnosis of AP may be uncertain early on and may require 
follow-up of disease evolution. 


Management 

Once the diagnosis is established, initial treatment consists of advice 
on sunlight avoidance measures (behavioural, clothing, hats, 
sunscreen, window film) and the use of potent or very potent 
topical corticosteroids. The UV-absorbing properties of window 
film may be reduced due to photodegradation and may, depending 
upon the construction of the window film, need replacing every 
5 years or so [30]. If this approach alone is insufficient, the addition 
of springtime narrow-band UVB or PUVA therapy may be required; 
usually only photo-exposed sites need to be treated. Application of 
a potent topical steroid to the treated areas immediately after each 
exposure reduces the risk of disease flares. Vitamin D supplements 
are commonly required. 

In Scotland, systemic treatment is uncommonly needed. Systemic 
treatment is more often necessary where the availability of pho- 
totherapy is limited and in countries with more intense year-round 
sunlight exposure. Antimalarials and f-carotene are sometimes 
tried but are of uncertain value. Thalidomide may be more useful, 
but its use is restricted by teratogenicity and the risk of irreversible 
peripheral neuropathy. However, low-dose thalidomide may be 
more safely used in children with AP than for example in adults 
with lupus and thus may occasionally be required in severe disease, 
with appropriate monitoring [31,32]. Pentoxifylline has anti-tumour 
necrosis factor « (anti- TNF-a) effects and may be worth considering 
before thalidomide because of its more attractive safety profile. 
Efficacy of ciclosporin or dupilumab has also been reported in 
single case reports of children with AP [32,33,34]. 


Treatment ladder 


First line 

¢ Sunlight avoidance: environmental, behavioural, clothing, 
sunscreen, window film [35] 

¢ Potent/very potent topical corticosteroids [2,36] 

¢ Narrow-band (TL-01) UVB phototherapy [37] 


Second line 

¢ Psoralen—UVA photochemotherapy [38] 

e Thalidomide in those who are not of child-bearing potential 
[2,31,32,39-47] 


Third line 

e -carotene [48] 

e Pentoxifylline [49] 

e Tetracycline and vitamin E [50] 
¢ Oral corticosteroids 

e Azathioprine [51] 

¢ Chloroquine [52] 

¢ Topical ciclosporin [53,54] 

¢ Oral ciclosporin [33] 

¢ Dupilumab [34] 


Figure 126.12 Abnormal phototesting in actinic 
prurigo (AP). (a) Monochromator phototesting 
showing broad-band UVB and UVA photosensitivity. 
(b) A positive UVA photoprovocation site on the 
forearm in AP. (c) Abnormal UVB photosensitivity 
confirmed by erythema at all narrow-band UVB 
(TL-01) MED test sites. (d) Abnormal erythema at sites 
exposed to a compact fluorescent lamp. Note that the 
site irradiated through Dermagard film (which blocks 
all UV transmission) is negative. (b) 


Chronic actinic derm 


Definition and nomenclature 

CAD is a chronic dermatitis mainly affecting photo-exposed sites, in 
association with abnormal photosensitivity. The clinical picture and 
phototesting abnormalities of dermatitis morphology are required 
for the diagnosis. 
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Introduction and general description 

CAD is a persistent or recurring dermatitis predominantly affect- 
ing photo-exposed sites, in association with objective evidence of 
photosensitivity. The photosensitivity is usually to broad-band, 
predominantly UVB, wavelengths [1,2]. The term CAD [3,4] encom- 
passes four previously reported diagnoses: (i) actinic reticuloid, 
which described the pseudolymphomatous infiltrative changes 
seen in patients with broad-band photosensitivity [5]; (ii) photosen- 
sitive eczema, which described patients with a photo-exposed site 
dermatitis [6] and UVB photosensitivity; (iii) photosensitivity der- 
matitis/actinic reticuloid, which was the term applied to patients 
with features of both photo-exposed-site dermatitis and actinic 
reticuloid in association with broad-band photosensitivity [7]; and 
(iv) persistent light reactors, who were patients with photocon- 
tact allergy and positive photopatch tests, usually to halogenated 
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salicylanilides or musk ambrette, who developed persistent pho- 
tosensitivity without ongoing exposure to photoallergen [4,8-10]. 
The consensus view was that these four conditions were all part of 
the same disease, CAD, supporting the heterogeneous nature of the 
condition between and within patients [3,4]. 


Epidemiology 

Incidence and prevalence 

CAD occurs worldwide, although it is commoner in temperate cli- 
mates [2,3,7,11-14,15]. Generally, in photodiagnostic units CAD is 
the second most commonly diagnosed idiopathic (immunological) 
photodermatosis, after PLE, accounting for 7-17% of patients inves- 
tigated [13,1621]. In Tayside, Scotland, CAD occurred in 1 in 2000 
of those aged >75 years [22]. The estimated overall prevalence is 1-5 
per 10000. 


Age 

It typically occurs in elderly males [2,3,7,22,23], although onset in 
younger life and females is observed [15,24-27], usually in associa- 
tion with atopic eczema. Three separate studies in New York/Japan, 
Melbourne and Dundee showed a mean age at diagnosis of 60-62.7 
years [12,13,28]. 


Sex 

Male to female ratios of 2.6—-7.1:1 are reported [12,13,28], although 
in CAD arising in those of higher skin phototypes, a female to male 
ratio of 2:1 is reported [15]. 


Ethnicity 

The condition can occur in patients of any skin phototype and in 
CAD presenting at a younger age, higher skin phototypes are over- 
represented [7,11—14,15,20,24—27,29]. 


Associated diseases 

CAD is associated with contact and/or photocontact allergy in most 
patients [30]. It is uncommon to develop CAD in the absence of a 
pre-existing dermatitis [7]. There may also be a lengthy prodrome 
of dermatitis before photosensitivity develops. Indeed, in one study 
of 34 patients with CAD, 23% had a prior history of persistent 
dermatitis for more than 20 years [7]. The occurrence of CAD in 
young patients with atopic eczema is increasingly recognised, 
particularly in patients with skin phototypes IV-VI [15,24—27]. 
An association with HIV is reported [12,31,32,33-35]. The concur- 
rence of CAD and solar urticaria was seen in three patients, and 
although this may be coincidental it seems unlikely given the rarity 
of the two diagnoses [36]. 


Pathophysiology 

The pathophysiological mechanisms underlying CAD are not 
fully understood, although the condition is considered to have 
an immunological basis. This is supported by associations with 
contact/photocontact allergy, atopic eczema, response to immuno- 
suppressive drugs and HIV. A role for photoactive drugs has been 
considered but not substantiated [3,4,8,9,37,38]. The existence of 
a prolonged prodrome, such as atopic or allergic eczema, before 
the development of photosensitivity suggests a requirement for 


persistent T-cell activation to trigger photosensitivity, although this 
does not explain its occurrence in some patients in whom it arises 
de novo. Light exposure alone appears to suffice as a trigger, with- 
out an identifiable photoallergen/allergen(s). The most plausible 
hypothesis is of a delayed cell-mediated hypersensitivity reaction 
to unknown endogenous photo-induced antigen(s), similar to the 
mechanisms in allergic contact dermatitis [39-44]. 

There is a paucity of recent studies but early investigations 
of induced lesional skin demonstrated a predominance of CD8 
cytotoxic suppressor T cells, similar to that seen in established 
allergic contact dermatitis, although in the early stages CD4 helper 
T cells are increased [40,41,43-46]. Further support for a delayed 
cell-mediated hypersensitivity mechanism was provided by medi- 
ator studies. Upregulation of adhesion molecules (E-selectin, 
VCAMI1, ICAM1) and IL-1, -6 and -8 occurs in both CAD and 
allergic contact dermatitis [43]. 

Knowledge of the nature of the antigen/photoantigen(s) is 
lacking, although photochemical modification of an endogenous 
protein rendering it antigenic seems plausible [4]. Studies in vitro 
showed that the photoallergen tetrachlorosalicylanilide was able 
to photo-oxidise histidine and modify the carrier protein albumin, 
rendering this weakly antigenic [47]. As contact/photocontact 
allergy is not a prerequisite in CAD, the relevance of these findings 
in vivo remains unclear. Other theories of retained photoallergen 
[48], altered kynurenic acid metabolism [49] and abnormal handling 
of oxidative stress [50-54] have not been substantiated, and the role 
of cutaneous Langerhans cells is not defined [40]. A report of pho- 
toreactivity of lactones to thymidine is of interest as it may go some 
way to explaining the evolution of contact allergy and photosensi- 
tivity, but it does not explain CAD arising in the absence of lactone 
allergy and this requires further study [55]. Antibody-mediated 
immunity appears normal. While serum total IgE levels can be 
raised in some cases, this is not a prerequisite and therefore its place 
in the pathophysiology of CAD is unclear [56,57]. 


Predisposing factors 
Dermatitis of various types is a predisposing factor. 


Pathology 

The histology of CAD is not specific. Epidermal spongiosis, acantho- 
sis and an upper dermal perivascular lymphohistiocytic infiltrate 
occur acutely (Figure 126.13a). Epidermal hyperplasia, a deep, 
dermal, inflammatory infiltrate and increased numbers of perivas- 
cular histiocytes and granulomatous changes occur chronically 
[58]. Mast cells may be observed in early lesions, and eosinophils, 
plasma cells, atypical large, hyperchromatic, convoluted nuclei and 
mitoses may be evident, and Langerhans cells can be increased [59]. 
In the chronic phase, lichenification and pseudolymphomatous 
(actinic reticuloid) changes can emerge, with epidermotrophism 
and atypical lymphocytes (Figure 126.13b), which may be difficult 
to distinguish from mycosis fungoides [5,7]. Atypical circulating 
cells can occur but distinction from Sézary syndrome can usu- 
ally be made by immunophenotyping [60-63] and T-cell-receptor 
rearrangement studies. There are occasional reports of lymphoma 
occurring in patients with CAD but in a longer-term follow-up 
study no increased risk of lymphoreticular or other malignancy was 
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Figure 126.13 Histopathology of chronic actinic dermatitis. (a) Epidermal spongiosis, acanthosis and an upper dermal lymphohistiocytic inflammatory infiltrate (seen in the acute 
phase). (b) Atypical lymphocytes can be seen chronically with a pseudo-lymphomatous picture. (c, d) An acute spongiotic dermatitis will be seen if an eczematous abnormal phototest 


site is biopsied. 


seen [64,65,66]. If an abnormal eczematous phototest site is biopsied 
then an acute spongiotic dermatitis will be seen (Figure 126.13c, d). 


Genetics 

CAD is a sporadic disease and no genetic factors have been iden- 
tified to date [67]. Differential gene expression in CAD patients 
compared with controls has been observed, with emphasis on genes 
involved in inflammation and immunity. However, the clinical 
relevance of these findings is unclear at present although future 
work may help identify therapeutic targets [68]. 


Environmental factors 
CAD is more common in patients with multiple contact allergies 
[7,30]. A recent association between increased incidence of CAD in 


Korea with climate change, indicated by increased sun exposure 
hours and air humidity, requires further study [69]. 


Clinical features 

History 

The classic features are of a pruritic, recurrent or persistent der- 
matitis predominantly affecting photo-exposed sites, which is 
worse in summer (Figure 126.14). Some patients are not aware of 
the association with sunlight exposure [1,7]. This may be because 
there is pre-existing dermatitis, for example a patient with atopic 
eczema who develops a change in pattern of involvement, with 
the head and neck affected, or a change in season, being worse in 
summer. It may also occur if there are perennial symptoms because 
of broad-band photosensitivity, and covered site involvement. 
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Figure 126.14 Chronic actinic dermatitis presenting with a photo-exposed-site dermatitis. (a, b) Note the prominent head and neck involvement and sharp cut-off at the collar line. 
There was sparing of the upper eyelids, and under the eyes and in the shaded areas under the lower lip and chin. (c) Involvement of the back of the neck with a cut-off at the 
collar line. Also note involvement of the bald scalp. (d) Note the prominent involvement of the thenar eminence and extensor surfaces of the hand and the sharp cut-off at 


photoprotected sites. 


Only 21% of patients will have no preceding history of dermatitis. 
Most patients have a history of atopic, contact allergic, seborrhoeic 
or endogenous hand eczema, often over many years, and it may 
be difficult to pinpoint from the history when photosensitivity 
began [7]. 


Presentation 

Presentation can be diverse, and features may also vary within the 
same patient. For example, with persistent, uninterrupted inflam- 
mation, pseudo-lymphomatous areas [5,7] can develop; these may 
be the only sites of activity seen in winter, whereas in summer a more 
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Figure 126.15 In patients of higher skin phototypes (IV-VI) with chronic actinic dermatitis, a nodular prurigo-like morphology may be apparent. (a) Prominent involvement of 
photo-exposed sites of the extensor forearm. (b) This patient worked as a builder and similar involvement was seen at photo-exposed sites on the lower back between the shirt and 
trousers. (c) Note the involvement of photo-exposed sites of the ears and side of neck. (d) The relative sparing behind the ear (Wilkinson's triangle should be examined by pulling the 


ear forward) is clearly seen in this patient of skin phototype V with CAD. 


extensive photo-exposed-site dermatitis can occur (Figure 126.14). 
Acutely, there may be redness, exudation and vesicular der- 
matitis on photo-exposed sites; chronicity lichenification, pseudo- 
lymphomatous infiltrative plaques, alopecia, ectropion and hyper-/ 
hypopigmentation (which can appear vitiliginous [70]) can occur. 
In patients of higher skin phototype (IV-VI) there can be a 


nodular prurigo-like morphology (Figure 126.15) and lichenoid 
and pigmentary changes [71]. Examination may show promi- 
nent involvement of photo-exposed sites of the head, neck and 
limbs. The removal of clothes, hats, watches and spectacles is 
important as a lack of involvement and sharp cut-off at sites 
of protection may be seen. In one study of 34 patients, 44% 
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presented with covered site involvement and 15% with erythro- 
derma (Figure 126.16) [7]. Patients may also have concurrent palmar 
and/or plantar dermatitis. 


Clinical variants 

The morphology of presentation may vary from a typical photosen- 
sitive presentation to a more contact allergic dermatitis picture. 
Pseudo-lymphomatous (actinic reticuloid) [5,7] and nodular 
prurigo-like changes may occur. CAD can present as an unexplained 
erythroderma [7]. 


Classification of severity 

There is no specific objective measure of CAD severity and impact, 
although the DLQI is a useful tool [15,72]. The wavelength 
dependence and degree of photosensitivity on monochromator 
phototesting and presence of multiple allergens provide some 
information on disease severity and prognosis [28]. One study of 
51 patients with CAD showed an association between total IgE 
level and chemokine CCR4 expression and disease severity. An 
association between total IgE, eosinophil count and a shift to Th2 
immunity was also shown in another study of 72 patients with 
CAD, although as serum IgE is not raised in all cases, the clinical 
significance of these findings needs further investigation [56,57]. 


Differential diagnosis 

Airborne contact dermatitis typically involves the upper eyelids 
and under the nose and chin, while the back of the neck is spared. 
Photoaggravated atopic or seborrhoeic eczema may be impossi- 
ble to distinguish from CAD on clinical grounds (Figure 126.17). 


Figure 126.16 This patient presented with unexplained 
erythroderma. Slight sparing is seen (a) under the chin 
and (b) at the collar line and within the scalp. Chronic 
actinic dermatitis was confirmed by phototesting once 
the patient had received intensive in-patient treatment 
of the erythroderma. 


Figure 126.17 This patient presented with a photo-exposed site dermatitis but 
phototesting was normal and this was photoaggravated seborrhoeic dermatitis (patient's 
own photograph). 


Likewise, drug-induced photosensitivity and cutaneous T-cell 
lymphoma, the latter especially if there is erythroderma, must be 
considered [73]. A case of CAD presenting as cutis verticis gyrata 
has also been documented [74]. 


Complications and co-morbidities 

Most patients have pre-existing or concurrent eczema: endoge- 
nous, atopic, seborrhoeic or contact allergic. Sunscreen allergy/ 
photoallergy may occur. 


Disease course and prognosis 

Once patients receive the diagnosis there is generally symptomatic 
improvement due to light and allergen avoidance. One retrospec- 
tive study in Scotland showed that by 5-year follow-up, abnormal 
photosensitivity had resolved in one in ten patients, rising to one 
in five at 10 years, and one in two by 15 years [28]. If UVB pho- 
tosensitivity is severe at diagnosis and there are two or more 
separate contact allergens there is a poorer prognosis for resolution 
of photosensitivity [28]. Contact allergies usually, but not always 
[75], persist [28,76] and it is unclear whether the prognosis is dif- 
ferent for patients presenting at a young age [77]. In the absence 
of erythroderma, life expectancy is normal and there is no evi- 
dence of increased risk of lymphoreticular or other malignancies 
[66,78]. 


Investigations 

Phototesting 

Monochromator phototesting to UV and visible wavelengths across 
the solar spectrum is the investigation of choice (Figure 126.18a) 
[1,2,22,79-81]. Abnormal erythemal responses (assessed by MED at 
each waveband tested) will be most apparent 24 h after phototesting 
and will become dermatitic (Figure 126.18b). Most patients with 
CAD will have predominant UVB sensitivity, although many will 
also have UVA and visible wavelengths involved (100% UVB, 88% 
UVA, 59% at 400nm, 26% at 500 nm) [7]. Isolated UVA sensitivity 
has been reported in CAD [13,14] but is rare and, if seen, drug 
photosensitivity should be suspected [82,83-85]. The action spec- 
trum for the induction of abnormal dermatitis responses in CAD 
is similar to that of normal erythemal ‘sunburn’ responses but 
reactions occur at much lower doses [86]. 

Monochromator phototesting can only be undertaken if there 
is sufficient clear skin on the back. If there is limited clear back 
skin, phototesting using a solar simulator may be undertaken as an 
initial screen [87]. Provocation testing with broad-band UV sources 
provides less information on the wavelength dependency of photo- 
sensitivity than monochromator phototesting [88]. CAD may also 
be unexpectedly picked up by MED testing prior to phototherapy 
[89-91], for example in a patient with suspected photoaggravated 
atopic eczema (Figure 126.18c). If the MED is abnormally low then 
CAD should be suspected and monochromator phototesting should 
be performed (Figure 126.18d). This highlights the importance of 
routine MED or small area phototesting prior to phototherapy as a 
safety measure [92]. 

If a patient has used potent topical corticosteroids on the back in 
the week prior to phototesting, this may suppress the responses [93] 
and should be avoided. Likewise, although one study showed no 
suppression of erythemal responses to monochromator phototest- 
ing in healthy volunteers taking 30mg per day prednisolone [94], 
a dose as low as 10 mg per day may suppress abnormal phototest- 
ing responses in CAD so this should be taken into account [95]. 
The effect of other systemic immunosuppressants on abnormal 
phototesting in CAD is not known. 
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Patch and photopatch testing 

Patch testing is an essential investigation in a patient with suspected 
CAD, and photopatch testing can be helpful when practicable to 
perform [15,56]. Of 86 patients with CAD, positive patch and/or 
photopatch tests were seen in 74% and to a diverse range of com- 
mon allergens (Figure 126.19) [30]. Young patients with CAD also 
commonly have positive patch tests [15,24-27]. Allergens, often 
multiple, include fragrances, rubber additives, nickel, colophony, 
medicaments and sunscreens [30,96]. Plant contact allergy in CAD 
is also very common, notably to Asteracea (Compositae), lichens 
and oleoresins [30,97-99]. In one study 36% of patients with CAD 
had a positive patch test to sesquiterpene lactone [30]. However, 
this screen can miss significant plant allergy, for example to daisy, 
dandelion and thistle, which if tested may be positive in up to 
23% of CAD patients [100,101]. In addition to Asteraceae being 
contact allergens, they are also phototoxic, although not photoal- 
lergic, so they do not need to be included in photopatch test series 
[102,103]. 

Patients with CAD regularly use sunscreens so it is unsurpris- 
ing that allergic and photoallergic reactions to sunscreens occur 
[15,56,104,105]. The UV-absorbing sunscreen chemicals such as 
the benzophenones, dibenzoylmethanes and octycrylene are the 
most likely culprits but this allergen profile changes with time and 
exposure patterns [106]. The investigation of choice is photopatch 
testing [107-111], although this can be difficult or impossible to 
undertake and interpret in patients with significant photosensitiv- 
ity, and the relevance of positive results may be unclear. In four 
separate studies of patients with CAD, positive reactions occurred 
in 12-33% so photopatch testing should always be considered if 
there is unexplained deterioration of the condition [12,15,30,104]. 
There may be a prodrome of contact/photocontact allergy, which 
lasts for years before photosensitivity develops [112]. 

In photoaggravated atopic or seborrhoeic eczema, phototesting 
will be normal (Figure 126.17). In airborne contact allergy or in 
photocontact allergy, phototesting is normal but patch and/or pho- 
topatch testing are positive. In drug-induced photosensitivity there 
will usually be predominant UVA sensitivity in a patient taking a 
photoactive drug and the morphology of the eruption is usually 
not eczematous. In erythrodermic CAD, Sezary syndrome/T-cell 
lymphoma needs to be excluded and phototesting in the latter, if 
feasible, is usually normal. Occasionally, a few atypical circulating 
cells can occur in erythrodermic CAD. If in doubt, T-cell receptor 
gene rearrangement studies can be undertaken to confirm the poly- 
clonal nature of CAD. Although cutaneous lupus and porphyrias 
generally do not present confusion clinically with CAD, these 
should be excluded. 


Management 

Establishing the diagnosis, excluding drug photosensitivity and 
defining the action spectrum for abnormal photosensitivity are all 
paramount [1,2,113]. The impact on day-to-day life must be consid- 
ered [15,71,114,115]. If a patient is taking a photoactive drug such 
as thiazide or quinine this should be stopped, if feasible, and pho- 
totesting should be repeated 3-6 months later [83-85]. Management 
involves the prevention of flares and the suppression of active dis- 
ease [1,2,12]. Careful avoidance of UVR, and when necessary visible 
light, by photoprotection using behavioural modification, hats, 
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Figure 126.18 Abnormal monochromator phototesting in chronic actinic dermatitis (CAD) showing broad-band UVB, UVA and visible light photosensitivity. (a) This patient with 

CAD also had abnormally low narrow-band UVB (TL-01) (left side of back) and broad-band UVA (right side of back) MEDs. The patient was also being photopatch tested as part of 
the investigation, although irradiation and interpretation of photopatch tests are difficult in the presence of severe photosensitivity. (b) Close-up showing the abnormal eczematous 
morphology at the phototest sites in CAD. (c) CAD in a child with atopic eczema. Abnormal photosensitivity was picked up on MED testing prior to phototherapy for a presumed 
diagnosis of photoaggravated atopic eczema. Abnormal erythema at narrow-band UVB MED (right of back) and broad-band UVA MED (left of back, as part of photopatch testing) test 
sites. Phototesting can be undertaken in a child if they are able to sit still and have sufficient back space. (d) This patient was referred for a narrow-band UVB MED prior 

to phototherapy and abnormal erythema was seen at all test sites. The patient was subsequently diagnosed with CAD after monochromator phototesting confirmed broad-band 
photosensitivity. MED testing prior to phototherapy is important as a safety measure to detect unsuspected photosensitivity. 


clothing [116-118], education and high-factor, broad-spectrum, 
non-fragranced, low-allergenic sunscreens are fundamentally 
important [119]. For patients who are abnormally sensitive to 
visible light, the addition of a large-particle, pigmentary-grade, 
reflectant sunscreen (e.g. Dundee cream, Tayside Pharmaceuticals) 
to the broad-spectrum product can provide additional protection 
[120]. For patients who are UVA sensitive, UV-absorbing window 
film can be helpful. Watching television [121], using computers 
and artificial lighting exposure are not a problem for most patients, 
although the introduction of compact fluorescent lamps, which 
emit more UV, can pose a risk for severely photosensitive patients, 
including those with CAD [121-123], and the risk of sources of 


artificial light exposure should be considered, particularly for those 
with visible light photosensitivity [124,125]. Allergens and photoal- 
lergens must be identified and avoided indefinitely. Patients should 
also be aware of the need to optimise dietary vitamin D intake and 
if necessary to take supplements [126,127]. Repeat phototesting at 
intervals, and if indicated patch/photopatch testing, should be con- 
sidered in order to ascertain if there are changes in photosensitivity 
and to identify new allergens /photoallergens. 


First line 
The treatment of established disease involves the use of very 
potent/potent topical corticosteroids [1,2,12]. 


Figure 126.19 Strong positive patch tests in a patient with chronic actinic dermatitis. 
Patch testing is an essential investigation to undertake in this patient group. 


Second line 

In some cases, in-patient nursing behind visible- and UV-absorbing 
window film may be required if feasible [128,129]. Topical tacrolimus 
or pimecrolimus can be effective [130-135]. If topical measures are 
inadequate, systemic glucocorticoids may be used in acute flares. 
PUVA may also be effective if tolerated and systemic glucocorticoid 
may be required to prevent flares during treatment [136,137,140]. 
UVB phototherapy may be effective [41,138] but is often not feasible 
because of the degree of UVB photosensitivity, although it may be 
possible in patients with CAD who are of higher skin phototype 
[141]. UVA rush hardening may also be considered [142]. Photother- 
apy or PUVA often requires systemic glucocorticoid cover in the 
early stages to prevent disease flares [143]. 


Third line 

A randomised placebo-controlled trial showed clinical benefit (not 
assessed by phototesting) with azathioprine 150 mg/day, which can 
be used as a steroid-sparing agent, following thiopurine methyl- 
transferase (TPMT) measurement pre-treatment [144,145-148]. 
Hydroxychloroquine [12,145], ciclosporin [12,149-153], mycophe- 
nolate mofetil [154,155], hydroxyurea [156], etretinate [12], danazol 
[157], thioguanine [158], topical nitrogen mustard [159], thalidomide 
[160,161], infliximab [162], apremilast [163], INF-« [164,165] and 
colostrum-macrophage-activating factor [166] have been reported to 
be effective but only in case reports or small case series. The avoid- 
ance of combined photo(chemo)therapy and systemic immunosup- 
pressants, particularly ciclosporin, is advised due to photocarcino- 
genic risk [150,151,167]. Emerging data relating to dupilumab use 
in CAD indicate that some patients may show a good or partial clin- 
ical response, although improvement in photosensitivity of CAD 
may be less marked, but can be significant, so this drug should be 
kept in mind for some patients with CAD and concomitant atopic 
dermatitis [168-173]. Jak inhibitors, such as tofacitinib, may also be 
therapeutic options but need further evaluation [174,175]. 
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Solar urticaria —Faae 


Definition and nomenclature 

Solar urticaria (SU) can be primary (idiopathic) or secondary to 
drugs, chemicals, porphyria or lupus. Idiopathic SU is an immuno- 
logical photodermatosis based on a type 1 immediate hypersensi- 
tivity reaction [1] to poorly defined photo-induced antigen(s). It is 
characterised by the immediate development of urticaria following 
exposure to UVA, visible and less commonly UVB radiation [2]. 


| inclusions 


Introduction and general description 

SU is an uncommon immunological photodermatosis, which is 
usually idiopathic and characterised by urticaria occurring on 
exposed sites within minutes of exposure to UVR and/or visible 
light, with resolution occurring within an hour or so [3,4-14,15]. 


Epidemiology 

Incidence and prevalence 

Idiopathic SU is uncommon, representing 2.2-17.8% of diagnoses 
made at tertiary photodiagnostic centres, with the lower figures 
being seen in centres where patients are of higher skin phototype 
(IV-VI), indicating that this condition may be more commonly diag- 
nosed in lighter-skinned populations [8,9,16-19]. However, there 
are reports of SU worldwide [20-25,26,27]. One study in Scotland 
estimated the prevalence to be 3.1 per 100 000 of the population [3]. 
Estimated overall prevalence is 1-5 per 10000. While it has been 
suggested that there is a trend to increasing prevalence, this is not 
substantiated [21,28]. 


Age 

SU can occur at any age, with a peak incidence between the third 
and fifth decades [3,13,20—23,25—27,29-31]. In one case series, five 
paediatric cases were reported, with onset ranging from 1 month 
to 2 years of age [24] and disease characteristics and treatment 
responses were similar to those reported for adults with SU. 


Sex 
It is more common in females [3,6,13,20—23,26]. 


Ethnicity 

It can occur in all ethnic groups, although one study in the USA 
indicated a difference in relative frequency with racial group, being 
higher in white people than in black people [15,16,20-25,26,27]. 


Associated diseases 

SU may coexist with other types of urticaria [32-35] and with other 
photodermatoses, notably PLE [15,36-38], CAD [39] or AP [40]. 
There does not seem to be an increased prevalence of atopy. 


Pathophysiology 
Idiopathic SU may, in some cases, be an allergic type 1 hyper- 
sensitivity response, mediated at least in part by histamine and 
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other agents [141-45]. The proposed pathway is likely that of 
photochemical alteration of an endogenous chromophore by UVR 
and/or visible light, resulting in antigen. This is then recognised 
by specific IgE on mast cells, with subsequent mast cell degran- 
ulation, histamine and other mediator release causing increased 
vascular permeability and dermal oedema. In secondary SU, the 
drug or porphyrin presumably acts as the chromophore. Some 
patients have a detectable circulating factor ‘photoallergen’; early 
studies demonstrated passive transfer of this circulating factor to 
normal individuals (not done in practice for ethical reasons). The 
factor behaves like a globulin, with molecular weight 25-1000 kDa. 
Provocation wavelengths vary between and within patients, indi- 
cating that a range of photoallergens activated by UVR and visible 
light may be implicated. The mechanisms of photoaugmentary 
and photoinhibitory wavelengths are poorly understood [46,47,48], 
although recent investigations of augmentation spectra indicate the 
induction of an urticaria-forming factor, with potential for provoca- 
tion of severe SU or anaphylaxis in these cases [15,48,49]. Infrared 
radiation may also exacerbate SU responses [50]. Heterogeneous 
therapeutic responses between and within patients indicate that 
several pathways may be involved. 

Histamine is implicated since antihistamines are at least par- 
tially effective in most cases. However, other mediators in SU are 
likely to be involved; possible candidates include leukotrienes, 
platelet-activating factor, substance P, serotonin and acetylcholine. 
The role of non-histamine mediators is not fully defined. The mech- 
anism of effect for the induction of tolerance using wavelengths that 
the patient can tolerate, such as narrow-band UVB, is unclear but 
probably involves immunomodulation (as when using photother- 
apy for other chronic urticarias), immunosuppression, stratum 
corneum thickening and pigmentation. 


Pathology 

Within minutes of irradiation, a cutaneous perivascular infiltrate 
of neutrophils, eosinophils and mast cells occurs [51]. This is 
followed by swelling of the endothelial cells of dermal vessels 
and dermal oedema. Occasionally vasculitic features may be 
seen. The histology of SU is not significantly different from that of 
other causes of urticaria and biopsy is only undertaken if there is 
diagnostic doubt. 


Genetics 
SU is sporadic and genetic factors have not been identified. How- 
ever, molecular genetic analysis is planned [25]. 


Clinical features 

History 

Onset is typically sudden and clearly recalled. Most (63%) have 
perennial symptoms due to UVA/Visible light photosensitivity. 
Itch, burning sensation, redness and weals typically occur within 
seconds to minutes of exposure (Figure 126.20). In the minority, 
pruritic skin reddening alone may occur (urticarial weals may 
be elicited on phototesting) [52,53]. Any photo-exposed site can 
be affected and in most patients (76%) lightly clothed sites can 
also be involved since loose-weave fabric will not protect against 
UVA and visible light transmission. Sparing under layered clothes, 
watches and footwear may occur. Most patients (83%) will also 


(b) 


Figure 126.20 Solar urticaria. (a) Acute erythema on the back of the hand after 2 min 
of wintertime daylight exposure. Note sparing of the distal phalanges and under the 
wedding ring. (b) Solar urticaria occurring within a few minutes of sunlight exposure. 
Note sparing under the watch strap and sleeve on the upper forearm. 


be troubled with SU triggered by UVA and visible light transmit- 
ted through window glass. Hardening is not typically reported 
in SU, although some patients do have lesser involvement of the 
face and back of hands. Additionally, there may be a refractory 
period when, after an acute episode, affected skin may be more 
resistant to further involvement for a few hours. In most patients, 
urticarial lesions resolve within 2 h, although a degree of abnormal 
erythema at exposed sites may persist for 24 h. Triggering of SU 


Figure 126.21 Abnormal immediate photosensitivity to UVA (365 nm) and visible (400 
and 430 nm) wavelengths in a patient with treatment-resistant solar urticaria. Note the 
erythema, oedema, weal and flare, which developed within 5 min of phototesting. 


by sunbed exposure can occur and if patients have large areas 
exposed, systemic symptoms of malaise, headache, photophobia, 
wheeze, nausea, dizziness and rarely hypotension and anaphylaxis 
may occur [20,48,49]. Exacerbation by internal lighting, particularly 
the low-energy compact fluorescent sources [54-57], and rarely by 
infrared radiation [58] may occur. 


Presentation 

If assessed during an acute episode, skin reddening and urticaria 
will be evident on photo-exposed or lightly clothed sites (Figure 
126.21). There may be no abnormal signs if the patient is not seen 
acutely. 


Clinical variants 

There are infrequent reports of delayed-onset [59,60] and more 
persistent SU [61]. In these cases, phototesting is essential to dis- 
tinguish SU from early-onset PLE. Changes of leucocytoclastic 
vasculitis can occasionally be seen [62]. There are also reports of 
SU occurring only at fixed reproducible sites or sites of bruising, 
although these are rare [60,63-66]. Systemic symptoms and rarely 
anaphylaxis may occur [67]. Solar angio-oedema has been reported 
and appears to be a variant of SU [68,69,70,71]. 


Differential diagnosis 

The exclusion of secondary causes is essential as SU can occur sec- 
ondary to drugs such as tetracyclines [72], fluoroquinolones, chlor- 
promazine [73,74], some non-steroidal anti-inflammatory drugs 
(NSAIDs) (notably benoxaprofen [75,76], which is no longer avail- 
able), repirinast [77], topical tar, pitch [78], atorvastatin [79] and 
some sunscreens, such as the benzophenones [80]. An associa- 
tion with progesterone has been reported in a single case report 
[81] but not substantiated further. Porphyria (both erythropoietic 
protoporphyria [31,82,83] and PCT [82,84], particularly if there 
is photosensitivity at 430-460nm) and lupus must be excluded. 
Other causes of urticaria should be considered, in particular 
heat-induced urticaria. 


Classification of severity 
There is no formal classification of severity. The impact on quality of 
life should be assessed by DLQI. 


Complications and co-morbidities 

Anxiety and depression can occur in SU [26]. Patients may also have 
other urticarias, particularly physical [34]. SU has been reported 
with concomitant PLE [36-38], CAD [39] and AP [40]. An asso- 
ciation with Churg-Strauss syndrome was reported in one case 
and given the rarity of both diseases this may be significant [85]. 
Contact/photocontact sunscreen allergy may occur [26]. 


Disease course and prognosis 

Idiopathic SU is a chronic disease in the majority. One report indi- 
cated that the chance of disease resolution was 58% by 5 years after 
onset [13], but a second report in 87 patients in whom 60 were 
followed up indicated resolution of only 12% by 5 years and 36% by 
15 years [3]. In one large review of 224 patients in Spain, those with 
only visible or natural light sensitivity were more likely to have 
complete resolution on follow-up [21]. 


Investigations 

Secondary causes of SU are uncommon but must be considered. 
A detailed drug history is important and porphyria and lupus 
must be considered [31,82-84]. Monochromator phototesting is the 
investigation of choice; skin reddening, oedema, weal and flare 
will occur within minutes at phototest sites (Figure 126.21) and will 
resolve over an hour or so, often with associated delayed abnormal 
skin reddening at 24 h [14]. The immediate minimal urticar- 
ial dose (MUD) and the MED at 24 h should be ascertained at 
each waveband. Most patients have a fairly broad action spec- 
trum for abnormal immediate photosensitivity, with the longer 
UVA and shorter visible wavelengths being most commonly 
involved [2,3,5,13,20-23,26,27,38,86]. If SU is strongly suspected 
but not detected on monochromator phototesting, phototesting 
with broader spectrum sources, such as the solar simulator or even 
natural sunlight, may be advised as, rarely, SU is only provoked 
by an interaction of wavelengths [26]. Augmentation and inhi- 
bition spectra are reported, and these may be useful regarding 
management and awareness of risk of severe SU or anaphylaxis 
[46,47,48,49,87-89]. Detailed knowledge of the wavelength depen- 
dency of photosensitivity is critical for patient management and 
monitoring of responses. The action spectrum may change within 
patients over time, reinforcing the need for follow-up phototesting 
[90,91]. If the condition is severe and unresponsive to treatment, 
intradermal testing with irradiated autologous serum and/or 
plasma may help indicate whether there might be a beneficial 
response to plasmapheresis but is only positive in the minority [3]. 


Management 

Anxiety and depression are common in SU as impact on quality 
of life is considerable and psychological support may be needed 
[26,92,93]. Photoprotection alone is usually inadequate, unless 
the symptoms are mild, but is nevertheless important [3,27]. 
Behavioural sun avoidance and the use of layered, tightly woven, 
dark clothing and broad-brimmed hats are advised. Window film 
may be useful at home, work or on car windows. Photoprotective 
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window film blocks UVA transmission but as many patients are 
also sensitive to visible light [54-57], it may not suffice. Attention 
to dietary vitamin D intake and, if necessary, supplementation is 
important. The majority of patients gain some benefit from broad 
spectrum, high protection factor sunscreens, although the addition 
of reflectant sunscreens such as Dundee cream (Tayside Pharma- 
ceuticals), which offer protection in the shorter parts of the visible 
spectrum, may be helpful [3,94]. 


First line 

One-third of patients respond completely, and one-third partially, 
to non-sedating H, antihistamines, with the remainder having 
no response [10,21,95-100]. Antihistamines are most effective at 
reducing or abolishing weal and flare, although not immediate or 
delayed skin reddening [97,101]. Antihistamines may need to be 
used at higher dose and in combination and there may be a syner- 
gistic benefit with sunscreens [20,94,102-104]. The addition of an H, 
antagonist and/or a leukotriene receptor antagonist may provide 
additional benefit [102,104]. There is variation between patients in 
responses to the different antihistamines and often several must be 
tried and at higher doses than those required to block histamine 
alone, in order to find an effective regimen. 


Second line 

Doxepin [43], ketotifen, chromoglycate and montelukast may have 
some beneficial effects in individual patients although, due to the 
rarity of the condition, these agents have not been thoroughly eval- 
uated [102]. Dihydroxyacetone ‘sunless tan’ products have been 
explored but are of limited use [105]. 

It may be possible to undertake desensitisation using natural 
or artificial light and this will be determined by the wavelength 
dependency and severity of photosensitivity [88,106,107]. It may 
also be feasible for a patient to induce natural tolerance by graded 
exposure to daylight, although many patients are too sensitive to be 
able to manage this approach. Phototherapy, if it can be tolerated, 
can be beneficial [108,109,110,111-114]. As most patients have max- 
imal sensitivity in the UVA1 and visible spectrum, narrow-band 
UVB responses are often normal and this can be successfully used 
[110,111,112,115-118]. However, a baseline MED prior to photother- 
apy should be performed as 24h MED may be reduced [119]. 
Effective desensitisation with narrow-band UVB, UVA and PUVA is 
reported, although benefit may be short-lived and home desensitisa- 
tion may be considered [109,110,111,120-124]. UVA rush hardening, 
using frequent sub-urticaria-triggering broad-band UVA exposures, 
usually several times per day, either prior to the introduction of 
PUVA or alone, may also be beneficial [23,67,121,125—-128] and rarely 
cautious UVA1 hardening may be successful [23,129]. Phototesting 
to determine the SU action spectrum, and the immediate MUD and 
delayed MED (or MPD for PUVA) prior to desensitisation, is essen- 
tial. Treatment should be combined with antihistamines throughout 
the course and would usually be administered to photo-exposed 
sites only. Following a course of desensitisation, some natural 
daylight exposure is required to prolong tolerance. 


Third line 
Other approaches may be required for severe recalcitrant dis- 
ease, although there is no good evidence base to support these 


therapies, most having been used in single cases or small case 
series. Ciclosporin, systemic glucocorticoids and other immuno- 
suppressants may be considered [130,131]. B-Carotene [132] and 
hydroxychloroquine are unlikely to be effective. Intravenous 
immunoglobulins may be effective in some patients and ineffective 
in others [133-139]. For severely affected patients, particu- 
larly if the intradermal test is positive, plasmapheresis may be 
beneficial, although even in responders sustained remission can- 
not be guaranteed and this procedure is only undertaken in 
specialist centres and is not without risks [140-146]. Increasingly, 
experience with efficacy of the anti-lgE monoclonal antibody 
omalizumab has been reported in SU, with evidence of clini- 
cal and phototesting improvement or resolution and long-term 
efficacy feasible, although there are also reports of lack of effect 
[33,147-152,153,154,155,156,157,158,159,160-166]. Response may 
be immediate and life-changing, although in some cases higher 
doses and prolonged treatment may be needed. Oral polypodium 
leukotomos and a-melanocyte stimulating hormone (a-MSH) ana- 
logues have been used experimentally in small numbers but require 
further study [167-171]. Thus, it does seem that the disease is 
heterogeneous and that one treatment approach does not suit all. 


Hydroa vacciniforme | | 


Definition and nomenclature 

Hydroa vacciniforme (HV) is a rare acquired photodermatosis, 
which usually occurs in children and has a characteristic clinical 
presentation of photo-exposed site vesicles, crusts and varioliform 
scars. 


1onyms and inclusions 
Hydroa aestivale 


Introduction and general description 

HV was described by Bazin in 1862 [1]. This condition usually 
presents in the first decade of life and is typified by the devel- 
opment of vesicles, crusting (which is often haemorrhagic) and 
subsequently varioliform scars on photo-exposed sites. 


Epidemiology 

Incidence and prevalence 

HV is rare. One review of 17 Scottish patients with HV estimated 
the prevalence to be at least 0.34 cases per 100000 population [2], 
although our impression is that this may be reducing over the years. 
Estimated overall prevalence is 1-9 per 1000 000. 


Age 

It typically occurs in children, with a bimodal age distribution with 
onset either between 1 and 7 years or 12 and 16 years, with a mean 
age of onset of 7.9 years (range 1-16 years) reported in one study 
(n = 17) [2]. There are exceptional cases presenting in infancy [3] or 
of later onset [4] and persisting in the elderly [5-7,8]. 


Sex 

Initial reports suggested that HV was commoner in females, 
although a more recent review indicated that both sexes were 
equally affected. However, the disease may present earlier (mean 
age 6.7 years) and be of shorter duration in females compared with 
males (mean age 8.7 years) [2,3]. 


Ethnicity 
HV can occur in all ethnic groups. 


Pathophysiology 

The aetiology of HV is unknown. UVA wavelengths are implicated 
in the provocation of lesions which are induced either by spring and 
summer sunlight or by artificial UV. The chromophore(s) have yet 
to be defined. A role for Epstein-Barr virus (EBV) infection has been 
proposed as latent virus was found in the dermal inflammatory 
infiltrate of patients with HV in South-East Asia. However, this may 
be an HV-like clinical presentation of EBV [6,9-19]. An HV-like 
presentation has also been reported in an aggressive form of T-cell 
lymphoma in children, which may be EBV driven, although the 
clinical presentation is usually distinct from that of classical HV 
[18-27]. However, there have been increasing reports clarifying the 
role of chronic EBV in patients with HV-like T-/NK-cell lympho- 
proliferative disorder (HVLPD), particularly in Latin America and 
Asia [28,29,30,31,32-37]. HVLPD is extremely rare in Europe and 
America and in one study of 16 patients with HVLPD reported 
over an 11-year period, those who presented at an older age, were 
non-white and had markedly elevated EBV DNA levels were more 
likely to develop systemic disease and have a poorer prognosis 
[38]. An association with HLA-DR4 tissue typing has also been sug- 
gested for familial cases, although not confirmed due to the rarity 
of such presentations [2]. Earlier reports of impaired DNA repair 
in vitro [39] and of the implication of pyridoxine photoproducts 
[40,41] in the production of tissue damage have not been confirmed. 


Pathology 

A biopsy of a lesion at a positive UVA provocation site may show 
non-specific histology acutely, with reticulate keratinocyte degen- 
eration, spongiosis and a perivascular inflammatory cell infiltrate, 
consisting of lymphocytes, histiocytes and neutrophils. However, 
lesional histology a few days later is usually diagnostic with ulcer- 
ation, epidermal necrosis, papillary oedema, upper dermal necrosis 
and subsequent scarring (Figure 126.22). Direct immunofluores- 
cence is typically negative [3,42]. 


Causative organisms 
A possible role of EBV in classical HV is not fully defined. 


Genetics 
The condition is usually sporadic, although familial cases are 
reported, including in identical twins [43,44]. 


Clinical features 

History 

Patients typically present with seasonal symptoms in spring/ 
summer. Following 15 min to a few hours of direct or window 
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>, oe Le oere 
Figure 126.22 Histopathology of hydroa vacciniforme showing epidermal necrosis, 
dermal oedema and a lymphohistiocytic inflammatory infiltrate. 


glass-transmitted light, intensely pruritic crops of papules and vesi- 
cles, often arising on a background of skin reddening and oedema, 
occur on exposed sites within 12-24 h. A burning sensation and 
pain may occur. Vesicle fluid often becomes haemorrhagic. There 
may be systemic malaise and fever during acute episodes. 


Presentation 

The commonest sites affected are the cheeks, nose, ears and back 
of hands (Figure 126.23a, b). As the vesicles resolve, haemor- 
rhagic crusting develops and as this detaches, varioliform scarring 
remains and can be severe (Figure 126.23c) [45]. Subungual haem- 
orrhage can occur [46]. There may rarely be cartilage destruction, 
for example of the ears [47] or nose, or contractures of the digits. 
The eyes can also be affected, with photophobia, conjunctivitis, 
keratitis, anterior uveitis [48], corneal clouding and neovasculari- 
sation, scarring and visual impairment [49,50,51-53]. Oral mucosal 
involvement is rare but can occur [11,54]. 


Differential diagnosis 

It is important to exclude bullous LE [55], EPP [55] and Hartnup 
disease [56]. It is also important to consider and rule out HVLPD, 
particularly in non-white patients and if there are other features of 
systemic disease and/or ocular or oral involvement [19,38,57-60]. 
AP may also be in the differential. 


Classification of severity 
There is no specific classification of severity. The DLQI may be 
helpful [61]. 


Complications and co-morbidities 
There may be significant scarring [45], ocular complications 
[48,49,50,51-53] and, rarely, cartilage destruction [47]. 


Disease course and prognosis 
In classical HV, the condition usually improves and resolves in 
later teenage years, with a mean disease duration of 9 years [2]. 
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(c) 


Figure 126.23 Hydroa vacciniforme. (a) Papules, vesiculation and haemorrhagic crusting on the cheeks (patient's own photograph). (b) Papules on the ears. (c) Subtle but definite 


vacciniforme scarring on the cheek at sites of previous inflammatory lesions. 


However, persistence of disease into middle age may also occur 
[5,6,8]. 


Investigations 

Full blood count, ANAs, extractable nuclear antigens and porphyrin 
biochemistry should be undertaken. EBV DNA levels should be 
measured as markedly elevated levels may be associated with the 
possibility of progression to HVLPD, particularly in non-white 
patients and atypical disease. Urinary amino acids may also be 
requested. These investigations are normal in classical HV [2,3]. 
Monochromator phototesting may be normal or more typically 
shows predominantly UVA sensitivity (Figure 126.24a) [2,3,62]. 


Repeated artificial UVA provocation will usually induce lesions 
(Figure 126.24b), typically papules, vesicles and sometimes pur- 
pura [8], which are indistinguishable from those provoked by 
natural sunlight [55,62]. Negative photoprovocation with artificial 
sources has been suggested to be a good prognostic factor [63]. 


Management 

Photoprotection by behavioural modification, use of clothing, hats, 
sunglasses, UV-absorbing window film and a broad spectrum high 
SPF sunscreen is important. Dietary vitamin D intake should be 
optimised and, if necessary, supplements considered. Psychological 
support may be required [61]. 


(b) 


Figure 126.24 (a) Monochromator phototesting showing abnormal UVA 
photosensitivity. (b) Positive UVA photoprovocation in hydroa vacciniforme. 


First line 
Photoprotection and topical corticosteroid use in active disease are 
indicated. 


Second line 

Springtime desensitisation with narrow-band UVB phototherapy 
can be successful, with 60% of patients finding this beneficial in one 
study [64]. PUVA is used less often as most patients are typically 
children [3,55]. 


Third line 

Given the rarity of HV, the evidence base for therapeutic options 
is limited to case reports and case series. Oral glucocorticoids, 
B-carotene [2,3,52,55], azathioprine [7], ciclosporin [7] and anti- 
malarials [3] have been tried, although their benefits are unproven. 
Dietary fish oil may be helpful but is generally poorly tolerated 
[65-67]. Thalidomide appears to be ineffective [3]. The role of drugs 
with systemic toxicity must be weighed up against their use in 
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a disease, which although associated with significant morbidity, 
usually resolves with time. 


DRUG- AND CHEMICAL-IND 
PHOTOSENSITIVITY 


Exogenous drug- and | 
chemical-induced photosensitiv 


Definition and nomenclature 

These are abnormal cutaneous reactions to UVR and visible radi- 
ation induced by photosensitising drugs and chemicals. They are 
subdivided according to whether the drug/chemical is adminis- 
tered systemically or topically [1-7,8,9-11,12,13]. 


Introduction and general description 

Drug- and chemical-induced photosensitivity may have diverse 
presentations, although phototoxicity (‘exaggerated sunburn’) is 
most common [1-7,8,9-11,12,13,14]. It is important not to miss this 
diagnosis as it is reversible if drug exposure is stopped. 


Epidemiology 

Incidence and prevalence 

Drug phototoxicity can theoretically occur in anyone and on first 
exposure, although idiosyncratic and probably genetic factors 
exist, which means that not all those exposed to photoactive drugs 
become photosensitive. Systemic drug-induced photosensitivity 
may account for 2-15% of cases diagnosed in tertiary photodiag- 
nostic units [8,13,14,15,16-21]. In one questionnaire-based study 
of patients with cystic fibrosis who had received ciprofloxacin, 
48.4% reported increased sun sensitivity compared with approx- 
imately 2.4% of the control population [22]. Topical drug- and 
chemical-induced photosensitivity is more likely to occur in regular 
sunscreen users or those who use topical NSAIDs [23-31,32,33-36]. 
The latter are most commonly used in continental Europe, particu- 
larly France, Portugal and Spain. 


Age 

Older patients, whose polypharmacy often includes photoac- 
tive drugs, are thus more at risk for developing drug-induced 
photosensitivity. 


Sex 
Sex does not appear to be a determinant of susceptibility. 
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Ethnicity 
Patients of all ethnicities and skin phototypes may be affected 
[16-21,23]. 


Pathophysiology 
There are several mechanisms of drug- and chemical-induced 
photosensitivity and most require oxygen, resulting in toxic pho- 
tosensitiser and substrate species [2,6,8,11,37]. Most systemic drug 
photosensitivity is phototoxic, that is non-immunological. The clin- 
ical manifestations of such drug photosensitivity will depend on 
the subcellular localisation of the drug and photoactive metabolites 
and may be diverse. Drugs/chemicals applied topically may also 
cause phototoxicity. A wide variety of drugs and chemicals, both 
systemically and topically administered, may cause photosensitiv- 
ity [7,8,9-11,12,13,14,15,38-40]. Box 126.2 details the most common 
culprits in the UK and elsewhere in Europe. The classical photo- 
toxic drugs (thiazides, NSAIDs, quinine) remain the most common 
culprits, but many diverse drugs have been reported in association 
with photosensitivity and vigilance must also be kept with respect to 
more recently introduced drug culprits [7,8,9-11,12,13,14,15,38-40]. 
Other less common mechanisms include pseudoporphyria, 
drug-induced lupus, lichenoid reactions, erythema multiforme, 
pellagra and photoallergy (Box 126.3 and Table 126.1) [7,8,11,37]. 
Awareness of the potential of photoactive drugs to induce photo- 
sensitivity via multiple mechanisms is also important. For example, 
both thiazides and proton pump inhibitors may cause photo- 
sensitivity via either phototoxic or drug-induced lupus routes. 
Photoallergy is uncommon and poorly defined with systemic drugs 
and most frequently seen with topical sunscreens, NSAIDs and, 
less commonly now, certain fragrances [23-31,32,33-36]. Sunscreens 
are the commonest topical photoallergens [31,32,33,34,36]. Topical 
phototoxicity can occur to dyestuffs and psoralen-containing plants 
(phytophotodermatitis) [30,41,42]. Knowledge of drug-induced 
photosensitivity is derived from anecdotal reports, postmarket- 
ing surveillance and, more recently, controlled trials required by 
regulatory authorities [2,38,43,44,45,46,47]. 


Pathology 

The commonest histological picture is of a phototoxic reaction, with 
epidermal necrosis, apoptotic keratinocytes and mild inflammation 
[48]. Lesional histology may show interface lupus-like or lichenoid 
changes, erythema multiforme or may be indistinguishable from 
PCT in some of the less frequent clinical presentations. Spongiotic 
dermatitis can occur but is not typical except in photoallergy, which 
is usually due to topical agents. 


Genetics 

There are likely to be genetic factors that predispose individuals to 
drug photosensitisation to specific agents but these are not defined 
[8,11,49]. 


Clinical features 

History 

The symptoms of drug phototoxicity are usually an immediate burn- 
ing sensation on sun-exposed sites, often with skin reddening and 
sometimes urticaria. There is commonly also a delayed skin red- 
dening and sometimes blistering. Depending on the drug this may 


follow the same time course as sunburn, peaking at 24 h, although 
psoralens produce delayed skin reddening peaking between 72 and 
120 h after exposure. 


Box 126.2 Selective list of exogenous 
photosensitisers 


Systemic 

e Diuretics: thiazides, furosemide, nalidixic acid 

e Antibiotics: fluoroquinolones, tetracyclines’, sulphonamides 

¢ Non-steroidal anti-inflammatory drugs” 

¢ Quinine 

e Hydroxychloroquine [52] 

¢ Antipsychotics: phenothiazines (chlorpromazine?) 

¢ Cardiology: amiodarone, calcium antagonists, ACE inhibitors, statins 

¢ Hypoglycaemics: sulphonylureas 

e Retinoids 

¢ Psoralens® 

e Antifungals: voriconazole, itraconazole, ketoconazole [53,54,55-59] 

e Pirfenidone [8,60-71] 

e Proton pump inhibitors [15,72] 

e Antihepatitis C drugs [73,74] 

e Leflunomide [75] 

e Venlafaxine 

¢ Escitalopram 

¢ Celecoxib 

e Exogenous porphyrins for photodynamic therapy [76,77] 

e Azathioprine 

e Fibrates [78] 

¢ Pyridoxine B6 

e Targeted anticancer drugs: vemurafenib, dabrafenib, encorafenib, 
nivolumab, vandetanib, imatinib [15,79,80,81,82,83-85] 

¢ Biologics: anti-TNF, denosumab [15] 


Topical 

¢ Psoralens (phototoxic) 

¢ Polycyclic aromatic hydrocarbons (phototoxic) 

e Dyes (phototoxic) 

e Phenothiazines (chlorproethazine) (phototoxic and photoallergic) 

e Halogenated salicylanilides (mainly photoallergic) 

¢ Fragrances (phototoxic and photoallergic) 

e Sunscreens (phototoxic and photoallergic) 

¢ Non-steroidal anti-inflammatory drugs (phototoxic and 
photoallergic) 


* Doxycycline and demeclocycline are phototoxic and minocycline may 
cause drug-induced LE. 

> Can also cause photosensitivity via topical application. 
ACE, angiotensin-converting enzyme. 


Box 126.3 Mechanisms of photosensitivity 


¢ Phototoxicity 

¢ Pseudoporphyria 
¢ Photoallergy 

¢ Lichenoid 

e Lupus 

¢ Pellagra 


Table 126.1 Patterns of presentation of drug- and chemical-induced photosensitivity 
and examples of culprit drugs. 


Pattern of presentation Examples 


Immediate burning, prickling and 
subsequent pigmentation 
Exaggerated sunburn 


Amiodarone, chlorpromazine, Photofrin, Foscan, 
topical tars, pitches 

Thiazides, fluoroquinolones, quinine, 
tetracyclines, amiodarone, chlorpromazine 

Delayed skin reddening and Psoralens 
pigmentation 

Pseudoporphyria Non-steroidal anti-inflammatory drugs 
(particularly naproxen, diclofenac and 
piroxicam), frusemide, nalidixic acid, 
tetracyclines, fluoroquinolones, retinoids 

Calcium antagonists 

Chapter 117 


Chapter 117 


Photo-exposed site telangiectasia 
Lupus 
Lichenoid 


Although it is more common for photosensitivity to develop if a 
drug is new or the dose increased, it can also occur after a prolonged 
period of being on the drug. This is particularly true for the cal- 
cium antagonists, where photo-exposed-site telangiectasia may only 
develop after several months to years of drug ingestion [50]. Other 
drugs have also been associated with photo-distributed telangiec- 
tasia, so a thorough drug history is essential [51]. Detailed history 
taking is essential, including probing about non-prescribed drugs 
and supplements. 


Presentation 

The patterns of presentation of drug- and chemical-induced photo- 
sensitivity are listed in Table 126.1. Reddening, blistering, oedema 
and even urticaria may be seen on photo-exposed sites in an 
acute episode of drug phototoxicity (Figure 126.25). Uncommonly, 
photo-distributed purpura can be seen, as reported with lev- 
ofloxacin photosensitivity [86]. Occasionally there may be extension 
of the eruption and erythroderma can follow. A lichenoid dermatitis 
may occur, for example with thiazides or NSAIDs [87,88]. Pseu- 
doporphyria typically presents with photo-exposed-site fragility, 
blistering, milia and scarring and can be indistinguishable from 
PCT or variegate porphyria, although porphyrins are normal and 
it is thought to occur due to chronic drug-induced phototoxic 


Figure 126.25 Phototoxicity to demeclocycline. There is predominant UVA and visible 
light photosensitivity. Acute erythema, oedema and urticaria were seen at the test sites 
within 15 min of phototesting and abnormal delayed erythema was still present at 24 h. 
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damage at the dermal-epidermal junction [83,89-92]. NSAIDs are 
common culprits for pseudoporphyria [91]. Drug-induced lupus 
is uncommon but can occur, for example with thiazides [93] and 
other drugs, including proton pump inhibitors [72,94]. Pellagra is 
rare but can be triggered by isoniazid, phenytoin and other drugs. 
Drug-induced photo-distributed telangiectasia and angiomas have 
been reported with calcium antagonists and venlafaxine [50,51,95]. 
Photo-onycholysis has been reported in association with the use of 
some photosensitising drugs, such as doxycycline and psoralens 
[96-100]. 

Topical drug- and chemical-induced photosensitisation can be 
caused by a diverse range of topical drugs and chemicals, notably 
tars, pitches [101,102], plants, dyes [103], NSAIDs, fragrances, 
halogenated salicylanilides [104,105], phenothiazines [35,106] and 
sunscreen chemicals [30,31,32,33,34,36]. In particular, skin contact 
with the psoralen-containing sap of the Umbelliferae and Rutaceae 
plant families and/or citrus fruits and subsequent UVA exposure 
from sunlight will result in a phototoxic reaction, with linear and 
angular skin reddening becoming apparent 48-72 h later at the sites 
of plant, fruit, sap or juice contact, with blistering and subsequent 
pigmentation (phytophotodermatitis) (Figure 126.26). This should 
be recognised clinically as it may be confused with non-accidental 
injury [8,41,42,107-114]. This may follow a specific clinical pattern, 
such as strimmer’s dermatitis or Berloque dermatitis, depending on 
the type of exposure. Organic sunscreen chemicals, fragrances and 
NSAIDs can be both phototoxic and photoallergic. With the latter, 
prior sensitisation is required, so the clinical presentation will not be 
on first exposure, and while occurring predominantly on the sites 
exposed to the drug/chemical and light, may extend beyond these 
sites and become more of a generalised dermatitis, particularly with 
continuing exposure to the drug/chemical and light. 

Although there are reports of ‘persistent light reaction’ occurring 
following oral or topical drug/chemical photosensitivity, most of 
these cases would fall within the spectrum of CAD and there is no 
convincing evidence to support the case of long-term continued 


Figure 126.26 Phytophotodermatitis. Erythema and blistering are seen on sites 
immersed in psoralen-rich lime marinade during barbeque preparations and 
subsequently exposed to sunlight. Erythema and blistering will usually be maximal 
72-96 h after exposure. 
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photosensitivity following cessation of a drug photosensitiser 
[104,105,115,116]. Prolonged pigmentation can occur after systemic 
or topical drug- and chemical-induced phototoxicity. For example, 
linear streaks of hyperpigmentation often persist for months after 
an episode of phytophotodermatitis. Reticulate hyperpigmenta- 
tion has been reported with photosensitivity due to the calcium 
antagonist diltiazem [117]. Leucomelanoderma may occur as a 
consequence of drug phototoxicity, particularly with thiazides or 
quinine, although it is also reported with other phototoxic drugs, 
such as pirfenidone, and these pigmentary changes appear to be 
due to dysfunction of melanocytes [63,118]. Chlorpromazine and 
amiodarone photosensitivity is often complicated by prolonged 
pigmentation (Figure 126.27) [119,120], and an acneiform eruption 
on photo-exposed sites can occur with amiodarone. 


Clinical variants 
See Box 126.3 and Table 126.1. 


Differential diagnosis 

Depending on the clinical presentation, this may include CAD, PCT, 
variegate porphyria, LE and idiopathic SU, and cutaneous T-cell 
lymphoma if there is erythroderma. 


Classification of severity 
There is no formal classification. 


Complications and co-morbidities 

The role of drug- and chemical-induced photosensitisation in pho- 
tocarcinogenesis is unclear, although there is recent evidence to 
support possible associations between photosensitising drug use 
and risk of squamous cell carcinoma (SCC), basal cell carcinoma 
(BCC) and melanoma [8,121-134,135]. Undoubtedly psoralens are 
photomutagenic and with repeated PUVA exposures skin can- 
cer risk is increased [136]. A role for other photoactive drugs in 
photocarcinogenesis is unclear [137], although abnormal lentig- 
ines and increased skin cancers, both SCC and melanoma, have 
been observed in patients taking the photoactive drug voricona- 
zole (Figure 126.28) [53,54,55] and skin tumours are induced in 
mice exposed to fluoroquinolones and light. Azathioprine can 
cause UVA photosensitivity and is photomutagenic [138]. Inter- 
estingly, photosensitivity has been reported in patients receiving 
BRAF inhibitors for melanoma [139] and these patients are also at 
markedly increased risk of developing SCC [140]. Potential acute 
or chronic ocular damage should also be considered as most drug 
photosensitivity involves UVA/Vvisible light wavelengths. Further- 
more, photodegradation of the drug may potentially also reduce 
drug efficacy [141]. It is important to establish whether patients 
are taking photoactive drugs prior to and during a course of UV 
phototherapy as some drugs may increase the risk of skin reddening 
episodes during the treatment course [8,142-144]. 


Disease course and prognosis 

The time course for the resolution of photosensitivity off the drug 
will depend on its bioavailability and the half-life of any photoactive 
metabolites. Psoralen photosensitivity undergoes strong saturable 
first-pass metabolism but will clear within a few hours [2,145,146], 


Figure 126.27 Chlorpromazine phototoxicity. (a) Characteristic brown-grey 
pigmentation associated with chronic photosensitivity secondary to chlorpromazine. 
(b) Violaceous erythema on photo-exposed sites of the face. (c) Brawny erythema and 
oedema on photo-exposed sites of the back of the hands. 


(b) 


Figure 126.28 Voriconazole photosensitivity. (a) Abnormal stellate lentigines developed 
on photo-exposed sites in this patient who had been taking voriconazole for several 
months. Note also the erythema on the back of the neck. (b) Abnormal UVA 
photosensitivity on monochromator phototesting. 


and fluoroquinolones [5,45,147,148] and chlorpromazine [2] within 
48 h. Other drugs may take much longer, for example thiazide 
photosensitivity may last 3-6 months [6], systemic porphyrins used 
for photodynamic therapy (PDT) can still be detected at 3 months 
[76] (although clinical photosensitivity may resolve within a few 
weeks [77], quinine photosensitivity may last for several months 
and amiodarone effects may last for a year or more after stopping 
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the drug [2,119,149,150]). Hydroxychloroquine photosensitivity 
may also be of long duration after drug cessation [52]. Skin fragility 
may persist for many months and pigmentation and telangiectasia 
can remain for longer [50]. 


Investigations 

Monochromator phototesting should be undertaken while on the 
drug and repeated after a period off the drug, the interval depend- 
ing on the kinetics of the drug and its metabolites. Most photoactive 
drugs have maximal absorption in the UVA waveband and therefore 
photosensitivity is usually either restricted to UVA wavelengths 
or disproportionately involves the UVA region [7,8,151]. Some 
drugs, such as quinine and thiazides, have an extension of their 
action spectrum into the UVB region [1,88,93,150,152] and oth- 
ers, such as the fluoroquinolones and systemic porphyrin drugs 
used in PDT, cause visible light photosensitivity. Indeed, some 
drugs, notably NSAIDs, phenothiazines and calcium antagonists, 
may lower the narrow-band UVB MED in patients referred for 
phototherapy. Screening for porphyria and lupus should always 
be undertaken. Histology may be informative [48]. Photopatch 
testing is the investigation of choice for suspected topical photo- 
contact allergy (Figure 126.29) [25-31,32,33-36] but is not reliable 
for investigating systemic drug photosensitivity. In vitro, ex vivo 
and controlled healthy volunteer drug phototoxicity studies are 
increasingly important and requested by regulatory authorities 
such as the US Food and Drug Administration and the European 
Union [2,8,43,45,46,47,153]. 


Management 

Recognition of the diagnosis and cessation of the suspected 
drug/chemical is essential. Vigilance about considering possi- 
ble new culprits is important [154]. The distinction between drug 
photosensitivity and CAD may be a challenge, although dispropor- 
tionate UVA sensitivity favours a drug cause and disproportionate 
UVB sensitivity favours CAD. If in doubt, a suspected drug should 
be stopped and phototesting repeated at an interval off the drug 
[151]. For most drugs, non-phototoxic alternatives exist. However, 


Figure 126.29 Positive photopatch testing to sunscreen chemicals. 
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if a drug cannot be stopped, dosage reduction may be beneficial 
[155,156]. Photoprotection including broad spectrum and reflectant 
sunscreens is important until photosensitivity has resolved [157]. 


First line 
Stop the drug, improve photoprotection and initiate symptomatic 
treatment with emollients and topical corticosteroids. 


Second line 
Ifa drug, such as amiodarone [158], cannot be stopped, the induction 
of tolerance using narrow-band UVB or PUVA may be helpful [159]. 


PHOTOAGGRAVATED DEI 


nyms and inclusions 
-exacerbated, photo-exacerbated dermatoses 


A range of skin diseases can be aggravated or exacerbated by natural 
or artificial UV or visible radiation, although they also occur in the 
absence of sun exposure (Box 126.4) [1,2-4]. Photoaggravated skin 
diseases are relatively common and may represent almost a third 


Box 126.4 Photoaggravated skin diseases 


e Psoriasis [13-15,16,17,18] 

e Eczema — atopic [9,10,19], seborrhoeic [20], allergic contact 
[21-24,25,26], pompholyx [27,28] 

Acne vulgaris [29] 

Actinic folliculitis [30-32] 

¢ Rosacea and facial telangiectasia [33] 

Herpes simplex and other viral exanthems [34,35] 

e Erythema multiforme [36-38] 

e Lupus erythematosus (LE) [39,40-42] 

e Jessner lymphocytic infiltrate/LE tumidus [1,43] 

¢ Lymphocytoma cutis [1] 

e Lichen planus [44—48,49] 

¢ Bullous pemphigoid [50-52] 

¢ Pemphigus and Hailey-Hailey disease [53] 

e Linear IgA disease [1] 

¢ Dermatitis herpetiformis [1] 

¢ Dermatomyositis [54,55] 

e Darier and transient acantholyic dermatosis [56-58] 

e Disseminated superficial actinic porokeratosis [59-62] 
¢ Pellagra [63] 

¢ Mycosis fungoides [64,65] 

¢ Melasma [66-68] 

° Vitiligo [69] 

e Pityriasis rubra pilaris [70,71] 

¢ Reticular erythematous mucinosis [72] 

e Urticaria [1] 

¢ Actinic granuloma [73] 

° Keratosis pilaris [1] 

Sweet syndrome [74-76] 

Photoprotection and treatment of the underlying disorder are the 
mainstay approaches to management of these conditions. 


of patients diagnosed at tertiary photodiagnostic units [5-8]. These 
conditions are heterogeneous and generally only a proportion of 
patients experience photoaggravation and they may or may not be 
aware of the triggering role of sunlight. For example, psoriasis and 
eczema generally improve with sun exposure, but in a minority 
(approximately 10% or fewer) [9] there is worsening of the dermato- 
sis with sun exposure (Figure 126.30a, b) [10]. This may manifest as a 
disease flare at photo-exposed sites initially, followed by the spread 
of cutaneous inflammation to covered skin. This may be attributed 
to the heat of the sunlight or, as is often the case for psoriasis and 
eczema, a flare of the disease at sites where PLE (or other photosen- 
sitivity diseases) has been induced [11,12]. Some photoaggravated 
conditions that are generally phototherapy responsive, including 
psoriasis and eczema, may be successfully treated by cautious use 
of UVB phototherapy or PUVA. This should usually be avoided 
in other photoaggravated conditions such as bullous pemphigoid, 
dermatomyositis or cutaneous lupus (Figure 126.30c). 


CLINICAL ASSESSMENT Al 
MANAGEMENT OF A PAT 
SUSPECTED PHOTOSENS 


History 


Detailed history taking is essential. For many patients the rela- 
tionship with sunlight is clear-cut, particularly if only affected in 
spring/summer and on sun-exposed sites, such as in PLE. However, 
in patients with perennial photosensitivity, or in those with covered 
site involvement or in erythroderma, there may be no awareness of 
the role of light. 

Important information includes age at disease onset and duration, 
sex, presence of atopy, occupation and hobbies, family history and 
drug/chemical (systemic and topical) exposure. Some conditions 
are most likely to present in childhood, such as xeroderma pigmen- 
tosum (XP), EPP, AP and HV, whereas CAD is more likely in older 
males, although it may occur at a young age with coexistent atopic 
eczema. A positive family history is likely in XP and EPP. Details of 
the exposure required to trigger the eruption are informative. Is it 
perennial or seasonal? What are the type and duration of exposure 
(i.e. direct sunlight, window glass-transmitted light, artificial inter- 
nal lighting, sunbed exposure or a combination)? A triggering of 
the rash by window glass-transmitted light indicates a role for UVA 
and/or visible light and is seen in several of the photodermatoses, 
particularly drug photosensitivity, PLE and solar urticaria, but 
is not usual in XP or indeed as a normal sunburn response. The 
duration of time from the triggering exposure to occurrence of 
the eruption (the latent period) is also helpful. The time course of 
the eruption — when it peaks and how long it takes to resolve — is 
important. For example, in typical PLE, a few hours of exposure 
may be required to trigger a rash later that day, peaking the next day 
and resolving within 2-3 days. In contrast, in SU, typically a few 
minutes of exposure will trigger immediate urticaria on exposed 
sites that will resolve within an hour or two. It is also important to 
determine whether there is hardening — the rash being less likely to 
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(a) 


Figure 126.30 (a) Photoaggravated guttate 
psoriasis. Note the sparing at photoprotected 
sites under the crop top. (b) This patient had 
atopic eczema and systemic lupus 
erythematosus, with predominant involvement 
on photo-exposed sites of feet and sparing 
under footwear. (c) Note the predominantly 
photo-exposed sites of involvement in this 
patient with cutaneous lupus. Sparing under 
the sandals was evident. (9 


occur on habitually exposed sites of the face and back of hands or 
less easy to provoke in later summer — as is often seen in PLE. 
Symptoms are important. Pruritus occurs in many photoder- 
matoses, such as PLE or CAD. Pain or burning on sun exposure 
should raise the possibility of EPP or drug photosensitivity. The 
distribution of the eruption is important: does it only occur on 
photo-exposed sites or are covered sites also involved, as is com- 
mon in AP and CAD? Can it occur through clothing, as in SU? It 
is critical to establish from the history the morphology of the rash 
as patients may have no physical signs if they present in winter- 
time. For example, a papulovesicular rash is characteristic of PLE, 
whereas urticated weals are the hallmark of SU. Haemorrhagic 
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(b) 


vesicles and crusts are seen in HV. Scarring occurs in HV, AP and 
EPP. Exaggerated ‘sunburn’ skin reddening may occur in drug 
photosensitivity and in XP, with a delayed peak at 2-3 days or 
later. However, it is also important to be aware that increased 
‘sunburning’ susceptibility does not always occur in XP and these 
patients may present earlier with skin cancers. It is also important 
to elicit whether there are systemic features, which may be relevant 
diagnostically, for example in SLE, HV or SU. The possibility of 
concomitant contact/photocontact allergy, which may modify the 
clinical presentation, should be considered by enquiring about a 
possible history of adverse effects to sunscreens, although patients 
may not necessarily be aware of this. 
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Examination 


Prominent photo-exposed sites to examine are the bald scalp, fore- 
head, malar surfaces, nose, chin, rims of ears, mastoid and ster- 
nomastoid sites, and anterior, sides and back of neck (Figures 126.9, 
126.14, 126.15 and 126.23), which are commonly affected. Sparing 
may occur in shadows cast by sideburns, spectacles, hairline, deep 
skin creases on the forehead, under the nose, chin (Figure 126.16a) 
and lower lip, behind the ears (Wilkinson triangle) (Figure 126.15c, d) 
and on the upper eyelids. The dorsa of hands, especially the thenar 
(Figures 126.4d, 126.14d, 126.20a, 126.26 and 126.27c), and feet 
(Figures 126.4f, 126.30b and 126.30c) and the extensor surfaces 
of the limbs may also be involved (Figures 126.4d, 126.6, 126.15a 
and 126.20b). In these locations, there may be sparing of the web 
spaces and distal phalanges of the fingers and under watch straps 
(Figure 126.4d and 126.20b), rings (Figure 126.20a) and footwear 
(Figures 126.4f and 126.30b, c). If covered sites are affected this 
is usually to a lesser extent. The distribution and nature of the 
eruption are important — for example, is it papulovesicular 
(Figures 126.3, 126.4 and 126.8) as in PLE or JSE; eczematous as in 
CAD (Figure 126.13c, 126.14 and 126.15); is there fragility as in PCT 
or pseudoporphyria; are there associated features, such as cheilitis 
(Figure 126.10b) and conjunctivitis in AP (Figure 126.10a)? Even if 
the patient does not have active disease at the time of examination it 
is important to look for scarring, such as in HV (Figure 126.23c), EPP, 
PCT or AP; other relevant signs include lentigines and/or hypopig- 
mented macules in the earlier stages of XP, with premalignant 
dysplastic changes and skin cancer as the disease progresses, and 
pigmentation in drug photosensitivity (Figures 126.27 and 126.28). 
It is also important to be aware that skin reddening may be less obvi- 
ous in patients with skin phototypes [V-VI and that in patients with 
skin phototype V and VI, a dermatitis may more commonly present 
with a papular, lichenoid or nodular prurigo-type morphology than 
would otherwise be the case in patients of lower skin phototypes. 


Differential diagnosis 


Based on the clinical assessment through history and examination 
it should be possible to have a good idea of diagnosis, or at least 
a narrow differential diagnosis. However, it is usually not possi- 
ble to have absolute confidence in the diagnosis on clinical grounds 
and patients with suspected photosensitivity should be referred for 
further investigation. 


Investigation 


Investigation is usually undertaken at specialist photodiagnostic 
centres because quality control of the optical equipment used for 
phototesting, with calibrated metering and spectroradiometry, 
is essential [1,2,3,4,5,6-8]. The investigations undertaken will be 
tailored to the patient’s presentation and suspected diagnosis. 


Narrow-waveband phototesting. The mainstay investigation is 
narrow-waveband testing, typically monochromator phototesting, 
which employs a filtered high-pressure xenon arc lamp to deliver 


relatively monochromatic UV and visible light across the solar spec- 
trum, at very precise dose ranges, to skin on the back (Figure 126.31a) 
[1,2,3,4]. Phototesting is usually feasible in children as well if there 
is sufficient space on the back and they can sit still for the necessary 
time (Figure 126.31b); even babies can undergo limited testing 
(Figure 126.31c). Immediate and delayed erythemal responses are 
assessed based on the MEDs at each waveband and are compared 
with normal population data) MEDs below the normal range 
indicate abnormal photosensitivity. It is thus important that the 
normal range data used are those relevant to the skin phototype 
distribution of the local population [9,10-12]. It is also important 
to be aware that skin reddening induced on phototesting may be 
less obvious in patients of skin phototypes IV-VI and that good 
lighting and the angle of the lighting are critical. Furthermore, pal- 
pation of phototest sites is essential as just palpable subtle oedema 
without obvious reddening may be the only indicator of abnormal 
responses on phototesting in patients of higher skin phototypes. 
Phototesting enables a diagnosis of abnormal photosensitivity to 
be made and provides information on wavelength dependency 
and degree of photosensitivity. In general, the 24 h MEDs are the 
main assessment point, but for SU the immediate MUDs would be 
defined. The morphology of phototesting responses is important, 
for example in CAD these become eczematous. Thus, the diagnosis 
can be confirmed. 

Phototesting is also an important investigation to be used at 
follow-up to assess a patient’s response to treatment or to ascertain 
whether the condition has improved spontaneously [13,14]. 


Iterative provocation testing. Larger area iterative provocation 
testing, using a broad- band source (often UVA), at a site where rash 
is provoked with natural sunlight exposure, may induce the der- 
matosis and can be particularly useful in PLE and AP (Figure 126.32) 
[15]. Phototesting with a solar simulator may also have a role, par- 
ticularly if there is limited back space due to disease activity [16]. 
However, the emission of this source is such that induced skin 
reddening is mainly due to UVB and it is therefore a cruder screen 
for photosensitivity, providing less detailed information on which 
wavelengths are involved. It is important that the emission char- 
acteristics of any light source used are well characterised as, for 
example, the presence of infrared radiation may influence the ease 
of photodermatosis provocation [17]. 


Other phototesting methods. If phototherapy is to be considered, 
it is always recommended that the MED (or MPD for PUVA) for 
a light source (e.g. narrow-band UVB) is determined to exclude 
abnormal photosensitivity (Figure 126.33). It has recently been 
identified that compact fluorescent lamps, which have replaced 
tungsten filament sources for internal lighting, emit more UV 
and pose a risk for severely light-sensitive patients (Figure 126.34) 
[18-21]. Phototesting can be undertaken with these sources to define 
risk for an individual patient, although it is not used routinely. 


Photopatch and patch testing. If a patient has a photo-exposed 
site eczematous eruption and/or is also suspected to have con- 
tact allergic dermatitis, then patch and photopatch testing should 
additionally be undertaken. Thus, patch testing is an essential inves- 
tigation for a patient with CAD. Photopatch testing is undertaken 
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(b) 
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Figure 126.31 (a) Monochromator phototesting using a fibreoptic light guide. (b, c) Phototesting and other photo-investigations should be possible in most children. The amount of 
testing that is feasible will be influenced by how long they can sit still or sleep for and the size of the child's back. 


using standardised European methodology to investigate sus- 
pected photocontact allergy (Figure 126.30) [22-25,26,27], which 
may mimic or complicate other photodermatoses [28]. The common- 
est photoallergens are sunscreen chemicals and to a lesser extent 
topical NSAIDs and occasionally topical phenothiazines. Further 
confirmation of this through reports from Europe, North and South 
America, New Zealand and Thailand indicates that these remain 
the most prevalent photoallergens, although this requires regular 
review [29-35]. Photopatch testing should be considered based on 
clinical presentation and in photosensitive patients, such as those 
with CAD, who are regular sunscreen users and who develop 
unexplained deterioration in their condition. In photopatch testing 
a duplicate series of photoallergens is applied; one set is irradiated 
24-48 h later with a suberythemal UVA dose, the readings being 


undertaken 48 h after irradiation. The value of additional delayed 
readings at 96 h has not been fully investigated, but may be relevant 
for some photoallergens [34,35]. This ensures that photocontact 
allergy, as opposed to contact allergy, is not missed, as some sun- 
screen chemicals are only allergenic when irradiated. In practice 
this investigation may be difficult to perform and interpret if the 
patient is severely photosensitive, but it should be undertaken if 
possible. 


Other investigations. These will be determined by the individual 
patient’s presentation. The exclusion of lupus is important in a 
patient with suspected photosensitivity, and serology for antinu- 
clear factor and extractable nuclear antigens (anti-SSA (Ro) and 
anti-SSB (La)) should be determined. When indicated, porphyria 
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Figure 126.32 Iterative photoprovocation, usually using a broad-band UVA source, 
can be particularly useful in confirming a diagnosis of polymorphic light eruption, as 
shown here. 


should be excluded, and if there is a low index of clinical suspicion 
spectrofluorimetry of plasma will usually suffice, with a more 
detailed quantitative analysis of blood (plasma and red cells), urine 
and faeces when indicated. If AP is suspected, HLA typing should 
be requested. The histology of an existing or provoked rash may 
be informative, for example in HV, but is rarely diagnostic. If a 
genophotodermatosis is suspected, the necessary skin and blood 
samples should be taken for DNA repair activity and genetic stud- 
ies (Chapter 76). Rare disorders with metabolic, biochemical or 
nutritional abnormalities may also occasionally need to be ruled 
out, such as with amino acidurias, Smith-Lemli Opitz syndrome or 
pellagra. For patients who are strictly photoprotecting due to pho- 
tosensitivity, vitamin D levels should be measured and replacement 
advised for those who are deficient (<25 nmol/L). 

The ability to undertake deep phenotyping through photo- 
diagnostic investigations guided by the clinical presentation is 
invaluable in characterising the photodermatoses and has facilitated 
the identification of new diagnostic entities, such as actinic folliculi- 
tis, PLESAPS and broadspectrum abnormal localised photosensi- 
tivity syndrome (BALPS) [36,37,38]. 


Management 


Photoprotection. The management of a patient with photosen- 
sitivity rests on establishing the correct diagnosis and having 
knowledge of the action spectrum for abnormal photosensitivity. 
General approaches to photoprotection apply, with emphasis on 
behavioural modification, seeking out the shade and avoiding 
direct sun exposure between 11 a.m. and 3 p.m. Patients should be 
advised that relative exposure can be increased due to reflection 
from sand, water, snow and lightly coloured pavements and that 
significant UVR exposure can still occur on cloudy days. Covering 
up with tightly woven, dark and, if necessary, layered clothing and 
wearing hats with wide brims is beneficial. Regular and liberal 
use of broad spectrum high-factor sunscreens applied every 2-3 h 


(b) 


Figure 126.33 Abnormal erythemal responses on (a) narrow-band UVB (TL-01) MED 
and (b) psoralen—UVA (PUVA) MPD testing. 


is advised. In practice, sunscreens offer 25-33% of the protection 
stated against normal sunburn, thus an SPF30 will in reality offer 
SPF10 and patients must be aware of the limitations of sunscreens 
[39-43]. In particular, advice on sunscreens should be tailored to the 
nature of the abnormal photosensitivity. For example, if a patient 
has visible light sensitivity, such as in SU, CAD or a cutaneous 


Figure 126.34 Abnormal erythemal responses on phototesting to compact fluorescent 
lamps. Note the negative response at the site irradiated through window film 
(Dermagard), which blocks all UV transmission. This patient had chronic actinic 
dermatitis. 


porphyria, the additional use of a reflectant sunscreen (such as 
Dundee cream, Tayside Pharmaceuticals) that offers additional 
visible light protection is recommended [44]. For patients with UVA 
sensitivity, UV-blocking window film that absorbs UVR can be 
applied to car windows and at home or work [45]. This can lose 
some of its protection after 5 years due to photodegradation, so may 
need replacement [46]. 


Natural hardening. Complete sun avoidance is generally not advis- 
able, other than in XP, as this can have a major adverse impact on 
health and well-being. In some of the photodermatoses, particularly 
PLE, threshold photosensitivity can be improved through natural 
hardening (tolerance), achieved by regular sub-triggering low-level 
sun exposure. 


Vitamin D. Advice should be provided with respect to optimising 
vitamin D dietary intake and supplements where necessary. 


Quality of life. The major adverse impact of photosensitivity on 
quality of life, particularly when chronic and severe, should not 
be underestimated and psychological support may be required 
[47,48]. Recognition and management of anxiety and depression are 
essential [49,50,51]. 


Overall approach. In general management is subdivided into pre- 
vention and treatment, with prevention being the main goal. Active 
disease should be treated in the conventional way, often using 
topical glucocorticoids, for example for PLE or CAD suppression. 


Light-based therapies. Photo(chemo)therapy may be used in an 
attempt to induce tolerance, when this is not possible to achieve 


Key references 126.37 


through natural exposure, and is most commonly used for the idio- 
pathic (immunological) photodermatoses, such as PLE, although 
it can also be used in other disorders. Knowledge of the character- 
istics of the abnormal photosensitivity is essential in selecting the 
most appropriate desensitisation regimen. Systemic therapies, often 
with immunosuppressants or immunomodulatory agents, may be 
required in severe disease [52]. 


Specific therapeutic measures. These are disease-specific and dis- 
cussed in the relevant sections of this chapter. 
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Introduction 


Contact dermatitis is a subspecialty of dermatology dealing with 
environmental and occupational dermatoses, including both irritant 
and allergic types. 

The term ‘allergie’ was first coined by the scientist von Pirquet 
in 1906 [1,2]. The word was derived from the Greek allos and ergon, 
meaning other or different work [3]. However, idiosyncratic reac- 
tions to various substances had been recognised since the 17th cen- 
tury [2]. In 1829, Dakin observed the selectivity of Rhus dermatitis [4] 
and Fuchs suggested that ‘dermatitis venenata’ was an expression of 
constitutional idiosyncrasy in 1840 [5]. The word ‘idiosyncrasy’ was 
again applied by Neisser in his descriptions of iodoform dermatitis 
in 1884 [6]. 

Allergic sensitisation of the skin was first proved experimentally 
by Bloch and Steiner-Woerlich using Primula extract on human skin 
[7]. Thereafter, research on the pathogenesis of allergic dermatitis 
has largely involved animal experiments using guinea pigs. Land- 
steiner and Jacobs [8] performed a basic experiment that showed 
that a simple chemical capable of causing contact dermatitis must 
be combined with proteins in order to sensitise. Up to 1940 it was 
not known whether sensitisation depended on a factor localised 
in the skin, but in 1942 Landsteiner and Chase [9] succeeded in 
transmitting sensitivity from one guinea pig to another by the use 
of a mainly mononuclear peritoneal exudate from sensitised guinea 
pigs. In the same year, Haxthausen’s transplantation experiments 
[10] finally proved that allergy was due to a factor supplied to the 
skin from within. 

Patch testing is the tool for diagnosing allergic dermatitis and Josef 
Jadassohn is generally accepted as the founder of this technique in 
1895, while working at Breslau University, publication taking place 


the following year [11]. Nevertheless, anecdotal observations of a 
similar nature had been made prior to this, usually by applying the 
suspected causative agent to intact skin [12]. By 1847 Stadeler had 
developed a rudimentary patch test using blotting paper to repro- 
duce lesions provoked by Anacardium occidentale [13]. 

Bruno Bloch was a dermatological pioneer who was able to 
expand and enhance Jadassohn’s technique while working in Basel 
in 1911, when he produced a grading system for patch test reactions 
[14]. He then moved to Zurich where he introduced the concept 
of a standard series of allergens [15]. He furthermore conceived 
important ideas about both cross-sensitisation and systemic allergic 
contact dermatitis [1]. Marion Sulzberger had been an assistant to 
both Bloch and Jadassohn before returning to New York where he 
introduced the patch test technique and was a strong advocate and 
promoter of its use in the USA. Another former assistant of Bloch’s, 
Paul Bonnevie, Professor of Occupational Medicine in Copenhagen, 
expanded the standard series to what could be considered the 
prototype of our present-day series. 

By the early 1960s, Scandinavian dermatologists were develop- 
ing a standardised protocol for patch testing and their group was 
expanded to involve, initially, other European members before it 
finally evolved into the International Contact Dermatitis Research 
Group (ICDRG) [1]. The group disseminated an informal newslet- 
ter among interested parties for 8 years which culminated in the 
first 2-day international symposium on contact dermatitis held in 
Copenhagen in 1974. The group was also pivotal in the foundation of 
the specialist journal, Contact Dermatitis, first published in 1975 with 
Dr Charles Calnan as Editor. 

The European Environmental and Contact Dermatitis Research 
Group (EECDRG) was founded in 1984, having its first meet- 
ing in the UK 1 year later, during 1985. Its initial goals were the 
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formation of the European Society of Contact Dermatitis, conduct- 
ing joint studies to help validate the allergens in various patch 
test series, the publication of a new textbook in the field of contact 
dermatitis and writing review articles for Contact Dermatitis. 

Further national and international research groups have prolifer- 
ated during the last 30 years — a fitting recognition of the significance 
of the findings and research of these pioneers [16]. 


Allergic contact dermatitis 


Definition and nomenclature 

Allergic contact dermatitis is an eczematous reaction that occurs as 
an immunological response following exposure to a substance to 
which the immune system has previously been sensitised. 


ynonyms and inclusions 


- Contact allergy 
Allergic contact eczema 


Introduction and general description 

Contact allergy is caused by skin contact with low-molecular-weight 
haptens and may evolve into allergic contact dermatitis if exposure 
exceeds the individual threshold. 

The diagnosis of allergic contact dermatitis can only be confirmed 
by patch testing and should always be used to exclude contact 
allergy as a complicating factor in stubborn cases of eczematous 
diseases, as well as cases where allergic contact dermatitis is sus- 
pected from the pattern or distribution of the eczema. During the 
last few decades much effort has been put into the standardisation 
of allergens, vehicles, concentrations, tapes and the scoring of test 
reactions. Despite this, both the investigator’s knowledge and 
experience are crucial factors in providing accurate information to 
patients. 

Constant surveillance allows for trends to be determined and for 
epidemics to be recognised, which in turn have shaped the response 
of regulatory authorities. Examples of this include the epidemics of 
biocide contact dermatitis caused by methyl dibromoglutaronitrile 
and methylisothiazolinone resulting in the withdrawal and partial 
withdrawal, respectively, of such chemicals from cosmetics. 

Allergens exist in the home environment and the occupational set- 
ting. Prevention strategies include primary, secondary and tertiary 
prevention. In primary prevention the focus is on minimising the 
risk of inducing sensitisation in workers and consumers. Secondary 
and tertiary prevention aims at reducing the risk of elicitation and 
morbidity among those with dermatitis. In the workplace, primary 
prevention includes pre-employment screening, minimising con- 
tact between allergens and the skin, and education to employees 
in at-risk occupations. These strategies have all been reported as 
effective. 

The quantitative risk assessment (QRA) procedure currently 
developed by the cosmetic industry for fragrances as a means 
of evaluating the risk of skin sensitization before market entry 
(primary prevention) has a major flaw as it is not able to predict 
the elicitation risk of chemicals. Hence the ‘acceptable exposure 


level’ does not protect those already sensitised. About a third of all 
allergies against cosmetic products are caused by fragrances. 

In recent years Europe has successfully implemented a whole set 
of regulations aimed at reducing the exposure of the workforce and 
consumers to contact allergens. Examples are the ‘Nickel directive’ 
[1] and the ‘Chromium directive’, [2] and more recently the 2015 
European Union (EU) ‘Leather regulation’ limiting chromium VI 
(CrVI) exposure from leather articles placed on EU markets. The 
directive on detergents requires the listing of preservatives and 
certain fragrances if their content in detergents and similar house- 
hold products exceeds 100 ppm [3]. Detergents are thus treated 
as rinse-off cosmetics. Furthermore, details of the product formu- 
lation have to be released when necessary, to allow investigation 
of adverse reactions. Following implementation of the ‘Nickel 
directive’, nickel allergy rates among young patients showed a sub- 
stantial decline in several countries including Germany [4], Sweden 
[5] and Denmark [6]. In Denmark, the frequency of nickel allergies 
dropped from 26.9% before the EU directive to 12.4% thereafter [6]. 

Allergic contact dermatitis to CrVI was recognised as a signifi- 
cant problem in the occupational setting, for example affecting an 
estimated 17% of cement workers during the construction of the 
Channel Tunnel connecting Europe with the UK [7]. In 2005, the EU 
therefore regulated the content of CrVI in cement and sensitisation 
to chromate in construction workers has since declined [8,9]. How- 
ever, this regulation does not include leather products such as shoes, 
where an increasing incidence has been recognised [10]. 

Product labelling may be one method of handling allergic contact 
dermatitis but as significant numbers of the sensitised population 
are unlikely to be diagnosed, and those who are diagnosed may find 
it difficult to read the labelling and identify the allergens to which 
they are allergic, this way of preventing allergic contact dermatitis 
may not be efficient. 

It is not the remit of this chapter to detail past in vivo systems used 
to identify potential allergens or to discuss in vitro tests being devel- 
oped to replace them. However, all these systems require validation, 
not only against other methods but also against human observa- 
tional data from clinical epidemiological surveillance systems. Such 
validation is the gold standard for any predictive safety assessment. 

In this context, clinical data and the epicutaneous patch test, as 
described by Jadassohn over 100 years ago [11], remain invaluable, 
as they continue to highlight substances and problems missed by 
other approaches. 


Epidemiology [1] 

Incidence and prevalence 

Methodologies. Epidemiological studies may be undertaken on 
the general population or on selected groups, for example those 
referred for patch testing or those with a specific occupation. 
Follow-up studies select individuals on the basis of the presence 
or absence of a defined risk factor such as ‘wet work’. The relative 
risk of developing hand dermatitis can then be calculated as the 
ratio of those developing dermatitis in the exposed population 
compared with the unexposed population. The attributable risk 
is the difference in incidence rates between the two populations. 
Case-control studies select individuals based on the presence or 
absence of a particular disease. By comparing the frequency of 
exposure to a factor such as ‘wet work’ in the two populations, an 


odds ratio can be calculated that expresses the relative contribution 
of the exposure to the development of the disease. In such studies 
the choice of controls is critical if the results are not to be biased. 
In cross-sectional studies, all individuals are studied irrespective of 
exposure or disease status (in contrast with the above). 


Data collection. The method of data collection in studies on the 
general population, which need to be large to gain useful informa- 
tion and are challenging to perform, can significantly influence the 
results. For reasons of expediency, questionnaires have been used, 
but when performed alone will underestimate those suffering from 
dermatitis because accuracy of recall fades with time. The validity of 
the results also depends on the extent to which those who respond 
to the questionnaire differ from those who do not. As a rough guide, 
studies in which the response rate is below 70% may be unrepresen- 
tative. 

Population assessments concerning individuals attending a gen- 
eral practitioner or referred to a dermatologist may be unreliable, 
particularly in the UK where prompt access to a dermatologist is 
limited. In a UK survey, only 21% of individuals with skin disease 
thought to justify medical care had seen their general practitioner 
about the condition in the previous 6 months [2]. In another 
large-scale study of a Swedish population of over 107 000, only 
50% of the patients with dermatitis had seen a doctor within the 
previous year [3]. 

The reporting of contact dermatitis also varies according to the 
method of collection and the type of person collecting the data. 
Results from the UK EPIDERM occupational dermatoses surveil- 
lance study show how reports of occupational dermatoses differ 
according to whether the returns are made by dermatologists or 
by occupational health physicians (Table 127.1) [4]. The differences 
probably reflect the different types of occupational population 
accessed by the two groups. Occupational physicians will relate to 
large industries and collective working groups, whereas dermatol- 
ogists will mainly receive individual referrals, accounting for the 
comparatively high representation of, for example, hairdressers, 
florists and beauticians seen by them. 


Case definition. Studies of the epidemiology of dermatitis may be 
further confounded by the fact that it is commonly multifactorial 


Table 127.1 Occupational skin disease: estimated rate per 100 000 workers as 
reported by dermatologists and occupational doctors to EPIDERM (Occupational 
Dermatoses Surveillance Scheme, University of Manchester). 


Reporting group Rate per 100 000 


Dermatologists 

Hairdressers and barbers 116.3 
Printers 85.8 
Beauticians 76.8 
Other chemical operatives 69.1 
Window dressers, floral arrangers 68.1 
Occupational physicians 

Other chemical operatives 183.8 
Glass product and ceramic makers 101.2 
Vehicle and metal assemblers 94.8 
Engineering labourers 82.4 
Machine tool operatives 67.9 


in origin. It is therefore difficult to analyse the relative prevalence of 
irritant versus allergic contact dermatitis because the two commonly 
coexist, and constitutional eczema may also be involved. Ideally, all 
those studied should be examined and patch tested, but this is not 
always a practical proposition when large numbers of an unselected 
group are being assessed. 


Standardisation. Apparent differences in overall sensitisation 
frequencies may be due to differences in population structure, 
especially in relation to age and sex. This can be compensated for, 
either by using standardised populations or by reporting results 
within specified age bands, and by reporting results for each sex 
separately. However, in a particular clinic the incidence of allergic 
contact dermatitis is reflected not only by the sex and age of the 
patients but also by the industrial development in the area and the 
degree of interest dermatologists take in the various facets of contact 
dermatitis (e.g. occupational dermatitis, medicament allergy, leg 
ulcers). Furthermore, local prescribing habits can influence patch 
test results. It has been suggested that all comparative patch test 
data should include an analysis of patient details — the MOAHLFA 
index (where M is the percentage of males tested, O is percentage 
occupational, A is percentage of atopics, H is percentage with 
hand eczema, L is percentage with leg ulcers or stasis eczema, F is 
percentage with facial eczema and A those aged over 40 years) [5]. 
The percentage of atopics is important, particularly in relation to 
irritant contact dermatitis. Certain body sites, especially the lower 
legs in those with stasis eczema or leg ulcers and the ears, eyelids 
and perineum, have a particularly high level of allergic contact 
dermatitis from medicaments; and facial eczema from higher levels 
of cosmetic allergens. Inclusion of a significant number of any such 
cases in a patch test series will affect the overall sensitivity rates for 
various allergens. Guidelines for the presentation of contact allergy 
data have been produced [6]. 


General population studies. Contact dermatitis is common, 
accounting for 4-7% of all dermatological consultations [1]. Skin 
disease, chiefly dermatitis, accounts for almost half of all reported 
cases of occupational disease. Thyssen et al. have reviewed 36 pre- 
vious studies of hand eczema prevalence in the general population 
from around the world. They estimated hand eczema to have a 
point prevalence of 4%, 1-year prevalence of 10% and lifetime 
prevalence of 15% in the general population. Atopic dermatitis was 
the single most strongly associated risk factor, followed by female 
sex, contact allergy and wet work [7]. 

A recent cross-sectional study analysed data from the general 
adult population in five different European countries (1 = 12 377); 
27% were reported to have at least one positive patch test reaction 
to an allergen on the European baseline, suggesting a diagnosis of 
contact allergy in one-quarter of the European general population. 
As with other studies, prevalence was higher in women and nickel 
the most common allergen. Reactions to thiomersal were, however, 
included in this study. This is a controversial allergen, causing 
frequent positive patch test reactions often of no clinical relevance. 
This may have falsely elevated the contact allergy prevalence 
figure [8]. 

A systematic review and meta-analysis has been performed look- 
ing at a total of 28 consecutive studies assessing the prevalence of 
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contact allergy in the general population over a 10-year period. The 
studies all looked at unselected individuals, presented absolute per- 
centages of contact allergy, tested with a wide range of haptens, and 
excluded reactions to thiomersal. Combined, the 28 studies included 
20 107 patch-tested individuals. The results gave a pooled allergic 
contact dermatitis general population prevalence of 20.1%. There 
was a lower prevalence of 16.5% reported in children and adoles- 
cents. In keeping with other studies, contact dermatitis prevalence 
was significantly higher in women (27.9%) than in men (13.2%). The 
most common contact allergens in the general population were also 
in keeping with previous studies, with nickel (11.4%) being the most 
common, followed by fragrance mix 1 (3.5%), cobalt (2.7%), Myro- 
xylon pereirae (1.8%), chromium (1.8%), p-phenylenediamine (PPD) 
(1.5%), methylchloroisothiazolinone/methylisothiazolinone (1.5%) 
and colophonium (1.3%) [9]. 


Selected population studies. Most epidemiological studies are 
based on patients already attending dermatology clinics, or involve 
either specific occupations or other population groups. The selec- 
tive nature of patients patch tested in dermatology clinics for the 
investigation of contact allergy is not necessarily representative of 
the general population. Nevertheless, the findings may reflect the 
relative frequency of the causes of allergic contact dermatitis in that 
population. Patch testing can be used to generate information for 
individuals, groups of patients and allergens, as well as to assess 
risk factors in particular subgroups of the population. 


Occupational studies. The incidence of occupational dermatitis in 
most western European countries is in the range of 0.5-1.9 cases per 
1000 workers per year; skin diseases account for 13-34% of all occu- 
pational diseases and contact dermatitis constitutes 90-95% of this 
[1]. Risk reflects both constitutional susceptibility (atopy) and expo- 
sure. Skin disease is a significant occupational problem, accounting 
for 5.73 claims per 100 000 workers, with 47% having job tenure of 
less than 1 year [2710]. The average disability time in this US study 
was 23.9 days at a cost of $3552 [11]. Twenty-two per cent of occu- 
pational skin disease may be attributable to atopy [12]. 
Occupational disease surveillance and compensation registries 
identify occupations at high risk of dermatitis (Table 127.1). Most 
are unable to distinguish between irritant and allergic dermatitis. 
Some countries have mandatory reporting. In the UK, EPIDERM 
is a scheme accepting reports made on a voluntary basis from 
dermatologists and occupational physicians [4]. In a study covering 
the years 1993-99, 52% of dermatitis cases reported by dermatol- 
ogists and 30% of those reported by occupational physicians had 
allergic contact dermatitis as the primary cause or as a contributory 
factor [20]. The higher rate reported by dermatologists might be 
a reflection of their more frequent use of patch testing. The most 
common allergens were rubber chemicals, nickel and epoxy resins. 
The numbers and proportion of cases of contact dermatitis within 
occupations remained fairly constant over the 6-year reporting 
period, although nursing personnel showed an increase, perhaps as 
a result of increased exposure to agents required to reduce infectious 
disease transmission. In a recent study of 5265 cases reported to the 
Finnish register of occupational disease, 42% had irritant contact 
dermatitis, 35% allergic contact dermatitis, 11% contact urticarial 


and 9% skin infections (mainly scabies). The total incidence rate of 
occupational skin disease was 18.8 cases/100 000 person-years [11]. 

The Covid-19 pandemic has led to a significant surge in occu- 
pational dermatoses among health care workers. The first report 
from Wuhan, China, where Covid-19 is thought to have originated, 
suggested an enormous 97% of all frontline health care workers to 
have self-reported skin problems linked with occupational infec- 
tion control measures [13]. A recent UK-based multicentre audit 
reported 315 health care workers with occupational dermatoses 
during the Covid-19 pandemic. The most common diagnosis was 
irritant contact dermatitis (59%) on a background of atopic eczema 
present in 40%. This was most commonly seen in nurses and health 
care assistants requiring frequent hand washing and use of personal 
protective equipment (PPE). Facial acne/rosacea associated with 
wearing of masks affected 16%, and 3% reported facial pressure 
injury due to use of tight-fitting masks, often worn for prolonged 
periods of time [14]. The Covid-19 pandemic caused an unprece- 
dented, urgent, increased demand for all types of PPE, including 
gloves, masks and surgical gowns. It is therefore not surprising 
that, in addition to significant irritant contact dermatitis, the pan- 
demic has also been associated with cases of occupational allergic 
contact dermatitis. These reports include allergy to isocyanates 
within the polyurethane sponge strip inside a mask, thiuram in the 
elastic mask ear straps, formaldehyde within mask materials and 
aluminium in the mask nose clip [15-18]. 


Social, cultural and environmental factors 

The percentage of patients with positive reactions to many standard 
test substances remains largely constant [1], and although some 
allergens such as colophony, thiuram mix and nickel in women have 
become less common, this has been balanced by an increase in other 
sensitisers such as Myroxylon pereirae and PPD. The prevalence of 
allergy to specific allergens in patch-tested patients is discussed later 
in the chapter. It should be noted that the presence of sensitisation 
does not imply the presence of dermatitis. In addition, variations 
in the reading or interpretation of patch test results can affect the 
perceived prevalence of allergic contact dermatitis. 

In general, the most common allergens are similar from one 
country to another, although there are differences in rank order. 
Some environmental allergens are widely dispersed and the level 
of sensitivity remains fairly constant, but cosmetics and fragrance 
materials are becoming increasingly important sources of sensi- 
tivity. Medicament allergens, such as benzocaine, neomycin and 
lanolin, have traditionally been common in all countries. Benzocaine 
within medicaments is, however, being substituted for lidocaine 
or cinchocaine in some countries which may lead to differences in 
allergy rates [2]. There may be differences in prescribing habits even 
within the same country, which can be reflected by the pattern of 
medicament sensitisation. For example, corticosteroid allergy has 
been shown to have a very different profile in Oxford compared 
with Manchester, UK, by virtue of differences in prescribing habits 
leading to a greater usage of non-fluorinated corticosteroids in the 
latter catchment [3]. 

Young females tend to have more cosmetic and occupational 
sensitivities. In older people, many sensitivities will be of past rele- 
vance only, and there tends to be a higher prevalence of medicament 
sensitivity. Nickel allergy is more common in women and, unless 


allowance is made for this, false occupational associations may be 
inferred. Allergens can come and go [4], with the prevalence of 
sensitivity to an individual substance depending on many vari- 
ables, including the selection of individuals tested, exposure levels, 
fashion, environment, introduction of new materials and loss of 
others, maximum permitted concentrations and usage. 

The incidence and prevalence of allergic reactions will parallel the 
extent of environmental exposure, and occasionally this may lead to 
localised ‘epidemics’ of sensitivity to a particular allergen. Cosmetic 
and preservative exposure varies from country to country and from 
region to region, according to the degree of usage. This principle 
may extend to other allergenic sources, so there is a rationale for 
each centre and country developing its own epidemiological base. 

Patterns also change with fashion, as shown by the virtual disap- 
pearance of suspender dermatitis from nickel, which was replaced 
by an increase in dermatitis from earrings, watches and jeans studs. 
With the introduction of controls on nickel release from jewellery, 
the association of ear piercing with nickel allergy was then lost [5]. 
More recent sources of nickel include mobile phones, lap-top com- 
puters and vaping pens [6-8]. Differences in environmental expo- 
sures influence the nature of sensitisers; for instance Toxicodendron 
species dermatitis is extremely common in the USA but virtually 
absent in Europe, whereas Primula dermatitis was well recognised in 
the UK. The introduction of primin-free Primula species then led to 
a decline in primin allergy such that primin has now been removed 
from the British baseline series. Preservatives show the classic ‘Dil- 
larstone effect’ with increasing allergy levels with the introduction 
of new sensitisers such as methylisothiazolinone, with a subsequent 
decrease on their withdrawal [9,10]. 

Technological advances have led to new and more widespread 
exposures to allergens, such as epoxy and acrylic resins in the 
occupational setting [11], although the potential for contact allergy 
may be reduced by improved PPE, better containment of sensitis- 
ing chemicals and allergen substitution. Similarly, in the domestic 
environment, acrylates are an increasingly common cause of allergy 
through the popular use of acrylic nail polish. In contrast, phos- 
phorus sesquisulphide is an historic domestic allergen as ‘strike 
anywhere’ matches are no longer available. 

Cultural factors are important, and not always fully appreci- 
ated as a predisposing cause for contact allergy, particularly the 
use of sensitising traditional herbal medicines and balms to treat 
skin disorders in the Middle and Far East [12,13]. Furthermore, 
ingested herbal folk remedies containing Toxicodendron have caused 
outbreaks of systemic allergic contact dermatitis in Korea [14]. 

Hair dyes are used more commonly by men in the Middle East 
and the Indian subcontinent, including use on the beard [15]. Indian 
women may become sensitised to dyes and adhesives used in 
kumkum and bindis applied to the forehead [16]. Afro-Caribbean 
hair can require specific hair products for maintenance. The allergen 
content of products marketed for different hair types have been 
compared and significant differences found [17]. 


Age 

The process of ageing alters T-cell immunity. The number of patch 
test positive reactions increases with age [1], likely due to the accu- 
mulation of exposure and sensitivities over a lifetime. However, 
there is a significant age-related decline in the ability to mount a 
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significant immune response to viral infections and vaccinations, 
termed ‘immunosenescence’ [2]. 

Young adults are more likely to have occupation- or cosmetic- 
related allergies, whereas elderly people are more liable to medica- 
ment [3] and ‘historic’ sensitivities. Children seem to be sensitised 
as easily as adults, with poison ivy (Toxicodendron spp.) dermatitis 
being very common in American children [4]. Reported lower 
contact allergy rates in children may be due to the simpler envi- 
ronment of childhood, having less time to develop sensitivities 
and a reluctance to patch test children. Susceptibility to sensitisa- 
tion with dinitrochlorobenzene (DNCB) declines after the age of 
70 years but is otherwise constant, and sensitivities may fade with 
time [5]. 

Lynch et al. evaluated the age dependency of positive patch test 
reactions to allergens in the baseline series in 45 110 patients over a 
30-year period. They interestingly suggested three different patterns 
of allergy trend with age for different allergens. Nickel and cobalt 
showed a peak incidence in the early twenties and then a subsequent 
decline, fragrance mix 1 and PPD showed a peak in the late fifties 
and a third group, including thiuram and fragrance mix 2, showed 
a progressive increase over time [6]. It is recognised that different 
haptens are likely to sensitise by different immune pathways [7]. 
The three age-related allergy patterns could possibly be explained 
by differences in immunsenescence of different immune pathways. 

Contact dermatitis in children seems to be increasing, either 
because a child’s environment is now more complex or dermatol- 
ogists increasingly patch test younger children. Paediatric patch 
test series results have been summarised by Goossens and Morren 
[8]. The increased prevalence of sensitivity in children has been 
associated with increased exposure to nickel-containing objects and 
an earlier age of ear piercing [9]. The most common allergens are 
nickel (especially in girls), fragrance, thimerosal, medicaments, rub- 
ber chemicals, chromate and resins in footwear [10]. As previously 
mentioned, relevance of the high number of reactions to thimerosal 
remains obscure, but has been blamed on vaccines and inoculations 
[11]. Nickel allergy rates have, however, fallen significantly partic- 
ularly in younger patients since the introduction of the European 
‘Nickel directive’ [12]. The use of PPD-contaminated henna tattoos 
on children has resulted in increasing numbers of cases of contact 
allergy from this source [13]. 

Small children pose practical problems with patch testing. There is 
a limited area to which a series of patch tests can be applied and they 
may become restless once the tests are applied, creating problems 
with adhesion. It is advised that more than one session of patch tests 
should be undertaken if necessary and a stronger adhesive used to 
keep the patches in place [14]. The use of lower concentrations for 
certain allergens has been suggested, but most published reports 
have advocated no change. Removal of the patches can cause sig- 
nificant discomfort for younger children. Medical adhesive remover 
products can help to minimise traction forces. 

Attempts have been made to identify clinical patterns to indicate 
which children should be patch tested, but recent studies suggest 
that, like adults, any child with persistent eczema should be con- 
sidered for patch testing [15,16]. Although an abbreviated standard 
series based on previous published results has been suggested for 
children [17], many centres perform a full adult standard series, plus 
relevant extra tests whenever possible. 
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Chapter 127: Allergic Contact Dermatitis 


Sex 


Women have stronger cell-mediated immune responses than men 
[1,2] and yet, at least experimentally, women do not appear to 
be more susceptible to sensitisation [3]. However, sensitisation is 
accomplished more easily with some allergens, for example lanolin, 
fragrance and PPD, perhaps as a result of prior ‘conditioning’ expo- 
sure and subclinical sensitisation [4]. In one study, women were 
found to have greater reactivity to DNCB than men [5] whereas, 
in another, men were more susceptible than women [6]. The rea- 
son for the female preponderance in clinical patch test studies is 
mainly explained by exposure [1] — for instance the large number 
of metal-sensitive women may largely be the result of ear piercing 
[7] and the greater exposure to fragrances, cosmetics and hair dyes. 
Multiple allergies are found most frequently in elderly women [8]. 
It is of interest that nickel sensitivity seems to be less common in 
men even if they wear earrings [9]. 

Hormones have some effect on contact dermatitis [10]. In one 
study the response to DNCB was enhanced in women taking an 
oral contraceptive [11]. Pregnancy and the use of progestogens 
may, unpredictably, either improve or aggravate contact dermatitis 
[12,13]. Contact dermatitis may flare premenstrually and cuta- 
neous reactivity to patch testing may vary according to the stage 
of the menstrual cycle [14], with patch tests to nickel being less 
intense during the ovulatory than the progestogenic phase [15]. 
Premenstrual exacerbation of nickel allergy has been described [16]. 


Ethnicity 

Racial differences appear to exist, judging from experimental 
sensitisation to poison ivy and DNCB, with Afro-Caribbean skin 
generally less easily sensitised than white skin [1]. This may, how- 
ever, be complicated as redness may be subtle and overlooked in 
more pigmented skin. Differences in the prevalence of sensitisation 
to individual allergens among racial groups is generally felt to be a 
reflection of exposure rather than predisposition [2,3]. 


Associated diseases 

Patients with acute or debilitating diseases, such as cancer, Hodgkin 
disease or mycosis fungoides, have impaired capacity for contact 
sensitisation [1-3]. This may also apply to patients who for other 
reasons have impaired T-lymphocyte function. 


Impact of drugs on patch test reactions 

Drug influences on skin test reactivity have been reviewed by Schopf 
[1]. Antihistamines and sodium cromoglicate (disodium cromogly- 
cate) appear to have little effect, whereas both prednisolone (dose 
>15 mg/day) [2] and potent topical steroids [3] suppress allergic 
patch test reactions. Similarly, other immunomodulators such as 
ciclosporin and azathioprine may reduce the intensity of allergic 
contact reactions [4]. Therapeutic ultraviolet B (UVB) or psoralen 
and UVA (PUVA) therapy may also temporarily reduce contact 
allergic reactions [5,6]. Dupilumab acts as a specific Th2 cell-specific 
immunosuppressive agent and does not seem to have significant 
dampening effects on patch test reactions [7]. 


Pathophysiology 

The immune mechanisms of allergic contact dermatitis remain 
only partially understood. It clearly involves a complex inter- 
play between dendritic cells, keratinocytes, activating T cells and 


suppressing regulatory T cells. The original pathways for allergic 
contact dermatitis were suggested from mouse models involving 
potent skin sensitisers, such as DNCB, which are not of clinical 
relevance. Other studies focused on nickel allergy and presumed a 
single common pathway for all allergens. It is increasingly recog- 
nised that the pathophysiology of allergic contact dermatitis is much 
more complex than previously presumed, with different allergens 
able to trigger different inflammatory pathways [1]. Regulatory 
T cells are recognised to have a fundamental role [2] and the innate 
immune system to have a wider influence in both sensitisation and 
elicitation phases [3]. 


Sensitisation and elicitation 

The immunology of skin disease is discussed in detail in Chapter 9. 

There are two main processes involved in allergic contact dermati- 

tis: (i) sensitisation (induction or afferent limb of sensitivity); and 

(ii) elicitation (or efferent limb) of contact dermatitis. Four differ- 

ent types of delayed-type hypersensitivity reactions to exogenous 

chemicals, of which allergic contact dermatitis is one form, have 

been proposed [1]: 

1 Thi1-mediated, with the release of interferon y (IFN-y) and tumour 
necrosis factor a (TNF-a), and the activation of monocytes and 
macrophages in allergic contact dermatitis, bullous exanthema 
and the tuberculin skin test. 

2 Th2-mediated, with the release of interleukin 5 (IL-5), IL-4, IL-13 
and eotaxin, resulting in eosinophilic inflammation seen in mac- 
ulopapular and bullous exanthema. 

3 Mediated by cytotoxic CD4+ and CD8+ T cells, with the release 
of perforin, granzyme and Fas ligand, resulting in allergic contact 
dermatitis and maculopapular, pustular and bullous exanthema. 

4 Release of CXCL-8 and granulocyte-macrophage colony- 
stimulating factor (GM-CSF) by T cells, resulting in the recruit- 
ment of neutrophils in pustular exanthema. 


Sensitisation. The induction of sensitivity is the primary event, 
which has to take place before the clinical expression of dermatitis 
can occur. The main events are described here. 

1 Penetration of the sensitiser through the stratum corneum. Broadly 
speaking, chemicals that result in sensitisation are either metal 
ions or low-molecular-weight chemicals that are able to penetrate 
the stratum corneum. A cut-off size for a sensitising chemical of 
<500 Da had previously been presumed but larger chemicals of 
up to 2000 Da molecular weight are now recognised to have sensi- 
tising potential [2]. Sensitising chemicals have also been thought 
to be required to be hydrophilic in order to cross the skin barrier, 
but this has also now been refuted [3]. Molecules may be modi- 
fied by chemical or physical factors prior to penetrating the skin 
to become more allergenic (pre-haptens). Chemicals may enter 
the epidermis through three routes, either between the epidermal 
cells through the intercellular matrix, transcellularly through the 
epidermal cell cytoplasm or via structures such as hair follicles or 
sweat glands. Factors that disrupt the skin barrier tend to enhance 
the risk of sensitisation. 

2 Binding of allergen to skin components. Having passed through the 
skin barrier allergens covalently bind with endogenous proteins 
(haptenisation). Some molecules are altered by biotic or enzy- 
matic activity after passing through the skin barrier to become 


more allergenic (pro-haptens). The hapten—protein complexes are 
able to be recognised by the immune system and bind with major 
histocompatibility complex (MHC) class II molecules on the sur- 
face of dermal dendritic cells or Langerhans cells [4]. The metal 
ions nickel, palladium and cobalt are able to directly ligate and 
trigger Toll-like receptor 4 (TLR-4) on the surface of dermal den- 
dritic cells. The direct stimulation of this strong danger signal 
to dermal dendritic cells is likely to be an important factor in 
explaining why nickel is our most common allergen [5]. In con- 
trast, non-metal sensitisers are thought to trigger the release of 
reactive oxygen species (ROS) in the skin, leading to the degrada- 
tion of hyaluronic acid into pro-inflammatory fragments, which 


cutaneous lymphocyte-associated antigen (CLA). Localisation 
to areas of inflammation occurs via the production of the 
chemokine CCL27 by basal keratinocytes, which binds to dermal 
glycoprotein. CLA-positive lymphocytes also express CCR10, the 
receptor for CCL27 [12]. The cytotoxic T cells induce keratinocyte 
death through the release of Fas ligand and perforin-mediated 
pathways [13]. 

7 Downregulation of the inflammatory response. To avoid tissue 
damage several regulatory mechanisms are triggered after aller- 
gen exposure to limit the inflammatory response. This role is 
mainly played by regulatory T cells (Tregs), which are stimulated 
by IL-10 from Langerhans cells [14]. B cells additionally secrete 
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act as damage-associated molecular patterns (DAMPs), that indi- IL-10 [15]. 
rectly trigger TLRs 2 and 4 [6]. Direct or indirect stimulation of 
TLRs leads to pro-inflammatory cytokine release. 
Pro-inflammatory cytokine milieu. In response to antigens entering 
the epidermis, keratinocytes release ‘stress’ cytokines, IL-1, 
TNF-a, IL-8 and GM-CSF, which activate antigen-presenting 
cells (APCs). ‘Danger signals’ from pro-inflammatory cytokines 
are essential for the full activation of immature dendritic cells 
and the triggering of an adaptive immune response. Cytokines 
additionally activate mast cells and neutrophils, resulting in 
upregulation of endothelial adhesion molecules and down- 
regulation of epidermal adhesion factors, such as E-cadherin, 
allowing the migration of APCs to the regional lymph nodes [7]. 
In the absence of inflammation, tolerance is likely to occur. 
Antigen-presenting cell migration to regional lymph nodes. Sensiti- 
sation is possible only if the connection to the regional lymph 
nodes is intact [8]. The APCs travel via the afferent lymphatics 
to the paracortical areas of the regional lymph nodes, where they 
become apposed to naive T lymphocytes. The binding is assisted 
not only by physical factors — the ruffled membrane and den- 
dritic nature of the Langerhans cells and the intricate structure 
of the paracortical areas — but also by specialist cellular adhesion 
molecules (CAMs). These CAMs act at different loci to encourage 
binding. For example, leukocyte functional antigen 1 (LFA-1) on 
CD4 helper cells interacts with intercellular adhesion molecule 1 
(ICAM-1) on Langerhans cells, and CD2 on T cells binds to LFA-3 
in plasma membranes on most nucleated cells. With recognition 
of the antigen, many mediators or cytokines are released by this 
apposition, most importantly IL-1 by APCs and IL-2 by T lym- 
phocytes. 

Proliferation of sensitised T lymphocytes. The cytokines cause 
blast formation in the lymph nodes and proliferation of antigen- 
specific cytotoxic CD8+ (Tc1), CD4+ (Th1) and Th17 lymphocytes 
[9,10]. The type of T-cell response generated is now thought to 
be dependent on the specific allergen involved. Nickel generates 
the traditional Thl and Th17 response. Fragrance is thought 
to generate a skew towards a Th2 and Th22 response, with a 
smaller Th1 signal [11]. There is a simultaneous generation of 
antigen-specific skin resident memory T cells and lymph node 
central memory T cells which are important for later elicitation 
reactions. 

Dissemination of activated T cells. The T cells disseminate via 
the efferent lymphatics throughout the body and interact with 
Langerhans cells and residual antigen in the skin. Contact hyper- 
sensitivity is mediated through a subset of T cells that express 


Elicitation. On first exposure to a strong sensitiser such as DNCB, 
most subjects develop a local reaction after 5-25 days. During this 
period, sensitisation has been accomplished, and the residues of 
the allergen in the skin react with the newly formed, sensitised T 
lymphocytes. Such a response has been termed a ‘late’ reaction. 
There is evidence to suggest that allergen-specific T lymphocytes 
persist at the site of original contact for some months following 
an initial sensitisation exposure, and this may explain the ‘re-test’ 
or ‘flare-up’ reactions that are sometimes observed during patch 
testing, following re-exposure at a distant site [16]. 

If a sensitised person is re-exposed to a specific allergen in 
sufficient concentration, the clinical reaction subsequently develops 
much more quickly, usually within 24-48 h. However, depending on 
the degree of sensitivity, penetration and other factors, this may vary 
from a few hours to many days. Antigen may be presented not only 
by antigen-presenting Langerhans cells but also by IL-1-secreting 
keratinocytes that acquire Ia/HLA-DR status, augmenting the 
cascade of cytokine, immune cell and inflammatory response. This 
cascade is autoregulating, and although the mechanism of this is 
not well understood it probably involves CD4+ T cells. 

A delayed reaction time describes a delayed elicitation response 
following antigenic challenge in persons who are already sensi- 
tised. There has been confusion over the use of this term, as it 
has been used not only to describe reactions that have taken more 
than the usual 4 days to develop, but also acute primary sensitisa- 
tion reactions which, in normal clinical practice, often present as 
more sudden and florid reactions around 21 days after challenge. 
A delayed reaction time is found with low degrees of sensitivity 
(when there are very few memory T cells), following exposures to 
small amounts of allergen (when it takes longer to augment the 
T-cell response) and in situations of delayed penetration of allergens 
(e.g. neomycin in petrolatum). 


AGENTS 


Predisposing factors 

Pre-existing or concomitant constitutional and/or irritant contact 
dermatitis damages the skin, affecting its barrier function and 
producing increased opportunities for allergen absorption and 
secondary sensitisation. It is known that hand eczema predisposes 
to nickel sensitivity and vice versa [1], and that the prevalence of 
chromate, cobalt and balsam sensitivity is increased in men with 
hand eczema [2]. The longer the duration of the eczema, the greater 
is the chance of sensitisation. Occlusion greatly promotes percuta- 
neous absorption and probably contributes to the high incidence of 
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Chapter 127: Allergic Contact Dermatitis 


medicament dermatitis in stasis eczema, otitis externa and perianal 
dermatitis, and is also a factor in dermatitis from shoes and rubber 
gloves. 

As sensitivity is more easily acquired if an allergen is applied to 
damaged skin, concomitant irritant contact dermatitis will promote 
sensitisation and lower the threshold for the elicitation of an allergic 
contact dermatitis in those exposed to associated allergens [3]. 
In experimental sensitisation, skin damage may be produced by 
a previous application of sodium lauryl sulphate. The enhanced 
risk of sensitisation may be due to: (i) increased absorption of the 
allergen as a result of skin barrier disruption; (ii) priming of the 
immunological response with prior recruitment of immunocompe- 
tent cells, cytokines, etc.; or (iii) accumulation of mononuclear cells. 
Furthermore, by adapting the Matzinger ‘danger model’ concept 
for sensitisation [4], it has been suggested that contact allergy can 
only develop in the presence of cytokine release from non-immune 
skin cells (principally keratinocytes) provoked by a coexisting 
irritant (often the same as the allergen) or trauma [5,6]. If there is no 
concomitant irritancy, then tolerance rather than allergy is likely to 
follow. 

In guinea pigs, sensitisation is facilitated by acanthosis induced 
by detergents or paraffins, even in the absence of dermatitis [7]. 
Although the mechanism for this promotion of sensitisation by 
acanthosis is unknown, it may be relevant to burns and other types 
of skin damage known to increase the chance of sensitisation [8]. 

Once allergy is established, it seems reasonable to suppose that 
an allergen may be able to reactivate or maintain dermatitis at a 
low concentration. However, even when such exposure seems to 
have ceased, hand eczema that started as a contact dermatitis may 
continue as an apparently ‘constitutional’ postinsult form of 
dermatitis [9]. 


Chemical factors. Skin cells, especially their nucleic acids and 
proteins, are composed of molecules that contain nucleophilic 
atoms that are negatively charged and electron rich. Most allergens 
(haptens) are ‘simple’ chemicals of low molecular weight (less 
than 500-1000 Da) that contain electrophilic atoms [10,11] that are 
positively charged and electron deficient. Interaction between these 
two types of atoms leads to strong covalent bonding to form a 
hapten-protein complex or ‘complete antigen’. Metal and metal 
salts can bond to electron-rich atoms (ligands) by taking some of the 
electrons and forming coordinate bonds. Haptens can be grouped 
according to their chemical reactivity in relation to putative carrier 
proteins or according to functional groups (Table 127.2). 

Thus, the potential of a low-molecular-weight compound to 
become a hapten is determined by its chemical reactivity towards 
skin proteins. Some compounds react directly (e.g. nickel), while 
others require activation, either metabolically inside the skin or 
externally. The latter are classified either as pro- or pre-haptens, 
depending on the mode of activation. Non-sensitising compounds 
that require metabolic activation are pro-haptens, while pre-haptens 
are compounds with no or low sensitising potential that are acti- 
vated externally. 

Pro-haptens are metabolically activated in the skin and thus acti- 
vation could vary depending on the individuals’ enzymatic expres- 
sion patterns. Well-known examples of pro-haptens are cinnamyl 
alcohol (3-phenyl-2-propen-1-ol) and urushiols. 


Table 127.2 Classification of haptens based on functional grouping. 


Hapten group Example 
1 Acids Maleic acid 
2 Aldehydes Formaldehyde 
3 Amines Ethylenediamine, p-phenylenediamine 
4 Diazo compounds Bismark brown, Congo red 
5 Esters Benzocaine 
6 Ethers Benzyl ether 
7 Epoxides Epoxy resin 
8 Halogenated compounds Dinitrochlorobenzene, picryl chloride 
9 Quinones Primin, hydroquinone 
10 Metals Ni2*+, Co**, Cr3+, Hg?t, etc. 


11 Unsaturated compounds A3-carene (turpentine) 


Examples of pre-haptens are the common fragrance terpenes, the 
diterpenes in colophony and ethoxylated surfactans. Patch tests 
revealed some of these substances to be potent skin sensitisers 
following their activation by auto-oxidation. Auto-oxidation of 
limonene (from citrus) and linalool (from lavender), two frequently 
used fragrances, results in the formation of the corresponding 
hydroperoxides. Multicentre studies imply that oxidised limonene 
and oxidised linalool are among the most common causes for 
allergic contact dermatitis, while the compounds themselves rarely 
cause sensitisation [12]. 

Cutaneous enzymatic transformation of a chemical into many dif- 
ferent metabolites, depending on the pathway taken, makes deter- 
mination of the allergenicity of the original chemical more difficult. 
It also explains the difficulty in deciding if multiple sensitivities are 
cross-reactions or concomitant sensitisation. 

Enzymatic systems may also play a preventative role, as with glu- 
tathione in some drug-induced reactions [13]. 


Assessment of sensitisation potential. The sensitisation potential 
is the relative capacity of a given agent to induce sensitisation in a 
group of humans or animals [14]. Both in guinea pigs and humans, 
an estimate of the sensitising index requires patch test exposures 
modified to increase the sensitising impact. Such predictive patch 
tests are used to compare the sensitising properties of new products 
or chemicals with those of known substances. Many test procedures 
have been developed over the last 40 years to evaluate the sensitis- 
ing properties of new chemicals. Kligman and Basketter [15] have 
critically evaluated the various methods of predictive testing. Most 
previous methods could not reveal even potent sensitisers. Kligman 
and Epstein have described a ‘maximisation test’, based on the 
application of a high concentration of the chemical to be studied on 
a skin area previously irritated by sodium lauryl sulphate [14]. This 
method was later modified by Marzulli and Maibach, who used 
repeated patch tests with high concentrations of the allergen to be 
studied. Jordan and King have have shown that some substances 
giving negative reactions in maximisation tests in males sometimes 
sensitise females. This may reflect previous subliminal exposure to 
substances such as the ingredients of cosmetics. 

Ethical considerations may prevent experimental sensitisation in 
humans. The guinea pig maximisation test described by Magnus- 
son and Kligman gives results that compare favourably with pre- 
dictive patch tests in humans. To enhance sensitisation, the guinea 


pig maximisation test employs a combination of patch testing and 
intradermal injection of allergen in a simple solution of Freund adju- 
vant. Other tests, such as the Buehler test and the open epicutaneous 
test, use the epicutaneous route only, whereas the Draize test and 
Freund complete adjuvant test use a purely intradermal method of 
sensitisation. There is, however, no absolute conformity in the sen- 
sitising potential of a substance in the mouse, guinea pig or human. 

The 6th Amendment of the EC Cosmetic Directive, which came 
into effect in January 1997, is committed to banning all animal 
testing. The local lymph node assay is a mouse model that has 
gained regulatory approval. A logarithmic scale is used to classify 
the potential of chemicals to induce sensitisation, from strong to 
non-sensitising, depending on the dose needed to induce lym- 
phocyte proliferation [16]. The mouse ear swelling test [17] avoids 
postmortem examination of tested animals. 

The theoretical allergenicity [11,18] of a compound may be stud- 
ied by reference to databases of cases of reported sensitivity and 
the results of previously performed guinea pig maximisation tests. 
By comparing the structure of known allergens and reactive groups 
with that of any new compound, an expert system can be devel- 
oped to predict a compound's likely sensitisation potential. Molec- 
ular modelling using structure—activity relationships has been used 
with the sesquiterpene lactones and primin and a relative alkylation 
index for sultones to test such a model. 

Reconstituted 3D human epidermis models, which are very 
similar to human skin with respect to histology and metabolic 
activity, are now commercially available. This has enabled further 
research into the reactivity of cutaneous allergens in an ethical 
manner [19]. 


Sensitisation risk. The risk of sensitisation depends not only on the 
sensitisation potential of the substance applied, but prior to stimu- 
lating the immune system a chemical must penetrate the epidermis. 
Subsequently, the log dose applied per unit area, where the area of 
application is greater than 1 cm”, appears to be the most important 
determinant of the risk of sensitisation, with the reactivity showing 
a sigmoid dose-response curve [20]. In practice, the conditions of 
exposure are also important: the duration of exposure (rinse-off or 
leave-on product), if the exposure is repeated [21] and the condition 
of the skin (the presence of pre-existing dermatitis predisposing to 
the presence of accessory signals in the sensitisation process). 

There are also individual factors; studies in individuals already 
sensitised indicate that those with more contact allergies have a 
greater susceptibility to sensitisation by other allergens compared 
with those who do not demonstrate any pre-existing contact allergy. 
With high concentrations of a strong allergen such as DNCB, indi- 
vidual susceptibility is of little importance; nearly everyone is 
capable of being sensitised. 

In personal care products the concentration of any allergen is 
adjusted so that the risk of inducing sensitisation is small, although 
there may still be sufficient to induce dermatitis in an individual 
already sensitised. An approach to sensitisation risk assessment 
for such products has been described [22]. This involves an assess- 
ment of both exposure (including knowledge of skin absorption) 
and sensitisation potential, based on literature review and known 
structure-activity relationships. If in vivo testing is needed, var- 
ious animal tests or human repeat-insult patch tests would then 


be performed. Legislative measures have been introduced in an 
attempt to reduce the prevalence of contact dermatitis [23]. 


Development of dermatitis. Some persons sensitive to a sub- 
stance may tolerate normal contact with it, and are said to have 
a latent sensitivity. There is no immunological difference between 
latent and expressed sensitivity. Whether sensitivity is manifest or 
latent is determined partly by the threshold of sensitivity, which 
is the lowest concentration of allergen giving a positive patch test 
response. The dose at induction determines, in part, the strength of 
response at challenge — higher induction doses resulting in greater 
reactions at challenge [20]. Persons who are clinically sensitive to 
poison ivy invariably have a positive reaction to 1 : 10 000 pen- 
tadecylcatechol (PDC), but many who react only to 1: 100 PDC are 
clinically immune. Patch test sensitivity and clinical sensitivity are 
not necessarily proportional. The threshold determined by patch 
tests depends on a number of technical factors, such as the base used 
and the region where the tests are applied. It also varies from time 
to time in the same person. The threshold may fall after repeated 
contact with an allergen, and positive test reactions in latent allergy 
may reveal candidates for future allergic contact dermatitis. 

Patch testing with a new substance may reveal that some people 
are already sensitive to it, either from contact with related substances 
or from exposure to the compound in other forms. Negative reac- 
tions in 200 people do not exclude the possible occurrence of sen- 
sitivity in 1 of 38 consumers (99.5% level). This frequency would 
immediately preclude any practical use of the substance. It has been 
calculated that negative patch tests in 5300 subjects indicate that sen- 
sitivity would be liable to occur in less than one of 1000 consumers. 


Immunological tolerance. Recent studies have highlighted that 
allergic contact dermatitis has been associated with defective Tregs 
and indeed it has become clear that Tregs influence sensitisation as 
well as elicitation. Originally, Tregs were defined as CD4+ CD25+ T 
cells and were mainly associated with self-tolerance. We now know 
that this definition comprises a heterogeneous cell population that 
includes natural and inducible Tregs. The skin contains predomi- 
nantly inducible Tregs, which can be triggered by Langerhans cells 
as well as dermal dendritic cells. However, the precise phenotypes 
of Tregs involved in allergic contact dermatitis are still not known. 
Finally, Tregs are involved in the control and eventual termination 
of the inflammatory response [2]. 

The sensitisation reaction induces effector T cells and suppressor 
T cells, the latter curtailing the immune response so that the epi- 
dermal reaction regresses and does not continue indefinitely [24]. 
Theoretically, therefore, preferential stimulation of suppressor cells 
could lead to antigen unresponsiveness. This can be achieved by 
administering the allergen (in previously unsensitised individuals) 
by non-cutaneous routes, such as intravenously, orally or peri- 
toneally [25], thereby bypassing epidermal Langerhans cells. This 
tolerance is also achieved by applying the allergen to skin with 
no Langerhans cells, for example mouse tails, or skin in which the 
Langerhans cells have been inhibited by UV radiation or depleted by 
glucocorticoids. Suppressor T cells, or their precursors, are sensitive 
to cytostatic drugs, so that the administration of cyclophosphamide 
can reverse a tolerant state. 


; Allergic contact dermatitis 127.9 
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Chapter 127: Allergic Contact Dermatitis 


Pathology 

Biopsies are of limited help in contact dermatitis. Most types of 
eczema show identical pathological changes, and allergic and 
primary irritant contact dermatitis cannot be distinguished with 
certainty. The only sure way to distinguish irritant from allergic 
contact dermatitis is by study of the very early events of the inflam- 
matory process, because the remainder of the inflammatory cascade 
is similar in the two processes [1]. 


Causative organisms 

Fauna are not a major cause of contact allergy, although European 
fishermen are liable to contact dermatitis of exposed skin during the 
summer when handling nets containing marine organisms known 
as bryozoans. The disorder is known as ‘Dogger Bank itch’ in the 
UK [1]. The allergen has been identified as the (2-hydroxyethyl) 
dimethylsulphoxonium ion [2]. 


Genetics 

Allergic contact dermatitis, like so many conditions, is likely to be 

caused by a complex interplay between environmental and genetic 

factors. Genetic influence has long been suspected, with family 
studies suggesting first degree relatives of sensitised patients to 
have increased risk [1]. Twin study results have, however, been 
conflicting [2,3]. Several immunogenetic markers associating nickel 
allergy with major histocompatibility loci have been suggested 

[4,5]. Genetic influence is, however, suggested to be ‘overruled’ if 

potent allergens or siginificant allergen exposure occurs [1]. 
Genetic polymorphisms may influence antigen uptake through 

the skin barrier, the antigen-specific response by immune cells and 

metabolism of antigens by cutaneous enzymes [1]. The following 
proteins display genetic polymorphisms that have been linked with 

a possible role in contact allergy: 

e Filagerin is epidermal protein, important for cutaneous structure 
and barrier function. Loss-of-function filaggrin mutations are 
associated with dry skin, reduced skin barrier function and 
increased risk of atopic dermatitis. The possible role of filaggrin 
mutations in contact allergy is, however, debated with conflicting 
results from different studies [6,7]. There does seem to be a link 
with polysensitised individuals [8]. 

e N-acetyltransferases (NATs) are enzymes that catalyse acetylation 
of PPD, among other chemicals, within the epidermis. Studies 
found a relationship between genetic polymorphisms for these 
phase II enzymes and risk for contact dermatitis. Different stud- 
ies have again yielded contrary results, linking rapid acetylating 
NATs to both higher and lower susceptibility for PPD sensitisa- 
tion [9,10]. 

¢ Glutathione-S-transferases (GSTs) are a large family of phase 
II enzymes that have a role in toxification and detoxification 
of chemicals. GST polymorphisms have been investigated with 
respect to mercury and chromate allergy [11]. Low GST activity 
appears generally associated with increased ROS damage [12]. 

e Angiotensin-converting enzyme (ACE) is a well-recognised 
enzyme responsible for catalysing the conversion of angiotensin 
I to angiotensin II. Animal models suggest a role for ACE in 
modulating Langerhans cell and T-lymphocyte functions and 
degradation of bradykinin and substance P produced by the 


allergic inflammatory response [13]. ACE polymorphisms have 

been linked with allergy risk. 

e Tumour necrosis factor is a pro-inflammatory cytokine recognised 
to play an important role in both the sensitisation and elicitation 
phases of allergic contact dermatitis, particularly involved in pro- 
moting Langerhans cell migration to draining lymph nodes. The 
TNF-«-308 polymorphism is linked with polysensitised subjects, 
suggesting an influence on susceptibility to contact allergy [14]. 

e Interleukin-16 polymorphisms have also been suggested as a link 
with polysensitised individuals [15,16]. 

The relationship of atopy, particularly atopic eczema, to pre- 
dispose to allergic contact dermatitis has prompted much debate. 
Patients with severe atopic eczema are shown to have a diminished 
capacity for DNCB sensitisation [17]. Clinical studies are conflict- 
ing, some showing an increase in the prevalence of contact allergy, 
especially to medicaments [18], others the same [19] and others a 
decrease [20,21]. In a study of 101 sets of twins, no correlation was 
found between positive patch tests and atopy and the prevalence 
of allergic contact dermatitis in atopics was found to be similar 
to that in patients suffering from discoid or seborrhoeic eczema. 
An increased level of nickel sensitisation noted in one study [22] 
contrasts with another where there was no increase [23]. 

These studies are, however, complicated by the relative irritant 
nature of many allergens, particularly nickel, cobalt and chromate in 
atopic skin, which may lead to overinterpretation of patch test pos- 
itive results in atopic cohorts. The term ‘atopy’ is also used in some 
studies to mean a history of atopic dermatitis, or simply ‘eczema in 
childhood’, or may include atopic asthma and hayfever. 

A recent large, single-centre study looked at 46 250 patients patch 
tested over 30 years’ duration. It found statistically significant 
differences for nine allergens between the atopic and non-atopic 
groups. Nickel, cobalt and primin allergy were less common in 
the atopic group (with nickel being highly significant; P <0.0001) 
but sesquiterpene lactone mix, fragrance mix 1, tixocortol pivalate, 
neomycin, imidazolidinyl urea and lanolin allergy were more 
common in atopic individuals [24]. 

There are many reasons why atopic dermatitis should predispose 
to development of allergic contact dermatitis: 
¢ Skin barrier function is reduced. 

e Increased exposure to topical medicaments. 

e Increased tendency to irritant dermatitis and therefore DAMPs 
[25]. 

e Increased tendency to cutaneous infection and _ therefore 
pathogen-associated molecular patterns (PAMPs) [26]. 

e The Th2 immune response may reduce filaggrin levels. 

Atopic individuals, however, downregulate Th1 lymphocytes, 
which may play a significant role in protecting patients with atopic 
dermatitis from developing allergic contact dermatitis [27,28]. 
Different allergens have been recognised to now trigger allergy 
through different pathways [29]. At present no certain conclusion 
can be made about the relative risk of contact sensitisation in 
atopic patients. The answer is likely to be that atopic eczema may 
increase the risk of developing allergic contact dermatitis to some 
allergens (such as the moderately sensitising non-metal allergens 
present within medicaments and personal care products) but may 
reduce the risk for other allergens such as nickel which particularly 
stimulate via a Thl skewed pathway. 


Environmental factors 

By definition, the environment will influence exposure to potential 
allergens, which in turn will affect liability to contact allergy. For 
the individual, certain immediate environments, including those 
encountered in the home, at work and during spare-time activi- 
ties, are particularly relevant. However, more general influences 
are important, including climatic, geographic, ecological, socio- 
economic and cultural factors. Some of these may also affect the 
individual’s response to allergen exposure. Climate, geography and 
ecology are often interrelated. 


Climate. Climate, by virtue of varying UV exposure, heat and 
relative humidity, may play a part in liability to contact allergy. 
UVB exposure has been shown to diminish the skin’s immune 
response to contact allergens [1,2]. UVA exposure, however, does 
not appear to have the same effect, and there is evidence that the 
reduction in immune responsiveness is transient, perhaps due 
to an adaptive mechanism [2]. UVB exposure from the sun may 
therefore temporarily reduce contact allergic reactions, although 
there is conflicting evidence about the effect of sunshine on patch 
test reactions [3,4]. Conversely, chapping of the skin during winter 
predisposes to irritant contact dermatitis and also increases the 
incidence of false positive patch test reactions to substances such as 
formaldehyde [4] and propylene glycol [5]. Occlusion and increased 
sweating may increase allergy from shoes and clothing. Exposure 
to UV-absorbing chemical filters increases where there is a higher 
exposure to sunshine, with a consequent increase in contact and 
photocontact allergy from this source during the summer months, 
when photoallergy from other causes would also be anticipated to 
be more of a problem. 


Flora and fauna. Plant dermatitis commonly shows a distinct 
seasonal pattern, the allergenicity of some plants such as Primula 
obconica varying considerably with light and season [6]. Many 
allergenic plants, especially those belonging to the Compositae 
(Asteraceae) family, are destroyed by cold and frosty weather but 
return during the warmer spring and summer months. Global 
warming is also felt to be an issue, with evidence that Toxicodendron 
species may become more abundant and allergenic as a result [7]. 
Distribution of allergenic plant material will be facilitated by dry 
and windy climates. Similarly, geographic location is a very impor- 
tant influence. Exposure to Toxicodendron species is mainly confined 
to North America. Compositae allergy is seen in many parts of the 
world but the plants responsible vary: in the USA ragweed is the 
main cause, in Europe it is chrysanthemums and garden weeds, 
in India the weed Parthenium, and in Australia a number of wild 
Compositae found in the ‘bush’. Occupational contact allergy from 
plants is often seasonal, for instance in lichen pickers [8] and from 
plant and vegetable cultivation [9,10]. 


Clinical features 

History 

Contact dermatitis can mimic or be associated with any type of 
eczematous eruption. The diagnosis is based on a careful history 
combined with a sound knowledge of common allergens and 
irritants in a patient’s environment. A comprehensive history is 
essential to identify contact with allergens, and some knowledge 


of chemistry and industrial processes is of value. Sensitisation and 
subsequent contact dermatitis can result from a single exposure [1], 
although usually several or many exposures are necessary before 
sensitisation and dermatitis occur. 


Primary site. This must be ascertained by questioning the patient 
carefully. By definition, contact dermatitis must begin in sites where 
contact has taken place with the responsible agent(s), and the sites 
of origin are an important clue to the cause. Patients are frequently 
assessed at a stage when there has been worsening and secondary 
spread of the dermatitis, obscuring the original pattern. 


Duration and behaviour. Once the date of onset and the pri- 
mary site(s) have been identified, it is necessary to establish the 
subsequent behaviour of the dermatitis. In particular, did the rash 
spread and if so where? Has the problem been persistent or inter- 
mittent? Repeated sudden exacerbations may point to an allergic 
contact dermatitis. Are there any obvious exacerbating factors? In 
contrast, irritant contact dermatitis does not tend to spread. 
Improvement of dermatitis during weekends or holidays may 
indicate an occupational origin. Relapse at weekends may favour 
a hobby or non-occupational allergen. However, this history could 
prove to be misleading if there are multiple sources of exposure. 
Seasonal variation (worsening when light intensity is greatest) 
may suggest a plant allergen, perhaps with photoaggravation, or 
photoallergy. Plant dermatitis may recur in atypical patterns. Der- 
matitis around a wound, especially leg ulcers, suggests sensitisation 
to medicaments (Figure 127.1) and exacerbations and recurrences 
induced by particular medicaments or cosmetics suggest contact 


Figure 127.1 Medicament contact dermatitis. Courtesy of Dr J. D. Wilkinson. 
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Chapter 127: Allergic Contact Dermatitis 


allergy from these sources. Dermatitis occurring during or following 
a holiday should include an assessment whether different personal 
care products might have been used including the use of sunscreens. 


Previous history. A history of previous dermatitis may provide a 
clue to the origin of a relapse. For example, earring dermatitis may 
precede nickel dermatitis of the hands by several years. Previous 
dermatitis, especially if localised to the lower legs, may have been 
caused or complicated by the repeated use of medicaments contain- 
ing sensitisers. It may be useful to ask specifically about skin reac- 
tions to costume jewellery, perfume and adhesive plasters. 

A history of infantile or childhood flexural eczema, asthma or 
seasonal allergic rhinoconjunctivitis may point to an atopic diathe- 
sis. Atopic eczema also predisposes to irritant contact dermatitis of 
the hands, and in such cases constitutional factors may be a major, 
but not necessarily the sole, cause. 


Sources of allergy. A search for possible sources of allergic contact 
dermatitis should include a review of all the patient’s activities, 
but initially should concentrate on: (i) occupation, present and 
past; (ii) hobbies; (iii) use of cosmetics including nail cosmetics, 
clothing and personal objects; (iv) home environment (including 
cooking, gardening and painting and decorating); and (v) current 
and previous topically applied medicaments both prescribed and 
over-the-counter. Most patients believe that newly encountered 
items are the cause of dermatitis, whereas in fact those that have 
been in use for a long time are commonly responsible. 


Occupation. A precise history backed up by a thorough knowledge 
of the materials handled at work, the machinery operated and the 
PPE in use will all be necessary when occupational dermatitis is sus- 
pected (Figure 127.2). However, no dermatologist can rely entirely 
on their knowledge of industrial processes, and a factory visit may 
be required to become familiar with the process described, especially 
if it is new. Material safety data sheets must be examined as these 
may give the chemical names of materials used, as well as an indi- 
cation of their irritancy or allergenicity. A telephone number or email 


Figure 127.2 Acute allergic contact dermatitis in a patient allergic to acrylates used in 
the printing industry. Courtesy of Dr J. D. Wilkinson. 


address may be given for further enquiries, if required. The presence 
of other similar cases will alert one to an increased probability of 
occupational dermatitis. 

Problems associated with housework should not be overlooked. 
The amount of housework performed and methods employed are 
extremely variable. The number and age of children and availabil- 
ity of labour-saving devices should also be determined. Few peo- 
ple volunteer information about domestic work outside their own 
home, and all must be directly questioned about this. Patients who 
are unemployed or students may, in fact, be engaged in casual work, 
and even employed persons should be asked about second jobs. 


Hobbies. Common sensitisers, recognised as occupational aller- 
gens, are introduced into most homes for do-it-yourself work. 
Adhesives and paint are handled by many householders. Another 
important source of hobby dermatitis is gardening. Other pursuits, 
such as sports and cookery should also be considered. 


Personal objects and medicines. Such items include those worn or 
applied to the skin such as cosmetics, toiletries, fragrances, medica- 
ments, textiles, footwear, protective clothing and gloves, jewellery, 
spectacles, hearing aids and medical appliances. Adverse reactions 
to cosmetics, toiletries and topical medicaments are among the 
commonest reasons for hospital referral with suspected allergic 
contact dermatitis. The number of products used may be large, 
and some may be used only intermittently. Often, only prescribed 
therapies are declared, and repeated specific enquiry must be made 
about over-the-counter preparations, including cosmetics used as 
moisturisers, herbal treatments and borrowed medicaments. Often 
patients will not mention ‘hypoallergenic’ products in the mistaken 
belief that they could not be responsible. Applied cosmetics may 
be removed from the skin by employing creams, lotions or wipes, 
the use of which may easily be overlooked. Patients should be 
specifically asked about the use of nail varnish, methacrylate nails 
and hair dyes. Skin cleansing and hair products that are ‘rinse off’ 
as opposed to ‘leave on’ may also be responsible. Many patients 
have a poor recollection of products used, and most forget some 
items. They should be invited to bring all their topically applied 
items when they attend for patch testing and these can be specifi- 
cally tested if indicated, and examined for ingredient listings when 
appropriate. 


Presentation 

Eczematous responses (dermatitis). The severity of the dermatitis 
is determined by the intensity of exposure and the level of sensitiv- 
ity. The clinical picture is also to some extent dependent upon the 
site of dermatitis and on the causative agent. The distribution of the 
dermatitis may suggest a cause, for example that due to nickel or 
textiles. 

The primary signs in acute contact dermatitis are redness, 
swelling, papules and papulovesicles, which reflect the sequence 
of inflammatory changes in the dermis and the intracellular and 
intercellular oedema in the epidermis. In more acute and severe 
cases this may progress to disruption of the intercellular bridges 
and the development of larger vesicles or blisters; if they burst, a 
weeping dermatitis results. The dominant symptom is itching. 


Figure 127.3 Dry, scaling, thickened skin with fissuring due to chronic contact 
dermatitis. 


Figure 127.4 Acute vesicular eczema in a patient allergic to 1,2-benzisothiazolin-3-one 
mimicking constitutional pompholyx. Courtesy of Dr J. D. Wilkinson. 


If contact dermatitis persists, it may be due to continued or 
repeated exposure to the allergen or to secondary irritants or 
allergens. The skin becomes dry, scaly and thicker as a result 
of acanthosis, hyperkeratosis, oedema and cellular infiltration 
in the dermis. Lichenification and fissuring may develop later 
(Figure 127.3). These clinical features of chronic allergic contact 
dermatitis cannot always be distinguished from constitutional 
(Figure 127.4) or irritant contact dermatitis, and the aetiology may 
often be mixed. 

The distribution of the dermatitis is of diagnostic importance 
but its morphology is usually of no help in identifying the cause. 


There may be some exceptions, for example exceptionally strong 
allergens may provoke a bullous eruption even after brief contact 
and dermatitis from plant leaves may provoke a linear pattern of 
dermatitis. 


Primary patterns. Anatomical patterns of dermatitis often suggest 
a specific cause, but in other cases the pattern merely indicates a 
range of possible allergens, such as in shoe dermatitis. Sometimes, 
the dermatitis is sharply limited to the usual site of contact, but 


because the area of contact with most objects varies, the distribution 


may be more erratic. Some allergens may be spread locally by the 
fingers or be carried to distant body regions. Even when there is 
no eruption on the hands, allergens on the fingertips may cause 
dermatitis elsewhere, for example the genital area, eyes, or face 
and neck. 

Once the primary site has been established, questioning should 
focus on those allergens that are particularly frequent causes of der- 
matitis in that region. 


Hands and arms. Hand dermatitis is usually multifactorial. About 
two-thirds of all cases of contact dermatitis involve the hands, 
which are the most important site for both irritant and allergic 
contact dermatitis [1,2]. No pattern of hand eczema is characteristic 
of a particular aetiology, and it is important to emphasise that 
allergic contact dermatitis may mimic constitutional patterns. The 
Danish Contact Dermatitis Group has proposed a classification of 
hand eczema and identified that allergic contact dermatitis is more 
common in vesicular-type dermatitis [3]. ‘Homemaker’s dermatitis’ 
and most occupational dermatitis remain confined to the hands. 
Although the majority of cases are primarily irritant in nature, the 
yield of relevant positive patch test reactions is high [1]. Allergens 
may be traced by relating the shape and site of the eczematous 
patches to the items handled. Rubber gloves may induce a clear 
pattern of dermatitis over the sites where they are worn, particularly 
involving the dorsa of the hands with a sharp line of demarcation 
at the wrists. 

Vesicular palmar contact dermatitis may mimic constitutional 
eczema and may result not only from contact with, but also from 
ingestion of, an allergen to which the person is already sensitised. 

Streaky dermatitis on the fingers, dorsa of the hands and forearms 
is typically caused by plants (Figure 127.5), and may be allergic 
(e.g. Primula obconica and poison ivy), irritant (e.g. Dieffenbachia and 
spurge) or phototoxic (e.g. giant hogweed and rue). 

Dermatitis of the hands in those involved with agriculture, 
animals and food preparation may be associated with immediate- 
type hypersensitivity to animal and plant proteins [4,5]. Allergic 
contact dermatitis of the fingertips is seen with plant allergens such 
as tulipalins in horticulturists and florists (‘tulip fingers’) [6]. Garlic 
allergy in chefs typically affects the non-dominant thumb and fore 
and middle fingers (Figure 127.6) [7]. 

Methacrylate allergic contact dermatitis from sculptured and 
UV-cured nails and UV-cured nail polish commonly affects 
the nail unit, and is often accompanied by facial and eyelid 
involvement (Figure 127.7). Onychodystrophy, paronychia and 
onycholysis may also accompany eczematous reactions of the 
nail unit. 
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Figure 127.5 Characteristic ‘streaky’ contact dermatitis on the wrists in a patient 
allergic to Primula obconica. Courtesy of Dr J. D. Wilkinson. 


Figure 127.6 Fingertip pattern of allergic contact dermatitis from garlic affecting the 
non-dominant thumb, forefinger and middle fingers. 


The arms are affected by the same allergens as the hands, 
but usually later on in the process. If the hands have been pro- 
tected by gloves at work, the forearms may be the major sites of 
occupational dermatitis (Figure 127.8). Allergy to nickel, chromate 
and p-tert-butylphenol (PTBP) formaldehyde resin may develop at 
the wrists from sensitivity to the metal, leather and glue, respec- 
tively, in watchstraps containing these allergens. Dust (exotic 
woods, cement), nickel and textiles produce dermatitis in the elbow 
flexures, which must be distinguished from atopic eczema. 


Head and neck. Allergic contact dermatitis of the head and 
neck can occur from multiple exposure routes including direct 


| 


Figure 127.7 Periocular allergic contact dermatitis from nail methacrylate chemicals. 
Courtesy of Dr N. Stone. 


Figure 127.8 Contact allergy to epoxy resin and hardener affecting unprotected 
forearms. 


application, airborne exposure, hand to face and neck, by proxy and 
by systemic and mucosal exposure. 


Face. Dermatitis of the face may occur alone or in association with 
eczema elsewhere. Facial allergic contact dermatitis from fragrances, 
hair dyes, preservatives and other constituents of skincare products 
and cosmetics, including nail varnish, is common. 

Dermatitis due to a cosmetic may start with dryness, tightness 
and itching. Most consumers change to another brand at this stage 
and are never assessed by a dermatologist. They are referred only 


Figure 127.9 Contact dermatitis presenting as acute oedema, as seen in patients 
sensitive to Primula and p-phenylenediamine-type hair dyes and in those with volatile 
patterns of contact dermatitis. Courtesy of Dr J. D. Wilkinson. 


if symptoms persist or are severe. Some allergens, for example 
hair dyes, may provoke acute oedema (Figure 127.9) and intense 
pruritus — but not eczema — followed by desquamation. Nail varnish 
allergy often affects the face in well-localised patches, and may be 
associated with eyelid dermatitis and more extensive involvement 
of the neck, chest and even further afield [8]. It is important to note 
that these nail varnish allergens may also be present in other nail 
cosmetics such as nail strengtheners and hardeners. The clinical 
presentation can suggest artefact because the affected sites are so 
well demarcated [9]. A similar distribution may be seen from allergy 
to acrylic-based artificial nails and rubber sponge applicators [10]. 
The forehead is affected by allergy to anything applied to the hair 
and also to chromate or clothing dyes in leather hatbands. Spectacle 
frames containing nickel or plastics may cause dermatitis on areas 
of contact with the cheeks, nose, eyelids and ears. 

The patterns of dermatitis caused by airborne or volatile allergens 
[11] and photosensitisers can often be distinguished by involvement 
of the eyelids in the former, and by triangles of relatively spared skin 
below the chin and behind and below the ear lobes in the latter. 

Facial allergic contact dermatitis must be distinguished from 
cosmetic intolerance, irritant contact dermatitis and constitutional 
eczemas, but it is sometimes multifactorial. 


Eyelids. Allergens affecting the face may initially produce eyelid 
dermatitis [12,13] as the skin of the eyelids is thin, sensitive and 
may be contaminated by the fingers (e.g. nail varnish [8]), air- 
borne droplets (e.g. fragrance sprays) or volatile substances (e.g. 
epoxy resin). Eye creams, eye shadows, mascara and eye make-up 
removers may be responsible, often for irritant dermatitis, but patch 
testing may reveal relevant allergens. 

Cyanoacrylate-induced dermatitis from the use of false eyelash 
glue or PPD contact allergy from the use of eyebrow or eyelash tints 
have been reported as responsible for severe oedematous allergic 
reactions [14,15]. 

Dermatitis can also be caused by medicaments for ocular dis- 
orders. Sensitisers in eye drops and ointments include neomycin, 
framycetin, gentamicin, tobramycin, chloramphenicol, fucidin, 


sulphonamides, local anaesthetics, antihistamines, B-blockers, anti- 
cholinergics and sympathomimetics. Eye drops and contact lens 
solutions often contain preservatives (e.g. benzalkonium chloride, 
ethylenediamine tetracetate (EDTA), mercurials), which may also 
sensitise. 


Lips or perioral area. Sensitivity may occur from lipsticks and 
salves, nickel, medicaments, flavourings, garlic [16], shellac [17] 
and cosmetic excipients. Lipstick dermatitis may be limited to the 
vermilion border, which appears dry, scaling or cracked; but the 
perioral area may also be affected. Eosin was a common sensitiser 
in lipsticks before 1960 [18] but since its allergenicity was found to 
be due to impurities there have been no further reports of adverse 
effects, and lipstick dermatitis is less common. 

Allergy to toothpaste is a recognised cause of cheilitis and perioral 
eczema. Flavours (fragrances) are the usual cause, such as cinnamic 
aldehyde [19], spearmint oil, peppermint oil, anethole and /-carvone 
[20]. Colophonium and derivatives may be found in chewing gum 
but rarely cause allergic contact cheilitis [21]. Allergy to other food 
additives such as sodium metabisulphite, preservatives, colours and 
antioxidants may have a potential to cause cheilitis. In Europe, their 
presence can be determined by identifying the relevant E number on 
the ingredient label of the foodstuff packaging. Lip cosmetics with 
sun protection factor (SPF) may also contain sunscreen agents and 
even photoallergic contact cheilitis has been described [22]. Other 
important allergens to consider in patch testing cheilitis patients are 
the antioxidant gallates used in lip cosmetics and propolis [23,24]. 

Allergic reactions to dentures and fillings are considered in the 
section on mucous membranes later in this chapter. Angular cheilitis 
is usually due to badly fitting dentures, but cheilitis may exception- 
ally be caused by sensitisers habitually carried to the mouth, such as 
nail varnish or nickel-plated objects (e.g. keys, pins, musical instru- 
ments) [25]. 

Allergy to PPD contained in dyes for moustaches have also been 
reported as causing lip and perioral dermatitis. 


Ears. External otitis has a complex aetiology (Chapter 106) and 
usually runs a chronic relapsing course. Neurodermatitis (lichen 
simplex chronicus) is also common, and may be superimposed on 
seborrhoeic eczema. Secondary medicament contact dermatitis, 
which is often unsuspected, is particularly common in the ear [26]. 
Dermatitis can also be both caused and maintained by habitual 
scratching with hairpins (nickel) or fingertips (nail varnish). 

Although dermatitis from hearing aids occurs it is often a 
non-specific consequence of occlusion [27]. Hearing aids may con- 
tain acrylates and plasticising and stabilising chemicals. Headsets 
may contain urea and phenol-formaldehyde resins, or rubber in 
earphones. 

Spectacle-frame dermatitis may be of irritant origin, especially 
behind and over the ears. Metals, particularly nickel and palladium, 
may cause allergy, and some frames responsible for dermatitis 
have been wrongly described as being nickel-free or made of tita- 
nium [28,29]. Plastic components, including epoxy resins, acrylates, 
plasticisers, UV inhibitors and dyes, have also been identified as 
the cause of the dermatitis. Earplugs for noise protection may 
contain antiseptics, dyes, rubber and plastic chemicals and finishes 
including formaldehyde resins. 
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Earrings and clips commonly cause dermatitis on the ear lobes as 
a result of the presence of nickel or, less commonly, gold. Piercing 
of the ear lobe may be the sensitising event in nickel dermatitis, 
leading to a chronic contact dermatitis. Granulomatous contact 
allergy to nickel, palladium and gold has been seen after ear 
piercing [30]. 


Scalp. The scalp tends to be relatively spared from involvement of 
allergic contact dermatitis. Dermatitis caused by fragrances, preser- 
vatives and amphoteric detergents in hair cosmetics is usually 
limited to the ears, neck and face, but may be preceded by persis- 
tent itching of the scalp. Permanent hair dye allergens, PPD and 
related oxidative dye chemicals still remain an important source of 
dermatitis. Correctly used, permanent hair dyes are applied to the 
hair and not the scalp, followed by oxidation and rinsing. Bleaches 
contain ammonium persulphate, which can cause peculiar urticarial 
eruptions as well as contact dermatitis. Glyceryl monothioglycolate, 
used for acid or cold perms, is a significant sensitiser in hairdressers 
but only occasionally causes problems in their clients. Hair-styling 
products such as mousses, gels, waxes and holding sprays often 
contain fragrances and preservatives that may be allergenic, but 
they also contain conditioning quaternary ammonium compounds, 
which are often irritant. Medicated shampoos may contain tar 
extracts, zinc pyrithione or other agents, and many shampoos 
contain formaldehyde, formaldehyde releasers or isothiazolinones 
added as preservatives. Some sources of cocamidopropylbetaine, 
found in many shampoos, may contain the sensitising impurity 
dimethylaminopropylamine. All these materials may potentially 
sensitise, although allergic subjects may tolerate them because of 
the short duration of contact, provided the hair is thoroughly rinsed 
after washing. Topical minoxidil lotion, prescribed to promote hair 
growth, will sensitise occasionally [31]. A European hair cosmetic 
series has been suggested [32]. 


Neck. Nickel in the clasps of necklaces or zip fasteners can pro- 
duce a small area of dermatitis on the nape of the neck. Nail var- 
nish (Figure 127.10) or nail methacrylates from fingertips may be 
the cause of a patchy and asymmmetrical allergic dermatitis, as can 
direct contact from fragrance allergens in perfumes. Hair dye aller- 
gens can elicit reactions in this region from certain hairstyles. Textiles 
(finishes in collars, dyes) and necklaces (nickel, exotic wood) may 
cause a collar-like dermatitis, or eruptions on the sides of the neck. 
Dermatitis from airborne allergens and photosensitisers is sharply 
limited by the collar to the ‘V’ of the neck if blouses or open-necked 
shirts are worn. 


Axillae. Many cases of dermatitis are due to irritation from sweat- 
ing, occlusion and the use of antiperspirants, which often contain 
aluminium salts to block the sweat glands. Allergic sensitivity may 
occur to fragrances used to mask odour, and to antiseptics intended 
to reduce the bacterial flora. The dermatitis produced by textiles 
tends to be periaxillary. 


Trunk. The distribution of a clothing dermatitis may provide a clue 
to the responsible garment. In both sexes, nickel buttons and zip fas- 
teners cause dermatitis localised to where they are worn, but a more 
widespread secondary spread rash may often occur. This is now less 


Figure 127.10 A patch of lichen simplex-like eczema on the nape of the neck 
associated with allergy to tosylamide formaldehyde resin (nail varnish). Courtesy of 
Dr J. D. Wilkinson. 


often seen in Europe due to the ‘Nickel directive’. Chromate, cobalt 
and octylisothiazolinone sensitivity from leather [33], and rubber 
allergy from elastic, may present as truncal eczema. Dermatitis from 
dresses, blouses and sweaters predominantly affects the neck and 
folds of the axilla, and spare areas of skin covered by underwear. 
The allergens are usually textile dyes or finishes. 

Outdoor workers sensitised to Compositae (Asteraceae) plants 
may have a diffuse dermatitis or dermatitis of an airborne pattern, 
which affects all the exposed areas, including the trunk if they 
remove their clothing to work. 

Detergents and fabric conditioners are commonly blamed for 
truncal skin eruptions but objective confirmation is usually lacking 
[34]. Diffuse papular eczema may be a feature of medicament 
sensitivity with secondary spread. 


Ano-genital. The ano-genital region is a common site for medica- 
ment sensitisation. There is often experimentation with a wide range 
of prescribed and over-the-counter medicaments for pruritus, skin 
eruptions and haemorrhoids, and many of these contain sensitisers, 
most commonly fragrance, local anaesthetics and balsam of Peru 
(Myroxylon pereirae). Other sensitisers prescribed by the medical 
profession include neomycin, hydroxyquinolines, corticosteroids 
and topical antifungals. Some moist toilet tissues and wipes used to 
contain high levels of preservatives, which were associated with an 
increased prevalence of contact allergy (e.g. methylisothazolinone) 
[35]. Ectopic contact dermatitis from nail varnish may also affect 
this site [36]. 


The ingestion of contact allergens may cause pruritus ani, partic- 
ularly if they are excreted unchanged. Spices and medicaments may 
occasionally be suspected. 

Many studies in women have not distinguished an ano-genital 
pattern from dermatitis confined to the perianal or vulval area, but 
allergic contact dermatitis confined to the vulva appears to be less 
common [37]. Medicaments used for vaginitis rarely provoke aller- 
gic reactions on the mucosa but sometimes produce a rash on the 
adjacent skin, and may cause connubial dermatitis in sexual part- 
ners. Medicament allergy has frequently been associated with vulval 
dermatitis [38,39]. 

In a relatively recent study, 9% of patients suffering from lesions 
in the (peri)anal/genital area had positive patch test results to 
topical drug preparations and/or their ingredients, sometimes in 
association with cosmetics for intimate hygiene. The most frequent 
sensitising active principles were local anaesthetics and cortico- 
steroids, while wool alcohols and to a minor extent benzoic acid 
were the most frequent culprits among the vehicle components 
and preservative agents, respectively [40]. Perfumes or antiseptics 
in soaps, sprays or sanitary pads are rare causes of genital der- 
matitis, although feminine hygiene sprays may cause both irritant 
and allergic reactions. Vulvodynia does not appear to be frequently 
associated with contact allergy [41]. Rubber accelerators in condoms 
can be a cause of genital eczema or pruritus vulvae. Delayed hyper- 
sensitivity to semen has also been reported [42]. Genital dermatitis 
from the transfer of material carried on the hands may occur in 
carpenters and cabinet makers and those who work with resins. 


Thighs. Textile-related dermatitis may start at the edge of under- 
wear, and is usually more pronounced in the popliteal spaces or 
gluteal folds. Finishes in the material of the pockets or objects kept in 
the pockets (e.g. nickel coins / keys) may provoke a patch of dermati- 
tis on the underlying skin (Figure 127.11). Allergens may penetrate 
work clothes and should always be considered in relevant occupa- 
tional cases. 


Lower legs. The lower leg is particularly prone to contact allergy. 
Allergic contact dermatitis from medicaments and dressings 


Figure 127.11 Allergic contact dermatitis due to items kept in trouser pockets. 
Courtesy of Dr J. D. Wilkinson. 


predominate, especially in those with varicose eczema and ulcers. 
The common medicament allergens are topical antibiotics and com- 
ponents of creams and paste bandages, such as lanolin, cetostearyl 
alcohol and preservatives [43]. Allergy seems to occur readily to 
materials that are rarely problematic in other sites (e.g. parabens). 
Rubber allergy may be associated with compression bandaging and 
elastic hosiery. Allergy to colophony and derivatives may occur 
from dressing adhesives. 

Rubber boots provoke dermatitis either at their upper edge or on 
the calf in areas of greatest friction. 


Feet. Dermatitis may result from shoe materials including leather, 
rubber, glues and nickel, topical medicaments, antiseptics and 
antiperspirants. 


Generalised. Generalised erythroderma may be the result of a 
chronic contact dermatitis maintained by continued exposure 
to a wide range of allergens, including components of topical 
medicaments. Patch testing is not possible until the skin has 
cleared. 


Exposed sites. Contact dermatitis from dust, sprays, pollens or 
volatile chemicals is typically confined to the exposed surfaces of 
the hands, arms, face and neck. The first attack often originates from 
direct handling of an allergen, but recurrences may be seen despite 
avoidance of direct contact. There is great diversity in the nature 
of airborne reactions, which may be irritant, allergic, phototoxic, 
photoallergic or contact urticarial. Some agents may cause more 
than one type of reaction. 

Lists of airborne allergens have been published and updated. 
Presently, most of the airborne allergens (and irritants) identi- 
fied occur in occupational settings. Drugs and preservatives have 
recently become more important causes of airborne dermatitis [1]. 

Historically, plants, natural resins and woods were among the 
commoner causes of this distribution of contact allergy. In the USA, 
the oleoresins of ragweed commonly cause allergic contact der- 
matitis. A similar pattern in the UK during the summer months is 
caused by other Compositae (Asteraceae) weeds which, when they 
occur in other parts of the world, also produce an ‘airborne’ pattern 
of dermatitis. In India and Pakistan, Parthenium has been associated 
with widespread epidemics of severe dermatitis and even deaths 
[2]. Dermatitis from wood dust is common in carpenters and cabinet 
makers. It normally starts on the eyelids or the lower half of the 
face, and is often preceded by a period of itching. Swelling and 
redness spread to the neck, hands and forearms. By the time the 
patient attends for treatment, a diffuse dermatitis may have devel- 
oped, distinctly limited at the margins of the sleeves and collar. 
Due to the accumulation of dust and sweat, the elbow flexures and 
the skin under a tight collar are often lichenified. Cabinet makers 
frequently develop a genital dermatitis from the accumulation of 
sawdust on the clothes during sawing and planing, and by hand 
contact. Swelling and redness of the eyelids may be the only signs 
of recurrence. Exotic woods are more likely to sensitise than fir 
or spruce, although the latter may cause dermatitis in patients 
sensitive to colophony and turpentine. Dermatitis in woodworkers 
may additionally be caused by liverworts and lichens on the bark of 
trees. Colophony can also result in an exposure pattern of dermatitis 
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from its presence in solder fluxes, paper dust, polish and linoleum 
flooring [3,4]. Resin systems, particularly epoxy resins, including 
the more volatile amine hardeners, may induce an airborne pattern 
of allergy, especially in the occupational setting. Other causes of this 
pattern include perfumes, metals, many industrial and pharmaceu- 
tical chemicals, pesticides, fungicides and animal feed additives 
[1]. Equivalent patterns of airborne dermatitis may be seen with 
type I allergens, such as house-dust mite antigens in atopics [5]. 
Photocontact allergy causes a similar distribution and is discussed 
in a separate section later in this chapter. 


Mucous membranes. The application of DNCB to the oral mucosa 
may, in some cases, induce a low degree of contact sensitivity, but 
more often an immunological tolerance to later sensitisation [1]. 
Similarly, prior exposure to nickel and chromate in orthodontic 
appliances seems to reduce the risk of later sensitisation [2,3]. 

Contact inflammation of the mucous membranes is uncom- 
mon, and is often secondary to skin sensitisation with the same 
substances. Reactions may be allergic or irritant in nature. Both 
immune and non-immune immediate-type contact urticarial reac- 
tions can also occur. 

The skin and mucous membranes differ in both anatomy and 
environment. In the mouth, except on the gums and hard palate, 
there is no horny layer with a barrier function and storage capac- 
ity. There is no lipid secretion, but instead a continuous flow of 
saliva, which washes away foreign substances. The penetration of 
water-soluble substances is rapid. It is not known whether these 
differences are relevant to the paucity of allergic contact reactions 
in mucous membranes. The oral mucosa of sensitised animals has 
been shown to have an identical cellular phenotype and cytokine 
expression as the skin when challenged by an allergen [4]. 

Allergic reactions in the mouth show redness and swelling, but 
vesicles are rarely seen, except on the vermilion border. Intraoral 
blistering has been seen from cinnamon allergy [5]. The symptoms 
are soreness and burning, and itching is uncommon. Eczematous 
reactions of the adjacent skin may occur, and these may be the only 
signs of an allergic contact dermatitis. 

The burning mouth syndrome is an entity in which psychologi- 
cal factors may be important. Sometimes, allergens such as metals, 
rubber, food additives and flavourings have been identified and the 
symptoms relieved by contact avoidance [6], but return from inves- 
tigations is often disappointing [7]. 

Oro-facial granulomatosis has been associated with contact 
allergy to food additives and some individuals suffering from this 
may obtain a favourable response, often only partial, to dietary 
elimination of the identified allergens — usually cinnamates and 
benzoates [8] (Chapter 108). 

Dentures are frequently incriminated as the cause of oral symp- 
toms and lesions. Allergic reactions to denture materials have been 
found in some cases [9] due to traces of residual acrylic monomer 
following the wearing of new dental appliances or following 
their repair with cold-curing resins. Most cases are the result of 
irritation from ill-fitting dentures. Candidal infection may also 
play a role [10], and is often present in angular cheilitis. Acry- 
late allergy is rarely seen after dental restorative work [11], but 
may be seen secondary to primary sensitisation from their use in 
artificial nails. 


Mercury from amalgam fillings may cause local mucosal [12] or 
lichenoid [13,14] reactions; perioral dermatitis after dental filling 
may also occur, as may generalised skin eruptions [15]. Contact 
reactions to other metals have also been reported, especially gold 
used in dental restorative materials and nickel and palladium in 
orthodontic appliances [16,17]. Gingivitis is reported from eugenol 
in dental cement [18]. Toothpaste flavours can cause stomatitis, 
glossitis, gingivitis, cheilitis and perioral eczema [19]. 

The nasal mucosa may react to medications containing antibac- 
terial agents and antihistamines. Corticosteroid allergy from nasal 
sprays has been reported, with one case of associated perforation 
of the nasal septum [20]. In the conjunctivae, various drugs are 
reported to have elicited allergic contact reactions, for example 
B-blocking compounds for the treatment of glaucoma, antibi- 
otics and preservatives in both topical drugs and contact lens 
solutions [21]. 

Genital mucous membranes may be affected by allergens, particu- 
larly medicaments, causing dermatitis on the surrounding skin [22]. 

There remains debate as to whether materials sensitise via the 
mucosal route or whether there is only elicitation in those already 
sensitised and the induction of tolerance in those who have not 
already been sensitised [3,4]. 


Specific allergens 
For information on specific allergens in ACD, see the separate 
section later in this chapter. 


Clinical variants 

Systemically reactivated contact dermatitis [1]. Systemically reac- 
tivated allergic contact dermatitis, where ingestion or other systemic 
exposure to a contact allergen takes place in an already sensitised 
person, may result ina number of different patterns of skin eruption. 
The threshold of reaction varies in each individual case and depends 
on the dose given and the level of sensitivity. Reactions may occur 
not only after systemic exposure to the primary allergen but also to 
closely related allergens. 

The most frequent types of reaction are focal flares of previ- 
ous patch tests and sites of previous dermatitis, sometimes with 
additional urticarial features. In severe cases vasculitis [2], erythema 
multiforme [3] and systemic upset may occur. Involvement of the 
eyelids, body folds and buttocks induced by oral challenge with 
nickel in allergic subjects led to this reaction being labelled the 
‘baboon syndrome’ [4]. This is often also the pattern seen in patients 
with a mercury exanthem [5] and is now referred to as SDRIFE 
(systemic drug-related intertriginous and flexural exanthema). In 
some patients following widespread reactions, and in others fol- 
lowing attempts at ‘desensitisation’, the level of patch test reactivity 
appears to be reduced [6]. 

Probably all contact allergens can cause systemic reactions 
provided the patient has a sufficient degree of pre-existing sensi- 
tivity and the dose administered is sufficiently large. The causes 
are many and include medicaments that may have been given not 
only by mouth but also parenterally, rectally, intravesically or as an 
inhalant. Dietary causes include metals, plants and spices. 

Systemic contact dermatitis from medicaments [7] has decreased 
as a result of reduced use of topical sensitisers such as the antibi- 
otics streptomycin, sulphonamides and penicillin, and topical 


antihistamines such as promethazine. Nevertheless, exposure to 
other topical and systemic medicament sensitisers continues to 
give problems. Standard allergens responsible for these reactions 
include neomycin, quinolines, local anaesthetics, ethylenediamine 
and corticosteroids. In subjects with contact allergy to ethylenedi- 
amine, parenteral and oral administration of aminophylline (which 
contains ethylenediamine) has resulted in widespread eczematous 
eruptions. Ethylenediamine is structurally related to some anti- 
histamines (e.g. hydroxyzine, cetirizine, levocetirizine) and may 
therefore also trigger a systemic flare [8]. A positive patch test 
to tixocortol pivalate is an indication of hydrocortisone allergy, 
and the systemic administration of hydrocortisone has induced 
the recurrence and extension of dermatitis [9]. Furthermore, 
the administration of parenteral adrenocorticotrophic hormone, 
thereby raising endogenous hydrocortisone, has resulted in flares in 
hydrocortisone-allergic individuals. Other systemic steroids have 
also induced systemic contact dermatitis. Inhalation of budesonide 
has been associated with reactivation of positive patch tests, and 
continued exposure to budesonide from this source may therefore 
maintain dermatitis in sensitised subjects [10]. 

The persistence of dermatitis, especially vesicular hand eczema 
in metal-allergic subjects, has been blamed on dietary intake, 
particularly of nickel. Traces of metal dissolved by cooking acid or 
salty food in stainless steel may be of consequence in the persistence 
of dermatitis due to metals, such as chromium, nickel and cobalt 
[11]. In one study, the dietary restriction of nickel helped about 
one-quarter of selected nickel-sensitive patients with resistant der- 
matitis. However, the role of ingested or dietary nickel in hand 
dermatitis remains controversial, especially as a percentage of patch 
test-negative patients also appear to have flares of vesicular hand 
eczema following oral metal challenge, and the challenge dosage 
has been artificially high. A recent meta-analysis suggests that 1% 
of nickel-allergic subjects will develop systemic allergic contact 
dermatitis from normal daily exposure to nickel in drinking water 
and the diet. 

Balsam of Peru, garlic, certain ingested food colours, preservatives 
and antioxidants have also been reported as causing flares of vesic- 
ular hand eczema [12-14]. 

Members of the Compositae family of plants can cause allergic 
contact dermatitis and systemic contact dermatitis in this group of 
patients is easily overlooked [15]. Sesquiterpene lactones are found 
in food and herbal remedies containing laurel, chamomile and gold- 
enrod. Paulsen has thoroughly reviewed the literature on systemic 
contact dermatitis from sesquiterpene lactones in plants [16]. 


Cutaneous reactions to implanted metals. Orthopaedic metallic 
prosthetic implants [17] are made from a variety of metals, often 
alloys and especially stainless steel. Stainless steel — as given by ISO 
5832-1 — consists mostly of iron and approximately 18% chromium 
(Cr), 15% nickel (Ni), and 3% molybdenum (Mo). However, nickel 
release from stainless steels, apart from those containing sulphur, 
is very low [18]. Titanium-based implants may either be used as 
(99%) pure titanium according to ISO 5832-2 or as alloy consisting 
of approximately 87% titanium (Ti) and 6% aluminium (Al) with 
further 4% vanadium (Va) or 7% niobium (Nb). In arthroplasty, 
CoCrMo-based alloy is predominantly used and has over 60% Co 


as the main constituent. Vitallium, a cast cobalt/chromium alloy, 
and titanium may also be used for implants. 

Orthopaedic implants may be static (e.g. plate and screws) or 
dynamic (e.g. artificial hips). There are two potential concerns in 
relation to metal allergy and these implants: namely allergic skin 
disorders and loosening. There is little doubt that static implants 
can be associated with localised eczema over the site of implan- 
tation and more extensive skin eruptions in sensitised subjects, 
sometimes only resolving after removal [19]. The delay between 
the insertion of the prosthesis and the onset of dermatitis may be 
days or years. Similar eruptions were reported in the early days of 
hip replacements when metal heads articulated with metal cups. 
This problem seemed to have largely disappeared following the 
introduction of plastic joint surfaces, and prospective studies of hip 
joint replacements in known metal-allergic subjects are reassuring. 

There is evidence of increased metal sensitisation associated 
with the loosening and failure of joints, particularly when these 
joints involve metal—metal contact. It is suggested that the increased 
allergy is caused by, rather than being responsible for, the loosening. 
Furthermore patch testing, although valuable in cutaneous contact 
allergy, cannot prove a causal relationship between implant failure 
and a dermal reaction. 

In recent years there has been a return to metal-on-metal hip 
prostheses because it is felt that they produce less wear debris. 
Consequently, the issue of metal allergy in relation to these proce- 
dures has re-emerged [19,20]. As allergy is common in the general 
population, prospective controlled studies will be required to 
assess whether there is a genuine risk of dermatitis and loosening 
as a result. It is suggested by some authors that patch testing is 
undertaken preoperatively where requested to guide the choice of a 
suitable prosthesis. Postoperatively, where a problem has occurred, 
removal of an implant in a sensitised patient results in a resolution 
of symptoms in the majority [20]. A late reading at day 6 or 7 is 
strongly recommended since the yield of positive test reactions is 
increased. 

Titanium allergy is virtually unknown, and thus titanium is an 
alternative for patients with extreme sensitivity to other metals. The 
patient should be told that the metal is not thought to be as long 
lasting as stainless steel. 

Reactions have also been reported to sternotomy wires, shrapnel, 
mitral valve prostheses, dental prostheses and fillings, pacemak- 
ers, atrial septal occluders, infusion and acupuncture needles and 
implanted gynaecological devices [21]. While the release of metal 
ions from stents has been shown, the clinical relevance in resteno- 
sis of the coronary artery after stenting has yet to be definitively 
proven [22]. However, there is evidence of an increased rate of 
restenosis and allergy to gold after the stenting procedure when 
using gold-plated stents [23]. 

A diagnostic algorithm for use where a reaction to a metal implant 
is suspected has been proposed [24]. 


Non-eczematous responses. 

Erythema multiforme-like reactions. The characteristic presenta- 
tion is that of a spreading eruption from the primary site, which may 
also involve distant sites. The rash has features of erythema multi- 
forme, in that single lesions appear target-like, but the distribution 
is not necessarily acral as in classic erythema multiforme nor is the 
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histology characteristic. There is sometimes a vasculitic purpuric 
element to the rash and, although the mechanism is unknown, it 
appears to represent an immune complex (type III) reaction as well 
as a delayed hypersensitivity (type IV) reaction. Many of these 
patients will give a very strong patch test response to the causative 
allergen, often accompanied by a flare of their dermatosis. 

It is often precipitated by strong allergens, such as quinones in 
exotic woods [1], and Primula. Contact with other plant materials 
may cause this reaction, including poison ivy (Toxicodendron spp.), 
Compositae (Asteraceae) and tea tree oil. The ingestion of herbal 
remedies containing Toxicodendron and sesquiterpene lactones by 
sensitised persons has also induced erythema multiforme-like 
eruptions. 

Topical medicaments, especially antimicrobials, corticosteroids 
and anti-inflammatories, have all caused erythema multiforme-like 
eruptions. A nitroglycerin patch has also induced erythema mul- 
tiforme at the applied site, with a secondary spread eruption. 
Medicaments applied to mucosal surfaces may sensitise and may 
also be absorbed, causing systemic erythema multiforme-like reac- 
tions, for example sulphonamide in vaginal creams and ocular 
preparations. 

PPDs in hair dye and temporary tattoos, rubber chemicals and 
clothing dyes are also recognised causes of this reaction pattern. 

Erythema annulare centrifugum of the trunk has been linked to 
contact allergy to nickel and cobalt in clothing hooks and studs. 


Purpuric reactions. Originally described in association with khaki 
uniforms, although the precise cause was not established, pig- 
mented purpuric reactions are uncommon and have mostly been 
described recently from textile azo dyes [2] and textile resins. The 
presence of the rubber chemical IPPD in footwear, diving suits, 
bandages and bras is also reported as a cause of allergic contact 
purpura [3]. Purpuric reactions have been described with allergy 
to diphenylthiourea in heat retainers, PPD in black hats and as a 
secondary spread eruption from balsam of Peru. 


Lichen planus and lichenoid reactions. These were historically 
described following contact with colour developers used in the 
photographic industry [4]; the developers are PPD derivatives. 
PPD-induced allergic lichenoid contact reactions from hair dye 
have been reported from India [5]. Primula obconica allergy has also 
produced a lichen planus-like eruption of the hands [6]. 

Lichen planus-like reactions of the buccal mucosa may represent 
allergy to metals [7], other materials used in dental treatments, cin- 
namal and spearmint. Some patients have had improvement in their 
lichen planus following the removal of some or all of their fillings 
[8]. Oral lichen planus is more apparent where there is evidence of 
corrosion and the aetiology of lichenoid lesions is likely to be mul- 
tifactorial. The histology may show features compatible with lichen 
planus or a non-specific, chronic, superficial perivascular dermatitis. 

Lichenoid reactions to tattoo pigments are discussed in the section 
on granulomatous reactions. 


Lymphomatoid eruptions. Occasionally, contact dermatitis 
presents with cutaneous lymphoma-like plaques and histopathol- 
ogy suggestive of cutaneous T-cell lymphoma. These plaques have 
been seen at the site of ear piercing in those sensitised to gold. 


The reaction tends to persist for months, even when contact with 
metallic gold is avoided. The patch test reaction to gold sodium 
thiosulphate in these patients is papular and very strongly positive. 
The histology of both the papular eruption and the patch test reac- 
tion shows a dense T-cell infiltrate. Other reported causes include 
nickel, dental amalgam, medicament components, PPD, MCI/MI, 
parabens, isopropyl-diphenylenediamine and PTBPFR. A review of 
the literature has been published [9]. 


Pigmented dermatitis. Contact dermatitis may induce postinflam- 
matory hyperpigmentation, and distinctive patterns of pigmented 
dermatitis without a lichenoid appearance or histopathology are 
recognised. These patterns are much more commonly seen in the 
Far East [10] but have been seen in Europe. The hyperpigmentation 
occurred mainly on covered areas, with or without dermatitis, and 
was traced to an optical whitener in washing powder, Tinopal CH 
3566. Another outbreak was described in textile workers and traced 
to contact with naphthol AS, an azo dye coupling agent. Cases also 
occurred on covered sites from garments in Japan, and this led to a 
systematic search for other causes of textile dermatitis. Chemicals 
implicated included the fungicide Biochek 60, an impurity of colour 
index blue CI Blue 19, and textile finishes. 

Pigmented cosmetic dermatitis is seen mainly in Asian women 
[11]. Slight dermatitis may precede or coexist with the hyperpigmen- 
tation, which occurs mainly on the cheeks. The allergens associated 
with this have been found to be fragrances and pigments, especially 
D and C Red 31 (from an impurity) and Yellow 11 in cosmetics and 
soaps. Pigmented cheilitis has occurred from allergy to ricinoleic 
acid in castor oil used in lipsticks [12]. Components of kumkum, 
applied as a cosmetic to the forehead, commonly cause a pigmented 
dermatitis [13]. 

Oral ingestion of flavourings allied to the fragrances, such as cin- 
namon, may cause not only a focal flare but also diffuse hyperpig- 
mentation on the body [10]. 

Environmental agents, possibly pesticides and fungicides, have 
sometimes been thought to be a factor. In one study, most pig- 
mented dermatitis cases were found to have positive patch tests 
to chlorothalonil used as a fungicide in banana plantations. It is 
used in other parts of the world as a preservative for wood and 
paint [14]. 


Depigmentation. Irritant and allergic contact dermatitis can 
induce hypopigmentation as a postinflammatory effect or by koeb- 
nerisation of vitiligo. This must be distinguished from the direct 
melanocytotoxic effect of certain quinones and substituted phenols, 
which most commonly present as an occupational vitiligo. This 
effect occurs independently of their sensitising potential. 

A number of cases of persistent leukoderma following allergic 
contact dermatitis have been reported. In some it has been difficult 
to be certain whether the cause was postinflammatory or melanocy- 
totoxic. In particular, it is reported from hair dyes and is commonly 
seen from temporary tattoos; persistence of hypopigmentation for 
longer than 2 years has been seen [15]. 

Epoxy resin components, methacrylates, perfumes, Alstroemeria 
and chloroxylenol are also reported as causes. Primula allergy has 
resulted in the extension of pre-existing vitiligo to sites affected by 


Figure 127.12 Koebnerisation of vitiligo as a result of previous Primula obconica allergy. 


the dermatitis (Figure 127.12). The allergic reaction to primin was 
followed by vitiligo at the positive patch test sites [16]. 


Granulomatous reactions. Some topically applied metal salts pro- 
duce non-allergic granulomatous skin reactions, for example zirco- 
nium in deodorants. Granulomas occurring at the site of previous 
immunisation with aluminium-adsorbed vaccines, or following the 
use of parenteral hyposensitisation preparations, are often due to 
aluminium allergy [17]. Patch tests are positive either to aluminium 
chloride 2% aqueous or an empty Finn chamber. Granulomatous 
reactions have also been found in association with allergy to gold 
and palladium in earrings [18]. 

Pigments in tattoos may cause allergic granulomatous and 
lichenoid reactions. Historically, metal salts have been identified 
as culprits: mercury (red colour), chromium (green colour), cobalt 
(blue colour) and cadmium (yellow colour). However, in our expe- 
rience most reactions are in the red areas, and patch testing with 
mercurials is negative, suggesting another cause. Unfortunately, 
tattooists are extremely secretive about the nature of the pigments 
they use but an analysis has been undertaken of a series of pigments 
obtained from 20 tattoo parlours [19]. This has shown that a wide 
range of metallic salts, pigments and dyes may be used, and a 
suitable patch test series for tattoo reactions has been suggested as 
a result of this investigation. 

Oro-facial granulomatosis has been associated with allergy to gold 
crowns and mercury fillings [20]. In one study 22% of patients with 
this condition had allergy to one or more food additives on patch 
testing, and most of these improved with an elimination diet. The 
authors concluded that the cause of the disorder was multifacto- 
rial and that patch testing had been helpful for a subgroup of those 
affected [21]. 


Onycholysis. Onycholysis may be the only presenting feature in 
contact dermatitis to hairdressing chemicals. It can occur as an iso- 
lated finding in nail varnish allergy. More commonly, it is found in 
subjects sensitised to multifunctional acrylates in anaerobic sealants 
and methacrylate nail cosmetics when there may be concomitant 
dystrophy and persistent paraesthesiae. 


Systemic non-eczematous reactions. Extensive allergic contact 
dermatitis is not uncommonly associated with systemic upset from 
the metabolic effects of the disorder itself and secondary infection, 
particularly in those who are erythrodermic. Sultones occurring as 
impurities in lauryl ethyl sulphate have in the past caused several 
outbreaks of contact dermatitis characterised by intense oedema 
accompanied by general malaise [22]. 


Differential diagnosis 

It should always be remembered that allergic contact dermatitis can 
mimic or complicate other types of eczema and other dermatoses. 
Sensitisation to topical applications may be a complication of almost 
any dermatosis that leads to specialist referral. The diagnostic prob- 
lem differs according to the site of the dermatitis. Patch testing will 
often be required before confirming the cause in its entirety. 


Head. Allergic and photoallergic conditions of the face must be 
distinguished from a number of disorders. Atopic eczema may be 
confined to the face, especially around the eyes and particularly 
the medial aspects. A previous or family history of infantile or 
childhood flexural eczema, asthma, allergic conjunctivitis, hay fever 
or immediate skin reactivity to animals and certain foods may point 
to the patient’s atopic status. Associated flexural eczema, ichthyosis 
or xeroderma may be features. Multiple positive specific IgE tests 
or prick tests to common environmental allergens are used by some 
to confirm an atopic diathesis. 

Seborrhoeic eczema, which commonly starts around the alae nasi, 
is usually accompanied by dandruff or seborrhoeic eczema in the 
scalp and eyebrows and by blepharitis. Involvement of the prester- 
nal region, the external auditory meati and the retro-auricular areas 
is common. Older patients frequently develop a flexural pattern of 
seborrhoeic eczema. Allergic contact dermatitis may imitate sebor- 
rhoeic eczema [1]. 

Psoriasis is normally easy to distinguish as there is evidence 
elsewhere on the body, although psoriasis in and around the ears 
and scalp margins may mimic a dry, scaly contact dermatitis. 

Photosensitivity, including reactions to ingested drugs, cannot 
always be distinguished from photoallergic contact dermatitis, and 
may also simulate contact dermatitis from airborne sensitisers. 
Lupus erythematosus may be confused both clinically and histo- 
logically with contact allergy [2]. Dermatomyositis may initially 
appear identical to allergic contact dermatitis. The purple-mauve 
hue of the eyelids is a major clue, and the hands, fingers and nail 
folds must be carefully examined. The characteristic associated 
muscle pains and weakness may not always be present. 

Angioedema, especially of the eyelids, is notoriously difficult to 
differentiate from contact allergy. The swelling would be expected 
to resolve within 24-48 h. Patch tests are helpful in reaching a con- 
clusion. 

Cellulitis and erysipelas may be difficult to distinguish from an 
acute allergic contact dermatitis, but the former are usually accom- 
panied by pyrexia and systemic symptoms. 

Herpes simplex may be simulated by Primula obconica dermati- 
tis affecting the face and elsewhere. Haemorrhage into the blisters 
seems to be more common with the latter. 

Basal cell carcinoma has been simulated by nickel allergy from 
spectacle frames [3]. 
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Hands and arms. Allergic and irritant contact dermatitis and con- 
stitutional eczema of the hands may only be distinguishable by a 
careful history and patch testing. They commonly coexist. Super- 
imposed irritant contact dermatitis from home and work exposures 
is common. 


Indicators of atopic eczema are discussed elsewhere in the chapter. 
The eczema may be confined to the hands, especially in later life. A 
nummular pattern of eczema is commonly constitutional but may 
be a feature of irritant and allergic contact dermatitis, particularly 
from chromate exposure. 

Recurrent vesicular eczema of the palms may indicate constitu- 
tional pompholyx, although contact allergy can produce an identical 
appearance. Some contact allergies, for example from IPPD and BIT, 
seem to induce a palmar pattern of dermatitis preferentially. Primula 
allergy often induces a haemorrhagic vesicular dermatitis of the pal- 
mar surfaces and fingertips. The relationship of pompholyx to the 
ingestion of contact allergens, especially nickel, by sensitised sub- 
jects is controversial [4]. There is evidence that oral intake of balsams 
and garlic can induce palmar vesicular eczema in patch test-positive 
subjects [5,6]. Tinea pedis can induce palmar pompholyx as an id 
eruption. Papules and vesicles on the hands and fingers are a feature 
of scabies, and this disorder must always be excluded by a careful 
history and examination for diagnostic burrows. The condition is 
normally associated with a more generalised pruritus and rash. 

Psoriasis of the palms and hyperkeratotic eczema are often 
confused. Differentiation is sometimes somewhat arbitrary. Often, 
hyperkeratotic plaques are localised at points of contact, for example 
with tools, but not all frictional hyperkeratosis is necessarily an 
expression of psoriasis. The possibility of psoriasis koebnerising 
into areas of contact dermatitis should not be forgotten [7]. 

Tinea manuum is classically unilateral or asymmetrical. An 
inflammatory edge may be seen extending on to the dorsum of the 
hand. Nail dystrophy may be an association. Scaling palms should 
be scraped for mycology. These appearances may be complicated 
by a vesicular id eruption. 

Lichen planus confined to the palms can be difficult to distinguish 
from a palmar dermatitis, but usually there are more typical changes 
elsewhere on the skin or in the mouth. 

Porphyria cutanea tarda may simulate a bullous contact dermati- 
tis such as plant dermatitis. The formation of bullae after minor 
trauma and the presence of white atrophic scars and milia suggest 
the diagnosis, which can be confirmed by porphyrin assays. 


Flexures and ano-genital region. Seborrhoeic eczema and psoriasis 
may preferentially involve the flexures and be difficult to distin- 
guish from allergic contact dermatitis, but there is often evidence of 
these conditions elsewhere. Tinea is usually asymmetrical or unilat- 
eral and has an inflammatory edge. Scrapings for mycology should 
be taken from inflammatory flexural rashes. The typical coral-pink 
fluorescence under Wood light will help to distinguish erythrasma 
from other flexural rashes. 


Legs and feet. Persistent varicose eczema is an indication for 
patch testing as it is often complicated by sensitivity to topical 
medicaments and dressings, including rubber in support bandages 
and stockings. Vesicular and vesiculobullous areas may occur in 
tinea pedis, and mycological specimens should be taken if this is 


suspected. In common with the hands, scabies affecting the feet 
may induce a papulovesicular eruption and must be considered in 
the differential diagnosis. 


Trunk. Papular drug eruptions or scabies may sometimes be diffi- 
cult to distinguish from nickel or textile dermatitis. Dermatomyosi- 
tis and mycosis fungoides sometimes show eczematous features. 


Exposed sites. Photosensitive dermatoses and phototoxic drug 
eruptions must be distinguished from contact allergy to volatile 
and airborne materials. Although not always reliable, sparing in 
certain sites — behind the ears and under the chin — might indicate 
a photosensitive eruption. Nevertheless, some patients will require 
thorough investigation with phototesting, patch and photopatch 
testing before a diagnosis can be made. 


Generalised. Erythroderma is rarely primarily due to contact 
allergy, and other causes such as drug eruptions, constitutional 
eczema and psoriasis should be considered; the possibility of 
secondary contact allergy from topical medicaments must not be 
forgotten. Skin biopsy may be helpful in these cases. Scabies can 
easily be overlooked as a cause of a widespread pruritic rash, 
especially as skin lesions may look classically eczematous. Careful 
examination of the hands, feet and genitals for diagnostic lesions is 
required. 


Complications and co-morbidities 

Complications of allergic contact dermatitis include those of eczema 
in general. Contact dermatitis may start at one site, but commonly 
other sites are subsequently involved, and sometimes several 
regions simultaneously. By the time the patient has been sensitised, 
many body regions may have been in contact with the allergen, 
some indirectly by contamination from the fingertips. Heavily 
contaminated areas, or those that were exposed last, tend to be the 
ones to react first, other sites flaring later. This has been shown 
experimentally with poison ivy, and is an obvious clinical feature 
in Primula obconica dermatitis. Regions close to the primary site of 
allergic contact dermatitis are easily contaminated by the allergen. 

Such a simple explanation cannot account for the frequent spread 
of dermatitis from the feet to the hands and vice versa. This occurs 
primarily in constitutional eczema but may occur in contact der- 
matitis. Sometimes, a common allergen is found that could explain 
occurrence at both sites, yet often it is a pattern of secondary spread. 
No precise explanation exists. Because of the similarity to Darier 
trichophytids and eczematids, dissemination to distant regions has 
been termed an ‘id-like’ spread. Local aggravation may precede sec- 
ondary spread by several days. 

The pattern of spread is largely determined by the primary site. 
Dermatitis of the hands commonly spreads to the arms and face; 
dermatitis of the feet tends to spread to the legs and hands. Many 
patients with stasis dermatitis have secondary eruptions by the 
time they are seen by a dermatologist, and are referred because of 
the alarming dissemination. This may be due to an ‘id’ reaction 
or secondary contact dermatitis. Dissemination from leg eczema 
commonly involves the arms and shoulders in a patchy fashion 
before becoming generalised, often beginning with pruritus and 
sometimes progressing to generalised erythroderma. On the face, 


diffuse redness and oedema are common. Eyelid dermatitis or a 
diffuse dry dermatitis of seborrhoeic type may be seen. 

Severe nickel allergy may induce extensive patchy eczema, which 
is slow to respond to treatment. This will not settle unless strict 
nickel avoidance measures are undertaken. 

Contact allergy to components of topical treatments presents 
special difficulties. The allergen may be an active ingredient or an 
excipient. If the dermatitis spreads further in spite of treatment, it 
may wrongly be assumed to be an endogenous process. In contact 
dermatitis caused by topical steroid preparations, the action of the 
steroid may partially suppress the local reaction. The sensitivity 
becomes clinically manifest only as ‘failure to heal’ of the original 
eczema or with the development of a secondary eruption. 

Constant alertness is therefore a prerequisite for the diagnosis of 
allergic contact dermatitis in which dissemination is a dominant 
feature. Patch tests should be delayed until the acute eruption has 
settled. 


Disease course and prognosis 

The prognosis of allergic contact dermatitis depends on its cause 
and the feasibility of avoiding repeated or continued exposure to 
the causative allergen. Associated irritant dermatitis and constitu- 
tional factors are also important. Some studies suggest that the age 
of onset is not important prognostically for occupational dermatitis 
but others suggest a poorer outlook in older age [1,2]. In the USA, 
patients with allergic contact dermatitis were found to tend to have 
a poorer quality of life if they were non-white, younger or industrial 
workers but sex was not important [3]. In Sweden, skin atopy was 
the factor that carried the worst outlook, followed by contact allergy, 
especially to nickel, and female sex [2]. 

The prognosis is generally relatively poor for those allergic to 
nickel [4] and chromate [5] probably as a result of their ubiquity in 
the environment, even though most chromate studies have involved 
those with occupational dermatitis, which is a selective group. It has 
been suggested that dietary nickel [6] and chromate [7] exposure 
might be responsible for the chronicity, but this is disputed [8]. 

There is a better outlook for those allergic to materials that are easy 
to identify and avoid, and often the dermatitis will resolve within a 
few weeks if conscientious avoidance measures are taken. This was 
exemplified by a European joint study where the sources of contact 
with allergens could be traced in only 35% of those who reacted 
to colophony, but in 85% of those sensitive to tetramethylthiuram 
disulphide. The reason for the limited success with colophony was 
probably lack of knowledge of the sources of this sensitiser. How- 
ever, in a small Australian study, workers with epoxy resin allergy 
had a worse outlook than might be expected in spite of avoidance 
[9]. Greater age, associated atopy and longer duration and severity 
of dermatitis at diagnosis correlated with poorer prognosis in this 
survey. It is clear from a number of other studies that poor compli- 
ance and understanding results in a higher rate of ongoing exposure 
to the causative allergen, and is associated with a worse prognosis 
[10-12]. 

As the skin integrity is compromised there are enhanced oppor- 
tunities for new sensitivities to medicaments or other substances to 
develop during the course of dermatitis. During a long course of 
relapsing dermatitis, sensitivity to various allergens may accumu- 
late, and this increases the risk of recurrence or persistence [13]. 


Contact dermatitis of the hands is often of mixed origin, with alter- 
nating or simultaneous exposure to allergens and irritants. In one 
study of the prevalence of dermatitis of the hands, half the patients 
had suffered from their dermatitis for more than 5 years. Follow up 
after 6-22 months revealed one-quarter had healed completely, half 
had improved and one-quarter were unchanged or worse. There 
was no difference in prognosis between irritant and allergic der- 
matitis. A change of occupation does not necessarily alter the prog- 
nosis of occupational hand dermatitis, particularly if the change is 
inappropriate [14]. The concept of persistent postoccupational der- 
matitis despite avoidance of the original cause(s) is now well estab- 
lished, and may occur following both irritant and allergic contact 
dermatitis [15]. 

Once acquired, contact sensitivity tends to persist [16]. The degree 
of sensitivity may decline unless boosted by repeated exposure, but 
with a high initial level of sensitivity it often remains demonstrable 
even several years later [17]. Sensitivity to ubiquitous allergens, such 
as nickel and chromate, and to strong allergens, such as primin and 
PPD, is reported to persist, whereas sensitivity to other weaker and 
avoidable allergens may disappear. Patterns of cross-sensitisation 
tend to persist. 

Relapse or chronicity is due not only to unavoidable or unrecog- 
nised re-exposure to allergens and irritants but also to other contrib- 
utory mechanisms. 

1 The barrier function of the skin is impaired for months after an 
attack of dermatitis. Recovery is prevented by exposure to aller- 
gens or irritants in concentrations that might well be tolerated by 
normal skin. 

2 Inappropriate treatment, including the overzealous use of 
cleansers and antiseptics, and the use of sensitising popular or 
herbal remedies may also prolong the course of dermatitis. 

3 The ingestion of allergens. 

4 Secondary infection, especially with dermatitis of the hands. 
Microbial allergy may also be a factor in some eczemas. 

5 Contact sensitivity has been thought in some cases to involve sen- 
sitisation to the protein moiety (‘protigen’) of the hapten—protein 
conjugate. On this assumption, autosensitisation might account 
for chronicity [18]. 

6 Stress is common in chronic dermatitis and may be both a conse- 
quence of, and a trigger for, eczema. 

7 Constitutional factors predispose to chronicity. 

8 There appears to be an ‘inherent tendency’ in almost any eczema 
to become continuous and chronic, but the factors causing this 
are unknown. 


Investigations: patch tests 

Background 

The diagnosis of allergic contact dermatitis is made by patch 
testing. The techniques have evolved into a standardised method- 
ology worldwide, although there are some variations, particularly 
with regard to reading times and test units [1]. Patch testing relies 
on the observation that primed antigen-specific T lymphocytes will 
be present throughout the body, and hence allergen in the patch test 
can be applied to normal skin, usually on the upper back where the 
tests are least likely to be disturbed. Other sites may be considered 
when this is not practicable, for example when there is pre-existing 
inflammation or other skin changes are on the back. 
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The test relies on the allergen being absorbed in sufficient quan- 
tity to induce a reproducible inflammation of the skin at the site of 
application in sensitised subjects. A positive reaction to a correctly 
prepared and applied patch test confirms the person has an allergic 
contact sensitivity, although this does not necessarily mean that the 
substance is the cause of the presenting clinical dermatitis and its 
relevance should always be carefully considered. 


Indications 

It is well established that aimed patch testing with a few suspected 
allergens is suboptimal. The reason is that even experienced der- 
matologists are poor predictors of the outcome of patch tests; they 
are more likely to be correct for common allergens such as nickel 
(50-80%) and less likely for less common allergens (<10%) [2]. 

An audit of patch testing has suggested that the investiga- 
tion is underused, and consequently important opportunities to 
improve or resolve potentially disabling and wrongly classified 
eczema/dermatitis are lost [3]. The audit concluded that facilities 
should be available to patch test at least 142 per 100 000 population 
annually. The indications for patch testing are listed in Box 127.1. 
Dermatology-specific quality of life has been shown to improve 
significantly more in those patients who are patch tested because 
of more accurate diagnosis and earlier intervention [4,5,6]. Further- 
more, the investigation has been shown to be cost-effective and to 
reduce the cost of therapy in patients with severe allergic contact 
dermatitis [4,7]. 


Box 127.1 Indications for patch testing 


e Eczematous disorders where contact allergy is suspected or is to be 
excluded (including occupational) 

e Eczematous disorders failing to respond to treatment as expected 
(including occupational, stasis, atopic, seborrhoeic and discoid) 

¢ Chronic hand and foot eczema 

¢ Persistent or intermittent eczema of the face, eyelids, ears and 
perineum 

° Certain drug eruptions 

¢ Mucous membrane reactions (conjunctivitis, stomatitis or vulvitis) 

¢ Implants 

e Also includes other morphological presentations that may 
represesent a contact allergic reaction, e.g. erythema multiforme like, 
lymphomatoid or granulomatous presentations 


Methods 
Updated guidelines have been prepared by the European Society of 
Contact Dermatitis [1]. The basis of this in vivo test aims to repro- 
duce the elicitation phase of the reaction to a contact allergen. The 
amount of test allergen is defined by its concentration in the vehicle 
and the amount applied. By testing the same allergens in parallel, 
the technique has been confirmed to be generally reproducible [8,9]. 
Chambers or discs are used to ensure occluded contact with 
the skin (Figure 127.13). The fixing tape should be non-occlusive, 
non-allergenic and non-irritant. If the adhesive tapes peel off, the 
test should be repeated. Ideally, patch testing should not be car- 
ried out in patients with active eczema because it may reduce the 
threshold of activity and cause non-specific reactions, although in 
practice this is usually not possible. The procedure ideally should 


Figure 127.13 Finn patch test chambers being applied to back. 


be delayed until the test site has been clear of eczema for at least 
a fortnight. Patch testing should be delayed for 4 weeks following 
sunbathing, and the patches should not be exposed to the sun or 
other sources of UV light. This information should be given to 
the patients before they book their appointments. Corticosteroids 
and other immunosuppressive drugs should be stopped (if this 
is feasible) before patch testing as they may reduce or extinguish 
positive patch tests in sensitised subjects. Nevertheless, this is 
unlikely at doses below 15 mg prednisolone daily [10], and we have 
identified relevant positive patch tests in patients who could only 
be investigated while they were taking other immunomodulators. 

Some prefer not to patch test pregnant patients in case an adverse 
event is blamed on the test, although we are unaware of any proven 
problem. Young children, even infants, can be patch tested when 
indicated, but the number of allergens tested may have to be reduced 
because of lack of space [11]. 


Test materials. Commercially prepared test allergens are obtainable 
from the following manufacturers or from their local distributors: 
SmartPractice (https://www.smartpractice.com last accessed July 
2023), which markets allergEAZE® allergens, and Chemotechnique 
Diagnostics _(https:/ /www.chemotechnique.se/patch-testing //; 
last accessed July 2023). The materials should be of pharmaceutical 
quality and in some countries they may be registered as drugs. 

The commonest system used to apply allergens is the Finn cham- 
ber (Epitest Ltd, Tuusula, Finland) on Scanpor tape (Norgesplaster, 
Vennesia, Norway). These are also available from local distributors. 
The chambers are supplied in strips of five or 10 (two rows of five), 
and consist of small, occlusive aluminium discs. They are mounted 
on non-occlusive tape with an acrylic-based adhesive backing that 
has been chosen for its hypoallergenicity. Other systems consist of 
square plastic chambers (Van der Bend chambers), and systems con- 
tinue to be developed (e.g. IQ Ultra™) to improve adhesion and 
comfort and also to impart water resistance to enable brief show- 
ering during the tests. 

There is also a prepackaged, ready to use patch test system, the 
T.R.U.E. test®, based on a dispersion of allergen in a hydrophilic 
polymer. This is currently available as a series of 35 allergens and 
a negative control. This system has been tested in parallel with the 


established Finn chamber system and there was close correlation of 
results [12]. It is a consistent, convenient, portable method for those 
wishing to test only a few allergens, but supplementary tests are nec- 
essary to achieve a comprehensive range of investigations [13]. It has 
been estimated that by using preprepared tests alone between 60% 
and 70% of relevant allergic reactions may be missed. 


Patch test vehicles. Few substances can be applied to the skin as 
they are. In order to avoid an irritant effect, they must be mixed 
or dissolved in a vehicle to achieve a suitable test concentration. 
The test substance should, if possible, be soluble in the vehicle. 
If a dispersion of allergen in petrolatum is used, contact with the 
skin depends on the size of the particles and on their solubility 
or dispersion in petrolatum. Uniform dispersion and particle size 
are important. Many substances can also be dissolved in water, 
alcohol, acetone, methylethylketone or olive oil, as appropriate. 
Irritant solvents must not be employed. False positive or false 
negative reactions may occur when inappropriate vehicles are used. 
Petrolatum is generally more reliable, and has the added advantage 
of being occlusive, which helps to prevent oxidation and prolongs 
shelf-life. Allergic reactions to petrolatum itself are very rare [14]. 


Patch test concentrations. The choice of a suitable concentration 
is of fundamental importance. Excessive concentrations result in 
false positive reactions because of their irritant effect, and may even 
sensitise patients; insufficient concentrations produce false negative 
results. The concentration of allergen routinely employed for patch 
tests may, under some conditions and in some individuals, give rise 
to false negative or false positive reactions. The choice of concen- 
tration is thus a compromise, but most have been chosen by long 
experience with commonly used allergens. The concentrations used 
for patch testing are usually much higher than those encountered 
during the development of dermatitis. To demonstrate the existence 
of nickel dermatitis produced by the minute amounts dissolved 
from nickel-plated objects, a 5% concentration of nickel sulphate in 
petrolatum is necessary. Neomycin should be tested at 20% despite 
only being at 0.5% concentration in many topical medicaments. 

Lists of suitable concentrations and vehicles are provided in 
the text by De Groot (see ‘Resources’ later in this chapter). Metal 
salts in particular are tested at the margins of irritancy and may 
give false positive, irritant patch test reactions, especially in atopic 
individuals. Weak reactions may not be allergic. In important cases 
of doubt the patient can be retested later with serial dilutions. 
Other standard allergens such as fragrance mix, parabens mix and 
wool alcohols may also be marginally irritant. On rare occasions, 
active sensitisation may still occur even at the concentrations rec- 
ommended. Irritant reactions are rarer with other substances used 
in the baseline series. They are potentially much more common 
with materials brought to the clinic for testing. Many industrial or 
domestic chemicals, if undiluted, will give irritant false positive 
reactions which may be severe. No chemical or substance should be 
applied to the skin until full details of its composition and potential 
irritancy or toxicity are known. 

If substances from work or other materials are brought, a number 
of factors should be considered before they are used for patch test- 
ing. Is it appropriate to test with the material? Some materials are 
strong irritants and not allergens (e.g. strong acids and alkalis), and 


others may be contaminated or of uncertain or mixed composition 
(e.g. dust or grime from a working environment). The product may 
be intrinsically dangerous (e.g. explosive or produces toxic fumes) 
and requires special handling. Some patients bring foods in the mis- 
taken belief that the test will diagnose ingested food allergy. 

The precise nature of the material should be ascertained by 
questioning the patient and examining the product label. In the UK, 
employers are required by law to have material safety data sheets for 
all materials handled at work. These provide key information and a 
contact point with the manufacturing company. They must be scru- 
tinised carefully, particularly with regard to irritancy, allergenicity, 
stability and solubility of the product and its components. Named 
chemical substances may be recognised as irritants or allergens and 
their concentrations documented. Substances can be checked for 
pH and neutralised if necessary [15]. It should be remembered that 
a data sheet is only as good as the individual writing it and may not 
be comprehensive or completely accurate. Consequently a degree 
of scepticism is helpful in their interpretation. 

An initial patch test concentration can often be selected either by 
reference to standard texts or by contacting the manufacturer for 
details of toxicological testing data. A range of differing test concen- 
trations is advised where there is no literature on the material. It is 
advisable to start low (0.01% or less) and increase the concentration 
gradually if there is doubt about the optimum level for testing. It 
may be advisable to perform open tests before proceeding to closed 
patch tests because the effect of irritants is enhanced by occlusion. 
Materials intended to be left on the skin, such as medicaments and 
cosmetics, can be tested ‘as is’, rinse-off products at 5%, and soaps, 
shampoos and detergents at 1% or less. However, the dermatologist 
administering a patch test will need to refer to standard references 
for guidance on dilutions and vehicles when testing finished prod- 
ucts or specific chemicals. 

If a positive reaction to an unknown substance occurs, it should 
not be immediately accepted as allergic. Volunteers, who are not suf- 
fering from dermatitis related to the same agent, should be tested at 
the same concentration and using the same methods. If any reaction 
occurs among up to 50 controls, the substance should be regarded as 
a primary irritant at that concentration, and subsequent tests should 
be performed with decreasing concentrations. 


Patch test dose. If petrolatum is used as the vehicle and disposable 
syringes are the containers, a length of 5 mm of test substance in a 
vehicle will suffice. For an 8 mm Finn chamber, 20 mg of allergen as a 
petrolatum dispersion has been shown to be the optimum dose [16]. 
If the vehicle is a fluid, a digital pipette should be used to deliver 15 
LL to a filter paper in the 8 mm Finn chamber. These figures have 
been calculated to be 25 mg and 20 pL resepctively for an IQ Ultra 
chamber. Dropper bottles supplied by the allergen manufacturers 
tend to overfill the chambers. A surplus should be avoided, as it 
may contaminate neighbouring test sites. With the T.R.U.E. test, the 
patches are preprepared. The risk of patch test sensitisation increases 
with the concentration and amount of test substance applied. 


Storage of allergens. Shelf-life is prolonged if test substances 
not in daily use are stored in the dark in a refrigerator at 4°C. 
Many substances are unstable if exposed to light. Commercially 
available allergens are labelled with an expiry date which should 
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Chapter 127: Allergic Contact Dermatitis 


Table 127.3 Reactivity of various test sites. 


Type of reaction 


Test site Irritant (%) Allergic (%) 
Upper back 100 100 
Lower back 50 95 
Upper arm 52 72 
Forearm 38 74 
Thigh 36 50 


be continually reviewed. With potentially volatile allergens, the 
allergen may be lost over time even when refrigerated so sub- 
stances should be regularly replaced. For some materials such as 
isocyanates, freezing is essential to prevent the loss of allergen [17]. 
Homogeneity of patch test allergens may be lost, especially in hot 
climates, if they are not refrigerated. 

Many centres preprepare their allergens prior to application. 
However, care must be taken, particularly with volatile allergens 
such as fragrances and isocyanates, where it has been shown 
that following application, even with refrigeration, the allergen is 
rapidly lost from the test chamber [18]. It is preferable to prepare test 
allergens on the day, and apply immediately to avoid consequent 
false negative reactions. 


Test site. For practical reasons the upper back is preferably used 
(Figure 127.13). Both allergic and irritant reactions are most easily 
provoked on the upper back (Table 127.3) [19]. Reactions on the lat- 
eral aspect of the upper arm are stronger than on the medial aspect. 
Sites other than the back and lateral aspect of the upper arm are gen- 
erally less suitable as test areas, although it is considered reasonable 
to use the thighs when absolutely required. 


Marking. Test sites must be marked with indelible ink or stratum 
corneum stains. Marking materials can be obtained from allergen 
suppliers. It is necessary to repeat marking before removal of the 
patches because their positions cannot be distinguished once the 
pressure effects have subsided. The patient should be instructed not 
to bathe or shower for the duration of the tests, and to avoid exercise 
or other activity likely to dislodge the patches. 


Occlusion time 

Few formal studies on the relationship of exposure time, dose and 
elicitation have been undertaken. Work with PPD and isoeugenol 
has shown that elicitation is dependent not only on exposure time 
but also on concentration and number of applications of the allergen 
[20,21]. 

Well-established allergens, however, are conventionally tested in 
such concentrations that a 48 h exposure under an occlusive patch 
will generally allow penetration of an amount sufficient to provoke 
a reaction. With low sensitivity, low concentration of allergen or 
poor absorption of a particular agent, there may be a long period of 
latency. 


Reading times 
Immediately after removal of the patch tests, there may be redness 
from the stripping action of the tape, especially in dermographic 
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Figure 127.14 Patch tests with neomycin 20% in petrolatum: positive reaction times 
after application. 


subjects, and this must be allowed to settle. Furthermore, some 
reactions may take up to 1 h to develop once the pressure of the 
strips has been released, and the infiltration allowed to swell the 
dermis. 

A typical regimen is a 48 h application time, with readings taken 
1h after removal and again 48 h later (that is, day 2 and day 4), 
with preferably the same observer performing each reading. Others 
have suggested that a second reading on day 5 is better. A single 
day 2 reading is not advised as it may lead to the labelling of some 
marginal irritants as allergens, and positive reactions to more poorly 
absorbed allergens may be missed. Variations to this schedule are 
made for expediency, to fit in with clinic times, and for the conve- 
nience of patients travelling long distances. If only one patch test 
reading is possible, a day 4 reading has been recommended [22] 
although, according to some authors, a single day 4 reading is also 
associated with the risk of missing some significant positive reac- 
tions. A third reading on day 5, 6 or 7 seems to identify a small 
proportion of additional relevant positive allergies where sensitiv- 
ity is weak or partially ‘forgotten’, or where there is poor absorption 
of the allergen [23]. Neomycin, some metals and corticosteroids are 
particularly liable to give late reactions (Figure 127.14). 

Therefore, in preference at least two readings of reactions are 
required ideally performed on day 2,3 or 4 and around day 7. 


Morphology and interpretation 

It is important that patch test readings are scored according to the 
reactions seen and not according to the interpretation placed on the 
reaction by the reader. As the strength of a reaction is not always 
reproducible, an overdetailed quantification should be avoided. The 
scoring system devised by the ICDRG in 1970 is shown in Table 127.4 
[24]. There are drawbacks to the ICDRG system in that it confuses 
morphology with interpretation. The ideal system is to record what 
is seen on days 2 and 4 and then to decide if this represents an aller- 
gic or irritant response. This is done by assessing the morphology 
and skin type, combined with knowledge and experience of the sub- 
stance and the patient’s history. Patch test results should be recorded 


Table 127.4 Recording of patch test reactions according to the International Contact 
Dermatitis Research Group scoring system. 


Score Description 

- Negative 

2+ Doubtful reaction; faint erythema only 

+ Weak positive reaction; palpable erythema, infiltration, possibly 
papules 

++ Strong positive reaction; erythema, infiltration, papules, vesicles 

+4+ Extreme positive reaction; intense erythema and infiltration and 
coalescing vesicles 

IR Irritant reaction of different types 

NT Not tested 


Figure 127.15 A positive allergic (++) patch test response in a patient sensitive to 
neomycin. Courtesy of Dr J. D. Wilkinson. 


objectively, and the interpretation of the results should be recorded 
separately. In this way raw data remain available for re-examination. 

Once they have developed, positive allergic reactions often per- 
sist for several days. The strength of the reaction depends on barrier 
function, the presence or absence of sweating, atmospheric humid- 
ity, test material, technique and the reactivity of the individual. 

Strong reactions of an allergic nature are erythematous and infil- 
trated, commonly with minute papules or vesicles (Figure 127.15), 
which in severe reactions coalesce into bullae. The infiltration causes 
a thickening in the dermis that is palpable and can be distinguished 
from surface changes in the epidermis. The reaction may extend 
beyond the margins of the patch, and there is often some itching. 
Nevertheless, sometimes true allergic reactions can be weaker than 
this, making interpretation more difficult. 

Morphologically positive patch test reactions (+, ++ or +++) at 
day 3 or later are usually assessed as allergic. 

In most instances there is little difficulty for the experienced clin- 
ician in identifying true positive allergic patch test reactions. Nev- 
ertheless, there are occasions when distinguishing an allergic from 
a false positive non-allergic irritant reaction can be difficult, or even 
impossible. There may be clues: no infiltration, lack of itching, deep 
redness or a brown hue, and sharp delineation corresponding to 
the margins of the patch test all point to an irritant reaction. Some 
irritants provoke a ‘soap effect’, with a well-localised, glistening, 


Figure 127.16 Pustular patch test reactions to metals are common in patients with 
atopy and are often irritant in type. 


finely wrinkled surface. Patch tests with nickel may cause pustular 
reactions that are often false positive (Figure 127.16), although some 
progress to more typical allergic reactions. Cobalt also produces a 
distinctive false positive purpuric reaction that may result from poor 
dispersion of the allergen in the petrolatum base. In our experience 
these tend to occur much more in atopic individuals and need to be 
distinguished from allergic follicular reactions consisting of papules 
without pustules or purpura. 

False positive irritant reactions are liable to induce stronger 
reactions at day 2 than at day 4, the so-called crescendo—decrescendo 
effect. However, this is not always the case and the reverse can hap- 
pen in our experience. Difficulties in evaluation are particularly 
common with substances brought in by the patient for testing. It 
may be necessary to apply several concentrations at the first visit; 
controls should be performed with any substances giving positive 
reactions. 

There is no substitute for a thorough knowledge and experience 
of the allergens used for patch testing. Even some standard aller- 
gens may be liable to induce weak false positive reactions (e.g. metal 
salts, fragrance mix, parabens mix, wool alcohols, carba mix). Repeat 
patch testing, especially with a breakdown of the mixes or testing 
with dilutions, may be helpful. 

Interobserver variability has been observed, especially differ- 
entiating between doubtful and irritant reactions and doubtful 
and weak positive reactions. Continued reading training has been 
advised [25]. 


Relevance of patch tests 

Once a decision has been reached that a patient has an allergic 
positive patch test, it is then important to establish relevance by 
systematically re-examining the patient’s history, distribution of 
the rash and materials with which there has been contact including 
reviewing ingredient labelling. In many cases relevance can be 
clearly established and avoidance advice given. In some instances, 
the relevance may be in the past and may no longer apply. In other 
cases the relevance may be uncertain or impossible to ascertain. If a 
material ‘cross-reacts’ with a diagnosed allergen, previous exposure 
and sensitisation to this cross-reacting material is not necessary. 
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Patients will need to be advised on the potential sources of all their 
allergies for future reference, and if their problem is ongoing, it may 
be necessary to reassess their exposures. A person may react to a 
patch test but still tolerate contact with the allergen. However, con- 
fusion can occur if they are given extensive avoidance advice for 
materials of no relevance to their dermatitis, and therefore advice 
should be targeted. 


Non-invasive measurement techniques 

There are several non-invasive techniques that can be used to 
quantify and delineate patch test reactions, including measure- 
ments of changes in the skin surface, epidermal hydration and 
water barrier function and parameters of inflammation. At present, 
these are more useful to the investigator than to the clinician. 
They include transepidermal water loss, skin reflectance, laser 
Doppler flowmetry, thermography and high-frequency ultrasound. 
Attempts have been made to use some of these techniques to differ- 
entiate irritant from allergic patch test reactions but they have not 
superseded the combination of human brain, eye and hand in the 
assessments of patch tests. 


Sources of error 

False positive reactions (Box 127.2). Irritant reactions occur if a 
chemical is tested at excessive concentration. Incorrectly inter- 
preted false positive reactions may lead to the wrong conclusions 
about the cause of dermatitis, and this may result in inappropriate 
career or medicolegal advice. Recent or active dermatitis in the test 
area lowers the threshold for irritant reactions, as does dermatitis 
in other areas; non-specific reactions can also occur. Secondary 
non-specific reactions close to genuine positive ones have been 
termed ‘angry back’ or the ‘excited skin syndrome’ [26], and this 
may be an important cause of false positive patch test reactions. The 
phenomenon has been extensively investigated by Bruynzeel [27]. 


Box 127.2 Causes of false positive reactions 


e Excessive concentration 

¢ Impure substance (contaminants) 

Irritant vehicle 

e Excess allergen applied 

¢ Uneven dispersion 

¢ Current or recent dermatitis at patch test site 
¢ Current dermatitis at distant sites 

e Pressure effect of hard materials 

e Adhesive tape reactions 

e ‘Angry back’ reaction causing intensification of weak irritants 
e Artefacts 


If there is any doubt, the patch tests should be repeated some 
weeks later, preferably with individual agents and at various dilu- 
tions, as false positive irritant reactions tend to stop abruptly below 
a certain concentration whereas allergic responses tend to persist, 
albeit proportionally weaker, at lower concentrations. Testing the 
same substance on a panel of controls, using the ROAT on the elbow 
flexure or usage tests, may help to differentiate allergic from irritant 
responses. Controls should be tested at the lowest concentration of 


a positive test to avoid interpreting a false positive irritant reaction 
as allergic. 


False negative reactions (Box 127.3). Sometimes a patch test fails to 
provoke a positive reaction in a person who is sensitive to the sub- 
stance tested. The dermatitis therefore persists because of continued 
exposure to the allergen. The most common cause of false negative 
reactions is insufficient penetration through the skin. A low degree 
of sensitivity or poor penetration sometimes results in a long period 
of latency before a positive reaction develops, so that up to 7.5% 
of allergic positive patch tests do not become apparent until after 4 
days and may go unnoticed unless read 7-14 days after application. 
This particularly applies to neomycin and corticosteroids. 


Box 127.3 Causes of false negative reactions 


¢ Insufficient concentration 

¢ Insufficient amount applied 

¢ Poor adhesion of patches 

e Patches applied at wrong site 

¢ Inappropriate vehicle 

¢ Readings performed too early 

¢ Substance degraded 

¢ Pretreatment of patch test site with topical corticosteroids 
¢ UV irradiation of patch test site 

¢ Systemic treatment with immunosuppressants 


The apparent discrepancy between the concentration of allergen 
needed to elicit clinical dermatitis and the occasional failure of a 
patch test to elicit a reaction can be explained by many factors. A 
single exposure on normal skin is probably not representative of the 
accumulation of the allergen during repeated exposure conditions 
and chronic usage on already primed skin. 

False negative reactions are common when testing with textiles, 
cosmetics, medicaments, leather and rubber, as some ingredients 
are present in very low concentrations. False negative reactions also 
occur when allergens are present in irritant products. Because of 
irritancy, a product may have to be diluted to such an extent before 
it can be safely tested that the allergen is present in insufficient 
concentration to elicit a response. Such products include cutting 
oils and washing materials. Sensitivity to finished products and 
topically applied preparations is best confirmed and revealed by 
testing with the individual components. 

An allergy may be missed on patch testing if the test material has 
been wrongly diluted in a material in which it is immiscible or insol- 
uble. Furthermore, an incorrect diluent may change the allergen into 
another substance altogether. Partition coefficients are also impor- 
tant, because oil/water solubility may be a significant factor in skin 
penetration and allergenic potential. 

Local treatment with topical corticosteroids, and systemic treat- 
ment with immunosuppressants including ciclosporin, azathio- 
prine, methotrexate and corticosteroids such as prednisolone (at a 
dose above 15-20 mg/day), may diminish or abolish reactions [28], 
as does preceding sunbathing [29]. Negative reactions, despite clin- 
ical sensitivity, also occur in photocontact dermatitis if appropriate 
allergens are not photopatch tested. 


In practice, it may be difficult or impossible for patients to stop 
their immunosuppressants and under such circumstances patch 
testing should be undertaken but the clinician should be aware of 
the possibility of a false negative investigation. However, there is no 
doubt that positive reactions occur even under these circumstances. 


Compound allergy. Compound allergy occurs when a positive 
allergic patch test reaction is seen to a finished product but tests 
with the ingredients are negative [30]. Hence, the product and the 
constituents should be patch tested when allergy is suspected. 

New compounds may be formed within a product, and their 
presence can be confirmed by the finding of incongruous peaks 
on spectrometry. This was elegantly demonstrated in Hirudoid 
cream, where a new allergen was formed as a reaction product 
of two preservatives in the medicament [31]. The additive effect 
of multiple weak sensitisers [32], or the additive effect of weak 
allergens and irritants, should be considered [33]. 

There are several possible alternative explanations. The reaction 
to the finished product may be irritant. A product's irritancy is not 
merely the sum of the irritancy of the ingredients, but an expression 
of the hydrophilic-hydrophobic balance of its ingredients. This can 
change with varying manufacturing techniques, for example chang- 
ing the temperature or manipulating the proportion of one of the 
ingredients. A constituent allergen may be an undeclared ingredi- 
ent or there may be batch/source differences between the original 
compound and the subsequently provided components. The aller- 
gen may be in the container, for example a rubber stopper, and not 
in the product. The allergen may not have been tested in the correct 
vehicle or at the correct concentration, and testing it in its own base 
may reveal the allergy. 


Quenching. Theoretically, just as there may be potentiation of 
allergic and irritant responses, so a combination of chemicals may 
lead to a quenching effect. This phenomenon has been investigated 
mostly in fragrance material aldehydes. It might be explained by 
the combined compounds changing available bonding sites for class 
II molecules or forming a compound that does not follow the same 
detoxification pathway. However, some authors have been unable 
to demonstrate any physicochemical interaction, and its existence 
has been questioned [34]. 

Other observed quenching effects may be due to one of the com- 
pounds having anti-inflammatory properties [35], such as triclosan 
having a ‘quenching’ effect on nickel allergic contact dermatitis. 


Other factors. The interpretation of patch test reactions can be 
affected by the presence or absence of impurities or degradation 
products, hidden additives, batch differences and the fact that some 
chemicals may undergo reactive metabolic changes in the skin. 
Natural products vary according to source, season and method 
of extraction. Storage or ‘ageing’ of a product may also affect its 
allergenicity and irritancy; limonene and linalool must be tested 
as hydroperoxides and only elicit allergic reactions in this state. 
Patients should therefore always be tested with their own product. 
Season may also influence patch test results, but whether this is 
due to UV radiation suppression of test reactions in the summer 
or an enhancement of irritant-type reactions in the winter remains 
uncertain [36]. 


Errors may occur in the registration of the relative sites of the tests. 
It is therefore advisable to repeat the test if in doubt. 


Selection of test substances 

The decision about what to test is dependent on a sound knowledge 
of the common sensitisers, in conjunction with a thorough history 
of exposure. Fortunately, a high proportion of cases of contact der- 
matitis are caused by sensitivity to a small number of contactants, 
although there are potentially thousands of these. In relatively few 
cases of contact dermatitis are the clinical appearances and history 
so typical that an allergen can be incriminated readily. 

It is therefore essential to test with a baseline series of common 
contact allergens. Many investigation clinics have extra allergens 
and some of these may be grouped into additional special test 
series or ‘batteries’ (e.g. for certain occupations or affected sites). 
Furthermore, it may be necessary to test with materials encountered 
in a patient’s working and domestic environments, and with any 
medicaments and cosmetics applied to affected areas. 


Baseline series 

The principle of screening all patients with a series of allergens com- 
monly encountered in their environment is now well established. 
Aimed patch testing is ill advised. The decision as to what should be 
in the standard series has now generally devolved from the ICDRG 
to other national and international groups. At the time of writing the 
recommended European baseline series contains 30 allergens, the 
BSCA baseline series has 50 allergens and the North American base- 
line series includes 50 allergens (Table 127.5). As some allergens dis- 
appear from a given environment and others attain significance, it 
is important that a baseline series evolves and necessarily there will 
be national variation. An allergen is generally suggested for inclu- 
sion in the baseline series when routine (consecutive) patch testing 
of patients with suspected contact dermatitis results in a proportion 
of contact allergy to the substance exceeding 0.5-1.0% or when this 
allergen is ubiquitous and/or clinically highly relevant or if with- 
out it a significant number of unsuspected allergic reactions would 
be missed [37]. 

In the past, several common sources of contact dermatitis were 
overlooked until they were included in a baseline series. Nowadays, 
fragrance materials are familiar contact allergens but were virtually 
unknown 40 years ago [38]. Conversely, others (e.g. wood tars, tur- 
pentine) were removed from the baseline series some years ago. In 
the UK the addition of 2-hydroxyethyl methacrylate shadows the 
increased use of artificial nails [39]. At one time, the European stan- 
dard series identified 75-80% of all allergies diagnosed in one mul- 
ticentre study [40]. 

In some studies as many as half of the relevant positive reactions 
were unexpected. Obviously, if patch testing is carried out for very 
wide indications, the percentage of negative reactions will increase, 
but at the same time unexpected positive reactions will correct mis- 
diagnoses of constitutional or irritant dermatitis. 

The selection of substances for a baseline patch test series must 
be based on local experience, but several substances are universally 
recognised allergens. Unless a permanent record is kept, a number 
of substances will continue to be included despite a low yield of 
positive reactions. The results of testing to a standard series of aller- 
gens vary from one part of a country to another and the European 
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Table 127.5 Comparative lists of allergens in European and British standard series. 


Allergen European BSCA North American Vehicle 
Potassium dichromate 0.5% 0.5% 0.25% pet. 
Neomycin sulphate 20.0% 20.0% 20.0% pet. 
Thiuram mix 1.0% 1.0% 1.0% pet. 
p-Phenylenediamine 1.0% 1.0% 1.0% pet. 
Cobalt chloride 1.0% 1.0% 1.0% pet. 
Caine mix Ill Not present 10.0% Not presen pet. 
Benzocaine 5.0% Not present ot presen pet. 
Formaldehyde 2.0% 2.0% 2.0% aq. 
Colophony 20.0% 20.0% 20.0% pet. 
Clioquinol or quinoline mix (BSCA) 5.0% 6.0% ot presen pet. 
Myroxylon pereirae (balsam of Peru) 25.0% 25.0% 25.0% pet. 
N-isopropyl-N-phenyl-4-phenylenediamine 0.1% 0.1% Not presen pet. 
Lanolin alcohol 30.0% 30.0% ot presen pet. 
Mercapto mix 2.0% 2.0% ot presen pet. 
Epoxy resin, bisphenol A 1.0% 1.0% 1.0% pet. 
Parabens mix 16.0% 16.0% 12.0% pet. 
4-Tert-butylphenol! formaldehyde resin 1.0% 1.0% 1.0% pet. 
Fragrance mix | 8.0% 8.0% 8.0% pet. 
Quaternium 15 (Dowicil 200) 1.0% 1.0% 2.0% pet. 
Nickel (II) sulphate hexahydrate 5.0% 5.0% 2.5% pet. 
Cl+Me-isothiazolinone 0.02% 0.02% 0.02% aq. 
2-Mercaptobenzothiazole 2.0% 2.0% Not present pet. 
Amerchol L101 Not present 50.0% 50.0% pet. 
Sesquiterpene lactone mix 0.1% 0.1% 0.1% pet. 
p-Chloro-m-cresol Not present 1.0% Not present pet. 
2-Bromo-2-nitropropane-1,3-diol Not present 0.5% 0.5% pet. 
Cetearyl alcohol Not present 20.0% Not present pet. 
Sodium fusidate Not present 2.0% Not present pet. 
Tixocortol-2 1-pivalate 0.1% 1.0% 0.1% pet. 
Budesonide 0.01% 0.1% 0.1% pet. 
Imidazolidinyl urea (Germal115) Not present 2.0% 2.0% pet. 
Diazolidinyl urea (Germal 11) Not present 2.0% 1.0% pet. 
Methyldibromo glutaronitrile 0.5% 0.3% 0.5% pet. 
Tree moss absolute Not present 1.0% Not presen pet. 
4-Chloro-3,5-xylenol (PCMX) Not present 0.50% ot presen pet. 
Carba mix Not present 3.0% 3.0% pet. 
Disperse blue mix 106/124 Not present 1.0% 1.0% pet. 
Fragrance mix II 14.0% 14.0% 14.0% pet. 
Hydroxyisohexyl-3-cyclohexenecarboxaldehyde 5.0% 5.0% Not presen pet. 
Compositae mix Not present 2.5% 5.0% pet. 
Methylisothiazolinone 0.2% 0.2% 0.2% aq. 
Sodium metabisulphite Not presen 1.0% ot presen pet. 
Hydroperoxides of linalool Not present 0.5% Not presen pet. 
Hydroperoxides of linalool Not presen 1.0% 1.0% pet. 
Hydroperoxides of limonene Not presen 0.2% ot presen pet. 
Hydroperoxides of limonene Not present 0.3% 0.3% pet. 
2- Hydroxyethyl methacrylate Not presen 2.0% 2.0% pet. 
Benzisothiasolinone Not presen 0.1% ot presen pet. 
J Octylisothiazolinone Not present 0.1% Not presen pet. 
x Decyl glucoside Not presen 5.0% 5.0% pet. 
a Lauryl polyglucose Not presen 3.0% ot presen pet. 
tc 2-Methoxy-6-n-pentyl-4-benzoquinone 0.01% Not presen Not presen pet. 
Ww Textile dye mix 6.6% Not presen 6.6% pet. 
=- Cinnamal Not presen Not presen 1.0% pet. 
Fad a Ethylenediamine dihydrochloride Not present ot presen 1.0% pet. 
yy Ylang ylang oil Not present jot presen 2.0% pet. 
= 0 1,3-Diphenylguanidine Not presen Not presen 1.0% pet. 
= < DMDM hydantoin Not present Not presen 1.0% pet. 
— Bacitracin Not present jot presen 20.0% pet. 
[og ixed dialkyl thiourea Not presen Not presen 1.0% pet. 
x Glutaral Not present jot presen 0.5% pet. 
a Propylene glycol Not present Not presen 30.0% aq. 
Propolis Not presen Not presen 10.0% pet. 
odopropynyl butylcarbamate Not present Not presen 0.2% pet. 
Ethyl acrylate Not present Not presen 0.1% pet. 
Toluenesulfonamide formaldehyde resin Not presen ot presen 10.0% pet. 
ethyl methacrylate Not presen Not presen 2.0% pet. 
Oleamidopropyl dimethylamine Not present ot presen 0.1% aq. 
Cocamidopropyl betaine Not presen jot presen 1.0% aq. 


aq., aqueous; BSCA, British Society of Cutaneous Allergy; DMDM, 1,3-dimethylol-5,5-dimethylhydantoin; pet., petroleum. 
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Standard Series continues to be monitored in multinational studies 
[41,42]. 


Additional series 

There are many situations in which additional series of allergens 
are useful, for example in the investigation of dermatitis occurring 
in certain sites liable to medicament allergy (eyes, ears, perineum 
and venous ulcers/eczema) or cosmetics or sensitisation from 
components of shoes or clothing. Some occupational groups, for 
example hairdressers, florists, dentists and metal machinists, are 
exposed at work to a variety of potential allergens not found in the 
standard series. Others may handle a specific group of allergenic 
chemicals, for example epoxy or acrylic resins. The main patch test 
allergen producers now market additional series, although these 
may have to be further adapted to local habits or occupational 
exposures. Allergens provided by commercial allergen manufactur- 
ers tend to be of pharmaceutical grade and may be negative when 
the actual sensitiser is an impurity in a commercial-grade prod- 
uct. These series should also be subjected to regular scrutiny and 
review [43]. 


Other materials 

Commercially produced patch test allergens, either singly or in 
small numbers, may be applied where relevant. Patients may bring 
a wide variety of materials from their own home or work for testing 
and, as mentioned previously, these must be thoroughly assessed 
and diluted appropriately before being tested. In those units with 
access to thin-layer chromatography there is the opportunity to 
patch test with extracted components of textiles, plastics, plants and 
other materials [44]. 


Concentrations and vehicles for patch testing 

Recommended patch test concentrations and vehicles for many 
different materials, including specific chemicals, chemical groups 
and substances and finished products, have been collated in a num- 
ber of standard contact dermatitis references given in the resources 
list at the end of this section. Most (but not necessarily all) of these 
lists are reliable, in that the stated concentrations do not usually give 
an irritant effect. Before patch testing with any unfamiliar material, 
the appropriate vehicle and concentration should be sought from 
one or more of these databases. 


Complications of patch and photopatch tests 

Generally, the risks of patch testing when it is performed correctly 
are minimal, but there are a number of potential complications 
(Box 127.4). 


Box 127.4 Potential complications of patch testing 


¢ Pruritus 

¢ Folliculitis 

e Leakage of materials on to clothing, especially dyes 

¢ Localised flare of dermatitis and other skin disorders 

e Flare of dermatitis at previous contact sites 

¢ Generalised flare of dermatitis 

¢ Irritant reactions from patients’ own inappropriately diluted 
products 


¢ Active sensitisation 

¢ Pigmentation or depigmentation 
¢ Persisting reaction 

¢ Scarring 

e Anaphylaxis (very rare) 


Positive reactions may spread locally and cause a flare of con- 
tact dermatitis at the original site or more generally. The long strips 
of adhesive semiocclusive tape, which preclude bathing for several 
days, may lead to eczema, itching or folliculitis, especially with high 
temperatures and humidity. In warm weather there may be leakage 
of the test materials on to clothing, and patients should be advised 
to wear old clothing during the test. Irritants at excessive concen- 
trations may induce caustic burns and scarring, and even a strong 
allergic reaction that could cause a scar on extremely rare occasions. 
Secondary infection of a positive reaction is virtually never a prob- 
lem. 

Short-term postinflammatory hypopigmentation does occur 
occasionally following positive patch tests, but more perma- 
nent hypopigmentation may develop, including koebnerisation 
of vitiligo (Figure 127.17). Postinflammatory hyperpigmentation 
may also develop, although this is usually temporary. Phototoxic 
substances may cause pigmentation if exposed to UV light from 
photopatch tests or natural sunlight. 

Significant epidermal detachment has been seen in patients 
with blistering disorders including pemphigus foliaceus and 
Hailey—Hailey disease after removal of the patch test units [45,46]. 

Short-lived, non-immunological, urticarial reactions are common, 
particularly from cinnamates and sorbic acid. More importantly, 
anaphylactic reactions are a potential risk when patch testing with 
some materials, especially natural rubber latex [47] and penicillin. 
A history of immediate hypersensitivity to rubber should be sought 
before patch testing with latex. 

Rarely, persistence of patch test reactions may continue for sev- 
eral weeks unless treated. This has been especially noted with gold 
sodium thiosulphate [48]. 


Figure 127.17 Persistent hypopigmentation after patch tests. 
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Chapter 127: Allergic Contact Dermatitis 


Active sensitisation 


Patch testing involves a small risk of sensitisation (active sensitisa- 
tion). A reaction appearing 7 or more days after the application may 
indicate either delayed expression of a pre-existing sensitivity or 
active sensitisation. However, some late reactions, occurring up to 14 
days after the application of patch tests, are weak sensitivities from 
poorly penetrating allergens. Active sensitisation usually presents 
as a strong positive patch test occurring generally beyond 2 weeks. 
Few clinics observe their patients long enough to note such reac- 
tions, but patients report them. The true incidence of sensitisation is 
therefore difficult to establish because even re-examination of a ran- 
dom sample of the patients tested cannot differentiate between those 
sensitised by patch testing and those whose pre-existing subliminal 
sensitivity has been boosted by further exposure from patch testing. 
Active sensitisation from most routinely tested substances is very 
uncommon, and occurs more frequently when new substances are 
being investigated to ascertain the correct patch test concentration. 
To confirm the diagnosis of active sensitisation, repeat patch test- 
ing can be performed whereby a positive reaction within the ‘usual’ 
latency period (one to a few days) supports the diagnosis. 


Multiple patch test reactions 

The finding of multiple positive patch tests is common, and it is 
important to consider the reasons for this so that the correct advice 
can be given to the patient. The main explanations are: 

1 Non-specific hyperreactivity. 

2 Multiple primary hypersensitivities. 

3 Cross-reactions (true and false). 


Non-specific hyperreactivity. Ideally, patch tests should be applied 
at a concentration that always identifies the allergen and never 
induces false positive reactions. Unfortunately, some allergens have 
to be applied at a concentration that is marginally irritant in some 
subjects in order that allergic positive reactions are not missed. The 
threshold at which a false positive irritant reaction develops differs 
from individual to individual and may even be variable in the same 
subject. During active dermatitis, uninvolved skin, even at distant 
body sites, exhibits increased susceptibility to irritant reactions. This 
‘status eczematicus’ may lead to false positive patch test results. 
It has become an established tenet that ‘eczema creates eczema’, 
and that a strongly positive patch test reaction may induce other 
non-specific false positive patch test reactions [49]. Such reactions 
occur more readily with marginally irritant chemicals. When this 
affects adjacent patch test sites it is often referred to as ‘spillover’, 
‘excited skin’ or ‘angry back’. Rietschel [50] has proposed that 
‘stochastic resonance’ may be involved. This suggests that there is 
signal amplification of immune-mediated events by neurological 
influences. The incidence has been variously assessed as between 
8.6% and 63.5% [51]. In view of these findings, it has been proposed 
that repeat patch tests should be undertaken in all individuals with 
three or more strong positive allergic reactions, with exclusion of 
the strongest reactants. However, some studies have not found 
evidence to support a concept of non-specific hypersensitivity [52]. 
The occurrence of weak false positive patch test reactions can be 
reduced by delaying patch testing until all active eczema has set- 
tled. As skin hyperirritability may persist for some weeks or months, 
even when the dermatitis has resolved, this is often impractical. 


Multiple primary hypersensitivities. Multiple primary specific 
(or concomitant) sensitivities to substances that are unrelated chem- 
ically are frequent among patients with contact dermatitis. Among 
5000 Scandinavian patients, they occurred in 20% of all persons 
tested. The reason why some patients develop multiple sensitiv- 
ities and others do not is not clear. Patients with a long history 
of dermatitis are those most likely to accumulate several primary 
sensitivities, because of the opportunities to encounter new aller- 
gens under conditions favourable for sensitisation. Patients with 
leg ulcers are especially prone to developing multiple allergies, as 
are patients with chronic actinic dermatitis. One sensitivity may 
predispose to the acquisition of another, and there may be a genetic 
or constitutional predisposition to acquire sensitivities [53]. 

Sensitisation is facilitated if an allergen is applied on injured (e.g. 
eczematous) skin [54], particularly if it is occluded, and such local 
factors may be sufficient to explain the frequency of sensitivity 
to topical medicaments and simultaneous sensitivity to several 
constituents. In dermatitis from applied medicaments, concomitant 
sensitivity to both an antibiotic and an unrelated component of the 
vehicle is quite common. Similarly, in rubber dermatitis, sensitivity 
to unrelated vulcanising agents is not unusual. 

In dermatitis of the feet, concomitant sensitivity to chromate, 
rubber and dyes in shoes or stockings presents a particularly dif- 
ficult clinical problem; one allergen may be primarily responsible 
but others are important in maintaining the eczematous state. The 
inflammatory response to allergens has been shown to be additive 
[55], as has the response to an allergen and an irritant [56]. 


Cross-reactions. Cross-sensitisation is defined as the phenomenon 
where sensitisation engendered by one compound, the primary 
allergen, extends to one or more other compounds, the secondary 
allergens, as a result of structural similarity [57]. The proposal is 
that the primary and secondary allergens are so closely related 
that sensitised T cells are unable to distinguish between them and 
therefore react as if the compounds were identical. Aromatic com- 
pounds with a ‘para’ group, for example PPD, benzocaine, procaine, 
sulphonamides, mesalazine, diaminodiphenylmethane and PABA 
UV filters, may all cross-sensitise. Aminoglycosides may do the 
same to a varying degree. Other examples include chlorocresol and 
chloroxylenol, as well as corticosteroids of a similar structure. 

Contaminants may cause ‘false’ cross-sensitivity as one substance 
may contain traces of another. In studies of cross-sensitivity, abso- 
lutely pure test substances must be used. Few investigations in the 
past have fulfilled these requirements, and most should be repeated 
using modern methods of separation. 

In simultaneous sensitivity to natural products such as perfumes, 
balsams and wood tars, it is impossible to decide whether reactions 
to several of the substances may be due to related or identical chem- 
icals. Cinnamic aldehydes, for example, may occur in them all. The 
same applies to plants such as Compositae (Asteraceae), Frullania 
and Toxicodendron species. 


Investigations: other tests 

Occlusive patch testing has stood the test of time. Although it is 
an artificial procedure, it has not been superseded. Nevertheless, 
alternatives continue to be sought and some of these may be useful 
adjunctive investigations. 


Open tests 

Patch testing is usually performed with the test site occluded in 
order to increase percutaneous absorption. This is an artificial 
procedure, and clinical exposure might be more closely simulated 
by simple application of the sensitiser to uninvolved skin. How- 
ever, few allergens provoke dermatitis with a single exposure on 
normal skin. 

The technique involves dripping the product ‘as is’ or dissolved in 
water or organic solvent onto a 1 cm diameter area of skin and then 
allowing it to dry. The volar aspect of the forearm is commonly used. 
There is no occlusion [1]. The time for reading and the characteristics 
of the reaction are the same as for closed patch testing. The reaction 
can be followed from the start and may develop sooner than with a 
closed patch test reaction. It is often weaker and a positive reaction, 
especially in the initial phase, may consist of isolated papules only. 

One situation where open testing has been widely used and advo- 
cated is prior to dyeing hair. Application of the dye to the retroau- 
ricular area and examination of the site 2 days later was shown to 
be an accurate method of detecting sensitised subjects [2]. However, 
hairdressers and individual users tend to do this only once and not 
each time the hair is tinted, and often they mistakenly undertake a 
30 min reading. They may therefore miss the allergy if it develops 
subsequently. 

With irritants, the reactions are also usually fewer and weaker in 
open than in closed patch testing because of reduced absorption. 
Open tests are therefore sometimes used as a preliminary screening 
procedure with less well-known substances to reduce the risk 
of severe reactions. They can give some confidence that one can 
proceed with occlusive patch testing. However, experience with 
open tests is limited and the risk of sensitisation cannot always be 
estimated. 


Semi-open tests 

These have been suggested as useful for testing patient-supplied 
products with suspected irritant properties such as shampoos, deter- 
gents, paints and some cosmetics. A small volume of the product (15 
tL) is applied with a cotton swab to a 1 cm diameter area of skin and 
allowed to dry completely. It should then be covered with permeable 
tape. Readings are performed in the same way as for occlusive patch 
tests. 


Usage tests 

In cases of doubt, when either a closed patch test or open test is neg- 
ative yet the history suggests a contact dermatitis, the patient can be 
asked to use the preparation again. This is especially helpful with 
cosmetic and clothing dermatitis. Because it reproduces all the other 
factors associated with the original dermatitis, for example sweat- 
ing, friction and application of allergen on damaged or presensitised 
skin, it is sometimes positive when conventional patch tests fail to 
reveal sensitivity. However, it is not always possible to differenti- 
ate between an allergic and a non-specific or irritant response. With 
cosmetic preparations or medicaments, a repeat ‘dab’ test may be 
performed on previously affected skin. 


Repeat open application tests 
These are standardised exposure tests mimicking a use situation 
and they aim to elicit allergic contact dermatitis at the test site 


although reactions often start with follicular papules. In the ROAT, 
substances are applied twice daily for up to 2 weeks (sometimes 
extended up to 4 weeks in cases where suspicion is high) or until 
an eczematous reaction develops [3]. The most appropriate site is 
the upper arm or flexor surface of the forearm near the antecubital 
fossa, as patients can perform the test and observe any developing 
reaction. They should be told to discontinue the application if 
eczema occurs. An area of at least 5 cm? should be employed. The 
test may be used to determine the relevance of doubtful positive 
patch test reactions to preparations in which the putative allergen is 
present in a low concentration, although false negative results may 
occur. It may also establish the clinical relevance of such products 
and confirm the source of the allergy. A scale for recording ROAT 
reactions has been proposed and advocated [4]. 


Extracts and chromatograms 

Ultrasonic bath extracts can be used as an alternative to testing with 
solid materials. Here, small samples of material are placed in water 
or organic solvent (ethanol, acetone or ether) and extracted in an 
ultrasonic device and then filtered. In addition, patch testing with 
thin-layer chromatograms can be particularly useful for testing tex- 
tiles, plastics, foods, plants and drugs [5]. 


In vitro tests 

The principle of diagnosing contact allergy by in vitro testing is 
attractive although the use of peripheral blood as a routine investi- 
gation for contact dermatitis may not be viable, not only from the 
budgetary point of view but also for logistical and practical reasons. 
Nevertheless, attempts continue to be made to achieve this, albeit 
with single or small numbers of allergens. A number of different 
techniques including migration inhibition tests and lymphocyte 
transformation tests have been tried [6,7]. 

As yet, none of these tests is a substitute for the in vivo system 
of the patch test. However, they may be helpful in elucidation of 
the immune cascade as they are based on measurements of prod- 
ucts from T-cell activation. They may also have a role in looking at 
cross-sensitivity patterns. 


Spot tests 
Three spot tests are of particular practical value in the patch test 
clinic as the materials are easy to handle and store. 


Dimethylglyoxime test for nickel [8]. A commercial ‘one step’ 
solution is now available for using directly on test surfaces. One 
study showed a sensitivity of the test at 0.5 pg/cm?/week of about 
60% and a specificity of about 98%, showing that the test works 
well for screening purposes, but in some cases there is a risk of false 
negative values [9]. A pink coloration on the cotton bud denotes 
the presence of nickel (Figure 127.18). It is a very useful test, and 
patients can be given kits to test items in the home and at work. 


Cobalt spot test. For the detection of cobalt ions, a spot test may 
be prepared using the reagent disodium-1-nitroso-2-naphthol-3,6- 
disulphonate (nitroso-R salt). This is also commercially available. 
The release of cobalt may be detected by rubbing a cotton-tipped 
applicator against the test material (e.g. metal, pigments or leather) 
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Chapter 127: Allergic Contact Dermatitis 


Figure 127.18 Dimethylglyoxime test: a pink colour is detected when metals release a 
significant amount of nickel. Courtesy of Dr J. D. Wilkinson. 


and upon the release of cobalt ions, the yellow test solution turns 
orange-red. A detection limit of about 1.5 ppm has been found for 
the test [10]. 


Acetylacetone method for formaldehyde [11]. The reagent is 
prepared by dissolving 15 g of ammonium acetate, 0.2 mL of acetyl- 
acetone and 0.3 mL of glacial acetic acid in 100 mL of distilled water. 
It can then be stored in a refrigerator. A sample (1 mL or 1 mg) of 
the product to be tested is put in a disposable glass test tube and 
2.5 mL of the reagent is added. The mixture is shaken and stoppered 
and then placed in a water bath at 60°C for 10 min. A yellow colour 
is produced in the presence of formaldehyde, due to the formation 
of 3,5-diacetyl-1,4-dihydrolutidine. The alternative chromotropic 
acid method is less specific. 


Management 

General principles of management 

Avoidance advice. A diagnosis of allergic contact dermatitis is 
reached on the basis of a detailed history and examination followed 
by patch tests, with an assessment of the relevance of any posi- 
tive reactions. Once a diagnosis has been made, possible sources of 
exposure to the causative allergen(s) should be identified and avoid- 
ance advice given. In some instances, particularly in work-related 
problems, appropriate protective clothing or changes in handling 
technique may be advised. Materials used for protection, especially 
gloves, should not allow penetration of the allergen responsible for 
the dermatitis. 

The first principle of management is to give advice on avoidance 
tailored to an individual. Examples of specific avoidance measures 
include plastic instead of rubber gloves, cosmetics and medicaments 
free of an identified allergen, and clothing free of nickel-containing 
studs, zips, etc. More general written information on the allergen 
sources may be helpful, but may also be confusing if information is 
not relevant to that person. 

The ESCD, the BSCA and the American Contact Dermatitis Soci- 
ety as well as the manufacturers of patch test allergens all provide 
patient information leaflet resources. There is some evidence that 
written information is superior to verbal information alone [1]. 


Ideally, the result of this advice will be a resolution of the der- 
matitis, but this does not always occur, and other factors such as 
the possible contribution of irritant or constitutional factors should 
be considered and discussed with the patient. The possibility of 
non-compliance with avoidance advice should also be considered. 
Factors affecting compliance include the social and educational 
status of the individual and lack of resources [2]. This is also 
complicated by the fact that there are variable rules on labelling. 
European cosmetics must include full ingredient labelling (exclud- 
ing partial labelling of fragrance substances). The nomenclature 
used in Europe for such purposes is the INCI, yet labelling on 
European medicinal products use the international non-proprietary 
name (INN). Therefore, in cases of allergic contact dermatitis it 
may be important to provide both the INCI and INN names for the 
same chemical to patients (e.g. parabens and hydroxybenzoates, 
respectively). Both the INCI and INN names are complex. 

Patients should be made aware that ingredient labelling can be 
misleading and not reveal all potential sensitisers in a product [3]. It 
may also include unhelpful ‘marketing’ terms like ‘hypoallergenic’, 
‘organic’ and ‘dermatologically tested’. 

Reassessment and reinforcement of avoidance measures is often 
required, in order that patients are fully aware of what action they 
should take. 

In some patients continued exposure is unavoidable but can be 
reduced to a sufficient degree to keep the dermatitis at an acceptable 
level. It is advisable to stress that allergy does not disappear when 
the dermatitis clears but that the risk of relapse after further contact 
with the allergen persists throughout life. 

To aid patients identify personal care products free from allergens 
to which they are sensitised, various databases have been developed 
in the USA and Europe. These are costly and resource intensive to 
run and may not always keep pace with product reformulations and 
batch numbers. 

To underscore the challenge of educating patients about contact 
allergy, one UK study showed that, among 135 patch-tested patients, 
about 25% could not even recall having received any information 
about their test results 2-3 months later [4]. A US survey, including 
757 patch-tested patients identified that only 50% of patients with 
positive patch test reactions to one or two allergens remembered 
their allergies [5]. There was a tendency for there to be better recall 
of allergens among those aged >50 years of age and among women. 
If feasible it might be useful to repeat information at a new appoint- 
ment, for example some months later. 


Active treatment. The mainstay of treatment of allergic contact der- 
matitis is avoidance of the causative factor(s), although topical corti- 
costeroids will be required in most instances to control the disorder. 
Potent steroids are typically used on the hands [6]. The general prin- 
ciples of treatment are the same as for other forms of eczema. In 
particular, the regular and liberal use of hydrating emollients and 
soap substitutes is recommended. Fissures of the fingers, palms and 
soles can be covered with hypoallergenic tape. 

Recalcitrant, disabling cases may require consideration of 
systemic therapy such as alitretinoin, azathioprine and ciclosporin. 
Phototherapy, both PUVA and UVB, is helpful in some 
subjects, including Compositae-allergic individuals with photo- 
sensitivity [7]. 


The use of barrier creams as preventatives in already sensitised 
persons is generally unsatisfactory. Other barrier creams containing 
active agents (e.g. chelating agents) against specific allergens may 
have future potential [8,9]. In one study clioquinol was the most 
effective agent at preventing nickel dermatitis [10]. It has also been 
shown that pretreatment of the skin with the antioxidant ascorbic 
acid reduces the elicitation reaction to a PPD-containing hair dye in 
sensitised subjects [11]. 

It has been reported that certain patterns, especially vesicular 
palmar eczema, have benefited from dietary avoidance or reduc- 
tion in the intake of allergen, most notably nickel and balsams, 
in sensitised subjects [12,13]. The effects of a low-nickel diet have 
been disappointing in our experience; nevertheless, there are strong 
advocates of these measures. Dietary chelation of nickel has also 
been attempted [14] but is not widely used in practice because of 
side effects. 

Dietary manoeuvres have been reported to be helpful for cheilitis 
and oral symptoms, particularly in those with positive patch tests 
to balsam of Peru, cinnamates, eugenol, colophony, flavours and 
antioxidants [15]. Diets for other food-related preservative allergens 
have been developed [16]. However, the relationship between ‘burn- 
ing mouth’ and contact allergy is questionable [17]. 


Hyposensitisation [18]. Many attempts have been made to down- 
regulate the immune response to allergens in an already sensitised 
individual. This has proved difficult to realise in practice. The degree 
of hyposensitisation achieved by oral doses of allergens is limited 
and transient, for example DNCB and chromate in guinea pigs and 
poison ivy in humans. Although it has been attempted for Toxicoden- 
dron spp. allergy [19], oral hyposensitisation is not routinely recom- 
mended. Some success has nevertheless been claimed in India for 
hyposensitisation against Parthenium hysterophorus [20]. 


Prevention 

Many statutory bodies have a role in the prevention of con- 
tact dermatitis, including medical personnel, legislative bodies, 
governments, industry, the media, consumer bodies and patient 
support groups. Principles of prevention can be related to two 
categories, individual and collective, and further divided into pri- 
mary, secondary and tertiary [21]. Primary prevention focuses on 
the induction of contact sensitisation and control of exposure. Sec- 
ondary prevention relates to elicitation, and tertiary to measures for 
established and continuing dermatitis. Some of the more important 
elements of prevention are discussed here. 


Allergen containment and replacement [22]. Potent allergens 
encountered in industry can be kept in closed systems, thereby 
avoiding the potential for direct skin contact. In other instances, 
products can be kept in special containers that allow a no-touch 
technique when using the contents. Replacement and elimination 
of potential allergenic hazards can be helpful in both the domestic 
and working environments, for example by using perfume-free 
cosmetics and medicaments, and non-latex gloves. 


European legal and other regulatory measures [23]. Regulatory 
measures can influence the incidence of dermatitis [24]. They may 
be legally or voluntarily enforced. The EU has passed a number of 


directives relating to contact dermatitis, particularly in relation to 
nickel, chromate and cosmetics — the impact of which can be seen in 
the earlier relevant sections. 

The EU Regulation 1223/2009 on cosmetic products [25] lists 
materials as allowed, not allowed and restricted in European 
cosmetics and details the requirements for labelling. Enforced 
ingredient labelling on the packaging of cosmetics, which is also 
a requirement in the USA, has been a major factor in enabling the 
avoidance of cosmetic allergens by sensitised consumers. Since 
2005, in the EU, labelling of certain fragrance substances (26 in 
all), at levels of >10 ppm for leave-on products and >100 ppm for 
wash-off products, has also been required. 

REACH (Registration, Evaluation, Authorisation and Restriction 
of Chemicals) Regulation (EC) No. 1907/2006 [26] is a regulation 
of the EU adopted to improve the protection of human health and 
the environment from the risks that can be posed by chemicals. 
In principle, REACH applies to all chemical substances, not only 
those used in industrial processes by certain occupational groups 
but also in products for consumer use (e.g. in cleaning products, 
paints, clothes, furniture, electrical equipment and jewellery). The 
CLP Classification, Labelling and Packaging) Regulation (EC) No. 
1272/2008 aligns the EU system of classification, labelling and 
packaging of chemical substances and mixtures to the Globally 
Harmonised System (GHS). In practice, the burden of responsibility 
for the completion of REACH and CLP assessments of chemicals 
and any subsequent risk assessment has, deliberately, been placed 
on industry. Test methods for the identification and classification of 
skin sensitisers (H317, formerly R43 ‘may cause sensitisation by skin 
contact’) are set out within the legislation, but it also encourages 
a wide range of other evidence to be taken into account including 
chemical structure and human evidence [27]. 


Corporate responsibility. Although legal measures can influence 
the incidence of dermatitis, few have been introduced. In many 
instances governments will not intervene with legislation, relying 
instead on self-regulation, and this includes the cosmetic and 
pharmaceutical industries. The withdrawal of musk ambrette is 
an example of cosmetic industry self-regulation. Manufacturers of 
all goods should ensure that their products are safe to use, includ- 
ing the performance of pre- and postmarketing risk assessments. 
A risk assessment programme involves hazard identification, 
dose-response assessment, exposure assessment and risk character- 
isation, including any potential for allergenicity [28,29]. A product 
must be clearly labelled to ensure that it is handled safely. 

Dermatologists and consumers have a pivotal role in alerting 
authorities to the emergence of both new and existing allergens 
within communities. National groups, surveillance systems, par- 
ticularly of occupational dermatitis, or more comprehensive data 
networks such as the ESSCA, can feed back their findings to 
responsible agencies who can then respond to any concerns [30]. 
Rapid computerised analysis of epidemiological information, with 
feedback to interested parties, can provide early warning of new 
allergens and sources of work-related dermatoses, as it did with the 
MI epidemic. 


Work. The preventative aspects of occupational contact dermatitis 
are discussed in detail in Chapter 129. 
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Domestic. The availability of modern domestic equipment should 
significantly reduce skin contact with irritants and potential sensi- 
tisers in the home; however, homemakers are still one of the greatest 
‘at-risk’ groups as far as the development of hand dermatitis is con- 
cerned. Cotton-lined gloves should be worn when the hands are in 
contact with irritants, including food, cleaning agents and polishes. 
Plastic gloves are less allergenic than rubber but are less pliable and 
malleable. 


Education. Education of the community and workforces through 
the media, courses, lectures and wall charts in public places and 
at work will help to promote awareness of the problem of contact 
dermatitis. Skin protection courses and education have been shown 
to reduce occupational dermatitis [31]. Patient support groups have 
played an increasing role in education of the general public as well 
as those suffering from dermatitis. 


Resources 


Further information 


De Groot AC. Patch Testing, 4th edn. Wapserveen: Acdegroot Publishing, 2018. 

Johansen JD, Frosch PJ, Lepoittevin J-P, eds. Contact Dermatitis, 6th edn. Berlin: 
Springer, 2020. 

Johansen JD, Thyssen J, Lepoittevin JP. Quick Guide to Contact Dermatitis. Berlin: 
Springer, 2016. 

Lovell CR. Plants and the Skin. Oxford: Blackwell Science, 1993. 

Rietschel RL, Fowler JF. Fisher’s Contact Dermatitis, 6th edn. Hamilton: BC Decker, 2008. 

Rustemeyer T, Elsner P, John SM, Maibach HI, eds. Kanerva’s Occupational Dermatology, 
2nd edn. Berlin: Springer, 2012. 


Patient resources 

American Contact Dermatitis Society, patient information leaflets: https://www. 
contactderm.org/. 

British Society of Cutaneous Allergy, patient information leaflets: https:// 
cutaneousallergy.org/. 

DermNetz, NZ, contact urticaria: http://dermnetnz.org/reactions /contact-urticaria. 
html. 

European Society of Contact Dermatitis, patient information leaflets: https://escd. 
org/. (All last accessed July 2023.) 


Specific allergens 


Metals 

Nickel [1-3] 

Chemistry. In common with cobalt, but unlike chromium, the metal 
itself sensitises and is, in practice, the most frequent source of sen- 
sitisation [2]. Most salts, for example nickel chloride (NiCl,) and 
nickel sulphate (NiSO,), are readily soluble in water and sweat and 
have strong sensitising properties. Some oxides (e.g. Ni,O3) and the 
hydroxide (Ni(OH),) can elicit contact dermatitis, but heated NiO 
does not. 


Incidence and prevalence. Nickel is the commonest contact aller- 
gen in most industrialised countries worldwide. In Europe, the 
prevalence of nickel allergy has declined in some countries fol- 
lowing implementation of the EU ‘Nickel directive’ [4,5]. The 
prevalences are approximately 8-19% in adults [6] and 8-10% 


in children and adolescents in the general population [7-9] with 
a strong predominance in women as compared with men (4-10 
times) and in girls as compared with boys. The prevalence of nickel 
sensitivity in patch test clinics lies between 15% and 30%, and is 
influenced by the relative number of females tested [10]. The preva- 
lence may be higher in some occupational groups, for example 
hairdressers, in whom studies have shown that 27-38% are nickel 
allergic [11,12]. 

The European ‘Nickel directive’ primarily based on a Danish reg- 
ulation was introduced in 1994 and came into full force in 2001 and 
was revised in 2005 (Table 127.6). 


Occurrence. Nickel is primarily used in stainless steel and other 
alloys; it is also used in its pure form in plating and ina large variety 
of products, owing to its high ductility, resistance to oxidation and 
corrosion, high melting point, ferromagnetism and low cost. The 
most important factor for the induction and elicitation of cutaneous 
nickel allergy is the amount of nickel per unit area present in the 
epidermis over time (g/cm? over time) [13]. Exposure to free nickel 
ions may occur following skin contact with various metallic items, 
corroded by human sweat [14]. High rates of corrosion have been 
documented from nickel-plated items, nickel-iron, coins and several 
other alloys [15]. Chromium-plated metal is often first nickel-plated, 
and after long use the nickel may reach the surface, for example on 
water taps. Stainless steels contain nickel but most are incapable 
of releasing sufficient quantities to elicit allergic contact dermatitis. 
Quantitative studies indicate that repeated exposure to occluded 
metal items releasing nickel at a rate greater than 0.5 pg/ cm?/week 
involves a significant risk of nickel sensitisation [16], but thereafter 
very small amounts of nickel are sufficient to elicit dermatitis in sen- 
sitised persons. Jewellery and metal clothes fasteners /components 
are the usual sources of nickel in prolonged contact with the skin. 
Transient but potentially frequent and repeated exposure may occur 
from handling coins, keys, scissors, knitting needles, thimbles and 
other metallic tools and utensils. Platers and some metal machinists 
are necessarily at risk of occupational nickel allergy. Other sources 
include pigments in glass, pottery and enamel, electrocautery 
plates [17], mobile phones [18], laptop computers [19], electronic 
cigarettes [20], bindi [21], intravenous cannulae [2], tattoo pigment 
[23] and orthodontic appliances [24]. Nickel has also been identified 
in some eye cosmetics [25,26] but the importance of this exposure 
is less well studied. The safe limit in pigmented make-up products 
such as eye shadow and mascara has been estimated to be <5 ppm, 
although discrepant results exist regarding the clinical implications 
of such exposure [27-29]. 

Systemic nickel exposure is possible from inhalation, oral inges- 
tion, transcutaneous absorption or exposure from metallic implants 
(e.g. joint replcements or dental braces). 

Elicitation of allergic nickel dermatitis has been described, includ- 
ing vesicular hand eczema, flexural eczema, flare-up reactions at 
earlier sites of contact dermatitis and the ‘baboon syndrome’ [30,31]. 
Certain foods and plants contain much higher concentrations than 
others, as can particular sources of domestic water [32], and nickel 
may also be a contaminant in fertilisers [33] and fungicides. Stain- 
less steel saucepans release negligible nickel, but cooking acid fruit 
in them, particularly when they are new, has the potential to con- 
tribute to dietary intake [34]. 


Table 127.6 European Union ‘Nickel directive’ (summary). 


Part Nickel may not be used CEN standard for control of limit 

1 To September 2005: In post assemblies used during epithelisation, unless they are EN 1810 (nickel content by atomic absorption 
homogeneous, and the concentration of nickel is less than 0.05% spectrometry) 

1 rev. From September 2005: In all post assemblies which are inserted into pierced ears and EN 1811 (nickel release in artificial sweat) 
other pierced parts (not only during epithelisation), unless the nickel release is less than 
0.2 pg/cm?/week 

2 In products intended to come into direct and prolonged contact with the skin, such as EN 1811 (nickel release in artificial sweat) 
earrings, necklaces, wristwatch cases, watch straps, buttons, tighteners, zips and CR 12471 (screening test by dimethylglyoxime) 
mobile phones, if the nickel release is greater than 0.5 pg/cm*/week 

3 In coated products such as those in part 2, unless coating is sufficient to ensure that the EN 12472 (wear and corrosion test) 


nickel release will not exceed 0.5 jig/cm?/week after 2 years of normal use 


From Thyssen et a/. 2021 [1]. 


Figure 127.19 Allergic contact dermatitis to nickel in metal studs on jeans. Courtesy of 
Dr J. D. Wilkinson. 


Systemic exposure from implanted metals is considered in the 
section ‘Cutaneous reactions to implanted metals’ later in this 
chapter. 


Clinical features. Classic nickel allergy is identified by patches of 
dermatitis at sites of contact with metal objects, most commonly the 
ears from earrings, the wrists from watches and bracelets, the neck 
from necklaces and their clasps, the central abdomen from belt buck- 
les, studs and zips in trousers (Figure 127.19) and the dorsa of the feet 
from shoe buckles. Lesions on the upper cheeks and sides of the nose 
and face may relate to metal-framed spectacles, and on the eyelids 
to eyelash curlers. 

The eruption may be papular, nummular, diffuse or consist only 
of excoriated papules on almost normal-looking skin. Some patients 


Figure 127.20 Secondary eyelid dermatitis in a patient sensitive to nickel. Courtesy of 
Dr J. D. Wilkinson. 


havea spread of dermatitis to distant regions. These secondary erup- 
tions used to be a characteristic feature of nickel dermatitis [35], but 
now seem to be less common. The secondary rash normally starts 
shortly after, or at the same time as, the primary eruption. It affects 
the neck, face (especially the eyelids; Figure 127.20), the elbow flex- 
ures and the flexor surfaces of the arms; the ano-genital area may 
also be affected, and the rash may be generalised. Flexural lesions 
may resemble textile dermatitis or atopic eczema. 

The relationship between hand eczema and nickel sensitivity 
remains complex [36]. However, well-controlled statistical studies 
support a connection between hand eczema and nickel allergy 
[37-40], and nickel-sensitive women do appear to have a predilec- 
tion for hand eczema [41]. Nickel allergy in childhood did not seem 
to predispose to hand dermatitis later in life in one study. However, 
hand eczema is often multifactorial, and is particularly common 
in women who have a heavy burden of housework or who are 
employed in occupations that expose the skin regularly to trauma 
or ‘wet work’. There may be a vesicular palmar (dyshidrotic) pat- 
tern, but other distributions occur without being diagnostic. Wet 
work, atopy and nickel sensitivity are associated with an increased 
risk of hand dermatitis [42], although atopy is probably the most 
important factor. 
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Chapter 127: Allergic Contact Dermatitis 


Sometimes, nickel allergy is purely occupational in origin, and in 
more than half of these cases it starts on the hands. It is normally 
associated with the metal and nickel-plating industries, although 
considerable skin deposition of nickel has also been found on the 
hands following repeated contact with items such as tools, keys and 
coins at work [43]. Spread occurs to the elbow flexures, eyelids and 
face in the same manner as described earlier. 

A recurrent vesicular palmar (dyshidrotic) pattern of eczema 
has been related to dietary intake of nickel. Ingestion of nickel 
sulphate caused a flare of vesicular hand eczema in 9 of 12 patients 
studied by Christensen and Mller [44]. The significance of this 
has been disputed, as similar results have been demonstrated in 
non-sensitised patients and the challenge dose was artificially high 
[45-47]. There is a clear tendency toward a dose-response relation- 
ship, with few persons reacting at a dose below 0.5 mg elemental 
nickel, and the majority reacting at 5.6 mg [48]. Experimental provo- 
cation doses have traditionally been higher than the daily nickel 
intake in food, which ranges between 100 and 300 g/day. Under 
normal circumstances, a number of factors can interfere with the 
amount of nickel absorbed; including alcohol intake, atopy drugs 
and the composition of food. A further meta-analysis of 17 relevant 
studies has concluded that 1% of those exposed to a normal dietary 
nickel intake will develop systemic contact dermatitis [49]. 


Avoidance. Most people think of their environment in terms of 
objects rather than materials, and it is important to realise that 
they find it difficult to identify nickel unless the possible causes 
of contact are specifically listed. Many dermatologists provide all 
nickel-sensitive patients with a list of possible contact items. A 
dimethylglyoxime test kit (see ‘Spot tests’ later in this chapter) 
may also be of use in identifying nickel-containing objects among a 
patient’s personal items at work or in the home [50]. 

Nickel cannot be entirely avoided in daily life, but the elimina- 
tion of nickel from clothing and the avoidance of nickel-containing 
jewellery may be sufficient to clear dermatitis. In our experience, 
initial compliance with avoidance advice is poor, particularly with 
clothing, and repeated explanations may be necessary. Waterproof 
tape and metal lacquer can be used to cover nickel-plated objects 
that cannot be replaced, although nickel can leach out if the contact 
site is sweaty and prone to friction. Contact may be difficult to avoid 
in certain occupations. Protection with rubber gloves may be insuffi- 
cient as nickel solutions may penetrate them [51]. Heavy-duty vinyl 
gloves have been suggested as an alternative. 


Prognosis. The prognosis of dermatitis due to nickel in jewellery 
and clothing is excellent if further use of nickel-plated objects is 
avoided. Once the hands are involved, the eczema may remain 
chronic, persistent or intermittent. Ingestion of nickel remains a 
possible cause of chronicity. 


Specific therapies. Barrier creams and cleansers containing chelat- 
ing agents may have potential benefit, and a number have shown 
promise under experimental conditions [52-54]. Clioquinol is 
known to chelate nickel [55], and a topical clioquinol-steroid 
combination can be considered as a treatment. 

Dietary reduction of nickel intake is recommended, by some, 
for those nickel-allergic subjects with recurrent palmar vesicular 


eczema. Knowledge of the nickel content of foods is imprecise, 
and the prescription of a low-nickel diet [56] is often not practical. 
Nevertheless, there are strong advocates for this approach and 
a trial of dietary reduction may be worthwhile, although this is 
frequently disappointing in our experience. 

Treatment with tetraethylthiuram disulphide (disulfiram; 
Antabuse), which chelates nickel, has been reported as helpful 
[57] but has a significant number of potential adverse effects [58]. 


Patch tests. Nickel sulphate 5% in petrolatum is used for patch 
tests. False negative reactions are common with 2.5% nickel in 
petrolatum or 2% aqueous nickel [59]. False negative reactions may 
also occur with 5% nickel sulphate in petrolatum because nickel 
ions penetrate the skin slowly [60]. Testing with nickel sulphate 
may produce irritant false positive reactions with a deep redness 
and pustulation, especially in atopics. Some follicular reactions are 
irritant, but those with raised papules are often truly allergic in our 
experience. 


Cobalt [1] 

Chemistry. Cobalt metal and its oxides (e.g. Co,O3; and CoO) and 
salts (e.g. CoCl, and CoSO,) are sensitisers. Also, heated CoO elicits 
positive patch test reactions (unlike NiO). 


Prevalence. It is estimated that 1-3% of adults, and probably a 
larger proportion of younger females in the general population, 
are allergic to cobalt [2]. Studies suggest that 5-8% of patch-tested 
dermatitis patients in Europe and North America have contact 
allergy to cobalt with a higher proportion in females [3,4]. 


Occurrence. Metallic cobalt is present in ‘hard metal’ used for 
metal cutting and drilling. The salts are seldom used for plating, 
unlike nickel salts. It is also used in the production of jewellery, 
superalloys, rechargeable batteries and magnets. Cobalt blue is 
widely used in paints and for ceramics and glassware. It is almost 
always present as a contaminant in nickel [5]. Cobalt oxides, present 
in trace amounts in cement, are sensitisers; however, isolated cobalt 
allergy from cement is much rarer than chromate allergy. Cobalt 
exposure is therefore traditionally described as occurring in hard 
metal, glass and pottery workers. It is also used in a wide range 
of metallic and non-metallic products and materials to which 
consumers are exposed such as dental alloys, electronic devices, 
jewellery, magnetic materials, orthopaedic implants, pigments in 
cosmetics and leather, putty, siccatives in paints and tools. Leather 
is an emerging source of sensitisation [6,7] where the cobalt is used 
as a mordant to bind dyes onto leather. The proportion of leather 
goods that contain (and possibly release) cobalt is unclear but may 
reach 15-20% [8]. 


Clinical features. As cobalt is an invariable contaminant of nickel, 
the clinical features of cobalt allergy can be identical to those of 
nickel allergy. Cobalt sensitivity might explain why some women 
with dermatitis typical of that provoked by nickel have a neg- 
ative patch test reaction to the latter. Furthermore, its presence 
in cement may induce a clinical pattern identical to allergy from 
chromate in this source. Isolated cobalt allergy is seen in hard-metal 
workers and in the pottery and glass industries, when it is usually 


associated with hand dermatitis. Stomatitis has been reported from 
dentures. Allergic granulomatous reactions to tattoo pigment are 
recognised, but are rare in our experience. Animal feed may induce 
contact allergy [9], and photocontact dermatitis has been reported 
from this source, as well as from cement [10]. Vitamin B,, is a 
cobalt-containing compound and cheilitis has been reported from 
oral vitamin B,, ingestion, and dermatitis from its parenteral use 
[11]. An oral lichenoid eruption due to a chrome/cobalt prosthesis 
has been reported [12]. It can sometimes be difficult to identify the 
source of allergy when there is an isolated positive cobalt patch test. 
The relationship of cobalt allergy to metal implants is discussed in 
‘Cutaneous reactions to implanted metals’ later in this chapter. 


Avoidance. This will depend on identifying a relevant cause and 
eliminating contact. In those with a nickel-allergic pattern, the 
advice is the same as for nickel-allergic subjects. Reduction of the 
dietary intake of cobalt (monitoring plasma vitamin B,, if pro- 
longed) may possibly benefit some cobalt-sensitive patients [13]. A 
cobalt spot test has also been developed and is now commercially 
available [14,15]. 


Prognosis. Concomitant cobalt and chromate sensitivity is associ- 
ated with more troublesome dermatitis than that which occurs with 
chromate allergy alone. Possibly the same applies to a combined 
nickel and cobalt sensitivity because of the increased number of con- 
tact sources, which may cause recurrence of the dermatitis. 


Patch tests. Cobalt chloride 1% in petrolatum is reliable for testing. 
False positive, irritant, purpuric reactions are common, especially in 
atopics. 


Chromium [1,2] 

Chemistry. Chromium has several different valencies (oxidation 
states). The two most common stable states are its trivalent form 
(Cr(II])) and its hexavalent (Cr(VI)) form. Chromium contact allergy 
is first and foremost associated with exposure to Cr(VI) in the form 
of chromate ions (CrO,?-) in alkali solutions, and/or dichromate 
ions (Cr,O,7-) in acid solutions. 

The question whether there is one or more chromium haptens is 
not firmly resolved. Cr(III) is considered to be the actual hapten at 
the cellular level [3]. Cr(VI) is a more potent skin sensitiser than 
Cr(III) as it can pass more easily through the skin barrier due to 
its water solubility [4,5]. It is thought that it is reduced enzymati- 
cally to Cr(II), which combines with protein to act as the hapten 
[3]. It is known that both Cr(III) and Cr(VI) can elicit allergic con- 
tact dermatitis in previously sensitised individuals [6]. However, the 
concentration of Cr(III) required to elicit a reaction is estimated to be 
6-2000 times higher than that of Cr(VI) [6]. 


Incidence and prevalence. In Europe, chromate was for many 
years a frequent cause of occupational allergic contact dermatitis 
and chronic incapacity from cement exposure. 

Patch test data for several European countries show that contact 
allergy to chromium has decreased to 3-4%, particularly among 
male dermatitis patients [7,8]. Although the overall prevalence of 
chromium allergy in dermatitis patients has been decreasing in 
Europe over the past decades, several reports demonstrate that 


chromium allergy remains significant. The current overall preva- 
lence of contact allergy to chromium in the European general 
population is under 1% [9]. 

Historically, allergic chromium dermatitis mainly affected the 
hands of male construction workers because of cement exposure, 
resulting in a high degree of occupational disability [10]. However, 
prompted by a highly effective regulatory intervention in 2005 by 
the EU, the addition of ferrous sulphate to cement became compul- 
sory to reduce the amount of water-soluble hexavalent chromium 
to no more than 2 ppm [11]. In countries where cement is not 
manufactured in this way, this trend may not be observed. 

While there has also been a decrease in chromate allergy in parts 
of Europe attributed to the replacement of Cr(VI) in bleaches and 
detergents [12], this may be partially offset by an increased rate of 
allergic contact dermatitis caused by chromate from leather prod- 
ucts [13]. Since 2015 the EU has restricted Cr(VI) in leather articles 
coming into contact with the skin above 3 ppm (via Annex XVII of 
the REACH regulation (EU) No. 301/2014). However, test protocols 
in current use do not take into account important storage conditions 
(temperature and relative humidity) which have been shown to be 
crucial for the level of Cr(VI) release. Equally, no restriction of Cr(III) 
in leather has been formally discussed and the release of Cr(III) 
from leather may also significantly higher (>10-fold) than that of 
Cr(VI) [14]. 


Occurrence. The main source of hexavalent chromium was cement 
[15]. Other important sources are antirust paints (lead chromate 
and zinc chromate) [16], including dust liberated by drilling, cut- 
ting or sandpapering of painted metals which may cause contact 
dermatitis on the hands, arms and face. Further rarer sources are 
plating salts, metal alloys, lithography/offset printing materials, 
anticorrosive oil, cutting oils, cooling water [17], foundry sand, 
polysulphide sealants [18], wood preservatives, wood ashes, wood 
pulp [19], mordant in wool dyeing, stains in glass, glazing enamels 
[20], catgut, violin strings [21], coating on zinc-galvanised iron 
sheets [22], textiles [23], glass polishing [24], soaps and detergents 
[25] and dental prostheses [26]. Chromate sensitivity in some 
European women was found to be related to chromate in house- 
hold bleach [27], which was subsequently removed.An emerging 
important source of sensitisation is from leather. During the leather 
tanning procedure Cr(III) is used to give the leather properties such 
as smoothness/softness, flexibility and water resistance. In contact 
with air, Cr(III) in some leathers can be oxidised to Cr(VJ), so skin 
exposure to Cr(VI) is possible even if it is not used during tanning 
[28,29]. Chemical analyses of leather articles have shown that the 
concentrations of Cr(VI) have often been above known elicitation 
thresholds. Also, a recent use test study showed that Cr(II), the 
dominating form of chromium released from new leather articles, 
can elicit allergic reactions in chromium-allergic individuals for 
leather articles that are used for a prolonged period [30]. 


Clinical features. Acute weeping dermatitis is unusual in patients 
allergic to chromate in cement; more commonly there is a dry insid- 
ious eruption, which tends to fissure, particularly on the hands. 
Secondary lichenification is often a feature. There is frequently a 
concomitant irritant element, because cement is alkaline, hygro- 
scopic and abrasive. Primary irritant dermatitis, discoid eczema and 


; Specific allergens 127.39 


AGENTS 


ol 
< 
z 
ce 
LL 
= 
x 
Li 
Bt 
= 
= 
< 
-¥ 


ol 
< 
2a 
ce 
Lu 
= 
x 
Wu 


AGENTS 


PART 11 


127.40 


Chapter 127: Allergic Contact Dermatitis 


atopic dermatitis may be mimicked, and a palmar distribution may 
be difficult to distinguish from chronic tinea manuum. Widespread 
eruptions may occur from cement dust, with flexural accentuation 
and involvement of the ankles and dorsa of the feet. Palmar vesic- 


ular eruptions have been blamed on traces of chromate in the diet 
[31]. Contact with leather footwear, gloves, belts and other clothing, 
or even handbags, purses and leather steering wheels, may produce 
dermatitis in those areas in contact with the material. Exposure to 
leather furniture has induced eczematous flares on the back, calves, 
arms and feet in sensitised subjects [32]. An oral lichenoid eruption 
to a chrome/cobalt prosthesis has been reported [33]. 


Avoidance. Avoidance of contact with sources of chromate, includ- 
ing leather footwear and gloves, will be necessary, although those 
cement workers with hardening may be able to stay at their work, 
remembering that there is a poor prognosis. In patients sensitised to 
chromium from leather footwear it is possible to source ‘vegetarian 
shoes’ and replace leather inners with cork insoles; it is also usu- 
ally necessary to replace contaminated hosiery. Primary prevention 
strategies including the addition of ferrous sulphate to cement has 
already significantly reduced chromium sensitisation by cement. It 
is not known whether reduction of the dietary intake of chromate 
might benefit chromate-sensitive patients [34]. 


Prognosis. Historically, occupationally cement-induced chromate 
sensitivity persisted [35], and the prognosis of occupational der- 
matitis was poor as a result of its chronicity and the associated social 
and financial handicap [36]. Few of those affected gave up their 
work despite the long-term nature of the condition [37]. Changing 
work to avoid contact with cement did not seem to improve the 
prognosis [38]. Many chromate-sensitised cement workers develop 
hardening and are able to continue at work, albeit with ongoing but 
manageable dermatitis. Insufficient knowledge of the occurrence of 
chromate in the environment may account for the poor prognosis. 


Patch tests. Sensitivity is demonstrated by a closed patch test with 
potassium dichromate 0.5% in petrolatum. At this concentration, 
weak irritant reactions are quite common, especially in atopics, but 
lower concentrations will miss relevant positives. Nevertheless, 
in the USA, a concentration of 0.25% is recommended because of 
the potential for false positive results. A compromise (0.375%) has 
been suggested although there may still be a risk of false positive 
and false negative reactions [39]. Dilutions can be tested to assist in 
distinguishing allergic from irritant reactions. 


Palladium [1] 
Chemistry. Palladium is a relatively inexpensive metal of the plat- 
inum group of elements. 


Prevalence. Of patients undergoing routine patch testing to pal- 
ladium chloride, 3-8% were shown to be allergic [2]. The sensiti- 
sation rate is reported to be increasing [3]. Nearly always there is 
concomitant sensitivity to nickel, and guinea pig and clinical stud- 
ies have suggested this may be a true cross-reaction [4,5]. There are, 
however, mixed views as to whether this association is concomitant 
sensitivity, cross-reactivity or contamination of palladium chloride 
by nickel sulphate [6-8]. Of nickel-sensitive individuals, 30-40% are 
also patch test positive to palladium chloride [9]. 


Occurrence. Palladium is increasingly used in dental alloys, pros- 
theses and industry [3]. It can be used as a whitener in white gold. 
Occupationally, its main uses are in electrical components and as a 
catalyst. 


Clinical features. The clinical relevance of a positive palladium 
chloride patch test reaction is questionable in many instances, and 
may just be a reflection of nickel allergy. Stomatitis and lichen 
planus have nevertheless been related to palladium in dental 
materials [10-12]. The removal of prostheses or dental alloys con- 
taining palladium may need to be considered in these instances. A 
granulomatous reaction after ear piercing has also been seen with 
palladium allergy [13]. 


Patch tests. Palladium chloride is normally tested at 1% in petrola- 
tum. 


Gold [1] 

Chemistry. Metallic gold is soft, malleable and ductile. It is stable 
and resistant to corrosion. Its strength is increased when alloyed 
with other metals. Gold salts, such as gold trichloride and potassium 
dicyanoaurate, are recognised as sensitising as well as irritant. 


Occurrence. Metallic gold is mainly encountered in jewellery, stents 
and dental materials. Gold salts are used in the plating, electronics, 
photographic, glass and porcelain industries [1]. 


Prevalence. Metallic gold has, until fairly recently, been regarded 
as safe and very unlikely to sensitise. However, when gold sodium 
thiosulphate was added to the standard patch test series, positive 
reactions were obtained in 8.6% of a series of Swedish patients [2], 
and subsequent surveys of various selected subgroups recorded a 
frequency of positive reactions ranging from 1% to 23% [1]. There 
is a female predominance, and where relevance has been found it 
has usually been in the context of jewellery or gold dental work [3]. 
However, the allergic mechanisms behind the positive patch tests, 
and their relevance, have been questioned [3-5]. There is a relation- 
ship between the amount of dental gold and frequency of allergy [6]. 
There is also evidence of an increased rate of allergy to gold after 
the use of gold-plated cardiac stents [7] (see ‘Cutaneous reactions to 
implanted metals’ later in this chapter). 


Clinical features. In our experience a relevance for a gold sodium 
thiosulphate positive patch test is found infrequently, and generally 
these patients can wear gold jewellery and have gold dental fill- 
ings without problems [2,3]. Nevertheless, analysis of the involved 
anatomical sites has been undertaken by others who have found 
that involvement of fingers, ear lobes and eyes by dermatitis pre- 
dominates [3]. A seborrhoeic eczema pattern has been described [8], 
as have persistent papules and nodules on the ear lobes, with lym- 
phomatoid or granulomatous histology [9,10]. Reported oral man- 
ifestations of allergy have included redness, burning mouth, ero- 
sions, ulceration, oro-facial granulomatosis and lichen planus-like 
lesions [11-14]. 

Sodium aurothiomalate injections for rheumatoid arthritis have 
induced systemic contact dermatitis and ‘fever’ in those previously 
sensitised to gold [15]. 


Acral dermatitis has been described from allergy to gold salts in 
the gilding industry [16]. A statistically significant association was 
also found between contact allergy to stent material and resteno- 
sis of the coronary arteries [17]. The risk for restenosis was three- 
fold increased when the patient was gold allergic and stented with 
a gold-plated stent. 


Patch tests. Many gold salts have been used for patch testing, but 
most centres now use gold sodium thiosulphate 0.5% in petrolatum. 
Late reactions are common and an additional 7-day or even 2- or 
3-week reading has been advised [18]. The appearance of a posi- 
tive patch test may be ‘dermal’, with redness and oedema but no 
vesiculation, and persistent patch test reactions are well recognised. 
The controversy over the debatable relevance has led many to advise 
against routine standard series screening for gold allergy [5]. 


Mercury [1] 

Chemistry. The metal and its inorganic salts, for example corro- 
sive sublimate (HgCl,), calomel (HgCl), fulminate (Hg(CNO),) 
and ammoniated mercury (HgCl-2NH,Cl), as well as organic com- 
pounds (e.g. mercurochrome, thimerosal and phenylmercuric salts), 
may all sensitise. 


Occurrence. The metal is used in instruments and dental amalgam 
(alloy of silver or copper and mercury) for filling teeth. Mercury and 
inorganic mercurials were more historically used in disinfectants, 
fungicides, herbicides, insecticides, detonators, emulsion paints and 
jewellery, as well as in the production of caustic soda and chlorine. 
Red mercuric sulphide (cinnabar, HgS) is used in red tattoos and in 
artists’ paints. 

Organic mercurials may be found in topical and parenteral 
medicaments. 


Clinical features. Contact dermatitis is only rarely seen on the skin 
from mercury and inorganic mercurials in the UK but amalgam 
fillings in patients already sensitised to mercury have caused local 
mucosal reactions and stomatitis, which settled when they were 
removed [2]. Hypertrophic amalgam dermatitis simulating carci- 
noma of the tongue has been described in one patient [3]. Perioral 
dermatitis after dental filling may also occur [2]. 

There are many reports of oral lichen planus in association with 
amalgam fillings [4,5] but the relationship is not consistent [6,7]. 
Patch tests to mercury are frequently positive when lichen planus 
is adjacent to amalgam fillings, but less so when there is not a close 
anatomical relationship [5]. The disorder is more apparent when 
there is corrosion [8]. In many sensitised subjects the condition will 
improve or settle when the amalgam is removed [5,9]. The causes 
of lichen planus are nevertheless likely to be multifactorial [5]. 

The relationship between oral inflammation, burning mouth 
syndrome and mercury allergy is contentious [6,10,11], but some 
individuals with mercury allergy have responded to amalgam 
removal. Oro-facial granulomatosis has also been seen in asso- 
ciation with mercury allergy and has resolved after removal of 
amalgam fillings [6,12]. 

Generalised exanthems and erythema multiforme have been 
reported from mercury exposure, including inhalation, dental fill- 
ings, following the breakage of thermometers in the mouth and 


also the use of an antiparasitic powder for the treatment of crab lice 
[13,14]. Recalcitrant eczemas in mercury-sensitised individuals are 
recorded as clearing after the removal of mercury amalgam fillings 
[15], although in most cases systemic reactions from amalgam seem 
to develop a few hours after insertion or removal and settle after 
10-14 days [16]. In our view, malaise and general ill health are not 
related to allergy to mercury in amalgams. 

Red mercuric sulphide (cinnabar) in a tattoo may induce gran- 
ulomatous reactions in allergic subjects [17]. We have seen several 
granulomatous and lichenoid reactions confined to the red parts of 
tattoos but none of our patients has been allergic to mercurials. 


Patch tests. Mercury is normally tested at 0.5% in petrolatum, 
mercurochrome 2% in petrolatum or aqueous, mercuric chloride 
0.1% in petrolatum and ammoniated mercury 2% in petrolatum 
(pet.). However, mercury compounds can be irritant, and aque- 
ous solutions of mercury salts may react with aluminium in Finn 
chambers to cause false positive reactions [2]. Patch testing with 
both mercury and ammoniated mercury is suggested if allergy 
is suspected [2]. Patch testing to amalgam is also possible and is 
available commercially at 5% pet. 


Aluminium 

Occurrence and clinical features. Aluminium is widely used 
but contact allergy is very rare. Most reported cases are from 
aluminium-adsorbed vaccines and parenteral solutions used for 
hyposensitisation, with granulomatous reactions at the injection site 
[1-3]. It is found in antiperspirants, and axillary dermatitis (usually 
irritant) may occur. Allergy in a child with chronic otitis externa 
treated with aluminium acetate ear drops has been seen [4]. 


Patch tests. As Finn chambers are aluminium, a positive patch test, 
often annular in configuration, may develop under every single 
test site in sensitised persons. Patch testing is best undertaken with 
plastic chambers if this diagnosis is suspected. Pure aluminium 
metal or salts, for example aluminium acetate 10% aqueous or 
aluminium chloride 2% aqueous, can be used for testing. 


Other metals 
Copper is a ubiquitous metal found especially in coinage, jew- 
ellery, pipes, electrical equipment and wiring. Its salts are used 
in insecticides, fungicides, wood preservatives, food processing, 
fertilisers and fur dyes. Contact allergy is very rare [1]. Dermatitis 
has been reported from copper intrauterine contraceptive devices 
and proven by patch testing and resolution of the dermatitis after 
removal [2,3]. 

Other metals used in dentistry may have the potential to 
cause contact allergy, including platinum, rhodium, indium and 
iridium [4-6]. 


Fragrances, balsams, flavouring agents and spices 

Perfumes are blends of fragrance chemicals producing an odour 
intended to be aesthetically pleasant or to mask other less pleasant 
odours. The components are either of natural origin or produced 
synthetically. Natural sources include extracts from plants, trees, 
lichens and animals (e.g. musk, civet) [1,2]. Commercially available 
perfumes are mixtures of essential oils from these sources and 
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synthetic compounds, with usually at least 10, and up to several 
hundred, ingredients [3]. The scent or ‘note’ is determined by the 
mixture of volatile substances. ‘Fixatives’ are added to delay evap- 
oration, influencing the quality and persistence of the perfume. 
Common ‘fixatives’ are balsams, benzyl benzoate, benzy] salicylate 
and synthetic musks. 

Tree balsams contain many different fragrance and flavouring 
components. Balsam of Peru is one such material that has been 
studied in depth [4]. It comes from the tree Myroxylon pereirae that 
grows in Central America (not Peru!). The balsam was given its 
name because it was packed in, and shipped from, Peru to Europe 
[5]. It was widely used earlier this century for treating scabies and 
wounds [4]. As a natural substance its composition is complex but 
contains benzyl benzoate, benzyl cinnamate, cinnamic acid alcohol 
and aldehyde, benzoic acid, vanillin, farnesol and nerolidol [6]. It 
may cross-sensitise with resorcinol monobenzoate used in cellulose 
ester plastics [7]. Other related balsams include balsam of Tolu, 
balsam of spruce, gum benzoin and storax. 

Flavours may similarly be of natural or synthetic origin. Examples 
of natural flavours include citrus fruit peel, peppermint oil, 
spearmint and vanilla. Natural spices include nutmeg, mustard, 
cinnamon, cloves and oil of juniper. In the modern food industry 
a large number of synthetic flavouring agents are used. As with 
perfumes, flavours may be complicated mixtures. 

A European Scientific Committee on Consumer Safety (SCCS) 
review of fragrances in 2011 (SCCS/1459/11) listed 82 substances 
that can be classified as established fragrance contact allergens. Of 
these, 54 are single chemicals and 28 are natural extracts, which in 
turn include all those that are required to be listed on consumer 
products. In the past fragranced products have been simply labelled 
as containing ‘parfum’ or ‘fragrance’. Since 2005 it has been manda- 
tory in the EU for 26 well-established fragrance allergens to be 
individually named on the ingredients label if present at >10 ppm 
in leave-on products or >100 ppm in rinse-off products. This has 
been a significant step forward in the evaluation and surveillance 
of fragrance allergy and is of great benefit to individuals living with 
fragrance allergy. 


Prevalence. In general, as measured by the frequency of allergic 
reactions in routinely patch-tested patients, fragrances are the sec- 
ond most common allergen (after nickel). Fragrance allergy affects 
in the region of 1.9% of the general adult European population 
[8]. In dermatitis patients, reported fragrance allergy rates vary 
between 5.7% and 17.4%, with roughly 10% being average for 
European patch test clinics. The prevalence of perfume allergy 
seems to be increasing [1,9], although this may be skewed by the 
increased numbers of fragrance chemicals now routinely tested [10]. 
Several studies suggest a proponderance of females affected, likely 
linked with increased exposure to leave-on fragranced products 
in women [8-12]. There are also links with self-reported ‘sensitive 
skin’ and increasing prevalence with age [9,12]. Occupational fra- 
grance allergy is a significant problem, particularly for beauticians, 
hairdressers and allied professions [13]. 

The pattern of fragrance allergy continues to change. In one UK 
centre, although the level of allergy to the test allergen Fragrance 
mix I (FMI) remained stable, a significant reduction of cinnamic 
aldehyde and cinnamic alcohol allergy occurred within components 


of the mix, mirroring decreasing commercial use of these chemicals 
in cosmetics [11]. In 2004, the SCCS recommended the future ban of 
the highly sensitising fragrance chemicals chloroatranol and atranol 
from consumer products. Chloroatranol and atranol are the most 
sensitising components in extracts of oak moss (Evernia prunastri) 
and tree moss (E. furfuracea). Additionally, in 2011, the synthetic 
fragrance hydroisohexyl-3-cyclohexenecarboxaldehyde (HICC or 
Lyral®), was recommended for removal. These changes have been 
enforced by EU law from August 2021. There is evidence that 
the industry reduced the use of these chemicals prior to this date 
reflected in decreasing allergy rates to these individual fragrances 
[14,15]. 


Occurrence. Fragrances are ubiquitous. Perfumes, cosmetics, 
moisturisers, deodorants, aftershaves, soaps, bath additives, aro- 
matherapy oils and toilet tissues and wipes are all typical sources. 
Medicaments, work creams and occupational cleansers often 
contain perfume. In the domestic environment cleansers, fabric con- 
ditioners, candles, pot pourri, air fresheners and polishes may all 
be scented. At work some materials (e.g. coolant oils) may contain a 
masking perfume [16]. Limonene is used in industrial and histology 
solvents and degreasing agents. D-limonene and other terpenes 
have been shown to act as allergens when they become oxidised 
and may therefore only be allergenic with prolonged exposure to 
air [17]. Auto-oxidation of terpenes is likely to make a significant 
contribution to the allergenicity of perfumes [18]. 

Flavours and spices are found in foods, beverages, lipsalves and 
dental products, including toothpastes, which will often use the 
term ‘aroma’ to denote their presence. 


Clinical features. The analysis of common patterns of perfume der- 
matitis has shown a tendency to involve the hands, face and neck in 
women (Figure 127.21); the hands, face and lower legs in men; and 
the axillae in both sexes [19]. A streaky pattern may be observed. 
There is evidence that allergy to more than one perfume component 
may result in a synergistic effect [1]. 

Connubial (consort) allergy is well recognised [20], and allergy 
to lavender applied to a pillow has been described (Figure 127.22) 


Figure 127.21 An urticated contact dermatitis in a patient allergic to fragrance. 
Courtesy of Dr J. D. Wilkinson. 


Figure 127.22 Allergic contact dermatitis from lavender essential oil on pillow. Courtesy 
of Dr N. Stone. 


[21]. Many affected subjects suspect their allergy, but a substantial 
number do not. Furthermore, those who are aware of their allergy 
may continue to suffer dermatitis by failing to take appropriate 
avoidance measures, for example by unwittingly applying per- 
fumed medicaments and cosmetics to their skin. Aromatherapists 
and their clients are liable to sensitisation in sites where there is 
contact with essential oils [22,23]. 

p-limonene in its oxidised state may cause allergic occupational 
hand dermatitis [17], which can also develop in bakers and chefs as 
a result of contact with sensitising flavouring agents [24]. Peeling 
of citrus fruit in the domestic environment may also induce allergic 
hand dermatitis. 

Cheilitis may be a reflection of allergy to flavouring agents in 
toothpastes [25,26], lipsalves [27] and food and drink [28]. Gin- 
givitis has occurred from allergy to eugenol in dental cement [29] 
and cinnamon has induced oral blisters, erosions and lichen planus 
[30,31]. 

Balsam of Peru is still used as a medicament, particularly in haem- 
orrhoid preparations, and allergy is therefore relevant to perianal 
problems. Sensitising balsams are used in medicaments and balms 
for wounds, sprains and joint pains, particularly in the Far East 


[32]. Tincture of benzoin is used in a similar way, and may also be 
used under orthopaedic plaster casts [33]. Vesicular hand dermatitis 
has been related to dietary intake of flavours related to balsam of 
Peru [34]. 

Musk ambrette is a synthetic perfume component responsible 
for photoallergy, and although its use has been discontinued in the 
western world it may still be present in perfumed materials from 
other parts of the world. 

Fragrance-allergic subjects appear to be at an increased risk of 
more frequent and more severe eye and respiratory symptoms than 
would be expected by chance [35]. 


Avoidance. Perfumes are marketed as concentrated liquids and in 
more diluted forms such as eau de toilette, or as sprays, and all 
should be avoided. The application of perfume to clothing may still 
cause problems in allergic subjects, who often believe they will only 
react if perfume is applied directly to the skin. Occasionally, affected 
subjects are able to use a specific perfume without any problem. 
Other perfumed skin products to be avoided include deodorants, 
aftershaves, talcum powders, soaps and bath additives. 

In addition to the 26 named fragrance chemicals, the presence 
of perfume in a cosmetic or wet wipe within the EU is denoted 
by the International Nomenclature of Cosmetic Ingredients (INCI) 
term ‘parfum’, and the presence of balsam of Peru by the INCI 
term ‘Myroxylon pereirae’. Patients should be warned that some 
cosmetics’ labels may suggest they are fragrance-free, yet the prod- 
ucts are found to contain perfume when the full ingredient label is 
studied, reinforcing the need to avoid unlabelled products. Some 
plant extracts may potentially be a hidden source of fragrance in 
cosmetics as the INCI nomenclature may use the plant’s Linnaean 
name rather than the word parfum. Some extracts, however, may 
only contain traces of fragrance chemicals. Within some personal 
care products the term ‘fragrance’ may also be replaced by the word 
‘aroma’. Patients need to be made aware that the ever-increasingly 
popular range of products containing ‘botanicals’ can also act as a 
source of fragrance chemical exposure and would be best avoided. 

Surprisingly, some prescribable moisturisers, emollients, bath 
additives and corticosteroids, as well as over-the-counter medica- 
ments, contain perfume. Menthol, lavender oil and peppermint 
oil are the top allergens in patients reacting to a medicated cream 
[36]. Fragrance-allergic patients with ongoing problems should 
also be counselled carefully about avoidance of these sources in 
medicaments. 

In the domestic situation, perfume-containing sprays such as air 
fresheners, insect repellents and hairsprays should be avoided, as 
should skin contact with perfumed household cleansing products 
and polishes. Unperfumed soaps or soap substitutes are required 
for washing the skin. The levels of perfume residues from washing 
powders and fabric conditioners for clothes are probably too low 
to cause clinical problems [37], but in those with a clothing pattern 
of eczema, extra rinsing and avoidance of fabric conditioners can 
be considered. Peeling citrus fruit with the bare hands should 
be avoided by those with hand eczema and an allergy to balsam 
of Peru. 

Furthermore, if a fragrance material has a second function in a 
formulation, such as a preservative (benzyl alcohol) or emollient 
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(methyl benzoate), it can still be included in ‘fragrance-free’ prod- 
ucts by unscrupulous manufacturers. Therefore, a review of the 
patient’s own personal care products may be very useful. 

In the occupational environment many cleansers, conditioning 
creams and barrier creams are perfumed, and similar avoidance 
measures are needed. Some work materials, including cutting oils 
and paints, may contain masking perfume and enquiries may be 
necessary to establish their components. 

Dietary measures may be helpful not only for oral and perioral 
allergy from flavours but have been suggested for those with vesicu- 
lar palmar eczema associated with balsam of Peru allergy. However, 
the response can be disappointing [38,39]. 


Patch tests. Patch testing for fragrance allergy is complex. The 
chemicals themselves are volatile and petrolatum preparations 
may not be stable over time. Patch test chambers should be freshly 
prepared and used quickly, with allergens stored in a fridge with 
caps tightly applied [40]. Many fragrance chemicals, including the 
fragrance mixes, are irritant such that care must be taken in patch 
test readings. Most importantly, the complexity of commercially 
produced perfumes are such that there is not a perfect screening 
patch test for all perfume allergy. Fragrance allergy patch testing 
recommendations have changed significantly over time and are 
being continually updated. 

Before 1977, the main recommended marker for perfume allergy 
was balsam of Peru, which is still part of the standard series. It is 
tested at 25% in petrolatum, but was thought to identify only 50% 
of perfume-allergic subjects [41]. Screening for perfume allergy was 
significantly advanced by the development of the first fragrance mix 
of eight common fragrance sensitisers (Table 127.7) [42,43]. FMI con- 
tains an emulsifier, sorbitan sesquioleate at 5%, which is reported to 
have improved the bioavailability of the fragrance chemicals [44]. 
Sorbitan sesquioleate is an allergen in its own right and is also the 
emulsifier in the commercial preparations of Myroxylon pereirae resin 
and 2-hydroxyethyl methacrylate. Adding sorbisan sesquioleate to 
the baseline series has therefore been suggested to reduce the risk of 
misinterpretation of patch test reactions to these three allergens [45]. 

The next fragrance chemical introduced for routine testing was 
HICC (Lyral). It was noted as a common perfume sensitiser that 
would be missed if reliance was placed on FMI and balsam of Peru 
testing alone [46]. This and five other fragrances (citral, farnesol, 
coumarin, citronellal and a-hexyl-cinnamaldehyde) were combined 


Table 127.7 Ingredients of Fragrance mix |.? 


Substance Concentration (%)° 


Cinnamaldehyde 

Cinnamyl alcohol 

Eugenol 

Amyl cinnamaldehyde 
Hydroxycitronnellol 

Geraniol 

Isoeugenol 

Oak moss absolute (Evernia prunastri) 


a ke ey RS, ee ce 


@ Fragrance mix allergens contain sorbitan sesquioleate (5% in petrolatum) as an 
emulsifier. 
> All ingredients are diluted in petrolatum. 


Table 127.8 Ingredients of Fragrance mix Il. 


Substance Concentration (%)? 
Alpha-hexyl cinnamaldehyde 5 

Citral 1 
Citronellal 0.5 

Farnesol 2.5 
Coumarin 2.5 
Hydroxy-methylpentyl-cyclohexene carboxyaldehyde (Lyral) 2.5 


4 All ingredients are diluted in petrolatum. 


to make a further mix for patch testing known as Fragrance mix 
II (FMII) (Table 127.8). Since 2008 the European Society of Contact 
Dermatitis (ESCD) has recommended using FMII in the baseline 
series and for Lyral to also be tested as a separate allergen at 5% 
pet. Allergy rates to Lyral were however declining prior to its ban 
from European consumer products from August 2021. It has now 
been suggested for possible removal as a single allergen from the 
baseline series [15]. 

Both FMI and FMII may give false positive irritant reactions, 
which testing the ingredients separately may help to avoid. How- 
ever, when individual materials are mixed they may combine in 
such a way as to produce a compound allergy, or other synergistic 
effects inducing a true allergic reaction, despite the components 
themselves being negative. The reverse situation (quenching) — that 
is the mix is negative and one or more of the components posi- 
tive — has also been reported, but questioned [47]. Nevertheless, it 
is worthwhile testing with the breakdown allergens in addition to 
the fragrance mixes when perfume allergy is suspected. It should 
be noted that the individual allergens from FMI are tested at 1% 
(as opposed to higher concentrations for FMII allergens with the 
exception of citral). It has recently been suggested that the FMI 
individual allergen concentrations should be increased to minimise 
false negative reactions [48]. 

The oxidised terpenes, hydroperoxides of limonene (HO- 
limonene) and linalool (HO-linalool), have now emerged as leading 
causes of fragrance allergy and can be tested for using commercially 
available allergens. Linalool is found in more than 200 natural oils 
including lavender, ylang ylang, bergamot, jasmine and geranium 
oils. Studies show that it might also be present in 90-95% of prestige 
perfumes. Limonene is found in many oils including rosemary, 
eucalyptus, lavender, lemongrass and peppermint [49]. High rates 
of positive reactions to both HO-limonene and HO-linalool in 
dermatitis patients are reported (9.4% and 11.7%, respectively, in 
one study), with the majority being of clinical relevance [50]. Both 
limonene and linalool are pre-haptens, requiring preoxidation to 
become allergenic. In 2017 HO-limonene 0.3% and HO-linalool 1.0% 
were recommended for addition to the British baseline series [10]. 
Patch test readings from these allergens are, however, notoriously 
difficult to interpret due to their irritancy, such that many centres 
also test with HO-limonene 0.1% and HO-linalool 0.5% to allow 
for more accurate reading. Limonene and linalool are currently 
the most commonly used fragrance chemicals in personal care and 
household cleaning products in the UK [14]. HO-limonene and 
HO-linalool were added to the European baseline series as single 
allergens in 2018. 


Evernia furfuracea (tree moss) is the latest individual fragrance 
chemical to be suggested for inclusion in the standard series [51]. 
A recent cross-sectional study of 6004 patients patch tested with 
FMI and FMII as well as all of the 26 EU-labelled fragrance aller- 
gens, revealed allergy to one or more fragrance chemicals in 15.7%. 
‘Non-fragrance-mix’ chemicals were the most common sensitisers. 
Individual fragrance chemicals with the highest sensitisation rates 
were HO-linalool (3.9%), E. furfuracea (3%), HO-limonene (2.5%) 
and HICC (2.1%). Tree moss is a lichen that grows on the bark of 
conifers, in particular pine and cedar trees. Tree moss and the simi- 
lar lichen, oak moss, have been used by the fragrance industry for 
many years and share chemicals which are degraded to the potent 
allergens atranol and chloroatranol. Positive patch test reactions to 
tree moss and oak moss therefore often coincide. Tree moss allergy 
also often coincides with colophonium allergy, thought to be related 
to their common pine tree origin, with resin acids of colophony 
occurring in tree debris and migrating into the tree lichen. A recent 
study of 632 patients tested with tree moss 1% showed a positive 
result in 3.5%, with eight patients showing no other fragrance reac- 
tions and 75% having a relevant associated reaction to colophony. 
Colophony-allergic patients should be alerted to the possible need 
to also avoid products containing tree moss as a precaution [52]. 

Following on from the recognition that HO-limonene and 
HO-linalool are significant causes of relevant fragrance allergy, 
recent reports have suggested that hyperoxides of both citronellol 
and geraniol may also be significantly more allergenic [53,54]. 
Further studies will be required to investigate whether the oxidised 
versions of these fragrances should also be routinely tested. There 
are suggestions that all 26 EU-labelled fragrance allergens should 
be tested on a more regular basis due to the high frequency and 
relevancy of fragrance allergy [55]. This would obviously increase 
patch test numbers significantly, but may be important for targeted 
patients. 

The pattern of fragrance allergy will continue to change over time 
with industry developments, changing fashion trends and new reg- 
ulatory interventions. Investigation of fragrance allergy has simi- 
larly adapted to these changes and will continue to progress. 


Applied medicaments [1,2] 

Prevalence and incidence. Of all allergic contact dermatitis 
cases, about 15% are caused, or complicated, by sensitivity to 
medicaments, although this may be higher in susceptible patient 
populations [2]. The literature on contact dermatitis abounds with 
reports of reactions to medicaments, and it is not possible to review 
all of these. It is doubtful whether the incidence has changed signif- 
icantly, although the incidence of sensitivity to a particular allergen 
varies from country to country and from decade to decade, accord- 
ing to both local prescribing habits and the number of patients who 
are at high risk, for example with leg ulcers and stasis eczema, 
included in any series. Contact allergy to medicaments is also more 
common in an elderly population, particularly to fragrance, lanolin, 
local anaesthetics, neomycin and corticosteroids [3]. Cases will be 
missed unless patch tests are routinely performed and if locally used 
medicaments are not included in a medicament series. Owing to the 
increased use of antiseptic hand washes both in the occupational 
setting and home setting, testing for sensitisation to benzalkonium 
chloride and chlorhexidine should also be considered. Meaningful 


sensitisation indices for the various medicaments can be calculated 
only if the prevalence of sensitivity is correlated with the usage. 

Antibiotics (neomycin and aminoglycosides, — bacitracin, 
polymyxin B, fusidic acid) and antiseptics (chlorhexidine, povidone- 
iodine, quaternary ammonium compounds) are among the main 
culprits, followed by local anaesthetics (dibucaine, ametho- 
caine, lidocaine, benzocaine), corticosteroids (budesonide) and 
non-steroidal anti-inflammatory drugs (NSAIDs) (ketoprofen, 
etofenamate, piroxicam, diclofenac, benzydamine), but many other 
drugs can induce contact reactions. Contact photosensitivity occurs 
mostly with promethazine and NSAIDs, like ketoprofen, in this 
case with cross-reactivity to benzophenones, octocrylene and oral 
fenofibrate [4]. 

Most cases represent iatrogenic contact dermatitis, but connubial 
and occupational cases in, for example, health personnel, workers 
from the pharmaceutical industry or veterinarians are also reported. 


Clinical features. Certain sites appear to be prone to the devel- 
opment of allergic contact dermatitis from medicaments. This is 
probably the result of frequent medicament usage at these sites, 
occlusive skin conditions such as the flexures and pre-existing skin 
damage. Sensitisation to medicaments is particularly common in 
patients with leg ulcers or eczema of the lower legs (Figure 127.23), 
and is found in about half of those with chronic stasis eczema. Even 
weak allergens appear to sensitise if used on the lower leg. In one 
French prospective multicentre study 59.6% of patients with chronic 
leg ulcers had at least one positive patch test reaction to a ‘modern 
dressing’ [5]. 


Figure 127.23 Medicament allergic contact dermatitis superimposed on stasis eczema. 
Topical antibiotics/antibacterials, preservatives, lanolin and other constituents of the 
medicament base are often to blame. Courtesy of Dr J. D. Wilkinson. 
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Figure 127.24 Pruritus ani is often complicated by secondary contact dermatitis to local 
anaesthetics or other medicaments. Courtesy of Dr J. D. Wilkinson. 


Contact dermatitis is also common in patients with chronic 
perianal inflammatory disorders (Figure 127.24), pressure sores, 
chronic otitis externa [6,7] and in those who frequently use ocular 
medicaments [8]. 

Mucosal exposure (e.g. to chlorhexidine) may promote the 
development of immediate-type skin reactions, which can be severe 
and life-threatening. 

However, dermatitis from applied medicaments can develop 
anywhere. Sometimes, the sensitivity is obvious but often it is 
occult and easily overlooked, and it will then only be detected 
by patch testing. In burns, the damaged skin may be incapable of 
reacting, and dermatitis may only be apparent at the periphery of 
the burn site. 

Sensitivity to a topically applied medicament may result in several 
types of reaction. 

1 Local aggravation, with increased itching and redness. 

2 Spread to other regions, in most cases preceded by local aggrava- 
tion. This is especially common in patients with stasis eczema or 
leg ulcers. 

3 A local reaction may not develop, and dissemination may be the 
only sign of sensitivity. This typically occurs with creams and 
ointments containing a potent steroid capable of suppressing the 
reaction locally, but not in other regions. 

4 Sensitisation can also manifest merely as failure to respond to 
treatment. The original condition may worsen or fail to improve, 
without there being any acute flares or spread to arouse suspi- 
cion. This is seen mainly when there is a low degree of sensitivity 


and low concentration of allergens, typically with parabens and 
lanolin, or where the contact allergen is a corticosteroid. 

5 Persistent generalised erythroderma is a rare manifestation of 
allergic contact sensitisation to medicaments. 

6 Contact urticarial, phototoxic and photoallergic reactions have 
also been reported. 


Systemic reactions. Patients sensitised by the topical use of a 
drug may develop systemic reactions if that drug, or one that is 
closely related, is then given systemically. Systemic contact der- 
matitis usually presents with dermatitis or redness of the buttocks 
and flexural involvement elsewhere. It is also called symmetrical 
drug-related intertriginous and flexural exanthema (SDRIFE) or 
the ‘baboon syndrome’ [9]. Widespread dermatitis or generalised 
exfoliative dermatitis has been reported following challenge with a 
systemic drug to which the patient already has contact allergy. 

Other patients may develop a systemic reaction after topical appli- 
cation of amedicament. Anaphylactic reactions have been reported, 
for example following the topical use of bacitracin, cephalosporins, 
rifamycin and chlorhexidine. Erythema multiforme-like reactions to 
topical medicaments have also been reported. Some patients have 
positive patch test reactions to a topically applied drug, having pre- 
viously been sensitised by its systemic use. 

Patients who have been sensitised by the topical use of prometh- 
azine hydrochloride may develop serious photosensitivity if the 
drug is given systemically. Care must always be taken in prescribing 
an antihistamine systemically if the patient is known to have been 
exposed to the same or a chemically similar drug topically. 


Avoidance and prognosis. Sensitisation from a single constituent 
may lead to recurrent dermatitis due to its inclusion in several 
proprietary formulations. In only a few countries are the contents 
of a proprietary medicament stated on the package or listed on 
the data sheet and, even then, the information is often insufficient, 
constituents sometimes being given as trade names or only ‘active’ 
ingredients listed. In order to reduce the risk of relapse, the ingre- 
dients of all topical medicaments should be established. Ideally, all 
topical medicaments, whether prescribed or purchased without a 
prescription, would display full ingredient labelling. 

It is also necessary to consider cross-sensitivity to other, untested 
medicaments. This has received particular study in relation to con- 
tact sensitivity to the aminoglycoside group of antibiotics. A similar 
situation may develop in patients sensitive to the ‘para’ group of 
chemicals, with cross-sensitisation between local anaesthetics, dyes, 
sulphonamides, UV filters, etc. 


Patch tests. Patients with suspected contact dermatitis should be 
tested with all their medicaments. The information obtained in the 
history may be incomplete so commonly used medicaments should 
also be routinely tested. It is often helpful to have a vehicle and 
medicament series or several ‘site’ series with the ingredients of the 
most commonly used topical preparations in that geographic loca- 
tion. Testing to the medicament (‘as is’) may miss allergens because 
they may be present in insufficient concentration. Where there is 


a high index of suspicion, the individual components should be 
obtained and appropriately diluted for patch testing. 

It is important not to forget self-prescription of over-the-counter 
preparations. Popular habits of self-treatment vary from country to 
country and region to region. Knowledge of these habits is obtained 
by experience, but local pharmacists can often supply informa- 
tion. Certain remedies may be popular in one country but almost 
unknown in another. ‘Natural’ or herbal treatments are increasing 
in popularity. Some of these are irritant, and others, such as Chinese 
herbal remedies [10] and tea tree oil [11], contain allergens. 

Medicament allergens included in the EECDRG recommended 
European standard series include the following: 
¢ Neomycin 20% in petrolatum. Neomycin has two active compo- 

nents, neomycin B and neomycin C, which are stereoisomers. It 

cross-reacts with other aminoglycoside antibiotics. The pattern 
of cross-sensitivity has been studied in guinea pigs. Clinically, 
neomycin is known to cross-react frequently with kanamycin 
and framycetin (Soframycin®), which would be anticipated with 

the latter as it consists almost entirely (99%) of neomycin B. 

Cross-sensitivity also occurs to a varying degree with gentamicin 

and tobramycin. Neomycin classically produces late reactions 

(beyond 96 h readings). 
© Clioquinol 3% in petrolatum. In areas where there is high use of 

chlorquinaldol, the retention of the quinoline mix may be of value 

due to the lack of cross-reactions between it and clioquinol. 
¢ Benzocaine 5% in petrolatum. Experience suggests that, in the UK 
at least, the replacement of benzocaine with a mixture containing 

cinchocaine (dibucaine) 2.5% and amethocaine (tetracaine) 2.5% 

will double the yield of allergic-positive reactions. Local anaes- 

thetics are either of the ester or amide type, and cross-reactions 
can occur within groups. Although cinchocaine is an aminoalkyl- 
amide and lidocaine (lignocaine) is an aminoacylamide, most 

individuals do not cross-react. Ideally, any reaction to the mix 

should be followed up by testing to the constituents and to lido- 

caine. Not all reactions to local anaesthetics are detected by the 

mix and patch tests should always be dictated by the particular 

exposure of the patient. 
© Corticosteroids (tixocortol pivalate 1.0% in petrolatum and budes- 

onide 0.1% in petrolatum in the British baseline series) [12,13]. 

When testing with corticosteroids it is not unusual to see reflex 

vasodilatation following the steroid-induced vasoconstriction 

and this should not be interpreted as a positive reaction. Con- 
versely, an annular response is frequently allergic, as a result of 
central suppression of the reaction by the corticosteroid. 

A reaction to tixocortol pivalate almost invariably means that the 
patient is allergic to hydrocortisone. The British Society of Cuta- 
neous Allergy (BSCA) recommends that tixocortol pivalate is tested 
at 1.0% [13]. In the UK, a reaction to budesonide almost certainly 
represents a cross-reaction to another corticosteroid, most likely an 
‘ester’ such as hydrocortisone 17-butyrate or an ‘acetonide’ such 
as triamcinolone acetonide. A reaction to either of these steroids in 
the standard series should prompt further testing to an extended 
steroid series, as 50% of tixocortol pivalate-positive and 90% of 
budesonide-positive individuals react to other corticosteroids. 
According to the literature, the prevalence of allergic reactions to 
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corticosteroids is extremely variable, with a range between 0.2% 
and 5%, with 85% of these patients having multiple steroid allergies 
[14]. Our experience suggests that although intradermal testing 
may have a role, testing other corticosteroids at 1% in ethanol is 
more sensitive although these test preparations are not available 
commercially at present. 

Together with knowledge of cross-reaction patterns [15], this 
helps in deciding what topical steroid to use as an alternative. 
Empirically, fluocinolone acetonide (Synalar®) preparations react 
least frequently, and are available in a range of potencies. In view 
of the potential cross-reactivity between these two markers of cor- 
ticosteroid allergy and prednisolone and its derivatives, it seems 
prudent to advise the use of either betamethasone or dexametha- 
sone if a systemic steroid is needed, in order to reduce the risk of 
inducing a generalised dermatitis. 

Although steroids are also applied topically to mucosal surfaces 
in the treatment of respiratory diseases, reports of contact allergy 
are rare. Indeed, individuals challenged with inhaled steroid to 
which they are sensitised, typically develop a cutaneous but not a 
respiratory response. In contrast, there are reports of both imme- 
diate and delayed-type allergic reactions following various other 
systemic routes of administration. 


Cosmetics [1,2] 

Cosmetics have been defined as any preparation applied to the 
skin, mouth, hair or nails for the purpose of cleansing, enhanc- 
ing appearance, giving a pleasant smell or providing protection 
[1]. There is consequently a considerable range of products that 
can be included within this definition, for example perfumes, 
deodorants, aftershaves, hairsprays, lipsticks, nail varnishes and 
(meth)acrylate-based nails, moisturisers, cleansers and wipes, mas- 
cara, eye shadow, make up, make-up removers, sunscreens, hair 
colours and styling agents, depilatories, soaps, shampoos, shower 
gels, bath oils and toothpastes. 

Good manufacturers aim to eliminate known sensitisers and 
irritants. However, because all cosmetics and toiletries have to be 
protected against bacteriological contamination and decomposition, 
and as most consumers require their cosmetics to have a pleasing 
smell, there are potentially sensitising preservatives and fragrances 
in most cosmetic products. The substitution of one allergen by an 
alternative component may lead to the introduction of perhaps an 
even more sensitising substance [3]. When entirely new products or 
ingredients are used on a large number of consumers, unexpected 
allergic or irritant reactions may occur, and it may be some time 
before the cause is identified. 

The range of cosmetic allergens is considerable. The more fre- 
quently detected allergens are discussed in the specific sections 
relating to fragrances, preservatives, vehicles and excipients, PPD 
and related dyes and UV filters. 

(Meth)acrylate-related contact allergy in gel nails, acrylic nails and 
gel-polish products have been on the rise across Europe in the past 
decade, mirroring their use among consumers [4]. 

There is an increasing vogue for including natural plant-based 
ingredients in cosmetics, for example tea tree oil (Melaleuca alternifo- 
lia), and these may be potentially allergenic [5-7]. 
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Hairdressers (and their clients) are exposed to a wide range of 
allergens in dyes, bleaches (ammonium persulphate), permanent 
wave solutions (thioglycolates), shampoos and hairsprays, etc. [8,9]. 
Depilatory waxes may contain colophony derivatives, which can 
induce allergic dermatitis [10]. 

Labelling of cosmetic ingredients has been required for over 
35 years in the USA, but only since 1997 in Europe. The nomen- 
clature used within the EU is the INCI, which is based on the US 
Cosmetic, Toiletry and Fragrance Association nomenclature [1]. 


Incidence and prevalence. Contact dermatitis to ingredients of 
cosmetics and toiletries is common in patients attending patch 
test clinics; approximately 10% of patients investigated for contact 
dermatitis in a multicentre European study were allergic to cosmetic 
products [11]. The exact incidence and prevalence of sensitivity in 
the population is difficult to establish. In a UK study of 1022 persons, 
8.3% had experienced some sort of adverse reaction to a cosmetic 
or toiletry in the preceding year; most reactions were irritant rather 
than allergic in nature [12]. In one American survey comprising 
30 000 consumers, 700 reactions had occurred during 1 year [13]. 
Some reactions are transient, such as stinging and smarting, and 
contact urticarial. Most people simply change brand and do not 
report adverse reactions to the manufacturer. It is nevertheless 
estimated that 1-3% of the population is allergic to a cosmetic or 
cosmetic ingredient [14], with a female predominance. 

Studies have shown that there is significant variation in practice 
in screening with allergens for cosmetic allergy across Europe [15], 
which has also led to an attempt to develop a European cosmetic 
screening series [16]. 

Cosmetic ingredients can be classified into several categories: 
fragrances, preservatives (including antimicrobials and antiox- 
idants), UV light absorbers, excipients (vehicles), emollients, 
surfactants (including detergents and emulsifiers), hair styling 
products and dyes and nail products. 

The most common cosmetic allergens are fragrances and preser- 
vatives. Also of importance are PPD, UV filters and (meth)acrylates, 
but there are potentially many others [16]. 


Clinical features [1]. Cosmetic allergy is unsuspected in about half 
of those in whom it is subsequently diagnosed [17]. Apart from hair 
dye allergy, acute weeping and oedematous reactions are unusual. 
More commonly, there are red scaly patches or a more diffuse 
redness. Differentiation from atopic and seborrhoeic eczema and 
lupus erythematosus may be difficult, especially on the face. 

Sites of involvement are varied, and depend on the type of 
product containing the allergen(s) and where it has been applied. 
Patterns of perfume allergy are described in the section on fra- 
grances, and hair dye allergy in the section on PPD and related 
dyes. The eyelids, face and neck (Figure 127.25) are sites com- 
monly involved in cosmetic allergy, but hand involvement and 
more widespread dermatitis are seen. It is not always appreci- 
ated how often cosmetics, particularly moisturisers, are applied 
not only to dry skin but also to pre-existing eczemas, including 
constitutional forms. Flares may wrongly be blamed on the under- 
lying disorder, and cosmetic allergy may go undetected unless 


Figure 127.25 Facial allergic contact dermatitis, often due to fragrance, preservatives or 
other ingredients of cosmetics. Courtesy of Dr J. D. Wilkinson. 


appropriate patch testing is undertaken. In general, leave-on prod- 
ucts are more likely to sensitise than wash-off cosmetics, although 
dermatitis may be maintained from the latter source in allergic 
subjects [1]. 

Cheilitis is seen from lipstick, lipsalve and toothpaste allergy. Hair 
cosmetic allergy may cause a scalp margin pattern as well as perior- 
bital swelling. A similar distribution is seen in hairdressers’ clients 
allergic to permanent wave chemicals (usually glyceryl monothio- 
glycolate) but perms are currently not fashionable so this is now 
rarer. 

Nail varnish allergy is often ectopic, with patches and streaks on 
the face, neck (see Figure 127.10) and behind the ears, and episodic 
periorbital swelling. The allergen is usually tosylamide formalde- 
hyde resin, but phthalic anhydride/trimellitic anhydride/glycols 
copolymer and adipic acid/neopentyl glycol/trimellitic anhydride 
copolymer are increasingly being reported as nail cosmetic allergens 
[18]. Nail (meth)acrylate chemicals may also cause dystrophy and 
paronychia [19]. A similar, potentially widespread, ectopic pattern 
of contact allergy may occur from (meth)acrylates in nail cosmet- 
ics. Passive transfer of allergy from cosmetics used by partners 
(connubial or consort allergy) and relatives [20-22] should not be 
forgotten. 

Occupational allergic hand dermatitis associated with hairdress- 
ing materials is described elsewhere. 


Avoidance. Full ingredient labelling of cosmetics in Europe has 
made a major contribution to avoidance measures. It is important 
to give the patient the INCI name of the material to which they 


are allergic as this is the nomenclature used on cosmetic ingredi- 
ent labels. There is still potential for confusion, particularly with 
plants which, when used in cosmetics, are identified by their Latin 
name in the Linnaean system. Some plant extracts may potentially 
contain or cross-react with fragrances, and it may be difficult for 
the patient and the dermatologist to be absolutely sure if a prod- 
uct containing natural plant extracts is safe for fragrance-allergic 
subjects. Unlabelled products should not be used. The reader is 
referred to the sections on individual cosmetic allergens for more 
details. 

A complete list of INCI names for substances can be obtained 
from https://ec.europa.eu/growth/sectors/cosmetics /cosing_en 
(last accessed July 2023). 


Patch tests. The ESCD baseline series contains a number of 
cosmetic allergens, including FMI and FMII, balsam of Peru (Myrox- 
ylon pereirae), HICC (Lyral), parabens mix, lanolin, quaternium-15, 
methylchloroisothiazolinone-methylisothiazolinone (MCI/MD), MI, 
formaldehyde, PPD, propolis and colophonium (colophony). The 
BSCA include additional cosmetic chemicals in their recommended 
baseline series: Amerchol L101, 2-bromo-2-nitropropane-1,3-diol, 
imidazolidiny] urea, diazolidinyl urea, HO-limonene, HO-linalool, 
Evernia furfuracea, hydroxyethyl (meth)acrylate, decyl glucoside 
and lauryl glucoside (https://cutaneousallergy.org/; last accessed 
July 2023). 

However, a wider screen of allergens is advised when inves- 
tigating cosmetic allergy, in particular nail cosmetic allergens 
(tosylamide formaldehyde resin, the newer anhydride copolymers 
and nail (meth)acrylates). Patch testing with a series of UV filters 
may also be advised. In addition, the main allergen suppliers 
have a range of other potential allergens, including more preser- 
vatives, antioxidants, surfactants, emulsifiers and other cosmetic 
excipients [16]. 

It is also important to consider patch testing with the cosmet- 
ics used by the patient. As a general rule, leave-on products and 
perfumes can be tested ‘as is’ but, because of irritancy, soaps and 
shampoos should be diluted to 1% aqueous. There is still a risk 
of false positive reactions and also, because of the dilution, false 
negatives. Mascara and nail varnish are often irritant, and should 
be applied to a chamber and the solvents left to evaporate before 
applying them as a patch test. 

Allergy cannot be totally ruled out unless all the ingredients of 
all cosmetics have been tested individually at appropriate con- 
centration and in a suitable vehicle. In practice, however, most 
cosmetics are initially tested ‘as is’, but false negative reactions and 
marginal irritant reactions are common. Ideally, each component of 
a suspect cosmetic should be tested individually and where there 
is a high index of suspicion the individual components should be 
obtained from the manufacturer if they are willing to provide them. 
Ideally, the raw material should be the same as that used in the 
suspect product, because batch differences, source and purity may 
all be important. Sometimes the allergy is to the substance itself, 
and sometimes to an impurity. The concentration necessary to test 
an individual substance is often greater than its concentration in 
the product. Manufacturers’ patch test kits, which may contain 


ingredients at the concentration in which they are present in the 
product, are likely to be misleading and should not be used. 

Testing with hair dyes is discussed in the section on PPD and 
related dyes. 


Other tests. If cosmetic allergy is still suspected despite neg- 
ative patch test reactions to a cosmetic containing sunscreen 
chemicals, then the possibility of photoallergy should also be 
considered and, if clinically indicated, photopatch tests should be 
undertaken [23]. 

ROATs may also be useful to try and identify the offending 
cosmetic, although these will not necessarily differentiate between 
irritant and allergic reactions. Finally, after discussion with the 
patient, a usage test can be considered, with reintroduction of the 
suspected products, one at a time, and using each for up to 3 days. 


Antimicrobial agents and preservatives 

One of the greatest challenges facing cosmetic industry formulators 
at present is the choice of preservative(s) to use in their products. 
The palette of available chemicals is rapidly diminishing following 
regulatory control, mainly for reasons other than contact allergy 
issues, although there have been some recent examples such as with 
methyldibromoglutaronitrile (MDBGN) and methylisothiazoli- 
none. Therefore, on the basis of possible regulatory-led withdrawal 
of commoner preservatives in Europe it will be important to monitor 
the use of the less commonly used ones. 


Formaldehyde [1] 

Chemistry. Formaldehyde (HCHO) is a gas, and formalin is a 
solution of the gas in water (about 38%). Methylol groups can be 
combined with other compounds to form formaldehyde releasers, 
which are widely used as preservatives. Formaldehyde may com- 
bine with other chemicals to produce resins, which may sensitise 
(see the section on resins and plastics later in this chapter). 


Prevalence. The introduction of textile finishing resins low in 
formaldehyde and the replacement of formaldehyde with formalde- 
hyde releasers in cosmetics have greatly contributed to a decline in 
sensitisation. Nevertheless in individuals routinely patch tested 
for the investigation of contact dermatitis, the frequency of 
allergic-positive reactions to formaldehyde is near 5% in North 
America, and in Europe near 1% [2,3]. 


Occurrence. In the USA, exposure to free formaldehyde still often 
occurs from cosmetics, whereas in Europe sensitisation to free 
formaldehyde is believed to occur mainly from occupational 
exposure (e.g. laboratory technicians, haemodialysis nurses, 
embalmers, housekeepers, hairdressers, beauticians, machinists, 
metal workers). Free formaldehyde is still present in up to 0.1% of 
cosmetic products in the USA, whereas in Europe its use is low (or 
even forbidden such as in Sweden), although notably nail hard- 
eners may still contain up to a 5% concentration [1]. Nevertheless, 
formaldehyde in cosmetics, ‘as is’ or hidden as an impurity or 
derived from formaldehyde releasers, still causes allergic contact 
dermatitis. 
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Box 127.5 gives an idea of the wide variety of potential sources of 
formaldehyde. 


Box 127.5 Formaldehyde sources 


e Antiperspirants 

¢ Colouring agents 

¢ Cosmetic preservatives 

¢ Cotton clothing (wash and wear, crease resistant) 
e Disinfectants and deodorisers 

e Dry-cleaning materials 

e Embalming fluids and tissue fixative 
e Fertilisers 

e Fibreboard/chipboard 

¢ Fumigators 

¢ Glues 

e Hardeners 

¢ Household cleaning products 

e Hyperhidrosis treatment 

¢ Industrial biocides 

e Insecticide (flypapers) 

¢ Metal-working fluids 

¢ Orthopaedic casts 

e Paints/lacquers 

¢ Photographic plates and solutions 
¢ Plywood 

¢ Polishes 

e Preservatives 

e Printing chemicals 

e Rayons 

¢ Renal dialysis 

e Reusable gloves 

¢ Shampoos and soaps 

¢ Smoke from tobacco, coal and wood 
e Tanning agents for leather 

e Wart treatment 

¢ Water-resistant papers and tissues 


It can often be difficult to find relevance for a positive patch test, 
but more commonly identified causes are cosmetic ingredients and 
less commonly now clothing resins. In this regard, some authors 
have advised the use of ROATs as well as formaldehyde detection by 
the chromotropic acid method [4] to be applied to products used by 
the patient, although this is not always feasible in clinical practice. 

Shampoos may contain formaldehyde, although this is more 
likely to be of relevance in the context of hairdressers’ hand der- 
matitis than in relation to transient use on the hair. Some textile 
resins will release formaldehyde, and free formaldehyde may be 
found in treated cotton clothing and rayons. Paints/lacquers, print- 
ing inks and cleaning products, filling agents and glues were the 
most frequently registered products containing formaldehyde mar- 
keted in Denmark [5]. Formaldehyde is used for the preservation 
of anatomical and pathological specimens, and those working with 
such specimens, for example histopathologists and embalmers, are 
at risk of allergy from free formaldehyde. It is used medically in 
renal dialysis and may be found in orthopaedic casts. 

In cosmetics and industry (e.g. cutting oils), formaldehyde has 
largely been replaced by formaldehyde-releasing preservatives 


Table 127.9 Formaldehyde-releasing preservatives in cosmetics and medicaments. 


Substance Patch test concentration 


Quaternium-15 

Imidazolidinyl urea 

Diazolidiny! urea 
2-Bromo-2-nitropropane-1,3-diol 
DMDM hydantoin 


1% in petrolatum 

2% in petrolatum (or 2% aqueous) 

2% in petrolatum (or 2% aqueous) 

0.25% in petrolatum (or 0.5% in petrolatum) 
2% aqueous 


DMDM, 1,3-dimethylol-5,5-dimethylhydantoin. 


which exert the same broad spectrum activity against bacteria, 
notably Gram-negative bacteria such as Pseudomonas aeruginosa, 
yeasts and fungi (Table 127.9). 

Many of these releasers not only sensitise simultaneously with, 
but also independently of, formaldehyde [6-9]. 


Clinical features. The presenting dermatitis will depend on the 
source of contact, for instance a clothing pattern, a cosmetic pattern 
or involvement of the hands in occupational dermatitis. Formalde- 
hyde allergy is often only diagnosed retrospectively by finding 
a positive patch test and relating this to the distribution of the 
problem by identifying formaldehyde or formaldehyde-releasing 
chemicals that come into contact with the affected site. 


Avoidance. Avoidance may be difficult, bearing in mind the wide 
exposure possibilities, but it is important to recognise that avoidance 
steps are only required if the individual has skin problems that are 
relevant to the exposure. If cosmetics, medicaments and moisturis- 
ers come into contact with the affected sites their ingredient labels 
should be carefully assessed in order that those containing not only 
formaldehyde but also the formaldehyde-releasing preservatives 
listed in Table 127.9 are avoided. It may also be necessary to contact 
manufacturers or check the material safety data sheet to establish 
the presence of formaldehyde in their products, particularly cutting 
oils. The difficulties faced by patients in identifying formaldehyde 
in products is highlighted by the fact that in one study of sensitised 
persons with persistent dermatitis, all were still using at least one 
product containing formaldehyde. Only by detailed enquiries and 
access to product databases could the presence of formaldehyde be 
demonstrated [10]. 

Undeclared free formaldehyde in cosmetics continues to pose a 
particular problem for example the addition of formaldehyde to 
detergents at source by suppliers, which are then used in formu- 
lations and since no further formaldehyde may be added to the 
product its presence goes unlabelled. 

Formaldehyde release from other chemicals in the formulation, 
such as emulsifiers and surfactants, as well as from materials used in 
packaging (melamine or carbamide-formaldehyde resins) has also 
been described [11]. 

A number of tests can be used to detect the presence of formalde- 
hyde. The chromotropic acid test may give false positive reactions, 
and the alternative acetylacetone method may be more sensitive and 
specific (see ‘Spot tests’ earlier in this chapter). 


Prognosis. In a follow-up study of 57 patients with formaldehyde 
dermatitis, 29 (51%) still had frequent or persistent dermatitis sev- 
eral years later. Formaldehyde was identified in cosmetics, toiletries, 


household cleaners and other materials still being used by 38 of these 
patients. The authors concluded that patients who paid attention 
to their allergy had statistically significantly fewer eruptions than 
those who did not [12]. 


Patch tests. Patch testing is recommended with formaldehyde 2% 
aqueous [13]. Itis generally recommended as a baseline test allergen. 


Formaldehyde-releasing preservatives/biocides [1] 

The five most relevant formaldehyde releasers (in declining order 
of their potential to release formaldehyde) are: quaternium-15, 
diazolidinyl urea, dimethylol dimethyl (DMDM) hydantoin, imida- 
zolidinyl urea and 2-bromo-2-nitropropane-1,3-diol (bronopol) [2]. 
As patients may become sensitised to formaldehyde releasers them- 
selves, without necessarily being sensitised to formaldehyde, their 
addition to the European baseline series has been proposed [3]. In a 
recent study, the high percentage of isolated reactions to formalde- 
hyde releasers showed that co-reactivity to formaldehyde 2% aque- 
ous is virtually non-existent for 2-bromo-2-nitropropane-1,3-diol 
(BNPD) whereas a weak concordance for quaternium-15 was 
detected. The results suggested that patch testing with formalde- 
hyde 2% aqueous was an inadequate screen to identify independent 
contact sensitisation to formaldehyde releasers [4]. A study looking 
at the 10-year trends in contact allergy to formaldehyde releasers 
in Denmark showed that contact allergies to formaldehyde and 
formaldehyde releasers overall continue to remain frequent [5]. 


Quaternium-15 

Quaternium-15 is also known as Dowicil 75, 100 or 200, chlorallyl 
methenamine chloride, N-(3-chlorallyl)-hexaminium chloride and 
1-(8-chlorallyl)-3,5,7-triaza-1-azoniondamantane. It is water sol- 
uble, odourless and colourless. Its broad antimicrobial activity is 
independent of the pH of the product. 


Prevalence. Quaternium-15 can sensitise either independently or 
via formaldehyde release, or both. The prevalence of positive patch 
tests in those attending for routine testing in pan-European studies 
is just below 1% [6] although much higher levels are observed in 
North America [7]. 


Occurrence. Quaternium-15 was infrequently used in European 
cosmetics (<0.5%), in contrast to the USA where it was still included 
in up to 1.5% of leave-on formulations. It may also be found in 
(topical) pharmaceuticals, household detergents, cleansers and 
laundry soaps, paints, adhesives, glues and a variety of industrial 
products, such as metal working fluids, paper board, polyurethane 
resins and paper (e.g. for the packaging of food), textiles and gloves 
[8]. In 2019, European legislation came into force that banned the 
use of formaldehyde and quaternium-15 in cosmetics. All finished 
products that release formaldehyde listed in Annex V of the EU 
cosmetic regulation must be labelled with the warning ‘contains 
formaldehyde’ if the concentration of formaldehyde in the finished 
product exceeds 0.05%. 


Clinical features. These are discussed in the sections on allergy to 
cosmetics and medicaments. 


Avoidance. The INCI name is quaternium-15. Only ingredient- 
labelled products should be used, and any product shown to con- 
tain it should be avoided. Knowledge of its synonyms is helpful, 
particularly as non-cosmetic products, including medicaments, 
may not adhere to INCI terminology. 


Patch tests. For quaternium-15, 1% in petrolatum is the generally 
recommended concentration and vehicle. It is recommended as a 
standard test allergen in Europe and North America. 


Diazolidinyl urea 
Diazolidiny] urea is also known as Germall II. It is a broad spectrum 
biocide, soluble in water and effective at various pH levels. 


Prevalence. Studies in the UK on routinely patch-tested individu- 
als showed that 0.7% of 3062 patients were patch test positive [9], 
similar to the finding of 0.79% in a multicentre Spanish study [10], 
whereas in North America 3.1% were positive [11]. 


Occurrence. Diazolidinyl urea has been used since 1982, predom- 
inantly in cosmetics. It is found in up to 8% of cosmetics, both in 
Europe and in the USA, in concentrations varying between 0.1% 
and 0.5%. It can also be present in detergents, topical pharmaceuti- 
cals (e.g. corticosteroid creams) and to a lesser extent in occupational 
products [1]. 


Clinical features. These are discussed in the section on allergy to 
cosmetics earlier in this chapter. 


Avoidance. The INCI name is diazolidinyl urea. Only ingredient- 
labelled cosmetics and creams should be used, and any prod- 
uct shown to contain it should be avoided. ROATs confirm that 
formaldehyde-allergic subjects should also avoid creams preserved 
with diazolidiny] urea [11]. 


Patch tests. Patch testing at 1% and 2% aqueous has been advised 
[12], but it is generally supplied at 2% in petrolatum, which we have 
found satisfactory. Although not a frequent sensitiser in the UK, the 
BSCA has recommended its inclusion in the baseline series [13]. 


Imidazolidinyl urea 

Imidazolidinyl urea is also known as Germall 115. It has broad 
spectrum antimicrobial activity and is colourless, water soluble and 
not pH dependent. It acts synergistically with other preservatives 
and will kill Pseudomonas aeruginosa. It releases only small amounts 
of formaldehyde, and may therefore possibly be less of a problem 
than other formaldehyde releasers for formaldehyde-sensitive 
subjects [14]. 


Prevalence. It is not a common allergen in most pan-European 
studies, with positive reactions occuring in 0.5% of routinely 
patch-tested persons [6]. 


Occurrence. Imidazolidinyl urea is commonly used in cosmetics, 
shampoos and hand creams, including barrier and other work 
creams. 
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Clinical features. These are discussed in the section on allergy to 
cosmetics. 


Avoidance. Imidazolidinyl urea is the INCI name. Only ingredient- 
labelled cosmetics should be used, and any product shown to con- 
tain it should be avoided. In UK medicaments its presence may be 
denoted by the word ‘imidurea’. 


Patch tests. Although patch testing with 2% aqueous has been 
advised [15], 2% in petrolatum is generally used. Its inclusion in the 
baseline series is recommended by the BSCA in the UK [13]. 


2-Bromo-2-nitropropane-1,3-diol 
2-Bromo-2-nitropropane-1,3-diol is also known as bronopol and 
BNPD. It has broad spectrum antimicrobial activity and is par- 
ticularly effective against Pseudomonas aeruginosa. It is soluble 
in water, alcohols, glycols and, to a lesser degree, oils. Its (often 
formaldehyde-independent) sensitising properties, as well as con- 
cerns related to the formation of nitrosamine carcinogens, make it a 
less attractive preservative for continued use. 


Prevalence. The reported prevalence of positive reactions to BNPD 
in routinely patch-tested individuals in North America in 2001-02 
was 3.3% [7]. In the UK, 0.8% of individuals were positive in a 1986 
study [16] and in a pan-European study just under 1% [6]. 


Occurrence. BNPD canbe found ina wide range of cosmetics, mois- 
turisers, shampoos, medicaments and hand creams. It may also be 
found in a number of chemical products, especially paints, lacquers 
and cleaning agents [17]. 


Clinical features. These are discussed in the section on allergy to 
cosmetics. In the occupational setting the usual site of involvement 
is the hands. 


Avoidance. The INCI name is 2-bromo-2-nitropropane-1,3-diol. 
The simpler name of bronopol may be used in other products. Only 
ingredient-labelled cosmetics should be used, and any product 
shown to contain it should be avoided. 


Patch tests. The two recommended concentrations are 0.5% and 
0.25% in petrolatum; 0.5% may occasionally give false positive reac- 
tions. It is recommended by the BSCA for inclusion in the baseline 
series at 0.5% (pet.) [13]. 


Dimethylol dimethyl hydantoin 

Dimethylol dimethyl hydantoin is also known as Glydant® and is a 
colourless liquid that contains 0.5-2% free formaldehyde and over 
17% combined formaldehyde. 


Prevalence. In pan-European studies <0.5% of patients routinely 
patch tested to DMDM hydantoin showed allergic reactions and the 
the North American Contact Dermatitis Group (NACDG) reported 
2.8% positivity [7]. Testing with formaldehyde has demonstrated 
poor concomitant sensitivity [4]. 


Occurrence. DMDM hydantoin can be found in cosmetics, topical 
pharmaceuticals, glues and adhesives, paints and a wide range of 
industrial products such as herbicides, cutting oils, papers and inks. 


Clinical features. These are discussed in the section on allergy to 
cosmetics. 


Avoidance. DMDM hydantoin is the INCI name, and it can be iden- 
tified in a product provided this is fully labelled with ingredients. 
There is evidence from ROATs that formaldehyde-allergic patients 
should avoid products containing DMDM hydantoin [18]. 


Patch tests. Patch tests have been undertaken at 1-3% aqueous and 
1% in petrolatum. We have found 2% aqueous satisfactory. 


Other biocides 

The above formaldehyde releasers are encountered particularly 
in cosmetics, including shampoos and other hair care products. 
A much broader series of formaldehyde releasers is to be found 
in materials such as industrial and household cleaning agents, 
colouring agents, paints and lacquers, polishes and especially 
metalworking fluids [19-21]. A number of formaldehyde-releasing 
biocides in these fluids will sensitise, and a special series of allergens 
should be used for testing in those exposed, as well as the material 
itself [22]. 


Formaldehyde-releasing preservatives. cross-reactivity and 
concomitant reactions: advice for patients 

Although studies reveal that patch test reactions to formaldehyde 
releasers show poor co-reactivity to formaldehyde 2% aqueous in 
many instances [4], the question as to whether patients sensitised to 
formaldehyde may tolerate products preserved with formaldehyde 
releasers is difficult to resolve. 

It is generally accepted that if sensitisation to formaldehyde 
occurs, both formaldehyde and strong releasers — such as quater- 
nium-15, diazolidinyl urea and DMDM hydantoin — should be 
avoided. In selected cases, the use of products containing BNPD 
(and to a lesser extent imidazolidinyl urea), due to a low effective 
formaldehyde content, might still be tolerated, especially on healthy 
skin. Nevertheless, as a precaution, avoidance of all formaldehyde 
releasers is usually advised. 

If a patient is sensitised to only one releaser, especially when it 
concerns a weak releaser, such as BNPD or imidazolidinyl urea, and 
not to formaldehyde, then contact allergy was most likely induced 
by the releaser itself and not related to formaldehyde. Consequently, 
only this particular releaser should then be avoided. However, if 
a patient is sensitised to two or more releasers, it is likely that the 
most common sensitiser is formaldehyde, and therefore formalde- 
hyde and all releasers would be better avoided. 


Other cosmetic preservatives 

Non-formaldehyde-releasing preservatives are also an important 
cause of contact allergy from cosmetics. These include parabens, MI, 
MCI/MI, MDBGN, phenoxyethanol, iodopropynyl butylcarbamate 
and sodium metabisulphite among others. The parabens paradox 
illustrates that they rarely cause contact allergy from cosmetic usage 


(see the section on parabens later in this chapter). Similarly, due 
to legislative changes, MDBGN use in cosmetics has been reduced 
and even banned within the EU. 


Isothiazolinones [1] 

Isothiazolinone preservative systems have effective broad spec- 

trum activity against both bacteria and fungi. They have therefore 

been widely used for more than 30 years in water-based prod- 
ucts such as household detergents, paints, glues and industrial 
biocides, and also in cosmetics. Other unusual sources of cos- 
metic, non-cosmetic and occupational exposures to isothiazolinone 
derivatives have been published including textiles, leather, plas- 
tics (spectacle frames), medical devices (ultrasound gel, wound 
dressings, vacuum-assisted closure sponges), pet cosmetics and 

homemade slime [2]. 

A number of different formulations have been shown to be sensi- 
tising to the skin. 

1 Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and  2- 
methyl-4-isothiazolin-3-one in a 3: 1 ratio by weight. The INCI 
name is methylchloroisothiazolinone and methylisothiazolinone 
(MCI/MI). This mixture has various other names, including 
Kathon CG, Kathon WT, Euxyl K 100 and Acticide. 

2 Methylisothiazolinone by itself was also introduced as a cosmetic 
preservative in 2005 but its use in Europe has now been substan- 
tially restricted due to an epidemic of contact allergy. 

3 1,2-Benzisothiazolin-3-one (BIT). This is used under the commer- 
cial name Proxel in a range of biocides. 

4 2-n-Octyl-4-isothiazolin-3-one (OIT). This is also known as 
Kathon 893, Kathon LP and Skane M-8. 

Although there is a structural similarity between the different 
derivatives, particularly the isothiazolinone ring common to all of 
them, and potential cross-reactivity has been suggested, this does 
not appear to be the case. No immunological cross-reaction is to 
be expected between chlorinated and non-chlorinated derivatives. 
Most observations rely on case reports, small case series or retro- 
spective, observational studies, often using different (sometimes 
low) patch test concentrations. 

Approximately 40% of Belgian patients with a positive patch 
test to OIT, for whom no relevant OIT-containing allergen source 
could be found, were shown to be primarily sensitised to cosmet- 
ics containing MI, suggesting the possibility of, at least partial, 
cross-reactivity between both molecules [3]. Alternatively, BIT 
reactions most often occur independently of other isothiazolinones, 
probably as a result of independent sensitisation [4]. In line with 
animal data, most epidemiological studies show that the majority 
of patients sensitised to MI will also show a patch test reaction to 
MCI/ML, suggesting cross-reactivity. 


Methylchloroisothiazolinone and methylisothiazolinone [1]. 
Prevalence. Since it was first marketed in 1980, there have been 
many reports of MCI/MI allergy, particularly from Europe, with a 
prevalence of positive reactions as high as 8.3% in routinely tested 
patients in the first few years after its introduction [5]. This level had 
stabilised in Europe to around 2.5% until recently [6]. 

Levels below 15 ppm are considered unlikely to induce sensitisa- 
tion [7], and in those already sensitised this concentration has been 
shown to be insufficient to elicit a dermatitis in many instances. Due 


to the high rates of allergy to MI seen across Europe, over the last 
decade the rates of cutaneous allergy to the mix of MCI/MI are sim- 
ilarly increased [8]. 


Occurrence. MCI/MLis used in cosmetics, mainly in rinse-off prod- 
ucts, including liquid soaps and cleansers, shower gels, bubble baths 
and shampoos. Nevertheless, leave-on cosmetics may also contain it. 
However, this biocide can be found in other situations, most notably 
soluble cutting oils, paints, wallpaper pastes, glues, spin finishes, 
military fuel, household cleansers, printing inks and fountain solu- 
tion, latex emulsions, water cooling systems and as a slimicide in 
paper mills. 


Clinical features. These are discussed in the section on allergy to 
cosmetics. Shampoos do not usually cause problems from washing 
hair, but allergy may be associated with hairdressers’ hand dermati- 
tis. A positive patch test to MCI/MI associated with perianal der- 
matitis suggests the possibility of moist toilet paper or wipes as a 
cause [9]. This source of MCI/MI can also provoke allergic dermati- 
tis of the hands and elsewhere [10]. Hands are the usual sites for 
occupational allergic dermatitis, although spread to other parts of 
the body, including an airborne exposure pattern, may occur [11]. 
A chemical burn from a spillage of concentrated MCI/MI on to any 
part of the skin may be followed by a secondary delayed dermatitis 
from active sensitisation [12,13]. 


Patch tests. The recommended patch test concentration and vehicle 
is now 200 ppm in water as there is evidence that this may iden- 
tify sensitised subjects missed by the 100 ppm patch test [14,15]. 
MCI/M1I is generally recommended as a baseline allergen. 


Methylisothiazolinone. The sensitising properties of MCI/MI were 
attributed to MCI, whereas MI was considered a weak sensitiser, 
unable to sensitise individuals in concentrations below 1000 ppm 
[16,17]. After 2000, MI was introduced in industrial products (paints, 
glues, lacquers, varnishes, cooling fluids) due to its weaker biocide 
effects — at higher concentrations. 


Prevalence. The first case report of occupational allergic contact 
dermatitis to MI appeared in 2004 [14] and in 2005 MI was allowed 
to be used independently of MCI as a cosmetic preservative in 
Europe, at a maximum permitted level of 100 ppm (Cosmetic Direc- 
tive 2005/42/EC). This initial permitted usage level in cosmetics is 
what was ultimately responsible for the epidemic of sensitisation 
that was to follow. Several cases of occupational allergic contact 
dermatitis to MI were then observed from paints, followed in 2010 
by the first case reports following cosmetic exposure [15]. Further 
case reports then emerged due to its presence in wet wipes, hair 
cosmetics, facial cosmetics, deodorants and sunscreens. These 
showed a wide range of presentations according to the causative 
products including ano-genital eczema, facial eczema and hand 
eczema. Furthermore, cases of airborne exposure to MI causing 
severe airborne and generalised dermatitis from recently painted 
walls and even from toilet cleaners were described. 

In the UK, France, Denmark, Portugal, Germany and Spain there 
were steeply rising rates of allergy to MI recorded [19,20,21] with 
an exponential increase in prevalence among 14 UK patch test 
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centres from 1.7% to 11.1% [22]. The relevant exposures identified in 
the patients were predominantly from cosmetic exposure. Studies 
showed that facial involvement, female sex and age >40 years were 
particularly associated with MI allergy [23]. Photoallergic contact 
dermatitis to MI and/or photoexacerbation of allergic contact der- 
matitis to MI is the subject of current debate [24]. Both the increase 
in the number of European cosmetics containing MI and a shift 
toward using it more in leave-on products were also considered 
important factors behind this epidemic. Since its removal from 
leave-on cosmetic products in the EU as of February 2017 and 
limitation to 15 ppm in rinse-off products, a decline has been noted 
although it still remains an important allergen [25,26]. Indeed, 
paints and detergents may still contain high concentrations of MI, 
and thus remain a problematic source of this allergen. In patients 
sensitised from cosmetic usage, the median duration necessary 
to enable entering a freshly painted room without recurrence of 
dermatitis was 5.5 weeks [27]. 


Patch tests. The recommended patch test concentration and vehicle 
is now 2000 ppm in water in the European baseline series [28]. 


European legislation on MCI/MI and MI. In the EU, MCI/MI and 
MI are no longer allowed in leave-on cosmetics and are limited to a 
maximum of 15 ppm (0.0015%) in rinse-off products, whereas OIT 
and BIT continue to be banned from use in any cosmetic product. 
In the USA, the use of MCI/MI in cosmetic leave-on products up 
to a usage level of 7.5 ppm is somewhat unusual when compared 
with most other parts of the world. However, the continued use of 
MI in leave-on cosmetic products up to a usage level of 100 ppm 
in the USA is presently in keeping with legislation in both Canada 
and Japan. 

However, even in Europe, isothiazolinone usage in non-cosmetic 
products such as medical devices, detergents, textiles/leather, 
chemical (industrial) products (e.g. paints and glues) is still largely 
unregulated, and much higher usage concentrations can be found. 

For chemical (industrial) products, MI, as with MCI/ML, has been 
recognised as a skin sensitiser 1A, H317, meaning that products con- 
taining >15 ppm should carry a warning concerning the risk of sen- 
sitisation, either on the product or in the safety data sheets. 


1,2-Benzisothiazolin-3-one. 

Occurrence. Sensitisation normally occurs from manufacturing or 
handling the raw material, for example paint manufacture, water 
treatment or in the laboratory. Painters and decorators may be 
exposed to BIT not only from paints but also wallpaper pastes. 
Allergy has been reported in the pottery industry from its presence 
in mould-release agents. Other potential sources include soluble 
cutting oils, laundry detergents and fabric softeners, varnishes, 
dyes, printing materials, water softener and air-freshener manufac- 
ture. Allergy to polyvinyl chloride gloves has been traced to BIT 
used in their manufacture [29]. 


Clinical features. Classically, with hand dermatitis, a low-grade 
palmar psoriasiform or pompholyx pattern occurs (see Figure 127.5). 
In more severe cases an exposed-site pattern develops [30]. Sensi- 
tised workers involved in manufacture may complain of a burning 
sensation of the eyes and face within the factory environment 
without there being observable dermatitis. 


Patch tests. A number of patch test concentrations in petrolatum 
have been suggested, varying from 0.05% to 1%. False positive 
reactions have been reported with 0.1% in petrolatum [31]; as our 
experience is that false positive reactions occur above 500 ppm or 
0.05% in petrolatum, we advocate the use of this concentration. 


2-n-Octyl-4-isothiazolin-3-one. 

Occurrence. OIT may occur in leather, textiles, soluble cutting oils, 
paints and polishes, adhesives, floor cleaning agents, wood preser- 
vatives and plastic manufacture. 


Clinical features. Reports of contact allergy tend to be sporadic 
and anecdotal, and these include hand dermatitis associated with 
its presence in paints [32]. Contact allergy to leather in footwear 
and from a leather sofa have been reported [33-35]. 


Patch tests. OIT is usually patch tested at 0.1% in petrolatum. 


Newer isothiazolinone preservatives. Industry has started using 
newer isothiazolinone dervatives including dichloro-octylisothiazo- 
linone (DCOIT, CAS 64359-81-5), butyl-benzisothiazolinone (BBIT, 
CAS no. 4299-07-4), and methyl-benzisothiazolinone (MBIT, CAS 
2527-66-4). DCOIT is used as a biocide in paints, construction prod- 
ucts, silicone materials, plastics and wood processing. It has been 
reported as a cause of occupational dermatitis and also a cause of 
consumer dermatitis after wearing black trousers [36]. A case of 
occupational dermatitis caused by BBIT-containing cooling fluid 
and has also been published [37]. 


Parabens (hydroxybenzoates) [1] 

Parabens are esters of p-hydroxybenzoic acid. The four main esters 
used are methyl-, ethyl-, propyl- and butyl-paraben (hydroxyben- 
zoate). They may have a synergistic effect when used in combination 
and are often combined with other preservatives to broaden antimi- 
crobial cover. They are more active against Gram-positive than 
Gram-negative bacteria (including poor activity against Pseu- 
domonas). They are also active against moulds and yeasts. They are 
stable, colourless, odourless and poorly soluble in water [1]. 


Prevalence. There is a relatively low prevalence of positive reac- 
tions in routinely patch-tested patients, and rates between 0.5% and 
1.7% are typical [2-4]. 


Occurrence. Parabens are very widely used preservatives in topi- 
cal and parenteral medicaments, paste bandages, ultrasound gels, 
condoms and foods. In many respects for formulators of cosmet- 
ics products they are the ‘preferred’ preservatives. However, due 
to the so-called ‘paraben phobia’ concerning endocrine disrup- 
tion [5], they have largely been replaced in positively marketed 
‘paraben-free’ cosmetics. Nevertheless they continue to be used 
(often at higher concentrations) in topical medicaments where they 
are termed hydroxybenzoates. 


Clinical features. The striking feature of allergy to parabens is 
its relative infrequency compared with the degree of usage and 
exposure in the general population. Relevant allergies are mainly 


from sensitisation to medicaments (including paste bandages) used 
on compromised skin such as venous ulcers and eczema, but contact 
allergy may be superimposed on other inflammatory dermatoses, 
particularly on high-risk sites such as the ano-genital region. Rele- 
vant problems from parabens in cosmetics are rare [1]. Interestingly, 
many individuals allergic to parabens in medicaments can use cos- 
metics containing them on normal skin without any problem, the 
so-called ‘paraben paradox’ [6]. However, there are exceptions, and 
sometimes cosmetics containing parabens have to be abandoned 
[7]. Flares from parabens in food and medicaments [8] have been 
reported in sensitised subjects, but a low-paraben diet did not help 
two patients whose eczema flared with oral challenge [9]. 


Avoidance. The INCI name for this group of preservatives ends 
in ‘-paraben’ according to the ester used. In individuals in whom 
cosmetic allergy may be relevant, the full ingredient label must 
be examined in order that they may be avoided. Terminology 
for medicaments may be different, and the name may end in 
‘-hydroxybenzoate’. Cross-reactivity between different parabens is 
often observed and it is advisable to avoid all parabens even if only 
one or two are positive in breakdown testing. 


Patch tests. Parabens are normally tested as a mix of the four 
esters, each at 3% in petrolatum. The mix is marginally irritant, and 
testing with each ester individually will help to confirm whether the 
patch test reaction is truly allergic. Often more than one ester will 
react, which may be a marker of both concomitant sensitisation and 
cross-sensitisation. Parabens mix 12% in petrolatum is generally 
advised for the baseline series. 


Methyldibromoglutaronitrile [1] 

Methyldibromoglutaronitrile, also known as dibromocyanobutane, 
is to be found in the preservative system Euxyl K400 (also called Tek- 
tamer 38), which is a mix of MDBGN and phenoxyethanol in a ratio 
of 1 : 4. Euxyl K400 is a broad spectrum preservative with activity 
against fungi and bacteria. MDBGN is nearly always the allergen 
when sensitisation to Euxyl K400 occurs. 


Prevalence. Until the European ban, increasing rates of sensitisa- 
tion were reported throughout Europe and the USA. Of particular 
significance was the finding of a multicentre European study moni- 
toring rates of preservative allergy, where the frequency of MDBGN 
allergy between 1991 and 2000 rose from 0.7% to 3.5%, whereas 
the level of all other cosmetic preservative allergies had remained 
stable [2]. In consequence, EU countries have banned the use of 
this preservative, initially in leave-on cosmetics (2003) and later in 
rinse-off cosmetics (2008). Since then, European sensitisation rates 
have fallen [3]. Rates reported by the NACDG have varied from 
2.7% to 7.6% according to the test concentration used [4]. 


Occurrence. MDBGN was historically widely used in cosmetics, 
sunscreens, shampoos, liquid soaps and barrier and moisturising 
creams used at work. The EU ban has reduced these exposures 
very significantly and nowadays positive patch tests in EU con- 
sumers might represent historical sensitisation. However, positive 
patch tests are still observed and suggest that other non-regulated 
sources of exposure remain important (e.g. metalworking fluids, 


glues, adhesives, detergents, medical devices (ultrasound gels) and 
cosmetics bought outside the EU) [5]. 


Clinical features. These are discussed in the section on allergy to 
cosmetics. However, hand dermatitis is a frequent finding as a result 
of exposure to hand creams and liquid soaps [6]. Irritant hand der- 
matitis may be suspected prior to patch testing but the demonstra- 
tion of allergy and withdrawal of the incriminated products often 
resolves the dermatitis [7,8]. 


Avoidance. Methyldibromoglutaronitrile is the INCI name that 
should be sought on the full ingredient label. In some instances 
its presence may be identified by its synonym 1,2-dibromo-2,4- 
dicyanobutane or Euxyl K400 (Tektamer 38). Many producers of 
work cleansers and creams now give a full ingredient list on the 
health and safety data sheet. Skin products whose ingredients 
are not known should not be used. Other potentially allergenic 
sources may require specific enquiry as to the nature of the bio- 
cide/preservative used. 


Patch tests. There has been much discussion about the optimal 
patch test concentration. We prefer to test MDBGN at 0.3% in petro- 
latum, although this has been found by ourselves to be marginally 
irritant. Others have advised 0.2% as the optimum concentration [9], 
and 0.1% has been used, but may give false negative reactions [10]. 
Conversely, positive ROAT findings and some relevant allergies 
have only been confirmed by testing with 0.5% or 1% concentra- 
tions [11]. At present it is still recommended for the BSCA baseline 
series at a concentration of 0.3% [12] but is included at 0.5% in the 
European baseline series. 


Chloroxylenol [1] 

Chloroxylenol (parachlorometaxylenol, PCMX) is a halogenated 
aromatic compound used not only as a preservative but also as an 
active disinfectant. It is water and oil soluble, and active against 
Gram-positive and Gram-negative bacteria. 


Prevalence. Generally, reports of chloroxylenol allergy have been 
sporadic, with few large-scale studies. In one UK study 1.8% of 
951 routinely tested persons were patch test positive, with a high 
level of current or previous relevance [1]. A more recent British 
study yielded a lower prevalence rate of 0.4% [2]. Reports from the 
USA document seven patients sensitised by medicated Vaseline® 
or electrocardiogram paste and two with allergy to soap and hand 
cream [3,4]. 


Occurrence. Chloroxylenol is a potential allergen for the UK as it is 
found in Dettol®, a widely used household disinfectant. Chlorox- 
ylenol may also be found in a number of over-the-counter phar- 
maceutical preparations for cuts, grazes and infections [1]. Other 
sources include foot and talcum powders, soaps and cleansers, work 
creams, coolant oils, electrocardiograph pastes and, rarely, cosmet- 
ics. Further studies are required in the UK to check its current status 
with regard to usage and sensitisation rates. 


Clinical features. In many cases there is a localised skin eruption at 
the site where a product containing chloroxylenol has been applied, 
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Figure 127.26 Allergy to chloroxylenol from washing with Dettol. Courtesy of Geoffrey 
Auckland Collection. 


or allergy may present as an unexpected exacerbation of pre-existing 
dermatitis. 

Hand dermatitis is a potential problem for cleaners coming in con- 
tact with disinfectants when their hands are unprotected. Allergy to 
chloroxylenol in other work materials (e.g. coolant oils) may give 
a similar distribution of rash. More widespread eruptions may be 
associated with its use for washing and bathing (Figure 127.26), and 
also when applied to clothing. Recently, widespread hypopigmenta- 
tion following contact allergy to chloroxylenol added to bath water 
has been reported [5]. Often, the source is only identified retrospec- 
tively after finding a positive patch test. 


Avoidance. Chloroxylenol is the INCI name. Cosmetics and work 
creams that contain it can usually be identified from the full 
ingredient label or data sheet. Labels on medicated foot powders 
and talcs generally acknowledge it as an ingredient, but specific 
enquiries may be necessary to establish its presence in some topical 
medicaments and disinfectants. 


Patch tests. Chloroxylenol is generally patch tested at 1% in petro- 
latum. It may cross-sensitise with chlorocresol [6]. It has been rec- 
ommended as a baseline allergen for the UK [2]. 


Chlorocresol 

Chlorocresol (parachlorometacresol, PCMC) is identical with 
chloroxylenol, except for the absence of a methyl group on the 
benzene ring. It is active against Gram-positive and Gram-negative 
bacteria, and is water and oil soluble. 


Prevalence. Chlorocresol is a rare allergen. A multicentre UK 
survey of routinely patch-tested patients confirmed a low rate of 
0.6% [1]. 


Occurrence. The major source is corticosteroid creams. We have 
only seen it as a sensitiser from topical medicaments, although 
it may be used in hand cleaners, metalworking fluids, glues and 
occasionally cosmetics. 


Clinical features. These are discussed in the section on medicament 
allergy. Erythroderma has occurred in a diabetic patient known to be 
allergic to chlorocresol when given insulin preserved with m-cresol, 
and this improved on changing to a parabens-preserved insulin [2]. 


Avoidance. It is helpful to give a sensitised patient a list of corti- 
costeroid creams that indicates their constituents and which are free 
from chlorocresol. Moisturisers should not be used unless they are 
fully ingredient labelled or known to be free from this preservative. 
The INCI name is chlorocresol. 


Patch tests. The recommended test concentration and vehicle is 
1% chlorocresol in petrolatum. Although contact allergy is rare, 
its use in many popular corticosteroid creams available in the UK 
has prompted the BSCA to recommend its inclusion in the baseline 
series [3]. Cross-sensitivity with chloroxylenol is well recognised [4]. 


Sodium metabisulphite and related sulphites [1] 

Sodium sulphite, sodium bisulphite and sodium metabisulphite 
(SMS) are widely used preservatives and antioxidants in foods, 
cosmetics and pharmaceuticals. 


Prevalence. Although many studies of consecutively patch-tested 
patients show high rates of sensitisation to SMS exceeding a 1% level 
[2], concerns have been raised that some of these might be irritant, 
false positive reactions. This, coupled with difficulty determining 
relevance, has meant that it has only recently been included on the 
European baseline series (2019) and the BSCA baseline series [3]. 
Nevertheless there has been an argument that with careful evalu- 
ation, relevance rates might actually be much higher [2,4] 


Occurrence. Sulphites are widely used in foods (E220—-E224, 
E226-228, E150b,d), cosmetics (hand cleansers, bleaching agents, 
hair dyes, sunscreens, self-tanning lotions, antiageing products) 
and pharmaceuticals (topical steroids, antibacterials, injectable 
anaesthetics). 


Clinical features. Features of sulphite allergy comprise a range of 
different symptoms following ingestion or inhalation, including 
immediate reactions,(such as flushing, urticaria, asthma, rhinocon- 
junctivitis and anaphylactoid reactions/anaphylaxis) and allergic 
contact dermatitis following skin contact. Besides hand and facial 
dermatitis, vulval and ano-genital dermatitis (from antifungal 
medicaments) have been highlighted by some authors [4]. 


Avoidance. The INCI name for SMS is sodium metabisulphite, 
and due to cross-reactivity sodium sulphite should also be avoided 
although patch testing to the specific sulphite derivative used may 
exceptionally still be necessary. 


Patch tests. SMS is recommended to be tested at 1% (pet.) and is 
considered as a good screening agent for sulphite sensitisation. 


Ethylhexylglycerin [1] 
Ethylhexylglycerin, also known as_ octoxyglycerin or 3-(2- 
ethylhexyloxy)propane-1,2-diol, is a pale to colourless liquid. It 


is used for its surfactant, skin conditioning, emollient and antimi- 
crobial properties in a wide variety of cosmetics (although according 
to EU regulations it is classified as having skin conditioning and 
deodorant properties only). 


Occurrence. It may be used in many cosmetics including eye 
shadows, mascaras, lip gloss, cleansers and make-up removers, 
shampoos, shower gels, intimate hygiene products and ‘antiage- 
ing’ creams. It may particularly be found in products marketed as 
‘preservative free’ or in products for ‘sensitive’ skin. 


Prevalence. Several cases reports of allergic contact dermatitis have 
been reported from Europe [2] and North America [3] where it has 
been included in a core allergen series [4]. 


Clinical features. These are discussed in the section on allergy to 
cosmetics. 


Avoidance. The INCI name is ethylhexylglycerin. 
Patch tests. Patch testing at 5% (pet.) is recommended. 


Iodopropynyl butylcarbamate [1] 
lodopropynyl! butylcarbamate (IPBC) is a preservative with a wide 
spectrum of fungicide and bactericide properties, 


Occurrence. IPBC was originally used as a paint and wood preser- 
vative, but is now found in a variety of other industrial products 
(building materials, metalworking fluids and cooling tower water), 
but also in both leave-on and rinse-off cosmetics, including alcohol 
hand rubs for hospital use. 


Prevalence. There seems to be some disparity in rates of sensitisa- 
tion in North America versus Europe, with sensitisation rates up to 
4.2% in 2011-12 versus 1.2% in 2009-12 [2], respectively. This may 
partially be explained by different patch test concentrations and 
stricter regulations in the use of IPBC in cosmetics within Europe. 
Nevertheless an increasing trend in Europe has been observed 
mainly due to its use in cosmetics. 


Clinical features. These are discussed in the section on allergy 
to cosmetics. Several case reports of allergic contact dermatitis 
from this preservative have been published, from moisturisers, wet 
wipes, treated wood and airborne exposure to paints. 


Avoidance. The INCI name is iodopropyny! butylcarbamate. 


Patch tests. The recommended test concentration of IPBC in 
Europe is 0.2% (pet.). 


Benzalkonium chloride [1] 

Benzalkonium chloride (BAC) or N-alkyl-N-benzyl-N,N-dimethyl- 
ammonium chloride is the most frequently used quaternary ammo- 
nium compound. 


Occurrence. It is used as a disinfectant and as a preservative 
in (mainly) rinse-off cosmetics (e.g. hand soaps, shampoos and 


conditioners, antiseptic bath oils, toothpastes, mouth washes), 
leave-on products (e.g. deodorants, moisturisers, body lotions), 
pharmaceuticals (e.g. mainly ophthalmic solutions, but also nasal 
sprays, throat lozenges, asthma nebulisers, antifungal treatments, 
spermicides, wound antiseptics, impregnated bandages, plaster of 
Paris, first-aid products) and cleaning agents (e.g. detergents, sur- 
face cleaning wipes, cleaning solutions for endoscopes and surgical 
instruments) [2]. 


Prevalence. Some studies have shown high rates of sensitisation of 
up to 10% of the study population [3], but caution must be exer- 
cised with interpretation as it is a recognised irritant at patch test 
concentration. 


Clinical features. These are discussed in the section on allergy to 
cosmetics. However, manifestations of BAC-related contact allergy 
include eyelid dermatitis (typically related to the use of BAC in eye 
medicaments), cheilitis and stomatitis and hand dermatitis, also 
from occupational exposure (e.g. hand soaps, wipes) [3]. A few 
cases of flexural and ano-genital irritant and/or contact allergic 
dermatitis have been reported in the UK, related to the use of a 
highly concentrated (6%) BAC-containing antiseptic bath oil [4]. 
Specific occupations at risk relate to the use of products containing 
BAC as a disinfectant (i.e. at higher use concentrations) and com- 
prise, among others, health care workers such as nurses and dental 
assistants [2]. 


Avoidance. The INCI name is benzalkonium chloride. 
Patch tests. BAC is usually patch tested at 0.1% aqueous. 


Chlorhexidine [1] 

Chlorhexidine (CH) is a biguanide and well-known disinfectant for 
the skin and mucous membranes. It is effective against bacteria, 
yeasts and some viruses and is available in three different salts: 
digluconate, diacetate and dihydrochloride. Although chlorhex- 
idine digluconate is probably most frequently used, all three 
salts have been approved for use in cosmetic and pharmaceutical 
products. 


Occurrence. CH is most commonly found in products used 
perioperatively and prior to procedures, but it is also used in 
hair care products (shampoos, conditioners, hair dyes, treatments 
and styling products) and also face washes, toners, moisturisers, 
make-up removers and wet wipes [2]. Also, mouth washes, dental 
gels, eye drops and contact lens solutions may contain it. 


Prevalence. In a Danish study, 1.0% of all patients patch tested 
between 2003 and 2013 had a positive reaction to CH, predomi- 
nantly involving patients with leg ulcers and medicament allergy 
[3], which is supportive of other studies [4]. 


Clinical features. A range of reactions may be seen from (mild) 
irritant contact dermatitis to life-threatening anaphylaxis (seen 
intraoperatively), with allergic contact dermatitis in some cases 
preceding the latter [3,4]. It may also cause allergy among health 
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care workers through occupational exposure. In adults with atopic 
dermatitis, the use of CH-based treatments may result in sec- 
ondary contact allergy, complicating their eczema. Contact lens 
solutions containing CH have been reported to cause conjunctivitis 
in CH-sensitised patients; moreover, CH-containing mouth washes 
can trigger contact stomatitis. It has been recommended that, once 
delayed hypersensitivity to CH has been established, it is necessary 
to also test for immediate-type hypersensitivity [3]. 


Avoidance. The INCI name is chlorhexidine. 


Patch tests. The optimal patch test concentration for CH salts 
remains unknown. Both chlorhexidine digluconate/diacetate are 
available commercially at 0.5% aqueous. Some patients have shown 
a positive test result to one salt and a negative test result to another 
salt, so it has been advised, in cases of suspected contact allergy, 
to test with appropriate salts. In suspected cases of allergic contact 
dermatitis it is preferable to test with both [3]. 


Other preservatives/biocides [1] 

Many other antimicrobial agents have been used as preserva- 
tives and biocides, and have been reported to sensitise. These 
include sorbic acid (SA), triclosan (Irgasan DP300) benzyl alco- 
hol, chlorphenesin and EDTA. SA and potassium sorbate (PS) 
have broad antimicrobial properties and can be used on their 
own, or in combination with other preservatives. They are used 
in rinse-off and leave-on cosmetics (including wet wipes and 
specifically baby products) and pharmaceutical products (includ- 
ing compounded ointments and creams and bandages). They are 
considered only weak and rare sensitisers. Interestingly, both can 
cause concentration-dependent, transient, non-specific redness and 
frank (non-immunological) contact urticaria (especially observed in 
consumers with concurrent rosacea). 

Triclosan (2,4,4’-trichloro-2’-hydroxydiphenyl ether; Irgasan 
DP300) has broad spectrum antimicrobial properties against bacte- 
ria, particularly Gram-positive bacteria, yeasts and dermatophytes. 
It is used in cosmetics (e.g. shampoos, cleansers, hand soaps, 
deodorants, toothpastes, mouth washes), topical pharmaceuti- 
cals, household detergents, sportswear, textiles (e.g. compression 
stockings), bedding and toys. It is a weak sensitiser. 

Benzyl alcohol (BA) is a preservative, solvent, antipruritic and 
viscosity-decreasing agent. It is used in cosmetics (including 
fragrances, sunscreens, hair care products including dyes), pharma- 
ceuticals (notably corticosteroid preparations, but also antibacterial, 
antimycotic preparations and injectable medications), medical 
devices (e.g. hearing aids), household detergents and chemical 
(industrial) products (e.g. hardeners, paints, lacquers, photographic 
developers, binders). BA is a component (1-2%) of balsam of Peru 
(Myroxylon pereira) and is present in essential oils such as hyacinth, 
jasmine and ylang-ylang oils. Since it displays fragrance properties 
it also belongs to the EU list of 26 fragrances that need to be labelled 
within cosmetics. It may be a ‘covert’ fragrance chemical, even 
present in ‘fragrance-free’ formulations. Despite its widespread 
use, it is a weak and rare sensitiser. BA may also, similar to sorbic 
acid, produce non-immunological contact urticaria and true type I 
hypersensitivity. 


Vehicles and other cosmetic excipients 

Lanolin [1] 

Lanolin is a natural product obtained from sheep fleece. It is a com- 
plex and variable mixture of sterols, fatty alcohols, fatty acids and 
their esters. Wool wax alcohols are obtained by hydrolysis of the 
oily wax fraction of the fleece. Although they are not all known, it is 
thought the allergens are in this fraction [2]. 

Attempts to reduce allergenicity include modification by acety- 
lation, hydrogenation, ethylenation, transesterification and removal 
of the allergenic fractions by a purification process [1]. Allergenic- 
ity has been shown virtually to disappear by removing detergent 
residues and reducing the level of alcohols to below 3% (w/w) [3]. 


Prevalence. The prevalence of lanolin allergy in the general popu- 
lation is thought to be low [4]. The belief that lanolin is a frequent 
sensitiser has been questioned by Kligman [5], and there are grounds 
for this since experimental sensitisation of animals and humans has 
not been achieved [6]. The annual proportion of positive patch test 
reactions to lanolin has varied, for instance in North America the 
prevalence of patch test reactivity to lanolin alcohol 30% pet. signif- 
icantly decreased from 3.7% in 1994-96 to 1.8% in 2005-06 [7]. The 
overall prevalence of contact allergy to lanolin alcohols in a large 
study from a centre in the UK was 1.7%, and appeared to be constant 
during 1982-96 [8]. Notably, the prevalence of positive reactions to 
lanolin increased from 1.05% (when only lanolin alcohols 30% pet. 
was tested) to 6.29% (when multiple lanolin derivatives were tested), 
emphasising the putative benefit of comprehensive testing [9]. This 
shows the difficulties in detecting lanolin contact allergy with only 
one marker in the baseline series. Several studies have shown the 
benefit of including Amerchol L101 (a commercial product obtained 
from hydrolysis of wool fat, containing 10% wool wax alcohols in 
mineral oil) in detecting lanolin contact allergy [9-11]. Caution needs 
to be taken with interpreting reactions to Amerchol 1101 as it is a 
recognised irritant. Nevertheless, there is good evidence of a high 
prevalence of allergy to lanolin in medicaments applied to varicose 
eczema [12,13]. However, usage on normal skin rarely seems to be 
associated with significant problems [14]. 


Occurrence. Lanolin is most commonly encountered in medica- 
ments, emollients, bath additives and cosmetics. Other sources 
include polishes, waxes, inks, adhesive tapes and bandages, anti- 
corrosive coatings, sealants and cutting oil emulsions. 


Clinical features. These are discussed in the sections on allergy to 
cosmetics and medicaments. 


Avoidance. Lanolin alcohols is the INCI name for lanolin, and its 
presence in cosmetics can be established by examining the full ingre- 
dient label. However, prescribed and over-the-counter medicaments 
are not always fully ingredient labelled in the UK. This also applies 
to other potential domestic and work exposures such as polishes, 
waxes, coatings and oils. 


Patch tests. Standard testing with wool alcohols 30% (pet.) is 
advised, and the BSCA has added Amerchol L 101 50% (pet.) to its 
baseline series. 


Cetearyl alcohol 

Cetearyl alcohol has emulsifying and stabilising properties, and is 
also known as cetylstearyl alcohol and Lanette O. It is essentially a 
mixture of two long-chained stereoisomers, cetyl and stearyl alco- 
hol. These alcohols are components of lanolin. 


Prevalence. Reports of allergy are often anecdotal, although there 
is evidence of it being a significant allergen complicating varicose 
eczema and ulcers, with up to 16% positive reactions in patients with 
these conditions attending for patch testing [1]. In the UK, a level of 
0.8% was seen in routinely patch-tested patients [2]. 


Occurrence. Cetearyl alcohol is widely used in steroid creams, 
emollients and cosmetics. Sometimes only one of the stereoisomers 
is used. It is a component of emulsifying wax and therefore found 
in emulsifying ointment and aqueous cream BP. 


Clinical features. These are discussed in the sections on allergy to 
cosmetics and medicaments. 


Avoidance. Cetearyl alcohol is the INCI name, but cosmetics 
labelled as containing cetyl or stearyl alcohol should also be 
avoided. Avoidance of medicaments, including emollients, is more 
difficult as they are not always fully ingredient labelled. Even when 
they are, they may not follow the rules for cosmetics. Emulsifying 
wax is an ingredient that may be listed without it being clear that the 
preparation contains cetearyl alcohol. The designations cetylstearyl 
alcohol or Lanette O may be used instead of the INCI name. 


Patch tests. Although it is an uncommon allergen, its ubiquitous 
presence in dermatological therapies means that identification of 
allergy is important. The BSCA has therefore recommended its 
inclusion in the standard series for the UK [3]. Patients suffering 
from varicose eczema should always be patch tested with it. It is 
normally tested at 20% in petrolatum. 


Other excipients 

There is potential for virtually any vehicular component of a cos- 
metic or medicament to cause sensitisation. If allergy is suspected, it 
may be necessary to widen the range of allergens tested. Examples 
include antioxidants (e.g. butylated hydroxyanisole, butylated 
hydroxytoluene, t-butylhydroquinone, gallates), surfactants (e.g. 
cocamidopropyl betaine, which may cause hand dermatitis in 
hairdressers from shampoos, cocamide diethanolamide, alkyl 
glucosides) and humectants (e.g. propylene glycol). 

Antioxidants prevent the deterioration of unsaturated fatty acids 
in cosmetics and are occasionally a cause of cosmetic allergy. They 
include butylated hydroxyanisole (BHA) and butylated hydroxy- 
toluene (BHT) and t-butylhydroquinone (TBHQ). TBHQ and BHA 
are used in cosmetic products, particularly in lipsticks and hair dyes, 
where they have been reported to cause contact allergy. 

The gallates (dodecyl, octyl, propyl) are antioxidant chemicals 
commonly used as preservatives in food products and cosmetics. 
These may be found in antibiotic creams, lipsticks, moisturises, 
topical steroids and eye cosmetics. In a recent systematic review of 
gallate-positive patch tests, the most commonly reported allergen 
was propyl gallate present in both foods and personal care prod- 
ucts — especially lipsticks [1]. 


Tocopherol (vitamin E) and its ester (tocopherol acetate) have been 
described as rare allergens but are increasingly being used in anti- 
ageing products. It has been suggested to include them in a sup- 
plementary European cosmetic series for further investigation and 
clarification of their importance [2]. 

Surfactants lower the surface tension between two liquids or 
between a liquid and a solid. They can act as detergents, wetting 
agents, emulsifiers, foaming agents and dispersants. Examples 
include cocamidopropyl betaine (the actual allergen is likely to be 
an impurity including dimethylaminopropylamine) and most cases 
of allergy are related to shampoos. Prevalence rates of sensitisa- 
tion to cocamidopropyl betaine range from 3.7% to 5%. Cocamide 
diethanolamide is a non-ionic surfactant frequently used in indus- 
trial, household and cosmetic products for its foam-producing and 
foam-stabilising properties. Contact allergy has been reported quite 
rarely in the past, but recently several cases have been published, 
raising the question of an increase in the frequency of allergic 
dermatitis caused by this substance [3]. 

The alkyl glucosides constitute a family of mild, non-ionic sur- 
factants synthesised through the condensation of glucose with 
long-chain fatty alcohols and are completely biodegradable. Alkyl 
glucosides have gained favour in recent years because of their 
eco-friendly properties and they are used for their cleansing, foam- 
ing and emulsifying properties. Since the 1990s they have been 
used in both rinse-off products, (e.g. shower gels, shampoos, soaps, 
cleansers, hair dyes) and leave-on cosmetics (e.g. sunscreens, fra- 
grances, tanning products, emollients, deodorants). They can also 
be found in certain baby products such as wipes and cleansers. 
Although alkyl glucosides are considered to have lower irritancy 
and allergenicity, a recent study concluded that the prevalence 
of alkyl glucoside-induced allergic contact dermatitis is relatively 
high, and there are frequent concomitant reactions between dif- 
ferent alkyl glucosides necessitating its inclusion in a patch test 
cosmetic series [4]. 

Humectants include propylene glycol. This is an odourless, vis- 
cous liquid, readily miscible with water, and essential oils. It is a 
widely used vehicle for topical therapeutics and cosmetics. Aller- 
gic contact reactions are uncommon. However, a recent European 
study suggests that it should be included in a cosmetic series at 20% 
aqueous [2]. 

This list is by no means exhaustive. Many excipient allergens are 
available from the main allergen suppliers, suitably prepared for 
patch testing, but others may need to be sought from the material’s 
manufacturer and diluted appropriately for patch testing. 


Miscellaneous cosmetic allergens 

Propolis (or bee glue) is a natural substance extracted from the 
buds of poplar or other trees, including evergreens. Its composi- 
tion varies, depending on the geographic location and variety of 
trees. It is frequently found in in lip balms and lipsticks. It is an 
important allergen to include in patients presenting with cheilitis. 
A global increase in allergic contact dermatitis from propolis has 
been reported since 2002 [1,2]. 

Dexpanthenol (INCI name panthenol) is the alcohol analogue 
of pantothenic acid. It is widely used in the pharmaceutical and 
cosmetic industries for its moisturising and soothing properties. 
Although allergic contact dermatitis caused by dexpanthenol is 
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considered to be rare, it may be frequently overlooked; one study 
found a relatively high frequency in relevant cases [3]. 


p-Phenylenediamine and related dyes [1,2] 
p-Phenylenediamine and toluene-2,5-diamine (PTD) are aniline 
derivatives, whose main use is for dyeing hair. These chemicals 
are colourless until oxidised by hydrogen peroxide in the pres- 
ence of ammonia, and polymerised by a coupler, often in the 
presence of other intermediates, to produce a variety of shades 
of colour that stay fast within the hair shaft [1]. Once oxidised 
and polymerised, PPD is no longer allergenic [3]. Semipermanent 
hair dyeing may be undertaken with related dyes, for example 
o-nitro-p-phenylenediamine (ONPPD). 

There is structural similarity to some azo dyes (e.g. p-aminoazo- 
benzene). Many disperse dyes used to dye synthetic clothing and 
fibres are azo dyes and these are discussed in the section on clothing. 


Prevalence. The use of hair colours has increased greatly in recent 
years. Large population-based studies suggest over 50% of the 
European population have used hair dyes in the past (78% female 
and 20% male), and 6% actively avoid contact with hair dye due 
to previous skin reactions. A random sample of 2739 subjects from 
the general population of five European countries patch tested to 
PPD showed a positive result in 0.8% [4]. There is clear evidence of 
increasing frequency of allergy in the UK. PPD allergy in referred 
dermatitis patients in one clinic almost doubled to 7.1% over a 
6-year period [5]. Of those patch tested in the early 2000s in North 
America, 4.8% were allergic to PPD [6]. Similarly, 4.8% have been 
shown to be allergic to PPD in Germany and Austria, where there 
was considerable geographic variation in frequency (2.8-7.1%) [7]. 
In a large Belgian study of over 5000 routinely tested patients, 
7.2% were allergic to PPD, 1.6% were allergic to PTD and 1.8% 
were allergic to ONPPD [8]. The median prevalence of PPD allergy 
among dermatitis patients is reported to be 4.3% in Asia, 4% in 
Europe and 6.2% in North America. Relevant positive PPD reac- 
tions are most often associated with hair dye exposure, although 
some positive reactions may be the result of cross-sensitisation 
[9,10]. Black henna tattoo exposure is also an important risk factor 
[4]. PPD is the second most common allergen of relevance for 
hairdressers in Europe [11]. 


Occurrence. PPD and PTD are found in permanent hair dyes, and 
ONPPD in semipermanent hair dyes whose colour will persist for 
5-10 washes. In the EU, PPD is allowed in hair dyes up to a max- 
imum concentration of 6% free base [12]. PPD has also been used 
to dye fur. PPD may be mixed with henna and used on the skin as 
a temporary tattoo (black henna tattoo). The concentration of PPD 
within temporary tattoos may vary greatly with some containing 
concentrations >10% [13]. The use of these has become very popular 
among children, adolescents and young adults in Europe, usually 
being applied in holiday resorts. A proportion of these patients will 
become actively sensitised to PPD through the application of the tat- 
too and characteristically will develop severe allergic reactions to 
hair dyes containing PPD or related chemicals [14]. 

Allergy to PPD has also been reported from a violin chin-rest and 
cello bowstring stain [15,16]. PPD derivatives are used as rubber 
antioxidants, particularly in heavy duty black rubber. 


Azo dyes are mainly encountered as disperse dyes for synthetic 
clothing. Allergy to azo dyes in maggots used for fishing bait has 
been reported [17]. 


Clinical features. PPD and related hair dye allergy can result 
in extremely severe skin reactions. The scalp is often relatively 
spared, but severe oedema and weeping of the scalp margin, ears 
and eyes, with more extensive secondary spread eruptions, may 
be seen. However, there can be lower grade reactions, usually 
around the scalp margin. The patient does not always recognise 
the relationship of the skin eruption to dyeing the hair. Allergic 
contact dermatitis from hair, including connubial allergy from 
a partner’s dyed hair, has been described. This is probably the 
result of the presence of unoxidised residue when there is poor 
dyeing technique, which is more likely with self-application of the 
dye [18,19]. 

Although banned in the EU, permanent hair dye products 
are readily available for use on eyelashes and eyebrows. Severe 
reactions including blindness have been reported [20]. 

The possibility of contact allergy from the use of permanent hair 
dyes on the beard should not be overlooked [21]. Lichen planus-like 
presentations of hair dye allergy have been reported from the Indian 
subcontinent [22]. An overrepresentation of PPD allergy has been 
identified in African Americans [23]. Lymphomatoid eruptions are 
also described [24]. 

Hairdressers can become sensitised by the dyeing process, result- 
ing in hand dermatitis. A pre-existing irritant hand dermatitis may 
predispose to this. Styling of dyed hair should theoretically not 
present a problem in view of the reported non-allergenicity of the 
oxidised dye. 

As previously stated, allergy to PPD within black henna tattoos 
has been reported frequently in recent years [14]. Reactions at 
the site of application of temporary tattoos may be delayed for 
about 2 weeks while sensitisation takes place, but the subsequent 
reaction can be severe and persistent. Erythema multiforme-like 
and lichenoid eruptions are described, and both postinflammatory 
hypopigmentation and hyperpigmentation can be a feature [25-27]. 
If affected individuals dye their hair at a later date there may be a 
major recrudescence of allergic contact dermatitis [28]. Subsequent 
clothing dye allergy is also possible [29]. 

Immediate-type hypersensitivity presenting as an urticarial reac- 
tion to PPD is also recognised [30], and contact anaphylaxis and 
anaphylactoid reactions are described [31,32]. 

Clinical presentation of clothing dye allergy is described in the 
section on clothing. 


Avoidance. Permanent hair dyes should be clearly marked ‘con- 
tains phenylenediamines’. Industry currently recommends that 
consumers perform a ‘self test’ of hair dye or its constituents to 
a small area of skin on the arm or behind the ear prior to use of 
the dye. This is suggested to be an accurate method of identifying 
sensitised individuals [33], however significant concerns have been 
raised about this advice. Instructions provided by manufacturers 
on how to test vary significantly and the application of a potent 
sensitiser such as PPD directly onto the skin, on a repeated basis, 
brings a siginificant risk of active sensitisation [34]. 


Once PPD allergy is diagnosed, the hair should not be perma- 
nently dyed. Semipermanent dyes might be tolerated, but approxi- 
mately 25% of PPD-allergic subjects are likely to have problems due 
to cross-sensitivity [1]. Other alternatives include pure henna and 
colour rinses with temporary (non-PPD related) dyes. 

A new ‘less sensitising’ variant of PPD has been developed 
and marketed (2-methoxymethyl-p-phenylenediamine (ME-PPD)). 
Cross-reactivity with PPD, however, does occur with 48% of 
PPD-sensitised subjects reacting to an open test with a 2% 
ME-PPD-containing hair dye [35]. At present ME-PPD is there- 
fore aimed to simply reduce the number of consumers who might 
become sensitised. Further novel alternative hair dye chemicals 
are in development [36]. Disperse azo clothing dye avoidance is 
discussed in the section on clothing. 


Cross-sensitivity. Molecules with a similar structure may cross- 


sensitise with PPD, for example benzocaine, procaine, sulphonamides, 


mesalazine, diaminodiphenylmethane, para-aminobenzoic acid 
(PABA), UV filters and certain azo dyes. PPD allergic patients 
should be counselled about this possibility. 


Patch tests. PPD is tested as PPD base 1% in petrolatum as part of 
the standard series. A significant drop in the frequency of positive 
allergic reactions was noted when the test allergen preparation was 
temporarily switched to PPD dihydrochloride with many relevant 
positive cases missed [37]. PPD base is again the preferred baseline 
test allergen. 

Concern has arisen over the risk of active sensitisation from rou- 
tine patch testing with PPD [38,39]. Most data on this issue have been 
reassuring [40,41]. PPD 1% is regarded as an important standard 
allergen as it is highly relevant and allergy is not always suspected 
from the history [42]. Testing PPD with concentrations of less than 
1% carries a significant risk of false negative results [43]. 

In some individuals, close examination of the patch test site is 
required, as a positive reaction may be obscured by the black colour 
left by the patch test. Fierce ‘+++’ reactions to PPD are seen on 
occasions. In those with a recent and severe presumed hair dye 
allergic dermatitis, and particularly those with a temporary tattoo 
reaction, some centres undertake an initial PPD test concentration of 
0.5% in petrolatum; a more conservative step-wise increase starting 
at 0.01%, increasing to 0.1% before progressing to 1% has also been 
advocated [44]. Other strategies include shorter contact times by 
applying the 1% PPD patch in an accessible site, for the patient to 
remove early if symptoms occur. Related hair dye chemicals are 
also usually tested at 1% in petrolatum. Where permanent hair dye 
allergy is suspected it is important to test also with PTD, as many 
dyes contain this and not PPD. It has been shown that about 9% of 
PTD-allergic subjects are patch test negative to PPD [45]. 

Azo dyes will normally be incorporated into a larger series of aller- 
gens for the investigation of textile dermatitis (see the section on 
clothing). They are also tested at 1% in petrolatum. 


Methacrylate nail systems 

At present, three main systems are in use. 

1 Acrylic nails, consisting of a powder polymer and a liquid 
monomer that polymerise in the presence of catalyst molecules. 


2 Gel nails consisting of acrylic materials requiring UV light to 
polymerise them. 

Both acrylic and gel nails are designed to rebuild a damaged 
nail or to be sculpted into a nail extension past the edge of the 
natural nail. They are usually applied on a mould, which is 
removed at the end of the procedure, or on a plastic tip glued 
onto the nail plate with a cyanoacrylate-based glue. Moulds and 
tips are clipped and filed into shape before application of the 
acrylic material. 

3 Gel polish directly applied with a brush to the consumer’s nail 
plate or as a finish on top of acrylic or gel nails, like a traditional 
nail lacquer, but more durable. At least three layers are usually 
applied. The first and final layers (base coat and top coat, respec- 
tively) are transparent, whereas the intermediate layers contain 
the pigments responsible for the final colour. All layers contain 
methacrylates and, after application of each layer, exposure to a 
UV or an LED source is required for polymerisation. 

A trained beautician is able to apply a long-lasting nail polish in 
15-30 min. On the other hand, it takes a trained professional 1-2 h to 
apply acrylic or gel nail manicures, which is why consumers have to 
pay more. For these reasons, the application of gel polish has become 
more widespread. This coupled with the fact that the products can 
also be purchased directly by consumers for non-professional use 
are likely to be contributory reasons behind the increased prevalence 
of methacrylate allergy [1]. 


Prevalence. Within the last decade, nail aesthetics has become the 
main occupation in which workers suffer from acrylate allergy [2-4] 
but now allergic contact dermatitis caused by nail acrylates are also 
frequently affecting consumers [5-7] at near epidemic proportions. 


Clinical features. The methacrylates do not polymerise completely 
after mixing, with or without UV light. Typically, the allergy results 
in nail dystrophy and hand (fingertip) dermatitis (Figure 127.27), 
although it can present with ectopic site involvement, such as the 
face. Development of allergy to methacrylates may have other 
adverse health consequences for the consumer such as a reaction to 
uncured monomers in dental composite fillings [4] although some 
authors dispute this liklihood if direct mucosal contact is avoided 
[8]. Later in life, the use of acrylate-containing bone cement for 
hip prostheses has been associated with loosening and failure of 
the implant [9]. Acrylates may also cause allergy in the context of 
medical dressings and adhesives [10]. 


Patch tests. In light of the increasing number of cases seen in the 
UK, the BSCA has adopted testing 2-hydroxyethyl methacrylate 2% 
(pet.) in their baseline series [11]. Previous studies have aimed to 
establish a screening patch test series that would allow the identi- 
fication of the majority of cases of ACD caused by methacrylates 
[12-16]. One is now also available commercially. 


Management. For consumers who become sensitised to nail 
methacrylate chemicals, it is essential to avoid all the nail systems 
outlined here. Preformed plastic nails glued with cyanoacrylates 
should be safe due to the lack of cross-reactivity as well as the 
use of non-methacrylate-based varnishes. They should also be 
advised about the possibility of problems following other health 
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Figure 127.27 Periungual allergic contact dermatitis from nail methacrylates. Courtesy 
of Dr D. Orton. 


care exposures such as dental restorative materials, bone cement 
and wound dressings. 

For nail technicians, the primary prevention strategies to reduce 
risks include education and safer working ‘no touch’ practice, and 
the use of appropriate protective gloves (4H or nitrile) and frequent 
changes of these gloves [4]. 


Ultraviolet filters 
Epidemiology. UV filters work by absorbing light chemically or by 
acting as a physical block. The latter agents are usually based on 
titanium or zinc oxide, which are not sensitisers. However, some 
chemical UV filters may be contact allergens, photocontact allergens 
or both. The pattern of usage of UV filters varies, and prevalence 
figures will reflect this. Current data are provided in the section on 
photoallergic contact dermatitis. 

Some of the classic chemicals (PABA and its derivatives, sal- 
icylates, camphor derivatives, phenylbenzimidazole sulphonic 


acid, cinnamates, dibenzoylmethanes, benzophenones, octocry- 
lene) have been partially replaced by more photo-stable filters 
with wider protection, namely terephthalylidene dicamphor 
sulphonic acid (Mexoryl SX), drometrizole trisiloxane (Mexo- 
ryl XL), methylene-bis-benzotriazolyl tetramethylbutylphenol or 
bisoctrizole (Tinosorb M), bis-ethylhexyloxyphenol methoxyphenyl 
triazine or bemotrizinol (Tinosorb S), disodium phenyl diben- 
zimidazole tetrasulphonate (Neo Heliopan EP), diethylamino 
hydroxybenzoyl hexyl benzoate (Uvinul A Plus), ethylhexyl 
triazone or octyl triazone, diethylhexyl butamido triazone or 
iscotrizinol (Uvasorb HEB) and polysilicone-15 (Parsol SLX) [1]. A 
European photopatch test baseline series has been suggested [1]. 


Clinical features. Allergy and photoallergy from UV filters may 
coexist or occur separately. Clinical features are discussed under 
photoallergic contact dermatitis and in the cosmetics section. It is 
important to appreciate that other photodermatoses can be com- 
plicated by photoallergy to UV filters being used in treatment, and 
this may easily go unrecognised. The possibility of allergy and 
photoallergy to UV filters must be considered before individuals 
are diagnosed as having an idiopathic photodermatosis such as 
polymorphic light eruption. 


Investigations. These chemicals are not confined to sunscreens. 
They may be added to cosmetics in small quantities to pre- 
vent photodegradation and as an ‘antiageing’ agent [2]. UV 
light absorbers may also be added to plastics. Allergy from this 
source is unusual but has been reported, most notably from 
2-(2-hydroxy-5-methylphenyl)-benzotriazole (Tinuvin P) [3,4]. UV 
filters are generally tested at 10% in petrolatum, although 5% has 
also been advocated. Sunscreens and cosmetics containing UV fil- 
ters should also be patch tested, and if necessary photopatch tested 
at the same time. The photopatch testing investigation is described 
elsewhere in this chapter. 


Management. Once allergy or photoallergy has been demon- 
strated, patients should be apprised of the need to avoid sunscreens 
and cosmetics containing the allergen, which will be identified 
by its INCI name. They should only use fully ingredient-labelled 
cosmetics. In addition, a list of synonyms should be given to the 
patients as they may encounter sunscreens labelled differently in 
other countries. 


Rubber [1] 

Rubber products, comprising natural rubber latex or synthetic elas- 
tomers such as nitrile and neoprene, are widely used in everyday 
and working life. Rubber additives, either as remnants from the pro- 
duction process (such as accelerators) or those deliberately added 
to enhance the product characteristics (such as antioxidants), con- 
stitute an important group of contact allergens. The most frequent 
rubber exposures leading to sensitisation to rubber components are 
from protective gloves often used in an occupational context. A list 
of potential sensitisers in rubber is shown in Box 127.6. It is impor- 
tant to note that type I mediated allergy to latex proteins (requiring 
diagnosis with skin prick tests or specific immunoglobulin E (IgE) 
measurements) and type IV mediated allergy to rubber chemicals 
can coexist and may need evaluating together. 


Box 127.6 Common sensitisers in rubber? 


Mercapto mix 
¢ Mercaptobenzothiazole (MBT) 
¢ Cyclohexylbenzothiazyl sulphenamide (CBS) 
¢ Dibenzothiazyl disulphide (MBTS) 
¢ Morpholinylmercaptobenzothiazole 
Patch test concentration: 0.5% each = total 2% in petrolatum 
Thiuram mix 
¢ Tetramethylthiuram disulphide (TMTD) 
e Tetramethylthiuram monosulphide (TMTM) 
e Tetraethylthiuram disulphide (TETD) 
e Dipentamethylenethiuram disulphide (PTD) 
Patch test concentration: 0.25% each = total 1% in petrolatum 
Black rubber mix 
¢ Phenylcyclohexyl-p-phenylenediamine (CPPD) 
e Phenylisopropyl-p-phenylenediamine (IPPD) (identical to 
isopropylaminodiphenylamine) 
¢ Diphenyl-p-phenylenediamine (DPPD) 
Patch test concentration: 0.25% of CPPD and DPPD, 0.1% of IPPD = 
total 0.6% in petrolatum 
Carba mix 
e 1,3-Diphenylguanidine (DPG) 
¢ Bis-(diethyldithiocarbamato) zinc (ZDC) 
¢ Bis-(dibutyldithiocarbamato) zinc (ZBC) 
Patch test concentration: 1% each = total 3% in petrolatum 


4 The mixtures mentioned are commercially available. 
y 


Prevalence. At present, four of 30 allergens recommended in the 
European baseline series are rubber additives, namely thiuram 
mix 1% (pet.), 2-mercaptobenzothiazole (MBT) 2% (pet.), mer- 
capto mix (with four constituents, including MBT) 2% (pet.) and 
N-isopropyl-N-phenyl]-p-phenylenediamine (IPPD) 0.1% (pet.). 

In comparison to the findings from the European Surveillance 
System on Contact Allergies (ESSCA) survey in 2007-08, recent 
multinational surveys from 12 European countries showed a certain 
decline of contact allergy to thiuram mix (with an overall preva- 
lence of 1.87% (ESSCA 2013-14) versus 2.03% (ESSCA 2009-12), 
whereas the prevalence of allergy to carba mix was significantly 
increased (2.29% (ESSCA 2009-12) versus 2.68% (ESSCA 2013-14)) 
[2,3]. This might reflect that thiuram usage in manufactured gloves 
has largely been replaced by dithiocarbamates [4]. Positive patch 
test reactions to thiurams are frequently combined with positive 
patch test reactions to dithiocarbamates since they constitute a 
redox pair. However, positive patch test reactions to thiurams have 
been found to be more common than positive reactions to dithio- 
carbamates [5,6]. Thiurams are considered to be better markers for 
sensitisation to the dithiocarbamate/thiuram redox pair than the 
dithiocarbamates. 

The prevalence of positive reactions to carba mix is steadily 
increasing with some experts calling for its inclusion in the Euro- 
pean baseline series [7]. 1,3-Diphenylguanidine (DPG) is now more 
frequently used in rubber glove production, and there are increasing 
numbers of cases of true allergic sensitisation [3,8,9], although it is 
a recognised irritant at its present patch test concentration. 

For assessing benzothiazole contact allergy, the mercapto mix is 
tested along with MBT. Their use in glove production has increased 


Figure 127.28 Contact dermatitis from rubber gloves. Courtesy of Dr J. D. Wilkinson. 


during the last decades but MBT remains the most widely used 
accelerator for industrial rubber [10]. Sensitisation rates have been 
recorded at 0.6% for MBT and 0.7% for mercapto mix in a recent 
European study [3]. The frequency of sensitisation to mercapto 
mix have been found to be most common in patients with allergic 
contact dermatitis of the feet [11] and MBT is found to be a frequent 
sensitiser in patients with shoe dermatitis [3]. 

Thioureas are used in the production of synthetic rubbers, par- 
ticularly neoprene products and foam rubbers. The most frequent 
source of relevant positive patch test reactions have been reported 
to be shoes and medical devices and the prevalence of sensitisation 
even with aimed testing is usually <1% [3]. The most important 
antidegradant sensitisers are phenylenediamine derivatives: 
N-isopropyl-N’-pheny]l-4-phenylenediamine (IPPD), N-phenyl-N’- 
cyclohexl-4-phenylenediamine (CPPD), N,N’-diphenyl-4-phenylen- 
ediamine (DPPD) and N-(1-3 dimethylbutyl)-N’-pheny]-4-phenyl- 
enediamine (DMPPD). They are found in industrial rubber and 
‘black’ rubber materials. IPPD is included in the baseline series with 
a European sensitisation prevalence at 0.6% [12]. 


Clinical features. Rubber sensitivity may be the primary cause of 
a dermatitis or it may become superimposed on an existing der- 
matitis, as sometimes occurs following the use of protective rubber 
gloves (Figure 127.28). It is not always obvious, and many cases will 
be missed if patients are not routinely patch tested with a series of 
the more common rubber chemicals. A positive patch test reaction 
to a rubber chemical is usually relevant. 

Dermatitis from rubber gloves [13] may be diffuse, but is more 
often localised to the dorsa of the hands, especially over the knuck- 
les and the wrist, where a sharp proximal margin is often evident. 
The use of alcoholic disinfectant prior to polyisoprene glove don- 
ning increases the amount of DPG recovered from the hands. 

Shoe dermatitis occurs in both adults and children, and in the lat- 
ter group needs to be differentiated from juvenile plantar dermatosis 
[14]. Rubber chemicals may occur in almost any part of the shoe, and 
a rubber adhesive is commonly used to glue parts together. The der- 
matitis may occur on the dorsum of the foot, soles or toes, usually 
with sparing of the web spaces and instep. 

Antioxidants related to PPD are used in car tyres and wear- 
resistant rubber products. IPPD allergy is strikingly more often 
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Figure 127.29 Allergic contact dermatitis to elastic in clothing. Courtesy of Dr J. D. 
Wilkinson. 


found in patients with allergic contact dermatitis of the head and 
upper extremities (arm and hand) than in those with dermatitis of 
the trunk and lower extremities [11]. Although sometimes causing 
allergic contact dermatitis on the feet because of its presence in 
heavy boots, not all cases have an occupational origin. Black rubber 
flexes or cables, hoses, grips and even scuba masks or squash balls 
may be responsible. The ensuing dermatitis may sometimes be 
purpuric, and an erythema multiforme-like presentation has also 
been reported. 

In some cases, the site of dermatitis may provide a clue as, for 
instance, when the dermatitis is due to a rubber finger-stall used 
when counting money or rubber bands under a wristwatch. Rubber 
dermatitis may also occur at the site of contact with rubber in 
clothing (Figure 127.29) or dressings, between the thighs or on the 
abdomen from hot water bottles and on the knees from kneeling 
mats. Genital dermatitis or pruritus vulvae may occur following the 
use of condoms and diaphragms, and may also result from rubber 
catheters, when the dermatitis also spreads down the thighs. An 
apparent worsening of venous eczema may be related to allergy to 
rubber in elastic bandaging, and such patients are prone to develop 
a secondary generalised eczema. A generalised dermatitis may 
occur after sleeping on a rubber mattress or using rubber pillows, 
or the dermatitis may be predominantly on the side on which the 
patient sleeps. 


Investigations. Contact allergy to rubber is assessed by using the 
thiuram mix 1% (pet.), MBT 2% (pet.), mercapto mix (with four 
constituents, including MBT) 2% (pet.) and IPPD 0.1% (pet.). The 
thiurams included in the thiuram mix comprise tetramethylthiuram 
monosulphide (TMTM), tetramethylthiuram disulphide (TMTD), 
tetraethylthiuram disulphide (TETD) and dipentamethylenethiu- 
ram disulphide (PDT). Approximately 20% of thiuram-sensitised 
patients are missed by the mix. Therefore, it is advisable to patch 
test not only with the thiuram mix included in the baseline series 
but also with the rubber series in cases of suspected rubber (glove) 
allergy [5]. 

Dithiocarbamates include zinc diethyldithiocarbamate (ZDEC) 
and zinc dibutyldithiocarbamate (ZDBC). Both are tested alongside 


DPG as part of the carba mix in some centres. Almost all patients 
with a contact allergy against dithiocarbamates are also allergic 
against thiurams; vice versa, however, this ratio was only one-fifth 
[15]. DPG is not a carbamate, despite its inclusion in the carba 
mix; this is a source of potential confusion. To avoid this it may be 
preferable to patch test carba mix together with its three ingredi- 
ents. Changing patterns of allergy to rubber chemicals in Europe 
has led to calls to add carba mix to the European baseline series. It 
is presently part of the BSCA baseline series. 

For assessing benzothiazole contact allergy, the mercapto 
mix at 2% pet. (comprising MBT, N-cyclohexyl-2-benzothiazyl 
sulphenamide (CBS), dibenzothiazyl disulphide (MBTS) and mor- 
pholinyl mercaptobenzothiazole (MOR) is used along with MBT at 
2% pet., tested separately. Since a high rate of false negative results 
was repeatedly demonstrated when testing with the mix or MBT 
alone [15-17] patch testing should be done in parallel with mer- 
capto mix as well as with MBT. As a rule, if positive test reactions 
are found to a mix, subsequent patch testing of its components is 
recommended to clarify the relevant contact allergen to advise the 
patient accordingly. 

In cases of suspected rubber allergy, additional rubber allergens 
should be tested. In particular, neoprene items such as gloves, 
shoes and wet suits frequently contain thioureas (Figure 127.30). 
These include dibutyl thiourea (DBTU), diethyl thiourea (DETU), 
diphenyl thiourea (DPTU) and ethylene thiourea (ETU). The 
mix of two thiourea chemicals (DETU and DBTU), also referred 
to as mixed dialkyl thioureas (MDTU), tested 1% in petrola- 
tum, will detect 75% of relevant thiourea reactions [4,18]. Black 
rubber mix is no longer included in the European standard 
series, having been replaced by IPPD. Testing with IPPD alone 
will potentially miss 10% of individuals allergic to this group of 
antioxidants. 

A ‘European rubber series’ including supplementary allergens 
has been proposed especially for cases of suspected occupational 
rubber contact allergy, particularly aimed to detect antioxidant 
allergens [19]. 

It is also often very useful to test directly to a patient’s own 
rubber items such as their gloves (moistened with 96% ethanol 
for best results). By patch testing a patient’s own materials novel 
rubber compounds with allergenic potency may be identified, for 
example dimethylthiocarbamylbenzothiazole sulphide (DMTBS) 
was recently found in canvas shoes [20]. 


Management. Sensitivity to a certain rubber chemical does not 
necessarily indicate any specific source, although sensitivity to 
carbamates and thiurams suggests rubber gloves, mercapto com- 
pounds suggests shoes, and the PPD group is mainly associated 
with black rubber products such as tyres. Although it may be 
impossible to avoid contact with rubber entirely, many patients 
remain clear of dermatitis, and others may only have intermit- 
tent symptoms if they take simple precautions to avoid contact. 
In many cases, hand eczema improves or clears if patients can 
be persuaded to change from rubber gloves to cotton-lined vinyl 
gloves. ‘Accelerator-free’ medical grade gloves are produced with 
varying production techniques, and are also becoming more widely 
available [21]. 


(a) 


Clothing [1] 

Epidemiology. Textile fibres may be natural, for example cotton, 
wool, silk, linen and rubber, or they may be synthetic, for example 
cellulose derivatives (rayon), polyamides such as nylon, polyesters, 
acrylics and elastomers. Apart from rubber, they rarely sensitise in 
their own right. 

More common allergens in clothing include textile dyes, nickel, 
chromate (in leather and as a dyeing mordant), rubber, glues, bio- 
cides (triclosan, zinc pyrithione, MCI/ML, dimethy] fumarate, silver 
particles) and, in the past, formaldehyde and resins. 

The main dye allergens belong to disperse dyes which are 
used for colouring synthetic textile fibres. They are principally 


(b) 


Figure 127.30 (a, b) Allergic contact dermatitis from thioureas in a wet suit. Courtesy of Dr N. Stone. 


anthroquinone and azo dyes. Disperse dyes may contain more than 
one fraction, as well as impurities, all of which can sensitise [2]. A 
mixture of several different dyes may be responsible for the final 
colour. Fibre-reactive dyes are covalently bound to the fibre and 
unlikely to cause problems from clothing, but may sensitise those 
handling the dye powder [3]. However, if the clothing is not ade- 
quately rinsed during the production process, reactive dye residue 
in new unwashed garments may then cause allergic dermatitis [4]. 
Clothing dermatitis has also been reported from acid, basic, direct, 
vat and solvent dyes, as well as coupling agents. 

It is generally considered that formaldehyde, urea-formaldehyde 
resin and melamine-formaldehyde resin contact allergy may be of 
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Figure 127.31 Pattern of textile dermatitis. 


more historical importance [5] apart from a few isolated case reports 
in disposable surgical and military uniforms [6]. This might be due 
to the regulations and the use of newer finishes. These new resins 
may be less sensitising [7]. The prevalence of textile dermatitis is 
unknown. Only contact allergy to textile dyes (mainly disperse azo) 
has been evaluated in epidemiological studies. In a study based on 
routine patch tests, mainly from Europe, frequencies of sensitisation 
to textile dyes ranged from 0% to 5.8% [8]. 


Clinical features. The distribution of contact dermatitis in 
areas of sweating and friction is the same for dyes and finishes 
(Figure 127.31). The eruption typically starts in the axillae, sparing 
the hairy part of the vault (Figure 127.32), and forms a crescentic 
patch on the anterior chest wall sharply limited by the underwear. 
The anterior and posterior folds are also affected. Long sleeves cause 
eruptions in the elbow flexures, and collars provoke a rash around 
the neck. Later in the course of the disease, the chest and upper back 
may be involved. The dermatitis is often sheeted, and the inner pos- 
terior thighs, popliteal fossae and lower leg may be involved when 
trousers or tights are the responsible garments. Nevertheless, a high 
index of suspicion is required as the clinical presentation might not 
always indicate the cause [9]. In a majority of cases, textile contact 
dermatitis presents as typical pruritic eczematous dermatitis. How- 
ever, approximately 20% of cases can present as atypical dermatitis 
(lichenoid, purpuric, dyshydrosiform, psoriasis-like, seborrhoeic, 
nummular, erythema multiforme-like, pustular) [10]. Up to 5% of 
textile dermatitis cases have an appearance of folliculitis, contact 
urticaria, excoriations due to itching or eczematid-like purpura. 

Hand dermatitis may be a feature of textile allergy from occupa- 
tional exposure [11]. 


Figure 127.32 Axillary dermatitis (sparing the axillary vault). The characteristic pattern 
of eczema seen in patients allergic to textile dyes and finishes. Courtesy of Dr J. D. 
Wilkinson. 


Investigations. A PPD-positive patch test may alert one to cloth- 
ing dye allergy, but it is an inadequate screen. Formaldehyde is a 
standard-series allergen but not sufficient to detect contact allergy 
to formaldehyde-based resins, if these are still suspected. Therefore, 
these should be additionally tested in appropriate circumstances. 
Textile dyes are commercially available as test allergens, although 
their purity is questioned. 

As various azo dyes and PPD are structurally similar there is a risk 
of multiple strong positive reactions in allergic patients screened for 
clothing dye allergy. Patients investigated with a series of textile azo 
dyes should be warned of this risk [12]. 

In 2015 a textile dye mix was recommended for inclusion in the 
European baseline series [13]. The composition of the 6.6% wt/wt 
pet. mix is as follows: D Blue 35, D Yellow 3, D Orange 1, D Orange 
3, D Red 1 and D Red 17, all at 1.0% wt/wt, and D Blue 106 and 
D Blue 124, both at 0.3% wt/wt. Patch testing with the suspected 
clothing can be undertaken, although there is a high risk of obtain- 
ing a false negative reaction. Soaking 1 cm? of the fabric in water 
for 10 min before testing might increase the return, and extraction 
techniques have also been suggested [14] as well as testing with 
thin layer chromatograms [15]. For most patch test centres further 
chemical investigation of textiles that are patch test positive is not 
possible. However, such testing can prove clinical relevance, and 
new emerging allergens may be detected. 


Management. Patients sensitive to formaldehyde or one of the 
formaldehyde resins should be advised to avoid treated fabrics, for 
example drip-dry, crease-resistant or durable-press cotton, cotton 
mix and rayon clothes. 

Disperse dyes are used to colour artificial fibres such as polyester, 
acetate, acrylic and nylon. Both azo and anthraquinone dyes may 
cause dermatitis from modern artificial fibres, and non-disperse azo 
dyes from natural fibres. Reactive dyes will combine with protein 
and cellulose in natural fibres and polyamides. A precise knowledge 
of the dye responsible for an individual’s allergy is not helpful as 
cross-sensitivity is common and the finished colour is commonly a 
mix of several dyes. Strongly coloured synthetic clothing should be 


avoided, but lightly coloured garments may sometimes be tolerated. 
Pure natural fibres, such as cotton, wool, linen and silk of any colour, 
can generally be worn. 


Shoes 

Epidemiology. Chromium salts and cobalt, but also preserva- 
tive agents in leather, colophonium and _para-tert-butylphenol- 
formaldehyde resin (PTBPFR) in glues and rubber chemicals 
(mercaptobenzothiazole and derivatives, and to a lesser extent thiu- 
rams), as well as dyes, such as PPD and related compounds, are the 
most important causes of shoe dermatitis. However, other allergens 
may also be involved, for example shoe contaminants from topical 
pharmaceutical or other products contacted. The prevalence of shoe 
allergy has ranged between 3% and 11% in patients referred for 
routine patch testing. The highest frequencies of dermatitis have 
been reported from hot climates, which will promote sweating and 
leaching out of allergenic shoe chemicals [1]. 


Clinical features. Allergic contact dermatitis due to footwear 
should always be considered in the differential diagnosis in cases 
of persistent foot dermatitis. Sweating causes allergens in shoes to 
leach out and migrate, and as a result of this, the pattern of dermati- 
tis is often not distinctive. It may be patchy or superimposed on a 
pre-existing constitutional eczema. Nevertheless, in many instances 
the distribution will reflect whether the sensitiser is present in the 
upper or sole of the shoe [1]. Dermatitis from the upper commonly 
starts over the dorsal surface of the big toes and spreads to the dorsa 
of the feet and the other toes. The interdigital spaces are normally 
spared. The heels may be involved, but less frequently than the 
toes. On the heels, patches of dermatitis may correspond to the heel 
cap, and on the dorsum of the foot they may correspond to the 
tongue of the shoe. Adhesives and rubber components may cause 
localised areas of dermatitis limited to the toe cap [2]. Nickel allergy 
from shoe buckles and eyelets may cause a localised dermatitis 
on the adjacent skin. Rubber chemical allergy has an increased 
tendency to affect the soles. Involvement of the sole usually affects 
only the weight-bearing areas — the instep is frequently spared. In 
sports shoes, the sole is usually moulded to fit into the instep and 
the dermatitis may affect the whole sole [3]. Sometimes, only the 
forefoot is involved (Figure 127.33), and in children the condition 
must be differentiated from juvenile plantar dermatosis by patch 
testing. 

Surprisingly, not all cases are bilateral [4], but the great majority 
are. Patients with shoe dermatitis often have evidence of dermatitis 
elsewhere, especially on the hands. 

Boots produce a pattern similar to shoe dermatitis, sometimes 
with an additional eruption on the calves. 

Allergy to socks and stockings, agents such as perfumed sprays, 
talcs and antifungal powders used in shoes, and medicaments 
applied to the skin may simulate footwear dermatitis [5]. Shoe 
fabrics may become reservoirs for materials applied to the skin of 
the feet and act as a source for continued exposure even though the 
items are no longer being actively applied. 


Investigations. Many of the commoner shoe allergens are found 
in the standard series, including dichromate, cobalt, certain rubber 
accelerators and antioxidants, PTBPFR, colophony and nickel. In 


Figure 127.33 Forefoot dermatitis from shoe allergy. 


addition, a special shoe series should be used, and commercial 
allergen suppliers have such a series of allergens. Non-standard 
allergens of emerging importance include biocides such as OIT 
[6], dimethylfumarate [7], dodecylmercaptan [8] and acetophenone 
azine [9]. 

Some allergies have only been identified by testing with pieces of 
the shoe itself. Ideally, pieces for patch testing should be taken from 
the parts of the shoe in contact with the dermatitic area. They should 
be thin and 1 cm? or larger. Some have suggested testing the pieces 
under a special large Finn chamber, whereas others recommend 
occlusive tape. Further suggestions have been to soak the pieces in 
water for 15 min before they are applied, and to leave the test pieces 
in place for 4-5 days [10]. False positive reactions may be seen from 
pressure, particularly around the edge, and false negative reactions 
are common. Patch testing with ultrasonic bath extracts (or extracts 
after soaking for 24 h) of shoe pieces might be the best method to 
identify contact allergy, which would otherwise go unrecognised. 


Management. A typical shoe will be formed from an upper, a sole, 
an insole and heel and toe counters to stiffen the shoe and give it 
shape. Adhesives may be required throughout the shoe. 

Uppers tend to be made of leather, rubber or synthetic material. 
Leather is tanned, usually with chromate, but other tanning agents, 
including vegetable tans, colophony, formaldehyde and glutaralde- 
hyde, may be used. Formaldehyde is associated with the tanning of 
white or water-resistant leather and is tightly bound, making sen- 
sitisation less likely. After tanning, the leather may be oiled, dyed 
and finished. Biocides such as OIT may be added to the oils and 
finishes. Uppers may be made from, or be lined with, dyed fabric. 
Polyurethane, rubber and neoprene foams are used in the uppers, 
particularly of sports footwear. Neoprene is a synthetic rubber to 
which phenolic resins, most notably PTBPFR, thioureas, carbamates 
and other accelerators and additives, may be added. 

Shoe soles are made from similar materials and more solid forms 
of rubber. Insoles can also be made of a similar range of materials. 
Fibreboard used for insoles is a composite of fibres, usually paper 
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but occasionally wood or leather in a glue matrix, which may contain 
biocides. Insoles may also contain allergenic deodorisers, including 
formaldehyde and fragrances. 

Counters may be made from many different potentially allergenic 
materials, including natural rubber, formaldehyde resins, biocides 
and pine oil. 

The main adhesives are hot melt, urethane, neoprene and natu- 
ral rubber. Hot melt adhesives do not tend to cause allergy but the 
others may, particularly rubber accelerators and PIBPFR. Additives 
include isocyanates, epoxy resins and biocides. Tackifiers may con- 
tain formaldehyde resins and colophony. 

Individuals who are allergic to leather tanning agents and addi- 
tives can be advised to wear synthetic fabric or rubber footwear. 
Some specialised outlets sell ‘vegetarian’ shoes that should not be 
leather. 

However, with other allergens avoidance is often difficult. Man- 
ufacturers and distributors will not generally guarantee their shoes 
are free of rubber chemicals and PTBPFR in adhesives, and may 
know even less about other sensitisers. Patients allergic to rub- 
ber, PTBPFR and colophony should consider all-leather stitched 
footwear with no insoles, or injection-moulded plastic shoes, 
moccasins or wooden shoes. Certain manufacturers will produce 
bespoke shoes free of the allergen(s) but these are expensive. Some- 
times, orthotists advising hospital orthopaedic departments are 
helpful in making special shoes. 

Those allergic to dyes will need to avoid dyed fabric and 
nylon-lined footwear, as well as coloured nylon socks and stockings. 
Old socks may act as a reservoir of allergen and should be discarded 
with the incriminated shoes, medicaments, etc. 

Hyperhidrosis is common in shoe dermatitis, and the dermatitis 
may be helped by treatment with iontophoresis, or by other means, 
and by wearing cotton socks to absorb the sweat. 

Follow-up (average 3 years) of 48 patients after they had 
employed a number of strategies to avoid contact with the allergens 
responsible for their dermatitis revealed that 87.5% were clear 
or significantly better, 10% the same and only one person was 
worse [10]. 


Resins and plastics 

Plastics comprise synthetic polymers that are produced from raw 
materials through polymerization. The two main types of plastics 
are thermoplastics and thermosets. Most plastic-related contact 
allergens are reactive raw materials for thermoset plastics, for 
example, acrylic, epoxy, phenolic, and urethane plastics and occur 
in the occupational setting (e.g. construction including painting, 
tiling and floor laying and the manufacturing sector including 
vehicles, aircraft, electronics and paints). Many products are bicom- 
ponent comprising a resin part and a hardener that are mixed to 
start polymerization. Thermoplastics seldom cause skin problems 
other than irritation, because they are usually handled as large 
polymers. Additives are used in the manufacture of all types of 
plastic to modify their properties, and they can also cause contact 
allergy. 


Epoxy resins 
Epidemiology. Approximately 75% of the epoxy resins currently 
used worldwide are derived from diglycidyl ether of bisphenol 


A (DGEBA) [1] although contact allergies to other epoxy resins, 
hardeners and modifiers, such as reactive diluents, also occur. 
Epoxy resin of the bisphenol A type is a standard allergen. How- 
ever, figures for the prevalence of allergy in patch-tested patients 
will reflect the degree of occupational interest of the clinic, and 
also the local industry. Series of relatively unselected patch-tested 
patients have reported rates of 0.4-3% positive reactions, with a 
male preponderance. However, higher rates are recorded for occu- 
pational referrals. Annually, approximately 1% of exposed workers 
are believed to develop an epoxy resin allergy [2]. 

Allergy to other components of epoxy systems is commonly con- 
comitant with resin sensitisation but may also occur by itself [3,4]. 
Detailed analysis of 182 cases in Finland showed that 80% were aller- 
gic to DGEBA epoxy resins, 23% to polyamine hardeners, 16% to 
reactive diluents and 9% to non-DGEBA epoxy resins. 

A high incidence of allergy among exposed individuals has 
been reported in factory outbreaks, for example 56% in an aircraft 
construction factory, 45% in marble workers, 27% in ski factory 
workers and 21% in paint factory workers [5-7]. The epoxy resins 
are among the most sensitising substances that have been intro- 
duced to industrial work in recent years. Coatings, including paints 
and varnishes, account for roughly 45% of all epoxy resin use. They 
are widely used in the construction industry, in cement to make it 
waterproof and in floorings, grouts and filling materials, including 
those for marble and window frames. They are commonly used as 
binders and coatings for fibreglass and carbon fibre, for example in 
car body repairs, wind turbine rotor blades and aircraft construc- 
tion. In the electronics industry they are used for insulation and in 
printed-circuit boards. They are efficient glues for metals, rubber, 
polyester resins and ceramics. Cardiac pacemakers and hypoder- 
mic needles may contain them. Dental personnel and their patients 
sensitised by epoxy acrylates in filling materials often also react to 
epoxy resin. In the laboratory they have been found as sensitisers 
in microscopy immersion oil. 

High-molecular-weight resins, which may contain residual 
low-molecular-weight resin, are used for coating metal or wood. 
Occasionally, uncured epoxy resins are used as stabilisers and 
plasticisers in, for example, polyvinyl chloride plastic and spectacle 
frames. Thus, contact dermatitis may be elicited in consumers as 
well as occupationally and has also been reported from ‘hobby’ 
materials [8]. 

Diglycidyl ether of bisphenol F (DGEBF novolac) resins are also 
quite commonly used in epoxy products; these have lower vis- 
cosity and better chemical resistance than DGEBA. Non-DGEBA 
epoxy resins have found increasing use in electron microscopy, 
electronics and carbon and glass fibre composite materials, 
especially in the aerospace construction industry. Cycloaliphatic 
epoxy resin in hydraulic fluid and neat metalworking oil has also 
sensitised. 


Clinical features. Dermatitis is predominantly occupational. It 
usually affects the hands and arms (see Figure 127.8), and often 
the face and eyelids from airborne contact. Facial and periorbital 
involvement may be indicators of associated or isolated allergy to 
the more volatile epoxy diluents and hardeners [9]. Partially cured 
epoxy resin dusts from sanding and drilling may induce dermatitis 
with a similar distribution. 


Severe oedematous and weeping eruptions are not uncommon, 
and widespread generalised eruptions can develop if expo- 
sure continues. Erythema multiforme-like reactions have been 
described [10]. 

Localised dermatitis can sometimes be attributed to traces of 
free epoxy monomer found in a wide range of products, such as 
twist-off caps, coated door knobs, tool handles, microscopy immer- 
sion oil, stoma bags, clothing labels, portable infusion pumps, 
spectacle frames, plastic tubing in medical devices and gloves. 
A flare-up of hand eczema has been reported from an implanted 
epoxy resin-containing needle [11]. Other body sites, especially the 
genitals, may be affected following hand contact. Gingivitis and 
stomatitis may result from the use of epoxy acrylates in dental 
materials [12]. 

Contact allergy to epoxy components may rarely cause 
vitiligo [13]. 


Investigations. Epoxy resin of the bisphenol A type is included in 
the standard series at 1% in petrolatum; other components of epoxy 
resin systems are not. Extra patch test reagents, which incorporate 
the commoner amine hardeners and reactive diluents, are available 
from the commercial allergen suppliers, although these are not all 
inclusive. Allergy to non-DGEBA epoxy resins and other compo- 
nents may still be missed unless the worker’s own materials are 
tested. 

Epoxy resins may be reacted with other resins, for example acry- 
lates and formaldehyde resins, to produce new resins that may have 
an allergic profile different from their parent resins [14]. 

Higher-molecular-weight resins may contain small amounts of 
the oligomers or monomer but rarely sufficient for the induction of 
sensitivity. However, they can elicit clinical and patch test reactions 
in those already sensitised. 

Sometimes, ‘reactive diluents’ in the resins used to reduce vis- 
cosity are responsible for their sensitising capacity. These diluents 
are usually glycidyl ethers or, occasionally, glycidyl esters, and are 
thought to be present in over 50% of epoxy resin products. Bisphenol 
A and epichlorhydrin themselves are seldom responsible for allergy 
from epoxy resin. 

The commonest sensitisers among the hardeners are amines, 
for example the aliphatic amines ethylenediamine, diethylene- 
tetramine, triethylenetetramine, dipropylenetriamine and dimethyl- 
aminopropylamine. Triethylenetetramine is a particularly strong 
sensitiser [15]. There are also sensitising cycloaliphatic amines (e.g. 
isophoronediamine) and aromatic amines, such as m-xylenediamine, 
diaminodiphenylmethane (methylene dianiline) and 2,4,6-tris- 
(dimethylaminomethyl) phenol. 

Hardeners of the polyaminoamide type are much less likely to 
sensitise, and so are anhydrides (e.g. phthalic anhydride). They are 
used for thermal hardening. 

A rough guide to patch test concentrations (all in petrolatum) is 
0.5% for non-DGEBA epoxy resins, 0.25% for reactive diluents and 
1% for most polyamine hardeners, but a literature search should also 
be undertaken, and lower concentrations considered initially if in 
doubt. 

Additives include colours, fillers, UV light absorbers, flame retar- 
dants and plasticisers. 


Management. Redeployment away from contact with epoxy resin 
is usually required for occupational dermatitis but even so the 
prognosis is not always favourable [16]. The use of epoxy (usually 
two-part) adhesives and fillers in domestic and spare-time activities 
(e.g. car body repairs) should be avoided. The identification of 
epoxy chemicals in suspect materials by chromatography tech- 
niques may be helpful in confirming a suspected source of epoxy 
resin [17]. 

The prevention of epoxy dermatitis is important, and includes 
education, instructions and warning notices for the workforce, 
stressing the need for ‘good housekeeping’. High-molecular-weight 
epoxy resins and diluents are less sensitising and, where possible 
and appropriate, are to be preferred. Aliphatic and aromatic amines 
may be replaced by polyaminoamides or amine epoxy adducts. If 
feasible, automation or a ‘two in one’ mixing package is advised or, 
if not, mixing should be done in disposable containers. Protective 
impermeable, preferably disposable, clothing and gloves should be 
worn. Epoxy resin will nevertheless penetrate plastic and rubber 
gloves [18]. Heavy-duty vinyl gloves or multilayered gloves of folio 
type (4H-Glove; Safety 4, Denmark) provide the best protection 
[19]. 


Acrylate resins [1] 

Epidemiology. Acrylates are esters of acrylic acid, and methacry- 
lates are esters of methacrylic acid. They are the main monomers in 
acrylic resin systems. However, acrylic resins also include esters of 
cyanoacrylic acid (cyanoacrylates), acrylamides and acrylonitrile. 
Acrylic resins can be combined with other types of resins such 
as epoxies, polyurethanes, polyesters and polyethers. The term 
‘acrylate’ is often used for all acrylic compounds including of 
cyanoacrylic and methacrylic acid. Many acrylic resin systems are 
cured by radiation (e.g. UV light), especially many dermatologically 
important products. Polymerisation of acrylic resins can also be 
initiated by heat, peroxides or N,N-dimethyl-p-toluidine and inhib- 
ited by stabilisers such as the monomethyl ether of hydroquinone 
or hydroquinone itself. These additives only occasionally cause 
contact allergy. Acrylate allergy is not routinely sought, and levels 
of allergy used to reflect the referral pattern to a particular clinic — in 
particular with relevance to occupational dermatitis (e.g. dental 
personnel, beauticians, printers). However, this has all changed as 
detailed in the methacrylate nails section. 


Clinical features. It is the uncured acrylic monomers that cause 
sensitisation. Cured products are usually safe even for strongly 
sensitised patients. The commonest sites of occupational allergy 
are the fingertips and hands (see Figure 127.2), but the face, arms 
and eyelids may also be involved. Manicurists may develop hand 
dermatitis, and sometimes a more extensive exposure pattern der- 
matitis from dust generated by nail filing. Associated rhinitis has 
concomitantly been reported [2], and acrylates may also induce 
occupational asthma. Workers with fingertip dermatitis should 
always be asked about contact with screwlocks and glues, as this 
is a typical distribution of allergic dermatitis from this source. A 
similar distribution may be seen in dentists and dental techni- 
cians. Localised dermatitis is seen from limb prostheses, the use of 
diathermy plates during surgery and incontinence pads. There may 
also be secondary spread of the eruption. 
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Dermatitis from artificial nails may be associated with painful 
onycholysis, nail dystrophy, periungual dermatitis, paraesthesiae 
and an ectopic dermatitis of the face, neck and elsewhere. Paraes- 
thesiae can persist for some months after patients stop wearing the 
nails [3]. 

Stomatitis has been blamed on incompletely cured acrylate in 
newly made or repaired dentures, and gingivo-stomatitis from 
acrylates in a temporary crown. Oral problems may arise in those 
previously sensitised to acrylic nails [4]. 


Investigations. Methyl acrylate is mainly used for acrylic fibres, 
ethyl acrylate for paint polymers and textiles and butyl acrylate 
and 2-ethylhexyl acrylate for paint polymers and adhesives. Methyl 
methacrylate (MMA) is probably the most used acrylic monomer. 
Poly-MMaA is transparent glass-like material (Perspex) that is used, 
for example, in automotive lamps, signs and displays. MMA is 
also used for dental prostheses, bone cement and two-component 
floor coatings with epoxy hardeners. 2-Hydroxyethylmethacrylate 
(2-HEMA) is an important small monofunctional methacrylate. It is 
used in most UV-cured dental restorative materials together with 
ethyleneglycol dimethacrylate, a bifunctional methacrylate, and 
bisphenol A-glycidyl methacrylate (bis-GMA), an epoxy methacry- 
late. 2-HEMA is also used as a primer in UV-cured structure nails 
(gel nails) and gel nail polishes. 2-hydroxypropylmethacrylate 
has a chemical structure closely similar to 2-HEMA, and it is 
often present in anaerobic sealants. Hydroxyethyl acrylate and 
2-hydroxypropyl acrylate are particularly used as cross-linking 
agents, for example in heat-cured paints and adhesives. Isobornyl 
acrylate occurs in many industrially used acrylic glues and in 
adhesives of medical devices such as insulin pump infusion sets 
and glucose sensors [5]. Cyanoacrylates are utilised as instant 
adhesives. Various 2-cyanoacrylates (e.g. 2-ethyl cyanoacrylate, 
octyl cyanoacrylate) are available for a wide field of applications. 
They are used in the electrical and electronics industries, as well 
as in many areas of mechanical engineering such as automobile, 
ship and aircraft construction. In addition, 2-cyanoacrylates are 
used in medicine to close wounds and glue artificial nails [6] and 
eye lash extensions. Cyanoacrylate-based adhesives are also used 
in some medical devices such as glucose sensors. Epoxy acrylates 
are formed when epoxy resins are reacted with acrylic acid or 
methacrylic acid. These composite resins are extensively used in 
dentistry, for example bis-GMA (also named epoxy dimethacry- 
late), 2,2-bis(4-(methacryl-oxyethoxy)phenyl) propane (bis-EMA) 
and 2,2-bis(4-(methacryloxy)phenyl) propane (bis-MA). 

Allergen suppliers produce three methacrylate series aimed at the 
main sources of exposure: adhesives, nails and printing. In general, 
methacrylated monomers are tested at 2% in petrolatum and acry- 
lated monomers at 0.1% in petrolatum. The lower 0.1% concentra- 
tions have reduced the incidence of the previously noted problem 
of active sensitisation [6]. Multiple positives may be seen if the full 
series is tested as a consequence of complex cross-reaction patterns. 
As a result of retrospective analyses shorter screening series have 
been suggested [7]. 

Cyanoacrylates are tested at 10% in petrolatum. 

Sometimes, additives such as dimethyl-p-toluidine, benzoyl 
peroxide, hydroquinone, p-methoxyphenol, pyrogallol, resorcinol 


or pentaerythritol tetrakis 3-mercaptopropionate may elicit contact 
dermatitis. 


Management. Once identified, avoidance should be possible by 
removal of the cause, redeployment, adequate protection or altered 
work practice. Acrylates penetrate latex and vinyl gloves [8]. The 
4H multilayer glove (Safety 4, Denmark) [9] is the best protec- 
tion, but may be impractical for some activities. Double gloving, 
polyethylene gloves and nitrile gloves are possible, but potentially 
less effective alternatives. 

Education, instructions on handling, printed warning notices and 
‘good housekeeping’ are important preventative measures. 


Formaldehyde resins 

Epidemiology. Phenol formaldehyde resins are polymers that are 
manufactured from various phenols and formaldehyde. The most 
widely used resins are based on phenol or PTBPFR. Apart from 
allergy associated with adhesives used in shoes and other leather 
products and nail varnish, formaldehyde resin allergy is uncom- 
mon. Many cases of phenol formaldehyde resin (PFR) allergy are 
sporadic. It is not a common occupational sensitiser although lami- 
nate manufacturers in Sweden were found to have a high frequency 
of allergy [1]. In a recent review, 17 cases of PFR allergy were seen in 
one clinic over a 15-year period. More common occupational asso- 
ciations were friction material (e.g. brake linings) production, work 
with fibreglass and contact with foundry sand [2]. The prevalence 
of contact allergy to PIBPFR in patch-tested patients seems to be 
decreasing: the prevalence in 2013-14 had halved compared with 
2004 in a study of the ESSCA [3]. The literature includes consumer 
contact allergy to PTBPFR in a lower limb prosthesis [4], a neoprene 
orthopaedic knee brace [5] and athletic tapes [6]. In many instances 
it is difficult to find relevance for a positive patch test. 


Clinical features. Dermatitis from formaldehyde resins in clothing, 
shoes and nail varnish is discussed in the relevant sections. In 
most other cases of PTBPFR allergy, dermatitis is localised under 
leather watchstraps and limb prostheses, although the hands may 
be affected by contact with glues in the working and domestic 
environments. 


Investigations. PTBPFR patch testing is discussed in the section 
on shoes, amine formaldehyde resin in the section on clothing and 
tosylamide formaldehyde resin in the section on cosmetics. PFRs 
are variable in composition and allergenicity [7]. 

‘Phenoplastics’ are condensation products of formaldehyde 
and phenolic compounds, for example phenol, cresol, p-tertiary- 
butylphenol and resorcinol. There are two main types of PFR: resol 
(phenol reacted with excess formaldehyde in alkaline conditions) 
and novolac (formaldehyde reacted with excess phenol in acid con- 
ditions). The two types of PFR do not necessarily cross-sensitise and 
neither of them seems to cross-sensitise to any significant degree 
with PTBPER. 

A resol resin based on phenol and formaldehyde (PFR2) that is 
commercially available (1% pet.) is a good marker of contact allergy 
to various phenol formaldehyde resins. 

However, testing with the patient’s own resin at 1% and 5% in 
petrolatum, followed by testing controls if positive, is probably the 
most reliable method. 


Management. Once identified, avoidance should be possible by 
removal of the cause, redeployment, adequate protection or altered 
work practice. 

PFRs have electrical resistance and binding properties, resulting 
in their widespread use in electrical appliances, glues, laminated 
floorboards, plywood, fibreglass (including insulation), brake 
linings, clutch facings, grinding wheels, foundry sand moulds, 
abrasive cloths and papers, plastic moulds, telephones and steer- 
ing wheels. Finished plastics are often brown or black and of the 
Bakelite type. 

PTBPEFR is used as an adhesive and is found in sealants and neo- 
prene glues. Contact may occur directly following its use as a glue, 
particularly in shoemakers and cobblers. Other sources include fur- 
niture and upholstery glue and marking pen ink. 

Amino formaldehyde resins occur in textiles, plywood and water- 
proof paper. They are also used for finishing parquet floors, gluing 
wood and in orthopaedic casts. Tosylamide formaldehyde resin was 
extensively used in nail varnish. Formaldehyde, which is continu- 
ously liberated from formaldehyde resins in floors and walls, may 
elicit contact dermatitis in very sensitive people. 


Other plastics 

Other plastics are rarely the cause of allergic contact dermatitis 
outside industry. Other resin systems, most notably unsaturated 
polyesters and their hardeners, and isocyanates in polyurethanes 
(PUs) may sensitise. Allergic contact dermatitis from isocyanate- 
based products occurs in work places where isocyanates or PU 
resins are manufactured and processed. Risk occupations include 
spray painting, floor coating, laboratory work, manufacture of PU 
paints and other PU products, motor vehicles and electronics as 
well as construction work. 

Co-polymers are emerging as sensitisers in cosmetics, sunscreens 
and nail varnish [1]. Additives in cellulose acetate spectacle frames 
have caused dermatitis. The literature contains many case reports 
of allergens traced to specific products, for example spectacle 
frames [2], hearing aids, ballpoint pens and other plastic items. 
Other plastic additives such as plasticisers, antioxidants, UV light 
absorbers, initiators, cross-linking agents, flame retardants and pig- 
ments may sometimes sensitise during the manufacturing process 
or during use. 


Plants [1-3] 
Epidemiology. Plant life is exceedingly diverse, with much geo- 
graphic and seasonal variation. Consequently, the range of reported 
allergens is huge, with considerable differences worldwide in inci- 
dence and prevalence of allergy. Here we concentrate only on those 
plant families frequently associated with contact allergy. Accurate 
statistics for the prevalence and incidence of plant allergy as a whole 
are not available but it has been estimated that 5-10% of all cases 
of contact allergy seen in European dermatology clinics are caused 
by plants or their products. These parameters vary from country 
to country and depend on the local flora and the population’s way 
of life. Occupational dermatitis to plants is common in gardeners, 
horticulturists, florists, farmers, cooks, foresters, undertakers and 
people involved in food processing [4]. 

Approximately 50-60% of North Americans are sensitive to poi- 
son ivy and other members of the Anacardiaceae family. The main 


allergens found in the oleoresin (or urushiol) are derivatives of 
catechol, particularly pentadecylcatechols, phenol, resorcinol and 
salicylic acid. Cross-reactions occur with cashew nut oil, which may 
be used industrially in resins, mucilages, printers’ inks and electri- 
cal insulation. Haitian voodoo dolls and swizzle sticks made from 
cashew nut shells have also sensitised. Further cross-sensitivity is 
found with mangoes, gingko tree fruit, indelible laundry marking 
ink from the marking nut tree in India, furniture lacquer from the 
Japanese lacquer tree, Lithraea trees in South America and trees of 
the Grevillea genus found in Australia. Although poison ivy is not 
a native European plant it has been reported to have been brought 
back from North America and planted. Isolated cases of contact 
sensitisation have been seen from this source. Localised outbreaks 
of dermatitis from contact with the Japanese lacquer tree have 
occurred in the UK. 

English ivy (Hedera helix) is not related to poison ivy but is becom- 
ing increasingly recognised as acommon and likely underdiagnosed 
cause of plant allergy [5]. The causative allergen in H. helix is thought 
to be falcarinol which unfortunately is not currently available as a 
commercial patch test allergen. 

In Europe the Compositae (Asteraceae) family of plants is the 
most common cause of phytoallergic contact dermatitis. Composi- 
tae are one of the largest flowering plant families in the world, with 
over 25 000 species described, of which over 200 are reported to 
cause allergy. The family includes decorative plants (e.g. chrysan- 
themums, dahlias, sunflowers), weeds (e.g. ragweed, dandelion, 
tansy, marsh elder, feverfew, chamomile, yarrow, arnica, Parthenium) 
and foods (e.g. lettuce, endive, artichoke). Herbal teas, medicines 
and cosmetics commonly contain Compositae plants or extracts. 
The allergenic chemicals are sesquiterpene lactones (STLs), which 
are low molecular weight, highly reactive and chemically based on 
a common alpha-methylene-gamma-butyrolactone ring. STLs are 
also present in other plant families including Frullania (liver worts), 
Lauraceae and Magnoliaceae. 

Garlic allergy is particularly frequent in Spain, with a prevalence 
of 2% in patch test clinics, mainly associated with domestic food 
preparation [6]. Other countries where garlic is used frequently in 
cooking might have a similar prevalence. In the UK, curry chefs are 
an at-risk group. 

Tea tree oil (Melaleuca alternifolia) is being increasingly used in cos- 
metics and medicaments and has caused allergic reactions in adults 
and children [7,8]. 

Primin, found in Primula obconica, was in the past a significant 
cause of plant allergic contact dermatitis and was tested in the base- 
line series. The development of allergen-free Primula species has led 
to a significant fall in frequency of reactions such that it is now sim- 
ply tested as part of a specialist plant series [9]. 


Clinical features. Anacardiaceae: Toxicodendron spp. dermatitis 
occurs after contact with the sap of the plant. Classically the rash 
is streaky, with redness, papules and vesiculobullous lesions on 
exposed sites. The hardened sap may leave a black spot on the skin 
in the areas of dermatitis and this may be helpful diagnostically 
[10]. Distant spread is common, particularly facial and genital 
involvement from contaminated hands. More profound erythema 
multiforme-like, exanthematous and urticarial eruptions, and 
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even renal damage, may occur from systemic absorption. Stomati- 
tis and proctitis have occurred after chewing the leaves, and with 
hyposensitisation. Contamination of clothing, animals, garden tools, 
firewood, fishing rods and golf clubs may also act as sources of con- 
tact. Phytophotodermatitis (Chapter 126) and allergy to Primula and 
other plants has to be considered in the differential diagnosis. Plants 
from this family have caused more contact allergy than all other 
plants combined. Much of this sensitisation relates to poison ivy, 
sumac and oak, which are species of Toxicodendron found extensively 
in North America. The plants are generally found outdoors and are 
recognised by their three-leafed configuration. Their diverse mor- 

phology and various habitats have been described by Guin et al. [11]. 
Compositae (Asteraceae): a recent Danish review of patients 

monosensitised to Compositae reported the majority to present 

with hand dermatitis, classically in a vesicular, volar pattern. It 
was noted that localised dermatitis may progress, with continued 
allergen exposure, to a classic airborne or generalised Compositae 
dermatitis pattern [12]. Eight patterns of dermatitis are described, 
which are generally worse during the summer months in temperate 

climates [13]. 

1 Pseudophotodermatitis. Exposed sites are involved, including both 
eyelids, and photoprotected areas under the chin and behind 
the ears. In hot regions, during summer months, dry dead plant 
material contributes to the airborne pattern of dermatitis. In the 
USA, many Compositae weeds, including ragweed (Ambrosia 
spp.), induce this pattern of dermatitis, almost exclusively in 
males. A similar pattern is seen in Europe from Compositae 
flowers and weeds, in India from Parthenium hysterophorus and 
in Australia, where it is known as bush dermatitis. Chronic 
cases may produce a marked thickening of the facial skin - a 
leonine facies. Photosensitivity quite commonly coexists with 
Compositae allergy (Figure 127.34). In one UK study, 22% of 
the Compositae-allergic patients were also photosensitive. True 
photoallergy to Compositae is, however, generally not a feature. 

2 Atopic eczema-like. Compositae allergy may mimic late-onset 
atopic eczema, with a flexural accentuation of involvement, 
which may include the groins and genital area. 

3 Erythrodermatous exfoliative. This pattern is classically seen from 
the weed P. hysterophorus, which was transported to India from 
the USA in contaminated seed wheat. Unfortunately, the weed 
has spread over much of the subcontinent, including urban areas. 
It has become markedly allergenic in these environmental condi- 
tions, which also enhance the spread of dry plant dust and pollen. 
Severe incapacity and even fatalities have resulted from Parthe- 
nium dermatitis. 

4 Hand eczema. This pattern is seen particularly in gardeners after 
contact with weeds. A palmar distribution often predominates. 
Dermatitis of the hands is also associated with handling lettuce. 

5 Localised dermatitis. Dermatitis may be confined to one or more 
localised areas, although this pattern is unusual in our experi- 
ence. Facial dermatitis has occurred from steaming chamomile 
tea, and hand and arm dermatitis from herbal compresses. 

6 Oral. Oral swelling and soreness after eating lettuce has been 
reported in sensitised persons [14]. 

7 Erythema multiforme. This has been reported when it recurred after 
patch testing [15]. 


Figure 127.34 Photosensitive eczema in a patient also allergic to Compositae 
(sesquiterpene lactones). A similar pattern may be seen in woodcutters sensitive to 
lichens, and in others with photosensitive eczema, including photocontact allergy. 
Courtesy of Dr J. D. Wilkinson. 


Figure 127.35 Haemorrhagic blisters on the palm from Primula allergy. 


8 Systemic. Oral swelling, perianal pruritus and dermatitis of 
the trunk and arms have been reported after a sensitised subject 
drank chamomile tea [16]. A recent experiment giving chamomile 
tea to known STL-positive patients however failed to demon- 
strate induction of systemic allergic dermatitis [17]. 

Primulaceae: the classic appearance of Primula allergy is linear 
papulovesicles, oedema and blisters, which may be haemorrhagic, 
on the palms, dorsa of the hands and forearms (Figures 127.35). 
Transfer of the allergen via the fingers to the face, or more widely, 
is common. In some patients palpebral oedema is the presenting 
feature, but half of cases have other patterns, and the diagnosis is 
easily missed unless the possibility of Primula dermatitis is kept in 
mind. Misdiagnoses include constitutional pompholyx, urticaria or 
recurrent angioedema and disseminated herpes simplex. Erythema 
multiforme, a lichen planus-like eruption and toxic erythema as a 
result of Primula allergy can also cause diagnostic difficulty. Primula 
obconica is the most important allergenic plant, although other Prim- 
ula species may also cause allergic contact dermatitis [18]. P. obconica 
is a decorative indoor plant. Contact occurs particularly when dead 


leaves and plant heads are removed manually. Primin levels are 
at their highest between April and August. Primin-free strains 
have now been developed [19] and allergy rates have dropped 
significantly [9]. 

Alstroemeriaceae and Liliaceae: dermatitis from tulip bulbs may 
cause a painful, dry, fissured and hyperkeratotic allergic dermatitis, 
at first underneath the free margins of the nails and then on the fin- 
gertips. Tulips are members of the Liliaceae family, and dermatitis 
is a particular risk for bulb collectors, sorters and packers, as well 
as florists. A similar pattern of dermatitis is seen in florists sensi- 
tised to Alstroemeria, and this may be followed by depigmentation. 
Alstroemeria (Peruvian lily) is a highly decorative plant commonly 
displayed as a spray with other flowers. The damaged plant’s sap is 
allergenic to florists when the stems are wired and leaves stripped, 
in preparation for making the spray [20]. 

Alliaceae: garlic and onion are both members of this family and 
may sensitise, but do not seem commonly to cross-sensitise mutu- 
ally. Classically there is fingertip involvement in those allergic to 
garlic (see Figure 127.6) and onion. This may preferentially affect 
the non-dominant hand, as this is the one that holds the vegetable 
while it is being cut with an implement held by the dominant 
hand. Cheilitis and photoallergic contact dermatitis have also 
been reported [21]. Systemic contact allergy, including pompholyx, 
caused by ingestion of garlic has been described [22]. 

Lichens and liverworts: a pattern similar to pseudophotodermati- 
tis from Compositae has been seen in woodcutters’ dermatitis 
caused by sensitivity to lichens and liverworts. Erythroderma may 
ensue in severe cases. Even walking through a forest may cause 
an exposed-site pattern of dermatitis in sensitised individuals 
[23]. Lichens consist of a fungus and an alga. They are found on 
trees, rocks, roofs and walls. Forestry workers, gardeners, lichen 
pickers and woodcutters are particularly liable to come in contact 
with them. Liverworts (Frullania) are small red-brown plants often 
growing with lichens and mosses. 

Hedera helix (common ivy): H. helix allergy classically causes a 
vesiculobullous streaky eruption on exposed areas of skin, typically 
the hands and forearms. Dramatic facial swelling and progression 
to widespread dermatitis can occur. The blisters have led to mis- 
diagnosis as disseminated herpes simplex infection. Associated 
allergy to carrot, parsley and celery, which also contain the allergen 
falcarinol, is reported. H. helix is also a recognised cause of contact 
urticaria [24]. 


Investigations. Specific allergen mixes have been developed to 
investigate Compositae allergy. Sesquiterpene lactone mix (SLM) 
contains alantolactone 0.033%, dehydrocostus lactone 0.033% and 
costunolide 0.033% emulsified with sorbitan sesquioleate. SLM 
is reported to detect only between 35% and 65% of Compositae 
sensitised patients [25]. Dandelion allergy may be missed by the 
SLM patch test [26]. An alternative ‘Compositae mix’ was devel- 
oped consisting of a combination of arnica, yarrow, tansy, German 
chamomile and feverfew extracts with a higher detection rate than 
SLM. The initial Compositae mix I at 6% was, however, thought to 
yield false positive reactions and to cause active sensitisation [27]. 
Compositae mix II, containing extracts of Roman chamomile, Ger- 
man chamomile, yarrow, tansy, arnica and parthenolide, was then 
developed at 5% and a screening version at 2.5% [28]. Additional 


individual testing with parthenolide 0.1% is thought to increase 
pick-up rates by 10%. Individual extracts are suggested for testing if 
Compositae allergy is suspected. SLM and Compositae mix II 2.5% 
are both part of the current British baseline series. 

Diallyl disulphide, the main allergen in garlic, is tested at 1% 
in petrolatum, and «-methylene-y-butyrolactone (tulipalin A), the 
allergen in tulips and Alstroemeria, is tested at 0.01% in petrolatum. 

Oak moss (Evernia prunastri) and other tree mosses are perfume 
ingredients derived from lichens. Chloroatranol and atranol are the 
main allergens [29]. They are common components of perfumed 
materials. Other allergenic components include atranornin, usnic 
acid and evernic acid. Lichen acid mix consists of atranornin, usnic 
acid and evernic acid, each at 0.1% in petrolatum. The allergens 
in liverworts are sesquiterpene lactones, explaining their cross 
reactivity with Compositae. 

Oxidised tea tree oil is available at 5% but recent work suggests 
that 10% may be the concentration of choice [8]. Tea tree has been 
added to the updated recommended British facial/cosmetic allergen 
series [30]. 

Primin is the major allergen in Primula obconica. It is a quinone 
found in the tiny breakable hairs on the leaves, stem and flowers of 
the plant; however, it may occasionally fail to detect Primula allergy 
[31] as another potential allergen is miconidin [32]. The allergen 
in other Primula species is more likely to be miconidin. Allergy to 
P. auicular and P. dendiculata may need to be tested using a leaf. 
The diminishing number of cases of allergy has led to primin being 
removed from the standard series. 

Where commercial preparations are not available, fresh plant 
extracts, preferably of known concentration, can be used for patch 
testing. Dipping the plant in diethyl ether for 60-90 s, evaporating 
to dryness and resuspending in petrolatum (1-10%) is a suggested 
method, although there are many alternative approaches [33]. Patch 
testing with fresh plant materials carries a risk of false positive 
irritant reactions and active sensitisation. Multiple tests with plants 
and plant allergens could lead to the development of an ‘angry 
back’ and subsequent false positive reactions to other allergens. 
Ideally, before patch testing with a plant, it should be identified. If 
it is a known irritant then testing may not be advisable. A textbook 
on plant dermatitis is a useful reference source. Several parts of 
one plant may contain the same allergen, in which case 1 cm? of 
leaf bruised gently with an orange stick may be sufficient for patch 
testing. Sometimes, however, the allergen is concentrated in one 
organ of the plant (e.g. orange peel, cinnamon bark) or the concen- 
tration of the allergen may vary from one part to another. When 
testing with unknown plants, several parts should be tested. Half 
of the material should be kept in a refrigerator for later botanical 
identification. Any plant that has given positive allergic reactions 
should be properly identified by its Linnaean name. In order to 
prevent registration of irritant tests, control testing with plants and 
their extracts is important. 


Management. Patients who know of their sensitivity may manage 
to avoid further contact if taught to recognise the plants to which 
they are allergic. This is fairly straightforward for Primula obconica, 
Alstroemeria, tulips, Alliaceae, lichens and liverworts. In North 
America the recognition of Toxicodendron spp. is particularly impor- 
tant. Although the classic three-lobed leaves are a helpful feature, 
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clusters of five or more leaves can occur. As there is considerable 
regional variability in the morphology of these species, it is prefer- 
able that sensitised persons become familiar with the appearance 
of Toxicodendron spp. in their own region. Toxicodendron oleoresin 
may remain under the fingernails and on the clothes, resulting in 
continuing problems. Detergents, soap and water will inactivate 
the residual unreacted allergen. After exposure, thorough washing 
of the hands, fingers and the rest of the body should be carried 
out as soon as possible, ideally within 10 min. Clothes should be 
changed. Contaminated tools and clothing, including shoes, should 
be washed in detergent. Specific creams, containing quaternium-18 
bentonite and other barriers, have been developed and these may 
help prophylactically to a varying but incomplete extent [34,35]. 
Heavy-duty vinyl gloves afford better protection than rubber 
gloves. 

Patients should be made aware that tulipalin A, in tulips and 
alstroemeria, penetrates vinyl gloves. Nitrile gloves are more satis- 
factory for handling bulbs and the plants [36]. Diallyl disulphide in 
garlic penetrates most glove materials [37]. 

Seasonal Compositae exposure may be difficult to avoid. Severe 
Compositae allergy may necessitate changing occupation (e.g. 
florists, gardeners) or avoiding pastimes such as flower arrang- 
ing and gardening. It may be necessary to avoid handling 
lettuce, chicory, artichokes and endives in food preparation. 
Compositae-allergic patients should also be reminded to avoid 
personal care products with added plant extracts and to think 
of unusual sources such as handling plants to feed pets such as 
rabbits and guinea pigs. Those with associated photosensitivity 
may have significant problems over the summer months requiring 
a high-protection broad spectrum sunscreen. Where contact with 
Toxicodendron spp. and certain Compositae such as ragweed is 
unavoidable (e.g. outdoor workers), hyposensitisation has been 
attempted, with limited success. There is a risk of unpleasant side 
effects, including extensive skin eruptions and perianal dermatitis 
[38]. This treatment does not have the approval of the Food and 
Drug Administration in the USA. 

Those sensitised to lichens may also be allergic to certain per- 
fumes, particularly those containing oak moss (Evernia prunastri) or 
tree moss (E. furfuracea). Perfume avoidance advice may also have 
to be followed. 


Woods, colophony, turpentine and propolis [1,2,3] 
Epidemiology. The incidence and prevalence of wood allergy is 
unknown, but it is most commonly reported as an occupational 
allergen, for example in woodworkers, carpenters and wooden floor 
layers. Occupational allergic contact dermatitis is more frequently 
associated with hardwoods, especially among cabinet makers, 
carpenters and instrument makers. Some tropical hardwoods are 
especially allergenic. In many instances the precise allergens are not 
known, but some have been identified. Chemically, these include 
quinones (including dalbergiones and lapachol), phenols, terpenes, 
stilbenes and anthothecol. Softwoods, apart from pines and other 
conifers, are not commonly associated with contact allergy. 
Colophony (syn. colophonium or rosin) is a resin derived from 
softwood coniferous trees. It is a common contact allergen with a 
prevalence of 2-6% in patch-tested populations. Colophony has 


significant industrial applications in the manufacture of paper, inks 
and adhesives, as well as ubiquitous domestic uses in cosmetics, 
sticky tapes, dressings, polish and tall oil soap. It is both an impor- 
tant occupational and non-occupational allergen [4]. Turpentine 
is a natural oil derived from spruce and pine trees, often used as 
a solvent. Its use in industry has now mainly been replaced by 
petroleum-based white spirit and allergy prevalence rates have 
dropped significantly. Propolis (bee glue) is a natural substance 
produced by honeybees, derived from resinous plant materials, in 
particular poplar trees. It was traditionally an occupational allergen 
of beekeepers but now is a common domestic allergen as is added to 
many ‘natural’ and ‘herbal’ cosmetics, lozenges, creams and phar- 
maceutical products. The reported frequency of propolis allergy in 
patch-tested patients has varied significantly between centres from 
1.2% to 6.6% [5]. 


Clinical features. Most cases of wood allergy present in the occu- 
pational setting and are related to contact with airborne sawdust 
[6]. The pattern of dermatitis therefore affects exposed sites, with 
the scalp of bald men being typically involved. Differentiation from 
a photosensitive eczema may be difficult, but light-protected sites 
(e.g. under the chin, behind the ears) are more likely to be equally 
affected in wood dermatitis. However, sawdust can gain access 
inside clothing to produce dermatitis predominating in the flexures. 
Genital involvement is a particular feature, in part from transfer 
of allergens during urination. Severe erythema multiforme-like 
eruptions have been described, particularly caused by Machaerium 
scleroxylon allergy [7]. Localised dermatitis may occur under contact 
with exotic hardwoods, for example from a violin chin-rest or 
wooden adornments and utensils [8]. A classic linear dermatitis 
on the dorsal, upper thigh or circular buttock distribution has 
been noted due to the repopularisation of wooden toilet seats 
(Figure 127.36) [9]. 

Colophony allergy may present in many ways because it is ubiq- 
uitous. Over 300 potential allergenic colophony sources have been 
identified. An exposed-site pattern may be seen after machining 
pine and cutting down branches when gardening. Sensitivity to 


Figure 127.36 Allergic contact dermatitis from a hardwood toilet seat. Courtesy of 
Dr N. Stone. 


Cupressocyparis leylandii trees have been associated with concomi- 
tant colophony allergy. Allergy to colophony in solder fumes can 
give a similar exposed-site distribution, or dermatitis may be con- 
fined to the face. Other sources for an exposed-site pattern have 
included linoleum flooring, paper dust and floor polish [10]. 

Localised facial and eye dermatitis can develop from contact 
with colophony-containing cosmetics, particularly mascara [11]. 
Reactions to sticky tapes and plasters, and colophony-containing 
medicaments, are often confined to the site of application, but 
secondary spread may be a feature from allergy to both colophony 
and colophony derivatives (e.g. ester gum resin) used as adhesives 
for lower leg dressings. This may be confused with varicose eczema 
and secondary medicament sensitisation [12]. Adhesive plasters 
are sometimes used to cover painful fissures on the hands and 
feet. These may have been caused by a pre-existing eczema or 
psoriasis, which may consequently be perpetuated or exacerbated 
by colophony allergy. Adhesive depilatory strips may contain 
colophony or derivatives and cause localised dermatitis [13], as 
may topical colophony-containing medicaments, including wart 
treatments or sanitary pads. 

Colophony may induce hand dermatitis due to contact with a 
diverse range of colophony-containing materials such as glues, 
polishes, paper, rosin, antislip powders, topical medicaments, 
waxes and tall oils in metal-machining coolants. Perioral dermatitis 
and cheilitis have been related to colophony in chewing gum. 
Dental materials, including floss, fluoride varnish, dressings and 
impression materials, may contain colophony, but rarely sensitise 
in the mouth. A case of widespread dermatitis has been recorded 
after dental treatment in an allergic individual. Colophony can 
also be present in adhesives in footwear. It has also been incor- 
porated, in a modified form, in footwear in an impregnated 
cloth. 

Propolis-sensitised beekeepers may develop problems on the face 
and around the eyes. Allergy to propolis in cosmetics and medica- 
ments is manifest at their sites of application. Ingestion of propolis 
has been reported to cause stomatitis due to propolis candy, cheli- 
tis from propolis chewing gum and also fixed drug eruption [14,15]. 
An erythema multiforme-pattern of propolis delayed allergy is also 
reported [16]. 


Investigations. Woods are normally of two types, hard and soft. 
The same woods may have many different names, and sometimes an 
incorrect name is mistakenly or deliberately applied. The situation 
is complicated further by the occasional introduction of ‘rogue’ tim- 
bers into batches of hardwoods. The most common allergenic woods 
are listed in Table 127.10. 

Patch testing with freshly made, uncontaminated sawdust 10% in 
petrolatum is recommended but may carry the risk of false posi- 
tive and false negative patch tests, and active sensitisation. Apparent 
allergic-positive reactions should only be confirmed after testing on 
controls. It is advisable to ask the patient to bring a piece of unma- 
chined wood at the same time as the sawdust. If a positive allergic 
reaction develops, the piece can be sent to a wood anatomist who 
may be able to correctly identify the wood. If the allergen for that 
wood is known, it is sometimes possible to patch test with it at the 
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appropriate concentration, however most wood allergens are not 
commercially available. 

Pine trees are the source of two significant allergenic materials, 
colophony and turpentine. Turpentine is the balsam from species of 
Pinus. Oil of turpentine is the volatile oil distilled from this balsam. 
Swedish and Finnish turpentine is made in the processing of paper 
pulp from wood. Venice turpentine is the balsam from larch trees. 
Colophony is the non-volatile part of the balsam and is known as 
gum rosin. 

Colophony is also extracted as a distillate from pine tree stumps, 
when it is known as wood rosin, and as a by-product of pulp- 
ing pine wood, known as tall oil rosin. As a natural product the 
specific chemical composition varies according to geographic 
source, production method and storage conditions. It is composed 
of approximately 90% resin acids and 10% neutral substances. 
Auto-oxidation products of abietic and dehydroabietic acids, 
including peroxides, hydroperoxides, epoxides and ketones, have 
all been proposed as allergens. The most potent allergen has 
been shown to be 15-hydroperoxyabietic acid. Colophony may 
also be modified, altering its allergenicity with the development 
of new allergens [17,18]. Maleopimaric acid and glyceryl mono- 
abietate have been identified as allergens in modified colophony 
rosins. 

Colophony is a standard allergen tested at 20% in petrolatum. 
A mixture of Chinese and Portuguese gum rosin is presently used 
in the commercial patch test allergen. The allergen profile may, of 
course, differ according to the specific source of the colophony; 
particularly if it has been modified, and consequently false negative 
reactions can occur. Where modified colophony allergy is suspected 
a wider series of patch tests should be considered, for example 
additionally testing ester gum resin, Granuflex®, as well as the 
suspected product [19]. 

The major sensitiser in turpentine is the hydroperoxide of 
A3-carene, which is also an auto-oxidation product. Swedish 
and Finnish turpentine contains more of this substance than, for 
example, French and American turpentine. Turpentine oil is tested 
at 10% in petrolatum. Oxidised limonene (D or L) and pinene (a 
or B) can also sensitise [20]. The term ‘mineral turpentine’ is used 
for the non-sensitising, but irritant, white spirit that is a petroleum 
product. Turpentine was in the past a standard patch test allergen, 
but allergy rates have fallen, mainly due to its replacement by 
industry with the petroleum product white spirit. 

Propolis is patch tested at 10% in petrolatum. It may also be found 
contaminating beeswax [21]. The allergens include caffeates and 
benzy] isoferulate [22]. 

Lichens, liverworts and sensitising plants may cause allergic 
sensitisation by virtue of their coexistence with trees. Additives 
to wood such as varnishes, dyes, glues or preservatives may also 
sensitise at work. 


Management. A demonstration of allergy to a wood should be 
followed by anatomical confirmation of its botanical name and, 
ideally, by testing with the known allergen(s) for that wood. 
Subsequent avoidance of the wood and related timbers may be 
necessary. 


ol 
< 
2 
ce 
Lu 
= 
x 
pre 


AGENTS 


PART 11 


ol 
< 
2 
ce 
Lu 
= 
x 
pe 


AGENTS 


PART 11 


127.76 Chapter 127: Allergic Contact Dermatitis 


Table 127.10 Principal timbers causing dermatitis.* 


Botanical name Common name? Origin Uses 
Apocynaceae 
Dyera costulata Jelutong South-East Asia Model making 
Woodwork teaching 
Boraginaceae 
Cordia gerascanthus R. Br. Canalete Venezuela Furniture 
Interior construction 
Joinery 
Cordia goeldiana Huber Freijo Brazil Boat building 
Frei jorge Furniture 
Interior construction 
Joinery 
Cordia millenii Baker Cordia West Africa Furniture 
Interior construction 
Joinery 
Cordia platythyrsa Baker Cordia West Africa Furniture 
Interior construction 
Joinery 
Cupressaceae 
Calocedrus decurrens (Torrey) Incense cedar USA Fence posts 
Florin Furniture 
Interior construction 
Pencils 
Cupressocyparis leylandii Leyland cypress Temperate Garden shrub 
Hedges 
Thuja plicata Donn ex D. Don Western red cedar Arbor vitae USA Boat building 
Construction 
Ebenaceae 
Diospyros celebica Bakh. Macassar Indonesia Cabinet and inlay work 
Musical instruments 
Rulers 
Diospyros crassifolia Hiern African ebony Africa Cabinet and inlay work 


Diospyros ebenum Koenig 
Diospyros melanoxylon Roxb. 
Leguminosae 
Caesalpiniaceae 


Distemonanthus benthamianus 
Baillon 


Mimosaceae 
Acacia melanoxylon R. Br. 


Papilionaceae 
Bowdichia nitida Spruce ex Benth. 


Brya ebenus 


Dalbergia iatifolia Roxb. 


Dalbergia melanoxylon Guillemin 
& Perrottet 


Ceylon ebony 
East Indian ebony 
Coromandel 


Ayan 
Movingui 
Nigerian satinwood 


Australian blackwood 


Sucupira 
Cocus 
Jamaica ebony 


East Indian rosewood 
Bombay blackwood Sissoo 


African blackwood 
Grenadil 


Sri Lanka, India, Indonesia 


Sri Lanka, India, Indonesia 


West Africa 


Western Australia 


Brazil 


West Indies 


India, Indonesia 


Africa 


Musical instruments 
Cabinet and inlay work 
Musical instruments 
Cabinet and inlay work 
Musical instruments 


Coffins 

Floors 

Furniture 
Window frames 


Boat building 
Construction 
Furniture 

Musical instruments 


Construction 
Floors 
Furniture 
Handles 
Musical instruments 
Plates 
Furniture 
Handles 
usical instruments 
Veneers 
Wooden jewellery 
Handles 
Musical instruments 


(continued) 


Table 127.10 (continued) 


Botanical name Common name? Origin Uses 
Dalbergia nigra All. Brazilian rosewood Brazil Furniture 
Rio-Palisander Handles 
Grenadilla usical instruments 
Jacaranda Veneers 
Wooden jewellery 
Dalbergia retusa Hemsley Cocobolo Central America Handles 
Scientific instruments 
Wooden jewellery 
Machaerium scleroxylon Tul. Pao ferro Brazil Furniture 
Santos palisander Handles 
Caviuna vermelha Veneers 
Pterocarpus soyauxii Taub. Red African padauk West Africa Furniture 
Handles 
usical Instruments 
Veneers 
Malvaceae (L.) Sol. 
Thespesia populnea (L.) Sol. Milowood USA Bracelets 
Carved utensils 
Furniture 
Meliaceae 
Khaya anthotheca C. DC African mahogany West Africa Furniture 
Krala 
Khaya grandiflora DC Big leaf mahogany West Africa Furniture 
Khaya ivorensis A. Chev. Khaya mahogany West Africa Furniture 
Khaya senegalensis (Desr.) A. Dry zone mahogany West Africa Furniture 
Juss. 
Moraceae 
Chlorophora excelsa Benth. & Iroko West Africa Construction 
Hook. Kambala Laboratory benches 
African teak Shipbuilding 
Pinaceae 
Picea spp. Spruce Northern temperate areas Construction 
Fir Furniture 
General 
Pinus spp. Pine Northern temperate areas Construction 
Furniture 
General 
Proteaceae 
Grevillea robusta Cunn. ex R. Australian silky oak Australia (planted elsewhere) Floors 
Br. Furniture 
Plywood 


Sterculiaceae 


Telegraph poles 


Specific allergens 127.77 


Mansonia altissima A. Chev. Mansonia West Africa Furniture 
African black walnut Walnut substitute = 
Bété <x 
Verbenaceae cS 
Tectona grandis L. Teak India, South-East Asia Construction Wy 
Floors = 
Furniture os 2a 
Shipbuilding = 
ee 
Adapted from Hausen 1981 [1]. Sa 
@ Lichens on the wood may also sensitise. P= 
5 There is no accepted international nomenclature. P< 
a. 
Detection of the origin of colophony allergy requires care- certain adhesive leg ulcer dressings. Contact with pine and other 


ful appraisal of potential sources. The most common sources of coniferous trees, and probably Cupressocyparis leylandii, should be 
colophony and its modifications are identified in Box 127.7. The use avoided. In those with extreme sensitivity, felling and removing 
of traditional sticking plasters should be replaced by ‘hypoaller- —_ the offending trees may be necessary. Occupationally, it may be 
genic’ tapes. Insulating tapes may also contain colophony, as may _ possible to change the allergenic product to an alternative. 
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Box 127.7 Sources of colophony 


e Adhesive dressings 

e Adhesive plasters and tapes 

¢ Balms and salves 

¢ Chewing gum 

¢ Clear and brown soaps 

¢ Cosmetics (eye shadow, mascara) 
e Dental dressings 

¢ Depilatory strips 

e Flypaper 

¢ Glues, adhesives and sealants 
¢ Herbal medicaments 

e Insulating and jointing tapes 
e Linoleum 

¢ Metalworking fluids (tall oils) 
¢ Ostomy appliances 

¢ Paper 

e Pine trees and wood 

e Printing inks 

° Rosin (grip/antislip materials) 
¢ Shoe adhesives and counters 
¢ Shoe and floor polishes 

° Solder flux 

e Spruce trees and wood 

e Varnishes and coatings 

e Wart treatments 

¢ Wood wool 


Colophony and derivatives can be identified in fully ingredient- 
labelled cosmetics. The INCI term colophonium is used. Derivatives 
that may be used in cosmetics include abietic acid, hydroabietic 
acid and hydroabietyl alcohol. Transparent colophony-containing 
soap should be avoided for washing. Wart paints incorporating 
collodion should also be avoided, along with colophony-containing 
topical medicaments and balms. Colophony allergy from paper has 
been implicated in hand dermatitis, and the use of cotton gloves is 
suggested if this is a possibility [23]. However, the list of potential 
exposures is so extensive that it will often be a case of establishing 
whether any of the sources identified in Box 127.7 are relevant and 
tailoring avoidance advice accordingly. 

Turpentine substitutes are now readily available for sensitised 
subjects. Turpentine is present in balsams and sawdust from pine 
and spruce. It was used as an industrial solvent but has now largely 
been replaced by petroleum derivatives and b-limonene. It is still 
used by artists and in ceramic decoration. In certain producing 
countries such as Spain and Portugal, turpentine is still more 
widely used than elsewhere, and it remains a common allergen 
there. In the USA it is still commonly used as a paint remover. 

Propolis is encountered not only by beekeepers but also in both 
systemic and topically applied agents used in ‘natural’ products 
from health food stores and mainstream cosmetic outlets. Solid 
propolis can be chewed. Propolis may also contaminate beeswax 
(cera alba) and is used in cosmetic and pharmaceutical products, as 
well as a food additive (E901), coating for sweets, in candles and 
as a varnish [24]. Beeswax may be allergenic in its own right [25]. 
Propolis-sensitive patients should ideally avoid both propolis and 
beeswax as a precaution. 


Photoallergic contact dermatitis 


Definition and nomenclature 

Photoallergic contact dermatitis (PACD) is a classic type IV 
cell-mediated hypersensitivity reaction of the skin in response 
to a hapten in a person who has been previously been sensitised 
to the same chemical or one that cross-reacts with it. The hapten 
is produced following UV exposure, resulting in a photoactivated 
chemical or a photoproduct. 


ee. 


onyms and inclusions 


Introduction and general description 
Photocontact dermatitis can be divided into photoallergic and pho- 
totoxic (irritant) dermatitis. In both cases exposure to the causative 
chemical and light energy are required to cause the reaction. In line 
with allergic and irritant contact dermatitis, PACD is much less com- 
mon than phototoxic (irritant) dermatitis. PACD is a delayed type IV 
hypersensitivity reaction requiring prior exposure to the photoal- 
lergen for sensitisation. Many chemicals can cause both PACD as 
well as phototoxic reactions. Clinically distinguishing between the 
two can be difficult but clues from the history and examination are 
described. PACD requires photopatch testing for diagnosis. 
Photoallergens are most commonly chemicals that absorb UV 
light, such as sunscreen chemicals and topical NSAIDs. Both 
topically applied and systemic drugs can produce photoallergic 
reactions. Systemic reactions are reviewed elsewhere, with this 
section focusing on photoallergic reactions from topical agents. 
Historically the first significant recognised problems from pho- 
toallergy were related to the use of chlorinated salicylanilides in 
germicidal soaps in the early 1960s, with many thousands of indi- 
viduals affected. Regulatory elimination of these photoallergens 
resulted in the disappearance of the allergy, but some affected indi- 
viduals developed long-term photosensitivity known as ‘persistent 
light reactors’ [1]. By the mid-1980s the most important photoal- 
lergen was the fragrance musk ambrette. It was used in men’s 
aftershave lotions and colognes and caused a characteristic patchy 
pattern of facial photosensitive dermatitis. Use of musk ambrette is 
now prohibited [2]. Since the 1990s and 2000s sunscreen chemicals 
and topical NSAIDs are now the current leading causes of PACD. 


Epidemiology 

Incidence and prevalence 

The incidence of PACD is not known but it is thought to be uncom- 
mon. It is estimated to affect between 2% and 10% of patients 
referred with exposed-site dermatitis [3]. The 2012 European Mul- 
ticentre Photopatch Test Study (EMCPPTS) expanded the number 
of screened photoallergens and reported PACD reactions in 200 
(19.4%) of the 1031 patients tested [4]. A follow-on, single centre, 
retrospective study from Spain reported PACD reactions in 27% 
of patients tested with the European recommended photoallergen 
series [5]. Photopatch testing is not as readily available as standard 


patch testing and it therefore may be that PACD is a relatively 
underdiagnosed condition. 


Age 

There is no particular age group associated with PACD but it is 
noted to be occurring in increasingly younger patients. This is 
thought to be due to the rising use of sunscreens in children to 
reduce sun-induced skin damage [6]. Contact allergy to octocrylene 
has been particularly associated with paediatric sunscreens. 


Ethnicity 

Sunscreen use is greater in individuals with Fitzpatrick type I and 
II skin, making sunscreen PACD more common in lighter skinned 
ethnic groups. 


Associated diseases 

Patients with photosensitive disorders require the long-term, reg- 
ular use of sunscreen are therefore considered to be at increased 
risk of developing PACD. Investigation with photopatch testing is 
important in this patient group. The EMCPPTS suggested that, in 
particular, patients with chronic actinic dermatitis were at increased 
risk of concomitant PACD to sunscreen chemicals [4]. 


Pathophysiology 

The basic mechanisms of photosensitisation have been reviewed 
by Thune [7]. The initial phase of all photoreactions is dependent 
upon absorption of photons by light-sensitive chemicals. Following 
absorption, a higher state of energy (excited state) is induced in the 
molecule (photoactivation). Some of the energy may be released as 
fluorescence — that is emission of radiation at a longer wavelength. 
Alternatively, there may be phosphorescence, heat or other energy 
transfer to another molecule, or photochemical alteration of the 
molecule [8]. 

Photoactivation is a physical phenomenon and may occur in 
vitro. When it occurs in vivo the activation may have a phototoxic 
(non-immunological) or photoallergic (immunological) action. The 
photoactivated molecules may be transformed into new substances 
capable of acting as irritants or haptens. Photoallergic reactions 
are based on immunological mechanisms, and can be provoked 
by UV radiation only in a small number of individuals who have 
been sensitised by previous exposure to the photosensitiser. The 
reaction to a photoallergen is based on the same immunological 
mechanism as contact allergic reactions. In guinea pigs the sen- 
sitivity can be transferred with mononuclear cells [9]. The action 
spectrum for photoallergy is generally in the UVA range but some 
elicit reactions in both the UVA and UVB range, as is the case with 
diphenhydramine hydrochloride and NSAIDs [10]. 

Newly formed haptens may, by virtue of the excited state and free 
radical formation, be able to combine chemically with other sub- 
stances, for example proteins, to produce a complete antigen. The 
photoallergen tribromosalicylanilide has been shown to change into 
dibromosalicylanilide and monobromosalicylanilide [11], and with 
sulphonamides it has been suggested that an oxidation product is 
formed [12]. Some photosensitisers may, in the presence of UV radia- 
tion, produce only short-lived reactive molecules [13]. The duration 
of the response to light irradiation after stopping the application of a 
known photoallergen is variable and depends on the photoallergen. 


In sunscreens, for example, it is probably less than 4-6 days [14]. 
However, NSAIDs such as ketoprofen may cause subjects to react 
to sunlight up to several weeks after stopping its local applica- 
tion. This is most probably due to retention of the molecule in the 
epidermis [15]. 

Several photoallergic substances simultaneously produce photo- 
toxic reactions when applied in high concentrations and with a suf- 
ficient amount and type of radiation. Thus, in an individual case, the 
two reactions may be clinically indistinguishable. 


Pathology 
The histological changes are identical to those of other forms of con- 
tact dermatitis. 


Environmental factors 
Photoallergic contact dermatitis will only occur in the event of 
exposure to potential photoallergens in the environment. In the 
present era, UV-absorbing chemical filters and topical NSAIDs are 
the main substances causing clinical photoallergic problems. In the 
EMCPPTS of 1031 ‘exposed site dermatitis’ patients, PACD was 
most commonly caused by the topical NSAIDs ketoprofen (128 sub- 
jects) and etofenomate (59 subjects). Octocrylene, benzophenone-3 
and butylmethoxydibenzoylmethane were the most common 
organic sunscreen chemicals to cause PACD [4]. The newer organic 
sunscreen chemicals, with larger molecular weights, showed very 
few reactions. This was suggested to perhaps be due to their reduced 
ability to penetrate the stratum corneum. 

UV filters are encountered in the environment not only in sun 
protection products but also in personal care products such as face 
creams, shampoos and hairsprays. Their presence in cosmetics may 
be aimed to prolong shelf-life and/or to support ‘antiageing’ claims 
for the product. Shampoos and conditioners marketed as ‘colour 
protect’ often contain benzophenones, designed to reduce pho- 
todegradation of the consumer’s dyed hair. Sunscreen chemicals 
have also been found added to miscellaneous rubber and plastic 
items. PACD to benzophenone-10 within plastic swimming goggles 
and in three cases to benzophenones within plastic wrist bands have 
recently been reported [16,17]. Of note the three cases of wrist band 
PACD all occurred in teenagers who had previously been sensitised 
to a topical ketoprofen-impregnated tape. Ketoprofen is the most 
frequently reported topical NSAID cause of PACD. Ketoprofen may 
cross-sensitise with the UV filter benzophenone-3 and octocrylene 
(Figure 127.37) [18]. Connubial cases of ketoprofen allergy have 
been reported [19]. 

Other groups of topical photocontact allergens have been identi- 
fied with varying degrees of confirmatory evidence, and are sum- 
marised below: 

e Fragrance chemicals: musk ambrette and 6-methyl coumarin, 
although now prohibited in Europe and the USA, caused signif- 
icant problems in the 1980s. These products have now virtually 
disappeared. Lavender PACD is also reported [20]. 

e Halogenated salicylanilides: tribromosalicylanilide and_ tetra- 
chlorosalicylanilide, used as antibacterials in soaps and deter- 
gents, caused many outbreaks of photosensitive eczema in the 
1960s [1]. Fentichlor (bis(2-hydroxy-5-chlorphenyl)sulphide and 
bromosalicylchloranilide) is used as a topical antifungal agent 
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Figure 127.37 Structures of cross-reacting photoallergens. Adapted from Karlsson et al. 
2011 [18]. 


in Australia and is used domestically in Sweden. It is a known 
photosensitiser. 

e Phenothiazines: tranquillisers causing occupational dermatitis 
in hospital personnel, topical antihistamines and insecticides. 
Examples include topical promethazine, oral promazine and oral 
chlorpromazine [21]. 

¢ Sulphonamides: used for topical treatment. 

e Bithionol and hexachlorophene: used in toilet soaps, shampoos 
and deodorants. 

e N-butyl-4-chlorosalicylamide: for example the antifungal Jadit. 

¢ Quinines: hair tonic, quinidine, quindoxin and olaquindox used 
in animal feeds [22]. Olaquindox is structurally similar to chlor- 
promazine. Quinidine has recently been reported to cause hand 
eczema in a carer who prepared the drug for administration [23]. 


Clinical features 

History 

Photoallergic contact dermatitis reactions require prior exposure for 
sensitisation to develop and usually occur 24-72 h after exposure 
to the combination of photoallergen and UV light. Typically, only 
small quantities of the photoallergen are required to provoke a reac- 
tion. The reaction typically starts on a sun-exposed site but can then 
spread to covered areas of skin. This is in contrast to photo-irritant 
reactions which can occur on first exposure, develop more quickly 
(<24 h) and usually remain limited to the exact area of exposure 
without spread to covered sites. 


Presentation 

Photoallergic reactions can initially urticate and resemble sunburn, 
but usually show the same spectrum of features as seen with allergic 
contact dermatitis. The dermatitis appears first localised to exposed 
areas of the skin, usually with well-demarcated margins where the 
skin is covered by clothing, for example at the collar and ‘V’ of the 
neck, below the end of sleeves on the backs of the hands and on the 
ankles below the trouser legs. Sites which are naturally shaded such 
as the folds of the neck, nasolabial /submental areas and the retroau- 
ricular skin (Wilkinson triangle) are usually spared. Gradual spread 
to covered sites often occurs. Asymmetry may result from increased 
UV exposure to one side of the body, for example those who drive 
with the vehicle windows open. The photoallergen may be trans- 
ferred from one body site to another, for example to the contralateral 
areas, or may be due to a cross-leg effect or transfer by the hands. 


Connubial contact can cause unusual patterns such as a reported 
eczematous ‘hand print’ from use of a ketoprofen containing gel by 
a dance partner [19]. 

Photoallergy to UV filters in cosmetics may be clinically identi- 
cal to that seen from conventional allergy to cosmetics. It may be 
widespread when related to liberal use of sunscreen agents. Further- 
more, it may simulate sunburn and other causes of photosensitivity. 

The intensity of the response to photoallergens depends upon a 
number of factors: 

e The nature and concentration of the substance applied. 

e The duration of exposure to the substance. 

e Percutaneous absorption. 

e The intensity and wavelength of the radiation. 

¢ The duration of radiation exposure. 

e Radiation absorption in the skin, depending on the thickness of 
the stratum corneum as well as the amount and distribution of 
melanin. 

e Extraneous matter and secretions on the skin. 

Chelitis is reported as a potential presentation on PACD to tooth- 
paste and mouthwash photoallergens [24], as well as to sunscreen 
chemicals added to lipsticks and lipsalves. Photopatch testing is rec- 
ommended for this patient group. 


Differential diagnosis 

Photoallergy may simulate other photosensitive dermatoses and air- 
borne contact allergy, and vice versa. Furthermore, a combination of 
these disorders may affect the same individual. It is important to 
recognise that photoallergy may sometimes fail to follow the typi- 
cal pattern of sparing of light-protected sites and airborne contact 
allergy may paradoxically induce the classic photosensitivity distri- 
bution. Combined airborne and photoaggravated contact allergy is 
seen particularly with Compositae (Asteraceae) (see Figure 127.34) 
[25] and lichens [26]. A similar pattern of dermatitis may also be seen 
in patients sensitive to colophonium, pine and spruce. It is there- 
fore important to identify every potential component of these clin- 
ical presentations by screening for contact allergy using patch tests 
(especially to plants), for photoallergy with photopatch tests and 
also for photosensitivity using phototesting. 


Complications and co-morbidities 

In some individuals, photoallergic reactions may progress to pro- 
duce a light sensitivity that can persist a long time after the elimi- 
nation of the sensitiser. This is known as a persistent light reaction 
[27]. The phenomenon has been reported with many different sub- 
stances, including chlorpromazine [28], halogenated salicylanilides, 
musk ambrette, promethazine hydrochloride, ketoprofen [29], quin- 
doxin [30] and olaquindox. This chronic photosensitive dermatitis 
presents as chronic eczematous changes on light-exposed areas with 
or without spread elsewhere. On monochromator testing, patients 
have abnormal responses to UV radiation with a shift to UVB sensi- 
tivity [31]. 

Patients with established photosensitivity who have a flare of 
their dermatitis may have reacted to an increase in light levels 
or re-exposure to their primary allergen or a cross-reacting aller- 
gen by airborne contact. Alternatively, they may have developed 
a secondary allergic or photoallergic contact sensitivity to their 
sunscreen or to one of their other medicaments. 


Table 127.11 Photopatch test protocols. 


Photoallergic contact dermatitis 127.81 


Day 
Protocol 0 1 2 3 4 
Protocol 1 Phototest Read phototest results 
Apply allergens Remove patches and irradiate allergens Read results 
Protocol 2 Apply allergens Remove patches, read results and irradiate allergens Read results 
Protocol 3 Apply allergens Phototest Read phototest results Read results 


From British Photodermatology Group 1997 [32]. 


The disorder of chronic actinic dermatitis (Chapter 126) may be 
associated with contact allergy, particularly to Compositae. Often, 
there are multiple contact allergies. Phototesting reveals abnormal 
results but photopatch tests to Compositae and other allergens are 
generally normal. Nevertheless, persistent light reactivity following 
photoallergy may progress to chronic actinic dermatitis. 


Disease course and prognosis 
Typically, with avoidance of the cause, the dermatitis will resolve. 


Investigations 

Photopatch testing 

Indications. The main clinical indications for photopatch tests 
include the investigation of patients with eczematous rashes pre- 
dominantly affecting light-exposed sites and a history of worsening 
following sun exposure. A history of a reaction to sunscreens is 
a further indication. Grounds may be extended to testing anyone 
with an exposed-site distribution of dermatitis. Some patients have 
coexisting photosensitive disorders, causing practical problems in 
performing and interpreting the investigation. 


Method. A British Photodermatology Group (BPG) workshop has 
achieved a consensus on the protocol for photopatch testing in the 
UK and Ireland [32], but the technique may vary slightly in other 
parts of the world. The BPG stated that photopatch testing is an 
evolving technique with a need for more research. 

A UVA source is required, which in most centres will be the UVA 
lamps used for PUVA therapy, commonly in a hand /foot treatment 
unit. In photobiology centres, the more sophisticated irradiation 
monochromator may be used as an alternative. Other UVA sources 
include UVA blacklights and filtered metal halide and xenon arc 
lamps. In all cases irradiance should be measured with a calibrated 
UVA meter. The energy source must be monitored regularly as the 
tubes deteriorate with time. 

Historically, administered dosages of UVA to the photopatch test 
site have generally ranged from 5 to 10 J/cm?. However, the higher 
doses have the disadvantage of being more likely to induce false pos- 
itive phototoxic responses without an increased detection of pho- 
toallergic subjects, and therefore a dose of 5 J/cm? is recommended. 
Modification of the dose may be necessary in UVA-photosensitive 
individuals, in which case 50% of the UVA minimal erythema dose 
is suggested. However, UVA phototesting to establish the minimal 
erythema dose is not always feasible or practicable, but is neverthe- 
less advised before photopatch testing known photosensitive indi- 
viduals. Application of the allergens is performed in an identical 


Remove patches, read results and irradiate allergens 


UVA UVB control 


Figure 127.38 Phototesting demonstrating photo allergy after irradiation with UVA (A) 
but no response to the control (C) or after irradiation with UVB (B). 


fashion to conventional patch tests, except that they must be applied 
in duplicate — one set is irradiated and the other (the control) is not. 
Usually, the two sets of tests are applied on either side of the verte- 
bral column at the same level. It is suggested that the patient’s back 
is positioned 15 cm from the front panel of the lamps. Steps must be 
taken to avoid any incidental irradiation by natural light of both the 
irradiated and the control set of allergens. The control site and the 
rest of the skin must be covered with opaque material during irradi- 
ation of the photopatch test site. Three protocols have been used and 
these are described in Table 127.11. There is evidence to show that a 
48 h application is superior to a 24 h one [33], and one study failed 
to show an improved return with UVB irradiation (Figure 127.38) or 
with a 7-day reading [34]. 


Test materials. The principle of a baseline series also applies to pho- 
topatch tests. The EMCPPTS Taskforce has recommended such a 
series based on a recent European study (Table 127.12) [4,35]. How- 
ever, for some centres more UV filters and other materials may be 
advisable as new exposures and photoallergens are identified. 


Readings. A positive reaction on the irradiated side only is an indi- 
cation of photoallergy. There are occasional difficulties distinguish- 
ing a false positive phototoxic reaction from photoallergy, but this is 
less likely with a dose of 5 J/cm?. Readings are scored identically to 
conventional patch tests, but the positive symbol is preceded by the 
prefix Ph, for example Ph++ is a strong positive photoallergic reac- 
tion. If the same allergen provokes an equally strong reaction on both 
sides, it is an indication of contact allergy alone; if it is significantly 
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Table 127.12 Photopatch test baseline series. 


Name of agent 


Type of agent (INCI name for UV absorbers) and vehicle 
‘Older’ organic UV Butyl methoxydibenzoylmethane 10% pet. 
absorbers 
Benzophenone-3 10% pet. 
Benzophenone-4 2% pet. 
Octocrylene 0% pet. 
4-Methylbenzylidene camphor 0% pet. 
Ethylhexyl methoxycinnamate 0% pet. 
lsoamyl-p-methoxycinnamate 0% pet. 
PABA 0% pet. 
‘Newer’ organic Methylene bis-benzotriazolyl 0% pet. 
UV absorbers tetramethylbutylphenol 
Bis-ethylhexyloxyphenol methoxyphenyl 0% pet. 
triazine 
Drometrizole trisiloxane 0% pet. 
Terephthalylidene dicamphor sulfonic 0% aqua 
acid 
Diethylamino hydroxybenzoy! hexyl 0% pet. 
benzoate 
Ethylhexyl triazone 0% pet. 
Diethylhexyl butamido triazone 0% pet. 
Topical NSAIDs Ketoprofen % pet. 
Etofenamate 2% pet. 
Piroxicam 1% pet. 
Benzydamine 2% pet. 
Topical Promethazine 0.1% pet. 


antihistamine 


Adapted from Goncalo et a/. 2013 [35] with permission of John Wiley & Sons. 


Concentration 


Comment 


Among UV absorbers, the third highest cause of PPT reactions in the 
EMCPPTS. A commonly used UVA absorber 

Among UV absorbers, the second highest cause of PPT reactions in the 
EMCPPTS. Many published reports of PACD over time 

Permitted in sunscreens but mainly used in other cosmetics to prevent 
photodegradation. Few PPT reactions in the EMCPPTS 

The UV absorber most frequently leading to PPT reactions in the EMCPPTS. 
Seems to have potential for cross-reacting with ketoprofen and 
benzophenone-3 

These agents led to relatively few PPT reactions in the EMCPPTS, and 
continue to be used in sunscreens 


Sunscreens in Europe are mostly PABA-free but this classic photoallergen 
may still be found in sunscreens bought elsewhere 

The agent most frequently leading to positive patch test reactions in the 
EMCPPTS. The role of the added surfactant decyl glucoside requires 
further elucidation 

These agents led to few PPT reactions in the EMCPPTS. However, owing to 
the relatively short time for which they have been present in the 
marketplace, further useful information on their photoallergenic 
potential will be gained by their inclusion in this European baseline 
photopatch test series 


The agent most frequently leading to PPT reactions in the EMCPPTS, as 
well as in other studies in several countries 

The second highest cause of PPT reactions in the EMCPPTS, often with 
unknown relevance 

An NSAID class of its own responsible for PACD and systemic 
photosensitivity 

Frequently responsible for PACD presenting as lip or hand dermatitis in 
Portugal and Spain. Also used in other European countries 

Widely used in several southern European countries as a topical 
antihistamine 


EMCPPTS, European Multicentre Photopatch Test Study; INCI, International Nomenclature of Cosmetic Ingredients; NSAID, non-steroidal anti-inflammatory drug; PABA, 
p-aminobenzoic acid; PACD, photoallergic contact dermatitis; pet., petrolatum; PPT, photopatch test; UV, ultraviolet. 


stronger on the irradiated side, then combined allergy and photo- 
contact allergy may be occurring. Doubtful and slight amplification 
of photoallergic reactions may be the result of phototoxicity. 


Management 

Photoallergy to UV filters should be straightforward to elimi- 
nate. Once photoallergy has been demonstrated to a UV filter, the 
patient should be informed of the INCI name and synonyms of 
the material to which they are sensitive. UV filters relying totally 
on opaque/reflectant micronised titanium dioxide and zinc oxide 
should be free of chemical UV-filtering agents, and can be used for 
coexistent photodermatoses in those allergic to chemical UV filters. 
Where topical NSAIDs are commonly used, once the photoallergy 
has been confirmed, avoidance should be straightforward. 


Allergic contact urticaria a 


Definition and nomenclature 
The term contact urticaria was introduced by Fisher in 1973 [1] to 
describe a weal and flare reaction following contact with an external 
substance, usually appearing within 30 min and resolving within 
hours, without residual signs [2]. 


Introduction and general description 

Contact urticaria (CU) falls into two types, immune (ICU) and 
non-immune (NICU). NICU is much more common, does not 
require prior sensitisation and is an irritant-type reaction occur- 
ring in many exposed individuals. NICU is typically triggered by 
low-molecular-weight chemicals such as benzoic acid, sorbic acid 
and cinnamic aldehyde, found in foods, personal care products and 
pharmaceuticals. ICU in contrast, requires prior sensitisation via 
a specific IgE-mediated response. It is mainly triggered by contact 
with proteins and is more common in atopic individuals. More 
rarely, low-molecular-weight chemicals can act as haptens and 
combine with cutaneous proteins to cause allergic CU. 

CU can be part of the contact urticaria syndrome where local cuta- 
neous reactions progress to become generalised and involve organs 
other than the skin including the respiratory, gastrointestinal and 
vascular systems, sometimes leading to anaphylaxis. 

Protein contact dermatitis (PCD) is a separate condition where 
cutaneous contact with proteins, typically in handled foodstuffs, 
causes an eczematous eruption. This can be non-allergic or caused 
by an allergic type I hypersensitivity. 


Epidemiology 

Incidence and prevalence 

Non-immune CU is caused by a wide variety of very common 
agents such as animals (e.g. ants, caterpillars, coral), foods (e.g. 
pepper, mustard), fragrance (e.g. cinnamic aldehyde), medicaments 
(e.g. menthol, witch hazel), plants (e.g. nettles) and preservatives 
(e.g. benzoic acid) [3]. Most of the reactions are mild and are not 
reported. 

Most of the epidemiological data concerning CU come from 
occupational-based studies. The most recent report from the Finnish 
Register of Occupational Disease (2019) lists a combination of CU 
and PCD as the third most common cause of dermatology-related 
occupational disease, after allergic and irritant contact dermatitis, 
occurring in 11% of the 5265 reported cases. The mean age of 
the occupational CU/PCD cases was 39 years and the majority 
were female (64%) [4]. The most common causes of CU in the 
Finnish occupational data were cow dander, natural rubber latex 
and flour/grains/feed. In decreasing order of frequency, the most 
affected occupations were bakers, preparers of processed food and 
dental assistants [5]. 

A retrospective Australian study carried out in a tertiary-level 
occupational dermatology clinic identified a CU prevalence of 8.3%. 
Atopy was a significant risk factor for ICU induced by natural rub- 
ber latex, foodstuffs and ammonium persulphate. In this study, the 
three most common occupations associated with CU were health 
care workers, food handlers and hairdressers [6]. 

Changes in practice have resulted in a reduced incidence of latex 
CU in health care workers. In an occupational setting, CU most 
frequently develops in those who are exposed to animals such as 
agricultural workers, fish processors and slaughterhouse workers 
or those involved in food production such as bakers and chefs [7]. 

Gimenez-Arnau et al. have compiled a comprehensive list of 
CU causative substances aptly entitiled ‘a never ending story’ 
[8]. The number of reported proteins and low-molecular-weight 
chemicals able to cause CU is vast, will continue to increase and 
is too long to list. The six main groups of substances reported to 


cause ICU are foods (e.g. seafood, meat, fruit, vegetables, dairy), 
cosmetic chemicals (e.g. fragrances, ammonium persulphate, hair 
dyes), topical medicaments (e.g. antibiotics, local anaesthetics), 
animal proteins (e.g. saliva, dander, placenta, hair), plants (e.g. 
latex, Compositae, ivy, yucca) and enzymes (e.g. amylase, papain). 


Pathophysiology 

Non-immune CU is thought to be secondary to the release of 
vasogenic mediators without the involvement of immunological 
processes. Urticating chemicals may have a direct effect on dermal 
vessel walls or cause a release of vasoactive substances such as 
histamine, slow-reacting substance A or bradykinin. NSAIDs such 
as aspirin are noted to inhibit NICU reactions, suggesting that 
prostaglandins play a role [2]. The clinical reaction is often redness 
without oedema rather than a true weal and flare response. 

The pathogenesis of ICU involves the classic type I hypersensi- 
tivity reaction mediated by specific IgE in a presensitised individ- 
ual. IgE binding to mast cells, their subsequent degranulation and 
release of histamine and other vasoactive mediators is described in 
detail in Chapter 9. 

A third category of uncertain mechanisms also exists where the 
clinical symptoms resemble an immunological contact urticarial 
reaction yet no specific IgE can be demonstrated in the patient’s 
serum or in the affected tissues, and passive transfer tests are 
negative. An example of this includes reactions to ammonium 
persulphate. 


Predisposing factors 

In addition to atopy, the presence of any pre-existing dermatitis pre- 
disposes to the development of ICU due to the presence of ‘dan- 
ger signals’ that promote sensitisation. It has been reported that in 
patients with atopic eczema and raised IgE levels, the IgE may attach 
to the high-affinity IgE receptors on the surface of Langerhans cells 
or other antigen-presenting cells. This in turn may present protein 
allergens to Th2 cells, inducing a delayed-type hypersensitivity reac- 
tion resulting in eczematous lesions. This does not occur in atopic 
individuals with normal IgE levels or non-atopic controls and may 
explain why patients with atopic eczema have delayed hypersen- 
sitivity on patch testing to aeroallergens and develop a vesicular 
response to handling food proteins (PCD) [9,10]. 


Pathology 
The histology of CU is identical to that of urticaria from other causes 
and is not further discussed here. 


Genetics 

There is a strong association of ICU with inherited atopic disease 
of all forms. There is also a reported association between the devel- 
opment of immediate-type hypersensitivity reactions, specifically to 
peanut, in individuals with filaggrin mutations [11]. 


Environmental factors 

Changes in the exposure to an allergen in the environment will influ- 
ence the development of contact allergy. This has been demonstrated 
by the reduced incidence of type I latex allergy by environmental 
measures and the use of low protein powder-free gloves [12]. 
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Table 127.13 Examples of cross-reactions between foods, foods and pollens and foods and latex that may also cause contact urticaria. 


Risk (%), if known —_Cross-reaction 


Other cross-reacting allergens 


Grass pollens 
Birch tree pollen 
Tree nuts, grass pollen 


Raw apple, raw carrot, cherry, pear, peach, plum, fennel, walnut, potato, spinach, 


Food type 5 Other fish, e.g. haddock, salmon 
Fin fish, e.g. cod 
Crustacea re) Other crustacea 
Grain, e.g. wheat 20 Other grains, e.g. barley, rye 
Apple 55 Other Rosaceae fruit, e.g. peach, pear, cherry, plum 
Peanuts Other legumes 
Cow's milk 92 Goat's milk 
Latex (latex-food syndrome) 35 Banana, avocado, kiwi, chestnut, potato, papaya 
Pollen type 
Birch 
wheat, peanut, kiwi, hazelnut, fennel, coriander, cumin 
Mugwort Celery, carrot, melon, watermelon, hazelnut 
Grass Potato, melon, tomato, watermelon, orange, cherry, peanut 
Ragweed Melon, chamomile, banana 


Adapted from Sicherer 2001 [26]. 


Clinical features 

Presentation 

The symptoms of ICU usually occur within 1 h and fade by 3 h. The 
spectrum of associated symptoms is wide. Local symptoms include 
itching and burning, and the development of redness and the char- 
acteristic weal and flare reaction. Early symptoms are commonly 
missed by physicians although well recognised by patients. In ‘invis- 
ible’ CU, only subjective symptoms (e.g. itching, tingling, burning) 
occur without any objective change or only mild redness. These reac- 
tions are often seen from cosmetics, fruits or vegetables. 

Exposure to allergens in those who are highly sensitised, topi- 
cally or via the oral or respiratory route, may result in widespread 
urticaria and swelling of the mucous membranes, resulting in con- 
junctivitis, rhinitis, oro-pharyngeal swelling, bronchoconstriction 
and rarely anaphylaxis. 


Contact urticaria to foodstuffs. The most common causes of 
CU are foodstuffs, which can provoke oro-pharyngeal symptoms 
(the oral allergy syndrome) following ingestion, or cutaneous hand 
symptoms in food handlers. The oral allergy syndrome (pollen—food 
allergy syndrome) results from individuals already sensitised to 
plant pollens eating raw/uncooked/unprocessed fruits, vegeta- 
bles and nuts that share antigens with the pollen. Symptoms are 
usually localised mucosal surface irritation or tingling. Clinical 
signs are usually confined to localised mucosal swelling, although 
anaphylaxis is rarely reported. 

In the birch-rich areas of northern and central Europe almost 
all birch pollen-allergic patients are sensitised to Bet v1, the major 
allergen component of pollen from Betula verrucosa. Fifty to 90% 
of birch pollen-allergic patients have been reported to have some 
pollen-related food allergy — in particular to the Bet v1 homologous 
proteins (PR-10 proteins) in the Rosaceae family such as apple, peach 
and cherry [13]. Other clinically important food allergies commonly 
associated with Bet vl are reactions to the Apiaceae family (e.g. 
celery, carrot) and/or the Fabaceae family (e.g. peanut, soybean). 
The Bet v1 homologous proteins in the Rosaceae family are very 
sensitive to heat and proteases. Clinical reactions therefore usually 
only occur with raw foods and do not occur when eating cooked or 
tinned fruit. 


The most important molecular basis of the latex—fruit syndrome 
is the homology between the hevein (Hev b 6.02) of the latex with 
the hevein-like N-terminal domain of the class I chitinases of plants. 
This immunological phenomenon of cross-reactivity has conse- 
quences for the diagnosis and treatment of certain food allergies 
(Table 127.13) [14]. It is important to determine the clinical relevance 
of these cross-reactions and whether they represent sensitisation 
only or actual clinical reactivity (allergy). The dermatologist may be 
called upon to determine the risk of reactions to related foods and 
a variety of other plant-derived foods that may share proteins with 
pollens, latex and each other. 

Clinical evaluation requires a careful history, skin prick tests and 
IgE-mediated blood tests. The pitfalls in evaluation are interpret- 
ing the clinical relevance of a positive skin prick test or specific 
IgE test and deciding when it is a false positive result. The use 
of component-resolved diagnostics that detects IgE antibodies to 
single allergen components can be used to help in this process. 


Contact urticaria to natural rubber latex. Allergy to natural rub- 
ber latex was first recognised by Nutter in 1979 [15]. The allergens 
are present in the water-soluble protein moiety of the sap col- 
lected from the rubber-bearing tree Hevea braziliensis, harvested 
mainly in Malayasia and South-East Asia. The problem has been 
associated primarily with dipped rubber items, including gloves 
(Figure 127.39), condoms, balloons, catheters and medical tubing. 
These items are vulcanised at a lower temperature than solid rub- 
ber products such as tyres, seals and gaskets. With the advent of 
the acquired immune deficiency syndrome (AIDS) and the huge 
increase in the use of latex examination gloves among health 
care personnel, the production of inexpensive, disposable, natural 
rubber latex gloves escalated. During the production process, the 
natural rubber latex was not left to stand in holding tanks as long, 
the process was shortened by lower vulcanisation temperatures and 
there was less thorough washing of the final product [16]. All these 
measures led to an increase in the protein content of the gloves and 
this, coupled with their increasing use, resulted in an increase in the 
incidence of allergy to natural rubber latex. 

Anaphylaxis can occur in any sensitised patient and seems to be 
particularly prevalent when challenge is via the mucosal surfaces, 


Figure 127.39 Allergic contact urticarial weals 
developing within 20 min following a powdered latex 
glove challenge in a natural rubber latex-allergic patient. 
Courtesy of Dr D. Orton. 


as in dental and vaginal examinations, intraperitoneal operations, 
catheter changing (especially in spina bifida patients who have 
frequent surgery and catheter changes) and barium enemas. The 
allergenic proteins are multiple. Many of the allergenic peptides in 
natural rubber latex cross-react with those found in other plants 
[17], such as banana, lychees, chestnuts and avocado. 

Due to several interventional measures including an increased use 
of powder-free latex gloves, low-protein latex gloves and non-latex 
gloves and medical equipment, the frequency of natural rubber latex 
allergy in health care workers seems to be reducing [12]. 


Protein contact dermatitis. Hjorth and Roed-Peterson defined this 
as an immediate dermatitis induced by contact with proteins. They 
described 33 caterers suffering from itch within 10-30 min follow- 
ing contact with meat, fish and vegetables, which was followed by 
redness and vesicle formation. Application of the relevant food to 
the affected skin resulted in either urticaria or eczema [18]. Patients 
who have repeated exposure of the hands, especially the fingertips, 
to contact urticants such as food proteins may develop PCD. Charac- 
teristically, the condition involves skin sites that have been affected 
previously by dermatitis. Damaged skin probably facilitates pene- 
tration of the allergens, and inflammatory cells already present in the 
dermis may explain the accelerated clinical response. An association 
between atopy and PCD occurs in approximately 50% of cases. It is 
common in dairy workers, veterinarians, slaughterhouse workers, 
chefs and sandwich makers, who become sensitised to the proteins 
they touch during work [7]. 


Differential diagnosis 
The differential diagnosis of allergic CU is that of other forms of 
urticaria and is discussed in Chapter 42. In the identification of 


an exogenous cause, consideration of its possibility and referral 
for specialist investigation is essential. Localised symptomatic 
dermographism is a relatively common cause of urticaria to gloves 
in the absence of latex allergy [19], CU to rubber chemicals being 
extremely rare [20]. 


Classification of severity 

The following staging system for the contact urticaria syndrome has 

been described by Amin and Maibach [21]. 

¢ Stage 1: localised urticaria (redness and swelling), dermatitis 
(eczema) and non-specific symptoms (e.g. itching, tingling, 
burning sensation). 

¢ Stage 2: generalised urticaria. 

¢ Stage 3: bronchial asthma (wheezing), rhinitis, conjunctivitis 
(e.g. runny nose, watery eyes), oro-laryngeal symptoms (e.g. lip 
swelling, hoarseness, difficulty in swallowing) and gastrointesti- 
nal symptoms (e.g. nausea, vomiting, diarrhoea, cramps). 

¢ Stage 4: anaphylactoid reactions (shock). 


Disease course and prognosis 
Provided the allergen is identified and eliminated, even though sen- 
sitisation may persist, symptoms will resolve. 


Investigations 

The diagnosis of CU is based on a full medical history and skin 
testing with suspected substances. In particular, the study of chronic 
hand eczema in professional food handlers should include both 
immediate and delayed tests. A detailed history concerning the 
occurrence of immediate symptoms — whether confined to the 
skin or not — and their association, particularly with occupational 
exposure, should always be considered. With an unknown allergen, 
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Figure 127.40 Open testing to a solution of chapatti flour causing an immune allergic 
contact urticarial response within 15 min. C, chapatti flour; H, histamine. Reproduced 
from Davies and Orton 2009 [25] with permission of John Wiley & Sons. 


exposure should be graded with an initial application test (open and 
subsequently occluded) followed by a prick test and, if appropriate, 
an intradermal test. NSAIDs, antihistamines and exposure to UV 
light may all cause false negative results. 

Von Krogh and Maibach produced guidelines for evaluating 
immediate types of cutaneous response [22]. The most simple test 
for CU is the open test, whereby 0.1 mL of the suspected causative 
agent is rubbed firstly on a 3 x 3 cm area of normal skin (upper 
back or flexor aspect of upper arm or forearm) (Figure 127.40). If 
this is negative, the test is then repeated on slightly affected skin or 
previously affected skin. The use of alcohol vehicles or the addition 
of propylene glycol to the vehicle enhances the sensitivity of the 
test [23]. A positive result occurs when oedema and/or redness 
is observed, usually within 15 min. The test sites are usually read 
at 20, 40 and 60 min to see the maximal response. ICU reactions 
typically appear within 15-20 min, whereas NICU reactions can be 
delayed up to 45-60 min following application. When performing 


tests with ‘whole’ foods at least six control subjects should also be 
tested. 

When the open test is negative, prick testing of suspected agents 
with appropriate histamine and saline controls should be used. 
Although commercial allergen extracts are available, it should be 
remembered that unless standardised they may not contain the 
relevant protein allergens. The gold standard should always be to 
test and challenge with a sample of fresh material. Skin tests should 
only be performed where resuscitation facilities are available. 

If the patient has experienced an anaphylactic reaction a specific 
IgE test should be performed initially, instead of a prick test, if 
available. 

Scratch tests and scratch patch tests (contact with a small alu- 
minium chamber for 15 min) are less standardised tests that should 
also be performed with appropriate controls. A small piece of the 
substance is applied on a closed patch test (Finn chamber, Epitest; 
Hyryla, Finland) to an area of skin. The skin may be lightly scarified 
with a needle or degreased with 96% alcohol prior to application 
[24]. After 20 min the area is examined for redness or weal and 
flare. Occasionally, there is no reaction on normal skin and the 
substance has to be applied to previously affected skin, for example 
the fingertips. The scratch patch test is particularly useful if testing 
non-standardised materials when a delayed reading is mandatory. 


Management 

Management is achieved by avoiding the causative substance or the 
use of appropriate personal protective equipment (e.g. gloves made 
of an appropriate material), since desensitisation for the majority of 
relevant allergens is not available. The general management of the 
symptoms of urticaria and its complications is discussed in Chapter 
42. Treatment of the acute episode includes the use of systemic 
antihistamines and adrenaline in rare cases of anaphylaxis. 
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Irritant contact dermatitis j 


Definition and nomenclature 

Irritant contact dermatitis is the cutaneous response to the physi- 
cal/toxic effects of a wide range of environmental exposures. This 
may be an acute (toxic) irritant contact dermatitis or a cumulative 
irritant/insult dermatitis. 


s and inclusions 
\-tear’ dermatitis 


Introduction and general description 
Reversible cellular injury may cause contact urticaria or dermatitis 
dependent on the nature of the insult. Where there is no apparent 
cellular injury, various sensory symptoms such as stinging, smart- 
ing and burning may occur. The following types of irritant contact 
reaction may be distinguished: 
1 Burns. 
2 Irritant contact dermatitis: 
e Acute (toxic) irritant contact dermatitis. 
¢ Cumulative irritant/insult contact dermatitis. 
3 Transient or immediate-type, non-immune, contact urticaria. 
4 Symptomatic (subjective) irritant responses. 
5 Other: pigmentary and granulomatous responses and those 
localised to appendageal structures (Table 128.1). 

There is considerable variability in responses between individu- 
als, as well as within the same patient due to various endogenous 
and exogenous variables (Table 128.2). Various chemicals have irri- 
tant properties, including plants (Boxes 128.1 and 128.2). 


Table 128.1 Other irritant contact responses of the skin and their causes. 


Contact reaction Irritant 


Folliculitis Tar and oils, arsenic trioxide, fibreglass, occlusion 
Acne Halogenated aromatic hydrocarbons, oils, occlusion 
Miliaria Aluminium chloride, occlusion 

Pigmentary: 


Hyperpigmentation — Phototoxic agents, metals (arsenic, silver, gold, mercury, 
bismuth) 

Substituted phenols and catechols 

Silica, talc, beryllium 


Borax, chloroprene dimers 


Hypopigmentation 
Granulomatous 
Alopecia 


Table 128.2 Factors influencing irritancy potential of substances on human skin. 


Exogenous Endogenous Cofactors 
Chemical characteristics Individual susceptibility Mechanical 
Molecular structure Atopy Thermal 
pH Ethnicity/skin colour/phototype Climatic 
pK, Age 

Hydrophobicity (log P) Hormonal 


Barrier function 
Repair capacity 
Eczema elsewhere 
Other skin diseases 
Other unknown 
Site of exposure 


Inherent toxicity 
Concentration/dose 
Penetration characteristics 
Vehicle 

Solubility 

Duration of contact 

Type of contact 


Epidemiology 
Incidence and prevalence 
Many studies on the epidemiology of irritant contact dermatitis 
are diagnostically vague or open to considerable selection bias. 

A questionnaire study of 20 000 persons in an industrial town in 
the south of Sweden revealed a point prevalence of hand eczema of 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


ol 
< 
a 
ce 
Lu 
- 
x 
Lu 


AGENTS 


PART 11 


oll 
< 
2 
ce 
Lu 
- 
x 
pre 


PART 11 


AGENTS 


128.2 


Chapter 128: Irritant Contact Dermatitis 


Box 128.1 Common irritants 


¢ Water and wet work: sweating under occlusion 

¢ Household cleaners: detergent, soap, shampoo, disinfectant 

¢ Industrial cleaning agents, including solvents and abrasives 

e Alkalis, including cement 

e Acids 

¢ Cutting oils 

¢ Organic solvents 

¢ Oxidising agents, including sodium hypochlorite 

¢ Reducing agents, including phenols, hydrazine, aldehydes, 
thiophosphates 

¢ Certain plants, e.g. spurge, Boracinaceae, Ranunculaceae 

¢ Pesticides 

¢ Raw food, animal enzymes, secretions 

¢ Desiccant powders, dust, soil 

¢ Miscellaneous chemicals 


Box 128.2 Irritating plants 


e Ranunculaceae: 
¢ Ranunculus (many species of buttercup) 
e Anemone 
° Clematis 
e Helleborus 
e Araceae: 
¢ Dieffenbachia (ornamental plant in tropics and house plant in 
Europe) 
e Euphorbiaceae (spurge; the milky latex of many species is intensely 
irritating): 
¢ Hippomane manchinella (the manzanillo tree of the Caribbean 
contains a powerful irritant) 
° Cruciferae: 
¢ Brassica nigra and other ‘mustards’ 
¢ Compositae: 
¢ Achillea (milfoil and related species) 
e Anthemis (mayweeds) 
¢ Matricaria 


5.4% (with a 1-year period prevalence of 11%), and in 35% the hand 
eczema was thought to be irritant in nature. Atopic hand eczema 
accounted for 22% of cases, the presence of childhood eczema 
increasing the prevalence of hand dermatitis threefold compared 
with non-atopic individuals. Allergic contact dermatitis accounted 
for 19%. The most frequent sources of exposure were ‘unspecified’ 
chemicals, water, detergents, dust and dirt [1]. Occupationally, 
soaps (22.0% of cases), wet work (19.8%), petroleum products 
(8.7%) and cutting oils and coolants (7.8%) are the most frequently 
cited causes. Individuals involved in mining/manufacturing, 
hairdressing, agriculture and medical and nursing occupations had 
the highest frequency of dermatitis (Box 128.3) [2]. In one large 
study of adverse reactions to cosmetics [3], 16% were thought to 
be irritant. A study of 68 000 patch test subjects showed 13% had 
a diagnosis of irritant contact dermatitis (without concomitant 
allergic contact dermatitis) [4]. 


Box 128.3 Occupations associated with irritant 
contact dermatitis 


¢ Hairdressing 

¢ Medical, dental, veterinary 

¢ Cleaning 

¢ Agriculture, horticulture, forestry 
¢ Food preparation and catering 

e Printing and painting 

¢ Metal work 

¢ Mechanical engineering 

¢ Construction 

e Fishing 


Sex 
Females may be twice as commonly affected as males [1]. 


Ethnicity 

In North America, there has been shown to be no ethnic differ- 
ence in the prevalence of sensitive skin, although there are racial 
differences in how it is perceived. White Americans experience 
greater reactivity to wind and less to cosmetics; African Americans 
have reduced reactivity to most environmental factors; Asians 
have greater reactivity to spices, change in temperature and wind, 
and itch more frequently; Hispanics react less to alcohol. Overall, 
however, there were more similarities than differences [5]. This 
was confirmed by a study on populations from South Asia with 
differing skin pigmentation [6]. 


Associated diseases 
These include allergic contact dermatitis and atopic eczema. 


Pathophysiology 

Certain chemicals have intrinsic irritant properties to varying 
degrees, but external factors may also influence this, including 
temperature (of the chemical, environment or individual), air flow 
(chapping), low humidity (by itself responsible for the common 
condition ‘low humidity occupational dermatosis’, which generally 
affects the face) and occlusion. Skin barrier dysfunction is a key 
reason for irritation. 

The skin provides the first and most important line of defence 
against exogenous noxious agents, and this is one of its primary 
physiological functions [7]. This defence is far from perfect, as many 
substances penetrate readily into and through the epidermis, even 
when it is intact. 

The principal epidermal barrier resides almost entirely in the 
stratum corneum. This is normally renewed every 17-27 days, but 
barrier function can be largely restored (depending on the site; for 
example, the barrier function of the sole of the foot takes a long time 
to heal) in 2-5 days following stripping or superficial injury. The 
stratum corneum appears to function as a homogeneous unit, the 
largest amount of penetrant always being found in the outermost 
layers. Damage to the stratum corneum is normally followed by an 
increase in percutaneous absorption and in transepidermal water 
loss (TEWL), with the increase in TEWL proportional to the decrease 
in thickness of the stratum corneum. 


Solvent extraction studies indicate that epidermal lipid is a main 
contributor to the barrier, consisting of ceramides (45-50%), choles- 
terol (25%), free fatty acids (10-15%) and other lipids including 
cholesterol sulphate. The lipids are arranged as stacked membrane 
sheets in the intercellular space and are produced from lamellar 
granules in the cells of the granular cell layer of the epidermis. It 
follows that inherited abnormalities of the pathway might result in 
impaired barrier function usually associated with ichthyosis. 

In addition to the lipid barrier, tight junctions between epider- 
mal cells have also been shown to provide a block to water loss. 
Claudin-1 (an essential protein of tight junctions) knock-out mice 
developed wrinkly skin and greatly increased TEWL. They died 
within 1 day of birth [8]. 

For certain materials, there may be a second barrier at, or near, the 
dermal-epidermal junction or basement membrane [9] but, for most 
substances, the horny layer remains the principal barrier. 

Emerging data suggest that filagerin mutations may predispose 
to irritant contact dermatitis [10]. 


Mechanism of action of irritants 

An irritant is any agent, physical or chemical, that is capable of 
producing cellular perturbation if applied for sufficient time and 
in sufficient concentration. Immunological memory is not involved 
and dermatitis occurs without prior sensitisation. Many chemicals 
penetrate the skin, and many substances will alter or damage skin 
cells. Dermatitis arises when the defence or repair capacity of the 
skin is exhausted, or when the penetration of chemicals excites 
an inflammatory response. Strong irritants will induce a clinical 
reaction in almost all individuals, whereas with less potent irritants 
the response may be subclinical, with dermatitis developing only in 
the most susceptible or in situations where there is repeated contact 
with irritants [11]. 

The relationship between physicochemical structure and cyto- 
toxic activity remains to be fully elucidated, but it would appear 
that hydrophobicity (log P) and the dissociation constant (pK,) 
are among the factors that contribute to irritation potential [12,13] 
(Table 128.2). For sodium lauryl sulphate, concentration has been 
shown to be a more important determinant of subsequent dermati- 
tis than exposure time [14]. The nature of the response is in part 
determined by the irritant [15]. 

In the laboratory, barrier disruption has been shown to induce 
rapid interleukin 1a (IL-1a) release from a preformed pool in mouse 
epidermis [16] and upregulation of tumour necrosis factor « (TNF-a) 
and granulocyte—macrophage colony-stimulating factor (GM-CSF). 
There is then a rise in Langerhans cell-derived IL-1o stimulated by 
GM-CSF and IL-1o production. Concurrently, the loss of the nor- 
mal extracellular calcium gradient stimulates lamellar body secre- 
tion and barrier repair [17]. Oxidative stress also contributes to the 
development of inflammation with various irritants [18]. 

Detergents at lower levels of exposure predominantly affect the 
horny layer, causing dryness and scaling by destroying lysosomal 
enzymes in the horny layer [19], whereas at higher concentrations 
they will dissolve cell membranes and damage lysosomes [20]. 
With repeated exposure, there will be signs of chronic inflamma- 
tion, with increased DNA synthesis, acanthosis and changes in 
cellular metabolism over days to months. 
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Detergents and other irritants such as croton oil and phenol esters 
are chemotactic for polymorphonuclear leukocytes at non-toxic 
concentrations [21], and may cause pustular reactions. Organic 
solvents such as methanol or chloroform will damage blood vessels, 
causing hyperaemia [22], and dimethyl sulfoxide (DMSO) is a very 
effective degranulator of mast cells [23]. 

Irritants affect everyone, although individual susceptibility with 
regard to the development of dermatitis varies greatly. The body’s 
immune response is important in generating dermatitis, and this has 
been shown in the attenuated response to irritants in CD4-deficient 
mice [24]. 

Whereas allergic contact dermatitis reactions are histologically 
almost always eczematous and rather monomorphic, those elicited 
by irritants show much greater variability. Histological changes 
vary according to the chemical nature and concentration of the 
irritant, the type and duration of exposure, the severity of the 
response and the time of sampling. Some irritant reactions may 
be histologically indistinguishable from allergic contact dermatitis, 
whereas others may possess morphological features characteristic 
of a certain type of chemical. More than one pattern of response 
may be induced by the same irritant. 


Clinical features 

History and presentation 

Irritants produce a wide range of responses on the skin that are not 
necessarily eczematous. These may range from purely subjective 
sensations, such as stinging, smarting, burning or sensations of dry- 
ness and tightness, through delayed stinging or transient urticarial 
reactions to more persistent irritant reactions or irritant contact 
dermatitis. Irritant contact dermatitis has a spectrum of clinical 
features, ranging from a little dryness, redness or chapping through 
various types of eczematous dermatitis to an acute caustic burn. 
Irritants may also penetrate the skin via appendageal structures 
and cause folliculitis and other types of reaction (Table 128.1). 

The same chemical may cause different irritant reactions 
depending on concentration; DMSO, for instance, is able to 
induce both conventional irritant dermatitis and immediate, 
non-immunological, contact urticarial reactions. The response 
may also vary according to the site and mode of application, the 
vehicle and the environmental conditions (mechanical, thermal, cli- 
matic) (Figure 128.1), and there is considerable variability between 
individuals (Table 128.2). 

Irritant contact dermatitis frequently presents on the hand. How- 
ever, constitutional, irritant and allergic factors frequently coexist. 
Although hand eczema is more common in women [25], this seems 
to be the result of increased irritant exposure rather than an inher- 
ent susceptibility [26]. Allergy can never be completely excluded 
on purely clinical grounds, nor is any pattern of hand dermatitis 
pathognomonic for a single causation. In spite of this, there are 
certain types of hand dermatitis that are at least suggestive of irri- 
tant contact dermatitis. These include a patchy ‘housework’-type 
eczema affecting principally the dorsa, sides and webs of the fin- 
gers, or a ‘ring’ eczema — both are patterns associated with wet 
work and exposure to detergent. What may start as dryness can 
develop into patchy or diffuse redness with scaling, fissuring and 
even vesiculation. 
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Figure 128.1 Mechanical irritation causing a psoriasiform irritant contact dermatitis of 
the palmar surface. Courtesy of St John’s Institute of Dermatology, London, UK. 


However, vesicles are less commonly seen in irritant than in 
allergic or constitutional eczema, and the principal clinical features 
are usually dryness or chapping. The wrists and distal arms may 
also be affected. With increased mechanisation in the house and at 
work, and with more widespread use of protective gloves and hand 
creams, this pattern of hand eczema is less common than previously. 

Another common pattern of irritant hand eczema is the ‘apron’ 
or extended fingertip eczema, with dryness, redness and fissuring 
affecting principally the palmar aspects of the fingers and distal 
palm (Figures 128.2 and 128.3). This pattern of dermatitis commonly 
occurs in those who frequently hold wet cloths containing detergent 
or household chemicals in the unprotected hand. Friction, irritants 
and repetitive wetting/desiccation all play a part (Figures 128.4 
and 128.5). A similar pattern may be seen in occupations where 
employees are repeatedly exposed to solvents, friction or irritating 
food components. Discoid or nummular hand eczema is another 
rarer pattern of irritant contact dermatitis, affecting especially the 
dorsa of the hands or fingers. 


Clinical variants 

Cosmetic dermatitis. Cosmetics, toiletries and skincare products, 
including sunscreens, quite frequently cause adverse irritant reac- 
tions [27]. In most cases, these are only mild or transient, and most 
consumers simply change to an alternative product. In a minority, 
reactions may be more severe, with redness, oedema, dryness and 
scaling. The eyelids are particularly susceptible to irritants [28], 
as are atopic individuals and those with very fair, rosaceous or 
seborrhoeic skins. It is of interest that irritant reactions are com- 
moner in younger (premenopausal) women. Those using many 


Figure 128.2 Fissuring on the dorsum occurs most commonly as a result of frequent 
hand washing and outdoor exposure. Courtesy of St John’s Institute of Dermatology, 
London, UK. 


Figure 128.3 Interdigital irritant contact dermatitis is frequently caused by inadequate 
drying of the hand after washing. It is commonly seen in hairdressers on the 
non-dominant hand. Courtesy of St John’s Institute of Dermatology, London, UK. 


products are at risk of ‘cosmetic exhaustion’, a form of cumulative 
cosmetic irritant contact dermatitis. Allergy is excluded only by 
comprehensive patch testing including both products and ingre- 
dients. Caution should be exercised when testing the patient’s 
own cosmetics under occlusion. Some items (such as eye make-up) 
should be allowed to evaporate before being covered to prevent 
false positive reactions. 


Volatile/airborne irritant contact dermatitis. Irritants, as well 
as allergens, may cause volatile contact dermatitis [29]. Volatile 
irritants are a not infrequent cause of eyelid dermatitis. In any 
exposed-site dermatitis, one should consider the possibility of 
irritant volatile fumes or airborne particles. The fumes can be from 
acids, alkalis, solvents, resins or any other irritant chemical, such 
as ammonia or formaldehyde. Irritant dusts include those of some 
(mostly tropical) woods, cement, fibreglass or rockwool, some 
metals and metal salts and powdered chemicals. 


Cheilitis. Cheilitis is a common problem, often of multifac- 
torial aetiology. Atopic eczema frequently predisposes to its 


Figure 128.4 Pulpitis is usually caused by wet work. Courtesy of St John’s Institute of 
Dermatology, London, UK. 


Figure 128.5 Lichenification from chronic irritation. Redness of the skin is less visible in 
darker skin types. Courtesy of St John’s Institute of Dermatology, London, UK. 


development [30]. The most common identifiable causes of cheilitis 
are irritant dermatitis, due to lip licking, cosmetics and medication, 
and allergic contact dermatitis, of many different causes. 


Napkin (diaper/nappy), peristomal and perianal dermatitis. Irri- 
tant dermatitis will develop in situations of prolonged or too 
frequent contact with degraded urine or faeces/faecal residues 
[31]. Sweat, occlusion, irritant cleansers, secondary infection and 
secondary medicament allergy are all additional complicating 
factors. It occurs most frequently in the very young, or in elderly 
individuals in situations of urinary or faecal incontinence, although 
current disposable napkins reduce the risk of an irritant contact 
dermatitis as they are so absorbent. Measures to improve continence 
in the elderly and frequent changes of absorbent napkins [32] in 
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infants are important, as are mild cleansers and protective pastes 
or silicone-based creams. Any dermatitis or secondary infection 
should be controlled with appropriate-strength topical steroids 
or steroid—antimicrobial combinations. In napkin dermatitis, sec- 
ondary candidal infection is sufficiently common that routine 
treatment with an imidazole antifungal is frequently of benefit [33]. 

A similar situation appertains to perianal dermatitis, where 
mucus or faecal leakage may occur in association with haemor- 
thoids and/or poor sphincter function. A bidet or ‘wet’ cleansing 
routine using aqueous cream or equivalent is of benefit. Wet wipes 
and overzealous cleaning with detergents frequently aggravate the 
problem. 

With peristomal dermatitis, there is the additional complication 
of the need to maintain a protective seal between the stoma bag and 
skin. The use of corticosteroid-containing lotions, either aqueous 
or alcoholic, has been shown to be effective without interfering 
with stoma bag adhesion [34] (Chapter 112). Dermatitis, as well as 
being caused by leakage, may also be due to continuous occlusion 
and repeated stripping of the skin. Where there is erosive disease, 
the use of topical sucralfate has been shown to promote healing 
in peristomal disease but not erosions from other causes [35]. The 
sucralfate acts as both a physical barrier and, it is suggested, by 
binding to basic fibroblast growth factor preventing its degradation, 
as a stimulus to healing. 


Differential diagnosis 

Other diagnoses including allergic contact dermatitis, pyoderma 
gangrenosum, infections, skin cancers, etc. should be considered in 
intractable cases or where response to treatment is unexpectedly 
poor. These include: 

e Atopic eczema. 

e Allergic contact dermatitis. 

¢ Contact urticaria. 

¢ Thermal injury. 

¢ Non-accidental injury in children. 

The differential diagnosis of hand dermatitis includes fun- 
gal infection, which may cause a unilateral palmar dermatitis 
resembling eczema on the dorsum of the hand. Skin scrapings are 
important to exclude tinea as the cause of a hard to treat ‘dermatitis’. 
Psoriasis frequently affects the palms, resulting in a hyperkeratotic 
appearance. This can be difficult to distinguish from dermatitis 
when there are no lesions elsewhere. Furthermore, there may be 
a history of exacerbation when the disease leads to the Koebner 
phenomenon on the hands as a result of manual work. The presence 
of red scaling over the interphalangeal joints is often a helpful clue 
to the diagnosis. Scabies in the interdigital spaces can simulate 
an irritant dermatitis. Rarely, the presence of milia may suggest a 
diagnosis of porphyria cutanea tarda. 


Classification of severity 

In clinical practice, there are no objective ways of quantifying 
severity of irritant contact dermatitis. However, severity may be 
subjectively assessed by the degree of redness and surface change. 
Non-specific assessment tools such as the Physician Global Assess- 
ment or symptom-driven patient tools such as the Dermatology 
Life Quality Index (DLQI) may be used. A number of research tools 
exist that may quantify the irritant response by measuring redness, 
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TEWL, hydration and skin thickness. The optimal method to be 
used varies with the nature of the irritant [36]. 


Redness (erythema). Among the most overt clinical features of irri- 
tant reactions is redness, which may be quantified using a number 
of different approaches. Laser Doppler flowmetry (LDF) provides a 
measure of superficial blood flow by transmitting monochromatic 
light from a helium-—neon laser through optical fibres to the skin 
surface. The light is Doppler-shifted by moving blood cells in the 
upper dermis, remaining unchanged in the surrounding stationary 
tissue. By means of a differential signal detector and signal process- 
ing arrangement, the back-scattered or reflected light is interpreted. 
The final output, which is linearly related to the product of the 
number of blood cells and their average velocity in the measured 
volume, is expressed in relative and dimensionless units. Studies by 
a number of investigators have shown that LDF generally correlates 
well with visually assessed redness, and is capable of discriminating 
between negative and weakly positive irritant reactions [37]. 

Alternative methods for objectively quantifying redness rely 
upon the generalised increase in red blood cells resulting from both 
increased blood flow and blood vessel dilatation. Those which are 
based upon remittance spectroscopy emit red and green light from 
a tungsten halogen lamp or light-emitting diode (LED) source. 
Oxyhaemoglobin in the blood vessels absorbs a proportion of 
the green light, and largely reflects the red light. Changes in the 
quantity of oxyhaemoglobin significantly alter the amount of green 
light absorbed, but have very little influence on the red light. An 
erythema index can therefore be calculated from the ratio between 
the reflected green and red light, such that the greater the redness, 
the higher the value of the erythema index [38]. 

Redness may also be quantified using tristimulus colorimeters, 
virtually all of which employ a system for colour definition known 
as the Commission Internationale de l’Eclairage (CIE) L*a*b* colour 
system. This provides a three-dimensional coordinate system where 
L* represents an axis for brightness, a* represents a green—red axis 
and b* represents a yellow—blue axis. Redness is more difficult to see 
and measure in those with darker skin types and in the context of 
postinflammatory hyperpigmentation. In real-life settings this can 
result in lower eczema severity scores which do not reflect the true 
disease burden [39]. 


Transepidermal water loss. In addition to inducing redness, irri- 
tants commonly affect barrier function, leading to alterations in 
TEWL. Measuring instruments employ open chambers, through 
which, when applied to the surface of the skin, water vapour 
evaporates, creating a water pressure gradient from which the 
evaporative TEWL (expressed in g/m*/h) is calculated. Many 
variables influence TEWL measurements. Some relate to the envi- 
ronment and to instrument operation, necessitating a careful 
adherence to ‘good laboratory practice’, as outlined in a report 
from the Standardization Group of the European Society of Contact 
Dermatitis [40]. Others relate directly to the individual; age and 
anatomical site are among the most important variables. Measure- 
ments of TEWL have proved valuable in predicting susceptibility 
to skin irritation, assessing the protective effects of barrier creams 
and evaluating the irritancy potential of different chemicals, but it 
remains a research tool. 


Hydration. Changes in the hydration state of the skin also com- 
monly occur in irritant contact dermatitis and, again, this parameter 
may be objectively measured. Several different devices are avail- 
able, based on differing biophysical approaches. Using the principle 
of capacitance, hydration of the stratum corneum can be measured 
to a depth of approximately 0.1 mm. In contrast, skin conductance 
has also been used as a measure of hydration. Studies suggest that 
capacitance may be more effective in the assessment of dry skin, 
whereas conductance is better suited for studies of water accumula- 
tion in the stratum corneum [41]. A third method uses the principle 
of impedance-based capacitance to assess hydration levels. 


Skin thickness. Although not extensively applied, high-frequency 
ultrasound has also proved valuable for the assessment of another 
aspect of the irritant response, namely changes in skin thickness [42]. 
Line-field confocal optical coherence tomography and other similar 
techniques may yield even more precise detail. 


Investigations 

Irritant contact dermatitis is a clinical diagnosis based on knowl- 
edge of the chemical(s) involved and exposure factors. However, 
some chemicals may have both irritant and allergic potential, or the 
patient may be exposed to several chemicals with irritant or allergic 
potential. Consequently, patch testing should be undertaken to 
exclude an allergic component to the skin rash. Patch testing should 
never be undertaken with unknown chemicals supplied by the 
patient, and the testing clinician should either avoid testing known 
irritants, or carefully test with serial dilutions and be vigilant for 
false positive reactions. 


Management 

The successful management of irritant contact dermatitis requires 
both prevention and subsequently treatment if dermatitis devel- 
ops [43]. The most important aspect of treatment is avoidance of 
the cause (Box 128.4). In an occupational setting, automation of 
the production process may avoid exposure but can be expen- 
sive. A cost-effective compromise is the use of personal protective 
equipment and/or substitution of a chemical. It should be remem- 
bered that natural rubber latex gloves provide protection against 
water-miscible substances but may be inappropriate for other expo- 
sures (Table 128.3). With organic solvents and chemicals, the choice 
of glove material may vary [44]; advice can be found on the material 
safety data sheet of each product. 

Where present, dermatitis requires palliation of symptoms with 
topical steroids and emollients after irritant avoidance has been 
achieved. The efficacy of topical corticosteroids in irritant contact 
dermatitis has been questioned [45,46], although another study has 
shown benefit [47]. Retinoids and vitamin D analogues are not of 
any value [45]. 

Experimentally, an emollient alone has been shown to improve 
barrier repair. The choice of emollient may be important, with 
lipid-rich preparations being more effective. Studies have shown 
that barrier repair may be impaired or accelerated according to the 
constituents of a physiological lipid mixture [48]. For conditions 
like radiation dermatitis, sunburn, irritant dermatitis due to some 
surfactants and retinoids, or when treating premature infants under 
33 weeks’ gestation (where the lamellar body secretory system is 


Box 128.4 Advice to patients with hand eczema 


To speed healing and prevent your dermatitis from returning, you 

must now take great care of your hands and allow your skin to heal 

and recover its natural resilience/strength (this may take many months, 

even though the skin may look normal before then): 

1 Use a moisturising hand cream frequently so that the skin does not 
become dry 

2 Use the steroid creams /ointments as prescribed by the doctor 

3 Hand washing. Use lukewarm water and soap substitute (e.g. 
aqueous cream). If soap is used, find a soap with no fragrance, tar or 
sulphur; use it sparingly; rinse thoroughly and then dry thoroughly 

(especially finger webs and wrists) 

4 If wet work cannot be avoided, wear gloves; use plastic rather than 
rubber, preferably with a cotton lining. Consider the following: 

e Avoid contact with detergents and other cleaning agents. Always 
dilute them according to manufacturers’ instructions. Keep the 
outside of the container clean or you will contaminate your hands 
with the neat product 

e When washing up, use running water and a pot brush rather than 
a cloth/sponge 

e Washing machines and dishwashers are a great help, but avoid 
contact with detergent powder or liquid — use a measure with a 
handle 

e Water softeners are helpful, but too expensive unless you are not 
contemplating moving house for a long time. Try adding water 
softener (e.g. Calgon) to dish water, washing water, baths, etc.; less 
soap / detergent is then required 

¢ Avoid contact with polish, e.g. metal, shoe, floor, car, furniture, 
window and wax polishes. NB: Spray polish carries a long way 

e Avoid contact with shampoo. Either use plastic gloves or get 
someone else to wash your own and your children’s hair 

¢ Do not apply hair products with bare hands, e.g. setting 
mousse/gel/lotions, colourants, creams, brilliantine. Some of 
these are irritant, but the friction of running hands through hair is 
considerable 

e Avoid contact with solvents, e.g. white spirit and brush cleaners, 
petrol, trichlorethylene, xylene, carbon tetrachloride (e.g. dry 
cleaning and stain-removal agents). Solvents pass through rubber 
gloves. Buy vinyl for these jobs 

¢ Do not peel citrus fruits with bare hands, e.g. oranges, lemons, 
satsumas 

5 Wear gloves when outdoors in cold weather 
6 If the skin becomes inflamed and throbs, it is likely to be infected. 

Visit your doctor, who may take a skin swab and prescribe antibiotic 

treatment: 

¢ Individuals with hand eczema are at increased risk of contracting 
infection through damaged skin and should wear gloves when in 
contact with blood or potentially infectious biological secretions, 
e.g. when handling soiled linen, cleaning lavatories, etc. 

e Patients with hand eczema should not be involved in commercial 
food preparation because the bacteria that cause infection may 
also cause food poisoning 

Your hand eczema should improve if you follow all these 
suggestions. Once the skin appears to have healed, you should always 
continue to take care of your hands 
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in napkin/diaper dermatitis), a mixture of cholesterol : ceramides : 
free fatty acids, ina3:1:1 ratio, should be used to achieve a rapid 
return to normal barrier function [49]. 

In severe cases, phototherapy or systemic drugs such as cortico- 
steroids, azathioprine and ciclosporin may be required. It is, as yet, 
unknown if dupilumab or other targeted treatments may influence 
irritant contact dermatitis. Where there is secondary infection, 
topical or systemic antimicrobial agents may be necessary. Regu- 
lation of occupational practice is essential in primary prevention 
(Box 128.5), and this is especially important as some patients may 
have persistent skin problems even after exposure has ceased [50] 
(Chapter 129). 


Box 128.5 Recommended occupational skin 
protection programme 


Washing 

¢ Wash in lukewarm water — the damage caused by detergent is 
temperature dependent 

e Rinse and dry thoroughly — dermatitis often develops in web spaces 
and other areas frequently missed 

¢ Do not wear rings — soap and other irritants accumulate underneath 


Disinfection 

¢ Do not use unless a job requirement — disinfectants are more irritant 
than ordinary washing 

e Alcohol gels may be preferable even if they sting — detergent-based 
disinfectants are more irritant [11] 


Gloves 

e Wear gloves — unprotected wet work is a major cause of irritant 
dermatitis 

¢ Wear gloves for as short a time as possible — prolonged usage impairs 
barrier function 

¢ Wear with a cotton liner — prevents the irritation induced by glove 
occlusion 

e Change them frequently — occlusion enhances the effect of irritants 
that are contaminating or penetrate gloves 


Emollients 

¢ Apply during and after work — to prevent and treat dermatitis if it 
develops 

¢ Apply to all of the hand — areas are often missed 

¢ Use a lipid-rich product — more effective than the alternatives 


At home 

¢ Follow the same measures — domestic exposures are additive 

e Wear warm gloves in winter — the skin is more susceptible to irritants 
in winter 


Adapted from Holness and Nethercott 1991 [51]. 


impaired or immature), non-physiological lipids (e.g. petrolatum) 
should be considered for treatment. In most other causes of irritant 
dermatitis (where lipid metabolism has not been deranged such as 


Treatment ladder for irritant contact dermatitis 


First line 
e Irritant avoidance 
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Table 128.3 Recommended glove materials for chemical protection. 


Glove materials Nitrile Butyl Neoprene Fluorocarbon PVC PVA Notes 

Aliphatic hydrocarbons + + +* Except cyclohexane* 

Aromatic hydrocarbons + + +* Except ethylbenzene* 

Halogenated hydrocarbons + +* Except methyl chloride* and halothane* 

Aldehydes, amines, amides +* Except butylamine* and triethylamine* 

Esters +* +7 Except butylacrylate* and octylphthalatet 

Alkalis + + + 

Organic acids +* + +t Except acrylic*+, methacrylic*+ and acetic* acids 

Inorganic acids +* +t +h Except chromict, hydrofluoric*, nitric*£ and sulphuric*< acids 


From Berardinelli 1988 [44]. 
*## These gloves do not provide adequate protection with the listed chemical. 
PVA, polyvinyl alcohol; PVC, polyvinyl chloride. 


Second line 

¢ Irritant substitution/personal protective equipment (e.g. 
appropriate gloves as listed in Table 128.3, protective 
clothing, etc.) 


Third line 
e Barrier creams, topical corticosteroids, systemic 
immunosuppressives 


Non-immune contact urticaria j 


Definition and nomenclature 
A localised redness or weal and flare reaction caused by contact with 
a substance where there is no substance-specific immune response. 


nyms and inclusions 
-allergic contact urticaria 


Introduction and general description 

Immediate contact reactions may be either allergic or toxic. They 
are transient, developing within minutes, and fade quickly 
(usually within hours). They may appear on both normal and 
damaged/eczematous skin, and may present as only a tran- 
sient, symptomatic redness or as a contact urticaria (Chapter 42). 
For some agents that cause immediate-type reactions, it is still 
unclear as to whether or not the mechanism is immunological. 
Non-immunological, immediate contact reactions occur without 
prior sensitisation. The reactions remain localised and may present 
as a transient redness or as an urticarial weal and flare, depending 
on concentration, area of contact, mode of exposure and agent 
involved [1,2]. Substances reported to cause non-immune contact 
urticaria are listed in Box 128.6. The most potent of these, such as 
benzoic acid, sorbic acid, cinnamic acid, cinnamal and nicotine acid 
esters, may induce a local reaction within 45 min in more than 50% 
of those tested. Reactions may occur at concentrations as low as 
0.1% for benzoic acid, sorbic acid and sodium benzoate, and as low 
as 0.01% for cinnamal. Reactions are not enhanced by occlusion, 
but may affect mucosal surfaces; low concentrations of cinnamal 
are sometimes added to toothpaste and mouthwashes to impart a 


sensation of ‘freshness’. Studies on an unselected population have 
shown that reactions to urticants are not predictable; an individual 
who reacted strongly to one urticant did not necessarily react to 
another. In addition, there was no significant correlation between 
age or sex and urticant response [3]. 


Epidemiology 

Incidence and prevalence 

These are unknown, but many patients with mild disease will not 
seek medical advice, hence there is likely to be considerable under- 
reporting. 


Pathophysiology 

The mechanism of action of non-immunological contact reactions is 
not known, but is presumed to be via direct release of inflammatory 
mediators, including prostaglandins and leukotrienes [4]; the reac- 
tion is blocked by non-steroidal anti-inflammatory drugs (NSAIDs) 
and ultraviolet (UV) light, or by pretreatment with capsaicin, but 
not by antihistamines [5-7]. 


Clinical features 

Differential diagnosis 

¢ Immunological contact urticaria (type I hypersensitivity). 
¢ Chronic ordinary urticaria. 


Investigations 

Twenty-minute patch tests or skin prick tests may confirm the diag- 
nosis but will not necessarily differentiate this from immunological 
contact urticaria. Control subjects may also be positive on testing. 


Management 


Treatment ladder for non-immune contact 
urticaria 


First line 
e Urticant avoidance or substitution 


Second line 
e Personal protective equipment (e.g. gloves) 


Third line 
e Expectant therapy 


Box 128.6 Agents reported to cause non-immune 
contact reactions 


Animals 

e Arthropods 

¢ Caterpillars 
e Coral 

e Jellyfish 

e Moths 

e Sea anemones 


Foods 

e Cayenne pepper 
e Fish 

e Mustard 


Fragrances and flavourings 

¢ Benzaldehyde 

e Cinnamic acid 

e Cinnamal 

¢ Cinnamon oil 

e Myroxylon pereirae (balsam of Peru) 
e Thyme 


Medicaments 

e Alcohols 

¢ Benzocaine 

¢ Camphor 

e Cantharidin 

¢ Capsaicin 

¢ Chloroform 

e Dimethyl sulfoxide 

e Friars’ balsam (compound benzoin tincture) 


Plants 
° Nettles 
e Seaweed 


Preservatives 

e Benzoic acid 

e Chlorocresol 

e Formaldehyde 

e¢ Sodium benzoate 
© Sorbic acid 


Miscellaneous 

¢ Butyric acid 

© Cobalt 

¢ Dimethyl fumarate 

e Histamine 

e Pine oil 

e Pyridine carbo-aldehyde 


Reproduced from Lahti and Basketter 2006 [2] with permission of 
Springer Nature. 


Phototoxic contact dermatitis q 


Definition and nomenclature 
Phototoxic contact dermatitis occurs when light is absorbed by a 
chemical which then is modified and becomes an irritant stimulus. 


128.9 


Phototoxic contact dermatitis 


Introduction and general description 

Chemicals applied either topically or systemically may absorb pho- 
tons and be chemically modified to cause irritation. Clinically, the 
reaction resembles a sunburn and only occurs in sun-exposed areas 
of skin. Primary prevention is critical. An initial screen of poten- 
tial phototoxic chemicals involves the measurement of its absorp- 
tion spectrum. If this indicates the chemical may be photoreactive 
then the 3T3 neutral red uptake phototoxicity test (T3 NRU PT) can 
be performed, which has been validated and accepted into legisla- 
tion. This test compares the cytotoxicity of a chemical when tested 
with and without exposure to a non-cytotoxic dose of simulated 
solar light (UVA/Visible spectrum). Mouse 3T3 fibroblasts are incu- 
bated with the chemical and the concentration-dependent reduction 
of the uptake of the vital dye neutral red is measured 24 h after 
treatment. Substances identified are likely to be phototoxic follow- 
ing systemic administration and distribution to the skin or following 
topical application. The test has been found to detect photoaller- 
gens in addition to irritants, and the use of further photobinding 
studies to human albumin may distinguish between the two. In gen- 
eral, photoallergy requires protein binding as a prelude to antigen 
presentation. 

The use of ethical tests in human volunteers may be considered 
where testing in vivo is considered essential [1]. Strong irritants may 
cause dermatitis on first exposure, whereas weak irritants may be 
detected only by repeated application [2]. Internal standards are nec- 
essary to allow comparison with other established irritants [3]. 


Clinical features 

History and presentation 

Tetracycline-related antibiotics may cause phototoxicity, as can 
psoralens, porphyrins, amiodarone, phenothiazines and NSAIDs. 
Plant sap (e.g. from the giant hogweed) may cause a phototoxic 
reaction known as phytophotodermatitis. Such reactions can be 
flagellate or show linear vesicles. They often resolve with persistent 
hyperpigmentation. 


Differential diagnosis 

¢ Photoallergy. 

e Allergic contact dermatitis. 

¢ (Non-photo) irritant contact dermatitis. 


Investigations 
Photopatch testing is important to exclude a photoallergy in some 


cases; otherwise the diagnosis is clinical. 


Management 


Treatment ladder for phototoxic contact 
dermatitis 


First line 
e Primary prevention 
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Second line 
¢ Phototoxin avoidance or substitution 


Third line 
e Emollients and topical corticosteroids for acute flares with 
sun avoidance 


Subjective sensory irritation 


a 


Definition and nomenclature 


Subjective sensory irritation is a subjective feeling of skin discomfort 
when in contact with a substance in the absence of any visible skin 
change. 


Introduction and general description 

With some irritants, there is little or nothing to see, but individuals 
complain of a subjective sensation of stinging, burning or smarting. 
These sensations most commonly affect the head and neck, may 
present as one form of cosmetic intolerance and are frequently 
termed ‘sensitive skin’ [1]. Although stinging potential is often 
assessed by the application of lactic acid to the naso-labial fold, the 
results do not necessarily correlate with the sensation perceived 
at other facial sites [2]. With soaps and detergents, the perceived 
sensory symptoms correlate with, and predict the development 
of, clinical signs of irritant dermatitis [3]. However, more typically 
the sensation does not correlate with a predisposition to irritant 
dermatitis or non-immune contact urticaria. Little is known of 
the mechanisms involved in subjective irritant reactions [1]. It is 
presumed that penetration of the irritant is primarily via sweat 
ducts and hair follicles, is not related to pH and that the reaction 
involves stimulation of sensory nerve endings. The reaction is sub- 
stantially reduced in the absence of sweating and is commoner in 
the summer. Factors thought to predispose to sensitive skin include 
female sex and hormonal status, young age, fair skin, susceptibility 
to blushing/flushing, thin stratum corneum, increased number of 
sweat glands and innervation and impairment of epidermal barrier 
function. The presence of sensitive skin also affects quality of life 
scores, with affected individuals having an impaired psychologi- 
cal component, although there was no significant relationship to 
depressive symptoms [4]. Triggers are not necessarily chemical, and 
include environmental factors such as wind. Sensory irritation from 
woollen garments is also well known among patients with atopic 
eczema. Experimental studies have shown this to be due to stim- 
ulation of nerve fibres which transmit pain. It required a 100 mg 
force on the end of a 40 jm diameter textile fibre to trigger the 
nerve receptor. Thus, garments that induce the sensation will have 
protruding fibre ends that can withstand 100 mg pressure without 
buckling. Prickle was not experienced if the fabric was rubbed over 


the skin, if the skin was cold or if the area of contact was less than 
1 cm?. Moisture increased the severity of the sensation [5]. 

Individuals can be screened to ascertain whether they are 
‘stingers’ or not by the application of 5% aqueous lactic acid to 
the naso-labial fold after the induction of sweating. Preparations 
can be screened for stinging potential by testing a predetermined 
panel of ‘stingers and smarters’. 


Immediate-type stinging. Some chemicals will cause painful sen- 
sations within seconds of contact [6]. These include acids, where 
the stinging may be a prodrome to the development of more severe 
cutaneous damage. Other chemicals, however, will cause stinging 
without any significant cutaneous damage. The best known of these 
are chloroform and methanol (1 : 1), and 95% ethanol. Responses 
vary according to site and individual susceptibility, and probably 
relate indirectly to stratum corneum thickness. The sensation abates 
quickly following removal of the irritant substance. 


Delayed-type stinging. Delayed-type stinging may occur following 
contact with a number of substances (Box 128.7) [6]. Typically, there 
is no immediate stinging, but discomfort develops within 1-2 min, 
reaches a maximum in 5-10 min and fades slowly over the next half 


Box 128.7 Substances known to cause delayed 
stinging or burning 


Weak reaction 

e Aluminium chloride 30% aq. 

¢ Benzene 1% alc. 

¢ Phenol 1% alc. 

¢ Phosphoric acid 1% aq. 

¢ Resorcinol 5% aq. 

¢ Salicylic acid 5% alc. 

e Zirconium hydroxychloride 30% aq. 


Moderate reaction 

¢ Benzoyl peroxide 5% aq. 

¢ Diethyl toluamide 50% alc. 

e Dimethyl acetamide 100% 

¢ Dimethyl formamide 100% 

¢ Dimethyl phthalate 50% alc. 

¢ Dimethyl sulfoxide 100% 

e 2-Ethyl-1,3-hexanediol 50% alc. 
¢ Propylene carbonate 100% 

¢ Propylene glycol 100% 

¢ Propylene glycol diacetate 100% 
¢ Sodium carbonate 15% aq. 

¢ Trisodium phosphate 5% aq. 


Severe reaction 

e Amyldimethyl-p-aminobenzoic acid (Escalol 506) 5% ale. 
¢ 2-Ethoxyethyl-p-methoxy-cinnamate (Giv-Tan FR) 2% alc. 
¢ Hydrochloric acid 1.2% aq. 

¢ Lactic acid 5% aq. 

¢ Phosphoric acid 3.3% aq. 

¢ Sodium hydroxide 1.3% aq. 


Adapted from Frosch and John 2006 [6]. 


hour. The reaction normally affects only the face, especially in associ- 
ation with heat and humidity or sweating. The sensation is not alle- 
viated by washing off the offending chemical. It is an idiosyncratic 
response, and only a proportion of the population will be affected. 


Epidemiology 

Incidence and prevalence 

‘Sensitive skin’ might be considered a marker of a form of skin 
irritancy. In a questionnaire-based study of 3300 women and 500 
men, 51.4% of women and 38.2% of men considered that they were 
susceptible [7]. Moreover, 57% of women and 31.4% of men had had 
an adverse reaction to a personal care product during their lives. 
Among women, symptoms of subjective skin irritation (burning, 
stinging, etc.) occurred more frequently in those who considered 
that they had a sensitive skin (53%) than in those who did not 
(17%). Dry skin and a predisposition to blushing/flushing were 
factors associated with a sensitive skin. An atopic background was 
a predictive factor for the presence of sensitive skin, as the incidence 
of atopy was higher among those with sensitive skin (49%) than 
among those in the non-sensitive group (27%). However, equal 
numbers of atopics and non-atopics constituted the sensitive skin 
group, indicating that other variables were involved. 


Clinical features 
Differential diagnosis 

¢ Irritant contact dermatitis. 
e Allergic contact dermatitis. 
e Atopic eczema. 

¢ Psychological illness. 


Investigations 
Sometimes patch testing can be helpful to eliminate other differen- 
tial diagnoses. 


Management 

Treatment is largely that of avoidance, although strontium salts have 
been shown experimentally to inhibit the sensation [8]. Currently, 
this seems of little clinical value. 


Chemical burns ; j 


Definition 

A chemical burn results when tissue is exposed to a corrosive chem- 
ical, such as a strong acid or alkali. Irreversible cell damage and 
necrosis occurs (Chapter 125). 


Introduction and general description 

There is usually rapid onset of painful redness, often within min- 
utes, at the site of exposure, followed by blistering and the develop- 
ment of necrotic ulcers. Weals may also be seen. Symptoms coincide 
with the exposure, but with some chemicals, including phenols and 
weak hydrofluoric acid, the onset may be delayed. Damage con- 
tinues to occur until all of the agent has chemically reacted or has 
been neutralised as a result of treatment. Occupational settings are 
still common for chemical burns but the frequency of these burns in 
domestic settings is increasing [1]. The burn is classified according 
to depth (1 — superficial to 4 - extending deep to the skin). 


Epidemiology 

Incidence and prevalence 

Scanty data exist but some studies suggest an incidence of 2-10% 
[1]. Chemical burns are relatively common, with an American 
survey showing that 119 hospitals treated 11 759 patients during a 
1-year period. The majority of chemical burns involved the upper 
limb, with most occurring in young adults and infants. Occupa- 
tional chemical burns are also relatively common, with 29% of 
chemical burns requiring admission being work related, with a rate 
of 26.4/10000 employees. In women, chemical burns of the wrist 
and hand were most frequent, whereas in men eye involvement 
was more common. Welders, labourers, cooks and mechanics were 
most at risk [2]. 


Age 
Limited data suggest that those of working age suffer most from 
chemical burns [1]. 


Sex 
Men are more frequently affected than women (6 : 1 in some series 


[1]). 


Associated diseases 
Sometimes scars following burns may lead to functional disability, 
such as joint contractures. 


Clinical features 

History and presentation 

Pain and redness are usually present within minutes of exposure, 
but presentation may be delayed. Most acids (e.g. sulphuric, nitric, 
hydrochloric, chromic) coagulate skin proteins, and as a result form 
a barrier that impedes further penetration. Some acids can discolour 
(e.g. nitric acid turns the skin yellow). Hydrofluoric acid [3] differs 
in that it causes a liquefactive necrosis, and penetration can continue 
for several days after exposure, even down to bone. Pain, which can 
last several days, is typical of burns due to hydrofluoric acid and 
other fluorides. It is related to the ability of the fluoride ion to bind 
calcium and disrupt neural function. If more than 1% of the body 
surface area is affected, systemic toxicity can develop. 

Alkalis (e.g. sodium, calcium, potassium hydroxides; wet concrete 
[4]; sodium and potassium cyanides) degrade lipids, and saponifi- 
cation of the resulting fatty acids forms soaps which aid penetra- 
tion deeper into the skin. As a consequence, damage is more severe 
than with most acids, and pain is also a feature. The dead skin turns 
brown and later black, usually without blistering, and forms a hard 
eschar. Phenols [5] and unhardened phenolic resins penetrate the 
skin easily and rarely can cause nerve damage in the absence of visi- 
ble skin change. Vasoconstriction may contribute to the necrosis that 
develops, and in the case of systemic absorption can lead to shock 
and renal damage. 


Differential diagnosis 

¢ Irritant contact dermatitis. 

e Allergic contact dermatitis. 

¢ Contact urticaria. 

¢ Thermal injury. 

¢ Non-accidental injury in children. 


; Chemical burns 128.11 
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Classification of severity 
Burns are classified according to the depth of cutaneous 
involvement: 


1 Superficial partial-thickness burns extend to the level of the der- 
mal papillae. As the papillary blood vessels remain intact, the 
skin blanches on pressure and vasodilatation of the vessels results 
in the skin appearing shiny pink to red and wet asa result of capil- 
lary leakage. Blisters may be present, and sensation is preserved. 
The burn typically heals within 10-14 days without scarring. 

2 Deep partial-thickness burns extend into the dermis but the 
appendages are spared. The burn appears white or pale pink and 
oedematous. Some sensation may be retained but often only that 
of deep pressure. Re-epithelialisation begins from the residual 
adnexal structures, taking up to 6 weeks to occur, with scarring. 

3 Full-thickness burns extend into the subcutaneous tissue. The 
burn appears brown/black or pale white, with a leathery eschar. 
Sensation is completely lost and healing occurs slowly from the 
margins. Healing occurs with scarring and a risk of contracture. 

4 Fourth-degree burns extend into the tendon, muscle, bone or 
joint. 


Management 

Knowledge of the chemical causing the burn is vital as decon- 
tamination or other specific neutralisation may be required. Initial 
treatment of chemical burns [6,7] requires irrigation with large 
volumes of lukewarm water and the removal of contaminated 
clothing. Where the chemical is insoluble in water, a soap solution 
or solvent may be used instead. High pressures should not be used 
to avoid splashing other areas of the body or bystanders with the 
corrosive material. 

Although neutralising solutions offer an alternative to irrigation, 
theoretically an exothermic reaction and potential delay in obtain- 
ing the treatment might result in increased tissue damage, and they 
are not generally recommended [8]. Specific antidotes that have 
been suggested include the use of milk or egg whites for oxidising 
agents such as chromic acid and potassium permanganate. Reduc- 
ing agents such as hydrochloric and nitric acids can be neutralised 
with soap or sodium and magnesium hydroxides. 

Consideration should be given to referral to a burns unit in the 
following circumstances: 

1 Partial-thickness burns with >10% surface area involvement. 

2 Burns of the face, hands, feet, genitalia or over joints where con- 
tractures may affect function. 

3 Full-thickness burns. 

4 Chemical and inhalational injury where there is a risk of systemic 
involvement. 

5 Burns in individuals with co-morbidities that may complicate 
management. 

On arrival in hospital, initial assessment involves providing sys- 
temic support and fluid replacement. The fluid requirement varies 
depending on body weight and surface area involved. Jewellery 
should be removed to prevent it acting as a tourniquet as oedema 
develops. Tetanus status should be reviewed. 

For some chemicals, such as hydrofluoric acid, specific antidotes 
should be used subsequently, for example 2.5% calcium gluconate 
gel. Application should be repeated 4-hourly and the disappear- 
ance of pain is a sign of successful treatment [9]. If the pain fails to 


resolve, infiltration or regional infusion has been used. If treatment 
is delayed, the fluoride ion disassociates and complexes with cal- 
cium and magnesium forming insoluble salts in the tissues, with the 
destruction of soft and bony tissue. Hypocalcaemia leads to cardiac 
arrhythmia. When there is a risk of toxicity from systemic absorp- 
tion, as with chromic acid [10], early debridement of the necrotic 
areas reduces blood levels, and consideration should be given to 
the use of dialysis to remove circulating chromium. Ulcerated areas 
should be managed with antibacterial creams to prevent secondary 
infection while re-epithelialisation occurs. If there is a surrounding 
inflammatory reaction, a moderately potent topical corticosteroid 
can be applied. Vapour-permeable dressings are recommended in 
view of the role of TEWL in stimulating barrier repair [11]. 

Frequent review is required because the ulcers can progress over 
several days. Subsequent management with excision /debridement 
and/or grafting may speed up the healing process. Where the ulcer 
extends into the dermis, healing frequently results in a scar, and 
pigmentary change is common. Several chemicals (e.g. hydrofluoric 
acid, phenolic compounds, chromic acid, gasoline) carry a signifi- 
cant risk of systemic toxicity even when cutaneous involvement is 
small (c.1%). In these instances, regular monitoring of blood, liver 
and kidney function, with appropriate supportive treatment, is 
required [12]. 

When the chemical is a sensitiser, allergic contact dermatitis may 
subsequently occur on re-exposure to non-irritant concentrations, as 
burns and irritant dermatitis appear to promote sensitisation [13]. 


Treatment ladder for chemical burns 


First line 

¢ Thorough wound toilet 

e Physiological dressings 

¢ Topical antibiotics and topical corticosteroids 


Second line 
¢ Consider skin grafting /debridement for deep wounds 


Third line 
¢ Surgical correction of scarring if the scars cause functional 
impairment 
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Definition and nomenclature 

Occupational irritant contact dermatitis is the cutaneous response 
to the physical/toxic effects of a wide range of environmental expo- 
sures in the workplace. This may be an acute (toxic) irritant contact 
dermatitis or a cumulative irritant/insult dermatitis (Chapter 128). 


nonyms and inclusions 
ar-and-tear’ dermatitis 


Introduction and general description 
The principles of irritant contact dermatitis are described in 
Chapter 128. Occupational irritant contact dermatitis is the com- 
monest form of occupational skin disease. 

Dermatitis from the type of metal-working fluid or coolant most 
commonly known in the UK as ‘soluble oil’ is a prime example 
of occupational contact dermatitis that is usually primarily, and 
frequently totally, of cumulative irritant rather than allergic cau- 
sation [1,2-6]. Soluble oils are oil-in-water emulsions used to cool 
and lubricate metal-working and certain other industrial manu- 
facturing operations [7]. Synthetic coolants are aqueous chemical 
solutions and can have similar effects on the skin. Both types of 
product contain numerous additives, some of which are poten- 
tial sensitisers (especially biocides [8,9]), but it is the substantial 
content of surface-active agents as emulsifiers or wetting agents 
in coolants that appears to underlie their potential for skin irrita- 
tion [7,10]. Synthetic coolants also contain traces of nitrosamines, 
formed by triethanolamine or diethanolamine reacting with nitrites. 
Although currently under evaluation as carcinogens, there is no 
evidence that nitrosamines in coolants are irritant or sensitising to 
the skin. 


Soluble oil dermatitis is typical of occupational irritant contact 
dermatitis in that it is cumulative and has a multifactorial aetiol- 
ogy [3,4]. The degree of skin contact [11], individual susceptibility, 
machine type and control method [12], and biocide additions [13] 
are all important factors, in addition to the specification and con- 
dition of the metal-working fluid itself. Clinically, the dorsa of the 
hands, finger webs, wrists and forearms are predominantly affected 
[14] and the dermatitis can have a patchy distribution that mimics 
nummular eczema (Figure 129.1) [4]. This is also true of several other 
forms of occupational contact dermatitis, including cement dermati- 
tis [15] and dermatitis from machine oil in hosiery workers [16]. 
There are two reports [17,18] of soluble oil dermatitis presenting 
as ‘dyshidrotic’ eczema; a similar pattern has been described from 
mechanical irritancy [19]. The prognosis is highly variable but may 
eventually be good even without a change of work [20]. 

The skin can react in a variety of ways to excessive friction 
and microtrauma to produce a physical irritant contact dermatitis 
[21,22]. The reaction depends upon constitutional factors, such 
as a tendency to develop psoriasis (Figure 129.2), or the type of 
trauma [23]. Various types of reactions can occur: calluses, fissuring, 
lichenification, blistering, Koebner phenomenon aggravating 
psoriasis and granulomas. 

Fibreglass dermatitis is a well-known example of a physical 
irritant contact dermatitis and was first described in 1942 [24]. 
Fibreglass consists of sharp glass spicules which are capable of pen- 
etrating the superficial part of the horny layer of the skin to cause 
immediate skin irritation. The acute irritation reaction results in 
a pruriginous dermatitis; as clothing may trap the fibreglass, this 
may occur on covered parts of the body, yet despite being very 
symptomatic, the clinical signs may be minimal. 


Epidemiology 

Incidence and prevalence 

These vary considerably according to the irritant and profession 
involved (Table 129.1; Chapter 128). The annual population inci- 
dence of occupational contact dermatitis has been estimated to be 
in the range of 5.7-101 cases per 100 000 workers per year (with the 
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Figure 129.1 Discoid pattern of irritant contact dermatitis from soluble oil. 


Figure 129.2 Psoriasis of the palm caused by frictional forces from repeated use of a 
screwdriver. 


majority of these being of irritant, not allergic, origin) [25]. Nearly 
50% of all irritant contact dermatitis seen in patch test clinics may 
have an occupational cause [26]. 

Most available incidence statistics are unsuitable for comparison. 
Some do not distinguish between occupational accidents and ill- 
nesses; others fail to separate dermatitis from other skin conditions. 
Few give information on short periods of absence from work or on 
dermatitis without disability, and most are based on compensation 
paid. However, the ongoing experience of the British dermatol- 
ogists (UK EPIDERM) and the Berufskrankheiten-Verordnung 
Saarland (BKH-S) surveillance schemes are addressing the epidemi- 
ology of occupational contact skin reactions [27,28]. Dermatitis 
was the predominant cutaneous reaction (73.5%), compared 


Table 129.1 Occupations with the highest risk of developing occupational irritant 
contact dermatitis (rate/100 000 employed/year), using labour force survey data as the 
denominator and cases reported to the UK EPIDERM survey as the numerator. 


Occupation Rate/100 000/year 
Hairdressers 120 
Printers 71 
Machine tool operators 56 
Chemical, gas and petroleum plant operatives 45 
Car assemblers 35 
Machine tool setters 34 


with urticaria (3.3%), infective conditions (21.7%) and neopla- 
sia (18.0%) [27]. Recent findings show that skin diseases rank 
second (29%) to musculoskeletal conditions (57%) as causes of 
occupational disease [27]. The frequency of work-related skin 
reactions has been looked at in various occupational groups 
(Table 129.1). 

The introduction of new chemicals may have increased the inci- 
dence of industrial dermatitis, but such a trend is counteracted by 
preventative and educational measures. The total number affected 
has increased as the number of persons employed in industry has 
risen. In a population sample from an industrial city, the overall 
1-year period prevalence of hand eczema was 11.8% [29]. Hand 
eczema was significantly more common among those reporting 
potentially harmful skin exposures, cleaners for example having a 
corresponding prevalence rate of 21.3%. 

In a joint European study of consecutive clinic patients with der- 
matitis, 30% of the men and 12% of the women had occupational 
dermatitis [30]. 

Of all occupational diseases, dermatoses comprise from 20% to 
70% in different countries, and of the dermatoses between 20% 
and 90% are contact dermatitis. The relative proportions are deter- 
mined by the extent and type of industrialisation in an area, and 
certainly also by the skill and interest of dermatologists in contact 
dermatitis [30]. 

The Covid-19 pandemic resulted in increased hand washing 
and sanitising hand gel use in all workplaces from 2020, with 
a corresponding increase in occupational skin disease. This was 
predominantly due to irritant contact dermatitis, but other skin dis- 
eases such as acne/rosacea due to personal protective equipment 
(e.g. face masks), infections, allergy and folliculitis as an occlusive 
effect were reported [31]. 


Age 

Occupational dermatitis may occur at any age. The average age of 
onset varies from one occupation to another [32]. In some studies 
[33] two peaks appear, one at each end of working life. The young 
age group includes many patients with irritant and atopic eczema 
of the hands. Others find that the risk increases progressively with 
age [34]. Under reporting and bias (e.g. healthy worker effect) are 
likely to mean that occupational skin disease is more common than 
thought. 


Pathophysiology 
See Chapter 9. 


Predisposing factors 

Occupations. Certain industries and occupational groups con- 
tribute the majority of cases: in England and Germany, hairdressers 
[27,35], and in Italy, bricklayers [36]. Agriculture, manufacturing 
and construction consistently head the list in the USA [37,38]. If the 
number of persons exposed is taken into account, certain subgroups 
or departments of large industries have a particularly high risk 
of dermatitis [1]. A high chromium content in local cement may 
place building workers at the top of the list. Among 1071 building 
workers, 6% had occupational cement dermatitis and half of them 
were sensitised to chromium [39]. 

Certain high-risk groups may not be identified because the num- 
ber employed is low. Thus, tilers were found to have a much higher 
risk than bricklayers when the number of cases seen was correlated 
with the number employed. Self-employed persons are rarely com- 
pensated and are therefore not registered. A high risk of dermatitis 
among veterinary surgeons thus escaped notice. The most common 
occupational contact dermatitis is probably housework dermatitis. 
Ina Swedish public health examination, this affected approximately 
1% of adult women; 38% of these had allergic contact dermatitis [40]. 


Period of exposure. Bakers get their dermatitis early, bricklayers 
later in life, which may in part be due to allergen potency and 
coexposure to irritants [32]. In one study, chromium in primers 
caused dermatitis after an average exposure of 5-7 months [41]. 
Hairdressers generally develop dermatitis early in their career [32], 
but the number who leave hairdressing before the age of 30 years is 
considerable and many leave for reasons other than dermatitis [42]. 


No comprehensive statistics have analysed the sum total of fac- 
tors determining occupational risks. Wagner and Wezel [43] have 
suggested an approach. They base their calculations of occupational 
risk on three factors: 

e The number of cases related to the number employed. 
e The average age of onset of occupational dermatitis. 
e The average period of work before onset. 

Ideally, the number employed should be divided into age groups. 
All three factors vary independently. Many workers start a job late in 
life (e.g. unskilled labour in manufacturing industries) and develop 
their dermatitis rapidly. In others, dermatitis occurs after decades 
of work. 


Genetics 
On the background of atopy, filaggrin mutations seem to worsen 
severity of occupational irritant dermatitis [44]. Undoubtedly, other 
mutations will play a role in the interindividual variability in irritant 
responses. 


Clinical features 

History 

Occupational contact dermatitis has the same morphology as any 
other contact dermatitis: cumulative irritant, allergic and photocon- 
tact dermatitis. The regional distribution, however, differs consider- 
ably because occupational contact dermatitis is mainly on exposed 
parts. The hands are affected, alone or together with other sites, in 
80-90% of all cases of occupational contact dermatitis [25,45]. Irri- 
tant contact dermatitis started under finger rings in 12% of women 
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Occupational irritant contact dermatitis 


and 2% of men [46]. The arms are also involved, especially if not cov- 
ered by sleeves. Dusts and vapours affect the face and neck. Cement 
workers and miners often have dermatitis on the lower legs and feet. 
Those wearing rubber boots may have dermatitis from footwear. 


Differential diagnosis 

e Allergic contact dermatitis. 

e Atopic eczema. 

¢ Non-occupational irritant/allergic contact dermatitis. 
¢ Fungal infection. 


Classification of severity 

There are no specific tools for occupational disease, but where the 
hands are affected, serial score of the hand eczema severity index 
(HECSI) can be clinically helpful [47]. 


Complications and co-morbidities 

Fissured dermatitis commonly becomes infected and prolonged ill 
health and absence from work (with possible financial implications) 
may cause psychological disease such as anxiety and depression. 


Disease course and prognosis 

The disease course may be protracted, even after avoidance of 
known irritants. The most important aspect of prognosis in occu- 
pational dermatoses is that neither irritant nor allergic contact 
dermatitis may be as beneficially affected by change of work as 
some believe [1,32,48-51]. This has a profound influence on the 
management of the established case, as well as underlining the 
importance of primary prevention. 


Investigations 

Chemical investigations 

There is an array of qualitative chemical spot tests [52,53], of which 
four are likely to be of particular use in the investigation of occupa- 
tional cases. These are the dimethylglyoxime test for the presence of 
nickel [54], the diphenylcarbazide test for chromium [52], the luti- 
dine test for formaldehyde [55] and the filter-paper test for epoxy 
resin [56]. These are all tests that can be carried out simply and reli- 
ably with minimum time and bench space. 

Quantitative microanalysis of allergens and physicochemical 
techniques for the isolation of allergens [57] are likely to be beyond 
the scope of most dermatologists outside specialist departments, 
although they may be available within neighbouring departments. 
Thin-layer chromatography does, however, offer opportunities for 
relatively simple separation and identification, such as the detection 
of the sensitising low-molecular-weight oligomers of epoxy resin 
[53,56]. 

Liquid and gas chromatography, which may be linked to mass 
spectrometry, colorimetric spectrophotometry and atomic absorp- 
tion and emission spectrophotometry all play important parts in cur- 
rent investigations [53]. 


Workplace visits 

The diagnostic advantage to the dermatologist of seeing the way 
in which a patient carries out their work cannot be overestimated. 
Some general guidance is available [58,59,60,61,62], but it is the expe- 
rience of making such visits that is the best instructor. 
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The main types of information that are worth establishing during 


such visits, and recording subsequently, are as follows: 
¢ Organisational. Name, address (including postcode) and tele- 


phone number of the workplace; names and status of all medical, 
nursing, employer and employee representatives met. 
Demographic. Numbers employed overall and in the patient's 
work area; current expansion, contraction and turnover; shift 
system and pay scheme. 

Technological. Broad concept of production as a whole; detailed 
understanding of work carried out by the patient and in the 
patient’s work area, including all potential irritants and aller- 
gens observed and their degree and extent of skin contact; 
names and addresses of suppliers of materials requiring further 
identification. 

Preventative. Broad impression of working conditions (e.g. 
space, lighting, ventilation); more detailed review of protective 
installations, protective clothing, skincare products and educa- 
tion; assessment of actual uptake and practical effectiveness of 
preventative methods. 

Miscellaneous. Industrial relations; psychological, sociological or 
economic factors; any similar problem in sister factory, etc. 
Clinical. Skin complaints in employees other than the patient, 
their clinical assessment and subdivision into occupational and 
non-occupational (often provisional). 

Epidemiological. Prevalence of skin complaints as a proportion 
of the total exposed; estimate of the prevalence of occupational 
dermatoses. 

Aetiological. Opinions of others, with attribution as to source and 
estimate of reliability; own opinion, with grounds for it (may be 
inconclusive). 

Operational. Summary of findings; recommendations for future 
investigation, management and review; follow-up. 


Factory (or other workplace) visits can provide many major ben- 


efits [61] as follows: 
¢ Detection of relevance of previously unexplained positive stan- 


dard patch test reactions. 

Detection of missed allergen. 

Substantiation of diagnosis of irritant contact dermatitis. 
Diagnosis of mild or unfamiliar occupational dermatoses by their 
occurrence in several members of a workforce. 

Substantiation that various non-occupational skin conditions 
have been grouped together as a pseudo-occupational dermatosis 
[63], and why. 

Recognition of phenomenon of visible dermatoses, whether occu- 
pational or not, causing anxiety and subconsciously imitative 
symptoms in fellow employees [64]. 

Initiation of research on new occupational dermatoses. 
Incidental effects, including improved dermatologist—occupa- 
tional physician [65] and dermatologist—patient relationships. 
Progressive increase in dermatologist’s overall knowledge of the 
working contactants of their patients. 

A second-best alternative that can still provide useful infor- 


mation if a factory visit is impossible is to communicate with 
medical, nursing, employer or employee representatives by letter or 
telephone. 


Management 

Prevention [1,58,66,67] 

Secondary preventative measures can reduce the risk of dermati- 
tis in an established case, although success can be obtained only by 
close collaboration between the management of the factory and the 
dermatologist. Changes in the process, when practicable, are always 
likely to be more successful than personal protection [68]. Some pre- 
ventative measures that are desirable from a dermatological point of 
view may be unsafe or impractical in an industrial environment. The 
wearing of gloves is often ruled out because of these strictures [69]. 

Materials selected for protective clothing may in practice allow 
many contactants to penetrate. Various sources provide practical 
guidance as to the choice of protective material [1,66-74]. There 
are now multilayered materials that show much greater resistance 
to allergens such as methyl-methacrylate [75] and irritants such as 
organic solvents [70]. Even when protective clothing is practicable 
and competent to protect, the way in which it is taken off and put 
on again may lead to contamination of inside surfaces. Because 
occlusion increases penetration, wearing a glove that has been 
contaminated on the inside can be more harmful than wearing no 
glove at all [67]. Correct procedures must therefore be instituted 
and maintained. Personal protective equipment is only effective when 
selected carefully, removed safely and replaced/maintained regularly [25]. 
Cotton-lined gloves can reduce the potential for irritant contact 
dermatitis [25]. 

Automated processes are often far from free of skin contact. 
Fregert [76] has listed many possible sources of skin contamination. 
Service engineers are particularly at risk [77]. 

Allergen replacement [58,77,78] is a useful concept. Extreme care 
must be taken to ensure as far as possible that the replacement is 
genuinely safer in all respects. 

Some skincare creams (‘barrier’ and moisturising creams) have 
been demonstrated by various test methods [1,79-82] to have a 
protective effect against certain irritants. Their effectiveness in 
actual use remains less securely established and their use remains 
unproven [1,25]. Topical binding agents may have a role in the 
prevention of nickel dermatitis [83]. 

The basic principle of prevention of occupational contact der- 
matitis continues to be that of reduction of contact, or preferably 
avoidance. If chemicals remain on the skin for 24 h instead of 8 h, 
sensitisation and irritation occur more readily [67]. Evidence-based 
skincare recommendations have been published [84] (summarised 
in Box 129.1). If improvements are made to the working conditions 
by intensified preventative measures, then this is likely to lead to a 
reduction in cases of occupational contact dermatitis [85,86]. 


Box 129.1 Basic workplace skincare principles 


¢ Lukewarm water for washing 

¢ Use correct gloves before exposure for the shortest time 
¢ Remove rings 

¢ Cotton liners underneath protective gloves 

e Avoid disinfectant hand cleansers 

e Apply emollient hand creams 

e Protect hands at home 

e¢ Workforce education 


Management of the established case [1,58] 

As most workers naturally prefer to continue their work, a detailed 
analysis of causative factors is required. Minor changes of procedure 
may be helpful once guided by a precise diagnosis. A change of job 
may be considered in first-year apprentices, in those with uncompli- 
cated allergic contact dermatitis from readily avoidable substances 
or in atopics who have unavoidable contact with irritants. This 
should only be decided after full dermatological investigation. In 
the majority of cases, continuation in the same occupation should 
be made possible [32,58,87,88]. 


Assessment of dermatitic potential 

The potential of chemicals to act as contact irritants [89,90], contact 
allergens [91-95], photoirritants [96] and photoallergens [95,97,98] 
can be assessed by test methods in laboratory animals and, to a lesser 
extent, in human volunteer subjects. These methods assess potential; 
they do not in themselves predict the incidence of dermatitis. Actual 
risk depends not only on dermatitic potential but also on other fac- 
tors, the most important of which concern the conditions of exposure 
(i.e. concentration, frequency and duration) and the normality of 
skin. Also useful is background knowledge of the structure—activity 
relationships of chemical groups [99]. 

Modifications of widely accepted test procedures such as the 
guinea-pig maximisation test [94] tend to occur with experience of 
their use [100-102], and sufficiently different tests have been devel- 
oped to justify separate names [95,103-105]. Standardisation of test 
procedures greatly reduces inter- and intralaboratory variation in 
results — but, as this is never likely to cease to be a problem to some 
degree [106], the development of new tests that may offer greater 
ease of standardisation (and economy) continues [107]. The use 
of mouse models and even in silico models for the prediction of 
sensitising potential is now well established [108,109]. Case reports 
of human exposure will continue to be important to alert fellow 
clinicians of the risk of individual chemicals. 


Alkali tests 

The usefulness of alkali resistance and alkali neutralisation tests as 
predictors of susceptibility to irritants remains controversial. Nei- 
ther test is sufficiently simple and reliable to achieve widespread 
clinical use [110,111,112], and their diagnostic value has been 
overestimated. 

More sophisticated tests with panels of irritants have been used 
to identify a 14% proportion of the general population with ‘hyper- 
irritable skin’ [110]. Susceptibility to one irritant, however, does not 
necessarily imply susceptibility to another irritant in the same indi- 
vidual [110,113]. Skin irritation thresholds have been correlated with 
the development of dermatitis in hairdressers [114]. 


Transepidermal water loss 

Measurement of the baseline transepidermal water loss (TEWL) 
may be a useful indicator of reactivity to irritants, although there is 
variation between studies [110]. 


Measurement of skin contamination 

Methods of quantifying the degree of skin contamination by sub- 
stances include skin wiping [115], skin rinsing [116], exposure pads 
[117,118] and the use of natural fluorescence (oils and tars) [119] or 
fluorescent tracers [120]. 
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Treatment ladder of occupational irritant contact 
dermatitis 


First line 
e Prevention 


Second line 
e Irritant avoidance by minor changes in procedure or personal 
protective equipment 


Third line 
e Change of occupation and consideration of systemic 
immunosuppressive treatment if appropriate 


Occupational allergic contact 
dermatitis 


Definition and nomenclature 

Occupational allergic contact dermatitis is a specific type IV hyper- 
sensitivity reaction to an allergen present in the workplace. It is 
eczematous in character and may be provoked by exposure to the 
allergen in the home/recreational environment as well as at least 
partly at work. 


‘Synonyms and inclusions 


Lind 


Introduction and general description 

Although less common than occupational irritant contact dermati- 
tis, occupational allergic contact dermatitis [1,2-4] still tends to be 
underdiagnosed [5]. Better history taking [3], more extensive patch 
testing, workplace visiting and greater use of chemical investiga- 
tions [3] significantly increase the proportion of patients found to 
have contact sensitisation relevant to their occupation. Allergic con- 
tact dermatitis also frequently complicates irritant contact dermatitis 
in occupational cases. A prime example of occupational allergic con- 
tact dermatitis is that from chromium [6,7] (Chapter 127). 


Epidemiology 

Incidence and prevalence 

The annual population incidence of occupational contact dermatitis 
has been estimated to be in the range of 5.7-101 cases per 100 000 
workers per year (but the majority of these will be due to irritant, not 
allergic, dermatitis) [8]. The most common allergens are acrylates, 
cobalt, chromium, cosmetics, fragrances, epoxy resin, nickel, plants, 
preservatives, resins and thiurams [8,9]. 


Pathophysiology (Chapter 127) 

Atopy appears to be an independent risk factor for the development 
of occupational allergic contact dermatitis [8]. The overall role of 
filaggrin mutations has not yet been conclusively elucidated in 
occupational allergic contact dermatitis [10]. The effect of filaggrin 
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mutations on work-related sensitisation/elicitation reactions is 
likely to be allergen-specific. For example, nickel penetrates the 
skin more effectively in filaggrin null carriers than with wild-type 
filaggrin individuals [11]. 


Clinical features 

The diagnostic approach to a suspected occupational dermatosis 
needs to be systematic. Most diagnostic difficulties arise from 
eczematous dermatoses [12]. Great care must be taken in the 
accurate distinction between contact dermatitis and endoge- 
nous eczema, and between irritant and allergic contact dermatitis 
(although there can be considerable overlap). Skill is needed 
in taking an occupational history [13,14] and in obtaining as 
detailed a picture as possible of what the patient actually does at 
work [1]. 

The clinical distinction on the hands, forearms or face between 
endogenous eczema, irritant contact dermatitis and allergic contact 
dermatitis is beset with pitfalls. Differences in the distribution and 
morphology are useful guides, but this can be misleading. There is 
a tendency for irritant contact dermatitis to affect the dorsa of the 
hands (see Figure 129.1) and fingers (Figure 129.3) and the finger 
webs, rather than the palms, and to be relatively devoid of vesicles. 
There is a tendency for vesicular eczema of the palms and sides of 
the fingers to be endogenous. However, certain irritants and aller- 
gens (Figure 129.4) can produce a vesicular eczema of the palmar 
aspects of the hands and fingers, and both allergic contact dermati- 
tis and endogenous eczema frequently involve the dorsal aspects of 
the hands, fingers and webs. Discs of eczema on the dorsa of the 
hands and forearms are frequently endogenous, but allergic contact 
dermatitis from chromium and cumulative irritant contact dermati- 
tis can present with a very similar distribution (see Figure 129.1). 
Gross eyelid swelling usually indicates allergic contact dermatitis, 
but degrees of eyelid swelling can occur in both irritant contact der- 
matitis and endogenous eczema. 

It is difficult to overemphasise the importance of a sound working 
knowledge of occupational irritants, as well as allergens, and of 


Figure 129.3 Irritant contact dermatitis of the fingers in a printer. 


Figure 129.4 Allergic contact dermatitis from Compositae plants in a florist. 


patch testing in overcoming these difficulties in clinical differen- 
tiation. It should be appreciated that hand eczemas, in particular, 
are often the joint outcome of endogenous, irritant, allergic and 
even general climatic factors, and may be partly occupational as 
well as wholly occupational or non-occupational. In identifying 
the primary and/or major cause of a contact dermatitis, antecedent 
and aggravating causes should not be neglected. The diagnosis of 
secondary bacterial infection in occupational contact dermatitis, for 
example, may allow significant improvement to be obtained with 
antibiotic therapy. Guidelines on patch testing and the manage- 
ment of contact dermatitis have been formulated by various bodies 
including the European Society of Contact Dermatitis [15] and the 
British Association of Dermatologists [16]. 


Differential diagnosis 

¢ Non-occupational allergic contact dermatitis. 
¢ Occupational irritant contact dermatitis. 

¢ Non-occupational irritant contact dermatitis. 
e Atopic eczema. 


Classification of severity 
See the section on classification of severity for occupational irritant 
contact dermatitis earlier in this chapter. 


Disease course and prognosis 

As seen in occupational irritant contact dermatitis, reactions can per- 
sist for months or years despite allergen avoidance (e.g. chromate). 
Prognosis is highly variable [8]. Up to 50% of patients experience 
significant adverse effects of quality of life, day-to-day activities and 
home relationships [8]. 


Investigations 

Skin prick test/specific immunoglobulin E 

Although testing for immediate hypersensitivity is not always a part 
of the assessment of contact dermatitis, it can be important, partic- 
ularly in hand dermatitis when type 1 hypersensitivity to natural 
rubber latex (NRL) is suspected [17]. The two tests in common use 
are the skin prick test and the estimation of specific immunoglobulin 
E (IgE) in the blood (e.g. the radioallergosorbent test (RAST)). The 
glove usage or challenge test requires a highly allergenic brand of 
glove and is potentially dangerous — emergency treatment facilities 
for the management of anaphylaxis are needed [18]. 

Skin prick testing involves an intradermal puncture through a 
drop of allergen or glove. A positive reaction consists of an urticarial 
weal, which is usually apparent after 15 min, although it may take 
as long as 45 min to develop. A positive control test of histamine 
should also be performed to exclude a false negative reaction due 
to, for example, oral antihistamine ingestion. A negative control 
prick test with, for example, saline should also be performed to 
check if the patient is dermographic. There are occasional reports 
of anaphylaxis following prick testing with NRL extract [19] and 
appropriate consent from the patient should be obtained prior to 
testing. With the advent of standardised, commercially available 
NRL extracts, this risk is greatly reduced. 

Some clinicians may prefer to perform specific IgE testing for NRL 
allergy, as they may not have adequate facilities or training to deal 
with anaphylaxis; however, the sensitivity and specificity may be 
less accurate compared with prick testing. Skin prick tests and use 
tests (where test substances are applied to the skin in ways close to 
real-life use/exposure and are then observed) are also useful when 
investigating protein contact dermatitis in occupations at risk, such 
as chefs or veterinarians [20]. 


Patch testing [21-25] 

This standardised test is described in detail elsewhere (Chapter 127). 
Four general problems of patch testing are particularly relevant 
when testing in suspected occupational dermatitis: 

e False positive reactions. 

e False negative reactions. 

¢ Unexplained positive reactions. 

¢ Missed allergens. 

False positive reactions are commonly obtained if industrial chem- 
icals are applied undiluted as patch tests [23]. Such reactions can 
be shown to be false positive irritant reactions if testing in control 
subjects also demonstrates positive reactions; applying serial dilu- 
tions of the chemical to the original patient will often demonstrate an 
abrupt loss of the reaction. The uncritical use of undiluted chemical 
samples as patch tests also increases the risk of active sensitisation 
and other complications of patch testing (Chapter 127). When test- 
ing an unknown substance, extreme caution is required and where 
the test is unavoidable, a preliminary open test is advisable [24]. 

False negative reactions can also be obtained with samples acquired 
from the patient’s workplace. This is because the concentration of 
an allergen in a sample (e.g. rubber) may be too low to elicit a posi- 
tive patch test reaction. This problem also arises when allergens are 
found in irritant products such as cutting fluids, solvents and soaps. 
Dilution of these to avoid a false positive reaction from the irritancy 
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of the sample may overdilute an allergen initially present in only 
low concentration (Chapter 127). 

Unexplained positive reactions found on standard patch testing in 
suspected occupational cases should always be pursued for explana- 
tion [24,26]. This is particularly so when the allergens concerned are 
known to have a multiplicity of industrial uses, such as chromium, 
cobalt and colophonium. A factory visit can be invaluable in the 
detection of previously unsuspected sources of allergens [1,27,28]. 

When clinical assessment points strongly towards an occupa- 
tional allergic contact dermatitis, the occurrence of negative patch 
test results should always raise the possibility of the responsible 
allergen having been inadvertently omitted from testing [25,26]. 
Another major function of a factory visit is to detect such missed 
allergens. Routine pre-employment testing with potential sensitisers 
to be used in the future job should not be carried out [22], mainly 
because of a risk of sensitising employees. 

For chemical testing and the principles of a site visit, see the 
section on occupational irritant contact dermatitis earlier in this 
chapter. 


Management 
Primary prevention is key. Specific occupational hazards (both aller- 
gic and irritant) [1,3,29,30] are given in Box 129.2. 


Treatment ladder for occupational allergic 
contact dermatitis 


First line 
e Primary prevention 


Second line 
e Allergen substitution or avoidance, including personal 
protective equipment 


Third line 
¢ Redeployment, topical or systemic immunosuppressive 
treatment 


Acne of chemical origin j 


Definition and nomenclature 
Acne of external or chemical origin is an acneform eruption caused 
by exposure to chemicals or physical irritation. 


yms and inclusions 


Introduction and general description 

Various chemicals possess, to some degree, the capacity to induce 
acne by external contact [1]. Many are occupational hazards, but 
some may be encountered in the home. The occupational chloracnes 
are of outstanding medical importance because their development 
provides a valuable indicator of exposure to a toxic hazard. Many of 
the substances inducing chloracne are also hepatotoxic. 
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Box 129.2 Allergic and irritant occupational hazards 


Agriculture [31-41] 

Irritants. Artificial fertilisers, disinfectants and cleansers for milking utensils, petrol, diesel oil. 

Sensitisers. Rubber (boots, gloves, milking machines), cement, local remedies for veterinary use, wood preservatives, plants, pesticides, antibiotics in 
animal feeds, penicillin for mastitis, nickel and cobalt in fertilisers, cobalt and vitamin K, in animal feeds, ethoxyquin (preservative) in feed, 
quinoxaline and derivatives (growth factor), dinitolmide (anticoccidiosis), phenothiazine sedatives, soil disinfectants. 

Contact urticaria. Animal hair and dander. 


Artists [42,43] 

Irritants. Solvents, clay, plaster. 

Sensitisers. Turpentine, cobalt-nickel pigments and chromium pigments, azo and phthalocyanine dyes, colophonium, epoxy, acrylic and formaldehyde 
resins. 


Automobile, aerospace industries and aircrew [44-46] 
Irritants. Solvents, oils, cutting oils, paints, glass fibre, carbon fibre, hand cleansers, low humidity, kerosene. 
Sensitisers. Chromate (primers, anticorrosives, oils and cutting oils), nickel, beryllium, cobalt, rubber, epoxy and acrylic resins, dipentene in thinners. 


Baking and pastry making [47-51] 

Irritants. Flour, detergents. 

Sensitisers. Citrus fruits, flour improvers, thiamine, spices (cinnamon, cardamom), essential oils, azo dyes, fat preservatives (lauryl gallate), sodium 
carboxymethy] cellulose. 

Contact urticaria. Flour, spices, essential oils, «-amylase. 


Bartenders [52-54] 
Irritants. Detergents, citrus fruits, general wet work. 
Sensitisers. Flavouring agents, citrus fruits, antibacterials in detergents, nickel. 


Bathing attendants [55,56] 

Irritants. Detergents, free or combined chlorine/bromine. 

Sensitisers. Antimicrobial agents, sodium hypochlorite, formaldehyde, essential oils. 
Contact urticaria. Sodium hypochlorite. 


Bookbinders [57,58] 
Irritants. Glues, solvents, paper. 
Sensitisers. Glues, formaldehyde, plastic monomers, size (colophonium, maleopimaric acid). 


Building trade [59-62] 

Irritants. Cement, chalk, fly ash, hydrochloric and hydrofluoric acids, glass wool, wood preservatives (also phototoxic), organic tin compounds. 

Sensitisers. Cement and fly ash (chromate, cobalt), rubber and leather gloves, additives in shale oils, glues (phenol- or urea-formaldehyde resins), wood 
preservatives, teak, glass wool impregnated with phenol-formaldehyde resin, epoxy resin, polyurethanes, rubber strip seals, jointing materials. 


Butchers [50,63-66] 

Irritants. Detergents, meat, entrails. 

Sensitisers. Nickel, colophonium (sawdust), antiseptics, hardwood knife handles, meat. 
Contact urticaria. Meat, blood. 


Canning industry 

Irritants. Brine, syrup, prawns and shrimps. 

Sensitisers. Asparagus, carrots, preservatives (hexamethylene-tetramine in fish canning), rubber gloves. 
Contact urticaria. Fruit, vegetables, prawns, shrimps. 


Carpenters, cabinet makers [67-71] 

Irritants. French polish, solvents, glues, cleansers, wood preservatives (also phototoxic), glass fibre. 

Sensitisers. Exotic woods (teak, mahogany, rosewood, etc.), glues, polishes, turpentine, nickel, rubber (handles), plastics, colophonium, epoxy, acrylic, 
formaldehyde and isocyanate resins. 


Chemical and pharmaceutical industry [72-76] 
Irritants and sensitisers are numerous and specific for each workplace. Halogenated chemical intermediates are frequent sensitisers. 


Cleaning work [77,78] 

Irritants. Detergents, solvents. 

Sensitisers. Rubber gloves, nickel, formaldehyde, perfumes. 
Contact urticaria. Rubber gloves, perfumes, alcohols. 
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Coal miners [79-82] 
Irritants. Stone dust, coal dust, oil, grease, hydraulic fluid, wood preservatives, cement, powdered limestone, anhydrous calcium sulphate. 
Sensitisers. Rubber (boots), facemasks, explosives, chromate and cobalt in cement. 


Cooks, catering industry [1,50,83-87] 

Irritants. Detergents, dressings, vinegar, fish, meat, fruit and vegetable juices. 

Sensitisers. Fruit and vegetables (onions, garlic, lemons, lettuce, artichokes), hardwood knife handles, spices, formaldehyde, rubber gloves. 
Contact urticaria. Meat, fish, fruit, vegetables. 


Dentists and dental technicians [77,88-90] 

Irritants. Soap, detergents, plaster of Paris, acrylic monomer, fluxes. 

Sensitisers. Local anaesthetics (tetracaine, procaine), mercury, rubber, ultraviolet-curing acrylates, aromatic epoxy acrylates, aliphatic acrylates, 
melamine-formaldehyde resin, BAC-ester chloride, disinfectants and sterilants (formaldehyde, glutaraldehyde, eugenol), nickel, epoxy resin (filling), 
periodontal dressing (Myroxylon pereirae, colophonium, eugenol), catalysts (methyl-p-toluenesulphonate and methyl-1,4-dichlorbenzenesulphonate) 
in impression and sealant materials. 

Contact urticaria. Saliva, rubber gloves. 


Dyers [3,60,91-94] 
Irritants. Solvents, oxidising and reducing agents, hypochlorite, hair removers. 
Sensitisers. Dyes, chromate, formaldehyde. 


Electricians [29,95] 

Irritants. Soldering flux. 

Sensitisers. Soldering flux, insulating tape (rubber, colophonium, tar), rubber, nickel, bitumen, epoxy resins, glues (phenol-formaldehyde), 
polyurethanes. 


Electronics industry [96-98] 

Irritants. Soldering flux, organic solvents, hydrofluoric acid, fibreglass, antistatic agents. 
Allergens. Soldering flux, chromate, cobalt, nickel, epoxy resins, anaerobic acrylic sealants. 
Contact urticaria. Soldering flux. 


Enamel workers [99] 
Irritants. Enamel powder. 
Sensitisers. Chromate, nickel, cobalt. 


Fishing [83,100—104] 

Irritants. Wet work, friction, oils, petrol, red feed from mackerel, fish juice (polypeptides). 

Sensitisers. Tars, organic dyes in nets, rubber boots, rubber gloves, marine organisms (Dogger Bank itch) and plants. 
Contact urticaria. Fish, marine organisms and plants. 


Floor layers [29,105] 

Irritants. Solvents, detergents, cement (can be ulcerative). 

Sensitisers. Chromate (cement), epoxy resin, glues (phenol- and urea-formaldehyde), exotic woods, acrylates, varnish (urea-formaldehyde), 
polyurethanes. 


Florists, gardeners and plant growers [106-110] 

Irritants. Manure, bulbs, sap, fertilisers, pesticides, wet work. 

Sensitisers. Plants (Primula obconica, chrysanthemum, Asteraceae (Compositae), weeds, tulips, narcissus, daffodils, Alstroemeria), formaldehyde, 
pesticides, lichens. 
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Food industry [50,51,83,85,87] 

Irritants. Detergents, vegetables. 

Sensitisers. Rubber gloves, spices, vegetables, fruits, preservatives. 
Contact urticaria. Vegetables, fruits, meats, fish. 
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Foundry work [29,60,111] 
Irritants. Oils, phenol-formaldehyde resins. 
Sensitisers. Phenol- and urea-formaldehyde resins, furan and epoxy resins, chromate (cement, gloves, bricks). 


Glaziers [29] 
Sensitisers. Rubber, epoxy resin, hardwoods. 


Hairdressers and barbers [1,77,112-114,115,116] 
Irritants. Shampoos, soaps, permanent-wave liquids, bleaching agents. 


129.10 Chapter 129: Occupational Dermatology 


oll 
< 
2 
ce 
Lu 
- 
x 
pre 


AGENTS 


PART 11 


Sensitisers. Hair dyes, rubber, nickel, perfumes, lanolin, thioglycolates, cocamidopropyl betaine, methylisothiazolinone. 
Contact urticaria. Ammonium persulphate, henna, rubber gloves. 


Histology technicians [29,117,118] 
Irritants. Solvents, formaldehyde. 
Sensitisers. Formaldehyde, glutaraldehyde, organic dyes, epoxy resin, acrylates, D-limonene. 


Hospital workers [77,78,119-122] 

Irritants. Disinfectants, quaternary ammonium compounds, hand creams, soaps, detergents. 

Sensitisers. Rubber gloves, formaldehyde, chloroxylenol, penicillin, cephalosporins, streptomycin, neomycin, piperazine, phenothiazines, hand creams, 
nickel, glutaraldehyde, acrylic monomer, nitrogen mustard, local anaesthetics, propacetamol. 

Contact urticaria. Rubber gloves, cisplatin. 


Housework [85,87,123] 

Irritants. Detergents, solvents, polishes, wet work, vegetables. 

Sensitisers. Rubber (gloves), nickel, chromate, flowers and plants, hand creams and lotions, handles of knives and irons, oranges, balsams, spices, 
pyrethrum, methylisothiazolinone. 

Contact urticaria. Vegetables, fruits, meats, fish, spices, rubber gloves. 


Jewellers [29,124,125] 
Irritants. Solvents, fluxes. 
Sensitisers. Nickel, epoxy resins, enamels (chromate, nickel, cobalt), precious metals. 


Masons [59,126] 
Irritants. Cement, chalk, bricks, acids. 
Sensitisers. Chromate and cobalt in cement, rubber and leather gloves, epoxy resin, hardwoods. 


Mechanics [29,44,127,128] 
Irritants. Solvents, detergents, degreasers, lubricants, oils, cooling system fluids, battery acid, soldering flux. 
Sensitisers. Rubber, chromate, nickel, epoxy resin, polyester resin, D-limonene. 


Metal workers [29,60,129,130] 

Irritants. Cutting and drilling oils, hand cleansers, solvents. 

Sensitisers. Nickel, chromate (antirust agents and dyes, welding fumes), cobalt, colophonium (tall oil), antibacterial agents and antioxidants in cutting 
oils, chromate, cobalt and nickel in used cutting oils. 


Office workers [29,131-135] 
Irritants. Photocopy paper, fibreglass, indoor climate, low humidity. 
Sensitisers. Rubber (erasing rubber, mats, cords, finger stalls), nickel (clips, scissors, typewriters), copying papers, glue, felt-tip pen dyes. 


Painters and maintenance workers [29,125,136-140] 

Irritants. Solvents, turpentine, thinner, emulsion paints, wallpaper adhesive, organic tin compounds. 

Sensitisers. Turpentine, dipentene, D-limonene, cobalt (dyes, driers), chromate (green, yellow), polyurethane, epoxy and acrylic resins, triglycidyl 
isocyanurate, glues (urea- and phenol-formaldehyde), varnish (colophonium, urea-formaldehyde), preservatives in water-based paints and glues 
(methylol-chloracetamide, chloracetamide, methyisothiazolinone), polyester paint pigments. 


Performing artists [141-144] 
Irritants. Mechanical, sweating. 
Sensitisers. Cosmetics, colophonium, nickel, hardwoods. 


Photography [29,145,146] 
Irritants. Alkalis, reducing and oxidising agents, solvents. 
Sensitisers. Metol (p-aminophenol), colour developers (azo compounds), chromate, formaldehyde, persulphate bleach accelerator-1 (PBA-1). 


Plastics industry [147,148] 
Irritants. Solvents, styrene, oxidising agents, acids. 
Sensitisers. Low-molecular-weight raw materials, hardeners, additives, dyes, styrene. 


Plating-electroplating (and electroforming) [29,60,149-153] 
Irritants. Metal cleaners, alkalis, acids, detergents, heat, dust from metal blasting. 
Sensitisers. Nickel, chromate, cobalt, mercury, gold, rhodium, rubber gloves. 


Plumbers [29,154,155] 
Irritants. Oils, soldering flux, hand cleansers. 
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Sensitisers. Rubber (gloves, packing, hoses), nickel, chromate (cement, antirust paint), epoxy resin, hydrazine, epichlorhydrin (solvent cement). 


Printers [29,60,156,157] 

Irritants. Solvents, acrylates in radiation-curing printing inks and lacquers. 

Sensitisers. Nickel, chromate, cobalt, formaldehyde, isothiazolinones, colophonium, paper finishes, glues, turpentine, azo dyes, acrylates, etc., in 
radiation-curing printing inks, lacquers and printing plates, rubber gloves. 


Radio and television repair [29,60] 
Irritants. Soldering flux, solvents. 
Sensitisers. Soldering flux (hydrazine, colophonium), epoxy resin, nickel, chromate. 


Restaurant personnel [85,87] 

Irritants. Detergents, vegetables, citrus fruits, shrimps, herring. 
Sensitisers. Nickel, spices, vegetables, hardwoods (knife handles). 
Contact urticaria. Vegetables, fruit, meat, fish. 


Road workers [29] 
Irritants. Sand—oil mix, asphalt (phototoxic), hand cleansers. 
Sensitisers. Cement, gloves (leather, rubber), epoxy resin, tar, chromate in antirust paint. 


Rubber workers [158-161] 
Irritants. Talc, zinc stearate, solvents. 
Sensitisers. Rubber chemicals, organic dyes, tars, colophonium, chromate, cobalt, phenol-formaldehyde resin. 


Sheet metal workers [60,162,163] 
Irritants. Solvents, paints. 
Sensitisers. Chromium in paints and on zinc-galvanised sheets, glues. 


Shoemakers [29,164-166] 

Irritants. Solvents. 

Sensitisers. Glues (para-tertiary butyl phenol-formaldehyde resin), leather (formaldehyde, chloroacetamide, chromate, dyes), turpentine, rubber, 
colophonium, bisphenol A. 


Shop assistants [167] 

Irritants. Detergents, vegetables, fruit, meats, fish. 
Sensitisers. Nickel, colophonium (price labels). 
Contact urticaria. Vegetables, fruit. 


Tanners [29,60,168-170] 

Irritants. Acids, alkalis, reducing and oxidising agents. 

Sensitisers. Chromium, formaldehyde, glutaraldehyde, vegetable tanning agents, finishes, antimildew agents, dyes, resins. 
Contact urticaria. Formaldehyde. 


Textile workers [29,93,169,171,172] 

Irritants. Solvents, bleaching agents, fibres, formaldehyde. 

Sensitisers. Finishes (formaldehyde resins), dyes, mordants, caprolactam, nickel, diazo paper. 
Contact urticaria. Formaldehyde. 


Veterinarians [77,173-176] 

Irritants. Hypochlorite, quaternary ammonium compounds, cresol, rectal and vaginal examinations of cattle. 

Sensitisers. Rubber gloves, antibiotics (penicillin, streptomycin, neomycin, tylosin tartrate, virginiamycin), antimycotic agents, mercaptobenzothiazole 
(MBT) in medicaments, glutaraldehyde, preservatives in rectal lubricants. 

Contact urticaria. Animal hair and dander, obstetric fluids, animal tissues, rubber gloves. 
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Welders [29,60] 
Irritants. Oil. 
Sensitisers. Chromium (welding fumes, gloves), nickel, cobalt. 
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Woodworkers [67-69,177-180] 

Irritants. Woods, wood preservatives, solvents, detergents, fibreboard (urea-formaldehyde resin). 

Sensitisers. Woods, wood preservatives, colophonium, turpentine, balsams, tars, lacquers, glues (urea, phenol- and para-tertiary butyl 
phenol-formaldehyde resins), Frullania, lichens. 

Contact urticaria. Woods. 
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Figure 129.5 2,3,7,8-Tetrachlorodibenzo-p-dioxin — a halogenated aromatic compound 
— is highly toxic and causes chloracne. 


Halogenated aromatic hydrocarbons [2,3,4,5,6,7] are the most potent 
acnegenic agents. The chloronaphthalenes, chlorobiphenyls [8] 
and chlorobiphenyl oxides are used as dielectrics in conductors 
and insulators. Exposure occurs in those manufacturing these 
substances or making or handling cables [9,10]. A naphthalene 
wax used to ‘feather proof’ a counterpane caused acne on the face 
and arms of a child [11]. These substances will induce acne at any 
site [12] and at any age, usually after 1 or 2 months of exposure. 
The chlorophenols are used as insecticides, fungicides, herbicides 
and wood preservatives [13]. Their capacity to cause chloracne 
depends on the degree to which they are contaminated with chlo- 
rinated dioxins and the precise chemical structure of the latter, for 
example 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (Figure 129.5) 
is the most powerful chloracnegenic agent known [14-18]. Sim- 
ilarly, the toxicity of the polychlorinated biphenyls (PCBs) is 
largely due to contamination with polychlorinated dibenzofurans 
(PCDFs). Chloracne has been caused by a weedkiller containing 
2,4-dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxyacetic 
acid [19], by sodium tetrachlorophenate used as a wood preservative 
[2], by the herbicide 2,6-dichlorobenzonitrile [20], by a trifluo- 
romethylpyrazole derivative being developed as an antirheumatic 
drug [21] and by an intermediate product found in the manufacture 
of tetrachloroazobenzene [4]. 

As a consequence of industrial or other accidents, large numbers 
of individuals may be heavily exposed to such chemicals [22]. In 
such circumstances, TCDD caused serious systemic symptoms and 
severe chloracne [23]. After another industrial accident, the same 
chemical caused chloracne in members of the families of affected 
workers [24]. Following the Seveso accident in Italy, TCDD-induced 
chloracne, mainly in children, cleared well within a decade and sys- 
temic effects were absent [25]. 

The induction of chloracne by the ingestion of PCBs has occurred 
in two large epidemics caused by the contamination of cooking oil 
[2,26]: the chloracnegen was shown to have caused transplacental 
as well as direct toxicity [27]. Polybrominated biphenyls became 
widely distributed in the state of Michigan, USA, following a 
labelling error that resulted in their introduction into cattle feed [22]. 

Neat (insoluble) cutting oils, which are impure paraffin—oil mix- 
tures, are the commonest chemical cause of acne because they are 
so widely used in the engineering industry, but their acnegenic 
capacity is inconstant and not necessarily high. Men are more 
readily affected than women, and those with acne vulgaris are 
particularly susceptible. The use of moulding oil in the manufacture 
of precast concrete can cause oil acne [28]. Brilliantines containing 
impure paraffins may have a similar effect [29]. Comedones and 
cysts behind the ears have been attributed to paraffin products in 
shaving soap inadequately rinsed from this region [30]. 

Crude petroleum is acnegenic in oilfield and refinery workers [7]. 
Diesel oil can cause acne in motor mechanics [31]. 


Table 129.2 Clinical features of acne vulgaris versus halogen acne. 


Clinical features Acne vulgaris Halogen acne 


Usual age Teenage Any 

Comedones Present >3 (if absent, it is not chloracne) 
Straw-coloured cysts Rare Pathognomonic 

Temporal comedones Rare Diagnostic 

Inflammatory papules and cysts >3 Present 

Retroauricular involvement Uncommon Common 

Nose involvement Often spared Often spared 

Associated systemic findings Rare Common 


Heavy coal-tar distillates, especially pitch and creosote, are also 
to some extent acnegenic. Conduit makers and road workers are 
affected. Under experimental conditions the lesions induced by 
crude coal tar are more inflammatory in white people than in black 
people [32]. 

Cosmetics [33]: mild comedonal acne with occasional papulopus- 
tules occurs in one-third of adult women in the USA. Of 25 facial 
cosmetic creams tested in rabbits, 50% were comedogenic; so were 
lanolin, petrolatum and some vegetable oils [34]. Pomades had an 
even more marked effect in African Americans [29]. Also acnegenic 
were indigenous vegetable oils in India [35]. The salts of fatty acids 
in conventional soaps are comedogenic if used excessively [36]. 
Fatty acid esters, especially isopropyl linoleate, acetylated lanolin 
alcohol and grape seed and sweet almond oils, have been found to 
be particularly comedogenic in rabbits [37]. 

A large percentage of workers in a hardboard factory in Germany 
developed acne which was attributed to asbestos [38]. 

The continued application of topical corticosteroids under occlusive 
dressings may also induce comedo formation. It does not occur 
under the age of 10 years and is difficult to induce experimentally 
in subjects over 50 years of age [39]. 

A predominantly perioral acne can appear during psoralen and 
ultraviolet A (PUVA) therapy [1]. 


Epidemiology 
Sporadic cases are reported in the literature, but there are no good 
estimates of population incidence or prevalence. 


Clinical features 

There are important clinical differences between acne vulgaris and 
acne of chemical origin, as listed in Table 129.2. Straw-coloured cysts, 
temporal comedones and retroauricular involvement are all impor- 
tant clues to a diagnosis of chloracne; however, it should be noted 
that those already with a tendency towards acne vulgaris may be 
more prone to acne of chemical origin. 


Differential diagnosis (Table 129.3) 
e Acne vulgaris 
e Folliculitis 


Disease course and prognosis 

Improvement or resolution may occur on withdrawal of the offend- 
ing item. However, the disease may take many years to resolve, or 
may persist nevertheless with potential scarring. 


Table 129.3 Differential diagnosis of various forms of occupational acne. 


Differential diagnosis Aetiology Location 


Lesion 


Chloracne Halogenated aromatics 
Oil folliculitis Oil 

Pitch acne Tar/pitch 

Tropical acne Heat/humidity 


Management 

If lesions persist despite acnegen avoidance, standard acne treat- 
ments can be employed (Chapter 88) such as oral antibiotics and oral 
isotretinoin. 


Treatment ladder for acne of chemical origin 


First line 
e Acnegen avoidance and/or occupational redeployment 


Second line 
¢ Oral antibiotics 


Third line 
¢ Oral isotretinoin 


Occupational dyspigmentation q 


Definition and nomenclature 

Occupational dyspigmentation is a colour change on the skin par- 
tially, or entirely, due to work-related factors. More specifically, 
occupational leukoderma is defined as depigmentation or hypopig- 
mentation of the skin due to industrial exposure to a chemical 
or chemicals known to have a destructive effect on epidermal 
melanocytes [1]. 
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Introduction and general description 

Certain chemicals, particularly the substituted phenols, are destruc- 
tive to functional melanocytes [2]. Many of these compounds cause 
permanent depigmentation of the skin, resembling vitiligo. The 
most commonly implicated chemicals are para-tertiary butyl phe- 
nol, para-tertiary butyl catechol, monobenzy] ether of hydroquinone 
(Figure 129.6), hydroquinone and related compounds [1,2]. A list 
of chemicals known to cause occupational leukoderma is shown in 
Box 129.3. 


Epidemiology 
There are no convincing data on the incidence or prevalence of occu- 
pational leukoderma. Although it is more cosmetically obvious in a 


Malar, retroauricular, mandibular 

Arms, thighs, buttocks 

Exposed facial areas, especially malar 
Back, neck, buttocks, proximal extremities 


Comedones, straw-coloured cysts (0.1—1.0 cm) 
Red papules, pustules 

Open comedones 

Nodules, cysts 


wo ))-0-cH, 


Figure 129.6 Monomethylether of hydroquinone (4-hydroxyanisole or 
4-methoxyphenol) is an intermediate in the manufacture of several chemicals. 


Box 129.3 Chemicals capable of causing 
occupational leukoderma 


¢ Hydroquinone 

¢ Mercaptoamines, e.g. N-2-mercaptoethyl-dimethylamine 
hydrochloride (MEDA) 

¢ Monobenzylether of hydroquinone 

¢ Monoethylether of hydroquinone (p-ethoxyphenol) 

¢ Monomethylether of hydroquinone (p-methoxyphenol) 

¢ N,N’,N"-triethylenethiophosphoramide (thio-TEPA) 

° p-cresol 

¢ p-isopropylcatechol 

e p-methylcatechol 

¢ p-nonylphenol 

¢ p-octylphenol 

¢ p-phenylphenol 

¢ p-tert-amylphenol 

° p-tertiary-butylcatechol 

¢ p-tertiary-butylphenol 

e Physostigmine 


darker skin type, there is no evidence to suggest that ethnicity plays 
a role in the pathogenesis. 


Pathophysiology 

Agents associated with leukoderma usually cause apoptosis of 
melanocytes; however, the mechanisms effecting this may be very 
different [3]. 


Clinical features 

The patient presents with asymptomatic hypopigmented macules 
in exposed areas (Figure 129.7), especially on the dorsa of the 
hands. Frequently, the individual will associate this with work 
exposure to chemicals. The diagnosis of occupational leukoderma 
should be suspected if a worker who potentially has been exposed 
to depigmenting chemicals develops localised or generalised 
hypopigmentation [4]. There should be particular suspicion if more 
than one worker is involved. 


Occupational dyspigmentation 129.13 
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Figure 129.7 Numerous acquired confetti or pea-sized macules seen along with larger 
depigmented patches in chemical leukoderma. Reproduced from Ghosh and 
Mukhopadhyay 2009 [5]. 


Differential diagnosis 

¢ Vitiligo. 

¢ Postinflammatory hypopigmentation (e.g. from seborrhoeic der- 
matitis or irritant contact dermatitis). 


Complications and co-morbidities 
Psychological problems may be seen as a result of the cosmetic 
impact of this disease in severe cases. 


Disease course and prognosis 
Removal of the offending chemical may result in partial repigmen- 
tation, but this process may take years and may not occur at all. 


Investigations 

The chemicals to which the worker is exposed should be identified 
and investigation made to see if it or they are known to cause depig- 
mentation. Chemicals that are prone to causing depigmentation at 
work are listed in Box 129.4. Patch testing may help to exclude leuko- 
derma caused by an allergic contact dermatitis. Occasionally, a skin 
biopsy may help to exclude other differential diagnoses. 


Box 129.4 Chemicals prone to causing 
depigmentation at work 


e Insecticides, paints, plastics and rubber 
¢ Lubricating and motor oils 

¢ Photographic chemicals 

e Antimicrobials and disinfectants 

e Detergents and deodorants 

e Inks 


Management 
There is no specific treatment for occupational leukoderma. Treat- 
ment should be aimed at preventing further exposure. Camouflage 


cosmetics may be used and the depigmented skin should be pro- 
tected from UV irradiation by sunscreens. 


Treatment ladder for occupational 
dyspigmentation 


First line 


e Primary prevention 


Second line 
¢ Personal protective equipment 


Third line 
¢ Topical sunscreens 


Occupationally induced skin tumours 


Definition 

Occupational skin cancers are defined as those where a person’s 
occupation has played a major role in the aetiology of the tumour. 
Multiple aetiological factors contribute to the development of skin 
cancer. There have previously been epidemics of skin cancer due to 
occupational exposures. The major occupational carcinogens recog- 
nised are polycyclic hydrocarbons, ionising radiation and arsenic; 
UV radiation is now the most important carcinogen in occupational 
skin cancer. 


Introduction and general description 

Sun exposure from outdoor work is the most common cause of occu- 
pational skin cancers, with other work-related exposure to chemi- 
cals, ionising radiation or other carcinogens being rare. Sunlight may 
easily be overlooked as an occupational carcinogen [1], although it 
is difficult to estimate how much UV radiation comes from work 
compared with non-occupational exposure [2]. There may also be 
differences in the carcinogenic potential of artificial UV sources com- 
pared with natural sunlight [3]. There is sometimes a long interval 
between exposure and development of the skin cancer. 

In 1775, the first cancer of any type to be linked with occupa- 
tional exposure was scrotal squamous carcinoma in British chim- 
ney sweeps, reported by Sir Percivall Pott [4]. In the rest of Europe, 
the disease was unknown because of wearing protective clothing 
and the reduced carcinogenicity of wood soot as opposed to coal 
soot from the coal predominantly burnt in Britain. Soot formed by 
burning wood has much lower levels of the polycyclic hydrocarbon, 
benzo(a)pyrene (Figure 129.8), implicated in the aetiology of skin 
cancer, compared with coal soot. Skin cancer was still reported in 
chimney sweeps in Britain in the 1950s. By 1945 in Britain, almost 
50% of industrial skin cancer was attributable to exposure to pitch 
and tar in occupations such as cotton mule spinners, jute workers 
and the engineering industry [4-7]. Various skin tumours are still 
seen in the tar refining industry [8]. 


Epidemiology 
There are no good population estimates of incidence and prevalence 
of occupational skin cancer. 


Figure 129.8 Benzo(a)pyrene. 


Pathophysiology 

See Box 129.5 and Table 129.4 for common causative agents and 
jobs associated with occupational skin tumours. Polycyclic hydro- 
carbons are produced by incomplete combustion and distillation of 
coal, natural gas and oil shale. These chemicals are contained in tar, 
fuel oils, lubricating oils and greases, oil shale and bitumen. The 
mechanisms of sun-induced skin cancers are discussed elsewhere 
(Chapter 10). 


Box 129.5 Causative agents in occupational skin 
cancer 


¢ Polycyclic hydrocarbons: 
e Soot 
e Tar 
e Pitch 
e Mineral oil 
e Shale oil 
¢ Crude paraffin 
e Asphalt 
¢ Jonising radiation 
e Arsenic 
e UV light 


Clinical features 

The diagnosis of skin cancer is similar to that of non-occupational 
skin cancers. Generally, the exposed sites are involved. Previously, 
the scrotum was involved frequently because of continuous expo- 
sure to carcinogens and the increased likelihood of skin absorption 
in that site. There may be coexisting signs of exposure prior to or in 
addition to evidence of skin cancer. These may include oil folliculitis 
and hyperkeratoses, described in people working with mineral oil, 
and pitch or tar warts. Oil hyperkeratoses are flat, white, circular, 


Table 129.4 Occupations with potential exposure to causative agents in occupational 
skin cancer. 


Causative agent Occupation 


Polycyclic hydrocarbons Tar distilling 

Coal gas manufacturing 
Briquettes manufacturing 
Shale oil workers 
Refinery workers 
Outdoor workers 
Welders 

Laser exposure 

Printers 

Nuclear power plant workers 
X-ray technicians 
Uranium mining 


UV light 


lonising radiation 


129.15 


Vibration white finger 


hyperkeratotic smooth plaques, small in diameter and often clus- 
tered. In addition, there are verrucose, pigmented, round or oval, 
irregular, raised ‘warts’. Tar ‘warts’ are pigmented small papules, 
often seen around the face on the eyes, eyelids, cheek, forearms and 
back of the hands. 


Differential diagnosis 
The differential diagnosis is skin cancer that is entirely coincidental 
with the current or previous occupation. 


Investigations 

Appropriate investigation of skin cancers is discussed elsewhere. 
A site visit may be required if there is doubt about exposure to 
potential carcinogens in the workplace. 


Management 

Prevention of the development of skin cancers is most important. 
Those at high risk of skin cancer (very pale skin types, renal trans- 
plant recipients, etc.) should be advised against outdoor work in 
sunny environments. In the workplace, it is important to consider 
substitution of carcinogens where possible; an example is the declin- 
ing exposure to polycyclic hydrocarbons in recent decades. Protec- 
tion of the skin, either with protective clothing or with engineering 
controls such as machine guarding, is important. Daily washing is 
essential. Since most of the skin cancers are associated with a very 
long latency period, it is important to have continued surveillance of 
older or retired workers. Finally, the skin cancers need to be treated 
as appropriate. 


Treatment ladder for occupationally induced skin 
tumours 


First line 
e Primary prevention 


Second line 
¢ Personal protective equipment (sun-protective clothing, 
topical sunscreens, etc.) 


Third line 
e Regular skin cancer surveillance for those at high risk 


Vibration white finger q 


Definition and nomenclature 

Vibration white finger is the episodic appearance of white finger 
skin patches (Raynaud phenomenon [1]) in response to vibrational 
tools (especially at 50-150 Hz) or environmental cold and is accom- 
panied by secondary loss of sensation caused by vascular ischaemia 
(Chapter 122). It can be part of, but is not synonymous with, the 
hand-arm vibration syndrome [2]. 
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Introduction and general description 
The pathogenesis of vibration white finger is poorly understood. 
Chronic vibration exposure may damage endothelial vasoregula- 
tory mechanisms by disturbing the endothelial-derived relaxing 
factor-mediated vasodilatory function [3]. 


Epidemiology 

There are no good population studies in this area and the prevalence 
and incidence are unknown. Black Africans may be more prone 
to vibration white finger than white people [4]. Sirtuin 1 single 
nucleotide polymorphism may be a diagnostic marker for this 
disease [5]. 


Pathophysiology 
See Chapter 122. 


Clinical features 

Operatives using vibrating tools, such as lumberjacks, coal min- 
ers and road and construction workers, are at risk of developing 
vibration white finger. Affected individuals develop symptoms of 
Raynaud phenomenon on exposure to cold or vibration, usually 
after many years of working with vibrating tools [2]. Episodic 
numbness, tingling, colour change and loss of manual dexterity are 
typical. 


Differential diagnosis 
¢ Raynaud phenomenon of non-occupational origin. 


Disease course and prognosis 
Symptoms may be severe and compromise the ability to work. 


Investigations 
The diagnosis is usually made by the history alone. Ice provoca- 
tion tests are not always reliable in precipitating attacks of vibration 
white finger [2]. 


Management 

Widespread knowledge of its causes, controls over duration of use 
of relevant machinery and improved personal protective equipment 
have led to a reduction in the incidence of vibration white finger 
[2]. The treatment is the same as for the Raynaud phenomenon. It is 
generally believed that symptoms of vibration white finger regress 
some time after the cessation of exposure [2]. 


Treatment ladder for vibration white finger 


First line 
e Primary prevention: antivibration gloves 


Second line 
¢ Redeployment 


Third line 
e Standard treatments for Raynaud phenomenon such as 
keeping warm, stopping smoking, nifedipine, etc. 


Resources 


Further information 


British Occupational Health Research Foundation (website is now only available for 
reference): www.bohrf.org.uk. 


Patient resources 

Canadian Centre for Occupational Health and Safety, resources for patients with occu- 
pational skin disease: www.ccohs.ca. 

(Both last accessed March 2023.) 
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STINGS — 


Jellyfish, sea anemones and coral 
stings 


Introduction and general description 

Cnidaria is a phylum of over 9000 diverse species which includes 
jellyfish, sea anemones and corals [1,2,3]. All are aquatic and the 
majority are marine. Four of the five classes of Cnidaria have a 
medusa or ‘jellyfish’ stage in their life cycle and all have tentacles 
bearing batteries of stinging cells (nematocysts) that are used for 
defense and capturing prey. Within each nematocyst is a spirally 
coiled thread that can be everted, uncoiled and forcibly ejected. 
In contact with prey, or with human skin, the nematocysts are 
discharged and the threads inject venom. The nature and toxic 
effects of the venom vary by species; however, many species inflict 
at least some discomfort on humans, while others are potentially 
dangerous [34-7]. 


Pathophysiology 

Pathology 

Histopathology of an acute eruption following a cnidarian sting 
demonstrates intracellular oedema of the keratinocytes, many of 
which have pyknotic nuclei and a lymphocytic infiltrate in an oede- 
matous superficial dermis [8]. Nematocysts were visible penetrating 
the epidermis in a 5-year-old child who suffered fatal envenomation 
from Chironex fleckeri [9]. 

The histology of recurrent reactions shows a spongiotic vesicular 
dermatitis with a dense, perivascular, lymphohistiocytic infiltrate, 
often containing large numbers of eosinophils [10,11]. There is 
oedema of the papillary dermis. Immunohistochemical studies 
suggest that Langerhans cells and helper T lymphocytes play a 
central role and that type IV delayed hypersensitivity is involved 


in the pathogenesis of the lesions [11]. Epithelioid granulomas and 
large CD30+ lymphocytes were present in a delayed reaction to a 
fire coral [12]. 


Causative organisms 

Class Hydrozoa. This class includes the fire corals and free-floating 
members of the subclass Siphonophora. The Siphonophora are 
colonial organisms in which a number of individuals, specialised 
for different functions, are structurally associated. Perhaps the best 
known siphonophoran is Physalia, the Portuguese man-of-war, also 
known as the ‘bluebottle’ in Australia. It has an air-filled float, 
which acts as a sail, and trailing tentacles. The nematocysts occur 
in ‘batteries’ or ‘sting buttons’ along the tentacles and contact with 
them results in the extrusion of numerous nematocysts and the 
inoculation of venom. 


Class Cubozoa. Often referred to as box jellyfish, several species are 
dangerous to humans [3]. The most notorious is Chironex fleckeri (the 
sea wasp), which has been responsible for a number of deaths in 
Australian waters. Other dangerous species include Carybdea rastoni 
(the jimble), Carukia barnesi (the Irukandji) [13], the ‘Morbakka’ (fire 
jelly or Moreton Bay stinger) [14] and the Hawaiian box jellyfish, 
Alatina moseri. 


Class Scyphozoa. In this class, the medusa is the dominant form 
of the life cycle. These jellyfish are distributed worldwide. For 
example, Pelagia noctiluca (the mauve stinger) is well known in the 
Mediterranean and Adriatic but also has a wide distribution in the 
oceans of the world. 


Class Anthozoa. This class contains several thousand species, 
including the sea anemones, the soft corals and the stony or true 
corals. Several species of sea anemone are known to inflict painful 
stings [2,3,15]. The reef-forming corals may cause injury to the skin 
with their nematocysts or with their calcareous outer skeletons [16]. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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Chapter 130: Stings and Bites 


Class Staurozoa. Staurozoa is a class of stalked jellyfish composed 
of over 50 species organised into 11 genera, 6 families and 2 subor- 
ders. It is the least known and least studied class of Cnidaria, but 
has been described to concentrate at mid-latitudes in intertidal and 
shallow subtidal regions [17]. 


Clinical features 

Contact with Physalia tentacles usually results in a linear red erup- 
tion accompanied by severe local pain [3,18-20]. Because of the 
arrangement of the ‘sting buttons’ of nematocysts there is a beaded 
pattern of local, small weals. In humans, pain and skin lesions 
comprise the majority of reported toxicity, but occasionally more 
severe reactions may occur [21]. Haemolysis and acute renal failure 
in a 4-year-old girl [22] and fatalities have been reported [23,24]. 

The local effects of the box jellyfish’s tentacle contact are imme- 
diate, severe pain and linear weals with a white, ischaemic 
centre. Larger weals may have a typical ‘cross-hatched’ or 
‘frosted /rope-ladder’ pattern corresponding to the architecture 
of the tentacles (Figure 130.1). In mild cases, these cutaneous symp- 
toms usually subside within 24 h [25]. Partial- or full-thickness skin 
necrosis may result. Box jellyfish may be responsible not only for 
localised lesions but also for severe systemic effects including nau- 
sea, vomiting and shock-like symptoms which may result in death 
[3,4,8,26-29]. The length of weals left on the skin can be used to pre- 
dict prognosis of posioning: if the total length is greater than 2-4 m 
in children or 6 m in adults, there is increased risk of death [25]. 

In addition to acute skin lesions, which are regarded as toxic in 
nature, there may be delayed, persistent or recurrent eruptions at 
the original sites of cnidarian envenomation [10,30-36]. Recurrent 
episodes may be single or multiple and may take the form of red, 
urticarial lesions, papules or plaques. A delayed hypersensitivity 
response to jellyfish antigens has been demonstrated by a positive 
patch test reaction to a nematocyst preparation from Olindias sam- 
baquiensis [37]. Other reported sequelae of jellyfish stings include 
erythema nodosum [38], cold urticaria [39] and Mondor disease [40]. 

Seabather’s eruption is another reaction caused by jellyfish. It 
is an itchy, red dermatosis of papules and weals occurring pre- 
dominantly under swimwear; lesions are usually concentrated in 
tight-fitting areas (Figure 130.2) [41-46]. Trapped underneath the 


Figure 130.1 Serpiginous, red, papular/urticarial skin lesions on the abdomen 8 days 
after a jellyfish sting. From Neumann et a/. 2020 [57]. 


Figure 130.2 Seabather's eruption. Courtesy of Dr. R. MacSween, Kingston, Ontario, 
Canada. 


bathing costume, the causative organisms become triggered and 
discharge their nematocysts. It is probable that a similar clinical 
picture can be produced by different coelenterates in different 
waters. In Florida, the Gulf of Mexico and the Caribbean, Linuche 
unguiculata (the thimble jellyfish) appears to be responsible, and 
evidence has recently been presented that all three free-swimming 
stages of this jellyfish can cause seabather’s eruption [47]. Specific 
immunoglobulin G (IgG) antibodies against L. unguiculata antigen 
have been demonstrated by enzyme-linked immunosorbent assay 
(ELISA) in patients with seabather’s eruption [48]. Cases in the 
Long Island region of New York have been attributed to larvae of 
the sea anemone Edwardsiella lineata [43]. 

It should be noted that seabather’s eruption as described is 
completely distinct from ‘swimmer’s itch’ or ‘clam digger’s itch’, 
an eruption due to cercarial organisms that mainly affect uncov- 
ered skin, although both can occur in saltwater and the terms are 
sometimes loosely applied. 

Envenomation by fire corals usually produces immediate burning 
or stinging pain, followed by urticarial lesions at the site of con- 
tact. These may in turn be followed by a localised vesiculobullous 
eruption and subsequently chronic granulomatous and lichenoid 
lesions [49-51]. Stinging of an aquarium shopworker by a stony 
coral, Euphyllia picteti, has been reported [52]. 


Management 

Animportant aspect of first aid for cnidarian stings is the prevention 
of further discharge by nematocysts [3,20,53,54]. Vinegar has been 
shown to inhibit activation of the nematocyst spring mechanism of 
box jellyfish and should be poured over the affected area of skin as 
soon as possible. This should be done before attempting to remove 


any adhering tentacles to decrease risk of discharge. However, in 
other jellyfish such as Physalia physalis, nematocyst discharge is not 
inhibited and may be provoked by vinegar. In general, avoid using 
cold water or alcohol to treat stings as these cause immediate dis- 
charge worsening the skin reaction and poisoning [25]. 

The application of cold packs provides relief of mild to moderate 
pain resulting from stings by Physalia and a number of species of 
jellyfish, but heat has been demonstrated to be even more effective 
in pain relief, likely due to toxin inactivation. This observation may 
have wider therapeutic implications in the management of jellyfish 
envenomation [55,56]. For most jellyfish stings, tentacle removal and 
pain management is the primary therapy. 

An antivenom is available for use in Chironex fleckeri enveno- 
mation. In Australia, containers of vinegar are avaliable on many 
beaches and protective clothing, in the form of Lycra ‘stinger suits’, 
is extremely useful in the prevention of jellyfish envenomation. 


Sponge stings 


Introduction and general description 

Contact with certain sponges can induce a dermatitic eruption that 
is caused by spicules becoming lodged in the skin. Other skin signs 
may also follow contact with a noxious sponge and sometimes sys- 
temic symptoms occur as well. The syndrome typically occurs in 
divers and those who collect sponges, especially off the coasts of 
Australia and New Zealand [1]. 


Clinical features 

Tedania ignis (the fire sponge) is capable of producing a severe 
dermatitis and has also been reported as inducing erythema 
multiforme-like lesions of the face, palms and soles 10 days after 
contact [2,3,4]. Dermatitis can also be caused by other sponges, 
including Neofibularia nolitangere (the poison bun sponge) and 
Microciona prolifera (the red sponge). Initial pruritus and burning 
may progress to redness with papules, vesicles or bullae. Although 
rare, patients may also complain of systemic symptoms such as 
nausea and vomiting. 


Management 

Treatment consists of wound irrigation with normal saline or sea 
water. Soaking the affected area in vinegar can also be helpful. 
Adhesive tape may be used in the removal of spicules. Topical 
corticosteroids can be prescribed for symptomatic relief. Pain, 
which may last for several weeks, is responsive to non-steroidal 
anti-inflammatory drugs (NSAIDs). 


Sea urchin stings ; 


Introduction and general description 

The Echinoidea, or sea urchins, form part of the phylum Echinoder- 
mata, which also includes the starfishes and sea cucumbers [1,2,3]. 
Sea urchins are usually spherical or ovoid, enclosed in a shell of 


closely fitting plates supplied with numerous moveable spines and 
are found exclusively in saltwater bodies. The spines are formed by 
calcification of a cylindrical projection of subepidermal connective 
tissue. Situated between the spines are three-jawed pedicellariae, 
some of which are venomous. They are used to seize prey and are 
also used in defense. In some species of sea urchins, the spines are 
venomous. 


Clinical features 

Those who frequent saltwater ecosytems are most susceptible to 
sea urchin injuries (SUIs). SUIs occur on the feet in about 80% of 
cases, 15% involve the hands and the remaining 5% are distributed 
throughout the rest of the body [4]. Non-venomous spines generally 
produce mild inflammation and tenderness overlying the injury 
[4]. Envenomation by sea urchin spines or pedicellariae induces 
immediate burning pain, which may be intense and can persist for 
several hours [1,3,5,6]. The degree of local swelling can be variable, 
but is sometimes severe. In the absence of secondary infection, 
the puncture wounds heal within a week or two. Broken spine 
fragments result in dark punctae at the site of injury. 

The development of secondary epidermoid cysts from implanta- 
tion of fragmented epithelium driven into the wounds by the spines 
is recognised. Delayed granulomatous reactions usually develop 
several months after the original injury and take the form of bluish 
papules or nodules at the sites of penetration of the spines. Granu- 
lomatous inflammation is of a foreign body or sarcoidal type. It has 
been suggested that Mycobacterium marinum may play a pathogenic 
role in some cases of sea urchin granuloma [7,8]. 

On the digits, there may be diffuse fusiform swelling and lim- 
itation of movement. These lesions are persistent if not treated. 
Synovitis and joint damage may occur if the spines penetrate 
joint cavities [9]. Occasionally, systemic symptoms can accompany 
localised lesions. 

A patient with a pruritic red eruption on the knees and ankles 
following injury by a sea urchin produced a positive patch test reac- 
tion to an extract of sea urchin spines [10]. 


Management 

Timely and appropriate management can prevent long-term mor- 
bidity despite the deceptively innocuous appearance of these 
injuries [4]. Treatment should consist of quick and careful removal 
of spines and pedicellariae; however the fragile spines (made of 
calcium carbonate) break easily and may be difficult to extract. 
Immersion of the affected area in hot water (43—-46°C) for 30-90 min 
will provide pain relief and may inactivate possible thermolabile 
toxins [11]. Local inhabitants, in certain areas where sea urchin 
injuries are common, apply hot candle wax to the area [12]. The 
spines often release pigment into the skin — if there is still a colour 
change 48 h after the initial puncture wound, it is likely that 
a spine remains lodged in the skin. Imaging with plain radio- 
graph or ultrasound is warranted to help identify the remaining 
spines. Embedded spines are difficult to remove surgically, but 
erbium:yttrium-aluminium-garnet (Er:YAG) laser ablation has 
proved effective [13]. If the spines have penetrated a joint, surgical 
exploration is advisable. Granulomatous lesions may be treated 
with an intralesional steroid. 
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Chapter 130: Stings and Bites 


Sea mat stings y 


Introduction and general description 

The Bryozoa are small, sedentary, colonial animals, which tend to 
form mat-like encrustations (hence the name sea mats) on rocks, 
seaweeds or other surfaces. Severe occupational dermatitis resulting 
from contact with Alcyonidium diaphanum (sea chervil) was origi- 
nally described in North Sea fishermen, and was named ‘Dogger 
Bank itch’ because of its association with the Dogger Bank fishing 
grounds. However, A. diaphanum is widely distributed in waters 
around the British Isles and mainland Europe [1,2]. The eruption is 
an allergic contact dermatitis (rather than a physical dermatosis or 
sting) and occurs during the summer months, principally because 
the organism, which becomes detached in winter storms, prolif- 
erates in the spring and summer and is therefore encountered in 
greater numbers by fishermen. 


Clinical features 

The dermatosis caused by A. diaphanum is an acute, papular, occa- 
sionally bullous, contact dermatitis on the hands, arms and face 
[3-6], which may have a photoallergic component [5]. The allergen 
is the (2-hydroxyethyl)-dimethylsulphoxonium ion, a metabo- 
lite produced by the bryozoan [7,8]. Hypersensitivity to another 
bryozoan, Electra pilosa, has also been described [5,6]. 


Management 
Topical therapy with a potent corticosteroid ointment is usually nec- 
essary, in combination with emollient. 


Mollusca stings 


Introduction and general description 

The only important venomous univalve molluscs are the cone shells 
of the genus Conus [1,2,3]. All the species of this genus possess a 
venom apparatus and several species have caused human injury. 
The very small, floating mollusc Creseis acicula (Rang 1828) has been 
identified as a cause of stings in bathers in Florida [4]. The sting 
of some species, particularly the cone snail Conus geographus, may 
be fatal [2,5]. The tiny blue-ringed octopus (Hapalochlaena maculosa), 
a member of the Cephalopoda class of molluscs and found mainly 
in Australian and New Guinea coastal waters, has been called the 
world’s most deadly octopus as its venom contains tetrodotoxin, 
one of the most deadly toxins in the world [6]. These creatures have 
been reported to bite humans when severely agitated. Their blue 
rings become very prominent when provoked. 


Clinical features 

Stings by molluscs cause painful puncture wounds, with local 
ischaemia, cyanosis and numbness. The numbness quickly spreads 
to involve the entire body. The bite of the blue-ringed octopus 
contains salivary conotoxins that may induce severe systemic 
symptoms culminating in death, usually from respiratory failure 
[6-8]. Cutaneous reactions following H. maculosa bites include 
intense pruritus and urticaria [3,7,9]. Redness, oedema and a 


burning sensation can follow the bite of Octopus apollyon, suc- 
ceeded by a persistent red plaque and lymphoedema [10]. Overall 
envenomation-associated mortality with molluscs is up to 20%. 


Management 

The treatment of mollusca stings is largely supportive as there is no 
antivenom for conotoxins. The only therapeutic option for a patient 
stung by a cone snail, particularly in cases with respiratory arrest, 
is urgent intubation and admission of the patient to a critical care 
setting [6]. H. maculosa bites are treated in the same way, with the 
addition of pressure immobilisation used to reduce systemic venom 
spread. 


Venomous fish stings 


——- 


Introduction and general description 

Numerous species of fish are capable of inflicting painful or even 
dangerous stings by means of dorsal or caudal spines provided with 
complex venom glands [1,2,3]. Most injuries caused by venomous 
fish result from contact with stingrays (class Chondrichthyes) or 
catfish and scorpionfish (class Osteichthyes). Venomous species are 
not confined to tropical waters. The lesser weeverfish (Echiichthys 
vipera) [4,5], the spiny dogfish (Squalus acanthias) and several species 
of stingray inhabit Atlantic coasts and can inflict serious stings. In 
warmer waters, species of stingray, scorpionfish, catfish [6], rabbit- 
fish, stonefish [7], the aptly named ‘bearded ghoul’, stargazers and 
toadfish are potentially dangerous. 

In many cases, envenomation results from victims inadvertently 
stepping on the fish in shallow water. The tail of the stingray carries 
serrated spines containing venom glands surrounded by an integu- 
mentary sheath. Treading on the fish results in a reflex ‘whip’ of the 
tail, which drives the spines into the skin, usually on the leg [8]. 
Several of these venomous species bury themselves in the sand in 
shallow waters, with their spines protruding, and are therefore a 
hazard to bathers. 


Clinical features 

Injuries commonly occur on the feet or legs as a result of the victim 
stepping on the fish. Fish stings are usually immediately painful. 
They present as painful lacerations or puncture wounds. Intense 
pain may continue for several hours; swelling and redness around 
the wounds may simulate an infective cellulitis. With some species, 
systemic symptoms may occur. The Raynaud phenomenon affect- 
ing individual digits penetrated by weeverfish spines has been 
reported [9,10]. Stingray spines may cause lacerations, or may be 
driven into the skin and break off. If the integumentary sheath 
ruptures, envenomation occurs. In severe stingray wounds, the 
affected area appears dusky or cyanotic and later becomes red or 
mottled, with necrosis of underlying fat and muscle [11]. 

The inflammatory infiltrate in one case of stingray envenoma- 
tion contained numerous mononuclear cells, many of which were 
T-cell-restricted intracellular antigen 1 (TIA) positive, suggesting 
that an immunological reaction might contribute to the delayed 
healing commonly seen after stingray injury [12]. 


Fatalities have been attributed to venomous fish envenomation. 
These cases are poorly reported and may be more likely due to sep- 
ticaemia from secondary bacterial infection. 


Management 

The venom of the weeverfish, like that of the stingray, stonefish and 
other venomous fish, is an unstable protein that is heat labile. Hot 
water is very effective in treating these types of stings [3,13-15]. The 
injured part should be immersed in hot water (someone other than 
the victim should gauge the temperature), and this will diminish the 
pain. An antivenom is available for stonefish stings. Tetanus pro- 
phylaxis should also be administered. Plain radiographs to ensure 
the removal of all spines should be performed [16]. Antibiotic pro- 
phylaxis may be warranted depending on the severity of the trauma 
and underlying co-morbidities of the victim [16]. 


BITES -.— Le 
Rodent bites q 


Introduction and general description 

Approximately 20 000 rodent bites occur in the USA annually [1]. 
Although the risk of infection is low, there is concern for the trans- 
mission of zoonotic infection, particularly from rats, if the rodent is 
a carrier. Rat-bite fever (also known as Haverhill fever) is a febrile 
systemic illness caused by the bite or a scratch from an infected 
rat. Other risk factors for rat-bite fever are handling an infected 
rat, or contact with infected rat faeces. The disease is also probably 
transmitted by other rodents [2,3]. In one report approximately 30% 
of patients with rat-bite fever did not report having been bitten or 
scratched by a rat [4]. 


Pathophysiology 

Causative organisms 

The causative bacteria of rat-bite fever are Streptobacillus moniliformis 
and Spirillum minus (see Chapter 26). 


Clinical features 

The prodromal phase of the disease starts 2-10 days following 
exposure and is characterised by fever, myalgia and arthralgia, 
nausea, vomiting and headache. A rash on the extremities, and 
sometimes palms and soles, often ensues. It is typically described 
as maculopapular but can also be petechial, purpuric or pustular. 
A polyarthritis in up to 50% of patients can develop after the rash 
[5,6]. Some patients are left with persistent fevers and chills. These 
symptoms are typically relapsing or intermittent. The infection can 
be fatal in both children and adults, with a case fatality rate of up 
to 25% in untreated patients [7-9]. There are two reported cases of 
death secondary to sepsis in previously healthy adults [2]. 


Management 
Preventative therapy is warranted in patients following a rat bite, 
even in the absence of clinical symptoms or signs of disease. The 


wound should be cleaned using appropriate wound management. 
The first line treatment is intravenous penicillin G (200 000 units 
every 4h) for 5-7 days in adults. The second line treatment is tetra- 
cycline 500 mg PO four times a day for 7 days, or doxycycline 100 
mg PO or IV twice a day for 7 days (adults). 


Snake bites q 


Introduction and general description 

The World Health Organization (WHO) has classifed snake bites as 
a neglected tropical disease, leading to underestimation of its public 
health importance and less effort in data collection. The highest inci- 
dences of snake bites recorded are in South America, West Africa, the 
Indian subcontinent and South-East Asia [1,2,3]. In India there are 
an estimated 46 900 deaths annually, and in Bangladesh snake bites 
cause about 6000 deaths per year [4]. Globally, there are an estimated 
4-5 million snake bites each year which account for approximately 
81 000-138 000 deaths [4]. Most deaths occur in areas that lack con- 
ventional medical treatment centres. 

When venomous snakes bite, compressor muscles squeeze 
venom stored in glands behind the eyes through ducts that lead to 
the fangs. Depending on the venomous species, between 10% and 
80% of bitten patients experience ‘dry bites’ without being enven- 
omed. Symptoms of envenomed victims vary according to the 
composition of the venom. For example, bites of the spitting cobra 
(Naja nigricollis) produce local swelling and necrosis, haematologi- 
cal abnormalities and complement depletion [5]; the venom of the 
Malayan krait (Bungarus candidus) contains a toxin (bungarotoxin) 
that interferes with transmission at the neuromuscular junction [6]; 
and marked coagulation disturbances occur after envenomation by 
the Australian brown snakes (genus Pseudonaja) [7]. 


Clinical features 

The first signs and symptoms of a venomous snake bite are often 
local pain, swelling, tenderness and bruising around the bite. Other 
non-specific signs that may suggest systemic envenoming include 
general malaise, headache, nausea and vomiting. Following enven- 
omation, several syndromes must be distinguished: neurotoxicity, 
systemic toxicity, coagulopathy, rhabdomyolysis and renal failure. 
Local tissue necrosis is varied. Fang marks can be easily missed 
in most snake bites in Australia; in contrast bites from vipers and 
cobras may cause extensive tissue destruction. 


Management [3,8] 

The majority of snake bites do not result in envenomation. To 
determine if envenomation has occurred, patients should be closely 
monitored for signs and symptoms of envenomation before dis- 
charge from medical care. Antivenom is used when there are definite 
signs of systemic envenomation or massive local swelling and tis- 
sue destruction. Patients who do not receive antivenom should be 
instructed to seek medical care for worsening of symptoms, signs of 
coagulopathy or pain. Antibiotics should be prescribed to patients 
with signs of infection at the site of the bite. 


Bites 130.5 
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Chapter 130: Stings and Bites 


Dog and cat bites 


q 


Introduction and general description 

Dog bites are the most common animal bite [1]. The highest inci- 
dence of dog bites occurs in school-aged children. Most infections 
that develop from dog and cat bites are polymicrobial. 


Pathophysiology 

Causative organisms 

Infections induced by dog and cat bites are often the result of mul- 
tiple organisms, including aerobic bacteria (Staphylococcus species, 
Streptococcus species and Corynebacterium species) and anaerobic 
bacteria (Bacteroides fragilis, Prevotella, Porphyromonas, Peptostrepto- 
coccus, Fusobacterium species and Veillonella parvula) (Table 130.1) 
[2]. Cat scratch disease, caused by Bartonella henselae, can follow a 
bite from a cat (Chapter 26). 

Capnocytophaga canimorsus is part of the normal oral flora of 
healthy dogs, cats and a number of other animals [3-7]. Approx- 
imately 80% of infections with Capnocytophaga follow dog bites 
or exposure to dogs. Previous splenectomy and alcoholism are 
important predisposing factors, but infection may occur in perfectly 
healthy persons. Confirmation of infection depends upon identi- 
fying Gram-negative rods within polymorphs on peripheral blood 
films, and isolation from blood and tissue cultures. The organism is 
sensitive to penicillin and ciprofloxacin. 

Pasteurella multocida, an aerobic Gram-negative coccobacillus, 
is a normal component of the oral flora of dogs and cats and is 
frequently isolated from infected bites [3,4]. It is a virulent pathogen 
that provokes an intense inflammatory response and is likely to 


Table 130.1 Predominant bacteria isolated from patients with animal and human bite 
wounds. 


Bacteria Animal bite Human bite 


Aerobic and facultative isolates 
Streptococcus spp. 
Enterococcus spp. 
Staphylococcus aureus 
Staphylococcus epidermidis 
Neisseria spp. 
Corynebacterium spp. 
Pasteurella multocida 
Eikenella corrodens 
Acinetobacter spp. 
Weeksella zoohelcum 
Haemophilus spp. 
Moraxella spp. 
Capnocytophaga spp 


tee etteeeeetst 


Anaerobic isolates 
Peptostreptococcus spp. 
Veillonella spp. + 
Bifidobacterium spp. 

Eubacterium spp. + 
Fusobacterium spp. + + 
Bacteroides spp. 
Prevotella spp. + + 


+ 


+ 
+ 


Adapted from Brook 2005 [14]. 


cause metastatic infection. Infective tenosynovitis can be a serious 
consequence of P. multocida infection, particularly in bites involving 
the hands. 


Clinical features 

Dog bites 

Dog bites cause a range of injuries from minor scratches and abra- 
sions to deep open lacerations and deep puncture wounds [8]. The 
extremities are the most frequent site of injury. The spectrum of 
illness from Capnocytophaga infection ranges from wound infection 
to fulminant septicaemia. Skin lesions include a localised eschar at 
the site of the bite, cellulitis, non-specific macular or maculopapular 
lesions, erythema multiforme [9], petechiae, purpura fulminans and 
symmetrical peripheral gangrene. The more severe changes occur 
as a consequence of septicaemia and disseminated intravascular 
coagulation [5-7]. 


Cat bites 

Deep puncture wounds are of great concern with cats as they have 
long, sharp teeth [10]. Although less common than dog bites, cat 
bites are much more likely to become infected [1]. When bites occur 
in the hand, osteomyelitis or septic arthritis can occur due to bacteria 
being inoculated below the periosteum or into a joint [11]. 


Investigations 

Wound culture should be obtained if the wound appears to be 
infected. Radiographs are warranted if the wound seems to have 
disrupted the underlying bones or joints. Soft-tissue injury, subcu- 
taneous gas and osteomyelitis can all be detected. 


Management 

Standard wound care should be implemented for all dog and cat 
bites [1]. Wounds should be explored to exclude the possibility of a 
foreign body. The closure of bite wounds remains controversial. In 
general, primary closure can be undertaken with simple dog lacer- 
ations. In contrast, most cat wounds should be left open to heal by 
secondary intention. Prophylactic antibiotics should always be used 
with cat bites. Amoxicillin-clavulanate is considered first line ther- 
apy and effectively reduces the rate of animal bite infections [12]. 
Antibiotics lacking activity against Pasteurella multocida should be 
avoided. Clindamycin plus a fluroquinolone or doxycycline are rec- 
ommended as second line agents. 

The patient’s tetanus immunisation status should be determined 
for any bite that breaks the skin [13]. Certain patients may require 
a tetanus toxoid-containing vaccine. Patients with dirty wounds 
and less than three doses of tetanus toxoid, or if the vaccine 
status is unknown, should receive the human tetanus immune 
globulin. Patients should also be evaluated for the need of rabies 
post-exposure immunoprophylaxis. 


Human bites 


Introduction and general description 
Human bites are quite common; it is estimated that 250 000 human 
bites occur each year in the USA [1]. Clenched fist injuries (‘fight 


bites’) are the most prevalent, and may introduce dangerous bacte- 
rial infection [2]. Necrotising fasciitis caused by group A streptococci 
has been reported in a human bite on the calf [3]. Transmission of 
herpesvirus types 1 and 2 and hepatitis B and C has also been doc- 
umented. An epidemic of hepatitis B was traced to a carrier in a 
mental health residential institution who regularly bit his fellow res- 
idents [4]. Biting is also a possible transmission mode for human 
immunodeficiency virus (HIV) infection [5]. 


Pathophysiology 

Causative organisms 

Human bite wounds generally contain polymicrobial flora that 
reflects the aerobic and anaerobic microbiology of the oral flora of 
the biter, the skin of the victim and the environment (Table 130.1) 
[6]. Aerobic Gram-positive cocci are most commonly isolated from 
human bites, predominantly Staphylococcus species, Streptococcus 
species and Eikenella spieces [2]. 


Clinical features 

Depending on the extent of the bite, a semicircular or oval area of 
redness or bruising will appear; the skin itself may or may not be 
intact. 


Management 

Standard wound care should be used in the management of human 
bites. Most wounds should be left open to heal by secondary inten- 
tion. Some lesions may be closed due to cosmetic concerns, but this 
should only be implemented if the wound is clinically uninfected, 
less than 12 h old and not located on the hand or foot. Wounds 
on the hand typically have the highest rate of infection. Antibiotic 
prophylaxis should be given to patients who have bites that extend 
through the dermis. Amoxicillin-clavulanate is considered first line 
therapy; doxycycline is recommended as second line treatment 
(although not in children). 
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Table 131.1 Basic terminology and definitions used in benign melanocytic neoplasms. 


Freckle or ephelis —_ 


Definition 

A freckle is a small reddish or pale to dark brown macule with a 
poorly defined border, on sun-exposed areas of the skin (Table 131.1). 
Freckles appear or darken during periods of UV exposure. 


Term 


Description 


Freckle (ephelis) 


Lentigo 


Café-au-lait macule 


A pigmented macule on sun-exposed areas consisting of 
increased melanin pigmentation 

A poorly demarcated area of uniform pigmentation 
consisting of increased melanin pigmentation, epidermal 
proliferation and replacement of basal cell keratinocytes 
by melanocytes 


Epidemiology A well-circumscribed, uniformly light to dark brown macule 
A or patch that spares mucous membranes and consists of 
ge increased melanin content in the basal cell layer 


Freckles are common during childhood and often diminish with age. 


Ethnicity 
Freckles appear in all races but are more frequently seen in individ- 
uals with light skin complexion, red hair and blue eyes. 


Pathophysiology 

Exposure to UV radiation leads to overproduction of melanin 
by melanocytes, which is subsequently transferred through 
melanosomes to neighbouring keratinocytes. Freckles could be 
considered a hyperplastic and hyperactive response of melanocytes 
to UV radiation in predisposed individuals [1]. 


Nests of melanocytes 


Junctional naevus 


Compound naevus 


Intradermal/ 
dermal naevus 


A group of melanocytes in contact with the basal layer of 
the epidermis but projecting downwards into the dermis 

A pigmented melanocytic naevus in which the main 
histological feature is the presence of nests of 
melanocytes at the dermal-epidermal junction 

A pigmented melanocytic naevus in which the histological 
features include both junctional nests and the presence 
of naevus cells in the dermis 

A melanocytic lesion with naevus cells in the dermis. 
Melanin pigmentation is often absent and there is little 
or no abnormality of melanocytes in the epidermis. The 
deepest dermal cells tend to neural or fibroblastic 
differentiation 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Chapter 131: Benign Melanocytic Proliferations and Melanocytic Naevi 


Figure 131.1 Epidermis of a freckle showing a hyperpigmented basal cell layer without 
elongated rete ridges or melanocytic hyperplasia. Magnification 20x (H&E). Courtesy of 
Dr K. Frangia, HBD HistoBio Diagnosis, Athens, Greece. 


Pathology 

The basal cell layer appears hyperpigmented, without alteration 
of the epidermal architecture (Figure 131.1). In contrast to lentigines, 
the number of melanocytes is normal. 


Genetics 

The melanocortin 1 receptor gene (MCR1) has been characterised as 
the major freckle gene [2]. Variants of MC1R have been associated 
with freckling, possibly through the induction of phaeomela- 
ninogenesis (compared with eumelaninogenesis), although other 
mechanisms may exist. Other pigmentation genes (TYR, IRF4, ASIP, 
BNC2) have also been implicated [3,4]. 


Environmental factors 
UV exposure is responsible for the exacerbated pigment production 
by melanocytes that results in the development of freckles. 


Clinical features 

Presentation 

Freckles typically appear after excessive sun exposure (either 
chronic or intermittent) in light-skinned red- or fair-haired indi- 
viduals. They present as areas of macular hyperpigmentation 
with a round or oval shape and ill-defined borders (Figure 131.2). 
In winter months freckles tend to lighten or even disappear. 


(b) 


Figure 131.2 (a) Freckles. (b) Dermoscopic image showing hyperpigmented lesions with 
reticular pattern and moth-eaten edges. 


Differential diagnosis 

Freckles and solar lentigines are often grouped together in most 
studies, even though they are different. They are generally viewed 
as a response to sun exposure — solar lentigines to a greater extent — 
and both confer an increased risk for melanoma and epithelial 
skin cancers. They are distinguished from each other by the fact 
that lentigines persist even without UV exposure, they are usually 
larger, and tend to appear more frequently in older ages. In addition, 
lentigines are histologically characterised by an increased number of 
melanocytes at the dermal—epidermal junction. Freckling can occur 
in neurofibromatosis type 1 in which it is more commonly located 
in non-exposed areas (trunk and axilla), while other manifestations 
of neurofibromatosis are present. 


Complications and co-morbidities 
Freckles are considered risk factors for melanoma. The estimated 
relative risk of melanoma based on the presence of freckling in a 


Table 131.2 Familial lentiginosis syndromes. 


Related gene 


Disorder Clinical manifestations Inheritance (chromosomal locus) 
PeutzJeghers Lentigines (lips, oral and bowel mucosa, palms, soles, eyes, nares, perianal region), Autosomal dominan LKB1/STK11 (19p13.3) 
syndrome hamartomatous Gl polyps, neoplasms (GI tract, pancreas, breast, ovary, uterus, testis) 
PTEN hamartomatous acrocephaly, lipomatosis, pigmentation of the glans penis, mental retardation, multiple | Autosomal dominan PTEN (10q23.31) 
syndromes hamartomas, neoplasms (breast cancer, follicular thyroid cancer, endometrial 
carcinoma) 
Carney complex Lentigines (lips, conjunctiva, inner or outer canthi, genital mucosa), primary pigmented Autosomal dominan PRKARTA (17q22-24) 


acromegaly, breast and testicular tumours 


Lentiginoses Lentigines (centrofacial palmoplantar, trunk) 


LEOPARD syndrome 


skeletal abnormalities 


Adapted from Guerrero [6]. 


nodular adrenal cortical disease (PPNAD), cardiac and skin myxomas, schwannomas, 


Lentigines (centrofacial palmoplantar, trunk) plus mental retardation Autosomal dominant/sporadic 

Lentigines (mainly on face and upper trunk; rarely on oral mucosa, extremities, genitalia, 
conjunctiva), cardiac conduction abnormalities, aneurysms, pulmonic stenosis, 
cephalofacial dysmorphism, short stature, sensorineural deafness, mental retardation, 


Unknown 

Unknown 

PTPN11 (12q24.1) — same 
as in Noonan syndrome 

RAF1 (3p25) 


Autosomal dominan 


Autosomal dominan 
Autosomal dominan 


Gl, gastrointestinal; LEOPARD, lentigines, electrocardiogram anomalies, ocular anomalies, pulmonary stenosis, abnormal genitalia, retardation of growth and deafness; PTEN, 


phosphate and tensin homologue. 


meta-analysis was 1.99, with a population-attributable fraction of 
0.23 [5]. 


Disease course and prognosis 
Freckles are benign lesions and often fade with age. 


Investigations 
In dermoscopy freckles present with a uniform pigmentation and a 
moth-eaten edge (Figure 131.2b). 


Management 

No treatment is required. Chemical peels, lasers, topical depigment- 
ing (more accurately termed ‘pigment correcting’) drugs and der- 
mocosmetic products can be used for aesthetic reasons [6,7]. Since 
they are induced by UV exposure, photoprotection measures are 
indicated. 


LENTIGINES 


Definition 


Lentigines are hyperpigmented macules that do not fade away 
in the absence of UV exposure. On microscopy they show 
increased melanin on the basal cell layer and increased numbers 
of singly arranged melanocytes, compared with the adjacent 
non-involved skin. 


Introduction and general description 


Lentigines are usually seen in light-skinned people and represent 
proliferative responses of melanocytes to natural or artificial UV 
radiation. The different subtypes discussed below are mainly arti- 
ficial distinctions based on the history of UV radiation exposure, 
anatomical location and the specific morphological characteristics 


of the lesion. The subtypes include simple lentigo, actinic (or solar) 
lentigo, psoralen and UVA (PUVA) lentigo and ink-spot lentigo. 

Rarely, lentigines arise in the setting of potentially serious heredi- 
tary multisystem syndromes related to malignancies. These familial 
lentiginosis syndromes are characterised by autosomal dominant 
inheritance and include the Peutz—Jeghers syndrome, the PTEN 
(phosphate and tensin homologue) hamartomatous syndromes 
(Ruvalcaba—Myhre-Smith or Bannayan—Zonnana syndromes and 
Cowden disease), the Carney complex (and the closely related 
NAME (naevi, atrial myxoma, myxoid neurofibroma and ephelides) 
and LAMB (lentigines, atrial myxomas, mucocutaneous myxomas 
and blue naevi) syndromes and the LEOPARD/Noonan syn- 
drome (/entigines, electrocardiogram anomalies, ocular anomalies, 
pulmonary stenosis, abnormal genitalia, retardation of growth 
and deafness) (Table 131.2) (Chapter 68). Most of these syndromes 
are caused by mutations in the rat sarcoma—mitogen-actived pro- 
tein (RAS-MAP) kinase and the mammalian target of rapamycin 
(mTOR) signalling pathway [8]. 

Lentiginosis profusa is a rare condition, with innumerable lentig- 
ines present at birth or arising early in life, without systemic 
abnormalities or mucosal involvement. The disorder has an auto- 
somal dominant inheritance, but its exact genetic background is 
unknown. Agminated or segmental lentiginosis manifests as a cir- 
cumscribed group of lentigines arranged in a segmental pattern 
that develop during childhood. They are presumed to represent 
mosaicism of an unidentified gene [9] and should be differentiated 
from neurofibromatosis type 1. Melanoma may occur in patients 
with segmental or generalised lentiginosis. 


Simple lentigo —F7Z 


Definition and nomenclature 

This is a light- to dark-brown or black macule that does not 
fade away once it appears, and is characterised histologically by 
increased melanocytes at the dermal-epidermal junction. 
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Epidemiology 

Incidence and prevalence 

Simple lentigos are very common, particularly in those with red hair 
and fair skin. 


Age 

They usually appear during childhood and increase in number 
until the age of 40. The majority of lentigines remain unchanged in 
adult life. 


Associated diseases 

Generalised lentiginosis has been rarely associated with the devel- 
opment of melanoma. There has been a single case report of a patient 
with lentiginoses and gastrointestinal stromal tumours harbouring 
a c-kit gene mutation [9]. 


Pathophysiology 

Predisposing factors 

There have been reports of lentigines developing after topical 
immunotherapy with tacrolimus, squaric acid dibutylester and 
diphencyprone [10,11]. 


Pathology 

There is a slight increase in the number of melanocytes along the 
dermal-epidermal junction, without nesting. Melanin hyperpig- 
mentation is noted in melanocytes, adjacent keratinocytes and 
melanophages in the papillary dermis (Figure 131.3). The epider- 
mal rete ridges are usually elongated and there might be a mild 
inflammatory infiltrate in the upper dermis. 


Genetics 
Multiple lentigines arising early in life on both exposed and non- 
exposed areas are usually a manifestation of inherited syndromes 


» Ved th 1 a 


Figure 131.3 Lentigo simplex: hyperpigmentation is evident in the basal and squamous 
epidermal cells. There is a slight increase of non-atypical melanocytes between the 
epidermal basal cells. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD HistoBio 
Diagnosis, Athens, Greece. 
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(b) 


Figure 131.4 (a, b) Multiple lentigines in a patient with the Carney complex and a 
PRKAR1A mutation. Only about a third of patients with the complex have this classic 
pigmentation. Courtesy of Dr Constantine A. Stratakis, National Institutes of Health, 
Bethesda, MD, USA. 


characterised by hyperplasias, hamartomas and neoplasia (Figure 
131.4). Most of these syndromes are caused by mutations in the 
RAS-MAP kinase and the mTOR pathways. 

Simple lentigos, solar lentigines and melanocytic naevi have 
been compared for mutations in the BRAF (common in melanocytic 
naevi), FGFR3 and PIK3CA genes (common in solar lentigines and 
seborrhoeic keratoses). Simple lentigos did not show mutations 
in any of these genes and thus are genetically differentiated from 
melanocytic naevi and solar lentigines [12]. The BRAF mutations in 


simple lentigos contradict the proposed lentigo—naevus sequence 
of evolution, but do not exclude it. 


Environmental factors 
Sunlight is the most important environmental factor. 


Clinical features 

Presentation 

Lentigines are poorly circumscribed, uniformly pigmented mac- 
ules, with a round or oval shape and a diameter of up to 5mm 
(Figure 131.5). There may be slight scaling of the surface and several 
neighbouring lesions may coalesce. Their colour is pale to deep 
brown, depending on the skin colour of the individual. They are 
primarily located on photo-exposed areas as they are part of the 
spectrum of lesions (ephelides, simple lentigos, solar lentigos) 
resulting from excessive UV exposure. 


(b) 


Figure 131.5 (a) Simple lentigo. (b) Dermoscopic image of simple lentigo. 
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Differential diagnosis 

The differential diagnosis of lentigines from freckles is made clin- 
ically by their comparatively darker colour, more scattered 
distribution and by their unchanged status in relation to sunlight 
exposure. In contrast to freckles, lentigines present histologically 
with an increased number of melanocytes. 

The differentiation of lentigines from small junctional naevi is 
often impossible on clinical grounds. On histology, naevi show nests 
of naevus cells, while, in lentigines, melanocytes are separated from 
one another and do not typically form nests. However, there are 
cases of larger lesions that clinically appear as lentigines but have 
small nests of naevus cells along the dermal—-epidermal junction. 
This pattern is often referred to as the ‘jentigo’ pattern, meaning 
that the corresponding lesion combines features of both lentigo and 
junctional naevus. These transitional lesions may be regarded as 
precursors of future melanocytic naevi [1]. 

Lentigines may sometimes overlap clinically, or even histolog- 
ically, with flat seborrhoeic keratoses (termed ‘liver spots’ when 
located at the dorsal hands). This overlap is clinically insignifi- 
cant, as both are markers of light skin complexion, excessive sun 
exposure and a certain risk of skin cancer (Chapter 142). 

Distinction from lentigo maligna is made by dermoscopy or 
pathology. 


Disease course and prognosis 
These are benign, relatively static lesions. 


Investigations 

With dermoscopy, lentigines show scalloped borders, a faint irreg- 
ular network or pseudo-network and structureless areas (Figure 
131.5b). 


Management 

There is no need for treatment. As the majority arise in sun-exposed 
areas, photoprotection could decrease the rate of new lesions 
developing. For cosmetic reasons, a variety of depigmenting topical 
agents and dermatological procedures such as chemical peels, lasers 
and photodynamic therapy reduces their pigmentation (Chapters 
160 and 161) [13]. In patients with multiple lentigines arising early 
in life on non-sun-exposed sites, the possibility of a hereditary 
multisystem syndrome (Table 131.2) should be considered. In the 
very rare cases of generalised lentiginoses, individuals may be 
at increased risk for melanoma, and thus should be educated on 
avoidance of sunburn and self skin examination. 


Solar or actinic lentigo 


Definition and nomenclature 
A solar lentigo is a brown macule appearing after excessive sun 
exposure. 


Synonyms and inclusions 
e Senile freckle 

e Lentigo senilis 

© Old age spot 
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Epidemiology 
Age 


The number of solar lentigines increases with ageing. 


Pathophysiology 

The pathogenetic mechanism leading to the development of solar 
lentigines remains unclear. UVB stimulates keratinocytes to pro- 
duce interleukin 1a (IL-1a), leading to secretion of keratinocyte 
growth factor (KGF). KGF has been found to increase pigment 
production in both pigmented epidermal equivalents and human 
skin grafts, suggesting a possible involvement of KGF in the molec- 
ular pathogenesis of solar lentigo [14]. Another scenario favours the 
role of fibroblasts, which — after UV exposure — release melanogenic 
growth factors (hepatocyte growth factor, KGF and stem cell factor) 
that subsequently act through keratinocytes and contribute to the 
hyperpigmentation of solar lentigines [15]. 


Predisposing factors 

A history of occupational radon exposure, as well as recreational 
sun exposure, has been implicated in the development of multiple 
lentigines in a single case report [16]. 


Pathology 

The histological features of solar lentigo are the same as for simple 
lentigo. Solar elastosis of the dermis and photoactivation features of 
melanocytes are usually present. 


Genetics 

Mutations in FGFR3 and PIK3CA, as well as in IRF4, MCIR, 
RALY/ASIP and BNC2, have been observed in both solar lentigo 
and seborrhoeic keratosis, suggesting a common genetic basis 
[12,17]. 


Environmental factors 

Solar lentigines are associated with both intermittent and chronic 
sun exposure [3]. Solar lentigines on the back have also been asso- 
ciated with a history of sunburns before the age of 20 years, while 
facial solar lentigines have been associated with cutaneous signs of 
photodamage [3]. 


Clinical features 

Presentation 

In younger patients, solar lentigines are most commonly seen on 
sun-exposed sites, such as the face in both sexes and the shoulders 
in males. They are macular, tan coloured and may be very large, 
with a striking irregular border. There is frequently a history of 
acute sunburn, followed by the sudden appearance of large num- 
bers of these irregular macular lesions [18,19]. In the UK, they are 
rare before the age of 12 years but in sunnier countries they may 
appear at a very young age. 

Solar lentigines are also seen on older patients who have had 
excessive sun exposure (Figure 131.6) [19]. The backs of the hands 
and the face are common sites. Once again the lesions are large 
and macular, have an irregular edge and are usually a uniform 
shade of brown. They are situated in an area of clinically evi- 
dent sun-damaged epidermis and often manifest a clinical and 
pathological overlap with flat seborrhoeic keratoses. 


(b) 


Figure 131.6 (a) Solar lentigo in the middle of the left cheek. (b) Dermoscopic image of 
solar lentigo showing a uniform structureless macule with sharply demarcated borders. 


Differential diagnosis 
Differential diagnosis includes simple lentigo, seborrhoeic keratosis 
and, in some cases, lentigo maligna and melanoma in situ. 


Disease course and prognosis 
It has been proposed that solar lentigo may sometimes evolve into 
seborrhoeic keratosis. 


Investigations 

Dermoscopy is the same as in simple lentigo, while adjacent skin 
may show features of photodamage. Solar lentigo should be dif- 
ferentiated from seborrhoeic keratosis exhibiting milia-like cysts, 
cerebriform patterns and sharply demarcated borders. Pigmented 
actinic keratoses show a prominent pigmented pseudo-network 
and a background red with a red pseudo-network (‘strawberry 
pattern’). Lentigo maligna presents with specific dermoscopic fea- 
tures, such as asymmetrical follicular openings, ‘annular—-granular’ 
pattern, pigmented rhomboidal structures and obliterated hair 
follicles that are absent in solar lentigines. 

In some cases, the distinction between solar lentigo and lentigo 
maligna or melanoma in situ is very difficult when classic pathology 
is used. In such instances, immunohistochemistry is a valuable diag- 
nostic tool. Several stains have been used, and microphthalmia- 
associated transcription factor (MiIF) seems to be superior in 
the differential diagnosis of solar lentigo from melanoma in situ 
[20,21]. 


Management 
Patients often request treatment for these pigmented lesions located 
in visible body areas such as the face and back of hands. 

Rigorous photoprotection with sun avoidance, use of a broad 
spectrum and high sun-protection-factor sunscreen, and appro- 
priate clothing lowers the possibility of further lesions emerging 
in the future, and may also result in some degree of spontaneous 
resolution. General consensus supports the use of cryotherapy as 
first line therapy, with topical therapy (e.g. topical retinoids) as an 
alternative or used for maintenance. There is, however, an extensive 
literature on the cosmetic treatment of lentigines using a variety of 
other treatments such as intense pulsed light and pigment-specific 
(Q-switched) laser systems (Chapter 161). 

Solar lentigines are benign lesions, but any pigmented lesion 
needs careful evaluation prior to treatment. There have been 
reports of cases that were referred for laser therapy or had already 
received treatment as solar lentigines, and were actually melanomas 
[22,23]. Furthermore, non-invasive confocal imaging has revealed 
remaining melanocytes at the site of solar lentigines of all sub- 
jects after Q-switched ruby laser treatment, even though there 
was hardly any observable skin pigmentation on clinical 
examination [24]. 


Photochemotherapy (PU 


Definition 
Lentigines can arise after long-term use of PUVA therapy. 


Epidemiology 

Incidence and prevalence 

PUVA lentigines usually occur in patients who have received a 
high cumulative dose of PUVA treatment. They have been reported 
in 20% of 198 patients with a mean cumulative dose of UVA of 
169.5J/cm? [25]. PUVA lentigines of any degree (slight, moder- 
ate or extensive) were also noted on the buttocks of 53% of 1380 
psoriatic patients an average of 5.7 years after initiating PUVA 
therapy [26]. 


Pathophysiology 

Predisposing factors 

Fair-skinned individuals and patients who have received a greater 
number of PUVA treatments are at greater risk [27]. Lentigines 
appearing after narrow-band ultraviolet B (NB-UVB) radiation 
have also been reported [28]. 


Pathology 

There are features resembling those of ephelides or lentigines. 
Melanocytes are increased in number and may have nuclear atypia. 
Ultrastructural studies have shown melanocytes with longer and 
more numerous dendrites as well as more active melanogenesis in 
PUVA lentigines, compared with solar lentigines and unexposed 
normal skin [29]. 


Clinical features 

Presentation 

PUVA lentigines are relatively large, pigmented macules that 
develop on the skin of patients receiving photochemotherapy 
(Figure 131.7). 


Differential diagnosis 
As in solar lentigo. There are also some reports that voriconazole- 
associated lentigines resemble PUVA lentigines. 


Figure 131.7 PUVA-induced lentigines in a patient with psoriasis. 
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Complications and co-morbidities 

Follow-up of patients who had received PUVA in the USA revealed 
that PUVA lentigines are a marker of patients at increased risk of 
non-melanoma skin cancer [30]. An association with melanoma 
has not been firmly established. An increased risk was observed 
in a US study [26], but was not confirmed in a study from Scandi- 
navia [31]. 


Disease course and prognosis 
Some of the lesions persist for several months after completion of 
PUVA therapy. 


Investigations 
Dermoscopy helps to establish the diagnosis, revealing similar find- 
ings to solar lentigines. 


Management 

PUVA lentigines do not require treatment. Since they are consid- 
ered potential markers for the development of non-melanoma skin 
cancer, patients with PUVA lentigines may benefit from regular 
follow-up. 


Ink-spot lentigo a CC 


Definition and nomenclature 

An ink-spot lentigo is a small, densely black macule resembling an 
ink spot displaying a markedly irregular outline, with a distribution 
similar to solar lentigo. 


Pathophysiology 

Pathology 

There is lentiginous hyperplasia of the epidermis and prominent 
hyperpigmentation of the basal cells, with ‘skip’ areas involving 
the rete ridges (Figure 131.8). A minimal increase in the number of 
melanocytes is reported [32]. 


Clinical features 

Presentation 

Ink-spot lentigines are sharply demarcated macules with a jet-black 
colour and irregular shape (Figure 131.9) [32]. They usually arise 
on exposed areas, such as the upper back, and although the same 
patient may have multiple solar lentigines, ink-spot lentigines are 
commonly solitary lesions. 


Differential diagnosis 
Due to their black colour, the differential diagnosis mainly includes 
lentigo maligna and melanoma in situ. 
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Figure 131.8 Ink-spot lentigo. (a) Epidermis with lentiginous hyperplasia and intensely 
hyperpigmented basal cells. Foci of less or no pigmentation are usually observed over 
the dermal papillae. Magnification 10x (H&E). (b) Hyperpigmentation is prominent to 
the lateral borders and the tips of the rete. There is a slight increase of melanocytes 
between the epidermal basal cells, and melanophages in the papillary dermis can be 
seen. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD HistoBio Diagnosis, 
Athens, Greece. 


Investigations 
Dermoscopic features include a prominent black network with thin 
and/or thick lines. 


Management 
No treatment is required. 


Mucosal melanotic lesions 131.9 


Introduction and general description 

Some degree of macular pigmentation of the mucosa in the mouth or 
on the genitalia is normal. More discrete, deeply pigmented macules 
are also common on the vulva and sometimes on the glans penis, 
where they are usually referred to as genital melanotic macules 
or mucosal melanosis. These macules result from local excessive 
pigment production with normal numbers of melanocytes [33]. 
Rarely, these melanotic macules may expand to several centimetres 
in size and be patchy in distribution. They may develop irregular 
deep pigmentation, which resembles melanoma and causes concern. 
Since melanoma in the genital area may begin with a protracted 
in situ phase that clinically resembles a mucosal melanotic macule, 
a biopsy is often performed to exclude this possibility. 


Epidemiology 

Incidence and prevalence 

The exact incidence is not known. However, they are the most 
common solitary pigmented melanocytic lesions found in the oral 
mucosa (representing 86% of solitary melanocytic lesions of the 
mouth) [34] or the genitalia. 


(a) 


Age 
These macules involve a wide variety of ages, from childhood to old 
age. Congenital cases have rarely been reported. 


Sex 
There is a 2:1 female predilection. 


Ethnicity 

. Pigmented melanotic macules occur in all races, but are more com- 
(b) mon in individuals with darker skin complexion. Macules of the 
buccal mucosa may be more frequent in black people [35]. 


Figure 131.9 (a) Ink-spot lentigo. Courtesy of Dr S. Puig, Hospital Clinic Barcelona, 
IDIBAPS, Barcelona, Spain. (b) Dermoscopic image of an ink-spot lentigo showing a 
bizarre-looking black pigment network. Associated diseases 

Pigmented macules in the female genitalia have been occasionally 
associated with lichen sclerosus [36]. Histological examination of 
these lesions reveals features of atypical melanocytic naevi. 


MUCOSAL MELANOTIC 
Pathophysiology 
= =. Predisposing factors 
Pigmented melanot c macule In oral lesions, pigmentation is more pronounced at sites of trauma. 
: Smoking may also result in melanosis. Post-inflammatory pigmen- 
Definition and nomenclature tation can be observed, for example following oral lichen planus. 


Mucosal melanotic macules (or lentigines) are benign pigmented Familial lentiginosis manifests as multiple lentigines in a familial 
patches of the mucosa. Although they occasionally have analarming context. Some patients with HIV present with oral macules, but it 
clinical appearance, histologically they are characterised by hyper- _is unclear if these are induced by the virus or by the treatment [37]. 
pigmentation of basal keratinocytes and a normal or slightly The pathogenesis of genital macules remains unclear. 


increased number of melanocytes without atypical features or 


confluent proliferation. Pathology 
A mild acanthosis of the epidermis, hyperpigmentation of basal 


layer keratinocytes and a slight increase in the number of melano- 
cytes without nesting is observed (Figures 131.10 and 131.11). 
Scattered melanophages are seen in the upper dermis as a result of 
melanin incontinence. 
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Figure 131.10 Mucosal melanosis. (a) Squamous epithelium of the oral cavity with 
hyperpigmentation of the basal cells. Magnification 10x (H&E). (b) Hyperpigmentation 
of the basal layer without melanocytic hyperplasia. Magnification 40x (H&E). Courtesy 
of Dr K. Frangia, HBD HistoBio Diagnosis, Athens, Greece. 


Clinical features 

Presentation 

These are macules of uniform brown, black or grey pigmentation 
arising in the oral cavity (primarily on the lips and gingiva, followed 
by the palate and buccal mucosa) or the genitalia (mainly in the 
vulva, but also the penis or perineum) (Figure 131.12). Their diame- 
ter is relatively large, expanding slowly over time. They are usually 
single lesions, although multiple macules may arise occasionally. 
When located in the vulva, they are often asymmetrical with irreg- 
ular borders and blue-black colour, simulating in situ melanoma. 


Differential diagnosis 

Oral melanotic macules should be distinguished from other soli- 
tary pigmented melanocytic lesions, including oral melanocytic 
naevi, blue naevi, oral melanoacanthomas and oral melanomas. 
Oral melanoma is quite rare, occurring usually on the palate 


Figure 131.11 Penile lentiginosis: prominent melanocytic dendrites among the 
hyperpigmented basal layer cells. Magnification 40x (H&E). Courtesy of Dr K. Frangia, 
HBD HistoBio Diagnosis, Athens, Greece. 


Figure 131.12 Genital melanosis. 


and accounting for fewer than 1% of oral malignancies [38,39]. 
Exogenous pigmentation (e.g. amalgam tattoo), inflammatory 
hypermelanosis and smoker’s melanosis should also be ruled out. 
Genital lentiginosis should be differentiated from lentigines, 
melanocytic naevi, clinically atypical naevi and in situ melanomas. 


Disease course and prognosis 
There are no reports of malignant transformation. 


Investigations 

Dermoscopic patterns of melanotic macules demonstrate a parallel, 
reticular, structureless pattern or globular pattern. A ring-like pat- 
tern, characterised by multiple white to tan structures with dark 
brown, well-defined regular borders, has been described in vulvar 
melanosis [40]. 


Management 

If in clinical doubt, an incisional biopsy of an appropriately rep- 
resentative area is necessary to exclude melanoma. No treatment 
is needed if histology rules out malignancy. It is reasonable to fol- 
low up lesions with atypical clinical appearance in order to detect 
changes suggestive of melanoma. 

If biopsy reveals significant melanocytic proliferation resembling 
lentigo maligna, then the lesion should be excised in its entirety 
and the tissue examined histologically. Topical imiquimod 5% fol- 
lowed by anew biopsy at the end of treatment may be considered in 
cases where surgical excision is technically difficult [41], although 
patients may suffer severe topical irritation. 


Definition and nomenclature 
A labial melanotic macule is a benign, hyperpigmented macule of 
the lip, quite similar to a freckle or simple lentigo. 


Epidemiology 

Incidence and prevalence 

Such macules are encountered in approximately 3% of the general 
population. 


Age 

Labial melanotic macules usually appear around the age of 40, 
although in darker pigmented individuals it can present during 
adolescence [42]. 


Sex 
They are more frequent in females. 


Pathophysiology 

Pathology 

There is a linear increase in melanin pigment in the basal layer 
of the epidermis, with normal or slightly increased numbers of 
melanocytes, located singly between basal keratinocytes. 


Environmental factors 
Due to its common location in the middle of the lower lip, a 
UV-induced mechanism has been suggested. 


Clinical features 

Presentation 

Such macules are brown to black and measure less than 6-7 mm 
(Figure 131.13). The most common location is the lower lip, espe- 
cially the central third. It is usually a solitary lesion, developing 
rather rapidly in a young adult [42]. 


Differential diagnosis 
Labial melanotic macules are differentiated from melanoacanthoma 
of the lip by the histological presence of intraepithelial dendritic 
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(b) 


Figure 131.13 (a) Labial melanotic macule. (b) Dermoscopic image of a labial melanotic 
macule reveals a combination of grey-brown dots arranged in parallel lines and a 
background of light brownish homogeneous pigmentation. 


melanocytes in the latter. The banal histological features of a labial 
melanotic macule are easily distinguished from melanoma. 


Disease course and prognosis 

Malignant transformation has not been reported in these lesions. 
In a study with a mean follow-up of approximately 6 years, no 
alarming change, indicative of malignancy, was observed [43]. 


Investigations 
Dermoscopy confirms that this is a benign lesion, revealing a uni- 
form brown colour with parallel lines (‘fingerprint’ pattern) 
(Figure 131.13b). 


Management 

Patients should be reassured about the benign nature of labial 
melanocytic macules. Removal for cosmetic purposes can be 
achieved using a variety of methods including cryotherapy, infrared 
coagulation or laser therapy [44]. In the case of a newly formed 
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lesion, or of changes in colour or size in a pre-existing lesion, a 
prompt evaluation of the patient is necessary. 


Introduction and general description 


Normally, during fetal life, melanocytes migrate from the neural 
crest to the dermal-epidermal junction. However, migrating 
melanocytes may occasionally remain entrapped in the dermis, 
not reaching their destination in the epidermis, and giving rise 
to dermal melanocytic lesions. These lesions have a bluish colour 
owing to the Tyndall effect. 


Mongolian spot -— oe 


Definition 

Mongolian spots are congenital macular areas of blue-grey pigmen- 
tation of varying size and shape located on the sacral area in normal 
infants. 


Epidemiology 
Incidence and prevalence 
Incidence varies among populations according to skin colour. 


Age 
The lesion develops in utero, increases in depth for a period during 
infancy and then diminishes. 


Ethnicity 

The Mongolian spot is uncommon in white people. In Europe it 
is more commonly observed in the Mediterranean region, while 
the highest incidence worldwide is documented in newborns with 
descent from the Far East. It has been observed in 13-26% of Turkish 
infants [45,46] and 11-71% of Iranian newborns [47,48]. Apart from 
genetic reasons, incidence differences among ethnicities could 
also be attributed to the amount of pigment produced in dermal 
melanocytes in darker individuals. 


Associated diseases 

There have been reports of association with Down syndrome, seg- 
mental café au lait macules and congenital haemangioma [49-51]. 
Extensive Mongolian spots have been associated with phako- 
matosis pigmentovascularis, congenital metabolic diseases, Hurler 
syndrome, GM1 gangliosidosis type 1 and mucolipidosis II [52-56], 
as well as with bilateral naevus of Ota [57]. 


Pathophysiology 

Pathology 

Elongated dendritic melanocytes are present around neurovascu- 
lar bundles, and in a ribbon-like pattern between collagen fibres of 
the middle and lower dermis distributed in parallel levels to the 
skin surface. No fibrosis or dermal melanophages are present, dis- 
tinguishing a Mongolian spot from a blue naevus. 
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Figure 131.14 Mongolian spot in the lumbosacral area. Courtesy of Professor A. 
Katsarou-Katsari, Pediatric Dermatology Unit, Andreas Sygros Hospital, Athens, Greece. 


Genetics 

Extensive dermal melanocytosis and phakomatosis pigmentovascu- 
laris have been associated with activating mutations in GNA11 and 
GNAQ [58]. 


Clinical features 

Presentation 

The lesion is a diffuse macule with rather uniform, relatively faint 
blue to grey colour. It has a round or oval shape, with a diame- 
ter of a few — usually up to 10 — centimetres. Normally it presents 
as a single lesion, but multiple Mongolian spots may occasionally 
occur (Figure 131.14). The most common location is the lumbosacral 
region. In the case of generalised lesions, the buttocks, flanks or even 
shoulders and lower legs may be affected. 


Differential diagnosis 

Mongolian spots can be clinically differentiated from congenital 
naevi, which are also macular and present at birth, by their grey-blue 
colour. Histologically, Mongolian spots resemble blue naevi. 


Disease course and prognosis 
Mongolian spots typically resolve during childhood, but may occa- 
sionally persist into adult life. 


Management 

No treatment is required. Q-switched lasers, intense pulsed light and 
bleaching creams have been used in persistent cases [59-61]. Adults 
usually have a less favourable outcome [59,60]. 


Naevus of Ota — | 


Definition and nomenclature 
A naevus of Ota is an extensive, bluish, patchy, dermal melanocyto- 
sis that affects the sclera and the skin adjacent to the eye, distributed 
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Associated diseases 

It is rarely associated with naevus of Ito. Bilateral cases of 
naevus of Ota are sometimes associated with extensive Mongo- 
lian spots. Sturge-Weber and Klippel-Trenaunay syndromes have 
been infrequently associated with naevus of Ota. 


Pathophysiology 

Pathology 

Elongated dendritic melanocytes are scattered among collagen 
bundles mainly of the superficial dermis and in larger numbers 
compared with Mongolian spots (Figure 131.16). Occasionally 
they may extend deeper in the dermis or subcutaneous tissue. 
Melanophages are seldom present. 


Genetics 

GNAQ mutations have been reported in 6% of naevi of Ota, sug- 
gesting GNAQ is a genetic link between naevus of Ota and uveal 
melanoma [63]. 


Clinical features 

History 

Figure 131.15 Naevus of Ota. The condition is named after Masao Ota, who in 1939 used the term 
‘fuscocaeruleus ophthalmomaxillaris’. 


along the first and the second branches of the trigeminal nerve. Presentation 
Extracutaneous lesions may also present in the uveal tract, dura, _ The lesion is often speckled, and is composed of blue and brown 
nasopharynx, tympanum and palate. components that do not always coincide. This phenomenon can 


be better observed in the proximal eye, where the sclera appears 
blue and the conjunctiva brown. Brown pigmentation is patchy 
and superficial, following a reticular or geographical pattern; blue 
pigmentation is more diffuse and deeper. 

Naevus of Ota is generally distributed along the ophthalmic and 
maxillary divisions of the trigeminal nerve. It presents in the peri- 
orbital region, involving the bulbar and palpebral conjunctiva and 
the sclera, as well as the temple, forehead, scalp, nose, ears, palate 
and malar area. It is usually unilateral, but bilateral lesions also exist. 


sions 


ophthalmomaxillaris 


Epidemiology Clinical variants 
Incidence and prevalence There have been several classifications based on clinical or histolog- 
Naevus of Ota usually presents in Asians, with an incidence ical features [64-66]. 


between 0.014% and 0.034% [62]. It is very rare in other populations. 
Differential diagnosis 


Acquired bilateral naevus of Ota-like macules (Hori naevus) 
Age present as bilateral, blue-grey or brown, small, facial macules that 


Most lesions are present at birth or develop during the first year are located in the same skin areas as naevus of Ota, but do not [ha 

of life, increasing in size and number in subsequent years (Figure show mucous involvement [67]. They appear between the ages of 2 

131.15). A second peak of onset has been described ina minority of — 15 and 40 years in Asian women causing aesthetic problems. Their [2H 

cases around puberty. aetiopathogenesis is not clear [68], but oestrogens and UV radiation re} 

have been implicated. Ww 

a 

Sex sn sya: OF 

: Complications and co-morbidities A 
Lesions are more common in females. : : ; : 

Meningeal melanocytomas of the brain, which are benign neo- [ym 

plasms, may complicate naevus of Ota [69]. Glaucoma and i 

Ethnicity ipsilateral deafness have been associated with naevus of Ota [Es 

Naevus of Ota occurs more commonly in darkly pigmented individ- —_ [70-73]. The majority of melanomas associated with naevus of Ota a 


uals, particularly Asian and black people, although white people _ occur in the meninges or in the choroid, iris or orbit [74-78]. There 
may also be affected. It is especially common in the Japanese have been rare reports of cutaneous melanoma developing in a 
(0.4-0.8% of dermatological patients). naevus of Ota. 
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Figure 131.16 Naevus of Ota. (a) Skin with sparse dendritic melanocytes in the upper 
dermis and no melanocytic hyperplasia in the overlying epidermis. Magnification 20x 
(H&E). (bb) Isolated dendritic melanocytes distributed among collagen bundles of the 
upper reticular dermis. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD 
HistoBio Diagnosis, Athens, Greece. 


Disease course and prognosis 
Unlike Mongolian spots, it does not disappear with time. 


Management 

Q-switched lasers are the first line treatment, achieving a high rate 
of pigment clearing, depending on the age of the patient, the colour 
and histological depth of the lesion [79]. Post-treatment hypo- or 
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hyperpigmentation, scarring and recurrence of the lesion can occur 
[62,80-82]. Cosmetic camouflage can also be used. 

Despite the rare occurrence of malignant transformation in nae- 
vus of Ota, close ophthalmological monitoring is essential in cases 
where the eye is involved. Any new subcutaneous nodule arising 
on a naevus of Ota should be further investigated histologically to 
exclude the possibility of melanoma. 


Naevus of Ito — 


Definition and nomenclature 
Naevus of Ito is a dermal melanocytosis involving the acromioclav- 
icular region and the upper chest. 


omiodeltoideus 


Epidemiology 

Incidence and prevalence 

Naevus of Ito is a rare disorder, presenting more commonly in 
Asians. It is less frequent than naevus of Ota. 


Ethnicity 
This naevus primarily occurs in Chinese and Japanese people. 


Pathophysiology 
Pathology 
Histological features are identical to those of naevus of Ota. 


Clinical features 
History 
This naevus was originally described by Minor Ito in 1954. 


Presentation 

Naevus of Ito presents as a unilateral, blue-greyish macular discol- 
oration. It is distinguished from naevus of Ota by its location in the 
area innervated by the posterior supraclavicular and lateral cuta- 
neous brachial nerves (Figure 131.17). Bilateral distribution has been 
reported occasionally [83-86]. 


Differential diagnosis 

A Becker naevus is a large, pigmented, often hairy, patch on the 
shoulder, chest or back of young males (Chapter 73). Histologically 
it shows hyperpigmentation of the basal layer, mild acanthosis, 
elongation of the rete ridges and numerous melanophages in the 
upper dermis. 


Complications and co-morbidities 
Naevus of Ito is a benign lesion. There are only three cases of trans- 
formation to melanoma reported in the literature [87-89]. 


Disease course and prognosis 
This is the same as in naevus of Ota. 


Congenital melanocytic naevi 131.15 


syndrome), phakomatosis pigmentovascularis (PPV) or phakomato- 
sis pigmentokeratotica (PPK) [90-92]. SLN syndrome (or papular 
naevus spilus syndrome as recently proposed) is characterised by a 
papular SLN associated with ipsilateral neuromuscular, peripheral 
nerve and/or central nervous system defects [93]. Phakomatosis 
spilorosea, which according to the new classification by Happle in 
2005 is a type of PPV corresponding to previous types IIa and IIIb, 
is characterised by the coexistence of a macular SLN with a pale 
pink telangiectatic naevus [94]. PPK is characterised by the presence 
of a sebaceous naevus and a papular SLN, with or without skeletal 
and neurological disturbances. 


Pathophysiology 

Pathology 

The background macule shows a subtle increase in melanocytes, 
whereas darkly pigmented speckles present a ‘jentigo’ pattern. 
Figure 131.17 Naevus of Ito, showing a typical distribution over the shoulder area. Papular lesions correspond to superimposed dermal or compound 
melanocytic naevi. 


Management 

Pigment targeting Q-switched laser systems are the treatment of Genetics 

choice. Phakomatosis pigmentovascularis was considered to be a didymo- 
sis with early postzygotic recombination [95]. However, Groesser 
and co-workers proposed that both naevi (sebaceous naevus and 
SLN) in PPK are caused by a postzygotic HRAS mutation in a 
multipotent progenitor cell and should therefore be viewed as a 
mosaic RASopathy [96]. 


Clinical features 

Presentation 

An SLN comprises a flat macule on a tan background, often faintly 
appearing, and more darkly pigmented lentigo-like lesions or naevi 


Definition and nomenclature (Figure 131.18). Other types of naevi, such as blue naevi, Spitz 
Speckled lentiginous naevus (SLN) is a congenital melanocytic naevi or rarely congenital melanocytic naevi, can occur within the 
naevus presenting as a lentiginous macule early in life, and subse- _ lesion. The sites more commonly involved are the trunk and the 
quently developing multiple darkly pigmented macules or papules upper and lower extremities. Naevi present in various sizes and 
ina speckled distribution (Table 131.3). occasionally show zosteriform or segmental distributions. 


Clinical variants 

Vidaurri de la Cruz et al. performed an extensive review of case 
reports on SLN and proposed two distinct subtypes of naevus 
spilus: macular (naevus spilus maculosus) and papular (naevus 
spilus papulosus) [97]. Macular SLN is characterised by a light 
brown macule with darker flat speckles, resembling a polka-dot 


pattern. In papular SLN, the light brown macule is superimposed [K§ 
Epidemiology with multiple papules or nodules with uneven distribution, rem- 7 
Incidence and prevalence iniscent of a star map, while dark macules may also be present. ba 
The estimated prevalence is about 1-2%. Macular SLN is related to the phakomatosis spilorosea type of PPV, [[:5 

whereas papular SLN is present in PKK and SLN syndrome. ° 
Age Fa 
The naevus may be present at birth or appear during childhood. Differential diagnosis A 

Speckled lentiginous naevi can be confused with café-au-lait [ys 
Sex spot, congenital melanocytic naevus, Becker naevus, agminated = 
There is no sex predilection. naevomelanocytic naevus and segmental lentiginosis. < 
Associated diseases Disease course and prognosis 


Speckled lentiginous naevi are occasionally part of complex There have been a few reports of melanoma arising within SLNs 
disorders such as speckled lentiginous naevus syndrome (SLN __ of various sizes, but the relative risk is unknown. Considering the 
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Table 131.3 Basic clinical, pathological and dermoscopic patterns of acquired and congenital melanocytic naevi (Chapter 73). 


Type of naevus Subtype 


Clinical presentation 


Pathological characteristics 


Dermoscopic presentation 


Small (<1.5 cm) 
Medium (1.5-20 cm) 
Giant (>20 cm) 


Congenital naevi 


Speckled lentiginous 
naevus 


Common acquired Junctional naevus 
naevi 


Compound naevus 


Intradermal/dermal 
naevus 


Naevi in unusual 
sites 


Naevus of the genital 
area 


Naevus of the scalp 


Acral naevus 


Nail-associated 
naevus 


Combined 
melanocytic 
naevus 

Recurrent melanocytic 
naevus 


Naevi with unusual 
morphology 


Halo naevus 


Meyerson naevus 


Cockade naevus 


Targetoid 
haemosiderotic 
naevus 


Spitz naevus Classic Spitz naevus 


Reed naevus 


Light to dark brown colour, flat or 
elevated, with smooth to 
mammillated to verrucous surface 
and well-defined borders; may 
acquire coarse hair 

Multiple darkly pigmented macules 
or papules (representing 
junctional and compound naevi) 
arising on a lentiginous macule 

Uniformly pigmented brown macule, 
with a diameter of 2-1 mm 

Slightly raised, oval or round papule 
with symmetrical shape; 
pigmented with variable shades of 
brown 

Flesh-coloured, dome-shaped, 
exophytic papule or nodule 


Usually hyperpigmented and larger 
in size compared with common 
acquired naevi 

Often asymmetric and poorly 
circumscribed in younger ages, 
presenting as dermal naevus 
later in life 

Macular or slightly elevated, 
uniformly pigmented lesion with 
irregular and sharp borders 

Longitudinal parallel and 
homogeneous light to dark brown 
to black pigmentation of the nail 
plate 

Bluish macule or papule surrounded 
by a macular brown area 


Macular area with hyper- or 
hypopigmentation, linear streaks 
and mottled pigmentation arising 
within a scar 

A melanocytic naevus surrounded by 
a depigmented halo 


A melanocytic naevus that develops a 
red-squamous halo 


A naevus with a target-like 
appearance 


Brown or red-brown or violaceous 
papule surrounded by a thin pale 
area and a peripheral ecchymotic 
ring 

Solitary, firm, symmetrical, sharply 
demarcated, round or 
dome-shaped pink to red to 
reddish brown nodule (<5-6 mm 
in diameter) 


Solitary, densely pigmented, 
irregularly shaped, dark-brown or 
black papule or nodule 


Deeper naevus cells exhibit a tendency to 
extend deeply in relation to skin 
appendages 


Banal naevi arising in a macular lentigo with 
a subtle increase in melanocyte number 


Benign proliferations of melanocytes in the 
epidermis 

Benign proliferations of melanocytes in the 
epidermis, showing evidence of migration 
of cells into the dermis and ‘maturation’ 
of those cells within the deeper dermis 

Benign tumours of melanocytes in which 
there is no longer epidermal proliferation; 
the naevus cells have migrated into the 
dermis and matured there 

Atypical junctional proliferation of 
melanocytes may be present (large nests, 
discohesion of melanocytes) 

Large pleomorphic dyscohesive nests; 
lentiginous growth 


Atypical junctional proliferation of 
melanocytes may be present 


Junctional or compound naevus with 
prominent hyperpigmentation and 
nuclear hyperchromasia 


Two different types of naevi (one of which is 
usually a blue naevus) within the same 
lesion 

Intraepidermal presence of melanocytes with 
abundant melanin and occasionally 
atypia, above the level of a scar 


Dense lymphocytic infiltrate in the early 
phase and subsequent elimination of 
naevus cells 

Benign naevus with overlying spongiosis of 
the epidermis 


Central junctional or compound component, 
while the periphery consists of junctional 
nests 


Naevus cells mingled with extravasated 
blood vessels 


Symmetrical naevus of orderly architecture; 
consists of epithelioid/spindle cells 
arranged in nests showing zonation and 
maturation at the depth of lesion; intact 
epidermis, Kamino bodies, few superficial 
mitoses 


Similar to classic Spitz naevi; junctional 
melanocytic activity with large quantities 
of melanin pigment 


Reticular, globular or mixed pattern; 
milia-like cysts, perifollicular 
hypo-/hyperpigmentation, black or brown 
dots/globules and hypertrichosis may be 
present 

Globular, reticular, structureless brown and 
mixed patterns on a faint network 


Globular, reticular, structureless brown and 
mixed patterns 

Globular, reticular, structureless, brown, 
multicomponent and mixed patterns 


Symmetrical homogeneous pattern; may 
have a slight pigmented globular pattern 
or black dots. Comedo-like openings, 
crypts and comma vessels may be present 

Asymmetrical in colour and structure, often 
with irregular dots/globules or 
grayish-black blotches 

Globular and combination of globular and 
reticular patterns 


Parallel furrow, lattice-like or fibrillar pattern 


Brown, longitudinal parallel lines with 
regular spacing and thickness 


Usually a brownish reticular and/or globular 
pattern with central or eccentric 
structureless blue pigmentation 

Irregular prominent network, globules and 
heterogeneous pigmentation, usually 
within the borders of the scar 


Central naevus exhibits the globular and/or 
homogeneous patterns, surrounded by a 
white rim 

Pattern of the involved naevus is often 
blurred by an overlying yellowish 
superficial crust 

Darker central globular or homogeneous 
pattern, surrounded by a structureless 
inner ring and a more peripheral darker 
reticular ring 

Red to purple colour haemorrhage 
surrounding a naevus 


Dotted vascular pattern with intersecting 
white lines (classic non-pigmented type); 
a ‘starburst’ pattern, aglobular pattern 
(blue-grey pigmentation surrounded by a 
rim of pigmented globules) or a 
multicomponent atypical pattern is seen 
in pigmented variants 

‘Starburst’ pattern (diffuse blue-black 
pigmentation with radial streaks in the 
periphery) 


Table 131.3 (continued) 


Type of naevus Subtype Clinical presentation 


Pathological characteristics 


Dermoscopic presentation 


Blue naevus Common blue naevus Blue-black or deep blue 
dome-shaped papule, with a 
diameter <1-2 cm 

Same as common blue naevus; 


usually larger diameter 


Cellular blue naevus 


Deep penetrating 
naevus 


Larger than common blue naevus, 
may show diffuse and irregular 
lateral margin 

Larger than 5 mm with irregular 
borders and pigmentation; may 


Clinically atypical 
naevus 


Spindle or dendritic melanocytes within the 
dermis, containing pigment, even deeply 
in the dermis 

Dermal naevus cells are more numerous and 
extend into the deep reticular dermis or 
to subcutaneous fat 

Extension of naevus cells deep into the 
dermis with a wedge shape 


Characteristic architectural and cytological 
atypia (see Table 131.5) 


Structureless, homogeneous, diffuse blue, 
blue-grey to steel blue pattern 


Similar to blue naevus; may have pale or 
yellowish periphery 


Negative globular pattern with blue-brown 
homogeneous pigmentation 


Multiple patterns; a common dermoscopic 
pattern shows central homogeneity and 
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reticulated network or dots at the 
periphery 


contain a reddish hue. A central 
papular component is often 
surrounded by a macular 
periphery 


limited number of reported malignant transformation and the esti- 
mated 1-2% prevalence of SLN in the population, it is likely that this 
risk is quite low. 


Management 
There is no standardised management algorithm for SLN. Although 
they are not considered a major risk factor for melanoma or true 
melanoma precursors, patients should be instructed to moni- 
tor their naevi. Baseline photos and subsequent documenting of 
clinical changes could be useful. For patients with large naevi cov- 
ering extensive body surface areas that are difficult for the patient 
to self-examine, clinical surveillance and sequential dermoscopic 
examination should be offered. Prophylactic excision is not justified, 
but suspicious lesions should be biopsied. 

Excision, ablative and non-ablative lasers and dermabrasion for 
cosmetic reasons have been used with varying results [98-101]. 


Acquired melanocytic nae\ 


Definition and nomenclature 

These are common benign proliferations of uniform melanocytes 
that are located initially at the dermal—epidermal junction, and over 
time tend to migrate into the dermis and regress with subsequent 
morphological changes. 
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Figure 131.18 (a) Speckled lentiginous naevi. Numerous darker macules and papules 
(representing junctional and compound naevi) can be seen on a faintly visible tan 
macular background. (b) Dermoscopic image showing patchy diffuse distribution of 
brown reticular spots with regular network over a light brownish background. Follicular 
openings can also be observed. 
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Introduction and general description 

Acquired melanocytic naevi are benign neoplasms of melanocytic 
naevus cells that begin to proliferate at the dermal-epidermal 
junction (junctional naevus) and over time tend to migrate into the 
dermis while a component remains in contact with the basal layer 
(compound naevus) (Table 131.3). At the end stage of this process, 
all the naevus cells are completely detached from the overlying 
epidermis (intradermal naevus). The typical life cycle of a common 
melanocytic naevus follows the stages of initiation, promotion, 
senescence and involution. 


Epidemiology 

Incidence and prevalence 

Acquired melanocytic naevi are the most common neoplasms 
among white people and are usually multiple. Higher naevi counts 
have been associated with fair skin and freckling [102,103]. 


Age 

The number of acquired melanocytic naevi increases from childhood 
to midlife and decreases progressively thereafter. The occurrence 
of a new melanocytic lesion in a young individual is a common 
event, while the same phenomenon in a patient older than 60 years 
should raise concern of melanoma. 


Sex 
There is no sex predilection. 


Ethnicity 
These naevi present in all races, but their incidence and number are 
higher in white people. 


Associated diseases 

The presence of multiple acquired melanocytic naevi is a risk 
factor for melanoma. Patients with more than 100 naevi have a 
sevenfold increase in melanoma risk [104]. The risk of malignant 
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transformation of an acquired melanocytic naevus is extremely 
low, ranging on an annual basis from one in 200000 for men and 
women younger than 40 years, to one in 33000 for men older than 
60 years [105]. 


Pathophysiology 

The exact mechanism of melanocytic naevus development is 
unknown, but probably involves an interplay of genetic and envi- 
ronmental factors. A common scenario proposes that naevi originate 
from a single precursor melanocyte of unknown nature. 


Predisposing factors 

Variations in naevus numbers have been observed among different 
groups of patients. Sun exposure and sun-protection habits during 
childhood may modify naevus count [106,107]. Chemotherapy 
administered for leukaemia in childhood [108] or after renal trans- 
plantation [109] has been associated with increased naevus count. 
Local trauma may trigger the development of eruptive naevi in 
predisposed patients [110]. Hormonal factors in females may also 
play a role in naevogenesis, as postmenarche status [106], and the 
use of oral contraceptives or hormone replacement therapy have 
been linked with higher naevi count [111]. Individuals with Turner 
syndrome have increased numbers of melanocytic naevi [112]. 
Children with atopic dermatitis present fewer naevi compared with 
control subjects, suggesting that the pro-inflammatory cytokine 
milieu in the atopic skin might inhibit naevogenesis [113,114]. 


Pathology 

The pathology of acquired naevi consists of naevomelanocytes 
arranged partially in clusters or nests. They are usually round or 
cuboidal with intracytoplasmic granules of melanin pigment. 

In junctional naevus, along the dermal—epidermal junction, single 
naevus cells are present in the basal layer. Nests of naevus cells are 
distributed mainly at the tips or, less commonly, between the rete 
ridges (Figure 131.19). 


(b) 


Figure 131.19 Junctional naevus. (a) Aggregates of naevomelanocytic cells in the rete ridges of a hyperplastic epidermis. There is no dermal component. Magnification 10x (H&E). (b) 
Naevomelanocytic nests are usually located in the tips and basilar area of the rete ridges and are often separated from the adjacent squamous cells by a clear space. Magnification 40x 


(H&E). Courtesy of Dr K. Frangia, HBD HistoBio Diagnosis, Athens, Greece. 
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Common acquired naevi 


Figure 131.20 Acquired compound naevus. (a) Naevomelanocytic proliferation in the junctional area and the dermis. The dermal component extends beyond the boundaries of the 
junctional component. Magnification 10x (H&E). (b) Naevus cells type A (epithelioid) or type B (without significant atypia) present in the dermal-epidermal junction and in the dermis, 
in an isolated or nesting pattern of development. Melanin pigment is more pronounced in the upper portion of the lesion. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD 


HistoBio Diagnosis, Athens, Greece. 


A compound naevus has a junctional and an intradermal com- 
ponent with a variety of morphological types of naevomelanocytes 
(A, B and C cells) arranged in nests, cords or single units in the 
dermis (Figure 131.20a). Type A or epithelioid cells with intracyto- 
plasmic melanin pigment in an abundant cytoplasm are typically 
found in the upper dermis. Type B or naevic cells are smaller 
than type A, contain less melanin and lie in cords deeper in the 
dermis (Figure 131.20b). Type C or spindle cells rarely contain 
melanin and have a neurotised, schwannian morphology. They are 
located in the lower dermis, often in strands or in loose, fibrillar 
aggregates, called naevic corpuscles. Multinucleated cells may also 
be present at the upper dermis. 

An intradermal naevus has identical features to the dermal com- 
ponent of a compound naevus, with melanocytes gradually losing 
their ability to produce melanin as they progress from the upper 
to the deeper dermis (Figure 131.21). When the spindle-shaped 
type C cells prevail, the lesion mimics a neurofibroma and the term 
neural naevus is used for the variant without a type A or B cell 
component. The presence of fat cells between the naevus cells and of 
atypical senescence of naevomelanocytes are considered to indicate 
ageing of the lesion. The overlying epidermis may be hyperplastic, 
with hyperkeratosis and papillomatosis. 

In general, melanocytes gradually lose their ability to produce 
pigment as they progress from the epidermis to the dermis and 
‘senesce’. These stages are not necessarily followed by every nae- 
vus. Additionally, naevi seem to retain the ability to respond 
physiologically to certain conditions, such as pregnancy or expo- 
sure to UV radiation, including increasing proliferative rates, while 
maintaining their benign nature [115]. 

The balloon cell naevus is a histological subtype of compound 
naevi. It consists of characteristic cells with swollen, vacuolated 
cytoplasm, containing none or a few small melanin granules, which 


are sometimes multinucleated. Regular melanocytes can be found 
at the periphery of the naevus. The biological significance of bal- 
loon cells is unknown, and they are not precursors to balloon cell 
melanoma. It is speculated that ‘ballooning’ is an intrinsic cellular 
degenerative process due to an arrest in the biosynthesis of melanin 
in melanosomes [116]. Rare cases of balloon cell naevi in the upper 
aerodigestive tract mucosa and conjunctiva have been reported 
[117,118]. 


Genetics 

Somatic BRAF mutations (most commonly BRAF p.V600E) are 
present in the majority (c. 80%) of acquired melanocytic naevi 
(especially in those with a dermal component) [119] and NRAS are 
encountered less often, implicating activation of the RAS/MAPK 
kinase pathway in the pathogenesis of naevi. BRAF mutations are 
an early initiating event in naevogenesis, leading to melanocytic 
proliferation and the formation of neoplastic clones [115,120]. In 
the absence of other genetic alterations these clones enter cell cycle 
arrest and senescence through the induction of p16INK4a and 
acidic B-galactosidase [121]. Genomewide association studies have 
identified several genetic loci on chromosomes 9p21 and 22q13 
that are potentially associated with naevus counts and melanoma 
development [122,123]. 


Environmental factors 

Although the prevalence of common naevi has not always been 
associated with UV exposure [124], international comparative 
studies have documented increased numbers of naevi in children 
living in sunnier climates compared with children of similar eth- 
nicity residing in northern countries [125,126]. Several studies 
have demonstrated that ambient sunlight and sunburn is associated 
with increased naevus counts in children [106,127-129]. 
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Figure 131.21 Acquired dermal naevus. (a) Nested pattern of development in the upper portion of the lesion. There is no junctional component. Magnification 10x (H&E). (b) All 
types of naevic cells (A, B, C and giant cells) are present in an isolated or nested pattern. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD HistoBio Diagnosis, Athens, Greece. 


Clinical features 

Presentation 

A newly formed melanocytic naevus is a junctional naevus, pre- 
senting as a uniformly pigmented brown macule, with a diameter 
of 2-10mm (Figure 131.22). Naevus pigmentation is related to 
individual skin colour, with lighter phototypes typically present- 
ing paler naevi. It is also associated with UV exposure, gaining 
a darker shade after exposure to sunlight (e.g. after a summer 
vacation) or artificial UV sources. It can be located anywhere in 
the body, but it is found more commonly on the trunk and the 
extremities. 

A compound naevus is a slightly raised, oval or round papule 
with symmetrical shape (Figure 131.23). This naevus is also pig- 
mented, with shades of brown according to the patient’s skin 
colour. 

Intradermal (or dermal) naevi are flesh-coloured, dome-shaped 
nodules that can be larger than junctional naevi (Figure 131.24). 
Their surface is usually smooth but can also appear papillomatous. 
They are located primarily on the head, neck and shoulders. One or 
a few hair shafts may project from the naevus surface. Acute inflam- 
mation of intradermal naevi, presenting as painful red-coloured 
swelling can occur due to mechanical friction or bacterial infection 
of the hair follicles inside the naevus and should not cause concern 
of malignant transformation. 


Clinical variants 
Agminated and eruptive melanocytic naevi can occasionally occur 
(Chapter 147). 


Differential diagnosis 

The distinction between very small congenital and common 
acquired melanocytic naevi during the first years of life may 
be very difficult both clinically and dermoscopically. 


(b) 


Figure 131.22 (a) Junctional naevus. (b) Dermoscopic image of a junctional naevus 
showing a reticular pattern with a smooth ending at the periphery. 
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(b) 


Figure 131.23 Compound naevus. (a) Hyperpigmented papule surrounded by 
symmetrical, lighter brown, macular area. (b) Dermoscopic image showing a 
structureless brown centre with reticulated periphery. 


Disease course and prognosis 

Although 25-30% of melanomas arise in association with pre- 
existing naevi, malignant transformation of naevi is a very rare 
event. 


Investigations 

Upon dermoscopy (Figures 131.21b, 131.22b and 131.23b), common 
acquired melanocytic naevi can be classified into globular, reticular, 
structureless brown and mixed patterns, which correlate to different 
histopathological features. Dermoscopic patterns are also related to 
the patient’s age and skin pigmentation, as well as anatomical loca- 
tion [130]. 


Management 

No treatment is required. Surgical removal is performed only for 
aesthetic purposes, but has the potential risk of scarring. Superficial 
removal techniques, like curettage, dermabrasion, shave excision, 
electrosurgery and lasers, do not destroy all naevus cells, so the nae- 
vus can recur with an atypical presentation (‘pseudo-melanoma’). 


(b) 


Figure 131.24 (a) Dermal naevi. (b) Dermoscopic image showing a symmetrical, 
flesh-coloured, homogeneous pattern with comma-shaped vessels. 


Scarring, inflammation, neovascularisation and postinflammatory 
hyper- or hypopigmentation are also frequent sequelae associated 
with these methods. 


NAEVI IN 


Definition 


Naevi in certain locations include a group of benign melanocytic 
naevi with histological features resembling clinically atypical naevi 
or melanoma [131]. They are located in distinct anatomical areas 
such as the scalp, ear, embryonic milkline, flexural sites, breast, 
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genitalia and acral sites but comprise only a subset of naevi that 
present on these sites (see Table 131.3). 


Introduction and general description 


Although not broadly accepted as a unique entity, these lesions 
have a different morphological pattern from banal melanocytic 
naevi. This is partially due to anatomical factors, hormonal influ- 
ences, trauma, UV exposure and epidermal thickness [132]. These 
naevi are clinically more atypical, presenting with a larger size and 
colour variegation. They exhibit distinct histological patterns such 
as pagetoid speading (acral naevi) [133], enlarged junctional nests 
with discohesion of melanocytes (flexural and genital naevi) [134] 
or large nests with bizarre shapes that extend down to the follicular 
epithelium (scalp) [135]. They can also present with atypical nesting 
patterns, stromal fibrosis and atypical dermal cytology [136]. Their 
course is benign and, just as in naevi on other sites, they should be 
monitored clinically. Inspection of all these usually ‘hidden’ areas 
should be included in total body examination. 


Melanocytic naevi of the ¢ 


Epidemiology 

Incidence and prevalence 

These hamartomas are uncommon, found in 2.3% of patients under- 
going routine gynaecological examinations [137]. 


Pathophysiology 

Pathology 

Most are compound naevi characterised by a florid junctional 
melanocytic proliferation, cellular dyscohesion and atypical cytol- 
ogy [138]. Melanocytic naevi arising within lichen sclerosus may 
demonstrate additional features mimicking melanoma [139]. 


Clinical features 

Presentation 

These naevi are predominantly located in the vulva, but also occur 
in the perineum, mons pubis, penis and scrotum. A small subset 
of genital naevi (5%), termed atypical melanocytic naevi of the 
genital type, occurs mainly in young premenopausal women and is 
characterised by marked architectural and atypical cytology [140]. 
Clinically, these lesions are often hyperpigmented and larger in size 
compared with common acquired naevi. 


Differential diagnosis 

Despite their benign course, these lesions are often difficult to 
differentiate from vulval melanoma, which is seen primarily in 
postmenopausal women [141]. Atypical genital naevi and genital 
melanomas have also distinct and non-overlapping somatic muta- 
tional patterns [142]. 
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Melanocytic naevi of the 


Epidemiology 
Incidence and prevalence 
They occur in both males and females [131,136]. 


Pathophysiology 

Pathology 

They tend to exhibit more atypical characteristics than naevi from 
other sites, with nesting irregularities, melanocytes with atypia in 
the papillary dermis and maturation in the deep dermis, and dermal 
fibroplasia [136,139]. 


Clinical features 

Presentation 

They can be located anywhere in the breast, including the nipple, 
and are often larger than 6 mm with irregular borders (Figure 131.25) 
[139,143]. 


Melanocytic naevi of the 


Epidemiology 

Incidence and prevalence 

Atypical melanocytic naevi of the scalp are more prevalent in 
younger ages [135]. 


Figure 131.25 Breast naevus with irregular borders. 


Figure 131.26 Naevus of the scalp. 


Pathophysiology 

Pathology 

Scalp naevi often show large pleomorphic dyscohesive nests, lentig- 
inous growth, melanocytes with large nuclei, follicular involvement 
and superficial fibroplasia [131]. 


Clinical features 

Presentation 

These naevi tend to be asymmetric and poorly circumscribed, espe- 
cially in children, adolescents and young adults. In older patients 
they usually become raised with a smooth or papillomatous sur- 
face, and less pigmented or flesh-coloured (Figure 131.26) [143]. Blue 
naevi and their variants are frequent on the scalp [143]. 


Investigations 

Globular and a combination of globular and reticular patterns, as 
well as perifollicular hypopigmentation, and central hypopigmenta- 
tion (eclipse naevus), are frequent dermoscopic features in children 
and adolescents [143]. 


Acral naevi CC 


intraepidermal ascent of cells 


Pathophysiology 

Pathology 

Histologically, these naevi share the same features with common 
acquired naevi in other locations, although they are usually more 
cellular. They can be junctional, compound or intraepidermal 
(Figure 131.27a) [144,145]. Lentiginous melanocytic proliferation 
and some degree of upward migration of naevus cells are seen 
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Figure 131.27 Compound acral naevus. (a) The junctional component predominates, 
with variable sized and shaped nests located mainly to the tips of the rete ridges. A 
dermal component is also present. Magnification 10x (H&E). (b) Single melanocytes 
present in the epidermis in a pagetoid spreading pattern may lead a pathologist to the 
erroneous diagnosis of melanoma. Magnification 40x (H&E). Courtesy of Dr K. Frangia, 
HBD HistoBio Diagnosis, Athens, Greece. 


(Figure 131.27b), the latter due to a transepidermal elimination 
effect from frequent trauma and friction on these sites. The dermal 
component of acral naevi shows maturation, bland cytology and 
lack of mitoses. A prominent inflammatory infiltrate should raise 
concern for malignancy [131]. 


Clinical features 

Presentation 

Acral naevi are usually macular or slightly elevated, uniformly 
pigmented lesions with irregular and sharp borders [144]. Their 
colour can range from brown to dark brown and they often present 
with a striated appearance, distributed along the parallel furrows 
of acral skin (Figure 131.28), in contrast to melanomas that are 
situated along the ridges of the palms and soles. Acral naevi of the 
soles are usually located on non-weight-bearing areas, in contrast 
to melanomas [146]. 
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(b) 


Figure 131.28 (a) Naevus on the sole of a foot. (b) Dermoscopic image of acral naevus 
showing a parallel furrow pattern. 


Investigations 

The most common dermoscopic pattern of acral naevi is the paral- 
lel furrow pattern (Figure 131.28b), followed by the lattice-like and 
fibrillar patterns [147]. 


Management 

Despite their slightly atypical histology, the majority of acral naevi 
are clinically and histologically indistinguishable from benign naevi 
in other sites and should be managed similarly. 


Conjunctival nae 


Epidemiology 

Incidence and prevalence 

Conjunctival naevi are the most common tumours of the conjunctiva 
and can be of the acquired or congenital type [148]. 
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Pathophysiology 

Pathology 

Histologically, the compound type predominates although all his- 
tological variants have been reported, including a rapidly growing 
and often concerning lesion in children and adolescents [149]. 
The characteristic feature of conjunctival naevi is the histological 
presence of intralesional cysts (Figure 131.29). 


Clinical features 

Presentation 

These naevi are similar to those occurring in the skin and present 
as circumscribed, flat or slightly raised macules or papules, occur- 
ring most commonly on the bulbar conjunctiva [150] (Figure 131.30). 
They are often amelanotic (30% of cases), particularly in children in 
whom they often acquire pigmentation after puberty. 


Disease course and prognosis 

The prognosis is excellent. There are no specific clinical signs that 
predict the transformation of a conjunctival naevus to melanoma 
(presumed to occur in fewer than 1% of naevi). Attachment to 
the sclera, extension into the cornea and development of ‘feeder’ 
vessels upon slit lamp examination represent worrisome changes 
[151,152]. 


Naevi of the nail 


Melanonychia is covered in Chapter 93. 


Introduction and general description 


There is a distinct group of naevi that exhibit unusual clinico- 
pathological and dermoscopic features. These naevi, designated as 
‘special’ naevi, include those with clinically atypical presentation 
that simulate melanoma (e.g. combined and recurrent naevi) and 
those with targetoid morphology (e.g. halo, Mayerson, cockade and 
targetoid haemosiderotic naevi) (see Table 131.3). 


Combined melange 


Definition 

Combined naevi present as two different types of benign melano- 
cytic proliferations within the same naevus [153]. The most frequent 
combination is that of a blue naevus associated with a congenital, 
acquired or Spitz naevus. 


Epidemiology 

Incidence and prevalence 

Combined naevi correspond to approximately 1% of excised naevi 
[154]. 


(b) 


Figure 131.29 Compound conjunctival naevus. (a) Naevic aggregates are observed 
mainly beneath the conjunctival epithelium, in the substantia propria and partially 
around cystic epithelial inclusions. Magnification 10x (H&E). (b) Nests of fairly uniform 
naevomelanocytes showing a partial relationship to the epithelium of local cystic 
epithelial inclusions. There is also a small naevic component at the base of the surface 
epithelium. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD HistoBio 
Diagnosis, Athens, Greece. 


(b) 


Figure 131.30 Conjunctival naevus. (a) A well-circumscribed papule of various shades 
of brown. (b) Dermoscopic image showing homogeneous brown-greyish pigmentation 
with a reddish hue. Courtesy of Dr D. Sgouros, Andreas Sygros Hospital, Athens, Greece. 


Pathophysiology 

It is unclear whether pathogenetically they represent a mere coex- 
istence of two different naevi populations or if they derive from a 
single cell proliferation differentiating into two different types of 
naevi. 


Clinical features 

Presentation 

The clinical presentation of this naevus depends on the combination 
and distribution of its cellular components [131]. Combined naevi 
containing a blue naevus often present as a bluish macule or papule 
(representing a blue naevus) surrounded by a macular brown 
area (representing a compound naevus) (Figure 131.31) [155]. The 
back is a frequent location. 


Genetics 

The genetic profile of these naevi varies. A subset of combined naevi 
with a spitzoid component shows inactivation of BAP1 (combined 
BAP1-inactivated naevus) [156,157]. Germline mutations of BAP1 
lead to multiple combined BAP1-inactivated naevi and melanocy- 
tomas [131,158,159]. 


Differential diagnosis 

Due to the presence of two different naevi components, combined 
naevi are characterised by colour variegations that raise the suspi- 
cion of melanoma. For this reason, excision and histopathological 
analysis of these lesions is generally recommended. 
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(b) 


Figure 131.31 (a) Combined naevus. (b) Combined naevus with eccentric, structureless, 
bluish area and peripheral, brown, globular pattern. Courtesy of Dr D. Sgouros, Andreas 
Sygros Hospital, Athens, Greece. 


Investigations 

Dermoscopically, the most frequent pattern is a typical brownish 
reticular and/or globular pattern with central or eccentric structure- 
less blue pigmentation (Figure 131.31b) [160,161]. 


Recurrent melanoc 


Definition and nomenclature 
Recurrent melanocytic naevi are benign melanocytic naevi that recur 
after incomplete surgical excision or trauma. 
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Epidemiology 
Incidence and prevalence 
They occur more frequently in women aged 20-30 years of age. 


Pathophysiology 

Various theories have been proposed such as regrowth from a 
residual dermal naevus, repopulation from seeded melanocytes 
after initial removal or from adnexal structures, and junctional 
stimulation from remaining hair roots or from the periphery of the 
lesion [153]. 


Pathology 

Histopathologically, recurrent naevi have an intraepidermal pres- 
ence of melanocytes above the level of a scar. Effacement of rete 
ridges and a lentiginous or nested proliferation of naevus cells is 
also seen. The naevomelanocytes have abundant melanin and uni- 
form nucleoli, although low grade atypical cytology can be observed 
occasionally. 


Clinical features 

History 

Recurrent naevi usually originate from acquired ordinary melano- 
cytic naevi removed by shave biopsy for cosmetic reasons. 
Recurrences after incomplete removal of blue naevi, Spitz naevi and 
clinically atypical or dysplastic naevi have been also reported [162]. 
Recurrences typically arise in the centre of the scar, usually within 
a time frame from 6 weeks to 6 months after removal of the initial 
naevus [163]. 


Presentation 

Clinically, they appear as a macular area with hyper- or hypopig- 
mentation, linear streaks and mottled pigmentation (halo, stippled 
or diffuse) measuring 2-5 mm in diameter (Figure 131.32) [164]. 
Due to their atypical clinical and histopathological presenta- 
tion, they are viewed as simulators of melanoma, hence the term 
‘pseudo-melanoma’. Their most common location is the trunk 
(back), followed by the face and extremities [163]. 


Differential diagnosis 

The differential diagnosis of recurrent naevi is often difficult to 
make from recurrent melanoma and reactive pigmentation of scars. 
The history of occurrence after the removal of a pre-existing naevus, 
the distribution of pigmentation within the scar and specific der- 
moscopic findings are important parameters in setting the correct 
diagnosis. Their presentation within 6 months of excision and their 
confinement within the boundaries of the scar point more towards 
a recurrent naevus [165]. In contrast, a recurrent melanoma arises 
more slowly and tends to grow beyond the borders of the scar into 
the adjacent normal skin. 


Investigations 
Dermoscopy of recurrent naevi reveals an irregular prominent net- 
work, the presence of globules and a heterogeneous pigmentation 


(b) 


Figure 131.32 Recurrent naevus. (a) Macule developing within the scar of a previously 
excised melanocytic naevus. (b) Dermoscopic image showing a slightly asymmetrical 
macule consisting of a smooth reticular network of fine lines and brownish colour on a 
whitish scar. Courtesy of Dr D. Sgouros, Andreas Sygros Hospital, Athens, Greece. 


(Figure 131.32b) [166]. According to a study examining the der- 
moscopic features of recurrent naevi versus recurrent melanomas, 
there is a more symmetrical and centrifugal growth confined within 
the area of the scar in recurrent naevi compared with the chaotic, 
often eccentric and non-continuous pigmentation of recurrent 
melanoma extending beyond the scar’s edge [167]. 


Management 

The management of these lesions is often not straightforward. 
Factors such as the patient’s age, the anatomical site, the time from 
removal, the type of removal (surgical versus destructive modality) 
and the growth pattern are important clues, but the most important 
is the histopathology of the first excision. If the diagnosis of the 
primary lesion was that of a banal naevus then no further treatment 


is warranted. If there is a previous report of an atypical naevus or 
if the histopathology of the primary lesion is not available, then a 
thorough excision of the recurrent lesion and a histopathological 
evaluation is necessary. 


Halo naevus P| 


Definition and nomenclature 
A halo naevus is a melanocytic naevus surrounded by a depig- 
mented area resembling a halo. 


; and inclusions 


Epidemiology 

Incidence and prevalence 

Halo naevi are relatively common, presenting in approximately 1% 
of the population. They may present as solitary or multiple lesions. 


Age 
These naevi are more commonly seen in children, adolescents and 
young adults. 


Sex 
There is no sex predilection. 


Associated diseases 
Halo naevi can be associated with autoimmune disorders like 
vitiligo, Hashimoto thyroiditis, alopecia areata and atopic eczema. 


Pathophysiology 

The exact pathophysiology of halo naevi is unknown. They are 
considered an autoimmune response against naevus cells. There is 
some laboratory evidence of local and circulating immunological 
T-cell activation in patients with unexcised halo naevi [168]. 


Predisposing factors 

Stress and puberty are considered to be triggering factors [153]. 
Familial cases have been reported [169]. Regression of several 
melanocytic naevi in patients with metastatic melanoma receiving 
ipilimumab has been observed [170,171]. Halo naevi have also been 
observed in relation with imatinib [172] and tocilizumab treatment 
[173,174]. 


Pathology 

Halo naevi are usually compound melanocytic naevi, although 
junctional or dermal naevi are occasionally noted. At the time of 
the halo appearing, they demonstrate a heavy, lichenoid, lympho- 
cytic infiltrate within the dermis, with naevus cells arranged in 
nests or singly among the inflammatory cells (Figure 131.33). In 
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Figure 131.33 Halo naevus. (a) Dense lymphocytic infiltrate with disruption of the naevomelanocytic aggregates, especially in the mid and deep portion of the dermal component of 
the naevus. Magnification 10x (H&E). (b) Small lymphocytes disrupt the naevic aggregates and intermingle with single naevomelanocytes in the dermal component of the naevus. 
Lymphocytes are also distributed between the basal cells of the overlying epidermis and the naevic cells of junctional nests. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD 


HistoBio Diagnosis, Athens, Greece. 


the intraepidermal component single lymphocytes are distributed 
among the naevomelanocytes, in a linear pattern, extending beyond 
the boundaries of the dermal component in cases of compound 
naevi. Dihydroxy-phenylalanine staining reveals a loss of epidermal 
melanocytes in the depigmented area. 


Environmental factors 
Halo naevi sometimes appear after intense sun exposure [175]. 


Clinical features 
Presentation 
Initially, a rim of depigmentation appears around a pre-existing 
melanocytic naevus (Figure 131.34). This white halo is particularly 
visible during the summer months when the unaffected adjacent 
skin acquires a tan. During the following months the naevus may 
gradually shrink or even disappear completely, leaving a white 
macule. Approximately half of halo naevi undergo total clinical and 
histological regression. 

Halo naevi are located primarily in the back. Multiple halo naevi 
may develop, while other adjacent naevi remain unchanged. 


Differential diagnosis 

In older patients presenting a single lesion, the possibility of a 
melanoma in regression should be excluded. In a case of melanoma, 
both the central pigmented area and the surrounding halo appear 
irregular, while the centre of the lesion presents dermoscopic 
features that are suggestive of melanoma. In suspicious cases, 
excisional biopsy should be performed. 


Disease course and prognosis 
The depigmented area usually persists for a decade or longer. 
A subgroup may progress through stages of involution with a 


return to normal colour, but even these lesions usually persist for 
several years (average of 7.8 years) [176]. 


Investigations 

In dermoscopy, the central naevus exhibits the globular and/or 
homogeneous patterns characteristic of melanocytic naevi in young 
ages, surrounded by a rim of white regression-like depigmentation 
with a variable diameter (Figure 131.34b) [153,177]. 


Management 

No treatment is required. Patients should be reassured, particularly 
in case of multiple lesions, and UV protection measures to avoid 
sunburn of the depigmented skin area is advised. A halo naevus 
presenting in an older patient should raise concern, especially in 
the absence of vitiligo and no history of halo naevi in the past. In 
such cases, a thorough skin and lymph node examination is recom- 
mended to exclude melanoma elsewhere. 


Meyerson naevus 


Definition and nomenclature 
This is a melanocytic naevus that develops an eczematous-like 
inflammatory reaction. 


Epidemiology 
Incidence and prevalence 
A Meyerson naevus is an unusual type of naevus. 
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allergic dermatitis or a hypersensitivity reaction have not been 
confirmed [178-181]. 


Predisposing factors 
Treatment with interferon « has been reported prior to the develop- 
ment of Meyerson naevi [182,183]. 


Pathology 
Histology reveals a common, usually compound, melanocytic nae- 
vus with associated spongiotic dermatitis of the overlying epi- 
dermis. Also seen is a dense, perivascular infiltrate in the upper 
dermis composed mainly of CD4+ lymphocytes and occasionally 
eosinophils. 


Environmental factors 
Severe sunburn has been implicated [184]. 


Clinical features 

Presentation 

Meyerson naevus, originally described by Meyerson in 1971, 
presents as a melanocytic naevus that develops a red-coloured halo 
with overlying scales (Figure 131.35). The lesion resembles a naevus 
with superimposed discoid eczema and it may be slightly pruritic. 
It usually arises on the trunk and proximal extremities. Multiple 
lesions can occur. 

Halo dermatitis has been reported around various benign 
skin lesions (e.g. common acquired and congenital naevi, Sut- 
ton naevi, Spitz naevi, clinically atypical naevi, sebaceous naevus, 
keloids, insect bites, seborrhoeic keratoses, dermatofibromas) and 
malignant skin lesions (e.g. melanoma, basal and squamous cell 
carcinomas) [185]. 


Differential diagnosis 

Single lesions could occasionally be confused with melanoma or 
halo naevus. In multiple Meyerson naevi, the differential diagnosis 
includes pityriasis rosea and roseola of secondary syphilis [153]. 


Disease course and prognosis 

The eczematoid changes usually resolve spontaneously after a few 
months, leaving the involved naevus intact, although some degree 
of hypopigmentation or even complete resolution of the naevus 


(b) has been described [186]. Meyerson naevus is a similar lesion to 
Figure 131.34 (a) Halo naevus. (b) Dermoscopic image of a halo naevus showing a halo naevus and may coexist with this entity in the same patient. rg 
symmetrical compound naevus (globular pattern) surrounded by a whitish halo. Occasionally, a Meyerson naevus can progress to a halo naevus or rT) 

vice versa [187,188]. < 
a 
Age Investigations 2 
It usually presents in young individuals. Dermoscopy reveals the benign pattern of the involved melanocytic [F=4 
alan ine by a yellowish, overlying, superficial serocrust JF} 
; ‘: igure : 53]. = 
Associated diseases age yes - 
ih iated with atopic eczema. [4 
Meyerson naevi have been associated with atop Zi Management < 
Normally, the eczematous reaction subsides after 1-2 weeks of treat- a. 

Pathophysiology ment with a moderately potent topical steroid. Clinical re-evaluation 


The aetiopathogenesis of this naevus remains unclear. Theories | and dermoscopic examination will confirm that the underlying 
proposing an atypical pityriasis rosea-like reaction, subacute naevus is benign. 
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(b) 


Figure 131.35 Meyerson naevus. (a) A small-sized naevus with an eczematous component. (b) Dermoscopic image showing yellowish crusts covering a naevus with a faint brownish 
network. Courtesy of Dr |. Zalaudek, Skin Cancer Unit Arcispedale Santa Maria Nuova — IRCCS Reggio Emilia, Italy. 


Cockade naevus @ 


Definition and nomenclature 
A cockade naevus is a benign melanocytic lesion with a target-like 
appearance resembling a rosette. 


Epidemiology 
Incidence and prevalence 
A cockade naevus is an uncommon type of naevus. 


Age 
It usually presents in children and adolescents. 


Pathophysiology 

It has been proposed that naevus cells in the central and peripheral 
areas produce melanin more actively [189], or that there is a lack of 
melanin synthesis involving the melanocytes of the non-pigmented 
rim [190]. 


Pathology 

The central component of the naevus is that of a junctional or 
compound type, while the periphery of the lesion is composed 
of junctional nests and may present increased pigment in the 
dermis [191]. 


Clinical features 

Presentation 

The central component of the naevus is a dark, often papular area, 
which is surrounded by a non-pigmented circular zone and an outer 
pigmented ring (Figure 131.36). Lesions are usually multiple and 
located on the trunk, or on the scalp in young patients. 


Differential diagnosis 
A target-like appearance has also been reported in association with 
blue naevi [192] and melanoma [193]. 


Investigations 

Dermoscopy reveals a naevus with a darker, central globular 
or homogeneous pattern, surrounded by a structureless inner 
ring and a more peripheral darker reticular ring (Figure 131.36b) 
[194,195]. 


Management 
A cockade naevus is a benign lesion, thus no treatment is required. 


Targetoid haemosiderotic naevus - 


Definition 
A targetoid haemosiderotic naevus derives from mechanical trauma 
of a melanocytic naevus, which is usually elevated or exophytic. 


Epidemiology 

Incidence and prevalence 

It is common in children and young adults. The upper chest is the 
most common location [196,197]. 


(a) 


unusual morphology = 131 


(b) 


Figure 131.36 (a) Cockade naevus. (b) Dermoscropic image of a cockade naevus showing a darker, central homogeneous pattern, a lighter inner ring and a peripheral brown reticular 
ring. Courtesy of Dr |. Zalaudek, Skin Cancer Unit Arcispedale Santa Maria Nuova — IRCCS Reggio Emilia, Italy. 


(a) 


(b) 


Figure 131.37 Targetoid haemosiderotic naevus. (a) Naevus acutely presenting with a haemorrhagic halo. (b) Dermoscopic image showing a peripheral, structureless, purple rim 


around a central pre-existing naevus. 


Pathophysiology 

Pathology 

Histopathologically, targetoid haemosiderotic naevus consists of 
naevus cells mingled with extravasated blood vessels and an 
increased number of irregular, ectatic, vascular channels. The 
peripheral halo demonstrates extensive haemorrhage with haemo- 
siderin and fibrin deposits combined with slit-shaped vascular 
channels that dissect in between collagen bundles. A mild, inflam- 
matory, primarily eosinophilic infiltrate is also seen. 


Clinical features 

History 

Targetoid haemosiderotic naevus usually appears as a sud- 
den change of pigmentation in a pre-existing naevus following 


mechanical irritation, usually from clothing, shaving or scratching 
[196,197]. A history of trauma or irritation is not always apparent 
to the patient. Symptoms indicating trauma such as pain, tenderness 
or pruritus are common. 


Presentation 

Clinically, the lesion presents as a brown, red-brown or violaceous 
papule surrounded by a thin pale area and a peripheral ecchymotic 
area that tends to expand, become fainter and resolve while the cen- 
tral papule persists (Figure 131.37). 


Differential diagnosis 

The differential diagnosis includes targetoid haemosiderotic hae- 
mangioma, cockade naevus, traumatised angiokeratoma and 
melanoma. 
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Investigations 

Dermoscopy reveals haemorrhagic changes with a red to purple 
colour, surrounding a naevus with a usually globular pattern 
(Figure 131.37b) [198]. Jet-black areas with irregular shape and size 
as well as comma-shaped vessels are also seen. The periphery of the 
lesion representing the ecchymotic halo shows an ill-defined, pale 
area surrounded by a reddish zone with jagged edges. 


Management 

Management includes reassurance of the patient and the use of a 
topical antibiotic or steroid preparation until the inflammatory/ 
haemorrhagic changes have resolved. 


OTHER NAEVI — CC 
Spitz naevus — ae 


Definition and nomenclature 
A Spitz naevus is a melanocytic lesion characterised by spindled 
and/or epitheloid naevomelanocytes. 


lusions 
thelioid cell naevus 


Introduction and general description 

Spitz naevus was initially described by Sophie Spitz as an unusual 
type of melanocytic proliferation in children, with features histo- 
logically indistinguishable from melanoma (hence the original term 
of ‘juvenile melanoma’), but with a favourable prognosis [199]. 
Currently the entity of Spitz naevi remains a subject of controversy 
due to their clinical and histological variability, their overlapping 
histological characteristics with melanoma and the uncertainty of 
their biological behaviour in certain cases. Refinement of the var- 
ious clinical and histological subtypes of Spitz naevi has resulted 
in a highly complex morphological classification of these tumours 
[200,201]. At one end of the spectrum is the common or classic 
Spitz naevus (see Table 131.3), a benign proliferation frequently 
occurring in children; at the other end are lesions with extensive 
pleomorphic features sufficient for the diagnosis of melanoma 
(‘malignant Spitz tumours’ or ‘Spitz melanoma’). In between lies a 
heterogeneous group of lesions with varying features and unknown 
malignant potential termed ‘atypical Spitz tumours’ or ‘Spitzoid 
lesions of uncertain malignant potential (GSTUMP)’ [202-205]. These 
and other borderline lesions, such as atypical blue naevi and deep 
penetrating naevi, are included in ‘melanocytic tumours of uncer- 
tain malignant potential (MELTUMP)’, a term used for atypical 
melanocytic proliferations in the dermis that are tumourigenic, but 
lack the specific criteria needed to distinguish between benign and 
malignant lesions [131]. 


Chapter 131: Benign Melanocytic Proliferations and Melanocytic Naevi 


Epidemiology 
Incidence and prevalence 
Spitz naevi account for 1% of excised naevi in children [206]. 


Age 

Spitz naevi are more commonly seen in younger ages. Approxi- 
mately 40% of lesions occur in patients under the age of 15 years 
and 77% before the age of 30 [207]. 


Sex 
Both sexes are equally affected, although age-dependent variations 
may be observed [207-210]. 


Ethnicity 
Spitz naevi occur predominantly in white populations, but they 
have also been described in black, Hispanic and Asian groups 
[211,212]. 


Associated diseases 

Disseminated, eruptive Spitz naevi have been reported to occur with 
Addison disease, HIV infection, chemotherapy, puberty and preg- 
nancy [213,214]. 


Pathophysiology 
Most lesions are acquired, but up to 7% of Spitz naevi can occur con- 
genitally [215]. 


Pathology 

The ‘classic’ Spitz naevus typically is a symmetrical and well-defined 
compound naevus. Intraepidermal and intradermal forms have 
been also reported [216]. There is a degree of epidermal hyper- 
plasia overlying the naevus, without evidence of malignant 
intraepidermal pagetoid spreading of naevic cells (Figure 131.38a). 
Naevomelanocytic nests are neatly located between keratinocytes, 
unlike their disorderly arrangement in melanoma. The naevome- 
lanocytic nests at the dermal-epidermal junction are often separated 
from the surrounding keratinocytes by a cleft caused by a retrac- 
tion artefact. The naevus cells may be either spindle shaped, 
streaming into the dermis in interlacing bundles, or epithelioid, 
arranged in clusters, with giant and multinucleated naevus cells 
seen among them. 

Kamino bodies (i.e. amorphous eosinophilic globules containing 
periodic acid—Schiff-positive basement membrane constituents) 
are noted intraepidermally and at the dermal-epidermal junction 
(Figure 131.38b) [217,218]. Their presence is neither sensitive 
nor specific for Spitz naevi as they may also be present in early 
melanoma. 

In classic Spitz naevi, dermal naevomelanocytic nests and fasci- 
cles exhibit a zonation phenomenon with depth, for example uni- 
formity in size, shape and spacing along horizontal planes. Typical 
mitoses may occur, especially in the upper and mid-portion of the 
lesion. They usually do not exceed a rate of 2/mm/*. Dermal ves- 
sels are dilated, and the stroma is oedematous and infiltrated by 
lymphocytes [210]. 

Several histological features have been considered to indicate a 
more aggressive behaviour. A Spitz naevus thicker than 1mm in 


(a) 


(b) 


Figure 131.38 Compound naevus of Spitz. (a) Sparsely demarcated naevomelanocytic 
proliferation at the junctional area and mainly in the dermis. The dermal component has 
prominent cellular pleomorphism and evidence of maturation in the deeper portion of 
the lesion. Magnification 10x (H&E). (b) Epithelioid cells with eosinophilic cytoplasm and 
nuclear pleomorphism with prominent nucleoli. Multinucleated giant cells are common. 
Eosinophilic, partially coalescent, Kamino bodies are present in the junctional area and 
upper papillary dermis. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD 
HistoBio Diagnosis, Athens, Greece. 


depth, with asymmetry, poor circumscription, deeper extension 
and ulceration is considered to have increased metastatic potential 
[219]. In addition, single cell pagetoid spread beyond the epidermal 
nests, lack of zonation with depth and persistent expansile deep 
nests with more deeply seated mitotic activity, are considered to be 


atypical histological features. Cellular heterogeneity and atypical 
cytology (higher nuclear to cytoplasmic ratios, hyperchromatism 
and abnormal nuclear borders) are additional findings supportive 
of an atypical lesion [220]. 

Reed naevi, widely considered to be a pigmented subtype of 
Spitz naevi, presents with an organised symmetrical and uniform 
architecture, similar to classic Spitz naevi. A well-demarcated junc- 
tional melanocytic activity with large quantities of melanin pigment 
is noted (Figure 131.39a). Spindle-shaped melanocytes proliferate 
downwards towards the papillary dermis but rarely involve the 
reticular dermis (Figure 131.39b) [221]. 

Desmoplastic Spitz naevi are predominantly intradermal lesions, 
characterised by a relatively small number of mainly isolated large 
and bizarre cells with copious cytoplasm distributed among thick 
collagen fibres. Mitotic figures are rare [222]. 

Immunohistochemistry can be used to differentiate Spitz naevi 
from melanoma. MIB-1, which stains the proliferative marker Ki-67, 
has a lower expression in Spitz naevi compared with melanoma 
[223], while HMB-45 is more superficially expressed with dimin- 
ished staining in the deeper dermal component [224]. 5100 and 
Mart-1 are more weakly stained in Spitz naevi [225], whereas 
the S100A6 subtype shows more intense and diffuse expression 
in Spitz naevi compared with its weak and patchy staining in 
melanoma [226]. p16 reactivity is stained more intensely in desmo- 
plastic Spitz naevi, while it is largely absent in melanomas [227]. 


Genetics 

The very rare incidence of NRAS and BRAF mutations in Spitz 
naevi compared with other melanocytic lesions, and the presence 
of HRAS mutations in a subgroup of Spitz naevi (c. 20%), suggests 
a distinct activation of the RAS pathway components in different 
melanocytic neoplasms [228-230]. A number of copy number aber- 
rations have been described in atypical Spitz tumours, including 
isolated loss at 3p21 (in BAP1-associated Spitz tumours), 6q23 and 
9p21 [231,232]. The majority (c. 55%) of Spitz naevi and atypical 
Spitz tumours have mutually exclusive kinase fusions as primary 
initiating genomic events [131,233]. Genomic rearrangements 
activate oncogenic signalling pathways and involve the kinases 
ALK, ROS1, NTRK1, NTRK3, BRAF, RET and MET [131,234-237]. 

In contrast to tumours with heterozygous 9p21 deletions on FISH, 
atypical Spitz tumours with homozygous 9p21 deletions have been 
associated with a considerably worse prognosis [232]. 

Multiple cutaneous, spitzoid, melanocytic tumours can occur in 
the context of a familial autosomal dominant syndrome caused by 
inactivating mutations of the BAP1 gene. Skin-coloured papules and 
nodules (Figure 131.40) characterised histologically by a naevoid 
silhouette with large epithelioid melanocytes and an immunohisto- 
chemical loss of BAP1 (termed naevoid melanoma-like melanocytic 
proliferations, BAPomas, or BAP1-inactivated naevi) are typical 
features of this syndrome, along with a predisposition to cutaneous 
and uveal melanoma [156,238]. 


Clinical features 

History 

Spitz naevi usually develop rapidly over a period of 3-6 months, 
reaching sizes of 1-2cm. Following this rapid growth period, the 
lesions remain stable in size. Reports of spontaneous involution over 
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(a) 


Figure 131.39 Pigmented spindle cell naevus of Reed. (a) An almost exclusively intraepidermal naevomelanocytic lesion with heavily pigmented spindle cells arranged in fascicles. 
There are aggregates of melanophages in the dermis beneath the lesion. Magnification 10x (H&E). (b) Epithelioid cells arranged in fascicles, often orientated vertically to the surface of 
the skin. A chronic inflammatory component with melanophages is prominent beneath the lesion. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD HistoBio Diagnosis, 


Athens, Greece. 


Figure 131.40 BAP7-inactivated naevus of the scalp. Courtesy of Dr H. Tsao, MGH 
Melanoma and Pigmented Lesion Center, Dermatology, Massachusetts General Hospital, 
MA, USA. 


time or conversion to more common types of melanocytic naevi have 
been reported [239]. 


Presentation 

The classic Spitz naevus usually appears as a solitary, firm, symmet- 
rical, sharply demarcated, round or dome-shaped nodule of equal 
or less than 5-6 mm diameter on average. The colour of the lesion is 
pink to red to reddish brown (Figure 131.41). Firm pressure or dias- 
copy reveals the degree of melanin pigmentation. Ten per cent of 
Spitz naevi are pigmented lesions with colours that range from tan 
to brown to black (Figure 131.42). The surface of the lesion is smooth, 


with a thin, fragile epidermis, often causing bleeding and crusting 
after minor injury. The commonest sites for Spitz naevi are the head 
and neck area (37%), particularly the face and cheek in children, 
and the lower extremities (28%) in young adults [240,241]. Atyp- 
ical Spitz tumours tend to be larger, more asymmetrical or ulcer- 
ated with irregular pigmentation and border outline (Table 131.4; 
Figure 131.43). 


Clinical variants 

A more deeply pigmented variant of Spitz naevus, called the spin- 
dle cell naevus of Reed, and initially described in 1975 [243], occurs 
mainly in young females and is most commonly seen on the thighs. 
It usually presents as solitary, densely pigmented, irregularly 
shaped, dark-brown or black nodule (Figure 131.44) [241]. 

Rare accounts of multiple eruptive or disseminated Spitz naevi 
involving the entire cutaneous surface have been reported [244-246]. 
In agminated Spitz naevi, multiple Spitz naevi can also occur in a 
grouped fashion, resembling a speckled congenital naevus. 

Desmoplastic Spitz naevus is a rare subtype of the Spitz naevus 
encountered most commonly in adults [208]. These lesions are 
usually pink or red, firm, raised nodules with little or no clinically 
visible melanocytic pigmentation. A desmoplastic Spitz is often the 
presenting type of a recurrent Spitz naevus following incomplete 
removal [247,248]. 


Differential diagnosis 

The differential diagnosis of Spitz naevi includes acquired, dysplas- 
tic and congenital variants of melanocytic naevi and melanoma. 
A number of non-melanocytic entities should also be consid- 
ered such as dermatofibroma, molluscum contagiosum, pyogenic 
granuloma, haemangioma, mastocytoma, juvenile and adult xan- 
thogranuloma, angiofibroma, histiocytoma and granuloma. 


(a) 


(b) 


Figure 131.41 Classic Spitz naevus. (a) A well-circumscribed pink nodule. (b) A round, symmetrical lesion with dotted vessels and lack of pigmentation. 


(a) 


(b) 


Figure 131.42 (a) Pigmented Spitz naevus. (b) Dermoscopic image of a pigmented Spitz naevus showing a well-circumscribed symmetrical nodule with a papillomatous surface and 


various shades of brown pigmentation. 


Disease course and prognosis 

Even though the metastatic behaviour of atypical Spitz tumours 
is well established, their malignant potential is debated since they 
only rarely result in a fatal outcome [249,250]. The use of sentinel 
lymph node biopsy in atypical Spitz tumours has clarified the rate 
of lymph node positivity (average of 39%) [251-256]. Only 19% 
of sentinel lymph node biopsy positive cases resulted in positive 
nodes after complete lymphadenectomy and very few led to death 
in the immediate follow-up period [256]. Risk stratification schemes 
using pathological criteria have attempted to classify Spitz tumours 
based on their metastatic potential. One study identified abnor- 
mal mitoses, mitotic counts of over 2/mm* and deep mitoses as 
suggestive of spitzoid melanoma [257]. Spatz et al. have identified 
age over 10 years, diameter over 10mm, ulceration, invasion to 


subcutaneous fat and mitotic activity of over 6/mm/” as suggestive 
of spitzoid melanoma rather than Spitz naevi [219]. Interobserver 
variations, even between expert pathologists, for spitzoid lesions 
are significant [200]. 


Investigations 

Upon dermoscopy, Spitz naevi can demonstrate a diversity of 
patterns [258]. The classic, less pigmented variant (pink colour) 
shows a predominantly dotted vascular pattern with reticular 
depigmentation (see Figure 131.41b). Pigmented Spitz naevi or 
Reed naevi exhibit a ‘starburst’ pattern, a globular pattern or a 
multicomponent atypical pattern (see Figures 131.42b and 131.44b) 
[259]. Although there are no reliable dermoscopic features that 
characterise atypical Spitz tumours [260], these lesions often exhibit 
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Table 131.4 Clinical, histological, immunohistochemical and molecular features of classic and atypical Spitz naevi. 


Classic Spitz naevi 


Atypical Spitz tumours 


Clinical features 
Age 

Location 
Diameter 
Symmetry 
Border 

Surface 

Colour 


Histology features 
Architecture 


Epidermal changes 
Pagetoid spread 
Clefting 

Kamino bodies 
Zonation 
Maturation 

Cell type 

Mitoses 

Cytology 


Nuclear changes 


Immunohistochemistry features 
Immunohistochemistry 


Molecular features 


Cytogenetic techniques (CGH, 
FISH) and mutational profile 


<10 years 

Face, neck, extremities (thighs) 
<10 mm (usually 5-6 mm) 
Usually symmetrical 

Well defined 

Smooth 

Pink/red 


Symmetrical, sharply demarcated, dome shaped, non-disruptive, 
orderly dispersion and regular spacing of nests and cells 

Intact epidermis 

Limited pagetoid spread in lower epidermis 

Presence of junctional clefting 

Aggregates of Kamino bodies 

Uniformity of cytological features across horizontal planes 

Maturation (smaller nests with depth), lack of deep involvement 

Spindle or epithelioid cell type 

Mitoses <2 mm2?, superficial, usually not atypical 

Low nuclear to cytoplasmic ratio 

Ground glass or opaque cytoplasm 


Uniform nucleoli, delicate, dispersed chomatin 


Weaker stain for $100 and Ki-67; low Ki-67 proliferation index 
(<5%); superficial expression of HMB45 


Array CGH: isolated gains of 7p, 11g; HRAS mutations; kinase 
fusions 


>10 years 

Trunk (back in men) 
>10mm 

Increasing asymmetry 
Irregular 

Possibly ulcerated 
Irregular 


Asymmetrical, poorly demarcated, infiltrating, irregular spacing and 
disorderly arrangement of nests and cells 

Ulceration 

Single-cell pagetoid spread, beyond epidermal nests 

Lack of junctional clefting 

Absent or few Kamino bodeis 

Lack of zonation 

Persistent expansile nests, subcutaneous involvement 

Heterogeneous cell types 

Mitoses >2-6 mm“, deeply located, atypical 

High nuclear to cytoplasmic ratio 

Granular or ‘dusty’ cytoplasm in epithelioid cells, scant in spindle 
cells 

Large, eosinophilic nucleoli, hyperchromatism 


Stronger expression of $100 and Ki-67; low to intermediate Ki-67 
proliferation index (5-15%); deeper stain for HMB45 


Array CGH: often >1 chromosomal abnormality; kinase fusions; 
PTEN mutations; heterozygous or homozygous loss of 9p21 


CGH, comparative genomic hybridisation; FISH, fluorescent in situ hybridisation. Adapted from Elder et a/. 2018 [131]; Luo et a/. 2011 [201]; Spatz et a/. 1999 [219]; 


Barnhill 2006 [242]. 


(a) 


(b) 


Figure 131.43 Atypical Spitz tumour. (a) Asymmetrical nodule with heterogeneous pigmentation. (b) Dermoscopic image of the symmetrical, peripheral distribution of pigmented 
streaks and heterogeneous pigmentation with bluish/black and whitish hue. Courtesy of Dr |. Zalaudek, Skin Cancer Unit Arcispedale Santa Maria Nuova — IRCCS Reggio Emilia, Italy. 
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(a) 


(b) 


Figure 131.44 Reed naevus. (a) Darkly pigmented symmetrical macule. (b) Dermoscopic image showing a ‘starburst’ pattern with diffuse blue-black pigmentation and symmetrically 


distributed radial streaks in the periphery. 


nodularity, asymmetrical peripheral distribution of pigmented 
streaks, heterogeneous pigmentation with bluish-black and whitish 
hue and white lines (see Figure 131.43b). In vivo reflectance confocal 
microscopy can offer further assistance in differentiating Spitz 
naevi from melanomas for lesions showing starburst and globular 
patterns on dermoscopy [261]. 


Management 

There is a lack of consensus regarding management. Because of the 
clinical and histological overlap between Spitz naevi and melanoma 
some authors suggest that all spitzoid lesions should be surgically 
removed and examined histologically. Local excision of the lesion 
with a margin of 1-3mm is usually sufficient to confirm the diag- 
nosis [262]. Since local recurrences have been reported at a rate 
of 7-16% [263], often presenting with a more atypical histology 
and increased desmoplasia, incompletely removed tumours should 
be re-excised [206]. Due to the benign nature of typical or classic 
Spitz naevi in childhood, some experts suggest close monitoring 


of dermoscopically symmetric, flat spitzoid-looking lesions in chil- 
dren younger than 12 years, as an alternative to surgical excision 
[264,265]. Taking no further action in this specific setting of lesions 
and age group has also been proposed [266]. The histological 
diagnosis of an atypical Spitz tumour should be approached more 
aggressively and treated with a wide margin resection following 
the guidelines of melanoma resection. Patients can be reassured 
that the lesion may in fact be benign. 

The significance of sentinel lymph node biopsy positivity and 
how to manage the presence of nodal disease further is questionable 
[249]. Given the low fatality rate of atypical Spitz tumours, the lim- 
ited evidence of a survival benefit from selective lymphadenectomy 
in sentinel lymph node biopsy positive cases and the potential 
morbidity associated with lymphadenectomy, a more judicious 
case-by-case use of sentinel lymph node biopsy has been recom- 
mended [267]. Results of a systematic review analysis did not show 
any prognostic benefit of sentinel lymph node biopsy for patients 
with atypical Spitz tumours [256]. 
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Figure 131.45 Common blue naevus. (a) Poorly circumscribed area of elongated, pigmented melanocytes in the dermis. The dendritic melanocytes are located between the collagen 

bundles of the reticular dermis. The overlying epidermis may be slightly hyperplastic. Magnification 10x (H&E). (b) A proliferation of elongated, dendritic melanocytes without atypia or 
mitoses and with finely distributed intracytoplasmic melanin can be seen among the collagen bundles of the reticular dermis. Round melanophages with heavily pigmented cytoplasm 
and coarse melanin intermingle with the melanocytes. Magnification x (H&E). Courtesy of Dr K. Frangia, HBD HistoBio Diagnosis, Athens, Greece. 


Blue naevus and variants 


Definition and nomenclature 

This is a relatively common blue, blue-grey or blue-black benign 
melanocytic naevus comprised of dermal melanocytes, with several 
clinical and histological variants (see Table 131.3). 


Epidemiology 
Incidence and prevalence 
Their estimated prevalence in white populations is 0.5-4%. 


Age 
Blue naevi usually present during childhood, puberty or early adult- 
hood, but can occur at all ages. 


Sex 
They are more common in females. 


Associated diseases 

Multiple epithelioid blue naevi may be associated with the LAMB 
(lentigines, atrial and mucocutaneous myxomas and multiple blue 
naevi) syndrome. 


Pathophysiology 
The aetiopathogenesis is unclear. The most favoured hypothesis 
proposes that blue naevi originate from latent dermal dendritic 


melanocytes, which are remnants of the melanocyte migration from 
the neural crest to the epidermis during gestation. 


Pathology 

Common blue naevi consist of spindle-shaped, dendritic melano- 
cytes admixed with ovoid or fusiform, elongated melanocytes, 
located in the dermis in an inverted wedge shape (Figure 131.45a). 
Naevus cells can extend into the lower dermis along appendages or 
in the perivascular and perineural areas. The dendritic melanocytes 
do not show significant mitotic activity or atypical cytology and 
stain positively for S100, HMB-45 and MART-1 (Figure 131.45b). An 
admixture of melanophages with intracytoplasmic coarse melanin 
granules is often seen. With the exception of combined blue naevi, 
in which a blue naevus coexists with a congenital, acquired or Spitz 
naevus, blue naevi have no junctional component. A varying degree 
of stromal fibroplasia is also noted. 

The cellular blue naevus has a characteristic architecture related 
to a ‘dumb-bell’-shaped extension of the lesion to the deep retic- 
ular dermis or the subcutaneous fat (Figure 131.46). In common 
blue naevi there are nodules or fascicles of larger, oval to spindle 
naevomelanocytes with clear vacuolated, less pigmented cyto- 
plasm. These cells stain positively for S100, HMB-4 and MART-1, 
and show rare mitotic activity or cytological atypia [268]. Variable 
numbers of melanophages with coarse melanin pigment are also 
present. 

Cellular blue naevi with increased atypia and mitoses (3-4 
mitoses /mm/?) have been designated as atypical cellular blue naevi, 
a term used to denote a biological behaviour intermediate between 
cellular blue naevus and malignant blue naevus. 

Epithelioid blue naevus (or pigmented epithelioid melanocy- 
toma) can occur sporadically or in association with the Carney 
complex. The histological features that distinguish it from common 


(a) 


Other naevi 


Figure 131.46 Cellular blue naevus. (a) Multiple amelanotic nodules of naevomelanocytes are characteristic. The cellular component of blue naevus extends deep to the reticular 
dermis of the skin and often projects into the adjacent subcutaneous fat. There is no necrosis. Magnification 10x (H&E). (b) The cellular nodules consist of almost uniform melanocytes 
with light eosinophilic or even clear cytoplasm. There is focal, finely distributed, intracytoplasmic melanin pigment. Between the cellular nodules there are aggregates of heavily 
pigmented dendritic melanocytes. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD HistoBio Diagnosis, Athens, Greece. 


blue naevi include vesicular rather than hyperchromatic nuclei 
of the dendritic cells and the presence of pigmented, polygonal 
and — more characteristically — large epithelioid cells. 

A deep penetrating naevus is characterised by loosely organised 
nests of pleomorphic, pigmented epithelioid cells that penetrate 
in an inverted wedge configuration deep into the dermis or sub- 
cutaneous fat [269]. Unlike the majority of blue naevi, the deep 
penetrating naevus does not harbour mutations in Gnaq and Gna11 
proteins. The identification of HRAS mutations in these naevi 
suggest that they may be considered variants of Spitz rather than 
blue naevi [270]. The majority of deep penetrating naevi harbour 
activating mutations in the p-catenin and the MAP-kinase path- 
ways and could be seen as an intermediate stage in a step-wise 
progression from naevus to melanoma [271]. 

Sclerosing (or desmoplastic) blue naevi show marked dermal 
fibrosis and hyaline sclerosis and should be differentiated from 
desmoplastic melanoma. 

Occasionally, blue naevi can be amelanotic or hypomelanotic. 
Due to the lack of pigment, a diagnosis of blue naevus is based on 
the presence of dermal spindle cells that are HMB-45 positive on 
immunohistochemistry. 


Genetics 

Blue naevi do not show oncogenic mutations in the signalling 
components of the MAP kinase pathway (such as BRAF or NRAS) 
which are common in other types of melanocytic naevi as well as 
melanomas. Somatic mutations of the GNAQ gene (codon 209), a 
member of the G-protein « subunit, converting it into a dominant- 
acting oncogene are present in 46-83% of blue naevi, 50% of malig- 
nant blue naevi and 46% of ocular melanoma of the uvea [63]. 
A smaller proportion of blue naevi (7-16%) have mutations in the 
Gnall gene, also a membrane bound guanosine triphosphatase 
(GTPase), PLCB4 and CYSLTR2 [272,273]. 


Clinical features 
Presentation 
Blue naevi typically present as single, blue-black or deep blue, 
dome-shaped papules, with a diameter of less than 1-2cm. Large 
or giant lesions, ulceration or the development of subcutaneous 
nodules can also be observed but are rare events. The blue colour is 
caused by the ‘Tyndall effect’: dermal pigment absorbs the longer 
wavelengths of light and scatters blue light. Locations more com- 
monly involved are the face and scalp, the dorsal area of the distal 
extremities (Figure 131.47) and the buttocks. 

Blue naevi can incidentally arise in the prostate, female genital 
tract, lymph nodes, conjunctiva, nasal and oral mucosa and lungs. 


Clinical variants 

A variety of clinical variants have been described, such as the large 
congenital blue naevus, large plaque blue naevus with subcuta- 
neous cellular nodules, and agminate, eruptive and target blue 
naevi. 

Some of the histological variants of blue naevi may also present 
with distinct clinical features. The combined blue naevus may have 
an unusual appearance, causing concern. A cellular blue naevus 
(Figure 131.48) may develop before birth, but frequently becomes 
apparent around puberty. The deep penetrating naevus is more 
commonly observed on the head and neck, presenting with a 
diffuse, irregular lateral margin. 


Differential diagnosis 
The most important distinction is between the blue naevus and 
melanoma. Blue naevi have distinct dermoscopic features and are 
relatively static lesions. The histology of each is characteristic and 
can easily help separate the two entities. Immunohistochemistry 
and FISH assay may be useful in distinguishing challenging cases. 
Satellite lesions of blue naevi resembling cutaneous metastases of 
melanoma have been reported [274]. 
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(b) 


Figure 131.47 (a) Blue naevus. (b) Dermoscopic image of a blue naevus showing a 
homogeneous blue pattern. 


Disease course and prognosis 
Blue naevi are generally non-progressive proliferations. Enlarge- 
ment of the lesion may raise concern of malignant transformation. 


Investigations 

Dermatoscopically, blue naevi lack the pigmented network of 
other melanocytic lesions and show a distinct homogeneous, struc- 
tureless, blue, blue-grey, blue-brown or blue-black colour (Figure 
131.47b). However, the dermoscopy of blue naevi may vary and 
lesions with polychromatic pigmentation and local dermoscopic 
criteria (dots/globules, whitish, scar-like areas, peripheral streaks 


(b) 


Figure 131.48 (a) Cellular blue naevus. (b) Dermoscopic image of a cellular blue naevus 
showing a well-circumscribed, protuberant nodule with homogeneous dark blue 
pigmentation and randomly distributed whitish zones corresponding histopathologically 
to fibrosis. 


and vessels) are not uncommon, making their distinction from 
melanoma difficult (Figure 131.48b) [275]. 


Management 

Blue naevi do not require treatment, except for cosmetic reasons 
(e.g. facial location). When in clinical doubt, an excisional biopsy 
should be performed to rule out melanoma. 


Clinically atypical naevi G@ 


Definition and nomenclature 

These are melanocytic naevi, 5mm or larger in diameter, with 
a macular component, irregular and poorly defined borders, 
asymmetrical outline and variable pigmentation (see Table 131.3). 
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-and cytological atypia of melanocytes 
ma syndrome (FAMMM) 


Introduction and general description 

In 1978 Clark et al. described members of melanoma-prone fami- 
lies who had a personal history of melanoma and who exhibited 
high numbers of naevi with distinct clinical and histological char- 
acteristics [276]. These naevi were named B-K moles and the 
syndrome B-K mole syndrome after the initials of two probands. 
Their malignant potential was considered analogous to cervi- 
cal dysplasia. During the same year, Lynch et al. used the term 
familial atypical multiple mole melanoma (FAMMM) syndrome 
in the same context [277]. In 1980, Elder et al. introduced the term 
dysplastic naevus syndrome (DNS) with familial and sporadic 
variants, stating that these naevi were precursors of melanoma 
due to their histological features [278]. The term dysplastic naevus 
was also proposed during the same year by Greene et al. as a dis- 
tinction from banal naevi and an intermediate naevus phenotype 
in the spectrum of melanoma development [279]. Ever since, the 
confusion and controversy caused by differences in terminology, 
definitions and criteria (clinical and histological) used has not 
ceased [280]. 

Clinically atypical naevi are currently considered a distinct sub- 
group of naevi. Although they are benign lesions, they exhibit 
clinicopathological characteristics that may resemble early radial 
growth phase melanomas. They are also risk factors of melanoma 
and, to a much lesser extent, potential precursors of melanoma. 

For the purposes of this chapter, the term ‘atypical naevus’ is used 
as a clinical description, while ‘dysplastic naevus’ is used as a histo- 
logical one. 


Epidemiology 

Incidence and prevalence 

The prevalence of atypical naevi varies considerably among dif- 
ferent studies, ranging from 2% up to 50% [281]. Their frequency 
among melanoma patients is higher, ranging from 34% to 59% 
[282]. They are less frequent than banal naevi in the general popu- 
lation, their prevalence increasing in ‘high risk’ individuals with a 
personal or family history of melanoma [283]. 


Age 

They are more prevalent in younger ages (less than 30-40 years of 
age), probably because some of them regress later in life. Typically, 
they appear during childhood and they become more prominent 
in puberty. Atypical naevi occur in older ages at a lower rate and 
should be cautiously examined to rule out melanoma. 


Sex 
There is no sex predilection. 


Ethnicity 
Their prevalence among different ethnicities is variable. 


Associated diseases 

Clinically, atypical naevi have consistently been associated with 
melanoma risk in relevant studies. This risk seems to depend on 
the number of atypical naevi, as well as on the personal and family 
history of melanoma. In sporadic atypical naevi, the presence of 
one naevus confers a relevant risk of 1.45, rising up to 6.36 for 
five atypical naevi [104]. In the study by Tucker et al. [284], 10 or 
more atypical moles conferred a 12-fold risk of melanoma. Atypical 
naevi are also associated with a higher risk of multiple primary 
melanomas [285-289]. In the setting of melanoma kindreds with 
increased numbers of atypical naevi and multiple common naevi 
(FAMMM, DMS, AMS), the relative risk for melanoma is even 
greater, reaching 85-fold in melanoma-prone family members with 
dysplastic naevi (Figure 131.49) [290]. 


Pathophysiology 

Predisposing factors 

Similar to common naevi, atypical naevi are also considered to be 
genetically determined, based on evidence from twin studies [291]. 
The role of environmental exposures is unknown although sunburn 
may be important [292]. 


Pathology 
The main histological features of clinically atypical or dysplastic 
naevi include characteristic architectural and cytological features, 


Figure 131.49 Dysplastic naevus syndrome: multiple clinically atypical naevi on the 
back. The lower surgical scar on the sacral area corresponds to a previously removed 
superficial spreading melanoma. The patient also had a second primary melanoma on 
the scalp. 
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Figure 131.50 Compound dysplastic naevus. (a) Hyperplastic epidermis with bridging 
of the adjacent rete ridges. Nests of melanocytes, of variable sizes and shapes, can be 
seen in the junctional area as well as lamellar fibrosis of the dermis beneath the rete 
ridges. There is focal lymphocytic infitrate of the dermis. Magnification 10x (H&E). 

(b) There are atypical or multinucleated giant melanocytes in the junctional portion of 
the naevus. Magnification 40x (H&E). Courtesy of Dr K. Frangia, HBD HistoBio 
Diagnosis, Athens, Greece. 


as well as a fibrotic and inflammatory host response (Figure 131.50). 
These features were originally thought to be specific; however, 
there is a significant overlap with other types of naevi (e.g. acquired 
naevi smaller than 5mm, some congenital naevi, atypical lentig- 
inous naevi, naevi of special sites) [293] as well as with lentigo 
maligna and radial growth phase melanomas. Diagnostic crite- 
ria for dysplastic naevi have been proposed by several groups 
[294-298] and are presented in Table 131.5. The National Insti- 
tutes of Health has proposed that the term dysplastic naevus be 
abandoned and replaced by the term ‘naevus with architectural 
disorder’ accompanied by a statement describing the presence and 
degree of melanocyte atypia [299]. 
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Although a clinically atypical naevus usually exhibits histolog- 
ical dysplasia, and vice versa, this is not always the case. This 
discordance between clinical and histological diagnosis may not 
pose a real problem since the true value of the histological exami- 
nation of a melanocytic lesion with clinically atypical features lies 
in the exclusion of melanoma. 


Genetics 

At a molecular level, at least a subset of atypical naevi exhibit 
features that place them in an intermediate position on a spectrum 
ranging from common naevi to overt melanoma [300-302]. CGH 
analysis and exome sequencing have revealed that melanocytic 
naevi differ from melanoma as they show no chromosomal aberra- 
tions or have a restricted set of alterations with basically no overlap 
with melanoma [303,304]. The BRAF V600E mutation rate is high in 
both common (~80%) and dysplastic (~60%) naevi [305]. However, 
dysplastic naevi can also harbour BRAF non-V600E, NRAS and, in 
a subset of dysplastic naevi adjacent to melanomas, TERT promoter 
mutations [301]. Although studies have not always been in accor- 
dance with each other, the most common molecular findings in 
atypical naevi include mutation/deletion of the p16 gene, altered 
expression of p53, increased microsatellite instability, alterations 
of pigmentation pathways, mismatch repair gene expression, 
upregulation of genes involved in proliferation, cell adhesion and 
migration, and increased expression of follicular keratinocyte and 
inflammation-related genes [306-311]. 


Environmental factors 

Episodes of painful sunburn before the age of 20 years have been 
associated with an increased risk for the development of melanocytic 
naevi (odds ratio (OR) 1.5; confidence interval (CI) 1.1-2.0) and 
atypical naevi (OR 1.4; CI 0.88-2.3) [312]. 


Clinical features 

Presentation 

Clinically, atypical naevi are larger than 5 mm with irregular borders 
and pigmentation (Figure 131.51). They sometimes present with a 
reddish hue that corresponds to a degree of inflammation. A central 
papular component is often surrounded by a macular periphery, so 
that the naevus resembles a ‘fried egg’ appearance. The well-known 
ABCDE rule of melanoma also applies to these naevi, albeit to a less 
pronounced extent. 


Differential diagnosis 

The critical distinction is between an atypical naevus and an in situ 
or early radial growth phase melanoma [313]. While the early 
detection of melanoma is of paramount importance in terms of 
prognosis, excessive prophylactic excision of benign naevi that are 
quite common in the general population is unjustified. Congenital 
melanocytic naevi and compound blue naevi sometimes can also 
exhibit atypical clinical features. 


Classification of severity 

Several studies have attempted to relate the grade of histolog- 
ical atypia (mild/moderate/severe or low-grade/high-grade) 
of these lesions to the risk of developing malignant melanoma 


International Melanoma Pathology Study Group 


Parameters Clark's histological criteria [294] (IMPSG) criteria [131]? 


Architecture Nests bridge rete ridges Both of the following: 


Nests at the side of rete ridges e Irregular (i.e. horizontaly orientated, bridging 

adjacent rete, and/or varying in shape and 

size) and/or dyscohesive nests of 

intraepidermal melanocytes 

Little or no pagetoid spread e Increased density of non-nested junctional 
melanocytes (e.g. more melanocytes than 
keratinocytes in an area >1 mm?) 


Single cells between nests 
Lentiginous elongation of rete ridges 
Anastomosis of rete ridges 


Duke University criteria/grading 
EORTC criteria [295] system [296]* 
Marked junctional 
proliferation 
Irregular naevus nests 


Junctional component nested at both 
edges 

Overall symmetry 

>5% of nests cohesive 

Suprabasal spread (prominent or at 
edge) 

>50% confluence of proliferation 

Single cell proliferation absent or focal 


Cytological Variable slight to moderate atypia Presence of cytological atypia, which is graded Large nuclei Nuclei round or oval and euchromatic 
atypia Few (if any) mitoses on the basis of the highest degree of Nuclei larger than those of basal 
Scattered epithelioid naevus cells and cytological atypia present in more than a few keratinocytes 
cells with finely granular melanin melanocytes (WHO classification 2018 [131]) Nucleoli prominent 
Cell diameter twice that of basal 
keratinocytes 
Host response Patchy lymphocytic infiltrate Lymphohistiocytic 
Eosinophilic fibroplasia infiltrate 


Lamellar fibroplasia 


Adapted from Elder et a/. 2018 [131]; Elder et a/. 1982 [294]; de Wit et a/. 1993 [295]; Shea et a/. 1999 [296]. 
4 Also requires width >4 mm in fixed sections (>5 mm clinically). Reproduced from: Shors et al. [297] and Xiong et al. [298] 


> Three or more of the listed features are required for the diagnosis of dysplastic naevus. 


© For each group (architectural disorder/cytology) a grading score is assigned as follows: mild, 0-1 criteria; moderate, 2 criteria; severe, 3-4 criteria. 


[131,283,294,314]. Although patients with more severe histolog- 
ically atypical naevi seem to have a higher risk of developing 
melanoma, the prognostic value of this classification is still limited 
due to a lack of uniform and objective criteria. It has been reported 
that the diameter (>4.40mm) of a dysplastic naevus may be a 
stronger predictor of melanoma than the degree of histological 
dysplasia [298]. 


Disease course and prognosis 

The usual natural history of acquired benign melanocytic naevi is 
that of a progression from junctional to compound and finally to 
dermal naevi, with subsequent termination of naevomelanocytic 
proliferation. Atypical naevi retain their ability to proliferate for 
an extended period before their maturation, resulting in a larger 
size and irregular shape and pigmentation compared with common 
naevi. Although the vast majority of naevi follow this course, there 
are some cases of both common and atypical naevi that evolve 
into radial growth phase melanomas. Histological examination of 
melanomas reveals that approximately one-quarter to one-third 
develop on pre-existing naevi. However, the rate of malignant 
transformation of naevi into melanomas is very low [105]. There 
are no data to support the notion that atypical naevi are more 
likely to progress to melanomas than common naevi and the preva- 
lence of naevus-associated melanoma does not seem to depend 
on whether the naevus was dysplastic or non-dysplastic [315]. 
Therefore, atypical naevi should mainly be viewed as risk mark- 
ers — and occasionally simulants — for melanomas rather than true 
precursor lesions. 


Investigations 
Dermoscopy is always useful in assessing a melanocytic lesion with 
clinically atypical features. Different methods of analysis, such as 


qualitative pattern analysis, the ABCD rule and the seven-point 
checklist, yield different percentages of diagnostic accuracy for 
melanoma, yet they all add to the clinical differential diagnosis 
between atypical naevi and melanomas. Dermoscopic features that 
can be seen in atypical naevi vary [316-322]. It is usual to note an 
atypical or irregular pigmentation network, irregularly distributed 
and shaped brown globules and dots, as well as areas of regression 
(Figure 131.51, right hand images). In vivo confocal microscopy 
(Figure 131.52) and other non-invasive imaging techniques increase 
diagnostic accuracy when combined with dermoscopy in equivocal 
cases, yet their use is currently limited due to the high cost and 
limited availability. 

Artificial intelligence-based tools are continuously being devel- 
oped and their role in assisting skin lesion classification is expected 
to grow. 


Management 

Since atypical naevi are risk markers rather than melanoma pre- 
cursors, there is no need to excise for prophylactic reasons. The 
risk of melanoma conferred by the presence of atypical naevi 
remains even after their excision, since the genetic susceptibility 
of an individual cannot be altered. Additionally, the majority of 
melanomas develop de novo, and there are currently no molecular 
markers for the identification of lesions at higher risk for transfor- 
mation [311]. ‘Prophylactic’ excision is therefore unlikely to truly 
protect against future melanoma development, while it involves 
the patient with the additional cost and morbidity of the procedure, 
and possibly a false sense of safety. Patients with atypical naevi, 
especially those with high numbers of atypical and common naevi 
and/or a personal or family history of melanoma, are at high risk 
for melanoma development. These patients should be taught to 
self-examine their existing naevi as well as the rest of their skin 
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Table 131.5 Published histological criteria of the definition of dysplastic melanocytic naevi. 
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(a1) (a2) 


(b1) (b2) 


(c1) (c2) 


Figure 131.51 (a-e) Clinically atypical naevi of variable shapes, sizes and pigmentary patterns (on the left) and their corresponding dermoscopic images (on the right). Parts c and e 
courtesy of Dr D. Sgouros, Andreas Sygros Hospital, Athens, Greece. 
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(e1) 
Figure 131.51 (Continued) 
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Figure 131.52 (a) Dysplastic naevus (4.2 x 6mm) by reflectance confocal microscopy showing a more disarranged pattern with elongated junctional nests in the centre and some 
nests bulging from the side of the cristae. (b) Detail (1.4 x 2mm) at a higher magnification where a few large (>40 pm) bright nucleated cells are also visible within the nests, 
corresponding to atypical melanocytes. Courtesy of Dr Giovanni Pellacani, Department of Dermatology, University of Modena and Reggio Emilia, Italy. 
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for potentially suspicious lesions. They should also be counselled 
about sun protection strategies. Apart from a full skin examination, 
dermoscopy and photographic recording (ideally by digital dermo- 
scopic imaging and/or total body photography) should be used in 
patients with atypical naevi. There is no consensus on the frequency 
of follow-up visits or on the overall time period of surveillance 
for individual lesions. In the case of particularly atypical lesions, 
complete surgical excision with a 2-3 mm clinical margin and sub- 
sequent histological examination to rule out melanoma in situ or 
early melanoma should be performed [323,324]. 


Resources 


Patient resources 

American Academy of Dermatology. Moles: who gets and types. https://www.aad. 
org/public/diseases/a-z/moles-overview (last accessed July 2023). 

https: / /www.cancer.gov/types/skin/moles-fact-sheet (last accessed July 2023). 
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BENIGN KERATINOC\ 


Acanthomas are benign proliferations of keratinocytes. Acanthomas 
show varied histological features including acanthosis, hyperker- 
atosis, dyskeratosis and acantholysis. 


Seborrhoeic keratosis — ae 


Definition and nomenclature 


Seborrhoeic keratoses (SK) are very common benign tumours of epi- 
dermal keratinocytes. SK typically appear in mid-life, the lesions 
increase in number gradually and affect the majority of older adults. 
Dermatosis papulosa nigra and stucco keratosis are considered as 
variants of SK. 


Introduction and general description 

SK are discrete and often multiple, well-demarcated, raised lesions, 
with a wart-like surface and a rough texture. They are typically 
hyperpigmented. However, pigmentation is variable and may be 
absent, so that lesions can be brown, black, yellow, flesh-coloured 
or red. They are typically asymptomatic but may be mildly pruritic 
or inflamed. 


Epidemiology 

Age 

SK are the most prevalent benign skin tumours and increase 
markedly with age. They are rare in young adults, common in late 


middle age and affect the majority of older people. In adults aged 
over 50 years, 90% had SK in Korea and 100% in Australia [1,2]. SKs 
were present in 56% of Berlin elderly care home residents, and in 
45% of people in northern Finland aged 46 [3,4]. In a study of 90 880 
industrial workers in Germany, prevalence was 1.4% between ages 
16 and 20 years, 24% between ages 41 and 50 and 67% between 61 
and 70 [5]. 


Sex 
The distribution is equal between the sexes [5]. 


Ethnicity 

Lighter skin types seem more prone to the development of SK, per- 
haps reflecting the influence of sun exposure in their pathogenesis. 
They are commoner in white and Asian skin types than in black skin. 
In contrast, the dermatosis papulosa nigra variant occurs predomi- 
nantly in black and pigmented skin [6]. 


Associated diseases 

The eruptive development of multiple SK or a sudden increase in 
size of existing lesions has been described in relationship to several 
types of underlying malignancy, particularly gastric, colonic and 
rectal adenocarcinoma as well as several other solid tumours. This 
is sometimes described as the sign of Leser—Trélat and is certainly 
rare. A true association is controversial: SK are almost ubiquitous in 
older adults, and the sign does not fulfil the Curth postulates, a set 
of clinical criteria that evaluate the temporal relationship between 
skin signs and underlying cancer [7]. However, it is suggested that 
the coexistent presence of eruptive SK with pruritus or acanthosis 
nigricans should heighten the suspicion of malignancy [8]. The 
release of growth factors and cytokines by the tumour is thought to 
be responsible, particularly epidermal growth factor « (EGF-a) and 
overexpression of EGF receptor. If suspected, a thorough history 
and review of systems should be undertaken. Referral for upper and 
lower gastrointestinal endoscopy may be considered, along with 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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mammography, chest X-ray and prostate-specific antigen testing 
as appropriate. Eruptive SK has also been reported in pregnancy, 
erythroderma, human immunodeficiency virus (HIV) infection and 
transplant recipients. 


Pathophysiology 

SK are thought to result from the clonal expansion of proliferating 
keratinocytes as a result of somatic mutations. Patients with large 
numbers of SKs often have a family history, but a clear demonstra- 
tion of the mechanisms of genetic susceptibility is lacking. Previous 
sun exposure is a key factor in their development. SKs occur more 
commonly on sun-exposed sites such as the temples, neck, trunk, 
hands and forearms, appear earlier in photo-exposed skin and are 
also more numerous, larger and more often flat at these sites [9]. 
Under the age of 40, more Australians than British people have 
SK, including 12% of Australians aged 15-25 years [10]. Four-fifths 
of SKs exhibit typical ultraviolet-induced mutations. In fact, the 
frequency of dypyrimidine mutations C>T and CC>TT in SK is 
actually higher than basal and squamous cell carcinoma [11]. 

SKs have been found to harbour multiple somatic mutations, 
but despite this are genetically stable, and not premalignant. The 
keratinocytes proliferate upwards, respecting the integrity of the 
basement membrane. The commonest mutations are FGFR3 in 
approximately half of lesions, PIC3CA in one-third and TERT 
promotor, OXNAD1 and DPH3 in a quarter each. Increased FGFR3 
in SK has been correlated with increased FOXN1 transcription factor 
levels, production of which might stall malignant transformation 
[11,12]. 


Pathology 

Keratinocyte proliferation results in acanthosis (thickening of the 
entire epidermis) and papillomatosis. Other common histological 
features are hyperkeratosis (thickening of the stratum corneum), 
horny invaginations, which appear cross-sectionally as pseudo-horn 
cysts, and true horn cysts (areas of keratinisation surrounded by a 
thin granular layer) (Figure 132.1). 

Six histological subtypes are recognised: acanthotic, hyperkera- 
totic, melanoacanthoma, adenoid, clonal and irritated [13]. More 
than three-quarters of SK are acanthotic, hyperkeratotic or a mixture 
of these two variants. Acanthotic SK have a markedly thickened 
epidermis and horny invaginations which appear as pseudo-horn 
cysts. Adenoid SK have numerous thin tracts of epidermal cells 
extending from the epidermis and branching and weaving through 
the dermis, often containing only a double row of basaloid cells. 


Figure 132.1 Histopathological features of seborrhoeic keratosis showing skin with 
hyperkeratosis, irregular acanthosis, keratin-filled invaginations and small pseudocysts. 


Melanoacanthoma is often described as a rare variant, but it has 
been found to comprise 8-9% of SK in some pathology series. 
Melanoacanthomas have hyperpigmentation throughout all layers 
of the thickened epidermis and melanocytes with pronounced den- 
drites throughout the epidermis [14]. Clonal SK are a rare variant 
with well-demarcated interepithelial nests of pale or basaloid cells 
occurring within the epidermis. This intraepidermal proliferation is 
described as the Borst-Jadassohn phenomenon, which is also seen 
in hidroacanthoma simplex and Bowen disease. 


Clinical features 

SK usually appear slowly over months and years. They are mostly 
asymptomatic, unless they become inflamed, for example after 
trauma or rubbing, or when there is coexistent xerosis. Typically, 
they are noticed incidentally on examination, but patients with SK 
are often referred to dermatologists to exclude the possibility of 
skin cancer. They are usually multiple. 

SK can appear at any site other than mucosal surfaces, most com- 
monly on the temples, chest, back, neck, scalp, dorsal hands and 
forearms. They may appear grouped, for example in flexural sites, 
such as in the inframammary folds. They typically range between 
2 and 20 mm in size but may reach several centimetres across. SK 
are often oval in shape but may be irregular. Hyperpigmentation 
is the norm, varying from light brown to black; however some 
patients may have multiple lesions that are flesh-coloured, yellow 
or slightly red. 

Typical SK are flat-topped with a warty, greasy-looking, non- 
reflective, irregular surface and a characteristic stuck-on appear- 
ance (Figure 132.2). Black comedo-like openings, or white cysts each 
1-2 mm in size, may be visible in the surface. In hair-bearing areas, 
hair density is often reduced over the keratosis itself. Flat SK are 
well demarcated and may have a faintly perceptible rough surface 
to touch. Verrucous or pedunculated SKs often occur in areas of skin 
folding, such as the inguinal region, inframammary folds or axillae. 
SK may become inflamed, red or crusted. Markedly hyperkeratotic 
SK may present as a keratin horn, with a steeple-shaped, firmly 
adherent scale. 


Clinical variants 

The following are considered to be clinical variants of SK: 
e Stucco keratosis. 

e Inverted follicular keratosis (Chapter 137). 

e Dermatosis papulosa nigra. 


Differential diagnosis 

Diagnosis of SK is often straightforward, with important exceptions. 
Flat SKs, commonly seen on the face, may mimic solar lentigos, 
lentigo maligna or melanoma. Hyperkeratotic, red Sks may mimic 
hyperkeratotic actinic keratosis, squamous cell carcinoma or viral 
warts. Malignant melanoma may mimic SK. A melanoma should 
be suspected if there is a history of change in a pigmented or red 
lesion, with an absence of clearly identifiable diagnostic features 
of SK or other benign lesions, especially if it appears solitary or 
different from other lesions. 


Investigations 
Dermoscopy is a very useful means of distinguishing SK from 
melanocytic lesions and skin cancer (Figure 132.3). The presence of 
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(c) (d) 


Figure 132.2 (a) Flat seborrhoeic keratosis (SK). A lightly hyperpigmented lesion with a 
‘stuck-on’ appearance. (b) SK with a verrucous, non-reflective surface, dark 
hyperpigmentation and a well-demarcated, ‘stuck-on’ appearance. (c) Multiple SKs on 
the trunk. A family history of SK and excessive sun exposure is common in such patients. 
(d) SK occurs in all skin types and increases markedly with age. (d) Reproduced from 
Inamada and Palit 2003 [40] with permission of John Wiley & Sons. 


a reticulated pigment network is not a typical feature of SK and is 

more likely to indicate a melanocytic lesion [15]. 
The six dermoscopic features of SK are: 

e Sharply demarcated border around the whole periphery. 

e Black comedo-like openings. 

¢ White milia-like structures. 

¢ Cerebriform surface (with ridges and fissures resembling the sulci 
and gyri of a brain). 

e Fingerprint-like appearance (often in flat SK). 

e Fine hairpin-like vessels with a white halo. 


Management 
SK are benign and does not require treatment unless symptomatic 
or done for cosmetic reasons. 

Carefully directed liquid nitrogen cryotherapy is an effective 
treatment. The duration of treatment varies from 10 to 30 seconds 
depends on the body site and the thickness of the keratosis. Treated 
lesions become crusted or black and fall off the skin within 2 weeks. 
Thicker lesions may require a second treatment. Side effects include 
redness, which may last a few weeks, and hypopigmentation, 
which is usually faint but can be permanent, particularly with 
longer treatment durations. For this reason, cryotherapy should be 
avoided or used very cautiously in patients with darkly pigmented 


(b) 


Figure 132.3 Dermoscopy of seborrhoeic keratosis (SK). (a) A well-demarcated border 
around the whole periphery and a fingerprint-like appearance typical of a flat SK. The 
absence of a pigment network is an important feature in distinguishing from 
melanocytic lesions. (b) A well-demarcated border around the whole periphery and a 
central cerebriform appearance, resembling the surface of a brain. Peripherally, 
comedo-like openings are seen as darker circles and milia-like cysts as white circles. No 
pigment network is seen. 


(a) (b) 


(c) 


Figure 132.4 (a) Surgical removal of a seborrheic keratosis under local anaesthetic. The 
lesion is removed with a flat blade, flush with the surrounding skin and at the level of 
the superficial dermis. (b) Haemostasis is obtained by using 20% aluminium chloride 
hexahydrate applied with gentle pressure using a cotton tip. (c) Appearance of the 
surgical wound prior to the application of a dressing. 


skin. Lesions over 15 mm in size are harder to treat evenly with 
cryotherapy and surgical treatment is often preferable. 

Surgical treatment under local anaesthetic is effective, including 
shave excision using a flat blade, or curettage, in each case aiming to 
remove the lesion flush with the surrounding skin just at the level of 
the superficial dermis, indicated by pinpoint bleeding (Figure 132.4). 
Bleeding can be stopped by the application of 20% aluminium chlo- 
ride hexahydrate solution or by gentle electrocautery. Electrocautery 
should be used cautiously as it may produce scarring. 
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For patients with multiple SK, topical treatment by lesional 
application of trichloracetic acid solution (50-75%) is effective 
[16]. Post-treatment redness and hyperpigmentation may last a 
few months. Treatment with 40% hydrogen peroxide solution has 
shown some efficacy in a randomised study [17]. 

Ablative laser therapy including erbium:yttrium-aluminium- 
garnet (Er:YAG) and carbon dioxide devices, and more recently 
nanosecond pulsed electrical field treatment, have been used to 
treat SK. Post-treatment hyperpigmentation and hypopigmentation 
may occur [18,19]. 


Stucco keratosis — | 


Definition and nomenclature 

Stucco keratosis (StK) is considered to be a variant of seborrhoeic 
keratosis and typically presents as multiple small, non-pigmented, 
white keratotic plaques that are seen on the distal limbs of elderly 
people. 


Epidemiology 

StK is thought to be four times commoner in males than females 
and tends to appear after the age of 40. Prevalence is reported to be 
7-20%. It is commoner in lightly pigmented skin types [20,21]. 


Pathophysiology 

Pathology 

Typical features are epidermal papillomatosis resembling a church 
spire or sawtooth and orthohyperkeratosis. Horn cysts and pseudo- 
cysts are not a feature. StKs are similar histologically to hyperkera- 
totic SK. StKs are stable with no malignant potential (Figure 132.5). 


Genetics 
StK has been found to harbour PIKC3A mutations [22]. 


Environmental factors 

The cutaneous distribution suggests lifetime cumulative sun expo- 
sure is important in pathogenesis, although lesions do not occur on 
the face. 


Clinical features 

Presentation 

Stucco keratoses are asymptomatic. They are typically white or 
white-grey scaly papules a few millimetres in diameter that appear 
in older adults on the extensor surfaces of the forearms and lower 
legs, especially near the ankles and dorsal surfaces of the hands and 
feet. They are often multiple, numbering over a hundred. 


Differential diagnosis 
Diagnosis is usually straightforward. Non-pigmented SK, hyper- 
trophic actinic keratosis and viral warts may look similar. 


Management 

Treatment is not required. Emollients may improve the appearance, 
particularly those containing keratolytics such as urea or salicylic 
acid. Cryotherapy or surgical treatment may be done but are not 
usually undertaken because of the large number of lesions. There 
is no consistently effective topical or systemic drug treatment. 


pe 


Inverted follicular keratos 


See Chapter 137. 


Definition 
Dermatosis papulosa nigra (DPN) is considered to be a variant of 
seborrhoeic keratosis in which multiple, small, pigmented papules 
develop on the face and neck. It is much commoner in black and 
Asian skin. 


Figure 132.5 (a) Stucco keratosis is a white or white-grey 
papule a few millimetres in diameter, typically seen on the 
limbs of older adults. They are usually multiple. (b) 
Histopathological appearance of stucco keratosis with 
epidermal papillomatosis resembling a church spire or 
sawtooth with orthohyperkeratosis. Reproduced from 
Hafner et a/. 2009 [22] with permission of John Wiley & 
Sons. 


Epidemiology 

Age 

DPN often appears in early adult life at an earlier age than SK. The 
papules increase in number gradually and become multiple. They 
are not usually seen in children. 


Ethnicity 

Prevalence in black people is reported at between 10% and 30%. One 
study found a prevalence of 77% in black patients [6,23,24]. It is also 
commonly seen in India, China and Mexico [25,26]. It occurs much 
more rarely in white skin. 


Sex 
DPN is commoner in females with a gender ratio of 2 : 1. 


Pathophysiology 

Pathology 

Histologically, DPN demonstrates acanthosis, papillomatosis and 
hyperpigmentation. It resembles the acanthotic variant of SK, 
although horn cysts and pseudocysts are less common. It is stable 
with no malignant potential. 


Genetics 
A family history of DPN present in four-fifths of cases. DPN lesions 
have been found to harbour FGFR3 mutations [22]. 


Clinical features 

Presentation 

Lesions are typically black or dark brown, shallow, dome-shaped 
papules measuring 1-5 mm in diameter (Figure 132.6). The cheeks, 
forehead and neck are most commonly affected, but lesions can also 
occur on the limbs or trunk. 


Management 

Treatment is usually done for cosmetic reasons. Electrodesiccation 
and curettage under local anaesthetic is effective. It may be pru- 
dent to undertake a test patch and allow time for healing to ensure 


(a) (b) 


Figure 132.6 (a) Dome-shaped papules of dermatosis papulosa nigra with a 
characteristic upper facial distribution. It is commonest in Fitzpatrick skin types IV—VI. (b) 
Dermatosis papulosa nigra can also occur in fairer skin. 


satisfaction with outcome before treating a large number of lesions, 
especially in patients with pigmented skin. Electrodesiccation ener- 
gies should be kept low and desiccated lesions curetted gently and 
shallowly. 

Laser treatment can also be effective. Successful treatment is 
reported for carbon dioxide, neodymium (Nd):YAG, pulsed dye 
and potassium titanyl phosphate (KTP) laser devices [27,28]. 


Treatment ladder for dermatosis papulosa nigra 


First line 
e Electrodesiccation and curettage 


Second line 
e Ablative laser 


Warty dyskeratoma —C 


Definition and nomenclature 

Warty dyskeratoma (WD) is a benign epidermal tumour typically 
presenting as a discrete, wart-like, cup-shaped nodule with a kera- 
totic plug. Dyskeratosis and acantholysis are characteristic histolog- 
ical features. 


‘ollicularis 


Epidemiology 
WD is rare and usually occurs in older people. 


Pathophysiology 

The cause of WD is unknown but is probably multifactorial. Ultra- 
violet light, smoking, viral infection, chemical carcinogens and a 
reaction to inflammation have been proposed as aetiological fac- 
tors. WDs have been observed during vemurafenib treatment [29]. 
Smoking is thought to be the main cause of oral lesions [30]. It has 
been suggested that WD may represent a sporadic localised error in 
epithelial maturation and cohesiveness. WDs can occur within or 
adjacent to other epithelial, fibrohistiocytic and melanocytic lesions 
and in inflammatory dermatoses. 


Pathology 

Histology of WD reveals a cup-shaped invagination surrounding 
a plug of epidermal hyperparakeratosis, with suprabasal acanthol- 
ysis, multiple upward-pointing villus-like structures, dyskeratotic 
cells and corps ronds (Figure 132.7). Origination from a hair follicle 
has been proposed, because of the frequent proximity or connec- 
tion to pilosebaceous units and the results of immunohistochemical 
studies [31,32]. 


Clinical features 

WD usually presents in older adults on sun-exposed skin of the 
scalp, face or neck. It also occurs on oral and vulval mucosa. Mul- 
tiple WDs have been reported. At non-mucosal sites, a pruritic 
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Figure 132.7 Warty dyskeratoma. (a) A solitary cup-shaped lesion with a central 
keratotic plug. (b) A cup-shaped invagination surrounding a plug of epidermal 
hyperparakeratosis with multiple upward-pointing villus-like structures and acantholysis. 
(c) Corps ronds (arrow 1) and grains (arrow 2) are visible at higher power. Reproduced 
from Nakagawa et a/. 2018 [41] with permission of John Wiley & Sons. 


solitary lesion is seen with a central keratotic plug. Other symp- 
toms may include recurrent foul-smelling cheese-like discharge or 
bleeding with trauma. 


Differential diagnosis 

WD may be mistaken clinically for basal cell carcinoma, actinic 
or seborrhoeic keratosis, sebaceous hyperplasia, epidermoid cyst, 
keratoacanthoma, squamous cell carcinoma, Bowenoid papulosis, 
adnexal tumour or a viral wart. Histologically, focal acantholytic 
dyskeratosis can be seen in acantholytic squamous cell carcinoma, 
actinic keratosis, Darier disease, Grover disease, Hailey—Hailey 
disease and pemphigus vulgaris. 


Management 


Treatment ladder for warty dyskeratoma 


First line 
¢ Surgical excision 


Second line 
e Shave excision 
¢ Curettage and cautery 


Clear cell acanthoma .— Fe 


Definition and nomenclature 

Clear cell acanthoma (CCA) is an asymptomatic benign lesion that 
typically presents as a red, dome-shaped papule on a lower limb. 
The epidermis contains clear glycogen-containing cells. 


iles claires of Degos and Civatte 


Epidemiology 

Clear cell acanthoma is usually seen in mid-life, with a peak at age 
50-60 years, with an equal sex incidence and no clear racial predilec- 
tion. It is not seen in children [33,34,35]. 


Pathophysiology 

The cause of CCA is unknown. On one hand it has been proposed 
to be a benign neoplasm, of epidermal, sweat gland or pilar origin 
, possibly a variant of seborrhoeic keratosis with abundant ker- 
atinocyte glycogen production. On the other it has been suggested 
as a reactive inflammatory process, because cytokeratin production 
is similar to that seen in some inflammatory dermatoses, such as 
psoriasis, and because CCA has been noted on psoriatic plaques, as 
well as in association with venous stasis eczema, varicose veins, SK, 
bacterial or viral infections and insect bites [36]. 


Pathology 

Histological examination reveals acanthosis, psoriasiform hyper- 
plasia and a characteristic pale epidermis that is sharply demar- 
cated from the darker normal epidermis immediately adjacent 
(Figure 132.8). There may be intercellular oedema and an infiltrate 
containing many polymorphonuclear leukocytes forming para- 
keratotic microabscesses. The papillary dermis is oedematous with 
increased blood vessels. The cytoplasm of the clear cells contains 
glycogen, which stains with periodic acid—Schiff with diastase 
sensitivity. Phosphorylase enzyme necessary for the degradation of 
glycogen has been found to be absent in CCA keratinocytes. Electron 
microscopy reveals the displacement of tonofibrils with glycogen. 


Clinical features 

CCA usually presents as a red or red-brown asymptomatic 
dome-shaped papule or nodule with a ‘stuck-on’ appearance. 
The surface may look moist or crusted, and bleeding can occur with 
trauma. A collarette of fine peripheral scale is occasionally present 
(Figure 132.9). The lesions enlarge slowly over years and range from 
a few millimetres to a couple of centimetres in size. The lower limb 
is the commonest area affected, but lesions have been observed at 
multiple other sites. 


Clinical variants 

Giant, polypoid/pedunculated, atypical, cystic and pigmented pat- 
terns may be seen. Rarely eruptive multiple lesions are noted, tend- 
ing to appear over a few months. 
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Figure 132.8 Histopathological features of clear cell acanthoma with a papulonodular 
lesion showing a well-demarcated area of epidermal hyperplasia (acanthosis). The 
lesional cells show keratinocytic pallor due to the accumulation of glycogen. 
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Figure 132.9 Clear cell acanthoma. Reproduced from Bowling 2022 [42] with 
permission of John Wiley & Sons. 


Differential diagnosis 

Differential diagnosis includes pyogenic granuloma, actinic kerato- 
sis, Bowen disease, basal cell carcinoma, squamous cell carcinoma, 
eccrine poroma, clear cell hidradenoma, amelanotic melanoma and 
cutaneous metastatic carcinoma. 


Investigations 

Dermoscopy shows an abundance of striking glomerular blood ves- 
sels with pin-point capillary loops in a streaky, curvilinear, reticu- 
lated pattern. This vascular pattern of dotted and coiled vessels in 
a serpiginous arrangement gives it a characteristic ‘string of pearls’ 
appearance (Figure 132.10). 


Figure 132.10 Dermoscopy of clear cell acanthoma. Striking glomerular blood vessels 
with pin-point capillary loops in a streaky, curvilinear, reticulated pattern can be seen: a 
‘string of pearls’ appearance. Reproduced from Bowling 2022 [42] with permission of 

John Wiley & Sons. 


Management 


Treatment ladder for clear cell acanthoma 


First line 

e Treatment is not always required but shave biopsy may be 
prudent to exclude malignancy in view of the possible 
differential diagnoses 


Second line 
¢ Curettage and cautery or shave excision to dermis 


Third line 
¢ Cryotherapy or carbon dioxide or other ablative therapy may 
be appropriate for multiple lesions 


Lichenoid kerato: 


Definition and nomenclature 

Lichenoid keratosis (LK) is a solitary pink to red-brown plaque most 
commonly seen on the trunk or lower limbs, often with a preceding 
history of a pigmented macule or plaque. 


Epidemiology 

LK is common. The mean age of presentation is 60-65 years. Lesions 
are unusual below the age of 35. There is an increased prevalence 
among white people and women [37]. 


Pathophysiology 

LKs are thought develop as a chronic inflammatory involution of 
a pre-existing skin lesion, most commonly a solar lentigo, actinic 
keratosis or seborrhoeic keratosis. The inflammatory stimulus is 
unknown. 


Pathology 

Rete ridges are typically flattened in LK and the dermal—-epidermal 
junction is obscured by a band-like lichenoid lymphocytic infiltrate. 
Variable numbers of neutrophils, plasma cells and eosinophils 
are identified as well as epidermal parakeratosis, features that 
distinguish LK from typical lichen planus. Epidermal acanthosis is 
common in the classic variant; several other variants are described. 
A bullous subtype of LK has intraepidermal or subepidermal 
bullous cavities with necrotic basal keratinocytes. Atypical-type 
LK demonstrates enlarged CD3 and CD30+ lymphocytes with 
large hyperchromatic nuclei. The early interphase type has sin- 
gle lymphocytes along the dermal-epidermal junction, without 
acanthosis. The regressed or atrophic LK variant shows epidermal 
atrophy, papillary scarring and melanin incontinence, which can be 
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(b) 


Figure 132.11 Lichenoid keratosis. (a) A solitary hyperpigmented papule without 
specific diagnostic features. (b) Dermoscopic appearance of the same lesion. 


difficult to distinguish from the appearance of regressing melanoma 
in situ [37]. 


Clinical features 

Presentation 

LKs are usually solitary. Histologically, classic, bullous and atyp- 
ical LKs typically present as a pink papule or plaque. The early 
interphase type often presents as a red or hyperpigmented macule 
(Figure 132.11). The regressed or atrophic variant is typically a 
violaceous plaque. Three-quarters of LKs occur on the trunk. The 
extremities are another common site. Less than one-tenth develop 
on the head and neck. 


Differential diagnosis 

It is difficult to make a confident clinical diagnosis of an LK even 
with experience. Clinicians suspect basal cell carcinoma in half of 
cases biopsied [38,39]. Other common differential diagnoses are seb- 
orrhoeic keratosis, actinic keratosis, solar keratosis, squamous cell 
carcinoma, Bowen disease, psoriasis and melanoma. 


Investigations 

LKs show a mixture of dermoscopic features, but none are pathog- 
nomonic or typically diagnostic. These include diffuse or localised 
granular patterns of pigmentation, blood vessels and blue-white 
structures. Similar features can be seen in regressing melanoma. 


Management 


Treatment ladder for lichenoid keratosis 


First line 

e Excision with narrow margins should be undertaken if there 
is any question of melanoma 

e Shave excision 

¢ Curettage and cautery 


Second line 
¢ Cryotherapy 
¢ Carbon dioxide laser or erbium:YAG laser ablation 


OTHER BENIGN PR 


Skin tags — oF 


Definition and nomenclature 

Askin tag is a benign lesion occurring mainly on the neck and major 
skin flexures as a small soft pedunculated protrusion. They are typ- 
ically multiple. 


Epidemiology 
Age 
Skin tags are very common in middle-aged and older adults. 


Associated diseases 

Skin tags are commoner in obesity, dyslipidaemia, hypertension 
and insulin resistance and may therefore indicate a predisposition 
to atherosclerosis and cardiovascular disease [1]. They may appear 
in pregnancy. A combination of skin tags with multiple fibrofol- 
liculomas is seen in Birt-Hogg—Dubé syndrome, an autosomal 
dominant condition with increased risk of colon and kidney cancer, 
pulmonary cysts and spontaneous pneumothorax. 


Pathophysiology 

Pathology 

Skin tags are polypoid lesions with a core of loosely arranged 
collagen fibres and blood vessels (Figure 132.12). The epidermis 
may either be flattened, especially in larger lesions, or may be 
hyperplastic, resembling a seborrhoeic keratosis. Larger skin tags 
may have central adipose tissue. Pagetoid dyskeratosis may be 
seen as an incidental finding. Ischaemic necrosis may be seen after 
torsion. Melanocytic proliferation and naevus cells are not usually 
seen. 


Clinical features 

Presentation 

Skin tags are pedunculated and are typically 1-5 mm in size. Round 
and soft tags are easy to diagnose. They may be skin coloured or 
hyperpigmented. The most common sites are the sides of the neck, 
axillae and inguinal folds. 


Differential diagnosis 
Small intradermal melanocytic naevi and pedunculated seborrhoeic 
keratoses may appear clinically identical. 


Complications and co-morbidities 
A skin tag may twist on its pedicle and become inflamed. 


Figure 132.12 Histology of a skin tag: polypoid skin covered by mildly hyperkeratotic 
epidermis, containing thin- and thick-walled blood vessels in the dermal stroma. 


Management 


Treatment ladder for skin tags 


First line 

¢ Snip excision, which may be done without anaesthetic for 
small lesions. Application of aluminium chloride 
hexahydrate with a cotton tip is useful to obtain haemostasis 

¢ Standard cryotherapy, taking care to avoid overtreatment to 
the surrounding normal skin. The use of metal forceps 
dipped in liquid nitrogen and held to the base of the tag for 
20-30 seconds is also effective 


Pseudoepitheliomatous hyp 


Definition and nomenclature 

A benign, reactive proliferation of the epidermis that occurs sec- 
ondary to a variety of inflammatory and neoplastic conditions. It 
mimics squamous cell carcinoma both clinically and histologically. 


nclusions 


Pathophysiology 
Predisposing factors 
Conditions associated with pseudoepitheliomatous hyperplasia 
(PSE) can be grouped into three major categories: 
1 Dermatoses causing chronic inflammation or irritation. 
2 Infections. 
3 Neoplasia. 
Inflammatory causes include lichen simplex chronicus, prurigo 
nodularis or hypertrophic lichen planus, which are all fairly 
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common conditions. Hypertrophic cutaneous lupus erythematosus 
may cause PSE and be misdiagnosed as multiple recurrent squa- 
mous cell carcinomas. Other inflammatory causes include vulval 
lichen sclerosis, chronic leg ulcers, burns, pemphigoid vegetans 
and halogenodermas, which are cutaneous reactions to ingested 
bromides or iodides or topical fluoride gels applied to the oral 
mucosa. 

Infectious causes include cutaneous tuberculosis, deep fun- 
gal infections and as a complication of ulcers overlying chronic 
osteomyelitis. 

Neoplastic causes include granular cell tumours, cutaneous 
lymphoma, especially nasal natural killer/T-cell lymphoma, and 
CD30+ lymphoproliferative diseases. PSE may also occur overlying 
melanocytic lesions, such as Spitz naevi and melanoma [2]. 

Itis well reported that PSE can occur after tattoos, most commonly 
with red or purple pigment. A verrucous or fungating growth typi- 
cally appears days or months after the procedure. 


Pathology 

Elongated, thick, downward projections of acanthotic epidermis 
occur, often with jagged borders and a sharply pointed base. Hyper- 
granulosis, orthokeratosis and parakeratosis are common and 
abnormal areas of keratinisation, known as ‘keratin pearls’, may be 
seen. Slight keratinocyte atypia occurs, usually at the stratum basale, 
but keratinocyte necrosis is usually absent, and mitotic figures are 
not numerous or atypical. The general appearance is of an invasive 
proliferation of the epithelium, but with individual cells not show- 
ing the typical features suggestive of malignancy (Figure 132.13). 
Nevertheless, histological distinction from squamous cell carcinoma 
can be difficult. 

A systematic histological approach to assessment may be helpful, 
dividing PSE into categories with or without a main pathological 
process in the dermis [2]. In simple ulcers and inflammatory lesions, 
by far the commonest causes, there is disturbance of the upper part 
of the dermis, often with young fibroblasts and a rather myxoma- 
tous connective tissue stroma replacing the normal dermal colla- 
gen. If there is significant dermal inflammation, infection should 
be ruled out, especially if histiocytes and multinucleated giant cells 
are present. In these cases special stains for mycobacteria and fungi 


Figure 132.13 Histological features of pseudoepitheliomatous hyperplasia showing 
compact hyperkeratosis with uneven prominent epidermal downgrowths and dermal 
fibrosis. Vertically orientated capillaries are seen in the papillary dermis. 
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should be done, and re-biopsy with fresh tissue culture for these 
organisms be considered. Some reports have identified immunohis- 
tochemical differences between PSE and squamous cell carcinoma 
at certain sites, however the usefulness and reproducibility of these 
not yet been established in clinical practice. 


Clinical features 

Presentation 

PSE typically presents as a reddish well-demarcated plaque or 
nodule with variable degrees of scale, crust and verrucous change 
(Figure 132.14). Ulceration may occur. Features of the underlying 
process can often be observed. When caused by a chronic ulcer, 
colostomy site or burn scar, the margin may be heaped up in PSE, 
often giving the appearance of a rolled border, which improves and 
resolves as the ulcer is successfully treated. Pigmentation may be 
seen when PSE overlies melanoma. In deep fungal infection such 
as blastomycosis, PSE may present as a large plaque with central 
scarring and an active or serpiginous border. A palpable deep 
dermal nodule in association with PSE should raise the possibility 
of lymphoma. 


Differential diagnosis 

Differentiation from squamous cell carcinoma is important but can 
be difficult. Careful correlation of clinical and histopathology find- 
ings is required. 


Investigations 

DNA microarray studies show a distinct gene expression pat- 
tern that distinguishes squamous cell carcinoma from PSE. Gene 
Cl15orf48 has a higher expression than KRT9 in squamous cell 
carcinoma, but lower expression than KRT9 in PSE [3]. 


Figure 132.14 (a, b) Pseudoepitheliomatous 
hyperplasia secondary to a red tattoo and presenting 
as a fungating exophytic plaque with a verrucous 
surface, mimicking squamous cell carcinoma. (c, d) 
Histology revealed no cellular atypia. Reproduced 
from Kiss et al. [4] with permission of John Wiley & 
Sons. 


Management 
Skin biopsy should be undertaken to rule out squamous cell carci- 
noma. Treatment is directed at the underlying disorder. 
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Introduction and general description 


The common terms used to describe cutaneous cysts are sebaceous, 
epidermoid and trichilemmal. 


Classification of cutaneous adnexal cysts 


While clinical differentiation of cysts can be difficult, their histology 
is distinct and characteristic. Classification is based on the pathogen- 
esis, the nature of cyst contents and their wall lining (Table 133.1). 
Kaya and Saurat have classified cysts by examining the lining of the 
cystic structures [1]. Epidermal or epidermoid cysts have an epithe- 
lial wall containing a granular layer with lamellar keratinisation, 
indicating an origin from the follicular infundibulum (Figure 133.1). 
Tricholemmal or trichilemmal cysts have an undulating epithelial 
wall with no granular layer and a compact keratinisation as seen 
in the outer root sheath of hair follicles, signifying origin from 
follicular isthmus. In steatocystoma multiplex, dermoid cyst and 
folliculosebaceous hamartoma, the epithelial lining shows a crenu- 
lated appearance as seen in the sebaceous duct, hence these are the 
true sebaceous cysts [1]. 

Hidrocystoma shows the characteristic cuboidal epithelial lining 
of sweat glands with decapitation secretion in its apocrine forms. 
The hair matrix cyst wall is composed of basaloid cells maturing to 
squamoid cells, as seen in the normal hair matrix and shadow cells 
in the lumen. Metabolising acquired dioxin-induced skin hamar- 
toma (MADISH) is a cystic lesion with lamellar keratinisation, and 
no sebaceous glands [1]. 


CYSTS WITH INFUNDIBULAR EPITHELIAL WALL 


Epidermoid cysts — 


Definition and nomenclature 
Cysts containing keratin and its breakdown products, which are sur- 
rounded by an epidermoid wall. 


Epidemiology 

Incidence and prevalence 

These are the commonest cutaneous cysts. They are sometimes 
described incorrectly as sebaceous cysts. 


Age 
They are most frequently seen in young and middle-aged adults. 


Sex 
No predilection for either sex. 
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Table 133.1 Kaya and Saurat's classification of cutaneous adnexal cysts. Reproduced 
from [1]. 


Cysts with infundibular epithelial wall 
Epidermal (infundibular) cyst 
Comedon 

ilia 

Vellus hair cyst 

Cysts with isthmic epithelial wall 

Tricholemmal cyst 

Cysts with sebaceous duct epithelial wall 

Steatocystoma 

Cutaneous keratocyst 

Cysts with glandular epithelial wall 

Eccrine/apocrine hidrocystoma 

Cysts with hair matrix epithelial wall 

Hair matrix (pilomatrical) cyst 

Hamartomatous cysts 
Dermoid cyst 
Folliculosebaceous hamartoma 
MADISH (metabolizing acquired dioxin-induced skin hamartoma) 


Ss 


Figure 133.1 Histopathology of an epidermoid cyst. 


Associated diseases 

Epidermoid cysts are seen in Gardner syndrome (see Chapter 78) 
which is a variant of familial adenomatous polyposis and naevoid 
basal cell carcinoma syndrome (NBCCS) (see Chapter 140) [1,2]. 


Pathophysiology 

The common epidermoid cyst is the result of squamous metaplasia 
in a damaged sebaceous gland. Many are the result of inflamma- 
tion around a pilosebaceous follicle. Multiple cysts can therefore be 
seen in patients with more severe lesions of acne vulgaris. Some 
may result from deep implantation of a fragment of epidermis by a 
blunt penetrating injury (inclusion cysts). Those that occur as a part 
of Gardner syndrome and of the NBCCS are probably caused by a 
developmental defect. 


Clinical features 

History 

Epidermoid cysts are most commonly seen on the face and upper 
trunk (Figure 133.2). They are situated in the dermis and push the 
epidermis upwards, appearing as a skin-coloured, white or slightly 
yellow, firm, spherical, smooth papule or nodule that is mobile over 
the deeper structures. They are tethered to the epidermis and may 
have a central keratin-filled punctum that is visible to the naked eye 


or by using a dermatoscope. The size varies from a few millimetres 
to more than 5 cm in diameter and the lesions may be solitary but are 
commonly multiple. They typically enlarge slowly and are stable, 
but may become acutely inflamed, increasing significantly in size 
with pain and tenderness. 

Traumatic inclusion cysts usually occur on the palmar or plantar 
surfaces, buttock or knee. A history of penetrating injury may not 
always be obtained. 


Differential diagnosis 

Trichilemmal cysts are usually situated on the scalp and do not 
have a punctum. Lipomas are soft in their consistency. Other benign 
and rounded dermal tumours (Figures 133.3 and 133.4) may be 
mistaken for epidermoid cysts and inflammatory granulomas 
such as cutaneous leishmaniasis may mimic an inflamed cyst. On 
rare occasions, metastatic cancers to the subcutaneous or dermal 
compartments may simulate a cyst. 


Complications and co-morbidities 

Suppuration may occur which may lead to an offensive smelling 
discharge. Rupture of the cyst wall can give rise to acute and intense 
inflammation. Epidermoid cysts occurring secondary to acne and 
subject to recurrent inflammation may be scarred and difficult to 
remove completely. Calcification of the contents of epidermoid cysts 
cannot usually be detected clinically; when it occurs in multiple 
cysts of the upper part of the trunk it may be noted on chest X-ray 
and cause some diagnostic confusion. Dystrophic calcification of 
scrotal cysts is common. Malignant degeneration of epidermoid 
cysts has been reported rarely [3]. 


Disease course and prognosis 
Prognosis is usually excellent. 


Investigations 

Diagnosis is usually clinical and can be confirmed on excision 
biopsy. On ultrasound, the appearance is that of an avascular mass 
located in the subcutaneous tissue with dorsal acoustic amplifica- 
tion and lateral shadowing. On magnetic resonance imaging, they 
have slightly hypointense signal intensity on T1l-weighted images 
and intermediate to high signal on T2-weighted images [4]. 


Management 

Uncomplicated cysts may not require any treatment, although 
patients should be advised of the possibility of slow enlargement or 
acute inflammation. 

Surgical excision is effective. Removal of the entire cyst lining is 
important to reduce the risk of recurrence. Excision of an intact cyst 
can be undertaken via a narrow elliptical incision, which should be 
designed to include any visible punctum. Injection of anaesthetic 
around and not into the cyst itself is important. The cyst lining can 
usually be identified by making the initial scalpel incisions angled 
away from the centre of the ellipse and parallel to the cyst walls 
to avoid immediate puncture of the sac. Forceps can be used to 
securely hold the cyst via the ellipse of skin at its surface. The cyst 
walls may then be dissected away from the surrounding tissues, 
and once reached, the underside of the cyst can be freed using 
scissors. 


Figure 133.2 An epidermoid cyst on the (a) 
cheek and (b) neck. 


Figure 133.3 Calcified cyst just below the eyelid margin. 


An alternative procedure is punch extrusion: the cyst is directly 
punctured using a punch biopsy blade, including the punctum if 
it is visible. The keratinous contents are extruded by compression. 
The cyst wall is then identified and removed. Use of haemostatic 
forceps (e.g. mosquito) is helpful to grasp and apply gentle traction 
of the wall as the cyst is dissected out gradually using fine scissors. 
Punch extrusion produces a shorter scar than elliptical excision and 
may be helpful in areas where cosmetic outcome is important, such 
as on the face. Elliptical excision may be more appropriate for larger 
cysts or those that are recurrent or scarred. An acutely inflamed 
cyst may require incision and drainage to relieve symptoms of pain, 


(b) 


Figure 133.4 Inclusion cyst following trauma to the thumb. 


after which it is allowed to heal by secondary intention, perhaps 
with packing of the defect. Alternatively, acutely inflamed cysts 
can be injected with triamcinolone to reduce inflammation and 
encourage shrinkage before excision that is delayed by a few weeks. 
Oral antibiotics are often given for acutely inflamed cysts, although 
the lesions are often not actually infected, and evidence of benefit 
is lacking. Inflamed acne cysts may respond to a small amount of 
intralesional triamcinolone given at low dose, thus obviating the 
need for excision. 


Comedones 


For detailed information please see Chapter 88. 


Comedones_ = 133.3 
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Figure 133.5 Milia on the periorbital area. 


Definition 
These are small subepidermal keratin cysts. 


Introduction and general description 
Milia are isolated or grouped small uniform spherical white papules 
with a smooth non-umbilicated top. 


Epidemiology 
Incidence and prevalence 
Milia are quite common at all ages. 


Associated diseases 
Rombo and Bazex syndromes. 


Pathophysiology 

Predisposing factors 

Second-degree burns, epidermolysis bullosa, porphyria cutanea 
tarda, bullous lichen planus, following dermabrasion, in areas of 
chronic topical corticosteroid-induced atrophy and radiotherapy. 


Pathology 

Simple common milia of the face are found within the undifferen- 
tiated sebaceous collar that encircles many vellus hair follicles. The 
milial cyst has a stratified squamous epithelial lining with a granu- 
lar layer. The white milium body is composed of lamellated keratin. 
Milia that follow blistering can often be traced to eccrine sweat ducts 
in serial sections. Those at the margin of an irradiated area are usu- 
ally situated in the distorted remnant of the pilosebaceous duct. 


Clinical features 

Presentation 

Milia are firm, white or yellowish, rarely more than 1 or 2mm in 
diameter and appear to be immediately beneath the epidermis. They 
are usually noticed only on the face and occur in the areas of vellus 
hair follicles, on the cheeks and eyelids particularly (Figure 133.5). 


Figure 133.6 Milia en plaque on pinna. 


Clinical variants 
Milia en plaque appear as a cluster of white papules on a red, oede- 
matous base. These are most commonly seen in the postauricular 
area (Figure 133.6). 


Management 

First line 

Incision of the overlying epidermis and expressing the contents is 
curative. Recurrence is uncommon. Spontaneous disappearance 
occurs in many milia in infants. 


Second line 
Laser ablation or puncturing the milia or electrodessication can be 
very effective. Topical tretinoin may be effective. 


Vellus hair cysts — 


For detailed information please see Chapter 137. 


CYSTS WITH ISTHMIC EPITHELIAL WALL 


Trichilemmal cysts — CC 


Definition and nomenclature 

Trichilemmal cysts contain keratin and its breakdown products. 
They are usually situated on the scalp and their wall resembles 
external hair root sheath, hence the name. 


Introduction and general description 
Trichilemmal cysts may resemble epidermoid cysts but are not as 
common. 


Epidemiology 

Incidence and prevalence 

They account for about 5-10% of keratinous cysts seen by surgical 
pathology services [1] but in a recent study they were felt to be more 
common [2]. 


Age 
They are more common in middle age. 


Sex 
They are more common in women. 


Pathophysiology 

Pathology 

Trichilemmal cysts are lined by stratified squamous epithelium 
(Figure 133.7). There are no distinct intercellular bridges visible 
among the epithelial cells and they show a distinct peripheral 
palisading [2]. Individual cells become larger towards the lumen. 
The keratinisation is abrupt with no intervening granular layer. The 
cyst contents are homogeneous and eosinophilic. Cholesterol clefts 
are common in the keratinous material which on immunohisto- 
chemistry is positive for keratins K10 and K17. Calcification of cyst 
contents can occur in some cases. Rupture of the cyst can lead to for- 
eign body giant cell reaction and significant inflammation, making 
complete excision of the cyst difficult. Proliferating trichilemmal 
cysts may show gross epithelial hyperplasia of the cyst lining with 
minimally cystic areas mimicking clinically and histologically a 
squamous cell carcinoma [3]. True malignant transformation in 
scalp cysts is very rare. 


Figure 133.7 Pilar cyst showing typical pathological features (see text). Courtesy of 
Eduardo Calonje. 


Figure 133.8 Clinical illustration of typical pilar cysts on the scalp. 


Genetics 
They may be inherited as an autosomal dominant disorder [3]. 


Clinical features 

Presentation 

These are usually multiple and occur mainly on the scalp and 
present as smooth, mobile, firm and rounded nodules (Figure 133.8). 
Unlike epidermoid cysts, there is usually no punctum. 

Inflamed cysts may become tender and the cyst wall can rupture 
following an infection. The cyst wall may fuse with the epidermis to 
form a crypt (marsupialised cyst), which can occasionally terminate 
by discharging its contents and healing spontaneously. In contrast, 
the contents may protrude above the surface to form a soft cuta- 
neous horn. 


Clinical variants 

Proliferating trichilemmal tumours are uncommon solitary, multi- 
lobular, large, exophytic masses with a predilection for the scalp 
in elderly females. Malignant transformation to trichilemmal carci- 
noma is very uncommon. 


Differential diagnosis 
Epidermoid cyst and proliferating trichilemmal cyst. 


Investigations 
Excisional biopsy. 


Management 

Uncomplicated cysts can be extirpated with relative ease and usu- 
ally with an intact cyst wall. A simple linear incision or narrow 
ellipse is often sufficient. The cyst wall should be fully removed, 
which is often achieved easily using pressure applied to the skin on 
either side of the incision, with gentle blunt dissection around the 
sac if necessary (Figure 133.9). Proliferating cysts need to be excised 
with a margin because they will recur if tissue is left behind. 


; Trichilemmal cysts 133.5 
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Figure 133.9 An intact pilar cyst excised from scalp. 
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Figure 133.10 Histopathology of steatocytoma multiplex. A cyst lined by epithelium 
resembling the sebaceous duct. Mature sebaceous glands are present in the wall. 


Te Ae 


CYSTS WITH SEBACEOUS DUCT EPITHELIAL 
WALL 


Steatocystoma multiplex — aS 


Definition and nomenclature 

Steatocystoma multiplex is an uncommon autosomal dominant 
condition, which presents as multiple dermal cysts composed of 
sebaceous gland lobules in their wall and containing sebum. These 
can be regarded as true sebaceous cysts. 


polycystic disease 


Pathophysiology 

Steatocystoma multiplex is most likely to be a genetically deter- 
mined failure of canalisation between the sebaceous lobules and the 
follicular pore. 


Pathology 

The cyst is situated in the mid-dermis. The cyst wall is thin and 
composed of keratinising epithelium with an absent granular layer 
(Figure 133.10). In some sections, lobules of sebaceous glands can 
be seen to form part of the wall or to empty into the cyst via ducts. 
The contents are oily and composed of unsplit esters (precursors) of 
sebum. They may contain hairs. Hair roots and, occasionally, sweat 
glands may be found connected with the cyst, and the whole com- 
plex is joined to the epidermis by a short strand of undifferentiated 
cells. 


Genetics 
Keratin 17 mutations have been implicated [1]. 


Clinical features 

History 

Multiple, smooth, skin-coloured to yellow, compressible dermal 
papules and nodules are present. Size varies from a few millime- 
tres to 20mm or more (Figure 133.11). The trunk and proximal 
part of the limbs are most commonly involved, particularly the 
pre-sternal area. Lesions may also appear on the face and acral sites 
[2]. No punctum is usually apparent over the cyst, but there may 
be multiple comedones. In these cases, differentiation from acne 
can be difficult. If pricked, an oily fluid can be expressed. There is 
an association with eruptive vellus hair cysts and pachyonychia 
congenita type 2. 


Presentation 
Presentation is usually in adulthood with lesions appearing around 
puberty [3]. 


Differential diagnosis 
Nodular acne, vellus hair cysts. 


Complications and co-morbidities 
They are usually asymptomatic. Some lesions become inflamed, 
suppurate and heal with scarring. 


Management 

First line 

Excision is often impractical because of the large number of cysts. 
Oral isotretinoin may reduce the size of pre-existing cysts or reduce 
the rate of development of new lesions [4]. 


Second line 
Carbon dioxide or erbium:YAG laser perforation and extirpation of 
the cysts appears to be effective [5]. 


Cutaneous keratocysts .—l ae 


For detailed information please see Chapter 140. 


See Chapter 137 for discussion of: 
e Cysts with glandular epithelial wall (eccrine/apocrine 
hidrocystoma) 


(a) 


Figure 133.11 (a, b) Multiple skin-coloured cysts of steatocystoma multiplex. 


e Cysts with hair matrix epithelial wall (hair matrix (pilomatrical)) 
cyst 
e Folliculosebaceous hamartoma 


See Chapter 116 for discussion of: 
e Dermoid cysts 


See Chapters 88 and 129 for discussion of: 
e MADISH (metabolising acquired dioxin-induced skin hamar- 
toma) — chloracne 


Key references 


The full list of references can be found in the online version at 
https:/ /www.wiley.com/rooksdermatology10e 


Epidermoid cysts 
1 Juhn E, Khachemoune A. Gardner syndrome: skin manifestations, differential 
diagnosis and management. Am J Clin Dermatol 2010;11:117-22. 
2 Gorlin RJ. Nevoid basal cell carcinoma syndrome. Dermatol Clin 1995;13:113-25. 


(b) 


3 Morritt AN, Tiffin N, Brotherston TM. Squamous cell carcinoma arising in epider- 
moid cysts: report of four cases and review of the literature. J Plast Reconstr Aesthet 
Surg 2012;65:1267-9. 


Trichilemmal cysts 
1 Ramaswamy AS, Manjunatha HK, Sunilkumar B, Arunkumar SP. Morphological 
spectrum of pilar cysts. N Am J Med Sci 2013;5:124-8. 
2 Kamyab K, Kianfar N, Dasdar S, Salehpour Z, Nasimi M. Cutaneous cysts: a clin- 
icopathologic analysis of 2,438 cases. Int J Dermatol 2020;59:457-62. 
3 Leppard BJ, Sanderson KV. The natural history of trichilemmal cysts. Br J Dermatol 
1976;94:379-90. 


Steatocystoma multiplex 

1 Covello SP, Smith FJ, Sillevis Smitt JH et al. Keratin 17 mutations cause 
either steatocystoma multiplex or pachyonychia congenita type 2. Br J] Dermatol 
1998;139:475-80. 

2 Rollins T, Levin RM, Heymann WR. Acral steatocystoma multiplex. J Am Acad 
Dermatol 2000;43:396-9. 

3 Cho S, Chang SE, Choi JH, Sung KJ, Moon KC, Koh JK. Clinical and histologic 
features of 64 cases of steatocystoma multiplex. J Dermatol 2002;29:152-6. 

4 Statham BN, Cunliffe WJ. The treatment of steatocystoma multiplex suppurativum 
with isotretinoin. Br J Dermatol 1984;111:246. 

5 Bakkour W, Madan V. Carbon dioxide laser perforation and extirpation of steato- 
cystoma multiplex. Dermatol Surg 2014;40:658-62. 


Key references 133.7 


= 
rT) 
 ¢ 
_i 
o 
fe) 
wi 
2 


PART 12 


CHAPTER 134 
Lymphocytic Infiltrates 


Fiona Child! and Sean J. Whittaker! 


‘St John’s Institute of Dermatology, Guy's and St Thomas’ NHS Foundation Trust, London, UK 
2Division of Genetics and Molecular Medicine, King’s College London, London, UK 


Pseudolymphoma, 134.1 
Pityriasis lichenoides, 134.3 
Parapsoriasis, 134.6 


Small plaque parapsoriasis, 134.6 
Large plaque parapsoriasis, 134.7 
Lymphocytoma cutis, 134.8 


Jessner lymphocytic infiltrate, 134.10 


Key references, 134.11 


Pseudolymphoma — | 


Definition and nomenclature 

Pseudolymphoma is not a specific disease but encompasses a group 
of benign lymphoid proliferations in the dermis, which may be 
difficult to distinguish from low-grade malignant lymphoma and 
possibly may rarely transform to a lymphoma in some cases [1-3]. 
The term cutaneous lymphoid hyperplasia has been suggested and 
both terms are more commonly used to describe a pathological 
rather than a clinical appearance [4]. Pseudolymphomas may be 
of T-cell or B-cell origin. B-cell pseudolymphoma is also called 
lymphocytoma cutis. T-cell pseudolymphoma may be idiopathic 
but may also include lymphomatoid drug eruptions, lymphoma- 
toid contact dermatitis and actinic reticuloid. Confusion between 
pseudolymphoma and lymphoma can easily arise if a biopsy is 
submitted to the pathologist without an adequate history of recent 
events such as drug ingestion or scabies infestation. 


clusions 


id hyperplasia 
is (B-cell pseudolymphoma) 


Epidemiology 
Incidence and prevalence 
These are not established. 


Age 
It is more common in patients younger than 40 years of age. 


Sex 
Localised pseudolymphoma (B-cell pattern) has a female to male 
ratio of 2:1. 


Ethnicity 
No link with ethnicity has been established. 


Pathophysiology 

Predisposing factors 

Both B- and T-cell pseudolymphomas may occur in tattoos as a 
reaction to certain pigments [5,6], after vaccination [7], trauma, 
acupuncture [8] or in association with infections. T-cell pseu- 
dolymphomas may arise as a form of adverse drug reaction. The 
range of causative drugs is wide but includes anticonvulsants, 
angiotensin-converting enzyme inhibitors, p-blockers, calcium 
channel blockers, cytotoxics, antirheumatics, antihistamines, 
antidepressants and various biologic agents [9-13,14]. T-cell pseu- 
dolymphoma may also occur in the context of persistent contact 
dermatitis [15,16]. 


Pathology [17-22] 

In order to help distinguish between pseudolymphoma and lym- 
phoma, it is vital to give the pathologist a good clinical history, 
as the pathological, phenotypic and molecular differentiation is not 
absolute. A T- or B-cell lymphoid proliferation is present, which 
is usually nodular in B-cell and nodular or band-like in T-cell 
proliferations (Figure 134.1). There may be a few mitotic figures 
but there is minimal atypical cytology. In B-cell proliferations ger- 
minal centres may or may not be present, but typically reactive 
germinal centres have tingible body macrophages. T-cell pseu- 
dolymphomas do not usually show significant epidermotropism. 
Rarely, the lymphoid cells may be very bizarre and resemble 
mitogen-stimulated lymphocytes seen in vitro during the lympho- 
cyte transformation test [23]. 

Immunophenotypic studies show a normal T-cell phenotype 
and a mixed «/) expression. When germinal centres are present, 
Bcl-2 is not expressed in B-cell pseudolymphomas [24]. CD68 
highlights tingible body macrophages. T-cell receptor (TCR) 
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Chapter 134: Lymphocytic Infiltrates 


Figure 134.1 H&E-stained section of skin from a patient with a pseudolymphoma 
with conspicuous tagging of lymphocytes along the basal epidermis, resembling 
lichenoid mycosis fungoides; tattoo pigment is present in the dermis. Original 
magnification 400x. Courtesy of Dr Alistair Robson. 


and immunoglobulin gene analysis usually shows a polyclonal 
pattern, but rarely a monoclonal pattern may be detected, sug- 
gesting a neoplastic proliferation. However, the significance of this 
finding remains unclear [25—28,29]. 


Causative organisms 

Persistent nodular scabies and arthropod bites may cause a 
T-cell pseudolymphomatous histology [30-32], possibly caused 
by retained foreign material stimulating a persistent antigenic 
reaction. B-cell pseudolymphomas may be associated with Borrelia 
burgdorferi [33,34,35], Leishmania [36], molluscum contagiosum [37] 
and herpes zoster [38,39] infections. Borrelia species can also induce 
T-cell-rich pseudolymphomatous infiltrates [40]. 


Clinical features 

Presentation and clinical variants 

B-cell pseudolymphomas usually present as solitary or multiple, 
itchy or asymptomatic, smooth surfaced or excoriated, dermal 
papules and nodules, which may also be subcutaneous. T-cell pseu- 
dolymphomas present with solitary or scattered papules, nodules 
and plaques (Figure 134.2), but can also present as persistent red 
or purple discoloration, which may develop into an exfoliative 
erythroderma [41], particularly when caused by drug reactions or 
contact dermatitis; there may also be persistent lymphadenopa- 
thy, low-grade fever and other symptoms including headache, 
malaise and arthralgia. 


Differential diagnosis 

The most important differential diagnosis is of cutaneous B- and 
T-cell lymphoma. Careful clinicopathological correlation is vital 
in order to distinguish between them. Primary cutaneous CD4", 
small/medium-sized pleomorphic ‘T-cell lymphoproliferative 
disorder is an increasingly recognised entity that may have very 
similar clinical and histological features to pseudolymphoma and 
has an indolent behaviour [42,43]. 


Figure 134.2 Multiple nodules and plaques of T-cell pseudolymphoma affecting the 
face due to a drug eruption induced by co-trimoxazole. 


Complications and co-morbidities 
Reports suggest cases have evolved to lymphoma; however, many 
of these cases may have been subtle low-grade lymphoma initially. 


Disease course and prognosis 

If a potential cause is identified it should be removed as soon 
as possible, but it may take weeks or months for the cutaneous 
reaction to subside. In the absence of an identifiable cause, pseu- 
dolymphomas may be persistent. The diagnosis and prognosis 
of pseudolymphoma should be guarded, as in a number of cases 
clear progression from apparent pseudolymphoma to malignant 
lymphoma has been recorded [1-3,25,44]. This appears to confirm 
the concept that chronic, initially benign, reactive inflammatory 
conditions may very rarely progress to frank lymphoma or that 
these conditions may be low-grade lymphomas initially, which 
then transform and adopt a more obvious malignant cellular 
cytology /morphology. 


Investigations 

A skin biopsy is needed for histology and TCR/immunoglobulin 
gene rearrangement analysis. Borrelia burgdorferi serology should be 
checked. Patch testing may be indicated if lymphomatoid contact 
dermatitis is suspected. In severe cases of drug-induced T-cell 
pseudolymphoma, full blood count (FBC) and liver function tests 
should be checked as eosinophilia and hepatitis may occur. 


Management 
The suspected cause should be removed. This is easiest in the 
case of an adverse drug reaction, but it may take weeks or even 


months for the cutaneous reaction to subside. Drug-induced pseu- 
dolymphomas may also present many months or even years after 
the therapy has been started. There are no randomised clinical 
trials; all treatments are based on anecdotal reports and small 
studies. Topical steroids may be given for symptomatic relief of 
itch and intralesional steroids can be injected into solitary small 
nodules. Hydroxychloroquine may be used for generalised dis- 
ease. Treatments for lymphocytoma cutis are discussed later in the 
chapter. 

Patients with extensive cutaneous involvement and systemic 
symptoms, usually when a causal drug is suspected, may require 
admission for supportive measures. 


Pityriasis lichenoides — aS 


Definition and nomenclature 

The cause of pityriasis lichenoides is unknown. Clinically, pityr- 
iasis lichenoides is divided into two main conditions: pityriasis 
lichenoides chronica (PLC) and pityriasis lichenoides et vario- 
liformis acuta (PLEVA). The distinction between PLC and PLEVA 
is based on clinical morphology and histology rather than disease 
course and there may be considerable overlap between the two 
entities. A third, much more rare and aggressive form, febrile 
ulceronecrotic Mucha—Habermann disease (FUMHD), also occurs 
[1,2,3,4]. Pityriasis lichenoides has been considered to be a variant 
of parapsoriasis and may also show overlap with lymphomatoid 
papulosis (Chapter 139) [1,5]. 


Epidemiology 

Incidence and prevalence 

The incidence is not known, although PLC is the most common type. 
Both PLEVA and PLC last on average 18 months with an episodic 
course. 


Age 

It occurs most frequently in children and young adults. One large 
study suggested that PLEVA is the most common pattern in younger 
children (57% compared with 37% PLC and 6% mixed pattern) [6]. 
All types are rare in infancy and old age, but PLEVA has been 
reported at birth [7]. Most cases of FUMHD occur in the second or 
third decade of life [3]. 


Sex 

In children with PLC there is a male predominance [8] but in adults 
there is an approximately equal sex incidence [3,8]. There is a strong 
male predominance in FUMH (approximately 75%) [3]. 


Ethnicity 

Pityriasis lichenoides has been reported mainly from Europe and 
America, but there is no specific geographic variation in incidence 
or racial predisposition. 


134.3 


Pityriasis lichenoides 


Associated diseases 

PLC-like lesions have been described in patients with typical fea- 
tures of mycosis fungoides, and identical T-cell clones have been 
identified in both types of cutaneous lesions from the same 
patients [9]. Evidence of T-cell clonality has been detected in 
most cases of PLEVA and some cases of isolated PLC [8,10,11], 
and in FUMHD [12,13]. PLEVA has also been reported with an 
associated lymphoma [14]. These findings suggest that at least 
some cases represent a cytotoxic CD8* T-cell lymphoproliferative 
disease, which may coexist with other primary cutaneous T-cell 
lymphomas. The term ‘atypical pityriasis lichenoides’ has been 
suggested for patients with a clinicopathological presentation of 
pityriasis lichenoides but with an aberrant immunophenotype. 
These patients should be monitored in order to detect possible 
evolution to mycosis fungoides [15]. 


Pathophysiology 

Predisposing factors 

The aetiology is unknown. Reported triggers include medications, 
such as chemotherapeutic agents, oral contraceptives and vaccina- 
tions [16], in addition to infective (mainly viral) triggers. Aetiolog- 
ical hypotheses include an inflammatory reaction triggered by an 
infection or drug, an inflammatory response to a T-cell dyscrasia or 
an immune complex hypersensitivity vasculitis. 


Pathology [3,17,18] 

The histology varies with the stage, intensity and extent of the 
reaction; changes are more severe in PLEVA than in PLC. In early 
lesions, an infiltrate of predominantly small lymphocytes surrounds 
and involves the walls of dilated dermal capillaries, which show 
endothelial proliferation (Figure 134.3). In PLEVA, the infiltrate 
may be deep, dense and wedge-shaped rather than predominantly 
perivascular. The epidermis is oedematous, with an interface der- 
matitis composed mainly of CD8* lymphocytes. Some necrotic 
keratinocytes are often present, especially in PLEVA. Intraepider- 
mal and perivascular extravasation of erythrocytes is typical. Later, 
over the centre of the lesion, a parakeratotic scale forms, containing 
lymphocytic pseudo-Munro abscesses, and there is prominent 
exocytosis of lymphocytes. Mild cytological atypia can be present. 
If the reaction is still more intense, as occurs in FUMHD, frank 
necrosis occurs and the lesion may be difficult to distinguish from 
other forms of acute necrosis of the skin on histology. In FUMHD 
there may be marked fibrinoid necrosis of deep vessels with luminal 
thrombi, partial necrosis of follicles and complete necrosis of eccrine 
glands. 

Immunofluorescence studies variably demonstrate IgM, C3 
and fibrin in the vessel walls of fresh lesions [16]. Macrophages are 
increased in number and Langerhans cells are decreased. HLA-DR is 
expressed by the lymphocytic infiltrate and the overlying epidermis. 

There is a histological resemblance to many other conditions, 
including common inflammatory conditions such as psoriasis 
and resolving eczema. The most important is the distinction from 
parapsoriasis and particularly (as they may also be clinically simi- 
lar) differentiation between PLEVA and lymphomatoid papulosis. 
The most useful distinction from lymphomatoid papulosis is that 
the latter shows a more pronounced collection of papulonodular 
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Figure 134.3 H&E-stained section of skin illustrating a florid lymphocytic infiltrate 
obscuring the dermal-epidermal junction. There is no cytological atypia. Original 
magnification 400x. Courtesy of Dr Alistair Robson. 


lesions with a predominant population of large atypical CD30*t 
cells (usually CD4* but occasionally CD8*) whereas atypical CD30* 
cells in pityriasis lichenoides are usually few and invariably CD8* 
[9]. Cutaneous lymphocyte-associated antigen (CLA) and T-cell 
intercellular antigen 1 (TIA-1) are expressed in both conditions 
and indicate a proliferation of cytotoxic T cells [19]. 


Causative organisms 

Histological features of an underlying vasculitis in PLEVA suggest 
an immune complex-mediated pathogenesis. In support of this 
hypothesis there are many documented cases of infective triggers. 
Seasonal peaks of onset in autumn and winter [6], and rare famil- 
ial outbreaks [20], suggest the possibility of an infectious trigger. 
Numerous potential infectious triggers have been summarised in 
reviews [3,18], and include toxoplasmosis [21,22], cytomegalovirus 
[23], parvovirus B19 [24,25,26], adenovirus [27], Epstein-Barr virus 
(EBV) [28,29], herpes simplex [30], varicella-zoster virus [31,32], HIV 
[33], measles, MMR and human papillomavirus vaccines [16,34,35], 
streptococci [36], staphylococci and Mycoplasma infections. In many 
such reports, there is evidence of seroconversion at the time of 
onset or of resolution of pityriasis lichenoides when the infective 
trigger was treated, supporting a causal relationship. Parvovirus 
B19 genomic DNA was identified in lesional skin in 30% of patients 
with PLEVA [37]. A therapeutic response of PLC to tonsillectomy 
in the setting of chronic tonsillitis has been reported [38], as well 
as responses to antibiotics such as erythromycin [1,39,40] or tetra- 
cycline [41]. Resolution has also followed pegylated interferon 
and ribavirin in a patient with hepatitis C infection [42]. In one 
study, human herpesvirus 8 DNA in lesional skin was discovered 
in 11 (21%) patients with pityriasis lichenoides, but in none of the 
controls [43]. 


Clinical features 
History and presentation [1,2,3,4,5,39,43-46] 


Figure 134.4 Crusted necrotic and ulcerative plaques in a young man with febrile 


ulceronecrotic Mucha-Habermann disease. 


Pityriasis lichenoides et varioliformis acuta. The eruption develops 
in crops and consequently appears polymorphic. Constitutional 
symptoms such as fever, headache, malaise and arthralgia may 
precede or accompany the onset of lesions. The initial lesion is an 
oedematous pink papule that undergoes central vesiculation and 
haemorrhagic necrosis. In the vesicular forms the vesicles may be 
small or so large that the eruption appears frankly bullous [44]. 
The rate of progression of individual lesions varies greatly, as do 
the frequency and extent. New lesions may cause irritation or a 
burning sensation as they appear, but are often asymptomatic. 
The trunk, thighs and upper arms, especially the flexor aspects, 
are most frequently affected, but the eruption may be generalised. 
Lesions on the palms and soles are less common, and the face and 
scalp are often spared; red or necrotic lesions affecting the mucous 
membranes may be present. Lesions heal with scarring, which 
may be varioliform. PLEVA in pregnancy carries a potential risk of 
premature labour if there are mucosal lesions in the region of the 
cervical os [45]. 


Febrile ulceronecrotic Mucha—Habermann disease. In the acute 
ulceronecrotic form there is high fever and large necrotic lesions 
(Figure 134.4); new crops may continue to develop over many 
months. About 50-75% of cases occur in adults, with a fulminating 
course that may even be fatal [1,2,46,47]. General malaise, weak- 
ness, myalgia, neuropsychiatric symptoms and lymphadenopathy 
occur, with non-specific serological markers of inflammation such as 
raised erythrocyte sedimentation rate (ESR) and C-reactive protein; 
there may be serological evidence of associated viral infection. 


Pityriasis lichenoides chronica. The characteristic lesion is a small, 
firm, lichenoid papule 3-10 mm in diameter, and reddish brown in 
colour (Figure 134.5). An adherent ‘mica-like’ scale can be detached 
by gentle scraping to reveal a shining brown surface — a distinctive 
diagnostic feature. Over the course of 3 or 4 weeks, the papule 
flattens and the scale separates spontaneously to leave a pigmented 
macule, which gradually fades. Postinflammatory hypopigmen- 
tation may occur, and is occasionally persistent, but scarring is 
unusual in PLC. The body site distribution is the same as for PLEVA 


but an isolated acral form may occur [48-50] and segmental forms 
have been reported [51]. 


Differential diagnosis 

The acute vesicular form must be distinguished from varicella; 
acute necrotic lesions may suggest other necrotic skin infections, 
vasculitis or pyoderma gangrenosum. Lymphomatoid papulosis 
is a particularly difficult differential diagnosis in patients with 
necrotic lesions in view of its histological similarity, although lym- 
phomatoid papulosis is usually characterised by less vesicular and 
more necrotic papulonodular lesions than those of PLEVA. 

PLC must be differentiated from guttate psoriasis and lichen 
planus. The acral form of PLC in particular may mimic psoriasis, 
and secondary syphilis needs to be excluded, especially if the palms 
and soles are involved or if there are mucosal lesions. The single, 
detachable ‘mica-like’ scale on the red-brown papule is a char- 
acteristic sign of PLC. Gianotti-Crosti syndrome is less likely to 
be confused with pityriasis lichenoides, but insect bites and drug 
eruptions should be included in the differential diagnosis. 


Complications and co-morbidities 
In FUMH and PLEVA, ulcerated lesions may become secondarily 
infected. 


Disease course and prognosis 

The course of pityriasis lichenoides varies. If the onset is acute, 
new crops may cease to develop after a few weeks, and many cases 
are clear within 6 months. However, acute recurrences may occur 
over a period of years, or may become chronic. In some cases, all 
lesions are of the chronic scaling type from the onset, and new crops 
of similar lesions may develop from time to time over the years. 
Uncommonly, acute attacks occur after chronic lesions have been 
present for months or years. In general, the immediate prognosis 
is said to be better when the onset is acute and the lesions that 
occur in successive crops are also of the acute type. However, one 
large study of 124 children showed only a small difference in clear- 
ance times between PLEVA (mean 18 months) and PLC (mean 20 
months) [6]. A smaller study comparing adults and children found 
that the disease tended to run a longer course in children, with a 
greater extent of lesions, more pigmentation and a poor response to 
conventional treatments [52]. 


Investigations 

A skin biopsy is needed for histology, immunohistochemistry and 
TCR gene rearrangement analysis. In cases of FUMH, a causative 
infectious agent may be implicated and investigations should be 
tailored to each patient’s presentation. They may include antistrep- 
tolysin (ASO) titre, throat swab, hepatitis, EBV and HIV serology, 
monospot and investigations for Toxoplasma infection. 


Management 

Management of both PLC and PLEVA is similar and, in the small 
number of controlled trials that have been conducted, both condi- 
tions are included. Topical corticosteroids may improve symptoms 
and healing of lesions but do not alter the course of the disease. 
There are also reports of disease clearance with the application of 
topical tacrolimus ointment [53,54]. In adults, phototherapy [3] is 


usually the first line treatment of choice, and includes natural sun- 
light, UVB [55], narrow-band UVB [56-58], UVA-1 [59] and psoralen 
and UVA (PUVA) [60]. Responses are also reported with the addition 
of acitretin to PUVA in refractory disease [61]. 

A randomised trial comparing narrow-band UVB with PUVA 
showed no significant difference in response rate between the two 
therapies [57]. In children, treatment options include antibiotics 
such as tetracyclines [62] or erythromycin [6,40,52] (preferred in 
young children because of the dental pigmentation side effects of 
tetracycline). In more aggressive or refractory disease of PLEVA 
or FUMHD pattern, and less commonly in PLC, various immuno- 
suppressive agents including methotrexate [63], ciclosporin and 
dapsone [3] and intravenous immunoglobulin [64] may prove suc- 
cessful. Elevated levels of serum tumour necrosis factor a (TNF-a) 
in a patient with FUMHD [65] have resulted in the successful use 
of anti-TNF-« inhibitors in a small number of patients [66,67]. 
However, there are also reports of infliximab, adalimumab and 
etanercept causing pityriasis lichenoides [68-71]. 


Treatment ladder 


Pityriasis lichenoides chronica 


First line 
¢ Topical steroids /immunomodulators 


Second line: adults 
e Phototherapy (broad-/narrow-band UVB, PUVA) 
e Antibiotics (tetracycline, erythromycin) 


Second line: children 
e Antibiotics (erythromycin) 


Third line: adults 
e Acitretin (acitretin plus PUVA) 
¢ Methotrexate, ciclosporin, dapsone, UVA-1 


Third line: children 
¢ Methotrexate, ciclosporin, dapsone 


Pityriasis lichenoides et varioliformis acuta 


First line 
¢ Oral antibiotics (erythromycin) 


Second line: adults 
¢ Phototherapy (broad-/narrow-band UVB, PUVA) 
e Acitretin plus PUVA 


Second line: children 
e Phototherapy (broad-/narrow-band UVB) 


Third line: adults 
e Systemic corticosteroids, methotrexate, ciclosporin, dapsone, 
UVA-1 


Third line: children 
e Systemic corticosteroids, methotrexate, ciclosporin, dapsone 


Pityriasis lichenoides 134.5 
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Parapsoriasis — 


This term has caused confusion since its introduction in 1902 
because of the lack of a universally agreed definition of the clin- 
ical entities to be included. For this reason, many dermatologists 
prefer not to use the term at all, and to substitute one of the many 
synonyms for clinical conditions that might be included in one 
of the parapsoriasis groups. There is unresolved controversy as 
to whether two of the parapsoriasis variants are either precursors 
of cutaneous T-cell lymphoma, mycosis fungoides (MF) variant 
(so-called premycotic eruptions) or established, but early, MF from 
the outset. There is a broad division of parapsoriasis into small 
and large plaque variants, each with a number of synonyms. The 
evidence that the majority of cases of small plaque parapsoriasis 
(SPP) are a chronic, benign condition is reasonable. In contrast, 
a large series of patients with large plaque parapsoriasis (LPP) 
recorded the development of definite MF in 11% of cases but 
whether these cases were MF from the outset remains unclear [1]. 
However, a more recent retrospective study of both SPP and LPP 
showed that 10% of patients with SPP and 35% of those with LPP 
evolved into MF over a median period of 10 and 6 years, respec- 
tively [2]. Unfortunately, TCR gene rearrangement studies have 
been inconclusive, although the proportion of cases with evidence 
of monoclonality is lower in SPP [3-6]. Long-term follow-up of 
these cases is required. 


Small plaque parapsoriasis 
Definition and nomenclature 


This is a chronic asymptomatic condition, characterised by the pres- 
ence of persistent, small, scaly plaques, mainly on the trunk [1,2,3]. 


Figure 134.5 (a) Scattered scaly papules on the trunk 
in a patient with pityriasis lichenoides chronica (PLC). 
(b) Close-up of individual lesions of PLC showing the 
mica-like scale. 


scaly dermatitis 
al dermatitis 


Epidemiology 
Incidence 


The incidence of SPP is not known and may be underreported as it 
is usually asymptomatic. 


Age 
It normally presents in middle age with a peak incidence in the fifth 
decade. 


Sex 
It is more common in males, with a 3:1 male to female incidence. 


Pathophysiology 

Pathology 

This is non-specific. There are small focal areas of hyperkeratosis 
and parakeratosis, and in the underlying dermis there are small 
aggregates of morphologically normal CD4* T cells, mainly around 
the vasculature. There is no epidermotropism and no Pautrier 
microabscesses (Figure 134.6). 

Immunophenotypic studies reveal a normal mature T-cell pheno- 
type. Reports have identified ‘dominant T-cell clones’ in some cases 
of SPP using polymerase chain reaction (PCR) analysis [3,4]. The 
significance of this observation in terms of its relationship to MF 
and disease progression is not yet clear. There is also a report of a 


dermal inflammation and exocytosis — features commonly seen in chronic superficial 
scaly dermatitis. Original magnification 100x. Courtesy of Dr Alistair Robson. 


higher frequency of clonal T cells in the peripheral blood of patients 
with SPP [6] with no evidence of clonality in the skin, although the 
significance of this finding is questionable because non-pathological 
T-cell clones can be found in the peripheral blood of patients with 
benign cutaneous infiltrates and normal, healthy volunteers [7,8]. 


Clinical features 

Presentation 

The lesions usually appear insidiously and asymptomatically on 
the trunk and, to a lesser extent, on the limbs of young adults. Indi- 
vidual lesions are monomorphic, round or oval red/purple/dusky 
patches, 2.5-5cm in diameter, with slight scaling (Figure 134.7). 
Some have a slightly yellow, waxy tinge. The digitate dermatosis is 
a distinctive form, which consists of finger-like projections follow- 
ing dermatomes on the lateral aspects of the chest and abdomen. 
The lesions persist for years or even decades and may be more 
obvious during the winter. There is sparing of the pelvic girdle area 
and the striking polymorphic appearance of individual patches 
seen in MF is lacking. 


Differential diagnosis 

This includes other inflammatory dermatoses that may present with 
scaly, red/purple/dusky patches and includes discoid eczema, 
guttate psoriasis, pityriasis versicolor and allergic contact der- 
matitis. Early-stage cutaneous T-cell lymphoma should also be 
considered. 


Disease course and prognosis 

It may persist for many years and subsequently resolve sponta- 
neously. There are reports of progression to MF in a minority of 
cases [1,2,9]. 


Investigations 

The diagnosis is usually made clinically as histology is non-specific. 
However, a skin biopsy should be taken for histology and TCR 
gene rearrangement studies if there is any suspicion of MF. 


Figure 134.7 Typical pattern of chronic, superficial, scaly dermatosis showing finger-like 
projections on the sides of the torso. 


Management 

Often, little treatment is needed. Emollients may help control the 
scaling. There are no randomised clinical trials, but retrospec- 
tive and prospective studies have shown that both PUVA and 
narrow-band UVB phototherapy may result in temporary clearance 
of the lesions [10—12,13]. Both complete and partial responses have 
also been reported with topical nitrogen mustard [14]. 


Large plaque parapsoriasis 


Definition and nomenclature 

This is a chronic condition characterised by the presence of fixed, 
large, atrophic, red/purple/dusky plaques, usually on the trunk 
and occasionally on the limbs. 


Epidemiology 
Sex 
There is a slight male predominance. 


Associated diseases 
It may progress to MF [2] although it may be early-stage MF from 
the outset. 
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Pathophysiology 

Pathology [15,16] 

There is frequently epidermal atrophy and a lichenoid or inter- 
face reaction may also be seen at the dermal—epidermal junction. 
There is a band-like lymphocytic infiltrate in the papillary dermis 
and there may also be free red cells present. The histology is not 
diagnostic for MF and most biopsies only show a mild dermatitis. 
Immunophenotypic studies reveal a normal T-cell phenotype. In 
one study TCR gene rearrangement studies identified a clonal 
T-cell population in the skin in 6 of 12 patients, but progression 
to overt cutaneous T-cell lymphoma was only noted in 1 of the 
12 patients [17]. 


Clinical features 

Patients present with persistent, large, yellow-orange atrophic 
patches and thin plaques on the trunk and limbs. The involve- 
ment of covered skin on the breast and buttock areas suggests 
MF and in these cases patches and plaques may show striking 
polymorphism and poikiloderma with slow progression [18]. 


Investigations 
A skin biopsy is needed for histology, immunohistochemistry and 
TCR gene rearrangement analysis. 


Management 

Topical emollients, UVB and PUVA are all helpful in offering symp- 
tomatic relief [19,20]. Topical nitrogen mustard can also lead to 
clearance of disease [21]. There is one report of the successful use 
of the excimer laser (308nm) with long-term benefit [22]. Topi- 
cal steroids should be used with caution because of the atrophic 
nature of the condition. In view of the risk of progression to cuta- 
neous T-cell lymphoma, patients should be offered intermittent 
dermatology review. 


Lymphocytoma cutis 


Definition and nomenclature 

Lymphocytoma cutis is a benign, cutaneous, B-cell lymphoprolifer- 
ative disorder that is included as a subtype of pseudolymphoma. 
It encompasses a spectrum of benign B-cell lymphoprolifera- 
tive diseases that share clinical and histopathological features. It 
occurs as a response to known or unknown antigenic stimuli that 
result in the accumulation of lymphocytes and other inflammatory 
cells in a localised region on the skin. 


Epidemiology 

Incidence and prevalence 

Not known, although in Europe lymphocytoma cutis associated 
with Borrelia burgdorferi infection occurs primarily in areas where 
the Ixodes ricinus tick is endemic [1]. 


Age 

It can occur at any age but is most commonly seen in early adult- 
hood. Borrelial lymphocytoma is more common in children than 
adults [2]. 


Sex 
There is a female preponderance, with a female to male ratio of 
approximately 2:1 [3]. 


Ethnicity 
There is no racial predilection. 


Pathophysiology 

Pathology [3,4,5,6] 

The epidermis is usually unaffected and is often separated by a 
relatively acellular grenz zone from the dermis, which is replaced 
by a nodular, dense infiltrate extending through the full thickness 
of the dermis but without cellular atypia (Figure 134.8). In classic 
cases, lymphocytes and histiocytes form a follicular arrangement 
(germinal centre) resembling the appearance of a lymph node 
(Figure 134.9). Mitotic figures may be visible in the cells of the fol- 
licles and occasional eosinophils may also be present. Appendages 
and blood vessels are spared. Some cases lack well-defined lym- 
phoid follicles, although the histological appearance with normal 
lymphocytes and histiocytes is otherwise similar. The majority 
of lymphocytes in the dermis are B cells. In cases with well-formed 
germinal centres, a cuff of reactive T cells may be seen around 
the periphery of the main B-cell aggregate. The germinal centres 
also retain cells that express CD10 and Bcl-6 but expression of Bcl-2 
by germinal centre cells is not seen. There is polytypic expres- 
sion of « and A light chains. The histological differential diagnosis 
includes primary cutaneous lymphoma, particularly of marginal 
zone origin. 


Causative organisms 

Infectious stimuli include Borrelia burgdorferi [1,2], molluscum con- 
tagiosum and Leishmania donovani [7]. Lymphocytoma cutis may 
also present in scars from previous herpes zoster virus infections [8]. 


Environmental factors 

Other reported stimuli causing lymphocytoma cutis include 
trauma, vaccinations [9], allergy hyposensitisation injections [10], 
drug ingestion, arthropod bites, acupuncture, metallic pierced 
earrings [11] and treatment with leeches [12]. 


Clinical features 

Presentation 

Most patients show solitary or grouped, asymptomatic, red or 
plum-coloured papules, nodules or plaques, most commonly on 


ae 
Figure 134.8 H&E-stained section of skin illustrating a dense, nodular infiltrate in the 


dermis. There is a grenz zone and a normal epidermis. Original magnification 20x. 
Courtesy of Dr Alistair Robson. 


Figure 134.9 H&E-stained section demonstrating the large reactive lymphoid follicles 
that can be seen in lymphocytoma cutis. 


the face, chest and upper extremities (Figure 134.10). Occasionally, 
they may have a translucent appearance. They are usually asymp- 
tomatic but can occasionally be itchy or tender. They enlarge slowly 
and may reach a diameter of 3-5cm. Associated sunlight sensi- 
tivity has been reported in some patients [13]. Bafverstedt [14] 
has described an unusual form of lymphocytoma that presented 
as a solitary tumour of the scrotal skin. Disseminated or miliary 
lymphocytoma cutis is also reported [15-17]. Lymphocytoma cutis 
secondary to Borrelia infection is most frequently seen at sites 
with low skin temperature such as the earlobes, nipples, nose and 
scrotum [1]. 


Differential diagnosis 
Histological examination should distinguish lymphocytoma cutis 
from granulomatous disorders including sarcoidosis, granuloma 


mphocytoma cutis 


Figure 134.10 Extensive dermal nodules of lymphocytoma cutis on the face. 


faciale and rosacea. Distinction from primary cutaneous B-cell 
marginal zone lymphoma (MZL) is difficult, although the presence 
of atypical lymphoid cells, immunoglobulin light chain restriction 
and detection of a clonal immunoglobulin gene rearrangement 
by molecular analysis would suggest a primary cutaneous MZL. 
Insect bite reactions may also be impossible to distinguish from 
Iymphocytoma cutis. 

Jessner benign lymphocytic infiltration, tumid discoid lupus ery- 
thematosus and polymorphic light eruption can also cause 
difficulties. However, in Jessner lymphocytic infiltrate, which 
characteristically waxes and wanes in severity, the dermal lympho- 
cytic infiltrate is dominated by T cells. The presence of basal cell 
liquefaction degeneration and positive direct immunofluorescence 
helps distinguish lupus erythematosus. 


Disease course and prognosis 

The course of disease varies but is often chronic and indolent. 
If the cause is identified, the lesions may resolve once the cause is 
removed. Some lesions resolve spontaneously. Long-term follow-up 
of these patients suggests that a small proportion progress to or 
begin as a primary cutaneous B-cell lymphoma (MZL) [5,18,19]. 


Investigations 

A skin biopsy is needed for histology, immunohistochemistry and 
immunoglobulin gene analysis. Serology is required to test for 
Borrelia burgdorferi. Patch testing may be requested if a possible 
contact allergen is suspected. 


Management 

There is no treatment of proven value for lymphocytoma cutis, 
with only anecdotal reports and small case series, and no clinical 
trials. If a causal agent is identified, it should be removed if possible. 
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First line therapies for localised disease include excision, topical 
or intralesional corticosteroids and oral antibiotics if the Borrelia 
serology is positive. In generalised disease, hydroxychloroquine [20] 
may be of benefit. Second line therapies for localised disease with 
reported success include superficial radiotherapy [21], intralesional 
interferon a (IFN-a) [22,23], cryotherapy, intralesional rituximab 
[24], topical 0.1% tacrolimus ointment [25] and topical photody- 
namic therapy [26-28]. Subcutaneous IFN-« [29,30], thalidomide 
[16,31,32] and methotrexate [33] have also shown benefit in gener- 
alised disease. 


Definition 


This is a chronic, benign, inflammatory condition, usually affecting 
photo-exposed skin. First described in 1953 by Jessner and Kanof 
[1], it remains poorly understood. It has many similarities with 
lupus erythematosus tumidus, both clinically and histologically 
[2,3,4]. 


Epidemiology 
Incidence and prevalence 
The incidence and prevalence are not known but it is uncommon. 


Age 
It mainly occurs in adults below the age of 50 years. It may occur in 
children [5] and familial cases have also been reported [6,7]. 


Sex 
There are conflicting reports of male and female predominance. 


Ethnicity 
There is no known racial predilection. 


Associated diseases 
Recent literature suggests that it may be a variant of lupus 
erythematosus. 


Pathophysiology 
It is not well understood. Its relationship to lupus erythematosus 
and other benign cutaneous lymphocytic infiltrates is not clear. 


Pathology [2,8-10] 

The epidermis is usually normal with no atrophy, follicular plug- 
ging or basement membrane thickening. There is a moderately 
dense superficial and deep perivascular dermal lymphocytic infil- 
trate. It may also be perifollicular and extend to the subcutis 
(Figure 134.11). The infiltrate contains small mature lymphocytes, 
with occasional large lymphoid cells, plasmacytoid and plasma 
cells. Copious dermal mucin is not seen. Immunohistochemistry 
confirms a mixed lymphocytic infiltrate with a dominant pop- 
ulation of CD8* cells. Direct immunofluorescence is negative. 
Both T-cell and B-cell populations are polyclonal on molecular 
analysis. 


Figure 134.11 H&E-stained section of skin from a patient with Jessner lymphocytic 
infiltrate showing a moderately dense superficial and deep perivascular dermal 
lymphocytic infiltrate. Original magnification 40x. 


Clinical features 

Presentation 

It presents with asymptomatic, non-scaly, red/purple/dusky 
papules and plaques, mainly affecting the face, neck and upper 
chest. There may be one, a few or numerous lesions and central 
clearing of lesions may occur, giving them an annular appearance 
(Figure 134.12). There is no atrophy or follicular plugging. There 
may or may not be a history of onset following sun exposure. The 
lesions may last months or years and often resolve spontaneously 
but can recur, either at the same or a different site. 


Differential diagnosis 

Polymorphic light eruption can usually be excluded from the 
history and short duration of lesions. Lupus erythematosus and 
lymphocytoma cutis can be excluded histologically. Lesions of CD4t 
small/medium T-cell pleomorphic lymphoproliferative disorder 
are usually solitary and although histological features are similar, 
the follicular T-cell immunophenotype can help distinguish it from 
Jessner lymphocytic infiltrate [11]. 


Disease course and prognosis 
Prognosis is good as it is benign in nature and may resolve sponta- 
neously; there is no increase in mortality. 


Investigations 

A skin biopsy is needed for histology, direct immunofluorescence 
and molecular gene rearrangement studies. Serology testing for sys- 
temic lupus erythematosus should be considered, including antinu- 
clear antibodies, ESR, anti-Ro and anti-La antibodies, FBC and uri- 
nalysis. Phototesting may be useful in those patients with a history 
of photosensitivity. 


Management 
Treatments are often unsatisfactory and based on case reports. It may 
require no treatment if it is asymptomatic. Cosmetic camouflage, 


Figure 134.12 Non-scaly red plaques on the face of a young woman with Jessner 
lymphocytic infiltrate. 


excision of small lesions, photoprotection and topical [2] or intrale- 
sional [5] steroids may provide benefit. Hydroxychloroquine [2], 
systemic steroids and cryotherapy have been used with success. 
There are reports of benefit with methotrexate [12], retinoids [13] and 
oral auranofin [14]. There is one randomised double blind cross-over 
study comparing thalidomide with placebo in 27 patients; 59% 
remained in complete remission 1 month after stopping treatment 
[15]. Clearing of lesions has also been reported with pulsed dye 
laser [16] and methyl aminolevulinate photodynamic therapy [17]. 
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Introduction 


Skin involvement is common in all forms of histiocytic disorders 
and is seen at all ages. In general, for convenience, the histiocytoses 
were divided into those involving dendritic cells (DC disorders) 
and those involving the macrophage—monocyte lineage (or non-DC 
disorders). Recent molecular insights, however, led to a new World 
Health Organization (WHO) classification system in 2016 in which 
disorders that commonly harbour mutations in the MAPK pathway 
are classified together as the L group, while disorders that mainly 
involve skin and mucosa form the C group, the various forms 
of Rosai—Dorfman disease constitute the R group, the malignant 
histiocytoses represent the M group, and finally the family of 
haemophagocytic lymphohistiocytoses comprises the H group [1]. 
The C group is further subdivided into those with predominant 
skin and mucosa involvement and those cutaneous histiocytoses 
that have a major systemic component [2]. This chapter will pro- 
vide an overview of the histiocytic disorders including a brief 
discussion of possible pathogenetic mechanisms, followed by an 
in-depth discussion of the skin manifestations, pathology and 
therapy of the histiocytic disorders. The similarities and differ- 
ences between childhood and adult forms of the diseases will be 
highlighted. 


Ontogeny of histiocytes 


Histiocytes represent the cells of the mononuclear phagocyte 
system. They all share a common bone marrow progenitor cell, 
the neutrophil-macrophage colony-forming unit (NM-CFU). 
Histiocytes can be broadly divided into two functionally dis- 
tinct cell populations: the ‘professional’ phagocyte and the 
antigen-presenting cell (APC) of which the Langerhans cell (LC) 
is the primary example. In contrast to all other dendritic cell 
populations, LCs do not arise from adult bone marrow-derived 
myeloid progenitor cells but originate from fetal liver-derived 
monocyte precursors that populate the skin prior to birth [1]. Post- 
natally, they repopulate directly from other skin LC cells during 
steady-state conditions, but when major inflammation occurs, they 
can be replaced by circulating monocytes [2]. Monocytes arise from 
NM-CFUs and following their release into the circulation migrate 
to various tissues, where they differentiate into macrophages and 
other histiocytic lines. 


Function of histiocytes 


The phagocytes include the majority of resident tissue and immature 
macrophages. Macrophages are specialised in particle uptake and 
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degradation by phagocytosis. Phagocytosis starts with recognition 
of the foreign material via surface receptors, in particular the car- 
bohydrate and lectin receptors, followed by endocytosis [1]. This 
mechanism is involved in the phagocytosis of bacteria and possibly 
tumour cells. Phagocytes also express the specific complement com- 
ponent receptors CR1 and CR3, which bind to C3b and C3bi, respec- 
tively, and Fc fragment of immunoglobulin receptors, which bind to 
the Fc fragment of IgG. These receptors are important in the phago- 
cytosis of material that has bound IgG and complement, which act 
as opsonins and augment phagocytosis. Although limited, phago- 
cytes also possess some antigen-presenting capacity. They generally 
present antigen to sensitised T cells but not to naive or ‘memory’ 
T cells. 

APCs are histiocytic cells, or in some instances other cell types, 
that have specialised functional activity in presenting antigen to T 
cells. These cells are represented in humans by the blood dendritic 
cell, epidermal LC, interdigitating reticulum cell of the lymph node 
paracortex and veil cell of the efferent lymph. These cells have no 
phagocytic activity and, unlike ‘professional’ phagocytes, are unable 
to adhere to surfaces. They are able to internalise antigen by endocy- 
tosis, process it by lysosomal digestion and re-express the antigen on 
their surface in association with major histocompatibility complex 
(MHC) molecules (class II for external antigens and class I for inter- 
nal antigens). These cells are potent antigen-presenting cells and are 
able to present antigen not only to sensitised T cells but also to mem- 
ory and naive T cells [2]. 


Langerhans cell histiocytosi 


Definition and nomenclature 

Langerhans cell histiocytosis (LCH) is a proliferative disease char- 
acterised by excess accumulation of CD1la+ LCs in various sites, 
leading to tissue damage. It is the commonest of the histiocytic dis- 
orders and the commonest ‘L’ group disorder. 


Epidemiology 

Incidence and prevalence 

LCH is a rare disease affecting 2-5 children per million per year with 
an estimated prevalence of 1:50000 in children under 15 years of 
age [1]. A study from Sweden reported a higher incidence of 8.9 
children per million per year [2]. However, the true incidence may 
be underestimated due to disease heterogeneity, especially in those 


with localised bone or skin LCH who may remain undiagnosed or 
undergo spontaneous resolution. 


Age 

LCH can present at any age, from the neonatal period until old 
age, but the disease is most common in the 0-4-year age group. The 
median age at diagnosis is 30.2 months as reported by the French 
LCH Study Group, which included 348 patients younger than 
15 years of age [1]. Single system (SS) disease accounts for 70% of 
paediatric LCH, with bone being the most commonly affected organ 
and skin being seen in around 10% of SS-LCH patients [3]. Unifocal 
bone disease occurs in 50% of children with SS bone LCH over the 
age of 5, while multifocal bone disease is found in children aged 
between 2 and 5 years of age [1]. Multisystem (MS) LCH usually 
occurs in children younger than 2 years of age. 

In adults, the mean age at diagnosis is 35 years, with 10% being 
older than 55 years. Sixty-nine percent of adults with LCH from 
the Histiocyte Society Adult Registry had MS disease with skin and 
lung involvement in 51% and 62%, respectively [4]. Of the 31% of 
adult patients with SS disease, the lung was involved in 51%, most 
of whom were smokers, followed by bone and skin in 38% and 14%, 
respectively. 


Sex 

Most studies consistently report a slight male to female predomi- 
nance, although some series have reported a male predominance as 
high as 2:1 [1]. 


Pathophysiology 

Pathology 

The LC is a unique APC found within the epidermis, bronchi 
and mucosa. LCs are characterised phenotypically by low levels 
of MCH-II, intermediate CD1lc and high expression of Lan- 
gerin (CD207) [5]. Langerin is associated with the formation of 
tennis-racket-shaped intracellular organelles known as Birbeck 
granules, which represent the structural hallmark of LCs [6]. The 
Langerin immunostain (anti-CD207) has replaced electron micro- 
scopic analysis as a diagnostic marker for LC and LCH cells. 
Human LCs express myeloid markers CD13 and CD33; the leuko- 
cyte marker CD45; adhesion molecules such as CD40, CD44 and 
E-cadherin; and CD1a, an MCH class I-like protein that has the 
function of presenting lipid antigen to T cells [7]. 

The origins of LCs have been the matter of intense debate — whether 
LCs are blood-borne or derived from in situ localised epidermal 
LC precursors. However, recent evidence suggests a dual origin 
of the LC network. During steady state, LCs may originate from a 
localised LC precursor in the epidermis that maintains LC renewal, 
while LCs could source from a blood-borne precursor during 
inflammation [6,8-10]. 

The clinical heterogeneity of LCH is surprisingly unified by the 
histopathology of one abnormal population of LCH cells. They 
represent pathological cells with the same immunophenotype as 
LCs, including a surface rim of CD1a and a granular cytoplasmic 
and surface staining for Langerin (Figure 135.1). Moreover, S100 
immunostain will give a nuclear and cytoplasmic blush to the cells. 
Fascin is demonstrable in low to moderate amounts in only a few 
cells. HLA-II (LN3 antibody) and CD68 (KP-1) display punctate 


Figure 135.1 Langerhans cell histiocytosis 
(LCH) lesion in the skin showing (a) 
characteristic CD1a-positive staining of 
LCH cells and (b) skin LCH cells showing 
cytoplasmic and surface staining for 
langerin. 


paranuclear Golgi-like intracytoplasmic staining [11]. Morphologi- 
cally, LCH cells are round to oval in shape, measuring 15-25 pm in 
size (2-3 times as large as lymphocytes), most commonly found in 
aggregates and lacking the ‘dendritic’ morphology, which helps to 
distinguish them from inflammatory CD1a+ dendritic cells charac- 
terised by a branching morphology [12]. Their nucleus is lobulated, 
coffee bean or boat shaped, but the most typical LCH nuclei have 
complex angular and elaborate folds. The cytoplasm is generous 
and homogeneously pink. A prototypical LCH lesion usually 
displays LCH cells interspersed with inflammatory cells, mainly 
eosinophils and lymphocytes. Macrophages, both phagocytic and 
giant cell forms, can be found in many sites. Osteoclast-like giant 
cells predominate in any lesion involving bone [11]. 


Genetics 

The aetiology of LCH is unknown, but recent advances in molecular 
genetics have provided important insights into the pathophysiology 
of LCH and have deepened our understanding of the disease. For 
a prolonged period, immune dysregulation and abnormal cytokine 
expression have been stipulated as potential pathogenic mecha- 
nisms in LCH, given the immune and inflammatory nature of LCs 
and based on the observation of regulatory T-cell expansion in LCH 
[13-15]. However, no specific immune dysfunction has been demon- 
strated and patients do not have an increased risk of infection. More 
recently, advances in molecular and genomic technologies have 
supported the concept of LCH as a myeloid neoplastic disease. The 
clonality of pathological LCH cells identified in non-pulmonary 
LCH provided the first argument supporting the idea of LCH as a 
neoplasm [16,17]. The identification of the BRAF V600E mutation 
in 57% of LCH cases tested in addition to the demonstration of 
RAS pathway activation in all of the cases, even those without 
the BRAF mutation, suggest a common mechanism of activation 
of the signal transduction pathway and give strong support to 
the designation of LCH as a neoplasm, although not necessarily a 
malignancy [18,19]. The BRAF V600E mutation was found in all 
risk groups and had no impact on overall survival, although its 
presence conferred a twofold increased risk of reactivation (P = 0.04) 
[19]. Given the universal RAS-MAPK pathway activation in LCH, 
alterations in other MAPK pathway genes were suspected because 
only 50-65% of LCH cases harboured the BRAF V600E mutations. 
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Whole-exome sequencing of 41 LCH cases revealed activating 
MAP2K1 mutations in 33% of wild-type BRAF LCH cases, which 
were mutually exclusive from those harbouring BRAF mutations 
[20]. In the remaining LCH cases without BRAF V600E or MAP2K1 
mutations, BRAF exon 12 in-frame deletions and the FAM73A-BRAF 
gene fusion were detected in 29% of cases, both alterations shown 
to activate ERK in LCH model systems [21]. In summary, genomic 
and functional studies identified MAPK pathway gene mutations 
in over 90% of LCH cases and highlighted the central role of ERK in 
LCH pathogenesis. 


Clinical features 

Despite the identical histopathological appearance of various forms 
of LCH, the disease encompasses a heterogeneous clinical profile 
and affects many organs. The classification of LCH is based on the 
number of organ systems involved, with an initial subdivision into 
SS and MS disease. SS-LCH is further subdivided into unifocal and 
multifocal disease, while MS-LCH is divided into ‘low-risk’ disease 
and ‘risk’ disease, where risk represents the risk of death. For clarity, 
the latter group will be referred to as ‘high risk’ in this chapter. 


Presentation 

SS bone LCH is the most common form of LCH, except in the first 
year of life when MS-LCH predominates [22]. The skull vault is the 
most frequent site of disease; however, any bone can be involved 
except for the hands and feet. SS skin LCH (skin-only LCH) is 
the second most common site (Table 135.1). MS-LCH refers to 
the involvement of any organ, although gonads and kidneys are 
usually spared. The ‘risk’ designation is limited to involvement 


Table 135.1 Distribution of Langerhans cell histiocytosis in 170 children with single 
system-Langerhans cell histiocytosis treated in the DAL-HX studies. 


Sites Patients (%) 
Unifocal bone 68 
Multifocal bone 19 
Isolated skin 11 
Isolated lymph node 2 


Reproduced from Titgemeyer et a/. 2001 [23] with permission of John Wiley & Sons. 
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(c) 


Figure 135.2 (a) Langerhans cell histiocytosis (LCH) showing a polymorphic eruption of 
papules, vesicles, crusts and telangiectasias affecting the nappy area, including the folds, 
in an infant. (b) Groin rash in LCH: polymorphic eruption with greasy papules, crusting 
and petechiae. (c) Groin rash in LCH: hemorrhagic papules, crusting, purpura on the 
groin. 


of the haematopoietic system, liver and spleen. In contrast to the 
adult smokers’ lung LCH, isolated paediatric lung LCH is no longer 
thought to give a major risk of death [24]. In this chapter, only skin 
LCH and its variants will be discussed in detail. 

Skin is the second most commonly involved organ, reported in 
30-60% of paediatric cases, with skin being the only affected site 
in 10% (skin-only LCH) [25]. Skin LCH can occur at any age. The 
appearance of the skin lesions is very variable and includes mac- 
ules, papules, plaques, scales, vesicles, pustules, crusts, bullae and 
ulcerative lesions (Figures 135.2 and 135.3). The most characteristic 
cutaneous lesion of LCH in children consists of papulosquamous 
lesions with greasy scales, affecting the scalp, resembling sebor- 
rhoeic dermatitis (Figure 135.4). Other sites include skin folds such 


(a) 


(b) 


Figure 135.3 Generalised rash in Langerhans cell histiocytosis. (a) Polymorphic eruption 
with haemorrhagic crusts, petechiae and papules. (b) Diffuse papular eruption with 
petechiae. 


as the gluteal cleft and midline of the trunk, but any area can be 
involved including the nails. Persistent eruption on the scalp and 
in skin flexures outside of infancy should raise the suspicion of 
LCH even in the absence of other signs and symptoms. However, 
unusual persistence of ‘cradle cap’ or ‘nappy rash’ even in infancy 
should suggest the possibility of LCH and warrants a biopsy. 
Petechiae or areas of purpura can accompany skin lesions when the 
platelet count is reduced. Involvement of the external ear canal is 
usually considered part of skin LCH and may be associated with 
secondary infection with Pseudomonas aeruginosa. By contrast, LCH 
of the middle and inner ear is often associated with temporal bone 
disease. The mucous membranes of the mouth and genital tract 
may also be involved, the latter being seen more commonly in adult 
patients [24]. 


Clinical variants 

Skin LCH in adults. The International Histiocyte Society compiled a 
registry of adult patients with LCH and found that 14.3% of adults 
with SS-LCH and 62% with MS-LCH have skin involvement [4]. 
Skin lesions are often the presenting feature of the disease. Adult 


Figure 135.4 Langerhans cell histiocytosis showing crusted and petechial papules in a seborrheic dermatitis distribution in a child (a, b, c) and ulcerated erythematous plaques in the 


axillary (d) and groin areas (e). Courtesy of Dr Afshin Hatami. 


skin LCH can mimic many common dermatoses including eczema, 
guttate psoriasis, candida infections, prurigo nodularis, lichen 
planus or lichenoid dermatitis, and a skin biopsy is often needed to 
confirm or exclude skin LCH [26]. 

The areas of involvement are similar to those seen in children 
but ulceration of the flexures, groin, perianal or vulvar area is 
common. Inframammary involvement may also occur. As with 
children, lesions may be papular, pustular, nodular, erythematous, 
poikilodermatous-like, xanthomatous, polypoid and peduncular. 
They may involve the nails and mucosa, including the genital 
mucosa. They may be asymptomatic or may be pruritic or burning 
[25,27,28]. Pure varicella-like vesicular eruptions are rarely observed 
in adults, whereas pruritic ulcerative lesions in the ano-genital area 
are a common presentation of adult LCH [26]. 


Skin-only LCH. LCH localised to the skin occurs in approximately 
10% of children and adults with SS-LCH. Skin-only LCH in children 
is seen in the very young child and may undergo spontaneous 
regression within weeks to many months (Figure 135.5). Alter- 
natively, in a proportion of cases, the disease may progress to 
high-risk MS-LCH, which can be fatal. This can be seen in young 
infants despite the improvement in the skin lesions (Figure 135.6). 
Of 12 skin-only infants in a series from the Hospital for Sick Chil- 
dren, Toronto [29], 10 were observed without therapy; 4 of the 10 
progressed to MS disease 5 weeks to 5 months after diagnosis, 


resulting in two deaths. Additionally, one patient developed a sin- 
gle bone lesion almost 4 years after diagnosis with skin-only LCH. 
In infants from birth to 4 weeks of age, skin-only LCH is sometimes 
called Hashimoto-Pritzker disease or the congenital self-healing 
reticulohistiocytosis (CSHRH) variant (Figure 135.7). Skin-only 
LCH and CSHRH share the same pathology and immunostaining. 
Although some dermatologists claim to be able to distinguish 
CSHRH from skin-only LCH clinically, the literature does not 
support that unless myelin-dense bodies, thought to represent 
senescent mitochondria, are seen on electron microscopy. Battistella 
et al. described a series of 31 patients, 21 ‘self-regressive’ and 10 
‘non-self-regressive’, and found that monolesional forms, necrotic 
lesions and hypopigmented macules at presentation, in addition 
to distal extremity involvement, were seen only in patients with 
self-regressive cutaneous LCH [30]. Since both skin-only LCH and 
CSHRH require initial investigations to exclude systemic disease 
and both forms can be observed without therapy if limited to the 
skin, it is felt that the distinction is without real value. We emphasise 
that all young children with skin-only disease should be carefully 
observed and the diagnosis of spontaneously regressing disease 
should only be made retrospectively [29]. 

No prospective studies have looked at whether patients with 
skin-only LCH have a risk of long-term complications such as 
diabetes insipidus (DI). In two small published retrospective series, 
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(a) 


(b) 


Figure 135.6 (a) A neonate presenting with multiple ulcerative lesions in the face and 
(b) at 6 weeks of age. Healing of the skin lesions is seen at the same time as high-risk 
multisystem Langerhans cell histiocytosis was found. 


one consisting of 25 infants [31] and the other of 19 infants [32] with 
skin-only LCH, one patient in each series eventually developed 
DL Prolonged follow-up is, therefore, recommended but in view of 
the generally good prognosis, radiological investigations should be 
limited and based on clinical suspicion. 


Figure 135.5 Ulcerated lesions of self-healing 
histiocytosis in an infant. Courtesy of Dr Antonio 
Torrelo. 


Skin LCH as part of low-risk multisystem disease. This skin LCH 
clinical variant was formerly known as Hand-Schiiller-Christian 
syndrome. This entity is a chronic, multifocal form of LCH. It is 
characterised by the presence of lytic bone lesions, exophthalmos, 
DI and skin lesions, although all these features are not required 
for diagnosis. The age of onset is usually later than the onset of 
skin-only LCH, typically between 2 and 6 years. Cutaneous man- 
ifestations include nodules and tumours that are yellow-brown 
in colour or with a seborrhoea-like picture, but any skin picture 
may be seen. Oral mucosa may be involved with gingival ulcera- 
tion and haemorrhage. Premature tooth eruption may be the first 
manifestation of this variant [28]. 


Skin involvement as part of disseminated disease. This variant 
was previously known as Letterer-Siwe disease and represents the 
most extensive and severe form of LCH. It occurs in fewer than 
15% of paediatric cases and is usually seen under the age of 2 years, 
often in the neonatal period. The skin is involved in 75-100% of 
cases, manifesting as a typical seborrhoea-like pattern in the scalp 
and diaper area; however, any part of the body may be affected. 
Extensive ulceration, superinfection, petechia and purpura may 
accompany skin lesions. Multiple organs are involved including 
the bones, liver, spleen, lungs, central nervous system (CNS) and 
haematopoietic system. This form carries the worst prognosis, is the 
least likely to resolve spontaneously and always requires systemic 
therapy [22]. 


Differential diagnosis 

Nodular lesions of LCH should be differentiated from non-LCH 
lesions such as xanthogranulomas, mastocytosis or scabies as 
well as malignant lesions such as neuroblastoma, leukaemia and 
lymphoma. If the lesions are vesicular, herpes simplex and zoster 
infections, acropustulosis of infancy and bacterial infections should 
be ruled out. TORCH infections and syphilis should be considered 
in cases where skin lesions accompany multisystem involvement. 
The polymorphic characteristics of the rash and the ‘seborrheic 
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(b) 


Figure 135.7 Congenital self-healing reticulohistiocytosis (Hashimoto-Pritzker disease) 
showing (a) ulcerated nodules in an infant, and (b) a single nodule, violaceous, firm to 
palpation in the groin area of a newborn. 


dermatitis’ distribution (diaper area and retroauricular involve- 
ment) help to narrow the diagnostic possibilities. In adults, other 
conditions such as hidradenitis suppurativa, Paget disease, kerato- 
sis follicularis and sexually transmitted diseases may have to be 
considered. 


Disease course and prognosis 

The natural history of paediatric LCH varies from spontaneous 
regression to a low-grade chronic disease with multiple reactiva- 
tions and the possibility of significant long-term consequences, to 
a ‘high-risk’ disease that can be fatal. Its course also varies with 
different subgroups and depending on the extent of disease. The 
mortality from SS and low-risk MS-LCH is extremely low. The 
problem for these subgroups is the propensity for reactivations and 


for the development of significant long-term sequelae, of which DI 
is the commonest and CNS disease the most serious. 

Patients with SS disease tend to undergo spontaneous regression 
or respond well to limited therapy. In an earlier series from the Hos- 
pital for Sick Children, Toronto, consisting of 180 patients with bone 
LCH, 12% of SS unifocal bone reactivated and there were no cases of 
DI. Of those with SS multifocal bone, 25% reactivated and the risk 
of DI was 12%; while in bone as part of low-risk MS disease, the 
reactivation rate was 50% and more than 25% developed DI [3]. In 
very young children with high-risk organ involvement, the mortal- 
ity rate decreased to 10% with the advent of the most recent therapy 
protocols [33]. Historically, of those high-risk MS-LCH children who 
respond well to therapy, 50% reactivate in low-risk organs such as 
bone; these patients had a similar risk of long-term sequelae such 
as DI and CNS disease as the low-risk MS group. In the recently 
published LCH-III study, therapy was prolonged to 12 months for 
all high-risk MS patients, and the low-risk MS patients were ran- 
domised to receive 6 months versus 12 months of therapy. In both 
subgroups, extension of therapy to 12 months resulted in a reduc- 
tion of the reactivation rate from 50% to about 30%, but it has not 
yet been proven whether that also results in reduction in late seque- 
lae [33]. The open LCH-IV study is randomising patients to either 12 
or 24 months of therapy to see if the reactivation rate can be further 
reduced and is following patients long-term to evaluate the effect on 
serious late complications. 

The natural history of LCH in adults is less clear but it is thought 
that spontaneous regression, even in SS disease, is less likely to occur 
and that they typically require some form of therapy depending on 
the extent of organ involvement. In adult LCH, survival rates of 
patients with SS disease approach 100% [4]. The survival of adult 
patients with MS disease including skin is better than that seen in 
children due to the lower number of organs involved [28,34]. 

In this molecular era, LCH genotype may have clinical implica- 
tions and confer prognostic significance. In a retrospective study 
of 41 LCH cases with available genotype and clinical data, there 
were no significant differences in sex, age, presence of risk organ 
or number of LCH lesions between patients with BRAF V600E (n 
= 20), MAP2K1 mutation (n = 7) or neither mutation (” = 14) [20]. 
While overall survival (OS) was similar in the three genotypes (P 
= 0.6653), BRAF-mutated patients were almost three times as likely 
to have a recurrence compared with those without BRAF, even 
after adjusting for age and sex (hazard ratio (HR): 2.9; P = 0.015; 
95% confidence interval (CI) 1.2-6.8) [35]. In a large French cohort 
of 315 LCH cases, the presence of BRAF V600E was associated 
with high-risk disease, permanent injury and poor response to 
chemotherapy. Compared with wild-type BRAF patients, those 
with BRAF V600E mutation had a higher 5-year reactivation rate 
(42.8% vs 28.1%; P = 0.006) and had more permanent, long-term 
consequences from disease or treatment (27.9% vs 12.6%; P = 0.001) 
[36]. Although limited by the small number, heterogeneous patient 
population and retrospective data, patients with MAP2K1 muta- 
tions had a decreased risk in disease progression compared with 
those with BRAF V600E (P = 0.0360) [20]. Large-scale prospective 
studies of uniformly treated patients are needed for validation of 
these preliminary observations. 
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Figure 135.8 Radiograph of a humerus showing a typical punched-out lytic lesion of 
bone Langerhans cell histiocytosis. 


Investigations 

Diagnosis 

LCH is diagnosed by the characteristic histology and immunostain- 
ing made on biopsy. Because LCs are normally found in the skin, 
nodes and lung, it is important to differentiate LCH from reactive 
LCs in these areas (see Figure 135.1). Thus, LCH is a clinicopatho- 
logical diagnosis, confirmation requiring the typical histology and 
immunostaining in the appropriate clinical setting (R. Jaffe, personal 
communication). 


Evaluation 

The aim of evaluation is to assess disease extent to guide treatment 
planning and follow-up. Patients may present with skin, bone, 
lymph node, pituitary, lung or liver disease as the primary site, 
but need to be fully investigated before a diagnosis of 5S disease 
can be made. Plain radiography, as part of the skeletal survey, is 
usually the first modality to assess bone involvement (Figure 135.8). 
Guidelines for diagnosis, work-up and treatment of paediatric LCH 
have been published [37]. Box 135.1 details the investigations that 
should be conducted on all suspected LCH cases and the indication 
for more specialised investigations in some patients. 


Management 
The modern treatment approach utilises a risk stratification strategy 
based on the extent and severity of disease, which represent the main 
determinants of outcome. Paediatric patients with SS-LCH generally 
have a benign course with a high chance of spontaneous remission 
over a period of months to years, and a favourable outcome with no 
or limited treatment [23]. 

In unifocal bone disease, simple curettage or even biopsy can be 
curative. Intralesional corticosteroids (75-150mg of methylpred- 
nisolone) have been shown to be an effective and safe treatment 


Box 135.1 Investigating patients with Langerhans 
cell histiocytosis 


Investigations on all patients 

¢ Full blood count 

e Electrolytes, urea, creatinine, liver function tests, coagulation studies, 
erythrocyte sedimentation rate and C-reactive protein 

¢ Skeletal survey 

¢ Chest X-ray 

° Biopsy of site(s) of involvement 

¢ BRAF immunohistochemistry or BRAF mutation analysis or 
RAS-MAPK pathway mutations by molecular tests (optional) 


Tests indicated in some patients 

¢ Magnetic resonance imaging of the brain if lytic skull lesions, 
diabetes insipidus, symptoms suggestive of central nervous system 
involvement 

¢ Water deprivation test if polyuria, polydipsia 

¢ High-resolution computed tomography (CT) of the chest if adult 
smoker or patients with respiratory symptoms 

e Lung function tests if lung involvement 

e Abdominal ultrasound, liver biopsy if abnormal liver function tests 

¢ Fluorodeoxyglucose positron emission tomography (FDG PET)/CT 
scan appears to be the most sensitive test for detection of LCH 
lesions as well as assessment of response to therapy. However, the 
radiation dose needs to be taken into account when this modality is 
being considered. 


modality, typically for symptomatic bone lesions [38]. Due to con- 
cerns of long-term sequelae and secondary malignancy, radiation at 
low dose (6-10 Gy) should be reserved only for emergency circum- 
stances when vital structures such as the optic nerve and/or spinal 
cord are compromised [38]. 

Systemic therapy is reserved for MS-LCH, multifocal bone dis- 
ease and for disease defined as ‘risk’ bone disease. ‘Risk’ bones 
include those bones thought to be associated with increased risk 
of DI as well as vertebral body LCH with a soft tissue mass which 
may result in spinal cord compression. Many drugs have been 
used, from non-steroidal anti-inflammatory drugs and steroids to 
cytotoxic chemotherapy such as vincristine, vinblastine, etoposide, 
6-mercaptopurine (6-MP), methotrexate, cytarabine, cladribine and 
clofarabine, in addition to the immune-modulating agents (inter- 
feron a, anti-tumour necrosis factor « (anti-TNF-«), ciclosporin A, 
thalidomide, etc.) [7,39,40]. Most recently, BRAF/MEK inhibitors 
are being increasingly used. 

In the last 20 years, three large-scale, international, prospective, 
therapeutic trials conducted by the Histiocyte Society (LCH-I, 
LCH-II, LCH-III) yielded important insights into the management 
of MS-LCH [33,4142]. Firstly, the most frequently used regimen 
consisting of vinblastine with a corticosteroid is a safe and effective 
regimen. The addition of either etoposide or methotrexate to the 
vinblastine-steroid—6-MP backbone did not improve outcomes of 
patients with MS-LCH or with high-risk organ involvement [33,43]. 
In patients with MS-LCH, a 12-month maintenance period reduces 
the rate of reactivation compared with a 6-month maintenance 
period [33]. The combination of vincristine, steroid and cytara- 
bine, as reported by the Japanese cooperative group, represents an 
equivalent therapeutic alternative [44]. For refractory low-risk MS 


disease, cladribine monotherapy has been shown to be an effective 
therapeutic option [45]; while for refractory high-risk MS-LCH, 
salvage therapy with cladribine in combination with cytarabine 
has proven to be effective [46,47]. Another useful salvage therapy 
option is single-agent clofarabine [48]. Haematopoietic stem cell 
transplantation (HSCT) can also be considered in patients with 
high-risk organ involvement who are refractory to salvage therapy 
[49]. A recent article comparing outcomes using reduced-intensity 
conditioning (RIC) to myeloablative conditioning (MAC) for refrac- 
tory LCH found that the 3-year projected OS was 77% after MAC 
and 71% after RIC. Relapse rates were 28% after RIC and 8% after 
MAC regimens. The investigators concluded that MAC transplant 
was better in centres with good supportive care [50]. However, in 
the molecular era, patients failing salvage chemotherapy are more 
likely to be treated with targeted therapy, if available. 


Targeted therapies 

The recent discovery that the majority of LCH cells carry the BRAF 
V600E mutation and that all have activation of the RAS-MAPK 
pathway raises the possibility of BRAF and other MAPK pathway 
inhibitors as promising novel therapies in LCH. A dramatic effi- 
cacy of vemurafenib, an approved BRAF inhibitor for metastatic 
melanoma, has been shown in patients with multisystemic and 
refractory Erdheim-—Chester disease (ECD) and LCH harbouring 
the BRAF V600E mutation [51]. The follow-up report including four 
patients with mixed LCH and ECD with BRAF V600E confirmed 
sustained response to vemurafenib with a median follow-up dura- 
tion of 10.5 (range: 6-16) months [52]. An international observational 
study of off-label use of vemurafenib in 54 children with refractory 
BRAF V600E-positive MS-LCH reported a complete response in 
38 (70%) patients and a partial response in 16 (30%) patients at 8 
weeks of vemurafenib. However, reactivations occurred rapidly 
upon discontinuation of vemurafenib with a 12-month reactiva- 
tion rate of 84% (95% CI 68-95%) [53]. Disease recurrence was 
associated with the detection of circulating BRAF V600E-positive 
cells in the blood which persist even after HSCT [53]. The results 
of the phase 2, open-label, non-randomised, histology-agnostic 
study in patients with BRAF V600E mutation, the VE-BASKET 
trial, confirmed the objective response rate (ORR) of 61.5% (95% 
CI 40.6-79.8), the 2-year progression-free survival (PFS) and OS of 
86% and 96%, respectively, for the entire cohort [54]. Based on these 
results, vemurafenib has been approved by the Food and Drug 
Administration (FDA) in 2017 for patients with BRAF V600-mutant 
ECD and defines a new standard of care for these patients. Clinical 
trials of other BRAF inhibitors such as dabrafenib as monotherapy 
or in combination with a MEK inhibitor (trametinib) are underway. 
Rapid and excellent responses of refractory skin LCH have been 
seen with compassionate use of dabrafenib in young LCH patients 
with MS-LCH in which all organs except the skin responded to sal- 
vage therapy (S. Weitzman, personal communication). The problem 
that remains is that the length of therapy is unknown in view of the 
fact that to date, the majority of LCH patients treated on targeted 
kinase inhibitor therapy relapse when the drug is stopped. Whether 
longer use or combination of dual targeted therapies (BRAF and 
MEK inhibitors) or combination of targeted therapy and conven- 
tional chemotherapy may allow inhibitors to be safely discontinued 
remains to be determined. 


Management of skin LCH 

Paediatrics. With skin-only LCH, these young patients can be 
observed and therapy given only if there is pain, bleeding and/or 
ulceration. Physicians should avoid treating for cosmetic reasons 
alone. If treatment is required, topical therapy such as topical cor- 
ticosteroids should be tried first. Other topical therapies that have 
been described, but that are not commonly used, include topical 
imiquimod, topical pimecrolimus or tacrolimus, narrow-band UVB 
and psoralen—UVA (PUVA) [28,39]. If topical tacrolimus is used 
over a large percentage of the skin surface area, tacrolimus levels 
should be monitored to prevent systemic complications. 

For skin involvement as part of MS-LCH, management usually 
consists of systemic chemotherapy. The most commonly used pro- 
tocol is the combination of vinblastine and prednisolone as per the 
standard arm of the LCH-II and LCH-III protocols of the Histiocyte 
Society [33,41] with or without topical therapy (usually consisting 
of medium- to high-potency corticosteroids). Other possibilities are 
intravenous cytarabine alone or with vincristine and prednisolone. 
For patients refractory to these therapies, salvage chemotherapy, tar- 
geted kinase inhibitor therapy or HSCT could be tried as discussed 
previously. 


Treatment ladder for skin LCH in children 


Skin-only LCH 

e First line: observation (unless there is pain, ulceration or 
bleeding) 

¢ Second line: topical mid-potency corticosteroid 

e Third line: UVB therapy/PUVA or topical tacrolimus (for 
paediatric patients >2 years of age with serum tacrolimus 
levels) or systemic therapy if severe 


Skin as part of low-risk MS-LCH 

e First line: vinblastine / prednisolone (as per arm A of the 
LCH-III study) 

e Second line: vincristine/cytarabine with or without 
prednisolone 

e Third line: cladribine monotherapy or BRAF/MEK inhibitors 
if evidence of RAS-MAPK pathway gene mutations 


Skin as part of high-risk MS-LCH 

e First line: vinblastine /prednisolone (as per arm A of the 
LCH-III study) 

¢ Second line: cladribine in combination with other agents (e.g. 
cytarabine) or single-agent clofarabine 

e Third line: BRAF/MEK inhibitors if evidence of RAS-MAPK 
pathway gene mutations. Recent clinical experience suggests 
that these targeted inhibitors work rapidly and well to control 
refractory skin disease but are not utilised as first or second 
line therapy because of uncertainty whether they can ever be 
safely stopped. In very ill young infants who fail first line 
therapy, anecdotal experience suggests that BRAF inhibitors 
work quickly and with less immediate toxicity than salvage 
chemotherapy. 

e Fourth line: haematopoietic stem cell transplantation 
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Adults. In contrast to the young child, adult patients with skin-only 
LCH usually require some form of therapy. In general, prospective 
trials have been limited to paediatric MS disease and most of the 
published reports on therapy in adult LCH consist of single case 
reports or small series. The adult LCH study group of the Histio- 
cyte Society recently published guidelines for the management of 
adult LCH [55] and these guidelines continue to be refined. Possible 
therapies for skin LCH in adults include surgery, topical, ultraviolet 
light, radiation or systemic therapy. 


Surgery. Surgical excision is a good option for limited skin lesions, 
but mutilating surgery such as vulvectomy or hemivulvectomy 
should not be performed. 

Topical therapy. First line topical therapy usually consists of 
high-potency corticosteroids or intralesional steroids. Other 
options include topical tacrolimus, which has been successful 
in anecdotal reports, but systemic toxicity limits its use, espe- 
cially for a large treatment area or ulcerated lesions. If utilised, 
tacrolimus levels should be measured. Topical imiquimod for 
5 days/week for 2 months was used successfully in one adult 
patient with disease refractory to other therapy [56]. 

Ultraviolet light therapy. Whole body UVB and PUVA have been 
utilised successfully in adult patients with skin LCH [57]. In addi- 
tion, a recent report described the successful use of narrowband 
UVB delivered locally by means of an Excimer laser [58]. How- 
ever, response of scalp and intertriginous lesions is limited [26]. 
Radiation therapy. Localised radiation therapy and electron beam 
radiation therapy have been used but would not be the first choice 
of treatment [59]. 

Systemic therapy. Adults do not tolerate or respond as well as their 
paediatric counterparts to vinblastine and prednisolone therapy. 
Nonetheless, a vinblastine and steroid combination remains the 
first line systemic therapy for adult LCH in many centres, par- 
ticularly in Europe, including for skin LCH requiring systemic 
therapy. Other centres prefer to avoid these drugs and suggest 
starting with single-agent cytarabine given for 5 days every 
month. Other systemic therapy utilised in adult LCH patients 
and summarised by Girschikofsky et al. [55] includes weekly oral 
methotrexate [60], daily oral etoposide [29] and oral chlorambucil 
(A. Chu, personal communication). Daily oral etoposide has been 
demonstrated to be less myelosuppressive and to carry much less 
risk of causing secondary acute myeloblastic leukaemia than the 
intravenous form of the drug. Biweekly pegylated interferon-« 
has been successful in some refractory cases [27,61], similar to oral 
thalidomide (100 mg PO daily) [62], as well as oral lenalidomide 
[63] and oral isotretinoin [57]. The combination of interferon-a 
and thalidomide proved successful in patients with skin disease 
refractory to either agent alone [64]. Other therapies successful in 
adult skin LCH are azathioprine and 6-mercaptopurine as well 
as oral methotrexate as single agent or in combination with a 
thiopurine. 

Targeted therapies. BRAF/MEK inhibitors emerge as promising 
therapeutic options for patients with skin involvement as part of 
high-risk MS-LCH or relapsed /refractory low-risk MS-LCH with 
evidence of RAS-MAPK pathway gene mutations, as previously 
described. 

With all forms of therapy, a relapse of skin LCH following the dis- 


continuation of therapy is common, but the disease often responds 


again to reinstitution of the same therapy for a prolonged period and 
a slow taper may be required. 


Treatment ladder for skin LCH in adults 


Skin-only LCH 

¢ Topical therapy 

¢ Topical or intralesional corticosteroids 

¢ Topical imiquimod (one case report) 

¢ Topical nitrogen mustard (reported in children) 
e Topical tacrolimus/sirolimus (with blood levels) 
¢ Ultraviolet light therapy 

¢ UVB/PUVA 

Surgical excision for localised disease (mutilating surgery 
such as hemivulvectomy is contraindicated) 

e Radiation therapy 

e Systemic therapy 


Skin-only LCH unresponsive to topical therapy or as part 

of low-risk MS-LCH 

First line options include 

¢ Methotrexate 20mg PO/SC per week 

e Azathioprine 2mg/kg PO per day or 6-mercaptopurine 

e Thalidomide 100mg PO (prolonged therapy) or lenalidomide 

e Interferon-« 6 mega units once daily or pegylated 
interferon-a biweekly (prolonged therapy) 

¢ Combination of interferon-a and thalidomide 

e Etoposide PO 


Additionally in multifocal bone LCH 
¢ Zoledronic acid 4mg IV every 1-6 months (depending on 
extent and response) 


Second line options 

¢ Cytarabine 100 mg/m? IV days 1-5 every 4 weeks 

¢ Etoposide 100mg/m? IV days 1-5 every 4 weeks 

e Vinblastine/prednisolone (as in paediatric studies) 

e BRAF/MEK inhibitors if evidence of RAS-MAPK pathway 
mutations 


Skin as part of high-risk MS-LCH 

¢ First line: cladribine 6 mg/m? SC/IV days 1-5 every 4 weeks 
(2-6 courses) or vinblastine / prednisolone (institutional 
choice) (LCH-A1 protocol) 

¢ Second line: clofarabine 20-40 mg/m?/day for 5 days every 
4 weeks (2-6 courses) (risk of cumulative cytopenia may be 
additive to cladribine) 

e Third line: BRAF/MEK inhibitors if evidence of RAS-MAPK 
pathway mutations 


Adapted from Girschikofsky et al. 2013 [55] and Girschikofsky 
and Tazi 2018 [26] 


Resources 


Further information 
Euro-Histio-Net: www.eurohistio.net (last accessed June 2023). 
Histiocyte Society: www.histiocytesociety.org (last accessed June 2023). 


National Cancer Institute at the National Institutes of Health. Langerhans Cell 
Histiocytosis Treatment. http://www.cancer.gov/cancertopics/pdq/treatment/ 
Ichistio / HealthProfessional (last accessed June 2023). 


Haemophagocytic 
lymphohistiocytosis 


Definition and nomenclature 

Haemophagocytic lymphohistiocytosis (HLH) is a hyperinflam- 
matory condition resulting from uncontrolled ineffective immune 
response. 


Introduction and general description 

HLH is a rare histiocytosis characterised by widespread infiltration 
of multiple organs by lymphocytes and mature histiocytes show- 
ing prominent phagocytosis. HLH with an underlying genetic defect 
is regarded as ‘primary HLH’, while all other forms are reactive, 
such as macrophage activation syndrome (MAS), thus grouped as 
‘secondary HLH’ [1]. Primary HLH can be divided into those inher- 
ited cases where HLH is the only clinical manifestation (e.g. familial 
haemophagocytic lymphohistiocytosis (FHL)), and those with other 
manifestations including oculocutaneous albinism where HLH is an 
important part of the clinical picture. In both subtypes, HLH is often 
due to gene mutations underlying a deficiency in the triggering of 
apoptosis. In secondary forms of HLH, haemophagocytosis occurs 
as a result of macrophage activation by a known stimulus, which 
can be infectious, malignant, autoimmune or physical. A number 
of infections, Epstein-Barr virus (EBV) being the commonest, have 
been shown to be associated with secondary HLH. Despite differ- 
ent aetiologies, the common pathway involves a production of high 
levels of pro-inflammatory cytokines by T-helper cells (interferon-y, 
tumour necrosis factor, IL-1, IL-2, IL-6, IL-10, IL-12, IL-18 and gran- 
ulocyte macrophage-colony stimulating factor), and excessive acti- 
vation of monocytes and macrophages leading to phagocytosis of 
blood cells [2,3]. 


Epidemiology 

Incidence and prevalence 

The estimated incidence of FHL is 1 in 50000 live births [4], but this 
figure will almost certainly increase as more genetic defects are being 
discovered. 


Age 

The majority of FHL patients present before the age of 1 year, while 
most adult cases are due to secondary HLH. However, primary HLH 
can occur at any age including in adults. 


Sex 
The male to female ratio is 1:1 [4], although some studies demon- 
strate a slight male preponderance [5]. 


Ethnicity 
There is an increased incidence in ethnic groups with higher rates of 
consanguinity [6]. 
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Figure 135.9 Haemophagocytosis in haemophagocytic lymphohistiocytosis. 


Associated diseases 

The association of secondary HLH and EBV infection has been well 
described, with more than 50% of patients coming from the Far 
East from Japan, China or Taiwan [7]. EBV may also trigger HLH 
in patients with primary HLH. More than half of EBV-associated 
HLH cases occur in children younger than 3 years of age [7]. Infec- 
tions and lymphomas are the most common causes of adult-onset 
secondary HLH [8]. 


Pathophysiology 

Pathology 

Histologically, involved tissues show a diffuse infiltrate with lym- 
phocytes and mature histiocytes. The histiocytes exhibit active 
phagocytosis, especially of erythrocytes but also of leukocytes and 
occasionally platelets (Figure 135.9). The histiocytes stain posi- 
tively for acid phosphatase, non-specific esterase, lysozyme and 
a-antichymotrypsin. A striking histological finding is lymphocyte 
depletion of the lymph nodes, spleen and thymus [9]. Biopsy of 
the associated rash usually has non-specific findings with der- 
mal perivascular infiltrates. Although haemophagocytosis is not 
usually found in the skin, one of the authors’ patients had HLH 
confirmed by haemophagocytosis within an infiltrative skin nodule 
(S. Weitzman, personal communication). 


Genetics 

The pathophysiology of HLH is characterised by hypercytoki- 
naemia and a concomitant defect in effector lymphocytes, namely 
cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells 
[6,10,11]. FHL is an autosomal recessive disease but certain X-linked 
conditions, such as both forms of the X-linked lymphoproliferative 
syndrome (XLP) as well as X-linked severe combined immunod- 
eficiency (SCID) and X-linked hypogammaglobulinaemia, also 
result in the HLH phenotype [12], as do increasing numbers of 
primary immunodeficiency syndromes [2]. Recent genetic studies 
have revealed that perforin gene mutations account for 20-40% of 
FHL cases [13]. Another 20-25% cases of FHL harbour mutations in 
MUNC13-4 [13]. Perforin is an apoptosis-triggering agent required 
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for CTLs and NK cells to induce apoptosis in target cells [14] and 
MUNC13-4 mediates the exocytosis of the perforin-containing 
granules from effector lymphocytes [15]. Most of the genetic HLH 
cases are due to mutations of important genes in the same pathway. 
These underlying genetic defects provide a plausible explanation 
for the defect in cytotoxicity observed in HLH [16]. 


Clinical features 

Presentation 

The cardinal clinical features are prolonged high fever, hep- 
atosplenomegaly and cytopenias. Fever is usually the first sign 
of the disease, with symptoms of an upper respiratory tract or 
gastrointestinal infection. Pallor, anorexia, vomiting, irritability and 
hepatosplenomegaly are usually present at presentation. Around 
half of patients develop a transient, non-specific, maculopapular 
rash, which is often seen at times of high fever [17]. About 20% of 
patients have neurological symptoms, presenting with seizures or 
other signs of meningeal irritation. 

The initial clinical picture of HLH often resembles a harmless viral 
illness; however, progression of clinical symptoms and worsening 
of laboratory values such as rising inflammatory markers or pro- 
gressive cytopenias in a sick child should alert the physician to the 
possibility of HLH. Patients may improve initially with supportive 
care such as transfusions or antibiotics, but responses are usually 
short lived and the disease can rapidly be fatal. 


Investigations 

Diagnosis 

The diagnosis of HLH is made by compiling a number of clinical 
and laboratory features that raise the possibility of HLH (Box 135.2). 
Laboratory tests should include a complete blood count that usually 
reveals cytopenia, initially with anaemia or thrombocytopenia. Up 
to 28% have leukocytosis, with either neutrophilia or lymphocytosis 
[17]. Neutropenia affects most children eventually and progres- 
sive pancytopenia is seen in untreated patients. Transaminitis is 
almost universal, sometimes associated with hyperbilirubinaemia. 
Some patients exhibit a consumptive coagulation picture with 
hypofibrinogenaemia, and D-dimers are elevated in most patients. 
Hypertriglyceridaemia is present in most children and may reach 
levels >10 mmol/L. Hyperferritinaemia >500 pg/mL is found in the 
majority of patients, but serum ferritin levels above 10000 pg/mL 
are more suggestive of HLH [12]. Isolated hyperferritinaemia is 
not diagnostic of HLH whatever the level found. In adult patients, 
the highest ferritin levels were seen in autoimmune haemolytic 
anaemia [18]. A positive Coombs’ test and platelet antibodies are 
present in some patients. Immunological testing shows abnor- 
malities of both humoral and cellular components of the immune 
system. CTL and NK cell activity is markedly reduced or absent in 
affected patients. Elevated levels of the «-chain of the soluble inter- 
leukin 2 receptor (sCD25) and of the soluble FAS (CD178) ligand 
reflect stimulation of histiocytes and T cells, while elevated soluble 
CD163 (sCD163) reflects activation of the alternative pathway of 
macrophage activation. 

Many centres do not have the ability to measure NK cell activ- 
ity or sCD25. Furthermore, in many centres the NK cell activity 
by the chromium release assay has been replaced by the CD107a 
degranulation assay, which has been shown to be a reliable screening 


Box 135.2 Diagnostic criteria for the HLH-2004 
treatment protocol 


The diagnosis of haemophagocytic lymphohistiocytosis (HLH) can be 
established if one of either 1 or 2 below is fulfilled: 
1 A molecular diagnosis consistent with HLH 
2 Diagnostic criteria for HLH are fulfilled (i.e. five of the following 
eight criteria are fulfilled): 
e Fever 
¢ Splenomegaly 
¢ Cytopenias (affecting >2 or 3 lineages in the peripheral blood: 
haemoglobin <90 g/L (in infants <4 weeks: haemoglobin 
<100 g/L), platelets <100 x 10°/L or neutrophils <1.0 x 10°/L 
e Hypertriglyceridaemia and/or hypofibrinogenaemia: fasting 
triglycerides >3.0 mmol/L (e.g. >265 mg/dL) or fibrinogen 
<1.5¢/L 
¢ Haemophagocytosis in bone marrow or spleen or lymph nodes 
¢ Low or absent natural killer cell activity (according to local 
laboratory references) 
¢ Ferritin >500 pg/L 
¢ Soluble CD25 (i.e. IL-2 receptor) >2400 units /mL 


From Gupta and Weitzman 2010 [12]. 


test for defects in the perforin/granzyme release pathway. This test 
does not diagnose perforin deficiency, however, since the killer cells 
will still degranulate and the presence of perforin protein should 
be assessed by flow cytometry prior to the degranulation assay. In 
addition, what is missing from the diagnostic criteria is assessment 
of organ damage which is necessary for the diagnosis of HLH. 
Accordingly, finding of high transaminases, hypoalbuminaemia, 
hyponatraemia, coagulopathy and CNS involvement (brain mag- 
netic resonance imaging (MRI) and cerebrospinal fluid) support the 
diagnosis [2]. Furthermore, studies have shown that these criteria 
are not useful in secondary HLH associated with systemic juvenile 
idiopathic arthritis. A group of international experts have published 
diagnostic criteria for MAS in the setting of systemic juvenile idio- 
pathic arthritis [19]. It is as yet unclear whether these criteria are 
useful in diagnosing MAS in other rheumatological diseases such 
as systemic lupus erythematosus (SLE) and Kawasaki disease. 


Evaluation 

A bone marrow examination is mandatory to exclude underlying 
malignancy, but only a minority of people show haemophagocy- 
tosis at presentation. Haemophagocytosis alone does not make the 
diagnosis of HLH without the other clinical manifestations and 
laboratory criteria. A lumbar puncture and brain MRI should also 
be performed, as more than 50% of patients will have asymptomatic 
neurological pathological abnormalities. Molecular genetic studies 
are now available to establish the diagnosis of anumber of FHLs but 
not all the genes have as yet been identified (Table 135.2). However, 
these studies take weeks to complete so that they are not helpful 
in making the necessary early diagnosis. Flow cytometric studies 
available within a few days such as the CD107a degranulation 
assay, perforin protein assay, SAP and XIAP protein in males (XLP) 
and measurement of cytokines such as sCD25 and sCD163 are more 
useful. It is important to perform a thorough history and diagnostic 


Table 135.2 Genetic defects leading to haemophagocytic lymphohistiocytosis (HLH). 


Disease Gene? 

FHL1 Unknown 
FHL2 PRF1 

FHL3 MUNC13.4 
FHL4 STX11 

FHL5 STXBP2 
Chediak—Higashi LYST 
Griscelli Il RAB27a 
Hermansky-Pudlak II AP3B1 

XLP1 SH2D1A (SAP) 
XLP2 BIRC4 (XIAP) 


Adapted from Weitzman 2011 [20]. 

Diseases: FHL1-5, familial haemophagocytic lymphohistocytosis 1 to 5; XLP1—2, X-linked 
lymphoproliferative disease type 1 and 2. Genes: PRF7, perforin; STX717, syntaxin 11; 
STXBP2, syntaxin-binding protein 2; LYST, lysosomal trafficking regulator; RAB27A, 
RAS-associated protein 27A; AP3B1, adaptor 3 B1 subunit; SH2D7A, signalling 
lymphocyte activation molecule-associated protein; BIRC4, baculoviral IAP 
repeat-containing 4. 


work-up to rule out the variety of underlying conditions leading 
to the same hyperinflammatory phenotype. Infections, systemic 
inflammatory rheumatic disorders, malignancies, inherited genetic 
defects and inborn errors of metabolism have been associated with 
the HLH phenotype. 

Except for XLP and the primary immunodeficiencies, all known 
genetic HLH is caused by mutations in genes important in the 
cytolytic secretory pathway that causes perforin and granzymes to 
induce apoptosis in target cells. Primary immunodeficiencies asso- 
ciated with HLH (other than those already mentioned these include 
chronic granulomatous disease, SCID, Wiskott—Aldrich syndrome, 
X-men syndrome, interleukin-2 inducible T-cell kinase deficiency 
and others) [2]. Inherited metabolic defects such as lysinuric protein 
intolerance and Wolman disease may also present with the HLH 
phenotype and should be considered when investigating young 
infants [21]. 


Management 

Principles of therapy include the following: 

1 Suppression of the cytokine storm. 

2 HSCT to replace the defective gene is necessary in all patients 
with primary HLH. 

3 Treatment of the underlying condition in secondary HLH. 
However, many patients will require HLH-type therapy con- 
comitantly to allow patients to survive long enough for the 
disease-specific therapy to work. 

FHL is rapidly fatal if left untreated, with a reported median sur- 
vival of fewer than 2 months from diagnosis, with 96% of patients 
dying within 12 months. Diagnosis can be challenging when there 
is no family history or no evidence of a molecular defect. Therefore, 
sometimes treatment must begin on a strong clinical suspicion 
even when diagnostic criteria are not completely fulfilled. Major 
improvements in survival were only observed when the combina- 
tion of etoposide with corticosteroids was introduced into HLH 
therapy [22]. The HLH-94 treatment protocol consists of an induc- 
tion phase with etoposide and corticosteroids for 8 weeks, followed 
by the addition of ciclosporin in the continuation phase. The 3-year 
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probability of survival for the 113 eligible patients was 55% and 
the 3-year probability of survival for those who underwent HSCT 
was 62% [5]. All surviving HSCT patients are free of disease. The 
HLH-2004 treatment protocol investigated the upfront incorpora- 
tion of ciclosporin to the 8-week dexamethasone/etoposide-based 
initial therapy and the addition of prednisolone to intrathecal 
therapy in 369 patients, the largest prospective HLH study to date. 
Although the projected 5-year survival of HLH-2004 was 61%, 
the pre-HSCT mortality rates between HLH-94 and HLH-2004 
treatment protocols were not statistically significant; HLH-94 thus 
remains the standard of care treatment [23]. It has been suggested 
that etoposide dosing should be lowered in adolescents and adult 
patients by giving the drug once a week and using lower doses 
such as 50-100 mg/m? instead of the 150 mg/m? of the HLH-94 
protocol, depending on the severity of symptoms and response 
[24]. Treatment of milder forms of HLH, as in secondary HLH, 
can be initiated with corticosteroids alone or in combination with 
intravenous immunoglobulin. If they fail to respond or progress, 
immunosuppressive agents such as etoposide should be added 
early (within days). 

Allogeneic HSCT remains the only cure to date for primary HLH. 
Primary HLH patients slated for transplant should remain on main- 
tenance therapy until transplant occurs. HSCT should be carried 
out as early as possible to prevent early deaths. Transplant is best 
performed in patients who have responded to chemoimmunother- 
apy but a 3-year survival of 54% was achieved following HSCT 
in patients with persisting HLH [25]. Experience in HLH HSCT 
is necessary for centres undertaking these difficult transplants. 
Alemtuzumab is an integral part of the RIC regimen which has suc- 
cessfully reduced the high transplant-related mortality associated 
with HLH transplants, although primary graft rejection is common 
and donor lymphocyte infusions are often necessary [26]. This has 
led to the successful implementation at some centres of reduced 
toxicity rather than reduced intensity protocols (D. Wall, personal 
communication). 


Salvage therapy 

For patients who failed induction on the HLH-94 protocol, some 
responded to increased doses of the same drugs, in particular a 
higher dose of dexamethasone. If that strategy fails, therapy with 
the anti-CD52 antibody alemtuzumab has proven to be the best 
salvage therapy at present [27]. 

Based on the presence of hypercytokinaemia in HLH, cytokine 
targeting has been another therapeutic avenue to dampen the 
hyperinflammatory state in HLH. Emapalumab, a fully human 
anti-interferon-y monoclonal antibody, was investigated in a phase 
2/3 study for previously treated and untreated children with 
primary HLH as interferon-y is thought to play a central role in 
HLH pathogenesis. Among 34 patients who received emapalumab, 
65% had a response at 8 weeks, of which 21% had a complete 
response, 32% had a partial response and 12% had improvement 
in measures of HLH [28]. Twenty-two (65%) patients proceeded 
to HSCT and the estimated 1-year OS was 69.3% in the ema- 
palumab group [28]. Ten patients who received emapalumab died, 
but none of the deaths was attributed to emapalumab. Therefore, 
emapalumab was found to be effective with an acceptable toxicity 
profile in the treatment of primary HLH. Investigators from the 
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Histiocyte Society HLH committee, however, pointed out that 
emapalumab inhibits only interferon-y and that when used as front- 
line therapy, no one reached no active disease status, in contrast to 
current standard therapy with dexamethasone and etoposide which 
attack the cells producing the cytokines. Their conclusion was that 
we need to learn how best to utilise anti-interferon-y and other 
cytokine-directed agents in the treatment of primary HLH, either 
as stand-alone therapies or in conjunction with dexamethasone and 
etoposide [29]. 

Other agents blocking individual cytokines such as anakinra, a 
recombinant IL-1 receptor antagonist, and tocilizumab, an anti-IL-6 
receptor antibody, have been shown to induce responses in ret- 
rospective case series of secondary HLH [30-32]. Furthermore, 
key cytokines in HLH such as interferon-y, IL-2 and IL-6 bind 
to receptors that mediate downstream JAK-STAT signalling 
activation, suggesting that JAK inhibition may decrease the 
cytokine-driven hyperinflammation in HLH [33,34] and overcome 
cytokine-mediated resistance of CD8+ T cells to dexamethasone 
in preclinical models [35]. Several reports of ruxolitinib, a JAK1/2 
inhibitor, exhibiting prompt clinical improvement and short-term 
HLH disease control in relapsed/refractory HLH [36] and more 
recently in the frontline setting [37,38] have since emerged. Nev- 
ertheless, prospective randomised clinical trials of ruxolitinib 
versus standard of care using standardised definitions of dis- 
ease activity and response are urgently needed. Combination 
of anti-cytokine agents or combination with chemotherapy may 
prove to be the optimal way to utilise these and other emerging 
therapies. 


Treatment ladder for HLH 


Primary HLH 


First line 

e High-dose dexamethasone, etoposide as per HLH-94 and 
intrathecal therapy followed by haematopoetic stem cell 
transplant (HSCT) (as early as possible). Maintenance 
therapy with dexamethasone should be continued until 
HSCT. Supportive care with pneumocystis and antifungal 
prophylaxis. In adults, the addition of intravenous 
immunoglobulin and viral prophylaxis has been 
suggested 


Salvage therapy 

e High-dose pulse corticosteroids and/or alemtuzumab 

e DEP chemotherapy (doxorubicin, etoposide and 
methylprednisolone) 

e¢ Emapalumab 

¢ Other anti-cytokine agents (tocilizumab, infliximab) 

¢ Ruxolitinib (remains experimental at this time) 


Secondary HLH 


First line 

¢ Corticosteroids alone with careful observation. Etoposide 
added early for patients failing to respond to single-agent 
steroids 


e For systemic juvenile idiopathic arthritis- MAS: anakinra + 
corticosteroids + intravenous immunoglobulin given as first 
line therapy 

e For adolescents and adult patients with presumed secondary 
HLH, the etoposide administration can be modified to once 
weekly plus lower doses (50-100 mg/m?) depending on 
severity of disease and response 

e¢ CNS HLH is commoner in primary HLH but intrathecal 
therapy may be necessary for some patients with secondary 
HLH 

¢ Supportive care as outlined under primary HLH 


Second line 

e Rituximab should be added early in Epstein-Barr 
virus-associated HLH 

¢ Consider addition of tumour necrosis factor-inhibiting 
agents, IL-1 inhibitors or anti-IL-6 antibodies in macrophage 
activation syndrome 

¢ Ruxolitinib and emapalumab remain experimental in this 
setting 


NON-LANGERHANS CELL | 


The non-Langerhans cell histiocytoses (non-LCHs) are a diverse 
group of disorders defined by the accumulation of histiocytes that 
do not meet the phenotypical criteria for the diagnosis of LCH. The 
non-LCHs are generally benign proliferative disorders. Clinically, 
they can be further stratified into two major groups: (i) those that 
predominantly affect the skin but may have a systemic component 
(e.g. juvenile xanthogranuloma, reticulohistiocytoma); and (ii) those 
such as ECD and sinus histiocytosis with massive lymphadenopa- 
thy (Rosai-Dorfman disease) that are primarily systemic diseases 
where skin may be involved. 


DISORDERS WITH MAINLY SKIN 
INVOLVEMENT WITH/WITHOUT A SYSTEMIC 
COMPONENT 


Juvenile xanthogranuloma _ | 


Definition and nomenclature 

Juvenile xanthogramuloma (JXG) is a proliferative disorder of histi- 
ocytes occurring in early infancy and childhood that spontaneously 
regresses in most cases. A small percentage of cases present with 
isolated extracutaneous disease with no skin involvement or it may 
present with disseminated disease with a poor prognosis. On occa- 
sion, JXG and LCH can occur in the same patient simultaneously or 
one may precede the other. In this setting, ‘true’ JXG needs to be dif- 
ferentiated from LCH of the skin which may heal leaving behind a 
xanthomatous scar. 


Non-Langerhans cell histiocytoses 135.15 


Epidemiology 

Incidence and prevalence 

JXG is the commonest of the non-LCH, non-HLH histiocytic disor- 
ders. The incidence of JXG is unknown and is likely underestimated 
due to its natural history of spontaneous involution. 


Age 

JXG occurs predominantly during infancy with median ages at onset 
ranging from 5 months to 1 year as reported in two large series [1,2]. 
Lesions may occur at birth and very rarely in adults [3]. 


Sex 

There is no sex predilection, although male preponderance was 
much higher (male: female 12:1) in children with multiple skin 
lesions [4]. 


Ethnicity 
There is a racial predilection, being 10 times more common in white 
than in black children. 


Associated diseases 

JXG has been associated with neurofibromatosis type 1 (NF1) and 
juvenile myelomonocytic leukaemia (JMML) [5]. Patients with JXG 
and NF1 have a significantly higher risk of developing myeloid 
leukaemia than normal [6]. 


Pathophysiology 

Pathology 

JXG is characterised by a dense infiltrate of small histiocytes in 
the dermis, which stain positively for factor XIIla, CD68, CD163, 
CD14 and fascin (Figure 135.10a,b). Stains for 5100 and CD1la 
are negative. Touton giant cells, seen in 85% of JXG cases, can 
be distinguished by the characteristic wreath of nuclei around a 
homogeneous eosinophilic centre and prominent xanthomatisation 
in the periphery (Figure 135.10c) [1]. In extracutaneous JXG lesions, 
Touton cells are absent or reduced in numbers. In young infants 
younger than 6 months old, JXG can present with mainly vacuolated 
histiocytes, without foamy histiocytes or giant cells. Most of the 
cutaneous non-LCH disorders share an identical immunopheno- 
type with JXG and are collectively known as the JXG family. These 
disorders include benign cephalic histocytosis, generalised eruptive 
histiocytosis, xanthoma disseminatum and progressive nodular his- 
tiocytosis. The JXG family also includes the non-cutaneous disorder 
Erdheim—Chester disease. 

The pathogenesis of JXG remains unclear. Lipid abnormalities do 
not play any role in JXG. It is suggested that dermal dendrocytes are 
the precursor cells of most non-LCHs, including JXG [4,5,7]. An ori- 
gin from dermal dendrocytes was postulated based on the positive 
immunostaining for factor XIIla, but derivation from an earlier cir- 
culating precursor cell has been suggested recently as being able to 
better explain the occurrence of extracutaneous JXG [6]. 
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Figure 135.10 Juvenile xanthogranuloma. (a) Small, slightly spindled histiocytes 
Genetics permeate the dermis, splaying collagen fibres. Touton cells are not represented. 


: . : . : Magnification 200x (H&E). (b) This lesion has a high content of factor Xilla. 
Since neurofibromin, the prot product of the Bene involved Magnification 200x (diaminobenzidine). (c) Touton giant cells with CD68-positive 


in NF1, negatively regulates the RAS oncogene, the association immunoreactivity. Courtesy of Dr R. Jaffe, Children’s Hospital of Pittsburgh, Pittsburgh, 
of JXG with NF1 and JMML has led to the speculation that the usa. 
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Figure 135.11 Juvenile xanthogranuloma showing multiple, disseminated, yellow 
papules. 


dysregulation of apoptosis via dysfunction of the RAS oncogene 
may lead to both leukaemia and JXG [6]. Interestingly, the BRAF 
V600E mutation in LCH [7] and ECD [8] has not been identified 
in JXG thus far [9], except for two cases from Texas Children’s 
Hospital with features of both LCH and JXG that harbour the BRAF 
V600E mutation [10]. This is despite many published case reports 
of JXG and LCH occurring in the same patient [11-13], either simul- 
taneously or with LCH first and then JXG. Because it appears that 
some LCH lesions may become xanthomatous when inactive, this 
needs to be distinguished from true active JXG that can be seen 
with or following LCH. More recently, DNA-based and RNA-based 
next-generation sequencing of 55 cases of JXG identified several 
kinase-activating alterations: MAP2K1 (n = 6); CSF1R (n = 5); KRAS 
(n = 4); NRAS (n = 3); KIT (n = 3); JAK3 (n = 2); ALK (n = 2); MET 
(n = 1); CSF3R (n = 1); NTRK1 fusions (n = 6); BRAF fusions (n 
= 4); RET fusions (n = 2); and ALK fusion (n = 1) [14]. Activating 
CSF1R mutations and NTRK1 fusions are specifically enriched in 
JXG, constituting 10% and 12% of cases, respectively [14]. These 
findings suggest that some JXG lesions may be targetable with the 
relevant kinase inhibitors. 


Clinical features 

Presentation 

Clinically, cutaneous lesions are the most common presentation of 
JXG, which presents with single to multiple papules or nodules with 
a predilection for the face, head and neck, followed by the upper 
torso and upper and lower extremities. Single lesions (unifocal 
JXG) are the most common, but multiple lesions, ranging from a 
few to hundreds, may occur, particularly in young male infants. 
They usually start as reddish yellow macules/papules, which 
may enlarge and evolve into yellow-brown patches/plaques with 
surface telangiectasias (Figure 135.11). The consistency is generally 
firm and rubbery. Giant JXG, defined as a lesion greater than 2cm 
in diameter, has been reported. It usually occurs in females younger 


(b) 


Figure 135.12 Juvenile xanthogranuloma of the iris. (a) Right eye, November 2001. (b) 
Right eye, July 2003. Courtesy of Dr J. Donadieu, Trousseau. 


than 14 months of age, on the proximal extremity or upper back, 
and may be misdiagnosed as haemangioma, particularly as it can 
be preceded by a congenital precursor lesion [15]. 


Clinical variants 

Systemic involvement occurs in 4% of children, mostly during 
infancy with a median age of 0.3 years [5]. Systemic JXG has an 
overall mortality of 5-10%, mainly associated with involvement of 
liver or brain. Almost half of the patients have no skin lesions. The 
most common site is a solitary mass in the deep soft tissues (deep 
JXG) followed by the liver, spleen, lung and CNS. Most systemic 
lesions undergo spontaneous resolution; however, ocular and CNS 
involvement leads to significant complications. 


Ocular JXG occurs in up to 10% of cases, but in fewer than 1% 
of children with coexisting cutaneous JXG [16]. Eye involvement 
is usually, but not always, unilateral and commonly presents with 
redness, irritation and photophobia, which may lead to acute 
hyphaema, glaucoma and blindness [17] (Figure 135.12). Thus, 
recognition of eye JXG is important for the prevention of vision loss. 

Liver involvement presents clinically with jaundice, hep- 
atosplenomegaly and transaminitis, while lung involvement is 
usually associated with multiple nodules. Rarely JXG may involve 
the bone marrow, resulting in cytopenias. 


Disease course and prognosis 

JXG, either cutaneous or systemic, usually follows a benign course 
with spontaneous resolution of lesions within 1-5 years. Large 
lesions may leave anetoderma (loose, stretched skin) and pigmen- 
tary changes. Long-term sequelae are rarely reported. However, 
CNS involvement may result in significant morbidity with seizures, 
ataxia, increased intracranial pressure, subdural effusions, devel- 
opmental delay, diabetes insipidus and other neurological deficits 
[18]. Fatalities have been reported in cases of progressive CNS JXG 
[18,19] and neonates with hepatic involvement [20]. 


Investigations 

The diagnosis of JXG is made on immunohistochemistry. Extensive 
work-up should be reserved for those with clinical suspicion of sys- 
temic involvement. 


Management 

The management of JXG depends upon the site(s) of involve- 
ment. For patients with single and accessible lesions, surgical 
excision appears to be curative, although most childhood lesions 
will resolve spontaneously. As a result, cutaneous JXG does not 
require treatment, although parents need to be warned that occa- 
sionally resolution may result in a scar. For ocular JXG, therapy 
includes topical, intralesional and subconjunctival corticosteroids; 
surgery may be required to treat complications such as hyphaema 
and glaucoma; and systemic corticosteroids, chemotherapy or 
low-dose ‘non-cataractogenic’ radiation therapy (300-400 cGy) may 
be required for non-responders [21]. Ophthalmological surveillance 
is recommended for high-risk patients younger than 2 years of age, 
who should undergo screening at diagnosis and every 3-6 months 
until age 2 [21]. For systemic JXG, there is currently no established 
standard chemotherapeutic regimen. A variety of regimens have 
been tried with variable results; most of these regimens incorpo- 
rate LCH-based agents such as vinblastine, prednisolone and/or 
methotrexate [22], but response to chemotherapy is unpredictable. 
Supportive care should be strongly emphasised due to the potential 
toxicity in these young infants. Multiagent chemotherapy, including 
cytarabine, methotrexate, vincristine and prednisolone, is reserved 
for life-threatening or progressive disease [23]. CNS involvement 
has been successfully treated with cladribine [24], but the disease 
does not always respond. Thalidomide and clofarabine have been 
reported to have activity in heavily pretreated, refractory patients 
[25,26]. Targeted tyrosine kinase inhibitors may be considered for 
those with kinase-activating alterations. For instance, a patient with 


Figure 135.13 Benign cephalic histiocytosis showing multiple, asymptomatic, 
red/brown papules on the face of a toddler. 


disseminated JXG skin lesions harbouring the NCOA4-RET fusion 
exhibited a meaningful clinical response following 12 weeks of 
selpercatinib, a RET inhibitor [14]. 


Benign cephalic histiocyto: 


Definition and nomenclature 

Benign cephalic histiocytosis (BCH) is a rare, self-limiting histiocytic 
disorder. Many consider BCH as a clinical variant or a milder form 
of juvenile xanthogranuloma without systemic involvement [1,2]. 


Pathophysiology 

Pathology 

Immunohistochemically, BCH cells are identical to JXG. On electron 
microscopy, they may show ‘worm-like’ cytoplasmic inclusions. 


Clinical features 

Patients are typically young children with a mean age of onset of 
15 months (range 2-66 months) [3]. Asymptomatic, red to brown 
macules/papules/nodules develop on the cheeks and spread to 
the forehead, earlobes and neck (Figure 135.13). Extension onto the 
trunk, upper limbs and rarely buttocks may be seen. There is no 
mucosal involvement. 
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Figure 135.14 Generalised eruptive histiocytosis showing multiple, small, symmetrical, 
red-brown papules in an adult. Courtesy of Dr S. Walsh, Sunnybrook Hospital, Toronto, 
Canada. 


Management 
Given the self-limiting course of the disease, no therapy is required. 


Generalised eruptive 


Introduction and general description 

Generalised eruptive histiocytosis (GEH) is a rare cutaneous histi- 
ocytosis that mainly affects adults, although paediatric cases have 
been reported [1,2]. It is characterised by asymptomatic, symmetri- 
cal papules on the face, trunk and arms, usually sparing the flex- 
ures. GEH must be distinguished from the eruptive histiocytomas 
associated with hyperlipidemia. The course is usually benign and 
self-limited, but a few cases have been reported that were associated 
with various forms of leukaemia [3]. 


Pathophysiology 

Pathology 

Histology shows a proliferation of monomorphic histiocytic cells in 
the upper and mid dermis. No giant cells or foam cells are present. 
Scattered lymphocytes may be present. Immunohistochemically, 
the cells are identical to JXG with positivity for CD68, Mac-387, 
lysozyme and factor XIIla and negative for S100 and CD1a. 


Clinical features 

Presentation 

The disease presents as multiple, symmetrical, small, red-brown 
papules on the face, trunk and arms, usually sparing the flexures 
(Figure 135.14). The lesions are asymptomatic and variable in num- 
ber. The characteristic feature of GEH is the rapid appearance of 
a crop of lesions, which resolve spontaneously or leave a macular 
area of hyperpigmentation. Mucosal involvement is rare. 


Management 

The evolution of GEH to other non-LCHs has been reported. 
Patients need to be re-biopsied if lesions become xanthomatoid 
or flexural or if systemic symptoms develop [2]. The disease is 
generally self-limiting and often does not require treatment. One 
paediatric case demonstrated healing in sun-exposed areas, sug- 
gesting the value of ultraviolet light as a therapeutic option [4]. 
Twenty treatments with systemic PUVA were subsequently shown 
to be effective in a 32-year-old woman with widespread disease 
with no evidence of recurrence [5]. One patient treated for cos- 
metic and psychological reasons responded well to chloroquine, 
thalidomide and glucocorticoid therapy [6]. One patient with GEH 
harbouring the FIP1L1-PDGFRA fusion and chronic eosinophilic 
leukaemia responded to imatinib [7]. 


Papular xanthoma a — Cl 


Introduction and general description 

This is a rare histiocytic disorder that was first described in adults 
and subsequently reported in children [1]. Whether it represents a 
separate clinicopathological entity or a variant of other xanthogran- 
ulomatous conditions is debatable. 


Pathology 

Histologically, there is an upper and mid dermal infiltrate of foamy 
histiocytes and giant cells. Few inflammatory cells are present. 
Histiocytic cells are positive for CD68 and factor XIIa and negative 
for S100 and CD1a [1,2]. More recent studies, however, have shown 
that the foamy cells in this disease are factor XIIla negative [3,4]. 
In such a rare condition, further studies are needed to confirm the 
dermal dendrocyte origin of the lesional cells. Electron microscopy 
shows similar changes to those seen in mature juvenile xanthogran- 
uloma, with myeloid bodies filling the cytoplasm of the histiocytes 
with associated lysosomal inclusions, laminate bodies and lipid 
droplets. 


Clinical features 

Presentation 

Clinically, it can resemble JXG, but has not been associated with 
systemic involvement or café-au-lait spots, and may resemble 
xanthoma disseminatum, but papules do not coalesce and there is 
no predilection for flexures. It is characterised by 2-15mm yellow 
or reddish yellow papules/plaques affecting both the skin and 
mucous membranes. The back and head are the most common 
locations. Clinical presentation in adults is different from children. 
Mucosal involvement and risk for disease progression are features 
of adult presentation. In contrast, spontaneous resolution is the 
norm in children, with involution starting after weeks or months 
and being complete in 1-5 years, often leaving anetoderma-like 
scarring [2]. 


Management 
No treatment is needed in children, while none has been shown to 
be effective in adults. 


Progressive nodular his 


Definition and nomenclature 

Progressive nodular histiocytosis (PNH) is a rare benign histiocytic 
disorder of unknown aetiology. It is characterised clinically by 
the development of multiple superficial skin-coloured or reddish 
orange papules and deep nodules distributed at random over the 
body. 


Introduction and general description 

PNH is a rare variant of non-LCH disorders that affects skin and 
mucosa. The skin manifestations consist of two types of lesions: 
superficial papules and deeper subcutaneous nodules, mainly 
consisting of spindle-shaped histiocytes [1]. The disease occurs 
most commonly in adults, although PNH in childhood has been 
occasionally reported [2,3]. 


Pathology 

Histologically, this is a dermal disease with neither epidermal 
involvement nor epidermotropism. Early lesions show an accu- 
mulation of xanthomatised and scalloped histiocytes with some 
infiltrating lymphocytes. In older lesions, the histiocytes are spindle 
shaped and arranged in a storiform pattern. Occasional giant cells 
may be present. Mitotic figures are absent. Cells are positive for 
CD68 and factor XIIla. Stains for S100 and CD1a are negative [4]. 


Clinical features 

Presentation 

The disease is characterised by the progressive appearance of 
asymptomatic cutaneous lesions and can result in severe disfigure- 
ment with time (Figure 135.15). Superficial papules are 2-10mm 
in diameter and yellow-orange, while deep subcutaneous nodules 
are 1-5 cm in diameter and may be skin coloured or reddish orange 
due to overlying telangiectasia [5]. Both types of lesions can reach 
hundreds in number. Distribution is random with no predilection 
for the flexures. About 40-50% of the patients have mucosal lesions, 
including oral, nasopharyngeal, respiratory, anal or conjunctiva. 
About 50% of patients are complicated with diabetes insipidus; 
the clinical manifestations of polydipsia and polyuria are mild and 
mostly temporary, and can be relieved with the disappearance of 
skin lesions [3]. 


Management 

PNH is not generally associated with systemic involvement or other 
disorders. No treatment has yet been demonstrated to be effective 
in reducing the size of skin lesions or in inducing remission [6]. 
However, Chu et al. suggest that the early stages of PNH may be 
more sensitive to chemotherapy and radiation therapy [7], but these 
modalities have generally not been shown to be useful. Large or 
painful lesions are usually excised surgically or by carbon dioxide 


Figure 135.15 Progressive nodular histiocytosis in a 48-year-old man with nodular 
lesions in the posterior axillary fold. Courtesy of Professor J. M. Naeyaert, University 
Hospital, Ghent, Belgium. 


laser. One patient was reported to respond well to intermediate 
dose cytarabine both clinically and on PET/CT imaging; further 
investigation of this drug is needed [8]. 


Xanthoma disseminatum 
Definition and nomenclature 
Xanthoma disseminatum (XD) is a rare non-familial disease, charac- 
terised by proliferation of histiocytic cells in which lipid deposition 
is a secondary event. 


‘4 


histiocytosis 


Introduction and general description 

XD is characterised by proliferation of histiocytic cells in which 
lipid deposition is a secondary event, with involvement of the skin, 
mucous membranes of eyes, upper respiratory tract and meninges. 
Rarely, other organs may be affected, including the liver, spleen and 
bone marrow [1]. 


Epidemiology 

The disease predominantly affects male children and young adults 
but can occur at any age and in either sex. Fifty per cent of lesions 
appear before the age of 25 and 36% of patients are children [2]. 


Pathophysiology 

XD is thought to be a reactive rather than a neoplastic process with 
a pathological immune response induced by unknown inflam- 
matory triggers. The lesional cell appears to be an inflammatory 
lipid-laden macrophage with a characteristic foamy appearance 
which could represent increased uptake, synthesis or decreased 
efflux of lipids [3]. 
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Figure 135.16 Xanthoma disseminatum: similar histological picture to juvenile 
xanthogranuloma consisting of dermal infiltrate of small spindled histiocytes (H&E). 
Courtesy of Dr R. Jaffe, Children’s Hospital of Pittsburgh, Pittsburgh, USA. 


Pathology 

Histologically, XD is a dermal disease, characterised by early infil- 
tration of the dermis with spindle-shaped mononuclear cells, foamy 
histiocytes, giant cells, lymphocytes, polymorphs and eosinophils 
(Figure 135.16). Lesional cells in XD have irregular scalloped bor- 
ders with extensive cytoplasm and ovoid vesicular nuclei. Cells 
label strongly with factor XIIIa, CD68 and Ki-M1p and are negative 
for 5100 and CDia. Iron and lipid can be detected in the histio- 
cytes. In older lesions, more foamy histiocytes are evident and 
Touton giant cells may be observed. At the ultrastructural level, 
histiocytic cells contain myeloid bodies and membrane-bound fat 
droplets. 

The various members of the factor XI[la-positive xanthogranu- 
loma family, XD, PNH and GEH, may be indistinguishable from 
one another on histopathology and the diagnosis may depend on 
the clinical presentation. Some described differences in morphol- 
ogy of the cells, such as foamy xanthoma cells versus oncolytic or 
epithelioid cells, may be a function of when the biopsy was done 
in the course of evolution of the disease rather than a difference in 
diagnosis [4]. 


Clinical features 

Presentation 

The clinical lesions of XD are reddish or yellow-brown papules 
and nodules, which are symmetrically distributed on the trunk, 
scalp, face and proximal extremities. The lesions become conflu- 
ent, especially in flexures, to form xanthomatous plaques, which 
may become verrucous (Figure 135.17). In 39-60% of patients, the 
mucous membranes are affected, with particular involvement of 
the lips, pharynx, larynx, conjunctivae and bronchus. XD also has 
the tendency to involve the upper respiratory tract (trachea, larynx) 
rather than lower respiratory tract, leading to stridor or respiratory 


(a) 


(b) 


Figure 135.17 (a, b) Xanthoma disseminatum showing large, yellow-brown plaques 
affecting the skin folds. Courtesy of Dr S. Walsh, Sunnybrook Hospital, Toronto, Canada. 


compromise [5,6]. Meningeal involvement is common, with infiltra- 
tion at the base of the brain leading to diabetes insipidus in up to 40% 
of cases, which may, however, be transient. Other manifestations 
of meningeal involvement are seizures and growth retardation. 
Intracranial involvement presenting as a discrete mass simulating 
glioma has been reported [7] and progressive intracranial disease 
may be fatal in as many as 63% of patients [8]. Hepatic and bone 
involvement have been reported but represent rare complications 
of the disease. 


Disease course and prognosis 

XD is a self-limiting disease but may be locally destructive and per- 
sist for years. Three clinical patterns have been identified: a rare 
self-healing form, a chronic, often progressive form and a progres- 
sive multiorgan form, which may be fatal. 


Management 

Skin lesions of XD are disfiguring and patients often request treat- 
ment. A carbon dioxide laser has been used with good results [9]. 
Other forms of surgical removal, excision, dermabrasion and elec- 
trocoagulation have been used with moderate effect [2,9]. Localised 
conjunctival involvement can be treated with surgery. Surgery has 
also been used in CNS disease but recurrences may occur and not all 
CNS lesions are amenable to resection. Systemic involvement with 
lung, liver or CNS involvement requires active treatment but the 
response to therapy is not predictable and may not be long lasting. 
Glucocorticoids, chlorambucil, azathioprine and cyclophosphamide 
have been effective in some patients with cutaneous disease [3,10]. 
Recently, cladribine was found to be useful in two small case series 
[11,12]. One recent patient was successfully treated with imatinib 
[13] and another with anakinra [14]. Interestingly, one patient had 
a partial response to a combination of three lipid-lowering agents, 
rosiglitazone, simvastatin and the niacin analogue acipimox [3], 
and a second patient had a dramatic response after 5 months 
of simvastatin alone [15]. Anti-inflammatory and lipid-lowering 
drugs such as the statins need further evaluation in refractory XD 
patients, keeping in mind the possibility of spontaneous resolu- 
tion, which may make assessment of response to therapy more 
difficult. 


Treatment ladder for xanthoma disseminatum 


Cutaneous xanthoma disseminatum 

First line 

¢ Carbon dioxide laser 

Second line 

¢ Surgical excision or dermabrasion or electrocoagulation 


Systemic xanthoma disseminatum (lung, liver, CNS) 


First line 

¢ Chemotherapy (e.g. corticosteroids, chlorambucil, 
azathioprine, cyclophosphamide) 

Second line 

¢ Cladribine or anti-inflammatory and lipid-lowering agents 
(e.g. statins) have been used in small case series 

Third line 

e Anakinra or imatinib — successfully treated refractory XD in 
one case each. 


DISORDERS IN WHICH SKIN MAY BE INVOLVED 
BUT SYSTEMIC COMPONENT PREDOMINATES 


Erdheim-Chester disease — ee 


Definition and nomenclature 
This disease is characterised by infiltration of viscera, bones, 
retroperitoneum and skin. 


Introduction and general description 

Erdheim-Chester disease (ECD) is a rare lipoid granulomatosis 
characterised by infiltration of the viscera, bones, retroperitoneum 
and skin. ECD may represent a variant of JXG with mostly osseous 
and visceral involvement, which can be distinguished from JXG 
clinically and radiographically [1,2]. With the 2016 WHO revision of 
the histiocytoses classification, ECD now belongs to the ‘L’ group, 
along with LCH [3]. 


Epidemiology 

This is predominantly a disease of adults, with a mean age of 53 
years (range 7-84 years) [4]. The male to female ratio was reported 
as 33: 26 [4]. 


Pathophysiology 

Pathology 

Morphologically and immunohistochemically, ECD histiocytes are 
identical to those of JXG. They are positive for CD68 and factor XIIla, 
but negative for CD1a and S100. Histological examination shows a 
xanthogranulomatous infiltration by lipid-laden histiocytes within 
a mesh and surrounded by fibrosis. Factor XII[la-positive histiocytes 
are known to stimulate fibroblast proliferation, resulting in fibro- 
sis, which is common in this disorder [5]. Touton giant cells and 
eosinophils may be prominent. 


Genetics 

The pathogenesis of ECD is poorly understood. Recent identi- 
fication of the BRAF V600E mutation in more than half of ECD 
patients suggests involvement of the RAS signalling pathway 
and has important therapeutic implications [6,7]. Furthermore, 
comprehensive genomic analysis of ECD cases with whole-exome 
and whole-transcriptome sequencing unravelled recurrent activat- 
ing mutations in MAP2K1 (30%), NRAS or KRAS (27%), PIK3CA 
(11%), ARAF and kinase fusions involving BRAF, ALK and NTRK1. 
Activating CSF1R mutations have been identified in 6% of ECD 
cases without MAPK pathway gene mutations [8]. 


Clinical features 

Presentation 

The clinical presentation can range from asymptomatic to fulminant 
organ failure. Bone pain in the knees and ankles is the most common 
presenting symptom. Constitutional symptoms such as weakness, 
weight loss and fever are frequent. Bilateral symmetrical long bone 
involvement is nearly always present [2,3]. Diagnosis is made on 
the basis of radiological features of osteosclerosis in addition to the 
classic histology. 


Complications and co-morbidities 

In Veyssier-Belot’s series of 59 patients, 86% of reported cases have 
involvement of the long bones, with the distal femur, proximal 
fibula and tibia being most commonly affected [4]. Up to 30% of 
patients show lytic lesions in the flat bones, which can be difficult 
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to distinguish from LCH. Unlike JXG, skin involvement is less 
common in ECD, affecting approximately 20% of patients and pre- 
senting as xanthoma-like lesions despite normal plasma lipid levels, 
usually on the eyelids but occasionally on the trunk and submam- 
mary area [9]. Pulmonary involvement is seen in 25-50% of patients 
[10], and although mostly asymptomatic, the presence of cough 
and progressive dyspnoea carries a poor prognosis. However, pul- 
monary involvement was not found to be an independent predictor 
of decreased survival in one large series [11]. Cardiac involvement 
is relatively common in ECD, with periaortic fibrosis in 55.6%, 
pericardial involvement in 44.4% and myocardial involvement in 
30.6% among 72 patients with ECD and cardiovascular involvement 
[12]. CNS involvement is seen in 15% of patients, presenting with 
ataxia, paraparesis, hemiparesis or change in mental state [13]. Neu- 
rological imaging can reveal thickening of the dura or more rarely 
intracerebral masses that can resemble meningioma-like tumours 
[13]. 


Disease course and prognosis 

ECD appears to have a significantly worse prognosis compared with 
other histiocytoses, with an overall mortality of around 60% in one 
series [4], mainly from cardiorespiratory failure from lung fibrosis 
or renal failure from retroperitoneal fibrosis. 


Management 

Not all patients with ECD require treatment at the time of diagnosis. 
Active treatment is typically reserved for symptomatic patients. 
However, treatment for patients with asymptomatic CNS involve- 
ment is recommended since it represents an independent predictor 
of a worse outcome [14]. A variety of therapeutic options are 
available with varying degrees of success. These include surgical 
debulking, high-dose corticosteroids, ciclosporin, interferon-a, sys- 
temic chemotherapy and radiation therapy [4,15]. The commonest 
chemotherapy drugs utilised have been vinca alkaloids, anthracy- 
clines and cyclophosphamide [16]. Interferon-~ was recommended 
as first line therapy because of the durable response seen in three 
patients with advanced disease initially, followed by large case 
series subsequently [3,17,18]. In May 2019, the 5-year survival of 
261 patients with ECD treated with interferon-a was 79% [2,17]. 
Nevertheless, half of patients experienced depression and fatigue 
with interferon-« treatment [18]. Several case reports have also 
shown activity of imatinib in ECD [19,20]. Although the exact role 
of imatinib in the treatment paradigm remains undefined, it offers 
an alternative therapeutic option for patients who fail to respond 
or are intolerant to interferon-a. A growing body of literature on 
the successful use of BRAF (vemurafenib, dabrafenib) or MEK 
inhibitors (trametinib, cobimetinib) in refractory ECD patients har- 
bouring MAPK pathway mutations paves the way for molecularly 
targeted therapies in ECD [21-23]. Vemurafenib was approved for 
BRAF V600-mutant ECD by the FDA in November 2017 based 
on the results of the phase 2 VE-BASKET trial which showed a 
response rate of 43%, a 12-month PFS of 91% and OS of 100% in the 
ECD/LCH cohort [24]. In addition, for patients without the BRAF 
V600E mutation, the phase 2 study of cobimetinib (NCT01953926) 
which enrolled 18 patients with various histiocytic neoplasms (12 
ECD, 2 LCH, 2 RDD and 2 mixed histiocytosis) reported an ORR of 
89% with 72% having a complete response [25]. 


DISORDERS WITH MAINLY SKIN 
INVOLVEMENT WITH/WITHOUT A SYSTEMIC 
COMPONENT 


Reticulohistiocytoma —_ | 


Definition and nomenclature 
Reticulohistiocytoma is an uncommon, incompletely characterised 
histiocytic tumour of the skin and soft tissues. 


ar 


inclusions 
histiocytoma 


Introduction and general description 

Reticulohistiocytoma is the localised variant of multicentric retic- 
ulohistiocytosis. This uncommon tumour is generally solitary and 
asymptomatic. Lesions are less than 1cm in diameter and present 
as papules or dome-shaped nodules. They may occur anywhere on 
the body including the genitalia. Oral mucosal lesions have been 
reported [1]. They are thought to represent a non-neoplastic reactive 
process. 


Epidemiology 
Reticulohistiocytoma tends to occur in young adult males. Rarely, it 
may appear in the newborn period. 


Pathology 

Histology shows nodules of large epithelioid histiocytes with 
abundant, glassy, eosinophilic cytoplasm extending from the pap- 
illary dermis to the mid dermis associated with lymphoid cells 
and occasionally neutrophils. Cells may have a lacuna space-like 
clearing at the periphery and scalloped cytoplasm. Cells are CD68 
and CD163 positive and generally CDla and S100 negative. The 
presence of factor XIIIa is variable. In a study of five cases of solitary 
reticulohistiocytoma, factor XIIla was found to be positive [1,2]. 


Management 

Treatment is surgical excision. Follow-up in 12 patients, with a 
median follow-up of 13 years, showed no recurrence after primary 
excision. 


Familial sea-blue histiocytosis 


Introduction and general description 

This is a rare inherited abnormality of lipid metabolism in which 
characteristic histiocytic cells are found in the bone marrow and 
other tissues. The histiocytes are identified by the May—Gruenwald 
stain, which colours the cytoplasmic granules a deep azure blue, 
hence the name ‘sea-blue histiocytosis’. Secondary sea-blue his- 
tiocytes have been described in a variety of disorders of lipid 
metabolism such as Niemann-Pick disease, in patients with 


prolonged use of intravenous fat emulsions, and in cases of partial 
sphingomyelinase deficiency, myelodysplastic syndromes, lym- 
phomas, chronic myeloid leukaemia, idiopathic thrombocytopenic 
purpura, autoimmune neutropenia, total parenteral nutrition and 
B-thalassemia major [1]. 


Epidemiology 

It usually presents in young adulthood with hepatosplenomegaly 
and thrombocytopenia, although the age at presentation ranges 
from 1 to 83 years [1]. 


Pathophysiology 

The biological abnormality is poorly understood, but the condition 
probably represents a storage disease in which glycolipid, phospho- 
lipid or both accumulate in histiocytic cells in various organs includ- 
ing the bone marrow, liver and spleen. 


Pathology 

Histologically, it is characterised by micronodular infiltrates of 
large monomorphous histiocytes with cytoplasmic vacuoles and 
granules. The granules appear yellow-brown with H&E, dark blue 
with Giemsa and ‘sea-blue’ with May—Gruenwald staining [2]. 


Genetics 

It is one of a group of related lipid disorders caused by changes in 
the APOE gene. The genetic change associated with this condition is 
inherited in an autosomal dominant manner [3]. 


Clinical features 

The skin, lungs, gastrointestinal tract, eye and nervous system may 
be involved. Skin manifestations are common in more than 80% of 
cases and may cause disfigurement. They present as patchy and 
irregular brownish grey pigmentation or subcutaneous nodules. 
Affected sites are face, upper chest and shoulders. In the eye, white 
stippled deposits may be observed at the margins of the fovea or 
macula, with discoloration of the macular region. Neurological 
symptoms occur early, with ataxia, epilepsy and dementia. Sea-blue 
histiocytosis is usually benign, but it may disseminate and lead to 
death from heart, liver or lung involvement. 


Management 

There is no specific treatment for sea-blue histiocytosis. Specific 
treatment of the associated disorder of lipid metabolism may induce 
resolution of the disease. Nevertheless, it has been suggested that 
splenectomy may worsen the condition. 


Hereditary progressive mucin« 
histiocytosis 


Definition 

Hereditary progressive mucinous histiocytosis is a rare autosomal 
dominant genodermatosis consisting of lesions affecting the nose, 
hands, forearms and thighs. 


Epidemiology 

This is a rare autosomal dominant genodermatosis, which was first 
described in 1988. All case reports to date have been in women, thus 
suggesting a link to hormones [1]. 


Pathophysiology 

Histologically, the epidermis is normal but within the dermis there 
are small collections of epithelioid histiocytes with telangiectatic 
vessels in the upper dermis in early lesions. As tumours develop, 
the infiltrate changes to nodular mid dermal aggregates of tightly 
packed, spindle-shaped cells. In both early and established lesions, 
there is moderate to extensive mucin production by the epithelioid 
histiocytes and spindle-shaped cells. On electron microscopy, the 
spindle-shaped cells are shown to be dendritic histiocytes with 
abundant lysosomal storage organelles, myelin bodies and zebra 
bodies. Immunohistochemically, these cells stain with CD68 and 
MS1 [2]. 


Clinical features 

Skin lesions appear in the first decade of life and gradually increase 
throughout life. Lesions consist of skin-coloured to red-brown 
papules that characteristically affect the nose, hands, forearms and 
thighs. 


Management 

The condition is progressive, with a gradual increase in the num- 
bers of tumours throughout life. These patients show no evidence 
of spontaneous resolution. No systemic involvement has been 
described and no treatment seems to have any impact on the 
disease [3,4]. 


Malakoplakia | — ee 


Definition 

Malakoplakia is an immunodeficiency disease in which macrophages 
fail to phagocytose and digest bacteria adequately. The term 
‘malakoplakia’, which means soft plaque, was adopted as a descrip- 
tive term. 


Pathophysiology 

Pathology 

Histologically, sheets of large histiocytic cells with abundant cyto- 
plasm are present in the skin, affecting any level from the epidermis 
to the subcutaneous fat. The cells have fine eosinophilic gran- 
ules in their cytoplasm and are referred to as Hansemann cells. 
They also contain one or more round basophilic inclusion bod- 
ies (Michaelis-Gutmann bodies). Michaelis-Gutmann bodies are 
5-15 um in diameter and stain positively with periodic acid—Schiff 
stain (PAS), von Kossa stain (for calcium) and Perls ferrocyanide 
reaction (for ferric iron). They are considered pathognomonic for 
this disease and are thought to represent abnormal degradation 
of bacteria, with calcium and iron deposited on the remaining 
glycolipid [1]. 
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Causative organisms 

The aetiology of malakoplakia is still unclear. However, chronic 
infection has been suggested to play a role in the pathogenesis of 
the disease [2]. Common associated organisms include Escherichia 
coli, Proteus species, Mycobacterium tuberculosis and Staphylococcus 
aureus [2]. 


Clinical features 

Presentation 

Malakoplakia can affect many organs but most commonly affects 
the urinary and gastrointestinal tracts [3,4]. Cutaneous lesions are 
rare, non-specific and variable. Draining abscesses, sinuses, ulcers, 
fluctuant masses, isolated tender nodules and grouped papules have 
been reported [5,6]. Mucous membranes may be affected, including 
the tongue and cervix. 


Disease course and prognosis 
The disease generally runs a benign self-limiting course, but fatal 
cases have been reported [6]. 


Management 

Management includes different combinations between surgical exci- 
sion and/or use of antibiotics for the associated infections. Some 
case reports suggest higher cure rates with surgical excision when 
compared with antibiotic therapy [7]. In addition, when comparing 
antibiotics, quinolones seem to be superior [7]. 


Necrobiotic xanthogran' 


Definition 
Necrobiotic xanthogranuloma (NXG) is a rare, multisystem histio- 
cytic disease in which widespread infiltrated xanthomatous nodules 
and plaques are strongly associated with haematological malignant 
conditions. 


Epidemiology 
Only about 100 cases have been reported in the literature since it was 
first recognised as a distinct dermatosis in 1980 [1]. 


Pathophysiology 

The pathogenesis of NXG is unknown. Some believe that parapro- 
teins function as autoantibodies leading to fibroblast proliferation 
and the deposition of dermal macrophages [2], while others suggest 
that the abnormal paraprotein becomes complexed with lipid and 
deposits in the skin, where it produces a foreign body giant cell 
granulomatous reaction [3]. However, this does not explain NXG 
cases without paraproteinaemia. The possibility of an infectious 
aetiology was raised by the finding of Borrelia species in some skin 
biopsy specimens [4]. Approximately 80-90% of patients have an 
underlying monoclonal gammopathy [5], among whom IgG-« is the 
most frequent monoclonal gammopathy of unknown significance 
(MGUS) (65%), followed by IgG-A (35%) and, much less commonly, 
IgA [1]. When a gammopathy is present, the underlying haemato- 
logical condition is MGUS in half of the cases and myeloma in the 
other half [6], which can manifest years after the development of 


Figure 135.18 Necrobiotic xanthogranuloma showing a reddish yellow, infiltrative 
plaque with evidence of necrosis. Courtesy of Dr S. Walsh, Sunnybrook Hospital, 
Toronto, Canada. 


skin lesions. Because of the prolonged gap between the onset of 
the skin disease and these malignancies, their role in pathogenesis 
remains uncertain. 


Pathology 

Histologically, confluent granulomatous masses are present as either 
sheets or nodules, replacing much of the dermis and extending into 
the subcutaneous tissue. Hyaline areas of necrobiosis separate indi- 
vidual nodules. Numerous giant cells are present, with Touton cells 
and bizarre, angulated giant cells [7]. Cholesterol clefts, lymphoid 
nodules (some of which develop germinal centres) and perivascu- 
lar aggregates of plasma cells are frequent features. Less common, 
but characteristic when present, are palisading cholesterol cleft gran- 
ulomas and xanthogranulomatous panniculitis [8]. Granulomatous 
invasion of blood vessels with thrombosis has been described. 


Clinical features 

Presentation 

The clinical picture of NXG consists of slowly progressive, reddish 
yellow, xanthomatous plaques/nodules that are infiltrative and 
destructive (Figure 135.18) [9]. More than 80% of the lesions are 
periorbital but may occur on the trunk and limbs where subcuta- 
neous nodules and xanthomatous plaques are present with atrophy 
and ulceration. The eyes are often affected with conjunctivitis, 
keratitis, uveitis, iritis and proptosis. Blindness has been reported 
in two affected patients [10]. 


Complications and co-morbidities 

Association with haematological and lymphoproliferative malig- 
nant disorders such as myeloma, non-Hodgkin lymphoma and 
chronic lymphocytic leukaemia has been well described and 
typically occurs approximately 2 years from the onset of skin man- 
ifestations [1,5]. The diagnosis of NXG should prompt a thorough 
evaluation to rule out these conditions. Only one case report of a 
patient with typical cutaneous lesions and cerebral involvement 
presenting as tonic-clonic seizures has been published [11]. Systemic 


symptoms have been reported, including nausea, vomiting, fatigue, 
epistaxis, back pain and the Raynaud phenomenon. Atypical forms 
of NXG have been reported, including solitary tumours of the skin 
[12]. 


Management 

Due to the rarity of the condition, there is no consensus regarding 
the optimal therapy. Treatment is generally directed to the associ- 
ated paraproteinaemia. Alkylating agents such as melphalan, with 
or without prednisolone, have resulted in temporary clearing of 
the skin [9]. Other therapies included intralesional corticosteroids, 
high-dose systemic steroids, chlorambucil, interferon-a, cyclophos- 
phamide, methotrexate, hydroxychloroquine and azathioprine 
[9]. A recent review of reported cases treated with chlorambucil 
supported its use as a frontline agent in selected cases [13]. In one 
patient where cytotoxic drugs had failed, plasmapheresis reduced 
the level of the circulating monoclonal IgG and resulted in clearing 
of the skin [10]. Radiotherapy was successful in one case involving 
the eye [12]. Cutaneous disease has also been successfully treated 
with carbon dioxide laser with no evidence of relapse after 12 
months [14]. Two patients were successfully treated with intra- 
venous immunoglobulin [2]. A single case report described one 
patient achieving long-term remission following the combination 
of thalidomide for 2 years and pulse dexamethasone for 9 months 
[9]. These authors felt that this combination should be tried as first 
line in patients who need systemic therapy but that high-dose and 
prolonged treatment is necessary. 


DISORDERS IN WHICH SKIN MAY BE 
INVOLVED BUT THE SYSTEMIC COMPONENT 
PREDOMINATES 


Multicentric reticulohistiocyt 


Definition and nomenclature 
Multicentric reticulohistiocytosis (MRH) is a rare non-LCH disor- 
der characterised by the association of specific nodular skin lesions 
and destructive arthritis. It is classified as a Group C histiocytosis 
(cutaneous and mucocutaneous). 


Introduction and general description 

This is a rare multisystem disorder characterised by papulonodular 
cutaneous and mucosal involvement in addition to a destructive 
arthropathy that can also affect other organs including lungs and 
heart. The arthropathy usually precedes nodular skin involvement 
and mucosal infiltration. About 28% of patients have an associ- 
ated internal malignancy. This must be differentiated from solitary 
or multiple reticulohistiocytomas that are restricted to skin with 
neither associated arthropathy nor internal malignancy. Moreover, 
differentiation from fibroblastic rheumatism (FR), which can also 
present with a destructive polyarthritis and skin lesions, is impor- 
tant as it differs both in prognosis and therapy. FR was originally 
classified as a class IIB histiocytic disorder, but recent studies 
have suggested that FR more properly belongs to the fibroblastic 
disorders [1]. 


Epidemiology 

MRH is a disease of middle-aged adults, predominantly female [2], 
although rare paediatric cases have been reported [2-4]. The female 
to male ratio is 3:1, and 85% of reported adults were white [2]. 


Pathophysiology 

Pathogenesis is unknown. The disease was generally considered to 
be a reactive histiocytosis. Inflammatory cytokines such as TNF-a, 
IL-1 and IL-6 have been found to be highly expressed in MRH nod- 
ules [5]. IL-6 may also result in the osteoclastogenesis, accounting 
for the multinucleated giant cells seen in the lesions. 

Recent genetic analysis using whole exome sequencing (WES) 
and RNA sequencing of two patients with MRH in Japan suggested 
that MRH is not an autoimmune or inflammatory disease, but a 
neoplastic disease which may involve aberrant activation of the 
RAS-MAPK pathway or a tyrosine kinase pathway. Both genetic 
alterations detected (KIF5B-FGFR1 fusion in patient 1 and MAP2K1 
deletion in patient 2) are potentially druggable, suggesting that 
targeted therapy using FGFR or MEK inhibitors may be effective 
treatment for MRH [6]. 


Pathology 

The characteristic pathological picture in the skin and mucous 
membranes is infiltration by mono- and multinucleated giant 
cells with voluminous ground-glass cytoplasm (Figure 135.19). 
In early lesions, the predominant infiltrating cells are histiocytes, 
lymphocytes and eosinophils, with few giant cells, but the giant 
cell infiltrate quickly follows. The giant cells are large (100m 
diameter) with 1-20 nuclei, which may be distributed randomly at 
the periphery or in the centre. The cells are PAS positive, contain 
diastase-resistant material and variable amounts of lipid and free 
or esterified cholesterol. In older lesions, fibrosis usually signals 
regression of the lesions, with a reduction in the inflammatory 
cell infiltrate. Ultrastructural studies have shown type IV collagen 
inclusions in MRH. These inclusions were both intracytoplasmic 
and extracytoplasmic. Such inclusions are usually found in lym- 
phohistiocytic neoplasms, suggesting that MRH is a proliferative 
rather than an inflammatory disorder [7]. Immunocytochemical 
studies show a histiocytic phenotype of the cells, which are positive 
for acid phosphatase, adenosine triphosphatase, lysozyme and 
a,-antitrypsin. The cells are also positive for vimentin, CD45, CD68, 
CD11b and HAM56, but negative for CD1, 5100, CD34 and factor 
XIIa [8]. CD14 is usually positive in osteoclast-like macrophages 
and negative in true osteoclasts [9]. 


Causative organisms 

No infective agent has been implicated, but in one study 33% of 
patients had evidence of tuberculosis exposure and 5% had active 
tuberculosis on examination [10]. 


Clinical features 

Presentation 

The disease is often limited to the skin, mucosa and joints but sys- 
temic involvement of the heart and other organs has been described. 
Two-thirds of patients present with symmetrical polyarthritis, fol- 
lowed by the appearance of skin lesions. The arthropathy typically 
affects the hands, but other joints may be involved as well, including 
the knees, shoulders, wrists, hips, ankles, feet, elbows, spine and 
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Figure 135.19 Reticulohistiocytoma/multicentric reticulohistiocytosis. (a) The dermis 
contains an infiltrate of large, eosinophilic, cytoplasm-rich histiocytes with an 
interspersed inflammatory cell component. Magnification 100x (H&E). (b) The large 
eosinophilic histiocytes generally have a single nucleus or two nuclei. Interspersed 
lymphocytes and eosinophils are prominent in this example. Some emperipolesis is 
noted. Magnification 400x (H&E). Courtesy of Dr R. Jaffe, Children’s Hospital of 
Pittsburgh, Pittsburgh, USA. 


(b) 


Figure 135.20 Multicentric reticulohistiocytosis nodules over the elbows (a) that shrank 
after an infusion of zoledronic acid (photograph taken 43 days after infusion) (b). From 
Codriansky et a/. 2008 [12]. Reproduced with permission from John Wiley & Sons. 


temporo-mandibular joints. Although it often remits spontaneously, 
15-50% of cases progress to mutilating osteoarthropathy with dis- 
abling deformities [3,11]. In 20% of cases, skin nodules appear first 
while simultaneous skin and joint lesions emerge in the remainder 
[12]. The classic skin lesions are firm brown or yellow papules and 
plaques, which predominantly affect extensor surfaces, particularly 
on the hands and forearms (Figure 135.20). The face, scalp, hands 
and ears are often affected but involvement of the lower trunk and 
legs is rare. Coral bead-like lesions may occur around the nail folds, 
which may result in nail dystrophy. Skin lesions are of variable 
size and rarely ulcerate. Large nodular lesions in proximity to the 
affected joints and cystic swellings of the tendon sheaths may occur. 
About 25% of patients complain of pruritus associated with skin 
lesions. One-third of patients have symptoms of fever, weight loss 
and malaise. More than 50% of patients have mucosal involvement, 
characteristically of the lips and tongue, but it can also affect the 
mouth, gingiva, pharynx, larynx and sclera. 


Complications and co-morbidities 

Around 15% of patients have an associated autoimmune disease 
such as SLE, diabetes or Sj6gren syndrome, while 20% of patients 
have been found to have an associated internal malignancy. The 


commonest tumours are gastric, ovarian [13], breast and uterine 
carcinomas [14], myeloma, melanoma [15] and lymphomas. The 
diagnosis of MRH precedes that of the neoplasm in most cases, and 
the disease may relapse with recurrence of the neoplasm. 


Disease course and prognosis 

The prognosis is good, with the disease becoming quiescent in 7-8 
years if there is no systemic malignancy. Fatal cardiac involvement 
may occur with widespread systemic involvement [16]. MRH may, 
however, leave considerable morbidity, with a crippling arthropathy 
and scarred skin [17]. 


Management 

Treatment of the underlying disease is important, although it does 
not usually influence the disease course. Resolution of MRH was 
seen in a patient with renal cell carcinoma following nephrectomy. 
Most children have a self-limiting disease with non-deforming 
arthritis. However, this is not true for adults, in whom therapy is 
usually indicated. Gold, tamoxifen and d-penicillamine failed in 
all cases [18]. Several reports suggest that methotrexate alone or in 
combination may be effective [2-4,19]. Cyclophosphamide alone 
induced complete remission in three cases [19]. Other immunosup- 
pressive agents such as ciclosporin, leflunomide [20], prednisolone 
and azathioprine [21] have resulted in complete remission in single 
case reports. Successful therapy with bisphosphonates alone or in 
combination with prednisolone and methotrexate has also been 
reported [22,23]. Anti-TNF agents such as etanercept, infliximab 
and adalimumab have been reported to be beneficial [17,21], as has 
the anti-IL-6 receptor antibody tocilizumab, in patients resistant to 
methotrexate and prednisolone [5]. 

A reasonable approach in the past was to begin therapy with a 
combination of corticosteroid and low-dose methotrexate, and to 
add cyclophosphamide for poor responders. Consideration could 
be given to combining methotrexate with or without corticosteroid 
with one of these newer targeted agents as frontline therapy in 
severely affected or resistant patients. As with all of the non-LCH 
disorders, different patients may respond differently and a switch 
from one agent to another may be needed in individual patients. 
The recent finding of activated kinase signalling pathways in 
two patients with MRH suggests that druggable targets may be 
present and that WES and RNA sequencing should be performed in 
patients with MRH, particularly in patients resistant to the therapies 
discussed here. 


Sinus histiocytosis with massi 
lymphadenopathy 


Definition and nomenclature 

Sinus histiocytosis with massive lymphadenopathy (SHML) is a 
rare, non-neoplastic disorder of unknown aetiology that is usually 
self-limiting. It is characterised by abundant histiocytes in the 
lymph nodes throughout the body. It was first described by a 
French pathologist, Pierre Paul Louis Lucien Destombes, in 1965. It 


is now known as Rosai—Dorfman—Destombes disease (RDD) as Juan 
Rosai and Ronald Dorfman analysed 34 cases of SHML in 1969 [1]. 


Destombes disease 


Epidemiology 

Most patients are young adults (mean age 20.6 years), but with a 
wide age distribution from birth to 74 years [2]. Patients presenting 
with isolated intracranial disease appear to be older (mean age 37.5 
years) [3]. The disease is slightly more common in males (58%) and 
in black people [4]. 


Pathophysiology 

Predisposing factors 

The aetiology of SHML is unknown. It is postulated that an infec- 
tious or malignant process may result in aberrant activation of 
the macrophage system with excessive cytokine release by the 
macrophages and T cells. An increased incidence of autoimmune 
disorders such as autoimmune haemolytic anaemia and various 
rheumatological disorders has been reported [5]. 


Pathology 

Histologically, involved lymph nodes show massive sinus infiltra- 
tion of large histiocytes admixed with lymphocytes and plasma 
cells (Figure 135.21). Immunohistochemicallly, SHML cells are 
positive for S100, CD68, CD163, HAM-56, «,-antichymotrypsin 
and a,-antitrypsin, but negative for CD1a [2]. SHML lesions show 
strong expression of IL-1 and TNF-a and moderate expression of 
IL-6 [6]. The latter may be related to the observed polyclonal plas- 
macytosis and hypergammaglobulinaemia. A hallmark of SHML 
is the presence of emperipolesis (phagocytosis of intact leukocytes, 
particularly lymphocytes) in histiocytes that express S100. In the 
skin, a dense, upper dermal, histiocytic infiltration with scattered 
multinucleate giant cells and plasma cells is seen [7]. Emperipolesis 
is less prominent in the skin than in the nodes. 


Genetics 

In contrast to LCH and ECD, the BRAF V600E mutation is rarely 
found in RDD [8]. Recent studies have identified other MAPK path- 
way mutations (KRAS, NRAS, ARAF, MAP2K1) and CSF1R muta- 
tions in patients with RDD [9]. 


Clinical features 

Presentation 

Clinically, about 80% of patients present with bilateral, painless, cer- 
vical adenopathy, which may be associated with fever, malaise, night 
sweats, weight loss, leukocytosis and hypergammaglobulinaemia. 
Other nodal groups, such as axillary, mediastinal and inguinal, can 
also be involved. The lymph node enlargement can reach massive 
proportions. Extranodal involvement is described in 43% of patients 
and skin represents the most common extranodal site [10]. 


Clinical variants 
Skin is the most common extranodal site and is found in isolation in 
50% of patients (Figure 135.22) [7]. Skin lesions are usually yellow 
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Figure 135.21 Rosai-Dorfman disease. (a) The ‘lymph node-in-skin’ appearance is 
highlighted at a low-power magnification of 20x (H&E). (b) Rosai-Dorfman histiocytes 
have very abundant water-clear cytoplasm and one or two large hypochromatic nuclei. 
Emperipolesis of intact lymphocytes is notable in the cytoplasm. Magnification 400x 
(H&E). Courtesy of Dr R. Jaffe, Children’s Hospital of Pittsburgh, Pittsburgh, USA. 


but may be violaceous or purple. Red macules, papules, nodules or 
infiltrated plaques have been reported. Scaling is often present and 
telangiectasias may be observed. Skin lesions may occur anywhere 
and there is no predilection for any site [11]. 


Complications and co-morbidities 

Other reported extranodal sites include the lung, uro-genital tract, 
breast, gastrointestinal tract, liver and pancreas. Head and neck 
involvement occurs in 22% of patients [10], with the nasal cavity 
and parotid gland as the commonest sites. Isolated intracranial 
disease can occur in SHML without extracranial lymphadenopathy, 
which makes the diagnosis challenging. Most intracranial lesions 


Figure 135.22 Rosai—-Dorfman disease showing multiple nodules/tumours with 
superficial crusting and old scars on the nose. 


are attached to the dura and patients present with headaches, 
seizures, numbness or paraplegia [12]. 


Disease course and prognosis 

The clinical course of SHML is unpredictable, with episodes of 
exacerbation and remission that may extend over many years. 
The outcome is usually good and the disease is often self-limiting. 
Nonetheless, about 5-11% of patients die from the disease. Patients 
with underlying immunological abnormalities at or prior to onset 
have a worse prognosis with more widespread nodal disease and 
higher fatality rate [10,13]. 


Investigations 

Laboratory investigations usually show a mild normochromic 
normocytic anaemia or hypochromic microcytic anaemia with an 
elevation of the erythrocyte sedimentation rate. Serum proteins 
are often abnormal, with a low serum albumin and polyclonal 
gammopathy. Serum lipids are normal. Chest computed tomogra- 
phy or head imaging should be considered depending on clinical 


symptomatology. 


Management 

There is no defined treatment approach for RDD and treatment 
is tailored to the patient’s clinical presentation. Treatment is only 
necessary when a vital organ is being compromised or nodal 
enlargement leads to significant problems such as airway obstruc- 
tion [14]. For intracranial dural-based lesions, surgical excision 
alone is successful in most cases [3]. There is currently no consensus 
on guidelines for systemic treatment when indicated. Antibiotics 
are not useful. Surgical debulking of resectable lesions achieved 
complete remission in eight of nine patients [14]. Systemic cortico- 
steroids are useful in decreasing size and symptoms, but regrowth 
often occurs within a short period of discontinuation. Chemother- 
apy is generally unsuccessful. Variable response has been observed 
with vinblastine, anti-metabolite chemotherapy (methotrexate 
or mercaptopurine) could be used as maintenance therapy, and 
complete remission has been achieved in 7 out of 11 patients with 
severe, disseminated or refractory RDD treated with cladribine 
[1,15-17]. Complete remissions achieved with interferon-o plus 
chemotherapy [18,19], thalidomide or acyclovir have been reported 
in case reports [20]. Sirolimus has been effective in the treatment 
of severe autoimmune cytopenia in the context of RDD [21]. 


Rituximab, a chimeric anti-CD20 antibody, has been successful in 
recent anecdotal reports including three patients treated by the 
author (S. Weitzman, personal communication), one of whom had 
severe liver involvement. Relapse after discontinuation of rituximab 
was seen in another anecdotal case. Retreatment and prolongation 
of therapy, similar to cases of follicular lymphoma, may be indi- 
cated in these refractory patients, but this approach is obviously 
experimental. A recent study of the efficacy of MEK1/MEK2 inhi- 
bition with cobimetinib in 18 adult patients with various histiocytic 
disorders included 2 patients with RDD. Although the response by 
disease type was not given, it is notable that the overall response 
rate was 89% with 72% achieving CR, 17% PR and 6% stable disease. 
Median duration of response and median PFS had not been reached 
after a median follow-up of 11.9 months. No responding patient had 
progressed by the time of reporting, 56% required dose reduction 
for toxicity, but all patients maintained their responses at the lower 
dose [22]. Further investigation is indicated but targeted therapy 
with a MEK inhibitor could be considered in RDD patients failing 
standard approaches. 


MALIGNANT HISTIOCYT( 


Malignant histiocytoses are malignancies of the monocyte/macro- 
phage series of cells. These diseases are separated into monocytic 
leukaemia, malignant histiocytosis, true histiocytic lymphoma 
and histiocytic sarcoma based on clinical criteria, but there is an 
enormous overlap and it may not always be possible to differenti- 
ate them. 


Malignant histiocytosis | 


Definition and nomenclature 

Malignant histiocytosis (MH) is a widespread neoplastic prolifera- 
tion of histiocytic cells that typically involves liver, spleen, lymph 
nodes and bone marrow. 


reticulosis 
phoid malignancy 


Introduction and general description 

The widespread increase in histiocytic cells in MH typically involves 
the liver, spleen, lymph nodes and bone marrow. The cells usually 
arise from sinusoidal histiocytes, although very rare cases of malig- 
nant histiocytosis of LC phenotype have been reported. In addition, 
many cases previously reported as MH were eventually shown 
to be T- and B-cell lymphomas including anaplastic large cell 
lymphoma [1]. 
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Epidemiology 

Sex 

MH is a rare disease with a male to female ratio of 3.5:1. It has been 
reported in all age groups, with a median age of 35 years [2]. Child- 
hood disease is uncommon with few reported series [3]. The disease 
tends to occur earlier in women (second to third decades) than in 
men (third to fourth decades) [4]. 


Ethnicity 

Reports have suggested an increased incidence of this disease in 
parts of tropical Africa, with reports from Malawi and Uganda [5,6]. 
A recent review of deaths from ‘histiocytosis’ in the USA between 
1979 and 2006 showed that LCH was significantly more common as 
a cause of death in people younger than 5 years of age irrespective 
of sex (P value <0.0001), whereas death rates from MH were signif- 
icantly greater in ages >54 years (P value <0.00001) [7]. There were 
more MH deaths among males than females. 


Pathophysiology 
MH is a neoplastic proliferation of cells of the mononuclear phago- 
cyte system. 


Pathology 

The histological picture in the skin and lymph nodes is similar and 
the diagnosis can be established in either site. Characteristically, 
there is an infiltrate of histiocytic cells showing varying degrees of 
atypia that are typically non-cohesive. Cells are large (up to 50pm in 
diameter) with abundant cytoplasm and distinct cytoplasmic mem- 
branes. The histiocytic cells are heterogeneous. Some show more 
marked histiocytic differentiation, with pale cytoplasm, prominent 
vacuolation or even foamy cytoplasm, and exhibit phagocytosis of 
erythrocytes, leukocytes and cellular debris. Other cells are more 
‘primitive’, with deeply eosinophilic or amorphous cytoplasm. 
Nuclei are usually lobulated, with finely granular or reticulated 
chromatin and prominent or bizarre nucleoli. Nuclear membranes 
tend to be thickened. Mitoses are common. 

Immunohistochemistry showing a histiocytic origin and negative 
for myeloid, dendritic or other lymphoid markers is essential for 
the diagnosis of all the histiocytic malignancies. Cytochemical 
and immunohistochemical studies have shown that the cells in 
MH are negative for chloracetate esterase, Sudan black B, alkaline 
phosphatase and f-glucuronidase [8]. The presence of non-specific 
esterase, acid phosphatase and lysozyme is variable, with the 
better differentiated cells showing these enzymes [9]. The more 
differentiated phagocytosing cells usually stain for factor XIIla and 
the antimonocyte monoclonal antibody MOI [10]. In some cases, 
epithelial membrane antigen (EMA), HLA-DR, CD25, CD30, CD68 
and CD71 have been detected. In rare cases, CD1a or CD21/35 may 
be found. In lymph nodes, the architecture is disarranged but not 
effaced by the malignant cells. 

In the skin, there is extensive perivascular and periappendageal 
infiltration of the dermis, with extension into the subcutaneous fat. 
In advanced lesions, fat necrosis may occur. The epidermis and pap- 
illary dermis are characteristically spared, but in the more tumid 
lesions epidermal ulceration may be present. 
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Causative organisms 
There is no evidence of a viral aetiology in this disease and no 
reported familial incidence. 


Genetics 

There have been reports of a characteristic chromosomal transloca- 
tion t(5;6)(q35;p21) in MH [11,12], but it is unclear whether those 
cases would be called MH by current criteria. 


Clinical features 

Presentation 

Malignant histiocytosis is usually of acute onset, with fever, 
sweats, wasting, generalised painful lymphadenopathy and hep- 
atosplenomegaly. As the disease progresses, jaundice, purpura, 
anaemia and leukopenia occur. In 50% of patients, extranodal 
extension of the disease is seen, most commonly affecting the 
skin, bone and gastrointestinal tract [13]. Cutaneous involvement 
occurs in 10-15% of cases, manifesting with single or multiple 
skin-coloured to violaceous papulonodular lesions [14]. These 
lesions tend to have a predilection for the lower extremities and 
buttocks but may occur anywhere. Large lesions may ulcerate. A 
widespread, papulonodular eruption similar to that in acute mono- 
cytic leukaemia may also be seen. In the bone, the lesions are focal, 
destructive, lytic and may become widespread with associated 
hypercalcaemia. Gastrointestinal involvement is usually observed 
late in the disease. The small and large bowel may be involved, with 
infiltration of the lamina propria and local intraluminal masses. 
This presents with obstruction or haemorrhage or both. A rare 
presentation with multiple lesions is with malabsorption. 

This disease was invariably lethal in the past, with death occur- 
ring within weeks to months of diagnosis. However, with aggressive 
management (radiotherapy or radiotherapy and chemotherapy) 
complete remission has been reported in up to 50% of cases, with a 
mean duration of complete remission of over 12 months [2]. Micro- 
scopic evidence of vascular invasion carries a poor prognosis [13]. 


Differential diagnosis 

The major differential diagnosis is with large cell anaplastic lym- 
phomas, in which the clinical and histological features may be 
similar. Other diseases that may be confused with malignant 
histiocytosis are familial haemophagocytic lymphohistiocytosis, 
virus-associated haemophagocytic syndrome, Hodgkin disease 
and SHML. 


Investigations 

Diagnosis can usually be established on clinicopathological features 
of the disease, although special stains may be needed to exclude 
large cell anaplastic lymphoma. 


Management 

MH is sensitive to both radiotherapy and chemotherapy but treat- 
ment must be started early, as many patients die before therapy 
can be started [3]. A review of the treatment of MH has been 
published [15], but similar to the other malignant histiocytic disor- 
ders, there are no recent large studies to inform therapy decisions. 
Conventional chemotherapy and radiotherapy remain the main- 
stays of treatment. In a study of 27 children with MH, complete 


remission was achieved in 22 children using a regimen of vin- 
cristine, cyclophosphamide, doxorubicin and prednisolone, with a 
5-year survival of 81% [16]. There are anecdotal reports of success 
with LCH-type salvage therapy, such as cladribine and cytosine 
arabinoside as per the LCH-S-2005 protocol, as well as T-cell acute 
lymphoblastic leukaemia therapy. In patients who relapse after 
conventional chemotherapy, bone marrow transplantation has suc- 
cessfully achieved long-term remission [15]. Large skin tumours or 
ulcerated tumours, non-responsive to chemotherapy, can be treated 
with local radiotherapy. 


True histiocytic lymphoma ) | 


Definition and nomenclature 
True histiocytic lymphoma is a malignant histiocytic neoplasm that 
may disseminate. 


inclusions 


Introduction and general description 

The disease represents a malignant proliferation of non-LC histio- 
cytes or more rarely of LCs. Differentiation from malignant histio- 
cytosis may be difficult. Many early cases of ‘histiocytic lymphoma’ 
have been reclassified as other lymphomas, including primary cuta- 
neous B-cell lymphoma, and it has been recently suggested that his- 
tiocytic lymphomas should be classified and treated as histiocytic 
sarcomas [1]. 


Pathophysiology 

The aetiology is unknown. True histiocytic lymphoma exhibits 
many of the features described in malignant histiocytosis, with 
infiltrating cells being predominantly dermal and non-cohesive. 
Nemes and Thomazy suggest that the cells in true histiocytic 
lymphoma are more differentiated than those in malignant histio- 
cytosis and that the cell population is more homogeneous, showing 
phagocytosis and labelling for factor XIIla [2]. These cells stain with 
macrophage markers CD11c and CD68 and are negative for T- and 
B-cell markers [3]. A rare spindle cell variant has been described 
that expressed CD163, CD68, CD45, lysozyme and neuron-specific 
enolase (NSE) [4]. 


Clinical features 

This is a localised tumour of malignant histiocytes that may be 
nodal or extranodal. In 40% of patients, presentation is with the 
painless enlargement of one or more groups of superficial lymph 
nodes. Constitutional symptoms of malaise, anorexia, sweating and 
fever may be present. Extranodal presentation may be with bone, 
gastrointestinal tract or skin lesions. Bone and gastrointestinal tract 
lesions are as described in malignant histiocytosis. Skin lesions are 
localised bluish red tumours that can attain a large size. An isolated 
skin tumour of true histiocytic lymphoma in a 79-year-old patient 


has been described that reached 20cm in diameter at presentation 
[5]. Hepatosplenomegaly occurs in only a minority of patients with 
true histiocytic lymphoma and peripheral blood involvement is 
rare. In one case report, a 44-year-old man with true histiocytic lym- 
phoma was treated with autologous bone marrow transplantation 
and subsequently developed histiocytic leukaemia classified as M5c 
monocytic leukaemia [6]. True histiocytic lymphoma is treatable 
and the prognosis is probably better than in malignant histiocytosis. 


Management 

Review of the literature reveals no recent advances in therapy 
except for the testing of many new agents against a ‘histiocytic lym- 
phoma’ cell line U937. From the earlier literature, it appears that true 
histiocytic lymphoma is both radiosensitive and chemosensitive. 
Complete remission has been achieved in localised skin disease 
using electron beam therapy [5]. Reports of therapeutic responses 
are difficult to evaluate because of doubt over the diagnosis in older 
series. 


Histiocytic sarcoma — “+7 


Definition 

Histiocytic sarcoma (HS) is an extremely rare, non-LCH disorder of 
unknown cause that most commonly presents with symptoms due 
to unifocal or multifocal extranodal tumours that can involve the 
intestinal tract, skin, soft tissues, bone marrow, CNS and spleen. It 
is an aggressive tumour that responds poorly to standard therapies. 
A small number of patients have resectable tumours with a much 
more favourable outcome following surgical resection [1]. 


Epidemiology 
It mainly occurs in adults, but paediatric cases have been reported. 
HS can occur at any age (range 3 months to 89 years) without sex 
predilection [2]. 


Pathophysiology 

Pathology 

HS is composed of cells that morphologically and immunohis- 
tochemically resemble mature tissue histiocytes. Histological 
examination demonstrates widespread infiltration of large, epithe- 
lioid cells with round to oval nuclei, large distinct nucleoli, finely 
to moderately dispersed chromatin, and abundant cytoplasm that 
is acidophilic with H&E and greyish with Giemsa staining [3]. 
Binucleated cells are common and multinucleated giant tumour 
cells can be found occasionally. The Ki67 index ranged from 5% to 
40% with a mean of 18.8% in one analysis [4]. Tissue necrosis is not 
prominent. The immunohistochemical profile includes reactivity 
for CD45, CD68, lysozyme and CD163 with a variable expression 
of S100. LC—dendritic cell markers such as CD1la, CD21 and CD35 
should be negative. 


Genetics 

The pathogenesis of HS is unknown. Whole exome and targeted 
DNA/RNA sequencing of six cases of HS revealed alterations in 
MAP2K1 (n = 2), BRAF V600E (n = 1), KRAS (n = 2), CSFIR (n = 1) 


and BRAF fusion (n = 1) [5]. Several studies have described cases 
of HS as well as other histiocytic disorders arising from lymphoid 
haematological malignancies, most commonly acute lymphoblastic 
leukaemias [6,7] and lymphomas [7-11]. These histiocytic sarco- 
mas share the same molecular or cytogenetic abnormality as the 
primary malignancy, suggesting a clonal relationship between the 
two entities. Next-generation sequencing technologies have been 
able to show that some mutations are not shared between the two 
tumours, supporting the hypothesis that a common lymphoid 
precursor accumulates genetic alterations leading to two different 
malignancies with different prognoses [12]. HS has also been found 
in association with germ cell tumours and teratomas [13]. 


Clinical features 

Presentation 

The clinical presentation of HS varies depending on the site of 
involvement — most commonly affecting the intestinal tract, skin 
and soft tissues. In the largest series of HS, consisting of 18 cases [4], 
the three paediatric cases presented with multiple, isolated skin 
lesions, multiple lymph node involvement and disseminated dis- 
ease, respectively. Among adults, sites of involvement can be 
diverse and have been reported in the thyroid gland, gastrointesti- 
nal tract, kidney, spleen, testes and CNS [4,14]. The median age at 
presentation was 46 years. 


Disease course and prognosis 

HS is usually aggressive. Among the 12 patients with available 
follow-up, 6 had no response to treatment and died of progressive 
disease; 3 of the 5 patients who went into remission experienced 
relapse within 3-5 years; only one survived but with a chemoresis- 
tant tumour [4]. Due to the rarity of the disease, prognostic factors 
remain unclear. However, sites of involvement, localised disease 
and tumour size may impact prognosis, with small, localised, 
low-grade tumours that are amenable to surgical resection having 
better outcomes [15]. For cases of HS arising with/after lymphoid 
malignancies, the prognosis is usually poor, with three of four 
patients dying despite therapy in a review [6]. Cases are being 
described, however, in which a targetable mutation is found in 
the HS allowing the use of targeted therapy with an improved 
prognosis. 


Management 

HS is a rare but highly aggressive disease. It generally shows 
poor response to treatment consisting of a combination of surgery, 
chemotherapy and radiotherapy. Chemotherapy is usually derived 
from non-Hodgkin lymphoma protocols such as ICE (ifos- 
famide/carboplatin/etoposide) or CHOP (cyclophosphamide/ 
doxorubicin/vincristine/prednisolone) regimens, while surgery 
and radiotherapy are reserved for localised disease [16]. Optimal 
therapy in the refractory or relapsed setting is unknown. Single 
case reports have suggested efficacy for high-dose chemotherapy 
and autologous/allogeneic stem cell transplantation [17]. The 
anti-CD52 antibody alemtuzumab was successful in a refractory HS 
patient [18] and prolonged use of thalidomide appears to have been 
effective in four patients who did not respond to multiple other 
therapies [19,20]. Recent identification of druggable targets in four 
cases of HS with an expression of platelet-derived growth factor 
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receptor, vascular endothelial growth factor receptor and epidermal 
growth factor receptor [21], and a few cases of BRAF V600E [13,22], 
suggest that novel targeted therapies will improve the outlook for 
these patients in the future. 
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Introduction and general description 


For many clinical dermatologists, soft-tissue tumours arising in 
the dermis, subcutis or deeper soft tissues are a confusing group 
of lesions. This is probably partly explained by the facts that there 
is a very long list of soft-tissue tumours and that a large majority 
of these can arise in the skin or affect it secondarily. Most of these 
tumours have no characteristic clinical appearance and present 
as non-specific, dermal or deep-seated nodules. However, it is 
necessary for all clinical dermatologists to have an understanding 
of the range of tumours that may arise in the dermis and also of 
the likely biological behaviour of individual lesions. Although 
cutaneous malignant soft-tissue tumours are rare, many benign 
lesions may be histologically confused with a malignancy. Further- 
more, there is a group of soft-tissue tumours that have low-grade 
malignant potential (intermediate malignancy) with frequent local 
recurrences but little or no potential for metastatic spread (e.g. 
dermatofibrosarcoma protuberans (DFSP)). These tumours may 
cause important morbidity, and their recognition is therefore essen- 
tial for the planning of treatment and follow-up. Recognising a 
wide range of soft-tissue tumours is also important as a number 
of these lesions — particularly when multiple - may be markers 
of genetic syndromes (e.g. multiple neurofibromas and plexiform 
neurofibroma in neurofibromatosis type 1). 

A broad division can be made between tumours according to the 
morphological lines of differentiation. The latter include fibroblastic, 
myofibroblastic, neural, vascular, muscular and adipocytic types. 
While there is a significant number of tumours with an unclear line 
of differentiation, as a normal cell of origin cannot be identified 
(e.g. epithelioid sarcoma), in recent years some progress has been 
made in this group, namely in the classification of clinically and 
genetically distinct undifferentiated round cell sarcomas previously 
considered subtypes of Ewing sarcoma. In a still larger group of 
tumours, their origin is descriptively ascribed to fibrohistiocytic 
cells, but with mounting evidence that many of these lesions have 
fibroblast and/or myofibroblastic differentiation and almost none 
display true histiocytic differentiation. The list of tumours discussed 
in this chapter is not all-inclusive. For a full account of the very wide 
range of these tumours, the reader is referred to the standard major 
works in this field [1,2]. True histiocytic tumours (Chapter 135), 
keloids and hypertrophic scars (Chapter 94) and metastatic 
malignant tumours (Chapter 148) are covered elsewhere. 

The most useful biological triage is into totally benign lesions; 
lesions that may recur locally but never or almost never metastasise; 
and those that are truly malignant and may metastasise. The great 
majority of dermal or superficial soft-tissue tumours come into 
the first two categories, while truly malignant soft-tissue tumours 


much more frequently arise below the deep fascia. In the case 
of these rare malignant tumours, there is a relationship between 
bulk and prognosis, smaller lesions carrying a better prognosis. 
More superficially situated lesions tend to carry a better prognosis 
than those deeply situated. Mitoses (particularly abnormal mitotic 
figures) and necrosis both tend to be associated with malignant 
rather than benign lesions. 

The usual clinical presentation of many of the tumours described 
in this chapter is of a non-specific lump or nodule. An incisional 
biopsy should be arranged, and it must be adequately deep so that 
the nature of the lesion at its deepest margin can be determined. 
Once the pathologist has established the nature of the tumour, 
appropriate definitive surgery can be planned. Prior consultation 
with the pathologist is strongly recommended, as samples may be 
needed for immunohistochemistry or cytogenetics. All of these may 
be helpful in arriving at an accurate diagnosis. 


FIBROUS AND MYOFIBRC 
TUMOURS 


Fibrous papule of the face [1] 


Definition and nomenclature 
A small facial papule with a distinctive fibrovascular component on 
histological examination. 


Epidemiology 
Incidence and prevalence 
Lesions are very common [2,3,4]. 


Age 
Most patients are middle-aged adults. 


Sex 
Both sexes are equally affected. 


Pathophysiology 

It has been suggested that the condition may be a variant of a 
melanocytic naevus [2,4], but others disagree [3]. 5100 protein is 
never present in lesional cells, giving further support to the theory 
of a non-melanocytic proliferation. 


Figure 136.1 Fibrous papule with hyalinised collagen bundles and increased dilated 
vascular channels. 


Pathology [2,3,4] 

The epidermis appears normal, although there may be an increased 
number of clear cells overlying the lesion. In the dermis, there 
is increased collagen with a hyalinised appearance and scat- 
tered, somewhat dilated, vascular channels (Figure 136.1). In the 
background, there is increased cellularity with mono- and multi- 
nucleated cells with a histiocyte-like appearance. In some lesions, 
epithelioid or clear cells and exceptionally granular cells may 
predominate [5-8]. There are prominent dilated capillaries. 


Clinical features [2,3,4] 

History and presentation 

The lesions usually occur singly on the nose. Occasionally, they 
may occur on the forehead, cheeks, chin or neck, and they may 
rarely be multiple. The papule develops slowly as a dome-shaped, 
skin-coloured or slightly red or pigmented lesion, which is usually 
sessile. Most are asymptomatic, but about one-third bleed on minor 
trauma. 


Differential diagnosis 
The main clinical consideration is that of an intradermal melanocytic 
naevus and, less commonly, a basal cell carcinoma. 


Management 


The lesion is benign, but it may easily be excised usually by shave 
biopsy for cosmetic reasons. 


Storiform collagenoma [1,2] 


Definition and nomenclature 

Storiform collagenoma is a fibrous hypocellular cutaneous lesion 
which, when multiple, may be associated with Cowden dis- 
ease or phosphatase and tensin homologue (PTEN) hamartoma 
syndrome (multiple hamartoma and neoplasia syndrome; see 
Chapter 148) [3]. 
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Fibrous and myofibroblastic tumours 


Epidemiology 
Incidence and prevalence 
It is relatively rare. 


Age 
There is a wide age range with a predilection for adults [2,3]. 


Sex 
No sex predilection. 


Pathophysiology 

The aetiology of sporadic cases is unknown. In the setting of Cow- 
den syndrome, the development of multiple lesions is associated 
with loss-of-function mutations in PTEN, leading to hyperactivity 
of the mTOR pathway. 


Pathology 

Storiform collagenoma typically consists of a fairly well- 
circumscribed dermal nodule with prominent hypocellular 
hyalinised collagen bundles in a storiform pattern (Figure 136.2). 
Bland spindle-shaped cells are rare. A similar histological pattern 
may be seen in the late stages of lesions as diverse as pleomorphic 
fibroma, fibrous histiocytoma (FH) and myofibroma and it has been 
proposed that it does not represent a distinctive entity but a reaction 
pattern [4,5]. 

A more cellular variant containing multinucleated bizarre cells 
has been described as giant cell collagenoma [6]. The latter is a 
potential link between pleomorphic fibroma (see later) and sclerotic 
fibroma as it has been proposed that both entities are part of the 
same spectrum [7]. 


Clinical features 

History and presentation 

Storiform collagenoma usually presents as a small, solitary, asymp- 
tomatic papule, with wide anatomical distribution. Segmental 
presentation has been described in association with the PTEN 
hamartoma tumour syndrome [8]. 


Figure 136.2 Storiform collagenoma. Poorly cellular stroma composed of hyalinised 
collagen in a characteristic ‘plywood’ pattern. 
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Management 
Excision is curative. 


Pleomorphic fibroma —  axS 


Definition [1] 

Pleomorphic fibroma is a relatively rare lesion with features very 
similar to those of a fibroepithelial polyp (skin tag), but characterised 
histologically by bizarre mono- or multinucleated stromal cells. 


Epidemiology 
Incidence and prevalence 
Pleomorphic fibroma is relatively rare. 


Age 
Mainly in adults. 


Sex 
No sex predilection. 


Pathophysiology 
The aetiology is unknown. 


Pathology 

Normal or mildly acanthotic epidermis surrounds a collagenous 
and vascular stroma containing scattered bizarre mono- or multi- 
nucleated cells with hyperchromatic and pleomorphic nuclei. 
Mitotic figures are rare. 


Clinical features 

History and presentation 

Presentation is in the form of a lesion with clinical findings of a 
fibroepithelial polyp with wide anatomical distribution with some 
predilection for perianal skin and the face. 


Management 
Simple excision is curative, and there is no tendency for local recur- 
rence. 


Acquired digital fibrokerator 


Definition 

A benign lesion, possibly a reaction to trauma, which occurs on the 
fingers and toes [2] (Figure 136.3), although the palms and the soles 
have occasionally been involved. 


Epidemiology 
Incidence and prevalence 
The incidence is low. 


Age 
Adults are usually affected. 
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Figure 136.3 Clinical appearance of an acquired digital fibrokeratoma. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The histology shows thick collagen bundles, thin elastic fibres and 
increased vascularity. Occasionally, there is an obvious increase in 
fibroblasts, and rarely the collagen bundles may be separated by 
oedema [3]. The epidermis is relatively normal, but acanthosis and 
hyperkeratosis may occur. 


Clinical features 

History and presentation 

The lesion usually occurs as a solitary dome-shaped lesion, with a 
collarette of slightly raised skin at its base. Occasionally, it may be 
elongated or pedunculated. Giant lesions may occasionally occur 
[4]. The surface may appear to be slightly warty. 


Differential diagnosis 

There is a wide clinical differential diagnosis, which includes der- 
matofibroma, viral wart, supernumerary digit and cutaneous horn. 
Histologically, the lesion is extremely similar to the Koenen tumour 
[5], the periungual fibrous lesion that arises from the nail fold in 
tuberous sclerosis. 


Management 
Excision is curative. 


EWSR1-SMAD3-rearranged 
fibroblastic tumour [1,2] 


This is an emerging benign entity typically presenting as a small 
and superficial acral nodule, composed of intersecting cellular fasci- 
cles of bland spindled fibroblasts with an occasional acellular centre, 
showing diffuse nuclear ERG expression and negative CD34. 


Nodular fasciitis [123,45] — | 


Definition and nomenclature 

A rapidly enlarging subcutaneous neoplasm due to a proliferation 
of myofibroblasts and fibroblasts and that histologically resembles a 
sarcoma. 


fasciitis 
Us fibromatosis 


Epidemiology 

Incidence and prevalence 

It is relatively common. The intravascular and cranial variants of 
fasciitis are rare [6,7]. 


Age 

It is more common in young adults but can occur at any age. 
Intravascular fasciitis is more common in young adults and cranial 
fasciitis tends to occur in children younger than 2 years of age [6,7]. 


Sex 
There is no predilection for either sex except for cranial fasciitis that 
is more common in males [7]. 


Pathophysiology 

Predisposing factors 

There is no clear evidence that trauma initiates the lesions although 
trauma may play a role in cranial fasciitis [8]. 


Pathology [1,2,3,4,5] 

These lesions may look extremely worrying in view of the high 
mitotic rate and rapid growth (see later). The tumour is only 
focally circumscribed and it is composed of bundles of fairly 
uniform fibroblasts and myofibroblasts with pink cytoplasm, 
vesicular nuclei and a single small nucleolus. Myxoid change and 
mucin deposition is often prominent, resulting in a typical tissue 
culture-like appearance (Figure 136.4). In the background, there 
are numerous small delicate blood vessels, extravasated red blood 
cells and scattered mononuclear inflammatory cells. Multinucleated 
giant cells may be seen, and they resemble osteoclasts. Mitoses are 
usually numerous, but there are no abnormal forms. Hyalinised 
collagen bundles are often present and may display a keloidal 
appearance. At the periphery, compact bundles of fibroblasts and 
capillaries probe the fascial planes and may infiltrate fat or skeletal 
muscle. It is not surprising that this histological picture is rela- 
tively often confused with that of a malignant tumour. Variants of 
nodular fasciitis include: those with metaplastic bone (ossifying 
fasciitis); a variant that involves the periosteum (periosteal fasci- 
itis); a variant that involves the scalp and tends to occur in children 
(cranial fasciitis) [6]; and a variant within the lumen of a blood 
vessel (intravascular fasciitis) [7,9]. A rare variant of intradermal 
nodular fasciitis has also been described [10,11]. Intra-articular 
location may also be seen [12]. Tumour cells are variably positive 
for smooth muscle actin and calponin [13] and usually negative for 
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Figure 136.4 Typical tissue culture-like appearance of nodular fasciitis with prominent 
myxoid background. 


smooth muscle markers including desmin and h-caldesmon [14]. 
The histological diagnosis may be very difficult, especially in small 
biopsies. Confusion with a sarcoma or with fibromatosis are major 
pitfalls, with obvious detrimental consequences. 

Immunohistochemistry may be useful in the distinction between 
fibromatosis and nodular fasciitis. The former tends to display 
nuclear f-catenin positivity, while the latter are usually nega- 
tive or display cytoplasmic positivity only [15]. However, some 
fibromatoses, especially those superficially located, are negative 
for this marker and the diagnosis should be based on careful 
clinicopathological correlation. 


Genetics 

The MYH9-USP6 fusion gene has consistently been identified 
in lesions confirming the neoplastic nature of this tumour [16]. 
Lesions like this with a self-limited life and a distinctive clonal 
genetic translocation have been referred to as transient neoplasms 
[16]. Subsequently, multiple USP6 fusion partner genes have been 
described in nodular fasciitis [17]. 


Clinical features [1,2,3,4] 

History and presentation 

The majority of tumours appear as tender rapidly growing masses 
beneath the skin. The average size is 1-3 cm in diameter. The com- 
monest situation is the upper extremities, particularly the forearm, 
but the lesion can occur anywhere, including the orbit and the mouth 
[9]. Lesions on the head and neck often present in children. In nearly 
half the patients, the tumour has been noticed for only 2 weeks or 
fewer when they come for advice. 


Differential diagnosis 
The rapid growth of the lesion may suggest a clinical diagnosis of 
malignancy. 


Disease course and prognosis 
Resolution usually follows incomplete surgical removal. Local 
recurrence is exceptional. 


Management 
Excision is therefore an adequate treatment. 
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Fibro-osseous pseudotumour 
digits [1,23,4] 


Definition 
This is a USP6-driven myofibroblastic proliferation with bone for- 
mation, which occurs exclusively on the digits. 


Epidemiology 
Incidence and prevalence 
It is rare. 


Age 
It presents predominantly in young adults although presentation 
can be at any age. 


Sex 
Males are more often affected than females. 


Pathophysiology 

Predisposing factors 

Trauma appears to be an important factor in the development of the 
tumour. 


Pathology 

The tumour is ill-defined and similar to nodular fasciitis, except for 
the fact that there is formation of osteoid and mature bone. Oedema- 
tous stroma, vascular proliferation and bundles of spindle-shaped 
myofibroblast-like cells are seen intermixed with osteoid and mature 
bone. Mitotic figures are found and their number depends on the age 
of the lesion. 


Genetics 
COL1A1-USP6 gene rearrangement has been identified as a consis- 
tent genetic alteration in these lesions [4]. 


Clinical features 

History and presentation 

The lesion grows rapidly and it is not attached to bone. The fingers 
are more commonly affected than the toes. 


Disease course and prognosis 
Local recurrence is rare. 


Management 
Simple excision is the treatment of choice. 


Ischaemic fasciitis [1-345] 


Definition and nomenclature 

Ischaemic fasciitis is a reactive pseudosarcomatous fibroblas- 
tic/myofibroblastic proliferation that often occurs as a result of 
alterations in local circulation and sustained pressure in immo- 
bilised patients. 
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Epidemiology 
Incidence and prevalence 
Ischaemic fasciitis is relatively rare. 


Age 
Most patients are elderly, usually between the seventh and ninth 
decades of life. 


Sex 
There is a slight predilection for males. 


Pathophysiology 

Predisposing factors 

Persistent ischaemia and trauma to the affected area in immobilised 
patients is an important factor in the development of the lesion. 
However, in many cases there is no association with immobility or 
debilitation [4]. 


Pathology 

The lesion is poorly circumscribed and contains areas of fibrosis, 
vascular proliferation, necrosis and focal myxoid change. Throm- 
bosed blood vessels with recanalisation and areas of fibrinoid 
necrosis, focal haemorrhage and mononuclear inflammatory cells 
are additional features. In the background, there are variable num- 
bers of spindle-shaped myofibroblasts / fibroblasts with vesicular or 
hyperchromatic nuclei and a prominent nucleolus. Mitotic figures 
may be seen but are not prominent. 


Clinical features 

The lesion presents as an asymptomatic subcutaneous mass, pre- 
dominantly over bony prominences that may extend to deeper soft 
tissues and to the overlying dermis. 


Management 
Excision of the lesion is an adequate treatment. 


Fibrous hamartoma of infar 


Definition 

This is a benign, fibroblastic/myofibroblastic, deep dermal and sub- 
cutaneous tumour presenting in children and characterised by three 
distinctive pathological components, as described below. 


Epidemiology 
Incidence and prevalence 
This is a rare tumour. 


Age 
The majority of cases present in children under the age of 2. A quar- 
ter of the cases present at birth. 


Sex 
Males are more affected than females. 


Pathophysiology 

Pathology 

The tumour is composed of three components: 

1 Bundles of interlacing, elongated, bland, wavy spindle-shaped 
cells in a variable collagenous background. 

2 Nests of more immature round cells with focal myxoid change. 

3 Mature adipose tissue. 

In a number of cases a focal pseudoangiomatous component is 
seen [6]. A focal resemblance to a neurofibroma may be seen when 
the first component predominates, but tumour cells are actin posi- 
tive and S100 negative [7]. 

In the dermis overlying the tumour, eccrine glands may show 
secondary changes including hyperplasia, papillary projections and 
squamous syringometaplasia [8]. 


Genetics 
EGFR exon 20 insertion / duplication mutations have been identified 
as the driving genetic event in these lesions [9]. 


Clinical features 

History and presentation 

Most cases present as an asymptomatic, solitary, skin-coloured 
plaque/nodule only a few centimetres in diameter. Exceptional 
tumours are very large and multifocal [10]. Rarely, pigmentary 
changes and/or hypertrichosis may be seen [11]. The tumour grows 
rapidly and has a predilection for the axillae, arm and shoulder 
girdle [1-3]. Rare cases occur on the head and neck [6]. A familial 
association has not been reported. 


Disease course and prognosis 
Local recurrence is exceptional. 


Management 
Simple excision is the treatment of choice [5]; recurrences are excep- 
tional. 


Calcifying fibrous 
tumour/pseudotumour [1,23] 


Definition 

This is a rare, benign, hypocellular tumour characterised by dense 
collagen bundles, areas of calcification and a patchy mononuclear 
cell infiltrate. This lesion has no relation with inflammatory myofi- 
broblastic tumour as was originally suggested [3]. 


Epidemiology 
Incidence and prevalence 
This is very rare. 


Age 
Most lesions occur in children but rare cases may present in young 
adults. 
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Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The tumour typically consists of haphazardly arranged collagen 
bundles with scattered bland fibroblasts, focal small calcifications 
and focal aggregates of lymphocytes and plasma cells. Tumour 
cells are positive for CD34 and may be focally positive for smooth 
muscle actin and more rarely for desmin [3]. 


Clinical features 

History and presentation 

Lesions present as a fairly large subcutaneous or deeper asymp- 
tomatic mass with a wide anatomical distribution. Cases may also 
occur in internal organs [3]. 


Disease course and prognosis 
Local recurrence is rare. 


Management 
The treatment of choice is simple excision. 


Calcifying aponeurotic fibrom 


Definition 

This is a rare fibroblastic tumour characterised by a nodular prolifer- 
ation of bland spindle-shaped cells surrounding nodules at different 
stages of calcification. Cartilage and, less commonly, bone formation 
may be seen. 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
Most cases present in children. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The growth pattern is multinodular. Tumour cells are elongated, 
with scanty pink cytoplasm, vesicular nuclei and very rare mitotic 
figures. Tumour nodules frequently contain areas of calcification, 
which are surrounded by tumour cells in a pattern reminiscent of 
palisading. 


Genetics 
The FN1-EGF fusion is the main driver mutation in calcifying 
aponeurotic fibroma. 


Clinical features 

History and presentation 

Lesions have a predilection for the hands and, less commonly, the 
feet. Occurrence at other sites is rare but tumours may present in 
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places as diverse as the knee, back and thigh [2,3]. Tumours are 
small, slowly growing and usually asymptomatic. Multiple lesions 
are exceptional [4]. 


Disease course and prognosis 
Local recurrence is observed in 50% of cases but malignant transfor- 
mation is exceptional [5]. 


Management 
Simple excision is the treatment of choice. 


Dermatomyofibroma — 


Definition and nomenclature [1-4] 

Dermatomyofibroma presents as a benign, dermal and superficial 
subcutaneous myofibroblastic proliferation microscopically mim- 
icking a fibromatosis. The tumour, however, has no potential for 
local recurrence and lacks an infiltrative growth pattern. 


Epidemiology 
Incidence and prevalence 
Dermatomyofibroma is relatively rare. 


Age 
Most patients are young adults with children only exceptionally 
affected [5-7]. 


Sex 
There is predilection for females. 


Pathophysiology 

Pathology 

Low-power examination reveals a plaque-like proliferation of fas- 
cicles of myofibroblast-like cells with an almost parallel orientation 
to the epidermis. Tumour cells are bland and mitotic figures are 
very rare. The tumour does not destroy adnexal structures but 
may extend focally into the subcutaneous tissue. Rare cases with 
haemorrhage may mimic plaque-stage Kaposi sarcoma (Chapter 
138) [8]. The latter, however, is always positive for human herpes 
virus 8 (HHV8). Tumour cells are variably positive for smooth 
muscle actin and calponin. The latter two markers, however, may 
be negative or minimally positive in some cases. CD34 is focally 
positive in around 20% of cases [7]. 


Clinical features 

History and presentation 

Dermatomyofibroma presents as a solitary, asymptomatic, skin- 
coloured or hypopigmented plaque measuring less than 4cm in 
diameter. Multiple lesions are rarely seen and an exceptional case 
has presented with a linear pattern [9]. 
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Disease course and prognosis 
Local recurrence is almost never seen. 


Management 
Simple excision is curative. 


Plaque-like CD34-positive de 
fibroma [1,23] 


Definition and nomenclature 


This is a very rare lesion characterised by a superficial dermal 
plaque-like proliferation of fibroblasts and not of dermal dendro- 
cytes as originally reported [1]. 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
The age range is wide. Earlier reports were mainly in children but 
tumours also present in adults. Rare lesions are congenital. 


Sex 
Females are more frequently affected than males. 


Pathophysiology 

Pathology 

The epidermis appears unremarkable or slightly flattened and in the 
dermis there is a fairly monotonous proliferation of spindle-shaped 
bland cells in a plaque-like distribution. These cells are positive for 
CD34 and negative for S100. Only a few scattered cells in the back- 
ground are positive for factor XIIla (FXIIa). The appearance may 
resemble early DFSP and distinction between the two conditions is 
very important. Plaque-like CD34-positive dermal fibroma hardly 
ever extends only focally into the subcutis and does not do it ina 
lace-like pattern. Furthermore, this tumour does not show the t17;22 
translocation typically found in DFSP [3]. 


Clinical features 

History and presentation 

There is predilection for the trunk and limbs. Lesions are sometimes 
round or oval and have an atrophic appearance and a yellow-red 
colour. More often, however, clinical features are non-distinctive. 


Disease course and prognosis 
Lesions are benign. 


Management 
Simple excision is the treatment of choice. 


Angiomyofibroblastoma [12-4] 


Definition 

Angiomyofibroblastoma is a distinctive benign neoplasia that 
occurs almost always in the pelvis and perineum, particularly 
affecting the vulva. There is some overlap with another tumour 
that presents in the pelvis and perineum (cellular angiofibroma, see 
later) and also with aggressive angiomyxoma [5]. 


Epidemiology 
Incidence and prevalence 
It is rare. 


Age 
Young to middle-aged females and very rarely in elderly females. 


Sex 
Predominantly in females. Exceptional cases in males. 


Pathophysiology 

Pathology 

Lesions are well circumscribed and consist of a mixture of round 
and spindle-shaped bland cells in a myxoid or oedematous stroma 
with numerous small dilated blood vessels. There is a tendency for 
tumour cells to surround the vascular channels. Mitotic activity is 
not usually present. In a number of cases, there are collections of 
mature adipocytes [4]. 

Cytological atypia secondary to degeneration is sometimes seen. 
Tumour cells are positive for desmin and for oestrogen and proges- 
terone receptors. They are only focally positive for smooth muscle 
actin and muscle-specific actin. Some tumours are variably positive 
for CD34. 


Clinical features 

History and presentation 

Tumours present mainly in the vulva and in males usually affect the 
scrotum. Lesions are subcutaneous, asymptomatic and measure less 
than 5 cm in diameter. Occasional larger pedunculated lesions have 
been reported [6]. 


Disease course and prognosis 
Tumours are benign with no tendency for local recurrence. Only one 
malignant tumour has been reported [7]. 


Management 
The treatment is simple excision. 


Cellular angiofibroma [1-4] — 


Definition and nomenclature 

Cellular angiofibroma is a distinctive benign neoplasm that occurs 
almost exclusively in the vulva and less commonly in the scrotum 
and inguinal soft tissues of men. Some cases overlap histologically 


with angiomyofibroblastoma and a relationship with spindle cell 
lipoma and mammary-type myofibroblastoma has been suggested 
[2]. The latter is based on histological overlap and also on the pres- 
ence of a distinctive cytogenetic abnormality (see later). 


ons 
astoma-like tumour 


Epidemiology 
Incidence and prevalence 
It is relatively rare. 


Age 
Predominantly in young adults. 


Sex 
Most tumours occur in females. 


Pathophysiology 

Pathology 

Tumours are sharply circumscribed but not encapsulated and are 
characterised by short, usually bland, spindle-shaped cells with 
scanty ill-defined pale pink cytoplasm. These cells are arranged in 
bundles and the degree of cellularity varies. In the background, there 
are thin collagen bundles and numerous small to medium-sized 
blood vessels. Mitotic figures are rare and cytological atypia may 
be occasionally seen in some cases. Scattered mononuclear inflam- 
matory cells, mainly lymphocytes, and degenerative changes are 
often identified. The latter consist of haemorrhage, thrombosis, 
hyalinisation and haemosiderin deposition. In myxoid areas, mast 
cells are present and many tumours contain variable numbers of 
mature adipocytes. The most consistent immunohistochemical 
finding is the presence of diffuse positivity for CD34 in many cases. 
Muscular markers including actin and desmin tend to be negative 
but positivity has been reported in male tumours. In a few cases, 
there is focal positivity for oestrogen and progesterone receptors. 


Genetics 
A monoallelic deletion of RB1 located on chromosome 13q14 is often 
found [5]. 


Clinical features 

History and presentation 

Tumours presenting as a small, well-circumscribed, asymptomatic, 
subcutaneous nodule. In males, lesions tend to be larger and may be 
related to a hydrocoele or a hernia [2]. 


Disease course and prognosis 

Lesions are benign with little or no tendency for local recurrence. 
Histologically, exceptional tumours with atypia or sarcomatous 
transformation have been described but they have not behaved in 
an aggressive manner, although follow-up was limited [5,6]. 


Management 
Simple excision is the treatment of choice. 
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Elastofibroma [1,23] -— ee 


Definition and nomenclature 

Elastofibroma is a reactive, probably degenerative, process of the 
elastic fibres of deep soft tissues that occurs almost exclusively 
around the shoulder. Although the lesion is regarded as degen- 
erative, the finding of chromosomal alterations (see later), and of 
clonality in some cases, has led to the suggestion that it represents 
a neoplastic process [4]. 


Epidemiology 

Incidence and prevalence 

Unknown. However, computed tomography (CT) scans detected 
incidental lesions in 2% of persons more than 60 years of age and in 
16% of adult autopsies in persons older than 55 [5,6]. 


Age 
Most lesions occur in old-aged individuals. 


Sex 
No sex predilection. 


Pathophysiology 

Predisposing factors 

Although elastofibroma has been regarded as the result of a degener- 
ative process involving elastic fibres and in association with trauma, 
the presence of cytogenetic abnormalities in some tumours suggest 
that it is more likely to be neoplastic (see later). 


Genetics 

Comparative genomic hybridisation in a series of elastofibromas has 
found chromosomal alterations in a percentage of cases. The most 
common alteration consists of gains at chromosome Xq12-q22 [7]. 


Pathology 

The mass is poorly circumscribed, and the appearances are char- 
acteristic. Abundant hypocellular hyalinised collagen containing 
numerous large thick eosinophilic elastic fibres is the most dis- 
tinctive feature. Sometimes the fibres are beaded and fragmented. 
Staining for elastic tissue nicely highlights the changes. 


Clinical features 

History and presentation 

It presents as an asymptomatic slowly growing mass on the pos- 
terior upper trunk. Pain is very rare. Lesions in other locations, 
including internal organs, are exceptional. Multiple lesions are 
usually bilateral and may be symmetrical [8]. 


Disease course and prognosis 
There is no tendency for local recurrence. 
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Management 
Simple excision is the treatment of choice. 


Inclusion body (digital) 
fibromatosis [1-34] 


Definition and nomenclature 

Inclusion body fibromatosis is a fibro/myofibroblastic proliferation 
that almost only occurs on the fingers and toes. It is characterised by 
bright, round, intracytoplasmic, eosinophilic inclusions. 


ous tumour of childhood 


Epidemiology 

Incidence and prevalence 

Lesions are rare, representing 2% of fibroblastic tumours in child- 
hood [5]. 


Age 
Most lesions present either at birth or during the first year of life. 
Presentation in adults is exceptional [6]. 


Sex 
Males and females are equally affected. 


Pathophysiology 

Pathology 

Monomorphic bundles of bland myofibroblast-like cells are seen in 
the dermis (Figure 136.5a) and often the subcutis. Tumour cells have 
vesicular nuclei, an inconspicuous nucleolus and pink cytoplasm. 
Some mitotic figures may be seen. A distinctive feature is the pres- 
ence of variable numbers of small round eosinophilic intracytoplas- 
mic inclusions in tumour cells (Figure 136.5b). These are periodic 
acid—Schiff (PAS) negative, but stain red with Masson trichrome. 
They also stain for smooth muscle actin. 


Clinical features 

History and presentation 

Lesions present as small multiple nodules with a predilection 
for the dorsal or dorsolateral aspect of the third, fourth and fifth 
digits. Involvement of the first digits (thumb and hallux) does not 
occur. Simultaneous involvement of fingers and toes is very rare. 
New lesions often develop over a long period of time. Only rare 
cases have been described at other sites including the leg, arm and 
breast [4,7]. 


Disease course and prognosis 

Spontaneous regression is sometimes seen [8]. Local recurrence may 
be seen in up to 25% of cases. Aggressive behaviour has not been 
described. 


Figure 136.5 (a) Bundles of bland myofibroblast-like cells in the dermis in a case of inclusion body fibromatosis. (b) Numerous typical eosinophilic intracytoplasmic eosinophilic 


inclusions. 


Management 

Simple excision may be required for lesions that interfere with func- 
tion, but simple observation of histologically confirmed lesions may 
be all that is necessary. 


Fibroma of tendon she 


Definition and nomenclature 
This is a distinctive well-circumscribed fibroblastic tumour, present- 
ing almost exclusively on the distal extremities. 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
Fibroma of tendon sheath presents mainly in young to middle-aged 
adults and exceptionally in children. 


Sex 
Males and females are equally affected. 


Pathophysiology 

Pathology [1,2,3] 

The neoplasm is multilobular and well circumscribed, and consists 
of cellular or poorly cellular areas on a background of variably 
hyalinised stroma. Stromal clefting is usually prominent. Tumour 
cells are spindle shaped, with scanty cytoplasm and vesicular 
nuclei. Cytological atypia tend to be absent, and the mitotic count 


is low. Degenerative changes are seen in some cases and consist 
of cystic degeneration, myxoid change and bony metaplasia. Rare 
giant cells are sometimes identified. 


Genetics 

USP6 translocations with various partner genes have been demon- 
strated in a large proportion of tendon sheath fibromas (cellular 
variant) [4]. 


Clinical features [1,2,3] 

History and presentation 

It is a small slowly growing asymptomatic tumour, with a marked 
predilection for the distal upper limb, particularly the hand 
and fingers (1st, 2nd and 3rd). Rare lesions may present with 
carpal tunnel syndrome [5]. Tumours on the foot are much less 
common. 


Disease course and prognosis 
About 20% of cases recur locally but the growth is not destructive. 


Management 
Simple excision is the treatment of choice. 


Desmoplastic fibroblast 


Definition and nomenclature 
Desmoplastic fibroblastoma represents a distinctive subcutaneous 
fibroblastic tumour consisting of a prominent collagenous stroma. 
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Epidemiology 
Incidence and prevalence 
Tumours are relatively common. 


Age 
Presentation is in middle-aged to old adults. 


Sex 
Males are twice as frequently affected as females. 


Pathophysiology 

Pathology 

This is a well-circumscribed tumour composed of bland elongated 
or stellate cells, with a background collagenous stroma and focal 
myxoid change. Mitotic figures are very rare. 


Genetics 

A translocation t(2;11)(q31;q12) is characteristically found in this 
tumour [3]. The rearrangement of the 11q12 chromosome results in 
the deregulated expression of FOSL1 [3,4]. Desmoplastic fibroblas- 
tomas show strong and diffuse FOSL1 nuclear immunoreactivity [5]. 


Clinical features 

History and presentation 

Lesions present as an asymptomatic nodule, a few centimetres in 
diameter, at any body site with a predilection for the back and limbs. 


Disease course and prognosis 
There is no tendency for local recurrence. 


Management 
Simple excision is the treatment of choice. 


Nuchal-type fibroma [1,2] .— Cs SV?;/- 


Definition and nomenclature 
Nuchal fibroma is a dermal or subcutaneous tumour consisting of 
hypocellular dense collagen. 


Epidemiology 
Incidence and prevalence 
Occurrence is rare. 


Age 
Most cases present in adults between the third and fifth decades 
of life. 


Sex 
Males are much more commonly affected than females. 
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Pathophysiology 
Predisposing factors 
Patients often have type 2 diabetes. 


Pathology 

Dense aggregates of collagen with very few cells and entrapment 
of adipose tissue. Inflammation is minimal and consists of a few 
scattered lymphocytes. In some cases, focal proliferation of nerves 
is seen mimicking a traumatic neuroma. 


Clinical features 

History and presentation 

The great majority of cases present by far on the nape of the neck. 
Tumours can also present on the upper back, limbs and face [3]. 
Coexistence with scleroedema is possible, probably reflecting the 
association with diabetes, and lesions identical to nuchal fibroma 
are recognised to occur in Gardner syndrome (Chapter 78) and are 
known as Gardner-associated fibromas [3,4]. The latter may be mul- 
tiple, present in various locations and may recur. These lesions may 
be the first clue as to the existence of Gardner syndrome. 


Disease course and prognosis 
Local recurrence is common but lesions do not behave aggressively. 


Management 
Simple excision is the treatment of choice. 


Palmar and plantar fibroma’ 
(superficial fibromatoses) [1,2] 


Definition and nomenclature 

Palmar and plantar fibromatoses are superficial neoplastic prolifera- 
tions of fibroblasts and myofibroblasts that have a tendency for local 
recurrence, but do not metastasise. 


Epidemiology 

Incidence and prevalence 

Palmar fibromatosis is fairly common and more common than plan- 
tar fibromatosis. The incidence of both conditions, but particularly 
the former, increases with age. 


Age 

Both conditions affect middle-aged to elderly patients and are 
uncommon in younger individuals. However, children may rarely 
be affected, particularly by plantar fibromatosis [3]. 


Sex 
Both lesions are more common in men, but the sex difference is more 
marked in palmar lesions. 


Ethnicity 
Affected patients are mainly of northern European origin; non- 
whites are rarely affected. 


Pathophysiology 

Predisposing factors 

Genetic predisposition, as well as trauma, is thought to play an 
important role in the pathogenesis of these conditions. Associations 
with diabetes, alcoholic liver disease and epilepsy have also been 
described. 


Pathology 
Early lesions are fairly cellular and consist of bundles of bland 
fibroblasts with some collagen deposition. The latter increases 
considerably in older lesions. Interestingly, although superficial 
fibromatoses are very similar histologically to deep fibromatosis 
(abdominal, extra-abdominal and mesenteric fibromatosis), the 
behaviour of superficial fibromatosis is not usually aggressive. This 
may be due to the fact that deep fibromatosis often display muta- 
tions of the APC gene or somatic mutations of the gene encoding 
B-catenin, while these mutations are absent in superficial fibro- 
matosis. Intriguingly however, although deep fibromatoses often 
display nuclear expression of B-catenin, this is also seen in a smaller 
percentage of superficial fibromatoses without gene mutations [4]. 
Coexistence between the two variants of fibromatoses and 
desmoid tumours, penile fibromatosis (Peyronie disease) and 
knuckle pads, may be seen. 


Clinical features 

History and presentation 

Palmar fibromatosis presents as indurated nodules or as an 
ill-defined area of thickening, bilateral in about 50% of cases 
that may result in contracture. Plantar fibromatosis usually consists 
of a single nodule. 


Disease course and prognosis 
Functional limitation is common. Lesions are prone to local 
recurrence. 


Management 
Complete excision is desirable. Another, non-surgical option is treat- 
ment with Clostridium histolyticum injectable collagenase [5]. 


Penile fibromatosis [123] SS 


Definition and nomenclature 

Although usually regarded as a variant of superficial fibromatosis, it 
is more likely that this disease represents a reactive fibrotic disorder 
of unknown aetiology. 
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Epidemiology 
Incidence and prevalence 
The condition is rare. 


Age 
Most patients are middle-aged. 


Pathophysiology 
Predisposing factors 
There is an association with type 2 diabetes. 


Pathology 

In early lesions, there is a patchy chronic mononuclear inflamma- 
tory cell infiltrate and focal vasculitic changes. These changes lead 
to dense bands of hyalinised collagen in late stages. 


Clinical features 

History and presentation 

It presents as a solitary nodule or multiple nodules close to the cor- 
pus cavernosum on the dorsal surface of the shaft and in most the 
lesion is small. Pain and curvature of the penis on erection are fre- 
quent complaints. The presence of diabetes increases the severity of 
the disease [4]. 


Disease course and prognosis 
The condition results in penile deformity and sexual dysfunction. 


Management 

Surgery is the treatment of choice but in recent years less invasive 
therapies have been attempted. The latter include intralesional injec- 
tions of interferon a-2b or of Clostridium histolyticum collagenase [5]. 


Lipofibromatosis [1] -— aa 


Definition and nomenclature 

Lipofibromatosis is a locally aggressive childhood tumour com- 
posed of variable amounts of mature adipose and fibroblastic 
elements. 


lusions 
romatosis variant (non-desmoid type) 


Epidemiology 
Incidence and prevalence 
The condition is very rare. 


Age 
Tumours occur in infants and children; the majority of cases present- 
ing in the first decade of life. 
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Sex 
There is male predominance (around 60% of cases). 


Pathophysiology 

Pathology 

Tumours are infiltrative and consist of lobules of mature adipose 
tissue intermixed with bundles of fibroblast-like cells with no cyto- 
logical atypia and low mitotic activity. By immunohistochemistry, 
tumour cells are focally positive for 5100 protein, CD34, bcl-2, actin, 
epithelial membrane antigen (EMA) and CD99. The lesion closely 
resembles a fibrous hamartoma of infancy but has more prominent 
adipose tissue and lacks the third cellular component seen in the 
latter, which consists of round primitive-looking cells in a myxoid 
background. 


Genetics 
Many of the cases show fusions involving various tyrosine kinase 
receptor genes [2]. 


Clinical features 

History and presentation 

Some tumours are congenital. There is a male predominance. The 
classical presentation is of a slowly growing ill-defined mass. There 
is a predilection for the hands and feet, but other sites in the limbs, 
and less commonly on the trunk, may be affected. The rate of local 
recurrence is high. 


Disease course and prognosis 
The tumour is locally aggressive with no metastatic potential. There 
is high tendency for local recurrence. 


Management 
Complete excision (with a free margin) is desirable, as the lesions 
are infiltrative. 


Dermatofibrosarcoma 
protuberans [1-3] 


Definition 
DFSP is a locally invasive, low grade malignant tumour arising in 
the dermis and showing fibroblastic differentiation. 


Epidemiology [1-3] 

Incidence and prevalence 

DFSP is uncommon but represents one of the most common dermal 
sarcomas. The incidence in the USA has been estimated as 4.2 cases 
per million [4]. 


Age 

Tumours more commonly develop during the third and fifth decades 
of life. However, presentation during childhood and late life is not 
particularly rare [5-7]. Congenital cases have been described [7,8]. 


Sex 
There is a slight female predilection. 
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Ethnicity 
It is more common in black than in white patients [4]. 


Pathophysiology 

Predisposing factors 

Some cases develop at the site of previous trauma and reports have 
included a burn scar [9] and the site of vaccination. Exceptional 
cases have been associated with previous radiotherapy to the area 
[10]. There is an association between DFSP and children with adeno- 
sine deaminase deficient severe combined immunodeficiency [11]. 
Patients affected by the latter have a higher incidence of tumours 
presenting at early age and often multicentric. 


Pathology [1-3] 

The tumour is usually a solitary multinodular mass. The der- 
mis and subcutaneous tissue are replaced by bundles of uniform 
spindle-shaped cells with little cytoplasm and elongated hyperchro- 
matic, but not pleomorphic, nuclei. Usually there is little mitotic 
activity. Deeper involvement may be seen in some cases. Laterally, 
the tumour cells infiltrate widely between collagen bundles of the 
deeper dermis and blend into the normal dermis, forming quite def- 
inite bands, which interweave or radiate like the spokes of a wheel; 
this is described as a ‘storiform’ pattern (Figure 136.6). The intersti- 
tial tissue contains collagen fibres, except in the most cellular parts 
of the tumour. The subcutaneous tissue is extensively infiltrated 
and replaced in a typical lace-like pattern. Myxoid change may be 
focal or, rarely, prominent; in the latter setting, the histological diag- 
nosis is difficult [12,13]. Some tumours are colonised by scattered 
deeply pigmented melanocytes, a variant known as pigmented 
DFSP (Bednar tumour) [14,15]. A further variant consists of myoid 
nodules and is thought to represent myofibroblastic differentiation 
[16]. Rare cases show focal granular cell change. 

Fibrosarcomatous DFSP [17,18,19,20] is an important variant of 
this tumour, which is recognised by the focal presence of areas 
with long sweeping fascicles of tumour cells intersecting at acute 
angles in a typical ‘herring-bone’ pattern, almost identical to that 
seen in fibrosarcoma. In these areas, mitoses are increased and 
there is more nuclear hyperchromatism. P53 expression is increased 
in fibrosarcomatous areas [20]. Identification of the presence of 


Figure 136.6 Pathological appearance of dermatofibrosarcoma protuberans showing 
the diffuse distribution of fairly uniform, spindle-shaped tumour cells with characteristic 
‘honeycomb’ fat infiltration. 


this pattern, and its quantity, is very important, as it is related to 
metastatic potential. Fibrosarcomatous areas are more common in 
recurrent tumours. Very rare variants of DFSP may show areas of 
high-grade sarcoma either in the primary tumour or in a recurrence 
[21]. DFSP may show areas of giant cell fibroblastoma (see later) 
and either tumour may recur, displaying features of the other 
tumour [22]. 

The majority of the lesions are positive on staining with the anti- 
body CD34, although this is not specific for DFSP [23]. Other mark- 
ers are usually negative, but in some cases focal positivity for epithe- 
lial membrane antigen may be seen. Fibrosarcomatous areas often 
show decreased staining with CD34 [19]. 


Genetics 

Cytogenetic studies are helpful, as ring chromosomes indicative 
of a 17;22 translocation are invariably found [22]. However, it is 
important to highlight that some cases demonstrate a variant ring 
chromosome with cryptic rearrangements of chromosomes 17 and 
22 [24]. This chromosomal translocation involves the collagen type 
I «1 (COL1A1) gene on chromosome 17 and the platelet-derived 
growth factor B (PDGFB) gene on chromosome 22. The abnormal 
fusion transcripts resulting from this translocation leads to autocrine 
stimulation of PDGFB and platelet-derived growth factor receptor 
B (PDGFRB) and cell proliferation. The fusion transcript is found 
in almost all examples of the tumour by polymerase chain reac- 
tion (PCR) and fluorescence in situ hybridisation (FISH) [23]. The 
same cytogenetic abnormality is found in giant cell fibroblastoma, 
confirming that both tumours are part of the same spectrum. The 
progression of DFSP to fibrosarcomatous DFSP involves activation 
of Akt-mTOR pathway proteins and PDGFR [25]. 


Clinical features 

History and presentation 

The tumour is more often situated on the trunk (up to half of the 
cases), particularly in the flexural regions, than on the extremities or 
the head [1,2]. Involvement of the limbs is usually proximal. Presen- 
tation on the hands and feet, particularly on the digits, is very rare. It 
may begin in early adult life with one or more small, firm, painless, 
flesh-coloured or red dermal nodules (Figure 136.7). 

The tumour starts as a plaque, which may occasionally be atrophic 
[6,26]. Progression is usually very slow and may occur over many 
years; a significant proportion of tumours only become protuber- 
ant after a long period of time [27]. Eventually, nodules develop, 
coalesce and extend, becoming redder or bluish as they enlarge to 
form irregular protuberant swellings. At this stage, the base of the 
lesion is a hard indurated plaque of irregular outline. In the later 
stages, a proportion of lesions become painful and there may be 
rapid growth, ulceration and discharge. 


Differential diagnosis 

In the early stages, it may be impossible to distinguish this 
tumour from a histiocytoma or a keloid. Some lesions may also 
be confused with morphoea profunda. The slow progression, 
deep red or bluish-red colour and the characteristic irregular con- 
tour and extended plaque-like base are strongly suggestive of 
DFSP. 
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Figure 136.7 Recurrent abdominal dermatofibrosarcoma protuberans. 


Disease course and prognosis 

Local recurrence of ordinary DFSP is reported to vary from 15% 
to up to 60% [3,28,29]. The fibrosarcomatous variant has a similar 
rate of local recurrence but a higher rate of metastatic spread 
[20,21,30,31,32]. Metastases to lymph nodes and internal organs 
tend to be extremely rare in pure DFSP [20,33,34] but occur in up to 
13% of cases with fibrosarcomatous transformation [20,21,22,31,32]. 


Management 

The tumour should be excised completely, with a generous margin 
of healthy tissue [35]. The best chance of achieving a complete 
cure with no recurrence is early detection of small tumours. Local 
recurrence invariably follows inadequate removal; the clearance 
necessary to cure the tumour is often underestimated [36]. A margin 
of between 2 and 4 cm has been recommended [29,37]. Mohs micro- 
graphic surgery has been reported as effective in reducing the rate 
of local recurrence and it has become the recommended standard 
treatment where available [38,39]. If this type of treatment is used 
it should be performed using formalin-fixed paraffin-embedded 
sections rather than frozen sections, and evaluation should be by an 
individual experienced in interpreting cutaneous neoplasms, ideally 
a pathologist, dermatopathologist or a dermatologist (the quali- 
fications of medical specialties in histopathological examination 
vary between different parts of the world). Although Mohs surgery 
clearly reduces the rate of local recurrences, the latter still occur 
and sometimes this happens more than 5 years after surgery [40]. 
Postsurgical radiotherapy has been advocated to reduce the rate of 
local recurrence [41] but this type of treatment has not been assessed 
in large series of patients. In recent years, it has been demonstrated 
that imatinib mesylate, a potent inhibitor of a number of protein 
kinases including the PDGFR, results in good clinical response in 
patients with large unresectable or metastatic tumours [42-46]. 


Giant cell fibroblastoma [1-3,4] 


Definition 
This is a locally recurrent fibroblastic tumour, closely related to 
DFSP. It is characterised by spindle-shaped, oval or stellate, mono 
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or multinucleated cells in a fibromyxoid stroma with irregular 
pseudovascular spaces lined by tumour cells. 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
Most cases present in children. Rare cases are seen in young adults 
and only exceptionally in older adults. 


Sex 
About 60% of patients are male. 


Pathophysiology 

Pathology 

Solid fibromyxoid areas with variable collagen deposition contain 
stellate and spindle-shaped mono- and multinucleated tumour 
cells with hyperchromatic nuclei. Dilated irregularly branching 
pseudovascular spaces are commonly seen scattered throughout 
the lesion. These spaces are lined by tumour cells, which often 
appear multinucleated (Figure 136.8). Mitotic figures are excep- 
tional. Aggregates of perivascular lymphocytes in an onion-ring 
pattern and focal haemorrhage are often seen [4]. Focal areas iden- 
tical to DFSP may be seen and can occupy a substantial part of the 
tumour. Excised lesions can recur as a pure giant cell fibroblastoma, 
as a tumour with focal DFSP, or as pure DFSP [4,5-7]. All types of 
tumour cells are positive for CD34. 


Genetics 

Ring chromosomes with sequences of chromosomes 17 and 22, iden- 
tical to those found in DFSP, have been described in this tumour, 
confirming their close histogenetic relationship [8,9]. 


Clinical features [1-3,4] 

History and presentation 

The large majority of cases present as a subcutaneous ill-defined 
mass but rare tumours are polypoid. It is rare in young adults and 
more exceptional in older adults. The trunk, axilla and groin are 
much more commonly involved than the proximal limbs. Head and 


Figure 136.8 Typical pseudovascular spaces focally lined by multinucleated cells in a 
case of giant cell fibroblastoma. 
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neck tumours are rare. Lesions typically measure a few centimetres 
in diameter and tend to be asymptomatic. 


Disease course and prognosis 
Recurrence may be seen in about half of the cases, but metastasis has 
not been reported. 


Management 
Complete surgical excision with adequate margins is the treatment 
of choice. 


CD34-positive superficial 
tumour (1,2) 


Definition 


This is a distinctive low-grade cutaneous/subcutaneous tumour, 
composed of spindled cells with copious, eosinophilic, glassy or 
granular cytoplasm and marked nuclear pleomorphism, growing 
in sheets or fascicles. 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
Most patients are middle-aged adults. 


Sex 
There is a slight male predilection. 


Pathophysiology 

Pathology 

The tumours are relatively circumscribed, but at least partially 
infiltrative. The cells are spindled to epithelioid, grow in sheets 
or fascicles and show abundant granular or glassy eosinophilic 
cytoplasm. Occasional lipidisation of cells may be present. Nuclear 
pleomorphism is moderate to marked. The nuclei may exhibit 
bizarre shapes, pseudoinclusions, hyperchromatic nuclei and 
prominent nucleoli. However, mitotic activity is very low and 
necrosis is infrequent. All cases show strong, diffuse CD34 pos- 
itivity, while focal cytokeratin expression is noted in 70% of 
cases [1]. 


Genetics 
PRDM10 rearrangement has been shown in three cases [2]. 


Clinical features 

History and presentation 

The tumour most frequently occurs in the superficial soft tissues of 
the lower extremities, especially the thigh, with a mean diameter of 
4.1cm. 


Disease course and prognosis 

There have been no local recurrences reported, and only one 
regional lymph node metastasis 7 years after an incomplete 
excision. 


Management 
The treatment of choice is local excision with free margins. 


Myxoinflammatory fibrobla 
sarcoma [1-34] 


Definition and nomenclature 

Myxoinflammatory fibroblastic sarcoma is a distinctive, neoplastic 
process with marked predilection for acral sites, and with histolog- 
ical features closely mimicking an inflammatory process due to the 
presence of prominent inflammation and virocyte-like inclusions 
in the nuclei of tumour cells. The latter features were initially 
thought to indicate an infectious aetiology. A relationship with 
haemosiderotic fibrolipomatous tumour is likely (see later). Both 
tumours share a similar translocation (see later). Hybrid tumours or 
metachronous evolution of the former to myxoinflammatory fibro- 
blastic sarcoma have been documented, with adverse outcomes in 
some cases [5,6]. 


matory fibroblastic sarcoma 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
Most patients are middle-aged adults. Presentation in children [6] 
and elderly patients is very rare. 


Sex 
There is a slight female predilection. 


Pathophysiology 

Pathology 

Lesions are lobulated and poorly circumscribed and involve the 
subcutaneous fat and often extend to the dermis and deeper tis- 
sues, sparing bone. Low-power examination is misleading and 
the initial impression is that of an inflammatory process. Lobules 
of hyalinised and myxoid tissue containing variable numbers of 
inflammatory cells are seen. The latter include lymphocytes, his- 
tiocytes, neutrophils and less commonly eosinophils and plasma 
cells. Closer examination reveals variable numbers of neoplastic 
cells that vary from round to spindle shaped. Some of these cells 
may be multinucleated. Round cells mimic ganglion cells with 
nucleoli resembling viral inclusions. Less commonly, vacuolated 
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tumour cells resembling lipoblasts are seen. Mitotic activity is 
very low. Lesions displaying one or more of the following histo- 
logical features appear to have a higher rate of local recurrence: 
areas with complex sarcoma-like vasculature, hypercellular areas 
and increased mitotic activity or the presence of atypical mitotic 
figures [4]. Immunohistochemistry shows that tumour cells are 
variably positive for bcl-1 (94.5%), FXII]a (89%), CD10 (80%), D2-40 
(56-86%), CD34 (50%), keratins (33%), actin (26%), CD68 (27%) and 
very rarely for desmin, S100 and EMA [4,7]. 


Genetics 

FISH and array comparative genomic hybridisation performed in 
a substantial number of cases show BRAF alterations or the t(1;10) 
involving TGFBR3 and OGA in around 5% of cases, respectively, 
while amplification of VGLL3 on chromosome 3 can be found in 
approximately 40%. Currently there is no sufficiently robust genetic 
or immunohistochemical diagnostic signature and the diagnosis 
rests mainly on clinicopathological features [8]. 


Clinical features 

History and presentation 

Characteristically, tumours are longstanding, asymptomatic and 
slowly growing, multinodular and usually measure no more than 
4cm. The great majority occur on acral sites, particularly the 
dorsal aspect of the hands and wrists, followed by the feet. How- 
ever, lesions may rarely present elsewhere on the limbs (the arm, 
forearm and thigh) [4,6,9,10] and exceptionally elsewhere in the 
body, including the head and neck [4,5,9]. Most cases are clinically 
diagnosed as a ganglion cyst or as a giant cell tumour of tendon 
sheath. 


Disease course and prognosis 

The rate of local recurrence is high, varying from 11% to 67% in dif- 
ferent series [1,2,4]. The absence of clear surgical margins correlates 
with higher recurrence rate. Distal metastases are exceptional and 
are mainly to regional lymph nodes. 


Management 
The treatment of choice is wide local excision and this often implies 
amputation. 


Undifferentiated sarcoma | 4 


In pertinent classifications, undifferentiated soft tissue sarcoma 
(USTS) has replaced ‘malignant fibrous histiocytoma’ which was 
an umbrella term historically encompassing a heterogeneous 
group of neoplasms that included five different clinicopatho- 
logical subtypes: pleomorphic, myxoid, giant cell, inflammatory 
and angiomatoid. There was little relation between these five 
morphological types; the angiomatoid variant was reclassified in 
the group of fibrohistiocytic tumours and the name changed to 
‘angiomatoid FH’. What was formerly known as myxoid variant of 
malignant FH is now known as ‘myxofibrosarcoma’, and it is likely 
to show fibroblastic differentiation; this tumour often involves 
the skin because of its frequent origin in the subcutis and it will 
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therefore be discussed in more detail later. Angiomatoid FH has 
been described under fibrohistiocytic tumours. Currently, USTS 
may be roughly divided into pleomorphic, spindle cell, round 
cell and epithelioid subsets by morphology, but these have no 
specific defining features other than their common denomina- 
tor — lack of identifiable differentiation. If cases classified as USTS 
are extensively studied with ancillary studies including immuno- 
histochemistry, electron microscopy and cytogenetics [5,6], a certain 
percentage may be reclassified as pleomorphic variants of other 
soft-tissue tumours, including liposarcoma, rhabdomyosarcoma 
and leiomyosarcoma. 


Myxofibrosarcoma [1-34] 


Definition and nomenclature 

Myxofibrosarcoma (MFS) is a neoplasm of the subcutis and deeper 
soft tissues with variable cellularity, myxoid change and cells with 
pleomorphic nuclei. The cellular end of the spectrum is identical to 
undifferentiated sarcoma and the diagnosis is made based on the 
presence of myxoid areas with less cellularity and a lobular pattern. 
The myxoid change should be seen in 10% or more of the tumour 
before a lesion is classified as myxofibrosarcoma. 


clusions 
fibrous histiocytoma 


Epidemiology 
Incidence and prevalence 


Age 
Presentation is mainly in middle-aged to old adults. 


Sex 
There is a slight male predilection. 


Pathophysiology 

Pathology [4] 

These tumours have a lobular growth pattern. They are classified 
according to the degree of cellularity and pleomorphism into low, 
medium and high grade. Low-grade tumours are paucicellular 
and consist of round or elongated bland and pleomorphic cells 
in a prominent myxoid stroma. The atypical cells have irregular 
hyperchromatic nuclei and mitotic figures are relatively frequent. In 
the background, a fairly prominent number of thin-walled vascular 
channels with a typical curvilinear pattern are seen. Vacuolated, 
Alcian blue positive cells, focally mimicking lipoblasts, are rela- 
tively frequent. In some tumours, hypocellular areas blend with 
more cellular areas containing cells with increased pleomorphism; 
such tumours are classified as intermediate grade. Tumours with 
high cellularity (high grade) are indistinguishable from undif- 
ferentiated sarcoma and may have necrosis. Grading of lesions 
is important, because the rate of local recurrence and metastasis 
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varies (see later). Some tumours, particularly high-grade lesions, 
may have epithelioid morphology [5]. Focal SMA and/or CD34 
reactivity may be encountered. 


Genetics 

Myxofibrosarcomas show complex karyotypes, with a large 
number of driver genes, some of them potentionally actionable. 
Methylation-based analysis groups MFS into three clusters, associ- 
ated with particular driver mutations, different clinical outcomes 
and immune cell compositions [6]. 


Clinical features 

History and presentation 

This tumour mainly presents in the extremities, particularly the 
lower limbs followed by the upper limbs and less commonly the 
trunk, head and neck [4]. Typically, an asymptomatic mass, mea- 
suring several centimetres in diameter, is found in the subcutis or 
deeper soft tissues. This is one of the sarcomas that more often 
involves the dermis as a result of extension from the subcutis or 
deeper soft tissues, rather than having a dermal origin. About 50% 
of cases arise in the subcutaneous tissue and involve the overlying 
dermis [5]. Exceptional cases have been reported in association with 
a burn scar [7]. 


Disease course and prognosis 

High-grade lesions have a higher tendency for local recurrence and 
for metastatic spread to regional lymph nodes. The overall 5-year 
survival is between 60% and 70% [4,5,7]. Tumours with epithelioid 
morphology appear to have a more aggressive behaviour [8]. 


Management [4] 
Excision with clear margins is essential. 


Low-grade fibromyxoid sarc 


Definition and nomenclature 

This distinctive neoplasm is regarded as a low-grade variant of 
fibrosarcoma. It is characterised by deceptive, bland, spindle-shaped 
cells in a stroma with curvilinear blood vessels and either collage- 
nous or myxoid background. 


cell tumour with giant rosettes 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
It is seen mainly in young to middle-aged adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology [1-3] 

The tumour consists of a proliferation of wavy, bland, spindle- 
shaped cells arranged in short fascicles and surrounded by a col- 
lagenous or myxoid stroma. Cellularity varies and tumour cells are 
usually bland with very rare mitotic figures. Frequent, elongated, 
thin-walled blood vessels are seen throughout the tumour. Only a 
small number of cases display some degree of cytological atypia. 
As a result of the deceiving histological appearances, the tumour is 
often diagnosed as benign. In a proportion of cases there are focal 
areas with hyalinised collagen surrounded by epithelioid tumour 
cells forming rosettes. This variant of the tumour was originally 
described as hyalinising spindle cell tumour with giant rosettes 
[4]. The presence of rosettes does not influence the behaviour of 
the neoplasm. Diffuse and intense cytoplasmic MUC4 staining is 
a highly sensitive and specific marker for low-grade fibromyxoid 
sarcoma [5]. 


Genetics 

The majority of tumours are characterised by a t(7;16)(q33;p11) 
translocation, leading to fusion of the FUS and CREB3L2 genes 
[6]. Small numbers harbour a FUS-CREB3L1 fusion resulting from 
t(11;16)(p11;p11), while rare cases harbour the EWSR1-CREB3L1 
fusion [7] resulting from t(11;22)(p11;q12). These findings are useful 
for confirmation of the diagnosis by FISH. 


Clinical features 

History and presentation 

The tumour usually presents as a slowly growing lesion in young to 
middle-aged adults, with an equal sex incidence; it has a predilec- 
tion for the proximal extremities, followed by the trunk. Tumours 
tend to be longstanding and asymptomatic and present as a mass, 
measuring several centimetres in diameter, and located in the sub- 
cutis or deeper soft tissues. Subcutaneous lesions are often clinically 
diagnosed as a lipoma. 


Disease course and prognosis 

In the largest series of cases reported so far it has been shown that 
local recurrence occurs in 9% of cases, metastases in 9% and mor- 
tality in 2% [7]. It seems that areas with higher grade morphology 
do not confer a more aggressive behaviour. However, this needs to 
be confirmed in further studies. Metastatic spread may occur many 
years after the original diagnosis and therefore long-term follow-up 
is indicated. 


Management 
Excision with clear margins is essential. 


FIBROHISTIOCYTIC TU 


Tenosynovial giant cell tumou 


Definition 
This is a benign tumour that in its localised variant occurs mainly on 
the hands and consists of a nodular proliferation of histiocyte-like 


cells with scattered multinucleated giant cells and variable num- 
bers of mononuclear inflammatory cells. The diffuse variant of 
this tumour that involves joints is not discussed further in this 
chapter. 


Epidemiology 
Incidence and prevalence 
Tumours are relatively rare. 


Age 
Young to middle-aged adults. 


Sex 
There is a predilection for females. 


Pathophysiology 

Pathology 

It is a multinodular lesion composed of sheets of histiocyte-like 
cells with bland vesicular nuclei, intermixed with multinucleated 
giant cells, foamy cells, siderophages and scattered mononuclear 
inflammatory cells. Hyalinisation, haemosiderin deposition and 
cholesterol clefts are often seen. No histological features predict 
lesions that recur locally [3]. 


Genetics 
The tumours are characterised by rearrangements of CSF1 (macro- 
phage colony-stimulating factor) [4]. 


Clinical features 

History and presentation 

Tumours present mainly on the hands with a predilection for the 
fingers. They are typically between 1 and 3cm in diameter and 
asymptomatic, although they may interfere with function. Multiple 
tumours are very rare [5]. 


Disease course and prognosis 
The rate of local recurrence varies from 5% to 15% [3,6]. 


Management 
Excision is the treatment of choice. 


Fibrous histiocytoma 
(dermatofibroma) [1-4] 


Definition and nomenclature 

Fibrous histiocytoma (FH) is a benign dermal and often superficial 
subcutaneous proliferation of oval cells resembling histiocytes, and 
spindle-shaped cells resembling fibroblasts and myofibroblasts. 
Their line of differentiation remains uncertain, but these lesions are 
descriptively classified as fibrohistiocytic tumours because of the 
microscopic appearance of the tumour cells. Evidence of clonality 
in FH was confirmed by cytogenetic studies in the 1990s [5], and 
more recently gene fusions involving protein kinase C genes were 
found in a proportion of FHs [6]. The neoplastic nature of FH is 
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also confirmed by their clinical persistence and by the frequency of 
local recurrence of some variants (cellular, aneurysmal and atypical; 
see later) as well as the exceptional metastases (rarely leading to 
death as a result of disseminated disease) of some tumours (cellular, 
aneurysmal and atypical and, more exceptionally, epithelioid and 
even ordinary types) [7-9,10,11,12]. 


1 inclusions 
utis 
| nodular fibrosis 


Epidemiology 

Incidence and prevalence 

Ordinary FH is probably the most common cutaneous soft-tissue 
tumour. Important clinicopathological variants (cellular, atypical 
and aneurysmal) are much more uncommon. Cellular FH repre- 
sents fewer than 5% of all FHs [12]. Aneurysmal and atypical FHs 
are less common than the latter. 


Age 
Most FHs occur in young to middle-aged adults. Cellular, atypical 
and epithelioid FHs are more common in young adults. 


Sex 

Ordinary FH is more common in females. Cellular and atypical FHs 
are more common in males. The other variants are more common in 
females. 


Pathophysiology 

Pathology 

The overlying epidermis frequently shows a degree of epider- 
mal hyperplasia [13] (Figure 136.9). The latter displays different 
patterns including changes mimicking a squamous papilloma, a 
seborrhoeic keratosis and lichen simplex chronicus. Occasionally, 
the epidermal proliferation is associated with immature follicular 
structures, which are often confused with a basal cell carcinoma. 
In the dermis, there is a localised proliferation of histiocyte-like 
cells and fibroblast-like cells, associated with variable num- 
bers of mononuclear inflammatory cells. Foamy macrophages, 
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siderophages and multinucleated giant cells are also variably 
present. A focal storiform pattern is often seen. The tumour blends 
with the surrounding dermis. Collagen bundles at the periph- 
ery of the lesion are surrounded by scattered tumour cells and 
appear somewhat hyalinised. Focal myofibroblastic differentiation 
is often suggested, particularly in the cellular variant. Older lesions 
show focal proliferation of small blood vessels in association with 
haemosiderin deposition and fibrosis, hence the older name of 
‘sclerosing haemangioma’. 

Cellular FH [12] also shows epidermal hyperplasia, but the lesions 
are more cellular, less polymorphic and consist of bundles of 
spindle-shaped cells with pink cytoplasm and a focal storiform 
pattern (Figure 136.10). The mitotic rate varies and necrosis may be 
found in up to 12% of cases. Extension into the subcutaneous tissue 
is more prominent than that seen in ordinary FH. However, the 
pattern of infiltration is mainly along the septae and only focally 
into the subcutaneous lobule in a lace-like pattern. The cellularity 
and growth pattern often make distinction from DFSP difficult, 
particularly in small biopsies. DFSP is, however, more monomor- 
phic, tends to infiltrate the subcutaneous tissue diffusely and is 
generally uniformly positive for CD34. Cellular FH may be focally 
positive for CD34, but this is predominantly seen at the periphery 
of the tumour. Staining for FXIIa is positive in a percentage of 
background cells in FH and negative in DFSP. Furthermore, cellular 
FH is often focally positive for smooth muscle actin, whereas this 
marker is negative in DFSP. 

Aneurysmal FH [14,15] shows extensive haemorrhage, with promi- 
nent cavernous-like pseudovascular spaces (Figure 136.11), which 
are not lined by endothelial cells. The mitotic rate varies but may be 
prominent. The background is that of an ordinary FH. 

Atypical FH [16,17] shows variable numbers of mono- or multi- 
nucleated, pleomorphic, spindle-shaped or histiocyte-like cells 
on a background of an ordinary FH. These cells may be very 
prominent, making the histological diagnosis difficult. Mitotic 
figures, including atypical forms, may be seen. These lesions used 
to be classified as ‘atypical fibroxanthoma (AFX) occurring in 
non-sun-exposed skin of young patients’. 

Epithelioid FH [18,19,20] contains a predominant population of 
cells with abundant pink cytoplasm and vesicular nuclei, and there 
is often myxoid change and a prominent vascular component. Most 


Figure 136.9 Histological appearance of dermatofibroma, showing epidermal 
hyperplasia and pigmentation overlying the dermal sclerotic component. 


Figure 136.10 Cellular fibrous histiocytoma. Note the increased cellularity, fascicular 
appearance and focal extension into the subcutis. 


Figure 136.11 Aneurysmal fibrous histiocytoma. Prominent haemorrhage and 
haemosiderin deposition within a typical fibrous histiocytoma background. 


epithelioid FH harbour ALK rearrangement and show ALK overex- 
pression by immunohistochemistry. Distinction from a Spitz naevus 
may be difficult on histological grounds alone, but in epithelioid 
FH there is no junctional component, tumour cells are not nested, 
they are negative for S100 and usually ALK positive. 

Many histological variants of FH have been described; recognis- 
ing these variants is important to avoid misdiagnosis. They include 
lesions with palisading granular cell change [21], abundant lipid 
(ankle-type) [22], clear cell change [23], balloon cell change [24] and 
keloidal change [25]. The presence of lipid within lesions of FH is 
not usually associated with systemic lipid abnormalities [26]. 


Clinical features 

History and presentation 

FH is commonest on the limbs and appears as a firm papule 
which is frequently yellow-brown in colour and slightly scaly 
(Figure 136.12). If the overlying epidermis is squeezed, the ‘dimple 
sign’ will be seen, indicating tethering of the overlying epidermis 
to the underlying lesion. Giant lesions (>5 cm in diameter) are occa- 
sionally seen [27] and large tumours are more often encountered in 
some of the variants (see later). Multiple lesions may develop and 
eruptive variants have been described. The latter may be familial 
[28], or may be associated with immunosuppression (e.g. HIV) 
[29], with systemic disease, including autoimmune diseases such 
as lupus erythematosus and neoplasia, particularly haematological 
malignancies [30-34], and even with highly active antiretroviral 
therapy (HAART) [35]. 

A number of clinicopathological variants of FH mentioned before 
has been described, which should be recognised by clinicians and 
pathologists in order to avoid a misdiagnosis of malignancy. These 
variants include: cellular FH [12], aneurysmal FH [14,15], atypical 
FH (pseudosarcomatous FH, dermatofibroma with monster cells) 
[16,17] and epithelioid FH [18,19,20]. A further variant, described as 
‘atrophic’ [36], may mimic a scar and does not usually pose a prob- 
lem in differential diagnosis. Rare cases may be ulcerated, erosive or 
lichenoid [37]. 

Cellular FH, like ordinary FH, has predilection for the limbs. 
However, the distribution of age and site is wide; cellular FH 
is not infrequent in children, and on sites such as the head, neck, 
fingers and toes. The size of these lesions is also larger than that of 


Fibrohistiocytic tumours 


Figure 136.12 Clinical appearance of a fibrous histiocytoma or dermatofibroma. 


ordinary FH. Most cellular FHs are less than 2cm in diameter, but 
lesions measuring more than 5cm may occur. Recognition of this 
variant is important, because it has a local recurrence rate of 25%, 
and metastases have been reported anecdotally in a small number 
of cases [7,8,10,11]. 

Aneurysmal FH is usually rapidly growing and may attain a very 
large size. They clinically mimic a vascular tumour. Exceptional 
tumours are multiple [38]. The rate of local recurrence is 19% [15]. 

Atypical FH presents as a papule, nodule or plaque, usually less 
than 1.5cm in diameter. The rate of local recurrence is around 14%, 
and exceptional metastases have been reported [17]. 

Epithelioid FH [18,19,20] presents on the limbs of young patients, 
with a predilection for females. The typical clinical appearance is 
that of a polypoid, often vascular, lesion resembling a non-ulcerated 
pyogenic granuloma. 


Disease course and prognosis 

Ordinary and epithelioid FHs hardly ever recur locally. Cellular FH 
recurs in 25% of cases, aneurysmal FH recurs in 19% of cases and 
atypical FH recurs in 14% of cases. Exceptional metastases have 
been reported in all clinicopathological variants including ordinary 
and epithelioid FH. This phenomenon, although exceptional, is 
more common in cellular, aneurysmal and atypical FHs [7—-9,10,11]. 
In one case of cellular FH, transformation to a pleomorphic sarcoma 
has been reported [11]. Morphological features do not allow predic- 
tion of tumours that will behave in a more aggressive manner [10]. 
Metastatic tumours are more often associated with chromosomal 
abnormalities as demonstrated by array comparative genomic 
hybridisation [11,39]. Fatal tumours are associated with the highest 
number of chromosomal abnormalities [39]. 


Management 

Most FHs are no more than a cosmetic nuisance and no treatment 
is necessary. However, cellular, atypical and aneurysmal variants 
should be completely removed conservatively, because of the risk of 
local recurrence and the occurrence of occasional distant metastases. 
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Plexiform fibrohistiocytic tum: 


Definition and nomenclature 

Plexiform FH is a distinctive predominantly subcutaneous tumour 

with two distinctive components: 

1 A fibro/myofibroblastic fascicular component. 

2 A nodular histiocytic-like component, which also includes giant 
cells. 

Despite its new name, it does not represent a plexiform variant 
of an ordinary FH (dermatofibroma). An association with cellular 
neurothekeoma, a tumour that occurs primarily in the dermis, has 
been suggested based on morphological similarities [5,6]. 


Epidemiology 
Incidence and prevalence 


Age 
It mainly occurs in children and young adults. An exceptional case 
has been congenital [7]. 


Sex 
It is most common in females. 


Pathophysiology 

Pathology [1-4,5] 

Low-power examination reveals a predominantly subcutaneous 
tumour with focal involvement of the dermis and a distinctive 
plexiform growth pattern. Purely dermal lesions are occasionally 
seen [8]. Two components are usually identified and consist of 
fascicles of bland spindle-shaped fibro/myofibroblast-like cells 
and nodules of histiocyte-like cells with scattered giant cells, focal 
haemorrhage and haemosiderin deposition. In some tumours, one 
of the components may predominate. The spindle-shaped cells 
stain focally for smooth muscle actin and the cells in the nodules 
are focally positive for CD68. 


Clinical features [1-4,5] 

History and presentation 

Tumours have a predilection for the upper limbs. The tumour is soli- 
tary, measures no more than a few centimetres in diameter and is 
asymptomatic. 


Disease course and prognosis 
Local recurrences are observed in up to 30% of cases. Metastases to 
regional lymph nodes or to the lungs have been reported [1,3,9]. 


Management 
Complete surgical excision and follow-up are indicated. Histologi- 
cal features do not predict cases with more aggressive behaviour. 
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Atypical fibroxanthoma/pleo 
dermal sarcoma [1234] 


Definition 

Atypical fibroxanthoma (AFX), by definition, arises in the sun- 
damaged skin of elderly people. It is a paradoxical tumour with 
histological features of a highly malignant neoplasm and low-grade 
clinical behaviour. Tumours with more aggressive histological 
features should be diagnosed as dermal pleomorphic sarcoma (see 
later) [5]. 


Epidemiology 

Age 

Most patients are elderly in the seventh to eighth decades of life. 
Tumours in younger patients occur very rarely in the setting of xero- 
derma pigmentosum [6]. 


Sex 
Tumours are much more frequent in males than in females. 


Ethnicity 
It is a tumour almost exclusively restricted to white people. 


Pathophysiology 

Predisposing factors 

UV radiation-induced p53 mutations have been observed in these 
lesions, confirming the association with sun-damaged skin [7]. More 
recently, telomerase reverse transcriptase (TERT) promoter muta- 
tions with UV signature have been identified in AFXs giving further 
support to the relationship to sun exposure [8]. 


Pathology 

The tumours are exophytic, fairly well circumscribed and sur- 
rounded by an epidermal collarette. The remarkable and para- 
doxical feature of AFX is its histological resemblance to a highly 
malignant soft-tissue sarcoma (Figure 136.13) [9-11]. It arises 
in the dermis and may extend very focally into the fat, but the 
edge is pushing rather than infiltrative. It is composed of large 


Figure 136.13 Prominent cellular pleomorphism in a case of atypical fibroxanthoma. 


spindle-shaped and _histiocyte-like pleomorphic cells, many of 
which appear multinucleated. The cells are arranged in a hap- 
hazard fashion and mitotic figures, including atypical forms, are 
frequent. The histiocytic cells may contain lipid or haemosiderin 
[12,13]. A series of a less pleomorphic spindle cell variant, which 
may cause considerable problems in differential diagnosis, has 
been described [14]. Rare cases display prominent sclerosis [15], 
and partial or total regression may rarely be seen [16]. In some 
tumours, there is focal or prominent clear or granular cell change, 
keloid-like areas, prominent myxoid change, osteoclast-like giant 
cells and pseudoangiomatous areas [17-19,20]. Tumours with an 
infiltrative growth pattern, involvement of deeper tissues (includ- 
ing the subcutis), tumour necrosis, lymphovascular invasion and 
perineural invasion should be classified as pleomorphic dermal 
sarcomas (PDS) as they have a more aggressive behaviour than con- 
ventional AFXs (see later) [5]. The diagnosis of AFX is a diagnosis 
of exclusion. An immunohistochemical panel to rule out melanoma 
(S100), sarcomatoid squamous cell carcinoma (pankeratin, mainly 
MNF 116 and AE1/AE3, as the low molecular weight keratin Cam 
5.2 is usually negative in sarcomatoid squamous cell carcinoma of 
the skin) and even leiomyosarcoma (desmin, h-caldesmon) should 
be performed in all cases. The basic panel should be enough to 
accurately diagnose most cases of AFX. Other markers have been 
described that are often positive in AFX and tend to be negative in 
other tumours that enter the differential diagnosis. These include 
CD99, CD10 and pro-collagen 1 [21-23]. CD31 is often focally pos- 
itive in tumour cells as is EMA and very rare focal positivity for 
melan-A has been reported [20,24]. Since the advent of immunohis- 
tochemistry, reports of metastatic tumours have been very rare. This 
suggests that many lesions reported in the past as metastatic AFX, 
which were diagnosed by examination of haematoxylin and eosin 
stained slides alone, probably represented other tumours, such as 
spindle cell melanomas or sarcomatoid squamous cell carcinoma. 
Tumours described in younger patients in non-sun-damaged skin 
represent examples of atypical FH. 


Genetics 

AFX and pleomorphic dermal sarcoma (PDS) have unspecific molec- 
ular traits, but show similar mutational and DNA methylation pro- 
files, as well as copy number alterations, that do not overlap signif- 
icantly with other cutaneous tumours in the differential diagnosis 
[25,26]. 


Clinical features 

History and presentation 

The lesions occur most frequently on the ears, bald scalp and cheeks 
(Figure 136.14). The lesions are often ulcerated and have a red fleshy 
appearance; they rarely exceed 30 mm in diameter and are usually 
of less than 6 months’ duration. Exceptional cases occur as a result 
of immunosuppression in cardiac transplant [27]. Multiple lesions 
have been reported [28]. 


Disease course and prognosis 

Local recurrence may be seen in about 10% of cases and metastases 
to lymph nodes and internal organs are occasionally reported 
[29,30]. The latter, however, may be examples of tumours that are 
classified as PDS. The latter have a local recurrence rate of around 
28% and metastatic rate of 10% [5]. 


Figure 136.14 Typical clinical appearance of an atypical fibroxanthoma with a polypoid 
architecture. 


Management 

The benign behaviour of the tumour enables it to be treated by lim- 
ited local removal. Although rare cases are treated by Mohs micro- 
graphic surgery [31], tumours are usually relatively well circum- 
scribed and the former treatment is rarely needed to achieve good 
clearance. Radiotherapy is not usually recommended. 


VASCULAR TUMO 


Reviews of vascular tumours may be found in [1,2]. The vascular 
ectasias (Chapter 101), verrucovenous malformation (verrucous 
haemangioma), cavernous and capillary haemangiomas, congenital 
haemangiomas, tufted angioma and kaposiform haemangioen- 
dothelioma (Chapter 116) are described elsewhere. 


REACTIVE VASCULAR LESIONS 


Intravascular papillary e 
hyperplasia [1,23,4] 


Definition and nomenclature 

Intravascular papillary endothelial hyperplasia is regarded as 
a form of organising thrombus in which endothelial cells line 
hyalinised papillae. It usually presents as a primary phenomenon 
within a thrombosed blood vessel, usually a vein [2,3,4]. The 
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secondary variant is commonly seen as an incidental finding within 
other vascular tumours, or in lesions such as haemorrhoids. Excep- 
tionally, the same phenomenon is seen within a haematoma [4]. 


ngiosarcoma 
t intravascular haemangioendothelioma 


Epidemiology 
Incidence and prevalence 
A relatively common lesion. 


Age 
In general, this presents with a wide age range, although the primary 
form of the disease is more common in young adults. 


Sex 
The primary form is slightly more common in females. 


Pathophysiology 

All forms of the condition are the result of reactive proliferation of 
endothelial cells as a result of an organising thrombus most often 
but not always secondary to trauma. 


Pathology 

The pathology is that of a widely dilated vascular channel in the 
dermis or subcutis, containing an organising thrombus and promi- 
nent papillary projections with a hyalinised collagenous core. The 
latter are usually lined by a single layer of bland endothelial cells. 
Mitotic figures are rare. The presence of hyalinised collagen lined by 
endothelial cells produces an appearance similar to the ‘dissection 
of collagen bundles’ described in angiosarcoma. Distinction from 
angiosarcoma, however, is easy, as the latter is only exceptionally 
purely intravascular; it also displays cytological atypia, multilay- 
ering and mitotic figures. In secondary forms of Masson tumour, 
the changes are seen within one or several vascular channels of a 
vascular tumour, usually a cavernous haemangioma or a vascular 
malformation. 


Clinical features 

History and presentation 

The primary form presents as a slowly growing solitary asymp- 
tomatic or slightly painful bluish nodule less than 20 mm in diam- 
eter. The site of predilection is the head and neck, followed by the 
hand (particularly the fingers). Multiple lesions are exceptional [5]. 


Disease course and prognosis 
Behaviour is benign and there is no tendency for local recurrence. 


Differential diagnosis 
Clinical presentation is that of a vascular tumour. 


Management 
Simple excision is usually curative. 
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Reactive angioendotheliomat 


Definition 

A reactive vascular proliferation is usually multifocal and is associ- 
ated with a number of systemic diseases. In the past, it was divided 
into a reactive and a malignant form. With the advent of immunohis- 
tochemistry, it became apparent that the malignant form is a variant 
of aggressive intravascular lymphoma (Chapter 139). 


Epidemiology 
Incidence and prevalence 
The condition is rare. 


Age 
The age range is wide although most cases occur in adults. 


Sex 
No sex predilection. 


Pathophysiology 

Predisposing factors 

It has been described in association with systemic diseases, 
including bacterial endocarditis, peripheral vascular atherosclerotic 
disease, cryoglobulinaemia [2], liver and renal disease, antiphos- 
pholipid syndrome [4], amyloidosis [5] and sarcoidosis [6]. It is not 
clear how systemic diseases induce the vascular proliferation. 


Pathology [7] 

The dermis and, in some cases, the subcutis show a multifocal 
proliferation of clusters of capillaries lined by plump endothelial 
cells with little or no cytological atypia. A layer of pericytes sur- 
rounds each capillary. In some areas, dilated capillaries appear to 
contain smaller vascular channels within their lumina. Patients 
with cryoglobulinaemia show thrombosis of capillaries by hyaline 
eosinophilic globules. 


Clinical features 

History and presentation 

Most patients present with multiple red and/or haemorrhagic mac- 
ules, papules and plaques located on the trunk and limbs. Patients 
with fewer, more localised, lesions may also be seen. In the latter 
cases, the association with systemic disease is not usually present. 
In patients with antiphospholipid syndrome or cryoglobulinaemia, 
ulcerated lesions may be present. 


Disease course and prognosis 
The condition is self-limited and usually resolves spontaneously 
within weeks. 


Differential diagnosis 
Not infrequently patients present with a livedo-like pattern in an 
unusual location (proximal rather than acral). Distinction from a 
vasculitic process may be difficult but ulceration is rare except in 
the very rare cases associated with the antiphospholipid syndrome 
or with cryoglulinaemia. 


Management 
There is no treatment available, but the condition is usually 
self-limited and resolves spontaneously within a few weeks. 


Definition 


This is a distinctive multifocal vascular proliferation that occurs in 
association with POEMS syndrome (polyneuropathy, organomegaly, 
endocrinopathy, M protein and skin changes; Chapter 149) or with 
multicentric Castleman disease. This condition is best considered as 
a form of reactive angioendotheliomatosis in the setting of POEMS 
syndrome. Exceptional cases with no clinical features of POEMS 
syndrome have been reported [3,4]. 


Epidemiology 

Incidence and prevalence 

This is a rare disease that presents almost exclusively in the context 
of POEMS syndrome and multicentric Castleman disease. 


Age 
It presents in adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The histological appearances in a typical case are striking, consist- 
ing of a multifocal dermal proliferation of clusters of closely packed 
dilated capillaries with a striking similarity to renal glomeruli. A 
layer of pericytes surrounds each capillary. Vacuolated cells are 
focally present and, in some cases, there are eosinophilic hyaline 
globules within the lumina of capillaries. These globules represent 
deposits of protein. 


Clinical features 

History and presentation 

Patients present with multiple vascular papules on the trunk and 
limbs. Only a minority of these vascular lesions have the histological 
appearance of glomeruloid haemangioma; most have the histologi- 
cal appearance of cherry angiomas. 


Management 

The lesions do not tend to regress spontaneously. Individual lesions 
can be removed surgically, but because of their numbers this is not 
generally a practical option. 


BENIGN VASCULAR TUMOURS 


Papillary haemangioma a) 


Definition 
A distinctive dermal tumour characterised by vascular channels 
with papillary projections. 


Epidemiology 
Incidence and prevalence 
Lesions are very rare. 


Age 
It presents in adults. 


Sex 
There is predilection for males. 


Pathophysiology 

Pathology 

Tumours are relatively well circumscribed and consist of multiple 
dilated thin-walled vascular channels lined by bland endothelial 
cells and associated with papillary projections containing endothe- 
lial cells and pericytes and thick basement membrane-like material. 
A distinctive feature is the presence of intracytoplasmic eosinophilic 
globules within the endothelial cells. 


Clinical features 

History and presentation 

Most lesions occur on the head and neck as a single asymptomatic 
papule. 


Disease course and prognosis 
Lesions are benign. 


Management 
Simple excision is the treatment of choice. 


Lobular capillary haemangio 
(pyogenic granuloma) [1,2] 


Definition and nomenclature 

A vascular nodule that develops rapidly, often at the site of a recent 
injury, and which is composed of a lobular proliferation of capillaries 
in an oedematous stroma. 


Epidemiology 
Incidence and prevalence 
Lesions are very common. 


Age 
The age range is wide but there is a peak in the second decade of 
life [3]. 


Sex 
There is predilection for males except in lesions presenting in the 
oral cavity which are more common in females [4]. 
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Pathophysiology 
Predisposing factors 
In a minority of cases, a minor injury, usually of a penetrating kind, 
has occurred a few weeks before the nodule appears. Lesions may 
also occur at the sites of burns [5]. 

Granuloma gravidarum is a variant of pyogenic granuloma that 
presents in the oral cavity during pregnancy. 


Pathology 

There is a lobular proliferation of small blood vessels, which erupt 
through a breach in the epidermis to produce a globular peduncu- 
lated tumour. The epidermis forms a collarette at the base of the 
lesion and covers part, or all, of the tumour in a thin layer. The 
proliferating vessels are set in a myxoid stroma, lacking in collagen 
in the earlier stages and relatively rich in mucin. The endothelial 
cells are plump, as in new granulation tissue, lining the vessels in 
a single layer. They are surrounded by a mixed cell population of 
fibroblasts, mast cells, lymphocytes, plasma cells and, where the 
surface is eroded, polymorphonuclear leukocytes (Figure 136.15). 
Mitotic figures may be prominent. Older lesions tend to organise 
and partly fibrose and may show focal bone formation. Late lesions 
can display focal degenerative atypia, raising the possibility of 
malignancy. In rare instances, particularly in children, and some- 
times following treatment, satellite lesions, which have a similar 
pathology to the primary lesion, may develop around a pyogenic 
granuloma. These respond to simple destructive measures, thus 
ruling out malignancy [6]. In exceptional cases, extramedullary 
haemopoiesis may be seen [7]. Bacillary angiomatosis shows an 
almost identical histology to that of pyogenic granuloma [8]. How- 
ever, in bacillary angiomatosis, pale epithelioid endothelial cells 
are prominent, neutrophils and nuclear dust are seen throughout 
the lesion and violaceous amorphous aggregates of bacilli which 
are positive with either Giemsa or Warthin-Starry stains are eas- 
ily identified. The causative organism may also be identified by 
PCR. 


Genetics 

BRAF mutations have been reported in a large proportion of sec- 
ondary pyogenic granulomas occurring within port-wine stains, 
and less frequently in sporadic cases [9]. 


Figure 136.15 Typical lobular proliferation of capillaries in a case of pyogenic 
granuloma. 
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Clinical features 

History and presentation 

The tumour is vascular, bright red to brownish-red or blue-black 
in colour. It is partially compressible but cannot be completely 
blanched and does not show pulsation. The surface of early 
bright-red lesions is usually thin intact epidermis. Older and darker 
lesions are frequently eroded and crusted and may bleed very 
easily. Occasionally, the surface is raspberry-like or even verru- 
cous. The size is commonly between 5 and 10mm, but may reach 
50mm. The outline is rounded. The base is often pedunculated 
and surrounded by a collar of acanthotic epidermis; the lesion 
may be sessile. The common sites are the hands, especially the 
fingers (Figure 136.16), the feet, lips, head and upper trunk, and 
the mucosal surfaces of the mouth and perianal area. The initial 
evolution is rapid, but growth ceases after a few weeks. Spon- 
taneous disappearance is rare. Lesions are not painful; patients 
mainly complain of the appearance or of recurrent bleeding. Rarely, 
pyogenic granulomas may occur within a port-wine stain [10]. 
There are reported cases of multiple pyogenic granulomas devel- 
oping after exfoliative dermatitis [11] and, in a periungual location, 
after HAART [12]. Lesions mimicking pyogenic granuloma may 
occur during therapy with gefitinib [13], systemic 5-fluorouracil 
[14] and capecitabine [15]. Eruptive forms of this tumour have 
rarely been reported [16]. In this setting, distinction from bacil- 
lary angiomatosis is crucial because the latter often presents with 
multiple lesions that can be clinically and histologically difficult 
to distinguish from pyogenic granuloma. Multiple lesions closely 
resembling pyogenic granulomas have been reported after systemic 
[17] and topical [18] treatment with retinoids. Subcutaneous [19,20] 
and intravascular [21] variants are rarely seen and do not have 
distinctive clinical features. Interestingly, two cases of subcutaneous 
lesions have been described in patients with antiphospholipid 
antibodies [22]. 


Figure 136.16 Clinical appearance of a thrombosed pyogenic granuloma on a typical 
site at the tip of the finger. 


Differential diagnosis 

In most cases, the history and clinical appearance leave lit- 
tle doubt about the diagnosis, and microscopic confirmation is 
straightforward. In 38% of one case series, the clinical diagnosis of 
pyogenic granuloma proved to be wrong [23]. The errors included 
keratoacanthoma and other epithelial neoplasms, inflamed sebor- 
thoeic keratoses, melanocytic naevi, melanoma and Spitz naevi, 
viral warts, molluscum contagiosum, angioma, glomus tumour, 
eccrine poroma, Kaposi sarcoma and metastatic carcinoma. 


Disease course and prognosis 

Simple excision is the treatment of choice, as lesions do not regress 
spontaneously. Local recurrence may be seen after incomplete 
excision. 


Management 

The pedunculated lesions are easy to treat by curettage with cauteri- 
sation or diathermy coagulation of the base. A considerable propor- 
tion of pyogenic granulomas recur after such treatment because the 
proliferating vessels in the base extend in a conical manner into 
the deeper dermis. In some areas — for instance in the nail fold or on 
the palmar aspect of a finger —it may be reasonable to carry out curet- 
tage and adopt an expectant approach thereafter. Wherever possible, 
itis desirable to excise a narrow, but deep, ellipse of skin beneath the 
lesion — such a wound may be repaired primarily or allowed to heal 
by second intention. A small number of lesions have been treated 
with topical imiquimod 5% cream both in children and adults with 
complete resolution [24,25]. Other treatment modalities that have 
been used include Nd:YAG laser [26], cryosurgery [27], intralesional 
steroids, flash lamp pulsed dye laser, sclerotherapy with sodium 
tetra decyl sulphate [28] and even injection of absolute ethanol [29]. 


Cirsoid aneurysm [1,23,4] -— ae 


Definition and nomenclature 

Cirsoid aneurysm is a small vascular proliferation characterised by 
small- to medium-sized channels with features of arteries and veins. 
As opposed to deeper tumours showing similar features, shunting 
is absent. 


haemangioma 
Nour 


Epidemiology 
Incidence and prevalence 
Lesions are relatively common. 


Age 
Most patients are young adults. 


Sex 
There is no sex predilection. 


Figure 136.17 A dermal collection of thick- and thin-walled blood vessels in a typical 
case of cirsoid aneurysm. 


Pathophysiology 

Pathology 

The dermis contains a mixture of scattered blood vessels with thick 
walls and features of veins and arteries (Figure 136.17). 


Clinical features 

History and presentation 

Most lesions present on the head and neck region of young adults, 
with no sex predilection, as a small blue-red asymptomatic papule. 


Management 
As there is no associated shunting or deep component, simple exci- 
sion is the treatment of choice. 


Epithelioid haemangioma [ 


Definition and nomenclature 

A benign locally proliferating lesion composed of vascular chan- 
nels lined by endothelial cells with abundant pink cytoplasm and 
vesicular nuclei. There has, on occasion, been a difficulty with 
nomenclature such that the term Kimura disease has been applied 
but this condition is now viewed as distinct. In Kimura disease, the 
lesions occur in younger patients, are deeper seated, are associated 
with lymphadenopathy, have no initial overlying skin lesions and 
do not contain epithelioid endothelial cells [3,4]. Furthermore, 
peripheral blood eosinophilia is much more common in Kimura 
disease. Exceptionally, epithelioid haemangioma may coexist with 
Kimura disease [5]. 


Epidemiology 

Incidence and prevalence 

These lesions have now been reported from many parts of the world. 
In a proportion of cases the findings suggest a reactive process [6], 
while other cases show consistent gene rearrangements [7]. 
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Figure 136.18 Vascular channels lined by epithelioid endothelial cells surrounded by 
numerous eosinophils in a case of epithelioid haemangioma. 


Age 
The age range is wide but lesions most commonly occur in young 
adults. 


Sex 
Both sexes are equally affected. 


Pathophysiology 

Pathology [2,8] 

A poorly circumscribed lobular lesion is seen. It is composed of 
clusters of proliferating capillaries and often thicker blood vessels 
lined by plump epithelioid endothelial cells (Figure 136.18) with 
little cytological atypia and rare mitotic figures. Around the blood 
vessels there is a cellular inflammatory infiltrate composed mainly 
of lymphocytes and large numbers of eosinophils. However, only 
less than half of cases contain a prominent infiltrate. Older lesions 
show sclerosis of the stroma and the epithelioid endothelial cells 
become more prominent. A frequent finding, particularly in larger 
lesions, is the involvement of larger blood vessels. Rare cases are 
entirely intravascular [9,10]. The endothelial cells stain for vascular 
markers including CD34, CD31 and ERG (avian v-ets erythro- 
blastosis virus E26 oncogene homologue). In cutaneous cases, the 
epithelioid endothelial cells are usually negative for keratins. They 
also consistently stain for the FOSB antigen [11], a finding that 
would not be expected from the proportion of cutaneous cases that 
harbour FOS gene rearrangements. 


Genetics [7,12,13] 

FOS gene rearrangements occur in a substantial proportion of EH 
with deep (bone, soft tissue) involvement, while they are rare in 
intravascular and more superficial (ALHE-type) cutaneous cases. 
Recently, novel GATA6-FOXO1 fusions have been found in a num- 
ber of cases. 


Clinical features [14-17] (Figure 136.19) 

History and presentation 

Affected individuals present with a cluster of small translucent 
nodules on the head and neck, particularly around the ear or the 
hairline [18]. The lesions may also involve the oral mucosa [19]. Less 
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Figure 136.19 Epithelioid haemangioma. Courtesy of and copyright of Dr R. H. 
Champion, Addenbrooke's Hospital, Cambridge, UK. 


frequently, lesions can involve the trunk and extremities. Involve- 
ment of deeper soft tissues and internal organs, including bone, 
can be seen. Individual nodules rarely exceed 2-3 cm in diameter, 
but occasionally deeper extension and larger subcutaneous lesions 
occur. Peripheral blood eosinophilia may be present but only in 
fewer than 10% of patients. 


Disease course and prognosis 
Spontaneous regression is seen in some cases after a variable period 
of time. 


Management 

Both surgery and radiotherapy are effective, but local recurrences 
are common. Treatment with Nd:YAG laser has been effective 
[20] and there is an anecdotal report of response to imiquimod 
cream [21]. 


Cutaneous epithelioid angi 
nodule 


Definition 

This is tumour within the spectrum of vascular lesions characterised 
by epithelioid endothelial cells [1,2,3]. It is regarded by some as part 
of the spectrum of epithelioid haemangioma. 


Epidemiology 
Incidence and prevalence 
Lesions are rare. 


Age 
Presentation is usually in adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The majority of lesions are superficial, well circumscribed and sur- 
rounded by an epithelial collarette. Occasional deeper tumours may 
be observed. It is composed of sheets of epithelioid endothelial cells 
with abundant pink cytoplasm, vesicular nuclei and a single small 
nucleolus. Cytological atypia is mild or absent and mitotic figures 
are variable. There is little tendency for formation of vascular chan- 
nels but individual endothelial cells often contain intracytoplasmic 
vacuoles. In the background, scattered mononuclear inflammatory 
cells and eosinophils may be seen. 


Clinical features 

History and presentation 

Lesions consist of a papule or nodule presenting in an adult, with a 
predilection for the trunk and limbs and, less commonly, involving 
the face. Multiple lesions are exceptional [1,4,5]. A lesion arising in a 
capillary malformation has been reported [6]. Immunosuppression 
may play a role in a subset of cases [7]. 


Disease course and prognosis 
There is no tendency for recurrence after surgical treatment. 


Management 
Simple excision is the treatment of choice. 


Acquired elastotic haemang 


Definition 
This is a distinctive vascular lesion that develops in sun-exposed 
skin in association with solar elastosis. 


Epidemiology 
Incidence and prevalence 
This is a rare lesion. 


Age 
Middle-aged to elderly people. 


Sex 
Predilection for females. 


Ethnicity 
Patients have fair skin. 


Pathophysiology 

Predisposing factors 

The development of the lesion is clearly associated with sun 
exposure. 
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Pathology 

Lesions are well circumscribed and consist of a superficial band-like 
proliferation of capillaries in the background of solar elastosis. Each 
capillary is surrounded by a layer of pericytes. 


Clinical features 

History and presentation 

Lesions present mainly on the forearms or neck as a small red or blue 
circumscribed and asymptomatic plaque. 


Disease course and prognosis 
Lesions are benign and there is no tendency for local recurrence after 
excision. 


Management 
Simple excision is the treatment of choice and there is no tendency 
to local recurrence. 


Hobnail haemangioma [1,234] 


Definition and nomenclature 

This is a benign vascular dermal proliferation characterised by small 
channels lined by endothelial cells with little cytoplasm and a promi- 
nent dark nucleus (hobnail cells). Formation of small papillae is also 
often seen. The original name proposed for this condition (targetoid 
haemangioma) was based on a distinctive targetoid clinical appear- 
ance produced by bleeding and haemosiderin deposition. However, 
only a minority of lesions present with this typical appearance and 
therefore the alternative name of hobnail haemangioma has been 
proposed. The denomination of superficial haemosiderotic lympho- 
vascular malformation has been proposed and has been used syn- 
onymously [5-7]. 


Epidemiology 
Incidence and prevalence 
It is relatively uncommon. 


Age 
It has a predilection for young to middle-aged adults. Some lesions 
occur in children. 


Sex 
There is a slight predilection for males. 


Pathophysiology 

Predisposing factors 

Trauma may play a part in its pathogenesis [4]. Occasionally, lesions 
vary according to the timing within the menstrual cycle [8]. 
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Pathology 

Pathological examination shows dilated vascular channels in the 
papillary and high reticular dermis, with a single layer of endothe- 
lial cells lining intraluminal papillary projections. These cells have a 
hobnail (‘matchstick’) appearance. They may occasionally be more 
numerous and appear to fill the lumen of the vessel. The vascular 
channels tend to disappear in the mid and lower reticular dermis, 
and the endothelial cells become less prominent and lose the hob- 
nail appearance. Haemosiderin deposition is prominent and can 
be highlighted with a Perl stain. The endothelial cells stain for the 
lymphatic marker podoplanin (D2-40), suggesting that these lesions 
represent lymphangiomas rather than haemangiomas [9]. This has 
led to the suggestion that lesions represent a form of lymphatic mal- 
formation [5]. This is based on the usually negative staining of the 
endothelial cells in the proliferation for the endothelial cell marker 
Wilm tumour 1 (WT1) gene [6,7]. The pathological appearance 
may resemble Kaposi sarcoma, but this differential diagnosis can 
usually be resolved by clinicopathological correlation, as hobnail 
haemangioma is a solitary entity whereas Kaposi sarcoma is usually 
composed of multiple lesions. Histological distinction can be made 
if attention is paid to the symmetry of the lesion, the presence of 
hobnail endothelial cells with papillary projections and the absence 
of inflammation in hobnail haemangioma. Furthermore, hobnail 
haemangioma is not associated with HHV8 while all cases of Kaposi 
sarcoma are associated with this virus. 


Clinical features 

History and presentation 

This entity presents as a rapidly developing asymptomatic solitary 
red or brown lesion, which in some cases has a central raised vio- 
laceous papule and is surrounded by a paler brown halo (targetoid 
appearance) [1]. Lesions with a clinical targetoid appearance are 
easy to diagnose. The anatomical distribution is wide, but it has a 
predilection for the lower limbs and trunk. The oral mucosa may 
also be affected [3]. 


Disease course and prognosis 
Lesions are benign and there is no tendency for local recurrence. 


Management 
Simple surgical excision is the treatment of choice; there is no ten- 
dency for recurrence. 


Microvenular haemangioma 


Definition 
This is a benign dermal vascular lesion characterised by prolifera- 
tion of small vascular channels with features suggestive of venules. 


Epidemiology 
Incidence and prevalence 
It is relatively rare. 


Age 
It presents mainly in young adults. Presentation in children is 
rare [4]. 
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Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

There is a superficial and deep dermal proliferation of angulated 
thin-walled vascular channels, all of which are surrounded by a 
single layer of pericytes. These channels look like venules, are lined 
by flat bland endothelial cells and are surrounded by somewhat 
hyalinised collagen. A frequent finding is the infiltration of arrector 
pili muscles by vascular channels. Inflammation is not usually a 
feature. These lesions are negative for HHV8 [5]. 


Clinical features 

History and presentation 

It presents as a solitary red-brown or bluish papule, nodule or 
plaque with a predilection for the limbs. Most lesions are less than 
10 mm in diameter. Multiple lesions are rarely described [6]. 


Disease course and prognosis 
Lesions are benign and there is no tendency for local recurrence. 


Management 
Simple surgical excision is the treatment of choice. 


Sinusoidal haemangioma [1] —T—¥Z 


Definition 

This is a benign dermal and/or subcutaneous variant of cavernous 
haemangioma composed of thin-walled dilated vascular spaces in a 
typical sieve-like distribution. 


Epidemiology 
Incidence and prevalence 
Lesions are rare. 


Age 
It usually presents in adults. 


Sex 
There is a slight predilection for females. 


Pathophysiology 

Pathology 

The lesion is usually well circumscribed, but several lobules 
of subcutaneous tissue may be focally affected by the tumour. 
A striking feature is the presence of back-to-back, dilated and 
congested thin-walled vascular channels. These channels are inter- 
connected, and transverse sectioning is, in part, responsible for the 
distinctive sinusoidal appearance. Pseudopapillary projections are 
focally present and thrombosis with dystrophic calcification may 
also be seen. Focal cytological atypia secondary to degenerative 
changes may be seen. Distinction from angiosarcoma, particularly 
in tumours presenting in the breast, is based on the fact that the 
latter occurs in the breast parenchyma and only invades the dermis 
and subcutis secondarily. Tumour cells in angiosarcoma also display 
cytological atypia, multilayering and mitotic figures. 


Clinical features 

History and presentation 

Sinusoidal haemangioma presents as a solitary blue asymptomatic 
nodule, particularly on the trunk or upper limbs. The dermis 
and subcutaneous tissue overlying the breast is not uncommonly 
involved and may suggest a diagnosis of angiosarcoma (differenti- 
ating features are discussed below). 


Disease course and prognosis 
Lesions are benign with no tendency for local recurrence. 


Management 
Simple surgical excision is the treatment of choice. 


Spindle cell haemangioma [1-: 


Definition and nomenclature 


This is a benign vascular neoplasm. Although initially described as 
a low-grade malignant lesion with a high tendency for local recur- 
rence and minimal potential for metastasis, further studies demon- 
strated that it is a benign multifocal process [3-5]. Confirmation of 
its benign nature has led to change of the name ‘haemangioendothe- 
lioma’ for ‘haemangioma’, as the former implies malignant potential 


[6]. 


lusions 
gioendothelioma 


Epidemiology 
Incidence and prevalence 
Spindle cell haemangioma is relatively rare. 


Age 
The age range is wide but lesions often present in childhood or 
adulthood. 


Sex 
Males and females are affected equally. 


Pathophysiology 

Pathology 

Low-power magnification reveals single or multiple fairly well- 
circumscribed haemorrhagic nodules. Origin from a pre-existing 
blood vessel is often seen, and individual lesions may be entirely 
intravascular. Dilated, thin-walled, congested, cavernous-like vas- 
cular spaces are intermixed with more cellular areas composed 
of bland short spindle-shaped cells with the formation of slit-like 
spaces. Scattered, more epithelioid cells, with pink cytoplasm and 
prominent vacuolation, are also seen. The spindle-shaped cells are a 
mixture of endothelial cells, pericytes and fibroblasts. Focal degen- 
erative cytological atypia may be present. Immunohistochemistry 
reveals staining for CD31 and CD34 and focal staining for smooth 
muscle actin. 


Genetics 

R132C IDH1 and IDH2 heterozygous mutations identical to those 
found in the enchondromas of Maffucci and Ollier syndrome have 
been found in most cases, with improved consistency using novel 
molecular techniques [7,8]. 


Clinical features 

History and presentation 

The process is often associated with lymphoedema, Maffucci syn- 
drome (multiple enchondromas) [9], early-onset varicose veins or 
Klippel-Trenaunay syndrome. The majority of cases present in the 
distal limbs, particularly the hands and feet, as multiple cutaneous 
or subcutaneous, red or bluish nodules. Deeper tumours are rare. 
Presentation at other sites including the neck and oral cavity is 
very rare [10,11]. Lesions continue to appear over many years, 
indicating multifocality rather than true recurrences. Most nodules 
are less than a few centimetres in diameter; they may occasionally 
be painful. 


Disease course and prognosis 
Behaviour is benign but new lesions appear over time. 


Management 
Single lesions are easily treated with simple excision. Treatment is 
more difficult in the presence of multiple lesions. 


Symplastic hnaemangioma — ee 


Definition 

This is not a distinctive variant of haemangioma but represents 
extensive degenerative changes in a pre-existing haemangioma, 
closely mimicking malignancy [1,2,3]. Only a handful of cases have 
been reported. From personal experience with a small number of 
cases, the pre-existing vascular lesion is often either not identifiable 
or it represents a cirsoid aneurysm. 


Epidemiology 
Incidence and prevalence 
Lesions are rare. 


Age 
It presents in adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

These tumours are often polypoid and well circumscribed, and do 
not tend to be ulcerated. The typical histological picture consists 
of dilated and congested, thin- to thick-walled vascular spaces 
surrounded by a variable cellular stroma with frequent myxoid 
change and haemorrhage. Stromal cells and smooth muscle cells 
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within the vessel walls show variable cytological atypia, consisting 
of nuclear enlargement and hyperchromatism. The endothelial cells 
lining the vascular spaces may be plump but do not display cyto- 
logical atypia, multilayering or mitotic activity, allowing distinction 
from an angiosarcoma. Often cells have a bizarre appearance and 
multinucleated cells are common. Mitotic figures may be found but 
tend to be rare. Very occasional atypical mitotic figures may also be 
seen. 


Clinical features 

History and presentation 

These are not distinctive. However, the patient is usually an adult, 
and the description is usually of a longstanding lesion that has 
rapidly increased in size. 


Disease course and prognosis 
Lesions are benign. 


Management 
Simple excision is the treatment of choice. 


Poikilodermatous plaque-like 
haemangioma 


Definition 

This is a newly described entity that most likely represents a true 
haemangioma [1,2] with an indolent course. It clinically resembles 
poikilodermatous mycosis fungoides, but has a different histological 
appearance, emphasising the need for clinicopathological distinc- 
tion from mycosis fungoides. 


Epidemiology 
Incidence and prevalence 
Lesions are rare. 


Age 
It presents in the elderly. 


Sex 
There is a marked male predilection. 


Pathophysiology 

Pathology 

There is a diffuse band-like vascular proliferation of thin-walled 
vascular channels in the papillary and superficial reticular dermis. 
The vessels have features of post-capillary venules and are lined 
by a single layer of cytologically bland endothelial cells without 
mitoses. Only focal lobular arrangement of vessels is noted. The 
endothelial cells are positive for CD31 and ERG. Dilated surround- 
ing D2-40 positive lymphatic vessels may be present. The overlying 
epidermis is usually somewhat acanthotic, and there is often a 
background of dermal oedema and fibrosis, with diminished elastic 
fibres within the proliferation. 
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Clinical features 

History and presentation 

It presents as a slowly growing and asymptomatic, solitary (rarely 
multiple), large, red or violaceous atrophic plaque, predominantly 
in elderly males on the lower extremities and pelvic girdle. 


Disease course and prognosis 
Lesions are benign. 


Management 

The majority of patients receive no treatment because the lesions are 
stationary. Early distinction from mycosis fungoides is important to 
prevent unnecessary investigation and treatment. 


VASCULAR TUMOURS OF INTERMEDIATE 
MALIGNANCY 


Retiform haemangioendothe 
[1,2,3] 


Definition and nomenclature 

Retiform haemangioendothelioma is a rare variant of low-grade 
angiosarcoma with a tendency for local aggressive behaviour. It is 
characterised by arborising vascular channels lined by endothelial 
cells with hobnail morphology. 


sions 
idothelioma 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
Presentation is mainly in young adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Scanning magnification is distinctive and reveals an infiltrative 
tumour composed of arborising, thin-walled, narrow, vascular 
channels with a striking resemblance to the rete testis. Vascular 
spaces are lined by bland hobnail endothelial cells with promi- 
nent nuclei and scanty cytoplasm. Intravascular papillae with 
collagenous cores, similar to those seen in papillary endolymphatic 
angioendothelioma, are sometimes seen. The surrounding stroma 
often appears hyalinised; a prominent mononuclear inflammatory 
cell infiltrate is common. The endothelial cells stain for vascu- 
lar markers. The lineage is likely to be lymphatic but positivity 
for lymphatic endothelial cell markers such as podoplanin is not 
consistently demonstrated [4]. There is no relationship to HHV8. 


Genetics 
Recurrent YAP1 and MAML2 gene rearrangements have been found 
in retiform haemangioendothelioma [5]. 


Clinical features [1,2,3,6] 

History and presentation 

Retiform haemangioendothelioma presents as a slowly growing 
asymptomatic dermal and subcutaneous plaque or nodule. Lesions 
rarely present as a bruise [7]. Presentation with multiple lesions is 
exceptional [8]. Rarely, there is an association with lymphoedema 
or radiotherapy and in one case the tumour arose in the setting of a 
cystic lymphangioma [9]. 


Disease course and prognosis 

Local recurrence occurs in up to 60% of cases. At the time of writ- 
ing there has only been one report of a tumour metastasising to a 
regional lymph node, and a further lesion has spread locally to soft 
tissues [10]. No tumour-related deaths have been reported. 


Management 
Wide local excision is the treatment of choice. 


Papillary intralymphatic 
angioendothelioma [1] 


Definition and nomenclature 

Defining this entity is difficult because since its original description 
in 1969, few further convincing cases have been described [1-4]. 
Furthermore, the original series included some examples of what 
is now known as retiform haemangioendothelioma. Recently, the 
tumour has been better characterised under the preferred name of 
‘papillary intralymphatic angioendothelioma’ (PILA) [5]. It belongs 
to the family of tumours with hobnail endothelial cells and it is 
characterised by dilated cavernous-like lymphatic spaces with 
frequent papillary projections. 


ns 
¢ angioendothelioma 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
It presents mainly in infants and children, with 25% of the cases 
occurring in adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

This tumour is composed of dilated thin-walled channels simulat- 
ing a cavernous lymphangioma. These channels are lined by bland 


hobnail endothelial cells with very rare mitotic figures. A striking 
feature is the formation of intraluminal papillary tufts with hyaline 
cores. Aggregates of mononuclear inflammatory cells may be seen 
around the vascular channels. 


Clinical features 

History and presentation 

Presentation is as a slowly growing asymptomatic plaque or nodule 
with a predilection for the limbs. 


Disease course and prognosis 

In the original series of six cases, a tendency for local recurrence and 
metastasis to regional lymph nodes was reported [1], but in a series 
of 12 cases, none of the eight cases with follow-up recurred locally or 
metastasised [5]. It therefore seems likely that the behaviour of this 
tumour is benign. Further studies are needed to confirm whether 
it deserves to be kept in the group of tumours of intermediate 
behaviour. 


Management 
Until the issue regarding the biological behaviour of this tumour is 
resolved, complete excision is recommended. 


Composite haemangioendot 
[1,2,3-5] 


Definition 

This is a tumour defined as a vascular neoplasm made of a mixture 
of varying proportions of different histological patterns including 
benign, low grade and/or malignant. 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
Most tumours present in adults although cases in children have been 
described exceptionally. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Tumours are infiltrative and occupy the dermis and subcutaneous 
tissue. There is presence of at least two morphologically dis- 
tinct vascular tumour elements that most often resemble retiform 
haemangioendothelioma and _ epithelioid haemangioendothe- 
lioma but may include spindle cell haemangioma, lymphangioma 
circumscriptum, papillary intralymphatic angioendothelioma 
haemangioendothelioma. Cases with a component resembling 
conventional angiosarcoma are exceedingly rare and should be 
diagnosed only after true angiosarcoma has been ruled out. There 
is a distinctive subset with neuroendocrine differentiation that has 
a predilection for deep locations and displays more aggressive 
behaviour [2]. 
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Genetics 

Recurrent YAP1 and MAML2 gene rearrangements have been found 
in composite haemangioendothelioma, with PTBP1-MAML2 fusion 
reported more frequently in the few analysed cases with neuroen- 
docrine differentiation [3]. 


Clinical features 

History and presentation 

The tumours present predominantly on the limbs, with a predilec- 
tion for the hands and feet, as longstanding nodules or plaques, red 
or blue in colour, and often haemorrhagic. Most lesions are several 
centimetres in diameter and lymphoedema is a common occurrence. 
Rare patients have associated Maffucci syndrome [4]. 


Disease course and prognosis 

It is possibly determined by the tumour with the highest histolog- 
ical grade. There is an increased tendency for local recurrence and 
lymph node metastases have been documented [5], and the neuroen- 
docrine variant has been associated with systemic spread and lethal 
outcome. 


Management 
Complete excision is the treatment of choice. 


Pseudomyogenic 
haemangioendothelioma [12,3 


Definition and nomenclature 


A low-grade, rarely metastasising malignant vascular. It is often 
multifocal, lacking histological vasoformative features and display- 
ing features that mimic epithelioid sarcoma or a myogenic tumour 
[1,2,3]. 


sarcoma 
ce haemangioendothelioma 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
It has a predilection for young adults but a smaller number of 
tumours develop in older individuals. 


Sex 
There is marked predilection for males. 


Pathophysiology 

Pathology 

Tumours are infiltrative and consist of sheets of cells many of which 
have abundant pink cytoplasm simulating rhabdomyoblasts. A 
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smaller percentage of cells are spindle shaped or purely epithelioid. 
Nuclei are vesicular and a small nucleolus is often seen. Cytological 
atypia that can be pronounced is observed in a small percentage of 
cases. Mitotic activity is low and up to half of the tumours contain 
abundant neutrophils [3]. Tumour cells are usually positive for 
the pankeratin marker AE1/AE3 and also for vascular endothelial 
cell markers mainly FLT. and ERG. CD31 is only positive in 50% 
of cases. Other keratins, mainly MNF116, are usually negative. 
Nuclear staining for FOSB is a consistent finding [6]. 


Genetics 
Recurrent translocations resulting in a SERPINE-FOSB and 
ACTB-FOSB fusion genes have been described [7,8]. 


Clinical features 

History and presentation 

The evolution of the tumours is usually short, frequently less than 2 
years. Almost 70% of patients present with multiple discontinuous 
nodules that affect the dermis and subcutis, and often deeper soft tis- 
sues including skeletal muscle (up to half of patients). Bone involve- 
ment is seen in 20% of cases [3]. Most tumours present on lower 
limbs, less commonly on the trunk and upper limbs and very rarely 
on the head and neck. Pain is a frequent symptom and tumours are 
usually less than 3 cm in diameter. 


Disease course and prognosis 

About 60% of patients develop local recurrence or development of 
similar lesions in the same area. Regional lymph node metastasis 
was reported in one case and only two patients have died of the 
disease [1,3]. 


Management 
Complete surgical excision is the treatment of choice. 


MALIGNANT VASCULAR TUMOURS 


Angiosarcoma [12-4] 


Definition and nomenclature 

This is a malignant vascular tumour arising from both vascular and 
lymphatic endothelium. Except for the pure epithelioid variant of 
angiosarcoma (see later), cutaneous angiosarcoma almost exclu- 
sively occurs in three settings: idiopathic angiosarcoma of the face, 
scalp and neck [2-4], angiosarcoma associated with chronic lym- 
phoedema (Stewart-Treves syndrome) [5-9] and post-irradiation 
angiosarcoma [10-12]. In this chapter, the terms ‘angiosarcoma’ and 
‘lymphangiosarcoma’ are used interchangeably. 


ions 
lothelioma 


Epidemiology 
Incidence and prevalence 
Angiosarcoma of the scalp and face of the elderly is very rare. 

Stewart-Treves syndrome occurs in 0.5% of patients who survive 
mastectomy for more than 5 years and the mean interval between 
mastectomy and the appearance of the tumour is 10.5 years [9]. 
Not all patients have received radiotherapy in association with the 
mastectomy and not all have had axillary nodes removed. Lym- 
phoedema is not invariably present, or it may be late in appearing 
and antedate the tumour by only a short time. The incidence and 
cause of postmastectomy lymphoedema have been reviewed [13]. In 
the majority of cases, the clinical course and autopsy findings have 
shown that the treatment of the breast carcinoma was successful 
and that patients have had less frequent involvement of the axillary 
nodes than usual [9]. A small number of cases have arisen in lym- 
phoedema of the lower limb, or in the upper limb without breast 
cancer and mastectomy [14]. Most of these patients were women. 
Multiple primary malignancies have occurred in 8% of cases of 
Stewart—Treves syndrome [6] and a systemically acting carcinogen 
has been suggested [8,9]. There is no evidence to support this. 

Post-irradiation angiosarcoma is rare and most cases arise in the 
skin after radiotherapy for breast or, less commonly, internal cancer 
[10-12]. 

Angiosarcoma occurring in other settings is very rare. Angiosar- 
coma may also exceptionally occur in association with vascular 
grafts and orthopaedic prostheses [15], benign vascular tumours 
including vascular malformations [16], in a large blood vessel [17], 
in association with a plexiform neurofibroma in neurofibromatosis 
[18], in a schwannoma [19], in a malignant peripheral nerve sheath 
tumour [20,21], in xeroderma pigmentosum [22], in a gouty tophus 
[23], in association with vinyl chloride exposure [24], in associa- 
tion with immunosuppression in organ transplantation [25] and 
as the mesenchymal component in a metaplastic carcinoma [26]. 
An exceptional case of an angiosarcoma producing granulocyte 
colony-stimulating factor and inducing a leukaemoid reaction has 
been described [27]. 


Age 


e Angiosarcoma of the scalp and face of the elderly by definition 
affects patients in the seventh to ninth decades of life and only 
rarely patients in the sixth decade of life. 

¢ Stewart-Treves syndrome: the mean age at appearance of the 
angiosarcoma is 62 years. 

¢ Post-irradiation angiosarcoma: occurs mainly in adults, predom- 
inantly old-aged patients. 

e Angiosarcoma occurring in other settings: mainly adults. Presen- 
tation in children is extremely rare [28]. 


Sex 


e Angiosarcoma of the scalp and face of the elderly affects mainly 
males. 

e Stewart-Ireves syndrome and post-irradiation angiosarcoma 
affects mainly women. Two cases of Stewart-Treves syndrome 
have been reported in men following mastectomy [29]. 


e Angiosarcoma occurring in other settings: there is no sex 
predilection. 


Pathophysiology 

Pathology [4,30-32] 

In the well-differentiated tumour, vascular channels infiltrate the 
normal structures in a disorganised fashion, as if trying to line every 
available tissue space with a layer of endothelial cells. The collagen 
is characteristically lined by tumour cells in a pattern that has been 
described as ‘dissection of collagen’ (Figure 136.20). Tumour cells 
may be plumper than normal, double-layered in places and form 
solid intravascular buds. The pattern of growth is more suggestive 
of lymphatic vessels than blood vessels, but both are probably 
involved. Haemorrhage is often prominent. Less well-differentiated 
tumours show more atypical pleomorphic endothelial cells, often 
with spindle cell morphology, which may be heaped into several 
layers or become syncytial. Advancing malignancy may be associ- 
ated with loss of vascular pattern and proliferation of cell masses. 
Rare cases are composed of granular cells [33]. In exceptional 
cases, tumours may be extensively infiltrated by lymphocytes or 
macrophages. In these cases, distinction from a lymphoma may be 
difficult [34,35]. 

Immunohistochemical studies have indicated that membranous 
staining for CD31 and nuclear staining for ERG are the most reliable 
markers for routine use, compared with antibodies against CD34 
and von Willebrand factor (now rarely used) [7,36]. However, a 
panel of antibodies including three markers is recommended in 
difficult cases as positivity to the different markers varies. An anti- 
body against the carboxy terminal of the FLI-1 protein, a nuclear 
transcription factor member of the ETS family of DNA-binding 
transcription factors, has been shown to be a fairly specific marker 
of endothelial cells [37]. 


Genetics 

Most analysed cases have shown complex karyotypes, without 
recurrent chromosomal abnormalities [38]. Angiogenesis-related 
and vascular-specific receptor tyrosine kinase genes are usually 
upregulated. A subset of cases in younger patients exhibiting 
epithelioid morphology and poorer survival are associated with 
CIC gene abnormalities [39]. MYC gene amplification and overex- 
pression by immunohistochemistry has been demonstrated mainly 
in post-irradiation angiosarcomas [40]. However, it may also occur 
in other types of cutaneous angiosarcomas [41]. 


Figure 136.20 Well-differentiated angiosarcoma, with thin-walled irregular vascular 
channels lined by atypical endothelial cells. Note the dissection of collagen pattern. 
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Clinical features 

History and presentation [3,4,42,43] 

In all types of angiosarcoma, the first sign may be an area of bruising, 
often thought by the patient to be traumatic (Figure 136.21). Dusky 
blue or red nodules develop and grow rapidly, and fresh discrete 
nodules appear nearby. In some cases, haemorrhagic blisters are a 
prominent feature. As the tumours grow, the oedema may increase 
and older lesions may ulcerate. Multifocality is a very frequent 
finding; this makes surgical excision very difficult, particularly in 
those cases occurring on the face and scalp. Dissemination occurs 
early, with the first visceral deposits usually being in the lung and 
pleural cavity. 


Disease course and prognosis 

Most studies reporting outcomes have confined their attention to 
idiopathic angiosarcoma of the face, neck and scalp, in which the 
reported 5-year survival is low, at between 12% and 33% [3,44]. 
Angiosarcomas arising in the setting of chronic lymphoedema 
and after radiotherapy appear to be equally aggressive. Combined 
series of idiopathic angiosarcoma of the face and scalp, other cuta- 
neous angiosarcomas and angiosarcomas occurring in internal 
organs report 5-year survival rates varying between 24% and 34% 
[1,45,46,47]. Features found to affect prognosis vary between differ- 
ent studies. Tumour size and completeness of excision appear to be 
more reliable factors to predict outcome [27]. It has been suggested 
that a high mitotic count correlates with poor prognosis and that 
a heavy mononuclear inflammatory cell infiltrate correlates with 
good prognosis [3,5,27]. A recent study of cutaneous sporadic 
angiosarcomas, excluding those associated with radiotherapy or 
with chronic lymphoedema, has found by univariate analysis 
that factors associated with higher mortality include older age, 
lesions on the trunk and limbs compared with those on the head 
and neck, necrosis and epithelioid cell morphology [48]. Tumours 
with necrosis and epithelioid morphology were classified as high 
risk and confirmed by multivariate analysis to be associated with 
higher mortality. The depth of invasion correlated with higher risk 
of local recurrence. The caveat with this study is that it combines 
traditional head and neck angiosarcomas with those showing a 
purer epithelioid cell morphology that usually occurs elsewhere 
and are usually classified under a different category. 


Figure 136.21 Typical haemorrhagic appearance of an angiosarcoma. 
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Management [3] 

All angiosarcomas, regardless of the setting in which they occur, 
have a bad prognosis. In the less malignant types, wide excision and 
grafting has controlled some cases. The response to radiotherapy 
alone is disappointing and is usually only palliative. In the early 
stages of angiosarcoma of a limb, radical amputation may offer 
a hope of cure. In idiopathic angiosarcoma of the head and neck, 
a very small percentage of patients with smaller lesions (usually 
less than between 5 and 10cm in diameter at presentation) can 
be successfully treated with radical wide-field radiotherapy and 
surgery [1,45,46,47]. The best chance of survival in these patients 
resides in wide surgical excision followed by radiotherapy [49]. 
A combination of radiotherapy and taxanes (paclitaxel and doc- 
etaxel), the latter used for induction and maintenance therapy, 
has been shown to improve the overall survival of patients with 
cutaneous angiosarcoma compared with those treated with surgery 
and radiotherapy [50]. Combination of taxanes and anthracyclines 
has also been described to have some effect in the control of disease 
[51]. As in other types of sarcoma, anti-angiogenic therapy in the 
treatment of angiosarcoma has not yet produced the expected 
promising results [52]. The best approach to the management of 
these tumours is by individualising cases in a multidisciplinary 
setting. 


Epithelioid haemangioend 
[1,2,3] 


Definition 

Epithelioid haemangioendothelioma is a distinctive tumour char- 
acterised by epithelioid endothelial cells arranged in strands or as 
individual units, in a myxoid or hyalinised stroma. It was initially 
described as a low-grade malignant tumour, but was subsequently 
classified as a fully malignant neoplasm, in view of the associated 
morbidity and mortality [3]. However, small primary cutaneous 
lesions appear to have an indolent behaviour. 


Epidemiology 

Incidence and prevalence 

This tumour may occur in many internal organs, and it is more com- 
monly seen in deeper soft tissues. Involvement of the skin may occur 
primarily or as a result of direct extension from a deep-seated pri- 
mary. Fewer than 10% of cases occur primarily in the skin [4]. 


Age 
There is predilection for middle-aged adults. 


Sex 
Males are equally affected than females. 


Pathophysiology 

The neoplasm is infiltrative and is composed of strands, cords and 
nests of endothelial cells in a hyaline or myxoid stroma. Dermal 
lesions often consist of a fairly well-defined nodule. The tumour cells 
have epithelioid morphology and consist of pink cytoplasm, vesicu- 
lar nuclei and inconspicuous nucleoli. Angiocentricity is commonly 


seen and tumours often arise from a medium-sized vein or even an 
artery. Formation of vascular channels is not readily apparent but a 
common finding is the presence of intracytoplasmic vacuoles with 
or without red blood cells. A small number of cases display cytologi- 
cal atypia, which may be prominent, and a high mitotic count. There 
is no clear correlation between cytological grade and behaviour. 
Occasional tumours overlap with epithelioid angiosarcoma. Stain- 
ing for endothelial cell markers, including ERG and CD31, is 
usually positive, and 20-30% of cases are focally positive for keratin 
[3,5]. Podoplanin (D2-40) is also frequently positive in tumour 
cells. 


Genetics 

Most tumours show a translocation t(1;3) (p36.3;q25) that results 
in fusion of the WWTR1 and CAMTAI1 genes [6-9]. In a group 
of tumours, a novel fusion, involving genes YAP1 and TFE3 on 
chromosomes 11 and X, respectively, has been demonstrated. 


Clinical features [1,2,3] 

History and presentation 

Cutaneous tumours are usually small, but deeper lesions are often 
several centimetres in diameter. Pain is a frequent complaint, 
probably due to angiocentricity. Involvement of other organs, 
including the lung, liver and bone, may be seen in some cases, and 
it is not clear whether this represents multicentricity or metastatic 
spread. 


Disease course and prognosis 

Purely cutaneous tumours appear to have a benign behaviour, but 
there is some tendency for local recurrence. Deeper tumours have a 
recurrence rate of up to 15% and a mortality rate of 20% [1,2,3]. 


Management 
Complete excision with clear margins is essential. 


Epithelioid angiosarcoma [i- 


Definition 

A distinctive variant of angiosarcoma composed almost exclusively 
of endothelial cells with an epithelioid morphology, often mimick- 
ing a carcinoma. This tumour represents the malignant end of the 
spectrum of tumours with epithelioid cell morphology. 


Epidemiology 

Incidence and prevalence 

This is a rare tumour that mainly occurs in deep soft tissue but that 
may present primarily in the skin or other organs. 


Age 
There is a predilection for young to middle-aged adults. 


Sex 
Males are more frequently affected. 


Pathophysiology 

Pathology [1-3,4] 

Sheets of atypical epithelioid cells with abundant pink cytoplasm, 
vesicular nuclei and a single eosinophilic nucleolus occupy the 
dermis and/or subcutis. Haemorrhage and haemosiderin depo- 
sition is often seen. Formation of vascular channels is not readily 
apparent and the main feature is the presence of intracytoplasmic 
vacuoles with or without red blood cells in variable numbers of 
tumour cells. Mitotic figures are common. Tumour cells are vari- 
ably positive for vascular markers including ERG, CD31, CD34, 
FLI-1 and von Willebrand factor. In 50% of cases, there is pos- 
itivity for cytokeratin. Focal positivity for epithelial membrane 
antigen is also seen in 25% of cases [4]. Ordinary angiosarcomas 
such as those occurring on the head of elderly patients, those 
associated with radiotherapy and those associated with chronic 
Iymphoedema may display focal areas with epithelioid endothe- 
lial cells. These tumours should not be classified as epithelioid 
angiosarcomas. 


Genetics 

CIC gene abnormalities were shown to occur in angiosarcomas with 
epithelioid morphology affecting younger patients, with an inferior 
disease-free survival [5]. 


Clinical features [1-3,4] 

History and presentation 

Cutaneous tumours present in young to middle-aged adults, with 
a predilection for the extremities. The typical presentation is that 
of solitary, or more rarely multiple, asymptomatic papules or 
nodules which are often haemorrhagic. It is not clear whether 
multiple lesions represent multifocality or metastatic disease. Occa- 
sional cases have been reported in association with a foreign body 
[6], radiotherapy [1] or an arteriovenous fistula [7]. Epithelioid 
angiosarcoma arising in another organ may present with cutaneous 
metastases [8]. 


Disease course and prognosis 

Although it was initially suggested that cutaneous epithelioid 
angiosarcoma has a relatively good prognosis, this was based 
on only very few cases with limited follow-up [2]. Overall, the 
behaviour of these tumours appears to be aggressive with a 
mortality rate of more than 55% after 3 years [4]. 


Management 
Complete excision and close follow-up are indicated. 
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Cavernous lymphangioma, cystic hygroma and lymphangioma 
circumscriptum are described in Chapter 103. 
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Acquired progressive lymph 


Definition and nomenclature 
This is a benign dermal tumour composed of irregular lymphatic 
channels dissecting between collagen bundles. 


1clusions 
endothelioma 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
There is a predilection for middle-aged adults but children may be 
affected. 


Sex 
Males are slightly more affected than females. 


Pathology [1-3,4] 

Low-power examination reveals an ill-defined often pan-dermal 
proliferation of irregular thin-walled lymphatic channels dissecting 
between collagen bundles. These channels tend to be orientated 
parallel to the epidermis and are lined by a single layer of bland 
endothelial cells. Involvement of the subcutaneous tissue is rare. 
Distinction from the lymphangiomatous variant of Kaposi sar- 
coma is often very difficult, but in the former there are aggregates 
of inflammatory cells including plasma cells and the cells lining 
the vascular channels are usually positive for HHV8. Distinction 
from a well-differentiated angiosarcoma is based on the absence of 
cytological atypia and mitotic figures. 


Clinical features [1-3,4] 

Lesions typically present as slow-growing nondescript solitary vas- 
cular or pigmented, 0.3-10 cm macules or papules on the head and 
neck, and less frequently on the oral mucosa, extremities and trunk 
[4]. Multiple lesions are exceptional [3]. 


Management 

Excision is all that is required; there is no tendency for local recur- 
rence [1,4,5]. Recently, pulsed dye laser has been successfully 
used [6]. 


radiotherapy ([1-3,4,5-7] 


Definition and nomenclature 

Atypical vascular proliferation after radiotherapy (AVPR) defines a 
group of vascular lesions that occur months or years after radio- 
therapy — mainly, but not exclusively, after breast cancer. Lesions 
may also present after radiotherapy for ovarian and endometrial 
carcinoma. 
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vascular lesion 


Epidemiology 
Incidence and prevalence 
These lesions are rare. 


Age 
Most patients are middle-aged to elderly. 


Sex 
Almost all cases affect females. 


Associated diseases 

AVPRs have been described almost exclusively in the con- 
text of prior radiation therapy for breast cancer, particularly 
breast-conserving therapy with adjuvant radiation therapy, 
although cases related to radiation therapy for multiple myeloma, 
cervical carcinoma, Hodgkin disease, ovarian cancer, endometrial 
carcinoma and melanoma have been reported [4]. 


Pathophysiology 

MYC gene amplification and overexpression by immunohistochem- 
istry has been demonstrated in post-irradiation angiosarcomas but 
not in AVPRs and this is an important aid in differential diagno- 
sis [8]. 

There is a clear aetiological link with radiotherapy [1-3,4,5-7]. 
The demonstration of staining of the endothelial cells for lymphatic 
markers suggests a lymphatic line of differentiation. Although 
the relationship between AVPR and post-radiation angiosarcoma 
has been controversial, the more commonly accepted view is that 
AVPR represents part of a spectrum of lesions with post-radiation 
angiosarcomas [4]. Most AVPR are banal but occasionally progres- 
sion from AVPR to angiosarcoma is seen. 


Pathology (Figure 136.22) 

Irregular lymphatic-like vascular channels, lined by a single layer 
of endothelial cells, are seen in the dermis and may be multifocal. 
The endothelial cells are flat or have a hobnail appearance, and pap- 
illary projections can also be found. Careful examination of multiple 
sections is recommended. 


Figure 136.22 Histopathology of atypical vascular proliferation after radiotherapy. 


Clinical features 

History 

AVPR presents a few years or months after radiotherapy for breast 
cancer (by comparison, post-irradiation angiosarcomas usually but 
not always tend to present many years after radiotherapy) [1-3]. As 
acute and chronic radiation dermatitis typically stabilises within 3 
years, changes noted after this period should prompt suspicion of 
AVPR. The median latency period following radiation exposure is 
5-6 years [4,6,7,9]. 


Presentation 

Characteristic lesions are solitary or grouped red to violaceous mac- 
ules, papules, nodules or vesicles. These may range in size from 0.3 
to 20 cm, with surrounding ecchymoses, induration or telangiectasia 
[1,4,6,9]. 


Disease course 

Although usually benign in clinical course [1,7], the ultimate out- 
come is somewhat indeterminate as a result of recurrence, develop- 
ment of new AVPRs, angiosarcoma present upon re-excision (5/11 
in one series) and transition from AVPR to angiosarcoma within 2 
years in a handful of cases [2,4,9,7]. 


Prognosis 

Most lesions behave in a benign fashion. However, as mentioned 
before, it is controversial whether these lesions are uniformly benign 
or whether they overlap with radiation-induced angiosarcoma. 


Management 

There is no standardised management algorithm and _ practices 
differ widely. Given that there have been several reports of AVPR 
being reclassified as angiosarcoma upon re-excision [6] and transi- 
tion to angiosarcoma as early as within 2 years [4,9], wide excision 
and close clinical follow-up are appropriate, although even in 
instances where margins were reported to be clear, recurrence was 
common. 


Diffuse lymphangiomatosis | 


Definition and nomenclature 

A rare condition characterised by extensive and variable involve- 
ment of the viscera (particularly the lung), bone, soft tissue and occa- 
sionally the skin by lymphatic malformations. 


ns 
sometimes referred to as Gorham syndrome, 
or disappearing/vanishing/phantom bone disease 


Introduction and general description 

Diffuse lymphangiomatosis can involve the bone, lungs, spleen, 
liver, soft tissue and skin, as well as other structures in the thorax 
[1]. Though histologically benign, the space-occupying nature of 
the lesions, with the generation of effusions, can severely compro- 
mise organ function leading to death. The disease is thought to be 


congenital, with most clinical presentations in childhood. There is 
no strong sex predominance or pattern of inheritance [2-7]. 


Pathophysiology 

Pathology 

The histological findings are similar to those of acquired pro- 
gressive lymphangioma except that they are not confined to the 
dermis, often penetrating into the subcutis, involving soft tis- 
sue, fascia, muscle and organ parenchyma [8,9]. Involvement 
of the skin is relatively uncommon in Gorham-Stout syndrome 
[6,7,10], though it can be extensive over affected bone [9]. Hae- 
mangiomata are also reported, involving bone, soft tissue and 
overlying skin [8]. The endothelial cells lining the dilated vas- 
cular spaces express CD31, factor VIII, UEA-1, LYVE-1, VEGF- 
R3, VEGF-C and podoplanin, consistent with lymphatic origin 
[1,8,9,11]. 


Clinical features 

The clinical features reflect the degree and site of involvement. 
Pulmonary involvement manifests as cough or dyspnoea, and bone 
involvement with pain, pathological fracture and osteolytic lesions. 
Any part of the skeleton may be involved. Diffuse pulmonary 
disease has a poor prognosis complicated by chylothorax, pleural 
and pericardial effusions, and infection. Skin involvement is typ- 
ified by overlying haemangiomata or lymphangiomata [1-3,5-7], 
and lymphangiomatosis should be considered if accompanied by 
symptoms of bone or pulmonary involvement. 


Management 

Generally, treatment is supportive including the draining of effu- 
sions, placement of shunts and sclerotherapy. Radiation therapy and 
surgical correction of skeletal defects can be successful early in the 
clinical course [1,10,12]. Responses to interferon a-2b and bisphos- 
phonates have been reported for bone involvement [3,13]. Anecdotal 
successes have been reported with sirolimus [14], bevacizumab [15] 
and propranolol [16]. 


TUMOURS OF PERIVA‘ 


Infantile myofibromatosis ai 
myofibroma [1-6] 


Definition and nomenclature 


This tumour is composed of cells showing differentiation towards 
perivascular contractile cells and has been described in the past as 
infantile haemangiopericytoma [7]. Infantile myofibromatosis and 
adult myofibroma/myofibromatosis are best regarded as part of the 
spectrum of lesions described more recently as myopericytomas (see 
later) [8,9]. 
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Epidemiology 

Incidence and prevalence 

Solitary lesions both in children and adults are relatively rare. Mul- 
tiple lesions are uncommon. 


Age 

Most cases of infantile myofibromatosis, present before the age of 
2 years, with slight male predominance. Congenital tumours occur 
in up to a third of the cases. Solitary myofibroma tends to occur in 
adults, with the same anatomical distribution as that of cutaneous 
and soft-tissue lesions presenting in infantile myofibromatosis [5,6]; 
multiple superficial tumours are rarely seen in adults. Intraoral 
lesions tend to be more common in young adults [10,11]. 


Sex 
Tumours are more common in males. 


Pathophysiology 

Predisposing factors 

Rare myopericytomas but not classic myofibromas are associated 
with Epstein-Barr virus and have been reported in patients with 
HIV/AIDS [12] (see Chapter 31). 


Pathology [1,2,5,6,7,8] 

Tumours have a distinctive biphasic growth pattern: 

e Areas composed of bundles of mature spindle-shaped myofibro- 
blasts with pink cytoplasm and vesicular nuclei. 

e Areas composed of immature round cells, with scanty cyto- 
plasm arranged around small blood vessels, often displaying a 
haemangiopericytoma-like pattern (‘staghorn-like’). 

Protrusion of tumour cells into vascular lumina is frequent, often 
mimicking vascular invasion. Old lesions often undergo hyalinisa- 
tion of the more mature areas. Mitotic figures and necrosis are rel- 
atively common. Tumour cells, particularly in the mature areas, are 
focally positive for actin. 


Genetics 

A germline mutation in PDGFRB is encountered in familial infantile 
myofibromatosis cases [13]. Recurrent somatic PDGFRB mutations 
have also been demonstrated in sporadic infantile/solitary adult 
myofibromas [14]. 


Clinical features [1-3] 

History and presentation 

Presentation is usually as single or solitary nodules that may be 
skin coloured or blue/red. Multiple lesions are present in 25% of 
patients. The preferred sites are the head and neck, followed by 
the trunk. Familial cases are rare. Involvement of other organs, 
including the gastrointestinal tract, lungs and bone, is seen in some 
cases. Multicentric involvement may be associated with mortality. 
Multiple lesions in the skin and soft tissues behave in a benign 
fashion and may regress spontaneously. Exceptionally, associated 
thrombocytopenia has been reported [15]. 


Disease course and prognosis 

Lesions tend to regress spontaneously, but it is important to remem- 
ber that patients with visceral tumours may die from the disease. 
Solitary lesions do not tend to recur locally. 
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Management 
Simple excision is the treatment of choice for solitary lesions. 


Myopericytoma — 


Definition 

For many years, tumours thought to differentiate towards pericytes 
(perivascular myoid cells) were divided into two main categories: 
infantile haemangiopericytoma and adult haemangiopericytoma. 
Both variants, however, appear to have very little in common except 
for the histological presence of a pericytomatous pattern charac- 
terised by elongated branching thin-walled vascular spaces with a 
stag-horn pattern. With the combination of immunohistochemistry 
and electron microscopy, most tumours previously classified as 
adult haemangiopericytoma on light microscopy represent other 
tumours, including synovial sarcoma, mesenchymal chondrosar- 
coma and solitary fibrous tumour [1]. In very few cases the line 
of differentiation remains obscure, and these represent the ‘true’ 
adult haemangiopericytomas. They are more likely to arise from 
an undifferentiated mesenchymal cell than from a pericyte. ‘True’ 
adult haemangiopericytomas do not usually occur in the skin and 
will not be discussed further here. 

The concept of myopericytoma was introduced to describe a 
group of lesions characterised by short oval to spindle-shaped 
myofibroblasts and a characteristic concentric perivascular growth 
[2]. Tumours tend to be mainly deep dermal and subcutaneous, 
and include lesions classified in the past as glomangiopericytoma, 
myopericytoma, myofibroma and myofibromatosis in adults. Infan- 
tile haemangiopericytoma and infantile myofibromatosis represent 
identical conditions and the former term has been abandoned. 

Infantile myofibroma/myofibromatosis has already been descri- 
bed in the section on myofibroblastic tumours. 


Epidemiology 
Incidence and prevalence 
Tumours are relatively rare. 


Age 
Most lesions present in middle-aged adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The histological spectrum of myopericytoma is wide and varies 
from lesions that are very similar to myofibromatosis, to tumours 
that closely resemble glomus tumours and even to angioleiomy- 
oma. Tumours in all the latter categories are regarded as belonging 
within the same spectrum. Lesions are well circumscribed and 
composed of a mixture of solid cellular areas intermixed with 
variable numbers of vascular channels. The latter are often elon- 
gated and display prominent branching, resulting in a stag-horn 
appearance (haemangiopericytoma-like). The cells in the solid areas 
are bland, round or short and spindle shaped with eosinophilic 


Figure 136.23 Numerous vascular channels surrounded by layers of pericytes in a case 
of myopericytoma. 


or amphophilic cytoplasm and vesicular nuclei. Mitotic figures 
are exceptional. A common feature is the presence of concentric 
layers of tumour cells around vascular channels resulting in a 
typical onion-ring appearance (Figure 136.23). Myxoid change may 
be focally prominent. Occasional findings include hyalinisation, 
cystic degeneration and bone formation. Nodules of tumour cells 
may protrude into the lumina of vascular channels. Rare examples 
are entirely intravascular [3]. In some cases, tumour cells closely 
resemble glomus cells and are characterised by round punched-out 
central nuclei and pale eosinophilic cytoplasm. These cases are 
referred to as glomangiopericytomas. Tumour cells are positive for 
smooth muscle actin and in most cases negative for desmin. 


Genetics 
PDGFRB alterations have been demonstrated in myopericytoma [4]. 


Clinical features 

History and presentation 

Myopericytoma is relatively rare and presents mainly in middle- 
aged adults with a predilection for the limbs, especially the distal 
lower limb. Lesions are small (no more than 2cm in diameter), 
longstanding, usually asymptomatic and may be solitary or, rarely, 
multiple [2,5,6]. Exceptionally, they are painful. In the setting of 
multiple myopericytomas, these often develop simultaneously with 
a predilection for a single anatomical site. 


Disease course and prognosis 

Behaviour is benign even in cases with an intravascular location. 
Very rarely, malignant examples of myopericytoma have been 
reported [7]. 


Management 
Simple excision is the treatment of choice. 


Glomus tumour [1-3] 5 -—l Tae 


Definition and nomenclature 
A tumour of the myoarterial glomus, composed of vascular channels 
surrounded by proliferating glomus cells. The tumours have vari- 


able quantities of glomus cells, blood vessels and smooth muscle. 
According to this finding, they are classified as either solid glomus 
tumour, glomangioma or glomangiomyoma. 


Epidemiology 
Incidence and prevalence 
Glomus tumours are comparatively uncommon. 


Age 

Some are present at birth; they rarely appear during infancy, but 
from the age of 7 years onwards the incidence increases gradually. 
Multiple tumours are 10 times more frequent in children than in 
adults [3,4]. Tumours in adults present mainly during the third or 
fourth decades of life. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The tumour is lobulated, well circumscribed and situated in the 
dermis. The proportion of glomus cells to vascular spaces varies. 
The smaller painful lesions tend to be mainly cellular. The larger, 
multiple and often painless lesions are angiomatous, with only a 
band of cells around the dilated vascular channels. The glomus cell 
is cuboidal, with a well-marked cell membrane and a round central 
nucleus. The cells align themselves in rows around the single layer 
of endothelial cells of the vascular spaces and in a somewhat less 
orderly fashion further out. More than 50% of tumours can be classi- 
fied as glomangiomas and a minority (fewer than 15%) are classified 
as glomangiomyomas (Figure 136.24). Electron microscopy [5-7] 
suggests that glomus cells are transversely cut smooth muscle cells 
and that there are many mast cells around the tumour, but that nerve 
fibres are not associated with the glomus cells. Tumour cells are 


Figure 136.24 A typical case of glomangiomyoma displaying vascular channels, smooth 
muscle and thin layers of glomus cells. 


; Tumours of perivascular cells 136.41 


= 
uv 
 ¢ 
= 
a 
fe) 
wi 
2 


PART 12 


< 
i) 
¢ 
eal 
3 
2) 
WW 
2 
fe 
= 
= 
ce 
a 


136.42 


universally positive for smooth muscle actin and are usually nega- 
tive for desmin. Positivity for CD34 may be seen [8]. An oncocytic 
variant has been described [9], and also variants developing within 
a cutaneous nerve [10] and within a vein [11]. Malignant glomus 
tumour (glomangiosarcoma) is exceedingly rare. Even cutaneous 
tumours that are histologically malignant rarely metastasise, but 
they have a potential for local recurrence [12,13]. 


Genetics 
NOTCH gene fusions have been demonstrated in a number of 
benign and malignant glomus tumours [14]. 


Clinical features 
History and presentation 
A solitary glomus tumour is a pink or purple nodule varying in size 
from 1 to 20 mm; it is conspicuously painful (Figure 136.25). Pain 
may be provoked by direct pressure or a change in skin temperature, 
or may be spontaneous. The commonest site is the hands, particu- 
larly the fingers, followed by other sites on the extremities including 
the head, neck and penis [15]. Tumours beneath the nail are partic- 
ularly painful, and patients present for treatment while the lesions 
are still very small. The affected nail has a bluish-red flush. An asso- 
ciation between subungual glomus tumour and neurofibromatosis 
type 1 has been reported [16,17]. Glomus tumours may also involve 
internal organs. 

Multiple glomus tumours are larger and usually dark blue 
in colour, and are situated deep in the dermis. They are less 
restricted to the extremities, may be widely scattered and are 


Figure 136.25 Clinical appearance of a glomus tumour. 
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not usually painful [18-21]. In some cases, grouped multiple 
tumours may be painful, and pain, intermittent discoloration and 
sweating of a limb may precede the development of a palpable 
tumour. 


Differential diagnosis 

The solitary tumour is to be distinguished from other painful 
tumours such as leiomyoma and eccrine spiradenoma. Distinc- 
tion is usually only possible on histological examination. The 
multiple glomangioma may be indistinguishable clinically from a 
cavernous haemangioma and is possibly identical to ‘blue rubber 
bleb’ naevus [5]. 


Disease course and prognosis 
Local recurrence is very rare and occurs mainly after incomplete 
excision. Most recurrences are seen in deeper lesions with an infil- 
trative growth pattern [21]. These lesions have been described as 
infiltrating glomus tumours [22]. 


Management 
Surgical excision is usually curative. 


PERIPHERAL NEUR( 
TUMOURS 


These lesions appear to be combined hamartomas of both muscular 
and neural tissue. The clinical appearance is of a subcutaneous 
mass. Multinodular masses of skeletal muscle are mixed with 


both myelinated and unmyelinated nerve fibres. Malignant triton 
tumours, composed of a mixture of schwannoma-like material and 
rhabdomyosarcoma, are very much commoner than the benign 
variety of triton tumour. Surgical excision is required. 


Dermal hyperneury [12,3] —l ee 


Increase in the amount of dermal nerve fibres has been noted in 
normal skin of patients with multiple endocrine neoplasia type 2b 
[1]. Rarely, dermal hyperneury can manifest in other familial can- 
cer syndromes, such as Cowden syndrome. Solitary and multiple 
presentation has been described outside the syndromic setting as 
well [2,3]. The clinical appearance in those cases is that of pink or 
skin-coloured papules. On histology, well-formed and conspicuous 
nerves, unusually large for the level of cutis, are present within the 
lesions. 
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Morton neuroma 1,2] -— FO. 


Definition and nomenclature 

= This is the result of damage to the plantar digital nerve, followed 
Multiple mucosal neur: nas [1] by fibrosis. The condition has been associated with the use of 
high-heeled footwear. 


Multiple neuromas of the oral mucosa are a feature of Sipple syn- 
drome (multiple endocrine neoplasia type 2) and may be associated 
with phaeochromocytoma, parafollicular thyroid cysts secreting 
calcitonin, medullary thyroid carcinoma and opaque nerve fibres 
on the cornea (Chapter 148). 


Epidemiology 
Incidence and prevalence 
It is rare. 


Age 
Adults. 


Amputation stump neu a [1 Sex 
: Most common in females. 


Definition and nomenclature 


This is a benign response of nerve tissue to injury. Pathophysiology 


Pathology 

On pathological examination, there is very prominent perineurial, 
endoneurial and epineurial fibrosis. Perivascular fibrosis and inti- 
mal thickening are also seen. 


Clinical features 

History and presentation 

Patients complain of severe pain, usually between the third and 
fourth metatarsals, especially when walking. 


Pathophysiology 

Pathology 

Foci of proliferating nerve tissue surrounded by scar tissue are typi- 
cally seen (Figure 136.26). Accessory digits may show a very similar 


rn of tissue involvement. 
peed pa Management 


Clinical foaturas Excision is the recommended therapy and is curative. 


History and presentation 
A small tender nodule is found in a scar site. 


Management 


Surgical excision is usually required. The problem can be prevented 


by apposing the ends of nerves at the sites of injury. Definition and nomenclature 
This is a distinctive variant of cutaneous neuroma composed of vari- 


able proportions of the normal components of nerve tissue. 
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Epidemiology 
Incidence and prevalence 
Lesions are relatively common. 


Age 
Most cases present in adults. 
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Figure 136.26 Histological appearance of an amputation neuroma. Small nerves Sex 
proliferate in the dermis in a background of fibrosis. There is equal sex incidence. 


= 
7) 
< 
_i 
o 
fo) 
Wi 
z 


PART 12 


Chapter 136: Soft-tissue Tumours and Tumour-like Conditions 


Figure 136.27 Sharply demarcated dermal nodule in a case of solitary circumscribed 
neuroma. 


Pathophysiology 

Pathology [1,2,3] 

Examination reveals a well-circumscribed partially encapsulated 
dermal nodule (Figure 136.27), often associated with a nerve in the 
deep dermis. It is composed of uniform cells with pink cytoplasm 
in a collagenous background and with artefactual clefting between 
bundles. The capsule displays epithelial membrane antigen-positive 
perineurial cells. Most of the cells within the nodule are S100 protein 
positive and special stains may demonstrate axons. 


Clinical features [1,2,3] 

History and presentation 

It is fairly common and presents mainly on the face of adults as a 
small asymptomatic papule, which may resemble a naevus. 


Disease course and prognosis 
Lesions are benign. 


Management 
Simple excision is curative. 


Schwannoma — 


Definition and nomenclature 
A tumour of nerve sheaths composed of Schwann cells. 


Epidemiology 

Incidence and prevalence 

The tumour is relatively rare in the skin and relatively uncommon 
in other sites including soft tissues. 


Age 
It may occur at any age but is most common in the fourth and fifth 
decades. 


Sex 
Females are affected more often than males [1]. 


Pathophysiology 
Pathology [2,3] 
The tumour is rounded, circumscribed and encapsulated. It is 
situated in the course of a nerve, usually in the subcutaneous fat. 
The cells are spindle shaped with poorly defined cytoplasm and 
elongated wavy basophilic nuclei. Variable amounts of collagen 
are seen in the background. Cells are arranged in bands, which 
stream and interweave. The nuclei display palisading and are 
arranged in parallel rows with intervening eosinophilic cytoplasm 
in a typical appearance known as Verocay bodies (Figure 136.28). 
Cellular areas known as Antoni A areas are intermixed with areas 
showing prominent myxoid change known as Antoni B areas 
[4]. The latter areas are likely to be the result of degeneration. In 
some tumours, there is mucous secretion, producing a vacuolated 
stroma. Scattered mononuclear inflammatory cells are often seen. 
In some cases, the nerve of origin may be found associated with the 
capsule. Electron microscopy shows that tumour cells have typical 
features of Schwann cells [5]. S100 protein staining is strong and 
uniform [6]. For many years, it was thought that schwannomas 
lack axons and this was regarded as a useful way of distinguish- 
ing these tumours from neurofibromas, which contain variable 
numbers of axons. The presence of the latter is demonstrated by 
immunostaining for neurofilaments. This view, however, has been 
challenged as both hereditary and sporadic schwannomas may con- 
tain axons, suggesting that both entities may in fact be more closely 
related than previously thought [7]. This explains the rare occur- 
rence of hybrid lesions combining features of neurofibroma and 
schwannoma [8]. 

There are several variants of schwannoma, some of which may be 
confused histologically with other benign or malignant tumours: 

1 Hybrid schwannoma/perineuriomas are tumours that have two 
clearly defined populations of cells, Schwann cells and perineural 
cells positive for 5100 protein and EMA, respectively [9]. 

2 Ancient schwannoma [10] often occurs in a deep location and is 
characterised by prominent degenerative changes, which often 
result in cytological atypia. Ectatic blood vessels, haemorrhage, 


Figure 136.28 Typical Verocay body in a case of schwannoma. 


haemosiderin deposition and focal inflammation consisting of 
lymphocytes are often seen. There is loss of Antoni A areas, 
which makes histological diagnosis difficult. 

3 Cellular schwannoma [11] also tends to have a predilection for 
deep soft tissues. It is characterised by high cellularity, with 
almost complete absence of Antoni B areas. This, coupled with 
the presence of mitotic figures, often leads to a misdiagnosis of 
malignancy [12]. A multinodular plexiform variant may occur in 
children and some examples are congenital. 

4 Plexiform schwannoma [13,14] tends to occur in younger patients, 
may be painful and has a predilection for the dermis. Multiple 
cellular nodules composed of bland Schwann cells are seen in the 
dermis. Distinction from plexiform neurofibroma is important, as 
these tumours are not usually associated with neurofibromato- 
sis type 1. Multiple cutaneous plexiform schwannomas, however, 
are associated with neurofibromatosis type 2 [1,15]. 

5 Malignant melanotic schwannian tumour (previously known as melan- 
otic schwannoma) [16] only exceptionally occurs in the skin; it has 
a predilection for spinal nerve roots. Tumour cells are epithelioid 
and melanin pigment is prominent. The importance of this vari- 
ant is that these tumours previously regarded as benign have now 
been classified as malignant and may be a marker of Carney com- 
plex (Chapter 148) [17]. These neoplasms are characterised by 
PRKARIA inactivating mutations [18]. 

6 Pacinian schwannoma is a rare variant composed of structures 
closely resembling the Pacinian corpuscles. 

7 Neuroblastoma-like schwannoma is very rare and characterised his- 
tologically by areas composed of round blue small Schwann cells 
which may form perivascular rosettes or rosettes with collage- 
nous cores [19]. The tumour in other areas has the typical appear- 
ance of a schwannoma and the immunohistochemical profile is 
typical of the latter. 

8 Epithelioid schwannoma is an infrequent type of schwannoma com- 
posed predominantly of cells with epithelioid morphology [20]. 
However, although these tumours are positive for S100 protein, 
they lack palisading, are composed of uniform tumour cells and 
contain a population of CD34-positive cells. It has therefore been 
proposed that these lesions do not represent classical examples of 
schwannomas [21]. 

9 Glandular schwannoma [22,23] represents in most cases an ordi- 
nary schwannoma with entrapment of normal sweat glands. 


Genetics 

Inactivation of the NF2 gene has been demonstrated as the main 
genetic event in sporadic schwannomas, as well as in schwanno- 
matosis [24]. 


Clinical features [25] 

History and presentation 

It arises most frequently from the acoustic nerve. Bilateral acous- 
tic schwannomas are characteristic of neurofibromatosis type 2. A 
further manifestation of the latter is the occurrence of multiple cuta- 
neous plexiform schwannomas. There is no association with neu- 
rofibromatosis type 1. In the peripheral nervous system, it is usually 
found in association with one of the main nerves of the limbs, usu- 
ally on the flexor aspect near the elbow, wrist or knee, the hands or 
the head and neck [25]. It may be seen on the tongue. Other sites 


include the wall of the gastrointestinal tract and the posterior medi- 
astinum. They are rounded or ovoid circumscribed nodules varying 
in size up to 5cm, usually firm (but sometimes soft and cystic) in 
consistency and sometimes painful. The colour is pink-grey or yel- 
lowish. Small lesions may be intradermal, but larger ones are sub- 
cutaneous. They usually grow slowly. 


Disease course and prognosis 

Most tumours are benign. Malignant transformation of a schwan- 
noma is exceedingly rare and may contain areas of epithelioid 
angiosarcoma [26,27,28]. 


Management 
Simple excision is curative. Wider margins should be obtained for 
malignant melanotic schwannian tumour. 


Solitary neurofibroma [1,23,4] 


Definition 

An isolated lesion probably arising from the endoneurium and 
composed of a mixture of Schwann cells, fibroblasts and perineurial 
fibroblasts. It is not related to neurofibromatosis type 1. Although 
it was regarded as hamartomatous in nature, the demonstration of 
clonality suggests a neoplastic origin [5]. 


Epidemiology 
Incidence and prevalence 
Lesions are relatively common. 


Age 
Tumours are more common in adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

It has been suggested that cutaneous neurofibromas develop as a 
result of precursor cells that are pluripotent, probably arise from the 
hair roots and have a NF1 (+/-) genotype [6]. 


Genetics 

Biallelic genetic inactivation of the NF1 tumour suppressor gene 
in the Schwann cell population is the sole recurrent somatic 
event detectable in neurofibroma. RAS/RAF/MEK/ERK and 
PIBK/AKT/mTOR pathways are involved in NF1 tumour patho- 
genesis [7]. 


Pathology 

These lesions differ from schwannomas in that they do not have 
a capsule, they are only focally positive for S100 protein and they 
do not have Antoni A and Antoni B areas. Instead, they are com- 
posed of bland spindle-shaped cells with wavy nuclei in a myxoid or 
collagenous stroma. Mast cells are usually prominent. Degenerative 
changes are sometimes seen but mitotic activity is absent. Tumours 


: Peripheral neuroectodermal tumours 136.45 


< 
7) 
 ¢ 
_i 
o 
fe) 
Ww 
z 


PART 12 


< 
7) 
< 
_i 
o. 
fo) 
rt) 
2 


PART 12 


136.46 


Figure 136.29 Multiple soft papules, typical of neurofibroma in a patient with 
neurofibromatosis type 1. 


with scattered atypical cells (nuclear enlargement and hyperchro- 
matism) are classified as atypical but they are not associated with 
aggressive behaviour [8]. Fewer than 50% of the cells in these lesions 
are S100 positive. There is also focal positivity for CD34 and EMA. 

Several histological variants of neurofibroma have been described, 
including epithelioid neurofibroma, granular cell neurofibroma, 
pigmented neurofibroma [11] and a variant with dendritic cells and 
pseudorosettes [3,10]. 


Clinical features 

History and presentation 

Any body site may be affected. It usually appears as a slow-growing 
small polypoid lesion. Multiple neurofibromas are rare outside the 
setting of neurofibromatosis type 1 (Figure 136.29). 


Disease course and prognosis 
Malignant change is said not to occur outside the setting of neurofi- 
bromatosis type 1. 


Management 
Simple excision is curative. 


Plexiform neurofibroma _ — 


This tumour is considered to be pathognomonic of neurofibromato- 
sis type 1 (Chapter 78). However, it has been contested whether 
the presence of a single plexiform neurofibroma in the absence of 
other signs of neurofibroma can be regarded as pathognomonic of 
neurofibromatosis type 1 [1,2]. Interestingly, cytogenetic analysis 
of a sporadic plexiform neurofibroma has shown biallelic inac- 
tivation of NF1 [3]. It presents in children and young adults of 
either sex, with a predilection for the lower limbs and the head and 
neck. Tumours are large and located in the dermis, subcutis and 
even deeper soft tissues. The overlying skin is folded and hyper- 
pigmented and the lesion is described as having an appearance 
and feeling on palpation of a ‘bag of worms’ (Figure 136.30). This 
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Figure 136.30 Numerous plexiform neural fascicles within plexiform neurofibroma. 


Figure 136.31 Clinical appearance of a plexiform neurofibroma. 


reflects the typical histological appearance of nerve trunks of dif- 
ferent sizes randomly distributed throughout the involved tissues 
(Figure 136.31). Careful histological examination of these lesions is 
necessary because the presence of mitotic activity usually indicates 
malignant transformation. 

Surgical removal of these lesions is usually very difficult because 
of the extensive involvement. MEK inhibition has been shown to 
exhibit efficacy in NFi-related tumours [4] and the use of MEK 
inhibitors is likely to increase substantially in NF1 [5]. When 
planning the surgical removal of these tumours, surgeons should 
remember that there is a tendency for haemorrhage within the 
tumour that may lead to morbidity or mortality. 


Diffuse neurofibroma —_ | 


This lesion presents as a diffuse poorly defined induration or 
plaque-like lesion of the skin and subcutaneous tissue in children 
or young adults, with a predilection for the trunk and head and 
neck area. A number of cases are associated with neurofibromatosis 
type 1. The histological features are identical to those of a solitary 
neurofibroma except for the fact that there is diffuse replacement of 
involved tissue by the tumour. Local recurrence is frequent unless 


the lesion is widely excised. Very rare sporadic tumours recur 
repeatedly and show a tendency for malignant transformation [1]. 


Perineurioma [123] — SV 


Definition and nomenclature 

Perineurioma is a tumour originally described in soft tissues. It is 
relatively common in the skin and it is composed of cells showing 
differentiation towards perineural fibroblasts. 


Epidemiology 
Incidence and prevalence 
Lesions are rare. 


Age 
Most tumours present in young adults. 


Sex 
There is predilection for females. 


Pathophysiology 

Pathology 

Tumours are well circumscribed and composed of bipolar and slen- 
der bland thin spindle-shaped cells with scanty cytoplasm and wavy 
nuclei. They are often arranged in concentric whorls (Figure 136.32) 
or in a storiform pattern. Cellularity varies and is low in the 
sclerosing variant where hyalinised collagen predominates. The 
architecture may be plexiform in some cases [4]. Tumour cells are 
distinctively positive for EMA. They are also positive for a tight 
junction associated protein, claudin-1 [5]. Focal positivity for CD34 
may also be seen. Rare cutaneous tumours may be intraneural [6]. 


Figure 136.32 Typical whorling appearance and some degree of sclerosis in a case of 
perineurioma. 


Clinical features 

History and presentation 

The lesion has a predilection for the lower limbs of young females. 
Tumours are small and asymptomatic. Multiple lesions are excep- 
tional [7]. A distinctive sclerosing variant has been described, affect- 
ing most commonly, but not always, the hands [8,9]. 


Disease course and prognosis 
Lesions are entirely benign. 


Management 
Simple excision is the treatment of choice. 


Dermal nerve sheath myxo 


Definition and nomenclature 
This is a myxoid tumour that is thought to display nerve sheath dif- 
ferentiation. 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
Young adults. 


Sex 
There is predilection for males. 


Pathophysiology 

Pathology [1-3] 

The dermis shows a well-defined tumour composed of lobules that 
vary insize and shape and are separated by fibrocollagenous stroma. 
Each lobule is composed of slender stellate or spindle-shaped 
Schwann cells with bland nuclei and indistinct cytoplasm margins 
in the background of prominent myxoid change. Mitotic figures 
are very rare. Tumour cells are uniformly positive for S100. They 
are also positive for glial fibrillary acid protein and CD57 [4]. 
EMA-positive cells are seen in the periphery of tumour lobules. 
These tumours have no relationship with the so-called cellular 
neurothekeoma [5]. 


Clinical features [1,2,4] 

History and presentation 

This presents most commonly on the upper limbs (particularly the 
fingers and hands) and lower limbs (mainly the knees, shins or feet). 
The trunk and head and neck are rarely affected. Lesions are long- 
standing, small, usually less than 1cm, skin coloured and asymp- 
tomatic. 


Disease course and prognosis 
Tumours are benign but there is some tendency for local recur- 
rence [4]. 
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Management 
Simple excision is the treatment of choice. 


Cellular neurothekeoma 1-4]. —_ | 


Definition 

Despite its name, this tumour is not related to dermal nerve sheath 
myxoma, and its line of differentiation has not been established. 
Gene expression profiles of this tumour has suggested that they 
may be related to fibrous histiocytoma [5]. The tumour should not 
be confused with ordinary nerve sheath myxomas showing focal 
cellular areas [1-3]. 


Epidemiology 
Incidence and prevalence 
Tumours are relatively common. 


Age 
The age range is wide but most cases occur in children and young 
adults. 


Sex 
It is more common in females. 


Pathophysiology 

Pathology 

In the dermis and frequently extending into the subcutis [6], there is 
an ill-defined tumour composed of nests and fascicles of epithelioid 
or spindle-shaped cells (Figure 136.33) with vesicular nuclei and a 
single small eosinophilic nucleolus. Lesions presenting in the face 
may extend into the underlying skeletal muscle. Mitotic figures are 
relatively common and scattered multinucleated cells may be seen. 
Myxoid change is present in some lesions and it may be extensive 
[7]. Tumour cells resemble melanocytes and this often leads to 
the lesion being confused with a melanoma. However, there is 
no junctional activity, and cells are invariably negative for S100 
protein, HMB45 and melan-A. Rare tumours display perineural 


Figure 136.33 Cellular neurothekeoma. Nests of epithelioid cells in the background of 
a hyalinised stroma. In cases with cytological atypia and mitotic activity, confusion with a 
melanoma is more likely. 
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extension [7,8]. Some tumours are larger in size, have more cyto- 
logical atypia and increased mitotic count, and these tumours 
have been classified as atypical cellular neurothekeoma [4,6,8]. 
However, this does not seem to be related to a more aggressive 
behaviour. Tumour cells are often positive for smooth muscle actin 
(in about 57% of cases), NKI-C3, neuron-specific enolase, PGP 9.5 
and microphthalmia transcription factor [6,9]. The tumours are neg- 
ative for Sox10, which is useful in the distinction from melanocytic 
and nerve sheath tumours [10]. A rare plexiform tumour with 
hybrid features of perineurioma and cellular neurothekeoma and 
predilection for the lips has been described [11]. 


Clinical features 

History and presentation 

The tumour presents as a small asymptomatic papule with a 
predilection for the upper limbs and face and neck [4,6]. Multiple 
lesions are exceptional [12]. 


Disease course and prognosis 
There is very little tendency for local recurrence even in cases clas- 
sified histologically as atypical. 


Management 
Simple excision is curative. 


Granular cell tumour [1,23] — Tax 


Definition and nomenclature 

A tumour composed of cells with characteristic granular cytoplasm. 
The histogenesis of the classic granular cell tumour seems to be neu- 
ral [4,5]. However, it is worth remembering that many tumours of 
different histogenesis may show granular cell change, due to the 
cytoplasmic accumulation of secondary lysosomes. 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
It is usually seen between the fourth to sixth decades of life. It can 
occur in childhood. 


Sex 
It is more common in males than females. 


Pathophysiology 

Pathology 

Large polyhedral cells arranged in sheets, which infiltrate the 
dermal connective tissue and subcutaneous fat, form the tumour. 
The cytoplasm is pale and contains brightly acidophilic granules. 


Figure 136.34 Abundant eosinophilic and granular cytoplasm in a case of granular cell 
tumour. 


Tumour cells often display large eosinophilic granules surrounded 
by a clear halo and known as pustulo-ovoid bodies of Milian [6]. 
The nuclei are relatively small and round, and tend to be vesicular. 
Clear cell change may occasionally be prominent [7]. The epithelium 
over the area may show pseudoepitheliomatous hyperplasia and in 
small biopsies this may be confused with a squamous cell carcinoma 
(Figure 136.34). Perineural extension is often seen. Vascular invasion 
may be seen occasionally and this does not seem to have any bearing 
on behaviour [8]. Occasionally, tumour cells involve the epidermis 
and distinction from melanoma may be difficult [9]. However, 
although 5100 positivity is seen in both tumours, HMB45 is usually 
negative in granular cell tumour. It is important, however, to take 
into account that rare granular cell tumours may show focal positiv- 
ity for melan-A and that microphthalmia transcription factor is posi- 
tive in a percentage of tumours [10]. The original suggestion that the 
cells are myoblasts probably arose from the examination of tumours 
of the tongue in which infiltration between the striated muscle 
bundles gave the impression of origin from the muscle. The general 
belief now is that the cells are of neural or nerve sheath origin. 


Genetics 

Loss-of-function mutations in the endosomal pH regulators 
ATP6AP1 and ATP6AP2 are found in granular cell tumours 
and result in the characteristic accumulation of intracytoplasmic 
granules [11]. 


Clinical features 

History and presentation 

The tumour is usually solitary, situated in the skin, beneath the 
epithelium of the tongue or in deeper soft tissues or internal organs 
(mainly the gastrointestinal tract) [2,3]. It is firm and rounded 
but with rather indefinite margins, sessile or pedunculated, and 
between 5 and 20mm in diameter, although larger tumours may 
be seen. A warty appearance may be seen due to epidermal 
hyperplasia. The colour may vary from flesh colour to pink or 
greyish-brown. Rare tumours are painful. Multiple tumours may 
occur both in adults and in children [3]. Multiple lesions have also 
been reported in Noonan syndrome [12]. The tumour grows slowly. 
Malignant tumours are very rare. 


Disease course and prognosis 
Local recurrence is sometimes seen after incomplete excision. 


Management 
Simple excision is the treatment of choice. 


Definition and nomenclature 


Meningeal heterotopias are defined as lesions with meningothelial 
elements presenting in the skin and soft tissue and can be the result 
of heterotopias or secondary extension from a primary central ner- 
vous system tumour (see later). 


Epidemiology 
Incidence and prevalence 
All types of meningothelial heterotopias are very rare. 


Age 
See later. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology [6-8] 

Low-power examination often reveals a lesion with a striking 
resemblance to a lymphangioma. Irregular dilated spaces are seen 
dissecting between collagen bundles. The spaces are partially lined 
by plump epithelioid cells, which are also seen in clusters in the 
surrounding stroma. Focal formation of psammoma bodies may be 
present. The dermal collagen and blood vessels also appear to be 
increased. Some lesions contain more solid areas. The presence of 
meningothelial cells can be demonstrated by positive staining for 
EMA. These cells are also positive for p63 but negative for keratins 
and $100 protein [9]. 


Clinical features 

History and presentation 

Meningeal heterotopias were divided into three groups by Lopez 
et al. [4]. The first two groups of lesions represent meningothelial 
heterotopias or hamartomas (ectopic meningothelial hamartoma). 
The main difference between both groups is that affected patients 
are children in the first group and adults in the second group. The 
third group consists of intracranial meningiomas that extend secon- 
darily into the skin or soft tissues. This group will not be discussed 
in more detail here. 

A small number of cases of meningothelial heterotopias have been 
associated with von Recklinghausen disease [1]. The tumour occurs 
over the scalp or in the paraspinous region of the trunk of children 
and young adults. Occasionally, it appears to be familial [6]. In the 
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scalp, the area is often bald. The skin is adherent to the mass, which 
is dermal or subcutaneous, and there may be a central depression 
with epidermal atrophy or ulceration. A connection with the cranial 
cavity is not usually demonstrated. The size ranges from 2 to 10 cm. 


Management 
Simple excision is the treatment of choice. 


Definition and nomenclature 


This represents the presence of heterotopic mature glial tissue in the 
dermis or subcutis, predominantly on the central face. It may be con- 
sidered to be a developmental defect in the closure of the neural 
tube. However, rare cases occur away from the midline, suggesting 
a different unexplained mechanism for its occurrence [3]. 


Epidemiology 
Incidence and prevalence 
Lesions are very rare. 


Age 
Most lesions present in infants and children. Presentation in adults 
is exceptional. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Nodules of astrocytes in a neurofibrillar background are character- 
istic. Less commonly, oligodendrocytes are seen; neuronal elements 
are exceptional. 


Clinical features 

History and presentation 

Most lesions present as a subcutaneous mass on the bridge of the 
nose. Communication with the cranial cavity is present in up to 20% 
of cases. 


Management 

Excision is curative, but it is very important to make sure that an 
underlying communication with the cranial cavity is ruled out, as 
failure to do so may result in complications such as meningitis or 
cerebrospinal fluid leakage. 


Epithelial sheath neuroma 


Definition 
This is a relatively novel, rare and intriguing dermal lesion that com- 
bines a neural and an epithelial component. Although some features 
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suggest that this may be a hamartoma, the fact that it has only been 
described in adults makes this possibility unlikely. A further theory 
is that the lesions may represent a variant of nerve hyperplasia with 
epidermal origin [2]. 


Epidemiology 
Incidence and prevalence 
Lesions are very rare. 


Age 
It presents in adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Histologically there are scattered prominent nerves in the superficial 
dermis, encased by mature non-dysplastic squamous epithelium 
with focal keratinisation and dyskeratotic cells. Immunohisto- 
chemistry displays the normal staining of nerves and epidermis, 
respectively. 


Clinical features 

History and presentation 

In view of the fact that so few cases have been described, very little 
can be said about the clinical features. The clinical presentation is not 
distinctive and lesions appear to have a predilection for the back. 


Management 
Simple excision is the treatment of choice. 


Pigmented neuroectoderma 
of infancy [1,2] 


Definition and nomenclature 

A pigmented tumour of childhood, combining neural and 
melanocytic elements. It is thought to recapitulate the early stages 
of development of the retinal epithelium although the finding of 
raised urinary excretion of vanillylmandelic acid in some cases, 
suggest a neural crest derivation [3-6]. 


mal tumour 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
Most cases present in infants between 3 and 6 months old. Occur- 
rence in adults is exceptional. 


Sex 
There is no sex predilection. 


Pathophysiology [7,8] 

Pathology 

A mass of irregular alveolar spaces surrounded by fibrous stroma 
is seen. Two types of cells are easily recognised: small round blue 
cells with scanty cytoplasm in a fibrillary matrix, and large epithe- 
lioid cells with pink cytoplasm and vesicular nuclei. These cells often 
contain melanin. Both types of tumour cells stain for synaptophysin 
and neuron-specific enolase, and are negative for S100 protein. The 
large cells are positive for cytokeratin and HMB45. 


Clinical features 

This tumour occurs most frequently in the anterior part of the max- 
illa and often presents as a pigmented oral mass [9]. It has been 
reported also in the anterior fontanelle, shoulder, epididymis, femur, 
mediastinum and even the foot. It may cause a high urinary excre- 
tion of vanillylmandelic acid [3]. This tumour has been mistaken for 
malignant melanoma and could also be confused with a cellular blue 
naevus. The clinical appearance is that of a rapidly expanding nod- 
ule in the jaw, which may affect dentition. 


Disease course and prognosis 

Although classified as benign, the lesions may cause considerable 
local destruction, and around 5% of cases may metastasise and prove 
fatal [10]. 


Management 
Complete surgical excision is the treatment of choice. 


Malignant peripheral nerv 
tumour [1,2] 


Definition and nomenclature 
A malignant tumour arising from the nerve sheath. 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
Young adults are more commonly affected in the setting of neurofi- 
bromatosis type 1. Sporadic cases occur in older individuals. 


Sex 

Cutaneous tumours usually arise from a plexiform neurofibroma in 
patients with NF1 [3]. Rare cutaneous lesions may arise within ordi- 
nary neurofibromas or de novo [4]. Deep-seated lesions arise de novo 
or in association with NF1. Patients with this disease develop malig- 
nancy in 30-50% of cases. 


Pathophysiology 

Pathology 

The basic pattern is that of fascicles of tumour cells, often with a 
herringbone pattern and resembling a fibrosarcoma. Tumour cells 
tend to concentrate around blood vessels and myxoid change is 
common. The degree of pleomorphism and the number of mitotic 
figures varies. S100 is only focally positive and often entirely neg- 
ative. H3K27me3 loss is a sensitive and specific marker for high 
grade MPNSITs, particularly outside the NF1 setting [5]. The rare 
epithelioid variant of the neoplasm consists of sheets of epithelioid 
cells often mimicking melanoma and tumour cells are usually dif- 
fusely positive for 5100 but negative for other melanocytic markers, 
with loss of SMARCB1 on immunohistochemistry in approximately 
50% of cases [6]. 


Genetics 

MPNSTs harbour complex karyotypes and usually show inactivat- 
ing mutations in the NF1, p16 or PRCA2 pathways [7], while about 
a half of epithelioid MPNSTs show SMARCB1 inactivation. 


Clinical features [8] 

The diagnosis should be suspected when a previously static tumour 
ina patient with NF1 begins to enlarge or becomes painful. The pain 
may become radicular as the lesion progresses but the tumours are 
not always associated with nerve trunks. The commoner sites are 
the flexor aspects of the limbs. A minority of cases occur as a com- 
plication of radiotherapy. 


Disease course and prognosis 

Tumours behave in an aggressive manner. Systemic metastases par- 
ticularly to the lungs are common. The prognosis is worse in cases 
occurring after previous radiotherapy. 


Management 
Wide local excision or amputation is necessary. 


Definition and nomenclature 


An undifferentiated small round cell tumour displaying a spectrum 
of neuroectodermal differentiation. 


euroectodermal tumour 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
Most tumours present in children but presentation is at a later age 
than conventional Ewing sarcoma [5]. 
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Sex 
There is slight predilection for females. 


Pathophysiology 

Pathology 

Tumours are composed of sheets of small blue round cells that are 
fairly homogeneous, with scanty pale cytoplasm and fine chromatin. 
Mitotic figures are common. Tumour cells are diffusely positive for 
CD99 (in a cytoplasmic membrane pattern) and focally positive for 
FLI-1. NKX2-2 is a sensitive but imperfectly specific marker for cuta- 
neous PNET. Keratin is positive in up to a third of cases. 


Genetics 

This tumour usually presents a reciprocal chromosome transloca- 
tion t(11;22)(q24;q12) that is an important aid in diagnosis and can 
be demonstrated by FISH. 


Clinical features 

History and presentation 

The tumour presents in children and has no distinctive clinical fea- 
tures, although it is often confused with a vascular tumour. 


Differential diagnosis 
This tumour should be distinguished from undifferentiated round 
cell sarcomas with CIC rearrangement, as the latter show a poor 


prognosis. 


Disease course and prognosis 
Cutaneous tumours appear to have a better prognosis than those 
presenting in deeper soft tissues [4]. 


Management 
Surgical followed by chemotherapy and in some cases also radio- 
therapy [4]. 


CiC-rearranged sarcoma [1,25 


Definition and nomenclature 


A high grade round cell sarcoma with poor prognosis. Other mem- 
bers of the undifferentiated round cell sarcoma group apart from 
Ewing sarcoma typically involve bones or deeper soft tissue and will 
not be discussed further. 


Epidemiology 
Incidence and prevalence 
Tumours are very rare. 


Age 
The age range is wide, but there is a striking predilection for young 
adults. 
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Sex 
There is slight predilection for males. 


Pathophysiology 

Pathology 

The architecture is typically nodular or sheet-like, composed of 
round cells with necrosis and haemorrhage separated by dense 
hyaline bands. The cells are characterised by vesicular chromatin, 
prominent nucleoli and frequent mitotic figures. Spindling and 
epithelioid/rhabdoid phenotype may be present, and focal myx- 
oid stromal changes are frequent. On immunohistochemistry, the 
tumours are positive for CD99 and DUX4. Nuclear expression of 
WT1 and ETV4 is very frequent [2]. ERG and calretinin may be 
positive. 


Genetics 

A CIC gene rearrangement, most frequently a CIC-DUX¢4 transloca- 
tion, is the defining genetic feature. A significant minority of cases 
can be missed by FISH testing alone. 


Clinical features 

History and presentation 

Rapid growth within the deep soft tissue with predominant affec- 
tion of the trunk and limbs. Presentation at various anatomical sites 
(genital, visceral, other) has been documented. Superficial cases are 
rare and most represent involvement from deeper soft tissue [5]. 


Differential diagnosis 
The most important distinction is from cutaneous Ewing sarcoma, 
as the latter shows a much better prognosis. 


Disease course and prognosis 

Prognosis is poor, with most cases showing rapid metastatic spread 
and death from disease within 2 years. Based on few anecdotal 
reports, the rare tumours limited to the dermis appear to have a 
better prognosis than those presenting in deeper soft tissues. 


Management 
Surgical followed by chemotherapy and in some cases also radio- 
therapy. 


TUMOURS OF MUSCL 


Smooth muscle hamartoma a a 


Definition and nomenclature [1] 
Smooth muscle hamartoma is a proliferation of smooth muscle 
within the dermis. 


oth muscle naevus 
scle naevus 


Epidemiology [1,2,3,4] 
Incidence and prevalence 
It is a rare tumour. 


Age 
Usually it is congenital. Acquired lesions with onset in puberty or 
adulthood have been reported. 


Sex 
There is a slight male predominance. 


Pathophysiology 

Genetics [5-10] 

Familial cases have been reported [5,6]. An association with Xp 
microdeletion syndrome [7] or with familial paracentric inversion 
of chromosome 7q and Michelin tyre syndrome has been suggested 
[8-10]. 


Pathology [1,2,3,4,5,11-13] 

Microscopically, within the dermis or the subcutis, variably orien- 
tated bundles of smooth muscle are seen. The overlying epidermis 
may be acanthotic and hyperpigmented. Follicles may be promi- 
nent but are not increased in numbers. Becker naevus may show 
similar histology; it has been suggested that both lesions may be 
a part of the same spectrum [14]. Associations with other skin 
lesions, such as naevus flammeus and blue naevi, have been 
reported [11,12]. 


Clinical features [1,2,3,4-15] 

History and presentation 

The typical presentation is that of a solitary macule or plaque of 
variable size, which may be associated with hyperpigmentation, 
hypertrichosis or both. The lumbosacral area, trunk and proximal 
extremities are the sites of predilection. However, unusual sites 
such as the head and neck, including the oral cavity, scrotum and 
conjunctiva have been reported. Sometimes lesions may be atrophic 
or linear. Another unusual presentation is folding of the skin 
including Michelin tyre syndrome. Pseudo-Darier sign has been 
described [16]. 


Prognosis 
It is an entirely benign lesion. 


Management 
Complete excision is curative in almost every case. This is mainly 
done for cosmetic reasons. 


Leiomyoma ; — FZ 


Definition 

A benign tumour of smooth muscle derived from the arrector pili 
muscle (pilar leiomyoma), from the media of blood vessels (angio- 
leiomyoma) or from smooth muscle of the scrotum, labia majora or 
nipples (genital leiomyoma) [1,2-4,5,6-8]. 


Epidemiology [1,2-4,5,6-8] 

Incidence and prevalence 

Tumours in the three types are relatively uncommon. Pilar leiomy- 
oma is the most common. Genital leiomyoma is the least common 
followed by angioleiomyoma. The cutaneous variety in general is 
about six times more frequent than the genital type [2]. 


Age 

Pilar leiomyoma (leiomyoma cutis) can occur at any age from birth 
onwards, but appears usually in early adult life. Genital leiomyoma 
(dartoic myoma) can occur at any age. Angioleiomyoma is seen 
mainly in middle-aged adults. 


Sex 
Pilar and genital leiomyomas present equally in both sexes. Angio- 
leiomyoma is more frequent in females. 


Pathophysiology 

Pathology [1,2-4,5,6-9] 

The smooth muscle cells proliferate to produce interweaving 
bundles of spindle-shaped cells, which are strongly eosinophilic 
(Figure 136.35). The nuclei are long and thin, and the general appear- 
ance of the mass in ordinary sections may suggest a hypertrophic 
fibrous reaction. The smooth muscle cells can be distinguished from 
collagen by their different reaction with trichrome stains, and by 
the presence of myofibrils, which stain with phosphotungstic acid 
haematoxylin, and by their blunt-ended nuclei. Tumour cells are 
positive for actin and desmin. Loss of fumarate hydratase immuno- 
histochemical expression in cutaneous leiomyomas can be helpful 
in the screening for hereditary leiomyomatosis and renal cancer 
(HLRCC) [2]. 

The tumour of pilomotor origin (leiomyoma cutis, multiple 
cutaneous leiomyomas) is usually composed of numerous dermal 
nodules with vague margins where the cells penetrate the sur- 
rounding collagen bundles and an upper border that approaches 


Figure 136.35 Pathology of leiomyoma, showing spindle-shaped cells with eosinophilic 
cytoplasm arranged in bundles closely resembling the arrector pili muscle. 
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the papillary body. Associated epidermal hyperplasia is common. 
Focal nuclear atypia likely to be degenerative in origin and very low 
mitotic activity (up to one per 10 high-power fields) may be seen 
without this being indicative of malignant degeneration [1]. Genital 
leiomyomas are nodular tumours with a similar appearance. Scrotal 
tumours are less circumscribed and more cellular than those devel- 
oping in the vulva. The angioleiomyomas are related to veins in 
the subcutaneous tissue, and are rounded and well circumscribed 
[4,5]. Vessels of variable thickness are intermixed with bundles of 
mature smooth muscle. Focal degenerative cytological atypia may 
be seen, but mitotic figures are absent. Calcification, hyalinisation 
and thrombosis of vessels are often seen. 


Genetics 

The gene that predisposes to multiple pilar leiomyomas has been 
mapped to chromosome 1q 42.3-q43 [10]. It also predisposes to 
uterine leiomyomas (multiple cutaneous and uterine leiomyomato- 
sis, Reed syndrome (MCUL)) and to renal cancer (mainly papillary 
renal cell carcinoma) [11-14]. This is as a result of mutations in 
the gene encoding the enzyme fumarate hydratase. In patients 
with associated renal cancer, the syndrome is known as hereditary 
leiomyomatosis and renal cancer (HLRCC). 


Clinical features [1,3] 

Pilar leiomyoma has been reported in identical twins, in siblings 
and in several generations of a family. The cases with a familial 
background have all had multiple tumours and are associated 
with MCUL and renal cancer syndrome. It generally presents as 
a collection of pink, red or dusky brown, firm dermal nodules of 
varying size but usually less than 15 mm diameter (Figure 136.36). 
The nodules are often subject to episodes of pain and may be tender. 
The pain can be provoked by touching or chilling the skin, or by 
emotional disturbance, and is often worse in winter. Some lesions 
contract and become paler when painful. The condition usually 
begins with the appearance of one small nodule, which gradually 
increases in size, and further similar lesions appear nearby or at 
some other area. Adjacent tumours may coalesce to form a plaque. 
The areas most commonly affected are the extremities, with the 
proximal and extensor aspects somewhat favoured. The trunk is 


Figure 136.36 Clinical appearance of multiple leiomyomas. 
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involved more often than the head and neck. Multiple lesions may 
be regional and unilateral, or more than one region can be affected. 
Solitary lesions may occur, apart from the dartoic type. 

Genital leiomyoma is a solitary dermal nodule occurring most 
commonly in the scrotum, but also appearing on the penis, labia 
majora and nipple area [6-9]. Scrotal tumours are often large. Pain 
is less frequent than with pilar leiomyoma. Contraction in response 
to stimulation by touch or cold can occur. 

Angioleiomyoma is usually a solitary, flesh-coloured, rounded, 
subcutaneous or deep dermal tumour up to 40 mm in diameter [4,5]. 
It is more frequent on the lower limb than the upper and may appear 
on the trunk or face. About half the reported cases have been painful. 
Lesions are longstanding and present between the fourth and sixth 
decades of life. Pain may be triggered by changes in temperature, 
pregnancy or menses. 


Differential diagnosis 
The multiple type should cause little difficulty and even without 
pain it is fairly distinctive. The solitary painful lesion may be mis- 
taken for a glomus tumour or an eccrine spiradenoma, and a history 
of contraction is helpful. 


Disease course and prognosis 
The behaviour is benign and local recurrences are exceptional. 


Management 

Surgical excision cures the solitary tumour. The severity of the pain 
may make the patient demand treatment and extensive lesions 
require plastic surgery. Medical treatments that may relieve pain 
include calcium-channel blockers and gabapentin. However, the 
effect is not long-lasting. 


Leiomyosarcoma/atypical sn 
muscle tumour (dermal 
and subcutaneous) [1-4] 


Definition and nomenclature 

A histologically malignant tumour displaying smooth muscle 
differentiation. Tumours are divided into those occurring in the 
subcutaneous tissue and those arising in the dermis. Pure dermal 
lesions have a very different behaviour from those arising in the 
subcutis and it is therefore important to separate them. Due to the 
benign behaviour of dermal tumours, it has recently been proposed 
that they should be renamed as atypical intradermal smooth muscle 
neoplasms [5]. 


jooth muscle neoplasm 


Epidemiology 

Incidence and prevalence 

Both variants (dermal and subcutaneous) are rare. There does 
not seem to be an association with fumarate hydratase germline 
mutations. 


Age 

Atypical intradermal smooth muscle neoplasm (dermal leiomyosar- 
coma) is more common in middle-aged adults. Subcutaneous 
leiomyosarcoma affects middle-aged to elderly patients. 


Sex 
Both dermal lesions and subcutaneous leiomyosarcomas have 
predilection for males. 


Pathophysiology 

Pathology [3,6-10] 

The lesion is distinguished from other dermal malignant tumours 
composed of spindle-shaped cells by the presence of fascicles 
of eosinophilic spindle-shaped cells with vesicular cigar-shaped 
nuclei. The degree of differentiation varies and necrosis tends to be 
present in deeper tumours, and it is rare in those arising primarily 
in the dermis. Mitotic figures are common in both variants. Most 
tumours are actin, calponin, desmin and h-caldesmon-positive, 
but staining may be lost in poorly differentiated variants. Dermal 
variants tend to be consistently positive for all markers. Rare cases 
have a desmoplastic stroma making histological diagnosis difficult 
[11,12]. About 45% of leiomyosarcomas are immunohistochemically 
positive for keratin and this is usually focal. 


Clinical features [5,6,13,14] 

History and presentation 

Both types of tumours are more common in the trunk and lower 
extremities. Dermal lesions usually present as a skin-coloured or 
red papule or nodule. The latter is usually larger than a leiomy- 
oma and may be painful. Subcutaneous tumours present as nodular 
tumours, ulcerated plaques [15] or diffuse swellings [16]. They may 
invade underlying muscle fascia. Rare subcutaneous tumours may 
arise from the penis [17] or vulva. An exceptional tumour has been 
reported arising in a naevus sebaceous [18]. 


Disease course and prognosis 
Atypical intradermal smooth muscle neoplasms have a 5% recur- 
rence rate, but they almost never metastasise [5,6]. Subcutaneous 
tumours metastasise in up to 50% of cases and they are associated 
with a mortality of about 30% [9]. 


Management 
Wide surgical excision is necessary, as local recurrence follows inad- 
equate excision [5]. 


SKELETAL MUSCLE TU 


Rhabdomyomatous congenitz 
hamartoma [1234-9] 


Definition and nomenclature [1,2,3] 
Rhabdomyomatous mesenchymal hamartoma is a dermal lesion 
with a prominent component of skeletal muscle. 


us adnexa and mesenchyme 


Epidemiology [1,2,3,4] 
Incidence and prevalence 
It is a very rare tumour. 


Age 
Typically it is congenital. Exceptional cases in adults have been 
reported [4,5]. 


Sex 
A female predominance is noticed. 


Pathophysiology 

Genetics [3,4] 

Aberrant embryonic migration of mesodermally derived tissues, or 
a genetic defect predisposing to the formation of hamartomas, has 
been suggested as possible aetiological factors. 


Pathology [1,2,3,4-7] 

Microscopically intersecting bundles of mature skeletal muscle ori- 
entated perpendicular to the epidermis are admixed with varying 
amounts of mature fat, collagen and adnexal structures. 


Clinical features [1,2,3,4-9] 

History and presentation 

The majority of lesions present as papules or polyps, resembling skin 
tags. The head and neck (especially the central face) is the site of 
predilection. An association with other congenital abnormalities as 
well as Delleman syndrome has been reported. 


Prognosis 
The tumour is benign. Spontaneous regression may rarely occur. 


Management 
Complete excision is curative. 


Rhabdomyoma .— a 


Rhabdomyomas are divided into adult, fetal and genital types. They 
mainly occur in soft tissues, vulva or vagina, upper respiratory tract 
and internal organs. Presentation in the skin is almost never seen 
and they will not be discussed further in this chapter. 


Cutaneous rhabdomyosarc 


Malignant tumours with skeletal-muscle differentiation are clas- 
sified into two large groups, the embryonal and alveolar types. 
Although rhabdomyosarcomas represent up to 8% of tumours in 
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children, primary involvement of the skin by this tumour is very 
rare [1]. Much more common is involvement of the skin by direct 
extension from deeper soft tissues. A relatively small number of 
primary cutaneous rhabdomyosarcomas have been reported in 
the literature so far, showing bimodal age distribution and male 
predominance, similar to rhabdomyosarcoma in deep soft tissue 
[2,3,4]. The most common subtype occurring in the skin is the 
alveolar variant. The majority of cases have presented on the face. 
The prognosis is difficult to estimate because of the rarity of these 
cases and the limited follow-up available. 


TUMOURS OF FAT CEL 


Angiolipoma [1-11] — | 


Definition 

Angiolipoma is a benign tumour composed of mature white 
adipose tissue admixed with a variable amount of thin-walled 
vessels. By definition, some of the vessels should contain fibrin 
microthrombi. 


Epidemiology [1-3] 
Incidence and prevalence 
It is a relatively common tumour. 


Age 
Lesions usually occur in young adults. They are rare in children, the 
middle aged and the elderly. 


Sex 
A male predominance is observed. 


Pathophysiology 

Pathology [1-4] 

Angiolipomas are encapsulated. They consist of mature adipose 
tissue intermingled with a prominent vascular component usually 
more prominent in the periphery of tumour lobules. Some of the 
blood vessels contain fibrin thrombi. Cases with a prominent vas- 
cular component obscuring the adipocytic component have been 
termed ‘cellular angiolipomas’ [4]. 


Genetics [5,6] 

Cytogenetic studies have consistently shown no karyotypic abnor- 
mality. This is a unique finding in adipocytic tumours, which has 
given rise to arguments regarding its pathogenesis. It has been 
proposed that the lesion is primarily a vascular tumour and that it 
should be named lipoangioma. 


Clinical features [1-3,7-11] 

History and presentation 

Typically, angiolipomas are multiple variably painful subcutaneous 
nodules. They are usually small and well circumscribed. A predilec- 
tion for the upper limbs is observed, followed by the trunk and lower 
limbs. Intraosseous cases have been reported [7]. 
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Familial incidence is well documented in a subset of angiolipo- 
mas [8-12]. 


Prognosis 
The tumour is benign. Local recurrence and malignant transforma- 
tion does not occur. 


Management 
Complete excision is curative. 


Lipoma [1-20] — oF 


Definition 
Lipoma is a benign tumour composed of variable amounts of mature 
white adipose tissue. 


Epidemiology [1-3] 

Incidence and prevalence 

It is the most common human mesenchymal neoplasm. It is more 
frequent in the obese. 


Age 
Tumours occur in adults (40-60 years old). They are rare in children. 
Congenital lesions have been reported. 


Sex 
It is more common in females. 


Pathophysiology 

Genetics [4-10] 

Chromosome aberrations have been found in more than half of the 
cases examined. Three types of chromosomal abnormalities have 
been described: tumours with a 12q13-15 rearrangement affecting 
the HMGA2 gene (the most common), tumours with a 6p21-23 rear- 
rangement and lesions with deletion of 13q. 


Pathology [1-3,11-16] 
Tumours are usually encapsulated and consist of lobules of mature 
adipose tissue divided by delicate fibrous septa. Adipocytes are uni- 
form in size and shape. Nuclear atypia is not a feature. There is no 
mitotic activity. Degenerative changes frequently occur, usually in 
the form of fat necrosis. Myxoid change is not uncommon. 

Some lipomas may contain fibrous tissue in variable amounts. 
Metaplastic bone, cartilage or muscle tissue may be observed. 


Clinical features [1-3,11-21] 
History and presentation 
The typical presentation is of a slowly growing and painless subcu- 
taneous mass. There is a predilection for the trunk, abdomen and 
neck. Other sites, such as the proximal extremities, face, scalp and 
less commonly the hands and feet, may be affected. Spinal cord and 
pancreatic lipomas have been reported [19,20]. 

Lipomas are usually solitary but multiple lesions have been 
described, some of them in a setting of an autosomal dominant 
disorder. 


Size is variable and large lesions may occur. They are most often 
well-circumscribed but deep-seated variants, such as intramuscular 
lipomas, may be ill defined. 

Dermal examples may resemble fibroepithelial polyps. 


Prognosis 
The tumour is benign. Local recurrence is not a frequent feature. 
Progression to liposarcoma is exceptional. 


Management 
Complete excision is curative in almost every case. 


Hibernoma [1-9] — aS 


Definition [1,2] 

Hibernoma is a benign tumour composed of brown granular mul- 
tivacuolated cells (resembling normal brown fat) admixed with a 
variable amount of mature white adipose tissue. 


Epidemiology [3] 
Incidence and prevalence 
It is a rare tumour. 


Age 

It predominantly occurs in young adults (third and fourth decades). 
Approximately 5% of the tumours occur in children and 7% in 
elderly individuals. 


Sex 
A female predominance is noticed. 


Pathophysiology 

Pathology [3-7] 

Hibernomas are usually encapsulated and lobulated. Typical cases 
consist of adipocytes with an eosinophilic granular multivacuolated 
cytoplasm and a centrally located nucleus. Mature white adipose 
tissue is present in a variable proportion. Variants include the 
lipoma-like, myxoid and spindle cell hibernoma. 

By immunohistochemistry, the adipocytes are positive for S100 
protein. UCP1 is highly expressed in brown adipose tissue, includ- 
ing hibernomas, and can distinguish hibernomas from other 
adipocytic and most non-adipocytic soft tissue tumours. 


Genetics [8,9] 

Cytogenetic studies, in most cases, have shown aberrations of the 
11q13-21 region, and in fewer cases of 10q22. Concomitant deletions 
of the MEN1 and AIP tumour suppressor genes are essential for the 
pathogenesis. 


Clinical features [3-5] 

History and presentation 

Hibernoma presents as painless subcutaneous mass of long dura- 
tion. The site of predilection is the thigh. This is followed by the 
trunk, upper limbs and head and neck. Deep-seated lesions can 
occur. Visceral locations, such as the retroperitoneum, have been 
described. 


Prognosis 
The tumour is benign. Local recurrence is not a feature. 


Management 
Local excision is curative. 


Lipoblastoma and lipoblasto 
[1,2,3] 


Definition 

Lipoblastoma is a tumour that occurs almost exclusively in infants 
and children. It is characterised by a proliferation of immature fat 
cells in a myxoid stroma (that may mimic myxoid liposarcoma) 
and intermixed with mature adipocytes [1]. Lipoblastoma is a 
well-circumscribed subcutaneous tumour; lipoblastomatosis refers 
to a deeper lesion or those that have an infiltrative growth pattern. 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
Most cases present during the first few years of life. 


Sex 
There is predilection for males. 


Pathophysiology 

Pathology [1,2,3] 

Tumours have a characteristic lobular appearance. Each tumour 
lobule is separated by fibrous septae and consists of a mixture of 
small, univacuolated, signet-ring cells, spindle-shaped or stellate 
cells and scattered mature adipocytes. In the background, there 
are prominent myxoid changes and numerous small vessels in a 
typical ‘crow’s feet’ distribution, mimicking a myxoid liposarcoma. 
Distinction from the latter may be very difficult, especially in small 
biopsies. The clinical information is therefore crucial, as myxoid 
liposarcoma is vanishingly rare in children and almost never occurs 
before the age of 10 years [4]. Furthermore, lipoblastoma tends to 
be less cellular than myxoid liposarcoma and has a lobular architec- 
ture. Over time, maturation occurs, and in some cases most of the 
tumour is composed of mature fat cells. 


Genetics 
Cytogenetic studies in lipoblastoma have shown rearrangements of 
the PLAG1 and HMGA2 genes [5,6]. 


Clinical features [1,2,3] 

The majority of tumours occur on the limbs and trunk as an asymp- 
tomatic mass no more than a few centimetres in diameter. Lipoblas- 
toma is much more common than lipoblastomatosis. 


Disease course and prognosis 
Tumours behave in a benign fashion but deep-seated lesions may 
recur locally usually as a result of incomplete excision. 
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Management 
The tumour is benign and simple excision is the treatment of 
choice. 


Spindle cell and pleomorphic 
[1-12,13] 


Definition 

Spindle cell lipoma is composed of mature adipocytes and variable 
numbers of short bland spindle-shaped cells with indistinct cyto- 
plasm. Pleomorphic lipoma is composed of mature adipocytes, cells 
with hyperchromatic nuclei and frequent multinucleation, and col- 
lagen bundles. Both types of tumour may overlap and they are there- 
fore considered to be part of the same spectrum. 


Epidemiology 
Incidence and prevalence 
Lesions are relatively rare. 


Age 
There is predilection for middle-aged to old patients with a median 
of 55 years. 


Sex 
Tumours have a strong predilection for males. 


Pathophysiology 

Pathology [1,2,4-7,9] 

Spindle cell lipoma presents as a well-circumscribed tumour com- 
posed of mature adipocytes intermixed with short spindle-shaped 
cells with wavy nuclei. Hyalinised collagen bundles and focal 
myxoid change are prominent. Pseudovascular spaces are promi- 
nent in some cases. The spindle-shaped cells stain for CD34 and 
the adipocytes are positive for S100 protein. Loss of nuclear Rb 
expression is found in spindle cell and pleomorphic lipoma [6]. 
Pleomorphic lipoma is also well circumscribed and composed of 
mature adipocytes intermixed with uninucleated or multinucleated 
cells with hyperchromatic nuclei. The nuclei in the multinucleated 
cells are often arranged in a circle (floret cell). The histological 
diagnosis may be quite difficult in cases with few or no mature fat 
cells [7]. Rare variants contain real prominent vascular spaces [9]. 


Genetics 

Cytogenetic studies of both tumours have shown variable abnor- 
malities, most commonly in chromosome 16q and rarely in chromo- 
somes 13q and 6p [10-12]. 


Clinical features [1,2,4,5] 

History and presentation 

Spindle cell/ pleomorphic lipoma usually presents as a small subcu- 
taneous nodule on the upper back or nape of the neck. Purely dermal 
examples are rare [13], but more frequent in females, as are atypical 
locations including the face and extremities [8]. Multiple lesions and 
familial cases occur rarely [3]. 
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Disease course and prognosis 
Local recurrence after excision is very rare. 


Management 
Simple excision is the treatment of choice. 


Atypical lipomatous tumour [1 


Definition and nomenclature 

This is a lesion composed of lobules of mature adipose cells with 
scattered larger cells with variation in nuclear size and hyperchro- 
matism. The term ‘atypical lipomatous tumour’ is usually used 
for neoplasms occurring in the subcutis or within skeletal muscle. 
Similar tumours occurring in the abdominal cavity are regarded as 
well-differentiated liposarcomas in view of the fact that they have 
a potential to cause death as a result of extensive growth. Only 
subcutaneous skin lesions will be discussed here. 


Epidemiology 

Incidence and prevalence 

Tumours are relatively frequent in the subcutaneous tissue and 
exceptional in the dermis. 


Age 
Middle-aged to old adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Typically, lobules of mature adipose tissue, with or without fibrous 
tissue and myxoid change, are seen. Focal variation in the size 
and shape of adipocytes is seen and this is associated with nuclear 
enlargement and hyperchromatism. Vacuolated cells may also 
be found. Atypical cells are often present in the fibrous tissue. 
Some tumours are classified as cellular based on the presence 
of non-lipogenic areas of increased cellularity with low-mitotic 
activity [5]. De-differentiated tumours are lesions that develop a 
high-grade sarcomatous component that is associated with poor 
prognosis [6]. This change does not usually develop in tumours that 
are superficially located. 


Genetics 

Cytogenetic studies of these neoplasms have found chromosomal 
abnormalities in most cases. About a third of cases show supernu- 
merary ring chromosomes affecting chromosome 12q.13-15 [4]. This 
results in amplification of MDM2 and CDK4 genes [7]. Expression 
of these genes can be detected by FISH, real-time PCR and immuno- 
histochemistry, making it a useful diagnostic aid. Of these methods, 


FISH and real-time PCR, but particularly the former, are more sen- 
sitive than immunohistochemistry for detection of these amplifica- 
tions [8]. 


Clinical features [1-3] 

History and presentation 

Tumours may be large, are asymptomatic and have the same clini- 
cal appearance as a lipoma. Dermal tumours may be identical to a 
fibroepithelial polyp [9]. 


Disease course and prognosis 

There is a tendency for local recurrence, but metastases are not seen 
unless the tumour undergoes dedifferentiation, which does not tend 
to happen in superficially located tumours, particularly those in the 
subcutaneous tissue [6]. 


Management 
Complete surgical excision is indicated. 


Liposarcoma [1] — | 


Myxoid and round cell liposarcoma and pleomorphic liposarcoma 
are vanishingly rare in the skin. Only a few cases of primary cuta- 
neous liposarcoma have been described. Follow-up is limited, but 
the behaviour seems to be better than that of their deeper counter- 
parts, probably reflecting early detection and treatment and the easy 
accessibility to the skin. Additional information on this tumour can 
be found in other texts. 
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Acral fibromyxoma [1-345] —l ae 


Definition and nomenclature 

Acral fibromyxoma is a distinctive benign dermal and/or subcuta- 
neous, fibroblastic tumour with a strong predilection for digits of 
both the hands and feet. 


Epidemiology 
Incidence and prevalence 
It is relatively frequent. 


Age 
The age range is wide but most patients are middle aged. 


Sex 
There is predilection for males. 


136.59 


Tumours of uncertain histogenesis 


Pathophysiology 

Pathology 

Lesions are circumscribed and consist of bland stellate and 
spindle-shaped cells in a variably prominent myxoid and col- 
lagenous stroma and with small blood vessels in the background. 
Some lesions are more cellular and have been described in the litera- 
ture under the rubric of cellular fibroma of the digits [2,5]. In myxoid 
areas, mast cells are often seen. Scattered multinucleated cells may 
be seen in some cases. Mitotic figures are very rare. Tumour cells are 
diffusely positive for CD34 and may be focally positive for EMA, 
CD99 and smooth muscle actin. RB1 loss/deletion is frequent in 
acral fibromyxoma and loss of Rb expression is found in 90% of 
tumours [6]. 

In the past, it is likely that these tumours were classified as 
neurofibromas because of the cytomorphology of tumour cells and 
the myxoid background, with fairly frequent mast cells. However, 
neurofibroma is rare in acral sites, tumour cells are positive for S100 
protein, only focally positive for CD34 and there is no loss of Rb 
expression. 


Clinical features 

History and presentation 

Most cases present as a longstanding, solitary mass measuring 
between 1 and 2 cm, on the hands and feet (overwhelmingly 
involving the digits, often in a subungual location) [1-3,4]. 


Disease course and prognosis 
Local recurrence is exceptional and is usually associated with incom- 


plete excision. 


Management 
Simple local excision is the treatment of choice. 


+s 


Superficial angiomyxoma (1; 


Definition 

Superficial angiomyxoma is a dermal or subcutaneous tumour com- 
posed of a mixture of small blood vessels and sparse spindle-shaped 
cells in a prominent myxoid stroma. 


Epidemiology 
Incidence and prevalence 
Lesions are rare. 


Age 
Most patients are adults. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Tumours are multilobulated, with copious myxoid stroma, numer- 
ous delicate small blood vessels and spindle-shaped or stellated 
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bland cells, probably representing fibroblasts. Aggregates of inflam- 
matory cells, mainly neutrophils, are frequent. In up to 30% of cases 
epithelial structures, probably representing hyperplastic trapped 
adnexal structures (particularly hair follicles), are identified. 


Clinical features [1,2] 

Most cases present as an asymptomatic solitary papule or nodule. 
Lesions are usually less than 3cm and have a wide anatomical dis- 
tribution with a predilection for the trunk, head and neck and genital 
skin. In patients with multiple lesions, the possibility of Carney com- 
plex should be considered (Chapter 148) [3]. 


Disease course and prognosis 
The behaviour is benign. Local recurrence after surgical treatment is 
seen in up to 30% of cases [1,2]. 


Management 
Excision is the treatment of choice. 


Digital mucous cyst [1/ -—l ae 


Digital mucous cyst presents mainly on the fingers as a small solitary 
painful nodule. Females are much more commonly affected than 
males and there is a tendency for local recurrence. Lesions are poorly 
circumscribed and consist of abundant myxoid stroma with only 
scattered bland spindle-shaped cells (Chapter 57). 


Dermal non-neural granula 
tumour 


Definition and nomenclature 


This is a distinctive dermal tumour with no specific line of differenti- 
ation, initially described as primitive polypoid granular cell tumour 
in 1991 [1]. Tumours are not related to neural granular cell tumours, 
which are uniformly S100 positive. They occur both in the dermis 
and in subcutaneous tissue. 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
There is a wide age range but most patients are adults. 
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Figure 136.37 Large cells with prominent granular cell change in a case of dermal 
non-neural granular cell tumour. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Histologically, lesions show rounded or spindle-shaped cells with 
prominent granular cell change (Figure 136.37). Polypoid tumours 
have an epithelial collarette. Nuclear pleomorphism varies but does 
not tend to be prominent. Mitotic figures may be prominent. Multi- 
nucleated cells are sometimes seen. There is diffuse positivity for 
NKI-C3, which is a non-specific marker for lysosomes, and focal pos- 
itivity for CD68 and neuron-specific enolase (NSE). Tumour cells do 
not stain for keratin, EMA, actin, desmin, h-caldesmon or S100 [2,3]. 


Genetics 
Recurrent ALK gene fusions have recently been demonstrated in 
60% of the cases tested [5]. 


Clinical features 

History and presentation 

This tumour usually presents as an exophytic small lesion with a 
wide anatomical distribution, wide age range and no sex predilec- 
tion. Not all tumours are polypoid. Clinical behaviour is usually 
benign with only rare local recurrences [2,3,4]. However, a single 
case of metastasis to a regional lymph node has been reported [2]. 


Management 
Complete conservative excision is the treatment of choice. 


Haemosiderotic fibrolipom 
tumour [1,2] 


Definition and nomenclature 

This is a distinctive rare lesion that occurs almost exclusively on the 
foot, particularly the ankle, and was initially thought to represent a 
reactive process [1]. A relationship with impaired circulation, partic- 
ularly stasis, has been suggested [3]. However, it is now believed that 


lesions are neoplastic. A relation to pleomorphic hyalinising ang- 
iectatic tumour [4] and myxoinflammatory fibroblastic sarcoma has 
been suggested [5]. The association with the latter is not only based 
on the coexistence of both tumours in some cases but also on cyto- 
genetic analysis (see later). 


iclusions 
histiocytic lipomatous lesion 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 
There is predilection for middle-aged to elderly adults. 


Sex 
Females are more frequently affected than males. 


Pathophysiology 

Pathology 

The tumour is fairly circumscribed and it is composed of lobules 
of mature adipose tissue with scattered areas containing variable 
numbers of spindle-shaped cells, which may be slightly hyperchro- 
matic and often contain abundant intracytoplasmic haemosiderin. 
Histiocyte-like cells may also be seen. These cells are bland and 
only rarely slightly atypical. In the background, there may be a 
few mononuclear inflammatory cells, mainly lymphocytes. Mitotic 
figures are exceptional. Spindle cells are positive for calponin and 
CD34 and may be positive for CD68 but negative for other markers, 
including desmin and h-caldesmon. 


Genetics 

These tumours frequently show a t(1;10) translocation with re- 
arrangements of TGFBR3 and MGEAS [5], confirming their close 
and complex relationship with myxoinflammatory fibroblastic 
sarcoma (MIFS). However, the translocation is much more frequent 
in hybrid HFLT/MIFS than in classic MIFS, indicating that hybrid 
HFLT/MIFS may represent HFLTs with sarcomatous progression 
rather than tumours closely related to classic MIFS [6]. 


Clinical features 

History and presentation 

Lesions present as a slowly growing fairly well-defined subcuta- 
neous tumour, which tends to be asymptomatic. Size is variable and 
may be several centimetres in diameter. 


Disease course and prognosis 

Behaviour is usually benign with occasional local recurrences. How- 
ever, a tumour that recurred as a myxoinflammatory fibroblastic sar- 
coma metastasised resulting in the demise of the patient [7]. 


Management 
The treatment of choice is complete surgical excision. 


Perivascular epithelioid cell t 
(‘PEComa’) 


Definition 

Perivascular epithelioid cell tumour is part of a spectrum of 
neoplasms that includes clear cell ‘sugar’ tumour of the lung, 
angiomyolipoma, lymphangioleiomyomatosis and clear cell 
myomelanocytic tumour of the falciform ligament [1,2,3]. Occur- 
rence in the skin and soft tissue is rare but it is likely that the lesion 
is underrecognised. Although tumour cells are usually positive for 
melanocytic markers such as HMB45 and Melan-A, the cell of origin 
has not been identified. 


Epidemiology 
Incidence and prevalence 
Cutaneous tumours are rare [4]. 


Age 
Most patients are young adults. 


Sex 
There is predilection for females. 


Pathophysiology 

Pathology [3,4] 

Histology is distinctive and consists of bland epithelioid cells, typ- 
ically arranged radially around thin-walled vascular channels. A 
smaller population of spindle cells is often seen. Tumour cells have 
pale pink cytoplasm and vesicular nuclei. Malignant examples may 
be seen but have not been reported in the skin. The immunophe- 
notype is distinctive, as the tumour cells stain for melanocytic 
markers including HMB45, MITF-1, Melan-A and tyrosinase and 
for muscular markers including SMA, desmin and calponin. They 
are usually negative for S100 and keratin. 


Genetics 

Recurrent chromosomal alterations leading to inactivation of the 
TSC1 or TSC2 genes or rearrangements of TFE3 have been demon- 
strated in visceral PEComas. However, the latter rearrangement 
does not seem to occur in cutaneous tumours [5]. Recently, MITF 
translocations have been described in tumours with clear cell 
myo-melanocytic differentiation [6,7]. 


Clinical features 

History and presentation 

Tumours present as a small nondescript lesion, more frequently on 
the lower extremities. 


Disease course and prognosis 
Behaviour is benign. Malignant tumours are very rare. 


Management 
Simple excision is the treatment of choice. 
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Deep (‘aggressive’) angiom 
[1,23] 


Definition 

Deep ‘aggressive’ angiomyxoma is a distinctive tumour occurring 
in the genital region and pelvis, predominantly in females. It is 
characterised by bland spindle-shaped cells in the background of a 
prominent myxoid stroma and frequent thick-walled blood vessels. 


Epidemiology 
Incidence and prevalence 
Tumours are rare. 


Age 

Most cases present during the reproductive years particularly dur- 
ing the fourth decade of life [3]. Presentation after the menopause 
and in children is rare [4]. 


Sex 
It occurs almost exclusively in females although rare lesions have 
been described in males [5]. 


Pathophysiology 

Pathology 

The lesion is infiltrative and is composed of spindle- or stellate- 
shaped bland cells with scanty cytoplasm, surrounded by promi- 
nent myxoid stroma. Small to medium-sized thick-walled blood 
vessels are seen throughout the tumour. Mitotic figures are very 
rare. Rare cases contain multinucleated giant cells [6]. Interestingly, 
tumour cells are positive for actin and desmin. Tumour cells are 
often positive for oestrogen and/or progesterone receptors [7]. 
Immunohistochemistry for HMGA2 protein is a useful aid in the 
diagnosis of this neoplasm as it is positive in most aggressive 
angiomyxomas and negative or minimally positive in other mimics 
[8], while it can also be used for the assessment of resection margins. 
However, the staining is not entirely specific and may be encoun- 
tered in other tumours in the vulvovaginal region, such as smooth 
muscle tumours and fibroepithelial polyps [9]. 


Genetics 

Cytogenetics demonstrate a translocation involving the chromo- 
somal region 12q14-15, involving a rearrangement of HMGA2 (an 
architectural transcription factor) [10]. 


Clinical features 

History and presentation 

Cases in children may involve the spermatic cord [4]. Tumours are 
slowly growing, and by the time of presentation they are large and 
ill-defined, often measuring 10cm or more. The most commonly 
affected sites are the vulva and perineum. Extension into deeper 
soft tissues is often found. 


Disease course and prognosis 
Local recurrence is observed in up to a third of cases. Exceptional 
metastases have been reported [11,12]. 
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Management 

Complete surgical excision is the treatment of choice but it is 
usually difficult because of the infiltration of surrounding tissue. 
However, recurrences are not usually destructive, and radical sur- 
gical procedures are therefore not indicated [13]. Furthermore, the 
outcome of patients with resection positive margins does not seem 
to be very different compared with those with resection negative 
margins [2]. An alternative to surgical management may be the use 
of gonadotrophin-releasing hormone agonists, a treatment that was 
shown to be promising in isolated case reports [14,15]. It was subse- 
quently confirmed to have a potential of disease control in larger tri- 
als, establishing a role in treatment in combination with surgery [16]. 


Angiomatoid fibrous histiocy 
[1,2,3-5] 


Definition and nomenclature 

Angiomatoid fibrous histiocytoma (FH) was initially described as 
a variant of malignant FH [1]. It has recently been reclassified as 
a neoplasm with low-grade malignant behaviour, unrelated to 
malignant FH. Although it is considered to be ‘fibrohistiocytic’ due 
to the cytological resemblance of tumour cells to histiocytes, focal 
positivity of these cells to desmin raises the possibility of muscular 
differentiation. However, the lesion is now regarded as of uncertain 
histiogenesis. 


lusions 
ingiomatoid malignant fibrous histiocytoma 


Epidemiology 
Incidence and prevalence 
Represents a rare tumour. 


Age 
It presents in children and young adults and rarely in older patients. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology [1,2,3-8] 

Low-power examination reveals haemorrhagic, pseudovascular, 
cavernous-like, cystic spaces filled with red blood cells. Mononu- 
clear inflammatory cells are prominent (including lymphocytes, 
histiocytes and plasma cells) and germinal centres and sclerosis are 
present in some cases [6]. Eosinophils may be seen. Tumour cells are 
arranged in sheets and consist of short spindle-shaped and round 
cells with pink cytoplasm and vesicular nuclei. Myxoid variants 
have been described [7]. Cytological atypia is sometimes present, 
and the mitotic count tends to be low. Up to 85% of angiomatoid 
FH cases are positive for ALK with certain antibody clones without 
a demonstrable ALK rearrangement, which represents a potential 
pitfall [8]. Tumour cells are focally positive to desmin in about 
half of the cases [3,4]. Positivity for other markers including EMA, 
muscle-specific actin, calponin, CD99 and CD68 may be seen. 


Genetics 

Initial cytogenetic studies demonstrated a translocation between 
chromosomes 16p11 involving the FUS (TLS) gene and chromosome 
12q13 involving the ATF1 gene. The resultant protein (FUS/ATF1) 
is similar to the protein present in clear cell sarcoma (EWS/ATF1) 
involving t(12;22)(q13;q12) [9]. However, other cases show a dif- 
ferent fusion gene, EWSR1-CREB1, which seems to be the most 
common fusion gene in these tumours [10]. 


Clinical features 

History and presentation 

It presents as an asymptomatic blue or skin-coloured subcutaneous 
or deeper mass. Primary dermal tumours are exceptional. Most 
cases occur on the limbs and patients may present with systemic 
symptoms including fever, anaemia and weight loss. Generalised 
lymphadenopathy may also be seen. 


Disease course and prognosis 

Local recurrence is observed in about 15% of patients and, excep- 
tionally, metastasis to neighbouring soft tissues or regional lymph 
nodes may occur. Complete excision and follow-up are therefore 
indicated. Local recurrence is more likely with deep tumours, those 
with an infiltrative growth pattern and those that are incompletely 
removed [2]. 


Management 
Most cases are cured after adequate excision. 


Epithelioid sarcoma [1234] 


Definition 

A distinctive, malignant mesenchymal tumour composed of cells 
with epithelial differentiation. It is divided into two clinicopatho- 
logical subtypes: conventional (classic) involving mainly acral sites 
(granuloma-like) and proximal-type involving the trunk and proxi- 
mal limbs (solid growth) [5,6]. 


Epidemiology 

Incidence and prevalence 

It is an uncommon tumour representing fewer than 1% of all 
soft-tissue sarcomas [7]. The proximal type variant is much less 
common than the conventional variant. 


Age 

Conventional tumours are more common in early adult life. The 
proximal type variant is more common in older patients. Both vari- 
ants can present in any age group. 


Sex 
Males are more often affected than females in both variants. 


Pathophysiology 
The tumour is composed of firm nodules, 5-50mm or larger in 
diameter, surrounded by fibrous tissue and fat. It is often closely 


associated with fascia, periosteum, tendon or nerve sheaths. The 
cut surface is greyish-white and flecked or mottled with yellow 
or brown, reflecting the presence of areas of necrosis. Microscop- 
ically, there are masses of large round polygonal or spindle cells 
with acidophilic cytoplasm. Spindle cells are often present and 
may predominate. The larger nodules have necrotic centres and 
show so-called ‘geographical necrosis’, which may be mistaken 
on scanning power microscopy for a granuloma. Mitotic figures 
are common and binucleate cells occur. Variable cytological atypia 
is always present and may be prominent. Intercellular hyalinised 
collagen increases the acidophilia, while calcification, with osteoid 
or bone formation (in about 20% of cases), may take place in the 
necrotic areas. The tumour spreads along dense fibrous struc- 
tures and may ulcerate in areas with little subcutaneous fat. Local 
recurrence after excision is common and metastasis, principally to 
lymph nodes, lung and pleura, may occur. Tumour cells show clear 
histological, ultrastructural and immunohistochemical evidence of 
epithelial differentiation. 

The proximal type of epithelioid sarcoma shows a similar multi- 
nodular growth pattern but tumour cells are larger and with a more 
rhabdoid appearance consisting of abundant cytoplasm and large 
nuclei with or without a prominent eosinophilic nucleolus [5,6]. 

Immunohistochemically, tumour cells in both variants of epithe- 
lioid sarcoma have the same profile. They are positive for vimentin, 
keratin and EMA, and 50% of cases are positive for CD34 [8]. Most 
examples of both variants of the tumour show loss of nuclear expres- 
sion of INI1 [9]. 


Genetics 

Tumours often display complex chromosomal abnormalities involv- 
ing chromosome 22q11 [10,11]. Some of these changes involve dele- 
tions or mutations of the tumour suppressor gene SMARCB1 (INI1, 
hSNF5). Loss of nuclear expression of the latter can be demonstrated 
by immunohistochemistry and this is a very useful aid in the differ- 
ential diagnosis of these tumours [9] (see later). 


Clinical features [1,2,3,4,8,12] 
History and presentation 
The presenting sign can be a dermal nodule that grows outwards 
and may ulcerate early, a nodule or lobular subcutaneous tumour 
that is painless and grows slowly, or a tumour attached to deeper 
structures that is rather poorly defined and causes pain, paraesthe- 
siae or muscular wasting when growing along a large trunk nerve. 
As a result of prominent perineurial and perivascular extension of 
tumour cells, multiple nodules in a sporotrichoid distribution may 
be seen. The distal extremities are the usual situation for the tumour, 
particularly the flexor aspect of the finger and the palm. It may grow 
at a deceptively slow rate. 

The proximal-type epithelioid sarcoma presents as a large, often 
deep-seated, mass on the proximal limbs, genitalia, buttocks, trunk 
(mainly axilla) or head and neck [5,6]. 


Disease course and prognosis 

Local recurrence and metastasis may occur years after the orig- 
inal diagnosis. The survival rate has been estimated at between 
60% and 80% at 5 years and between 42% and 62% at 10 years 
[8,13-18]. The proximal-type variant has a worse prognosis. 
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Features associated with poorer prognosis include male sex, older 
age at diagnosis, proximal location, deep involvement, rhabdoid 
phenotype, tumour size, mitotic rate, necrosis, vascular invasion, 
local recurrence and lymph node metastasis [3,13-18]. 


Management 

Complete removal by surgical excision is essential if local recurrence 
and eventual metastasis are to be avoided, and the earlier this is done 
the less likely is the process to spread along fascial planes. Surgical 
excision followed by radiotherapy is often recommended. Involve- 
ment of regional lymph nodes is associated with distant metastasis 
(mainly to the lungs) and death [18]. 


Clear cell sarcoma [1-45] —_ | 


Definition and nomenclature 
Clear cell sarcoma is a distinctive, malignant soft-tissue tumour that 
displays melanocytic differentiation. 


Epidemiology 

Incidence and prevalence 

Tumours are rare. Primary dermal clear cell sarcomas are excep- 
tional [6,7]. 


Age 
The tumour is more common in young adults. 


Sex 
There is predilection for females. 


Pathophysiology 

Pathology 

The lesion has a lobular growth pattern. Tumour cells are fairly 
homogeneous and contain clear or pale pink cytoplasm and a 
prominent eosinophilic nucleolus. Mitotic figures are not promi- 
nent, but multinucleated giant cells with a wreath-like arrangement 
of the nuclei are often identified. Loose thin bands of collagen 
surround tumour cells. Secondary involvement of the dermis is rel- 
atively common. Necrosis is sometimes seen. Melanin is sometimes 
identified, and 5100, HMB45 and Melan-A are usually positive. 
Exceptional cases of clear cell sarcoma may display a junctional 
component [8,9]. This may lead to a misdiagnosis of Spitz nae- 
vus. Electron-microscopic examination of tumour cells reveals the 
presence of melanosomes. 


Genetics 

Cytogenetic analysis often reveals a translocation t(12;22)(q13;q12); 
this translocation is not found in melanoma, which often has 
mutations in the BRAF gene (a feature exceptional in clear cell 
sarcoma) [10-12]. The clear cell sarcoma translocation results in 


Chapter 136: Soft-tissue Tumours and Tumour-like Conditions 


an EWSRI1-ATF1 fusion gene. Rare cases of clear cell sarcoma may 
also show KIT mutations [13]. In recent years, a subset of clear cell 
tumours with melanocytic differentiation and what seems to be a 
more indolent prognosis have been linked to translocations involv- 
ing CRTC1-TRIM11 or MITF genes, thus expanding the differential 
diagnosis of clear cell sarcoma [14-16]. 


Clinical features 

Most cases occur on the lower limbs, with a predilection for the foot. 
The upper limb is affected in about 25% of cases. Tumours tend to 
grow around tendons, are usually less than 3 cm in diameter and are 
often painful. 


Disease course and prognosis 

About 50% of patients develop metastatic disease, often many 
years after the initial diagnosis. Prognosis is associated with mitotic 
index, size of the tumour and presence of necrosis [17,18]. The 
5- and 10-year survival rates are 52% and 25%, respectively [18]. 
Tumour size appears to be associated with worse prognosis [19]. It 
is not clear whether purely dermal tumours have a better prognosis 
than those deeply located. 


Management [1-4,17,18,19] 
Wide excision is the treatment of choice. Chemotherapy does not 
seem to be effective in the treatment of disseminated disease. 
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Introduction 


The anatomical relationships of the epidermis and dermis are fully 
discussed in Chapter 3. The skin appendages are of particular inter- 
est in this respect, in that they clearly show a morphological and, 
in some instances, functional interrelationship. The appendageal 
tumours discussed in this chapter either differentiate towards or 
arise from the pilosebaceous apparatus (including the apocrine 
gland) and eccrine sweat gland [1-5,6,7]. 


The pilosebaceous apparatus can be divided into the hair follicle, 
the adjacent sebaceous gland and, in some body sites, the apocrine 
glands. Small strips of smooth muscle, the arrector pili muscle, are 
also found in association with these structures. 

The pilosebaceous apparatus is concentrated in the head and 
neck area, with the pilar element predominant on the scalp and the 
sebaceous element on the face, chest and upper back. Thus, tumours 
arising from these structures are found predominantly at these 
anatomical sites. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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The eccrine sweat glands are, in contrast, found on all body sites 
and comprise a double-layered, deeply situated secretory structure 
and a more superficial excretory duct winding through the dermis 
and spiralling through the epidermis to reach the surface of the skin. 

The excretory (ductal) portions of the eccrine and apocrine 
glands are identical and cannot be differentiated on morphological 
grounds unless the apocrine duct can be identified entering the 
hair follicle. To complicate matters further, the apocrine duct rarely 
opens directly into the epidermis, and there are no histochemical 
or immunohistochemical stains that allow distinction between 
eccrine and apocrine tumours. From this, it can be inferred that 
adnexal tumours showing ductal differentiation may be either 
eccrine or apocrine, and distinction is not possible unless there is 
concomitant follicular differentiation. It has therefore been pro- 
posed that the classification of adnexal tumours should follow 
a more logical approach that takes this into consideration [6]. It 
has become apparent that tumours traditionally considered to be 
of eccrine differentiation, such as cylindroma, spiradenoma and 
mixed tumour (so-called chondroid syringoma) may show either 
line of differentiation and this is probably most often apocrine. 
Even a classical eccrine tumour such as poroma has been described 
occasionally as differentiating towards the apocrine duct [7]. 

A wide range of cells make up the secretory and excretory com- 
ponents of the appendage ducts, the hair follicles and the sebaceous 
glands. As each cell type capable of dividing can give rise to a 
tumour as a result of inappropriate transfer of genetic material and 
cell division, it follows that an equal number of tumours are the- 
oretically possible. The great majority of these appendage-derived 
tumours are benign, while behaviour and prognosis for most 
tumours with malignant potential is no worse than the one seen 
in basal cell carcinoma. Thus, although local recurrence is well 
recorded, metastases are rare, with the exception of the malignant 
eccrine and apocrine gland-derived tumours and ocular sebaceous 
carcinoma. It is important to take into account that malignant 
adnexal tumours with metastasis are overreported in the literature 
and that this has led to overestimation of their biological behaviour. 

Appendage tumours are relatively rare and their clinical appear- 
ance is commonly non-specific. The great majority are not diagnosed 
as such until after excision and pathological study. Classification sys- 
tems for these lesions tend to be controversial, but in general the 
system groups lesions according to their morphological similarity 
to normal appendage structures. 


HAIR FOLLICLE TUMOU: 


A large number of tumours are theoretically capable of arising 
from the hair follicle and matrix, depending on the exact type of 
cell and its situation within the dermis. A representative selec- 
tion of these tumours is described here. For a comprehensive list, 
the reader is referred to specialised publications [1,2]. Studies 
on the role of the sonic hedgehog gene and related proteins in 
basal cell carcinoma (Chapter 140) have been extended to hair 
follicle tumours [3]. The PTCH gene is located on chromosome 
9q22.3, and loss of heterozygosity has been identified in sporadic 
trichoepitheliomas [4]. Overexpression of Gli-1, which is integral 


to this pathway, has been observed in trichoepitheliomas in mice 
[5]. Multiple familial trichoepitheliomas exhibit mutations in the 
CYLD gene [6]. Trichilemmal carcinomas have been shown to 
harbour TP53 mutations and fusions previously encountered in 
melanoma [7]. 

B-Catenin plays a key role in signal transduction and subsequent 
tissue modelling, and mutations in the f-catenin gene have been 
recorded in pilomatricomas [8,9]. 


Inverted follicular keratosis [: 


Definition and nomenclature 

A localised area of hyperkeratosis found in association with the 
pilosebaceous orifice, considered as a variant of seborrheic keratosis 
(Chapter 132). 


inclusions 
leic keratosis 


Epidemiology 
Age 
Middle aged and elderly. 


Sex 
Men are affected much more frequently than women. 


Pathophysiology 

A number of these lesions arise as a result of infection of the 
infundibulum of the hair follicle by human papillomavirus (HPV). 
It is likely that a majority of these lesions may be regarded as the 
most superficial tumour of the follicular infundibulum (see later), 
arising as the result of irritation. 


Pathology 

The pathological features show an endophytic lesion connected to 
the infundibulum of the hair follicle. Irritated keratinocytes form 
whorls of cells, so-called ‘squamous eddies’, and keratin cysts. All of 
these features may give rise to problems with the differential diag- 
nosis of squamous cell carcinoma, especially on small biopsies. This 
can be relatively easily distinguished on low-power examination, as 
there is no individual cell invasion into the dermis. At higher power, 
mitotic figures may be seen, but they are not abnormal mitoses. The 
appearances are identical to an irritated seborrhoeic keratosis, but 
the latter is exophytic. 


Clinical features 

History and presentation 

In common with many of the lesions described in this chapter, this 
lesion presents as a solitary papule on the head and neck area. It may 
reach a considerable size, and be inflamed and pruritic. Recently, an 
attempt to establish dermoscopic features has been made [5]. 


Disease course and prognosis 
Occasionally, the lesions recur [3]. 


Management 
Local surgical excision is generally not needed once diagnostic shave 
biopsy excludes other entities requiring excision. 


Dilated pore [1,2) — Oa 


Definition and nomenclature 
An area of expanded follicular infundibulum with a dilated poral 
opening extending down to subcutaneous fat [2]. 


Epidemiology 
Incidence and prevalence 
Relatively common. 


Age 
Adults in the fourth to sixth decade. 


Sex 
There is male predilection. 


Pathophysiology 

Pathology 

There is a wide, crater-like cavity from which acanthotic areas of fol- 
licular epithelium radiate. The follicle is lined by outer root sheath 
epithelium and there is little evidence of a sebaceous gland or a 
well-formed emerging hair. Rare lesions may be associated with tri- 
choblastoma [3] and exceptionally with either basal cell carcinoma 
[4] or squamous cell carcinoma [5]. 


Clinical features 

History and presentation 

The pore is a comedo-like lesion found mainly on the head and neck 
area. Dermoscopy features have been described [6]. One case with 
multiple lesions has been described [7]. 


Disease course and prognosis 
The lesion is benign. 


Management 

No treatment is necessary except when lesions become persis- 
tently inflamed or for cosmetic reasons. Treatment options include 
cosmetic strips and topical application of retinoids. Mechanical 
evacuation can be used as well, but refilling of the lesion is common. 
Laser therapy or surgical excision may be used on more resistant 
cases. 


Tumour of the follicular 
infundibulum [1] 


Definition and nomenclature 

This lesion may be considered the hair follicle equivalent of the 
eccrine dermal duct tumour (see later). It is a tumour that shows 
differentiation towards the follicular infundibulum or isthmus. 


Epidemiology [2] 
Incidence and prevalence 
The tumour is rare. 


Age 
It is more common in elderly people (median age: 66 years). The rare 
eruptive form tends to occur in younger patients. 


Sex 
It shows a slight female predilection. 


Pathophysiology 

Pathology [3-5] 

The pathology is that of a large horizontally orientated plate of 
small dark cells situated in the superficial dermis, usually with 
multiple connections to the overlying epidermis. The cellular detail 
is focally similar to that seen in the trichilemmoma, with large num- 
bers of small polygonal cells with clear cytoplasm contained within 
a palisaded border. Basaloid cells are often seen. The resemblance 
to basal cell carcinoma is striking, but the stromal element is lack- 
ing. Occasionally, sebaceous differentiation may be seen [6]. These 
lesions with sebaceous differentiation have been termed superficial 
epithelioma with sebaceous differentiation [7] and acanthomatous, 
superficial, sebaceous hamartoma [8]. 


Clinical features 

History and presentation 

These lesions are usually found on facial skin and may be relatively 
large irregular nodules. They are usually biopsied or excised to 
obtain a diagnosis because the clinical appearance is not specific. It 
has been suggested that they can be divided into four main groups: 
solitary lesions; those in association with Cowden disease; multiple 
eruptive tumours [9]; and follicular infundibulum-like changes in 
the epidermis [1]. An association with other skin tumours may be 
seen [10] especially with basal cell and squamous cell carcinoma 
[11,12]. In some cases, changes identical to those seen in the tumour 
are identified incidentally [10,13]. Dermoscopy features have been 
described [14]. 


Disease course and prognosis 
The lesion is benign. 


Management 
For solitary tumours surgical excision is curative. Eruptive variants 
are difficult to treat due to the number of lesions. 


Hair follicle tumours 137.3 
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Pilar sheath acanthoma fa) 


Definition and nomenclature 
A follicular tumour with differentiation towards the infundibulum 
and the isthmus. 


Epidemiology [2,3] 
Incidence and prevalence 
Lesions are very rare. 


Age 
Middle aged to elderly. 


Sex 
There is no sex preference. 


Pathophysiology 

Pathology 

The pathology is that of an expanded area of the outer root sheath 
epithelium within an irregularly branched cystic cavity, with large 
lobules of epithelial cells radiating outwards from this cavity area. 
A plaque-like architectural pattern may be seen [4]. 


Clinical features 

History and presentation 

These lesions, described in 1978 [1], are most commonly seen on the 
upper lip area [2]. A few cases have been described at other locations 
suchas the lower lip and cheeks and postauricular area [3]. Presenta- 
tion is a solitary asymptomatic skin-coloured nodule with a central 
pore-like opening measuring 3-5 mm. Biopsy is usually required to 
obtain a definite diagnosis. 


Disease course and prognosis 
Lesions have a benign behaviour. 


Management 
Usually the lesion is completely removed to obtain a definite 
diagnosis. 


Trichoadenoma [1,2] — Fe 


Definition 

A rare benign tumour with multiple cystic structures closely resem- 
bling the infundibular portion of the hair follicle. The keratin 
profile expression supports the theory that this tumour differenti- 
ates towards the follicular infundibulum and the follicular bulge 
region [3]. It has been shown on cell lines that tumours with tri- 
choadenoma histology arise from a specific compartment within 
the stem cell population [4]. 


Epidemiology [5] 
Incidence and prevalence 
The lesion is rare. 


Age 
It is more common in adults. Congenital lesion or occurrence in 
childhood is rarely seen. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The lesions are in the upper dermis, and on light microscope scan- 
ning power give the impression of a cluster of cysts. On higher 
power, these cyst-like structures have an appearance similar to the 
infundibular portion of the hair follicle but turned through 90°; 
no recognisable hair shafts are seen. By immunohistochemistry, 
trichadenomas retain the CK20-positive Merkel cells [6]. 


Clinical features 

History and presentation 

This lesion presents as a non-specific nodule, usually on the face, 
although there are some reports of lesions on the buttocks. It may 
occur within a naevus sebaceous [7] or coexist with an intradermal 
naevus [8]. Dermoscopy features have been described [9]. 


Disease course and prognosis 
The lesion is benign. 


Management 


Usually complete surgical excision is required to obtain a definite 
diagnosis. 


Comedo naevus [1,23] — 


Definition and nomenclature 


A rare abnormality of the follicular infundibulum presenting as 
a group of comedo-like lesions. It is suggested that it is a rare 
type of epidermal naevus. It is part of the naevus comedonicus 
syndrome [2]. 


Epidemiology 

Incidence and prevalence 

The prevalence has been estimated to be from 1 in 45000 to 1 in 
100 000 [2]. 


Age 
They may be present at birth or develop throughout adult life. 


Sex 
It shows no gender predilection. 


Pathophysiology 

Pathology 

A rudimentary pilosebaceous follicle is present, with a large overly- 
ing keratin-filled crater. The surface of the keratinous material oxi- 
dises to give the comedone-like appearance. Rarely, lesions develop 
trichilemmal cysts [4]. 


Genetics 
Somatic mutations in NEK9 cause comedo naevus [2]. 


Clinical features 

History and presentation 

These lesions are rare and are seen mainly on the head and neck 
area. Cases may also occur at other sites including the palm and 
wrist [5]. The palm is not an area that contains hair follicles and 
the unusual presentation of naevus comedonicus in this location has 
led to the suggestion that these lesions may really represent vari- 
ants of sweat duct naevus [6,7]. They appear as a cluster of come- 
dones or as a single giant lesion [3]. NC syndrome is mainly asso- 
ciated with ocular, skeletal and neural abnormalities, most typically 
ipsilateral congenital cataract and malformations of fingers and toes 
[8,9]. 


Disease course and prognosis 
Lesions are benign. 


Management 
Treatment options, for cosmetic reasons or in complicated cases, 
include topical retinoid therapy (adapalene), laser and surgery [2]. 


EXTERNAL ROOT SHEA 


Trichilemmal cyst — FZ 


See Chapter 133. 


Definition and nomenclature 
A tumour of external root sheath derivation usually arising in a 
pre-existent pilar cyst. 


Epidemiology [1,2,3,4,5] 
Incidence and prevalence 
These lesions are uncommon. 


Age 
It occurs mainly in the elderly. 


Sex 
It shows a marked predilection for females (6/1). 


Pathophysiology 

Pathology 

These lesions may arise from pre-existing trichilemmal cysts and 
remnants of a classic trichilemmal cyst may be present [1,2,3,4]. The 
architecture is lobular and expansile, without an infiltrative growth 
pattern. Tumour lobules are cystic and composed of pale squamous 
cells with mild atypia. However, tumour cells in the periphery of the 
lobules may display more prominent cytological atypia and mitotic 
activity. This is particularly true in early lesions that are actively 
growing. The surrounding stroma may be fibrotic with inflamma- 
tion consisting of lymphocytes and plasma cells and a foreign-body 
granulomatous reaction may be seen in areas where cystic structures 
have ruptured. Cholesterol clefts and areas of calcification may also 
be seen. Rarely sebaceous, apocrine and matrical differentiation may 
be present [5,6]. 

Exceptionally, a malignant spindle cell component has been 
described [7,8]. If there is frank invasion into adjacent structures in 
association with tumour necrosis, cytological atypia and increased 
mitotic activity, the diagnosis of a malignant proliferating trichilem- 
mal tumour should be made [9,10,11,12]. Such tumours are often 
characterised clinically by rapid growth and large size [11]. The 
diagnosis is often very difficult in small samples of tissue and 
ideally the whole tumour should be submitted for histological 
examination to avoid confusion with a squamous cell carcinoma. 
The increased expression of p53 by tumour cells similar to that seen 
in ordinary squamous cell carcinoma but much lower than that seen 
in trichilemmal cysts suggests that all these lesions may represent 
low-grade malignancies [13]. 


Clinical features 

History and presentation 

The tumour presents as a rapidly growing large nodule, commonly 
on the head (scalp and less commonly the face) and neck area 
followed by the trunk [1,3]. Exceptionally, an association with a 
naevus sebaceous is seen. Some lesions are very large and may be 
more than 10cm in diameter. The history of rapid expansion fre- 
quently gives rise to concern about malignancy. Malignant change 
has been rarely reported in these lesions (see later). Occasionally, 
tumours may develop within a pre-existing naevus sebaceous [14]. 
Multiple lesions are exceptional [15]. 


Disease course and prognosis 
Local recurrence takes place. In malignant proliferating trichilem- 
mal tumour metastases may occur, leading to death. 


External root sheath tumours = 137.5 
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Management 

Complete excision is necessary. Radiotherapy and or chemotherapy 
may be used in malignant tumours. Clinical follow-up is advisable 
because histology may not correlate with clinical behaviour [3]. 


Trichilemmoma [1,23] — ax? 


Definition and nomenclature 

This lesion is classically considered to be a proliferation of 
the external root sheath of the hair follicle [4,5]. However, 
immunohistochemical studies with different molecular weight 
keratins normally expressed by different components of the hair 
follicle have not only confirmed the latter but suggest that the lesion 
also displays infundibular keratinisation [6]. 


Epidemiology [7,8,9,10,11,12,14] 

Incidence and prevalence 

Solitary trichilemmoma is a relatively common lesion. Patients 
with Cowden syndrome (Chapter 78) or multiple hamartoma and 
neoplasia syndrome [7,8,9,10,11,12,14] — which is associated with a 
very high incidence of breast, thyroid and gastrointestinal carcino- 
mas — have large numbers of trichilemmomas. The incidence of this 
condition is estimated to be 1:200 000 [15]. 


Age 
Lesions usually present in young and middle-aged adults. 


Sex 
The solitary variant shows no sex predilection but lesions in patients 
with Cowden syndrome show a slight female predominance. 


Pathophysiology 
Pathology 
These lesions are well-circumscribed lobular tumours extending 
down from the epidermis and often connected to a hair follicle. 
Tumour cells display prominent clear cytoplasm secondary to the 
deposition of glycogen. The presence of glycogen can be confirmed 
with a positive periodic acid—Schiff (PAS) stain, which becomes neg- 
ative after treatment with diastase. There is an irregular enclosing 
PAS-positive diastase-resistant membrane. In a number of cases, 
there is prominent hyperplasia of the surface epithelium, with 
hypergranulosis, clumping of keratohyalin granules and hyper- 
keratosis. This suggests induction of some lesions by HPV. A viral 
association has been confirmed by demonstration of HPV DNA 
by polymerase chain reaction in some [16] but not in all cases of 
the tumour [17]. Trichilemmomas are often found within a naevus 
sebaceous. 

A variant of trichilemmoma, described as desmoplastic trichilem- 
moma, is more rarely seen [18]. The periphery of this lesion has 
histological features identical to those of ordinary trichilemmoma, 


but towards the centre there are strands of squamous cells embed- 
ded in a desmoplastic stroma. This stroma appears to contain type I 
collagen and tenascin but not laminin or type IV collagen [19]. This 
results in an infiltrative appearance that may be confused with a 
squamous cell carcinoma, particularly in small biopsy samples. 


Genetics 

Mutations of the PTEN tumour suppressor gene on chromosome 
10q23 are found in Cowden syndrome [14,20]. The number of muta- 
tions identified is large and continues to increase [21]. It seems that 
the benign lesions in Cowden syndrome occur without loss of the 
second PTEN allele while the malignant tumours require inactiva- 
tion of both alleles and additional somatic mutations [22]. Trichilem- 
momas show a high frequency of HRAS activating mutations [23]. 
While many of the Cowden syndrome-associated trichilemmomas 
show loss of PTEN expression, it is noted only rarely in sporadic 
trichilemmomas [24,25]. 


Clinical features [14-17] 

History and presentation 

Clinically, these lesions are small non-specific papules on facial 
skin; the diagnosis of multiple trichilemmomas should stimulate 
a search for other evidence of Cowden syndrome. This includes 
a characteristic ‘cobblestone’ appearance of the oral epithelium, 
multiple skin tags, squamous papillomas and sclerotic fibromas 
(storiform collagenomas). 


Disease course and prognosis 
The lesion although benign can recur if treated by shave biopsy. 


Management 
Few treatment options are available, ranging from surgical excision 
to carbon dioxide laser tissue ablation for multiple cases. 


Trichilemmal carcinoma [1,234] 


Definition 

A rare tumour, probably underdiagnosed, with low metastatic 
potential, usually arising in sun-exposed skin of the elderly. Most 
cases are likely to be diagnosed as squamous cell carcinomas 
without further qualification. 


Epidemiology 
Incidence and prevalence 
Relatively uncommon. 


Age 
Elderly. 


Sex 
It is more common in women. 


Pathophysiology 

Pathology 

These lesions are not uncommonly in situ involving predominantly 
the epidermis and neighbouring hair follicles. Due to the lobular 
and deep involvement of the latter, tumours are often diagnosed 
erroneously as invasive. Tumour cells are squamoid and lobules 
may have a surrounding PAS-positive membrane, and there is 
central trichilemmal (abrupt) keratinisation. There is a high mitotic 
rate, with abnormal mitoses present. The diagnosis of trichilemmal 
carcinoma should only be made in the presence of clear evidence 
of trichilemmal differentiation. The presence of clear-cell change 
is not enough to make this diagnosis. Most malignant cutaneous 
tumours with clear-cell change are squamous cell carcinomas and 
often show at least focal evidence of keratinisation. An exceptional 
case of trichilemmal carcinoma with neuroendocrine differentiation 
has been reported [5]. Immunohistochemical studies in a single case 
of trichilemmal carcinoma, suggest that the tumour shows differ- 
entiation towards the follicular infundibulum rather than towards 
the outer root sheath as ordinary trichilemmomas usually do [6]. 
However, the latter also show infundibular follicular differentiation 
and it is possible that malignant counterparts lose the expression of 
markers of outer sheath differentiation. 


Genetics 
Trichilemmal carcinomas exhibit some generic genetic alterations 
similar to other cutaneous tumours, such as TP53 mutations [7]. 


Clinical features 

History and presentation 

This lesion presents as a solitary expanding often ulcerating lesion 
on the face. Clinically, it may be misdiagnosed as a basal cell car- 
cinoma. Exceptionally, multiple tumours have been described [8]. 
Trichilemmal carcinoma may arise from a trichoblastoma and in the 
context of a naevus sebaceous [9]. It has also been described in the 
setting of solid-organ transplantation [10,11]. 


Disease course and prognosis 

These lesions represent low-grade carcinomas with rare recurrence 
and extremely low metastatic potential [12]. Spontaneous regression 
has exceptionally been reported [13]. 


Management 
Surgical excision with clear margins is the treatment of choice. Mohs 
surgery approach may show excellent results [14]. 


HAMARTOMAS AND t+ 
TUMOURS AND CYS 


Hair follicle naevus [1,23,4] — 


Definition and nomenclature 

Hair follicle naevus is a rare hamartoma composed of vellus hair 
follicles [3]. The lesion is now considered a distinct entity and not 
a variant of trichofolliculoma although they represent two closely 
related follicular hamartomas [2,4]. 


Hamartomas and hair germ tumours and cysts 137.7 


Epidemiology 
Incidence and prevalence 
Lesions are very rare. 


Age 
They present in children and may be congenital. Few cases occurring 
in adults have been described. 


Sex 
There is no gender predilection. 


Pathophysiology 

Pathology 

The pathology of this entity consists of a group of normal vellus hair 
follicles clustered together. A case associated with sebaceous hyper- 
plasia has been reported [5]. 


Clinical features 

History and presentation 

These are recognised as plaque-like lesions with small tufts of hairs. 
The so-called ‘faun tail naevus’ is a hair follicle naevus on the 
sacral skin. Rare cases occur following Blaschko lines [6]. A rare 
association with frontonasal dysplasia has been reported [7]. It is 
not clear whether some hair follicle naevi are variants of accessory 
tragi [8-10]. An exceptional lesion on abdominal skin has been 
reported [11]. 


Disease course and prognosis 
The lesion is benign. 


Management 
No treatment is necessary other than for cosmetic reasons. 


Eruptive vellus hair cyst —l ae 


Definition and nomenclature 
Occlusion and cystic dilatation of vellus hair follicles. 


Epidemiology 

Incidence and prevalence 

Relatively rare. They are more frequent than expected in patients 
with pachyonychia congenita [1,2]. 


Age 

Mainly seen in the second decade of life [3]. In familial cases, lesions 
present at birth or early infancy [4]. A case occurring after 3% minox- 
idil application has been described [5]. 
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Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Cysts are located in the mid-dermis and are lined by squamous 
epithelium. They contain vellus hair and keratin debris. Biopsies 
from some lesions show features indistinguishable from steatocys- 
toma, with absence of vellus hairs. This finding shows that there is 
an overlap with steatocystoma multiplex [6,7]. 


Clinical features 

History and presentation 

These present as small red or brown papules on the chest [3]. They 
are usually multiple and family clusters have been reported with 
some lesions showing features of eruptive vellus hair cysts, other 
lesions showing features of steatocystoma and some displaying 
hybrid features [8,9,10]. Lesions may rarely be unilateral [11] or 
even generalised [12] and have been reported in chronic renal fail- 
ure [13]. An association with Lowe syndrome, with attention deficit 
hyperactivity disorder and with syringomas has been described 
[14-16]. Rarely, lesions present on the vulva or may be acneform or 
even resemble a naevus of Ota [17-20]. Dermoscopy may be useful 
in reaching a diagnosis, as lesions display a red maroon halo with 
occasional irregular radiating capillaries at the periphery and the 
vellus hairs can be identified opening onto the epidermis [21,22]. 


Disease course and prognosis 
The lesion is benign. Spontaneous resolution has been reported in 
25% of lesions [4]. 


Management 

If treatment is requested, the lesions may clear after application of 
topical retinoids [20]. Curettage and laser therapy may also be effec- 
tive, but it is easy to cause scarring. Pulsed carbon dioxide laser is 
useful for facial lesions but this treatment may induce hypertrophic 
scarring if used for truncal lesions. Success has been reported at the 
latter site with an erbium:YAG laser [23]. However, when this treat- 
ment is used on facial lesions, although initial results are good, there 
is a tendency for local recurrence. This is due to the fact that the 
depth of ablation of facial lesions is superficial to avoid scarring and 
atrophy [24]. 


Trichofolliculoma [1] 


Definition 

This lesion is regarded as a hamartoma of the pilosebaceous folli- 
cle, which results in several hairs being formed within the follicular 
opening and all protruding onto the epidermal surface from a pilose- 
baceous orifice [2-6]. 


Epidemiology 
Incidence and prevalence 
It is a rare lesion. 


Figure 137.1 Trichofolliculoma. A large central follicular structure from which immature 
follicular structures radiate. 


Age 
Most cases occur in young adults [7]. 


Sex 
There seems to be a slight male predilection [7]. 


Pathophysiology 

Pathology 

The pathological appearance is that of a dilated and abnormally 
large pilosebaceous canal containing numerous poorly formed 
hairs, with several pilosebaceous-like structures opening into 
the canal (Figure 137.1). The components of the lesion undergo 
evolutionary changes similar to those of the normal hair follicle [8]. 
Malignant change has been suggested in a single case with perineu- 
ral invasion [9]. The so-called folliculosebaceous cystic hamartoma 
is considered by some authors to be a variant of trichofolliculoma 
in a late stage of development [10,11]. This theory, however, is not 
agreed upon by other authors [12,13]. 


Genetics 

It has been suggested that inhibition of bone morphogenetic protein 
(BMP) signalling in P-cadherin positive hair progenitor cells may 
play a role in the pathogenesis of trichofolliculoma [14,15]. 


Clinical features 

History and presentation 

Trichofolliculoma shows a predilection for the head and neck, par- 
ticularly the face [16]. Occasionally, tumours present in the vulva 
[17] or other unusual sites including the upper extremities, external 
ear, penis and scrotum [18]. Clinically, lesions can be recognised as 
small raised nodules with two or three hairs protruding together in 
a small tuft (Figure 137.2). 


Disease course and prognosis 
The lesion is benign. Recurrence may occur in exceptional cases. 


Figure 137.2 Typical example of a trichofolliculoma with a small tuft of hairs in the 
centre. 


Management 
Simple surgical excision is the treatment of choice. 


Trichoepithelioma (1) —Z 


Definition and nomenclature 

A hamartoma of the hair germ composed of immature islands of 
basaloid cells with focal primitive follicular differentiation and 
induction of a cellular stroma. Trichoepithelioma is now regarded 
as part of the spectrum of trichoblastoma and it is increasingly 
described under the same heading in some textbooks. 


Epidemiology 
Age 
Most affected patients are young adults. 


Sex 
There is female predilection. 


Pathophysiology 

Pathology [2,3] 

The pathology is identical for solitary or multiple lesions and con- 
sists of lobules of small dark basaloid cells, often with a degree of 
peripheral palisading surrounding a central area of eosinophilic 
amorphous material (Figure 137.3). Occasionally, hair shaft-like 
structures can be seen in these central areas. A fibrous cellular 
stroma is seen around the cellular lobules. There is frequently a 
strong resemblance to basal cell carcinoma and at times differenti- 
ating between the two can be very difficult. However, the stroma 
in trichoepithelioma is distinctive in that it contains clefts, with 
an absence of retraction artefact between tumour cells and the 
surrounding stroma. 


Figure 137.3 Trichoepithelioma. A lobular basaloid tumour with induction of stroma 
and immature follicular differentiation. 


Genetics 

The gene for multiple trichoepitheliomas has been mapped to 
a locus on chromosome 9p21 [4]. The commoner sporadic cases 
of trichoepithelioma have, in a proportion of cases, deletions at 
chromosome 9q22.3, the site of the human homologue of the 
Drosophila patched gene [5]. Familial basal cell carcinomas and 
some cases of sporadic basal cell carcinomas also show this dele- 
tion. It has been proposed that in multiple trichoepitheliomas, 
tumours develop from undifferentiated germinative cells of the 
pilosebaceous—apocrine unit [6]. This explains why in some cases 
tumours have features of spiradenoma and/or cylindroma, par- 
ticularly in the Brooke-Spiegler syndrome. The Brooke-Spiegler 
syndrome inherited by autosomal dominant transmission consists 
of multiple trichoepitheliomas, cylindromas and spiradenomas 
and the gene for this syndrome has been mapped to chromosome 
16q12-13 [7-9]. Mutations in CYLD and PTCH tumour suppres- 
sor genes are responsible for the manifestations of the disease, 
although CYLD and PTCH mutation-negative cases have been 
described [10]. 


Clinical features 

History and presentation 

The presentation of a solitary lesion is that of a smooth nodule, 
usually on the face, which clinically resembles a non-ulcerated 
basal cell carcinoma. Multiple lesions, which are inherited by auto- 
somal dominant transmission, are seen as multiple small pearly 
lesions, mainly on centrofacial skin (Figure 137.4). In multiple 
lesions [11-14], larger lesions may be yellow, pink or sometimes 
bluish from pigmentation, and there may be dilated blood vessels 
over the surface. Individual tumours reach a limiting size, but the 
numbers may increase over the years. Multiple trichoepitheliomas 
have been described in combination with epidermoid cysts of the 
vulva [15]. 


Disease course and prognosis 
The lesion is benign although it can recur. Malignant transformation 
is extremely rare [16,17]. 


Management 

Any suspicion of malignant change calls for adequate excision and 
histological examination. The only other reason for treatment is 
cosmetic. Partial destruction is usually followed by regrowth. Many 
treatment modalities may be used including surgical excision, curet- 
tage, cryotherapy and dermabrasion. High-energy pulsed carbon 
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Figure 137.4 Multiple trichoepitheliomas on the central face. 


dioxide laser and monopolar microneedle radiofrequency ablation 
has also been advocated as a useful treatment [18,19,20]. Oral vis- 
modegib for metastatic basal cell carcinoma in one patient with 
concurrent multiple trichoepitheliomas has shown a serendipitous 
regressive effect on multiple familial trichoepitheliomas [21]. 


Desmoplastic trichoepithe 


Definition and nomenclature 

A slowly expanding plaque containing structures differentiating 
towards the superficial part of the hair follicle and regarded as a 
hamartoma. 


Epidemiology 


Age 
It occurs mainly in young persons but also in middle-aged 
adults [3]. 


Sex 
There is predilection for females. 


Pathophysiology 

Pathology 

Tumours are symmetrical on scanning magnification. The three 
features that characterise this lesion are large numbers of small 
keratin-filled cysts, strands and ribbons of small dark epithe- 
lioid cells, and a dense fibrous stroma surrounding the first two 
structures. Perineural extension and pseudocarcinomatous hyper- 
plasia may be a feature [4,5]. The striking palisading of the basal cell 
carcinoma is absent. There is, however, a considerable similarity to 
the sclerosing (morphoeic) variant of basal cell carcinoma, although 


the number of cysts is very much greater in the desmoplastic 
trichoepithelioma. Distinction from microcystic adnexal carcinoma 
may be impossible in a small and superficial biopsy. The latter, how- 
ever, shows a diffuse infiltrative pattern, with prominent perineural 
invasion. Merkel cells are present in desmoplastic trichoepithelioma 
and absent in microcystic adnexal carcinoma and in most cases of 
morphoeic basal cell carcinoma [6]. Immunostaining with cytoker- 
atin 20, to identify Merkel cells, is therefore useful in the differential 
diagnosis of these neoplasms. MYB staining has been reported to 
discriminate between desmoplastic trichoepithelioma and basal 
cell carcinoma [7]. An electron microscopic and immunohistochem- 
ical study with different types of keratins has suggested that this 
tumour derives from basal cells in the outer root sheath of the 
hair follicle which can differentiate into various components of the 
folliculosebaceous and apocrine unit [8]. Occasional desmoplastic 
trichoepitheliomas are combined with a benign melanocytic naevus 
and even blue naevus [9]. 


Clinical features 

History and presentation 

These two terms were introduced almost simultaneously: the US 
group of Brownstein and Shapiro used the term ‘desmoplastic 
trichoepithelioma’ [1], while MacDonald, Wilson Jones and Marks 
in the UK suggested the term ‘sclerosing epithelial hamartoma’ [2]. 
Lesions are found mainly on the face and have a depressed centre 
and a raised rolled edge in many cases, causing clinical confusion 
with basal cell carcinoma. Exceptionally, lesions may be familial 
[10] and a congenital case has been described [11]. Dermoscopic 
features have been described in a case and consist of a well-defined 
ivory-white lesion with marked arborising telangiectasia [12]. 


Disease course and prognosis 
The lesion is benign. 


Management 
Local excision is effective in the majority of cases. Alternative meth- 
ods include curettage and electrodissection. 


Trichoblastoma [1,234] : 


Definition and nomenclature 
Tumours of the hair germ composed of follicular germinative cells. 


Epidemiology [5,6] 
Incidence and prevalence 
It is a rare lesion. 


Age 
It is more common in the fifth to seventh decade but any age group 
can be affected. Occurrence in children is exceptional. 


Sex 
Both sexes are affected equally. 


Pathophysiology 

Pathology 

Nests of basophilic basaloid cells with a lobular architecture and 
prominent induction of stroma are seen in the dermis and/or 
subcutaneous tissue. Focal evidence of follicular differentiation 
is seen, but this usually consists of less mature structures than 
those seen in trichoepithelioma. Characteristically, condensation 
of cellular stroma is seen around aggregates of basaloid cells but 
true follicular papillae are not usually formed, as the stroma does 
not invaginate into the epithelial component. Mitotic figures vary 
and may be frequent. Usually, the tumour is not connected to the 
epidermis. According to the degree of follicular differentiation and 
the amount of stroma induced, lesions have been subclassified 
into different categories, including trichogenic and trichoblastic 
fibromas. However, all tumours in this category are best classified 
as variants of trichoblastoma. Some tumours display sebaceous 
and even ductal (apocrine) differentiation confirming the theory 
that they differentiate towards the folliculosebaceous and apocrine 
germ [7,8]. Melanin deposition is often seen, may be prominent and 
is not uncommonly associated with the presence of melanocytes 
[9] within the tumour as seen in normal hair follicles. In some 
cases, rows of tumours cells are arranged parallel to each other in 
a pattern that has been described as rippled trichoblastoma [10]. 
Occasional neoplasms consist mainly of clear cells, a change that 
indicates trichilemmal differentiation [11]. Histological overlap 
with trichoepithelioma is often seen and there is a tendency to 
regard all these tumours as part of the same spectrum. Distinction 
between nodular trichoblastoma and follicular basal cell carcinoma 
may be very difficult, particularly in small biopsies. Distinction is 
usually based on the presence of a deep infiltrative pattern in the 
latter [12]. The presence of Merkel cells in trichoblastoma identified 
by immunohistochemical markers (cytokeratin 20, chromogranin) 
is useful in the differentiation from basal cell carcinoma, which 
lacks these cells [13]. However, deep-seated tumours often have 
few or no Merkel cells. Based on clinicopathological features and 
the presence of Merkel cells in the neoplasm, it has been proposed 
that fibroepithelioma of Pinkus is a variant of trichoblastoma rather 
than a variant of basal cell carcinoma [14]. A further aid in the dif- 
ferential diagnosis between basal cell carcinoma and trichoblastoma 
is the immunohistochemical expression of androgen receptor. It is 
purported that the latter is usually positive in basal cell carcinoma 
and negative in benign follicular neoplasms [15]. 


Clinical features 

History and presentation 

These are deeply or superficially situated dermal and/or sub- 
cutaneous nodules [16], found — as is common with follicular 
tumours — on the head and neck. A variant presenting with 
multiple facial plaques has been described [17]. Rare occurrence in 
the vulva has been reported [18]. Often lesions are found within 
naevus sebaceous [19] and trichoblastoma is regarded as the most 
common neoplasm occurring in this hamartoma [20,21]. Association 
with melanocytic tumours including naevi and melanoma is uncom- 
mon [22,23]. Tumours may be induced by low-dose X-ray depilatory 


treatment such as was previously used to treat ringworm and 
acne [24]. 


Disease course and prognosis 

Behaviour is usually benign but malignant transformation of 
the epithelial or even the mesenchymal component (trichoblastic 
carcinoma/sarcoma) may occasionally occur [25,26]. Loss of p53 
and alterations in the AKT signalling pathway have been suggested 
to play a role in malignant transformation [27]. The tumours with 
malignant alteration appear to be less aggressive than previously 
thought, despite concerning histological characteristics [28]. 


Management 
Complete excision is often desirable as exclusion of a basal cell car- 
cinoma may be difficult in small biopsies. 


Adamantinoid trichoblastoma 


Definition and nomenclature 


This entity was first described in 1991 [1]. Follicular, sebaceous 
and ductal differentiation has been demonstrated and therefore 
this tumour is regarded as a variant of trichoblastoma, a neo- 
plasm differentiating towards the folliculosebaceous and apocrine 
germ [4,8]. 


clusions 
hadenoma 


Epidemiology 
Incidence and prevalence 
It is relatively rare. 


Age 
Usually occurs in young adults although the age range is broad. 
Congenital cases have been described [9,10]. 


Sex 
Both sexes are affected equally. 


Pathophysiology 

Pathology 

The tumour consists of nests and lobules of basaloid cells in the 
reticular dermis, with no connection to the epidermis. These aggre- 
gates of cells are embedded in a fibrous stroma. Tumour cells are 
bland and display focal peripheral palisading. A striking feature 
is the presence of prominent infiltration of tumour lobules and 
nests by T lymphocytes and histiocytes (Figure 137.5). These in- 
flammatory cells are mainly located in the centre of the tumour 
lobules. No cellular atypia is seen and mitotic figures are rare. 
Focal areas of keratinisation are seen in some cases. The pattern of 
cytokeratin 17 expression is patchy and peripheral in cutaneous 
Iymphadenoma, as opposed to diffuse expression in basal cell 
carcinoma [11]. 
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Figure 137.5 Lymphadenoma. Nests and lobules of epithelial cells with peripheral 
palisading and prominent infiltration by lymphocytes. 


Clinical features 

History and presentation 

Cutaneous lymphadenoma was first described in 1991 by Santa 
Cruz et al. [1]. The lesions are seen mainly on the head and neck 
area, and present as non-specific papules or nodules. The preoper- 
ative clinical diagnosis is frequently either basal cell carcinoma or 
intradermal naevus. 


Disease course and prognosis 
The behaviour is entirely benign. A case with malignant transforma- 
tion has been reported [12]. 


Management 

Local excision is recommended. Mohs micrographic surgery has 
been suggested as an option but is hard to justify for a benign lesion 
that has no infiltrative growth pattern [13,14]. 


Basaloid follicular hamar 


Definition 

A hamartoma consisting of a proliferation of basaloid cells, with 
frequent involvement of hair follicles. Induction of immature hair 
follicles is often seen. 


Epidemiology [2] 
Incidence and prevalence 
The lesion is very rare. 


Age 
It may be congenital or acquired. The range is broad but it seems to 
be more common in middle-aged and elderly individuals. 


Sex 
There is a slight predilection for women. 


Pathophysiology 

Pathology 

A multifocal proliferation of cords, strands and nests of basaloid 
cells is seen, with frequent connections to the epidermis. Basaloid 


cells focally replace neighbouring hair follicles. In addition, imma- 
ture follicular bulbs may also be seen. 


Genetics 

It is associated with deregulation of the PTCH pathway; in fact, 
basaloid follicular hamartoma syndrome may genetically and 
clinically fall within the spectrum of naevoid basal cell carcinoma 
syndrome [5]. 


Clinical features 

History and presentation 

These lesions are usually small multiple papules that may become 
confluent to form a plaque. Involvement of the face is common 
but lesions may also present on the trunk. Presentation may be 
generalised or localised and the latter may be linear [4,6]. They 
may be present in isolation or inherited as an autosomal dominant 
trait [7,8,9]. Association with autoimmune diseases and alopecia 
has been described particularly in the generalised variant [10]. 
The autoimmune diseases include lupus erythematosus [11] and 
myasthenia gravis [7]. Other rare associations include cystic fibrosis 
[12], milia and hypohidrosis [13]. 


Disease course and prognosis 
The lesion is benign. In exceptional cases, basal cell carcinomas may 
develop within the lesions [14]. 


Management 
May be excised for cosmetic reasons or if a basal cell carcinoma is 
suspected. 


HAIR MATRIX TUM 


Pilomatricoma [12-4] -—l Fa? 


Definition and nomenclature 

A benign tumour considered to be a hamartoma of the hair matrix 
composed of cells resembling those of the hair matrix and cortex and 
inner root sheath. The cells usually undergo ‘mummification’, i.e. a 
particular form of degeneration with retained cellular outlines. 


Epidemiology 

Incidence and prevalence 

This lesion makes up around 20% of all hair follicle-related tumours 
in most series and is therefore the commonest hair follicle tumour 
[5]. A number of familial cases are recorded [6]. Association with 
myotonic dystrophy [6], Turner syndrome [7,8], Rubinstein—Taybi 
syndrome [9] and Kabuki syndrome [10] have been described. 
MYH-associated polyposis is an autosomal recessive variant of 
familial adenomatous polyposis with susceptibility to colorectal 


; Hair matrix tumours 137.13 


Figure 137.6 A dermal/subcutaneous tumour with central pale pink area containing 
ghost cells focally surrounded by a thin peripheral rim of basaloid cells. 


carcinoma and association in some affected individuals with 
multiple pilomatricomas [11]. 


Age 
It may occur at any age from infancy and is frequently seen in chil- 
dren [5,12]. The majority of patients are under 20 years of age. 


Sex 
Females are affected more often than males. 


Pathophysiology 

Pathology [13,14,15-18] 

The tumour is situated in the dermis and is composed of well- 
circumscribed rounded islands giving a lobulated contour. The 
outer cells are small and their rounded nuclei crowded together 
make this region deeply basophilic. Normal mitotic figures can 
usually be seen and are often numerous. The cytoplasm is scanty 
and the cell margins indistinct, but intercellular connections can 
be seen. Towards the centre of the mass, the cytoplasm becomes 
more abundant and eosinophilic. The nuclear outline persists, but 
the chromatin is sparse and clumped in dark granules; when all 
basophilic material disappears, a mummified ‘ghost cell’ remains 
(Figure 137.6). The ultrastructural and histochemical characteristics 
of these cells mark them as hair matrix cells maturing towards the 
cortex or root sheath [3,19,20]. The central areas often calcify and 
calcium can be demonstrated in the basophilic areas of the tumour. 
In older lesions, the basophilic cells may be greatly reduced or dis- 
appear entirely. Melanin may be present and dendritic melanocytes 
have been found between the tumour cells. The stroma that encap- 
sulates the masses usually contains inflammatory and foreign-body 
giant cells, and occasionally ossifies. A rare variant of superfi- 
cial pilomatricoma presenting clinically as a cutaneous horn and 
with an intraepidermal location has been reported [21]. A bullous 
appearance may occur consequent on lymphangiectasia [22], and 
anetoderma can occur in the dermis surrounding the tumour [23]. 
Occasional hybrid cysts may show areas of pilomatrical differen- 
tiation identical to pilomatricoma [24]. Melanocytic matricoma is 
a rare tumour consisting of islands and nodules of matrical cells 


Figure 137.7 Pilomatricoma. Small red firm papule. 


associated with colonisation by prominently pigmented dendritic 
melanocytes [19,20]. 


Genetics 

Studies have shown that 75% of pilomatricomas possess acti- 
vating mutations of the B-catenin gene [25,26,27,28]. The sites of 
B-catenin expression within pilomatricomas suggest that this may 
affect cell-cell adhesion [28]. More recently, mutations of various 
fibroblast growth factor receptors have been reported [29,30]. 


Clinical features 

History and presentation [31,32,33] 

The lesion is usually a solitary, deep, dermal or subcutaneous 
tumour 3-30 mm in diameter situated on the head, neck or upper 
extremities (Figure 137.7). Very large tumours occur occasionally 
[34]. The skin over the tumour is normal and the lesion has a firm 
to stone-hard consistency and a lobular shape on palpation. In 
adult life, there may be quite a short history [4] and there is usu- 
ally no evidence of a preceding cyst. It may be subject to periodic 
inflammation and can present as a granulomatous swelling. Rarely, 
ulcerated lesions may show transepithelial elimination [35]. An 
unusual case associated with hypercalcaemia and high levels of 
parathyroid hormone has been described [36]. Malignant change is 
very rare (see later). The diagnosis can be suspected if a subcuta- 
neous nodule feels hard and lobular. The presence of calcium salts 
may be apparent on radiographs, but these can also be deposited in 
other cysts and tumours of the skin. 


Disease course and prognosis 

The lesion is benign but there is a tendency for local recurrence. 
Malignant change is recorded in several cases and appears to arise 
chiefly in large pilomatricomas that have been present for many 
years (see later) [37]. 


Management 
Local excision is sufficient for benign lesions. Wider excision will be 
needed if malignancy is suspected. 
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Pilomatrical carcinoma [1-4] — 


Definition and nomenclature 
The malignant counterpart of the pilomatricoma, possessing 
metastatic potential. 
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Epidemiology [5,6,7] 
Incidence and prevalence 
Fewer than 150 cases are reported in the literature. 


Age 
The average age of the patients is 70 years. 


Sex 
Males are more often affected than females. 


Pathophysiology 

Pathology 

Definition of malignancy is usually very difficult on histological 
grounds. Malignant tumours usually have a very large predominant 
basaloid component, an infiltrative growth pattern and extensive 
necrosis. In addition, there are numerous mitotic figures, and both 
lymphatic and vascular invasion may be seen. 


Genetics 

As in pilomatricoma, mutations in B-catenin have been demonstrated 
in pilomatricarcinomas suggesting the activation of a common cel- 
lular pathway in both types of neoplasms despite the difference in 
clinical behaviour [8,9]. More recently, a novel oncogenic mutation 
in FGFR4 has been demonstrated by whole exome sequencing in a 
case of pilomatrical carcinoma [10]. 


Clinical features 

History and presentation 

The lesion presents as a rapidly expanding firm nodule. Most 
tumours develop on the head and neck followed much less fre- 
quently by the trunk [5]. It can present de novo or on a longstanding 
benign pilomatricoma. 


Disease course and prognosis 

Pilomatrical carcinomas are locally aggressive with a tendency to 
recur [11]. There may be metastases to distant organs such as the 
lungs, bone and lymph nodes [12,13-17]. At least two cases have 
proved fatal. 


Management 

Wide local excision is usually curative, but follow-up is required 
because of the possibility of metastatic spread. There are no specific 
recommendations for follow-up, but a follow-up schedule similar to 
high-risk squamous cell carcinoma is applicable. 


LESIONS OF HAIR FOLL 


According to the World Health Organization (WHO) trichodiscoma 
and fibrofolliculoma are now considered to represent the late and 
early stage, respectively, of the same appendageal tumour, which 
differentiates towards the mantle of the hair follicle. Trichodiscoma 
was described by Pinkus as a hamartomatous proliferation of the 
mesodermal component of the Haarscheibe. The Haarscheibe is con- 
sidered to be a slowly reacting mechano-receptor associated with 
the hair follicle (hair disc). Neurofollicular hamartoma is considered 
the same as trichodiscoma. The term fibrofolliculoma has been used 
to refer to perifollicular fibroma and the term mantleoma has been 
used to refer to both fibrofolliculoma and trichodiscoma. 


Trichodiscoma [1] —_ | 


Epidemiology 
Incidence and prevalence 
It is a rare lesion. 


Age 
It occurs in young to middle-aged individuals (third to fourth 
decade). 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

A discrete but non-encapsulated area of myxoid, poorly cellu- 
lar stroma with focal collagen deposition is seen in the dermis, 
associated with a proliferation of blood vessels, some of which 
are thick-walled. The proliferating cells are CD34 positive [2]. A 
variant with a cellular spindle-cell component has been described 
[3] which may represent what is called neurofollicular hamartoma. 
Pilosebaceous units are often seen on both sides of the myxoid 
stroma. Trichodiscomas and trichofolliculomas usually show his- 
tological overlap. Interestingly, the acrochordon-like lesions in 
Birt-Hogg—Dubé syndrome display the histological features of 
either trichodiscomas or trichofolliculomas [4]. 


Genetics 

Multiple trichodiscomas, trichofolliculomas and acrochordon-like 
lesions as well as perifollicular fibromas have been described as part 
of the Birt-Hoge—Dubé syndrome [5]. This syndrome is an auto- 
somal dominant genodermatosis also associated with lung cysts, 
spontaneous pneumothorax and renal neoplasms (chromophobe 
renal carcinoma and oncocytoma) [6]. The causative gene, FLCN, 
has been mapped to chromosome 17p12q11. A case of multiple 
trichodiscomas negative for FLCN mutation has been reported 
in association with multiple endocrine neoplasia type I (MEN1) 
syndrome [7]. 


Clinical features 

History and presentation 

The clinical appearance of the trichodiscoma is that of mul- 
tiple discrete flat-topped papules 2-3mm in diameter. They 
occur mainly in the central area of the face. Familial cases are 
recorded [8,9]. 


Disease course and prognosis 
The lesion is benign. 


Management 

It is excised for cosmetic reasons. In Birt-Hogg—Dubé syndrome skin 
lesions may be the first manifestation of the disease [10] therefore 
screening and follow-up is advisable as the risk for developing renal 
tumours increases with age. 


Perifollicular fibroma [1-4] 


Definition 
A cutaneous hamartoma of unknown aetiology that shows differen- 
tiation in the connective tissue sheath of the hair follicle. 


Epidemiology 
Incidence and prevalence 
It is a very rare lesion. 


Age 
The lesion may be single (congenital or acquired) or multiple (late 
onset). 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

The pathology is that of a striking concentric fibrous proliferation 
around a relatively normal pilosebaceous apparatus. 


Genetics [5] 
See under trichodiscoma. 


Clinical features 

History and presentation [1-4,5,6-8,9] 

The clinical appearance of these lesions has not been well described 
and is not distinctive. Mostly it consists of small firm papules/ 
papule either flesh coloured or pink usually on the face and 
neck. Other sites may be exceptionally affected. Association 
with colonic polyps has been described and it is known as 
Hornstein—Knickenberg syndrome [7]. It seems that Birt--Hogg—Dubé 
syndrome, which was described later, represents the same 
entity [8,9]. 


Disease course and prognosis 
The lesion is benign but multiple perifollicular fibromas are associ- 
ated with Birt-Hogg—Dubé syndrome [5]. 


Management 
See under trichodiscoma. 


Fibrofolliculoma — aa 


Definition 
A fibrous lesion of perifollicular connective tissue [1]. See also 
Lesions of hair follicle mesenchyme, earlier. 


Epidemiology 
Incidence and prevalence 
It is rare. 


Age 
These lesions usually first appear in middle age (third to fourth 
decade) [2]. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

Histology shows multiple small poorly formed pilosebaceous folli- 
cles set in a very striking fibrous stroma. There is also an obvious 
proliferation of the outer root sheath similar to that seen in the peri- 
follicular fibroma. 


Genetics 

Multiple lesions are seen in the Birt-Hogg—Dubé syndrome, which 
is an autosomal dominant condition mapped to chromosome 
17p11.2 [3-6]. 


Clinical features 

History and presentation 

It can rarely present as a solitary lesion or more often as multiple 
lesions either isolated or as a part of Birt-Hogg—Dubé syndrome [2]. 
It can also be associated with other conditions such as thyroid carci- 
noma [3] and tuberous sclerosis (Chapter 78) [7]. They tend to affect 
the upper part of the body. 


Disease course and prognosis 

The lesion is benign. In the Birt-Hoge—Dubé syndrome, fibrofollicu- 
lomas are seen in association with trichodiscomas, acrochordon-like 
lesions, renal tumours most commonly chromophobe carcinoma 
and spontaneous pneumothorax [8,9]. 


Management 
See under trichodiscoma. 


SEBACEOUS GLAND T 


The following tumours or tumour-like conditions of the sebaceous 
glands are considered elsewhere: 
1 Naevus sebaceous (Chapter 35). 
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2 Senile sebaceous hyperplasia (Chapter 91). 
3 Steatocystoma multiplex (Chapter 133). 

The two main conditions discussed in this section are sebaceous 
adenomas and sebaceomas, and sebaceous carcinoma. The old term 
‘sebaceous epithelioma’ is no longer used, as it causes confusion 
with the exceptionally rare basal cell carcinoma with sebaceous dif- 
ferentiation. 


Sebaceous adenomas 
and sebaceomas [1-6] 


Definition 

Benign tumours composed of incompletely differentiated seba- 
ceous cells of varying degrees of maturity. Sebaceous adenoma and 
sebaceoma are described together, as they do not have distinctive 
clinical features and, although histological separation is possible in 
most cases, there is also some degree of overlap. 


Epidemiology 
Incidence and prevalence 
These are relatively rare tumours [4]. 


Age 
Most cases of solitary type occur in the elderly. 


Sex 
The solitary type may occur in either sex. 


Pathophysiology 

Pathology [3,6-8] 

The tumours are multilobular and usually connected to the epider- 
mis. The lobules are well defined, composed of variable numbers 
of small basophilic sebaceous matrix cells peripherally and larger 
cells —- mature sebaceous cells — containing cytoplasmic fat globules. 
The proportion of immature, transitional and mature sebaceous cells 
may vary widely from one area to another. In sebaceous adenoma, 
mature sebaceous cells predominate in the centre of the lobules 
(Figure 137.8) while in sebaceoma immature basaloid sebaceous 
cells predominate, occupying large areas of the lobules. In both 
tumours, there may also be cystic spaces lined by a thin layer of 
eosinophilic material similar to the intraglandular sebaceous ducts. 
The outline of the tumour is less regular than normal sebaceous 
glands and may be irregular. However, some sebaceous adenomas 
closely mimic the normal sebaceous gland, except for an increase 
in the number of immature sebaceous cells. Mitotic figures are 
frequent in the immature sebaceous cells, and this feature should 
not be regarded as evidence of malignancy. Larger and deeper 
tumours with cystic degeneration usually represent sebaceomas, 
but adenomas may also be seen. Some of these tumours have 
atypical histological features [9]. The cystic space contains abun- 
dant holocrine (sebaceous) material. It has been suggested that 
these cystic sebaceous tumours are a marker for the mismatch, 
repair-deficient subtype of Muir—Torre syndrome, which has a high 
risk of internal malignancies [9]. However, a more recent study, 
although demonstrating that sebaceous keratoacanthomas are 


Figure 137.8 Sebaceous adenoma. Lobular lesion with prominent maturation in the 
centre and immature cells in the periphery. 


often associated with the syndrome, failed to show the same 
correlation with cystic sebaceous neoplasms [10]. Glandular 
apocrine differentiation may occur rarely in some sebaceous 
neoplasms [11]. 


Genetics 

Patients with multiple benign sebaceous tumours (other than seba- 
ceous hyperplasia) should be suspected of having the Muir—Torre 
syndrome (Chapter 141), associated with multiple visceral malig- 
nancies [7,12-18,19,20,21,22]. It is important to note, however, that 
a single sebaceous neoplasm and more uncommonly a sebaceous 
carcinoma particularly in an extraocular location may represent a 
marker of the syndrome [23]. It has also been suggested that a single 
sebaceous tumour outside the head and trunk is a strong indicator 
of the syndrome [10]. Muir—Torre syndrome is a rare subset of the 
hereditary non-polyposis colorectal carcinoma (Lynch syndrome), 
representing 1—2% of cases of the latter [24,25]. It is characterised 
by cutaneous sebaceous tumours, gastrointestinal malignancies, 
especially colonic and, more rarely, renal, uterine and breast neo- 
plasms [5]. The internal malignancies tend to be fairly low grade, 
and often patients develop them earlier in life than the equivalent 
neoplasm in the general population. Sebaceous neoplasms tend 
to develop later in life. Patients with Muir—Torre syndrome may 
also develop sebaceous keratoacanthomas [10] and ordinary ker- 
atoacanthomas. Microsatellite instability has been reported in the 
Muir—Torre syndrome [26,27], which results in the loss of a number 
of mismatch repair proteins particularly MLH1 and MSH2 and 
less commonly PMS2 and MSH6. The protein most commonly lost 
is MSH2, which was lost 10 times more frequently than MLH1 in 
Muir—Torre syndrome [24]. The loss of expression of MLH1, MSH2, 
PMS2 and MSH6 may be demonstrated by immunohistochemical 
methods [28,29]. While loss of expression should not be regarded 
as a diagnostic test for Muir—Torre syndrome, it could be useful as 
an initial screening tool for Muir—Torre syndrome [30]. The finding 
should be used in combination with personal and family history 
and germ line genetic testing to confirm the diagnosis [31]. The 
Mayo Clinic has proposed a clinical scoring system based on a 
number of parameters including age at presentation at which the 
first sebaceous neoplasm occurs, number of sebaceous neoplasms, 
and family and personal history of related neoplasms to help 
identify patients at risk [32]. 


Figure 137.9 Sebaceous adenoma. Small yellowish papule. 


Clinical features 

History and presentation 

Tumours are usually rounded, raised and either sessile or somewhat 
pedunculated (Figure 137.9). They are normally less than 10mm in 
diameter, but older lesions may form plaques or ulcerate. Occasional 
tumours are more deeply located and appear cystic. The colour is 
fleshy or of a waxy yellowish hue and the surface may be papillifer- 
ous. The common situation is the face or scalp and it may occur on 
the eyelid. It usually grows slowly, but a sudden increase in growth 
rate can occur. A yellow-tinged facial nodule may be suggestive, 
but clinical differentiation from other epithelial tumours, especially 
basal cell carcinoma, may be impossible. The microscopic diagno- 
sis is more certain. They may be associated with a cutaneous horn 
[6]. There is no evidence that actinic radiation or other recognised 
carcinogens are to blame. 


Disease course and prognosis 
The lesion is benign. The risk of local recurrence is low. 


Management 
Surgical excision is the treatment of choice. 


Sebaceous carcinoma [ee 


Definition 


A malignant tumour composed of cells showing differentiation 
toward sebaceous epithelium. 


Epidemiology 


Incidence and prevalence 

The variable incidence reported for this tumour reflects the differing 
diagnostic criteria of different workers. It is, however, rare, compris- 
ing fewer than 1% of all skin malignancies. The tumour has been 
reported following radiodermatitis [4] and ina patient with multiple 
arsenical skin cancers. Lesions may rarely occur in naevus sebaceous 


[5]. It is likely that a number of sebaceomas with high mitotic activity 
have been reported in the past as sebaceous carcinomas. 


Age 
Most lesions occur in middle-aged and particularly old individuals 
[6-14]. Exceptional cases have been reported in children [15]. 


Sex 
There is a slight predilection for males. 


Pathophysiology 


Pathology 

The same problem of terminology exists with sebaceous carci- 
noma as with the adenomas. Basal cell carcinoma with sebaceous 
differentiation is not included in the description of sebaceous car- 
cinoma. The essential feature is cytological evidence of sebaceous 
differentiation. The proportion of cells showing fat globules and 
the degree of cytoplasmic vacuolation are variable. The undiffer- 
entiated cells are of moderate size, with round centrally placed 
nuclei and rather basophilic cytoplasm, and they tend to group 
themselves in masses of a multilobular configuration. The dif- 
ferentiating cells tend to be more central. There are, in addition, 
cytological features of malignancy and evidence of an infiltra- 
tive growth pattern. Mitotic figures including atypical forms are 
frequent. Pagetoid infiltration of the epidermis is frequent, par- 
ticularly in tumours arising around the eye [6]. Demonstration of 
sebaceous differentiation by histochemistry is possible by the use 
of oil red O but it requires frozen sections and these are usually 
not available. By immunohistochemistry, sebaceous differentiation 
can be demonstrated by epithelial membrane antigen (EMA) but 
only in cells with good differentiation. Adipophilin and peripilin 
are more recently added immunohistochemical stains useful in 
demonstrating sebaceous differentiation [16,17]. Peripilin seems to 
be more specific than adipophilin except in cases of carcinoma in 
situ with clear-cell change in which tumour cells are often positive 
for the former marker [17]. 


Genetics 

Sebaceous carcinoma may rarely be associated with the Muir—Torre 
syndrome (Chapter 141) [18,19]. The latter association is mainly 
seen with extraocular carcinomas and those tumours occurring out- 
side the head and neck area [20]. Studies have shown activation of 
PI3K signalling pathways [21] and TERT promoter mutations [22] in 
sebaceous carcinomas. 


Clinical features 

History and presentation 

The tumour is solitary, firm, sometimes translucent and covered 
with normal or slightly verrucose epidermis. The colour may 
be yellow or orange. The face and scalp [23] are the commonest 
sites, especially the eyelid (Figure 137.10). The evolution may 
be very slow, and a size of 5cm or more may be reached after 
many years without metastasis. Some tumours grow rapidly and 
invade early, but metastasis is uncommon [24,25]. Clinical features 
are not distinctive and eyelid lesions may be confused with a 
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Chapter 137: Tumours of Skin Appendages 


Figure 137.10 Sebaceous carcinoma. Ulcerated yellowish lesion of the eyelid. 


chalazion. Sebaceous carcinomas may occur in immunosuppressed 
organ transplant patients, and these tumours are associated with 
microsatellite instability [18]. 


Disease course and prognosis 

It is uncommon for the lesion to be aggressively invasive on the 
skin, although it frequently is when situated on the eyelid [6—10,26]. 
There are, however, individual case reports of extraocular aggressive 
lesions with occasional metastatic spread [27,28]. 


Management 
Complete surgical excision is required [12,29]. Reports of excellent 


results with Mohs surgery suggest that this may be the treatment of 
choice [30]. 


APOCRINE GLAND TUMO 


Apocrine hidrocystoma [2] ; — Fa 


Definition and nomenclature 

A lesion produced by cystic dilatation of apocrine secretory glands. 
Although the terms apocrine hidrocystoma and cystadenoma have 
been used as synonyms, and the clinical features of both lesions are 
identical, there are a number of histological findings that set them 
apart (see later). 


Epidemiology 

Incidence and prevalence 

The lesion is not uncommon, but is most often seen in ophthalmo- 
logical, surgical and dermatology clinics. 


Age 
It occurs in adult life, in no particular age group. 
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Figure 137.11 Apocrine hidrocystoma. Cystic cavity lined by an outer layer of 
myoepithelial cells surrounding an inner layer of flattened cuboidal cells with pink 
cytoplasm. 


Sex 
Males and females are equally affected. 


Pathophysiology 

Pathology [3-5] 

Large cystic cavities are found in the dermis if the lesion has been 
carefully dissected out. Commonly, the cyst is punctured and has 
collapsed before fixation. The cavities are lined by cuboidal or 
high-columnar apocrine secretory cells with decapitation secre- 
tion and a peripheral layer of myoepithelial cells (Figure 137.11). 
Papillary projections or solid buds of secretory cells may break the 
smooth contour of the cyst lining. The secretory cells may contain 
pigment [6,7], which is neither melanin nor haemosiderin. Polaris- 
able calcium oxalate crystals may be found within the lumina [8]. 
The secretions in the cysts may be coagulated and stained using the 
PAS technique. There is a well-organised fibrous stroma. Electron 
microscopy confirms the apocrine nature of the secretory epithe- 
lium [9]. Lesions designated as apocrine cystadenoma are regarded 
as proliferative lesions with true papillary projections (containing 
a fibrous core). These tumours may display focal cytological atypia 
and mitotic activity. Based on these atypical features in cystade- 
noma, complete excision is suggested for tumours classified as 
such [10]. 


Clinical features 

History and presentation [6,7,11,12] 

The lesions are solitary or occasionally multiple, well-defined, 
dome-shaped, translucent nodules [13]. The surface is smooth 
and the colour varies from a skin colour to greyish or blue-black; 
pigmentation may affect only part of the cyst [14]. The commonest 
site is around the eye, particularly lateral to the outer canthus 
(Figure 137.12). It has also been reported on the penis [1], vulva [15], 
lip [16], fingers [17] and multiple lesions bilaterally in both axillae 
[18]. There are no symptoms. The cyst increases slowly in size and 
may become 10mm or more in diameter. Multiple lesions may be 
seen in Schépf-Schulz—Passarge syndrome (a form of ectodermal 
dysplasia syndrome characterised by hypotrichosis, hypodontia, 
nail dystrophy, palmoplantar keratoderma and periocular apocrine 
hidrocystomas) [19]. The lesion must be differentiated from basal 
cell carcinoma, which is usually of a firmer consistency, less regular 
in its surface contour and has surface telangiectases. The cystic 
nature of the lesion, which can often be shown by transillumination, 


Figure 137.12 Apocrine hidrocystoma. Cystic translucent papule on the right inner 
canthus. 


separates it from blue naevi and malignant melanoma when 
pigment is present. 


Disease course and prognosis 
The lesion is benign. 


Management 

The tumour is cured by surgical removal, which is commonly also 
needed for diagnosis. Other treatment modalities are the same as 
those used for eccrine hidrocystomas (see later). Multiple lesions 
have been treated successfully with trichloroacetic acid [20]. 


Syringocystadenoma pa 


Definition and nomenclature 

An exuberant proliferating lesion, commonly seen on the scalp in 
association with an organoid naevus (naevus sebaceous), and show- 
ing differentiation in an apocrine pattern [3]. 


Epidemiology [4-6] 
Incidence and prevalence 
It is not an uncommon lesion. 


Age 
These lesions may be present at birth or in childhood [5], but the 
majority are seen on the face and scalp of young adults. 


Sex 
There is no sex predilection. 


Figure 137.13 Syringocystadenoma papilliferum. Papillary projections with a 
fibrovascular stroma. 


Pathophysiology 

Pathology [7-9] 

The epidermal surface shows papillomatous expansion and from 
these areas cystic invaginations are seen. The cystic structures are 
lined by papillae that have a lining of a double layer of colum- 
nar epithelium, which shows an apocrine pattern of secretion 
(Figure 137.13). The underlying stroma is rich in plasma cells [10]. 
Sebaceous differentiation may occasionally be seen [11]. Superfi- 
cial lesions with features of apocrine tubular adenoma (see later) 
may overlap histologically with those of syringocystadenoma 
papilliferum [12]. 


Genetics 

Molecular biological studies have identified loss of heterozygosity 
at chromosome 9q22, the locus of the patched gene [13], as well as 
RAS mutations [14] and BRAF V600E mutation [15]. 


Clinical features 

History and presentation 

There is frequently a history of papillomatous expansion of a small 
pre-existing lesion at or around puberty and lesions often occur in 
a pre-existing organoid naevus. The lesion is composed of multi- 
ple warty papules, some of which are translucent and pigmented 
(Figure 137.14). Tumours may be seen in other locations [16] includ- 
ing the vulva [17], external ear [18], lower leg [19], scrotum [20] and 
the nipple [21]. 


Disease course and prognosis 

The lesion is benign. Occasionally, basal cell carcinoma, a squamous 
cell carcinoma (including verrucous carcinoma) [22] or a ductal car- 
cinoma [23] develops on a pre-existing syringocystadenoma papil- 
liferum. In situ carcinoma [24] and invasive apocrine carcinoma are 
exceptional [25,26]. 


Management 
Surgical excision is recommended, both to confirm the diagnosis and 
for cosmetic reasons. 


Apocrine gland tumours 137.19 


< 
rT) 
 ¢ 
_i 
o 
fo) 
Wi 
2 


PART 12 


NEOPLASIA 


N 
= 
= 
< 
3 


137.20 


Chapter 137: Tumours of Skin Appendages 


Figure 137.14 Syringocystadenoma papilliferum. Papular lesion with superficial erosion. 


Hidradenoma papi 


Definition and nomenclature 

A skin tumour of the ano-genital area of adult females composed of 
frond-like papillae lined by apocrine epithelium. It most likely arises 
from ano-genital mammary-like glands [1,2]. 


the vulva [3] 


Epidemiology 

Incidence and prevalence 

This is an uncommon tumour although it is the most frequent benign 
adnexal vulvar tumour [4]. In one large series, the subjects were 
exclusively white, and 75% were between the ages of 25 and 40 years. 
It occurs four times as commonly on the vulva as in the perianal 
area [5]. 


Age 
More frequent in middle-aged adults. 


Sex 
It occurs predominantly in women. 


Pathophysiology 

Pathology 

The tumour is well circumscribed and located just below the skin 
surface. It is usually spherical in shape and enclosed by com- 
pressed connective tissue stroma. Lesions are composed partly of 
slender fronds of connective tissue lined by one or two layers of 
epithelial cells and partly of glandular structures (Figure 137.15). 
The epithelial cells have histochemical characteristics in keeping 
with an apocrine origin [6,7]. The tumour originates from the 
ano-genital mammary-like glands [1-3,8]. Sebaceous differentiation 
is seen occasionally [9]. Mitotic figures vary and may be frequent. 
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Figure 137.15 Hidradenoma papilliferum. Well-circumscribed tumour with glands and 
papillary projections. 


In the absence of other features indicative of malignancy, the 
mitotic count does not imply malignant behaviour [10]. Rare cases 
have a component connected to the epidermis and overlap with 
syringocystadenoma papilliferum [11]. 


Genetics 
Molecular biological studies have identified recurrent mutations in 
PIK3CA and AKT1 in a majority of cases [12]. 


Clinical features 

History and presentation [13-15] 

The patients usually seek advice for a lump in the vulval or perianal 
area, which may be symptomless or, less frequently, may be tender 
or liable to bleed. The tumour is rounded, freely mobile, often 
elevated and may feel firm, soft or even cystic. It may range in 
size from 1 to 40mm. The commonest site is the labium majus, but 
it may occur elsewhere on the vulva or perianal area and, excep- 
tionally, in other sites such as the eyelid [9,15], nose [16], arm [17] 
and chest [18]. Coexistence with a naevus comedonicus has been 
described [19]. Occasionally, the epithelial surface will ulcerate and 
the tumour becomes everted to form a reddish-brown papillary 
mass, which may be suspected of being malignant [5]. The tumour 
is usually mistaken for a cyst, polyp, angioma or haemorrhoid. A 
prolonged history and a firm spherical form make the last three 
diagnoses unlikely. 


Disease course and prognosis 
The lesion is benign. Malignant transformation is exceptional 
[18,19]. 


Management 
Excision is curative. 


Nipple adenoma (12-4: 


Definition and nomenclature 
A complex benign tumour arising from the lactiferous ducts of the 


nipple. 


the nipple 
he nipple ducts 
of the nipple 


Epidemiology 

This is an uncommon tumour, which occurs mainly in middle-aged 
women, but it can occur at any age [6], and occasionally in males 
[7-9]. In one case, the lesion developed 10 years after treatment for 
carcinoma of the prostate by bilateral orchidectomy and diethylstil- 
boestrol [10]. 


Pathophysiology 

Pathology [1,4,11-14] 

The lesion consists of tubules, with an inner layer of columnar cells 
and an outer layer of cuboidal myoepithelial cells. A major feature 
is the presence of superficial keratocysts lined by both squamous 
and columnar epithelium, and filled with keratin flakes and an 
eosinophilic material, apparently secreted by the columnar cells. 
The cysts seem to reproduce the terminal portion of the nipple duct 
system. Within some of the superficial cysts or ducts, foreign-body 
giant cells may be seen. 

Some degree of intraluminal growth (intraductal papillomatosis) 
is present in many cases. This ranges from small papillary epithelial 
tufts to almost complete occlusion of the lumina by solid epithelial 
plugs, and there may be evidence of apocrine decapitation secretion. 
The overlying epidermis may show acanthosis and hyperkeratosis. 
The major histopathological diagnostic pitfall is confusing ero- 
sive adenomatosis with sweat gland tumours and as it may also 
be difficult to differentiate from papillary breast carcinoma. 
Immunohistological techniques are of value in demonstrating 
the layer of myoepithelial cells [12,13]. 


Genetics 
Mutations in PIK3CA and BRAF V600E are frequently found in 
nipple adenomas [14]. 


Clinical features 

These are variable. The condition may start with a blood-stained or 
serous discharge, and the nipple may be enlarged, eroded, crusted 
or eczematous. There may be a small nodule on the nipple and the 
symptoms may be worse in the premenstrual phase. The condition 
is commonly misdiagnosed as Paget disease or eczema [15]. It is usu- 
ally unilateral, but bilateral involvement has been reported [16,17], 
and it has been described in an accessory nipple [18]. Dermoscopy 
can be useful in distinguishing nipple adenoma from eczema or pso- 
riasis [19]. 


Management 

Excision is curative — either simple local excision, or partial or com- 
plete resection of the nipple, depending on the size of the tumour 
[20]. There are reports of successful treatment by cryosurgery [21] 
and Mohs surgery [22]. 


Apocrine tubular adenoma | 


Definition 
A tumour usually arising on the scalp. 


Epidemiology 
Incidence and prevalence 
It is a rare lesion. 


Age 
Presentation is usually in middle-aged adults. 


Sex 
There is slight female predilection. 


Pathophysiology 

Pathology 

Clusters of tubular structures are seen in the dermis, with a lining 
of cells showing decapitation secretion. There is no surround- 
ing inflammatory response. Cytological atypia and an infiltrative 
margin are absent. As with many adnexal tumours, often one 
finds histological overlap between tubular apocrine adenoma and 
papillary eccrine adenoma [3,4]. Overlapping features with syringo- 
cystadenoma papilliferum are also seen, especially in superficial 
tumours [5]. Sometimes they coexist [6]. 


Genetics 
Apocrine tubular adenomas frequently harbour BRAF V600E muta- 
tions [7]. 


Clinical features 

History and presentation 

These are usually large slowly expanding lesions on the scalp. Other 
locations such as the nose and the vulva have been reported [8,9]. 
The lesion often arises in association with a naevus sebaceous. 


Disease course and prognosis 
Tumours are benign. 


Management 
Simple surgical excision is the treatment of choice. 


Apocrine carcinoma [1-3] .—l 


Definition 

A malignant adnexal carcinoma showing clear evidence of apocrine 
differentiation: large cells with abundant pink cytoplasm and decap- 
itation secretion. 


Epidemiology 
Incidence and prevalence 
This is a rare entity. 
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Figure 137.16 Apocrine carcinoma. Prominent glands with decapitation secretion. 


Age 
Patients are middle aged or elderly. 


Sex 
There is a slight predilection for females. 


Pathophysiology 

Pathology 

Three histological patterns may be seen: tubular, tubulopapillary 
and solid (Figure 137.16). The degree of differentiation varies and 
the diagnosis is often difficult in poorly differentiated tumours. 
Mitotic figures, local invasion and nuclear pleomorphism all sug- 
gest a malignant lesion. The most specific pathological feature is 
the presence of decapitation secretion [1]. Some cases are associated 
with prominent pagetoid spread, particularly those presenting on 
genital skin [4]. Tumour cells are positive for gross cystic disease 
fluid protein-15 (GCDFP-15) [5] and they show positivity for oestro- 
gen, progesterone and androgen receptors in up to a third of cases 
[6]. Recently, it has been suggested that an immunohistochemical 
panel of adipophilin, ER, PR, HER2, cytokeratin 5/6 and mam- 
maglobin may be helpful in distinguishing cutaneous apocrine 
carcinoma from mammary apocrine carcinoma as the former is 
positive for these markers while the latter tends to be negative [7]. 
A histologically distinctive variant of apocrine carcinoma has been 
described as cribiform apocrine carcinoma [8]. The designation 
as malignant is surprising as this tumour shows little cytological 
atypia, low mitotic activity, does not tend to recur and no metastases 
have been reported. 


Clinical features 

History and presentation 

Lesions have been reported mainly from the head and neck area, 
including the eyelid and external ear, ano-genital skin and also 
the axilla [9]. It is not possible on morphological grounds or with 
the help of immunohistochemistry to separate a cutaneous axillary 
apocrine carcinoma from an apocrine breast carcinoma spread- 
ing or invading the skin by direct extension. Breast imaging is 
advisable to rule out a primary breast tumour. Some tumours arise 
within a naevus sebaceous [6,10]. The tumour presents as a nodule, 


usually measuring more than 1cm in diameter. Rare cases may be 
bilateral [11]. 


Genetics 
Apocrine carcinomas have been shown to exhibit polysomy or 
trisomy of EGFR, as well as mutations of AKT-1, PIK3CA and 
TP53 [12]. 


Disease course and prognosis 

It has been found that grading tumours according to the modified 
Bloom-Richardson method of grading breast carcinoma is very use- 
ful in establishing prognosis [6]. Patients with grade 3 tumours have 
a poor prognosis [6]. Metastatic spread to regional lymph nodes and 
internal organs occurs in between 20% and 30% of the cases [6,13]. 


Management 

Wide excision and close follow-up are required. Based on the 
similarities between breast and apocrine carcinoma, breast carci- 
noma adjuvant therapy regimens may be considered in high grade 
tumours [6]. 


ECCRINE GLAND HA 
TUMOURS 


Eccrine gland-derived lesions make up a large and relatively com- 
mon group of appendage tumours. Hidroacanthoma simplex, 
dermal duct tumour and eccrine poromas form a fairly homoge- 
neous family derived from eccrine duct and pore. However, there are 
clear examples of apocrine poroma. Eccrine syringofibroadenoma 
probably also belongs in this subsection. Eccrine hidradenoma, 
although closely related, has features suggesting both secretory 
and ductal differentiation, which makes the term ‘acrospiroma’ 
misleading, and thus is perhaps best kept in a separate category. 
Malignant tumours of sweat glands are relatively rare, but impor- 
tant to recognise. Their morphology and behaviour are variable. 


Eccrine angiomatous hamarton 
[1,2,3-8] 


Definition and nomenclature 

Eccrine angiomatous hamartoma is a rare condition most commonly 
found in acral skin. It is characterised histologically by numerous 
eccrine structures and capillary channels. 


—- 
| inclusions 


jioma 


Epidemiology 
These lesions appear at birth or during childhood in most cases and 
there is a slight male predilection [9]. 


Pathophysiology 

Pathology 

Histologically, lesions show nests of large but otherwise normal 
eccrine glands [2,3], enmeshed in loose fibrous tissue, which 
contains numerous thin-walled blood vessels and lymphatics [4]. 
There may be a very intimate association between the glandu- 
lar and vascular elements [5,6]. The overlying epidermis may be 
mildly acanthotic. Other components, particularly hair follicles, 
may also be closely associated with the eccrine angiomatous com- 
plexes [7,8]. Some have shown fat [9,10,11] or mucin deposition 
[3,12]. Immunohistochemical findings are similar to normal eccrine 
glands [9]. 


Clinical features 

Mostly solitary, they take the form of a nodule or plaque, flesh- 
coloured or with a bluish colour and angiomatous appearance. 
Eighty per cent occur on the extremities [13], particularly the palm 
and sole, but also on other parts of the feet, on the face, neck and on 
the trunk. Occasionally, there are multiple lesions [1,9,13-17]. Most 
are painful on pressure [4,9,18]. Nail destruction with underlying 
osteolysis has been reported [14]. Some demonstrate hypertrichosis 
[15] and/or hyperhidrosis [3], but not all [19]. Generally, they 
enlarge very gradually; more rapid growth has been described dur- 
ing pregnancy and adolescence [20]. One atypical case presented at 
the age of 73 years on the buttock and was verrucous [21]. They are 
usually unassociated with other anomalies but accompanied Cow- 
den syndrome in one case [22] and neurofibromatosis in another 
[23]. A familial occurrence was noted in one report [17]. 


Management 

Painful lesions may require removal, particularly those on the 
palm or sole; this has been successfully achieved by deep excision 
with full-thickness grafting [4]. There have been (fortunately rare) 
cases where pain control and lack of function required amputation 
[20]. Pulsed dye laser was helpful in only one of two patients [24]. 
Spontaneous regression has been reported [25]. 


Eccrine hidrocystoma [12-7] | 


Definition 

A tumour produced by mature deformed eccrine sweat units, whose 
secretions dilate the ducts. Lesions are usually situated on the face 
and are often multiple. 


Epidemiology 

Incidence and prevalence 

This is a rare tumour. It was formerly reported as being more 
common in those who had to work exposed to heat, such as cooks. 
A report indicating that the lesion is usually solitary and situated 
close to the eyelid underlines the problem of differentiating eccrine 
from apocrine hidrocystomas [1]. Eccrine hidrocystoma is cur- 
rently classified into two types according to the number of lesions: 
the Smith type, which is the most prevalent and presents with a 
solitary lesion, and the rare Robinson type consisting of multiple 
lesions [1,2]. 


Age 
Middle-aged individuals are typically affected. It can exceptionally 
occur in children [3]. 


Sex 
It occurs mainly in women. 


Pathophysiology 

Pathology [4-6] 

The general features are those of a dermal cystic lesion uni- or multi- 
locular lined by two layers of cells. The inner layer of cells is colum- 
nar and the outer layer consists of elongated myoepithelial cells. In 
cases with prominent dilatation, the epithelium appears flattened. 
Distinction from apocrine hidrocystoma is based on the presence of 
decapitation secretion in the cells of the inner layer. 


Clinical features 

History and presentation [1] 

The lesions are largely confined to the cheeks and eyelids. They 
are cystic, often blue in colour and there is frequently a history of 
enlargement when the skin is exposed to heat and flattening of the 
lesion when the skin is exposed to cold. Administration of atropine 
also induces disappearance of the cyst [7]. The lesions may be 
multiple and pigmented [8]. Exceptionally, multiple eccrine hidro- 
cystomas have been reported in Graves disease with resolution 
after treatment of the condition [9]. 


Disease course and prognosis 
The lesion is benign. 


Management 

Treatment may consist of topical atropine or scopolamine but this is 
usually discontinued due to side effects [10]. Oral oxybutinin is an 
anticholinergic agent that has been successfully used in the treat- 
ment of multiple hidrocystomas [11]. Electrodesiccation, carbon 
dioxide laser, pulse dye laser and botulinum toxin (with tempo- 
rary effect) have been used with good results [12,13,14]. Excision 
produces satisfactory results. 


Hidroacanthoma simplex [12; 


Definition 

An intraepidermal tumour derived from the eccrine duct epithe- 
lium, which could be considered an intradermal eccrine 
poroma [2,3]. 


Epidemiology 
Incidence and prevalence 
It is a rare tumour. 


Age 
Mainly occurs in elderly individuals. 


Sex 
There is no sex predilection. 


Eccrine gland hamartomas and tumours = 137.23 
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Pathophysiology 

Pathology 

Nests of clearly discrete small rounded cells are seen within the 
normal epidermal cells. They are smaller and more cuboidal 
than surrounding keratinocytes and are rich in glycogen and the 
glycolytic enzymes. These lesions may be confused with intraepi- 
dermal or clonal seborrhoeic keratoses, demonstrating what has 
in the past been called the ‘Borst-Jadassohn phenomenon’ [7]. The 
individual cells in these lesions are larger and less rich in glycogen. 
However, for the diagnosis to be made, ductal differentiation should 
be demonstrated. In a histogenetic study of classic poroma, hidro- 
acanthoma simplex, dermal duct tumour and poroid hidradenoma, 
a common histogenesis was demonstrated for these neoplasms; 
they seem to derive from the basal keratinocytes of the sweat duct 
ridge and the lower acrosyringium as the majority of the poroid 
cells in these tumours expressed K14, islands of K10-positive and 
K77-negative large cells. K77 expression was limited to luminal cells 
of intact ductal structures within the tumours [3]. 


Clinical features 

History and presentation 

Hidroacanthoma simplex is a verrucous plaque or ring with a hyper- 
keratotic usually brown surface. It often mimics a flat seborrhoeic 
keratosis. Ulceration or elevation of the lesion suggests a dermal 
component. From the few reports available, it appears that the limbs 
are more likely to be involved than the head or trunk. 


Disease course and prognosis 

The lesion is benign. Malignant change has been reported in hidro- 
acanthoma simplex including pigmented and clear cell variants 
[8-12]. 


Management 

Excision is recommended both to confirm the diagnosis and for man- 
agement. If malignant change occurs, wider excision and follow-up 
is advisable. 


Eccrine dermal duct tumour [1 


Definition 
A benign proliferation of the eccrine dermal duct located in the 
dermis. 


Epidemiology 
Incidence and prevalence 
It is a very rare tumour. 


Age 
Usually occurs in the elderly. 


Sex 
There is female predilection. 


Pathophysiology 

Pathology 

The pathology is similar to that of the hidroacanthoma simplex, but 
the nests of tumour cells making up the lesion are located in the 
dermis. The cells are small, cuboidal, regular and stain strongly with 
PAS. Ductal structures are often seen. An intraepidermal component 
may be seen in some cases, confirming that this lesion is part of 
the spectrum of eccrine poroma. In some cases, there is prominent 
clear-cell change [3]. Poroid hidradenoma is regarded as a variant 
of poroma with overlapping features of hidradenoma (dermal solid 
and cystic nests) and poroma (poroid cells and ductal differenti- 
ation) [4]. This lesion more likely represents part of the spectrum 
of dermal duct tumour. As with all poroid tumours, dermal ductal 
tumour can display apocrine and sebaceous differentiation. 


Clinical features 

History and presentation 

The clinical picture is that of a nondescript dermal nodule, occasion- 
ally with verrucous change overlying it. 


Disease course and prognosis 
The lesion is benign. 


Management 
Excision is required for diagnostic and therapeutic purposes. 


Eccrine poroma [1,2] 


Definition 

A tumour deriving from the intraepidermal eccrine duct (acrosy- 
ringium). Traditionally, all poromas have been regarded as eccrine. 
However, a number of lesions may show apocrine differentiation. 


Epidemiology 
Incidence and prevalence 
Tumours are relatively common. 


Age 
Most patients are adults, tumours rarely presenting in children [3]. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology [4-6] 

These lesions are relatively easy to diagnose, with a clear margin 
between adjacent normal epidermal keratinocytes and a population 
of smaller cuboidal cells, usually with darker nuclei protruding 
down into the underlying dermis (Figure 137.17). The cells are 
similar to those seen in the dermal duct tumour [7]. Reports, 
however, have stressed the fact that some poromas may show 
either sebaceous or apocrine differentiation [8,9,10] highlighting 
the fact that adnexal tumours with ductal differentiation may 
be either eccrine or apocrine, as the ducts of both structures are 
identical. YAP1-fused tumours seem to harbour reproducible 
histopathological features, such as broad and bulbous architecture, 


Figure 137.17 Poroma. Cuboidal cells and ductular differentiation. 


squamatised cuticles and ductules, nuclear grooves and pseudonu- 
clear inclusions [11]. Recently, NUT expression and loss of YAP1 
by immunohistochemistry have been demonstrated in eccrine 
poromas [12,13]. 


Genetics 
Eccrine poromas are characterised by highly recurrent YAP1- 
MAML2 and YAP1-NUTM1 fusions [14]. 


Clinical features 

History and presentation [1,2,3-23,24,26] 

This lesion is one of the easiest of the appendage tumours to recog- 
nise in the clinic. The great majority of these lesions are found 
on the palms and soles (Figure 137.18), in contrast to other skin 
appendage tumours, which tend to be concentrated around the 
head and neck area. The anatomical distribution is, however, wide 
and it has been demonstrated that the head, neck and trunk regions 
represent common sites. They are moist exophytic lesions, pink or 
red in colour, and may reach 1-2 cm in diameter. Occasional lesions 
are pigmented and look similar to pigmented basal cell carcinoma 
under dermoscopy [24,25]. Exceptional examples of poroma have 
been reported in a naevus sebaceous [26], with rapid growth during 
pregnancy [27], after electron beam therapy for mycosis fungoides 
[22], after radiotherapy [22] and at the site of a burn [28]. Multiple 
poromas (poromatosis) have been reported in a case of hidrotic 
ectodermal dysplasia as well as in patients with a history of lym- 
phoproliferative disorders [29,30], after radiotherapy and during 
pregnancy [31,32]. 


Disease course and prognosis 
The lesion is benign. Malignant change has been recorded in up to 
18% of cases (see under porocarcinoma). 


Management 
Benign eccrine poromas are treated by surgical excision. 


Eccrine syringofibroadenc 


Definition and nomenclature 
It is an uncommon tumour with eccrine ductal differentiation. 
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Figure 137.18 Poroma. Note the red shiny surface, which often leads to misdiagnosis 
of a pyogenic granuloma. 


Epidemiology 

Incidence and prevalence 

This is a very rare entity. Fewer than 100 have been reported in the 
English literature to date [2]. 


Age 
Although the age of onset varies depending on the clinical subtype, 
in most cases it presents in elderly individuals. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology 

It is still unclear whether the lesion is hyperplastic, hamartomatous 
or neoplastic in nature. It is possible that the lesion represents a spec- 
trum of clinical findings, rather than being separate in nature [3]. 
Histologically, a network of epithelial cells extends down from the 
epidermis, forming a mesh-like structure in the underlying epider- 
mis. These cords are composed of smaller cells than in the over- 
lying epidermis and may contain ductal structures. This mesh is 
surrounded by a fibrovascular stroma. Unlike basal cell carcinoma, 
there is no palisading [4,5]. Clear cells may occasionally predomi- 
nate [6]. 
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Clinical features 

History and presentation 

Five clinical subtypes have been described: 

¢ Type I: multiple — associated with ectodermal dysplasia. 
¢ Type II: multiple without other cutaneous features. 

e Type II: unilateral linear (naevoid). 

¢ Type IV: solitary neoplastic [7]. 

e Type V: reactive [8]. 

It may present as a solitary, often warty nodule on the arms or 
legs, especially on distal sites. The lesion may be reactive, rep- 
resenting hyperplasia as a result of diverse stimuli, or may be 
neoplastic usually presenting as a single lesion. Unusual presenta- 
tions including plaques and multiple lesions [9], occasionally with 
a linear distribution, may be seen [7]. Coexistence with a squa- 
mous cell carcinoma and porocarcinoma has rarely been described 
[10,11] and lesions may rarely present within naevus sebaceous 
[12]. Syringofibroadenomatous hyperplasia of the sweat ducts is 
seen in the background of other tumours, a healing ulcer, stasis, 
a reparative process after bullous diseases, in skin affected by 
leprosy, in peristomal skin, in burn scars and in association with 
ectodermal dysplasia [13,14,15,16-19]. In small biopsies, this type 
of hyperplasia may be confused with a syringofibroadenoma. 


Disease course and prognosis 
The lesion is benign. Malignant transformation has exceptionally 
been described [4,20]. 


Management 
Excision is the treatment of choice. 


Syringoma [1,23] — | 


Definition and nomenclature 
A benign skin tumour composed of sweat ducts that is usually 
multiple. 


Epidemiology 
Incidence and prevalence 
It is a relatively common lesion. 


Age 
It is most likely to appear at adolescence, and further lesions may 
develop during adult life. It does not appear to be hereditary. 


Sex 
It occurs more commonly in females. 


Figure 137.19 Syringoma. Typical ductal structures with a tadpole appearance. 


Pathophysiology 

Pathology [4,5] 

The lesion has a characteristic architectural pattern on light micro- 
scope scanning power. Collections of convoluted and cystic ducts 
are seen in the upper half of the dermis. Most are lined by a dou- 
ble layer of cells similar to, but flatter than, those that line normal 
eccrine ducts. The lumina contain amorphous debris. A character- 
istic feature is the tail-like strand of cells projecting from one side 
of the duct into the stroma, giving a resemblance to a tadpole or 
comma (Figure 137.19). Occasional cases show cells with prominent 
clear-cell change [6,7]. The ducts may be enclosed ina fibrous stroma 
similar to the hair follicle hamartomas, but in most cases it is nar- 
rower and less cellular. 


Clinical features 

History and presentation 

The individual small dermal papules are skin coloured, yellowish 
or mauve, but sometimes appear translucent and cystic. The surface 
may be rounded or flat-topped and the outline sometimes angular. 
Rarely, injury to the surface will allow a drop of clear watery fluid 
to escape. They vary in size from 1 to 5mm, but most are less than 
3 mm. Rare cases present in a linear naevoid distribution [8] and 
exceptionally lesions are associated with alopecia [9]. Some cases 
resemble milia and in these cases the histology reveals a number of 
cystically dilated structures [10,11]. In most cases, there are multiple 
tumours, and they tend to have a bilateral symmetry in distribution. 
The front of the chest, face and neck are the chief areas affected. 
A few lesions are usually found on the eyelids when the cheeks 
are involved (Figure 137.20). Eruptive syringomas have a predilec- 
tion for the neck, chest, abdomen, pubic area and more rarely on 
the buttocks [12,13]. Eruptive vulval and less commonly penile 
syringomas may also have been described [14-17]. Syringomas are 
seen more often than expected in patients with Down syndrome 
[18,19] and may erupt dramatically (Figure 137.21). Familial cases 
rarely occur [20]. A case of multiple syringomas probably sun 
induced and in an acral location has been described [21]. Multiple 
syringomas have also been reported during radiotherapy for breast 
cancer [22]. The lesions regressed after cessation of radiotherapy. 
Syringoma is most likely to be confused with trichoepithelioma on 


Figure 137.20 Multiple syringomas on the upper cheek area. 


Figure 137.21 Eruptive syringomas. Multiple tiny brownish or red lesions are often seen 
on the trunk and limbs. 


the face. The syringomas tend to be smaller, rather less superficial, 
more flat-topped and disposed more evenly over the cheeks and 
eyelids, rather than favouring the naso-labial creases. There is no 
family history. Lesions on the lids may be mistaken for xanthelasma 
but lack the orange colour. Those erupting on the trunk may be 
mistaken for disseminated granuloma annulare. 


Disease course and prognosis 
The lesion is benign. 


Management 

The main reason for treatment is cosmetic. Careful destruction with 
diathermy can produce good cosmetic results. Lesions treated with 
carbon dioxide laser may recur. Botulinum toxin has also been used 
in combination with laser or as monotherapy (temporary effect) in 
the treatment of localised syringomas [23]. 


Tubular adenoma [12, 


Definition and nomenclature 
It is not entirely settled whether papillary eccrine adenoma repre- 
sents the same entity as tubular apocrine adenoma [2]. It is likely that 
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Eccrine or apocrine/follicular tumours 


most tumours are probably apocrine [3], while true eccrine lesions 
are unusual and arise in areas where no apocrine glands are present 
normally, such as the limbs [4]. However, current classifications 
unify this entity under the name of tubular adenoma [5]. 


Epidemiology [1] 
Incidence and prevalence 
It is a rare lesion. Fewer than 50 cases have been described. 


Age 
There is a wide age range. 


Sex 
There is a predilection for females. 


Pathophysiology 

Pathology 

The lesion is in the mid-lower dermis and consists of ductal 
structures with papillary projections. These ductal structures may 
display either eccrine or apocrine differentiation (decapitation 
secretion). Dilated ducts form a complex honeycomb-like structure. 
The lumina are filled with an eosinophilic amorphous material, 
which is diastase resistant, PAS positive and Alcian blue positive. 
The most important differential diagnosis is from aggressive digital 
papillary adenocarcinoma, which has a more infiltrative growth 
pattern, and displays nuclear and cytoplasmic pleomorphism and 
numerous mitotic figures. 


Clinical features 

History and presentation 

This rare lesion was first described in 1977 [1]. It presents in a 
non-diagnostic manner as a slowly growing solitary nodule usually 
on the limbs of darker skinned individuals [6]. 


Disease course and prognosis 
The lesion is benign. Recurrence is exceptional [1]. 


Management 
Excision is the treatment of choice. 


In recent years, it has become apparent that a number of adnexal 
tumours that were regarded as exclusively showing eccrine duc- 
tal differentiation often display ductal apocrine differentiation. 
Because of the close relationship between the apocrine and the 
pilosebaceous unit, these tumours may also show evidence of 
focal follicular and even sebaceous differentiation [1,2]. The list of 
tumours with potential to display apocrine ductal differentiation 
continues to expand and even includes rare examples of poromas 
showing apocrine differentiation. 
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Hidradenoma W 


Definition and nomenclature 


A relatively rare tumour of sweat gland origin. Although tradition- 
ally regarded as displaying eccrine differentiation, it is now accepted 
that tumours can show either eccrine or apocrine differentiation 
[2]. In fact, it is now believed that apocrine hidradenomas are more 
common [3]. 


Epidemiology 
Incidence and prevalence [4] 
This is a relatively uncommon tumour. 


Age 
It is found mainly in adults. Lesions in children are very rare [5]. 


Sex 
It is excised more commonly in women than in men. 


Pathophysiology 

Pathology [6-9] 

The tumour may connect with the epidermis. It forms lobulated cir- 
cumscribed masses and is composed of two cell types — polygonal 
cells, whose glycogen content may give the cytoplasm a clear 
appearance; and elongated, darker and smaller cells, which may 
occur at the periphery. Often, tumours do not contain cells with 
clear cytoplasm, and the name ‘clear-cell hidradenoma’ is therefore 
misleading. Cuboidal or columnar cells are seen lining duct-like 
spaces and clefts. In cases with a connection to the epidermis, the 
superficial component displays poromatous features. Focal squa- 
mous differentiation may be seen [10] and occasional mucinous 
cells are also present. The latter is often seen in lesions with apocrine 
differentiation. A small number of tumours have features that are 
worrying but do not fulfil the criteria for malignancy. These lesions 
are regarded as atypical hidradenomas [11]. Malignant transforma- 
tion is very rare, and the diagnosis relies on identification of the 
pre-existing benign component [12-15]. Such tumours are char- 
acterised by deep extension, infiltrative growth pattern, necrosis, 
substantial cytological atypia and increased mitotic activity [11]. 


Genetics 
Approximately one half of hidradenomas contain a CRTC1-MALM2 
fusion [16]. 


Clinical features 

History and presentation 

The tumours are firm dermal nodules, 5-30 mm in size, and may be 
attached to the overlying epidermis, which can be either thickened 
or ulcerated (Figure 137.22). Growth is slow and there may be a 
history of serous discharge. The lesions are usually solitary and 
are most likely to be found on the scalp, face, anterior trunk and 


Figure 137.22 Hidradenoma. Red-brown irregular papule. 


proximal limbs. When the tumour is attached to the epidermis, the 
diagnosis may be suspected on clinical grounds, especially if there is 
a history of discharge. Ulcerated lesions may resemble basal cell car- 
cinoma. Dermal nodules are non-diagnostic by clinical inspection. 


Disease course and prognosis 

The lesion is benign. Local recurrences are rare [17]. Lymphatic 
invasion and regional lymph node metastasis have been reported 
in tumours that are histologically entirely benign. This finding does 
not seem to alter prognosis but the number of cases reported is 
too low and follow-up is limited to be certain of this [18]. Atypical 
hidradenomas appear to have some tendency for local recurrence 
but no metastatic potential [11]. Malignant eccrine hidradenoma 
may metastasise. 


Management 

Surgical excision will cure benign lesions. Long follow-up is 
suggested for histologically benign lesions that display lymphatic 
invasion or lymph node metastasis [18]. In patients with the latter 
finding, staging should also be performed. 


Cylindroma 12,3] 


Definition and nomenclature 

A skin tumour traditionally regarded as showing sweat gland lin- 
eage with a characteristic histology (see later) that usually manifests 
as nodules or tumours of the scalp. 


Epidemiology 

Incidence and prevalence 

This is an uncommon tumour. It is frequently familial and an auto- 
somal dominant gene determines its inheritance [4,5]. It has been 
reported to follow radiotherapy epilation of the scalp. 


Figure 137.23 Cylindroma. Classical jigsaw-puzzle architecture with basaloid tumour 
lobules. 


Age 
The onset is usually in early adult life but may be in childhood or 
adolescence. 


Sex 
It involves females more frequently than males. 


Pathophysiology 

Pathology [6,7,8,9-11] 

The tumours have a rounded outline and are composed of closely 
set mosaic-like masses (‘jigsaw-puzzle’appearance) and columns 
of cells that are invested by a hyaline basal membrane of variable 
thickness. Thin bands of stroma (Figure 137.23) separate tumour 
lobules from one another. The cells are of two types: one large, 
with a moderate amount of cytoplasm and a vesicular nucleus; and 
the other small, with little cytoplasm and a compact nucleus. The 
small cells tend to be peripheral; they also surround duct-like spaces 
or masses of hyaline material within the tumour lobule. There are 
strong immunohistochemical similarities between cylindromas 
and spiradenomas, and they may coexist in the same individual 
[12-14]. Malignant transformation is very rare and a sarcomatous 
component may exceptionally be seen [15,16,17]. 


Genetics 

The lesions may be familial and a suppressor gene (cylindromatosis 
gene, CYLD) has been identified on chromosome 16q12-13, loss of 
which is associated with cylindroma development [18-20]. Somatic 
mutations have also been identified in sporadic cases. The loss 
of this gene causes activation of necrosis factor B (NF-B), which 
is a transcription factor with antiapoptotic activity [19]. Based on 
genetic studies and the identification of mutations in the same gene 
in the Brooke-Spiegler syndrome, multiple familial trichoepithe- 
liomas and familial cylindromatosis, it is suggested that the three 
diseases have the same genetic basis and are phenotypic expressions 
of the same disease [21]. It has been demonstrated that benign spo- 
radic dermal cylindromas express the MYB-NFIB gene fusion [22], 
which is also expressed in adenoid cystic carcinomas of the breast, 
head and neck. Transition from cylindroma to spiradenoma in 
CYLD defective tumours associated with reduced DKK2 expression 
has been reported [23]. MYB expression is increased in cylindro- 
mas of Brooke-Spiegler syndrome in the absence of MYB-NFIB 
fusion, which suggests that MYB is one of the key players in the 
development of inherited cylindromas [24]. Mutations in DNMT3A 


and BCOR have been demonstrated in a proportion of cylindromas, 
both in syndromic and sporadic settings [25,26]. 


Clinical features 

History and presentation 

The tumours are frequently multiple, smooth, firm, pink to red in 
colour and often somewhat pedunculated (Figure 137.24). The rate 
of growth of cylindroma is slow and often seems to cease when a 
certain size has been reached. Some tumours become 5cm or more 
in diameter, but most are smaller. Pain is an occasional symptom. 
The commonest site is the scalp and adjacent skin. Tumours on the 
scalp may be almost hairless when pedunculated, but the smaller 
lesions form dermal nodules with little loss of overlying hair. 
Multiple tumours have attracted much attention in the literature, 
but solitary lesions are not uncommonly seen by surgical pathology 
services. A proportion of lesions occur on the face and neck away 
from the scalp margin; in fewer than 10% of cases, they are situated 
on the trunk and limbs. Rare lesions may occur in the breast spo- 
radically or in association with Brooke-Spiegler syndrome. When 
the lesions are multiple, new tumours arise over the years. In some 
patients, there may be an admixture with trichoepithelioma, either 
in separate tumours or sometimes in the same tumour. This is a 
clear confirmation of what can be inferred from the syndromes 
associated with cylindromas and follicular neoplasms, which is 
that cylindromas are more likely to be related to the apocrine gland 
than to the eccrine gland. The multiple type on the scalp is most 
likely to be confused with tricholemmal cyst, which is, however, 
usually smoother, firmer and more mobile. Small tumours are 
difficult to diagnose, and must be distinguished from trichoepi- 
thelioma, steatocystoma or basal cell carcinoma if solitary. Large, 
pedunculated and lobular tumours are almost unmistakable. 


Disease course and prognosis 
Lesions behave in a benign fashion. Malignant transformation is 
very rare. 


Management 

Surgery is the treatment of choice. Extensive involvement of the 
scalp may require wide excision and skin graft reconstruction. 
Topical salicylic acid has been used with some success in patients 
with multiple cylindromas [27]. 


Spiradenoma [1,2] -—l 


Definition and nomenclature 
A benign tumour of sweat gland lineage, which is usually solitary 
and is distinguished by its histology (see later). 


Epidemiology 

Incidence and prevalence 

It is relatively uncommon and is rarely familial (see under cylin- 
droma). 


Eccrine or apocrine/follicular tumours 137.29 
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Figure 137.25 Eccrine spiradenoma.Well-circumscribed subcutaneous bluish tumour 
nodules (so-called ‘blue balls’). 


Age 
It appears mainly in young adults. 


Sex 
Both sexes are equally affected. 


Pathophysiology 

Pathology [3,4] 

The tumour is lobular (Figure 137.25), with two cell types in the 
islands. Larger paler cells may be grouped around lumina and 


Figure 137.26 Eccrine spiradenoma. Extensive haemorrhage with or without ischaemic 
necrosis may result in rapid clinical growth. Only small areas of residual spiradenoma 
remain. 


smaller darker cells form the periphery. Small tubular structures 
or cystic spaces may occur and large thin-walled dilated vascular 
channels are also present [5,6]. The lobules are surrounded by 
condensed connective tissue, which may encroach on the islands 
as hyaline droplets. Degenerative changes in old tumours are often 
prominent. Haemorrhage and ischaemic necrosis as a result of 
degeneration often obscure the histological features, and only focal 
areas display the typical features of a spiradenoma (Figure 137.26). 
Old tumours with degenerative changes tend to be very large. 
Malignant transformation may occur and usually presents in long- 
standing tumours [7-12]; lesions may have features of cylindroma 
and spiradenoma [13]. The diagnosis of a malignant spiradenoma 
is often only made after a residual benign component is identified. 
Rare tumours have a sarcomatous component [14]. Four general 
patterns have been described [15] in malignant neoplasms arising 
from pre-existing benign spiradenomas/cylindromas. A high rate 
of p53 expression has been reported but its utility is limited as it can 
be negative in clearly malignant neoplasms [16]. 


Genetics 

Lesions with features of spiradenoma may be part of the Brooke— 
Spiegler syndrome [3]. Spiradenoma often overlaps with cylin- 
droma and this gives support to the theory that they are part of 
the same spectrum (see Cylindroma) [17]. A recurrent missense 
mutation in the kinase domain of the ALPK1 gene that can acti- 
vate the NF-KB pathway and is mutually exclusive with CYLD 
mutations has been demonstrated in spiradenomas and spiradeno- 
carcinomas [18]. 


Clinical features 

History and presentation [19,20] 

The lesion is usually solitary and painful and consists of a firm 
rounded bluish dermal nodule 3-50 mm in diameter [19]. The usual 
site is on the front of the trunk and proximal limbs. Rare sites 
include the vulva, breast and external ear. Congenital tumours are 


exceptional and in one case lesions followed Blaschko lines on the 
face [21]. Multiple neoplasms in a linear or zosteriform distribution 
may also be seen [22,23] and tumours may rarely be seen in a naevus 
sebaceous [24]. Furthermore, the coexistence of spiradenoma with 
follicular tumours confirms an apocrine line of differentiation at 
least in a percentage of these tumours. Clinical differentiation from 
other dermal tumours and cysts may be made if the tumour is firm, 
dark blue and domed. 


Disease course and prognosis 

The lesion is benign but may rarely recur locally. Malignant tumours 
may metastasise but it is difficult to be certain of how aggressive 
these neoplasms are because of their rarity and the bias to report 
mainly cases with aggressive behaviour. It seems that tumours with 
low grade malignant transformation exhibit a good prognosis in 
general [25]. 


Management 
Surgical excision should be complete, as there may be recurrence. 


Mixed tumour of the skin [1] — aS 


Definition and nomenclature 

Although traditionally regarded as a tumour showing eccrine deri- 
vation, it has been demonstrated that a majority of lesions are folli- 
culosebaceous-—apocrine and only rare tumours are truly eccrine [2]. 


Epidemiology 

Age 

It occurs most commonly in middle-aged males. Lesions in children 
are rare [3]. 


Sex 
There is no sex predilection. 


Pathophysiology 

Pathology [4] 

This is usually a large multilobulated tumour located in the dermis 
and/or subcutaneous tissue. Tumour lobules are separated by 
fibrous septa. A myxoid, hyalinised or chondroid stroma is variably 
seen in all tumours. The epithelial component consists of nests and 
strands of cells with pink cytoplasm and vesicular nuclei with a 
single inconspicuous nucleolus. Cytological atypia is absent and 
mitotic figures are sometimes seen. Tubular structures and ductal 
differentiation are frequently seen. Epithelial cells may show var- 
ious types of metaplasia and differentiation including squamous 
and mucinous metaplasia and clear-cell change and columnar and 
oxyphilic change [2]. Larger tumour cells with a plasmacytoid 
appearance are a frequent finding and suggest myoepithelial differ- 
entiation. Myoepithelial cells may also be spindle shaped or display 


Figure 137.27 Apocrine mixed tumour. Notice the apocrine glands with a surrounding 
myxoid/hyalinised stroma. 


hyaline or clear-cell change and collagenous spherulosis [2]. Ductal 
structures usually have a peripheral layer of flattened myoepithelial 
cells. Immunohistochemical studies reveal positivity for keratin 
and focal positivity for S100 and smooth muscle actin, confirming 
myoepithelial differentiation. Areas clearly indicative of apocrine 
(Figure 137.27) and follicular differentiation are often identified 
[5,6]. Tumours with follicular differentiation often show numerous 
keratocysts indicating infundibular differentiation. Staining with 
cytokeratin 20 may be helpful to identify Merkel cells which, when 
present, confirms follicular differentiation [7]. The stroma stains 
positively with Alcian blue, indicating the presence of chondroitin 
sulphate and hyaluronic acid. Focal calcification, mature fat and 
bone formation may also be seen [2,8]. From this description, it is 
clear that all the different cellular elements in mixed tumours includ- 
ing the epithelial, myoepithelial and stromal components may show 
a wide spectrum of differentiation and metaplastic changes that 
may make histological interpretation difficult and a potential source 
of pitfalls [2]. Tumours composed exclusively of myoepithelial cells 
are regarded as myoepitheliomas [9]. In some cases of mixed 
tumours, focal architectural and cytological atypia may be seen but 
this does not seem to imply a more aggressive behaviour [10]. 


Genetics 
PLAGI gene rearrangements have been shown in a subset of mixed 
tumours of the skin [11]. 


Clinical features 

History and presentation [1] 

This tumour is usually found on the head and neck, followed by 
the trunk and the extremities, as a solitary nodule. The lesions are 
frequently large and nodular, sometimes with a diameter of 5-10 cm. 


Disease course and prognosis 
The lesion is benign. Local recurrence is rarely seen. Malignant 
chondroid syringomas have been reported, including rare cases 
with metastasis [12-17,18,19,21]. 


Management 
Local excision is recommended. If there is any suspicion of malig- 
nancy, wide excision and follow-up are required. 
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Chapter 137: Tumours of Skin Appendages 


Cutaneous myoepithelioma 


Definition and nomenclature 

A tumour composed predominantly of myoepithelial cells. Myoepi- 
thelial tumours include mixed tumours of the skin, cutaneous 
myoepitheliomas and myoepithelial carcinomas. 


Epidemiology [1,2-4,5,6,7-9,10,11] 
Incidence and prevalence 
Myoepithelial tumours of the skin are uncommon. 


Age 
A wide age range is reported. 


Sex 
A male predominance is observed in cutaneous myoepitheliomas. 


Pathophysiology 

Pathology [1,2-4,5,6,7-9,10,11,12] 

Cutaneous myoepitheliomas show a wide histological spectrum. 
Usually they are confined to the dermis. Overlying epidermal 
hyperplasia and/or a collarette can be observed. Syncytial cuta- 
neous myoepithelioma, which is the most common variant, is a 
poorly circumscribed lesion composed of sheets of epithelioid or 
histiocytoid cells with bland nuclei and typically a small amount 
of intervening stroma. Focal areas of myxoid stroma or adipocytic 
differentiation may additionally be observed. Only a minority of 
cutaneous myoepitheliomas show the same appearances as their 
soft-tissue counterparts, with a lobulated architecture, a nested or 
trabecular pattern, a prominent myxoid stroma and a spindled, or 
plasmacytoid cytology. The presence of at least moderate to severe 
atypia is considered the only reliable criterion of malignancy. Cuta- 
neous myoepitheliomas are immunoreactive for both $100 protein 
and EMA. Glial fibrillary acidic protein (GFAP) is also positive in 
the majority of cases. Calponin and smooth muscle antibody (SMA) 
may be positive. Keratin expression is usually absent although 
dot-like MNF116 positivity has been reported [12]. If positive, 
cutaneous tumours stain for AE1/AE3. 


Genetics 

A subset of cutaneous myoepitheliomas harbour an EWSR1 gene 
rearrangement [10]. PLAG1 gene rearrangement has also been 
reported recently in myoepitheliomas containing an important 
epithelial component [11]. 


Clinical features 

History and presentation 

Cutaneous myoepitheliomas usually present as a longstanding 
asymptomatic nodule in the extremities, although any site can be 
affected. Their size is usually small, ranging from 0.5 to 3cm. 


Disease course and prognosis 

Local recurrence is observed in approximately 20% of cutaneous 
myoepitheliomas. Rarely, regional lymph node metastases have 
been reported but with no adverse clinical outcome. Conversely, 
carcinomas do show an aggressive clinical course with a high rate 
of metastatic disease and mortality. 


Management 
Complete excision is indicated. 


SWEAT GLAND CARCIN« 
DUCTAL APOCRINE/FOI 
CARCINOMAS 


These lesions can be divided into two broad groups. The first group 
represents the situation in which malignant change develops in 
a pre-existing, apparently benign lesion such as hidradenoma, 
mixed tumour, spiradenoma, cylindroma and eccrine poroma. The 
latter is the most commonly recorded example of such malignant 
progression [1,2]. In most adnexal tumours, with the exception of 
malignant eccrine poroma, the diagnosis usually requires identi- 
fication of a benign component. Even when there is unmistakable 
cytological evidence of malignancy, the biological behaviour of 
malignant tumours of skin appendages is generally relatively 
benign, with local recurrence being much more common than 
cutaneous metastases. 

The second group of carcinomas consists of lesions that develop 
as carcinomas ab initio. The primary eccrine carcinomas include 
microcystic adnexal carcinoma, adnexal carcinoma not other- 
wise specified (NOS), aggressive digital papillary adenocar- 
cinoma, mucinous carcinoma and adenoid cystic carcinoma. 
Lymphoepithelioma-like carcinoma of the skin is also included 
in this group. 


Eccrine gland carcinomas — ax“ 


Malignant eccrine poroma [1,2] 


Definition and nomenclature 


A malignant tumour arising from intraepidermal eccrine ducts. In 
up to 18% of cases, tumours arise from a pre-existing benign eccrine 
poroma [3]. 


Epidemiology 

Incidence and prevalence [4-7] 

These are relatively common malignancies (0.01—-0.005% of all cuta- 
neous tumours). 


Sweat gland carcinomas, including ductal apocrine/follicular carcinomas 


Age 
The lesion presents in older patients, with an average age at presen- 
tation of 73 years. 


Sex 
Females are more commonly affected than males. 


Pathophysiology 
Pathology [3,8,9,10] 
Tumours show multiple connections to the epidermis, and a 
pre-existing benign eccrine poroma may be present. In situ lesions 
are seen occasionally [3,11]. The tumour infiltrates the dermis and 
the subcutaneous tissue in nests and lobules composed of relatively 
small cells that do not have a basaloid appearance. Peripheral 
palisading is absent. Ductal differentiation is necessary for the 
diagnosis to be made. This may be demonstrated by the use of 
immunohistochemical stains for carcinoembryonic antigen (CEA) 
and EMA. YAP1 loss and expression of NUT1 can be useful in the 
diagnosis of porocarcinoma [12]. A PAS stain may also be used, but 
this only highlights the ducts in very well-differentiated tumours 
forming ducts with a cuticle. Comedo necrosis is often present. 
Clear-cell change and squamous differentiation may be seen, and 
the latter may be prominent in some cases making it difficult to 
decide whether the tumour represents a squamous cell carcinoma 
with ductal differentiation or a porocarcinoma with squamous 
differentiation [13]. Sarcomatoid change may be seen in rare 
cases [14]. 

Poor prognostic factors are a large number of mitotic figures, 
lymphovascular invasion, tumour depth greater than 7mm and an 
infiltrating rather than a pushing border [3]. 


Genetics 
A large proportion of malignant poromas are characterised by 
YAP1-MAML2 and YAP1-NUTM1 fusions [15]. 


Clinical features 

History and presentation 

The lesion presents as an endoexophytic often ulcerated tumour, 
most often on the lower limbs (44% of cases). Tumours may attain 
a very large size and are frequently longstanding. A small number 
of patients present with multiple lesions and it is not clear whether 
this phenomenon represents epidermotropic metastasis or true mul- 
tifocality [1,3,16]. An exceptional case has been reported arising in a 
scar [17], and a further metastatic lesion was associated with expo- 
sure to poison gas [18]. A neoplasm developed from a poroma in a 
child [19]. Pigmented variants may mimic melanoma [20]. 


Disease course and prognosis 

Local recurrence is seen in 17% of cases. Regional lymph node 
metastases and systemic metastases occur in 19% and 11% of 
patients, respectively [3]. Two series, including a total of 93 cases, 
suggest that these lesions may have less metastatic capacity than 
thought previously [3,21]. In a smaller series of 12 cases, half 
displayed metastases to regional lymph nodes [22]. There is a mor- 
tality rate of 67% in patients with lymph node metastases. Distant 
metastases are rare [23]. 
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Management 

Wide excision and follow-up are required. Mohs micrographic 
surgery is useful in those cases with a prominent infiltrative growth 
pattern [24]. 


Squamoid eccrine ductal carcinoma [1,2,3] 


Definition 
A very malignant, rare but probably underreported neoplasm 
displaying dual differentiation, ie. ductal eccrine and squamous. 


Epidemiology 
Incidence and prevalence 
It is a rare neoplasm. 


Age 
Most patients are old. 


Sex 
There is predilection for males. 


Pathophysiology 

Pathology 

Tumours are frequently connected to the epidermis and consist of 
nests and strands of variably atypical cells in a frequently desmo- 
plastic stroma. Squamous differentiation is often seen in areas 
closer to the surface while ductal differentiation is more apparent 
in deep parts of the tumour. Mitotic activity is frequent and many 
tumours display perineural invasion. 


Clinical features 
Tumours present as a nodule or plaque. 


Disease course and prognosis 
Tumours have a tendency for local recurrence. Metastatic spread 
may be seen but appears to be low. 


Management 
Wide excision and follow-up are indicated. 


Digital papillary adenocarcinoma 


Definition and nomenclature 


A rare tumour found on the hands and feet, with a high risk both of 
local recurrence and metastasis. Prior publications have described a 
benign, aggressive digital papillary adenoma and a carcinoma [1,2], 
but the lack of pathologically diagnostic or prognostic differenti- 
ating features suggests that all lesions in this category should be 
treated as carcinomas. 
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Epidemiology 
Incidence and prevalence 
It is a rare tumour [3]. 


Age 
The age range is wide with a mean age of 43 years. Few patients are 
less than 20 years old [3,4]. 


Sex 
Both sexes are affected. 


Pathophysiology 

Pathology [1,2,5] 

The lesions are obviously cystic on low-power microscopic exami- 
nation and have papillary projections into the cystic cavities. Ductal 
and tubuloalveolar structures are also present. There may be focal 
necrosis and both nuclear hyperchromatism and a high mitotic 
count. In some cases, a tubular architecture tends to predominate 
and papillary projections may not be so prominent. Histological 
features do not allow accurate prediction of behaviour, as tumours 
with low-grade histology may metastasise [2]. Tumours may invade 
surrounding soft tissues and blood vessels and can destroy bone. 


Genetics 
Gene expression profiling studies point to FGFR2 gene as a potential 
oncogenic driver [6]. 


Clinical features 

History and presentation 

The lesion presents as a non-diagnostic asymptomatic nodule on 
the fingers, toes, palms or soles. Delayed diagnosis is frequent 
[1,2,5,7]. Lesions may masquerade as either a fibrokeratoma [8] or 
paronychia [9]. 


Disease course and prognosis 

There is a high recurrence rate, both locally and via metastatic 
spread [1,2,10,11]. Delayed occurrence of metastases and a 
protracted course despite metastatic disease has been noted in 
some patients [3]. 


Management 

Wide local excision including amputation of the affected digit and 
long-term follow-up are recommended. It remains to be seen if Mohs 
surgery can play a successful role in the treatment of this tumour. 
Sentinel lymph node biopsy predicts systemic recurrence in digital 
papillary adenocarcinoma [11]. 


Eccrine or apocrine/follicular 
carcinomas 


Malignant cylindroma [1,2,3,4,5] 
Definition and nomenclature 


A rare tumour which usually develops from a pre-existing benign 
dermal cylindroma. 


Epidemiology 

Incidence and prevalence 

These are unusual tumours [6]. Fewer than 40 cases have been 
reported so far. 


Age 
It presents in the fifth to seventh decades [7]. 


Sex 
No sex preference has been established although there seems to be 
a slight female predilection. 


Pathophysiology 


Genetics 
Malignant cylindromas have been reported, mostly in familial cases 
of cylindromas [1,2,3,4] (see Cylindroma). 


Pathology 

These lesions have the characteristic architecture of a dermal 
cylindroma, with deeply basophilic small cells surrounded by 
an eosinophilic basement membrane [5,6,7,8]. In addition, how- 
ever, there is marked nuclear atypia, irregularity of cell size and 
an infiltrative growth pattern. Mitotic figures, both normal and 
abnormal, are present. Exceptionally, a sarcomatous component 
may be seen [9]. 


Clinical features 

History and presentation 

These tumours develop as expanding nodules, usually on the scalp 
or very rarely in the external ear [10]. They may be suspected 
by expansion of a previously static dermal cylindroma or turban 
tumour. 


Disease course and prognosis 
It is locally aggressive and often metastasises [5]. 


Management 

Wide local excision and follow-up are required. 
Hidradenocarcinoma 

Definition and nomenclature 


A malignant tumour traditionally regarded as displaying eccrine 
differentiation and arising from a pre-existing hidradenoma. 


Sweat gland carcinomas, including ductal apocrine/follicular carcinomas 


Epidemiology 
Incidence and prevalence 
It is very rare. 


Age 
They are commonest in older adults, but cases have been recorded 
in children [1-4]. 


Sex 
No sex preference is established. 


Pathophysiology 

Pathology 

Large clusters of glycogen-rich clear cells are present in some 
cases, but others may resemble basal cell carcinoma [5,6-9]. Focal 
necrosis may be present and the range of mitoses is highly variable. 
Squamous differentiation may be prominent [10]. Tumour cells are 
usually positive for EMA, CEA, S100, gross cystic disease fluid 
protein-15, the keratin cocktail AE1/AE3 and cytokeratin 5/6 [11]. 
Tumours may be eccrine or apocrine. 


Genetics 

Rarely hidradenocarcinomas show a t(11;19) translocation. More 
unusual is the amplification of the Her2/neu gene. There is also a 
low frequency of TP53 mutations despite a high rate of p53 protein 
expression at the immunohistochemical level [11]. A single case of 
MAML2 translocation similar to its benign counterpart has been 
described in hidradenocarcinoma [12]. 


Clinical features 

History and presentation 

These lesions are most often recorded as red ulcerated solitary 
nodules on the face, hands or feet. 


Disease course and prognosis 

The lesions may recur locally and/or metastasise. They may be very 
aggressive and pulmonary metastases have occurred. The prognosis 
is poor [13]. 


Management 

Wide local excision is recommended. Mohs surgery has been used 
successfully for lesions on the foot [14]. Follow-up is essential [15]. 
Sentinel lymph node biopsy has been used exceptionally to demon- 
strate early metastatic disease [16]. Ina case with lymph node metas- 
tases, amplification of the Her2/neu gene has been demonstrated [17]; 
based on this finding, the patient was treated with trastuzumab. The 
value of the adjuvant radiotherapy and chemotherapy has not been 
confirmed [18]. 


Spiradenocarcinoma [1] 


Definition and nomenclature 
A rare tumour, which usually arises in a pre-existing spiradenoma. 
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Epidemiology 
Incidence and prevalence 
It is very rare. 


Age 
Presentation is usually in the seventh decade. An exceptional case 
in a child has been reported [2]. 


Sex 
The sex distribution appears equal. 


Pathophysiology 


Genetics 
TP53 mutations have been described, as well as mutations of the 
ALPK1 kinase in a proportion of tumours [3,4]. 


Pathology [5,6,7] 

These lesions usually show evidence of origin from a pre-existing 
benign spiradenoma. Necrosis, a high mitotic count, loss of the dual 
cell population, loss of infiltrating T lymphocytes and an infiltrative 
growth pattern are features that usually indicate malignant transfor- 
mation. 


Clinical features 

History and presentation 

Sudden expansion of a pre-existing nodule is the most likely pre- 
sentation [1]. A study of 12 cases reports the commonest site as the 
trunk, with the limbs, head and neck less frequently involved [5]. 


Disease course and prognosis 

Up to 20% of these tumours have been reported to metastasise 
[5,6-8]. However, tumours with low grade morphology seem to 
have an excellent prognosis [9]. 


Management 

Excision and follow-up are required. There is little data on the effec- 
tiveness of Mohs surgery. Imaging for staging should be reserved for 
high grade tumours. Adjuvant chemoradiotherapy does not seem to 
alter survival [10]. 


Microcystic adnexal carcinoma 


inclusions 


tous sweat duct carcinoma 


Epidemiology [1,2,3,4] 
Incidence and prevalence 
This tumour is relatively rare. 


Age 
The age range is very wide, but young and middle-aged patients are 
more frequently affected. 
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Figure 137.28 Microcystic adnexal carcinoma. Microcysts in the superficial part and 
nests/ductules with an infiltrative growth pattern in the deeper part of tumour. 


Sex 
It has an equal sex incidence. 


Pathophysiology 

Pathology [5,6] 

The salient histological features are the presence of cords of cytolog- 
ically banal epithelial cells with focal, variable ductal differentiation 
set in a very sclerotic desmoplastic stroma [2,3,4]. Horn cysts are 
seen in many cases, and pilar and sebaceous differentiation may also 
occur (Figure 137.28) [5,6-8]. Superficial areas show a resemblance 
to syringoma, desmoplastic trichoepithelioma and, in some cases, 
to infiltrative basal cell carcinoma. The diagnosis can therefore be 
impossible if only a small superficial biopsy is evaluated, as clues 
to the correct diagnosis reside in an infiltrative growth pattern 
and prominent perineural invasion. Even so, one should carefully 
examine the base of the specimen for any inconspicuous infiltrative 
growth in the form of small tubules or cords. Immunohistochem- 
istry is of limited value as an aid in the histological diagnosis of 
microcystic adnexal carcinoma. Although it has been claimed that 
BerEP4 is consistently negative in microcystic adnexal carcinoma [9] 
and this may allow distinction from infiltrative basal cell carcinoma, 
which is consistently positive for this marker, this finding is contra- 
dicted by a more recent study in which 38% of microcystic adnexal 
carcinomas were positive for this marker [10]. In approximately 
20% of cases that harbour p53 mutations, expression of p53 protein 
is significantly higher than in syringomas and microcystic adnexal 
carcinomas unrelated to p53 mutations [11]. Although desmoplastic 
trichoepithelioma and microcystic adnexal carcinoma may both 
show positivity for CK15 and BerEP4, it has been shown that CK15 
tends to be negative in infiltrative basal cell carcinoma and this may 
be a useful marker in the histological differential diagnosis of both 
tumours [12]. 


Genetics 

Next generation sequencing [11] has shown that microcystic adnexal 
carcinomas are molecularly heterogeneous tumours, with inacti- 
vated p53 or activated JAK/STAT signalling in a subset of cases (up 
to 40% in total). 


Clinical features 

History and presentation 

The tumour has a predilection for the central area of the face, 
often as an inconspicuous, elevated or depressed sclerotic plaque 
or nodule in the upper lip area [1,2,3,4]. The trunk is also rarely 
involved. If the lesion is not promptly treated, or if local recurrence 
occurs, the lesions may present with pain or a burning sensa- 
tion because of perineural spread. Cases have been reported both 
in patients with generalised immunosuppression and in sites of 
previous radiotherapy [13-15]. It has also rarely been reported 
arising within a naevus sebaceous [16]. Multiple tumours are 
exceptional [17]. 


Disease course and prognosis [18-20,21] 

Morphologically high-grade transformation in microcytic adnexal 
carcinoma is a rare phenomenon that might not necessarily confer 
a risk for aggressive behavior. Metastatic spread is very rare, but 
extensive local recurrence can be a major problem. The rate of local 
recurrence is very high (up to 40%). Bone involvement is rarely seen. 
Tumours may rarely extend into the brain as a result of perineural 
invasion. 


Management 

The importance of this tumour is that perineural permeation is 
common, and for this reason microscopically controlled surgical 
excision is recommended. Mohs surgery or excision with com- 
plete circumferential peripheral and deep margin assessment has 
been recommended as the surgical approach of choice [22,23]. 
Radiotherapy can be considered as an adjuvant for microcystis 
adnexal carcinoma at high risk for recurrence, surgically unre- 
sectable tumours or patients who cannot have surgery for medical 
reasons [23]. 


Adnexal carcinoma NOS [1,2,3,4] 


Epidemiology 

Incidence and prevalence 

Freeman and Winkelmann, who considered it to be a basal cell 
tumour with eccrine differentiation [1,2], first described this rare 
tumour in 1969. However, the tumour does not represent a basal 
cell carcinoma with eccrine differentiation [3]. Some authors have 
proposed that it is part of the spectrum of microcystic adnexal 
carcinoma. Fewer than 50 cases [5] are currently reported in the 
world literature. The lesion has some resemblance to both benign 
syringoma and to dermal cylindroma. Syringoid eccrine carcinoma 
is the most accepted term in the literature. 


Age 
Most often affects the middle aged. 


Sex 
There is a female predilection. 


Sweat gland carcinomas, including ductal apocrine/follicular carcinomas 


Pathophysiology 

Pathology 

The tumour consists of cords and clusters of small dark-staining 
cuboidal basophilic cells set in a very dense stroma. The cells are 
cytologically abnormal with a high nuclear/cytoplasmic ratio and 
mitotic figures are seen. These features occur in the lower part 
of the dermis, extending into the subcutaneous fat. The islets of 
cells have a surrounding PAS-positive membrane. In addition to 
syringoma-like tadpole structures and glandular differentiation, 
these tumours can also exhibit squamoid and cribriform growth 
patterns [6]. The importance of adnexal carcinoma NOS lies in its 
similarity to adenocarcinoma metastatic to the skin. 


Clinical features 

History and presentation 

Two-thirds of the cases so far reported have occurred on the scalp 
as large non-specific sometimes ulcerated nodules. They may be 
painful, due to their position in the deep dermis. 


Disease course and prognosis 
Adnexal adenocarcinoma NOS can recur and metastasise. 


Management 
Wide local excision is required. Follow-up is essential. 


Mucinous carcinoma 


Definition 

A rare adnexal apocrine mucin-producing carcinoma arising on the 
head and neck area in more than 90% of the cases. This tumour is 
very similar to mucinous carcinoma of the breast [1]. 


Epidemiology [2-7] 
Incidence and prevalence 
This is a rare neoplasm. 


Age 
Most cases appear in the elderly. Occasional tumours develop in 
younger patients [7]. 


Sex 
Males are affected more frequently than females. 


Pathophysiology 

Pathology 

These lesions are relatively deeply situated and consist of clusters 
of cells with pink cytoplasm and some degree of cytological atypia. 
The central cells are paler and surrounded by darker staining cells 
arranged in a palisaded fashion. Broad fibrous septa run between 
these cytologically malignant cells and both cells and septae are sep- 
arated by lakes of mucin (Figure 137.29) [8,9]. The mucin stains with 
diastase-resistant PAS, and acid Alcian blue (pH 2.5). Distinction 
from metastatic breast of gastrointestinal mucinous carcinoma is dif- 
ficult. In many cases of primary cutaneous mucinous carcinoma, 
there is evidence of an in situ component in neighbouring glands and 
this confirms a tumour as primary arising in the skin [1,10]. Tumours 
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Figure 137.29 Mucinous carcinoma. Nests of tumour cells surrounded by pools of 
mucin. 


presenting in the trunk often originate in the breast and those with 
dirty necrosis usually represent a metastasis from a gastrointestinal 


primary [1]. 


Clinical features 

History and presentation 

The most frequently described clinical presentation is that of a 
grey nodule on the face often in the periorbital area [2-6]. Rarely 
tumours are bilateral [11]. An important clinical differential diagno- 
sis is a cutaneous secondary deposit from a more common site for 
mucinous carcinoma such as the stomach and breast [12]. The 
distinction between a primary skin tumour and a metastasis is often 
very difficult and has to rely on some histological features (see later), 
clinicopathological correlation and additional studies to rule out 
an internal primary. In the case of a suspected metastatic mucinous 
breast carcinoma, staining for oestrogen and progesterone receptors 
is not useful, as primary cutaneous mucinous carcinomas are often 
positive for these markers [13]. 


Disease course and prognosis 

Extensive metastatic spread and invasion of bone is very rare [14,15]. 
Local recurrence is often seen and the risk of metastatic spread to 
regional lymph nodes increases after a recurrence. 


Management 
Surgical excision, preferably with Mohs micrographic surgery, is rec- 
ommended [16,17,18]. 


Endocrine mucin-producing sweat gland carcinoma 
[1,2,3-6,7,8] 


Definition 

Endocrine mucin-producing sweat gland carcinoma is a rare 
low-grade sweat gland carcinoma that is believed to represent a 
precursor of mucinous carcinoma. 


Epidemiology 
Incidence and prevalence 
It is rare. Up to date, around 150 cases have been described. 
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Age 
More common in middle-age and elderly patients. 


Sex 
There is predilection for women. 


Pathophysiology 

Pathology [1,2,3-6,7,8] 

Histologically, it is a well-circumscribed usually multinodular 
tumour with solid or cystic nodules which display more often pap- 
illary and sometimes cribriform structures composed of uniform 
small slightly atypical epithelial cells with lightly eosinophilic to 
bluish cytoplasm, stippled chromatin and inconspicuous nucleoli. 
Intracytoplasmic and extracellular mucin is usually present. Mitotic 
activity tends to be low. Immunohistochemically at least one neu- 
roendocrine marker (synaptophysin or chromogranin) is expressed 
as well as other non-specific markers of neuroendocrine differen- 
tiation such as CD57 and neuron-specific enolase. The tumour is 
positive in epithelial markers such as low molecular cytokeratin, 
epithelial membrane antigen and cytokeratin 7 but usually negative 
for cytokeratin 20. There is expression of oestrogen and proges- 
terone receptors. 5100 protein is negative. Immunohistochemical 
stains for p63 or other myoepithelial markers may highlight areas 
of in situ carcinoma enabling the differential diagnosis from a 
metastatic tumour. 


Clinical features 

History and presentation 

The tumour usually presents as a slowly growing cyst or nodule 
located on the lower and less often on the upper eyelid. Lesions on 
the cheek have exceptionally been reported [2]. Clinically, the lesion 
may mimic a cyst, a basal cell carcinoma or a chalazion. 


Disease course and prognosis 
It is a low-grade carcinoma with only rare local recurrences and no 
metastasis reported so far [9]. 


Management 
Complete excision and close follow-up is recommended. 


Adenoid cystic carcinoma [1-4] 


Definition and nomenclature 

This is a particularly rare variant of adnexal carcinoma, which 
has only been recognised as an entity since 1975. Adenoid cystic 
carcinomas arise relatively frequently from salivary glands and 
direct spread or even metastasis from this site should be ruled out 
before the diagnosis of primary cutaneous adenoid cystic carcinoma 
is made [4]. 


iS adenocystic carcinoma 


Epidemiology [5,6,7,8,9] 
Incidence and prevalence 
The tumour is very rare. 


Age 
It usually appears in middle-aged to old individuals. 


Sex 
Males are equally affected than females. 


Pathophysiology 

Pathology [6,10-12] 

The pathology is that of large masses of cells with mild or no 
cytological atypia, arranged in a distinct adenoid or cribriform 
pattern. The cystic spaces are occupied by mucin, which stains with 
Alcian blue (pH 2.5). The lesion usually involves the mid to deep 
dermis and may extend into the subcutaneous tissue. A more solid 
variant may be seen occasionally. Many of these tumours show 
at least focal evidence of myoepithelial differentiation. Perineural 
invasion is frequently seen but is less common than in primary 
adenoid cystic carcinomas presenting in salivary glands [6]. Diffuse 
expression of MYB is present in a majority of cases, regardless of 
MYB alterations [13]. 


Genetics 
MYB translocations have been found in about half of cases, in both 
myoepithelial and ductoglandular cells [14]. 


Clinical features 

History and presentation [1,2] 

These lesions are non-specific sometimes painful nodules on the 
head and neck area. The pain is attributed to perineural spread 
although this symptom is rare. Rarely, tumours develop elsewhere 
in the skin including the scrotum [3]. Patients with adenoid cystic 
carcinoma have a higher risk of developing lymphohaematopoietic 
and thyroid cancers [9]. 


Disease course and prognosis 

Five-year survival is up to 96% [9]. Local recurrence is common and 
metastasis to the lung and regional lymph nodes has rarely been 
reported [9,15-18]. Metastatic spread to the lungs has also been 
reported, rarely many years after removal of the primary cutaneous 
tumour [19]. Erosion of bone at the primary site has also been 
recorded. 


Management 
The management of these lesions is by wide local excision and Mohs 
surgery is a good treatment option [20]. 


Secretory carcinoma [1,2-5,6,7-9] 


Definition and nomenclature 

Cutaneous secretory carcinoma is the morphological and genetic 
analogue of secretory carcinoma encountered in the breast and the 
salivary glands. 


sions 


mary analogue secretory carcinoma 
carcinoma of the skin 


Epidemiology [6,7] 
Incidence and prevalence 
The tumour is very rare. 


Age 
It is encountered mostly in the young and in middle age, but there 
is a wide age span. 


Sex 
There is a slight female predominance. 


Pathophysiology 

Pathology [2,6,7] 

The cutaneous tumours are characterised by low grade histology. 
They are typically well circumscribed but not surrounded by cap- 
sule. There are microcystic and tubular spaces with characteristic 
eosinophilic luminal secretions. The cells lining the lumina are oval, 
round or cuboidal, and bland in appearance. Solid areas, and focal 
pseudopapillary or mucinous foci can be seen. 


Genetics 

Similarly to its breast and salivary gland counterparts, most of 
secretory carcinomas are characterised by a t(12;15)(p13;q25) 
translocation, resulting in an ETV6-NTRKS3 fusion [3,6,7]. 


Clinical features 

History and presentation [1,2,4,5] 

The cases are typically encountered in locations rich with apocrine 
glands, such as the axillae, eyelids, head and neck and the vulva [5]. 


Disease course and prognosis 

The cutaneous tumours reported so far have followed an indolent 
course, without recurrence or metastasis. A small proportion 
of breast tumours, however, have shown distant metastatic 
potential [8]. 


Management 

The management of these lesions is by local excision with negative 
margins. Even though metastatic disease has not been reported in 
cutaneous tumours so far, an excellent response to NTRK inhibitor 
therapy has been described in a metastatic breast secretory carci- 
noma case [9]. 


MISCELLANEOUS TU 


Tumours of ano-genital 
mammary-like glands 


For many years, it was assumed that a number of female geni- 
tal tumours with features identical to those arising in the breast 
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Figure 137.30 Pathology of Paget disease: note colonisation of the epidermis with 
large pleomorphic cells. 


were derived from ectopic mammary gland tissue along the milk 
lines. Van der Putte, however, has proposed that this theory is 
not accurate as primordia of mammary glands do not extend 
beyond the axillary—pectoralis area [1]. His proposal is that there 
is a group of distinctive mammary-like genital glands that share 
features with true mammary glands and eccrine and apocrine 
glands and from which most genital glandular neoplasms arise 
[1,2]. The latter include hidrocystoma, hidradenoma papilliferum, 
extramammary Paget disease and tumours identical to those arising 
in breast tissue including fibroadenoma, cystosarcoma phylloides 
and adenocarcinoma [3-7]. 


Paget disease of the nipple 


Definition 

A progressive, marginated, scaling or crusting of the nipple and are- 
ola due to invasion of the epidermis by malignant cells, which usu- 
ally but not always originate from an intraductal carcinoma of the 
breast. There is a strong current view that Paget disease arises from 
apocrine duct-derived epithelial cells. 


Epidemiology 

Incidence and prevalence [2] 

Paget disease of the nipple is an uncommon occurrence, consider- 
ing the frequency of breast cancer [3,4]. In one series, it occurred in 
fewer than 3% of breast cancers. Published cases suggest that the 
disease is more common in Anglo-Saxon countries. Although the 
incidence of breast cancer is increasing, the incidence of Paget dis- 
ease has decreased by 45% in the USA in the last decades [5]. Equally, 
the incidence of Paget disease associated with underlying invasive 
cancer of ductal carcinoma in situ has also decreased [5]. 


Age 
It is rare before the fourth decade and is most frequent in the fifth 
and sixth. 


Sex 
It occurs chiefly in women, although rare cases have been recorded 
in men [6]. 


Pathophysiology 

Pathology [7-9] 

The epidermis is thickened, with papillomatosis, enlargement of 
the interpapillary ridges and hyperkeratosis or parakeratosis on the 
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surface (Figure 137.30). Within the epidermis, characteristic Paget 
cells are dispersed between the prickle cells. They vary in number 
and when profuse the Malpighian layers may be disrupted and 
the surface covered by a crust. There is a chronic inflammatory 
reaction in the upper dermis. In the later stages, the epidermis 
may be atrophic or eroded. On scanning microscopy, the dif- 
ferential diagnosis may include superficial spreading malignant 
melanoma. The Paget cells have a clear abundant cytoplasm and 
do not establish intercellular bridges with the adjacent normal 
keratinocytes. Both the cells and their nuclei are rounded; the nuclei 
are vesicular or hyperchromatic with a high nuclear/cytoplasmic 
ratio. The cytoplasm is PAS positive and diastase resistant, which 
indicates the presence of neutral polysaccharides and supports 
the glandular origin of the cells [10]. Staining with antibodies to 
CEA is also positive [11,12]. As many as 90% of cases are positive 
for HER2. Androgen receptor expression is present in most cases, 
while oestrogen and progesterone receptor expression is present 
in a much smaller contingent of cases (10-30%) [13]. The cells 
are distributed singly among the prickle cells, or in clusters in a 
pattern similar to that seen in superficial spreading melanoma. 
The Paget cells may also be seen in appendage ducts, so that it can 
be impossible to determine if these cells are migrating from these 
ducts to the epidermis or invading downwards into the ducts from 
the epidermis. An underlying breast carcinoma, if present, is not 
always seen on biopsy, as it may be deeply set. Careful examination 
of the underlying breast specimen may show an intraduct carci- 
noma, sometimes of quite small dimensions, usually situated most 
distally, but sometimes in the terminal ducts, and often appearing 
to spread between the two layers of epithelial cells of the duct. The 
cells may accumulate within and distend the ducts and spread in 
both directions. A number of ducts are usually involved. At a later 
stage, the carcinoma becomes invasive and behaves like classic 
breast carcinoma. 

The main pathological challenge is to distinguish Paget disease 
from malignant melanoma, the latter exceptionally presenting in 
the nipple [14,15]. Paget disease cells will be CEA positive, EMA 
positive and Cam 5.2 positive, while those of melanoma will be 
positive for melanocytic markers [14,15]. Positivity to antibody to 
S100 protein is not useful, as although it is positive in the great 
majority of melanomas, this is also the case in a proportion of cases 
of Paget disease. The absence of melanophages and the presence 
of neutral mucopolysaccharides (PAS positive) in tumour cells are 
also helpful. 

The histogenesis of Paget disease is still unclear. The current 
view is that the majority of cases of Paget disease arise from either 
invasive or in situ ductal carcinoma in the deeper breast tissue. In 
a minority of cases no underlying in situ or invasive carcinoma is 
found [16]. 


Genetics 

NY-BR-1 expression or loss of pRb expression has been described in 
Paget disease. Overexpression of ras p21 has been demonstrated in 
mammary and extramammary Paget disease [17,18]. 


Clinical features 

History and presentation [18,19] 

The early changes may be minimal, with a small, crusted and 
intermittently moist area on the nipple giving a brownish stain on 
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Figure 137.31 Paget disease of the nipple. Distant clinical view showing unilateral 
lesion. 


clothing, or producing itching, pricking or burning sensations. Less 
often, there is a serous or blood-stained discharge from the nipple, 
or a lump may be noticed in the breast (Figure 137.31). The surface 
changes persist and gradually spread to produce an eczematous 
appearance. The nipple, areola and, at a later stage, skin of the breast 
are red and moist or crusted (Figure 137.32). The change is sharply 
marginated and may spare a segment of the areola. The edge is 
slightly raised and irregular in outline. If the crusts are removed, 
a red, glazed, moist or vegetating surface is revealed. Itching may 
be a prominent symptom and excoriations may be found in the 
established lesion. Some areas may be ulcerated. The nipple itself 
may be retracted, and a subjacent mass or a lump deeper in the 
breast may be felt. The regional glands should be examined; they 
are rarely enlarged when a mass cannot be felt but are enlarged in 
more than half the cases with a detectable tumour. It is exceptionally 
bilateral [20]. The change may occasionally involve not only the 
skin of the breast but also spread on to the chest wall. An excep- 
tional case has been recorded in which the patient presented with 
ipsilateral eruptive seborrhoeic keratoses of the nipple and areola 
(Leser-Trélat sign) [21]. 

The principal differential diagnosis is eczema of the nipple. This is 
frequently bilateral and runs a more fluctuating course, improving 
in response to local treatment and spreading rapidly when irritated. 
Eczema lacks the sharp, raised and rounded margin and the super- 
ficial induration of Paget disease. In doubtful cases, biopsy will be 
required. Bowen disease and superficial basal cell carcinoma may 
also produce a similar clinical picture. They are both very uncom- 
mon on the nipple and can be differentiated histologically. Psoriasis 
and erosive adenomatosis of the nipple may also need to be con- 
sidered in the clinical differential diagnosis, and again a biopsy to 
obtain pathology will clarify the situation. 


Disease course and prognosis 

The rate of spread of the skin changes is slow and patients often 
wait a year or more before seeking advice. Poor prognosis is 
associated with invasive disease and the presence of a palpable 
mass [22]. 


Figure 137.32 Paget disease of the nipple. Close-up view showing redness and 
well-marked lateral edge of the lesion. 


Management [23] 

All patients should have a mammogram or ultrasound to establish 
whether or not there is deeper pathology in the underlying breast, 
as this will help determine the extent of surgery required. Surgery 
should be carried out as for carcinoma of the breast. In patients 
with no evidence of an underlying breast carcinoma, conservation 
may be a realistic option [24,25]. Some studies have confirmed 
this, recommending breast conserving therapy with or without 
radiotherapy according to the presence or absence of an invasive 
component as the treatment of choice [26]. Sentinel lymph node 
biopsy is performed in cases with an invasive component [19]. 
Surgery should always include the whole of the nipple-areolar 
complex [19]. 


Extramammary Paget disease [1 
(Chapter 110) . 


Definition 

A marginated plaque resembling Paget disease clinically and 
histologically, but occurring in sites rich in apocrine glands, such 
as the vulva, ano-genital region and axilla. There is currently con- 
troversy as to how often this condition arises on the background of 
an underlying carcinoma and how often it arises primarily in the 
epidermis or apocrine ductal tissue of the affected area. This has 
given rise to the concept of primary and secondary extramammary 
Paget disease (EMPD) [2]. 


Epidemiology 

Incidence and prevalence 

This is a rare disease. The current view is that in about 75% of cases, 
extramammary Paget disease arises as a primary intraepidermal 
neoplasm, possibly from apocrine gland ductal cells or from ker- 
atinocyte stem cells. It has also been suggested that the disease 
may originate from Toker cells [3], while some findings suggest 
that rare cases of primary EMPD may originate in ano-ngenital 


mammary-like glands [4]. In the remaining 25% of cases, an under- 
lying primary adenocarcinoma is found. These cases are referred to 
as secondary Paget disease. 


Age 
It starts usually in the fifth decade or after. 


Sex 
It occurs more frequently in women. 


Pathophysiology 

Pathology 

The changes in the epidermis are essentially similar to Paget 
disease. The cells stain positively for acid as well as neutral 
mucopolysaccharides. They may contain melanin granules. 
Immunohistochemistry shows cells positive for CEA and Cam-5.2 
and other low-molecular-weight keratins such as CK7 and CK8/18 
[5]. GCDFP-15 is a marker of apocrine epithelium [6] and is fre- 
quently strongly expressed in primary vulval or perianal Paget 
disease with no detectable underlying malignancy. Cytokeratin 
20 is usually negative in primary cases and tends to be positive 
in lesions associated with an internal gastrointestinal tumour. 
Cases of intraepidermal vulval and penile and scrotal EMPD 
usually have a phenotype that is MUC1 positive, MUC2 nega- 
tive and MUCSAC positive. In contrast, mammary Paget disease 
is usually negative for the latter marker and perianal lesions 
associated with underlying rectal adenocarcinoma are positive for 
MUC2 and only variably positive for MUC1 and MUC5SAC. Vulval 
lesions with underlying apocrine carcinoma tend to be negative for 
MUCS5AC. 


Genetics 
EMPD is characterised by alterations involving the PI3K-AKT path- 
way [7]. 


Clinical features 

History and presentation 

The lesion has many features in common with Paget disease of 
the nipple. The margin is sharp, rounded and slightly raised, and 
encloses an area that is pink or red. The surface may be scaly and 
small greyish crusts may cover erosions. Itching is a prominent 
feature and there may be excoriations or lichenification. Variable 
hyperpigmentation may be present, adding to the pathological 
confusion between EMPD and superficial spreading melanoma. In 
a proportion of cases, there may be leukoplakia. 

The appearance varies somewhat according to the site. The com- 
monest area involved is the vulva [8-10] (Figure 137.33), followed 
by the perianal area, which is more frequently affected in men than 
women, the scrotum, penis and axilla [11,12]. The first symptom, 
especially in vulval lesions, is itching and burning, which may be 
persistent and spread. Quite often it is regarded as eczema and 
may be irritated by topical therapy. The mucosal surfaces of the 
labia are frequently a rather more vivid red than the skin when 
both areas are involved and the change may spread to the thighs, 
mons pubis and into the vaginal introitus. There may occasionally 
be a papillomatous surface. Perianal lesions may extend up into 
the anal canal. Lesions on the scrotum spread to the thigh or onto 
the shaft of the penis. Very occasionally, EMPD may be present 


Miscellaneous tumours 137.41 


< 
7) 
i ¢ 
_i 
a 
fe) 
Wi 
z 


PART 12 


137.42 Chapter 137: Tumours of Skin Appendages 


< 
7) 
< 
| 
ou 
fo) 
Wi 
z 


PART 12 


Figure 137.33 Extramammary Paget disease of the vulva showing inflamed eczematous 
presentation. 


on the eyelids or ears. Characteristic clinical features include the 
relentless progression, despite all local applications, and the sharp 
margin. Eventually, one area may become thickened and ulcer- 
ated as evidence of invasion downwards. Lymph node or distant 
metastases can occur. Although most of the cases in which a pri- 
mary carcinoma is found result from an underlying sweat gland 
adenocarcinoma, it is necessary to examine the patient for evidence 
of an adenocarcinoma elsewhere, particularly of the cervix and 
rectum. The differential diagnosis from eczema, intertrigo and 
pruritus vulvae is made by the steady spread, lack of response 
to topical anti-inflammatory agents and the sharp and extending 
margin. Bowen disease is usually more raised and verrucous, and 
superficial basal cell carcinoma has a thread-like margin. It may 
be difficult to differentiate leukoplakia or Bowen disease of the 
mucosal surfaces and a biopsy may be required. As with mammary 
Paget disease, superficial spreading melanoma is an important 
pathological differential diagnosis. 


Disease course and prognosis 

Local recurrence is common, even in cases with a wider excision [13]. 
Poor prognosis is associated with depth of invasion and with ele- 
vated serum levels of CEA [14]. 


Management 

Adequate tissue sampling and other investigations are essential to 
establish whether or not there is an associated underlying malig- 
nancy requiring surgical excision. If an underlying malignancy is 
present, it should be excised together with all clinically abnormal 
epithelium. If no underlying malignancy is detected on careful 


examination, the entire affected area of epithelium should be 
excised. Mohs surgery with careful control of excision margins may 
be useful, because a common cause of recurrence is inadequate 
excision of the lesion [15,16,17]. 

Promising results are reported with photodynamic therapy, but 
larger series and longer periods of follow-up are required [18-20]. 
In cases with limited disease, the use of topical imiquimod has been 
advocated with good results [21,22]. Radiotherapy has been advo- 
cated either as an adjunct to surgical therapy [23] or as an alterna- 
tive therapy for elderly patients in whom surgery may be difficult 
[24,25]. 


Lymphoepithelioma-li 


Definition 

Lymphoepitheliomas are well-recognised tumours of the naso- 
pharynx and an entity with similar histological features has also 
been observed in the skin [1]. However, the latter is not gener- 
ally associated with Epstein-Barr virus (EBV) infection and its 
behaviour appears to be less aggressive than that of upper respi- 
ratory tract lesions [2,3]. Association with other viruses including 
HPV and simian virus 40 has not been found either [4]. 


Epidemiology [5] 
Incidence and prevalence 
It is a very rare tumour. 


Age 
It mainly affects older individuals. 


Sex 
There is an equal sex distribution. 


Pathophysiology 

Pathology 

The pathological features are those of a very dense infiltrate of 
inflammatory mononuclear cells, including lymphocytes and his- 
tiocytes, with small strands and nests of atypical epithelial cells. 
Inflammatory cells extensively infiltrate nests and strands of tumour 
cells, and the epithelial nature of these cells is often not immediately 
apparent unless more or less intact nests of epithelial cells are 
found. Confusion with a lymphoma is therefore a possibility, and 
often immunostaining for keratin and lymphoid cells is necessary 
to distinguish the two populations of cells. A case associated with 
marginal zone lymphoma has been described [6]. Cytological atypia 
is usually present and mitotic figures are common. Focal evidence 
of adnexal differentiation and even neuroendocrine differentiation 
may be seen [7-12]. Some tumours appear to be arising from a 
squamous cell carcinoma. A sarcomatoid component may be seen 
[13]. It has therefore been suggested that this is not a distinctive 
entity but a morphological pattern in various cutaneous carcinomas 
[14]. It has been suggested that it represents a variant of poorly 
differentiated squamous cell carcinoma. A case associated with EBV 
has been documented [15]. 


Clinical features 

History and presentation 

The clinical appearance is of non-specific nodules on the head and 
neck area of older patients. Occasional cases present on the eyelid 
[16] and the trunk and vulva [17] are also rarely involved. 


Disease course and prognosis 

The lesion has a low malignant potential [18] but local recurrence 
and distant metastases, with one tumour-associated death, have 
been recorded [8,10,19]. 


Management 
Surgery followed by radiotherapy is recommended. Some cases 
have been treated by Mohs surgery [20]. 
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Kaposi sarcoma | -— 


Definition and nomenclature 

Kaposi sarcoma (KS) is a multifocal, endothelial proliferation 
caused by human herpesvirus 8 (HHV-8), most often with cuta- 
neous involvement and with or without visceral extension. There 


are five distinct clinicopathological subtypes: classic, endemic, 
iatrogenic, AIDS-associated and HIV-negative MSM (men who 
have sex with men). 


Introduction and general description 

KS, first described by dermatologist Moritz Kaposi in 1872, is a mul- 
tifocal endothelial proliferation of low-grade malignant potential. 
Debate remains as to whether this is a true neoplasm or a reactive 
process [1,2,3], although in its later stages there is evidence of 
monoclonality [4]. Its precise histogenesis has also been somewhat 
controversial, although recent evidence points towards a lymphatic 
origin [5]. A strong predisposition among immunocompromised 
individuals, such as in HIV-infected individuals or solid organ 
transplant recipients, reflects a dependence upon host immune sta- 
tus. The worldwide age-standardised incidence varies dramatically 
from fewer than 1 per 100000 in most areas of western Europe and 
North America to over 22 per 100000 in central Africa where the 
disease occurs in its endemic form and HIV infection is rampant [1]. 


Epidemiology 
Epidemiological details are given in Table 138.1. 


Pathophysiology 

Predisposing factors 

Although HHV-8 is considered the causative agent, it is likely insuf- 
ficient to cause KS alone [1,40]. Multiple co-factors are required, the 
most powerful of which is HIV co-infection, which elevates the risk 
up to 20 000-fold [1,41,42]. A few weakly contributory genetic poly- 
morphisms in immune-related genes have also been identified [1,3]. 


Pathology 
The histopathological changes of KS typically parallel the clini- 
cal progression of patch, plaque and tumour stages and do not 
differ between the clinicopathological subtypes. Patch-stage KS 
(Figure 138.1) manifests as a mild increase in the number of vessels, 
which are classically arranged in a horizontal fashion, dissect- 
ing through collagen bundles, around adnexae and surrounding 
pre-existing vessels (promontory sign) (Figure 138.2). A chronic 
lymphoplasmacytic infiltrate may be present, with extravasated ery- 
throcytes and haemosiderin deposition. The plaque stage has more 
obvious and extensive vessel expansion, lined by single-layered, 
plump endothelial cells. Surrounding them are more spindled 
cells with eosinophilic cytoplasm and hyperchromatic nuclei 
(Figure 138.3). The chronic inflammatory infiltrate remains. Finally, 
in tumour-stage or nodular KS, there is a circumscribed mass 
of spindled cells with unlined slit-like spaces with extravasated 
erythrocytes (Figure 138.4). Mitotic activity is readily appreciated, 
as are periodic acid—Schiff stain (PAS) positive, diastase-resistant, 
amorphous eosinophilic globules that are red on Mallory trichrome 
stain and probably represent degenerated erythrocytes [43]. 
Immunohistochemical studies demonstrate a strong expression 
of CD31, CD34, factor VIII-related antigen and podoplanin (D2-40) 
[44-47]. The latent nuclear antigen-1 of HHV-8 exhibits granular 
nuclear expression, which is highly specific for KS (Figure 138.5) 
[48,49]. 


Causative organisms 

All forms of KS are associated with HHV-8 infection as the aetiologi- 
cal agent. Discovered in 1994 and originally termed Kaposi sarcoma 
herpesvirus [50], this y-herpesvirus is easily transmitted through 
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138.2 Chapter 138: Kaposi Sarcoma 


Table 138.1 Features of the five types of Kaposi sarcoma (KS). 


Subtype Incidence and prevalence Age Sex Ethnicity Associated conditions 
Classic 0.47-8.8 per 100000 per year in Elderly, fifth to Male predominance, over Southern European (Italian, 
areas of Italy and Greece seventh 10:1 ratio Greek); eastern European Jews 
[6-12]; 0.2% of cancers in the decades, rarely 
USA [13] children 
Endemic Up to 10% of cancers in central Children, adults Near unity in childhood; 15:1 Equatorial Africa (Congo, Epstein-Barr virus 
Africa [14-22] male predominance by Uganda, Zaire) infection [23,24] 
puberty 
latrogenic 0.3-1.6% among transplant Adults, usually Male predominance; 1.5:1 in Increased risk is superimposed Organ transplantation, 


younger than 
classic or adult 


recipients in the USA and 
Europe [25-30]; up to 5.3% 


of renal transplant patients in endemic 
Saudi Arabia [26,31]; 
100-500-fold increased 
incidence over general 
population [32,33] 
AIDS-associated Most common neoplasm in Young men, 
untreated HIV-infected 20-40 years 
individuals [35]; 30 per 1000 
patient-years (pre-HAART) to 
0.3 per 1000 patient-years 
(post-HAART) [36]; up to 40% 
of homosexual men with AIDS 
(pre-HAART) [37] 
HIV-negative MSM [38,39] Young to 
middle-aged 
men 


Saudi Arabia [34] 


Male predominance 
(particularly homosexuals), 
up to 7:1 


upon ethnogeographic post-treatment 

predisposition seen in classic lymphoma, 

KS corticosteroid and 
ciclosporin use 


HIV infection, drug abuse 


AIDS, acquired immune deficiency syndrome; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; KS, Kaposi sarcoma; MSM, men who have sex with men. 


Figure 138.1 Patch-stage Kaposi sarcoma. (a) Lesions can be subtle and typically consist of horizontally arranged, irregular vessels that dissect through collagen and around adnexae. 
(b) Vessels are lined by endothelial cells that may be plump and hyperchromatic, with areas of erythrocyte extravasation and hemosiderin deposition. 


saliva and blood products and infects endothelial cells, epithelial 
cells, B cells, monocytes, fibroblasts and dendritic cells [51-54]. 
Seroprevalence correlates highly with KS incidence [1] although 
HHV-8 seropositivity can be observed in a myriad of other non-KS 
conditions. The characteristic spindle cells of KS lesions are latently 
infected with HHV-8, and expression of latent-associated nuclear 
antigen, v-cyclin, viral FLIP and viral microRNAs suppresses 


apoptosis and drive proliferation [1,55-62]. Even in the lytic phase, 
in which cellular lysis occurs, it is thought that HHV-8 genes drive 
pro-tumourigenic cytokine production [1,63]. 

Many of these alterations, including those driven by vGPCR, con- 
verge upon cancer-related signalling pathways including canonical 
MAP-kinase (JNK, ERK), PI3K-AKT-mTOR, and NF-KB pathways 
[64-69]. Gene expression studies demonstrate that KS spindle cells 


Figure 138.2 Promontory sign. This finding shows normal vessels or adnexae 
ensheathed within new abnormal vascular spaces. 


have overlapping features of lymphatic and blood endothelial cells, 
but more strongly resemble the former [70]. In addition, HHV-8 
drives aberrant differentiation of blood endothelial cells by induc- 
ing the expression of lymphatic markers including PROX1 and 
podoplanin [5,71-73]. 


Genetics and genomics 

The genetic basis for the ethnogeographic predisposition of KS in 
the classic and endemic subtypes is unclear at present, although 
there are case reports of germline mutations causing early onset 
KS in childhood. There is one report of autosomal recessive OX40 
deficiency causing classic KS in a child of consanguineous parents 
[74]. This loss of OX40 function resulted in decreased effector CD4+ 
T cell function. In another family with inherited susceptibility to 
KS, a STAT4 mutation was implicated [75]. 

Transcriptomic analyses of KS have now been conducted and 
reflect a wide diversity of transcriptional profiles showing acti- 
vation of interferon pathways and alterations in host cell glucose 
and lipid metabolism [76,77]. Interestingly, these studies have not 
identified significant intrinsic differences between endemic and 
AIDS-associated forms of KS [78]. 


Environmental factors 

The contribution of additional exposures has been suggested but 
there is no clear mechanistic basis established for them at this time. 
These include exposure to quinine (used as an antimalarial and used 
to process heroin), nitrile inhalants (a common drug of abuse preced- 
ing the start of the AIDS epidemic), angiotensin-converting enzyme 
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Figure 138.3 Plaque-stage Kaposi sarcoma. The histological findings (a) are more 
exaggerated than those of patch-stage KS, with deeper involvement, more prominent 
extension of spindled cells around vessels, erythrocyte extravasation and hemosiderin 
deposition (b). 


(ACE) inhibitors and volcanic soil silicates (areas with endemic KS) 
[63,79,80]. 


Clinical features 

Presentation 

Cutaneous lesions commonly present in the extremities, most often 
on the feet and occasionally on the hands, ears or nose [40,81,82]. 
Lesions are typically dark blue or purple and may partially blanche 
when tumid (Figure 138.6). They are most often multifocal, fusing to 
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: Kaposi Sarcoma 


Figure 138.4 Nodular Kaposi sarcoma. (a) A circumscribed tumour nodule occupies the 
dermis with a dense, whorled arrangement of spindled cells. (b) Erythrocyte 
extravasation within slit-like spaces is prominent, with readily observed mitoses and 
eosinophilic globules. 


eventually form plaques and tumours to a size of several centime- 
tres (Figure 138.7) [83]. Oedema of the associated limb can follow, 
although it is sometimes the presenting finding, particularly in the 
endemic form in adults. Locally aggressive lesions can ulcerate, fun- 
gate or leave pigmented scars. Lymph nodes, mucosae and viscera 
may be involved as the disease progresses, although this can occur 
without skin involvement. The endemic form in children is classi- 
cally lymphadenopathic [40,84]. Patients with KS in the context of 
immunosuppression may have subtle lesions that resemble bruises 
or trauma. 


Clinical variants 
The most distinguishing clinical features among the clinicopatho- 
logical subtypes are the rate of progression and the degree of 


Figure 138.5 Human herpesvirus 8 (HHV-8) staining. Immunohistochemical staining for 
the latent nuclear antigen-1 of HHV-8 is specific for KS and demonstrates strong 
granular nuclear staining of the spindled cells. 


non-cutaneous involvement. Classic KS typically starts in the skin 
of the lower extremities and progresses very slowly. Iatrogenic 
KS resembles classic KS in presentation with a more varied site 
of presentation and more subtle lesions. In adults, the African 
endemic form can be locally aggressive in the skin but is rarely so 
systemically. The African endemic form in children is typically lym- 
phadenopathic with or without cutaneous involvement and is often 
fatal within 2 years [85]. AIDS-associated KS can be rapidly progres- 
sive, often involving the head, neck, trunk and mucous membranes; 
fulminant disease with widespread nodal and visceral involvement 
is expected, particularly in the absence of highly active antiretroviral 
therapy (HAART) [40,86,87]. In this context, lesions can also arise 
during immune reconstitution inflammatory syndrome [88,89]. 
The newest subtype, arising in MSM without HIV infection and 
typically presents with indolent, localised disease [2,3]. 


Differential diagnosis 

The differential diagnosis of cutaneous lesions is typically that 
of other vascular lesions, particularly haemangiomas as well as 
melanocytic proliferations. Acroangiodermatitis due to severe 
stasis changes has an overlapping site distribution with KS, and 
bacillary angiomatosis can coexist with KS, particularly in the 
context of immunosuppression [40]. 


Classification of severity 

Staging of KS was originally developed in the context of AIDS by 
the AIDS Clinical Trial Group (ACTG) (Table 138.2) [90,91]. Origi- 
nally, the CD4 T cell count was thought to be a critical prognostic 
indicator, but more recent refinements suggest that tumour stage 
and systemic disease status are more important [40,92]. Stratify- 
ing treatment of patients with TO vs T1 status with combination 
antiretroviral therapy vs combination antiretroviral therapy and 
liposomal anthracycline therapy, respectively, improved outcomes 
by effectively treating T1 disease while sparing those with T0O1 
disease from systemic anthracyclines [93]. 


(b) 


Figure 138.6 Patch-stage Kaposi sarcoma. Clinical lesions consist of violaceous to 
brown patches and plaques, most often involving the feet in classic KS (a) and often 
involving the face in AIDS-associated KS (b). 


Other staging systems have been proposed as well that concen- 
trate mostly on features of extent and rapidity of tissue involvement 
[94-97]. 


Complications and co-morbidities 

KS has been associated with both Hodgkin and non-Hodgkin 
lymphomas [14,15,98-101] and HHV-8 has aetiological roles in 
multicentric Castleman disease and primary effusion lymphoma 
[102-104]. 


Kaposisarcoma 138.5 


Figure 138.7 Nodular Kaposi sarcoma. Clinical lesions consist of well-demarcated, 
red-violaceous, firm nodules, often with accompanying lymphoedema. 


Table 138.2 AIDS Clinical Trial Group staging system for Kaposi sarcoma (KS). 


0) 


1 


Tumour (T) — Cutaneous or lymph node-only 
involvement with few oral 
macules 

Immune (I) CD4 T-cell count >150/mm? 

Systemic (S) No history of opportunistic 


infections or thrush; no B 
symptoms (unexplained fever, 
night sweats, unintentional 
weight loss of >10%, 
diarrhoea); Karnofsky 
performance status >70 


Disease course and prognosis 


Disease outcome depends heavily upon tumour extent and systemic 
involvement. The ACTG T1S1 group has a 3-year survival of 53% 
versus over 80% for all other groups [92]. The gastrointestinal tract, 
particularly the small intestine, is the most common site of visceral 
involvement with massive haemorrhage as a serious potential com- 
plication. The lungs, heart and liver are most commonly involved 
but many organs may be involved [105-113]. Visceral involve- 
ment is particularly common in AIDS-associated KS with lungs, 
gastrointestinal tract and lymph nodes being the most common 


sites [105]. 


Investigations 


Laboratory studies are typically normal in KS and direct testing for 
HHV-8 is not routinely used [40]. Testing for HIV status is important 


given the efficacy of HAART. 


Oedema, ulceration, extensive 
oral KS with papules, 
extracutaneous and 
extranodal involvement 

CD4 T-cell count <150/mm? 

History of opportunistic infections 
or thrush; one or more B 
symptoms; Karnofsky 
performance status <70; 
other HIV-related illness such 
as neurological involvement or 
lymphoma 
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Management 

Management depends on the clinical subtype, although no approach 
is definitively curative [114]. KS is highly radiosensitive with com- 
plete responses in up to 93% of patients [115]. In localised cutaneous 
disease, excision and cryotherapy can be used. Intralesional vin- 
blastine, interferon-a2b and imiquimod are effective although 
recurrence is common [116-119]. For AIDS-associated KS, the insti- 
tution of HAART to treat HIV infection often results in regression 
of KS, but up to 50% never achieve total remission [120]. Similarly, 
diminution or cessation of immunosuppression in iatrogenic KS can 
lead to the regression of lesions. In this setting, sirolimus has been 
reported mostly to induce the regression of KS [121-125]. Dissemi- 
nated KS is responsive to therapy, although no definitive regimen 
is established given the lack of large, well-controlled clinical trials. 
However, response rates of over 70% are reported with liposomal 
doxorubicin, vinca alkaloids, etoposide and taxanes [114,126-137]. 
Liposomal doxorubicin and paclitaxel are approved by the US 
Food and Drug Administration as first line and second line treat- 
ments, respectively, for advanced KS. In resource-limited settings 
where AIDS-associated KS predominates and anthracyclines are 
not readily available, paclitaxel was superior to oral etoposide and 
the combination of bleomycin and vincristine, together with ART 
[138] with a 50% progression-free survival at 48 weeks. Pegylated 
doxorubicin achieved an 80% response rate in this setting [139]. 
Bortezomib has also demonstrated activity in the setting of AIDS 
[140]. There are also anecdotal reports of responses to imatinib and 
sorafenib [141-143]. 

Importantly, the advent of immunotherapy has also impacted KS 
and several reports detail therapeutic success using nivolumab or 
pembrolizumab (anti-PD1), including in the AIDS-associated setting 
[144,145,146], as well as with combined anti-CTLA4 (ipilimumab) 
and anti-PD1 (nivolumab) therapy [147]. 
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Introduction 


Advances in the biology of lymphoid cells have greatly improved 
our classification and understanding of the pathogenesis of pri- 
mary cutaneous lymphomas. Specifically, the 2018 World Health 
Organization (WHO) classification is based on clinical, pathologi- 
cal, immunopathological, molecular and cytogenetic findings [1]. It 
implicitly recognises that the site of origin of extranodal lymphomas 
and tumour morphology determines clinical behaviour, which in 
turn has a critical influence on prognosis and therapeutic approach. 

In 1975, it was demonstrated that the majority of lymphoid 
infiltrates associated with the skin were of T-cell type and Edelson 
introduced the term cutaneous T-cell lymphoma (CTCL). In Europe, 
the Dutch Cutaneous Lymphoma Working Party (DCLWP) and the 
Austrian Graz group delineated different subsets of primary 
cutaneous T- and B-cell lymphomas, which led directly to the Euro- 
pean Organization of Research and Treatment of Cancer (EORTC) 


proposal for the classification of primary cutaneous lymphomas 
(Table 139.1) [2] which is now reflected in the 2018 WHO classifica- 
tion of haematological malignancies [1]. 

Mycosis fungoides (MF) and its variants are the most common 
primary CTCL subset, but other subsets with clearly identifiable 
clinicopathological features and varying prognoses have also been 
described. A critical observation has been the realisation that 
lymphomas with a similar pathology arising in different organs 
have different prognoses and distinct pathogenesis: nodal CD30+ 
anaplastic large-cell lymphomas are usually anaplastic lymphoma 
kinase (ALK) positive but ALK-negative variants are associated 
with a poor prognosis, whereas primary cutaneous CD30+ anaplas- 
tic large-cell lymphomas are invariably ALK negative and have 
a good prognosis [2]. The majority of primary cutaneous B-cell 
lymphomas also have an excellent prognosis [2], and primary 
cutaneous follicle centre lymphomas are pathogenetically distinct 
from nodal follicular lymphomas. Furthermore, it is appreciated 
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Table 139.1 WHO-EORTC 2018 classification of primary cutaneous lymphomas (frequency and prognosis based on Dutch and Austrian clinical data, 2002-2017). 


WHO-EORTC classification Frequency (%) Disease-specific 5-year survival (%) 
Primary cutaneous T-cell lymphoma 
Indolent clinical behaviour: 
Mycosis fungoides 39 88 
Folliculotropic mycosis fungoides 5 75 
Pagetoid reticulosis <1 100 
Granulomatous slack skin disease <1 100 
Primary cutaneous anaplastic large cell lymphoma 8 95 
Lymphomatoid papulosis 12 99 
Subcutaneous panniculitis-like T-cell lymphoma 1 87 
Primary cutaneous CD4+ small/medium pleomorphic T-cell 6 100 
lymphoproliferative disorder? 
Primary cutaneous acral CD8+ T-cell lymphoma? <1 100 
Aggressive clinical behaviour: 
Sézary syndrome 2 36 
Primary cutaneous NK/T-cell lymphoma, nasal type <1 16 
Primary cutaneous epidermotropic CD8+ T-cell lymphoma? <1 31 
Primary cutaneous y6 T-cell lymphoma <1 11 
Primary cutaneous peripheral T-cell lymphoma, (NOS) 2 15 
Cutaneous B-cell lymphoma 
Indolent clinical behaviour: 
Primary cutaneous marginal zone B-cell lymphoma 9 99 
Primary cutaneous follicle centre cell lymphoma 12 95 
EBV+ mucocutaneous ulcer? <1 100 
Intermediate clinical behaviour: 
Primary cutaneous diffuse large B-cell lymphoma, leg type 4 56 
Primary cutaneous diffuse large B-cell lymphoma, other <1 50 
Primary cutaneous intravascular large B-cell lymphoma <1 72 


Adapted from Willemze et a/. 2019 [2]. 
@ Provisional entities. 


EBV, Epstein-Barr virus; EORTC, European Organization of Research and Treatment of Cancer; NK, natural killer; NOS, not otherwise specified; NR, not reached; WHO, World Health 


Organization. 


that cutaneous and systemic T-cell lymphomas are usually derived 
from specific tissue-resident T-cell subsets (Figure 139.1). 


PRIMARY CUTANEOL 
LYMPHOMAS 


Introduction and general description 


The most common type of primary CTCL is MF, which is charac- 
terised by distinct clinicopathological features but is closely related 
to other subtypes of CTCL such as Sézary syndrome (SS). Indeed 
patients may have coexistent MF and lymphomatoid papulosis due 
to the same T-cell clone. In addition there are numerous clinical vari- 
ants of MF that can make diagnosis challenging, and MF can clini- 
cally mimic other T-cell-mediated inflammatory dermatoses. How- 
ever, there are a number of rare CTCL variants that must be dis- 
tinguished from classic MF as their treatment and prognoses are 
different. 

The concept of a subset of circulating lymphocytes with a special 
avidity or affinity for the skin has been supported by the identifica- 
tion of T cells expressing the cutaneous lymphocyte antigen (CLA), 
which binds to its ligand, E-selectin, on dermal endothelial cells [1]. 
These subsets of skin-trafficking T cells comprise the skin-associated 


lymphoid tissue, and contribute to skin immunity, in a similar man- 
ner to other mucosal sites such as gut mucosa-associated lymphoid 
tissue (MALT). The expression of the chemokine receptors CCR4 
and CCR10 by tumour cells may also contribute to epidermotropism 
in CTCL, while the expression of the lymph node chemokine recep- 
tor CCR7 may contribute to tumour dissemination in SS [2]. There 
is now considerable evidence that mature T-cell malignancies are 
derived from specific subsets of mature tissue-resident T cells and 
accumulating evidence that MF is derived from skin-resident effec- 
tor memory T cells, whereas SS is derived from central memory T 
cells (Figure 139.1) [3]. 

The completion of several large international randomised con- 
trolled trials in CTCL has been facilitated by consensus clinical 
end points and response criteria for MF and SS, which has led to 
regulatory approval of novel therapies [4]. 


Mycosis fungoides —lF7ZF 


Definition 

This is the most common variant of primary CTCL; it is generally 
associated with an indolent clinical course and is characterised by 
well-defined clinicopathological features. 
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Figure 139.1 Cell of origin for mature T-cell leukaemia—lymphomas. AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large-cell lymphoma; CTCL, cutaneous T-cell 
lymphoma; HTLV, human T-cell leukaemia virus; NK, natural killer; NOS, not otherwise specified; PTCL, peripheral T-cell lymphoma; TCL, T-cell lymphoma; TFH, T follicular helper. 


Epidemiology 
The incidence of MF (0.64/100 000) is increasing but the explana- 
tion for this is unclear. The rise could represent a combination of 
improved diagnosis and previous incorrect coding as well as a gen- 
uine increasing disease incidence, as seen for other non-Hodgkin 
lymphoma [1]. 


Pathophysiology 

Predisposing factors 

The human T-cell leukaemia virus 1 (HTLV-1) retrovirus was first 
isolated from a patient with CTCL but subsequently it was appre- 
ciated that this patient had a distinct lymphoma, namely adult 
T-cell leukaemia—lymphoma (ATLL). There are striking clinical and 
pathological similarities between MF and cutaneous involvement in 
ATLL, but studies have failed to identify HTLV-associated viruses in 
ME. A higher proportion of patients working in the petrochemical, 
textile, machine and metal industries has been reported in CTCL 
patients, and other case-control studies have suggested possible 
links with occupational exposure to glass, pottery and ceramics. 
A significantly higher incidence of allergies and skin infections 


compared with healthy controls and an increased incidence of 
atopic disease have also been reported in MF patients with reports 
of CTCL developing in patients with severe atopic eczema [1]. How- 
ever, an association with atopic disease was not confirmed in one 
case-control study [2], and links to occupational or environmental 
exposure have also not been confirmed. 

In contrast, studies have shown that CTCL is associated with 
an ultraviolet (UV) mutational signature identical to that seen in 
non-melanoma and melanoma skin cancers and distinct from other 
mature systemic T-cell lymphomas [3]. This finding confirms that 
UV is the major cause of mutations in CTCL and that this is not 
related to phototherapy. Previous studies suggested that CTCL 
occurs more commonly in workers exposed to solar radiation. In 
contrast a large epidemiological study of UV radiation exposure 
and incidence of non-Hodgkin lymphoma (NHL) concluded that 
the incidence of NHL, including CTCLs such as MF/SS, increases 
with distance from the equator suggesting that UV radiation has 
a protective effect. However, as CTCL is rare, the role of envi- 
ronmental UV exposure might reflect a specific susceptibility in a 
skin-resident T cell [3]. 
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A large study of US Food and Drug Administration (FDA) 
adverse event reporting data on tumour necrosis factor « (TNF-a) 
inhibitors has concluded that there is an increased risk of T-cell 
NHL, specifically hepatosplenic and CTCL (MF/SS), in patients on 
TNF-« inhibitors in combination with thiopurines but not on TNF-« 
inhibitors alone [4]. Whether this reflects a drug effect, diagnostic 
issues or a specific effect of the underlying chronic inflammatory 
condition remains unclear. 


Pathology 

The histological features of MF vary according to the clinical stage 
[1,2]. The earliest pathological features of MF are the presence of 
a moderate lymphocytic infiltrate in the papillary dermis. Many 
of the small lymphoid cells may be hyperchromatic and show a 
tendency to ‘line up’ at the dermal—epidermal junction. Spongiosis 
is usually absent but can occur rarely. As the disease progresses with 
the development of thicker plaques, prominent epidermotropism 
develops (Figure 139.2), which is characterised by the selective 
colonisation of the epidermis by atypical T cells either by single-cell 
colonisation, often along the basal layer, or by clusters of atypical 
lymphocytes in the epidermis — so-called Pautrier microabscesses. 
The malignant T cells in the epidermis are often strikingly cere- 
briform (Figure 139.3), with a very irregular nuclear outline and 
heavy nuclear staining as well as a characteristic halo appearance 
to the cells. If these cells are examined either under high power 
or with thin sections, the cerebriform and irregular nature of the 
nuclei can be better appreciated. In early MF, the T-cell infiltrate 
may be associated with a number of other cell types including 
small numbers of plasma cells or eosinophils. However, with later 
stages of disease the infiltrate becomes denser, monotonous and 
monomorphic. Granulomatous features may be rarely present and 
a prominent histiocytic infiltrate can be seen, so-called interstitial 
ME. Whether granulomatous variants of MF have a worse prognosis 
is currently unclear [3] but some reports suggest such patients are 
more resistant to skin-directed therapies. 

In more advanced stages of disease (IIB-III), the epidermotropic 
infiltrate may be lost, with scattered larger tumour cells showing 
marked cellular atypia. Large-cell transformation may also occur 
and is a poor prognostic feature on univariate analysis, although this 
does not appear to be independent of age and stage of disease on 


Figure 139.2 Histology of mycosis fungoides showing striking epidermotropism with 
the presence in the epidermis of cytologically atypical, small, dark cells proven to be 
CD4+ helper T lymphocytes. Courtesy of Eduardo Calonje. 


Figure 139.3 Electron micrograph of a T cell infiltrating the epidermis in mycosis 
fungoides, showing the striking cellular contours of the typical cell of Lutzner with a 
typical highly convoluted nucleus. 


multivariate analysis [4]. Indeed large-cell transformation appears 
to be independently associated with an increased risk of disease 
progression but not overall survival on multivariate analysis [5] 
or when compared with those advanced disease patients without 
large-cell transformation. Large-cell transformation (Figure 139.4) 
is defined as the presence of more than 25-50% of large cells (either 
CD30 positive or negative) within the dermal infiltrate or the devel- 
opment of microscopic dermal nodules consisting of larger cells 
with pleomorphic and occasionally anaplastic or blastic morphol- 
ogy [4]. It is important to distinguish large histiocytic cells from 
large tumour cells with an anaplastic morphology; occasionally 
the presence of reactive germinal centres in MF can also cause 
histological confusion. 

The diagnostic differentiation between large-cell transforma- 
tion in MF and primary cutaneous CD30+ lymphoproliferative 
disorders with excellent prognoses, such as lymphomatoid papu- 
losis or anaplastic large cell lymphoma, is crucial and based on a 
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Figure 139.4 High-power view of large-cell transformation in mycosis fungoides. 
Courtesy of Eduardo Calonje. 


careful clinical assessment of the patient. The development of large 
tumours in patients with typical polymorphic patches or plaques 
of MF would suggest large-cell transformation of MF. In contrast, 
the presence of more than 75% of CD30+ large cells in only one or 
a few isolated tumours developing in patients with no concurrent 
or previous clinical evidence of MF suggests that the patient has a 
primary cutaneous CD30+ lymphoproliferative disorder. 


Immunopathology (Figure 139.5) 

The tumour cells in MF are CD3+, CD4+, CD45RO+ and usually 
CD7- T cells. This is the phenotype of a mature helper T cell of mem- 
ory subtype. The tumour cells are CLA+, CCR4+ and CCR10+, 
consistent with a skin homing T cell. In rare cases, the tumour 
cells are CD8+ rather than CD4+ but this does not appear to have 
any prognostic significance. Interestingly, CD8+ cases of MF are 
more common in childhood and in hypopigmented variants [1]. 
CD8+ MF must be distinguished from an epidermotropic cytotoxic 
variant of CTCL with a poor prognosis. Occasionally, there is a 
very prominent infiltrate of reactive tumour-infiltrating CD8+ T 
cells expressing cytotoxic proteins, which may indicate a good 
prognosis. The dermal infiltrate often consists of a prominent pop- 
ulation of CD1la+ dendritic cells and CD68+ histiocytic cells. In 
advanced disease, tumour cells may express an aberrant phenotype 
with either the loss of T-cell surface antigen ‘null cell phenotype’ 
or the expression of the CD30 antigen either by scattered larger 
tumour cells or by prominent dermal nodules consisting of large 
pleomorphic or anaplastic tumour cells [2,3]. CD30 expression may 
or may not be associated with large-cell transformation but any 
prognostic significance remains unclear [3,4]. The tumour cells 
usually express the af T-cell receptor (TCR) and only rarely express 
cytotoxic proteins such as T-cell intracellular antigen 1 (TIA-1), per- 
forin and granzyme. Cases of MF/SS have been reported with the 
immunophenotype of follicular helper T cells [5]. 


factors 
IL-7 
IL-15 


Figure 139.5 Immunopathology of mycosis fungoides/Sézary syndrome (SS). IL, 
interleukin. 


A subset of CD4+, CD25+ T cells has been defined with sup- 
pressive function. These regulatory T cells (T-regs) are cytotoxic 
T-lymphocyte antigen 4+ (CTLA4+) and express the transcrip- 
tion factor FoxP3. Studies in MF/SS have analysed the expression 
of FoxP3, as well as T-reg function, and have established that 
a proportion of the intraepidermal and dermal T cells in early 
stages of MF are FoxP3+ T cells but that this proportion decreases 
significantly with more advanced disease. This suggests that 
in MF the presence of T-regs may be a good prognostic factor 
and that T-regs may actually suppress the expansion of tumour 
cells. Whether tumour cells also function as T-regs remains to be 
established. CTLA4 is expressed by a proportion of Sézary cells, 
and Sézary cells with immunosuppressive T-reg function have only 
been described in a minority of SS patients. 


Pathological differential diagnosis 

In early MF, the main differential diagnosis includes a dermatitis 
reaction. The epidermotropic quality of the T-cell infiltrate in MF 
may be helpful, as may the cytology of the individual T cells, as in 
MF these intraepidermal lymphocytes tend to be larger than the sur- 
rounding keratinocytes and to have intensely stained nuclei with a 
very irregular outline. Spongiosis, if present in association with epi- 
dermotropic T cells or Pautrier microabscesses, is minimal, whereas 
this tends to be more striking in dermatitis. A useful clue may be 
the characteristic basal layer colonisation and the larger size of the 
intraepidermal T cells compared with the dermal mononuclear cells 
(Figure 139.6). 

The pathological diagnosis of early MF can still, however, be 
extremely subjective and is best made in full collaboration with 
the clinician and only after careful correlation with the clinical 
features. It is often wise to take several elliptical biopsies from 
lesions that do not show secondary changes such as excoriation or 
impetiginisation, and if necessary to repeat biopsies as the clinical 
picture evolves over a period of months or even years. An algo- 
rithm for establishing an early clinical and histological diagnosis of 
MF has been proposed by the International Society for Cutaneous 
Lymphoma (ISCL) (Table 139.2) [1]; grading systems have also been 
proposed [2]. 

Immunophenotypic studies are usually of minimal value in differ- 
entiating early MF from other cutaneous lymphocytic infiltrates, as 
the majority of these cells will also be CD3+ and CD4+. However, a 
predominance of larger CD4+ cells within the epidermis compared 
with the mixed population of smaller cells within the dermis can 
sometimes be helpful. 

The distinction of early MF from conditions such as arthropod 
bites and lymphomatous drug eruptions can also be difficult, and 
clinicopathological correlation is essential. In general, reactions to 
arthropod bites tend to show a higher proportion of eosinophils, 
and the disposition of the infiltrate in lymphomatous drug reactions 
will be perivascular rather than epidermotropic. In a proportion of 
cases, however, the diagnosis is suspected on clinical grounds but 
cannot confidently be made with certainty on histological examina- 
tion. In these cases, sequential biopsies at 3-6-month intervals may 
be needed. 


Pathology of extracutaneous disease 
The usual pattern of extracutaneous spread is from the skin to the 
draining peripheral lymph nodes and rarely to visceral sites such 
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Figure 139.6 (a) Colonisation of basal layer by hyperchromatic lymphoid cells. (b) 
Pautrier microabscesses. 


as pulmonary, naso-pharynx, skeletal and central nervous system 
(CNS) sites. 

The National Cancer Institute (NCI) classification system [1] clas- 
sified lymph node architecture as preserved in LN1-3 in which der- 
matopathic changes predominate. LN1 is characterised by single, 
infrequent, atypical cells; LN2 shows small clusters of atypical lym- 
phocytes; and LN3 shows larger aggregates of atypical cells in para- 
cortical areas. In contrast, LN4 is characterised by partial or complete 
effacement by atypical cells [1]. 

A further histological assessment of peripheral nodes was pro- 
posed by Scheffer et al. [2]. Those biopsies with no abnormalities 
are recorded as LNO while those with dermatopathic changes 
are designated LN1 (dermatopathic lymphadenopathy). LN1 is 
characterised by enlargement of the paracortical area of the lymph 
node because of the presence of large numbers of macrophages and 
pale dendritic (interdigitating reticulum) cells (grade 1 = LN1-2). 
The macrophages contain aggregates both of melanin and lipid 
material, giving rise to the older term ‘lipomelanic reticulosis’. 
Histological evidence of possible involvement (grade 2 = LN3) is 
characterised by the additional presence of small clusters of larger 


Table 139.2 International Society for Cutaneous Lymphoma diagnostic criteria for early 
mycosis fungoides (a total of 4 points is required for the diagnosis of MF). 


Minor 
(1 point each) 


Major 


Criteria (2 points each) 


Clinical 

Persistent and/or progressive patches and 
plaques plus 

1 Non-sun-exposed location 

2 Size/shape variation 

3 Poikiloderma 


Any 2 Any 1 


Histopathological 

Superficial lymphoid infiltrate plus Both 
1 Epidermotropism 

2 Atypia 


Either 


Molecular/biological 
Clonal TCR rearrangement 
Immunopathological 

1 CD2, CD3, CD5 <50% 
2 CD7 <10% 

3 Epidermal discordance 


Present 
Any 1 


Adapted from Pimipinelli et a/. 2005 [9]. 
TCR, T-cell receptor. 


atypical mononuclear cells within the expanded paracortical areas 
(Figure 139.7). In contrast, partial (grade 3 = LN4) or complete 
(grade 4 = LN4) effacement of the lymph node architecture is 
consistent with definite lymphomatous involvement (Figure 139.7). 

A comparison of these systems has shown that both have a poor 
prognosis for partial or totally effaced nodes, with non-effaced 
nodes showing no difference in survival [3]. In the WHO classi- 
fication system, a modification of these classifications has been 
proposed whereby LN1 and LN2 have been grouped together as 
grade I (no histological involvement), with LN3 as grade II and LN4 
as grade III, both representing definite histological involvement, 
although this system has not yet been validated [4]. However, there 
is a subtle difference in this system because in the WHO proposal, 
grade I can be characterised by scattered but not clusters of atyp- 
ical cerebriform cells, whereas nodes showing clusters of atypical 
cerebriform cells are graded as II (LN3). 

The ISCL-EORTC revised staging classification (Tables 139.3 
and 139.4) suggests grouping lymph node biopsies N1 (with no 
definite histological involvement; grade 1/LN1-2), N2 (possible 
involvement; grade 2/LN3) and N3 (definite involvement; grade 
3-4/LN4), with each group reflecting the results of TCR gene 
analysis as clone absent or present (a/b) [5]. 


T-cell receptor gene analysis 

T-cell receptor gene analysis consists of analysis of DNA from 
tissue samples for the detection of clonal rearrangements of the 
TCR genes as a marker of a monoclonal T-cell population. A similar 
approach can be used to identify a B-cell clone using analysis of 
immunoglobulin genes. A clonal lymphoid population is usually 
synonymous with a neoplastic proliferation but this does not sig- 
nify malignancy. In contrast, the malignant potential of a lymphoid 
clone is dependent on the underlying somatic mutations. Analysis 
of TCR genes in MF is now a standard approach that has diagnostic, 
prognostic and therapeutic implications. Most studies are based on 


139.7 


T-cell lymphomas 


(d) 


Figure 139.7 Photomicrographs showing features of dermatopathic lymphadenopathy. (a) LN1 is characterised by dermatopathic changes with melanin deposition and occasional 
atypical lymphocytes. (b) LN2 shows paracortical expansion of T-cell areas (arrow points at an atypical cell). (c, d) LN3-LN4 shows lymph node effacement by small- and medium-sized 


atypical convoluted cells ((d) high power view). 


Table 139.3 Clinical staging system for mycosis fungoides related to the TNM 
classification. 


Stage T (tumour) N (node) M (metastasis) B (blood) 
A Tla/b NO MO BO-1 

B T2a/b NO MO BO-1 

IA T1-2 N1 MO BO-1 

IB T3 0-2 MO BO-1 

IIA T4 0-2 MO BO 

IIB T4 NO-2 MO B1 

VA T1-4 NO-2 Mo B2 

VA2 T1-4 3 MO BO-2 

VB T1-4 0-3 M1 BO-2 


Adapted from Olsen et a/. 2007 [15]. 


sensitive polymerase chain reaction (PCR) techniques and several 
different platforms are employed including denaturing gradient gel 
electrophoresis (DGGE), temperature gradient gel electrophoresis 
(TGGE), single-strand conformational gel electrophoresis (SSCP) 


and Genescan analysis of the y and B TCR genes [1,2]. These 
different methodologies have not been compared adequately for 
cutaneous lymphomas but most results are broadly consistent and 
standardisation has been partly achieved by the use of Biomed 2 
primers for the y and 6 TCR genes [3]. High-throughput sequencing 
platforms have also been applied to TCR and immunoglobulin (Ig) 
gene analysis, and are emerging as potential sensitive platforms 
especially for the detection of minimal residual disease [4]. 

T-cell clones can be detected in a proportion (c.70% overall) of 
skin biopsies from patients with early-stage disease and are almost 
invariable in patients with later stages of disease [1]. The lack of 
T-cell clones in all patients with early stages of disease almost cer- 
tainly reflects a lack of sensitivity of the technique, although studies 
have shown that those early-stage patients without a T-cell clone 
achieve a higher complete remission rate with skin-directed therapy 
than those with a T-cell clone [5]. This suggests that the proportion 
of non-tumour cells in the infiltrate, possibly reflecting the host 
immune response, may also be critical. Identical T-cell clones can 
be detected in the peripheral blood of a proportion of patients with 
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Table 139.4 Revised American Joint Committee on Cancer staging classification for 
mycosis fungoides/Sézary syndrome. 


TNMB stage Description 

Skin 

T1 Limited patches, papules and plaques covering <10% of the skin 
surface; may further stratify into T1a (patch only) versus T1b 
(plaque + patch) 

T2 Patches, papules and plaques covering >10% of the skin surface; 
may further stratify into T2a (patch only) versus T2b (plaque + 
patch) 

T3 One or more tumours (>1 cm diameter) 

T4 Confluence of erythroderma covering >80% body surface area 

Node 

NO No clinically abnormal peripheral lymph nodes; biopsy not required 

N1 Clinically abnormal peripheral lymph nodes; histopathology Dutch 
grade 1 or NCI LNO-2 

Nia Clone negative 
Nib Clone positive 

N2 Clinically abnormal peripheral lymph nodes; histopathology Dutch 

grade 2 or NCI LN3 
N2a Clone negative 
N2b Clone positive 

N3 Clinically abnormal peripheral lymph nodes; histopathology Dutch 
grades 3-4 or NCI LN4; clone positive or negative 

NX Clinically abnormal peripheral lymph nodes; no histological 
conformation 

Visceral 

Mo No visceral organ involvement 

M1 Visceral involvement (must have pathology confirmation and organ 
involved should be specified) 

Blood 

BO Absence of significant blood involvement; <5% of peripheral blood 
lymphocytes are atypical (Sézary cells) 

BOa Clone negative 
BOb Clone positive (identical to skin T-cell clone) 

Bl Low blood tumour burden; >5% of peripheral blood lymphocytes 

are atypical (Sézary cells) but does not meet the criteria of B2 
Bla Clone negative 
Bib Clone positive (identical to skin T-cell clone) 

B2 High blood tumour burden; >1000/pL Sézary cells with positive 

clones 


Reproduced from Olsen et a/. 2007 [15] with permission of Elsevier. 
NCI, National Cancer Institute. 


all stages of disease and this has independent prognostic signifi- 
cance (stage BOb) [1,4,5]. In contrast, peripheral blood T-cell clones 
can also be detected that are not identical to the original tumour 
clone in the skin. Such peripheral blood T-cell clones may not be 
pathological, emphasising that results from all samples must be 
carefully compared. In patients with both MF and lymphomatoid 
papulosis, identical T-cell clones can be found, indicating a com- 
mon pathogenesis but different phenotype. T-cell clones identical 
to those in the skin can also be detected in dermatopathic lymph 
nodes (LN1-LN2/N1b) and this might provide independent prog- 
nostic information, although larger studies are required to prove 
this conclusively [6]. The assessment of enlarged lymph nodes with 
fine-needle aspirate in CTCL has shown that T-cell clones cannot 
be detected with the same frequency compared with core biopsies 
or excised nodes, suggesting sampling error. Because of the sensi- 
tivity of these PCR-based techniques, T-cell clones or oligoclonal 
proliferations are rarely detected in non-neoplastic inflammatory 


disorders and therefore it is critical that the presence or absence of 
a clonal TCR gene rearrangement is always interpreted in conjunc- 
tion with the clinical and pathological features. PCR-based studies 
have also detected clonal T-cell proliferations in some cases of 
pityriasis lichenoides acuta, small- and large-plaque parapsoriasis 
and pityriasis lichenoides chronica [7,8]. The clinical significance of 
these findings is unclear at present, although these results would 
support clinical impressions that large-plaque parapsoriasis prob- 
ably represents early-stage MF. T-cell clones are detected rarely 
in small-plaque parapsoriasis, which is generally thought to be 
an inflammatory condition not related to MF, although patients 
require careful follow-up. The findings in pityriasis lichenoides 
acuta support previous suggestions that this represents part of a 
spectrum with lymphomatoid papulosis, and, intriguingly, lesions 
resembling pityriasis lichenoides chronica can be associated with 
MF [8]. 


Molecular features 
The molecular features of MF and SS are discussed later in this 
chapter. 


Clinical features 

Presentation 

Mycosis fungoides is specifically characterised by polymorphic 
patches and plaques usually involving limb/girdle sites, the 
breast and especially the buttock area. Only about 34% of patients 
progress from having limited patches and plaques to extensive 
plaques or tumours and even erythroderma, which is usually 
associated with severe pruritus [1]. MF is characterised by subtle 
and variable fine, scaly and often slightly atrophic (wrinkled) red 
patches (Figure 139.8), which may be associated with mild pruritus 
but patients are often asymptomatic. Plaques are more obvious, 
persistent, polymorphic, red lesions with a similar distribution 
(Figure 139.9). Individual plaques may become very large, and 
there may be some degree of regression, giving rise to unusual 
arcuate lesions that can show considerable variation in colour, 
degree of scaling and border definition. Striking psoriasiform scal- 
ing can sometimes be a feature. Once again, patients may complain 
of pruritus or be asymptomatic. Rarely, individual plaques may 
become eroded or ulcerated and painful, which is often associated 
with secondary bacterial infection and such patients may have a 
very poor quality of life and high morbidity despite having an early 
stage of disease. Tumours can show considerable variation in size 
(Figure 139.10). A tumeur d’emblée form of MF, in which patients 
rapidly develop large nodules and tumours without the prior 
presence of patches and plaques, has been described, but it is now 
appreciated that many of these patients have other CTCL variants, 
which should be excluded on the basis of a critical assessment of 
the histological and immunophenotypic features. Patients may also 
rarely present with erythroderma and the differential diagnosis for 
these patients includes inflammatory dermatoses and SS. 

The development of peripheral lymphadenopathy in MF may 
be associated with typical ‘B’ symptoms such as drenching night 
sweats and weight loss. Histological involvement of the central 
lymph nodes and other organs is a very poor prognostic sign. Any 
systemic organ can be involved but the most common visceral sites 


(a) 


(c) 


Figure 139.8 (a—c) Mycosis fungoides: patches and plaques showing typical morphology characterised by variable shape, colour, scale and thickness and distribution with involvement 


of the pelvic girdle area. 


involved include the pulmonary, skeletal, naso-pharyngeal and 
central nervous system. 


Clinical variants 

There are a large number of clinical variants of MF (Box 139.1; 
Figure 139.11). Some plaques have a verrucous or hyperkera- 
totic appearance, and bullae may rarely develop from individual 
plaques. Rare ichthyosiform variants have been described. An 
important subset of patients have MF that appears to involve 
pilo-sebaceous follicles, giving rise to a follicular clinical pattern 
often with alopecia and occasionally boggy plaques with mucinor- 
rhoea (pilotropic or folliculotropic MF). There is evidence that these 
patients may be resistant to treatment and have a poorer prognosis 
independent of their stage of disease [1]. Rarely, younger patients 
present with a purpuric eruption not unlike the pigmented purpuric 
dermatosis associated with capillaritis but with histological features 
of MF. Non-white, younger adult patients may also present with a 
hypopigmented variant of MF, characterised by striking hypopig- 
mented scaly patches often involving the trunk and especially the 
pelvic girdle area rather than the limbs. Histologically in contrast 
to the subtle clinical features, these lesions tend to show marked 
epidermotropism and loss of melanocytes probably due to a direct 
cytotoxic effect of the CD8+ tumour cells [2]. In poikiloderma- 
tous MF, patients develop clinical lesions characterised by either 
widespread or isolated poikiloderma, which may or may not be 
associated with typical patches and plaques of MF. The trunk is 
usually involved and the breasts and pelvic girdle area may also 
be affected (Figure 139.12). The poikiloderma is typically charac- 
terised by atrophy, pigmentation and telangiectasia, and must be 
distinguished from poikiloderma resulting from other disorders by 
appropriate histology. Rarely, patients may have extensive poikilo- 
derma as a feature of erythrodermic disease. These clinical variants 
do not have any prognostic significance with the exception of fol- 
liculotropic/pilotropic MF [1]. Solitary MF is a controversial entity 
in which patients may subsequently develop multiple characteristic 
polymorphic patches and plaques, but the prognosis is excellent. 


Box 139.1 Clinical variants of mycosis fungoides 


¢ Folliculotropic/pilotropic 
Poikiloderma 
Hypopigmented 
Capillaritis-like 

Verrucous /hyperkeratotic 
Psoriasiform 

Icthyosiform 

Bullous 


Differential diagnosis 

In the early stages of MF, the clinical differential diagnosis may 
include such diverse conditions as allergic contact dermatitis, 
atopic eczema, pityriasis rosea, psoriasis and fungal infections. Any 
patient with persistent polymorphic patches and plaques, particu- 
larly involving the pelvic girdle area, should have a skin biopsy and 
histological confirmation of the disease. The diagnosis of MF must 
then be based on a combination of the clinical and pathological 
features. Clinicopathological criteria for the early diagnosis of MF 
have been published by the ISCL (see Table 139.2) [1]. 


Staging and classification 

The revised ISCL and EORTC staging system for MF and SS 
[1] distinguishes patients with early stage IA/IB who only have 
patches, and stratifies peripheral blood and nodal status as well as 
molecular findings (see Tables 139.3 and 139.4) [1]. The prognostic 
value of this staging system has been validated (Figure 139.13) [2]. 
Patients with patches involving <10% of the skin surface area (IA) 
are distinguished from those with patches involving >10% of the 
skin surface area (IB), while those with patches only (Tla/T2a) are 
distinguished from those with patches and plaques (T1b/T2b) and 
this distinction has prognostic impact [2]. Early-stage patients may 
also have dermatopathic nodes (IIA). In contrast, advanced stage 
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Figure 139.9 Mycosis fungoides. (a) Typical polycyclic plaques. (b) Extensive patches 
and thin plaques stage IB (T2b). 


patients may have tumours (IIB) or erythroderma without periph- 
eral blood involvement (IIIA) or with low-level peripheral blood 
involvement characterised by Sézary cells constituting >250/pL but 
<1000/L on flow analysis (B1) (classified as stage IIIB). SS patients 
with high levels of peripheral blood (>1000/L; B2) are also divided 
into those without ([VA1) or with (IVA2) nodal involvement, while 
those with visceral disease are classified as stage IVB. 


Disease assessment 

Several tools have been adopted to monitor disease response [1] 
including CAILS (cutaneous assessment individual lesions), which 
is used to assess a limited number of skin lesions based on assess- 
ment of different clinical features, and mSWAT (modified skin 


Figure 139.10 (a, b) Mycosis fungoides: extensive ulcerated skin tumours. 


weighting assessment tool). The latter provides a means to assess 
the whole skin response based on the sum of the body surface area 
(BSA) of the patches, plaques and tumours (total mSWAT = patches 
x1 + plaques x2 + tumours x4) and this approach has been adapted 
for erythrodermic patients. Global response criteria are now also in 
clinical use to combine mSWAT with assessment of nodal and blood 
responses. These approaches provide more rigorous assessment of 
disease response in randomised clinical trials [1] and are available 
free as a ‘cutaneous lymphoma resource tools’ app compatible with 
iOS and Android systems. 


Disease course and prognosis 

Age at onset (over 60 years), skin stage and the presence of nodal 
(IVA) or visceral (IVB) disease are independent prognostic factors 
in MF [1-3]. The overall survival (OS) rates at 5 and 10 years in MF 
are 68-80% and 53-57%, respectively, with disease-specific survival 
(DSS) rates of 81-89% and 75% at 5 and 10 years, respectively, and 
an overall risk of progression of 34% (Tables 139.5 and 139.6). In con- 
trast, SS patients (T4, N1-3, MO, B2) have a poor prognosis, with an 
overall median survival of 32 months from diagnosis [1-4]. 

A wide variety of clinical (thick plaques), histological (granu- 
lomatous) and haematological (eosinophilia) features have been 
suggested to have prognostic significance in MF but generally these 
conclusions are based on small cohort studies that have lacked ade- 
quate statistical power [1-3]. Multivariate analysis has identified 
risk factors for progression and survival in a large cohort of 1502 
MF/SS patients (Table 139.6; Figure 139.13) [4]. Specifically, male 
gender and age (>60 years) are key risk factors. The presence of 
plaques (T1b/T2b), histological evidence of folliculotropic disease 
and palpable or histologically confirmed dermatopathic peripheral 
nodes (N1/Nx) are also critical prognostic factors in early-stage MF 
[4]. Thus, while patients with early-stage IA MF are unlikely to die 
of their disease, patients with stage IB have a variable prognosis 
(84% overall 5-year survival), which is partly determined by age, 
gender, the presence or absence of folliculotropism, plaques and a 
peripheral blood T-cell clone identical to that in the skin (BOb) [4,5]. 


(d) 
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Figure 139.11 Clinical variants of mycosis fungoides: (a) annular/polycyclic; (b) poikilodermatous; (c) folliculotropic; (d) hypopigmented. 


Patients with tumours (IIB) have a poor prognosis (40-65% 5-year 
survival) but the published data show marked variation, probably 
reflecting the heterogeneous nature of stage IIB MF both in terms of 
tumour burden and biology [1-4]. The 5-year survival for stage III 
erythrodermic MF patients (40-47%), without evidence of lymph 
node or peripheral blood involvement, is broadly similar to stage 
IIB MEF. In contrast the prognosis for stage IV patients is poor (5-year 
OS 18-34%) depending on the presence of peripheral blood (IVA1), 
nodal disease ([VA2) or visceral disease (IVB) [1-6]. 

Recently, a cutaneous lymphoma prognostic index (CLIPi) has 
been proposed based on modelling these independent multivariate 
prognostic factors (Table 139.7). This defines separate models for 


early- and late-stage disease with five risk factors in each group 
defining significantly different prognostic groups (early-stage 
model: male gender, age, presence of plaques, folliculotropism, 
palpable or dermatopathic nodes; late-stage model: male gender, 
age, blood, nodal or visceral involvement). This now forms the basis 
for a prospective study (ProCLIPi) to define a prognostic index with 
which to stratify patients for future clinical trials and treatment 
decision (Figure 139.14). 

A high incidence of second malignancies in MF patients is seen, 
notably non-melanoma skin cancer and pulmonary small cell lung 
cancer. A smaller incidence of melanoma also occurs. It is, however, 
unclear whether these malignancies are related to prior therapy [7]. 
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Table 139.5 Published prognostic data for mycosis fungoides patients from diagnosis. 


Clinical stage 


No. Med FU 

IA(%) = 1IB(%) HA (%) IIB (%) Il (%) IVA(%) IVB(%) Overall(%) Reference instudy (years) 
OS at 5 years 99 86 49 65 40 0 80 Doorn et al. 2000 [2 309 5:2. 
100 84 52 57 Zackheim et al. 1999 [3] 489 47 
97 72 40 4 27 27 68 Kim et al. 2003 525 5:5 
OS at 10 years 84 61 49 27 20 0 Bi Doorn et al. 2000 [2 309 5:2. 
100 67 39 41 Zackheim et a/. 1999 [3] 489 47 
88 55 26 24 53 Kim et a/. 2003 525 5.5 
DSS at 5 years 100 96 68 80 40 0 89 Doorn et al. 2000 [2 309 5:2. 
100 95 84 56 65 30 30 81 Kim et al. 2003 525 5.5 
DSS at 10 years 97 83 68 42 20 0 75 Doorn et al. 2000 [2 309 Did, 
DSS at 15 years 98 85 71 32 49 14 14 74 Kim et al. 2003 525 55 
edian survival NR 12.1 years 3.3 years 4.0 years 1.2 0.7 Kim et al. 2003 556 9.8 
Disease progression 4 21 65 32 70 100 Doorn et al. 2000 [2 309 5:2 
(5 years) 10 22 56 48 Kim et a/. 2003 525 55 
Disease progression 10 39 65 60 70 100 Doorn et al. 2000 [2 309 5.2 
(10 years) 13 32 72 57 Kim et a/. 2003 525 5.5 
Disease progression 16 40 81 78 Kim et al. 2003 525 55 

(20 years) 
Comments: 


1 All actuarial survival curves are calculated according to method of Kaplan-Meier and are based on stage at diagnosis. 


Ww 


2 In the study by Doorn et al. [2] (and in a subsequent publication: van Doorn et al. [9]), the presence of follicular mucinosis was an independent poor prognostic feature, possibly 


related to depth of infiltrate in patients with stage IB disease (DSS of 81% and 36% and OS of 75% and 21% at 5 and 10 years, respectively). A lack of a complete response to initial 
therapy was also associated with a poor outcome (P <0.001) in a multivariate analysis as well as increasing clinical stage and the presence of extracutaneous disease. A different 
staging system was used in this study (based on Hamminga et a/. [10]) but for the purposes of this table the staging has been altered to be consistent. Only three patients had stage 
IVB disease and only 18 patients each had stage IIA and IVA disease. Therefore the results for these stages must be interpreted cautiously. 

In the study by Zackheim et a/. [3], black patients had a relatively more advanced stage of disease than white patients. The TNM classification was used in this study. Lymph node 
stage had an unfavourable impact on survival but this trend did not reach significance for each individual T stage because of a lack of sufficient power (an estimated 1700 subjects 
required) and IIA/IVA patients were not designated separately. Similar considerations apply to peripheral blood involvement. Similar outcomes for patients with stage IIB (T3) and Ill 
(T4) disease is consistent with other studies but this might reflect a lack of lymph node staging data included in this study. 


4 The study by Kim et a/. [1] included data on 525 patients and showed that the majority presented with early-stage disease and that independent multivariate prognostic factors were 


age, skin stage and presence of extracutaneous disease at presentation. With the exception of stage IA, the relative risk for death is greater in MF than in a control population: 2.2 


for stage IB/IIA; 3.9 for stage IIB/IIl; 12.8 for stage IV disease. 
DSS, disease-specific survival; FU, follow-up; NR, not reached; OS, overall survival. 


Table 139.6 Clinical outcomes for 1502 mycosis fungoides/Sézary syndrome patients from diagnosis. 


OS (%) DSS (%) RDP (%) 
Clinical stage No.instudy % Median survival (years) 5years 10years 20years Syears 10years 20years Syears 10years 20 years 
A 438 29.2 35:5 94 88 73 98 95 90 8 12 18 
B 583 38.8 21:5 84 70 52 89 77 67 21 38 47 
IA 40 27 15.8 78 52 47 89 67 60 17 33 41 
IB 167 11.1 4.7 47 34 21 56 42 29 48 58 71 
IIA 100 6.7 4.7 47 37 25 54 45 31 53 62 74 
IIB 56 Sof 3.4 40 25 NR 48 45 NR 82 73 NR 
VA 67 4.5 3.8 37 18 15 41 20 17 62 83 86 
VA2 37, 25 2.1 18 15 3 23 20 6 77 80 94 
VB 14 0.9 1.4 18 NR NR 18 NR NR 82 NR NR 


Reproduced from Agar et a/. 2010 [4] with permission of Wolters Kluwer Health, Inc. 


DSS, disease-specific survival; NR, not reached; OS, overall survival; RDP, risk of disease progression. 


Other types of lymphoma-—leukaemia and Hodgkin lymphoma have 
also been described in association with MF and SS [8]. 


Investigations (Box 139.2) 

All patients with MF should have a full clinical examination 
and adequate diagnostic biopsies for histology as well as immuno- 
phenotypic and molecular TCR studies, as even stage IA disease 


studies suggest that patients with a detectable T-cell clone have a 
shorter duration of response and a higher rate of treatment failure. 
Often, multiple elliptical skin biopsies and the opinion of expe- 
rienced dermatopathologists are required to make a diagnosis. 
Peripheral blood samples should be taken at diagnosis for routine 
haematology, biochemistry, serum lactate dehydrogenase (LDH), 
lymphocyte flow cytometry, HTLV-1 serology, TCR gene analysis 
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Figure 139.12 Poikilodermatous mycosis fungoides showing involvement of both 
breasts. 


and a blood film for Sézary cells. These tests are necessary to distin- 
guish patients with ATLL and those patients with peripheral blood 
T-cell clones identical to skin who may have a poor prognosis. Any 
palpable bulky peripheral nodes should be biopsied but the prac- 
tice of ‘blind’ lymph node biopsy of non-palpable nodes is not 
essential, although histological evidence of lymphoma can rarely be 
detected in the absence of palpable lymphadenopathy. Fine-needle 
aspirates are not appropriate for histological assessment of lymph 
nodes in MF/SS. Core biopsies can yield relevant information 
in those patients with large bulky nodes but excision node biopsies 
are required to formally assess lymph node status in some situa- 
tions. Staging computed tomography (CT) scans of the neck, chest, 
abdomen and pelvis are indicated in all those patients with stage 
IIA, IIB, Ill and IV MF, but not indicated for those with stage IA or 
IB MF. Peripheral nodes with a diameter greater than 1.5 cm in the 
short axis are considered to be abnormal in patients with cutaneous 
lymphomas, whereas for central nodes a diameter greater than 


Table 139.7 Independent prognostic factors (CLIPi) for mycosis fungoides/Sézary 
syndrome patients (a) and overall survival at 5 and 10 years (b). 


(a) 
Stage Adverse factors 
Early IA-IIA Male 
>60 years 
Plaques 
Folliculotropic 
N1/Nx 
Late IIB-IVB Male 
>60 years 
B1/B2 
N2/N3 
Visceral (M1) 
(b) 
No. of risk 5-year 10-year 
Risk group factors N (%) OS (%) OS (%) 
Early | Low 0-1 482 (45.6) 96.0 90.3 
ll Intermediate Z 330 (31.2) 87.6 76.2 
Ill High 3-5 245 (23.2) 73.5 48.9 
Late | Low 0-1 133 (29.9) 63.2 53.2 
ll Intermediate 2 178 (40.0) 37.8 19.8 
Ill High 3-5 134 (30.1) 22.1 15.0 


Adapted from Benton et a/. 2013 [11]. 
CLIPi, cutaneous lymphoma prognostic index; OS, overall survival. 


1 cm is considered to be the limit. Positron emission tomography 
(PET)/CT in MF can increase the detection rate of systemic disease 
with PET activity correlating to histological lymph node grade [1] 
and enabling the choice of the nodal basin for biopsy. Bone marrow 
aspirate and trephine biopsies are not indicated unless patients have 
unexplained peripheral blood abnormalities as the overall positive 
yield is low even in those with SS. The significance of bone marrow 
infiltration in MF/SS is currently unknown and is not incorporated 
into the revised staging system. 
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Figure 139.13 Disease-specific survival according to (a) clinical 0 5 10 15 20 25 30 0 5 10 15 20 25 30 
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et al. 2010 [4] with permission of Wolters Kluwer Health, Inc. 
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Figure 139.14 Overall survival according to prognostic group for mycosis 
fungoides/Sézary syndrome. (a) Early-stage group. (b) Late-stage group [11]. 


Box 139.2 Investigations for mycosis 
fungoides/Sézary syndrome 


¢ Skin biopsies from representative patches /plaques/tumours (often 
multiple required, preferably incisional elliptical biopsies as opposed 
to small punch biopsies) 

e Haematology; LDH; B, microglobulin; lymphocyte subsets (flow 
cytometry); Sézary cell count; HTLV-1 serology 

e TCR gene analysis of skin, peripheral blood lymphocytes and any 
nodal tissue 

e PET/CT scans for stages IIB-IV; lymph node excision/core biopsies 
for palpable peripheral nodes or those nodes >1.5 cm in short axis 

¢ Bone marrow trephine biopsy if unexplained haematological findings 


CT, computed tomography; HTLV, human T-cell leukaemia virus; 
LDH, lactate dehydrogenase; PET, positron emission tomography; TCR, 
T-cell receptor. 


Management 
See the separate section on the management of MF/SS later in this 
chapter. 


Follicular mucinosis a | 


Definition and nomenclature 
This consists of boggy cutaneous plaques showing follicular promi- 
nence and histological evidence of mucinous degeneration of the 


hair follicles. It is often associated with an atypical pilotropic 
T-cell infiltrate and clinical features of MF (pilotropic or follicu- 
lotropic MF). 


Pathophysiology 

Follicular mucinosis represents a follicular (pilotropic) variant of MF 
with mucinous degeneration of the hair follicle. This is supported by 
the presence of this clinical and histological pattern in patients with 
typical features of MF. The poor prognosis of folliculotropic variants 
may relate to the poorer efficacy of skin-directed therapies because 
of the depth of the associated T-cell infiltrate or a currently unknown 
biological difference. 


Pathology 

There is degeneration of the involved hair follicles, associated with a 
prominent pilotropic, atypical T-cell infiltrate in MF. There may also 
be associated interfollicular epidermotropism. Mucin stains such as 
Alcian blue show the presence of large quantities of mucin although 
the reason for mucin deposition is unknown (Figure 139.15). In 
MF, a pilotropic or folliculotropic infiltrate may also occur without 
mucinosis. 

In contrast, the inflammatory form of follicular mucinosis does 
not show a prominent atypical pilotropic T-cell infiltrate, although 
repeated biopsies may be required to fully exclude MF [1]. It may be 
impossible to distinguish these two forms with confidence and there 
is an emerging consensus that most, if not all, patients with follic- 
ular mucinosis have a form of CTCL (pilotropic MF) [2]. However, 
histological features of follicular mucinosis, without atypia, can also 
occur as an incidental histological feature in the context of various 
inflammatory dermatoses. 


Immunophenotype 

The tumour cells in both follicular mucinosis and folliculotropic/ 
pilotropic MF are usually CD3+, CD4+ and CD8-. Prominent 
CD30+/-— blast cells may be a feature of large-cell transformation 
[2]. Clonal TCR gene rearrangements can be detected in both 
MF-associated follicular mucinosis and so-called benign forms of 
inflammatory follicular mucinosis, consistent with suggestions that 
both may represent MF variants [2]. 


Clinical features 

There are two distinct forms of follicular mucinosis, one associated 
with MF and a separate, benign, inflammatory form of follicular 
mucinosis which is not associated with the development of MF. 
The clinical features of these two types of follicular mucinosis 
are identical: follicular papules and plaques often associated with 
severe pruritus and a predilection for the face and scalp although 
the trunk and limbs can be affected. In MEF, classic polymorphic 
patches and plaques may also be present. A younger age group is 
affected by the inflammatory form but there are no satisfactory cri- 
teria for distinguishing this presumed inflammatory process from 
MF-associated follicular mucinosis [3]. Prominent giant comedones 


Figure 139.15 (a) Prominent perifollicular lymphoid infiltrate without epidermotropism 
or spongiosis and (b) high power view showing cytological atypia and striking mucinous 
deposition. (b) Courtesy of Eduardo Calorje. 


are often a feature with acneiform lesions (Figure 139.16), and 
significant alopecia may be present, rarely with mucinorrhoea [1]. 


Disease course and prognosis 

There is evidence that follicular variants of MF have a worse prog- 
nosis, with disease-specific survival rates of 81% at 5 years and 36% 
at 10 years [1,4,5]. 


Figure 139.16 Clinical appearance of follicular mucinosis showing boggy 
mucin-secreting plaques on the trunk. 


Management 

Mycosis fungoides associated with follicular mucinosis is treated 
with skin-directed therapy as for the early stages of MF (see section 
on management of MF and SS later in this chapter), but patients 
may also require systemic treatment with interferon a (IFN-a) or 
rexinoids (bexarotene). Radiotherapy is ideal for isolated plaques of 
folliculotropic MF. Total skin electron beam therapy may be appro- 
priate for resistant cases. Dapsone can be effective for inflammatory 
forms of follicular mucinosis. However, if the hair follicles have been 
destroyed, scarring alopecia will be present and hair loss is perma- 
nent. Evolution of folliculotropic MF to SS has been described [6]. 


Definition and nomenclature 


This is a localised, solitary variant of CTCL, which histologically 
shows intense epidermotropism. 


Pathophysiology 

This entity may either represent a localised epidermotropic variant 
of MF [1] or be closely related to the more recently described CD8+ 
epidermotropic CTCL [2]. 


Pathology 
Biopsies show very striking colonisation of an acanthotic epidermis 
by atypical, large, pale, mononuclear cells, which usually either fail 
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Figure 139.17 Pagetoid reticulosis at an acral site. 


to express lymphoid markers or express an aberrant T-cell pheno- 
type. However, the detection of an aberrant T-cell phenotype (CD4— 
and CD8-) in some cases and clonal TCR gene rearrangements 
defines this as a CTCL variant. 


Clinical features 

This entity was first described in 1939 [3] and is rare but appears to 
affect younger adults and is characterised by an isolated, persistent, 
scaly plaque, commonly involving an acral site (Figure 139.17). 
The lesion may be asymptomatic and slowly expands, but no 
further plaques develop on other body sites. The plaque may 
show psoriasiform or Bowenoid features. A more generalised vari- 
ant with multiple plaques at other sites has also been described 
(Ketron—Goodman variant), but this almost certainly represents an 
epidermotropic variant of MF or the more recently described CD8+ 
epidermotropic CTCL variant [2]. 


Disease course and prognosis 
The natural history of this lesion is of very slow local extension with 
an excellent prognosis. 


Management 


Successful durable remission has been reported with both surgical 
excision and low-dose superficial radiotherapy. 


Granulomatous slack ski 


Definition 

This is a very rare disease characterised clinically by the slow devel- 
opment of pendulous folds of lax reddish skin often affecting flexu- 
ral sites and histologically by dermal granulomas and elastolysis. 


Pathophysiology 
While some patients have only features of granulomatous slack 
skin, some patients show typical clinical features of MF, but whether 


this condition represents a granulomatous variant of MF or a CTCL 
variant is currently unclear [1,2], especially as a novel balanced 
translocation has recently been detected in granulomatous slack 
skin [3]. 


Pathology 

Histology reveals a dense granulomatous dermal infiltrate 
(Figure 139.18) with the destruction of dermal elastic tissue (elas- 
tolysis) [4]. The destruction appears to be mediated by histiocytic 
giant cells [5]. Similar granulomas may occasionally be found in the 
spleen and lymph nodes. The lymphocytic infiltrate in the dermis 
shows some cytological atypia and may have an aberrant T-cell 
phenotype suggestive of lymphoma. TCR gene analysis confirms 
that T-cell clones are present, suggesting a CTCL variant in most 
cases [6]. 


Clinical features 

The lesions develop slowly, usually in middle-aged adults, and 
then progress over several years [7]. The sites of skin involvement 
are typically flexures and consist of thickened, pendulous folds 
(Figure 139.19). This condition appears to be caused by cutaneous 
elastolysis associated with an underlying lymphoma. Several 
patients have died of Hodgkin disease or non-Hodgkin lymphoma, 
and the otherwise unaltered epidermis may show epidermotropism 
similar to that seen in MF. The condition must be distinguished 
from other forms of cutis laxa. 


Disease course and prognosis 
The prognosis is usually excellent. 


Management 
No definitive therapy has yet been identified but radiotherapy, 
IFN-a, retinoids and surgery can be effective [8-10]. 


Sézary syndrome [1,2] -— ee 


Definition 

This syndrome consists of a clinical triad of erythroderma, periph- 
eral lymphadenopathy and atypical mononuclear cells (Sézary cells) 
comprising a total Sézary count of more than 1000 x 10?/L (1000/pL 
peripheral blood stage B2) and the presence of a peripheral blood 
T-cell clone identical to that detected in the skin/node on TCR gene 
analysis [3]. 


Epidemiology 
The majority of SS patients are elderly males and may develop the 
syndrome either ab initio or rarely as progression from classic MF. 


Pathophysiology 

Pathology 

Skin biopsies can show large numbers of atypical mononuclear 
cells in the dermis with epidermotropism, but non-diagnostic and 
lymphomatoid histology is frequently seen in proven cases of SS [4]. 
The presence of atypical (Sézary-like), cerebriform, mononuclear 
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Figure 139.18 (a) Histology showing a prominent infiltrate of histiocytic cells and 
lymphoid cells with mild cytological atypia. (b) Giant cells are also present. (c) There is a 
marked loss of elastic tissue (elastolysis) in the upper dermis (elastic van Gieson stain). 


Figure 139.19 Granulomatous slack skin showing prominent, lax folds of markedly 
indurated axillary skin with superficial scaling and wrinkling. 


cells has also been reported in the peripheral blood of patients 
with a variety of inflammatory conditions including actinic retic- 
uloid, erythrodermic eczema, psoriasis and severe drug reactions 
(Figure 139.20). Usually the percentage of atypical cells in such 
conditions is lower (<250/ pL) than in SS. In addition, T cells with 
the morphological and ultrastructural features of Sézary cells can 
be identified in the peripheral blood of normal healthy individuals 
[5]. However, it is important to appreciate that the total lympho- 
cyte count may not be raised for the diagnosis of SS to be made. 
Consequently, it can be difficult to conclusively distinguish cases 
of SS from inflammatory dermatoses. Large Sézary cell variants 
(>16 pm diameter) are easier to recognise but small Sézary cell 
variants (12-14 ym) are more common and difficult to distinguish 
morphologically from activated lymphocytes [2]. 


Immunophenotype 

Sézary cells are usually CD3+, CD4+, CD7— and CD26- T cells but 
CD26+, CD7+ and CD8+ variants have been reported and CD26 
loss can occur in control populations albeit at low levels. Absolute 
CD4 counts and CD4 : CD8 ratios are usually elevated. A peripheral 
blood CD4 : CD8 ratio greater than 10 distinguishes most cases of 
SS from an inflammatory dermatosis associated with Sézary cells 
but represents a large peripheral blood tumour burden. Consensus 
diagnostic criteria include the clinical triad of features plus the 
presence of peripheral blood Sézary cells based on flow cytometry 
showing >40% of lymphocytes with a CD4+/CD26- phenotype 
and/or >30% of lymphocytes with a CD4+/CD7- phenotype. 
Flow should also determine that the total CD4+/CD26- and/or 
CD4+/CD7- counts is >1000/ pL with a blood film showing Sézary 
cells and a peripheral blood T-cell clone identical to skin detected by 
TCR gene analysis [3]. Those patients without evidence of a T-cell 
clone may have a benign inflammatory dermatosis with an excellent 
prognosis. SS should also be distinguished from other T-cell malig- 
nancies such as T-prolymphocytic leukaemia, which can rarely 
present with cutaneous involvement including erythroderma. This 
diagnosis is usually apparent on the basis of clinicopathological 
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Figure 139.20 High-power views of Sézary cells in the peripheral blood showing 
(a) a large cell with a very large nucleus and minimal cytoplasm and (b) the 
ultrastructural features of a typical cerebriform nucleus. 


and immunophenotypic features including a characteristic tumour 
cytology in the peripheral blood and bone marrow and an aberrant 
T-cell phenotype (CD4+/CD8+). Studies have suggested that SS 
is derived from central memory T cells while MF is derived from 
skin-resident, peripheral, memory T cells [6]. 


Molecular features 
See later in this chapter for a separate discussion of the molecular 
features of MF and SS. 


Clinical features 

History 

Many patients describe a prolonged history of ‘dermatitis’ but rarely 
patients may have a previous history of MF. 


Presentation 

Patients present with a generalised exfoliative erythroderma, and 
may have systemic problems because of shunting blood through 
grossly dilated cutaneous vasculature resulting in high-output 
cardiac failure. There may be associated ectropion, scalp alopecia, 
palmoplantar hyperkeratoses and fissuring and the nails often 
show gross subungual hyperkeratoses (Figure 139.21). Peripheral 
lymphadenopathy is often present. Rarely, patients may present 


(b) 


Figure 139.21 Sézary syndrome showing (a) erythroderma on the back with 
(b) palmoplantar hyperkeratoses and prominent nail dystrophy. 


with limited skin involvement and a leukaemic phase with a high 
peripheral blood Sézary cell count. 


Differential diagnosis 

The distinction from erythrodermic MF is based on the degree of 
peripheral blood involvement. The historical definition of 5S, as 
suggested in the original NCI staging system, comprised a Sézary 
count of 5% or more of peripheral blood lymphocytes on a buffy 
coat smear (peripheral blood stage B1). However, low numbers of 
Sézary cells can be detected in the peripheral blood of healthy indi- 
viduals and patients with inflammatory dermatoses. In 1988, the 
NCI published a revised staging system, with over 20% Sézary cell 
count (per 100 lymphocytes) as the B1 rating [7], based on previous 
studies showing that this figure had prognostic significance in SS. 
An absolute Sézary cell count of over 1000/mm? (1000/pL) as a 
criterion for the diagnosis of SS (peripheral blood stage B2) was 
subsequently included in the revised staging classification. How- 
ever, patients with a lower tumour burden (Sézary cell count >5% 
of lymphocytes or CD4+/CD26- and/or CD4+/CD7- total count 
>250/pL but <1000/pL) are classified as erythrodermic MF (stage 
B1) as opposed to SS [4]. Distinction from inflammatory causes of 
erythroderma can be extremely challenging partly because: (i) skin 
biopsies in erythrodermic CTCL may be non-diagnostic; (ii) periph- 
eral blood activated T cells may resemble Sézary cells; and (iii) 
accurate delineation of peripheral blood involvement using flow 
analysis is based on percentages of CD4+ /CD7- and CD4+/CD26- 
T-cell populations that can fluctuate in the context of inflammatory 
dermatoses. This issue has been exemplified by a multicentre study 
of SS and erythrodermic inflammatory dermatoses which showed 
that: (i) loss of CD26 (>80% CD4+ T cells) and/or CD7 (>40% CD4+ 
T cells) gated on CD4+ T cells; and (ii) altered gene expression of 
STAT4 (reduced), TWIST1 and DNM3 or PLS3 (all increased) were 
more more specific and sensitive than existing criteria [8]. 


Disease course and prognosis 

The prognosis in SS is poor with an 11% 5-year overall survival and 
median survival of 32 months from diagnosis [9]. The presence of 
lymph node disease is an independent prognostic factor, while the 
degree of peripheral blood involvement may have prognostic sig- 
nificance; age and gender are also key prognostic factors [9]. Most 


patients die of opportunistic infection. Spontaneous resolution of SS 
has been rarely described [10]. 


Management 
For the management of MF and SS see later in this chapter. 


Molecular features of mycosis fungoides 
and Sézary syndrome 


Extensive studies have provided critical insights into the underly- 
ing molecular pathogenesis and have shown striking similarities 
between MF and SS (Figure 139.22). The availability of large whole 
exome/genome sequencing (WES/WGS) datasets of CTCL and 
systemic T-cell lymphomas (403 cases) has allowed analysis of the 
mutational spectrum [1,2-8]. All mature T-cell lymphomas exhibit 
signature 1 which is related to cellular age and is due to spon- 
taneous deamination of methylated cytosine residues, therefore 
reflecting derivation from memory T cells. Intriguingly, MF and 
SS (137 cases) are associated with the UV signature 7 which con- 
tributes 52% of the mutational burden in MF and 23% in SS. Overall 
41% of these patients were treatment naive and the detection of a 
mutational signature is dependent on the presence of a clonal pop- 
ulation, suggesting that the malignant T cell in CTCL accumulates 
UV-associated mutations before transformation and clonal expan- 
sion [1]. The UV signature was also detected in CD4+-enriched 
peripheral blood leukaemic cells from SS patients. In addition, 
analysis of WGS data from treatment-naive patients with advanced 
stages of MF showed a UV signature 7 with a high frequency of 
CC>TT double substitutions at dipyrimidine sites and transcrip- 
tional strand bias, both characteristic of UV irradiation [1]. This 
confirms that for CTCL, in contrast to systemic T-cell lymphomas, 
the major causal factor is environmental UV irradiation of T cells 
either resident or circulating through the skin. 

These high-throughput sequencing studies have also identified 
a heterogeneous pattern of genomic abnormalities with at least 55 
potential driver gene mutations [9]. The most frequent recurrent 
gene variants affect TCR signalling pathways (PLCG1, CARD11, 
CD28, RLTPR) and selectively upregulate the nuclear factor KB 
(NF«B) pathway (Figure 139.23). Other pathways affected by driver 


Defects in pro- and antiapoptotic signals 


Defects in TCR and cytokine signalling 


Early stages of disease 


Genomic and epigenetic changes 


Constitutive activation of STAT/NFK«B/AP1 


Figure 139.22 Molecular pathogenesis of mycosis fungoides/Sézary 
syndrome. NF«B, nuclear factor «B; TCR, T-cell receptor. 
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Figure 139.23 Genomic landscape of mutations in cutaneous T-cell lymphoma. JAK, 
Janus kinase; STAT, signal transducer and activator of transcription; TCR, T-cell receptor. 


gene mutations (>10%) include DNA damage response pathways 
(TP53, POT1, ATM, BRAC1-2), chromatin modification (ARID1A, 
TRRAP, DNMT3A, TET2) and JAK (Janus kinase) STAT (signal 
transducer and activator of transcription) signalling (STAT5B, JAK3) 
(Figure 139.23). Critically these gene variants have been functionally 
validated, confirming that they are bona fide driver gene mutations 
with either gain or loss of function. Two of the most common CTCL 
gene mutations, PLCG1 and CARD11, include recurrent variants, 
appear to be mutually exclusive and occur in almost 30% of SS 
cases. These PLCG1 and CARD11 gene variants are gain-of-function 
mutations that increase downstream T-cell signalling specifically 
through enhanced NF«B transcriptional activity and also NFAT 
(nuclear factor of activated T cells) and AP1 (activator protein 1) 
activity [10-12]. These transcription factors regulate the expression 
of genes involved in cell proliferation, survival and differentiation. 
Crucially, many of these variants induce downstream signalling 
without T-cell stimulation suggesting that these mutations lead to 
constitutive activation of T-cell signalling. 

In addition, data from WGS studies mainly in advanced MF sam- 
ples have shown a complex pattern of chromosomal rearrangements 
and translocations with no recurrent balanced translocations. How- 
ever, specific gains (17q, 8q) and losses (10q, 17p) are seen frequently, 
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signalling pathways 


Epigenetic modification: 
promoter gene hypermethylation 


Dysregulation of DNA damage repair 
and cell cycle 


confirming previous studies using conventional cytogenetics, allelo- 
typing and metaphase and array comparative genomic hybridisa- 
tion (CGH) techniques showing recurrent numerical and structural 
chromosomal abnormalities in all stages of MF and SS [13-16]. Min- 
imal regions of deletion have been detected on 10q, suggesting a 
number of potential candidate genes [17]. Specifically, chromosomal 
abnormalities have been detected in early stages of MF, suggesting 
that chromosomal instability occurs early [18]. 

Extensive studies have also revealed that the silencing of specific 
tumour suppressor genes in CTCL due to promoter hypermethy- 
lation includes the genes involved in cell cycle regulation (TP53, 
CDKN2A/2B), DNA repair (MLH1, MGMT), apoptosis (FAS) and 
JAK-STAT signalling (SHP-1) [19-25]. This hypermethylation may 
reflect the high frequency of mutations affecting genes encoding 
DNA methyltransferases (DNMT3A), cytosine methylation (TET2) 
and chromatin modification (ARID1A/1B) in MF/SS [9]. 

MF and SS are characterised by UV-induced mutations of genes 
involved in: (i) TCR signalling facilitating activation of T cells with- 
out antigenic stimulation; (ii) downstream activation of the NF«B 
and JAK-STAT pathways; (iii) epigenetic modification enabling 
aberrant methylation and inactivation of genes involved in the cell 
cycle and apoptosis; and (iv) DNA damage response pathways 
contributing to genomic instability (Figure 139.24). 


Management of mycosis fungoides 
and Sézary syndrome 


The current treatment of MF and SS includes a range of options 
(Table 139.8) but few have been subjected to randomised controlled 
trials with rigorous disease assessment tools and appropriate end 
points. The choice of initial treatment for the MF patient depends on 
the clinical stage and performance status. A significant proportion 
of patients with MF are frail elderly and the patient’s quality of life 
should always be considered. The current consensus is that patients 
with early-stage disease should receive skin-directed therapies 
in view of the low risk of progression [1,2,3]. Systemic therapies 
are reserved for those with either early-stage disease resistant to 
skin-directed therapy or advanced disease (Table 139.8) [2,3,4]. 
A randomised trial in MF reported on 103 patients who received 
either total skin electron beam therapy (TSEBT) (3000 cGy total skin 
electron beam) together with cyclophosphamide, daunorubicin, 
etoposide and vincristine (a rigorous ‘treat to cure’ regimen) or 


Cytokine-independent 
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Figure 139.24 Driver gene mutations in cutaneous T-cell lymphoma. JAK, 
Janus kinase; NF«B, nuclear factor «B; STAT, signal transducer and activator 
of transcription; TCR, T-cell receptor; TMB, tumour mutational burden; UVR, 
ultraviolet radiation. 


Table 139.8 Treatment algorithm for mycosis fungoides/Sézary syndrome. 


Prognostic group 


(stage) First line Second line Third line 
Low risk (IA-IIA) Expectant or SDT Trials 
SDT 
Intermediate risk (IA-IIA) SDT HDACiS Onzar® 
and stage IIB? 
PUVA + Mogamulizumab? 
maintenance 
IFN-o 
PUVA + Brentuximab4 
maintenance 
Bex 
TSEBT Trials Trials 
Erythrodermic (III) MTX Alemtuzumab RicAlloSCT 
ECP/IFN-a/Bex Brentuximab4 Chemotherapy 


combinations HDACi‘; Ontak* 
Mogamulizumab* TSEBT 
Trials Trials Trials 


High risk (IBV) Radiotherapy HDACIS; Ontak‘ 
(incl TSEBT) 
Chemotherapy — Brentuximab4 
RicAlloSCT 
Mogamulizumab4 
Trials Trials Trials 


Limited tumours. 

5 Extensive tumours. 

©US Food and Drug Administration (FDA) and European Medicines Agency (EMA) 
approved. 

4 US FDA approved; 

Bex, bexarotene; ECP, extracorporeal photopheresis; HDACi, histone deacetylase 
inhibitors (vorinostat/romidepsin); IFN-c, interferon «; MTX, methotrexate; Ontak, 
denileukin diftitox; PUVA, psoralen and ultraviolet A; RicAlloSCT, reduced-intensity 
conditioned allogeneic stem cell transplant; SDT, skin-directed therapy (topical therapy, 
phototherapy (TLO1/PUVA) or radiotherapy); TSEBT, total skin electron beam therapy. 


sequential topical therapy consisting of nitrogen mustard, super- 
ficial radiotherapy and TSEBT, progressing to psoralen and UVA 
(PUVA) if required (a ‘gentle palliative’ regimen) [5]. After a median 
follow-up time of 75 months, there was no difference in disease-free 
or overall survival between the 52 patients who received TSEBT 
plus chemotherapy and the 51 who received sequential palliative 
topical therapy [5]. This study established a consensus that therapy 
in MF should be based on the stage of disease and aimed at disease 
palliation rather than an aggressive intent to cure and this is sup- 
ported by more recent data showing that chemotherapy does not 
produce durable disease control [1]. Various therapies have been 
approved for CTCL by either the US FDA and/or the European 
Medicines Agency (EMA), including a rexinoid, bexarotene (FDA 
and EMA), that binds to the retinoid X receptor [6]; INF-« (EMA); 
a diphtheria interleukin 2 (IL-2) fusion toxin, denileukin diftitox 
(Onzar or Ontak, FDA) [7]; two histone deacetylase inhibitors 
(FDA), suberoylanilide hydroxamic acid (SAHA or vorinostat) 
[8] and depsipeptide (romidepsin) [9]; brentuximab (FDA and 
EMA) [10]; mogamulizumab (FDA and EMA) [11]; and topical 
mechlorethamine (FDA and EMA) [12]. Many of these trials have 
included disease response assessments of all tumour compart- 
ments and appropriate clinical end points based on consensus 
recommendations [13-15]. 


Skin-directed therapy 

Topical steroids 

For patients with limited early-stage MF, life expectancy may not 
be adversely affected and it is acceptable to simply use emollients 
with or without moderate potency topical steroids for symptomatic 
relief. Potent topical corticosteroids can produce a clinical response, 
although this is usually short lived [1]. 


Topical chemotherapy: mechlorethamine and carmustine 
Topical mechlorethamine (nitrogen mustard) is effective for super- 
ficial disease with response rates of 51-80% for IA, 26-68% for IB 
and 61% for IIA disease [1,2]. Previous compounded products were 
difficult to use and associated with irritancy or allergic dermatitis 
in sensitised individuals (35-58%). A novel 0.02% gel formulation, 
compared with a compounded formulation, was approved after 
a successful non-inferiority trial with an overall response rate 
(ORR) of 47.7-58.5% depending on the use of different disease 
assessment tools [3], but both products showed similar rates of 
skin irritancy/allergic contact dermatitis. This product must not 
be used in pregnancy and there are rare reports of non-melanoma 
skin cancer in patients treated with topical mechlorethamine. There 
is no consensus as to whether mechlorethamine should be applied 
to individual lesions or to the whole skin, daily or twice weekly, 
or about the duration of topical therapy after a clinical remission 
has been produced. Responses can be sustained for prolonged 
periods. 

Topical carmustine (BCNU) is an alternative but rarely used 
topical chemotherapeutic agent in MF, with similar efficacy to 
mechlorethamine as indicated by response rates of 86% in stage 
IA, 47% in stage IB and 55% in stage IIA patients. Alternate day 
or daily treatment with 10 mg carmustine in 60 mL dilute alcohol 
(95%) or 20-40% carmustine ointment can be used. Hypersensitivity 
reactions occur less often (5-10%) than with mechlorethamine. All 
patients treated topically with carmustine should have regular 
monitoring of their full blood counts and treatment is normally 
given for only 2-4 weeks to avoid myelosuppression; maintenance 
therapy is contraindicated. 


Topical rexinoids 

Targretin 1% (bexarotene) gel is approved by the US FDA for topical 
therapy in stage I MF patients who are resistant to, or intolerant of, 
other topical therapies [1]. In open uncontrolled studies, response 
rates of 63% with 21% complete response rates were reported in 67 
patients with early-stage ([A-IIA) disease. Median time to and dura- 
tion of response were 20 and 99 weeks, respectively. 


Other topical therapies 

There has only been one randomised, placebo-controlled trial 
of topical therapy in MF. Topical peldesine cream (BCX-34, an 
inhibitor of the purine nucleoside phosphorylase enzyme) showed 
no benefit, compared with vehicle, with response rates of 28% and 
24%, respectively, emphasising the difficulties in interpretation of 
uncontrolled studies of topical therapy in early stages of MF [1]. 
Other topical therapies reported in small cohort studies to have 
efficacy in early-stage MF include imiquimod and 5-fluorouracil 
creams. 
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Phototherapy and photochemotherapy 

Psoralen and UVA photochemotherapy may induce a complete 
response rate of 79-88% in stage IA and 52-59% in stage IB disease 
[1-3]. Flexural sites (‘sanctuary sites’) often fail to respond com- 
pletely and the duration of response varies. There is no significant 
response in tumour (IIB) stage disease. One study showed that 56% 
of stage IA and 39% of stage IB complete PUVA responders had 
no recurrence of disease after 44 months follow-up without main- 
tenance therapy [4]. A retrospective study on long-term outcome 
for MF patients treated with PUVA reported that 50% of patients 
with a higher cumulative UVA dose achieved a longer duration of 
response. However these patients also received maintenance ther- 
apy while those who relapsed early did not, making interpretation 
difficult. Furthermore, there was no difference in clinical outcome 
in terms of disease progression or survival in the two groups. Ran- 
domised controlled trails are rare but an EORTC study showed an 
ORR for PUVA of 75% with complete response rates of 25%, where 
only a minority of patients had a prolonged duration of response 
[5]. Maintenance therapy is rarely effective at preventing relapse 
and therefore should be avoided so as to limit the total cumulative 
dose, as patients will often require repeated courses over many 
years. 

PUVA is an ideal therapy for patients with stage IB-ITA disease 
who are intolerant of, or fail to respond to, topical therapies such as 
mechlorethamine, although both therapies can be complementary 
for some patients. Treatment regimens have varied between two to 
four times weekly with different protocols for incremental dosage, 
but usually two to three times weekly treatment is acceptable until 
disease clearance or best partial response, usually over a minimum 
of 12-14 weeks. Patients with a high total cumulative UVA dosage 
will have increased risks of non-melanoma and rarely melanoma 
and Merkel cell carcinomas. Efforts should be made to restrict the 
total PUVA dosage to less than 200 treatment sessions or a total 
cumulative dose of 1200 J/cm?. In some circumstances patients 
may receive a greater total dosage if clinically justified and with 
consent. PUVA remains one of the most effective therapies for 
patients with early-stage disease but there are surprisingly no data 
to establish if PUVA can improve overall survival or reduce rates 
of disease progression in stage IB. PUVA therapy is rarely tolerated 
in erythrodermic (stage III) disease but occasional patients will 
respond. 

Broad- and narrow-band UVB and high-dose UVA-1 photother- 
apy have also been used in MF with success [6,7]. There have been no 
adequate comparative studies of different phototherapy regimens 
in CTCL but narrow-band UVB therapy may be an effective option 
for patients with only patches as opposed to plaques. Small cohort 
studies have suggested that patients with limited cutaneous disease 
may respond to photodynamic therapy and 308 nm excimer laser 
treatment. 


Radiotherapy and total skin electron beam therapy 

Mycosis fungoides and other CTCL variants are highly radiosen- 
sitive malignancies. Individual thick plaques or tumours can 
be treated successfully with low-dose superficial radiotherapy 
(ortho-voltage or electrons), often administered in several fractions 
(e.g. two or three fractions of 400 cGy at 80-120 kV). Large tumours 
may require a different energy source. Radiotherapy is very well 


tolerated and often used with other therapeutic modalities such 
as PUVA, and closely adjacent and overlapping fields can often be 
retreated because of the low doses used [1]. 

Whole body TSEBT has been evaluated extensively in CTCL 
[2]. Different field arrangements have been used in an attempt to 
treat the whole skin uniformly to a depth of 1 cm with various 
total dosages administered and additional radiotherapy to shielded 
areas. A meta-analysis of open uncontrolled and mostly retrospec- 
tive studies of TSEBT as monotherapy in 952 patients with CTCL 
established that responses are stage dependent, with complete 
responses of 96% in stage IA, IB and IIA disease. However, disease 
relapse rates are high, indicating that this approach is not cura- 
tive even in early-stage disease [3]. In stage IIB disease, complete 
responses are less common (36%), but erythrodermic (stage III) 
disease shows complete responses of 60%. Greater skin surface dose 
(32-36 Gy) and higher energy (4-6 MeV electrons) are associated 
with a higher rate of complete response, and 5-year relapse-free 
survivals of 10-23% were noted [3]. One study using mSWAT as 
a rigorous method for assessing disease response reported ORRs 
of 95% and complete responses of 51%, with a median time to 
relapse of 12 months and to disease progression of 44 months [4]. A 
retrospective study of erythrodermic disease has also shown 60% 
complete responses with 26% progression-free at 5 years. In this 
study, the overall median survival was 3.4 years with a median 
dose of 32 Gy given as 5-weekly fractions over 6-9 weeks. Patients 
with stage III disease did best compared with those erythroder- 
mic patients with nodal or visceral (IVA-B) disease. The duration 
of response was also longer for those who received more than 
20 Gy using 4~9 MeV. Comparative studies of TSEBT versus topical 
mechlorethamine in early-stage MF show similar response rates and 
duration of response, suggesting that TSEBT should be reserved for 
those who fail first and second line therapies [5,6]. Adverse effects 
of TSEBT include temporary alopecia, telangiectasia and skin malig- 
nancies, and the treatment is only available in a limited number of 
centres [7]. Although full-dose TSEBT is usually only given once 
in a lifetime, several reports have documented patients who have 
received two or three courses, where the total dosage tolerated 
and duration of response were lower with subsequent courses [8]. 
EORTC and international consensus guidelines have been produced 
for TSEBT [9,10]. Low-dose TSEBT regimens (10-30 Gy) have shown 
similar response rates although the duration of response is lower 
but these schedules (e.g. 12 Gy over eight sessions) have become 
the standard protocol for TSEBT as treatment is well tolerated and 
allows repeated palliative courses [11-13]. 


Systemic therapy 

Immunotherapy 

Different forms of immunotherapy have been evaluated in CTCL, 
with the intention of enhancing antitumour host immune responses 
by promoting the generation of cytotoxic T cells and Th1 cytokine 
responses. IFN-a shows ORRs of 45-74%, with complete responses 
of 10-27% [1,2]. Various regimens have been employed (from 3 MU 
three times weekly to 36 MU/day) and it appears that response 
rates are higher for larger dosage regimens (overall responses of 
78% compared with 37% for the lower dosage regimen) [1]. ORRs 
are also higher in early (IB-IIA: 88%) compared with late (III-IV: 
63%) stages of disease [1]. IFN-« availability is now limited but 


pegylated IFN-a is available and may be more effective and better 
tolerated [3] although response data are limited. 

Pilot studies have shown that both IL-12 and IFN-y can produce 
clinical responses in CTCL but their therapeutic value remains to 
be established and neither are approved. Ciclosporin has been used 
in erythrodermic MF/SS to relieve severe pruritus but there is evi- 
dence that treatment may cause rapid disease progression and its 
use in CTCL is not recommended with the exception of subcuta- 
neous panniculitis-like T-cell lymphoma (SPTCL). CTCL frequently 
expresses PD-1 and phase II trials of nivolumab and pembrolizumab 
have shown efficacy in both MF and SS with ORRs as high as 38%, 
but these immune checkpoint inhibitors have not yet been approved 
for CTCL [4]. 


Retinoids and rexinoids 

Oral retinoid therapy has been used both as a single agent and 
in combination with interferons and PUVA in the management 
of MF. A non-randomised small study comparing acitretin and 
isotretinoin in MF and SS showed no obvious differences, with 
complete responses of 21% in both groups. 

Bexarotene, a rexinoid, is approved for MF/SS [1,2]. Bexarotene 
selectively binds and activates the rexinoid X receptor and pro- 
motes apoptosis and inhibits cell proliferation. It is relatively 
selective and therefore should have little effect on the retinoid acid 
receptor involved in cell differentiation. In phase II and III trials 


of 152 CTCL patients, response rates of 20-67% were reported 
[3,4]. The most effective tolerated oral dosage is 300 mg/m7/day, 
although responses improve with higher dosage. Side effects are 
transient and generally mild but most patients while on therapy 
require treatment for hyperlipidaemia and central (hypothalamic) 
hypothyroidism according to an algorithm (Figure 139.25) [3,4]. Ata 
dosage of 300 mg/m? /day in early-stage disease (IA, IB, IIA), ORRs 
of 54% have been noted [1], while 45% of advanced MF patients 
(IIB-IVB) respond with a notable reduction in pruritus in stage II] 
disease [2]. 


Combination therapy 

Combined IFN-a and retinoid therapy produces similar response 
rates to IFN alone and is not recommended [1]. Studies compar- 
ing PUVA and IFN-« with IFN-a and acitretin in early-stage dis- 
ease have shown complete response rates of 70% and 38%, respec- 
tively, but there are no data on duration of response [2]. Uncon- 
trolled studies of combined PUVA and IFN-o (maximum tolerated 
dosage 12 MU/m’ three times weekly) in MF and SS have shown 
ORRs of 100%, with 62% complete response rates [3]. This combi- 
nation may also be useful for patients with resistant early-stage dis- 
ease, such as those with thick plaques and folliculotropic disease. 
Open studies comparing PUVA with combined PUVA and acitretin 
have shown similar complete response rates (73% and 72%, respec- 
tively), although the cumulative dose to best response was lower in 


Acive diceace® Consider an increase in If no response, switch to an 
3 bexarotene dose alternative treatment 
Switch to an 
Progressive disease** ——= a alternative treatment | 


Complete response* 


Stable disease’ 


Partial response* 


Continue bexarotene unlimited 
with optimal full dose, at least 
for another 6 months 


Continue unlimited therapy — 
at least for another 6 months 
for non-progressive disease 


e If non-aggressive tumour 
pre-treatment, taper dose 
down, watch carefully, if 
symptoms recur return 
to full dose 

e If aggressive tumour 
pre-treatment, maintain full 
dose unlimited for as long 
as patient responds 


If no further response, 
consider adding another 
therapy (e.g. PUVA) 


Increase bexarotene dose, 
add on another therapy, 
or change therapy 


Figure 139.25 Suggested management algorithm for bexarotene in cutaneous T-cell lymphoma. PUVA, psoralen and ultraviolet A therapy. * Active disease = a slight increase in the 
extent of skin disease, e.g. <25%; ** progressive disease = increasing clinical stage or same stage, more tumours; * complete response = complete disappearance of all cutaneous 
disease; * partial response = at least a 50% improvement compared with baseline; § stable disease = no new tumours, no stage progression, but no significant response. Reproduced 


from Gniadecki et a/. 2007 [3] with permission of John Wiley & Sons. 
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patients receiving the combination therapy [4]. Bexarotene has been 
safely used in combination with PUVA [5,6] but a prospective ran- 
domised study in early-stage MF comparing PUVA with PUVA and 
bexarotene combined showed no difference in response rates [7]. At 
present there are few data on the impact on disease-free and overall 
survival. 


Systemic chemotherapy 

Mycosis fungoides and SS are relatively chemoresistant and 
responses are usually short lived [1]. This may partly reflect 
the low proliferative rate of tumour cells and a high prevalence 
of inactivating p53 mutations, which produce a relative resistance 
to tumour cell apoptosis. A systematic review of published data 
on different regimens has shown complete response (CR) rates of 
33% in 526 patients treated with single-agent chemotherapy with a 
median duration of 3-22 months [2]. Combination chemotherapy 
regimens including cyclophosphamide, doxorubicin, vincristine 
and prednisolone (CHOP), in 331 patients, produced CR rates of 
38%, with a median duration of 5-41 months [2]. CTCL patients are 
prone to infection and septicaemia is a common preterminal event. 

Chemotherapy should not be used in patients with early-stage 
IA, IB or IIA disease. For patients with stage IIB-IVB disease, 
individual tumours and effaced peripheral lymph nodes will 
respond to superficial radiotherapy, and additional chemother- 
apy should be considered in patients with a good performance 
status (WHO 0-2). However, responses are likely to be short 
lived and patients should always be considered for clinical trials. 
Single-agent chemotherapy in stage IIB-IVB disease, and espe- 
cially erythrodermic patients, includes oral chlorambucil (four 
to six cycles of 0.15-0.2 mg/kg/day for 2 weeks every 28 days), 
methotrexate and etoposide, and the intravenous purine analogues 
2-deoxycoformycin, 2-chlorodeoxyadenosine and fludarabine [2]. 

Open studies of 2-deoxycoformycin in MF and SS have reported 
response rates of 35-71%, with CR rates of 10-33% [3]. Methotrexate 
has been reported in an uncontrolled study to produce a CR rate of 
41% in 29 patients with erythrodermic (stage III/T4) disease, with a 
median survival of 8.4 years with single weekly doses of 5-125 mg 
[4]. In contrast, liposomal doxorubicin and gemcitabine have shown 
excellent responses in stage IIB and IVA non-erythrodermic MF with 
ORRs of 88% (44% CR) and 70-85% (10-22% CR), respectively. Once 
again, the duration of response is often short lived with a median 
duration of response of 10 months for CR patients treated with 
gemcitabine. In other studies, liposomal doxorubicin showed sim- 
ilar responses (56% ORR with 20% CR) in both transformed MF 
and erythrodermic SS patients, while an EORTC prospective study 
showed a lower response rate using a rigorous disease assessment 
tool [5]. Pralatrexate, a folate analogue, is well tolerated in MF 
and has shown moderate response rates [6]. Temozolomide is also 
effective in a minority of advanced stage MF/SS patients [7] and 
also for patients with CNS disease. A UK study of combination 
gemcitabine and bexarotene showed no additional benefit of this 
combination [8]. 

A phase III randomised controlled trial compared the anti-CD30 
antibody-drug conjugate brentuximab with physician’s choice 
of either methotrexate or bexarotene in CD30+ MF/anaplastic 
large-cell lymphoma (ALCL). This study showed a global ORR of 
67%, CR of 16% and ORR lasting at least 4 months of 56.3% for 


brentuximab compared with a ORR of 20%, CR of 2% and ORR at 4 
months of 12.5% for the physician’s choice. These data led to FDA 
and EMA approval of brentuximab for CD30+ CTCL patients who 
are resistant to one systemic therapy [9]. 

Studies assessing the use of TSEBT and/or total body irradiation 
combined with high-dose conditioning chemotherapy prior to 
autologous stem cell transplantation in patients with stage IIB-IVA 
disease have shown good clinical responses [10] but high relapse 
rates. It does not appear that this approach affects disease-free 
or overall survival rates. Full allogeneic stem cell or bone marrow 
transplantation has only been used in a few patients, with encourag- 
ing results, but the associated mortality suggests that this approach 
is difficult to justify. However, reduced intensity allogeneic stem 
cell transplantation has shown promising results with clear evi- 
dence of a graft-versus-lymphoma effect and durable long-term 
complete remission in 50% of patients with advanced stages of 
CTCL [11-18]. At present there is no consensus regarding the most 
effective conditioning regimen but many reported series utilise a 
conditioning protocol consisting of TSEB, total lymphoid irradiation 
(TLI) and antithymocyte globulin (ATG) [18]. Specifically, the use 
of alemtuzumab (Campath) is not advised because of significant 
early relapses [13]. For patients with advanced disease and a good 
performance status, a reduced intensity conditioning allogeneic 
stem cell transplant is the most appropriate option producing a 
molecular complete remission in 43% with an overall survival of 
56% at 5 years and non-relapse mortality of 14% [18]. 


Photopheresis 
Extracorporeal photopheresis (ECP) involves the administration of 
oral psoralen, followed by the ex vivo collection of an enriched buffy 
coat preparation using a cell separator. These leukocytes are then 
passed through thin polythene tubing with exposure to UVA and 
the cells thereafter returned to the patient. This regimen is repeated 
on two successive days and the 2-day cycle repeated monthly or fort- 
nightly in an accelerated regimen. There is evidence that a propor- 
tion of the UVA-exposed leukocytes, including some tumour lym- 
phocytes, undergo apoptosis and that dendritic cells are activated 
during the ex vivo circulation with the induction of a host antitumour 
immune response after the treated cells are returned to the patient. 
Different models of autoimmune disease support this suggestion 
and the activation of dendritic cells during an expanded period of 
ex vivo incubation overnight (transimmunisation) has been shown. 
ECP is FDA approved for the treatment of CTCL but there are 
no randomised studies to clarify whether ECP has an impact on 
overall survival. The original open study of ECP in 29 patients 
with erythrodermic CTCL reported a response rate of 73%, but 
response rates in patients with earlier stages of MF were much 
lower (38%) [1]. Subsequently, a median survival of 62 months 
was reported in the original cohort of 29 erythrodermic patients, 
which compares favourably with historical controls (30 months). 
A study of 33 patients with SS treated with ECP reported a median 
survival of 39 months, which was similar to historical controls from 
the same institution. Other studies have shown more prolonged 
median survival data [2]. An accelerated regimen consisting of 
nine collections rather than six for each cycle and an accelerated 
treatment schedule every 2 weeks has shown ORRs of 50%, with 
18% CRs in erythrodermic disease. A systematic review of response 
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rates in erythrodermic disease (stage III-[VA) with ECP reported 
overall responses of 35-71%, with CRs of 14-26%. Other studies 
are more difficult to interpret because they have either involved 
small numbers or patients with earlier stages of disease and in most 
studies many of the patients have been on concurrent therapies. 
Preliminary pilot studies suggest that the combination of IFN-« 
and ECP is more effective than ECP alone, but this has yet to be 
confirmed in randomised studies [3,4]. There are isolated case 
reports of combined ECP and IFN-a and/or bexarotene that have 
induced complete clinical and molecular responses [5]. There have 
also been claims that the CD8 count is critical in predicting whether 
patients will respond to ECP, although others have provided evi- 
dence that the total baseline Sézary cell count is the only predictor 
of response [6]. 


Toxin therapies 

Denileukin diftitox, a DAB389-IL-2 fusion toxin (Onzar in Europe, 
Ontak in the USA), received FDA approval for the treatment of resis- 
tant or recurrent CTCL after the completion of several open label, 
phase II studies and a prospective randomised placebo-controlled 
study. Onzar is a recombinant fusion protein consisting of peptide 
sequences for the enzymatically active domain (389) of diphtheria 
toxin and the membrane translocation domain of IL-2 that is capa- 
ble of inhibiting protein synthesis in tumour cells expressing high 
levels of the IL-2 receptor, resulting in cell death. 

A study of 71 heavily pre-treated patients with stage IB-IVA 
disease, and more than 20% CD25+ T cells, showed an ORR of 30%, 
including 10% with complete responses [1]. The median duration of 
response was 6.9 months (range 2.7-46.1 months). The optimally tol- 
erated intravenous regimen was 18 .g/kg/day for 5 days, repeated 
every 21 days for four to eight cycles. Adverse effects included 
fever, chills, myalgia, nausea and vomiting, and a mild increase 
in transaminase levels. Acute hypersensitivity reactions occurred 
in 60%, invariably within 24 h and during the initial infusion but 
this can be prevented with steroid pre-treatment [2]. A vascular 
leak syndrome characterised by hypotension, hypoalbuminaemia 
and oedema can be seen within the first 14 days of a given dose in 
25% of patients. Myelosuppression is rare. Five per cent of adverse 
effects are severe or life threatening. The clinical relevance of anti- 
body responses to denileukin diftitox is unclear. A prospective 
randomised phase III study comparing two different doses (9 and 
18 pg/kg) with a placebo showed an ORR of 44% (higher with the 
18 pg/kg dose) with 10% complete remission compared with a 16% 
ORR in patients receiving placebo [3]. Progression-free survival 
was significantly prolonged (median 2 years) for those patients on 
active treatment compared with placebo. Rare complete remissions 
noted in patients on the placebo arm emphasise that spontaneous 
remission can occur even in patients with advanced disease [3]. Cur- 
rent access to Onzar has been limited by purification challenges in 
the bacterial expression system, but a newer diphtheria toxin-IL-2 
fusion protein is currently in clinical trials (E777, Eisai). 


Monoclonal antibody therapy 

The first antibody approach was a humanised chimeric anti-CD4 
monoclonal antibody used to treat eight patients with CTCL, of 
whom seven showed a clinical response although this was of short 
duration. A radiolabelled anti-CD5 antibody has also been used 
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in MF with some objective results and trials of a fully human- 
ised anti-CD4 antibody (zanolimumab) for bexarotene-refractory 
MEF/SS have shown an overall response of 56% and a median 
response duration of 81 weeks [1] but neither has been developed 
further for CTCL. 

Campath (anti-CD52/alemtuzumab) for stage III patients has 
shown overall responses of 55-85% and a median response dura- 
tion/time to treatment failure of 12 months [2]. A low-dose Campath 
regimen has also been reported with excellent response rates in SS 
[3-5] and remains a useful palliative option. 

A phase III randomised controlled trial of mogamulizumab, 
a monoclonal antibody targeting a C-C chemokine receptor 4 
(CCR-4) expressed in CTCL, compared with an FDA-approved 
oral histone deacetylase (HDAC) inhibitor, vorinostat, reported a 
significant improvement in progression-free survival (7.7 months) 
compared with vorinostat (3.1 months). This has led to FDA and 
EMA approval [6]. 


Histone deacetylase inhibitors 

A novel class of drugs has been assessed in both MF and SS in a 
series of open label studies. These HDAC inhibitors affect gene 
expression by inhibiting deacetylation of histone proteins, which 
causes the chromatin structure to adopt an open configuration 
therefore allowing binding of transcription factors to promoter 
regions and gene transcription. While the effect of these drugs on 
histone proteins within chromatin is best understood, there are 
almost certainly widespread effects on non-histone proteins as well, 
which may be therapeutically important. There are four classes 
of HDAC inhibitors, and several including SAHA (vorinostat) 
and depsipeptide (romidepsin) are approved by the FDA for the 
second line treatment of both MF and SS [1-3]. Phase I/II studies 
of vorinostat have shown ORRs of 30% with a median time to 
progression of 5 months and romidepsin has shown overall global 
disease response rates of 34% with complete remission in 6% [1-3]. 
Side effects include lethargy, thrombocytopenia, gastrointestinal 
symptoms and prolongation of the QT interval. Whether HDAC 
inhibitors are best used as maintenance therapy or in combination 
for advanced disease remains unclear but dysregulation of STAT3 
may confer resistance to HDAC inhibition in MF/SS [4]. 


PRIMARY CUTANEOUS C 
LY MPHOPROLIFERATIVE 


Introduction and general description 


Primary cutaneous CD30+ lymphoproliferative disorders consist 
of a spectrum of conditions. Lymphomatoid papulosis and CD30+ 
anaplastic large-cell lymphomas are defined on the basis of clinical 
and pathological features. Where a distinction cannot be made, 
patients are designated as ‘borderline cases’. This group represents 
approximately 30% of all primary cutaneous lymphomas. 

In the skin, CD30+ lymphoproliferative disorders are invari- 
ably of T-cell origin although nodal CD30+ lymphomas can be 
derived from B, T or null cells. By definition, primary cutaneous 
CD30+ disorders do not have any systemic or nodal involvement 
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Table 139.9 Treatment algorithm for cutaneous CD30+ lymphoproliferative disorders. 


Disease First line Second line 
Lymphomatoid papulosis Expectant MTX 
SDT IFN-o 
Radiotherapy 
Anaplastic large-cell Surgical excision (solitary CHOP 


lesions) 
Radiotherapy 
MTX 


lymphoma 
Brentuximab? 


4 US Food and Drug Administration (FDA) and European Medicines Agency (EMA) 
approved. 

CHOP, cyclophosphamide, doxorubicin, vincristine and prednisolone; IFN-«, interferon a; 
MTX, methotrexate; SDT, skin-directed therapy (topical therapy, phototherapy 
(TLO1/psoralen and ultraviolet A) or radiotherapy). 


at diagnosis [1]. CD30 expression was originally identified on 
Reed-Sternberg cells in Hodgkin disease, but CD30 is also expressed 
ona proportion of activated T and B cells. Importantly primary cuta- 
neous CD30+ lymphomas are associated with a good prognosis, 
in contrast to systemic nodal CD30+ lymphomas. A propor- 
tion of nodal systemic CD30+ lymphomas are associated with a 
disease-specific t(2;5) (p23;q35) translocation signified by expression 
of anaplastic lymphoma kinase (ALK), which is almost never found 
in primary cutaneous CD30+ lymphoproliferative disorders [2]. In 
MF, tumour cells may acquire CD30 expression but this should be 
distinguished from primary cutaneous CD30+ lymphoproliferative 
disorders by careful assessment of the associated clinical features. 
In MF, CD80 expression can be associated with large-cell transfor- 
mation although this is not invariable. Patients with MF may also 
have concurrent skin lesions which have the classic clinical and 
pathological features of lymphomatoid papulosis. 

Although the Epstein-Barr virus (EBV) genome can be detected in 
a proportion of CD30+ infiltrates in Hodgkin disease, EBV has not 
been found in patients with primary cutaneous CD30+ lymphopro- 
liferative disorders. CD30 is a cell surface receptor for TNF-a-like 
cytokines, and it has been demonstrated that CD30 expression can 
be upregulated by EBV and in activated T cells. 

The EORTC, ISCL and US Cutaneous Lymphoma Consortium 
(USCLC) consensus guidelines for the treatment of primary cuta- 
neous CD30+ lymphoproliferative disorders have been published 
(Table 139.9) [3]. 


Lymphomatoid papulosis 


Definition 

This term was first used in 1968 by Macaulay to describe a 
‘self-healing rhythmical paradoxical papular eruption, histologi- 
cally malignant but clinically benign’ [1-3]. It is a chronic, recurrent, 
self-healing papulonecrotic or papulonodular eruption with the 
histological features of a CD30+ cutaneous lymphoma. 


Pathophysiology 

Mutations of JAK1 and/or STAT3 and NPM1-TYK2 gene fusions 
have only been reported rarely in pcCD30+ ALCL and lymphoma- 
toid papulosis [4]. Chromosomal rearrangements involving the 


6p25.3 locus have only been identified in a minority (5%) of lym- 
phomatoid papulosis cases [5]. This rearrangement involves the 
DUSP22-IRF4 (MUM1) locus, and is associated with downreg- 
ulation of DUSP22 encoding dual-specificity phosphatase-22, a 
tumour suppressor gene, which inhibits TCR signalling and pro- 
motes apoptosis. However, MUM1 expression is not specific for 
this rearrangement. This rearrangement has also been detected in 
a subset (25%) of systemic ALK-CD30+ ALCL cases; patients have 
a good prognosis [6]. In contrast, TP63 rearrangements identified 
in aggressive variants of systemic ALK-CD30+ ALCL have not 
been detected in pcCD30+ lymphoproliferative disorders, which 
probably explains their excellent prognosis [7]. 

MUM1 is a transcription factor encoded by the IRF4 gene and 
expressed in myeloma and lymphomas with plasmacytoid differ- 
entiation as well as activated T cells and Hodgkin lymphoma. It is 
expressed by the CD30+ cells in a majority of lymphomatoid papu- 
losis but only rarely in primary cutaneous CD30+ ALCL [8]. Fur- 
thermore, TRAF1, expressed by activated T cells and in Hodgkin 
lymphoma, is also differentially expressed, being restricted mostly 
to lymphomatoid papulosis as opposed to primary cutaneous ALCL 
[9]. The functional significance of differential MUM1 and TRAF1 
expression in lymphomatoid papulosis is unclear. 

Clonal TCR gene rearrangements can be identified and are iden- 
tical in different lesions from the same patient, but some biopsies 
may not show a clonal pattern because of a lack of sensitivity 
to detect a small clonal T-cell population [1,10]. Identical T-cell 
clones can be detected in skin biopsies from patients with both MF 
and lymphomatoid papulosis [10]. Studies using laser-captured 
CD30+ cells and sequencing of TCR genes have shown contra- 
dictory findings. One study suggested that the large CD30+ cells 
show clonal TCR gene rearrangements while other studies have 
shown that these large CD30+ cells are polyclonal and that the 
monoclonal population resides in the smaller population of CD30- 
cells [11]. The 6p25.3 rearrangement involving the DUSP22-IRF4 
locus is detected in a minority of cases (5%) [6]. In contrast, the 
t(2;5) translocation characteristic of nodal CD30+ lymphomas is not 
detected in lymphomatoid papulosis. 


Pathology 
The histological features consist of a relative lack of epider- 
motropism and Pautrier microabscesses, and the presence in 
the dermis of a mixed infiltrate composed of atypical lymphocytes 
with large nuclei and frequent abnormal mitoses, eosinophils, neu- 
trophils, extravasated red cells and large histiocytic cells. Some of 
these cells may show marked cytological atypia (Figure 139.26). The 
epidermis may be ulcerated and the infiltrate may extend deeply 
into the reticular dermis. True vasculitis is rarely seen. 
Lymphomatoid papulosis can be divided on histological grounds 
into types A, B, C, D and E subgroups [12-14]. In the A subgroup 
there appears to be a predominance of scattered, large, strikingly 
atypical CD30+ cells similar to those seen in Hodgkin disease [15]. 
In the B subgroup, smaller atypical T lymphocytes with convoluted 
nuclei similar to those seen in MF predominate and are CD3+ and 
CD4+ but CD30-. Group C lesions have large clusters of CD30+ 
cells and an overall pattern suggestive of an anaplastic CD30+ 
large-cell lymphoma [15]. In type D cases atypical CD30+ lymphoid 
cells express CD8 with a cytotoxic phenotype and in type E there 
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Figure 139.27 (a) Lymphomatoid papulosis. Note the multiple varioliform scars on the upper chest area of this patient, with a small number of fresh papular lesions. (b) Regional 


lymphomatoid papulosis. 


is an angioinvasive pattern [13,14]. Many patients have multiple 
types of lesions coexisting simultaneously or a mixed pattern of 
A and B. Some patients with clinical lesions resembling pityriasis 
lichenoides et varioliformis acuta show a lymphomatoid histology 
and this probably represents a form of lymphomatoid papulosis 
(type B). These different pathological subtypes do not have any 
clinical or prognostic significance. 


Clinical features 

Patients have recurrent crops of papular or papulonecrotic or 
nodular lesions predominantly affecting the trunk, although any 
body site can be involved and localised regional variants may 
occur (Figure 139.27). These lesions grow rapidly over a few days 
and may develop ulcerated necrotic centres. Occasional patients 
develop isolated large necrotic tumours. Healing occurs slowly over 
3-12 weeks, with fine atrophic circular or varioliform scars, but the 
cycle recurs every few months, with no obvious initiating factor. 
Critically for the diagnosis, every individual skin lesion resolves 


spontaneously and there may eventually be a persistent clinical 
remission. The lesions generally occur first in adult life and may 
recur in crops for up to 40 years. A small number of cases have 
been reported in children. Systemic symptoms at the time of disease 
flares are very rare. 

The original description of lymphomatoid papulosis sug- 
gested a benign chronic and non-progressive disease, but there 
are well-documented rare cases of patients with lymphoma- 
toid papulosis developing primary cutaneous or nodal CD30+ 
large-cell anaplastic T-cell lymphoma and Hodgkin disease. Simi- 
larly, some patients develop lymphomatoid papulosis-like lesions 
with a preceding history of Hodgkin disease. In contrast, patients 
more commonly have coexistent MF, and indeed patients with 
pre-existing MF may also subsequently develop lesions indistin- 
guishable from those of lymphomatoid papulosis [15]. A follicular 
variant of the condition has been described and rarely lymphoma- 
toid papulosis involving the subcutaneous tissues has been reported 
but these cases may represent other CTCL variants. 
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Disease course and prognosis 

Long-term follow-up is necessary in all cases because of the risk 
of progression to a more aggressive lymphoma such as a primary 
cutaneous CD30+ anaplastic lymphoma, MF or Hodgkin disease in 
less than 5% of cases. The prognosis in patients with both MF and 
lymphomatoid papulosis appears to be excellent [16,17]. A review 
of 118 patients with lymphomatoid papulosis followed for many 
years suggested that only approximately 4% will develop extracuta- 
neous disease within 10 years and that the 5-year overall survival is 
100%. At present there are no proven prognostic indicators to iden- 
tify those patients who might be more likely to develop associated 
lymphomas. 


Management (Table 139.9) 

There is no current treatment that alters the natural history of the 
disease but some therapies do reduce the frequency and severity 
of new lesions or prevent recurrent disease flares. Intensive com- 
bination chemotherapy is not recommended and is only associated 
with a short duration of response. 

Low-dose radiotherapy may accelerate clearance of individ- 
ual lesions and is especially useful for large necrotic lesions. 
Narrow-band UVB therapy and PUVA benefit individual patients 
for short periods of time. Low-dose once-weekly oral methotrexate 
is the most useful systemic therapy, and there are reports of a 
beneficial effect with oral dapsone [18,19]. 


Primary cutaneous ani 
large-cell lymphoma 


Definition 

This is a primary cutaneous CD30+ anaplastic (or rarely pleomor- 
phic or blastic) large-cell lymphoma in which the CD30+ tumour 
cells comprise the majority of the infiltrate. Clinical features of MF 
are absent and, unlike lymphomatoid papulosis, these tumours do 
not resolve spontaneously. 


Pathophysiology 

Primary cutaneous CD30+ ALCL expresses CCR3 and Th2 
cytokines as well as CCR4 as in MF/SS. There is no evidence 
for the t(2;5) chromosomal translocation detected in systemic nodal 
CD30+ anaplastic lymphomas. This balanced translocation is found 
in ALK+ ALCL and usually involves the nucleophosmin (NPM) 
gene juxtaposed with the ALK gene although there are several other 
ALK partners identified in a minority of cases [1]. Mutations of 
JAK1 and/or STAT3 and kinase fusions such as the NPM1-TYK2 
gene fusion have been reported rarely in pcCD30+ ALCL and 
lead to constitutive activation of the JAK-STAT pathway [2]. Chro- 
mosomal rearrangements involving the 6p25.3 locus have been 
identified in pcCD30+ ALCL (25%). This rearrangement involves 
the DUSP22-IRF4 (MUM1) locus and is associated with downreg- 
ulation of DUSP22 encoding dual-specificity phosphatase-22, a 
tumour suppressor gene, which inhibits TCR signalling and pro- 
motes apoptosis [3]. Primary cutaneous CD30+ ALCL cases also 
have allelic loss at 9p21-22 [4]. 
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Figure 139.28 (a) Low-power view of CD30+ infiltrate showing a lack of 
epidermotropism but dense infiltrate in the underlying dermis. (b) CD30+ lymphocytic 
infiltrate showing striking large atypical cells. 


Pathology 

Biopsies show a dense lymphocytic infiltrate consisting of sheets of 
large atypical cells with an anaplastic morphology and mitoses, but 
usually there is no epidermotropism as seen in MF (Figure 139.28). 
The tumour cells variably express T-cell antigens and the vast 
majority will be CD30+. Some tumour cells show a pleomorphic or 
blast-like morphology [5]. Pseudoepitheliomatous hyperplasia may 
occur. Clonal TCR gene rearrangements are detected in almost all 
cases consistent with a T-cell origin. 


Immunophenotype 

The tumour cells are generally CD4+ and by definition CD30+ with 
expression of cytotoxic proteins such as perforin, granzyme B and 
TIA-1. There is variable loss of other T-cell antigens such as CD2, 
CD5 and CD3. Some cases are CD8+. Tumour cells are epithelial 
membrane antigen and CD15 negative. ALK is not expressed, in 
contrast to those systemic CD30+ lymphomas with secondary cuta- 
neous involvement, but CD56 may be rarely expressed. The t(2;5) 
translocation is absent [1]. While the morphology and phenotype 


are similar in lymphomatoid papulosis [6], the key distinguishing 
feature is the presence of cohesive nodules and sheets of anaplastic 
cells in primary cutaneous ALCL, and in primary cutaneous ALCL 
the tumour cells generally do not express MUM1 and TRAF1 unlike 
in lymphomatoid papulosis [7]. 


Clinical features 

These lymphomas are usually seen in adults and present as large 
solitary or multiple and often ulcerated nodules (Figure 139.29), 
most often on the trunk. There are no patches or plaques of MF 
elsewhere, and some individual lesions may partially but never 
completely regress. Some individuals develop disease localised to 
a limb, and others will show a clinical spectrum characterised by 
large persistent nodules of ALCL and coexistent lesions of lym- 
phomatoid papulosis. Progression to extracutaneous sites is rare 
but has been recorded in approximately 10% of cases [5] and recent 
evidence suggests that patients with extensive regional disease may 
be at higher risk of disease progression. 


Clinical variants 
Flynn et al. described patients with large ulcerative nodules, often on 
the thighs and buttocks, which show variable rates of spontaneous 
resolution and were labelled as ‘regressing atypical histiocytosis’ 
[8]. These ‘borderline cases’ are now considered to be closely related 
to both lymphomatoid papulosis and primary cutaneous CD30+ 
large-cell lymphoma, with the detection of a T-cell phenotype and 
clonal rearrangements of the TCR gene confirming a T-cell origin. 
A rare locoregional nodal variant has been described in which 
there are palpable and pathologically involved regional lymph 
nodes at presentation, but no evidence of lymphoma beyond the 
regional draining nodal basin [5]. The limited evidence to date on 
treatment and prognosis suggests that this lymphoma has a similar 
prognosis to primary cutaneous CD30+ ALCL. 


Differential diagnosis 

Careful staging consisting of bone marrow and PET/CT scans is 
required to exclude systemic CD30+ ALCL in which there is sec- 
ondary cutaneous involvement. 


(a) (b) 


Figure 139.29 (a) Solitary primary cutaneous CD30+ anaplastic large-cell lymphoma 
(ALCL). (b) Multifocal pcCD30+ALCL. 


Disease course and prognosis 

Disease-related 5-year survival rates of 90% have been reported but 
they may be as low as 50% for those patients presenting with gener- 
alised tumours [5]. 


Management (Table 139.9) 

Both excision and localised radiotherapy are acceptable meth- 
ods of treating isolated lesions [9]. The recurrence rate on the 
treated site is low, but new lesions may develop elsewhere on the 
skin. Low-dose methotrexate may also be effective. Systemic 
chemotherapy, including CHOP, is effective but is only the treat- 
ment of choice for patients with widespread cutaneous disease. Rare 
variants with regional nodal disease have been successfully treated 
with radiotherapy and do not always require systemic chemother- 
apy. Brentuximab has shown a high rate of durable complete 
remissions in a pivotal phase III randomised controlled trial and is 
FDA/EMA approved for patients who are resistant/refractory 
to one prior systemic therapy [10]. 


PRIMARY CUTANEO! 
LYMPHOMA VARIAN) 


Introduction and general description 


Rare primary CTCL variants represent a heterogeneous group of 
T-cell malignancies, which are defined by distinct clinicopatholog- 
ical features. In all cases MF must be carefully excluded especially 
on the basis of the clinical features. Several subtypes are currently 
considered as provisional entities [1]. For patients who do not fulfil 
the characteristic features of these rare variants, the designation 
of primary cutaneous peripheral T-cell lymphoma (not otherwise 
specified -(NOS)) should be used. The prognosis may be poor 
with a high probability of systemic involvement. Full staging 
investigations are required for all patients to exclude a systemic 
nodal/extranodal peripheral T-cell lymphoma (NOS). 


Subcutaneous panniculitis- 
lymphoma 


Definition 

This is a rare, cytotoxic T-cell lymphoma, representing less than 
1% of all non-Hodgkin lymphomas, which usually affects younger 
adults with an equal sex incidence [1]. Two subsets have been 
defined consisting of those cases derived from an af T cell, which 
have an indolent course, and those derived from a y6 T cell [2]. The 
term subcutaneous panniculitis-like T-cell lymphoma (SPTCL) is 
now restricted to those lymphomas derived from an af T cell [1]. 


Pathophysiology 

The underlying molecular pathogenesis has been clarified. Two 
germline variants of the gene HAVCR2 have been detected in 
SPTCL patients [3]. These founder variants are detected in a major- 
ity of patients [4]. HAVCR2 encodes the checkpoint inhibitor TIM3 
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and the germline homozygous variants cause loss of function 
leading to T-cell activation. Relatives with heterozygote muta- 
tions may be asymptomatic or develop lupus-like symptoms [4]. 
Somatic variants detected in HAVCR2 mutant and wild-type SPTCL 
include TET2, ARID1B and other epigenetic modifiers as well as 
genes involved in the PI3K/AKT/mTOR (phosphatidylinositol 
3-kinase/protein kinase B/mammalian target of rapamycin) path- 
ways and the JAK-STAT pathway [4]. Studies have characterised 
a specific pattern of chromosomal abnormalities using CGH, loss 
of heterozygosity (LOH) and FISH techniques; these have shown 
losses of 10q, 17p and 19, with additional 5q and 13q gains, which 
appear to be distinct from findings in MF/SS [5]. 


Pathology 

There is a diffuse infiltrate restricted to and extending throughout 
the subcutis without epidermotropism [1,2]. In contrast, primary 
cutaneous 75 T-cell lymphomas may show prominent involvement 
of the subcutis but there is invariably associated dermal and/or 
epidermal involvement [1]. The degree of cellular atypia can be min- 
imal but medium-sized and occasionally large pleomorphic cells 
are usually present (Figure 139.30). Rimming of the tumour cells 
around fat cells is a characteristic feature, although not restricted 
to SPTCL. A prominent reactive inflammatory infiltrate is common 
and the tumour cells may show vascular invasion with angiocen- 
tricity. Necrosis and erythro-lymphophagocytosis may be present. 


Figure 139.30 Subcutaneous panniculitis-like T-cell lymphoma. Low-power view of subcutaneous infiltrate (a), with high-power views showing rimming of fat cells by atypical 
mononuclear cells (b) and medium/large pleomorphic tumour cells (c). Courtesy of Eduardo Calonje. 


Figure 139.31 Subcutaneous panniculitis-like T-cell lymphoma. Subcutaneous 
indurated plaques with lipoatrophy. 


Indolent cases were previously diagnosed as benign cytophagic 
histiocytosis (Weber—Christian disease) [6,7]. 


Immunophenotype 

Tumour cells have a mature T-cell phenotype and are usually 
BF1+, CD3+, CD8+ and CD4- [1,2]. CD30 and CD56 are generally 
negative. Tumour cells may express cytotoxic molecules including 
granzyme B, perforin and TIA-1. Clonal rearrangements of the TCR 
genes are present [2,8]. 


Clinical features 

Patients present with indolent, slowly expanding, subcutaneous 
nodules or plaques usually involving the limbs, which may ini- 
tially be misdiagnosed as panniculitis (Figure 139.31). Occasionally, 
patients present with more diffuse erythematous induration mim- 
icking cellulitis. Ulceration is rare. Lymphadenopathy is usually 
absent at presentation and systemic progression is rare although 
nodal involvement can be characterised by tumour cells restricted 
to the perilymph node fatty tissue. There is often a prolonged 
indolent phase before the diagnosis is established. Systemic symp- 
toms may occur, particularly in those patients who develop a 
haemophagocytic syndrome consisting of fever, pancytopenia and 
hepatosplenomegaly, although this is more common in those with 
a 75 T-cell lymphoma. 


Differential diagnosis 

Cases must be carefully distinguished from lupus panniculitis 
as both conditions share similar clinical and pathological fea- 
tures, which is likely to reflect the presence of germline HAVCR2 
mutations [9]. 


Disease course and prognosis 

The prognosis is reasonable, with a 5-year survival of 80%. Dis- 
semination to extracutaneous sites is rare in contrast to primary 
cutaneous 75 T-cell lymphomas, which have a poor prognosis [1]. 


Table 139.10 Treatment algorithm for cutaneous T-cell lymphoma variants. 


Disease First line Second line 

Subcutaneous panniculitis-like T-cell lymphoma Prednisolone CHOP 
Radiotherapy 
Ciclosporin 

Epidermotropic CD8+ cutaneous T-cell lymphoma Chemotherapy — RicAlloSCT 
TSEBT 

Small/medium CD4+ T-cell lymphoproliferative Surgical excision 

disorder and acral CD8+ T-cell lymphoma Radiotherapy 


CHOP, cyclophosphamide, doxorubicin, vincristine and prednisolone; RicAlloSCT, 
reduced-intensity conditioned allogeneic stem cell transplant; TSEBT, total skin electron 
beam therapy. 


Management (Table 139.10) 

Patients with af SPTCL can be treated successfully with systemic 
steroids [10] and ciclosporin, which may be more effective in those 
patients with germline HAVCR2 mutation [1,11]. Superficial radio- 
therapy can be used for individual lesions. Denileukin diftitox 
has been used successfully in SPTCL [12], as have bexarotene 
and romidepsin [13,14]. Combination chemotherapy can be asso- 
ciated with successful clinical responses and resolution of the 
haemophagocytic syndrome, although this is usually restricted 
to those with extracutaneous disease [1]. High-dose therapy 
and autologous/allogeneic stem cell transplantation have also 
been successful in patients with refractory and usually systemic 
disease [15-17]. 


Primary cutaneous é 
epidermotropic CD8+ 
lymphoma 


Definition 

This is a primary cutaneous CD8+ T-cell lymphoma that expresses 
cytotoxic proteins and shows a prominent epidermotropic infiltrate 
[1,2]. Although rare, the distinctive pathological and immunophe- 
notypic features and poor prognosis suggest that it represents a dis- 
tinct subtype of CTCL [1,2]. 


Pathophysiology 

This CTCL variant was previously designated as disseminated 
pagetoid reticuloses (Ketron—Goodman variant). Clonal TCR gene 
rearrangements are detected but the underlying pathogenesis has 
not yet been established. Although the number of cases reported is 
small, these cases should be distinguished from primary cutaneous 
y5 T-cell lymphomas ($F1-—) that show clonal rearrangements of the 
y TCR gene with the Bp TCR gene in a germline configuration [1]. 
WGS and RNA sequencing studies have identified gain-of-function 
JAK2 fusions and mutations activating the JAK-STAT pathway as 
well as a complex pattern of large-scale chromosomal gains and 
losses including CDKN2A/B [3]. 


Pathology 
These lymphomas show a striking epidermotropic band-like 
infiltrate (pagetoid) with nodular infiltrates of large or small to 
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Figure 139.32 An epidermotropic infiltrate of large pleomorphic lymphoid cells and 
marked papillary dermal haemorrhage. 


medium-sized pleomorphic or blastic T cells, usually accompanied 
by haemorrhage in the upper dermis (Figure 139.32). Angiocentric- 
ity and invasion can be a feature. These cutaneous lymphomas must 
be distinguished from CD8+ MF variants, primary cutaneous yd 
T-cell lymphomas [1,4], primary cutaneous CD30+ lymphoprolif- 
erative disorders with a CD8+ phenotype and rare indolent CD8+ 
cutaneous lymphomas characterised by solitary nodular lesions, 
often around the ear or acral sites [5-7]. 


Immunophenotype 

The tumour cells are CD8+ and usually BF1+, CD45RA+ and CD3+ 
[1,2]. The tumour cells also express cytotoxic proteins such as TIA-1, 
granzyme B and perforin. CD4, CD45RO, CD56 and CD30 are neg- 
ative. EBV is not detected, in contrast to nasal-type natural killer 
(NK)/T-cell lymphomas [1]. 


Clinical features 

These patients rapidly develop generalised and monomorphic 
plaques, nodules and/or tumours (Figure 139.33), which often 
show ulceration, haemorrhage and necrosis [1,2]. Mucosal involve- 
ment may occur. There are no preceding characteristic clinical 
features of MF, namely polymorphic patches and plaques and 
involvement of the limb-—girdle areas. 


Disease course and prognosis 
The prognosis is very poor, with a 5-year survival of 18% [1]. 


Management (Table 139.10) 

These patients have a very poor prognosis and dissemination 
to visceral sites such as the CNS, testis and lung is more common 
than to nodal sites. Responses to radiotherapy and chemotherapy 
are limited and the treatment of choice may be a reduced-intensity 
allogeneic stem cell transplant for selected patients with a reason- 
able performance status who achieve a good clinical response. 


Figure 139.33 Primary cutaneous aggressive epidermotropic CD8+ cutaneous T-cell 
lymphoma showing necrotic haemorrhagic plaques. 


Primary cutaneous 76 ' 


Definition 

This is a CTCL consisting of y5 T cells with a cytotoxic phe- 
notype, which presents primarily with skin involvement. A 
subgroup of patients with subcutaneous panniculitis-like T-cell 
lymphoma derived from yé T cells are included in this category 
[1,2]. 


Pathophysiology 

This variant must be distinguished from transformed MF, ATLL, 
primary cutaneous aggressive epidermotropic cytotoxic CD8+ 
CTCL, SPTCL derived from af T cells and blastic NK cell or extra- 
nodal NK/T-cell lymphomas (nasal type). Oncogenic mutations 
in the JAK-STAT, mitogen-activated protein kinase (MAPK), MYC 
and chromatin modification pathways have been identified but 
no mutations affecting the TCR signalling pathway, in contrast to 
MEF/SS [3]. It has also been established that this CTCL variant is 
derived from V61 y5 T cells although those subtypes that show 
additional subcutaneous involvement are derived from V62 yd 
T cells [3]. 


Pathology 

Prominent nodular or diffuse infiltrates are characteristic with 
medium to large pleomorphic or blast-like T cells. Epidermotropism 
may occur but the infiltrate is often extensive with dermal and sub- 
cutaneous patterns. Angiocentricity and rimming of fat cells may 
occur. 


Immunophenotype 

The tumour cells are usually CD2+, CD3+, CD5-, CD7+/- and 
CD56+ but are negative for CD4, CD8 and BF1. EBV is negative and 
clonal TCR gene rearrangements are usually present. 


Clinical features 

The characteristic presentation is the sudden appearance of multiple 
cutaneous plaques, nodules or tumours, which may be ulcerated 
and with no preceding polymorphic plaques or patches typical 
of MF. The clinical presentation may be similar to primary cuta- 
neous aggressive epidermotropic CD8+ lymphomas but some 
patients present with only subcutaneous involvement. Mucosal 
involvement and extranodal involvement is common. Some cases 
of disseminated pagetoid reticulosis (Ketron—-Goodman variant) 
may have represented cutaneous y5 T-cell lymphomas [4-6]. A 
haemophagocytic syndrome may complicate some cases. 


Disease course and prognosis 
The prognosis is very poor [1,2]. 


Management 

Superficial radiotherapy and multiagent chemotherapy are usually 
required but the overall prognosis is very poor and allogeneic 
stem cell transplantation may be appropriate for selected patients 
with a reasonable performance status who achieve a good clinical 
response. 


Primary cutaneous CD4+ 
small/medium pleomorphic T-c 
lymphoproliferative disorder 
(provisional) 


Definition 

This provisional entity is usually characterised by solitary skin 
lesions associated with a dermal infiltrate consisting of small to 
medium-sized pleomorphic tumour cells which are CD4+ [1]. 


Pathophysiology 

Currently, little is known about the underlying aetiology and patho- 
genesis but the immunophenotype suggests a derivation from fol- 
licular helper T cells [2-4]. Cases must be distinguished from MF 
and pseudo-T-cell lymphomas and also peripheral T-cell lymphoma 
(NOS) to avoid inappropriately aggressive therapy. 


Pathology 

There are dense nodular or diffuse infiltrates of small to medium- 
sized pleomorphic T cells within the dermis, often extending into 
the subcutis [1]. Occasional larger pleomorphic cells may be present 
but are a minority. Epidermotropism is variable. 


Immunophenotype 

The tumour cells are CD4+ and CD3+ but a loss of some T-cell anti- 
gens is common [1,5]. CD30 and CD8 are negative and cytotoxic 
proteins are not expressed. Tumour cells invariably express CXCL13, 
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ICOS and PD1 consistent with a follicular helper T-cell origin [2-4]. 
Clonal TCR gene rearrangements are present [6]. 


Clinical features 

Patients usually present with solitary or rarely a few small 
plaques, nodules or tumours, often on the upper trunk or head 
and neck, without typical polymorphic patches or plaques of MF. 
Patients are HTLV-1 negative. Systemic involvement has not been 
reported. 


Disease course and prognosis 
The estimated 5-year survival is 100%, based on small series [1,5]. 


Management (Table 139.10) 

In view of the excellent prognosis, superficial radiotherapy is appro- 
priate for solitary lesions either as primary treatment or after surgi- 
cal excision [5,6]. 


Primary cutaneous acral CD& 
lymphoma (provisional) 


Definition 
This is a low-grade indolent CD8+ T-cell lymphoma which is usu- 
ally solitary and affects acral sites [1]. 


Pathophysiology 

The underlying pathogenesis is unknown but this should always 
be distinguished on the basis of the clinicopathological features 
from other CTCL variants such as CD8+ MF and aggressive epider- 
motropic CD8+ CTCL [1-3]. This entity should not be classified as 
primary cutaneous peripheral T-cell lymphoma (NOS). 


Pathology 
There is a dense dermal infiltrate of atypical CD8+ T cells with a 
cytotoxic phenotype and no epidermotropism. 


Immunophenotype 

The tumour cells are CD2+, CD3+ and CD8+ with variable loss of 
other T-cell markers and they express cytotoxic markers including 
TIA-1, perforin and granzyme B. EBV is negative. CD68 highlights 
tumour cells with dot-like perinuclear Golgi positivity. Clonal TCR 
gene rearrangements are detected [1,2]. 


Clinical features 

Patients present with solitary red papules or nodules invari- 
ably only affecting the acral sites and in particular the earlobe 
(Figure 139.34). Rarely patients may present with multifocal skin 
lesions [3]. 


Disease course and prognosis 

The long-term prognosis is excellent with only very rare cases 
developing systemic progression. Staging scans are appropriate. 
Skin recurrences are rare [3]. 
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Figure 139.34 Acral CD8+ cutaneous T-cell lymphoma on the earlobe. Reproduced 
from Beltraminelli et a/. 2010 [1] with permission of John Wiley & Sons. 


Management (Table 139.10) 
Patients can be managed conservatively with surgical excision 
and/or low-dose radiotherapy. 


Adult T-cell leukaemia-lymphom 
(HTLV-1 associated) 


Definition 

Adult T-cell leukaemia—lymphoma is a mature T-cell leukaemia— 
lymphoma caused by the human T-lymphotropic retrovirus type 1 
(HTLV-1). 


Epidemiology 

Infection with HTLV-1 is prevalent in certain parts of the world, 
including Japan, central Africa, the Caribbean, southeastern states 
of the USA and in native Australians, and consequently ATLL is 
endemic in these regions. Sporadic cases are found throughout the 
world. The disease has a long latency period (15-20 years) and the 
incidence of ATLL among HTLV-1 carriers has been estimated to be 
2.5% [1]. The virus can be transmitted in breast milk and in blood 
products. There is a slight male predominance and the median age of 
onset is 55 years [1]. Paediatric cases are rare, but not unknown, and 
are assumed to follow perinatal infection. In immunosuppressed 
patients, such as following organ transplantation, progression to 
ATLL can be rapid. 


Pathophysiology 

Human T-cell leukaemia virus 1 infects CD4+ T cells and is the 
underlying cause of ATLL. The virus is randomly integrated into 
the host genome following expression of viral reverse transcriptase, 
and the viral tax protein is a potent transactivation factor that 
induces expression of numerous host genes and specifically the key 
transcription factor NF«B leading to T-cell activation, differenti- 
ation and proliferation [2]. Extensive next generation sequencing 
studies have shown that additional molecular abnormalities pro- 
duce the malignant phenotype and these driver gene mutations are 
similar to those implicated in MF/SS [3], although a specific IRF4 
variant has only been identified in ATLL [3]. Unlike MF/SS, there 
is no characteristic UV mutational signature, which is consistent 
with the underlying viral transformation [4]. The HTLV-1 proviral 
DNA is clonally integrated, confirming a pathogenetic role for the 
virus in individual cases [5,6]. Tumour burden can be assessed by 
monitoring viral RNA expression levels [5]. 


Pathology 

In the skin, a prominent epidermotropic infiltrate is usually found, 
consisting of medium to large cells with a pleomorphic nuclear 
morphology, particularly in the acute and lymphomatous variants 
(Figure 139.35) [7,8]. Blast-like cells may be present. Pautrier-like 
microabscesses and a cerebriform nuclear morphology can be 
seen, simulating MF. However, the degree of cellular atypia may 
also be mild, causing diagnostic difficulties. Eosinophilia is often 
present. Granulomatous features have been rarely described. In 
the peripheral blood, the tumour cells have polylobulated nuclei 
(‘flower cells’). Lymph nodes usually show a leukaemic pattern 
of infiltration, with preservation and dilatation of lymph node 
sinuses containing tumour cells. Rarely, Hodgkin-like features are 
present within an expanded lymph node paracortex containing a 
diffuse infiltrate of small, mildly atypical lymphocytes and scat- 
tered CD30+, CD15+ and Reed-Sternberg-like EBV-positive cells 
resulting from expansion of EBV-positive cells as a consequence of 
a relative T-cell immunodeficiency [8]. 


Immunophenotype 

Tumour cells are CD2+, CD3+, CD5+ and CD7-. Most tumour 
cells are CD4+, although CD8+ and CD4-, and CD8- variants 
also occur [8]. Leukaemic cells have a similar immunophenotype. 
CD25 expression is almost universal. Large blast-like cells can be 
CD30+ but are ALK negative. Cytotoxic proteins are not expressed. 
Analysis of TCR genes shows clonal TCR gene rearrangements. 


Clinical features 

Patients with ATLL often have extensive lymph node and periph- 
eral blood involvement but the skin is the most common extranodal 
site of disease (50% of patients) and primary cutaneous disease 
can occur [7,9]. Other extranodal sites of disease include bones, 
lungs, liver, gastrointestinal tract and the CNS. Cutaneous involve- 
ment is characterised by widespread or solitary papules, nodules, 
tumours or erythroderma, often associated with intense pruritus 
(Figure 139.36). Patients may present with patches and plaques that 
are clinically indistinguishable from MF. 


Figure 139.35 Adult T-cell leukaemia—lymphoma: 
prominent atypical cells forming a Pautrier 
microabscess and large pleomorphic cells within the 
dermis. 


Figure 139.36 Three clinical presentations of 
cutaneous adult T-cell leukaemia—lymphoma: (a) a 
pruritic papular eruption confined to the auricle, 

(b) an extensive nodular eruption on the forearm, 
and (c) superficial patches and plaques involving the 
limb-girdle area similar to mycosis fungoides. 
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Clinical variants 
Several clinical variants have been defined [8]. An acute variant 
is characterised by a leukaemic phase with generalised lym- 
phadenopathy and hepatosplenomegaly often associated with 
cutaneous involvement and hypercalcaemia with lytic bone lesions. 
Opportunistic infections are common. A lymphomatous variant is 
similar but with the absence of peripheral blood involvement. The 
chronic variant is typically characterised by cutaneous disease and 
a peripheral blood lymphocytosis without hypercalcaemia. The 
smouldering variant is also characterised by prominent cutaneous 
disease without overt peripheral blood involvement. Pulmonary 
lesions may occur. Progression from the chronic and smouldering 
variants to acute disease occurs in at least 25% of cases but often 
only after a long duration. Patients with cutaneous ATLL have 
shown marked photosensitivity mimicking actinic reticuloid [10]. 
HTLV-1 infection has also been associated with an inflammatory 
myopathy, which may show features suggestive of dermatomyosi- 
tis. However, this inflammatory myopathy responds poorly, if at 
all, to systemic corticosteroids or other immunosuppressive drugs. 
Other skin conditions that occur in association with HTLV-1 infec- 
tion include xerosis and acquired ichthyosis, seborrhoeic dermatitis 
and non-infectious dermatitis. An infective dermatitis is often seen 
in children (Chapter 25). 


Complications and co-morbidities 

Opportunistic infections secondary to reduced immunity are com- 
mon in ATLL and include scabies, dermatophytosis, onychomyco- 
sis, bacterial skin infections including leprosy, warts and strongy- 
loidiasis and tuberculosis. 


Disease course and prognosis 

Acute and lymphomatous variants have a poor prognosis with less 
than 10% 5-year survival. In contrast, patients with the chronic (30% 
5-year survival) and smouldering (65% 5-year survival) variants can 
have a prolonged course, although disease transformation eventu- 
ally occurs for most patients [8]. 


Investigations 

Patients require full staging investigations including PET/CT scans 
and bone marrow trephine biopsies as well as viral load assays of 
peripheral blood. HTLV-1 serology is invariably positive [8] and 
confirmed by detecting antibodies to the virus in a serum sample 
(enzyme-linked immunosorbent assay first and then immunoblot to 
distinguish between HTLV-1 and -2). Cultivation and detection of 
the virus is only available in specialist laboratories but confirmation 
of infection is possible using PCR methods. Hypercalcaemia is a 
common and characteristic finding of acute variants. 


Management 

Cutaneous disease can respond to skin-directed therapy but patients 
with the acute and lymphomatous variants have a poor prognosis 
and require combination chemotherapy. Combination azacyti- 
dine and IFN therapy is a standard of care for those with chronic 
and smouldering variants of ATLL [11,12]. Mogamulizumab 
(anti-CCR4) is an established treatment for ATLL but is only 
licensed in Japan [13]. Younger patients may be candidates for stem 
cell transplantation [14]. 


Extranodal NK/T-cell lymphom: 
type) 


Definition 

This rare type of extranodal EBV-positive angiocentric lymphoma 
preferentially involves the nasal cavity and naso-pharynx but 
also shows a predilection for the skin. It used to be referred to 
as polymorphic reticuloses or angiocentric immunoproliferative 
lesion [1,2]. Most cases are derived from NK cells but rare cases 
have a cytotoxic T-cell phenotype. Some cases represent hydroa 
vacciniforme-like lymphoma (HVLL) or arise in patients with 
hypersensitivity to mosquito bites [3]. 


Epidemiology 
The disease is more prevalent in Asia and Central and South 
America. 


Pathophysiology 

Epstein-Barr virus is present in almost all cases of extranodal 
NK/T-cell lymphoma, whether CD56+ or CD56-— [1]. EBV is 
present in a clonal episomal form, suggesting that the virus has a 
critical pathogenetic role. No disease-specific cytogenetic abnormal- 
ity has been identified but deletions of 6q and isochromosome 6q 
are common and genomic abnormalities are distinct to those found 
in NK-cell leukaemias [4,5]. 

Reports have implicated EBV-infected cytotoxic T cells in the 
pathogenesis of both the photosensitive disorder hydroa vaccini- 
forme and hypersensitivity to mosquito bites in patients from Asia 
and South America [3,6]. Furthermore, there is now substantial 
evidence that such patients are at risk of developing extranodal 
NK/T-cell lymphomas with a fatal outcome [7-10] such as HVLL 
[3]. This suggests that in genetically susceptible individuals, an 
EBV-driven NK/T-cell lymphoproliferative disorder has the poten- 
tial to transform into an aggressive EBV-associated NK/T-cell 
lymphoma [6], but the precise relationship between classic hydroa 
vacciniforme and NK/T-cell lymphoma has yet to be clarified. 

Recurrent gene mutations resulting in activation of the JAK-STAT 
pathway and epigenetic modifiers have been detected in extranodal 
NK/T-cell lymphomas [11]. 


Pathology 

There is a diffuse infiltrate in the dermis and often the subcutis with 
prominent angiocentricity and angiodestruction [1,2]. Extensive 
necrosis is common. Tumour cells can show a variable morphology 
with small/medium and large pleomorphic/anaplastic cells. An 
associated heavy mixed inflammatory infiltrate is common and 
pseudoepitheliomatous hyperplasia may be found, which can lead 
to diagnostic confusion. 


Immunophenotype 

Tumour cells are derived from NK cells and are CD56+, CD2+, 
surface CD3— and cytoplasmic CD3+. Most cases express cytotoxic 
proteins, namely granzyme B, perforin and TIA-1 [1,2]. Rare cases 
are CD30+ and this may confer a more favourable prognosis. TCR 
genes are in a germline configuration consistent with an NK-cell 


origin. However, rare cases of extranodal NK/T-cell lymphomas 
have a CD56-, CD3+ cytotoxic phenotype and show a clonal TCR 
gene rearrangement consistent with derivation from a cytotoxic T 
cell [2,12,13]. 


Clinical features 

Involvement of the nasal cavity, naso-pharynx, paranasal sinuses, 
orbit and oro-pharynx is associated with tissue destruction (‘lethal 
midline granuloma’). Secondary involvement of other extranodal 
sites including the skin and gastrointestinal tract occurs but primary 
cutaneous disease is rare. Cutaneous plaques, nodules and tumours 
may ulcerate and become necrotic. Purpura, bullous lesions, a 
cellulitis-like rash and diffuse maculopapular rashes have been 
described. A haemophagocytic syndrome can develop rarely and 
systemic symptoms are common. Bone marrow and peripheral 
blood involvement is rare but such cases can be indistinguishable 
from aggressive NK-cell leukaemia. 


Disease course and prognosis 
The multidrug resistance phenotype is often expressed and the 
median survival for patients presenting is 12-15 months although 
the prognosis may be better for those patients with only cutaneous 
involvement (27 months) [12,13]. 


Management 
The prognosis is poor despite aggressive chemotherapy, particularly 
for those patients with disease outside the nasal cavity [2]. 


PRIMARY CUTANEOUS 
LYMPHOMAS 


Introduction and general description 


Primary cutaneous B-cell lymphomas constitute approximately 
one-quarter of all primary cutaneous lymphomas [1]. The WHO 
classification defines three specific subtypes of primary cutaneous 
B-cell lymphoma: marginal zone lymphoma (MZL), follicle centre 
cell lymphoma (FCL) and diffuse large B-cell lymphoma (LBCL) 
[1,2]. Full staging investigations are essential for patients with 
a cutaneous B-cell lymphoma to exclude secondary cutaneous 
involvement with a nodal lymphoma although bone marrow 
involvement is very rare in MZL and FCL [3,4]. Most primary cuta- 
neous B-cell lymphomas are indolent with an excellent long-term 
prognosis, with the exception of primary cutaneous LBCL [1,5]. 

An ISCL-EORTC TNM classification has been proposed for 
staging primary cutaneous lymphomas other than MF and SS 
(Table 139.11) [6]. This staging classification has shown prognos- 
tic relevance for primary cutaneous LBCL as multifocal disease 
appears to be a poor prognostic feature, but the value of staging 
the skin tumour burden in primary cutaneous MZL (PCMZL) 
and primary cutaneous FCL (PCFCL) has not yet been shown to 
have an impact on prognosis [7,8]. Recent ISCL-EORTC consensus 
recommendations for the management of primary cutaneous B-cell 
lymphomas have been published and conservative management is 


Table 139.11 American Joint Committee on Cancer staging classification of 
non-mycosis fungoides/Sézary syndrome primary cutaneous lymphomas. 


TNM stage Description 
Tumour 
Tt Solitary skin involvement 
Tla Solitary lesion <5 cm diameter 
T1b Solitary lesion >5 cm diameter 
T2: Regional skin involvement; multiple lesions limited to 
one body region or two contiguous body regions 
T2a All-disease-encompassing in a <15 cm diameter circular 
area 
T2b All-disease-encompassing in a >15 and <30 cm 
diameter circular area 
T2c All-disease-encompassing in a >30 cm diameter circular 
area 
T3: Generalised skin involvement 
T3a ultiple lesions involving two non-contiguous body 
regions 
T3b ultiple lesions involving > three body regions 
Node 
NO No clinical or pathological lymph node involvement 
N1 nvolvement of one peripheral lymph node region that 
drains an area of current or prior skin involvement 
N2 nvolvement of two or more peripheral lymph node 
regions or involvement of any lymph node region 
that does not drain an area of current or prior skin 
involvement 
N3 nvolvement of central lymph nodes 
Metastasis 
MO o evidence of extracutaneous non-lymph node disease 
M1 Extracutaneous non-lymph node disease present 
Adapted from Kim et a/. 2007 [6]. 


appropriate for PCMZL and PCFCL, but more aggressive therapy 
may be required for primary cutaneous LBCL (Table 139.12). Dis- 
tinction between cutaneous B-cell pseudolymphomas and MZLs 
can be particularly difficult. Systemic B-cell non-Hodgkin lym- 
phomas such as small-cell lymphocytic lymphoma and mantle cell 
lymphomas are only found within skin as secondary cutaneous 
involvement associated with underlying nodal disease, although 
very rarely mantle cell lymphomas can be restricted to the skin. 
The pathogenetic relationship between these primary cutaneous 
B-cell lymphomas and their nodal counterparts remains unclear 
(Table 139.13). Specific translocations characteristic of MALT lym- 
phomas of nodal and extranodal origin have been detected in a 
minority of PCMZLs. Genomic abnormalities detected in nodal 
diffuse LBCLs have been identified in primary cutaneous LBCL, 
suggesting a similar pathogenesis [2]. However, PCFCLs appear to 
be distinct pathogenetically from nodal follicular lymphomas [2]. 
In 1982, Burgdorf et al. suggested that Lyme disease was caused 
by the tick Ixodes ricinus, and subsequently the spirochete Borrelia 
burgdorferi was recognised as being the vehicle responsible for 
carrying infection from the tick to humans. Prior to the publica- 
tion by Burgdorf et al., it had been recognised that patients with 
acrodermatitis chronica atrophicans, now known to be part of the 
cutaneous spectrum of Lyme disease, could develop low-grade 
cutaneous B-cell lymphomas. These patients developed multiple 
plaques and nodules superimposed on lesions of acrodermatitis 
chronica atrophicans. In a small number of reported cases, the 
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Table 139.12 Treatment algorithm for cutaneous B-cell lymphomas. 


Prognostic group (stage) First line Second line 
Primary cutaneous FCL/MZL: 
Localised T1-T2b Excision RT 
Expectant Intralesional rituximab 
RT 
Extensive T2c-T3 Chlorambucil Rituximab 
RT CVP-R or CHOP-R 
Advanced N1-N3 or M1 CVP-R or CHOP-R RT 
R-bendamustine High-dose 
chemotherapy/auto-SCT 
Primary cutaneous diffuse CHOP-R for 3-6 cycles Second line 
LBCL - leg + RT chemotherapy 
RT 
RT as palliation High-dose 


chemotherapy/auto-SCT 
High-dose chemotherapy 
and auto-SCT 


CHOP-R + RT 
RT as palliation 


Primary cutaneous diffuse 
LBCL — other (including 
anaplastic/pleomorphic 
T-cell/histiocyte-rich and 
intravascular large B-cell 
lymphoma) 


auto-SCT, autologous stem cell transplant; CHOP-R, cyclophosphamide, doxorubicin, 
vincristine, prednisolone and rituximab; CVP-R, cyclophosphamide, vincristine, 
prednisolone and rituximab; FCL, follicle centre cell lymphoma; LBCL, large B-cell 
lymphoma; MZL, marginal zone lymphoma; R, rituximab; RT, local skin radiotherapy. 


Table 139.13 Summary of cytogenetic findings in primary cutaneous B-cell lymphomas. 


Cytogenetic abnormality PCMZL PCFCL PCLBCL 
(14;18) IgH : MALT1 22% (21/95) 0% (0/6) 0% (0/14) 
(14;18) IgH : BCL2 11% (9/80) 17% (24/143) 7% (4/54) 
(11;18) AP12 : MALT1 4% (4/96) 0% (0/1) 0% (0/6) 
(1;14) BCL10: IgH 0% (0/63) ND ND 

(8;14) MYC: IgH 0% (0/9) 0% (0/6) 36% (5/14) 
(3;14) BCL6 : IgH 0% (0/9) 6% (2/33) 14% (2/14) 
Trisomy 3 17% (11/63) ND ND 

Trisomy 18 6% (4/63) ND ND 


BCL2/MALT1 amplification 0% (0/11) 8% (2/25) 60% (12/20) 


BCL10 mutation 3% (1/33) 50% (2/4) ND 

BCL6 mutation 0% (0/9) 37% (7/19) 47% (15/32) 
cMYC amplification 0% (0/9) 0% (0/6) 17% (3/18) 
cREL amplification ND 25% (3/12) 63% (12/19) 


9p21.3 (p16/p14ARF) deletion ND 0% (0/19) 62% (43/64) 


ND, not determined; PCFCL, primary cutaneous follicle centre cell lymphoma; PCLBCL, 
primary cutaneous diffuse large B-cell lymphoma; PCMZL, primary cutaneous marginal 
zone lymphoma. 


lesions of acrodermatitis chronica atrophicans cleared with antibi- 
otic therapy, but the B-cell lymphoma often persisted. Nevertheless, 
this suggested the possibility that Borrelia might have a role in 
the pathogenesis of PCMZL. For those patients without clinical 
evidence of acrodermatitis the causal relationship has been more 
controversial, with some studies detecting positive Borrelia serology 
and the presence of Borrelia in tumour DNA using PCR [9,10] and 
others consistently reporting negative results [11]. Nevertheless, B. 
burgdorferi infection has been established as the cause of a reactive 
lymphoid hyperplasia (Borrelial lymphocytoma) which tends to 
preferentially affect the head and neck, breast and genital area and 
resolves after oral antibiotics [12]. 


Primary cutaneous marginal z 
lymphoma 


Definition 

This is an indolent cutaneous B-cell lymphoma derived from 
post-germinal centre cells and characterised by a proliferation of 
small lymphocytes, marginal zone B cells (small centrocyte-like), 
lymphoplasmacytoid cells and plasma cells with monotypic cyto- 
plasmic immunoglobulin [1-3]. PCMZL is considered part of the 
spectrum of extranodal marginal zone B-cell lymphomas that often 
involve mucosal sites (MALT lymphomas). 

This category also includes primary cutaneous immunocytoma [4] 
and rare primary cutaneous plasmacytoma without overt evidence 
of underlying myeloma or localised bony or other extramedullary 
involvement. Extraosseous lesions in multiple myeloma are com- 
mon, and the skin is infiltrated in approximately 10% of cases, but 
primary involvement of the skin without evidence of bone involve- 
ment is extremely rare. 


Epidemiology 
There is a slight male predominance and younger adults are more 
commonly affected. 


Pathophysiology 
Primary cutaneous MZL is considered to be part of the spectrum 
of extranodal marginal zone B-cell lymphomas that were first 
described in the stomach, the so-called MALT lymphoma, and have 
since been described in the thyroid, salivary gland, orbit and lung 
as well as the skin. 

As would be expected, PCMZL shows a plasma cell signature in 
a subset of cases [5]. No disease-specific cytogenetic abnormalities 
have been identified in PCMZL, although CGH techniques have 
shown amplification of the BCL2 locus on chromosome 18 [6]. EAS 
mutations have rarely been described [7]. Studies have demon- 
strated that approximately 50% of PCMZLs have translocations 
identical to those found in other extranodal MALT lymphomas, 
including the t(14;18) translocation involving the IgH gene locus 
and MALT1 gene, which is mostly found in monocytoid variants 
(Table 139.13) [8-10]. Trisomy 3 and 18 have also been detected in up 
to 40% of cases [10,11]. The t(11;18) translocation, which produces 
a fusion protein involving the AP12 gene and the MALT1 gene, has 
also been detected in PCMZL [11,12], although other studies have 
failed to detect this translocation [7,10]. Other translocations found 
in extranodal marginal zone B-cell lymphomas, such as the t(1;14) 
involving the Bcl-10 gene on 1q, have not yet been identified in 
PCMZL [7,10,11]. The t(14;18) translocation involving Bcl-2 has also 
not been consistently detected in PCMZL [10] except in isolated 
reports, but this does not have any specific impact on survival [8]. 
A high frequency of FAS gene mutations has been identified which 
are likely to impair FAS-mediated apoptosis [13]. 

The development of immunocytomas has been reported in 
patients with acrodermatitis chronica atrophicans and has led to 
speculation about the role of B. burgdorferi producing chronic anti- 
gen stimulation, leading to neoplastic transformation. The detection 
of Borrelia DNA in some cutaneous lesions of PCMZL, using PCR, 
has provided support for this role. The frequency of positivity varies 


Figure 139.37 Marginal zone primary cutaneous B-cell lymphoma: reactive germinal 
centres with a non-epidermotropic monomorphic infiltrate of lymphoplasmacytoid cells 
and mature plasma cells. 


considerably in different geographic regions, with positive results 
in central Europe and Scotland, but no evidence of an association 
in the USA. To date, most cases of PCMZL associated with Borrelia 
have been x light chain positive. 


Pathology 

Histology is characterised by nodular or diffuse dermal infil- 
trates of small to medium-sized lymphocytes, marginal B cells 
(centrocyte-like), lymphoplasmacytoid cells and plasma cells, often 
with a reactive T-cell infiltrate [1-4]. There is no epidermotropism. 
Reactive follicular structures are often present and tumour cells 
present within expanded marginal zones and interfollicular areas 
may colonise these follicular structures (Figure 139.37). This pattern 
has to be distinguished immunophenotypically from rare follicular 
patterns of PCFCL. Occasional scattered centrocytes, centroblasts 
and immunoblasts may be present. Tumour cells, characterised by 
monotypic « or A positive, large, pale lymphoplasmacytoid cells, 
are concentrated at the periphery of the cellular aggregates or resid- 
ual follicular structures. Periodic acid—Schiff-positive intranuclear 
or intracytoplasmic inclusions may be present [1-3]. Cases with 
a monomorphic infiltrate of plasma cells (immunocytoma-like) 
are included [4]. Very rare cases of cutaneous plasmacytoma 
associated with monoclonal gammopathy of uncertain signifi- 
cance have to be distinguished from benign reactive plasma cell 
infiltrates (plasmacytosis) by identifying monotypic light chain 
expression. 


Immunophenotype 

Tumour cells express CD20, CD79a and Bcl-2, but are Bcl-6, CD5 
and CD10 negative [3]. PCMZL of the skin should be distinguished 
from cutaneous infiltrates of chronic B-lymphocytic leukaemia, 
which are CD5+. Plasma cells are CD138+ and CD79a+ (but CD19- 
and CD20-) and the infiltrate usually shows either « or A light 
chain restriction (although this can often be difficult to detect in 
cutaneous sections because of non-specific staining of collagen). 
Reactive follicles are Bcl-6+ and CD10+ but Bcl-2-. 


Figure 139.38 Marginal zone primary cutaneous B-cell lymphoma: typical urticated 
dermal red papules and plaques predominantly situated on the trunk. 


Clonal immunoglobulin gene rearrangements are detected 
in most cases. The demonstration of light chain restriction 
and/or a clonal immunoglobulin gene rearrangement repre- 
sents a critical technique for distinguishing these low-grade 
cutaneous lymphomas from reactive cutaneous B-cell infiltrates 
(pseudolymphomas). 


Clinical features 

These lymphomas present as asymptomatic solitary or multiple 
dermal papules, plaques or nodules on any body site, although the 
trunk is most often involved (Figure 139.38) [1-4]. Spontaneous res- 
olution can occur. Anetoderma associated with individual lesions 
has been described [14]. 


Disease course and prognosis 
The estimated 5-year survival is 98-100% [3,4,15]. 


Investigations 

Full staging investigations are indicated and a benign mono- 
clonal paraproteinaemia may be present. The differential diagnosis 
includes plasmacytoma where skeletal surveys are required to 
exclude underlying myeloma, and Waldenstrém macroglobuli- 
naemia characterised by an immunoglobulin M (IgM) paraprotein 
and a clonal proliferation of lymphoplasmacytoid B cells. 


Management (see Table 139.12) 

Radiotherapy (low dose) is the standard treatment option but some 
patients may be managed simply by observation in view of the 
excellent long-term prognosis [16]. Surgical excision may be used 
for isolated small lesions. The role of IFN-« has not been estab- 
lished but it may be effective either systemically or intralesionally 
[16]. In cases associated with B. burgdorferi, relevant antibiotic 
therapy can be appropriate but the current evidence for antibi- 
otic usage in Borrelia-positive PCMZL is lacking [17]. In patients 
with multifocal disease chlorambucil may be appropriate [16]. 
Cutaneous recurrences are common and can be treated in a similar 
manner. 
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Primary cutaneous follicle ce: 
lymphoma 


Definition and nomenclature 


This is an indolent primary cutaneous B-cell lymphoma derived 
from follicle centre cells and consisting of a mixture of centrocytes 
(small/large cleaved cells) and centroblasts (larger non-cleaved 
cells). 


Pathophysiology 

The relationship between PCFCL and both nodal systemic follic- 
ular and diffuse large B-cell lymphomas remains unclear. While 
there are morphological similarities, PCFCL follows an indolent 
clinical course and the immunophenotypic features are distinct 
(CD10 expression is mostly confined to PCFCL with an exclusively 
follicular growth pattern and Bcl-2 is usually negative or rarely 
only weakly positive). Microdissection of tumour cells has also 
confirmed the germinal centre cell origin of PCFCL Bcl-2-negative 
tumour cells, with no evidence of the t(14;18) translocation, suggest- 
ing a different pathogenesis to nodal follicular lymphoma. Gene 
expression studies have detected a germinal centre B-cell signature 
in PCFCL [1] distinct from the activated B-cell signature detected 
in primary cutaneous diffuse LBCL [2]. While the t(14;18) translo- 
cation — characteristic of nodal systemic follicular lymphoma and a 
significant proportion of diffuse LBCLs — has not been consistently 
detected in most studies of PCFCL, other studies have detected the 
t(14;18) in a proportion of CD10+ and Bcl-2-positive PCFCL with a 
follicular growth pattern. This suggests that there might be an unex- 
plained geographic or histological subset distinction although there 
are no obvious prognostic differences. A study using a FISH-based 
technique has detected the t(14;18) translocation involving Bcl-2 in 
41% of 27 cases in which a PCR-based technique failed to identify 
any Bcl-2 rearrangement [3]. However, this study restricted the 
cases of PCFCL to those with a follicular growth pattern only. Other 
studies have also detected rare t(14;18) translocations in PCFCL 
using FISH techniques with both Bcl-2 and MALT1 involved as 
translocation partners [4]. 

CGH studies have also identified patterns of chromosomal 
gains and losses associated with specific oncogene abnormalities 
in PCFCL, including c-REL amplification, but a consistent pat- 
tern has not yet emerged [5,6]. FISH studies have not identified 
chromosomal breakpoints involving the IgH, myc or bcl-6 loci 
although one study did show a t(3;14) in two of 33 cases involv- 
ing Bcl-6 and IgH in PCFCL (Table 139.13) [3]. Inactivation of 
both the cyclin-dependent kinase inhibitors, namely the p15 and 
p16 genes, by promoter hypermethylation has been detected in 
a proportion of cases but the clinical significance is unclear. A 
study has identified aberrant somatic hypermutation affecting 
certain oncogenes in PCFCL including BCL6, PAX5, MYC and 
RhoH/ITF similar to findings in nodal and primary cutaneous 
LBCL. 


At present, a detailed characterisation of the molecular abnormal- 
ities in PCFCL is required to clarify the pathogenetic relationship 
between PCFCL and both nodal follicular and diffuse large B-cell 
lymphomas. 


Pathology 

The histology of PCFCL is variable but the infiltrate shows no epi- 
dermotropism and there is a clear Grenz zone in the papillary der- 
mis. In the reticular dermis and subcutaneous fat there is a ‘bottom 
heavy’ nodular or diffuse infiltrate composed of a mixture of cen- 
trocytes (small/large cleaved cells), centroblasts (large, non-cleaved 
cells with prominent nucleoli) and a prominent infiltrate of reac- 
tive T cells with the remnants of poorly formed germinal centres 
[7-9]. Some tumour cells show a ‘strap-like’ or ‘fibroblast-like’ mor- 
phology. The growth pattern may be follicular, follicular and dif- 
fuse, or diffuse. Individual patients may show different histological 
patterns in biopsies from the same group of lesions. PCFCL has to 
be distinguished from MZLs with follicular colonisation of reactive 
germinal centres. Prominent larger tumours tend to show a more 
diffuse infiltrate of larger centrocytes, centroblasts and occasional 
immunoblasts with fewer reactive T cells and no evidence of fol- 
licular structures. Such lymphomas should be distinguished from 
primary cutaneous LBCL, although the presence of a monotonous 
infiltrate of centroblasts and immunoblasts should be classified as 
the latter [9]. A subset of PCFCL shows neoplastic follicular struc- 
tures with an expansile growth pattern, a thin, poorly formed man- 
tle zone and an absence of tingible body (starry sky) macrophages 
similar to nodal follicular lymphoma although the phenotypic and 
molecular features are distinct [10]. 


Immunophenotype 

The tumour cells express B-cell-associated markers such as CD19, 
CD20, CD22 and CD79a but are CD5 negative [9]. CD10 and 
monotypic cytoplasmic and/or surface immunoglobulin are vari- 
ably expressed by the neoplastic cells. Follicular structures can 
be more clearly defined by identifying networks of CD21+ and 
CD23+ follicular dendritic cells. The tumour cells are mostly Bcl-2 
negative, in contrast to systemic nodal follicular lymphoma and 
diffuse LBCL in which a significant proportion of the tumour cells 
are CD10+ and Bcl-2 positive [4]. In those cases with a follicular 
growth pattern, CD10 may be expressed and Bcl-2 may be weakly 
positive. In contrast, Bcl-6 is usually expressed by PCFCL tumour 
cells and is indicative of somatic mutation, as also seen in nodal 
follicular lymphoma and diffuse LBCL [11]. MUM-1 and FOXP1 
are usually negative but may be rarely expressed [12,13]. Clonal 
immunoglobulin gene rearrangements are present in most cases. 
Extensive somatic mutation of variable region genes has been iden- 
tified, which is also consistent with an origin from germinal centre 
cells. 


Clinical features 

Patients present with clinically non-specific solitary or grouped 
papules, nodules, plaques or tumours, most commonly on the head 
and neck or trunk [7-9], although any body site may be involved 
(Figure 139.39). A gradual increase in size of pre-existing lesions 
and the appearance of new nodules over a period of years is likely 
without treatment [7-9]. Rarely, multifocal lesions may occur. 
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Disease course and prognosis 
The estimated 5-year survival of PCFCL is 94-97% [9,11]. 


Investigations 

Staging investigations including PET/CT scans of the chest, 
abdomen and pelvis, and bone marrow aspirate and trephine 
biopsies are required at the time of diagnosis to exclude a systemic 
B-cell lymphoma with secondary cutaneous involvement. 


Management (Table 139.12) 

Superficial radiotherapy is the treatment of choice for solitary, 
recurrent and multifocal cutaneous disease, except in rare cases 
with very extensive cutaneous disease or systemic involvement 
when single-agent treatment with chlorambucil or combination 
chemotherapy may be indicated [14,15]. Single-agent rituximab can 
be effective and produce durable responses [16,17]. Solitary lesions 
may be excised, although subsequent radiotherapy is probably 
advisable to reduce the risk of local recurrence. Recurrences occur 
in approximately 30% of cases, are usually confined to the skin 
and do not signify a worse prognosis. Therefore, treatment options 
remain similar. 


Primary cutaneous diff 
lymphoma 


Definition 

Primary cutaneous diffuse LBCL is a rare primary cutaneous lym- 
phoma characterised by a diffuse proliferation of large B cells con- 
sisting of centroblasts and immunoblasts, occurring most commonly 
on the leg [1]. It is closely related to systemic nodal diffuse LBCL, 
which is the most common form of non-Hodgkin lymphoma. 


Epidemiology 
Primary cutaneous diffuse LBCL affects an elderly population with 
a female predominance. 


(b) 

Pathophysiology 

Although primary cutaneous diffuse LBCL by definition arises de 
novo in the skin, some tumours might result from high-grade trans- 
formation of a low-grade primary cutaneous B-cell lymphoma such 
as PCFCL. When primary cutaneous LBCL presents at sites other 
than the leg, it is important to distinguish this from diffuse forms of 
PCFCL, because PCFCL has an excellent prognosis. 

Clonal rearrangements of immunoglobulin genes are present 
in most cases. No disease-specific cytogenetic abnormalities have 
been identified. The t(14;18) translocation has not been identified 
in Bcl-2-positive cutaneous cases, except in rare cases from one 
series [2]. The t(14;18) translocation is a common feature of nodal 
diffuse LBCL reflecting a likely transformation from nodal follicular 
lymphoma and is found in nodal diffuse LBCL with secondary 
cutaneous involvement. Unlike PCFCL and PCMZL, 6q losses 
and 2p, 12 and 18q gains are characteristic findings in primary 
and nodular lesions on the lower back. (b) Typical clinical presentation on the scalp. (c) cutaneous LBCL and chromosomal amplification oF the eld o 
Cutaneous presentation of a systemic follicular t(14;18) lymphoma on the trunk with may account for Bcl-2 overexpression in primary cutaneous LBCL 
subtle dermal papules and plaques. [2-4]. In addition, inactivation of the CDKN2A/B genes by promoter 
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Figure 139.39 Primary cutaneous follicle centre cell lymphoma. (a) Extensive red plaque 
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hypermethylation and deletion of the 9p21.3 locus containing the 
CDKN2A/B genes has been detected [4,5]. CGH studies have also 
identified specific oncogene abnormalities including c-REL and 
MALT1 gene amplification [3,4]. Studies suggest that p16 loss may 
have prognostic significance [6]. Studies have also shown rare 
translocations involving myc and IgH in primary cutaneous LBCL 
in contrast to PCFCL (Table 139.13) [2]. BCL6 rearrangements have 
not been detected in primary cutaneous LBCL [8] but mutations of 
the BCL6 gene have been detected and this provides an alternative 
explanation for overexpression of Bcl-6. 

Recent studies in nodal diffuse LBCL using microarray tech- 
nology have confirmed that these tumours are heterogeneous in 
origin. Three distinct gene expression profiles have been detected 
that also have prognostic significance: one characteristic of ger- 
minal centre cells; one with an expression profile consistent with 
activated peripheral blood B cells; and one with an indeterminate 
profile. Studies have shown that primary cutaneous LBCL has an 
origin from activated B cells, compared with PCFCL which shows a 
germinal centre B-cell gene expression profile. 

Somatic mutations identified include a highly recurrent gene 
mutation MYD88& gene variant encoding a Toll-like receptor- 
associated adapter protein, and other genes affecting B-cell signal- 
ing, NF«B activation and chromatin modification [7]. 


Pathology 

There is a diffuse non-epidermotropic infiltrate of large cells with 
morphological similarity to centroblasts and immunoblasts that 
may extend to involve the subcutis (Figure 139.40). The infiltrate 
is monotonous with relatively few associated inflammatory cells 
or reactive T cells present. Germinal centres are not apparent 
and mitoses are prominent. Morphological variants recognised 
in cutaneous disease include cleaved and round cell types but 
the reproducibility of this distinction is poor [8]. Initially, it was 
reported that the presence of round cell morphology was an adverse 
prognostic feature. However, this may be explained by subsequent 
recognition that the cleaved cell type, showing a predominance of 
large centrocytes and multilobated cells, represents diffuse PCFCL 
(Crosti lymphoma) [9]. 


Immunophenotype 

The tumour cells are CD19+, CD20+, CD22+ and CD79a+ with 
monotypic expression of surface and/or cytoplasmic immunoglob- 
ulin in some cases [9]. Tumour cells are usually strongly Bcl-2 
positive [9], and Bcl-6 is also expressed in most cases with evi- 
dence of Bcl-6 gene mutations [5,7]. CD10 expression is only rarely 
detected in primary cutaneous LBCL. MUM-1 and FOX-P1 are 
invariably expressed by tumour cells in primary cutaneous LBCL 
in contrast to PCFCL. EBV-positive diffuse LBCL of the elderly 
can rarely present as a primary cutaneous B-cell lymphoma and is 
distinguished by expression of EBV (ICD-11: 407807101). 


Clinical features 

These lymphomas tend to develop on the lower limbs, predomi- 
nantly as large dermal nodules or tumours, which are either solitary 
or multifocal and rapidly enlarging (Figure 139.41) [1]. Primary cuta- 
neous LBCL can also rarely occur at other cutaneous sites (non-leg 
type) [9]. 


Figure 139.40 Primary cutaneous large B-cell lymphoma (a) showing a diffuse pattern 
of large mononuclear cells (b) and strong Bcl-2 positivity. 


Disease course and prognosis 

The prognosis of primary cutaneous LBCL is poor, with a 5-year 
survival of 41-58% but this is generally better than for nodal dif- 
fuse LBCL [1,8,9]. Although studies initially suggested that Bcl-2 
expression was associated with a worse prognosis [8], the prognos- 
tic significance of Bcl-2 expression has since been disputed. Recent 
studies have shown that multifocal disease and location on the leg 
are associated with a worse prognosis in multivariate analysis [9]. 


Investigations 
Full staging investigations including PET/CT scans and bone mar- 
row trephine biopsies are critical to exclude systemic involvement. 


Management (Table 139.12) 

In elderly patients with solitary tumours, radiotherapy may be 
appropriate but multiagent chemotherapy is usually required, espe- 
cially for multifocal disease [10]. The role of rituximab (anti-CD20 
antibody) as a single agent in cutaneous disease has yet to be 
determined, but CHOP chemotherapy (CHOP plus rituximab 
(CHOP-R)) is now the standard of care in nodal diffuse LBCL 
with subsequent involved field radiotherapy and is an appropriate 


Figure 139.41 (a, b) Clinical presentation of primary 
cutaneous large B-cell lymphoma on the legs. 


(a) 


consideration for patients with primary cutaneous LBCL. Intrale- 
sional rituximab may prove to be effective for selected patients 
in whom radiotherapy or CHOP-R is not possible. 


SECONDARY CUTANE(¢ 
LYMPHOMAS 


Intravascular large B-cell | 


Definition and nomenclature 

This is a very rare extranodal B-cell lymphoma characterised by the 
accumulation of large B cells within small blood vessels [1]. This 
tumour usually involves multiple extranodal sites including the 
CNS, lung and skin, and symptoms and/or signs at these sites may 
be the presenting feature [2]. 


Pathophysiology 

Pathology 

The tumour cells are large and show striking atypia with an 
occasional anaplastic morphology. These cells are situated entirely 
within dilated vessel lumina in the dermis and_ subcutis 


Figure 139.42 Histology of angiocentric B-cell lymphoma showing B cells within small 
vascular channels in the dermis. These are stained with membrane markers for B cells, 
not with membrane markers for endothelial cells. Courtesy of Eduardo Calonje. 


(Figure 139.42). Vessels may be occluded by tumour cells and 
fibrin thrombi. 


Immunophenotype 

The tumour cells are positive for B-cell-associated antigens con- 
sistent with an origin from a peripheral post-germinal centre B 
cell. Clonal immunoglobulin gene rearrangements are present. 
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Figure 139.43 Angiocentric B-cell lymphoma. Note the marbled appearance of the 
inner thigh, which was woody hard on palpation. 


Rare cases are derived from T cells and show a clonal TCR gene 
rearrangement. 


Clinical features 

Patients present with diffuse, tender, hard, infiltrated plaques, com- 
monly on the thigh (Figure 139.43). The clinical appearance may 
suggest a sclerotic connective tissue disorder or panniculitis [2]. A 
variety of clinical features may occur as a consequence of the occlu- 
sion of small vessels including telangiectatic skin lesions. Colonisa- 
tion of benign haemangiomas by tumour cells has been reported. 


Disease course and prognosis 

The prognosis is poor, although rare cases with disease confined to 
the skin may have a better outlook with a 3-year survival of 56% 
versus 22% if spread is beyond the skin [2]. 


Management 
There are some reports of a partial response to combination 


chemotherapy, but the disease has a poor prognosis and is usually 
fatal [2]. 


Lymphomatoid granu! 


Definition 

This is an angiocentric and angiodestructive extranodal EBV- 
positive B-cell lymphoma, which invariably involves the lungs and 
may involve the skin and CNS [1,2]. 


Pathophysiology 

Lymphomatoid granulomatosis is an EBV-driven B-cell lymphopro- 
liferative disorder that can be associated with immunodeficiency 
states including post-transplantation and with long-term therapies 
such as methotrexate for rheumatoid arthritis [3,4]. This lymphoma 
should be distinguished from extranodal NK/T-cell lymphoma 
(nasal type), which is also EBV positive and characterised by 
angiodestructive histology. 


Pathology 

The striking feature is the angiocentricity of the infiltrate and 
gross vessel destruction sometimes accompanied by fibrinoid 
necrosis (angiodestruction). The infiltrate is polymorphous and 
contains both lymphocytes and histiocytes with pleomorphic or 
large (immunoblast-like) tumour cells and often a prominent reac- 
tive T-cell infiltrate. Multinucleated cells may be present although 
well-formed granulomas are rare. The presence of large transformed 
cells is associated with a worse prognosis. 


Immunophenotype 

The tumour cells are EBV positive, express CD20 and are vari- 
ably CD79a+. CD30 may be expressed but the cells are negative 
for CD15. Clonal immunoglobulin gene rearrangements can be 
detected in most cases and the presence of clonal episomal EBV is 
characteristic. 


Clinical features 

Patients most frequently present with pulmonary symptoms asso- 
ciated with systemic malaise, arthralgias, weight loss and fever. 
The skin (50% of cases), CNS and kidneys are also often directly 
involved. The cutaneous lesions described are diverse but include 
subcutaneous nodules and plaques, more superficial plaques and a 
diffuse dusky maculopapular eruption (Figure 139.44) with epider- 
mal atrophy and purpura [3,4]. Necrosis and ulceration may also 
occur. 


Disease course and prognosis 

Some patients have a fluctuating course with spontaneous remis- 
sions but eventually progressive disease develops. Those cases 
occurring in patients on long-term methotrexate for conditions such 
as rheumatoid arthritis may have a better outcome, with resolution 
of disease on withdrawal of the methotrexate [5]. 


Management 
Although some patients have spontaneous remissions, the develop- 
ment of high-grade disease is associated with a median survival of 


Figure 139.44 Clinical features of lymphomatoid granulomatosis showing extensive 
purpuric, bruise-like lesions on the trunk. 


less than 2 years. Short-lived remissions with high-dose chemother- 
apy have been described. There are reports of responses to 
cyclophosphamide and IFN-«. 


SECONDARY CUTANE 
LYMPHOMAS 


Angioimmunoblastic T-cell | 


Definition and nomenclature 

This is a nodal T-cell lymphoma derived from follicular helper 
T cells and associated with a complex dysregulation of B cells 
[1]. Extranodal involvement of sites, including the skin, is well 
recognised [2]. 


lymphadenopathy 


Pathophysiology 

Clonal rearrangements of TCR genes are detected in a majority of 
cases but additional monoclonal or oligoclonal IgH rearrangements 
are often found, consistent with the characteristic EBV-positive 
B-cell proliferation seen in lymph nodes from patients with angioim- 
munoblastic T-cell lymphoma (AILT) [1]. CXCL13 and ICOS/PD1 
expression by tumour cells in AILT confirms a derivation from 
follicular helper T cells [1]. 


Pathology 

The nodal pathology is characterised by hyperplastic follicles and 
a prominent arborising vascular proliferation with expanded follic- 
ular dendritic cells. There is an associated polymorphous infiltrate 
with clusters of large clear cells [1]. The infiltrate consists of CD10+ 
T cells and an expansion of EBV-infected B cells (EBV-encoded small 
RNA (EBER) positive). Cutaneous involvement is characterised by 
variable features; a non-specific perivascular lymphocytic infiltrate 
with minimal atypia and capillary hyperplasia can be found in some 
biopsies, or more prominent dermal perivascular infiltrates show- 
ing cytologically atypical pleomorphic T cells and occasionally more 
obvious dense infiltrates of atypical T cells are present [3]. Granu- 
lomatous infiltrates and vasculitis have been reported [3]. There is 
no epidermotropism. Necrotising granulomas with abundant histi- 
ocytes and eosinophils have been described in some cutaneous infil- 
trates of AILT. The atypical cells express T-cell antigens and are also 
CD10+. 


Clinical features 

Patients may present with systemic and/or peripheral lym- 
phadenopathy, often accompanied by ‘B’ symptoms [2]. Spleno- 
megaly occurs in over 50% of cases and many patients will have 
advanced disease and bone marrow involvement at diagnosis [2]. 
Autoimmune phenomena are common, including neurological 
abnormalities, arthritis, hypergammaglobulinaemia, haemolytic 
anaemia and thrombocytopenic purpura [2]. Cutaneous extranodal 


involvement is common (45% of cases) and rarely can be a present- 
ing feature [2]. Skin changes are highly variable and can be subtle, 
including maculopapular and papulonodular eruptions. Erythro- 
derma, haemorrhagic and urticarial eruptions have been described 
as well as dermal plaques. Occasionally, cutaneous involvement in 
AILD can mimic drug eruptions and infections. 


Management 

The disease can be indolent but transformation is associated with a 
poor prognosis and multiagent chemotherapy regimens are invari- 
ably required. Imnmunomodulatory therapies have been used suc- 
cessfully including ciclosporin, steroids, thalidomide and angiogen- 
esis inhibitors such as bevacizumab [1]. 


OTHER DISORDERS — 


Blastic plasmacytoid dendr 
neoplasm (CD4+/CD56+ 
haematodermic neoplasm) 


Definition 

This is a rare haematological malignancy that is derived from plas- 
macytoid dendritic cells and shows a predilection for extranodal 
sites, particularly the skin, and a tendency to leukaemic dissemina- 
tion. Previously this tumour was erroneously thought to be derived 
from NK cells because of CD56 expression. 


Epidemiology 
Elderly male patients are mostly affected. 


Pathophysiology 

Epstein-Barr virus has not been detected in tumour cells and no 
disease-specific cytogenetic abnormality has been detected [1,2]. 
CGH techniques and gene expression studies have shown a distinct 
pattern of chromosomal abnormalities and overexpression of the 
oncogene, FLT3, and loss of expression of the Rb1 gene similar to 
myeloid malignancies [3-5]. High throughput sequencing and tran- 
scriptomic studies have shown mutations characteristic of myeloid 
and myelodysplasia in a majority of cases and mutations typical of 
lymphoid malignancies in a minority [6]. 


Pathology 

A dense monomorphic infiltrate of medium-sized tumour cells with 
a fine chromatin resembling lymphoblasts is seen throughout the 
dermis with a well-defined Grenz zone (Figure 139.45) [1]. Occasion- 
ally, tumour cells show a rosette pattern. Necrosis and angiocentric- 
ity are usually absent. 


Immunophenotype 

Tumour cells are CD56+ with variable expression of CD4, CD45RA 
and CD43 but do not express surface CD3. CD2, CD7 and cyto- 
plasmic CD38 are usually negative [1]. Cytotoxic proteins may be 
rarely expressed. Rare cases are CD34+, CD68+ and TdT+. Because 
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Figure 139.45 Extranodal natural killer/T-cell lymphoma in the skin: (a) CD56 positivity; 
(b) rosetting of blood vessels; and (c) large atypical mononuclear cells. 


of a morphological resemblance to myeloblastic and precursor 
T-lymphoblastic leukaemia, which also express CD56, it is impor- 
tant to confirm that the tumour cells are negative for surface CD3, 
CD33 and myeloperoxidase/lysozyme. TCR gene analysis reveals a 
germline pattern for all TCR genes consistent with a non-lymphoid 
origin [1,2]. The tumours are CD123+ and TCL1a+, confirming a 


derivation from rare peripheral blood plasmacytoid dendritic cells 
[7,8]. Tumour cells may express CXCL12 which might also indicate 
a potential for leukaemic progression. 


Clinical features 

Patients usually present with multiple, and rarely solitary, large, 
dusky mauve, dermal tumours, which can become ulcerated 
(Figure 139.46). There is no specific site predilection but the 
upper trunk is often affected. Primary cutaneous disease is com- 
mon but lymphadenopathy and peripheral blood/bone marrow 
involvement is likely during the course of the disease [1,9]. This 
neoplasm must be differentiated from myelomonocytic leukaemia. 


Disease course and prognosis 

The prognosis is poor with a median survival of 14 months reported. 
Survival may be better in patients less than 40 years old and with 
high TdT expression. 


(a) 


(b) 


Figure 139.46 Typical clinical presentations of blastic lymphoma in the skin with large 
mauve and pigmented dermal plaques involving (a) the trunk and (b) the head/neck. 


Management 

Combination chemotherapy and radiotherapy including TSEBT 
can produce a partial remission, which is invariably short lived. 
Myeloid leukaemia protocols are appropriate and transplantation 
options should be considered [10,11]. 


Post-transplant lymphoprolife 
disorder 


Definition 
This represents lymphoproliferative disorders occurring in solid 
organ transplant recipients on immunosuppressive therapy. 


Epidemiology 

The incidence varies according to the organ transplanted (renal 
transplant rates of 10%) and although extranodal lymphomas are 
over-represented in post-transplant lymphoproliferative disorder 
(PTLD), primary cutaneous involvement is rare [1,2]. 


Pathophysiology 

B-cell PTLD is associated with EBV infection, and progression from 
an early reactive phase can be identified. Three distinct types of 
PTLD are recognised: (i) plasmacytic hyperplasia is a polyclonal 
proliferation associated with multiple copies of EBV and occurs 
early after transplantation; (ii) polymorphic lymphoproliferative 
disorder occurring several years after transplantation is a mono- 
clonal EBV proliferation with a single copy of EBV but without 
secondary genomic abnormalities; and (iii) malignant lymphoma is 
a monoclonal EBV proliferation with a single copy of EBV and asso- 
ciated secondary genomic abnormalities and widespread disease. 
Rare cases of primary cutaneous B-cell PTLD have been associated 
with human herpesvirus 8 (HHV-8) infection [3]. 

In contrast, viral associations are not consistently described for 
systemic or cutaneous T-cell PTLD although rare EBV-positive T-cell 
lymphomas have been reported. Primary cutaneous presentations 
can also occur in non-organ transplant recipients such as human 
immunodeficiency virus (HIV) positive patients or those with 
other forms of profound immunodeficiency. Similarly, EBV-positive 
lymphoproliferative disorders can develop in patients who have 
undergone high-dose chemotherapy for primary lymphomas. In 
rare cases, the transplanted donor organs can be the source of the 
lymphoma. 


Pathology 

There are diffuse dermal infiltrates extending to the subcutis 
and consisting of large pleomorphic lymphocytes or centroblasts. 
Plasmacytoid differentiation and plasmablasts may be a feature. 
Necrosis may be present. For primary cutaneous B-cell PTLD the 
tumour cells express B-cell antigens while primary cutaneous T-cell 
PTLD may be CD30+, but histological features mimicking all types 
of CTCL have been described [2,4]. 


Clinical features 

The clinical features described are diverse; solitary or multiple 
plaques, nodules or tumours, with or without ulceration, have been 
described affecting any site. Systemic involvement and in particular 


involvement of the transplanted organ must be excluded in patients 
with primary cutaneous PTLD. Spontaneous resolution has been 
reported. For primary cutaneous T-cell PTLD, erythroderma is the 
most common clinical presentation, but all clinical types of CTCL 
have been described [4]. 


Management 

While surgery and radiotherapy can be used, reduction in immuno- 
suppression is often effective [5]. Both chemotherapy and rituximab 
have been reported to be effective. While the prognosis for B-cell 
PTLD is generally good [6], both primary cutaneous and systemic 
T-cell PTLD have a poor prognosis. 


Leukaemia cutis —l aS 


Definition 
Leukaemia cutis is characterised by solitary or multiple dermal skin 
lesions due to cutaneous infiltration by leukaemic cells [1]. 


Introduction and general description 

The diagnosis of the specific type of leukaemia depends on a 
detailed examination of the blood and bone marrow. The cuta- 
neous infiltrate rarely indicates the type of leukaemia involved. 
Specific cutaneous lesions occur most often in chronic lymphocytic 
leukaemias, myelomonocytic leukaemias, hairy cell leukaemias 
and T-cell malignancies such as T-cell prolymphocytic leukaemia 
and T-cell acute lymphoblastic leukaemia (T-ALL) (Box 139.3). 
Cutaneous involvement in the other forms of leukaemia is unusual 
as a presenting feature, and usually appears after the diagnosis 
has been established. There are a few cases where the diagnosis 
of leukaemia has been established first by analysis of the skin 
lesions. 


Box 139.3 Types of leukaemia causing leukaemia 
cutis 


¢ Chronic lymphocytic leukaemia 

¢ Myelomonocytic leukaemia 

¢ Hairy cell leukaemia 

¢ T-cell prolymphocytic leukaemia 

¢ T-cell acute lymphoblastic leukaemia 


Epidemiology 

A report of 289 cases of lymphocytic leukaemia with skin lesions 
described tumours in 50% — the head being the most common 
site [2]. Erythroderma was present in 25%, herpes zoster in 26%, 
prurigo-like papules in 21%, bullae in 10% and varicelliform erup- 
tions and urticaria in 3%. Haemorrhagic gangrene of the skin has 
also been recorded. The usual age at presentation of patients with 
lymphocytic leukaemia is 45-54 years, but those with cutaneous 
lesions tend to be older. Skin lesions in myelogenous leukaemia 
are much less frequent. When the skin is involved the prognosis is 
poor. 
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139.48 Chapter 139: Cutaneous Lymphomas 


Pathophysiology 

Pathology 

The diagnosis of leukaemia cutis is based on pathological exam- 
ination of material from the blood, bone marrow, lymph nodes 
and skin. Skin infiltration tends to favour the lower dermis and 
subcutaneous fat, with prominent involvement of the adnexal 
structures, nerves and vessels of the superficial and deep plexus. 
Cellular atypia may be prominent and mitotic figures are vari- 
able. Immunohistochemical studies may show variable expression 
of specific leukaemic antigens such as myeloid markers (CD13, 
CD33, CD117 and myeloperoxidase) and markers of monocytic 
differentiation (CD11b, CD11c, CD14, CD64, CD68 and lysozyme) 
in myelomonocytic leukaemic cutaneous infiltrates [3]. In contrast 
expression of B-cell markers may be detected in chronic lymphatic 
leukaemia and hairy cell leukaemia, whereas T-cell markers are 
expressed in T-cell prolymphocytic leukaemia and T-ALL. 


Clinical features 

Skin lesions are generally asymptomatic and consist of small, 
reddish or violaceous/grey-blue macules, papules or nodules, 
which may be fleeting or persistent. Leukaemia cutis occurs 
in about 20% of patients with acute monocytic leukaemia, and 
extramedullary involvement is often a poor prognostic feature 
[4]. Gum involvement occurs in 25-50% of patients. Cutaneous 
involvement usually occurs after the diagnosis of the underlying 
haematological malignancy but rarely can occur as the presenting 
feature. 

Non-specific lesions are common. Generalised pruritus may be 
a presenting symptom and prurigo-like papules develop in some 
cases. Disseminated or unusually severe herpes zoster is common. In 
multiple myeloma, both generalised and local amyloidosis is com- 
mon. 

Sweet syndrome and bullous pyoderma can be a non-specific 
manifestation of an underlying leukaemia (Chapter 49). Thrombo- 
cytopenic purpura is a characteristic symptom of acute leukaemias 
and may occur on the skin or mucous membranes, often as the 
presenting symptom (Figure 139.47). 


Figure 139.47 Purpuric lesions in an adult patient with myelocytic leukaemia. 


Figure 139.48 Specific deposits in a child with leukaemia. Note the two large nodular 
lesions on the back. 


Differential diagnosis 

Clinically, skin lesions may resemble Sweet syndrome, sarcoido- 
sis, panniculitis, other granulomas or cutaneous lymphoma 
(Figure 139.48). Ulceration, especially around the ankles, sim- 
ulating gravitational ulceration, has been described in chronic 
lymphocytic leukaemia and may represent the development of a 
leukaemic deposit in an area of low vascular resistance. Erythro- 
derma has been recorded in association with an underlying T-cell 
leukaemia including T-cell prolymphocytic leukaemia and chronic 
T-cell lymphocytic leukaemia [2], which must be distinguished 
from Sézary syndrome. There is usually marked exfoliation and the 
skin may be markedly thickened, especially over the face. Specific 
leukaemic infiltrations of herpetic scars may occur and bullous 
lesions have been recorded. 


Management 

The treatment for leukaemia cutis is management of the underly- 
ing disease, with symptomatic measures for the skin lesions when 
required [5]. Superficial radiotherapy can provide useful palliation 
for symptomatic skin lesions. Some cutaneous lesions may sponta- 
neously regress. 


Cutaneous manifestati 
disease 


Hodgkin disease does not originate in the skin but rarely can 
spread to the skin in a contiguous manner as a direct extension 


from an underlying involved regional lymph node [1]. Cutaneous 
lesions consist of solitary plaques or tumours that may be ulcerated. 
Appropriate staging investigations, including CT scans and lymph 
node biopsies, should be performed. In view of the cytological 
similarity between primary cutaneous CD30+ lymphoproliferative 
disorders and Hodgkin disease, this differential diagnosis must 
be excluded on the basis of clinical and pathological assessment 
including immunophenotyping of the infiltrate (only Hodgkin cells 
are CD15+) [2,3]. 

Non-specific cutaneous signs associated with Hodgkin disease [4] 
are very common and occur in 3-50% of cases. These include pig- 
mentation, pruritus, prurigo, atrophy, alopecia, exfoliative dermati- 
tis and herpes zoster. 


Pigmentation. This is melanin pigmentation and is very common. It 
resembles the pigmentation of Addison disease, being most marked 
in areas that normally show some darkening such as the axillae, 
groins and around the nipples. Less often it is more widespread, and 
occasionally figurate pigmentation occurs. The mucous membranes 
are usually spared. 


Pruritus. This often occurs together with pigmentation. Pruritus 
is not infrequently the presenting feature of the disease, and may 
precede the presence of palpable nodes by months or years. It tends 
to start on the legs. It is especially severe in patients who show 
other general symptoms such as fever and weight loss. Both pig- 
mentation and pruritus in association with enlarged mediastinal or 
retroperitoneal glands should prompt consideration of a diagnosis 
of Hodgkin disease. 


Prurigo. This is a development from pruritus. In addition to the 
widespread irritation, there are excessively itchy papules which are 
excoriated until the skin surface is removed and is replaced by a 
blood crust. The papules and crusts are usually found on the trunk. 
When present in association with enlarged superficial glands, this 
forms a very characteristic picture, often called Hodgkin prurigo. 


Ichthyosiform atrophy. An acquired ichthyosis occurring in the 
course of a chronic wasting disease is fairly common. Hodgkin 
disease is probably the most common condition to be associated 
with this change. It usually starts on the legs and may remain 
restricted, but in severe cases progresses until it becomes universal. 
It resembles ichthyosis vulgaris, with thin, dry and rather firmly 
attached scales. It is not static and may regress for a time, only to 
return later. Red streaks are often visible between the scales. The 
patient is usually wasted and severely ill. Malabsorption from the 
gut may occur in some cases and contribute to this problem. 


Alopecia. Hair loss is common in Hodgkin disease. It can be caused 
by rubbing or scratching to relieve itching. It may also be part of 
the ichthyosiform atrophy or be caused by endocrine dysfunction, 
when specific infiltration occurs in organs such as the pituitary or 
adrenal. 


Exfoliative dermatitis. Erythroderma and exfoliative dermatitis 
can occur in Hodgkin disease. Most recorded cases would probably 
be more correctly included under ichthyosiform atrophy. 


Herpes zoster. Herpes zoster is common in the course of Hodgkin 
disease, but disseminated zoster is much less likely to occur in 
Hodgkin disease than in leukaemias. 
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Primary cutaneous follicle centre cell lymphoma 

15 Senff N, Noordijk E, Kim Y et al. European Organization for Research and Treat- 
ment of Cancer and International Society for Cutaneous Lymphoma consensus 
recommendations for the management of cutaneous B-cell lymphomas. Blood 
2008;112:1600-9. 


Primary cutaneous diffuse large B-cell lymphoma 
9 Willemze R, Cerroni L, Kempf W et al. The 2018 update of the WHO-EORTC clas- 
sification for primary cutaneous lymphomas. Blood 2019;133:1703-14. 
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Basal cell carcinoma —F7ZF 


Definition and nomenclature 

Basal cell carcinoma (BCC) is the most common human malignancy. 
Although there are distinct clinical and pathological differences 
between BCC and squamous cell carcinomas (SCC) (Chapter 141), 
they are both carcinomas that share lineage with keratinocytes, 
thus when considered collectively they are termed most accurately 
keratinocyte carcinomas (KCs) [1,2]. KCs account for more than 
97% of all skin cancers [3]. Traditionally BCC has accounted for 
approximately 80% of KCs (4:1 ratio) but evidence points to an 
increasing incidence of SCC with a ratio of BCC to SCC of 2.5:1. 
One study in the USA using data from the Medicare population 
aged 65 years and older showed a ratio of 1: 1 [3]. 


Introduction and general description 

Basal cell carcinomas are nearly as common as all other human can- 
cers combined [4]. Despite difficulties in capturing and registering 
data, leading to underreporting of BCC, it is clear that there is at 
least a 10% per year rise in the incidence of BCC worldwide. KCs 
exceed the prevalence of all other cancers combined, with the aver- 
age number of lesions per individual varying between 1.87 and 1.64 
in Australia and the USA [3,5]. It is estimated that 40-50% of patients 
with a primary BCC will develop at least one or more BCCs within 
5 years. The estimated incidence of KC in the USA using Medicare 
data is over 2.4 million affected individuals per year with over 4 
million lesions, and at least 50% of these are BCC [3]. Despite their 
slow-growing and indolent nature, BCC have a major impact on 
western health economies [6]. In the USA, the annual average cost 
for the treatment of KC increased by 126% from 2006 to 2011 reaching 
$8.1 billion, while the cost for all other cancers combined increased 
by 25% [7]. The Global Burden of Disease Study 2013 found that KCs 
accounted for 12.9 disability-adjusted life years (DALY) per 100 000 
persons; although a reduction of 6.2% from 2005, this still equated 
to 0.13 years lived with disability (YLD). Overall KCs accounted for 
only 0.03% of the overall total global burden of skin disease morbid- 
ity and mortality of 1.79% [8]. 


Epidemiology 

Incidence and prevalence 

Due to the high volume and multiplicity of BCCs, these carcino- 
mas have frequently been excluded from national cancer registries 
and statistics. In order to validate improved data collection meth- 
ods in the UK, National Cancer Registration and Analysis Service 
(NCRAS) data were used in a cohort study from 2013 to 2015 to 
more accurately document the incidence of BCC [9]. This demon- 
strated the absolute first BCC count per person per annum increased 
in the 3-year period from 145 817 to 166 448, an increase of 14%; of 
these 85% were in England. The European age-adjusted incidence 
rate was 352 per 100 000 person-years in males and 219 in females 
[9]. The estimated annual percentage change was 5% in England, but 
much lower in Northern Ireland (0.3%). 

The incidence of BCC has also been noted to be increasing in other 
European countries. An observational study from the Netherlands 
noted a quadrupling of incidence of BCC in 37 years from 1973 
to 2009 [10]. The increase was more marked from 2002 until 2009 
with an estimated annual percentage change of 6.8% for men and 
7.9% for women. While ultraviolet (UV) exposure may have a direct 
role, improved screening measures are also likely to contribute to 
the increased incidence of BCC [11]. In Germany the most current 
reporting shows an incidence of 200 per 100 000 person-years, 
reflecting a steady increase in recent years [12]. 

Worldwide, the incidence for BCC varies widely. In the USA, 
incidence has increased an average of 4-8% annually with the 
most recent data from 2006 showing an age-adjusted incidence 
rate of 1488 per 100 000 person-years in males and 1019 in females 
[13,14]. In Australia, the most recent data are from 2002 showing 
age-standardised incidence rates to have increased by 35-42% from 
1985 to 2002, with the rate in males 1041 per 100 000 person-years 
and in females 745 [15]. There are regional differences in the 
average incidence rates of BCC within countries. In the UK, the 
highest BCC rates were observed in southwest England (362 per 
100 000 person-years) and the lowest in Dumfries and Galloway 
in the north (39 per 100 000 person-years) due to geographical 
differences whereby a higher latitude is associated with lower UV 
irradiance [9]. 
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The age shift in the population has contributed to an overall 
increase in the total number of skin cancers as the incidence of BCC 
increases with advancing age. Indeed, 80% of cases occur in people 
aged 60 years and over and age is an independent risk factor, with 
the median age of 71 years at time of diagnosis [9,16]. 

Compared with women, the incidence of BCC is higher in men. 
Patients diagnosed with a BCC are at a higher risk of a subsequent 
one. The 5-year cumulative risk of developing one or more subse- 
quent BCCs is 29.2% [17,18]. This risk is highest in the first 6 months 
after first BCC diagnosis. Males are at a 30% higher risk of devel- 
oping multiple BCCs compared with females. Patients aged 65-79 
years have a more than 80% higher risk of developing subsequent 
BCC compared with patients younger than 50 years [17]. 

An individual’s risk for the development of BCC depends upon 
genotypic, phenotypic and environmental factors. This risk is higher 
in residents living in areas of high ambient solar irradiance with 
markers of UV susceptibility such as fair skin colour, red hair and 
inability to tan [18]. Markers of chronic photodamage are positively 
associated with BCC [18]. Having more than 10 actinic keratoses 
confers a fivefold increase in the risk of BCC. Other factors, includ- 
ing solar elastosis, solar lentigines and telangiectasia, have weaker 
but positive associations with BCC [19]. 

The geographical variability of KC incidence correlates with the 
amount of ambient sun irradiance and skin type, the reported inci- 
dence of KC in white populations being about five- to sevenfold 
higher in the USA and Australia than in Europe [9,13-15]. Proxim- 
ity to the equator is known to be a strong predictor of KC risk and 
incidence. There is also a strong inverse association between geo- 
graphical latitude and the risk of BCC [20]. 

UV radiation is the most important risk factor in the pathogene- 
sis of KC; however, there appears to be a significantly greater effect 
of increasing sun exposure on the risk of developing SCC than BCC 
[21]. Unlike SCC, for which cumulative lifetime sun exposure shows 
a strong dose-response relationship, for BCC intermittent sun expo- 
sure and exposure during childhood may be more important [22,23]. 


Pathophysiology 

Predisposing factors 

The primary risk factors for BCC development are UV light exposure 
and genetic predisposition. Other significant risk factors include 
Fitzpatrick skin types I and II, immunosuppression, advancing age, 
male sex, previous BCCs and chronic arsenic exposure [24]. Other 
risk factors are listed in Box 140.1. 


Pathology 

The tumour cells resemble those of the basal layer of the epidermis 
and the matrix cells of the appendages, in the relatively small 
amount of cytoplasm they possess and in their ability to inter- 
act with the dermis adjacent to them. Their nuclei are compact, 
rather darkly staining and closely set. Their cytoplasm is scanty 
and ill-defined and the cell margins are rather indistinct. Adjacent 
cells are connected by bridges. The sparsity of keratin fibrils gives 
these connections a different appearance from the ‘prickles’ of the 
Malpighian layer, but the presence of desmosomes and _ tonofib- 
rils has been shown by electron microscopy. The interaction with 
the dermis, which is one of the principal functions of the normal 
epidermal basal cell, produces the characteristic marginal palisade 


Box 140.1 Risk factors for basal cell carcinoma 


Intrinsic factors 

¢ Fitzpatrick skin type I, II 

¢ Jatrogenic immunosuppression 

e¢ Human immunodeficiency virus (HIV), acquired immune deficiency 
syndrome (AIDS) 

¢ Chronic lymphocytic leukaemia, non-Hodgkin lymphoma 

¢ Previous history of basal cell carcinoma 

¢ Photosensitising drugs, azathioprine 


Extrinsic factors 

e High solar ultraviolet (UV) radiation 

e Tanning bed, solarium use 

e PUVA, narrow-band UVB phototherapy 
¢ Jonising radiation 

¢ Outdoor occupation 

¢ Chronic arsenic exposure 


PUVA, psoralen and UVA. 


of tumour cells and the well-organised stroma that surrounds it. 
The dependence of the tumour on its stroma has been shown by 
transplantation experiments [25]. The cells within the palisade usu- 
ally show little evidence of organisation or differentiation. Mitotic 
figures may be frequent, and it is speculated that the combination 
of large numbers of mitoses and a slow growth rate results from a 
high rate of apoptosis. Data on cell kinetics indicate that a consid- 
erable proportion of cells in the tumour die fairly rapidly [26]. In 
some tumours, the cells may become acantholytic. Amyloid may be 
identified [27]. 

In early lesions, the tumour buds can be seen arising from the epi- 
dermis. In very small lesions, multiple buds may be seen. These very 
soon become confluent, and the three-dimensional examination of 
superficial BCC shows a coherent margin of tumour with a reticular 
pattern of growth along the interpapillary ridges and larger, more 
discrete masses centrally [28]. As the tumour progresses, the masses 
extend into the dermis, and may separate from each other and from 
their point of origin. Growth in one area may be accompanied by 
involution of the tumour in nearby areas leaving an atrophic epi- 
dermis. It is difficult to prove a purely adnexal origin for BCC, but 
some lesions behave as though this were so. In all considerations 
about the origin of the tumour, one must remember that the tumour 
can either sever its connection with epithelial structures or establish 
a secondary connection to structures to which it has grown close. 

The variability of the natural history of BCC is reflected in its pat- 
tern of growth. Most tumours are composed of rounded expansile 
islands. These throw out small buds that grow in the same way to 
produce multilobular masses with thin strands or septa of fibrous 
tissue penetrating them [28,29]. In some regions, a limited capac- 
ity to grow around and enclose adjacent connective tissue may be 
associated with a reticular or cystic pattern of growth. The capacity 
to invade in thin strands is often accompanied by an excessive and 
almost exclusive fibroblastic response, in contrast with the lympho- 
cytic response around the expansile masses. Invasive strands may 
spread for long distances along nerve sheaths. BCC is truly invasive 
in only a small proportion of cases. In these, the tumours show no 


tendency to grow as rounded masses, have no palisade or organised 
stroma, and penetrate the dermis and deeper structures, destroying 
them as they go. Such tumours are almost always ulcerated, usually 
from an early stage. In the less invasive tumour, ulceration occurs 
when the epidermis is replaced by the tumour. An eroded vegetat- 
ing type of growth is rather uncommon. 

Most BCCs induce a round-cell inflammatory reaction of some 
degree. It increases in extent with ulceration and is often conspic- 
uous in the papillary body, with superficial patterns of growth. 
Mast cells are often present in numbers among the fibroblasts of the 
stroma, and Langerhans cells have been demonstrated within and 
near the tumour. This infiltrate has recently been correlated with 
the aggressive nature of the tumour [30]. 

The diversity of histological patterns of BCC is caused in part 
by features that have no direct bearing on the clinical course 
of the tumour. Not infrequently, melanocytes proliferate within 
the tumour. The melanin they produce causes the tumour to be 
pigmented, and numerous melanophages collect in the stroma, 
and sometimes in cystic cavities. Mucin is commonly found in 
the stroma, particularly at the margin of the tumour, and may be 
encysted within it. Cystic cavities also form when the centrally 
placed cells undergo necrosis. There is no evidence that such cavi- 
ties represent glandular differentiation. Evidence of true sebaceous 
or sweat gland differentiation has been reported, but is exceptional. 
Within some tumours there are strands of fusiform cells with 
more abundant eosinophilic cytoplasm, which may form whorls 
or keratinising cysts, and which probably represent rudimentary 
hair follicle differentiation. Histochemical and electron microscopy 
investigations show little evidence of differentiation of the tumour 
cells. However, in vitro culture of tumour cells from nodular tumours 
produces evidence of keratinisation after 30 days, suggesting that 
the cells possess the biochemical mechanisms for keratinisation but 
that some factor, possibly dermal in origin, inhibits them. 

Clinical and histological differentiation between BCCs and tri- 
choepitheliomas (Chapter 137) can be difficult. The progress of 
immunohistochemistry to differentiate such tumours has stalled in 
recent years. Markers which may be useful in differentiating BCCs 
from trichoepitheliomas include CD-10, Bcl-2, cytokeratin 20 and 
cytokeratin 15 [31]. 

Histopathological patterns of BCC include superficial, nodular, 
infiltrative, micronodular and pigmented types (Figure 140.1) [32]. 


Superficial basal cell carcinoma. Proliferating atypical basaloid 
cells form an axis parallel to the epidermal surface. Typical features 
include palisading basal cells which form slit-like spaces containing 
Alcian blue-positive stromal mucin. Often, however, only clefting is 
seen as the mucin is washed away during processing. The atypical 
basaloid cells rarely show mitoses or apoptotic cells but may extend 
to the hair follicles and rarely the eccrine adnexal structures. 

A band-like lymphoid infiltrate may be present and regression is 
often seen with areas of papillary dermal fibrosis and mild inflam- 
mation. This should prompt a careful search through multiple levels 
looking for foci of atypical basaloid cells in skin biopsies from sus- 
pected superficial BCC. 


Nodular basal cell carcinoma. Nodular BCC presents histologically 
as larger nests/lobules of basaloid cells in the papillary or reticular 


dermis. The nests are separated from the stroma by a slit-like 
retraction artefact. The surrounding stroma shows myxoid change, 
and calcification may be seen focally within nests of tumour cells. As 
in superficial BCC, which may be coexistent in a third of the cases, 
mitoses and apoptosis are uncommon. Processing of the specimen 
may result in drop-out of the tumour nests from the stroma which 
may lead to ‘retraction artefact’. 


Micronodular basal cell carcinoma. The tumour nests are much 
smaller than those in nodular BCC and more widely and asym- 
metrically dispersed in the dermis and/or subcutis and deeper 
structures. Subtle stromal proliferation is seen around nests of 
tumour cells. This type of BCC consists of collagen and rare fibro- 
blasts. Retraction artefact is not usually seen around nests of tumour 
cells. Perineural invasion may be seen. 


Infiltrative basal cell carcinoma. Infiltrative BCC typically shows 
elongated tumour cell strands, five to eight cells in thickness, which 
present histologically as irregularly sized and shaped nests which 
are poorly circumscribed and may show invasion of the subcutis and 
adjacent muscular and other structures. Like the morpheaform vari- 
ant, these nests show sharp angulation of their peripheral contours 
with rare foci of slit-like retraction. Mitotic activity and apoptosis are 
variable. The stroma is frequently fibrotic with stromal fibroblasts. 
These tumours are more often associated with perineural invasion. 


Morphoeaform basal cell carcinoma. This is also known as scle- 
rosing BCC, and displays columns one to two cells thick of basaloid 
cells enmeshed in a dense collagenous stroma. Such sharply angu- 
lated cords of basaloid cells show marked cell necrosis and mitotic 
activity. A desmoplastic stroma consisting of dense collagen is 
present. Invasion of the deep dermis and subcutis is another feature 
of morphoeaform BCC. Perineural invasion is often seen. 


Basosquamous or metatypical basal cell carcinoma. This is a very 
poorly delineated variant of BCC. In reality, there is a paucity of 
any meaningful publications on the subject to define the entity and 
its behaviour in an accurate manner. This variant represents a BCC 
with true areas of SCC. It is extremely rare, and cases of keratotic 
BCC are often classified under this rubric. Although it has been sug- 
gested that these lesions have a more aggressive behaviour, this has 
not to date been substantiated with any large series with adequate 
long-term follow-up. 


Genetics 

Naevoid BCC syndrome (NBCCS or Gorlin syndrome) is an 
autosomal dominant disorder with distinct clinical and systemic 
features with multiple BCCs from an early age. Insight into the 
molecular pathogenesis of BCC derives from the study of patients 
with NBCCS, which results from germline mutations in patched-1 
(PTCH1), a segment polarity gene (9q22.3) with tumour suppres- 
sor functions [33]. PTCH1 was originally identified in the fruitfly 
Drosophila melanogaster and is known to play a critical role in 
vertebrate development. PTCH1 encodes a 12-pass putative trans- 
membrane protein, which acts like the receptor of the diffusible 
morphogen protein sonic hedgehog (SHH) [34]. 
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(e) 


Figure 140.1 Histopathological patterns of basal cell carcinoma (BCC). (a) Superficial. Skin with small islands and downgrowths of basaloid cells arising from multiple points from the 
epidermis with artefactual clefting. Superficial BCC is usually confined to the papillary dermis. (b) Nodular. Exophytic lesion with large solid islands of basaloid cells, some showing focal 
central cystic degeneration. Peripheral palisading is present and artefactual clefting focally. (c) Micronodular. Basaloid tumour with numerous small nests in the deep dermis displaying 
a degree of infiltration at the edge compared with larger nests in the upper dermis which represent a nodular pattern. (d) Infiltrative. Irregular elongated strands and basaloid islands 
embedded in a variably fibrotic stroma with chronic inflammation. Note extensive involvement of the dermis, subcutis and skeletal muscle. (e) Pigmented. Large solid islands of basaloid 
cells with central pigmentation. Peripheral palisading is a prominent feature. This lesion may clinically be mistaken for a melanocytic proliferation. (a, b, d, e) Courtesy of Dr Calonje. 


PTCH1 acts as a tumour suppressor, repressing the G-protein- 
coupled receptor smoothened (Smo). Loss-of-function mutations of 
PTCH1 result in reduced suppression of Smo which activates the 
Gli family of transcription factors and promotes their importation 
into the nucleus, resulting in sustained activation of target genes. 


Gli proteins are bound by Sufu, loss of which produces constitutive 
activation of Gli (Figure 140.2). 

Atypical protein kinase C iota/lambda (aPKC-~1/A), a novel Gli 
regulator, and its polarity signalling partners co-localise at the 
centrosome and form a complex with missing-in-metastasis (MIM), 


1. Shh ligand binds to Ptch-1 

2. Smo relocates to primary cilium 
3. Uninhibited Smo promotes Gli 
4. Unbound Gli enters nucleus 

5. Gli activates transcription 


Active Shh 


Inactive Shh 
pathway 


transcription 


Figure 140.2 The sonic hedgehog (SHH) pathway in the pathogenesis of basal cell 
carcinoma. 


a scaffolding protein that potentiates Hh signalling. Activated 
aPKC-/A is upregulated in Smo-inhibitor-resistant tumours and 
targeting aPKC-1/A suppresses signalling and growth of resistant 
BCC cell lines [35]. 

Somatic PTCH1 mutations have a high frequency in familial BCC 
[36]. Sporadic BCC tumours also demonstrate loss of function of 
PTCH1 in 80-90% and Smo in 10-20% of cases [37]. 

The melanocortin-1 receptor (MCI1R) gene variants ASIP and TYR 
are associated with fair skin, red hair and melanoma risk. Recent 
evidence suggests that they may also be independent risk factors 
for BCC [38]. Similarly, the role of the p53 tumour suppressor gene 
has been examined as 50% of BCCs carry a p53 mutation [11,39]. 

Both cytochrome P450s (CYP) and glutathione S-transferases 
(GST) catalyse the detoxication of the products of oxidative stress 
(e.g. lipid and DNA hydroperoxides). Polymorphism in GST and 
CYP2D6 (the gene encoding CYP) have been associated with BCC 
susceptibility and some allelic variants of CYP2D6 are associated 
with a multiple presentation phenotype of BCC [41]. 

Unlike normal cells, most immortal and tumour cells exhibit sig- 
nificant levels of telomerase activity and show no net loss of telo- 
mere length during proliferation, a phenomenon that has also been 
observed in BCC [42]. 

The finding that B-catenin and MT1-MMP are increased in 
high-risk BCC tumour cells may indicate that they play an impor- 
tant role in locally invasive and highly destructive growth behaviour 
of high-risk BCCs [43]. 


Immunosuppression 

In the general population, BCCs are two to four times more 
common than SCCs. This ratio reverses in immunosuppressed 
patients such as solid-organ transplant recipients, where SCCs 
occur more frequently [44,45]. White-skinned transplant recipients 


have a 10-16-fold higher risk of developing a BCC compared 
with the non-transplanted population. Human immunodeficiency 
virus (HIV)-infected patients and those with chronic lymphocytic 
leukaemia also have more aggressive KC [46]. Chronic lymphocytic 
leukaemia patients are 14 times more likely to suffer recurrences of 
BCC following Mohs surgery [47]. 


Other risk factors 

Chronic exposure to inorganic arsenic through drinking water has 
been associated with the development of BCC [48]. Other risk factors 
for the development of BCC include UVB phototherapy [49] and ion- 
ising radiation [50]. Besides NBCCS, multiple early-onset BCC may 
be seen in other syndromes (Tables 140.1 and 140.2) [51]. 


Environmental factors 

The mechanism of UV light-induced mutagenesis has been exten- 
sively studied. Daylight UVA or UVB but not UVC induces a char- 
acteristic mutation known as solar UV signature mutation occurring 
preferentially at methyl CpG sites [52]. 

Daylight UVA and UVB induce indirect DNA damage via the 
formation of reactive oxygen species (ROS) by a ‘photo-oxidative 
stress’ mediated mechanism. The ROS interact with lipids, proteins 
and DNA to generate intermediates that combine with DNA to 
form adducts [53]. Several complex DNA repair systems are needed 
to prevent the deleterious effects of these premutagenic adducts 
[54]. UV-induced DNA damage normally results in DNA repair or 
apoptosis; only very rarely does it lead to tumourigenesis. Patients 
with xeroderma pigmentosum, where DNA repair mechanisms 
are impaired, can have an up to 2000-fold increased risk of skin 
cancer [55]. 

BCCs have been shown to be the most mutated human can- 
cers, with the majority being UV signature mutations. BCCs from 
anatomical regions with chronic UV exposure are associated with 
higher mutation rates than those with intermittent exposure. 
The greater mutational burden facilitates an increased antitu- 
mour immunological response which results in a less aggressive 
phenotype [33]. 


Clinical features 
Unlike SCC, there is no recognised premalignant stage of BCC. A 
typical BCC runs a slow progressive course of peripheral extension, 
which produces a thread-like ‘pearly’ border and a nodule with or 
without a central depression or expanding ulceration. There may be 
spontaneous fluctuation in size, and areas of scarring and regression. 
Traditionally, rapid growth has been thought to be unusual. How- 
ever, a prospective study looking at periocular BCC showed surpris- 
ingly rapid growth in this cohort with a mean increase in size of 
1.46 mm in length (area 22 mm?) every 30 days, with one BCC enlarg- 
ing by 10 mm in length (area 168 mm) in the same time period. The 
only significant risk factors found for rapid growth were recurrent 
tumours and greater size at first examination, with surprisingly no 
additional effect of aggressive pathological features. Whether these 
findings can be generalised to other facial sites is unknown [56,57]. 
Approximately 80% of all BCCs occur on the head and neck, and 
clinical diagnosis is relatively straightforward [58]. Early BCCs are 
usually small, translucent or pearly nodules, with raised telang- 
iectatic edges. However, the presentation may be varied and small 
lesions can be lichenoid, keratotic, excoriated or ulcerated. 
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Table 140.1 Genetic syndromes with basal cell carcinoma (BCC) as a prominent feature. 


Main additional 


Main additional 


Main additional 


Published 


Available 


Condition Inheritance Gene(s) cutaneous feature(s) extracutaneous feature(s) neoplasm(s) diagnostic criteria diagnostic test 
Naevoid BCC AD PTCH1 Epidermoid cysts, milia, Calcifications of the falx Medulloblastomas, Yes Yes (DNA 
syndrome palmoplantar pits cerebri, coarse face, rhabdomyosarcomas testing)* 
jaw keratocysts, 
macrocephaly, spine, 
limb and oro-facial 
malformations 
Bazex—Dupré-Christol XL Unknown Flexural hyperpigmentation, | None Trichoepitheliomas No No 
syndrome follicular atrophoderma, 
hypohidrosis, 
hypotrichosis, milia 
Rombo syndrome AD Unknown Atrophoderma vermiculatum, None Trichoepitheliomas No No 
red lesions, hypotrichosis, 
milia, telangiectasias 
Xeroderma AR XPA-XPG, Actinic keratosis/cheilitis, DD/MR, eye anomalies, Melanomas, squamous No Yes 
pigmentosum POLH lentigines, atrophy, movement disorder, cell carcinomas, 
(Chapter 76) photosensitivity, peripheral neuropathy, brain and visceral 
telangiectasias, mottled photophobia neoplasms 
hypo-/hyperpigmentation 
Generalised follicular AD Unknown Comedones, hypohidrosis, None None No No 
basaloid hypotrichosis, milia 
hamartoma 
syndrome 
Happle-Tinschert Sporadic Unknown Lesions over Blaschko lines, Body asymmetry, DD/MR, Brain tumours No No 
syndrome atrophy, spine and limb 
(Chapter 73) hyperpigmentation, teeth malformations 


abnormalities 


Reproduced from Castori et a/. 2012 [51] with permission of John Libbey Eurotext. 


In the presence of developmental delay, craniosynostosis, hydrocephalus, overgrowth and seizures, consider the 9q22.3 microdeletion syndrome. 
AD, autosomal dominant; AR, autosomal recessive; DD/MR, developmental delay/mental retardation or intellectual disability; XL, X-linked. 


More advanced lesions can present as the classic ‘rodent ulcer’ 
with an indurated edge and an ulcerated centre. Pigment, when 
present, is usually unevenly distributed throughout the tumour. 

Certain features will classify BCC into high- and low-risk groups 
for aggressive behaviour, incomplete excision and recurrence which 
may influence the choice of management (see Tables 140.4 and 140.5 
later in this chapter). 


Clinical variants 
There are a number of BCC variants that are clinically distinctive 
and can be easily classified. These include nodular, superficial, 
morphoeic and ulcerative types. Between 10% and 40% of BCCs 
contain a mixed pattern of two or more of these subtypes, high- 
lighting the need for a clinicopathological diagnosis [59,60]. 
The status of so-called fibroepithelial BCC (fibroepithelioma of 
Pinkus/premalignant fibroepithelial tumour) is heavily disputed, 
with an emerging consensus that this entity is best regarded as a 
variant of trichoblastoma [61,62]. 

Other described types such as infiltrative, infundibulocystic, 
micronodular and basosquamous are histologically distinctive but 
do not have distinguishing clinical features. 


Nodular basal cell carcinoma. Nodular BCC (Figure 140.3) is the 
commonest subtype of BCC with a predilection for the head and 
neck. The surface contour of this lesion usually becomes more irreg- 
ular as the lesion grows. The degree of vascularity varies. There may 


be surface arborising telangiectasia (a characteristic feature) over a 
flesh-coloured, shiny nodule with rolled borders or the tumour may 
be pink or red in colour. Some or all of the component nodules may 
have cystic centres, which add to the translucent appearance. Nodu- 
lar BCC may contain pigmentation (Figure 140.4) seen more deeply 
in the cystic centre rather than the peripheral parts. This may cause 
diagnostic confusion with melanoma. 


Superficial basal cell carcinoma. Superficial BCC (Figure 140.5) 
is predominantly present on the trunk and limbs. These are thin 
plaques or patches bounded by a well-circumscribed, slightly 
raised, thread-like margin which is irregular in outline and may 
be deficient at part of the circumference. The epidermis covering 
the central zone is usually scaly and may demonstrate central 
clearing or atrophy. This, combined with an increased vascular- 
ity, gives a resemblance to SCC in situ/Bowen disease and Paget 
disease of the nipple. There may be a series of thickened papular 
islands of growth within the margin, and these may be crusted or 
eroded. Patients with truncal BCC of superficial histology demon- 
strate the highest rate of increasing BCC numbers [63]. Superficial 
BCCs are often pigmented and can sometimes be difficult to 
differentiate from psoriasis, discoid eczema or Bowen disease 
(Chapter 141). 


Morphoeic basal cell carcinoma. Morphoeic BCC (Figure 140.6) is 
also known as morphoeaform, sclerodermiform or desmoplastic, so 


Basal cell carcinoma 140.7 
Table 140.2 Genetic syndromes with basal cell carcinoma (BCC) as an ancillary feature. 
Published 
Main additional Main additional Main additional diagnostic Genomic 
Condition Inheritance Gene(s) cutaneous features extracutaneous features neoplasms criteria testing 
Genomic instability syndromes 
Bloom syndrome AR RECQL3 Café-au-lait spots, Diabetes, gastro-oesophageal Leukaemias, lymphomas, = No Yes 
(Chapter 77) photosensitivity, reflux, growth delay, epithelial cancers 
telangiectasias myelodysplasia, 
recurrent/chronic infections 
Werner syndrome AD (atypi- LMNA Atrophy, calcifications, Cataract, diabetes, Melanomas, (osteo-) No Yes 
(Chapter 70) cal), (atypi- painful callosities, hypogonadism, peripheral sarcomas 
AR cal), premature greying, neuropathy, premature 
RECQL2 scleroderma atherosclerosis and 
osteoporosis, typical face 
Rothmund-Thomson AR RECQL4 Hypotrichosis, nail Cataract, growth delay, Bowen disease, Yes Yes 
syndrome (Chapter 75) dystrophy, myelodysplasia, osteoporosis, osteosarcomas, SCC 
palmoplantar patellar hypoplasia, radial ray 
keratodema, defects 
photosensitivity, 
poikiloderma, teeth 
anomalies 
Muir—Torre syndrome AD MSH2, None None Keratoacanthomas, No Yes 
(Chapter 141) MLH1 gastrointestinal, 
urinary and 
endometrial neoplasms 
Disorders of the folliculo-sebaceous unit 
CYLD-associated AD CYLD None None Cylindromas, No Yes 
syndromes trichoepitheliomas, 
(Chapter 137) spiroadenomas, 
adenomas of salivary 
glands 
Schépf-Schulz—Passarge AR WNT10A Eyelid cysts, hypohidrosis, | None Apocrine cystoadenomas, No Yes 
syndrome hypotrichosis, nail eccrine 
(Chapter 137) dystrophy, milia, syringofibroadenomas, 
palmoplantar eccrine poromas, SCC 
keratoderma, teeth 
anomalies, 
telangiectasias 
Cowden syndrome AD PTEN Acral pseudoverrucoid Breast fibrocystic disease, Breast cancer, Yes Yes 
(Chapter 137) lesions, acrochordons, Lhermitte-Duclos disease, gastrointestinal polyps, 
fibromas, lipomas, oral macrocephaly, thyroid ovarian cancer, thyroid 
and lip papillomas, dysfunction cancer, 
vascular malformations trichilemmomas, 
uterine cancer 
Syndromes with immunodeficiency 
Cartilage-hair hypoplasia AR RMRP Hypotrichosis/alopecia Disproportionately short stature, Non-Hodgkin lymphomas No Yes 
(Chapters 65, 66, 70) metaphyseal dysplasia, 
peripheral joint laxity, pudgy 
extremities 
Epidermodysplasia AR EVER1, Polymorphic, red lesions, None Bowen disease, SCC No Yes 
verruciformis EVER2 wart-like/flat papules 
(Chapter 25) 
Disorders of melanin biosynthesis 
Oculocutaneous albinism = AR MATP TYR, — Hair, skin and iris Photophobia, reduced colour Melanomas, SCC No Yes 
(Chapters 63, 68) TYRP1 hypopigmentation vision, strabismus, visual loss 
OCA 1/2 
Hermansky—Pudlak AR HPS1-HPS8 — Hair, skin and iris Bleeding diathesis, Melanomas, SCC No Yes 


syndrome (Chapter 68) 


hypopigmentation 


Reproduced from Castori et a/. 2012 [51] with permission of John Libbey Eurotext. 
AD, autosomal dominant; AR, autosomal recessive; SCC, squamous cell carcinoma. 


granulomatous colitis, 
photophobia, pulmonary 
fibrosis, reduced colour vision, 
strabismus, visual loss 
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140.8 Chapter 140: Basal Cell Carcinoma 


Figure 140.3 Nodular basal cell carcinoma. 


Figure 140.4 Pigmented basal cell carcinoma. 


named because dense fibrosis of the stroma produces a thickened 
plaque rather than a tumour. 

Morphoeic BCCs account for 5% of all BCCs, have ill-defined bor- 
ders, can be difficult to diagnose clinically and often present late. The 
exact margin of the lesion is near impossible to define, but palpation 
reveals a firm skin texture that extends irregularly beyond the visible 


Figure 140.5 Superficial basal cell carcinoma. 


Figure 140.6 Morphoeic basal cell carcinoma. 


changes. The surface is smooth and may be slightly raised above, or 
sometimes slightly depressed below, the normal level. The colour is 
yellowish. Ulceration is uncommon and only very superficial when 
it does occur. Many patients and health care providers may take little 
notice of this type of BCC until its slow extension produces a size- 
able lesion with extensive subclinical spread. These lesions can be 
mistaken for scars. 


Ulcerative basal cell carcinoma. Any BCC may ulcerate over time 
so it is not entirely clear that this is a specific clinical subtype. 
However some BCCs may start as a small macule or papule but 
with expansion of the thread-like margins, the attenuated sur- 
face ulcerates at an early stage (Figure 140.7). The edge is usually 
indurated. Such an ulcerated lesion may have begun as a nodule, 
but more frequently it is crusted or eroded from an early stage of 
its evolution. If left, the tumour and its following ulcer may spread 


Figure 140.7 Ulcerated basal cell carcinoma. 


deeply and cause great destruction, especially around the eye, nose 
or ear. Advanced cases justify the title ‘ulcus terebrans’ (penetrating 
ulcer). 


Risk factors for advanced disease 

Perineural invasion (PNI) is a sign of increased aggressiveness of 
BCC. In a large Mohs surgery cohort in Australia 2.7% of patients 
demonstrated PNI [64], so it can be expected that the incidence of 
PNI in the general population of patients with BCC is lower. When 
PNI is asymptomatic it is classified as microscopic PNI and car- 
ries a much better prognosis than clinical PNI where neurological 
symptoms are present or there is imaging evidence of perineural 
spread. 

Risk factors for advanced disease (Figure 140.8) and metastasis 
include prolonged neglect, which is often associated with fear 
of medical treatment, psychosocial factors, lack of access to care, 
multiple recurrences following treatment, clinical perineural inva- 
sion (neurological symptoms present and/or imaging evidence 
of perineural spread is found), large lesion size and aggressive 
histopathological subtypes. Advanced BCCs are encountered at a 
rate of 1-2% [65]. Mutilation of the face or scalp, with destruction of 
the nose or eye and exposure of the paranasal sinuses or the skull, 
dura or brain may eventually result in death [66]. Progression of 
advanced BCC to a metastatic form is extremely rare (0.0028-0.55% 
of BCC) [67]. Authentic cases of bloodstream metastasis are on 
record in which, for example, deposits in the viscera or spinal col- 
umn have caused the presenting symptoms of the terminal illness. 
Other cases have spread via the lymphatics to the regional lymph 


Figure 140.8 Advanced basal cell carcinoma with orbital invasion. 


nodes before disseminating [68]. Basosquamous (metatypical) BCC 
has an increased risk of metastasis in comparison with other BCC 
subtypes. Up to 38.1% of primary BCCs that metastasise have this 
subtype despite basosquamous representing <3% of all BCCs [69]. 


Differential diagnosis 


It may be difficult to differentiate nodular BCC from melanocytic 
naevus (especially when pigmented), or sebaceous hyperplasia 
on clinical evaluation alone. Naevi can be distinguished if hairs 
grow from the surface, and in sebaceous hyperplasia there is a 
central keratin-filled pit (Table 140.3). 

Scaling or crusting on the surface of BCC can make differentia- 
tion from warts, keratoacanthoma or SCC difficult. In these cases, 
the debris can usually be easily removed. The friable, relatively avas- 
cular tissue beneath is characteristic. 

Darkly pigmented tumours with or without ulceration may 
be occasionally confused with malignant melanoma. The margin 
of BCC is usually rolled, telangiectatic and multinodular, and there 
is no pigmented halo. The colour tends to be more definitely 
brown, in contrast with the dusky greyish brown of malignant 
melanoma, but this is not a reliable indicator. Dermoscopy can 
be diagnostic. If diagnostic confusion remains, the lesion is better 
excised in entirety if possible or a representative partial biopsy or 
deep shave undertaken. 

Superficial BCC can be similar morphologically to patches 
of eczema, psoriasis or Bowen disease (see Chapter 141). A 
thread-like margin on stretching the edge will often reveal the true 
diagnosis. Careful inspection will almost always rule out eczema or 
psoriasis, which the patient’s history will have also made unlikely. 
There are some cases, however, where distinction from Bowen dis- 
ease can be made only after biopsy. The consistency of a morphoeic 
BCC may resemble morphoea or scar; the outline is usually less 
sharp and the evolution more gradual and relentless. 

Chondrodermatitis nodularis helicis (Chapter 106) is usually 
tender. Some BCCs may not display the typical clinical features. 
Surface ulceration or excoriation may hinder accurate diagnosis. 
Clinical diagnostic accuracy in the diagnosis of BCC can be greatly 
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Table 140.3 Differential diagnosis of basal cell carcinoma. 


Chapter 140: Basal Cell Carcinoma 


Diagnosis Distinguishing clinical features Image 
Naevi Lack of rolled telangiectatic edge. 
May be hairy 
Sebaceous Central depression, usually multiple 
hyperplasia on a background 
of sebaceous-quality skin 
Keratoacanthoma A central keratin plug is typical, 


Squamous cell 


carcinoma 


Bowen disease 


Psoriasis 


Eczema 


Melanoma 


Chondrodermatitis 
nodularis helicis 


Viral warts 


with a history of rapid evolution 
followed by involution 


Shorter history and indurated base 
(better felt on palpation) 


Scaly edge and lack of thread-like 
margin 


Silvery scales and response 
to topical antipsoriatic therapy 


History of eczema and response 
to topical eczema therapy 


Grey-black discoloration 
and pigment spill. Shorter 
history 


Usually tender 


Keratotic ‘warty’ surface 


>. 


enhanced with the application of dermoscopy. Adding dermoscopy 
to naked eye examination increases the sensitivity of diagnosis 
in expert hands from 66.9% to 85% (P = 0.0001) and specificity 
from 97.2% to 98.2% (P = 0.006) with the greatest benefit seen 
with pigmented BCC [70]. 


Investigations 

The diagnosis of BCC is primarily clinical. In clinically challenging 
cases, a biopsy is advisable to guide treatment selection. In nodular 
BCC, a shave biopsy is easily undertaken. A punch biopsy or inci- 
sional biopsy allows for a larger specimen and decreased sampling 
error which may be more appropriate in identifying aggressive sub- 
types such as morphoeic lesions. The accuracy of punch biopsy in 
identifying BCC subtypes in mixed tumours is poor, with concor- 
dance between biopsy and subsequent excision only 60.9% [71]. It 
has been reported that at the time of Mohs surgery upstaging in 
diagnosis from the preoperative biopsy diagnosis occurs in up to 
31% of cases [72]. 

Dermoscopy using non-polarised or cross-polarised light is an 
indispensable clinical adjunct in the diagnosis of BCC and dif- 
ferentiation from other tumours and inflammatory conditions 
(Figure 140.9). Vascular structures consist of arborising vessels and 
short fine telangiectasia. Pigment structures include maple-leaf-like 
areas, spoke-wheel areas, multiple blue-grey globules, in-focus dots 
and concentric structures. Other non-vascular/non-pigmented 
structures include ulceration, multiple small erosions, shiny 
white-red structureless areas and white streaks. Arborising vessels 
are the most noteworthy structures. Dermoscopic critera for each 
BCC subtype have been described, however the greatest utility of 
the technique is to help differentiate BCC from benign naevi, Bowen 
disease, SCC and melanoma [73]. 

Other experimental techniques for the non-invasive diagno- 
sis of BCC include high-frequency ultrasound, optical coherence 
tomography using infrared light and in vivo reflectance confocal 
microscopy [74]. 

High-definition optical coherence tomography (HD-OCT) is a 
high-resolution imaging tool, with micrometre resolution in both 
transverse and axial directions, enabling visualisation of individual 
cells up to a depth of around 570 jm [75]. Features for four different 
BCC subtypes were described in both transverse and axial direc- 
tions. Subepidermal or intradermal aggregations of cells forming 
islands are surrounded by a less refractile border. This corresponds 
with palisading and peritumoral mucin production on histology 
(Figure 140.10). Although still in the experimental stages and not yet 
widely used in clinical practice, both optical coherence tomography 
and reflectance confocal microscopy may have a potential role in 
presurgical margin assessment and non-histological assessment 
of BCC, respectively, however their use can be limited by optical 
resolution, steep learning curves and high costs [74,75,76]. 

In confocal microscopy, cellular morphology can be observed in 
real time, in thin optical sections and high-resolution individual 
images which are stitched together to create mosaics that dis- 
play low magnification of large areas of tissue as required for Mohs 
surgery (Figure 140.11) [76]. Contrast agents such as acridine orange 
in fluorescence and acetic acid in reflectance confocal microscopy 
have been used in ex vivo imaging to enhance nuclear contrast. 


(a) 
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(b) 


(c) 


(d) 


Figure 140.9 Dermoscopic images of basal cell carcinoma (BCC). (a) Nodular BCC. (b) Corresponding dermoscopic image showing white and grey-brown structureless areas, 
blue-grey globules and telangiectactic vessels. (c) Superficial BCC. (d) Corresponding dermoscopic image showing spoke-wheel areas, concentric structures, arborising, comma and 


telangiectactic vessels. 


Management 

Both tumour (including clinical and histological subtype, size and 
site) and patient (including immunosuppression, previous psoralen 
and UVA (PUVA) or radiotherapy) factors must be considered. 
Stratification of BCC into those at low or high risk of tumour 
recurrence guides the choice of treatment modality (Tables 140.4 
and 140.5). Other factors include local experience and availabil- 
ity of treatments, which may indirectly depend upon the cost. 
Treatment options for BCC have been systematically reviewed and 
guidelines for the management of BCC have been published by 
national and international bodies [77-79] with a number of contem- 
poraneous revisions [80-82]. The recommended approach to the 
treatment of a patient with a BCC is illustrated in Tables 140.6, 140.7 
and 140.8. 


An evidence-based review of the literature has shown that the 
best results in the treatment of BCC are obtained with surgery 
[79] but that radiotherapy is an alternative or adjunct in selected 
cases. As with any malignancy, the primary aim of treatment is 
the complete removal or destruction of the BCC. Achieving a func- 
tional and acceptable cosmetic outcome is an important secondary 
goal. For some low-risk BCCs, superficial therapies such as topical 
treatments and photodynamic therapy (PDT) can be considered, 
as can cryosurgery. While the cosmetic outcome can be superior 
with some of these modalities, the cure rate is lower and should not 
come at the cost of higher risk of recurrence. High-risk BCC should 
not be treated with curettage and electrodessication, cryosurgery 
or superficial therapies other than in exceptional circumstances as 
histological examination of the excision margins is essential. 
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Figure 140.11 Fluorescent confocal submosaics (a, c) and the corresponding H&E-stained Mohs frozen sections (b, d) at 4x magnification. The submosaic and frozen section of a 
negative Mohs stage shows no residual basal cell carcinoma (BCC) (a, b); positive Mohs stage shows residual BCC within the upper dermis (c, d). There is good correlation between the 
mosaics and the corresponding frozen sections with respect to the overall size, shape, location and morphology of benign and malignant skin structures. Reproduced from Karen et al. 
2009 [76] with permission of John Wiley & Sons. 
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Superficial treatments Topical 5% imiquimod cream, applied five times per week over 
Imiquimod. Imiquimod stimulates Toll-like receptors 7 and 8 6 weeks, is effective in clearing 69-100% of superficial BCC and 
expressed on dendritic cells and monocytes, leading to anincreased 42-76% of nodular BCC on the trunk and limbs [24,84]. There is a 
production of cytokines and chemokines. These in turn promote lower response rate in nodular BCC and thicker superficial BCC as 
both Thi innate and adaptive cell-mediated immune responses _ well as those in high-risk anatomical sites such as the face [85,86]. 
which are crucial in the recognition and destruction of the tumour One study suggests that superficial BCC <0.4 mm in Breslow 
cells [83]. thickness may be better suited to treatment with imiquimod as 
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Table 140.4 Investigatons for the diagnosis and risk stratification of basal cell carcinomas (BCCs). 


Clinical examination Investigation Diagnosis 
Lesion suspicious for keratinocyte Skin biopsy BCC 
carcinoma Imaging (including CT or MRI if 
Full history there is a suspicion of deep or 
Full cutaneous examination advanced disease) 
BCC 


BCC with involvement of deep soft tissue, 


Risk status for incomplete 


excision/recurrence Management 


Low risk (Table 140.5) See Table 140.6 


High risk (Table 140.5) 
Advanced disease (Table 140.8) 


See Table 140.7 
See Table 140.8 


perineural invasion, bony erosion or 


metastasis 


Adapted from National Comprehensive Cancer Network Guidelines Version 1.2020 with permission. 


CT, computed tomography; MRI, magnetic resonance imaging. 


Table 140.5 Stratification of basal cell carcinoma (BCC) into low and high risk. 


Feature Low-risk BCC High-risk BCC 


Area L >20 mm 
Area M >10 mm 
Area Hf any size 


Area L?<20 mm 
Area M’<10 mm 


Location/size 


Border Well defined Poorly defined 

Primary/recurrent Primary Recurrent 

Immunosuppression No Yes 

Site of prior radiotherapy No Yes 

Pathology subtype No high-risk features Aggressive pattern 

Superficial, nodular Infiltrative, micronodular, 

morphoeic/sclerosing, 
basosquamous/metatypical 

Perineural invasion No Yes 


Adapted from National Comprehensive Cancer Network Guidelines Version 1.2020 with 
permission. 

@ Area L: trunk and extremities excluding the hands, nail units, pretibial, ankles and feet. 
> Area M: cheeks, forehead, scalp, neck and pretibial. 

© Area H: ‘mask’ areas of the central face, eyelids, eyebrows, periorbital, nose, lips 
(cutaneous and vermilion), chin, mandible, pre- and postauricular, temple, ear, genitalia, 
hands and feet. 


such lesions are most likely to respond [86]. When compared with 
PDT, imiquimod may be more effective in treating superficial BCC 
[87]. Imiquimod is recommended for use in superficial BCC in 
immunocompetent adults, with a maximum tumour diameter of 
2.0 cm. 

Patients may experience flu-like symptoms such as fever, chills, 
body aches and lymphadenopathy. This may be severe enough 
to warrant discontinuation of treatment. Reddening of the skin, 
pruritus, erosion, ulceration, dyspigmentation and crusting are 
commonly observed side effects of topical imiquimod therapy 
(Figure 140.12). 


5-Fluorouracil. Topical 5-fluorouracil (5-FU) disrupts DNA and 
RNA synthesis by inhibiting the enzyme thymidylate synthetase. 
This prevents purine and pyrimidine from becoming incorporated 
into DNA during the S-phase of the cell cycle [88]. When compared 
with imiquimod in the treatment of superficial BCC, 5-FU cream 
(5%) has similar efficacy and safety [87]. Like imiquimod, 5-FU is 
not recommended for the treatment of nodular and high-risk BCC, 
and local irritation and skin reaction resulting in redness, swelling, 
desquamation and tenderness are also similar. 


Figure 140.12 Skin reaction to topical imiquimod therapy for superficial basal cell 
carcinoma. 


Photodynamic therapy. Photodynamic therapy consisting of the 
application of a photosensitising agent (5-aminolaevulinic acid, 
methyl aminolaevulinate) to the tumour followed by irradiation 
with red or blue light relies on the production of ROS, which results 
in necrosis or apoptosis of tumour cells. A systematic review and 
meta-analysis of 1583 treated low-risk BCCs has shown an 86.4% 
complete clearance rate with good to excellent cosmetic outcomes 
[89]. However, PDT was found to be inferior to both imiquimod 
and 5-FU other than for superficial BCC below the knee in elderly 
patients [87]. The complete role of PDT in the treatment of BCC is 
discussed in Chapter 22. 


Intralesional interferon «2b (IFN-a2b). The need for treatment to 
be delivered in multiple sessions and the high associated costs limit 
the use of peri- and intralesional IFN-«2b treatment of BCC. This 
treatment has otherwise high reported cure rates approaching 98% 
at 12 years and good cosmetic outcomes [90]. 


Surgical treatments 

Cryosurgery. The application of liquid nitrogen to skin lesions 
to cause destruction of the tissue and a margin of surrounding 
tissue requires the achievement of lesional temperatures of —50 


Table 140.6 Management of low-risk basal cell carcinoma (BCC). 


Postoperative 


Invasive non-surgical 
treatment 


Standard surgical 


Superficial treatment —_ excision 


pathology 
margin assessment Action 


Further action Radiotherapy 


Curettage and 
electrodessication 
(avoid terminal 
hair-bearing areas: the 
scalp, pubic, axillae, 
beard areas) 

If adipose tissue is 
exposed proceed to 
surgical excision 

CO, laser ablation with 
curettage 

Cryosurgery 


Imiquimod cream 

5-fluorouracil cream 

Photodynamic therapy 
(PDT) 

Intralesional interferon 


4 mm clinical margin 

Postoperative margin 
assessment 

Second intention healing 
or primary linear repair, 
skin graft or flap 


Positive margins 


Negative margins 


Clinical follow-up by the 
referring doctor/family 
physician/general 
practitioner or 
dermatologist 


Patients where surgery is 
contraindicated due to 
medical comorbidities, 
unacceptable surgical 
risk, antithrombotic 
therapy, high risk of 
bleeding, advanced 
age, surgical refusal or 
risk of unacceptable 
scarring 


Mohs micrographic 
surgery or 

Excision with complete 
circumferential 
peripheral and deep 
margin assessment 
(CCPDMA) or 

Wide re-excision if 
feasible or 

Radiotherapy if surgery is 
not possible 


Positive margins: 
see Table 140.7 


Adapted from National Comprehensive Cancer Network Guidelines Version 1.2020 with permission. 


Table 140.7 Management of high-risk basal cell carcinoma (BCC). 


Postoperative pathology 


Action 


Further action 


Clinical follow-up by the referring doctor/family 
physician/general practitioner or dermatologist 


If perineural invasion involving nerves >0.1 mm in 


diameter is seen, consider postoperative radiotherapy 
and/or multidisciplinary team (MDT) review 
Consider MDT meeting to discuss options 


Re-excision if feasible or 
Radiotherapy or 
Systemic therapy (SHHi) 


Surgery margin assessment 
Mohs micrographic surgery or Negative 
Excision with complete circumferential peripheral 
and deep margin assessment (CCPDMA) 
Positive 
Wider standard excision with postoperative Negative 
pathology margin assessment and delayed 
repair 
Positive 


Clinical follow-up 6 monthly 

If perineural invasion is seen consider postoperative 
radiotherapy 

Mohs micrographic surgery or 

Excision with CCPDMA 


Consider MDT meeting to discuss 
options 

Radiotherapy or 

Systemic therapy (SHHi) 


Adapted from National Comprehensive Cancer Network Guidelines Version 1.2020 with permission. 


SHHi, Sonic hedgehog inhibitor. 


to —60°C. Like curettage and electrodessication, liquid nitrogen 
cryosurgery is considered appropriate for the treatment of some 
low-risk primary BCCs (see Table 140.6). Published studies are 
limited by low levels of evidence and anecdote. A double 30 s 
freeze-thaw cycle for superficial BCC has been reported to have 
a 95.3% cure rate [91]. A systematic review of recurrence rates 


found a cumulative risk of 4-17% with an average 5-year follow-up 
[92]. Compared with standard surgical excision for low-risk pri- 
mary BCC, cryosurgery may achieve a similar recurrence rate 
but at the expense of a worse cosmetic outcome as hypopig- 
mentation is a frequent consequence of cryosurgery [93]. While 
freezing with liquid nitrogen is a quick and relatively tolerable 
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Table 140.8 Management of advanced basal cell carcinoma (BCC). 


Status Action 


No clinical recurrence Clinical review, for example 6-12 monthly 


Patient education, sun protection, self-examination for 
new primary BCC 
Locally recurrent BCC See Table 140.7 
Nodal or distant metastatic | Consider multidisciplinary team meeting to discuss 
BCC options, including surgical resection or 
Radiotherapy or 
Systemic therapy (SHHi) or 
Clinical trial recruitment 


Adapted from National Comprehensive Cancer Network Guidelines Version 1.2020 with 
permission. 
SHHi, sonic hedgehog inhibitor. 


procedure that does not require local anaesthesia, it can be associ- 
ated with significant morbidity, particularly when tumours selected 
for treatment require prolonged freeze times to ensure adequate 
treatment. 


Curettage and electrodessication. Curettage and electrodessica- 
tion (syn. curettage and cautery or C&C) is widely employed for the 
treatment of BCC as it is fast and can be cost-effective, especially in 
the treatment of multiple superficial BCCs on the trunk and limbs. 
However, studies on effectiveness are mostly old and limited by a 
low evidence base. Reported 5-year cure rates vary from 91-97% 
for selected primary BCCs through to 73-81% where higher-risk 
BCCs are selected [92,94-96]. Low-risk superficial non-facial BCCs 
are best suited for treatment with curettage and electrodessication 
and should not be employed for the treatment of high-risk BCC. 
Hair-bearing areas should be avoided due to potential follicu- 
lar involvement. The results are highly operator dependent and 
cure rates with the technique likely reflect the experience of the 
operator [97]. 

The principal limitation of this technique that must be seriously 
considered is that histological margins cannot be assessed and the 
true histological subtype may not be accurately reported. The friable 
nature of some low-risk BCCs allows removal of abnormal tissue 
with a dermal curette. The technique involves repeated scraping 
until firm dermis is reached, followed by electrodessication/cautery 
to denature any remaining tumour that cannot be identified clini- 
cally. Up to three repeated cycles are usual. A modified technique of 
curettage alone can be an effective way of delineating the extent of 
some tumours before standard surgical excision or Mohs surgery. 
However, if performed prior to standard surgical excision, the 
formal excision pathology specimen is more limited and the inter- 
pretation of the pathology potentially affected. The procedure 
should not breach the dermis. If fat is exposed then the site should 
be formally excised. 

Healing can be unpredictable and is site dependent, with the 
anterior chest, upper back and shoulders all sites highly prone to 
hypertrophic scars or keloid following the technique. Mild scarring 
consisting of some textural change in the skin associated with 
depigmentation is usual. However, when vigorous diathermy is 
employed the cosmetic results are less satisfactory. 


Standard surgical excision. Standard surgical excision using a 
4 mm clinical margin with postoperative margin evaluation is the 
most effective treatment for low-risk BCC (Table 140.6) [98], with 
reported 5-year recurrence rates of 0.7-5% [98,99]. A randomised 
prospective clinical trial with 10-year follow-up showed primary 
BCCs of the face, excised with 3 mm margins, had 18% of excisions 
incomplete and a 12.2% recurrence rate. If the BCC was recurrent, 
standard surgical excision showed 32% incomplete excision with a 
13.5% recurrence rate [94]. 

Primary repair and flap or graft reconstruction following excision 
can lead to good cosmesis and function, but caution regarding the 
adequacy of margin clearance is required particularly where tissue 
rearrangement with flap surgery is undertaken. Aggregated data 
from an extensive review of all published studies reporting positive 
histological margins following excision show a mean recurrence rate 
of 27% if left untreated [100]. So if feasible, wider re-excision should 
be undertaken or, ideally, Mohs micrographic surgery or resection 
with complete circumferential peripheral and deep margin assess- 
ment (CCPDMA). 

Standard surgical excision with wider margins can be considered 
for high-risk BCC, however the reported surgical margins may need 
to be up to 15 mm. The current evidence base is insufficient for the 
margin for high-risk BCC to be accurately specified due to the great 
range in tumour and patient factors. A meta-analysis of the litera- 
ture consisting of over 16 000 lesions treated with standard surgical 
excision showed 4 or 5 mm surgical margins for BCC result in nega- 
tive margins on pathology in only 85% of cases, with a relative risk 
of recurrence of 4.2 with a 4 mm margin [100]. One conclusion of 
this study was that ‘Mohs micrographic surgery offers the smallest 
overall defect size with the lowest recurrence rate for BCC and is the 
standard against which other treatments are compared’. An alterna- 
tive when Mohs surgery is unavailable for high-risk BCC is wide 
resection with CCPDMA. 


Mohs micrographic surgery. This is discussed in Chapter 20. 


Laser therapy (Chapter 23). The tissue-heating properties of super- 
pulsed CO, laser can be used to ablate tumours including BCC. The 
effects are non-specific and usually need to be combined with curet- 
tage to remove the resultant char and any residual friable tumour. 
Repeated cycles are necessary until all friable tissue is vaporised 
and firm dermal tissue remains. At this point, any further applica- 
tion of laser results in tissue contraction rather than vaporisation. A 
single retrospective study showed 100% histological clearance and 
no recurrences with 3-year follow-up [101]. However, while high 
clinical cure rates have been reported, with CO, laser ablation the 
lack of histological confirmation of tumour clearance means that its 
use should be restricted to low-risk non-facial BCC [101,102]. Recur- 
rences following CO, laser ablation can be more challenging to treat 
as a dense scar often results, with a longer disease interval to diag- 
nosis and a more aggressive histological pattern compared with pri- 
mary BCC [103]. 

The pulsed dye laser has also been employed in the treatment of 
superficial BCC. A randomised placebo-controlled trial showed his- 
tological clearance at 6 months in 78.6% of cases [104]. However, the 
high incomplete clearance rate precludes the use of this technology 
in the treatment of BCC [105]. 


A large retrospective study of pulsed neodymium laser ther- 
apy for facial BCC showed a low recurrence rate of only 1.8% with 
follow-up of 3 months to 5 years [106]. However, the lack of histolog- 
ical assessment in these high-risk BCCs and risk of late recurrence 
and delayed treatment preclude the use of this technology as well. 


Radiotherapy (Chapter 24). External beam radiotherapy (EBRT) 
consisting of superficial X-rays (low-voltage X-ray therapy with 
energy in the range of 40-200 kV and a 50% depth dose (D50) 
of 7-10 mm), orthovoltage (deep X-ray therapy with values of 
150-400 kV and D50 50-80 mm) and megavoltage X-rays, electrons 
and protons (with values of >1000 kV and D50 10-200 mm) can 
be used for the treatment of BCC. Brachytherapy (BT) delivered 
using radionucleotide iridium-192 moulds or, in more recent times, 
electronically using a miniature X-ray source (50-100 kV) is another 
option for smaller, more superficial, low-risk BCCs and some 
selected high-risk primary BCCs. EBRT is an effective therapeutic 
strategy in selected cases with primary or surgically recurrent BCC 
or incompletely excised BCC where further surgical excision would 
be complex or contraindicated. EBRT also plays an important role 
as adjuvant postoperative treatment in those with high-risk BCC 
features such as perineural invasion. Those patients with high- 
or low-risk BCC who are unwilling or unable to tolerate surgery 
due to medical co-morbidities or when antithrombotic therapy is a 
contraindication may also be considered for radiotherapy [107,108]. 
A meta-analysis of BT versus EBRT in the treatment of keratinocyte 
carcinoma showed better cosmesis with BT over EBRT when using 
doses ranging from 50 Gy/15 fractions to 64 Gy/32 fractions, and 
similar recurrence rates with a median local recurrence of 2% at 
1 year and 14% at 5 years [109]. Radiotherapy may be used as a 
palliative modality in improving the quality of life in patients with 
advanced and/or inoperable disease [110]. Incomplete clearance of 
BCC and recurrences after radiotherapy are higher and cosmesis 
poorer when compared with surgical excision [111]. 

Radiotherapy should not be employed in the treatment of 
recurrent BCC where the primary treatment was radiotherapy 
or for treating patients with NBCCS as they have an increased 
sensitivity to radiation and a tendency to develop multiple BCCs 
in the irradiated field [112]. Radiotherapy should be used cau- 
tiously in patients under the age of 65 years in view of the risk of 
latent tumours in radiotherapy-treated sites [113]. Radiotherapy 
should be used with caution or best avoided on the distal upper 
and lower limbs. The inconvenience and practical difficulties of 
multiple appointments over many weeks required for a full frac- 
tionated course of radiotherapy need to be taken into account 
when it is considered as an alternative to conventional surgical 
approaches. 


Electrochemotherapy. Electrochemotherapy (ECT) is a local treat- 
ment purportedly aimed at enhancing the effects of chemotherapy. 
The procedure is performed with the patient under general or 
local anaesthesia with sedation. Chemotherapeutic agents (e.g. 
bleomycin or cisplatin) are administered either intravenously 
or directly into the tumour. Shortly after drug administra- 
tion, brief and intense electric pulses are delivered around or 
directly into the tumour using either surface plates or needle 


electrodes. This is meant to make the cell membranes more per- 
meable to the chemotherapy drugs so that the cytotoxic effect is 
increased. 

In the UK, although the National Institute for Health and Care 
Excellence (NICE) states that ECT may be useful in managing 
inaccessible or otherwise difficult to treat primary BCCs in care- 
fully selected patients, it is not in widespread use, as data from 
randomised controlled trials are notably lacking. The role of ECT, 
if any, in dermatological management of BCC remains to be deter- 
mined and as such remains somewhat controversial given the high 
cure rates offered by other treatment modalities. 


Sonic hedgehog pathway inhibitors. Most spontaneous BCCs 
have mutations in components of the hedgehog pathway that 
promote aberrant signalling (see the section on genetics earlier in 
this chapter). In 85-90% of BCCs inactivating mutations are seen 
in PTCH1, with the remaining 10% having activating mutations in 
SMO. These mutations result in the unchecked activation of the 
hedgehog pathway, resulting in unregulated proliferation of basal 
cells leading to BCC development (see Figure 140.1) [34]. These 
findings have been confirmed with genomic profiling using whole 
exome sequencing. Molecular therapies that downregulate hedge- 
hog pathway signalling impede BCC tumourigenesis and consist of 
Smo inhibitors and transcription factor-mediated (Gli) inhibitors, a 
class known as SHHis [114]. 

Two oral SHHis, vismodegib and sonidegib — both Smo inhibitors — 
have been developed and used in the treatment of metastatic and 
locally advanced BCC not considered suitable for surgery or radio- 
therapy. Other drugs with a mild effect on hedgehog signalling 
include the azole antifungal itraconazole, but limited data exist on 
its use [115]. Currently, a new semi-synthetic hedgehog pathway 
inhibitor, patidegib, also known as saridegib or IPI-926, is undergo- 
ing phase II and III clinical trials for the treatment of advanced BCC. 
Although initial data appear encouraging, longer-term analysis is 
awaited. 

A rigorous meta-analysis [116] has found that the use of vis- 
modegib is favoured over sonidegib in clinical practice. Compared 
with sonidegib, vismodegib has a higher overall response rate 
(ORR) of 68.8% versus 56.6%, and complete response rate (CRR) of 
30.9% versus 3.0% for locally advanced BCC, and higher ORR of 
39.7% versus 14.7% for metastatic BCC with fewer gastrointestinal 
and muscle side effects. Resistance to both agents involves similar 
mechanisms. Remarkable responses to SHHis can be seen in cases of 
both locally advanced disease and metastasis that would otherwise 
have led to premature death or mutilating surgery, including the 
avoidance of orbital exenteration (Figure 140.13). Prolongation of 
therapy leads to better responses but may require breaks of weeks 
to months in therapy to reduce side effects without compromis- 
ing response. Localised recurrences at the edges of the regressed 
tumour are seen but are able to be effectively treated with standard 
surgical excision in most cases. 

The side effects of SHHis can be incapacitating but are mostly 
reversible. Up to 25% of patients discontinue therapy due to 
side effects. These include muscle spasms, dysgeusia, decreased 
appetite, alopecia, weight loss, fatigue, nausea, myalgia, increased 
creatinine kinase, skin SCC (approximately 4%), diarrhoea and 
amenorrhoea. 
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Figure 140.13 (a) Advanced basal cell carcinoma with orbital invasion prior to 
treatment with vismodegib. (b) Following treatment with vismodegib. 


Naevoid basal cell carcin 
syndrome 


Definition and nomenclature 

This is a rare autosomal dominant familial cancer syndrome in 
which affected individuals are predisposed to the development 
of multiple BCCs at an early age, typically around puberty, and 
a variable combination of other phenotypic abnormalities. These 
abnormalities include highly characteristic facies (with large fore- 
head/frontal bossing), bifid or otherwise misshapen ribs, vertebral 
and other skeletal anomalies, keratocystic odontogenic tumours, 
pits of the skin of the palms and soles, dysgenesis of the corpus 
callosum, calcification of the falx cerebri (at an earlier age than 
is seen in non-affected individuals) and macrocephaly. It is also 
known as Gorlin syndrome or Gorlin—Goltz syndrome. 


Epidemiology 
Incidence and prevalence 
The estimated prevalence of this condition is 1 in 57 000 to 1 in 
164 000 without any sex predilection [1]. The high rate of new 
mutations and the variable expressivity of the condition make 
full assessment difficult particularly in mildly affected individuals 
where there is no family history of the condition. 

Skin lesions including BCC may develop in infancy but more fre- 
quently develop between puberty and 35 years of age, with an aver- 
age age of onset at 25 years [2]. 


Pathology 

The histopathological appearance of BCCs from patients with 
NBCCS are indistinguishable from those seen in sporadic forms. 
The tumours may induce a fibrous stroma as occurs with trichoep- 
ithelioma or nodular BCC, and the lesions may become papular 
or pedunculated. Deeper penetration as a result of greater aggres- 
siveness, ulceration and invasion can occur, with lymphocytic 
infiltration seen. There may be pigmentation in and around the 
tumour bulk. The presence of calcification and the general architec- 
ture can resemble trichoepithelioma. Palmoplantar pits show focal 
absence of the stratum corneum with vacuolisation of the spinous 
layer. At an ultrastructural level, pits show evidence of premature 
desquamation with a reduction in desmosomes and _ tonofibrils 
resulting from delay in maturation of the epidermal basal cells [3,4]. 
BCCs have developed in palmar pits [3-6]. 


Genetics 

The NBCCS gene has been mapped to chromosome 9q22.3-3.1 and, 
like other tumour suppressor genes, shows frequent deletion in 
both sporadic and familial BCCs [7]. The NBCCS gene was iden- 
tified in 1996 with the identification of mutations in the PTCH1 
gene in the germline of NBCCS patients and in sporadic BCC 
tumour samples [8]. PTCH1 is the human homologue of protein 
patched homologue, which was first identified as a key regula- 
tor of the evolutionarily conserved SHH signalling pathway in 
elegant genetic studies of embryonic segmentation and imaginal 
disc specification in Drosophila. This finding was the first reported 
example of a link between genes important in normal develop- 
ment and cancer, and provided a completely new insight into the 
molecular pathways important in the development of this common 
skin cancer. The importance of hedgehog signalling during normal 
development explains many of the other phenotypic abnormalities 
seen in patients with NBCCS and these features are consistent 
with findings from studies of heterozygote PTCH1 knock-out mice 
[9]. The PTCH1 mutation rate in NBCCS in published studies 
appears to range between 40% and 80%. A variety of mutations 
have been described in these studies including nonsense mutations, 
in-frame deletion, frame shifts due to deletions and insertions 
and splice-site mutations [10]. In addition to point mutations, a 
small number of patients have been described with larger deletions 
detected by comparative genomic hybridisation methodologies. 
These patients tend to present with additional clinical features 
which may be caused by co-deletion of other genes in addition to 
PTCH1 [11,12]. 
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Figure 140.14 Palmar pits in a patient with naevoid basal cell carcinoma syndrome. 
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Clinical features 

The skin manifestations of the syndrome are varied and include 
BCCs, skin tags, palmoplantar pits (Figure 140.14), milia, epi- 
dermoid cysts and lesions that clinically resemble dermal naevi. 
Affected individuals may develop up to 500 BCCs in their lifetime 
and these are more common in the fair-skinned population, par- 
ticularly in areas of high UV irradiation [13]. The BCCs are often 
smaller and most commonly located on the face and trunk and 
to a lesser extent on the limbs [14]. The eyelids, nose, cheeks and 
forehead are the usual sites, but the neck, trunk and axillae are quite 
frequently involved. The scalp and limbs are usually spared. The 
individual BCCs are smooth surfaced, rounded, elevated papules, 
flesh coloured or pigmented, varying in size from 1 to 15 mm in 
diameter. The lesions tend to increase in size and number up to 
late adolescence. There may be fine telangiectasia and milium-like 
bodies just below the surface. Those involving the axillae, neck and 
eyelids tend to be pedunculated. Most lesions appear to behave 
in a relatively benign fashion with barely discernible growth or 
evidence of clinical progression. 

As is the case for patients with sporadic BCC, some patients 
with NBCCS develop more aggressive BCC which can be more 
difficult to treat and may cause significant morbidity or, rarely, 
death resulting from extensive invasion or recurrence following 
treatment. The proportion of NBCCS patients who develop very 
aggressive tumours and the risk factors for this have not been 
established. Aggressive tumours appear to occur more frequently 
on the eyelids or nose, and can cause gross destruction. In one 
study, four of five cases with aggressive BCCs in a series of 36 


140.19 


noma syndrome 


NBCCS patients received radiotherapy as the initial therapy, which 
suggests that radiotherapy may be a contributing factor to tumour 
aggressiveness in some NBCCS patients [15]. A variety of other 
skin manifestations have also been described, including multiple 
epidermoid cysts, milia and palmoplantar pits. The pits are a useful 
diagnostic feature that occur in about 65% of adults with NBCCS 
but are relatively rare in children. They are characterised by small, 
more or less circular pits, which may have a reddish base and are 
usually 1-2 mm deep. In a recent study, re-examination of the skin 
phenotype in the context of data implicating hedgehog signalling 
in hair follicle biology led to the identification of discrete patches of 
unusually long, pigmented hair on the skin of three patients with 
NBCCS from two unrelated families with confirmed heterozygous 
mutations in the PTCH gene [16]. 

In many cases, the skin lesions resemble melanocytic naevi, von 
Recklinghausen neurofibromatosis or skin tags rather than BCC, 
and their true nature may be suspected only because of associated 
features or family history. The correlation between the clinical and 
pathological features of the range of skin lesions seen in NBCCS 
patients is still poorly understood, which makes it difficult to draw 
firm conclusions about the natural history of the different skin 
lesions in these patients. 

Other diagnostically useful phenotypic abnormalities in NBCCS 
patients include keratocystic odontogenic tumours (KOT), highly 
characteristic facies (broad nasal root, hypertelorism, frontal boss- 
ing), bifid or otherwise misshapen ribs, vertebral and other skeletal 
anomalies, dysgenesis of the corpus callosum, calcification of 
the falx cerebri (Figure 140.15) (at an earlier age than is seen in 


Figure 140.15 Skull X-ray with calcified falx cerebri and a keratocystic odontogenic 
tumour of the mandible. 
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non-NBCCS individuals) and macrocephaly [17]. The KOT typ- 
ically occur in the posterior mandible, are usually unilocular, 
present with radiological lucency and are associated with the 
crown of an unerupted tooth. Histologically, they show basal 
cell palisading and hyperplasia. Skeletal abnormalities include 
spina bifida occulta, bifid or splayed ribs, scoliosis or kyphosis 
[18]. Less commonly associated anomalies include syndactyly, 
shortened metacarpals, cleft lip and palate, bicornuate uterus, 
hypogonadism in males, lymphatic cysts of the mesentery, ocu- 
lar abnormalities including dystopia canthorum, cataracts and 
congenital blindness, and a variety of neurological disorders 
[18-23]. In addition to BCCs, the syndrome is associated with 
an increased susceptibility to other neoplasms including rhab- 
domyosarcoma, ovarian and cardiac fibromas and, in particular, 
medulloblastoma. Approximately 3% of NBCCS patients develop 
medulloblastomas, and approximately 3% of patients with medul- 
loblastomas have NBCCS [24]. Atypical clinical features such as 
brachydactyly, pulmonary valve stenosis and neurodevelopmen- 
tal disability should prompt consideration of a contiguous gene 
deletion syndrome. 


Diagnostic criteria 

A final consensus on diagnostic criteria has been refined to include 
the need for either two major criteria, one major and two minor cri- 
teria, or one major with molecular confirmation (Box 140.2) [25,26]. 


Investigations 

Suspected cases of NBCCS require a full clinical history and exami- 
nation, imaging including orthopantogram, spinal, chest and skull 
X-ray, cardiac and pelvic (female) ultrasound and baseline brain 
magnetic resonance imaging. 


Box 140.2 Diagnostic criteria for naevoid basal cell 
carcinoma syndrome (NBCCS) 


Major criteria 

¢ Basal cell carcinoma (BCC) before 20 years of age or excessive 
numbers of BCCs out of proportion to prior sun exposure and skin 
type 

¢ Keratocystic odontogenic tumour before 20 years of age 

e Palmar or plantar pitting 

e Lamellar calcification of the falx cerebri 

¢ Medulloblastoma typically desmoplastic 

e First-degree relative with NBCCS 


Minor criteria 

¢ Rib abnormalities 

¢ Other specific skeletal malformations and radiological changes 
(vertebral anomalies, kyphoscoliosis, short fourth metacarpals, 
postaxial polydactyly) 

¢ Macrocephaly 

¢ Cleft lip or palate 

¢ Ovarian or cardiac fibroma 

¢ Lymphomesenteric cysts 

¢ Ocular abnormalities (strabismus, hypertelorism, congenital 
cataracts, glaucoma, coloboma) 


Adapted from Bresler et al. 2016 [26] with permission. 


Molecular genetic testing for heritable pathogenic variants of the 
PTCH1 and SUFU genes can be undertaken with the probability of 
detection in up to 60% of cases depending on the clinical diagnostic 
criteria. Genetic testing does not alter the care of individuals meet- 
ing the clinical criteria, but may be helpful in the identification and 
management of their clinically unaffected relatives. It is also use- 
ful in confirming the diagnosis in those not meeting all the clinical 
criteria [27,28]. 

Frequent dermatological screening is recommended with 
radiological screening for medulloblastoma in those under the 
age of 8 years and with KOT, usually performed annually. 


Management 

As NBCCS is a complex multisystemic disease, a multidisci- 
plinary approach may be required in the management of these 
patients. Other than dermatology, multidisciplinary teams might 
include oral maxillo-facial surgery, oncology, genetics and psychia- 
try [29]. 

The large number of BCCs in patients with NBCCS means that 
standard surgical excision of all lesions is not always practicable. 
Low-risk BCC can be treated with non-invasive surgical procedures 
such as curettage and electrodessication and cryosurgery or with 
superficial therapies in order to keep treatment as simple as possible. 
Surgery is a mainstay of treatment (see Table 140.6). High-risk BCC 
requires Mohs surgery or CCPDMA (see Table 140.7), as with spo- 
radic BCC. The psychosocial impact of the relentless development 
of new BCCs along with frequent surgical procedures from a very 
young age cannot be underestimated. Fear of pain, needles and 
surgery often develops and can be extremely problematic, leading 
to treatment refusal or long delays in definitive management of 
aggressive lesions in these patients. Radiotherapy is contraindi- 
cated as an accelerated rate of development of new BCCs within 
the irradiated field can occur, and where recurrences do occur, they 
frequently are more aggressive and difficult to manage than the 
initial primary tumour. 

The value of systemic chemoprevention strategies in the manage- 
ment of patients with NBCCS is still unclear. A few studies sug- 
gest that systemic retinoids (isotretinoin >4 mg/kg and etretinate 
0.7-1 mg/kg) may reduce the rate of development of new BCCs [30]. 
The clinical benefits, however, appear small relative to those seen in 
patients with multiple cutaneous SCCs. 

With the advent of therapy targeting aberrant hedgehog sig- 
nalling, the efficacy of vismodegib in patients with NBCCS has 
been tested in a randomised double-blind placebo-controlled trial 
[31,32]. The primary end point was a reduction in the incidence of 
new BCCs that were eligible for surgical resection with vismodegib 
versus placebo after 3 months. Secondary end points included a 
reduction in the size of existing BCCs. After a mean of 8 months’ 
treatment, BCCs eligible for surgical excision were significantly 
reduced to two per patient in the treatment group versus 29 in 
the placebo group, as well as a significant reduction in the size 
of existing BCCs in the treatment group. No tumours progressed 
while on treatment. 

However, patients routinely had grade 1 or 2 adverse events 
including loss of taste, muscle cramps, hair loss and weight loss. 
Overall, over half of the patients (54%) receiving vismodegib discon- 
tinued drug treatment owing to adverse events. Another issue that 


might arise is treatment resistance with alterations in the inhibitor 
pocket of SMO as has been seen with sporadic BCC [33]. Studies are 
required to assess other treatment regimens to enable more patients 
to receive the drug for longer. In particular, the use of intermittent 
dosing schedules, other modes of drug delivery such as topical 
patidegib, second-generation inhibitors such as sonidegib, different 
drugs targeting the hedgehog pathway such as itraconazole, and 
multidrug regimens need to be further investigated. 


Bazex-Dupré-Christol syndi 


Definition and nomenclature 

Bazex—Dupré-Christol syndrome (BDCS) is a rare genodermatosis 
that predisposes affected individuals to multiple BCCs, typi- 
cally with onset in the second decade of life. Approximately 20 
cases have been reported in the literature. Additional clinical fea- 
tures include dysgenesis of the hair follicles resulting in follicular 
atrophoderma and hypotrichosis as well as hypohidrosis. It is also 
known as follicular atrophoderma and basal cell carcinoma (Bazex) 
syndrome. 


Pathophysiology 

Genetics 

The BDCS is an X-linked dominantly inherited disorder. In 1995, a 
linkage of three families to a 23.3 Mb region on chromosome Xq24-27 
was reported [1]. These findings were later confirmed with the criti- 
cal region further elucidated to an 11.4 Mb interval on chromosome 
Xq25-27.1 [2]. 


Clinical features 

Only females are affected, with no skeletal abnormalities or other 
organ systems involved. Follicular atrophoderma, hypotrichosis 
and hypohidrosis are the main presenting features. Follicular 
atrophoderma is present at birth or in early childhood, and shows 
as ‘ice-pick marks’, enlarged follicular ostia on the dorsa of the 
hands, elbows, feet and face. The follicular changes are not caused 
by injury or inflammation but there may be facial eczema soon 
after birth. There may be anhidrosis of the face and head, and 
hypotrichosis. Milia have been reported as an associated feature 
[3]. The BCCs appear predominantly on the face typically in the 
second decade and resemble naevi [4]. Pigmented BCC may be seen 
as early as age 5 years [1]. 

The presence of multiple BCCs at an early age raises the likelihood 
of NBCCS. However the presence of cutaneous abnormalities with 
a lack of associated skeletal abnormality or tumours involving other 
organ systems can be seen in a variety of rare inherited disorders 
including BDCS. 


Management 

The management of BDCS does not require the intensive follow-up 
and imaging seen with NBCCS. The management of the BCCs is, 
however, the same. 
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Introduction 


Keratinocyte cancer (KC) is the most common human cancer. The 
term encompasses basal cell carcinoma (BCC) (Chapter 140) and 
squamous cell carcinoma (SCC) of the skin, which are both derived 
from epidermal keratinocytes. Although these tumours are clini- 
cally and pathologically distinctive, they share some characteristics 
and are frequently classified under the term KC for health care 
planning, cancer registry reporting and epidemiological purposes. 
In contrast to other common epithelial cancers, KCs rarely metas- 
tasise, which means that the case fatality rate for these cancers is 
low. This low mortality from KC has contributed to the widespread 
underreporting of this cancer to disease registries in many countries, 
which makes it challenging to quantify accurately the morbidity 
and health care costs associated with this disease. Nevertheless, 
given the increasing prevalence of KC (especially amongst those 
on immunosuppressive medication), and the frequent occurrence 
of multiple primary tumours in affected individuals, there is little 
disagreement amongst dermatologists that KC is an important and 
frequently underestimated public health problem. 

Patients at risk for development of KC are also predisposed to the 
development of actinic keratoses (AK) and Bowen disease, which 
are partial- or full-thickness epidermal dysplastic lesions that show 
some of the histological characteristics of SCC. The prevalence of 
AK and the multiplicity of lesions within individual subjects are 
considerably greater than that for KC. While there is some contro- 
versy about the premalignant potential of AK and Bowen disease 


and their relationship to SCC, these lesions are, in themselves, an 
important clinical problem for three reasons. First, they need to be 
distinguished from SCC; second, they cause concern and anxiety in 
patients, particularly in those with a previous history of KC; and, 
third, the scaling and inflammation associated with these lesions is 
an important contributor to the overall morbidity associated with 
photoageing. 


LESIONS WITH UNCEI 
UNPREDICTABLE MAL! 


Actinic keratosis —oTas 


Definition and nomenclature 

Actinic keratoses (AK) are skin lesions or areas that are highly vari- 
able in terms of size, extent, keratosis and overall clinical presen- 
tation. They emerge from expanding atypical basal keratinocytes. 
AK occur on chronically UV-exposed adult skin and carry a variable 
and, so far, unpredictable risk of progression to invasive SCC. 


clusions 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


< 
rT) 
 ¢ 
_i 
ou 
fo) 
wi 
z 


PART 12 


< 
7) 
< 
_i 
ou. 
fe) 
i 
= 


PART 12 


141.2 


Introduction and general description 

AK are common and found chiefly on UV-exposed skin [1]. The 
spectrum of clinical presentation varies in terms of keratosis (light 
to severe), area of involvement (a few millimetres to larger areas 
like the whole scalp), distribution (single lesions, coalescent lesions, 
small fields, large fields), and colour (white, pink/red, pigmented). 
Sometimes lesions are more easily palpable than seen because of 
their sandpaper-like keratotic surface. 

Besides chronic UV-exposure, further risk factors comprise fair 
skin-type (Fitzpatrick I and Il), age, male gender, immunosup- 
pression, DNA repair disorders like xeroderma pigmentosum and 
certain drugs (e.g. thiazide diuretics). 

In early AK, atypical keratinocytes are restricted to the basal layer 
of the epidermis and later either extend to full-thickness atypia of the 
epidermis and/or protrude into the upper papillary dermis. These 
atypical keratinocytes resemble the cytomorphological and genetic 
changes of invasive cutaneous SCC, and the transition into this is 
characterised by penetration through the basement membrane. 

Clinically, the concept of ‘field cancerisation’ has been described 
in the context of AK, with evidence of subclinical lesions in an area 
of photodamaged skin, which strengthens the case to treat the whole 
field rather than the individual AK [2]. 


Epidemiology 

Incidence and prevalence 

In many countries, the prevalence of AK is high and is influenced by 
the amount of ambient UV radiation, the proportion of susceptible 
individuals in the population, the age distribution of the population 
and the time spent in outdoor occupations and recreations. Despite 
the frequency of AK in clinical practice, there are hardly any reliable 
population-based data on worldwide epidemiology. 

In a white population in northwest England the overall preva- 
lence was 15.4% in men and 5.9% in women. It showed that 
prevalence was strongly age-related. In men and women aged 
70 years and above 34.1% of men and 18.2% of women had AK 
[3]. In Australia, a country with high ambient UV irradiation and 
susceptible fair-skinned inhabitants, AK were found in 40-60% of 
people aged 40 years and older [4,5]. Further data from Australia 
also show an age-related increase in prevalence of AK from 20% 
in men aged 60 years and above to 52% in men over the age of 70 
years [6]. In contrast, the prevalence of AK in Japan was relatively 
low ranging from 0.2% in an urban area to 0.8% in a rural area [7]. 
Beside ambient UV irradiation in the country of origin, travelling 
and leisure activities are playing an increasingly important role [8]. 


Age 
AK are more common in the elderly. Various studies show an 
increase in prevalence with increasing age [9]. 


Sex 
AK are common in both sexes but there is a distinct preponderance 
in men. 


Ethnicity 
The condition is much more common in the white population, 
particularly in those who live or have lived in areas of high sunlight 
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exposure. In these areas, such as Australia, there is a prevalence 
rate of 43% with 18% (of a population of 197) having more than 
10 AK [10]. 


Associated diseases 

Patients may present with other UVR-induced skin cancers and full 
examination of the skin should be undertaken. A large European 
case-control study showed that patients presenting with AK have 
coexisting SCCs in 58%, BCCs in 30%, in situ melanoma in 12% and 
invasive melanoma in 6% of cases [11]. 


Concomitant medication 
In addition to immunosuppressive drugs, thiazide diuretics have 
been reported to be significantly associated with AK due to their 
photosensitising action [12]. 


Pathophysiology 

Chronic UV exposure is the central driver in the pathogenesis of AK. 
UVB directly damages DNA, causing the formation of cyclobutene 
pyrimidine dimers and pyrimidine-pyrimidone 6,4-photoproducts. 
DNA mutations can lead to a malfunction of tumour suppressor 
proteins such as TP53 which is located on chromosome 17p13.1. It 
helps to either repair UV-induced cellular DNA damage or induce 
apoptosis of irreversibly damaged cells. Mutations of TP53 are fre- 
quently seen in AK [13]. 

p16 is also a tumour suppressor protein encoded by the CDKN2A 
gene in the 9p21 region. It is involved in the arrest of the cell cycle 
at G1, suppressing the entry into the S-phase. p16 mutations can 
also be caused by UVR [14]. Inactivation of p16 leads to continu- 
ous cell cycling and it is thought that inactivated p16 advances AK 
to SCC [15]. 

UVB irradiation can also affect the Erk1/Erk2 signalling path- 
way leading to increased cellular proliferation. Mutations of the 
Ras-Oncogene H-RAS in codons 12, 13 and 61 lead to a change in 
the gene product, a GTP-binding protein, leading to a continuous 
stimulation of the signalling pathway [16]. 

UVA irradiation also intervenes in gene regulation. A downregu- 
lation of Notch1, Notch2 and HES1, and an upregulation for expres- 
sion of c-Jun have been demonstrated. The Notch/CSL signalling 
pathway plays a role in tumour suppression and controls differenti- 
ation, apoptosis and proliferation of keratinocytes. Notch1 induces 
p21 which inhibits the cell cycle leading to uncontrolled prolifera- 
tion. Hence, downregulation of Notch1 leads to an increase in AK 
and SCC [17]. 

Investigation focusing on the epithelial-to-mesenchymal transi- 
tion (EMT) have demonstrated that this interaction is characterised 
by atypical basal and suprabasal keratinocytes at the epithelial 
zone [18]. 

Human papillomavirus (HPV) infection plays an important role in 
the development of AK and SCC. Similar to mucosal high-risk HPV 
carcinogenesis, B-HPV types are involved and in particular the viral 
E6 and E7 oncoproteins from some cutaneous B-HPV types exert 
transforming activities. It has been demonstrated that these B-HPV 
types can alter the networks regulated by the tumour suppressor 
gene products retinoblastoma (pRb) and p53, leading to loss of 
cell cycle control, apoptosis and DNA repair. Moreover, B-HPV E6 
oncoprotein has been shown to deregulate the Notch signalling 
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pathway. In association with UV radiation, these oncoproteins 
block UV-induced apoptosis and promote cellular proliferation. 
This highlights the role of cutaneous B-HPV types in the initiation 
of carcinogenesis but not in its maintenance (the ‘hit-and-run’ the- 
ory) [19,20]. Besides this oncogenic effect of HPV, the loss of T cell 
immunity against cutaneous B-HPV in the immunocompromised 
has been demonstrated to contribute to an increased risk of AK and 
SCC [21]. 


Predisposing factors 

The vast majority of AK occur on light-exposed sites in fair-skinned 
people who have had excessive exposure to UVR. These AK are 
commoner in people who have worked outdoors, which carries a 
fourfold increase in risk compared with outdoor hobbies, which 
carries a 1.3 times higher risk [11]. AK are commoner in people 
with red hair and those with blue eyes [11]. People with brown eyes 
and/or black hair carry the lowest risk for AK development. 

Men and people over the age of 70 years carry a higher risk in 
developing AK. The geographical location of the place of residence 
is of major relevance: the closer to the equator, the higher the risk 
[3,22-24]. 

Chronic immunosuppression is a major factor for the develop- 
ment of AK and cutaneous SCC. Pharmacological immunosup- 
pression has been studied most comprehensively in solid organ 
transplant recipients (OTRs) exhibiting an estimated 250-fold 
increased incidence for cutaneous SCC. Calcineurin inhibitors such 
as ciclosporin and tacrolimus are amongst the drugs most strongly 
promoting carcinogenesis. Azathioprine is also associated with 
increased skin cancer risk. In contrast, the mammalian target of 
rapamycin (mTOR) inhibitors have demonstrated direct antitu- 
mour properties qualifying them as an alternative for OTRs. Oral 
glucocorticosteroids are associated with an up to threefold increase 
in KC [25]. Beside pharmacological immunosuppression, chronic 
lymphatic leukaemia has been identified to have an eightfold 
increased risk for non-melanoma skin cancer [26]. 


Pathology 

AK are mainly diagnosed clinically. Diagnostic biopsies are only 
undertaken in a small percentage of cases, typically to rule out 
SCCs. Generally, there is a variable loss of the normal orderly 
arrangement of the epidermis characterised by different degrees 
of cellular atypia. Lesional keratinocytes reveal loss of polarity, 
nuclear crowding, nuclear hyperchromatism, pleomorphism and 
nucleolar prominence. Epidermal mitotic activity is increased and 
there are occasional dyskeratotic cells. Focal parakeratosis with loss 
of the underlying granular layer is a characteristic feature of AK. 
Acrosyringia are uninvolved creating funnel-shaped columns of 
orthokeratosis. 

Early changes are characterised by a crowding of atypical ker- 
atinocytes along the basement membrane (Figure 141.1). Atypical 
keratinocytes can later extend throughout the upper epidermis 
and/or protrude into the papillary dermis without breaching the 
basement membrane. Intraepidermal expansion and budding or 
papillary sprouting into the papillary dermis can be combined. 
Acantholysis can sometimes be observed. Solar elastosis is a regular 
finding but not always present. The papillary vessels are irregu- 
larly increased and there is a variably dense lymphoid infiltrate 
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Figure 141.1 Pathological features of early, non-proliferating actinic keratosis showing 
crowding of atypical keratinocytes in the basal epidermis. H&E, x20. 


beneath the lesion. Numerous plasma cells may form part of the 
inflammatory cell infiltrate, particularly in lesions from the scalp 
and lips (actinic cheilitis) and in ulcerated lesions. Histological vari- 
ants of AK include atrophic, hypertrophic, lichenoid, acantholytic, 
pigmented and bowenoid [27]. 

Rowert-Huber graded the extent of atypical keratinocytes 
throughout the epidermis. In grade AK I, atypical keratinocytes 
are restricted to the lower third of the epidermis. In grade AK II, 
atypical keratocytes extend to the lower two-thirds of the epider- 
mis and in grade AK III full thickness atypia of the epidermis 
is present [28]. Recently, the basal proliferative growth pattern 
of AK has been used to establish a different grading system. In 
this, crowding of atypical keratinocytes in the basal epidermis 
has been termed Pro I, budding of small round nests of atypical 
keratinocytes Pro II and spiky or filiform papillary elongation of 
atypical keratinocytes into the papillary dermis without penetrating 
the basement membrane has been described as Pro III (papillary 
sprouting) (Figure 141.2) [29]. Basal proliferative AK as well as AK I 
lesions are most commonly found adjacent to invasive SCC [30,31]. 

Bowenoid AK differs histologically from Bowen disease by a 
poor lateral demarcation and gradual transition into actinic field 
disease. Bowenoid AK shows an alternating pattern of paraker- 
atosis and orthokeratosis. Sparing of the basal keratinocytes in 
Bowen disease (the so-called ‘eyeliner sign’) is a characteristic 
phenomenon in early lesions. It suggests that atypical keratinocytes 
may have a suprabasal origin. In contrast, the basal keratinocytes 
are always atypical in AK. Solar elastosis is not always observed 
in Bowen disease. AK may demonstrate architectural complexity 
and assessment of early dermal invasion may be difficult. Careful 
examination of several sections is required to confirm the presence 
of intraepidermal dysplasia only. 


Environmental factors 
There is a direct relationship between AK and chronic sun exposure 
[11]. AK are also more common following iatrogenic phototherapy, 
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Figure 141.2 Pathological features of proliferating actinic keratosis showing papillary 
sprouting of atypical keratinocytes. H&E, x20. 


ionising radiation and sunbed usage. Historically, arsenic and chem- 
icals from coal distillation increased the risk of AK development. 


Clinical features 

History 

Patients are usually middle-aged or elderly and develop rough 
scaly areas on sun-exposed sites, which are either asymptomatic 
or painful on palpation. Many patients give a history of relapsing 
and/or remitting lesions, which often disappear either sponta- 
neously or after sun avoidance and regular use of sunscreens. 


Presentation 

AK are commonly present on sun-exposed areas such as the face, 
scalp and dorsa of the hands. The sides of the neck are involved 
in both sexes, but the ears predominate in men. The vermilion of 
the lower lip and in few cases the upper lip may also be involved 
and with a much higher incidence in men than in women. Lesions 
are usually multiple and comprise either macules or papules with a 
rough scaly surface resulting from disorganised keratinisation and 
a variable degree of inflammation. Lesions vary in size from less 
than 1mm to over 2cm and are usually asymptomatic. In many 
individuals, the number of lesions can be better appreciated by skin 
palpation, which is a sensitive way of detecting the characteristic 
roughness associated with smaller lesions. Many of these small 
lesions may pass unnoticed by most patients and the diagnostic 
changes often only appear later as a dry rough adherent and often 
yellow- or brown-coloured scale (Figure 141.3). 

The adherent scale can only be picked off with difficulty, reveal- 
ing a hyperaemic base with punctate bleeding points. In some cases, 
scaling may be prominent and in time may become thick and horny. 
If individual lesions exist, the edge of the AK is usually sharply 
demarcated, and the reddening is usually closely confined to the 
area immediately below the area of abnormal scaling. 

In many cases AK do not exist as discrete entities but often 
coalesce across the affected field, making it difficult to assess AK 
numbers accurately. This represents a clear limitation in clinical 
trials as many are based on lesion counts [32]. The area surrounding 


Figure 141.3 Actinic keratosis. 


visible AK is often associated with ‘field change’, characterised by 
areas of photodamage, skin atrophy, telangiectasia and pigmentary 
change. This has been designated ‘field cancerisation’ but a better 
term would be ‘actinic dysplastic field’, which is often prone to 
develop clinically visible or further recurrent AK [33]. Histology of 
this ‘field change’ has shown evidence of epithelial dysplasia with 
TP53 mutations consistent with ‘subclinical disease’ [2]. 


Clinical variants 

Several clinical variants of AK have been described. The hyperplas- 
tic (hypertrophic) form, found predominantly on the dorsum of 
the hands and the forearms, is characterised by thick AK lesions. 
Hyperkeratosis can limit penetration of topical treatments for AK 
and many drugs are confined to be used in thin to moderately 
hyperkeratotic AK. Acantholytic variants can mimic superficial 
BCC. The flat, atrophic, or lichenoid variety are most commonly 
seen on the face. Pigmented AK can be found on any sun-exposed 
skin. Pigmented lesions can show collision with solar lentigo or 
melanoma in situ. Recently it has been shown that AK which are 
painful on palpation are more treatment resistant and often show a 
basal proliferative pattern on histopathology [34]. 


Differential diagnosis (Table 141.1) 

The diagnosis is usually based on clinical findings which consider 
the morphology of individual lesions and the clinical setting. For 
lesions less than 3mm, clinical discrimination from an early SCC 
may be difficult. This diagnostic uncertainty, particularly for small 
lesions, is one of the reasons why it is difficult to establish accurate 
rates of progression for AK to SCC. Clinical pointers favouring 
the diagnosis of an early invasive SCC include the presence of 
tenderness, induration or a raised shoulder that extends beyond 
the area of disorganised scaling. Other diagnoses that need to be 
considered, particularly in patients with large confluent areas of 
pink/red skin and scaling, include discoid lupus erythematosus. 
The pink/brown colour of lichenoid AK can easily be mistaken for 
focal areas of lichen planus or lichen planus-like keratosis, partic- 
ularly when these lesions have only minimal scaling (Figure 141.4). 
When an AK is pigmented, it may resemble a superficial seborrhoeic 


Lesions with uncer 


Table 141.1 Common clinical differential diagnoses of actinic keratosis (AK). 


Diagnosis Differentiating features Image 


Seborrhoeic May mimic pigmented AK 
keratosis Usually larger, darker and multiple 
Raised ‘greasy’ warty surface 
‘Stuck on’ appearance 
Dermoscopy: horn cysts 


Squamous cell Enlarging lesion 
carcinoma Induration 
Raised shoulder or nodule 
Tenderness 
Bowen disease Usually larger and solitary 


Irregular erythematous base 

Mainly occur on lower legs in females 
Keratoacanthoma Enlarging lesion 

Rapid growth 

Central hyperkeratotic crater 

Generally larger and solitary 

Usually more hyperkeratotic than AK 
Basal cell Often solitary with pearly, rolled border 

carcinoma Usually less hyperkeratotic than AK 
Irregular erythematous base 


Figure 141.5 Seborrhoeic keratosis. 


Figures 141.5 and 
141.6 


Figure 141.7 


Figure 141.8 


Figure 141.9 


Figure 141.6 Dermoscopy showing thickened warty appearance of seborrhoeic 
keratosis. 


Figure 141.10 


Figure 141.7 Squamous cell carcinoma showing hyperkeratosis with a raised nodule. 
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Figure 141.8 Bowen disease, which is usually larger than actinic keratoses with an 
irregular erythematous base. 
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Figure 141.10 Solitary basal cell carcinoma with pearly edge and minimal 
hyperkeratosis. 


keratosis, but can usually be distinguished from such lesions by 
the lack of organisation of the hyperkeratosis and on dermoscopy 
(Figures 141.5 and 141.6). Bowen disease and superficial BCC 
usually have a more irregular contour and pink/red base. 


Classification of severity 

A number of clinical and histopathological classifications have 
been proposed but none has shown accurate clinicopathologi- 
cal correlation. The AK I-III histopathological classification is 
based on the extension of atypical keratinocytes throughout 
the epidermis. However, there is poor clinical correlation with 
this pathological staging [28]. Some dermatologists describe the 
clinical thickness of disease by using the term ‘mild’ with thin 
slightly palpable disease to ‘moderate’ where AK are easily seen 
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(b) 


Figure 141.11 ‘Low-risk’ disease characterised by several thin actinic keratoses. 


and felt, to ‘thick’, but this does not correlate with pathological 
changes [35]. 

Many studies measure AK counts, but because of the varied 
clinical presentation of AK, counts have shown to be imprecise 
[36], the Actinic Keratosis Area and Severity Index (AKASI) was 
developed with the intent of characterising the severity of AK 
across a field. It stratifies AK on the face and scalp in a similar 
manner to the Psoriasis Area Severity Index (PASI) score in pso- 
riasis. Three parameters are the basis to calculate AKASI: area 
(scalp, forehead, right/left face), percentage of actinically damaged 
skin in each area and the extent of clinical AK severity, including 
redness, thickness and distribution. Higher scores indicate more 
severe disease [32] and correlate with the incidence of cutaneous 
SCC [37]. 

The risk of SCC has been reported to increase with the number of 
thick AK, previous KC and immunosuppression. It would be rea- 
sonable to divide AK into ‘low risk’: immunocompetent individuals 
with few thin AK and no history of KC (Figure 141.11); and ‘high 
risk’ individuals with numerous thick AK with or without a history 
of immunosuppression and previous KC (Figures 141.12 and 141.13) 
(Box 141.1). 


Lesions with uncertain or unpredictable malignant potential 


Figure 141.12 ‘High-risk’ disease characterised by field cancerization with multiple 
thick actinic keratoses. 


Figure 141.13 ‘High-risk’ disease characterised by multiple thick actinic keratoses in an 
immunosuppressed patient on ciclosporin. 


Complications and co-morbidity 

AK are usually asymptomatic but patients may complain of local 
pruritus and discomfort. AK can be painful on palpation, in partic- 
ular if they histologically demonstrate basal proliferation (34). Most 
patients find them a cosmetic nuisance. Patients with AK are at a 
higher risk of concurrent SCC, BCC, in situ and invasive melanoma 
[7]. Quality of life (QoL) may be affected and can be determined 
using the AKQoL questionnaire [38]. 


141.7 


Disease course and prognosis 

Longitudinal studies with patients of AK have established firstly, 
that there is a high probability of developing new lesions and 
secondly, lesions may undergo spontaneous resolution [39]. Rates 
of regression of single lesions have been reported to range from 
15% to 63% after one year. Data available on recurrence rates of 
single lesions one year after regression indicate a recurrence rate 
of 15-53% [40]. Although the rate of progression of an individual 
AK to invasive SCC has been estimated to be low (less than 1 in 
1000/year), an individual with an average of 7.7 AK has a probabil- 
ity of around 10% of one AK transforming to a SCC over a 10-year 
period [41]. The presence of AK is therefore an important biomarker 
of excessive UV exposure and increased skin cancer risk. 

Treatment resistance in AK is histologically linked to basal prolif- 
eration which can be observed adjacent to cutaneous SCCs. There- 
fore, lesions that do not respond to treatment may have an increased 
risk to transform into SCC [34]. 


Box 141.1 High-risk clinical features of actinic 
keratosis (AK) 


The presence of one or more of these features may increase the risk of 
progression to squamous cell carcinoma but evidence for some 
individual factors such as extensive actinic damage, although 
reasonable, is lacking. 

e Multiple thick AK 

e High AKASI score 

¢ Basal proliferation on histology 

¢ Past history of KC 

e Extensive actinic damage 

¢ Immunosuppression 

¢ Tender enlarging lesion(s) 

¢ Lesions resistant to treatment 


Investigations 

Diagnosis of AK is made on clinical grounds, but a skin biopsy 
may be necessary to differentiate from a SCC, BCC or Bowen 
disease in case of clinical suspicion. Dermoscopy can be a use- 
ful tool to increase diagnostic precision. Facial non-pigmented 
AK are characterised by a pink-to-red pseudo network and 
white-to-yellow surface scales. In the case of facial pigmented 
AK, slate-grey-to-dark brown dots and globules, annular granular 
structures and a brown-to-grey pseudo-network can be observed 
[42]. More recently, non-invasive techniques such as reflectance 
confocal microscopy and high-definition optical coherence tomog- 
raphy have been used to determine the optical features of AK 
and differentiate these from SCC [43]. Dynamic optical coherence 
tomography, a novel angiographic variant of optical coherence 
tomography, may aid in distinguishing AK from Bowen disease 
and cutaneous SCC [44]. 


Management 

Management of patients with AK needs to begin with a thorough 
explanation of the nature, natural history and risks associated with 
the presence of these lesions (Figure 141.14, Tables 141.2 and 141.3), 
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Presentation of Diagnosis and Suspicion of SCC / other 
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suspected AK risk assessment differential diagnoses Biopsy 
Single AK Single AK Multiple AK AK in immuno- AK in special 
. . . . . p i i 
Single widely Single widely Multiple AK or SS locations 
scattered AK per scattered AK per clustered AK in one patients 
field or affected field or affected body area or field All severity 1. Lower lip 
ee body area Actinic dysplastic 2. Ears 
field 3. Dorsum of 
contiguous areas of hands / forearms 
chronic actinic damage 4. Lower legs 


5-FU: 5-Fluorouracil 

5-FU/SA: 0.5% 5-Fluorouracil 
in 10% salicylic acid 

ALA: Aminolaevulinic acid 
DFS: 3% Diclofenac sodium 
in 2.5% hyaluronic acid 

MAL: Methyl aminiolaevulinic 


acid 
PDT: Photodynamic therapy 


as AK are a highly sensitive marker of levels of UV exposure 
capable of producing malignant change. Many treatments of AK 
can achieve effective lesion clearance for a short term. However, 
it remains uncertain if the efficacy can be sustained over a longer 
period of time without further intervention. AK represent chronic 
disease and therefore sequential therapy and follow-up is likely to 
be required. 

The main goal of treatment is to reduce the number of AK and 
to prevent the progression of AK to invasive SCC. Other concerns 
such as the negative impact on QoL or aesthetic aspects can be sec- 
ondary drivers of treatment considerations. For this, the spectrum of 
approach ranges from advice on sun protection to more aggressive 
topical treatments or surgical interventions. It remains, however, a 
basic problem with AK that it cannot be foreseen precisely which 
lesions will progress to SCC. Individual AK remain enigmatic and 
the spectrum includes spontaneous resolution to malignant transi- 
tion into SCC. 


y 
ao ee Figure 141.14 Actinic keratoses management algorithm. 


First line 

All patients with AK need to be instructed on avoidance of direct 
sun exposure and personal sun protective equipment like a hat, 
clothing and use of sunblocks. Regular sunscreen use has shown 
to reduce the rate of development of new AK [45]. Asymptomatic 
patients with ‘low-risk’ disease and few thin AK may decide that 
self-monitoring is a reasonable option. Other patients may wish to 
simply use emollients and sunblocks. 

The armamentarium to treat AK comprises numerous topical 
agents, destructive treatments such as cryotherapy or surgical 
techniques (e.g. curettage, cautery) and selective treatments such 
as photodynamic therapy (PDT). The selection of a suitable ther- 
apy depends on various factors such as patient preference, local 
expertise, availability of the particular therapy and cost. 

Some topical treatments for AK are limited to a maximum appli- 
cation area of 25cm? by license. These are 5% imiquimod cream, 
0.5% fluorouracil with 10% salicylic acid and tirbanibulin ointment. 


Lesions with uncertain or unpredictable malignant potential 


Table 141.2 Treatment options for actinic keratoses (AK). 


Lesion characteristics/ 


distribution Treatment 


Single AK lesions ¢ Cryotherapy? 

Curettage 

Ablative laser (CO, / Er:YAG)*° 
e 5% 5-fluorouracil (Efudix®) 

e Imiquimod 5% (Aldara®)? 


¢ 0.5% 5-fluorouracil/10% salicylic acid (Actikerall®)> 
¢ Tirbanibulin 1% ointment (Klisyri®) 


Multiple AK lesions ¢ 0.5% 5-fluorouracil/10% salicylic acid (Actikerall®)> 
5% 5-fluorouracil (Efudix®) 

® Diclofenac 3% (Solaraze®) 

e Imiquimod 5% (Aldara®)? 

e Imiquimod 3.75% (Zyclara®)® 


¢ Tirbanibulin 1% ointment (Klisyri®) 
© PDT (conventional /daylight) (Ameluz® / Metvix®)< 


Field cancerisation ® Diclofenac 3% (Solaraze®) 
e 5% 5-fluorouracil (Efudix®) 
¢ Imiquimod 3.75% (Zyclara®)® 
Tirbanibulin 1% ointment (Klisyri®) 
© PDT (conventional / daylight) (Ameluz® / Metvix®)< 


AK in immunocompromised °¢ 5% 5-fluorouracil (Efudix®) 
patients ¢ PDT (conventional) (Ameluz® / Metvix®)° 


@ By experienced practitioner. 
> Topical therapy without specific licence for trunk/limb AK. 
© Usually initiated in specialist dermatology department. 
PDT, photodynamic therapy. 


Treatment recommendations have therefore been divided into three 
treatment arms: single lesions, small field (maximum 25cm7?), and 
large field (>25 cm?) [8]. From a clinical point of view, AK are rarely 
limited to 25cm? so that this division appears artificial. 


Cryotherapy. Treatment with liquid nitrogen is effective for patients 
with a small number of lesions. Patients must be informed about 
blistering, oedema, crusting and soreness as short-term side effects. 
Long-term side effects mainly comprise hypopigmentation or scar- 
ring as a consequence of excessive treatment. Generally, cryotherapy 
gives good cosmetic results. This treatment does require a visit to a 
clinic and only targets specific treated lesions. Cryotherapy is dif- 
ficult to standardise because of the many variables involved such 
as duration of freeze, duration of thaw and number of freeze-thaw 
cycles. 


Curettage and cautery. This is a destructive therapy which can 
be useful for larger hyperkeratotic lesions. It has the advantage of 
providing a specimen for histological assessment. Gentle superficial 
curettage of scale and crust represents an important pretreatment 
for other therapies, e.g. PDT. In this context, care should be taken to 
avoid bleeding. 


3% diclofenac in 2.5% hyaluronic gel. This non-steroidal anti- 
inflammatory drug’s mechanism of action in AK is not known but 
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may be related to the inhibition of the cyclo-oxygenase pathway 
leading to reduced prostaglandin E2 (PGE2) synthesis. It is licensed 
for application twice daily for 60-90 days. 

In randomised placebo-controlled double-blind studies, com- 
plete clearance rates of 47% compared with 19% for placebo were 
observed at 30 days follow-up after 90 days of treatment [46]. 
Allergic contact dermatitis to diclofenac has been reported in few 
cases. 


5% 5-fluorouracil cream. The mechanism of action is not clear, but it 
is believed to act through inhibition of DNA synthesis and possibly 
RNA function, leading to cell apoptosis. 

5% 5-fluorouracil cream has shown good efficacy. It has the 
advantage that it can be applied to large areas up to 500cm* and 
often causes an inflammatory response with crusting. In a compar- 
ative trial on treatment of AK on the head, 5% 5-fluorouracil cream 
demonstrated superiority over 5% imiquimod cream, MAL-PDT 
and the now withdrawn 0.015% ingenol mebutate gel [47]. 


0.5% 5-fluorouracil combined with 10% salicylic acid. The addi- 
tion of salicylic acid in the 0.5% formulation leads to a keratolytic 
effect and reduces the hyperkeratosis associated with AK. The 
treatment area is limited to 25cm? by license. In a randomised 
double-blind study comparing 0.5% 5-fluorouracil combined with 
10% salicylic acid with 3% diclofenac in 2.5% hyaluronic acid and 
placebo, complete clearance rates were 55.4%, 32% and 15.1%, 
respectively, at 8 weeks follow-up after 12 weeks of treatment [48]. 


3.75% and 5% imiquimod cream. Imiquimod is a toll-like recep- 
tor 7 (TLR7) and TLR8 agonist that upregulates the expression 
of pro-inflammatory genes. Specifically, it induces translocation 
of several transcription factors, most importantly nuclear factor 
(NF)-«B, to the nucleus that activates expression of a multitude 
of pro-inflammatory genes. Ultimately, there is generation of 
tumour necrosis factor (TNF) a, interferon (IFN) a, interleukins and 
chemokines. It also upregulates the pro-apoptotic CD95 receptor 
that is known to be downregulated in AK and SCCs. 

In randomised double-blind studies, 3.75% imiquimod cream 
was compared with placebo in large treatment areas with clearance 
rates of 35.6% and 6.3%, respectively, at 8 weeks follow-up after two 
cycles of 2-week treatment with a 2-week rest period between each 
cycle [49]. 

5% imiquimod cream has been compared with placebo in a 
randomised double-blind study, which showed complete clear- 
ance rates of 55% and 2.3%, respectively, at 8-week follow-up 
after one or two cycles of three times per week over 4 weeks of 
treatment [50]. While 3.75% imiquimod cream can be applied to 
either whole scalp or whole face, 5% imiquimod cream is limited 
to a treatment area of 25cm? by license. Both treatments can cause 
marked inflammatory reactions which settle within a few weeks 
(Figure 141.15a-—c). 


Tirbanibulin ointment. This is a synthetic inhibitor of tubulin 
polymerisation leading to microtubular disruption and along with 
Src kinase signalling inhibition, results in cellular apoptosis. 

In two phase 3, randomised, double-blind, vehicle-controlled tri- 
als, pooled rates of complete clearance and partial (>75%) clearance 
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Table 141.3 Topical therapy for actinic keratosis (AK). 


Therapy 


Protocol 


Chapter 141: Squamous Cell Carcinoma and its Precursors 


Limitations 


Specific features 


Diclofenac 3% gel (Solaraze®, Almirall) 


5% 5-fluorouracil (Efudix®, Mylan) 


0.5% 5-fluorouracil combined with10% 
salicylic acid (Actikerall®, Almirall) 


Imiquimod 5% (Aldara®, Mylan) 


Imiquimod 3.75% (Zyclara®, Mylan) 


Tirbanibulin 1% 
(Klisyri®, Almirall) 


Conventional PDT (Ameluz®, Biofrontera 


Twice daily for 60-90 days 


Once or twice daily for 3-4 weeks 


Once daily for maximum of 12 weeks, 
optimal effect may not be evident for 
up to 8 weeks after cessation 

Apply three times a week to AK on face 
or scalp for 4 weeks. Assess after a 
4-week interval, repeat cycle if 
required 


Once daily for 2 treatment cycles of 2 
weeks, each separated by a 2-week 
interval 


Once daily for 5 consecutive days to AK 
on face and scalp 


Ameluz® (nanoemulsion of 5-ALA), 


Maximum area 200 cm, only Olsen 
grade I/II lesions 
Maximum area 500 cm? 


Maximum area: 25 cm?, only Olsen grade 
Il lesions 


Maximum area: 25 cm?, only Olsen grade 
Ill lesions, only in immunocompetent 
adults 


Up to two sachets per application, full 
face or balding scalp, only Olsen 
grade W/ll lesions, only in 
immunocompetent adults 

Maximum area: 25 cm?, only Olsen grade 
Ill lesions, only in immunocompetent 
adults 

Only non-pigmented Olsen grade I/II 


solated cases of allergic contact 
dermatitis and renal affection 

nflammatory reaction in the second 
week of application followed by short 
necrotic phase and healing 

Painted on each lesion and film peeled 
off following day 


Local inflammatory reactions are 
common. There is an association 
between clearance and intensity of 
reaction. Advise rest period of several 
days if inflammation is severe. Flu-like 
symptoms possible 

Rest period if required. Flu-like symptoms 

possible 


Mostly mild to moderate reaction with 
slight redness and swelling, which 
generally peaks at day 8 

Applied under occlusion for 3 hours 


or Metvix®, Galderma) Metvix® (methylester of 5-ALA) 


Ameluz® (nanoemulsion of 5-ALA), 
Metvix® (methylester of 5-ALA) 


Daylight PDT (Ameluz®, Biofrontera or 
Metvix®, Galderma) 


5-ALA, 5-aminolaevulinic acid. 
PDT, photodynamic therapy. 


were reported at day 57 of treatment to be 49% and 72%, respectively. 
Treatment was applied to the face or scalp and local skin reactions 
were reported to be mostly mild to moderate peaking at day 8 and 
mostly resolved by day 29 [51]. 


Conventional photodynamic therapy. This is a treatment modal- 
ity involving the administration of photosensitising compound, 
which selectively accumulates in the hyperproliferative target cells, 
followed by local irradiation with visible light, causing selective 
damage to target tissue by necrosis and apoptosis. The procedure is 
quite time consuming and requires approved illumination devices. 
In most cases, irradiation of the treatment area is felt to be very 
painful which is a relevant disadvantage of conventional PDT. 
5-aminolaevulinic acid (ALA)-PDT and its methyl ester, MAL- 
PDT, have been licensed and approved for the treatment of AK. In 
a large randomised double-blind study comparing ALA-PDT to 
placebo-PDT, complete clearance rates were 64% and 11%, respec- 
tively [52]. When ALA-PDT was compared with MAL-PDT and 
placebo-PDT in a large randomised double-blind study, complete 
response rates were 78.2%, 64.2% and 17.1%, respectively [53]. An 
open-label non-sponsored randomised controlled trial comparing 


lesions on the face and scalp; 
Ameluz®: also, in the body regions 
trunk, neck or extremities 


before illumination with red light. 
Only to be administered by healthcare 
professionals trained in PDT. 
Pain/burning sensation is common 
during PDT. Some redness common 
after treatment and scab formation 

Apply to scalp/face; patients should be 
outdoors within 30 minutes. Patients 
should stay outside for two 
continuous hours in full natural 
daylight. Single treatment, repeat at 3 
months if required 


Only non-pigmented Olsen grade I/II 
lesions on the face and scalp; clear 
weather, ambient temperature should 
exceed 10°C 


MAL-PDT to 3% diclofenac in 2.5% hyaluronic gel for the treat- 
ment of multiple face and scalp AK, showed that patient complete 
response was 68% with MAL-PDT and 27% with 3% diclofenac in 
2.5% hyaluronic gel at 3 months. At 12 months, of the patients who 
had a complete response 37/67 (55%) and 7/25 (28%) remained 
clear, respectively. MAL-PDT was superior in efficacy, cosmetic out- 
come and overall patient satisfaction. The authors concluded that 
while MAL-PDT was more expensive, it was also more cost-effective 
than 3% diclofenac in 2.5% hyaluronic gel [54]. 


Daylight photodynamic therapy. ALA-PDT and MAL-PDT are 
both approved for daylight PDT in the EU and UK. The advantages 
of using daylight PDT are that no specific illumination device is 
required and there is no pain during irradiation. 

Daylight PDT is confined to non-hyperkeratotic AK. After appli- 
cation of an organic sunscreen on all sun-exposed areas, crusts and 
scales are gently removed. MAL or ALA is then applied on the 
treatment area and the 2-hour exposure to daylight has to start 
within 30 minutes after application. ALA-daylight PDT with an 
approved ALA nanoemulsion was non-inferior to MAL-daylight 
PDT reaching clearance rate of 79.8% and 76.5% respectively [55]. 


Figure 141.15 (a) Hyperkeratotic actinic keratosis 
before treatment with 5% imiquimod cream. (b) Four 
weeks into treatment with 5% imiquimod cream. (c) 
Post-treatment. (c) 


Daylight PDT requires strict adherence to the protocol and adequate 
illumination conditions (>10°C, clear conditions, two hours of 
illumination under sufficient ambient light). 


Second line 

Topical retinoids have been used to treat AK with limited benefit 
in small case series. Oral retinoids (acitretin) and oral nicotinamide 
have shown some benefit in reducing number of AK in OTRs but 
evidence remains poor. 


Third line 
Laser treatments, preferably with CO,- or Er:YAG-lasers, dermabra- 
sion and chemical peels can be used for field-directed treatment of 
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ictable malignant potential 


AK. Clinical trials comparing these treatments with placebo or no 
treatment are required. These treatments may be used in combina- 
tion with other treatments especially in extensive field cancerisa- 
tion [56]. 


Resources 


Further information 

Dirschka T, Gupta G, Micali G et al. Real-world approach to actinic keratosis man- 
agement: practical treatment algorithm for office-based dermatology. J Dermatolog 
Treat 2017;28;431—42. 

Werner RN, Sammain A, Erdmann R eft al. The natural history of actinic keratosis: a 
systematic review. Br J Dermatol 2013;169:502-18. 
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Berker D, McGregor JM, Mohd Mustapa MF et al. British Association of Dermatol- 
ogists’ guidelines for the care of patients with actinic keratosis 2017. Br J Derma- 
tol 2017;176:20-43. 


Cutaneous horn [1] | — 


Definition 

Cutaneous horns are hard conical projections from the skin, made of 
compact keratin. They arise from benign, premalignant or malignant 
skin lesions. 


Introduction and general description 

This is a clinical and not a pathological diagnosis. Horny plugs or 
outgrowths may be caused by various epidermal changes, such 
as an epidermal naevus, a viral wart, molluscum contagiosum, a 
keratoacanthoma (KA), a seborrhoeic keratosis, or a marsupialised 
trichilemmal or epidermoid cyst. In most of these cases, the primary 
diagnosis is suggested by the appearance and clinical course and, in 
most, the horn has a friable quality. Cutaneous horns are generally 
small and are usually localised to the face or hands but can occur 
on any body part (Figure 141.16). 


Epidemiology 

Incidence and prevalence 

There are no published epidemiology studies but a large retrospec- 
tive series of 643 cutaneous horns over a 19-year period suggested 
an incidence of 32 new cases per year [2]. 


Age 

Cutaneous horns are more common in the older population with 
a peak incidence in those between 60 and 70 years. There is an 
increased chance of finding premalignant or malignant change in 
the base with increasing age [2]. 


Figure 141.16 Typical cutaneous horn. Underlying this lesion, a carcinoma in situ was 
identified after biopsy. 
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Sex 

In one large series, cutaneous horns were commoner in females [2], 
although other reports have not confirmed this finding [3,4]. 
However, cutaneous horns with premalignant or malignant pathol- 
ogy at the base were more common in males [2]. 


Ethnicity 
They are more common in Fitzpatrick skin types I and II. 


Pathophysiology 

Pathology 

The gradual continuing development from relatively normal- 
looking skin to a hard keratotic protrusion resembling an animal 
horn in miniature is the result of dysplastic epidermal changes 
similar to those seen in AK. Histologically, there is usually no 
atypicality or loss of polarity of the epidermal cells, but the granular 
layer may be deficient or absent. Histological examination of the 
base should confirm the cause of the horn. In long-established 
lesions there may be budding from the basal layer, indicating early 
development of a SCC. 


Causative organisms 
There is a possible association with the HPV family, particularly 
HPV-2 subtype [5]. 


Environmental factors 
Exposure to UVR may trigger the onset, as evidenced by a higher 
rate of lesions occurring on light-exposed sites. 


Clinical features 

A cutaneous horn has been defined as a keratotic lesion with its 
height at least half the widest diameter of its base [3]. Most cuta- 
neous horns have a benign pathology at their base, such as a seb- 
orrhoeic keratosis, viral wart or a trichilemmal cyst. However, just 
under 40% have premalignant or malignant change, usually a SCC, 
at their base [2]. In horns with premalignant or malignant aetiol- 
ogy, the lesions are commoner on light-exposed sites and in older 
men [2]. 


History 
They are often solitary and asymptomatic. 


Presentation 

Cutaneous horns generally present as curved hard, yellow to brown 
keratotic outgrowths with circumferential ridges, which are sur- 
rounded either by normal-looking epidermis or by an acanthotic 
collarette. Recurrent injury may cause the base to be inflamed; a 
combination of inflammation and induration beneath the horn is 
suggestive of malignant transformation. The lesions are most com- 
mon on the exposed areas, particularly the upper part of the face 
and the ears. They are commonly single, but may be multiple; it is 
usual to find some more typical AK or other evidence of UVR dam- 
age. Cutaneous horns with a wide base or a low height-to-base ratio 
have been reported to show either premalignant or malignant base 


Lesions with uncertain or unpredictable malignant potential 


Figure 141.17 Cutaneous horn with low height-to-base ratio. Pathology showed 
squamous cell carcinoma at the base. 


pathology (Figure 141.17). The coexistence of other premalignant 
or malignant skin lesions increases the likelihood of finding a horn 
with similar base pathology [2]. 

The size of the horn may vary from a few millimetres to several 
centimetres. They are often asymptomatic but malignant change is 
suggested by pain and redness, induration at the base, increase in 
size and a wide base or low height-to-base ratio. 


Differential diagnosis 

The common differential diagnoses to consider are viral warts and 
AK but others such as seborrhoeic keratosis, KA and invasive SCC 
may resemble cutaneous horns. 


Disease course and prognosis 

Most horns have benign base pathology but in a large series approx- 
imately 9% showed SCC pathological features at the base [2]. Other 
cancers reported in the literature include sebaceous gland carcinoma 
[4], malignant melanoma [6], BCC [7], Merkel cell carcinoma [8], 
Kaposi sarcoma [9] and cutaneous metastasis from renal cell carci- 
noma [10]. 


Management 
A cutaneous horn is diagnosed by its clinical appearance. Histolog- 
ical examination of the horn base is crucial to rule out malignancy, 
as there are no diagnostic clinical features that can definitively dis- 
tinguish benign lesions from skin cancer. 

Surgical excision is usually advised to obtain pathology and rule 
out malignancy. 
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Arsenical keratosis nm CC 


Definition 
A corn-like, punctate keratosis caused by arsenic, characteristically 
affecting the palms and soles, which may progress to SCC. 


Introduction and general description 

Inorganic arsenic has been classified as a class 1 human carcino- 
gen by the International Agency for Research on Cancer (IARC). 
Arsenic, which is absorbed into the bloodstream predominantly via 
contaminated drinking water, has been linked to a variety of adverse 
health outcomes, including cancers of the skin, lung, bladder, liver 
and kidney [2,3,4]. 


Epidemiology 

Incidence and prevalence 

Groundwater contamination with arsenic and its resultant severe 
health effects have been reported in populations from different 
parts of the world, including Taiwan, Mexico, Chile, Argentina, 
Thailand, USA, Canada, Hungary, Japan, Bangladesh and India. 
The problem is greatest in parts of Bangladesh, West Bengal and 
Taiwan resulting from well water contamination [5]. A considerable 
proportion of any population exposed to chronic arsenic intoxica- 
tion develops keratoses, the frequency increasing with the degree 
of intoxication and its duration [6]. A dose-dependent increase in 
skin lesions, including pigmentary change and keratoses, has been 
reported with increasing arsenic exposure [7] and between skin 
cancer prevalence and chronic arsenic exposure [8]. 


Age 

Changes in the skin due to arsenic exposure can occur at any age. 
However, the incidence of skin lesions, including keratoses, has been 
reported to be higher in older individuals [7]. 


Sex 

Males have been shown to have an increased incidence of devel- 
oping skin lesions, including keratoses, following chronic arsenic 
exposure [7,9] but the dose-dependent association between arsenic 
exposure and lesion status is more pronounced in females [7]. 


Ethnicity 
The prevalence is greatest in Bangladesh, parts of India and Taiwan. 


Pathophysiology 

Several in vitro and in vivo studies have shown that the DNA 
repair system is compromised by arsenic exposure. Individuals 
with the tumour protein 53 (TP53) arginine homozygous genotype 
(Arg/Arg) exhibit more DNA damage and this is not repaired as 
quickly as in those with other genotypes [10]. Recent studies have 
revealed the role of arsenic-induced epithelial alterations [11] with 
antihistone proteins (H3K79me1) being possible novel epigenetic 
signatures of arsenic-induced skin lesions [12]. 


Predisposing factors 
Nutritional deficiencies such as retinol, calcium, fibre, folate, iron, 
riboflavin, thiamin and vitamins A, C and E, have been reported in 
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patients with keratotic skin lesions but not with non-keratotic skin 
lesions, and this observation is greater in females [9]. The strongest 
evidence is for low intakes of retinol equivalents, calcium, vitamin A 
and riboflavin in females with severe keratoses [9]. These deficien- 
cies may have an adverse effect on arsenic metabolism. 

Chronic liver disease [8] and smoking [13] have also been reported 
to increase the risk of developing keratoses and skin cancer. UVR 
and sodium arsenite can interact synergistically to enhance mutage- 
nesis [14] but arsenical keratoses differ from UVR-induced keratoses 
as they tend to occur on light-protected areas, such as the palms 
and soles. 

Chinese herbal medicine and Ayurvedic medicine may rarely con- 
tain arsenic resulting in similar clinical features [15,16]. 


Pathology 

A range of changes may be seen from a benign-looking hyperpla- 
sia or dysplasia, through mild or moderate atypia, to frank Bowen 
disease [17,18]. There is no microscopic feature that allows a positive 
diagnosis of arsenic as the cause. In most lesions, there is no elastotic 
degeneration of the upper dermis. 


Clinical features 

History 

Skin lesions appear a few years after exposure and usually progress 
through stages. Typically, the progression begins with hyperpig- 
mentation of the skin (melanosis) in a ‘raindrop’ pattern. This is 
often accompanied with multiple hypopigmented areas (leukome- 
lanosis). Palmar and plantar keratoses develop and can progress to 
generalised thickening of the palms and soles. Mees lines (transverse 
white bands) may be seen in the fingernails. 


Presentation 

The keratoses usually begin on the palms or soles as small areas 
of hyperkeratosis resembling corns. These enlarge, thicken and 
increase in number. The fingers, backs of the hands and more 
proximal parts of the extremities may be involved. Induration, 
inflammation and ulceration occur when the lesion becomes malig- 
nant. There may be areas of Bowen disease in other sites and 
multiple BCC, mainly of the trunk, may occur in association. 


Differential diagnosis 
Punctate keratosis, such as disseminated punctate keratoderma, 
usually appears in early life. Darier disease and lichen planus 
usually have characteristic lesions elsewhere. Plantar warts differ 
in being papillomatous. 


Complications and co-morbidity 

Arsenic exposure predisposes individuals to cancer in a number 
of organs, including the skin, lung and bladder. Individuals with- 
out palmar hyperkeratosis have a low excess risk of subsequent 
internal malignancy [19]. However, in individuals with keratoses, 
a significant associated risk of bladder cancer and lung cancer 
exists, particularly in those who are smokers [13]. Besides tumours, 
prolonged arsenic exposure can lead to its accumulation in the liver, 
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kidneys, heart, lungs, muscles, nervous system and gastrointestinal 
tract. 


Disease course and prognosis 

The keratotic lesions usually progress over time with increasing 
numbers, which may coalesce. Individual lesions may develop 
malignant change and there is a higher risk of developing Bowen 
disease, BCC and SCC. A study from Taiwan reported the overall 
prevalence of skin cancer to be 6.1% and this was associated with 
liver dysfunction and undernourishment [8]. 


Investigations 

In endemic areas, sampling of the drinking water is useful to 
ascertain levels of contamination. Level of arsenic exposure may 
be quantified by blood and spot urine tests. Hair and nail sam- 
ples may be useful as deposits are found with chronic exposure. 
A skin biopsy usually shows non-specific change but may show 
keratinocyte dysplasia. 


Management 
There are a number of public health campaigns helping to reduce 
arsenic exposure in endemic areas. As there is an association with 
smoking and malnutrition, individuals should be advised to stop 
smoking and to eat a well-balanced diet, which may be difficult in 
poor economic areas. 

The multiplicity of the keratoses makes treatment difficult. All 
affected patients should be examined periodically for evidence of 
malignant change and for signs of visceral malignancy. 


First line 

Individuals with solitary or few keratoses often respond to cryother- 
apy or curettage and cautery. Where individuals have multiple 
keratoses, oral retinoids, such as acitretin have been reported 
to improve the keratoses and associated Bowen disease [20]. 
Oral retinoids can also be used in combination with keratolytic 
agents [21]. 


Second line 

Imiquimod cream (5%) once daily for 6 weeks or once daily three 
to five times per week for 8 weeks has been reported to improve 
arsenical keratoses and associated Bowen disease and BCC [22,23]. 


Post-ionising radiation kera’ 


Definition 
These may occur following accidental exposure to ionising radiation 
or after therapeutic radiotherapy. 


Introduction and general description 

These may occur in an area of scarring following radiotherapy or 
excessive fluoroscopy where there is obvious dermal damage. They 
may also be seen in radiologists, surgeons, dentists and others who 
have exposed their skin to frequent small doses of X-rays, although 
such cases are now rare. 


Lesions with uncertain or unpredictable malignant potential 


Epidemiology 

Incidence and prevalence 

Radiation effects on the skin are a common consequence of acci- 
dental ionising radiation exposure or following routine clinical 
radiotherapy, but radiation keratoses are uncommon [1,2]. 


Age 
All ages can be affected. 


Sex 
Both sexes can be affected. 


Associated diseases 

There is an increased incidence of bone marrow suppression and 
internal malignancy in those who have been accidently exposed to 
large doses of ionising radiation. 


Pathophysiology 

In vitro studies have demonstrated that exposure of skin cells to 
ionising radiation causes an acute inflammatory response which 
is mediated by an upregulation of inflammatory markers such as 
B1 integrin (CD29) and intercellular adhesion molecule 1 (ICAM-1) 
[3-6]. 


Pathology 

The epidermal changes are similar to AK. Histologically, the dermis 
shows a much more extensive replacement of collagen by scar 
and elastotic material, obliterative changes in the vessels and, at 
times, the presence of abnormally large and irregular fibroblasts 
(Figure 141.18). 


Environmental factors 
Accidental exposure to ionising radiation or following therapeutic 
radiotherapy. 


Figure 141.18 Pathology of post-ionising radiation keratosis. 
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Clinical features 

History 

Keratoses are the late effects of ionising radiation. They usually 
occur months to years following exposure. They are commoner 
on the limbs but may also occur on covered body sites following 
accidental ionising radiation exposure [1]. 


Presentation 

Cutaneous signs of ionising radiation include keratoses, telangiec- 
tasia, vasculitis, radiation ulcers, haemangiomas, destruction of the 
lymphatic network, regional lymphostasis and subcutaneous sclero- 
sis of the connective tissue. Pigmentary changes and pain are often 
present. 


Differential diagnosis 
Post-ionising radiation keratoses may resemble AK but other signs 
of radiation damage will be present. 


Disease course and prognosis 
Keratotic lesions may increase in number and skin cancer is possible 
in subsequent years. 


Investigations 
A skin biopsy may be necessary to confirm the diagnosis and to 
exclude malignant change. 


Management 

Immediate reduction in exposure to ionising radiation is necessary. 
In vitro studies have demonstrated that 1a,25-dihydroxyvitamin D, 
modulates the human keratinocyte response to ionising radiation 
exposure and may be useful in reducing the reaction following 
therapeutic radiotherapy [7]. Individual lesions may be treated 
with cryotherapy. 


Disseminated superficial 
porokeratosis 


Definition 

Disseminated superficial actinic porokeratosis (DSAP) is the most 
common clinical type of porokeratosis (Chapter 85), characterised 
by hyperkeratotic papules surrounded by a thread-like elevated bor- 
der. It appears on sun-exposed areas becoming more prominent in 
summer and may improve in winter. 


Introduction and general description 

DSAP was first recognised in Texas [1,2], and is common in 
Australia [3]. DSAP is an autosomal dominant disorder with incom- 
plete penetrance early in life [4-6]. Mutations in the mevalonate 
pathway which involves mevalonate kinase (MVK), mevalonate 
diphosphate decarboxylase (MVD), farnesyl diphosphate synthase 
(FDPS) amongst others have been reported in Chinese patients 
with familial and sporadic DSAP [6-8]. DSAP demonstrates the 
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Knudson ‘two-hit’ hypothesis, where in the presence of mono- 
allelic germline mutations of causative genes, a second hit results 
in genetic change in the wild-type allele of those genes [9]. On 
a background of germline mutations in MVK and MVD, it has 
been demonstrated that a second hit causes somatic homologous 
recombinations that render the monoallelic mutation biallelic 
or causes C to T transition mutations (C>T) in the wild-type 
allele [10]. 


Epidemiology 
Incidence and prevalence 
This is an uncommon epidermal keratinisation disorder. 


Age 

DSAP is rare in childhood with the earliest reported age of onset 
being 10 years [11]. The average age at which patients first notice 
DSAP is about 40 years, and its frequency in members of affected 
families increases with age. 


Sex 

Both sexes are affected with a female preponderance. In a study 
with 248 Chinese family members, 41 had DSAP and of these 
26 were males and 15 females, suggesting geographical gender 
variations [4]. 


Ethnicity 

This condition is commoner in those who have lived or live in areas 
of high sunlight exposure such as the USA and Australia. More 
recently, Chinese patients with familial and sporadic DSAP have 
been reported. 


Associated diseases 

It has been reported to coexist with other types of porokeratosis, 
such as linear hyperkeratotic and verrucous variants [12-14]. It 
has been reported that this coexistence forms a type II segmental 
manifestation of an autosomal dominant disorder [15]. 


Pathophysiology 

Predisposing factors 

Risk factors for developing DSAP include genetic factors, UVR 
exposure and immunosuppression [16,17]. DSAP commonly occurs 
on light-exposed skin and has also been reported to occur after 
narrow-band UVB therapy and after psoralen and UVA (PUVA) 
therapy [16,18-20]. 


Pathology 
There is no microscopic feature that separates this disorder from 
porokeratosis of Mibelli, and both have been explained as the result 
of localised clones of abnormal epidermal cells [21], an idea sup- 
ported by the successful autotransplantation of the disseminated 
superficial variety [22]. 

The distinctive pathological feature of porokeratosis is the cornoid 
lamella at the margin (Figure 141.19). This is a narrow column of 
altered or parakeratotic keratin, seated in a slight depression in the 
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Figure 141.19 Cornoid lamella with parakeratotic column overlying epidermal 
dyskeratotic and vacuolated cells, representing the clinically visible raised margin seen in 
disseminated superficial actinic porokeratosis. 


epidermis and directed obliquely inwards in some cases. It may 
involve the ostia of follicles and sweat ducts. The granular layer 
of the indented epidermis is usually missing and there may be 
dyskeratotic cells. The epidermis enclosed by the ridge is usually 
thinned, the interpapillary ridges and dermal papillae may be flat- 
tened, and the basal cells may show liquefaction degeneration. In 
addition to solar elastosis, decrease in collagen and telangiectasia, 
the upper dermis may have a non-specific inflammatory infiltrate 
with vascular proliferation, oedema and fibrosis. 


Genetics 

Several genetic loci for DSAP have been reported in large Chi- 
nese families with familial and sporadic DSAP. These include 
12q23.2-24.1 [4], 12q24.-24.2 [23], 15q25.1-26.1 [5], 1p31.3-31.1 
[24] and 16q24.1-24.3 [25]. The MVK gene maps to chromosome 
12q24.11 and DNA sequencing has identified MVK mutations in 
33% of familial and 16% of sporadic cases [7]. All of these mutations 
were heterozygous and did not affect ethnically matched normal 
controls, five patients with porokeratosis of Mibelli, two with lin- 
ear porokeratosis and four with DSAP [7]. Mutations have also 
been found in the MVD gene which maps to chromosome 16q24.2 
and the FDPS gene on chromosome 1q22 [8]. On a background 
of heterozygous germline mutations in MVK and MVD, it has 
been demonstrated that a second hit causes somatic homologous 
recombinations that render the monoallelic mutation biallelic or 
causes C>T transition mutations in the wild-type allele [10]. As 
most lesions occur on light-exposed skin, it is likely that this second 
hit is caused by ultraviolet radiation (UVR). 

The mevalonate pathway is regulated by MVK, MVD and 
FDPS genes amongst others and these are expressed in many tis- 
sues, including skin epidermal cells. The MVK gene catalyses the 
phosphorylation of mevalonic acid to 5-phosphomevalonate and 
functions downstream of 3-hydroxy-3-methyl-glutaryl-coenzyme 
A reductase (HMG-CoA) [26]. MVK mutations are reported to 
alter the gene expression of keratin 1 and apoptosis of cells [26]. 
The mevalonate pathway is vital for multiple cellular processes, 
providing cells with essential bioactive molecules and involved 
in the biosynthesis of cholesterol and isoprenoid. Loss of function 
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mutations lead to reduction in its end products including cholesterol 
and accumulation of toxic metabolites. Cholesterol deficiency leads 
to increased keratinocyte sensitivity to apoptosis, and premature 
apoptosis along with dysregulated keratinocyte differentiation has 
been found in porokeratosis [27]. 


Environmental factors 
It commonly occurs on light-exposed skin. 


Clinical features 

History 

DSAP usually affects light-exposed sites appearing mainly on the 
distal extremities. The malar regions and the cheeks may be affected 
but it is not seen on areas habitually covered by clothes, or on 
the palms or soles. Patients often notice multiple enlarging rough 
lesions. These tend to be asymptomatic but may be mildly pruritic, 
particularly after sun exposure and patients often complain of the 
lesions being unsightly. 


Presentation 

The lesion begins as a 1-3mm conical papule, brownish red or 
brown in colour, and usually around a follicle containing a keratotic 
plug. It expands and a sharp slightly raised keratotic ring, a fraction 
of a millimetre thick, develops and spreads out to a diameter of 
10mm or more. The skin within the ring is somewhat atrophic and 
mildly reddened or hyperpigmented, but a hypopigmented ring 
may be seen just inside the ridge. The ridge itself is sometimes 
darkly pigmented. The central thickening usually disappears, but 
it may persist with an attached scale, follicular plug or central 
depression. Sweating is absent within the lesions. In sunny areas, 
lesions may be present in very large numbers and may change from 
a circular to a polycyclic outline. In less sunny climates, such as 
the UK, patients have fewer lesions, which tend to remain circular 
(Figure 141.20). In a few cases, the centre of the area becomes 
considerably inflamed and covered by thick hyperkeratosis or may 
ulcerate and become crusted. 


Clinical variants 
Porokeratosis variants (Chapter 85) include porokeratosis of Mibelli, 
linear porokeratosis, disseminated superficial porokeratosis, poro- 
keratosis palmaris and plantaris diffusa and punctate porokeratosis. 
The rim of DSAP is very much smaller than in Mibelli poroker- 
atosis and never contains a cleft. The onset of Mibelli porokeratosis 
is often in childhood, and the lesions are usually solitary or few in 
number and do not necessarily affect exposed parts. 


Differential diagnosis 

DSAP may need to be differentiated from AK particularly if they are 
present on the face but AK may be present on other light-exposed 
sites such as the dorsal surface of the hands and do not possess 
the marginal ridge seen in DSAP. DSAP on the legs may resemble 
Bowen disease but this too lacks the marginal ridge and bowenoid 
lesions tend to be larger with surface change throughout the lesion. 
Superficial BCC (sBCC) may resemble DSAP but sBCC lack the 
marginal ridge and tend to be fewer in number. 
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Figure 141.20 Disseminated superficial actinic porokeratosis on the lower legs. 


Disease course and prognosis 

The number of lesions tends to increase over time but the risk of 
malignant change remains very low. In a review of 281 cases with 
all forms of porokeratosis, the incidence of Bowen disease and SCC 
was 3.4% in the DSAP group [12] but others have found no increase 
in invasive malignancy [28]. 


Investigations 

The diagnosis of DSAP is generally a clinical one and further inves- 
tigations are not required but a skin biopsy may be necessary to 
confirm diagnosis. 


Management 

Patients should be reassured and given advice on the use of emol- 
lients and high factor broad spectrum sunscreen. There are no 
published controlled trials to date and evidence is taken from case 
reports and case series [29]. 

Lesions may respond to cryotherapy with liquid nitrogen, but 
new lesions tend to develop [2,3]. For numerous lesions, treatment 
with topical diclofenac gel [30,31], vitamin D,; analogues [32,33], 
5% 5-fluorouracil cream [34], 5% imiquimod cream [35] and PDT 
[36,37] has been reported with varying degrees of success. 

Case reports with the use of lasers such as erbium [38], carbon 
dioxide [39], Q-switched ruby laser (QSRL) [40] and neodymium: 
yttrium-aluminium-garnet (Nd:YAG) [41] have been published 
showing some degree of success. More recently, individual cases 
with DSAP have been reported to have been successfully treated 
with topical 2% cholesterol/2% lovastatin cream but not with 
cholesterol cream alone [42] and 2% cholesterol/2% simvastatin 
cream [43]. Future pathogenic-directed treatment may therefore 
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include cholesterol replacement along with HMG-CoA inhibitors 
and further trials are required. 


IN SITU CARCINOMA ‘¢ 


Bowen disease — | 


Definition and nomenclature 

Bowen disease (BD) is a form of intraepidermal (in situ) SCC. Most 
cases are characterised by a persistent, non-elevated, non-infiltrated, 
red, scaly or crusted and sharply defined patch. These patches range 
from a few millimetres to many centimetres in diameter and have a 
small potential for invasive malignancy [1]. Progressive growth is 
usual but spontaneous partial regression occurs occasionally. 


| inclusions 
‘inoma 


Introduction and general description 

BD can be found in any part of the skin. It is mostly asymptomatic 
and expands slowly and centrifugally. The risk of malignant trans- 
formation is low (3-5%). Beside the typical clinical patch-like 
presentation, verrucous, nodular, eroded, and pigmented variants 
occur. 


Epidemiology 

Incidence and prevalence 

The incidence in the UK is estimated to be approximately 15/100 000 
population per year but this is based on USA data and so may 
reflect a higher incidence due to increased sun exposure [2,3]. 
In the white North American population, it is reported to range 
from 14.9/100000 to 27.8/100000 [3,4]. More recent data from the 
Netherlands have shown a statistically significant increase in the 
annual age-standardised incidence rates per 100000 people from 
8.1 in 2003 to 68.9 in 2013 [5]. 


Age 

BD can occur at any age in adults, but it is rare in those under the 
age of 30 years and much more common in patients over the age of 
60 years. In the UK, the peak age of onset has been reported to be 
the seventh decade [6,7]. 


Sex 
The division of BD between the sexes is judged controversially in 
the literature [5,8-10]. 


Ethnicity 

This condition is much more common in the white population, par- 
ticularly in those who have lived or live in areas of high sunlight 
exposure [3,4]. 
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Associated diseases 

Patients may present other UVR-induced skin cancers and full 
examination of the skin should be undertaken. In studies, 30-50% 
of BD cases had other previous or subsequent skin cancers, mainly 
BCC [10,11]. The standardised incidence ratio for subsequent KC 
and lip cancer was 4.3 and 8.2, respectively [12]. 


Pathophysiology 

Predisposing factors 

Several large studies have identified a link between BD and 
ingestion of arsenic, which can pre-date the onset of the dis- 
ease by several decades [13,14]. Historically, arsenic was found 
in Fowler solution used for psoriasis and Gay solution to treat 
asthma. Agricultural workers may be exposed to arsenic salts 
used in fungicide, weedkiller, sheep dip or pesticide. Drinking of 
water contaminated with arsenic is regarded as the major route of 
human exposure. In some countries, notably parts of Argentina, 
Bangladesh, Chile, China, India, Mexico, Taiwan and the USA, 
the water supply was contaminated in the past [15]. Long-term 
arsenic exposure results in impaired immunity characterised by 
oxidative DNA damage of peripheral polymorphonuclear leu- 
kocytes and impaired macrophage function in adults with skin 
lesions [16]. 

Immunosuppression following solid-organ transplant, haemato- 
logical malignancies, in particular chronic lymphocytic leukaemia 
or HIV, increases the risk of developing SCC and premalignant skin 
conditions but the exact risk for BD has not yet been determined. 
There are reports, however, of multiple areas of BD occurring in a 
younger age group in those under immunosuppressive treatment 
following solid-organ transplantation [17,18]. 

There are also reports of BD following therapeutic and other ion- 
ising radiation and following skin injury or chronic inflammation, 
such as lupus vulgaris and chronic lupus erythematosus [19]. 


Pathology 

BD is characterised by sharply demarcated, puzzle-like arranged 
polymorphous atypical keratinocytes within the epidermis and 
sometimes the pilosebaceous epithelium. Since the basal layer 
of the epidermis is often spared (so called ‘eyeliner sign’), 
the frequently used designation ‘full thickness atypia’ cannot 
be generalised. Mitoses and multinucleated keratinocytes can 
be observed at different levels. Most cases show a loss of the 
granular layer and overlying parakeratosis and hyperkerato- 
sis (Figure 141.21). Clear cell change may be observed due to 
increased intracytoplasmic glycogen, which can be highlighted 
by a PAS stain. HPV-associated viral cytopathic changes are not 
uncommon. 

Several histological subtypes have been described and sometimes 
these subtypes appear side by side within the same lesion. The 
psoriasiform subtype shows regular acanthosis and parakeratosis. 
Moreover, atrophic, verrucous-hyperkeratotic, papillated type, 
pigmented and a pagetoid type have been described, according to 
the overall morphology. 

In contrast to AK, BD usually involves the acrosyringium and 
often spares the basal layer of the epidermis. The latter phe- 
nomenon has been called ‘eyeliner sign’ which never occurs in AK. 
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Figure 141.21 Pathology of Bowen disease showing full thickness atypia of the 
epidermis and the presence of atypical mitoses, giant cells and inflammatory cell 
infiltrate. H&E, x10. 


The superficial dermis can show an inflammatory cell infiltrate 
that is frequently quite dense and sometimes mimics lichenoid 
dermatoses. Actinic elastosis can be present in chronically light 
exposed areas. 

The histopathology of bowenoid papulosis may be indistin- 
guishable from BD. Sometimes numerous mitoses in metaphase 
and koilocytes can be observed. HPV-related cytopathic changes 
are seen, although they may be subtle. These changes include 
hypergranulosis and coarse keratohyaline granules with surround- 
ing haloes. 


Causative organisms 

Viral agents have been implicated in the aetiology of BD. Interest 
has centred around HPV with reports of a number of HPV types 
being present. HPV DNA has been demonstrated in extragenital 
BD in varying amounts from 4.8% to 60% [20-23]. Larger studies 
have failed to confirm these findings, except for HPV16 and HPV18, 
which are both commoner in anogenital BD and HPV16 has also 
been implicated in 60% of palmoplantar and periungual lesions 
[24-26]. 


Environmental factors 

BD is more common on light-exposed sites such as the lower legs, 
suggesting a relationship with chronic UV damage from solar or 
iatrogenic sources [8,9]. 


Clinical features 

History 

Patients usually present a solitary plaque but in 10-20% of cases 
there may be multiple lesions. In typical cases in white populations, 
lesions of BD are found on the lower legs of elderly women. How- 
ever, BD can be found on any site and recent reports suggest an 
increased incidence on the head and neck [7,27]. It can occur on 
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the perianal skin, subungual region, palms and soles uncommonly, 
and rarely it is found on mucosal surfaces such as the oral mucosa. 
BD arising in mucosal genital skin is described separately (Chapters 
109, 110 and 111). 


Presentation 

The initial change is a small, pink/red, non-infiltrated and slightly 
scaly area, which is symptomless and gradually enlarges in irregu- 
lar fashion. The white or yellowish scale is detached without much 
difficulty to expose a moist, reddened and at times granular surface. 
In contrast to psoriasis plaques, the BD uncommonly produces 
bleeding when detaching the scale. The margin is well demarcated 
and the lesion slightly raised; the surface is usually flat but may 
become hyperkeratotic or crusted (Figure 141.22). There may be 
several lesions, either widely spread or sometimes close together 
and becoming confluent with extension (Figure 141.23). Ulcera- 
tion is usually a sign of the development of invasive carcinoma 
and may be delayed for many years after the appearance of the 
intraepidermal change. 


Clinical variants 

BD on perianal skin carries a higher risk of invasion, recurrence, 
and an association with cervical and vulval dysplasia. BD of the nail 
unit (subungual, periungual) affects younger women and is associ- 
ated with high-risk HPV types such as HPV16 [25]. There is a higher 
risk of invasion and recurrence (Figure 141.24). Pigmented BD is 
uncommon (1.7% of cases in one study) and usually found in the 
flexures, perianal or subungual sites. Verrucous BD is rare and may 
raise the suspicion of SCC. 


< 
Wn 
< 
oall 
a 
oO 
Lu 
2 
Re 
= 
- 
ce 
a 


< 
7) 
< 
_i 
ou 
fo) 
wi 
= 


PART 12 


-.20 Chapter 1 


Figure 141.24 Periungual Bowen disease. 


Differential diagnosis (Table 141.4) 

BD has to be differentiated from KC, particularly sBCC 
(Figure 141.25) and early SCC. sBCC may present a solitary plaque 
or multiple scaly plaques but usually they have a pearly whipcord 
edge. Early invasive SCC may suggest a diagnostic challenge but 
generally patients give a history of change and the plaque may have 
evolved to form a small nodule or develop ulceration. Firm infil- 
tration is a characteristic of SCC (Figure 141.26). Small bowenoid 
papules/plaques may mimic AK but AK tend to be scaly, hyper- 
keratotic, multiple and often painful while scratching. BD may also 
need to be differentiated from inflammatory dermatoses, such as 
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Table 141.4 Common clinical differential diagnoses of Bowen disease. 


Diagnosis Differentiating features Image 


Seborrheic keratosis Usually larger, darker, and multiple Figures 141.5 
Appear ‘stuck on’ the skin and 141.6 
Raised ‘greasy’ warty surface 

Common presence of horn cysts 

Superficial variant may mimic Bowen disease 
Usually less hyperkeratotic 

Often bigger lesions 

Enlarging lesion 

Induration 

Raised shoulder or nodule 

Tenderness 

Often large multiple plaques 

Pruritus is main symptom 

Thickened plaque with marked scale 
Bleeding upon removal of scale typical 

Often multiple, large and on other body sites 


Basal cell carcinoma Figure 141.25 


Squamous cell 
carcinoma 


Figure 141.26 
Discoid dermatitis Figure 141.27 


Psoriasis Figure 141.28 


Figure 141.25 Superficial basal cell carcinoma mimicking Bowen disease. 


psoriasis, lichen simplex and discoid dermatitis, particularly if it 
is pruritic (Figures 141.27 and 141.28). Tinea corporis, nummular 
eczema and seborrheic keratosis may also resemble BD. Paget 
disease, in particular the extramammary type, can be confused 
with BD, both clinically and histologically. BD of the nail unit may 
appear similar to viral warts, but viral warts tend to be multiple. 
Bowenoid papulosis may resemble BD, but this is usually found 
on genital skin in younger sexually active people. Bowenoid 
papulosis tends to run a benign course with spontaneous regres- 
sion occurring within several months, although recurrences are 
not uncommon [28]. A more protracted course may occur in older 
patients lasting as long as 5 years or more. The lesions tend to be 
asymptomatic but can be inflamed, pruritic or painful. Bowenoid 
papulosis presents as solitary or multiple, small, pigmented (red, 
brown or flesh coloured) papules with a flat to verrucous surface. 
The bowenoid papulosis lesions can coalesce into larger plaques 
(Figure 141.29). Lesions occur most commonly on the shaft of 
the penis or the external genitalia of females, although they can 
occur anywhere on the genitalia and in the perianal region, with 
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Figure 141.26 Squamous cell carcinoma with hyperkeratosis and raised thickened edge. 


Figure 141.27 Discoid dermatitis of the lower leg. Courtesy of Dr W.A.D. Griffiths, 
Epsom Hospital, Surrey, UK. 


occasional reports of them found on non-genital skin [29,30]. 
A number of HPV types, particularly HPV16 and HPV18, have 
been linked closely to bowenoid papulosis. Consequently, the 
risk of acquiring bowenoid papulosis is identical to that for other 
genital HPV-associated conditions via sexual contact or, possibly, 
via vertical transmission from mother to newborn [31,32]. 


Complications and co-morbidities 

BD tends to be persistent with a low lifetime risk of malignant trans- 
formation of about 3-5%, although studies are generally retrospec- 
tive and the evidence relatively poor [3,4]. Where there is malignant 
transformation, it results in an invasive SCC, which may metastasise 
if left untreated. Clinical signs of invasiveness are firm infiltration, 
ulceration and lesion tenderness. SCC arising from BD tend to be 
more aggressive than those evolving from AK. 

Due to the recurrent nature of perianal and subungual BD, 
surgery with wide excision for perianal disease and digital ampu- 
tation or Mohs micrographic surgery (MMS) for nail unit disease 
may be necessary [33]. 


(a) 


THT 


(b) 


Figure 141.28 (a,b) Plaque with thick scale. Examination elsewhere shows typical scaly 
plaques seen in psoriasis. 


Disease course and prognosis 

Most patients with BD run a chronic course with the development 
of single or multiple lesions over time. Complications are few 
and the prognosis excellent, except in cases of SCC transformation. 
BD is a marker of UV-induced skin damage and so patients are at 
a higher risk of developing other UV-induced premalignant and 
malignant lesions. Evidence for follow-up duration is poor but 
in uncomplicated cases patients could be discharged following 
treatment. 


Investigations 

The condition must be distinguished from chronic inflammatory 
dermatoses and if the diagnosis is uncertain on first examination, 
the lack of improvement when steroids are applied is suggestive of 
BD. Where diagnosis remains in doubt, a skin biopsy is necessary 
to confirm the diagnosis. Dermoscopy features have been described 
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(c) 


Figure 141.29 (a) Large confluent areas of bowenoid papulosis. (b) Following treatment 
for 6 weeks with 5% imiquimod cream. (c) Marked improvement seen at follow-up. 


in BD, particularly the presence of vascular structures, which if 
persistent following topical treatment, suggests residual disease. 
Clearance of these structures correlates with clinical clearance 
and reappearance suggests recurrent disease [34] (Figure 141.30). 
Recently, dynamic optical coherence tomography has become a 
useful tool in the diagnosis of BD, especially when it comes to 


Chapter 141: Squamous Cell Carcinoma and its Precursors 


Figure 141.30 Dermoscopy of Bowen disease showing irregular erythematous base, 
mild hyperkeratosis with vascular structures throughout the lesion. 


differentiating it from AK and SCC. Vascular shapes (so-called 
“blobs’) have been determined to be characteristic features of 
dynamic optical coherence tomography of BD [35]. 


Management 

In most patients the diagnosis is made on clinical grounds aided 
by pathology where diagnosis has been in doubt. Advice on high 
factor broad spectrum sunscreen should be provided. There is a 
wide range of therapeutic options available for the treatment of 
BD (Table 141.5) [36]. The preferred treatment option is based on a 
number of factors including the size of the lesion, site, previous treat- 
ment, experience of the various treatments and number of lesions. 
Destructive therapies such as curettage and cautery or cryotherapy 
are widely used in clinical practice. Comparison of the relative 
effectiveness of different therapies and regimens is difficult as 
published studies do not fully control factors such as site and size 
and there are inconsistencies between treatment regimens used at 
different centres. A Cochrane review on treatment of BD concluded 
that specific recommendations for therapy could not be made on 
the current evidence [37]. In some cases, particularly with thin 
plaques and multiple co-morbidities, active surveillance may be a 
reasonable option [36]. 


First line 

For solitary or for a small number of lesions on good healing sites, 
cryotherapy, curettage, topical 5% 5-fluorouracil, 5% imiquimod 
cream or PDT would be the treatments of choice (Table 141.5) 
[36]. Small lesions on poor healing sites could also be treated 
with these modalities or, if solitary, could be excised. PDT, topical 
5% 5-fluorouracil or 5% imiquimod cream would be reason- 
able options for large lesions on poor healing sites (Table 141.5) 
(Figure 141.31) [36]. 


Cryotherapy. Cryotherapy using liquid nitrogen is a simple, inex- 
pensive and quick method of treating BD (Figure 141.32). Clearance 
rates have varied widely probably reflecting differences in the 
techniques and regimens used, with failure rates in the order of 
5-10% in the larger series. Cryotherapy using a single freeze-thaw 


Table 141.5 Summary of the main treatment options for Bowen disease. The suggested scoring of the treatments listed takes into account the evidence for benefit, ease of 
application or time required for the procedure, wound healing, cosmetic result and current availability/costs of the method or facilities required. Evidence for interventions based on 


single studies or anecdotal cases is not included. Adapted from [36]. 


Lesion characteristics (small <2 cm) Topical 5-fluorouracil  Topicalimiquimod’ Cryotherapy Curettage Excision PDT Radiotherapy Laser 
Small, single/few, good healing? 3 3 2 1 3 3 5 4 
Large, single, good healing? 3 3 3 4 5 2 4 - 
Multiple, good healing? 2 3 2 3 5 3 4 4 
Small, single/few, poor healing site® 2 2 3 2 2 2 5 - 
Large, single, poor healing site? 3 2 5 4 5 1 6 - 
Facial 3 3 4 2 4 3 4 - 
Digital 3 3 4 5 2 3 3 3 
ail bed 4 - - Ze 3 4 4 
Penile 3 3 4 5 ac 3 3 3 
Lesion in immunocompromised patients 5 4 3 3 4 3 - 


@ Clinician’s perceived potential for good or poor healing at the affected site. 
Does not have a product licence for squamous cell carcinoma in situ. 
©Consider micrographic surgery for tissue sparing or if poorly defined or recurrent. 
Key: 

1: Probably treatment of choice. 

2: Generally good choice. 

3: Generally fair choice. 

4: Reasonable but not usually required. 

5: Generally poor choice. 

6: Probably should not be used. 

— Insufficient evidence available. 


cycle (FTC) of 30 seconds, two FTCs of 20 seconds with a thaw 
period, or up to three single treatments of 20 seconds at intervals 
of several weeks have been reported [37-41]. However, such doses 
can cause significant discomfort and may cause ulceration. 

In the largest, prospective open study, a single 30 second FTC 
on one to eight lesions, more than half of which were on the calf, 
achieved a clearance rate of 100% and recurrence rate of 0.8%, with 
follow-up periods ranging from 6 months to 5 years [39]. However, 
in a retrospective comparison study the use of a 20 second FTC on 91 
lesions resulted in lower clearance rates of 68% after one treatment 
and 86% after retreatment of lesions [40]. It would appear from the 
existing literature that the more aggressive approach consisting of a 
freeze of 30 seconds at least once, or 20 seconds at least twice, yields 
better results, but the optimum freeze time, the number of freezes in 
one treatment cycle and the role of retreatment visits are not clear. 
Other complications include poor healing, the risk of ulceration 
particularly on the lower legs and hypopigmented scarring. 


Curettage. Curettage and cautery is a simple, inexpensive method 
of treating BD, especially in patients who have large hyperkeratotic 
lesions, who are unable to tolerate cryotherapy and, due to oedema- 
tous legs, are at higher risk of ulceration, or those who are unable 
to apply topical therapy over a prolonged period. In a prospective 
but non-randomised trial of curettage and cautery (44 lesions) 
compared with cryotherapy (36 lesions) involving 67 patients with 
74% of lesions on the lower leg, curettage was preferable in terms of 
pain, healing and recurrence rate [42]. Median time to healing with 
cryotherapy was 46 days (90 days on the lower leg), compared with 
35 days (39 days on the lower leg) for curetted lesions, and reported 
pain was significantly greater with cryotherapy. Recurrences were 
more likely following cryotherapy (36%, 13/36) compared with 
curettage (9%, 4/44) during a median follow-up period of 2 years, 


although the cryotherapy regimen was less aggressive than in most 
other studies. 


No treatment. As the lifetime risk of malignant transformation is 
low, in some patients with slowly progressive thin lesions, especially 
on the lower leg of elderly patients where healing is poor, there is an 
argument for observation rather than intervention. Patients should 
be trained to recognise changes in good time. They should also be 
advised to use regular emollients, which can help reduce scaling. 
Routine follow-up is generally not required but could be scheduled 
if there are any changes to the lesion. 


5% 5-fluorouracil cream. This is a widely used treatment for mullti- 
ple BD, but the number of treatment applications and the time dura- 
tions vary. The typical regimen in current clinical use is once- or 
twice-daily application for 3-4 weeks, repeated if required. Topical 
5% 5-fluorouracil cream, applied once daily for 1 week, then twice 
daily for 3 weeks, was compared with both MAL-PDT and cryother- 
apy ina large European multicentre randomised controlled trial [43]. 
At 3 months following the last treatment, 83% of lesions treated by 
5% 5-fluorouracil cream showed complete response, compared with 
93% with PDT and 86% with cryotherapy. Treatment may be diffi- 
cult if patients are unable to apply the cream regularly and treatment 
may cause significant inflammation with the risk of ulceration. 


5% imiquimod cream. There are anumber of small case series of 5% 
imiquimod cream in the treatment of BD but the best evidence comes 
from a small randomised controlled trial demonstrating 73% histo- 
logically proven clearance with once-daily application for 16 weeks, 
compared with no response in the placebo group [44]. Imiquimod 
cream can cause marked inflammation but may be useful to treat 
multiple lesions on the lower legs. 
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Presentation of 
suspected Bowen disease 


Diagnosis and 
risk assessment 


4 


Decision to treat based on site, clinical features, patient 
choice, and symptoms 
Provide information about Bowen disease (e.g. patient leaflet) 
Advice on emollients and sun protection 


I 
Yes 


Good healing sites Poor healing sites 
single / few multiple single / few multiple 
- Curettage - Cryotherapy - 5% 5-FU cream - PDT 
- Cryotherapy - 5% 5-FU cream - 5% Imiquimod - 5% Imiquimod 
- PDT - PDT cream cream 
- 5% 5-FU cream - 5% Imiquimod - PDT - 5% 5-FU cream 
- 5% Imiquimod cream - Curettage - Curettage 
cream - Curettage - Excision - Cryotherapy 
- Cryotherapy 
5% 5-FU: 5% 5-Fluorouracil Facial Digital / 
PDT: Photodynamic therapy Nail bed 
- Curettage - Excision 
- 5% 5-FU cream - PDT 


- 5% Imiquimod 


cream - 5% Imiquimod 
- PDT cream 
- Cryotherapy - Cryotherapy 
- Excision - Curettage 


Photodynamic therapy. PDT can be used to treat large multiple 
lesions on poor healing sites with less risk of side effects except 
pain. A multicentre randomised study comparing MAL-PDT with 
cryotherapy or 5% 5-fluorouracil cream in 225 patients with 275 
BD lesions showed complete response rates of 93% for MAL-PDT, 
86% for cryotherapy and 83% for 5% 5-fluorouracil cream. PDT 
gave superior cosmetic results compared with cryotherapy or 
5% 5-fluorouracil [43]. However, PDT is an out-patient delivered 
treatment requiring hospital visits, time for lesion preparation and 
treatment, which may be difficult for some patients. 


Second line 

Radiotherapy using both high- and low-dose regimens has been 
reported with equal efficacy [45] but the evidence in trials remains 
poor. Impaired healing on the lower leg was observed in a large 
retrospective study [40]. The use of combination therapy has been 
reported but the studies included a small number of patients and 
were generally underpowered [36]. The evidence for treating BD 
of the nail unit and perianal region is poor but surgical techniques 
including margin-controlled excision are recommended due to the 
higher risk of malignant change. 


Third line 
There are case reports or case series of topical 3% diclofenac in 
2.5% hyaluronic acid gel, phenol peels, 0.1% tazarotene gel and oral 


Suspicion of SCC / other 
differential diagnoses 


- 5% 5-FU cream 
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— Biopsy 


- Self-monitor 


No - See GP or dermatologist if change 


in lesion noted 


Genital 


- 5% 5-FU cream 
- 5% Imiquimod 
cream 
- PDT 
- Cryotherapy 
- Excision 
Figure 141.31 Bowen disease treatment algorithm. 


retinoids (acitretin) in the treatment of BD with varying degrees of 
success [36]. 


Resources 


Further information 

Bath-Hextall FJ, Matin RN, Wilkinson D, Leonardi-Bee J. Interventions for cutaneous 
Bowens disease. Cochrane Database Syst Rev 2013;6:CD007281. 

Morton CA, Birnie AJ, Eedy DJ. British Association of Dermatologists’ guidelines 
for the management of squamous cell carcinoma in situ (Bowen’s disease) 2014. Br 
J Dermatol 2014;170:245-60. 

Riddel C, Rashid R, Thomas V. Ungual and periungual human papillomavirus asso- 
ciated squamous cell carcinoma: a review. J Am Acad Dermatol 2011;64:1147-53. 


Anal, vulval, penile and per 
intraepithelial carcinoma (ee 
110 and 111) 


Definition and nomenclature 

These conditions result from dysplasia of the intraepithelial por- 
tion of skin or mucosal surface. Classification depends on the 
amount and severity of dysplasia with a higher risk of malignant 
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Figure 141.32 (a) Bowen disease before treatment with liquid nitrogen cryotherapy. (b) Dermoscopy prior to treatment, showing crusting with central vascular structures (red dots). 
(c) Inflammation following cryotherapy. (d) Dermoscopy showing marked crusting following cryotherapy. (e) Post-treatment showing clearance. (f) Dermoscopy showing clearance of 
lesion and central vascular structures (red dots). 
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transformation in severely dysplastic disease. These have recently 
been reclassified as non-HPV or HPV-associated squamous intraep- 
ithelial lesions (SIL) which are site specific [1]. 


Introduction and general description 

Anal intraepithelial dysplasia (anal SIL) can affect the perianal 
skin and anal canal. Anal SIL has been subdivided into low-grade 
SILs (anal LSIL; AIN-1) and high-grade SILs (anal HSIL; AIN-2, 
AIN-3) [2,3]. There is continuing discussion on AIN-2 grade and it is 
suggested that those positive with p16 should be upstaged to AIN-3 
and those negative to AIN-1 [4]. Anal LSIL is now not considered 
to be a precursor of anal carcinoma but may progress to anal HSIL. 
Patients with anal LSIL may require multiple biopsies to confirm 
diagnosis and then observed if asymptomatic [5]. Patients with anal 
HSIL have an estimated long-term risk of malignant transformation 
in the range of 8.5-13% [6,7]. 

Vulval intraepithelial neoplasia (VIN) has also been subdivided 
into low risk (vulval LSIL; VIN-1), high risk (vulval HSIL; VIN-2, 
VIN-3) and differentiated-type VIN (dVIN) [8]. VIN-1 has been 
dropped from the classification as this rarely leads to invasive 
change. Most cases of vulval HSIL are of the ‘usual’ type (uVIN) 
with a rate of progression to SCC of 9-16% for untreated cases and 
3% for treated cases. dVIN is non-HPV-related and occurs in older 
women, often associated with lichen sclerosus or lichen planus. It 
has a higher risk of progression to malignant transformation than 
HSIL [9,10]. 

Penile intraepithelial dysplasia (PeIN) is similar to VIN and 
has been subdivided into ‘differentiated’ and ‘undifferentiated’. 
Differentiated PeIN is non-HPV-related, often associated with 
lichen sclerosus and tends to affect the mucosal surface of the fore- 
skin. Undifferentiated PeIN is HPV-related and previously termed 
PeIN-3 [11]. Malignant transformation is estimated at 10-30% in 
untreated cases with SCCs being more common in differentiated 
disease [11,12]. 

Overall, genital intraepithelial neoplasia is strongly associated 
with HPV infection, mainly HPV-16 and HPV-18 types. Other 
risk factors include iatrogenic or acquired immunosuppression, 
chronic skin disease, i.e. genital lichen sclerosus or lichen planus, 
smoking and increased number of sexual partners, particularly in 
the HPV-associated group [13]. 

Treatment in low-risk disease may be simple observation but in 
cases where the risk is higher, there are a number of options depend- 
ing on the extent, severity and co-morbidities. Surgery is generally 
performed to excise the tissue and so prevent local invasion. Other 
options include topical 5% 5-fluorouracil cream, 5% imiquimod 
cream, cryotherapy, PDT and laser ablation or diathermy [8,11,13]. 
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Immunisation with the HPV vaccine has resulted in a decrease 
in the risk of developing genital warts and VIN [14]. In men who 
have sex with men, the use of the quadrivalent vaccine against 
HPV types 6, 11, 16 and 18 has led to a decrease in high-grade 
anal intraepithelial neoplasia and HPV infection 2 years after vac- 
cination [15]. Administration of vaccines prior to sexual activity 
appears to provide the greatest benefit for prevention of AIN and 
anal carcinoma [16]. 


SQUAMOUS CELL CAI 
SKIN 


Definition and nomenclature 
SCC is a malignant tumour arising from epidermal keratinocytes or 
its appendages. 

This section includes primary cutaneous SCC only. In general 
SCCs have a low rate of local, regional and distant spread. However, 
risk stratification is important as ‘high-risk’ SCCs carry greater risks 
of metastasis. This section aims to delineate the high-risk features 
of SCC and its management and prognosis. SCCs arising in genital 
areas from intraepidermal dysplasia are described separately. 


Introduction and general description 

Cutaneous SCC is a heterogeneous disease both in its aetiology and 
clinically, with different risk factors implicated in its development in 
different populations. The epidemiology of the disease has changed 
over the last 50 years, with a decrease in the importance of occu- 
pational exposure to chemical carcinogens and an increase in the 
proportion of cases caused by recreational sun exposure and an age- 
ing population. In addition, diseases such as HIV infection, chronic 
lymphocytic leukaemia, PUVA therapy and therapeutic advances 
with the introduction of effective immunosuppressive therapies to 
prevent rejection of transplanted organs and targeted treatments for 
other cancers such as BRAF inhibitors for melanoma, have resulted 
in the emergence of new populations that are highly susceptible to 
SCC development. 


Epidemiology 

Incidence and prevalence 

SCC is the second commonest skin cancer after BCC and worldwide 
its incidence has been increasing since 1960 [1]. National cancer 
registries generally exclude the registration of KC or record only 
the first tumour, so accurate figures for SCC are not available. 
Pooled data from England suggest an average annual incidence of 
SCC to be 22.65/100 000 person-years, with the lowest incidence in 
London (14.98/100 000 person-years) and the highest in south-west 
England (33.02/100 000 person-years), possibly reflecting varia- 
tions in ethnicity [1]. The incidence in Wales has been reported to 
be between 15.1 and 19/100000 person-year [2,3] and in Scotland 
the incidence rate has increased from 16.1 in 1979 to 36.9/100 000 


person-years in 2003 [4]. The incidence is much higher in the USA 
and Australia with rates of 290 and 387/100000 person-years, 
respectively [5,6]. The Netherlands Cancer Registry cohort study 
assessing the incidence of first SCC between 1989 and 2017 and 
multiple SCCs per patient diagnosed in 2017 showed that the inci- 
dence continues to increase, particularly in females. The European 
Standardised Rate (ESR) for first SCC increased from 40/100 000 
person-years in 1989 to 107.6/100 000 person-years in 2017 in males 
and from 13.9/100 000 person-years to 68.7/100 000 person-years in 
2017 in females. For those with multiple SCCs, the ESR increased 
by 58.4% in males and 34.8% in females with estimated further 
increases of 23% for males and 29.4% for females to the year 2027 
[7]. With an increasingly ageing population, the workload of man- 
aging KC in the UK has been predicted to increase by 50% by 
2030 [8]. In addition, OTRs, who are at an increased risk due to 
immunosuppression, are at a 153-fold excess risk for developing 
SCC and dying from it compared with the general population [9]. 


Age 

The incidence of SCC increases with age. Data from the Swedish 
National Cancer Registry has shown that the age-adjusted inci- 
dence is highest in males and females aged >85 years (26.9/100 000 
person-years) as compared with an incidence of 4.02/100000 
person-years in those who are <64 years and 9.0/100 000 person- 
years in those aged 65-84 years, with SCC occurring on both, 
light-exposed and covered sites [10]. 


Sex 

Males are more at risk of developing SCC, possibly due to outdoor 
employment and differences in sun avoidance behaviour than 
females [10,11]. SCC incidence has increased in males and females 
on both covered and light-exposed sites but the overall increase 
has generally been greater in females [7,10,11]. Males develop more 
SCCs on the head and neck than females [12]. 


Ethnicity 

SCC is predominantly a disease of white populations and is espe- 
cially prevalent in this group in areas of high ambient sun exposure 
[12,13]. Although the incidence is low in non-white populations, 
SCC is still the most common skin cancer in these populations 
but shows differences in the anatomical location of the tumours, 
recognised aetiological factors and prognosis [14]. Factors impli- 
cated in the pathogenesis of cutaneous malignancy in Africans and 
African Americans include trauma, albinism, burn scars, ionising 
radiation, chronic inflammation and chronic discoid lupus ery- 
thematosus [14]. There is a high incidence of SCC in Nigerian 
people with albinism, but no evidence of an increased incidence in 
vitiliginous skin of black people [15]. 


Associated diseases 

Patients may present with other UVR-induced skin cancers and 
full examination of the skin should be undertaken. Precursor 
lesions such as AK or BD may often be present and patients are 
more susceptible to developing other UVR-induced skin cancers. 
A population-based Dutch cohort study assessing the incidence 
of SCC in situ and subsequent risk of developing SCC com- 
pared with the general population, from 1989 to 2017, showed 


an increasing incidence of SCC in situ, highest in 2017 (71.7 cases 
per 100000 person-years for females and 540.9 cases per 100000 
person-years for males aged 80 years and older), with the most 
common site affected being the face in females (15.9 cases per 
100000 person-years) and scalp and/or neck in males (12.3 cases 
per 100000 person-years). After 5-year follow-up, there was a 
significant difference in those with SCC in situ compared with the 
general population developing SCC, with a cumulative risk of 
11.7% (95% CI 11.6-11.9%) in males and 6.9% (95% CI 6.8-7.0%) in 
females [16]. 


Pathophysiology 

A complex network of genetic and epigenomic alterations along 
with dysregulated molecular pathways have been implicated in 
SCC development. SCC carries a high mutational burden and 
classical tumour suppressor genes (tumour protein 53 (TP53), 
NOTCH1, NOTCH2, CDKN2A and FAT1) are consistently mutated 
in SCC (Figure 141.33) [17]. TP53 located on chromosome 17p13.1 is 
a tumour suppressor gene, which helps to repair cells when DNA 
is damaged by UVR and causes cell apoptosis when the damage 
cannot be repaired. Mutations of TP53 caused by UVR leading to 
pyrimidine dimers are frequently seen in AK and approximately 
90% of SCCs [18,19]. The vast majority of TP53 mutations are C>T 
and CC>TT tandem double transition mutations, considered the 
‘mutational signature’ of UV exposure [20]. These mutations have a 
strong tendency to occur at methylated cytosines and studies have 
shown that this methylation process increases the frequency of 
UVB-induced cyclobutane pyrimidine dimer formation by 1.7-fold, 
confirming that methylation per se influences the probability of 
cell damage [21]. These altered DNA methylation patterns are 
considered to be a classic hallmark of cancer [22] and studies using 
high-resolution methylation profiles analysing methylomes of SCC 
have shown two distinct subgroups, defined by stem cell-like and 
keratinocyte-like methylation patterns with similar results seen in 
AK, suggesting that AK and SCC arise from two different cell types 
of origin, likely to be from two (or more) differentiation stages of 
epidermal stem cells [23]. 

Somatic mutations of NOTCH receptors (NOTCH1 and NOTCH2) 
have been implicated in about 75% of SCCs. Most NOTCH muta- 
tions in SCCs result from a G>A transition induced by UVR after 
homozygous TP53 loss, consistent with evidence of its role in 
tumour progression [24,25]. 

p16 is also a tumour suppressor protein encoded by the CDKN2A 
gene in the 9p21 region. It is involved in the arrest of the cell cycle 
at G1, suppressing the entry into the S phase. p16 mutations can 
also be caused by UVR [26]. Inactivation of p16 leads to continu- 
ous cell cycling and it is thought that inactivated p16 advances AK 
to SCC [27]. 

Whole exome sequencing studies have shown several chromoso- 
mal abnormalities that are shared between AK and SCC, including 
losses at chromosome 3p, 5q, 8q, 9p, 11p, 13q, 17p and 18p. However, 
there are molecular differences between them with SCC having 
more complex karyotypes with higher intra-sample heterogeneity 
[28,29]. When compared with AK, there were more mutations found 
in immune-related and TGFf signalling pathways [29]. 

Signalling pathways implicated in SCC include RAS-RAF-MEK- 
ERK and P13K/AKT/mTOR cascades (Figure 141.34) [30]. 
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Figure 141.33 Molecular alterations that drive cutaneous squamous cell carcinoma (cSCC) proliferation, survival and metastasis through aberrant signalling (highlighted in pink). 

(A) Alterations in KNSTRN expression promote abnormal chromosome segregation during mitosis. (B) CDKN2A encodes for cell-cycle regulatory proteins p16!NX44 and p144**, involved 
in retinoblastoma (RB) and p53 pathways. Loss of heterozygosity (LOH), mutations or deletions of CDKN2A leads to functional loss of: (i) p16'N*44, which allows phosphorylation of RB 
by CDK4-Cyclin D complex and release of E2F transcription factors, that can then transcribe S phase promoting genes; (ii) p14", which allows MDM-2 to bind p53 and inhibit 
apoptosis. (C) Activating mutations in EGFR, RAS and RAF or inactivation of negative regulator RASA1 promotes cell proliferation and survival through constitutive activation of MAPK 
pathway. (D) Proposed model for RIPK4 action in skin carcinogenesis that depicts the phosphorylation of PKP1 by RIPK4, which promotes binding to scaffold protein SHOC2 and 
blocking of RAS/MAPK signalling. In the absence of functional RIPK4, the complex cannot assemble and the signalling pathway remains active, thus facilitating SCC development. 

(E) Inactive precursor is cleaved in the Golgi by a furin-like convertase (S1 cleavage) and translocated into the cell membrane, where binding of a NOTCH ligand (Delta, Jagged) to the 
receptor induces the second cleavage (S2) by a member of the disintegrin and metalloproteinases (ADAM) family. This results in a formation of a membrane-tethered NOTCH 
truncated fragment, which is further cleaved (S3) by a presenilin-dependent y-secretase complex, generating the NOTCH intracellular domain (NICD). The active form of the NOTCH 
receptor (NICD) can now enter into the nucleus, where it exerts its transcriptional activity. Inactivation of NOTCH 1/2 favours SCC progression. However, the specific functional 
significance of this mutation has yet to be described. (F) The molecular mechanisms that contribute to tumour development in the context of FAT1 functional loss are poorly 
understood in SCC. However, a model proposed for HNSCC suggests FAT1 acts as a scaffold for Hippo kinases, favouring the activation of the complex and the phosphorylation of 
YAP, which is sequestered in the cytoplasm or degraded. Absence of FAT1 dismantles the Hippo core complex leading to YAP dephosphorylation and its translocation to the nucleus, 
where it interacts with TEAD to induce the expression of genes promoting tumour progression. Reproduced from [17]/Public Domain/MDPI. 


RAS-RAF-MEK-ERK signalling cascade represents the mitogen- | codon 61) KA and SCC within several weeks after starting treat- 
activated protein kinase (MAPK) pathway and animal models ment [32]. Another mechanism of controlling TP53 function in 
have shown that MAPK [31] along with a number of other path- = human SCC is through the aberrant activation of epidermal growth 
ways, including HRAS [32], Wnt/B-catenin/TCF [33] and STAT3 factor receptor (EGFR) and Fyn, a Src-family tyrosinase kinase 
[34] are either mutated or activated resulting in SCC formation. | (SFK). These kinases downregulate TP53 mRNA and protein lev- 
HRAS mutations are uncommon in human SCC at a frequency _ els through a c-Jun-dependent mechanism [35,36]. The oncogene 
of 3-30% but HRAS mutated stem cells are found in human skin, PIK3CA was found to be mutated in nearly 50% of SCCs and 
demonstrated by the fact that patients with melanoma treated activating mutations in this gene result in the activation of the 
with BRAF (V-raf murine sarcoma viral oncogene homologue P13K/AKT/mTOR pathway [29] which is commonly found in 
B1) inhibitor, vemurafenib, develop Ras-mutated (mostly HRAS other organ SCCs [37]. 
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Figure 141.34 The interconnected signalling network between MAPK and P13K/AKT pathways via sharing inputs like tyrosinase kinase receptors (RTK) and RAS. The P13K catalytic 
subunit exhibits a Ras-binding motif that stimulates optimal kinase activity following Ras-activated protein linkage. Thus, either MAPK/ERK or P13K pathways can be activated by 
mutant RAS as part of a compensatory mechanism that could drive resistance to therapeutic targeting strategies Reproduced from [30] with permission from John Wiley & Sons. 


Predisposing factors 

Immunosuppression in OTRs or patients on azathioprine or 
ciclosporin have an increased risk of developing SCC [9,38] (see 
Chapter 147). The SCC risk in OTRs is determined by the age at 
transplantation, duration of transplant, level of immunosuppres- 
sion and previous solar damage. The normal ratio of BCC:SCC is 
reversed and SCC is more common. The lesions are most numer- 
ous on light-exposed sites and are frequently multiple. They 
may clinically be deceptively banal and resemble either a KA or 
AK. All such lesions should be regarded with suspicion in OTRs 
and biopsied to establish their true nature. Patients with com- 
promised immunity such as haematological malignancy, chronic 
lymphocytic leukaemia or HIV are also at an increased risk of 
developing multiple tumours which may display a more aggressive 
behaviour [39]. 

SCC is an uncommon complication of longstanding chronic 
ulceration and post-radiation [40]. SCC may also be associated with 
other diseases such as hidradenitis suppurativa [41], morphoea 
[42], lymphoedema [43], Hailey—Hailey disease [44] and recessive 
dystrophic epidermolysis bullosa [45]. 


Pathology 

Invasive SCC begins when atypical keratinocytes breach the epi- 
dermal basement membrane and invade the dermis (Figure 141.35). 
Differentiation from precursor lesions is thus architectural rather 
than cytological and is based on the presence of either descend- 
ing strands of morphologically malignant keratinocytes or single 


atypical keratinocytes, which can no longer be regarded as distorted 
interpapillary ridges. The distinction may be further complicated 
by the phenomenon of pseudoepitheliomatous hyperplasia, which 
may occur at an ulcer margin or over certain inflammatory or 
neoplastic states in the dermis. 

Histological variants of SCC have been described: classic/no spe- 
cial type, acantholytic, spindle cell, desmoplastic, basaloid, verru- 
cous, pseudovascular and follicular. 

The classic/no special type is the most common variant. The 
cells of SCC vary from large, polygonal cells with vesicular 
nuclei, prominent nucleoli and an abundant cytoplasm, overt 
evidence of keratinisation and well-developed intercellular bridges 
(well-differentiated lesions) to pleomorphic cells which provide 
no clear cytological evidence of their origin (poorly differentiated 
lesions). Histological grading of the differentiation of the tumour 
is required, as it guides the pathological staging, prognosis and 
treatment options. The Royal College of Pathologists (RCPath UK) 
recommends that the degree of differentiation of an individual 
tumour is recorded according to the worst component identified 
within the lesion regardless of the proportion of the tumour that 
displays those characteristics [46]. 

The possibility of metastatic SCCs (not necessarily cutaneous) 
should be considered when an in situ component is not identified. 

The histological diagnosis of some poorly differentiated SCCs 
and these variants (particularly the spindle cell variant) relies on 
the identification of in situ tumour and expression of cytokeratin 
markers by the tumour cells on immunohistochemistry. 
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Figure 141.35 Pathological features of well-differentiated, early invasive squamous cell 
carcinoma, showing differentiated keratinocytes invading the underlying dermis. 


KA is a matter of controversy in dermatopathology. For some it 
is a subtype of SCC. There are no reliable histological features to 
distinguish between KA and early invasive well-differentiated SCC 
with a crater-like architecture. The current recommendation from 
the RCPath UK is to record lesions with a KA-like morphology as 
KA-like SCC and lesions should be managed as well-differentiated 
SCC [46]. 

The histopathological report of excision specimens for SCC should 
include macroscopic diameter, tumour type, grade of differentiation, 
tumour thickness, level of invasion, perineural invasion (PNI), lym- 
phovascular invasion, excision margins and pathological stage. 


Causative organisms 

HPV infection plays an important role in the development of SCC 
and B-HPV types are present in significant numbers, although the 
precise mechanism by which HPV infection contributes to SCC 
development is not fully understood. There is an excess risk of 
SCC associated with all B-HPV types and this risk increases with 
increasing number of B types that are present. In particular, the viral 
E6 and E7 oncoproteins from some cutaneous B-HPV types exert 
transforming activities. It has been demonstrated that these B-HPV 
types can alter the networks regulated by the tumour suppressor 
gene products retinoblastoma (pRb) and p53, leading to loss of 
cell cycle control, apoptosis and DNA repair. Moreover, B-HPV E6 
oncoprotein has been shown to deregulate the Notch signalling 
pathway. In association with UV radiation, these oncoproteins 
block UV-induced apoptosis and promote cellular proliferation. 
This highlights the role of cutaneous B-HPV types in the initiation of 
carcinogenesis but not in its maintenance (the ‘hit-and-run’ theory) 


[47,48]. Besides this oncogenic effect of HPV, the loss of T cell 
immunity against cutaneous p-HPV in the immunocompromised 
has been demonstrated to contribute to an increased risk of AK and 
SCC [49]. 


Genetics 

Patients with Fitzpatrick skin types I and II, particularly those with 
freckling, high UVR exposure and on immunosuppression are most 
at risk [50]. 


Environmental factors 

Most SCCs develop on the light-exposed areas of the head and neck, 
and the cumulative lifetime exposure to UVR from sunlight and 
artificial tanning lamps strongly correlates with the development of 
SCC [51,52]. 


Clinical features 

History 

The most common sites for SCC are those most exposed to the sun. 
They occur on the backs of the hands and forearms, the upper part 
of the face and, especially in males, on the lower lip and pinna. 

The evolution of SCC is usually faster than that of BCC but is gen- 
erally slower than that of KA, which may attain the same size in as 
many weeks as SCC does in months. Often these are solitary nodules 
which may be tender on palpation. 


Presentation 
SCCs often arise in photodamaged skin (Figures 141.36 and 141.37). 
The first clinical evidence of malignancy is induration. The area may 


Figure 141.36 Multiple invasive squamous cell carcinomas in a patient with a history of 
exposure to arsenic. 


mn \| 


Figure 141.37 Raised erythematous invasive squamous cell carcinoma in an elderly 
patient on a light-exposed site. 


be plaque-like, verrucous, tumid or ulcerated, but in all cases the 
lesion feels firm when pressed between the finger and thumb. The 
limits of the induration are not sharp and usually extend beyond 
the visible margin of the lesion. The resistance to pressure is much 
greater than that given by an inflammatory lesion or benign epithe- 
lial hyperplasia. 

The tissue around the tumour is inflamed and the edge is an 
opaque yellowish red colour. The better-differentiated tumours are 
usually papillomatous and are capped by a keratotic crust in the 
earlier stages. This may be shed later to reveal an ulcer or eroded 
tumour with an indurated margin and a purulent exuding surface 
that bleeds rather easily. The outline may be rounded, but is often 
irregular, and in premalignant lesions the induration and elevation 
is often asymmetrical at first. On mobile structures such as the lip 
or genitalia the presenting sign may be a fissure or small erosion or 
ulcer which fails to heal and bleeds recurrently. 


Clinical variants 

Verrucous carcinoma of the foot has been called epithelioma cunicu- 
latum. This is a slow-growing well-differentiated SCC which rarely 
metastasises [53]. The tumour is characterised by an exophytic 
verruciform appearance; however, it may exhibit hyperkeratosis, 
ulceration or a malodorous discharge [53]. The aetiology of verru- 
cous carcinoma is unknown but it can develop in areas of chronic 
inflammation. HPV has been associated with this tumour and 
specifically HPV types 11 and 16 have been described in plantar 
lesions [54,55]. 


Differential diagnosis 

The indurated well-differentiated SCC arising in photodamaged 
skin is usually easily diagnosed (Figure 141.38). Typical KA have 
a faster rate of growth and involute to leave a scar. AK tend to be 
multiple and lack a dermal component on palpation. BCC, amelan- 
otic melanoma and skin metastases from internal malignancy may 
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Figure 141.38 Well-differentiated squamous cell carcinoma with even circumscribed 
edge and central crusting. 


Figure 141.39 Seborrhoeic keratosis mimicking squamous cell carcinoma. 


resemble a SCC. Warty lesions such as viral warts or seborrhoeic 
keratoses (Figure 141.39) are not indurated and are frequently multi- 
ple. SCC on the lip may be mistaken for oral HSV and unsuccessfully 
treated with antivirals. 


Classification of severity 

SCC has a low rate of metastasis of about 5% [56]. Low-grade 
tumours carry an excellent prognosis but the risk of developing 
metastasis increases significantly in a SCC displaying ‘high-risk’ 
features [57]. SCCs are classified as low-risk, high-risk and very 
high-risk based on their clinical, pathological, tumour-nodes- 
metastasis (TNM) staging and margin criteria [58]. Figure 141.40 
shows factors associated with poor disease outcome and guid- 
ance on referral to multidisciplinary teams (MDT) as well as 
follow-up [58]. 

Staging systems should reliably stratify patients according to 
their risk of developing local and/or disseminated disease. There 
are three main staging systems currently used: The American Joint 
Committee on Cancer 8 (AJCC8) [59], the Union for International 
Cancer Control 8 (UICC8) [60] and the Brigham and Women’s 
Hospital (BWH) criteria [61], with the UICC8 staging system 
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Tumour factors 


Margin status 


Patient factors 


Referral to MDT 
(Scotland has no 


LSMDT / SSMDT 
division) 


Follow-up 


Tumour diameter <20 mm (= pT1) 
Tumour thickness <4 mm 

Invasion into dermis 

No perineural invasion 


Well differentiated or moderately 
differentiated histology 


No lymphovascular invasion 


(ALL ABOVE FACTORS SHOULD APPLY to 
denote a low-risk tumour) 


Clear pathology margins in all dimensions 
(=1 mm) 


Immune-competent 


LSMDT discussion not needed 


Follow-up in secondary care not needed after 
single post-treatment appointment, where 
appropriate. 


Full skin check, examination of regional lymph 
node basin, discussion of diagnosis and patient 
education. This may take place before the 
histological diagnosis. 


Patient education about sun protection and 
skin surveillance is advised. Patients and their 
GPs should be informed of the risk of further 
cSCCs. There is a 40% risk of a further 
keratinocyte cancer within 5 years. If this is 
suspected, refer via the 2-week wait pathway. 


Diameter >20-40 mm (= pT2) 
Thickness >4-6 mm 
Invasion into subcutaneous fat 


Perineural invasion present — dermal only; 
nerve diameter <0.1 mm 


Poorly differentiated histology 
Lymphovascular invasion 
Tumour site ear or lip 


Tumour arising within scar or area of chronic 
inflammation 


(ANY SINGLE FACTOR denotes a high-risk 
tumour) 


One of more involved or close (<1 mm) 
pathology margin in a pT1 tumour. Close 
pathology margins (<1 mm) in a pT2 tumour. 


latrogenic immunosuppression or biological 
therapies; frailty and/or comorbidities likely to 
cause some degree of immune compromise; 
HIV infection stabilised on HAART 


LSMDT discussion of patients with close or 
involved pathology margins; if margins are not 
involved other factors alone may not require 
LSMDT discussion unless more than one factor 
pertains. 


Patient factors increase risk, but do not 
mandate LSMDT discussion in absence of 
tumour risk factors. 


4-monthly for 12 months (+ 6-monthly for the 
second year) especially if several risk factors 


apply. 


Full skin check examination of regional lymph 
node basin.* discussion of diagnosis and 
patient education. 


Advise patient education about sun protection 
and skin surveillance. 


Patients with more than one prior keratinocyte 
carcinomas have an 80% risk of a further 
keratinocyte cancer within 5 years. 


Diameter >40 mm (= pT3) 
Thickness >6 mm 

Invasion beyond subcutaneous fat 
Any bone invasion 


Perineural invasion present in named nerve; 
nerve 20.1 mm; or nerve beyond dermis 


High-grade histological subtype — 
adenosquarnous, desmoplastic, spindle/ 
sarcomatoid/metaplastic 


In-transit metastasis 


(ANY SINGLE FACTOR denotes a very high-risk 
tumour) 


One or more involved or close (<1 mm) 
pathology margin in a high-risk tumour 


AS FOR HIGH-RISK especially solid organ 
transplant recipients; haematological 
malignancies such as chronic lymphocytic 
leukaemia or myelofibrosis; other significant 
immunosuppression. 


SSMDT discussion should be considered for all 
patients with very high-risk tumours except 
those which require straightforward standard 
surgical excision. 


A referral to or opinion from an appropriate 
site-specific MDT may be required to ensure 
the best management. 


4-monthly for 2 years and 6-monthly for a 
third year. 


Full skin check, examination of regional lymph 
node basin,* discussion of diagnosis and 
patient education. 


Advise patient education about sun protection 
and skin surveillance. 


Patients with more than one prior keratinocyte 
carcinomas have an 80% risk of a further 
keratinocyte cancer within 5 years. 


Figure 141.40 Guidance for referral to local skin cancer multidisciplinary teams (LSMDTs) and specialist skin cancer multidisciplinary teams (SSMDTs). This referral guidance relates to 
primary cutaneous squamous cell carcinoma (cSCC), where treatment has been excisional surgery with curative intent. Factors associated with risk of poor disease-related outcomes 
(local recurrence, nodal metastasis, disease-specific death) in multiple studies using univariate or multivariate analysis. Reproduced from [58] with permission from John Wiley & Sons. 
GP, general practitioner; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; MDT, multidisciplinary team. 


(Tables 141.6 and 141.7) being adopted by UK dermatologists and 
pathologists as AJCC8 covers head and neck SCC only. The BWH 
staging system showed that of all the high-risk features reported, 
four were more accurate in predicting tumour spread, when com- 
pared with AJCC7 and UICC7 staging systems (Table 141.8) [61]. 
Further comparative work performed by the same group has con- 
firmed these findings, with the addition of PNI with a calibre size 
of >0.1mm [62]. Population-based studies are now required to 
validate these findings against UICCS8 criteria. 

These staging systems, although widely used, have limited 
positive predictive value in identifying those at greatest risk of 
developing metastases. The gene expression profile (GEP) of pri- 
mary cutaneous SCC with known outcomes has been used to 
develop and validate the 40-GEP test for predicting risk of metas- 
tasis from localised high-risk SCC, based on BWH metastasis risk: 
class 1 (low risk), class 2A (high risk), and class 2B (highest risk). 
The 3-year metastasis-free survival rates were 91.4%, 80.6% and 
44.0%, respectively. A positive predictive value of 60% was achieved 


for the highest-risk group (class 2B), which is an improvement over 
current staging systems. A negative predictive value, sensitivity 
and specificity were shown to be comparable to current AJCC8 and 
BWH staging systems [63]. 


Complications and co-morbidities 

SCC will generally progress by local invasion if left untreated, lead- 
ing to metastasis. If diagnosis or treatment are delayed, the resul- 
tant surgery to excise the tumour may result in large scars or skin 
grafts on cosmetically visual sites. In some patients, multiple or large 
tumours may develop, requiring extensive surgery. 


Disease course and prognosis 

SCCs, in the absence of high-risk features, carry an excellent 
prognosis and following definitive treatment patients may be dis- 
charged from regular hospital follow-up after one visit [38,57,58]. 
SCCs with high-risk features (Figures 141.41 and 141.42) have a 
greater potential for local invasion and to develop metastases. In a 


Table 141.6 TNM8 (tumour-nodes-metastasis) classification for cutaneous squamous 
cell carcinoma (SCC). Reproduced from [60] with permission from John Wiley & Sons. 


T categories 


T1 <2.cm in greatest dimension 
T2 >2-4cm in greatest dimension 
T3 >4cm in greatest dimension or minor bone erosion or specified perineural 


invasion (>0.1 mm in diameter and/or deeper than the dermis and/or a 
named nerve) or deep invasion (thickness >6 mm and/or beyond the 
subcutaneous fat) 

T4a Tumour with gross cortical bone/marrow invasion 

T4b Tumour with skull base or axial skeleton invasion including foraminal 
involvement and/or vertebral foramen involvement to the epidural space 


N categories for non-head and neck 


1 Metastasis in a single node <3 cm in greatest dimension 
N2 Metastasis in a single ipsilateral lymph node >3 cm but <6cm or in 
multiple ipsilateral nodes with none >6cm in greatest dimension 
3 Metastasis in a lymph node >6 cm in greatest dimension 
N categories for head and neck region 
1 Metastasis in a single ipsilateral lymph node <3 cm in greatest dimension 
without ENE* 
N2a Metastasis in a single ipsilateral lymph node >3 cm but <6cm in greatest 
dimension without ENE 
2b Metastasis in multiple ipsilateral lymph nodes, where none are >6 cm in 
greatest dimension without ENE 
N2c Metastasis in bilateral or contralateral lymph nodes, where none are >6cm 
in greatest dimension without ENE 
3a Metastasis in a single or multiple lymph nodes >6 cm in greatest dimension 
without ENE 
N3b Metastasis in a single or multiple lymph nodes with ENE 
M categories 
MO No distant metastasis 
M1 Distant metastasis (including contralateral nodes in non-head and neck 
cSCC) 


@ Extranodal extension (ENE) can be clinical or pathological. 


Table 141.7 TNM8 (tumour-nodes-metastasis) stage groups for cutaneous squamous 
cell carcinoma (SCC). Reproduced from [60] with permission from John Wiley & Sons. 


Stage 1 N M 
| T1 NO MO 
ll T2 NO MO 
Ill 13 NO MO 
T1, 12, T3 N1 MO 

IVA T1, 12, T3 N2, N3 MO 
T4 Any N MO 

IVB Any T Any N M1 


prospective study of 615 primary SCCs with a median follow-up 
of 43 months (1-165 months), 3% of high-risk SCCs were locally 
invasive and of these 65% developed recurrence in the first year 
[57]. In a retrospective Mohs micrographic surgery (MMS) case 
review of 200 patients, 25 (12.5%) developed metastases, which 
occurred by year 1 in 14/25 (56%) patients, by year 2 in 18/25 (72%) 
patients and by year 3 in 20/25 (80%) patients [64]. A review of 
the literature from 1940 to 1990 identified 10 studies and showed 
that 75% of local recurrence and 84% of metastases occur within 2 
years with 83% of local recurrence and 91% of metastases occurring 


Table 141.8 Discriminating prognostic indicators and risk of local recurrence, nodal 
metastases or disease-specific death based on the number of high-risk factors present. 


High-risk features? 


Diameter >2 cm 

Perineural involvement 

Poorly differentiated or undifferentiated tumour 
Involvement beyond fat 


Stage Risk of local recurrence, nodal metastases or disease-specific 
death based on the number of high-risk features (%)? 
T1 No high-risk 4/134 (3%) 
features 
T2A 1 high-risk feature 9/67 (13%) 
T2B 2-3 high-risk 37/49 (76%) 
features 
T3 4 of 4 high-risk 8/8 (100%) 
features 


* Based on a cohort of 256 cutaneous squamous cell carcinomas. 


Figure 141.41 Well-differentiated squamous cell carcinoma on the helix of the ear 
(high-risk site). 


within 3 years [56]. The risk is higher with an increasing number of 
high-risk factors (see Table 141.8) [61]. SCC behaves more aggres- 
sively in immunosuppressed OTRs and in a retrospective study, 
lymph node metastases (9% vs 3%) were more common than in 
immunocompetent patients and distant metastases (3%) occurred 
in the OTR group only. Two-year disease-specific survival of the 
OTR group was lower (93% vs 100%) [65]. Recommendations for 
follow-up of high-risk SCC, based on existing evidence, suggest at 
least a 2-year period with longer follow-up for those on immuno- 
suppression, those with very high-risk disease (Figure 141.40) or 
multiple tumours [38,58]. 

Patients who develop progressive disease, defined as locally 
advanced, recurrent or metastatic disease, should be discussed at an 
appropriate MDT (Figure 141.43) [58]. Those who develop regional 
lymph node disease should be offered regional lymphadenectomy, 
with adjuvant radiotherapy reserved for the high-risk pathol- 
ogy group (Table 141.6: UICC8 >N1) [58]. Immune checkpoint 
inhibitors (ICI) should be considered in those with locally advanced 
SCC where surgery or radiotherapy is not a reasonable option, or 
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Figure 141.42 Poorly differentiated squamous cell carcinoma presenting as a nodule 
and lacking typical keratin centre. 


those with metastatic SCC [58]. A systematic review showed that 
the evidence for their use remains poor but results with cemiplimab 
and pembrolizumab look encouraging [66]. Other therapeutic 
options, if ICIs are contraindicated, include systemic chemotherapy, 
EGER inhibitors or best supportive care [58]. 


Investigations 

Where there is diagnostic doubt, a skin biopsy is the standard tech- 
nique to establish the diagnosis of SCC. A number of new techniques 
such as reflectance confocal microscopy and high-resolution opti- 
cal coherence tomography are currently being evaluated but image 
quality is variable due to hyperkeratosis seen in SCC, thickness of 
the tumour and illumination not adequately reaching deeper struc- 
tures resulting in unreliable images [67] (see also Chapter 40 in this 
volume). There is no evidence for performing sentinel lymph node 
biopsy (SNLB) in patients with primary SCC and SNLB should be 
conducted as part of a clinical trial [38,58]. 

An editorial review of the role of imaging in the management of 
high-risk SCC extrapolated evidence from the use of cross-sectional 
imaging in the management of head and neck cancers. Magnetic 
resonance imaging (MRI) is widely accepted as the imaging of 
choice in detecting PNI as it has been shown to have a sensi- 
tivity of 95% for detecting PNI in head and neck cancers. This 
decreases to 63% when used to detect the entire extent of PNI. 
MRI may be supplemented by computed tomography (CT) when 
there is a concern around potential nerve involvement at the skull 
base as CT scans are superior to MRI in outlining bony anatomy 
[68]. Traditionally, CT, MRI and ultrasound scans have been the 
main imaging modalities used in the evaluation of skin cancer. 
Other imaging techniques such as high-resolution micro-coil MRI 
[69], single-photon emission CT and positron emission tomogra- 
phy/computed tomography (PET/CT) may have an increasing role 
in the future [70]. 

There are no clear indications for when radiological imaging is 
warranted to search for nodal metastases. Conventional CT and 
MRI scans add little to the clinical examination of a node-negative 
region. However, in cases where an SCC is deemed very high 
risk, particularly when drainage is to the parotid nodes or there 
is evidence of in-transit metastasis, MRI is useful to stage disease 
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and high-resolution ultrasound has also been shown to be a sensi- 
tive and accessible method of evaluating lymph nodes especially 
when combined with a guided fine-needle aspiration (FNA) or core 
biopsy [58,68]. When there is clinical evidence of locally advanced, 
recurrent or metastatic disease, imaging with CT or MRI should be 
performed prior to treatment initiation [58]. 


Management 

Patients should be given a thorough explanation of the diagnosis 
and signs to observe should any future tumours arise. They should 
be provided with sun-avoidance information, detailed information 
about their tumour and self-examination of the skin and lymph 
nodes. The aims of any therapy selected for the treatment of SCC 
is to ensure complete removal and destruction of the primary 
tumour and to prevent metastasis (Figure 141.44). A Cochrane 
review found the evidence to base decisions on the best therapeutic 
option to achieve this to be poor, with only one randomised con- 
trolled trial comparing recurrence between groups receiving either 
adjuvant 13-cis retinoic acid and interferon-a after initial surgery 
or no adjuvant therapy [71]. UK guidelines for the treatment of 
SCC recommends surgical excision, including MMS, if appropriate, 
as the main form of therapy (Figure 141.43) [58]. However, the 
authors emphasise that clinicians need to be aware of other factors 
that could influence success when choosing a treatment modal- 
ity [58]. In the absence of high-quality randomised controlled trials, 
a systematic review and pooled analysis of observational stud- 
ies reported 118 publications covering seven different treatment 
modalities; standard surgical excision, MMS, external radiotherapy, 
brachytherapy, adjuvant radiotherapy, curettage and electrodesic- 
cation, cryotherapy and PDT [72]. Meta-analysis of data showed 
that pooled estimates of recurrence of SCCs were lowest after 
cryotherapy (0.8% (95% confidence interval 0.1-2%)) and curettage 
and electrodesiccation (1.7% (0.5-3.4%)) but most treated SCCs 
were small low-risk tumours and these data should be treated with 
caution. After MMS, the pooled estimate of local recurrence was 
3% (2.2-3.9%), which was non-significantly lower than the pooled 
estimate of local recurrence for standard surgical excision (5.4% 
(2.5-9.1%)) and external radiotherapy (6.4% (3-11%)). The pooled 
estimate of local recurrence for PDT was significantly higher (26.4% 
(12.3-43.7%)). There was very limited evidence for topical and laser 
therapy [72]. 

While surgical techniques may be the best therapeutic option, 
based on current literature and evidence it is important to 
risk-stratify SCC, depending on the presence or absence of high-risk 
features, and manage the lesion appropriately (Figure 141.43) [58]. 
In summary, for high-risk tumours surgical excision should be the 
first therapeutic choice, while curettage and cautery is a treatment 
option for low-risk tumours (Figure 141.43) [58]. 


First line 

Low-risk squamous cell carcinoma. Most studies of curettage and 
cautery in the literature are small and retrospective and report 
on the use of a blunt curette. There were no studies identified 
which reported on the use of a single-use sharp ring curette [38]. 
Most studies also did not state the number of treatment cycles per- 
formed [72]. However, on the basis of limited evidence, curettage 
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procedure to standard surgical excision 
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1 Complex tissue rearrangement in high-risk 
zones may impede future management should 
histology identify inadequate tumour clearance 

’ Low risk > one appointment for diagnosis and 
education 
High risk > a follow-up every 4 months in the 
1st year; every 6 months in the 2nd year 
Very high risk — a follow-up every 4 months in 
the 1st and 2nd year; every 6 months in the 3rd 
year 


Consider systemic anticancer 
therapy (immune checkpoint 
inhibitor, or chemotherapy if 
contraindicated), or a clinical trial 
(when no standard interventions 
are viable, as per SSMDT) 


Figure 141.43 Treatment pathway for primary cutaneous squamous cell carcinoma (cSCC) in adults. Reproduced from [58] with permission from John Wiley & Sons. ART, adjuvant 
radiotherapy; laSCC, locally advanced squamous cell carcinoma; mSCC, metastatic squamous cell carcinoma; SSMDT, specialist skin cancer multidisciplinary team. 


and cautery may be an acceptable and appropriate treatment for 
low-risk tumours [38,58,72]. 

Cryotherapy has been reported particularly in the treatment of 
low-risk tumours [72]. Of the eight case series identified, one used 
nitrogen peroxide and four used curettage followed by cryother- 
apy. Only three used liquid nitrogen spray methodology; treatment 
duration and number of cycles were poorly reported [38,72]. There 
is insufficient evidence to recommend cryotherapy as a treatment 
option for SCC [58]. 

PDT, using topical or systemic photosensitisers, has been reported 
in 14 studies but the evidence remains poor. A pooled estimate of 
recurrence at 6-38 months was 26.4% (95% CI 12.3-43.7%) based on 
119 tumours [72]. Until further research is performed, PDT is not an 
appropriate treatment option for SCC [38,58]. 

There is also currently insufficient evidence to base any rec- 
ommendations for laser treatment, intralesional 5-fluorouracil or 
interferon-a, and topical treatment with 5% imiquimod cream or 
5-fluorouracil cream in concentrations of 5%, 10% or 20% [38,58]. 


High and very high-risk squamous cell carcinoma. Surgical exci- 
sion or MMS are recommended due to the higher risk of tumour 
spread [38,58]. In the absence of prospective randomised controlled 


trials, the choice between the two treatments should be based on the 
number, size and site of tumours, local expertise, patient preference 
and access to MMS, which may be limited in some geographical 
regions. Patients should be offered wide local excision and complete 
margin assessment by pathology. The aim should be to completely 
excise the tumour taking a peripheral and deep margin of normal 
skin. Table 141.9 shows the overall pooled recurrence rates follow- 
ing excision surgery and MMS [72]. While data for MMS appear 
to show lower rates of local recurrence and death, this should be 
interpreted with caution as most studies assessed in this pooled 
analysis were retrospective and of variable quality or follow-up; 
prospective randomised controlled trials comparing MMS with 
excision surgery, based on SCC risk stratification, with long-term 
follow-up, are required [72]. MMS has the advantage of real-time 
margin assessment potentially allowing narrower surgical margins 
and confirmation of complete tumour excision, along with tissue 
preservation, particularly on functionally sensitive sites such as the 
eyelid or lip. 

In a prospective study of MMS in 111 patients with 141 SCCs, 
initial margins of 2mm were taken and then increased by 2mm 
increments to 6mm. Clearance rates for margins of 2mm, 4mm 
and 6mm were 78%, 96% and 99%, respectively. When high-risk 
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Figure 141.44 Staging and management pathway of primary cutaneous squamous cell carcinoma (cSCC). Reproduced from [58] with permission from John Wiley & Sons. FNAB, 
fine-needle aspiration biopsy; FNAC, fine-needle aspiration cytology; LSMDT, local skin cancer multidisciplinary team; SSMDT, specialist skin cancer multidisciplinary team; USS, 
ultrasound scan. 


Table 141.9 Overall pooled recurrence rates for squamous cell carcinoma (SCC) following excision surgery and Mohs micrographic surgery (MMS). Adapted from [58,71]. 


Pooled estimate of recurrence 


Local (95% Cl) 


Regional (95% Cl) 


Distant/unspecified? (95% Cl) 


Death (95% Cl) 


Excision surgery 5.4% 

(2.5-9.1%) 
Number of studies (total number of patients) 12 studies (1144 patients) 
MMS 3.0% 

(2.2-3.9%) 


Number of studies (total number of patients) 10 studies (1572 patients) 


4.4% 

(2.4-6.9%) 

8 studies (786 patients) 
4.2% 

(2.3-6.6%) 

6 studies (1162 patients) 


5.4% 

(0.7-27.6%) 

4 studies (146 patients) 
4.7% 

(0.7-11.7%) 

5 studies (766 patients) 


4.1% 

(1.7-7.6%) 

8 studies (485 patients) 
1.1% 

(0.2-2.6%) 

4 studies (941 patients) 


@ Data represents recurrence at unspecified location. 
Cl, confidence interval. 


features and clearance rates were analysed separately, the results 
showed that a 2mm margin was associated with a poor clearance 
rate of high-risk tumours. A 4mm margin gave better peripheral 
clearance but only 90% deep clearance if there was subcutaneous 
involvement [73]. Based on current evidence, a clinical peripheral 
margin of 4mm is recommended when excising low-risk SCC, 
6mm for high-risk SCC and 10mm for very high-risk SCC, where 
it is surgically achievable and clinically appropriate [58]. Evidence 
for deep margins remains inconclusive but the tumour should be 
excised at the anatomical plane deep to the clinically apparent level 
of tumour invasion [38,58]. 


Second line 

Primary radiotherapy has been reported in one prospective and 
13 retrospective studies but the radiation source, dosage, number 
of fractions, field size and follow-up period were not uniform. A 
meta-analysis of these studies showed a pooled estimate of local 
recurrence to be 6.4% (95% CI 3-11%) [72]. Radiotherapy is rela- 
tively contraindicated in previously irradiated sites and for geno- 
dermatoses predisposing to skin cancer but should be considered 
in patients where surgery is contraindicated or in elderly patients 
with multiple co-morbidities [38,58]. 

Adjuvant radiotherapy may be an effective therapeutic option 
in decreasing the risk of tumour progression when a SCC has 
been excised with close or involved margins, or where completely 
excised T3 tumours have multiple high-risk features including 
PNI, depth of >6mm and/or invasion beyond fat [58]. Adju- 
vant radiotherapy has been reported in nine studies; five with 
PNI and four without. The pooled recurrence rate in the five 
studies with PNI was 18.2% (95% CI 3.9-39.8%). In the four studies 
without PNI but with other high-risk features, the pooled recur- 
rence rate was 11.1% (95% CI 2.4-25%) [72]. Comparative studies 
assessing the presence of perineural involvement, size, extent 
and site of nerves affected are required. A retrospective study of 
167 patients with cutaneous SCC with metastases to head and 
neck lymph nodes treated with either surgery or surgery and adju- 
vant radiotherapy, showed that patients in the combined group 
had a lower rate of locoregional recurrence (20% vs 43%) and a 
significantly better 5-year disease-free survival rate (73% versus 
54%, P = 0.004) [74]. 


Secondary prevention 

In OTRs with high-risk SCCs, a reduction or substitution of 
immunosuppression has shown to be beneficial in two large 
studies [75,76]. A study of 155 renal transplant recipients with a 
history of SCC had a significant risk reduction of developing new 
SCCs at 1 year (HR 0.50, 95% CI 0.28-0.9, P = 0.021) but this was 
not significant at 2 years (HR 0.76, 95% CI 0.48-1.2, P = 0.255) [75]. 
In a multicentre randomised controlled trial of 120 OTRs with a 
history of SCC maintained on ciclosporin or converted to sirolimus, 
a significantly longer tumour-free survival was demonstrated in 
the sirolimus group (15 versus 7 months, P = 0.02), with a rel- 
ative risk of new SCCs in the sirolimus group of 0.56 (95% CI 
0.32-0.98) [76]. 

A systematic review of studies, examining the role of oral 
retinoids (acitretin) in the secondary prevention of skin cancers 
in OTRs identified three studies, with inconsistencies in dose and 
effect. Acitretin at 25mg/day reduced the development of SCCs 
compared with placebo. In all studies, acitretin was poorly tolerated 
with adverse effects of oral retinoids [77-79]. Oral nicotinamide 
should also be considered if oral retinoids cannot be used [80] 
and in the very high risk OTR group with multiple SCCs, com- 
bination therapy may be considered but there are no published 
studies. Other treatments with limited evidence include topical 
5% 5-fluorouracil [81], topical 5% imiquimod cream [82], and 
PDT [83]. 


Resources 
Further information 


Keohane SG, Botting J, Budny PG et al. British Association of Dermatologists guidelines 
for the management of people with cutaneous squamous cell carcinoma 2020. Br J 
Dermatol 2021;184:401-14. 

Lansbury L, Bath-Hextall F, Perkins W, Stanton W, Leonardi-Bee J. Interven- 
tions for non-metastatic squamous cell carcinoma of the skin: systematic review 
and pooled analysis of observational studies. BMJ 2013;347:f6153. 

Lansbury L, Leonardi-Bee J, Perkins W, Goodacre T, Tweed JA, Bath-Hextall FJ. Inter- 
ventions for non-metastatic squamous cell carcinoma of the skin. Cochrane Database 
Syst Rev 2010;4:CD007869. 

Scottish Intercollegiate Guidelines Network (SIGN). Management of primary cutaneous 
squamous cell carcinoma. Edinburgh: SIGN, 2014, SIGN publication no. 140. Cited 16 
June 2014. 
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KERATOACANTHOM 
SYNDROMES 


Keratoacanthoma 


Definition and nomenclature 

Keratoacanthoma (KA) is a rapidly evolving tumour of the skin, 
composed of keratinising squamous cells originating in piloseba- 
ceous follicles and resolving spontaneously if untreated. KA has 
been reclassified as a well-differentiated SCC (keratoacanthoma- 
tous type) in the World Health Organization (WHO) classification 
[1] but more recently, in the RCPath UK classification, remains 
as a separate diagnostic clinicopathological entity, if classical fea- 
tures are present [2], although management of KA is similar to 
well-differentiated SCC. 


(keratoacanthomatous type) [1] 


Introduction and general description 

KA has historically been classified as a benign tumour which 
resolves spontaneously. In most cases, the diagnosis is made on 
clinical features but in some cases it may be indistinguishable 
from invasive SCC and there has been considerable debate as to 
whether KA is a benign tumour or a variant of SCC, particularly 
as metastases have been described in the literature [3]. However, a 
systematic review of 455 cases showed that there were no reports of 
metastasis or deaths [4]. 


Epidemiology 

Incidence and prevalence 

This is a relatively common tumour found in the white popu- 
lation. The incidence is higher in immunosuppressed patients 
and increases in places with higher levels of UVR such as North 
America and Australia. The incidence rate of 104 per 100000 
person-years has been previously reported from Hawaii [5] and 
more recently a rate of 409 per 100,00 person-years from Queens- 
land, Australia [6]. 


Age 

The adjusted age distribution shows that it is most frequent in older 
age groups and in a large Australian population-based study was 
more common in those aged 60 or over [6]. 


Sex 
KA is more common in males with reported male to female ratios 
ranging from 1.2:1 to 2:1 [6]. 


Ethnicity 

It is uncommon in dark-skinned races and is relatively common 
in the white population, occurring with about one-third of the 
frequency of SCC [6]. 
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Associated diseases 
Patients may present with other UVR-induced skin cancers and full 
examination of the skin should be undertaken. 


Pathophysiology 

Predisposing factors 

Epidemiological data suggest that the incidence of KA is related 
to sun exposure, and the localisation of the tumours mainly on the 
head and upper limb supports this. Contact with tar and mineral oil 
has also been shown to cause an increased incidence [7] and very 
similar lesions have been produced in animals by painting with 
carcinogenic hydrocarbons. In some cases, the lesion follows injury 
to the skin, which suggests that wound healing may play a part 
in its origin, a view supported by the occurrence of multiple KAs 
in skin grafts of patients with the tumour in the recipient site [8], 
the donor site [9] or both [10]. KAs have also reported following tat- 
toos, laser treatment, chemical peels, hyaluronic acid and collagen 
fillers [11]. KAs are more commonly found in immunosuppressed 
patients and there are reports of KA associated with carcinoma of 
the larynx [12], multiple internal malignancy [13], leukaemia [14], 
deficient cell-mediated immunity [15] and in transplant recipients 
[16]. The solid tumour multikinase inhibitor, sorafenib, has also 
been reported to lead to the development of KA, which resolved or 
stopped developing when therapy was discontinued. More recently, 
there have been reports of KA following treatment of metastatic 
melanoma with BRAF inhibitors, vemurafenib [17] and dabrafenib. 
A meta-analysis of 20 trials of dabrafenib-treated melanoma cases 
showed that the incidence of KA and SCC was 20% and 16%, 
respectively [18]. KA has also been reported with programmed cell 
death 1 (PD-1) inhibitor therapy [19] and in the treatment of locally 
invasive BCC with the Hedgehog signalling pathway inhibitor, 
vismodegib [20]. 


Pathology 
The diagnosis of KA is one that requires close clinicopathological 
correlation. Examination of the whole/intact lesion is ideal in order 
to assess its architecture reliably [21]. The histological features vary 
with the stage of evolution. Early-stage KA is characterised by 
an exo-endophytic growth pattern that evolves into a symmetri- 
cal central structure that contains keratin. Peripheral epidermal 
lipping is a feature. The endophytic component is usually com- 
posed of curving or blunt epithelial down growths. Frank dermal 
invasion or solid growths of atypical cells are not KA features 
(Figure 141.45a). The proliferating keratinocytes show relatively 
mild cytonuclear atypia and they are present in the lower layers 
of the epidermis with evolution into more mature keratinocytes 
towards the centre of the lesion (Figure 141.45b). These maturing 
cells have abundant eosinophilic glassy cytoplasm and no signif- 
icant nuclear abnormalities (Figure 141.45c). Transition between 
maturing and proliferating cells may be abrupt. Keratinisation is 
present. The lesion does not extend beyond the level of the sweat 
glands or into the subcutis. Although mitotic activity may be brisk, 
the presence of atypical mitotic figures should be viewed with 
caution. 

Intraepithelial microabscesses and intraepidermal elastic fibres 
may be observed, but it is important to highlight that these features 


aot 


(a) 


(b) 


BES 


(c) 


Figure 141.45 (a) Pathology of keratoacanthoma showing endophytic growth pattern with epidermal lipping and no evidence of dermal invasion (x20). (b) Mature keratinocytes seen 
towards the centre with mild cytonuclear atypia (x100). (c) Cells containing abundant eosinophilic glassy cytoplasm and no significant nuclear abnormalities (x40). All images courtesy 


of Dr M. Agarwal, Monklands Hospital, Lanarkshire, UK. 


are not pathognomonic of KA. The underlying dermal tissue 
frequently shows inflammation with lichenoid features. Stromal 
desmoplasia should not be present. 

In regressing lesions, the crater-like low-grade morphology of the 
lesion is preserved; however, the epidermis is attenuated and the 
underlying tissue shows fibrosis, lichenoid inflammatory changes 
and foci of foreign-body type granulomatous inflammation to free 
keratin. 

Perineural invasion has been reported in KA, particularly in 
lesions from the face. This feature does not appear to be linked to 
metastatic disease [22]. 

Multiple and eruptive KA have a more readily identifiable follic- 
ular origin and the interfollicular epidermis is unremarkable. 


Causative organisms 

Virus-like particles have been seen under electron microscopy. 
However, there is no evidence of human polyomaviruses present 
[23], except for one small case series showing 42.3% of KA reported 
to have human polyomavirus 6 on polymerase chain reaction [24]. 
HPV has also been demonstrated [25] but no predominant HPV 
type has been found [26]. 


Genetics 

KA behaves differently from invasive SCC clinically and there is 
considerable debate whether KA is a separate entity or a variant 
of SCC. Molecular markers to discriminate between the two have 
proved to be either inconclusive or not sensitive. However, more 
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recently, using array comparative genomic hybridisation techniques 
to analyse the differences between KA and SCC, some degree of 
genetic aberrations have been found with significant differences in 
the aberrant clone and recurrent aberrations between KA and SCC. 
Tumour size, fibrosis and inflammation related to the development 
stages of KA showed significant association with aberrations of 
selected genomic regions suggesting chromosomal instability dur- 
ing the life cycle of KA [25]. It is now postulated that UV-mutated 
or activated committed infundibular stem cells are driven by a 
combination of two molecular pathways: oncogenic RAS pathway 
and the Wnt/beta-catenin pathway responsible for skin stem cell 
maintenance, hair follicle development and wound healing [26,27]. 


Environmental factors 

KA are more common on light-exposed sites such as the head and 
extensor surface of the arms and the dorsal aspects of the hands. 
UV exposure increases risks particularly in those who are immuno- 
suppressed. Patients exposed to tars and mineral oil are also at an 
increased risk. 


Clinical features 

History 

KA evolves in three clinical phases: proliferative, maturing and 
resolving. The first evidence of KA is a firm, rounded, flesh-coloured 
or reddish papule, which may resemble molluscum contagiosum 
or, if keratotic, a viral wart. The patient rarely seeks advice at this 
stage. There is then a rapid growth phase and in a few weeks it 
may become 10-20mm across. There is no infiltration at the base. 
The epidermis over the nodule is smooth and shiny; the lesion is 
skin coloured to red with telangiectasia just beneath the surface. 
The centre contains a horny plug or is covered by a crust which 
conceals a keratin-filled crater (Figure 141.9). As the lesion matures, 
the accumulating keratin expands the outermost part making the 
edge overhang the base, but the radial symmetry is usually well 
preserved. The keratin may project like a horn or it may soften and 
break down. Spontaneous resolution is achieved by the epidermal 
covering receding towards the base and the horny core being shed. 
The base is revealed as irregular and puckered and the edge may 
remain as soft but thickened epidermis, either as a continuous 
rim or a series of papillomatous tags. The process of spontaneous 
healing usually takes about 3 months. 


Presentation 

The most frequently affected area is the central part of the face: 
the nose, cheeks, eyelids and lips. The dorsum of the hand, wrist 
and forearm are commonly affected; the thigh, chest, shoulder 
and scalp less so; and the ano-genital area uncommonly except 
in those exposed to occupational hazards. Lesions have occurred 
subungually [28], on the vermilion of the lips and on the buccal 
mucosa. 

In most cases, the tumour presents as a solitary lesion. Multiple 
or recurrent tumours are more likely to be present in patients who 
are immunosuppressed, those treated with phototherapy or with 
targeted therapies for melanoma metastasis. There may be recur- 
rences after curettage or excision, more frequently in lesions on the 
lips and fingers and when treatment is carried out in the early stages. 
Recurrence may happen after spontaneous resolution [29]. 
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Clinical variants 

A small proportion of KA grow to much larger dimensions with 
5cm or more in diameter being not exceptional on the forearm. Giant 
KA, keratoma centrifugum marginatum, measuring 15-20 cm, have 
been rarely described in the literature [30]. In some cases, the max- 
imum size may be reached in a month or two; others may enlarge 
over many months. After growth ceases, involution may not occur 
for some months or may occur at part of the periphery while growth 
continues elsewhere. 


Differential diagnosis 

Molluscum contagiosum and viral warts may mimic KA in the 
very early stage. Cutaneous horn and hypertrophic AK may appear 
similar in the proliferative stage. Invasive SCC is the commonest 
differential diagnosis in the maturation phase but KA generally 
starts to involute spontaneously in the resolution stage. 

In patients with multiple KA, a family history should be sought 
to exclude multiple self-healing squamous epithelioma (MSSE). The 
lack of symptoms such as pruritus and multiple KA only on exposed 
sites should help exclude generalised eruptive KA (Grzybowski 
syndrome). 

Xeroderma pigmentosum and Muir—Torre syndrome (MTS) 
are also associated with KA but other features of MTS include 
a family history, sebaceous neoplasms and internal malignancy, 
most commonly carcinoma of the colon. Secondary deposits from 
non-cutaneous malignancies can also occasionally mimic KA. 


Complications and co-morbidities 
KA will resolve to leave a pitted or unsightly scar. KAs have been 
rarely reported to metastasise. 


Disease course and prognosis 

KA typically resolves spontaneously but can recur within the scar 
infrequently. Often patients may develop further KA, particularly 
those who are immunosuppressed. 


Investigations 

Investigations are generally not necessary but a skin biopsy may 
be taken or the lesion excised when diagnosis is in doubt or the 
lesion persists without typical spontaneous resolution. Dermoscopy 
of KA has been reported to show hairpin vessels, linear-irregular 
vessels, targetoid hair follicles, white structureless areas, a central 
mass of keratin and ulceration, but these features were also found 
in invasive SCC and therefore not diagnostic of KA [31]. 


Management 

Most tumours regress spontaneously leaving a scar. Patients 
should be advised on the signs of new tumour development and 
what to look out for: red or flesh-coloured crusted lesions usu- 
ally on light-exposed sites. Advice on high factor broad spectrum 
sunscreen should be provided. 


First line 

Most lesions are solitary and surgical excision or curettage and 
cautery are the best treatment options for those that have not 
resolved completely. Small lesions possess a low risk of invasion 


and so could be treated with curettage and cautery particularly if 
they are less than 2cm in diameter. For larger lesions over 2cm in 
diameter, subungual lesions and where diagnosis is not clear then 
surgical excision would be recommended [2]. 


Second line 
Radiotherapy shortens the course and improves the scar, and can be 
used in patients who refuse surgery. 

The application of 5% 5-fluorouracil cream twice daily may reduce 
the time taken for natural resolution and diminish scarring [32]. Top- 
ical 5% imiquimod cream has also been reported to clear KA. A sys- 
tematic review of non-surgical treatments reported that topical 5% 
5-fluorouracil cream led to faster time to heal than 5% imiquimod 
cream [33]. 


Third line 

In a patient with multiple KA due to vemurafenib, systemic 
retinoids (acitretin) at a dose of 25mg on alternate days along 
with intralesional fluorouracil have been reported to clear and 
reduce the development of new KA [17]. Intralesional methotrexate 
has also shown improvement but in a systematic review, intrale- 
sional 5-fluorouracil led to faster healing times than intralesional 
methotrexate [33]. PDT has also been reported in a similar case with 
significant clinical regression of KAs [34]. 


Resources 


Further information 

Elder DE, Massi D, Scolyer RA, Willemze R, eds. WHO Classification of Skin Tumours, 
4th edn. Lyon, France: IARC Press, 2018. 

Slater DN, Barrett P. Dataset for the histological reporting of primary cutaneous 
squamous cell carcinoma and regional lymph nodes. Available at: https:// 
www.rcpath.org / uploads /assets /9c1d8£71-5d3b-4508-8e6200f11e1 f4a39 /Dataset- 
for-histopathological-reporting-of-primary-invasive-cutaneous-squamous-cell- 
carcinoma-and-regional-lymph-nodes.pdf (last accessed 21 July 2022). 


Multiple self-healing squamot 
epithelioma 


Definition and nomenclature 


Multiple self-healing squamous epithelioma (MSSE) is an autosomal 
dominant condition characterised by the intermittent development 
of spontaneously regressing skin tumours which are histologically 
identical to well-differentiated SCCs. Susceptibility to MSSE is 
conferred by heterozygous loss-of-function mutations in the 
TGFBR1 gene and variants at a second linked locus on the long 
arm of chromosome 9. 


Introduction and general description 
This autosomal dominant condition was first described by 
Ferguson-Smith in 1934 in a single case. Patients develop multiple 


tumours mainly on sun-exposed sites which spontaneously regress 
a few weeks later. 


Epidemiology 

Incidence and prevalence 

The incidence is unknown but the condition is extremely rare. 
Two large Scottish kindreds are well described in the literature 
[1-3], and accurate genetic pedigree analysis has suggested that 
the condition may have arisen in these two families from a single 
mutation around 1790. Haplotype analysis for polymorphic mark- 
ers segregating with MSSE in non-Scottish and Scottish families has 
shown differences which suggest that MSSE may not be caused by 
a founder mutation and that the syndrome may be more common 
than originally thought [4]. 


Age 

Age of onset is highly variable ranging from childhood to the ninth 
decade (median 28 years) but the first tumours usually appear in the 
second decade of life. The mean age of onset in women is 25.5 and 
in men 26.9 years [3]. 


Sex 
Males and females are equally affected. 


Ethnicity 

MSSE was first described in the Scottish population, although there 
are reports of MSSE in non-Scottish families. MSSE mainly affects 
white patients with Scottish cases outnumbering cases from the rest 
of the world [3]. 


Pathophysiology 
Pathology 
See pathology section of KA. 


Genetics 

Initial linkage studies had initially mapped MSSE to chromosome 
9q22.3 in a region of less than 4 Mb between the markers D9S197 and 
D9S1809 [5-7]. Further molecular analysis of tissue has shown loss 
of heterozygosity of the MSSE region with loss of the normal allele, 
indicating that the MSSE gene is likely to be a tumour suppressor 
gene [5]. Linkage analysis has confirmed a highly significant asso- 
ciation between MSSE and the TGFBR1 gene mutations with a LOD 
(maximum log;, odds) score of 16.9. Eighteen different families 
with 67 affected individuals were studied and found to have 
TGFBR1 mutations in all cases [8]. Eleven different heterozygous 
mutations were found, which occurred in either the extracellular 
ligand-binding domain or in the serine/threonine kinase (STK) 
domain of the protein and all were predicted or demonstrated to 
result in loss of receptor function. 

More recently, variants in an adjacent region of chromosome 
9q22.3 to known TGFBR1 mutations have been demonstrated 
suggesting a digenic or multilocus aetiology [9]. Haplotype com- 
parisons suggest the second locus lies proximal to the XPAC gene 
on chromosome 9q22.3 over 1.5 Mb from TGFBR1 but this locus is 
as yet unidentified [9,10]. 
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MSSE therefore results from loss of function mutations in the 
extracellular ligand-binding domain or truncating mutations in 
the STK domain, with evidence of a second locus near TGFBR1. 
Missense mutations in the STK domain have been reported in 
Loeys-Dietz syndrome (LDS). LDS is an autosomal dominant dis- 
order and has characteristics similar to Marfan syndrome with 
aortic aneurysm and dissection. Patients with LDS also exhibit 
hypertelorism, bifid uvula, cleft palate, arterial tortuosity and 
aneurysms, although there is a spectrum of features found [11]. 
Although MSSE and LDS have different disease pathogenesis and 
are considered separate conditions, there are two reports of patients 
having both with splice junctional mutations in the STK domain 
[10,12]. 

In MSSE, the wild-type TGFBR1 allele acts as a tumour sup- 
pressor and it is postulated that its somatic deletion by a classic 
‘second hit’ could then lead to carcinogenesis. As most lesions 
occur on light-exposed sites, it is likely that this ‘second hit’ is 
caused by UVR. TGFBR1 affects the TGF& signalling pathway and 
loss of TGFBR1 expression through loss of wild-type allele could 
lead to increased cell proliferation as seen in MSSE [8]. TGF is a 
known tumour suppressor and in a phase 1 study using a human 
anti-TGF& monoclonal antibody for advanced melanoma or renal 
cell carcinoma, 4 of 29 patients developed multiple KA or SCC-like 
tumours which, when not removed, spontaneously resolved when 
treatment was discontinued [13]. The spontaneous regression of 
tumours in MSSE has, however, still not been adequately explained 
using molecular genetics. 


Environmental factors 

The lesions develop most frequently on light-exposed skin and it 
is postulated that UVR is an important co-factor in the development 
of these tumours. 


Clinical features 

History 

The first lesions usually appear in the second decade of life, and 
each patient tends to have a fairly specific pattern of develop- 
ment, duration and evolution. Knowledge of the ‘normal’ pattern 
for the patient is of great value in the management of individual 
lesions. 


Presentation 

The lesions develop predominantly on exposed skin and may clus- 
ter around the nose or ears. In the majority of reported cases, one or 
more lesions have been present on the scalp, a site rarely affected by 
KA. A small raised red nodule is the first sign of a new lesion. This 
may grow over 2-4 weeks to a diameter of 2-3 cm and may become 
crusted or ulcerated. The lesion may then remain unchanged for 1-2 
months, and then gradually shrinks, leaving behind a very char- 
acteristic and unsightly crenellated scar (Figure 141.46). Lesions 
develop singly or in crops. 


Clinical variants 
In one case, lesions were strikingly confined to half of the body [14]. 
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Figure 141.46 Scarring seen in a patient with multiple self-healing squamous 
epitheliomas. 


Differential diagnosis 

The differential diagnosis of MSSE includes generalised eruptive 
KA (Grzybowski syndrome) but in cases of MSSE there is generally 
a family history and an earlier age of onset. Witten and Zac also 
described a single case who developed multiple eruptive KA 
on exposed and covered sites along with severe pruritus, buc- 
cal mucosal change with white streaks and hoarseness. The case 
had many features similar to those described in Grzybowski syn- 
drome [15]. Multiple KAs have also been described in Muir—Torre 
syndrome but this is associated with internal malignancy, most 
commonly carcinoma of the colon. 


Complications and co-morbidities 
Marked unsightly scars are left when the tumours regress. 


Disease course and prognosis 

This is a chronic condition with patients developing multiple 
tumours in their lifetime. There are occasional reports in the litera- 
ture suggesting that radiotherapy may exacerbate the development 
of further new tumours and so should be avoided [16,17]. 


Investigations 
Generally, investigations are not required to reach a diagnosis, par- 
ticularly when there is a family history of MSSE. 


Management 

Most tumours regress spontaneously leaving a scar. Patients should 
be advised about signs of new tumour development and what to 
look out for: red or flesh-coloured nodules usually on light-exposed 
sites. Advice on high factor broad spectrum sunscreen should be 
provided. Radiotherapy should be avoided. 

If the tumour is solitary, surgical excision or curettage would be 
appropriate allowing for the best cosmetic result. 

Oral retinoids (acitretin) have been used successfully in a 
few reports to prevent and control the development of new 
tumours. Dosage has varied but 10-20 mg has been used to control 
disease [16]. 


Generalised eruptive 
keratoacanthoma 


Definition and nomenclature 

Generalised eruptive KA of Grzybowski is a rare condition with 
approximately 40 cases being reported in the literature since its 
first description in 1950 [1]. Numerous small, 1-3mm in diame- 
ter, flesh-coloured umbilicated papules resembling KAs develop 
abruptly and may persist for several months. Spontaneous regres- 
sion may occur, which leads to atrophic scars. The mucosal surfaces 
may be affected as well. Other associated findings include severe 
pruritus, a Koebner reaction, mask-like facial appearance, ectropion 
and hoarseness due to nodules on the larynx. 


Introduction and general description 

This rare condition was first described in 1950. Patients develop hun- 
dreds of small KAs often with mucosal involvement, associated with 
pruritus. The cause is not known. 


Epidemiology 

Incidence and prevalence 

The incidence is unknown but the condition is extremely rare, with 
about 40 cases reported in the literature. 


Age 
It mainly affects adults in the fifth to seventh decades of life. 


Sex 
Males and females are equally affected. 


Ethnicity 
Mainly described in the white population. 


Pathophysiology 
Pathology 
See pathology section of KA. 


Causative organisms 

As some of the lesions appear warty and behave like viral warts, 
they have been analysed for HPV infection but evidence for a viral 
association has not been found [2] with only rare reports on HPV-16 
and HPV-39 DNA isolated from lesional skin [3,4], thought to be 
coincidental. 


Environmental factors 
UVR may be a co-factor in the development of these tumours. 


Clinical features 

History 

The first lesions usually appear in the fifth to seventh decade of 
life, with patients developing hundreds of KAs on light-exposed 
skin but also on covered body sites. 


Presentation 

The KAs develop abruptly often with mucosal involvement and 
may koebnerise. Patients often complain of severe pruritus. They 
may develop a mask-like face, present with an ectropion and have 
hoarseness due to nodules in the larynx. The lesions grow rapidly, 
last a few weeks and then regress spontaneously leaving atrophic 
scarring. 


Clinical variants 

There are several published case reports of KAs with limited skin 
involvement, mainly of the lower extremities. In these cases, there 
was evidence of infundibulocystic hyperplasia which developed in 
the context of hypertrophic lichen planus [5,6]. 


Differential diagnosis 

The differential diagnosis of generalised eruptive KA (Grzybowski 
syndrome) includes MSSE but in cases of MSSE there is generally a 
family history and an earlier age of onset. Although Witten and Zac 
reported a single case of multiple eruptive KA with features similar 
to Grzybowski syndrome [7], there is a report of familial eruptive KA 
with overlapping features described by Witten and Zac and those 
found in MSSE [8]. Muir—Torre syndrome is also associated with 
multiple KAs but other features include sebaceous neoplasms and 
internal malignancy, most commonly carcinoma of the colon. 


Complications and co-morbidities 
Patients develop multiple tumours over their lifetime resulting in 
marked unsightly scars. 


Disease course and prognosis 

This is a chronic condition with patients developing multiple lesions 
over time. It generally runs a benign course without spread to the 
lymph nodes. 


Investigations 
Investigations are generally not required but biopsy of anodule may 
be necessary to help with the diagnosis. 


Management 
Most tumours regress spontaneously leaving a scar. Patients should 
be advised about signs of new tumour development and what to 
look out for: red or flesh-coloured nodules usually on light-exposed 
sites. Advice on high factor broad spectrum sunscreen should be 
provided. The resulting ectropion may need surgical correction. 
If there are a small number of tumours, surgical excision or curet- 
tage would be appropriate allowing for the best cosmetic result. 
Oral retinoids (acitretin) in doses of 10-25 mg have been used to 
control the development of multiple new tumours either alone [3,4] 
or in combination with methyl aminoleavulinate PDT (MAL-PDT) 
[9]. Other options include isotretinoin, methotrexate, intralesional 
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corticosteroid [10] and cyclophosphamide at doses of 100-200 mg 
daily [11]. 


Resources 


Further information 

Nofal A, Assaf M, Nofal E, Alradi M. Generalized eruptive keratoacanthoma: pro- 
posed diagnostic criteria and therapeutic options. J Eur Acad Dermatol Venereol 
2014;28:397-404. 


Muir-Torre syndrome — F7/ZFz 


Definition and nomenclature 

Muir—Torre syndrome (MTS) is an autosomal dominant inherited 
condition which is best regarded as a phenotypic variant of the 
Lynch II cancer family syndrome [1]. It is characterised by the 
development of one or more sebaceous neoplasms (sebaceous ade- 
noma, sebaceous epithelioma or sebaceous carcinoma) and/or KA 
along with one or more visceral malignancies [2,3]. 


Introduction and general description 

This autosomal dominant syndrome was originally described by 
Muir et al. in 1967 in a single case with KA on the face and primary 
carcinomas of the colon, duodenum and larynx [4]. Family history 
of visceral malignancy was not observed. Torre in 1968 described 
a patient with multiple sebaceous adenomas and multiple primary 
visceral tumours [5]. 


Epidemiology 

Incidence and prevalence 

MTS is rare with only several hundred cases being described in the 
literature. The majority of cases are familial but sporadic cases have 
been described. 


Age 
Although described from the second decade, most cases present 
with cutaneous and/or internal tumours after the fifth decade [6]. 


Sex 
There is no reported sex bias, although there are infrequent reports 
of male preponderance [7]. 


Ethnicity 
There are more reports in white patients. 


Pathophysiology 
Pathology 
See pathology section of sebaceous tumours in Chapter 137. 


Chapter 141: Squamous Cell Carcinoma and its Precursors 


Genetics 

MTS is caused by germline mutations on one of four DNA mis- 
match repair (MMR) genes. In about 90% of cases, the mutation 
occurs in the Mutator S homologue 2 (MSH2) gene which maps to 
chromosome 2p; similar to findings in Lynch syndrome [8]. In fewer 
than 10% of cases, the mutation is found in the Mutator L homolog 1 
(MLH1) gene which maps to chromosome 3p [9]. Rarely mutations 
are found in the Mutator S homolog 6 (MSH6) gene [9] and in 
post-meiotic segregation increased 2 (PMS2) gene [6]. There is close 
interplay between these proteins and several different mutations 
have been described for each MMR gene but the outcome is similar 
with loss of expression of the protein. This results in micro-satellite 
instability (MSI) in tumour tissue following a somatic inactivation 
of the corresponding second mismatch repair allele ‘second hit’, 
which is not due to loss of heterozygosity. There is one report of a 
large deletion involving exons 1-6 of the MSH2 gene [10]. MSI has 
been reported in 46-100% of tumours associated with MTS [6]. 

In patients with MTS, there was a 95% concordance between 
MMR protein immunohistochemical staining profile in sebaceous 
neoplasms and underlying germline mutations, particularly if 
the sebaceous neoplasms were on extra-facial sites where the 
concordance was 100% [11]. 

In a small study of six lesions, whole exon sequencing from 
MMkR-deficient sebaceous lesions in patients known to have 
MSH2 gene mutations were compared to a similar number of 
MMER-proficient sebaceous lesions in those individuals without 
Lynch syndrome, showing that tumour mutational signatures 6 and 
15 were effective in differentiating Lynch-related from non-Lynch 
sebaceous lesions [12]. 

MSH6 germline mutations are usually associated with a lower 
incidence of colon cancer and its later onset but with a higher 
incidence of extracolonic malignancies, mainly endometrial carci- 
noma which has an earlier age of onset than colonic carcinoma [13]. 

BRAF gene mutations can be associated with somatic mutations 
in the MMR gene and have been found in sebaceous hyperplasia 
of patients with mutator Y homologue (MYH)-associated polypo- 
sis [14]. Further studies are required in tumours from Muir—-Torre 
patients. 


Clinical features 

History 

The majority of patients have a family history of cutaneous tumours 
and/or internal malignancy. Patients often develop multiple seba- 
ceous tumours and multiple primary internal carcinomas, mainly 
colorectal carcinoma, in more than 50% of cases [15]. Immuno- 
suppression following renal transplantation has been reported to 
exacerbate tumour development [16] and switching from tacrolimus 
to a sirolimus-based regimen resulted in arrest of new sebaceous 
tumour development [17]. 


Presentation 

Cutaneous tumours. Most patients are disease free until their sec- 
ond/third decade when cutaneous tumours may start to arise before 
internal malignancy (22-32% of cases), concomitantly (6-12%) or 
after internal malignancy has been diagnosed (56-59%). Sebaceous 
adenomas are found in 25-68% of patients, sebaceous epitheliomas 


in 31-86% and sebaceous carcinomas in 66-100% of cases with 
MTS [6]. In a single report, all 13 patients with MTS, with muta- 
tions in MLH1 and MSH2 genes, had Fordyce granules in the oral 
mucosa, mainly on the vestibular aspect, which may constitute an 
additional parameter in diagnosing MTS [18]. 

KA may occur in about 20% of patients with MTS and may be 
multiple, on light-protected sites and may occur in younger age 
groups [6,9]. Solitary KA has been described in this condition. 
A number of other skin tumours, including SCC, BCC and AK, 
have also been described in patients with MTS. 


Internal malignancy. Most patients develop colorectal carcinoma 
and nearly 50% have two or more visceral carcinomas. Ten per 
cent have more than four primary tumours and patients with up to 
nine tumours have been reported in the literature. Other internal 
malignancies include carcinoma of the endometrium, stomach, 
small bowel, genitourinary tract, breast, ovary, pancreas, liver and 
kidney [6]. There are single reports of an association with non-small 
cell carcinoma of the lung. 

Visceral tumours in MTS are usually low-grade malignancies, 
which tend to permit prolonged survival. The sebaceous carcinomas 
in this syndrome, like the visceral malignancies, are less aggressive 
than their counterparts that occur independently. 


Differential diagnosis 

In patients presenting with solitary or few sebaceous tumours or 
KAs, it may be difficult to diagnose MTS without a family history 
or a history of internal malignancy. 

A few cases of MTS with Turcot syndrome, where the patient 
developed colon carcinoma, sebaceous carcinoma and malignant 
astrocytoma, have been reported. There is an overlap between 
the two syndromes with both exhibiting mutations in the MLH1 
and PMS2 gene but in Turcot syndrome there is a higher risk of 
developing tumours of the brain [19]. 

In familial adenomatous polyposis, patients develop colon car- 
cinoma, colon polyps and other features not usually seen in MTS, 
including hepatoblastoma, thyroid, pancreatic, adrenal and bile 
duct tumours, along with osteomas, unerupted or extra teeth, 
congenital hypertrophy of the retinal pigment epithelium, desmoid 
tumours and benign skin lesions, epidermoid cyst and fibromas. 

Gardner syndrome is a subtype of familial adenomatous polypo- 
sis with a higher risk of colon carcinoma and multiple colon polyps. 
However, patients may also develop sebaceous cysts, epidermoid 
cysts, fibromas, desmoid tumours and osteomas, not features 
of MTS. 


Complications and co-morbidities 
Main complications are due to internal malignancies, particularly in 
those who have multiple primary tumours. 


Disease course and prognosis 

The frequency of cutaneous change and internal malignancy 
increases with age with most patients presenting in the fifth decade 
and upwards [6]. The cumulative risk of developing sebaceous car- 
cinoma and SCC significantly increased at age 70 years compared 
with the general Dutch population. Univariate analysis of this 


group showed that only mutation status with mainly mutations in 
MLH1 and MSH2 genes was associated with this risk [20]. Although 
patients may develop multiple tumours, prognosis is generally 
better than in those who do not have MTS [21]. 

Patients and their family members should receive genetic screen- 
ing and counselling. 


Investigations 

The diagnosis is generally made on clinical grounds but genetic 
screening to look for germline mutations in the four DNA MMR 
genes is required, particularly in those who develop multiple 
sebaceous adenomas or sebaceous carcinomas. 


Management 

Patients and their family members should be managed using a mul- 
tidisciplinary approach, mainly between gastroenterologists and 
dermatologists, with other specialists becoming involved should 
tumours arise at other body sites. Although evidence for screening 
is relatively poor, the general recommendations are for patients to 
have an annual clinical examination, chest radiography and urine 
cytology. The frequency of performing colonoscopy varies from 
once every 3 years to every 1-2 years, particularly in higher risk 
patients [22]. Female patients require an annual cervical smear 
and carcinoembryonic antigen testing, along with mammogra- 
phy every 1-2 years up to age 50 and then annually thereafter. 
Endometrial biopsy has also been recommended every 3-5 years 
[3]. In one report, two patients presenting with cutaneous signs 
only were found to have colonic malignancy with positron emission 
tomography/computed tomography (PET/CT) and further stud- 
ies are required to assess the reliability of this in detecting occult 
malignancy [23]. 

Surgical clearance of internal tumours and sebaceous carcinoma 
should be performed where possible. For patients with solitary or 
few cutaneous lesions, surgery in the form of excision or curettage 
and cautery would be appropriate. 

For patients with multiple benign cutaneous lesions, isotretinoin 
has been reported to prevent new tumour development [24]. 


Resources 


Further information 

Fernandez-Flores A. Considerations on the performance of immunohistochem- 
istry for mismatch repair gene proteins in cases of sebaceous neoplasms and ker- 
atoacanthomas with reference to Muir-Torre syndrome. Am J Dermatopathol 
2012;34:416-22. 

Lynch HT, Lynch PM, Pester J, Fusaro RM. The cancer family syndrome. Rare cuta- 
neous phenotypic linkage of Torre’s syndrome. Arch Intern Med 1981;141:607-11. 
Vasen HF, Blanco I, Aktan-Collan K et al. Revised guidelines for the clinical man- 
agement of Lynch syndrome (HNPCC): recommendations by a group of European 

experts. Gut 2013;62:812-23. 
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Definition 
A malignant tumour arising from melanocytes. 


Epidemiology 

Descriptive epidemiology 

Melanoma (MM), which only represents 4% of skin cancers, 
accounts for 80% of skin cancer deaths. White fair-skinned pop- 
ulations are mainly affected whereas incidence rates are low in 
dark-skinned populations. The global incidence of invasive MM 
is about 287000 new cases per year with 60000 deaths [1]. The 
highest incidence rates are currently recorded in Australia and New 
Zealand with up to 70 cases per 100000 inhabitants per year [2] 
whereas the lowest rates are found in Asia and Africa [3]. These dif- 
ferent figures are easily explained by sun gradients and phenotypic 
differences, with the highest rate in the most sunny areas and in 
those with fair skin. An opposite gradient is observed in European 
countries with the highest incidence rates in the North (23 cases per 
100 000) rather than in the South (around 12 cases per 100 000) [4,5], 
probably related to the high economic level of northern populations 
who have more access to recreational travel and have a lighter skin 
type than southern Mediterranean populations. 

Large disparities also exist in neighbouring countries (Poland/ 
Germany or Hungary/Romania) despite apparently common envi- 
ronmental risk factors and phenotypic characteristics. This may be 
accounted for by differences in the collection and reporting of data 
as well as economic factors [1,4,6]. 

The diagnosis of MM can be made at any age except very early in 
life (0.6% of MM diagnosed under the age of 20) with a median age at 
diagnosis around 65 in the USA [7] and 9.0% of patients >85 years. 
Men seem to be more affected in high-incidence countries and in 
central, eastern and southern European countries, whereas females 
are predominantly affected in western and northern European coun- 
tries [8-11]. The incidence is generally higher in women than men 
up to the age of approximately 50 years, after which higher rates 
prevail in men [9]. Differences in anatomical distribution by sex are 
also observed, with more lesions in the lower limb in females before 
mid-life and more lesions of the head and neck in males follow- 
ing mid-life [8]. Behavioural differences in relation to sun exposure 


might account for these differences as well as different susceptibility 
of melanocytes on different body sites as suggested by the divergent 
pathway hypothesis [8,12]. 


Epidemiological trends in incidence and mortality 

The incidence of MM has been rising worldwide in developed coun- 
tries over the past five decades, usually attributed to an increase 
in recreational sun exposure [1,3-6,13,14]. Annual incidence rates 
have increased among all populations, ranging from 3% to 7%, 
which results in a doubling every 10-20 years [3,9]. After a peak 
in 2005, data have shown a decrease of MM incidence in younger 
birth cohorts in several countries, contrasting with an increase 
of MM incidence in older adults, especially in males aged >60 
years [2,5,8,13-17]. However, women in the 20-39 years age group 
appeared to have twice the risk of MM of young adult men [17] 
suggesting gender-related factors, either environmental or endoge- 
nous, are implicated in early-onset MM [16]. The trend of median 
tumour thickness towards thinner MM has been reported in Central 
Europe, the USA and Australia during recent decades [5,6,18]. 
However, a stable or increased incidence of thick MM (>4mm) is 
also observed in most countries [5,19-23]. 

An overall increase in MM mortality has been observed over 
the past 30 years with notable variation between countries, males 
and females, and different age groups. The highest mortality rates 
are observed in Australia and Norway and among males and 
older age groups [14,24]. In contrast, a stabilisation or decrease in 
MM mortality was reported in Australia in the period 1994-2015, 
except in men aged 60 or over [2]. MM is currently the fifth leading 
cancer in males and the sixth in females [7,25]. In the USA, the 
numbers of deaths in the white population from 2014 to 2018 were 
3.4/100000 per year in males and 1.4/100000 per year in females 
with a median age at death of 71 [7]. In Australia, mortality rates 
were around 5.72/100000 and 2.53/100000 per year in males and 
females, respectively, during the 2013-2015 period [26], whereas 
in Europe, estimated age standardised mortality rates for 2020 
were 4.6/100000 and 2.6/100 000 per year, respectively, with large 
disparities ranging from 1.6 to 5.3 in women, and from 2.8 to 9.6 in 
men [27]. 
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Chapter 142: Melanoma Clinicopathology 


Current situation and public health consequences 

Although the situation is much more favourable in countries where 
prevention campaigns and early detection interventions have been 
conducted, the situation is far from satisfactory. MM is one of 
the only cancers for which neither the incidence nor mortality is 
decreasing overall, except in very limited geographical, sex and age 
subgroups. Although there appears to be a more favourable trend 
in young generations, uncertainty remains. The decreasing trend in 
median tumour thickness [5,6,19,23] contrasting with the stability 
of thick MM and the relative stability of mortality rates [6] suggests 
that there might be a subtype of aggressive MM which causes mor- 
tality even when detected early with a thin Breslow thickness. This 
suggests that we cannot rely on early detection alone and that we 
need to develop new approaches to impact directly on the natural 
history of these aggressive tumours (see later). 


Pathophysiology 
Predisposing factors 


The role of melanoma precursors. The proportion of cutaneous 
melanomas (CMs) which originate from normal skin or from a 
pre-existing naevus is uncertain [28]. A recent prospective study 
found that naevus remnants (of any type) were associated with 
more than half of MM cases, while other estimations consider that 
80% of melanomas arise from normal skin [29]. In lentigo maligna 
melanoma and acral lentiginous melanoma no benign precursor 
lesion may be identified. A certain number of naevi have been 
suspected as having a higher risk than others of transforming into 
MM (dysplastic, congenital and a few others). 


Searching for the ‘missing link’ between a naevus and MM. 
Genomic analysis of melanocytic lesions displaying intermediate 
morphological characteristics between benign naevi and MM has 
further confirmed the clonal origin of MM from adjacent naevi [30]. 
Distinct evolutionary trajectories have been established, with path- 
ways incrementally perturbed by multiple independent genetic 
alterations. Common naevi typically showed a single activating 
mutation in the MAPK pathway, most commonly the BRAF V600E 
mutation, while MM, particularly in the advanced stages, typically 
harbours multiple alterations [30,31,32], suggesting that progression 
from benign lesions to advanced MM may depend on sequential 
acquisition of abnormalities involving oncogenes and tumour 
suppressors, as well as other classes of genes. TERT promoter 
mutations are the earliest secondary alterations, already emerging 
in intermediate lesions and MM in situ [30]. Such mutations were 
initially thought to be absent in benign naevi but they have been 
identified in benign melanocytic lesions and are thus considered as 
‘intermediate’ [30-33]. However, whole genome sequencing data 
revealed that TERT promoter mutations were also present in mor- 
phologically benign naevi in subclonal populations and could not 
therefore serve as a molecular surrogate of malignancy [34]. Thus, 
the acquisition of step-by-step abnormalities leading to malignancy 
seems stochastic and therefore no naevus can be individualised as 
a privileged precursor of melanoma. In this regard, the so-called 
‘dysplastic’ naevus should no longer be considered dysplastic, but 
only a common morphological variant of growing naevi. 


The term ‘melanocytoma’ was recently introduced to define 
melanocytic neoplasms displaying an increased cellularity and/or 
atypia, ie. additional molecular events compared with a com- 
mon naevus [35]. Although melanocytomas are said to have an 
increased (although generally still low) probability of turning into 
an MM, this neologism is perhaps more a way to cover potential 
diagnostic uncertainty, rather than an identification of a real MM 
precursor. Similarly, several rare morphological entities like deep 
penetrating naevus (DPN), pigmented epithelioid melanocytoma 
(PEM) and BAP1-inactivated melanocytic neoplasms (BIM) show- 
ing distinctive histology owing to CTNNB1/APC, PRKARIA and 
BAP1 mutational hits, respectively [35,36], cannot be considered 
as frequent precursors, despite a seemingly high risk of local 
recurrence. 


Congenital naevi. There is little doubt that congenital melanocytic 
naevi (CMN) may be precursors of MM, but the magnitude of risk of 
malignant transformation in MM (Chapter 73) remains controversial 
[37] and seems to be linked to the size of the lesion [38]. Therefore, 
CMN are arbitrarily classified as large, medium and small. For 
large CMN (defined by a largest diameter >20cm), the lifetime 
risk of MM transformation has been estimated to be between 5 
and 15% [39-42] but is probably lower (around 2.5-2.8%) [43,44]. 
Melanoma-associated large CMN are more often located on the 
trunk and present with satellites and a largest diameter of >40 cm 
[45] (Figure 142.1). Such lesions, sometimes also affecting the central 
nervous system, are more closely aligned to complex congenital 
malformations than to common naevi. Molecular investigations 
suggest that CMN are driven by mutations which are different from 
those of common naevi of adulthood [46]. NRAS mutation is the 
most common genetic hit underlying CMN pathogenesis but other 
molecular events can occur [46-48]. Whole genome sequencing 
data also show that while the UV radiation (UVR) mutational 
signature 7 is predominant in acquired naevi, mutational signatures 
1 and 5 are predominant in CMN [34]. Malignant transformation of 
large CMN most often occurs during childhood [37-39,42,45] and 
more rarely later, from the skin but also within the central nervous 
system (CNS) [49]. Primary MM growing on the CNS accounts for 
approximately one-third of melanoma occurring in patients with 
CMN [50]. However, the real risk is difficult to quantify, given the 
difficulties in differentiating congenital neurological abnormalities 
from true CNS MM. The risk of MM appears to be higher in those 
with congenital abnormalities of the CNS [51]. 

The risk of transformation of small- or medium-sized CMN is 
even more controversial. The lifetime risk of transformation has 
been estimated to be between 2.6 and 4.9% in CMN <4.5cm in 
diameter [52] but more likely similar to that of common naevi. 


Common naevi. The annual risk of transformation of a naevus into 
a MM is very low and has been estimated to be around 1/200 000 
before the age of 40 in both sexes and 1/30000 for men older than 
60 [53]. For a 20-year-old individual, the estimated lifetime risks of 
transformation of any given mole are about 1/3000 for males and 
1/10 000 for females. 


Atypical/dysplastic naevi. Atypical/dysplastic naevi (AN/DN) 
(Chapter 131) are acquired pigmented lesions which have been 


Figure 142.1 Large congenital naevus. 


Figure 142.2 Atypical/dysplastic naevi. 


isolated among common acquired naevi by either pathological (the 
concept of ‘dysplastic naevi’) or clinical features (the concept of 
‘atypical naevi’), although not all DN are AN and vice versa [54]. 
Such naevi are common in clinical practice, with DN representing 
approximately 5% of cutaneous pathological reports [55]. AN are 
characterised by a usually large size (>5 mm) with irregularly dis- 
tributed colours (Figure 142.2) and a tendency to emerge even after 
a young age. These features may be considered clinically suspicious 
and often lead to excision for fear of an MM. From a pathological 
viewpoint, DN have some distinct patterns which may be inter- 
preted either as a pattern of naevus growth or as a premalignant 
status (thus giving rise to the name dysplastic) [56,57]. 


Diagnostic criteria for DN have been developed and validated by 
the International Melanoma Pathology Study Group (IMPSG) [58]. 
They include a subset of lesions supposedly intermediate between 
a naevus and melanoma that are characterised by cytological and 
architectural atypia, and additional molecular events (in contrast to 
common acquired naevi which only have a single mutated gene) 
[30]. Mutation of the TERT promoter seems to be an early event 
in any progression towards melanoma in situ, but the correlation 
between this genetic alteration and the degree of morphological dys- 
plasia is still unknown [30]. 

Although the number of AN/DN is a phenotypic risk factor for 
MM (risk increases with the number of DN in the same patient) 
[59,60], the risk of MM transformation of any single AN/DN is 
very low [61], and probably not higher than most other common 
naevi. Annual AN/DN transformation rates have been estimated 
to be around 1 in 30000 moles and 1 in 40000 moles for males 
and females, respectively [53]. In conclusion, although ‘dysplas- 
tic naevi’ have been the subject of scrutiny in the literature, they 
are, in essence, common large and flat naevi that should per- 
haps no longer be referred to as ‘dysplastic’ because they are 
neither frequent melanoma precursors nor an intermediate step to 
melanoma. 


Practical consequences. Currently, the prophylactic surgical exci- 
sion of naevi to prevent MM cannot be recommended, since none 
of the subtypes of naevi that we can identify fulfils the rate of trans- 
formation which would make it a cost-efficient or desirable exercise. 
Only the preventative removal of selected large congenital naevi 
may be desirable for risk reduction and cosmesis, although often 
surgery is impossible in practice due to the size and neurological 
extension of these lesions. 


Genetics 

Familial melanoma. Data on the prevalence of a reported family 
history of MM range from 1.3% in northern European studies to 
15.8% in Australian studies. In a large meta-analysis [62], a family 
history of MM was associated with a twofold increased risk of MM 
development. 


Phenotypic traits 

Skin pigmentation and tanning abilities. Skin pigmentation and 
the ability to tan, reflecting the skin’s sensitivity to sunlight expo- 
sure, are well-known risk factors for MM. In a meta-analysis, the 
pooled estimates of relative risk are around twofold for skin type 
I compared with skin type IV (Fitzpatrick’s classification) [63]; 
approximately twofold for fair versus dark skin colour; around 1.5 
for blue eyes versus dark eyes; 3.5 for red versus dark hair colour; 
and around twofold for a high density of freckles [64]. 


Naevus phenotype. Naevus phenotype may be defined by the 
number and features of naevi, which is dependent on the genetic 
background of the individual, but also on the amount of sun 
exposure since birth [65,66]. There is a spectrum of phenotypic 
expressions from virtually no naevi, to 10-30 small naevi, up 
to the so-called atypical or dysplastic naevus syndrome (DNS) 
characterised by a large number of atypical/dysplastic naevi 
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Figure 142.3 Atypical/dysplastic naevus syndrome. 


(Figure 142.3). DNS was first described in 1978 [67] and subse- 
quently described under various denominations such as atypical 
naevus syndrome [54,68,69], with or without a familial history of 
MM [70]. 

Among white people, a fairly large body of evidence sug- 
gested that the naevus phenotype (number, size and features of 
melanocytic naevi) represents a very good predictor for CM. The 
risk of MM rises with an increasing number of clinically atypical 
naevi. For example, a high naevus count (100-120 common naevi) 
is associated with an approximate sevenfold increased risk of MM 
compared to having fewer than 15 naevi. The presence of any clini- 
cally atypical naevi gives a relative risk of 4, increasing to more than 
6 for patients carrying more than five atypical naevi as compared 
to non-carriers [71]. The cumulative risk of melanoma in members 
of families affected by a familial form of AN/DN syndrome is 
estimated to be 49% in individuals 10-50 years old and 82% in 
individuals 72 years old [72]. 


Genes associated with melanoma risk [73] 

General understanding of genetically driven risk factors. A few 
major high penetrance genes confer a very high risk of MM and 
lead to familial aggregation of MM by a simple transmission of 
the gene. However, they account only for a minority of MM. Most 
sporadic cases of MM may be genetically driven to a certain extent 
by the convergence in a given individual of different alleles of low 
penetrance genes, which contribute to facilitate MM development 
via different mechanisms (pigmentation, molecular repair, control 
of melanocytes, etc.). This genetic background interacts with envi- 
ronmental factors, and as with all cancers, the stronger the genetics, 
the fewer the environmental factors there needs to be for a naevus 
to progress to MM. 


Major melanoma susceptibility genes (high penetrance genes). 
High penetrance germline mutations in susceptibility genes are rare, 
but when present, confer on the carrier a high probability of devel- 
oping at least one MM. 

The cyclin-dependent kinase (CDK) inhibitor 2A gene (CDKN2A), 
located on chromosome 9p21, is the best known high-risk locus for 
MM susceptibility. CDKN2A encodes, via alternative splicing, two 
proteins involved in cell cycle regulation: p16/Ink4a and p14/Arf. 
These both act as tumour suppressors through the Rb and p53 can- 
cer pathways, respectively [74]. CDKN2A mutations are found in 
approximately 40% of individuals with familial MM [75]. The proba- 
bility of finding a mutation increases with the number of MM cases 
within the family [76], with a young age at diagnosis (<50 years) 
[77], and in the presence of individuals with multiple MM. 

Germline mutations in CDKN2A increase the risk of MM devel- 
opment 65-fold [76]. MM occurs approximately 15 years earlier in 
CDKN2A mutation carriers compared with the general population 
[78]. An excess of pancreatic [77], upper digestive cancers and cancer 
involving the respiratory tract, and even more rarely breast cancers, 
has also been reported [79-82]. Patients with CDKN2A mutations 
affecting the p14ARF transcript (exon 1) may also develop tumours 
of the CNS [83,84]. 

Excluding multiple-case MM families, CDKN2A mutations have 
also been identified in patients presenting with multiple MM but 
with no family history, at a frequency of around 10% [85,86]. The 
penetrance of CDKN2A mutations is 30% by the age of 50 and 67% 
by the age of 80 and can be influenced by the naevus phenotype 
(number and type) and the geographical location. The highest pen- 
etrance is observed in regions with the highest MM incidence [87]. 
This variation as a result of geographical location suggests that other 
factors, such as the degree of sun exposure or other co-inherited 
gene modifiers, also contribute to the overall risk [88]. The impact of 
CDKN2A germline mutations on MM survival remains controver- 
sial with some reports suggesting worse survival in carriers versus 
wild-type patients [89,90], while no difference in overall survival or 
MM-specific survival was reported in an Italian population [91]. 

The CDK4 gene located on chromosome 12q13 encodes the kinase 
targeted by p16/Ink4a. Any mutation of this gene abolishes the 
binding domain of p16/Ink4a. Only a single activating mutation in 
CDK¢4 is necessary for tumourigenesis [92]. CDK4 germline muta- 
tions are rare [93-95]. Only 2% of the families exhibited these muta- 
tions in the most extensive study of familial MM conducted by the 
Melanoma Genetics Consortium (GenoMel) [92], with fewer than 
20 families reported in the literature. Similarly to CDKN2A muta- 
tions, CDK4 germline mutations predispose to early-onset multiple 
primary MM and an increased number of atypical naevi [96]. An 
increased risk of other cancers has also been reported [80,96]. 

BAP1 is a tumour suppressor gene belonging to a subfamily of 
deubiquitinating enzymes involved in the removal of ubiquitin 
from proteins, in addition to the regulation of transcription, cell 
cycle and growth, response to DNA damage and chromatin dynam- 
ics. Germline mutations in the BAP1 gene have been identified in 
families with hereditary cancers [97,98]. The clinical phenotype of 
BAP1 hereditary cancer predisposition syndrome includes uveal 
MM (UM), mesothelioma, CM, renal cell carcinoma and atypical 
melanocytic tumours/naevi [99,100]. Several other tumours were 
also reported in these families including cholangiocarcinomas, 


meningiomas and basal cell carcinomas [73,99]. The high frequency 
of germline BAP1 mutations in patients presenting with metastatic 
disease suggests that UM is more aggressive in these patients [101]. 
Recent data suggest that penetrance of BAP1 mutation is fairly high 
and more than 80% of gene carriers are ultimately affected by at least 
one type of cancer [102]. The occurrence of the main BAP1-tumour 
types in carriers of null and missense variants respectively are, 
in decreasing order, UM (24.7% and 24%), mesothelioma (20.4% 
and 14.0%), CM (17.0% and 36%) and renal (10.2% and 12.0%) 
[103]. BAP1-inactivated naevi are present in up to 90% of mutation 
carriers. Their clinical presentation is distinctive with multiple, 
skin-coloured to reddish-brown, dome-shaped to pedunculated 
papules [99] appearing early in life and increasing in number 
with age [104]. Typical histological presentation is a dome-shaped, 
exclusively or predominantly intradermal melanocytic proliferation 
with spitzoid epithelioid cells frequently associated with a common 
naevus component [73,103,105]. 

TERT is one of the main components of telomerase and plays an 
important role in appropriate telomere length maintenance [106]. 
Telomeres are highly implicated in tumourigenesis and germline 
and somatic mutations of TERT are common in human cancer 
[73,107]. Somatic mutations in TERT are one of the earliest sec- 
ondary mutations following BRAF or NRAS driver mutations and 
are found in 30-70% of somatic MM [30,73,108]. Germline mutations 
in the TERT promoter are rare but predispose to early-onset MM 
and other tumour types including ovarian, renal cell, bladder, breast 
and bronchial cancers [73,108,109]. Germline mutations in ACD, 
TERF2IP and POT1, encoding other member of the shelterin family 
involved in the regulation of telomere processing and stability, 
have also been reported to cause hereditary MM as well as several 
other human cancers [73,80,110-112]. Overall, germline mutations 
in POT1, ACD and TERF2IP are detected in approximately 9% of 
high-density families without mutations in known high penetrance 
genes [113]. 


Other susceptibility genes (intermediate penetrance genes). 
The melanocortin-1 receptor (MC1R) gene, a key regulator of skin 
pigmentation located on chromosome 16q24, is considered as a 
moderate-risk gene for MM. MCIR encodes the receptor protein 
for melanocyte-stimulating hormone (MSH). Losses in function 
are thus associated with a switch in melanin production from 
eumelanin to phaeomelanin. The MC1R gene locus is highly poly- 
morphic. In one meta-analysis, variant MC1R alleles have been 
shown to double the risk of developing MM [114]. Recent data 
suggest a 1.5-4-fold increased risk of MM and a three- to fourfold 
risk of thick MM in MC1R variant carriers [115,116]. MM risk is 
increased in individuals carrying multiple-variant alleles compared 
with those with single variants [116]. Within 20 allelic variants [117], 
some are associated with the ‘red hair, pale complexion, burn easily’ 
phenotype [118], but some carry the risk of MM independent of 
skin type [115,119]. Several MCIR variants also serve as modifier 
alleles on the CDKN2A gene [120,121]. The penetrance of CDKN2A 
mutations increases from 50% to more than 80% among patients 
with MCIR variants and the age of onset of MM is significantly 
reduced (by 20 years) [122]. 

Missense variants of ASIP, encoding the agouti-signalling pro- 
tein, have been identified in both European [122,123] and Australian 


populations [124] with an odds ratio ranging from 1.45 [125] to 1.7 
[126]. Variants in TYR, encoding tyrosinase protein, have also been 
reported to slightly increase MM risk [114]. Among the several 
other low penetrance genes involved in pigmentation and naevus 
count [92], some appear to confer protection from MM: SLC45A2B 
(MATP) [114,122,126] and TYRP1 [114,122]. Others increase the risk: 
OCA2 [127,128] and MYO7A [128]. 

The combination of single nucleotide polymorphisms (SNPs) in 
five loci (MCIR, SLC45A2, OCA2, TYR and ASIP) has been shown 
to explain roughly one-third to one-half of the variation in the risk 
due to observed pigmentation phenotype [129]. Several other genes 
related to the production or transport of melanin, hair colour, tan- 
ning ability, naevus count or melanocyte proliferation, differentia- 
tion and survival are currently being studied [126] but more studies 
are needed to assess their definitive effects on MM susceptibility. 

MITF (microphthalmia-associated transcription factor) is a master 
regulator gene of melanocyte development and differentiation. 
Several MITF target genes are known to regulate cell cycle and sur- 
vival [130]. MITF appears to protect against oxidative stress [131]. 
Carriers of the E318K variant have a three- to fivefold increased risk 
of MM [132,133]. The mutation has also been detected in patients 
affected by multiple primary MM or presenting with both MM 
and renal cell carcinoma [133,134]. Carriers with a personal or 
familial history of pancreatic cancer have a 31-fold increased risk 
for developing a CM, while this increase is eightfold for those with 
a personal or familial history of renal cancer [134]. 

Variants in the DNA repair genes XPF and ERCC1 have been 
shown to increase MM risk [135,136], whereas XRCC3 variants 
appear to be protective [137]. An association of XRCC1 and ERCC1 
variants with an increased rate of survival has also been demon- 
strated [137,138]. 

Genes involved in the metabolism and detoxification of oxygen 
radicals (CYP2D6 and glutathione-S-transferases (GSTs)) as well 
as immune response genes (IL10, IL1a, TNFB, IL6R, HLA class II 
alleles and ICAM1) have been investigated as possible MM sus- 
ceptibility genes with conflicting results [92]. Vitamin D receptor 
polymorphisms data remain contradictory [139-141]. 


Environmental factors 

Role of UV and sun exposure in melanoma. Sun exposure has 
been identified as an environmental risk factor for MM develop- 
ment, on the basis of epidemiological data. To date, although this 
remains the only definitive environmental factor associated with 
MM, the attributable risk is not at all at the level of smoking and 
lung cancer for instance [142]. The association of sun (UV) exposure 
with MM appears complex and uncertainties remain regarding 
the timing of vulnerable periods of sun exposure, the respective 
aetiological role of continuous versus intermittent UV exposure, 
and the interactions of sun exposure with phenotypic factors (e.g. 
skin, hair and eye colour, etc.) [125,143,144]. In addition, there are 
probably different types of MM which may develop depending on 
an individual’s sun exposure [145-149]. 


Biological data. MM has been shown to contain significantly ele- 
vated numbers of UVR signature mutations compared with internal 
cancers [150]. A series of studies has confirmed that sun-exposed 
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MM had markedly more UVR-like C>T somatic mutations com- 
pared with sun-shielded acral lentiginous, mucosal and UM. UVR 
signatures have been identified in driver mutations [151-153]. Due 
to their low basal DNA repair capacity leading to the retention 
of ‘damaged’ cells [154], genomic damage from intermittent sun 
exposure during childhood and adolescence seems to have more 
consequences in melanocytes than keratinocytes [143,154]. Animal 
models tend to confirm this hypothesis [155]. 


Epidemiological data. Demographic data have indicated that, 
within countries, MM incidence and mortality among white people 
correlate inversely with the latitude of residence and the dose of 
UV radiation, the highest rates being nearest the equator [156]. 
Multiple case-control studies have shown that patients with fair 
complexions (light skin types) are at a greater risk of developing an 
MM [64]. Ambient exposure studies have reported that fair-skinned 
people born and raised in environments of low solar irradiation 
exhibited significantly lower risks of CM than people of similar 
complexion born and raised in sunny environments [157]. Many 
case-control studies converge to demonstrate that sun exposure as 
a whole confers a risk of MM, although this risk is relatively low 
[142], ranging between 1.2 and 2. 


Type of sun exposure. Meta-analysis from multiple case-control 
studies suggests that MM risk is mainly related to intermittent 
sun exposure and a history of sunburn [142]. The pattern of sun 
exposure varies according to the anatomical location of the MM. 
Trunk MM are preferentially associated with intermittent patterns 
of sun exposure while head and neck MM, like lentigo maligna, 
are preferentially associated with chronic patterns of sun expo- 
sure [151]. The impact of chronic and/or cumulative exposure to 
sunlight is also documented. 

The presence or history of pre-malignant and cancerous lesions 
(actinic keratosis, squamous cell carcinoma and basal cell carci- 
noma) confers a risk of 4.28 and the presence of actinic damage 
indicators such as solar lentigines and elastosis, a risk of 2.02 
[64,142]. However, separating intermittent from chronic and 
cumulative exposure to sunlight is somewhat of an artificial over- 
simplification. For example, lentigo maligna on the face of elderly 
people may also be influenced by an accumulation of intermittent 
sun exposure [158]. 


Sun exposure in childhood. Repeated intermittent sun exposure 
during childhood is considered an important risk factor for MM 
[143,157]. Migrant studies have provided evidence that childhood 
and adolescence are critical periods for future MM development. 
Young Australian migrants arriving before the age of 10 years to 
sunny climates had an increased risk of MM compared with later 
migrants (>15 years or older) [159,160]. There were similar findings 
for European patients [161] and Israeli males [162]. Studies of loca- 
tion of residence provided further evidence: an increased risk of 
MM was found in women whose residence between 15 and 20 years 
of age was more equatorial in latitude [163] or in those who lived 
near the coast before the age of 15 [164]. In a meta-analysis pooling 
results from 51 independent study populations for those who had 
experienced even a single sunburn episode and risk of CM, the risk 
was highest in childhood (1.9 times), followed by adolescence (1.6 


times) and adulthood (1.4 times) [165]. Despite all the evidence, 
separating the role of childhood from adult exposure is artificial as 
people tend to keep their sun habits in childhood throughout their 
life, and earlier exposure also implies an increase of cumulative 
exposure at any age. 


Artificial sources of UV: sunbeds and therapeutic UV. Indoor 
tanning is a widespread practice in most developed countries, par- 
ticularly in northern Europe and the USA. Although initial studies 
[166-168] did not initially establish evidence of a risk associated 
with sunbed use, sunlamp usage or attendance at a tanning salon, 
the use of artificial UV sources was later shown to be significantly 
associated with melanoma after adjusting for potential confounding 
variables, with a higher risk in younger populations [169-171]. 

A meta-analysis extended to studies published up to May 2012 
demonstrated a relative risk of MM of around 1.2 if artificial UV 
sources were used [172]. This risk increased by 1.8% for each 
additional session of sunbed use per year and reached 42% in 
cases of intensive use. The first use of sunbeds before the age of 
35 years is also associated with a higher risk [172,173]. Indoor 
tanning has been banned in Australia and some other states, and 
regulation has been reinforced in many countries with restricted 
teenage access. In the USA, the Food and Drug Administration 
(FDA) established a requirement for sunlamp products to carry a 
visible black-box warning on all devices stating that the sunlamp 
product should not be used on persons under the age of 18 years. 

Therapeutic UV can also be involved in MM risk. Patients receiv- 
ing psoralen and ultraviolet A (PUVA) therapy often develop lentig- 
ines [174]. As PUVA has been shown to induce CM in mice [175] and 
as it stimulates the growth of MM cells in vivo [176], there is reason 
to believe that PUVA treatment may cause MM [177]. 

Stern et al. were the first to report that there might be an increased 
risk for MM ina 16-centre prospective study of 1380 patients treated 
with high cumulative dosages of PUVA [178]. The increased risk 
began 15 years after first exposure to PUVA and was significantly 
higher in the study patients than in an age- and gender-matched 
US population. There was also a significant link between a high 
level of exposure to PUVA (at least 250 sessions). In the most recent 
assessment from the same PUVA follow-up cohort, after adjustment 
for age and gender, the incidence of both invasive and in situ MM 
more than doubled among patients exposed to at least 200 PUVA 
treatments compared with cohort patients exposed to lower doses. 
When the time since first treatment was >15 years compared with 
<15 years, the risk for MM increased approximately five times 
in patients treated with high doses of PUVA [179]. These results 
were not confirmed in European cohorts [177,180,181]. However, 
the power to detect an increased risk may have been affected by 
a shorter follow-up period [182]. Despite the limitations of the 
available studies in terms of sample size, duration of follow-up and 
exposure classification, no increased risk of MM has been suggested 
following narrow-band UVB therapy [183-186]. 


Prevention 

Primary prevention of melanoma 

This involves the identification of individuals particularly at risk 
of melanoma using genetic and/or phenotypic tools, and utilising 


information about the general population with the aim of reducing 
the risk linked to the sun exposure. 


Phenotypic tools to identify population at risk. Many algorithms 
have been proposed to distinguish those with a high risk of MM 
based on hair and skin colour, sun sensitivity and number of naevi 
[187-191]. However, it is impossible to clearly define a population 
from which most MM will develop, and even more challenging dis- 
cerning those from which the most aggressive ones may occur. 
People with fair skin colour and high density of naevi have a 
higher risk of MM, but most aggressive MM do not develop in these 
patients. Genetic testing and treatment of large data by artificial 
intelligence may help in the future to characterise people at risk not 
identifiable on the basis of these current phenotypic criteria. 


Genetic tools to identify population at risk. The assessment of 
MM predisposing mutations is not currently part of routine clinical 
practice. Mutations of CDKN2A are rare and thus have a low prob- 
ability of detection in unselected populations. A guide by which to 
select patients for genetic testing according to the incidence of MM 
and prevalence of mutations in each region has been proposed by 
Leachman et al. [192]. 

For moderate to high MM incident areas (such as the USA and 
northern Europe), individuals currently considered appropriate 
candidates for genetic testing are those with three or more primary 
MM and/or families with at least one invasive MM and two or 
more other diagnoses of MM and/or pancreatic cancer among first- 
or second-degree relatives on the same side of the family. 

For low MM incidence areas (such as southern Europe), appropri- 
ate candidates are individuals with two primary MM and/or fami- 
lies with at least one invasive MM and one or more other diagnoses 
of MM and/or pancreatic cancer among first- or second-degree rel- 
atives on the same side of the family. 

CDKN2A genetic testing in patients with DNS without a positive 
family history of MM is not justified based on current data. At 
present, genetic testing in cases of familial MM can neither provide 
certainty to non-carriers, nor give additional information to indi- 
viduals already recognised as at risk by their phenotype or allow 
a more discriminative detection of patients at risk in the general 
population. 

Indeed, in large cohorts of families carrying mutations in 
CDKN2A, the incidence of MM may be increased in some indi- 
viduals not carrying mutations in CDKN2A (probably due to the 
co-inheritance of other less penetrant susceptibility genes and the 
existence of environmental risk factors), while some individuals 
carrying mutations may never develop MM [193]. 

Genetic testing including low or intermediate penetrance genes is 
mostly a field of research, with so far little impact on daily practice. 
Patients with a strong family history but negative for CDKN2A 
and CDK4 mutations can be tested for BAP1 in the presence of 
typical cutaneous melanocytic nevi, uveal MM or other associated 
cancers or MITF in the presence of renal cell carcinoma [113]. A 
surveillance plan for germline BAP1 mutation carriers has been 
proposed by Star and colleagues but remains controversial [194]. 


Campaigns for sun avoidance. Reducing UV exposure is the basis 
of primary prevention of MM. Phenotypic risk factors help to tailor 


the sun protection message to the individual. The challenge of 
influencing the incidence of MM by sun protection is a difficult 
one. It is important to note that sun protection campaigns have 
reduced the dramatic increase in MM incidence, but so far failed 
to actually decrease the incidence of MM [195]. This is probably 
linked to the difficulty in changing societal trends, which have 
promoted sun-related UV exposure in the last 60 years as a source 
of pleasure, associated with fashion, sport, health and other positive 
values. The awareness of the risk of sun-related UV exposure has 
considerably improved but changing the behaviour of a population 
is difficult and slow, especially in the context of a society which 
places value on the sun, tanning and the ability to travel. The role 
of sunscreens is difficult to define. The protection spectrum of 
current sunscreens is likely to cover the radiation at risk in MM, 
and cohort studies have suggested that sunscreen use could protect 
against MM [196]. However, most people do not use sunscreens in 
a way which could be protective [197,198]. If they were using them 
correctly for the whole body, the large quantities may also be a risk 
via penetration of filters or nanoparticles — although this remains 
highly controversial. They can thus be promoted as a complement 
to clothing. So far, no drug has shown efficacy in chemoprevention 
of MM [199]. 


Pathology 

Histological assessment remains the gold standard for MM diagno- 
sis. Features captured on histology such as depth of invasion and 
ulceration can also guide appropriate treatment. 


Histoclinical subtypes. The first classification system was proposed 
by McGovern et al. in 1973 [200] into four main types: nodular 
melanoma (NM), superficial spreading melanoma (SSM), lentigo 
maligna melanoma (LMM) and acral lentiginous melanoma (ALM). 
This classification is based on the hypothesis that these patterns 
reflect the way the tumour grows. All MM first expand along the 
basal membrane (radial growth phase) [201] before penetrating 
into the dermis (vertical growth phase), which gives rise to the 
potential metastatic process. NM, SSM, LMM and ALM can now 
be understood as four points within a continuous spectrum of 
tumours. At one end of the spectrum there are MM with a long 
horizontal phase (LMM and ALM), and thus plenty of time to detect 
them before they turn into an aggressive vertical phase. At the other 
end of the spectrum, NM have virtually no horizontal phase and 
turn rapidly into vertical progression. In this regard, many studies 
have confirmed that NM have a poorer prognosis than the other 
histoclinical subtypes. Between the two ends of the spectrum, SSM 
represent the most frequent intermediate situation with a horizontal 
phase followed more or less rapidly by a vertical growth. Although 
used in everyday practice, this classification is not very informative 
about the biological aggressiveness of the tumour and has little 
practical input to the assessment of prognosis. It will hopefully be 
replaced by a classification with more reliable prognostic value and 
perhaps therapeutic indications. 


New approaches for primary melanoma classification 
Several classifications have emerged over the past few years. 
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Epidemiological classification. In an attempt to explain the com- 
plex epidemiological data, a ‘dual pathway’ hypothesis and classifi- 
cation were proposed by Whiteman et al. [202]. In people witha high 
naevus count (presumed to have melanocytes with genetically high 
proliferative potential), sun-related UV exposure is required only 
to initiate MM development, after which other host factors drive 
progression to cancer. In contrast, in people with low propensity to 
develop naevi, a lot of sun-related UV exposure is necessary to drive 
melanocytes into MM [12,203]. 


Classification based on tumour kinetics and aggressiveness. 
It is clear that all primary MM do not have the same biological 
behaviour, with some behaving very aggressively and others as 
slow indolent tumours. The suggestion that this ‘aggressiveness’ 
could be estimated by the kinetics of the tumour has been proposed 
and confirmed to be valid. The growth rate calculation, based on the 
Breslow thickness and self-reported information from the patient 
about the time taken for the MM to develop [204], has been shown 
to be a prognostic marker predictive of aggressiveness independent 
of tumour thickness [204]. An aggressive, fast-growing subtype 
of MM can thus be individualised. These MM are associated with 
clinical features that are not those usually described by algorithms 
like ABCD (asymmetry, border, colour, diameter), and they are more 
often nodular, developing on the trunk, with specific risk factors 
(elderly males presenting with few melanocytic naevi and freckles, 
no clear excessive sun exposure in childhood and higher rate of 
past history of non-melanoma skin cancers) [205-209]. Biological 
features of aggressiveness are also found in these fast-growing 
melanomas such as high mitotic rate, high expression of prolifer- 
ation markers [210] and a higher frequency of NRAS and TERT 
promoter mutations [211,212]. The challenge is now to find molec- 
ular markers for these aggressive MM, which may be dangerous 
even when detected early and warrant early drug intervention. 


Molecular classification. Over the past 15 years, molecular studies 
have provided strong genetic support for the existence of distinct 
molecular pathways to MM [151,213,214]. 

Mutations in proteins along the RAS-RAF-MEK-ERK pathway 
resulting in the aberrant activation of the mitogen-activated protein 
kinase (MAPK) pathway are present in the most common MM 
histoclinical subtypes, covering over 80% of primary MM [213,214]. 
The three most frequently activated oncogenes in CM are BRAF 
(40-50%), NRAS (15-28%) and NF1 (14%) [215-217]. A genomic 
classification into four subtypes, mutant BRAF, mutant RAS, 
mutant NF1 and Triple-WT (wild-type), was proposed in 2015 [218], 
and further expanded in 2018 by the World Health Organization 
(WHO) classification of cutaneous tumours [35] (see later). 

Desmoplastic MM usually lacks activating mutations in the 
MAPK pathway and instead harbours NF1 mutations in combina- 
tion with amplifications of kinases such as EGFR, MET, ERBB2 and 
inactivation of RB1, CDKN2A [219]. 

Malignant Spitz tumours (Spitzoid MM) also usually lack 
mutations in the MAPK pathway and instead display mutually 
exclusive kinase fusions of ROS1, ALK, BRAF, NTRK1, NTRK3, 
MET, RET [220]. 

The mutational landscape of mucosal MM is significantly different 
[221,222]. Approximately 28% of mucosal MM harbour BRAF-V600 


mutations (6% BRAF, 8% NRAS and 14% NF1) versus 94% of CMs. 
KIT and SF3B1 mutations are also frequent (up to 20% of KIT muta- 
tions and 15% of S3BF1 mutations in mucosal MM vs 7% and 8% 
respectively for CM) [215,217,218,221,222]. 

Uveal MM shows a different pattern of driver mutations. Alter- 
ations in the heterotrimeric G proteins (GNAQ) or GNA11 which 
couple seven-transmembrane domain receptors to intracellular sig- 
nalling machinery are found in up to 50% of the tumours [223,224]. 
The activating GNAQ/11 mutations are also present in benign 
choroidan naevi and are therefore thought to be precursor events 
requiring a ‘second hit’ in order to lead to malignant transformation 
[225]. A second layer of mutations consists of mutations in BAP1, 
SF3B1 and EIFIAX (present respectively in 33%, 23% and 13% of 
the 80 uveal MM samples analysed in the TCGA uveal MM project) 
[225]. These mutations were usually mutually exclusive and were 
associated with distinct prognoses [225]. 


WHO classification of cutaneous tumours. This classification 
proposed in 2018 distinguishes nine subsets of MM based on their 
epidemiology, clinical and histological morphology, and genomic 
characteristics. MM are divided into those considered aetiologically 
related to sun exposure and those that are not, as determined by 
their mutational signatures, anatomical site and epidemiology. 
MM on sun-exposed skin are further divided according to the 
histopathological degree of associated solar elastosis of the sur- 
rounding skin into low-CSD (chronically sun-damaged), including 
SSM, and high-CSD, including lentigo maligna and desmoplastic 
MM. The ‘non-solar’ category includes acral MM, MM arising in 
congenital naevi, MM in blue naevi, Spitzoid MM, mucosal MM 
and uveal MM [35]. 

Any classification that integrates epidemiological, clinical, his- 
tological and genomic characteristics should ideally inform us 
of the intrinsic aggressiveness of the primary MM. To date, the 
genetic profiling of tumours does not yet permit a real operational 
classification. 

However, some correlations have been found between some 
mutation profiles and histoclinical subtypes: more BRAF mutation 
in SSM, NRAS in NM, KIT mutations in ALM, LMM and mucosal 
MM and NF1 mutations in desmoplastic MM; age (more BRAF 
mutations in young people and NRAS in older); location (higher 
BRAF mutation rates for primary tumours developed on the trunk 
and limb and KIT in acral or mucosal sites); sun damage (more 
BRAF and NRAS mutations in tumours developed on intermit- 
tent sun-exposed sites and KIT on chronically sun-exposed areas) 
[215-218,226,227]. Molecular profiling by new sequencing tech- 
niques may thus help to characterise MM subtypes with prognostic 
and therapeutic applications in the future. 


Clinical features 

General principles of early clinical diagnosis 

Early diagnosis of MM is considered the best way to save a patient’s 
life. However, early MM are usually discrete and may be difficult to 
distinguish from benign pigmented lesions. The challenge is to have 
a high sensitivity for MM but also a reasonable specificity to avoid 
the inappropriate excisions of benign lesions. Clinicians determine 
the likelihood that a given pigmented lesion may or may not be an 
MM, by making an analysis of colour distribution and shapes, based 


on the fact that an MM is more likely to display a disordered and 
changing pattern of colour compared with a benign naevus. Con- 
sciously or subconsciously the following four general principles are 
applied: analytical examination, pattern recognition, comparative 
analysis and dynamic analysis. 


Analytical examination and algorithms. This is the most com- 
monly described diagnostic clue, known as the ABCD algo- 
rithm [228] (Box 142.1), which assumes that if a naevus is 
Asymmetrical, with irregular Borders and inhomogeneous Colour, 
with a Diameter over 6mm, it may be considered as a potential 
MM. More recently, the addition of ‘E’ to denote lesion ‘Evolution’ 
has been added to the algorithm. More complex algorithms such 
as the seven-point checklist [229] have been developed in order to 
help clinicians, but also the public for MM detection. However, a 
large number of seborrhoeic keratoses and atypical naevi fulfil the 
ABCD criteria whereas many MM (in particular NMs) do not. 


Box 142.1 ABCDE algorithm 


e Asymmetry 

¢ Border irregularity 
¢ Colour variegation 
e Diameter >6mm 
¢ Evolution 


Pattern recognition. The human brain recognises any object by 
a cognitive strategy based on a holistic recognition of the image. 
When an individual sees a new object, a cognitive pattern, or a rep- 
resentation for this object, is built subconsciously, which will then 
be used to recognise it when faced with the object again. Thus, those 
who see more MM will more easily recognise a new one. Indeed, 
the diagnostic accuracy of dermatologists in pigmented lesions 
has been shown to rely much more on overall pattern recognition 
than on the application of a combination of criteria such as ABCDE 
[230-233]. 


Intra-individual comparative analysis (‘ugly duckling’ sign). This 
cognitive process is based on the human brain’s ability to recognise 
any object that does not fit in its environment. Naevi in a given 
individual tend to share morphological characteristics [233] that 
the human brain has the ability to perceive [230], and which differ 
from the naevi in another individual. A naevus which does not fit 
into any of the few dominant patterns of naevi of a given individual 
deserves attention even though it may not appear highly suspicious 
in a separate analytical analysis. This ‘ugly duckling’ (UD) sign 
[232], which has been subconsciously used by dermatologists for 
decades, is now widely recognised as a major sign for MM suspi- 
cion [234]. Conversely, a naevus that fits into one of the dominant 
clusters of naevi in a given individual is unlikely to be an MM, even 
though it may be considered as such in an isolated analysis. 


Dynamic analysis. Naevi grow and change, but slowly (over years) 
and mainly in the first two decades, while contrastingly most 
MM tend to grow and change faster or appear de novo. Therefore, 
dynamic assessment either of the changes, in the size, colour or 


shape of pre-existing pigmented lesions, or of any new growing 
skin lesion is an important criterion for suspecting an MM. 

This led to the implementation of the E (Evolution) in the ABCDE 
rule. Although patients and their families can perceive a change in 
naevi, dynamic assessment is highly facilitated when there is a docu- 
ment like a ‘whole body photograph’ to refer to, in order to ascertain 
the reality and the rapidity of a change in any skin lesion, as well 
as the appearance of a new lesion. This is particularly important 
in people with a lot of atypical naevi, in which analysis and even 
pattern recognition may fail. 


Diagnostic tools 
Several tools have been developed to increase the accuracy of visual 
examination. 


Dermoscopy (Chapter 145). This is a simple non-invasive method 
allowing magnified in vivo observation of the skin. Dermoscopy, 
which increases the granularity of observation, has been shown 
to improve the diagnostic accuracy for MM in comparison 
with inspection by the unaided eye with a 10-27% increase in sen- 
sitivity [235]. 

One of the major impacts is to reduce unnecessary excisions 
of benign lesions, by increasing specificity. Despite these advan- 
tages, one has to keep in mind that dermoscopy has the same 
limits as visual examination because it is mainly based on an 
analysis of colour distribution, which is not a perfect reflection 
of malignancy. The four principles of diagnosis are exactly the same 
as in clinical diagnosis. Dermoscopy experts have developed 
several analytical examination criteria, describing as many encoun- 
tered patterns as possible. However, this becomes increasingly 
complex for the non-expert and reduces reproducibility among 
non-specialists. Ultimately, the intuitive interpretation of der- 
moscopy relies on pattern recognition, comparative analysis (UD) 
and dynamic analysis, which ultimately contribute to the final der- 
matoscopic diagnosis. As in clinical examination, success depends 
on the training and ultimate experience of the clinician. 


Computerised dermoscopy devices. With the storage of high- 
resolution images, such devices permit sequential digital dermato- 
scopic monitoring of lesions, and thus improve dynamic analysis, 
which is particularly useful in patients with multiple (atypical) 
naevi. 


Other source of images 

Reflectance confocal microscopy. This uses a near infrared laser 
to obtain in vivo imaging of the top layers of the skin. The device 
produces horizontal sections at nearly histopathological resolu- 
tion. Specific morphological patterns are observed, allowing for 
differentiating between benign and malignant lesions, but also 
melanocytic from non-melanocytic lesions such as pigmented basal 
cell carcinoma. Specific algorithms have been proposed for MM 
detection [236-238]. 

The main application of this is in the targeting of the optimal 
region to biopsy in the case of a large equivocal lesion when located 
on a cosmetically sensitive area [239,240]. The main limitations are 
the time spent for assessment of one lesion and the low penetration 
within the skin. 
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Optical coherence tomography (OCT). OCT uses a low-coherence 
source of light to image non-transparent tissues. It allows examina- 
tion of skin lesions at a structural resolution (approximately 10 sm) 
and generates serial axial images reaching deep down to the reticu- 
lar dermis (at a depth of approximately 2 mm) [241]. This technique 
has been used to analyse non-melanocytic tumours, with a large 
number of studies on basal cell carcinoma [242]. The technology is 
still under development for the analysis of melanocytic lesions [243]. 

Other non-invasive techniques based on a wide range of concepts 
are currently under investigation [244]. For example, multispectral 
analysis uses a specific software to process images obtained from 
different wavelengths; electrical impedance spectroscopy assumes 
that cancer cells have electrochemical properties that are distinct 
from those of healthy cells. 


Other sources of diagnostic information. Genomic analysis of the 
squames uses an adhesive tape to sample cells from the stratum 
corneum (tape stripping) and analyses the expression of targeted 
genes. Mass spectrometry analysis is based on protein expression 
profile. 


Computer-aided diagnostic systems (CAD). CAD systems utilise 
dermatoscopic images for monitoring pigmented skin lesions. Some 
systems have demonstrated good performance in an experimen- 
tal setting. The practical benefit of such devices in a real-world 
clinical setting is still under investigation. Early studies relied on 
hand-crafted feature engineering and segmentation masks, but 
recent advances in computer science and the introduction of convo- 
lutional neural networks and deep-learning-based approaches have 
revolutionised the classification of medical image analysis [245]. 

Despite numerous breakthrough studies that demonstrate 
expert-level accuracy of CAD for MM [245,246-248], many lim- 
itations exist including quality, diversity and lack of generalisability 
of the training data sets. As a consequence, existing devices or appli- 
cations are not widely used in current practice [249]. Approaches 
relying on human-computer collaboration [250,251], utilising arti- 
ficial intelligence algorithms, are likely to be the way forward in 
the future. Artificial intelligence could also permit the integration 
of other sources of information about the tumour other than visible 
light and dermoscopy (for example, ultrasound and OCT, etc.) and 
factors other than morphology such as an individual’s phenotypic 
trait, to make the best use of such systems. 


Presentation 
The most common clinicopathological situations in early diagnosis 
of melanoma are described. 


Situation 1: ‘an atypical naevus’ (superficial spreading MM). In 
most cases (60-70% of MM), which usually correspond to the SSM 
histoclinical subtype, MM presents like an atypical naevus, i.e. a flat 
pigmented macule (Figure 142.4a—-c) which progressively becomes 
more and more irregular in shape and colour (Figure 142.5a) with 
shades of brown, black, grey and red as well as depigmented areas 
(regression) over several months or more rarely years. This situation 
represents one of the best uses of dermoscopy, since the main differ- 
ential diagnosis is the AN/DN, which is very common and shares 
most of the morphological characteristics (ABCD) to some degree. 


It is a real challenge in people with multiple atypical naevi, who are 
at risk of developing such an MM. In these situations, monitoring by 
digital dermoscopy is the most effective technique although it can be 
labour intensive. 

At the earliest stage, the ‘atypical naevus-like lesion’ may in fact 
correspond to an MM in situ (MM cells migrating only in the epi- 
dermis), or to a focal malignant transformation in the middle or the 
border of a pre-existing naevus. As growth continues, the diagno- 
sis will become obvious; the lesion will become palpable with the 
development of a nodule, reflecting the vertical growth phase, that 
may bleed (Figure 142.5b), and is no longer an early diagnosis. 


Situation 2: ‘a pigmented or red nodule’ (nodular melanoma). 
Between 10 and 20% of MM may present as a regular, symmetrical, 
elevated, dome-shaped papulo-nodule. Infrequently it appears 
polypoid or sometimes pedunculated in nature (Figure 142.6a-c). 
Its colour ranges from black, dark brown to red. NM belong to 
the fast-growing subgroup of MM and are therefore usually thick 
tumours at diagnosis. Ulceration and bleeding are commonly seen. 
Lesions to consider in the differential diagnosis especially when the 
lesion is not pigmented are basal cell carcinoma, angioma and der- 
matofibroma. The rule should be to biopsy any fast-growing nodule. 
Dermoscopy is less helpful in these nodular lesions, especially in 
those with little or no pigmentation. 


Situation 3: ‘a lentigo of the face in the elderly’ (lentigo maligna 
melanoma). This type of MM presents as a flat, brown or black, 
irregularly shaped lesion which grows slowly over months and 
years on chronically sun-exposed areas of the skin (e.g. the face, 
neck, forearms) in the elderly (Figure 142.7a-e). It corresponds in 
most cases to the LMM histoclinical subtype and is part of the slowly 
growing MM subgroup with a prolonged radial growth phase. This 
situation is challenging since MM, especially in the early intraepi- 
dermal phase known as a lentigo maligna (Hutchinson’s melanotic 
freckle; melanosis circumscripta precancerosa of Dubreuilh), can be 
mistaken for a solar lentigo, a pigmented actinic keratosis or a flat 
seborrhoeic keratosis. In time, a nodule may develop, making the 
diagnosis of MM obvious. 


Situation 4: ‘a pigmented stain on the sole’ (acral lentiginous 
melanoma). The initial presentation is of a discrete light brown or 
black macule, often described as a ‘dirt-like stain’, with indistinct 
borders on the soles of patients usually aged over 60 years. The 
frequency differs by race ranging from 2% to 10% of MM in white to 
60% to 72% in dark-skinned populations. This situation corresponds 
in most cases to the ALM subtype (Figure 142.8a—d), and in a sub- 
stantial proportion to the KIT mutated group. Because of the discrete 
position, the diagnosis is often delayed by years. In darker-skinned 
populations, benign pigmentation on the soles is frequent and may 
be confusing. At later stages, a nodule or ulceration can develop 
(Figure 142.9), which should make the diagnosis more apparent, 
but may still be confused with warts or trophic ulceration. 


Situation 5: ‘pigmentation in the nail’ (subungual melanoma). 
This form represents approximately 2-3% of MM in white-skinned 
individuals but a higher proportion in darker-skinned populations. 
The first sign is a brown to black linear discoloration in the nail bed, 


(c) 


Figure 142.4 (a-c) Superficial spreading melanoma (early presentation). 


which is hard to differentiate from benign melanonychia, which 
is quite common, especially in darker skin (Figure 142.10). ALM 
will often present as an irregular band, but it remains a diagnostic 
challenge not to miss an MM and to avoid over-biopsying the nail 
bed with consequent permanent nail disfigurement. Dermoscopy 
may be of some use, but changes in the width and colour of the 
nail band should raise suspicion of an MM. Later, symptoms 
become prominent with Hutchinson’s sign (pigmentation in the 
adjacent skin) and inflammatory or pigmented paronychia being 
seen (Figure 142.1la—c). However, distinguishing ALM from other 
benign nail pathology such as onychomycosis, paronychia, subun- 
gual haemorrhage, benign naevus and pyogenic granuloma is not 
always straightforward. 


Other clinical situations 

Pigmented lesion of the vulva or the mouth. Primary MM arising 
from the mucosal epithelia lining the respiratory, alimentary and 
genito-urinary tracts are quite rare (<5%). MM of the mouth and 


vulva are the most frequent. They present as irregular macular 
pigmentation (Figure 142.12a,b). The diagnosis may be readily 
apparent but requires a chance gynaecological or stomatological 
examination, unless the patient themselves specifically notices such 
changes. Ulceration and bleeding are common at later stages. The 
prognosis is often poor due to a late diagnosis and should therefore 
prompt clinicians to undertake routine mucosal examination when 
screening for melanoma. 


Melanoma arising within congenital naevi. Detection of MM 
within giant congenital naevi is often difficult because of the 
frequent verrucous and lobulated surface of these naevi, and 
because benign nodular flare-ups are sometimes observed. The 
development of MM in the deep portions of the naevus (within the 
dermis and subcutaneous fat) makes the diagnosis very challenging. 


Ocular melanoma. Ocular MM, arising from melanocytes situated 
in the conjunctival membrane and uveal tract of the eye, is the 
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Figure 142.5 (a, b) Superficial spreading melanoma (late presentation). 


second most common type of MM after cutaneous. Uveal MM can 
affect any part of the uveal tract, but choroidal MM is predominant 
(86.3%), while iris and ciliary body MM are far less frequent [252]. 
The presentation of uveal MM mainly depends on the size and 
location of the tumour and can vary from asymptomatic (detected 
incidentally on eye examination), to the development of various 
visual disturbances including visual loss in the affected eye. Con- 
junctival MM is very rare [253]. It usually presents as a raised 
pigmented lesion often surrounded by prominent feeder blood ves- 
sels. Multifocal lesions are present in almost one-third of patients 
[254]. Amelanotic lesions are very challenging. 


NEOPLASIA 


Challenging clinical situations. This category of MM are either 
in hidden areas (not assessed during a routine clinical examina- 
tion), have a non-suspicious clinical appearance or mimic another 
(benign) lesion. Subsequently, either they are not suspicious for MM _ Figure 142.6 (a-c) Nodular melanomas. 
and an unexpected histopathological diagnosis is made, or more 
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Figure 142.7 (a-e) Lentigo maligna melanomas. 
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Figure 142.8 (a—d) Acral lentiginous melanomas. 


commonly they are not even biopsied since they are considered as 
benign. 


Amelanotic melanoma (Figures 142.13a,b and 142.14a,b). As the 
diagnosis of MM is often suggested by abnormal pigmentation, 
amelanotic MM can be easily missed even by the most experienced 
of clinicians. Such lesions may mimic inflammatory lesions, poro- 
mas, angiomas, sarcomas, squamous cell carcinomas, basal cell 
carcinomas or others. They may be hardly visible, especially on the 
soles, until a warty or nodular lesion reveals them, but by then it is 
often late and associated with a poor prognosis. 


Regressive melanoma. Inflammation can lead to a focal regression 
of an MM, which is usually visible as an irregular focus of hypopig- 
mentation (Figure 142.15a,b). However, when the regression is more 
severe, the MM may no longer be visible. Up to 8% of MM present 
as metastatic disease from an unknown primary [255,256]. In some 


(b) 


(d) 


patients, a previous history of a pigmented lesion which cleared 
spontaneously is elicited. In others, no primary MM can be found. 
As naevus cells may be seen in the subcapsular area of lymph nodes 
it is postulated that MM may arise de novo in a lymph node [257]. 


Malignant blue naevus (Chapter 131). Excessive dermal pigment 
makes the clinical and dermoscopic analysis of such lesions prob- 
lematic. The suspicion of a neoplastic process arises primarily from 
dynamic criteria, i.e. a rapid development or a rapid change in an 
otherwise common blue naevus. 


Sinonasal melanoma. Epistaxis and nasal obstruction are the most 
common presenting symptoms leading to the initial suspicion of 
inflammatory sino-nasal disease. The diagnosis of MM is usually 
delayed when the patient presents with bleeding or extension of 
the lesion to the adjacent structures such as the orbit, brain or 


Figure 142.9 Acral lentiginous melanoma of the sole (late presentation). 


Figure 142.10 Acral lentiginous melanoma in the nail area. Early presentation as a 
longitudinal melanonychia. 


cranial nerves. Therefore, the prognosis at the time of diagnosis is 
usually poor. 


Strategies for early detection 

General principles. The early detection of MM is crucial, as it 
clearly improves prognosis. Skin cancer is externally visible, and 
this has led to the conviction that mortality may be reduced by 
regular clinical surveillance of high-risk populations. However, 
mortality has not decreased due to two important factors, which 
are often underestimated: the different biological aggressiveness of 
different MM, and the limited proportion of overall MM that arise 
within the high-risk groups. 


Limits of early detection. Contrary to intuitive perceptions, Bres- 
low thickness does not always correlate directly with delay in 
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Figure 142.11 (a—c) Acral lentiginous melanomas in the nail area. Late presentation. 
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Figure 142.12 Mucosal melanomas. (a) Anal; (b) oral. 


(b) 


(a) 


Figure 142.13 Amelanotic melanoma. (a) Amelanotic superficial spreading melanoma. (b) Amelanotic nodular melanoma. 


diagnosis [258-261]. This is understandable, once it is acknowl- 
edged that there are different kinetics of growths in primary MM. 
The most aggressive tumours tend to be fast growing and thus are 
more likely to have a high Breslow thickness, even when they are 
detected very early. In contrast, less aggressive, slowly growing 
primary MM are likely to have a low tumour thickness, even with 
a late detection. Furthermore, the inverse relationship between 
tumour thickness and prognosis is not that simple for the same 
reasons. Even with an opportunistic early detection and a low 
tumour thickness, there is no certainty that the prognosis of an 
aggressive fast-growing melanoma is altered by early surgery 
[204]. Conversely, even with relatively late detection and a high 
Breslow thickness, a slowly growing melanoma may not have a 
poor prognostic outcome. Thus, despite an overall benefit of early 
detection attested by the improvement of prognosis in countries 


(b) 


which have promoted early detection, the proportion of primary 
MM, in which the prognosis is significantly influenced by early 
detection, is actually unknown. 


What place for artificial intelligence? Machine learning (ML) has 
recently matched the diagnostic performance of dermatologists 
for melanoma detection, albeit in somewhat artificial situations. 
Algorithms are currently under investigation utilising clinical and 
dermoscopic images. The place of these new tools to augment 
the performance of primary care clinicians and trained specialists, 
and/or to automatise repeated tasks in order to save medical time in 
screening, is the challenge of the next decade. Ensuring sensitivity 
and specificity across all skin types is the biggest challenge in ML, 
as most preliminary data to date have utilised algorithms trained 
on white-skinned populations. 
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Figure 142.15 Regressive melanomas. (a) Quasi-total regression. (b) Partial regression. 


Difficulty in targeting the right population. Any successful 
screening strategy must address the high-risk population defined 
by phenotypic criteria such as fair skin type, high number of naevi, 
etc. It cannot, however, be restricted solely to that group as the 
majority of MM will not arise in this high-risk group, especially the 
most aggressive type of MM. 

Medical system organisation in different countries, plus societal 
and psychological factors, explains why some populations (e.g. 
elderly white men) have a poorer prognosis by virtue of their 
late presentation [262,263]. Such groups would likely benefit from 
specific targeting [264]. 


Screening in the high-risk population. Screening for MM in a 
high-risk population is a cost-effective intervention. However, 
it probably fails to pick up the majority of the most aggressive 


tumours, which develop in patients who are not identified as high 
risk by virtue of their phenotype. This is demonstrated for instance 
by the fact that NMs are more common in patients without multiple 
naevi [265], and by an inverse association of fast-growing MM with 
this skin phenotype [205]. 


Dermatological periodic monitoring. Such monitoring may be per- 
formed either by full body clinical examination, by comparison with 
reference total body photographs or by computerised dermoscopy, 
which permits individual naevus follow-up. Such monitoring is 
highly efficacious, but very time-consuming. There is no agreement 
as to the frequency of this monitoring and to which population 
this should be applied to. Very high-risk patients, ie. those with 
a past personal or familial history of MM, a high naevus count or 
atypical mole syndrome, should undergo systematic examination 
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of the entire skin more than once a year. The risk of ‘over-excising’ 
benign lesions remains high, especially if such monitoring practices 
are performed by less experienced clinicians. 


Education on self-detection and skin self-examination. This 
remains essential in the prevention and early detection of MM. It 
is neither possible nor cost-effective for dermatologists to monitor 
all of the high-risk population frequently. The interval between 
two successive examinations can be covered by self-examination, 
which has been proven to be effective [266,267]. Self-surveillance 
can now be assisted by smartphone apps, although their accuracy 
remains highly controversial. 


Periodic screening in the general population. MM is not confined 
just to high-risk groups, thus screening of the general population 
makes rational sense. However, there is no evidence that a yearly 
skin examination of the whole population would be efficient, 
or even feasible. Periodic screening in the whole population is 
a high-cost intervention with a high demand in terms of medi- 
cal interventions. An experiment in Schleswig-Holstein [268] has 
shown encouraging data including reduction in mortality. How- 
ever, there was no difference in other close areas where there was 
no intervention, and a return to pre-screening mortality rates was 
noted [269]. It is thus unlikely that any transient reduction in mor- 
tality was linked to systematic screening. Thus routine screening 
is not currently recommended by most health authorities. The US 
Preventive Services Task Force and most national authorities have 
not made any formal recommendations for widespread skin cancer 
screening given the lack of prospective evidentiary trials. 


Occasional screening sessions. ‘MM days’ or similar services 
have been conducted in most developed countries in the last few 
decades. They have virtually no direct impact and only detect a 
few MM. Their major interest is to increase the awareness of the 
population and doctors about sun protection and MM and non-MM 
skin cancers. 


Opportunistic screening. The random detection by a primary care 
physician or medical professional (e.g. nurse, physiotherapist) 
is important, but is dependent on their general skill and on the 
frequency they see people with skin exposed. These two conditions 
are not necessarily met in everyday practice. 


Public health education. Improving the ability of patients to recog- 
nise MM and to seek medical advice for suspicious lesions is crucial 
for early detection and improvement of MM prognosis in the gen- 
eral population [270,271]. First, patients are responsible for most of 
the delay in MM diagnosis (due to late presentation) [272]. Second, 
two-thirds of MM are self-detected and only a third detected by 
doctors [273]. Third, the most dangerous MM [204,207] probably 
grow So fast that only patients can detect them early enough. There- 
fore, this strategy of education of the community is most reasonable 
in terms of cost-efficiency and gives the best chance to impact 
on mortality. Most campaigns worldwide have used analytical 
algorithms such as the ABCDE rule [229,274]. However, presenting 
pictures of MM to the population has been shown to be better 
than education with ABCDE criteria [231] and can be used in a 


real-world campaign [275]. The Internet offers an easy opportunity 
to promote such cognitive training in the general population. 


Basis for melanoma diagnosis 

Histopathological diagnosis [276-280] 

Pathological examination remains the gold standard for MM 
diagnosis, despite many attempts to use molecular approaches 
to replace it. Any lesion suspicious for MM must be completely 
removed and sent for pathological examination. The pathological 
analysis aims at confirming the malignancy and the melanocytic 
origin of the proliferation, but also to collect major prognostic 
information. 

There is a great variability in the morphology and pattern 
of benign naevi as well as MM, which has resulted in the descrip- 
tion of a great number of naevi, as well as many MM pathological 
subtypes. There remain ambiguous situations where there is doubt 
between a benign and malignant melanocytic tumour, some cov- 
ered by a panel of terms which do not always clarify the position. 
In this complex situation, a few criteria should be highlighted which 
are the basis of the differential diagnosis between naevus and MM, 
none of them being specific. 


Pathological criteria of malignancy 

Architectural. The most important is probably architectural. In 
naevus and MM, melanocytes organise along the dermo-epidermal 
junction and within the dermis and usually tend to form aggregates 
or nests. MM does not have the overall symmetrical (well-organised) 
structure of naevi and is characterised by a general asymmetry, loss 
of architecture, and heterogeneity in the size, shape and placement 
of nests, along with confluence or fusion of the nests. At the dermal 
level, the architecture of MM is distinct from a naevus by the lack of 
so-called maturation gradient, which is a top-down morphological 
gradient from epithelioid to neuroid. 


Pagetoid spread. Another criterion for malignancy is the upward 
individual migration of atypical melanocytes (pagetoid spread) 
within the epidermis, which is unusual in most benign naevi. 
Malignant melanocytes are not confined to the basal layer like 
normal melanocytes, but spread upwards, in a disordered manner, 
into the epidermis. 


Cytology. This is variable but the usual malignancy criteria such 
as nuclear pleomorphism, enlargement and hyperchromatism, 
prominent nucleoli and mitotic activity are important diagnostic 
features. The abrupt change in cell types observed in MM contrasts 
with the gradual linear cytological changes observed in melanocytic 
naevi and is also an important clue to the diagnosis. 


Brisk and asymmetrical host inflammatory response. This is 
often present in MM. Regression figures, i.e. focal disappearance of 
melanocytes replaced by pigment, dermal fibrosis, verticalisation 
of the blood vessels and lymphocytic inflammation, are frequently 
observed and interpreted as an immune reaction against MM. 


Difficulties in diagnosis. The aforementioned ‘malignancy criteria’ 
are not always present and in some cases can be observed in truly 
benign naevi, and an MM can also arise from a naevus. This creates 
diagnostic ambiguities. 


A number of neologisms have been proposed to denominate 
lesions in this grey zone, such as ‘naevoid MM’ [281], ‘MELTUMP’ 
(melanocytic tumours of uncertain malignant potential) [282] and 
‘MANIAC’ (melanocytic acral naevus with intraepidermal ascent 
of cells) [283]. They do not simplify the practical management of 
the ambiguous lesions, which need to be managed according to the 
worst hypothesis, i.e. that they are in fact MM. 


Main situations for the pathologist. There is a vast spectrum of 
morphologies: at one end there are MM which develop upfront 
as a tumoural dermal proliferation raising the epidermis (nodu- 
lar pattern), while at the other end there are tumours showing a 
long-lasting horizontal intraepidermal growth (lentiginous pat- 
tern) before they invade the dermis. In between sits the majority 
of tumours with a junctional pattern made up of nests and page- 
toid migration, usually combined with dermal invasion (superficial 
spreading pattern). These features are the radial and vertical growth 
phase of MM. 


Melanomas presenting as a predominantly dermal proliferation. 
These share some characteristics. They tend to constitute a 
nodular mass raising the epidermis with little or even no junc- 
tional/pagetoid spread (which is probably the geometric result of 
a fast centrifuge growth of the invasive dermal component), which 
is pushing the epidermis upwards. This is the typical appearance 
of ‘nodular MM’ (Figure 142.16). In non-pigmented lesions the 
differential diagnosis includes non-melanoma anaplastic tumours 
such as lymphoma and Merkel cell carcinoma. In these situations, 
histochemical markers are useful. Cutaneous metastases from an 
MM can also be nodular. Typically, skin metastases are less likely 
to push towards the epidermis and instead form a nodule just 
below the epidermis or within the deep dermis, but pathological 
examination cannot always exclude a metastasis, especially with 
a history of a prior MM. Radiological examination is required to 
search for other signs of metastases. 


Melanoma presenting as flat proliferation of melanocytes with a 
typical lentiginous pattern. These are characterised by malig- 
nant melanocytes spreading out along the dermo-epidermal 


Figure 142.16 Nodular melanoma. 


Figure 142.17 Acral lentiginous melanoma with typical lentiginous pattern. 


Figure 142.18 Lentigo maligna melanoma. 


junction, which then appears crowded, with a propensity to follow 
appendageal structures, and with some tendency to form nests 
of dendritic or spindle-shaped cells. Dermal invasion is only seen 
in tumours removed late and is usually also characterised most 
commonly by dendritic or spindle-shaped cells. This pattern is 
mainly seen in two very different situations, MM of the soles, and 
MM of chronically sun-exposed areas in the elderly. These two 
situations modulate the overall lentiginous pattern. The location in 
the soles and subungual areas, described as ALM (Figure 142.17), 
shows some tendency to intraepidermal isolated migration, epi- 
dermal acanthosis and elongation of the rete ridges. The location 
on the skin of always sun-exposed areas (face) in elderly people, 
described as lentigo maligna (LM) when it is strictly intraepidermal 
and lentigo maligna melanoma (Figure 142.18) when there is der- 
mal invasion, is logically associated with elastosis and epidermal 
atrophy. The early stages of LM may be difficult to distinguish from 
some solar lentigos. 


Melanomas presenting as an atypical junctional and intraepithe- 
lial pattern. A strictly intraepithelial melanocytic proliferation 
made of nests and intraepithelial pagetoid spread confined to the 
epidermis is usually called in situ MM when isolated. It is often later 
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Figure 142.19 Superficial spreading melanoma. 


associated with a dermal component usually with an epithelioid 
cytology corresponding to the SSM clinicopathological subtype 
of MM (Figure 142.19), with the horizontal and vertical two-step 
growth phases as described. Initially, the overall appearance is 
similar to an atypical/dysplastic junctional naevus, both showing 
some degree of cellular atypia resulting in a frequent diagnostic 
challenge. Symmetry, lamellar fibrosis and bridging of nests are 
more likely in an atypical naevus, whereas intraepithelial pagetoid 
migration of melanocytes, asymmetry, ulceration, mitotic figures 
and poor maturation of the dermal component are more likely seen 
in an MM. 


Rare challenging melanoma patterns. 

1 Desmoplastic melanoma. This is a proliferation of spindle-shaped 
melanocytes with no or little pigmentation, with scar-like fibrosis 
in the dermis associated with a conspicuous inflammatory infil- 
trate (Figure 142.20). It can display at the same time attributes of 
melanocytic, fibroblastic and schwannian differentiation, often 
variably intermingled [284]. The differential diagnosis includes 
cutaneous sarcomas or spindle-cell squamous cell carcinoma. 
Staining with SOX10 and/or S100 protein usually marks the 
spindle-shaped cells whereas Melan-A and HMB-45 antigen 
staining are always negative. 

2 Spitzoid neoplasms. In a malignant Spitz tumour, the tumour 
cells harbour a Spitzoid cytology, resembling a neoplasm within 
a Spitz spectrum. This is characterised by large epithelioid or 
spindle-shaped melanocytic cells, often amelanotic, associated 
with epidermal hyperplasia, and even mitoses [285,286]. 

In the context of this Spitz spectrum, the diagnosis between 
a Spitz naevus and a Spitzoid MM is particularly difficult and 
uncertain on morphological grounds. It is often determined on 
genomics. The Spitz spectrum is characterised by gene fusion 
involving ALK, ROS1, MET, RET, NTRK1, NTRK3, MAP3K8 and 
always lacks mutations in the MAPK pathway, such as canonical 


Figure 142.20 Desmoplastic melanoma. 


BRAF, NRAS, KIT, GNAQ or GNA11 mutations. Searching for 
the latter can help classify a lesion as non-Spitz MM, despite its 
Spitzoid morphology. The prognosis of a lesion within the Spitz 
spectrum is better assessed using cytogenetics, involving FISH 
fluorescence in situ hybridisation (FISH) techniques or array 
comparative genomic hybridisation (aCGH) [287-289]. 

3 Regressive melanoma. This can be challenging, when the residual 
tumour associated with the lymphocytic infiltrate no longer has 
characteristics of MM. It may be mistaken for a regressive Sutton 
naevus, or be labelled non-diagnostic in cases of total or subtotal 
regression. SOX10 can be expressed in scars and constitutes a 
diagnosis pitfall. 

4 Melanoma arising in a blue naevus (malignant blue naevus). This is 
difficult to diagnose, because it is very rare as compared with a 
blue naevus, with which it shares most of the organisational char- 
acteristics, and because pigment deposits obscure the cytology 
(Figure 142.21). Blue naevus-like MM (malignant blue naevus) 
is molecularly related to uveal MM and shares many molecular 
and cytogenetic similarities. An integrated histomolecular diag- 
nosis is based on canonical alteration of GNAQ, GNA11, PLCB4 
or CYSLTR2 mutations [290,291], with additional alterations on 
SF3B1 or BAP1 [292]. Redundant cytogenetic alterations with 
gains in 6p and/or 8q, monosomy 3, and loss in 1p are similar to 
those detected in uveal MM [293]. 

5 Pigmented epithelioid melanocytoma/pigment synthesising melanoma 
(animal-type melanoma). These are rare melanocytic tumours 
(melanocytoma), considered as intermediate in nature, with 
metastatic potential limited to the regional lymph nodes, 
although this is not clear at all. Histologically, they show heavily 
pigmented spindle-shaped or epithelioid melanocytes which 
mimic MM, composed of heavily pigmented epithelioid or den- 
dritic cells. These lesions usually harbour both BRAF V600E 
mutations and loss-of-function alterations affecting PRKARIA 
or PRKCA gene fusion [294,295]. Such lesions can occur in a 
sporadic setting or in patients affected with Carney complex. 


Immunohistochemistry in the diagnosis of melanoma. Immuno- 
histochemistry is not necessary for the diagnosis of a melanocytic 
neoplasm. However, it can be used to assess prognosis or spe- 
cific molecular subtype, or in the setting of amelanotic or poorly 


Figure 142.21 Malignant blue naevus. 


differentiated MM. S100 protein is expressed by 99% of all MM 
and melanocytic naevi [296] but also by several other tumours that 
harbour cartilaginous, nervous or myoepithelial differentiation. 
A more recent marker is SOX10, which displays the same or a 
slightly higher sensibility compared with S100, with a different 
pattern of specificity, staining the nuclei of neoplastic cells, which 
can aid in asserting ascents of cells and nuclear pleomorphism. 
Mart-1 (Melan-A) and HMB-45 are more specific, but lack some 
sensitivity [297], and in particular do not stain desmoplastic MM. 
Many other markers are useful in the diagnosis of MM, including 
MITF [298]. Next-generation antibodies, directed against canonical 
molecular alterations, such as NTRK, ALK, ROS1, MET, RET, BRAF 
V600E, NRAS Q61R, HRAS and PRKARIA, are particularly used 
by referral centres as a substitute for genetic testing [299]. 

PRAME expression might be useful in distinguishing >90% of 
benign versus malignant melanocytic neoplasms. PRAME is par- 
ticularly useful in assessing the margins of lentiginous MM such 
as LM and ALM. Clonal loss of expression of p16, associated or 
not with copy number aberrations of the CDKN2A locus by FISH 
or aCGH, has been reported as highly specific for borderline and 
malignant Spitzoid neoplasms [300]. 


Introducing novel techniques in the diagnosis of primary 
melanoma 

Techniques that may assist in the pathological diagnosis in diffi- 
cult cases have been extensively researched over recent years. Their 
real impact on the classification of ambiguous cases remains to be 
proven. 


Fluorescence in situ hybridisation. Fluorescence in situ hybridisa- 
tion (FISH) detects copy number changes as well as chromosomal 
translocations [301] and allows the direct visualisation of tissue 
histology [302,303]. When performed with a panel of four probes, 
FISH seems to represent a sensitive and molecular tool for the 
diagnosis of non-ambiguous melanocytic lesions [304], whereas 
in the context of ambiguous melanocytic tumours, results are still 
controversial [305]. FISH is also a useful tool to detect gene fusions 
for Spitz neoplasms, some of which have an important prognostic 
and theragnostic value [306]. 


RNA sequencing. Chromosomal rearrangements leading to the for- 
mation of fusion transcripts are a frequent driver in the Spitz group 
of neoplasms (ALK, BRAF, NTRK1, NTRK3, ROS1, MET, MAP3K8 
and RET) and some PEM (PRKCA). Transcriptome sequencing 
(RNA-seq) has emerged as an effective method to detect fusion 
transcripts and is now considered the most reliable method to detect 
fusions, while immunohistochemistry and FISH are cost-effective 
alternatives in some cases [307,308]. 


Comparative genomic hybridisation (CGH). This technique detects 
copy number changes, including chromosomal gains or losses of the 
whole genome on the tissue target [302]. A significant limitation is 
the close dependence on the purity of the analysed specimen and on 
the number of cells showing the chromosomal aberration. aCGH is 
very helpful in challenging situations and is currently part of routine 
diagnosis for referral centres. 


Machine learning as a way to augment human performance 
in diagnosis. There are attempts to utilise machine learning (ML) 
for diagnostic purposes in MM. ML is able to recognise and extract 
information from digital slides that human experts do not take 
into account. These classifiers may improve and standardise expert 
accuracy in the near future or help a non-expert to reach a good 
level of accuracy. 


Prognostic markers 

Primary MM have different abilities to metastasise to any organ or 
tissue [309]. The initial site of metastasis is most commonly the skin 
or subcutaneous tissue, but 18-27% of the initial recurrences involve 
a distant organ [309-311]. Lung, brain, liver and bones are the most 
common metastasis sites. Predicting the risk of a patient is crucial 
to indicate adjuvant treatment and monitor the patient. Pathologi- 
cal characteristics have been the only prognostic marker for years, 
but new biomarkers such as interferon gamma signature, tumour 
mutation load and others are entering the field. 


Classic pathological markers (Box 142.2). There are a number 
of pathological characteristics in primary MM which are statis- 
tically correlated to the risk of recurrence and overall survival. 
The detection of clinically undetectable nodes in the first draining 
nodes, which can be detected by the sentinel node technique, is 


Box 142.2 Main prognostic factors for primary 
melanoma 


e Thickness (Breslow index)*** 

¢ Sentinel node status*** 

¢ Ulceration** 

¢ Mitotic rate** (pejorative value especially in thin tumours) 
e Regression* (underestimation of Breslow) 

¢ Age* (more pejorative for older age) 

¢ Sex* (more pejorative for males) 

¢ Location* (more pejorative for head and neck) 


Prognostic value from *** high to * low. 
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Figure 142.22 Breslow depth. 


also linked to prognosis. The most important prognostic factor 
in primary MM is provided by the tumour (Breslow) thickness 
(Figure 142.22), corresponding to the measurement (in millimetres) 
of the distance between the overlying epidermal granular layer 
and the deepest level of invasion of the primary lesion [312-315]. 
Thicker tumours have a higher metastatic potential, peaking early 
after the diagnosis of the primary MM, while thinner tumours are 
less prone to metastasise, but late recurrences can occur after a 
disease-free interval of 10 or 20 years [316]. 

Other important markers include mitotic rate, which becomes 
a particularly relevant indicator in thin tumours [315,317-322] 
and the presence of ulceration, which is not only a negative marker 
whatever the tumour thickness, but also indicates the biological 
subtype of the primary MM. Indeed, adjuvant therapy with inter- 
feron has been proven to be more efficacious in MM with ulceration 
[323,324]. Other attributes that have relevance to prognosis include 
lymphovascular invasion, perineural invasion, presence of regres- 
sion and Clark’s level of invasion [325,326]. However this latter 
is less reproducible among pathologists and has a lower accuracy 
in providing prognostic information compared with tumour thick- 
ness [327,328]. Sex, age and anatomical location [326,329-333] are 
other prognostic factors (worst prognosis is for head and neck MM 
in elderly males) but these correlate with the thickness and are thus 
of less interest. 

Positivity of sentinel node status (Chapter 143) is an indicator 
of prognosis correlating with recurrence rates, disease-free survival 
and overall survival [334-336]. The status of the sentinel node is 
currently required to indicate adjuvant therapy because the ben- 
efit of modern adjuvant therapies has been so far only studied 
in patients with a positive sentinel node biopsy [337-340]. 

However, the utility of the sentinel node is being increasingly 
debated and may disappear when other non-invasive biomarkers 
substitute for it as a prognostic marker. 

The delay of the scintigraphic appearance time could be a relevant 
factor for the prediction of sentinel node involvement (low probabil- 
ity of sentinel node involvement for long scintigraphic appearance 
time) [341,342]. 


Towards new individual prognostic and predictive biomarkers. 
None of the usual pathological markers is an absolute predictor of 
individual risk of relapse (prognostic marker) or of the likelihood 


of responding to adjuvant strategies (predictive marker). A tumour 
with good prognostic pathological markers may still metastasise, 
while another with poor prognostic markers may never relapse. 
New biomarkers are thus needed to assess the objective risk of 
patients, guide the use of adjuvant therapy and tailor the surveil- 
lance in each individual. There are several approaches. Firstly, 
simple clinical biomarkers so far not used in practice, such as the 
assessment of the kinetics of the primary MM according to the 
patient description, have been shown to be good prognostic indi- 
cators [204]. ML could help extract best prognostic multiparameter 
models from electronic patient records including a huge amount of 
potentially underutilised information. 

Secondly, gene expression profiling in primary MM has been 
extensively investigated and several panels are already proposed 
for commercialisation (e.g. Decision DX, Melagenix, Skyline Dx) but 
their prospective validation is awaited to enter everyday clinical 
practice) [343,344]. They all have to be validated to predict not 
surrogate steps like the status of the sentinel node, but the relapse 
itself [345]. Gene expression profiling can be combined with other 
pathological biomarkers such as T stage or sentinel node status 
within multiparameter prognostic nomograms. Thirdly, liquid 
biopsies such as circulating tumour cells, circulating free DNA and 
cytokine levels have the major advantage of assessing the tumour 
and the host reaction, and of being non-invasive, thus easy to repeat. 
They are, however, probably biomarkers more adapted to advanced 
stages than to primary MM. 


Management 
Management of melanoma after excision of the primary 
See Chapter 143 on melanoma surgery. 


Staging primary melanoma 

The 8th American Joint Committee on Cancer (AJCC) melanoma 
staging system was published in 2018, on the basis of an analysis 
of more than 46000 patients with stages I, II and III] melanoma and 
7972 patients with stage IV melanoma (the latter were kept from the 
7th edition) [346] (Tables 142.1 and 142.2). Modifications from the 
7th edition include: 

¢ Tumour thickness measurement to be recorded to the nearest 

0.1mm (not 0.01). 
¢ Revision of the Tla and T1 b stages with mitotic rate no longer a 

T category criterion. 
¢ Revision of pathological stage IA. 

e Redefinition of the N category descriptors ‘microscopic’ and 

‘macroscopic’ in ‘clinically occult’ and ‘clinically apparent’. 

e Increase of the number of the stage III category from three into 

four subgroups (II[A-IIID). 

e Revision of the N subcategories. 
e Descriptors for LDH in each M1 subcategory (0 or 1). 
¢ New Mid subcategory in case of CNS metastases. 

In patients with localised MM (stage I and II), tumour thickness 
and ulceration are retained as the most dominant prognostic fac- 
tors with 5-year and 10-year survival rate estimates ranging from 
99% and 98% for patients with stage [A MM (Breslow <0.8mm 
without ulceration) to 82% and 75%, respectively, for patients 
with stage IIC MM (Breslow >4mm with ulceration). All patients 
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Table 142.1 TNM staging categories for cutaneous melanoma. 


Classification Thickness (mm) Ulceration status/mitoses 
T 
Tis N/A N/A 
T1 <0.8 a: Without ulceration 
b: With ulceration 
T2 1.01-2.00 a: Without ulceration 
b: With ulceration 
T3 2.01-4.00 a: Without ulceration 
b: With ulceration 
T4 >4.00 a: Without ulceration 
b: With ulceration 
N No. of regional lymph nodes Nodal metastatic burden 
NO 0 N/A 
N1 1 a: Clinically occult detected by SLN biopsy 
b: Clinically detected 
c: No regional lymph node but presence of in-transit, satellites and/or microsatellite metastasis 
N2 2-3 a: Clinically occult detected by SLN biopsy 
b: At least one clinically detected 
c: One clinically occult or clinically detected and presence of in-transit, satellites and/or microsatellite metastasis 
N3 24 a: Clinically occult detected by SLN biopsy 
b: At least one clinically detected or presence of any number of matted nodes 


c: Two or more clinically occult or clinically detected and/or presence of any number of matted nodes 


M Site Serum LDH 
0 No distant metastases N/A 
la Distant skin, subcutaneous or nodal metastases Normal M1a(0)/elevated M1a(1) 
1b Lung metastases Normal M1b(0)/elevated M1b(1) 
Ic Other visceral metastases excluding CNS Normal M1c(0)/Elevated M1c(1) 
1d CNS metastases Normal M1d(0)/Elevated M1d(1) 


From Gershenwald et a/. 2017 [346]. 
CNS, central nervous system; LDH, lactate dehydrogenase; N/A, not applicable; SLN, sentinel lymph node. 


Table 142.2 Anatomical stage groupings for cutaneous melanoma. 


Clinical staging Pathological staging 
li N M il N M 
0 Tis NO 0 0 Tis NO MO 
IA Tla 0 0 IA Tla 0 MO 
IB T1b 0 0 IB T1b 0 MO 
T2a 0 0 T2a 0 MO 
IN T2b 0 0 TN T2b NO MO 
T3a 0 0 T3a NO MO 
IIB T3b 0 0 IIB T3b 0 MO 
T4a 0 0 T4a 0 MO 
IC T4b 0 0 lIC T4b NO MO 
Ill Any T > NO 0 IA Tla/b-T2a la/N2a MO 
IIIB TO 1b/N1¢ MO = 4 
Tla/b-T2a 1b/c-N2b MO — 
T2b/T3a Ja-N2b MO ys 
IC TO 2b, N2c, N3b, N3c MO | 
T3b-T4a AnyN>N1 mo [cS 
T4b 3 al/b/c MO ° 
IID T4b N3a/b/c MO 2 
IV Any T Any N M1 IV Any T Any N M1 ae 


From Gershenwald, et a/. 2017 [346]. 


N 
= 
- 
< 
-¥ 


with nodal metastases including micrometastases detected by and thickness of the primary MM, are the most accurate predictive 
immunohistochemistry (i.e. sentinel node involvement) are clas- _ factors for survival in these patients. The 5-year survival rates are 
sified as stage III. The number of tumour-bearing nodes, tumour 93%, 83%, 69% and 32% for patients with stage IIIA, IIB, IIC and 
burden at the time of staging (i.e. clinically occult versus clinically — IIID MM, respectively (Table 142.3). CT scanning is mainly useful 
detected), the presence or absence of primary tumour ulceration —_as a reference for subsequent follow-up. 
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Table 142.3 Estimated 5- and 10-year survival rates according to the American Joint 
Committee on Cancer (AJCC) staging. 


5-year survival (%) 10-year survival (%) 


Stage IA 99 98 
Stage IB 97 94 
Stage IIA 94 88 
Stage IIB 87 82 
Stage IIC 82 75 
Stage IIIA 93. 88 
Stage IIIB 83 77 
Stage IlIC 69 60 
Stage IIID 32 24 
Stage IV 15-20 10-15 


From Gershenwald, et a/. 2017 [346]. 


The role of sentinel lymph node biopsy in staging is covered in 
Chapter 143. 

Compared with AJCC 7th edition guidance, the main difference 
is the improvement of prognosis of the IIIA group, due to its new 
definition. Secondly, other series [347] have suggested that AJCC 
database prognosis may be a little optimistic as to prognosis for most 
of the groups. 


Follow-up 

The main purpose of any follow-up is to detect any local recur- 
rence around the scar of the excised MM, to palpate the draining 
lymph nodes for any clinically detectable evidence of nodal spread 
and to examine the rest of the skin for second primary MM. Such 
second primary MM have been reported to develop in 1.0-4.4% of 
patients diagnosed with a first MM [348]. All patients should be 
taught self-examination in order to detect early recurrence, how to 
palpate for lymph nodes and how to detect a second primary MM. 
Patients should have a point of contact to enable early review in 
case recurrence is suspected. Guidance on follow-up after surgery 
varies between countries, because there is no clear evidence that 
routine follow-up examinations or periodic CT scans have an impact 
on mortality. The majority of patients detect recurrence between 
medical visits, so intervals and duration of follow-up are usually 
adapted to the estimated risk of metastases based on prognostic 
markers (Breslow thickness and sentinel node status), but also on 
the actual risk at a given period after primary MM resection [349]. 
Medical surveillance is usually proposed every 3-6 months for the 
first 3-5 years after diagnosis. Comparison of follow-up guidelines 
in Table 142.4 [350] shows that, in the absence of comparative trials, 
there are divergent points of view. 


Table 142.4 Comparison of recommended follow-up guidelines for patients with melanoma based on the American Joint Committee on Cancer (AJCC) stage of the primary lesion. 


Melanoma Follow-up interval 
AJCC stage NCCN ACN ESMO Ccco/CMA 
Stage 0 Annual skin examination Annual skin examination Generally does not have strong recommendations for Annual skin examination 


follow-up, but suggests every 3 months during first 3 
years, and every 6-12 months thereafter mainly for 
psychological support. Patients recommended to 
perform lifelong self-examinations of skin and 
peripheral lymph nodes 


Stage IA Comprehensive H&P every 3-12 Comprehensive H&P every 6 Every 6-12 months for 1 year, 
months for 5 years, annually months for 5 years, then annually thereafter 
thereafter annually thereafter 

Stage IB Every 6 months for 3 years, 

annually for the following 2 
years, then as clinically 
indicated 

Stage IIA Comprehensive H&P every 

3-4 months for 5 years, 

m annually thereafter 

— Stage IIB Comprehensive H&P every 3-6 

2 months for 2 years, every 3-12 

=| months for the following 3 years, 

2. annually thereafter 

2) Stage IIC 

= Stage Ill Every 3-6 months for 3 years, 

ae every 4-12 months for the 
following 2 years, annually 
thereafter 

Stage IV 


N 
= 
= 
< 
-¥ 


Reproduced from Fong and Tanabe 2014 [350]. 

ACN, Australian Cancer Network; CCO, Cancer Care Ontario; CMA, Canadian Medical Association; ESMO, European Society for Medical Oncology; NCCN, National Comprehensive 
Cancer Network; H&P, history and physical examination. 

Radiographic imaging is not recommended at baseline but is appropriate at the discretion of the physician or when clinically indicated. Blood tests (S100B, lactate dehydrogenase) are 
generally not indicated routinely for follow-up. 


Periodic radiological examinations in asymptomatic patients are 
not considered useful, although they are performed in many coun- 
tries. At the time of chemotherapy, early diagnosis of metastases 
was not considered a benefit, due to the lack of efficacy of treat- 
ments. With the development of recent very active molecules 
(targeted therapy and immune therapies) there is no clear demon- 
stration that early diagnosis of metastasis may confer an advantage 
to patients compared with those who will be treated some time later. 
Other factors are part of the debate: toxicity of repeated irradiations 
for imaging, medicolegal issues, impact on patient quality of life 
and patient anxiety, etc. 

The follow-up for patients with MM in situ (stage 0) is less strin- 
gent and most individuals can be discharged after appropriate 
surgery and education on self-examination and sun protection. 
However, there are different situations with MM in situ which 
deserve particular attention. Many patients with MM in situ for 
example may harbour a large number of clinically atypical moles 
and may thus warrant remaining under surveillance for detection 
of an additional secondary MM. 

Management of patients with advanced disease is discussed in 
Chapter 144. 
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Biopsy 


Early detection of melanoma is associated with thinner tumours 
with better prognosis and outcomes. While melanoma is most 
commonly detected by the patient or a significant other, physician 
detection is more frequently associated with thinner lesions [1]. 
Historical features that raise suspicion in a lesion include a change 
in size, shape or colour, or lesion pruritus [1,2]. Ulceration, tender- 
ness and bleeding are later signs. On physical examination, criteria 
such as the ABCD checklist can help identify suspicious lesions 
(Chapter 142) [3,4]. An E for evolving may be added as a reminder 
of the importance of a history of a changing lesion [5]. Additionally, 
an overall assessment of the skin in which a lesion appears unique 
or different compared with the patient’s other lesions (the ugly 
duckling sign) raises concern for melanoma [6]. 

Any lesion suspicious for melanoma on the basis of the history or 
clinical examination requires a biopsy to provide a diagnosis and 
direct appropriate treatment. The ideal biopsy is a prompt, narrow 
1-3 mm margin excision of the entire clinically apparent lesion. This 
may be performed as a sutured ellipse or punch biopsy or deep 
saucerisation at least 2mm in depth. This allows determination of 
diagnosis, key melanoma parameters and accurate staging, while 
preserving the accuracy of sentinel lymph node biopsy (SLNB), 
should this be indicated. The biopsy should be orientated with 
definitive wide excision in mind and, for the arms and legs, more 
parallel to the extremity to facilitate SLNB if indicated. A wide local 
excision (WLE) or flap closure as the initial biopsy may prevent the 
option of subsequent SLNB or grossly overtreat a benign melanoma 
mimic. Palpation of the regional lymph nodes on the day of biopsy 
is indicated. 

For many lesions, size, location or other practical considerations 
such as time, surgical experience or low suspicion may preclude 
complete excisional biopsy. In these cases, an incisional biopsy usu- 
ally via punch, ellipse or deep saucerisation through the thickest, 
darkest portion is performed. Identification of the most suspicious 
area to biopsy may also be facilitated by dermoscopy or confocal 


microscopy. Incisional biopsies are not associated with an increased 
risk of metastasis [7]. However, a partial incisional biopsy is subject 
to sampling error in diagnosis, Breslow depth and other staging fac- 
tors. The ability to accurately predict the deepest portion by clinical 
inspection or incisional biopsy is not always reliable. In one study 
involving 1783 consecutive patients, 250 of whom presented with 
>50% residual clinical lesion after incisional biopsy, removal of the 
remainder of the lesion altered staging and prognosis in 21%, and 
10% became candidates for SLNB based upon a new Breslow depth 
of >1 mm revealed in the residual lesion [8]. Therefore, if treatment 
recommendations might change upon further information gained 
on complete sampling, a narrow-margin excision to remove the 
remainder of the lesion for accurate microstaging is recommended 
prior to proceeding with definitive treatment. 

Review of biopsy material by a dermatopathologist experi- 
enced in melanoma and pigmented lesions is crucial for optimal 
patient management [9-11]. Once melanoma is diagnosed, a num- 
ber of histopathological features are necessary for staging and 
treatment recommendations [12]. These include pathological pri- 
mary tumour (T) stage, Breslow thickness rounded to the nearest 
0.1mm, ulceration status, status of peripheral and deep margins, 
microsatellitosis status, pure desmoplasia if present, lympho- 
vascular/angiolymphatic invasion, and Clark level (for lesions 
<1mm where mitotic rate is not determined). Additional charac- 
teristics include anatomical body site location, regression, dermal 
mitotic rate (number per mm’), tumour infiltrating lymphocytes, 
growth phase, neurotropism, histological subtype classification and 
coexisting naevus status [12]. Molecular testing may be indicated 
for equivocal lesions. 


Wide local excision 


Any patient with a new diagnosis of melanoma requires a history 
and physical examination prior to WLE. The history should include 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Table 143.1 Prospective, randomised trials investigating appropriate clinical margins for excision of melanoma. 


Trial Number of participants Tumour thickness (mm) Surgical margins (cm) Median follow-up (years) 
Narrow Wide 

WHO Melanoma Group Trial [13-15] 612 <2 1 >3 12 

Swedish Melanoma Trial Group [16] 989 >0.8 to <2 2 5 11 (survival), 8 (recurrence) 
Intergroup Melanoma Surgical Trial [17] 468 1-4 2 4 10 

French Group of Research on Malignant Melanoma Trial [18] 337 22.1 2 5 16 

UK Melanoma Study Group Trial [19] 900 >2 1 3 9 

Multicentre European Trial [20,21] 936 >2 2 4 20 


preoperative co-morbidity factors which impact surgical approach 
and a melanoma-focused review of systems for metastatic disease. 
A total body skin inspection is indicated since the patient is at risk 
for additional primary melanoma that may occur anywhere on the 
skin surface. The regional draining lymph node basins require pal- 
pation to detect metastatic disease, with biopsy most commonly via 
fine-needle aspirate prior to WLE if enlarged nodes are noted. 

Most newly diagnosed melanomas are clinically localised to 
the primary site. Surgical resection of the primary tumour or the 
diagnostic biopsy site with a clinical margin of normal skin is 
indicated for biopsy-proven melanoma. The intention of resection 
is to prevent local recurrence from persistent microscopic disease. 
Excessively wide margins result in significant morbidity and costs. 
In contrast, excessively narrow margins may be associated with 
unacceptable rates of local recurrence with potential for lethal con- 
sequence. The appropriate margin of resection has been investigated 
in six prospective randomised trials (Table 143.1). 

The World Health Organization conducted a prospective ran- 
domised study to assess the efficacy of narrow (1cm) excision for 
thin melanoma [13-15]. In this trial, 612 patients with melanoma 
<2 mm in thickness on the trunk, arms or legs were randomised to 
receive narrow (1 cm) or wide (>3 cm) excision. Of note in this trial, 
excision margins in the subcutaneous fat and muscular fascia were 
1-2.cm greater than at the skin surface. The patients were followed 
for a median of 12 years. Local recurrence, defined as within 1 cm of 
the scar, was analysed. Eleven patients recurred locally. Eight were 
in the narrow excision group; five of these had melanoma 1.1-2 mm 
in depth. The difference in local recurrence between the narrow and 
wide excision groups was not statistically significant. 

The Swedish Melanoma Study Group performed a prospective 
randomised study of 989 patients with melanoma of the trunk and 
extremities, tumour thickness >0.8 mm and <2 mm, to evaluate the 
efficacy of a 2cm versus 5cm margin excision [16]. With a median 
follow-up of 8 years for recurrence, patients who received excision 
with 2cm margins fared as well as those with wide 5cm margins. 
Local recurrence in this trial was defined as recurrence within the 
scar or graft. Of five patients who experienced local recurrence as a 
first event, four were in the wide excision group and one in the nar- 
row excision group. Of the total of eight patients who experienced 
local recurrence at any time, five were in the wide excision group 
and three in the narrow excision group. 

The Intergroup Melanoma Surgical Trial conducted a prospective 
randomised trial to examine differences in outcomes in patients 
with intermediate-thickness melanoma treated with 2cm versus 


4cm excision margins [17]. In this trial, 468 patients with melanoma 
located on the trunk or proximal extremities with tumour depth 
of 14mm were randomised to receive excision with 2cm or 4cm 
margins. Local recurrence in this trial was defined as any melanoma 
recurrence within 2cm of the surgical scar. After a median of 10 
years of follow-up, 11 patients experienced local recurrence, which 
did not correlate with excision margin (local recurrence of 2.1% 
(n=5) with 2cm margin and 2.6% (n= 6) with 4cm margin). 

The French Group of Research on Malignant Melanoma prospec- 
tively randomised 337 patients with melanoma <2mm in depth 
to receive excision with 2cm or 5cm margins [18]. Patients with 
lentigo maligna melanoma, acral lentiginous melanoma, aged 
>70 or with melanoma on the toe, nail or finger were excluded. 
Sixteen-year follow-up data were published. Local recurrence was 
defined as tumour occurring within 2cm of the excision, which 
affected five patients (one in the narrow excision arm, four in the 
wide excision arm). 

The multicentre trial performed by the UK Melanoma Study 
Group prospectively randomised 900 patients with melanoma 
>2mm on the trunk and extremities, excluding the palms and soles, 
to treatment with excision with 1cm or 3cm margins [19]. Local 
recurrence was defined as recurrence within 2cm of the primary 
excision site, and in-transit recurrence defined as beyond 2cm. 
‘Locoregional’ recurrence was defined by combining the rates of 
local, in-transit and regional nodal recurrence into a single category. 
When these three different types of recurrence were pooled into a 
single end point, a significant increase in ‘locoregional’ recurrence 
was noted for the lcm margin group compared with the 3cm 
margin group (P = 0.05), possibly influenced by a larger number of 
nodal recurrences in the 1cm margin group. No statistically signif- 
icant difference was found for the rates of local, in-transit or nodal 
recurrence when each was considered alone (15 local recurrences 
for 1cm margin versus 13 for 3cm margin). 

Finally, a sixth multicentre European trial prospectively ran- 
domised 936 patients with trunk or extremity melanoma >2mm 
depth to receive WLE with 2 cm versus 4cm margins. No significant 
difference was noted in local recurrence, melanoma-specific nor 
overall survival at 6.7 and 19.6 year follow-up [20,21]. 

A meta-analysis of five of these six randomised prospective trial 
data performed by the Cochrane Collaboration found no significant 
difference in local recurrence, overall survival or recurrence-free 
survival [22]. Although none of these trials individually had enough 
statistical power to detect a small benefit, these trials represent the 
best available evidence regarding WLE margins for melanoma. 


Table 143.2 Recommended clinical margin for wide local excision of melanoma. 


Melanoma tumour thickness Recommended clinical margin? 


Melanoma in situ 0.5-1cm 
Breslow depth < 1.0mm 1cm 
Breslow depth 1.0-2.0 mm 1-2.cm 
Breslow depth > 2.0 mm 2cm 


Adapted from National Comprehensive Cancer Network Guidelines — Melanoma: 
Cutaneous (Version 1.2021). Margins may be modified to accommodate individual 
anatomical or functional consideration. 

For lentigo maligna pattern melanoma, especially on the head and neck, wider margins 
with more comprehensive histological margin analysis may be required for tumour 
clearance. 


Based on current best available evidence, surgical recommendation 
for melanoma in situ is a 0.5-1cm margin; for invasive melanoma 
<1.0mm thick, 1 cm margin; for melanoma 1.0-2.0 mm thick, 1-2 cm 
margin; and for melanoma >2.0mm, 2cm margin (Table 143.2) 
[12,23]. A feasibility pilot international study involving 400 patients 
from 17 centres in five countries comparing a 1cm versus 2cm 
surgical margin with sentinel node biopsy for patients with primary 
melanoma>1mm was reported in 2018 [24]. Based on this trial, a 
definitive multicentre randomised control trial investigating 1cm 
versus 2cm wide excision margins for pT2b-pT4b (American Joint 
Committee on Cancer, 8th edition) primary cutaneous melanoma is 
accruing patients (ClinicalTrials.gov Identifier: NCT03860883) [25]. 
The appropriate depth for any melanoma resection is also debated 
but typically recommended to extend to the deep adipose tissue 
for melanoma in situ and thin melanoma, and through the subcuta- 
neous fat to the plane of the muscular fascia for deeper melanomas. 
Surgical resection of melanoma on special sites such as the face, 
hands and feet may require amendment of the recommended mar- 
gin due to anatomical considerations. However, tumour clearance 
is the highest priority, followed by cosmesis. When considering 
the morbidity of treatment, one should not ignore the morbid- 
ity of recurrence. Coordination with multiple specialties may be 
optimal. 

It is important to note that, to date, all studies of margins for 
melanoma that inform current practice guidelines used clinically 
measured margins, not histologically measured margins. There- 
fore, margin size recommendations are based on clinical margin. 
Histopathological evaluation of the excision specimen is required 
to demonstrate negative margins. If the margin is deemed positive, 
re-excision is warranted. 


Melanoma in situ 

For melanoma in situ, current practice guidelines recommend a 
clinical margin of 0.5-1cm [12,23]. The pathological finding of 
regression in melanoma in situ may represent invasive melanoma 
that has been obscured or obliterated by the host immune response, 
suggesting the potential, albeit small, for locoregional or metastatic 
disease. Therefore, consideration may be given to a margin of 
1cm when regression is noted in melanoma in situ [26]. Although 
extremely infrequent, melanoma in situ without regression may 
also metastasise, presumably due to occult microinvasion noted 
with immunohistochemistry and more serial sectioning in up to 
one-third of specimens in an investigative setting [27,28]. 


Lentigo maligna melanoma and lentigo maligna 
melanoma in situ 

Lentigo maligna pattern invasive (LMM) and in situ melanoma (LM) 
warrant special consideration, especially on the head and neck. This 
pattern is seen most commonly in chronically sun-damaged skin on 
the head and neck and may be associated with clinically ill-defined 
borders with potentially wide occult extension beyond the visible 
clinical margin [29]. Several techniques for treatment of LM/LMM 
have been reported to mitigate between the subclinical extension 
on the one hand and the cosmetic sensitivity on the other. Options 
include standard excision with side-to-side closure versus delayed 
reconstruction to allow for permanent section margin analysis; 
Mohs surgery with immunostaining; and permanent sectioning 
mapped (i.e. ‘slow Mohs’) or staged mapped (i.e. ‘square’) tech- 
niques. Distinguishing between the trailing edge of the melanoma 
and background sun damage requires high dermatopathology 
expertise and clinical pathological correlation. To date, permanent 
section analysis with dermatopathologist expertise represents the 
gold standard for margin analysis for melanoma [30], but Mohs 
with immunohistochemistry shows promise [31]. 

Staged excision using permanent section tissue processing with 
complete peripheral margin assessment or Mohs surgery with 
immunohistochemistry should be considered for high local control 
rates with tissue preservation for LMM/LM on the head and neck 
[12,29]. Several staged excision methods with slight variability 
using complete permanent section margin assessment without 
immunohistochemistry, such as the ‘square’ procedure, have been 
described [29]. The largest study with prospectively collected single 
institution data reported 834 consecutive LMM/LM lesions on the 
head and neck in 806 patients, with a median follow-up of 9.3 years. 
The local recurrence rate was 1.4% at 5 years, 1.8% at 7.5 years and 
2.2% at 10 years. The mean margin for clearance was 9.3mm for 
melanoma in situ and 13.7mm for invasive melanoma. Forty-one 
percent of melanoma in situ was histological margin tumour-free 
after <5mm surgical margins and 75% after <10 mm surgical mar- 
gin. For invasive melanoma, histological margins were tumour-free 
after surgical margins of <5 mm in 3%, 52% after <10 mm margins. 
Factors associated with greater surgical margins required to achieve 
tumour-free histology included invasive versus in situ disease, 
increasing clinical lesion size and previous incomplete excision [29]. 
Importantly, 36% of local recurrences in this cohort occurred after 
5 years, highlighting the importance of longer follow-up periods 
for accurate evidence assessment, which is lacking in the majority 
of staged excision and Mohs surgery publications. 

Consistent with staged permanent section margin methods, stud- 
ies of Mohs surgery with immunohistochemistry report 0.9-1.5 cm 
surgical margins were histological margin tumour-free in 95-97% of 
melanoma in situ lesions on the head and neck, with a 0.5 cm margin 
clearing 65% of these lesions [32]. Mohs surgery with immunohis- 
tochemistry used to treat melanoma in all body locations continues 
to rise, from 2.6% in 2001 to 7.9% in 2016 [31]. Various publica- 
tions report local recurrence rates of 1-2% but must be interpreted 
with caution. Evidence assessment is restricted due to consider- 
able variability of Mohs technique from paper to paper, relatively 
small patient numbers with many trunk and extremity melanomas 
included, and follow-up time ranging from 1 month to 5 years. 
Equivocal histology with Mohs frozen sections requires permanent 
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section confirmation. Inaccurate staging may occur due to failure to 
detect occult invasive disease after the Mohs procedure has started 
and may result in a suboptimal treatment approach if unsuspected 
deeper invasion is noted. High local recurrence rates of 33% are 
reported with Mohs surgery without immunohistochemistry [33]. 
Still, Mohs surgery continues to evolve and improve with technique 
modification and optimisation, resulting in high local control rates 
achieved by those with the highest levels of specialty training and 
expertise. 


Sentinel lymph node biopsy 


Optimal treatment of melanoma involves WLE with appropriate 
margins, and also consideration and completion of SLNB for nodal 
staging in appropriate patients, because the most frequent site of 
first metastasis for melanoma is the regional nodal basin. SLNB was 
first introduced in 1992 by Morton et al. as a minimally invasive 
procedure to identify patients with occult nodal disease [34]. 

When metastatic cells enter the lymphatic system, they typically 
first involve only one node (or possibly a small number of nodes) 
within the regional nodal basin. Clinicians can identify the first 
node of potential involvement, the sentinel node, by utilising trac- 
ers, typically radiocolloid and vital blue dye, injected intradermally 
at the site of the primary lesion (Figure 143.1). These tracers travel 
to and collect in the sentinel node(s) allowing for identification 
of the most likely site of microscopic metastasis. This node (or 
nodes) is removed and evaluated thoroughly with serial section- 
ing and both haematoxylin and eosin and immunohistochemical 
stains [35]. Since the introduction of the technique, multiple studies 
worldwide have confirmed the high accuracy of the procedure. 
Even within the head and neck region, where complex lymphatic 
drainage may make SLNB more difficult, SLNB has high accuracy 


when performed by an experienced surgeon and centre [36,37]. 
Particularly within the head and neck, use of single photon emis- 
sion computed tomography/computed tomography (SPECT/CT), 
a three-dimensional, precise imaging modality, improves sentinel 
node identification rates compared with standard SLNB without 
SPECT/CT [38]. Accuracy may be decreased if SLNB is performed 
after WLE or a flap closure at any site but particularly in ambiguous 
drainage areas like the head, neck or central trunk. Thus, SLNB is 
ideally performed at the time of WLE to allow tracers to be injected 
near the true site of the initial lesion [39]. 

While numerous publications detail known and potential benefits 
of SLNB, there is currently one prospective randomised controlled 
trial comparing WLE plus SLNB with immediate completion lymph 
node dissection (CLND) for a positive sentinel node versus WLE 
plus observation with CLND upon the development of regional 
disease. This trial, the Multicenter Selective Lymphadenectomy 
Trial-I (MSLT-I), began in 1994 across 18 centres worldwide, funded 
by the National Cancer Institute, National Institutes of Health and 
the Australia and New Zealand Melanoma Trials Group (Clinical- 
Trials.gov number, NCT00275496; last update posted 2 September, 
2015). The main aims were to determine if SLNB could be used 
to identify patients with subclinical regional nodal disease and 
whether immediate CLND in those with occult disease could 
result in improved outcomes compared with observation and 
subsequent CLND upon the development of clinically apparent 
regional disease. Interim outcomes data were published in 2006 
[40]. In 2014, the final analysis of outcomes data from MSLT-I was 
published [41]. 

In the final analysis, the 10-year melanoma-specific survival rate 
for intermediate-thickness melanoma, defined as Breslow depth 
1.2-3.5mm, was 85% for patients with a negative sentinel node 
versus 62% for patients with a positive sentinel node (hazard ratio, 
3.09; P <0.001), confirming the prognostic value of sentinel node 


Lymph 
node 


Radioactive 
substance 


Figure 143.1 (a—c) Sentinel lymph node biopsy allows detection of melanoma micrometastases in regional lymph nodes. Radioactive tracer and dye are injected intradermally at the 
primary melanoma tumour site and follow the lymphatic drainage pathway to the first, or sentinel, regional lymph node. Intraoperatively, a probe is used to detect the target node, 
which is then surgically excised for pathological evaluation. Courtesy of Hensin Tsao, Skin Cancer Genetics Laboratory/Wellman Center for Photomedicine, Boston, MA, USA. 


status. Among patients with thick melanoma, this rate was 65% 
for patients with a negative sentinel node versus 48% for patients 
with a positive sentinel node (hazard ratio, 1.75; P =0.03). Sentinel 
node status was the most powerful prognostic factor in multivariate 
analysis [41]. 

For those patients with nodal disease, identification through 
SLNB was associated with a reduction in the total number of 
tumour-positive nodes identified following completion lym- 
phadenectomy (1.4 versus 3.3, P <0.001) [40]. These findings 
support disease progression and greater tumour burden with 
observation. At 10 years, a comparison of the estimated cumulative 
incidence of nodal metastasis melanoma was similar between the 
two arms: 19.5% in the observation arm compared with 21.9% in 
the SLNB arm for intermediate-depth melanoma and 41.4% in the 
observation arm compared with 42.0% in the SLNB arm for thick 
melanoma, indicating that concerns about false positive results 
with SLNB are unfounded and melanoma identified by SLNB is 
clinically meaningful [41]. 

The overall rate of nodal disease within the study was 20.8%, 
meaning that the majority of randomised participants could not 
benefit from SLNB. Therefore, it was neither surprising nor unex- 
pected that the 10-year melanoma-specific survival rate was not 
different between the two arms overall. Ten-year disease-free sur- 
vival improved in the SLNB arm: 71% versus 65% for patients 
with intermediate-thickness melanoma (1.2-3.5 mm Breslow depth) 
(P=0.01); and 51% versus 41% for patients with thick melanoma 
(=3.5 mm Breslow depth) (P = 0.03) [41]. 

A secondary latent subgroup analysis was used to determine if 
there was a survival benefit associated with early, SLNB-directed 
CLND for patients with nodal metastasis. This analysis compared 
outcomes between patients treated with CLND following iden- 
tification of occult nodal disease with SLNB to patients treated 
with CLND upon development of clinically apparent disease. 
Acknowledging controversy regarding subgroup analysis valid- 
ity, within the subset of patients with intermediate-thickness 
melanoma and nodal disease, early identification and interven- 
tion with CLND for a positive sentinel node were associated with 
improved 10-year melanoma-specific survival. Among patients 
with intermediate-thickness melanoma, the survival rate was 
56% for patients with CLND in the SLNB arm (including those 
patients with a false negative SLNB) versus 42% for patients 
in the observation arm (hazard ratio for death from melanoma, 
0.56; P=0.04). Among patients with thick melanoma and nodal 
disease, a treatment-related difference was not demonstrated: 
10-year melanoma-specific survival rates were 48% for patients 
in the SLNB arm versus 46% for patients in the observation arm 
(P=0.78) [41]. 


Completion lymph node dissection 


The majority of patients who undergo completion lymph node dis- 
section (CLND) after positive SLNB have no positive non-sentinel 
nodes, raising the question of whether patients with a positive 
SLNB could be monitored closely and CLND performed only upon 
identification of nodal disease recurrence. Two randomised con- 
trolled trials, the Multicenter Selective Lymphadenectomy Trial-II 
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(MSLT-II) and the German Dermatologic Cooperative Oncology 
Group Trial (DeCOG-SLT), were designed to answer this question. 
In MSLI-IL, after primary treatment with WLE and positive SLNB, 
patients in the observation arm had clinical examination with nodal 
ultrasound of the positive nodal basin every 4 months for 2 years, 
then every 6 months during years 3-5. Subsequently, patients 
had clinical examination annually. In DeCOG-SLT, patients in the 
observation arm underwent clinical examination and ultrasound 
evaluation from the site of the primary site scar to and including 
the regional lymph node basin every 3 months for 3 years and addi- 
tionally had blood tests and imaging (CT, MRI, PET-CT or chest 
X-ray and abdominal ultrasound) every 6 months for 3 years. Of 
note, patients with melanoma on the head and neck were excluded 
from DeCOG-SLT and accounted for only approximately 14% of 
those patients enrolled in MSLT-II. 

The interim data from MSLT-II were published in 2017. The 3-year 
rate of melanoma-specific survival was 86% in both the treatment 
and observation arms, at a median follow-up time of 43 months 
(P =0.42). The risk of lymphoedema was higher in the immediate 
CLND group, compared with the observation arm (24.1% vs 6.3%). 
The rate of disease-free survival was better with immediate CLND 
at 3 years (68% vs 63%, P=0.05), which was felt to be due to 
improved rate of disease control in the regional nodal basin (92% 
vs 77%, P <0.001 by the log-rank test) [42]. 

In the final analysis of DeCOG-SLT, 5-year distant metastasis- 
free survival (67.6% vs 64.9%, hazard ratio (HR) 1.08; P=0.87), 
recurrence-free survival (HR 1.01) and overall survival (HR 0.99) 
were similar between the treatment and observation arms. Adverse 
events were only recorded for the immediate CLND arm, with 
lymphoedema (grade 3 and 4 toxicity) reported in 8.3% [43]. 

Although limitations exist with both MSLT-II and DeCOG-SLT, 
including a high proportion of enrolled patients with minimal 
disease burden in the sentinel lymph node and few patients studied 
with head and neck melanoma, the data from these trials show 
that patients with a positive SLNB may defer immediate CLND 
in exchange for close clinical follow-up without negative impact 
on melanoma-related outcomes. These trial results have led to 
significant changes in surgical management of the affected nodal 
basin after discovery of a positive SLNB, with observation being 
preferred over CLND in the majority of cases [44,45]. 


Patient selection for sentinel lymph node 
biopsy 


Thankfully, the majority of melanomas worldwide are diagnosed 
at early stages and do not require treatment beyond WLE. How- 
ever, given the available evidence, health care providers managing 
patients with melanoma should identify patients who may benefit 
from staging with SLNB and discuss with them the benefits, risks 
and limitations of the procedure. In general, SLNB should be rec- 
ommended in relatively healthy patients with primary localised 
lesions >1.0mm Breslow depth. For patients with American Joint 
Committee on Cancer, 8th edition Tlb melanoma (Breslow depth 
0.8-1.0 mm without ulceration or <1.0mm with ulceration), SLNB 
may be considered on a case-by-case basis. Currently, many clini- 
cians will consider performing SLNB for T1b lesions if other adverse 
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parameters are present, such as young age as a continuous variable 
centred around 40-45; the presence of angiolymphatic invasion, 
ulceration or increased mitotic rate as a continuous variable starting 
at 1/mm/?; a positive deep margin usually on shave biopsy such 
that the true Breslow depth is unknown; and dermal regression to 
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1mm thickness [44,46-48]. 


In summary, SLNB is a valid staging test to identify occult 
melanoma in the lymph nodes in appropriate candidates. Patients 
who undergo SLNB staging benefit from prognostic information 
gained, which forms the basis for follow-up strategies which now 
include use of nodal ultrasound for monitoring of the regional 
nodal basin, often in conjunction with other staging imaging to 
monitor for distant disease development. Importantly, use of SLNB 
to detect occult nodal disease also identifies those patients eligible 


for treatment with adjuvant systemic therapy. 


Future work 


The field of melanoma care, including surgical management, is con- 
tinuously evolving. Future research will expand our understand- 
ing of the biology of melanoma and allow us to determine addi- 
tional characteristics of the patient and primary lesion that can guide 
optimal patient selection for biopsy, local excision and SLNB. This 
chapter presents the most relevant current treatment guidelines. In 
the coming era of personalised medicine and the global research 
pipeline, sweeping changes in treatment options and evolution of 


guidelines will undoubtedly occur to improve clinical practice. 
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Introduction 


The systemic treatment paradigm for melanoma has rapidly 
evolved over the past decade. Therapy options include oncolytic, 
immune-directed and targeted therapies. Multiple  well- 
designed international clinical trials have demonstrated improved 
progression-free and overall survival of melanoma _ patients. 
Although chemotherapy is still available, it has mainly been 
replaced by these new regimens. In addition, most treatment 
options are now used not only for advanced melanoma but also in 
the adjuvant or even neoadjuvant setting. Overall, these therapeutic 
shifts have had a positive impact on both patients’ prognosis and 
quality of life. At the same time, new emerging ranges of adverse 
effects require specific knowledge and appropriate management. 
Improved patients’ survival and prolonged treatment periods can 
also lead to new financial burdens that need to be taken into account 
when managing the disease. Additional novel approaches for the 
management of advanced melanoma are under continuous devel- 
opment. Patients should be referred to tertiary skin cancer centres 
that can offer clinical trial participation. They should be encouraged 
to enrol in clinical trials whenever possible. 
This subchapter is divided into three parts: 
1 Treatment options in local and systemic therapy of melanoma. 
2 Therapeutic approach for the systemic management of 
melanoma: 
¢ Neoadjuvant systemic therapy: treatment for localised disease 
before surgical resection in stage III. 
e Adjuvant systemic therapy: specific treatment approaches in 
stage III/N2-3 disease. 
e Systemic therapy for metastatic disease: treatment for 
advanced stage IIIB/TIIC and stage IV disease. 
e Systemic therapy in special circumstances: treatment for brain 
metastasis and mucosal or uveal melanoma. 
3 Cutaneous side effects of systemic melanoma therapies 


Treatment options in local and systemic 
therapy of melanoma 


Over the past decade, melanoma therapies have undergone an 
impressive boost. From interferon and standard chemotherapy, the 
treatment options have now expanded and improved. 


Local therapies 

Surgery 

Surgical resection is often the first treatment option when isolated 
melanoma recurrences are detected. This topic is discussed exten- 
sively elsewhere. It is critical to emphasise the importance of 
tissue sampling any recurrences as this is a key step for molecular 
genetic profiling and for the assessment of specific markers (such 
as programmed cell death protein 1 (PD-L1)). The results of these 
investigations are usually required for choosing appropriate further 
systemic treatment in advanced melanoma patients. 


Oncolytic virus therapy 

Talimogene laherparepvec (T-vec) is a genetically engineered herpes 
simplex virus. It is injected directly into tumour lesions. By pro- 
ducing granulocyte-macrophage colony-stimulating factor gene 
(GM-CSF), the attenuated oncolytic virus is believed to initiate local 
tumour cell destruction as well as enhancing local and systemic 
cellular antitumour responses [1]. 

In a pivotal phase III trial, 436 melanoma patients were ran- 
domised and treated either with T-vec or with GM-CSF [2]. All the 
patients had unresectable, injectable stage III or IV melanoma with 
a limited visceral disease burden. T-vec was injected intralesionally 
every 2 weeks and GM-CSF was administered subcutaneously 
daily for 2 weeks every month. Patients treated with T-vec had 
significant longer response rates compared with GM-CSF, defined 
as 6 months or longer (16.3% versus 2.1%). Antitumour effect was 
observed in the uninjected lesions and at visceral sites. The response 
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rate was significantly higher (26.4% versus 5.7%). Overall survival 
was only improved in a subset of patients (stage III or IVa) [2]. 
The most common adverse effects of this treatment included 
fatigue, chills, pyrexia, nausea, influenza-like illness and pain at the 
injection site. While T-vec monotherapy is mainly indicated for a 
subset of patients with locally advanced melanoma with injectable 
lesions, promising data suggest that oncolytic virotherapy may 
improve the efficacy of immunotherapy by changing the tumour 
microenvironment [3,4]. 


Radiotherapy 

Radiotherapy can be considered in melanoma patients in certain cir- 
cumstances. Despite not having an impact on overall survival (OS) 
and progression-free survival (PFS), radiotherapy has been used in 
certain settings such as inoperable desmoplastic melanoma or after 
lymph node dissection to prevent local recurrences. With the advent 
of new therapeutic options influencing survival, radiotherapy is 
now primarily evaluated in symptomatic metastatic lesions and 
brain metastasis. Overall, stereotactic radiotherapy is favoured over 
whole brain radiotherapy. Patients considered for radiotherapy 
should be discussed in a multidisciplinary team and will include 
melanoma patients with multiple or large lymph node metastasis, 
extranodal involvement, symptomatic metastasis or brain metasta- 
sis. Of note, in the era of immunotherapy, stereotactic radiotherapy 
has been postulated to have both synergistic properties when used 
during checkpoint inhibitor therapy as well as the potential to 
consolidate the effect of immune-directed treatment. 


Electrochemotherapy 

Electrochemotherapy (ECT) is an anticancer treatment that uses a 
small electric current (electroporation) to increase chemotherapeutic 
drug uptake into the tumour. Bleomycin is commonly used. It is 
primarily used for tumour control in ulcerating skin metastasis 
aiming to improve the patient’s quality of life [5]. 


Isolated limb perfusion 

Isolated limb perfusion (ILP) is a technique used to perfuse anti- 
cancer agents into an extremity. The flow of blood to and from 
the limb is temporarily stopped with a tourniquet, and melphalan 
and/or tumour necrosis factor a (TNF-a) are injected directly into 
the blood of the limb. It is mainly used to palliate disease. It may 
be considered a treatment option if the tumour is limited to an 
extremity or in an adjuvant setting after surgical tumour resection. 
Although ILP does decrease the incidence of both in transit and 
local recurrences and has resulted in long-term survival in a small 
number of patients, clinical trials have not demonstrated significant 
improvement in survival [6]. Of note, there is significant associated 
morbidity with approximately 1% risk for limb loss [7] and its use 
should therefore be restricted to centres of excellence. ILP is not 
used in common practice any more. The role of ILP in the context 
of immunotherapy is currently being investigated (NCT01323517, 
NCT02115243). 


Immunotherapy 

Interferons 

Interferon « (IFN-«) and pegylated IFN-« (peg-IFN-a«) were the 
first recombinant cytokines used to treat metastatic melanoma [8]. 


They are pleiotropic proteins produced by white blood cells other 
than lymphocytes. The term pegylation describes the conjugation 
of a molecule with polyethylene-glycol (peg), which is used to 
alter the physical and chemical profile of a molecule. Pegylation 
increases the stability and solubility of a drug. Interferons were 
used in the era before the introduction of checkpoint inhibitors. 
There has never been general agreement on the optimal dosage, nor 
about the treatment duration in melanoma. Of note, particularly 
high-dose regimens were associated with numerous severe side 
effects, including acute constitutional symptoms, chronic fatigue, 
myelosuppression, hepatotoxicity and neurological and psycholog- 
ical side effects. With the development of new treatment options, 
immunotherapy with IFN-« and peg-IFN-« is generally no longer 
used for the treatment of melanoma. 


Checkpoint inhibitors 

Immune checkpoints are a normal part of the immune system. They 
are a group of co-stimulatory and inhibitory pathways that regu- 
late T-cell immune responses. Their role is to prevent an immune 
response overreacting and destroying healthy cells of the body 
(autoimmune reaction). Thus, they are considered as either positive 
or negative regulators of the immune system (Figure 144.1). 

Some cancer cells, including melanoma cells, are able to stimulate 
immune checkpoints by expressing certain surface proteins that bind 
to partner proteins on T cells. This results in a downregulation of 
the immune system and prevention of tumour cell destruction. 

Checkpoint inhibitors shift the immune system response, aim- 
ing to increase its alertness against tumour cells. Ipilimumab is a 
monoclonal antibody-blocking cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4) promoting T-cell priming against tumour cells. 
Nivolumab and pembrolizumab, in turn, target PD-1 on T cells and 
play a key role during the effector phase of antigen recognition. By 
blocking the interaction between PD-1 and its ligand (PD-L1), these 
checkpoint inhibitors can restore or even increase the antitumour 
immune response. They are used either as monotherapy or in com- 
bination with other molecules. Currently, they are considered the 
gold standard treatment for advanced melanoma. 

Checkpoint inhibitors typically induce immune-related adverse 
effects [9], probably as a direct result of limiting immune tolerance 
against antigens that belong to the affected person. Upon early 
detection and when following specific treatment guidelines, these 
side effects are manageable and reversible most of the time [10,11]. 
The side effects follow a fairly specific timeline pattern and include 
dermatitis, colitis/diarrhoea, autoimmune endocrinopathies such 
as hypophysitis and hepatitis; uveitis, nephritis, pneumonitis and 
inflammatory myopathy also have been reported occasionally 
[12,13]. Their cutaneous side effects are further elucidated later in 
this chapter. 


Combination therapies 
Combination therapies of immunotherapy with local options such 
as radiotherapy and virotherapy as well as with systemic treat- 
ments including kinase inhibitors and chemotherapy have been 
investigated aiming to improve the outcome of the use of mono- 
clonal antibodies alone. 

Radiotherapy has often been used for local tumour con- 
trol, particularly in draining lymph node basins as well as for 
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Figure 144.1 Checkpoints with relevant antibodies showing 
ligand-receptor interactions between T cells and antigen-presenting 
cells. These interactions regulate the T-cell response to antigen cae CD40 > CD40L 
exposure and can be targeted by checkpoint inhibitors. The 
responses are bidirectional and can occur during the initiation phase 
in lymph nodes (priming of T cells) or in peripheral tissues or tumours a 
(effector phase). A2aR, adenosine A2a receptor; B7RP1, B7-related GAL TIM3 © > 
protein 1; BTLA, B and T lymphocyte attenuator; CTLA4, cytotoxic Ad F 
T-lymphocyte-associated protein 4; GAL9, galectin 9; HVEM, Enos a 
herpesvirus entry mediator; ICOS, inducible T-cell co-stimulator; IL, A2aR © > 


interleukin; KIR, killer cell immunoglobulin-like receptor; LAG3, 
lymphocyte activation gene 3; MHC, major histocompatibility 
complex; PD1, programmed cell death protein 1; PDL, PD1 ligand; 
TCR, T-cell receptor; TGF-f, transforming growth factor p; TIM3, 
T-cell membrane protein 3. Reproduced from Pardoll 2012 [72]. 


symptomatic metastases, such as brain or bone metastases [14]. 
Radiotherapy causes local inflammation of the treated area that in 
turn leads to an increased influx of lymphocytic cells. There are 
preclinical and clinical data supporting the synergistic effect of 
immunotherapy with radiotherapy [15-17]. The abscopal effect, 
defined as enhanced antitumoural response rates both within 
as well as outside of the irradiated sites, has been controver- 
sially discussed in cancer therapy. Overall, the combined use of 


immunotherapy with fractionated radiotherapy is a potential treat- 
ment enhancement in melanoma therapy [18,19]. This can be a 
useful combination in situations where tumour response shows a 
mixed response or when metastases in critical locations need to be 
addressed [20]. Patients need to be monitored for potential serious 
side effects such as radionecrosis [21]. There are several trials 
currently investigating the combination of checkpoint inhibitors 
and radiotherapy. 
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Oncolytic virotherapy may improve the efficacy of anti-PD-1 
therapy by changing the tumour microenvironment [3]. T-vec 
is considered to be a promoter of local tumour cell destruc- 
tion, which is concomitant with increased tumoural antigen 
release and therefore an indirect cause of enhanced immune cell 
influx. The tumour-specific immune activation is further boosted 
by the presence of checkpoint-inhibitor antibodies that redirect 
the immune system towards an improved antigen presentation 
and T-cell priming. Similar to radiotherapy, antitumoural response 
in non-T-vec-injected tumour lesions has been described. The 
prerequisite for this treatment combination is the presence of at 
least one injectable tumour lesion. T-vec has been studied both in 
combination with anti-CTLA-4 [4] and anti-PD-1 antibodies [3]. 
This combination appears to increase objective response rates by 
approximately 50% in phase I studies. The results of the phase II 
trial component of the study comparing pembrolizumab with either 
T-vec or placebo (Keynote-034, NCT02263508) do not, however, 
support these observations. 

Combinations of other checkpoint inhibitors such as the combina- 
tion of anti-PD-1 antibodies with relatlimab, targeting lymphocyte 
activated gene 3 (LAG-3) protein, are more efficient than monother- 
apy with anti-PD-1 antibodies. This combination also shows less 
toxicity than the well-established anti-CTLA-4 and anti-PD-1 
combination [22-24]. 

The combination of immunotherapy and targeted therapy is 
reserved for patients with a BRAF mutation and is discussed in the 
section on BRAF and NRAS mutations later in this chapter. 

Finally, combinations with chemotherapy have been assessed. The 
alkylating agents dacarbazine and temozolomide were investigated 
in combination with ipilimumab, investigating possible enhance- 
ment of antitumor activity [25-27]. However, in the context of 
emerging treatment options in both targeted and immune-directed 
therapy, this type of combination has not been further prioritised in 
melanoma patients. 


Targeted therapy 

The mitogen-activated protein kinase (MAPK) pathway is a key 
regulator for gene expression that drives melanocytic gene differen- 
tiation such as MITF, proliferation and cell survival by suppressing 
apoptotic pathways. It plays a main role in oncogenic signalling in 
the majority of melanoma patients. The MAPK pathway consists 
of serine/threonine-specific kinases including RAS (rat sarcoma), 
RAF (rapidly accelerated fibrosarcoma), MEK (mitogen-activated 
protein kinase kinase) and ERK (extracellular signal-related kinase) 
(Figure 144.2). 


BRAF and NRAS mutations 
The presence of activating mutations in BRAF in about 50% and 
in NRAS in about 20% of all melanomas offers additional thera- 
peutic opportunities. Selective kinase inhibitors targeting RAF and 
MEK are available for BRAF V600 mutation-positive melanoma 
patients. In a majority of these patients, BRAF inhibition produces 
rapid tumour regression [28,29,30]. This is especially important 
for patients with extensive tumour burden and disease-related 
symptoms [31]. 

Selective MEK inhibitors have shown efficacy in patients with 
BRAF mutant melanoma as well. In particular trametinib has 
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Figure 144.2 The mitogen-activated protein kinase (MAPK) pathway with targetable 
drugs. The MAPK pathway is one of the most important signalling pathways in 
melanoma. It consists of serine/threonine-specific kinases including RAS (rat sarcoma), 
RAF (rapidly accelerated fibrosarcoma), MEK (mitogen-activated protein kinase kinase) 
and ERK (extracellular signal-related kinase). In addition, the PI3K/AKT/mTOR pathway is 
important for cell apoptosis and longevity. It includes PI3K (phosphoinositide 3 kinase), 
AKT (protein kinase B) and mTOR (mammalian target of rapamycin). Both signalling 
pathways are a very important platform for the development of new drugs leading to an 
interaction with this signalling cascade. GPCR, G-protein-coupled receptor; RTK, 
receptor tyrosine kinase. 


shown reasonable objective response rates (25%) and an improved 
survival (median OS of 14.2 months for trametinib in patients 
who were not previously treated with a BRAF inhibitor) compared 
with chemotherapy in BRAF mutant melanoma [32]. Binimetinib, 
another highly selective MEK inhibitor, was investigated in NRAS 
mutant melanoma [33-35]. Despite demonstrating some disease 
control in highly advanced melanoma patients, particularly with 
intermittent dosing, MEK inhibitors as monotherapy are not used 
outside of clinical trials. 

Simultaneous inhibition of BRAF and MEK improves response 
rates and survival compared with BRAF inhibition alone. The 
addition of MEK inhibition not only improves survival, it also 
reduces resistance development and decreases the cutaneous toxic- 
ity seen with single-agent BRAF inhibition [36,37]. In particular, the 
incidence of squamous cell carcinomas and keratoacanthomas, clas- 
sically emerging with single-agent BRAF inhibitors, are significantly 
reduced with the combination [38,39]. Available oral combinations 
include dabrafenib plus trametinib, vemurafenib plus cobimetinib 
and encorafenib plus binimetinib. The three combinations show 
similar efficacy data [40,41,42]. The side effects on the other hand 
vary, with pyrexia and fatigue being most common with dabrafenib 
and trametinib, photosensitivity being observed with vemurafenib 
and cobimetinib, and gastrointestinal adverse effects being slightly 
more common with encorafenib and binimetinib. The decision 
on which combination regimen to use should be based on each 
individual patient’s lifestyle as well as the local regimen availability. 

A subset of patients with BRAF mutation have long-term ben- 
efits from targeted therapy. Retrospective survival data analysis 
from two large pivotal trials confirmed that 34% of BRAF mutated 


melanoma patients treated with dabrafenib and trametinib were 
alive at 5 years, and approximately 20% of these patients did not 
progress at this landmark. Similar durable responses were demon- 
strated with the other combinations as well [43,4447]. Relevant 
prognostic factors include lactate dehydrogenase, higher perfor- 
mance status and less than three organ sites with metastases [31]. 

In contrast to immunotherapy, targeted therapy is generally 
administered indefinitely. Discontinuation of targeted therapy 
might lead to tumour regrowth. Interestingly, however, data also 
suggest that resistance to targeted therapy may be partially reversed 
by intermittent dosing or by drug holiday [35,48-51]. 


KIT and GNA11/GNAQ mutations 

A small subset accounting for approximately 10% of acral and 
mucosal melanomas expresses mutations in KIT (v-kit Hardy- 
Zuckerman 4 feline sarcoma viral oncogene homologue) and a 
minor portion of uveal melanomas exhibit mutations in GNA11/ 
GNAQ (guanine nucleotide binding protein (G protein), q polypep- 
tide) (approximately 1%) [52,53]. 

Only approximately one-third of melanomas with KIT muta- 
tions are responsive to targeted therapy. Patients with activating 
mutations in KIT have had clinically meaningful responses in small 
trials with agents such as imatinib and nilotinib [54-58]. Mutations 
in exon 11 and 13 of c-KIT (particularly L576P mutation in exon 
11) seem to be associated with higher response rates, whereas 
amplifications of KIT typically do not respond to KIT inhibition. 

Overall, targeted KIT inhibition is not used as a first line ther- 
apy option in advanced melanoma. Combination with immunother- 
apies can be considered, ideally in the context of clinical trials. 


Combination therapies 

Targeted therapies can be combined with other local or systemic 
agents. Several groups have evaluated the combination of radio- 
therapy and targeted therapy in BRAF mutant melanoma patients, 
mainly in the context of present brain metastases. Despite con- 
cerns due to radiation sensitisation previously reported with BRAF 
monotherapy [59-61], radiotherapy-associated toxicity does not 
seem to increase when radiotherapy is combined with BRAF and 
MEK inhibitors [17,62-65]. The results of further prospective clinical 
trials (NCT02392871, NCT02974803) are pending while writing this 
chapter. 

Given immunotherapy and targeted therapy have both positively 
influenced survival, the combination of these agents have captured 
increasing interest in BRAF mutant melanoma patients [66,67]. 
Atezolizumab is a PD-L1 inhibitor that was investigated in combi- 
nation with vemurafenib and cobimetinib and has recently shown a 
modest improved PFS compared with targeted therapy alone [68]. 
Other trials assessing for example the PD-1 inhibitor spartalizumab 
as well as pembrolizumab in combination with dabrafenib and 
trametinib appear similarly effective (NCT02967692, NCT02130466). 

Combination with chemotherapy on the other hand is not recom- 
mended in daily practice. 


Chemotherapy 

Chemotherapy has been used for many years in melanoma with 
little efficacy [14]. In particular, dacarbazine was considered as 
the reference drug to compare new agents for the treatment of 


melanoma. However, it has shown little benefit, with a median OS 
in the first line setting of only a few months [15,16] and historical 
5-year survival of less than 10% [17]. Other chemotherapeutic 
agents include temozolomide and fotemustine, which given their 
properties to cross the blood-brain barrier were often prescribed 
in patients with brain metastasis [14]. The combination carbo- 
platin and paclitaxel was another regimen commonly prescribed. 
In a phase III trial including 823 stage IV melanoma patients, the 
median OS for first line treatment with carboplatin and pacli- 
taxel was 11.3 (95% confidence interval (CI) 9.8-12.2 months) [15]. 
Taxanes disrupt the microtubule function and thus inhibit cell 
division. They have been used in several cancer types including 
melanoma. More recently, in a pivotal phase III trial including 529 
melanoma patients, the protein-bound paclitaxel, nab-paclitaxel, 
showed improvement in PFS and disease control rate compared 
with dacarbazine: 4.8 versus 2.5 months (95%CI 0.631-0.992; P = 
0.044) and 39% versus 27% (P = 0.004) for nab-paclitaxel and dacar- 
bazine, respectively [69]. Given the advent of checkpoint inhibitors 
and targeted agents, this treatment never became a standard therapy 
for melanoma. 

In contrast to immunotherapy and targeted therapy, cytotoxic 
chemotherapy has not been shown to increase survival or to 
induce durable remissions. Even after checkpoint inhibitor failure, 
chemotherapy has a low response rate in metastatic melanoma [70]. 
Therefore, chemotherapy is generally limited to patients who are 
not candidates for further treatment with either immunotherapy 
or targeted therapy and for whom there is no appropriate clinical 
trial. In exceptional cases, chemotherapy can be contemplated as 
bridging treatment option. 


Other therapies 
Adjuvant chemotherapy, mistletoe extracts and hormone therapies 
are not beneficial and should therefore not be recommended [71]. 


Therapeutic approach for systemic 
management of melanoma 


The choice for the appropriate treatment stage, regimen and 
sequence has become more challenging over the past few years 
given emerging data and effective drugs influencing patients’ sur- 
vival. Personalised medicine and the introduction of targeted and 
immune-directed therapies has led to several new options and 
strategies compared with the previous chemotherapy era. Whereas 
former focus was mainly on achieving disease stabilisation, the 
research community currently is focusing on limiting primary and 
secondary resistance development, identifying biomarkers and 
improving quality of life of affected patients. Overall, the aim to 
achieve long-term remission and eventually to cure melanoma has 
become more tangible over the last decade. 

Tumour tissue should be tested for the presence or absence of a 
driver mutation and PD-L1 expression wherever possible. The pres- 
ence of such mutations determines whether a patient is likely to 
respond to certain treatments and, hence, can be a relevant factor 
in choosing and sequencing therapies for patients with advanced 
melanoma. 
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Neoadjuvant systemic treatment 

Patients with advanced stage III melanoma with macrometastases 
are good candidates for neoadjuvant therapy, preferentially in 
a clinical trial. They are considered a high-risk patient popula- 
tion for developing metastatic disease. Neoadjuvant therapy is 
currently an active area of research for melanoma with many com- 
pleted and ongoing trials [1]. This will have further practical and 
therapeutical implications in the near future. 


Adjuvant systemic treatment 

For patients who have undergone a complete resection of a cuta- 
neous melanoma, the decision of whether or not to recommend 
adjuvant therapy depends on the risk of disease recurrence. The 
stage at diagnosis, age, co-morbidities and personal preferences 
should all be considered and discussed in a multidisciplinary team. 

In the adjuvant setting, ipilimumab significantly improved 
relapse-free survival (RFS) in comparison with placebo (26.1 versus 
17.1 months, hazard ratio (HR) 0.75) [2]. The OS rate at 5 years 
was significantly higher as well (65.4% versus 54.4%, HR for death 
0.72; 95%CI 0.58-0.88; P = 0.001). Contrary to interferon, this ben- 
efit was also confirmed for N1b and higher stages. Notably, the 
treatment regimen in this pivotal trial differed from the previously 
studied and approved one, with higher doses (10 mg/kg) and 
more than four infusions. It is therefore not surprising that severe 
and partially long-lasting adverse reactions, including colitis and 
endocrinopathies, were reported. Due to better safety profiles, 
anti-PD-1 therapy or dabrafenib and trametinib are the preferred 
adjuvant treatment options. 

Both pembrolizumab and nivolumab have demonstrated RFS 
benefit in stage III melanoma. Nivolumab was compared with high- 
dose ipilimumab and showed a 4-year rate RFS of 51.7% (95%CI 
46.8-56.3) versus 41.2% (95%CI 36.4-45.9), respectively (HR 0.71; 
95%CI 0.60-0.86; P = 0.0003). The 4-year OS for nivolumab was 
77.9% (95%CI 73.7-81.5) [3,4]. Pembrolizumab was compared with 
placebo ina slightly different adjuvant melanoma population [5]. At 
a median follow-up of 15 months, pembrolizumab was associated 
with significantly longer RFS than placebo (1-year RFS of 75.4% 
(95%CI 71.3-78.9) versus 61.0% (95%CI 56.5-65.1), respectively (HR 
0.57; 98.4%CI 0.43-0.74; P <0.001) [5]. 

Given the successful use of immunotherapy in stage III disease, 
both pembrolizumab and nivolumab have been studied in stage 
II disease as well (NCT03553836 [6], NCT04309409). Notably, first 
results demonstrate significant risk reduction for recurrence (RFS 
and distant metastasis-free survival (DMFS)) in patients with pri- 
mary melanoma stage IIB and IIC treated with pembrolizumab or 
nivolumab [7]. These results that adjuvant immunotherapy should 
be expanded to this patient population. 

Dabrafenib with trametinib is another treatment option in the 
adjuvant setting for BRAF mutant melanoma patients. Compared 
with placebo, this combination showed an improved estimated 
RFS of 58% versus 39% at 3 years (HR 0.47; 95%CI 0.39-0.58; P 
<0.001) in high-risk melanoma patients with stage IIIA (with lymph 
node metastasis diameter >1 mm), IIIB or TIC [8]. OS was 86% 
with dabrafenib and trametinib versus 77% with placebo (HR 0.57; 
95%CI 0.42-0.79; P = 0.0006) [9,10-12]. 

There is no direct efficacy comparison between targeted versus 
immune-directed therapy. Therefore, treatment decisions for BRAF 
mutated melanoma patients should be individually discussed. 


Systemic therapy for metastatic disease 

Both immunotherapy and targeted therapy have markedly 
improved survival compared with the use of chemotherapy 
regimens. Despite striking therapeutic progress for melanoma 
patients in addressing and treating melanomas that are resistant to 
these therapy options, inclusion in clinical trials should remain the 
number one priority in all settings. 

First line treatment options for unresectable stage III and IV are 
anti-PD-1-based therapies (nivolumab, pembrolizumab alone or in 
combination with ipilimumab) [13,14,16]. For melanoma patients 
harbouring a BRAF mutation, targeted therapy with BRAF and 
MEK inhibitors (dabrafenib plus trametinib, vemurafenib plus 
cobimetinib or encorafenib plus binimetinib) is an additional valu- 
able treatment option that is recommended as a second line option 
except in symptomatic patients (Table 144.1) [17-19]. Lastly for 
early advanced stages with cutaneous metastases (stages IIIB and 
C, and stage IV), T-vec injections can be considered [20,21]. 

Pembrolizumab and nivolumab can be administered either as 
monotherapy (200 mg IV every 3 weeks and 240 mg IV every 
2 weeks) or in combination with ipilimumab (1 mg/kg IV every 
3 weeks followed by ipilimumab 3 mg/kg for the first four infu- 
sions; 3 weeks after the last combined treatment session continue 
with 240 mg IV every 2 weeks). Response rates ranged from 35% to 
60% of treated patients. The combination treatment demonstrated 
higher response rates, higher duration of response and greater 
rates of PFS and OS up to a 4-year follow-up [13,14]. In the com- 
parative pivotal trial, median PFS for the combination arm was 
11.5 months (95%CI 8.7-19.3) and 6.9 months (95%CI 5.1-10.2) 
for nivolumab. Median OS was not reached for nivolumab plus 
ipilimumab (95%CI 38.2 to NR (not reached)) and was 36.9 months 
(28.3 to NR) with nivolumab; both significantly higher than ipil- 
imumab (19-9 months, 95%CI 16.9-24.6) [14]. OS rates at 5 years 
were 52% in the nivolumab plus ipilimumab group and 44% in the 


Table 144.1 Common checkpoint inhibitor and targeted therapy regimens for BRAF 
mutated (BRAFmut) and BRAF wild-type (BRAFwt), NRAS wild-type (NRASwt) or NRAS 
mutated (NRASmut) melanoma patients. 


Treatment/regimen 


Mutation options Standard dose 
BRAFmut Vemurafenib 960 mg (4 x 240 mg tbl) BD + 60 mg 
+ cobimetinib (3 x 20 mg tbl) QD 21/28 
Dabrafenib 150 mg (2 x 75 mg tbl) BD + 2 mg QD 
+ trametinib 
Encorafenib 450 mg (6 x 75 mg tbl) QD + 45 mg 
+ binimetinib (3 x 15 mg tbl) BD 
Vemurafenib 720 mg (3 x 240 mg tbl) BD + 60 mg 
+ cobimetinib (3 x 20 mg tbl) QD 21/28 + 840 mg 
+ atezolizumab IV every 2 weeks 
BRAFmut and Nivolumab 3 mg/kg every 2 weeks IV 
BRAFwt Pembrolizumab 2 mg/kg every 3 weeks IV or 200 mg 
NRASmut and every 3 weeks IV 
NRASwt Nivolumab + 1 mg/kg + 3 mg/kg every 3 weeks IV 
ipilimumab (total four doses), followed by 


Pembrolizumab + 
ipilimumab 


BD, twice daily; QD, once daily; tbl, tablet. 


nivolumab 3 mg/kg IV every 2 weeks 
2mg/kg + 1 mg/kg every 3 weeks IV 

(total four doses), followed by 

pembrolizumab 2 mg/kg IV every 

3 weeks 


nivolumab group, as compared with 26% in the ipilimumab group 
[22]. Despite being numerically superior, patients undergoing the 
treatment combination need to be selected carefully given the sig- 
nificant increase in amount and severity of adverse effects. Overall, 
individual treatment decisions for each patient should be discussed 
in a multidisciplinary team meeting. 

Targeted therapy options include oral dabrafenib (150 mg BD) 
plus trametinib (2 mg QD), oral vemurafenib (960 mg BD) plus 
cobimetinib (60 mg QD for 21 days in a 28-day cycle) and oral 
encorafenib (450 mg QD) plus binimetinib (45 mg BD). Given this 
is a selective treatment option, response rates for targeted ther- 
apy were higher ranging from 59% to 76%. Exemplary for kinase 
inhibitors, the combination of dabrafenib and trametinib demon- 
strated PFS rates of 21% (95%CI 17-24) at 4 years and 19% (95%CI 
15-22) at 5 years. OS rates were 37% (95%CI 33-42) and 34% (95%CI 
30-38) at 4 and 5 years, respectively. Complete response occurred in 
19% of the investigated patients and was associated with OS rates 
of 71% (95%CI 62-79) at 5 years [19]. Single-agent BRAF inhibitors 
should be used only in case of an absolute contraindication for 
MEK inhibitors. Currently there is no direct comparison between 
targeted and immune-directed therapy. Based on prospective trial 
results, current data suggest that long-term survival may be more 
beneficial in patients treated with immunotherapy up front [23,24]. 
Interesting preliminary data suggest that a sandwich treatment with 
targeted and immune-directed therapy might be a good strategy 
option for BRAF mutant patients [25]. 

Recently, the combination of both immunotherapy and targeted 
therapy has captured increasing attention [26]. Atezolizumab is a 
PD-L1 inhibitor that was investigated in combination with vemu- 
rafenib and cobimetinib in a double-blinded, placebo-controlled, 
multicentre study with over 500 untreated, advanced BRAF 
V600 mutant melanoma patients [27]. With the triplet regimen, 
the complete response rate was 15.7%, the partial response rate 
was 50.6% and the stable disease rate was 22.7% compared with 
17.1%, 48.0% and 22.8% in the placebo arm, respectively. PFS was 
15.1 months with the triplet regimen (95%CI 11.4-18.4) compared 
with 10.6 months (95%CI 9.3-12.7) in the placebo arm [27]. Based 
on these results, the triple-combined therapy was recently US Food 
and Drug Administration (FDA) and Swissmedic approved and 
may be beneficial for a minority of patients with BRAF mutated 
melanoma. Many clinical trials are currently in progress exploring 
open questions about optimal timing, immune biomarkers and 
eligible patients for these combination regimens. 


Systemic therapy in special circumstances 
There are certain situations that need to be addressed specifically 
and are therefore discussed separately. These special circumstances 
include patients with brain metastases, patients with mucosal 
and ocular melanomas as well as patients who have achieved 
complete response after undergoing systemic therapy. 


Systemic treatment of brain metastases 

Brain metastases are a frequent complication in patients with 
advanced melanoma and are an important cause of both morbid- 
ity and mortality. The approach to these patients is particularly 
challenging and is rapidly evolving. Due to concerns of drug pen- 
etration through the blood-brain barrier and symptoms such as 


intracranial bleeding resulting in life-threatening consequences, 
most clinical trials have historically excluded patients with brain 
metastasis. Recent studies have confirmed that both targeted ther- 
apies and immunotherapies can be safely and efficiently used in 
patients with brain metastases [28,29]. With an overall response 
rate of 46% in patients with asymptomatic brain metastases as 
well as a PFS of >50% at 18 months, a combination of anti-PD-1 
and anti-CTLA-4 antibodies should be favoured whenever pos- 
sible [28,30]. In addition, systemic treatment can be combined 
with neurosurgical techniques as well as radiotherapy, particularly 
stereotactic radiosurgery [31-33]. With the advent of successful 
systemic therapies, whole brain radiotherapy should generally not 
be further recommended given its lack of efficacy and long-term 
toxicities [34,35]. 


Systemic treatment of mucosal melanoma 

Mucosal melanomas are rare and distinct from cutaneous 
melanomas [36]. The common drivers such as BRAF and NRAS 
found in cutaneous melanoma have lower mutation rates in mucosal 
melanoma. In contrast, KIT is more common in mucosal melanoma, 
in particular in genital mucosa [37]. Treatment options for advanced 
mucosal melanoma historically have been very limited. Studies 
of standard chemotherapy regimens such as dacarbazine and 
paclitaxel and carboplatin showed limited response rates. 

For patients harbouring a mutation in KIT, durable responses 
with imatinib (400 mg BD) were observed in 16% of a 51 patient 
cohort [38]. In another phase II trial with 43 patients with KIT 
mutations or amplification, 23% of patients had objective responses 
[39]. Nilotinib (400 mg BD) also demonstrated some responses, 
including in patients who were previously treated with imatinib 
[40-42]. In contrast, the response rate to dasatinib (70 mg BD) was 
low among KIT mutated melanoma patients [43]. 

Immunotherapy in mucosal melanoma patients has generally 
lower response rates compared with cutaneous melanoma. In 
a pooled analysis of mucosal melanoma patients treated with 
anti-PD-1 monotherapy, PFS was 3.0 months (95%CI 2.2-5.4) 
with objective response rates of 23.3% (95%CI 14.8-33.6) [44]. In 
patients treated with nivolumab and ipilimumab, PFS was 5.9 
months (95%CI 2.8 to NR), with objective response rates of 37.1% 
(95%CI, 21.5-55.1) [44]. Although lower, complete response to 
immunotherapy has been described [45]. Overall, and whenever 
possible, combined immunotherapy should be considered for these 
patients. 


Systemic treatment of uveal melanoma 

Most primary uveal melanomas are treated with radiotherapy. 
Enucleation is often necessary for large tumours. Approximately 
half of the patients develop distant — typically hepatic — metastasis 
despite local tumour control. MEK inhibitors have shown discrete 
responses in patients with uveal melanoma [46,47]. Attempts to 
utilise other targeted therapies and chemotherapies as well as com- 
binations of targeted and immune-directed therapies are ongoing 
[48,49]. 

Recently, the combination of nivolumab and ipilimumab demon- 
strated activity in metastatic uveal melanoma [50]. In a prospective 
study, 35 patients had a response rate of 18% with PFS of 5.5 
months (95%CI 3.4-9.5), and OS of 19.1 months (95%CI 9.6 
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to NR) [51]. Similar benefits were observed in other retrospective 
analyses [52,53]. The response rates were lower than the ones 
observed in cutaneous melanoma. Unless a patient is included in a 
clinical trial, nivolumab and ipilimumab should be considered for 
metastatic uveal melanoma patients. 

Practice-changing data influencing the survival of metastatic 
uveal melanoma patients have been recently released for patients 
treated with tebentafusp (IMCgp100) (NCT03070392). At a 
median follow-up of 14.1 months, the OS with tebentafusp was 


21.7 months (95%CI 18.6—23.6) versus 16.0 months (95%CI 9.7-19.4) 
with the investigator’s choice of pembrolizumab, ipilimumab 
or dacarbazine. OS rates at 1 year were 73.2% versus 58.5%, 
respectively [54]. 


Patients achieving complete response after systemic 
therapy 

A subset of patients will achieve complete response upon following 
systemic therapy. Quality of life and inclination to cease therapy 


Table 144.2 Incidence, timing and systemic immunosuppression use within 7 days following cutaneous diagnosis in patients treated with immune-checkpoint inhibitors (ICls). 


Number of patients 
who developed 


Number of patients 


Median time of who received systemic 


Cutaneous diagnosis disease (%) onset (IQR) (days) immunosuppression (%) 
Any of the following diseases” 2171 (25.1%) 113.0 (42.0-254.0) 109 (5.0%) 
Rash and other non-specific eruption* 779 (9.0%) 121.0 (42.0-259.0) 44 (5.6%) 
Pruritus* 416 (4.8%) 139.0 (56.0-328.8) 16 (3.8%) 
Drug eruption or other non-specific drug reaction* 359 (4.2%) 133.0 (45.5-277.5) 20 (5.6%) 
Actinic keratosis 335 (3.9%) 215.0 (82.0-442.0) 4 (1.2%) 
Squamous cell carcinoma of the skin 207 (2.4%) 97.0 (80.5-406.5) 9 (4.3%) 
Xerosis 180 (2.1%) 215.5 (85.0-481.0) 3 (1.7%) 
Spongiotic dermatitis 145 (1.7%) 175.0 (90.0-388.0) 8 (5.5%) 
ucositis* 128 (1.5%) 44.0 (64.0-346.3) 4 (3.1%) 
Erythrodermat 98 (1.1%) 212.0 (64.3-393.3) 2 (2.0%) 
Acral erythema 83 (1.0%) 273.0 (123.5-473.0) 1 (1.2%) 
aculopapular eruption’ 76 (0.9%) 187.0 (98.0-310.5) 4 (5.3%) 
Hyperhidrosis 68 (0.8%) 260.0 (97.0-449.3) 2 (2.9%) 
Xerostomia 63 (0.7%) 70.0 (59.5-290.5) 4 (6.3%) 
Dermatomyositis 59 (0.7%) 113.0 (52.5-215.5) 2 (3.4%) 
Urticaria 59 (0.7%) 225.0 (73.5-429.0) 4 (6.8%) 
Vitiligo* 57 (0.7%) 294.0 (196.0-489.0) 1.8%) 
Eczema or atopic dermatitis 48 (0.6%) 206.5 (77.3-377.8) 0 (0.0%) 
Psoriasis and related conditions 47 (0.5%) 220.0 (91.0-399.0) 2 (4.3%) 
Lichen planus* 45 (0.5%) 213.0 (124.0-354.0) 1 (2.2%) 
Rosacea 42 (0.5%) 320.0 (116.5-575.3) 2.4%) 
Paronychia 40 (0.5%) 219.5 (92.5-345.8) 0 (0.0%) 
Dyspigmentation 33 (0.4%) 321.0 (199.0-545.0) 0 (0.0%) 
Keratoacanthoma 27 (0.3%) 244.0 (165.0-442.5) 3.7%) 
Sarcoidosis or granulomatous disease of the skin 27 (0.3%) 341.0 (102.5-467.5) 2 (7.4%) 
Pemphigoid* 26 (0.3%) 294.0 (231.0-530.0) 2 (7.7%) 
Photosensitivity 24 (0.3%) 374.5 (107.5-453.0) 0 (0.0%) 
Pemphigus 23 (0.3%) 191.0 (123.0-387.5) 4.3%) 
Onycholysis 22 (0.3%) 275.5 (134.8-450.5) 4.5%) 
Hyperkeratosis 20 (0.2%) 249.0 (194.0-659.3) 0 (0.0%) 
Grover disease* 18 (0.2%) 266.5 (112.0-384.3) 0 (0.0%) 
Vasculitides 13 (0.2%) 118.0 (87.0-226.0) 1 (7.7%) 
Erythema multiforme 10 (0.1%) 106.0 (53.0-130.0) 0 (0.0%) 
<q Granuloma annulare 10 (0.1%) 223.5 (178.8-273.8) 1 (10.0%) 
7) Panniculitis 7 (0.1%) 413.0 (205.5-699.0) 0 (0.0%) 
<q Erythema nodosum 4 (0.0%) 382.5 (299.3-647.0) 1 (25.0%) 
x Neutrophilic dermatosis, Sweet disease or pyoderma gangrenosum 4 (0.0%) 257.0 (134.5-500.8) 0 (0.0%) 
SJS/TEN 4 (0.0%) 84.0 (29.8-219.0) 0 (0.0%) 
° Subacute cutaneous lupus erythematosus 4 (0.0%) 81.0 (48.0-148.3) 0 (0.0%) 
a Alopecia areata 2 (0.0%) 242.5 (233.8-251.2) 0 (0.0%) 
LL Scleroderma or CREST syndrome 2 (0.0%) 266.0 (188.0-344.0) 0 (0.0%) 
Linear IgA dermatosis 1 (0.0%) 183.0 (183.0-183.0) 0 (0.0%) 
Parapsoriasis 1 (0.0%) 55.0 (55.0-55.0) 0 (0.0%) 


Reproduced from Wongvibulsin et a/. 2022 [17]. 

“Patients with more than one cutaneous immune-related adverse event were counted only once. 

*Cutaneous diagnoses of interest were defined as dermatological diagnoses with an IRR >1 for the ICI cohort compared with the control group and an adjusted P value of <0.05 after 
multiple comparison correction. 

CREST, calcinosis, Raynaud phenomenon, oesophageal dysmotility, sclerodactyly and telangiectasia; IgA, immunoglobulin A; IQR, interquartile range; IRR, incidence rate ratio; SJS/TEN, 
Stevens—Johnson syndrome/toxic epidermal necrolysis. 
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are increasingly important topics while managing metastatic 
melanoma patients [55,56]. In 67 patients who stopped pem- 
brolizumab after achieving complete response, over 90% did not 
relapse after 2 years [57]. Moreover, extended follow-up confirmed 
durable response [58]. Based on these results and based on a con- 
sensus of 32 melanoma experts, stopping treatment in patients 
achieving complete response who have received at least 6 months 
of anti-PD-1-based therapy can be considered [59,60]. 

There are limited data regarding stopping targeted therapy in 
patients with a complete response. Relapse rates in over half of 
the patients were reported in small cohort studies after stopping 
BRAF or a combination of BRAF and MEK inhibitors [61,62]. 
Therefore, discontinuation of targeted therapy is not recommended 
outside of clinical trial settings. 


Neutrophilic dermatosis, Sweet syndrome or pyoderma gangrenosum 


Figure 144.3 Cutaneous adverse events with checkpoint inhibitor 
therapy. Incidence rate ratios for cutaneous diagnoses previously 
reported as immune-related adverse events for immune-checkpoint 
inhibitor group compared with the control group. CREST, calcinosis, 
Raynaud phenomenon, oesophageal dysmotility, sclerodactyly and 
telangiectasia; IgA, immunoglobulin A; SJS/TEN, Stevens—Johnson 
syndrome/toxic epidermal necrolysis. Reproduced from Wongvibulsin 
et al. 2022 [17]. 


Cutaneous side effects of systemic therapies 


Both immunotherapies and targeted therapy have cutaneous side 
effects that dermatologists should recognise and manage. They can 
range from mild pruritus to the development of secondary skin 
cancers or severe cytotoxic drug reactions. Regular dermatological 
follow-up should be compulsory in melanoma patients treated with 
systemic antitumour therapies. 

The most common dermatological side effects of treatment with 
immune-checkpoint inhibitors include lichenoid dermatitis, pruri- 
tus and vitiligo (Table 144.2; Figures 144.3 and 144.4) [1]. A spec- 
trum of bullous disorders from autoimmune to toxic have been 
reported [2,3]. Rarer dermatological conditions such as alopecia, 
keratoacathomas and eosinophilic fasciitis have been described as 
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Figure 144.4 Cutaneous adverse events with 
checkpoint inhibitor therapy. (a, b) Lichenoid 
reaction during treatment with anti-PD-1 
antibodies: (a) clinical presentation and 

(b) histopathology demonstrating lichenoid 
changes (H&E). (c, d) Maculopapular skin 
reaction including focal epidermal detachment 
during checkpoint inhibitor treatment: 

(c) clinical presentation and (d) histopathology 
demonstrating epidermal damage with 
apoptotic keratinocytes, subepidermal 
lymphocytic infiltrates and dermal-epidermal 
cleavage (H&E). (e, f) Vitiligo-like 
depigmentation during checkpoint inhibitor 
therapy. 
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Table 144.3 Cutaneous adverse events (cuAEs) with targeted therapy: comparison of different cutaneous adverse event profiles with different kinase inhibitors. 


Number of patients with cuAE (%)* 


MEKi BRAFi Combination BRAFi and MEKi 
Binimetinib Trametinib Encorafenib Vemurafenib Dabrafenib plus Encorafenib plus 
(n = 25) (n = 8) (n = 24) (n = 6) trametinib (n = 11) binimetinib (n = 49) 
Keratinocytic proliferations 
Acanthopapilloma (0) 0 2 (8.3%) 5 (83%) 0 2 (4.1%) 
Actinic keratosis 0) 1 (12.5%) 0) 0 0 0 
Squamous cell carcinoma 0) 0) 1 (4.1%) 2 (33.3%) 0 0 
Xerosis cutis 8 (32%) 2 (25%) 4 (16.7%) 0 0 1 (2.0%) 
Keratosis pilaris 0 (0) 5 (20.8%) 2 (33.3%) 0 1 (2.0%) 
Inflammatory disorders 
Palmoplantar erythrodysaesthesia 0) 0) 14 (58.3%) 3 (50%) 0 0 
Palmoplantar hyperkeratosis 1 (4%) 0) 13 (54.2%) 3 (50%) 0 5 (10.2%) 
Drug-induced papulopustular eruptions 16 (64%) 6 (75%) 0 0 1 (9.1%) 0 
Macular and maculopapular exanthemas 5 (20%) 1 (12.5%) 8 (33.3%) 4 (66.7%) 2 (18.2%) 3 (6.1%) 
Granuloma pyogenicum 0 0 1 (4.1%) 0 0 0 
Panniculitis 1 (4%) 0) 0 1 (16.7%) 1 (9.1%) 1 (2.0%) 
Photoallergic and phototoxic reactions (0) 0 0 1 (16.7%) 0 1 (2.0%) 
Eczematous eruptions 5 (20%) 0 2 (8.3%) 0 0 2 (4.1%) 
Erythema multiforme 2 (8%) 0 0 0 0 0 
Erythema anulare-like eruptions 0) 0 0 0) 2 (18.2%) 1 (2.0%) 
Hair changes 
Alopecia 2 (8%) 2 (25%) 11 (45.8%) 2 (33.3%) 0) 4 (8.2%) 


Reproduced from Graf et a/. 2019 [10]. 
@ Total n = 123. 


BRAFi, BRAF inhibitors; MEKi, MEK inhibitors. 


(e) 


Figure 144.5 Cutaneous adverse events with targeted therapy. (a, b) Keratoacanthoma developing during targeted therapy treatment: (a) clinical presentation and (b) histopathology 
demonstrating a well-differentiated squamous cell carcinoma of the keratoacanthoma type. (c) Multiple small acanthopapillomas on the chest. (d) Mammillary hyperkeratotic eczema. 
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(e) Plantar hyperkeratosis. (f) Photosensitivity reaction induced by ultraviolet exposure during targeted therapy. (g, h) Melanocytic proliferation during targeted therapy: (g) clinical 
presentation and (h) dermoscopy of a newly developed superficial spreading melanoma with Breslow thickness 0.45 mm on a patient treated with a BRAF inhibitor. 
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Chapter 144: Systemic Treatment of Melanoma 


well [4-6]. Management primarily involves the use of topical cor- 
ticosteroids for mild to moderate cutaneous side effects. Systemic 
corticosteroids should be considered for severe immune-related 
cutaneous side effects. For patients developing severe cytotoxic 
reactions to immunotherapy, treatment discontinuation has to be 
evaluated [3]. 

Both BRAF and MEK inhibitors have a very particular side 
effect profile (Table 144.3; Figure 144.5). BRAF inhibitors are char- 
acterised by similar cutaneous findings found in patients with 
germ line mutations of RAS as well and can be termed as RASo- 
pathic [7]. Melanocytic disorders and proliferations have been 
described [8]. Cutaneous reactions predominantly start to appear 
during the first weeks of treatment and persist during BRAF 
inhibition. Vemurafenib causes clinically relevant ultraviolet A 
(UVA) dependent phototoxicity that requires adequate UV pro- 
tection [9], whereas phototoxic reactions have not been described 
with dabrafenib and encorafenib [10,11]. MEK inhibitors, on the 
other hand, partly overlap with cutaneous adverse effects observed 
with epidermal growth factor receptor inhibition. In addition, 
pigmentation of the skin and hair is affected. The interruption of 
the MEK signalling pathway results in an acute keratinocytic stress 
response with disturbed epidermal homeostasis, inflammation 
and tissue damage [12]. MEK inhibitors typically cause xerosis 
cutis and papulopustular rashes in the first 2-6 weeks of treat- 
ment. In this situation, local steroids and systemic administration 
of doxycycline should be evaluated. The topical administration 
of acne treatment (i.e. benzoyl peroxide) may worsen the clini- 
cal picture and should not be prescribed. Moreover, self-limiting, 
retinopathy-like, dose-dependent retinal disorders with early onset 
have been described [13,14]. Overall, the combination of BRAF and 
MEK inhibitors reduces both severity and frequency of cutaneous 
adverse events [10,15,16]. 
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Introduction 


The well-known ABCD (asymmetry, border irregularity, colour var- 
iegation and diameter >6 mm) morphology-related mnemonic, cre- 
ated to help detect melanoma and differentiate it from naevi has 
limitations in both sensitivity and specificity for early melanoma 
detection. Some melanoma variants, such as nodular, amelanotic, 
naevoid, spitzoid, desmoplastic, among others, often lack the ABCD 
features and escape detection if one were to rely only on the ABCD 
rule. In contrast, naevi including so-called dysplastic naevi (large 
acquired naevi, Clark naevi) can reveal some or all of the ABCD fea- 
tures, potentially resulting in many of these naevi being subjected 
to unnecessary biopsies if the ABCD rule was used to differentiate 
naevi from melanoma. 

Fortunately, use of the dermoscope can improve diagnostic 
accuracy by up to 30% compared with naked eye examination. In 
the hands of experienced users this improved diagnostic accuracy 
translates into a significant reduction in their benign to malignant 
biopsy ratio [1-11]. This enhanced ability to identify melanoma 
and differentiate them from naevi is dependent on the assessment 
of global dermoscopic patterns and specific dermoscopic struc- 
tures. A set of dermoscopic structures have been identified that 
are more commonly associated with melanoma and are called the 
melanoma-specific structures. In addition, a group of organised pat- 
terns have been identified and shown to be associated with naevi. 
These benign patterns do require context for their interpretation but 
in the correct context they have proven to be strongly associated 
with benignity. 

This chapter is structured to provide the reader with an overview 
of the structures and organised patterns associated with naevi, 
including the relevant contextual features required to confidently 
assign them to a benign category. Unlike naevi, most established 
melanomas are easy to identify since they usually display a disor- 
ganised pattern and reveal at least one melanoma-specific structure. 


This chapter will discuss the melanoma-specific structures that have 
consistently been found to be associated with a higher odds ratio for 
melanoma. Lastly, although there exist subsets of melanomas that 
will display an organised pattern on dermoscopy these melanomas 
will usually not mimic one of the benign naevus patterns and 
instead will display at least one of two patterns, one of two struc- 
tures or one of four colours. This chapter will discuss the patterns, 
structures and colours encountered in these melanomas. 


Dermoscopic patterns associated with naevi 


Numerous subsets of naevi have been identified, differing from 
each other by morphology, driver mutation signature and other 
patient-related factors. These subtypes of naevi range from small 
to large congenital naevi to acquired naevi including the so-called 
atypical/dysplastic naevi (Clark naevus, large acquired naevus), 
blue naevus, combined naevus, intradermal naevus of the Unna or 
Miescher type, epithelioid and spindle cell naevus (Spitz and Reed 
naevi), balloon cell naevi, BAP1-deficient naevi, among numer- 
ous others [12,13-16]. This chapter outlines the patterns seen in 
the most common naevi encountered in clinical practice that fre- 
quently manifest morphological features overlapping with those of 
melanoma [17]. In addition, dermoscopic features commonly seen 
in other naevus subtypes are described in Table 145.1. 

The first goal when evaluating a melanocytic lesion is to determine 
whether the lesion manifests one of the benign patterns commonly 
seen in naevi (Figures 145.1-145.3 and 145.4). Overall, patterns are 
determined by the distribution of colours and structures within the 
lesion. In general, naevi tend to exhibit dermoscopic symmetry in 
the distribution of colours and structures, while melanomas tend to 
manifest an asymmetrical, disorganised and chaotic pattern with at 
least one of the melanoma-specific structures. Benign patterns seen 
in naevi are formed by the combination of three main structures, 
including network, globules and homogeneous areas (Figure 145.1). 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Table 145.1 Dermoscopic characteristics of different naevi subtypes. 


Naevus subtype Dermoscopic characteristics 


Halo naevus [70] 


The naevi that involute via a halo phenomenon usually have a globular or homogeneous pattern 


The halo of depigmentation surrounds the globular naevus and over time the globular naevus becomes smaller and eventually disappears. 
The area of depigmentation can eventually repigment and resemble normal skin 
It takes approximately 8 years for a halo naevus to completely involute [71] 


Meyerson (or eczematous) naevus 


Cockade naevus 


Recurrent naevus [14] 
scar into the surrounding normal skin 


Usually, the eczematous reaction does not significantly distort the dermoscopic pattern of the naevus 


Targetoid appearance: darker, central globular or homogeneous pattern, surrounded by a hypopigmented homogeneous structureless inner 
rim and a peripheral darker reticular outer rim [72] 


Pigmentation usually confined to the scar, displaying a centrifugal growth pattern (i.e. symmetric radial lines) that does not traverse from the 


Pigmented structures are usually arranged contiguously and centrifugally 


Naevus arising in lichen sclerosus [73] 


Naevus: parallel, globular or homogeneous pattern (a multicomponent pattern is not uncommon) 


Lichen sclerosus: porcelain-white structureless areas, with or without comedo-like openings, and with or without vessels or shiny white lines 


Balloon cell naevus [13] 


Epidermolysis bullosa naevus [74] 


Three or more aggregated white-to-yellow globules (visualised with polarised and non-polarised light) 


Not infrequently EB naevi can demonstrate dermoscopic features that overlap with those seen in melanoma, including a multicomponent 


pattern, with atypical pigment network, irregular dots and globules, and milky-red areas. 


BRCA1-associated protein 1 
(BAP1)-inactivated melanocytic 
tumours [75] 


Dome-shaped pink papules with pink-to-tan structureless areas and atypical dots/globules or network 


Patchy reticular 
(organised) 


Peripheral reticular with 
central hypopigmentation 


central hyperpigmentation 


Peripheral reticular with 
Homogeneous 


* 


Peripheral globules/starburst 


Peripheral reticular with 
central globules 


Multi-component 


Globular Two-component (organised) 


Figure 145.1 Dermoscopy naevi patterns. 


Once the dermoscopic pattern of the lesion is determined, it 
is valuable to evaluate other naevi in the patient (comparative 
approach) [18]. Most individuals demonstrate a predominant or 
signature naevus pattern with one or two of the abovementioned 
patterns being displayed in most of their naevi [18,19,20]. If the 
lesion of concern does not adhere to the signature naevus pat- 
tern displayed by the other naevi in the patient, then the lesion is 


considered an outlier lesion, which may be one that deserves closer 
scrutiny and perhaps a biopsy. On the other hand, lesions manifest- 
ing the same pattern as the predominant naevus pattern may be 
safely monitored [18]. Yet, a final clinical dermoscopy interpretation 
of any skin lesion should only be established after appropriate inte- 
gration of the dermoscopy findings, in addition to other contextual 
factors, including age of the patient, skin phenotype, past medical 
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(g) (h) 


Figure 145.2 (a) Reticular diffuse naevus. (b) Reticular patchy naevus. (c) Peripheral reticular with central hypopigmentation naevus. (d) Peripheral reticular with central 
hyperpigmentation naevus. (e) Peripheral reticular naevus with central globules. (f) Naevus with globular pattern. (g) Two-component pattern naevus. (h) Multicomponent pattern 
naevus. 
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(c) 


Figure 145.3 Homogeneous pattern naevi: (a) homogeneous brown; (b) homogeneous 
pink; and (c) homogeneous grey-blue. 


history, any complaint and other clinical characteristics (e.g. size, 
location, outlier lesion) [21]. 


Dermoscopic patterns frequently observed 

in acquired and small congenital naevi (excluding 
intradermal naevi) 

Network/reticular pattern, including diffuse and patchy 

The diffuse reticular pattern consists of an organised network with 
minimal variation in its thickness and colour and the holes of the 
network are relatively uniform in their appearance (regular/typical 
network). The patchy network pattern consists of islands of typical 
network distributed in an organised manner. The network patches 
all have the same type of network with minimal variability in the 
thickness and colour of the lines (Figures 145.1 and 145.2). 

Key contextual feature: melanoma on sun-damaged skin can some- 
times appear as isolated large lentiginous lesions with a network 
or patchy network pattern. The clues to the diagnosis of melanoma 
include older age, the relative large size of these lesions, their pres- 
ence as isolated lesions on sun-damaged skin and that the network 
is usually not distributed in an organised fashion [22]. 


Peripheral network with central hypo- or 
hyperpigmentation 

The peripheral network is typical/regular in both of these naevi. 
In one the central portion is hypopigmented (i.e. the area is lighter in 
colour compared with the network but darker than the surrounding 
skin); in the other the central portion is hyperpigmented (i.e. blotch). 
The blotch in naevi with peripheral network and central hyperpig- 
mentation is often due to the accumulation of melanin-laden cor- 
neocytes in the stratum corneum (black lamella), which can usu- 
ally be tape stripped off revealing an underlying typical network 
(Figures 145.1 and 145.2). 

Key contextual feature: naevi with central hypopigmentation are 
usually seen in patients with lighter skin colour and naevi with 
central hyperpigmentation are seen in patients with darker skin 
phenotypes. Thus, lesions displaying central hypopigmentation in 
dark skin phenotypes and lesions with central hyperpigmentation 
in light skin phenotypes should raise the possibility of melanoma 
[21,23,24]. 


Reticular pattern with peripheral globules (Figures 145.1 

and 145.3) 

This pattern consists of a typical network with one peripheral 
rim of regular brown globules. This pattern is associated with the 
radial growth phase of Clark/dysplastic naevi and is commonly 
encountered in younger patients with the atypical mole syndrome. 
On histopathology, these naevi correspond to dysplastic naevi with 
mild to moderate atypia. Naevi with peripheral globules can also 
display a multi-tiered peripheral globular pattern at the periph- 
ery. This multi-tiered peripheral globular pattern corresponds on 
histopathology with dysplastic naevi that display at least some 
degree of spitzoid morphology. 

The key contextual features in naevi with peripheral globules are 
age and location. Since these naevi are most common on the torso of 
younger to middle-aged patients, newly acquired lesions display- 
ing peripheral globules should be viewed with caution if seen in 
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older individuals, especially if the lesion is located on an extremity, 
or reveals a melanoma-specific structure [21,25-27]. 


Naevi with globules including central brown globules 

with peripheral network and globular pattern including 
cobblestone globular naevi 

Central brown globules with peripheral network pattern consists of 
naevi displaying a typical network at the periphery of the lesion 
and central brown globules that are regular with minimal varia- 
tion in their size and colour. Naevi with a globular pattern display 
only round to oval globules throughout the lesion with minimal 
variability in globule size and colour (i.e. regular/typical) and are 
distributed in an organised manner within the lesion. Occasionally, 
the globules can be white, as seen in balloon cell naevi. While black 
and blue globules can on occasion be seen in congenital naevi, their 
presence should raise suspicion for melanoma. When globules are 
very large they take on the appearance of cobblestones creating the 
cobblestone globular pattern. This is a specific type of globular pattern 
that consists of large brown angulated globules that create a pattern 
reminiscent of cobblestones and is associated with congenital naevi 
(Figures 145.1 and 145.2). 

Key contextual feature: naevi with globules in their centre or 
throughout are usually congenital and are usually found on the 
head/neck or torso. Thus, newly acquired lesions with a globular 
morphology occurring in an older individual and especially if the 
lesion is located on an extremity should raise concern for melanoma 
[21,28,29]. 


Starburst pattern 

The starburst pattern is an easy to recognise pattern, consisting of a 
darkly pigmented naevus with a symmetric distribution of streaks 
around its perimeter. This pattern is associated with Reed naevi that 
are in their radial growth phase (Figures 145.1 and 145.3). 

The key contextual feature with starburst naevi is age. Although 
streaks can also be encountered in superficial spreading melanoma, 
such melanomas are extremely rare in pre-adolescent individuals. 
Thus, lesions with a starburst pattern seen in children have an 
extremely high pre-test probability for being Reed naevi, whereas 
lesions with a starburst pattern seen in older individuals have 
a heightened pre-test probability for melanoma [12]. 


Homogeneous blue 
A homogeneous blue colour with a whitish veil that encompasses 
the entire lesion’s surface is the hallmark of a blue naevus. The 
blue colour and white veil in blue naevi will display minimal 
variation in blue hue, especially if visualised with non-polarised 
light. If there are multiple hues (i.e. heterogeneous blue colour or 
non-homogeneous veil) then one should consider the diagnosis of 
melanoma (Figures 145.1 and 145.4). 

The key contextual feature in a lesion with a presumed blue nae- 
vus pattern is a previous history of an invasive melanoma because 
epidermotropic metastasis can mimic blue naevi [30]. 
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Homogeneous brown : . . : Figure 145.4 Naevi with peripheral globules: (a) growing naevus with a single row of 
A homogeneous brown pattern consists of a lesion displaying a globules; (b) Spitz naevus with multiple rows of globules; and (c) Spitz naevus with 


brown colour with minimal to no variation in its hues. While it is streaks giving the appearance of an exploding star. 
usually devoid of any other structures, on rare occasions one can see 
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few regular dots/globules and fragments of network (Figures 145.1 
and 145.4). 

Key contextual feature: a homogeneous brown pattern is associated 
with small to medium congenital naevi. These naevi are usually 
present at birth or develop within the first few years of life and 
are stable lesions. Thus, newly acquired homogeneous brown 
lesions in adults should be viewed with caution. Such lesions, if not 
palpable, can be digitally monitored and biopsied if they display 
change [31]. 


Homogeneous tan/pink 
These naevi display a featureless tan-to-pink colour but some can 
also display vessels (Figures 145.1 and 145.4). 

The key contextual feature in naevi with a homogeneous tan/pink 
pattern is skin phenotype. These naevi are seen predominantly in 
individuals with skin types I-II. Thus, newly acquired naevi with 
a homogeneous tan-to-pink colour occurring in darker skinned 
individuals should raise concern for amelanotic or hypomelanotic 
melanoma. Furthermore, since amelanotic melanomas are also 
common in skin types I-II, it remains imperative that these lesions 
be evaluated in context with the other naevi present on the patient’s 
skin (comparative approach). Outlier lesions should always raise 
the index of suspicion for melanoma. If melanoma is in the dif- 
ferential diagnosis and the lesion is non-palpable then it may be 
subjected to digital monitoring. Lesions that are raised or manifest 
change on follow-up should be viewed with extreme suspicion 
[18,31]. 


Dermoscopic patterns seen in intradermal naevi 

Intradermal naevi (IDN) are first and foremost defined by their clin- 

ical morphology as either raised dome-shaped lesions located on 

the face (Miescher naevi) or as sessile mamillated lesions located 

on the torso (Unna naevi). These naevi have preserved skin mark- 

ings and may have hair emanating from their surface. IDN usu- 

ally reveal one or more of the following features on dermoscopy 

[15,32,33]: 

e Predominantly comma-shaped vessels or a polymorphous vascu- 
lar pattern with at least some comma-shaped vessels. 

¢ Brown halo. 

¢ Globules, including cobblestone-type globules. 

¢ Small foci of tan to brown structureless pigment and/or hypopig- 
mented areas. 

IDN, especially of the Miescher type, can sometimes be challeng- 
ing to differentiate from basal cell carcinoma (BCC) [34]. One of 
the main reasons for this is that IDN can at times reveal arborising 
vessels, which raises the concern for BCC. There are, however, 
clinical and dermoscopic clues that can assist in differentiating an 
IDN from a BCC [35]. 


Clinical clues 

e IDN tend to have been present on the skin for many years, with- 
out any history of change and they do not spontaneously bleed. 

e Theskin markings in an IDN tend to be preserved whereas in BCC 
they are lost, thus resulting in BCCs having a shiny surface. 

e If hair is present within the lesion then it is highly suggestive of 
an IDN. 


Dermoscopic clues 

e¢ IDN wobble on dermoscopy and BCC tend not to wobble [36]. 
Placing the dermoscope over the lesion (i.e. contact mode) and 
then applying horizontal pressure in a back-and-forth motion will 
show that an IDN wobbles, whereas lesions without a dermal 
component will slide and not wobble. 

e A closer look at the arborising vessels will reveal that the extent 
of arborisation in IDN tends to be much less than in BCC. In 
fact, in IDN there may only be one arborising point created a 
‘Y’-shaped vessel [15]. 

e The vessels in BCC tend to be much sharper in focus and have a 
much brighter red colour. 

e Unlike BCC, IDN do not reveal any shiny white blotches and 
strands on polarised dermoscopy. 


Dermoscopic patterns encountered in Spitz naevi 
Spitz naevi are benign neoplasms that clinically and dermoscopi- 
cally display features most commonly associated with melanoma. 
This makes it difficult to differentiate Spitz naevi from melanoma 
confidently based on morphology alone. Heavily pigmented Spitz 
naevi (also known as Reed naevi) display morphological struc- 
tures resembling superficial spreading melanoma. These structures 
include atypical network, streaks, shiny white lines, and/or atypi- 
cal globules. The archetypal iconic dermoscopic pattern of a Reed 
naevus is the starburst pattern, which represents the radial growth 
phase of this naevus. In contrast, amelanotic or hypomelanotic 
Spitz naevi display dermoscopic features associated with nodular 
melanoma including shiny white lines, reticular depigmentation 
and/or atypical vessels. Given the morphological overlap between 
Spitz naevi and melanoma, decisions regarding management rely 
heavily upon context including age of patient, pattern of growth 
and anatomical location, among others [12,37]. 


Dermoscopic patterns 

Most Spitz naevi display an organised dermoscopic pattern, but 
the colours and structures of atypical Spitz naevi can be distributed 
in an extremely disorganised manner, making it impossible to 
exclude melanoma from the differential diagnosis. 

1 Starburst pattern. Dark homogeneous pigmentation with periph- 
eral streaks (i.e. pseudopods or radial streaming) or multiple 
rows of peripheral globules (i.e. tiered globules) surrounding the 
entire perimeter of the lesion, usually in a symmetric fashion. 
The central portion of the lesion will often have a blue-white veil 
and shiny white lines. 

2 Globular pattern. Globules of different size, shape and/or colour 
throughout the lesion. 

3 Homogeneous pattern. Diffuse homogeneous colour (i.e. pigmented 
vs non-pigmented/pink) throughout the lesions, with or with- 
out vascular structures (i.e. dotted vessels). These lesions can 
also display shiny white lines or reticular depigmentation. The 
pigmented variant often has a central blue-whitish veil. 

4 Negative network pattern. Negative network that is symmetrically 
distributed throughout the lesion. A variant of the negative net- 
work, known as reticular depigmentation, can also be seen in 
these lesions. 

5 Reticular pattern. Thickened dark network throughout the 
lesion. The background colour of the naevus often has a blue- 
whitish hue. 


6 Atypical or multicomponent pattern. The colours and structures 
tend to be asymmetrically distributed. These lesions are difficult, 
if not impossible, to differentiate from melanomas based on 
morphology alone. 


Dermoscopy of melanoma 


Melanomas on non-glabrous and non-facial skin 
Melanomas usually present themselves as lesions with a disorgan- 
ised dermoscopy pattern. In addition, most melanomas will display 
at least one of the melanoma-specific structures listed in Table 145.2. 
The pattern, colours and structures manifest by melanoma can vary 
depending on factors such as anatomical location, histopatholog- 
ical subtype, growth phase, tumour thickness, sun-exposure and 
genetic mutation profile. While naevi tend to manifest one of the 
aforementioned benign patterns, melanomas almost always man- 
ifest a disorganised, asymmetric and chaotic pattern that deviates 
from those seen in naevi [38-40] and reveal at least one of the 
following melanoma-specific structures (Table 145.2; Figure 145.5): 

1 Atypical network. An atypical network consists of a web of lines 
of varying colours and thicknesses, with holes of varying diam- 
eters. The colour of the atypical network ranges from brown 
to black or grey and it can appear smudged or seemingly out 
of focus. An atypical network correlates with the expansion of 
malignant melanocytes at the rete ridges and can often be found 
focally at or near the edge of a superficial spreading melanoma 
(SSM) [41,42]. The atypical network is often associated with the 
in situ component and may be the only specific feature of an 
early thin SSM [41,42] (Figure 145.5a,b). 

2 Negative network. A negative network (reverse network) con- 
sists of hypopigmented serpiginous interconnecting lines that 
surround irregularly shaped pigmented structures resem- 
bling elongated curvilinear globules [42,43]. Histology reveals 
bridging or elongation of rete ridges in association with large 
melanocytic nests in the papillary dermis [43]. It can be seen in 
melanoma, Spitz naevi, dysplastic naevi or melanomas arising 
in association with naevi [44] (Figure 145.5c). 

3 Angulated lines. Angulated lines are usually associated with 
melanomas on sun-damaged skin [22]. They appear as brown 
to grey linear structures that intersect at acute angles creating 
geometric structures or a zig-zag pattern. Angulated lines can 
coalesce together forming polygonal structures, including 
rhomboidal structures that may or may not obliterate the 
adnexal openings. Histologically, angulated lines correspond 
to confluent proliferation of junctional atypical melanocytes in 
the basal layer, pagetoid spread of melanocytes and underlying 
papillary dermal melanin either in melanophages or free in the 
dermis (Figure 145.6). 

4 Atypical streaks, including pseudopods and radial streaming. Streaks 
consist of linear/radial projections at the periphery of the 
lesion, arising from the tumour and radiating towards the 
normal skin. Their presence represents the radial growth phase 
of either a pigmented Spitz naevus or a SSM. On histology, 
streaks correlate with confluent radial nests of melanoma 
at the dermo-epidermal junction. In general, typical streaks, 
as seen in Spitz naevi, tend to be evenly distributed around 
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the entire perimeter of the lesion in a relatively symmetric 
manner (Figure 145.3c). In contrast, atypical streaks, as seen 
in melanomas, are irregularly and focally distributed at the 
periphery of the lesion (Figure 145.5d). However, since spitzoid 
lesions can be difficult to differentiate from melanoma, an 
excision biopsy is recommended in patients older than 12 years 
presenting with symmetric spitzoid lesions. 

Shiny white lines. Shiny white lines (formerly known as crys- 
talline structures) consist of short, bright, white lines that are 
usually orientated parallel or orthogonal to each other and can 
only be seen with polarised light. Histologically, they corre- 
spond to stromal alteration and dermal fibrosis. When seen in a 
melanocytic neoplasm, the differential diagnosis lies between a 
Spitz/Reed naevus and a melanoma [45] (Figure 145.5b). 
Atypical dots and/or globules. Dots are black or brown round struc- 
tures measuring less than 0.1 mm in diameter. Atypical dots tend 
to be distributed randomly, are often found towards the periph- 
ery of the melanoma, and they may or may not be associated 
with a network, but if a network is present it is often atypical. On 
histology, black dots represent malignant melanocytes found at 
or near the stratum corneum and represent the pagetoid spread 
as seen in SSM. Globules are round to oval pigmented structures 
larger than 0.1mm in diameter. Atypical globules present with 
varying size, shape and/or colours, and may be distributed in 
a disorganised fashion within the lesion. On histology, globules 
correspond to nests of melanocytes at the dermo-epidermal 
junction or dermis (Figure 145.5e). 

Regression structures (i.e. scar-like areas and peppering or granularity. 
Scar-like areas appear as white or porcelain-white structureless 
areas that are lighter than the surrounding normal skin. The 
scar-like areas tend not to reveal any blood vessels on der- 
moscopy. Peppering or granularity appears as blue-grey fine 
dots (Figure 145.5a,b). Histologically, the scar-like depig- 
mentation corresponds to dermal fibrosis peppering and the 
peppering corresponds to melanophages or free melanin in 
the papillary dermis. Regression areas displaying peppering 
in association with scar-like depigmentation can manifest a 
blue-whitish colour; however, in contrast to the blue-white veil, 
this blue-white colour is usually seen in macular lesions, as 
opposed to the blue-white veil, which is seen in raised or 
palpable lesions. 

Blue-white veil. Blue-white veil consists of a blue colour in asso- 
ciation with an overlying white ground glass haze. In contrast 
to the homogeneous steel-blue colour seen in blue naevi, which 
occupy the entire lesion, blue-white veil in melanomas does 
not encompass the entire surface of the lesion and it often 
displays multiple hues of blue (Figure 145.5f). Histologically, 
the blue-white veil correlates with melanocytes in the deeper 
dermis with an overlying compact orthokeratosis. 

Peripheral light brown structureless areas. Peripheral light brown 
structureless areas are seen as homogeneous light brown 
areas of variable size and shape located at the periphery of the 
lesion and occupying more than 10% of its surface (Figure 145.5) 
[46]. Histologically the areas are due to relative flattening of the 
rete ridges in combination with pagetoid melanoma cells. 
Atypical blotch. A blotch consists of a dark-brown to black, 
usually homogeneous area with varying hues of pigment that 
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Table 145.2 Melanoma-specific structures. 


Dermoscopic structure 


Definition 


Schematic illustration 


Atypical network 


Angulated lines 


Negative network 


Streaks, including pseudopods and 
radial streaming 


Shiny white lines 


Atypical dots or globules 


Atypical blotch, including off-centre 
blotch or multiple asymmetrically 
located blotches 


Regression structures (white scar-like 
depigmentation and/or blue-grey 
granularity or peppering) 


Blue-white veil 


Increased variability in the width of the network lines, their colour and distribution. The 
hole sizes also have increased variability. The network can appear broken up 
(non-contiguous), appearing as branched streaks, and the network may end abruptly 
at the periphery 


Brown to bluish grey dots and/or lines arranged in an angulated linear pattern 


Serpiginous interconnecting hypopigmented lines, which surround irregularly shaped 
pigmented structures that resemble elongated curvilinear globules. It can be seen 
diffusely throughout the lesion or focally and asymmetrically located within the lesion 


Radial projections located at the periphery of the lesion, extending from the tumour 
toward the surrounding normal skin. The presence of irregular, asymmetrical and 
focally distributed streaks are highly suggestive of melanoma 

Pseudopods are finger-like projections with small knobs at their tips, whereas radia/ 

streaming are the same structures without the knobs. Because both structures represent 
confluent junctional nests of melanocytes, they are now both categorised under the 
term streaks 


Shiny white linear streaks that are often orientated parallel or orthogonal to each other 


Dots are small, round structures, which may be black, brown and/or blue-grey in colour. In 
melanoma, dots vary in size, colour and distribution, tending to be located towards the 
periphery of the lesion, and are not associated with the pigmented network lines. 

Globules consist of 3—5 or more clustered, well-demarcated, round to oval structures that 

may be brown, black, blue and/or white in colour and that are larger than dots. In 
melanoma they are usually multiple and of differing sizes, shapes and colours. They are 
often asymmetrically and/or focally distributed within the lesion 


Dark-brown to black, usually homogeneous areas with varying hues of pigment that 
obscure visualisation of any other structures. In melanoma, blotches are asymmetrically 
and/or focally located towards the periphery of the lesion or can present as multiple 
blotches. Eccentric peripheral hyperpigmentation is often found in melanoma 


Consist of granularity (also known as peppering) and scar-like areas. When both are 
present together, it gives the appearance of a blue-white veil over a macular area. In 
melanoma, regression structures tend to be asymmetrically located and often involve 
more than 50% of the lesion’s surface area 


Confluent blue pigmentation of varying hues with an overlying white ‘ground glass’ haze, 
which tend to be asymmetrically located and seen over a raised area of the lesion. 


(continued) 
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Table 145.2 (continued) 


Dermoscopic structure Definition Schematic illustration 


Atypical vascular structures Dotted vessels over milky-red background suggests melanoma or Spitz naevus 
Serpentine vessels: linear and irregular 

Polymorphous vessels: two or more vessel morphologies within the same lesion 
Corkscrew vessels: usually seen in nodular or desmoplastic melanoma, and melanoma 


metastases 


Peripheral tan structureless areas Structureless light brown area/s located at the periphery of the lesion and encompassing 


more than 10% of a lesion’s surface area 


obscure visualisation of any other structures. An atypical blotch 
includes an off-centre blotch or multiple asymmetrically located 
blotches (Figure 145.5a,b,d,f). 

11 Atypical vessels. Assessment of vascular structures/vessels 
include the evaluation of the (i) morphology; (ii) arrange- 
ment; and (iii) other features (e.g. halo, background colour). 
To enhance the ability to visualise the blood vessels one should 
use non-contact polarised dermoscopy. If non-polarised der- 
moscopy is used then efforts need to be taken to prevent the 
blanching of vessels, which can easily occur when too much 
pressure is applied to the skin when the scope is placed in direct 
contact with the lesion. An easy way to avoid blanching the 
vasculature is to use a gel interface between the scope and the 
lesion; the scope can then be placed in contact with the lesion 
with minimal pressure being applied to the lesion [45,47]. With 
the exception of intradermal naevi displaying comma-shaped 
vessels, blood vessels seen in melanocytic tumors should raise 
concern for melanoma. Vessels considered atypical include 
comma-shaped vessels in lesions that do not appear as intra- 
dermal naevi on clinical inspection, dotted, linear irregular 
or corkscrew vessels, also milky-red globules and milky-red 
areas. The most common vessel pattern seen in melanoma is 
the polymorphous pattern, which includes two or more vessel 
morphology within the same lesion [48,49,50,51]. 


Melanomas on special locations 

Melanomas developing on special sites, including volar skin, face, 
mucosae, nails, or those on chronically sun-damaged skin can 
reveal any of the abovementioned melanoma-specific structures 
(Table 145.2; Figure 145.5), but usually display a different set of 
dermoscopic structures (Tables 145.3, 145.4 and 145.5; Figures 145.6 
and 145.7). 


Melanomas on facial skin or chronically sun-damaged skin 

[22,52-55] (Table 145.3; Figure 145.6) 

e Annular-granular pattern, formed by slate-grey dots/granules 
surrounding adnexal openings. 

e Asymmetric follicular openings, consisting of an asymmetric 
distribution of colour (tan-brown to grey) surrounding follicular 
openings. 


e Angulated lines, defined as multiple, confluent greyish to brown 
lines meeting at acute angles and coalescing to form polygonal 
shapes such as rhomboids. The lines can be formed by confluent 
granules or dots and this may at times be the only criterion present 
to indicate malignancy [15-17]. 

¢ Rhomboidal structures consist of homogeneous darkly pig- 
mented areas (brown, grey, or black) around the adnexal or 
follicular openings. 

¢ Blotches form when the melanoma starts to obliterate the adnexal 
openings creating areas of dark pigment where the pigment is so 
dark that it precludes the ability to see any other structures in the 
area. 

¢ Concentric isobar pattern or circle within a circle, defined as 
concentric pigmented rings encircling each other around hair 
follicles. 

Early signs of melanomas on facial or chronically sun-damaged 
skin (i.e. lentigo maligna) include an annular granular pattern, 
asymmetric follicular openings, granularity, angulated lines or 
dots aggregated around adnexal openings. As lesions progress, 
these dermoscopic features are replaced by homogeneous dark 
areas or blotches with obliteration of adnexal openings [15]. Most 
melanomas on chronic sun-damaged skin will reveal a disorgan- 
ised pattern with at least one of the features mentioned above. 
However, some can be featureless tan macules and others can just 
reveal network structures. Any acquired, isolated, large lentigi- 
nous lesion on chronic sun-damaged skin should raise concern for 
melanoma, even if it only reveals network structures. The network 
in these melanomas tends to be quite normal in appearance but 
close scrutiny will usually reveal that the network is distributed 
as small islands with intervening structureless areas and these 
islands of network tend to be distributed in a patchy and disor- 
ganised manner. In structureless melanomas on sun-damaged skin, 
digital dermoscopy follow-up may assist in correctly identifying 
the melanoma based on change. 


Melanoma on volar skin of palms and soles 

During the dermoscopic evaluation of lesions on palms and soles 
it is imperative to identify the furrows and ridges of the der- 
matoglyphics. Pigment predominantly localised to the ridges 


= 
rT) 
 ¢ 
_i 
a 
fe) 
Wi 
a 


PART 12 


Chapter 145: Dermoscopy of Melanoma and Naevi 


NEOPLASIA 


Figure 145.5 (a) Dermoscopic image of a melanoma on the lower back revealing an atypical network (solid box), regression structures including granularity and scar-like 
depigmentation (dashed box), peripheral tan structureless area (black arrow) and atypical blotch (white arrow). (b) Dermoscopic image of a melanoma located on the leg with an 
atypical network (solid box), regression structures (arrows) with the solid arrow pointing to granularity/peppering and the dashed arrow pointing to scar-like depigmentation. The 
lesion also has a peripheral tan structureless area (asterix). (c) Dermoscopic image of a melanoma located on the abdomen, with an atypical network (black solid boxes), atypical 
globules (white dashed box), negative network (white solid box), scar-like areas (white arrow) and atypical vessels including serpentine, dotted and irregular hairpin vessels (black 
arrows). (d) Dermoscopic image of a melanoma located on the thigh with atypical peripheral streaks (i.e. radial streaming). (e) Dermoscopic image of a melanoma in situ displaying 
atypical globules and peripheral tan structureless areas. (f) Dermoscopic image of a melanoma displaying a blue-white veil. (f) Courtesy of The International Skin Imaging Collaboration. 
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Figure 145.6 (a) Dermoscopic image of a lentigo maligna located on the nose with perifollciular granularity and asymmetrical grey perifollicular openings (solid box), polygonal 
structures (dashed box), rhomboidal structures (solid arrows) and circle within a circle (arrowheads). (b) Dermoscopic image of a melanoma located on chronic sun-damaged skin on 
the shoulder, revealing perifollciular granularity and asymmetrical grey perifollicular openings (solid box) and polygonal structures (white arrow). 


Table 145.3 Melanoma structures seen on facial or on sun-damaged skin. 


Table 145.4 Melanoma structures in acral melanoma (melanomas on volar skin). 


Dermoscopic Schematic Dermoscopic Schematic 
structure Definition illustration structure Definition illustration 
Asymmetrical Dots or grey granularity Parallel ridge Pigmentation located on the 

perifollicular aggregated around hair pattern ridges of palms and soles 

openings follicles in an asymmetrical 


Angulated lines (i.e. 
polygonal lines, 
zig-zag lines) 


Rhomboidal structures 


Follicle obliteration 


Circle within a circle 
(isobar pattern) 


fashion. This asymmetrical 
distribution often creates a 
crescent shape around the 
hair follicles 


Brown to bluish grey dots and/or 
lines arranged in an angulated 
linear pattern 


Hyperpigmented brown and grey 
lines surrounding hair follicles 
and creating shapes like 
rhomboids 


Rhomboidal structures become 
broader, obliterating hair 
follicles 


Concentric pigmented rings 
encircling each other 


O 


Irregular diffuse 
pigmentation 


Irregular/atypical 
fibrillar pattern 


Large-diameter 
lesion 


Irregular, diffuse pigmentation 
with different shades of tan, 
brown, black and/or grey 


Any fibrillar pattern on the palms 
or fibrillar pattern on the soles 
that reveals an increased 
variability in the thickness or 
colours of the lines. Line 
colour other than brown is 
also considered atypical 

Newly acquired lesion greater 
than 7-10 mm in diameter, 
especially in individuals over 
the age of 50 years 
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e The ducts of the eccrine glands open on the surface of the skin 
overlying the ridges and are seen as tiny white dots aligned in 
(i.e. parallel ridge pattern) is highly suggestive of melanoma rows. 
(Table 145.4; Figure 145.7a,b); however, in darker skin the ridges e Ridges are wider than the furrows. 
can be normally pigmented and thus this feature cannot be relied e The ink test, described by Braun et al. [56] and Uhara et al. [57], 
upon to differentiate melanoma from benign pigmented macules. in which ink applied to the skin highlights the furrows and ridges 
Clues to assist in recognising the ridges include: and even the eccrine openings. 
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Figure 145.7 (a, b) Dermoscopic images of melanomas located on the soles with a parallel ridge pattern. (c) Dermoscopic image (c1) of a melanoma, 0.6 mm in thickness, involving 
the nail unit with multiple, longitudinal, irregular, brown bands with irregular spacing and thickness and the micro-Hutchinson sign Also present is irregular pigmentation on the 
hyponychium (clinical image, c2). (d) Dermoscopic image of a vaginal (mucosal) melanoma, demonstrating the presence of blue, grey and white colours within the lesion, and a 
multicomponent pattern composed by irregular brown-black globules and blue-white veil. 
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Dermoscopy structures suggestive of acral/volar melanoma, 
include (Table 145.4; Figure 145.7a,b): 
¢ Parallel ridge pattern. The presence of a parallel ridge pattern 

has a diagnostic accuracy of 82% for melanoma, with a sensi- 

tivity of 86%, specificity of 99%, a positive predictive value of 

94% and a negative predictive value of 98% [58,59]. Exceptions 

to the ridge pattern exist with some benign lesions manifesting 

a parallel ridge pattern, for example some congenital naevi 

and lesions seen in Peutz—Jegher syndrome, Luzier Hunziger 

syndrome, subcorneal haemorrhage and race-related pigmenta- 
tion. In contrast to melanoma, most naevi reveal patterns with 
pigment predominantly located in the dermatoglyphic furrows 

(i.e. parallel furrow and lattice-like patterns). 

e Homogeneous pattern displaying multiple shades of brown and/or 
other colours such as black, red, white, grey and blue [58,60]. 

e Atypical/irregular fibrillar pattern. An atypical fibrillar pattern con- 
sists of lines with increased variability in thickness, spacing 
and colour [61]. In addition, a lesion displaying a fibrillar pattern 
on the palms should be viewed with suspicion. 

If the volar lesion does not reveal any of the aforementioned 
diagnostic features, management relies on the maximal diameter 
of the lesion. Lesions greater than 7-10 mm in diameter should be 
considered for biopsy, especially in patients older than 50 years, 
whereas lesions smaller than 7-10mm in diameter can either be 
biopsied or digitally monitored [62]. 


Melanoma involving the nail unit 

Evaluation of melanonychia striata requires inspection of the nail 

plate, cuticle, paronychium and hyponychium. Pigment on any of 

the three latter sites, in association with an acquired melanonychia 
striata, is highly suggestive of melanoma (Table 145.5; Figure 145.7c). 
Clinical findings are (Table 145.5): 

e Hutchinson sign: pigmentation on the proximal nail fold visu- 
alised with the naked eye. 

¢ Triangular shape: the width of the melanonychia is wider at the 
proximal end of the nail plate compared with the distal end. 
A wider diameter at the proximal end, resulting in a triangu- 
lar shape can be seen in rapidly growing tumours, including 
melanomas [60]. 

¢ Nail dystrophy with complete or partial destruction of the nail 
plate. 

Dermoscopy structures suggestive of nail melanoma (Table 145.5; 

Figure 145.7c): 

e Micro-Hutchinson sign: pigmentation on the proximal nail fold or 
cuticle, only visualised with dermoscopy. The micro-Hutchinson 
sign needs to be differentiated from the pseudo-Hutchinson sign, 
which occurs when the pigment located in the nail matrix/nail 
plate is visible through a relatively translucent and normal cutic- 
ular skin and which has no diagnostic significance. 

¢ Hyponychial pigmentation with any melanoma-specific struc- 
ture (Tables 145.2 and 145.4): pigmentation on the hypony- 
chium should be evaluated in the same manner as described 
for acral/volar melanomas. For example, pigmentation on 
the hyponychium with a parallel ridge pattern would be highly 
suggestive for melanoma. 

e Irregular band pattern: an irregular pattern consists of multiple 
longitudinal bands of different colours and thicknesses. Lines are 
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Table 145.5 Melanoma-specific structures of the nail unit. 
Dermoscopic Schematic 
structure Definition illustration 
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Hyponychial pigment 
with any features 
described in 
Table 145.2 and 145.4 


Irregular pigmentation on the 
distal periungual skin, with 
any of the features associated 
with melanomas on acral skin 


Hutchinson or 
micro-Hutchinson sign 


Pigmentation of the proximal nail 
fold that can be seen with the 
naked eye (Hutchinson) or 
only with dermoscopy 
(micro-Hutchinson) 


Triangular shape Width of the melanonychia 
striata is wider at the proximal 


end of the nail plate 


Irregular band pattern Multiple, longitudinal, irregular 
bands of different colours (i.e. 
black, brown, grey) with 
irregular spacing, thickness 


and disruption of parallelism 


Nail dystrophy Complete or partial nail 
destruction and/or absence of 


the nail plate 


spaced at irregular intervals and demonstrate disruption of the 

parallelism [60]. 

Although some authors have suggested that applying der- 
moscopy directly to the nail matrix and nail bed after nail avulsion 
can help in identifying nail matrix melanoma [63], this is not a 
practical method for the routine evaluation of melanonychia striata. 
Instead, dermoscopic examination of the nail plate can provide 
valuable, albeit indirect, clues regarding the nature of the nail 
matrix lesion. 


Melanomas displaying an organised pattern 

There exists a subset of melanomas that will display an organised 
pattern. Some of these melanomas include the nodular, naevoid, 
desmoplastic, spitzoid, featureless/structureless and amelan- 
otic subtypes (Figure 145.8); also epidermotropic metastases can 
demonstrate an organised pattern. These ‘organised’ melanomas 
will usually not mimic one of the benign naevi patterns and instead 
will display at least one of two patterns, one of two structures or 
one of four colours [64,65]. 


Two patterns 

1 Streaks or globules forming a starburst pattern: a starburst pattern 
can be seen in Spitz/Reed naevi, but also in melanoma. Thus, 
this pattern should be considered suspicious, especially if found 
in individuals over the age of 12 years (Figure 145.9). 

2 Negative network pattern: both Spitz naevi and melanomas can 
display a negative network throughout the lesion. Thus, this 
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(a) . (b) 


Figure 145.8 (a) Dermoscopic image of an amelanotic melanoma that is not of the nodular subtype, showing serpentine vessels, dotted vessels and vascular blush throughout the 
lesion. (b) Dermoscopic image of a nodular, amelanotic melanoma displaying atypical vessels (i.e. serpentine and hairpin vessels) within pseudo-lagoons characterised by pink 
lacuna-like structures that are not separated from each other by septae. (c) Clinical image of a 6.1mm pure desmoplastic melanoma. (d) Dermoscopic image of the same melanoma 
showing subtle dotted vessels (box). A biopsy was performed revealing a 6.1 mm pure desmoplastic melanoma with no associated epidermal component. 


= pattern should be considered suspicious in post-adolescence and 2 Grey (3): grey colour is an important clue for skin cancer, in 
rg a biopsy should be considered (Figure 145.10). particular for melanomas on sun-damaged skin [5]. Therefore, 
a any organised lesion revealing blue-black or grey colour should 

° Two structures be considered suspicious [10,11]. 
—3) 1 Vessels: lesions revealing any vascular structure, including vessels 3 White (4): white structures include shiny white lines, which can 
Ai of any morphology, should be considered concerning. only be seen with polarised light. Although all white struc- 
bel) 2 Ulceration: a lesion with ulceration or erosions should always be tures including shiny white structures have a strong association 
= considered suspect. with malignancy [12,13,14], there are benign lesions, such as 
<q dermatofibromas, lichen planus-like keratoses and Spitz naevi 
mall Four colours that may also reveal these structures. However, for the pur- 
1 Blue-black colour (1,2): the presence of blue-black colour has pose of lesion triage it is advisable that any lesion displaying 
been shown to have high sensitivity for nodular melanoma [4] white colour be viewed with suspicion [64] (Figures 145.5 and 


(Figure 145.5). 145.10). 


Conclusion 145.15 


organised dermoscopic patterns while melanomas tend to manifest 
asymmetrical and disorganised patterns that display at least one 
melanoma-specific structure. The most common naevi patterns 
encountered in clinical practice have been discussed in this chapter. 
There are, however, other less common types of naevi with their 
own signature dermoscopic features that have not been discussed, 
including balloon cell naevi, BAP deficient naevi, epidermolysis 
bullosa naevi, naevi arising in lichen sclerosus, recurrent naevi, 
Meyerson naevi and halo naevi among others (Table 145.1). In 
addition, there is a group of naevi that manifest a disorganised and 
multicomponent dermoscopy pattern, which can be impossible to 
differentiate from melanoma based on the clinical and dermoscopy 


morphology alone. 
— In this chapter we have also provided an overview of the 
Ss melanoma-specific structures including an atypical network, a 
negative network, angulated lines, streaks, shiny-white lines, atyp- 
. ical dots/globules, off-centre blotches, blue-white veils, regression 


structures, atypical vessels and peripheral tan structureless areas. 

; Some studies have suggested that the constellation of dermoscopic 

i structures within a melanoma can be used to predict its thick- 

Figure 145.9 Melanoma in situ presenting with a starburst pattern. ness [66]. In addition, the clinical morphology of the melanoma, 

its location and the dermoscopic structures it manifests can help 

predict the melanoma subtype, from lentigo maligna to superficial 

spreading melanoma, nodular melanoma, verrucous melanoma, 

desmoplastic melanoma, naevoid melanoma, spitzoid melanoma 

and recurrent melanoma amongst others. However, for the purpose 

of this chapter we have chosen to highlight the features seen in any 

melanoma subtype, irrespective of whether in situ, micro-invasive 
or deeply invasive. 

The established use of dermoscopy has improved our benign-to- 
malignant biopsy ratio due to fewer naevi being removed and more 
melanomas being found. The melanomas discovered because of 
dermoscopy are primarily those that lack the clinical ABCDs, have 
smaller diameters and are in situ or microinvasive. In addition, 
with sequential digital monitoring, the featureless melanomas can 
also be discovered based on changes noted during serial digital 
dermoscopy monitoring [67]. All this effort has likely saved count- 
less lives but probably has also contributed to the overdiagnosis of 
this cancer [68]. Future research will need to focus on deciphering 
which of the melanomas found with dermoscopy will behave in an 
aggressive manner and which will behave in an indolent manner 
during the course of the patient’s life. Much effort is currently 
being directed towards training artificial intelligence (AI) neu- 
ral networks in differentiating naevi from melanoma. Although 
multiple studies utilising selected melanocytic tumour images 
have shown that Al’s diagnostic accuracy approaches and even 
Figure 145.10 Nodular amelanotic melanoma presenting with an ‘organised pattern’; surpasses expert dermoscopy readers [69], their performance in 
dermoscopy reveals shiny white structures and atypical vessels. real-world settings and their impact on patient management are 

lacking. Besides investigating AlI’s role in the diagnostic process, 

researchers are actively looking at ways for AI to direct human 
Conclusion vision to focal areas or structures within a lesion that may have 

diagnostic significance, ensuring that the human observer has in 
While the clinical morphology of naevi and melanoma may over- _ fact seen the area of interest before rendering a final diagnosis. Over 
lap, the visualisation of colours and structures under dermoscopy __ the next decade we are likely to see diagnostic AI programs or AI 
has shown to improve our ability to discriminate between these programs designed to augment human intelligence penetrate the 
two entities. Overall, naevi tend to display symmetrical and clinical care environment. 
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Merkel cell carcinoma —l 


Definition, nomenclature and classification 


crine carcinoma 
e carcinoma of the skin 


Introduction and general description 
Merkel cell carcinoma (MCC) is a highly aggressive carcinoma 
of the skin with neuroendocrine differentiation demonstrating 
high rates of recurrence and metastasis. Indeed, the 5-year rate for 
MCC-specific survival in the USA is only about 76% for localised, 
53% for regional and 19% for distant disease. The clinical appear- 
ance of MCC is usually that of a rapidly growing, reddish, spherical 
tumour with a smooth, shiny surface and a firm consistency, but 
there are exceptions such as plaque-like or ulcerated tumours. 
Spontaneous, often complete, regression of MCC is observed 
sporadically. Complete regression of the primary tumour may 
explain cases in which only lymph node or distant metastases are 
found at the time of initial diagnosis. 

Although the incidence of MCC has been rapidly increasing since 
its first description, it is still a very rare tumour. In 1972 Toker 
reported five patients with unusual skin tumours characterised by 


histologically anastomosing trabeculae and cell nests; he therefore 
named these tumours ‘trabecular carcinoma of the skin’ [1]. This 
histological feature already suggested a neuroendocrine origin, and 
this notion was substantiated by the discovery of electron-dense 
neurosecretory granules in the tumour cells. In 1982 Rywlin sug- 
gested naming this tumour Merkel cell carcinoma due to the 
morphological similarities of the tumour cells to Merkel cells [2]. 
In addition, Merkel cells and MCC tumour cells share similar 
immunophenotypical features. 

Merkel cells are thought to function as slowly adapting mechano- 
receptors in the basal layer of the epidermis and appendage 
structures [1], and belong to the amine precursor uptake and decar- 
boxylation system. Although they were suspected for a long time 
to have a neural crest origin, it has now been demonstrated that 
mammalian Merkel cells derive from epidermal stem cells in the 
skin [2,3]. Immunophenotypical similarities between Merkel cells 
and MCCs generated speculation that Merkel cells may be the 
cells of origin for MCC. However, several reports have identified 
non-neuroendocrine epithelial cells and sarcomatous elements in 
some MCCs [4]. This suggests that MCC may arise from prim- 
itive, pluripotent/stem epidermal stem cells, which are able to 
differentiate into different cell lineages. 


Epidemiology 

Only a small fraction of all cutaneous malignancies are MCCs. 
In a study comprising 3720 MCC patients from the Surveillance, 
Epidemiology and End Results (SEER) database diagnosed between 
2012 and 2016, the age-adjusted annual incidence rate was 0.66 per 
100 000, representing a 3.5-fold increase over the period between 
1987 to 1991. MCC is a tumour of advanced age with the high- 
est incidence rate observed in those 85 years or older, with an 
age-adjusted rate of 14.6 per 100 000 for males and 5.5 for females. 
The increasing MCC incidence over time can be attributed to chang- 
ing environmental risk factors, an ageing population and improving 
diagnostic tools. Although the birth cohort effect (risk factors) and 
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age effects have continued to increase over time, the era of diagnosis 
effect has begun to plateau [5]. Notably, earlier studies also reported 
an increase in MCC incidence during the 1990s, but also suggest 
a more recent stabilisation of rate [6-8]. Thus, increased detection 
of MCC by improved diagnostics and disease awareness is having 
a waning influence on disease incidence, whereas changes in the 
ageing population continue to drive the growing incidence. 

MCCs are most often found on the sun-exposed skin areas of 
the white population who are older than 50 years. Indeed, MCC 
is much more common in white than in black patients, i.e. 0.31 
and 0.01 per 100 000 persons, respectively [6]. Albeit not specifi- 
cally reported, it may be hypothesised based on other ultraviolet 
(UV)-induced tumours that the rates in Asian or Hispanic patients 
will be somewhere between these two. 

The mean age of patients at the time of initial diagnosis is about 
76 years for women and 73 years for men. In fact, 71.6% of patients 
are older than 70. MCC predominates in men (61.5%). 

MCC occurs much more frequently in severely immunosup- 
pressed populations, such as organ transplant patients, patients 
with haematolymphoid disorders or acquired immune deficiency 
syndrome (AIDS) [9-11]. Indeed, the mean age at diagnosis in 
organ transplant recipients is almost 20 years lower compared with 
immunocompetent patients. In organ transplant recipients, MCCs 
tend to develop 7-8 years post-transplantation and affect the head 
and neck areas, often in the presence of other UV-induced skin 
cancers. 

Patients diagnosed with MCC bear an increased risk for being 
diagnosed with a second primary cancer when compared with the 
general population [12]. The increase in the risk of developing a sec- 
ond primary cancer may, in part, be due to shared aetiological factors 
between the cancers. Nonetheless, clinicians treating MCC patients 
should be aware of these associations. 


Pathophysiology 

Pathogenesis 

The carcinogenesis of MCC is associated either with the clonal inte- 
gration of Merkel cell polyomavirus (MCPyV) DNA into the host 
genome or UV-induced DNA mutations, both resulting in similar 
cellular aberrations. 

Intially, Merkel cells were thought to be the cells of origin for MCC 
due to similarities in morphology and protein expression. Merkel 
cells are located at the epidermal—dermal junction, mostly in associ- 
ation with appendage structures, and act as light touch receptors [1]. 
However, the deep dermal location of most MCC tumours, the lack 
of MCPyV detection in Merkel cells and their post-mitotic state have 
raised serious doubts about this theory [13]. An alternative hypoth- 
esis is that Merkel cell-like features are acquired by tumour cells 
during oncogenesis, comparable to the neuroendocrine transforma- 
tion of other tumour entities [14]. Indeed, inactivation of pRB either 
by MCPyvV T-antigen expression or somatic mutations is expected 
to induce the expression of several transcription factors involved in 
Merkel cell differentiation such as SOX2 (SRY-box 2) and ATOH1 
(Atonal homolog 1) [15,16,17]. An oncogenic transdifferentiation 
hypothesis has been proposed for a number of potential MCC cells 
of origin including pluripotent/stem cells of the epidermis and 
appendages and dermal fibroblasts, as well as pre-/pro-B cells 
[18-21]. Moreover, significant variation in morphology and genetic 


variants has suggested that MCPyV-positive and -negative cases 
might derive from distinct cellular ancestries [22]. Although several 
lineage tracking experiences in mouse models failed to identify the 
MCC cell of origin [23,24], recent investigation by massive parallel 
sequencing of a rare combined MCC associated with a benign 
adnexal neoplasm strongly suggests that MCPyV integration in an 
epithelial progenitor can give rise to MCC. These observations argue 
in favour of an epithelial origin of MCPyV-positive tumours which 
might derive either from the epidermis or from appendages [25]. In 
addition, detection of high tumour mutation burden, prominent UV 
signature and frequent association with squamous cell carcinoma 
and precursors support an epidermal origin for MCPyV-negative 
MCC [26-28]. 


Predisposing factors, causative organisms 

and environmental factors 

The mean age of patients at the time of initial diagnosis is above 70 
years [5]. Notably, there is a 5-10-fold increase in incidence after the 
age of 65. It has been proposed that an age-related impairment of 
immune functions, that is, immunosenescence, may explain this age 
predisposition. Immune control of MCC is supported by a number 
of observations. For example, MCC occurs more frequently and at 
younger ages in severely immunocompromised populations, such 
as organ transplant patients, patients with haematolymphoid disor- 
ders or human immunodeficiency virus (HIV) infected individuals 
[9-11]. Moreover, the prognosis of MCC in immunocompromised 
patients is much worse; an association that is independent of the 
stage at diagnosis [9]. Finally, there are numerous case reports of 
spontaneous regressions of MCCs, even in metastatic stages, partic- 
ularly when any form of immune-suppressive therapy is ceased [29]. 

Given the increased risk of MCC in immunocompromised 
patients a causative infectious agent was hypothesised, leading to 
the discovery in 2008 of a novel human polyomavirus, MCPyV, 
by whole transcriptome sequencing [30]. The presence of MCPyV 
in a large fraction of MCC cases — particularly in patients living 
in regions with a higher latitude — has been confirmed in several 
studies [31]. MCPyV is the first polyomavirus directly linked to 
human cancer. The assumed viral carcinogenesis of MCC explains 
several of the features of MCC including its outstanding immuno- 
genicity. MCPyV DNA is clonally integrated into the host genome 
of the MCC tumour cells; moreover, virus-positive MCC tumour 
cells require continued MCPyV oncoprotein expression to survive 
(Figure 146.1) [32]. The integrated viral genomes of each tumour 
contain unique mutations in the large T-antigen gene viral onco- 
gene that incapacitates viral DNA replication [33,34]. Both humoral 
and cellular immune responses have been demonstrated against 
virally encoded proteins. Notably, while immune responses against 
MCPyV capsid proteins can be readily detected in the general 
population, responses against viral oncogens are mostly restricted 
to MCC patients [35,36]. Indeed, increased antibody titres against 
the viral oncogenes have been proposed as a biomarker for tumour 
burden in MCC patients [37]. 

The observation that the incidence rates for MCCs increase for 
persons living in areas of lower latitudes, and that MCC is most 
often found on the sun-exposed skin of white people, suggest 
UV exposure as one of the major environmental risk factors [6]. 
Additional lines of evidence are the increased MCC incidence 
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Figure 146.1 Proposed viral carcinogenesis of Merkel cell carcinoma (MCC). Merkel cell 
polyomavirus (MCPyV) must enter host cells by endocytosis and navigate through 
various intracellular compartments, where they undergo sequential conformational 
changes, which enable them to uncoat and deliver the DNA genome into the nucleus. 
Since the MCPyV genome is found clonally integrated in all MCC lesions of one patient, 
it is assumed that integration occurs prior to transformation. The interference with the 
function of the virally encoded early genes, that is, the small and large T antigen (LT) in 
MCPyV-positive MCC cell lines, caused growth arrest and cell death; thus, such 
interference may represent a therapeutic approach to tackle MCC. 


in individuals treated with UVA photochemotherapy and the 
observation that many patients with MCC have a history of other 
skin cancers associated with sun exposure [38,39]. Whether UV 
light contributes to MCC development directly or indirectly by 
immunosuppression is probably different for MCPyV-positive and 
-negative MCCs [40]. It is generally accepted that UV exposure can 
suppress immune responses and permit progression of immuno- 
genic tumours, whereas MCPyV-negative MCCs carry a molecular 
UV signature (DNA mutations that are typically caused by UV 
damage, such as C to T transitions that occur in the context of 
dipyrimidines: C[C>T]N and N[C>T]C), suggesting a direct role 
for UV in tumour carcinogenesis. 
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Pathology 
From a histological point of view, MCC is defined as a primary 
malignant tumour of the skin harbouring both epithelial and neuro- 
endocrine differentiation. Under microscopic examination, MCC 
almost always infiltrates the dermis and/or subcutaneous tissues 
without connection with the overlying epidermis, although connec- 
tions with appendages might be observed (Figure 146.2) [41]. Classic 
MCC tumour cell features include a high nucleocytoplasmic ratio, 
scant cytoplasm, round nucleus with frequent nuclear moulding 
and fine, vesicular chromatin (so-called ‘salt and pepper’). Mitotic 
figures and large areas of necrosis are frequent and reflect tumour 
aggressiveness. Most MCCs already demonstrate lymphatic and 
vascular invasion at the first histopathological diagnosis. Trabecular, 
diffuse or solid architectures have been described without prognos- 
tic impact and are frequently intermixed in tumour specimens [41]. 
Histological features of the tumours associated with poor outcome 
include tumour size (>5 mm), extension into the subcutaneous 
tissue, vascular invasion and a blurred boundary. Notably, quantifi- 
cation of the CD8(+) tumour infiltrating lymphocytes was identified 
as an additional relevant marker to predict patient outcome, partic- 
ularly if combined with T-cell receptor repertoire analysis [42,43]. 
Indeed, T-cell lymphocytes targeting MCPyV T antigens are often 
present in the tumour microenvironment of MCC patients [44], and 
therefore CD8 density is likely to reflect the antitumour immune 
response [42]. In contrast, the prognostic impact of MCPyV in MCC 
is currently controversial, with virus-negative tumours tending to 
present at more advanced stages and thus having worse outcomes. 
Since MCC belongs to the spectrum of ‘basophilic, round tumour 
cell’ proliferations, the differential diagnosis includes haematologi- 
cal malignancies, naevoid/small cell variants of melanoma and rare 
superficial forms of sarcomas, notably Ewing sarcoma. In this con- 
text immunohistochemistry is mandatory for MCC diagnosis con- 
firmation (Table 146.1), demonstrating dual epithelial and neuro- 
endocrine differentiation [41]. Indeed, MCC tumours coexpress 
epithelial markers, notably cytokeratins and epithelial cell adhe- 
sion molecule (EPCAM), and neuroendocrine markers, including 
chromogranin A, synaptophysin, CD56 and INSM1 [45]. Of note, 
frequent positivity of MCC tumour cells for markers observed 
in haematological (PAX5 (a B-cell-specific activating protein) and 
TdT (terminal desoxynucleotidyl transferase)) [19] and soft tissue 
malignancies (CD99) [46] should not lead to misdiagnoses. 
Morphological similarities and shared dual epithelial and neuro- 
endocrine differentiation make metastasis of an extracutaneous neu- 
roendocrine carcinoma, mostly from the lung, the most challenging 
differential diagnosis for MCC. Immunohistochemistry is a crucial 
tool in resolving these entities. Cytokeratin 20 expression with a 
paranuclear dot-like pattern as well as neurofilament and SATB2 
are hallmarks of MCC [41,47], whereas these markers are almost 
lacking in extracutaneous neuroendocrine tumours. By contrast, 
expressions of thyroid transcription factor 1 (TTF-1) and cytokeratin 
7 are frequently observed in extracutaneous cases, and are restricted 
to only a small subset of MCC (<10%) [47]. The detection of MCPyV 
either by immunohistochemistry or polymerase chain reaction 
(PCR) is an additional performant tool to confirm the primary skin 
origin of MCC [48]. Importantly, a combination of immunohisto- 
chemical panel and virus detection is crucial in cases of MCC of 
the lymph nodes without a detectable skin primary, which should 
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Figure 146.2 Histomorphological and immunophenotypical features of 
Merkel cell carcinoma (MCC). (a) General morphological features of MCC. 
At low magnification MCC appears a malignant proliferation of tumour 
cells invading the dermis and subcutaneous tissues without connection 
with the overlining epidermis. Vascular invasion is present (*). The tumour 
cells harbour both trabecular (**) and solid (***) patterns. Magnification 
1.25x (haematein-phloxin-saffron). (b) Morphological features of Merkel 
cell polyomavirus (MCPyV)-positive MCC. MCPyV-positive tumour cells have 
a high nucleocytoplasmic ratio, round to oval nuclei and clear and dusty 
so-called ‘salt and pepper’ chromatin. (c) Morphological features of 
MCPyV-negative MCC. MCPyV-negative cases harbour irregular spindle 
nuclei and more abundant clear cytoplasm. Combined tumours consisting 
of MCPyV-negative MCC (black *) and squamous cell carcinoma (white *) 
may be seen. In addition, MCPyV-negative MCC might harbour an 
epidermotropic component (**). Magnification 20x (H&E). (d) 
Immunophenotypical features of MCC. MCC sections were stained with 
the indicated antibodies, which were visualised by 3,3’-diaminobenzidine 


em ' a Spee 
MCPyV large T antigen (DAB) stain. Magnification 20x. 
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Table 146.1 Immunohistochemical markers of Merkel cell carcinoma (MCC). 


Antigen McCPyV(+) MCC McPyV(-) MCC Lymphoma Melanoma eNEC BCC 
Cytokeratins + os = _ 2 " 
Synaptophysin + a = _ eh aie 
Chromogranin A +/- +/- = 7 ifs 4/- 
Melan-A/MART-1 - = “ M s 
CD45 Z = : a 7 
Cytokeratin 20 + fe = _ _ _ 
SATB2 + +/— +/— - - - 
Neurofilament + 4/- = _ _ 7 
LTA . = _ _ _ - 
Cytokeratin 7 - +/— (weak) - & me 4/- 
TTF-1 - +/— (weak) - - + - 
BerEP4 + + = = = + 


BCC, basal cell carcinoma; eNEC, extracutaneous neuroendocrine carcinoma; LTA, large T antigen; MCC, Merkel cell carcinoma; MCPyV, Merkel cell polyomavirus. 


be distinguished from other metastatic neuroendocrine carcinomas 
due to the significant variations in prognosis and management 
[49]. On a small-sized biopsy, an additional potential pitfall is to 
misdiagnose MCC as basal cell carcinoma due to a partial overlap 
in morphology and immunohistochemical profile [50]. Indeed, the 
expression of BerEP4, a well-known basal cell carcinoma marker, 
is observed in the majority of MCC cases, and neuroendocrine 
marker positivity is frequent in basal cell carcinoma. In addition, 
neuroendocrine differentiation might be observed in rare endocrine 
mucin-producing sweat gland carcinoma and in the closely related 
low-grade neuroendocrine tumours of the skin [51]. No expres- 
sion of cytokeratin 20, special AT-rich sequence-binding protein 
2 (SATB2) or neurofilament, however, has been detected in these 
entities. 

Depending on MCC aetiology, several phenotypic variations can 
be detected. Features mostly observed in MCPyV-negative tumours 
are irregular/spindle nuclei, abundant clear cytoplasm, the pres- 
ence of ulceration [52], intraepidermal involvement [53] and asso- 
ciation with epidermal tumours or the presence of a divergent dif- 
ferentiation [22,54]. Although the ability of cytological analysis to 
predict virus status remains to be tested, association of MCC with 
in situ or invasive squamous cell carcinoma is highly suggestive of a 
MCPyV-negative tumour. In addition, an ‘aberrant’ immunopheno- 
type, with frequent negativity for cytokeratin 20 (9%) and/or neuro- 
filament (25%) and weak positivity for cytokeratin 7 (8%) and TTF-1 
(11%), are more frequently observed in MCPyV-negative MCC cases 
than in others [41,47]. Importantly, in this setting the use of a large 
immunohistochemical panel as well as the detection of an in situ 
component, and negativity of the extended work-up, allow the con- 
firmation of a primary cutaneous origin of the tumour in most cases. 


Clinical features 

History and presentation 

MCC is a fast-growing, asymptomatic solitary, firm, non-sensitive, 
flesh to red to violaceous nodule with a smooth, shiny surface 
(Figure 146.3) [55]. MCC usually develops and grows rapidly over 
weeks to months on chronically sun-damaged skin. Thus, the 
predominant sites are the head and neck (more than half of cases) 
and extremities (one-third of cases), whereas the trunk as well 
as the oral and genital mucosa are involved in less than 10% of 


cases. The clinical appearance of MCC results from the fact that the 
tumour usually grows hemispherically in depth, so that the intact 
epidermis is stretched. In addition to the most common nodular 
type of MCC, rarely plaque-like variants occur, especially on the 
trunk. Ulceration of primary MCC tumours is rarely observed and 
mostly occurs in advanced disease. In contrast, satellite metastases 
are frequently observed (Figure 146.4). They often exhibit overlying 
telangiectasia, making MCC lesions easily confused with basal cell 
carcinoma. Altogether, the clinical presentation of MCC may be 
ambiguous and can be confused with a number of either benign 
(cysts, lipomas, dermatofibromas, vascular lesions) or malignant 
(basal cell carcinoma, lymphoma, sarcoma, cutaneous metastases) 
conditions. Thus, clinical diagnosis of MCC can be challenging. 
To aid the clinical diagnosis, the acronym AEIOU has been pro- 
posed to describe the most common clinical characteristics of MCC: 
asymptomatic, expanding rapidly, immune suppression, older than 
50 years, ultraviolet-exposed site on fair skin. Almost 90% of MCCs 
exhibit at least three of these five features (Table 146.2) [56]. 


Disease course and prognosis 

In addition to the prognostic histopathological markers discussed 
earlier, several favourable prognostic factors have been identified, 
including primary tumour size <2 cm, local disease, female gender 
and primary tumour localised on the upper limb [57]. In addition, 
several studies confirmed the prognostic significance of unim- 
paired immune function [58]. However, lymph node status is the 
most important independent predictor including occult microscopic 
nodal involvement, which is present in one-third of patients [59-61]. 


Staging 

The first consensus staging system for MCC was published in 2010 
by the American Joint Committee on Cancer (AJCC), which replaced 
a number of older systems that are no longer generally accepted 
[57]. The AJCC staging system is based on 4700 MCC cases from 
the National Cancer Database (NCDB) and defines four stages (I to 
IV) based on clinical and pathological characteristics; stages I to II 
are further subdivided. Stage is determined from information about 
the primary tumour (T), regional lymph nodes (N) and metastases 
(M) at the time of initial diagnosis by grouping cases with similar 
prognoses (Table 146.3). 
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Figure 146.3 Primary tumour. (a—d) Primary Merkel cell 
carcinoma (MCC) appears as a fast-growing, 
asymptomatic, solitary, firm, non-sensitive, flesh to red 
to violaceous nodule with a smooth, shiny surface. (e, f) 
Ulcerations of MCC primaries are rarely observed and 
mostly occur in advanced tumours. (g, h) Besides the 
more frequent nodular type of MCC, plaque-like 
variants occur, especially on the trunk and the lower 
extremities. 
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Figure 146.4 Metastatic Merkel cell carcinoma (MCC): (a) satellite, (b) lymph node and 
(c) distant cutaneous metastases. The latter appeared as a ‘Sister Mary Joseph nodule’ in 
a patient suffering from peritoneal carcinogenesis causing severe ascites. 


Table 146.2 Summary of the most common clinical characteristics of Merkel cell 
carcinoma (MCC). 


AEIOU parameter Percentage 
Asymptomatic 88% 
Expanding rapidly 63% 
Immune suppressed 7.8% 
Older than age 50 90% 
UV exposed 81% 
No. of criteria met by primary MCC:@ 

>3 criteria 89% 

>4 criteria 32% 

5 criteria 7% 


Adapted from Heath et a/. 2008 [56]. 
@ For those where all five criteria are known. 


The T category is classified by measuring the maximum dimen- 
sion of the primary tumour: 2 cm or less (T1), more than 2 but less 
than 5 cm (T2) and more than 5 cm (T3); extracutaneous invasion 
into bone, muscle, fascia or cartilage is classified as T4. Increasing 
tumour size is associated with a modestly poorer prognosis. 

The N category is related to the nodal tumour burden. Due to 
the high propensity for clinically inapparent lymph node metas- 
tases, true lymph node negativity by pathological evaluation (pN0) 
alludes to a better prognosis compared with patients whose lymph 
nodes are only evaluated by clinical or ultrasound examination 
(cNO). Nla represents microscopic and N1b macroscopic (i.e. clini- 
cally apparent) lymph node metastases. N2 refers to the presence of 
in-transit metastases. 

The M category for distant metastatic disease comprises three 
groups: Mla includes distant skin, subcutaneous tissues or lymph 
nodes; M1b is lung; and M1c all other visceral organ sites or brain 
metastases. 

The prognostic groups defined by these categories are sum- 
marised in Table 146.3 with corresponding 3-year and 5-year 
survival rates [62]. However, it should be kept in mind that these 
rates are based on the NCDB and unfortunately do not allow the cal- 
culation of disease-specific survival. This is a significant limitation 
for a disease such as MCC that affects predominantly older individu- 
als who frequently suffer from significant co-morbidities. In a recent 
study from two high-volume centres, overall and disease-specific 
survivals (OS and DSS, respectively) for 409 patients were analysed, 
revealing a 5-year OS of 70% whereas the 5-year DSS was 84% [63]. 


Investigations 

After a confirmed diagnosis of a primary MCC, clinically indicated 
imaging may be useful in identifying distant metastases considering 
the metastatic potential of this tumour. In general, it is currently rec- 
ommended to perform at least an ultrasound of the draining lymph 
nodes and the abdomen as well as a chest X-ray [64]. It should be 
noted, however, that the main value of chest X-ray at the time of 
diagnosis is to provide a basis of comparison for future diagnostics. 
Positron emission tomography/computed tomography (PET/CT) 
scanning is gaining importance in diagnostic imaging of MCC and 
may be preferred even at initial diagnosis [61]. Due to the high 
frequency of lymphatic metastases, sentinel lymph node biopsy 
(SLNB) is generally advised to allow pathological evaluation 
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Table 146.3 Staging of Merkel cell carcinoma (MCC) and predicted 3- and 5-year survival rates. 


Stage Primary tumour Nodes Distant metastases 3-year survival 5-year survival 
1 A <2 cm (T1) Pathological negative (pNO) None (MO) 86% 79% 
B <2 cm (T1) Clinical negative (cNO) None (MO) 70% 60% 
Il A >2 cm (T2/T3) Pathological negative (pNO) None (MO) 64% 58% 
B >2 cm (T2/T3) Clinical negative (cNO) None (MO) 58% 49% 
Cc Extracutaneous invasion (T4) Negative (NO) None (MO) 55% 47% 
ll A Any T Micrometastasis (N1a) None (MO) 50% 42% 
B Any T Macrometastasis (N1b) or in transit metastasis (N2) None (MO) 34% 26% 
IV Any T Any N Beyond regional nodes (M1) 20% 18% 
A Any T Any N Skin, soft tissue, distant nodes (M1a) 
B Any T Any N Lung (M1b) 
C Any T Any N All other visceral sites (M1c) 


Adapted from Lemos et a/. 2010 [62]. 


of the sentinel lymph nodes, especially since micrometastases 
seem to denote poorer prognosis (see earlier) [62]. When distant 
metastases are suspected, the appropriate organ imaging should 
be performed. The most frequently involved organ systems are 
the skin, lymphatics and liver; however, all organ systems may 
be potentially affected including the central nervous system. 
Somatostatin-receptor scintigraphy is not well suited for determin- 
ing disease spread; the usefulness of DOTATOC (DOTA°-Phe!-Tyr? 
octreotid) and fluorodeoxyglucose (FDG) PET/CT scans has not 
yet been conclusively shown, although recent studies suggest their 
high sensitivity in detecting organ metastases [65,66]. 


Management 

General principles of management 

There is a consensus that the mainstay of therapy for patients with 
newly diagnosed primary MCC is surgery [67]. Apart from this, the 
optimal therapy management strategy for MCC is controversially 
discussed, and there is no broad consensus on for example margins 
of excision, adjuvant radiotherapy, and palliative systemic therapy 
in stage IV. Owing to the rarity of MCC, there remains a lack of ran- 
domised trials to determine the most appropriate therapy in any 
stage. Thus, a multidisciplinary approach to the treatment of MCC 
is essential to optimise outcomes. 


Primary tumour and locoregional metastases 
For primary tumours without signs of organ metastases, complete 
surgical excision is considered basic therapy. Given the high rate 
of local recurrences, which generally are due to subclinical satellite 
metastases, the National Comprehensive Cancer Network recom- 
mends excision with 1-2 cm margins around the clinically apparent 
primary tumour if this does not result in functional impairment. A 
recent study analysing more than 6000 patients confirmed that clin- 
ical margins larger than 1.0 cm were associated with an improved 
OS, which was independent of tumour subsite or adverse patholog- 
ical features for stage I to stage II MCC [68]. However, patients with 
excision margins of less than 1.0 cm who received adjuvant radio- 
therapy experienced OS rates that were similar to those of patients 
with larger margins who did not receive radiotherapy [68]. 

At certain locations, in which only a small safety margin is possi- 
ble, complete histological inspection of the margins of the excised 


material (e.g. with 3D histology), including immunohistochemistry, 
should be performed [69]. Unfortunately, prospective studies of 
such situations are still lacking. Furthermore, it should be noted that 
most of the recurrences are due to satellite or in transit metastasis 
than to incomplete excision of the primary tumour and that the 
correct histological diagnosis of MCC on frozen section is challeng- 
ing. For local recurrences, surgical resection is also the treatment of 
choice; here, the treatment intention is still curative. 

Due to the high frequency of lymphogenous metastasis, an SLNB 
should be performed for risk stratification [60,61,70]. Whether the 
indication for an SLNB should be based on tumour size or on other 
characteristics is still under discussion. The majority of publications 
report lymph node involvement even with small tumours, so that an 
SLNB is generally recommended for all patients [71]. Given the very 
high rate of lymphogenous metastasis of MCC in the head and neck 
region, an SLNB should not be performed, but rather a functional 
neck dissection should be considered [72]. If the SLNB is positive, a 
therapeutic lymphadenectomy of the affected region is warranted, 
although there are currently no prospective studies demonstrating 
a benefit from this procedure [73,74]. 

MCCs are usually highly sensitive to ionising radiation therapy 
(RT) (Figure 146.5). Retrospective analyses have shown that high 
local rates of recurrence after a RO resection of the primary tumour 
can be significantly reduced by combined locoregional adjuvant 
RT (irradiating the skin area surrounding the excision scar with a 
3 cm safety margin as well as the next regional lymph node station) 
[75]. Indeed, literature reviews on 1254 patients demonstrated that 
adjuvant RT reduced local recurrence from 39% to 12% and regional 
recurrence from 56% to 23%, respectively [56]. Similarly, multi- 
variate analysis demonstrated that postoperative RT is the only 
significant predictive factor for relapse-free survival. Hence, for pri- 
mary MCCs and local recurrences adjuvant RT of the tumour region 
and regional lymphatic drainage area are recommended (depending 
on the anatomical proximity, either together or separately). In the 
only randomised study on additive RT of the lymphatic drainage 
area, RT achieved a significant reduction in regional recurrences 
[76]. It is still uncertain whether, given histologically negative 
sentinel nodes, one can forgo treatment of the regional lymphatic 
drainage region [73,77,78]. Thus, in many hospitals and clinics, an 
expectant approach is taken for involvement of the axilla and groin, 
while an active approach is taken for the head and neck region. 


Figure 146.5 Response to radiotherapy. Primary 
tumour (a) and subsequent locoregional metastases 
prior (b) and after (c) radiation therapy. 


If an RO resection is not possible in locoregional tumour manifes- 
tations, RT may be considered [79,80]. The total dose for adjuvant 
treatment is >50 Gy with a single dose of 2 Gy five times a week 
[81]. The literature currently tends to report on the higher dosage 
level, without demonstrating a significant additional improvement 
in local tumour control. For prevention of lymph node metastasis, 
there are still not sufficient data showing the advantage of adjuvant 
RT of the lymphatic drainage area. However, if there are clinically 
detectable metastases present and a complete lymph node dissec- 
tion is not possible, a total dose of >55 Gy can achieve good local 
control [81]. 

Some studies also advocate the use of RT for primary tumours 
instead of surgery [82-84]. Indeed, when RT was used as the exclu- 
sive treatment for unresectable disease, the control rate was found 
to be similar to that observed for conventional treatment combining 
wide excision and RT. Only a few reports on the effect of RT dose 
and volume in the treatment of MCC either in the adjuvant (both 
primary and nodal) or palliative setting (for gross primary and/or 
nodal disease) have been published. In a retrospective analysis of 
112 patients, a different dose-response correlation was observed for 
subclinical and gross MCC: doses of 50 Gy or more for subclinical 
disease and 55 Gy or more for gross disease provided the best dis- 
ease control rates [81]. 

The therapeutic usefulness of adjuvant chemotherapy has not yet 
been demonstrated. Hence, outside of controlled studies, a recom- 
mendation in this regard cannot be made. 


Distant metastases — stage IV 

Until the first reports on the high efficacy of immunotherapy 
[85,86,87,88], MCC was treated like other high-grade small cell 
neuroendocrine cancers with chemotherapy agents such as cis- 
platin and etoposide. MCC has a high rate of initial response to 
chemotherapy (c.65%), but the responses are seldom durable and 
average OS was less than 1 year for metastatic disease. 

While most of the attention with respect to tumour immunology 
and immunotherapy of skin cancer was focused on melanoma, 
the notion that immunosuppressed patients have a dramatically 
higher risk of developing MCC than melanoma already suggested 
a possible success of immunotherapeutic strategies in MCC [10,11]. 
Moreover, the disease in immunosuppressed patients displays an 
increased aggressiveness, with higher recurrence rates, increased 
rate of regional metastasis, impaired response to therapy and 
higher mortality [89]. Conversely, even metastatic MCC lesions 
may regress upon cessation of immunosuppression [90]. Viral 
carcinogenesis of MCC and the oncogenic addiction to continuous 


expression of viral oncogenes explain the exquisite immunogenicity 
of the majority of MCCs. The remaining virus-negative MCCs are 
characterised by a high mutational burden with a UV signature, 
resulting in numerous neoantigens. Adaptive immune responses 
may induce PD-L1 expression on tumour and stroma cells causing 
exhaustion of tumour-specific T cells, which is particularly relevant 
in patients with a constricted T-cell receptor repertoire such as 
elderly patients. Thus, reversal of this immune evasion mechanism 
through PD-1/PD-L1 blocking antibodies was predicted to be 
highly efficacious in MCC patients. 

Indeed, several clinical trials confirmed the efficacy of immune 
checkpoint blocking antibodies in the treatment of patients with 
advanced MCC, resulting in the registration of avelumab and 
pembrolizumab for this indication. A clinical trial using the PD-L1 
inhibitor avelumab in patients who had previously progressed after 
chemotherapy reported response rates of 33% and a 1-year OS of 
52% [85,86]. Avelumab was subsequently tested in treatment-naive 
patients, inducing response rates of 62% [91]. The fact that PD-L1 
inhibition was less effective when used after chemotherapy sug- 
gests that the cytotoxic agents may harm immune effector cells and 
attenuate the response to subsequent immunotherapy. An impres- 
sive therapeutic effect of inhibiting the PD-1/PDL-1 checkpoint 
axis in MCC was further confirmed with the PD-1 inhibitor pem- 
brolizumab [87,88]. The response rate in treatment-naive patients 
was 56%, including 24% complete responders. Importantly, the 
responses to immunotherapy are not only frequent, but have a 
rapid onset (days to weeks) and are durable. Due to these char- 
acteristics, pembrolizumab and avelumab are now considered the 
current standard of care for first line treatment of metastatic MCC; 
up to now these drugs have not been directly compared against 
each other. While the efficacy of immune checkpoint inhibitors in 
advanced MCC is impressive, a significant proportion of patients 
still do not respond at all (primary resistance) or progress after 
initial clinical benefit (secondary resistance) [92]. Whereas possi- 
ble biomarkers predicting resistance are emerging, they still have 
not been validated in prospective cohorts [93]. Thus, there still 
is a significant unmet need for these patients. Multiple clinical 
trials are investigating RT, other checkpoint inhibitors, oncolytic 
viruses, Toll-like receptor agonists, cytokine therapy, vaccines, 
adoptive T-cell therapy, inhibition of the MDM2 protein or epi- 
genetic modifiers as ways to augment immunotherapy responses 
in MCC. 

Actively recruiting trials can be searched at http://clinicaltrials 
.gov and https: / /eudract.ema.europa.eu (both last accessed Febru- 
ary 2022). 
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For MCC patients refractory to immunotherapy, irradiation 
as part of a multimodal treatment approach along with surgical 
excisions and/or systemic chemotherapy may be considered [94]. 
Particularly for symptomatic patients refractory to immunotherapy 
and not eligible for clinical trials, chemotherapy may provide symp- 
tom control and thus improve the quality of life even if only for a 
limited time. This procedure should be considered on an individual 
case-by-case basis, however, and is generally performed with a 
palliative intent. 

MCC, similar to other neuroendocrine tumours, is a primarily 
chemosensitive tumour [95]. However, regarding the toxicity of 
most chemotherapy agents, doses and regimens should be adjusted 
for elderly patients (limited liver and renal function as well as 
haematopoiesis), that is, it is essential to take into account the 
principles of geriatric oncology [62]. A standard chemotherapy 
treatment for MCC has not yet been established. In the past, various 
schemes were often selected that were primarily established for the 
treatment of small cell lung cancer. Anthracyclines, antimetabolites, 
taxanes, bleomycin, cyclophosphamide, etoposide and platinum 
derivatives can be used either as monotherapy or as combined effec- 
tive systemic treatments [95]. Although combination treatments can 
achieve relatively high response rates, given the generally short 
period of remission there is no significant improvement in survival 
(median survival of 8 months) [95]. To date, there is no apparent 
correlation known between the treatment intensity and response; 
however data from various prospective studies are not available. An 
alternative to combination therapy is sequential monochemother- 
apy. Well-tolerated monotherapy options are taxanes, etoposide 
and anthracyclines [95]. 


Follow-up 

At present there are no scientifically validated studies on the 
follow-up care of MCC patients [96-98]. In general, clinical 
follow-ups at 3-month intervals are performed given the high 
risk of local recurrences or regional lymph node metastases in the 
first 2 years after removal of the primary tumour. However, in 
high-risk patients 6-weekly clinical follow-ups may be considered. 
After 2 years, follow-up is recommended at 6-month intervals and 
may later be prolonged into semiannual visits. At every second 
visit, besides the clinical examination including lymph node pal- 
pation, imaging of the regional lymph node stations should be 
performed. Once a year, an upper abdominal ultrasound and a 
chest radiograph or CT scans may be considered. The usefulness of 
FDG- or DOTATOC-PET studies as a part of follow-up has not yet 
been established [99]. The follow-up period is generally restricted to 
5 years given that the majority of recurrences occur during this time. 


Resources 


Guidelines 

AWME (Working Group of Scientific Medical Societies): www.awmf.org. 

National Cancer Institute: https://www.cancer.gov/types/skin/patient/merkel- 
cell-treatment-pdq. 

National Comprehensive Cancer Network: www.nccn.org. 


Clinical trials 

ClinicalTrials.gov: http: //clinicaltrials.gov. 

EudraCT (European Union Drug Regulating Authorities Clinical Trials Database): 
https: / /eudract.ema.europa.eu. 


Patient resources 

merkelcell.org: www.merkelcell.org. 

National Cancer Institute, Merket cell carcinoma treatment (PDF®) — patient version: 
http://www.cancer.gov /cancertopics/pdq/treatment/merkelcell/ patient. 

(All last accessed February 2022.) 
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Introduction 


The immune system plays a critical role in skin cancer initation, 
progression, recognition and elimination. Compelling epidemio- 
logical evidence for this is provided by the significantly increased 
risk of skin cancers among immunocompromised individuals. Skin 
cancers in these patient cohorts represent a growing challenge in 
terms of their frequency and diversity as well as their atypical and 
often aggressive nature. Associated morbidity and mortality are 
often considerable, pathogenesis is multifactorial and an evidence 
base to guide their management is lacking in many key areas. 


Skin cancer in primary and acquired 
immunodeficiency: an overview 


Certain primary immunodeficiencies predispose to skin cancer 
but the greatest burden of disease is associated with acquired 
immunodeficiency, including immunosuppressive drug therapy 
(including that required after solid-organ and haematopoietic cell 
transplantation and for immune-mediated inflammatory disorders) 
or disease-associated immunosuppression (including non-Hodgkin 


Iymphoma/chronic lymphocytic leukaemia (NHL/CLL) and 
human immunodeficiency virus (HIV) infection). 


Primary immunodeficiency diseases 

Primary immunodeficiency diseases (or primary inborn errors of 
immunity) may predispose to skin cancer. The spectrum of such pri- 
mary immunodeficiencies associated with skin cancer underscores 
the complexity of the immunological basis of skin cancer develop- 
ment [1,2]. This is illustrated by the following selected examples. 


Epidermodysplasia verruciformis 

Epidermodysplasia verruciformis (EV) is a rare genodermatosis 
characterised by predisposition to persistent infection with beta 
human papillomavirus (p-HPV) infection [3]. Disseminated plane 
warts, multiple common warts and pityriasis versicolor-like lesions 
appear from early childhood. Cutaneous squamous cell carcinomas 
(cSCCs) develop on ultraviolet (UV) exposed sites in up to 60% 
of patients from the third decade onwards, with no other abnor- 
malities in most patients. Invasive cSCCs are mainly located on 
UV-exposed sites, particularly the forehead; they develop slowly 
and may be locally destructive, but rarely metastasise. Primary 
EV is considered to be typical genetic EV when B-HPV cutaneous 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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infection results from mutations in genes important in keratinocyte 
intrinsic immunity (EVER1/[MC6, EVER2/TMC8 and CIB1) with no 
other evidence of compromised T-cell-mediated immunity. Atypical 
genetic EV is seen with some inborn errors of T-cell immunity, for 
example due to deficiency in RHOH and MST1, and patients are 
vulnerable to other infections. Acquired T-cell-deficiency disorders 
such as HIV and haematological malignancy may also confer an 
EV-like phenotype [5]. EV is discussed in more detail in Chapter 25. 


Severe combined immunodeficiency 

Severe combined immunodeficiency (SCID) is caused by deficiency 
and impaired function of T cells and, in some forms, additional 
reduction or dysfunction of natural killer (NK) cells and/or B 
cells. It results from diverse molecular defects in genes including 
IL-7R, CD45, IL-2Ry, JAK3, RAG1, RAG2, ARTEMIS and ADA [1]. 
An EV-like phenotype may occur in JAK3- and IL-2Ry-deficient 
patients after bone marrow transplantation [6]. A similar HPV 
association is reported in other SCID-like immunodeficiences such 
as WHIM syndrome (warts, hypogammaglobulinaemia, infections 
and myelokathexis) caused by autosomal gain-of-function muta- 
tions in CXC chemokine receptor 4 (CXCR4) in which vulvar SCC, 
basal cell carcinoma (BCC) and cutaneous T-cell lymphoma (CTCL) 
are reported [7,8]. Autosomal recessive mutations in DOCK8 cause 
a combined immunodeficiency syndrome characterised by low T, 
B and NK cells, elevated serum immunoglobulin E (IgE) levels, 
depressed IgM levels, eosinophilia, sinopulmonary infections, cuta- 
neous viral infections (HPV, herpes simplex virus and molluscum 
contagiosum [9]) and malignancy [10]. Mucocutaneous SCCs occur 
in 19% and are often associated with viral warts. Aggressive CTCL, 
diffuse large B-cell lymphoma and cutaneous microcystic adnexal 
carcinoma have also been reported [10]. 


Common variable immunodeficiency 

Common variable immunodeficiency (CVID) encompasses a group 
of genetic disorders characterised by a failure of B-cell maturation, 
and are the most common primary immunodeficiencies in adults. 
The principal defect is in antibody formation and is characterised by 
hypogammaglobulinaemia, recurrent bacterial infections, autoim- 
mune diseases and malignancy — particularly lymphoma and gastric 
cancer — with rare reports of CSCC, CTCL and melanoma [2,11,12]. 


Wiskott-Aldrich syndrome 

This is a severe X-linked immunodeficiency caused by muta- 
tions in the gene encoding WASP, a key regulator of signalling 
and cytoskeletal reorganisation in haematopoietic cells. Clinical 
manifestations include congenital thrombocytopaenia, eczema, 
recurrent infections and an increased incidence of autoimmunity 
and malignancy, including head and neck SCC and Kaposi sarcoma 
(KS) [13]. 


Dyskeratosis congenita 

Dyskeratosis congenita is an inherited bone marrow failure syn- 
drome caused by abnormal telomere maintenance which, in 60% 
of patients, results from germline mutations in one of at least 11 
telomere biology genes. Nail dystrophy, reticulate skin pigmenta- 
tion and oral leukoplakia are characteristic and patients are at high 
risk of bone marrow failure, pulmonary fibrosis, liver disease and 
mucocutaneous SCC [14,15]. 
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Netherton syndrome 

This is due to mutations in SPINK5 and is an autosomal recessive 
disorder characterised by congenital ichthyosiform erythroderma, 
trichorrhexis invaginata, atopy, food allergies and asthma [16]. Cuta- 
neous SCCs are reported, with some cases associated with B-HPV 
infections [17,18]. 


Acquired immunodeficiency diseases 

The total burden of skin cancer resulting from acquired immuno- 
deficiency is far greater than that associated with primary immun- 
odeficiency disorders [19]. The exact magnitude is difficult to 
quantify because accurate population-based data on incidence rates 
of many skin cancers, particularly keratinocyte carcinomas (KCs), 
are incomplete [20]. The spectrum of acquired immune-related 
conditions associated with increased skin cancer risk is broad [21] 
and includes people living with HIV infection (PLWH), haemato- 
logical malignancy (particularly non-Hodgkin lymphoma/chronic 
lymphocytic leukaemia), immunosuppressive drug therapy (e.g. 
following solid-organ or haematopoietic cell transplantation) and 
immune-mediated inflammatory disorders (e.g. inflammatory 
bowel disease and rheumatoid arthritis) (Table 147.1). 


HIV infection (Chapter 31) 

Worldwide there are an estimated 37.9 million people living 
with HIV (https://www.hiv.gov/hiv-basics/overview /data-and- 
trends/global-statistics; last accessed March 2023). They have a 
1.5-2-fold elevated risk of malignancy [22] and the proportion of 
adult PLWH aged 65 years or older is projected to triple between 
2010 and 2030, with a consequent further increase in this bur- 
den [23]. Antiretroviral therapy (ART) has reduced the incidence 
of acquired immune deficiency syndrome (AIDS) defining can- 
cers (ADC) include KS, NHL and cervical cancer, with a shift to 
predominantly non-AIDS-defining cancers (NADC) [22-24]. 

KCs are among the most common cutaneous NADCs with stan- 
dardised incidence ratios (SIRs) of 2.1-5.4, which are lower in 
patients on ART [25,26,27]. In contrast to solid-organ transplant 
recipients (SOTRs), in whom there is a reversal of the usual BCC : 
cSCC ratio of 3-4 : 1 seen in the general population, this ratio is 
maintained in PLWH who have CD4 counts >500 cells/pL. The 
duration of HIV infection is the main risk factor for skin cancer 
[27]. In a Danish cohort there was evidence that the increased risk 
of BCC in PLWH is restricted to men who have sex with men 
(MSM), possibly related to increased recreational UV exposure [26]. 
cSCCs may arise in the context of an EV-like phenotype [28] and 
appear to predominate when nadir CD4 falls below 200 cells/pL 
[29,30] and with higher viral load [30], suggesting that immune 
dysfunction contributes to risk. The incidence of HPV-related anal, 
penile and vulvar SCC is also increased with SIRs of 19.1, 5.3 and 
9.4, respectively [31]. 

Although the incidence of KS has decreased significantly with 
ART in PLWH, SIRs approach 500 in the USA, with a prevalence of 
6% which is highest in MSM [31]. Merkel cell carcinoma (MCC) inci- 
dence is increased 11-13-fold in PLWH [32], but there are conflicting 
data regarding the increased risk of melanoma, with reported SIRs 
of between 0.5 and 4 [33]. Recent cohort studies suggest there is no 
clear association of melanoma with immune dysfunction but rather 
as association with age and UV exposure in PLWH [21,26]. 


Skin cancer in primary and acquired immunodeficiency: an overview 


Table 147.1 Risk estimates for skin cancers in the immunosuppressed.? 


Cancer SIR OTR NHL/CLL HSCT HIV/PLWH IBD RA 
cSCC 65-480 5-8 18 2.6-4 1.2-5 1.5-1.7 
BCC 4.5-10 4-8 3 2.1 1.2 

Melanoma 1.35-5 2-8 5 0.8-12.6 1.09 1.2-2.3 
Kaposi sarcoma 40-200 3-5 3-5 450-3640 2-3 2:5 
Merkel cell carcinoma 24-142 3-10 12-13.4 2-4 1.4-2.4 
Appendageal malignancies 20-100 3.3-7.5 

Vulva/vagina cSCC 7-24 4.4-6.8 

Penis 4.5-25 4-8 


4The numbers given summarise risk ranges from references cited in the text. 


BCC, basal cell carcinoma; CLL, chronic lymphocytic leukaemia; CSCC, cutaneous squamous cell carcinoma; HIV, human immunodeficiency virus; 
HSCT, haematopoietic stem cell transplantation; IBD, inflammatory bowel disease; MCC, Merkel cell carcinoma; NHL, non-Hodgkin lymphoma; 
OTR, organ transplant recipient; PLWH, person living with HIV; RA, rheumatoid arthritis; SIR, standardised incidence ratio. 


HIV may have direct cellular and molecular effects that con- 
tribute to the development of skin cancer, including activation of 
proto-oncogenes, alterations in cell cycle regulation, inhibition of 
tumour suppressor genes, induction of microsatellite instability and 
promotion of pro-angiogenesis signalling [27]. In addition, there 
is an increased risk of infection with other skin cancer-associated 
viruses, including human herpesvirus 8 (HHV-8), Epstein-Barr 
virus (EBV) and B-HPV [27]. 


Non-Hodgkin lymphoma/chronic lymphocytic leukaemia 
Non-Hodgkin lymphoma is a lymphoproliferative malignancy 
and includes CLL, which is a clonal B-cell disorder accounting 
for 25% of all leukaemias [34]. These malignancies are associated 
with innate defects in both cell and humoral-mediated immune 
responses, which may be exacerbated by therapy; the overall risk 
for second malignancies is more than double that of the general 
population [35,36]. KC risk is increased 4-8-fold and increases with 
time after diagnosis [37-39], with higher risk in CLL compared 
with non-CLL NHL and cumulative incidence by 20 years in a 
US cohort of 43.2% for cSCC and 30.6% for BCC [37]. The risk 
association between skin cancer and NHL is reciprocal: there is a 
2-4-fold increase in melanoma in patients with CLL compared with 
the general population [40-42] and a similar increased risk for CLL 
occurs in patients with previous cSCC [43]. More aggressive CLL at 
the time of diagnosis is predictive of worse cSCC prognosis [39,44] 
and a previous history of skin cancer increases risk as does male 
sex, age and previous T-cell immunosuppressive treatments [39,45]. 
The melanoma standardised mortality ratio (SMR) for patients 
with CLL is 2.8 in the USA rising to almost 5 in Australia [46], 
where the overall SMR for KC is 17 [47]. Risk of MCC is increased 
eightfold and patients are almost four times more likely to develop 
metastases [46,48]. Risk of KS is increased 2-3-fold and patients 
with non-CLL NHL have a greater risk of overall and cause-specific 
death than expected [49]. The incidence of other rare skin malignan- 
cies such as sebaceous carcinoma, malignant fibrous histiocytoma 
and dermatofibrosarcoma protuberans is also increased [40]. 


Solid-organ transplantation 

Skin cancer is a well-recognised complication of immunosuppres- 
sive drug treatment. SOTRs, in whom long-term immunosuppres- 
sive therapy is required to prevent allograft rejection, represent 


the largest and most comprehensively studied group. Organ trans- 
plantation is a highly successful treatment for end-stage organ 
failure, with 160 000 organ transplants perfomed worldwide in 2019 
(www.transplant-observatory.org; last accessed March 2023). Sur- 
vival continues to steadily increase, as does the risk of malignancy 
which is 2-6-fold greater than that of the general population, with a 
disproportionate increase in four tumour types: KC, post-transplant 
lymphoproliferative disorders (PTLDs), ano-genital malignancy 
and KS, with smaller but significant increases in hepatocellular and 
renal cancers and some sarcomas [50,51]. 


Spectrum of skin cancers post-transplant 

Keratinocyte carcinoma accounts for more than 95% of all post- 
transplant skin cancer [52,53]. cCSCCs predominate with SIRs rang- 
ing from 45 to 480, a risk which is significantly greater for those 
under 50 years and increases with time post-transplant, reach- 
ing more than 200 and 300 in renal and cardiac organ transplant 
recipients (OTRs), respectively, at 10-20 years post-transplant 
(Table 147.1) [52,53-55,56,57,58]. BCCs are the second most com- 
mon skin cancer: incidence is increased 5—10-fold, with reversal in 
the usual 3 or 4: 1 ratio of BCC : cSCC seen in the general popu- 
lation. This ratio is influenced by time from transplantation since 
BCC shows a more linear increase compared with an exponential 
rise in SCC [54]. OTRs with KC also have a threefold increased 
risk of developing internal malignancies [59]. However, there is 
recent evidence that KC risk may be declining. A cohort study 
from Norway showed a significant decline in OTRs transplanted 
between 1983 and 1992 compared with 2003-2012, and a similar 
trend was seen in a recent cohort study from Ireland. The rea- 
sons for this decline are uncertain, but may include changes in 
immunosuppressive drug regimens and increased awareness and 
surveillance [60,61]. Melanoma incidence is increased 2.1-8-fold 
[55,6264], with evidence that the risk has increased over the past 
two decades, in contrast to KC [65]. KS risk is increased approxi- 
mately 40-200-fold [55], appendageal tumours 20-100-fold [52,66] 
and MCC up to 60-fold [66,67]. Primary cutaneous lymphoma 
(PCL) and sarcomas such as dermatofibrosarcoma protuberans 
(DFSP) and atypical fibroxanthoma (AFX) are also overrepresented, 
although population-based studies quantifying this risk are few 
[68,69]. 


< 
7) 
 ¢ 
_i 
o 
fe) 
rt) 
a 


PART 12 


< 
nv 
< 
=| 
o. 
fo) 
Wi 
2 


PART 12 


147.4 


Tumour burden and accrual 

The high incidence of skin cancers in OTRs is compounded by their 
multiplicity, which increases with duration post-transplantation. 
In a UK OTR cohort, almost 30% of all OTRs who had been trans- 
planted for a median of 10 years had developed skin cancer, rising 
from 10% at 5 years to almost 75% at 30 years. Two-thirds of affected 
individuals had more than one skin cancer, with an average of six 
tumours per patient; a minority of OTRs contributed disproportion- 
ately to the total cohort tumour burden, with more than 50% of the 
total number of cSCCs arising in just 3.4% of individuals [52]. Once 
the first KC has developed, more than 30% will develop a further 
KC by 1 year and almost 75% by 5 years [43,70-72] compared 
with 14.5% and 40.7%, respectively, in the general population [73]. 
OTRs in one Australian cohort developed an average of 3.35 + 4.29 
tumours per year at 20 years’ post-transplant [74]. In a UK cohort, 
the time interval between subsequent KCs shortened progressively 
from 24 months to a second cancer, 14.7 and 8.4 months to a third 
and fourth, respectively; patients with 10 or more tumours devel- 
oped a new cancer every 3 months and were at increased risk for 
metastastic disease [52]. Lung OTRs generally require the most 
intense immunosuppression and consequently develop the highest 
skin cancer burden [75-77]. A prospective study from Queensland, 
Australia calculated age-standardised incidence rates of 447 (cSCC) 
and 281 (BCC) per 1000 person-years: this is 77 times higher than 
the estimated cSCC incidence rate in the Queensland general 
population, which is already the highest in the world [77]. Use of 
voriconazole as prophylaxis for fungal lung infections compounds 
this risk [77,78]. 


Population diversity and geographical and environmental 
influences 

Comparisons between studies of post-transplant skin cancer may 
be complicated by differences in population diversity including 
skin phototype and ethnicity, in addition to environmental factors — 
particularly UV and viral exposure — due to geographical location 
[79]. White people living in Australia have the highest incidence 
of post-transplant KC, affecting more than 80% of those trans- 
planted for 20 years and the SMR for malignancy is highest for 
cSCC [80]. Japan and Taiwan report a low incidence of KC and 
KS, and although also low in Korea, the incidence of KC is still 
significantly greater than in the general population [81-83]. Two 
London- and Philadephia-based OTR cohorts that included a sig- 
nificant proportion of OTRs with skin of colour and from diverse 
countries of origin [52,58,84] reported skin cancer across all groups, 
although this varied with skin type and country of birth. OTRs with 
darker skin types were disproportionately affected by malignant 
genital tumours [84] and KS was more common in those from 
HHV-8 endemic areas [52,58]. Similarly, post-transplant KS is most 
common in OTRs from the Mediterranean and from sub-Saharan 
Africa and is the most common post-transplant malignancy in Saudi 
Arabia [58,85,86]. 


Paediatric organ transplant recipients 

The spectum of malignancies developing after paediatric organ 
transplantation differs from that seen in adult OTR populations 
and skin cancer is rare [87-89]. KC is the most frequent malignancy 
following renal transplantation, with an average time of onset of 
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12-18 years post-transplant, and in other organ transplants is the 
second most common after PTLD [89]. Benign melanocytic naevi 
are increased [88], and melanoma at an average of 14-16 years 
post-transplant is proportionately more common in paediatric 
OTRs, accounting for 15% of all skin cancers [62]. 


Type of solid-organ transplant 

Ina population-based study of more than 10 000 OTRs over 20 years, 
cSCC risk appears to be greatest after cardiac and/or lung trans- 
plantation, followed by renal transplantation with risk lowest in 
liver transplant recipients, possibly related to intensity of immuno- 
suppression [55]. Incidence is particularly high after simultaneous 
pancreas and kidney transplants, with cSCC reported to be 6.2-fold 
higher than age- and sex-matched renal transplant recipients [90]. 
The number of renal transplantations does not appear to increase 
risk [91], although risk remains elevated during periods on dialysis 
between transplants [92]; and for patients with a history of cSCC 
who are then retransplantated, prognosis appears to be worse [93]. 


Cause of end-stage organ disease 

End-stage organ failure itself is associated with a small increased 
risk of cancer: in one study, the SIR for malignancy was 1.16 before 
renal replacement therapy, 1.35 during dialysis and 3.27 after renal 
transplant [50]. A Danish registry study also reported a SIR of 4.8 for 
cSCC among patients with renal failure, but not for cardiac, lung or 
liver failure [94]. There is some evidence that the cause of end-stage 
renal disease may also impact on skin cancer risk. For example, poly- 
cystic kidney disease confers a higher risk than diabetic renal disease 
[95], but no association was identified with causes for end-stage liver 
disease in a French series [96]. HIV-related organ failure may be pre- 
dicted to significantly increase risk, but early evidence indicates that 
rates of skin cancer are relatively low, although HPV-related anal 
neoplasia may be at an increased risk of progression [97] and KS 
risk is increased compared with the non-HIV OTR population in 
a French study [98]. Prerenal transplant immunosuppression in an 
Australian study increased the risk of ano-genital cancer, NHL and 
breast and urinary tract cancer but not melanoma or KS, although 
KC was not included [99]. 


Vascularised composite tissue allografts 

Since the 1990s vascularised composite allotransplantation has 
aimed to replace non-vital tissues lost usually following severe 
trauma and has included the hands, forearms and face. Vascularised 
composite tissure allografts (VCAs) are highly immunogenic and 
require lifelong immunosuppression, with the accompanying risks 
of infection and malignancy, and there have been several case 
reports of BCC and cSCC occurring post-VCA [100]. 


Haematopoetic stem cell transplantation 

Survival after haematopoietic stem cell transplantation (HSCT) 
for haematological malignancy has increased steadily over the 
past two decades and secondary solid cancers are an increasingly 
important late complication. Skin cancers are among the most com- 
mon neoplasms, accounting for 0-58.5% of secondary neoplasms, 
and occur in both adult and paediatric populations [101-103]. 
Chronic graft-versus-host disease (CGVHD), ionising radiation and 
treatment-related immunosuppression are all recognised as risk 
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factors. Cumulative incidence estimates for BCC and SCC in one 
large study at 20 years were 6.5% and 3.4%, respectively [104]. 
Median time from HSCT to diagnosis is 7.3-9.4 years for BCC and 
2.1-7.0 years for cSCC and patients often develop multiple tumours 
[105]. In one large single centre study, 40 of 209 (19%) patients with 
secondary malignancy developed a further tumour, including 13 
patients with local skin cancer recurrences and 12 patients who 
presented with cSCC or BCC before other solid malignancies; 
22% of long-term survivors’ deaths were attributable to secondary 
neoplasms and four out of five metastatic CSCCs were reported to 
be the cause of death [106]. Melanoma incidence is also increased 
with SIRs between 3.5 and 8.3 and half occurring after 1-4 years 
[107-109]. 


Immune-mediated inflammatory diseases 

Immune-mediated inflammatory diseases (IMIDs) are a clinically 
diverse group of conditions which include inflammatory bowel 
disease (IBD, Crohn disease and ulcerative colitis), rheumatoid 
arthritis (RA), cutaneous inflammatory conditions (e.g. psoriasis), 
connective tissue disorders (e.g. systemic lupus erythematosus) and 
autoimmune conditions (e.g. multiple sclerosis) [110] and many 
are associated with an increased risk of skin cancer [111]. This 
may be partly due to intrinsic immune dysregulation and other 
disease-specific pathomechanisms including chronic inflammation. 
However, most studies have focused on the role of non-biological 
immunomodulatory and antiproliferative drugs (e.g. azathio- 
prine, ciclosporin, methotrexate), biological immune-targeted 
therapies particularly the antitumour necrosis factor (anti-TNF) 
agents (infliximab, adalimumab, etanercept, certolizumab, goli- 
mumab) and small-molecular-based immune-targeted therapeutics 
including Janus kinase (JAK) inhibitors (e.g. tofacitinib, baricitinib, 
ruxolitinib). This is discussed further in the section on drugs later 
in this chapter. 


Pathogenesis 


The pathogenesis of skin cancer arising in the context of immuno- 
suppression is likely to be multifactorial and current evidence 


suggests a complex interplay primarily between UV radiation 
(both solar and artificial/therapeutic), altered immune surveillance, 
drugs, oncogenic viruses, host genetic susceptibility, chronic inflam- 
mation and additional environmental carcinogens such as tobacco 
and ionising radiation (Figure 147.1) [112,113]. 


Ultraviolet radiation and genetic changes 

As in the general population, UV radiation (UVR) is a significant 
carcinogen and the most important environmental risk factor for 
skin cancer (Chapter 10). Consistent with this, immunosuppression- 
associated KC is more prevalent in regions of high ambient UVR, 
75% occur on photoexposed body sites, and they are more com- 
mon in those with fair skin phototype and a history of both 
chronic UVR exposure and acute sunburn [52,112-114]. As in the 
immune-competent population, cSCC and BCC from immuno- 
suppressed individuals have a high prevalence of UV-induced 
mutations and although there are no clear differences in the 
spectrum of genetic changes present in tumours from immuno- 
compromised individuals, some of the drugs used in these patients 
(e.g. ciclosporin, azathioprine, voriconazole) may interact with 
UVR and directly or indirectly enhance its carcinogenic effects, 
as may HPV [112,115-117] (see the section on drugs later in this 
chapter). 


Reduced tumour immune surveillance 

Ultraviolet exposure has long been known to have profound effects 
on immune function [118,119] and a deregulated immune system 
underpins carcinogenesis. However, the additional immune dys- 
regulatory mechanisms in patients immunosuppressed by drugs 
or disease are not well understood [120]. In general, the incidence 
of KC in OTRs is proportional to the level of immunosuppression 
and is associated with lower peripheral CD4 counts [121,122]. 
Reduction of immunosuppression in OTRs reduces the rate of 
subsequent accrual of skin cancers [123] (particularly virus-related 
cancers) and synergy between viral oncogenesis and immune dys- 
regulation (e.g. by enhanced viral replication or integration) may 
provide additional mechanisms in immunosuppression [124]. The 
immunophenotype differs in CSCC in OTRs, with higher numbers 
of circulating T-regulatory cells (Tregs) predictive for new cSCC 
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development [125]. In HIV, the risk of cSCC but not BCC may 
increase with lower CD4 counts [29]. NHL/CLL is associated 
with innate immune dysregulation involving complex defects of 
both humoral and cell-mediated immunity which, independent of 
treatment-related risk factors, may be sufficient to account for the 
increased skin cancer risk [37]. 

In addition to systemic immune dysregulation, the immune 
tumour microenvironment is also altered in OTR cSCC. The 
tumour-associated inflammatory infiltrate appears to be reduced 
with reduced CD4+ T-cell infiltration, decreased cytotoxic CD8+ 
T cells and increased regulatory T cells in some but not all stud- 
ies [125-129] and is predicted to lead to a ‘cancer permissive’ 
tumour microenvironment with decreased immune surveillance. In 
addition, impaired antigen presentation through reduced CD123+ 
plasmacytoid dendritic cells [127] and increased exposure to 
interleukin 22 (IL-22) may accelerate tumour growth [129] and 
potentially contribute to the aggressive nature of some OTR cSCC. 
Elevated CD57 expression on circulating T cells reflecting immuno- 
logical senescence is also linked to increased OTR skin cancer 
development and may represent a predictive biomarker for cSCC 
risk [130]. 


Host genetic predisposition 

Germline single nucleotide polymorphisms (SNPs) associated with 
an increased risk of skin cancer have been evaluated at the individ- 
ual SNP level and in genome-wide association studies (GWAS) both 
in the general population [131-134] and in OTRs [112]. 

SNPs in pigmentation genes have been extensively studied in the 
general population. In Norwegian OTRs, variation in the key sig- 
nalling regulator MC1R, but not other pigmentation-associated 
genes, was associated with a twofold increased cSCC risk, 
independent of hair colour and skin phototype [135]. Eight pig- 
mentation genes were investigated in relation to time to first 
cSCC post-transplant: an increased risk was associated with a 
polymorphism in IRF4 and a decreased risk with polymorphism 
of SLC45A2 [568]. A significant association was also identified 
between p53 codon 72 arginine homozygosity in cSCC in OTRs but 
not immunocompetent individuals [136]. Associations have been 
identified in OTRs with polymorphisms in detoxifying enzymes 
glutathione-S-transferase [137,138] and IL-10 [139], human leuko- 
cyte antigen (HLA) alleles and polymorphisms [140,141], COX2 
gene regulatory region variants [142], methylenetetrahydrofo- 
late reductase polymorphisms [143,144], PTCH1 gene haplotypes 
[145] and cytochrome P450 enzymes involved in drug metabolism 
including CYP1A1 [146] and CYP2C19 [147]. Polymorphisms in 
vitamin D receptor, epidermal growth factor receptor (EGFR), 
Toll-like receptor 4, 7 and 8 [143] and DNA mismatch repair 
genes MSH2 and MLH1 [148] are not associated with OTR skin 
cancer. 

Until recently none of these genetic alterations were suffi- 
ciently robust to use in skin cancer prediction algorithms in OTRs 
[52,149,150]. However, studies in the general population have 
demonstrated that polygenic risk scores (PRSs) incorporating SNPs 
derived from GWAS analyses for BCC and cSCC confer significant 
predictive value for KC risk beyond clinical variables [151-154]. 
PRSs derived from the general population have also been evaluated 
in OTR populations both in low UV and high UV settings. A study 
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from Ireland found that PRS was the most significant predictor of 
time to post-transplant KC [155,156] and a PRS derived from UK 
Biobank and 23andMe datasets also improved predictive accuracy 
for KC in OTRs in an Australian population [157]. The possibility 
that shared genetic risk factors between CLL and KC contribute to 
their observed association was explored in a meta-analysis of PRS 
generated for CLL, BCC and cSCC susceptibility loci. A higher CLL 
PRS increased BCC risk (but not the reverse) and increased CLL 
risk was increased with higher cSCC PRS and this was driven by 
shared genetic susceptibility at the 6p25.3 (IRF4/EXOC2) risk locus 
[158]. PRS-based approaches may therefore have future clinical 
utility in improving KC risk stratification in OTRs and in other 
immunocompromised individuals in combination with clinical risk 
factor evaluation. 


Drugs 

Immunosuppressive drugs and transplantation 

Current immunosuppressive drug regimens used in transplanta- 
tion usually use a combination of agents with differing actions 
at specific sites of the T-cell activation cascade. Immunosuppres- 
sive protocols generally consist of two phases: a perioperative 
induction phase (e.g. OKT3, antithymocyte globulin, basiliximab, 
daclizumab) followed by a long-term maintenance phase with 
regimens including calcineurin inhibitors (CNIs) (e.g. ciclosporin, 
tacrolimus), purine antagonists (e.g. azathioprine, mycophenolate 
mofetil (MMF)), mammalian target of rapamycin (mTOR) inhibitors 
(e.g. sirolimus, everolimus) and cytotoxic T-lymphocyte associated 
protein 4 (CTLA4) inhibitors (e.g. belatacept) [159]. Characteris- 
tics of immunosuppressive regimens including duration, use of 
induction therapy and type of maintenance therapy may all be 
important risk factors for skin cancer, but establishing the degree of 
risk conferred by individual drugs is challenging [112]. 

The overall level of immune suppression may be more important 
than the effects of specific drugs. Both duration and dose intensity 
of immunosuppressive drug therapy are relevant: triple versus 
dual versus monotherapy and higher versus lower dose ciclosporin 
regimens are associated with increased risk [121], whereas less 
intensive immunosuppression in liver transplant recipients may 
account for their lower rates of skin cancer compared with other 
OTRs [160]. Similarly, the lower skin cancer risk in HSCT recipients 
reflects the generally shorter duration of immunosuppressive drug 
use post-transplant compared with OTRs [161]. However, even 
prolonged use of single-agent oral corticosteroids and azathioprine 
is associated with a 2-4-fold increased risk of KC [162,163]. In 
addition to reduced tumour immunosurveillance, certain immuno- 
suppressants have direct effects on carcinogenesis and tumour 
progression [112]. Azathioprine and ciclosporin have synergis- 
tic pro-carcinogenic interactions with UVB and UVA, whereas 
mTOR inhibitors have direct anticarcinogenic properties [112,164]. 
Examples of direct pro- and anticarcinogenic mechanisms are 
discussed in more detail here. 


Specific immunosuppressive drugs and skin cancer risk 
Purine antagonists 

Azathioprine and MMF inhibit the purine pathway and are antipro- 
liferative [164]. A systematic review of skin cancer risk in OTRs con- 
firmed a significantly increased risk of cSCC (but not BCC) (odds 


ratio (OR) 1.56, 95% confidence interval (95%CI) 1.11-2.18) when 
treated with azathioprine compared with other immunosuppressive 
agents [165]. Observational and clinical trial data in IBD also docu- 
ment an increased risk of KC particularly associated with thiopurine 
use, although the relative risk is smaller than for OTRs. In a ret- 
rospective registry study the adjusted OR was 3.56, rising to 4.27 
where thiopurines are used for more than 12 months [163]. A sim- 
ilar effect of thiopurines was confirmed in a separate retrospective 
cohort study [166], a prospective observational cohort study [167] 
and a meta-analysis [168]. The risk is higher for CSCC compared with 
BCC [169,170], and this increased cSCC risk is also seen in patients 
on biological therapy with previous or concurrent thiopurine use 
[171,172]. Increased cSCC risk in patients with RA has similarly been 
shown for azathioprine [173]. MMF replaced azathioprine from the 
mid-1990s and there is a signal that the risk of CSCC is reduced com- 
pared with azathioprine use [174], although this may be confounded 
by era effects with, for example, patients receiving MMF also benefit- 
ting from greater screening and photoprotection advice than earlier 
cohorts on azathioprine. 

In addition to its immunosuppressive properties, azathioprine 
is also associated with UVA photosensitivity and the generation 
of mutagenic oxidative DNA damage [175]. The azathioprine 
metabolite, 6-thioguanine, replaces a proportion of DNA guanine in 
replicating cells and becomes a strong UVA chromophore, interact- 
ing with UVA to generate reactive oxygen species, in turn causing 
direct DNA damage and widespread protein oxidation, the latter 
increasing UVB mutagenicity by damage to proteins involved in 
DNA repair [176]. Azathioprine-induced UVA photosensitivity has 
been confirmed in clinical studies and is reversed by switching 
from azathioprine to MMF [177,178]. Mutational signature analysis 
of cSCC in azathioprine-exposed patients has identified the novel 
signature-32 which is predominantly C>T (75%), in combination 
with C>A, T>A and T>C mutations [117]. 


Calcineurin inhibitors 

Calcineurin inhibitors (ciclosporin and tacrolimus) also have 
synergistic pro-carcinogenic interactions with UVB and UVA 
[164]. The diverse mechanisms involved include UVA induction 
of oncogenic activating transcription factor 3 [179,180], inhibi- 
tion of UVB-induced DNA repair and apoptosis [181-183] in 
addition to UV-independent mechanisms including upregulated 
tumour growth factor-B signalling [184-186] and suppression of 
p53-dependent senescence, mitochondrial permeability transition 
pore (MPTP) and phosphatase and tensin homologue (PTEN) inhi- 
bition [187,188]. There is no clear evidence that tacrolimus, which 
was introduced in 1994 to replace ciclosporin, is associated with a 
reduced skin cancer risk [174]. 


Mammalian target of rapamycin inhibitors 

The mTOR inhibitors (e.g. rapamycin/sirolimus, everolimus) were 
introduced in 1999 and have potentially anticarcinogenic properties 
that include suppression of angiogenesis, autophagy-mediated 
DNA repair and promotion of memory T-cell function [189-193]. 
There is clear evidence from prospective randomised controlled 
trials (RCTs) that mTOR inhibitors confer reduced skin cancer risk, 
especially if the conversion from CNI to mTOR inhibitor occurs 


after the development of a first cSCC [194,195-198]. Their antipro- 
liferative, anti-angiogenic activities are especially helpful in virally 
driven skin malignancies such as KS [199,200]. The role of conver- 
sion to mTOR inhibitors in skin cancer treatment and prevention is 
discussed in more detail in the section on the management of KC 
later in this chapter. 


Belatacept 

The skin cancer risk of many newer immunosuppressive drugs 
remains uncertain. For example, belatacept, which causes selective 
T-cell co-stimulation blockade by its anti-CTLA4 properties, has 
been used as an alternative to ciclosporin since 2011. There is some 
evidence that it may be associated with a reduced risk of cSCC but 
not BCC in kidney OTRs [201]. 


Biologic immune-targeted drugs 

Data relating to use of biologics in IMIDs and skin cancer are 
conflicting. Overall, the evidence suggests an increased risk for 
KCs, predominantly cSCC, for patients with IMIDs receiving the 
anti-TNF therapies etanercept and adalimumab. However, this 
increase has not been demonstrated with the non-TNF-targeted 
biologics in psoriasis, RA and IBD [202-206] and some system- 
atic reviews and meta-analyses indicate no increased risk with 
the newer anti-TNF agents certolizumab and golimumab [207], 
although longer term studies are required. It is likely that discrep- 
ancies between studies may be due to methodological differences 
including inappropriate comparator arms and failure to account 
for important confounding factors, such as prior phototherapy for 
psoriasis [203]. In hidradenitis suppurativa, the increased skin can- 
cer risk noted in the PIONEER randomised control trial was similar 
in the intervention and placebo arms and could be disease-specific 
rather than therapy-driven [208]. Increased cSCC risk in patients 
with RA has similarly been shown for both azathioprine [173] and 
anti-TNF agents [201,209]. 

Melanoma risk may also be increased in IMIDs. In an observa- 
tional study, biological therapy was associated with an excess risk of 
melanoma particularly in Crohn disease, with an OR of 1.88 [210]. 
Increased melanoma risk was reported to be increased for RA with 
an OR of 2.3 [211]. However, this has not been confirmed in a more 
recent large European collaborative project evaluating anti-TNF, rit- 
uximab, tocalizumab and abatacept therapy in RA [212]. Similarly, 
melanoma risk was not increased for patients with spondyloarthritis 
treated with anti-TNF drugs [213]. 


Small-molecule-based immune-targeted drugs 

Inhibition of the JAK/STAT pathway causes immunosuppression 
due to impaired T-cell signalling and JAK inhibitors are approved 
in specific IMIDs (including RA, psoriasis and ulcerative colitis), 
acute GVHD, haematological conditions (including myelofibrosis 
and polycythaemia rubra vera), and are in trials for a range of 
additional IMIDs and malignancies [214]. Although skin cancer 
is predicted to be associated with the use of JAK inhibitors, data 
from clinical trials do not yet consistently support an increased risk 
[215-217]. However, there are multiple case reports of aggressive 
cSCC associated with their use [218,219] and larger studies with 
longer term outcomes are required [214]. 
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Methotrexate 

Data reporting an association between KC risk and methotrexate 
are inconsistent [202-204]. Some but not all data suggest a small 
increased risk of melanoma with methotrexate [220-222]. 


Disease-modifying drugs in multiple sclerosis 

Fingolimod is an oral sphingosine-1-phosphate receptor inhibitor 
that sequesters lymphocytes in lymph nodes, leading to systemic 
lymphopenia. Natalizumab is a monoclonal antibody blocking 
VLA4 and inhibits transmigration of lymphocytes across the 
blood-brain barrier. Although there are reports of melanoma 
[223-225], MCC [226-228] and cutaneous lymphoma [229-232], this 
has not been confirmed in all studies [569]. 


Other drugs 
Other drugs commonly used in transplantation and in other 
immunocompromised individuals may also affect skin cancer risk. 


Chemotherapeutic drugs 

Data are conflicting on whether chemotherapy for CLL/NHL affects 
the incidence of skin cancers. Although it has been suggested in CLL 
that cytotoxic chemotherapy contributes to skin cancer risk [233], 
most studies indicate a relationship with skin cancer that is unlikely 
to be primarily iatrogenic [35,234,235]. 


Antifungal drugs 

Voriconazole is a triazole antifungal often used in the treatment 
and prophylaxis of invasive fungal infections such as aspergillosis 
in OTRs - particularly lung transplant recipients — and in HCT 
recipients [78]. Like azathioprine, voriconazole is a photosensi- 
tiser for UVA: it was first reported to induce cSCC in 2007 [237] 
and there have been multiple subsequent reports documenting 
an association with cSCC which may be multiple and aggres- 
sive [78,238-242]. The mechanisms underlying carcinogenesis are 
likely to involve initiation by reactive oxygen species generated 
by voriconazole metabolites and UVA which results in epidermal 
DNA damage, in addition to tumour promotion by voriconazole 
itself which stimulates aryl hydrocarbon receptors with upregula- 
tion of COX-2 [243,244]. Retrospective studies have identifed it as 
an independent risk factor for cSCC in lung transplant recipients 
which is both dose- and drug-duration dependent [77,244,245]. 
In a French series of 19 cases, a multistep process was common, 
with acute phototoxicity in the first year, actinic keratosis (AK) in 
the second/third year and cSCC by the third year onwards [239], 
underscoring the importance of photoprotection and vigilant skin 
cancer surveillance in patients receiving voriconazole prophylaxis. 
In a population-based cohort study of almost 10 000 lung OTRs, 
cSCC risk was estimated to be increased threefold after 15 months 
of voriconazole exposure compared with OTRs not receiving the 
drug, and a small increased risk was observed with the related 
antifungal itraconazole [246]. In the same study, there was a signal 
that both itraconazole and posaconazole but not voriconazole were 
associated with an increased risk of BCC, although the authors spec- 
ulate that this finding may be in part confounded by prescribing 
practices [246]. 
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Statins 

Statins are hydroxymethylglutaryl-coenzyme A reductase inhibitors 
that lower blood cholesterol. Although they have antiproliferative, 
pro-apoptotic, antimetastatic and anti-inflammatory properties 
in preclinical studies, they may also be photosensitising and 
immune-modulating, which has led to concerns that skin cancer 
risk may be increased [247,248]. The evidence for this is cur- 
rently inconsistent. No effect on KC risk was identified in a one 
meta-analysis [249], whereas another meta-analysis of observa- 
tional studies, but not RCTs, showed a possible increased risk [250]. 
The risk therefore remains uncertain, but is unlikely to be large 
[251,252]. 


Hydrochlorthiazide diuretics 

These are among the most frequently prescribed antihypertensive 
drugs and have photosensitising properties. Multiple studies have 
confirmed an increased risk of cutaneous cSCC which is dose- and 
duration-dependent [253-256]. BCC risk is increased in some stud- 
ies [255,257,258], but not all [256,259], and there is evidence for an 
association with melanoma, MCC and adnexal skin tumours with 
high doses [255,258,260]. The association with cSCC is not increased 
for other thiazides such as bendroflumethiazide and thiazide-like 
drugs such as indapamide, although indapamide may be associated 
with an moderately increased risk of melanoma [259]. 


Non-steroidal anti-inflammatory drugs 

Non-steroidal anti-inflammatory drugs have been proposed to have 
a possible protective effect against skin cancer [261], but this was not 
confirmed in a large meta-analysis [262]. 


Oncogenic viruses 

The most common immunosuppression-associated malignancies 
are those due to known or suspected oncogenic viruses and in the 
skin these include KS (HHV-8), post-transplant lymphoproliferative 
disorders (EBV) and MCC (Merkel cell polyomavirus, MCPyV). 
HHV-8, EBV and MCPyV viral oncogenesis are discussed in more 
detail elsewhere (Chapters 25, 138, 139 and 146). Given its signifi- 
cantly increased frequency in immunosuppression, a cofactor role 
for a viral carcinogen has been sought in cSCC. There has been a 
particular focus on HPV for many years, and although there are 
supportive epidemiological and molecular data, its role in cSCC 
remains controversial but has potentially important preventative 
and therapeutic implications [263-266]. 


Human papillomaviruses and cSCC 

Human papillomaviruses are double-stranded DNA viruses that 
infect the skin and mucosal epithelium of vertebrates. Human papil- 
lomaviridae are organised into five genera (alpha, beta, gamma, mu 
and nu) and further classified into species and types: more than 450 
individual human HPV types are currently recognised [267]. All 
genera infect skin and alphapapillomaviruses (alphaPV) also con- 
tain types that preferentially infect oral and genital mucosa. Specific 
oncogenic or ‘high-risk’ mucosal papillomaviruses (including HPV 
types 16 and 18) are important carcinogens in ano-genital SCC, in 
a proportion of head and neck SCC and in periungual SCC [267]. 
AlphaPV vaccination programmes have had a substantial impact on 
ano-genital HPV infections, ano-genital warts and grade 2+ cervical 


intraepithelial neoplasia [268]. Beta- and gammaPVs are ubiquitous 
in the skin of healthy individuals, with a likely reservoir in hair 
follicle stem cells; they are usually acquired in infancy, increase with 
age and are considered to be part of the normal skin microbial flora 
[267,269,270]. Immunosuppression is associated with an increased 
prevalence in the skin of beta- and gammaPVs and coinfection 
with multiple HPV types and higher HPV seropositivity are also 
observed [271]. 

In the genodermatosis EV, betaPV (particularly HPV-5 and -8) 
are detected in more than 90% of cSCC and are co-carcinogenic 
with UVR [3,272]. Independent epidemiological and molecu- 
lar studies have also provided evidence of a role for betaPV in 
promoting non-EV cSCC, particularly in immunosuppressed indi- 
viduals in whom cutaneous HPV infection is often widespread 
and HPV-associated histological features may be evident in cSCCs 
[112,264,266]. Epidemiological studies of HPV serological responses 
in OTRs and HPV DNA in eyebrow hair follicles of OTRs have 
shown that the presence of betaPV is associated with an approxi- 
mately twofold increased risk of cSCC — of the same order as that 
conferred by skin phototype [273]. HPV serology and DNA are 
not always concordant, but when they are there appears to be a 
dose effect in that OTRs with five or more different betaPV types 
have 1.7 times the risk of cSCC compared with those with 0-4 
different types [274]. A positive seroresponse to betaPV at the time 
of transplantation is also predictive for subsequent skin cancer 
risk, with a hazard ratio of 2.9 [275]. BetaPV DNA is detected in 
more than 80% of OTR cSCC versus 30-50% of immunocompetent 
cSCC, although HPV detection methodologies vary in sensitivity 
and ability to detect diverse HPV types [276]. HPV viral gene 
expression has been observed in cSCC with in situ hybridisation 
[277], but viral load is usually <1 copy per cell and higher in AK 
compared with cSCC [278]. This, together with the apparent lack 
of viral transcriptional activity reported in other studies [279,280], 
has been taken as evidence that HPV may only be required in 
early stages of cSCC development, the so-called ‘hit and run’ 
hypothesis [264,266,272]. In this respect, it differs significantly from 
alphaPV-induced ano-genital cancers. Furthermore, in contrast with 
HPV in ano-genital cancer, no clear hierarchy of cancer-associated 
HPV types has been defined in cSCC [271]. 

High-risk alphaPVs are oncogenic through integration of the 
virus into the host genome with consequent upregulated expression 
of the early viral proteins E6 and E7, which act as oncoproteins 
through a myriad of host cellular pro-carcinogenic interactions. 
For example, E7 proteins bind and degrade retinoblastoma protein 
(pRb), and E6 proteins degrade p53 and PDZ polarity proteins 
and upregulate telomerase [267]. Conversely, betaPVs rarely inte- 
grate and their early proteins E6 and E7 do not directly target 
p53 and pRb. However, there is a significant evidence base that 
some betaPVs are pro-carcinogenic in cooperation with UVR by, 
for example, abrogating UVR-induced apoptosis, delaying repair 
of UV-induced DNA damage and cell cycle arrest and interfering 
with NOTCH tumour suppression pathways. It is postulated that 
alterations in these cellular pathways cause genetic instability in 
keratinocytes and facilitate enhanced accumulation of UV-induced 
mutations in oncogenic driver genes leading to malignant trans- 
formation. From this stage, the virus is dispensible for maintaining 
the malignant phenotype, explaining the apparently low viral load 


and lack of viral transcriptional activity in cSCC [112,264,266,272]. 
Further support for the role of betaPV in cSCC is provided by 
transgenic mouse models in which the viral E2, E6 and E7 proteins 
from betaPV types 8 and 38 are oncogenic, and also the mouse 
Mastomys coucha model. The latter provides mechanistic evidence 
for cooperation between UVB and betaPV infection with loss of 
viral DNA during squamous carcinogenesis progression [281]. An 
alternative role for HPV in cSCC has more recently been proposed 
[265]. These authors argue that T-cell immunity against commensal 
betaPV may actually prevent cSCC. However, their study was con- 
ducted in mouse models and the conclusions of this study remain 
controversial [266]. 

Ultimately, clarification of the part played by HPV in cSCC devel- 
opment may be revealed if vaccination strategies for betaPV can 
be developed. This is a potential new direction for cSCC treatment 
and prevention and could become important for the immunosup- 
pressed patient. Vaccination is not yet possible as current HPV 
vaccines only confer type-restricted protection against the high-risk 
alphaPV types [282]. Although these vaccines are thought to have 
the potential to eliminate 90% of cervical cancer and 50% of other 
alphaPV-associated cancers, they have limited cross-protection 
against non-alphaPV types [267]. Despite the occasional case report 
of possible activity of current HPV vaccines in AK/cSCC [283,284], 
it is likely that future HPV vaccine development for cSCC will need 
to focus on formulations that confer protection against a broad range 
of betaPV types. In mouse models at least, there is evidence that 
such an approach may prevent cSCC [285,286]. Currently, licensed 
highly effective alphaPV vaccines are all based on L1 virus-like 
particles and confer almost no cross-reactivity to other HPV types 
including cutaneous HPVs. Second generation vaccines based on 
L2 are likely to provide much broader based protection, but L2 
peptides are less successful at inducing neutralising antibodies and 
augmenting broad-based anti-HPV immunity is an area of active 
current research [287]. 


lonising radiation 

Radiotherapy may contribute to skin carcinogenesis in immuno- 
compromised individuals. Increased melanoma risk persists for 
more than 20 years after radiotherapy for Hodgkin lymphoma 
and, as not all tumours arise within the irradiated field, radi- 
ation may have an additional systemic effect [288]. In HSCT, 
total-body irradiation conditioning regimens increase BCC risk; 
those exposed to radiation at an age of less than 10 years show 
significantly greater risk than older individuals [103,104]. Studies in 
non-immunosuppressed populations suggest that exposure to ther- 
apeutic radiation [289] or occupational exposure [290] is associated 
with BCC but not with cSCC. 


Graft-versus-host disease 

The pathogenesis of skin cancers after HSCT is multifactorial, but 
both therapy (radiation or chemotherapy) and GVHD contribute 
[103]. A meta-analysis of 50951 HSCT recipients showed that 
chronic GVHD was associated with an increased incidence of BCC 
(relative risk (RR) 1.95) and cSCC (RR 5.31) but not melanoma, and 
acute GVHD alone was not associated with an increased risk of 
skin cancer [291]. A case-control study of 24011 HSCT recipients 
reported that the risk of CSCC was almost threefold higher in those 
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Table 147.2 Risk factors for skin cancer development in solid organ transplant recipients. 


Risk factors for time to first skin cancer 


Risk factors for total numbers of skin cancers 
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Other patient-related risk factors Transplant-related risk factors 


Duration of immunosuppression 

Age at transplant 

History of five or more sunburns 
pre-transplant 

Ethnicity (white versus non-white) 

Skin cancer pre-transplant 


Duration of immunosuppression 
Age at transplant 
Sunburn pre-transplant 


Chronic UV exposure 

Skin phototype 

Male sex 

Number of keratotic lesions (AKs and 
verrucokeratotic lesions) 

Voriconazole 


Based on the following studies: [52,77,78,95,114,149,150,273,274,299,320]. 
AK, actinic keratosis; HPV, human papillomavirus; UV, ultraviolet light. 


with chronic GVHD and even higher with previous acute GVHD. 
Treatment of GVHD with azathioprine, ciclosporin, corticosteroids 
and psoralen and ultraviolet A (PUVA) increased the risk for SCC 
18-50-fold [161]. 


Donor-derived skin malignancy 

The presence of donor-derived cells has been reported as potentially 
pathogenic in HSCT-related oral malignancies [292] and has also 
been reported for donor-derived mycosis fungoides [293]. In OTR it 
has been reported to induce KCs [294,295] and KS [296], although the 
mechanisms involved remain unclear. Donor transmitted melanoma 
is discussed in the section on melanoma later in this chapter. 


Clinicopathological features of specific skin 
cancers 


The clinical presentation and histological features of skin tumours 
arising in immunosuppression may be atypical and their clinical 
course may be altered compared with the immunocompetent popu- 
lation. This section provides an overview of clinicopathological fea- 
tures and clinical course for specific skin cancers that differ in the 
setting of immunosuppression. 


Keratinocyte cancers 

Cutaneous SCCs are usually reported to be up to 150-fold more 
common in OTRs compared with immunocompetent populations, 
with a lower but significantly increased risk in other immuno- 
compromised groups (Table 147.1). Fewer data are available for 
immunosuppression-associated cSCC premalignancies including 
AK, Bowen disease (squamous carcinoma in situ, CIS) and possibly 
porokeratosis. BCCs are up to 10-fold more common in OTRs and 
the cSCC : BCC ratio seen in the immunocompetent population is 
generally reversed, although this is not necessarily the case in all 
immunocompromised patient groups. 

The impact of skin cancers on health-related quality of life in OTRs 
is unclear. In one US study, the number of skin cancers correlated 
with higher levels of anxiety although this did not quite reach sig- 
nificance [297], while in a cohort from Ireland, skin cancer impacted 
less on quality of life than certain benign dermatoses associated with 
transplantation [298]. 


Smoking — inconsistent 
Alcohol — inconsistent 
Genetic polymorphisms 


Allograft type (lung/cardiac > renal > liver) 
Cause of end-stage organ disease 


CD4 count 
B-HPV DNA/serology concordance 


Clinical risk factors (Table 147.2) 

Cohort studies have identified clinical features associated with an 

increased risk of developing KCs [149] and the most significant form 

the basis for two risk stratification classifications reported for OTRs 

in the UK [52] and USA [150]. 

e Age at transplant. This is a significant predictor of both time to first 
skin cancer and cumulative skin cancer burden. In a UK cohort, 
risk was increased 12-fold in OTRs transplanted at 55 years or 
above compared with those younger than 34 years, with median 
time to diagnosis of 8, 12 and 19 years for those transplanted at 
age >55 years, 45-54 years and 35-44 years, respectively [52]. 

e UV exposure and skin phototype. Skin phototype and a history of 
five or more pre-transplant sunburns, particularly sunburn in 
childhood, were associated with time to first KC; chronic UV 
exposure was associated with cumulative KC burden [52]. 

e Male sex. CSCC risk is higher in males, even when adjusted for 
other risk factors [150]. 

¢ Organ type. The risk is higher in thoracic versus abdominal trans- 
plants [150]. 

¢ History of pre-transplant skin cancer. Time to first cancer is reduced 
from 105 to 71 months if there is a history of a pre-transplant KC 
[52]. 

e Actinic keratoses. These are a significant biomarker of cSCC risk in 
OTRs [114,300-302]. 

e Duration of immunosuppression. Approximately 30-50% of OTRs 
have developed skin cancer by 20 years post-transplant in Europe 
[52,58,90], with even higher rates in Australia [76,77,80]. Similarly, 
in CLL the cumulative incidence by 20 years in the USA is more 
than 40% for cSCC and 30% for BCC [40]. 


Squamous cell carcinoma 

As in the general population, cSCCs are mainly located on 
UV-exposed sites, but are more common on non-head and neck 
sites in immunocompromised compared with immunocompetent 
individuals [126]. Although diagnosis is usually made clinically, 
appearances may be atypical and a high index of suspicion is 
required (Figure 147.2) [303]. Pain is a useful symptom of inva- 
sive malignancy in this context [304,305]. Differential diagnoses 
include AK, Bowen disease, appendageal malignancies and 
infections, in particular viral warts which may be clinically and 
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Figure 147.2 Examples of cutaneous squamous cell carcinomas (cSCCs) in organ transplant recipients (OTRs). (a) Clinically typical CSCC on the left temple and (b) right index finger in 
OTRs with Fitzpatrick skin types 1 and 2. (c) Clinically atypical CSCC on the upper medial arm and (d) scalp in OTRs with Fitzpatrick skin types 1 and 5. 


histologically atypical (Figure 147.3), chronic herpes simplex and 
atypical mycobacterial infections. 

There is an estimated metastatic risk of up to 7% for cSCC in 
immunosuppressed individuals, which is more than twice that in 
the general population [20,306]. Metastatic disease has a worse prog- 
nosis in immunosuppressed individuals [307] with, for example, a 
median 3-year survival of 56% in OTRs [308] which is even worse in 
OTRs from countries with a high incidence of KC, such as Australia 
[80], and in cardiac and lung transplant recipients [77,309-311]. 
In transit metastases are also more common in OTRs, particularly 
on the scalp [303,312]. cSCCs have worse outcomes in patients 
with CLL and HIV: locoregional recurrences are sevenfold more 
common than in the general population and metastases occur in 
18% [27,37,313]. 

Although for individual immunosuppressed patients a poten- 
tially worse prognosis for cSCC is evident, it is less clear whether 
the increased rate of metastasis is a result of increased tumour 


burden rather than the increased aggression of individual tumours: 
metastatic risk increases in patients with 10 or more cSCCs, many 
of whom are immunosuppressed [314]. In terms of histological 
risk factors, differentiation status is not usually significantly differ- 
ent, but there is a reported increased depth of invasion, reduced 
inflammatory infiltrate and increased rates of spindle cell mor- 
phology, perineural invasion, lymphatic invasion and acantholysis 
[126,315-317]. There is also evidence that aggressive subclinical 
extension is more common in OTRs and CLL [318]. 


Actinic keratoses, Bowen disease, field 
cancerisation and porokeratosis 

The true SIR of AK and CIS in immunocompromised individual 
OTRs is not known, with reported prevalence ranging from 28% to 
50% [300,319]. The presence of AK increased cSCC risk by more than 
30-fold in one UK study [300] and in Australia the OR for cSCC over 
a 12-month period was almost 4 in OTRs with 10 or more AKs [301]. 
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Figure 147.3 Dorsal aspect of hands in organ transplant recipients (OTR) with 

(a) Fitzpatrick type 1 skin and (b) with Fitzpatrick type 5 skin. In both, typical and atypical 
viral warts and verrucokeratotic lesions coexist with actinic keratoses and Bowen disease 
(squamous carcinoma in situ) and early cutaneous squamous cell carcinoma. 


Field cancerisation — areas of confluent AK/CIS — is a common prob- 
lem in immunosuppression (Figure 147.4) and is associated with 
an even higher risk of CSCC. About 70% of cSCC developed within 
areas of field cancerisation in one UK study of renal OTRs, with an 
OR for cSCC of 20 for discrete AK versus 93 for field cancerisation 
[300]. In an Australian case-control study, the presence of AK 
patches was associated with an OR for cSCC of greater than 6 [302]. 


Figure 147.4 Field cancerisation in a patient with Crohn disease who was taking 
azathioprine for many years. Confluent actinic keratoses and Bowen disease (field 
cancerisation/field change) are present and a squamous cell carcinoma has developed on 
the dorsum of the right hand. 


AK may be difficult to distinguish clinically from viral warts at 
non-palmoplantar sites in immunosuppression and they are often 
termed ‘verrucokeratotic’ lesions (Figure 147.3). They are often 
contiguous on the dorsum of the hands and forehead. In a large 
multicentre European study there was a 12-fold increased risk of 
cSCC for 50 or more verrucokeratotic lesions, a fourfold increase 
for BCC, and common palmoplantar warts were associated with an 
cSCC OR of 1.6 but were not associated with BCC [114]. In contrast, 
a French study found cSCCs were associated with verrucokeratotic 
lesions but not common warts [320]. Certain histological features are 
reported to be more common in OTR versus immunocompetent AK, 
including mitotic activity, parakeratosis and verrucous change [321]. 

Porokeratosis is considered to have premalignant potential and is 
well documented in association with immunosuppression [322,323]. 
Up to 10% of OTRs are affected and it is also described in post-stem 
cell transplant and in association with GVHD, HIV [324,325] and 
with several other immunosuppressive drugs [326]. Progression to 
cSCC is rare, but metastatic disease has been reported [327-329]. 


Basal cell carcinoma (Chapter 140) 

The anatomical location of BCC differs from that of cSCC in OTRs 
[330]: in a UK cohort BCCs were twice as common as cSCCs on 
the trunk (22.2% versus 8.5%) and less common on the hands and 
forearms (5.2% versus 36.3%) [52,126]. Truncal superficial BCCs are 
also more frequent in PLWH [27] and although this may indicate 
pathogenetic differences, it may also be in part due to increased 
indoor tanning or as a consequence of more intense surveillance 
of these patient groups [331]. High-risk BCC subtypes (infiltra- 
tive/morphoeic, micronodular and basosquamous) appear not 
to be overrepresented in OTRs, but are more frequent in PLWH 
[27,126,332]. Immunosuppression-associated BCCs have reduced 
inflammatory infiltrate and increased squamous differentiation, 
but tumour depth, perineural and vascular invasion are simi- 
lar to immunocompetent BCCs [126,330]. Aggressive subclinical 


extension (defined as 3 Mohs micrographic surgery stages with 
final surgical margins of at least 10 mm) is almost twofold more 
common in immunosuppression and is highest in OTRs (partic- 
ularly lung and cardiac OTRs) and haematological malignancy 
compared with PLWH [318]. Differential diagnoses include seba- 
ceous gland hyperplasia, which is more common in OTRs, often 
in association with CNI use [333], molluscum contagiosum in 
PLWH, and rare infections such as cryptococcus which are more 
common in immunosuppression [334]. Recurrence rates for BCCs 
are significantly increased after conventional and Mohs surgery in 
both HIV and CLL, and this may result from dense lymphocytic 
infiltrate obscuring the tumour margins and perineural invasion; 
worse outcomes are not reported in OTRs [27,335-337]. 


Melanoma (Chapters 142-145) 

The immune system has an important role in melanoma pathogene- 
sis and progression and this is reflected in the higher incidence and 
generally worse outcomes for melanoma in immunocompromised 
individuals [21,33,40-42,62-65,166,338,339]. 


Melanoma in organ transplant recipients 

Melanoma is recognised to occur in one of three main clinical sce- 
narios in OTRs: most commonly de novo post-transplant melanoma, 
occasionally a history of pre-transplant melanoma and, in rare but 
often devastating cases, as melanoma transmitted from an organ 
donor [339,340]. 


De novo post-transplant melanoma 

Most studies report SIRs of 2-8 for post-transplant melanoma and 
melanoma in situ, which is higher in cardiac and lung OTRs but 
significantly lower than for cSCC [56,62-65,338,339,341,342]. SIRs of 
more than 17 are reported in African American OTRs compared with 
the general population [343]. In paediatric OTRs, a relative risk of 
4.5 was reported in one cohort study with diagnosis at a median of 
19 years post-transplant [344]. There is evidence that unlike cSCC, 
post-transplant melanoma risk may be increasing [60,61,65]. Also 
in contrast to KCs, this risk does not appear to correlate as closely 
with duration of transplantation [64,345]. In a US registry study the 
risk of presentation with primary cutaneous melanoma at diagnosis 
was stable over time but presentation with stage III/IV disease was 
approximately fourfold more common in OTRs and was increased 
significantly within the first 4 years after transplantation and there- 
after declined [64]. These findings were similar to those reported in 
a Swedish registry study [346]. In an Australian registry study, pri- 
mary melanoma risk was highest in the second year of transplanta- 
tion and subsequently declined linearly, consistent with the authors’ 
hypothesis that immunosuppression acts as a tumour promoter in 
high-risk individuals with pre-neoplastic lesions [345]. 

Risk factors for post-transplant melanoma include indicators 
of high personal UV exposure and UV sensitivity [345]. Current 
immunosuppression is also a strong risk factor and, unlike KCs, 
this risk reverts to baseline within 2 years of returning to dialy- 
sis [345]. The use of T-cell lymphocyte depleting antibodies may 
increase risk [345] as may voriconazole [240], and mTOR inhibitors 
may be protective [347]. Data are limited on the role of other 
immunosuppressive drugs [339]. 

Clinicopathological characteristics of post-transplant melanoma 
are broadly similar to those of melanoma in immunocompetent 
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patients [348,349]. However, there are suggestions of a possible 
increased incidence of mucosal melanoma [339]. Reduced tumour 
infiltrating lymphocytes has been reported in one study and was 
associated with worse outcomes [346]. Some reports indicate an 
increased association with pre-existing melanocytic naevi, pos- 
sibly suggesting that melanocytic precursors present before the 
transplant progress rapidly with intense immunosuppression 
post-transplant [341,342,346,348]. A lower BRAF mutation rate was 
found in 10 post-transplant melanomas compared with non-OTR 
tumours [350], but this was not observed in a larger study [351]. 
Reports of reduced CD8, FoxP3, PD1 and PD-L1 and enhanced 
expression of the potent immunosuppressive enzyme indoleamine 
2,3-dioxygenase (IDO) may be indicative of an immunosuppressed 
tumour microenvironment possibly induced by IDO [351]. 

Outcomes for post-transplant melanomas are generally worse 
compared with those for immunocompetent individuals. In a mul- 
ticentre European study of 100 OTRs, melanomas with a Breslow 
depth of less than 2mm had a similar prognosis to matched controls 
from the American Joint Committee on Cancer (AJCC) melanoma 
database, but melanomas of 2 mm or thicker were associated with 
higher mortality [348]. A subsequent US registry study of 724 
tumours reported worse prognosis for melanomas with a Bres- 
low depth of 1.5-3 mm [352], and a smaller Australian study in 
75 post-transplant melanomas adjusted for stage also found an 
increased melanoma-specific mortality (hazard ratio (HR) 1.74) 
[353]. A similar HR of 1.93 was reported in a Canadian study of 50 
OTRs [349], and in larger Swedish and US studies adjusted HRs 
were even higher at approximately 3.0 [64,346]. 


Pre-transplant melanoma 

Historic data have suggested recurrence rates of 20% in patients 
with pre-transplant melanoma [354]. Several subsequent studies 
did not confirm worse outcomes, although these studies were 
relatively small, tumour stage was often not reported and pos- 
sible selection bias was likely [348,352,355]. In a more recent, 
larger, US registry study, outcomes in 336 OTRs with pre-transplant 
melanoma were evaluated [356]. The risk of melanoma-specific mor- 
tality post-transplant was significantly increased (HR 27, 95%CI 
11-64, P <0.0001) compared with OTRs without pre-transplant 
melanoma. Although this is a seemingly large increased risk, the 
difference in 5-year mortality was just 1.2% as, in absolute terms, 
melanoma-specific death is rare in OTRs [356]. 


Donor-transmitted melanoma 

Cancers related to organ transplantation may be donor-derived 
(arising in the allograft itself) or donor-transmitted (a donor malig- 
nancy that is transmitted by the allograft) [357]. The risk of occult 
donor malignancy is estimated at 1.3% and transmission to a recip- 
ient occurs in 0.2%. Together with renal cancer and lymphoma, 
melanoma is one of the most common donor-transmitted malignan- 
cies; however, the prognosis is much worse, with a 5-year overall 
survival of 43% [357,358]. The development of metastatic disease 
occurs within 12 months of transplantation in the vast majority of 
cases [357,359] and the donor origin of metastatic melanoma may 
be established by polymerase chain reaction-based DNA analysis 
for microsatellite markers, HLA typing, immunohistochemistry or 
fluorescent in situ hybridisation [360]. In most cases, the donor was 
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not known to have had melanoma and the cause of the donor’s 
death in such occult cases is often cerebral haemorrhage, which 
in retrospect was secondary to brain metastases [357]. However, 
transmission of known melanoma resected in a donor decades 
previously has also been reported [341,361]. Any past history of 
melanoma is therefore considered to be an absolute contraindication 
to organ donation in many guidelines such as those in the USA, but 
this remains controversial and, given the shortage of donors, very 
early-stage melanoma and melanoma in situ are permitted by other 
guidelines, such as those in the UK [362]. 


Melanoma in other immunosuppressed individuals 

In PLWH, the SIR for melanoma is approximately 1.15-2.6 in most 
studies and this does not appear to have changed in the pre-ART ver- 
sus post-ART eras [26,33,51,363], although some more recent studies 
have suggested the incidence is not increased compared with the 
general population [21,26]. It has been suggested that HIV-induced 
immune dysfunction has less effect on melanoma development 
compared with KC and and older age. Higher UVB exposure, 
rather than CD4 and HIV RNA, were associated with increased 
melanoma incidence [21]. However, as in OTRs, stage at presen- 
tation is reported to be more advanced and melanoma-specific 
mortality is increased independent of stage [26,363]. Melanoma 
risk is increased approximately 2-7 times in CLL/NHL and overall 
survival is worse, with a SMR of more than 7 in Australia: the risk 
is bidirectional, with worse prognosis if the melanoma is diagnosed 
before CLL/NHL [38,41,42,62]. Allogeneic HSCT recipients in one 
Danish study had a threefold higher risk of melanoma compared 
with OTR [26], and in an Australian study the risk was highest in 
the first 4 years post-transplant, as in solid OTRs [364]. 


Eruptive melanocytic naevi 

Increased numbers of melanocytic naevi have been observed in 
paediatric OTRs [365,366] and in individuals with HIV [367]. 
The entity of eruptive melanocytic naevi (EMN) describes the 
rapid simultaneous appearance of multiple melanocytic naevi on 
previously uninvolved sun-exposed skin. Although reported in 
otherwise healthy individuals and bullous dermatoses, it may 
also be associated with drugs (including immunosuppressants), 
chemotherapy, targeted cancer therapy such as BRAF inhibitors 
and melanocyte stimulators such as a-melanocyte-stimulating hor- 
mone analogues [368,369]. EMN are particularly associated with 
immunosuppression in OTRs [370,371], HIV [372,373], IBD, psoria- 
sis and myasthenia gravis [374,375] and post-chemotherapy [376]. 
Regression on the withdrawal of immunosuppression is reported 
[377]. BRAF V600E gene mutations have been detected in EMN in 
the setting of immunosuppression, but association of EMN with 
melanoma remains uncertain [369,378,379]. 


Kaposi sarcoma (Chapter 138) 

Kaposi sarcoma is a multifocal neoplasm of lymphatic endothelium- 
derived cells infected with HHV-8 [380]. Of the five recognised sub- 
types - classic, endemic, iatrogenic (post-transplant), epidemic 
(HIV-related) and KS in HIV-negative MSM - the types more 
clearly related to immunosuppression (iatrogenic and epidemic) are 
generally the most aggressive forms [380]. KS is an AIDS-defining 
disease and was the most common skin malignancy in PLWH in the 
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pre-ART era, with a SIR in excess of 400-500 [380,381]. The KS risk 
is increased sevenfold in haematological malignancy and the risk is 
reciprocal [38]. The incidence of KS in OTRs mirrors geographical 
HHV-8 seroprevalence and is therefore most common in patients 
from sub-Saharan Africa, the Mediterranean and Middle East [380]. 

In OTRs, the SIR for KS is more than 200: it is usually due 
to reactivation of latent virus, with prevalence in OTRs from 
highly endemic areas reported as 3.2-5.3%, representing 35-88% 
of all post-transplant malignancy in these locations [380,382]. 
Post-transplant acquisition, for example through blood transfusion 
or donor transmission (particularly after liver transplantation), 
is much less common but also recognised [380,382,383]. Recent 
evidence suggests that the epidemiology of post-transplant KS is 
changing. Cohort studies from the USA [384], Italy [200] and Egypt 
[385] have reported a decreasing incidence in recent years. The rea- 
sons for this are unclear: a more frequent use of steroid-free or mTOR 
inhibitor regimens and cytomegalovirus prophylaxis are plausible 
explanations but remain to be validated [200,384,385]. Conversely, 
there is evidence that the risk of donor-transmitted KS may be 
increasing even if KS due to latent HHV-8 reactivation is decreas- 
ing. This is possibly driven by a rise in ‘increased risk donors’, 
for example those with a history of high-risk sexual behaviour. 
Outcomes in donor-transmitted KS appear to be worse [386]. 

Cutaneous KS typically presents with purplish, reddish blue or 
dark/brown macules, plaques and/or nodules that may ulcerate, 
bleed, become hyperkeratotic or verrucous. Lymphoedema may 
precede the appearance of typical skin lesions, and in high-risk 
OTRs from sub-Saharan Africa presentation is often with a preced- 
ing leg lymphoedema (often unilateral) (Figure 147.5) [52,387]. A 
multicentre, European retrospective analysis of 145 OTRs reported 
that the median onset of KS was 17 months post-transplant; this is 
consistent with the majority being the result of HHV-8 reactivation, 
as is the observation that more than half were of sub-Saharan 
African or Caribbean origin [387]. Although the majority of OTRs 
had cutaneous KS, one-third had nodal KS, 36% gastrointestinal KS 
and 20% pulmonary involvement. KS-specific mortality was low in 
this series with a 5-year overall survival of 82%, but graft loss was 
reported in 23% and KS-specific death in 3% [387]. Outcomes for 
donor-transmitted KS appear to be worse [386], but KS outcomes 
in OTRs who are HIV positive — an increasingly common clinical 
scenario — were similar to non-HIV-positive OTRs in a French study 
[98]. In contrast, patients with KS associated with non-CLL/NHL 
had a worse prognosis than expected [49]. 


Merkel cell carcinoma (Chapter 146) 

At least 10% of all MCCs arise in immunocompromised individu- 
als [388], most often in OTRs and patients with CLL/NHL [48]. In 
OTRs, SIRs of more than 20 and, in a study from Ireland, as high as 
97, are reported: incidence increases with duration of transplanta- 
tion, the majority of tumours are on UV-exposed sites and patients 
frequently have multiple other skin cancers [48,66,389-391]. SIRs are 
approximately 11-13 in PLWH [32,392] and risk is also increased in 
autoimmune disease [32,48]. In NHL/CLL, SIRs are 18 with recip- 
rocal increases in CLL for patients diagnosed with MCC [38]. MCC 
should be considered in the differential diagnosis of rapidly enlarg- 
ing nodules and plaques in immunosuppressed patients and, as in 
the general population, diagnosis is based on histology, although 


Figure 147.5 Kaposi sarcoma (KS) in organ transplant recipients: (a) 

unilateral left leg oedema with a plaque of KS on the left thigh, (b, c) 
KS plaques on the lower legs and arms, and (d) chronic lymphoedema 
secondary to KS. (c) 


overlapping marker expression between MCC and haematological 
neoplasms may cause diagnostic challenges [393]. 
Immunosuppression appears to facilitate both UV- and MCPyV- 
associated MCC carcinogenesis [388]. Although virally driven 
cancers are more common in immunosuppression and despite 
data indicating higher MCPyV viral loads in normal skin of 
immunosuppressed individuals, there is increasing evidence that 
MCPyV-negative MCC may be significantly more common than 
in the general population. Eighty per cent of immunosuppressed 
MCCs were MCPyV negative in one series [394] and immunosup- 
pressed patients with MCC were more often seronegative [395]. 
The reasons for these apparently counterintuitive observations are 
unclear and require confirmation, but there is some evidence that 
MCPyV-negative MCC may behave more aggressively and this may 
therefore be relevant to outcomes in immunosuppression [396]. 
Ina US registry study of 969 patients with MCC, the median age 
of MCC diagnosis was significantly younger in OTRs and PLWH 
than in other immunosuppressed groups and stage at presentation 
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ical features of specific skin cancers 


(d) 


was also more advanced [48]. MCC-specific survival (MSS) and 
overall survival are worse in the context of immunosuppression, 
particularly in OTRs and PLWH, and this is independent of stage 
[32,48,66,389-392,397,398]. MCC independent of stage at diagno- 
sis was the most common cause of death in immunosuppressed 
patients with MCC, despite competing co-morbidities [48]. MCC 
patients with HIV/AIDS had the worst MSS and overall sur- 
vival, corresponding to the observation that the majority of first 
recurrences were distant and not curable [48]. 


Primary cutaneous lymphoma (Chapter 139) 

Immunosuppression is associated with an increased risk of sys- 
temic lymphoma. However, PCLs are uncommon. In OTRs, PTLD 
presenting in the skin without systemic involvement is rare [399]. 
In a multicentre European study, the spectrum of disease in 35 
OTRs with PCL was similar to that seen in the general population: 
69% were T-cell and 31% B-cell lymphomas, the majority of which 
were EBV positive [69]. The prognosis of CD30-positive CTCL was 
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worse than post-transplant mycosis fungoides and its counterpart 
in the immunocompetent population [69]. Most lymphomas are 
B cell in PLWH, but PCLs include CD30-positive anaplastic T-cell 
lymphoma, which may have a worse prognosis than in the general 
population [400,401]. PCLs in NHL/CLL are also overrepresented 
and overall survival is worse for those who develop CLL prior or 
concurrent to CTCL [402,403]. 


Skin appendage tumours (Chapter 137) 

An increased incidence of tumours of eccrine, apocrine, follicular 
and sebaceous origin in OTRs was first reported in 2003 [404] and 
is now well established [66,329,405]. Appendageal tumours are also 
overrepresented in HIV [406] and in CLL/NHL [49]. 

Sebaceous carcinomas were the most common appendageal 
tumours in a US registry study: risk is significantly increased with 
duration of transplantation and overall SIRs of 25-30 were reported, 
increasing to almost 50 in lung OTRs and more than 100 in OTRs 
with a previous history of cSCC [66,407]. Sebaceous carcinoma has 
been linked to both UV exposure and dysregulated DNA mismatch 
repair with microsatellite instability similar to that observed in 
Muir—Torre syndrome (MTS) [408]. However, MTS was confirmed 
in fewer than 5% of OTRs in one series [407]. Mismatch repair defi- 
ciency resulting from chronic azathioprine exposure was proposed 
as a cofactor in OTRs [409], but remains unconfirmed [410]. HIV 
infection may exacerbate skin tumour development in known MTS 
[411] and a possible role for HPV or other novel viruses has also 
been proposed [412]. Decreased overall survival and mortality of 
4.3% was observed in one OTR series [407], and in non-CLL/NHL is 
associated with worse outcomes [49]. Porocarcinomas are also more 
common (Figure 147.6) [404] as are other eccrine tumours [66], and 
there is some evidence that potentially aggressive squamoid eccrine 
ductal carcinomas may be associated with immunosuppression 
[413]. 

Establishing the diagnosis of appendageal malignancies prospec- 
tively may be challenging. These tumours often arise in individuals 


Figure 147.6 Eccrine porocarcinoma on the leg of an organ transplant recipient. 


Chapter 147: Skin Cancer in the Immunocompromised Patient 


who have many other skin cancers and may simulate more common 
skin cancers. Diagnosis is usually only on the basis of histology but 
should be considered in the differential diagnosis of any suspected 
but atypical skin cancers in immunosuppressed individuals [405]. 


Sarcomas 

Sarcomas other than KS are more common in immunocompromised 
individuals [66,67]. The size of this increased incidence is difficult to 
assess given the rarity of these tumours in the general population, 
but SIRs of almost 7 have been estimated in OTRs [66]. Atypical 
fibroxanthoma and pleomorphic dermal sarcoma (undifferentiated 
pleomorphic sarcoma (previously malignant fibrous histiocytoma)) 
are reported in OTRs, HIV and NHL/CLL, with some evidence 
for increased rates of recurrence and metastasis compared with 
the general population [40,49,68,414—-416], and with evidence for 
atypical clinical presentations [416]. Dermatofibrosarcoma protu- 
berans is reported [40,417,418] and cutaneous leiomyosarcomas and 
angiosarcomas occur disproportionately in HIV and OTRs [419]. 
Leiomyosarcomas are frequently EBV positive and angiosarcomas 
appear to have a particular predilection for arteriovenous fistula 
sites [419]. 


Management 


There are relatively few RCTs and limited non-randomised prospec- 
tive and retrospective studies to guide decision making in the 
management of skin cancers arising in immunocompromised indi- 
viduals. A multidisciplinary approach plays a key part in delivering 
comprehensive and patient-centred care for OTRs, with close dia- 
logue and shared decision making between patients, their carers, 
dermatologists, oncologists, surgeons, transplant clinicians and 
other relevant health care professionals. The same principles apply 
to the management of skin cancer in other immunocompromised 
patient groups including those with haematological malignancies 
and PLWH [19,420]. 


Keratinocyte cancers 

Primary cSCC and BCC 

Important gaps exist in our understanding of optimal management 
of primary KC in immunosuppression. There is little prospective, 
randomised evidence to suggest that primary BCC and cSCC/cSCC 
in situ require significantly different management approaches to the 
general population [112,421]. However, the index of suspicion for 
possible malignancy should be high and the threshold for biopsy 
correspondingly low, particularly in areas of field cancerisation 
[19,422,423]. Most guidelines recommend that cSCC in immuno- 
compromised individuals should be considered potentially ‘high 
risk’ for the purposes of management decision making [424]. 


Staging 

The Brigham and Women’s Hospital cSCC staging criteria better 
risk stratify cSCC for risk of nodal metastasis and risk of local recur- 
rence in immunosuppressed patients compared with AJCC7, with 
the majority of poor outcomes occurring in low T stages [425] while 
the AJCC8 risk stratification appears to be similar for immunosup- 
pressed and non-immunosuppressed patients [426]. There is limited 


evidence on the role of staging investigations such as sentinel lymph 
node biopsy in cSCC, and prospective studies are required, but this 
may be considered for selected cSCC on a case-by-case basis 
[421,427]. There are some data to suggest that positron emission 
tomography/computed tomography (PET/CT) may be promising 
in nodal staging of cSCC in patients with CLL [428]. 


Surgery 

Excision is the most appropriate option for the majority of tumours. 
It is usually recommended that high-risk OTR tumours require 
more ‘aggressive’ surgery, but optimal excision margins and the 
role of MMS/intraoperative margin assessment in immunosup- 
pression have not been clearly defined [19,421,429,430]. Some 
immunosuppressed patients have a higher rate of subclinical mar- 
gin extension, particularly OTRs and patients with haematological 
malignancy, suggesting that MMS may be preferable but prospec- 
tive, randomised trials are required to confirm this [318,431]. Rates 
of recurrence may also be higher after MMS for certain KCs, for 
example BCC arising in patients with CLL [335,432]. Curettage and 
electrocautery may provide satisfactory clearance rates for selected 
low-risk tumours, including well-differentiated SCC, and may be 
considered in certain clinical situations for reasons of cosmesis and 
convenience [433]. Few data exist on postoperative complications 
in immunosuppressed patients, including rates of infection and the 
need for prophylactic antibiotics [434]. Sirolimus is associated with 
an increase risk of surgical dehiscence, but the associated morbidity 
does not usually justify stopping sirolimus before primary skin 
cancer excision [430,435]. 


Radiotherapy 

Radiotherapy is not the first option for most primary tumours in 
immunosuppressed individuals, who tend to be younger and more 
likely to develop multiple primary tumours at specific anatomical 
sites, precluding its use subsequently at those sites. The uncer- 
tain risk of carcinogenesis is also a consideration. However, as in 
non-immunosuppressed patients, it is an important option when 
surgery is not possible [430]. There are no RCTs evaluating the use 
of adjuvant radiotherapy for high-risk cSCC, and its role remains 
uncertain [436]. The potential for poorer outcomes in immuno- 
suppressed patients provides a rationale for its use, although this 
should be considered on a case-by-case basis [430]. 


Other non-surgical modalities 

Non-surgical approaches including cryotherapy, photodynamic 
therapy (PDT), imiquimod (IMIQ) cream and 5-fluorouracil (5-FU) 
cream may have a therapeutic role in selected cases, particularly for 
BCC and cSCC in situ and in patients with multiple low-risk malig- 
nancies in whom repeated surgery is otherwise required. Although 
response rates may be lower, there is no evidence that these agents 
carry additional significant risk (see later in this chapter). 


Locally advanced and metastatic KC 

There are currently no standards of care for the management of 
regionally advanced and metastatic CSCCs in OTRs and current 
practice is based largely on consensus recommendations. The use 
of both surgery and radiotherapy is broadly similar to their use 


in the general population. However, there are important consid- 
erations relating to the use of chemotherapy, targeted therapy 
and immunotherapy and sequencing of these strategies in some 
immunosuppressed groups compared with the general popula- 
tion [430]. Additional strategies of immunosuppression reduction, 
conversion to mTOR inhibitors and, in some cases, complete with- 
drawal of immunosuppression in locally advanced and metastatic 
KC are further detailed later in this chapter [19,430,437]. 


Conventional chemotherapy 

There are few data relating to responses in immunosuppression for 
conventional cSCC chemotherapeutic agents including systemic 
5-FU, platinum-based compounds (e.g. cisplatin, carboplatin) and 
taxanes (e.g. paclitaxel) [430,438,439]. Consideration should be 
given to transplant-directed dosage adjustment, close monitoring 
of allograft function and potential interactions with drugs such as 
CNIs and antiretroviral medications [437]. 


Targeted therapy: EGFR and hedgehog inhibitors 

Data on the use of anti-EGFR inhibitors such as cetuximab are 
limited to case reports in OTRs and CLL [440,441]. Complications 
relevant to immunosuppressed individuals include neutropenia, 
infection and liver dysfunction [437]; fatal pulmonary toxicity 
reported in lung transplant recipients with cetuximab suggest that 
particular caution should be taken with this drug [442]. In advanced 
BCC, responses to hedgehog inhibitors have been described in OTRs 
and PLWH; a potential interaction of vismodegib with ciclosporin 
requires monitoring of drug levels [443-446]. 


Immune checkpoint inhibitor therapy 

Anti-PD1 immunotherapy (cemiplimab approved in Europe, 
cemiplimab and pembrolizumab in the USA) has revolutionised 
treatment of metastatic cSCC in immunocompetent patients 
[447,448]. Pivotal clinical trials excluded immunosuppressed 
individuals and information on their safety and efficacy is restricted 
to case reports and retrospective series; most experience derives 
from the use of immune checkpoint inhibitor (ICI) in immuno- 
suppressed patients with melanoma, but increasing data are now 
available for cSCC [449-456]. Currently, no consensus guidelines 
exist for the use of anti-PD1 immunotherapy in immunosuppressed 
patients with advanced cSCC and use should be considered on a 
case-by-case basis in multidisciplinary consultation with the patient 
and their health care team. Key considerations include the high risk 
of allograft rejection in OTRs, the type of allograft and the options 
for replacement therapy should the allograft fail and the possibility 
that treatment efficacy may be reduced by immune compromise. 

In OTRs, PD1 blockade threatens allograft rejection as the PD1 
pathway is critical in maintaining allograft tolerance [449]. The 
effects of immune-related adverse events on graft function and 
possible reduced antitumour activity of ICI in the presence of 
immunosuppressive drugs are also relevant [430]. Data from at 
least 35 OTRs with metastatic cSCC have been reported to date: 
disease control rates (complete response, partial response and 
stable disease) are promising and range from 30% to 50%, but 
graft rejection was observed in up to 40% [449-459]. The role of 
reducing /stopping CNIs and/or converting to mTOR inhibitors in 
preventing rejection is unclear in metastatic CSCC, but recent reports 
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using this approach and also using peri-infusional steroids provide 
a signal that this may mitigate rejection [456,458,460]. However, 
in advanced melanoma where experience is more extensive, the 
benefit of significant reduction in immunosuppression has been 
questioned [461]. Encouragingly, successful transplantation after 
ICI therapy for metastatic cSCC has been reported in one case [462]. 
PD1 blockade for metastatic cSCC has also been reported in PLWH 
and in patients with haematological malignancies in whom disease 
control rates appear to be lower than for PLWH and OTRs [463]. 
Further studies are now a priority and a clinical trial exam- 
ining cemiplimab in kidney and stem cell transplant patients 
which includes peri-infusional prednisone and conversion to 
mTOR inhibitor (NCT04339062) is ongoing, as is another trial 
evaluating tacrolimus, nivolumab and ipilimumab in OTRs with 
unresectable/metastatic cancers including cSCC (NCT03816332). 
Major challenges for the future include a better understanding of 
how to uncouple alloreactive immunity from antitumour immunity 
in OTRs, biomarkers for identifying OTRs likely to benefit from 
immunotherapy and early detection of allograft rejection [430]. 


Pre-transplant KC and transplantation 

Patients with a history of KC being considered as candidates for 
transplantation (or other iatrogenic immunosuppression) is an 
increasingly common clinical scenario. Organ stewardship requires 
a reasonable 5-year post-transplant survival to prevent futile use 
of scarce organs [464]. However, multidisciplinary decision making 
in consultation and on a case-by-case basis is crucial [464,567]. 
Based on considerations of the risk and kinetics of cSCC metastasis, 
consensus recommendations from the International Transplant Skin 
Cancer Collaborative (ITSCC) are that no waiting time is required 
for low-risk cSCC, 2 years is required for high-risk cSCC without 
perineural invasion, 2-4 years for high-risk cSCC with perineural 
invasion and two or more other risk factors and 5 years for cSCC 
with nodal metastasis; and that for distant metastasis, transplanta- 
tion is almost always contraindicated [19,464]. However, with the 
introduction of more effective treatments for advanced cSCC, this is 
a rapidly changing landscape [462]. Time to first KC is much shorter 
in OTRs with pre-transplant KC and similar to the interval between 
first and second cancers in those without pre-transplant KC [52]. 
The role of mTOR immunosuppressives and systemic retinoids 
in delaying this onset is not established, but close surveillance is 
warranted [52]. For OTRs with a history of post-transplant KC 
being considered for retransplantation, the observed increased risk 
of developing aggressive cSCC associated with higher mortality 
also needs to be taken into consideration [93]. 


Keratinocyte cancer prevention 

Primary prevention for immunosuppression-associated KC has 
focused mainly on photoprotection. Secondary prevention strate- 
gies include treatment of premalignant skin lesions, modification 
of immunosuppression and use of systemic chemoprevention. 
However, the current evidence base for guiding decision making 
and clinical practice is limited, particularly in terms of selecting the 
most effective treatments and the thresholds at which to initiate and 
sequence each strategy [420,466]. 


Chapter 147: Skin Cancer in the Immunocompromised Patient 


Photoprotection 

Most expert consensus guidelines for OTRs recommend strict 
photoprotection, with behavioural, clothing and sunscreen advice 
[429,466,467,468]. In the general population there is convincing 
evidence that sunscreens reduce AK, cSCC and melanoma risk, 
but there is no equivalent evidence that their use post-transplant 
has the same effect [469-471]. The only significant study is a 
non-randomised, prospective, open-label trial of a liposomal sun- 
screen which showed a significant reduction at 24 months in AK 
and cSCC, but not BCC [472]. Vitamin D levels were lower in the 
sunscreen group in this study and monitoring of levels in OTRs 
is advisable [473]. For patients on azathioprine, there is a good 
rationale for using sunscreen with significant UVA protection all 
year round in view of the UVA-sensitising properties of azathio- 
prine [117,175]. The same applies for lung transplant recipients 
on prophylactic voriconazole. A systematic review of behavioural 
interventions (written material, text messages, mobile apps and 
videos) in OTRs showed benefit in improving sun protection 
behaviour, knowledge, attitudes and biological measures of UV 
exposure, but which method was most effective in delivering 
photoprotection education and whether this translates into CSCC 
prevention has not been confirmed [420]. 


Treatment of pre-malignant lesions 

Actinic keratosis and field cancerisation are significant risk factors 
for immunosuppression-associated cSCC, providing a rationale 
for treatment as a secondary prevention approach. Multiple 
lesion-directed and field-directed treatments are available [474], 
but there are few RCT data for their use in immunosuppressed 
individuals [466,475-477]. Although it may be valid to extrapolate 
data from the general population, AKs arising in the context of 
immunocompromise may progress to CSCC more rapidly, new AKs 
may arise more frequently and immunosuppression may reduce 
treatment efficacy, particularly those dependent on an immune 
response [474,477]. A systematic review of topical AK interventions 
in OTRs identified only eight RCTs: participant numbers were 
usually low with significant heterogeneity in treatment regimens, 
variable AK quantification and short durations of follow-up [476]. 
PDT and IMIOQ were the most frequent treatments studied, with only 
a handful of studies assessing 5-FU, diclofenac and ingenol mebu- 
tate [477]. Although not directly compared, there is some suggestion 
that responses are lower than in the general population and also that 
spontaneous regression of AKs is less common [476]. Patient pref- 
erences are important in ensuring acceptability and adherence to 
self-delivered topical AK/field interventions. This was highlighted 
in a discrete choice experiment that included OTRs and which 
demonstrated significant variation in perceived utility of treatment 
and willingness to trade some reduction in efficacy to reduce the 
burden of the treatment regimen and adverse effects [478]. 


Surgery and cryosurgery. Excision and grafting of areas of severe 
field carcinogenesis within which cSCCs are developing is reported 
in OTRs [479]. Cryosurgery is also widely used although there are 
few reports of its efficacy compared with the immunocompetent 
population [466]. 


5-Fluorouracil (5% and 0.5%). In the general population there 
is RCT evidence that 5-FU is more effective than IMIQ, PDT and 
ingenol mebutate in AK clearance [480] and that 5-FU prevents 
cSCC in high-risk immunocompetent populations [481]. Until 
recently, there have been fewer data for immunosuppressed popu- 
lations; however, an RCT comparing treatment in 40 OTRs with 5% 
5-FU, IMIO and sunscreen for AKs (SPOT study) found that 5-FU 
(1-2 times a day for 4 weeks, repeated after 4 weeks if required) was 
more effective than IMIQ (3-5 times a week for 4 weeks, repeated 
after 4 weeks if required) or SPF30+ sunscreen in clearing AKs and 
preventing new AKs after 12 months of follow-up [477]. Local skin 
toxicity was higher for 5-FU but there were otherwise no safety con- 
cerns with either 5-FU or IMIQ. A 4-day course of 5-FU combined 
with calcipotriol ointment has proved to be effective in clearing 
AKs and preventing head and neck cSCC in immunocompetent 
individuals, but its effects in immunosuppression have not been 
evaluated [482,483]. 


Imiquimod (5% and 3.75%). Although there is a theoretical risk of 
immunostimulation and allograft rejection with topical IMIQ, its use 
appears to be safe in OTRs at least when limited to 25-50 mg/day 
[477,484,485]. In a placebo-controlled RCT in 21 OTRs, IMIQ signifi- 
cantly reduced dysplasia [485] and in a multicentre RCT of 43 OTRs, 
IMIO used three times a week for 16 weeks gave an overall clearance 
at 8 weeks post-treatment of 74% [484]. Despite the longer duration 
of treatment, this was a similar rate to that found in the SPOT study, 
but lower than the clearance achieved with 5-FU [477]. 


Diclofenac 3% in 2.5% hyaluronic acid gel. The only study in OTRs 
was an RCT of 32 patients treated twice daily for 16 weeks: complete 
response was achieved in 41% but recurrent AKs were noted at 24 
months in 55% [486]. 


Ingenol mebutate. In a prospective, non-randomised study in 
20 OTRs, complete and partial responses were achieved in 40% 
and 60% at 8 weeks post treatment [487]. Although there were 
no short-term safety issues in OTRs, ingenol mebutate use was 
suspended in January 2020 in Europe and the USA by the European 
Medicines Agency (EMA) pending a review of safety and skin 
cancer risk. 


Photodynamic therapy. PDT is the best-studied AK intervention 
in OTRs and most RCTs have been within-patient [475,476]. In a 
comparative RCT of 5-aminolevulinic acid PDT (ALA-PDT) with 
violet light in 40 OTRs, new keratotic lesions were reduced over 2 
years although there was no reduction in cSCC [433]. New kera- 
totic lesions were also reduced using methyl aminolaevulinate PDT 
(MAL-PDT) with red light [488]. Clearance rates of 77% [489] and 
90% [490] were reported with MAL-PDT at 3-4 months compared 
with 95% and 54% with 5-FU and IMIQ, respectively, in the SPOT 
study [477]. Complete responses in 35 OTRs were also higher with 
MAL-PDT in an RCT comparing it with IMIQ [491]. The efficacy 
of daylight PDT was equivalent to MAL-PDT in another study and 
ablative fractional laser increased the efficacy of both [492,493]. 


Tirbanibulin. This microtubule inhibitor is the most recent topical 
treatment for AK, although cSCC prevention has not been evaluated 
[494]. There are no particular theoretical concerns relating to its use 
in immunosuppression, although this has not yet been reported. 


Modification of immunosuppression 

The incidence of KC is usually reduced when immunosuppression 
is minimised or discontinued. Modification of immunosuppression 
is therefore a potential approach to secondary skin cancer preven- 
tion, but there is limited evidence regarding when this should be 
initiated or how exactly it should be undertaken. These decisions 
should be adjusted for factors such as the type of allograft, the risk 
status of individual tumours and the rate of accrual of tumours 
[123,421,466]. The main approaches usually considered are: (i) 
minimisation of drug doses for some /all drugs; (ii) discontinuation 
of specific drugs; (iii) conversion to alternative immunosuppressive 
drugs (usually mTOR inhibitors); or (iv) combinations of all three 
strategies [19,420,466]. 


Revision of immunosuppression. The overall intensity of immuno- 
suppression may be as important as the role of individual drugs, 
but a major barrier to decision making is the lack of a robust measure 
for immunosuppressive intensity to guide appropriate reductions in 
some/all immunosuppressive drugs [466]. There is also relatively 
limited evidence to guide which specific drugs should be reduced 
or discontinued. As discussed in the section on drugs earlier in this 
chapter, there is growing evidence that azathioprine confers a par- 
ticularly high skin cancer risk, and that this is higher than the alter- 
native purine antagonist, MMF [174]. 


Conversions to alternative immunosuppressive drugs. Lung 
OTRs who were moved from azathioprine to MMF appeared to 
have a lower risk of cSCC in a retrospective cohort analysis [495]. 
However, there is less evidence for significant differences between 
the CNIs, and lung OTRs who were switched from ciclosporin 
to tacrolimus did not have a reduced risk [174,495]. Conversion 
from CNIs to the selective T-cell co-stimulatory blockade agent, 
belatacept, is associated with a lower risk of cSCC [201]. 


Conversion to mTOR inhibitors. Most evidence exists for con- 
version to mTOR inhibitors (sirolimus/rapamycin, everolimus). 
Retrospective registry data, observational series and post hoc analy- 
ses of immunosuppressive drug RCTs demonstrate reduced levels 
of malignancy overall, but particularly cSCCs, in OTRs receiving 
mTOR inhibitors [437,496]. Discontinuation of CNIs and conversion 
to mTOR inhibitors was first described as an approach to treatment 
in OTRs with KS [497]. There is now considerable RCT evidence 
for KC prevention: RCTs have demonstrated that conversion from 
CNIs to mTOR inhibitors after a first CSCC reduces the risk of sub- 
sequent tumours [194,195-197,498] with reduction in the thickness 
and peritumoural vascularisation of the cSCC [499]. However, in 
patients with multiple cSCCs, a non-significant reduction of subse- 
quent cSCCs was seen with mTOR inhibitor conversion [194,195]. 
The effect on BCC reduction is less significant, possibly because 
of differential expression of phospho-mTOR in BCC and cSCC 
[500]. There is no evidence that mTOR inhibitors have a primary 
protective effect against post-transplant KC [496,501]. 

Although they have advantages in terms of malignancy reduc- 
tion, mTOR inhibitors are not standard first line immunosuppres- 
sive drugs as their adverse effect profile (including delayed wound 
healing, diarrhoea, mucositis and peripheral oedema), often leads 
to them being poorly tolerated with high rates of discontinuation 
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[437]. A 56% reduction in KCs and 40% reduction in malignancies 
overall with mTOR inhibitor use was confirmed in a meta-analysis 
of 5876 OTRs from 21 RCTs, but an overall increase in mortality (HR 
1.4) was also reported [502]. However, it is possible that mortality 
was associated with high-dose mTOR inhibitors used in early tri- 
als as it was not evident in low-dose mTOR inhibitor studies [502], 
nor was there an increased mortality in subsequent studies of mTOR 
inhibitors [503]. 


Systemic chemoprevention 

Nicotinamide, retinoids and capecitabine are the main systemic 
agents that have been evaluated in immunosuppression for their 
KC chemoprevention potential [420,474,504]. 


Retinoids. The chemopreventive mechanisms of action for oral vita- 
min A analogues are thought to be through induction of differentia- 
tion, antiproliferative and antiapoptotic effects, immunomodulation 
and possibly arrest of HPV replication [505]. Their use in chemopre- 
vention for OTRs with KC were first described in 1988 with etreti- 
nate [506] and subsequently in multiple case series, usually with 
acitretin [507-510]. Three RCTs have confirmed significant reduc- 
tion in AK and/or cSCC in OTRs [511-513]. A systematic review of 
retinoid use in kidney transplant recipients calculated a 56% over- 
all reduction in KC (mean of 0.68 per patient per year), with a 54% 
reduction in cSCC (mean of 0.57 per patient per year) and a 73% 
reduction in BCC (mean of 0.10 per patient per year) [514]. 

In most studies, the reported adverse effects which may be dose 
limiting are cheilitis, xerosis, alopecia, headache, musculoskeletal 
complaints and hyperlipidaemia [514-517]. In a systematic review, 
almost all OTRs experienced mucocutaneous side effects and over- 
all 14% discontinued therapy [514]. A rebound increased incidence 
of cSCCs was also consistently observed 3-4 months after discon- 
tinuation of retinoids [510,516]. There is a theoretical risk of allograft 
rejection given their immunomodulatory properties, but this has not 
been reported [518]. Whether isotretinoin has similar chemopreven- 
tive properties in OTRs in whom a retinoid with a shorter half-life is 
more appropriate (e.g. women of child-bearing age) is unclear. There 
are also few data relating to their use in other immunosuppressed 
patient groups such as patients with haematological malignancy or 
IBD or PLWH. 

Despite their widespread use, there is currently no US Food 
and Drug Administration (FDA) or EMA approval for the use of 
retinoids in KC chemoprevention, and no formal prescribing guide- 
lines exist. Further research is needed to clarify indications for their 
initiation, as well as the tolerability and efficacy of optimal dosing 
regimens [466]. However, consensus opinion recommends starting 
at low dose (e.g. 10 mg/day acitretin) and escalating as tolerated to 
an effective maintenance dose (e.g. up to 30 mg/day acitretin) [517]. 
Because of potential rebound cSCC development, when discussing 
initiation with patients, retinoid chemoprevention should be viewed 
as long-term strategy requiring laboratory monitoring (liver func- 
tion tests, lipids) [510]. Whether nicotinamide or retinoids should 
be considered as first line systemic chemoprevention in OTRs is 
currently not clear [515,519]. 


Nicotinamide. Nicotinamide is an amide form of vitamin B, and 
the precursor of nicotinamide adenine dinucleotide, which is an 
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essential cofactor for adenosine triphosphate (ATP) production. Lab- 
oratory and preclinical studies confirm that it boosts cellular energy 
and enhances repair of UV-induced DNA damage by prevent- 
ing UV-associated ATP depletion and glycolytic blockade; it also 
reduces UV-induced DNA damage-associated immunosuppression 
[520,521]. In phase II RCTs in immuncompetent, sun-damaged 
Australians, nicotinamide 500 mg twice daily reduced AKs by 35% 
at 4 months [522]. ONTRAC (Oral Nicotinamide to Reduce Actinic 
Cancer), a multicentre, phase III RCT, compared the efficacy of oral 
nicotinamide 500 mg twice daily with placebo over 12 months in 
high-risk Australian immunocompetent patients: cSCC rates were 
reduced by 30% (P = 0.05), AK by 13% (P = 0.001) and BCC by 
20% (P = 0.12) with few side effects although - as for systemic 
retinoids — there was a rebound in KC when nicotinamide was 
discontinued [523]. 

In OTRs, two small studies have provided a signal of efficacy 
but were underpowered to show a significant KC chemoprevention 
effect [524,525]. Ina study in 38 Italian OTRs, a significant reduction 
in AK size (P > 0.05) and non-significant trend to reduction in cSCC 
was observed with nicotinamide 500 mg once daily over 6 months 
[525]. In 22 Australian OTRs, nicotinamide 500 mg twice daily over 
6 months resulted in a 35% reduction in KCs and a 16% reduction 
in AKs, results similar to those seen in the ONTRAC study but 
insufficiently powered to reach significance [524]. In 2022, there 
were phase III RCTs in OTRs ongoing in Australia and Canada. 

In comparison to systemic retinoids, nicotinamide had few 
adverse effects in clinical trials and does not require laboratory 
monitoring [515]. It is also available over the counter and is cheap in 
countries such as the USA where retinoids require prescription and 
are relatively costly by comparison [514]. In a systematic review of 
the limited clinical trial data available, there is a suggestion that 
retinoids and nicotinamide are equally effective in KC chemopre- 
vention [519]. Given the adverse effect profile and requirements for 
monitoring with retinoids, it has been argued that nicotinamide 
should be the first line systemic chemopreventive agent [515]. How- 
ever, for OTRs and other immunosuppressed groups, this remains 
to be established in prospective RCTs [466]. 


Capecitabine. Capecitabine is an oral prodrug that is converted into 
the antimetabolite 5-FU in a three-step enzymatic process requiring 
thymidine phosphorylase, which is selectively overexpressed in 
human cancer cells. Patients treated with capecitabine for cancer 
were observed to develop inflammation of pre-existing AK and 
there are limited data from uncontrolled case reports/series that 
it reduces the incidence of AK, cSCC and BCC in OTRs [526-528]. 
However, it has significant dose-limiting side effects including 
fatigue, hand-foot syndrome, diarrhoea, nausea/vomiting, mucosi- 
tis, anaemia and hyperuricaemia/gout resulting in discontinuation 
in 43% of patients. It is also associated with possible rebound 
cSCC development on discontinuation, but no evidence of allograft 
rejection [526]. As with both retinoids and nicotinamide, it is not 
FDA/EMA approved as a KC chemopreventive agent and optimal 
dosing regimens are not established [526], but intermittent regimens 
such as 500 mg twice daily every other week for 1-3 months or 1000 
mg twice daily for days 1-14 of a 21-day cycle have been proposed 
[474]. It may have a role when other chemopreventive agents are 
not appropriate or are insufficient, but further clinical trials are 


required to establish optimal patient selection, dosing, safety and 
long-term efficacy [474,526]. 


Sequencing of KC prevention approaches 

The thresholds at which to initiate each of these potential KC 
chemopreventive approaches and which approaches are superior 
in immunosuppressed individuals are an important area of clinical 
decision making for which there are currently considerable gaps in 
our evidence base [421]. These gaps have been highlighted in recent 
consensus-based recommendations on the prevention of cSCC in 
OTRs [466]. In this e-Delphi process, 48 international experts aimed 
to reach consensus over three rounds on management at each of six 
stages in the evolution of cSCC in OTRs [466]. As summarised in 
Table 147.3, consensus was reached on photodamage, discrete AK 
and diffuse AK/cSCC in situ, although 5-FU was not universally 
adopted despite existing evidence because of concerns around 
patient adherence. It was notable that no consensus was reached 
for prevention strategies after the first invasive cSCC, despite RCT 
evidence for mTOR inhibitor conversion; this was largely because of 
concerns regarding mTOR inhibitor adverse effects. For OTRs with 
low accrual rates of multiple cSCC, modification of immunosup- 
pression was recommended along with systemic chemoprevention, 
although there was no agreement as to which chemoprevention 
to use; perceived lack of evidence in OTRs around nicotinamide 
was cited as a barrier for its routine use. With higher rates of cSCC 
accrual (>10/year), acitretin was recommended and was similarly 
the first choice for high-risk cSCC [466]. 


Melanoma 

Primary melanoma 

Initial surgical approaches in immunocompromised individuals, 
including the use of sentinel lymph node biopsy, follow the same 
principles as in the general population, although data are limited 
[339,340]. In OTRs, the reduction of immunosuppression and con- 
sideration of mTOR inhibitor conversion while maintaining good 
graft function is recommended, although evidence is limited. The 
level of reduction will depend on the type of graft as well as the 
stage and perceived risk from the melanoma [340]. 


Advanced melanoma 

In advanced melanoma, multidisciplinary management is par- 
ticularly essential. The safety and efficacy of targeted therapies 
and immunotherapy were not evaluated in immunocompromised 
individuals in pivotal RCTs. However, experience with their use for 
metastatic disease is emerging through case reports and case series 
and several clinical trials are now underway. Few data are available 
regarding use in the adjuvant setting. 


Targeted therapy 

Responses to BRAF and MEK inhibitors in metastatic melanoma in 
OTRs, PLWH and those with CLL appear to be acceptable with few 
signals beyond those reported in pivotal trials [529,570]. Targeted 
therapy has also been successfully used in donor-transmitted 
melanoma [530]. Consideration should be given to potential effects 
on allografts and drug interactions [437]. Given the risk of rejection 
with ICIs in OTRs, targeted treatments are theoretically a safer 
approach to adjuvant therapy, although data are currently lacking. 


Immune checkpoint inhibitors 
Immune checkpoint inhibitors present potentially significant prob- 
lems in both metastatic and adjuvant settings [531]. In PLWH, activ- 
ity appears to be comparable to that reported in pivotal clinical trials 
with no treatment-related increases in viral load, although hepati- 
tis B prophylaxis should be considered in patients also positive for 
hepatitis B surface antigen because of the potential for reactivation 
[529,531,546]. In pre-existing autoimmune diseases, responses may 
be lower in those on immunosuppressive drugs, autoimmune side 
effects are more common and anti-PD1 therapy-associated flares in 
pre-existing autoimmune disease is most common in rheumatolog- 
ical conditions and with ipilimumab most common in IBD [531]. In 
haematological malignancy, retrospective multicentre data suggest 
similar responses to those in the general population [463,532]. 
OTRs are the immunosuppressed group in whom use of ICIs 
poses the greatest challenge [531]. Multiple systematic reviews 
and case series of retrospective, non-RCT data are now available 
[450-453,463]. Very broadly, these data indicate disease control 
rates (complete response, partial response and stable disease) in 
the order of 30-40%, which are generally lower than those from 
pivotal trials in the non-immunosuppressed population. Graft 
rejection rates are approximately 40% and usually occur within 3-4 
weeks of treatment. Although early data suggested lower rejection 
rates with anticytotoxic T-lymphocyte-associated protein 4 treat- 
ment [449,461], newer data have not shown significant differences 
in rejection rates; deaths from disease progression are, however, 
greater than those for rejection [450-455,463]. Identifying OTRs at 
risk of rejection is an area of major clinical need and monitoring 
of donor-derived cell-free DNA has been proposed as a possible 
approach [533]. Whether immunosuppression should be mod- 
ified when starting ICIs is also uncertain: in many cases, CNIs 
are stopped and mTOR inhibitors started, but there is increasing 
evidence that aggressive reduction of immunosuppression is asso- 
ciated with higher levels of rejection and whether this is appropriate 
is an important area of uncertainty [461]. 


Talimogene laherparepvec 

Several cases of the successful use of talimogene laherparepvec 
intralesional immunotherapy in metastatic melanoma have been 
reported in heart and kidney transplant recipients with no apparent 
graft rejection, although data are limited [534-536]. 


Pre-transplant melanoma 

Although less common than pre-transplant KC, a previous history 
of melanoma is likely to become an increasingly common clinical 
scenario for transplant candidates and the benefits of transplan- 
tation need to be carefully balanced against the risk of recurrence 
[356]. Consensus expert opinion produced by the American Soci- 
ety for Transplantation was modelled on post-transplant survival 
thresholds, AJCC8 survival curves and the kinetics of cancer recur- 
rence. If a melanoma-specific survival threshold of 80% at 5 years 
is accepted, then the recommendations are that melanoma in situ is 
not a contraindication to transplantation and waiting times should 
be 12 months for stage [A-IIA melanoma, 1-2 years for IIA, and 
2-4 years for IIB, IIC and IIIB (acknowledging that data are limited 
for patients treated with adjuvant immunotherapy). No consensus 
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Table 147.3 Suggested management protocol for primary skin cancers in organ transplant recipients based on published literature summarised in the text and an expert consensus 
Delphi exercise. 
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Stage 


Pre-transplant 


Post-transplant 


No lesions 


AK/Bowen disease 


Field cancerisation 


Invasive keratinocyte skin cancers: 
BCC 


First invasive cSCC 


Multiple low-risk cSCC (>3-5) 


High-risk or very high-risk cSCC 


Therapeutic considerations 


Risk assessment 

Education 

Photoprotection 

Treatment of precancerous lesions 


Baseline risk assessment (risk stratified by age at transplantation, 
skin phototype, number of sunburns) 

Education 

Photoprotection 


Education, photoprotection 


Photoprotection 
Lesion-directed therapy: 
Cryotherapy for isolated or hyperkeratotic AK 
Surgery if clinically suspicious (e.g. pain, bleeding, nodule) 
Field-directed therapy (for grouped thin AK), e.g. topical 5-FU 5% 
cream, imiquimod 5% cream, diclofenac 3% gel, PDT/daylight 
PDT 


For thick grouped AK and field cancerisation use cryotherapy first 
(or 10% salicylic acid ointment) plus field-directed therapy with 
5-FU-based treatment (5-FU 5% cream) 


Infiltrative, nodular: surgery (excision, Mohs micrographic surgery) 
Superficial: 
Surgery (excision, curettage/cautery) 
Non-surgical (cryotherapy, 5-FU, imiquimod, PDT) 
Surgery (excision, curettage/cautery) 
Treatment of AK/Bowen disease/field cancerisation 
No consensus on oral chemoprevention or modification of 
immunosuppression 


Rigorous treatment of AK/Bowen disease/field cancerisation 


Surveillance 


Within 6-12 months of transplantation 


Surveillance according to risk levels 1-5 (Figure 147.7) 


12 months 


Evidence (limited) supports 5-FU-based regimens first line 


6 months 


6 months (Table 147.4) 


4 months (Table 147.4) 


Low rate (1 cSCC per year): consider oral chemoprevention 3 months 
(acitretin) 
High rate (10 cSCCs per year): acitretin and discussion with 2-3 months 


transplant team regarding modification of immunosuppression 


Surgery (excision, Mohs micrographic surgery); may need to 
consider sentinel node biopsy, adjuvant radiotherapy; discussion 
with transplant team regarding modification of 
immunosuppression 


2-3 months (some evidence that mTOR inhibitors are more 
effective if introduced after first CSCC) 


Multiple high-risk cSCC, >10 cSCCs Aggressive treatment of individual lesions (as above) 2 months 
Strong indication for modification of immunosuppression 
Strong indication for oral chemoprevention with systemic retinoids 

Other moderate-risk skin cancers: 

Melanoma Treatment of individual lesions as per standard guidelines 3 months 


Early KS 


Very high-risk skin cancer 


AJCC stage IIA and above melanoma; 


extensive KS; MCC; appendageal 
tumours 


Consider revision of immunosuppression (minimisation or switch to 
mTOR inhibitor) — discuss with transplant clinicians 


Aggressive treatment of individual lesions as indicated above 


Strong indication to revise immunosuppression (minimisation or 
switch to mTOR inhibitor) — discuss with transplant clinicians 


2 months (Table 147.4) 


2 months 


Adapted from Harwood et a/. 2013 [52] and Massey et a/. 2021 [466]. 
AJCC, American Joint Committee on Cancer; AK, actinic keratosis; BCC, basal cell carcinoma; cSCC, cutaneous squamous cell carcinoma; FC, field cancerisation; 5-FU, 5-fluorouracil 
5% cream; KC, keratinocyte cancer; KS, Kaposi sarcoma; MCC, Merkel cell carcinoma; mTOR, mammalian target of rapamycin; PDT, photodynamic therapy. 
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Table 147.4 Suggested surveillance protocol in organ transplant recipients with skin 
cancer. 


Risk level Surveillance intervals 
First SCC 4, 8 and 12 months; then annually if no further cancers 
First BCC 6 and 12 months; then annually if no further cancers 


Second/third cancer 3, 6, 9 and 12 months; then annually if no further 


cancers 


>10 cancers or very 2 monthly 


high-risk skin cancer 


Adapted from Harwood et a/. 2013 [52]. 


was reached for melanoma stage IIIC and above, but waiting times 
of at least 5 years should be considered on a case-by-case basis [537]. 


Donor transmitted melanoma 

Once molecular confirmation of the donor origin of metastatic 
melanoma in a transplant recipient is confirmed both the recip- 
ient and coordinating transplant organisation should be rapidly 
informed as other recipients from the same donor will also be at 
high risk [360,538]. There are no consensus recommendations for 
optimal management and this will particularly depend on the type 
of allograft and the patient’s wishes. For kidney OTRs in whom 
there is the option of returning to dialysis, immunosuppression is 
usually withdrawn and the allograft resected. This is not possible 
for most non-kidney allografts, although successful treatment with 
targeted therapy and checkpoint inhibitors has been described 
[530,539,540]. 


Kaposi sarcoma (Chapter 138) 


Diagnosis and staging 

The diagnosis of suspected KS is primarily based upon clinical 
features, but confirmation by histology and immunohistochemistry 
is particularly important in the context of immunosuppressed 
patients in whom the differential diagnosis may include atypical 
infections and other skin tumours [541]. The significant nodal 
and visceral disease observed in immunosuppression [387] under- 
scores the importance of screening for non-cutaneous involvement. 
Cross-sectional imaging is usually recommended at baseline 
together with upper gastrointestinal endoscopy and lung imag- 
ing/bronchoscopy in selected cases [387,541]. 


Treatment 

This depends on whether disease is localised and non-aggressive, 
locally aggressive or disseminated and is aimed at achieving dis- 
ease control and preserving graft function [541]. Although there are 
no prospective RCTs in post-transplant KS, European guidelines 
provide consensus management recommendations for OTRs [541]. 
In addition to local modalities used in the general population such 
as surgery, radiotherapy and IMIQ, current recommendations are 
based on three main axes: immunosuppression reduction, con- 
version to mTOR inhibitor and chemotherapy [541]. Reduction of 
immunosuppression usually involves minimising or discontinuing 
CNIs and this alone can lead to approximately 50% complete or 
partial regression although it may take months to stabilise [387]. 


Switching to a mTOR inhibitor, such as sirolimus, was described 
in 2005 to induce 100% remission in 15 patients [497], although 
subsequent reports have highlighted relapse and resistance in some 
cases [542,543]. Chemotherapy including anthracyclines (e.g. pegy- 
lated liposomal doxorubicin) and taxanes (e.g. paclitaxel) are used 
in extensive disease, although preservation of graft function may be 
an important consideration with some agents [541]. Interferon is not 
recommended in OTRs as it may be associated with rejection risk, 
as may PD1 blockade immunotherapy which has shown promise 
in endemic and classic subtypes [387,541]. Most HIV-related KS 
responds to ART as first line treatment, but systemic therapy is 
recommended for more extensive disease [541]. Antiangiogenic 
agents (e.g. pomalidomide, lenalidomide/bevacizumab) have 
shown activity in HIV-related KS [544,545] and objective response 
rates of approximately 63% have been obtained with ICIs in case 
reports [546]. 


HHV-8 screening 

In HHV-8 seropositive OTRs, viral reactivation with the develop- 
ment of KS occurs in up to 13% after transplant, and transplantation 
from a seropositive donor to an HHV-8-negative recipient results in 
seroconversion in up to 30%, although fewer than 4% will develop 
KS [383,541,547,548]. However, current serological assays have sig- 
nificant limitations and HHV-8 serological screening of donors and 
recipients pre-transplant is not routine, although it may be indicated 
in donors and recipients from endemic areas or as targeted screen- 
ing for high-risk groups in low prevalence regions [541]. Similarly, 
in recipients who are HHV-8 positive or have a positive donor, viral 
load monitoring appears to be of limited value in predicting or man- 
aging post-transplant KS: 50% or more patients with post-transplant 
KS may test negative for HHV-8 DNA. There is also no proven role 
for antivirals, or for tailoring immunosuppression, but it is impor- 
tant to advise patients on potential risk [382,387,541]. 


Pre-transplant KS and retransplantation 

Few data are available regarding transplantation in a patient with a 
history of KS and this should be considered on a case-by-case basis 
with possible early introduction of mTOR inhibitor. Post-transplant 
KS does not automatically preclude retransplantation. Encourag- 
ingly, a retrospective review from France found a 25% (2/8) KS 
recurrence rate after a second kidney transplant in those patients 
who had post-transplant KS after their first transplant, and recur- 
rent KS usually resolved with modification of immunosuppression 
[549]. 


Merkel cell carcinoma 

Primary MCC 

Surgery and staging 

Data on the management of MCC and rare cancers occurring 
in immunosuppression are limited. There are few data to guide 
decision making other than the consideration of the higher risk 
of poorer outcomes. Initial management approaches in terms of 
surgery, adjuvant radiotherapy and imaging are therefore generally 
similar to those in the general population (Chapter 146). Although 
sentinel lymph node biopsy positivity is higher in immunocom- 
promised than immunocompetent patients (31% versus 21%, P = 
0.042) [550], the implications of this on overall survival are not clear 
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[550,551]. Nonetheless, accurate nodal staging may inform treat- 
ment decisions around optimising regional disease in this high-risk 
population [550]. 


Radiotherapy 

Responses to radiotherapy are significantly worse in immuno- 
suppression: in patients treated with curative intent for stages 
I-III MCC, radiotherapy improved recurrence-free survival in 
immuncompetent but not in immunocompromised patients [552]. 


Advanced MCC 

As for cSCC and melanoma, immunosuppression was an exclusion 
criterion in pivotal RCTs of anti-PD-L1 therapy in MCC. How- 
ever, real world data from the expanded access programme for 
anti-PD-L1 avelumab included patients with CLL, PLWH and 
OTRs. Although responses were possibly reduced compared with 
immunocompetent patients, they provide a signal of activity [553], 
as do data from multicentre retrospective studies in CLL [463] and 
case series in HIV [546]. Prospective RCTs are required. 


Pre-transplant MCC 

Although there are currently no reported studies of transplant candi- 
dates with MCC, consensus recommendations based on 5-year sur- 
vival and kinetics of recurrences are for a 2-year minimum waiting 
time for stage IIb or less (tumour size >2 cm, negative nodal status). 
For stage III and higher (regional nodal disease), transplantation is 
not currently recommended [464]. 


Skin cancer screening and surveillance 


Skin cancers in immunocompromised patients pose a_ signifi- 
cant and growing burden of disease on affected individuals and 
resource-limited health care systems. Health education, skin cancer 
screening and risk-stratified surveillance, skin cancer risk predic- 
tion, targeted implementation of preventative strategies and rapid 
access to diagnosis and treatment may all contribute to reducing the 
impact of skin cancers. In the UK, the National Institute for Health 
and Care Excellence (NICE) has recommended that immunosup- 
pressed individuals with pre-cancerous lesions or invasive skin 
cancer should be seen in dedicated clinics, and skin surveillance 
in these patient groups is increasingly being delivered by such 
specialist clinics [554-556,573,574]. 

Most national and international post-transplant clinical practice 
guidelines (CPGs) advise that all OTRs should be offered skin 
cancer surveillance at least annually, with full skin examination 
performed by a dermatologist or trained specialist [557]. There 
is limited evidence to validate the effectiveness of these expert 
opinion-based CPG recommendations on reducing skin cancer inci- 
dence and improving outcomes. Adherence to surveillance is often 
low and the health care resource implications of providing univer- 
sal annual monitoring are considerable [558,573]. Consequently, 
more risk-stratified approaches to surveillance have been proposed 
based on observed skin cancer risk in cohort analyses [52,150]. The 
Covid-19 pandemic and high vulnerability of many of these patient 
groups has highlighted further the need for rationalising the timing 
and nature of such routine surveillance. 
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Initial post-transplant assessment 

Following transplantation, baseline assessment of skin cancer 
risk and health educational advice focusing on photoprotection, 
self-skin examination and early detection of suspicious lesions is rec- 
ommended for all patients. Potentially, an initial risk assessment can 
be done at the time of transplantation using simple clinical informa- 
tion based on age, sex, race and organ type [558]. Recommendations 
on the optimal timing of subsequent dermatology/specialist skin 
cancer screening varies and will depend on this initial risk assess- 
ment and may be within 12 months post-transplant [52] extended 
to 2-5 years if the initial risk assessment and educational advice are 
provided by the transplant team [558]. 

Evidence from several studies indicates that skin cancer aware- 
ness is improved and photoprotective advice better recalled and 
implemented if health educational advice is provided in a specialist 
clinical setting [554,555]. The advice provided should be individ- 
ualised and take into account patient preferences and priorities 
in order to improve adherence [420,571]. Photoprotection advice, 
in particular, should be tailored to skin type [58]. Advice may 
be further optimised by strategies such as the use of written and 
audiovisual material [420]. Reinforcement of educational messages 
both improves recall and adherence to advice [420,559-561,572]. 
Optimal timing for delivering this information is uncertain: in one 
study patients expressed a preference for receiving information 
pre-transplant which was then regularly repeated post-transplant 
[562], while in another, post-transplant intervention was preferred 
[563]. 


Risk stratification and post-transplant 

surveillance protocols before first skin cancer 
Understanding the predictors of post-transplant skin cancer enables 
health care providers to direct targeted surveillance, prevention 
and management strategies towards higher risk individuals [149]. 
Several clinical risk prediction models have been described and 
used to inform the development of risk-stratified surveillance pro- 
grammes [52,149,150]. Clinical risk factors are also being combined 
with polygenic risk scores to further improve identification of 
patients at the highest skin cancer risk. 


Clinical risk stratification 

The established clinical risk factors for post-transplant skin cancer 

have been used in a number of risk stratification models from which 

surveillance protocols have been derived [52,74,149,150,564]. For 
example: 

e A risk stratification tool based on a UK OTR cohort assessed the 
cumulative incidence of skin cancer over time post-transplant 
to construct five risk groups based upon three risk factors: skin 
phototype (Fitzpatrick 1-4 versus 5-6), age at transplant (<35, 
35-45, 45-55 and >55 years) and sunburn history (<5 versus 
>5 incidents). Clinical surveillance intervals were derived for 
each group, aiming to keep the estimated cumulative incidence 
of KC below 5% after baseline assessment; surveillance intervals 
were also assessed for patients after the first and subsequent skin 
cancers (Figure 147.7) [52]. 

e¢ SUNTRAC (Skin and UV Neoplasia Transplant Risk Assessment 
Calculator) was based on a larger US cohort and defined four risk 
groups based upon five weighted risk factors: white race, age at 
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then every 2 then and then 6 
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Figure 147.7 Screening and surveillance post-transplant until first skin 
cancer. KS, Kaposi sarcoma. Adapted from Harwood et a/. 2013 [52]. Risk level 2 Risk level 3 Risk level 4 Risk level 5 Risk level 1 


transplant >50 years, history of pre-transplant skin cancer, male 
versus female and heart/lung versus renal/liver transplant. The 
5-year cumulative incidence for skin cancer for low, medium, high 
and very high SUNTRAC categories was 1.01%, 6.15%, 15.14% 
and 44.75%, respectively, and surveillance intervals were derived 
for each risk category based on a minimum 2% skin cancer inci- 
dence threshold screening [150]. 

e In cardiac OTRs, a risk prediction model for cSCC was gener- 
ated in a multivariate model (age, male sex, white race, recipient 
and donor HLA mismatch level, malignancy at listing, diagno- 
sis with restrictive myopathy or hypertrophic myopathy, heart 
retransplant, and induction therapy with OKT3 or daclizumab) 
with good concordance between the predicted and actual risk at 
5, 8 and 10 years post-transplant [564]. 


Polygenic risk scores 

As discussed in more detail earlier in this chapter, polygenic risk 
scores have been developed that can identify OTRs at a high abso- 
lute risk of developing KC in both low and high UV environments 
[155-157] and may improve KC risk stratification approaches to 
surveillance in OTRs. However, their cost-effectiveness needs to be 
validated. 


Skin cancer follow-up protocols 

Once premalignancy lesions (AK, SCC in situ) have developed, 
annual review is usually recommended and appropriate follow-up 
after a first invasive skin cancer should be guided by known accrual 
rates after an initial BCC or cSCC [52,70,72]. For example, a surveil- 
lance protocol ensuring cumulative KC risk remains below 15% 
recommends initial intervals of 4-6 months depending on skin 
cancer type, reducing to 3-4 monthly or more frequently in those 
with multiple or very high-risk tumours (Table 147.4) [52]. 


Pre-transplantation screening 

Potential risk reduction strategies such as educational advice on 
photoprotection and treatment of AK may be most effective if 
initiated in the pre-transplant period [420]. KC risk stratification 
pre-transplant, identification of patients with pre-transplant skin 
cancer and determination of HHV-8 status in patients at risk of KS, 


may also provide an opportunity for decision making relating to 
post-transplant immunosuppressive drug regimens and intensity of 
skin surveillance [464,465]. However, the cost-effectiveness of such 
pre-transplantation screening strategies has yet to be validated. 


Surveillance in other immunocompromised 

patient cohorts 

Most research on risk stratification, screening and surveillance 
in immunocompromised patient cohorts has focused on OTRs. 
However, there is increasing recognition that other immunocom- 
promised groups may also potentially benefit, and this has been 
particularly promoted in patients with CLL and IBD [45,565,566]. 


Organisations for patients and health care 
professionals 


Several special interest organisations with a focus on skin cancer in 
immunocompromised individuals exist internationally for patients, 
carers and health care providers. In Europe, SCOPE (Skin Care in 
Organ Transplant Patients Europe, www.scopenetwork.org) coor- 
dinates clinical research initiatives and, with ITSCC (International 
Immunosuppression and Transplant Skin Cancer Collaborative, 
http://www.itscc.org/), has produced expert consensus guideline 
documents for the management of post-transplant skin cancer. The 
AT-RISC Alliance (After Transplantation — Reduce Incidence of Skin 
Cancer, www.at-risc.org) is linked to ITSCC and has developed 
educational resources for both patients and health care providers. In 
the UK, BSSCII (British Society for Skin Care in Immunosuppressed 
Individuals, www.bsscii.org.uk), aims to fulfil a similar role with 
a broad remit across all immunocompromised patient groups (all 
websites last accessed March 2023). 


Conclusions 


Skin cancers in immunocompromised patients represent a sig- 
nificant burden of disease for affected individuals and a major 
and escalating clinical challenge for health care providers. Man- 
agement requires a multidisciplinary approach with integrated 
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decision making between dermatology, dermatological surgery, 
medical oncology, radiation oncology, pathology and specialist 
clinical teams (e.g. transplant, HIV, haematology), as well as shared 
decision making with patients and their carers. Risk stratification 
together with appropriate counselling, surveillance, access to rapid 
diagnosis and treatment and preventative strategies may reduce the 
incidence and impact of these skin cancers in the future. Although 
there have been advances in the diagnosis and treatment of skin 
cancer in these patient groups, the evidence base in many key areas 
is limited. Further clinical and translational research efforts are 
urgently required to address these gaps. These high-risk patients 
arguably present a model of accelerated skin carcinogenesis and are 
an important population in whom to further investigate pathogene- 
sis, therapeutic and preventative approaches in skin cancer. Indeed, 
it is likely that many future advances in improving patient out- 
comes for skin cancer, particularly cSCC, will come from research 
in immunocompromised patient populations. 
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Introduction 


There is a great variation of skin change associated with internal 
malignancy, and the connection between systemic neoplasia and 
associated skin conditions are so numerous that to report all docu- 
mented associations here is impracticable. However, the following 
categories entail most associations and interactions between skin 
and internal malignancy: 

1 Multisystem and haematopoietic tumours that involve the skin. 

2 Tumour spread. 

3 Genetically determined syndromes with cutaneous manifes- 
tations where there is a recognised predisposition to internal 
malignancy (also termed ‘genodermatoses with malignant 
potential’). This category also includes the hamartoneoplastic 
syndromes. 

4 Paraneoplastic disorders: cutaneous reaction patterns that have 
an association with neoplasia involving various internal organ 
systems. 

5 Indirect cutaneous markers of internal malignancy (for example 
dermatological features of exposure to carcinogens). 

Potential cutaneous markers of internal malignancy vary in their 
reliability for predicting underlying neoplasia. The extent and 
intensity of the investigations for malignancy should therefore 
be tempered by a general assessment of the patient. Cutaneous 
adverse reactions to drugs used to treat malignancy are covered in 
Chapter 119. 


MULTISYSTEM AND F 
TUMOURS THAT INV 


This group includes several tumours in which the skin is involved 
as part of a multisystem neoplasm. The contributions from derma- 
tologists are important since the diagnosis may present with skin 
lesions, or the skin may be the easiest accessible site for biopsies. 
The types of skin involvement that may occur in such disorders 


Figure 148.1 Leukaemia cutis (acute myeloid leukaemia) and purpura. 


range from non-specific signs, such as purpura reflecting throm- 
bocytopenia, to specific features such as cutaneous deposits of 
the malignancy. This type of involvement of the skin as part of a 
multisystem tumour is somewhat different from that of metastases 
from solid tumours, both in mechanism and in lesion distribution. 
For example, skin involvement is an important component of 
haematopoietic malignancies, including lymphoma and Langer- 
hans cell histiocytosis [1,2]; specific cutaneous infiltrations of 
the skin may occur with myeloproliferative disorders, such as 
lymphoma and leukaemia (Figure 148.1) [3]. 


TUMOUR SPREAD F 
DISTANT TISSUES ~ 


DIRECT TUMOUR SPREAD AND INVASION 


Other than primary skin neoplasms, the skin may be involved by 
tumour either through direct invasion, or through local metastasis, 
or from cutaneous metastases from an internal tumour. 

Direct invasion of the skin from a deeper tumour usually causes 
nodular infiltration, ulceration or inflammation, but may present 
in less obvious ways: dermal infiltration causing sclerosis (carci- 
noma en cuirasse), vascular changes (carcinoma telangiectodes), a 
peau d’orange (orange peel) appearance and, more rarely, a carci- 
noma erysipeloides (inflammatory metastatic carcinoma) pattern 
(Figures 148.2 and 148.3). Although these patterns may occur as 
distant metastases, they most commonly occur in the skin in the 
vicinity of the primary tumour (most commonly associated with 
breast cancer) and are therefore usefully considered as a rather 
different pattern from those tumours that metastasise to distant 
sites. All of these patterns may be difficult to diagnose unless there 
is clinical suspicion. 


Carcinoma en cuirasse. This may have an early inflammatory stage, 
and may include some nodularity (Figure 148.2b), but at a later stage 
is sclerodermoid in appearance (Figure 148.2c). A particular diag- 
nostic problem arises when a breast cancer has been treated with 
radiotherapy as this may cause postirradiation morphoea. The lat- 
ter is relatively well documented but the early inflammatory phase 
of postirradiation morphoea that occurs in some patients is much 
less well recognised and may be alarming clinically. Carcinoma en 
cuirasse may also occur with lung, gastrointestinal, renal and other 
malignancies [1]. 


Carcinoma erysipeloides. This resembles erysipelas, presenting 
as an extensive, warm, oedematous, tender plaque but without 
pyrexia or toxaemia (Figure 147.2d). This pattern accounts for 
nearly a third of cases of cutaneous metastases from breast cancer 
[2], the malignancy with which it is most commonly associated [3]. 
Similar presentations have been reported in melanoma, mesothe- 
lioma and carcinomas of the lung, prostate, oesophagus, bladder, 
colon, larynx, rectum, stomach, cutaneous squamous and pancreas 
[3-23]. In the majority of cases, the clinical picture is due to the 
plugging of dermal lymphatics by tumour cell emboli rather than 


(b) 


(e) 


Figure 148.2 Patterns of skin infiltration by carcinoma of the breast. (a, b) Limited (a) and extensive (b) nodular infiltration. (c) Sclerotic infiltration (carcinoma en cuirasse) of breast 
skin and telangiectatic infiltration (carcinoma telangiectodes) extending beyond the breast. (d) Peau d’orange appearance due to infiltrative carcinoma skin of left breast. (d, e) 
Erysipelas-like changes (carcinoma erysipeloides) involving the right breast at an early stage (d) and at an advanced stage involving the left upper extremity as well as the breast (e). 
Note also nipple retraction in parts (c) and (d). (a-c) Courtesy of Dr Olga Mikheeva, Moscow Region Oncological Dispensary, Russia. (d) Courtesy of Dr Ken Tsai; (e) Courtesy of Dr R. 


Emmerson, Royal Berkshire Hospital, Reading, UK. 


to intratumoural lymphatic invasion [2,24]. Histologically, there is 
plugging of the dermal lymphatics at all levels by aggregates of 
carcinoma cells (Figure 148.4). 


Telangiectatic metastatic 
carcinoma is typically associated with breast cancer and may be 
difficult to diagnose as tumour cells may be quite scanty and the 
telangiectasia quite subtle. The vascular changes may be more florid 
and lesional skin can resemble angiosarcoma. 


Less common patterns of direct tumour invasion include breast 
carcinoma presenting as an inframammary intertrigo-like pattern, 


and lymphatic obstruction by pelvic tumours or lymphadenopa- 
thy, which may be accompanied by extensive tumour cells within 
the lymphatics presenting as skin nodules. Oral tumours, usually 
squamous cell carcinomas, may extend to directly involve the skin 
of the face. 

Local and in-transit metastases from primary epidermal tumours 
are discussed in the relevant chapters in this book; melanoma is 
the most important tumour in this context. It is a particular fea- 
ture of malignant lymph node metastases (e.g. breast carcinoma, 
melanoma), and occasionally arises after diagnostic or therapeutic 
interventions such as needle aspiration of a tumour, pleural biopsy, 
drainage of malignant ascites or placement of other drains in the 


eel 


Figure 148.3 Metastatic bronchial carcinoma resembling cutaneous angiosarcoma. 
Courtesy of Dr Olga Mikheeva, Moscow Region Oncological Dispensary, Russia. 


vicinity of a tumour. ‘Tumour spillage’ is the direct contamination 
of wounds with tumour cells during a laparoscopy or surgical pro- 
cedure. This was common previously but the rates of laparoscopic 
port site metastasis and laparotomy wound metastasis from tumour 
inoculation are now both approximately 0.8% [25]. 


CUTANEOUS METASTASIS 


Metastasis to the skin is not as common as metastasis to the liver, 
lung or bone. Autopsy studies suggest that up to 9% of patients 
with internal cancer have had skin metastases; a large analysis 
indicated that 5% is usual [1], and in about 0.5-1% a metastasis 
is the presenting feature of internal cancer [2,3]. Of patients with 
metastatic cancer, 10% have cutaneous metastases [4]. Studies vary 
in cited frequency of skin metastases in part because some include 
metastasis from cutaneous melanoma whilst others exclude this 
and only refer to internally originating tumours. Additionally, it can 
sometimes be difficult to know whether skin involvement is from 
close proximity with a primary tumour of a different organ, that 
is, direct invasion not metastasis [5]. The most common sources of 
cutaneous metastases are, in generally accepted order of frequency: 
breast, melanoma, lung, colon, stomach, upper aerodigestive tract, 
uterus and kidney. The most common skin metastases from a pre- 
viously unknown primary tumour originate from the kidney, lung, 
thyroid or ovary [3,6,7]. 
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Figure 148.4 Carcinoma erysipeloides. (a) Small aggregates of large epithelioid 
carcinoma cells within the dilated lymphatics. (b) Dermal lymphatic completely occluded 
by poorly differentiated epithelioid cells. Note tumour cell necrosis (arrow). (a) Courtesy 
of Dr K. Tsai. (b) Reproduced from Finkel and Griffiths 1993 [22] with permission of John 
Wiley & Sons. 


Cutaneous metastases generally present as painless, firm to hard 
nodules, which may be skin coloured, blue-brown or reddish 
purple. The commonest pattern presents with a solitary nodule 
(Figure 148.5), which is twice as frequent as multiple nodules 
(Figure 148.6). Dermal or subcutaneous nodules may be more 
readily detected by palpation as they may not initially be apparent 
or symptomatic (Figure 148.7) [6]. The ulceration of nodules may 
occur but is not usually a feature at initial presentation. Other 
patterns include morphoea-like sclerotic plaques, scar infiltra- 
tion, erysipelas-like diffuse skin infiltration, infiltrated areas of 
alopecia (alopecia neoplastica) and embolic metastasis to digits 
(Figure 148.8). 


Figure 148.5 Solitary metastasis of squamous carcinoma to the scalp from an unknown 
primary. 


Figure 148.6 Metastatic pancreatic carcinoma manifesting as haemorrhagic nodules in 
the skin. 


Figure 148.7 Subcutaneous metastasis from lung carcinoma. These metastases are 
typically multiple and multiple firm nodules can usually be palpated if the patient is 
carefully examined. 


Figure 148.8 Embolic metastasis to the fifth digit of each hand from carcinoma of the 
oesophagus. 


Metastasis to the skin occurs as a result of lymphatic or haematoge- 
nous dissemination of tumour. The distribution pattern on the skin 
is not random [3,5]. Indeed, 75% of metastases are found on the 
head, neck and upper trunk, which together constitute only 25% 
of the body surface area [3]. The clinical pattern of metastases may 
provide clues to the route of metastasis. For example, metastases 
to extremities suggest intra-arterial embolic spread, widespread 
skin metastases suggest that tumour cells are present in the gen- 
eral circulation, whilst metastases to the skin in the vicinity of the 
affected organ is more suggestive of dissemination by lymphatic 
vessels or by veins (Figure 148.9). Retrograde lymphatic spread 
may occur from pelvic tumours causing metastases in the perineal 
area or on the legs. In general, the head, neck and upper trunk are 
disproportionately affected by tumours that metastasise to the skin 
[3,6-8], possibly because of the high vascularity of this area. The 
tumour and host factors involved in metastasis, both generally and 
organ-specific, are not fully understood but recent studies indicate 
that non-coding RNAs in tumour-derived exosomes influence the 
metastatic spread [9,10]. 

Other than the scalp, notable sites for skin metastasis include the 
umbilicus (Sister Mary Joseph nodule related most commonly to 
bowel tumours) [7,11,12] and recent operative scars. Scar metastasis 
is most often related to surgery for the primary tumour, and with the 
low frequency of ‘tumour spillage’ presumably represents spread 
by local lymphatic or venous drainage. However, recent but dis- 
tant scars (e.g. skin graft donor sites [13,14]) may be a site of metas- 
tases. Metastases have also been reported that are localised to a site 
of irradiation of the skin [15]. An additional, unusual phenomenon 
is ‘tumour-to-tumour metastasis’, in which metastases localise to 
another (usually benign) tumour [16]. Most such metastases occur 
within quite vascular neoplasms, such as thyroid or adrenal adeno- 
mas, but metastasis to lipoma and to basal cell carcinoma have both 
been reported rarely and are relevant to dermatologists [17]. 
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Figure 148.9 Metastasis to the groin in a patient with extensive pelvic prostatic 
carcinoma. 


Metastases to the scalp may give rise to focal alopecia, usually 
from carcinomas of the breast, lung or kidney. Renal and thyroid 
cancer metastases may be quite vascular in appearance, both clin- 
ically and pathologically [18], and are occasionally misdiagnosed 
as benign haemangiomas or pyogenic granulomas. Metastases from 
renal cell carcinoma may even be pulsatile. Cutaneous metastases 
may be mistaken for cysts or inflammatory lesions, and alopecia 
over a scalp ‘cyst’ should alert the physician to the possibility of 
malignancy. 


Histopathology 

Biopsy of a suspected skin metastasis will usually successfully 
confirm or exclude malignancy. It is not, however, always useful 
in determining the organ of origin if the tumour cells are poorly 
differentiated. Recent work has uncovered the unique biology of 
metastasis-initiating cells that results in tumour growth in distant 
organs, the evasion of host immune surveillance and co-option of 
metastatic microenvironments [19]. Occasionally it may be difficult, 
even with the use of various types of molecular tumour markers, to 
distinguish reliably between primary skin tumours and metastatic 
disease. Although the cells of a metastasis usually resemble the cells 
of the primary tumour, some patterns may prove diagnostically 
difficult. Spindle cell tumours and tumours comprising ‘small blue 
cells’ cause particular difficulty and may need a panel of molecular 
markers to aid in diagnosis, both between primary skin lesions and 
metastases or between different origins of an internal tumour. 

In some instances there may be marked oedema or dilated 
lymphatic vessels that makes diagnosis difficult. In some specific 
tumours such as renal cell carcinoma or in some clinical patterns 
such as carcinoma telangiectodes, the tumour cells may either be 
scanty or the vascular proliferation may dominate the histopatho- 
logical appearance. Lymphatic spread of tumour cells may lead to 
an ‘Indian filing’ appearance in some cases, sometimes with fibrosis. 


Prognosis 

Cutaneous metastases usually occur in subjects with a known 
cancer but may be the first indication of an internal neoplasm, 
especially in the case of lung cancers. They are usually suggestive of 
disseminated disease and hence indicate a poor prognosis: survival 
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Figure 148.10 Paget disease of the breast causing destruction of the right nipple. 


with disseminated skin metastases is typically only about 3 months 
[4]. Patients with solitary metastases without other evidence of 
dissemination may have a better survival rate [20]. Infrequent cases 
of tumour regression after primary tumour removal have been 
documented [21]. It is noteworthy that cutaneous metastases do not 
necessarily relate to a prior, documented tumour. The histological 
pattern, localisation and temporal relationship may occasionally 
point to a second primary [22]. 

Treatment options, depending on the primary tumour, may 
include excision or other destructive therapy (e.g. laser destruc- 
tion, radiotherapy, photodynamic therapy) for limited numbers 
of lesions, and chemotherapy or other systemic treatment for 
disseminated lesions. 


Paget disease = — CC 


Paget disease occurs in mammary and extramammary forms. Paget 
disease of the breast occurs due to an underlying ductal tumour 
[1]. Extramammary Paget disease may occur without an underly- 
ing tumour, or distant to a tumour, and so does not have the close 
link with direct tumour spread of the mammary pattern [2]. 


Paget disease of the breast 


This condition presents with scaling and redness, sometimes with 
oozing and crusting, on or around the nipple (Figure 148.10). It is 
generally viewed as a direct epidermal extension of an underlying 
ductal adenocarcinoma, and is important as the underlying tumour 
is usually small and superficial so early recognition may allow 
curative intervention. However, of the 30-50% of patients with 
a palpable underlying lesion, half will have axillary lymph node 
involvement. The reason for the epidermotropic spread of tumour 
cells is uncertain but a keratinocyte-derived chemoattractant for 
Paget cells, termed heregulin-a, was proposed [2]. The main patho- 
genetic hypothesis for those cases that do not have an underlying 
carcinoma is derivation from Toker cells within the epidermis of the 
nipple and areola [2]. 

Eczema, psoriasis, hyperkeratosis and erosive adenomatosis 
of the nipple are in the clinical differential diagnosis of mammary 


(b) 


Figure 148.11 Extramammary Paget disease. (a, b) Well-defined red plaques involving 
the perianal skin (a) and the scrotum (b). Reproduced from Wagner and Sachse 2011 [8] 
with permission of John Wiley & Sons. 


Paget disease. Histologically, there may be diagnostic problems from 
other disorders with Pagetoid spread, such as some melanomas or 
Bowen disease, and also from a benign proliferation of Toker cells 
(clear cell papulosis). Useful histopathological markers for mam- 
mary Paget disease include epithelial membrane antigen (EMA), 
carcinoembryonic antigen (CEA) and cytokeratins (CK8/18) as well 
as mucins such as MUC1 [3,4]. 


Extramammary Paget disease 


Extramammary Paget disease (EMPD) occurs in apocrine gland- 
bearing areas such as ano-genital and axillary sites (Chapters 109 
and 110). About 60% of cases are vulval, 20% perianal and 15% 
penile or scrotal. There is thus a female preponderance, although 
some populations, such as the Japanese [3], have a male prepon- 
derance. The histogenesis is less certain and only about 25% of 
patients appear to have an associated invasive malignancy. Of the 
malignancies associated with vulval Paget disease, less than 50% 
arise locally from apocrine sweat glands or Bartholin glands; the 
remainder arise from the vagina, cervix, bladder, ovary, colon or 


148.7 


rnal malignancies 


rectum, or occasionally from more distant sites such as the breast 
or gallbladder [4,5]. Perianal Paget disease (Figure 148.11a) is asso- 
ciated with an adnexal tumour in about 10% and a distant tumour 
in about 25% (rectum, stomach, ureter, breast) [4,5]. Male genital 
Paget disease (Figure 147.11b) is associated with carcinoma of the 
prostate, bladder, ureter, kidney or testes in about 10% of cases [4,5]. 
In other cases, EMPD arises locally in the epidermis. 

Most patients are over 60 years of age. Clinical features include 
itch, a burning sensation, oedema, bleeding and reddish brown 
(or sometimes hypopigmented) plaques, often with a prominent 
margin. The margin may, however, be obscured by secondary 
infection and may be difficult to define in vaginal mucosa. Genital 
EMPD is often mistaken for an eczematous process, psoriasis or 
tinea. Histological and immunohistochemical features are similar to 
those of mammary Paget disease; the antigen RCAS1 seems partic- 
ularly sensitive [6]. The prognosis is determined by the underlying 
tumour, if present, and whether or not this is amenable to curative 
treatment. For associated malignancies of a local epidermal origin, 
the depth of invasion and lymphatic spread dictate the prognosis, 
and serum CEA is a useful indicator of survival [3]. CK19 fragment 
21-1 is a promising new marker for the same purpose [7]. 


There are many genodermatoses that are associated with an 
increased risk of internal malignancy (Table 148.1) [1-5,6,7,8,9,10]. 
A number of mechanisms are involved and these include chro- 
mosomal instability, faulty DNA repair mechanisms, abnormal 
lymphocyte function and immunosurveillance, and in some cases a 
combination of these processes. 


Howel-Evans syndrome 


This syndrome is the association of autosomal dominantly inherited 
focal palmoplantar keratoderma (tylosis) with the eventual devel- 
opment of oesophageal carcinoma (Chapter 63). Oral leukoplakia 
also frequently occurs in Howel-Evans syndrome [1-9]. 


Naevoid basal cell carcinoma 
syndrome 


Synonyms and inclusions 
¢ Gorlin syndrome 


Naevoid basal cell carcinoma syndrome is the association between 
basal cell carcinomas, mandibular odontogenic keratocysts, skeletal 
anomalies, abnormal calcification and dyskeratotic pits of palms 
and soles (Chapter 140). Patients with this syndrome are at risk 
of developing medulloblastoma and ovarian tumours. Other rare 
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Table 148.1 Examples of genodermatoses associated with internal malignancies. 


Main organ affected or usual 
mode of presentation 
(many are multisystem disorders) 


Genodermatosis 


Main neoplasms 
(may be limited to few families 
in some of the disorders listed) 


Gastrointestinal tract 


Gardner syndrome 

Bannayan-Riley—-Ruvalcaba syndrome 

Turcot syndrome (mismatch repair cancer syndrome) 
PeutzJeghers syndrome 


Gastrointestinal polyposis and carcinomas, central 
nervous system tumours 


Gastrointestinal polyposis and carcinomas, pancreatic 
carcinoma, genital tumours (especially Sertoli cell, sex 
cord and cervix), breast cancers, lung cancers 


Neurological Ataxia-telangiectasia Lymphomas, leukaemias 
Neurofibromatosis Neurological tumours, sarcomas, phaeochromocytoma 
Skin Xeroderma pigmentosum Skin cancers, sarcomas, central nervous system tumours, 
leukaemia, various solid organ tumours 
Naevoid basal cell carcinoma syndrome (Gorlin) Basal cell carcinomas of skin, medulloblastoma 
Bazex—Dupré-Christol syndrome Basal cell carcinomas of skin, possible leukaemia 
Porphyria cutanea tarda Hepatocellular carcinoma 
Tylosis Oesophageal carcinoma 
Sclerotylosis (Huriez syndrome) Squamous cell carcinoma of skin; oral and bowel 
cancers also reported 
Muir—Torre syndrome Colo-rectal tumours, sebaceous carcinoma 
Birt-Hogg—Dubé syndrome and Hornstein—Knickenberg syndrome Medullary carcinoma of thyroid, renal cell carcinoma 
Familial leiomyomas (also uterine) Renal cell carcinoma, others (see text) 
Incontinentia pigment Wilms tumour, rhabdomyosarcomas (renal, 
paratesticular), retinoblastoma, leukaemias 
Familial atypical naevi and melanoma Pancreatic carcinoma, cutaneous and ocular melanoma 
Melanoma-astrocytoma syndrome Melanomas, astrocytomas and other central nervous 
system tumours 
Supernumerary nipples Genito-urinary tumours: renal cell carcinoma, Wilms 
tumour, bladder, testicular, prostate 
Ichthyoses (autosomal dominant and X-linked) Testicular carcinoma 
Endocrine Multiple endocrine neoplasia syndromes Medullary carcinoma of thyroid, phaeochromocytoma 
Growth/skeletal Werner syndrome Many tumours especially sarcomas 


Haematopoietic 
Immunological 


Multisystem 


Rothmund-Thomson syndrome 

Bloom syndrome 

Maffucci syndrome 

Goltz syndrome 

Fanconi anaemia (usually presents due to congenital malformations) 


Dyskeratosis congenita 

Wiskott-Aldrich syndrome 

Chediak—Higashi syndrome 

Cowden (multiple hamartoma and neoplasia) syndrome 
Carney complex 


Von Hippel-Lindau disease 


Beckwith-Wiedemann syndrome 
(exomphalos—macroglossia—gigantism syndrome) 


Skin cancers, osteosarcoma 

As for general population but early onset 

Chondrosarcomas, gliomas, ovarian cancers 

Chondrosarcomas, giant cell tumour of bone 

Myelodysplastic syndrome, acute myelogenous 
leukaemia, hepatic carcinoma 

Mucosal squamous cell carcinoma, haematopoietic 
malignancy and others 

Lymphoreticular malignancies 

Lymphoreticular malignancies 

Breast, thyroid, gastrointestinal, cerebellum, endometrial 
and renal carcinomas 

Myxomas, schwannomas, testicular Sertoli cell tumour, 
pituitary adenomas, thyroid cancer 

Phaeochromocytoma, renal carcinoma, 
haemangioblastoma, pancreatic carcinoma 

Wilms tumour, adrenal carcinoma, hepatoblastoma, 
pancreatoblastoma and others (especially in patients 
with hemihypertrophy) 


central nervous system (CNS) tumours have been reported in 
naevoid basal cell carcinoma syndrome [1-5,6,7-10]. 


(Chapter 142). Large, multiple and irregular naevi are the norm, 
with an early onset of melanoma. Multiple primary melanomas may 
occur and, in some pedigrees, there is an increase in non-cutaneous 
malignancies. 

The mode of inheritance is probably polygenic. Higher risk sus- 
ceptibility genes have been identified, a CDKN2A germline mutation 
in the 9p21 gene region is the most common [1-3]. Mutations that 
impair p16 function are linked with an increased risk in pancreatic 
cancer, and specific mutations have been linked with breast cancer 
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Typically, there is one or more of the following: a family history 
of melanoma, a personal history of multiple atypical melanocytic 
naevi or a family history of multiple atypical melanocytic naevi 
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in some populations [2,3]. Cases with pancreatic, gastrointestinal, 
lung, breast and laryngeal cancers are published. 


Melanoma-astrocytoma : 


This syndrome comprises an association of melanomas with astro- 
cytomas or other CNS tumours, meningiomas, ependymomas and 
peripheral nerve tumours such as malignant schwannoma [1-4] 
(Chapter 142). Deletions of chromosome 9p21, which includes 
tumour suppressor and cell cycle regulating genes, are implicated. 
Several genetic loci have been implicated in different families 
including all or parts of the p16, p19 and p15 gene cluster (INK4 
locus), which includes CDKN2A and CDKN2B [1-3], and a specific 
deletion of p14(ARF) [4]. 


Xeroderma pigmentos 


Xeroderma pigmentosum (XP) characteristically presents at an early 
age with severe photosensitivity (Chapter 76). Patients display a 
marked congenital reduction in threshold for sunburn and present 
with myriads of lentigines, principally in a sun-exposed distribu- 
tion. Early onset of photoageing is found in infants, followed by 
sun-induced dysplasias, basal and squamous cell carcinomas and 
malignant melanomas, commencing in the first decade of life [1]. 

The mode of inheritance is autosomal recessive. The mutations 
causing XP cause abnormal fibroblast sensitivity to ultraviolet radi- 
ation, in most cases (complementation groups A-G) resulting from 
a defective DNA nucleotide excision repair process. Inactivation of 
tumour suppressors and activation of oncogenes due to these muta- 
tions results in the development of multiple tumours [2]. 

Ocular neoplasms, both melanoma and non-melanoma, occur in 
10-20% of individuals with XP. However, there is also a 10—20-fold 
increased incidence of internal malignancy in XP including CNS 
sarcomas, leukaemia and carcinomas of the lung, breast, pancreas, 
stomach and testes [3]. 


Von Hippel-Lindau dis 


Von Hippel—-Lindau disease is an autosomal dominantly inherited 
condition that carries a high risk of internal malignancy and is asso- 
ciated with non-specific cutaneous manifestations such as haeman- 
giomas and café-au-lait spots [1,2]. It is characterised by benign and 
malignant tumours of various systems, particularly haemangioblas- 
tomas of the CNS, angiomatosis of the retinae, phaeochromocytoma 
(which may be bilateral) [1], renal carcinoma [3], pancreatic ade- 
noma, carcinoma and cysts [4] and epididymal cystadenomas. 

The VHL gene has been located on the short arm of chromosome 
3, although different mutations have been found to be causative. 
The gene is a tumour suppressor gene following the Knudson 
two-hit hypothesis. Families may be characterised by the absence of 
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phaeochromocytoma (type 1, deletions/protein-truncating muta- 
tions) or the presence of phaeochromocytoma (type 2, missense 
mutations) [5,6]. 


There are two main forms of neurofibromatosis: type 1 (NF1) and 
type 2 (NF2) and both have an autosomal dominant inheritance. In 
a proportion of affected individuals the condition is due to a de novo 
mutation. 

The abnormal function of neural crest cells in NF1 leads to the 
development of multiple peripheral neurofibromas as well as CNS 
tumours, notably optic glioma (which is one of the diagnostic 
criteria for NF1) and café-au-lait macules [1,2-4]. Clinical overlap 
between NF1 and NF2 occurs particularly in children, who may 
have café-au-lait macules and peripheral nerve tumours; flexural 
freckling is indicative of NF1. Café-au-lait macules occur in NF2 but 
only in half of affected subjects, and there are usually fewer than 
six in number (six or more being one of the diagnostic criteria for 
NF1). Lisch nodules (pigmented iris hamartomas) are found with 
slit lamp analysis in 90% of adult patients with NF1 and are fairly 
specific for NF1. Around 80% of patients with NF2 have posterior 
subcapsular cataracts, including about a third of affected children. It 
was recently shown in mice that the NF1 mutation drives neuronal 
activity-dependent intiation of optic gliomas [5]. 

The associations with benign tumours, malignant tumours and 
systemic manifestations are varied but patients with NF1 have 
a 2.5-fold increase in risk of developing a malignancy [4]. NF2 
patients develop vestibular and peripheral nerve schwannomas 
(the vestibular schwannomas characteristically being bilateral), 
together with CNS tumours such as meningiomas [3,4]. Spinal 
schwannomas, astrocytomas or ependymomas eventually occur in 
about three-quarters of patients with NF2. If meningiomas occur 
in children, NF2 should be suspected. Perhaps the commonest 
neoplasm associated with neurofibromatosis is a malignant neu- 
rofibrosarcoma [6]. Most superficial neurofibromas have a low 
malignant potential, change occurring more often in the deep 
plexiform neurofibromas and those in continuity with periph- 
eral nerves, designated schwannomas. Benign tumours such 
as acoustic neuromas, dumb-bell tumours and optic gliomas 
can result in disastrous sequelae when occurring in confined, 
pressure-sensitive sites. The commonest CNS malignancy is an 
astrocytoma. Other malignancies include nephroblastoma (Wilms 
tumour), fibrosarcoma, rhabdomyosarcoma and leukaemia, espe- 
cially in children [3,4,6-8]. There is an association between NF1 and 
juvenile myelomonocytic leukaemia and juvenile xanthogranulo- 
mas [9]. Monosomy 7 myelodysplastic syndrome may also occur 
[10]. There is an increased frequency of phaeochromocytomas and 
carcinoid tumours [4] and ocular melanoma has been reported [11]. 
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Tuberous sclerosis complex (TSC) consists of angiokeratomas, 
epilepsy and learning difficulties. It may be associated with mul- 
tisystem tumour involvement, mostly hamartomatous [1]. TSC is 
an autosomal dominant condition but there is a high spontaneous 
mutation rate which accounts for over 50% of cases. There are 
two known causative genes: TSC1 on chromosome 9q34 (encoding 
hamartin) and TSC2 on chromosome 16p13.3 (encoding tuberin) 
and both genes function as tumour suppressor genes. There are 
large numbers of different mutations, with TSC2 mutations being 
more common and causing more severe disease compared with 
TSC1 mutations. 

Other than skin lesions, the CNS, renal and cardiopulmonary 
systems are most significantly affected [2-4]. Angiomyolipomas (of 
vessels, fat and smooth muscle) all show the same loss of heterozy- 
gosity at the TSC1 or TSC2 loci. Malignant sarcomatous change can 
occur particularly with angiomyolipomas and rhabdomyomas, but 
is uncommon and metastases are unusual [5]. Renal cell carcinoma 
is a recognised, infrequent complication [4-7]. 


Multiple endocrine n 
syndromes 


Multiple endocrine neoplasia type 1 
This is a familial cancer syndrome with parathyroid, pancreas and 
pituitary gland tumours as well as cutaneous findings. Dermato- 
logical features in multiple endocrine neoplasia type 1 (MEN1) are 
typically multiple facial angiofibromas (22-88%) and collagenomas 
(0-72%). Lipomas may occur in more than 33% of patients with 
MEN1. Café-au-lait macules are also encountered [1-3]. 

It is caused by mutations in the MEN1 gene, located on chromo- 
some 11q13, which codes for the production of the menin protein. 

MEN1 is characterised by tumours of the parathyroid, anterior 
pituitary, pancreatic islet cells, cells of neuroendocrine origin, 
foregut carcinoid and adrenal cortex. It is associated with 20-25% 
of cases of Zollinger—Ellison syndrome (ZES). In MEN1, 60-100% of 
cases have gastroenteropancreatic lesions, especially pancreatic islet 
tumours, also referred to as pancreatic neuroendocrine tumours 
(NETs). The incidence of tumours is as follows: ZES 54%, insulinoma 
21%, glucagonoma 3% and VIPoma (vasoactive intestinal peptide) 
1%. In MEN1, associated endocrine disease consists of parathyroid 


hyperplasia in over 95%, anterior pituitary adenomas in 15-50%, 
adrenal adenomas in 30% and carcinoid tumours in more than 3% 
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(carcinoid tumours are located in the bronchi, gastrointestinal tract, 
pancreas or thymus). The pituitary adenomas secrete prolactin in 
60%, growth hormone in less than 25% and adrenocorticotrophic 
hormone (ACTH) in 5%. The commonest tumours in MEN1 secrete 
parathyroid hormone or gastrin. 

Metastases from malignant neuroendocrine tumours, in particu- 
lar malignant pancreatic NETs and thymic carcinoid tumours, are 
one of the commonest causes of mortality in patients with MEN1 
[1-4,5,6]. 


Multiple endocrine neoplasia type 2A 


Both MEN2A and MEN2B principally involve the thyroid and 
parathyroid glands, and the adrenal medulla, and are linked 
with familial medullary thyroid carcinoma [7,8]. MEN2A lacks 
the mucosal neuromas and skin lipomas of MEN1 and MEN2B. 
Café-au-lait macules are only present in those with a combined phe- 
notype of MEN2A with NF1. In MEN2A there may be symmetrical, 
bilateral, pruritic skin lesions found overlying the scapular area, 
with hyperpigmentation and hyperkeratosis clinically suggestive 
of amyloidosis; deposits of keratin-derived amyloid are typically 
found histologically [4,6,9]. 

MEN2A and MEN2B are caused by mutations of the RET 
proto-oncogene locus (10q11.2) [10-12]. Both are autosomal dom- 
inant but 50% of cases with MEN2B are due to spontaneous 
mutations. RET testing has replaced calcitonin screening to diagnose 
MEN2 carrier status. The specific RET codon mutation will delin- 
eate the course of the disease and degree of aggression [4,5,1-13]. 
Screening of all first-degree relatives should be performed in order 
to identify RET-mutated gene carriers. 

The main internal disorders in MEN2A, described as the triad of 
cardinal manifestations, are medullary thyroid carcinoma (MTC), 
phaeochromocytoma and hyperparathyroidism (due to either 
hyperplasia or adenomas). Other hamartomas and tumours include 
cerebellar haemangioblastomas, cervical neuroblastoma, pituitary 
adenomas and pinealomas [9]. 


Multiple endocrine neoplasia type 2B 


This is characterised by mucosal neuromas that are apparent at birth 
or in the first years of life [14]. Neuromas manifest as asymptomatic, 
soft, flesh-coloured papules or nodules. They cause a characteristic 
facial appearance with soft, lumpy (‘blubbery’), protuberant lips; 
everted, thickened, bumpy eyelids; and prominent eyebrows. Neu- 
romas typically affect the mucosal surfaces, especially the anterior 
border of the tongue and the buccal mucosa inside the commis- 
sures of the lips; gingival, palatal and pharyngeal surfaces may 
occasionally be affected. Cutaneous nodules or plaques, often linear 
in shape and hyperpigmented, are occasionally reported, with the 
histopathological picture of dermal nerve hypertrophy and clinical 
hyperpigmentation due to chronic scratching and trauma [14]. 
About 75% of patients have a Marfanoid appearance; muscle weak- 
ness and musculoskeletal anomalies (especially kyphoscoliosis, pes 
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cavus and bilateral slipped upper femoral epiphysis) may also be 
present [10]. 

Hyperparathyroidism due to parathyroid hyperplasia or adeno- 
matosis is much less common than in MEN1 and MEN2A. Intestinal 
ganglioneuromatosis is more common in type 2B than 2A, occur- 
ring in 30% and often presenting early in life due to constipation or 
abdominal pain. 

MEN2ZB is associated with MTC in 75% of cases, and phaeochro- 
mocytoma in almost 50%. MTC in type 2B presents earlier and 
more aggressively than in type 2A. The MTC is often multicentric 
and bilateral occurring in a background of calcitonin-producing 
cell hyperplasia. Early lymphatic spread may occur and 75% 
have metastases at presentation [10]. Phaeochromocytomas are 
often bilateral but the mortality is greater from MTC than from 
phaeochromocytoma. 


Carney complex . — 


This is a group of disorders in which there are cutaneous pigmented 
lesions associated with cutaneous, subcutaneous and internal myx- 
omas and associated endocrinopathy (mainly tumours), including 
involvement of one or more of the adrenal cortex, thyroid, pituitary 
and gonads [1]. The NAME syndrome consists of naevi (con- 
genital melanocytic), atrial myxomas, myxoid neurofibromas and 
ephelides. The LAMB syndrome consists of /entigines, atrial myxo- 
mas, mucocutaneous myxomas and blue naevi. The association with 
myxomas has led to many other names; some prefer to use myx- 
oma syndrome, or the combined term Carney complex/myxoma 
syndrome [2]. 

Three of the major diagnostic criteria involve the skin: spotty 
cutaneous pigmentation (lips, conjunctiva, eyelids, genital mucosa), 
mucocutaneous myxomas and multiple blue naevi [3]. Cardiac myx- 
omas occur in 61% [4]. The adrenal tumours in Carney complex are 
typically of the primary pigmented nodular type, an otherwise rare 
condition. Various other gonadal and endocrine hormone-secreting 
tumours, including pituitary tumours producing growth hormone, 
prolactin or ACTH, are found. Ovarian tumours are associated 
and both benign and malignant thyroid tumours (usually of fol- 
licular type) also occur [5,6]. Testicular tumours (often large-cell 
calcifying Sertoli cell tumours) occur in about 30% of males and 
are often bilateral and multicentric. Psammomatous melanotic 
schwannoma, usually of the upper gastrointestinal tract or of 
the paravertebral sympathetic nerves, is very suggestive of this 
syndrome. Myxoid fibroadenomas of the breast and mammary 
ductal adenomas may be found [2], and myxoid leiomyomas and 
uterine tumours are described. Lentiginosis occurs in 70-75% and 
blue naevi in about 50% of patients with Carney complex [2,3]. 
Skin myxomas occur in over a third of cases [4]. Multiple muco- 
cutaneous myxomas are the most specific cutaneous marker for 
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Carney complex, however these lesions are difficult to recognise 
clinically [3]. 


PTEN hamartoma tumo u 


This rare, cancer-associated genodermatosis was first described by 
Lloyd and Dennis and was named after their patient Rachel Cowden 
[1,2]. 

Pathognomonic criteria for the PTEN (phosphatase and tensin 
homologue) hamartoma tumour syndrome are mucocutaneous 
lesions, facial trichilemmomas (at least three), acral keratosis (at 
least six palmar lesions), papillomatous lesions and mucosal lesions. 
These are found in over 90% of patients. The mucosal lesions com- 
prise a warty, ‘cobblestone’ hyperplasia of the mucosal surfaces, 
particularly affecting the tongue and buccal mucosa (Figure 148.12). 
Periorificial facial papules, acral warty keratoses and palmoplantar, 
semitranslucent, punctate keratosis are characteristic. The lesions 
are grouped especially around the mouth, nose and ears and have 
a hyperkeratotic, flat-topped, wart-like appearance similar to many 
lesions elsewhere. Histologically, these are mostly trichilemmomas 
or related benign tumours of the follicular infundibulum [3-7]. 
Multiple hamartomatous lesions of ectodermal, endodermal and 
mesodermal origin occur. The other cutaneous lesions include 
ganglioneuromas, lipomas, fibromas, angiomas, angiolipomas, epi- 
dermoid cysts and a variety of pigmentary changes. Craniomegaly 
is common; there may be an adenoid facies, kyphoscoliosis and a 
high-arched palate. 

Seizures and learning difficulties occur (the latter is a minor diag- 
nostic criterion) and there may be an association with meningioma. 

Only about one-third of patients meeting the clinical diagnostic 
criteria for the syndrome actually have a detectable PTEN mutation. 


Figure 148.12 Warty papillomatosis of the hard palate in PTEN hamartoma 
tumour syndrome. Courtesy of Dr R. Emmerson, Royal Berkshire Hospital, Reading, UK. 
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Benign internal anomalies are numerous and most commonly 
affect the breast (severe fibrocystic disease occurs in the majority of 
women) and the thyroid (mainly multinodular goitres and adeno- 
mas). Gastrointestinal polyposis and cysts or polyps of the female 
genito-urinary system are also frequent. 

The cumulative risk of developing cancer in patients with PTEN 
hamartoma tumour syndrome is elevated, especially in women 
[8]. The most frequently reported cancers are female breast cancer 
(bilateral in almost 50% of cases) and thyroid cancer [8]. Fibro- 
cystic breast disease and cancers may have an early onset and 
screening of at-risk family members is therefore recommended. 
Breast, endometrial and thyroid cancers all contribute to a higher 
mortality in females. Renal carcinomas have also been linked with 
this syndrome and an increased likelihood of melanoma has been 
suggested. 


Sebaceous tumours, 
keratoacanthomas | 
malignancy 


This is a cancer-associated genodermatosis in which there is an 
association between sebaceous lesions, and to a lesser extent kera- 
toacanthomas, and internal malignancy (Chapter 137). Inheritance 
of this syndrome is autosomal dominant with variable expression, 
males being affected more commonly than females [1-3]. 

Sebaceous tumours are usually multiple but occasionally solitary. 
Although sebaceous adenoma is the commonest, sebaceous carci- 
noma and epithelioma frequently occur, and within the same patient 
a variety of different pilosebaceous-derived skin lesions including 
keratoacanthomas may arise. Most skin tumours occur in middle 
age and keratoacanthomas occur in a quarter of affected subjects. 
Multiple or early onset of keratoacanthomas are suggestive of this 
diagnosis, as are multiple (especially eyelid) sebaceous tumours. 

Up to 60% of affected individuals develop sebaceous neoplasms 
preceding visceral malignancies [4]. It has been suggested that when 
a sebaceous neoplasm is identified individuals should be screened 
for internal malignancies [4]. Criteria for diagnosis (Amsterdam and 
Bethesda criteria) and recommendations for screening of patients 
and relatives have been reviewed [5]. 

The most important internal malignancy is colonic adenocarci- 
noma, which occurs in almost 50%, often at a relatively young age 
(around 10 years earlier than in the normal population) and most 
commonly in the region of the splenic flexure. Rectal adenocarcino- 
mas also occur but only in about 5% [6,7]. Uro-genital malignancies 
are also common, occurring in 25% [6]; bladder, renal, pelvis and 
endometrial cancers each account for about 5% of cancers in this syn- 
drome. Nearly 50% of affected patients have two or more internal 
malignancies [8,9]. Other notable malignancies are breast cancers, 
haematological malignancies [6], small intestine adenocarcinoma, 
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head and neck squamous cell carcinoma and lung carcinoma [7]. 
Despite the high risk of malignancy, both the malignant cutaneous 
sebaceous tumours and the colonic tumours tend to have relatively 
indolent behaviour (50% survival time for colonic cancers is 12 years 
[2]) and the incidence of metastases is relatively low. 

A clinical scoring system to identify patients with sebaceous neo- 
plasms at risk for the Muir—Torre variant of Lynch syndrome has 
been published by Roberts et al. [10]. 


Hereditary leiomyol 
cell carcinoma syndrot 


Hereditary leiomyomatosis and renal cell cancer (HLRCC) forms 
an autosomal dominant tumour syndrome caused by heterozygous 
germline mutations in the fumarate hydratase (FH) gene [1,2]. 

The syndrome comprises multiple cutaneous leiomyomas with 
uterine leiomyomas. In some cases there is also an association 
with aggressive renal cell carcinoma, mainly of the papillary cell 
type. For cutaneous leiomyomas, the indication for treatment is the 
alleviation of cosmetic and pain-related complications. For solitary 
tumours, surgical excision is commonly applied. Multiple painful 
lesions require management by medical measures [3]. 

Lifetime risk for renal cancer in FH mutation carriers is estimated 
to be 15% [4]. Most women with HLRCC syndrome develop uterine 
leiomyomas (fibroids) with early onset. One study of 35 FH muta- 
tion carriers found that cutaneous leiomyomas were present in all 
subjects older than 40 years. Eleven out of 21 female mutation carri- 
ers underwent surgical treatment for symptomatic uterine leiomy- 
omas, at an average of 35 years. Two of the FH mutation carriers had 
renal cancer [1]. 

Several other tumours have been reported in FH mutation carri- 
ers, including benign ovarian mucinous cystadenomas, renal cysts, 
adrenal gland adenomas, thyroid lesions, uterine leiomyosarcomas, 
breast, bladder and brain tumours, lymphoid malignancies and 
basal cell carcinomas. 

The main focus of management in HLRCC is prevention of dis- 
ease and death due to renal cancer. A surveillance protocol has been 
proposed [4,5]. 


Bloom, Rothmund-The 
and Werner syndrome 


The Bloom, Rothmund-Thomson and Werner syndromes are rare 
(<1/50 000 live births), autosomal recessive diseases. These condi- 
tions are considered together as they are all caused by RecQ helicase 
gene mutations and they all predispose to abnormal growth, pre- 
mature ageing and increased incidence of site-specific malignancies 
[1,2] (Chapters 75, 76 and 77). 


Bloom syndrome 


Affected subjects have small stature and slight build, a sun-sensitive 
telangiectatic facial rash and café-au-lait macules. Minor congeni- 
tal anatomical abnormalities commonly occur. Deficient cellular and 
humoral immunity is common. 

Mutations of the gene designated BLM on chromosome 15q26.1 
lead to inhibition of the function of the protein product, a DNA heli- 
case enzyme. This loss of function allows genomic instability with 
the occurrence of significantly increased exchanges between DNA 
strands during mitosis, including an increase in sister chromatid 
exchanges, such that mutations occur throughout the genome. 

The occurrence of lymphoproliferative neoplasia (approximately 
equally divided between leukaemias and lymphomas) and epithe- 
lial tissue cancers, particularly of the aerodigestive tract and lower 
gastrointestinal tumours, is very high; they typically occur at an 
early age and the mean age of death is 23 years [3]. Cervical cancer 
and Wilms tumour are additional risks. There is a predisposition to 
malignancy through mutations in other target genes [4]. 


Rothmund-Thomson syndrome 


This autosomal recessive disease is characterised by developmen- 
tal abnormalities in the skin and skeletal systems, with photosen- 
sitivity, poikiloderma, small stature, premature ageing and juvenile 
cataracts. There is a predisposition to certain malignancies includ- 
ing a 30% incidence of osteosarcoma. Fibrosarcoma, myelodysplasia 
and non-melanoma skin cancer may also occur [5-8]. 


Werner syndrome 


This is a condition of premature ageing with onset in the second 
to third decade of life. The key clinical findings include short 
stature, early greying and loss of hair, bilateral cataracts and 
scleroderma-like skin changes. Werner syndrome is a chromo- 
some instability syndrome and, as with XP, ataxia-telangiectasia, 
Bloom syndrome and Fanconi anaemia, is associated with a high 
incidence of neoplasia [9,10]. Neoplasms develop in about 10% of 
cases although the commonest cause of death is arteriosclerosis. 
Sarcomas, melanomas, leukaemia, meningiomas and a variety of 
epithelial-derived carcinomas have been reported [9-15]. 


IMMUNODEFICIENCY ANC 
SYNDROMES 


See also Chapter 80. 


Wiskott-Aldrich syndrot 


Wiskott—Aldrich syndrome is an X-linked recessive immunodefi- 
ciency syndrome. The Wiskott-Aldrich syndrome protein (WASp) 
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Immunodeficiency and neoplasia syndromes 


is expressed in all haematopoietic cells and mutations cause defec- 
tive T-cell function and thrombocytopenia. In addition to bleeding 
and susceptibility to infections, severe eczema may occur. Older 
patients also reveal an increased risk of autoimmune disorders 
and lymphoid malignancies [1]. Non-Hodgkin lymphoma occurs 
in almost all subjects who survive infections or bleeding due to 
thrombocytopenia, usually by the age of 30 years. Lymphoma 
(especially large cell or immunoblastic) and leukaemia also occur; 
the small intestine is a particular site for lymphomatous involve- 
ment. Cerebral tumours such as astrocytoma and various sarcomas 
have also been reported [2,3,4]. Recently, haematopoietic stem cell 
transplantation treatment with good outcome has been reported 
[1,5] and attempts of therapy by gene correction are ongoing [6]. 


Chediak-Higashi syndro 


This is a fatal, autosomal recessive disorder with features of ocu- 
locutaneous albinism, silvery hair, photophobia, neurological 
abnormalities and severe, recurrent bacterial infections. There 
is extensive organ infiltration with lymphoid and _ histiocytic 
cells. Patients develop fever, jaundice, hepatosplenomegaly, lym- 
phadenopathy, leukaemia-like gingival lesions and sloughing 
of the oral mucosa, pancytopaenia and neurological deteriora- 
tion. Although strongly suggestive of lymphoma, the infiltrate of 
affected organs is reported to be of a reactive, diffuse, mononuclear 
cell type, rather than neoplastic [1]. About 85% of patients develop 
an accelerated ‘lymphomatous’ phase which may be triggered by 
viral infections, especially Epstein—Barr virus [2]. 


Ataxia-telangiectasia — 


This is an autosomal recessive condition characterised by progres- 
sive cerebellar ataxia and oculocutaneous telangiectasia. Premature 
ageing of the skin and hair is noted in almost 90% of individuals. 
Non-infectious cutaneous granulomas, with a tendency to ulcer- 
ate, are frequent [1]. The skin findings do not usually occur until 
3-6 years of age and are preceded by ataxia [2]. Peripheral blood 
lymphocytes are abnormal and there is a variable but progressive 
immune deficiency of both the cell-mediated and humoral types 
[1,3]. Chronic and recurrent sinopulmonary infections occur in a 
majority of patients with ataxia-telangiectasia and represent the 
most common cause of death [1]. 

Most families have one of many different germ-line mutations 
in the large ATM gene at chromosome 11q22.3. The product, ATM 
protein, is involved in the handling of chromosome strand breaks 
and activation of multiple targets, among them the p53 oncogene 
[1,2], and has been considered to be a ‘caretaker’ of the genome and 
tumour suppressor. Mutations are mainly inactivating in type but 
may be missense [4] and allow unregulated DNA synthesis, with 
DNA predisposed to instability and hypersensitivity to ionising 
radiation [2]. 

There is a high incidence of neoplasia (approximately 30% life- 
time risk) usually in or before the teenage years and causing death 
in 15% of affected individuals [2,3,5-8]. The majority (80%) of 
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tumours are lymphoproliferative or leukaemic, although carcino- 
mas of various sites also occur mainly in older subjects [6-8]. Most 
haematological malignancies are B-cell lymphomas but 25% are 
leukaemias, notably chronic T-cell leukaemia with chromosome 
14 translocations in older patients. However, T-cell leukaemias 
do occur in younger patients and both T-cell lymphomas and 
B-cell leukaemias are also encountered. Most tumours have early 
onset and may precede diagnosis of ataxia-telangiectasia from the 
cutaneous features. This is of considerable importance as standard 
radiotherapy doses are contraindicated. Heterozygotes (carriers) 
have a 5-10-fold increased risk of tumours, usually not lymphoid, 
and a 5-fold increase in risk of breast malignancy in females [2,5]. 


Dyskeratosis congenita 


Dyskeratosis congenita (DC) is a multisystem inherited syndrome, 
with clinical and genetic heterogeneity, characterised by mucocuta- 
neous abnormalities, bone marrow failure and a predisposition to 
cancer. Most cases have X-linked recessive inheritance but autoso- 
mal recessive and autosomal dominant forms also occur [1]. 

A triad of abnormalities are the most consistent and diagnostic 
mucocutaneous features, comprising reticulate hyperpigmentation 
of the skin, nail dystrophy and leukoplakia of the mucous mem- 
branes. Dental, skeletal, ocular and gastrointestinal abnormalities 
are common; learning difficulties, short stature and premature age- 
ing also occur. Aplastic anaemia occurs in 50%, typically in the early 
teens, and is the main cause of mortality. 

The DC genes have been characterised and the majority are impor- 
tant in telomere maintenance, which is defective in DC patients who 
usually have very short telomeres. The genetic advances in the last 
decades have led to the unification with several other severe multi- 
system disorders, including the Hoyeraal—Hreidarsson and Revesz 
syndromes, as well as a subset of patients with aplastic anaemia, 
myelodysplasia, leukaemia and idiopathic pulmonary fibrosis [2]. 

Oro-pharyngeal carcinomas secondary to the mucous mem- 
brane lesions are the commonest form of malignancy. There is also 
increased incidence of internal malignancy, particularly gastroin- 
testinal, including pancreatic adenocarcinoma and other haemato- 
logical disorders, similar to those found in Fanconi anaemia [3,4]. 


Fanconi anaemia 0s SX3#;. 


This is a genetically and phenotypically heterogeneous reces- 
sive disorder, characterised by diverse congenital malformations, 
progressive pancytopenia and predisposition to haematological 
malignancies and solid tumours [1]. The underlying defect in 
Fanconi anaemia is one of increased DNA cross-linkage (especially 
radiation induced) and defective DNA repair. The main role of Fan- 
coni anaemia proteins is the repair of DNA interstrand cross-links 
and the maintenance of genomic stability. More than a dozen genes 
have been identified as mutated in these patients and many more 
interacting genes have been discovered [2,3]. 

Dermatologically, Fanconi anaemia is characterised by pigmen- 
tary abnormalities that may be diffuse (with accentuation around 


the neck and over joints), mottled, often with scattered darker mac- 
ules and sometimes just exhibiting localised café-au-lait macules. 
Scattered areas of hypopigmentation are also a common finding. 

The main abnormality is progressive pancytopenia, which may 
lead eventually to the development of leukaemia. Multiple skeletal 
abnormalities occur including digital hypoplasias, scoliosis and 
short stature. The relative risk of cancer in Fanconi anaemia is 
exceedingly high in comparison with the incidences expected in the 
general population [3]. Acute myeloid leukaemia and solid tumours 
are common, especially head and neck or gynaecological squamous 
cell carcinomas. 


PARANEOPLASTIC PHENO 
INVOLVING THE SKIN 


Paraneoplastic dermatoses are skin conditions that have an associ- 

ation with internal malignancy but are not themselves malignant. 

At least one of the following defining characteristics should be 

present in order to consider a dermatosis as being related to an 

underlying malignancy: 

1 The malignancy and the cutaneous disorder should occur concur- 
rently. 

2 The two disorders should follow a parallel course. 

3 There should be a specific tumour site or cell type associated with 
the cutaneous disease. 

4 There should be a statistical association between the two pro- 
cesses. 

5 There should be a genetic association between the two processes. 

Paraneoplastic dermatoses may be classified in a variety of ways. 
Some authors include genodermatoses within the spectrum of 
paraneoplastic disorders [1] whilst others view these as a separate 
group [2,3], or distinguish between paraneoplastic dermatoses 
[4], hereditary paraneoplastic syndromes [5] and hormonally 
mediated paraneoplastic syndromes [6]. They may be classified 
according to strength of association with malignancy, association 
with certain types of malignancy [7], by the type of eruption that 
occurs (e.g. papulosquamous, vascular) or by the apparent mech- 
anism (e.g. hormone secretion, autoimmune, cytokine/growth 
factor). 

The likelihood of finding a neoplasm in some of the better 
known paraneoplastic disorders may be graded as high, interme- 
diate or low (Table 148.2). Nonetheless the evidence supporting 
paraneoplastic phenomena is highly variable. The majority of the 
literature is based on case reports or case series: most of the data 
are hypothesis-generating in nature and only rarely supported by 
studies of epidemiology or pathogenetic pathways [713,14]. 


ACANTHOTIC AND ICHTHYOTIC EPIDERMAL 
DISORDERS 


Acanthosis nigricans — (s/o 


Acanthosis nigricans may be divided into two important categories, 
benign and malignant, although Schwartz [1] described eight types 
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Table 148.2 Strength of correlation of some potentially paraneoplastic dermatoses with internal malignancy. 


Strength of correlation Type of reaction pattern 


Examples 


Strong Papulosquamous and figurate eruptions 


Epidermal conditions 


Deposition disorders 


Others 


Moderate Papulosquamous and neutrophilic eruptions 


Others 


Weak Epidermal conditions 


Deposition disorders 


Others 


POEMS, polyneuropathy, organomegaly, endocrinopathy, M-protein and skin changes. 


including benign, obesity associated, syndromic, malignant, acral, 
unilateral, medication induced (especially nicotinic acid) and mixed 
types. 

Benign acanthosis nigricans is often associated with obesity or 
insulin resistance and is common and usually mild (Chapter 85). It 
has been documented in up to 7% of children, mainly in the teenage 
years. Virtually all childhood cases are of the benign type although 
malignant acanthosis nigricans (functional adrenocortical tumour) 
has been reported in a paediatric patient [2]. 

Malignancy-associated acanthosis nigricans is much less com- 
mon. It may have a rapid onset and progression to produce sym- 
metrical, hyperpigmented, rugose, velvety plaques (Figure 148.13) 
[1-6]. The axillae and other flexures are particularly affected, along 
with the areolar area and nape of the neck and, less commonly, 
mucosal surfaces. The hands and feet may also be affected [7]. 
There may be prominent acrochordon-like papillomatosis arising 
from the plaques; the sign of Leser—Trélat and acanthosis palmaris 
(tripe palms) may coexist [6]. De novo development of acanthosis 
nigricans in adults, especially if progressive and associated with 
weight loss, should raise suspicions that there is an underlying 
neoplasm, although cases have been described in which acanthosis 
nigricans has preceded a malignancy by 10 years or more [3]. If 
there is also generalised pruritus or the skin changes of tripe palms, 
then a malignancy is even more likely. Production by tumour cells 


Bazex syndrome 

Erythema gyratum repens 

Necrolytic migratory erythema 

Acanthosis palmaris (tripe palms) 

Florid cutaneous papillomatosis 

Primary amyloidosis 

Scleromyxoedema 

Necrobiotic xanthogranuloma 

POEMS syndrome 

Acquired hypertrichosis lanuginosa 

Paraneoplastic pemphigus 

Carcinoid syndrome 

Trousseau syndrome 

Sweet syndrome 

Pyoderma gangrenosum 

Dermatomyositis 

Multicentric reticulohistiocytosis 

Pityriasis rotunda 

Acanthosis nigricans in isolation 

Acquired ichthyosis (unless widespread, deeply fissured, truncal pattern) 
Eruptive seborrhoeic keratoses (sign of Leser—Trélat) 
Scleroedema 

Calcinosis cutis 

Vasculitis, Raynaud phenomenon, digital ischaemia 
Erythromelalgia 

Relapsing polychondritis 

Erythroderma/exfoliative dermatitis 

Digital clubbing (unless with hypertrophic osteoarthropathy) 
Pruritus 

Erythema annulare centrifugum 

Cushing syndrome 


of either transforming growth factor a or cytokines that activate 
insulin-like growth factors or their cutaneous receptors have been 
proposed as the pathogenetic mechanism. 

By far the commonest site of underlying neoplasm is the gastroin- 
testinal tract (70-90%), most frequently gastric adenocarcinoma 
[1-7]. A number of different malignancies have been reported, 
nearly all being adenocarcinomas, in other parts of the intestine, 
liver or bile duct. Other tumours include lung, breast, endometrium, 
kidney, bladder, prostate, testis, cervix, thyroid and adrenal. Most 
are solid organ tumours but lymphoma has been recorded. Sarco- 
mas occur rarely. The prognosis with malignant acanthosis nigricans 
is related to the survival rate from the neoplasia concerned. How- 
ever, the skin changes may improve or resolve with eradication of 
the cancer [8,9]. Acanthosis nigricans may precede the diagnosis of 
the malignancy (20%), appear simultaneously (60%) or after tumour 
detection (20%) [9]. 


Acanthosis palmaris CC 
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(a) (b) 


Acanthosis palmaris describes thickened skin of the palms and occa- 
sionally the soles with an enhanced dermatoglyphic change, causing 
a velvety (Figure 148.13b) or less commonly a pitted, honeycombed 
pattern of the hand. It is associated with neoplasia in about 90% of 
cases and may be the only paraneoplastic manifestation in 30-40%. It 
may also occur with one or both of malignant acanthosis nigricans or 
the sign of Leser—Trélat [1-3], or with florid cutaneous papillomato- 
sis [4]. It occurs particularly in men, especially when the underlying 
tumour is a lung cancer [2]. However, it can occur in isolation with- 
out neoplasia, or as a pattern of exfoliative psoriasis or eczema [1,2], 
and has been reported with bullous pemphigoid. 

As the condition frequently is associated with an internal neo- 
plasm, usually of solid organ type, it requires appropriate evaluation 
and investigation. In the majority of cases, the onset of tripe palms 
precedes or occurs concurrently with the detection of a previously 
unsuspected malignancy [3]. Most commonly, the underlying 
tumour is bronchial or gastric, together accounting for over 50% of 
the associated malignancies. Many other sites are reported includ- 
ing tumours of the genito-urinary tract, as well as carcinomas in 
the breast and other organs [2,3]. Acanthosis palmaris occurring 
alone is more often associated with bronchial carcinoma compared 
with combined acanthosis nigricans and acanthosis palmaris, in 
which gastric carcinoma is more common [3]. If nail clubbing is also 
present (especially in a male patient), then bronchial carcinoma is 
very likely [2]. Interestingly, the appearance or exacerbation of tripe 
palms in a known cancer patient may be a sign of recurrence of the 
malignancy [3]. 


Sign of Leser-Trélat -.—l OL 


This is the sudden development of numerous seborrhoeic keratoses 
in an eruptive fashion, with or without pruritus, as an indicator 
of internal malignancy. However, the significance of eruptive seb- 
orrhoeic keratoses remains unclear, with strong proponents and 
opponents of its importance [1-4]. Multiple seborrhoeic keratoses 
are extremely common, especially in elderly people, and may be 
pruritic or rapidly erupting without any apparent cause. They may 


Figure 148.13 (a, b) Paraneoplastic acanthosis 
nigricans. Gastric adenocarcinoma was found after 
investigation of this woman with a 1-year history of 
velvety thickening of the skin of the palms, soles and 
flexures. 


also occur in other situations [4,5] such as human immunodefi- 
ciency virus (HIV) infection, acromegaly and in the resolving phase 
of erythrodermic dermatoses [6]. 

Of the cases reported with a neoplasm, 50% of the tumours are 
adenocarcinomas and one-third of all the associated tumours arise 
in the gastrointestinal tract; this is similar to the distribution of 
tumours in acanthosis nigricans, which may coexist. Carcinomas of 
the breast are also frequent, although this may just reflect the inci- 
dence of these tumours in an age group who are also likely to have 
seborrhoeic keratoses. Rare associations have been documented 
with a variety of other neoplasms including malignant haeman- 
giopericytoma [7], malignant melanoma [8], renal carcinoma [5] and 
transitional cell carcinoma of the bladder [9]. Lymphoproliferative 
disorders, which are rarely associated with acanthosis nigricans, 
have been more commonly reported with the sign of Leser—-Trélat, 
accounting for about 20% of associated tumours [5]. Eruption of seb- 
orrheic keratoses over the upper body occurred in a young patient 
with relapse of a previously treated pre-B-cell acute lymphocytic 
leukaemia [10]. Six multiple metachronous cancers in a patient with 
the sign of Leser—Trélat has been reported [11]. 

Genuine sudden development of multiple seborrhoeic keratosis, 
especially in younger patients and if associated with pruritus or 
with acanthosis nigricans, warrants investigation. However, the 
mere presence of many seborrhoeic keratoses is unlikely to be 
linked with malignancy and the strength of this sign as a marker of 
internal malignancy must be viewed as uncertain. 


Florid cutaneous papillomé 


This rare paraneoplastic phenomenon is characterised by a 
widespread, often pruritic, eruption of warty papules associated 
with an underlying malignancy, particularly gastric adenocarci- 
noma [1,2]. The eruption closely resembles disseminated human 
papillomavirus infection (Figure 148.14) but no evidence of this is 
found on histological or ultrastructural examination. It may appear 
concomitantly with other paraneoplastic phenomena, particularly 
paraneoplastic acanthosis nigricans (see earlier), and the underlying 
mechanisms are presumed to be similar. 


Figure 148.14 Florid cutaneous papillomatosis. Reproduced from Janniger and 
Schwartz 2010 [1] with permission of John Wiley & Sons. 


Acquired ichthyosis CC 


Many systemic diseases may be associated with acquired ichthyosis 
including nutritional deficiencies, sarcoidosis, leprosy, HIV infec- 
tion, hypothyroidism, lupus erythematosus, graft-versus-host dis- 
ease and drug reactions (Chapter 85) [1]. 

However, more sudden onset of ichthyosis similar to the pattern 
of ichthyosis vulgaris in adult life or with a generalised eczema 
craquelé appearance suggests the possibility of internal malignancy, 
particularly if it occurs in a younger age group. Paraneoplastic 
ichthyosis is typically very extensive, affecting the trunk and hav- 
ing quite prominent fissuring. Other paraneoplastic signs have 
been reported to be present in conjunction with acquired ichthyosis, 
including erythema gyratum repens, Bazex syndrome and dermato- 
myositis [2,3]. The strongest association is with Hodgkin disease 
(accounting for over 70% of cases) and other lymphoreticular 
tumours, including T-cell lymphomas, leukaemias, myelodys- 
plastic syndrome, multiple myeloma and polycythaemia vera 
[1,2,3]. Cases linked with solid tumours are also well documented, 
including cancers of the ovary, kidney, liver and breast, as well as 
leiomyosarcoma [1,2,3]. A course paralleling that of an underlying 
lymphoma (including resolution related to treatment) is usual [4,5]. 


OTHER EPIDERMAL DISORDERS 


Pityriasis rotunda is a fixed, annular, scaly dermatosis that has been 
associated with neoplasia, particularly hepatocellular carcinoma. 
However, it may also be seen in other systemic diseases and in 
leprosy [1] (Chapter 85). 

Transient acantholytic dermatosis (Grover disease; Chapter 
85) has been linked with internal malignancy, particularly with 
myelogenous leukaemia [2,3] and carcinoma of the genito-urinary 
tract. However, this may be linked in part with therapy [4], or 
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simply because it may go unrecognised unless it is specifically 
considered [2]. 

Acquired seed-like keratoses of the palms and soles are a com- 
mon normal finding in healthy subjects (36%) over 50 years old but 
are apparently more common in individuals with carcinoma of the 
bladder or bronchus [5]. Punctate keratoderma occurring in Cow- 
den syndrome and seed-like keratoses with arsenic ingestion may 
also be associated with internal malignancy. 


PARANEOPLASTIC PIGMENTATION 


The ectopic ACTH syndrome (extracutaneous neuroendocrine 
melanoderma) occurs due to production of an ACTH-like hormone 
from tumours; small cell bronchial carcinoma is the cause in over 
50% (Table 148.3). Other reports have described the same condition 
resulting from gastric, pancreatic, oesophageal and ovarian cancers, 
as well as in thymoma, phaeochromocytoma, carcinoid syndrome 
and in various APUD (amine precursor uptake and decarboxyla- 
tion) tumours. The pigmentation in ectopic ACTH syndrome is 
Addisonian in distribution, diffuse (but with photoaccentuation) 
and greater prominence over pressure points and in flexures, genital 
skin, scars and the oral mucosa [1]. 

In Carney complex, lentiginosis is typically centrofacial but may 
be widespread at almost any body site; the buccal mucosa is affected 
in only 5% of cases. Rarer sites include the conjunctivae and labia 
minora; the palms, soles and penis are rarely affected. Blue naevi, 
usually few in number, occur on the face, trunk or limbs but rarely 
on the extremities [2]. 


HAIR, NAILS AND SKIN APPENDAGES 


Paraneoplastic hype 
lanuginosa acquisita 


The development of paraneoplastic hypertrichosis lanuginosa 
acquisita tends to affect the face initially, extending down the body 
with time. The hair is of fine, downy lanugo type. The mechanism 
is unclear but prolongation of the anagen growth phase has been 
proposed. Resolution of hypertrichosis lanuginosa occurs after 
treatment of the underlying tumour and regrowth can be related 
to recurrence of the neoplasm. There may be associated acanthosis 
nigricans, hypertrophy of the papillae of the tongue and glossitis 
[1] and disturbances of taste or smell also occur [2]. However, 
the glossitis in at least some patients may be a manifestation of 
vitamin deficiency rather than a specifically malignancy-related 
condition [3]. 

About 70% of cases occur in women, usually aged 40-70 years and 
most patients have metastatic tumours at presentation, with corre- 
spondingly poor prognosis. The commonest tumour sites in men are 
lung followed by colo-rectal, and in women are colo-rectal followed 
by lung and breast. Other reported sites or tumour types include 
endometrium (7-8% of cases), ovary, cervix, renal, prostate, bladder, 
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Table 148.3 Pigmentary abnormalities associated with internal malignancy. 


Pigmentary change Pattern 


Examples 


Diffuse, or diffuse with localised accentuation 
(Addisonian pattern of pigmentation) 


Hyperpigmentation 


Melanoma (rarely causes diffuse slate grey pigmentation) 


Phaeochromocytoma (Addisonian pattern) 

Ectopic ACTH syndrome (Addisonian pattern) 

POEMS syndrome (diffuse or semiconfluent speckled pattern) 
Hyperpigmentation with scleromyxoedema and gammopathy 
Diffuse mastocytosis 

Lymphomas (uncommon) 

Ependymoma (mild increase in pigmentation) 

Werner syndrome (localised or diffuse pigmentation) 
Cachexia due to neoplasia 


Patchy or reticulated 


Fanconi anaemia (various pigmentary changes) 


Dyskeratosis congenita (reticulate pigmentation) 


Other distributions 


Carcinoid syndrome (photodistributed) 


Pancreatic, gastric and renal tumours (erythema ab igne due to local application of heat) 


Lentigines and freckles 


Peutz—Jeghers syndrome (lentigines) 


Carney complex (lentiginosis is characteristic, freckles also occur) 

Xeroderma pigmentosum (freckles) 

Neurofibromatosis (flexural freckle-like macules) (Chapter 78) 

Cowden disease and Bannayan-Riley—Ruvalcaba syndrome (genital lentigines) 
Gardner syndrome (freckles) 

Paraneoplastic acral lentiginosis 


Café-au-lait macules 


Neurofibromatosis 


Bloom syndrome 

Multiple endocrine neoplasia types 1 and 2B 
Fanconi anaemia 

Von Hippel-Lindau disease 


With epidermal hyperplasia 
Melanocytic naevi and melanoma 


Acanthosis nigricans 
Associated with pancreatic neoplasia, astrocytomas and other cerebral neoplasms in some 
families 


Blue naevi and ordinary naevi occur in Carney complex 


Mixed hyper- and Poikiloderma 
hypopigmentation 
Hypopigmentation Generalised 


Localised, multiple 


Dermatomyositis (speckled pigmentation on hypopigmented background) 


Rothmund-Thomson syndrome (photodistributed poikiloderma) 
Chediak—Higashi syndrome 
Tuberous sclerosis complex (ash leaf macules) 
ycosis fungoides (hypopigmented variant) 
Halo depigmentation around primary tumour or metastases 


Melanoma-associated (other than regression within the Distant leukoderma, usually with centrifugal spread starting on the trunk 


primary lesion) 


ACTH, adrenocorticotrophic hormone; POEMS, polyneuropathy, organomegaly, endocrinopathy, M-protein and skin changes. 


adrenal gland, stomach, gallbladder, skin (including melanoma), 
parotid gland, sarcoma, lymphoma and leukaemia [2,4-6]. 


Clubbing of nails -.— UL 


In clubbing, there is increased transverse and longitudinal nail 
curvature with hypertrophy of the soft-tissue components of the 
digit pulp (Chapter 93). Both clubbing and associated hypertrophic 
osteoarthropathy have been documented with many neoplasms, 
and the commonest is carcinoma of the bronchus. In patients 
with lung cancer, clubbing has been reported in 29%, especially in 
females, and most lung tumours are squamous cell carcinoma or 
adenocarcinoma [1]. Resolution of the clubbing after tumour resec- 
tion has been reported [2]. Clubbing has also been associated with 
gastrointestinal tumours and tumours metastatic to the lung [3]. 


A high incidence of hypertrophic osteoarthropathy occurs partic- 
ularly with mesothelioma but it may also occur with malignancies of 
the pulmonary, cardiovascular, gastrointestinal and hepato-biliary 
systems [4]; overall it is much less common than clubbing. 


Hyperhidrosis F CC 


Generalised hyperhidrosis may rarely be associated with malignant 
disease (Chapter 92). It is an almost consistent finding in phaeochro- 
mocytoma, in which it may be limited to night-time or may occur at 
any time. Nocturnal hyperhidrosis (‘night sweats’) may also occur 
in lymphoma and carcinoid syndrome as well as in non-neoplastic 
conditions such as thyrotoxicosis, chronic infections and others 
[1]. Localised hyperhidrosis may occur in the POEMS syndrome 
(polyneuropathy, organomegaly, endocrinopathy, M-protein and 
skin changes). 


Specific distributions of localised hyperhidrosis may also be 
important. Hyperhidrosis with autonomic dysreflexia is associated 
with spinal cord lesions above T6. It is characterised by episodic 
sweating of the face, neck and upper trunk with vasodilatation in the 
same distribution, and is accompanied by headache, hypertension 
and piloerection. Most cases are due to injury or cord compres- 
sion but intracranial posterior fossa neoplasms can produce similar 
symptoms [1]. A case of intramedullary thoracic spinal cord ganglio- 
glioma in a 16-year-old patient presented with abnormal sweating 
on the right side of the neck, chest and right arm for 6 years [2]. 

Paroxysmal unilateral hyperhidrosis of the face and neck, usually 
severe and unrelated to stimuli such as eating, may be due to an ipsi- 
lateral thoracic tumour (adenocarcinoma, squamous cell carcinoma 
or mesothelioma) compressing or infiltrating the sympathetic trunk. 
Associated features may include Horner syndrome, facial weakness, 
sensory disturbance and other features of the primary tumour [1]. 


DERMATOSES ASSOCIATED 
INTERNAL MALIGNANCIES 


Acrokeratosis paranec [ 


Acrokeratosis paraneoplastica is a rare paraneoplastic condition 
which is more common in males. It is particularly associated with 
squamous cell carcinoma of the upper respiratory or gastrointestinal 
tracts, especially when there are metastases in the cervical lymph 
nodes. 

The cutaneous changes develop gradually, often in several 
phases, initially with violaceous coloration, redness and scaling 
on the peripheries, especially the helices of the ears, tip of the 
nose, hands and feet (particularly the distal area of the digits). The 
eruption then becomes more hyperkeratotic with a keratoderma on 
the hands and feet and subsequently the eruption may become gen- 
eralised. Nail dystrophy and paronychia are often present. Changes 
on the face may appear eczematous or lupus erythematosus-like, 
whereas acral changes are often psoriasiform. The differential 
diagnosis can include dermatitis, especially seborrhoeic or contact 
allergic types, acral psoriasis or reactive arthritis (Reiter syndrome). 
The histological changes are non-diagnostic but essentially reflect 
the clinical appearance with hyperkeratosis, parakeratosis, focal 
spongiosis and a mixed inflammatory cell infiltrate [1-3,4,5]. 

More than 60% of tumours arise in the oro-pharynx or larynx or 
are cervical squamous cell carcinoma metastases with an unknown 
primary site; lung, oesophageal and other primary or metastatic 
lesions above the diaphragm make up most of the remainder [5]. 
Rare associations such as metastatic adenocarcinoma of the prostate 
and transitional cell carcinoma of the bladder have been reported 
[6,7]. The lesions often appear before the cancer is diagnosed [8]. 
The course mostly parallels the underlying neoplasm. Resolution 
may occur with successful tumour resection and recurrence may 
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develop on relapse of malignancy. Various skin-directed therapies 
can be helpful to control symptoms such as itching and pain but 
usually show a weak improvement of the lesions. Systemic retinoids 
may improve the hyperkeratosis [9,10]. 


Migratory erythemas (c 


This descriptive term is applied to a variety of annular and fig- 
urate eruptions. Two variants are erythema gyratum repens and 
necrolytic migratory erythema, which have a clear association with 
internal neoplasia. Other migratory erythemas are less clearly asso- 
ciated with neoplasia and erythema annulare centrifugum is usually 
not associated with neoplasia [1,2]. If an underlying malignancy 
is found, a myeloproliferative disorder, specifically lymphoma or 
leukaemia, is most often reported [2]. There are also reports of 
subacute cutaneous lupus erythematosus-like annular and figurate 
rashes, linked with myeloproliferative disorders and carcinoma of 
the lung, liver, breast, larynx and oesophagus in individual cases. 

Erythema gyratum repens is a rare, bizarre, cutaneous eruption 
consisting of mobile, concentric, often palpable, erythematous, 
wave-like bands, which give a ‘wood-grain’ appearance to the skin 
(Figure 148.15). A peripheral scale or collarette may be present. 
The complete torso is frequently affected. There is often associated 
severe pruritus, sometimes ichthyosis, and occasionally bullae 
within the redness. The lesions migrate from day to day, usually 
changing position by about 1 cm daily. It has a strong association 
with internal malignancy (over 80% of cases), particularly lung can- 
cer [3,4] which is present in about a third of cases. Other cancer sites 
include oesophagus, breast, bowel, uterus, cervix, kidney, pancreas 
and haematological neoplasia [4]. Occasional cases without asso- 
ciated malignancy have been reported [5,6] but it is important to 
be aware that 6% are found to have a tumour of unknown primary 
origin [4]. Identification and resection of the tumour often results in 
resolution of the eruption. 

Necrolytic migratory erythema (NME) is strongly associated with 
a glucagon-secreting a-cell tumour of the pancreas [7]. It presents 
as a widespread, painful, migratory rash with repeated eruptions 
of irregular polycyclic, intensely inflammatory red patches with 


Figure 148.15 Erythema gyratum repens of the arm secondary to carcinoma of the 
bronchus. 
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expanding scaling margins; these blister and break down with 
superficial epidermal necrolysis and crusting. It may affect any skin 
site but has a predilection for the ano-genital region and trunk. 
NME is strongly associated with the presence of an underlying 
glucagon-secreting pancreatic islet cell adenoma, although cases 
have been described where this was not found. NME is one of 
the components of the glucagonoma syndrome along with weight 
loss, diabetes, stomatitis and diarrhoea [7]. If glucagon levels can 
be restored to normal either by surgery or by the long-acting 
somatostatin analogue octreotide the rash will usually resolve. 


CONNECTIVE TISSUE AND 
RHEUMATOLOGICAL DISORDERS 


Malignancies have been reported in association with many disor- 
ders that overlap between dermatology and rheumatology. Those 
that fall into the connective tissue disease group are discussed here. 


Dermatomyositis 


Dermatomyositis (Figure 148.16) and polymyositis may be asso- 
ciated with internal malignancy in adults (Chapter 52). The 
reported likelihood of finding a neoplasm varies widely, but 
around 25-30% has been reported in various studies of dermato- 
myositis, hence indicating a significant association with underlying 
malignancy [1-3,4,5]. The association with neoplasia is much 
stronger for dermatomyositis than for polymyositis or dermato- 
myositis /autoimmune disease overlap conditions [6]. Malignancy 
is an uncommon cause of dermatomyositis in subjects less than 40 
years of age; however, paediatric cases with neoplasia have been 
reported [7]. As there is a lower incidence of malignancy in the 
younger age group, and there are no age-matched comparative 
studies against a control population in children, it is difficult to 
judge the strength of the association in this age group [3]. 

The temporal association of dermatomyositis with neoplasia 
varies. In one report approximately equal proportions had: (i) a 
known malignancy at the time that dermatomyositis presented; (ii) 
a malignancy found due to investigation when dermatomyositis 
was diagnosed; or (iii) a malignancy found during follow-up (usu- 
ally in the first 6 months after diagnosis of dermatomyositis) [4]. 
The risk of malignancy is higher in the first year after the dermato- 
myositis diagnosis, then decreases through 5 years, but remains 
slightly elevated in comparison with the general population even 
after 5 years [8,9]. 

Accounts of specific malignant associations may be subject to bias 
by rare case reporting, and in larger series the malignancies identi- 
fied generally reflect tumour prevalence in the general population: 
lung cancer in men, breast and gynaecological tumours in women, 
and colorectal cancers in both sexes. In South-East Asia there is a 
higher frequency of naso-pharyngeal carcinoma, which probably 
also reflects the background risk of this type of neoplasm. The 
one exception to this generalisation is ovarian carcinoma, which 
appears to be significantly overrepresented and potentially over- 
looked [2,4,5]. Despite the increase in the relative risk of ovarian 
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(b) 


Figure 148.16 Dermatomyositis with typical changes: (a) heliotrope rash affecting the 
eyelids and (b) Gottron papules on the hands. 


cancer, patients with dermatomyositis are still more likely to have 
the more common cancers, such as lung and breast cancer [9]. 

The value of extensive screening for neoplasia in dermatomyosi- 
tis is questionable. Several authors have stressed that the emphasis 
should be attached to thorough clinical evaluation, simple investiga- 
tions and then specific investigations if indicated [1,4]. There should 
certainly be a low threshold for further or repeated investigations, 
as indicated at the time of diagnosis or during follow-up, if previous 
neoplasia has been present, when the therapeutic response is poor 
or if new symptoms develop. There is also an argument for ongo- 
ing screening for ovarian cancers throughout follow-up of female 
patients [2]. 

In general, subjects with amyopathic dermatomyositis (dermato- 
myositis sine myositis) or who have a connective tissue overlap 
syndrome appear less likely to have an underlying malignancy. 
However, some patients with amyopathic disease at the outset do 
eventually develop myositis and tumours have been reported in 
all such variants, so screening investigations should still be per- 
formed [10]. In one study, patients with malignancy were found to 
have a more rapid onset of dermatomyositis, higher mean creatine 
kinase and erythrocyte sedimentation rates, and a lower frequency 
of Raynaud phenomenon compared with patients without an 


underlying malignancy [11]. Vasculitis or necrosis manifesting clin- 
ically or in histopathology specimens has also been associated with 
an increased risk of an associated neoplasm [12,13]. Several char- 
acteristics may influence cancer development among patients with 
dermatomyositis and polymyositis: old age at diagnosis, male sex, 
cutaneous necrosis and dysphagia all increased the risk; arthritis 
and interstitial lung disease decreased the risk of malignancy [14]. 

It has been demonstrated that anti- NXP-2 (nuclear matrix protein 
2) and anti-TIF-1y (transcription intermediary factor ly) antibodies 
are frequent in dermatomyositis (found in 55% of patients with 
dermatomyositis) and that either of them is present in most patients 
(83%) with cancer-associated dermatomyositis, especially in males 
[15]. Anti-MDA-5 (melanoma differentiation-associated protein 
5) antibodies are found in approximately 10-20% of dermato- 
myositis patients and are associated with interstitial lung disease 
[15,16]. Progress in serotype-phenotype associations may help to 
determine which patients require more extensive investigation for 
malignancy [17]. 


Lupus erythematosus ( 


The possibility of an increased risk of internal malignancy in sys- 
temic lupus erythematosus (SLE) [1-3] and subacute cutaneous 
lupus erythematosus (SCLE) [4,5] has been debated for many years 
and still remains controversial. There are individual cases in which 
a close temporal relationship has been documented [4], and large 
cohort and population studies have mainly produced results in 
favour of an increased risk. Studies that have supported an asso- 
ciation with malignancy have suggested increases in lymphomas, 
monoclonal gammopathy and in cervical, lung, hepato-biliary and 
breast cancer [3,6-8], although the latter has been shown to be 
decreased [6,9]. The majority of large studies suggest an increase 
in non-Hodgkin lymphoma [3,6], particularly diffuse large B-cell 
lymphoma (DLBCL) [7]. The evidence for an association between 
autoimmune conditions and lymphoma is supported by a large 
study of 3055 patients with non-Hodgkin lymphoma and matched 
controls; significant associations were found with rheumatoid 
arthritis, primary Sjogren syndrome and SLE, again documenting 
the specific association with DLBCL [10]. Treatment with anti- 
malarials has been suggested to have a protective effect against the 
development of cancers in SLE [11] and ina recent large multicentre 
cohort study antimalarial drugs were associated with a lower risk 
of breast and non-melanoma skin cancer [12]. 

Rare patterns of lupus erythematosus, such as lupus erythemato- 
sus gyratum repens, may carry a higher risk of internal malignancy 
[13], although this condition is generally reported as isolated cases 
so this conclusion is uncertain. Individual reports suggest an asso- 
ciation of an SCLE-like eruption with tumours of various organs 
including myeloproliferative disorders causing a neutrophilic 
lupus-like figurate erythema and an SCLE-like rash associated with 
tumours of the lung, liver, larynx, breast and oesophagus [14,15]. 
Potential clues to this association are an SCLE-like rash in males, 
SCLE in an older age group than usual and therapy-resistant SCLE. 
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Systemic sclerosis and ¢ 
inflammatory fibrosing 
of the dermis and subs 


Like SLE, systemic sclerosis (SSc) has been linked with the occur- 
rence of internal malignancy [1,2] (Chapter 54). A meta-analysis of 
population-based studies revealed increased risks for lung, liver, 
haematological and bladder cancers, although absolute risks were 
relatively low [3]. Recent studies have confirmed the increased risk 
of cancer in SSc compared with the general population, in particular 
the risk of breast, lung and skin cancer [4]. 

Likewise, eosinophilic fasciitis has occasionally been linked with 
contemporaneous diagnosis of a neoplasm [5]. Many of the cases 
described are not entirely classic or ‘usual’ SSc, some cases having 
a more aggressive course of fibrosis than anticipated, an unusual 
distribution, extensive fibrotic changes in the subcutaneous fat or 
progressive arthritis. To reflect these features, more recent cases 
have been described under the terms palmar fibrosis /arthritis [6,7] 
or cancer-associated fasciitis/arthritis [6,7] or cancer-associated 
fasciitis-panniculitis syndrome [8,9]. The commonest tumour types 
documented are ovarian and lung; breast, prostate and pancreatic 
tumours have also been reported. 

Panniculitis may occur in patients with acinar cell carcinoma of 
the pancreas, in whom a syndrome of panniculitis, polyarthritis 
and eosinophilia can occur. Eosinophilic panniculitis has also been 
reported in association with other solid tumours or pre-leukaemia 
[10,11]. 

Scleroderma-like skin changes may also be a cutaneous manifesta- 
tion of carcinoid syndrome, the differential diagnosis from SSc being 
suggested by the presence of flushing and the absence of Raynaud 
phenomenon. 


BULLOUS DISORDERS ASSOCIATED WITH 
INTERNAL MALIGNANCY 


See also Chapter 50. 


Paraneoplastic pemphig 


Paraneoplastic pemphigus is a heterogeneous, multiorgan, autoim- 
mune syndrome in which patients display a spectrum of mucocuta- 
neous manifestations including pemphigus-like, pemphigoid-like, 
erythema multiforme-like, graft-versus-host disease-like or lichen 
planus-like patterns, characteristically with oral involvement [1] 
(Chapter 50). In addition, there is an association with small-airways 
occlusion [2] and the deposition of autoantibody complexes in dif- 
ferent organs. The mucosal disease is often severe and progressive. 

Associated neoplasms in one large review series were mainly 
B-cell proliferations and thymoma or thymoma-like neoplasms; 
specific neoplasms included non-Hodgkin lymphoma (42%), 
chronic lymphocytic leukaemia (29%), Castleman tumour (10%), 
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thymoma (6%), spindle cell neoplasms (6%) and Waldenstrém 
macroglobulinaemia (6%) [3]. 

Paraneoplastic pemphigus is distinguished from pemphigus by 
its clinical features and by the presence of serum autoantibodies 
to a range of antigens (bullous pemphigoid antigen and a range of 
desmosomal and hemidesmosomal proteins). Direct immunofluo- 
rescence of skin biopsies is usually positive for immunoglobulin G 
(IgG) and C3 but may be negative in some cases. High sensitivity 
and specificity for this differential diagnosis has been reported 
by taking account of the association with a lymphoprolifera- 
tive disorder, by finding antibodies to desmoplakin on indirect 
immunofluorescence using rat bladder urothelium, or envoplakin 
and/or periplakin bands on immunoblotting [4-6]. 


Bullous pemphigoid — Cl 


Data about the association of bullous pemphigoid with overall 
cancer risk is conflicting. Isolated reports have suggested an asso- 
ciation between bullous pemphigoid and underlying neoplasia 
[1,2,3]. However, larger series do not support a significant associ- 
ation with malignant disease [4,5]. Despite this, the issue remains 
controversial and more selective studies have shown there may be 
a correlation when immunofluorescent findings are negative and 
mucosal involvement is present [4]. Historical reports are difficult to 
evaluate with certainty, as some cases may have been epidermolysis 
bullosa acquisita or even bullous pemphigoid-like paraneoplastic 
pemphigus, which can now be separated from bullous pemphigoid 
by current immunological techniques. Malignancies have been 
reported from the breast, lung, thyroid, larynx, skin, soft tissue, 
stomach, colon, lymphoreticular system, prostate, cervix, bladder, 
kidney and uterus. Recently, registry-based studies showed that 
patients with bullous pemphigoid are at increased risk of develop- 
ing cutaneous squamous cell cancer and lymphoma [6,7]. Another 
study revealed that patients with BP do not experience an overall 
increased risk of developing solid malignancies, however they are 
more likely to have uterine cancer [8]. 


Pemphigus —— 


Historically, pemphigus has been linked with various tumours. 
Some cases, such as those associated with thymoma and Castleman 
tumour, would probably now be found to have the features of para- 
neoplastic pemphigus. Pemphigus foliaceus has been associated 
with acanthosis nigricans-like lesions and hepatocellular carcinoma 
[1], and pemphigus in Japanese subjects has been associated with 
lung cancer. The concurrence of internal malignancy and pemphi- 
gus may, as with bullous pemphigoid, be a true association [2], 
although some suggest this to be coincidence [3]. 

In more recent studies pemphigus has been found to be signif- 
icantly associated with chronic leukaemia, multiple myeloma and 
non-Hodgkin lymphoma, as well as solid malignancies of the lar- 
ynx, oesophagus and colon [4-6]. 
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OTHER BLISTERING DISORDERS 


Dermatitis herpetifor 


Dermatitis herpetiformis (DH) has been documented in some 
studies to have a link with internal malignancy of various types, 
especially lymphoma [1-5]. There is logic for an indirect link 
with lymphoma; DH is always associated with some degree of 
gluten-sensitive enteropathy and the latter has a well-documented 
association with small bowel lymphoma. One group of authors 
who initially found an increased risk of lymphoma in DH [4] later, 
in a larger study, documented that the overall risk of mortality in 
DH was lower than in the general population [6] but that the risk 
of non-Hodgkin lymphoma was increased, with a standardised 
incidence ratio of 6.0. In this study, one in seven lymphomas in 
DH was an enteropathy-associated T-cell lymphoma associated 
with inadequate dietary compliance [6], supporting the earlier 
documentation that a gluten-free diet reduces the risk of small 
bowel lymphoma in patients with DH [7]. There may be a difference 
between DH and coeliac disease; in coeliac disease, the lymphoma 
risk is limited to enteropathy-associated T-cell lymphoma in the 
small bowel, whereas B-cell lymphomas predominate in DH [8]. 


Linear IgA disease = 


This also appears to have a higher than predicted association with 
lymphoproliferative malignancy, although this is much less well 
documented [9]. The most frequent tumours associated with linear 
IgA dermatosis are lymphoproliferative malignancies, especially 
non-Hodgkin lymphoma and Hodgkin lymphoma. Other associ- 
ated malignancies include oesophageal, renal, thyroid and bladder 
cancer [10]. 


Epidermolysis bullosa a 


Epidermolysis bullosa acquisita is commonly linked with autoim- 
mune diseases but has also been reported to occur in association 
with neoplasia, particularly myeloma and lymphoma [11-14]. 


Porphyria cutanea ti 
and variegate porphyr' 


These disorders have mainly been associated with hepatocellular 
carcinoma [12,15,16] (Chapter 58). 


DEPOSITION DISORDERS 


Dermal deposition disorders, such as mucinoses, xanthomas, amy- 
loidosis and calcification, may be linked with internal malignancy 
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[1-3]. Some of the most important deposition disorders, and their 
potentially associated internal malignancy, are listed in Table 148.4. 

Calcinosis cutis is a rare complication of internal carcinoma. 
However, it should be noted that many cancers cause hyper- 
calcaemia, and that metastatic calcification may occur in other 
organs, such as the lung or kidney, even if not in the skin. The 
commonest underlying malignancies are carcinoma of the oesoph- 
agus, myeloma, breast cancer, lymphoma or any other tumour 
responsible for osteolytic metastases [2]. 


OTHER DERMATOLOGICAL DISORDERS 


Lichen planus il 


Lichen planus may rarely be associated with neoplasia (Chapter 
37) [1]. There is also an increased risk, particularly in males, of oral 
squamous cell carcinoma; this may be due to a combined direct 
effect and co-factors such as smoking [2]. In a recent meta-analysis 
evaluating the cancer development in oral lichen planus, malignant 
transformation was reported to be 1.14%. The risk of malignant 
transformation was increased by localisation on the tongue, the 
presence of erosive and/or atrophic areas, the consumption of 
tobacco and/or alcohol and hepatitis C infection [3]. 


Urticaria — §s§E§sSKRhL 


Except for cold urticaria and peripheral gangrene as a result of circu- 
lating cryoglobulins, where there is a possible but uncommon link 
with myeloma and lymphoma [4], associations of urticaria and neo- 
plasia are difficult to evaluate (Chapter 42). Certainly, it cannot be 
regarded as an established paraneoplastic phenomenon other than 
in Schnitzler syndrome (Chapter 45), a distinct autoinflammatory 
disorder characterised by chronic urticarial whealing, bone pain, 
hyperostosis, high erythrocyte sedimentation rate, monoclonal IgM 
gammopathy (usually IgM-x) and a significant risk of AA amyloi- 
dosis. Although the overall prognosis is reasonable, around 10-15% 
of patients develop a B-cell lymphoproliferative disorder [5]. 


Erythroderma and e) 
dermatitis 


Exfoliative dermatitis has been linked with malignancy [6,7]. In 
most such cases (around 10% in most reported series), the neoplasm 
is mycosis fungoides or its leukaemic variant, Sézary syndrome 
(Chapter 139). These cases are really a representation of a systemic 
neoplasm rather than a truly paraneoplastic disorder. However, 
there are a small number of patients who have neither condition, 
but present with erythroderma and eventually develop lymphoma 
or leukaemia [8]. Immunophenotypic studies do not appear to help 
distinguish benign from malignant cases [9]. There are additional 
reported cases of erythroderma with cancers of the liver, lung, 
colon, stomach, pancreas, thyroid, prostate and cervix [6,7,10]. Ofuji 
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papuloerythroderma is a rare condition that has been associated 
with solid malignancies and haematological neoplasms [11]. 


Granuloma annulare 


Granuloma annulare has been reported in association with lym- 
phomas, other haematological malignancies and uncommonly with 
solid tumours [12] (Chapter 95). However, a causal relationship 
in such cases is uncertain. Among recent studies one case-control 
study on the prevalence of malignancy in generalised granu- 
loma annulare (GGA) showed that the prevalence was identical 
in patients with and without GGA [13], and one retrospective 
cross-sectional study did not show that granuloma annulare was 
associated with solid organ malignancy [14]. 


Insect bite-like reacti 


Florid insect bite reactions are reported in haematological malig- 
nancy, usually chronic lymphocytic leukaemia [15]. 


Cutis verticis gyrata 


This may occasionally occur as a paraneoplastic phenomenon [16]. 


Mental neuropathy —— CC 


Mental neuropathy or ‘numb chin syndrome’ has several benign 
causes, but may occur as a feature of metastatic disease and is 
considered an indicator of poor prognosis [17]. Relevant tumours 
include breast, thyroid, renal, lung, prostate, lymphomas and 
melanoma. Also, a case of numb chin syndrome as the presenting 
sign of acute myeloid leukaemia was recently reported [18]. 


Pyoderma gangrenost 
and neutrophilic deri 


Pyoderma gangrenosum, particularly the superficial and bul- 
lous forms, has been associated with myeloproliferative diseases, 
including acute and chronic myeloid leukaemia, acute lympho- 
cytic leukaemia, myeloid metaplasia, polycythaemia rubra vera, 
multiple myeloma, lymphoma and myelofibrosis (Figure 148.17) 
[19] (Chapter 49). The association of pyoderma gangrenosum with 
monoclonal gammopathy is uncertain, but it does occur at a fre- 
quency higher than expected in the general population and is 
usually of IgA type, whereas IgG gammopathy is the commonest 
type overall. 

Solid tumours reported include pharynx, gastric, ileum, colorec- 
tal, renal, breast and lung cancer [20]. 

Sweet syndrome has likewise been associated with several 
malignancies, especially haematopoietic (Chapter 149). Cutaneous 
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Table 148.4 Some deposition disorders that are linked with internal malignancy. 


Material deposited Disorder 


Associated internal malignancies 


Comments 


Amyloid proteins (Chapter 56) [1] Primary and myeloma-associated systemic 
amyloidosis (AL protein deposition) 
Secondary amyloidosis (AA protein 


deposition) 


Mucin/proteoglycans and 
fibromucinoses (Chapter 57) 


Scleromyxoedema/lichen myxoedematosus 


Papular mucinosis 
Scleroedema 


POEMS syndrome 


Lipids (as foamy macrophages) Necrobiotic xanthogranuloma 


Normolipaemic plane xanthomatosis 
Xanthoma disseminatum 


Calcium Metastatic calcification 


Dystrophic calcification 


Figure 148.17 Pyoderma gangrenosum of the lower leg in a patient with 
myelodysplastic syndrome. 


manifestations usually occur months to years before the diagnosis 
of the haematological malignancy, but may also be concomitant 
with the onset, and may recur during relapses after clinical remis- 
sion [21]. Chronic recurrent Sweet syndrome appears to have a 
particularly strong link with myelodysplastic disorders [22]. 


Multicentric reticuloh 


This is a rare condition usually occurring in adult life and charac- 
terised by papulonodular lesions of the fingers or other extremities, 


Paraproteinaemia, myeloma 


Lymphomas, especially Hodgkin 
lymphoma, hypernephroma, other 
solid tumours 

Paraproteinaemia, typically a ‘slow 
gamma region’ 

Paraproteinaemia 

Paraproteinaemia 


Paraproteinaemia 


Paraproteinaemia, usually monoclonal 
IgG-x, present in about 70% of cases 


Myeloma 
Gammopathy, bone marrow dyscrasias 
Lung and other squamous carcinomas 


Amyloidosis occurs in about 15% of patients 
with myelomatosis 


Paraprotein is present in most cases 


Uncommon 

More commonly associated with diabetes or 
streptococcal infection 

Features are polyneuropathy, organomegaly, 
endocrinopathy, M-protein and skin 
changes (POEMS) 

Also associated with cryoglobulinaemia, 
myeloma, marrow dyscrasias and rarely 
leukaemia; some cases apparently occur 
in isolation 

Usually IgG paraprotein 

Usually IgG paraprotein 

Due to ectopic parathyroid-like hormone 


secretion 
Due to primary hyperparathyroidism; 
may be associated with multiple 
endocrine neoplasia syndromes 


Pancreatic carcinoma Calcification of fat 


the face and sometimes mucous membranes. Its synonyms include 
lipoid dermatoarthritis and reticulocytoma cutis. Papules around 
the nail fold have been termed the ‘coral bead sign’ (Chapter 135). 
A severe, symmetrical polyarthritis especially affecting the hands 
is frequently associated. Approximately 25% of cases are associated 
with internal neoplasia with both solid tumours, and haematologi- 
cal malignancies [23-26]. 


VASCULAR DISORDER 
INTERNAL MALIGNAN 


Raynaud phenomeno 
ischaemia 


Persistent, painful digital ischaemia, with an unusual Raynaud 
syndrome-type appearance but often progressing to gangrene, has 
been linked to a variety of solid tumours and reticuloendothelial 
neoplasms [1-3]. The process may have a vasculitic element [4]. 

Hyperviscosity syndromes such as polycythaemia vera, leukae- 
mias or myeloma-linked cryoglobulinaemia may give rise to 
cutaneous ischaemia and phlebitis by microvascular occlu- 
sion. Cancer-associated coagulopathy may also cause vascular 
occlusion [5]. 

Hypereosinophilic syndrome, for which there is increasing evi- 
dence of a malignant clonal proliferation, has also been associated 
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Vascular disorders associated with internal malignancy 


with acrocyanosis, cutaneous microthrombi, digital infarction and 
gangrene [6-8]. 


This condition is linked with myeloproliferative disorders, most 
commonly polycythaemia vera or essential thrombocythaemia in 
over a third of adult cases (Chapter 101). Ina large series of patients 
with erythromelalgia linked with haematological malignancy, the 
feet were most affected, with severe burning pain and redness; 
symptoms may occur 2 years or more before the haematological 
disorder is documented [9,10]. The mechanism involves microvas- 
cular occlusion (typically with platelet aggregates, termed ‘white 
thrombi’); Raynaud phenomenon may occur. 


Palmar erythema 


This is rarely linked with malignancy, but an interesting associa- 
tion was observed in a series of patients with cerebral malignan- 
cies, in whom nearly 20% had palmar and (to a lesser extent) plan- 
tar redness, either diffuse or mottled. This occurrence seemed to be 
linked with the vascularity of the tumour, and was particularly seen 
with high-grade astrocytomas and glioblastomas; a role for vascular 
endothelial growth factor was proposed [11]. 


There appears to be an association of cutaneous vasculitis with 
neoplasia, particularly in myeloproliferative disorders [12,13] and 
myeloma [14,15], although solid tumours have also been reported 
[4,16,17] (Chapter 100). About 5% of cutaneous vasculitis occurs in 
patients with underlying malignancies. The majority (90%) of these 
patients have an underlying haematological malignancy including 
chronic myelomonocytic leukaemia, non-Hodgkin lymphoma, 
Hodgkin disease, B-cell chronic lymphatic leukaemia and multiple 
myeloma. It rarely occurs in patients with solid tumours. The most 
common of these are renal, breast and lung carcinomas [18]. 

In a study of 200 patients with antineutrophil cytoplasmic 
antibody-positive vasculitis (granulomatosis with polyangiitis or 
microscopic polyangiitis) published in 2004, the relative risk of 
malignancy preceding or concurrent with vasculitis was sixfold 
greater than that for the local population. Patients with Henoch-— 
Schonlein purpura (n = 129) had a fivefold relative risk, but only five 
of 333 patients with SLE had a malignancy [17]. A much lower rela- 
tive risk of approximately 1.5 was found in a study of 535 patients. 
The authors speculated whether this may be due to a reduced 
reliance on cyclophosphamide in current treatment protocols [19]. 

The dermatological manifestations include palpable purpura and 
maculopapular, urticarial and petechial lesions; these presumably 
reflect a small-vessel vasculitis or even, when ulceration occurs, a 
necrotising vasculitis [4,11]. When linked with a haematological 
malignancy, vasculitis often antedates bone marrow involvement, 


Figure 148.18 Chilblain-like lesions in acute myeloid leukaemia. 


as opposed to the more predictable purpura due to thrombocytope- 
nia, which reflects bone marrow infiltration by myeloproliferative 
disease or carcinoma. It is difficult in some reports to distinguish 
between microvascular occlusion (for example, by a monoclonal 
type I cryoglobulin) versus primary vasculitis or therapy-related 
vessel injury. 


Chilblain-like lesic 


Lesions resembling perniosis may be a manifestation of leukaemias 
and myeloproliferative disorders (Figure 148.18) [20,21]. They are 
persistent rather than episodic, tend to be refractory to treatment 
with drugs (such as calcium channel blockers) and on biopsy may 
show blast cells as well as vascular changes. Metastasis from breast 
carcinoma has also been documented as resembling chilblains [22]. 


This is a normal physiological response and may be a problematic 
menopausal symptom (Chapter 104). However, it may be a fea- 
ture of carcinoid syndrome, mastocytosis, phaeochromocytoma, 
medullary carcinoma of the thyroid, hypogonadism in males, pan- 
creatic tumours producing vasoactive intestinal peptide (VIPomas), 
basophilic leukaemia, horseshoe kidney (Rovsing syndrome) and 
renal cell carcinoma [23-25]. It is also a feature of POEMS syndrome, 
which is associated with myeloma. Plethora, but not flushing, may 
be apparent in polycythaemia vera. 


Carcinoid syndrome 


This may be difficult to diagnose at an early stage, as flushing is typ- 
ically provoked by common triggers of physiological flushing such 
as emotional stress or alcohol ingestion (Chapter 150). Only about 
10% of patients with a carcinoid tumour have a malignant carcinoid 
syndrome and paroxysmal flushing is present in virtually all cases; 
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episodes typically last a few minutes and may be more widespread 
than emotional flushing, sometimes involving the whole body. 
Nearly 75% of carcinoid tumours are gastrointestinal (especially 
involving the appendix and ileum), 25% are bronchial, and a small 
number arise at other sites including the larynx, pancreas, gallblad- 
der and ovary [25,26]. Flushing is described as varying according 
to the site of the neoplasm. The most common midgut tumours 
(appendix and ileum) are associated with a gradual development 
of fixed cyanotic erythema in the flushing distribution, whereas 
foregut tumours (stomach, pancreas, lung) are associated with 
a brighter pink flush. This may reflect the production of different 
mediators; gastric carcinoids typically cause flushing by the produc- 
tion of histamine, whereas midgut carcinoids produce serotonin, 
bradykinin and prostaglandins. Other symptoms such as diarrhoea, 
abdominal pain, dyspnoea, wheezing and occasionally syncope 
may occur with progression of the tumour, usually not occurring 
until liver metastases have developed. Persistent erythema with 
or without telangiectasia, scleroderma-like change, pigmentary 
anomalies and a pellagra-like dermatitis eventually develop. 


Mastocytosis 


This is most commonly limited to the skin but may be systemic, 
in which case it may be classified into four groups: (i) indolent; 
(ii) associated with a clonal, haematological, non-mast cell lin- 
eage disease (myeloproliferative or myelodysplastic disorders); 
(iii) aggressive (lymphadenopathic with eosinophilia); and (iv) 
mast cell leukaemia (Chapter 45) [26]. A majority of patients with 
mastocytosis have mutations in the gene for c-kit [25]. The more 
aggressive forms tend not to be associated with cutaneous mast 
cell lesions, but flushing, dyspnoea, chest pain, abdominal cramps, 
palpitations, syncope and other systemic reactions due to mast cell 
degranulation may occur. Serum tryptase is a useful screening test 
that may suggest systemic disease. However, the proportion of 
bone marrow mast cells, eosinophilia (especially in bone marrow) 
and alkaline phosphatase level are of greater prognostic importance 
than levels of mast cell mediators [27,28]. 


Phaeochromocytomas 


Phaeochromocytomas may cause pallor with rebound flushing 
[23-25] but the more typical dermatological feature is hyperhidrosis. 


Medullary carcinoma of thyroid 


Medullary carcinoma of thyroid, like phaeochromocytomas, may 
occur as part of a MEN syndrome but can also occur in isolation. 
The flushing involves the face and upper extremities, and can occur 
with perspiration, discoloration and telangiectasias [25]. 


CANCER-ASSOCIATED THROMBOSIS 


Three main patterns need to be considered: migratory throm- 
bophlebitis, deep venous thrombosis and Mondor disease (a 
specific and distinct pattern of thrombophlebitis). Arterial throm- 
bosis may also occur as a paraneoplastic entity, but is much less 
common. The aetiology of cancer-associated thrombosis is multifac- 
torial [1]. The interaction of macrophages with cancer cells causes 
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the release of tumour necrosis factor and interleukin 6 (IL-6), which 
damage endothelium creating a prothrombotic situation. The same 
interaction causes activation of platelets and clotting factors X and 
XII [2]. Some tumour proteases are also procoagulant, especially 
‘tissue factor’ which activates factor VII, and sialic acid moieties of 
mucin (released from adenocarcinomas) which activate factor X [2]. 


Migratory thrombophlel 


Unlike superficial thrombophlebitis confined to the lower limbs, 
thrombophlebitis associated with neoplasia is often recurrent and 
migratory (Trousseau sign). A variety of sites, especially the upper 
extremities and trunk, can be involved and lesions are usually mul- 
tiple. Migratory thrombophlebitis is associated with malignancy 
in 50% of cases. The mechanism in most cases is an intravascular, 
low-grade hypercoagulation, which responds poorly to antico- 
agulant therapy; heparin is usually more effective than warfarin 
[3]. As well as an altered level or function of prothrombotic and 
anticoagulant proteins, the coagulation and thrombotic process 
may involve cytokines, angiogenic factors or mucin secretion by 
tumours. Altered blood viscosity, vascular endothelial changes 
and production of small tumour emboli may also be contributory. 
Migratory thrombophlebitis can be associated with any cancer, but 
particularly occurs with carcinomas of the pancreas, stomach, colon 
and lung. Pancreatic carcinoma accounts for about 50% of all cases. 
Leukaemias and lymphomas are less commonly associated with 
migratory thrombophlebitis. Causative tumours are often highly 
malignant and metastatic with a poor prognosis. 


Deep-vein thrombosis .—l UL 


This is not commonly the presenting feature of malignancy [4,5], 
although cancers have a significant risk of causing thrombosis. The 
likelihood of finding a malignancy is increased by about fourfold 
in patients with a deep-vein thrombosis (DVT) of the leg com- 
pared with expected population rates; the overall risk of such an 
association is about 10%. By contrast, DVT of the upper limb is 
more commonly linked with neoplasia (in some cases the reason 
is obstruction by an apical lung tumour), and DVT is identified 
postmortem in half of patients who died due to cancer. Tumours 
associated with DVT are usually adenocarcinomas in the gastroin- 
testinal tract, uro-genital tract, breast or lung. Mucin secretion, as 
noted, causes non-enzymatic activation of factor X to factor Xa, 
initiating the thrombotic cascade. An older age of patients with 
DVT has been proposed as a factor that should be associated with a 
lower threshold for malignancy screening. 


Mondor disease .— SL 


This is a rare condition in which a cord-like lesion is palpable in 
the subcutaneous tissue of the anterior or lateral thorax, or some- 
times abdomen. The underlying lesion is a thrombophlebitis of tho- 
racic or epigastric veins, usually unilateral but occasionally bilateral, 


which may occur as a result of trauma, inflammation or postsurgery. 
However, 10-15% of patients may have an associated breast carci- 
noma [4-7] so careful examination and mammography are indicated 
unless an alternative cause is obvious. 


In addition to vasculitis and the thrombotic intravascular occlusion 


described earlier, vessels of different types may become occluded 
by intravascular tumour cells or may be compressed by an adjacent 
tumour. The facial and upper limb suffusion of superior vena caval 
obstruction is well known. Obstruction of venous flow from the 
head and neck may also occur due to benign retrosternal thyroid 
gland enlargement and is typically seen when the arms are ele- 
vated (Pemberton sign). Lymphatic obstruction typically occurs 
at the main lymph node sites such as in the axilla due to a breast 
carcinoma, lymphoma or limb melanoma. Arterial obstruction by 
tumours is much less common, although tumour emboli may occur. 


PARANEOPLASTIC PRURITL 


Internal carcinoma is a non-specific, rare but important cause of pru- 
ritus (Chapter 81) [1]. Many mechanisms may be involved including 
secondary metabolic effects such as uraemia or cholestasis, or itch 
related to iron deficiency anaemia, acquired ichthyosis or xerosis. 
Other mechanisms such as those that link brain tumours with pru- 
ritus are less well understood. Unfortunately, senile pruritus and 
asteatosis are not uncommonly encountered in elderly patients, a 
group who are more at risk from malignancy. It is therefore difficult 
to dissociate chance from true association which can lead to difficul- 
ties in deciding whether screening is justified [2]. 


Generalised pruritus — § SVK38Wwwn 


In a 6-year study of 125 patients with generalised pruritus, Paul 
et al. [2] found no significant increase in malignancy, although of 
the eight patients with malignancy detected, two had lymphoma 
which is a higher than expected incidence. Other studies support 
the likelihood of a genuine association of haematological disorders 
and lymphoma with generalised pruritus. Generalised itching 
may occur in more than 25% of patients with Hodgkin disease 
and around 15% in non-Hodgkin lymphoma [3,4]. Other haemato- 
logical disorders including Sézary syndrome, mycosis fungoides, 
myelomatosis and leukaemia may also cause generalised pruritus 
[1,3-5]. Aquagenic pruritus may be encountered in polycythaemia 
vera as well as in lymphoproliferative diseases (T-cell lymphoma, 
myelodysplasia) [1]. Many visceral carcinomas can cause pruri- 
tus including breast and gastrointestinal cancers and carcinoid 
syndrome [4] and again the mechanisms are poorly understood. 
Generalised itching can also sometimes occur with intracranial 
neoplasia [6]. 


Treatment of pruritus in malignancy is often difficult. In addition 
to standard topical agents such as moisturisers, current systemic 
treatment strategies to reduce the itch include blocking of afferent 
transmission via peripheral and central neural mechanisms [1,4]. 
Opioid antagonists, antidepressants and neuroleptics are some of 
the therapeutic options [1,4]. 


Localised pruritus -.— VL 


Nerve damage by a tumour at any site can cause neuropathic pain or 
pruritus. The patterns that are most likely to present to a dermatolo- 
gist are brachioradial pruritus and localised facial or nasal pruritus 
[6,7]. Cases with localised pruritus in the neck—-shoulder—arm region 
due to a spinal tumour have been reported with rapid resolution of 
symptoms after treatment [8]; in one child it was the sole manifesta- 
tion of an intramedullary tumour [9]. 

Brain tumours are an uncommon cause of pruritus localised to 
the face [6]. Variations that have been recorded include unilateral 
pruritus and pruritus limited to the nostril as well as trigeminal 
neuralgia [7]. 
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Introduction 


In this chapter the cutaneous manifestations of malignant and 
benign haematological disease are reviewed, as well as skin dis- 
orders associated with primary and acquired immunodeficiency. 
Patients with malignant haematological disease often present with 
concomitant dermatological conditions. These can occur before, 
during or after diagnosis of the haematological disorder. Hence, 
cutaneous findings can point to a new haematological diagnosis 


or be a harbinger of transformation of existing haematological 
malignancy. Prompt recognition that there may be an underlying 
haematological condition can improve patient outcomes. Thus, it is 
paramount that a dermatologist can recognise cardinal cutaneous 
manifestations of haematological disease. Skin changes can be 
due to direct neoplastic infiltration of the skin, a paraneoplastic 
phenomenon, or indeed iatrogenic. This chapter also highlights 
the skin signs associated with benign haematological disorders 
including haemoglobinopathies and acquired anaemias. Finally, 
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the constellations of skin signs that can point to an inherited or 
acquired immunodeficiency are outlined. The vast array of skin 
manifestations associated with disorders of the haematopoietic and 
immune systems emphasise the importance of close collaboration 
between dermatology, haematology and immunology teams to 
deliver optimal multidisciplinary patient care. 

Other related diseases are described in separate chapters: primary 
cutaneous lymphomas (Chapter 139), mastocytosis (Chapter 46), 
histiocytic neoplasms (Chapter 135), purpura and disorders of 
coagulation (Chapter 99), antiphospholipid syndrome (Chapter 51), 
skin manifestations of graft-versus-host disease (Chapter 38) and 
skin reactions to the drugs used for the treatment of haematological 
diseases (Chapters 117, 118 and 119). 


SKIN MANIFESTATIONS OF 
HAEMATOLOGICAL DISOR 


There are three broad categories of cutaneous manifestations of 
haematological neoplasms. In the first, skin lesions are caused 
directly by the infiltration of the skin with malignant cells. The 
second category comprises cutaneous manifestations that are indi- 
rectly caused by the underlying malignancy or by-products of 
malignant cells (e.g. paraproteins), such as in the paraneoplastic 
conditions, infiltration of the skin or dermatological syndromes. The 
third category includes skin manifestations caused by treatment 
of haematological cancers (e.g. graft-versus-host disease after allo- 
geneic bone marrow transplantation (Chapter 38), infections due 
to immunosuppression or adverse effects of anticancer therapies 
(Chapters 117, 118 and 119)). 

Benign haematological disorders such as nutritional anaemias 
and haemoglobinopathies also lead to cutaneous signs. Disorders 
of haem biosynthesis, the porphyrias, are described in Chapter 58. 


SKIN DISORDERS CAUSED BY INFILTRATION 
OF THE SKIN WITH NEOPLASTIC CELLS 


Haematological malignancies are neoplasms that originate from 
cells in the haematopoietic tissue of the bone marrow, lymph 
nodes or thymus. The myeloid malignancies are a heterogeneous 
group of diseases including myelodysplastic syndromes, myeloid 
leukaemias, the myeloproliferative disorders and the rare blastic 
plasmacytoid dendritic cell neoplasm that often presents in the 
skin [1]. Lymphoproliferative malignancies originate from the lym- 
phocytes or their precursors and include mature B-cell lymphomas 
(such as chronic lymphocytic leukaemia), mature T-cell lymphomas, 
Hodgkin lymphoma and post-transplant lymphoproliferative dis- 
orders (often driven by Epstein-Barr virus (EBV)). Mature B-cell 
neoplasms also encompass plasma cell neoplasms such as multiple 
myelomas, Waldenstr6m macroglobulinaemia and pre-cancerous 
monoclonal gammopathy of uncertain significance (MGUS) [2]. 

Four different classes of haematological malignant deposits can 
present in the skin: leukaemia cutis, lymphomatous skin infiltrates, 
malignant plasma cell infiltrates and malignant extramedullary 
haematopoiesis (Table 149.1). 


Table 149.1 Infiltration of the skin with neoplastic cells 


Condition Associated haematological disease 


Leukaemia cutis Acute myeloid leukaemia 
Myeloproliferative neoplasms 
Myelodysplastic syndrome 
Chronic lymphocytic leukaemia 
Adult T-cell leukaemia/lymphoma 
T-cell prolymphocytic leukaemia 
Mantle cell lymphoma 

Follicular lymphoma 

Intravascular lymphoma 
Lymphomatoid granulomatosis 
Hodgkin lymphoma 

Multiple myeloma 

Waldenstr6m macroglobulinaemia 
Myelodysplastic syndrome 


Lymphomatous skin infiltrates 


Plasma cell infiltrates (plasmacytomas) 


Malignant extramedullary haematopoiesis 


Leukaemia cutis | 


Definition and nomenclature 

Leukaemia cutis is an infiltration of the skin by myeloid or lymphoid 
neoplastic leukocytes resulting in clinically identifiable cutaneous 
lesions [3]. When made up of malignant granulocytic precursor 
cells, leukaemia cutis lesions are also called myeloid sarcoma, and 
formally granulocytic sarcoma or chloroma (named due to the 
greenish hue of the skin lesions, derived from myeloperoxidase 
granules in the neoplastic cells). 


Epidemiology 

Skin lesions mostly develop after or concurrently with the diagno- 
sis of a myeloid disorder (60% and 25%, respectively) and only in 
approximately 5% of cases do they develop before any detectable 
bone marrow or blood involvement as an aleukaemic leukaemia 
cutis [4,5]. In chronic lymphocytic leukaemia (CLL), leukaemia cutis 
may be the first sign of the disease in 16% of cases [6]. In patients 
with chronic disease, such as chronic myelomonocytic leukaemia 
(CMML), skin involvement may be a sign of disease progres- 
sion and blastic transformation [7]. The likelihood of developing 
leukaemia cutis depends on the type of underlying haematological 
neoplasm (Table 149.2). Leukaemia cutis is most common in patients 
with myeloid neoplasms (10-15%) [7], especially in acute myeloid 
leukaemia (AML) (2.5-9.1% patients) [8,9] and in leukaemias with 
monocytic differentiation, such as CMML [4,10]. Leukaemia cutis 
associated with AML accounts for 60-70% of all cases [4]. The risk 
of leukaemia cutis is higher in AML with neoplastic cells displaying 
the chromosomal translocation t(8,21) [11]. In patients with a par- 
ticular subtype of AML (acute myelomonocytic or M4/M5 by the 
French-American-British (FAB) classification) gingival infiltration 
of leukaemic deposits can be seen in the mouth; hence it is impor- 
tant to consider a diagnostic biopsy with unexplained gingival 
enlargement [12]. Within the lymphocytic neoplasms, the risk of 
leukaemia cutis is relatively high for mature T-cell neoplasms such 
as adult T-cell leukaemia/lymphoma and T-cell prolymphocytic 
leukaemia (20-70%) [13,14,15] and CLL (4-20%) [5,15]. In other 
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Table 149.2 Leukaemia cutis and lymphomatous skin infiltrates in the setting of a 
haematological neoplasm. 


Probability of clinically apparent 


Condition skin involvement? 


Myeloid neoplasms 


All types ++ (10-15%) 

Higher risk in congenital leukaemia and 

paediatric leukaemia 

AML (acute myeloid leukaemia) ++ (2.5-9.1%) 

Higher incidence in AML with t(8,21) 
translocations 


Other myeloid neoplasms? + 


Lymphoid leukaemias 


CLL (chronic lymphocytic leukaemia) +++ (4-20%) 

Adult T-cell leukaemia/lymphoma +++ (20-70%) 

T-cell prolymphocytic leukaemia +++ 

Other lymphocytic leukaemias + 

Lymphomas 

Hodgkin lymphoma + (0.5-3.4%) 

Lymphoblastic lymphoma + 

Mantle cell lymphoma +++ 

Follicular lymphoma ++ 

Diffuse large B-cell +44 
lymphoma - intravascular type 

Lymphomatoid granulomatosis +++ (40-50%) 


4 Strength of association: +, occasional <4%; ++, frequent 5-14%; +++, very frequent 
>15%. 

5 Myeloid neoplasms comprise over 30 well-defined clinicopathological entities in five 
major groups: myeloproliferative neoplasms (chronic myeloid leukaemia, polycythaemia 
vera, primary myelofibrosis, essential thrombocythaemia, mastocytosis), myeloid 
neoplasms with eosinophilia, myelodysplastic neoplasms (e.g. juvenile myelomonocytic 
leukaemia) and myelodysplastic syndrome [16]. 


lymphocytic leukaemias, such as acute B- and T-cell lymphoblastic 
leukaemias (ALLs), the incidence of leukaemia cutis is much lower 
(below 3%) [5,15]. 

The incidence of leukaemia cutis is higher in children with 
leukaemia, and in congenital leukaemias it may be as high as 
30% [17]. Isolated leukaemia cutis seems to be more frequent in 
patients who relapse after allogeneic bone marrow transplant, 
where frequencies of 8-20% have been reported [18]. 


Pathophysiology 

The molecular basis underlying the migration of leukaemic cells to 
the skin in leukaemia cutis is not fully understood. Homing of malig- 
nant cells to the skin may depend on specific chemokine receptors, 
such as chemokine receptor 4 (CCR4) interacting with specific inter- 
cellular adhesion molecules such as intercellular adhesion molecule 
1 @CAM-1) [19]. Cutaneous leukocyte antigen expressed on acute 
myelomonocytic cells in 14 patients out of 18 in one study may have 
accounted for skin homing [15,16]. 


Pathology 

In leukaemia cutis associated with myeloid neoplasms, skin 
infiltration is typically both superficial and deep, and consists 
of proliferating immature myeloid cells (myeloblasts, monoblasts, 
promonocytes or promyelocytes) [20]. The infiltrate may also be 
quite subtle and resemble non-specific dermatitis [21], granu- 
loma annulare, histiocytoid Sweet syndrome [4], vasculitis [22] or 


multicentric reticulohistiocytosis [23]. Immunohistological profiling 
is therefore an essential part of the diagnostic work-up. The most 
sensitive markers are CD43, CD68 and lysozyme. Other useful 
markers are myeloperoxidase, CD33, CD34, CD117 and CD68 
[4,20,21] but CD117 and myeloperoxidase immunostaining are usu- 
ally negative in monoblastic skin infiltrates. It is also noteworthy 
that the immune profile of the circulating leukaemic cells may vary 
from those in the skin infiltrates, which probably reflects different 
clonal evolution of the malignant cells in different anatomical 
compartments [16]. Myeloid leukaemia cutis should be differenti- 
ated from blastic plasmacytoid dendritic cell neoplasm that may 
present in the skin and which is characterised by plasmacytoid 
CD4+ CD56+ cells thought to derive from dendritic cell precur- 
sors (Chapter 139). Other differential diagnoses comprise some 
poorly differentiated solid tumours such as metastatic malignant 
melanoma, Ewing sarcoma or medulloblastoma and_ histiocytic 
sarcomas, which may be positive for CD68 and lysozyme but are 
negative for CD33 and CD13. 

The skin infiltrate of CLL comprises small monomorphic lym- 
phocytes with an aberrant marker pattern (CD20+5+43+) in a 
lichenoid, perivascular or nodular pattern [6]. Analysis of mono- 
clonal immunoglobulin heavy chain (IgH) gene arrangement may 
be a useful aid to the diagnosis [24]. 


Clinical features 

Leukaemia cutis typically presents as single or multiple monomor- 
phic violaceous, dark red or haemorrhagic skin nodules, especially 
on the legs, arms and face (Figures 149.1 and 149.2) [15]. In skin 
of colour, there may be varied colours at presentation. The lesions 
have a predilection for sites of trauma (e.g. central line insertion 
sites) or previous inflammation (e.g. herpes zoster) (Figure 149.3) 
but may present anywhere on the skin. Other presentations range 
from small asymptomatic papules or a maculopapular rash to dif- 
fuse skin infiltration, ulceration or even erythroderma. It may mimic 
a variety of benign conditions such as venous leg ulcer, dyshidrotic 
eczema, cutaneous vasculitis, Jessner lymphocytic infiltration, gran- 
uloma annulare or rosacea [4,15,21,25]. The appearance of the skin 
lesions is not specific for the particular subtype of leukaemia. 


Prognosis 

The prognostic significance of leukaemia cutis has not been firmly 
established. In some studies, the presence of leukaemia cutis did not 
appear to affect the 5-year survival of patients with AML [7,18] but 
in others it was associated with a significantly poorer survival both 
in AML (75% 1-year mortality] [18] and in CMML [23]. The pres- 
ence of leukaemia cutis does not affect the prognosis of CLL; indeed 
CLL cells will often seed to the skin alongside an inflammatory skin 
eruption or squamoproliferative lesion, so the presence of CLL cells 
in a skin biopsy of a patient with known CLL does not indicate a 
worse prognosis [24]. The exception is when there is large-cell trans- 
formation of CLL (Richter syndrome) where prognosis is grave in 
the presence of large blastic cells in the infiltrate [6,26]. 


Management 

Leukaemia cutis is a cutaneous manifestation of an underlying sys- 
temic disease. Hence, treatment should be guided by the underly- 
ing leukaemia with supportive care for the skin lesions. However, 
the skin lesions may be less responsive to chemotherapy than the 
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Figure 149.1 Leukaemia cutis in acute myeloid leukaemia: extensive infiltrative, 
papulonodular lesions over the back. Courtesy of Professor Lorenzo Cerroni, University 
of Graz, Austria. 


Figure 149.2 Leukaemia cutis in chronic lymphocytic leukaemia: infiltrated nodules and 
plaques on the cheek. Courtesy of Professor Lorenzo Cerroni, University of Graz, Austria. 


disease in the bone marrow or the blood [25]. Radiotherapy with 
photons or electron beam can be beneficial to treat focal leukaemic 
skin infiltrates. 


Lymphomatous skin infiltrates 


In Hodgkin disease, specific skin involvement is uncommon, with 
an estimated prevalence of 0.5-3.4% [27]. Lymphomatous skin 


Figure 149.3 Haemorrhagic leukaemic infiltration at the site of thoracic herpes zoster in 
an elderly man with chronic lymphatic leukaemia. 


involvement in non-Hodgkin lymphomas is more frequent, espe- 
cially for mantle cell lymphoma and lymphomatoid granulomatosis 
(lymphoid dyscrasia caused by EBV) [28-30]. 

In Hodgkin lymphoma, the skin infiltrate does not always faith- 
fully replicate the nodal disease. Reed—Sternberg cells in the skin 
are CD30+ CD45-. In a minority of cases, the neoplastic cells in the 
skin may be negative for CD15 even in patients with nodal CD15 
positivity [27]. The major differential diagnoses are primary cuta- 
neous CD30+ lymphomas and CD30+ transformation of mycosis 
fungoides. 

In Hodgkin lymphoma, the majority of patients die within a few 
months following the development of skin lesions [27]. Therefore, 
skin involvement is considered to be an indication of stage IV dis- 
ease. 


Malignant infiltration of the skin 
in plasma cell disorders 


The most common plasma cell malignancies are multiple myeloma 
and Waldenstrém macroglobulinaemia. Both conditions are char- 
acterised by the presence of >10% malignant plasmacytic cells in 
the bone marrow and an associated monoclonal gammopathy. It is 
thought that these malignancies are preceded by a premalignant 
stage in which bone marrow infiltration with abnormal plasma 
cells is below the threshold of detection (<10%) and the identifiable 
feature is a monoclonal gammopathy, known as MGUS. MGUS 
is detected in approximately 3% of the general population aged 
50 years or older and is associated with a 1% per year risk of 
progression to multiple myeloma or Waldenstrém macroglobuli- 
naemia [31,32]. According to the type of gammopathy, there are 
three major classes of MGUS: the immunoglobulin M (IgM) type 
(progressing to Waldenstrém macroglobulinaemia), the non-IgM 
type (IgG or IgA) and light-chain MGUS which may progress to 
multiple myeloma [31]. 

Apart from the bone marrow, neoplastic plasma cells may also 
develop in extramedullary locations as solitary plasmacytomas, 
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Figure 149.4 Plasmacytoma cutis. Courtesy of Professor Lorenzo Cerroni, University of 
Graz, Austria. 


most commonly in the bone or upper respiratory tract. In excep- 
tional situations, a plasmacytoma may be confined to the skin 
(Figure 149.4). Plasmacytomas may result in MGUS and may 
progress to multiple myeloma if untreated. Cutaneous plasma cell 
infiltration in pre-existing multiple myeloma and Waldenstrém 
macroglobulinaemia is a very rare phenomenon, with approxi- 
mately 100 cases described in the literature [33,34]. The risk of 
cutaneous involvement does not depend on the immunoglobulin 
isotype produced by the neoplastic plasma cells [34]. The lesions are 
described as firm, smooth, violaceous papules and nodules, some- 
times with secondary ulceration. The most frequent sites affected 
are the trunk, followed by the scalp and face. Rarely there can be a 
hyperpigmented cutaneous patch overlying the plasmacytoma (see 
AESOP syndrome later in this chapter). 

Histopathologically, the infiltrates are diffuse or nodular aggre- 
gations of lymphoplasmacytic cells showing a strong immunore- 
activity for CD79a and CD138 and an aberrant expression of CD43 
and CD56. In multiple myeloma, the cells are usually negative for 
pan-B-cell markers such as CD19 and CD20. This is in contrast 
to Waldenstr6m macroglobulinaemia where the neoplastic cells 
are often CD19+ CD20+. Differential diagnosis includes primary 
plasmacytoma cutis and EBV-related plasmacytoid hyperplasia 
which develops in immunosuppressed transplant patients [35]. 
In only exceptional cases do these conditions present in the skin 
[36]. In most cases, skin lesions appear relatively late in the course 
of multiple myeloma or Waldenstrém macroglobulinaemia and 
indicate an unfavourable outcome. 


Extramedullary haema 


Extramedullary haematopoiesis is the formation of cellular blood 
components outside the bone marrow. It can be a pathological 
feature of chronic myeloproliferative syndromes such as primary 
myelofibrosis [37]; foci commonly occur in the spleen and may in 
rare instances occur in the skin [38]. The process is probably caused 
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by seeding of abnormal haematopoietic stem cells outside the bone 
marrow and subsequent aberrant proliferation. Skin manifesta- 
tions include pink to red or violaceous (angioma-like) papules, 
nodules, tumours and ulcers, often on the torso, that may appear 
soon after diagnosis with myelofibrosis (and sometimes following 
splenectomy). Skin lesions may resemble leukaemia cutis [38] from 
which they should be differentiated. Histologically, skin lesions 
are characterised by a polymorphous dermal infiltrate of myeloid 
and erythroid cell precursors, often with the presence of dysplastic 
megakaryocytes and occasionally few myeloblasts [39,40]. 
Prolonged dermal extramedullary haematopoiesis can also occur 
in neonates without a haematological neoplasm but as a reactive 
phenomenon to an infection commencing in utero, such as one of 
the TORCH group of infections (toxoplasmosis, other (e.g. syphilis, 
varicella-zoster, parvovirus B19), rubella, cytomegalovirus and her- 
pes infections). The generalised haemorrhagic, purpuric eruption 
that ensues has led to the term ‘blueberry muffin baby’. In chil- 
dren and adults, reactive extramedullary haematopoiesis may also 
accompany thalassaemias, sickle cell anaemia or thrombocytopenic 
purpura but skin involvement in adults is exceptionally rare [39]. 


PARANEOPLASTIC MANIFESTATIONS OF 
MYELOID MALIGNANCIES 


Paraneoplastic syndromes (described in detail in Chapter 148) may 
be associated with myeloid or lymphoid malignancies. Diagnosis of 
any of these paraneoplastic conditions warrants an active search for 
a possible underlying haematological malignancy. Paraneoplastic 
conditions may precede the haematological neoplasm by months 
or years [41] and the history is therefore an important first step 
in linking the skin symptoms to an underlying malignancy. Drug 
intake at the time of disease onset should be determined, as some 
drug reactions may mimic the paraneoplastic conditions. 
Diagnostic screening may include clinical examination of the 
peripheral lymph nodes, analysis of the peripheral full blood count, 
blood film and lactose dehydrogenase, protein electrophoresis to 
detect monoclonal paraproteins, a bone marrow biopsy (if a myeloid 
disorder is suspected), and combined '8F fluorodeoxyglucose 
positron emission and X-ray computed tomography (FDG-PET/CT) 
scanning. The latter has been found to be a good screening tool, 
especially for lymphoma and leukaemia [42,43]. However, not all 
haematological neoplasms (in particular low-grade lymphomas) 
will be detected by this technique [44]. Many of these paraneoplastic 
skin conditions remain refractory to treatment until management of 
the underlying haematological malignancy is addressed [45]. 
Myelodysplasias are the skin manifestations of myeloid disorders. 
They are a heterogeneous collection of clonal stem cell abnormal- 
ities characterised by ineffective haematopoiesis, with cytopenias 
with fatigue (due to anaemia), bruising (thrombocytopenia) and 
infections (leukopenias), but a hypercellular bone marrow. There 
is a tendency for leukaemic transformation to AML [46]. Patients 
are often elderly with a median age of 72 years; young patients 
do present with myelodysplasia but usually with an underlying 
genetic disorder such as GATA-2 deficiency [47,48]. In low-risk 
myelodysplasia, a proinflammatory cytokine milieu and a tendency 
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towards autoimmune disorders, including systemic lupus erythe- 
matosus, as well as inflammatory neutrophilic dermatoses, is now 
well recognised [49]. 


Sweet syndrome — | 


Sweet syndrome is an acute, febrile, neutrophilic dermatosis 
(Chapter 49). It may be drug induced or paraneoplastic (in 20% of 
cases [50]), or no cause is found in other cases which are labelled 
idiopathic. The paraneoplastic form is predominantly associated 
with haematological neoplasms, particularly myeloid leukaemias 
and myelodysplasias. Sweet syndrome may precede the devel- 
opment of a haematological malignancy by over a decade [51]. 
The pathogenesis of paraneoplastic Sweet syndrome has not been 
elucidated, but a hypersensitivity reaction to tumour antigens or an 
autoinflammatory interleukin 1 (IL-1) mediated process have been 
suggested as putative mechanisms [52-55]. Moreover, heterozygous 
mutations in the gene MEFV known to cause familial Mediterranean 
fever have been reported in two patients with concurrent Sweet and 
myelodysplastic syndrome, suggesting there may be an underlying 
genetic tendency to develop Sweet syndrome in a subset of patients 
with evolving myeloid malignancies (see the next section on the 
VEXAS syndrome) [56]. An important variant of Sweet syndrome 
is histiocytoid Sweet syndrome, where the dermal infiltrate is com- 
posed of immature myeloid precursors that resemble histiocytes; 
some studies suggest the dermal infiltrates are clonal [57], exhibit- 
ing the same mutations as the associated myelodysplasia clone. 
Hence, whilst these lesions are not leukaemia cutis [58], they may 
well be clonal myeloid precursor lesions. 

The clinical features of paraneoplastic Sweet syndrome are vari- 
able. The classic presentation with myelodysplasia is a relapsing 
and remitting condition with episodes of fever, arthralgia and an 
eruption of tender, red or violaceous papules and nodules sur- 
mounted by pseudovesicles. In skin of colour, varied colours may 
be observed. However, paraneoplastic Sweet syndrome has a ten- 
dency to involve extracutaneous sites more often than the idiopathic 
type. Mucosal lesions (see section on the Behcet-like syndrome later 
in this chapter), neurological complications (parkinsonism) and 
ophthalmological complications (optic neuritis, chorioretinitis) are 
more common in patients with myeloproliferative diseases than 
in idiopathic Sweet syndrome [51]. Other clinical variants include 
acute necrotising, isomorphic and subcutaneous varieties and the 
neutrophilic dermatosis of dorsal hands. In the acute necrotising 
variant, there is a fulminant onset of oedematous, pink to red 
plaques accompanied by necrosis of the skin and soft tissues [59]. 
Isomorphic Sweet syndrome develops at the site of the trauma 
such as radiation fields or surgery scars. Subcutaneous Sweet 
syndrome is a variant overlapping with pyoderma gangrenosum 
and seems to be particularly associated with myeloproliferative 
diseases: it presents with tender nodules with a predilection for the 
buttocks and lower extremities without tissue necrosis and has a 
tendency to resolve spontaneously [60]. Neutrophilic dermatosis of 
the dorsal hands is a localised variant of Sweet syndrome that has 
been described to occur in the context of a variety of malignancies 
including the haematological neoplasms (Figure 149.5) [61,62]. 
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Figure 149.5 Extensive odematous plaques of histiocytoid Sweet syndrome in a patient 
with VEXAS syndrome. 


Table 149.3 Drugs used in the management of patients with haematological 
malignancies with known association with Sweet syndrome. 


Drug group Examples 


Proteasome inhibitors (bortezomib) 
Mitoxantrone 

Cytarabine 

Tyrosine kinase inhibitors (imatinib mesylate) 
Lenalinomide 

Granulocyte colony-stimulating factor 
All-trans-retinoic acid 

Interferon-a 

Clindamycin 

Tetracyclines 

Quinolones 

Trimethoprim with sulfamethoxazole 
Abacavir 

Aciclovir 


Cytotoxic anticancer agents 


Other anticancer drugs and biological 
response modifiers 


Antibiotics 


Antivirals 


Paraneoplastic Sweet syndrome should be differentiated from 
other neutrophilic paraneoplastic conditions (neutrophilic eccrine 
hidradenitis, pyoderma gangrenosum), as well as vasculitis, ery- 
thema elevatum diutinum, infectious neutrophilic panniculitis, 
panniculitic id reaction, early erythema nodosum and leukaemia 
cutis. The differential diagnosis may be challenging since para- 
neoplastic Sweet syndrome has a tendency to coexist with other 
neutrophilic paraneoplastic conditions in the same patient [51]. 
Moreover, drug-induced Sweet syndrome should be borne in mind 
since a number of drugs used in the treatment of haematological 
malignancies have the potential to precipitate Sweet syndrome 
(Table 149.3). 

A skin biopsy of a lesion in Sweet syndrome often shows a dense 
dermal neutrophilic infiltrate. However, the histiocytoid variant of 
Sweet syndrome can easily be missed if the histopathologist is not 
alerted to this possible diagnosis. In histiocytoid Sweet syndrome, 
the histiocytoid cells are actually myeloid precursors, and can be 
identified with myeloperoxidase (MPO) staining. 

In myelodysplasia, the skin lesions of Sweet syndrome are 
often extremely refractory to treatments including dapsone and 
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colchicine; oral corticosteroids are often the only treatment to 
help initially. In corticosteroid-refractory disease, 5-azacytadine 
therapy (a cytadine analogue used to treat myelodysplasia) often 
resolves the lesions, supporting the idea of a myeloid clonal dermal 
infiltrate driven by the underlying myelodysplasia [63]. However, 
this therapy can itself cause a flare of Sweet syndrome [64] (hence 
corticosteroid cover can be required during the 5-azacytadine 
therapy). 


In 2020, a new X-linked autoinflammatory syndrome called VEXAS 
(vacuoles E1 enzymes, X-linked, autoinflammatory, somatic) was 
described. In this, Sweet syndrome lesions develop (Figure 149.5) 
with myelodysplasia with severe systemic symptoms of pyrexias 
and arthritis, and a poor prognosis [65]. As well as Sweet syndrome, 
patients can have concurrent cutaneous vasculitis, polychondritis 
and thrombocytopenia [66] (Chapter 45). In VEXAS sydrome, it 
seems that the Sweet syndrome lesions are clonal and derived from 
the myeloid clone proliferating in the bone marrow [67]. Of note, 
VEXAS patients often show a flare of systemic and skin symptoms 
with IL-1 inhibitor anakinra [65]. Treatment with 5-azacytadine 
therapy to target the underlying myeloid clone shows promise 
in case reports [68]. Many patients with Sweet syndrome and 
myelodysplasia have a good prognosis [41], so it is unlikely that 
VEXAS accounts for all cases of myelodysplasia-associated Sweet 
syndrome; it is likely that other myeloid-restricted genes that 
predispose to Sweet syndrome will be identified. 


Pyoderma gangren« 


Pyoderma gangrenosum (Chapter 49) is another neutrophilic der- 
matosis and is classified into four clinical types: classic ulcerative, 
bullous, pustular and vegetative types. It has been estimated that 
between 20% and 60% of cases of pyoderma gangrenosum are asso- 
ciated with a haematological malignancy [69,70]. The non-classic 
presentations are overrepresented in paraneoplastic pyoderma [69]. 
The bullous variant is associated with haematological neoplasms in 
more than 70% of cases (Figure 149.6) [71,72]. 

MGUS, myelodysplastic syndromes and myeloid leukaemias are 
the most common underlying diseases. Pyoderma gangrenosum 
and Sweet syndrome may coexist in the same patient with a myelo- 
proliferative disorder. It has been proposed that these entities and 
neutrophilic eccrine hidradenitis constitute a pathogenic continuum 
(see earlier in this chapter) [73]. 

The development of pyoderma gangrenosum in a patient with 
a myeloproliferative disease may have a negative prognostic sig- 
nificance. For example, the 1-year mortality for patients with AML 
and pyoderma gangrenosum is 75% after the appearance of the skin 
lesions [74]. Pyoderma gangrenosum has been reported in the con- 
text of myelodysplasia transforming the AML [75] so the patient’s 
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Figure 149.6 Bullous pyoderma gangrenosum in patient with IgA paraproteinaemia. 
Courtesy of Dr lan Coulson, Burnley General Hospital, UK. 


haematologist should be alerted to the possibility of associated dis- 
ease progression. 


Neutrophilic eccrin 


This condition is one of the rarest of the family of paraneoplastic 
neutrophilic dermatoses that also includes Sweet syndrome and 
pyoderma gangrenosum. It is characterised by neutrophilic infil- 
trates around the eccrine glands and coils [76]. The condition has 
a very strong association with an underlying cancer since 90% 
of patients with neutrophilic eccrine hidradenitis have an under- 
lying haematological malignancy, especially AML. Neutrophilic 
eccrine hidradenitis has also been reported in association with 
CLL, Hodgkin lymphoma and a variety of nodal non-Hodgkin 
lymphomas and multiple myeloma. It has been debated whether 
neutrophilic eccrine hidradenitis is a drug-induced condition rather 
than a paraneoplastic one. However, in 20% of cases, neutrophilic 
eccrine hidradenitis develops before the onset of therapy and may 
even precede the presentation of the haematological malignancy, 
which would indicate that certainly in some cases the condition is 
paraneoplastic. 

In approximately 80% of patients, the occurrence of neutrophilic 
eccrine hidradenitis can be linked to drug exposure. The offend- 
ing drugs are similar to those implicated in Sweet syndrome 
(Table 149.3). The most common agent is cytarabine followed 
by decitabine [77], vincristine, imatinib mesylate, topotecan [78], 
granulocyte colony-stimulating factor (G-CSF) and antibiotics and 
antiviral agents [68]. The median time from drug exposure to the 
onset of symptoms is 9 days [76]. 

Neutrophilic eccrine hidradenitis can be caused by other fac- 
tors, especially infections (Staphylococcus aureus, Serratia marcescens, 
Enterobacter spp.), and has been reported in association with human 
immunodeficiency virus (HIV) infection (Chapter 31). 

The classic clinical features are infiltrated pink to red papules 
and plaques with a predilection for the periorbital area and face, 
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Figure 149.7 Neutrophilic eccrine hidradenitis (NEH) in a patient with an 
immunoglobulin « light chain paraprotein. (a) Characteristic dusky periorbital infiltration 
and (b) red polycyclic plaques of NEH on the cheek. 


but there is substantial heterogeneity in its clinical manifestations 
(Figure 149.7). The lesions may also involve the upper trunk, arms, 
thighs and palmoplantar skin. They may be annular or linear and 
may resemble erythema multiforme or Sweet syndrome, from 
which they should be differentiated. An infectious aetiology should 
be excluded during differential diagnosis. 

The optimal treatment depends on the underlying cause. In some 
cases, the disease resolves spontaneously, especially after the discon- 
tinuation of the offending drug. Therapeutic effects of non-steroidal 
anti-inflammatory drugs (NSAIDs), systemic steroids or dapsone 
have been reported in single cases. 


Behcet-like syndrome associated 
with trisomy 8 myelodysplasia 


In the trisomy 8 variant of myelodysplasia (where the myeloid 
clone exhibits trisomy of chromosome 8), a Behcet-like syndrome 


(b) 


Figure 149.8 Behcet-like syndrome in a patient with trisomy 8 myelodysplasia. (a) A 
tender oral ulcer and (b) well-demarcated scrotal ulcers. 


is recognised [79]. Patients develop oral ulceration (sometimes 
with pyostomatitis vegetans), gastrointestinal tract ulceration 
and neutrophilic genital ulceration but no pathergy or arthritis 
(Figure 149.8). This variant of Sweet syndrome carries a poorer prog- 
nosis compared with Sweet syndrome on non-mucosal sites [80]. 


PARANEOPLASTIC MANIFESTATIONS OF 
LYMPHOID MALIGNANCIES 


Insect bite-like reaction or 
exaggerated insect bite reaction 


An insect bite-like reaction has been described as a paraneoplastic 
phenomenon associated with lymphoproliferative neoplasms. This 
condition is also reported as an exaggerated insect bite reaction but 
is not usually precipitated by an actual arthropod bite, but rather 
occurs spontaneously, mimicking an insect bite reaction both clini- 
cally and histologically. Eosinophilic dermatosis of haematological 
malignancy is another reported name [81]. The pathogenesis is not 
well understood but the skin reaction may be related to immune 
dysregulation associated with conditions such as CLL; external 
factors such as cancer-related immunosuppression and pyogenic 
infection exacerbate the reaction. In a minority of patients, this 
reaction precedes the malignancy, but in most cases insect bite-like 
reactions occur within 2 years after the diagnosis of the underly- 
ing malignant disease. Insect bite-like reactions may also occur in 
immunosuppressed patients (e.g. in the course of HIV infection, 
congenital agammaglobulinaemia, natural killer lymphocytosis or 
EBV infection). 

The patient develops red infiltrated plaques and, as the condition 
progresses, vesicles, bullae and skin ulceration (Figure 149.9). CLL 
is the most commonly associated disease, followed by mantle cell 
lymphoma, ALL, acute monocytic leukaemia, Burkitt lymphoma 
and myelodysplastic syndrome [27,82]. The therapeutic response 
is often unsatisfactory; oral corticosteroids may produce partial 
response whereas topical corticosteroids and phototherapy provide 
only marginal benefit [77]. Oral ciclosporin therapy can be helpful 
[83]. The prognostic significance is unknown; in CLL patients, 


Figure 149.9 Exaggerated insect bite-like reaction in chronic lymphocytic leukaemia. 


the course of the skin eruption is not related to CLL activity or 
the course of the haematological disease [84,85]. The treatment of 
CLL with the Bruton tyrosine kinase inhibitor ibrutinib has been 
reported to induce remission of the insect-bite like reaction [86]. 


Lymphomatoid papulo: 


Lymphomatoid papulosis, a CD 30+ lymphoproliferative condition 
where crops of papulonecrotic skin lesions come and go, can be asso- 
ciated with primary cutaneous or nodal CD30+ large-cell anaplastic 
T-cell lymphoma and Hodgkin disease in 10-20% of cases (or run 
a benign course) [87]. Furthermore, in some patients, lymphoma- 
toid papulosis-like lesions follow known Hodgkin disease [88,89]. 
Patients with lymphomatoid papulosis may also have coexisting or 
pre-existing cutaneous T-cell lymphoma [90] (Chapter 140). 


Paraneoplastic pemphi 


This disorder entity is reviewed in Chapter 50. Paraneoplastic 
pemphigus is almost exclusively associated with haematological 
malignancies, particularly of lymphocytic origin. The strongest 
association is with non-Hodgkin lymphoma (approximately 40%), 
followed by CLL (20%), Castleman disease and thymoma (20%) 
[91]. The pathogenesis is unknown, but postulated mechanisms 
include epitope spreading, antigen mimicry or IL-6 dysregulation 
by tumour cells [92]. Early histopathology can be lichenoid, mak- 
ing direct and indirect immunofluorescence studies paramount to 
confirm diagnosis [93]. Untreated paraneoplastic pemphigus has a 
mortality approaching 90% at 2 years following diagnosis. Treat- 
ment of the underlying disease may lead to remission; rituximab, 


149.9 


Skin manifestations of haematological disorders 


the anti-CD20 monoclonal antibody therapy, has produced both 
partial and complete remissions in a number of cases. 


Paraneoplastic pruritus 


Chronic pruritus, defined as a skin itch of longer duration than 
6 weeks, is well known to be associated with haematological 
neoplasms, in particular lymphomas (Chapters 83 and 139) [94]. 
Paraneoplastic pruritus may precede the clinical signs of lymphoma 
by weeks or months. Its intensity varies from mild to severe and 
nocturnal exacerbation is typical. The itch may be accompanied by 
ichthyosiform skin changes on the extremities. The most commonly 
associated haematological malignancies are Hodgkin lymphoma 
(30% incidence of paraneoplastic pruritus), non-Hodgkin lym- 
phomas (10-20%), multiple myelomas and lymphatic leukaemia. 
Aquagenic pruritus is strongly associated with myelodysplastic 
syndromes (most notably polycythaemia vera and myelofibrosis) 
and T-cell lymphomas. Suspicion of underlying lymphoma or 
myelodysplasia should be high in those over 60 years old with less 
than 1 year of itch [95]. 

The mechanism of paraneoplastic pruritus is largely unknown. 
Antihistamines and local steroids are largely ineffective. There is 
recent evidence that paraneoplastic pruritus can be ameliorated by 
aprepitant [96], nalfurafine [97] and butorphanol [98]. Short courses 
of oral steroids, ultraviolet B (UVB) phototherapy, thalidomide, 
gabapentin and serotonin—norepinephrine reuptake inhibitors 
(SNRIs) have been effective in single cases [94,99]. 


SKIN MANIFESTATIONS ASSOCIATED WITH 
PLASMA CELL DISORDERS 


A myriad of rare but noteworthy skin manifestations are driven by 
plasma cell disorders that should alert the dermatologist to check 
for a paraprotein and refer to a haematologist to consider contin- 
ued joint management. Whilst the reasons for these intriguing dis- 
orders are often poorly understood, it is still helpful to group these 
cutaneous manifestations by pathogenetic mechanism (Table 149.4). 
Clonal plasma cell deposits causing extramedullary tumours in the 
skin have already been discussed. Other cutaneous manifestations 
are due to the biological activity of the excess paraproteins, or due 
to deposits of paraproteins within blood vessels or outside of blood 
vessels. 

Management should be aimed at treating the underlying para- 
protein. Some patients with paraprotein-driven skin manifestations 
may have haematological disease that fits the criteria for inter- 
vention. For example, in multiple myeloma, where an individual 
has a paraprotein of more than 3 g/dL and organ (often renal) 
impairment, lytic bone lesions or hypercalcaemia, or in smoulder- 
ing myeloma (no organ impairment), treatment would be offered 
[100]. However, often patients have MGUS with only a small clone 
of paraprotein (less than 3 g/dL) that does not warrant active 
treatment [101]. Whereas the 5-year life expectancy with multiple 
myeloma is 53%, only a small percentage of MGUS patients progress 
to multiple myeloma so often no treatment is required. In the last 
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Table 149.4 An approach to cutaneous manifestations of plasma cell disorders by 
pathogenesis. 


Pathogenetic mechanism Disorder 


Biological activity of the paraprotein Scleromyxoedema 
Scleroedema of Bushke 
Necrobiotic xanthogranuloma 
AESOPS syndrome 

POEMS syndrome 
Neutrophilic dermatoses 
Autoinflammatory disorders 
Cutaneous macroglobulinosis 
Amyloidosis 

Linear IgA disease 
Cryoglobulinaemia 

Perniosis 

Vasculitis 

Plasmacytomas 


Extravascular paraprotein deposits 
Intravascular paraprotein deposits 


Plasma cell deposits 


AESOP, adenopathy and extensive skin patch overlying a plasmacytoma; IgA, 
immunoglobulin A; POEMS, polyneuropathy, organomegaly, endocrinopathy, 
monoclonal protein and skin changes 


few years, a term in the literature has emerged, ‘a monoclonal gam- 
mopathy of clinical or cutaneous significance’ [102,103]. This is an 
extremely helpful term because haematologists recognise this entity 
and are more willing to consider active treatment for a debilitating 
paraprotein-driven skin condition, even if haematological criteria 
for paraprotein treatment are not fulfilled [104,105]. 


SKIN MANIFESTATIONS AND SYNDROMES DUE TO 
THE BIOLOGICAL ACTIVITY OF PARAPROTEINS 


Scleromyxoedema -— LL 


Scleromyxoedema is a rare generalised cutaneous mucinosis 
resulting from increased mucin (heavily glycosylated proteins 
made by fibroblasts) synthesis and deposition following fibro- 
blast proliferation (Chapter 57). In the absence of thyroid disease, 
scleromyxoedema develops almost invariably in patients with 
monoclonal gammopathies, either associated with MGUS, multiple 
myeloma or plasmacytomas [76,77]. Over 80% of patients have 
an IgG-A paraproteinaemia [39,78]. The paraneoplastic mecha- 
nism of fibroblast activation and mucin synthesis by paraproteins 
remains unknown. Overexpression of mucin genes, such as MUC1, 
is associated with many cancers [79]. 

Clinically, there is a widespread papular and sclerodermatous 
eruption with a particular predilection for the face, ears and dorsal 
hands. The papules are firm, slightly translucent and waxy in 
appearance (Figure 149.10). There are no epidermal changes and 
inflammation is minimal or absent. Histologically, collagen fibres 
in the dermis are separated widely by mucin deposits; increased 
fibroblast numbers and fibrosis are observed. 

Extracutaneous manifestations are multiple and significantly con- 
tribute to the morbidity of scleromyxoedema. The most common 
are dysphagia, hoarseness and aspiration due to laryngeal involve- 
ment, proximal or generalised myopathy, polyarthritis, central 
nervous system involvement (encephalopathy, seizures, vertigo, 
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Figure 149.10 (a) Scleromyxoedema with waxy coalescing papules and leonine facies in 
a patient with an IgG-« paraprotein. Sourced by Dr Tanya Basu. (b) Scleromyxoedema in 
patient with MGUS (monoclonal gammopathy of undetermined significance). 


psychosis), arrhythmia or myocardial infarction due to myocardial 
involvement and dyspnoea due to lung involvement. 

The course is progressive and mortality is substantial, varying 
between 15% and 50% [106,107]. The main causes of death are 
the progression of the haematological disease or central nervous 
system involvement [107]. Intravenous immunoglobulin provides 
a rapid response in at least 50% of patients and may be considered 
first line treatment. Other options are melphalan, systemic corti- 
costeroids, thalidomide and plasmapheresis [107,108]. Treatment of 
the underlying paraproteinaemia with agents such as bortezomib 
[109] and autologous haematopoietic stem cell transplant can be 
beneficial [110]. 


Scleroedema of Buschke 


Scleroedema is a rare skin-thickening disorder, characterised by 
woody induration and non-pitting oedema, typically localised 
to the face and neck with subsequent spread to the scalp and 
upper trunk (Figure 149.11). The hands and feet are usually spared 
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Figure 149.11 Scleroedema in a patient with MGUS (monoclonal gammopathy of 
undetermined significance). Courtesy of Dr lan Coulson, Burnley General Hospital, UK. 


(Chapter 57). Three clinical variants of scleroedema are recognised: 
the classic type (55% of cases) precipitated by a febrile illness, 
diabetes-associated scleroedema and paraneoplastic scleroedema 
(25% of cases). The latter develops in a setting of monoclonal 
gammopathy or a B-cell lymphoma [111,112]. In contrast to scle- 
romyxoedema, scleroedema may arise in the context of IgG2-x, 
IgG3-« or IgA-« paraproteins (rather than IgG1-A) [111,112]. The 
paraneoplastic pathogenesis is not clear but there is dermal and 
subcutaneous thickening due to an increase in glycosaminogly- 
cans separating collagen fibres. No mucin protein deposition is 
observed in scleroedema. Paraneoplastic scleroedema does not 
resolve spontaneously like the classic variant of the disease. Inter- 
nal organs may be involved, in particular the heart, joints and eye 
[113,114]. An association with the POEMS syndrome (polyneu- 
ropathy, organomegaly, endocrinopathy, monoclonal protein and 
skin changes) has been reported [115]. Treatment is challenging, 
but psoralen and vitamin A (PUVA) [116], electron beam radiation 
[111], intravenous immunoglobulins [117], broadband UVA (UVA1) 
phototherapy [118] and extracorporeal photopheresis [119] have 
been used with benefit in single patients. Successful treatment of 
scleroedema with bortezomib-based regimens for the underlying 
paraprotein is reported [120,121]. 


Necrobiotic xanthog 
and normolipaemi 


Diffuse normolipaemic xanthoma and necrobiotic xanthogran- 
uloma (NXG) are non-Langerhans histiocytic paraneoplastic 
conditions without coexisting hyperlipidaemia (Chapter 135) [122]. 
NXG accounts for two-thirds of paraneoplastic xanthomas. NXG 
may result from a foreign-body giant cell reaction to cutaneous (and 
extracutaneous) deposition of serum paraprotein complexed with 
lipids. Normolipaemic xanthomas resemble classic hyperlipaemic 
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xanthomas clinically, whereas NXGs are firm nodules, papules or 
plaques in the periorbital area or at any site, often with ulceration, 
crusting or telangiectasia [123]. The upper extremities and the 
upper trunk are affected in less than half of cases. Exceptionally, 
extracutaneous sites such as the oral mucosa, eyes, bones, liver 
or lungs can be affected [122]. The histopathological features of 
normolipaemic xanthogranuloma are similar to the hyperlipaemic 
variant whereas NXG shows a granulomatous inflammation with 
lymphocytes, foreign body-like giant cells, Touton giant cells and 
foci of collagen necrobiosis [123]. 

NXG and normolipaemic xanthoma are associated with mono- 
clonal gammopathy in 80-90% cases. The majority (80%) of these are 
IgG paraproteinaemias, in particular MGUS (approximately 50%) 
and multiple myeloma (approximately 40%). The remainder are 
associated with Waldenstrém macroglobulinaemia, CMML, CLL or 
non-Hodgkin lymphoma [122]. In almost all cases, xanthomas are 
the first sign of the haematological disease. 

The differentiation between paraneoplastic NXG and other types 
of xanthoma can be achieved on the basis of clinical manifestations 
and histology. However, the separation between normolipaemic 
xanthoma and hyperlipaemic xanthoma may be difficult due to 
overlapping clinicopathological features and the frequent presence 
of hyperlipidaemias in patients with monoclonal gammopathies. 
It has been proposed that low levels of complement C4 and C1 
inhibitor are indicative of a paraneoplastic basis [122]. 

Therapeutic options beyond the treatment of the underlying 
disease are limited. Surgical excision may provide symptomatic 
relief in some patients. A multicentre cross-sectional study shows 
intravenous immunoglobulin, antimalarials, intralesional triam- 
cinolone and lenalidomide regimens [124] have been effective in 
single patients [123,125,126]. 


AESOP syndrome — CC 


The AESOP syndrome is an acronym of adenopathy and extensive 
skin patch overlying a plasmacytoma [127]. Very few cases have 
been described. The cardinal features are slowly enlarging viola- 
ceous skin patches or plaques, and enlarged regional lymph nodes 
(Figure 149.12). A biopsy from the cutaneous patch overlying the 
plasmacytoma shows increased dermal mucin and vascular hyper- 
plasia. In all described cases, the skin lesion was overlying a soli- 
tary plasmacytoma of bone. The patient may share features with the 
POEMS syndrome, in particular the polyneuropathy. AESOP syn- 
drome, when recognised at an early stage, may lead to the detection 
of a curable solitary plasmacytoma of bone. 


POEMS syndrome) 
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The POEMS syndrome develops in the context of a monoclonal 
plasma cell disorder (virtually always of the A light-chain type). The 
acronym stands for polyneuropathy, organomegaly, endocrinopa- 
thy, monoclonal protein and skin changes. In addition there may 
be oedema, ascites, pleural effusion, osteosclerotic bone lesions, 
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Figure 149.12 AESOP syndrome : a presternal red-brown patch overlying a sternal 
plasmacytoma. 


Table 149.5 Diagnostic criteria for POEMS syndrome?*. 


Major criteria Minor criteria 
Mandatory Organomegaly 
Polyneuropathy Extravascular volume overload 
(oedema, ascites, pleural effusion) 
Monoclonal gammopathy (A chain Endocrinopathy 
restricted) Skin changes 
Other Papilloedema 


Castleman disease 

Osteosclerotic lesions 

Elevated serum or plasma vascular 
endothelial growth factor levels 


Thrombocytosis or polycythaemia 


Adapted from Dispenzieri 2011 [131]. 
*For a diagnosis of POEMS syndrome, the two major mandatory criteria and one 
additional major criterion and one minor criterion must be recognised. 


Castleman disease and thrombocytosis [128]. Skin changes com- 
prise hyperpigmentation, eruptive haemangiomas, hypertrichosis, 
acrocyanosis, leukonychia, sclerodermoid changes, finger clubbing 
and facial flushing. The cause of POEMS syndrome is not known 
but the overproduction of vascular endocrine growth factor (VEGF) 
by plasma cells, and pro-inflammatory cytokines are major features 
[129]. An association with a monoclonal IgG4 has been noted in 
one patient [130]. The known symptoms of POEMS syndrome 
and the diagnostic criteria are summarised in Table 149.5 [131]. 
The diagnosis of POEMS syndrome is a multidisciplinary task 
(Table 149.6). 

The course of the disease is chronic with a reported median 
survival of nearly 14 years. The total number of POEMS features 
does not affect survival, but fingernail clubbing, effusions, oedema, 
ascites and respiratory symptoms have been associated with a 
significantly shorter overall survival [131]. The treatment of the 
underlying paraproteinaemia and plasma cell disorder is essential. 
Isolated lesions of plasmacytoma may be treated by radiation. 
Bortezomib with dexamethasone is considered an effective therapy 
regimen [132]. Some success has been reported with lenalinomide 


Table 149.6 Frequency of signs in POEMS syndrome. 


Feature Frequency (%) 
Polyneuropathy 100 
Monoclonal plasma cell dyscrasia 100 
Organomegaly (hepatomegaly, 45-85 
splenomegaly or other) 
Lymphadenopathy 26-74 
Castleman disease 11-25 
Endocrinopathy 67-84 
Papilloedema 29-64 
Extravascular volume overload 29-87 
Bone lesions 27-97 
Thrombocytosis 54-88 
Skin changes: 68-89 
Hyperpigmentation 46-93 
Acrocyanosis 19 
Hypertrichosis 26-74 
Skin thickening 5-43 


Adapted from Dispenzieri 2011 [131]. 


and autologous haematopoietic stem cell transplantation. The latter 
modality has become the first line treatment for younger patients 
with normal organ function [128,131]. 


TEMP! syndrome — 


The TEMPI syndrome is another rare multisystem syndrome asso- 
ciated with monoclonal gammopathy. The acronym describes the 
following constellation of symptoms: telangiectasia, elevated ery- 
thropoietin and erythrocytosis, monoclonal gammopathy, peri- 
nephric fluid collections and intrapulmonary shunting [133]. 
Recent genome-wide sequencing suggests a role of duplication 
defects of the gene encoding the MIF protein (macrophage migra- 
tory inhibitory factor) in TEMPI; levels of MIF protein, produced 
by monoclonal plasma cells, are upregulated, as seen in three 
patients [134]. The MIF protein is pro-inflammatory, and promotes 
angiogenesis. Males and females aged 35-56 years are affected. 
Skin manifestations are telangiectasiae on the face, neck and upper 
trunk. Patients with TEMPI syndrome are at risk of cerebral throm- 
bosis and venous thrombosis. Untreated, TEMPI syndrome has a 
progressive course, but responses to plasma cell-directed therapy 
with bortezomib have been described [133,135,136]. 


Schnitzler syndrom 


Schnitzler syndrome is an autoinflammatory skin disease occurring 
in the context of a monoclonal paraproteinaemia, typically IgM and 
rarely IgG [137] (Chapter 45). The patients are usually adults aged 
40-60 years who develop a recurrent urticarial rash accompanied 
by systemic symptoms (fever, arthralgia, myalgia, lymph node 
enlargement and hepatosplenomegaly) (Figure 149.13). Labora- 
tory tests usually show leukocytosis and an elevated erythrocyte 
sedimentation rate (ESR) and level of C-reactive protein (CRP). 
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Figure 149.13 Urticaria in Schnitzler syndrome in a patient with MGUS (monoclonal 
gammopathy of undetermined significance). 


The differential diagnoses include urticaria and_ urticarial 
vasculitis, systemic adult-onset Still disease and a number of 
rare autoinflammatory skin diseases, especially adult-onset 
cryopyrin-associated periodic syndrome (CAPS) [138] and meval- 
onate kinase deficiency (hyper-IgD syndrome). Diagnosis is often 
delayed, but timely treatment with IL-1 receptor antagonists such 
as anakinra or canakinumab can alleviate symptoms and _ halt 
end-organ damage [139]. The anti-IL-6 antibody, tocilizumab, may 
also be partially effective in selected cases [140]. Untreated dis- 
ease may result in AA amyloidosis, a deposition disease of serum 
amyloid A (SAA) protein. The patients should be monitored with 
periodic checks of SAA protein levels and quantification of the 
monoclonal paraprotein. 


DISORDERS OF PARAPROTEIN DEPOSITION 


Circulating abnormal immunoglobulins produced by neoplas- 
tic plasma cells in MGUS, multiple myeloma or Waldenstrém 
macroglobulinaemia may accumulate in the skin. If the immuno- 
globulin deposition is extravascular, the major manifestations of this 
phenomenon are macroglobulinaemia cutis, amyloid light-chain 
amyloidosis and linear IgA disease. If the immunoglobulins col- 
lect in intravascular spaces, the main manifestations are type 
I cryoglobulinaemia, perniosis and leukocytoclastic vasculitis 
[141,142]. 


Extravascular paraprot 


Cutaneous macroglobulinosis 


This disorder (also termed macroglobulinaemia cutis) is defined 
by deposition of IgM paraproteins in the skin associated with 
IgM _ paraproteinaemia or Waldenstr6m macroglobulinaemia. 
This may produce two distinct patterns of disease: IgM stor- 
age papules and immunobullous cutaneous macroglobulinosis 
[143]. Both presentations are very rare. IgM storage papules 
are translucent flesh-coloured papules, usually localised on the 
extensor surfaces of the extremities. The deposits are periodic 
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acid—Schiff (PAS) positive and stain positively for IgM on direct 
immunofluorescence but are negative for amyloid [107,144,145]. In 
rare instances, the IgM paraproteins show affinity for the plasma 
membrane and result in blistering (immunobullous cutaneous 
macroglobulinosis) [146-148]. Pathological paraprotein deposition 
at the dermal-epidermal junction is readily detectable by direct 
immunofluorescence. Immunobullous cutaneous macroglobuli- 
nosis has been treated successfully by rituximab, bendamustine 
[149] or multiagent chemotherapy [146]. 


Primary systemic or amyloid light-chain amyloidosis 
(extravascular) 


Amyloid light-chain amyloidosis is a devastating, life-threatening 
disease that develops as a result of abnormal processing and 
degradation of the variable portion of monoclonal light chains 
(Chapter 56). Over 90% of patients have a monoclonal gammopa- 
thy, most commonly MGUS or multiple myeloma, and occasionally 
Waldenstr6m macroglobulinaemia or solitary plasmacytoma. 
Amyloid light-chain amyloidosis may involve multiple organs 
and result in nephrotic syndrome, renal failure, congestive heart 
failure and peripheral neuropathy. Skin symptoms are common 
(40% of patients) and are very characteristic with purpura and 
ecchymoses, typically in the perioral and periorbital areas, waxy 
papules and plaques with sclerodermatous or bullous change. 
Macroglossia is another typical manifestation [107,145], along with 
patchy alopecia and generalised oedema. The differential diagnosis 
for bullous purpura in the context of a paraprotein includes type I 
cryoglobulinaemia, bullous vasculitis and linear IgA disease. Opti- 
mal treatment remains unclear [150]; treatment regimens include 
high-dose melphalan followed by autologous haematopoietic stem 
cell transplantation or oral melphalan with dexamethasone [151]. 
Median survival without treatment is 12-18 months, and poorer if 
congestive heart failure is present at diagnosis; a multidisciplinary 
team approach to treatment is warranted [152,153]. 


Linear IgA disease 


The immunobullous disorder linear IgA disease can rarely be a pre- 
senting feature of IgA plasma cell disorders, such as IgA multiple 
myeloma [154,155] (Chapter 50). 


Intravascular paraprotei 


Type I cryoglobulinaemia (intravascular) and perniosis 


Type I cryoglobulinaemia may develop in the context of any plasma 
cell disorder with paraproteinaemia. It results from the microvascu- 
lar deposition of abnormal monoclonal immunoglobulins (usually 
IgM and less often IgG and IgA) that can precipitate out at low 
temperatures. This in turn leads to microvascular occlusion in the 
skin and other tissues. The incidence ranges from 5% for patients 
with multiple myeloma to 37% for Waldenstr6m macroglobuli- 
naemia [107,145]. Typical clinical manifestations comprise purpura, 
cutaneous ulceration, infarction (often on the lower legs or the face), 
cold urticaria, Raynaud phenomenon, livedo reticularis, pernio- 
sis and inflammatory macules and papules. Horn-like filiform 
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spicules in the follicular ostia of the face, particularly the nose 
(termed follicular spicules of the nose), have been reported to be 
a sign of myeloma-associated cryoglobulinaemia [34]. Systemic 
manifestations include neuropathy, nephropathy and, more rarely, 
gastrointestinal disturbances [156]. Some patients develop the 
hyperviscosity syndrome with neurological (headache, confusion), 
ocular (blurred vision, visual loss), rhino-otological (epistaxis, hear- 
ing loss) and renal involvement [156]. An association with reactive 
angiomatosis has been reported in single cases [157]. It may result 
in multiorgan failure and thus requires urgent therapy. 

The diagnosis of type I cryoglobulinaemia is typically made by 
direct measurement of cryoglobulins in the serum and is supported 
by typical clinical features and skin biopsy showing intravascu- 
lar PAS-positive hyaline material [107,145]. A paraprotein check 
should be considered in patients with refractory Covid-19-induced 
perniosis [158]. Type I cryoglobulinaemia should be differentiated 
from other cryoglobulinaemias (Chapter 124). Plasma exchange, 
rituximab and bortezomib-based therapy regimens were successful 
treatments in a single-centre study [159]. 


Paraprotein-associated vasculitis 


Whilst plasma cell disorders can certainly cause a non-immune- 
mediated occlusive vasculopathy, it is becoming clear that refrac- 
tory leukocytoclastic vasculitis associated with a paraprotein is 
also a phenomenon, thought to be intravascular due to immune 
complex deposition [160,161]. If other causes of vasculitis have 
been excluded, this should be considered a MGUS. The vasculitis is 
often refractory to immunosuppressive therapy; treatment should 
be aimed at the underlying paraprotein [142]. 


GENODERMATOSES AND RARE SYNDROMES 
INVOLVING SKIN ASSOCIATED WITH 
HAEMATOLOGICAL CANCERS 


Neurofibromatosis type 
xanthogranuloma and 
chronic myeloid leuka 


Over 10% of children with juvenile myelomonocytic leukaemia 
have a clinical diagnosis of neurofibromatosis type 1 (NF1) and the 
risk of leukaemia in a child with NF1 is 200-500 times above normal 
[162,163]. The association with chronic myeloid leukaemia (CML) 
is even more pronounced (additional 20-30-fold) for those children 
with concurrent findings of NF1 and juvenile xanthogranulomas 
[164]. The child presents with multiple (>6) café-au-lait patches 
and at least one juvenile xanthogranuloma. This neurocutaneous 
syndrome is caused by activation of Ras proteins due to defec- 
tive neurofibromin (the product of the NF1 tumour suppressor 
gene) causing an increased risk of malignant transformation of 
haematological and neural crest-derived cells [163,165]. 


Other rare syndromes involving skin associated 
with haematological cancers 

A number of rare inherited syndromes with a predisposition to 
haematological neoplasms have been described. A significant 


proportion of affected patients may present with skin changes. 
The genetic defect has been defined in many of these syn- 
dromes [166,167]. The main mechanisms involved are the DNA 
double-stranded break repair defects (Fanconi anaemia, ataxia 
telangiectasia, Bloom syndrome, Nijmegen breakage syndrome) or 
defects in proteins regulating cell signalling and cell differentiation 
(NF1 and Legius syndrome). It is notable that café-au-lait spots are 
common to all these syndromes, the main features of which are 
shown in Table 149.7. 


GATA2 deficiency — 


GATA2 deficiency or MonoMac syndrome is a rare disorder 
associated with a familial tendency to myeloid malignancy, 
immunodeficiency and problems of the lymphatic system [168] 
(Chapter 73). Loss-of-function mutations in the gene that encodes 
a zinc-finger transcription factor essential for haematopoiesis and 
lymphatic angiogenesis, cause the syndrome [169]. Cutaneous signs 
include lymphoedema (Emberger syndrome) and viral warts in an 
adolescent, and susceptibility to other viral and non-tuberculous 
mycobacterial infections. A low monocyte count may point to this 
disorder. Patients may develop myelodysplasia or AML, and may 
have a strong family history of myeloid cancers [170]. Allogeneic 
stem cell transplant can be curative [171,172]. 


Clericuzio-type poikilo derm a 
with neutropenia 


This autosomal recessive congenital poikiloderma is due to 
loss-of-function mutations in the USB1 gene, which encodes a 
phosphodiesterase enzyme essential in spliceosome RNA mod- 
ification [173] (Chapter 75). Patients present as infants with an 
acute-phase papular, red rash that then settles leaving widespread 
poikiloderma. Unlike in Rothmund-Thomson syndrome, the main 
differential diagnosis, there is no alopecia or photodistribution of 
the poikiloderma in Clericuzio-type poikiloderma [174]. Patients 
have non-cyclical neutropenia [175] so are prone to sino-pulmonary 
infections. Prompt recognition is important as the neutropenia may 
progress to myelodysplasia or AML as patients become young 
adults [173]. 


Dyskeratosis congenita 


This rare, collection of inherited bone marrow failure disorders are 
due to various mutations (e.g. TERC and TERT mutations) that allow 
telomere shortening (Chapter 77). Skin features may be subtle but 
include poikiloderma and reticulate dyspigmentation with nail dys- 
trophy in adolescence. Up to 93% of patients develop cytopenias. 
Patients have an increased risk of hypoplastic myelodysplasia [176] 
and acute myeloid leukaemia [177]. 


Skin manifestations of haematological disorders 


Table 149.7 Rare syndromes associated with haematological malignancies and skin signs [166,167]. 


Condition 


Bloom syndrome 
(Chapter 77) 


Nijmegen breakage 
syndrome 
(Chapter 80) 

Ataxia telangiectasia 
(Chapter 76) 


Fanconi anaemia 
(Chapter 76) 


Neurofibromatosis 
type 1 (Chapter 78) 


Legius syndrome 
(Chapter 78) 


Clericuzio-type 
poikiloderma with 
neutropenia 
(Chapter 75) 

GATA2 deficiency 
syndrome 


Dyskeratosis congenita 


Skin signs 


Ultraviolet hypersensitivity, skin 
redness and maculopapular rash 
in sun-exposed areas, café-au-lait 
macules, pigmentary 
abnormalities 

Café-au-lait macules 


Café-au-lait macules, 
mucocutaneous telangiectasia, 
poikiloderma, premature canities 
(hair greying) and skin ageing 


Pigmentary changes and café-au-lait 
macules 


Neurofibromas, café-au-lait macules, 
axillary freckling 


Axillary and inguinal freckling, 
café-au-lait macules, 
neurofibromas, schwannomas 

Widespread poikiloderma, acral 
hyperkeratosis, nail dystrophy, 
skin ulceration 


Lymphoedema, recalcitrant viral 
warts 


Reticulate dyspigmentation, skin 
atrophy, subtle poikiloderma, 
leukoplakia, nail dystrophy 


Other clinical features 


Cranio-facial dysmorphism, low birth 
weight, retarded growth, 50% risk for 
cancer 


Microcephaly, prominent midface, 
recurrent infections, marrow failure 


Cerebellar degeneration, 
immunodeficiency, hypogonadism, 
insulin resistance, predisposition to 
cancer (35% incidence by the age of 20 
years) 

Short stature, eye malformations, 
deafness, malformations of the heart, 
uro-genital system and central nervous 
system, haematopoietic abnormalities 

Scoliosis, epilepsy, glial tumours, learning 
disabilities, ocular hamartomas 


Brain tumours 
Short stature, mid-facial hypoplasia, 
osteopenia, hypergonadotropic 


hypgonadism 


Autoimmune diatheses, pulmonary 
alveolar proteinosis 


Pulmonary fibrosis 


Associated haematological 
neoplasias 


15% risk for leukaemia 
(myelodysplastic syndrome, AML, 
ALL); 15% risk for lymphoma 


30% risk for lymphoma; 5% risk for 
leukaemia 


High risks of leukaemia and 
non-Hodgkin lymphoma 


25% cumulative risk of 
haematological malignancy by 
age 45 years (A<L, 
myelodysplastic syndrome) 

Juvenile myelomonocytic leukaemia 


Juvenile myelomonocytic leukaemia 


Myelodysplasia and AML 


Monocytopenias precede 
myelodysplasia, AML (familial) or 
CMML 


Hypocellular myelodysplasia and AML Autosoma 


AML, acute myeloid leukaemia; ALL, acute lymphoblastic leukaemia; CMML, chronic myelomonocytic leukaemia 
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Genetic inheritance and 
defect 


Autosomal recessive. BLM gene 
encoding helicase 


Autosomal recessive NBS7 gene 


Autosomal recessive ATM gene 


Autosomal recessive (FANC 
genes: A, D7, D2, E, F, G, |, 
J, L,M, N, RAD510© or 
X-linked (FANCB) 

Autosomal dominant (acquired 

mutation in 50% of cases) 

NF-7 gene 

Autosomal dominant SPRED1 

gene 


Autosomal recessive USB7 
oss-of-function mutations 


Autosomal dominant GATA2 
gene mutation with 
haploinsufficiency 
dominant (TERC, 
TERT mutations), autosomal 
recessive (VOP10, NHP2) or 
X-linked (DKC7) inheritance, 
or sporadic mutations that 
cause telomere instability 


Ataxia-pancytopenia syr 


This novel syndrome is caused by germline mutations in SAMD9 
and SAMDOYL genes located in tandem on chromosome 7. Partial loss 
of chromosome 7 also leads to a tendency to myelodysplasia [178]. 
Intractable pruritus is noted in some patients [179]. 


ANAEMIAS AND HAEMOGLOBINOPATHIES 


Nutritional anaemias _ CO 


Anaemia (decreased haemoglobin compared with an age-matched 
control) can be the result of a deficiency of iron (microcytic), vita- 
min By, or folate (macrocytic). Vigilance for nutritional anaemia is 
warranted in patients who follow a vegan or vegetarian diet [180]. 
It causes pallor of the skin and mucosae. It is caused by periph- 
eral vasoconstriction in response to reduced oxygen supply to the 


skin. Palmar pallor is particularly useful for recognising anaemia 
in children <5 years of age at a primary care level [181,182]. Pal- 
lor of the palmar creases is visible at haemoglobin levels below 
70 g/L. Pruritus is reported in 15% of females and 5% of males 
with iron deficiency anaemia [183]. Glossitis and ulcerative stom- 
atitis are associated with megaloblastic anaemia and vitamin B,, 
deficiency [181,184]. The prevalence of oral mucosal symptoms 
in megaloblastic anaemia is as high as 65% [181]. Glossitis and 
ulcerative stomatitis are not linked to other types of anaemia, but 
oral candidosis is more prevalent in iron deficiency anaemia [185]. 
Fingernail abnormalities such as trachyonychia and koilonychia 
have been traditionally linked to iron deficiency anaemia [181]. 


Haemoglobinopathies 


Sickle cell anaemia and thalassaemias are associated with skin 
ulceration in approximately 5-10% of patients [186]. Skin ulcers 
resemble venous ulcers and are characteristically localised in the 
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Table 149.8 Transfusion reactions with skin involvement. 


Reaction Skin lesions 


Acute allergic reaction Rare. Urticaria, angio-oedema and redness 
which occur during or immediately after 
transfusion 

Redness, maculopapular rash 2-30 days 
after transfusion 

Thrombocytopenic purpura within 2 weeks 
after transfusion 


Transfusion-associated 
graft-versus-host disease 
Post-transfusion purpura 


gaiter area of the lower extremities [187]. The pathogenesis of 
ulceration is probably microvascular obstruction and hypoxia by 
abnormal erythrocytes, which are dehydrated, dense and inelastic. 
Treatment with compression therapy and biomaterial dressings 
containing the arginine-glycine-aspartate (RGD) peptide seem to 
be effective [187,188]. 


TRANSFUSION REACTIONS 


Transfusion reactions with skin manifestations are very rare and 
fall into one of the following classes: acute allergic reactions, 
transfusion-associated graft-versus-host disease (GVHD) and 
post-transfusion purpura (Table 149.8) [189]. 


Allergic transfusion re. 


The incidence of allergic reactions to transfused platelets and red 
blood cells is 3.7% and 0.15%, respectively, and only a minority of 
those have skin manifestations such as acute urticaria or redness 
(or variations in skin of colour). Plasma proteins (especially IgA 
and haptoglobin) are the most frequent allergens and these reac- 
tions are more common in patients with IgA deficiency (IgA levels 
<0.5 mg/L). Haptoglobin deficiency is more prevalent in South-East 
Asia and may contribute to transfusion reactions in populations 
from this region. Chemical and food allergens have been reported 
as causes of allergic transfusion reactions [189]. Examples include 
methylene blue, used for viral inactivation of fresh plasma, and 
passive transfer of peanut allergens. 


Transfusion-associated - 
graft-versus-host diseas 


Transfusion-associated GVHD is caused by alloreactive donor 
leukocytes present in the transfusion product. It presents within 
2-30 days after transfusion with a pink to red maculopapular rash, 
often associated with systemic symptoms such as liver enzyme 
elevation, jaundice, diarrhoea or vomiting [190,191]. The diag- 
nosis is supported by skin biopsy and human leukocyte antigen 
(HLA) typing. Prognosis is poor and the condition is often fatal, 


especially if gastrointestinal GVHD develops. Immunosuppressed 
patients and the individuals receiving blood products from related 
donors are at a higher risk. Various methods for eliminating 
transfusion-associated GVHD have been adopted in different coun- 
tries including y-irradiation, X-ray irradiation and leukoreduction of 
blood products. GVHD is discussed in greater detail in Chapter 38. 


Post-transfusion purpur 


Post-transfusion purpura is a rare adverse reaction to a transfu- 
sion of any platelet-containing product such as packed red blood 
cells, platelets or granulocyte infusions. It is caused by the pro- 
duction of antibodies to introduced platelet alloantigens, often in 
a woman previously sensitised by pregnancy [192]. The patient 
develops antiplatelet antibodies that destroy both the introduced 
platelets and, surprisingly, their own platelets (the mechanism 
is unclear) causing sudden-onset thrombocytopenia and throm- 
bocytopenic purpura within 4-11 days after transfusion [193]. 
Treatment with intravenous immunoglobulin infusions and sys- 
temic steroids produces satisfactory responses within 2 months 
after onset [193,194]. 
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SKIN AND DISORDERS OF TI 
SYSTEM 


SKIN MANIFESTATIONS IN IDIOPATHIC 
LYMPHADENOPATHIES 


This group of diseases comprises four distinct entities: Kikuchi-— 
Fujimoto disease, Kimura disease, the histiocytic disorder Rosai— 
Dorfman disease (also known as sinus histiocytosis with massive 
lymphadenopathy) [1] (Chapter 135) and immunoglobulin G4- 
related disease (IgG4-RD). Castleman disease [2] is not included 
here as it does not involve the skin directly. The underlying aeti- 
ologies of these conditions remain an area of active research. They 
present with lymphadenopathy clinically mimicking lymphoma or 
histiocytosis, and are associated with pathologies in other tissues 
and organs including the skin. 


Kikuchi-Fujimoto disea 


Also known as Kikuchi disease or Kikuchi histiocytic necrotising 
lymphadenitis, this is a rare benign condition of unknown cause 
that is seen predominantly in East Asia. Whilst originally described 
in young women, the disorder does occur in male and female adults 
and young children. The clinical course and histological changes 
suggest a histiocytic and T-cell response to an infectious agent, 
such as EBV, HIV, mycoplasma [3] and parvovirus [4]. Clinical 
presentation is often with painful cervical lymphadenopathy, fever 
and leukocytosis in a previously well patient. Skin involvement 


149.17 


Skin and disorders of the immune system 


Figure 149.14 Kikuchi-Fujimoto syndrome in a 37-year-old South Asian female patient 
who presented with a 6-day history of malaise, sweating, pyrexia and painful left-sided 
cervical lymphadenopathy associated with an eruption of ulcerated papules on the face 
and macules resembling the Janeway lesions of bacterial endocarditis on the toes (inset). 


is present in 25% of patients. The cutaneous manifestations are 
heterogeneous and include papules, plaques, acneiform lesions 
or pseudo-targetoid lesions, often localised on the face and upper 
trunk (Figure 149.14) [5]. The diagnosis is based on an excisional 
biopsy of an affected lymph node which, depending on the stage of 
the disease, may reveal proliferative, necrotic or xanthogranuloma- 
tous changes [6]. Kikuchi—Fujimoto disease resolves spontaneously 
within 3-4 months [7]. No effective treatment is established but in 
patients with severe or refractory symptoms, high-dose corticos- 
teroids with intravenous immunoglobulin have been used [8]. 


Kimura disease ji 


This is a rare, benign, chronic inflammatory condition seen pre- 
dominantly in younger males of East Asian descent. There is a 
3-6-fold male preponderance with a median age at onset of 32 years 
[9]. The classic clinical presentation is with bilateral, cervical lym- 
phadenopathy, occasionally with fever, accompanied by peripheral 
blood eosinophilia and elevated IgE. Skin involvement is common 
and ranges from specific infiltration with characteristic histology 
and presenting as subcutaneous masses, particularly around the 
head and neck, to a variety of non-specific manifestations includ- 
ing itch, urticaria and chronic eczema. Other sites of involvement 
are the orbit, oral cavity and nasal sinuses. Kidney involvement 
has prognostic significance since 12-16% of patients with Kimura 
disease develop nephrotic syndrome [10]. 

Histologically, Kimura disease usually displays an inflamma- 
tory infiltrate with eosinophils and follicular hyperplasia, fibrosis 
and arborising vascular proliferation of the postcapillary venules. 
The most important differential diagnoses are other diseases with 
eosinophilic infiltrates including parasitic infections, drug reactions, 
angiolymphoid hyperplasia with eosinophilia, Castleman disease 


and eosinophilic granulomatosis with polyangiitis (Churg—Strauss 
syndrome). 

Kimura disease has a chronic and relapsing course. There is 
no effective treatment but the available options are localised 
radiotherapy (20-45 Gy), local excision of affected tissues, corticos- 
teroid therapy, ciclosporin and low-dose imatinib mesylate [11]. 


Rosai-Dorfman disea 


This rare non-Langerhans histiocytic disorder is also known as 
Rosai-Dorfman—Destombes disease or sinus histiocytosis with 
massive lymphadenopathy. It affects adults and children and is 
more frequently seen in males (Chapter 135). Rosai-Dorfman dis- 
ease can be associated with lymphomas including follicular and 
diffuse large B-cell splenic lymphoma [12,13]. Increasing evidence 
suggests the disorder is driven by pathogenic mutations in the 
extracellular signal-regulated kinase (ERK) pathway activating 
histiocyte proliferation [14-16]. The characteristic clinical presen- 
tation is with significant but painless lymphadenopathy (mainly 
cervical, mediastinal and axillary), fever, anaemia, neutrophilia 
and polyclonal hypergammaglobulinaemia [11,17]. The skin is 
a common extranodal site of involvement and skin lesions are 
observed in approximately 10% of cases [11]. Lesions are brown- 
ish plaques, papules and nodules, and may resemble xanthomas; 
subcutaneous plaques can be studded with cutaneous papules. In 
some patients, the lesions are deeper and may mimic morphoea 
or panniculitis. The key to the diagnosis is the histopathologi- 
cal examination of an affected lymph node that shows dilated 
sinuses containing neutrophils, lymphocytes, plasma cells and 
large $100+ CD11c+ CD68+ histiocytes [18]. The main differen- 
tial diagnoses are lymphoma, Kikuchi-Fujimoto disease and the 
IgG4-RD. 

The course is indolent but protracted. The disease may disappear 
spontaneously. Therapies such as systemic corticosteroids, radio- 
therapy and thalidomide have each been advocated [18-20] and 
consensus guidelines for treatment have been established [21]. 


Immunoglubulin G4-RD is an increasingly recognised fibroinflam- 
matory multiorgan disease affecting predominantly middle-aged 
and elderly males [22-24]. The pathogenesis is uncertain but an 
autoimmune basis seems likely and various putative autoanti- 
gens have been identified including galectin-3, laminin-111 and 
annexin-All [25]. Further confirmatory studies are, however, 
required [26]. IgG4 itself does not seem to play a pathogenic 
role but is likely an epiphenomenon, perhaps involved in the 
anti-inflammatory disease response [22,27,28]. The disorder has 
been associated with both Hodgkin and non-Hodgkin lymphoma, 
as well as other B-cell neoplasms and multiple myeloma [29]. The 
hallmark is sclerosing, autoimmune pancreatitis, retroperitoneal 
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fibrosis, pituitary inflammation (hypophysitis) [30], lymphadenopa- 
thy and elevated IgG4 levels. The skin is involved in less than 50% 
of cases. Patients present with nodules or plaques in the head 
and neck region. Histologically, the lesions may resemble pseu- 
dolymphoma; however, there is stromal fibrosis with dermal and 
subcutaneous infiltration by lymphocytes, IgG4-positive plasma 
cells and eosinophils. Other common sites of involvement are the 
hepato-biliary tract, the orbit and the lacrimal and salivary glands. 
Virtually any organ including the central nervous system may be 
affected. 

The major differential diagnosis is multicentric Castleman dis- 
ease, which has an abrupt onset and systemic symptoms with 
a high mortality rate. IgG4 serum and tissue levels may also be 
elevated in multicentric Castleman disease (which does not itself 
affect the skin) [31]. The other differential diagnosis is cutaneous 
Rosai—Dorfman disease where there may also be an increased 
proportion of IgG4-positive cells in the dermal infiltrate. IgG4-RD 
can mimic systemic lupus erythematosus and Sjégren disease. The 
mainstay of treatment for IgG4-RD is corticosteroid therapy with 
rituximab to induce remission [32]. 


SKIN MANIFESTATIONS IN PRIMARY 
IMMUNODEFICIENCIES 


Primary immunodeficiencies are a heterogeneous group of disor- 
ders caused by mutations in the genes encoding functional proteins 
of the immune cells. They are discussed in detail in Chapter 80. 
The skin is very often involved with, most commonly, recalcitrant, 
relapsing bacterial or fungal infections. These infections respond 
poorly to antibiotics and antifungals and have a tendency to recur. 
Skin infections are accompanied by infections in other organs. 
Multiple episodes of otitis media, pneumonia, deep abscesses or 
other recurring serious infections are considered warning signs that 
may portend a primary immunodeficiency (Box 149.1). 


Box 149.1 Warning signs heralding primary 
immunodeficiency 


Infectious signs 

e Infections with atypical or opportunistic organisms, recurrent or 
persistent infection 

° >6 episodes of otitis media per year 

e Resistance to antibiotics (no effect after >2 months of antibiotic 
treatment) 

° >2 episodes of pneumonia over a year 

¢ Deep infections and abscesses 


Other signs 

e Family history of primary immunodeficiency 
e Diarrhoea 

e Failure to thrive 


Reproduced from Sillevis Smitt et al. 2005 [33]. 


The most common cutaneous infections in immunodeficient 
patients are caused by Candida, Staphylococcus aureus, Molluscum 
contagiosum and human papillomavirus (HPV) (Table 149.9). 


Chapter 149: The Skin and Disorders of the Haematopoietic and Immune Syst 


Table 149.9 Skin diseases and symptoms accompanying primary immunodeficiencies. 


Infection/disorder Symptoms 


Candida: oral candidosis, mucocutaneous candidosis, 
Candida paronychia, granulomatous candidosis 

Other: disseminated dermatophytosis, aspergillosis, 
blastomycosis, coccidioidomycosis, cryptococcosis, 
histoplasmosis, paracoccidioidomycosis, 
mucormycosis, sporotrichosis 

Staphylococcus aureus: impetigo, persistent folliculitis, 

furunculosis, cellulitis 

Ecthyma gangrenosum (Pseudomonas), streptococcal 
cellulitis and deep cutaneous infections, atypical 
cellulitis (Helicobacter spp., Campylobacter spp., 
Haemophilus influenzae) 

Atypical mycobacterial infections, disseminated 
Mycobacterium marinum, extensive Bacillus 
Calmette-—Guérin (BCG) reaction 

Molluscum contagiosum, severe infections with 

varicella-zoster virus (and other herpes viruses), 
human papillomavirus (extensive warts) 


Fungal infections 


Bacterial infections 


Viral infections 


Eczema Dermatitis resembling atopic eczema 
Erythrodermic dermatitis 
Vasculitis Small-vessel vasculitis resembling IgA 


(Henoch-Schonlein) vasculitis 
Systemic lupus erythematosus-like disease 
Vitiligo 


Autoimmune conditions 


Mucocutaneous candidos 


Chronic mucocutaneous candidosis is the most typical and com- 
mon phenotype but recalcitrant candidosis may also provide an 
important clue to the presence of other forms of immunodeficiency 
(Figure 149.15). Cutaneous Candida species infections are a very 
sensitive sign of T-cell deficiencies, in particular those affecting 
Th17 and Th22 cells. Thus, any global T-cell deficiency disorder, 
such as Di George syndrome, Omenn syndrome or severe com- 
bined immunodeficiency is associated with chronic or recurrent 
candidosis. 

In the autosomal dominant form of hyper-IgE syndrome, in 
which 80% of patients have mucocutaneous candidosis, Th17 cells 
are suppressed. The cause of hyper-IgE syndrome is a mutation of 
the transcription factor STATS. In a physiological situation, STAT3 
mediates the expression of RORyt, which in turn causes Th17 cell 
differentiation. In hyper-IgE syndrome, this differentiation path- 
way is impaired. These patients have low numbers of circulating 
Th17 cells (CD4+ CCR6+) and have reduced levels of antimicrobial 
proteins, such as B-defensin 2 and histatins, the expression of which 
is stimulated by IL-17 [34]. 

Deficiency of mannan-binding lectin (MBL) has been linked to 
recurrent vaginal candidosis but whether it is also connected to skin 
candidosis has not been shown conclusively [35]. 

Non-syndromic mucocutaneous candidosis may be caused by 
mutations in the genes coding for IL-17 receptor or in the genes cod- 
ing the pattern recognition receptors capturing Candida antigens, 
such as dectin-1 and CARD9 (Table 149.10). Another interesting 
mechanism is the gain-of-function STAT1 mutations that cause 


Figure 149.15 Chronic mucocutaneous candidosis in 
a 6-year-old boy with involvement of (a) the tongue 
and (b) the fingernails, and (c) severe hyperkeratosis of 
the scalp. 


enhanced responses to Th17 suppressors (interferon y (IFN-y), IL-27 
and IFN-a) with a consequent decrease in Th17 [36,37]. 


Bacterial infections 


Pyogenic skin infections are common in immunodeficiencies. 
Recalcitrant Staphylococcal impetigo, folliculitis and abscesses are 
the most common manifestations. Bacterial infections are a sensi- 
tive marker of immunodeficiencies of the innate immune system 
targeting granulocytes and cytotoxic T cells (Chediak—Higashi 
syndrome, Hermansky—Pudlak syndrome, Griscelli syndrome, 
Wiskott-Aldrich syndrome, chronic granulomatous disease or 
cyclic haematopoiesis). 

Mycobacterial infections are associated with impaired cellular 
immunity, in particular that mediated by IL-12 and _ interfer- 
ons. IL-12 receptor mutations and IFN-yy receptor are strongly 
associated with atypical mycobacterial skin infections, including 
Mycobacterium ulcerans, M. avium and M. marinum [38]. 


Persistent human papillomavirus 
infections 


Persistent viral warts are associated with suppressed T-cell 
responses. Examples are congenital CD4 deficiency and the 
WHIM syndrome (warts, hypogammaglobulinaemia, infections 
and myelokathexis (congenital deficiency of white blood cells lead- 
ing to chronic leukopenia and neutropenia)) where persistent viral 


Figure 149.16 Unusually large and rapidly proliferating viral warts in a child with CD4 
deficiency. 


warts are the dominating symptom (Figure 149.16). Haematopoietic 
stem cell transplantation can be an effective treatment for this 
syndrome [39]. 


Other skin conditions associated 
with immunodeficiencies 


Eczematous skin conditions accompany some immunodefi- 
ciencies, in particular hyper-IgE syndrome, Omenn syndrome, 
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Table 149.10 Immunodeficiencies caused by mutations in cytokines and signalling proteins. 


Target protein 
(and reference) Symptoms 

Mucocutaneous candidosis 
Staphylococcal folliculitis and abscesses 
Mucocutaneous candidosis 


IL-17 receptor deficiency 
[37,55] 
Dectin-1 deficiency [56] 


CARD9 [57,58] Mucocutaneous candidosis 
IFN-y receptor 1 deficiency Mycobacterial skin granulomas (M. bovis, M. avium 
[59] intracellulare, M. fortuitum, M. ulcerans) 
Lymphoedema 


IL-12p40 and IL-12 receptor 
B1 deficiencies [47] 


Mycobacterial infections including the skin 

Mucocutaneous candidosis (25% patients) 

Salmonellosis 

Mucocutaneous candidosis, staphylococcal 
infections, susceptibility to viral infections 


STAT1 gain of function 
[36,60,61] 


IL, interleukin; IFN, interferon; TNF, tumour necrosis factor. 


Wiskott-Aldrich syndrome, common variable immunodeficiency, 
selective IgA deficiency and X-linked agammaglobulinaemia 
(Table 149.11). Erythrodermic eczema in a child may be caused by 
a primary immunodeficiency in up to 30% of cases [40] and is a 
constant feature of Omenn syndrome. 

Vasculitis associated with primary immunodeficiencies is 
often of small-vessel type and presents as purpura resembling 
Henoch-Schoénlein disease (IgA vasculitis). It is most typically a 
feature of Wiskott—Aldrich syndrome. 

Paradoxically, autoimmune diseases are overrepresented in 
people with immunodeficiency disorders. Systemic lupus ery- 
thematosus is associated with hyper-IgE syndrome and chronic 
granulomatous disease. 


SKIN MANIFESTATIONS IN ACQUIRED 
IMMUNODEFICIENCIES 


Human immunodeficiency virus infection, diabetes, cancer and 
iatrogenic immunosuppression are the leading causes of acquired 
immunodeficiency in adults, and their dermatological manifes- 
tations have been described in detail (Chapters 31, 62 and 147). 
Immunodeficiency may also develop in an adult due to the antibod- 
ies against cytokines and their receptors (Table 149.12). The clinical 
symptoms are similar to those seen in children with genetic errors 
in cytokine receptor genes (Table 149.11). Patients with thymoma 
may occasionally develop antibodies against the IL-12 p35 and 
p40 subunits, type I interferons and, more rarely, against IL-1a, 
IL-17A and IL-22 [41]. In 5-10% of patients with thymoma, the 
immunodeficiency is syndromic (Good syndrome) comprising 
hypogammaglobulinaemia and variable lymphopenia [42]. The 
clinical picture is more severe than in those with anticytokine anti- 
bodies alone and resembles X-linked agammaglobulinaemia and 
common variable immune deficiency. Mucocutaneous candidosis is 
a prominent feature of this condition [42]. 
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Remarks 
Mutation of IL-17R and abolition of the responses to IL-17A and IL-17F 


Stop codon mutation in the pattern recognition receptor dectin-1, which recognises 


Candida antigens. Reduced production of IL-17, TNF-a and IL-6 in response to 
Candida 


CARD9 mediates dectin-1 signalling and the disease is a phenocopy of dectin-1 deficiency 
Mutations in IFN-yR1 


Inhibition of Th17 cells due to enhanced STAT1-dependent cellular responses to Th17 


repressors (IFN-y, IL-27 and IFN-a) 


Anti-IL-17A, anti-IL-17F or anti-IL-22 autoantibodies in patients 
with mucocutaneous candidosis may also develop in the setting 
of the APECED (autoimmune polyendocrinopathy, candidosis and 
ectodermal dystrophy) syndrome [43-45]. 

Finally, different anticytokine antibodies have been observed in 
immunodeficient patients [43]. Reported cases include antigranulo- 
cyte-macrophage CSF (anti-GM-CSF), IFN-y [46], anti-IL-17 [45], 
IL-22 [43] and anti-IL-6 [47]. Naturally occurring anti-IFN-y autoan- 
tibodies are associated with cutaneous mycobacterial infections 
and coccidioidomycosis [48,49], as could be predicted from the 
paediatric phenotypes of genetic immunodeficiencies. Anti-IL-6 
autoantibodies have been linked to Staphylococcal cellulitis and sub- 
cutaneous abscesses. Emerging pathogens such as the multidrug 
resistant Gram-negative bacterium Stenotrophomonas maltophilia 
should be considered in atypical or subcutaneous soft tissue infec- 
tion [50]. An incisional skin biopsy for bacterial and mycology 
cultures may be helpful. Serum procalcitonin can be a useful serum 
maker to delineate bacterial infection from other causes of febrile 
neutropenia in the immunocompromised [51]. 

Fungal infections such as Mucor mycosis, causing a necrotic 
sinusitis or paranasal cellulitis, and Fusarium causing ecthyma 
gangrenosum lesions [52] that can be mistaken for pseudomonal 
ecthyma, or periorbital cellulitis should be borne in mind in the 
immunocompromised patient. Serum fungal markers such as 
beta-D glucan can be helpful in diagnosis [53]. 

Refractory or multi-dermatomal varicella-zoster infection can be 
seen with iatrogenic immunosuppression. Aciclovir-resistant herpes 
simplex virus (HSV), which may be haemorrhagic or vegetative, can 
be seen in up to 17% of stem cell transplant patients; therapy with 
foscarnet is often required (Figure 149.17) [54]. 
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Table 149.11 Skin manifestations of primary immunodeficiency syndromes. 


Syndrome 


Skin manifestations 


Other symptoms 


Pathogenesis 


Chediak—Higashi syndrome 


Hermansky—Pudlak syndrome 


Griscelli syndrome 


Wiskott—Aldrich syndrome 


Omenn syndrome 


DiGeorge syndrome 


Hyper-IgE syndrome 


Chronic granulomatous disease 


Congenital CD4 deficiency 


WHIM syndrome (warts, 
hypoimmunoglobulinaemia, 
infections, myelokathexis) 

Cyclic haematopoiesis 


Common variable 
immunodeficiency 


X-linked agammaglobulinaemia 


Hypopigmented skin, silvery hair 
(partial albinism) 
Pyogenic and fungal infections 


Oculo-cutaneous albinism 


Albinism 
Pyogenic skin infections 


Eczema 
Recurrent staphylococcal skin 
infections 


Graft-versus-host-like symptoms 
Eczematous lesions 
Hyperkeratosis and desquamation 
Erythroderma 

Persistent bacterial skin infections 
Mucocutaneous candidosis 
Cutaneous calcification 


Eczematous skin changes 

Staphylococcal folliculitis and 
abscesses 

Mucocutaneous candidosis 


Pyogenic and fungal skin 
infections 

Perioral dermatitis 

Granulomatous cheilitis 

Persistent viral warts 


Multiple, large viral warts 
Recurrent skin bacterial infections 


Recurrent aphthous stomatitis 
Staphylococcal skin infections 
Periodontitis 


Recurrent pyogenic skin 
infections 
Eczema 


Recurrent pyogenic skin 
infections 


Ig, immunoglobulin; MALT, mucosa-associated lymphoid tissue. 


Neuropathy 
Neutropenia 


Platelet coagulopathy, bleeding 
Pulmonary fibrosis 
Granulomatous colitis 
Hepatosplenomegaly 
Neutropenia 
Thrombocytopenia 


Coagulopathy due to thrombocytopenia 
Leukaemia, lymphoma 
Reduced IgM levels 


Diarrhoea 

Hepatosplenomegaly 

Leukocytosis 

Lymphadenopathy 

Elevated IgE 

Thymic hypoplasia 

Absence of T cells Congenital heart disease 

Seizures and hypocalcaemic tetany 

Facial features (short philtrum, low-set ears, 
hypertelorism) 

Retained primary teeth 

Characteristic facial features (prominent forehead, 
deep-set eyes, broad nasal bridge) 

Scoliosis 

Increased IgE and eosinophilia 

Lymphadenopathy 


Increased risk of lymphoma (primary effusion lymphoma 
(PEL), MALT lymphoma, Burkitt lymphoma, diffuse 
large-cell lymphoma) 

Low numbers of CD4+ cells (<300 cells/L) on two or 
more measurements over at least 6 weeks 

Less than 20% of T lymphocytes are CD4+ 

B-cell dysfunction 

Neutropenia 


Periodic failure of haematopoietic progenitor cells 
resulting in dramatic oscillations in neutrophil, 
monocyte, eosinophil, platelet and reticulocyte 
counts, often in periods of 20 days 

Fever 

Recurring infections in different organs 

Bronchiectasis and asthma 

Viral infections, enlarged lymph nodes and spleen 

Hypogammaglobulinaemia: low levels of IgG, IgA, IgM 

Various infections, as in common variable 
immunodeficiency 


Mutations in the CHS7 gene (also called LYST) 
causing defective vesicular transport, 
melanosome and phagolysosome formation 
and secretion of cytotoxic granules 

Autosomal recessive 

Mutations in genes HPS1-7 play a role in 

lysosome and melanosome biosynthesis 

Autosomal recessive 

Mutations in MYOS (type 1), RAB27A (type 2) 

and MLPH (type 3) 

Defective secretion of T-cell cytotoxic granules 

X-linked, recessive WAS gene 

Disorder of actin polymerisation, cytoskeletal 

rearrangement and immunological synapse 
disruption 

Autosomal recessive 

Recombination activated genes RAG7 and RAG2 

Dysfunction of B and T cells 


22q11.2 deletion syndrome 
Haploinsufficiency of Tbx1 


Autosomal dominant (STST3 mutation) 
Autosomal recessive (DOCK8) 
Defective cytokine signalling 


Variable mutations (X-linked recessive gp91phax, 
autosomal recessive p47phax) resulting in a 
defect in neutrophil respiratory burst 


Unknown 


CXCR4 gene 


Autosomal dominant neutrophil elastase gene 
ELA2 


Variable aetiology: different mutations in six 
different types of the disease 


X-linked 

Mutation in Btk kinase 

Lack of mature B cells and low levels of 
immunoglobulins 
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Table 149.12 Acquired immunodeficiencies due to immunosuppressive antibodies. 


Condition (and reference) 


Antibodies against 


Clinical findings 


Thymoma [41] 


Good syndrome [42] 


APECED syndrome [43-45] 
Spontaneous appearance of immunosuppressive antibodies FN-y 
[37,43,47,62] 
L-6 
L-17, IL-22 


IL-12 (p35 and p40) subunits, type | interferons, IL-1a, 
IL-17A, IL-22 
IL-12, IL-22, IL-17A 


L-17A, IL-17F or anti-IL-22 


Mucocutaneous candidosis 
Mycobacterial infections 
Cutaneous candidosis 

Recurrent bacterial and fungal infections 
Hypogammaglobulinaemia 
Lymphopenia 

Autoimmune polyendocrinopathy 
Cutaneous candidosis 

Ectodermal dystrophy (APECED) 
Mycobacterial infections 
Coccidioidomycosis 
Staphylococcal cellulitis 
Abscesses 

Mucocutaneous candidosis 
Dermatophytosis 


APECED, autoimmune polyendocrinopathy, candidosis and ectodermal dystrophy; IFN, interferon; IL, interleukin. 


Key references 


The full list of references can be found in the online version at 
https://www.wiley.com/rooksdermatology10e 


Skin disorders caused by infiltration of the skin with neoplastic cells 
3 Wagner G, Fenchel K, Back W et al. Leukemia cutis — epidemiology, clinical pre- 

sentation, and differential diagnoses. J Dtsch Dermatol Ges 2012;10:27-36. 

15 Cho-Vega JH, Medeiros LJ, Prieto VG, Vega F. Leukemia cutis. Am J Clin Pathol 
2008;129:130-42. 

41 Kulasekararaj AG, Kordasti S, Basu T et al. Chronic relapsing remitting Sweet syn- 
drome — a harbinger of myelodysplastic syndrome. Br J Haematol 2015;170:649-56. 

45 Fogo A, du Vivier A. The cutaneous manifestations of haematological malignancy. 
Clin Med (Lond) 2009;9:366-70. 


Figure 149.17 (a) Haemorrhagic aciclovir-resistant mucosal 
herpes simplex virus 1 (HSV1) infection, sparing the soft 
palate, in the mouth of a patient with myelodysplasia on 
prophylactic aciclovir. (b) The same patient following 
intravenous foscarnet therapy. 


58 Alegria-Landa V, Rodriguez-Pinilla SM, Santos-Briz A et al. Clinicopathologic, 
immunohistochemical, and molecular features of histiocytoid Sweet syndrome. 
JAMA Dermatolo 2017;153:651-9. 

65 Beck DB, Ferrada MA, Sikora KA et al. Somatic mutations in UBA1 and severe 
adult-onset autoinflammatory disease. N Engl J Med 2020;383:2628-38. 

79 Wesner N, Fenaux P, Jachiet V et al. [Behcet’s-like syndrome and other dysimmu- 
nitary manifestations related to myelodysplastic syndromes with trisomy 8.] Rev 
Med Interne 2021;42:170-6. 

103 Lipsker D. Monoclonal gammopathy of cutaneous significance: review of a rele- 
vant concept. J Eur Acad Dermatol Venereol 2017;31:45-52. 


Skin and disorders of the immune system 
11 O'Malley DP, Grimm KE. Reactive lymphadenopathies that mimic lymphoma: 
entities of unknown etiology. Semin Diagn Pathol 2013;30:137-45. 
33 Sillevis Smitt JH, Wulffraat NM, Kuijpers TW. The skin in primary immunodefi- 
ciency disorders. Eur J Dermatol 2005;15:425-32. 
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Introduction and overview 


When classic endocrine glands and their systemically secreted 
products (hormones) were originally recognised, it was quickly 
realised that excessive or insufficient circulating levels of these 
hormones could affect the skin. It was much later that the specific 
receptors for these steroid and peptide hormones were identified 
and the molecular basis of interactions between hormonal ligands 
and their receptors was better understood. This is when it was 
realised that cutaneous responses to endocrine abnormalities reflect 
the fact that all constituent cell populations of human skin express 
multiple cognate receptors, not just for these hormones, but also 
for many other neuromediators. Though the mechanisms involved 
are still insufficiently understood, the visible effects of abnormal 
ligand-receptor interactions on the skin provide important diagnos- 
tic clues to underlying endocrine disease. However, the importance 
of hormones in dermatology extends well beyond this. 

The field of dermatoendocrinology has undergone a major revo- 
lution over the past two decades: human skin and its appendages 
are recognised not only as prominent hormone target tissues, but 
also as major endocrine organs themselves. Human scalp hair folli- 
cles (HFs) have provided a model for exploring this relatively recent 
research frontier in investigative dermatology and for identifying 


‘novel’ functions of classic neurohormones, particularly as they 
represent exquisitely hormone-sensitive mini-organs [1,2,3,4-6,7]. 
Therefore, where appropriate, HFs will be used as models for 
illustrating and exploring general principles. 

This chapter reviews the key elements of the biological basis of 
dermatoendocrinology to help clinicians understand how general 
skin signs and symptoms such as pruritus, skin dryness, hair loss, 
hypertrichosis, hirsutism, hyperhidrosis and/or hyperpigmen- 
tation result from defined endocrine disorders. Also discussed 
are the characteristic skin manifestations of underlying endocrine 
disease and a practical approach to skin patients with suspected 
underlying hormonal problems, with special emphasis on thyroid 
and pituitary disorders and mention of dermatologically rele- 
vant drugs which may cause endocrine abnormalities that affect 
the skin. Diabetes (Chapter 62) and hormonally active vitamins 
(hyper- or hypovitaminosis A or D) (Chapter 61) are discussed 
elsewhere. 

This chapter concludes by examining why the skin operating as a 
complex (neuro-)endocrine organ has important practical implica- 
tions for future dermatological therapy: the clinical significance and 
biomedical fascination of dermatoendocrinology extends beyond 
providing diagnostic clues to the identification of underlying 
endocrine disease. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 
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Biological basis of dermatoendocrinology 


Principles of endocrinology 

Enshrined as a concept by Bayliss and Starling’s famous Croonian 
Lecture [8], ‘hormones’ have generally come to be understood 
as relatively stable secreted molecules that are released into the 
bloodstream to reach and modulate the function of distant tissue 
targets. This ‘endocrine’ secretory activity is distinguished from 
‘paracrine’ hormone secretion that targets adjacent cells, ‘autocrine’ 
signalling which describes the autostimulation of a cell with a hor- 
mone released by that cell itself and ‘intracrine’ signalling whereby 
the hormone in question does not leave the cell that has produced 
it and therefore acts intracellularly [9]. 

Classic endocrine signalling operates along several central 
axes through which the brain controls key functions of ‘profes- 
sional’ endocrine glands. The most familiar of these are the hypo- 
thalamopituitary—adrenal (HPA) and the hypothalamopituitary— 
thyroid (HPT) axes; central nervous system (CNS) controlled 
signalling axes dominated by prolactin, growth hormone (GH), 
catecholamines or acetylcholine are also well known (Figure 150.1). 
If hormone imbalances within these central axes lead to excessive 
or insufficient serum levels of key hormones, peripheral tissues 
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such as the skin will be affected if they express cognate hormone 
receptors. Such imbalances can result from a wide range of disor- 
ders including hormone-secreting tumours, autoimmune attack, 
biochemical abnormalities, environmental or nutritional signals, 
drugs, psychological and emotional stress, or the physiological con- 
sequences of puberty, menopause or ageing on systemic hormone 
levels. 

The term endocrine was originally coined to distinguish the 
control of organ function by secreted hormones from those exerted 
more directly by the nervous system. With increased knowledge, 
however, the borders between endocrinology, neuroendocrinol- 
ogy, neuropharmacology and other neuroscience disciplines have 
become indistinct. Hormones can act both locally and at distant 
body sites as well as on the nervous system, and the distribution 
of high-affinity hormone receptors is far more widespread than 
previously thought. Unsurprisingly, all hormones and neuromedi- 
ators exert many more biological activities than had been apparent 
during the early years following their discovery. For example, clas- 
sic steroid hormones generated outside the CNS or administered 
therapeutically exert profound neurochemical effects in the brain, 
while classic neurohormones, neuropeptides and neurotransmitters 
have an impact not only on the growth, regeneration and other 
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Figure 150.1 Schematic representation of four hypothalamopituitary axes that have a role in the skin: the hypothalamic—pituitary—adrenal, hypothalamic—pituitary-thyroid, prolactin, 
and growth hormone axes. ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; CRHR, corticotropin-releasing hormone receptor; E2, oestrogen; 

EGF, epidermal growth factor; FGF, fibroblast growth factor; GH, growth hormone; GR, glucocorticoid receptor; 5-HT, 5-hydroxytryptamine; HPA, hypothalamic-pituitary—adrenal; 
HPT, hypothalamic—pituitary—thyroid; IGF-1, insulin-like growth factor 1; MCR, melanocortin receptor; NGF, nerve growth factor; PRL, prolactin; PRLR, prolactin receptor; 

TRH, thyrotropin-releasing hormone; TRH-R, thyrotropin-releasing hormone receptor; TSH, thyroid-stimulating hormone; TSH-R, thyroid-stimulating hormone receptor; VIP, vasoactive 


intestinal polypeptide. Reproduced from [3] with permission from Elsevier. 
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Biological basis of dermatoendocrinology 
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Figure 150.2 Human skin and the hair follicle (HF) as a (neuro-)endocrine microcosm. The HF, sebaceous gland and each layer of the skin (epidermis, dermis and hypodermis) 
secrete and react to many neuroendocrine mediators. This forms a complex neuroendocrine activity, complete with positive and negative feedback loops. All this activity occurs 
alongside and often within the same tissue compartments, as does the metabolism and/or synthesis of steroid hormones such as retinoids, androgens, oestrogens, progesterones 
and vitamin D derivatives. These hormones modulate the synthesis of numerous other signalling molecules such as cytokines, growth factors, leukotrienes and antimicrobial peptides, 
and in turn are modulated by additional signals received from the HF’s vasculature and innervation. Specifically, the HF is a prominent source and target of neurohormones (2). All of 
them are secreted from the HF epithelium, namely the outer root sheath (ORS), where also their receptors are located. Just as is seen in the interactions between the hypothalamus, 
the pituitary and the adrenal glands, the ORS produces and secretes CRH, which stimulates ACTH production and thereby local cortisol synthesis; cortisol in turn down-regulates 
intrafollicular CRH production. Thus it remains one of the great enigmas of skin biology how all this signalling activity is coordinated and controlled within a tiny mini-organ. 

a-MSH, «-Melanocyte-stimulating hormone; ACTH, adrenocorticotropic hormone; CB1 and CB2, cannabinoid receptors 1 and 2; CGRP, calcitonin gene-related peptide; 

CRH, corticotropin-releasing hormone; CRHR, corticotropin-releasing hormone receptor; GHR, growth hormone receptor; LC, Langerhans cell; MC, mast cell; MelC, melanocyte; 
MT-1, melatonin 1 receptor; OR, opioid receptor; PRL, prolactin; PRLR, prolactin receptor; TSH, thyroid-stimulating hormone; TSH-R, thyroid-stimulating hormone receptor; 

TRH, thyrotropin-releasing hormone; TRH-R, thyrotropin-releasing hormone receptor; VIP, vasoactive intestinal polypeptide. Reproduced from [3] with permission from Elsevier. 


specific functions of epithelial and mesenchymal tissues but are also 
produced by them. Essentially, all tissues and organs, including 
human skin and its appendages, can generate a wide range of 
hormones and neuromediators. 

Human epidermal and HF keratinocytes, sebocytes and subcuta- 
neous adipocytes are recognised as potent sources of steroid and 
peptide hormones as well as of a steadily growing list of neurome- 
diators (Figure 150.2, Table 150.1 and see later) [3,7]. In situ, many of 
these were first discovered in human scalp HFs [2]. 

Current evidence suggests that inflammation, oxidative and 
psycho-emotional stress, UV irradiation, microbiomal signals, cer- 
tain nutritional and sensory stimuli and some drugs can influence 
intracutaneous hormone and neuromediator production, often in 
a similar though not necessarily identical manner to the regula- 
tion of central hormone production [3,4,7,10-23,24,25-27]. Thus, 
endocrine organs, the CNS, the peripheral nervous system and 
peripheral tissues such as the skin share and generate a comparable 


spectrum of hormonal and neuromediator ligands and express a 
very similar repertoire of cognate receptors which together facil- 
itate intersystem communication, even though the subtype and 
preferred intracellular signal transduction pathways may differ 
(e.g. between the brain and the skin). Hormones such as prolactin 
and leptin also exert potent cytokine-like effects in addition to 
their classic endocrine activities [28-34], while steroid hormones, 
which regulate the function of multiple non-neuronal cells outside 
the nervous system, double as profound neuromodulators and 
neurotransmitters [35]. 

Key elements of the three major central endocrine signalling 
axes, i.e. the HPA axis, the HPT axis and the regulatory system of 
pituitary prolactin release, have been identified in other peripheral 
tissues together with negative and positive feedback regulatory 
loops. In conclusion, the traditional distinctions between hormones, 
neuropeptides, neurotransmitters and cytokines have ceased to be 
meaningful. 
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Table 150.1 Key components in the human cutaneous (neuro-)endocrine signalling mechanism. For a comprehensive review and additional relevant ligands and receptors see 


references [2,3,14,22,23]. 


Ligand Intracutaneous receptor Selected activities References 
Generated within human skin and/or its appendages 
CRH CRHR1, CRHR2 Stress response coordinator, controls skin HPA axis equivalent and both mast cell 7,22,23,36-38 
activation and local maturation, HF cycling and melanogenesis, inhibits sebocyte 
proliferation and induces lipid synthesis in sebaceous glands 
ACTH MC2R (MC1R) Stimulates intracutaneous cortisol synthesis, activates mast cells, controls HF 23,36-38 
melanogenesis 
a-MSH MC1R Stimulates pigmentation, maintains HF immune privilege, multiple immune-inhibitory, 7,37 ,39-43 
anti-allergic, tolerogenic and oxidative damage-protective functions, regulates 
collagen synthesis; possibly also has antimicrobial activities 
B-endorphin p-opioid receptor Key role in itch modulation, mast cell secretagogue, stimulates pigmentation 20,22,37,44-46 
Cortisol GR Regulates cell metabolism, epidermal barrier function, skin and pilosebaceous immune 2,22,23,36,47 
homeostasis (maintenance of relative immunoinhibition) 
Androgens (DHT) AR DHT synthesis controlled by 5-a-reductase, AR stimulation of HFs results in either 7,48-52,53,54,55 
TGF-B or IGF-1 secretion (location dependent); stimulate sebaceous gland 
Oestrogens ER 17-B ER synthesis controlled by aromatase, large sex-dependent differences in 52,56,57,58,59 
(17-B-oestradiol) response to ER stimulation, promote wound healing; inhibit sebaceous gland 
Vitamin D3 and its VDR Pleiotropic effects (e.g. inhibit keratinocyte proliferation, stimulate keratin expression, 46,47,60,61 
metabolites anti-inflammatory) 
Retinoids RAR, RXR Pleiotropic effects 
PPARy ligands (small PPARy Inhibit keratinocyte proliferation and hair growth, but maintain epithelial stem cells; 62-67,68,69 
lipids) anti-inflammatory; control of mitochondrial energy metabolism in the HF; promote 
melanogenesis; regulation of sebaceous gland function 
Endocannabinoids (e.g. CB1, CB2 CB1 stimulation inhibits hair growth and excessive mast cell degranulation/maturation, 70-77 
anandamide, 2-AG) but stimulates sebogenesis; controls barrier integrity, possesses anti-inflammatory 
effects, and controls keratin expression and mitochondrial function; CB1 signalling 
is required for stem cell survival 
Catecholamines (also a-/B-adrenergic receptors Regulate skin perfusion and sweating; inhibit mast cell degranulation, retard 78-87 
derived from keratinocyte migration and wound healing; regulate melanocyte functions 
intracutaneous nerve 
ibres) 
Acetylcholine receptor Nicotinic and muscarinic Regulate keratinocyte proliferation, differentiation, migration, adhesion and apoptosis; 79,88-92 
ligands (also derived acetylcholine receptors activate/attract neutrophils; stimulate sweating; regulate sebocyte lipid production 
rom intracutaneous 
nerve fibres) 
Melatonin MT-1, MT-2 Oxidative damage control, DNA damage repair, immunoregulatory effects, collagen 1,24,93-100 
production regulation, protection of HF immune privilege and melanogenesis 
TRH TRH-R Promotes hair growth and keratinocyte mitochondrial function, stimulates HF 4,101-106 
pigmentation; regulates keratin expression; stimulates epidermal TSH expression; 
regulates intracutaneous prolactin expression 
TSH TSH-R Stimulates keratinocyte mitochondrial activity and biogenesis; regulates keratin 2,105,107-109 
expression; induces fibroblast proliferation 
Prolactin PRL-R Inhibits or promotes hair growth (species- and sex-dependent), stimulates sebum 1,2,4,33,34,104,110-112 
production; immunomodulatory; regulates keratin expression; regulation of 
cutaneous wound healing; modulation of sebaceous gland function 
PTH/PTHrp PTH/PTHrp receptor Regulates keratinocyte proliferation and differentiation; modulates hair growth (mice); 113-117 


regulates skin angiogenesis 


Generated (mainly) outside the skin (transported via nerve fibres or blood vessels) 


Substance P 

CGRP 

Dopamine 

Thyroid hormones (T3, T4) 


NK1 
CGRP-R 
DR1 

TRa, TRB 


Activates mast cells; pro-inflammatory; induces collapse of HF immune privilege 

Anti-inflammatory and tolerogenic; guardian of HF immune privilege 

Hair growth inhibitory 

Regulate keratin expression; prolong anagen; promote wound healing; stimulate 
keratinocyte mitochondrial activity and heat production; regulate epithelial stem 
cell functions; promote hair growth and peripheral clock 


16,38,118-121 

122-124 

125,126 
105,127-130,131,132-134 


For additional relevant (neuro-)endocrine ligands and their receptors in human skin, see the following references: proenkephalin [135], dynorphin [136], galanin [137], somatostatin 
[138-140], oxytocin [141], neuropeptide Y [142-144], serotonin [97,145,146], leptin [30,147,148], endovanilloids [148-154], erythropoietin [155-158] and growth hormone (GH) 


[159,160]. 


ACTH, adrenocorticotropic hormone; AR, androgen receptor; CB1/2, cannabinoid receptors 1/2; CGRP/CGRP-R, calcitonin gene related protein/CGRP receptor; CRH, 
corticotropin-releasing hormone (synonym: CRF); CRHR1/R2, CRH receptors 1/2; DR1, dopamine receptor type 1; ER, oestrogen receptor; GR, glucocorticoid receptor; MC1R/2R, 
melanocortin receptors 1/2; a-MSH, «-melanocyte-stimulating hormone (synonym: melanotropin); MT1/2, melatonin receptors 1/2; NK1, neurokinin receptor 1; PPARy, peroxisome 
proliferator activator receptor y; PRLR, prolactin receptor; PTH, parathyroid hormone; RAR/RORo/RXR, retinoid receptors; TRs, thyroid hormone receptors; TRPV1/3/4, transient receptor 
potential ion channels of vanilloid type 1/3/4; VDR, vitamin D receptor. 


Biological basis of dermatoendocrinology 150.5 


Skin as a (neuro-)endocrine organ 

Human skin contains integral functional equivalents of the HPA 
axis (CRH > ACTH = cortisol) [2,3,22,23,36] and key elements of 
the HPT axis (TRH-TSH) [2,3,107,109]. In addition, human skin 
displays complete cholinergic and adrenergic signalling systems 
[79,83,88-90] with potentially important functions in the control of 
wound healing [80,81,87,161,162], epidermal immunity [163] and 
skin cancer [38,164]. Human skin also metabolises numerous hor- 
mones and neuromediators, including glucocorticoids, androgens, 
oestrogens, neuropeptides such as substance P, and lipid neurome- 
diators such as endocannabinoids [2,3,21—23,47,75,76,120,121]. 

Human skin and its pilosebaceous units and sweat glands 
also produce a bewildering range of steroid and peptide hor- 
mones, ranging from vitamin D, androgens, oestrogens and 
retinoids to erythropoietin, and classic neurohormones such as 
corticotrophin-releasing hormone (CRH), thyrotropin-releasing 
hormone (TRH), thyroid-stimulating hormone (TSH), adrenocor- 
ticotrophic hormone (ACTH), o«-MSH, B-endorphin and other 
opioids, melatonin and prolactin, along with multiple other 
neuromediators. This is complemented by lipid mediators such 
as endocannabinoids and endovanilloids, which exert neuro- 
mediator and many other functions (Tables 150.1 and 150.2) 
[2,3,7,17,21,22,49,60,77,165,166,167]. Intriguingly, human scalp 
HFs have been shown to be an important component of the 
neuroendocrine biology of human skin and show prominent 
expression/production of and/or sensitivity to a surprisingly wide 
range of neuromediators (Table 150.3), some of which are shown in 
Figure 150.2. 

Human keratinocytes not only express functional adrenergic 
and cholinergic receptors but also synthesise and metabolise cor- 
responding ligands (catecholamines, acetylcholine). Additionally, 
the skin displays a complex endocannabinoid and endovanilloid 
neuroendocrine signalling system, complete with intracutaneously 
expressed cannabinoid and vanilloid receptors, locally produced 
(typically lipid-based) ligands and a refined enzymatic machinery 
for synthesising and degrading the latter. This machinery controls 
the intracutaneous level of these versatile neuromediators. The 
list of human skin functions known to be modulated by these 
systems is growing steadily: to name a few, it currently includes the 
regulation of keratinocyte and sebocyte proliferation, migration, 
apoptosis, differentiation, cytokine secretion and lipid production; 
mast cell differentiation from resident precursors and mast cell 
degranulation; control of epidermal and/or hair pigmentation; and 
the modulation of immune responses (Tables 150.1 and 150.2). This 
list is bound to grow. 

These multipurpose neuromediators are complemented by an 
array of intraepithelially generated classic (neuro-)hormones such 
as melatonin [1,24,93-100,256], the pro-opiomelanocortin (POMC) 
products, «-MSH, ACTH and f-endorphin [7,23,36-43,46], as well 
as CRH [7,22,23,36-38], erythropoietin [155-158], neuropeptides 
released by sensory nerve fibres (mainly substance P, calcitonin 
gene related peptide (CGRP) and vasoactive intestinal peptide 
(VIP) [16,38,118-124,257]) and cytokine-like hormones released by 
skin adipocytes (adipokines, e.g. leptin) [30,147,148], with impor- 
tant differences in the secretory profile of what is now called 


‘dermal adipose tissue’ and adipocytes of the deeper subcutis 
[258,259]. These neuromediators both exert long-distance effects 
(e.g. regulation of the hypothalamic controls of feeding behaviour) 
and regulate skin physiology and repair in a para- and autocrine 
manner via the stimulation of locally expressed specific receptors. 

In addition, human skin and its appendages synthesise opioids 
and enkephalins, and express corresponding receptors. Apart from 
the long-recognised role of these neuromediators in the modulation 
of itch and pain they are now recognised as regulating numer- 
ous other aspects of skin biology. Examples of these are listed in 
Table 150.1, along with corresponding references. 

Since Merkel cells engage in substantial neuroendocrine secretory 
activities [40,143,260,261], their local functions within skin epithe- 
lium are likely to extend well beyond their role as mechanosensory 
cells [260-264]. 

This complex hormone and neuromediator-based dermatoen- 
docrinological signalling mechanism intimately links specialised 
(neuro-)endocrine glands, the nervous system and peripheral tissue 
physiology, and is further complicated by the fact that the same 
hormones and neuromediators also regulate immune responses. 
Many of these substances are generated and secreted by immuno- 
cytes such as mast cells, T cells and macrophages [265-267]. These 
immunocytes alter peripheral tissue function in the skin and else- 
where, not only under conditions of infection, inflammation or 
tumour growth but also ‘around the clock’, thereby contributing to 
skin homeostasis [15,16,22,268]. 

To illustrate this, skin mast cells are highly sensitive to neu- 
roendocrine stimuli (e.g. by CRH, ACTH, endocannabinoids, 
substance P and catecholamines) and are often in intimate phys- 
ical contact with sensory nerve fibres that release neuropeptides 
[12,16,72,118,269-273]. Mast cells regulate T-cell function [274-276], 
angiogenesis [277-280], connective tissue turnover [281], wound 
healing [282,283] and hair growth; they also detoxify venoms 
[284-286]. Thus, the neuroendocrine controls that these key protag- 
onists of innate immunity are subjected to have a profound impact 
on skin immune responses and other aspects of skin function in 
health and disease. We can assume that every resident and transient 
cell found in human skin can respond to different hormones and 
neuromediators, can generate, secrete and/or metabolise many of 
these, and can engage in complex endocrinologically and neuroim- 
munologically relevant signalling interactions with its neighbours. 
Some of these signals can reach distant organs via the bloodstream 
or even the CNS by manipulating the firing sequence of action 
potentials generated by sensory skin nerve fibres. 


Skin as a hormone target 

Insight into the complexities of the skin’s endocrine and neuroen- 
docrine pathways provides the practising dermatologist not only 
with a better understanding of how hormones exert their therapeu- 
tic action but also with assistance in recognising classic endocrine 
and neuroendocrine diseases that can affect the skin. 

The classic signalling scenarios consist in either stimulation of 
specific cell surface receptors (e.g. by peptide hormones, neuropep- 
tides, neurotransmitters or lipid neuromediators), resulting in rapid 
cell responses or binding to nuclear hormone receptors, which 
produce slightly less immediate responses (as seen with all steroid 
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Table 150.2 Examples of (neuro-)endocrine contributions to cutaneous pathogenesis. 


Mediator Condition Action References 
Androgens +, Insulin — Wound healing Impairment 58,128,168-177 
73/74 - Wound healing Impairment 128,131 
73/14 + Telogen effluvium Promotion 50,130,133,134,178,179 
Oestrogens + Melasma Promotion 180-182 
Chemotherapy-induced alopecia Promotion of hair regrowth? 183 
DHT + Androgenetic alopecia Essential for pathogenesis 172,184 
Seborrhoea Promotion 48,50 
Acne vulgaris Promotion 185,186 
Prolactin + Psoriasis Aggravation (see text) 4,187-189 
Psoriatic arthritis 29,187,190-192 
Seborrhoea Promotion 7 
Systemic lupus erythematosus Aggravation (see text) 193-195 
Female pattern androgenetic alopecia Aggravation 196,197 
Substance P + Atopic eczema Triggering/aggravation via induction of neurogenic inflammation 12,198 
Psoriasis 2,118,199,200 
Urticaria 201,202 
‘Stress’-induced telogen effluvium 154 
Alopecia areata 201,203 
Prurigo nodularis 204,205 
Chronic pruritus 119,206,207 
Rosacea 206,208 
Cortisol + Cushing syndrome nduction 180 
Acne nduction, aggravation 180 
ACTH + Hyperpigmentation nduction 180 
Hypertrichosis 180 
a-MSH + Hyperpigmentation nduction 180 
elanoma Potential suppression of anti-tumour immunity 4 
Autocrine secretion as survival factor for MM cells? 209 
ncreased risk after Melanotan® therapy? 210-213,225-227 
Psoriasis Potential induction of tolerogenic dendritic cells and T-regs 214 
Chemotherapy-induced alopecia Protective effect? 40 
elanocytic/dysplastic naevi ncreased growth after Melanotan® or a-MSH therapy 215-217 
a-MSH — Alopecia areata nsufficient maintenance of hair bulb immune privilege 42,218 
Lichen planopilaris nsufficient maintenance of bulge immune privilege 219 
Acne vulgaris a-MSH analogue may be therapeutically beneficial 7,220 
Scleroderma nsufficient «-IMSH-mediated signalling and therapeutic effect of a-MSH 221 
postulated 
MC1R variants Melanoma ncreased risk 222-227 
Antagonising MC1 signalling as antimelanoma strategy? 222 
Vitiligo Association discussed in text 228-230 
CRH + Atopic eczema Stress-related triggering/aggravation via induction of neurogenic inflammation 23,231 
(see text) 
Alopecia areata Abnormalities in the intrafollicular equivalent of the central HPA stress 232 
response-axis 
Acne vulgaris Promotion (see text) 233,234 
CGRP + Atopic eczema ncreased IL-13 secretion (see text) 122 
AIDS nhibits HIV transmission from Langerhans to T cells 235 
UV-associated immunosuppression Mediated by CGRP (mice) 236 
Allergic contact dermatitis nduction of hapten-specific tolerance (mice) 236,237 
GH + Acromegaly nduction 238 
Seborrhoea Promotion 7,239 
elanocytic naevi ncreased growth 240,241 
Somatostatin erkel cell carcinoma Growth inhibition by therapy with somatostatin analogue 242,243 
Alopecia areata mportant for HF immune privilege? 138 
B-endorphin Atopic eczema ncreased serum level 244-246 
Psoriasis 247 
Bradykinin Hereditary angio-oedema Receptor antagonist may be therapeutically beneficial 248,249 
62-adrenergic receptor (BAR) Atopic eczema Reduced signalling due to BAR point mutation 85 
Reduced catecholamine synthesis and increased catecholamine degradation in 84 
atopic epidermis 
Vitiligo, psoriasis Insufficient BAR signalling (see text) 250 
TRPVs Rosacea TRPVs overexpressed 251,252 
Can be stimulated by recognised rosacea trigger factors 206 
Pruritus Stimulation can promote itch 150,153,154,253-255 


+, Increased; —, reduced. Abbreviations: see Table 150.1. 
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Table 150.3 When to suspect a hormonal basis for a skin disease: general signs and symptoms. 


Sign/symptom 


Underlying (neuro-)endocrine causes 


Anaemia 


Body odour (unpleasant) 

Dryness 

Exophthalmus 

Extremities enlarged (notably fingers and toes, ‘spade-like’ hands) 
Facial features (overall change) 


Hyperhidrosis (Chapter 92) 
Hair, dry/brittle (Chapter 87) 
Hair, loss or gain of (effluvium, alopecia, hirsutism, hypertrichosis) (Chapter 87) 


Joints, swollen 


Libido (loss of) and impotence 
Menorrhoea 
Pigmentary abnormalities (Chapter 86) 


Pruritus (Chapter 81) 

Psychological and neuropsychiatric disturbances (Chapter 84) 

Skin texture thickened 

Skin thinning/atrophy (increased skin vulnerability to minor trauma) 
Weight loss or gain 

Wound healing impaired 


Anaemia caused by insufficient renal production of erythropoietin (tumour anaemia, diabetic 
nephropathy and other renal diseases) 

Acromegaly (due to enlarged apocrine glands) 

Thyroid dysfunction (mainly hypothyroidism) 

Hyperthyroidism (Graves disease) 

Acromegaly 

Coarse features: acromegaly (look also for other signs of acromegaly (Tables 150.4 and 150.5) 
and bone and cartilage abnormalities (e.g. prognathism, frontal bossing, enlarged 
hands/feet)) 

‘Moon facies’: hypercortisolism (Cushing syndrome) 

Hyperthyroidism; acromegaly (enlarged eccrine glands) 

Hypothyroidism 

Virilising tumour, adrenogenital syndrome, polycystic ovary syndrome 

Insufficient oestrogen serum level 

Hypo- or hyperthyroidism, hyperprolactinaemia 

ACTH-secreting tumour (e.g. pituitary tumour or small cell bronchial carcinoma) 

Sometimes associated with acromegaly (note thickening of phalangeal joints), hyper- or 
hypoparathyroidism, hypothyroidism 

Hypopituitarism 

Hyperprolactinaemia, hypogonadism 

Hypo-/hyperpigmentation: Addison disease, ACTH-secreting tumour, hypopituitarism 

Yellow tint of skin: hypercarotenaemia in association with hypothyroidism or diabetes 

Pallor with yellow tint: hypopituitarism 

Diabetes, thyroid dysfunction, anaemia due to insufficient erythropoietin production (see later) 

Hypo- and hyperthyroidism, hypercortisolism 

Acromegaly 

Cushing disease 

Thyroid dysfunction, Cushing syndrome 

Androgen excess or relative lack of oestrogens 

Diabetes, hypothyroidism, hypercortisolism 


hormones) [9,287,288]. While the effects of hormones and other 
mediators are commonly ascribed to their interaction (or lack of 
interaction) with cognate intracutaneously expressed receptors, it 
is unclear how exactly a given hormone or neuromediator induces 
any of the defined skin phenomena discussed later. Tables 150.1 
and 150.2 list examples of important receptors for which there is 
persuasive either clinical or preclinical evidence of a significant 
impact on human or mutant mice skin physiology or pathology. 

When examining the skin as a hormone target, one needs to 
consider the many different means by which a given hormone 
or neuromediator can signal. Some steroid hormones (e.g. glu- 
cocorticoids, calcitriols and oestradiol) can exert very rapid and 
transient signalling effects via cell surface receptors as well as 
slower responses via classic interaction with hormone response 
elements in nuclear DNA. In addition, steroid hormones typically 
show dose-dependent ‘promiscuous’ effects, because they can also 
bind to receptors other than their chief signalling partner and can 
then influence the binding properties of these receptors to their 
main ligands [9,35]. Such receptor promiscuity and cross-regulation 
have also been shown to occur with some peptide hormones and 
lipid-based neuromediators [9,35,287,289]. 

Many of the biological effects of hormones depend on the extent 
to which a cell stimulated by a given hormone generates secondary 
mediators, such as the production of insulin-like growth factor 
1 (IGF-1) by insulin and GH (synonym: somatotropin (STH)), or 


whether the stimulation of an HF with the potent androgen dihy- 
drotestosterone (DHT) results predominantly in the production of 
hair growth inhibitory growth factors (e.g. TGFB1, TGFB2) or the 
hair growth promoting factor IGF-1 [50]. Thus, to understand the 
role of GH in human epidermal physiology [290] or of androgens 
in scalp HF biology [50,291] it will be necessary to separate the 
direct from the indirect and perhaps clinically even more important 
growth factor-mediated effects of these hormones. 

Another important factor is the extent to which a given target 
tissue in the skin is capable of transforming a prohormone into 
active metabolites [292]. This can make a significant difference 
to the biological outcome of hormone stimulation of a defined 
skin cell population or structure and has been extensively stud- 
ied for intracutaneous steroid hormone metabolism. Examples 
include the conversion of testosterone into the highly active andro- 
gen DHT by 5-a-reductase and of androgens into oestrogens as 
well as vitamin D metabolism [21,60,293-296]. Key examples for 
intracutaneous neurohormone metabolism are the conversion of 
POMC by prohormone convertases to either ACTH, a-MSH or 
B-endorphin [21,22,46]. In addition, ligands produced in the skin 
(e.g. sex steroids, glucocorticoids, retinoids and B-endorphin) can 
pass through the blood-brain barrier to the CNS, where they may 
be further metabolised, producing complex neuropsychological 
and neuroendocrine responses with potential effects directed back 
at the skin. 
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Other ligands can exert additional, receptor-independent effects, 
such as the direct, intra- and extracellular scavenging of reactive 
oxygen species by melatonin [1,24,98,100], or the modulation of 
tyrosinase activity by a-MSH [37,292]. Finally, the specific biological 
activities exerted by most hormones or neuromediators in a given 
skin territory depend on how quickly they are degraded by local 
enzymes (e.g. degradation of substance P by neutral endopeptidase 
and angiotensin-converting enzyme), the activity of which may 
vary from one specific skin territory to another. All these signalling 
variations are again influenced by the simultaneous presence of 
other ligands, co-factors, decoy receptors, binding proteins and 
the overall cytokine signalling milieu (e.g. whether or not there is 
inflammation). 

There are also sex and/or regional differences in the response of 
human skin and its appendages to a given hormone or neuromedi- 
ator. While this has been appreciated for androgens, as for example 
reflected in the ‘paradoxical’ response to DHT of beard versus tem- 
porofrontal scalp HFs [50,291], it also applies to hormones such as 
17-B-oestradiol [57,297,298] and prolactin [29,111]. Another example 
is cutaneous wound healing, which is promoted by oestrogens but 
inhibited by androgens [106,168,169,171]. 

This level of (neuro-)endocrine signalling complexity explains 
why it is often extremely difficult to pinpoint exactly how a given 
hormone or neuromediator has induced the human skin phenom- 
ena we observe. Conversely, it also explains why the same dose 
of the same agent used in hormonal dermatotherapy (e.g. in the 
management of acne or psoriasis) can produce such distinct clinical 
results in different individuals, despite belonging to the same sex 
and age group and having a comparable medical background. 
Dermatologists need to be aware of these hidden (neuro-)endocrine 
dimensions in their daily work. 

Additional reasons why dermatoendocrinological considerations 
are inescapable in routine dermatological practice are as follows: 
e¢ Key dermatological symptoms and signs such as pruritus, 

flushing, redness, eczema and whealing, and complex skin 
parameters such as skin barrier function, wound healing, hair 
growth, pigmentation and skin immune status, are influenced 
by the characteristics of this intracutaneous (neuro-)endocrine 
signalling mechanism. 

e The intraepithelial endocrine and neuroendocrine signalling 
milieu that is created under physiological circumstances in 
human epidermis and HFs is probably predominantly immunoin- 
hibitory [2,3,22,23,47], and this may be a prerequisite for skin 
homeostasis: evidence suggests that maintenance of this sig- 
nalling milieu plays a key role in preventing excessive skin 
inflammation and itch that would otherwise result from the 
continuous onslaught of environmental stressors. Imbalances in 
this neuroendocrine signalling system may influence dermatoses 
where neurogenic skin inflammation plays a significant role and 
which are known to be triggered or aggravated by environmental 
stressors (e.g. psoriasis, atopic eczema, alopecia areata (AA), 
urticaria, pruritus). 

e The skin’s response to excessive or deficient systemic hormone 
levels is influenced by underlying systemic and local factors, 
ranging from UV exposure, humidity, barrier function via 
inflammation and microbiological colonisation of the skin to a 
patient’s psychoemotional status, medication and concomitant 


chemical or physical skin trauma. All these factors impact on 
the endocrine and neuroendocrine signalling concert of human 
skin. 

e Stress-associated neuropeptides such as substance P and CGRP 
may modulate the composition of the skin microbiome [299,300]. 

e Ageing is associated with significant changes in systemic 
hormone levels, particularly in circulating androgens and 
oestrogens. These changes affect human skin on many more 
levels than were previously recognised, ranging from changes in 
overall skin architecture, skin immune responses and cutaneous 
microbiology via altered skin barrier function, cutaneous drug 
absorption and metabolism to hormone-dependent effects on hair 
growth, sebum production and wound healing [37,63,68,75,100, 
301-306]. 


Neuroendocrine stress response systems 

in human skin and the brain-skin axis 

The importance of hormones in dermatology is underscored when 
considering the role of psychoemotional stress as a triggering 
or aggravating factor in common dermatoses such as psoriasis, 
atopic eczema, urticaria, nodular prurigo, lichen planopilaris 
or AA. Solid experimental and clinical data can explain how 
major neuroendocrine stress mediators such as CRH, ACTH, 
prolactin and substance P may trigger or aggravate skin disease 
[1,11,15,16,23,120,154,203,289,307,308]. Stress-induced neurogenic 
skin inflammation represents the best-defined neuroendocrine 
explanation for how psychoemotional stress influences der- 
matoses such as psoriasis, atopic eczema or urticaria [12,15,16, 
201,204,309-312]. 

Pro-inflammatory activities of skin mast cells assume a ‘cen- 
tral switchboard’ role in neurogenic skin inflammation. Mast 
cells undergo enhanced degranulation after direct stimulation by 
increased levels of stress-associated mediators such as CRH, ACTH, 
nerve growth factor (NGF) and substance P, all of which act as sec- 
retagogues for human skin mast cells. The latter are often found in 
close proximity to sensory nerve fibres and neuropeptide-releasing 
sensory neurons are stimulated by NGF to synthesise substance 
P for transport via sensory nerve fibres to the skin, where it can 
provoke or exacerbate inflammation [15,119,121,154]. Simultane- 
ously, psychoemotional stress can upregulate the intracutaneous 
generation of stress-response hormones, such as CRH and ACTH 
[12,16,154,199,203,309,313,314]. 

Certain stress-associated hormones are an important element 
of ‘foetal programming’, a process during which maternal stress 
impacts on the offspring’s stress responses in later life [315-317]. 
For example, an inverse association between the maternal serum 
progesterone level and the risk of girls subsequently developing 
atopic eczema has been described. Since progesterone is thought to 
operate as an endocrine foeto-maternal ‘stress sentinel’ and to pro- 
mote foetal tolerance it is, thus, conceivable that a lowered maternal 
progesterone level may predispose the foetus to the development 
of atopic eczema [318]. 

These interactions along the brain—-skin axis [3,7,11,15,119,269,313, 
319-321] can recruit a cascade of secondary inflammatory events, 
thus conspiring to trigger or aggravate inflammatory, pruritic 
and/or hyperproliferative dermatoses. Conversely, most recent 
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neuro-imaging evidence suggests that chronic skin inflammation 
can exert profound retrograde pro-inflammatory effects on the 
human brain, for example in patients with psoriasis [322]. This may 
even negatively affect their cognitive performance [323], although 
being still controversial [324,325]. 


Human skin and hair research models as discovery 
tools for general neuroendocrinology 

A (neuro-)endocrinological approach to the investigation of skin 
disease has already contributed to major translationally relevant 
progress in general endocrine and neuroendocrinological research, 
e.g. by organ-culturing intact human skin and scalp HFs and by 
studying human keratinocyte and sebocyte cell cultures. 

Apart from the discovery that the skin and its pilosebaceous units 
rank among the most endocrinologically active organs of the human 
body and display regulatory neuroendocrine signalling loops that 
parallel in complexity those found in the central HPA and HPT axes 
[2,3,7,19,20,22,23,47,61], this line of research has identified novel 
neuroendocrine controls of pigmentation [14], e.g. the discovery of 
B-endorphin as melanotropin [44], and of TRH as a promoter not 
only of human hair pigmentation [102] but also of human epidermal 
re-epithelialisation following a wound [106], suggesting that TRH 
is involved in the control of wound healing. 

Human skin and hair research has helped to show that a-MSH 
exerts multiple anti-inflammatory activities [326] and acts as a 
powerful immune privilege guardian in human skin [40,43,218,219, 
327-329]. Mouse research suggests that «-MSH may also act as a 
potential antifibrotic neurohormone. This may be of relevance to the 
pathogenesis of systemic sclerosis [221,330] and studies on human 
skin in situ are awaited to see whether «-MSH might promote the 
development of tolerogenic dendritic cells and/or regulatory T cells 
[214]. Preclinical evidence suggests both that o-MSH may exert 
local antiallergic activity by inhibiting human basophils in vitro [39] 
and that it may promote systems that limit UV-induced oxidative 
damage [330,331]. 

Prolactin and thyroid hormones have also been shown to act as 
stimulators of human HF epithelial stem cells in situ [112,127,129]. 
TRH, TSH, prolactin and the cannabinoid system have all recently 
surfaced as novel neuroendocrine regulators of keratin gene and 
protein expression [4,76,332-334]. 

The systematic dissection of vitamin D metabolism in human 
skin [60,335,336] has also identified a new line of secosteroids with 
intriguing therapeutic potential [46,47,61,337,338]. The analysis of 
PPARy-mediated signalling in human skin has shown that these 
nuclear hormone receptors and their agonists operate as important 
‘guardians’ of human epithelial (HF) stem cells [63-66,68,69,339] 
and enhance mitochondrial energy metabolism in the HF [67], and 
as molecular curbs on excessive skin inflammation [63,68,340]. 
PPARy stimulation may also help to reduce skin ageing induced by 
photo-oxidative damage [341]. 

Finally, recent research in healthy organ-cultured human epi- 
dermis and HFs has revealed that TRH and TSH act as potent 
neuroendocrine stimulators of human mitochondrial activity and 
even mitochondrial biogenesis [103,105,342]. This insight into the 
neuroendocrine control of mitochondria had been missed by main- 
stream mitochondrial and neuroendocrinology research, which has 
traditionally focused on tissues other than skin. Given the central 


role of mitochondrial dysfunction in ageing and in many degener- 
ative diseases [343-348], this discovery opens up interesting new 
avenues for clinical research (see later). 

These examples demonstrate that the study of skin from a (neuro-) 
endocrinological perspective promises benefits well beyond the 
integument. They also show that human skin and pilosebaceous 
research models provide excellent discovery tools for exploring the 
full range of physiological activities in which neurohormones and 
other neuromediators play a part in human biology [2,3,4,7,22]. 
In this respect, important clues may be drawn from the study of 
evolutionarily much older vertebrate skin, namely that of frogs, 
which generates a striking variety and quantity of neurohormones 
and neuropeptides. An understanding of these may help to reveal 
evolutionarily conserved but unappreciated functions common to 
both frog and human skin [106,349,350]. 


(Neuro-)endocrine contributions to cutaneous 
pathogenesis 

The example of stress-induced neurogenic skin inflammation has 
already illustrated how neuroendocrine and neuro-immunological 
mechanisms can contribute to the pathogenesis and course of 
stress-triggered or aggravated human skin diseases. Table 150.2 
lists selected dermatoses for which a neuroendocrine contribution 
to disease pathogenesis has been postulated. For example, mod- 
ulation of immune responses by neurohormones, neuropeptides 
and neurotransmitters may contribute to the development and/or 
clinical course of psoriasis, atopic eczema, urticaria, pruritus, AA, 
systemic lupus erythematosus, systemic sclerosis, impaired wound 
healing and melanoma (Table 150.3). 

However, conclusive proof that neuroendocrine mechanisms 
contribute fundamentally, rather than peripherally, to the primary 
pathogenesis of the most common human skin diseases such as 
atopic eczema and psoriasis, as opposed to playing a role in trig- 
gering or aggravating them, is still missing. Regrettably, a stringent 
neuroendocrine approach is rarely adopted when investigating 
human skin diseases. Mainstream neuroendocrinology research has 
been slow to recognise and adopt human skin and its appendages 
as instructive research objects and experimental models. 

One notable exception is the long line of research that has shed 
light on a significant B-adrenergic signalling defect in atopic eczema. 
Starting from Szentivanyi’s p-adrenergic theory of atopy [351], this 
has arguably come very close to demonstrating primary relevance 
for the pathogenesis and neuropharmacological management of 
atopic diseases, including atopic eczema [84,85,352-354]. While 
the role of B-adrenergic receptors in haemangioma pathogenesis 
remains ill understood, the therapeutic response seen with B-blocker 
administration in haemangioma [355,356] serves as an additional 
encouragement to undertake a systematic re-exploration of the role 
of catecholamines and their receptors in human skin physiology 
and pathology [78,82-87,90,161,357-365]. It opens the possibility 
that adrenergic receptor agonists and antagonists, which have 
already been used for decades in clinical medicine, may yet find 
new roles in the management of skin disease. 

A second important exception is the melanocortin receptor type 
1 (MC1R), the chief receptor for «-MSH, whose loss-of-function 
polymorphisms (found in red-haired individuals) are associated 
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with a significantly increased risk of developing melanoma 
[222-225,366-368] (Chapter 142). «-MSH also operates as a powerful 
immune privilege guardian in human skin [43,218,329]. A relative 
insufficiency of a-MSH/MC1R-mediated signalling may contribute 
to the collapse of immune privilege in the anagen hair bulb, a 
key element in the pathogenesis of AA [43,218,369,370]. Likewise, 
it has been speculated that insufficient o-MSH/MC1R-mediated 
signalling at the HF bulge, the repository of follicle stem cells, 
contributes to the pathogenesis of lichen planopilaris, facilitating 
the collapse of immune privilege at that site [219]. 

A third area where endocrine research has contributed to an 
understanding of skin disease pathogenesis is the study of endoge- 
nous or exogenously administered vitamin D and vitamin A 
derivatives in a wide range of dermatoses. It would not be sur- 
prising to find that abnormalities in intracutaneous calcitriol and 
retinoid synthesis and metabolism have an impact on an individ- 
ual’s susceptibility to skin diseases such as skin cancer, alopecia, 
impaired wound healing and acne, or on that individual’s response 
to therapy with steroid hormones. The first examples of this 
new endocrine dimension in dermatology have already emerged 
[10,60,371-377]. 

It is in this context of widely underappreciated progress in cuta- 
neous (neuro-)endocrinology that traditional clinical dermatoen- 
docrinology is still unfolding. 


Table 150.4 Characteristic skin signs indicating specific endocrine diseases. 


Basics of clinical dermatoendocrinology 


How to evaluate a patient for a suspected 
(neuro-)endocrine disorder 

Hormones may control general body characteristics such as height, 
weight, body contour and posture, mood, agility, nervousness, hair 
phenotype, and food and fluid intake. Being alerted to changes 
in such general characteristics will help to identify a potential 
endocrinological dimension in patients presenting with a skin 
complaint. At the very least, when a patient presents with any of 
the lead signs or symptoms in Table 150.3, a hormonal basis for the 
dermatological problem should be considered and systematically 
confirmed or excluded. 

Some characteristic skin signs provide invaluable indicators of 
specific endocrine diseases (Table 150.4). Additional ‘diagnostic 
pearls’ that will greatly help in identifying a potential underlying 
endocrine pathology are summarised in Table 150.5. 

Comparing a patient’s current facial appearance with an older 
photograph can offer rapidly collectable information about changes 
in overall facial features, as may occur from acromegaly or Cushing 
disease. 

Given the increasing incidence and prevalence of diabetes, it is 
important to consider this as a factor. The cutaneous features of dia- 
betes (Box 150.1) are discussed elsewhere (Chapter 62). 


Sign Figure Associated endocrine disease/condition 

Acanthosis nigricans (Chapter 85) Figure 150.3 Puberty, diabetes, other causes of insulin resistance including HAIR-AN syndrome of young black 
females (hyperandrogenism, insulin resistance, acanthosis nigricans; often associated with 
polycystic ovary syndrome, hirsutism and others signs of androgen excess), acromegaly 

Acne (Chapter 88) Figure 150.4 Cushing syndrome, glucocorticoid therapy, ACTH-secreting tumours (e.g. small cell bronchial 
carcinoma, acromegaly) 

Cutis verticis gyrata (Chapter 105) Figure 150.5 Acromegaly 

Flushing (Chapter 104) Figure 150.6 Menopause-associated hot flushes 


Galactorrhoea 


Granuloma annulare (Chapter 95) 
Gynaecomastia (usually, but not always, symmetrical) 


Hyperpigmentation 
Hypertrichosis (Chapter 87) 


Melasma (Chapter 86) 

‘Moon facies’ 

Myxoedema, pretibial (Chapter 57) 
Necrobiosis lipoidica (Chapter 95) 


Necrolytic migratory erythema (Chapter 148) 
Palmar erythema 

Scleredema adultorum (Buschke) (Chapter 57) 
Stretch marks (striae distensae) (Chapter 94) 


Figures 150.7 and 


150.8 


Figure 150.9 


Figure 150.10 


Figure 150.11 


Figure 150.12 


Figure 150.13 


Phaeochromocytoma, carcinoid 

Hyperprolactinaemia (e.g. due to prolactinoma, tumour-associated ectopic prolactin production or 
medication with neuroleptic drugs, oral contraceptives, tricyclic antidepressants) 

Diabetes (Chapter 62) 

Puberty, hypogonadism (e.g. Klinefelter syndrome), pituitary and gonadal tumours (e.g. 
prolactinoma, testis carcinoma), excessive endogenous oestrogen production (e.g. 
oestrogen-secreting tumours), insufficient oestrogen metabolism (e.g. liver cirrhosis), drugs 
(e.g. oestrogens, spironolactone, isoniazid, resumption of normal hypophyseal gonadotropin 
secretion after a long period of hunger, extreme diet, or major consumptive disease), 
hypopituitarism 

Addison disease 

Excess ACTH production (tumour, Cushing disease), hyperthyroidism (often in association with 
myxoedema in Graves disease) 

Pregnancy, oral contraceptives, oestrogen-secreting tumour 

Cushing syndrome 

Hypo- or hyperthyroidism (notably in Graves disease) 

Diabetes (search for additional cutaneous complications of diabetes in Box 150.1 and in 
Chapter 62) 

Glucagonoma 

Hyperthyroidism 

Diabetes 

Cushing disease, glucocorticoid therapy, ACTH-secreting tumours (e.g. small cell bronchial 
carcinoma); pregnancy, contraceptive therapy, puberty (growth spurt, namely in adipose 
individuals) 


Adapted from Braverman 1998 [180], Du Vivier 2002 [378] and Luger and Bohm 2012 [379] © John Wiley. 
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Table 150.5 Additional ‘diagnostic pearls’ in clinical dermatoendocrinology. 


Sign/symptom 


Figure 


Consider presence/role of... 


Alopecia areata (Chapter 87) 

Alopecia, rapidly progressing pattern balding 
(especially in female patients) 

Axillary hair, diminished growth 

‘Buffalo hump’ 

Digital clubbing (Chapter 93) 

Epidermoid cysts 

Eyelids, thickened/oedematous 

Gingival or oral hyperpigmentation 


Hair, repigmentation of grey hair 
Macroglossia (tongue often also fissured) 
Mastitis, neonatal 

Nails, thickened and hardened 

Sebaceous gland hypertrophy (Chapter 91) 
Seborrhoea 


Skin tags (acrochordons) 
Telogen effluvium (Chapter 87) 


Ulcer, gangrene 
Urticaria (Chapter 42) 


Vitiligo (Chapter 86) 


Figure 150.14 


Figure 150.15 


Figure 150.16 


Thyroid autoimmune disease 

Virilising tumour, adrenogenital syndrome; pregnancy or discontinuation of oral contraceptive; thyroid 
dysfunction, hyperprolactinaemia 

Panhypopituitarism 

Cushing syndrome 

Hyperthyroidism (thyroid acropachy), hyper- or hypoparathyroidism (periosteal formation of new bone) 

Acromegaly 

Acromegaly 

Addison disease (gingival hyperpigmentation: consider also hyperthyroidism and Cushing disease; 
distinguish from ephelide-like hyperpigmentation of Peutz—Jeghers syndrome) 

ACTH-producing tumour (e.g. pituitary, or ectopic ACTH production by small cell bronchial carcinoma) 

Acromegaly; hypothyroidism (usually less pronounced than in acromegaly) 

Temporary stimulation of mammary gland by maternal hormones 

Acromegaly 

Acromegaly 

Virilising tumour, hyperprolactinaemia 

Parkinson disease (= insufficient dopamine production, associated with hyperprolactinaemia) 

Acromegaly 

Thyroid dysfunction, hyperprolactinaemia, virilising tumour, adrenogenital syndrome; polycystic ovary 
syndrome; pregnancy or discontinuation of oral contraceptive 

Diabetes 

Chronic urticaria associated with thyroid hormone abnormalities (due to Hashimoto thyroiditis or Graves 
disease) 

Can be associated with thyroid autoimmune disease and Addison disease 


Adapted from Braverman 1998 [180], Du Vivier 2002 [378], Luger and Bohm 2012 [379], Jabbour 2003 [388] and Jabbour 2010 [386] © John Wiley. 


Box 150.1 Cutaneous complications of diabetes 


(Chapter 62) 


e Infections (notably, oral and genital candidiasis, Candida intertrigo, 
recurrent folliculitis, abscess and erysipelas) 
¢ Ulcers and gangrene (as secondary skin changes due to diabetic 


microangiopathy and neuropathy) 
¢ Necrobiosis lipoidica 
¢ Diabetic rubeosis 


e Lipoatrophy /lipohypertrophy (including postinsulin injection) 


¢ Diabetic dermopathy (Binkley spots) 

¢ Diabetic sclerodactyly (diabetic stiff skin, diabetic cheiroarthropathy) 

¢ Diabetic scleredema 

e Diabetic bullae (bullosis diabeticorum) 

e Acanthosis nigricans (including its possible minor/disseminated 
variant, finger pebbles) [278] 

e Carotenaemia (‘aurantiasis cutis’, xanthochromia due to B-carotene 
accumulation in stratum corneum associated with diabetic 
hypercarotenaemia, especially over the knuckles, elbows, knees and 
in palmoplantar skin) 

e Acquired perforating dermatosis 

e Eruptive xanthomas 

¢ Generalised granuloma annulare 

* Vitiligo 

¢ Cutaneous adverse effects of antidiabetic agents (including 
phototoxic and photoallergic reactions) 


Figure 150.3 Acanthosis nigricans, skin tags and striae in a 41-year-old obese male 
with type 2 diabetes. 
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There are also the cutaneous consequences of hypo- or hyperthy- 
roidism to be considered. Finally, it is possible that the observed skin 
phenomena are caused by a hormone-secreting tumour, such as skin 
hyperpigmentation, acneiform lesions and/or cushingoid features 
in ACTH-secreting small cell bronchial carcinoma [380,381], sudden 
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Adapted from Du Vivier 2002 [378] and Luger and B6hm 2012 [379] 
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Figure 150.4 Acromegaly: note the coarse features, severe acne and seborrhoea. 


Figure 150.5 Cutis verticis gyrata. 


attacks of hyperhidrosis (typically along with headache, tachycardia 
and hypertension) in catecholamine-secreting phaeochromocy- 
toma, or necrolytic migratory erythema in glucagonoma syndrome 
[382-384] (Tables 150.4 and 150.5). (For details on paraneoplastic 
skin disease, see [385-387] and Chapter 148.) 


Endocrinological considerations in skin therapy 
Once an endocrinological diagnosis has been made or is suspected, 
patients should be referred to an appropriate specialist, such as an 
endocrinologist or neurosurgeon, to undergo further diagnostic pro- 
cedures and appropriate management. However, even replacement 
or suppressive therapy may not always result in a rapid return of the 
skin to its premorbid state. The skin’s response to therapeutic inter- 
ventions can be slow or impossible to achieve, and some endocrine 
conditions can result in irreversible skin damage. 

If a patient is known to have an endocrine disorder, it may also 
aggravate, increase susceptibility to or alter response to therapy of 
other skin disorders (Table 150.3), and may also result in accelerated 
skin ageing. The possibility that neuroendocrine abnormalities 
associated with psychoemotional stress may have triggered or 


Figure 150.6 Histamine-evoked ‘geographic’ pattern of flushing due to foregut 
carcinoid tumour. Courtesy of Professor M. Greaves, London, UK. 


Figure 150.7 Gynaecomastia due to long-term spironolactone therapy given for 
hypertension. 


aggravated a dermatosis via the induction of neurogenic skin 
inflammation should be considered and discussed with the patient. 

Application of exogenous glucocorticosteroid hormone to human 
skin is likely to impact not only the metabolism and synthesis of 
endogenous steroid hormones in human skin but also intracutaneous 
neuroendocrine signalling axes, which affect the secretion of potent 
growth factors/cytokines or the signalling of receptors that are 
not classic targets of the administered hormone. Glucocorticoids 
may also affect peripheral clock gene activity in human skin. Given 
the increasing insight into its regulation of such diverse aspects of 


Figure 150.8 An 18-year-old male with pituitary Cushing disease followed by 
hypopituitarism. (a) Obesity and gynaecomastia. (b) Insulin resistance with acanthosis 
nigricans of the knuckles, an unusual site in common causes of acanthosis nigricans. 


skin physiology as hair growth and pigmentation [37,134,389-394], 
this chronobiological dimension of glucocorticoid therapy could be 
more important than previously appreciated. 

The dermatologist should be aware of the complex interplay 
between hormones and the skin. For example, cortisol adminis- 
tration reduces the intrafollicular expression of CRH in human 
scalp HFs ex vivo [36]. Therefore, it is conceivable that chronic 
glucocorticoid administration reduces the skin and the adrenal 
gland’s CRH-dependent constitutive cortisol synthesis [23,36]. This 
iatrogenic disruption of the brain-skin axis may contribute to the 
classic rebound phenomena typically seen after withdrawal of 
glucocorticoid therapy [2,19,23]. Moreover, all-trans-retinoic acid 
modulates the intrafollicular expression of key growth factors; 
that is, it upregulates TGF61 and TGF62, thereby switching scalp 
HFs from anagen to catagen; this may explain why patients under 
retinoid therapy can experience a telogen effluvium [395]. Instead, 
the frequently observed retinoid-associated skin irritation results 


Figure 150.9 Addisonian pigmentation of the palmar creases 37 years after bilateral 
adrenalectomy for Cushing disease from ACTH-producing pituitary adenoma (Nelson 
syndrome). 


partly from sensory hypersensitivity induced by retinoid activation 
of a vanilloid receptor (TRPV1) [396]. 

Abuse or misuse of hormonally active substances (e.g. anabolic 
hormones or glucocorticosteroids) may manifest in the skin. A 
patient’s medication may also result in hormonally mediated 
adverse cutaneous effects. These may be obvious when they result 
from systemic or high-potency topical glucocorticosteroids or sys- 
temic retinoids but less so when due to anabolic agents or hormonal 
contraceptives. Adverse cutaneous effects may also manifest when 
a patient has taken novel neuroendocrine agents, such as the syn- 
thetic «-MSH analogue, Melanotan, which is used (or abused) for 
tanning purposes. This agent may also stimulate the appearance of 
multiple melanocytic naevi and/or dysplastic changes in existing 
naevi (Table 150.3). 

Other medications have less obvious (neuro-)endocrinological 
effects on the skin. For example, dopamine exerts direct hair 
growth-inhibitory properties on human scalp HFs [125]. This may 
explain why bromocriptine, the dopaminergic inhibitor of pitu- 
itary prolactin secretion used for treating prolactinoma patients, 
can cause effluvium in female patients [397]. Neuroleptics and 
other antipsychotic agents frequently cause hyperprolactinaemia 
[398]. Therefore, it is reasonable to consider whether skin abnor- 
malities in which excessive prolactin signalling may play a part 
(Table 150.3) might have been aggravated by such a medication, 
or whether standard therapy may have been less effective than 


(b) 


Figure 150.10 Melasma on the face in (a) white skin and (b) skin of colour. 


expected in patients treated with these drugs. Where medically 
justifiable, it may be worth temporarily discontinuing or reducing 
such medication. 

Long-term ciclosporin therapy can result in hypertrichosis, and 
rarely in reversible gynaecomastia associated with hyperprolacti- 
naemia [399]. In murine skin, ciclosporin controls HF stem cell 
activation and thus hair growth in a prolactin receptor-dependent 
manner [400], while it prolongs the duration of anagen in human 
scalp HFs [401,402]. It has been suggested, somewhat controver- 
sially, that the efficacy of ciclosporin therapy might be enhanced 
by co-administering bromocriptine, which lowers the serum 
prolactin level [403], while neuroleptics which cause hyperpro- 
lactinaemia may reduce the effectiveness of immunosuppression by 
ciclosporin [404]. 


Figure 150.11 A patient with Graves disease with pretibial myxoedema and 
exophthalmos. 


Figure 150.12 Necrolytic migratory erythema. Courtesy of Dr Kristian Thomsen, Finsen 
Institute, Copenhagen, Denmark. 


Angiotensin-converting enzyme inhibitors are the leading cause 
of drug-induced angio-oedema [405-408]. These agents inhibit 
the intracutaneous degradation of substance P, bradykinin and 
other pro-inflammatory, vasoactive and mast cell activating neu- 
ropeptides that can aggravate neurogenic skin inflammation, 
vasodilatation and extravasation [12,35,154,409,410]. 

These considerations illustrate the value of a (neuro-)endocrino- 
logical perspective when approaching and managing patients with 
skin disease. Traditionally, however, it is the diagnostic benefits of 
such a perspective that secure the place of hormones in the derma- 
tologist’s mind. 


Figure 150.13 Striae due to obesity in a young man. 


All the central endocrine signalling axes (Figure 150.1) and 
(neuro-)endocrine systems described earlier can show abnor- 
malities that result in either excessive or insufficient hormone 
levels. In the following sections, the skin signs or symptoms 
summarised in Tables 150.4 and 150.5 are briefly discussed. Fur- 
ther clinical information can be obtained from relevant review 
articles [119,172,385,386,388,411,412] and Braverman’s classic mono- 
graph [180]. For clinical illustrations, follow the indicators listed in 
Tables 150.4 and 150.5. 

As the diagnostic confirmation and therapeutic management 
of the endocrinological disease states listed later typically lie in 
the hands of endocrinologists, paediatricians, gynaecologists or 
neurosurgeons, investigation and management are not discussed 
here: see [9,287,289,413] for details on diagnostic procedures and 
disease management. 


(a) 


Figure 150.15 Acromegalic macroglossia. 


Hypopituitarism 

Inherited or acquired insufficiency of pituitary hormone production 
can result from many different causes. These range from congenital 
defects in pro-opiomelanocortin (POMC) synthesis [414] or process- 
ing, via traumatic brain injury, ionising irradiation, tumours and 
infection to sarcoidosis and postpartum pituitary necrosis (Sheehan 
syndrome) [180,388,411,415,416]. The associated skin phenotype is 
dominated by the main neurohormones that are produced in insuf- 
ficient amounts. 

Given the usually non-hormone-selective nature of hypopitu- 
itarism, the levels of several pituitary neurohormones are reduced 
simultaneously, and the serum levels of other key hormones (e.g. 
thyroxine, cortisol) and growth factors (e.g. IGF-1) regulated by the 
former are typically reduced as well. Thus, it is often impossible to 
discern which hormonal imbalance has caused the observed skin 
phenotype. It is diagnostically important to identify which pitu- 
itary hormone(s) is/are deficient [388,416]. Classically, the absence 
of melanotropic neurohormones (e.g. ACTH, o-MSH) results in 


(b) 


Figure 150.14 Pigmentation of (a) the gingivae and (b) the tongue in a woman who presented with darkening skin due to Addison disease. 


(b) 


Figure 150.16 Vitiligo on (a) arms and (b) face in skin of colour. 


pale hypopigmented skin, not uncommonly with a yellowish tint. 
Instead, GH (STH) and/or prolactin deficiency gives rise to struc- 
tural skin changes, e.g. overall skin thinning and reduced sebum 
and sweat secretion. Rarely, gynaecomastia can be a result of sec- 
ondary hypopituitarism [417], as in the sarcoidosis patient shown 
in Figure 150.17. 

Isolated GH deficiency or multiple pituitary hormone deficien- 
cies can lead to abnormal elastin fibres, suggesting that GH and 
other pituitary hormones regulate elastogenesis in human skin 
[418]. Reduced collagen synthesis has also been seen in patients 
with hypopituitarism [419]. In GH-deficient patients with Sheehan 
syndrome, skin capacitance and sebum content were found to be 
decreased [415]. Patients affected by congenital POMC deficiency 
[414] are often red-haired and show a pale skin and early onset of 
obesity. 


(b) 


Figure 150.17 Neurosarcoidosis with hypopituitarism presenting as a rash. A diagnosis 
of cutaneous and pulmonary sarcoidosis was readily established in a 35-year-old man 
who presented with a widespread undiagnosed papular rash (a) associated with fatigue 
and shortness of breath. He was, however, incidentally noted to have gynaecomastia 
and, on further questioning, reduced libido. Endocrinological assessment and pituitary 
magnetic resonance imaging demonstrated, respectively, hypogonadotrophic 
hypogonadism and pituitary enlargement (b) in keeping with sarcoid infiltration. 
Courtesy of Dr S. Walsh, King’s College Hospital, London, UK. 


Hyperpituitarism 
The major disease states resulting from hyperpituitarism (ie. 
acromegaly, hyperprolactinaemia and Cushing disease) have very 
characteristic skin signs. 

In acromegaly, an excessive GH secretion leads to a secondary rise 
in IGF-1 serum and tissue levels. It is characterised by excessive 


growth of acral cartilage and skin with prominent epidermal 
hyperplasia and dermal glycosaminoglycan accumulation. Exter- 
nal manifestations include progressive enlargement of earlobes and 
fingers (‘my gloves don’t fit any more’), increasingly coarse facial 
features with a prominent chin (Figure 150.4) and large frontal skin 
folds (‘thinker’s folds’), which may be associated with cutis verti- 
cis gyrata (Figure 150.5). Other changes include hypermelanosis, 
hypertrichosis, seborrhoea, thickened finger- and toenails, acan- 
thosis nigricans, hyperhidrosis and macroglossia (Figure 150.15; 
Tables 150.4 and 150.5) [9,420-422]. Decreased transepidermal water 
loss, reduced skin surface temperature and an increase in skin pH 
and elasticity have also been reported [423,424]. 

Treatment of acromegaly may partially reverse the cutaneous 
phenomena. Unfortunately, how these therapies affect human 
skin have been largely overlooked. It has, however, recently 
been shown that, surprisingly, GH reduces the growth of female 
HFs ex vivo, presumably by stimulating the expression of TGF-f 
[160]. Some of the effects of GH on the skin can also be indi- 
rect, for example, by upregulating insulin-like growth factor-1 
expression [425]. 

Conversely, GH therapy can enhance the growth of melanocytic 
naevi [240,241]. Indeed, in murine wound healing studies, treatment 
with GH-releasing hormone (GHRH) or a GH agonist increased 
the density of fibroblasts during the early stages of wound heal- 
ing and accelerated re-epithelialisation. Therefore, the undesired 
dermatological phenomena seen in acromegaly may well indi- 
cate novel strategies for promoting cutaneous wound healing 
[290]. It has also been proposed that replacement therapy with 
GH or the key growth factor stimulated by it (IGF-1) represents 
a potential anti-skin ageing strategy that is worth systematically 
exploring [306]. 

Prolonged hyperprolactinaemia most frequently results either 
from a prolactin-secreting micro- or macroadenoma or from drugs 
(e.g. phenothiazine, dopamine antagonists, oestrogens, morphine 
derivatives, H,-antagonists and neuroleptic agents) [2,3,413]. 

As with GH, a sustained elevation of prolactin serum levels results 
in increased serum and tissue IGF-1 levels [29]. Thus, there is some 
limited overlap in the cutaneous phenomena seen in acromegaly 
and hyperprolactinaemia, namely seborrhoea, though less than 
expected if increased IGF-1 secretion were the primary mode of 
prolactin action on human skin. Instead, hyperprolactinaemia in 
women is typically associated with seborrhoea, acne, hirsutism, and 
androgenetic alopecia, termed the SAHA syndrome. SAHA can also 
be associated with ovarian and adrenal dysfunction (Chapter 88). 
Hyperprolactinaemia can induce galactorrhoea in both men and 
women, usually along with gynaecomastia in men. 

However, recent research suggests that the prominent effects on 
the pilosebaceous unit and the mammary gland represent only a 
small part of prolactin’s full range of actions on human skin. These 
range from the modulation of keratinocyte and sebocyte prolifer- 
ation, differentiation and apoptosis to the regulation of cytokine 
secretion and keratin expression, including keratin 15 expression, a 
key epithelial stem cell marker, indicating a wider role for prolactin 
in epithelial stem cell biology; moreover, prolactin actions may 
differ between the sexes [2,3,34,104,111,112,126]. Prolactin can also 
negatively regulate skin re-epithelialisation during wound healing 
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[33]. If it is confirmed that prolactin also modulates peripheral 
androgen metabolism [426] and plays a significant role in cutaneous 
autoimmunity [427], this serves as additional motivation to explore 
fully the impact of prolactin [104,110,126] on skin physiology. 

Most patients affected by Cushing disease suffer from an 
ACTH-producing tumour, either in the anterior pituitary or in 
an extrapituitary location. The associated skin phenomena are 
dominated by the pigmentary effects of ACTH and the hyper- 
cortisolism induced by the chronically elevated serum cortisol 
level [379]. Proximal repigmentation of previously grey /white hair 
and/or hyperpigmented palmar lines (in pale skin) should indicate 
screening for an ACTH-secreting tumour or Addison disease. 


Adrenal hyperfunction 
There are three forms of adrenal hyperfunction. 


Hypercortisolism (Cushing syndrome). This is most frequently 
iatrogenic and results from systemic or occasionally extensive 
topical glucocorticoid therapy. Less common are ACTH-producing 
tumours (Cushing disease) and, very rarely, CRH-producing 
hypothalamic tumours [386,428] or autoimmune stimulation of 
adrenal ACTH receptors (MC2R) by autoantibodies (Carney syn- 
drome) [429]; the latter is to be distinguished from the Carney 
complex, an exceptionally rare, dominantly inherited syndrome 
(Chapter 151) [430-433]. 

The non-pigmentary skin manifestations of both Cushing dis- 
ease and Cushing syndrome are thought to result primarily from 
excessive adrenal cortisol production (hypercortisolism), even 
though ACTH also stimulates steroidogenesis in human skin and 
its appendages [36,47]. Therefore, it remains to be explored whether 
some of the steroid hormone-dependent cutaneous phenomena are 
due to excessive compensatory intracutaneous steroidogenesis. 

The dermatological manifestations of hypercortisolism include 
facial and neck changes due to altered subcutaneous fat distri- 
bution (‘moon face’, ‘buffalo hump’) (see Tables 150.4 and 150.5), 
generalised hypertrichosis, acne and the consequences of increased 
collagen breakdown, namely skin fragility, stretch marks, vascular 
fragility with resulting purpura and impaired wound healing. 
Hypercortisolism can also induce diabetes, thus adding to the 
spectrum of diabetes-associated skin phenomena (see Box 150.1). 


Hyperaldosteronism. Several indications from the experimental 
literature suggest that hyperaldosteronism (Conn syndrome) can 
affect human skin and the HF [434-436]. However, prominent skin 
signs or symptoms have not yet been described in individuals with 
hyperaldosteronism. 


Congenital adrenal hyperplasia. Congenital adrenal hyperpla- 
sia (CAH, MIM: 201910) is in most cases due to deficiency of 
21-hydroxylase due to mutations in the CYP21 gene. The cortisol 
precursor 17-hydroxyprogesterone cannot be metabolised to corti- 
sol but is shunted towards enhanced androgen production instead. 
This results in virilisation with associated skin signs including 
acne and hirsutism. ACTH levels are increased as compensation 
for insufficient cortisol production resulting in hypermelanosis. 
In women, the clinical features may be difficult to distinguish from 


DISEASE 


— 
= 
Lu 
= 
4) 
> 
Ww 
S 
© 
- 
a 
3 


150.18 


Chapter 150: The Skin and Endocrine Disorders 


DISEASE 


= 
= 
bu 
= 
Vv) 
> 
Ww 
a 
- 
- 
< 
o 


those of polycystic ovary syndrome, idiopathic hirsutism or hyper- 
insulinaemia and the possibility of underlying CAH should not be 
overlooked: short stature may be a helpful clue [437,438]. 


Adrenal insufficiency (Addison disease) 

Insufficient adrenal cortisol production is most commonly the 
consequence of autoimmune disease (autoimmune adrenalitis) or 
of suppression of ACTH secretion following long-term glucocorti- 
coid therapy. Recovery of endogenous ACTH production may be 
delayed and give rise to the same clinical picture. Infectious diseases 
(tuberculosis, systemic fungal infection) are also important causes. 
For a full list of the many rarer causes, endocrinology textbooks 
should be consulted [9]. 

Vitamin B,, deficiency may rarely result in epidermal hyper- 
pigmentation like Addison disease but is distinguishable by its 
haematological abnormalities [439-441]. Adrenal insufficiency 
should be considered in early-onset obesity that is not otherwise 
explained [442,443], due to a rare loss-of-function mutation in 
POMC, the precursor hormone of ACTH [414]. 

Hypermelanosis due to compensatory pituitary (and possibly 
intracutaneous) oversecretion of ACTH or a-MSH is a prominent 
component of Addison disease. This is often first and best visible as 
hyperpigmented palmar skin creases but also affects intertriginous 
skin, external genitalia, nail beds, oral mucosa and lips (maybe due 
to higher levels of MC1R or MC2R expression in the melanocytes in 
these regions) [444]. 

If Addisonian pigmentation presents in association with vitiligo 
(Chapter 86) or, rarely, AA (Chapter 87) it may be due to autoim- 
mune adrenalitis; this possibility should then be explored by a spe- 
cialist. It has been argued that patients presenting with generalised 
hyperpigmentation of unclear origin should have serum ACTH and 
mineralocorticoid function checked without delay for undiagnosed 
primary adrenal insufficiency [445]. 


Hyperandrogenism 

The main adrenal androgens are dehydroepiandrosterone (DHEA) 
and androstenedione, which are metabolised in their target tissues. 
The most important enzymatic processes are the conversion of 
testosterone to DHT by 5-a-reductase and the conversion of andro- 
gens to 17-B-oestradiol [48,50]. All relevant enzyme activities and 
androgen receptors are present in human skin, most prominently 
in its pilosebaceous units. It is thought that the higher androgen 
content of male skin partly explains why it is thicker, more hairy 
and slightly more pigmented than female skin [179,379]. This is in 
accordance with the skin phenotype seen in hyperandrogenism. 

Apart from exogenous androgen use or abuse (e.g. anabolic 
steroids) and CAH, polycystic ovary syndrome with the pro- 
duction of androgens by ovarian theca cells is the most frequent 
cause of hyperandrogenism in women [446-449]. Acromegaly, 
Cushing disease, androgen-secreting (virilising) tumours of the 
ovary or adrenal gland, and hyperprolactinaemia represent other 
less common causes. 

The cutaneous hallmarks of hyperandrogenism are seborrhoea, 
severe acne, hirsutism, telogen effluvium and female or male 
pattern balding [185,450-453]. Hyperandrogenism should be 
considered as a potential underlying cause of late-onset acne in 
women. Other signs of virilisation may make the clinical diagnosis 


of hyperandrogenism straightforward, and a full endocrinological 
assessment should be undertaken. Polycystic ovary syndrome is 
often coupled with hyperprolactinaemia and/or increased lutein- 
ising hormone levels [446,447,449]. Treatment requires careful 
consideration [452,454]. 


Hypoandrogenism 

Whether it is caused by castration, tumours, antiandrogen therapy, 
genetically deficient androgen production (e.g. Klinefelter syn- 
drome) or defective androgen receptor-mediated signalling, the 
dermatological picture of hypoandrogenism is mainly determined 
by the timing of androgen deficiency. If hypoandrogenism occurs 
before puberty, it will manifest as eunuchoid habitus, with unde- 
veloped male body habitus, minimal or absent male secondary 
hair and no acne during puberty. If hypoandrogenism occurs after 
puberty, there is a progressive loss of male sexual characteristics 
and androgenetic alopecia does not progress [9,48,287,379]. 

If androgen deficiency is corrected too aggressively in male 
patients, features of hyperandrogenism such as seborrhoea, acne 
and rapidly progressive male pattern balding can develop. 

One cause of infertility in hypoandrogenised males, typically with 
reduced beard and body hair growth, is polymorphism of the andro- 
gen receptor [455]. 


Hyperoestrogenism 

Besides oral contraceptives and excessive consumption of phyto- 
oestrogens, oestrogen-producing tumours are the most common 
and most serious causes of hyperoestrogenism. The classic skin signs 
are melasma, spider naevi and increased susceptibility to Candida 
vulvovaginitis. While girls can undergo precocious puberty, boys 
develop gynaecomastia. Erythema nodosum, porphyria cutanea 
tarda, pemphigoid gestationis and systemic lupus erythematosus 
can be seen [180,379,388]. 


Hypo-oestrogenism 

Hypo-oestrogenism due to menopause or ovariectomy may 
result in female pattern balding. Sometimes this female vari- 
ant of androgenetic alopecia may follow the male pattern or 
can also show a mixed phenotype (male and female pattern 
balding) (Chapter 87). The latter phenotype is associated with 
postmenopausal hypo-oestrogenism [59] and supports the hypoth- 
esis that, in contrast to androgenetic alopecia in males, a relative 
deficiency in the stimulation of scalp HFs by 17-f-oestradiol is a 
major factor in female pattern balding [57,196,298,456-462]. 

This is further supported by observations in iatrogenic hypo- 
oestrogenism: aromatase inhibitors frequently cause telogen efflu- 
vium [463,464] and sometimes may induce male pattern hair loss 
[459]. Reportedly, skin with high aromatase expression (expected 
to be associated with elevated local oestrogen levels) also shows 
thicker elastic fibres [40]. 

Because 17-oestradiol is a promoter of wound healing [59,106,168, 
169,301,465], impaired wound healing can be associated with 
hypo-oestrogenism [171] and 17-B-oestradiol can slow or reverse 
skin ageing [58,59,239,301,302], hypo-oestrogenism justifies con- 
sideration of hormone replacement. The benefits of this must be 
balanced against the potential adverse effects of oestrogen therapy 
[466-468]. 


In contrast to androgens, 17-B-oestradiol restricts sebocyte prolif- 
eration and sebum production [56]. Therefore, in addition to genital 
pruritus and burning mouth syndrome, seborrhoea is another der- 
matological manifestation of hypo-oestrogenism. If these occur with 
osteoporosis, menopausal mood swings, paroxysmal hyperhidrosis 
and flushing, a diagnosis of hypo-oestrogenism is easily reached and 
can be confirmed by measuring serum hormone levels. 


Phaeochromocytoma 

Phaeochromocytoma is a life-threating catecholamine-secreting 
endocrine neoplasm of the adrenal medulla. It can occur bilat- 
erally or may be ectopic; in 10-15% of cases it is malignant. In 
comparison with its dominant clinical presentations (hypertension, 
paroxysmal hypertensive crises, headaches, tremor, palpitations, 
anxiety), its skin manifestations may not be obvious including 
hyperhidrosis, paroxysmal facial pallor and sometimes aggravation 
of pre-existing Raynaud phenomenon [180,386,388,469]. Dermatol- 
ogists should be alert to such systemic signs in patients with these 
cutaneous features, particularly if they have neurofibromatosis 
type I [388,469-471]. 


Carcinoid 
Carcinoid is a malignant neoplasm of specialised serotonin- 
producing epithelial cells of the small intestine and classically 
presents as paroxysmal flushing of the face and upper torso. These 
flushes generate a sensation of rapidly ascending heat, which may be 
accompanied by wheezing and/or diarrhoea [386,412,469 472,473]. 
It is assumed also that neuropeptides such as substance P and 
bradykinin are involved in inducing these signs and symptoms. 

Flushing occurs in fewer than 25% of patients with carcinoid [379]; 
therefore, its absence does not rule out the diagnosis. This must be 
kept in mind, as over the past 30 years the incidence of gastrointesti- 
nal carcinoid has been rising faster than that of any other cancer and 
the 5-year survival rate is only 28% [474,475]. 

As an extreme rarity, human skin can also produce primary car- 
cinoid tumours [476,477], while visceral neuroendocrine tumours 
may metastasise to the skin [478]. 


Glucagon and glucagonoma 

Necrolytic migratory erythema (Chapter 148) is the pathognomonic 
dermatological presentation of glucagonoma [382-384,479,480], a 
neoplasm which typically arises from a-cells of the pancreas and 
secretes excessive amounts of glucagon. The associated cutaneous 
histopathological findings (intercellular epidermal oedema together 
with hydropic degeneration of epidermal keratinocytes) are shared 
with pellagra, zinc deficiency and acro-dermatitis enteropathica, 
even though patients with glucagonoma syndrome have normal 
zinc serum levels [180]. 

Besides surgery, somatostatin analogues usually improve the 
skin eruption [481,482]. Little is known about how somatostatin 
or glucagon itself affects normal skin physiology or how excessive 
glucagon levels induce the clinical phenotype in the skin. Inter- 
estingly, some frog species generate glucagon and many other 
neuropeptides in the skin [349]. Somatostatin may play a role in 
maintaining the physiological immune privilege of the HF [138]. It 
has been postulated that it may not be glucagon itself but another 
tumour-secreted peptide that is responsible for necrolytic migratory 
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erythema [180]. Yet, it has been reported that necrolytic migratory 
erythema can be induced by glucagon therapy alone [483,484]. 

Glucagon-like peptide-1 (GLP-1) is a gut hormone derived from 
proglucagon which has affinity for specific GLP-1 receptors in the 
pancreas and the brain. GLP-1 also inhibits secretion of glucagon, 
enhances glucose-dependent insulin secretion, and induces a feel- 
ing of satiety. Synthetic GLP-1 receptor agonists are employed for 
treating type 2 diabetes. These drugs appear to be beneficial for pso- 
riasis in diabetic patients with insulin resistance before metabolic 
improvement can be detected [485-487], highlighting the possible 
role of GLP-1 in human skin, especially since psoriatic lesions show 
increased expression of GLP-1 receptors [486,488]. 


Polyendocrine disease 

Multiple endocrine neoplasia (MEN-1 and MEN-2) and the autoim- 
mune polyglandular syndromes (e.g. APS-1, due to a defective 
AIRE gene) can generate several of the skin lesions and symptoms 
described in this chapter [180,489-495]. They are discussed in more 
detail in Chapter 148. 


Diabetes 
The dermatological dimensions of diabetes are described in 
Chapter 62 and summarised in Box 150.1. 


Hyper- and hypothyroidism 

Along with diabetes, hyper- and hypothyroidism are the endocrine 
disorders that most frequently cause skin abnormalities [178, 
496,497]. If they occur together, pretibial myxoedema, weight 
loss, hyperhidrosis and an increased state of nervousness quickly 
indicate hyperthyroidism. By contrast, the combination of dry 
skin, telogen effluvium, brittle hair, pallor, weight gain, increased 
tiredness and decreased alertness is suggestive of hypothyroidism 
[180,379,497]. Textbooks and reviews therefore traditionally deal 
with the dermatological aspects of hyper- and hypothyroidism in 
separate chapters. However, it may be more helpful to consider 
these conditions jointly, as we do here. 

The dermatologist will identify the skin signs and symptoms 
(Tables 150.3, 150.4 and 150.5) which point to the possibility of 
thyroid dysfunction; the dermatologist will then request routine 
thyroid function tests (TSH, free triiodothyronine (T3) and thyrox- 
ine (T4)), leaving the establishment of the finer details to the thyroid 
specialist. 

Thyroid hormone receptors are abundantly expressed in human 
skin and HFs. Organ-cultured human skin and HFs respond directly 
to thyroid hormone stimulation in multiple ways with effects on 
keratinocyte proliferation and keratin expression, intracutaneous 
regulation of neurohormone production and HF epithelial stem 
cell functions, stimulation of HF pigmentation, keratinocyte energy 
metabolism and wound healing [37,105,107,128-133,498-500]. Thy- 
roxine also strongly up-regulates expression of core clock genes 
(genes regulating circadian rhythm) in human skin [134]. 

Given the importance of peripheral clock activity for many 
aspects of skin physiology ranging from cell cycle control and cell 
metabolism via pigmentation to hair growth control [37,389-393, 
501], this link between skin endocrinology and chronobiology 
underscores the importance of hyper- or hypothyroidism from a 
dermatological perspective. Both excessive and insufficient serum 
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levels of T3 or thyroxine T4 can generate a plethora of dermatolog- 
ical signs and symptoms. However, none of these mechanisms is 
yet fully understood. 

A hyperthyroid state most frequently results from Graves dis- 
ease, the most prevalent endocrinopathy after diabetes. It primarily 
affects women or occurs during the initial phase of autoimmune 
thyroiditis (Hashimoto type) [9,287]. While the latter eventually 
results in hypothyroidism, its first dermatological presentation 
can be due to hyperthyroidism. Postpartum thyroiditis also man- 
ifests initially as hyperthyroidism, which is then followed by 
hypothyroidism. Excessive T4 medication or exposure to iodine, 
hormone-secreting thyroid adenomas, multinodular goitre and, 
very rarely, a TSH-secreting pituitary adenoma are other important 
causes of hyperthyroidism. All these can induce the dermato- 
logical findings summarised earlier. An additional skin sign is 
chronic urticaria, which has been postulated to be inducible by IgE 
autoantibodies against thyroid peroxidase [502,503]. 

Intradermal TSH receptors may provide the main inciting 
autoantigen for the generation of stimulatory anti-TSH receptor 
autoantibodies [13,108]. The stimulation of TSH receptors expressed 
by skin fibroblasts may induce the characteristic increased produc- 
tion and deposition of glycosaminoglycans responsible for pretibial 
and eyelid myxoedema as well as exophthalmos. Excessive cuta- 
neous glycosaminoglycans can induce both hypertrichosis and 
alopecia, possibly depending on whether the deposition of these 
extracellular matrix components acts on relatively ‘quiescent’ tel- 
ogen or maximally proliferating anagen HFs [504]. Both excessive 
and insufficient thyroid hormone serum levels can be associated 
with effluvium and alterations in hair shaft structure, elasticity or 
sheen [13,37,130,133,178]. The cutaneous microcirculation can also 
be affected in patients with Graves disease [505]. 

Hashimoto thyroiditis, the main cause of hypothyroidism apart 
from dietary iodine deficiency, can be associated with a few 
additional characteristic signs, namely lateral sparseness of the 
eyebrows (the sign of Hertoghe) and a yellowish hue of the skin 
due to B-carotene accumulation (aurantiasis cutis) [506]. If these 
are accompanied by carpal tunnel syndrome, ptosis and brittle, 
slow-growing nails, this further indicates the presence of hypothy- 
roidism [180,388]. Apart from pretibial myxoedema (Table 150.4) 
a more generalised myxoedema may also be present, often most 
prominently on the face, giving it a waxen appearance. 

Iatrogenic hypothyroidism can be seen following thyroid surgery, 
thyroid radiation or thyrostatic drug therapy. Bexarotene, a second 
line therapy for cutaneous T-cell lymphoma, can also induce signif- 
icant hypothyroidism [507-510] (Chapter 19). 


Hyperparathyroidism 

The typical hypercalcaemia associated with hyperparathyroidism 
causes only mild pruritus and/or skin dryness or no dermato- 
logical signs and symptoms. It is therefore easily overlooked by 
dermatologists. 

Primary hyperparathyroidism most commonly results from an 
autonomous parathormone-secreting adenoma; secondary hyper- 
parathyroidism may arise from vitamin D deficiency or from 
disturbances of the calcium-phosphate balance. This predisposes 
to calciphylaxis (calcific uraemic arteriolopathy), though not all 
patients with this condition have either abnormal parathormone 


levels or high calcium-phosphate products [9,180] (in such cases, 
other disorders should be considered, such as hyperoxaluria) [511]. 
Calciphylaxis is characterised by widespread vascular calcification 
and thrombotic occlusion of cutaneous blood vessels with resultant 
extensive tissue necrosis. Calciphylaxis is a frequent complication 
of end-stage renal insufficiency [512-515]. Given the extremely 
high mortality of calciphylaxis, its development requires rapid 
diagnostic action [514-516]. 

Rarely, hyperparathyroidism may result in metastatic calcifica- 
tion in the dermis and subcutis, which presents as firm papules, 
nodules or plaques, particularly around large joints or flexural sites. 
Unlike calciphylaxis it does not lead to tissue necrosis [517-519]. 
See Chapter 59 for more details. 

Primary hyperparathyroidism can also occur as a component of 
the MEN-1 syndrome [520,521]. 

Autosomal recessive congenital ichthyosis and epidermolytic 
ichthyosis in children were found to be associated with increased 
PTH serum and a higher radiological rickets score compared with 
common ichthyosis [522,523]. This raises the question of whether 
some chronic dermatoses, characterised by abnormalities of kera- 
tinisation, are associated with increased intracutaneous production 
of PTH/PTH-related peptide (PTHrp). This possibility deserves 
systematic investigation. 


Hypoparathyroidism 
Hypoparathyroidism predominantly arises following thyroidec- 
tomy. It is clinically most obvious from the characteristic resultant 
tetanic muscle cramps. Hypoparathyroidism can also be seen 
in polyglandular autoimmune endocrinopathies or rare genetic 
defects, where its onset and progression can be more insidious. In 
patients with pseudohypoparathyroidism the target tissues show 
greatly decreased sensitivity to stimulation with PTH. 

Hair and nail growth disorders and skin dryness are the most 
frequently associated dermatological phenomena. Dry, rough skin; 
coarse, brittle hair; and lustreless, distally split nails [524-527] are 
common signs in patients with idiopathic hypoparathyroidism. 

This hair phenotype corresponds well with the knowledge that 
both PTH/PTHrp agonists and antagonists modulate rodent HF 
cycling in vivo as well as the HF response to chemotherapy-induced 
damage [115-117,528]. This may be related to the effects of PTH/ 
PTHrp-mediated signalling on angiogenesis in murine skin [114]. 

Three concepts are important from a clinical dermatoendocrino- 
logical perspective: 

1 The interactions between PTH/PTHrp with its receptor con- 
stitute a functionally important, intracutaneous hormonal 
signalling system, the epithelial-mesenchymal interactions of 
which have an impact on rodent HF growth and skin vasculature. 

2 That patients with hypoparathyroidism also show hair growth 
abnormalities suggests that this signalling system also operates 
in human skin, is clinically important and might be targeted ther- 
apeutically [116,402,529-532]. 

3 Any hormonal signalling system that modulates both the activ- 
ities of an entire mini-organ (here, the HF) and angiogenesis is 
almost guaranteed to have effects on multiple other aspects of 
skin physiology and pathology. The finding that PTHrp regulates 
proliferation and differentiation in a human keratinocyte cell line 
in vitro [533] supports this notion. 
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Thus, hypoparathyroidism illustrates the principle that the skin 
phenotype seen in patients with a defined hormone deficiency, if 
interpreted in conjunction with the experimental literature, can 
highlight clinically relevant novel research frontiers in investigative 
dermatoendocrinology. 


Future perspectives 


Recognising the skin signs and symptoms that indicate under- 
lying endocrine abnormalities or conditions remains the core 
endocrinological challenge for the practising dermatologist. How- 
ever, owing to the discovery that human skin is a major endocrine 
organ, the future scope and practice of dermatoendocrinology 
will change. With increasing insight into previously unsuspected 

(neuro-)endocrine dimensions of common skin diseases (Table 150.2) 

and of standard therapeutic agents used to treat them, clinical 

dermatology cannot escape these important developments. 
A few examples for future perspectives of dermatoendocrinology 
underscore this point: 

e All routinely administered hormone-based agents used for 
treating skin disease (glucocorticoids, retinoids, vitamin D deriva- 
tives) can have an impact on the physiological (neuro-)endocrine 
signalling milieu of the skin. A better understanding of these 
interactions can help reduce adverse effects and enhance thera- 
peutic efficacy. 

e Inall endocrine disorders that affect the skin, there are alterations 
in the ways that relevant (neuro-)hormones and neuromediators 
are expressed or metabolised in the skin; and receptor-mediated 
signalling must be altered as a secondary consequence of systemic 
endocrine abnormalities. 

e It remains a matter of speculation how secondary intracuta- 
neous (neuro-)endocrine abnormalities contribute to discernible 
skin phenotypes associated with classic endocrine disease 
(Tables 150.4 and 150.5 and Box 150.1). 

¢ Better understanding of how the complex signalling interactions 
between the individual (neuro-)hormones and neuromediators 
present in the skin affect its functioning in health and disease 
should help to develop new strategies for improving skin func- 
tion, and potentially retarding or even reversing skin ageing 
[2,3,37,59,68,132,306]. 

¢ Understanding which specific (neuro-)endocrine abnormalities 
associated with inflamed, hyperproliferating and/or fibrosing 
skin diseases contribute to the pathogenesis of common der- 
matoses will identify novel therapeutic targets and management 
strategies. 

e The ‘epidemic’ of allergic diseases throughout western civilisa- 
tion [534,535] calls for the development of effective antiallergic 
strategies. Neuroendocrine strategies are particularly promising 
in this context. Examples include studies in human skin and HF 
organ culture which have shown that (i) endogenous and exoge- 
nous agonists of cannabinoid receptor 1 have a suppressive effect 
on mast cell degranulation and the maturation of functional mast 
cells from resident progenitor cells in human skin and airway 
mucosa [72,271], while CRH promotes both [2,203,270,276]; (ii) SP 
stimulates human skin mast cell degranulation and neurogenic 


inflammation [15,16,118,121]; (iii) activation of the kappa-opioid 

receptor decreases the number of mast cells in human skin ex 

vivo [272]; and (iv) the «-MSH-derived peptide, K(D)PT, inhibits 
human mast cell degranulation in situ [327]. Thus, in addi- 
tion to neuropeptides, CB1 agonists and CRH and SP receptor 

(NK1) antagonists are promising candidates for antiallergy 

therapeutics. 

e Antagonising CRH [231,270] or substance P [119-121,203,278,536], 
or stimulating CGRP receptors [118], holds promise for the future 
management of inflammatory skin diseases such as atopic 
eczema by counteracting SP- and/or CRH-driven neurogenic 
skin inflammation. Although pharmacological antagonists of 
substance P or CRH have been shown to significantly mitigate 
neurogenic skin inflammation and its sequelae (e.g. hair growth 
inhibition, itch, eczema) in animal experiments, this remains to 
be fully explored in human skin. 

Finally, it has long been suspected that the modern penchant for 
sun exposure, despite its much publicised effects on skin ageing and 
skin cancer risk, has a habit-forming neuroendocrine component. 
A recent animal study supports this notion: UV-seeking addictive 
behaviour in mice was influenced by the UV-induced intracu- 
taneous synthesis of B-endorphin, leading to elevated plasma 
levels even after low-dose UV irradiation [537]. Narrow-band UV 
increased B-endorphin synthesis also in human skin in vivo [538]. 
This shows that endorphins synthesised peripherally in mammalian 
skin can, in principle, reach both the circulation and the brain, and 
can cause behavioural changes [46]. Interestingly, an increase of 
enkephalin plasma levels has already been reported in patients 
undergoing UVA phototherapy [539]. Therefore, it has become 
conceivable that future dermatological therapy will be capable of 
modulating this brain-skin axis in ways that may help derma- 
tological patients whose skin disease has a major psychological 
component [46,40]. 

In addition to its paramount importance for the identification of 
underlying endocrine disorders, it is for all these reasons that der- 
matoendocrinology lies at the very heart of modern dermatological 
practice. 
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CHAPTER 151 
The Skin and Disorders of the Heart 
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Introduction Table 151.1 Conditions that affect the heart and skin. 
Disease Main cardiac features 
There are several diseases in which both cardiac and skin involve- 
Congenital/inherited 


ment may be found (Table 151.1). Most of these are part of a 
syndrome or are systemic disorders affecting other organs as well 
[1,2]. Disorders of blood vessels are not included here. The effects of 
skin disease on the heart (e.g. cardiac failure due to erythroderma) 
and indirect effects, such as anaemia due to immunosuppres- 
sive agents used to treat the skin, are not discussed here either. 
Numerous infections may occasionally cause myocardial disease 
and may also present with an exanthem (e.g. parvovirus B19), but 
these are not discussed individually. Drug reactions due to cardiac 
medications are described in Chapters 117 and 118. 


Skin signs of cardiac disease 


Dermatological consequences of cardiac disease include skin colour 
changes such as cyanosis, redness due to secondary polycythaemia, 
and a combination of the two that may occur in congenital heart 
disease (and which has been termed erythraemia). Finger clubbing 
is a consequence of congenital cyanotic heart disease (Figure 151.1) 
but occurs in other situations as well. A visible pulsation of the nail 
bed in time with the pulse is a sign of aortic regurgitation due to the 
wide pulse pressure in this disorder (Quincke pulsation) [1,2]. 


HEREDITARY SYNDROMES 


Cardiac involvement occurs in several congenital and inherited con- 
ditions, such as the RASopathies, Carney complex, Fabry disease 
and Alagille syndrome [1,3], as well as in chromosomal abnormali- 
ties such as Turner syndrome and trisomy 13 or 18 [1]. 


Ehlers—Danlos syndrome 


Cutis laxa 
Marfan syndrome 


Pseudoxanthoma elasticum 
Werner disease 

Progeria 

Cockayne syndrome 
Cornelia de Lange syndrome 


Fabry disease 


RASopathies: 
Noonan syndrome 


Noonan syndrome with 
multiple lentigines 
(LEOPARD syndrome) 

Neurofibromatosis 
Rubinstein—Taybi syndrome 


Tuberous sclerosis 

Incontinentia pigmenti 

Alagille syndrome 

Di George syndrome 

Lymphoedema-distichiasis 
syndrome 

Naxos disease 

Chromosomal syndromes 


Carney complex 


Dilated main vessels, mitral or tricuspid insufficiency, 
cardiac/vascular rupture (type IV) 

Early CAD, aortic aneurysm, mitral valve prolapse 

Aortic aneurysm, aortic regurgitation, mitral valve 
prolapse or regurgitation 

Arterial calcification, CAD, mitral valve prolapse 

Early CAD 

Early CAD 

Early CAD 

Septal defects, persistent ductus arteriosus, 
pulmonary stenosis 

Conduction defects, arrhythmias, hypertension, left 
ventricular hypertrophy, mitral valve prolapse; see 
main text for further information 

See text for further information 

Pulmonary stenosis, septal defects, hypertrophic 
cardiomyopathy, aortic abnormalities, other 
features 

ECG abnormalities (various forms of heart block), 
pulmonary stenosis, also subaortic stenosis and 
hypertrophic cardiomyopathy 

Hypertension (renovascular or phaeochromocytoma) 

Aortic coarctation, persistent ductus arteriosus, 
pulmonary stenosis, septal defects 

Cardiac rhabdomyomas 

Patent ductus arteriosus, tricuspid insufficiency 

Pulmonary artery hypoplasia/stenosis 

Tetralogy of Fallot, aortic arch defects 

Tetralogy of Fallot, patent ductus arteriosus 


Arrhythmogenic right ventricular cardiomyopathy 

Various, includes Down syndrome, Turner syndrome, 
trisomy 13, trisomy 18 

See text for further information 


(continued) 
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Table 151.1 (continued) 


Disease 


Main cardiac features 


Inflammatory diseases, connective tissue disease, vasculitis 


Systemic lupus erythematosus 


Neonatal lupus erythematosus 


Systemic sclerosis 


Limited systemic sclerosis 
(CREST) 
Polyarteritis nodosa 


Behcet disease 
Antiphospholipid syndrome 


Degos disease 

Eosinophilic granulomatosis 
with polyangiitis (EGPA; 
former Churg-Strauss 
syndrome) 

Granulomatosis with 
polyangiitis (GPA) 

Cholesterol emboli 

Other vasculitides 

Dermatomyositis 


Relapsing polychondritis 
Rheumatic fever 
Kawasaki disease 
Multicentric 
reticulohistiocytosis 


Hypereosinophilic syndrome 


Sarcoidosis 
Reactive arthritis 


Vegetations (especially mitral, Libman—Sacks 
endocarditis), pericarditis, myocarditis, 
aortic/mitral regurgitation 

Neonatal heart block (various patterns), septal 
defects, persistent ductus arteriosus, 
tricuspid/mitral insufficiency 

Pericarditis and effusion, conduction defects, 
myocardial fibrosis, cardiomyopathy, cor 
pulmonale 

Pulmonary hypertension 


Coronary artery vasculitis, ECG abnormalities, 
hypertension 

Pericarditis, pulmonary and coronary artery 
aneurysm 

Vegetations, valvular heart disease, coronary artery 
thrombosis, pericardial effusion, CCF 

Pericarditis, pericardial effusion 

Pericarditis, cardiac fibrosis, pericardial effusion 


Cardiomyopathy 


Coronary artery occlusion 

Coronary artery vasculitis 

Conduction defects, arrhythmias, cardiomyopathy, 
CCF, (rarely) pulmonary hypertension 

Mitral or aortic insufficiency, dissecting aortic 
aneurysm, pericarditis, myocardial ischaemia, 
heart block, aortitis 

Mitral and aortic valve disease 

Conduction defects, coronary artery aneurysms, 
pericardial effusion, cardiomegaly 

Pericarditis, cardiomegaly, CAD, CCF 


Eosinophilic endomyocarditis, valvular scarring, 
CCF, restrictive cardiomyopathy 

Conduction defects, arrhythmias, CCF 

Conduction defects, aortic regurgitation 


Deposition, metabolic and endocrine disorders 


Amyloidosis 
Haemochromatosis 

Wilson disease 

Mucinoses: scleromyxoedema 
Hyperlipidaemias 

Diabetes 

Hyperthyroidism 
Hypothyroidism 

Acromegaly 

Carcinoid syndrome 


Phaeochromocytoma 
Mastocytosis 
Homocystinuria 
Embolic diseases: 
Infective endocarditis 
Cholesterol emboli 
Atrial myxomas 


Conduction defects, cardiomegaly, CCF 

Arrhythmias, cardiomyopathy, CCF 

Arrhythmias, cardiomyopathy 

Cardiomyopathy, CCF 

CAD 

CAD, cardiomyopathy 

Tachycardia, atrial fibrillation, mitral regurgitation 

Bradycardia, CAD, pericardial effusion 

Left ventricular hypertrophy, CCF 

Tricuspid or pulmonary stenosis, right heart 
failure 

Variable heart rate, hypertension/hypotension 

Tachycardia, hypotension, arrhythmia, angina 

Atherosclerosis 


Vegetations, valvular incompetence 
Usually from proximal arteries rather than cardiac 
See text for further information 


Infections 


Lyme disease 
Syphilis 


Varicella 
SARS-CoV-2 


Septicaemia 
Congenital rubella 
Whipple disease 


Drugs 


Used in cardiology, causing 
rash 

Cardiotoxic and cause skin 
eruptions 

Used for skin disease, 
cardiovascular side effects 

Teratogenic, causing both skin 
and cardiac defects 


Miscellaneous 


Earlobe crease 

POEMS syndrome 

Mycosis fungoides, Sézary 
syndrome 

Kaposi sarcoma 

Diffuse neonatal 
haemangiomatosis 

Erythroderma, any cause 

Pacemaker reactions 

Clubbing of nails 

Red lunulae 


Myocarditis, heart block 

Aortitis, aortic aneurysm, aortic and mitral 
regurgitation, obstructed coronary arteries 

Myocarditis 

Tachycardia, haemodynamic shock, myocarditis, 
decreased left ventricular ejection fraction 
(LVEF), coronary aneurysm and dilatation 

Pustules, infarcts, disseminated intravascular 
coagulopathy 

Pulmonary artery and valve stenosis, patent ductus 
arteriosus 

Pericarditis, myocarditis, valve deformity (especially 
mitral valve endocarditis) 


Amiodarone (photosensitivity, pigmentation), 
amlodipine (ankle oedema) 

Doxorubicin (cardiotoxic, anagen effluvium, 
pigmentation) 

Ciclosporin (hypertension), hydroxychloroquine (QT 
interval prolongation) 

Alcohol, phenytoin, retinoids 


CAD 
Cardiac failure 
Heart is infiltrated in advanced disease 


Heart is commonly involved 
High-output cardiac failure 


High-output cardiac failure 

Infection, contact dermatitis, mechanical issues 
Cyanotic congenital heart defects 

Occur in CCF 


CAD, coronary artery disease; CCF, congestive cardiac failure; CREST, calcinosis, 
Raynaud's phenomenon, esophageal disease, sclerodactyly, telangiectasia (syndrome); 
ECG, electrocardiogram; LEOPARD, /entigines, ECG abnormalities, ocular hypertelorism, 
pulmonary stenosis, abnormalities of genitalia, retardation of growth, deafness 
(syndrome); POEMS, polyneuropathy, organomegaly, endocrinopathy, M protein, skin 
changes (syndrome); SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 


Lymphoedema-distichiz 


The lymphoedema-distichiasis syndrome is an autosomal domi- 
nant genetic disorder due to mutations in the FOXC2 gene. Beyond 
lower-extremity lymphoedema and distichiasis, a condition where 
eyelashes grow from abnormal locations on the eyelid, it has been 
linked to cardiac anomalies [4]. 

Cardiac rhabdomyomas, cardiomyopathy and supraventricu- 
lar tachycardia are reported in patients with tuberous sclerosis 
(Chapter 78) [1]. 


Fabry disease .— 


Figure 151.1 Finger clubbing in association with congenital cyanotic heart disease and 
Eisenmenger syndrome. 


In this rare inherited sphingolipidosis, cardiac involvement may be 
manifest as arrhythmias, hypertrophic cardiomyopathy, valvular 
abnormalities and coronary artery disease (Chapter 79) [1,2]. The 
cutaneous features include angiokeratoma corporis diffusum and 
hypohidrosis or anhidrosis (Figure 151.2) [3]. 


RASopathies 


A number of genetic syndromes have been summarised under the 
term RASopathies [3]. Amongst them are the Noonan syndrome, 
Noonan with multiple lentigines syndrome (also known as the 
LEOPARD syndrome or multiple lentigines syndrome), Costello 
syndrome, cardiofaciocutaneous syndrome and neurofibromato- 
sis 1. They share the common feature that mutations in the rat 
sarcoma-mitogen-activated protein kinase (Ras-MAPK) signal 
transduction pathway are pathogenic and lead to the develop- 
ment of cardiac and cutaneous malformations. The former include 
hypertrophic cardiomyopathy, pulmonary stenosis and atrial septal 
defects. 

Characteristic for Noonan with multiple lentigines syndrome are 
widespread lentigines, electrocardiographic abnormalities, ocular 
hypertelorism, pulmonary stenosis, abnormal genitals, retardation 
of growth and deafness (hence LEOPARD syndrome). The cardiac 
involvement includes left axis deviation on an electrocardiogram 
(ECG), ventricular hypertrophy and arrhythmia. 


Carney complex 


The Carney complex was previously known as the LAMB 
(lentigines, atrial myxoma, mucocutaneous myxoma, blue naevi) 
syndrome or the NAME (blue naevi, atrial myxoma, myxoid neu- 
rofibromas, ephelides) syndrome. It is a result of mutations in 
the PRKARIA gene (protein kinase, cAMP-dependent, regulatory, 
type I, alpha) [3,5]. The inheritance is autosomal dominant with 
incomplete penetrance. It is characterised by recurrent myxomas, 


(b) 


Figure 151.2 Fabry disease in a 46-year-old man with extensive involvement of (a) the 
buttocks and (b) the genitalia. 
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Figure 151.3 Cutaneous myxoma in a patient with Carney complex. 


pigmented skin lesions, endocrine overactivity and neoplasms 
(e.g. growth hormone-producing adenoma often with acromegaly, 
Sertoli cell tumours and Cushing syndrome) [5]. Nearly 70% of 
patients have myxomatous cardiac tumours. Mucocutaneous myx- 
omas (eyelids, external ear, breast and oro-pharynx) are present in 
one-third of patients (Figure 151.3). Pigmentary abnormalities such 
as blue naevi, café-au-lait macules and lentigines are commonly 
seen (in 75% of cases) [5]. 


CARDIAC INVOLVEMER 
OR SYSTEMIC DISEAS 
FEATURES 


INFLAMMATORY DISORDERS 


Cardiac involvement is common in systemic disorders such as sar- 
coidosis (Chapter 96) [6], mixed connective tissue disease (Chapter 
53) [7], dermatomyositis (Chapter 52) [7], lupus erythematosus 
(Chapter 51) [8,9], systemic sclerosis (see Chapter 54) [10] and 
vasculitis (Chapter 100) [11,12], although it may be underestimated 
if symptoms are absent. 


Sarcoidosis. Up to 25% of patients with sarcoidosis have heart 
involvement. Sudden death due to conduction defects and ven- 
tricular arrhythmias is the most important complication and is 
particularly well recognised in sarcoidosis. Cardiomyopathy may 
also occur [6]. 


Mixed connective tissue disease. Clinically significant pericarditis, 
myocarditis and pulmonary hypertension may occur in mixed con- 
nective tissue disease, but this is rare [7]. 


Dermatomyositis. The heart may be involved in dermatomyositis 
or polymyositis with the occurrence of congestive heart failure, coro- 
nary artery disease or conduction abnormalities [7]. 


Systemic lupus erythematosus. Cardiovascular disease is very 
frequent in systemic lupus erythematosus [8]. A number of cardiac 
complications occur, especially pericarditis, a high prevalence of 
atherosclerosis and an increased risk of myocardial infarction. 


Neonatal lupus erythematosus. A congenital atrioventricular 
block (AVB) is the most common cardiovascular symptom of 
neonatal lupus erythematosus (LE). Mothers of affected children 
generally express the 52 and 60 kDa anti-SS-A (Ro) antibodies, even 
if they have no other features of LE [9]. Beyond AVB, the spectrum 
of heart involvement in neonatal LE varies widely and includes not 
only valve defects, but also cardiomyopathy or myocarditis. 


Systemic sclerosis. Cardiac involvement in systemic sclerosis is not 
always clinically apparent but is believed to be a poor prognostic 
factor. Pericarditis, pericardial effusion, arrhythmias, myocardial 
fibrosis, conduction system defects, endothelial damage to coronary 
arteries and heart failure due to pulmonary arterial hypertension 
all occur [10]. Symptoms include heart failure, palpitations and 
myocardial infarction. 


Antiphospholipid syndrome. In the antiphospholipid syndrome 
[13], about 50% of patients have valvular heart disease, either 
vegetations or thickening (Chapter 51). The mitral valve is 
most frequently affected. There is also an increased incidence of 
atherosclerosis, coronary artery disease and myocardial infarction. 


Vasculitides. The major vasculitides that affect the heart belong 
to one of the following groups: (i) small-vessel vasculitis (granu- 
lomatosis with polyangiitis (GPA), eosinophilic GPA (EGPA)); (ii) 
medium-vessel vasculitis (polyarteritis nodosa, Kawasaki disease); 
or (iii) large-vessel vasculitis (temporal arteritis, Takayasu arteritis) 
[11]. Cardiac involvement is commoner in EGPA than in GPA [12]. 


Amyloidosis. Cardiac involvement is frequent in primary amyloid- 
osis [2,14], causing features of cardiomyopathy such as congestive 
heart failure, low voltage on an ECG and conduction disturbances. 
Cutaneous signs, macroglossia and demonstration of amyloid depo- 
sition on skin histology support the diagnosis (Chapter 56). 


Kawasaki disease. Kawasaki disease (mucocutaneous lymph node 
syndrome) is an acute febrile disease principally of infants and 
children (Figure 151.4) and is due to an immune-mediated medium 
vessel vasculitis that affects the coronary arteries (Chapter 26). 
Clinical manifestations are prolonged fever and signs of acute 
inflammation [2]. Coronary artery aneurysms may develop in 
up to 25% of patients; other cardiac sequelae include myocar- 
dial infarction, conduction defects, pericardial effusion and 
cardiomegaly. 

Coronavirus disease in 2019 (Covid-19) led to a global pan- 
demic starting in 2020. Shortly after the onset of the pandemic, 
first reports of children affected by a Kawasaki-like disease in 
the context of SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus 2) infection were published from Europe and North 
America. This syndrome is referred to as paediatric inflammatory 
multisystem syndrome temporally associated with SARS-CoV-2 


Figure 151.4 Kawasaki syndrome in a 
16-year-old girl showing (a) a rash on her body 
and (b) the characteristic ‘strawberry tongue’. (a) 


infection (PIMS-TS) or multisystem inflammatory syndrome in 
children (MIS(-C)) [15]. It predominantly affects the cardiovascular 
system, gastrointestinal tract or neurological organ systems. A rate 
of 79% of cardiovascular involvement is described with tachycar- 
dia, haemodynamic shock, myocarditis, decreased left ventricular 
ejection fraction (LVEF) and coronary aneurysm and dilatation [15]. 


INFECTIONS 


Infective endocarditis [2] typically occurs in 
patients with a past history of heart disease (rheumatic fever, con- 
genital heart disease, degenerative valve disease, heart valve opera- 
tion), intravenous drug use or recent dental surgery. Around 50% of 
cases of infective endocarditis develop in patients without a history 
of valve disease [16]. Up to 80% of cases are caused by staphylococcal 
or streptococcal infection. Cutaneous lesions may represent either 
septic emboli or immune complex disease due to circulating bacte- 
rial antigens [2]. The skin lesions may be purpuric, pustular or red 
(note variations in skin of colour) and other patterns are described. 
Splinter haemorrhages of the nail fold or nail bed occur as well as 
conjunctival and palatal petechiae. Osler nodes are small, tender, red 
papules situated mainly on the distal finger and toe pads; Janeway 
lesions are faint, red, macular lesions on the thenar and hypothenar 
eminences. 


Rheumatic fever is a complication of streptococcal 
infection [2]. It causes arthritis, carditis, neuromuscular disease (e.g. 
Sydenham chorea, muscle weakness) and cutaneous lesions. The lat- 
ter include erythema marginatum and subcutaneous nodules on the 


(b) 


extensor surface of the extremities, particularly near the joints. Ery- 
thema marginatum is a transitory gyrate redness located mainly on 
the trunk and proximal extremities (Figure 151.5). Cardiac features 
include valvular disease, pericarditis, myocarditis and congestive 
heart failure. 


See Kawasaki disease section under Inflammatory 
disorders. 


MISCELLANEOUS 


Coronary artery disease and ischaemic 
heart disease may occur in premature ageing syndromes such as 
progeria and Werner syndrome. Premature atherosclerotic vascular 
disease has also been reported in pseudoxanthoma elasticum [3]. 
Coronary artery disease may be associated with xanthelasma or 
xanthomas due to hyperlipidaemia [2]. The presence of a diagonal 
earlobe skin crease (Frank sign) has been linked with coronary 
artery disease. This issue has been a matter of controversy over the 
years but current studies show a high positive correlation [17]. The 
coronaty arteries are also involved in Kawasaki disease. 


Cutaneous reactions over the site of implanted 
cardiac pacemakers have been reported. Most of these are either 
infections or mechanical problems (erosions, extrusions, capsular 
contracture, exposed generator or electrodes, bronchopleural cuta- 
neous fistulae) and may respond to antibiotics or altered positioning 
of the pacemaker [18,19]. Contact dermatitis from implanted cardiac 
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Figure 151.5 Erythema marginatum (rheumatic fever). Reproduced with permission of 
DermNet New Zealand Trust. https://dermnetnz.org/topics/rheumatic-fever. 


rhythm devices is rare; allergies to cobalt, epoxy resin, mercury, 
nickel, titanium and gold stents have all been described [20]. 
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Introduction 


There are many disorders that affect both the skin and the respi- 
ratory system, ranging from common infections and allergies to 
complex multisystem diseases. This chapter examines the rela- 
tionship between these two organ systems and discusses selected 
disorders from amongst the diverse groups of diseases that may 
affect both (Table 152.1). After a brief discussion of allergic disor- 
ders affecting the upper respiratory tract, the chapter focuses on 
pulmonary involvement in autoimmune disorders, vasculitides, 
infections and hereditary syndromes. 

The mucosa of the upper respiratory tract may be affected by 
the same processes as the skin in a range of infective and allergic 
disorders. 

Pulmonary disease rarely occurs as a direct consequence of a 
primary skin disease, except for instances such as metastasis from 
a primary skin tumour (e.g. melanoma). Similarly, there are rela- 
tively few instances in which skin abnormalities occur as a direct 
consequence of respiratory pathology. Examples include cyanosis 
due to severe pulmonary disease or intrapulmonary right-to-left 
shunts, and finger clubbing due to chronic cyanotic lung disease or 
neoplasm. 

Some drugs used for the treatment of pulmonary disease may 
cause side effects on the skin and vice versa. A very few drugs may 
cause skin symptoms and respiratory tract disease at the same time 
(e.g. cisplatin). 


ALLERGIC DISORDERS — 


The respiratory system is frequently involved in allergic reactions, 
particularly those due to type I allergic sensitisation. Amongst 
the atopic disorders, allergic rhinoconjunctivitis and allergic asthma 


Table 152.1 Conditions that affect the skin and respiratory system. 


Disease Respiratory system features 
Inflammatory 
Sarcoidosis Pulmonary fibrosis, hilar lymphadenopathy, 


Pulmonary vasculitides 
Systemic sclerosis 


Sjégren syndrome 


Lupus erythematosus 
Mixed connective tissue disease 


Antiphospholipid syndrome 


Dermatomyositis 


Relapsing polychondritis 
Multicentric reticulohistiocytosis 


Bullous diseases (epidermolysis 
bullosa, pemphigus, 
Stevens—Johnson syndrome, 
toxic epidermal necrolysis) 

Graft-versus-host disease 

Pyoderma gangrenosum 

Familial Mediterranean fever 


Infections and infestations 


Tuberculosis 

Mycobacterium avium— 
intracellulare infection 

Leprosy 

Mycoplasma infection 

Dissemination of pulmonary 
fungal infections 

Scrub typhus 


laryngeal involvement, necrotising sarcoid 
granulomatosis 

See text for further information (in this section) 

Interstitial fibrosis, pneumothorax, pulmonary 
hypertension 

Decreased secretions, sinusitis, bronchoalveolitis, 
interstitial lung disease 

Pleuritis, pleural effusion, shrinking lungs syndrome 

Fibrosing alveolitis (especially U, ribonucleoprotein 
antibody positive) 

Pulmonary embolism, infarction, thrombosis, 
haemorrhage 

Muscular weakness, pharyngeal dysfunction 
(aspiration pneumonia), interstitial lung disease, 
bronchiolitis obliterans 

Tracheal collapse 

May be associated with bronchial neoplasia, lung 
infiltration, pleural effusion 

Upper respiratory tract involvement; paraneoplastic 
pemphigus is associated with intrathoracic 
disease, especially Castleman disease, thymoma 


Restrictive defect, fibrosis 
Neutrophilic nodules in lung, tracheal involvement 
Pleurisy 


Specific skin lesions, erythema nodosum 
May disseminate to skin (usually in HIV infection) 


Laryngeal involvement 

Causes erythema multiforme (often mucosal) 

Blastomycosis, coccidioidomycosis, cryptococcosis, 
aspergillosis, histoplasmosis, melioidosis 

Pneumonia (common) 


(continued) 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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Table 152.1 (continued) 


Disease 


Respiratory system features 


SARS-CoV-2 


Varicella 

Measles 

Larva migrans 

Chronic mucocutaneous 
candidiasis 

Whipple disease 


Congenital/inherited 


Atopic disease 
Cutis laxa 
Tuberous sclerosis 
Neurofibromatosis 


Ataxia-telangiectasia 
Hereditary haemorrhagic 
telangiectasia 
a, -antitrypsin deficiency 
Darier disease 
Dyskeratosis congenita 
Lipoid proteinosis 
Riley—Day syndrome 


Birt-Hogg—Dubé syndrome 


Hyper-IgE syndrome 


Infiltrations and metabolic 

Histiocytoses (Langerhans cell 
histiocytosis, Rosai-Dorfman 
disease, haematophagocytic 


syndrome, necrobiotic 


xanthogranuloma, sea-blue 


histiocytosis, others) 
Amyloidosis 


POEMS syndrome 
Carcinoid syndrome 
Hypothyroidism 
Myxoma 


Drugs 
Used in respiratory disease, 


Symptoms vary depending on severity of disease 
course: cold-like symptoms, pneumonia, 
hypoxaemic respiratory failure/respiratory distress 
syndrome 

Variety of cutaneous manifestations: 

pseudo-chilblain lesions, maculo-papular exanthema, 

urticarial or vesicular lesions 

Pneumonia 

Pneumonia 

Asthma/bronchitis with eosinophilia 

Bronchiectasis 


Cough, pleural effusion, pulmonary infiltrate, hilar 
lymphadenopathy 


Asthma, hay fever 

Emphysema, cor pulmonale 

Rhabdomyomas 

Kyphoscoliosis, intrathoracic neuromas, lung fibrosis, 
bullae 

Pneumonia, bronchiectasis, pulmonary fibrosis 

Haemoptysis, dyspnoea, cyanosis due to arteriovenous 
shunting 

Emphysema 

Lower lobe fibrosis, laryngeal involvement 

Interstitial pneumonia, fibrosis 

Laryngeal involvement 

Lung infiltrate, pneumonia 

Lung cysts, pneumothorax 

Abscesses, pneumonia 


Pulmonary nodules and fibrosis, upper respiratory 
tract infiltration disease, xanthoma disseminatum 


Cutaneous amyloid deposition secondary to chronic 
lung disease, lung infiltration in primary amyloidosis 

Pleural effusion, bronchospasm 

Bronchospasm 

Laryngeal involvement 

Pleurisy 


Co-trimoxazole (drug eruptions), pirfenidone 


causing rash, phototoxicity 
May cause skin eruptions and 

respiratory tract disease 
Used for skin disease, 

respiratory side effects 


Antibiotic-induced toxic epidermal necrolysis, cisplatin 
(bronchospasm, pigmentation) 

Isotretinoin (bronchospasm), methotrexate (lung 
fibrosis, pneumonitis), mycophenolate mofetil 
(lung fibrosis) 

Miscellaneous 


Angio-oedema 
Anaphylaxis 
Pancreatitis 

Yellow nail syndrome 
Mastocytosis 
Tumours 


Upper airway obstruction 

Bronchospasm 

Basal pleural reaction, cutaneous fat necrosis 

Pleural effusion, bronchiectasis 

Rhinorrhoea, laryngeal oedema, bronchospasm 

Metastatic disease, Kaposi sarcoma, lymphomatoid 
granulomatosis, extensive mycosis 
fungoides/Sézary syndrome 


HIV, human immunodeficiency virus; POEMS, polyneuropathy, organomegaly, 
endocrinopathy, M protein, skin changes; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2. 


affect the respiratory tract and contribute significantly to the bur- 
den of disease in many individuals who also have atopic eczema. 
Angio-oedema is a component part of urticaria (Figure 152.1) 
and can cause life-threatening pharyngeal and laryngeal oedema, 
most commonly in the context of IgE-mediated anaphylaxis. These 
conditions are addressed in Chapters 41, 42 and 43. 


AUTOIMMUNE DISORDER: 


Amongst autoimmune disorders, it is the connective tissue diseases 
in particular that may affect both organs. 

Respiratory disease is the second most common clinical manifes- 
tation of systemic sclerosis (Chapter 54), with a prevalence of between 
25% and 90% [1]. Systemic sclerosis is associated with interstitial 
lung disease and pulmonary vascular disease leading to pulmonary 
hypertension. In addition, bronchiectases are found in up to 68% 
of patients on high-resolution computer tomography. Pneumotho- 
rax, pleural effusion, respiratory muscle involvement and ‘splinting’ 
of the chest by sclerotic skin may all occur. 

The proportion of patients with systemic Iupus erythematosus (SLE) 
(Chapter 51) who develop pulmonary disease is variable in reported 
series [2]. The clinical manifestations involve all compartments of 
the respiratory tract (pleura, parenchyma, vessels and airways) 
and can follow an acute or chronic course. Pleuritis, pulmonary 
hypertension or interstitial lung disease may be present in mixed 
connective tissue disease [3]. Involvement of the respiratory mus- 
cles may lead to diaphragmatic elevation and the ‘shrinking lungs’ 
syndrome [4]. Pulmonary embolism, haemorrhage, infarction and 
hypertension as well as thrombosis of the lung vessels may occur 
in patients with the antiphospholipid syndrome (Chapter 51) [5]. 

Relapsing polychondritis (Chapter 155) [6] is due to autoantibodies 
against type II collagen and is a potentially fatal disease. Dyspnoea 
and inspiratory stridor occur in over 50% of patients as a result of 
oedema of the respiratory tract mucosa and collapse of the cartilagi- 
nous support of the larynx and trachea. Inflamed nasal and auricular 
cartilages are present in most patients, with nasal obstruction, 
arthropathy and a high erythrocyte sedimentation rate. Costal 
cartilage is involved in one-third of cases. The non-cartilaginous 
lobe of the ear is classically spared in relapsing polychondritis. 

In dermatomyositis (Chapter 52), there are three main mecha- 
nisms that provide a link with respiratory disease [7]. Firstly, 
dermatomyositis may occur as a consequence of bronchial carci- 
noma. Secondly, muscular weakness due to myositis may affect 
either the intercostal and thoracic musculature, or the larynx 
and pharynx - involvement of the latter may lead to aspiration 
pneumonia as a complication. Finally, interstitial lung disease or 
bronchiolitis obliterans may occur in dermatomyositis. The lung 
disease is typically associated with the presence of antiaminoacy] 
transfer RNA (tRNA) synthetase antibodies, such as the histidyl 
tRNA synthetase (Jo-1) antibody. The antisynthetase syndrome con- 
sists of dermatomyositis (or polymyositis) with interstitial lung 
disease, arthritis and Raynaud phenomenon [8]. The presence 
of antisynthetase antibodies is also associated with the clinical 
entity of ‘mechanics’ hands’ in dermatomyositis, characterised by 
hyperkeratotic skin on the lateral aspects of the fingers. Dermato- 
myositis may also indirectly be associated with lung disease as a 


consequence of treatment — either infection due to immunosuppres- 
sion or, rarely, drug-induced pneumonitis (methotrexate), which 
may cause diagnostic confusion with pulmonary involvement by 
the disease itself. 

In Sjégren syndrome (Chapter 53), the frequency of lung involve- 
ment varies between 9% and 75%. It can affect the small airways but 
may also present with interstitial lung disease [9]. Alveolitis can be 
demonstrated in about 50% of patients but is often asymptomatic. 


VASCULITIS — 


Vasculitis of many types may affect the lung (Chapter 100). 
The major pulmonary vasculitides belong either to the group 
of small-vessel vasculitis or variable-vessel vasculitis [10]. 


Small-vessel vasculitis 


Any form of systemic small-vessel vasculitis (SVV) can affect the 
lung. According to current classifications [10], SVV can be divided 
into antineutrophil cytoplasmic antibody (ANCA) associated vas- 
culitis and immune complex SVV. The ANCA-associated forms are: 
granulomatosis with polyangiitis (GPA), eosinophilic GPA (EGPA, 
formerly the Churg-Strauss syndrome) and microscopic polyangi- 
itis (MPA). 


Granulomatosis with polyangiitis [11-13]. This rare disease is 
characterised by necrotising granulomatous vasculitis of the upper 
and lower respiratory tracts, necrotising glomerulonephritis, and 
disseminated vasculitis of various organs. ANCAs directed against 
proteinase 3 are found in 40-95% of cases. Skin lesions are present 
in 30-60% of patients, including vasculitis with purpura, subcu- 
taneous nodules and ulcers (Chapter 100). Upper airway disease 
causes nasal discharge, ulceration and bleeding, and may be asso- 
ciated with oral ulceration. Pulmonary changes are typical with 
bilateral infiltrates, nodules or cavities. Subglottic or tracheobron- 
chostenosis may also occur. Prognosis is poor in patients with 
lung or renal disease. Chronic nasal staphylococcal carriage is 
more frequent in GPA than in healthy controls and is associated 
with a poorer prognosis and a higher relapse rate [11]. Diffuse 
alveolar haemorrhage, due to extensive pulmonary capillaritis, is 
a life-threatening complication of GPA; it also occurs in MPA, and 
more rarely in SLE, antiphospholipid syndrome, Behcet disease and 
secondary to drugs such as D-penicillamine [14]. 


Eosinophilic granulomatosis with polyangiitis (Churg-Strauss 
syndrome) [12,13]. This rare condition comprises rhinitis, asthma, 
pneumonitis, fever, malaise, eosinophilia (usually over 10%) and 
widespread vasculitis, which may cause skin lesions, neuropathy 
and cardiac or, less commonly, renal disease. Cutaneous lesions 
include palpable purpura and nodular lesions and are present in 
up to 70% of patients (Figure 152.2). ANCAs are not present in all 
3) cases of EGPA. They may be helpful in differentiating the disease 
into two subgroups: one with more vasculitic and one with more 
eosinophilic manifestations. The latter ANCA-negative subgroup is 
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Figure 152.1 Acute angio-oedema and giant urticaria. 
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Figure 152.2 Eosinophilic granulomatosis with polyangiitis. 


reported to have endomyocardial involvement and lung infltrates 
more often [15]. The ANCAs detected in EGPA are directed against 
myeloperoxidase in 32-92% of cases [11]. 


ANCAs_ against myeloperoxidase 
(MPO-ANCA) can be found in up to 80% of patients with MPA [11]. 
It is a necrotising form of vasculitis that predominantly affects small 
vessels: arterioles, venules and capillaries may all be affected. Lung 
involvement is reported in 20-60% and skin involvement in 40-70% 
of cases [11]. Common pulmonary clinical symptoms are dyspnoea, 
cough and haemoptysis. Alveolar haemorrhage can occur in up to 
a third of MPA patients [16]. 


Pathognomonic are 
vessel wall deposits of immunoglobulin and complement factors 
that predominantly affect the small vessels. Urticarial vasculitis, 
cryoglobulinaemic vasculitis and IgA vasculitis (Henoch-Schoénlein 
purpura) belong to this subgroup [10]. In urticarial vasculitis, 
pulmonary involvement is common and comprises pleuritis and 


obstructive lung disease [17]. In one large series, over 20% of 
patients with urticarial vasculitis had lung involvement, either 
chronic obstructive pulmonary disease or asthma. Although it 
is not clear that these were always causally related to the vas- 
culitis, obstructive pulmonary disease was more frequent in the 
group of patients with hypocomplementaemia [18], and pulmonary 
vasculitis was demonstrated in over 50% of patients with lung 
disease. 


Variable-vessel vasculitis 


Behcet disease has been classified amongst the 
variable-vessel vasculitis group [10], although it also has many 
features of an autoinflammatory disease (Figure 152.3) [19]. The 
frequency of lung involvement in Behcet disease shows a wide 
variation, from <1% to 18%. Pulmonary involvement can be classi- 
fied into three groups: pulmonary artery aneurysm, parenchymal 
changes and a subgroup of diverse pulmonary disorders includ- 
ing pleural effusion. Thrombophlebitis may be a marker for an 
increased risk of pulmonary artery aneurysm as about 80% of 
patients with this complication also have thrombophlebitis [20]. 


INFECTIONS CC 


Numerous infections may involve both the respiratory tract and the 
skin: a selection of these have been listed in Table 152.1. Many viral 
infections, for example, may cause upper and sometimes lower 
respiratory tract symptoms in association with either a non-specific 
exanthem or with erythema multiforme. Mycoplasma infection is 
particularly associated with Stevens-Johnson syndrome. Psittaco- 
sis (ornithosis) may be accompanied by erythema nodosum and 
erythema multiforme. 

SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) 
led to a global pandemic starting in 2020. Coronavirus disease 
2019 (Covid-19) ranges from mild cases with cold-like symptoms 
to severe cases with pneumonia and hypoxaemic respiratory fail- 
ure. Shortly after the onset of the pandemic, reports emerged 
describing various cutaneous manifestations associated with 
Covid-19. They are discussed in Chapter 25 in more detail. 
Their morphology and prevalence seem to vary geographically. 
Pseudo-chilblains, maculo-papular exanthema, vesicular or urticar- 
ial lesions, vaso-occlusive lesions like livedo racemosa or retiform 
purpura have been described [21]. 

Associations between tuberculosis and the skin include non- 
specific reactions such as erythema nodosum or erythema mul- 
tiforme, as well as several patterns of specific skin lesions such 
as lichen scrofulosorum, Bazin disease and papulonecrotic tuber- 
culide (Chapter 27). Several systemic mycoses (Chapter 32) are 
caused by inhalation but may subsequently cause skin lesions, 
either non-specific reactions including erythema multiforme and 
erythema nodosum, or specific lesions caused by haematogenous 
dissemination. Other mycoses may have primary cutaneous lesions 
with occasional spread to internal organs, including the lung (e.g. 
sporotrichosis). 


(b) 


Figure 152.3 Behcet disease with ulceration of (a) the hard palate and (b) the scrotum 
and perigenital skin. 


DISORDERS/G 


Examples are listed in Table 152.1. 


(Chapter 78). This is not uncommonly 
associated with the development of lung disease as a result of 
kyphoscoliosis. Intrathoracic, intra-abdominal or retroperitoneal 
diffuse plexiform neurofibromas can also compromise pulmonary 
function. Fibrosis affects mainly the lower lobes whereas bullous 
changes may occur in the upper lobes [22]. 


Pleural effusions have been reported in tuber- 
ous sclerosis [23] (Chapter 78). Pulmonary involvement is uncom- 
mon but, especially in adult female patients, there may be numerous 
small cysts that represent lymphangioleiomyomatosis [24]. These 
may be mistaken for tuberculosis or sarcoidosis radiologically. 


a,-antitrypsin deficiency, particularly 
the ZZ genotype, links cutaneous panniculitis with emphysema 
and hepatic cirrhosis [25]. 


In familial dysautonomia (Riley—Day 
syndrome), there are acute episodes of bronchopneumonia with 
profuse mucus secretion causing dyspnoea. Skin changes include 
multiple excoriations, and pink to red mottling associated with fever 
and sweating [26]. Radiological features of lung disease [27] may 
be accompanied by abdominal distension as the ‘chest-abdomen’ 
sign [28]. 


Ataxia-telangiectasia (Louis-Bar syndrome) 
may be associated with pulmonary problems, including recurrent 
pneumonia, bronchiectasis and pulmonary fibrosis [29]. 


Lung cysts and pneumothorax can 
occur in Birt-Hogg—Dubé syndrome (Chapters 78 and 154). 


NEUTROPHILIC | 


Pulmonary and major airway involvement has been described with 
pyoderma gangrenosum and with neutrophilic dermatoses [30,31], usu- 
ally comprising focal, dense neutrophilic infiltrates with scattered 
radiological opacities. In Sweet syndrome, the principal clinical symp- 
toms of lung involvement are dyspnoea, cough and general malaise. 
Endobronchial involvement may also occur in eosinophilic states 
such as the hypereosinophilic syndrome, although cardiac disease is 
more important in this condition. See also Chapter 49. 


(Chapter 96). Hilar lymphadenopathy occurs with 
erythema nodosum in acute sarcoidosis (L6fgren syndrome). 
Pulmonary involvement is the major feature in chronic sarcoido- 
sis [32]. 


Figure 152.4 Scleromyxoedema with typical linear arrays of dermal papules on the 
neck. 


This is a very rare disorder 
of unknown aetiology [33]. In the respiratory system, a nodular 
pulmonary infiltrate is typical as well as local pleural thickening 
or effusion. Extrapulmonary involvement may be ophthalmo- 
logical (uveitis) but other organs including the skin [34] may 
be involved, and erythema nodosum or necrosis due to arteritic 
vascular occlusion may be a feature. 


(Chapter 135). Multicentric retic- 
ulohistiocytosis is associated with pleural effusion [35]; it may also 
occur as a paraneoplastic phenomenon. 


(Chapter 57). Scleromyxoedema has been 
associated with lung disease, mainly causing dyspnoea (Figure 
152.4) [36]. 


(Chapter 56). Involvement of the respiratory tract is 
common in primary amyloidosis. It may cause dyspnoea but is often 
asymptomatic. 


(Chapter 139). This is a rare 
Epstein-Barr virus infection-driven lymphoproliferative disease in 
which the lung is involved in more than 90% of patients [37]. Radi- 
ology shows multiple small nodules that affect predominantly the 
periphery of the lower lung fields. Cutaneous lesions are present 
in 25-50% of cases, typically on the extremities, and consist of 
infiltrated flat or nodular lesions that may become necrotic and 
ulcerated. 


(b) 


Figure 152.5 Yellow nail syndrome affecting the nails of (a) the fingers and (b) the toes. 


(Chapter 93). Yellow nail syndrome 
(Figure 152.5) is associated with a diverse array of respiratory 
abnormalities including dyspnoea or cough, pleural effusion, 
bronchiectasis and chronic sinus and lung infections [38]. 


MISCELLANEOUS DIS 


(Chapter 148). Respiratory failure in 
paraneoplastic pemphigus (PNP) is particularly important as it 
might be the cause of death in patients with this disorder. Patholog- 
ically, there is a diffuse, segmental, constrictive bronchiolitis of the 
small bronchioles causing a bronchiolitis obliterans clinical picture. 
The mechanism may be due to autoantibody-mediated damage, 
as direct immunofluorescence of bronchial mucosal biopsies may 
demonstrate linear deposition of IgG and complement in the lamina 


Key references 152.7 


propria [39]. CD8+ T-lymphocytes may also play a key role in this 
process [40]. An ectopic expression of desmoglein 3 and other 
epidermal antigens might explain the pulmonary involvement in 
PNP [41]. The underlying neoplasm, toxic effects of immunosup- 
pressive therapy and secondary infection may all contribute to the 
pulmonary morbidity. 


Box 152.1 Examples of disorders with skin and 
systemic manifestations that may cause hoarseness 
of the voice 


e Pachyonychia congenita 

¢ Cornelia de Lange syndrome 

e Farber disease (disseminated lipogranulomatosis) 
¢ Lipoid proteinosis 

¢ Sarcoidosis 

¢ Secondary syphilis 

e Epidemic typhus 

e Hypothyroidism 

¢ Relapsing polychondritis 

e Systemic lupus erythematosus 

¢ Dermatomyositis 

e¢ Mucous membrane pemphigoid 
e Epidermolysis bullosa 


Hoarseness as a sign of systemic disease. Hoarseness from laryn- 
geal or tracheal involvement is an important audible sign of certain 
systemic diseases with skin involvement (Box 152.1) [42]. In partic- 
ular, a range of inherited or acquired bullous diseases may affect the 


pharyngeal or laryngeal mucosa, for example mucous membrane 
pemphigoid, in which chronic inflammation may predispose to 
carcinoma of the larynx. 
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Introduction 


This chapter concentrates on gastrointestinal, hepatic and pancre- 
atic diseases in which cutaneous signs or symptoms are prominent, 
but also discusses situations either where the skin and the digestive 
system are affected by the same disease process or where a skin dis- 
ease itself has an effect on the latter [1,2,3]. Skin changes related to 
more general effects of gastrointestinal diseases, such as nutritional 
defects, are discussed elsewhere in this book (Chapter 61). 


OESOPHAGUS, STOMACH AND INTESTINE 


Bleeding from the gastrointestinal tract may be associated with skin 
and nail signs of iron deficiency, such as koilonychia, smooth tongue 
and angular cheilitis (Chapter 61). The association of longstanding 
iron deficiency anaemia with dysphagia and an oesophageal web 
is known as Plummer-Vinson or Paterson—Brown-Kelly syn- 
drome [1]; it may predispose to squamous cell carcinoma of the 
oesophagus. 

Cutaneous metastases may occur from tumours of the oesophagus 
or stomach. Rarely they arise in the umbilicus and look like a firm 
but mobile nodule(s). This phenomenon has been called Sister Mary 
Joseph nodules. The most common cancers that metastasise to the 
umbilicus are those of the stomach, pancreas, colon and ovary [4]. 


Paraneoplastic eruptions linked to malignant neoplasms of the 
upper gastrointestinal tract, including palmoplantar keratoderma— 
oral leukokeratosis-oesophageal carcinoma (Howel-Evans syn- 
drome), acrokeratosis paraneoplastica (Bazex syndrome) and 
paraneoplastic acanthosis nigricans, are discussed in Chapter 148. 

Deficiencies of essential minerals and vitamins may manifest in 
the skin in a variety of ways. A major cause is impaired absorp- 
tion from the gastrointestinal tract as the result of specific transport 
defects (e.g. vitamin B,,, zinc), surgery (e.g. gastrectomy, gastroin- 
testinal bypass) or disease (e.g. Crohn disease) [1]. These are dis- 
cussed in more detail in Chapter 61. 

Helicobacter pylori infection has been reported to be associated 
with a wide variety of skin disorders including chronic urticaria, 
rosacea, IgA vasculitis, Sweet syndrome, erythema multiforme, 
alopecia areata, pruritus, nodular prurigo and atopic eczema [5]. 


Crohn disease (CD) (see Chapter 95) and ulcerative colitis (UC) are 

the major causes of what is termed inflammatory bowel disease 

(IBD). Despite several similarities, including their age distribu- 

tion and incidence rate, these two diseases are distinct in several 

ways [2]: 

1 Inflammatory profile: CD is mediated by TH1 cells, whereas UC 
is mediated by TH2 cells. 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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153.2 Chapter 153: 


2 Clinical picture: CD can affect the whole gastrointestinal tract, 
while UC is confined to the colon. 

3 Genetic predisposition: HLA-B27 is associated with UC, whereas 
other genes such as the caspase recruitment domain 15 gene, 
CARD15, predispose to CD. 

4 Risk factors: CD is associated with smoking, unlike UC. 
According to current classifications, skin involvement in IBD can 

be grouped into four categories [2,6]: (i) specific conditions; (ii) reac- 

tive conditions; (iii) associated conditions; or (iv) complications of 
treatment of IBD. Specific lesions reflect direct skin involvement by 

IBD and are found only in CD. Reactive lesions are induced indi- 

rectly by the IBD (in both UC and CD). Immune cross-reactivity 

between the skin and gut seems to play an important role in their 
development. Certain skin conditions are associated with the HLA 
predisposition or the chronic inflammatory milieu in IBD. Finally, 

IBD complications or side effects of IBD treatments may manifest in the 

skin. In addition, newer treatments for skin diseases like anti-IL-17 

therapy for psoriasis were found to be associated with induction and 

exacerbation of IBD in some cases [7]. 


Specific lesions 

Direct skin and mucosal involvement 

Crohn disease may occur at sites adjacent to the digestive tract, 
such as the oral cavity or ano-genital region. Anal tags are common. 
Perineal abscesses, fissures and fistulae occur in about 20-60% of 
patients with CD and only rarely in UC. They are more commonly 
seen in patients with CD colitis and may cause severe morbidity 
(‘watering-can perineum’). Oral CD occurs in about 9% of patients 
with CD and manifests as swelling of the lips (Figure 153.1) or as 
a nodular ‘cobblestone’ oedema of the gingivae and oral mucosa; 
painful ulceration may develop [2,6]. 


Cutaneous Crohn disease at other sites 

Cutaneous CD may also occur at sites distant from the bowel [2]. The 
lesions have the same histopathology as the gastrointestinal lesions 
[6]. Lesions of cutaneous CD may be solitary or multiple, and may 
have varied morphology, including intact or eroded plaques and 
nodules. The lower extremities are commonly involved, but cuta- 
neous CD may affect the flexures, genitalia, face and other sites. 


Figure 153.1 Oral Crohn disease. 


Figure 153.2 Pyoderma gangrenosum in a patient with Crohn disease. 


Reactive lesions 

A variety of reactive lesions may occur with either UC or CD, usu- 
ally paralleling the activity of the IBD. All of these are discussed in 
detail in other chapters of this book. The most common are erythema 
nodosum and pyoderma gangrenosum [6]. 


Erythema nodosum (Chapter 97). Three to 10% of patients with 
UC and 4-15% of patients with CD develop erythema nodosum. It 
shows a female predilection [6]. 


Pyoderma gangrenosum (Chapter 47). Pyoderma gangrenosum 
occurs as a complication of IBD (Figure 153.2), haematological 
disorders, inflammatory arthritis and other medical conditions. It 
is estimated to occur in about 5-12% of patients with UC, clearly 
more often than in those with CD (1-2%). Like erythema nodosum 
it is more common in females [6]. 


Acute febrile neutrophilic dermatosis (Chapter 49). Acute febrile 
neutrophilic dermatosis or Sweet syndrome has been reported to be 
associated with IBD, especially UC [6]. 


Pyodermatitis-pyostomatitis vegetans. Pyodermatitis-pyostoma- 
titis vegetans or pyodermite végétante Hallopeau [2,6] is a rare dis- 
order of the oral mucosa and a rare cutaneous manifestation of IBD. 
Most cases of pyodermatitis-pyostomatitis vegetans are associated 
with IBD, usually UC. The oral lesions consist of multiple pustules, 
plaques and erosions, which may have a ‘snail-track’ appearance. 
The skin lesions are crusted papules and vegetating plaques with 
surrounding pustules, mainly affecting the major flexures and the 
scalp (Chapter 148). 


Figure 153.3 Recurrent major aphthae in a 26-year-old man with longstanding severe 
Crohn disease. 


Cutaneous polyarteritis nodosa. This is a vasculitis of small and 
medium-sized vessels localised in the dermis and subcutis; 10% of 
cases are associated with IBD [2]. 


Leukocytoclastic vasculitis. Leukocytoclastic vasculitis may occur 
in either UC or CD but is more common in the former. The clinical 
picture is one of a leukocytoclastic vasculitis with palpable purpura, 
typically affecting the lower legs and sometimes causing nodules 
or ulceration. It can occur in CD during remission or exacerbation, 
whereas in UC it normally precedes the onset of bowel disease [6]. 
Involvement of the gastrointestinal tract is the third most common 
organ manifestation of IgA vasculitis (Henoch-Schénlein purpura), 
occurring in 50-75% of patients [2]. 


Thrombosis. The risk of thrombosis is elevated in patients with 
IBD and directly correlates with bowel disease activity. It may affect 
atypical locations, such as the heart or brain and the axillary or 
subclavian venous systems [2]. 


Oral aphthous ulcers. Oral aphthous ulcers are typically located on 
the buccal mucosa and the lips. They are more common in CD (10%) 
than in UC (4%) (Figure 153.3). In CD they are thought to represent 
specific rather than reactive lesions, but their pathogenesis in UC 
remains unclear. It has been postulated that they may sometimes be 
attributable to malnutrition secondary to IBD rather than to the IBD 
itself [6]. 


Associated lesions 

Several skin diseases have been reported in the context of IBD, 
amongst them epidermolysis bullosa acquisita, psoriasis, vitiligo, 
hidradenitis suppurativa, phlebitis, erythema multiforme, urticaria, 
lichen planus, secondary amyloidosis, bullous pemphigoid and lin- 
ear IgA bullous dermatosis. There also appears to be an increased 
risk of skin cancers such as squamous cell carcinoma [6]. 


Epidermolysis bullosa acquisita. This has been associated with both 
CD and UC, but like vitiligo it is very rare in CD and more often 
found in UC. 


Psoriasis. This is more commonly associated with CD (11.2%) than 
with UC (5.7%) [6]. 


Collagenous colitis — 


This is a type of microscopic colitis characterised clinically by 
diarrhoea and histologically by a band-like collagen deposit [8]. 
Cases have been described that have evolved into other forms of 
IBD such as CD and UC. Concomitant coeliac disease has also been 
reported. It has been linked to the use of a variety of drugs including 
non-steroidal anti-inflammatory drugs or proton pump inhibitors. 
It has been associated with pyoderma gangrenosum. 


Coeliac disease — 


Coeliac disease is an immune-mediated gluten-dependent enteropa- 
thy [9]. It is the result of a genetically based inappropriate 
T-cell-mediated immune response against gluten. It causes mal- 
absorption and diarrhoea but diagnosis is often delayed and may 
first be discovered after a patient presents with dermatitis herpeti- 
formis. The disease shows a strong HLA association: more than 
90% of patients express the HLA-DQ («1*501,B1*02) heterodimer 
(HLA-DQ2) and almost all the remainder have HLA-DQ8. The 
diagnosis of coeliac disease can be made by serological tests for 
antigliadin, antiendomysial and tissue transglutaminase antibodies. 
A strict gluten-free diet is mandatory. 

The most common skin manifestation of coeliac disease is der- 
matitis herpetiformis; the association is described in detail in 
Chapter 50. Cutaneous signs of malabsorption may be present in 
patients with severe coeliac disease. There is an increased incidence 
of autoimmune disorders that manifest in the skin, including pso- 
riasis, alopecia areata, linear IgA bullous dermatosis and vitiligo. 
Other skin diseases that have been described in the context of 
coeliac disease include aphthous stomatitis, urticaria, heredi- 
tary angio-oedema, cutaneous vasculitis, erythema nodosum and 
erythema elevatum diutinum [3]. 


Bowel-associated 
dermatosis-arthritis sy 


Bowel-associated dermatosis—arthritis syndrome (BADAS) com- 
prises flu-like symptoms, polyarthralgia and eruptions of papules 
and pustules [2]. It shows a chronic and recurring course of disease 
with flares every 4-6 weeks. Its development had initially been 
linked to bowel bypass surgery for obesity (jejuno-ileal bypass), but 
now is also reported after modern bariatric procedures as well as in 
patients with IBD and cases of diverticulitis with sigmoid stenosis 


Oesophagus, stomach and intestine 153.3 
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or acute appendicitis. The papules and pustules evolve from pink 
to red macules mainly on the extremities and the upper trunk. 

The pathomechanisms leading to the development of the disease 
have not yet been fully understood. It seems that bacterial over- 
growth in the altered parts of the gut and a production of antibodies 
against peptidoglycans in the bacterial cell wall play an important 
role. Deposition of immune complexes against peptidoglycan has 
been observed in patients with BADAS. Treatment mainly aims 
at reducing the bacterial load with long-term antibiotics or at cor- 
rection of the blind loop in a jejuno-ileal bypass. Similar clinical 
features have been reported in association with severe achalasia of 
the cardia, in which food remnants are retained in the oesophagus 
for prolonged periods: a similar mechanism has been postulated 
[10,11]. 


Whipple disease .— VTL 


Whipple disease is a disorder of the small intestine due to infec- 
tion with Tropheryma whippelii. The disorder usually presents with 
arthralgia and general malaise. Abdominal pain, diarrhoea and 
weight loss due to malabsorption occur in most individuals with 
more advanced disease. Cardiac, pleural, ophthalmic or neuro- 
logical symptoms also occur [12]. The most common sign of skin 
involvement is diffuse hyperpigmentation in sun-exposed areas, 
which is seen in 45-54% of patients. Other cutaneous manifestations 
are rare and non-specific including subcutaneous nodules, erythro- 
derma, purpura, vasculitis, panniculitis, hyperkeratosis, urticaria, 
dermatomyositis and eczema [3]. 

The diagnosis can be confirmed by demonstration of periodic 
acid-Schiff-positive particles in small bowel biopsies, by poly- 
merase chain reaction examination of synovial fluid or tissue or by 
immunohistochemistry [12]. 


Intestinal polyposis — || 


A number of usually inherited gastrointestinal polyposis disorders 
also have cutaneous features. They are discussed in detail elsewhere. 
The most important are: 

e Peutz—Jeghers syndrome 

¢ Gardner syndrome 

¢ Cowden disease (multiple hamartoma and neoplasia syndrome) 
e Bannayan-Riley-Ruvalcaba syndrome 

e Cronkhite-Canada syndrome (non-inherited) 

¢ Birt-Hogg—Dubé syndrome 

¢ Naevoid basal cell carcinoma syndrome 

¢ Neurofibromatosis. 


LIVER AND GALL BLADDER 


Hepatobiliary diseases are frequently associated with abnormali- 
ties of the skin, nails and hair [13,14]. However, these are mostly 
non-specific as they may be present in other diseases and absent 


even in patients with advanced liver dysfunction. Additionally, 
many diseases may share the same cutaneous features (e.g. most 
causes of cirrhosis have common clinical signs), and there is no 
clear correlation between the degree of the skin changes and the 
severity of liver dysfunction. However, there may be clinical fea- 
tures that suggest specific diagnoses (e.g. pigmentation, jaundice 
and xanthomas in primary biliary cirrhosis). The overall clinical 
presentation of the patient may therefore be as useful as the pres- 
ence of specific cutaneous signs. Cutaneous features of chronic liver 
disease are listed in Box 153.1. This section will discuss some of the 
main groups of hepatobiliary disease, followed by some of the more 
important symptoms and signs in the following section. 


Box 153.1 Skin lesions associated with chronic liver 
disease 


¢ Spider angiomas and telangiectasia 
¢ Palmar erythema 
¢ Dilated abdominal/chest veins (including periumbilical caput 
medusae) 
e Jaundice 
e Increased melanin pigmentation 
e Thin ‘paper-money’ skin, striae 
e Excoriations 
¢ Loss of secondary sexual hair in males 
¢ Bruising, purpura 
¢ Nail changes: clubbing, pallor, Muehrcke’s bands, Terry’s nails 
e Features of malnutrition (Chapter 61) 
e Associated lesions: 
e Xanthomas 
¢ Porphyria cutanea tarda 
¢ Vasculitis /capillaritis / pyoderma gangrenosum 
e Lichen planus 


Hepatitis and acute live 


Acute hepatic damage is most often due to viral hepatitis, alcohol or 
drugs. Cutaneous features may be absent or there may be jaundice. 
This section considers the dermatological associations of infective 
hepatitis. 


Hepatitis A virus infection. This is usually asymptomatic and 
transient. Dermatological features, if present, are jaundice, urticaria 
(less than 2%) and exanthema [15]. Chronic liver disease does not 
occur but a relapsing variant has been described in which itch, 
purpura and urticarial lesions are present [16]. Histology in such 
cases demonstrates a small-vessel vasculitis. More severe vasculitis 
or panniculitis is rare. 


Hepatitis B virus (HBV) infection. HBV infection is of major rele- 
vance to health care workers as it may be transmitted parenterally. 
It is also transmitted sexually and HBV infection may be associ- 
ated with other sexually transmitted diseases. HBV screening and 
vaccination are recommended for all health care workers. Vacci- 
nation can cause dermatological side effects such as provocation 
of granuloma annulare, lichen planus, Gianotti-Crosti syndrome 


Figure 153.4 Necrolytic acral erythema in patient with longstanding hepatitis C. 
Courtesy of Dr Vesarat Wessagowit, Institute of Dermatology, Bangkok. 


and urticaria, and contact allergy to preservatives [17-19]. Twenty 
to 30% of patients with acute HBV infection develop a serum 
sickness-like disease, which occurs weeks before the clinical onset 
of liver disease. Up to 8% of patients with acute HBV infection 
develop polyarteritis nodosa. Other dermatoses that have been 
associated with acute HBV infection include urticaria, erythema 
multiforme, Gianotti-Crosti syndrome, mixed cryoglobulinaemia, 
lichen planus and dermatomyositis [13]. 


Hepatitis C virus (HCV) infection. This is usually transmitted 
parenterally. Necrolytic acral erythema is a specific feature of 
acute HCV infection [13]. Well-demarcated, acral (mainly dorsa 
of the feet), dusky discoloration with peripheral blister forma- 
tion progresses to form keratotic erythrokeratoderma-like chronic 
inflammation (Figure 153.4). Histology and the clinical picture are 
similar to those of other necrolytic erythemas. 

Up to 75% of patients with HCV fail to eradicate the virus after 
the initial infection [13]. Many of these may present with skin disor- 
ders. Mixed cryoglobulins can be detected in up to 50% of patients 
with HCV infection but only a small proportion of patients develop 
manifest cryoglobulinaemic vasculitis (Chapter 100) [20]. Other 
dermatological conditions that have been associated with persistent 
infection include polyarteritis nodosa, porphyria cutanea tarda, 
lichen planus, sicca syndrome, manifestations of chronic liver dis- 
ease such as pruritus and prurigo and reactions to antiviral drugs. 
Less well-corroborated associations with HCV infection include 
pyoderma gangrenosum, antiphospholipid syndrome, Behcet 
disease, vitiligo, amyloidosis, sarcoidosis and Sjogren syndrome. 


Liver cirrhosis .— ol 


Skin signs of liver cirrhosis are similar to those seen generally in 
chronic liver disease. They reflect the various components of func- 
tional hepatic impairment and are discussed in the section ‘Liver 
diseases and the skin’. 


Haemochromatosis [15]. Haemochromatosis (‘bronze diabetes’) is 
a disorder in which iron overload leads to iron deposition in various 
organs, including the liver and the skin (Chapter 86). Classic idio- 
pathic haemochromatosis usually presents in males over the age of 
40 years. An acquired form also occurs, secondary to haemosidero- 
sis or alcohol abuse. Skin pigmentation occurs in up to 90% of 
patients with haemochromatosis. It typically has a bronze-coloured 
or grey hue and is most prominent on sun-exposed skin. This 
pigmentation seems to be a result of elevated melanin production. 
Stigmata of chronic hepatic failure may also be present. Ichthyosi- 
form dryness of the skin, koilonychia and loss of body hair also 
occur. 


Primary biliary cirrhosis and biliary tract disease. From the derma- 
tological point of view, primary biliary cirrhosis (PBC) is the most 
important biliary tract disease. Nearly 40% of PBC patients first 
present with skin signs or symptoms [13]. The cutaneous features of 
significance are marked itch (discussed in more detail later in this 
chapter), excoriation, hyperpigmentation and various xanthoma- 
tous lesions due to secondary hyperlipidaemia [13]. Xanthelasmas, 
palmar xanthomas and tuberous xanthomas may all occur. PBC 
occurs mainly in middle-aged women as an autoimmune disease 
and is strongly associated with the presence of antimitochondrial 
antibodies. It can be associated with numerous other autoimmune 
conditions, among them Raynaud disease, keratoconjunctivis 
sicca and systemic sclerosis [21]. The constellation of systemic 
sclerosis and its variants with PBC is also known as Reynolds 
syndrome [22]. 

Cholestasis and bile stones may cause acute or chronic jaundice 
and other features of liver disease. Pigment bile stones may occur 
due to erythropoietic protoporphyria, a disease which may also 
rarely cause fulminant hepatic failure [23]. 

Congenital biliary tract hypoplasia with consecutive cholestasis 
is a feature of Alagille syndrome (arteriohepatic dysplasia) [13], a 
dominantly inherited disorder. Affected individuals have a charac- 
teristic facies, jaundice, severe pruritus, widespread xanthomas and 
retardation of growth and mental development. Various skeletal, 
ocular and vascular defects are associated. 


PANCREATIC DISEASE il 


Apart from jaundice and panniculitis, skin changes associated with 
pancreatic disease are uncommon. The glucagonoma syndrome is a 
rare but highly characteristic skin disorder, which is discussed in the 
section on necrolytic migratory erythema. Skin disorders associated 
with diabetes are discussed in Chapter 62. 


Acute pancreatitis 


Acute pancreatitis an 
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Jaundice and fat necrosis may both be prominent. Purpura or bruis- 
ing may occur in patients with acute pancreatitis. Note, however, 
that none of these is specific for pancreatitis [24]. They may also 
occur due to retroperitoneal haemorrhage or bleeding from sources 
such as splenic rupture, ectopic pregnancy, metastatic tumour or 
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aortic aneurysm. Four eponymous signs occur with retroperitoneal 

bleeding or the tracking of haemorrhagic fluid: 

1 Grey Turner sign: tracks from the pararenal space to the edge of 
the quadratus lumborum muscle, then through a defect in the 
fascia to the subcutaneous tissues of the flank (left-sided in pan- 
creatitis). 

2 Cullen sign: tracks into the falciparum ligament, then through the 
connective tissues of the round ligament to the periumbilical area. 

3 Fox sign: tracks along the fascia of the psoas and iliac muscles to 
the subcutaneous tissues of the upper thigh. 

4 Bryant sign: tracks to the scrotum to produce the ‘blue scrotum’ 
sign [25]. 

Features related to the aetiology of the pancreatitis may also be 
present, such as signs of alcohol abuse or hepatic cirrhosis, or xan- 
thomas due to hypertriglyceridaemia. 


Panniculitis/subcutaneo 


Patients with pancreatic disease develop lobular panniculitis in 
2-3% of cases (Chapter 97) [26,27]. It may be associated with acute 
or chronic pancreatitis, pancreatic carcinoma or other pancreatic 
diseases [24]. Histopathologically, subcutaneous fat necrosis is 
pathognomonic together with ghost-like anucleated cells [24]. 
Arthritis with intraosseous fat necrosis may accompany the pan- 
creatitis and the panniculitis, which together (with polyarthritis) is 
called PPP syndrome [23]. Nodular lesions are usually 1-3 cm in 
diameter and are tender or symptomless. The areas of predilection 
are the lower extremities, but lesions may occur anywhere. Lesions 
persist for 2-3 weeks and then heal. They may leave atrophic, 
hyperpigmented scars. 


Migratory thrombophle 


The highest risk of developing migratory superficial throm- 
bophlebitis seems to be associated with adenocarcinoma of the 
pancreas [28]. 


Necrolytic migratory e 


Necrolytic migratory erythema is the cutaneous manifestation of the 
glucagonoma syndrome, which results from a glucagon-secreting 
a-cell tumour of the pancreas (Chapter 148). Necrolytic migratory 
erythema may also occur without glucagonoma: what has been 
termed pseudoglucagonoma syndrome has been described in 
association with zinc and protein deficiency, liver cirrhosis, IBD, 
pancreatitis and non-pancreatic malignancies [1]. 

Lesions are annular and pink to red with erosions, crusting, 
desquamation and hyperpigmentation fluctuating in extent and 
severity. The rash is itchy or painful and particularly affects sites 
exposed to friction and pressure including flexural sites on the lower 


abdomen, groin, buttocks and thighs. In skin of colour, variations 
of red and even grey to black may be seen. 

Apart from elevated serum glucagon levels, the clinical spectrum 
also includes diarrhoea, weight loss, weakness, thrombosis and psy- 
chiatric disturbances. 


Other dermatological f 
of pancreatitis 


The main dermatological features of acute and chronic pancreatitis 
have been described in this chapter or are the result of malabsorption 
attributable to pancreatic failure (see Gastrointestinal malabsorp- 
tion and the skin in this chapter). Livedo reticularis has also been 
described in pancreatitis as the Walzel sign [24]. 


DERMATOLOGICAL MAN 
OTHER DISORDERS INVO! 
DIGESTIVE SYSTEM 


Bullous diseases may affect the pharynx, oesophagus or stomach. 
Epidermolysis bullosa is of particular relevance as some forms may 
affect all parts of the digestive system [29]. 

Immunobullous diseases, particularly those with an IgA base- 
ment membrane zone immunoreactant, may cause mucosal 
blistering and erosions. Examples include mucous membrane 
pemphigoid, linear IgA disease and the IgA variant of epidermol- 
ysis bullosa acquisita. Mucous membrane pemphigoid may also 
cause oesophageal scarring and stenosis. 

Sclerodermatous processes also affect the oesophagus, in particu- 
lar limited systemic sclerosis, formerly known as CREST (calcinosis, 
Raynaud phenomenon, oesophageal dysmotility, sclerodactyly, 
telangiectasia). This disorder is discussed more fully in Chapter 
54. Gastrointestinal involvement occurs in up to 90% of patients 
with diffuse systemic sclerosis [30]. It can affect all parts of the 
gastrointestinal tract and is associated with decreased peristalsis 
throughout the bowel, leading to malabsorption, constipation and 
diverticula. Sjogren syndrome may also cause dysphagia, as may 
dermatomyositis in cases in which there is involvement of the pha- 
ryngeal musculature. Several patterns of cutaneous vasculitis may 
be associated with mesenteric vasculitis and/or thrombosis, leading 
to bleeding or ulceration. Various gastrointestinal symptoms have 
been reported in relation to systemic lupus erythematosus, and 
include gastro-oesophageal reflux, dysphagia, abdominal pain, 
impaired digestion, perforation and bleeding [31]. 

Several other inflammatory disorders such as lichen planus may 
affect the mouth, pharynx or oesophagus [32]. 


Skin disorders associat 
with gastrointestinal | 


These are listed in Table 153.1. 


) Dermatological manifestations of other disorders involving the digestive system 


Table 153.1 Skin lesions associated with gastrointestinal disorders that may present with bleeding. 


Disease Gastrointestinal lesion 


Skin manifestation 


Vascular defects and inherited 


Osler-Weber—Rendu disease 

Blue rubber bleb naevus syndrome 
Pseudoxanthoma elasticum 
Ehlers—Danlos syndrome (type IV) 


Telangiectasia 

Haemangiomas 

nvolvement of visceral arteries 
Fragility of visceral arteries 


Polyposis 


eurofibromas 

Gastrointestinal polyposis 
Polyposis of colon (cancer) 
Polyposis, especially small intestine 
Polyposis 


Neurofibromatosis (von Recklinghausen) 
Cronkhite—Canada syndrome 

Gardner syndrome 

PeutzJeghers syndrome 

Cowden’s disease 


Inflammatory bowel disease 


Crohn disease, ulcerative colitis 


Vasculitis and systemic disease 


IgA vasculitis (Henoch—-Schénlein purpura) and 
other vasculitides 

Cholesterol emboli 

Degos disease 

Amyloidosis 


Intestinal arterial occlusion 
Intestinal perforation 
Vascular fragility 
Neoplasia 


Primary gastrointestinal cancers 
Kaposi sarcoma 


Neoplasm 
Kaposi sarcoma of bowel 


Gastrointestinal malalk 
and the skin 


Malabsorption may be associated with skin changes in a number 
of different ways: (1) malabsorption can cause a skin disorder; (2) a 
skin disorder can cause malabsorption; (3) skin abnormalities and 
malabsorption may have a common cause; and (4) skin disease and 
malabsorption can be related indirectly [33]. The skin changes from 
the first category may be due to deficiencies of macronutrients, 
including proteins, fat and carbohydrates, or of micronutrients, 
including minerals, trace elements and fat-soluble vitamins [34]. 
Some causes of malabsorption are listed in Box 153.2. Non-specific 
cutaneous manifestations of malabsorption are listed in Box 153.3. 
The cutaneous manifestations of specific vitamin and mineral 
deficiencies are discussed in Chapter 61. Patients presenting with 
skin changes suggestive of malabsorption should be thoroughly 
investigated to identify the cause. 


Stomas are most frequently required for the management of gas- 
trointestinal disorders including IBD, bowel cancer, diverticulosis 


nflammatory changes of the intestinal wall 


Mesenteric vasculitis, gastric ulcers (polyarteritis nodosa) 


Telangiectasia 

Haemangiomas 

Yellowish papules and plaques 
Hyperelasticity of skin and joints 


Café-au-lait spots, neurofibromas 

Diffuse hyperpigmentation, alopecia, nail defects 
Lipomas, epidermoid cysts 

Hyperpigmentation on lips, circumoral area and fingertips 
Papules, lipomas, angiomas 


Erythema nodosum 

Aphthous stomatitis 

Pyoderma gangrenosum, other neutrophilic dermatoses 
Necrotising vasculitis 

Epidermolysis bullosa acquisita 

Erythema multiforme 


Purpura, livedo, nodules, necrosis 


Vasculitis, necrosis, livedo 
White atrophic papules 
Purpuric lesions 


Metastases, paraneoplastic eruptions, features of polyposis syndromes 
Kaposi sarcoma of skin 


or bowel obstruction (e.g. volvulus or intussusception). There is an 
increased prevalence of psoriasis in patients with IBD and peris- 
tomal psoriasis may cause problems with stoma management in 
affected patients [35]. Parastomal pyoderma gangrenosum is par- 
ticularly associated with Crohn disease. Skin problems of stomas 
are fully discussed in Chapter 112. 


Liver disease and the sl 


Systemic diseases and the liver 


A large number of systemic diseases may affect the liver, many 
with cutaneous features. Most are discussed in other chapters. For 
example, sarcoidosis is associated with subclinical hepatic involve- 
ment in over 50% of patients but may cause overt hepatomegaly or 
abnormalities of liver function in conjunction with skin lesions. 

Porphyrias (Chapter 58), especially porphyria cutanea tarda, may 
occur as a consequence of liver disease but severe liver disease is 
also a feature in some patients with erythropoietic protoporphyria. 

Hereditary haemorrhagic telangiectasia, mentioned earlier as a 
cause of gastrointestinal bleeding, is associated with portal hyper- 
tension due mainly to portosystemic shunting, so bleeding in such 
patients may be from varices [36]. 
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Box 153.2 Some causes of intestinal malabsorption 


Chelating substances in the gut (phytates) 
Insufficient digestive enzyme activity (pancreatitis, mucoviscidosis) 
Defective micelle formation (obstructive jaundice, hepatic cirrhosis) 


Stagnant loop syndrome and bacterial overgrowth (strictures, surgical 
blind loops, systemic sclerosis) 


Gastric resection (lack of hydrochloric acid production) 
Bariatric surgery 


Defective enzyme activity or carrier function in the intestinal mucosa 
e Disaccharidase deficiency 

° Coeliac disease 

e Acrodermatitis enteropathica (zinc deficiency) 

e Hartnup disease (pellagra) 


Loss of absorption capacity 

e Intestinal fistulas, intestinal resection and bypass operations 
¢ Crohn disease 

e Intestinal lymphoma 


Interference with intestinal lymphatics 
e Intestinal lymphangiectasia 
e Tuberculous mesenteric adenitis 


Chronic mesenteric ischaemia (atherosclerosis) 


Miscellaneous 

¢ Cronkhite-Canada syndrome 

¢ Whipple disease 

e Environmental enteropathy (tropical sprue) 

¢ Amyloidosis 

¢ Mastocytosis 

¢ Protein-losing enteropathy 

e Thyroid disease (hyperthyroidism, hypothyroidism) 


Box 153.3 Non-specific cutaneous manifestations 
of gastrointestinal malabsorption 


¢ Xerosis and acquired ichthyosis 

e Atrophy of skin and subcutaneous fat 

e Pruritus and prurigo 

¢ Melanosis (symmetrical hyperpigmentation of the skin) 
° Brittle nails 

¢ Hair loss 


Pruritus 


Pruritus is the most common skin symptom associated with liver 
disease. It may precede the diagnosis of liver disease. Liver diseases 
in which itch is most prominent are PBC, sclerosing cholangitis and 
any other biliary tract obstruction, and disorders causing cholestasis. 
Itch is less prominent in haemochromatosis, alcoholic cirrhosis and 
autoimmune chronic active hepatitis [37]. The symptoms are gener- 
ally most severe at acral sites and at areas of tight clothing, and are 
more prominent nocturnally. 

The precise mechanism of itch in cholestatic liver disease remains 
unclear. There is controversy over whether bile salts contribute 
to itch. The release of undefined putative pruritogens from the liver 


in the presence of cholestasis has been proposed as an alternative 
mechanism. Endogenous opioids and steroid metabolites also seem 
to be part of the complex process that leads to the development of 
cholestatic pruritus [38]. 

Treatment, where possible, is for the underlying cause — for 
example, drug withdrawal in drug-induced cholestasis, surgery 
for mechanical biliary obstruction and treatment for chronic HCV 
infection. Diverse treatment regimens for cholestatic pruritus have 
been proposed: among them is a stepwise escalation scheme, start- 
ing with bile salt-chelating resins, followed in turn by rifampicin 
then opioid antagonists (e.g. naltrexone), then sertraline and, finally, 
consideration of other more experimental approaches [36]. UVB 
phototherapy can be effective [13], but ongoing treatment is gen- 
erally required. Other treatments that have been used with success 
include albumin dialysis and plasmapheresis. The problem will 
normally respond to liver transplantation where this is indicated. 


Skin pigment changes in liver disease [12] 


A yellowish hue of the sclerae, mucous membranes and skin due 
to hyperbilirubinaemia is called icterus (jaundice). Green-coloured 
sweat [39] and green discoloration of the gingivae may accompany 
jaundice. Melanosis cutis due to excess epidermal melanin is found. 
A muddy grey pigmentation occurs in chronic liver disease of any 
cause. It may be blotchy or diffuse, and may be exaggerated in the 
areolar as well as in the perioral and periorbital areas (resembling 
melasma); in other cases, it may resemble freckling and it can also 
localise to the palmar creases. Spotty hypomelanosis may occur 
on the back, buttocks and extremities, often in relation to spider 
angiomas. In skin of colour, these typical presentations may be 
modified with variations in the colours observed. 


Vascular changes [13,14] 


Spider telangiectases. These are a characteristic feature in patients 
with severe chronic liver disease (Figure 153.5) and are found in 
one-third of patients with liver cirrhosis. Hyperoestrogenaemia 
(which also accounts for the loss of secondary male-pattern hair, 
gynaecomastia and testicular atrophy) seems to be an important 
factor for the development of theses vascular changes. 


Figure 153.5 Multiple spider telangiectases in 53-year-old woman with alcoholic liver 
disease. 


Key references 153.9 


Palmar erythema. Palmar erythema refers to a bright red discol- 
oration of the palms, which is most pronounced on the hypothenar 
eminences and may also affect the soles of the feet. None of these 
vascular features are specific for liver disease. Diffusely scattered 
tiny telangiectatic vessels are referred to as ‘paper-money’ skin. 
Increased peripheral blood flow with dilatation of digital pulp 
arteriovenous anastomoses is thought to be the cause of finger 
clubbing. 


Bleeding. Purpura, petechiae, ecchymoses and mucosal bleeding 
(epistaxis, gingival bleeding) may occur due to coagulation defects 
in patients with liver disease. In progressive liver disease with 
portal hypertension, collateral blood flow creates visible coiled 
varicose veins on the abdominal wall. When these are in a pattern 
radiating from the umbilicus, the appearance is termed ‘caput 
Medusae’. 


Hair and nail changes [13,14] 


The body hair is often thinned or partially lost, and males tend to 
develop a female pubic hair pattern, which may be associated with 
gynecomastia and testicular atrophy. 

Various nail changes have been reported in association with 
chronic liver disease (Chapter 93). They include a diffuse white 
colour with an invisible lunula, a proximal white colour with dis- 
tal pink or brownish colour (Terry nails) or paired white bands 
(Muehrke bands). Altered digital blood flow, soft-tissue overgrowth 
and hypoalbuminaemia may all contribute. Nail plate changes 
include clubbing and its milder variant, the ‘watch-glass’ defor- 
mity; flattened nails or koilonychia as well as brittle nails may also 
occur. These are all non-specific findings that are also found in 
association with internal diseases of other organ systems. 


Porphyria cutanea tarda 


Chronic liver disease is involved in the skin changes of porphyria 
cutanea tarda (Figure 153.6). Lesions consist of bullae, scarring and 
hyperpigmentation of sun-exposed skin areas and hypertrichosis of 
the face. This is discussed in more detail in Chapter 58. 


Figure 153.6 Porphyria cutanea tarda of the hand. 


Table 153.2 Drug-related links between the skin and the liver. 


Mechanism Examples 


Drugs whose hepatic metabolism is altered 
by liver disease or by other drugs that 
are also metabolised in the liver 

Drugs that may cause hepatitis or other 
liver damage 

Drugs for the treatment or prevention of 
liver disease causing cutaneous side 
effects 


Ciclosporin 


Azathioprine, methotrexate 


Penicillamine (elastosis perforans 
serpiginosa), thimerosal or other 
preservatives in hepatitis vaccines 
(local reactions) 

Drugs that cause liver changes with Oestrogens (porphyria cutanea tarda) 
secondary cutaneous signs 

Drugs that may cause concurrent hepatitis 
and rash 


Phenytoin and other anticonvulsants 


Other cutaneous lesions associated with liver disease 


Lichen planus has been reported in a number of diseases with abnor- 
mal immune function. The association of erosive oral lesions in PBC 
and chronic active hepatitis may be related to a common immuno- 
logical pathogenesis. There is uncertainty as to whether there is an 
association between HCV infection and lichen planus [40]. 

Pyoderma gangrenosum has also been reported in chronic active 
hepatitis [41]. The Gianotti-Crosti syndrome has been linked to 
hepatitis. Skin changes simulating classic glucagonoma syndrome 
have been reported in cirrhosis and termed the pseudoglucagonoma 
syndrome [1]. 

Acquired zinc deficiency may occur in chronic liver disease, 
especially alcoholic liver disease, and is thought to be due to a 
combination of increased urinary excretion and decreased dietary 
intake [42]. 


Drugs and the liver 


Examples of drug-related links between the skin and the liver are 
given in Table 153.2. 


Key references 


The full list of references can be found in the online version 
at https: / /www.wiley.com/rooksdermatology10e 
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Introduction 


Skin disorders may be associated with disorders of the kidney and, 
occasionally, of other parts of the urinary tract. This chapter exam- 
ines these associations, which may be due to hereditary syndromes 
or acquired disorders affecting both the skin and kidney, the effects 
of renal failure on the skin, or the effects of skin disease on the 
kidneys and urinary tract [1-5,6]. A selection of renocutaneous 
syndromes is listed in Box 154.1. 


AND RENAL INVOLVEMENT 


Fabry disease (Chapter 79). Fabry nephropathy (angiokeratoma 
corporis diffusum) can develop in early childhood in both sexes, 
although it may be clinically silent at onset [7]. Symptoms show a 
wide variation. Affected individuals often may have proteinuria, 
microalbuminuria, microscopic haematuria and lipiduria. Prema- 
ture mortality in the condition is often the result of renal failure. 
Enzyme replacement therapy with a-galactosidase A may not be 
fully effective if started in the presence of manifest proteinuria or 
renal impairment. Early diagnosis of Fabry nephropathy is therefore 
very important. 


Neurofibromatosis (Chapter 78). In neurofibromatosis (von Reck- 
linghausen disease) urinary outflow obstruction may develop 
secondary to an impinging neurofibroma [8,9]. Vascular lesions 
can result in renal artery thrombosis and subsequent hypertension, 
which may also develop as a result of an associated phaeochromo- 
cytoma or renal artery stenosis. 


Box 154.1 Renocutaneous diseases 


Hereditary syndromes 

e Angiokeratoma corporis diffusum 
¢ Neurofibromatosis 

¢ Tuberous sclerosis 

¢ Nail-patella syndrome 

¢ Birt-Hogg—Dubé syndrome 

¢ Sickle cell disease 

¢ Pseudoxanthoma elasticum 

¢ Oro-facial—digital syndrome 

¢ Von Hippel-Lindau disease 

¢ Hereditary haemorrhagic telangiectasia 


Metabolic disorders 
e Primary systemic amyloidosis 
© Calcinosis 


Inflammatory and miscellaneous 

e Systemic vasculitis 

¢ Systemic lupus erythematosus 

¢ Polyarteritis nodosa 

e Systemic sclerosis 

¢ Nephrogenic systemic fibrosis 

¢ Granulomatosis with polyangiitis 

e Erythema multiforme 

e IgA vasculitis (Henoch-Schénlein purpura) 
e Drug-induced toxic epidermal necrolysis 


Nail-patella syndrome (Chapter 67). Renal involvement is present 
in up to 40% of patients with nail-patella syndrome (Fong syn- 
drome or hereditary osteo-onychodysplasia) [10]. Many affected 
individuals only present with premature loss of renal function 
but rarely develop symptomatic kidney failure. Only 5-10% of 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 
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nail-patella syndrome patients develop severe renal impairment 
progressing to end-stage kidney failure [10]. 


Tuberous sclerosis (Chapter 79). Renal involvement in tuberous 
sclerosis (Bourneville disease) includes angiomyolipomas, renal 
cysts and malignant tumours such as clear cell carcinoma [11]. 


Birt-Hogg—Dube syndrome (Chapter 78). A seven-fold increase in 
the incidence of renal tumours is associated with Birt-Hogg—Dubé 
(BHD) syndrome (Hornstein—Knickenberg syndrome), predomi- 
nantly various types of renal cell carcinoma. The cutaneous features 
of BHD include trichofolliculomas, trichodiscomas and skin tags. 


Hereditary leiomyomatosis and renal cell carcinoma syndrome 
(Chapter 78). Multiple cutaneous leiomyomas, which have an 
inherited predisposition, are linked to uterine leiomyoma (Reed 
syndrome) and also appear to be associated with an increased inci- 
dence of renal cell carcinoma, usually of the papillary cell type [11]. 


Von Hippel-Lindau syndrome. Renal lesions in von Hippel-Lindau 
syndrome (familial cerebelloretinal angiomatosis) are either simple 
cysts or renal cell carcinoma; usually they are a late manifesta- 
tion [11]. 


Multiple hamartoma and neoplasia syndrome (Chapter 78). Multi- 
ple hamartoma and neoplasia syndrome (Cowden’s disease) is asso- 
ciated with an increased incidence of renal cell carcinoma or transi- 
tional cell carcinoma of the bladder [12]. 


Familial Mediterranean fever with urticaria, Muckle—Wells 
syndrome and tumour necrosis receptor associated periodic 
syndrome (Chapter 45). These hereditary autoinflammatory syn- 
dromes may all be complicated by systemic amyloid A amyloidosis 
with a significant risk of renal failure [13]. 


Oro-facial—digital syndrome type 1 [14] (Chapter 65). Oro-facial— 
digital syndrome type 1 (OFD1) is characterised by the following 
abnormalities: 

¢ Oral: lobed tongue, hamartomas or lipomas of the tongue, cleft 

of the hard or soft palate, accessory gingival frenula, hypodontia 

and other dental abnormalities. 

Facial: ocular hypertelorism or telecanthus, hypoplasia of the 

alae nasi, median cleft or pseudocleft upper lip and micrognathia. 

Digital: brachydactyly, syndactyly of varying degrees and clino- 

dactyly of the fifth finger; duplicated hallux (great toe); and preax- 

ial or postaxial polydactyly of the hands. 

e Brain: intracerebral cysts, corpus callosum agenesis and cerebellar 
agenesis with or without the Dandy-Walker malformation. 
Polycystic disease of the kidneys and liver occurs commonly in 

this condition. As many as 50% of individuals with OFD1 have 
some degree of mental impairment, which is usually mild. Almost 
all affected individuals are female. However, males with OFD1 
have been described, mostly as malformed fetuses born to women 
with OFD1. 
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Acquired partial lipodystrophy (Chapter 98). In acquired partial 
lipodystrophy (Barraquer-Simons syndrome), lipoatrophy of the 
upper part of the body is associated with lipohypertrophy of the 
thighs and, in about a quarter of cases, with renal disease, usually 
a membranoproliferative glomerulonephritis. There is a circulating 
C3 nephritic factor and reduced levels of complement (C3) [15]. 
Renal failure at an early age is common. 


Amyloid A (AA) amyloidosis [16,17]. Proteinuria leading to the 
nephrotic syndrome or renal insufficiency is often the first clinical 
manifestation of AA amyloidosis in patients with chronic inflamma- 
tory diseases. Secondary AA amyloidosis is associated with various 
underlying conditions such as chronic infection, rheumatic diseases 
(rheumatoid arthritis, ankylosing spondylitis, chronic juvenile 
arthritis), inflammatory bowel disease and many autoinflammatory 
syndromes including cryopyrin-associated periodic syndromes 
(e.g. Muckle-Wells syndrome) and familial Mediterranean fever 
(Chapter 45). These conditions frequently have skin manifestations 
and may present with specific skin signs. AA amyloidosis is also 
reported to be a frequent cause of kidney disease in intravenous 
drug abusers. 


Metastatic cutaneous calcification (metastatic calcinosis cutis, 
calcific panniculitis, benign nodular calcification) (Chapter 59). 
Metastatic calcification is a rare phenomenon affecting the der- 
mis and subcutis and affecting predominantly uraemic patients 
with combined hyperphosphataemia and hypercalcaemia, often in 
the context of hyperparathyroidism. It typically presents as firm 
papules, nodules or plaques in the dermis or subcutis, particularly 
around the large joints or flexural sites. Unlike calciphylaxis it does 
not lead to tissue necrosis [5]. 


Calciphylaxis (Chapter 59). Calcification of small-vessel walls in 
calciphylaxis (calcific uraemic arteriolopathy) leads to extremely 
painful cutaneous necrosis and ulceration (Figure 154.1) [18]. It 
occurs in up to 4% of patients on long-term haemodialysis, but 
may also be associated with hyperparathyroidism, liver disease, 
systemic steroid use, malignancy or connective tissue disease in the 
absence of renal impairment. Prognosis is poor with a mortality 
rate of up to 80%, mainly due to the risk of sepsis. Careful wound 
management is particularly important to prevent wound infection; 
it may include surgical debridement of necrotic tissue, hydrocolloid 
dressings and systemic antibiotics. Treatment options aiming at a 
reduction of calciphylaxis risk include a low phosphate diet, low 
calcium dialysate fluids, non-calcium phosphate binders, parathy- 
roidectomy and, more recently, drugs such as sodium thiosulphate 
or cinacalcet, which alter calcium metabolism. 


Figure 154.1 Early signs of calciphylaxis with superficial skin necrosis and ulceration. 


Renal failure and dialysis 


Cutaneous signs of renal failure are mainly related to chronic- 
ity of disease. Uraemic frosting [5], in which crystalline urea is 
deposited on the skin, is now very rare due to the widespread use of 
haemodialysis, but dry, pigmented skin with excoriations is typical. 


Uraemic patients tend to have a dry skin, sometimes with 
fine scaling. A reduction in the size of the eccrine sweat glands in 
uraemia may contribute to this effect [5]. 


[5]. Anaemia presenting as pallor is an early and 
common sign in renal failure, resulting from reduced erythropoiesis 
and increased haemolysis (Figure 154.2). Hyperpigmentation is 
a common clinical sign in patients with end-stage renal disease. 
The pathomechanisms leading to the development of ‘half-and-half’ 


Figure 154.2 Lemon yellow pallor in a 27-year-old woman with end-stage renal failure 
(creatinine 497 pM/L, Hb 77 g/L) resulting from diabetic nephropathy. 


(b) 


Figure 154.3 ‘Half-and-half’ nails readily apparent on (a) the fingers and (b) the toes of 
a patient with uraemia. 


nails, a distinctive pattern seen in up to 21% of patients with 
haemodialysis, are not fully understood. They are characterised by 
a distal brown or reddish colour, combined with a proximal white 
appearance (Figure 154.3). 


[5,6]. Localised (trunk, head) or generalised pruritus 
occurs in a large proportion of patients with end-stage kidney 
disease (Figure 154.4). It leads to secondary skin lesions including 
excoriations, chronic prurigo or acquired perforating dermatosis. 
The pathogenesis of pruritus in renal failure still remains unclear. 
Up to 90% of patients on haemodialysis suffer from itching. Other 
causes of itch should be excluded in every patient. Various treat- 
ment modalities have been reported in uraemic pruritus. Among 
them, topical capsaicin cream has been shown to be effective, as has 
UVB phototherapy. Parathyroidectomy may be helpful in patients 
with hyperparathyroidism. 


[5]. The acquired perforating dermatoses 
have been variously labelled reactive perforating collagenosis, 
perforating folliculitis, Kyrle disease and elastosis perforans ser- 
piginosa depending on the precise clinicopathological presentation 


i 


Figure 154.4 Severe uraemic prurigo in a 57-year-old woman with kidney damage 
following major surgery 1 year earlier. Note the normal skin in areas that cannot be 
reached to scratch. 


(Chapter 94). The first three of these closely related entities occur 
principally in patients with end-stage renal disease, particularly 
in the context of longstanding diabetes (Chapter 94). They are 
characterised by the elimination of altered dermal collagen and 
elastin admixed with degenerate keratin through the follicular wall 
and/or the epidermis. Pruritus is nearly always present and up 
to 11% of dialysis patients may be affected. The cutaneous lesions 
consist of hyperpigmented papules, plaques and nodules up to 1cm 
in diameter with a central keratinous plug. The extensor surfaces of 
the limbs are more commonly affected but the trunk and face may 
be involved as well (Figure 154.5). 


[5,6]. Pseudoporphyria is a bullous eruption 
mimicking porphyria cutanea tarda (PCT) that has been reported 
in patients with end-stage renal disease (chronic renal failure, 
haemodialysis), with an incidence rate of between 1% and 18% 
(Figure 154.6). True PCT due to deficiency of uroporphyrinogen 
decarboxylase is also reported but is uncommon. Distinguish- 
ing these two conditions can be difficult as many patients on 
haemodialysis have elevated blood porphyrin levels slightly above 
what is regarded as the normal range. However, patients with 
pseudoporphyria do not present the same porphyrin profile as 
patients with PCT. Several drugs such as furosemide, oestrogens 
and non-steroidal anti-inflammatory drugs have been reported as 
possible triggers of pseudoporphyria and also UV phototherapy. In 
all cases, UV protection is important. N-acetylcysteine, which acts as 
an antioxidant, may be of benefit in patients with pseudoporphyria 
on haemodialysis. These conditions are discussed in greater detail 
in Chapter 58. 


(b) 


Figure 154.5 Extensive acquired perforating dermatosis with views of (a) the back and 
(b) the thigh of a 48-year-old woman with longstanding diabetes complicated by 
diabetic nephropathy requiring renal transplantation. She had a 12-year history of 
tender sore areas that broke down before healing with atrophic scars. 


. Premature ageing of the skin and 
actinic aes have been described; this is a reason for avoiding 
excessive UV therapy for pruritus. This should be distinguished 
from the numerous viral, dysplastic and (pre-) malignant skin 
lesions that may develop in immunosuppressed renal allograft 
recipients. Cutaneous complications affecting the limb of patients 


(a) 


Figure 154.6 Pseudoporphyria on the backs of the hands of a 64-year-old man receiving renal dialysis for end-stage chronic kidney disease. There was no evidence of elevated 


porphyrins. 


in which their haemodialysis arteriovenous shunt is sited include 
infection, phlebitis and haematoma. Both irritant and allergic con- 
tact eczema may also occur [19], as may pseudo-Kaposi sarcoma. 
A shunt-associated steal phenomenon can lead to distal ulceration 
and necrosis. 


Nephrogenic systemic fibrosis is 
linked to renal dysfunction. It was initially described in 2000 as 
‘nephrogenic fibrosing dermopathy’ in patients receiving, or with 
a history of, haemodialysis [5,20]. It is associated in over 90% of 
cases with the use of radiocontrast agents containing gadolinium, 
which are used to enhance magnetic resonance imaging of the blood 
vessels. Several other risk factors have, however, been suspected 
to play a role in its development, especially pro-inflammatory 
conditions including major surgery. 

Clinical features include systemic fibrosis, including skin fibrosis 
with indurated plaques, sometimes with finger-like projections, 
that may be pink to red, yellowish or skin-coloured. Nodules and 
contractures occur in more advanced disease. Internal organs that 
may be involved include the heart, kidney and lungs. A deep 
skin biopsy down to deep fascia is required for histopathological 
evaluation. Histological criteria for the diagnosis have been pub- 
lished and include increased spindle cells and compact collagen 
bundles [20]. As no specific treatment exists, the use of gadolinium 
should be avoided in patients with significantly impaired renal 
function. 


Renal transplantation 


To prevent graft rejection after renal transplantation, immuno- 
suppressive therapy is required. Documentation of the short- 
and long-term consequences of immunosuppression have been 
obtained principally from renal transplant recipients. Infections 
and the development of skin tumours are the most important 
dermatological consequences. 


[21,22]. Fungi, bacteria and viruses all play an impor- 
tant role as causes of cutaneous infections after kidney transplan- 
tation. Infections in general are very common in renal transplant 
patients. They follow a predictable time course after transplantation: 
within the first month these are mainly donor-derived infections, 
infections due to surgery-related issues (e.g. wound infection) or 
nosocomial infections. During the following months, opportunis- 
tic infections start to predominate and viral or bacterial infections 
become more important. By 6 months after transplantation, many 
patients start to suffer from chronic and progressive infections by, 
for instance, human papillomaviruses (Figure 154.7). 

Other common viral infections include herpes simplex, herpes 
zoster and molluscum contagiosum. The predominant bacterial 
infections in renal transplant recipients are impetigo, folliculitis 
and erysipelas. Cutaneous fungal infections mainly comprise can- 
didosis, dermatophytosis, including onychomycosis and pityriasis 
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Figure 154.7 Exuberant viral warts at the oral commissures in a 37-year-old man 
immunosuppressed following renal transplant. 


versicolor [22]. Exotic infections attributable to immunosuppression 
may occur following kidney transplantation, but these are relatively 
uncommon. 


Skin tumours [23,24,25,26]. The incidence of malignancy in renal 
transplant recipients is particularly high, with skin cancer being the 
most frequently encountered. This topic is discussed in detail in 
Chapter 147. 


ACQUIRED DISORD! 
RENAL INVOLVEME! 


Systemic autoimmune (connective tissue) diseases. Renal involve- 
ment is an important feature of many such diseases (Chapters 53 
and 54). Although a majority of patients with systemic lupus 
erythematosus have renal involvement, this can be clinically 
inapparent. Levels of complement factors C3 and C4 can help 
to distinguish between active and inactive lupus nephritis: they 
are lower in active lupus nephritis [27]. Five percent of patients 
with systemic sclerosis develop scleroderma renal crisis [27]. It is 
characterised by severe hypertension, progressive decline of renal 
function and thrombotic microangiopathy. 


Sarcoidosis [28]. Nephrolithiasis and nephrocalcinosis can occur 
in patients with sarcoidosis. Hypercalcaemia may also cause renal 
impairment and may even precipitate acute renal failure. Renal 
sarcoidosis can give rise to granulomatous interstitial nephritis 
due to immune complex deposition. The renal involvement in 
many cases may, however, remain clinically silent. Rarely, cases of 
ureteric obstruction, voiding impairment, bladder involvement and 
sarcoid of the urethra have been reported. 


Vasculitis (see Chapter 100). The vasculitides have recently been 
reclassified due to a better understanding of the different disease 
entities [29]. The new nomenclature comprises small-, medium-, 


large- and variable-vessel vasculitis, single-organ vasculitis and 
vasculitis associated with systemic disease or probable aetiology. 
Small-vessel vasculitis (SVV) can be further subclassified into 
antineutrophil cytoplasmic antibody (ANCA) associated vasculitis 
or immune complex SVV. Granulomatosis with polyangiitis (GPA), 
microscopic polyangiitis (MPA) and eosinophilic GPA (formerly 
Churg-Strauss syndrome) belong to the ANCA-associated SVVs, 
whereas antiglomerular basement membrane (anti-GBM) disease 
and IgA vasculitis (formerly Henoch-Schoénlein purpura) belong to 
the group of immune complex SVVs. Behcet disease is considered 
to be a variable-vessel vasculitis [29]. 

Renal involvement is common in a variety of vasculitides that 
present with cutaneous lesions and is the main cause of mortality 
in many of them. IgA vasculitis is a small-vessel leukocytoclastic 
vasculitis predominantly affecting the skin, joints, gastrointestinal 
tract and kidneys, especially in children between 3 and 12 years 
of age [30]. The renal symptoms include haematuria, proteinuria, 
nephrotic syndrome, renal impairment and hypertension [31]. 
Renal involvement (mainly rapidly progressive glomerulonephri- 
tis) is common in ANCA-associated SVV, mainly in GPA (50-80%) 
and MPA (90-100%). In eosinophilic GPA it is less frequent 
(4-51%) [32]. Renal involvement in Behcet disease may include 
glomerulonephritis, vascular disease, interstitial nephritis or renal 
failure [33]. 


SKIN DISORDERS T. 
KIDNEY AND URINA 


Bullous pemphigoid. Renal disease, including membranous glom- 
erulopathy, diffuse proliferative and mesangioproliferative glomeru- 
lonephritis, has been infrequently reported in patients with 
pemphigoid [34]. 


Toxic epidermal necrolysis [35]. Deteriorating renal function is a 
poor prognostic factor in this disorder and is one of the parameters 
used in the SCORTEN prognostic score. 


Epidermolysis bullosa. Renal failure was the second most common 
cause of death (with a mean age of 35 years) in 12% of adults 
with generalised severe recessive dystrophic epidermolysis bullosa 
(Hallopeau-Siemens syndrome) [36]. In epidermolysis bullosa, 
mucous membrane involvement can be associated with ulcera- 
tion of the genito-urinary epithelium. Genito-urinary involvement 
is rare and often asymptomatic, but may clinically present as 
haematuria, meatal stenosis, sepsis, dysuria and hydronephro- 
sis [37]. 


Skin infections. Streptococcal impetigo: post-streptococcal glomeru- 
lonephritis may occur 1-4 weeks after superficial streptococcal 
skin infections such as impetigo [38]. Secondary syphilis: this is a rare 
cause of the nephrotic syndrome [39]. Herpes zoster: if affecting the 
relevant dermatomes, herpes zoster may cause neurogenic bladder 
dysfunction leading to acute urinary retention [40]. 
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Introduction 


Combined clinics with rheumatology provide a valuable tertiary 
referral service for patients with complex disease. A combined ther- 
apeutic approach can improve the quality of life of patients with 
psoriatic arthritis for example. Both dermatologists and rheumatol- 
ogists can learn from each other when discussing the management 
of autoimmune connective tissue diseases such as lupus erythe- 
matosus, dermatomyositis, systemic sclerosis and the vasculitides. 
A patient with an inborn error of matrix protein synthesis such 
as Ehlers-Danlos syndrome may present to either specialty. This 
chapter examines some other specific conditions where skin erup- 
tions and arthropathy play a major part. These include infections, 
metabolic disorders such as gout, inflammasome disorders and 
infiltrative conditions such as multicentric reticulohistiocytosis. 
In addition, this chapter explores cutaneous manifestations of 
rheumatoid disease, relapsing polychondritis and related disorders, 
and some cutaneous adverse effects of rheumatological treatments. 


History and examination 


Apart from a dermatological and occupational history, direct 
questioning about the musculoskeletal system may suggest an 


underlying rheumatological diagnosis. Is there pain or stiffness? 
Where is it localised (e.g. specific muscles or large or small joints)? 
What exacerbates or relieves it? Which words best describe the 
pain (e.g. the burning pain of neuropathy or the steady ache of an 
inflammatory arthritis such as rheumatoid)? Emotive terms such 
as ‘excruciating’ or ‘terrible’ may indicate a chronic pain syndrome 
or fibromyalgia, although ethnic and cultural factors may influ- 
ence the description [1]. Joint stiffness in the morning or after a 
period of immobility is a feature of inflammatory joint disease. An 
accurate history of joint swelling can be difficult to elicit. Other 
questions include a history suggesting serositis, e.g. pleuritic chest 
pain, fever and its pattern, circulatory problems such as Raynaud 
phenomenon, soreness and redness of the eyes and fatigue. 
Examination of the musculoskeletal system begins when the 
patient enters the consulting room. Are posture or gait affected? 
Localise points of pain, e.g. to specific joints, muscles or tendon 
sheaths; ‘trigger points’ of tenderness are seen in fibromyalgia. 
Active and passive movements of arthritic joints are equally 
painful, whereas active mobilisation tends to be more painful than 
passive in periarticular disease. The presence of joint swelling, 
synovial thickening or an effusion should be assessed, and the 
joints that are affected should be established. Monoarthritis can be a 
typical presentation of gout. Psoriatic arthritis often affects the distal 
interphalangeal joints, with associated nail dystrophy, but it can 
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also affect large joints such as the shoulder or the axial skeleton. Red 
or pink skin or temperature change near the affected joints should 
be assessed — often skin temperature is normal over osteoarthritic 
joints. Vasomotor alteration and trophic skin changes over a hand 
or foot occur in algodystrophy (Sudek atrophy), perhaps associated 
with neurological damage. The presence of a joint deformity, crepi- 
tus or restricted range of movement should be assessed. Muscle 
wasting or weakness should be noted. The patient’s movement 
when getting out of the chair at the end of the consultation should 
be carefully analysed. Laboratory and radiological tests can support 
the clinical diagnosis but should not be interpreted in isolation. 


INFECTIVE ARTHR( 


Several infective agents are associated with specific patterns of skin 
and joint involvement [1] (‘infection-related arthritis’); the major 
ones are discussed here. 


Reactive arthritis CC 


The term reactive arthritis refers to the development of an acute 
spondyloarthritis, often asymmetrical, following a genitourinary or 
gastrointestinal infection. It is strongly linked with the HLA-B27 
haplotype and typically affects young men [1,2]. A range of infective 
organisms has been associated with the syndrome (Table 155.1). The 
classical clinical presentation comprises the triad of an asymmet- 
rical large joint oligoarthritis with or without dactylitis, urethritis 
and ocular inflammation (conjunctivitis and anterior uveitis), man- 
ifesting 1-6 weeks after an acute sexually transmitted chlamydial 
infection. These may be accompanied by constitutional symptoms 
including fever and malaise. Skin lesions, most characteristically 
palmoplantar pustulosis and psoriasiform hyperkeratosis (kera- 
toderma blennorhagicum: blennorhagia = excessive discharge of 
mucus), develop in around 15% of men with the syndrome. Mouth 
erosions, geographic tongue and circinate balanitis are common 
features (Figures 155.1 and 155.2). Although the condition is usually 
self-limiting, it can progress to a chronic arthritis in around 15-20% 
of patients [3]. Co-infection with human immunodeficiency virus 


Table 155.1 Infectious agents commonly and less frequently associated with reactive 
arthritis. 


Yersinia 

Salmonella 

Shigella 

Campylobacter jejuni 
Chlamydia trachomatis 
Neisseria gonorrhoea 
Mycoplasma genitalium 
Ureaplasma urealyticum 
Clostridium difficile 
Campylobacter lari 
Chlamydia psittaci 
Chlamydia pneumoniae 


Gastrointestinal tract 


Uro-genital tract 


Less frequent agents 


From Selmi and Gershwin 2014 [2]. 


Figure 155.1 Keratoderma blennorhagicum in a patient with reactive arthritis. 


(HIV) is common in sexually acquired cases [4] and HIV may be 
arthritogenic [5]. There appears to be molecular mimicry between 
the infective organisms and a region of the HLA-B27«a-I helix [6]. 

A reactive arthritis occurs in 2-3% and septic arthritis in 1% [6]. 
Diffuse infiltrative lymphocytosis syndrome (DILS), which mimics 
Sjégren syndrome, may be a presenting feature of HIV infection [6]. 
Unlike Sjogren syndrome, males are predominantly affected and 
anti-ENA antibodies (Ro/SSA and La/SSB) are rarely found [7]. 
Since the advent of highly active antiretroviral therapy (HAART), 
DILS is now rare. Immune reconstitution syndrome describes a 
systemic inflammatory process which develops from 3 to 24 months 
after initiating HAART. CD4 cells are elevated, with increased 
circulating cytokines such as interleukin (IL)-6 and interferon y. 
It is associated with a higher prevalence of autoimmune connec- 
tive tissue diseases such as systemic lupus erythematosus and 
dermatomyositis [8-10]. 


Viral arthropathies. 


Rubella and parvovirus B19 are the most commonly implicated 
viruses in self-limiting arthritis in the developed world. In rubella, a 
maculopapular rash spreads cephalocaudally, followed or preceded 
by occipital lymphadenopathy and arthralgia in up to 50%. A few 
develop a symmetrical polyarthritis affecting the metacarpal and 
proximal interphalangeal joints, later involving the larger joints [1]. 

Parvovirus B19 is associated with erythema infectiosum (fifth 
disease), characterised by ‘slapped cheek’ redness on the face (and 
sometimes also on the cheeks of the buttocks) and a reticulate 
redness of the trunk and limbs (Figure 155.3). This red to pink 
discoloration may recur over several weeks when the child is warm. 
Posterior cervical lymph nodes are enlarged. Systemic symptoms, 
such as myalgia and a symmetrical arthritis, are much commoner 
in adults than in children occurring around a fortnight after infec- 
tion [2]. Although parvovirus B19 infection may be associated 
with a chronic polyarthritis resembling rheumatoid disease [3], 


(b) 


Figure 155.2 (a) Geographic tongue and (b) circinate balanitis in HLA-B27 positive 
adolescent. 


Figure 155.3 Reticulate red-to-pink discoloration of erythema infectiosum. 


there appears to be of little value in screening for viral infection in 
patients with polyarthritis persisting for more than 6 weeks [4]. 

Arthralgia is common in the acute phase of many viral infections. 
Polyarthritis, which can be migratory, and cutaneous vasculitis can 
be a feature of acute hepatitis B or C infection, usually before the 
icteric phase. Several rheumatological manifestations are associated 
with HIV infection. Around 10% of patients develop severe migra- 
tory joint pain at the acute seroconversion stage, chiefly affecting 
shoulders, elbows and knees, often persisting for fewer than 24 
hours in each joint [5,6]. 

Alphaviruses are transmitted by mosquitoes, chiefly Aedes 
species. Specific syndromes include chikungunya (literally ‘twist- 
ing up’) and O’nyong-nyong virus (literally ‘joint-breaker’), which 
are chiefly found in tropical Africa, Sindbis (chiefly in Sweden, 
Finland and the Baltic states), Mayaro virus (tropical South 
America) and Ross River virus (epidemic polyarthritis), which 
occurs in Australia, chiefly Queensland [7]. They are all associated 
with a maculopapular eruption, severe arthralgia and typically 
mild synovitis which resolves after weeks or months, although 
a rheumatoid arthritis-like syndrome may develop [8]. Chikun- 
gunya fever presents as facial or neck flushing within 1-5 days, 
followed by a widespread maculopapular eruption. Other features 
include centrofacial hyperpigmentation and oral ulcers resembling 
aphthae. 

Coronaviruses: although Covid-19 has been associated with 
autoimmune thrombocytopenia, antiphospholipid syndrome and 
systemic lupus erythematosus, arthritis is rare; it usually presents 
early and is self-limiting [9]. 
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Bacterial arthropathi 


Septic arthritis, usually due to Staphylococcus aureus, should be 
considered in the differential diagnosis of synovitis, particularly if 
there is a recent history of trauma or joint aspiration or if the patient 
is immunosuppressed, e.g. HIV infection or high-dose systemic 
corticosteroids. In patients on immunosuppressive drugs, joint 
infection may be caused by opportunistic organisms. Arthralgia 
can be a feature of acute bacterial infection and may predominate 
in brucellosis. An intermittent migratory arthritis may follow the 
characteristic erythema migrans of Lyme disease or a relatively 
painless monoarthritis may develop, particularly targeting the knee 
joint. Arthritis may be episodic and may persist after antimicrobial 
therapy, sometimes leading to cartilage destruction and bony ero- 
sions [1]. Although arthralgia is common in syphilis, frank synovitis 
is rare, although neuropathy may cause joint trauma. 

Neisseria gonorrhoeae and N. meningitidis are both associated with 
inflammatory arthritis. Acute infections with either organism can 
be followed by an acute polyarthritis within 2-3 weeks [2]. Chronic 
meningococcal arthritis is now chiefly seen in resource-poor 
regions. It can be associated with widespread macular redness 
and tender papular, nodular or pustular lesions (Figure 155.4), 
which may become purpuric. Histological changes range from 
perivascular inflammation to leukocytoclastic vasculitis [3]. Sim- 
ilarly, papular and vesicular lesions, often periarticular, occur in 
chronic gonococcaemia and may be misdiagnosed as papular lupus 
erythematosus [4]. Gonococcal arthritis can be destructive, with or 
without associated tenosynovitis [5]. Men are at higher risk of gono- 
coccal arthritis and there may be co-infection with HIV. Usually, 
the organism can be isolated from blood culture or synovial fluid; 
if not, it can be identified by polymerase chain reaction (PCR) [6] 
(Chapter 30). 


Figure 155.4 A 19-year-old man with short history of headache, nausea, 

vomiting and weakness: the subsequently confirmed clinical suspicion of early 
meningococcal septicaemia was raised by the presence of a pustular vasculitic rash over 
the ankles. 


Mycobacterial infections (Chapters 27 and 28) may be overlooked 
as causes of joint disease. In borderline leprosy a symmetrical 
peripheral polyarthritis, often of insidious onset and of waxing 
and waning severity [7], can mimic a connective tissue disease 
and, confusingly, serological tests such as rheumatoid factor and 
antinuclear factor may be positive [8]. Extension of skin lesions 
on the fingers and toes can give rise to a dactylitis with leprous 
periostitis and eventually osteomyelitis [9]. Synovitis and dactylitis 
coincide with the appearance of skin lesions in the reactional state 
of erythema nodosum leprosum. Enthesitis and sacroiliitis occur 
more rarely. Chronic nerve damage leads to muscle deformity and 
joint contracture with eventual joint destruction. Tuberculosis char- 
acteristically involves the spine; it may present to the dermatologist 
as a paravertebral abscess (Pott disease). Peripheral septic arthritis 
is usually monoarticular, and may result in bony ankylosis of the 
joint [10]. A reactive aseptic polyarthritis (Poncet disease) may 
occur in active tuberculosis; it is often associated with erythema 
nodosum but sacroiliitis is uncommon [11]. Septic arthritis, bursitis, 
tenosynovitis and even osteomyelitis can result from subcutaneous 
inoculation [12,13] or as a contaminant during joint injection [14] of 
atypical mycobacteria such as M. marinum and M. avium-cellulare. 

Rheumatic fever [15] follows infection with group A B-haemolytic 
Streptococcus, and comprises pyrexia, a very painful migratory 
polyarthritis, typically involving large joints, and carditis. It affects 
children, usually between 5 and 15 years, mostly in resource-poor 
countries. It may be preceded by scarlet fever or pharyngitis. 
Impetigo due to group A streptococci predisposes to rheumatic 
carditis [16]. Scabies infestation, which is commonly impetiginised, 
is a major risk factor for rheumatic fever and post-streptococcal 
glomerulonephritis [17]. 

The characteristic urticated annular skin lesions of erythema 
marginatum, with a predilection for the trunk and proximal limbs, 
comprise one of the major criteria for the diagnosis of rheumatic 
fever (Figure 151.5) [18]. However, they are evanescent, and only 
seen in around 10% of children. Up to 20% develop subcutaneous 
nodules, which often occur in crops, typically on the extensor 
aspects of the limbs, but also over the scapula, occiput and fore- 
head. Nodules may last only a few weeks. They are sometimes 
associated with the development of vegetations on the heart valves. 
In the Lewis rat model of rheumatic carditis, passive transfer of 
T-cell lines specific to peptides of streptococcal M protein induce 
valvulitis with expression of CD4+ T cells and upregulation of 
vascular cell adhesion molecule type 1 (VCAM-1) on heart valves 
of naive rats. Additionally, antistreptococcal antibodies attack the 
valve endothelium leading to T-cell infiltration. These antibodies 
are also linked to the development of neuropsychiatric disease and 
Sydenham chorea [19]. 

In affluent countries, Kawasaki disease has replaced rheumatic 
fever as a prime cause of cardiovascular disease in childhood [20]. 
Adult cases have been reported. A specific pathogen has not been 
identified although an increased incidence has been noted follow- 
ing viral infections such as influenza and Covid-19 [21]. It is a 
systemic vasculitis. Clinical features include high swinging fever, 
conjunctival injection, redness of the oral mucosa with a ‘straw- 
berry tongue’ and fissured lips. Skin changes include a diffuse 
macular redness and red discoloration of the palms and soles, 
which may result in desquamation of the limbs (Figure 150.4). 


Up to 30% develop a self-limiting oligo- or polyarthritis of large 
joints [22]. 

Whipple disease typically affects middle-aged men who present 
with weight loss and diarrhoea, focal infections (e.g. endocarditis, 
encephalitis) and joint symptoms. The actinomycete Tropheryma 
whipplei has been identified as the causative organism, probably 
transmitted by the oro-oral or faeco-oral routes. It can be cultured 
from synovial fluid [23] or detected by PCR of skin lesions, lymph 
nodes or synovial fluid [24]. A chronic seronegative arthritis affects 
one or more large limb joints; the process is often intermittent. 
Spondyloarthropathy may develop [25]. Skin lesions, which are 
uncommon, include multiple generalised subcutaneous nodules 
and a septal panniculitis. A granulomatous dermal infiltrate is asso- 
ciated with periodic acid—Schiff (PAS) positive macrophages [26]. 
Treatment has been associated with the development of lesions 
resembling erythema nodosum leprosum [27]. Untreated, the 
neurological changes can be fatal, and lifelong doxycycline is 
recommended because of the risk of relapse [24]. 


Other infective arthrop 


Disseminated fungal infection (e.g. coccidioidomycosis [1]) may lead to 
synovitis of one or more joints, particularly in immunosuppressed 
individuals. 

Mycetoma is a progressive tumour-like mass, often affecting 
the foot. It may be caused by actinomycetes (actinomycetoma; 
Chapter 26) or fungi, notably Madurella mycetomatis (eumycetoma; 
Chapter 32). The diagnosis can be confirmed by histology and 
culture of the grains that extrude from the lesion. The mass can 
destructively invade underlying bone and amputation is often 
required [2,3]. 

Post kala-azar dermal leishmaniasis (Chapter 33) is an inflammatory 
process that may be associated with arthralgia and joint contracture 
(Figure 155.5). Leishmania synovitis has been described mostly in 
dogs, although polyarthritis has been reported in immunosup- 
pressed humans [4]. 


Seronegative arthrit 


Seronegative arthritis and spondyloarthropathy are associated 
with inflammatory bowel disease (Chapter 153) and psoriasis 
(Chapter 35), notably in individuals possessing the HLA-B27 haplo- 
type. Typical musculoskeletal features include back pain, with early 
morning stiffness, and sacroiliitis together with enthesitis. Uveitis 
and oral ulceration are common. There is an increased prevalence 
of hidradenitis suppurativa in these individuals [1]. Pyoderma 
gangrenosum is also characteristically associated with ulcerative 
colitis and spondyloarthritis. In one survey of 103 patients with 
spondyloarthritis, 34% had inflammatory bowel disease and 19% 
had pyoderma gangrenosum [2]. 


Figure 155.5 Severe joint contractures in a child with post-kala-azar dermal 
leishmaniasis. 


Rheumatoid arthritis — Se 


Reddening of the skin and a burning sensation may be the ini- 
tial manifestation of rheumatoid disease, before joint changes 
develop [1]. Rheumatoid arthritis is associated with several skin 
abnormalities, including non-segmental vitiligo [2] (Box 155.1). 


Atrophic skin with rheumatoid arthritis 


In rheumatoid patients over the age of 60 years, especially women, 
the skin on the dorsa of the hands may become thin, loose, smooth, 
inelastic and transparent, leading to clear visualisation of the veins 
and tendons. The change is generalised but is seldom conspicuous 
except on the hands and forearms. Histologically, the dermis is 
thinned but shows no distinctive changes. 

There is a significant association between transparent skin, 
rheumatoid arthritis and osteoporosis and it is assumed to form 
part of a general connective tissue defect [1]. Steroid therapy is not a 
factor but it will potentiate the problem [2,3]. Skin collagen is struc- 
turally abnormal [4]. A reported association with pseudoxanthoma 
elasticum may be coincidental [5]. 


Rheumatoid nodules 


Skin-coloured subcutaneous nodules, often multiple, occur in 
over 20% of patients with rheumatoid arthritis, especially in men 
and in seropositive disease [1]. They are usually asymptomatic 
unless they compress an adjacent nerve or ulcerate. Nodules 
are found over extensor surfaces, such as the elbows and knees 
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Box 155.1 Skin manifestations of rheumatoid 
arthritis 


General 

¢ Skin redness, burning sensation (may precede joint changes) 

e Hyperpigmentation, especially over affected joints and on lower legs 
in Felty syndrome 

¢ Nodules (including accelerated rheumatoid nodulosis) 

e Atrophy (linked to osteoporosis) 

¢ Skin infections 

¢ Vitiligo (non-segmental) 

¢ Possible association with pseudoxanthoma elasticum 


Vasculitis 

¢ Splinter haemorrhages and periungual infarcts 
¢ Palpable purpura 

¢ Livedo reticularis 

e Atrophie blanche 


Neutrophil-related disorders 
e Pyoderma gangrenosum (often atypical) 
¢ Rheumatoid neutrophilic dermatosis 


Leg ulcers, often multifactorial, including 
e Vasculitis 

e Venous insufficiency 

¢ Lymphoedema 

¢ Reduced mobility 

¢ Skin atrophy 

¢ Delayed wound healing 

¢ Neuropathy (foot ulcers) 


Miscellaneous 

¢ Interstitial granulomatous dermatitis 

e Intralymphatic histiocytosis 

e Adverse effects of antirheumatic drugs 


(Figure 155.6), and sites of repetitive trauma. They vary in size 
from a few millimetres to several centimetres. Histology is char- 
acteristic with palisading granulomata around a central area of 
fibrinoid necrobiosis (Figure 155.7). Necrobiosis is closely associated 
with the pathogenesis of rheumatoid disease including collagen 
degeneration, recruitment of activated neutrophils, production of 
pro-inflammatory cytokines and vascular injury [2]. 

The differential diagnosis includes knuckle pads, subcuta- 
neous sarcoid and subcutaneous granuloma annulare. The latter 
(especially in children) can be associated with a positive rheuma- 
toid factor, leading to a false diagnosis of rheumatoid arthritis 
(Chapter 97). Measurement of anti-citrullinated peptide antibodies 
is current rheumatological practice in the diagnosis of rheumatoid 
arthritis. These antibodies are more specific than rheumatoid fac- 
tor and appear to be more predictive of progressive disease [3]. 
Nodules may occur also in the lung parenchyma (Kaplan syn- 
drome). Cutaneous nodules wax and wane with treatment of the 
disease and rituximab has proved a beneficial treatment [4]. How- 
ever, some drugs, including methotrexate, antitumour necrosis 
factor (TNF) agents and leflunomide may exacerbate nodulosis [1]. 
The term ‘accelerated rheumatoid nodulosis’ describes painful 
rheumatoid-like nodules which develop rapidly, chiefly on the ears, 
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hands and feet [5] and often on previously unaffected sites. They are 
typically associated with methotrexate therapy and often regress 
when the drug is discontinued but recur if it is reintroduced [6]. The 
aetiopathogenesis is uncertain; genetic factors include an increased 
prevalence of HLA-DR4 [7] and the 2756GG genotype of methionine 
synthase reductase in affected patients [8] (Chapter 97). However, 
similar changes are reported with anti-TNF therapy. 


Rheumatoid vasculitis and cutaneous ulceration 


Digital vasculitis (Figure 155.8) presents as splinter haemorrhages 
and periungual infarcts, palpable purpura, livedo reticularis 
and atrophie blanche, especially in patients with high titres of 
rheumatoid factor or citrullinated peptides (CCP). Vasculitis may 
be associated with cutaneous and pulmonary nodulosis, episcleri- 
tis and pleural or pericardial effusions. Pyoderma gangrenosum, 
which may be atypical [1], can be associated with rheumatoid 
arthritis. It may respond to colchicine, ciclosporin or dapsone but 
some patients require high dose corticosteroids or even anti- TNF-a 
drugs such as infliximab or certolizumab pegol [2-4]. Rheumatoid 
vasculitis, like other systemic features of the disease, appears to be 
in decline, perhaps due to effective disease control with biological 
agents [5]. Rheumatoid patients on immunosuppressive therapy 
are at risk of infections that may simulate vasculitis [6,7]. 

Chronic leg ulcers in rheumatoid patients are often difficult to 
manage, and often have mixed aetiology. Causes include arterial 
occlusion due to vasculitis, venous insufficiency, lymphoedema, 
‘inactivity ulcers’ linked with immobility, poor wound healing 
and thin skin [8,9,10]. Methotrexate and TNF-« inhibitor therapy 
appear to potentiate vasculitic ulcers in some cases [11,12], but can 
be beneficial in others. Loss of sensation and forefoot deformity 
contribute to foot ulceration in rheumatoid patients [13]. 


Rheumatoid neutrophilic dermatosis 


Neutrophilic disorders occupy a spectrum including pyoderma 
gangrenosum and Sweet disease and these different conditions may 
coexist. They are typically associated with systemic diseases such as 
blood cell dyscrasias, inflammatory bowel disease and rheumatoid 
arthritis [1] and have also been associated with systemic lupus 
erythematosus [2]. 

Rheumatoid neutrophilic dermatosis presents as urticaria-like 
papules and plaques, often symmetrically on the trunk and limbs. 
There is probably an overlap with Sweet syndrome, although 
the typical plum-coloured lesions of the latter are not generally 
seen. Histologically, there is a heavy dermal infiltrate of neu- 
trophils but no frank vasculitis (Figure 155.9) [3]. Tense bullae may 
occur on the lower legs; this variant responds to dapsone, but 
not to corticosteroids [4,5]. Neutrophilic dermatosis can present 
in patients with seropositive or seronegative rheumatoid disease. 
Some patients develop nodular lesions which can progress to 
rheumatoid nodules [6]. 


Other 


Other conditions which may occur in association with rheuma- 
toid arthritis include interstitial granulomatous dermatosis and 
intralymphatic histiocytosis (see Interstitial granulomatous der- 
matosis and Intralymphatic histiocytosis). 
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(a) (b) 


Figure 155.6 (a, b) Multiple rheumatoid nodules on the lower leg and knees. 


Fibroblastic rheumatism 


This rare condition occurs worldwide, primarily affecting white 
people of any age with equal sex incidence. Acute onset symmetri- 
cal polyarthritis is associated with multiple skin-coloured papules 
and nodules measuring 5-20mm diameter on the limbs. Some 
patients give a history of Raynaud phenomenon; there may be 
sclerodactyly and palmar thickening [1-3], suggesting a forme fruste 
of a connective tissue disease such as systemic sclerosis. Histology 
of the skin lesions reveals increased numbers of fibroblasts with 
myofibroblast differentiation, diffuse dermal fibrosis and absence 
of elastin on orcein staining [4,5]. Myofibroblast-like cells are also 
seen within a collagenous stroma in the synovium [1]. Periarticular 
erosions may be detected on bone X-ray [1,6]. Clinically, the condi- 
tion may mimic multicentric reticulohistiocytosis and it has been 
suggested that, like the latter condition, fibroblastic rheumatism is a 
form of non-Langerhans cell histiocytosis [7]. However, it fits better 
into the category of an inflammatory fibromatosis [1,4,6,8]. Unlike 
multicentric reticulohistiocytosis, fibroblastic rheumatism is not 
associated with systemic disease or malignant neoplasia [9]. The 
condition is often self-limiting [10], although immunosuppressive 
therapy has been used to good effect, including methotrexate [2,5], 
interferon-a« [6] and infliximab [11]. Bony erosions may persist 
despite methotrexate therapy [6]. 


Sarcoidosis (Chapter %) 


Acute joint swelling is common in patients with Lofgren syndrome 
(an acute variant of sarcoidosis with erythema nodosum and bilat- 
eral hilar lymphadenopathy on chest X-ray). Joint pain is due to soft 
tissue swelling and tenosynovitis, affecting ankles and knees in par- 
ticular; it tends to resolve in 3-6 months. Chronic sarcoid dactylitis 
typically affects young adults; the fingers and toes become sausage 
shaped with spindling (Figure 96.15; Figure 155.10). X-rays show a 
lace-like trabecular pattern with cystic changes in the phalanges [1]. 
There may be additional flexion deformity due to involvement of 
finger muscles [2]. Chronic sarcoid oligo- or polyarthritis is rare, 
affecting around 0.2% patients, favouring those with African ances- 
try [1,3]. Sacroiliitis and spondyloarthritis are more common than 
in the general population [4]. Methotrexate is beneficial for both 
cutaneous lesions and inflammatory joint disease [5]. Although 
anti-TNF drugs are associated with radiological improvement [6], 
there is little evidence that they are beneficial clinically for joint 
disease [7]. 

So-called ‘early-onset sarcoidosis’, which is associated with a 
chronic granulomatous polyarthritis, has been shown to be the 
sporadic variant of autoinflammatory granulomatosis of child- 
hood (Blau syndrome) [8]. It is discussed in further detail in 
Chapter 45. 
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Figure 155.7 Histology of rheumatoid nodule at low power (a) and at higher power 
showing palisading granulomata (b). 


OSTEOARTHRITIS — 


A patient with osteoarthritis may present to the dermatologist with 
concerns about Heberden nodes. Additionally, two metabolic syn- 
dromes, haemochromatosis and alkaptonuria, are associated with 
osteoarthritis. 


Heberden and Bouchard n 


Heberden nodes [1] are posterolateral bony outgrowths affecting 
one or more distal interphalangeal joints. Similar changes, affecting 
the proximal interphalangeal joints, are termed Bouchard nodes. 
Both Heberden and Bouchard nodes are strongly associated with 
osteoarthritis, although they may be inherited independently as 
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Figure 155.9 Histology of neutrophilic dermatosis in a patient with rheumatoid arthritis. 


an autosomal dominant trait [2,3]. Characteristically, they are 
asymptomatic and of insidious onset, although tender nodes may 
develop acutely with a red swollen joint. They are commoner on 
the dominant hand and are associated with radiological features 
of osteoarthritis such as joint space narrowing [4]. The associa- 
tion of multiple symmetrical nodes with distal interphalangeal 
joint arthritis has been termed ‘primary generalised osteoarthritis’. 
Because this is associated with the tissue types HLA-A1 and B8 and 
shows a marked female preponderance, it has been postulated to be 
an autoimmune disorder: increased amounts of immune complexes 
can be detected in cartilage and synovium [5]. 


Figure 155.10 Sarcoid dactylitis. 


METABOLIC DISORDERS V 
MUSCULOSKELETAL AND 
INVOLVEMENT ) 


Haemochromatosis (Chapter 86) 


The classic triad of diabetes, grey-brown skin hyperpigmentation 
(bronze diabetes) and cirrhosis is now rare but musculoskeletal 
symptoms are common and unresponsive to phlebotomy. The 
second and third metacarpophalangeal joints are typically affected 
with pseudogout-like attacks followed by degenerative joint 
changes with osteophytes. X-ray studies reveal chondrocalcinosis 
in 50% of cases. Most patients with the condition exhibit a C282Y 
homozygous mutation in the HFE gene [1]. 


Alkaptonuria (chapter 79) 


In this autosomal recessive metabolic disorder, deficiency of homo- 
gentisic acid oxidase results in deposition of homogentisic acid in 
connective tissue (ochronosis), causing a grey-black pigmentation 
most noticeable in ear and nose cartilage. Homopolymeric oxida- 
tion products of homogentisic acid bind to collagen, leading to 
inflammation and degenerative change. Eventually this results in 
calcification of intervertebral discs and osteoarthritis, chiefly affect- 
ing the knees [1,2]. Treatment with nitisinone, a potent inhibitor of 
4-hydroxyphenylpyruvate dehydrogenase, arrests the deposition 
of homogentisic acid and reduces disease progression [3]. 


Gout 


Gout may present at any age in adults especially in the elderly when 
it may be triggered by diuretic therapy. Acute gout is commoner 
in men. Although the clinical features are caused by deposition 
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neous involvement 


Figure 155.11 Tophaceous gout showing multiple cream-coloured papules on the 
palmar surfaces of the digits (inset: close-up view of thumb). 


of monosodium urate in tissues, fewer than 5% of subjects with 
hyperuricaemia in the UK develop clinical gout. Deposition of 
the needle-like crystals of monosodium urate is often linked to a 
sudden recent rise of serum uric acid. Acute gout presents as a 
monoarthritis, classically affecting the metatarsophalangeal joint of 
the great toe. Untreated hyperuricaemia may lead to recurrent more 
severe attacks affecting several joints. 

Tophaceous gout used to be a common presenting feature of 
acute symptomatic gout [1,2]. A creatinine clearance of less than 
30 mL/min is strongly associated with the development of tophi [3]. 
Since the introduction of allopurinol therapy for hyperuricaemia 
and gout, tophi occur much less frequently. A tophus is a dense 
aggregate of monosodium urate crystals presenting as a papule 
or nodule in the skin [1] (Figures 155.11 and 155.12). Tophi have a 
predilection for the pinnae, elbows and Achilles tendons (where 
they may be confused with tendon xanthomata). Tophi may occur 
without arthritis [4]. They may ulcerate and become secondarily 
infected. Release of crystals in the conjunctivae cause an acute 
red eye. Tophi can also occur in the viscera such as the heart. 
The differential diagnosis includes rheumatoid nodules, neurofi- 
bromata and xanthomata. Diagnosis can be made by polarising 
microscopy of an aspirate; the stacks of crystals are strongly bire- 
fringent [2] (Figure 155.13). The histopathology of gout is discussed 
in Chapter 97. 

Monosodium urate crystals stimulate IL-B secretion via cryopy- 
rin, giving rise to the acute inflammatory response [5]. Allopurinol 
is the drug of choice in reducing hyperuricaemia. The drug, how- 
ever, can be associated with cutaneous adverse effects including 
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Figure 155.12 Severe tophaceous gout and acute gouty inflammation affecting the 
index finger and thumb. 


Figure 155.13 Birefringent crystals of uric acid in a gouty tophus (examined under 
polarising microscope). 


DRESS (drug reaction or rash, eosinophilia and systemic symp- 
toms), Stevens-Johnson syndrome and toxic epidermal necrolysis 
(Chapter 118). Recent pharmacogenetic studies have shown that 
severe reactions are associated with the (HLA)B* allele, offering the 
possibility of genetic testing in the future [6]. Several abnormalities 
in urate transporter genes have been identified in patients from 
South-East Asia. 


AUTOINFLAMMA 


Hereditary autoinflammatory 
disorders [1] 


Several monogenic ‘inflammasome’ disorders have been described 
which result in autoactivation of the IL-6 pathway. Most of them 
can cause arthralgia or arthritis. Most are rare and present in early 
childhood. They can be classified into a number of broad groups 
(Box 155.2) 

They are discussed in greater detail in Chapter 45. 


(Chapter 45) 


Hereditary periodic fevers 
¢ Cryopyrin-associated periodic syndromes (CAPS) 
¢ Familial cold autoinflammatory syndrome (FCAS) 
¢ Muckle—Wells syndrome (MWS) 
¢ Chronic infantile neurological and articular syndrome (CINCA) 
¢ Tumour necrosis factor-associated periodic syndrome (TRAPS) 
e Familial Mediterranean fever (FMF) 
¢ Mevalonate kinase (MVK) deficiency and hyper-IgD syndrome 
(HIDS) 


Autoinflammatory granulomatosis of childhood (Blau syndrome) 


Autoinflammatory syndromes with pustulosis 

¢ Deficiency of IL-1 receptor antagonist (DIRA) 

e Pyogenic sterile arthritis, pyoderma gangrenosum and acne (PAPA) 
syndrome 

¢ Deficiency of IL-36 receptor antagonist (DITRA) 


Miscellaneous monogenic autoinflammatory syndromes 

¢ Chronic atypical neutrophilic dermatosis with lipodystrophy and 
elevated temperature (CANDLE) 

¢ Majeed syndrome 


Acquired autoinflammatory disorders 


Schnitzler syndrome, adult-onset Still disease, systemic-onset juve- 
nile idiopathic arthritis and SAPHO syndrome (synovitis, acne, 
pustulosis, hyperostosis and osteitis) all affect the musculoskeletal 
system and are discussed in Chapter 45. 


Acne (Chapter 88) 


Severe acne is associated with joint symptoms and arthritis. 

Acne conglobata has been linked to sacroiliitis especially in young 
black men [1]. Associated features may include dissecting cel- 
lulitis of the scalp and hidradenitis suppurativa. In addition to 
sacroiliitis and axial spondylosis, there may be an asymmetrical 
peripheral arthritis, which develops later than the skin disease. 
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Unlike other spondyloarthropathies, the condition is not associated 
with HLA-B27 [2]. 

Acne fulminans is a systemic disease typically affecting adolescent 
white males. In addition to severe acne with abscesses and areas of 
ulceration, the syndrome includes fever, weight loss and arthralgia. 
X-rays may reveal osteolytic lesions in the clavicle, sternum, long 
bones or ilium [1]. Isotretinoin therapy is commonly associated 
with arthralgia and myalgia in both sexes; this is often trivial and 
therapy can be continued. Prolonged isotretinoin therapy is asso- 
ciated with spinal hyperostosis which may be asymptomatic [1]. 
In a patient with severe acne, isotretinoin therapy may precipitate 
acute sacroiliitis, which can be disabling [3,4]. Concomitant pred- 
nisolone therapy, and initiating isotretinoin at a low dose, may help 
prevent this. 

Fibromyalgia is commoner in patients presenting with acne com- 
pared with the general population [5]. 

Significant acne is a feature of several syndromes, several of which 
have musculoskeletal features. These include monogenic inherited 
syndromes such as PAPA (pyogenic arthritis, pyoderma gangreno- 
sum and acne), DIRA (deficiency of IL-1 receptor antagonist) 
and SAPHO syndromes, all of which are described in Chapter 45. 


Hidradenitis suppurativ 


This is associated with several syndromes described earlier, as 
well as with inflammatory bowel disease [1]. A recent survey of 
hidradenitis suppurativa patients identified an association with 
arthralgia, back pain and enthesitis (especially in females), as well 
as SAPHO syndrome (Chapter 45) [2]. 


INFLAMMATORY CHONDR\ 


Relapsing polychondriti 


Definition and nomenclature 

In this non-infective condition, focal inflammatory destruction of 

cartilage is accompanied by fibroblastic regeneration. It is charac- 

terised by the following: 

¢ Recurrent bilateral chondritis of the pinnae. 

¢ Chondritis of the nasal cartilage. 

¢ Chondritis of the respiratory tract. 

¢ Ocular inflammation, including conjunctivitis, scleritis, episcleri- 
tis or uveitis. 

¢ Cochlear or vestibular lesions. 

Seronegative non-erosive inflammatory arthritis. 

Three or more of these features are required for the diagnosis [1]. 


Aetiology 

Relapsing polychondritis has been recorded as rare, with around 
3.5 new cases/million/year in the UK, but recent reports suggest 
that it is not so uncommon but is easily overlooked. The cause is 
unknown but it is probably a Thl-mediated disease. Serum levels 
of cytokines such as interferon-y, IL-12 and IL-2 parallel changes in 
disease activity whereas Th2 cytokines do not [2]. 

Antibodies to type II collagen have been detected in the serum in 
acute polychondritis, and granular deposits of immunoglobulin G 
(IgG), IgA, IgM and C3 at fibrochondrial junctions have indicated 
a possible role of immune-complex deposits [3-7]. Antibody pro- 
duction is T-cell dependent and major histocompatibility complex 
(MHC) restricted; the arthritis in experimental animal models can 
be suppressed by synthetic type II collagen peptides [8]. The intra- 
venous injection of papain into rabbits produces loss of cartilage 
rigidity, manifested by floppy ears [9]. It has been suggested that 
local protease activity may play some part in causing relapsing 
polychondritis [10]. Cartilage oligomeric matrix protein (COMP) is 
decreased and cartilage matrix protein (matrillin-1) increased. Both 
revert to normal levels during successful therapy [11]; however, in 
practice they are unreliable markers of disease activity [12]. A recent 
study suggests that the serum level of soluble triggering receptor, 
expressed on myeloid cells and typically associated with bacterial 
infections such as meningitis, more closely reflects disease activity 
and may be a useful biomarker [13]. 

Associated conditions suggest that autoimmune mechanisms 
may be concerned (see MAGIC syndrome). They include rheuma- 
toid arthritis, lupus erythematosus, vasculitis, Behcet disease, 
Hashimoto disease, ulcerative colitis, Crohn disease, psoriasis, 
glomerulonephritis, Sjé6gren syndrome, thymoma, ankylosing 
spondylitis, myeloproliferative disorders and following intra- 
venous injections [14-19]. Cutaneous manifestations have been 
reported in a patient treated for prostatic adenocarcinoma with 
goserelin, a luteinising hormone releasing analogue [20]. 

Relapsing polychondritis probably overlaps with granulomatosis 
with polyangiitis (GPA). Auricular chondritis has been described in 
some patients with the latter [21], and cANCA, an antibody once 
regarded as specific for GPA, has been reported in patients with 
relapsing polychondritis [22]. 


Pathology [23] 

Areas of damaged cartilage, which have lost the normal basophilic 
staining, are separated by areas of predominantly lymphocytic 
infiltration. Later, the fragments of cartilage are surrounded 
and replaced by abundant granulation tissue and even nascent 
cartilage. Occasionally, there is evidence of vasculitis [24]. 


Clinical features [1,25-28] (Box 155.3) 

The condition affects both sexes equally and usually begins between 
the ages of 30 and 50 years. Chondritis ultimately involves three or 
more sites in most patients but may be limited to one or two for 
long periods. The following tissues may be involved in decreasing 
order of frequency: auricular, joint, nasal, ocular, respiratory tract, 
heart valves and skin [29,30]. During the acute stage, the affected 
area is swollen, red and tender, and may be mistaken for cellulitis 
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Box 155.3 Clinical features of relapsing 
polychondritis 


Cartilage 
e Ears 
¢ ‘Cellulitis’ sparing lobule 
¢ Floppy: ‘forward listening’ 
¢ Cartilage thinning: ‘blue ear’ 
¢ Serous otitis media 
¢ Nose 
¢ Obstruction 
¢ Deformity, e.g. sudden collapse of nasal bridge 
e Larynx/trachea/bronchi 
e Airway obstruction 
e Infection 


Vasculitis 
¢ Cutaneous 
¢ Superficial thrombophlebitis 
e ‘Toxic’ erythema 
e Annular urticated eruption 
e Systemic 
¢ Cerebral aneurysm 
e Granulomatous lung disease 
¢ Giant cell myocarditis 
e Heart valve rupture 


Haematological, e.g. myelodysplasia 
Articular, small peripheral joint arthritis (RA-like) 


Eyes 

¢ Episcleritis 

¢ Conjunctivitis 

° Iritis 

¢ Scleromalacia 

¢ Proptosis 

e Rarely: keratoconjunctivitis sicca or chorioretinitis 


Oro-genital ulceration (MAGIC syndrome) 
Associated systemic autoimmune disease, e.g. SLE 


RA, rheumatoid arthritis; SLE, systemic lupus erythematosus. 


(Figure 155.14). Sparing of the ear lobule is a useful differentiating 
sign. The ear becomes floppy (the ‘forward listening’ ear). Thinning 
of the cartilage allows the underlying vasculature of the ear to 
be more visible (the ‘blue ear’ sign) [31]. Serous otitis media can 
occur and there may be loss of hearing even in the absence of chon- 
dritis [32]. Involvement of the nasal cartilage leads to obstruction 
and later to a saddlenose deformity, which may lead to collapse 
of the nasal bridge [33] (Figure 155.15). Cutaneous and systemic 
vasculitis, cerebral aneurysms, superficial thrombophlebitis and 
toxic erythema have been described [1,24,27,34]. A few patients 
have been described in whom an annular eruption comprising 
tense urticated papules precedes chondritis; histology reveals a 
lymphocytic vasculitis. All these patients have haematological 
abnormalities such as myelodysplasia. Although initially respon- 
sive to corticosteroids, this variant carries a poor prognosis [35]. 
The joint changes, usually affecting the smaller peripheral 
joints, may simulate rheumatoid arthritis [36]. Involvement of 
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Figure 155.14 Relapsing polychondritis, showing inflammation of the pinna. 
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Figure 155.15 Relapsing polychondritis: late stage, showing damage to the cartilage of 
the ear and nose. 


the larynx, trachea or bronchi produces respiratory embarrass- 
ment and recurrent infection. Permanent tracheostomy may be 
required [23,32]. An association with granulomatous lung disease 
has also been described. Ocular abnormalities are found in some 
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Figure 155.16 Relapsing polychondritis, showing ocular involvement. 


cases: episcleritis, conjunctivitis and iritis (Figure 155.16), scleroma- 
lacia, and more rarely keratoconjunctivitis sicca or chorioretinitis. 
Proptosis occurs in 3% of cases [37,38]. Giant cell myocarditis is 
reported and involvement of the heart valves may cause serious 
complications including sudden valve rupture, even in a patient 
otherwise in remission [1,39,40]. 

The course of the disease is extremely variable [19,28]. Attempts 
have been made to devise a ‘disease activity’ score [41]. Relapses 
are the rule, but they vary in frequency and severity. Some cases 
continue to relapse for over 20 years but others become inac- 
tive within a short period. Pregnancy does not appear to affect 
the course of the disease although complications are more fre- 
quent [42]. Deformity of the ears and nose is common but in general 
the disease is a source of discomfort and disfigurement rather 
than a threat to life. Plasma viscosity or erythrocyte sedimentation 
rate is usually raised and anaemia is frequent. The rheumatoid 
factor and antinuclear factor are often positive. Leukocytosis is 
inconstant but eosinophilia is found in 40% of cases. A character- 
istic biochemical finding is the increased urinary excretion of acid 
mucopolysaccharides during each relapse. 

Radiological abnormalities are not pathognomonic but evidence 
of extensive destruction of joint cartilage without changes in adja- 
cent bone is suggestive on plain X-ray. In some cases, the changes 
are indistinguishable from rheumatoid arthritis. Fluorine-18 
deoxyglucose uptake is increased in affected cartilage on positron 
emission tomography/computed tomography (PET/CT). This is 
a useful investigation to determine the extent of cartilage involve- 
ment [43]. Doppler echocardiography, MRI and dynamic expiratory 
computed tomography are of value in investigating cardiopul- 
monary involvement [12]. Bronchoscopy runs the risk of worsening 
respiratory dysfunction [12]. 


Diagnosis 

Polychondritis may present to the dermatologist as ‘chronic otitis 
externa with cellulitis of the pinna’. The diagnosis is established 
by biopsy, or by other associated changes, and appropriate 


radiology. GPA and lethal midline granuloma (also causes of a 
saddle-nose deformity [33]) can produce a similar histology but in 
these two conditions the involvement is more purely destructive. 


Treatment 

The progression of the acute relapse can be controlled with cor- 
ticosteroids. An initial daily dose of 30mg prednisolone can be 
gradually reduced and finally discontinued as remission develops. 
Indometacin and dapsone have been used [5]. Colchicine is also 
helpful in some patients [44]. Immunosuppressive agents such as 
methotrexate and ciclosporin [7,12] may have a role. Pulsed intra- 
venous cyclophosphamide has been used for renal disease [12,45]. 
Intravenous immunoglobulin [46] and anti-TNF antagonists such 
as adalimumab and etanercept have proved to give sustained 
remission in several cases [47,48]. Other cytokine modulators used 
with success include tocilizumab [2]. Variable results have been 
obtained with rituximab [49]. Remission has followed autologous 
stem cell transplantation [50]. Surgical reconstruction of the nose or 
larynx is sometimes required [49]. 


MAGIC syndrome 


Several patients have been described with features of both relapsing 
polychondritis and Behcet disease [1]. The term MAGIC syndrome 
(mouth and genital ulcers with inflamed cartilage) has been used 
for this overlap syndrome. The underlying immunological defects 
are still unclear but circulating immune complexes and autoan- 
tibodies to elastic tissue have been suggested as possible factors 
[1,2]. The nodules on the auricle affect the antihelix but, as in 
polychondritis, spare the lobule [3]. 

Aortic valve disease and aneurysmal aortitis have been associ- 
ated with the syndrome [4,5] and features of the MAGIC syndrome 
have been described in an HIV-positive individual [6]. 

Several therapies have been tried including dapsone, corticos- 
teroids and pentoxifylline. Infliximab has been successful in a severe 
case [7]. 


MISCELLANEOUS DISORDER 
THE SKIN AND MUSCULOSK 
SYSTEM 


Mastocytosis (Chapter 46) _ CC 


Some patients with cutaneous mastocytosis (e.g. telangiectasia mac- 
ularis eruptiva perstans) experience bone pain due to osteoporosis, 
related to release of mast cell mediators such as heparin, tryptase 
and IL-6. Radiological bone changes include localised osteolysis 
or osteosclerosis and generalised osteopenia or osteosclerosis [1]. 
The spine is particularly affected and pathological fractures are 
commoner in men; the severity of osteoporosis relates to raised 
levels of mast cell tryptase [1] and IL-6 [2]. Spondyloarthritis is 
commoner in patients with mastocytosis than in the general pop- 
ulation [3] and increased numbers of synovial mast cells may 
contribute to joint symptoms [4]. 
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Multicentric reticulohis 


This condition is characterised by destructive polyarthritis, chiefly 
affecting the distal interphalangeal joints. It may be misdiagnosed 
as rheumatoid or psoriatic arthritis. It is one of the most destructive 
forms of arthritis and severe changes (arthritis mutilans) occur in 
nearly 50% of patients, with ‘pencil in cup’ changes on X-ray. It is 
described in detail in Chapter 135. 


monary osteoarthropathy 


In this rare condition [1-3], inheritance is autosomal dominant 
but autosomal recessive families probably also occur [4]. At least 
two gene mutations are implicated: HPGD and SLCO2A1 [5]. Both 
genes are components of prostaglandin (PG) E, catabolism and 
these mutations are associated with a failure of PGE, degradation. 

The condition typically presents in teenage males. Digital club- 
bing is associated with painful cylindrical thickening of legs and 
forearms (which may suggest acromegaly [6]) (Figure 155.17), 
hyperhidrosis, seborrhoea, sebaceous gland hyperplasia and 
folliculitis. Arthritis may be severe with florid knee effusions. 
Additional clinical features include thickened skin on the forehead, 
carpal and tarsal tunnel syndrome, chronic leg ulceration and 
calcification of the Achilles tendon [7]. Cultured dermal fibroblasts 
synthesise increased amounts of collagen and «, [8] procollagen 
mRNA and exhibit upregulation of transcriptional activity of the 
a, (I) procollagen gene promoter [9]. Proteoglycan synthesis is also 
affected [10]. 


(a) (b) 


Figure 155.17 (a,b) Views of the hand (a) and the lower legs and ankles (b) in 
pachydermoperiostosis. 
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X-rays reveal symmetrical, irregular periosteal ossification, 
predominantly affecting the distal ends of long bones [1]. Histol- 
ogy shows cutaneous sclerosis and hyalinosis, with perivascular 
infiltration by lymphoid cells in the dermis [2]. 

When. conventional treatments (including non-steroidal anti- 
inflammatory drugs (NSAIDs) and corticosteroids) fail, bisphos- 
phonates such as intravenous pamidronate inhibit osteoclast 
activity and may help rheumatological manifestations [11]. A recent 
study has demonstrated reduction in serum and urinary PGE, 
together with symptomatic improvement following the use of 
the COX-2 inhibitor, etoricoxib [12]. Cosmetic procedures such as 
facelift and botulinum toxin improve facial appearance [13]. 


Interstitial granuloma‘ 
dermatosis (chapter 100) 


This condition is associated with several organ-specific autoim- 
mune disorders such as Hashimoto thyroiditis and diabetes, as well 
as autoimmune connective tissue diseases, inflammatory bowel 
disease, haematological malignancy and drugs including allopuri- 
nol. An association with rheumatoid arthritis is reported in several 
cases although the arthritis is often seronegative and non-erosive. 
In over 50% of patients, usually affecting adults, it is progressive 
and destructive resembling psoriatic arthritis [1,2]. 

Skin-coloured, red or purple papules, linear bands (the rope sign) 
or plaques develop symmetrically on the lateral aspects of the trunk, 
proximal thighs or axillae. Lesions can be painful or associated with 
a burning pruritus [1,2]. Palisaded neutrophilic and granulomatous 
dermatitis [3] is probably a variant, with papules and nodules on the 
extremities. 

Skin histology is distinctive: there is a granulomatous interstitial 
and palisading infiltrate with CD68+ histiocytes showing a vari- 
able degree of phagocytosis in the mid to deep reticular dermis. The 
collagen bundles are thickened but there is also piecemeal fragmen- 
tation of collagen and elastic fibres [2,4,5]. 

It is probable that the condition is related to deposition of immune 
complexes in the skin. Skin and joint lesions may resolve sponta- 
neously in a few weeks, may be recurrent or progress over many 
months or years [1,2]. Several drugs have been tried including 
NSAIDs, corticosteroids, dapsone, colchicine and tacrolimus [6]. 
Anti-TNF therapies such as etanercept [5] are beneficial although 
these agents may trigger the condition [6]. Ustekinumab has also 
been used successfully [7]. 


Intralymphatic histiocyt 


Swelling and erythema resembling cellulitis occurs around the 
elbow or knee in some patients, often elderly women, with rheuma- 
toid arthritis and other inflammatory disorders such as Crohn 
disease. It may occur in the absence of systemic disease [4]. Several 
cases are reported affecting the tissues adjacent to an orthopaedic 
metal implant [5,6,7]; this may raise concern about infection or 
rejection. Typically, asymptomatic poorly demarcated red plaques 


Cutaneous adverse reactions to antirheumatic therapies 


or livedo reticularis-like lesions develop near an elbow or knee. 
There may be overlying verrucous change. Histology shows dilated 
vascular structures in the reticular dermis, with an endothelial 
marker profile suggesting lymphatic origin. Some vessels contain 
CD68+ mononuclear histiocytes [1,4,7]; the vessel walls stain with 
D2-40. It has been suggested that the condition is related to reactive 
intravascular angioendotheliomatosis, forming part of the spectrum 
of cutaneous reactive angiomatosis [4,7,8]. It is a benign process and 
may resolve with treatment of the underlying cause [9]. Although 
there are reports of the use of drugs such as infliximab [10], it can 
respond to simple pressure bandaging, suggesting that it may be 
related to local lymphostasis [11]. 


CUTANEOUS ADVERSE RE. 
ANTIRHEUMATIC THERAPI 
(Chapters 119 and 120) 


Skin lesions are commonly encountered in patients receiving 
antirheumatic therapy. Some are trivial but others may require dis- 
continuation of treatment. Alopecia may occur in patients receiving 
azathioprine or methotrexate and eczema-like lesions occur with 
many drugs, including leflunomide. 

NSAIDs and allopurinol are among the most frequently reported 
causes of severe adverse drug reactions including DRESS, Stevens— 
Johnson syndrome and toxic epidermal necrolysis [1]. Viraemia 
can be a compounding factor in an immunosuppressed patient [2]. 
A better understanding of pharmacogenomics may enable screening 
at-risk patients in the future [2,3]. This is already potentially achiev- 
able with allopurinol [4]. NSAIDs are photosensitising and can 
induce photo-onycholysis. A pseudoporphyria, clinically resem- 
bling porphyria cutanea tarda, is seen in patients taking naproxen. 
Fixed drug eruptions are associated with some NSAIDs, includ- 
ing piroxicam, mefenamic acid and oxyphenbutazone. Urticarial 
lesions may be induced by immunological or pharmacological 
mechanisms [3]. Topical NSAIDs, notably ketoprofen, may photo- 
sensitise. Cross-reaction with octocrylene, a sunscreen ingredient, 
is often seen with ketoprofen photosensitivity [5]. 

Antimalarials, e.g. hydroxychloroquine, should be avoided in 
patients with psoriasis as they may exacerbate the condition [6]. 
They are also implicated in lichenoid drug reactions, acute gen- 
eralised exanthematic pustulosis [7] and DRESS syndrome [8]. 
Mepacrine causes yellow pigmentation of the skin (Figure 155.18) 


and sclerae and can also induce cutaneous ochronosis (Figure 155.19). 


Sulfasalazine is also implicated in DRESS [9] as well as Stevens— 
Johnson syndrome. It is a photosensitiser and can induce or exacer- 
bate lupus erythematosus [10]. 

Corticosteroids: the atrophogenic effects of systemic corticosteroids 
are well recognised [11] but even intralesional steroids can induce 
cushingoid features and an acneiform eruption [12], as well as the 
risk of local dermal atrophy. Systemic corticosteroids may cause 
hypertrichosis. 

Penicillamine can induce lupus or a lichenoid reaction and its use in 
Wilson disease is associated with a pseudoxanthoma elasticum-like 
syndrome. 


Figure 155.18 Yellow pigmentation of the skin due to mepacrine. 


Figure 155.19 Ochronosis of the nail beds due to mepacrine. 


TNF-a inhibitors may cause lichenoid eruptions. Paradoxically, 
they can induce an eruption clinically and histologically resem- 
bling psoriasis, particularly in patients with rheumatoid arthritis. 
Adalimumab may be a major culprit [13,14]. Fortunately, the erup- 
tion often responds to topical therapy and, if not, generally resolves 
on changing to another biological agent. The risk of serious skin and 
soft-tissue infections does not appear to be increased in rheumatoid 
patients on anti-TNF-a drugs [15]. 

Janus kinase (JAK) inhibitors such as baricitinib and tofacitinib are 
effective in monotherapy of rheumatoid arthritis but may increase 
the risk of herpes zoster [16]. 

Skin cancer promotion: non-melanoma skin cancer is commoner in 
rheumatoid patients than in the general population, attributable at 
least in part to drugs such as methotrexate, anti-TNF drugs [17] and 
possibly tofacitinib [16]. Multiple eruptive squamous cell carcino- 
mata occurred in a patient on abatacept for rheumatoid arthritis [18]. 
Multiple eruptive keratoacanthomata have been associated with 
leflunomide, regressing when the drug was discontinued [19]. 
Lymphomatoid papulosis has been attributed to adalimumab in 
a patient with juvenile idiopathic arthritis [20]. Fortunately, the 
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prevalence of melanoma is not increased in rheumatoid arthri- 
tis [21]. Historically, multiple basal cell carcinomas developed in 
the skin overlying sites of radiotherapy for ankylosing spondyli- 
tis, ie. the spine and sacroiliac joints, usually many years after 
irradiation [22,23]. 
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Introduction 


Ageing is inevitable in every organ system, yet no organ conveys to 
the outside world an aged appearance as does the skin. The impli- 
cations of skin ageing are broad and include cosmetic concerns of 
appearance, as well as medical and social concerns. An aged appear- 
ance, especially of the face, results from the confluence of ageing 
bone (structural ageing), muscle, fat and skin. Although changes in 
skin over time account for an aged appearance, it is not possible to 
attribute the changes entirely to skin pathology. It is important to 
recognise that concomitant with skin ageing, other significant organ 
systems are undergoing changes that contribute to an aged appear- 
ance. Bone ageing is characterised by excess resorption leading to 
volume and support loss; muscle ageing can present with hypertro- 
phy or atrophy of particular muscle groups; and fat pads, especially 
those of the face, age at different rates with atrophy and positional 
changes leading to an older appearance. In this chapter, we describe 
the clinical features of intrinsic and extrinsic skin ageing across 
various ethnicities, the molecular mechanisms of both types of skin 
ageing and the cosmetic, medical and social implications of aged 
skin. 


Clinical features 


Intrinsic ageing 

Intrinsic skin ageing is also known as chronological ageing, natu- 
ral ageing or just skin ageing and occurs inevitably, continuously 
and gradually in all skin types over an individual's lifetime. Intrin- 
sic ageing is observed in its purest form on the upper inner aspects of 


the arms and on the hips and buttocks, sites typically protected from 
ultraviolet (UV) irradiation exposure. The salient clinical features of 
intrinsic ageing include dryness, homogenous colour, atrophy and 
fine wrinkling (Figure 156.1). 


Extrinsic ageing 

Ageing in white skin 

Extrinsic ageing is commonly referred to as photoageing and results 
from the damaging effects of UV radiation, which is the primary 
cause of premature skin ageing, although other factors such as 
tobacco smoking, pollution, chronic psychological stress, poor sleep 
and a high glycaemic index (GI) diet may also have an impact. The 
hallmark clinical features of extrinsic ageing in white skin are rough 
texture, dryness, dyspigmentation, fine and coarse wrinkles and 
telangiectases. The dyspigmentation manifests as either hyperpig- 
mentation or hypopigmentation. Hyperpigmentation includes, but 
is not limited to, solar lentigines and patchy, irregular, tan to brown 
discoloration which can be diffuse. Dyspigmentation also includes 
areas where the skin has pigment loss leading to hypopigmented 
and depigmented areas. Extrinsic ageing is best exemplified on 
anatomical sites subject to repeated solar UV irradiation exposure 
such as the face, upper chest (décolleté), extensor forearms, dorsal 
hands and neck. 

Asymmetrical skin ageing has been observed, and comparison 
studies of left and right sides of the face have further strengthened 
the argument for the role of UV irradiation in the pathophysiology 
of ageing skin. The side of the face exposed to solar UV irradiation 
during driving has been shown to demonstrate more severe and 
extensive photoageing [1]. 
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Figure 156.1 Intrinsic ageing features on the upper, 
inner aspect of the arm showing fine wrinkling, 
homogenous colour and lack of telangiectases and 
dyspigmentation, with an exaggerated appearance due 
to gravitational forces. Intrinsic ageing changes are 
noted across light, medium and dark skin tones, but are 
typically more prominent in light skin tones (a) 
compared with darker skin tones (b). 


Figure 156.2 Dyspigmentation tends to be a more common manifestation of extrinsic skin ageing compared with wrinkling in darker skin types such as (a) East Asian, (b) Indian and 
(c) African descent. It is often patchy and ill defined. Judicious and consistent sun protective measures may prevent it from developing. Treatment modalities to improve appearance 
and even the skin tone include topical therapy with retinoids and cosmeceuticals, chemical peeling agents and laser therapy. 


i | q 
The previous clinical descriptions of intrinsic and extrinsic ageing 
are based on studies and observations of white skin. Skin of colour 
(SOC) is a broad term used to describe many ethnic skin phenotypes 
and includes but is not limited to individuals of Asian, Latino and 
African descent. Individuals may often share features across several 
ethnicities making categorisation of individuals into distinct ethnic 
groups difficult. In general, SOC photoageing manifests differently 
compared with white skin. Inherent protection due to increased 
melanin in darker skin types confers more protection from extrin- 
sic photoageing due to UV light damage and there may be as 
yet unknown genetic variations among different ethnicities that 


influence skin ageing rates and clinical manifestations. In addition, 
a thicker dermis, increased convolution of the dermal—-epidermal 
junction and increased fibroblast number and activity have been 
noted in SOC, most notably in African skin, with some increase in 
Asian skin compared with white skin [2]. 

In general, photoageing in darker skin types, including East and 
South-East Asian skin types, is characterised by early findings of 
pigmentation irregularities (Figure 156.2). Wrinkling does not typ- 
ically become readily apparent until after the age of 50 years and to 
a much lesser extent compared with fairer skin (Figure 156.3) [3]. A 
fairly comprehensive review of photoageing in East and South-East 
Asians concluded that Korean skin with severe dyspigmentation 


Figure 156.3 Extrinsic ageing manifesting as wrinkling in a 73-year-old Asian man. 


correlated to more severe wrinkling, but the latter tended to be less 
of an issue compared with white skin [4]. Another difference in 
the manifestation of photoageing in SOC is dermatosis papulosis 
nigra (DPN). DPNs are small seborrhoeic keratosis-like lesions 
typically confined to sun-exposed sites on the lateral aspects of 
the face including the temples and cheeks (Figure 156.4). They are 
frequently noted in Asian and African skin types. In a recent survey 
study of 50 African American patients, 86% of DPNs were noted to 
be present on the face and 84% of patients had a first-degree relative 
with similar lesions. Although most DPNs were not symptomatic, 
they were noted to exert a moderate adverse effect on quality of life 
[5]. Treatment modalities may involve hyfrecation and curettage or 
Q-switched lasers. 

More extensive research into darker skin ageing would enhance 
our understanding of the biology of ageing with respect to skin 
types containing more melanin than white skin. This understanding 
could further advance efforts in the area of rejuvenation for both 
cosmetic and medical purposes. More specific and precise therapy 
and skin care regimens could be designed targeting the specific 
ageing changes observed in the myriad skin types. 


Extrinsic ageing variants 

Several clinical variants of extrinsic ageing have been recognised 
and described. Gilchrest and others were among the first to describe 
distinct clinical variants of extrinsic ageing [6]. Atrophic photoage- 
ing, the more common variant, is characterised by individuals with 
numerous fine facial wrinkles, epidermal atrophy, telangiectases 
and/or redness, focal depigmentation and hyperpigmentation 
(lentigines and/or patchy hyperpigmentation) (Figure 156.5a). 
In this variant, there is a predisposition to the development of 
pre-cancerous and cancerous skin lesions. Yaar and Gilchrest 
originally described this variant as characterised by ‘proliferative 
exhaustion’, epidermal atrophy, focal depigmentation, pseudoscars, 
freckles, naevi, lentigo maligna, melanoma, actinic keratoses and 


(a) (b) 


Figure 156.4 Dermatosis papulosis nigra are seborrhoeic keratosis-like lesions 
presenting on the face in (a) African and (b) Asian skin phenotypes. They have a 
predilection for the lateral aspects of the face and other sun-exposed sites. There are no 
known medical implications of these lesions, although they can be a source of cosmetic 
concern for patients. 


basal and squamous cell carcinoma in patients with Fitzpatrick skin 
type L-II [6]. In support of this qualitative description of atrophic 
photoageing is a study of patients with basal cell carcinoma and 
wrinkles. In this work, discordance between facial wrinkling and 
the presence of basal cell carcinoma was observed, lending further 
credence to the observations that patients with fine wrinkles have 
more basal cell carcinomas than patients with coarse wrinkling [7]. 

The less common variant, hypertrophic photoageing, is charac- 
terised by homogenous colour, coarse wrinkling and less tendency 
to the development of skin cancers (Figure 156.5b). Yaar and 
Gilchrest originally described this variant as characterised by 
‘protective hyperplasia’, tanning, lentigines and epidermal thick- 
ening mostly seen in Fitzpatrick skin types III-IV [6]. Although 
the atrophic and hypertrophic variants have been long recog- 
nised, there is increasing scientific evidence to support this clinical 
observation [8]. Examination and quantification of clinical and 
molecular features of atrophic and hypertrophic photoageing versus 
age-matched control subjects have demonstrated the same degree 
of collagen damage between the two clinical variants. However, in 
hypertrophic photoageing, more elastotic damage was observed 
compared with atrophic photoageing and controls. Hypertrophic 
photoageing generally occurred in younger subjects compared with 
atrophic photoageing. A negative correlation between solar elasto- 
sis and actinic keratoses raises the possibility that hypertrophic and 
atrophic photoageing develop as a result of fundamental differences 
in the skin’s response to UV irradiation [8]. Undoubtedly, there is 
a great spectrum of clinical presentation between the atrophic and 
hypertrophic variants and most patients will in fact exhibit features 
of both atrophic and hypertrophic photoageing. Extrinsic ageing is 


(a) 


Figure 156.6 Smoker's skin is characterised by wrinkles radiating at 90-degree angles 
from the lips, and sallow yellow-grey discoloration. 


always superimposed on intrinsic ageing since intrinsic ageing is 
a gradual and ongoing process. Certain clinical manifestations of 
extrinsic ageing deserve separate discussion. 


Smoking and skin ageing 

External factors, other than solar irradiation, that drive prema- 
ture skin ageing include tobacco and other forms of non-ionising 
radiation. Individuals who are longstanding users of tobacco are 
readily identifiable by particular clinical features. Tell-tale signs of a 
smoker include the tobacco smoke odour of their skin and clothing, 
tobacco staining of the fingers and nails and the ‘smoker’s face’ 
first described in 1971. ‘Smoker's face’ is characterised by wrinkles 
radiating at 90-degree angles from the lips and eyes, gaunt features, 
an uneven complexion and a greyish skin hue (Figure 156.6) [9]. In 
SOC, hyperpigmentation around and within the oral cavity can be 
observed [10,11]. A population-based study of factors associated 
with photoageing before the age of 55 years found that moderate 
to heavy smoking measured by pack-year was strongly associated 
with premature ageing [12]. A study of a pair of identical twins 
with marked differences in smoking habits (one had a 52-pack-year 


Figure 156.5 (a) Atrophic extrinsic ageing showing fine 
wrinkling, telangiectases, and dyspigmentation in the form of 
patchy, ill-defined hyperpigmentation. (b) Hypertrophic variant 
showing coarse wrinkling, fairly homogenous coloration tending 
toward a sallow or bronzed appearance, and lack of 
dyspigmentation and telangiectases. 


smoking history) further illustrated the effect of tobacco smoke on 
skin ageing [13]. 

The mechanism of tobacco smoke leading to facial wrinkling is 
poorly understood but is thought to involve tobacco’s deleterious 
effects on elastic fibres — specifically an increase in the area of elastic 
fibres due to elastic fibre degradation rather than to newly synthe- 
sised elastic fibres [14]. Tobacco smoke is thought to have effects on 
new collagen synthesis and matrix metalloproteinase (MMP) induc- 
tion similar to those effects resulting from UV irradiation exposure 
[15]. Fibroblast activity is altered by the generation of reactive oxy- 
gen species (ROS) and through the direct effects of nitrosonornico- 
tine, which is found in high levels in tobacco and cigarettes [15-17]. 
Tobacco smoke also results in reduced blood flow within the micro- 
circulation, further contributing to fibroblast dysfunction [16]. These 
findings suggest a process similar to that seen with fragmented and 
degraded collagen fibrils in aged skin. 


Cutaneous nodular elastosis with cysts 

and comedones 

Cutaneous nodular elastosis with cysts and comedones was 
described by Favre and Racouchot and represents another manifes- 
tation of extrinsic skin ageing [18]. It is characterised by open cysts 
and comedones of the lateral malar cheeks and periorbital regions 
and is noted more commonly in smokers (Figure 156.7). While there 
are no known medical implications of this condition, patients are 
often disturbed by the clinical appearance. Treatment modalities 
have not been standardised and may include comedone extraction 
and surgical removal. 


Skin ageing of the neck 

Photoageing of the neck is quite different in most cases from that of 
the face, even in the same individual. It assumes several different 
phenotypes depending on the anatomical location. Poikiloderma of 
Civatte is the term used to describe the findings of extrinsic pho- 
toageing of the lateral neck in white skin (Chapter 86). It is char- 
acterised by reticulated redness and dyspigmentation of the lateral 
aspects of the neck (Figure 156.8) but can become circumferential to 
involve the anterior base of the neck. Redness and dyspigmentation 
are usually seen in this condition; however, sometimes poikiloderma 
of Civatte can tend towards more redness or more dyspigmentation. 


Figure 156.7 Nodular elastosis in the dermis with open comedones and cysts favoring 
the lateral malar cheeks and periorbital regions is seen more commonly in smokers. 
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Figure 156.8 Reticulated redness, dyspigmentation and fine papules of the lateral 

aspects of the neck sparing the submental region are characteristic of poikiloderma of 

Civatte. 


The condition specifically spares the submental region as this area is 
relatively sun protected. The features of poikiloderma of Civatte are 
similar to those seen in the atrophic variant of extrinsic photoage- 
ing (discussed earlier in this chapter). Interestingly, patients may 
present with profound changes of poikiloderma on the neck with 
minimal extrinsic skin ageing of the face. This condition is not com- 
monly observed in SOC. Laser and light-based therapies are useful 
in improving this cosmetically disturbing condition. 


Figure 156.9 Posterior neck skin ageing known as cutis rhomboidalis nuchae showing 
coarse wrinkling in a cross-hatched configuration and bronzed coloration. 


Interestingly, skin on the nuchal region ages in a manner that 
differs from that of the lateral neck. Coarse wrinkling, a bronzed 
or sallow coloration and minimal telangiectases — features seen in 
the hypertrophic variant of photoageing — are prominent at this site 
(Figure 156.9), compared with the lateral aspects of the neck. These 
findings are typically seen in men, likely due to shorter hairstyles 
allowing for more chronic UV irradiation exposure. It is noted 
anecdotally that very few skin cancers arise in this anatomical site, 
which is consistent with observations in patients with hypertrophic 
photoageing. 


Idiopathic guttate hypomelanosis 

Idiopathic guttate hypomelanosis is a term used to describe a form 
of hypopigmentation that presents as small single or numerous 
white macules, which tend to be most pronounced over the exten- 
sor surfaces of the upper and lower extremities (Figure 156.10) in 
both light and darker skin types. They may appear more exag- 
gerated during the summer months when the surrounding skin 
darkens due to suntanning. These lesions are likely attributable to 
irreversible UV irradiation injury to melanocytes, but no formal 
research on these lesions has been published. 


Bateman purpura 

Bateman purpura (also known as senile purpura) are ecchymotic 
patches on photodamaged extensor surfaces of the arms and 
dorsal hands that appear with or without antecedent trauma 
(Figure 156.11). Clinically, they are small or extensive and may be 
very slow to resolve. It is striking that these lesions are not seen 
on the flexor surfaces of the arms nor on any sun-protected sites. 
This lends further credence to the concept that they are truly a 
hallmark lesion of the effects resulting from an overlap of intrinsic 
and extrinsic ageing. In addition to intrinsic and extrinsic ageing, 
Bateman purpura are likely attributable to antecedent trauma and 
anticoagulant medications such as aspirin, heparin, warfarin and 
other new antiplatelet agents, and oral and topical corticosteroids. 
Resolution is often slow, and the condition is recurrent. Patients do 
not like the appearance of these ecchymoses, but no good therapy 
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Figure 156.10 The extensor surface of the lower extremity is a common site for 
idiopathic guttate hypomelanosis. 


Figure 156.11 Ecchymotic patches over the extensor forearms, known as Bateman 
purpura, represent an extreme example of superimposed intrinsic and extrinsic ageing. 


is available. Judicious sun protection starting in early life may 
mitigate against this condition. 


Menopausal skin ageing 

The study and observations of skin ageing in the menopausal pop- 
ulation offer insight into the role that hormones may play in ageing 
skin. Oestrogen is known to exert its actions on skin through oestro- 
gen receptors. The effects of oestrogen on skin are derived from stud- 
ies of postmenopausal women. Oestrogens have been reported to 
have effects on both the epidermis and the dermis. In the epider- 
mis, they have been associated with increased thickness, hydration 
and an increase in surface lipid content. In the dermis, they have 
been associated with increased hydration through an increase in gly- 
cosaminoglycan content as well as through increased collagen [19]. 
Menopause is associated with an increase in skin dryness, decreased 
elasticity and decreased dermal thickness [20,21]. Oestrogen-based 
treatments are believed to be beneficial for improving the appear- 
ance of photoaged skin, but the scientific evidence is scanty. Women 
who take oestrogen replacements have been observed to have better 


skin hydration, elasticity and fewer fine lines [22,23]. Other studies, 
however, have not demonstrated beneficial effects of oestrogen ther- 
apy on photoaged skin [20]. 

Studies of topical oestradiol applied to photoaged skin (face and 
forearms) and sun-protected skin (hips) revealed an increase in col- 
lagens I and III in sun-protected skin in both male and female sub- 
jects, but no change in the collagens in photoaged skin [24]. 


Genetics of skin ageing 


There is great diversity in skin ageing even within families. How- 
ever, little is known about genetic influences in skin ageing. It would 
seem that genes regulated by exposure of the skin to UV irradiation 
or those associated with particular phenotypes such as light com- 
plexion traits, blue or green eyes and light hair colour would be most 
implicated. 

The MCR1 (melanocortin 1 receptor) gene maps to chromosome 
16q24.3 and is located on the surface of melanocytes. MCR1 plays 
a critical role in skin pigmentation. When the receptor is activated, 
melanocytes produce eumelanin (black pigment), which is protec- 
tive from UV irradiation. In contrast, when the receptor is blocked, 
phaeomelanin (red pigment) is synthesised, which does not confer 
as much protection from UV irradiation. Polymorphisms in the 
MCR1 gene are responsible for the normal variability observed in 
populations with respect to hair and skin pigmentation [1]. 

In a study of over 500 middle-aged French women, logistic 
regressions were performed to assess the influence of MCR1 gene 
polymorphisms on severe photoageing [2]. Subjects with two com- 
mon major diminished function variants were at up to 5.61 times 
greater risk for severe photoageing compared with subjects with 
two wild-type alleles. Given the protective effects of eumelanin 
compared with phaeomelanin, these findings are consistent with 
what is understood about UV irradiation and the mechanisms of 
skin ageing. However, even after adjustment for skin colour and 
lifetime sun exposure, these MCR1 polymorphisms still remained a 
significant risk for severe photoageing. The authors postulated that 
phaeomelanin is a potential source of ROS, in contrast to eumelanin, 
which scavenges ROS thereby leading to wrinkling [2]. 

In addition to inherited genetic polymorphisms, non-heritable 
epigenetic changes also occur with intrinsic ageing and pho- 
toageing. In intrinsically aged skin, there is a trend towards 
hypermethylation across the genome [3,4]. Aged and sun-exposed 
skin tends to be hypomethylated and hyperacetylated in areas 
that are important for the expression of genes that are involved 
in skin homeostasis, leading to changes in gene expression. These 
epigenetic changes are correlated with clinical measures of pho- 
toageing [4,5]. Further research into the genetic and epigenetic 
mechanisms of ageing may provide novel avenues for intervention 
and prevention. 


Grading and measurement of skin ageing 


Histopathology of the skin demonstrates the hallmark finding 
of solar elastosis in photoaged skin, which is quantifiable, along 
with the extent and degree of collagen fibril fragmentation and 
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disorganisation. Skin ageing, in particular photoageing, can be 
quantified on a histological basis by the measurement of solar 
elastosis. The quantification of photoageing is desirable as it may 
yield important clinical information on the risk of actinic keratosis 
and skin cancer development. The histological quantification of 
skin ageing is not, however, practical in the clinic. Non-invasive 
tools to quantify skin ageing for the purposes of patient care and 
clinical research have been proposed and created for both extrinsic 
and intrinsic ageing. 

A widely used photonumerical scale was developed to describe 
and quantify the clinical degree of photoageing. This scale employs 
nine ratings (0 to 8), each with an illustrative photograph, and 
was found to be much superior to a descriptive scale that did not 
employ photographs [1]. It specifically assesses clinical features of 
wrinkling and dyspigmentation, where 0 refers to no photodamage 
and 8 refers to severe photodamage. It is particularly relevant and 
useful in clinical research studies involving facial photoageing and 
is easy to use given the clearly illustrative examples and simple 
numerical grading scale. 

This scale does not, however, discriminate between hyper- 
trophic and atrophic variants of photoageing. A new version of 
this nine-point scale specifically addressing the atrophic variant of 
photoageing has been developed as a useful tool in both clinical 
practice and research [2]. Scales that address ageing skin specific 
to both sexes might also be desirable as factors such as menopause 
and hormones may influence the rate and degree of skin ageing. 
Particular clinical features of skin ageing such as perioral wrinkling, 
which is more prominent in women [3], are yet another reason that 
sex-specific scales may be useful in describing photoageing. When 
utilising photonumerical scales it is critical that the user remains 
cognisant of wrinkles caused by cutaneous ageing, as opposed to 
creases and skin folds due to underlying structural changes such as 
fat pad atrophy and skeletal resorption. 

Another limitation of the photonumerical photoageing scale is 
that it does not take into account SOC and mainly addresses extrin- 
sic ageing in lighter skin types. A scale that grades wrinkles and 
dyspigmentation in Koreans was developed with the use of subject 
interviews to determine cumulative sun exposure and smoking 
history along with measurements of skin colour [4]. Given that this 
study assessed 407 subjects, it is possible that these results might be 
relevant to other Asian skin types. Scales that assess African, Middle 
Eastern and mixed ethnicities are lacking. Such scales would be use- 
ful for clinical research, but would require great efforts as a number 
of scales would be needed in order to account for the wide spectrum 
of SOC across the world. The issue of mixed ethnicities introduces 
a greater level of complexity when trying to quantify skin ageing. 

A photonumerical scale to assess photoprotected skin (intrin- 
sically aged skin) has been developed and has shown significant 
correlation with patient age and history of cigarette smoking [5]. 
This scale employs a nine-point rating system and illustrative clin- 
ical photographs of the inner aspects of the upper arms; a 0 score 
represents no fine wrinkling and 8 represents severe fine wrinkling. 

Tools to assess anatomical sites other than the face offer value 
particularly in clinical research. Skin ageing is known to be more 
or less accelerated depending on the particular anatomical site. 
As cosmetic procedures expand to include more sites off the face 
(neck, décolleté, hands and forearms), tools to measure and describe 


photoageing at these sites become desirable. Examples of such scales 
include a photographic global assessment of forearm sun damage 
[6] and a five-point, dynamic, platysmal band photonumerical 
assessment scale useful in cosmetic clinics [7]. 


Pathophysiology 


Skin ageing is apparent in both the epidermis and the dermis. How- 
ever, the changes observed in the extracellular matrix, particularly 
dermal collagen and elastic fibres, are the hallmark of aged skin and 
are believed to be responsible for the wrinkled appearance. Type I 
collagen is by far the most abundant protein in the dermis and 
accounts for nearly 80% of the dry weight of the dermis. Degrada- 
tion and decreased production of new collagen result in the clinical 
phenotype of wrinkling [1]. Several decades of work focused on 
understanding the mechanisms of retinoids in ageing skin led to 
the elucidation of skin ageing pathophysiology as we understand 
it at the present time, especially with respect to photoageing. Also, 
in recent years great strides have been made in understanding the 
pathophysiology of intrinsic ageing. Though there are differences 
in the pathophysiological processes between intrinsic and extrin- 
sic ageing, both processes culminate in a final common pathway. 
Extrinsic ageing is always superimposed on intrinsic ageing. The 
changes of extrinsic ageing tend to be more pronounced compared 
with intrinsic ageing. 

ROS are the molecules that drive and catalyse the complex 
signalling cascades in ageing skin leading to (i) fragmentation of 
formed collagen; and (ii) reduced new collagen synthesis [2]. ROS 
cause direct cellular damage to the cell walls, lipid membranes, 
mitochondria and DNA, but more importantly ROS play critical 
roles in catalysing the complex cellular signalling pathways in 
fibroblasts and keratinocytes that are relevant to new collagen 
formation and breakdown of mature collagen. 


Ultraviolet irradiation damage/episodic exposure 
Research on the mechanism of action of retinoids in the treatment 
of photoageing has helped to elucidate the molecular basis of pre- 
mature sun-induced skin ageing. A landmark series of publications 
reported the sequence of events by which solar UV irradiation leads 
to collagen fibril fragmentation and depression of collagen produc- 
tion [3-5], which are primary antecedents of the clinical phenotype 
of photoageing. In skin cells, the inherent energy in UV irradiation is 
converted to ROS, which initiates a cascade of biochemical reactions 
[6-8]. As little as one-tenth of minimal erythema dose (MED) UVB 
(280-320 nm) leads to statistically significant cellular and molecular 
responses that deleteriously alter the dermal collagenous extracel- 
lular matrix. These responses increase in magnitude with increasing 
strength of UV exposure to two MEDs, a dose that causes relatively 
modest skin reddening [3]. It is envisioned that repetition of these 
responses over a lifetime of episodic UV exposures causes accumu- 
lation of dermal damage that brings about photoageing [5,9]. 

ROS are generated in skin cells that are directly exposed to UV 
irradiation. ROS are initially produced through photochemical 
reactions involving molecular oxygen within skin cells. This initial 
oxidative stress elicits cellular responses that generate additional 
ROS through signal transduction and metabolic pathways. ROS 
directly inhibit protein tyrosine phosphatases (PTPs) [10-15], which 
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normally function to limit the activities of protein tyrosine kinases 
(PTKs) and their downstream signalling pathways [16-20]. The fam- 
ily of growth factor and cytokine receptors depend on PTK activities 
for their activation [21-23]. Oxidative inhibition of PTPs and the 
consequent activation of growth factor and cytokine receptors occur 
rapidly following UV irradiation [24,25]. 

Activation of the epidermal growth factor receptor PTK activ- 
ity resulting from oxidative inhibition of receptor PTP-« has been 
found to be a key initiator of signalling pathways that drive many of 
the deleterious cellular and molecular responses to UV irradiation 
[25,26]. These pathways include mitogen-activated protein (MAP) 
kinases ERK, p38 and JNK, which control growth, differentiation 
and stress responses in skin cells [27,28,29]. MAP kinase path- 
ways induce transcription factor AP-1, which is composed of Jun 
and Fos proteins. c-Jun, which is the major AP-1 protein induced 
by UV irradiation in human skin [4,30,31], is activated by direct 
phosphorylation by JNK. 

AP-1 is critical to the photoageing process because it is the major 
regulator of gene expression of a subset of MMPs. These are a family 
of enzymes that are capable of degrading the structural proteins 
that comprise the dermal extracellular matrix. AP-1 regulates gene 
expression of MMP-1, MMP-3 and MMP-9, which are induced in 
skin following UV irradiation exposure [3-5,30,32]. Induction of 
MMPs occurs primarily in the epidermis and the enzymes move to 
the dermis where they act on collagen fibrils and other components 
of the dermal extracellular matrix [5,32]. MMP-1 is a key enzyme 
because it is specifically able to initiate collagen fibril degradation 
[33]. Once cleaved, collagen fibrils can be further degraded by 
MMP-3 and MMP-9. In combination, the three MMPs have the 
capacity to degrade the majority of proteins in the dermal extra- 
cellular matrix, thereby impairing the strength and resiliency of 
the skin. Collagen fibril degradation by MMP-1, -3 and -9, coupled 
with imperfect repair over a lifetime of episodic sun exposures, has 
been proposed to be a key mechanism giving rise to the clinical 
phenotype of wrinkling [9,34,35]. 

Induction of AP-1 by UV irradiation, in addition to stimulating 
the production of MMPs, has significant suppressive effects on new 
collagen formation [30,36]. This inhibition occurs through antago- 
nism of the transforming growth factor B (TGF-8) pathway, which 
is a major regulator of collagen production [37-39]. TGF-B promotes 
collagen production via the activation of Smad transcription factors 
[40-42]. AP-1 interacts with Smad3, thereby interfering with the abil- 
ity of Smad3 to stimulate collagen gene transcription [43,44]. UV 
exposure also leads to impairment of the Smad3 function via down- 
regulation of the TGF-f type II receptor (TBRII), which is required 
for Smad3 activation [45-47]. Activation of AP-1 and reduction of 
TBRII act together to suppress collagen gene expression. The com- 
bined effects of enhanced collagen fibril degradation and decreased 
new collagen formation result in a net accumulation of fragmented 
collagen fibrils [9,48,49]. This accumulation increases with contin- 
ued episodic UV exposures. 


Other environmental influences in skin ageing 

The skin exposome refers to the totality of environmental exposures 
over a lifetime that modify or induce skin conditions including pho- 
toageing and certain inflammatory skin conditions [50]. While UV 
irradiation and smoking are known contributors to photoageing, 


other environmental influences include traffic-related air pollution, 
hormones, nutrition and psychological stressors such as stress and 
lack of sleep [50]. A direct link between skin ageing, particularly 
dyspigmentation and wrinkles, and airborne particulate matter (air 
pollution) was discovered in an epidemiological study [51]. The pro- 
posal for this centres on the mechanism by which particulate matter 
exposure generates ROS. In addition, particulate matter may also 
serve as carriers for organic metals and chemicals that localise in 
mitochondria and generate ROS [52,53]. The effects of these various 
environmental factors result in biochemical processes including oxi- 
dation, inflammation and glycation, all of which may affect collagen 
degradation and production through various pathways. 


Collagen fibril fragmentation 

Collagen fibril fragmentation impacts not only dermal structural 
integrity, but also dermal fibroblast function. This latter property 
of collagen fibril fragmentation derives from its disruption of the 
normal interactions between fibroblasts and their surrounding 
intact collagen fibrils. Through this mechanism, collagen fibril 
fragmentation achieves central importance as a driving force for the 
perpetuation of both photoageing and natural skin ageing. 

Type I collagen is the most abundant dermal protein. It forms fib- 
rils, which associate with several additional extracellular matrix pro- 
teins including other types of collagens and proteoglycans [54,55]. 
Haematoxylin and eosin staining of young skin reveals eosinophilic 
dense bundled material occupying the dermis. The majority of this 
eosinophilic material is type I collagen fibrils. These fibrils serve as 
structural support for the skin, and as dynamic scaffolding to which 
dermal cells adhere and interact. Fibroblasts synthesise, secrete and 
promote the assembly of all the components of collagen fibrils [56]. 

The normal assembly of collagen fibrils involves the formation 
of intra- and interfibril cross-links, which are catalysed by the 
enzyme lysyl oxidase [57]. Cross-linking is absolutely necessary for 
mechanical stability of collagen fibrils. Cross-links are also highly 
resistant to proteolytic degradation. Normal turnover of skin colla- 
gen is exceedingly slow, with an average half-life of 15 years [58]. 
However, due to their relative resistance to proteolytic removal, 
cross-linked regions of collagen molecules accumulate within the 
fibrillar network throughout a lifetime. This lifelong accumulation 
of residual collagen cross-links represents essentially permanent 
disruption of the extracellular matrix in photoaged and naturally 
aged human skin. 

As skin ages, changes in proteins that regulate collagen home- 
ostasis occur. Dermal fibroblasts secrete a signalling protein called 
CCN1, and CCN1 levels become elevated in aged skin. Elevated 
levels of CCN1 impair TGF-f signalling and subsequent collagen 
formation [59]. Decreased TGF-B signalling results in decreased col- 
lagen production and subsequent dermal thinning. Elevated expres- 
sion of CCN1 also results in the upregulation of the transcription fac- 
tor AP-1, which contributes to collagen fibril fragmentation through 
elevated expression of MMPs [59]. Mice genetically engineered to 
express high levels of CCN1 have accelerated dermal aging [59], 
implicating this protein as a critical regulator of skin ageing, inde- 
pendent of age or UV exposure. 

Fibroblasts not only produce the dermal collagenous extracel- 
lular matrix, but also are embedded within it, bound to collagen 
fibrils through receptors known as integrins [60-63]. This binding 


“STON 


Figure 156.12 (a) Transmission electron micrograph 
(TEM) of a fibroblast (computer stained purple for 
clarity) within the dermis of sun-protected skin in a 
young adult. Note the elongated appearance and 
extended cytoplasm away from the nucleus of the 
fibroblast which is in close proximity to abundant 
collagen fibrils (original magnification 2000x). (b) TEM 
of a fibroblast within the dermis of photoaged skin 
showing the collapse of cytoplasm inwards towards 
the nucleus and the lack of adjacent collagen fibrils. 
The fibroblast is surrounded by amorphous material 
(original magnification 2000x). (c) Scanning electron 
micrograph (SEM) of collagen fibrils in young adult 
skin. Note that the long fibrils are closely packed and 
fill the space with no apparent breaks in them (original 
magnification 10 000x). (d) SEM of collagen fibrils in 
photoaged skin showing large gaps and numerous 
fragmented fibrils (original magnification 12 500x). 
The inset highlights the fragmented collagen fibrils 
(computer coloured green). From Fisher et a/. [48], © 
2008 American Medical Association; all rights 
reserved. 


allows the fibroblast cytoskeletal machinery to exert mechanical 
traction forces on the surrounding collagen fibrils [61,62]. Due to 
their inherent mechanical properties, intact collagen fibrils provide 
resistive mechanical forces, thereby establishing a state of dynamic 
mechanical equilibrium within the dermal microenvironment. The 
mechanical load that is created drives the assembly of intracellular 
scaffolding, involving the main components of the cytoskele- 
ton, actin filaments, intermediate filaments and microtubules. 
Cytoskeleton assembly causes fibroblasts to stretch and expand the 
area of their cytoplasm. Thus, the interaction of fibroblasts with 
collagen fibrils dictates the dermal mechanical microenvironment 
and fibroblast shape. Importantly, cellular mechanics and shape 
have a fundamental impact on fibroblast function. Regulation of 
cell function by shape is a fundamental aspect of cell biology, and 
the mechanistic basis that links form to function is the subject of 
intensive research [64,65]. 

In young and photoprotected skin, fibroblasts bound to intact 
collagen fibrils apply tension to the extracellular matrix and achieve 
stretch. In this stretched state, fibroblasts display a biosynthetic 
phenotype that maintains optimal collagen fibril homeostasis. In 
contrast, in aged skin, MMP-mediated collagen fibril fragmentation 
destroys sites for fibroblast binding. With the loss of collagen fibril 
binding, fibroblasts are unable to apply tension to the surrounding 
extracellular matrix and are unable to stretch. In this collapsed state, 
fibroblasts exhibit a catabolic phenotype. 

Electron micrographs of fibroblasts in young photoprotected 
skin reveal stretched morphology and illustrate the close asso- 
ciation of fibroblasts with the surrounding intact collagen fibrils 


(Figure 156.12). In aged skin, collapsed fibroblasts occupy amor- 
phous space containing fragmented collagen fibrils. 

Fibroblast collapse activates many of the same cellular stress 
pathways observed in cells following direct exposure to UV 
irradiation. These responses include increased production of ROS, 
activation of AP-1 and downregulation of TBRII with impair- 
ment of TGF-B/Smad pathway signalling [66-68]. As observed in 
UV-irradiated cells, these responses lead to elevated expression of 
MMPs and reduced expression of collagen. However, unlike acute 
UV irradiation, collagen fragmentation induces stress responses 
primarily in dermal cells, rather than epidermal cells. Thus, frag- 
mented collagen is a common driving force that mediates the 
convergence of many of the molecular and cellular features of 
extrinsic and intrinsic skin ageing. 

Age-related alterations of fibroblast architecture cause fibro- 
blasts to acquire a phenotype that is characterised by reduced 
production of extracellular matrix proteins, increased expression 
of extracellular matrix-degrading enzymes and elevated expres- 
sion of pro-inflammatory mediators [69]. This is a process called 
inflammageing [70]. The phenotype of fibroblasts in aged skin 
can be thought of as reflecting adaptation to the deleterious alter- 
ations in the extracellular matrix microenvironment, in contrast 
to cell-autonomous ageing. These adaptive responses perpetuate 
extracellular matrix degradation, inflammageing and create a tissue 
milieu conducive to cancer initiation. Thus, dermal ageing can be 
viewed as ‘outside-in adaptation’, which is reversible by targeting 
improvements in the composition, organisation and/or mechanical 
properties of the dermal extracellular matrix. 


Pathophysiology 156.9 
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Photoageing and natural ageing 

The linkage between fibroblast form and function is critically 
important for the ageing process in human skin, and forms a 
conceptual basis that unites the pathophysiology of photoageing 
and natural ageing. The lynchpin that connects these two forms 
of skin ageing is the accumulation of cross-linked collagen fibril 
fragments. Whether initiated by UV exposure or the passage of 
time, both photoageing and natural ageing cause the accumu- 
lation of fragmented collagen fibrils. This accumulation leads 
to both impairment of the mechanical properties of the dermis 
and reduced spreading of fibroblasts. Loss of stretch stimulates 
cellular stress responses similar to those induced by direct UV 
exposure. Stressed fibroblasts have altered function, epitomised 
by less collagen biosynthesis and more production of collagen 
fibril-degrading MMPs. This imbalance of collagen homeostasis 
becomes self-sustaining as elevated levels of MMPs and reduced 
collagen fibril production lead to higher amounts of fragmented 
collagen fibrils, which further promote excess MMPs and decreased 
collagen fibril synthesis (Figure 156.13). The self-perpetuating 
nature of this process ultimately results in permanent collagen loss, 
clinically manifested as photoageing of sun-exposed skin or natural 
ageing of sun-protected skin. 


Implications of skin ageing 


It is easy to view skin ageing as a purely cosmetic concern. However, 
as the annual amount of money spent on skin rejuvenation therapies 
and procedures continues to escalate worldwide, it is clear that skin 
ageing has broader implications pertaining to medical conditions 
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that may arise in the setting of ageing skin and the social implica- 
tions of an aged appearance. 


Medical implications 

A study investigating whether skin appearance plays a role in 
predicting disease risk determined that individuals from long-lived 
families (at least two siblings living to be nonagenarians) had less 
skin wrinkling on photoprotected sites compared with age-matched 
controls. The study also found that perceived facial age was a marker 
of longevity in men and cardiovascular disease in women indepen- 
dent of other factors such as smoking, sun damage and body mass 
index [1]. This study suggests that the implications of skin ageing 
surpass cosmetic concerns and may indeed be predictive of certain 
disease states. 


Barrier dysfunction 

A myriad of diseases and lesions such as bullous pemphigoid and 
seborrhoeic keratoses are seen in aged skin, however discussion of 
these entities is beyond the scope of this chapter and can be found 
elsewhere. The conditions of xerosis, pruritus and asteatosis in age- 
ing skin, on the other hand, deserve special mention. With ageing 
these conditions become quite common and problematic. The epi- 
dermal barrier is defective in ageing and this probably accounts for 
many of the clinical findings. Lipids processed by enzymes requiring 
an acidic pH compose the epidermal water barrier. In ageing skin, 
the pH of the skin surface becomes less acidic such that lipid produc- 
tion is decreased to the degree that the barrier cannot be maintained 
to the same extent as in younger skin [2]. In addition, ceramides that 
maintain the epidermal barrier have been noted to be reduced in 
elderly skin [3]. Aquaporin-3 is a channel that allows for the flow 
of water and glycerol that maintains skin hydration. In ageing skin, 
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Figure 156.13 Molecular mechanisms in ageing skin. Collagen fibril fragmentation is a critical mediator that links episodic ultraviolet (UV) exposure, photoageing and natural ageing 
in the human skin. Episodic UV irradiation induces reactive oxygen species (ROS) mediated signalling cascades, primarily in the epidermis (shown in red), which lead to fragmentation 
and reduced production of collagen fibrils in the dermis. In photoageing, the accumulation of damage to collagen fibrils from episodic UV exposures causes mechanical instability, 
thereby promoting fibroblast collapse. This collapse leads to further fragmentation and reduced production of collagen fibrils through upregulation of matrix metalloproteinases 
(MMPs) and downregulation of TGF-B receptor (TERII) signalling, respectively. In natural ageing, normal collagen fibril turnover, occurring over many years, causes the accumulation of 
fragmented collagen, which results in mechanical instability and fibroblast collapse, as seen in photoageing. Thus, collagen fibril damage drives a self-perpetuating cycle (shown in 
blue) that is common to photoageing and natural ageing. AP-1, activator protein 1 transcription factor; EGFR, epidermal growth factor receptor; MAPK, mitogen-activated protein 


kinase; TGF-B, transforming growth factor p. 


aquaporin gene expression is reduced, leading to poor hydration [4]. 
These changes in lipids, ceramides and aquaporin gene expression, 
leading to barrier dysfunction with ageing, probably account for the 
resulting xerosis, asteatosis and pruritus. In addition, the altered 
barrier function likely results in an increased incidence of irritant 
and contact dermatitis in aged skin [5]. 


Dermatoporosis 

Dermatoporosis refers to a chronic cutaneous syndrome associated 
with advanced age and sun exposure in which the integrity of skin 
is severely compromised [6]. In this syndrome, the skin appears 
atrophic, has lacerations, and bruises and bleeds easily. Though 
there are cosmetic implications of these findings, the emphasis in 
this syndrome is on the loss of the functional integrity of the skin to 
confer protection. The age-associated functional impairment in skin 
in dermatoporosis is similar to osteoporosis in which bone fragility 
can lead to significant morbidity and mortality. 

Four stages of dermatoporosis have been described. In stage I dis- 
ease, pronounced skin thinning, purpura and stellate pseudoscars 
are observed. In stage II disease, lacerations resulting from the 
cleavage between the epidermis and dermis are seen in addition to 
the lesions in stage I. In stage III disease, the lacerations are numer- 
ous and extensive, sometimes involving an entire extremity, and 
delays in wound healing are a pronounced feature. In stage IV dis- 
ease, dissecting haematomas result from the extreme skin damage. 
Hyaluronic acid, the major glycosaminoglycan in skin, is decreased 
along with its cell surface receptor CD44 in dermatoporotic skin, as 
compared with young skin [7,8]. One might consider that Bateman 
purpura represent stage I dermatoporosis. 


Cosmetic implications 

Skin ageing has significant cosmetic ramifications. Many patients 
presenting with cosmetic concerns are specifically anxious about 
fine and coarse wrinkling, skin laxity, dyspigmentation, redness 
and telangiectases, and textural irregularities such as dullness and 
roughness. These concerns apply to patients of all skin types, with 
the exception of redness, which is a more common complaint in 
lighter skin types. Most of these concerns are attributable to the 
results of both intrinsic and extrinsic ageing. Numerous treat- 
ments and procedures are available to rejuvenate skin damage and 
improve facial ageing on a wider scale. These include topical thera- 
pies, various non-ablative and ablative laser procedures, as well as 
soft tissue injectables and neurotoxins. Prophylaxis of photoageing 
is achieved with stringent sun protective measures including, but 
not limited to, sun avoidance and sun protection through both 
physical and chemical means. 

The mainstay of topical therapy for intrinsically and extrinsically 
aged skin is topical retinoids, which include both the natural and 
synthetic forms. The natural molecules, of which retinoic acid 
(tretinoin) is the gold standard, have been extensively investi- 
gated for their effects in aged skin. Retinoic acid and its metabolic 
precursor, retinol, are associated with clinical and histological 
improvement of wrinkles via their ability to increase TGF-B, lead- 
ing to an increase in new collagen formation in photoaged and 
naturally aged skin. In addition, retinoic acid and retinol block 
collagenase, thereby preventing further collagen degradation in 
the skin. The actions of new collagen production and the reduction 


of further breakdown of existing collagen together lead to clinical 
improvement in wrinkling. Retinoic acid use, through mechanisms 
not completely understood, also results in improvement in dys- 
pigmentation and lentigines. Early in retinoic acid therapy, notable 
epidermal spongiosis and accumulation of glycosaminoglycans 
are noted in the epidermis, imparting skin smoothening. Further 
discussion of retinoic acid is found in Chapters 157 and 160. 

Emerging data also support a beneficial role for the use of 
synthetic retinoids including adapalene and tazarotene in skin 
photoageing [9-11]. The obvious prophylactic measure to prevent 
skin ageing is the avoidance of factors such as UV irradiation and 
tobacco smoke that play significant roles in the generation of ROS. 

A promising treatment for both photoaged and intrinsically aged 
skin is the use of intradermal injections of cross-linked hyaluronic 
acid (‘filler’) [12]. Administration of intradermal cross-linked 
hyaluronic acid promotes the synthesis of new, undamaged colla- 
gen, which in turn promotes fibroblast stretch, and may slow the 
ageing process [12]. 


Social implications 

Skin is one of the key indicators of beauty, conveying attractiveness 
and youth to the outside world. Features seen in ageing such as 
wrinkles, dyspigmentation and textural irregularities significantly 
detract from a youthful experience. A study of cheek images from 
170 females aged 11-76 years were blind-rated for attractiveness, 
healthiness, youthfulness and biological age by over 350 raters. Skin 
colour homogeneity was found to significantly influence perception 
of age, attractiveness, health and youth [13]. It is well established 
that a youthful and attractive appearance is associated with greater 
success and opportunities in the work force, increased social and 
sexual attractiveness and overall happiness [14,15]. 

New knowledge about skin ageing continues to mount. Con- 
tinued strides in understanding molecular mechanisms, and the 
development of more sophisticated tools to quantify skin ageing, 
will hopefully lead to substantial prevention and repair of this 
cosmetically and medically debilitating condition. 
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Introduction 


In the late 1970s, Albert Kligman popularised the term ‘cosme- 
ceutical’, which referred to a category of skincare products that 
embodied characteristics of both drugs and cosmetics. Today, the 
term is used predominantly by the cosmetics industry to describe 
products that are purported to have therapeutic action capable 
of affecting the appearance of skin beyond the time of applica- 
tion [1]. However, the term cosmeceutical is not recognised by 
the US Food and Drug Administration (FDA), which identifies a 
product as either a cosmetic, which must not alter the structure 
or function of skin, or a pharmaceutical (https://www.fda.gov/ 
cosmetics /cosmetics-labeling-claims/cosmeceutical; last accessed 
March 2023). In the European Union, cosmeceuticals are consid- 
ered a subtype of cosmetics. Thus, cosmeceuticals are not subject 
to the stringent review and approval processes associated with 
drugs and, consequently, are readily made available to the public. 
For those looking for an accessible means of maintaining a more 
youthful appearance, cosmeceuticals offer an attractive alternative 
to expensive cosmetic treatments and surgeries without the hassle 
of doctors’ appointments and the risks and side effects associated 
with prescription medications and invasive procedures. 

While the demand is high for these types of products, many 
consumers are unaware of the limited regulatory control and 
often scanty scientific evidence supporting many of their claims. 
Additionally, perhaps, as a result of the ‘soft’ regulatory climate, 
product claims are often supported by in vitro work or studies 


on ‘appearance’, with limited in vivo research due to concern that 
evidence for action on skin structure and function will lead to 
drug labelling and insurmountable regulatory barriers [2]. In other 
words, while marketing implies therapeutic effect, there is often lim- 
ited evidence for a true effect. Additionally, a low tolerance for side 
effects often keeps active ingredients at ineffective concentrations, 
further obscuring the true efficacy of a product. 

As the number of different cosmeceutical formulations on the 
market continues to rise, it is becoming more difficult for physicians 
to attest to the efficacy and safety of each. This chapter attempts 
to summarise the ingredients often encountered in cosmeceuticals, 
with attention to their proposed mechanisms and efficacy and 
some of their associated side effects. Here they are grouped by 
their primary action as either an antioxidant or ‘anti-ageing’ agent, 
although they typically confer multiple therapeutic effects that span 
these categories. Herbals and phytochemicals, which have greater 
anti-inflammatory potential, are also addressed in the chapter. 


Antioxidants 


Alpha-lipoic acid 

Alpha-lipoic acid (ALA) is a scavenger of reactive oxygen species 
and a key player in the regeneration of endogenously produced 
antioxidants, such as vitamins C and E, glutathione and ubiquinol 
[1]. Taken together, these functions endow ALA with potent anti- 
oxidant properties. In vitro findings have been corroborated by an 
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ex vivo study in which an undefined dose of ALA topically applied 
to porcine skin prior to ultraviolet B (UVB) exposure showed a 
reduction in radiation-induced cytotoxicity and apoptosis [2]. How- 
ever, a similar in vivo study reported that there was no significant 
reduction in UV-induced skin redness or cellular damage in porcine 
skin treated with 5% ALA [3]. This contradictory evidence calls into 
question whether topicals containing ALA — especially commer- 
cial formulations, which typically do not exceed 2% ALA — retain 
the antioxidant attributes demonstrated in biochemical assays. 
Another limitation of the effectiveness of topical ALA may be 
penetration through the epidermal barrier. A recent in vivo study 
showed that a novel nanoencapsulated 3% topical ALA, designed 
to improve skin permeability, significantly improved UV-induced 
pigmentation (P< 0.001) after 9 days of application compared with 
non-encapsulated ALA [4]. While there are some conflicting data 
regarding the effectiveness of ALA in vitro or in animal models, 
investigators have pursued clinical studies on its anti-ageing poten- 
tial. A double-blinded placebo-controlled study on 12 women 
demonstrated an 8.84% increase in skin thickness with the applica- 
tion of topical ALA cubosome gel that was statistically significant 
when compared to placebo at 3 months; subjective measures indi- 
cated progress in the reduction of facial lines and skin colour and 
texture [5]. Similarly, another placebo-controlled split-face study 
on a cohort of 33 women showed that 3 months of ALA cream 
use reduced skin roughness by 51% compared to 41% with vehicle 
(P <0.001); it also reduced the appearance of lentigines and fine 
wrinkles [6]. One possible mechanism of action is explained by an 
in vitro study that showed that ALA induces collagen biosynthesis 
in human dermal fibroblasts [7]. 

Additionally, clinical studies have demonstrated ALA to be only 
minimally irritating and well tolerated, but several cases of contact 
dermatitis to ALA in antiwrinkle creams have been reported [8]. 
More concerning, however, is that one of the by-products of ALA 
oxidation, dihydrolipoic acid, may actually be a pro-oxidant capable 
of causing worse free radical damage than that which the ALA use 
is intended to prevent [9]. The clinical implications of this finding 
have yet to be understood fully. 


Coenzyme Q10 

Coenzyme Q10 (CoQ10; also known as ubiquinone) is a naturally 
occurring vitamin-like substance and a renowned antioxidant [10]. 
Various in vitro assays have consistently shown that both CoQ10 
and its significantly more potent synthetic derivative, idebenone, 
are able to effectively scavenge free radicals, inhibit lipid peroxi- 
dation and protect against UV-induced DNA damage [11,12]. For- 
mulations containing other common antioxidants, however, may be 
more effective in protecting skin from UV radiation. An in vivo study 
comparing CoQ10 with a formulation of vitamins C and E and fer- 
ulic acid showed that the latter was more effective in reducing skin 
damage in UV-exposed skin [13]. 

In addition to its antioxidant and photoprotective activity, 
CoQ10 has been suggested to have other mechanisms by which it 
exerts its beneficial effects on the skin. Cells treated with CoQ10 
demonstrated increased fibroblast proliferation, type IV collagen 
expression and elastin gene expression, as well as an ability to 
inhibit tyrosinase activity and melanocyte-inducing transcription 


factor [10,12,14-16]. While in vitro evidence appears robust, in vivo 
evidence supporting the cosmetic use of CoQ10 has not been pub- 
lished. Further, CoQ10’s ability to penetrate and exert its action in 
the skin remains to be determined; in vitro assays, however, have 
demonstrated that CoQ10 exhibits enhanced bioavailability when 
formulated in nano-structured lipid carriers [17]. 

Serious side effects have not been reported with the use of 
CoQ10, although there have been reports of allergic dermatitis to 
idebenone-supplemented over-the-counter creams [18,19]. 


Vitamin B 

Although the mechanisms of action remain somewhat unclear, it 
is thought that B vitamins are potent antioxidants. Niacinamide, 
the amide form of vitamin B3, is a precursor of nicotinamide 
adenine dinucleotide phosphate (NADH) and its reduced form 
NADPH - two naturally occurring antioxidants found in the 
body [20]. 

Niacinamide and other B vitamin derivatives, such as panthenol 
(vitamin B;), have also been found to stimulate fibroblast prolifera- 
tion and epidermal re-epithelialisation. This is probably via the pro- 
motion of lipids, fatty acids, cholesterol, ceramide and sphingolipid 
synthesis, which are crucial in maintaining skin barrier function and 
integrity [21]. Niacinamide is also known to share some properties 
of vitamin A, including the ability to stimulate collagen synthesis 
and to inhibit melanosome transfer [22]. Interestingly, topical niaci- 
namide has also been shown to inhibit hair growth ex vivo [23]. It 
is one of the better studied ingredients, with investigations corrob- 
orating several of these in vitro findings clinically, demonstrating 
that niacinamide use can lead to visible improvements in skin tone, 
texture, fine lines, pigmentation and facial acne vulgaris [24,25]. 
Overall, vitamin B is a well-tolerated and chemically stable ingredi- 
ent, which has fuelled its popularity in cosmeceutical products. 


Vitamin C 

Vitamin C, the most abundant antioxidant found in skin, is known 
to attenuate sun damage. An in vivo porcine study using 15% 
L-ascorbic acid and 1% tocopherol on pig skin yielded a fourfold 
increase in sun protection with fewer sunburn cells and thymine 
dimers following irradiation [26]. Vitamin C is also a necessary 
component in proper collagen synthesis and wound healing. Its 
involvement as both a promoter and key player in collagen syn- 
thesis as a cofactor to essential hydroxylases probably contributes 
to vitamin C’s anti-ageing effects. One in vivo human study deter- 
mined that 5% L-ascorbic acid produced statistically significant 
increases, as compared with vehicle, in mRNA levels of collagen I 
and III as determined from biopsies of treated forearm skin [27]. 
Another double-blind split-face study demonstrated an 8-18.6% 
improvement in wrinkles on the treatment side versus 2.5-14.5% 
on the placebo side with a corresponding mild increase in collagen 
on biopsy specimens [28]. 

Vitamin C inhibits elastin synthesis, and in vitro studies have 
discovered that vitamin C can inhibit tyrosinase, interrupting 
melanogenesis and reducing pigmentation [29]. These actions 
may contribute to its ability to prevent solar elastosis and dimin- 
ish signs of photodamage [30]. A randomised, double-blind, 
vehicle-controlled study of 19 patients showed a 58% greater 
improvement in signs of photoageing over placebo [31]. Another 


study of 20 females showed similar findings with statistically 
significant improvements in global scores of photoageing with 
the use of a cream containing 5% vitamin C as compared with 
placebo; however, electron microscopy and biopsy did not detect 
any differences in the amount of collagen [32]. 

Despite these purported effects, however, vitamin C’s action in 
the skin may be limited by poor penetration and stability. Investi- 
gators have found that L-ascorbic acid must be formulated at a pH 
of less than 3.5 to penetrate the skin [33]. A separate study found 
that after 2 months, 0% of L-ascorbic acid remained in various solu- 
tion and topical formulations [34]. However, another group noted 
that more than 90% of L-ascorbic acid was present at 2 months when 
formulated with ferulic acid [35]. Thus, vitamin C, when properly 
formulated, could be feasibly used in cosmeceutical preparations 
with some expected benefits. Laser-assisted drug delivery may offer 
a solution to overcoming the epidermal barrier and appears promis- 
ing in providing synergistic benefits from both topical vitamin C as 
well as the laser itself [36]. 


Vitamin E 

Found naturally within cell membranes and organelles, vitamin E 
has generated a large amount of interest for its photoprotective, 
antioxidant and anti-inflammatory properties. To date, the greatest 
amount of evidence exists in support of vitamin E’s use as a pho- 
toprotectant. Multiple animal studies, as well as human studies, 
have demonstrated protective effects in the setting of UV radiation 
as measured by decreases in skin redness [37]. Studies investigat- 
ing photoageing effects have also been executed. Notably, murine 
studies have suggested that vitamin E - although not all of its 
derivatives — can attenuate skin wrinkling and sagging [38,39]. 
Although these findings have been well corroborated in animal 
models, human skin studies have largely focused on the reduction 
of redness and not anti-ageing effects. 

Other studies have investigated the antioxidant potential of 
vitamin E, which appears to be the most marketed attribute of this 
compound. Experiments using murine and porcine in vitro skin 
models have assessed the degree of lipid peroxidation, for example, 
and have shown a lesser degree of oxidative damage in skin treated 
with topical vitamin E, corroborating in vitro findings of its antiox- 
idant potential [40]. These effects have been demonstrated to be 
enhanced in combination formulations containing vitamin C, which 
regenerates oxidised vitamin E. Effects are even more pronounced 
when used in combination formulae containing vitamins E and C 
and other antioxidants such as ferulic acid and phloretin, which 
stabilise the vitamins and increase delivery to the skin [41]. In a 
clinical study of 15 patients artificially exposed to ozone on the 
forearm, the combination of vitamins C and E with ferulic acid 
or phloretin appeared to protect against ozone-induced collagen 
degradation and skin damage [42]. 

Finally, vitamin E is also known for its ability to act as a rather 
effective moisturiser, its lipophilicity acting as an effective occlusive 
to seal in moisture [43]. As such, vitamin E is often included in 
various skincare formulations. However, there have been several 
case reports describing local and generalised contact dermatitis, 
contact urticaria and erythema multiforme-like eruptions in the 
setting of vitamin E-containing topical agents [44], which may limit 
its use. 
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Arbutin 

Arbutin is a naturally occurring plant derivative of hydroquinone 
that is found in the dried leaves of a variety of berry trees. Arbutin 
and its synthetic derivative, deoxyarbutin, competitively inhibit 
tyrosinase in a dose-dependent manner and are comparable, at high 
doses, in their lightening capacity to that of hydroquinone [1]. They 
are much less cytotoxic than hydroquinone, but pose the risk of 
paradoxical hyperpigmentation at the high doses required for their 
therapeutic effect. Controlled in vivo trials are unavailable, but some 
studies suggest that arbutin is less effective than other botanical 
compounds such as kojic acid [2]. 


Cysteamine 

Cysteamine is an aminothiol that occurs naturally in the body as 
L-cysteine. Like other thiols, cysteamine can inhibit melanin synthe- 
sis and therefore can be employed as a depigmenting agent. In vitro 
studies have shown that there are several mechanisms by which 
cysteamine may induce depigmentation, including interfering with 
eumelanin synthesis and, to a lesser extent, through the direct 
inhibition of tyrosinase [3,4]. An animal model demonstrated that a 
topical cysteamine product caused marked depigmentation of black 
guinea pig skin [5]. There are limited clinical trials evaluating the 
efficacy of cysteamine, although the data are promising. In one ran- 
domised controlled clinical trial of 50 people, daily 5% cysteamine 
cream significantly improved the appearance of epidermal melasma 
compared with placebo after just 2 months of treatment [6]. It may 
be slightly inferior to or equivalent in efficacy to hydroquinone in 
the treatment of melasma [7,8]. 


Hydroquinone 

Hydroquinone is best known and most utilised for its bleaching 
effect although, strictly speaking, it does not bleach the skin. Exten- 
sive studies have revealed at least a twofold mechanism of action 
for this whitening effect. First, hydroquinone interferes with the 
active site of tyrosinase, a key enzyme of melanogenesis. Second, 
it inhibits RNA and DNA synthesis, which is thought to further 
contribute to the disruption of melanocytes and their ability to form 
melanosomes [9]. Several clinical studies have illustrated its utility 
in pigmentary disorders, such as melasma [10,11] and pigmentary 
changes associated with photodamage [12]. Hydroquinone is one 
of the oldest and most effective chemical depigmenting agents 
and has been highly scrutinised [13]. Concerns over its safety from 
animal studies and case reports have generated a lengthy list of 
short-term and potential long-term detrimental effects, including 
irritant contact dermatitis, vitiligo, exogenous ochronosis, renal 
and hepatic toxicity and carcinogenesis [14]. Safety concerns have 
led to the development of regulatory limitations on the maximum 
allowed concentration and, in some countries, bans on hydro- 
quinone in products. In the USA, the Coronavirus Aid, Relief and 
Economic Security (CARES) Act was recently passed, and as a 
result, over-the-counter hydroquinone is no longer available and 
any new drugs containing hydroquinone must undergo a formal 
new drug application through the FDA [15]. Countries with bans 
on hydroquinone include Japan, Australia and countries of the 
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European Union. Still, hydroquinone remains the gold standard of 
depigmenting agents and is often the comparator in clinical trials of 
skin-lightening agents. Alternative agents have emerged that may 
be as effective but better tolerated for the treatment of pigmentary 
alterations, including topical tranexamic acid (TXA) [16]. 


Kojic acid 

Kojic acid is derived from various strains of fungal species, namely 
Aspergillus and Penicillium, and has been used for many years 
in a variety of applications. In skincare products, kojic acid has 
become a popular staple of skin-whitening products, including 
soaps, lotions and creams, and particularly so following the ban 
on hydroquinone in many countries. In cosmetics, kojic acid has 
generally been considered safe at 2% concentration [17]. 

In vitro studies have demonstrated kojic acid’s ability to inhibit 
tyrosinase, a key enzyme involved in melanogenesis [18,19]. It is 
commonly used as a positive standard by many investigators testing 
new tyrosinase inhibitors [20]. Studies of kojic acid on black guinea 
pigs demonstrated an ability to depigment skin at 4% concentration, 
though not at 1%. In vivo animal studies have shown that kojic acid 
may be a safer alternative to hydroquinone for depigmentation, 
as the latter may disrupt the epidermis and thin the dermis [21]. 

Clinical studies looking at kojic acid as monotherapy continue to 
be limited [22]. In combination with other compounds, however, 
clinical studies have been able to demonstrate some efficacy in the 
treatment of pigmentation disorders such as melasma [22]. In one 
study of 40 Chinese women with melasma, 10% glycolic acid and 2% 
hydroquinone with 2% kojic acid showed significant improvement 
in melasma as measured by clinical evaluation, photography and 
self-assessment questionnaires [23]. Also 2% kojic acid with 5% gly- 
colic acid was found to be comparable with a 2% hydroquinone and 
5% glycolic acid formulation in another clinical study of 39 subjects 
with pigmentary disorders [24]. Finally, kojic acid combined with 
embilica extract and glycolic acid was shown to be comparable with 
hydroquinone 4% in 80 multiethnic patients with dyschromia of the 
face in a 3-month, double-blind study, suggesting that these combi- 
nation topical agents may be effective alternatives to hydroquinone 
[25]. 

Other properties of kojic acid have been less publicised and have, 
overall, received less attention than its skin-lightening effect. Kojic 
acid is also an antioxidant, capable of scavenging free radicals [26], 
and in vivo studies have demonstrated its ability to prevent photo- 
damage and related photoageing in hairless mice [18,27]. 


Tranexamic acid 

Tranexamic acid is an antifibrinolytic drug that was incidentally 
noted to treat melasma in its oral form. In recent years, topical 
formulations have been used to treat pigmentary disorders due to 
its ability to inhibit melanogenesis, possibly through decreasing 
tyrosinase activity in the epidermis [28], blocking UV activation 
of plasmin [29] and activating the autophagy system [28] or tar- 
geting vascular endothelial growth factor (VEGF) receptors [30]. 
A prospective cohort study showed that topical 2% TXA signifi- 
cantly improved the melasma area and severity index (MASI) in 
22 patients [29]. A randomised controlled trial comparing topical 
5% TXA with 3% hydroquinone showed approximately equiva- 
lent efficacy in pigment reduction [31]. However, a randomised, 


placebo-controlled, split-face clinical trial of 23 women using 
topical 5% TXA did not show a statistically significant improve- 
ment in the MASI, and the intervention group had increased 
redness of the skin [32]. One hypothesis is that topical TXA does 
not penetrate into the dermis, and thus the inhibitory effects on 
vasculature and dermal structure may not be as pronounced as 
with oral formulations [33,34]. To overcome the epidermal barrier 
using topical formulations, fractional ablative laser-assisted drug 
delivery of topical TXA has been employed and has demonstrated 
clinical improvement and improved quality of life in people with 
melasma [35,36]. 


Anti-ageing: rhytid reduction 


Glycosaminoglycans 

Glycosaminoglycans (GAGs) are a critical part of the extracellular 
matrix and help regulate cell processes in the dermis that are related 
to skin ageing — these include hyaluronic acid, dermatan sulphate, 
chondroitin sulphate and keratan sulphate [1]. Both in vitro and 
clinical studies have demonstrated the potential for topical GAGs 
to improve skin ageing. In an in vitro model, chrondroitin sulphate 
induced collagen expression and promoted wound healing [2]. 
In clinical studies, another GAG, heparin sulphate, was shown to 
significantly reduce facial fine lines and wrinkles with daily use of 
a 0.5% cream after 8 weeks of use [3]. 

Unlike chondroitin sulphate or heparin sulphate, hyaluronic acid 
(HA) is not sulphated or covalently attached to core proteins. It is 
a major component of the extracellular matrix [4] and is incredibly 
hydrophilic, thus increasing tissue hydration and improving the 
appearance of skin. As skin ages, HA is prominently depleted 
from the epidermis [5]. Novel topical preparations with HA have 
emerged that replenish this sugar. A randomised, split-face clin- 
ical trial of 76 adult female subjects showed that 0.1% HA cream 
significantly improved skin hydration and elasticity [6]. This same 
study also showed that low-molecular-weight HA also significantly 
improved periorbital wrinkle depth compared with the vehicle 
cream, likely secondary to increased penetration. Similarly, an open 
label clinical study of female subjects showed that three times daily 
application of an HA-based serum for the lips improved lip colour, 
lip texture and lip plumpness after 4 weeks [7]. 


Hydroxy acids 

Although hydroxy acids were first utilised for their beneficial 
effects on pathological skin conditions such as ichthyosis, xerosis 
and keratoses, they have become a popular staple in the cosme- 
ceutical industry. This is due to in vitro studies showing an ability 
to increase GAGs and collagen, thereby increasing epidermal and 
dermal thickness [8,9]. In vivo studies have also suggested that they 
may improve the quality of elastic fibres [10]. Further, they enhance 
skin surface texture and colour, probably by accelerating exfoliation 
of the stratum corneum [11]. The specific mechanism by which 
hydroxy acids effect this is poorly understood, but it is speculated 
that chelation of calcium ions in the skin disrupts cell-cell adhesions, 
resulting in desquamation [12,13]. Hydroxy acids, combined with 
other whitening agents, such as hydroquinone, are also effective 
at diminishing the appearance of hyperpigmented lesions [8,14]. 


Three main classes of hydroxy acids often encountered in cosme- 
ceutical formulations are «-hydroxyl acids (AHAs), B-hydroxyl acids 
(BHAs) and polyhydroxy acids (PHAs). The most commonly used 
are the AHAs glycolic acid and lactic acid, which have the smallest 
molecular size of the AHAs, allowing for greater skin penetration 
and, theoretically, better efficacy. Studies conducted on 8% AHA 
formulations, which is less than the typical 12% encountered in 
commercial products, have shown results. In a human study inves- 
tigating glycolic acid, lactic acid, tartaric acid and gluconolactone, 
it was found that the various acids could modify stratum corneum 
to enhance protection against chemical and mechanical irritants 
[15]. A single-centre, 22-week, double-blind, vehicle-controlled, 
randomised clinical trial on 74 women showed that glycolic and 
L-lactic acid creams were superior to vehicle in reducing overall 
severity of photodamage and sallowness as determined by self 
and physician assessments using concentrations available over the 
counter (8% glycolic acid and 8% lactic acid) [16]. 

In-office glycolic acid peels in higher concentrations may also 
improve pigmentary disorders, such as melasma as shown in one 
randomised controlled trial [17], and Becker nevus as demonstrated 
in a single patient [18]. Other investigations with higher concentra- 
tions, such as 25% AHAs, used for 6 months, showed that treatment 
was associated with an increase in epidermal and papillary dermal 
thickness with a clinical reversal of photoageing [9,10]. Although 
generally well tolerated, AHAs have been associated with more skin 
irritation compared with other hydroxy acids. Side effects include 
redness, swelling, blistering, burning, pruritus, discoloration and 
increased photosensitivity [8,12]. 

BHAs found in cosmeceuticals often have elements that classify 
them as AHAs as well, the latter being the primary class of hydroxy 
acids encountered in cosmetics. Citric acid has been documented 
to have anti-ageing effects, potentially derived from its antioxi- 
dant properties. Salicylic acid is another commonly known BHA, 
although some researchers do not consider it to be a hydroxy acid 
due to its distinct mechanism of action [8]. Salicylic acid is very 
commonly encountered in over-the-counter acne treatments, but 
less so in anti-ageing preparations. 

Of the PHAs, gluconolactone is the most commercialised in cos- 
meceuticals because, in addition to providing the anti-ageing bene- 
fits typical of hydroxy acids, it is thought to strengthen skin barrier 
function while being relatively gentle and non-irritating to the skin. 
One clinical study found that the benefits offered by gluconolactone 
as measured by silicone replicas and clinical grading were compa- 
rable to AHAs, while sallowness and pinch recoil for skin resiliency 
showed that it was inferior to AHAs [19]. Because of the PHAs’ large 
molecular size, they do not penetrate the skin well. 


Polyunsaturated fatty acids 

The omega 6 and omega 3 fatty acids are two of the main classes 
of polyunsaturated fatty acids (PUFAs). Omega 6 can be encoun- 
tered in a number of foods, including poultry, eggs, avocado, nuts 
and most vegetable oils, while omega 3 is primarily found in fish. 
Both fatty acids have been extensively studied to reveal benefits in 
all realms of medicine, ranging from oncology to psychiatry. In der- 
matology, PUFAs have been suggested to promote maturation and 
differentiation of the stratum corneum, to be involved in lamellar 
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body formation and secretion and to interfere with inflammation by 
inhibiting eicosanoids, cytokines and lipoxygenase [20]. 
Unfortunately, in vivo data to support topical PUFAs and their role 
in cosmeceuticals are limited. One single-blind, vehicle-controlled 
trial in 16 participants evaluated the effects of an omega-6-enriched 
topical derived from chia seeds (Salvia hispanica L.) and showed sig- 
nificantly improved skin hydration over the vehicle [21]. Other 
investigations have centred on the effects of dietary supple- 
mentation, which is the most common route of consumption. 
A single-blind randomised trial of 24 females showed that with a 
supplement of a proprietary product containing natural fish oils, 
skin elasticity increased 10% after 3 months; there was no statisti- 
cally significant improvement in either skin roughness or transepi- 
dermal water loss when compared with the control group [22]. 


Peptides 

Peptides found in cosmeceuticals can be divided into three broad 
categories, despite some apparent overlap in peptide function. 
These categories are signal peptides, neurotransmitter-affecting 
peptides and carrier peptides. 


Signal peptides 

The signal peptides commonly found in cosmeceuticals consist 
of bioactive amino acid chains that directly stimulate human skin 
fibroblasts to increase dermal remodelling and decrease the action 
of collagenases, leading to a net increase in ground substance 
production [23]. 

The most extensively studied and commercially available signal 
peptide is a sequence found on type I collagen: lysine-threonine- 
threonine-lysine-serine (KTTKS). In cosmeceuticals it is linked 
to palmitic acid for better epidermal penetration, and marketed 
as palmitoyl pentapeptide 3 or Matrixyl® (Sederma SA, France). 
Within the dermis this peptide stimulates feedback regulation of 
new collagen synthesis, resulting in a concentration-dependent 
increase in the production of extracellular matrix proteins such 
as type I and II collagen and fibronectin, with the most pro- 
nounced effects at concentrations greater than 2.8 ppm [24]. 
A small, double-blind, split-face study of 16 females showed 
statistically significant improvement in wrinkles from baseline 
for pal-KTTKS that was comparable to 0.07% retinol [25]. A 
double-blind, placebo-controlled, randomised, split-face study of 60 
females also demonstrated a trend towards improved appearance 
of fine lines, wrinkles and skin texture with overall improvement 
of aged appearance, although these findings were not statistically 
significant [23,26]. Current recommendations based on the results of 
these different studies as well as economic considerations suggest a 
concentration between 2 and 8 ppm for cosmetic formulations [27]. 

Another peptide sequence, glycine-glutamate-lysine-glycine 
(GEKG), has been studied in reversing the signs of ageing. Farwick 
et al. showed significant increases in the production of procollagen, 
hyaluronic acid synthase 1 and fibronectin, with corresponding 
increases in mRNA expression when human fibroblasts were 
treated with GEKG. A follow-up in vivo study on 60 volunteers 
demonstrated that topically applied GEKG increased skin elasticity 
and improved volume and skin roughness in a dose-dependent 
manner at 10 and 100 ppm [28]. Commercial use remains limited. 


= 
= 
Lu 
= 
= 
A) 
Lu 
 § 


DERMATOLOGY 


PART 14 


157.6 Chapter 157: Cosmeceuticals 


— 
= 
Lu 
<= 
= 
Vv 
Lu 
 § 


DERMATOLOGY 


PART 14 


Table 157.1 Mechanisms of action of common peptides. 


Peptide 


Proposed mechanisms 


Palmitoyl valine-glycine-valine-alanine-proline-glycine (palmitoyl-VGVAPG) 


Upregulates production of collagen types | and Ill and tropoelastin through stimulation of 


elastin-binding protein receptor [34] 

Stimulates growth of human skin fibroblasts [35,36] 

Stimulates expression of pro-matrix metalloproteinase 1, which may play a role in collagen 
remodelling [37] 


Tyrosine-tyrosine-arginine-alanine-aspartame-aspartame-alanine 
Glycyl-L-histidyl-L-lysine (GHK) (biopeptide-CL) 


Procollagen c proteinase inhibition, leading to decreased collagen breakdown [38] 
Coupled to copper, stimulates fibroblasts to produce collagen and glycosaminoglycans [39,40] 


Promotes fibroblast and keratinocyte growth and differentiation [41] 
Scavenges free radicals and inhibits inflammatory cytokines [41] 


Elaidyl-lysine-phenylalanine-lysine (elaidyl-KFK) 
Phenylalanine-valine-alanine-proline-phenylalanine-proline (peptamide 6) 
Tripeptide/hexapeptide (Alastin®) 


Downregulates matrix metalloproteinase mRNA [42] 
Delays the onset of senescence in both intrinsically and extrinsically aged fibroblasts [43] 
Stimulates tropoelastin and procollagen to increase dermal collagen and dermal elastin, also 


anti-inflammatory to promote epidermal renewal [44-46] 


More recently, a tripeptide/hexapeptide combination has been 
studied. The results of a small five-subject study suggested that 
this topical may penetrate the skin and increase elastin. This topical 
may be able to speed healing after treatment with energy-based 
devices. This product has been studied in combination with abla- 
tive fractional laser, non-ablative fractional laser, microneedling 
and radiofrequency [29-33]. Other signal peptides continue to be 
identified and a few of the more commonly studied are summarised 
in Table 157.1 [34-46]. 


Neurotransmitter-affecting peptides 

One of the most effective and well-known products for the treatment 
of fine lines and wrinkles is the neurotransmitter-affecting peptide, 
botulinum neurotoxin, which is approved by the US FDA for subcu- 
taneous, intradermal and intramuscular injection. This polypeptide 
inhibits acetylcholine release at the neuromuscular junction, sub- 
sequently causing a reversible paralysis that, when induced in the 
proper areas, reduces the appearance of wrinkles [47]. Given its effi- 
cacy, cosmeceutical companies have scrambled to create more read- 
ily accessible products that, like botulinum toxin, act on neuronal 
transmission to decrease facial muscle contraction. 

Though several products have found their place in the market by 
virtue of sound theory, there remains some scepticism as to whether 
these compounds are able to penetrate tissue deeply enough to 
reach their site of action. Most of these proprietary formulations 
lack published data demonstrating their effect [23]. Only one pep- 
tide, acetyl hexapeptide 3 with the sequence AC-glycine-glutamate- 
methionine-glutamine-arginine-arginine-NH, (also known as 
argireline), has published data establishing its ability to inhibit neu- 
rotransmitter release. It does this by interfering with the formation 
and/or stability of the SNARE (soluble N-ethylmaleimide-sensitive 
factor attachment receptor) complex that is responsible for vesic- 
ular fusion [48]. One in vivo, small, observational study showed 
that argireline was able to mask iatrogenic and traumatic scar 
appearance by smoothing the surrounding skin and reducing the 
appearance of wrinkles [49]. 


Carrier peptides 
Carrier peptides are most commonly used to stabilise and deliver 
important trace elements to the skin where they can be utilised for 


various enzymatic processes. An example of a carrier peptide is 
glycyl-L-histidyl-L-lysine (GHK) which complexes with copper and 
facilitates the transport of copper into cells; Cu-GHK is also con- 
sidered a signal peptide. This peptide is available with a lipophilic 
attachment and as a nano carrier, and an in vivo study using an 
imaging system showed a statistically significant improvement in 
rhytids [50]. Its effects on the skin are summarised in Table 157.1. 
Like the tripeptide/hexapeptide topical, the use of Cu-GHK has 
been studied in combination with energy-based devices [51]. 

Other uses for carrier peptides continue to be investigated. Initial 
in vitro studies suggest that peptides such as Pep-1, a short amphi- 
pathic carrier peptide, coupled with elastin are capable of passing 
cellular membranes [52]. The transduction of different cellular com- 
ponents such as elastin into cells, in theory, could attenuate signs of 
ageing. It remains to be determined, however, whether these pep- 
tides are able to penetrate the stratum corneum to deliver their con- 
tents to target cells to produce a clinically noticeable result. 


Other peptides 

In vitro studies have shown that some peptides have anti- 
inflammatory properties [53,54]. One in vivo study investigating 
the short peptide sequences, leucine/glutamate and methionine / 
tyrosine, demonstrated an ability to attenuate UVB-induced redness 
on human skin [55]. 


Vitamin A (retinoids) 

Retinoids, derived from vitamin A, are naturally synthesised in the 
body. Retinyl esters and carotenoids are hydrolysed and oxidised, 
respectively, into retinol in the gut, which is oxidised first into reti- 
naldehyde then ultimately to retinoic acid, the biologically active 
form of vitamin A in the skin [56,57-59]. These lipophilic molecules 
diffuse through cellular and other phospholipid membranes to bind 
to nuclear receptors within cells, eventually inducing stimulatory 
and inhibitory changes in gene expression. These changes lead 
to a net increase in epidermal proliferation and differentiation 
and the production of epidermal GAGs and extracellular dermal 
matrix components [56,60-63]. Retinoids also inhibit the production 
of collagenase and matrix metalloproteinases (MMPs), leading 
to decreased collagen and elastin degradation. It is thought that 


this combination of stimulatory and inhibitory effects leads to the 
attenuation of fine lines and wrinkles [11]. 

Retinoids additionally provide photoprotection by absorbing UV 
radiation. Animal experiments on hairless mice demonstrated that 
retinoids prevented UVB-induced apoptosis and DNA photodam- 
age [64]. In human studies, some topical applications of retinoids 
were equivalent to sunscreen with a sun protection factor of 20 [65]. 
For all of the aforementioned effects, retinoids have become recog- 
nised by both the medical and lay community as the gold standard 
for topical treatment of photoageing. 

Of all the retinoids, retinoic acid is, to date, the most extensively 
studied. It continues to be frequently employed as topical therapy 
for a number of skin conditions and for cosmetic enhancement of 
aged skin. However, given its high potency and side effects, includ- 
ing dryness, scaling and redness, retinoic acid and its synthetic 
derivatives adapalene, tazarotene and bexarotene are registered 
drugs and available only by prescription. Unfortunately, side effects 
can be experienced with the cosmeceutical retinoids — retinaldehyde, 
retinol and retinyl — though often to a lesser degree inversely related 
to potency. 


Retinaldehyde 

Retinaldehyde’s activity is derived from its conversion to retinoic 
acid. It is better tolerated than retinoic acid as it is metabolised into 
retinoic acid exclusively by keratinocytes, enabling a more con- 
trolled delivery of retinoic acid [64,66-68]. Although considered to 
be second to retinoic acid in terms of retinoid activity, retinaldehyde 
has been shown to be comparable to retinoic acid in its anti-ageing 
effects in one study. This study of 125 patients demonstrated parity 
in degree of surface roughness and wrinkling reduction, measured 
by optical profilometry of silicone replicas, between 0.05% reti- 
naldehyde cream and 0.05% retinoic acid. Retinaldehyde in higher 
concentrations (0.1%) may also improve pigmentary alterations in 
addition to surface texture and wrinkling [69]. 


Retinol 

Retinol, a precursor for the synthesis of endogenous retinaldehyde 
and retinoic acid, has been shown to have many of the beneficial 
effects of retinoic acid, including the induction of epidermal thick- 
ening and inhibition of UV-induced MMP production [70,71] with- 
out significant transepidermal water loss, skin redness or scaling. 
However, in vivo studies showed that topical retinol had only mod- 
est retinoid-like activity when compared with topical retinaldehyde 
and retinoic acid [56,71], exhibiting only modest improvement in 
fine wrinkles when measured by clinical assessment [63,72,73]. Of 
note, however, the various studies indicate that the beneficial effects 
of retinol are likely to occur at concentrations of 0.3% and higher, 
although there may be considerably more irritation at higher con- 
centrations [74], whereas retinol concentrations found in cosmeceu- 
ticals tend to be much lower at approximately 0.08% or less [75]. 


Retinyl esters 

Studies investigating retinyl esters, such as retinyl-palmitate and 
retinyl-propionate, have routinely failed to show anti-ageing prop- 
erties clinically, histologically and with profilometric parameters 
[76,77]. As a result, retinyl esters are unlikely to be found as the 
sole active anti-ageing ingredient in cosmeceuticals; instead, they 


are usually offered in combination with other compounds, such as 
hydroxy acids and sunscreens [78]. 


Herbals and phytochemicals 


Thousands of these plant- and fungus-derived compounds have 
been identified to date and continue to find their way into hundreds 
of different cosmeceutical products. Their appeal is heightened by 
innate anti-inflammatory, photoprotective, anticarcinogenic and 
anti-ageing properties and by consumer demand for ‘natural’ prod- 
ucts [1]. Although these different ingredients indisputably contain 
various bioactive compounds, a lack of data from well-designed 
studies obscures the validity of these ingredients’ most oft-touted 
claims. This sections presents several of the more commonly 
encountered ingredients and Table 157.2 offers a summary of other 
common but less studied ingredients. 


Carnosine 

Carnosine, or f-alanyl-histidine, is a natural dipeptide found in 
abundance in muscle and brain tissue [2]. To date, the majority of 
studies on carnosine have been on its antioxidant potential. These 
studies have demonstrated that carnosine is a potent hydrophilic 
antioxidant that can neutralise superoxide anion and hydroxide 
radicals [3,4]. It is also an ion chelator that can prevent the produc- 
tion of hydroxyl radicals by binding to heavy metal ions such as 
Cu?* [5-8]. These antioxidant properties have also been demon- 
strated in in vivo animal models [9,10] and in one clinical study that 
investigated a combination of Rhodiola rosea and L-carnosine agent 
on subjects with sensitive skin [11]. 

Carnosine is also known for its anti-ageing potential, probably 
stemming from an in vitro discovery that it is capable of reverting 
senescent cells into ‘younger’ forms that can continue to divide 
[12]. Other anti-ageing mechanisms proposed involve reducing 
non-enzymic glycation of proteins and protein carbonyl groups and 
cross-links, which are events associated with ageing [13]. This was 
demonstrated in an in vitro study showing that a cream formulation 
containing carnosine had the ability to reduce advanced glyca- 
tion end-products which have been associated with skin ageing 
[14]. Clinical studies continue to lag, however, and most avail- 
able studies have investigated combination products that include 
other commonly utilised ingredients such as urea, peptides and 
vitamins, which all individually have been shown to have their 
own therapeutic benefits. Thus, despite a demonstrated ability to 
improve fine wrinkles and overall skin appearance, it is unknown 
if carnosine is the active ingredient to which these benefits can be 
attributed [15,16]. 


Grape seed 
Grape seed extract (GSE), derived from the seed of the plant Vitis 
vinifera, has been highly popularised in skincare products as a mois- 
turising agent. In the scientific community its antioxidant properties 
and its role in fighting oxidative stress are the primary interest [17]. 
GSE is one of the richest natural sources of the flavonoid proantho- 
cyanidin — the polyphenol from which this common cosmeceutical 
ingredient derives its greatest antioxidant properties. Proantho- 
cyanidin, in particular, has been shown to have potent free radical 
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Table 157.2 Summary of herbal and phytochemical ingredients not discussed in text. 


Product (active ingredients) 


Significant findings 


Bakuchiol 
Comfrey 


Feverfew (parthenolide) 


Frankincense 
Jojoba oil 
Lavender (Figure 157.1) 


Licorice 


Milk thistle (silymarin) 
(Figure 157.2) 
Pine bark extract (Pycnogenol®) 


Rose 


Turmeric (curcuminoids) 
(Figure 157.3) 


Figure 157.1 Lavender. Courtesy of Ryan Denman. 


Clinical: significantly reduced hyperpigmentation and wrinkles; no statistical difference compared with 0.5% retinol, but was less irritating [74] 
In vitro: 

No anticollagenase or antielastase activity [75]. Little antioxidant capacity as compared with other plant extracts [75] 
In vivo and clinical: no in vivo or clinical findings to date 

In vitro: 

Inhibits the nuclear factor kB (NFB) inflammatory pathway [76] 

Free radical scavenging activity [77] 

Clinical: reduced UV-induced skin redness, epidermal hyperplasia, DNA damage and apoptosis [77] 
Clinical: demonstrated improvements in photoageing, tactile roughness, fine lines and increase in elasticity [78] 
Clinical: supplemented moisturising effect when added to glycerol formulation [79] 

In vitro: 

May cause damage to the cell membrane of fibroblasts [80] 

Linalyl acetate, a main component of lavender oil, forms strong contact allergens [81] 

Clinical: limited utility in the treatment of inflammatory skin disease 

In vitro: 

Glabridin inhibits tyrosinase activity [82] 

Licochalcone A inhibits cyclo-oxygenase (COX) and lipoxygenase to decrease inflammation [83] 

In vitro: decreases inflammation by COX-2 and interleukin 1 (IL-1) inhibition [84] 

In vivo: animal studies show decreased UV-induced sunburn, DNA damage and apoptosis [84] 

In vitro: inhibits the NF«B inflammatory pathway [85], antioxidant [86] 

Clinical: 

Human studies showed oral supplementation improved hydration and elasticity of skin [87,88] 
Decreased UV-induced skin redness and pigmentation [89] 

In vitro: 

Antioxidant [90] 

Anticollagenase and antielastase activity [90] 

Rose hip found to inhibit tyrosinase activity [91] 

In vitro: 

Antioxidant [92] 

Inhibits inflammatory cascade [93] 

Inhibits collagenase, elastase and hyaluronidase [93] 

In vivo: 

Wound healing in animal studies model [94] 

Photoprotection in animal studies [95] 

Clinical: may improve periorbital pigmentation [96] 


give GSE greater efficacy as an antioxidant than even vitamins C 
and E [19]. In vivo studies in mouse models have demonstrated proof 
of concept by showing an ability to attenuate the oxidative damage 
associated with ageing, UV radiation and chemical, ischaemic and 
hypoxic injury with oral supplementation with grape seed [19-21], 
and it has shown photostability in sunscreen formulation [22]. 
Topical studies of GSE on human skin exist. One group investigated 
the photoprotective effects of GSE in the setting of UV radiation and 
showed on both histological and immunohistochemical evaluation 
of biopsies that pre-treatment with GSE resulted in fewer sunburn 
cells [23]. 

Other investigators have looked at GSE’s ability to moisturise 
skin and reverse signs of ageing. An in vitro study revealed that 
GSE stabilises collagen and elastin through the inhibition of MMP 
[24] but only one clinical study has attempted to corroborate these 
anti-ageing properties at the clinical level. In this study, a formu- 
lation containing GSE, lycopene, acerola extract and a proprietary 
compound of various marine proteins was tested on 50 women 


scavenging activity with the additional capacity to strongly inhibit 
xanthine oxidase, which generates oxygen radicals [18]. In fact, 
in vitro studies have shown that the antioxidant properties conferred 
by proanthocyanidin and other polyphenols, such as reservatrol, 


with photoaged skin. Although there were improvements noted 
in hydration, dermal thickness, skin fibre density and overall 
appearance, given that several of the other ingredients have also 
been associated with antioxidant and anti-ageing properties, it 
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Figure 157.2 Milk thistle. Courtesy of Ryan Denman. 
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Figure 157.3 Turmeric. Courtesy of Ryan Denman. 


is difficult to ascertain the specific contributions of GSE to these 
findings [25]. 


Green tea 

Green tea (Camellia sinensis), a very popular beverage during 
both ancient and modern times, has been investigated exten- 
sively to show beneficial effects in various diseases including 
Parkinson disease, Alzheimer disease, diabetes and obesity. The 
polyphenols known as catechins are credited with these effects, 
and the various catechins found in green tea, which include 
(-)-epigal-locatechin-3-gallate (EGCG), (—)-epicatechin-3-gallate 
(ECG), (-)-epigallocatechin and (-)-epicatechin, have been tested 
for their respective therapeutic advantages. Of these mentioned cat- 
echins, EGCG is the predominant form of polyphenol in green tea, 
making up 50-80% in a 200-300 mg brew [26]. Other ingredients 


like proteins, amino acids, lipids, vitamins and caffeine are also 
purported to play a role in green tea’s therapeutic effects [27]. In 
the cosmeceutical industry, green tea is included in various for- 
mulations for its antioxidant, anti-inflammatory and — given that 
it has been shown to also be effective in preventing photodam- 
age — anti-ageing potential [28]. 

Multiple in vitro studies on human cell lines have revealed dif- 
ferent mechanisms by which green tea components function as 
antioxidants. For example, green tea extracts inhibit UVB-induced 
lipid peroxidation and intracellular release of hydrogen peroxide, 
dose-dependently reduce UVB-induced cell death, scavenge reac- 
tive oxygen species and inhibit protein oxidation [29-32]. Mouse 
and guinea pig epidermal studies have shown similar findings, 
in addition to an ability to inhibit the accumulation of leukocytes 
that produce these deleterious effects [33,34]. Finally, in vivo human 
studies in which topical EGCG was applied prior to UVB exposure 
have corroborated the aforementioned protective effects [35-37]. 

In cultures of human fibroblasts, EGCG was shown to block 
UV-induced increases in collagenase mRNA levels and collagenase 
secretion and to inhibit the induction of inflammatory nuclear tran- 
scription factors such as nuclear factor kB (NF«B) and AP-1 [38]. 
Further in vivo human studies have revealed that topical application 
of green tea provides a dose-dependent inhibition of skin redness 
and decreases the numbers of sunburn cells and DNA damage. The 
polyphenols EGCG and ECG produced the best results [36]. 

Given the in vivo findings, scientists have further investigated 
green tea’s anti-ageing potential. One clinical study on 10 healthy 
male volunteers showed that 2 months of green tea cream applica- 
tion provided no significant change in elastic or biological properties 
of the skin, but provided an improvement in skin viscoelasticity 
that was statistically significant [39]. In another randomised, 
double-blind control study of 40 women, green tea supplements 
and a 10% green tea cream were investigated for anti-ageing poten- 
tial. Skin was graded based on wrinkling, roughness, coarse rhytids, 
skin laxity and pigmentation and was compared at baseline and 
at an 8-week follow-up. There was no clinically significant change 
noted between the treatment and control groups, although histolog- 
ical assessment revealed improvement in elastic tissue content of 
the treatment group [40]. The evidence available for green tea’s use 
in photoageing appears preliminary at best, but continues to grow. 

Additionally, in vitro studies have demonstrated that green tea 
components may have an inhibitory effect on melanin production 
[41,42], implying a possible whitening effect on the skin, while 
also promoting skin moisturisation. Although green tea extract has 
found its way into many skin-whitening products, there is limited 
evidence on this purported effect. 


Lycopene 

Lycopene is a commonly encountered natural carotenoid most 
popularly associated with tomatoes, but is also found in a myriad 
of produce including red carrots, watermelons and papayas [43]. 
Lycopene is best known for its potent antioxidant activity by both 
the lay and scientific community alike, the latter suggesting that 
lycopene is the most efficient singlet oxygen-reducing biological 
carotenoid [44]. When applied topically to the skin in microemul- 
sions, the effect of lycopene appeared to amplify antioxidant 
activity in the skin by 10 times [45]. Unfortunately, studies of topical 
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lycopene are limited in number as the feasibility of lycopene use is 
restricted secondary to its instability during processing [46]. 

An in vitro study of UVA’s effects on human keratinocytes 
showed that lycopene alone was not photoprotective, as measured 
by degree of suppression of MMP-1 mRNA expression. Combined 
with vitamin E, however, lycopene was shown to inhibit rises in 
MMP-1 mRNA [47]. In a small clinical trial of 10 patients, investi- 
gators measured redness response and change in barrier function 
in UV-irradiated skin after the application of lycopene versus a 
formulation of vitamin E and C versus control. This preliminary 
study showed that lycopene optimally reduced both skin redness 
and transepidermal water loss, suggesting photoprotectivity [48]. 

Given lycopene’s antioxidant and suggested photoprotective 
properties, its anti-ageing properties have also been investigated. 
However, these studies have been conducted on the effects of oral 
supplementation as opposed to topical application, and often use 
supplements containing several other ingredients in addition to 
lycopene. For example, in one study, 50 females were provided a 
mixture of lycopene, acerola extract, grape seed and a proprietary 
biomarine complex. Its use resulted in increases in cutaneous hydra- 
tion, a reduction in skin pH and increases in the density of skin, 
and, histologically, showed a corresponding increase in collagen 
and elastic fibres [25]. Another study demonstrated similar findings, 
showing increases in skin density and thickness with correspond- 
ing clinical improvements in roughness, scaling, smoothness and 
wrinkling [49]. Studies designed to clearly distinguish the role 
of lycopene in topical formulations continue to be absent in the 
literature. A randomised, double-blind, placebo-controlled clinical 
study of 22 people with melasma showed that a lycopene—wheat 
bran cream combination improved melasma after 12 weeks of 
twice-daily application [50]. 


Pomegranate 

Pomegranate, or Punica granatum, has a rich history of medicinal 
uses across different cultures and historical eras. In modern times, 
it is known best for its highly potent antioxidant capacity, but many 
in vitro and animal studies continue to suggest its ability to prevent 
photodamage and to lighten skin. As such, pomegranate is com- 
monly encountered on cosmetic shelves, although human studies 
continue to lag in providing definitive evidence of these purported 
actions. 

Pomegranate is comprised of anthocyanins [51], EGCG polyphe- 
nols [52], flavonoids [53], minerals, vitamins and organic acids [54]. 
Ellagic acid, a polyphenol, found in the highest concentrations in 
the juice and seed oil of the fruit, is generally accepted as the key 
active ingredient responsible for much of pomegranate extract’s 
beneficial effects [55,56] including its antioxidant properties. Both 
in vitro and animal studies have shown that pomegranate extract 
inhibits lipid peroxidation and promotes the synthesis of naturally 
occurring cutaneous antioxidants [57]. Another study comparing 
pomegranate with the other well-known antioxidants, green tea and 
red wine, showed that pomegranate was consistently superior in its 
antioxidant capacity when measured by four different assays [58]. 

Pomegranate extract has also been extensively studied for its 
photoprotective effects. In vitro studies have shown that this fruit 
extract attenuates UVA-mediated damage in human epidermal ker- 
atinocytes [59]. Other studies investigating ellagic acid treatment 


prior to UVB insults, in in vitro and in vivo hairless mice models, 
have shown dose-dependent reductions in cell death and signifi- 
cantly decreased amounts of pro-inflammatory cytokines and UV 
radiation-associated proteins in the skin [60,61]. Another investi- 
gation on human reconstituted skin showed no significant increase 
in either the number or intensity of cyclopyrimidine dimers when 
compared with non-irradiated negative controls [62]. 

Although the evidence supporting pomegranate’s antioxidant 
and photoprotective properties is substantial, evidence for an 
impact on clinical signs of ageing remains in preliminary phases. 
Thus far, in vitro investigations have illustrated that ellagic acid 
has an inhibitory effect on UVB-mediated MMP production with a 
corresponding decrease in mRNA transcripts for these collagenases 
[57]. One murine study demonstrated that skin treated with ellagic 
acid prior to UV irradiation had significantly fewer wrinkles. Cor- 
responding histological assessment of the skin at study termination 
revealed increased levels of type I collagen in treated skin [60]. 
Clinical trials remain to be executed. 


Soya 

The most potent components of soya are the isoflavone phytoestro- 
gens, genistein and daidzein, which are associated with increased 
skin thickness and collagen synthesis [63]. A study using a gel for- 
mula containing 10% bifidobacterium-fermented soya milk extract 
with both genistein and daidzein demonstrated significant improve- 
ment in elasticity and viscoelasticity of mouse skin. Further, the 
same investigators corroborated their findings on human forearm 
skin, suggesting possible utility in anti-ageing formulations [64]. 

In vitro studies and in vivo nude mouse studies have also shown 
that the phytoestrogens of soya extracts contain antioxidant prop- 
erties that attenuate the carcinogenic effects of chemical and UV 
insults to skin cells [65-68]. Studies on human reconstituted skin 
demonstrated a dose-dependent inhibition of UVB-induced damage 
as well [69]. 

Another purported benefit of isoflavones includes skin light- 
ening via soyabean trypsin and Bowman-Birk inhibitor action 
against melanosome transfer to keratinocytes and inhibition of 
ornithine decarboxylase, respectively [70]. A small trial of 30 women 
showed a modest effect of soya on lentigines [71]. A double-blind, 
placebo-controlled clinical study showed improvement in skin tone 
after the application of a soya-containing moisturiser [72]. Relative 
to the number of clinical studies investigating systemic treatment 
with oral supplementation, few in vivo human investigations 
studying the topical applications of soya exist. One single-centre, 
randomised controlled trial showed that a topical soya cream 
applied after laser treatment appeared to significantly reduce wrin- 
kles in a dose-dependent fashion when used in conjunction with a 
neodymium:yttrium-aluminium-garnet (Nd:YAG) laser [73]. More 
clinical studies are needed to determine the true benefits of soya in 
cosmeceutical products. 


Anti-inflammatories 


Aloe 
Several components have been identified in aloe extract that 
contribute to aloe’s anti-inflammatory effect. In vitro studies have 


shown that the bioactive compounds aloe-emodin and aloin, for 
example, suppress the production of cyclo-oxygenase 2 (COX-2) 
mRNA and COX-2, prostaglandin E, (PGE,) and nitric oxide [1]. 
Another compound, C-glucosyl chromone, was found to be compa- 
rable to hydrocortisone in its ability to reduce oedema in a mouse 
model [2]. In vitro studies on whole aloe extract have shown an 
ability to reduce interleukin 8 (IL-8), tumour necrosis factor « 
(TNF-a), IL-6 and IL-16 cytokine production in a dose-dependent 
manner [3]. Finally, others have also shown antibradykinin activity 
and inhibition by aloe glycoproteins of thromboxane [4]. Animal 
models have corroborated aloe’s efficacy as an anti-inflammatory 
agent [5-7]. One rat study showed that ozonated aloe vera, in par- 
ticular, appeared to improve wound healing in mice by increasing 
collagen thickness [8]. 

However, there remains a surprising lack of clinical studies to 
support cosmeceutical applications of aloe vera. Only one clinical 
study directly investigated aloe’s most popular claim of reducing 
inflammation following sunburn. This study showed that aloe 
significantly reduced UV-induced skin redness after 48 h, but was 
less effective than 1% hydrocortisone cream [9]. Other studies have 
investigated aloe’s effects on acute radiation dermatitis; these have 
all demonstrated little to no effect in reducing radiation-induced 
side effects [10-13]. Despite substantial cellular and molecular 
evidence of the anti-inflammatory effects of aloe, the role of aloe 
as a topical anti-inflammatory agent remains to be definitively 
determined. Overall, aloe has proven to be, however, a rather safe 
ingredient in topical preparations with only a few case reports of 
contact dermatitis and hypersensitivity, probably induced by the 
anthraquinone aloin [14,15]. 


Caffeine 

Caffeine is a very commonly encountered drug, near ubiquitous in 
many societies and cultures — often in our beverages — and most fre- 
quently sought after for its stimulant properties. Studies have begun 
to reveal other potential benefits of topical caffeine. 

Thus far, studies have produced substantial evidence in support 
of caffeine’s ability to protect against damage induced by UV radi- 
ation. In one study, SKH-1 hairless mice were irradiated with UV 
and subsequently treated with topical caffeine. These mice, when 
evaluated by treatment-blind examiners for skin roughness and 
transverse rhytids, were significantly less affected by UV radiation 
than their placebo-treated counterparts. Histological examination 
of the skin revealed that topical caffeine promoted apoptosis in ker- 
atinocytes with damaged DNA, indicating that caffeine, in addition 
to its ability to prevent photoageing, may also play a role in the 
prevention of photocarcinogenesis [16]. 

Other investigators have discovered that caffeine promotes lipol- 
ysis by inhibiting phosphodiesterases within the cell, leading to 
intracellular accumulation of 3’,5’-cyclic adenosine monophosphate 
(cAMP) which is responsible for the purported effect on cellulite 
[17]. Studies have revealed a minor effect of caffeine on cellulite that 
has not been uniformly statistically significant [18,19]. Studies are 
often difficult to interpret because circumference change rather than 
cellulite improvement is evaluated and weight loss is not measured 
despite its effect on cellulite. The true effect is probably modest, 
if present at all. 


Due to its vasoconstrictive effects, derived from competitive 
inhibition of adenosine receptors in vessels [20], caffeine is also 
thought to be helpful in the treatment of infraorbital dark circles. 
It is encountered in eye creams for this purpose and has been eval- 
uated for the treatment of periorbital wrinkles as well; however, 
studies have evaluated caffeine in combination with other active 
ingredients, obscuring its role in product efficacy. Recent studies 
of ex vivo hair follicles have also shown that caffeine may show 
promise for treating hair loss due to its ability to counteract the 
stress-induced response [21]. While this is an exciting advancement, 
clinical studies are needed to confirm these findings. 


Chamomile 

The mechanisms of chamomile’s anti-inflammatory action have been 
investigated in multiple in vitro studies [22,23] and corroborated 
by clinical studies. These studies have shown that chamomile is as 
effective as 0.25% hydrocortisone, but less effective than 1% hydro- 
cortisone — a concentration commonly found in over-the-counter 
ointments — in the treatment of inflammatory conditions such 
as eczema [24,25]. Another study of chamomile on UV radiation 
and tape-stripping-induced inflammation showed that chamomile 
cream was less effective than 1% hydrocortisone cream in reduc- 
ing skin redness [26]. The anti-inflammatory effects were further 
demonstrated in a clinical study that showed that a chamomile 
8.35% gel delayed and potentially reduced the occurrence of radi- 
ation dermatitis in patients receiving radiation compared with 
standard of care [27]. Thus, while chamomile may have some utility 
in very mild irritation, its true effect appears modest. 

Chamomile may provide other benefits via the antioxidant prop- 
erties conferred to it by a variety of well-known phytochemical 
compounds, including terpenes, flavonoids, apigenin, «-bisabolol 
and quercetin, that are found in chamomile extract [28-30]. The 
terpenoid chamazulene, in particular, is a very strong antioxidant, 
inhibiting leukotriene B, synthesis by inhibiting lipoxygenase 
and COX [31]. Several in vitro assays have also examined whole 
chamomile extract. These demonstrated that chamomile extract can 
inhibit the formation of hydroperoxide radicals and inhibit lipid 
peroxidation, though to a lesser degree than other botanical extracts 
tested in parallel [32-34]. No in vivo studies have been done to 
corroborate these findings. 

Regardless, chamomile retains significant appeal secondary to its 
relatively safe side effect profile. Cases of contact dermatitis [35-37] 
and severe allergic reactions — namely, angioedema with contact 
urticaria and allergic conjunctivitis —- to chamomile tea rinses and 
compresses, however, have been reported [38,39]. Additionally, 
chamomile, especially when ingested, may interact with warfarin 
and ciclosporin metabolism, thus increasing the doses required [40]. 
Studies investigating cutaneous absorption have not been done. 


Conclusions 


The demand for cosmeceuticals is high and continues to grow, 
driven by a growing population of consumers seeking products with 
true therapeutic potential (Table 157.3). Industry has responded 
quickly, creating thousands of cosmeceutical products often sup- 
ported by preliminary scientific data. The current structure of 
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Table 157.3 Summary of cosmeceutical ingredients and their potential uses. 


In vitro Animal Human 
Active ingredient studies studies studies Randomised controlled trial EWG Skin Deep® rating? Potential uses 
Alpha-lipoic acid v v v Beitner 2003 [3] Antioxidant 
Lightening 
Anti-ageing 
Cysteamine v v v Mansouri et a/. 2015 [4] Lightening 
Glycosaminoglycans v v Pavicic et a/. 2011 [5] 1 Anti-ageing 
Hydroquinone v v v Mauricio et a/. 2011 [6] 8 (primarily due to risk for skin Lightening 
allergy/irritation) 
Hydroxy acids v v v Stiller et a/. 1996 [7]; Thibault et al. -4 Anti-ageing 
1998 [8] 
Tranexamic acid v v Janne et a/. 2019[9]; Kanechorn Na 1 Lightening 
Ayutha et a/. 2012 [10] 
Peptides: 
Signal v v Kaczvinsky et a/. 2009 [11]; Farwick No rating available Anti-ageing 
et al. 2011 [12] 
Neurotransmitter affecting v v v Wang et al. 2013 [13] No rating available Anti-ageing 
Carrier v Miller et a/. 2006 [14] No rating available Anti-ageing 
Polyunsaturated fatty acids v v v Huber et a/. 2020 [15] No rating available Anti-ageing 
Vitamins: 
Retinal v v v Creidi et a/. 1998 [16] 3-6 (primarily due to risk for skin Anti-ageing 
allergy/irritation) 
Retinol v v v Pierard-Franchimont et a/. 2000 [17] 9 (primarily due to risk for skin Anti-ageing 
allergy/irritation) 
Retinyl esters v v v Green et a/. 1998 [18] 6-9 (primarily due to risk for skin Anti-ageing 
allergy/irritation) 
B v v v Christman et a/. 2012 [19] 1 Antioxidant 
Anti-ageing 
Lightening 
Cc v v v Humbert et a/. 2003 [20]; Inui and 1 Antioxidant 
Itami 2007 [21] Lightening 
E v v v fl Antioxidant 
Anti-inflammatory 
Anti-ageing 
Natural: 
Aloe v v v Reuter et a/. 2008 [22] -3 Antioxidant 
Anti-inflammatory 
Arbutin v v v 1 Lightening 
Bakuchiol v v Dhaliwal et a/. 2019 [23] Anti-ageing 
Lightening 
Caffeine v v 1 Anti-ageing 
Carnosine v v fl Antioxidant 
Anti-ageing 
Chamomile v v v -2 Antioxidant 
Anti-inflammatory 
Comfrey v 4 Antioxidant 
Anti-inflammatory 
Anti-ageing 
CoQ10 v v v McDaniel et a/. 2005 [24] No rating available Antioxidant 
Anti-ageing 
Lightening 
Feverfew v v v Martin et a/. 2008 [25] 1 Antioxidant 
Anti-inflammatory 
Frankincense v v v Calzavara-Pinton et a/. 2010 [26] 1 Anti-ageing 
Grape seed v v 1 Antioxidant 
Anti-ageing 
Green tea v v v Chiu et a/. 2005 [27]; Camouse et al. 1-2 Antioxidant 
2009 [28] Anti-inflammatory 
Anti-ageing 
Lightening 
Jojoba oil v v v Meyer et a/. 2008 [29] 1 Anti-ageing 
Kojic acid v v v Hermanns et a/. 2002 [30]; Draelos 4-7 (primarily due to risk for skin Antioxidant 
et al. 2010 [31] allergy/irritation) Lightening 


Table 157.3 (continued) 


In vitro Animal Human 
Active ingredient studies studies studies Randomised controlled trial EWG Skin Deep® rating? Potential uses 

Lavender v v Anti-inflammatory 

Licorice if / v Kolbe et a/. 2006 [32] 4 Anti-inflammatory 
Lightening 

Lycopene v v Antioxidan 
Anti-ageing 

Milk thistle v v Anti-inflammatory 

Pine bark extract v v Antioxidan 
Anti-inflammatory 
Anti-ageing 

Pomegranate v v Antioxidan 
Anti-inflammatory 
Anti-ageing 

Rose v No rating available Antioxidan 
Anti-ageing 

Soya Fi / v Hermanns et a/. 2002 [30] 1 Antioxidan 
Lightening 

Turmeric v v v 1 Antioxidan 
Anti-inflammatory 
Lightening 


@ The Environmental Working Group (EWG) is an independent organisation that reviews ingredients in personal care products, including cosmeceuticals, for potential hazards to 
health. Ratings of 1-2 denote ‘low hazard’, 3-6 denote ‘moderate hazard’ and 7-10 denote ‘high hazard’ (https://www.ewg.org/skindeep/; last accessed March 2023). 


regulatory oversight has offered little incentive for further studies, 
especially well-designed human studies, the results of which could 
potentially place a product under the drug category and, conse- 
quently, the scrutiny of regulatory bodies. Although a low tolerance 
for side effects in cosmeceutical preparations has pushed compa- 
nies to use very small and safe — possibly subtherapeutic — amounts 
of active ingredients, it remains important for dermatologists to 
understand and explain the implications of using such products to 
those patients so eagerly seeking them. 

Recently, there has been significant attention dedicated to ‘clean’ 
or natural beauty and personal care products — which constitutes 
a multibillion dollar growing industry [1]. In addition to discus- 
sions about product efficacy, it is prudent for dermatologists to be 
aware of concerns about safety of personal care products, including 
cosmeceuticals, in the USA and globally. As the FDA does not 
require pre-approval or mandated safety reporting or recalls of 
currently marketed cosmetic and cosmeceutical products, indepen- 
dent groups such as the Environmental Working Group (EWG) 
have made determinations about ingredients included in these 
product types that may pose risks for health based on potential to 
be carcinogenic, cause endocrine disruption, or skin allergies. While 
the bulk of concern is over preservatives and binding agents rather 
than active ingredients, the EWG does rank active ingredients 
found in cosmeceuticals as well (Table 157.3). The ratings of 1-2 
denote ‘low hazard’, 3-6 denote ‘moderate hazard’ and 7-10 denote 
‘high hazard’. Of note, these ratings may not fully reflect the usual 
dose or route of administration of the ingredient, and the degree of 
risk to human health depends on absorption through the skin and 
concentration of the ingredient [2]. 
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Introduction 


Although the popularity of botulinum toxin seemed initially to 
have overshadowed dermal filler injections in the aesthetic market, 
the reduction of mimetic muscle is often not enough to convincingly 
rejuvenate the ageing face. Injectable fillers offer an effective and 
versatile choice for dermal restoration by reducing wrinkles and 
folds, as well as for deeper volume augmentation. There are a 
multitude of injectable fillers available in the international mar- 
ketplace, with the exception of the USA where strict regulatory 
guidelines limit product availability to a handful of Food and Drug 
Administration (FDA) approved dermal filler devices. Updated 
European Union directives on such products focus on safety rather 
than efficacy [1]. 


Indications 


Initially, the indication for dermal filler use was to diminish and 
efface skin wrinkles and folds. With the advent of fillers designed 
for very superficial use as well as for deeper volume augmentation, 
the indications have expanded substantially. 


Improving skin quality. When skin ages, particularly skin types 
I-III, it becomes atrophic with fine wrinkles. One of the indications 
for injectable fillers is the improvement of skin quality [1]. 


Wrinkles and folds. The initial indication for dermal fillers was to 
address wrinkles and folds, and this remains a primary indication 
for injectable fillers (Figure 158.1). Effacement of the naso-labial fold 
is the indication with the most evidence, due to the fact that the US 
FDA has required every major injectable filler to be tested for this 
indication. 


Volumising. Facial ageing results in a reduction in the size of the 
facial fat pads, with resultant positional shifting and malalignment 
causing an aged facial phenotype, even in those with a high body 
mass index (BMI). Natural and convincing replenishment of lost vol- 
ume is a skill that requires accurate patient assessment and profi- 
cient aesthetic judgement. Often patients come with advanced signs 
of volume loss and simple filling of the defects would incur unac- 
ceptably high costs for patients due to the expense of the product 
required. The answer for this challenge is ‘smart filling’ — that is fill- 
ing the areas that will have the most visual impact. Overcorrection 
of volume looks unconvincing and should be avoided. The goal is 
less concavity, not an overblown face. This is particularly relevant in 
men, where volume loss in the cheeks should only be gradually cor- 
rected (Figure 158.2). Volumisation can also be used to supplement 
a baseline deficit where increased volume would be aesthetically 
desirable. A good indication for this is the upper and lower lip. Here, 
small lips can be augmented to a fuller state (Figure 158.3), bearing 
in mind that, in white people, the vermillion portion of the lower 
lip should remain fuller than the upper portion. In general, younger 
lips are easier to correct compared with older lips where elastosis 
might limit volumisation. 


Techniques 


Needles and cannulas 

Fillers can be injected using needles as well as cannulas (Table 158.1). 
The discussion about which is best is sometimes more dogmatic 
than scientific. When it comes to efficacy in this author’s opin- 
ion, the location of product placement remains more important 
than the method used to deliver it. However, there is a clear 
indication for the use of needles for more superficial cutaneous 
lines (Figures 158.4 and 158.5a), as this delivery method effectively 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


= 
= 
Lu 
= 
= 
Vv 
Lu 
i § 


DERMATOLOGY 


PART 14 
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(b) 


Figure 158.1 Naso-labial fold before (a) and immediately after (b) augmentation with 1.5 mL of a hyaluronic acid preparation. Note the post-injection skin redness. 


(a) 
Figure 158.2 Cheeks before (a) and 16 days after (b) injections of 2 mL of a hyaluronic acid preparation per cheek. 


targets intradermal layers, whereas cannulas target the subdermal 
plane (Figure 158.5b). Cannulas may also be unsuitable for some 
types of filler. For example, poly-L-lactic acid (PLLA) is best deliv- 
ered using a needle as the mixture of PLLA and distilled water is 
prone to clogging a cannula, sometimes requiring withdrawal from 
the patient before continuation of the procedure. 

Evidence demonstrating that the cannula technique is safer 
than the use of needles is scarce, although the theoretical risk of 
penetration of a vessel with resultant embolisation and vascu- 
lar compromise seems to be reduced when using a blunt-tipped 
cannula compared with using a sharp needle. There are some 
case series favouring cannulas [1], and there is only one small 
randomised controlled trial where a newly designed cannula was 
compared with a standard 30 G needle when treating naso-labial 


(b) 


folds [2]. In this setting, less haematoma and redness was reported 
for the cannula-treated site, in addition to less reported pain. 
However, in this study a hyaluronic acid without lidocaine was 
used. In a recent study by Alam et al. [3], a lower risk for vascu- 
lar compromise was found when using cannulas. However, this 
was a retrospective study with some serious selection bias so the 
assumptions of the study need to be carefully weighted. Of greater 
importance is that the injector feels comfortable with the tool they 
are using. 


Depot and fanning techniques 

There are two basic techniques used for the injection of a dermal 
filler. One is the depot technique where blebs of various sizes are 
injected in the area of need (e.g. the tower technique [4]) and the 


(a) 


(c) 


(d) 


Figure 158.3 (a, b) Upper and lower lip in an older patient before (a) and after (b) reconstruction with 1.4 mL of a hyaluronic acid preparation. Note that the marionette lines were 
also treated and the results are very natural. (c, d) Upper and lower lip in a young patient before (c) and after (d) reconstruction with 1 mL of a hyaluronic acid preparation. Note that 


younger lips are much easier to treat. 


Table 158.1 Indications for the use of needles and/or cannulas. 


Indications Cannula Needle 
Volume deficits Yes Yes 
Folds and deep wrinkles Yes Yes 
Fine wrinkles No Yes 
Dermal restoration No Yes 


other is the fanning technique, where some of the effect might come 
from the needle or cannula dissecting the subcutaneous area. In this 
author’s opinion, the depot technique allows a more precise and 
probably more economical positioning of the material. 


There are a large number of injectable filler products available on the 
market, particularly outside the USA, most of which are biodegrad- 
able. The purpose of this overview is to summarise the various 


materials, to review specific fillers where good efficacy and/or 
safety data are available and to highlight those fillers that may pose 
an increased risk of adverse reactions. 


Biodegradable fillers 
Biodegradable fillers are non-permanent, and currently dominated 
by hyaluronic acid (HA) products. Collagens are not currently 
available in most markets, and calcium hydroxylapatite and poly- 
caprolactone do not seem to be, at least in Europe, a mainstay of 
treatment. 

The biodegradable fillers can be grouped into those that are inert 
and those where collagen stimulation is a major feature for the effi- 
cacy (i.e. PLLA, see below for the clinical trial data). 


Inert fillers 

All inert fillers act in a similar fashion, however there is only 
one product group with an antidote — the HA fillers. This is very 
important, not only in case of adverse events — specifically vascular 
occlusion — but also for overcorrection, which occurs far more 
commonly than adverse events. 


Figure 158.4 Injection of an HA in the upper lip by linear technique. 


Hyaluronic acid-based filler 

Hyaluronic acid fillers are overwhelmingly the most popular type 
of product used for injectable volume enhancement. They are long 
lasting with low allergenic potential and other relative risks, and 
have an improved safety profile compared with non-HA fillers due 
to the ability to reverse effects with the use of hyaluronidase. At the 
end of 2020, the HA dermal filler product ranges available in the 
USA and approved by the FDA were still very limited. However, 
outside the USA, a myriad of HA-based fillers are available due to a 
comparative laxity in manufacturing and market regulation. Prod- 
ucts vary in concentration of HA, particle size, cross-linkage, gel 
consistency and hardness. 

The evidence base for the use of HAs can be grouped as 
(i) those with a minimum of one good clinical trial (randomised, 
blinded, with a comparator and of sufficient size and duration); and 
(ii) those without good clinical data. But even with good clinical 
data, often studies are restricted to use in a few indications such as 
the naso-labial folds, cheeks and lips, and do not reflect accurately 
widespread use in other facial (e.g. chin) and non-facial (e.g. dorsal 
hands and décolletage) sites. The arena is further confused by the 
vast number of HA fillers available and the fast pace of product 
evolution. 

The HA product with the longest historical use is the Restylane® 
NASHA™ family. It is the HA product group with the largest body 
of high-quality evidence as two of these products have been the 
comparators in several European and US FDA-approval trials. The 
first good trial published for the filler family was a randomised 
controlled clinical trial conducted to compare the efficacy and safety 
of Restylane and Zyplast®, a bovine collagen no longer available. 
A total of 137 patients were included, and after 6 months the 
authors concluded that Restylane was superior to Zyplast (based 
on the assessment of the wrinkle severity rating scale (WSRS)) [1]. 
The investigators rated Restylane as superior in 56.9% of patients, 


(b) 
Figure 158.5 Volumisation of the cheeks. (a) Injection of a more fluid hyaluronic acid 
(HA) superficially with a needle to decrease the visibility of a cheek fold in a former acne 


patient with a thick dermis. (b) Injection of an HA for cheek volumisation using a 
cannula. 


compared with 9.5% of patients in whom the investigators felt 
that Zyplast was superior (P<0.0001). Those patients in whom 
there was no difference between these products (33.6%) were not 
included in the simple univariate statistics [1]. These findings were 
supported by further data from another randomised controlled 
study [2]. 

Due to marketing reasons, a completely different HA product, pre- 
viously called Emervel®, is distributed under the name of Resty- 
lane with the addendum OBT (optimal balance technology). OBT 
Restylane differs from the ‘old’ NASHA Restylane and there are 
good clinical trials published comparing the efficacy and safety of 
the Restylane NASHA and Restylane OBT products [3-5]. Restylane 
Perlane® (now Restylane Lyft®) performed similarly or slightly less 


well than Emervel Deep® (now Restylane Defyne®) [6]. In a unique 
case series, patients were treated for a number of indications using 
a range of Restylane OBT products, reflecting realistic practice [7]. 

The Juvéderm® family is very large, including the new Vycross® 
(e.g. Voluma®, Volbella®, Volift® and Volite®) range, and offers prod- 
ucts for different types of lines and wrinkles as well as for volu- 
mising indications. As with the Restylane products, there is strong 
evidence supporting the safety and efficacy for some of the prod- 
ucts in the Juvéderm family [8-10]. The newer Vycross fillers are 
cross-linked with shorter chains compared with the older Juvéderm 
products. Voluma has the highest HA concentration at 20 mg/mL, 
followed by Volift at 17.5 mg/mL and Volbella with a lower concen- 
tration of 15 mg/mL. There is one good randomised clinical trial 
on Voluma for mid-face volumising compared with no treatment 
[11] and some supporting cases series [12]. There is a Volbella case 
series involving lip augmentation [13] that demonstrated a good 
duration of action (12 months). There is some evidence that points 
to an increased risk of inflammatory reactions when using Vycross 
products [14,15] (see ‘Adverse reactions and their treatment’ later in 
this chapter). Other HA fillers supported by at least one good clinical 
study involving a product in its family include the Belotero® range 
[16], the Croma range [17] and the Teosyal® range [18]. 

The safety profile of HA is improved due to the availability of 
hyaluronidases, soluble protein enzymes capable of degrading HA. 
These are used therapeutically to reverse the effects of inappro- 
priate placement, overcorrection or adverse events associated 
with HA such as nodules and inflammation [19,20]. The use of 
hyaluronidases is essential in emergency situations such as vascu- 
lar occlusion or embolisation from HA filler [21]. Local injection 
site reactions may occur with hyaluronidase, including redness, 
oedema, pruritus, pain and both immediate and delayed allergic 
reactions. 


Non-hyaluronic acid-based fillers 

All other available biodegradable fillers lack an antidote. This is a 
clear disadvantage which needs to be considered carefully when 
choosing a filler. 


Calcium hydroxylapatite. Calcium hydroxylapatite (CaHa) is quite 
popular, particularly in the USA. It is a whitish material made 
from synthetically formed calcium phosphate pearls, usually mixed 
with lidocaine to reduce injection pain. Early studies focused 
on the correction of drug-induced lipoatrophy in patients with 
human immunodeficiency virus (HIV) [22,23]. However, there are 
also three randomised controlled clinical trials, one comparing 
CaHa with collagen [24] and two with HA products [25,26], focus- 
ing on the correction of naso-labial folds. CaHa was considered 
to be superior compared with human collagen in the 6-month 
study [24], but the two 12-month comparison studies with the 
HA fillers were not as clear; the larger one of these failed to show 
any superiority in the WSRS [25,26]. Patient preference and sat- 
isfaction with treatment favoured CaHA, however neither study 
was double-blinded, potentially introducing a bias towards the 
treatment under investigation. 

There is little evidence available regarding common adverse 
reactions to CaHa. Sklar and White [27] and Tzikas [28] reported 
case series with 64 and 90 patients, respectively, treated for facial 


soft-tissue augmentation. Apart from mild bruising and swelling, 
no immediate side effects were observed. Sklar and White [27] 
reported five patients with complications after CaHa treatment. 
Three patients had palpable bumps, one had puffiness of the lower 
eyelid and another developed a pink-white plaque. The latter two 
adverse events occurred when treating the tear trough area over 
a treatment period of 6 months. A naso-labial fold trial of CaHa 
compared with human collagen found that patients treated with 
CaHa reported more oedema (73.9% compared with 56.4%) and 
had more ecchymosis (63.2% compared with 43.6%) over a period 
of 6 months [24]. The area where adverse reactions were quite fre- 
quently reported initially is in the lip region. In one 6-month study 
[28], 7 out of 90 patients developed persistent, visible mucosal lip 
nodules, four of whom required an intervention such as surgical 
extrusion. Furthermore, there are reports of CaHa causing arterial 
occlusion leading to local necrosis or even blindness [29,30]. In cases 
of adverse events or overcorrection from CaHa, no antidote exists 
to date [31]. 


Alginates. Atthe end of 2009, Novabel®, a filler derived from brown 
algae, was introduced to the European market. Based on the results 
of the initial large case series, which were reported at various sci- 
entific meetings, the product showed promise. Redness, swelling 
and even haematomas seemed to be less prevalent compared with 
HA products (unpublished data), and it was very easy to inject. 
However, subsequent adverse events such as nodule formation 
were reported, specifically in areas such as the infraorbital hollow, 
and as no corrective antidote is available the filler was removed 
from the market [32]. 


Bovine collagen. Bovine collagen was a very early injectable filler 
used in the aesthetic arena. Bovine enzyme-digested collagen (95% 
type I, 5% type III) was available in several preparations, which 
were distinguished by the collagen content and the addition of 
glutaraldehyde for stabilisation [33,34]. Different products emerged 
depending on the collagen content and the degree of cross-linking. 
Zyderm 1® and Zyderm 2®, based on non-cross-linked collagen, 
were designed for the superficial dermis. The cross-linked Zyplast 
was indicated for injection in the deeper dermis and was cleared for 
marketing in 1981 by the FDA. Approval was based on clinical data 
from a large case series of 9427 tested and 5109 treated patients [33]. 

The risk of collagen hypersensitivity reactions meant that 
pre-testing was mandatory. This consisted of an intradermal 
injection of Zyderm 1 collagen into the volar aspect of the forearm, 
which was evaluated after 28 days. The incidence of adverse reac- 
tions to bovine collagen (Zyderm 1) was approximately 3%. Most of 
these reactions occurred quite quickly after testing, however a neg- 
ative test did not preclude the potential for subsequent reactions. 
An additional 1.3% of patients reported adverse reactions despite 
negative pre-testing [34]. Bovine collagens are no longer available 
in Europe and the USA due primarily to the inconvenience of the 
prick test requirement and poor longevity compared with HA 
preparations. 


Porcine collagen. The only porcine collagen in wide use was 
Evolence®, introduced into the European market in 2004 and with- 
drawn in 2009. There were two preparations available, Evolence 
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and Evolence Breeze®, both stabilised by glycation using D-ribose 
as a cross-linking agent. Evolence was used for naso-labial folds 
and Evolence Breeze was indicated for more superficial dermal 
injections and lip augmentation. Efficacy was supported by several 
good clinical trials [35,36]. The risk of hypersensitivity reactions for 
porcine collagen was not of clinical relevance [37], so no skin testing 
was required. There were, however, a few reports of foreign body 
reactions inducing abscess-like lesions [38]. Porcine collagen proved 
more difficult to inject compared with bovine collagen, although 
mixing lidocaine (0.2 mL) into the product syringe facilitated ease 
of injection in addition to reducing patient discomfort. Porcine col- 
lagen has a yellowish colour which was visible beneath the mucosal 
surface when injected too superficially. 


Human collagen. Human collagen used for cosmetic injection was 
derived from natural human collagen grown under controlled 
laboratory conditions, and did not require pre-testing [39]. Two 
products became available, both containing 0.3% lidocaine: 
CosmoDerm® was a non-cross-linked formulation that was used in 
the treatment of superficial lines, whereas cross-linked CosmoPlast® 
was used primarily in the treatment of more pronounced wrinkles. 
A few clinical trials are available in which CosmoDerm was used 
as a comparator, for example to PLLA. Based on these trials the 
durability seemed to be inferior to other products [40], contributing 
to the subsequent withdrawal of these products from European and 
US markets. 


Collagen-stimulating fillers 

The concept of separating fillers into inert and collagen-stimulating 
categories is somewhat historical. PLLA was the first filler that 
postulated and showed collagen-stimulating properties. However, 
now it is recognised that even HA is not completely ‘inert’ and 
repeated injections seem to stimulate native collagen production 
through mechanical properties of fibroblast stretching. Direct com- 
parative studies between a collagen-stimulating product and an 
HA filler for at least 12 months are needed, and as no good data 
currently exist such claims should be viewed with caution. 


Polyl-.-lactic acid 

Poly-t-lactic acid is the only injectable filler with a proven signif- 
icant collagen-stimulating potential. The onset of action of PLLA 
is delayed and patients must be advised it is not used for imme- 
diate results. It is not an inert filler, and there is no antidote. After 
repeated treatments, the long-lasting effects and durability are a 
major advantage over some of the other products available. The 
manufacturer of Sculptra® recommends three initial treatment 
sessions, each approximately 6-8 weeks apart. After these initial 
treatments the result may last for up to 2 years or more. The product 
comes as a powder and needs to be diluted with sterile water prior 
to injection. The current recommendation based on a recent Euro- 
pean consensus is a dilution volume of 9 mL or more, including 
2 mL of a local anaesthetic. Even when administered using the 
correct injection technique and a higher dilution, in some cases the 
26 G needle will become occluded during the injection, at which 
point the syringe has to be withdrawn and the plunger retracted 
until the PLLA flows again. 


Before 2010, studies on the efficacy and safety of PLLA were 
based mainly on the treatment of HIV patients with drug-induced 
lipoatrophy [41,42]. In 2010, a large clinical trial was published com- 
paring PLLA with human collagen (1 = 233) [40], which showed at 
3 months the superiority of the PLLA when using a 5 mL dilution. 
The mean number of treatment sessions required per subject was 
3.2 in the injectable PLLA group compared with 2.6 in the collagen 
group. The mean (standard deviation (SD)) volume of injectable 
PLLA used per session for both naso-labial folds was as follows: 
first session 4.1 mL; second session 3.5 mL (SD 1.2); third session 
3.3 mL (SD 1.2); and fourth session 3.5 mL (SD 1.1). For human 
collagen, the mean (SD) volume used per session was first session 
3.1 mL (SD 1.1); second session 2.1 mL (SD 1.1); third session 1.9 mL 
(SD 1.1); and fourth session 1.7 mL (SD 1.0). Importantly, the correc- 
tion with PLLA lasted for more than 13-25 months, which is why 
most patients preferred this product [43]. However, the grade of 
correction that could be achieved was less in PLLA compared with 
that of HA (approximately 0.66-0.85 for PLLA on a six-point scale 
versus approximately 1.0 on a five-point scale in HA trials) [40]. 

Papule/nodule formation is the main adverse reaction of PLLA, 
and the prevalence seems to be associated with the volume used for 
dilution. There is indirect evidence that papule/nodule formation 
can be reduced when a higher volume for dilution is used [44,45]. 
One reason may be that the PLLA is more evenly distributed with 
higher dilution, mitigating the risk of papules caused by focal areas 
of collagen formation around PLLA deposits. In a few patients the 
formation of large nodules has been reported and this may indicate 
an exaggerated immunological reaction to the product. There are 
case reports of large solitary nodular masses, for example in the 
temporal region [46], as well as abscess formation [47]. In most 
patients, nodule formation is temporary and will decrease over 
time [48] so aggressive treatment is not required. 


Polycaprolacton 

Ellansé®, which was approved for use in the European market (CE 
marked) in 2009, is composed of polycaprolactone (PCL) micro- 
spheres in an aqueous carboxymethylcellulose gel carrier. It is 
claimed to have some collagen biostimulating properties. There is 
only one small, clinical, randomised controlled trial comparing PCL 
with an HA filler (Restylane Perlane now Restylane Lyft) [49]. In 
this single trial PCL was shown to be slightly superior to Restylane 
Perlane after 12 months. However, no further comparative trials 
with another HA filler have been conducted so far. There is no 
antidote available so in case of an overcorrection or an adverse 
event the treatment options are limited [50,51]. 


Calcium hydroxylapatite as a biostimulating filler 

Calcium hydroxylapatite is sometimes advocated as a biostimulat- 
ing filler. However, the evidence is scarce. When injected as a filler 
(e.g. for naso-labial folds) there is no evidence that repetitions of 
injections in the same side are needed less frequently than with HA 
fillers. There is a small retrospective study for mid and upper face 
rejuvenation based on 40 patients [52] and a consensus paper on 
the use of diluted and hyperdiluted CaHa for skin tightening [53]. 
However, the evidence for the consensus paper is mostly based 
on expert opinion and not randomised controlled clinical studies. 
A randomised controlled clinical trial, for instance comparing 
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diluted /hyperdiluted CaHa with PLLA, would be very welcome in 
guiding clinical practice. 


Non-biodegradable fillers 

In Europe and the USA there are only a few non-biodegradable 
or permanent fillers currently available. Several products were 
removed from the market due to very severe adverse reactions, 
both acute and delayed, which negated any potential advantages. 
Although their popularity has waned, it is important for practi- 
tioners to familiarise themselves with permanent fillers as there are 
still patients with these implanted products, who may present with 
adverse reactions and require management decades after initial 
injection. Furthermore, these or similar products could resurface 
on the international scene. There are no antidotes available to these 
fillers. 


Single substance products 

Silicones 

Silicones are not widely used in Europe or in the USA. Medical-grade 
silicone is a clear, oily, colourless liquid composed of long chains 
of polymerised dimethylsiloxane. There are several methods of 
injection for this product, including the microdroplet technique 
[54,55]. Fluid silicone is injected into the dermis as 0.01 mL micro- 
droplets at 1 mm intervals, with a preference for undercorrection. 
Silicone, particularly that with dubious provenance, has led to 
disastrous local and systemic effects. In general, the inflammatory 
reaction surrounding injected silicone is self-limited; however, the 
extent of the reaction is not predictable and in some cases can be 
quite severe. Local adverse reactions include chronic inflammation, 
infection, migration, extrusion, ulceration and silicone granuloma 
formation [56-59]. Once these complications occur, removal of the 
injected silicone is quite difficult, necessitating wide tissue resec- 
tions and complex reconstructions [56]. As Pérez-Ruiz [60] showed, 
methotrexate therapy may be a good alternative to surgical inter- 
vention. The quality of the product in terms of purity has improved 
significantly over the last decades and in a patient record review of 
916 patients treated with 1000-centistoke silicone oil, only very few 
adverse events were documented [61]. 


Polyacrylamides 
There are still several polyacrylamide products in the marketplace, 
but only Aquamid® is available in Europe and the USA. Composed 
of 97.5% water and 2.5% cross-linked polyacrylamide, it is used 
for volume correction and is injected deeply, usually using the 
subcutaneous tunnelling technique [62,63]. In a large trial (N = 315) 
by Narins et al. [64], Aquamid was compared with an HA filler for 
the correction of naso-labial folds. The degree of correction was 
comparable between both products at 6 and 12 months and adverse 
effects were infrequent. In 2004, Breiting et al. reported the results 
of a retrospective case series of 104 patients, where 49 patients had 
undergone polyacrylamide gel injection for breast augmentation 
and 65 for facial treatment [62]. Migration of the gel was demon- 
strated in three women who had had their naso-labial folds treated. 
No long-term adverse effects were observed in this study, which 
reported an average observation time of 3.9 years [62]. 

However, when adverse effects do arise, they may be severe and 
a challenge to treat. In 2003, Wang et al. published a case series 


of 15 patients with adverse reactions assessed over 2 years and 
reported the following: nodules (80%), pain (60%), secondary defor- 
mity (20%), discomfort (13%) and long-lasting swelling (6.6%) [65]. 
Pathological examinations showed macrophagocyte infiltration 
(60%), capsule formation (53.3%) and granulomatous reactions 
(20%). In a large study comparing PLLA and polyacrylamide in 
HIV-positive patients with therapy-induced lipoatrophy, more 
severe inflammatory reactions were seen in the polyacrylamide 
group [66]. Bjarnsholt and colleagues postulated biofilm formation, 
which is a low-grade microbial colonisation adherent to the filler 
product, as the cause of these adverse reactions and recommended 
antibiotic treatment instead of immunomodulatory treatments [67]. 
However, as Alijotas-Reig et al. [68] point out, there is no clini- 
cal proof that a mere antibiotic treatment is beneficial in nodule 
formation due to polyacrylamide. 


Polyalkylamide 

Polyalkylamide, marketed as Bio-Alcamid®, consisted of alkylim- 
ide group networks (approximately 4%) and water (approximately 
96%), in two preparations of different viscosity indicated for lip 
and facial augmentation. The material needed to be injected sub- 
dermally and, according to the manufacturer’s information, was 
supposed to be easily removable when injected in larger volumes 
[69]. There are very few data available on this product, although 
an initial case series by Protopapa et al. [69] reported no adverse 
events in 73 patients over a follow-up period of up to 3 years. 
However, in an independent retrospective Dutch study on 3194 
patients, 154 complications were reported, the most common being 
inflammation and hardening, as well as migration [70]. The authors 
concluded that the prevalence of these reactions was unacceptably 
high and that the use of the product could not be recommended. 
Similar conclusions were drawn from a British group of surgeons 
when reviewing 67 patients with HIV antiretroviral-associated 
lipoatrophy who had all been treated with polyalkylimide, where 
50% of the treated patients experienced at least one complication 
(migration, hardening or irregularity) [71]. These results were 
supported by a Canadian group, where in 19% of 267 patients 
infectious complications were noted [72]. Currently the product is 
not available in Europe. 


Multiple substance products (combination fillers) 
Polymethylmethacrylate and collagen 

The fixed combination of polymethylmethacrylate (PMMA) and 
bovine collagen (now BellaFill®, formerly ArteFill®, formerly 
Artecoll®) was introduced at the end of the 1980s and is the old- 
est available combination filler. PMMA beads are suspended in a 
solution of 3.5% bovine collagen as a carrier and 0.3% lidocaine 
for anaesthetic effect. While the collagen resorbs over a period of 
2-3 months, the PMMA spheres become encapsulated by fibrotic 
material and remain permanently in the tissue. BellaFill is meant to 
be injected into the lower third of the dermis with a 26-27 G needle, 
using the tunnelling technique. The material should not be injected 
too superficially and the needle should never be visible through the 
overlying skin. Careful massage with a fingertip after application 
helps to distribute the material more evenly. Overcorrection is 
not advisable; however, a second implantation may be necessary 
after 3 months [73]. Although the preparation contains collagen, 
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in Europe a skin test is not mandatory. This is the only permanent 
filler that has been subject to a large clinical trial [74]. In this clinical 
study 251 patients were followed up for 1 year to assess the risk of 
adverse reactions [74]. Even when followed for a further 4-5 years, 
the risk remained low [75]. This is in accordance with a review of 
filler complications in the FDA database. BellaFill/ArteFill nodule 
formation was the most commonly reported complication in five 
people (40.0%), and this comprised 0.01% of all ArteFill/BellaFill 
injections performed [76]. However, as the product is permanent, 
adverse reactions such as granuloma formation may develop years 
later [77]. 


Hydroxyethylmethacrylate and ethylmethacrylate micro- 
spheres suspended in hyaluronic acid 
Hydroxyethylmethacrylate (HEMA) and ethylmethacrylate micro- 
spheres suspended in HA was available in Europe as DermaLive® 
from the end of the 1990s until 2007. This product consisted of 40% 
bacteria-derived HA and 60% acrylic hydrogel particles (diame- 
ter 45-65 pm). A product from the same family was marketed as 
DermaDeep® and was intended to be injected deeper. DermaLive 
was injected with a 27.5 G needle into the deeper layers of the der- 
mis, while DermaDeep was supposed to be injected with a slightly 
larger 26.5 G needle deeper still, into the hypodermis or subpe- 
riosteal layer [78]. This product has the ignominious distinction as 
being the dermal filler product associated with the highest risk of 
adverse reactions, primarily nodule formation, but also abscesses 
and ulcerations [79]. In 2001, Bergeret-Galley et al. published an 
overview in which the overall incidence of late side effects and 
complications (nodules, swelling and redness, on average 6 months 
after injection), based on data from the manufacturer, is given as 
<1.2 per 1000 patients [78]. Although this product is no longer man- 
ufactured, it is highly likely that adverse reactions to this permanent 
product will continue to present years after its use. 


Common injection errors and how to avoid 
them 


Treatment with injectable fillers is generally very safe if adminis- 
tered by a properly trained practitioner. However, adverse reactions 
or injection mistakes may occur. 


General errors 

Using fillers with no antidote. Fillers with no antidote pose a 
challenge when they are accidentally injected into the intravascular 
space as they cannot be dissolved emergently. Furthermore, in 
slowly biodegradable or permanent fillers, products may remain 
implanted for years or even permanently. The patient’s immunolog- 
ical reactivity may change over time, resulting in delayed adverse 
events such as large granuloma formation. Although these reac- 
tions can be addressed, they are much more challenging than the 
treatment of granulomatous reactions to HA-based fillers [1]. Cur- 
rently there is no treatment or antidote to degrade non-HA-based 
biodegradable and/or permanent fillers. 


Using products without good clinical data. The use of products in 
the absence of good clinical data increases the risk of early adverse 


reactions such as abscess formation. Therefore, it is desirable to use 
products where evidence exists. However, most clinical trials are 
restricted to use in the naso-labial folds. Other areas such as the 
lips, glabella, temple, forehead and infraorbital hollow may be less 
well understood [2,3]. One should be very cautious, particularly 
with new products and new indications. 


Injection errors 

Inadequate aseptic technique before injections. Early inflam- 
mation, infection and abscess formation may be consequences 
of non-sterile technique. Thorough local disinfection prior to the 
injection is mandatory. 


Disregard of and/or lack of respect for anatomy. Fillers are increas- 
ingly used for volume augmentation in all kinds of patients. 
To avoid an aesthetically displeasing outcome (e.g. asymmetry) 
or more serious adverse events (e.g. arterial occlusion), a good 
understanding of both the surface and deeper facial anatomy is 
required. This includes not only the layers of the skin and subcutis 
but the muscles, fat compartments, ligaments, nerves, vessels and 
underlying bony structures. 


Using deep injection fillers too superficially. Injecting a filler 
designed for deep injections very superficially is a common 
operator-dependent error. HA fillers intended for deep injec- 
tions have a high G-prime rating [4], which is a marker for the 
hardness of the HA gel or its lifting capacity. High G-prime fillers 
are those used for volumisation, but if injected superficially will 
result in unsightly bumps or sausage-like lines. In cases where an 
HA was injected, these can be easily corrected with hyaluronidase. 


Injecting too much volume in one session. A conservative, ‘less 
is more’ approach is safest, and aligns with a natural, gradual 
rejuvenation strategy which most patients desire. Large amounts 
(e.g. more than 3 mL per site when treating the cheeks) will lead to 
very visible changes and might be totally unsuitable in elastotic skin 
where the filler might extend the skin to an unsightly overextended 
face [5]. 


Injecting under timely constraints. Adverse events occur more fre- 
quently when the injector works under time constraints. Injecting 
in a relaxed manner will benefit the patient and the injector alike. 
Fillers should be injected slowly in small amounts. Overcorrec- 
tions, asymmetries, haematomas and probably arterial occlusions 
through to increased injection pressure will occur less often. Sim- 
ilarly, caution must be used prior to a special occasion (e.g. a 
wedding), particularly in the novice patient, with plenty of time 
allowed for bruising to settle or for any necessary corrections or 
touch-ups. 


Adverse reactions and their treatment 
No injectable filler is without the potential risk of an adverse reac- 


tion. The key issues to consider are how high is the risk and can it 
be mitigated? 


Assessing and reducing the risks 

To accurately assess the risk of a specific injectable filler, the fol- 
lowing data are required: (i) the number of adverse reactions; and 
(ii) the total number of patients treated. For most injectable fillers 
this information is not available. Data on the number of adverse 
reactions are dependent on adverse event reporting, and it is well 
recognised that there are serious lapses in the clinician—reporting 
interface. Often the clinician dealing with a presenting complication 
is not the original injector and the patient may not be aware of which 
product was used, or may have had a number of different products 
injected over time. The total number of patients treated can only be 
estimated based on the volume of product sold, but in contrast to 
the drug market, there is no reliable source reporting this informa- 
tion. Furthermore, the product can be purchased from a number of 
illegitimate and black-market sources [1]. 

Two attempts have been made to estimate the risk of adverse reac- 
tions. Friedman et al. [2] reviewed the data of all unwanted effects 
of the Restylane range of HA products reported globally (Europe, 
Australia, South America, Asia) to the manufacturer between 1999 
and 2000. For 1999, based on 144 000 treatments, the incidence was 
calculated at 0.15%; for 2000, based on approximately 262 000 treat- 
ments, an incidence of 0.06% was given. The differences between 
these incidences were explained through changes made in the 
manufacturing process. 

Another more recent attempt to estimate the risk for adverse reac- 
tions took place in the Netherlands in 2012. The sales of HyaCorp 
HS® and H1000® were temporarily stopped after several patients 
were reported with problems following the use of two products 
from the range. Based on these cases the estimated risk of adverse 
reaction was 1.4% [3]. Investigation by the Dutch authorities ensued 
and the company opted to withdraw HyaCorp H$500® and H1000 
as well as HyaCorp L® from the European market in August 2013. 
Thus, risk can be reduced or mitigated by either modifying the 
production process or withdrawing the filler from the market. 

The Vycross family has also come into focus for a potentially 
increased risk of inflammatory nodular adverse reactions. In 2019, 
Sadeghpour et al. published a case series of 1029 patients who 
received 1250 Vycross filler treatments [4]. Five patients developed 
delayed nodules to the Vycross Volbella filler, with an incidence of 
1.0% per patient and 0.8% per syringe. Compared with other cur- 
rently approved NASHA fillers, Volbella is associated with a higher 
incidence of nodule formation. Mu et al. [5] identified a character- 
istic histopathological pattern for these reactions of discrete foci of 
tightly cuffed palisaded granulomas with eosinophils around the 
Vycross fillers. Despite an increased risk of inflammatory reaction 
the Vycross products are still widely used. 


Potential adverse reactions 

In general, adverse reactions can be classified as acute, subacute or 
delayed, based on time of onset after the injection. Acute reactions 
occur immediately after the injection or after a few days. Suba- 
cute onset is somewhat vaguely defined; it generally encompasses 
reactions that occur weeks after an injection. Reactions can also 
be grouped according to the clinical diagnosis. The most severe 
adverse reactions are abscesses, nodule formation and _ arterial 
infarction, followed by immunological reactions [6]. 


158.9 


Adverse reactions and their treatment 


The management plan for any adverse event is dependent upon 
the type of filler and the type of reaction. If there is uncertainty as to 
the type of filler, a biopsy is recommended. The biopsy may allow 
identification of the broad type of product (e.g. biodegradable ver- 
sus permanent), as well as identification of specific fillers with a 
characteristic histological appearance such as PLLA. It is important 
to send these specimens to a dermatopathologist familiar with these 
reactions to avoid the vague comment of ‘foreign body reaction’. 
Dadzie et al. described several typical reactions to different fillers 
that may assist the histopathologist [7]. 

Abscesses are usually acute or subacute (Figure 158.6a), although 
cases occurring after several months or years have been reported 
(Figure 158.6b). If the abscess is fluctuant, it should be drained and 
bacterial microscopy and culture undertaken, with consideration for 
atypical mycobacterium, followed by administration of anappropri- 
ate antibiotic. 


(b) 


Figure 158.6 (a) Abscess 19 days after the injection of a hyaluronic acid (Matridur®). 
(b) Abscess several months after the injection of a porcine collagen (Evolence Breeze). 
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Nodule formation as a sign of an exaggerated immune response is 
the most common adverse reaction to all fillers (Figure 158.7). Some 
researchers advocate that biofilm, a low-grade bacterial coloni- 
sation, may play a significant role in nodule formation by trig- 
gering an immunological reaction [8]. When antibiotics appear 
to be beneficial, it is uncertain if this is due to bactericidal, 
anti-inflammatory or immunomodulatory effects, or a combination 
of these (Figure 158.8) [9]. In the last years in cases of inflammatory 
reactions towards permanent fillers, methotrexate therapy has 


(b) 


Figure 158.7 (a, b) Haematoxylin and eosin staining of a hyaluronic acid plus 
methacrylate (DermaLive) filler implant showing characteristic polygonal structures 
immersed in a granulomatous reaction. Courtesy of T. Griffiths and L. Motta. 
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Figure 158.8 (a) Massive nodular mass formation around polyacrylamid (Aquamid) 
injected 5 years earlier. (b) Results after 4 months of treatment following a 
polypragmatic approach with oral antibiotics, steroids and fumaric acid. 


been used in a couple of case series with apparently good success 
[10,1112]. 

The treatment plan for such nodules is outlined in Tables 158.2 
and 158.3. 

The most severe adverse reaction, considered a medical emer- 
gency, is arterial occlusion due to either direct embolisation or 
compression. Usually this is an acute event accompanied by 
immediate pain and a whitish vascular reaction in the area of the 
occlusion. The highest-risk injection sites for this medical emer- 
gency are the glabella/forehead area, the nose and the naso-labial 
folds. There are several reports of blindness due to arterial occlusion 
following filler injection in these areas [13-17]. If HA is the culprit 
filler, hyaluronidase should immediately be injected around the 
HA depot and along the flow of the artery [18,19]. The injection of 
hyaluronidase is most effective in the first hours after the injection. 


Table 158.2 Treatment approach for immune response nodules after hyaluronic acid 


(HA) fillers. 


Step 


First line: hyaluronidase 


Treatment 


If an HA filler has been 


Comments 


Do not forget that bovine 


Table 158.4 Treatment approach for different cases of arterial occlusion. 


Type of case 


Treatment 


Comments 


Blanching and severe 
pain or loss of vision 

Signs of cutaneous 
occlusion following 
the use of a 
hyaluronic acid (HA) 
filler 


Stop the filler injection 


immediately 


Inject hyaluronidase 


around the injected 
area and the course 
of the affected artery; 
repeat if necessary 


Although hyaluronidase is 
most effective in the first 4 
h after injection, 
hyaluronidase should be 
always used in vascular 


injection used, inject hyaluronidase hyaluronidase might 
around the nodule (in the elicit allergic reactions 
nodule if possible) 
Second line: Inject intralesional steroids Be careful of steroid 
immunomodulatory and/or 5-fluorouracil atrophy 
treatment Or start an oral steroid Give prednisolone 60 mg 


treatment as pulse 

(e.g. prednisolone) 
And/or oral doxycycline 

100 mg twice a day over 


for 2 days; 40 or 50 
mg for 2 days; 20 mg 
for 2 days; then off for 
1 week. Extend dosing 


3 weeks? if required 
Third line: surgical Excision Be aware of scar 
treatment formation 


* Low-dose oral doxycycline 40 or 50 mg once a day, as it is used in rosacea or acne, 
might be an alternative. 


Table 158.3 Treatment approach for immune response after non-hyaluronic acid 
(non-HA) fillers. 


Step Treatment Comments 

First line: Inject intralesional steroids Be careful of steroid atrophy 
immunomodulatory and/or 5-fluorouracil 
treatment Or start an oral steroid Give prednisolone 60 mg for 


treatment as pulse 
(e.g. prednisolone) 

And/or oral doxycycline 
100 mg twice a day 
over 3 weeks? 

And/or oral methotrexate 
10-15 mg oncea 
week, with usual folic 
acid supplementation 


2 days; 40 mg for 2 days; 
20 mg for 2 days; then off 
for 1 week. Extend dosing if 
required 


Methotrexate has been shown 
in some case series to be 
highly effective in 
granulomatous reactions to 
permanent fillers [10,11,12] 

This is a drug used in psoriasis 
and has shown some effect 
in sarcoidal granulomas 

Be aware of scar formation 

Diode and CO, lasers are used 
to drill openings in the 
granulomas and the filler is 
then extruded [22] 


And/or oral fumaric acid 
tablets (Figure 158.8) 


Excision 
Laser 


Third line: surgical 
treatment 


* Low-dose oral doxycycline 40 mg once a day, as it is used in rosacea, might be an 
alternative. 


Animal studies demonstrate that an occlusion was reversible in 
a 4h period only [19]. After 24 h, the effects were less reversible 
(Table 158.4). However, expert consensus recommends treatment 
with hyaluronidase even after 24 h. Injections should be repeated 
until the pain subsides. In the case of acute blindness after an HA 
injection, the patient should be given an immediate hyaluronidase 
injection around the treated area. It is not clear whether retrobulbar 
injection of hyaluronidase is helpful [20]. In any case the patient 
should be seen as an emergency by an ophthalmologist. 

In conclusion, the treatment of adverse reactions to dermal 
filler injections remains a significant challenge. The evidence that 


occlusion even when 
diagnosed a couple of 
days after the event 


over several days until 
the pain subsides 


Apply topical 
nitroglycerine to 
enhance dermal blood 
flow@ 

In the case of an HA, 

nject hyaluronidase 

immediately where the 
original filler was 
njected. There is some 
controversy over 
whether retrobulbar 
injections are helpful 
or not [20]. Urgent 
ophthalmologist 
eferral is advised 


Signs of cutaneous 
occlusion following 
the use of anon-HA 
filler 

Loss of vision Due to the rarity of this 
adverse event the evidence 
for all treatment options is 
more based on theoretical 
considerations instead of 
good evidence [20] 


= 


@ Although a recent animal study questions the use of topical nitroglycerin [23]. 


underpins recommendations is based on expert opinion and/or 
case series only. Nevertheless, adverse reactions appear to be dimin- 
ishing over the years, particularly with the increasing popularity 
of biodegradable products where the risk of persistent sequelae is 
very low [21]. 


Fillers and different skin types 


Most filler studies have been conducted on skin types I-III. This 
may be due to the natural photoprotection from premature skin 
ageing present in darker skin, with a subsequent later presentation 
of the signs of facial ageing. There are no known differences in cases 
of immunological reactions between different skin types, therefore 
the rate of adverse reactions can be assumed to be quite similar 
independent of the type of skin. 

Darker skin may react with more hyperpigmentation to inflamma- 
tion; some smaller studies and a data subanalysis project examining 
patients with skin types IV-VI are ongoing. Marmur et al. [1] could 
not show an increased risk of any adverse reaction in a case series 
of patients with skin types IV-VI treated with CaHa. Similar results 
were reported by Downie et al. [2] when looking at an HA (Belotero 
Balance®) and Grimes et al. [3] for the Juvéderm range, the latter 
being a subanalysis of trial data already available. In addition, there 
is a study from India examining 30 patients with skin type IV-VI 
who were treated with an HA (Restylane Perlane now Restylane 
Lyft). Efficacy and safety were similar compared with fair skin 
patients [4]. However, as there is a higher risk of postinflammatory 
hyperpigmentation in adverse reactions such as abscess formation, 
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the frequency of hyperpigmentation in these selected cases might 
be higher. 

One needs to be aware of the myths and knowledge gaps asso- 
ciated with aesthetic treatments in patients with skin of colour. On 
balance, the risks of filler treatments are similar independent of eth- 
nicity [5]. 
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Introduction 


Botulinum neurotoxins, sometimes referred to as neuromodulators, 
have proven efficacy for a variety of clinical conditions resulting 
from neuromuscular hyperactivity, which includes spasticity and 
blepharospasm. The approved aesthetic and dermatological indica- 
tions for type A botulinum toxins include treatment of hyperfunc- 
tional facial muscles causing facial lines and the treatment of focal 
hyperhidrosis. 

In 1992, the seminal observation that botulinum toxin type 
A (BTX-A) was effective in reducing muscle-induced forehead 
lines was reported [1]. This was followed by double-blind, 
placebo-controlled, evidence-based studies confirming the effi- 
cacy of BTX-A for the reduction of dynamic facial lines [2,3,4,5]. 
Botox™, now designated onabotulinumtoxinA (BTX-A Ona), was 
developed in the USA as the first BTX-A for aesthetic treatments. 
It rapidly gained popularity during the 1990s and the early 21st 
century [1,2,3,4,5] as a paradigm shift in the treatment of facial 
rejuvenation. In the UK, an alternative type of BTX-A known as 
Dysport™, now designated abobotulinumtoxinA (BTX-A Abo), 
was developed for similar indications. Controlled clinical trials 
followed with publications in 2004 and 2006 [6,7]. 

Another approved indication for BTX-A Ona is the treatment of 
severe axillary sweating. The treatment of gustatory sweating was 
reported by Naumann et al. [8] and was followed by studies treating 
severe axillary hyperhidrosis with BTX-A Ona [9]. BTX-A is now a 
recognised treatment option for severe localised hyperhidrosis and 
is discussed in more detail in Chapter 92. 

Three types of BTX-A currently exist and are approved in Europe 
and the USA for several aesthetic indications (Table 159.1). In addi- 
tion, botulinum toxin type B (BTX-B) has distinct pharmacological 
mechanisms but similar clinical responses to those of type A toxins. 


Table 159.1 Pharmaceutical terminology of some available neurotoxins in 2022. 


Trade name Pharmaceutical name 

Botox Ona botulinum toxin type A 
Dysport Abo botulinum toxin type A 
Xeomin Inco botulinum toxin type A 
Myobloc/NeuroBloc Rima botulinum toxin type B 


History and early research 

Botulism was first described by a German physician, Justinus 
Kerner, in the early 19th century when he observed outbreaks 
of food poisoning from contaminated sausages [10]. He noted 
neurological effects resulting in muscle paralysis and then death 
secondary to respiratory depression. In the late 19th century, 
van Ermengem identified the bacterium causing botulism which 
he named the botulinum bacterium. This terminology was later 
changed to Clostridium botulinum [10]. 

In the 1940s, the USA and UK developed botulinum toxins as 
potential biological agents to be used during the Second World 
War. As a corollary, vaccines were also developed in order to pre- 
vent troops from succumbing to reciprocal biological warfare from 
the enemy. BTX-A toxin was purified and developed by Edward 
J. Schantz at the US biological warfare centre in Fort Detrick, 
Maryland [1]. This strain later became known as Occulinum™ and 
then Botox, or Ona BTX-A. In the UK, at the Porton Down biological 
warfare centre on Salisbury Plain, research was conducted with a 
different serotype of BTX-A with similar characteristics to the Fort 
Detrick toxin, which became known as Dysport after Porton Down, 
now called Abo BTX-A. 

Medical use of Ona BTX-A was pioneered by ophthalmologist 
Alan Scott in an attempt to discover a non-surgical treatment for 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


Y 
= 
Lu 
= 
= 
A) 
Lu 
i § 


DERMATOLOGY 


PART 14 


< 
= 
Lu 
= 
= 
Vv 
Lu 
 § 


DERMATOLOGY 


PART 14 


159.2 


Chapter 159: Aesthetic Uses of Botulinum Toxins 


strabismus. Scott had obtained the toxin from Fort Detrick and 
initially studied the effects of this toxin in the ocular muscles of 
monkeys [11]. 

In the 1980s, Scott and colleagues proved that it was possible 
to improve strabismus by injecting BTX-A into the appropriate 
periocular muscles. The trade name of this injectable toxin became 
Occulinum and it was utilised for the treatment of strabismus, ble- 
pharospasm and hemifacial spasm [12,13]. Another pharmaceutical 
company subsequently acquired Occulinum and renamed it Botox. 


History of clinical applications 
It was noted during the treatment of strabismus that BTX-A 
could reduce wrinkles in the glabellar region of the face. These 
seminal observations were reported by Jean Carruthers, an oph- 
thalmologist, and Alastair Carruthers, a dermatologist, in 1992 
[1]. Other researchers confirmed these findings in double-blind 
placebo-controlled studies, demonstrating the ability of BTX-A 
to reduce what were essentially hyperfunctional muscle-induced 
facial lines [2,3,4,5], or so-called dynamic wrinkles. In 2002, the 
US regulatory body, the Food and Drug Administration (FDA), 
approved Ona BTX-A for the treatment of glabellar lines, and reg- 
ulatory body approval in a variety of other countries including the 
UK followed shortly thereafter. An additional approved indication, 
the treatment of severe axillary hyperhidrosis, has been confirmed 
as safe and effective in evidence-based multicentre studies [9]. 

In addition to the reduction of facial lines and hyperhidrosis, 
there are many other approved and non-approved indications for 
botulinum toxins in medicine. These include conditions relating to 


muscle hyperactivity such as focal dystonia, blepharospasm, cervi- 
cal dystonia, spasmodic dysphonia, writer’s cramp, occupational 
cramps, hemifacial spasm, spasticity of the limbs in adults and 
children, strabismus, nystagmus, brow ptosis, facial tics, rigidity 
syndromes and bruxism. Autonomic nervous system indications 
include focal hyperhidrosis, gustatory sweating, hyperlacrimation 
and sialorrhoea. Various organ systems are covered, including 
urological indications such as overactive bladder, vaginismus, 
urethrism; gastrointestinal indications such as anal fissures, outlet 
constipation and sphincter of Oddi dysfunction; and neurological 
applications for the treatment of essential tremor, parkinsonian 
tremor and spasticity, pain control in migraine and focal muscle 
pain [14]. 


Pharmacology and action of neurotoxins 


The clinical effects of BTX-A and BTX-B result from pharmaco- 
logical action at the neuromuscular junction blocking release of 
acetylcholine (Ach) at the neuronal endplate [15,16], with subse- 
quent inhibition of muscular contraction (Figure 159.1). The core 
molecule in all botulinum toxins is a 150 kDa protein with three 
distinct domains, and various accessory or neurotoxin-associated 
proteins (NAPs) according to serotype. 

The three domains of the core molecule are the binding domain, 
translocation domain and catalytic domain. The binding domain 
docks with specific receptors on the neuronal surface and the 
translocation domain allows for entry of the catalytic domain into 


Synaptobrevin or VAMP 
(types B, D, F, G) 


\\ Heavy chain — transport 


iL Light chain — active 


Neuromuscular 
junction membrane 


Figure 159.1 Different botulinum toxins block 
acetylcholine release via different synaptic proteins, 
BTX-A bind to SNAP-25 and BTX-B binds to 
synaptobrevin. VAMP, vesicle-associated membrane 
protein. 
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Table 159.2 Some characteristics of the botulinum neurotoxins. 


Approved for some medical 


Product Toxin Molecular weight Approved for Approved for indications, e.g. cervical dystonia, 
(trade name) type (kDa) pH facial etc. lines hyperhidrosis blepharospasm 

Botox? A 900 7 Yes Yes Yes 

Dysport A 500-900 vi Yes No Yes 

Xeomin A 150 7 Yes No Yes 

Myobloc/NeuroBloc B 300-500 5.6 No No Yes 


4 Botox was also approved for crow’s feet by the US Food and Drug Administration, October 2013. 


the cell. Once inside the neuron, the catalytic domain binds to 
specific intracellular proteins resulting in the blockade of neuro- 
transmitter release. The catalytic domain of BTX-A binds to intra- 
cellular SNAP-25 proteins [15] which prevents exocytosis of ACh 
from the synaptic vesicle, thus inhibiting muscular contraction. 
BTX-B binds the intracellular synaptic protein synaptobrevin [16], 
also referred to as vesicle-associated membrane protein (VAMP), 
likewise preventing ACh transportation across the neuronal cell 
membrane into the neuromuscular junction and blockading muscu- 
lar contraction. It is thought that the limited duration of the clinical 
effect of botulinum toxins results from the synthesis of new synaptic 
proteins over time, re-establishment of ACh release and subsequent 
muscular activity. 


Variation and equivalence 

Manufacture of botulinum toxins utilises similar processes of anaer- 
obic fermentation to those used to produce Clostridium botulinum. 
The toxin produced by the bacteria is then separated and purified 
by a variety of proprietary methods. It is likely that the active 
light chain toxin in all proprietary BTX-A products is identical, but 
variations in subsequent manufacturing processes result in phar- 
macological differences between the final products. These include 


differences in molecular weight, among other formulation varia- 
tions (Table 159.2). Botulinum toxin potency is estimated as units 
of activity. These vary among the different type A toxins and have 
been the subject of numerous comparative studies [5,6,7,17-19]. 
The following summary of the comparative per unit therapeutic 
efficacy is based on such studies, and on anecdotal and personal 
experience: 


Ona BTX-A 1 unit equivalent to Inco BTX-A 1.25 units equivalent 
to Abo BTX-A 3 units 


It must be stressed that it is best practice to consider each as a 
different drug, the dose of which is to be individually determined. 


Clinical applications of botulinum toxins 
for aesthetic indications 


Applications for the aesthetic use of botulinum toxin have become 
well documented over the last two decades. The main target muscles 
for botulinum toxin in the face are shown in Figure 159.2, with some 
common sites for these injections indicated. These will vary with the 
individual patient and tailored treatment after careful assessment is 
key to an optimal outcome. 


Frontalis 


Orbicularis oculi 


Levator labii 


Masseter 


Depressor anguli oris 


Figure 159.2 Idealised diagram of the facial muscles 
that create rhytides that can be injected with botulinum 
toxin for aesthetic changes to the face. The blue dots 
indicate some of the frequent sites used for such 
injections. 
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There are many variations in the selection of injection site, and 
treatment must be tailored according to the muscular dynamics of 
the patient; what is considered to be optimum placement continues 
to evolve over time. Industry-sponsored research studies involving 
botulinum toxin injections into the lower forehead utilised different 
injection sites in order to gain relevant regulatory approval [4,5,6,18]. 
Idealised diagrams can be helpful but are not necessarily relevant or 
optimal for individual patients, due to the frequency of facial asym- 
metry or imbalance in baseline muscular action. 

In reality, the first and most critical aspect of cosmetic facial use of 
botulinum toxin injection is to learn how to accurately examine the 
patient. Assessment should be made at facial rest and at maximum 
muscle contraction. It is these authors’ practice to take facial pho- 
tographs at rest and at maximum muscle contraction. Many cases 
of facial asymmetry are found and as a result require a change from 
the ‘standard’ patterns of injection sites for botulinum toxin that are 
recommended in many articles. 


Upper face 

Most of the clinical research studies addressing the cosmetic use 
of botulinum toxin for forehead rhytids have focused on dividing 
varying doses of BTX-A over five to seven injection sites [1,2,3,4,5]. 
In general, one or two injection sites into the procerus and usually 
two each into each corrugator are the ideal injection sites frequently 
cited in education and training for the cosmetic use of botulinum 
toxin. The relevant injection sites and doses of various BTX-A 
serotypes must be based on a detailed knowledge of facial anatomy. 
The desired aesthetic outcome requires appropriate training and 
experience, underpinned by a fundamental knowledge of the 
evidence-based research and literature [1,2,3,4,5]. 

The muscles producing the frown or ‘knitting of the brow’ were 
those first studied for regulatory approval of the cosmetic use of 
BTX-A. All three commercially available BTX-A products were first 
approved for injection at this site. Figure 159.3 shows the injection 
sites from an early study on Ona BTX-A [3]. The corrugator and pro- 
cerus are the most important muscles that lead to lower and central 
vertical forehead lines. These muscles are also responsible for eye- 
brow depression and ptosis (Figures 159.3, 159.4 and 159.5). It must 
be noted that the frontalis muscle is the main brow elevator that lifts 
the forehead and brows, and is responsible for horizontal forehead 
lines. Understanding the brow depressor /elevator muscle balance is 
key to successful upper face botulinum toxin rejuvenation strategies. 


Glabellar area 

The muscles that create vertical forehead lines in the glabellar area 
also often act as brow depressors and are as follows: 

¢ Corrugator muscle. 

e Procerus muscle. 

Brow elevation is produced mainly by the frontalis muscle. When 
the corrugator and procerus muscles contract, the facial expression 
is that of anger or concern. Contracting the corrugator muscles also 
results in narrowing of the eyes. Contracting the procerus muscle 
induces further medial brow depression and creates horizontal lines 
between the eyebrows and the bridge of the nose [5,7,20]. 


Forehead 
The frontalis muscle is employed to raise the eyebrows and to pre- 
vent eyebrow ptosis. It also creates forehead expression lines that are 


(a) 


(b) 


Figure 159.3 (a) Usual injection sites for a symmetrical forehead with vertical glabella 
lines before treatment and to correct brow ptosis: 4 Ona BTX-A units per site. (b) Patient 
photographed attempting to frown 7 days after injection of BTX-A. 


Figure 159.4 Forehead facial asymmetry. Stronger right corrugator and procerus 
muscles resulted in right brow ptosis compared with left. 


horizontal and can express surprise or fear. Botulinum toxin treat- 
ment to the mid and lateral forehead should be performed with rel- 
atively small amounts of toxin compared with the glabellar area. 
Overdose of toxin across the frontalis muscle inevitably results in 
undesirable brow ptosis. 

Individual injection site doses and the number of sites used will 
vary between the different proprietary brands of botulinum toxin. 
Complications in this area of injection are relatively rare, but occur 
as a result of the wrong placement of the toxin, for example too 
large a dose of BTX-A can result in either eyelid or eyebrow pto- 
sis or both if placed in the lateral forehead. In some patients, there 


Figure 159.5 Forehead facial asymmetry using 2 BTX-A units and 4 Ona BTX-A units or 
equivalent. The aesthetic goal was to (i) reduce right brow depressors and give brow 
elevation; and (ii) maintain left brow height and shape. 


is relative ptosis of one brow compared with the other and appro- 
priate adjustment to the standard injection site and dose is required 
to achieve brow lift of the lower brow side. Examples of idealised 
injection sites in a ‘symmetrical’ forehead are shown in Figure 159.3. 
Examples of forehead facial asymmetry are shown in Figures 159.4 
and 159.5. 

The differences between male and female eyebrow shape should 
be noted. Many males prefer a flatter brow, whereas the ideal 
feminine brow is slightly arched mediolaterally. In men, additional 
injection sites and higher units can be used in the lateral forehead 
to achieve a more masculine brow appearance. Facial muscula- 
ture also varies between sexes, with increased strength and bulk 
in men. Therefore, higher doses and increased number of injec- 
tion sites are generally required in men in all regions of the face 
(Figure 159.6). 


The corrugator and procerus are the primary muscles used for brow 
depression. There is a further contribution from the superolateral 
orbicularis oculi muscle. Selective reduction in the activity of these 
muscles with botulinum toxin can result in the elevation of the lat- 
eral and to a lesser degree the medial brow. This is often the desired 
aesthetic outcome in women. Overelevation of the brow resulting in 
unnaturally arched or pointed eyebrows is usually undesirable, but 
can be corrected with injections of small doses of BTX into the lateral 
lower frontalis muscle. 


Commonly known as crow’s feet, the lateral periorbital lines radi- 
ate outwards from the lateral canthal area (Figures 159.7 and 159.8). 
They are caused by the contraction of the orbicularis oculi muscle; 
wrinkles are exacerbated by squinting and smiling. In addition, both 
intrinsic and extrinsic skin ageing will add to their persistence and 
severity [21]. 

In order to reduce these lines, the target muscle for the botulinum 
toxin is the lateral orbicularis oculi. The ideal site is determined by 
examination of the patient at both smiling and at rest. Typically, two 
to four injections are placed around the lateral canthal area on each 
side, 1-2 cm lateral to the ocular bony rim (Figure 159.7) [21]. If there 
is coexistent cutaneous photodamage exacerbating periocular lines 
in the crow’s feet region, combination treatment with laser resur- 
facing can be used (Figure 159.8) [22]. Infraorbital lines can also be 
reduced by very small and carefully placed doses of botulinum toxin 
(Figure 159.9). 


Figure 159.6 Higher total doses of BTX-A are often required in the male forehead: total 
of 36 Ona BTX-A units. (a) Male forehead with the corrugator and procerus muscles 
creating multiple vertical and horizontal lines and brow points. The location of the 
injection sites (and number of units at each) are indicated. (b) Seven days later showing 
a smooth forehead at frown plus brow elevation. 


Mid face 

The mid face area can be also selected as a site for cosmetic 
botulinum toxin injections. Lateral nasal lines can be reduced by 
treating the nasalis muscle [20]. Drooping of the nasal tip occurs 
with age and slight elevation can be achieved with small doses of 
botulinum toxin into the depressor septi nasi muscle. An exagger- 
ated gum show with smiling, also referred to as a ‘gummy smile’, is 
considered unattractive in some patients, where the central upper 
lip is elevated excessively with smiling. This can be improved with 
injection into the levator labii superioris alaeque nasi muscle. 


Lower face 

There are several muscles targeted for aesthetic botulinum toxin 
treatment in the lower face. These include the depressor anguli 
oris muscle that depresses the angles of the mouth often leading 
to a ‘sad’ appearance (Figure 159.2). Injection is at the very lower 
point of this muscle where it inserts into the mandibular area. This 
is found by teeth clenching, and injecting just anteriorly to the 
anterior border of the masseter on the mandible. 
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(a) . (b) 


The orbicularis oris muscle is responsible in part for lines between 
the upper lip and nose, so-called smoker’s lip lines. They are 
caused by lip pursing and contraction and with time these lines 
become more severe and visible even at rest. Very small doses 
of botulinum toxin can be injected into the relevant part of the 
upper lip (Figure 159.10). Additionally, if the upper lip is atrophic, 
combination with hyaluronic acid filler has been described [23]. 

The primary chin muscle is the mentalis. Activation can lead to 
puckering of the chin, known as a ‘peau d’orange’ appearance. It can 
also lead to additional depression of the angles of the mouth. This 
pebbling or puckering of the chin can be corrected by a single injec- 
tion of a relatively small dose of BTX into the centre of the mentalis 
muscle (Figure 159.11). 

Masseter prominence and hypertrophy has been successfully 
treated with BTX both for aesthetic reshaping of the face and tem- 
poromandibular joint pain from teeth clenching. A reduction of 
masseter prominence is particularly sought in East Asian countries 
such as Korea to reduce the perceived over-squared lower face [24]. 


Neck 

The main muscles of the neck appropriate for aesthetic injections of 
botulinum toxin are the bands of the platysma muscle. Platysmal 
vertical bands tend to become more notable with age because of 
the loss of subcutaneous fat, exposing the platysma muscle [23]. 
The platysma tightens the skin of the neck and in addition can 
produce depression of the lateral face. In some patients, activation 
of the platysma can produce downward pull of the perioral lateral 
area and the medial and lateral cheek. The injection of small doses 
of BTX-A into the platysma can reduce the ‘bands’ produced by 
the platysma as well as reduce downward traction of the lateral 
face [25]. 


Figure 159.7 Crow’s feet. (a) Wrinkles extending 
laterally from the periorbital area produced by 
contraction of the orbicularis oculi muscle. (b) BTX-A 
injection sites and number of Ona BTX-A units injected 
at each site. 


Although there have been anecdotal claims for the value of 
botulinum toxin injections to reduce horizontal superficial neck 
lines, the impact is minimal, though some effect may be achieved 
by reduction of the platysma muscle action. 


Ethnic diversity and botulinum toxins 


Botulinum toxins have been successfully used for aesthetic indica- 
tions in different ethnic groups. For example, different upper facial 
characteristics are important aesthetic considerations in East Asia 
where the idealised eye shape differs from those of most white peo- 
ple. One study reported on the efficacy of BTX-A Ona for lateral 
canthal lines in a large cohort of Chinese patients assessed using 
facial line outcome and facial line satisfaction questionnaires [26]. 
This confirmed the findings from other studies on Japanese patients 
[27] and suggested a faster reported improvement for lateral canthal 
lines in East Asian patients compared with those for white patients. 


Adverse events 


Serious side effects from botulinum toxin for aesthetic indications 
are uncommon because the total doses utilised are low. The main 
causes for adverse events are poor injection technique, inappro- 
priate dose selection and incorrect injection site. Resultant side 
effects are listed in Box 159.1. Undesirable results and complications 
are usually mild and transient. Poor results may be improved by 
further injection (e.g. into compensatory muscles) in order to correct 
or minimise the unsatisfactory response. It is imperative that the 
practitioner understands the complexities of the relevant muscle 
vectors for a satisfactory and natural outcome. 


(b) 


Figure 159.8 Crow’s feet: treatment with a combination of BTX-A followed by 
ultrapulsed carbon dioxide laser. (a) Before, showing crow’s feet plus multiple lentigo. (b) 
Six months post procedure. 


Box 159.1 Summary of reported side effects 
following aesthetic treatment with botulinum 
toxin 


More frequent 

¢ Bruising 

¢ Lower eyelid oedema 

e Brow ptosis and lower face asymmetry 


Less frequent 
e Headaches 
e Flu syndromes 


Much less frequent 

¢ Diplopia 

e Distant muscle weakness (dysarthria) with platysmal injections 
e Hypersensitivity reactions 

e Dry mouth, dry eyes 


Bruising from needle injections is probably the most common 
side effect, occurring most frequently in the periorbital region 
(e.g. the lateral periocular crow’s feet area). The forehead is the 
second most common site. Bruising can usually be avoided by close 
examination of the patient’s cutaneous vascular network. Further 


15 


(a) 


(b) 


Figure 159.9 Infraorbital lines: (a) before treatment with 2 units BTX-A, and (b) 7 days 
later. 


oan 


iy auanst 


Figure 159.10 Perioral wrinkling due to contraction of the orbicularis muscle and 
dermal actinic elastosis. Treatment is with 1-2 Ona BTX-A units per wrinkle site, with a 
maximum of 4-6 units per lip per session. 


mitigation of bruising risk involves avoidance of injection in those 
patients taking medications or supplements that increase the pre- 
disposition to bruising, such as those taking aspirin, non-steroidal 
anti-inflammatory agents, anticoagulant drugs or oral omega-3 and 
omega-6 fish oil supplements, as well as excessive ingestion of oily 
fish or alcohol. Local skin swelling at the injection site is usually 
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(b) 


Figure 159.11 Mentalis muscle ‘creases’ treated with BTX-A. (a) Before treatment with 
2 Ona BTX-A units. (b) 7 days later. 


more visible on the forehead skin, but will clear within an hour 
or less. 

Postinflammatory hyperpigmentation is a higher risk in darker 
skin phototypes following bruising. 

Another common side effect is pain on injection. Rarely, patients 
may have a persistent headache and pain lasting several days. The 
mechanisms for this are not known, but may possibly be due to injec- 
tion close to a subcutaneous nerve. This pain is paradoxical, as one 
of the medical indications for botulinum toxin is reduction in fre- 
quency and severity of migraine headaches. 

Other site-specific side effects relating to botulinum toxin for aes- 
thetic treatments are eyebrow and lower eyelid ptosis. Again, this 
usually results from inaccurate placement of the botulinum toxin, 
and is commonly the result of injection of too high a dose into the 
lower lateral or mediolateral forehead. The resultant diffusion of 
the toxin into the elevator muscles of the eye or lower fibres of the 
frontalis results in ptosis. Lower facial and lateral lip ptosis can also 
result when injections in the lower periocular area are too lateral and 
too low to the infraorbital areas, encroaching on the malar area. The 
effect of the toxin on the levator muscles of the lower face causes 
ptosis and lateral lip drooping. Facial asymmetry resulting from an 
unequal effect of the toxin is another complication which can be of 
considerable concern. 

Less common side effects include paraesthesia, diplopia, dry 
eyes, dysphagia and dysarthria. These are all generally due to 


inappropriately high doses of toxin injection, with diffusion into 
either the periocular muscles or the muscles of the larynx and 
pharynx. Practitioners must remember the therapeutic window 
for a cosmetic patient is narrower than that of someone receiving 
medical therapy, therefore a cautious conservative approach is best, 
particularly for inexperienced practitioners. 


Special considerations 

The incidence of undesirable side effects is generally higher in 
older patients possibly because of increased spread of the toxin into 
atrophic muscles, as well as increased likelihood of weaker baseline 
facial musculature. Furthermore, in the older patient with more 
severe extrinsic and intrinsic facial ageing, it is unlikely that the use 
of botulinum toxin alone will be sufficient to result in an acceptable 
outcome. 

Botulinum toxin use in the perioral area should be used with cau- 
tion for professional wind musicians and singers where subtle alter- 
ations in fine muscular activity will have a significant impact. The 
same theoretical risk exists for the treatment of palmar hyperhidro- 
sis in those who require very fine muscular control in the hands (e.g. 
for typing or for jewellers and musicians). 

Contraindications to botulinum toxin injections include patients 
with a history of myasthenia gravis or other neuromuscular disor- 
der. Pregnancy and breastfeeding are also contraindications (manu- 
facturers advise avoidance unless essential for medical treatment). 
Some oral medication and supplements, such as oral erythromycin 
and zinc supplements, can also increase the therapeutic response 
to botulinum toxin. A careful medical history and examination are 
mandatory prior to botulinum toxin injection. 


Acquired resistance to botulinum toxins 

A rare problem is the development of acquired resistance to BTX-A. 
This does not appear to be related in all cases to the presence of 
antibodies, as resistance has been noted in patients where anti- 
bodies remain undetected. In addition, studies have demonstrated 
instances where antibodies to BIX-A are present, but a therapeutic 
response to the toxin persists. If BTX-A resistance occurs, BTX-B can 
be effective as it acts via a different synaptic protein [15-17]. 


Combination treatment 


The various serotypes of botulinum toxin may be combined with 
selected treatments for aesthetic indications in relevant patients to 
enhance efficacy [20]. Such combination treatments include con- 
comitant use with dermal fillers to facial folds and facial volume 
loss that may occur with age [23], with radiofrequency for skin 
tightening and lasers for skin rejuvenation procedures [22]. 


Future botulinum toxins in development 


The development of a topical application of BTX-A was initially 
encouraging after research showed efficacy against hyperhidrosis 
and superficial facial lines [28]. Further research, however, did not 
confirm these studies and as yet there is no topical botulinum toxin 
approved. 
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Introduction 


For centuries people have sought treatments to improve the appear- 
ance and texture of their skin; for example, ancient Egyptians used 
animal oils, salt and alabaster [1] and Cleopatra was reported to 
bathe in sour milk for skin rejuvenation. Dermatologists began to 
explore various methods for skin peeling and rejuvenation in the 
mid-1800s. Chemical exfoliating agents were applied onto the skin 
surface to destroy the epidermis and/or dermis, thus stimulating 
cell regeneration and creating a facial resurfacing effect. Dermatol- 
ogists who pioneered the use of peeling agents include Ferdinand 
Hebra, Tilbury Foc and Henry Piffard [2]. In the 1970s, work began 
on full-face peels with trichloroacetic acids (TCAs) and phenol. The 
a-hydroxy acids (AHAs) were introduced in the late 1970s by Van 
Scott and Yu [3], and salicylic acid was introduced in the 1990s. 
In the ensuing years, novel and more effective skin rejuvenation 
procedures using mechanical abrasion, lasers and light devices have 
been introduced. However, the use of chemical peeling remains 
popular both as a monotherapy and as part of combined therapy 
for skin rejuvenation, due to its efficacy, low cost and potential for 
minimal recovery time. 


Basic chemistry 


Peeling agents utilise a chemical solution to remove the skin’s 
damaged outer layers, thereby improving texture and smoothness. 


They can also be used to remove facial imperfections such as actinic 
lentigines and fine wrinkles, and can also address actinic keratoses 
and be used to control acne [1-4]. Commonly used peeling agents 
are either alcohols that contain carboxyl (-COOH) and hydroxyl 
(-OH) groups or regular acids. Examples of peeling agents include 
AHAs, TCA, Jessner solution, salicylic acid, pyruvic acid and 
phenol-based formulae. 

The chemicals used in skin peeling agents can be classified 
according to their chemical action and properties. These include 
(i) metabolic action (e.g. AHAs and pyruvic, azelaic and retinoic 
acid); (ii) caustic action (e.g. TCA); and (iii) toxic action (e.g. phenol, 
resorcinol and salicylic acid) [5]. 


Peels with metabolic action 
Alpha-hydroxyl acids 


oO 


wo OH 


Alpha-hydroxy] acids (e.g. glycolic, lactic, malic, oxalic, tartaric and 
citric acid) are carboxylic acids derived from fruits and vegetables 
and have been used in cosmetic preparations and procedures for 
centuries. AHAs are weak acids that induce their rejuvenation 
activity by either metabolic or caustic effect. At low concentration 
(<30%), AHAs reduce sulphate and phosphate groups from the 
surface of corneocytes. By decreasing corneocyte cohesion, they 
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induce exfoliation of the stratum corneum. At higher concentration, 
their effect is mainly destructive. 

The most common AHA used is glycolic acid (GA), which pene- 
trates the skin easily due to its small molecular size. GA skin peels 
act very superficially and are more stimulatory than destructive. 
They induce a relatively acid pH, thereby acting as kerato-regulators 
that increase corneocyte shedding and cell replacement. AHAs 
disrupt enzymes (sulphotransferases, phosphotransferases and 
kinases) that function by fixing sulphate and phosphate groups 
onto the surface of the corneocytes. The reduction of these groups 
results in decreased corneocyte cohesion and subsequent exfoliation 
and shedding. 

Topical AHAs (up to 25% glycolic, lactic or citric acid) dimin- 
ish corneocyte cohesion immediately above the granular layer 
and reduce the number of desmosomes and the aggregation of 
tonofilaments. This results in stratum corneum detachment and 
desquamation as early as 24 h after treatment. When used in strong 
concentrations (30-70% free acid in aqueous solution), a destructive 
effect is exerted. The highest concentration without precipitation 
at room temperature is 70% with a pH of 0.5. The chemical effects 
of the many formulations of AHA differ based on the bioavailability 
of the acid, its concentration and the pH. Only free acid is biolog- 
ically active, therefore higher concentrations and lower pH result 
in a proportionally stronger biological effect. Cosmetic products 
containing neutralised glycolic acid as an ester must be split by 
esterases or hydrolysed for activation. 

Because of the low acidity of AHAs, they do not induce adequate 
coagulation of skin proteins. Therefore, they are unable to neutralise 
themselves and the application of water or weak buffer (e.g. sodium 
bicarbonate) is required once the desired depth has been reached. 


Lactic acid (10-30%) 
fe) 


OH 
OH 


Lactic acid (LA) is structurally identical to GA but with a methyl 
group at the B-carbon end; it has a lower pKa and thus a lower 
pH at equivalent concentrations. It causes intraepidermal and 
dermal-epidermal junction disruption. It has comparable efficacy 
for treating photodamage, superficial hyperpigmentation and 
fine rhytides compared with GA. A lower concentration of LA is 
often used to achieve an equivalent depth of kerato-coagulation 
compared with GA. Neutralisation is necessary, and exfoliation 
after treatment typically occurs over several days, with complete 
re-epithelialisation in 7-10 days. 


Pyruvic acid 


oO 


H3C 
3 Son 


fe) 


Pyruvic acid (PA), the smallest a-ketoacid, is structurally a car- 
boxylic acid with a functional ketone moiety. It has similar 


keratolytic properties to salicylic acid (SA) but has less lipophilicity. 
It causes intraepidermal and dermal-epidermal junction disrup- 
tion. It is also partially hydrophilic, giving it properties of both 
SA and GA. Clinically, PA peels have demonstrated efficacy in the 
treatment of acne vulgaris and associated disorders of excess sebum 
production and mild photoageing and hyperpigmentation. It is 
commonly used as a superficial peeling agent for inflammatory and 
comedonal acne, though it is not as efficacious as salicylic acid due 
to reduced penetration through the lipid barriers of the epidermis. 
Pyruvic acid is not self-neutralising and will continue to cause 
kerato-coagulation for the duration of exposure to the skin until 
it is neutralised with an alkaline solution. Exfoliation after treat- 
ment typically occurs over several days, and re-epithelialisation is 
complete within 5-10 days. 


Azelaic acid 


oO oO 


ae Ve 


Azelaic acid is a saturated dicarboxylic acid produced by Malassezia 
furfur and is found naturally in wheat, rye and barley. It is active 
at a concentration of 20% in topical products and is used as ther- 
apy for a number of skin conditions - mainly acne and melasma. 
In vitro, azelaic acid works as a scavenger (captor) of free radicals. It 
normalises keratinisation and leads to a reduction in the content of 
free oily acids in the lipids on the skin surface. 


Retinoic acid 


H3C CH, CH3 CH; O 


i 
CH 


3 


Retinoic acid is the oxidised form of vitamin A (retinol). Retinol is 
present in food (f-carotene) and converts completely in the skin to 
retinaldehyde (retinal). Subsequently, 95% of this is converted into 
retinyl ester and 5% into all-trans and 9-cis retinoic acids. Retinoic 
acid acts by binding the retinoic acid receptor (RAR) and the retinoid 
X receptor (RXR) to heterodimers. These then bind to retinoic acid 
response elements (RAREs) in the regulatory regions of direct tar- 
gets (including Hox genes), thereby activating gene transcription. 
RARs mediate transcription of different sets of genes involved in cell 
differentiation, normalising hyperkeratinisation for a peeling effect; 
it also has deeper dermal reparative impact. 


Peels with caustic action 
Trichloroacetic acid 


cl 
cl 


Trichloroacetic acid, also referred to as trichloroethanoic acid, is 
an analogue of acetic acid in which the three hydrogen atoms of 


the methyl group have all been replaced by chlorine atoms. Its 
molecular structure is close to GA, but it is a much stronger acid; 
its pKa is 0.26, which is much closer to zero compared with the pKa 
of GA at 3.83. TCA is naturally found as hygroscopic and deliques- 
cent crystals and is dissolved in distilled water to make aqueous 
solutions. The standard pharmaceutical method of preparing TCA 
solutions for dermatological use is the weight in volume (w/v) 
method, producing a clear and colourless liquid with no precipitate 
or particles. TCA has been the gold standard in chemical peeling 
for many decades. 

By varying the concentration of TCA, one can control the depth 
of penetration into the skin. Concentrations of 10-25% are used 
for superficial peels, however the most popular TCA application 
is at a concentration of 35% for medium depth penetration, which 
can effectively treat dyschromias and early facial rhytids. There is 
destruction of the epidermis and upper papillary dermis, followed 
by epidermal and dermal regeneration, new collagen deposition 
and normalisation of the elastic tissue. Concentrations of more than 
35% are not recommended due to less predictable results and risk 
of scarring. 

The destructive activity of TCA is caused by its acidity in aque- 
ous solution. The acid is rapidly neutralised through coagulation 
of skin proteins, which results in the clinical appearance of frost- 
ing. Like GA, TCA does not have general toxicity, even when 
applied in concentrated form on the skin, nor is there risk of allergic 
reaction. 

Within a short period after application, the skin develops redness 
followed by a white frost, indicating coagulation of the epidermal 
proteins. The depth of penetration correlates with the intensity of 
the skin frost, which acts as a reliable clinical marker, and gives 
predictable results. Superficial TCA peels may demonstrate only 
redness or redness with irregular light frost. Higher concentrations 
will penetrate further into the skin as the acid seeks water for neu- 
tralisation in deeper cutaneous tissues, resulting in more intense and 
confluent frosting and intensifying its destructive effect. Multiple 
applications will also magnify impact. 

There is no need to neutralise TCA; however dilution with water 
decreases its concentration and terminates its effect. Frosting disap- 
pears within 10-30 min and is replaced by skin redness, which may 
last for 1-2 days. Patients should be informed of the expected skin 
changes, which include redness, mild oedema, transient hyperpig- 
mentation and occasionally symptoms of itching and tightness. 


Jessner solution 

Jessner solution (JS) contains 14% LA, 14% SA and 14% resorcinol in 
ethanol. JS provokes stratum corneum separation only, with upper 
epidermal intraepithelial and intercellular oedema. It is very easy to 
use, either alone or in combination with TCA. JS is a clear, faintly 
amber-coloured liquid. The depth of the peel is determined by the 
number of coats applied. JS is used for light peels alone or in prepa- 
ration for a TCA peel. 

Two or three applications of JS are typically used and the solution 
should be brushed uniformly over the entire surface to be peeled. 
On application there is an intense burning sensation, generally 
greater than that of GA. The first response is mild redness, followed 
by powdery whitening of the skin due to precipitation of the chem- 
ical compounds in the solution. This whitening is easily removed 
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with water or by simple rubbing. An observable exfoliation may 
follow that lasts for 8-10 days. 

Overpeel, or unintentional or inappropriate deeper skin destruc- 
tion, is very rare and therefore the risk of complications is very low. 
Peelings can be repeated monthly. 


Peels with toxic action 
Phenol 


OH 


O 


Phenol, C;H;OH, is an aromatic alcohol and a weak acid. Also 
known as carbolic acid, hydroxybenzene and phenic acid, phenol is 
a toxic, white, crystalline solid with a sweet tarry odour, commonly 
referred to as ‘hospital smell’. It reacts with strong bases to form the 
salts called phenolates. Its pKa is high, at 9.9. 

Phenol activity on the skin results from its direct toxicity to cell 
proteins and membranes and enzymatic inactivation. Phenol is 
a protoplasmic poison that works through enzymatic inactiva- 
tion and protein denaturation with the production of insoluble 
proteinates. At a concentration of 88%, phenol causes immediate 
coagulation of epidermal keratin and penetrates only to the level 
of the upper reticular dermis. When diluted to 45-55%, phenol 
becomes a keratolytic, disrupting sulphur bonds, and thus has the 
capability to penetrate deeper to the mid-reticular dermis. 

Deep chemical peels are used primarily to improve the appear- 
ance of cutaneous ageing. Changes such as deep rhytids, as well 
as dyschromia, solar elastosis and actinic keratoses, can be effec- 
tively treated. Phenol is partially inactivated by hepatic conjugation 
and is excreted by the kidney. It also has cardiotoxic effects, 
so for full-face peels cardiac monitoring and resuscitative equip- 
ment should be available. These risks have resulted in diminished 
popularity of its use. 


Salicylic acid 

Salicylic acid, C;H,(OH)COOH,, is classified as a p-hydroxy acid. 
It is found naturally in certain plants (Spiraea ulmaria, Andromeda 
leschenaultii) and particularly in fruits. SA is essentially used alone as 
a topical preparation or in solution for peeling, due to its keratolytic 
properties. It has a high affinity for lipids and preferentially exerts 
its keratolytic effect inside the pores, making it a helpful therapy for 
acne. It also exhibits anti-inflammatory effects. A 50% SA paste has 
been used in the past to peel arms and hands addressing seborrhoeic 
keratoses, lentigines and keratosis pilaris, with good results. 

Recently, SA has been formulated in concentrations of 20-30% ina 
hydroethanolic or polyethylene glycol vehicle for use as a superficial 
peeling agent. Indications for SA peeling include early to moderate 
photodamage, oily skin with enlarged pores, comedonal and inflam- 
matory acne, rosacea, postinflammatory hyperpigmentation (PIH) 
and epidermal melasma. 

Neutralisation is not necessary for SA and after application the 
skin can be rinsed with tap water. Redness and oedema are min- 
imal. Desquamation is more vigorous compared with GA peels, 
and usually begins after 2-3 days, lasting up to 1 week. SA peels 
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Table 160.1 Depth of peel and histological level of controlled necrosis. 


Depth of peel Histological level of controlled necrosis 


Table 160.2 Superficial chemical peels and application methods. 


Peeling agents Peeling methods 


Destruction of the stratum corneum but no wound below 
the stratum granulosum 

Necrosis of part or all of the epidermis, anywhere from the 
stratum granulosum to the basal cell layer 

Necrosis of the epidermis and part or all of the papillary 
dermis 

Necrosis of the epidermis, papillary dermis, and extending 
into the reticular dermis 


Very superficial 
(exfoliation) 
Superficial (epidermal) 


Medium depth 
(papillary dermis) 
Deep (reticular dermis) 


can be repeated every 4 weeks. A distinct advantage of SA is its 
predictability. There are no concerns about timing or overpeel- 
ing because there is very little penetration after precipitation of the 
active agent. SA peels are a good choice for patients with Fitzpatrick 
skin types V and VI. Furthermore, SA causes superficial anaesthesia 
so discomfort is minimal for patients. Very rarely, SA can cause 
systemic toxicity (salicylism). 


Depth of peels 


Chemical peeling is classified according to the depth of the wound 
created and the histological level of controlled necrosis (Table 160.1). 
Superficial peels produce injury limited to the epidermis, medium 
depth peels produce injury to the papillary dermis, while deep 
chemical peels produce injury extending into the reticular dermis. 

The depth of the peel is dependent on the peeling agents, their 
concentration and the mode of application as well as the skin type 
and the skin condition [1,2]. In general, the depth of the peel deter- 
mines the patient’s downtime during and after the procedure, the 
overall healing time, the risk and severity of side effects and the 
treatment outcome [3]. 


Superficial peels 

Superficial chemical peels (SCPs) involve the application of a chem- 
ical agent to the skin, resulting in destruction of part or all of the 
epidermis. Indications for SCPs include acne, epidermal dyschro- 
mia, superficial static lines and wrinkles, mild actinic keratoses and 
mild photoageing [4,5]. SCPs are popular as they are safe to use 
on all Fitzpatrick skin types, they have minimal side effects with 
no risk of overpeeling or irritation from multiple applications, they 
do not require anaesthesia and the desquamation is usually well 
accepted. The disadvantages of SCP are that the treatment outcome 
does not always meet the patient’s expectations and a series of 
repeated peels may be required. The most commonly used chemical 
agents in an SCP are GA, JS, SA, lipohydroxy acid, LA, mandelic 
acid, pyruvic acid and TCA (Table 160.2). The end point in an SCP 
is mild redness with no or patchy light frosting. 


Medium depth peels 

Medium depth chemical peels (MDCPs) result in controlled, 
full-thickness epidermal necrosis and partial-thickness dermal 
necrosis to a level between the papillary dermis and upper reticular 
dermis. MDCPs are indicated for the treatment of pigmentary dis- 
orders, photodamage, skin rejuvenation, actinic keratoses, chemical 


Glycolic acid 30-50% Single coat 2-3 min (very superficial peel) 
Neutralise with water or sodium bicarbonate 
Single coat 3-10 min, or until redness 
Neutralise with water or sodium bicarbonate 


1-3 coats (very superficial peel) 


Glycoic acid 50-70% 


Jessner solution 


4-5 coats 
Salicyclic acid 30% —3 coats 
Lipohydroxy acid -3 coats 
Lactic acid 10-30% 1-3 coats 
Mandelic acid 40% 1-3 coats 


Pyruvic acid 50% —3 coats, or until redness 
Neutralise with water or sodium bicarbonate 


1-3 coats until level 1 frosting 


Trichloroacetic acid 10-30% 


Table 160.3 Medium depth chemical peels and application methods. 


Peeling agents Peeling methods 


35-50% trichloroacetic acid Until confluent light frost + redness (level 2 frost) 
(TCA) Until solid white frost without redness (level 3 frost) 
Solid CO, slush plus 35% TCA — Solid CO, slush for 3-15 s (transient frost) 
Followed by 35% TCA (level 2-3 frost) 


Jessner solution (JS) plus JS until faint pseudo-frost 


35% TCA Followed by 35% TCA (level 2-3 frost) 
70% glycolic acid (GA) plus 70% GA for 2 min and removed with water 
gly p 
35% TCA Followed by 35% TCA (level 2-3 frost) 


88% phenol for limited areas Unoccluded 88% phenol to localised areas 


reconstruction and softening of acne scars, xanthelasma and tex- 
tural skin changes [4,5,6]. Following an MDCP, re-epithelialisation 
is usually complete in 7 days and dermal collagen remodelling 
may continue for more than 6 months. For patients with extensive 
actinic keratoses, an MDCP using TCA permits treatment of sub- 
clinical disease over the entire face, unlike localised cryotherapy 
or electrodesiccation and curettage of individual lesions. MDCPs 
can be used to treat PIH and melasma, but are associated with a 
higher incidence of post-peel pigmentation. MDCPs should not 
be performed on non-facial sites due to the relative paucity of 
follicular units, increasing the risk of poor healing and changes in 
pigmentation. Because of the risk of hyperpigmentation, MDCP 
should be used with caution in patients with skin of colour (SOC). 

MDCPs are performed with 35-50% TCA alone, or more com- 
monly using a combination of an initial superficial peeling agent 
followed by 35% TCA (Table 160.3). This allows for predictable 
and even penetration and increases the safety profile [7-11]. The 
end point is level 2-3 frost. The depth of necrosis correlates with 
the concentration of TCA. A 10-30% w/v TCA solution results in 
epidermal exfoliation, whereas a 30-40% w/v TCA solution causes 
0.3-0.5 mm of dermal necrosis but spares the inferior portion of the 
follicular apparatus, permitting regrowth of the epidermis. TCA in 
a concentration of approximately 65-70% w/V results in 0.8-0.9 mm 
of dermal necrosis, which would probably result in scarring and is 
only appropriate for localised use. 


Table 160.4 Formulae of two deep chemical peels. 


Baker-Gordon Hetter formula (1996): 


Ingredients peel (1962) light to heavy peel 
Croton oil (concentration) 2.10% 0.35-1.1% 

Phenol (concentration) 49.30% 33% 

Croton oil 3 drops 1-3 drops 

Phenol 88% 3 mL 4mL 

Water 2mL 6mL 

Septisol 8 drops 16 drops 
Deep peels 


Deep chemical peels (DCPs) involve the application of a com- 
pounded phenol-croton oil solution to produce a controlled 
cutaneous necrosis to the mid-reticular dermis (Table 160.4). The 
subsequent wound repair results in marked collagen formation and 
reorganisation of elastic fibres [12], which can persist for over a 
decade [13]. DCPs are used primarily to improve the appearance 
of moderate to severe photoageing, severe acne scars and actinic 
cheilitis. Hetter showed that the strength and depth of DCPs can 
be modified by lowering the concentration of croton oil and phenol 
and this reduces the incidence of side effects [14]. 

DCPs have diminished in popularity due to prolonged postoper- 
ative downtime, the increased risk of complications (which include 
infection, scarring, hyper- and hypopigmentation, fluid imbalance 
and cardiotoxic effects) and the need for cardiac monitoring. Laser 
resurfacing has replaced DCPs, especially in patients with darker 
skin, as it is safer, with more precise depth control, and is easier to 
use with no risk of systemic toxicity. 


Indications and contraindications 


Indications 

Chemical peels are mainly recommended for facial skin rejuvena- 
tion and the treatment of photodamage, pigmentary dyschromia, 
acne vulgaris, scars, fine wrinkles and actinic keratoses. The careful 
selection of patients, the conditions to be treated, and a thorough 
knowledge of the peeling agents and the peeling procedures are 
critical for a good outcome [1,2,3]. 


Facial skin rejuvenation 

Superficial chemical peels and MDCPs are useful for facial reju- 
venation, improving skin texture, fine wrinkles, poikiloderma, 
pigmentary dyschromia and oily skin. SCPs enhance desquama- 
tion, resulting in a temporarily ‘refreshed’ look, while MDCPs are 
able to efface wrinkles and improve dyspigmentation. Usually, a 
series of SCP treatments is required for optimum results. 


Photodamaged skin and actinic keratoses 

Photodamaged skin is one of the main indications for all types 
of chemical peels. MDCPs are the most popular as they not only 
induce histological and clinical improvement in the epidermis, but 
they also have dermal impact including a thickening and regen- 
eration of the papillary dermis with new collagen and elastic fibre 
formation [4]. SCPs are used to treat skin changes associated with 
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mild photodamage [5-8]. Examples include SA, GA, lipohydroxy 
acid and TCA. They cause skin exfoliation and induce skin rejuve- 
nation. DCPs are less popular and have been replaced by MDCPs or 
laser resurfacing as the latter have a better safety profile, are more 
predictable and have precise results and ease of use. 

Medium depth TCA and phenol peels are effective in treating 
actinic keratoses and superficial Bowen disease [9,10,11]. Medium 
depth TCA peels are as effective as topical 5% fluorouracil, carbon 
dioxide laser resurfacing or aminolaevulinic acid photodynamic 
therapy in reducing the number of visible actinic keratoses at 3 
months and in preventing lesion recurrence for up to 1 year [11-13]. 


Acne vulgaris and acne scars 

Superficial chemical peels are effective for the treatment of acne 
vulgaris (especially non-inflammatory acne), post-acne hyperpig- 
mentation and superficial acne scarring [14,15]. They are often 
used as an adjunct to the medical treatment of acne. SCPs break 
down the cementing substance of corneocytes promoting exfolia- 
tion, inducing keratolysis and providing comedolytic effects. It is 
also believed to reduce sebum production and pore size although 
studies have failed to confirm this [16,17]. Most SCP agents have 
anti-inflammatory and antibacterial properties. In addition, SCPs 
enhance the absorption of topical products, improve post-acne 
hyperpigmentation and some possess a skin whitening effect [18]. 
SCPs that are effective for treating acne vulgaris include SA, 
lipohydroxy acid, GA, mandelic acid, PA, azelaic acid and JS 
[19-24]. A systematic review of randomised controlled trials of 
chemical peels for acne vulgaris demonstrated that the different 
peeling agents have approximately the same efficacy and adverse 
event profile, all being well tolerated [25]. Figure 160.1 shows the 
treatment response of acne scars with chemical peeling. 

Acne scars are polymorphic. MDCPs and DCPs are useful in 
treating moderate acne scarring but the risk of post-peel hyper- 
pigmentation is high, especially in patients with SOC [26,27]. For 
these patients, safer and more effective energy-based devices have 
replaced MDCPs and DCPs. Atrophic and ice-pick acne scars can 
be treated with TCA chemical reconstruction of skin scars (TCA 
CROSS). This procedure uses a toothpick tip soaked with 75-100% 
TCA solution that is pressed hard on the entire ice-pick depressed 
scars (Figure 160.2) [28,29,30]. 


Pigmentation 

Dyschromias are alterations in skin pigmentation, commonly asso- 
ciated with photodamage, and often observed in darker skin types. 
Common hyperpigmented lesions treated with chemical peels 
include solar lentigines (Figure 160.3), melasma (Figures 160.4 and 
160.5), PIH and infraorbital hyperpigmentation. 

SCPs are effective and safe in treating melasma and PIH in all skin 
types, and they have been shown to improve the quality of life in 
patients with PIH [31]. GA, JS and SA are the most popular super- 
ficial peeling agents used to treat melasma and PIH, although LA, 
mandelic acid, TCA and tretinoin peels are also effective. A series of 
SCPs, usually at monthly intervals, are needed to obtain a satisfac- 
tory outcome (Figures 160.3, 160.4 and 160.5). 

SCPs are often used in combination with skin lighteners, such as 
2-4% hydroquinone or 10% azelaic cream, for a synergistic effect 
[32-36]. Studies comparing the efficacy of various superficial peeling 
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Figure 160.1 Acne and acne scars (a) before and (b) after a medium depth chemical 
peel. Courtesy of Richard Barlow. 


agents (LA, JS, tretinoin, GA and TCA) for the treatment of melasma 
and PIH demonstrate they are equally effective [37-39]. Fastidious 
sun protection must be adhered to in order to prevent relapse after 
treatment. 

Infraorbital hyperpigmentation has a multifactorial aetiology and 
only those with periorbital melanosis may benefit from a series of 
SCPs. Lower concentrations of SCP using TCA, LA and GA plus 
adjunctive treatment with antioxidants such as topical vitamin C 
have been used with some success [40,41]. 


Contraindications 

There are few contraindications for chemical peels. A thorough 
medical history should be taken to determine if there are medical 
co-morbidities rendering the patient unsuitable for chemical peels. 


Figure 160.2 Treatment with trichloroacetic acid chemical reconstruction of skin scars 
(TCA CROSS) where a TCA frost is seen at base of the acne scars. 


Absolute contraindications to chemical peels include allergy to the 
peeling solutions or the neutralising agents as well as patients with 
unrealistic expectations. 

Relative contraindications for chemical peels include concomi- 
tant use of some medications. For example, care must be taken 
in patients on oral contraceptives, tetracyclines and drugs that 
can induce pigmentary disorders. Concomitant oral isotretinoin 
should be avoided. It is common practice for isotretinoin to be 
discontinued 6 months prior to MDCPs and DCPs as it may inter- 
fere with effective re-epithelialisation of the peeled skin. However, 
a systematic review of evidence-based recommendations found 
insufficient evidence for this [42]. Radiotherapy irradiated skin is 
another relative contraindication for a similar reason, as there is a 
reduction in epithelial appendages which may lead to poor healing 
and increased risk of scarring. 

Other relative contraindications include patients who work out- 
doors and those with photosensitivity as they risk development of 
photodermatitis or PIH. Pregnancy and lactation are relative con- 
traindications, although there are no reports of teratogenesis or fetal 
malformation from chemical peels [43]. Patients who are prone to 
keloid scarring should also avoid MDCPs and DCPs. Immunosup- 
pression, concurrent illness, recent head or neck surgery, recent 
facial hair removal (waxing, depilation, electrolysis), active herpes 
labialis, the presence of plane warts and dermatitis are also relative 
contraindications and chemical peeling should be postponed until 
they are resolved. 


Counselling 
During the first visit, identification of the patient’s concerns, 
expectations and their acceptance of side effects and downtime is 


(b) 


Figure 160.3 Solar lentigines (a) before and (b) after a Jessner solution peel. Courtesy 
of Richard Barlow. 


paramount. Various peeling options, their potential benefits, healing 
time and complications and alternative treatment options must be 
discussed. The choice of peeling agents should be recommended 
based on the skin pathology, patient’s risk of complications, patient’s 
attitudes towards post-peel healing time and level of intensity of 
treatment. Generally, SCPs address acne vulgaris, skin rejuvena- 
tion and pigmentary conditions, and are the preferred choice for 
patients with SOC. MDCPs and DCPs are useful for photodamage, 
wrinkles and some acne scars. Some patients may prefer a series of 
SCPs with minimal or no downtime and slow incremental improve- 
ment, while others may prefer a more aggressive MDCP requiring 
a week of downtime but with more dramatic outcome. 


(a) 


(b) 


Figure 160.4 Melasma (a) before and (b) after a Jessner solution peel. Courtesy of 
Richard Barlow. 


During the physical examination, it is important to note the 
patient’s skin type, the degree of photodamage or scarring and 
the sebaceous quality of the skin. Generally, atrophic, dry skin 
is more sensitive to chemical peeling agents, while those with 
thicker, sebaceous-rich skin will be more tolerant. Any underlying 
inflammatory skin condition that may increase the absorption of 
the peeling agents should be established from the onset. A history 
of sensitive skin or allergy to the peeling agent should be sought, 
and any skin disorder associated with the Koebner phenomenon 
should be excluded. 


Skin priming 

Before performing chemical peels, the target skin should be primed 
for 2-4 weeks. The priming regimen varies with the underlying 
condition and the patient’s skin type. The aim of skin priming 
is to allow a more uniform penetration of the peeling agent, to 
shorten wound healing time and to reduce the risk of PIH [1]. 
Topical retinoids are used to thin the stratum corneum and to 
enhance the penetration and depth of the peeling agent’s action 
[2,3]. They enhance epidermal turnover reducing the risk of delayed 
epithelialisation, and also reduce epidermal melanosome transfer. 
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(a) 


(b) 


Figure 160.5 Melasma (a) before and (b) after a series of Jessner solution peels in a 
patient with darker skin type. 


The topical retinoid is usually stopped 1-2 days before the chemical 
peel and is resumed post peeling. When treating patients with 
darker skin, topical retinoids may be omitted during the priming 
stage or stopped 1 week before the peel to reduce the risk of exces- 
sive peeling, prolonged redness and PIH. Topical GA products are 
often added as priming agents in order to thin the stratum corneum, 
to allow for a more uniform penetration of the peeling agent and to 
improve epidermal healing. It may also help improve tolerance of 
GA peels [4]. 


When treating pigmentary disorders or patients with darker skin, 
topical hydroquinone or other non-hydroquinone skin lightening 
agents may be used as priming agents to reduce the risk of PIH. 
Topical hydroquinone is preferred as a priming agent over topical 
tretinoin to enhance the effects of GA peels and lessen the risk of 
PIH [5]. In addition to preparing the skin, the priming period allows 
patients to become accustomed to the maintenance regimen that 
they will need to comply with after the peel. 


Consent and photo documentation 

Once the skin is primed and the patient is ready for the chemical 
peel, informed consent should be obtained from the patient. The 
procedure should be explained in detail, including the post-peel 
course and aftercare, potential complications of the peel and when 
to resume topical medications. Those patients who are unable to 
follow instructions are at a higher risk of complications. For MDCPs 
and DCPs, the patient is informed about the redness, swelling, 
peeling and a downtime of about 7-10 days. Strict sun avoidance is 
advised for at least 14 days post peel. Before and after peel photos 
are essential as documentation. 


Peeling procedure 


Equipment 

The standard peel tray should include a small fan, alcohol or ace- 
tone for skin degreasing, gauze pads, sponges, cotton-tipped swabs, 
a spray bottle for water, a mild cleanser and a bland moisturiser 
(Figure 160.6). A timer and a neutralising agent are required for GA 
and PA peels. 


Peeling technique 

Chemical peels are performed in the out-patient setting. The patient 
should remove any make-up and wash their face with soap and 
water. The patient lies supine on the bed with their head elevated 
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Figure 160.6 Typical equipment required for glycolic acid chemical peels. Courtesy of 
Dr Joyce Lim. 


at 45 degrees. SCPs do not require any anaesthesia. For MDCPs, 
topical anaesthesia can be used without affecting the clinical or 
histopathological outcome [1]. Mild preoperative sedation and 
non-steroidal anti-inflammatory drugs may be needed in some 
patients. DCPs generally require sedation and analgesia. The skin 
is degreased with alcohol or acetone or both. Acetone is preferred 
for TCA and DCPs. Degreasing is necessary to facilitate a uniform 
penetration of the peel solution. 

Petroleum jelly is applied to protect sensitive areas including the 
corners of the mouth, alar creases and eyelids. The peeling solution 
is poured into a glass or metal cup. The solution is applied with 
cotton-tipped applicators, sponge applicators, 4 x 4 cm gauze pads 
or a sable brush. For broad areas like the cheeks and forehead, two 
to three applicator swabs can be used together, or a gauze pad or 
brush used. For very sensitive areas like the perinasal and periorbital 
areas, one semi-dry applicator is used. The physician should always 
take extreme care to avoid accidental spillage of solution and never 
move the cotton-tipped applicators or sable brush directly over the 
eye area. A syringe of saline for dilution should always be available 
if any peel solution gets into the eye. 

The peel solution is applied sequentially either clockwise or 
anticlockwise from the forehead to temple, down to the cheek and 
chin and across over to the other cheek, temple and forehead. Avoid 
skipping or overlapping areas. The eyelids and periocular areas are 
treated last as the skin in these areas is thin, more sensitive to pain 
and prone to oedema. Tearing dilutes the peel solutions and may 
cause pigmented streaks; tears should therefore be quickly wiped 
away with dry cotton applicators. 

Infraorbital areas are treated with the eyes open and the patient 
gazing superiorly. The peeling solution is gently applied using 
cotton-tipped applicators onto the lower eyelids up to 1 mm from 
the ciliary margins, taking care that the solution does not enter 
the eyes. For the upper eyelid, the eyes are closed and the peel is 
applied in upward strokes with feathering into the eyebrow. When 
treating wrinkles around the eyes, the skin is stretched and care 
must be taken that the peeling solution does not enter the eye by 
capillary action. 

In patients who do not require a full-face peel, the peeling agent 
is applied to the individual cosmetic units. When treating photo- 
damaged skin, the solution is feathered at the hairline and neck to 
promote blending with untreated skin. During the peeling process, 
the skin is cooled with a fan continuously to decrease the stinging 
or burning sensation. 


Peeling agents 
Glycolic acid peels 
Glycolic acid peels are solutions of free acids ranging from 20% 
to 70%. Buffered solutions and gel formulations are also available 
and these generally cause less burning, stinging and redness and 
possibly less risk of uneven penetration. In using GA peels, the 
concentration of free acid and the time of contact will determine 
the results and risk of complications. A low concentration (20-30%) 
of GA solution should be started with a short contact time, usually 
3-5 min. With subsequent treatments, the acid concentration and 
contact time should be increased. 

Once the skin is primed and degreased with alcohol, the GA 
solution is applied and a timer started. Patients will feel a stinging 


or burning sensation. During the peel, the clinician should be alert 
for the development of areas of redness or epidermolysis. If these 
are seen they must be neutralised immediately while the rest of 
the peel is left to continue to act until the desired contact time. The 
end point depends on the skin pathology and the desired level of 
peeling. If a superficial epidermal peel is desired, then the end point 
is mild redness (Figure 160.7). If epidermolysis (or a full epidermal 
peel) is desired, then the end point is vesiculation or a red-white 
discoloration (Figure 160.8). The treated skin will heal with crusts 
and has a higher incidence of PIH. 

Once the end point is reached, the GA solution must be neu- 
tralised with a sodium bicarbonate solution or an alkaline agent 
to terminate its action. It is important to neutralise the acid in the 
same chronological order as used during the application of the 
peel. Sodium bicarbonate causes an exothermic reaction, resulting 
in some discomfort; this can be reduced by spraying cold water on 
the skin prior to neutralisation. During neutralisation, a bubbling 
or fizzing sound occurs as carbon dioxide gas is produced. This 
will cease when all the GA is neutralised and indicates completion. 
Once the GA is neutralised, the face should be washed with water 
followed by the application of a mild emollient and sunscreen. 


Figure 160.7 Skin redness during a glycolic acid peel. 


Figure 160.8 Epidermolysis with a glycolic acid peel showing full epidermal peeling 
indicated by the white colour and near vesiculation. 


Peeling procedure 160.9 
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Figure 160.9 Light powdery whitening with a Jessner solution peel. 


A series of superficial GA peels are performed at 3-4-weekly inter- 
vals and the peel concentration or the contact time is increased with 
each subsequent treatment. For patients who are prone to PIH, alow 
acid concentration and a short contact time should be initiated and 
the intervals between subsequent peels delayed. GA peels are often 
used alone for an SCP or combined with a 35% TCA solution to 
achieve an MDCP. 


Jessner peel 

After cleansing and degreasing the skin, the JS is applied evenly to 
the treatment areas. A faint redness followed by a light, powdery 
whitening will appear (Figure 160.9). This is due to precipitation of 
the chemicals and is not a true frost from tissue coagulation. If a 
deeper peel is desired, additional coats of JS can be applied. With 
more coats the skin becomes red and there may be areas of white 
frost from tissue coagulation. The patient will experience a stinging 
or burning sensation. Unlike GA peels, there is no need for neutrali- 
sation. The powdery whitening is washed off with water and a mild 
moisturiser applied. 


Salicylic acid peel 

A 20-30% SA solution is applied to the face and, for acne, a second 
coat is applied to the papules and pustules. A tingling or burning 
sensation will be felt. A white frost of crystalline precipitation of 
the SA is seen within the first few minutes of application. Pustules 
and papules become deroofed during the process. After 3-5 min 
the frost is complete and the face should be washed and a mois- 
turiser applied. The peels are repeated at 2-3-week intervals and the 
number of peels is dependent on the severity of the acne. 


Trichloroacetic acid peel 

Trichloroacetic acid 15-25% is used in SCPs and 35-50% solution is 
used in MDCPs. The depth of peel depends on the concentration 
of TCA used, the method by which the acid is applied, the number 
of applications and the amount of acid on the applicator. The TCA 
is rubbed into the skin with a 4 x 4 cm gauze. An even redness or 


Figure 160.10 Level 3 peel demonstrating ‘fridge white’ frosting using a trichloroacetic 
acid peel. 


frosting is seen. The depth of the TCA peel penetration correlates 
clinically with the intensity of frosting on the skin. Care should be 
taken to allow adequate time (approximately a minute) between 
TCA applications to ensure the coagulation process is complete 
before another coat is applied. A light frost corresponds to a super- 
ficial epidermal peel (level 1 TCA peel), a white frost with redness 
showing through corresponds to a full epidermal peel (level 2 
TCA peel), while a solid white frost (‘fridge white’) corresponds 
to a papillary dermal peel (level 3 TCA peel) (Figure 160.10). The 
patient will experience a burning sensation within a minute of TCA 
application. When the desired end point is reached, the treated 
areas are washed with water and an emollient is applied. 


Combined glycolic acid and trichloroacetic acid 

The combination of 70% unbuffered GA peel followed by TCA 35% 
produces a consistent MDCP and is safer than a medium depth TCA 
concentration. GA 70% is applied to the face for 2 min and then 
washed off with water. A TCA 35% solution is applied in the usual 
manner. The patient will experience a burning sensation within a 
minute of TCA application. Once frosting is completed, the face is 
washed with water and an emollient applied. 


Combined Jessner solution and trichloroacetic acid 

The goal of combining JS followed by a 35% TCA solution (both 
superficial peeling agents) is to create an MDCP without the risk 
of using high concentrations of TCA. JS (1-4 coats) is applied to 
the face until a uniform redness with light powdery whitening is 
seen, after which TCA 35% is then applied. A white frost (of tissue 
coagulation) is seen following the TCA application (Figure 160.11). 
The face is then washed with water. 


Phenol-croton oil peel 

Croton oil is mixed with 88% phenol into a solution, followed by the 
addition of septisol and water. The peel solution is applied over the 
entire face or cosmetic units (segmental peels). The optimal applica- 
tion technique includes the correct amount of solution, the pressure 
and the number of passes. DCPs are performed with preoperative 
sedation and adequate hydration. For full-face peels, intravenous 
fluids should be administered to reduce cardiac complications 
related to phenol toxicity. Continuous cardiac monitoring is needed 


(b) 


Figure 160.11 (a) Dense white frosting after a combination of Jessner solution and 
35% trichloroacetic acid peel. (b) Skin redness 6 days after the peel, lasting for 14 days. 
Courtesy of Richard Barlow. 


if peels exceed 1% of the body surface area. After completion of the 
DCP, occlusion is with either petrolatum jelly or zinc oxide tape and 
bismuth subgallate powder. A DCP can be done without occlusion 
and this involves more application of the peel solution and does not 
provide as deep a peel as the occluded method. 


Post-peel care 


The post-peel care regimen depends on the peeling agents used. 
For SCPs, no special care is required. A bland emollient is often 


used 2-4 times a day for 1-2 days post peel. After an SCP, the skin 
re-epithelialises in 3-4 days. When the skin looks and feels normal, 
the patients can restart their skincare. 

After an MDCP, skincare consists of measures to keep the necrotic 
skin layer in place for as long as possible as it acts as a protective 
dressing, as well as maximising patient comfort. A bland emollient 
or ointment is dabbed (not rubbed) on the treated area to keep 
the skin moist and a mild soap can be used for gentle cleansing. 
Patients should be reminded not to pick, rub or scratch at their skin 
as this will result in premature peeling and delayed wound healing. 
Furthermore, while showering, care should be taken to avoid water 
spraying directly on the face. If there are exudative areas, acetic acid 
compresses or an antibiotic ointment may be used. Medium depth 
peels will re-epithelialise in 5-7 days. 

After a DCP, full epidermal necrosis occurs and wound care is 
thus important to prevent infection. During the healing phase, 
dilute vinegar soaks will remove the necrotic debris and prevent 
crust formation. Repetitive application of an emollient enhances 
epithelialisation and reduces the risk of scarring. 


Side effects and complications 


Complications from SCPs and MDCPs are uncommon when per- 
formed by an experienced practitioner. Chemical peeling is based 
on controlled wounding of the skin, using an optimal peeling agent 
for an appropriate indication. However, side effects and compli- 
cations can occur and risks are higher with MDCPs and DCPs 
(Box 160.1) [1,2]. 


Box 160.1 Complications from chemical peels 


¢ Persistent redness 

¢ Chemical burns 

e Premature peeling 

¢ Milia and acneform eruption 

¢ Postinflammatory hyperpigmentation 
¢ Infection 

e Allergic contact dermatitis 

e Systemic toxicity 

¢ Postinflammatory hypopigmentation 
¢ Scarring 


To minimise complications, appropriate patient and product 
selection together with proper skin priming, good technique, real- 
istic patient expectations and compliance with post-peel care are of 
paramount importance. Patients at risk include those prone to PIH 
or keloid formation and those unable to adhere to post-treatment 
care. MDCPs and DCPs should be avoided in such individuals. 


Persistent redness 

Post-peeling redness usually fades over the course of a week. It 
is abnormal if it persists beyond 30 days post SCP and 60 days 
post MDCP. Persistent redness (Figure 160.12) is uncommon and is 
more likely to be seen in patients with rosacea or if the patient has 
been on topical tretinoin before and after the peel. It can persist for 
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Figure 160.12 Persistent redness 2 months after a trichloroacetic acid peel which will 
resolve with time. 


12-24 months but is rarely permanent; however, localised persistent 
redness may be a sign of an impending scar. 


Chemical burns 

Chemical peeling is a controlled chemo-exfoliation of the skin. 
Extensive chemical burns after superficial peels (Figure 160.13) are 
uncommon but can happen, especially if the GA is left on the skin 
for too long without neutralisation. If it occurs, burns tend to be 
localised and heal with PIH (Figure 160.14). 


Premature peeling 

Premature peeling can occur with MDCPs and DCPs (Figure 160.15) 
and may be accidental or intentional, caused by the patient rub- 
bing or picking, which must be resisted. With normal healing, 
the superficial necrotic layer acts as a dressing while the deeper 
layer heals. In premature peeling, the protective superficial necrotic 
layer is removed and the underlying fragile healing skin may not 
re-epithelialise, which can lead to persistent redness, post-peel 
pigmentation or even scarring. The skin may look raw and moist. 
The open wound must be treated with a topical antibiotic oint- 
ment or covered with petroleum jelly to prevent infection until 
re-epithelialisation is complete. Patients should be reminded not to 
traumatise or pick their healing skin. 


Milia and acneform eruption 

Milia may be seen during the healing phase after chemical peels, 
likely due to the occlusive effects of the ointment used after treat- 
ment. They tend to occur approximately 3 weeks after peeling, 
commonly in the periorbital area, and can be removed by gentle 
scrubbing or using tretinoin creams. 

Acneform eruptions may appear during the healing phase. 
Lesions are seen as tender, red, follicular papules or pustules and 
usually respond to topical acne medication such as a combination 
benzoyl peroxide-antibiotic cream. They tend to resolve within 
1-2 weeks (Figure 160.16). 


Postinflammatory hyperpigmentation 

Postinflammatory hyperpigmentation can occur with any chemical 
peel agent and is more frequent in patients with SOC or if there is 
unprotected sun exposure after chemical peeling (Figure 160.17). 
It is usually seen within 1-4 weeks and up to 8 weeks after a peel. 
PIH will gradually clear but may take several months for complete 
resolution. Hence, high-risk individuals should be primed with 


(a) 


(b) 


(c) 
Figure 160.13 Chemical burns to (a) the periorbital skin, (b) the cheeks and (c) the chin. 


(b) 


Figure 160.14 (a, b) Localised chemical burn with postinflammatory 
hyperpigmentation. 


topical hydroquinone prior to the procedure and observe fastidi- 
ous sun protection and sun avoidance after the peel. PIH can be 
treated with a combination of a broad spectrum sunscreen and 
topical lightening agents, antioxidants, retinoids or fruit acids. If 
the response to topical treatment is slow, a very superficial peel 
that is non-inflammatory such as a TCA 10%, JS or GA 50% can 
be utilised to exfoliate the superficial epidermis and any melanin 
pigment within it. 


Infection 
Infection is not common following a chemical peel but may 
occur as an early postoperative complication. Skin flora such 


| 


Figure 160.15 Premature peeling after a trichloroacetic acid peel with a loss of the 
protective necrotic layer caused by excessive scrubbing by the patient, with resultant 
redness. 


as Staphylococcus and Streptococcus species, and occasionally Pseu- 
domonas, Enterobacter and Candida species, can overgrow, causing 
infection. 

The risk of infection increases with the depth of the peel and with 
full-thickness epithelial necrosis. Infections must be treated early 
and aggressively as they may lead to scarring. Suspicion for infec- 
tion must be raised if there are necrotic crusts, particularly as heavy 
crusts generally do not form in SCPs or MCPs, or if there is an area 
of persistent redness, pain or erosion. If infection is suspected, a 
Gram stain and culture test should be done. All infections should 
be managed with the appropriate topical and oral antibiotic, anti- 
fungal or antiviral therapy. Crusts should be removed and wounds 
dressed with acetic acid soaks or other antiseptic treatment. 

Reactivation of dormant herpes simplex infection can occur and 
present with pain and erosions; vesicles are often not obvious. 
Generally, antiviral prophylaxis is not required for SCPs but is 
indicated for MDCPs or DCPs if the patient has a positive history of 
herpes simplex. Prophylactic antiviral treatment should be started 
1 day prior to and for 7 days post peel or until complete epithe- 
lialisation. Active herpes simplex infection occurring after the peel 
should also be treated [3]. 


Allergic contact dermatitis 

Chemical peeling agents seldom cause allergic contact dermatitis. 
GA and TCA are not common sensitisers but the resorcinol used in 
JS is a known skin sensitiser. A high index of suspicion is needed to 
detect contact allergy. 


Systemic toxicity 

Resorcinol, SA and phenol applied on the skin may be absorbed 
systemically to cause toxicity. The risk of toxicity is dependent on 
the quantity of chemical absorbed into the skin. Resorcinol toxicity 
from JS is rare and has not been reported even after multiple appli- 
cations to large surface areas of the face, neck and chest. SA toxicity 


(b) 


Figure 160.16 Pustules (a) seen after peels and (b) resolved within 2 weeks. 


(salicylism) can occur when large areas of the face, chest, arms and 
legs are treated simultaneously. 


Postinflammatory hypopigmentation 

Hypopigmentation is a recognised complication of DCPs and 
results from melanocyte destruction in both the hair follicles and 
reticular dermis. Phenol peels are known to cause hypopigmenta- 
tion and the degree is proportional to the amount of phenol used. 


Figure 160.17 Postinflammatory hyperpigmentation to the perioral region that 
developed after sun exposure after a superficial chemical peel. 


Hypopigmentation seen after MDCPs is due to necrosis of the 
entire epidermis and delayed repigmentation by the follicular 
melanocytes, and may persist for up to 2-3 months. However, 
hypopigmentation as a result of chemical peeling may be perma- 
nent, due to scarring and superficial fibrosis of the upper dermis. 
Once permanent, treatment is usually unsatisfactory and patients 
may require cosmetic camouflage make-up. 


Scarring 

Scarring is the most concerning complication of chemical peels, 
although it is seen rarely with SCPs. Patients at higher risk of 
scarring include those with an exaggerated inflammatory response, 
those with a history of poor or delayed wound healing and those 
with a tendency to form hypertrophic or keloid scars. Deeply pen- 
etrating peeling agents are risk factors, as well as inadequate time 
between peeling procedures. Shortened intervals will fail to allow 
for adequate skin healing and increase the risk for scarring. 

Most scars are a result of a secondary event, such as infection, 
premature peeling or a premature repeat procedure. Careful moni- 
toring during the healing phase after the peel enables early detection 
of infection or premature peeling and prompt treatment of these 
events can prevent scarring. In the early stages, scars appear as 
indurated red patches and plaques, usually seen within the first 
3 months post peel. High-risk sites include the upper lip, infra- 
mandibular skin and glabella. Focal persistent redness may be 
a sign of an impending scar and early intervention with topical 
steroids or pulsed dye laser treatment may prevent scar formation. 
Once scarring is noticed, close follow-up is essential. Hypertrophic 
and keloidal scars can be treated with pulsed dye laser, fractional 
laser resurfacing and intralesional steroid. 


Chemical peels in patients with skin 
of colour 


The indications for chemical peels in patients with melanin-rich 
skin differ from those for people with fair skin. Common presenting 
problems in patients with darker skin include skin dyschromia 
(such as melasma, lentigines or PIH), acne vulgaris, superficial 
acne and scars, textural changes such as roughness, oily skin and 
fine wrinkles and enlarged pores. Wrinkling, rhytids and actinic 
keratoses are less common presenting problems 

SCPs are effective and safe in treating acne, superficial acne scars, 
melasma and PIH [1-5]. Some of the more popular SCP in patients 
with SOC are GA, JS, SA and LA as they have a lower incidence 
of side effects compared with TCA peels. JS contains resorcinol 
which has a skin lightening effect while SA has a whitening effect 
on darker skin types. A series of superficial peels are preferred to a 
more aggressive single MDCP. MDCPs must be used with caution in 
patients due to the high risk of PIH. DCPs should not be performed 
in patients with SOC as the risk of complications far outweighs the 
benefits. Furthermore, they have been replaced with energy-based 
devices. 

When carrying out chemical peels in patients with SOC, spe- 
cial consideration should be given to the pre-peel priming, peel 
indication, choice of chemical peel agent and post-peel care. As 
the incidence of post-peel pigmentary changes is high, all patients 
should be thoroughly counselled on adequate skin priming, sun 
avoidance, adequate UV protection and treatment with skin light- 
eners before and after the procedure. Topical retinoids, GA and 
SA are often used as priming agents as they can reduce epidermal 
melanin, increase epidermal healing and improve the penetration 
of the peeling agent. When treating pigmentary dyschromia, topical 
retinoids should be discontinued 1 week before the peel to reduce 
the risk of excessive redness, peeling and post-peel pigmentation. 
Adherence to a strict post-peel regimen is important to reduce the 
risk of complications. 
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Introduction 


Laser, light and energy-based therapies have offered significant 
advances in dermatological therapy in the past several decades, 
having evolved from the somewhat disastrous first use of the ruby 
laser in 1960 [1] to the current time when such technologies have 
become a mainstay of treatment for a host of medical conditions. 
Given the large number of devices available, it is important for 
the laser surgeon to understand their capabilities and limitations. 
To provide patients with optimal treatments, one must accurately 
identify the target structure, select an appropriate laser, light or 
energy-based system and then tailor the specific parameters for the 
intended target. Please refer to Chapter 23 for a description of the 
science and general clinical applications of laser and light devices. 

This chapter considers laser, light and other energy-based devices 
and their applications for aesthetic purposes. 


Skin resurfacing 


Carbon dioxide and Er:YAG lasers 

Classic ablative skin resurfacing gained popularity and set the gold 
standard for facial rejuvenation in the 1990s. The carbon dioxide 
(CO,) laser, originally developed as a surgical cutting instrument, 
became the prototype device for facial resurfacing largely due to 
the outstanding observations of Richard Fitzpatrick MD. Operating 
at a wavelength of 10600nm and targeting water, the high-energy, 
short-pulse CO, laser achieves efficient soft tissue vaporisation, 


such as the skin, when delivered above a vaporisation threshold 
of 5J/cm? and in pulses of 1 ms or less. The vaporisation achieved 
is time and temperature dependent, and is always associated 
with residual thermal damage extending 50-150 1m beyond the 
vaporisation zone depending on the pulse duration and number 
of pulses delivered. The surrounding zone of thermal coagulation 
results in neocollagenesis and skin tightening. If lower fluence, 
subvaporisation threshold pulses are delivered, tissue coagulation 
and desiccation occur instead. 

The erbium:yttrium-aluminium-garnet (Er:YAG) laser emits light 
within the mid-infrared portion of the electromagnetic spectrum 
at a wavelength of 2940nm. Compared with the CO, laser, energy 
from the Er:YAG laser is 12-18 times more efficiently absorbed by 
water-containing tissues, with a tissue ablation threshold of approx- 
imately 1.5J/ cm2. As such, this device induces much less thermal 
injury in the areas immediately surrounding the vaporised tissue, 
leading to faster healing, reduced redness and less delayed-onset 
permanent hypopigmentation. These advantages are offset by the 
so-called ‘cold’ vaporisation of the Er:YAG, because of its relatively 
poor ability to coagulate tissue. Hence, use of lower power Er:YAG 
lasers was thought to be less effective for anything more than a 
superficial laser peel as immediate bleeding will impede further 
vaporisation. However, the high-power ER:YAG devices are very 
efficient ablators of tissue and also have an effective coagulative 
component that reduces bleeding [2]. 

After 30 years, laser resurfacing devices still remain the gold 
standard for photorejuvenation, wrinkle reduction and skin tight- 
ening. Having said that, the initial fervor for fully ablative laser skin 
resurfacing waned somewhat based on the morbidity associated 


Rook’s Textbook of Dermatology, Tenth Edition. Edited by Christopher Griffiths, Jonathan Barker, Tanya Bleiker, Walayat Hussain and Rosalind Simpson. 


© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd. 


2 
= 
Lu 
= 
= 
4) 
Lu 
 § 


DERMATOLOGY 


PART 14 


= 
= 
Lu 
= 
= 
Vv 
Lu 
 § 


DERMATOLOGY 


PART 14 


161.2 


Chapter 161: Lasers and Energy-based Devices 


with this classic technique, especially since the post-treatment 
recovery requires complete re-epithelialisation, with an increased 
risk of superficial bacterial, viral and fungal infections. Long-term 
sequelae include significant post-treatment erythema that can linger 
months following treatment. It was not uncommon to see a line 
of demarcation with relative hypopigmentation between treated 
and untreated areas, a tell-tale sign of classic resurfacing. Further- 
more, the problem of delayed-onset permanent hypopigmentation 
within the treatment zone occurs in approximately 15-20% of 
subjects. 


Fractionated non-ablative devices 

In an effort to maximise clinical efficacy while reducing treatment- 
associated morbidity and speeding up postoperative healing, 
fractionated photothermolysis was introduced, causing a signifi- 
cant paradigm shift with regard to both efficacy and safety [3]. The 
development of fractionated lasers has changed the way laser sur- 
geons practise. Whereas traditional full field resurfacing treats the 
entirety of the skin, fractional photothermolysis treats a relatively 
small percentage of the skin surface. 

Non-ablative fractional resurfacing (NAFR) is characterised by 
the delivery of narrow beams of high-energy light using a variety 
of wavelengths targeting tissue water. Depending on the device, 
depths of up to 1.5mm can be reached. Histology of tissue imme- 
diately after treatment reveals clear zones of epidermal and dermal 
necrosis within the microscopic treatment zones (MTZs). Lactate 
dehydrogenase staining, demonstrating evidence of viable tissue, 
was evident adjacent to the MTZs. The microscopic epidermal 
necrotic debris (MEND) overlying the MTZ contained cellular 
components as well as melanin, which were gradually extruded 
over the course of 2 weeks. No histological or clinical evidence of 
persistence of the microthermal zones was present at 3 months. 
Despite visible necrosis of the epidermis and dermis in the MTZs, 
the stratum corneum remained histologically and functionally 
intact. Thus, rejuvenation with the prototype device was termed 
non-ablative. 

The first non-ablative fractional device (Fraxel re:store®, Solta 
Medical Inc., Hayward, CA, USA) is the most extensively studied to 
date. The device uses an erbium fibre laser at a non-ablative wave- 
length of 1550nm. The handpiece utilises a scanning mode based 
on an intelligent optical tracking system. The Fraxel re:store device 
creates MTZs 100-200 pm in width and 500-1400pm in depth. 
Energy levels can be adjusted from 4 to 7OmJ/MTZ. Additional 
NAER lasers followed. 

Non-ablative fractional photothermolysis has been shown to 
improve photoageing on both facial and other skin surfaces. Simi- 
larly, texture, wrinkling, dyspigmentation and telangiectasis have 
been documented to have been improved after treatment. In 2006, 
Geronemus [4] showed improvement in the vertical lines of the 
upper lip. Since then, studies have shown efficacy in photoageing of 
the hands and other non-facial surfaces. NAFR has been shown to 
be effective for atrophic acne scars, traumatic scars, striae distensae, 
minocycline hyperpigmentation and residual skin redundancy 
following resolution of haemangioma. 

The thulium 1927 nm laser (Fraxel Dual®, Solta Medical Inc., 
Hayward, CA, USA) increased the versatility of fractionated 
devices. Given this wavelength’s strong absorption by water, the 


thulium device has a non-linear depth-energy profile, unlike the 
1550 nm non-ablative device. Thus, the maximum depth of penetra- 
tion of 202 pm is achieved at around 20 mJ per pulse. At this energy, 
the dermal thermal injury profile is similar to a superficial CO, 
laser; the main advantage is that there is no epidermal loss with 
the thulium device, and thus no exudation or bleeding. With this 
minimal depth of penetration, one can effectively perform superfi- 
cial treatments aimed primarily at targeting epidermal processes. 
In addition to applications for dermatoheliosis and dyschromia, 
this device is relatively effective at removing widespread actinic 
keratoses and actinic cheilitis. It is considered a significant advance 
as a treatment modality associated with successful outcome and 
lower risk, especially in darker skin types. 


Fractionated ablative devices: carbon dioxide 

and Er:YAG 

Following the success of fractionated non-ablative rejuvenation 
came the development of fractionated ablative rejuvenation [5]. 
Three wavelengths — 10600 nm (CO, laser), 2940nm (Er:YAG 
laser) and 2790 nm (yttrium-scandium-gallium-garnet (YSGG) 
laser) — were selected because their wavelengths are so well 
absorbed by water content in tissues. The Fraxel re:pair® (Solta 
Medical Inc., Hayward, CA, USA) was the first ablative fractional 
device. The device employs a 10600nm CO, laser delivered by 
scanning handpiece technology and has the ability to place 2000 
microablative MTZs per second. 

The Active/Deep FX™ system (Lumenis Aesthetic, Santa Clara, 
CA, USA) is another well-studied ablative fractional laser device. 
The Active FX utilises the original computer pattern generator 
handpiece with updated technology to create random patterns 
of injury while preventing bulk heating. The second technology, 
known as Deep FX, utilises a narrower spot diameter but achieves 
greater penetration into the dermis. When the two treatments are 
used together, the first pass with Deep FX and the second pass with 
Active FX, the procedure is termed “Total FX’. Unlike the scanning 
delivery method in the Fraxel re:pair, the Deep FX system uses 
a stamping method. It is important to note that the parameters 
of energy and density are not interchangeable between the two 
devices. 

Fractional ablative technology using Er:YAG lasers include 
the ProFractional™ (Sciton Inc., Palo Alto, CA, USA), the Pixel® 
(Alma Lasers, Buffalo Grove, IL, USA) and the StarLux2940™ 
(Palomar Medical Technologies, Burlington, MA, USA), among 
others. These devices vary from one another, but are based on 
the 2940nm wavelength. More recently, the fractionated 2910nm 
fibre laser has recently become available. This delivers light at 
the peak of water absorption and maximises tissue ablation while 
minimising the incidence of postinflammatory hyperpigmentation 
(PI) or post-inflammatory erythema (PIE) (UltraClear™, Acclaro 
Corporation, Rhode Island, RI, USA). 

A more recent addition to the fractionated group of lasers is a 
hybrid system commercially known as Halo® (Sciton Inc., Palo 
Alto, CA, USA). This system combines non-ablative 1470 nm diode 
wavelength with an ablative 2940nm Er:YAG wavelength in a 
single handpiece that has the ability to deliver both wavelengths in 
a single pass. The 1470nm wavelength is absorbed by water and is 
capable of penetrating the dermis up to 700 1m. Unique to the Halo 


(c) 


Figure 161.1 Treatment with ablative fractional resurfacing for photodamage: (a,b) before treatment and (c,d) 3 months after treatment. 


is the ability to adjust the penetration depth to as little as 100 1m, 
thus allowing for less aggressive treatment options, but also the 
ability to more precisely target actinic damage at the 300-400 pm 
level. This device is significantly less painful than the 1550nm 
non-ablative devices and is becoming popular with patients and 
practitioners alike. 

Immunohistochemical studies demonstrate neocollagenesis after 
ablative fractional resurfacing with the expression of markers for 
heat shock proteins, collagen III, proliferating cell nuclear antigen 
and a-smooth muscle actin in treatment areas. Heat shock protein 
47, required for collagen remodelling and maturation, persists for 
nearly 3 months following treatment, suggesting ongoing collagen 
synthesis long after the immediate recovery phase. 

Ablative fractional photothermolysis offers the opportunity for 
relatively safe treatment of anatomical regions that were notoriously 
difficult to rejuvenate with conventional ablative resurfacing, and 
has been shown to be effective in treating photodamage and acne 
scarring (Figures 161.1 and 161.2). 

Ina reversal of recent trends, the prevailing concepts in facial reju- 
venation are that the traditional full field CO, and Er:YAG lasers 
provide the best outcomes in terms of improvement per treatment. 
These fully ablative treatments are gaining popularity in the peri- 
oral and periorbital region while treating the rest of the face with 
the fractional counterpart. 

Table 161.1 provides a partial list of devices. 


(d) 


Management of patients undergoing laser 
resurfacing procedures 


Caution should be exercised in treating those with a history of 
delayed wound healing secondary to tobacco or alcohol abuse, 
diabetes or any other systemic medical condition, malnutrition, a 
history of connective tissue disease or an immunocompromised 
status. Isotretinoin use in the prior 6-12 months could impair 
wound healing, though recently this concept has been challenged. 
The majority of laser surgeons will require their patients to have 
a 3-6 month washout period prior to performing laser surgery, 
even though this is probably unnecessary [5]. Special consideration 
should be given to any patient with active local or systemic infec- 
tions and those with a history of keloid scarring. Patients with a 
personal or family history (first-degree relative) of vitiligo should 
avoid any aesthetic laser surgery as this might activate a latent 
tendency. 

Pr 0 A e management and anaestn 4 

Both ablative and non-ablative fractional resurfacing can be quite 
painful without appropriate anaesthesia, particularly when using 
high energies at high density. The application of a topical anaesthetic 
ointment such as lidocaine/tetracaine 23/7% for approximately 
1 hour is a simple and effective method for increasing patient com- 
fort. Cooling strategies such as forced cold air or contact cooling can 


(b) 


(c) 


Figure 161.2 Ablative fractional resurfacing for acne scarring: (a) before treatment, (b) 
immediately after treatment and (c) 3 months after treatment. 


enhance patient tolerance. For more aggressive ablative procedures, 
additional anaesthesia (with nerve blocks, tumescent anaesthesia 
or systemic narcotics) with anxiolytics is often used. 

Oral antiviral therapy is generally recommended for herpes sim- 
plex virus prophylaxis. Acyclovir or valaciclovir is typically given 
anywhere starting the day of treatment for 7— 10 days post treatment. 
For ablative procedures, patients may also receive antibacterial pro- 
phylaxis, usually in the form of penicillins or macrolides. 


Following ablative fractional resurfacing, punctate bleeding and 
serosanguinous drainage are expected side effects, which dry into 
a thin keratinaceous crust within 24-48 h. Significant oedema 
and erythema of treated skin is observed with both ablative and 
non-ablative fractionated therapies, although the latter is much 
less evident and its duration shorter. A single application of a 
topical potent corticosteroid ointment immediately following the 
procedure can reduce these side effects. 

In cases of ablative laser resurfacing, either full field or fractional, 
careful attention to wound care is important. The skin should be 
cleaned gently with either dilute vinegar or hydrogen peroxide 
and kept moist with petroleum jelly until fully epithelialised. For 
ablative fractional photothermolysis, the erythema dramatically 
improves within 1 week, but mild erythema and oedema can persist 
for 3-6 weeks. Most patients are able to return to their normal activ- 
ities, including work, and can apply make-up approximately 7 days 
after ablative fractional photothermolysis, depending on the depth 
and density of treatment. Unsightly lines of demarcation between 
treated and untreated skin can be easily avoided by feathering 
treatment at the borders with low energy and density settings. 

Non-ablative fractional photothermolysis typically requires little 
‘downtime’ for healing, as the oedema and erythema resolve within 
a few days. 

Since the areas of vaporisation are so minute and with rapid skin 
healing, fractionated ablative systems offer an unparalleled safety 
margin compared with traditional ablative lasers. Up to 50% of 
facial skin can be treated with these devices and yet the skin heals 
within 5 days with no evident scarring. However, infection remains 
a significant complication and can lead to permanent scarring if not 
recognised and treated early. Furthermore, laser surgeons should 
be cautious when treating ‘underprivileged’ areas such as the neck 
and chest where the dermis is relatively thin with fewer adnexal 
structures such as follicular units, resulting in less robust healing [6]. 
For example, skin on the cheek has a thicker dermis with abundant 
adnexal structures and can therefore tolerate high energies and 
densities; much lower densities of fractionated treatment should 
be employed on less privileged areas. The laser surgeon should 
have a thorough understanding of relative skin thicknesses and an 
appreciation the composition of the skin structures in all potential 
treatment sites. 

Another important strategy to minimise the risk of scarring is the 
avoidance of bulk heating. These devices lay down discrete pack- 
ages of injury, each separated from the other by normal untreated 
skin. Scanning or stamping repeatedly over the same area will 
induce bulk heating, which might induce full-thickness skin loss, 
and subsequent scarring. The use of a non-overlapping technique 


Table 161.1 Ablative and non-ablative fractional devices. 


Device Company Type Wavelength (nm) 
Ablative fractional lasers 

Harmony™ Alma Lasers Er:YAG 2940 
Lux2940™ Palomar Er:YAG 2940 
ProFractional™ Sciton Er:YAG 2940 
Active FX™ Lumenis co, 10600 
Deep FX™ Lumenis co, 10600 
Fraxel re:pair® SST Solta co, 10600 
Mixto SX® Lasering USA co, 10 600 
Pixel® CO, Alma Lasers co, 10600 
SmartXide DOT® DEKA co, 10600 
Non-ablative fractional lasers 

LuxIR Fractional™ Palomar PL-powered infrared 825-1350 
Emerge™ Palomar Erbium fibre 1410 
Fraxel re:fine® Solta Erbium fibre 1410 
Clear + Brilliant® Solta d:YAG/fibre 1440/1927 
Lux1540™ Palomar PL-powered laser 1540 
Fraxel Dual® Solta Erbium fibre/thulium 1550/1927 
Sellas1550™ Benev Erbium fibre 1550 
Hybrid ablative and non-ablative laser 

Halo® Sciton Erbium 1470/2940 


CO,, carbon dioxide; Er:YAG, erbium:yttrium-aluminium-garnet; IPL, intense pulsed light; Nd:YAG, neodymium:yttrium-aluminium-garnet; YSGG, yttrium-scandium-gallium-garnet. 


allows the treated skin sufficient time to cool before the application 
of a subsequent pass in the same area. 


Laser-assisted drug delivery 


Laser-assisted drug delivery (LADD) uses the vertical cone-shaped 
channels known as micoablation zones (MAZ) from the ablative 
or non-ablative fractionated lasers to create a viable path for drug 
delivery. The application of topical agents to the MAZ allows 
for dramatically increased penetration and bioavailability of the 
medications (e.g. triamcinolone, 5-fluorouracil). Low percentage 
fractional laser treatment densities (coverage of the skin should 
be less than 5%) are used to prevent toxic systemic absorption of 
topically applied medications. The holes created by microneedling 
or radiofrequency microneedling tend to close immediately and 
hence are less able to facilitate percutaneous delivery of topical 
agents. One should also understand that the rapid rate of absorp- 
tion through the skin should limit the agents used to those that are 
FDA approved for injection into the skin. 


Hypertrophic scars 


Combining ablative fractional resurfacing with both intralesional 
and topical medications has shown promise for the treatment of 
keloids and hypertrophic scars. The most commonly used medica- 
tions include intralesional triamcinolone, topical triamcinolone and 
topical 5-fluorouracil. A recent review of 10 randomised controlled 
trials involving 329 patients indicated improvement when LAAD 
was compared with the medication alone. Waibel and colleagues 
demonstrated successful treatment of hypertrophic scars using a 
fractionated carbon dioxide laser and LAAD of either triamcinolone 


or 5-fluorouracil [7]. There was no statistically significant difference 
between triamcinolone and 5-fluorouracil. However, 5-fluorouracil 
had fewer side effects such as atrophy or telangiectasia formation. 


Rhytids 


Perioral rhytids can be stubborn to treat and often require multiple 
treatment modalities to achieve the desired outcomes. Ibrahim and 
colleagues demonstrated the efficacy of three treatments with a low 
density fractional ablative CO, laser and the topical application of 
poly-L-lactic acid (PLLA) for upper cutaneous lip rhytids had a 47% 
decrease in their severity [8]. This is a similar technique as described 
with atrophic acne scarring. For limited areas, fully ablative laser 
treatments could be more effective and less costly for patients, but 
they do require an experienced practitioner. 


Melasma 


Clinical features 

Melasma remains a challenging disorder to treat (Chapter 86) 
and laser therapy is no exception. It commonly involves the 
face and presents as tan to dark brown patches with sparing of 
photo-protected sites. Current treatment regimens show vary- 
ing degrees of improvement and recurrence is expected despite 
precautionary measures such as strict sun protection. 


Laser management 

Early reports using fractionated non-ablative lasers were ini- 
tially encouraging. A preliminary case report described clinical 
improvement of treatment-resistant facial melasma after two treat- 
ments [9]. A subsequent study demonstrated that 60% of patients 


Melasma __ 161.5 


Y 
= 
Lu 
= 
= 
Vv) 
Lu 
i § 


DERMATOLOGY 


PART 14 


— 
= 
Lu 
= 
= 
Vv 
Lu 
 § 


DERMATOLOGY 


PART 14 


161.6 


Chapter 161: Lasers and Energy-based Devices 


with skin phototypes III-V achieved 75-100% improvement. The 
clinical improvements correlated with appropriate histological 
findings of melanin extrusion in the dermal and epidermal necrotic 
debris. Also, post-treatment electron microscopy revealed fewer 
melanocytes and less melanin in the surrounding keratinocytes 
than in the pre-treatment specimens. While these initial studies 
showed promise for the treatment of melasma, more recent reports 
have suggested some limitations in efficacy, with high recurrence 
rates after treatment, especially in those patients with darker skin 
types. Fractionated treatments can be useful for melasma when 
used in combination with topical ‘bleaching’ agents by increasing 
absorption, for example, of hydroquinone. However, as with all 
treatments for melasma, recurrence is customary unless subjects 
remain fastidious about sun protection measures. 

Given that melasma is a disorder of hyperpigmentation with 
increased melanin in epidermal melanocytes and dermal melano- 
phages, there is some rationale for the use of very short pulsed 
(Q-switched or QS) lasers. Low-fluence treatments with the QS 
1064 nm Nd:YAG laser is currently used for melasma with repeated 
sub-photothermolytic energy pulses causing fragmentation of 
melanin granules and facilitating their removal without cellular 
destruction. 

Choi et al. [10] studied the effects of low-fluence (2.0-3.5 J/cm?) 
QS 1064nm laser in 20 melasma patients, performed at 1-week 
intervals. After five treatments, the pigmentation was significantly 
decreased, and the investigators also noticed a decrease in the 
degree of wrinkling. Goldberg et al. [11] treated 20 melasma patients 
with a QS 1064nm laser employing a 6mm spot size at 2 J/cm’. 
The patients underwent eight treatments at 1—-2-week intervals, 
and all subjects showed improvement in their melasma. Kauvar 
[12] treated 27 female melasma patients with a combination of 
microdermabrasion followed immediately by treatment with a 
low-fluence QS 1064 nm laser. The treatment was repeated at 
4-week intervals and the patients began applying hydroquinone, 
tretinoin and sunscreen 2 days following the laser treatment. After 
an average of 2.6 treatment sessions, 81% of the patients had greater 
than 75% clearance of melasma. As always, caution is advised as 
there are some reports of depigmentation associated with the QS 
Nd:YAG lasers for melasma and photorejuvenation, as well as an 
unmasking of previously subclinical melasma. 

More recently, there has been increased use of picosecond lasers 
for the treatment of melasma and in particular with low frequency 
(repetition rate) and density. The picosecond alexandrite laser has 
been studied for treating refractory melasma, and there is increased 
efficacy in using the fractionated (diffractive lens) with a slow, low 
density treatment to minimise the thermal injury [13]. When com- 
paring the fractionated lens with the regular handpiece, higher rates 
of clearance and less recurrence have been noted. 

As mentioned, lasers and light-based devices are not the first line 
of treatment for melasma and caution should be taken when using 
any device that applies too much heat to the skin. Of note, while the 
intense pulsed light (IPL) is often used, it can exacerbate melasma. 


Complications 

Depending on the selected modality used, adverse effects such 
as scarring with irregular hypopigmentation, postinflammatory 
hyperpigmentation, post-treatment purpura, mottled appearance, 


Figure 161.3 Footprinting following intense pulse light treatment in type IV skin 
individual. 


crusting and erythema can occur, particularly when used by inex- 
perienced professionals or those without adequate training, and 
is a common cause for litigation due to an aesthetic procedure 
(Figure 161.3). 


CryoModulation technology 


CryoModulation technology (R2, Blossom Innovations, MA, USA) 
provides an intriguing new way to lighten, brighten and rejuvenate 
skin. This novel approach treats benign lesions with precision, 
using a controlled cryo-based technology to reduce melanin pro- 
duction while maintaining melanocyte viability [14]. The skin 
barrier remains intact, ensuring effective treatment without the 
disadvantages commonly associated with comparable treatments. 


Skin tightening 


The consumer demand for non-invasive skin tightening is continu- 
ally growing, although the US Food and Drug Administration has 
had some difficulty in defining this process. Significant research has 
focused on the science of radiofrequency (RF) and ultrasound. Other 
research has investigated the role of bulk cooling and deoxycholic 
acid, both of which provide limited evidence of skin tightening as 
part of their fat reduction process. Shockwave therapy is used in 
some spas for skin tightening but has little scientific basis of rele- 
vance. Further, traditional spa-type shockwave therapy is a far cry 
from the new Soliton RAP™ acoustic wave technology referred to 
below. 

Traditionally, the best-understood treatments for non-surgical 
skin tightening have been traditional laser resurfacing with the CO, 
and hot Er:YAG resurfacing. Of note, these successful skin tight- 
ening procedures only delve 300-400 1m into the skin; newer RF 
and ultrasound technologies attain 2-6 mm, reaching the superficial 


musculo-aponurotic system (SMAS). When comparing the relative 
benefits of depth vs density, it is the latter which is more important 
for skin tightening. 

Having said that, RF can be used to induce volumetric heating at 
selected depths by changing the frequency and the configuration of 
the electrodes. Water is the target of this process, with depth of pen- 
etration being inversely proportional to the frequency, ranging from 
3kHz to 24GHz. The configuration of these devices can be either 
bipolar or unipolar. Localised heat injury at a specific depth will 
induce an inflammatory reaction resulting in neocollagenesis and 
neoelastogenesis to achieve wrinkle reduction and tissue tighten- 
ing. Of note, care must be taken to avoid excessive heating of the 
subcutaneous fat, which can result in localised fatty depressions in 
the skin. 


Methods of radiofrequency delivery 

Monopolar devices utilise a grounding plate so that energy is 
delivered through the skin of the patient, into the body, and then 
ultimately to the grounding plate. Other popular RF devices use a 
continuous (dynamic) delivery technique with constant gyration 
of the handpiece by the operator while the pulse fires continu- 
ously. Sophisticated devices include constant surface temperature 
monitoring while delivering the RF to avoid overheating, though 
the patients’ own protective sensory mechanisms for pain are 
very effective as temperatures above 41°C are generally not well 
tolerated. For this reason, topical anaesthesia is not given prior to 
treatment. 

The first monopolar RF device cleared by the FDA was Thermage® 
(Solta Medical Inc., Hayward, CA, USA). In 2004, it was approved 
for treating periocular wrinkles and the initial indication that was 
promoted for eyebrow elevation. Soon after, the device was used 
for the treatment of sagging jowls and skin tightening in other body 
areas such as the abdomen and thighs. 

Through a process called capacitative coupling, the device can 
heat the dermis to between 65 and 75°C at a depth of 2-6mm 
while maintaining epidermal temperatures between 35 and 45°C. 
Electrodes (tips) are available for the face, body and eyes. The 
technology provides transcutaneous electrical nerve stimulation 
(TENS)-like interruption of RF energy interspersed with hot/cold 
skin stimulation, as well as vibration (acting on the gate theory of 
pain), a modulated RF profile and a more distributive electrode. 
Electron microscopy has shown an increase in the diameter of col- 
lagen fibres in post-treatment biopsies compared with pretreatment 
biopsies [15]. Non-randomised, non-blinded studies have shown 
subjective improvement in lower face skin tightening, submental 
laxity and cheek laxity [16]. 

Bipolar RF devices use two electrodes within the handpiece, so 
that the RF travels between alternating positive and negative poles. 
Spacing the electrodes at a certain distance determines the depth of 
penetration. Studies have shown a 25-50% improvement in wrin- 
kles, skin smoothness and texture. The objective of combined light 
and bipolar RF devices is to create more efficient tissue heating. The 
synergistic effects may increase the efficacy of each, but further stud- 
ies need to be performed to substantiate a benefit beyond RF alone. 
It is important that we physicians determine the credibility of these 
devices. 
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Safety and adverse events 

High quality RF devices have an excellent safety profile, largely 
attributed to advances in real-time monitoring of tissue impedance. 
By adjusting the power according to the impedance, the operator 
can avoid overheating and blistering. Keeping the energy flow con- 
trolled and having automatic heating power adjustment allows for 
precise and even treatment over areas of high impedance variability. 
The practitioner should be aware that there are multiple inferior 
‘copy-cat’ devices purporting to be as effective and safe. 

A retrospective study on 600 treatments with monopolar RF 
found that the most common side effect was erythema and oedema 
lasting for fewer than 24 hours. Significant side effects of superficial 
crusting, atrophic depression on the cheek, erythematous papules 
and neck tenderness only occurred with first generation devices and 
were absent in the multiple-pass lower energy treatment algorithms 
of newer generation devices. It must be kept in mind that all RF 
devices are indicated for mild to moderate skin laxity and excess 
subcutaneous fat tissue. Reasonable expectations must be set in 
place prior to the procedures. In appropriate settings, the options of 
more invasive methods such as surgery should be discussed. 


Ultrasound 

Ultrasound is established as a technique for non-invasive tis- 
sue tightening, though the enthusiasm for this depends on the 
experience of the provider. The primary mechanism is the tissue 
absorption of either very brief focused or longer diffuse acous- 
tic energy. Skin pigmentation does not impact ultrasound, it is 
described as ‘colourblind’ and thus can be used on all skin types. 


High Intensity microfocused ultrasound (HIFU) 

Ultherapy™ (Merz, Raleigh, NC, USA) is FDA approved for 
improvement in appearance of the face, neck and décolletage. 
Depth-specific transducers induce millisecond pulses of focal injury 
within the skin without damage to the epidermis. Early results 
indicated significant skin tightening, with a 1mm eyebrow lift in 
>75% of treated subjects. In cadaveric skin, damage was noted at 
a depth of 4.2mm, including damage to the SMAS. This targeted 
approach was met with significant enthusiasm, and a number of 
investigators have observed good clinical improvement. However, 
some clinicians remain skeptical about the long-term benefits. Side 
effects include focal bruising and significant pain during treatment. 
Anecdotal evidence suggests high patient motivation is required to 
endure this procedure. 

SofWave™ (SofWave Inc, Irvine, CA, USA) provides more diffuse 
ultrasound mid dermal heating at 60-70°C, maximally targeting a 
depth of 1.5mm for 5 seconds without damage to the underlying 
structures including bone, nerves, fat and blood vessels. Advan- 
tages of this device are related to its relative simplicity; it has no 
disposables, no moving parts and no optics. The parallel delivery 
of more diffuse ultrasound beams, integrated cooling and a large 
contact area allow for less discomfort and faster treatments. The 
large zone of volumetric heating measuring 1.5x 4mm from each 
of seven transducers target the mid dermis, and as such the speed 
of treating an entire face is about 30 minutes. Anecdotal experience 
suggests there are both immediate and delayed responses; initial 
plumping of the skin with better reflectance and general appear- 
ance followed by tightening. Reports of significant brow lifting after 
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treatment of the forehead are encouraging. This process can take 
several weeks to months. Patients should understand that these 
devices cannot replace surgical skin tightening and it may take 
multiple treatments to achieve the desired outcome. 

As with most cosmetic treatments, photographic evidence of 
improvement is critical for acceptance of real benefit. Thus all 
patients should be appropriately photographed with good focus 
and lighting, consistent positioning, avoidance of neck extension, 
and other features that allow good and reproducible compari- 
son. Ultimately, it is the patient who decides whether the benefit 
is worth the time and financial investment, but accurate photo 
documentation will facilitate their ability to do so in a realistic 
manner. 


Radiofrequency microneedling 

RF microneedling devices have become popular treatments for 
facial rejuvenation, especially since they are inexpensive and 
effective. Furthermore, they have become the ‘go-to’ device for 
some physicians for the treatment of acne scarring, especially in 
darker-skinned patients. Fractional RF microneedling devices have 
become prolific. Whereas microneedling as a stand-alone treatment 
is of questionable benefit, when combined with RF the results are 
more convincing. Devices can be monopolar or bipolar; also the 
electrodes are either insulated or non-insulated. Most disposable 
tips have approximately 50 electrodes in a square configuration. 
Careful analysis of each system should be performed before consid- 
ering purchase as many of these devices are not FDA or European 
Commission CE cleared. 

The original device (Profound®, Candela, MA, USA) has been 
demonstrated to induce new collagen and elastin in the mid dermis, 
and has demonstrated improvement in skin laxity on and off the 
face. However, it is quite uncomfortable, requiring topical anaes- 
thetic, nerve blocks, and possibly nitrous oxide and injectable pain 
control. In general, RF microneedling devices are performed 4-6 
times at one-month intervals using only topical anaesthetic. The 
needle density and length are sufficient to provide both superficial 
and deep controlled thermal injury. The low downtime and lack of 
postinflammatory hyperpigmentation in all skin types are making 
these devices quite popular among both aesthetic surgeons and the 
spa industry. 

Microneedling devices without RF have been manufactured at 
breakneck speed, most without any FDA clearance. Just as rapid 
are the social media representations about their often unsubstan- 
tiated benefits. There is some evidence to support the benefit of 
microneedling as a stand-alone device for acne scarring, although 
there remains little evidence to support touted skin tightening 
benefits. It is evident that RF and/or the immediate use of topical 
agents following treatment can provide real benefits. 

The first such fractionated RF system (eMatrix™, Candela Medi- 
cal Ltd, Wayland, MA, USA) used numerous bipolar mini-electrodes 
specifically arranged to create a pattern of selective microthermal 
injury with adjacent tissue sparing. This technology is used for skin 
rejuvenation and subjects have seen improvement in skin tighten- 
ing, smoothness and wrinkles. Pre-procedure anaesthesia should be 
utilised 30-60 min prior to beginning the treatment. 


Body contouring 


Body contouring refers to the optimisation of the definition, 
smoothness and shape of the human physique [17]. Apart from 
the underlying skeletal frame, this mainly involves muscular 
definition and distribution of subcutaneous fat. While diet and 
exercise remain the mainstay of ‘looking your best’, there are sev- 
eral non-surgical aids that can provide convincing improvements 
in appearance. These include both muscle toning and subcutaneous 
fat redistribution or elimination. 


Muscle definition 

Electromagnetic muscle stimulation (EMMS) selectively delivers 
strong electrical pulses to muscle tissue, dramatically increasing 
muscle contractile force, thereby conditioning the muscle in a 
non-invasive manner. The field generates a current when in range 
with a conductive material at a given intensity and frequency. 
Whereas skin and fat are poor conductors, muscle is an excel- 
lent conductor. Sensory nerves are bypassed. As the electrical 
current penetrates the muscle tissue, the motor units are stimu- 
lated resulting in intense involuntary muscular contractions. Post 
treatment, this results in strengthening, toning, and firming of 
the muscles in the abdomen, buttocks and thighs. Patients will 
notice an almost immediate improvement in contractility, although 
this is not permanent. There is some debate regarding the role of 
EMMS in reducing localised fat after muscle stimulation sessions. 
These devices are manufactured and sold by Emsculpt® (BTL, 
Marlborough, MA, USA), CoolTone® (Allergan, Irvine, CA, USA) 
and Physiq® (Cartessa, Melville, NY, USA). 


Fat contouring 

Historically, the approach to body contouring has largely involved 
invasive procedures such as liposuction and abdominoplasty. 
Liposuction is among the most popular of cosmetic surgery pro- 
cedures performed in the USA, but it is an invasive procedure 
with attendant downtime and rare but significant risks, including 
complications from anaesthesia, infections and even death. With 
the rising demand for body contouring, non-invasive devices for 
fat reduction have become increasingly popular. 

In recent years, increasing numbers of non-obese patients have 
sought procedures with minimal downtime and little or no associ- 
ated risk, despite the fact that such procedures are less effective than 
traditional surgical approaches and, unlike surgery, may require 
repeated treatments. Current non-surgical body contouring devices 
including those inducing bulk cooling (cryolipolysis) [18] and bulk 
heating (thermolipolysis). Low-level laser therapy, low-energy 
non-thermal ultrasound and HIFU have also met with some success 
in fat reduction but are regarded by many as relics on the long road 
of redundancy. 


Bulk cooling/cryolipolysis 

The concept of cryolipolysis was introduced in 2007 and cleared by 
the FDA in 2010. Cryolipolysis applies controlled cold exposure with 
cup suction to induce targeted apoptotic reduction of subcutaneous 
fat. The technology is based on the concept of ‘popsicle panniculitis’, 
which has long been reported as a form of cold-induced inflam- 
mation with subsequent apoptotic fat loss [19]. By controlling and 


Figure 161.4 Appearance of skin immediately after cryolipolysis. 


modulating the cold exposure, it is possible to damage adipocytes 
selectively, while avoiding damage to the overlying epidermis and 
dermis. The decrease in fat thickness occurs gradually over 3 months 
following treatment and it is most pronounced in patients with lim- 
ited, discrete fat bulges. 

Multiple clinical trials have demonstrated the efficacy of 
cryolipolysis. In one study, 32 patients with localised fat accu- 
mulation in the flanks (‘love handles’) demonstrated clinical 
improvement as measured by digital photography, physician 
assessment and subject satisfaction. Of these patients, 10 underwent 
ultrasonography of their treatment area with an average 22.4% 
reduction of fat layer thickness. 

The known risks of this procedure include modest discomfort 
during the procedure, erythema of the skin, bruising and tempo- 
rary numbness at the treatment site. Figure 161.4 demonstrates the 
appearance of the skin immediately after treatment. Coleman et al. 
[20] reported that there are no long-term effects on the function of 
the peripheral nerves. To date, there have been no reports of scar- 
ring, ulceration or alterations in blood lipid or liver function profiles. 
It should be noted that caution should be exercised when treating 
patients with cold-induced dermatological syndromes, including 
cryoglobulinaemia, cold-induced urticaria, Raynaud syndrome and 
paroxysmal cold-induced haemoglobinuria, until further studies 
have been done. There have been rare reports of severe pain and 
also paradoxical fat hypertrophy at the treatment site, but these 
have been ameliorated with the new design of applicators which 
require less negative pressure and limited cooling time. 


Bulk heating/thermolipolysis 

Localised bulk heating of fat has been demonstrated to effec- 
tively induce an apoptotic reduction in adipose thickness. The 
two best developed devices are the 1060nm laser (SculpSure™, 
Cynosure, Westford, MA, USA) and the RF devices (truSculpt™ 
Cutera Inc., Brisbane, CA, USA). These have successfully been 
employed to sculpt body fat, although without the same success 
as bulk cooling devices. One marked difference between the two 
concepts is that heating tends to cause pain whereas cooling simply 
results in the sensation of skin numbing. Unfortunately there are 


rampant ‘copy-cat’ imitations of bulk cooling devices, with resultant 
dangerous practice and a litany of tissue burns and scars. 


Cellulite 


Rapid Acoustic Pulse (RAP) technology 

for improvement of cellulite 

Rapid Acoustic Pulse (RAP™ Soliton Inc, Houston, TX, USA) tech- 
nology has recently been developed and found to be useful both 
for tattoo removal and in the treatment of cellulite. This device uses 
ultrashort high-energy acoustic pulses (shockwaves) to induce a 
sheering stress on tissues that are relatively solid and fixed in com- 
parison to surrounding structures (Figure 161.5). Indeed, its major 
use in the future will be for the disruption of subcutaneous fibrous 
septae and the smoothing of the rippled and dimpled appearance 
of cellulite. It is a cosmetic ‘condition’ which is almost universal in 
women and felt to be a variant of normal physiology represented 
by the appearance of dimpling of the skin aggravated with a certain 
pose or movement, although may eventually occur at rest. It can 
vary from a slight rippling irregularity of the skin surface to major 
depressions in the soft tissues, most frequently on the thighs and 
buttocks, but also other locations. It is related to tethering of the 
fat compartments to the underlying fascia. There is good evidence 
that high intensity, high frequency, ultrashort acoustic wave pulses 
are capable of disrupting these fascial connections, rendering the 
dimpling less evident. 

The treatment of tattoos is addressed elsewhere (Chapter 23), 
but it is worthwhile to mention here that RAP technology was 
originally developed to be used in conjunction with short pulsed 
lasers for tattoo removal, by clearing the epidermal and intradermal 
vacuolar whitening associated with Q-switched laser treatment. 
This enables the use of multiple laser passes in a single session to 
efficiently remove tattoos. It should be noted that RAP technology is 
not the same as other traditional shockwave treatments, which have 
neither the power nor the ultrashort (nanosecond) pulses required 
to induce these specific changes referenced above (Figure 161.6). 


Other cellulite treatments 

Another FDA cleared treatment for cellulite includes Cellulaze™ 
(Cynosure Westford, MA, USA). Cellulaze is a minimally invasive 
1440 nm laser procedure designed to interrupt the fibrous structures 
responsible for the development and persistence of cellulite. This 
side-firing SideLaze™ laser involves the insertion of a cannular 
directly under the skin. It is said to increase the thickness of skin, 
while simultaneously releasing the fibrous bands. 

Furthermore, Cellfina® (MERZ, Raleigh NC, USA) has achieved 
FDA clearance as a semiautomated invasive cellulite reduction 
treatment. It works by detaching fibrous septae using a very thin 
blade, inserted through a tiny incision with local anaesthetic. The 
dimpled skin is suctioned up into the Cellfina device, allowing 
a stable platform under which the blade mechanically separates 
the fibrous septae. To date, Cellfina is indicated as a long-lasting 
cellulite treatment, particularly for larger/deeper cellulite depres- 
sions, with results lasting up to 3 years. There is some swelling and 
bruising, but results are noticeable within a few days of treatment. 
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Figure 161.5 Time dose response to rapid acoustic pulse: (a) Control — 20x; (b) 1 min — 20x; (c) 2 min — 20x; (d) 3 min - 20x. 
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Figure 161.6 Hydrophone measurements using an Onda Corporation (Sunnyvale, CA, 
USA) AIMS Ill (Acoustic Intensity Measurement System) (green) vs a Z-Wave handpiece 
(blue). 


Nano-pulse stimulation technology 


Nano-pulse stimulation (NPS) technology (Pulse Biosciences, 
Inc Hayward, CA, USA) is a novel energy modality that has 
demonstrated a unique mechanism of action that targets only 
cellular morphology while sparing the non-cellular stroma. Each 
electrical pulse is delivered over an ultrashort (billionths of a 
second) time-period via microneedle arrays, resulting in internal 
organelle disruption and cellular apoptosis (regulated cell death). 
The cell-specific effect is non-thermal, with a typical nano-pulse 
delivering about 0.1 joules of energy distributed across a significant 
volume of tissue. 

Early human studies have established safe threshold doses, 
which have been demonstrated in clinical trials to clear non-genital 
warts, seborrhoeic keratoses and sebaceous hyperplasia, as well as 
superficial basal cell carcinomas. The NPS mechanism of inducing 
regulated cell death has also been demonstrated in animal models 
of induced malignant tumours to eliminate these tumours safely 
while stimulating a secondary immune response that results in 


cytosine deaminase (CD) mediated rejection of similar malignant 
cells subsequently introduced to the same animal. Initial results 
indicate high rates of benign lesion clearance with a low incidence 
of scarring. 


Conclusion 


The rapid advances in laser, light and other energy-based devices are 
a testament to several factors including the engineers who design 
these technologies, the enquiring minds of the physicians who seek 
better devices for their patients, consumer demand, and the avail- 
ability of funding for research and development. 

Consumer demand is likely to grow, resulting in increased market 
share and financial incentivisation. The new paradigms of health 
care delivery will mean that a host of new providers will seek to 
offer these procedures. Although the indications for the use of these 
devices are cosmetic in nature, many were originally developed for 
medical conditions. This does not mitigate the inherent risks of the 
procedure itself, and it is clear that adverse events can be disfigur- 
ing and debilitating. Adequate training, education and regulation is 
paramount for the safe and effective use of lasers and other devices. 
Our first commitment is always the wellness of our patients. 
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duration correlation 88.4 
immune responses 88.40 
mimics 88.38 
sebaceous glands, 
neuropeptide-cytokines / 
chemokine signalling 88.17 
Sebutape analysis 88.28, 88.43 
severe acne 88.3, 88.42 
management 88.52-88.57 
treatment algorithm 88.52 
severity classification/ definition 
88.38-88.39, 88.43 
in skin of colour 88.43-88.44, 88.45 
sleep deprivation impact 88.25 
and smoking 88.19 
spironolactone treatment 88.51 
and stress 88.25 
sulphur treatment 88.57 
systemic therapy 88.52 
treatment options 88.44 
UV radiation impact 88.25-88.26 
visible light treatment 88.58 
vitamin C treatment 88.57 
zinc treatment 88.51-88.52, 88.57 
ACORN see Acne Core Outcomes Research 
Network 
acquired angio-oedema (AAE) 43.1, 43.3, 
43.6 
acquired autoinflammatory disorders 
155.10 
acquired cutaneous lymphangiectasia 
(ACL) 103.6 
acquired cutis laxa 94.21-94.23 
acquired digital fibrokeratoma 136.4 
acquired disorders 
dermal connective tissue 94.1-94.58 
elastic tissue deposition 94.32-94.33 
epidermal keratinisation 85.1-85.31 
of hair 87.1-87.102 
pilosebaceous unit 93.1-93.13 
acquired disorders with skin and renal 
involvement 154.6 
acquired elastotichaemangioma 136.29 
acquired epidermodysplasia verruciformis 
(AEV) 25.66, 25.71-25.72, 25.73, 
25.73 
acquired generalised lipodystrophy (AGL) 
98.1-98.4 
acquired hypermelanosis 86.9-86.33 
acquired hypertrichosis 87.86-87.87 
acquired hypomelanosis 86.34-86.47 
acquired ichthyosis 63.47-63.50, 63.73, 
85.1-85.3, 148.17 
acquired idiopathic generalised anhidrosis 
92.12 
acquired idiopathic livedo reticularis 
124.9-124.10 
acquired immune deficiency syndrome 
see AIDS 
acquired immunodeficiency diseases 
149.18-149.20, 149.21 


cytokine and signalling protein mutations 


149.20 
human papillomavirus infection 
25.65-25.73, 25.66, 25.71-25.73 
primary 149.18-149.20, 149.21 
skin cancer 147.2-147.5 
skin manifestations 149.20-149.22 


see also AIDS; inherited immunodeficiency 


acquired keratodermas 63.71-63.79 
acquired lipodystrophy 98.1-98.13 
acquired melanocytic naevi 131.17-131.21 
clinical presentation 131.16 
compound naevus 131.19, 131.21 
dermoscopic presentation 131.16 
junctional naevus 131.18, 131.20 
naevomelanocytic nests 131.18, 131.20 
naevus cell types 131.19, 131.20 
pathology 131.16 
acquired non-infective disorders, 
pilosebaceous unit 91.1-91.20 
acquired pachydermatoglyphia (acanthosis 
palmaris) 148.15-148.16 
acquired partial lipodystrophy (APL) 
98.4-98.6, 98.5 
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renal failure 154.2 
acquired perforating dermatoses 
63.76-63.77, 94.53-94.57 
renal failure and dialysis complications 
154.3-154.4 
acquired pigmentary disorders 86.1-86.56 
acquired poikiloderma 94.13 
acquired progressive kinking of the hair 
87.81 
acquired progressive lymphangioma 
136.38 
acquired pseudo-ainhum 94.48 
acquired pseudoxanthoma elasticum 
94.30-94.31 
acquired resistance, glucocorticoids 19.19 
acquired resistance to insecticides, head lice 
34.21-34.22 
acquired syndromic hypomelanosis 
86.42-86.47 
acral acanthosis nigricans 85.5 
acral arteriovenous tumour see cirsoid 
aneurysm 
acral blistering 
epidermolysis bullosa simplex 69.10, 
69.11 
self-improving dystrophic epidermolysis 
bullosa 69.17 
acral fibromyxoma 136.59 
acral lentiginous melanoma (ALM) 
melanoma classification 142.7, 142.8 
presentation 142.10, 142.14, 142.15, 
142.17, 142.19 
acral lesions, PJT syndrome 68.13 
acral melanoma (volar skin of palms and 
soles),dermoscopy 145.9, 
145.11-145.13 
acral naevi 131.23-131.24 
compound acral naevus 131.23 
on sole of foot 131.24 
acral peeling skin syndrome (APSS) 63.29, 
69.19, 69.20 
genes/proteins linkage 69.5-69.6 
acral persistent papular mucinosis 
57.6-57.7 
Acremonium, skin lesions 32.93 
acroangiodermatitis, purpura 99.4 
acrocyanosis 79.9, 124.6-124.7 
acrodermatitis 69.24 
Lyme disease / Borrelia burgdorferi role in 
B-cell lymphoma 139.37-139.38 
acrodermatitis chronica atrophicans 
94.15-94.16 
acrodermatitis continua of Hallopeau 
(ACH) 35.39-35.41 
clinical features 35.40 
differential diagnosis 
genetics 35.40 
management 35.41 
acrodermatitis enteropathica 79.15-79.16 
oralinvolvement 108.20 
zinc deficiency 61.25, 61.26 
acrodermatitis pustulosa see infantile 
acropustulosis 
acrodynia 121.5, 121.6 
acrofacial purpura and necrosis, Covid-19 
association 25.111 
acrogeria (Grotton syndrome) 70.28 
clinical features of 70.26 
acro-ischaemia, Covid-19 association 25.111 
acrokeratoelastoidosis 63.59, 63.60, 
94.31-94.32 
acrokeratosis paraneoplastica 148.19 
acrokeratotic poikiloderma of Weary 75.2, 
75.7 
acromegaly 86.18 
acne vulgaris association 88.7 
dermatoendocrinology 150.11, 150.12, 
150.15, 150.16 
ear dermatoses 106.22 
acromelia, congenital pseudo-ainhum 94.48 
acro-osteolysis with keratoderma 
(Bureau—Barriére syndrome) 
acrospiroma 
use of term/hidradenoma relationship 
137.23, 137.28 


35.40-35.41 


63.71 


see also hidradenocarcinoma; hidradenoma 
acrosyringeal naevus see eccrine 
syringofibroadenoma 
acrosyringium, keratinisation of 63.71 
acrylate resins 127.69-127.70 
acrylates, contact allergy 127.47 
acrylic nail systems 127.61 
acrylonitrile butadiene styrene (ABS) 
122.21 
ACTG see AIDS Clinical Trial Group 
ACTH see adrenocorticotrophic hormone 
actin 3.25 
actinic cheilitis (solar cheilosis) 
lip lesions 108.58 
photothermal ablation 23.21 
actinic comedonal plaque 94.3 
actinic elastosis 94.2-94.4 
actinic folliculitis 91.6-91.8, 93.6 
actinic granuloma and annular elastolytic 
giant cell granuloma 94.27-94.29 
actinic keratoses (AK) 63.74, 141.1-141.12 
with Bowen disease, 
immunocompromised people 
147.11-147.12 
chemical peels 160.5 
photodynamic therapy 22.4-22.6 
squamous cell carcinoma relationship 
141.1 
actinic lentigo (solar lentigo) 131.5-131.7, 
160.7 
actinic lichen planus 37.7, 37.17 
actinic prurigo (AP) 126.2, 126.4, 
126.10-126.21 
lip lesions 108.58-108.59 
photopatch testing 126.36 
polymorphic light eruption differentiation 
126.7 
actinic purpura 99.5 
ageing of skin 156.5, 156.6 
actinic reticuloid 126.13 
Actinomyces israelii, actinomycosis 
26.84-26.86 
Actinomyces keratolytica, pitted keratolysis 
26.42-26.43 
Actinomyces pyogenes see Trueperella pyogenes 
actinomycetes 26.84—26.87 
mycetoma 32.73-32.75 
nocardiosis 26.86-26.87 
actinomycosis 26.84-26.86 
botryomycosis similarity 26.77 
actinophytosis see botryomycosis 
action spectroscopy 10.4-10.5 
active psoriasis see unstable psoriasis 
active sensitisation, patch testing 127.32, 
127.61 
active sweating 2.9 
acute adverse effects, photodynamic therapy 
22.12-22.14 
acute alcohol sensitivity 104.9 
acute arsenical dermatitis 121.2 
acute atrophic oral candidiasis see acute 
erythematous candidiasis 
acute candidiasis 
oralinvolvement 32.61, 108.20, 108.31, 
108.32 
see also oral candidiasis 
acute contact dermatitis 
arsenic 121.2 
acute cutaneous lupus erythematosus 89.8 
acute cutaneous miliary tuberculosis 27.17 
acute dermatolymphangioadenitis (ADLA) 
103.16, 103.34-103.35 
acute dermatomyositis 52.3, 52.5 
acute diffuse otitis externa 106.16-106.17, 
106.18 
acute disseminated histoplasmosis 
32.82-32.83 
acute epidermal distension 85.28-85.30 
acute erythema, solar urticaria 126.22 
acute erythematous candidiasis 32.61 
acute febrile neutrophilic dermatosis see 
Sweet syndrome 
acute generalised exanthematous pustulosis 
(AGEP) 14.4, 118.1-118.4, 118.10 
acute generalised pustular psoriasis of von 
Zumbusch 35.33-35.34, 118.4 


127.12 


acute genital ulcers see Lipschutz ulcers 
acute graft versus host disease (aGVHD) 
38.1, 38.2, 38.3-38.7 
clinical features 38.3-38.5 
epidemiology 38.1-38.2 
management 38.5-38.7 
pathology 38.2-38.3 
severity classification 38.4, 38.5 
acute guttate psoriasis 35.12-35.13 
lesions 35.13 
acute haemorrhagic oedema, infants 115.9, 
115.10 
acute herpetic neuralgia(AHN) 82.4 
acute inflammation, sports injuries 122.16 
acute intermittent porphyria (AIP) 58.5 
acute limb ischaemia, treatment options 
101.5 
acute liver disease, cutaneous features 
153.4-153.5 
acute localised exanthematous pustulosis 
(ALEP) 118.4 
acute necrotising eosinophilic myocarditis 
(ANEM) 118.9 
acute necrotising (ulcerative) gingivitis and 
noma (ANUG) 108.54-108.55 
acute oedema 
allergic contact dermatitis 
blisters 85.28-85.30 
acute otitis externa 106.15 
acute perihepatitis (Fitz-Hugh—Curtis 
syndrome) 30.5 
acute phototoxicity, PUVA phototherapy 
adverse effects 21.13 
acute physiological reactions, heat/IR 
radiation 124.14 
acute pseudomembranous candidiasis 
32.61, 108.31, 108.32 
acute pulmonary histoplasmosis 32.82 
acute pulmonary insufficiency 125.4 
acute radiation dermatitis 119.14 
acute radiodermatitis 24.18, 24.19 
acute scrotum 109.23, 109.25-109.26 
acute selenium exposure 121.7 
acute SJS/TEN 118.17 
acute spongiotic dermatitis 126.15 
acute spontaneous urticaria 42.5, 
42.15-42.16 
acute telogen effluvium 87.54, 87.56 
AD see atopic eczema (dermatitis); 
autosomal dominant 
ADA see adenosine deaminase 
adalimumab 
hidradenitis suppurativa treatment 90.10 
psoriasis treatment 35.28 
psoriatic arthritis treatment 35.45 
scalp folliculitis 91.14 
ADAM17 deficiency 45.16 
Adamantiades—Behcet disease (ABD) 
48.1-48.11, 97.9, 97.25, 97.51-97.52 
aphthous ulcers 48.5, 48.8 
articular involvement 48.4, 48.8-48.11 
autoimmune mechanisms 48.3 
bacterial agents 48.2 
causative organisms 48.2 
central nervous system involvement 
48.11 
clinical features 48.4—48.6 
cytokine mediators 48.3 
differential diagnoses 48.7 
disease course and prognosis 48.6-48.7 
drug treatment 48.9-48.10 
endothelial cells 48.3-48.4 
epidemiology 48.1-48.2 
gastrointestinal involvement 48.11 
genetics 48.2-48.3 
genital ulcers 48.5, 109.23 
heat shock proteins 48.3 
immunogenetic factors 48.3-48.4 
international criteria for 48.4, 108.40 
International Study Group for Behcet 
syndrome 108.40 
investigations 48.7 
MAGIC syndrome 155.13 
management 48.7-48.8 
mechanical stimuli 122.3 


127.15 


mucocutaneous involvement 48.4, 48.8 
ocular disease 48.4, 48.6, 48.8 
oral ulceration 48.2, 48.5, 108.40-108.41 
treatment 48.8 
pathology 48.2 
positive pathergy test 4.25 
prevention 48.11 
severity classification 48.6 
sex ratio 48.1 
skin and pulmonary involvement 152.4, 
152.5 
systemic lesions 48.4—48.6 
treatment ladder 48.8-48.11 
uveitis 48.4, 48.6 
vascular involvement 48.11 
viralagents 48.2 
vulval ulceration 110.20 
see also Behcet-like disease entries 
adamantinoid trichoblastoma 137.12 
Adams-Oliver syndrome 79.10 
ADAMTS metalloproteinases 2.32, 2.33 
adapalene 18.25 
AD (atopic dermatitis) see atopic eczema 
(dermatitis) 
ADCs see AIDS defining cancers 
ADCT see Atopic Dermatitis Control Test 
addiction, illicit drugs 120.1 
Addison disease 86.7, 86.17, 86.18 
adrenal function 86.17 
cytotoxic drugs 86.26 
ear dermatoses 106.22 
skin pigmentation changes 150.7, 150.10, 
150.11, 150.13, 150.15, 150.18 
adenoid cystic carcinoma 137.39-137.40 
adenoma sebaceum 88.32 
adenopathy and extensive skin patch 
overlying a plasmacytoma (AESOP) 
syndrome 149.11, 149.12 
adenosine deaminase (ADA) deficiency 
80.8 
adenosine triphosphate (ATP) synthesis 
121.2 
adermatoglyphia 70.36 
ADHD see attention-deficit hyperactivity 
disorder 
adherens junctions 2.19-2.20 
keratinocytes 2.19 
adipocytes 2.42, 97.1-97.2, 97.4 
cytotoxic T lymphocytes interaction 
97.6-97.7 
erythema nodosum 97.22 
insulin sensitivity 97.5 
necrosis of 97.7-97.8, 97.44, 97.55 
adipocytic necrosis, cold panniculitis 97.36 
adipocytokines, obesity link 98.27 
adipogenesis 97.5 
adipokines 97.5-97.6 
adiponecrosis e frigore 97.35 
adiponectin 97.5 
adipophilin 97.7 
adipose tissue 
acquired generalized lipodystrophy 98.2 
CLOVES syndrome 72.9 
congenital (familial) lipodystrophies 
72.1-72.3 
familial lipoedema 72.12 
familial partial lipodystrophies 72.3, 72.4 
fibroadipose hyperplasia 72.9 
functions 98.27 
genetic disorders 72.1-72.13 
hemihyperplasia—multiple lipomatosis 
syndrome 72.9, 72.11 
hereditary obesity 72.3-72.9 
hereditary panniculitis 72.11 
lipodystrophies 72.1-72.3 
lipomatoses, hereditary 72.10 
pain 98.17 
physiology 97.3-97.4 
PIK3CA-related overgrowth spectrum 
72.9-72.11 
types of 72.1 
see also obesity 
adipose triglyceride lipase 63.36 
adiposis dolorosa (Dercum disease) 
98.17-98.20 


72.10, 


benign symmetric lipomatosis contrast 
98.16 
obesity association 98.17-98.18, 98.28 
adjuvant and salvage radiotherapy, skin 
cancer 24.9-24.10 
adjuvant systemic treatment, melanoma 
144.6 
ADLA see acute dermatolymphangioadenitis 
ADLI see autosomal dominant lamellar 
ichthyoses 
ADME see absorption, distribution, 
metabolism and elimination 
adnexal carcinoma NOS — 137.37-137.38 
adnexal polyps, neonatal 114.19 
adnexal structures 2.5-2.7 
adolescents 
acne vulagaris 88.5 
measuring impact of skin disease 16.10 
psychological and social factors 15.3 
Skindex-Teen Dermatology Life Quality 
Index 16.10 
skin picking disorder 84.19 
trichotillosis 84.22-84.23, 87.32, 87.33 
adrenal hyperfunction 
dermatoendocrinology 150.17-150.18 
see also congenital adrenal hyperplasia; 
Cushing disease /syndrome; 
hyperaldosteronism; 
hypercortisolism 
adrenal insufficiency see Addison disease 
adrenal steroid genesis pathway 88.9 
adrenal suppression, systemic glucocorticoid 
therapy 19.19 
adrenergic nerve supply, eccrine sweating 
92.3 
adrenocortical carcinoma 87.91 
adrenocorticotrophic hormone (ACTH) 
ACTH administration, hypermelanosis 
86.18-86.19 
hair follicle 87.11 
adult colloid milium 94.5-94.6 
adult eosinophilic pustular folliculitis 
adult haemangiopericytoma 136.40 
see also myopericytoma 
adult myofibroma 136.39-136.40 
see also myopericytoma 
adult-onset Still disease (AOSD) 45.21, 53.8, 
53.9, 100.29 
adult progeria see Werner syndrome 
adult T-cell leukaemia-lymphoma (HTLV-1 
associated) 139.34-139.36 
advanced glycation end-products (AGEs) 
62.1 
advancement flaps, surgical reconstruction 
20.23, 20.24, 20.25 
adverse effects 
critical appraisal for evidence based 
medicine 17.17-17.18 
drug-induced pruritus 81.10-81.11 
drug-related 13.6, 13.9-13.11 
extracorporeal photochemotherapy 21.15 
isotretinoin acne treatment 84.42, 155.11 
patient education 21.16 
patient selection and assessment 
21.15-21.16 
photodynamic therapy 22.12-22.14 
phototherapy 21.11-21.17 
pseudolymphoma 134.1, 134.2-134.3 
PUVA phototherapy 21.13-21.15, 21.16 
topical calcipotriol plus steroids 18.28, 
18.29 
topical corticosteroids 18.15, 18.17-18.20 
topical therapy 18.4-18.5 
UVA-1 phototherapy 21.15 
UVB phototherapy 21.11-21.13 
see also cutaneous adverse drug effects; 
drug reactions 
adverse immune reactions to drugs see 
immunological reactions to drugs 
AE see atopic eczema (dermatitis) 
aEDS see arthrochalasia Ehlers—-Danlos 
syndrome 
AEGGG see annular elastolytic giant cell 
granuloma 
AEI see annular epidermolytic ichthyosis; 
annular erythema of infancy 


91.4 


AEIOU acronym, clinical characteristics of 
Merkel cell carcinoma 146.5, 
146.7 
AEP see atopic eruption of pregnancy 
AE-QoL see Angioedema Quality of Life 
Questionnaire 
aerosolised cleaning fluid, inhalation of 
120.4 
AESOP syndrome see adenopathy and 
extensive skin patch overlying a 
plasmacytoma syndrome 
aesthetic therapies 
laser resurfacing 161.1-161.6 
photodynamic therapy 22.8 
skin tightening 161.6-161.8 
see also cosmeceuticals; cosmetic 
treatments 
AEV see acquired epidermodysplasia 
verruciformis 
Africa, access to dermatologists 7.4 
African eye worm (Loa loa) see loiasis 
African histoplasmosis (duboisii form) 
32.82, 32.83 
African skin phenotypes, photoageing 
156.2-156.3, 156.7 
African trypanosomiasis (sleeping sickness) 
33.39-33.43 
clinical features 33.40-33.41, 33.42 
investigations 33.42 
management 33.43 
pathophysiology 33.39, 33.40 
Africa Teledermatology Project (ATP) 7.9 
AFX see atypical fibroxanthoma 
AGA see androgenetic alopecia 
age 
drug pharmacokinetics and 
pharmacodynamics 
pruritus 81.2, 81.11 
age effects 
basal cell carcinoma 140.2 
Merkel cell carcinoma risk 146.1-146.2 
seborrhoeic keratosis 132.1 
ageing of skin 2.45-2.46, 156.1-156.12 
air pollution 156.8 
Barrier dysfunction 156.10-156.11 
Bateman purpura 156.5, 156.6 
cellular changes 2.45 
chronic inflammation 2.45 
clinical features 156.1-156.6 
collagen fibril fragmentation 156.8-156.9 
cosmetic implications 156.11 
cutaneous nodular elastosis with cysts and 
comedones 156.4 
cutis rhomboidalis nuchae 156.5 
dermal connective tissue changes 
94.1-94.6 
dermatoporosis 156.11 
dermatosis papulose nigra, skin of colour 
156.3 
DNA damage/repair 2.46 
dyspigmentation 156.2, 156.5 
extrinsic ageing 156.1-156.4 
variants 156.3, 156.4 
genetic diseases 2.46 
genetics of 156.6 
grading and measurement 156.6-156.7 
idiopathic guttate hypomelanosis 156.5, 
156.6 
implications of 156.10-156.11 
intrinsic ageing 2.46, 156.1, 156.2 
medical implications 156.10 
menopausal skin ageing 156.6 
molecular mechanisms 156.10 
neck 156.4-156.5 
nodular elastosis with comedones and 
cysts 156.5 
pathophysiology 156.7-156.10 
photoageing 2.45, 2.46, 156.1-156.4 
and natural ageing 156.10 
reactive oxygen species 156.4, 156.6 
sensory perception 2.45 
skin of colour 156.1-156.3 
skin structure and function 2.45-2.46 
smoking 156.4 
social implications 156.11 


18.7-13.8 


telomere shortening 2.45-2.46 
transcriptomic analysis 2.46 
UV exposure 2.46, 156.7-156.8, 156.10 
white skin 156.1 
see also cosmeceuticals; premature ageing 
syndromes 
AGEFP see acute generalised exanthematous 
pustulosis 
AGEs see advanced glycation end-products 
aggrecan 2.38 
aggressive angiomyxoma see deep 
(‘aggressive’) angiomyxoma 
aggressive digital papillary adenocarcinoma 
137.34-137.35 
aggressive systemic mastocytosis (ASM) 
46.1, 46.9, 46.10 
AGL see acquired generalised lipodystrophy 
agminated or segmental lentiginosis 
131.3 
agranulocytosis 
acute generalised exanthematous 
pustulosis 118.3 
dapsone 19.14 
oralinvolvement 108.71 
AGS see Aicardi-Goutiéres syndrome 
aGvHD see acute graft versus host disease 
AHN see acute herpetic neuralgia 
Al see artificial intelligence 
Aicardi syndrome 72.10 
Aicardi-Goutiéres syndrome (AGS) 45.5, 
45.6, 45.13 
AIDS 
case definition 31.5-31.6 
dermatological involvement 31.1 
eye disease 107.35 
Kaposi sarcoma-associated herpesvirus 
25.42, 25.43 
see also HIV infection 
AIDS-associated eosinophilic pustular 
folliculitis 93.8 
AIDS-associated Kaposi sarcoma 25.42, 
25.43, 31.30-31.31, 31.35, 138.1, 
138.2, 138.4, 138.5, 138.6 
AIDS Clinical Trial Group (ACTG), 
Kaposi sarcoma staging 138.4, 
138.5 
AIDS defining cancers (ADCs) 
AIDS patients 
biopsies 3.38 
hypermelanosis 86.25 
AIDS wasting syndrome 98.7 
AIN see anal intraepithelial neoplasia 
ainhum 94.47-94.48 
AIP see acute intermittent porphyria 
airborne allergens 127.17-127.18 
airborne contact dermatitis 126.18, 128.4 
Aircast Walker’s boot 83.16 
air pollution 
ageing of skin 156.8 
atopiceczema 41.7 
airway oedema, burn injuries 125.2, 125.5 
AISI see Acne Inversa Severity Index 
AK see actinic keratoses 
AKC see atopic keratoconjunctivitis 
AKN see acne keloidalis nuchae 
ALA see alpha-lipoic acid; 5-aminolaevulinic 
acid 
Alagille syndrome (arteriohepatic dysplasia) 
153.5 
albinism 7.2, 68.5-68.8 
Griscelli-Pruniéras syndrome 68.9 
partial albinism in Chediak—Higashi 
syndrome 80.14 
skin cancer prevention and management 
7.10-7.11, 7.12, 7.13 
albinism—deafness syndrome 68.9 
Albright hereditary osteodystrophy 72.7 
ininfancy 72.9 
ALCL see anaplastic large-cell lymphoma 
alcohols, topical therapies 18.9 
alcohol sensitivity flushing 104.9 
alcohol services, psychosocial diseases 
120.8 
alcohol use 
and acne 88.25 


147.2 


BSL association 98.15, 98.16 
cutaneous disease 84.39-84.40 
oral squamous cell carcinoma 108.46 
psoriasis association 35.4, 120.3 
rosacea risk 89.3 
Alcyonidium diaphanum stings 130.4 
aldehydes, topical therapies 18.10 
ALEP see acute localised exanthematous 
pustulosis 
Alexandrite lasers, vascular lesions 23.7 
alexithymia, identification and treatment 
importance 15.3 
Alezzandrini syndrome 86.42 
alginate dermal filler 158.5 
ALHE (angiolymphoid hyperplasia with 
eosinophilia) see epithelioid 
haemangioma 
Alibert, Juaemmean-Louis 1.4, 1.5 
alitretinoin (9-cis retinoic acid) 41.29 
topical 18.25 
ALK see anaplastic lymphoma kinase 
alkalis, burns 128.11 
alkali tests, irritant contact dermatitis 129.5 
alkaptonuria 79.12, 86.50, 106.24 
alkyl glucosides 127.59 
Allegemeines Krankenhaus, Vienna 1.6 
alleles 8.3, 8.4-8.5, 8.9 
Allen test 122.13 
allergens 127.36-127.78 
arthropods 34.2 
bedbug bites 34.26-34.27 
beetle larval hairs 34.31-34.32 
binding to skin components 127.6-127.7 
contact cheilitis association 108.60 
horse fly bites 34.9 
house dust mites 34.51 
hymenoptera venom 34.9, 34.16-34.18 
locusts 34.32 
mites 34.50, 34.51 
patch testing 129.7 
prevention strategies 127.2 
Reduviidae bug bites 34.29 
standard series lists 127.30 
venom immunotherapy 34.18 
allergic components, chemicals 128.6 
allergic contact dermatitis (ACD) 9.10, 39.3, 
39.21, 127.1-127.88, 128.2, 128.3, 
128.5, 128.12, 129.5-129.7 
atopic eczema relationship 41.12, 41.22 
chemical peels, side effect of 160.13 
drug-induced eczema _ 117.3-117.5 
epidemiology 127.2-127.4 
erythroderma 39.35 
eyelids 39.22 
male genitalia 109.12, 109.13 
occupational 16.12, 129.5-129.7 
pathophysiology 127.6-127.7 
perianal skin 111.9 
peristomal skin 112.7-112.8 
population studies 127.3-127.4 
prevalence 127.3 
sensitising chemicals 
stings 130.4 
vulval 110.15 
see also contact dermatitis 
allergic contact urticaria 127.82-127.86 
vulval 110.16 
allergic disorders, involving respiratory 
system 152.1-152.2 
allergic occupational hazards 
allergic reactions 9.9-9.10 
clinical pharmacology 13.6 
dermatophyte infections 32.50 
IgE-related type 1 skin hypersensitivity 
9.9-9.10 
patch testing technique 1.8 
sensitising agents used in topical therapies 
18.33-18.34 
to insulin and glucose monitors 
topical therapy adverse effects 
18.5 
urticaria 42.5 
allergic rhino-conjunctivitis, and atopic 
eczema 41.20 
allergic transfusion reactions 149.15 


127.6 


129.8-129.11 


62.4 
18.4, 
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allogeneic haematopoietic stem cell 
transplantation, graft versus host 
disease 38.1-38.12 
allopurinol 
cutaneous adverse effects 155.9-155.10, 
155.15 
hypersensitivity reactions 14.6 
allylamines, topical therapies 18.12 
ALM see acral lentiginous melanoma 
aloe, cosmeceutical use of —157.10-157.11 
alopecia 
alopecia totalis 105.12 
biopsy 3.7 
cancer treatment 87.71-87.74 
chemotherapy-induced 119.5-119.6 
cicatricial 68.11, 87.37, 87.38-87.53, 88.37 
secondary 105.6-105.9 
cosmetic approaches 87.69, 87.97-87.101 
Covid-19 association 25.113 
cutaneous lesions 96.13 
cutaneous manifestations of Hodgkin 
disease 139.49 
diagnosis 87.13 
incontinentia pigmenti 68.11 
lichen planopilaris 37.11 
linear morphoea en coup de sabre 55.24 
lipoedematous 98.24—98.25, 
105.10-105.11 
medical traumatic hair loss 87.30 
metastases to the scalp 148.5, 148.6 
monitoring/assessment 87.16-87.18 
neonatal 114.4 
non-scarring 87.28-87.35 
psoriatic 87.34, 105.3 
radiotherapy-associated 119.14 
scarring 87.13-87.14, 87.19-87.20, 
87.36-87.38, 91.11, 107.4 
syphilis 29.10, 29.12 
systemic lupus erythematosus 
thallium poisoning 121.9 
topical use of sensitising agents 
18.33-18.34 
vitamin D deficiency 61.10 
X-linked syndromes 63.69 
see also hair loss 
alopecia areata(AA) 87.13-87.14, 87.16, 
87.18-87.28 
Covid-19 association 25.113 
dupilumab 87.35 
eyebrows 107.4 
pigmentary disorders 87.92, 87.93 
psychodermatology 84.3 
alopecia areata incognita 87.23-87.24, 
87.58-87.59 
alopecia mucinosa (AM) _57.15-57.18, 87.47, 
105.8, 139.14-139.15 
alopecia neoplastica 148.5 
alopecia totalis 87.24-87.27 
alopecia universalis 87.24-87.27 
ALOXE3 mutations 63.12, 63.13 
alpha-1 antitrypsin deficiency 72.11 
alpha-1 antitrypsin deficiency panniculitis 
97.43-97.45 
,-antitrypsin deficiency 152.5 
alpha-hydroxy] acids, chemical peels 
160.1-160.2 
a-keratin intermediate filaments («-KIF) 
87.6 
alpha-lipoic acid (ALA), cosmeceutical use of 
157.1-157.2 
alpha-mannosidosis, glycoproteinoses 79.3 
alpha-N-acetyl-galactosaminidase deficiency 
79.4 
a,-reductase inhibitors 87.96 
alphaviruses 
mosquito borne togavirus infections 
25.87-25.91 
viral arthropathies 155.3 
Alstroemeriaceae dermatitis 
Alstr6m syndrome 72.7 
alternative treatments see complemen- 
tary /alternative / traditional 
therapies; herbals 
aluminium, allergic contact dermatitis 
127.41 


51.26 


127.73 


aluminium acetate 18.9 
aluminium chloride, hyperhidrosis 
treatment 92.9 
aluminium chloride hexahydrate 
caustic agent for skin surgery 20.47 
topical 18.9 
ALUs see arterial leg ulcers 
AM see alopecia mucinosa 
amalgam fillings 127.41 
amalgam tattoos 108.15 
Ambras-type congenital hypertrichosis 
87.85 


ambulatory photodynamic therapy 22.11 
AMD3100, wound healing 11.12 
amelanosis 86.8 
amelanotic melanomas 142.14, 142.16, 
142.17 
Amerchol L101 127.58 
American Academy of Dermatology 
Resident International Grant 
Scheme 7.14 
American Burn Association (ABA) criteria, 
burn injuries 125.2 
American College of Chemosurgery (ACC) 
20.32, 20.37 
American College of Mohs Surgery (ACMS) 
20.37 
American cutaneous leishmaniasis 33.44, 
33.45, 33.46, 33.49, 33.50-33.51 
American Joint Committee on Cancer 
(AJCC), Merkel cell carcinoma 
staging 146.5, 146.7, 146.8 
American Society of Tropical Medicine and 
Hygiene (ASTMH) 7.6 
American trypanosomiasis (Chagas disease) 
33.39-33.43 
clinical features 33.41-33.42 
investigations 33.43 
management 33.43 
pathophysiology 33.39-33.40, 33.41 
amicrobial, see also sterile 
amicrobial pustulosis of the skin folds 
49.20-49.21 
erosions and crusts involving the 
retro-auricular region 49.20 
amino acid metabolism and transport 
disorders 79.2, 79.10-79.15 
alkaptonuria 79.12 
argininosuccinic aciduria 79.13-79.14 
dermatological features 79.11 
Hartnup disease 79.14 
phenylketonuria 79.10-79.11 
prolidase deficiency 79.12-79.13 
serine, proline and glutamine synthesis 
defects 79.14-79.15 
tyrosinaemia type 2 79.11-79.12 
amino acids, alpha-1 antitrypsin 97.43 
amino acid supplements 88.12 
amino formaldehyde resins 127.71 
5-aminolaevulinic acid (ALA) 
contact allergy 22.13, 22.14 
in photodynamic therapy 22.2-22.3, 
22.4-22.6 
amiodarone 86.25, 86.27-86.28 
amnion, burn treatment 125.6 
amniotic bands, and lymphoedema 
103.29-103.30 
amniotic membrane transplantation (AMT) 
118.20 
amobiasis 33.36-33.38 
clinical features 33.37 
epidemiology 33.36 
investigations 33.37-33.38 
management 33.38 
pathophysiology 33.37 
amoebiasis, perianal skin 111.16 
amorphous basophilic material, actinic 
elastosis 94.2 
amphetamines, dermatoses induced by 
120.2, 120.5 
ampicillin, exanthem caused by 117.2 
amputation stump neuromas 136.43 
AMT see amniotic membrane transplantation 
amylase, pancreatic panniculitis 97.41 
Amyloid A (AA) amyloidosis, renal and skin 
involvement 154.2 


amyloidoses 56.1-56.14, 86.22-86.23 

amyloid deposition in papillary dermis 
56.5 

amyloid, electron microscopy of 56.6 

amyloidogenesis 56.1-56.2 

cardiac involvement 151.4 

classification 56.2 

clinical presentation 56.2 

cutaneous amyloidoses due to systemic 
disease 56.10-56.13 

ear dermatoses 106.22 

electron microscopy 56.5, 56.6 

eye disease 107.35 

functional and disease-causing amyloids 


56.2 
hereditary localised cutaneous 
amyloidosis 56.3 


hereditary systemic amyloidoses with 
cutaneous involvement 56.4 
hereditary systemic diseases with 
secondary cutaneous amyloidosis 
56.4 
histology 56.3-56.4 
immunohistochemistry 56.4, 56.5, 56.6 
investigations 56.2-56.6 
localised cutaneous amyloidoses 56.3, 
56.6-56.10 
associated diseases 56.8-56.9 
clinical features 56.9-56.10 
clinical variants 56.10 
complications and disease course 
56.10 
differential diagnosis 
epidemiology 56.7 
ethnicity 56.7-56.8 
pathophysiology 56.9 
management 56.13-56.14 
non-hereditary localised cutaneous 
amyloidosis 56.3 
non-hereditary systemic amyloidoses with 
cutaneous involvement 56.4 
oral involvement 108.69-108.70 
penile 109.25 
respiratory involvement 152.6 
systemic amyloidoses with cutaneous 
involvement 56.10-56.13 
ultrastructure 56.1 
amyloidosis 86.22-86.23 
amyopathic dermatomyositis 52.1 
see also clinically amyopathic 
dermatomyositis 
amyotrophic lateral sclerosis 122.2 
AN see acanthosis nigricans; atypical naevi 
ANA see antinuclear antibody test 
anabolic steroids, urticaria treatment 42.19 
anaemia 
ancylostomiasis 33.15 
epidermolysis bullosa 69.26 
fanconi anaemia 76.11, 80.5, 80.12-80.13 
skin signs 149.15-149.16 
anaerobic bacteria 26.67-26.69 
aerotolerant coryneforms 26.37, 26.43 
Bacteroidaceae 26.67—26.68 
classification 26.67-26.68 
clostridia 26.48 
Eikenella corrodens 26.67 
normal skin flora 26.3, 26.4 
Peudomonas aeruginosa 26.51-26.53 
tropical ulcers 26.68-26.69 
anaesthesia 
biopsy 3.2-3.3 
peripheral nerve damage inleprosy 28.3, 
28.7 
photothermal ablation 23.21 
in pregnancy 113.24 
anagen hair bulb 87.5, 87.8 
anagen hair follicles 87.3, 87.7-87.8, 87.57 
appearance 87.57 
dermal papilla 87.5 
pathology 87.21 
pigmentation disorders 87.12 
suprabulbar region 87.4 
anagen release, telogen effluvium 87.53 
anal abscess 111.27—-111.28 
classification of 111.28 


56.10 


anal canal 111.2 
internal haemorrhoids 111.32 
anal cancer 111.21-111.24 
clinical features 111.22-111.23 
epidemiology 111.22 
management 111.24 
pathophysiology 111.22 
perianal carcinoma 111.23 
anal fissure 111.30-111.31 
anal fistula 111.28-111.30 
conditions associated with 111.29 
development of an intersphincteric fistula 
111.29 
Parks classification 111.30 
analgesia 
hidradenitis suppurativa treatment 90.9 
SJS/TEN treatment 118.20 
anal intraepithelial neoplasia (AIN) 
111.19-111.21, 141.26 
histopathology 111.20 
anal orifice 111.2-111.3 
anal/perianal/ genital intraepithelial 
carcinomas 141.24, 141.26 
anal sphincter 111.2-111.3 
analtags 111.32, 111.33 
anaphylaxis 
drug-induced 14.1-14.2, 117.5-117.7 
flushing 104.8 
rubber latex allergy 127.84-127.85 
urticaria 42.1 
anaplasia 3.39 
Anaplasma phagocytophilum, tick-borne 
zoonotic infection 26.66-26.67 
anaplasmosis 26.66-26.67 
anaplastic large-cell lymphoma (ALCL) 
139.28-139.29 
anaplastic lymphoma kinase (ALK) 3.28 
positive /negative cutaneous lymphomas 
139.1, 139.26, 139.28, 139.34 
ANA screening see antinuclear antibody test 
anatomical considerations, skin surgery 
20.1-20.4 
anatomy of skin 9.1 
ANCA see antineutrophil cytoplasmic 
antibody 
anchoring fibrils 2.26-2.27 
ancient medical texts 1.1-1.3 
Ancylostoma brasiliense see cutaneous larva 
migrans 
Ancylostoma caninum see cutaneous larva 
migrans 
Ancylostoma ceylonicum see cutaneous larva 
migrans 
Ancylostoma duodenale, ancylostomiasis 
33.15-33.17 
ancylostomiasis 33.15-33.17 
clinical features 33.17 
epidemiology 33.15 
management 33.17 
pathophysiology 33.16-33.17 
androgenetic alopecia (AGA) 87.10, 
87.60-87.71 
children/adolescents 87.66-87.67 
COVID-19 association 25.113 
FPHL with 87.67 
treatment 87.68-87.70 
androgen excess 87.88 
androgen insensitivity syndrome 87.10 
androgen receptor 87.10 
androgen receptor blockers, acne vulgaris 
treatment 88.51 
androgens 
for dyskeratosis congenita 67.15 
hair growth 87.9-87.10 
nail-patella syndrome 67.15 
androgen-secreting tumours, hirsutism 
association 87.91 
androgen-stimulated hair growth 87.10 
androgen synthesis 87.10 
ANEM see acute necrotising eosinophilic 
myocarditis 
anetoderma 94.23-94.25 
of prematurity 114.9-114.10 
aneurysmal fibrous histiocytoma 136.20, 
136.21 


anger, emotional effects of skin conditions 
15:2 
angina bullosa haemorrhagica, oral 
involvement 108.20 
angioedema 152.2, 152.3 
assessment tools 16.5, 16.9 
drug-induced 117.5-117.7 
oral involvement 108.10 
reactions to COVID-19 (mRNA) vaccines 
25.117 
angioedema activity score (AAS) 16.5 
Angioedema Quality of Life Questionnaire 
(AE-QoL) 16.9 
angioedema swellings, urticaria 42.1, 42.3 
angioedema without weals 43.1-43.7 
clinical features 43.4 
clinical variants 43.4-43.5 
definition and nomenclature 43.1 
disease course and prognosis 43.5 
epidemiology 43.2-43.3 
genetics 43.4 
investigations 43.5 
laboratory profiles 43.5 
management 43.5-43.6 
pathophysiology 43.3-43.4 
treatment 43.5-43.6 
angiofibromas 
non-ablative laser therapies 23.11 
photothermal ablation 23.21, 23.22 
tuberous sclerosis complex 78.8, 78.10 
angiogenesis 101.1 
wound healing 11.5-11.6 
angioimmunoblastic T-cell lymphoma 
139.45 
angiokeratoma circumscriptum 
101.13-101.14 
angiokeratoma corporis diffusum see Fabry 
disease 
angiokeratomas 101.13-101.14, 101.17 
dermoscopic view of 101.14 
labia majora_ 110.3, 110.4 
laser therapies 23.11, 23.12 
lysosomal diseases associated with 79.7 
male genitalia 109.6-109.7 
subtypes of 101.15 
angiolipoma 136.56 
angiolupoid sarcoidosis 96.12 
angiolymphoid hyperplasia with 
eosinophilia 106.24 
ear dermatoses 106.22 
angiolymphoid hyperplasia with 
eosinophilia (ALHE) see epithelioid 
haemangioma 
angiomas, laser therapies 23.11 
angioma serpiginosum 71.4—71.5, 101.16, 
101.17, 101.18, 101.18 
angiomatoid fibrous histiocytoma 
136.62-136.63 
angiomatosis, diffuse dermal 4.11 
angiomyofibroblastoma 136.9 
angiomyolipomas, tuberous sclerosis 
complex 78.9 
angiosarcoma 119.15, 136.34-136.36 
epithelioid angiosarcoma 136.37 
lymphangiosarcoma 103.7 
angiotensin-converting enzyme (ACE) 
127.10 
angiotensin-converting enzyme (ACE) 
inhibitor-induced angio-oedema 
43.2, 43.3, 43.4 
angora hair naevus 73.21-73.22 
angular cheilitis/angular stomatitis 
32.62-32.63, 108.20, 108.59-108.60 
angulated lines dermoscopy patterns, 
melanoma 145.7, 145.8 
anhidrosis 
eccrine gland disorders 92.11 
hyperhidrosis and 92.11-92.12 
animal bites see bites 
animal parasites 
Cimicidae bugs 34.25-34.26 
mites 34.50, 34.54-34.55 
animals, exposure to, and atopic eczema 
41.8 


animal-type melanoma see pigmented 
epithelioid melanocytoma/pigment 
synthesising melanoma 


ankle 
familial Mediterranean fever 45.10 
hypertrophic lichen planus 37.7 


lichen planus pemphigoides 37.9 
lichen simplex 39.29 
lipoatrophic panniculitis in childhood 
97.56-97.57 
primary localised cutaneous amyloidosis 
56.7 
venous eczema 39.20 
ankle brachial Doppler pressure index 
(ABPI) 101.4, 101.4 
lower leg eczema 39.21 
ankle flare (corona phlebectatica 
paraplantaris) 101.43, 101.44 
ankyloglossia 
epidermolysis bullosa 69.25 
oralinvolvement 108.87 
annular elastolytic giant cell granuloma 
(AEGCG) 62.5, 94.27-94.30 
annular epidermolytic ichthyosis (AEI) 
63.16 
annular erythema of infancy (AEI) 47.9 
histopathology of lesional skin 47.10 
annular lesions 4.7, 4.10, 4.15, 63.75 
annular lichen planus 37.8 
annular purpura 122.16 
annular sarcoidosis 96.10 
ano-genital cellulitis 111.14 
ano-genital infections 32.63-32.65 
ano-genital mammary-like gland tumours 
137.40 
ano-genital pilonidal sinus 
ano-genital region 
allergic contact dermatitis 127.16-127.17, 
127.22 
anatomy 109.3-109.4 
child abuse, signs of 109.9 
ecthyma gangrenosum 109.26 
embryogenesis of 111.3, 111.4 
HIV 31.35-31.36 
hypo- and hyperpigmentation 109.42 
irritants 109.11 
staphylococcal cellulitis 109.26 
structure and function of 111.1-111.3 
see also perineal and perianal skin 
ano-genital tumours 
anal/vulval/penile and perianal 
intraepithelial carcinoma 141.24, 
141.26 
hidradenoma papilliferum 110.31-110.33, 
137.20-137.21 
ano-genital warts 25.61—-25.64, 109.9 
cervical intraepithelial neoplasia 
association 25.65 
clinical features 25.62-25.64 
cutaneous squamous cell carcinoma 
association 25.65 
epidemiology 25.61 
male genitalia 109.29 
management 25.64 
pathophysiology 25.61-25.62 
vulva 110.30 
see also condylomata acuminata 
ano-rectal abscess 111.27-111.28 
classification of 111.28 
anorexia nervosa 84.26-84.27, 88.30 
ANS see autonomic nervous system 
antenatal procedures, neonatal 
complications arising from 114.10 
anterolateral lower leg alopecia 87.29-87.30 
Anthocidae (minute pirate / flower bugs) 
34.29-34.30 
Anthozoa, stings from —130.1-130.2 
anthrax 26.44-26.45 
clinical features 26.44-26.45 
epidemiology 26.44 
management 26.45 
pathophysiology 26.44 
anthropophilic dermatophytes 32.19-32.20 
anthroquinone dyes 127.65-127.66 
anti-ageing cosmeceuticals 157.3-157.7 


122.23 


rhytid reduction 157.4-157.7 
skin lightening 157.3-157.4 
antiandrogens 87.70 
acne vulgaris treatment 88.50 
hair disorder treatment 87.95-87.97 
in pregnancy 113.23 
antibiotics 
acne vulgaris treatment 
88.48-88.49, 88.52 
adverse effects of 88.49 
interactions with oral contraceptives 
88.49 
allergic contact dermatitis 127.45 
anti-inflammatory effects 19.48 
atopic eczema association 41.9 
atopic eczema treatment 41.27 
eye, side effects on 107.43 
‘happenstance therapy’ 29.12 
in pregnancy 113.21 
syphilis 29.12, 29.20-29.21 
systemic 19.46-19.48 
topical therapies 18.10-18.12 
antibiotic sore tongue see acute erythematous 
candidiasis 
antibody deficiencies 80.13 
inherited immunodeficiency 80.5 
antibody probes, epidermolysis bullosa 
diagnosis 69.21 
anticholinergic agents 18.38 
anticonvulsant hypersensitivity syndrome 
118.5 
antidepressants 84.43-84.44 
prescribing 84.43 
selective serotonin reuptake inhibitors 
84.43, 84.44, 117.3 
switching 84.44 
tricyclic antidepressants 84.44, 84.45 
types 84.43-84.44 
antiepileptic drugs, acneform reaction 
88.13 
antifungal agents 
dermatophyte infections 32.32-32.34 
in pregnancy 113.20 
seborrhoeic dermatitis management 40.8, 
40.9 
skin cancer risks in immunocompromised 
people 147.8 
systemic drugs 19.48, 40.9 
topical therapies 18.12-18.13, 
32.33-32.34, 40.8 
anti-GBM see antiglomerular basement 
membrane vasculitis 
antigenic tests 4.24—4.25 
antigen mapping 69.21 
antigen-presenting cells (APCs) 127.7, 135.2 
histiocytoses 135.1 
immune system 9.4-9.5 
T-cell receptors 118.5 
antigens, epidermolysis bullosa 69.4 
antiglomerular basement membrane 
vasculitis (anti-GBM) 
100.19-100.20 
antihistamines 
adverse effects 42.17-42.18 
atopic eczema treatment 41.27 
in childhood 42.18 
mastocytosis treatment 46.9 
pharmacokinetic and clinical properties 
42.18 
in pregnancy 42.18, 113.19, 113.22 
solar urticaria 126.24 
systemic 19.3-19.4 
cautions 19.4 
dose and regimens 19.4 
drug—drug interactions 19.4 
pharmacological properties 19.3-19.4 
potential adverse effects 19.4 
topical therapies 18.37 
urticaria treatment 42.17-42.18, 42.19 
anti-inflammatory agents 
antibiotics 19.48 
cosmeceuticals 157.10-157.11 
mastocytosis treatment 46.9 
in pregnancy 113.20 
systemic therapy 19.2-19.46 


88.46, 88.47, 


antimalarial agents 19.4-19.7 
adverse effects 155.15 
cautions 19.6 
contraindication 19.6 
dermatological uses 19.4-19.5 
discoid lupus erythematosus treatment 
51.11 
dose and regimens 19.7 
drug—drug interactions 19.6 
hypermelanosis 86.26, 86.27-86.28 
monitoring 19.7 
ocular side effects 19.6, 107.43 
pharmacological properties 19.5 
potential adverse effects 19.5-19.6 
pre-treatment screening 19.7 
side effects 51.11, 51.25 
systemic lupus erythematosus treatment 
51.37 
antimicrobial agents 
allergic contact dermatitis 
burn injuries 125.10 
fast growing Mycobacterium species 
genital contact dermatitis 109.13 
in pregnancy 113.23-113.24 
systemic therapies 19.46-19.49 
antimicrobial peptides, possible seborrhoeic 
dermatitis therapies 40.9 
antimicrobial resistance 
corynebacteria 26.38 
gonococcus/ Neisseria gonorrhoeae 30.1, 
30.2, 30.7, 30.8 
impetigo management 26.16 
multidrug-resist tuberculosis 27.10 
Mycoplasma genitalium 30.24, 30.25 
STI coinfections 30.13 
topical fusidic acid use 18.11 
see also methicillin-resistant Staphylococcus 
aureus 
antineoplastic and cytotoxic agents 
18.29-18.31 
antineutrophil cytoplasmic antibody 
(ANCA) associated small vessel 
vasculitis 100.9, 100.13, 
100.20-100.28, 152.3-152.4 
antinomy, dermatological reactions 
121.1-121.2 
antinuclear antibody (ANA) test 126.6 
systemic lupus erythematosus 
51.34-51.36 
antioxidants 
allergies 127.59 
cosmeceuticals 157.1-157.3 
resuscitation use 125.4 
topical medication 18.8 
anti-p200 pemphigoid 50.38-50.42 
clinical features 50.40 
epidemiology 50.39 
histopathology 50.40 
investigations and diagnosis 50.40 
management 50.40-50.42 
pathophysiology 50.39-50.40 
serum autoantibodies against p200 antigen 
50.42 
treatment ladder 50.42 
antiparasitic agents, topical therapies 
18.13-18.14 
antiparasitic treatment 
lice 34.22, 34.25 
scabies 34.45-34.48, 34.50 
tungiasis 34.15 
antiperspirants 18.37-18.38 
antiphospholipid antibody syndrome 
(APLS) 51.42-51.45, 99.17-99.19 
associated diseases 51.42-51.43 
cardiac involvement 151.4 
clinical features 51.43 
complications and co-morbidities 
51.43-51.44 
criteria for 99.17 
cutaneous findings 99.18 
disease course and prognosis 
investigations 51.44 
management 51.44-51.45 
pathophysiology 51.43 
treatment ladder 51.45 


127.49-127.58 


27.45 


51.44 
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antipsychotics 84.44-84.46 
body dysmorphic disorder 84.14 
delusional infestation management 84.7, 
84.8-84.9, 84.44 
types 84.45-84.46 
antiretroviral-induced alopecia 87.35 
antiretroviral therapy (ART) 
cutaneous side effects 31.13 
drug reactions 31.2, 31.8, 31.10, 31.13, 
31.19, 31.20 
HIV/AIDS 31.2, 31.8, 31.9-31.10 
HIV-associated lipodystrophy 98.6-98.8 
reduction in AIDS defining cancers 147.2 
antiseptics 
allergic contact dermatitis 127.45 
pressure ulcer treatment 123.11 
topical therapies 18.9-18.10 
antistreptolysin O titre (ASOT) 26.11, 26.12, 
26.36 
antisynthetase syndrome 52.8 
anti-TNF-a treatment, mycobacterial 
infections 27.11-27.12 
anti-TNF biologic therapy, pyoderma 
gangrenosum 49.7 
,-antitrypsin deficiency 152.5 
anti-type IV collagen pemphigoid 50.53 
antivenom, cnidarian stings 130.3 
antiviral agents 19.49 
adverse cutaneous effects, hepatitis 
treatments 25.75, 25.76-25.77 
hepatitis B treatment 25.75 
hepatitis C treatment 25.76-25.77 
herpes simplex infections 25.22, 
25.23-25.24, 25.26, 25.27 
human herpesvirus 6 and 7 25.40 
pox viruses 25.7, 25.11, 25.18 
in pregnancy 113.24 
prophylaxis for immune suppressed 
patients 25.31, 25.42, 25.75 
prophylaxis for perinatal transmission 
25.31; 25:75 
prophylaxis to prevent HSV reactivation 
25.23, 25.24, 25.26, 25.27, 25.28 
topical therapies 18.13 
varicella-zoster virus 25.31, 25.32, 25.35 
ants 34.16 
ANUG see acute necrotising (ulcerative) 
gingivitis and noma 
anus 
mucosal melanomas 
see also anal entries 
anxiety 
acne vulgaris 88.39 
morphoea 55.29 
psoriasis 35.19 
skin-related health anxieties 
84.25-84.26 
anxiolytics 84.46 
AOSD see adult-onset Still disease 
AP see actinic prurigo 
APCs see antigen-presenting cells 
APECED see autoimmune 
polyendocrinopathy Candida 
ectodermal dystrophy syndrome 
Apert syndrome 106.7 
acne vulgaris association 88.10-88.11 
aphonia, vitamin B1 deficiency 61.14 
aphthous-like ulcers 
oral ulceration 108.38-108.39 
systemic factors associated with 108.39 
aphthous ulcers 
Adamantiades—Behcet disease 48.5, 48.8 
female genitalia 110.19 
treatment 48.8 
Aphthovirus infections 25.93 
APL see acquired partial lipodystrophy 
APLAID see autoinflammation and 
PLCG2-associated antibody 
deficiency and immune 
dysregulation 
aplasia 
congenital pseudo-ainhum 94.48 
ocular features 107.41 
aplasia cutis 87.30 
APLS see antiphospholipid antibody 
syndrome 


142.11, 142.16 


15.2, 


apocrine carcinoma 137.22-137.23 
apocrine cystadenoma see apocrine 
hidrocystoma 
apocrine glands 2.9, 2.43, 92.15-92.17 
changes in during pregnancy 113.2-113.3 
disorders 92.16-92.19 
function 92.1 
tumours 137.1, 137.2, 137.18-137.23 
apocrine hidrocystoma 137.18-137.19 
apocrine miliaria 92.18-92.19 
apocrine tubular adenoma 137.22 
apoeccrine glands 2.9, 92.1 
apoptosis 3.39 
appearance, social impacts 15.1 
appendageal tumours see tumours of skin 
appendages 
application sparganosis 33.35 
applicators, brachytherapy 24.3 
apps 
diagnosis 4.26, 5.13 
NLR SkinApp 7.12 
apremilast 
discoid lupus erythematosus treatment 
51.12 
immunomodulatory therapy 19.7-19.8 
psoriasis treatment 35.26 
aproneczema 39.14, 39.15, 128.4 
APS-1 see autoimmune polyendocrinopathy 
syndrome type 1 
APSEA see Assessments of the Psychological 
and Social Effects of Acne 
APSS see acral peeling skin syndrome 
apthous lesions, autoinflammatory diseases 
80.19 
AQOL see Acne Quality of Life Scale 
AQP5 mutations, non-epidermolytic 
palmoplantar keratoderma 63.54 
AQPs see aquaporins 
aquagenic keratoderma 63.61-63.62 
aquagenic urticaria 42.9, 42.12, 42.13 
aquaporins (AQPs) 63.54 
eccrine glands 92.2 
AR see autosomal recessive 
Arachnida 34.34-34.57 
mites 34.41-34.57 
scorpions 34,36-34.37 
spiders 34.34-34.36 
ticks 34.37-34.41 
Araneae (spiders) 34.34-34.36 
Arao-Perkins bodies 87.64 
arboviruses see arthropod-borne viruses 
arbutin 
cosmeceutical use 157.3 
topical depigmenting agents 18.32 
Arcanobacterium haemolyticum 26.43 
ARCI see autosomal recessive congenital 
ichthyosis 
ARC syndrome see arthrogryposis—renal 
dysfunction-cholestasis syndrome 
arcuate lesions 4.11 
arenavirus infections 25.81—25.83 
areola, microscopic examination of 3.33 
Argentina, community dermatology 7.8 
Argentinian haemorrhagic fever 
25.82-25.83 
argininosuccinic aciduria 79.13-79.14, 87.76 
argyria 86.51-86.52, 121.8 
ARIH see autosomal recessive ichthyosis 
with hypotrichosis 
arm 
acne scarring 88.40 
acute generalised pustular psoriasis 
35.33 
ageing of skin 156.2 
allergic contact dermatitis 127.14, 127.22 
Apert syndrome 88.11 
atopiceczema 41.19 
Bateman purpura 156.6 
bullous pemphigoid 50.16 
capillary malformations 71.5 
carcinoma telangiectatica 103.15 
cicatricial pemphigoid 50.53 
dermatitis herpetiformis 50.57 
eczema 39.2 


elephantine psoriasis 35.14 


eosinophilic fasciitis 55.22 
erythema multiforme 47.2 
IgA vasculitis 100.15 
interstitial granulomatous dermatitis 
53.6 
keratosis pilaris 88.35 
lichenification of in patient with atopic 
eczema 39.28 
linear morphoea 55.26 
linear psoriasis with guttate psoriasis 
35.15 
lymphatic malformations 71.22 
miliaria 114.7 
mucous membrane pemphigoid 50.29 
necrolytic migratory erythema 47.15 
pansclerotic morphoea 55.21 
pemphigus vulgaris 50.5 
psoriasis vulgaris 35.7, 35.11 
Rothmund-Thomson syndrome 75.5 
subcutaneous fat necrosis of the newborn 
114.16 
swelling due to oedema 103.44-103.46 
systemic lupus erythematosus 51.23, 
51.24 
systemic sclerosis 54.4, 54.5 
urticaria 42.2, 42.11 
see also digital entries; finger; hand 
armpit see axillary entries 
ARN see accelerated rheumatoid nodulosis 
arochordons see skin tags 
arrector pili muscle 
degeneration in pattern hair loss 87.64 
hamartoma 136.52-136.53 
leiomyoma 136.53-136.54 
arsenic 
acute toxicity 121.2-121.3 
agricultural chemicals 141.18 


dermatological reactions 121.1, 
121.2-121.3 

groundwater contamination 141.13, 
141.18 


historic medications 141.18 
hypermelanosis 86.25 
pigmentation effects 86.52 
predisposition to Bowden disease 141.18 
routes of exposure 141.13, 141.18 
arsenical keratosis 141.13-141.14 
arsenite 121.2 
ART see antiretroviral therapy 
artefacts 3.31-3.32 
due to blocking and sectioning 3.32 
due to poor biopsy technique 3.31-3.32 
due to staining techniques 3.32 
and fixation media 3.32 


arterial/arteriolar disorders 101.1-101.31 
angiogenesis 101.1 
arterial leg ulcers 102.7—102.10 


arteriogenesis 101.1 
arteriovenous malformations 
101.22-101.24 
cutaneous vascular malformations 
101.26-101.31 
hypertensive ischaemic leg ulcers 
102.10-102.13 
Klippel-Trenaunay syndrome 
101.27-101.30 
livedo reticularis 124.9 
mixed leg ulcers 102.4—102.7 
neurovascular disorders 101.6-101.9 
Parkes Weber syndrome 101.28, 
101.30-101.31 
peripheral vascular disease 101.2-101.3 
telangiectases 101.10-101.22 
thromboangiitis obliterans 101.3-101.6 
ulceration 102.1-102.13 
vasculogenesis 101.1 
verrucous haemangioma 101.26, 101.27 
arterial leg ulcers (ALUs) 102.7-102.10 
clinical features 102.8-102.9 
epidemiology 102.8 
management 102.9-102.10 
pathophysiology 102.8 
arterial occlusion, dermal filler, adverse 
reaction 158.10, 158.11 
arterial tortuosity syndrome 70.16 


arteries 
anatomy of head and neck —20.1-20.2 
subcutaneous fat 97.7 
arteriogenesis 101.1 
arteriohepatic dysplasia (Alagille syndrome) 
153.5 
arterioles 2.40, 2.41 
arteriolosclerosis, subcutaneous, 
hypertensive ischaemic leg ulcer 
102.11 
arteriovenous disorders 71.11-71.14 
arteriovenous malformation 71.11-71.12 
hereditary haemorrhagic telangiectasia 
71.12-71.13 
PTEN hamartoma tumour syndrome 
71.13-71.14 
arteriovenous malformations (AVM) 
71.11-71.12, 101.22-101.24 
clinical features 101.23 
conditions associated with 101.22 
ininfants 101.23 
investigations 101.23 
management 101.24 
pathophysiology 101.23 
arthritis 
acne association 88.63 
NLRP1-associated autoinflammation with 
arthritis and dyskeratosis 45.18 
osteoarthritis 155.8 
pachydermoperiostosis 155.14 
systemic lupus erythematosus 51.30 
systemic-onset juvenile idiopathic arthritis 
45.21-45.22 
see also mixed connective tissue disease; 
psoriatic arthritis; reactive arthritis; 
rheumatoid arthritis; sexually 
acquired reactive arthritis 
arthritis mutilans 35.42 
arthrochalasia Ehlers—-Danlos syndrome 
(aEDS) 70.4, 70.9 
Arthroderma species 32.18, 32.25-32.26 
see also Microsporum gypseum 
arthrogryposis—renal 
dysfunction-cholestasis (ARC) 
syndrome 63.30 
arthropathies 
infective 155.2-155.5 
inflammatory 155.5-155.7, 155.8, 155.9 
arthropod bites, pseudolymphoma 134.2 
arthropod-borne viruses (arboviruses) 
Bunyavirus infections 25.83-25.84 
flavivirus infections 25.85-25.87 
togavirus infections 25.87-25.91 
arthropods 34.1-34.58 
arachnids 34.34-34.57 
attraction tohumans 34.3 
centipedes and millipedes 
classification 34.1 
clinical and epidemiological features 
34.3-34.4 
disease transmission 34.2 
environmental factors in exposure 
34.2-34.3 
insects 34.6-34.34 
investigations of skin disease 34.4-34.5 
larval invasion of tissues/myiasis 34.2, 
34.7, 34.9-34.13 
management of skin disease 34.6 
pathology of skin effects 34.3 
pathophysiology of skin disease 
34.2-34.3 
protective clothing and repellents 
see also louse-borne diseases 
artificial hair implantation 122.23 
artificial intelligence (AI) 4.26-4.27 
melanoma detection 142.16 
objective measures of skin properties 
16.5 
Ascher syndrome 94.27 
Asclepius 1.2 
ascorbic acid (vitamin C), topical 
depigmenting agents 18.33 
aseptic abscess syndrome 49.21 
Ashkenazi Jews, hyperhidrosis 92.5 
ash-leaf-shaped macules, tuberous sclerosis 
complex 78.8 


34.57 


34.5 


ashy dermatosis 86.32-86.33 
Asian skin phenotypes, photoageing 
156.2-156.3, 156.7 
ASIS see Acne Symptom and Impact Scale 
ASM see aggressive systemic mastocytosis 
ASOT see antistreptolysin O titre 
aspartylglucosaminuria 79.3-79.4 
aspergillosis 
oral ulceration 108.56-108.57 
panniculitis due to 97.60-97.61 
Aspergillus 
A. niger, otomycosis 32.17 
A. terreus, superficial onychomycosis 
32.54-32.55 
Aspergillus species, skin lesions 
aspirin, urticaria 117.6 
ASPRVI encoding, autosomal dominant 
lamellar ichthyoses 63.20-63.21 
assassin bugs 34.29 
assessment see measurement 
Assessments of the Psychological and Social 
Effects of Acne (APSEA) 
questionnaire 16.8 
asteatosis 85.26-85.28 
asteatotic eczema see eczema, asteatotic 
asteroid bodies, sarcoidosis 96.3 
asthma, and atopic eczema 41.11, 41.20 
ASTMH see American Society of Tropical 
Medicine and Hygiene 
Astrakhan fever see tick typhus 
astringents 18.9 
Astruc, Jean 1.3-1.4 
asymmetrical cell division 2.44 
asymmetrical hyperhidrosis 92.6-92.7 
asymmetric periflexural exanthem of 
childhood 25.123 
asymptomatic neurosyphilis 
AT see ataxia telangiectasia 
ataxia-pancytopenia syndrome 149.14 
ataxia telangiectasia (AT) 76.10-76.11, 
78.13, 80.4, 148.13-148.14 
bulbar telangiectasia 80.11 
pulmonary involvement 152.5 
ataxia with vitamin E deficiency (AVED) 
61.11-61.12 
atherosclerosis 101.2-101.3 
athletes foot, see also tinea peddis 
athlete’s nodules 122.16 
atlases, dermatology 1.4 
atopic blepharoconjunctivitis (ABC) 107.16, 
107.18, 107.22 
atopic cataract 41.21, 107.19 
atopic dermatitis (AD) see atopic eczema 
(dermatitis) 
Atopic Dermatitis Control Test (ADCT) 
16.3 
atopic disease, hair loss presentation 87.20 
atopic eczema/dermatitis (AE) 41.1-41.33 
acute 41.13 
adult phase 41.15 
ageandsex 41.3 
air pollution 41.7 
allergens 127.12-127.13 
allergic contact dermatitis 41.12, 41.22, 
127.10, 127.72, 127.83 
allergic rhino-conjunctivitis association 
41.20 
allergy association 41.11 
animal exposure 41.8 
antibiotics association 41.9 
assessment tools 16.3-16.4, 16.4 
asthma 41.11, 41.20 
‘atopic march’ 41.11 
atopic and non-atopic eczema 41.2-41.3 
autoimmune disease association 41.22 
autoimmunity 41.12 
bacterial infections 41.20 
bathing and showering 41.26 
biologic therapies 9.8-9.9 
breastfeeding and delayed weaning 41.7, 
41.23 
calcineurin inhibitors 41.27 
cancer risk association 41.21-41.22 
cardiovascular disease association 41.21 
cheilitis 128.4-128.5 


32.93 


29.15 


atopic eczema/dermatitis (AE) (continued) 


childhood infections and vaccinations 
41.8-41.9 

childhood phase 41.15 

classification 41.1 

climatic conditions 41.6 

clinical features 41.1, 41.2, 41.12-41.16 

clinical variants 41.16 

community survey 5.2 

complications and associated diseases 
41.20-41.22 

corticosteroids, topical 41.26-41.27 

cost studies 5.6 

developmental delay association 41.21 

diagnosis 5.4, 41.2, 41.3 

diet 41.7, 41.23 

differential diagnosis 41.22 

discoid eczema lesions 41.17 

disease endotypes 41.15 

disease prevention 41.23 

disease severity 41.3, 41.16, 41.18 

drug endotypes 41.15 

dry skin 41.15 

ear dermatoses 106.22 

economic burden of 6.10, 41.3-41.4 

psoriasis comparison 6.10 

emollients 41.26, 41.27 

endocrine factors 41.19 

endotoxin exposure 41.8 

endotypes 41.15 

environmental risk and protective factors 
41.6-41.9 

epidemiology 5.4, 41.3-41.4 

and epidermal barrier 41.5-41.6 

erythema, papules, excoriations, crusting 
and secondary infection 41.15 

ethnicity 5.10 

Filaggrin genetics and epidermal barrier 
41.5-41.6 

financial cost of 5.6 

first line treatment 41.24, 41.25 

flexural dermatitis 41.13, 41.14 

food allergy 41.11-41.12, 41.20 

general advice and education 41.24 

genetic factors 41.4—41.5 

global distribution 7.3 

global prevalence 41.4 

glucocorticoid sensitivity 41.19 

growth delay association 41.21 

gut microbiome 41.9 

habit reversal therapy 84.47-84.48 

hand involvement 41.16-41.17, 41.19, 
41.23 

helminth parasites 41.8 

history 41.12-41.13, 41.12 


HIV 31.15 
house dust mite avoidance 41.23 
hygiene hypotheis 5.14, 41.7-41.8 


hyperpigmentation 41.14, 41.17 
ichthyosis vulgaris association 41.15 
immune dysregulation 41.9-41.10 
immunoglobulin E role 41.11 
incidence of 7.2 

infant feeding 41.23 

infantile phase 41.15, 115.2-115.3 
infantile seborrhoeic dermatitis 41.22 
infection and antibiotics 41.27 
inflammation in 2.17, 9.8 

initial assessment 41.12, 41.24 

innate immune cells 41.11 
investigations 41.23-41.24 

itch and antihistamines 41.27 

JAK inhibitors 41.27, 41.30-41.33 

KP association 85.9 

lichenification 41.14, 41.16, 41.17, 41.19 
lipids 41.6 

lip-lick cheilitis 41.22 

maintenance therapy 41.27 

male genitalia 109.12 

malignancy risk association 41.21-41.22 
management 41.24—41.33 


microbial responses 41.10 

mimics of atopiceczema 41.22 

morbidity and cost 41.3-41.4 

novel therapies 41.30-41.33 

obesity 41.7 

occupational aspects 41.23 

ocular surface disorders 41.20-41.21 

papulovesicules 41.13 

pathophysiology 41.3, 41.4-41.12, 41.32 

pets, exposure to 41.8 

phototherapy 21.4, 21.5, 41.28 

physical inactivity 41.7 

pityriasis alba 41.17 

prevalence of 5.10, 5.11, 6.1, 41.4 

pruritus 41.12, 81.7-81.8 

psychodermatology 84.3 

psychological factors 15.4, 41.19 

psychosocial aspects 41.19-41.20 

quality of life impact 16.8, 41.18 

as risk factor for allergic contact dermatitis 
9.10 

sex steroids 41.19 

skin barrier dysfunction 41.23 

skin of colour 41.16 

skin microbiome 9.8, 41.9 

staphylococci/streptococci role 26.13 

subtypes 5.4 

subtypes of 5.4 

sweating 41.18-41.19 

synonyms and inclusions 41.2 

targeting of pathophysiological pathways 
41.32 


third line therapy 41.28-41.33 
biologic therapy 41.29-41.30, 41.31, 
41.32 
conventional systemic agents 41.31 
tobacco smoke, exposure to 41.7 
topical therapy 41.26—-41.27, 41.32 
intensive topical treatment 41.28 
treatment algorithm 41.25 
trigger factors 41.12, 41.24-41.26 
unresponsive disease 41.28 
urban versus rural living 41.6-41.7, 41.8 
urticaria association 41.22 
UVA-1 phototherapy 21.4, 21.6 
viral infections 41.20 
and water hardness 41.23 
wet-wrap technique for control of 41.28 
white dermographism 41.17-41.18 


atopic eruption of pregnancy (AEP) 


113.15-113.16 
pruritus 81.11 


atopic eye disease 107.16-107.23 


associated diseases 107.16 
clinical characteristics 107.21 
clinical variants 107.17-107.18 
diagnosis 107.21 
future therapeutic agents 
investigations 107.22 
management 107.22-107.23 
pathology 107.16-107.17 
severity classification 107.21 


107.23 


atopic hand eczema 128.2 
atopic keratoconjunctivitis (AKC) 107.16, 


107.17, 107.18, 107.19-107.20, 
107.21, 107.22 

with atopic eczema localised to eyelids 
107.19 

bacterial keratitis 107.19 

inferior fornix and plical scarring 107.19 

‘polar bear rug’ cataract 107.19 

pseudogerontoxon 107.19 

tarsal conjunctiva 107.19 


atopy 41.2, 41.23 


allergic contact dermatitis 127.10 
atopic eye disease 107.16-107.23 
Netherton syndrome 63.26 
obesity link 98.28 


ATP see adenosine triphosphate; Africa 


Teledermatology Project 


atrichia with papular lesions (APL) 


87.28-87.29 


atrophic photoageing 156.3, 156.4 
atrophic scars 94.13-94.15 
atrophic skin 
Huriez syndrome 63.67 
rheumatoid arthritis 155.5 
atrophic stria 94.8 
atrophie blanche 
chronic venous insufficiency 101.43, 
101.44 
discoid lupus erythematosus 51.8 
purpura 99.20-99.21 
atrophies, ocular features 107.41 
atrophodermas 94.16-94.19 
follicular 94.16-94.17 
linear atrophoderma of Moulin 
55.25-55.27, 73.22, 94.17 
of Pasini-Pierini 55.17, 55.19, 94.18-94.19 
vermiculatum 85.11 
atrophy of skin 
causes 94.6-94.21 
due to corticosteroids 94.6-94.9 
onchocerciasis 33.4 
atropine-like drugs, hyperhidrosis treatment 
92.9 
attention-deficit hyperactivity disorder 
(ADHD)  63.6-63.7 
ATTS see atypical trigeminal trophic 
syndrome 
atypical adult-onset pityriasis rubra pilaris 
(type II) 36.2-36.4 
atypical blotches, melanoma 145.7, 145.8, 
145.9 
atypical decubitus fibroplasia 136.6 
atypical dermal melanocytosis 73.21 
atypical dots and globules, melanoma 
145.7, 145.8 
atypical/dysplastic naevus syndrome 
142.3-142.4 
see also dysplastic naevus syndrome 
atypical fibrous histiocytoma 136.20, 136.21 
atypical fibroxanthoma (AFX) 24.21, 
136.22-136.23 
atypical genital naevi, vulva 110.33 
atypical intradermal smooth muscle 
neoplasm see leiomyosarcoma 
atypical juvenile pityriasis rubra pilaris (type 
V) 36.4 


atypical lipomatous tumour 136.58-136.59 
atypical lymphocytes, chronic actinic 
dermatitis 126.14, 126.15 
atypical mycobacteria see non-tuberculous 
mycobacteria 
atypical naevi (AN) 131.17, 131.40-131.46 
clinical features 131.42-131.43 
dermoscopicimages 131.44-131.45 
disease course and prognosis 131.43 
epidemiology 131.41 
investigations 131.43 
management 131.43-131.46 
as melanoma precursors 142.2-142.3 
pathophysiology 131.41-131.42 
Spitz naevi 131.36 
atypical network patterns 
melanomas 145.7, 145.8, 145.10 
Spitz neavi 145.7 
atypical (non-classical) epidermodysplasia 
verruciformis 25.66, 25.69 
atypical post-radiation vascular lesion see 
atypical vascular proliferation after 
radiotherapy 
atypical progeroid syndrome 72.5 
atypical smooth muscle tumour (dermal and 
subcutaneous type 
leiomyosarcoma) 136.54-136.55 
atypical streaks, melanoma 145.7, 145.8, 
145.10 
atypical trigeminal trophic syndrome (ATTS) 
82.8, 82.9 
atypical vascular lesions 103.32, 119.15 
atypical vascular proliferation after 
radiotherapy (AVPRs) 


auricular haematoma 122.16 
Auspitz sign, in psoriasis vulgaris 35.9 
Australia, skin cancer 6.1, 6.6, 6.7 
Austria, dermatology history 1.6 
autoantibody screens, cutaneous 
photosensitivity diseases 126.6 
autocrine factors, pigmentation regulation 
86.5-86.7 
autografts, burn wounds 125.5, 125.6 
Autoimmune Bullous Disease Quality of Life 
(ABQOL) 108.8 
autoimmune disorders 
acquired ichthyosis association 85.2 
APL association 98.4 
atopic eczema association 41.22 
bullous disease 85.30, 108.8 
dermatomyositis 52.1-52.13 
diabetic patients 62.4 
drug reaction with eosinophilia and 
systemic symptoms 118.11 
hair loss presentation 87.19-87.20, 87.22 
interstitial granulomatous dermatosis with 
musculoskeletal involvement 
155.14 
involving respiratory system 152.2-152.3 
morphoea 55.7 
pregnancy 113.7-113.9 
skin and digestive system 153.3 
sweat glands 92.12 
urticaria association 42.3 
vitiligo association 86.35 
autoimmune lymphoproliferative syndrome 
72.11, 80.14-80.15 
autoimmune polyendocrinopathy Candida 
ectodermal dystrophy syndrome 
(APECED) 32.67 
autoimmune polyendocrinopathy syndrome 
type 1(APS-1) 87.20 
autoimmune reactions, hair loss 
autoimmunity 
inatopiceczema 41.12 
morphoea 55.8-55.9 
autoimmunity defects, complement diseases 
80.18-80.19 
autoinflammation 
hidradenitis suppurativa 90.2-90.3 
panniculitis and dermatosis syndrome 
72.11 
autoinflammation and PLCG2-associated 
antibody deficiency and immune 
dysregulation (APLAID) 45.5, 
45.7, 45.12 
autoinflammatory diseases with granuloma 
45.11-45.12 
autoinflammation and PLCG2-associated 
antibody deficiency and immune 
dysregulation 45.12 
autoinflammatory disorders 45.1-45.23, 
80.17-80.18 
clinical features 45.1 
cutaneous manifestations 80.19 
hereditary monogenic autoinflammatory 
syndromes 45.2-45.19 
urticarial or maculopapular rash 
45.20-45.22 
autoinflammatory granulomatosis of 
childhood (Blau syndrome) 45.5, 
45.7, 45.11-45.12 
autologous stem cell therapies 87.95 
autonomic nervous system (ANS) 83.4-83.5 
adipose tissue 97.4 
autosomal chromosome defects 74.1-74.3 
Behcet-like disease associated with 
trisomy 8 myelodysplasia 149.8 
chromosome 4, short-arm deletion 
syndrome 74.3 
chromosome 5, short-arm deletion 
syndrome 74.3 
chromosome 18, long-arm deletion 
syndrome 74.3 
Edwards syndrome (trisomy 18) 74.2 


87.74 


mast cell role 2.16, 2.17 

maternal smoking during pregnancy 41.7 
microbial colonisation 2.13 

microbial exposure 41.7-41.8 


136.38-136.39 
atypical vascular structures /vessels, 
melanoma 145.8, 145.9, 145.14 
auricle (pinna) see ear, auricle 


atrophic morphoea, ‘coup de sabre’ 
paramedian form 94.21 

atrophic parapsoriasis see large plaque 
parapsoriasis 


Patau syndrome (trisomy 13) 74.2-74.3 
see also Down syndrome 
autosomal dominant (AD) inheritance 8.3 
autosomal dominant cutis laxa 77.5-77.6 
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autosomal dominant disorders 
disseminated superficial actinic 
porokeratosis 141.15-141.18 
Loeys-Dietz syndrome 141.42 
Muir—Torre syndrome 141.44-141.45 
multiple self-healing squamous 
epithelioma 141.41-141.42 
autosomal dominant dystrophic 
epidermolysis bullosa 69.16 
autosomal dominant epidermolysis bullosa 
simplex 
with migratory circinate redness 
69.9-69.10 
with mottled pigmentation 69.9 
autosomal dominant familial partial 
lipodystrophy, AGL differentiation 
98.3 


autosomal dominant IFAP2 syndrome 
63.25-63.26 
autosomal dominant intermediate 
epidermolysis bullosa 69.15-69.16 
autosomal dominant intermediate 
epidermolysis bullosa simplex 
69.8-69.9 
with cardiomyopathy 69.10 
autosomal dominant lamellar ichthyoses 
(ADLI)  63.20-63.21 
autosomal dominant localised epidermolysis 
bullosa simplex 69.8 
autosomal dominant punctate porokeratosis 
63.59 
autosomal dominant striate palmoplantar 
keratoderma 63.57 
autosomal recessive agammagobulinaemia 
80.5 
autosomal recessive (AR) inheritance 8.3 
autosomal recessive congenital ichthyosis 
(ARCI 63.7-63.10 
management of 63.41, 63.44 
autosomal recessive cutis laxa_77.6-77.7 
autosomal recessive deafness, palmoplantar 
keratodermas 63.63 
autosomal recessive dystrophic 
epidermolysis bullosa 69.16 
autosomal recessive epidermolysis bullosa 
69.15-69.16 
autosomal recessive epidermolysis bullosa 
simplex 69.10 
with BP230 deficiency 69.10 
autosomal recessive ichthyosis with 
hypotrichosis (ARIH) 63.40 
autosomal recessive intermediate 
epidermolysis bullosa simplex, with 
exophilin-5 deficiency 69.10-69.11 
autosomal recessive localised epidermolysis 
bullosa simplex 
with exophilin-5 deficiency 69.10-69.11 
with muscular dystrophy 69.11 
with nephropathy 69.11 
autosomal recessive mutations, 
erythrokeratoderma variabilis 
63.18 
autosomal recessive PPK, gene mutations 
63.54 
autosomal recessive severe epidermolysis 
bullosa simplex, with pyloric 
atresia 69.11 
AVED see ataxia with vitamin E deficiency 
avidin-biotin conjugate, immunoenzyme 
methods 3.15-3.16 
avidin—biotin—peroxidase complex (ABC) 
method 3.16 
AVM see arteriovenous malformations 
AVPRs see atypical vascular proliferation 
after radiotherapy 
axes of endocrine signalling 150.2 
axilla 
abscess 90.4 
allergic contact dermatitis 127.16 
anti-p200 pemphigoid 50.41 
ectopic plaque 90.7 
hidradenitis suppurativa 88.38, 90.4 
microbiome 26.3, 26.4, 26.5 
staphylococcal scalded skin syndrome 
26.29 


surgical treatment 90.11 
axillary apocrine miliaria 92.19 
axillary dermatitis, textile allergy 127.66 
axillary fold, amicrobial pustulosis of the 
skin folds 49.20 
axillary hair 
androgen-stimulated growth 87.10 
trichomycosis axillaris 26.41-26.42 
axillary hyperhidrosis 92.3, 92.5-92.6 
management 92.9 
surgical treatment 92.10 
axillary malodour 92.16-92.17 
axillary skin 
childhood linear IgA disease 80.15 
microscopic examination of 3.33 
neurofibromatosis type 1 78.2 
pseudoxanthoma elasticum 70.32 
azathioprine (AZA) 19.8-19.10 
atopic eczema treatment 41.29 
cautions 19.9 
contraindication 19.9 
dermatological uses 19.8 
dose and regimens 19.10 
drug—drug interactions 19.9 
monitoring 19.10 
pemphigus treatment 50.8 
pharmacological properties 19.8-19.9 
potential adverse effects 19.9 
pre-treatment screening 19.10 
systemic sclerosis treatment 54.24 
azelaic acid 
acne vulgaris treatment 
chemical peels 160.2 
topical depigmenting agents 18.32 
azo dyes 127.60, 127.61, 127.65-127.66 


88.47 


B 
BA see benzyl alcohol; bioavailability 
babies see infants; neonates 
Baboon syndrome (BS) 117.4, 117.5, 121.6 
BAC see benzalkonium chloride 
bacillary angiomatosis 26.62, 26.64—26.65, 
109.28 
bacille Calmette—Guérin (BCG) 
infection 27.1-27.4, 27.6, 27.11, 27.12, 
80.8-80.9 
leprosy protection 28.16 
lupus vulgaris 27.23, 27.24 
tuberculosis vaccination 5.3, 27.3-27.5, 
27.10-27.11, 27.20, 27.21, 27.25, 
27.27-27.29, 27.40, 80.8 
see also BCG vaccination 
Bacillus anthracis 26.44-26.45 
Bacillus cereus 26.44-—26.45 
Bacillus pyocyaneus see Pseudomonas 
infections, P. aeruginosa/P. pyocyanea 
bacitracin 18.10 
back 
acne conglobata 88.64 
acne fulminans 88.61 
acne-induced hyperpigmentation 88.41 
acne scarring 88.40 
acne vulgaris 88.27, 88.28 
annular erythema of infancy 47.10 
atopiceczema 41.17 
bullous pemphigoid 50.17, 50.18, 50.20 
diffuse cutaneous mastocytosis 46.6 
dysplastic naevus syndrome 131.41 
epidermolysis bullosa acquista 50.45 
erythrodermic psoriasis 35.14 
linear morphoea 55.23 
naevus comedonicus 88.32 
pansclerotic morphoea 55.21 
pemphigus vulgaris 50.4 
pigmentary mosaicism 115.13 
pityrosporum folliculitis 88.37 
psoriasis vulgaris 35.8, 35.14 
roseola infantum 115.6 
spina bifida, tuft hair association 83.18 
steatocystoma multiplex 88.34 
subacute cutaneous lupus erythematosus 
51.15 
systemic lupus erythematosus 51.23, 
51.28 


systemic sclerosis 54.4 


urticaria 42.10, 42.12, 42.13 
bacteria 
adherence to the skin 26.5 
antibiotic resistance 18.11, 26.8 
dermatoses possibly attributable to 
infection 26.87-26.90 
molecular genetic identification methods 
26.2, 26.3 
normal skin microbiome 26.3-26.5 
possible role in chancriform pyoderma 
26.87-26.88 
sampling methods for skin microbes 
26.3 
temporary residents on skin 26.2 
see also microbial ecology of the skin; skin 
microbiome 
bacterial antigen tests 4.24—4.25 
bacterial arthropathies 155.4—155.5 
bacterial colonisation, burn injuries 
125.9-125.10 
bacterial decomposition, apocrine glands 
92.16 
bacterial dysbiosis, lichen planus 37.3 
bacterial infections 26.1-26.91 
actinomycetes 26.84—26.87 
anaerobic bacteria 26.67—26.69 
botryomycosis 26.76-26.77 
burn injuries 125.9 
chlamydiae 26.79 
ear piercing 106.11 
eyelids 107.38-107.39 
female genitalia 110.25-110.27 
gram-negative bacteria 26.49-26.67 
gram-positive bacteria 26.6-26.49 
HIV coinfection 31.20-31.22 
immunosuppressed renal allograft 
recipients 154.5 
legionellosis 26.79 
mycobacteria 27.1-27.46 
Mycoplasma 26.78-26.79 
necrotising subcutaneous infections 
26.77-26.78 
non-syphilitic sexually transmitted 
diseases 30.1-30.26 
opportunistic pathogens from skin 26.2, 
26.4, 26.17, 26.51, 26.55, 26.86 
perineal and perianal skin 111.13-111.15 
possible role in dermatoses 26.87-26.90 
protective role of normal skin flora 
26.4-26.5 
rickettsiae 26.80-26.84 
secondary to varicella 25.30 
skin defence mechanisms 26.5-26.6 
skin manifestations of primary 
immunodeficiencies 149.19 
spirochaetes 26.69-26.76, 109.27 
staphylococci and streptococci 
26.12-26.37 
bacterial interference 26.6 
bacterial isolates 90.3 
bacterial panniculitis 97.47 
bacterial pseudomycosis see botryomycosis 
bacterial toxins 
diphtheria 26.38 
recurrent toxin-mediated perineal 
erythema 26.32 
scarlet fever 26.35 
streptococcal toxin-mediated disease 
26.35-26.37 
Bacteroidaceae 26.67—26.68 
Bacteroides 26.19, 26.67, 26.68, 26.78 
B. bacilliformis, Oroya fever and verruga 
peruana 26.65-26.66 
B. henselae, bacillary angiomatosis 
26.64-26.65 
cat scratch disease 26.62-26.64 
BAD see British Association of 
Dermatologists 
BADAS see bowel-associated 
dermatitis—arthritis syndrome 
Bailey nylon monofilament 83.15 
balanitis 109.4, 109.5 
Zoon balanitis 109.14 
balanoposthitis 109.4-109.5 
non-specific balanoposthitis 
109.21-109.22 


non-syphilitic spirochaetal ulcerative 
109.27 
baldness cure, ancient Egypt 1.2 
ballooning degeneration 3.40 
balsam allergies 127.41-127.45 
bandaging, lymphoedema therapy 103.58, 
103.59 
band patterns, melanoma involving nail unit 
145.13 
Bannayan-Riley—Ruvalcaba syndrome 
101.28 
BAP-1 see BRAC1-associated protein 
BAP1-inactivated melanocytic neoplasms 
(BIM), as melanoma precursor 
142.2 
BAP1-inactivated naevus, scalp 131.34 
BAP1 tumour suppressor gene, melanoma 
risk 142.4-142.5, 142.7 
Barainelli-Seip syndrome see congenital 
generalised lipodystrophies 
barber’s hair sinus 122.22 
Bardet—Biedel syndrome 72.6 
baricitinib, atopic eczema treatment 41.30, 
41.31 
Barmah Forest virus (BFV) 25.90-25.91 
Barr body 8.7 
barrier creams, allergic contact dermatitis 
127.35 
Barrier dysfunction, ageing of skin 
156.10-156.11 
Bartholin abscess 
chlamydia 30.11 
gonorrhoea 30.5 
Bartholin cyst, vulval 110.31 
Bartonella 
B. quintana, bacillary angiomatosis 
26.64-26.65 
infections 26.62-26.66 
trench fever 26.62 
Bart-Pumphrey syndrome 63.64, 94.37 
basal cell carcinoma (BCC) 140.1-140.21 
advanced/high risk disease 140.9, 
140.14, 140.15, 140.16-140.17, 140.19 
ano-genital region 111.24 
auricle 106.21-106.27 
epidemiology 106.21-106.24 
management 106.26-106.27 
pathophysiology 106.25-106.26 
Bazex—Dupré—Christol syndrome 
140.20-140.21 
biopsy 3.4 
diagnosis 3.30, 3.31 
differential diagnosis 140.9-140.10 
drug/chemical photosensitivity 126.30 
epidemiology 140.1-140.2 
eyelid 107.47-107.48 
female genitalia 110.39 
histopathology 140.3, 140.4 
immunocompromised people 
147.12-147.13, 147.16 
incidence of, in UK 6.1 
investigations 140.10, 140.11, 140.12, 
140.14 
lip 108.43-108.44 
male genitalia 109.42 
management 140.11-140.18 
margin assessment 140.14, 140.15, 140.16 
Merkel cell carcinoma misdiagnosis 
146.5 
naevoid basal cell carcinoma syndrome 
140.3-140.4, 140.18-140.20 
pathophysiology 140.2-140.10 
photodynamic therapy 140.11, 
140.12-140.13 
contraindications 22.8 
Gorlin naevoid syndrome 22.2, 22.7 
superficial and thin nodular BCC 
22.6-22.7 
radiotherapy 24.12-24.13, 24.14 
for ankylosing spondylitis as cause 
155.16 
indications 24.8-24.10 
risk factors 140.2 
risk stratification 140.11, 140.14 
spectacle-frame acanthoma distinction 
122.14 


basal cell carcinoma (BCC) (continued) 
superficial treatments 140.11, 
140.12-140.14 
surgical treatments 
types 140.3 
see also keratinocyte cancer; naevoid basal 
cell carcinoma syndrome 
basal cell papilloma see seborrhoeic keratosis 
basal cells 
division of 2.44 
terminal differentiation 2.44 
basal lamina 3.39 
basaloid follicular hamartoma 
137.12-137.13 
Basan syndrome 63.66 
base excision repair (BER) 10.6 
baseline patch test series 127.29-127.30 
basement-membrane region 122.4-122.5 
basidiobolomycosis 32.79-32.80 
Basidiobolus ranarum 32.79-32.80 
basophilic, round tumour cell proliferations, 
Merkel cell carcinoma 146.3 
basophilic amorphous deposits 97.61 
basophilic fat necrosis 97.8 
basosquamous (metatypical) basal cell 
carcinoma 140.3, 140.9 
BAT see brown adipose tissue 
Bateman purpura see actinic purpura 
Bateman, Thomas 1.4 
bathing, atopiceczema 41.26 
‘bathing cap’ distribution, multivoltage 
X-ray techniques 24.3, 24.5 
bathing suit ichthyosis (BSI) 63.7, 63.8, 
63.11 
Bazex syndrome, ear dermatoses 106.22 
Bazex—Dupré-Christol syndrome 78.12, 
140.20-140.21 
Bazin disease see erythema induratum of 
Bazin 
BB-UVB see broad-band UVB 
BCC see basal cell carcinoma 
B-cell differentiation, lymphoid markers 
3.29 
B-cell directed biologic therapies 
19.37-19.39 
B-cell lymphoma 
externalear 106.34 
radiotherapy 24.18 
B-cell pseudolymphoma (lymphocytoma 
cutis) 134.1, 134.2, 134.8-134.10 
Bcells, immune system 9.6, 103.3 
BCH see benign cephalic histiocytosis 
BCS see brittle cornea syndrome 
BD see Bowen disease 
BDD see body dysmorphic disorder 
BDI see Beck Depression Inventory 
BDP see Bowen disease of the penis 
BE see bioequivalence 
beards 
pseudofolliculitis barbae 91.8, 91.9, 
122.23 
ringworm of the beard/tinea barbae 
32.40-32.41 
sycosis 26.26-26.27 
Beare-Stevenson syndrome 85.4 
Beau lines 119.7, 119.8 
becaplermin 18.39 
Beck, Aaron T. 15.1-15.2 
Beck Depression Inventory (BDI) 16.11 
Becker melanosis, laser therapies 


140.14-140.16 


23.15-23.16 
Becker naevus (or Becker melanosis) 73.18, 
87.85, 87.86 
Beckwith-Wiedemann syndrome 106.6 
bed bugs 34.25-34.29 


clinical features 34.27 
epidemiology 34.26 
management 34.27-28, 34.29 
pathophysiology 34.26-27 

‘bed sores’ 123.1 

Beer’s law, light absorption by skin 

23.3 

bees 34.16 

Beetles (Coleoptera) 34.30-34.32 
allergenic species of 34.31-34.32 


behaviour 
links to emotions and beliefs 15.1-15.3 
psychological factors in patients 15.2 
Behcet disease see Adamantiades—Behcet 
disease 
Behcet-like disease associated with trisomy 8 
myelodysplasia 149.8 
Behcet-like disease or inflammatory bowel 
disease-like autoinflammatory 
syndromes 45.15-45.16 
Beighton score 70.8 
bejel (endemic syphilis) 26.70 
beliefs 
links to emotions and behaviours 
15.1-15.3 
psychological factors in patients 
15.2-15.3 
belimumab 51.12 
Bell palsy 25.23 
Belostomatidae (giant water bugs) 34.30 
benign adnexal lesions, eyelid 107.45 
benign calcifying epithelioma of Malherbe 
see pilomatricoma 
benign cephalic histiocytosis (BCH) 
135.17-135.18 
benign cutaneous adverse reactions to drugs 
117.1-117.9 
benign cutaneous tumours and proliferations 
photothermal ablation 23.21 
see also capillary haemangiomas 
benign cysts, eyelid 107.45-107.47 
benign essential telangiectasia see hereditary 
benign telangiectasia 
benign fibrous cutaneous nodules 
benign keratinocytic acanthomas 
132.1-132.8 
clear cell acanthoma 132.6-132.7 
dermatosis papulosa nigra 132.4-132.5 
lichenoid keratosis 132.7-132.8 
seborrhoeic keratosis 132.1-132.4 
stucco keratosis 132.4 
warty dyskeratoma 132.5-132.6 
see also inverted follicular keratosis 
benign lesions 
dermoscopic patterns of naevi 
145.1-145.7 
ear 106.33 
eyelid 107.44-107.47 
benign lymphangioendothelioma 103.29 
benign lymphoid proliferations see 
pseudolymphoma 
benign melanocytic naevi, in pregnancy 
113.9 
benign nodular calcification 154.2 
see also metastatic cutaneous calcification 
benign papillomatosis of the nipple see 
nipple, adenoma 
benign proliferations 132.1-132.10 
benign keratinocytic acanthomas 
132.1-132.8 
pseudoepitheliomatous hyperplasia 
132.9-132.10 
skin tags 132.8-132.9 
benign symmetrical lipomatosis (BSL) 
98.15-98.17, 103.46 
benign tumours, male genitalia 
109.29-109.31 
benign vascular tumours 
classification 116.1 
benzalkonium chloride (BAC) 127.57 
topical therapies 18.10 
1,2-Benzisothiazolin-3-one (BIT) 
127.54 
benzo(a)pyrene 129.15 
benzocaine, patch testing 127.47 
benzothiazole contact allergy 127.64 
benzoyl peroxide (BPO) 88.46, 88.47 
benzyl alcohol (BA) 127.58 
BER see base excision repair 
beriberi, vitamin B1 deficiency 61.14 
Berloque dermatitis 86.28-86.30 
beryllium, dermatological reactions 121.9 
best evidence, evidence based medicine 
17.4-17.8 
B-adrenergic blockers, burn treatment 
125.14 


94.43, 


136.25-136.32 


127.53, 


B-Carotene therapy 126.8 
Brays 24.1 
see also electron beam therapy 
beta-lactam allergy 117.7 
beta-mannosidosis, glycoproteinoses 
betamethasone, dose-vasoconstriction 
response profiles for 12.5 
betel nut chewing 
oral hyperpigmentation 108.17 
oral lichen planus 37.3 
oral squamous cell carcinoma 108.46 
teeth staining 108.15 
bexarotene 18.25 
BELS see Borjeson—Forssman-—Lehmann 
syndrome 
BES see burning feet syndrome 
BFV see Barmah Forest virus 
BHA see butylated hydroxyanisole 
BHD see Birt-Hogg—Dubé 
bias 
Cochrane Collaborations risk of bias tool 
17.9 
epidemiological studies 5.14 
types of bias in research studies 
17.9-17.10 
Bible, leprosy 1.3 
‘bib-sign’, redness on chest in 
dermatomyositis 52.4, 52.6 
bicalutamide 87.96 
Biett, Laurent 1.4-1.5 
bilateral lymphoedema, lower legs 98.27 
bilharziasis see schistosomiasis 
biliary tract disease 153.5 
bilirubin 86.49 
BIM see BAP1-inactivated melanocytic 
neoplasms 
bimatoprost 18.39 
bimekizumab 
psoriasis treatment 35.30 
psoriatic arthritis treatment 35.46 
bioavailability (BA) 
clinical pharmacology 13.2-13.3, 13.2 
of topical drugs 12.7-12.8 
biobanking 8.1 
biochemical functions, mechanical forces 
122.1 
biocides, formaldehyde-releasing 
127.51-127.52 
biodegradable dermal fillers 158.3-158.7 
bioequivalence (BE), of topical drugs 
12.7-12.8 
biological dosimetry 10.2 
biological elasticity 122.5 
biologic registries, psoriasis treatment 35.29 
biologic therapies 19.31-19.34 
atopiceczema 41.29-41.30, 41.31, 41.32 
Cl-esterase inhibitor replacement therapy 
19.39 
clinical pharmacology 13.1, 13.2 
definition 13.1 
directed against B-cells 19.37-19.39 
directed against cytokines 19.32-19.37 
eye, side effects on 107.44 
hidradenitis suppurativa 90.10, 90.11 
intravenous immunoglobulins 19.31, 
19.40-19.41 
monoclonal antibodies (mAbs) 
19.31-19.32 
morphoea 55.38-55.42 
omalizumab 19.39 
in pregnancy 113.21, 113.22 
psoriasis treatment 35.27-35.31 
pyoderma gangrenosum 49.7 
biomarkers 8.8-8.9 
prenatal testing and diagnosis 
biomechanical properties of skin 
122.5-122.6 
biomedical literature, evidence based 
medicine 17.2 
biopsy of skin 3.2-3.10 
AIDs patients 3.38 
alopecia 3.7 
artefacts due to poor technique 3.31-3.32 
basal cell carcinoma 3.4 
blocking of specimens 3.6, 3.32 


79.3 


8.11 
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curettage 3.3-3.4 
cysts 3.31 
Darier disease 3.39 
direct immunofluorescence studies 
3.17 
division of specimen 3.2, 3.4 
electron microscopy 3.4 
elliptical surgical biopsy 3.3, 3.6 
epidermolysis bullosa diagnosis 
69.20-69.21, 69.23 
excisional biopsy 3.2 
fetalskin 8.10 
fixatives 3.4, 3.5, 3.32 
frozen sections 3.5 
histochemistry 3.7-3.10 
histological sections with little or no 
abnormality 3.44-3.45 
identification labels 3.5 
inadequate biopsy 3.1 
inclusional/exclusional elliptical biopsies 
20.8-20.9 
indications for 3.2 
information provided with specimen 3.4 
instruments for 3.3 
interpretation problems 3.1 
labelling of specimen 3.6 
laboratory methods 3.5-3.10 
little or no abnormality in histological 
sections 3.44-3.45 
local anaesthetic 3.2 
melanoma 143.1, 143.4-143.5 
Michel medium 3.4-3.5, 3.12 
microscopic examination of tissue sections 
3.32-3.38 
multiple biopsies 
needle biopsy 3.4 
painting margins of specimen 3.5-3.6 
palm skin 3.33 
photocopy procedure, blocking of 
specimens 3.6 
planning 20.8-20.9 
punch biopsy 3.3, 20.9-20.10 
request form 3.4 
retention of tissue specimens 3.6 
section types 3.38 
shave biopsy 3.4, 20.10-20.11 
site selection 3.2, 3.12 
skin surface 4.22 
sole skin 3.33 
specimen preparation 3.4-3.7 
squamous cell carcinoma 3.4 
staining techniques 3.7-3.10 
techniques 3.2, 3.3-3.4, 20.8-20.11 
tissue processing 3.7 
topical anaesthetic 3.2-3.3 
transport media 3.4-3.5, 3.5 
urticaria 3.45 
urticaria pigmentosa 3.2 
see also histopathology of skin 
biosimilars, psoriasis treatment 35.29 
biotin 
deficiency 61.22-61.24 
metabolism disorders 79.15 
see also avidin-biotin conjugate 
bipolar disorder 84.40 
Bipolaris species 32.78 
Birbeck granules 135.2 
birthmarks 
naevus flammeus 101.10 
see also naevi 
birth weight, acne association 88.26 
Birt-Hogg—Dubé (BHD) syndrome 78.14, 
78.15 
differential diagnosis 88.30-88.31 
lesions of hair follicle mesenchyme 
137.15-137.16 
pulmonary involvement 
renal/skin involvement 
skin tags 132.8 
BIT see 1,2-Benzisothiazolin-3-one 
bites 130.5-130.8 
animal bite injuries on infants /children 
130-136, 115.14 
arthropods 14.2, 34.2-34.3, 34.4, 
34.14-34.15 


3.12, 


3.2 


152.5 
154.2 


by humans 130.6-130.7 
clinical features 34.8-34.9 
dogs/cats 130.6 
infants 115.14 
rodents 130.5 
snakes 130.5-130.6 
black death 26.59-26.60 
blackflies 34.7 
onchocerciasis vector 33.1, 33.2, 33.3 
Blackfoot disease 121.3 
black hairy tongue 108.16, 108.17 
black heel/palm 99.6, 122.10-122.11, 122.16 
black piedra 32.15-32.16 
black rubber mix (sensitisers) 127.63 
black skin see skin of colour 
blanchable redness 123.4 
Blaschko lines 8.7, 8.8 
congenital epidermal naevi 73.5 
Conradi-Hiinermann—Happle syndrome 
63.22 
hypomelanosis of Ito 68.10 
incontinentia pigmenti 68.11 
keratinopathic ichthyoses 63.14 
keratosis follicularis spinosa decalvans 
63.24 
linear and whorled hypermelanosis 
68.12 
Blashkoid lesions 4.16, 4.19 
blastic plasmacytoid dendritic cell neoplasm 
(CD4+/CD56+haematodermic 
neoplasm) 139.45-139.47 
Blastomyces dermatitidis 32.85-32.86 
blastomycosis 32.84-32.86, 109.28 
oral lesions 108.57 
Blau syndrome (autoinflammatory 
granulomatosis of childhood) 
45.5, 45.7, 45.11-45.12 
bleeding, complications after skin surgery 
20.40-20.42 
bleeding in skin and mucosa (purpura/ 
petechiae /ecchymoses/epistaxis/ 
gingival bleeding), liver disease 
association 153.9 
Blegvad—Haxthausen syndrome 94.24 
bleomycin, topical therapies 18.29-18.30 
bleomycin-induced flagellate 
hyperpigmentation 119.8-119.9 
blepharitis 107.7-107.15 
associated skin disease 107.8 
causes 107.12, 107.13 
classification of chronic blepharitis 107.8 
complications and co-morbidities 107.13 
conjunctival and corneal signs 107.8 
cutaneous Leishmania infection of eyelid 
107.12 
demodex folliculorum infestation 107.10 
diagnosis 107.13 
disease course and prognosis 
107.13-107.14 
eyelid signs 107.8 
incidence and prevalence 107.7-107.10 
investigations 107.14 
management 107.14-107.15 
meibomian seborrhoea 107.8 
meibomitis 107.8 
ocular rosacea 107.8, 107.10, 
107.11-107.12 
pathology 107.10-107.12 
Phthirus pubis causation 107.12 
predisposing factors 107.10 
sebaceous carcinoma of eyelid 107.12 
seborrhoeic blepharitis 107.8 
staphylococcal blepharitis 107.8, 107.9, 
107.10 
symptoms 107.8 
treatment of chronic blepharitis 
ulcerative blepharitis 107.9 
blepharochalasis 94.26-94.27, 107.5 
blepharoconjunctivitis 107.6 
blinding filariasis see onchocerciasis 
blistering disorders 69.1-69.28 
drug/chemical photosensitivity 126.29 
heat-associated diseases 124.15, 124.16 
internal malignancy association 148.22 
juvenile springtime eruption 126.9 


107.14 


mechanical injuries 122.6, 122.8, 
122.9-122.10, 122.16 
PUVA phototherapy adverse effects 
21.13 
Stevens—Johnson syndrome /toxic 
epidermal necrolysis 
118.14-118.15 
Tzanck smear 3.29 
UVB phototherapy adverse effects 21.12 
see also bullous diseases; paraneoplastic 
pemphigus; pemphigus 
blistering distal dactylitis 26.34, 115.8 
blisters 
friction 122.6, 122.9-122.10 
on the lips 108.60 
oral ulceration 108.36 
‘string of pearls’ ring pattern 4.8 
vesicating beetles 34.30-34.31 
Bloch, Bruno 127.1 
blocking techniques, biopsy 3.6 
blood eosinophilia 93.7, 93.9 
blood-letting 1.3 
blood supply, cones 124.8 
blood tryptase, raised level of 
mastocytosis 46.8 
in patient without skin lesions 46.6, 46.7 
blood vessels 2.40-2.42 
anatomy of head and neck 20.1-20.2 
Bloom syndrome 75.2, 77.2, 77.3-77.4, 
78.13, 80.5, 148.12, 148.13 
hyperpigmentation 80.11 
blueberry muffin baby (dermal 
erythropoiesis) 114.21 
blue-black lesions, melanoma 145.14 
blue light therapy, acne vulgaris 88.58 
blue naevus 3.44, 131.17, 131.38-131.40 
cellular 131.39, 131.40 
common blue naevus 131.38 
congenital 73.15, 73.16 
dermoscopic image 131.40 
see also malignant blue naevus 
blue rubber bleb naevus syndrome (BRBN) 
71.2, 71.17-71.18, 136.42 
blue toe syndrome see cholesterol embolus 
blue-white veil, melanoma 145.7, 145.8, 
145.10 
blushing 104.1-104.13 
clinical presentation 104.10 
epidemiology 104.1 
investigations 104.11 
management 104.12 
physiology 104.1 
psychosocial aspects 104.2-104.3 
typical distribution 104.2 
BMI see body mass index 
BMPs see bone morphogenic proteins 
BMS see burning mouth syndrome 
BMZ see dermal—epidermal basement 
membrane zone 
BNPD see 2-Bromo-2-nitropropane-1, 3-diol 
body art 108.15-108.16 
body/clothing lice 34.23-34.24 
body contouring 161.8-161.9 
body dysmorphic disorder (BDD) 
84.12-84.15 
and acne 88.30 
by proxy 84.14 
complaints and litigation 84.15 
dislike of mole and freckles 84.26 
male genitalia 109.6, 109.44 
olfactory delusions 84.10 
scales and screening questions 
body image 15.1 
body mass index (BMI), and acne 88.19 
body odour, olfactory delusions 
84.10-84.11 
Bohan and Peter classification, 
dermatomyositis 52.1 
boils see carbuncles; furuncles 
Bolivian haemorrhagic fever 25.82-25.83 
bone disorders 
diffuse lymphangiomatosis involving 
bone 136.39 
Langerhans cell histiocytosis 135.8 
systemic lupus erythematosus 51.30 


84.13 


bone dysplasia, nail-patella syndrome 
67.15 
bone marrow, mastocytosis 46.3, 46.4, 46.8, 
46.9 
bone marrow failure, dyskeratosis congenita 
67.14-67.15 
bone marrow transplantation 
mastocytosis treatment 46.10 
oral complications of 108.48 
bone metastases, metastatic calcinosis cutis 
59.5 
bone morphogenic proteins (BMPs) 2.3, 2.4 
bone scintigraphy, frostbite investigation 
124.2 
bony abnormalities, epidermolysis bullosa 
69.26 
borderline leprosy (BL/BB/BT) 28.2-28.3, 
28.4, 28.6, 28.8, 28.9, 28.10, 28.11, 
28.13, 28.14 
Borjeson—Forssman—Lehmann syndrome 
(BFLS) 72.6 
Borrelia 26.72-26.74 
B. afzelii 26.72, 26.73, 94.15-94.16 
B. garinii 26.72, 26.73 
B. recurrentis, louse-borne epidemic 
relapsing fever 26.72 
Lyme disease 26.72-26.73 
necrobiotic xanthogranuloma 97.17 
Borrelia burgdorferi 
complex of species 26.72 
infective panniculitis 97.46 
possible cutaneous B-cell lymphoma link 
139.37-139.38 
borreliosis 94.15-94.16 
bosentan 124.12 
botryomycosis 26.76-26.77 
Botswana—UPENN partnership 7.7 
botulinum toxin 
aesthetic uses of 159.1-159.9 
acetylcholine release blocking 159.2 
acquired resistance to botulinum toxins 
159.8 
adverse events 159.6-159.8 
combination treatment 159.8 
ethnic diversity and botulinum toxins 
159.6 
future botulinum toxins in development 
159.8-159.9 
history of clinical applications 159.2 
history and early research 159.1-159.2 
lower face 159.5-159.6 
mid face 159.5 
neck 159.6 
side effects summary 159.7 
upper face 159.4-159.5 
characteristics of 159.3 
clinical applications of for aesthetic 
conditions 159.3-159.6 
eye, side effects on 107.44 
pharmaceutical terminology 159.1 
pharmacology and action of neurotoxins 
159.2-159.3 
variation and equivalence 159.3 
botulinum toxin A injection, hyperhidrosis 
treatment 92.9 
botulism 159.1 
Bouchard nodes 155.8 
Bourneville disease see tuberous sclerosis 
complex 
boutonneuse fever 
bovine collagen dermal filler 
158.7-158.8 
bowel-associated dermatitis—arthritis 
syndrome (BADAS) 49.15-49.17, 
97.52, 153.3-153.4 
acute inflammatory distal arthritis 49.16 
clinical features 49.15-49.16 
episcleritis 49.17 
investigations 49.16 
lesion appearance 49.16 
management 49.16-49.17 
pathology 49.15 
predisposing factors 49.15 
pustules on trunk 49.16 
urticarial plaques 49.16 


26.82-26.83 
158.5, 


bowel carcinoma, colostomy for 112.5 
bowel disease, dermatoses associated with 
112.12-112.15 
Bowen disease (BD) 141.18-141.24, 141.25 
and actinic keratoses, 
immunocompromised people 
147.11-147.12 
discoid skin lesions 39.10 
epidemiology 141.18 
first line treatments 141.22-141.24 
male genitalia 109.31-109.34 
management 141.22-141.24, 141.25 
pathophysiology 141.18-141.22, 141.25 
perianal skin 111.20-111.21 
photodynamic therapy 22.6 
photothermal ablation 23.21 
radiotherapy 24.14 
second/third line treatments 141.24 
see also anal/perianal/ genital 
intraepithelial carcinomas; in situ 
carcinoma of the skin 
Bowen disease of the penis (BDP) 
109.31-109.34 
bowenoid papulosis 
Bowen disease comparison 141.19, 
141.20-141.21, 141.22 
human papilloma virus 141.21 
male genitalia 109.31-109.34 
see also anal/perianal/ genital 
intraepithelial carcinomas 
box jellyfish stings 130.1-130.2 
BP230 see bullous pemphigoid antigen 
BP230 deficiency, autosomal recessive 
epidermolysis bullosa simplex with 
69.10 
BP see bullous pemphigoid 
BPO see benzoyl peroxide 
BRAC1-associated protein (BAP-1), germline 
mutations in 3.24 
brachioradial pruritus (BRP) 81.12, 
83.6-83.7 
Brachycera (biting flies) 
brachytherapy 24.3 
bradykinin-induced angio-oedema 43.1, 
43.2, 43.3, 43.6 
BRAF inhibitors 
causing keratoacanthoma 141.38, 141.41 
melanoma systemic therapy 144.4-144.5, 
144.11, 144.11, 144.12 
BRAF mutations, lobular capillary 
haemangioma/pyogenic 
granuloma within port-wine stains 
136.26 
BRAF-positive tumours 85.9 
BRAF therapy see B-rapidly accelerated 
fibrosarcoma protein inhibitor 


34.8 


therapy 
BRAF V600E mutation 
Erdheim-Chester disease 135.21 
histiocytoses 135.3, 135.7, 135.9 


juvenile xanthogramuloma 135.16 
brain metastases 144.7 
brain-skin axis 
neuroendocrine stress response in skin 
150.8-150.9 
psychological factors in patients 
branchial cyst 106.4 
branchio-oto-renal syndrome 106.4, 106.7 
B-rapidly accelerated fibrosarcoma protein 
(BRAF) inhibitor therapy 85.23 
Brazilian haemorrhagic fever 25.82—25.83 
BRBN see blue rubber bleb naevus syndrome 
breast 
abscess, neonatal 114.25 
diffuse dermal angiomatosis 4.11 
lymphangiomatous papules, benign 
3.32 


15.2 


lymphoedema 103.43-103.44 
melanocytic naevi 131.22 

morphoea 55.18 

pansclerotic morphoea 55.21 

swollen 103.43-103.44 

breast cancer 

breast lymphoedema_ 103.44 

carcinoma telangiectaticaonarm 103.15 


breast cancer (continued) 
radiotherapy side effects 119.15 
recurrent cellulitis in lymphoedema 
103.14 
skin involvement 148.2-148.3 
breastfeeding, and atopic eczema 41.7, 
41.23 
breast surgery, Mondor disease after 101.37 
breathing exercises, lymphoedema 103.59 
BRESEK/BRESHEK syndrome  63.24-63.25 
Breslow thickness, melanomas 142.2, 
142.8, 142.15-142.16, 142.21, 
142.22, 142.24 
Brevibacterium mcbrellneri, synergistic role 
with Trichosporon yeast in white 
piedra 32.16 
Brief Symptom Inventory (BSI) 16.11 
Brill-Zinsser disease 26.81 
brimonidine 18.39 
Britain, dermatology history 1.6-1.7 
British Association of Dermatologists (BAD) 
7.14 
brittle cornea syndrome (BCS) 70.6-70.7, 
70.10 
broad-band UVB (BB-UVB) 
phototherapy 
carcinogenesis risk 21.13 
efficacy 21.3-21.4, 21.7 
principles 21.1, 21.2 
Brocq’s acné excoriée 84.20-84.22 
brodalumab 
psoriasis treatment 35.30 
psoriatic arthritis treatment 35.46 
bromhidrosis 92.16-92.17 
bromides, acneform reaction 88.13 
bromidrosiphobia see olfactory delusions 
2-bromo-2-nitropropane-1, 3-diol (BNPD) 
127.52 
bronchial epithelium, SJS/TEN involvement 
118.20 
bronchiolitis obliterans 118.17 
bronchopneumonia, inhalation injury 
125.4-125.5 
bronchopulmonary injuries 125.5 
bronze baby syndrome 86.49-86.50 
Brooke’s tumour see trichoepithelioma 
Brooke-Spiegler syndrome 
cylindroma 137.30 
spiradenoma 137.31 
trichoepithelioma 137.10 
brown adipose tissue (BAT) 72.1 
brown fat 97.1-97.2 
brown fat hypertrophy 98.15 
brown pseudoscars, diabetic dermopathy 
94.14 
brown recluse spiders (Sicariidae) 
34.35-34.36 
brown tongue 108.16 
brows 
botulinum toxin use 159.5 
see also eyebrows 
BRP see brachioradial pruritus 
Brucella 26.60-26.62 
brucellosis 26.60-26.62 
bruises/bruising see ecchymosis 
Brunsting—Perry pemphigoid 50.51-50.52, 
50.53 


Bruton disease (X-linked 
agammagobulinaemia) 80.5, 80.13 

Bryozoa, stings from 130.4 

BS see Baboon syndrome 

BSI see bathing suit ichthyosis; Brief 
Symptom Inventory; Burma 
Skincare Initiative 

BSL see benign symmetrical lipomatosis 

BSLE see bullous systemic lupus 
erythematous 

bubble hair 87.77-87.78 

buboes see inguinal buboes; lymphadenitis 

bubonic plague 26.59-26.60 

Bubostumum phlebotomum see cutaneous larva 
migrans 

buccal fat-pad herniation 108.10 

buccal mucosa 

cheek biting 108.32 


epidermolysis bullosa acquista 50.45 
erythroplakia 108.24 
examination of 108.7 
Fordyce spots 108.29 
homogeneous leukoplakia 108.34 
leiomyoma 108.13 
leukoedema 108.29, 108.30 
lichen planus 37.5, 37.6, 108.76 
sarcoidosis 108.67 
see also cheek 
Buddhist texts 1.2-1.3 
Buerger test, peripheral vascular disease 
101.3 
buffalo hump, HIV-associated lipodystrophy 
98.7 
bugs (Hemiptera) 34.25-34.30 
bulbar telangiectasia 80.11 
bulge region, hair follicle 87.4 
bulimia nervosa 84.26-84.27 
Bulkley, Henry D. 1.7 
bullae 3.39 
bullous dermatoses 4.8 
IP differential diagnosis 
bullous diseases 
autoimmune, assessment 108.8 
diagnosis 3.11, 3.29, 3.30 
digestive system 153.6 
direct immunofluorescence 3.18 
ear dermatoses 106.22 
electron microscopy studies 
69.21-69.22 
female genitalia 110.20, 110.21 
flexural sites 4.18 
internal malignancy association 
148.21-148.22 
microscopic appearance 3.29 
renal failure and dialysis complications 
154.4 
bullous eruptions, reactions to COVID-19 
vaccines 25.118 
bullous impetigo 2.19, 26.13-26.15 
neonates 114.24 
bullous lesions, autoinflammatory diseases 
80.19 
bullous lichen planus 37.8-37.9, 37.17 
bullous lupus erythematosus 51.28-51.29 
bullous pemphigoid (BP) 50.10-50.22, 
148.22 
acute oedema blisters 
age of onset 50.11 
antigens 69.4, 69.5, 69.8, 69.10 
associated diseases 50.11 
autoantibodies 50.11-50.12 
blisters, erosions, and haemorrhagic crusts 
50.11, 50.16 
cellular immune response 50.12 
in childhood 50.20 
clinical features 50.15-50.16 
clinical variants 50.16-50.17 
cytokines and chemokines 50.12 
diagnosis 50.20, 50.21, 50.22, 50.24 
differential diagnosis 50.17-50.18 
direct immunofluorescence microscopy 
50.14 
disease course and prognosis 
50.18-50.19 
epidemiology 50.10-50.11 
genetics 50.15 
histopathology 50.13 
investigations 50.20, 50.21, 50.22 
localised bullous pemphigoid 50.17, 
50.19 
management 50.20-50.22 
oral involvement 108.81-108.82 
papule appearance 50.17 
pathogenic mechanisms —50.12-50.13 
pathophysiology 50.11-50.13 
predisposing factors 50.13 
randomised controlled trials 50.20-50.21, 
50.23 
renal effects 154.6 
serum autoantibodies 50.14-50.15 
serological screening 50.14, 50.15 
severity classification 50.18 
tissue-bound autoantibodies 


68.11 


3.30, 


85.30 


50.13-50.14 


treatment guidelines 50.21-50.22 
urticarial and erythematous plaques 
50.18 
vulval 110.21 
bullous porphyrias 
histopathology 58.4-58.5 
samples for laboratory testing 58.7 
typical subepidermal bullain 58.6 
bullous pyoderma gangrenosum 49.4—49.5 
bullous systemic lupus erythematous (BSLE) 
50.48-50.51 
blisters on erythematosus 50.49 
differential diagnosis 50.50 
epidemiology 50.48-50.49 
investigations and diagnosis 50.50 
management 50.50-50.51 
pathophysiology 50.49 
presentation 50.49-50.50 
serum autoantibodies 50.50 
treatment ladder 50.51 
violaceous maculae 50.50 
Bunyaviruses, haemorrhagic fevers 
25.83-25.84 
buprenorphine, addiction prevalence 120.2 
burden of skin disease 5.5, 5.6-5.7, 5.8, 5.9 
Bureau-Barriére syndrome 63.71 
Burkholderia 26.53-26.55 
B. mallei, glanders 26.55 
B. pseudomallei, melioidosis 26.53-26.54 
Burkitt lymphoma 25.38 
Burma Skincare Initiative (BSI) 7.11 
burn depth 
assessment of 125.2 
clinical appearances 125.3 
evaluation of 125.5-125.8 
burning feet syndrome (BFS) 83.10-83.11 
burning mouth syndrome (BMS)  82.1-82.3, 
108.64-108.65, 127.18 
causes 108.64 
epidemiology 82.2 
management 82.3 
pathophysiology 82.2-82.3 
burning sensation, irritation 128.10-128.12 
burns 125.1-125.15 
first-degree burns 
grafts 11.12 
hospital care 125.1 
oral lesions 108.31 
shock 125.2-125.4 
Burton’s lead line 121.5 
Buruli ulcer 97.47 
genital 109.28 
Buschke disease see scleroedema 
Buschke—Léwenstein tumour 
male genitalia 109.39-109.40 
perianal skin 111.23 
Buschke—Ollendorff syndrome 94.43 
butterflies (Lepidoptera) 34.32-34.34 
butterfly erythema pattern on face, 
dermatomyositis 52.3, 52.5 
butterfly sign (mid-back sparing), nodular 
prurigo 84.15 


125.5 


buttock 
bullous pemphigoid 50.16 
capillary malformations 71.5 
cryoglobulinaemic vasculitis 100.16 
dermatitis herpetiformis 50.57 
eruptive xanthomas 60.4 
hemihyperplasia—multiple lipomatosis 
syndrome 72.11 
herpes simplex 4.8 
linear IgA disease 50.37 
morphoea 55.16 
mucous membrane pemphigoid 50.29 
necrolytic migratory erythema 47.15 
butylated hydroxyanisole (BHA) 127.59 


Cc 

C&C (curettage and cautery) see curettage 
and electrodessication 

C1-esterase inhibitor (C1-INH) deficiency, 
angio-oedema due to 43.1, 43.4, 
43.5-43.6 

Cl-esterase inhibitor (CIINH) replacement 
therapy 19.39 
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C3 nephritic factor, APL pathology 98.4 
cacosmia see olfactory delusions 
CACP (camptodactyly, arthropathy, coxa 
vara, pericarditis) syndrome 
94.40-94.41 
CAD see chronic actinic dermatitis; 
computer-aided diagnostic systems 
CADIS see Childhood Atopic Dermatitis 
Impact Scale 
CADM see clinically amyopathic 
dermatomyositis 
café-au-lait macules (CALMs) 78.3, 131.1 
café-au-lait patches, laser therapies 23.15, 
23.16 
caffeine 
cosmeceutical use of 157.11 
rosacea risk 89.3 
topical therapies 18.39 
CAG repeats, hirsutism 87.88 
CAH see congenital adrenal hyperplasia 
CaHa see calcium hydroxylapatite 
CAIN see CCAAT enhancer binding protein 
e-associated autoinflammation and 
immune impairment of neutrophils 
Calabar swellings see loiasis 
calcaneal petechiae 122.16 
calcification, lupus panniculitis 97.38 
calcification of blood vessels see calciphylaxis 
calcification of skin and subcutaneous tissues 
59.1-59.10 
calciphylaxis 59.6-59.9 
dystrophic calcification 59.1-59.4 
idiotrophic calcification 59.4-59.5 
metastatic calcification 59.5-59.6 
secondary to trauma or injection/infusion 
of calcium-containing materials 
59.3 
secondary to tumours and genetic disease 
59.3-59.4 
calcific panniculitis 154.2 
see also metastatic cutaneous calcification 
calcific uraemic arteriolopathy see 
calciphylaxis 
calcified cutaneous nodules of the heels, 
infants 115.15 
calcifying aponeurotic fibroma 136.7-136.8 
calcifying epithelioma of Malherbe (benign) 
see pilomatricoma 
calcifying fibrous tumours /pseudotumours 
136.7 
calcifying nodules, ear dermatoses 
106.24 
calcifying panniculitis see calciphylaxis 
calcineurin inhibitors 
atopic eczema treatment 41.27 
mastocytosis treatment 46.10 
psoriasis treatment 35.22 
topical therapies 18.22-18.26, 41.27 
calcinosis 
dermatomyositis 52.6 
systemic sclerosis 54.3, 54.17, 54.26 
see also calcification of skin and 
subcutaneous tissues 
calcinosis, scrotal 59.4, 59.5, 109.30 


106.22, 


calciphylaxis 59.6-59.9, 97.32-97.35, 99.23, 

154.2, 154.3 
penile 109.24 

calcipotriol 18.28-18.29 

calcitriol 18.28 

calcium-containing injections /infusions 
59.3 

calcium enhancement indirect technique 
3.14 

calcium homeostasis, systemic abnormalities 
59.5-59.6 


calcium hydroxylapatite (CaHa) dermal filler 
158.5, 158.6-158.7 

calcium pump disorders 69.23-69.24 

calibre-persistent artery, lip lesions 108.63 

callosities 122.7-122.9 

calluses 122.7-122.9, 122.16 

CALMs see café-au-lait macules 

calpains 94.38 

calpastatin (CAST), skin fragility disorders 
69.6 


calponin 3.25 
Calymmatobacterium granulomatis see Klebsiella 
granulomatis 
Cambodia, clinical officer training 7.7-7.8 
camouflage options 
alopecia 87.18, 87.69, 87.97-87.101 
hair disorders 87.101 
camphor 18.38 
camptodactyly 94.40-94.41 
camptodactyly, arthropathy, coxa vara, 
pericarditis (CACP) syndrome 
94.40-94.41 
camptodactyly, tall stature and hearing loss 
(CATSHL) 94.40 
CA-MRSA see community-acquired MRSA 
CAMs see cellular adhesion molecules 
Canada, psoriasis, economic burden of 6.8 
Canale-Smith syndrome see autoimmune 
lymphoproliferative syndrome 
cancer 
ectodermal dysplasias 69.18, 69.26-69.27 
hypermelanosis association 86.19, 86.20 
morphoea_ 55.7 
oral cancer 108.43-108.50 
palmoplantar keratodermas and 
63.65-63.68 
photodynamic therapy 22.2 
radiotherapy principles 24.1-24.24 
systemic sclerosis 54.9-54.10 
urticaria association 42.3 
cancer phobia 84.26 
cancer-related lymphoedema 103.37-103.38 
cancer risk, atopic eczema association 
41.21-41.22 
cancer treatment 
cutaneous side effects 
hair loss 87.71-87.74 
Candida 
allergy 32.67 
antigen test 4.24 
classification 32.55 
colonisation sites in body 32.56-32.57 
cutaneous carriage 32.56 
identification 32.58-32.60 
intertrigo 32.63 
onychomycosis 32.66 
paronychia 32.65-32.66 
see also candidiasis 
Candida albicans 
biology 32.55, 32.56 
identification 32.58-32.59 
versus other Candida species 
Candida infection 
hyper-IgE syndrome due to STATS loss of 
function mutations 80.17 
infants 115.8 
male genitalia 109.5, 109.11, 109.27 
peristomal skin 112.8, 112.9 
pustular psoriasis 118.4 
candidal balanitis 32.64 
candidal stomatitis see acute 
pseudomembranous candidiasis 
candidal vulvo-vaginitis 110.27-110.28 
candidiasis/candidosis 32.55-32.69 
biology 32.56-32.57 
chronic mucocutaneous candidiasis 80.17 
chronic oro-perineal candidiasis 80.7 
congenital candidiasis 114.28 
endocrine factors 32.58 
histology 32.60 
HIV/AIDS 31.6, 31.26, 31.34, 31.37, 32.58 
host factors 32.57-32.58 
identification 32.58-32.59 
immunological factors 32.58 
infants 32.65 
management 32.60-32.61 
nails and paronychium 32.65-32.66 
neonatal 114.28 
oral lesions 108.20-108.22, 108.31-108.32, 
108.34, 108.57, 108.71 
oral mucous membranes 32.61-32.63 
organisms 32.55, 32.57 
pathophysiology 32.57-32.58 
penile 109.27 
perineal and perianal skin 111.15 


119.1-119.15 


32.55, 32.56 


in pregnancy 113.7 
skin and genital mucous membranes 
32.63-32.65 
systemic 32.92-32.93 
types of 108.57 
CANDLE see chronic atypical neutrophilic 
dermatosis with lipodystrophy 
and elevated temperature 
canities (hair greying) 87.91-87.93 
cannabis 
dermatoses induced by 120.4-120.6 
drug interactions 120.3 
prevalence of use 120.2 
psychodermatology 120.2 
cannabis arteritis 120.4 
canthal lines, reduction of by botulinum 
toxin application 159.5 
cantharidin (Spanish fly), vesicating beetles 
34.30 
Cantu syndrome 87.85 
canula injection, dermal fillers 158.1-158.2, 
158.3, 158.4 
capecitabine, palmoplantar 
erythrodysaesthesia 119.2 
capillaries 2.40, 2.41 
capillaritis 86.47, 86.48, 86.49 
capillary disorders 71.3-71.11 
angioma serpiginosum 71.4-71.5 
capillary marmorata telangiectatica 
congenita 71.6 
CLOVES syndrome 71.9, 71.10 
disseminated capillary malformation with 
overgrowth 71.7-71.8 
Klippel-Trenaunay—Weber syndrome 
71.8-71.9 
macrocephaly-capillary malformation 
syndrome 71.8 
microcephaly—capillary malformation 
syndrome 71.7 
PI3K-related overgrowth syndromes 
71.7-71.11 
Proteus syndrome 71.10-11child 
Sturge-Weber syndrome 71.3-71.4 
capillary filtration, chronic oedema 103.4 
capillary haemangiomas 
laser therapies, infants 23.8 
strawberry naevus on eyelid 
107.46-107.47 
see also infantile haemangiomas; pyogenic 
granuloma 
capillary loops 2.41 
capillary malformation with dilated veins 
(CMDV) 71.4 
capillary malformation with overgrowth 
(CMO) 71.7 
capillary malformations (CMs) 71.3 
capillary malformation—arteriovenous 
malformation (CM—AVM) 
71.5-71.6 
capillary marmorata telangiectatica 
congenita (CMTC) 71.6 
capilleroscopy, acrocyanosis investigation 
124.7 
Capnocytophaga canimorsus 130.6 
CAPS see cryopyrin-associated periodic 
syndrome 
capsaicin 18.39 
caput medusae 112.9 
carbamazepine, hypersensitivity reactions 
14.6, 14.7 
carba mix (sensitisers) 127.63, 127.64 
carbapenems 19.46 
carbohydrate disorders 79.2 
carbon dioxide lasers 
photothermal ablation 23.20-23.21 
skin resurfacing 161.1-161.3, 161.5 
carbon monoxide (CO) inhalation 125.4 
carbuncles 26.25-26.26 
carcinogenesis 
heat/IR radiation 124.14 
PUVA phototherapy risks 21.14 
skin cancer surveillance after 
phototherapy 21.16-21.17 
UVA-1 phototherapy risks 21.15 
UVB phototherapy risks 21.13 


carcinogenicity, azathioprine 19.9 
carcinogens 
arsenic 141.13 
occupational skin cancer 129.14 
palmoplantar keratodermas 63.73 
carcinoid syndrome (CS) 86.19-86.20 
flushing 104.1, 104.6, 148.25-148.26 
carcinoid tumours 
dermatoendocrinology 150.10, 150.12, 


150.19 
flushing 104.6 
carcinoma 


apocrine carcinoma 137.23 
basal cell 4.22, 110.39 
causative viral agents, MCPyV human 
polyomavirus 146.2, 146.3 
extramammary Paget disease, female 
genitalia 110.37-110.39 
heat-associated 124.15 
keratinocytes see basal cell carcinoma; 
squamous cell carcinoma 
Merkel cell carcinoma 2.12, 146.1-146.10 
metastatic to the skin from other 
primaries, radiotherapy 24.15 
penile 109.35-109.39 
pilomatrical carcinoma 137.14-137.15 
sebaceous 88.33 
sweat glands 137.33-137.40 
trichilemmal 137.7 
verrucous carcinoma, female genitalia 
110.37 
carcinoma cells, carcinoma erysipeloides 
148.3, 148.4 
carcinoma en cuirasse 148.2, 148.3 
carcinoma erysipeloides 148.2, 148.4 
genito-crural region 111.24 
cardiac complications, drug reaction with 
eosinophilia and systemic 
symptoms 118.9 
cardiac disorders 151.1-151.6 
cardiac dysfunction, systemic sclerosis 
54.23 
cardiac embolus, purpura 99.15 
cardiac function, striate keratoderma 
63.63 
cardiac pacemakers, cutaneous reactions 
151.5-151.6 
cardiac rhabdomyomas, tuberous sclerosis 
complex 78.9 
cardiac-valvular Ehlers—Danlos syndrome 
(cvEDS) 70.3, 70.9 
cardio-facio-cutaneous syndrome 78.9 
cardiomyopathy 
autosomal dominant intermediate 
epidermolysis bullosa simplex with 
69.10 
palmoplantar keratodermas and 
63.62-63.63 
cardiopulmonary disorders, systemic 
sclerosis 54.17-54.18 
cardiorespiratory pulmonary fibrosis, 
systemic sclerosis 54.23 
cardiotoxicity, antimalarials 19.6 
cardiovascular disease 
atopic eczema association 41.21 
hidradenitis suppurativa association 
90.2, 90.8 
psoriasis 35.19 
systemic lupus erythematosus 
systemic sclerosis 54.17-54.18 
UV radiation exposure 10.9 
cardiovascular syphilis 29.14, 29.16 
Carney complex 72.7, 78.13, 108.16, 131.3, 
131.4, 148.11, 151.3-151.4 
carnosine 157.7 
carotenaemia 61.9 
carotene 86.50 
carotenoderma 61.9, 86.50 
carotenoids 86.2 
CARP see confluent and reticulated 
papillomatosis 
Carpenter syndrome 72.6 
carriage 
Staphylococcus aureus 
Streptococcus pyrogenes 


51.30 


26.7-26.8 
26.11-26.12 


carrier peptides, cosmeceutical use of 157.6 
cartilage, inflammatory chondopathies 
155.11-155.13 
cartilage excision, auricle melanoma 106.32 
cartilage hair hypoplasia 78.14, 80.4, 
80.11-80.12 
Carvajal-Huerta syndrome 63.28, 63.63 
Casal’s necklace, pellagra 61.17 
case-control studies about adverse events 
17.17, 17.18 
caseous necrosis 97.27 
CASPAR see Classification of Psoriatic 
Arthritis 
CASS see comprehensive acne severity 
system 
catabolic states, adiponectin system 97.5 
catagen phase of hair root 87.7, 87.8, 87.9, 
87.57 
cataract, atopic 41.21, 107.19 
cat bites 130.6 
catecholamines 97.4 
caterpillar dermatitis 34.32-34.34 
cathepsin B (CTSB), skin fragility disorders 
69.6 
cathepsin C 63.68 
catheter-related bloodstream infections 
(CRBSI) 125.10 
catheter-related infection (CRI) 125.10 
cathinone derivatives 120.3 
cationic detergents 87.98 
cat scratch disease, Bartonella henselae 
26.62-26.64 
CATSHL see camptodactyly, tall stature and 
hearing loss 
causative agents of disease 5.8-5.10 
caustic agents, skin surgery 20.47, 20.50 
CBAs see computer-based assessments 
CBCL see cutaneous B-cell lymphoma 
CBLL see chilblain-like lesions 
CBT see cognitive behavioural therapy 
CCA see clear cell acanthoma 
CCAAT enhancer binding protein 
e-associated autoinflammation and 
immune impairment of neutrophils 
(CAIN) 45.16-45.17 
CCCA see central centrifugal cicatricial 
alopecia 
CCLA see central conducting lymphatic 
anomaly 
CCMs see cerebral cavernous 
malformation-associated cutaneous 
lesions 
CCPDMA see complete circumferential 
peripheral and deep margin 
assessment 
CCPWA see Comprehensive Care 
Programme with Persons with 
Albinism 
CCTR see Cochrane Controlled Trials 
Registry 
CD4+/CD56+haematodermic neoplasm 
(blastic plasmacytoid dendritic cell 
neoplasm) 139.45-139.47 
CD8+ mycosis fungoides variant, 
epidermotropic/cytotoxic CD8+ 
T-cell lymphoma distinction 139.5 
CD10 (endothelial cell marker) 3.26 
CD30+ anaplastic large-cell lymphomas 
anaplastic lymphoma kinase expression 
139.1 
primary cutaneous 139.28-139.29 
CD30+ lymphoproliferative disorders 
Hodgkin disease relationship 139.26, 
139.49 
primary cutaneous 139.25-139.29 
see also primary cutaneous CD30+ 
lymphoproliferative disorders 
CD30-positive lymphoproliferative disorders 
3.28 


CD31 (glycoprotein) 3.26 

CD34 (glycosylated transmembrane protein) 
3.25, 3.26 

CD34-positive fibrous tumours 136.7, 
136.8, 136.9, 136.14, 136.15, 136.16, 
136.17, 136.18 


CD34-positive superficial fibroblastic 
tumour 136.16-136.17 

CD40 deficiencies 80.9 

CD56 (neural cell adhesion molecule) 3.28 

CD151 antigen/tetraspanin (CD151) 69.4 

CDAGS syndrome 85.22 

CDC see Centers for Disease Control and 
Prevention 

CDK4 see cyclin-dependent kinase 4 gene 

CDKN2A see cyclin-dependent kinase 
inhibitor 2A gene 

CDLE see chronic discoid lupus 
erythematosus 

CDLAQI see Children’s Dermatology Life 
Quality Index 

CDSN protein, peeling skin syndromes 
63.28-63.29 

CEA see cultured epithelial autografts 

CEDNIK syndrome see cerebral dysgenesis— 
neuropathy-ichthyosis— 
palmoplantar keratoderma 
syndrome 

cEDS see classical Ehlers—Danlos syndrome 

CeHV-1 (cercopithecine herpesvirus 1) see 
herpes B virus infection 

cell damage, pressure ulcers 123.2 

Cellfina, cellulite laser treatment 161.9 

‘cellist’s chest’ 122.12 

cell markers, immunocytochemistry panels 

of 3.10 

cell-mediated immunity (CMI), leprosy 

28.2, 28.3, 28.4-28.5 

cell therapy, epidermolysis bullosa 

69.27-69.28 

cellular adhesion molecules (CAMs) 127.7 

cellular angiofibroma 136.9 

cellular digital fibromyxoma see acral 

fibromyxoma 

cellular fibrous histiocytoma 136.20, 136.21 

cellular identification, electron microscopy 

studies 3.30 

cellular neurothekeoma 136.48 

Cellulaze, cellulite laser treatment 161.9 

cellulite 98.25-98.27, 98.26 

treatments 161.9, 161.10 

cellulitis 103.13-103.17 

ano-genital cellulitis 111.14 
definition and relationship to erysipelas 


26.18 
gangrenous 26.78 
lymphadenitis 103.15 


lymphangitis 103.14-103.15 
perianal cellulitis 109.26, 111.14 
perianal streptococcal 26.33-26.34 
recurrent cellulitis (erysipelas) 
103.13-103.14 
X-linked agammagobulinaemia 80.13 
cellulitis/erysipelas 26.18-26.22 
clinical features 26.19, 26.20-26.21 
clinical investigations 26.19 
epidemiology 26.18 
investigations 26.19 
management 26.19, 26.21—26.22 
pathophysiology 26.18-26.19 
Staphylococcus aureus role 26.19 
Streptococcus role 26.18-26.19 
cement-induced chromate sensitivity 
127.40 
CEN see congenital epidermal naevi 
Centers for Disease Control and Prevention 
(CDC) 7.6 
centipedes (Chilopoda) 34.57 
CENTRAL see Cochrane Central Register of 
Controlled Trials 
central centrifugal cicatricial alopecia 
(CCCA) 87.46-87.47, 87.68 
central conducting lymphatic anomaly 
(CCLA) 103.32 
central line associated infections, burn 
injuries 125.10 
central nervous system (CNS) 
control of endocrine signalling axes 
150.2 
drug reaction with eosinophilia and 
systemic symptoms 118.9 


Erdheim—Chester disease 135.22 
incontinentia pigmenti 68.11 
centrifugal lipodystrophy (CLD) 
98.12-98.13, 
CEP see congenital erythropoietic porphyria 
cephalic pustulosis, neonatal 88.69 
Cephalopoda class, molluscs 130.4 
cephalosporins 19.46 
Ceratopogonidae (midges) 34.7-34.8, 34.9 
cercarial dermatitis —33.29-33.30 
cercarial organisms, jellyfish stings 130.2 
cercopithecine herpesvirus 1 (CeHV-1) see 
herpes B virus infection 
cerebral cavernous malformation-associated 
cutaneous lesions (CCMs) 71.2, 
71.19 
cerebral dysgenesis—neuropathy— 
ichthyosis—palmoplantar 
keratoderma (CEDNIK) syndrome 
63.30 
cerebro-oculo-facio skeletal syndrome 
(COFS) 76.8 
cerebrospinal fluid examination, syphilis 
29.20, 29.21 
cerebrotendinous xanthomatosis 
CERS3 deficiency 63.15 
CERS3 gene, congenital ichthyosiform 
erythroderma 63.11 
certolizumab pegol, psoriasis treatment 
35.28-35.29 
cerumen (wax), external ear 106.2-106.3 
ceruminous glands, tumours of 
106.34-106.35 
cervical cancer 25.51, 25.64-25.65 
vulval lymphangiectasia 103.31 
cervical intraepithelial neoplasia (CIN) 
25.52, 25.65 
cervical lymph nodes, drainage areas of 
108.6 
cervical trophic syndrome (CTS) 82.8-82.9 
cestodes, infections 33.31-33.35 
cetearyl alcohol 127.59 
cetrimide 18.10 
cetuximb, papulopustular eruptions 119.3 
CEVD see congenital erosive and vesicular 
dermatosis 
CGH see comparative genomic hybridisation; 
congenital generalised 
hypertrichosis 
CGL see congenital generalised 
lipodystrophies 
CGPD see childhood granulomatous 
periorificial dermatoses 
cGvHD see chronic graft versus host disease 
CH see chlorhexidine 
Chagas disease see American 
trypanosomiasis 
chalazion (meibomian gland cyst) 107.11 
eyelid 107.45-107.46 
chamomile 157.11 
chancriform pyoderma 26.87—26.88 
chancroid 30.18-30.21 
clinical features 30.19-30.20 
epidemiology 30.19 
investigations 30.20-30.21 
management 30.21 
pathophysiology 30.19 
Chapare (Bolivian) haemorrhagic fever 
25.82-25.83 
chapping of the lips 108.60 
Charcot arthropathy, diabetic patients 
Charcot (neuropathic) joints, syphilis 
29.15-29.16 
CHARGE (coloboma, heart defects, atresia of 
the nasal choanae, retardation of 
growth/development, 
genital/urinary abnormalities and 
ear abnormalities and deafness) 
syndrome 80.4, 80.8, 106.4, 106.7 
CHB see congenital heart block 
checkpoint inhibitors see immune checkpoint 
inhibitors 
Chédiak-Higashi syndrome 68.8-68.9, 80.5, 
148.13 
partial albinism in 80.14 


60.10 


62.2 


cheek 
biting 108.32 
dermal fillers 158.2, 158.4 
discoid lupus erythematosus 51.8 
erythropoietic protoporphyria 58.15 
impetigo 115.7 
pseudofolliculitis 93.2 
solar lentigo 131.6 
spontaneous atrophic scarring 
94,14-94.15 
venous malformation 71.15 
volumisation of 158.4 
see also buccal mucosa 
cheilitis 108.60-108.63, 127.15, 127.80, 
128.4-128.5 
actinic cheilitis 108.58 
actinic prurigo 126.10, 126.11 
angular cheilitis 108.20, 108.59-108.60 
contact cheilitis 108.60-108.61 
drug-induced cheilitis 108.61 
eczematous cheilitis 108.61 
exfoliative cheilitis 108.61-108.62 
foreign body cheilitis 108.62 
glandular cheilitis 108.62-108.63 
granulomatous cheilitis 108.73 
infective cheilitis 108.63 
plasma cell cheilitis 108.63 
retinoid-induced 88.56 
Stevens-Johnson syndrome/toxic 
epidermal necrolysis 118.16 
cheiroarthropathy, diabetic patients 62.5, 
62.7 
chemical burns 128.11-128.12 
oral lesions 108.31 
chemical depigmentation 86.45 
chemical exposure, scleroderma-like 
syndromes 94.45 
chemical peels 160.1-160.15 
acne treatment 88.58-88.59, 160.5, 160.6 
actinic keratoses 160.5 
alpha-hydroxyl acids 160.1-160.2 
azelaic acid 160.2 
caustic action peels 160.2-160.3 
chemistry of 160.1-160.4 
consent 160.8 
contraindications 160.6 
counselling 160.6-160.7 
deep peels 160.5 
depth of 160.4-160.5 
equipment for 160.8 
facial skin rejuvenation 160.5 
glycolic acid 160.2, 160.8, 160.9-160.10 
histological level of controlled necrosis 
160.4 
indications 160.5-160.6 
Jessner solution 160.3, 160.7, 160.8, 
160.10, 160.11 
lactic acid 160.2 
medium depth peels 160.4 
metabolic action peels 160.1-160.2 
peeling agents 160.9-160.11 
peeling technique 160.8-160.11 
phenol 160.3 
phenol-croton oil peel 160.10-160.11 
photodamaged skin 160.5 
photo documentation 160.8 
pigmentation 160.5-160.6 
post-peel care 160.11 
pre-peel procedure 160.6-160.8 
pyruvicacid 160.2 
retinoic acid 160.2 
salicylic acid 160.3-160.4, 160.10 
side effects and complications 
160.11-160.14 
allergic contact dermatitis 160.13 
chemical burns 160.12, 160.13 
infection 160.13 
milia and acneform eruption 160.12 
postinflammatory hyperpigmentation 
160.12-160.13, 160.14 
postinflammatory hypopigmentation 
160.14 
premature peeling 160.12, 160.13 
redness, persistent 160.11-160.12 
scarring 160.14 
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systemic toxicity 160.13-160.14 
skin of colour 160.15 
skin pigmentation 160.5-160.6 
skin priming 160.7-160.8 
superficial peels 160.4 
toxic action peels 160.3-160.4 
trichloroacetic acid —160.2-160.3, 160.10, 
160.11 
chemical photosensitivity 126.1, 
126.27-126.32 
chemical protection, glove materials 
chemicals 
acne-inducing 129.7, 129.12-129.13 
allergic components 128.6 
irritant properties 128.2-128.3, 128.6, 
129.5 
occupational leukoderma 129.13-129.14 
phototoxic properties 128.9 
sensitisation 127.6 
chemokines, bullous pemphigoid 50.12 
chemoprophylaxis, leprosy 28.16 
chemotactic factors, eosinophilic pustular 
folliculitis 93.7 
chemotherapy 
cutaneous side effects 119.1-119.15 
cutaneous T-cell lymphoma 139.24 
hair changes 119.5-119.6 
hyperpigmentation 119.8-119.9 
hypertrichosis 119.6 
hypopigmentation 119.10-119.11 
leprosy 28.13-28.14 
Mee’s lines 121.3 
nail changes 119.6-119.8 
systemic sclerosis 54.25-54.26 
toxicerythema 119.1-119.2 
chemotherapy-induced alopecia (CIA) 
87.71-87.74, 119.5-119.6 
chemotherapy-related eccrine 
syringosquamous metaplasia 
5 


128.8 


ChemSex, drugs with sex 120.2-120.3 
cherry angiomas 101.12-101.13, 101.17 
chest 
acne fulminans 88.61, 88.62 
acne vulgaris 88.12, 88.13 
Brunsting—Perry pemphigoid 50.53 
IgM pemphigoid 50.54 
linear morphoea 55.23 
lithium-induced acne 88.13 
macular cutaneous amyloidosis 56.7 
morphoea 55.5, 55.20, 55.21, 55.23 
pansclerotic morphoea 55.21 
plaque morphoea 55.20 
segmental psoriasis 35.15 
subacute cutaneous lupus erythematosus 
51.15 
systemic sclerosis 54.4 
chest wall, Mondor disease on 101.37 
cheveux incoiffables see uncombable hair 
syndrome 
Cheyletiella mites 34.53, 34.54 
CHHS see Conradi-Htinermann—Happle 
syndrome 
chickenpox see varicella infection 
chicken-wire reticulate erythema/urticaria 
43.4 
Chikungunya fever 
mosquito-borne togavirus infection 25.89 
oral involvement 108.50 
chilblain-like lesions (pseudo-perniosis) 
COVID-19 association 25.108-25.109, 
25.113-25.114 
COVID-19 vaccines 25.118 
internal malignancy association 148.25 
chilblain lupus 51.6-51.7, 51.9, 51.25 
chilblains (perniosis) 97.37, 124.6 
CHILD see congenital 
hemidysplasia—ichthyosiform 
naevus-limb defect syndrome 
child abuse 
ano-genital signs of sexual abuse 109.9 
non-accidental injury 115.14 
childhood, psychological and social factors 
15.3, 15.4 
Childhood Atopic Dermatitis Impact Scale 
(CADIS) 16.8 


childhood granulomatous periorificial 
dermatoses (CGPD) 89.18-89.19 
childhood HIV-associated lipodystrophy 
98.6 
childhood linear IgA disease 50.36, 80.14, 
80.15, 108.81 
childhood lipoatrophic panniculitis 
97.56-97.57 
childhood NEH 92.14, 92.15 
childhood rosacea 89.3 
idiopathic facial aseptic granuloma 89.16 
management 89.14-89.15 
ocular 89.6 
children 
acne, prepubertal 88.68-88.74 
acrodermatitis enteropathica 61.26 
actinic lichen planus 37.7 
acute scrotum 109.23, 109.25-109.26 
agminated or segmental lentiginosis 
131.3 
antihistamine treatment 42.18 
argininosuccinic aciduria 79.13 
arteriovenous malformation 71.11 
atopiceczema 41.13, 41.14, 41.15, 41.16, 
41.17, 41.18, 41.26 
psychodermatology 84.3 
autoinflammatory granulomatosis of 
childhood 45.5, 45.7, 45.11-45.12 
blistering distal dactylitis 26.34 
Bloom syndrome 77.3 
bullous pemphigoid 50.20 
calcifying aponeurotic fibroma 
136.7-136.8 
calcifying fibrous tumour/pseudotumour 
136.7 
capillary malformations 71.3, 71.5 
cellular fibrous histiocytoma 136.21 
choanal atresia and lymphoedema_ 71.27 
chronic bullous dermatosis 50.36, 80.14, 
80.15, 108.81 
congenital blue naevi 73.16 
congenital melanocytic naevi 73.12 
cranial (nodular) fasciitis 136.5 
cutis laxa 70.17 
DOCKS deficiency 80.10 
dog and cat bites 130.6 
epidermolysis bullosa acquista 50.45, 
50.46 
erythema infectiosum/fifth disease 
25.77-25.78, 115.6, 155.2, 155.3 
erythropoietic protoporphyria 58.14 
factitious nail disease 84.33 
flushing 104.10 
fucosidosis 79.4 
giant cell fibroblastoma 136.15-136.16 
granuloma annulare 95.5, 95.7 
Griscelli syndrome 80.14 
hair follicle naevus 137.7-137.8 
Hartnup disease 61.16 
impact of skin disease assessment 16.8, 
16.9-16.10 
inherited immunodeficiency 80.2 
juvenile dermatomyositis 52.8-52.9 
juvenile plantar dermatosis 39.23-39.24 
juvenile springtime eruption, external ear 
106.25 
Langerhans cell histiocytosis 
115.15-115.16, 135.4, 135.5-135.7, 
135.9 
late-onset primary lymphoedema 
103.24-103.25 
lichen nitidus 37.10 
lichen striatus 37.18 
lip-lick cheilitis 41.22 
lipofibromatosis 136.13-136.14 
lymphangioma 108.13 
Maffucci syndrome 71.20 
malnutrition 61.2, 61.3, 61.4 
severity classification 61.5-61.6 
mastocytosis 46.9 
microbial ecology of the skin 26.4 
midface toddler excoriation syndrome due 
to pain insensitivity 83.12-83.13 
morphoea, diagnosis, assessment and 
treatment 55.39 


mucopolysaccharidoses 79.3 
Miinchausen syndrome by proxy 
84.37-84.38 
neurocutaneous disorders, subgroups 
83.2 
neurofibromatosis type 1, Manchester 
checklist 78.5 
normophosphataemic familial tumoral 
calcinosis 79.18 
paediatric HIV/AIDS 31.36-31.37 
paediatric inflammatory multisystem 
syndrome temporally associated 
with SARS-CoV-2 infection 25.114 
paediatric IRIS/IRD/IRAD 31.8 
pansclerotic morphoea 55.19-55.21 
papular acrodermatitis / Gianotti-Crosti 
syndrome 25.74 
perianal streptococcal cellulitis 
26.33-26.34 
perianal viral warts 111.18, 111.19 
phosphomannomutase 2 deficiency 79.10 
pilomatricoma 137.13 
pityriasis rubra pilaris 36.4, 36.5 
plexiform fibrohistiocytic tumour 136.22 
primary herpetic gingivostomatitis 25.21 
pro-opiomelanocortin deficiency 72.8 
pruritus, idiopathic 111.6 
psoriasis vulgaris 35.15 
PTEN hamartoma tumour syndrome 
71.13 
purpura artefact 84.33 
roseola infantum 25.39-25.40, 115.5-115.6 
Rothmund-Thomson syndrome 75.5 
scarlet fever 26.35-26.36 
severe combined immunodeficiency 80.8 
spindle cell haemangioma 136.31 
staphylococcal scalded skin syndrome 
26.27, 26.28, 26.28, 114.24-114.25, 
115.7-115.8 
streptococcal vulvovaginitis in 
prepubescent girls 26.33 
sun exposure as melanoma risk 142.6 
syphilis, congenital 114.27-114.28 
systemic juvenile idiopathic arthritis 
53.8, 53.9 
systemic juvenile xanthogramuloma 
135.17 
systemic lupus erythematosus 51.32 
systemic-onset juvenile idiopathic arthritis 
45.21-45.22 
telangiectasia 75.5 
tinea capitis 32.31-32.32, 32.37-32.38, 
115.8-115.9 
topical therapy application quantities 
18.3, 18.4 
trichotillosis 84.22-84.23, 87.24, 87.32, 
87.33 
urticaria pigmentosa 46.4, 46.5 
Williams—Beuren syndrome 70.18 
Wiskott-Aldrich syndrome 80.9 
wound healing 11.2 
xeroderma pigmentosum 76.4 
X-linked lymphoproliferative diseases 
80.11 
see also infants; juvenile...; neonates 
Children’s Dermatology Life Quality Index 
(CDLQIT) 
atopiceczema 16.8 
questions 16.10 
usage 16.9-16.10 
chillblains (perniosis) 97.36, 124.5-124.6 
typeI cryoglobulinaemia 149.13, 149.14 
Chilopoda (centipedes) 34.57 
CHIME (coloboma-heart 
defect-ichthyosiform 
dermatosis—mental retardation-ear 
anomalies) syndrome 63.38-63.39 
chin 
impetigo 115.7 
numb chin syndrome/mental neuropathy 
148.23 
sinus related to dental abscess 108.9 
China, ancient medical texts 1.2 
Chi-square test, statistical analysis of clinical 
studies 17.22 


Chlamydia 
C. pneumoniae 26.79 
C. psittaci 26.79 


Chlamydia pneumoniae, skin features 26.79 
Chlamydia trachomatis 26.79 
life cycle 30.10 
serovars L1-L3, lymphogranuloma 
venereum 30.14-30.18 
strains D-K, genital infection 30.8-30.14 
see also genital chlamydia 


chloracne (MADISH) 88.14, 88.15, 
88.66-88.68, 129.7, 129.12-129.13, 
133.1, 133.7 


chemicals causing 88.66, 129.12 
chlorhexidine (CH) 127.57-127.58 
chlorine-releasing agents 18.10 
chloroacetate esterase stain 3.9 


chlorocresol 127.56 
chlorophenols 129.12 
chloroquine 


drug-induced pruritus 81.11 
eye, side effects on 107.43 
pruritus 117.3 
sarcoidosis management 96.16 
chloroquine pigmentation 86.26 
chloroxylenol 18.10, 127.55-127.56 
chlorpromazine 
hypermelanosis 86.26-86.27 
photosensitivity 126.30 
choanal atresia and lymphoedema 71.27 
cholera, epidemiology 5.9-5.10 
cholestasis 60.11-60.12, 153.5 
cholestatic pruritus 81.9-81.10 
cholesteatoma 106.21 
cholesterol embolus, purpura 99.14-99.15 
cholesterol sulphate 
acquired ichthyosis 63.47 
recessive X-linked ichthyosis 63.5 
cholinergic urticaria 42.9, 42.11-42.12 
chondrodermatitis nodularis (CN) 
106.9-106.11 
clinical features 106.10 
epidemiology 106.9 
management 106.10-106.11 
chondroid cells, juvenile hyaline 
fibromatosis 94.42 
chondroid syringoma see mixed tumour of 
the skin 
chondroitin sulphate (CS) 2.38, 2.39 
chorionic villi, DNA-based prenatal 
diagnosis 8.10 
chromate allergy 127.23 
chromatograms, patch testing 127.33 
chromhidrosis 92.18 
chromium allergy 127.36, 127.39-127.41 
chromium VI (CrVI) exposure 127.2 
chromoblastomycosis 32.75-32.77 
chromomycosis see chromoblastomycosis 
chromophores 
light absorption by skin 23.3-23.4 
selective photothermolysis 23.5-23.6 
chromophytosis see pityriasis versicolor 
chromosomal disorders 8.6, 74.1-74.5 
autosomal chromosome defects 
74.1-74.3 
chromosomal mosaicism 74.5 
sex chromosome defects 74.3-74.5 
chromosomal mosaicism 74.5 
chromosome 4, short-arm deletion syndrome 
74.3 
chromosome 5, short-arm deletion syndrome 
74.3 
chromosome 18, long-arm deletion 
syndrome 74.3 
chromosomes 8.3, 8.4 
chronica atrophicans, cutaneous B-cell 
lymphoma 139.37-139.38 
chronic acral dermatitis 39.14-39.15 
chronic actinic dermatitis (CAD) 126.4, 
126.13-126.21, 126.31, 
126.32-126.35, 126.37, 127.81 
chronic active Epstein-Barr virus infection 
25.38 
chronically sun-damaged skin 145.9, 
145.11, 145.11 


chronically swollen limb 103.9-103.10 
chronic arsenic poisoning 121.2 
chronic atrophic candidiasis see chronic 
erythematous candidiasis 
chronic atypical neutrophilic dermatosis 
with lipodystrophy and elevated 
temperature (CANDLE) 45.5, 45.6, 
45.14-45.15, 72.11, 72.12 
chronic bulbous disease of childhood see 
childhood linear IgA disease 
chronic bullous dermatosis (linear IgA 
disease of children) 108.81 
chronic candidiasis 108.31-108.32 
chronic cholestasis 60.11-60.12 
chronic contact dermatitis 127.13 
chronic cutaneous leishmaniasis 
33.47-33.48 
chronic diffuse telogen effluvium 87.54 
chronic discoid lupus erythematosus (CDLE) 
87.43-87.44 
chronic disseminated histoplasmosis 32.83 
chronic erythema nodosum 97.25 
chronic erythematous candidiasis 32.62 
chronic graft versus host disease (CGVHD) 
38.1, 38.2, 38.3, 38.7-38.11 
clinical features 38.7-38.9 
epidemiology 38.2 
management 38.9-38.11 
pathology 38.3 
predisposing factors 38.2 
severity classification 38.9, 38.10 
skin cancer risks 147.4-147.5 
chronic granulomatous disease 80.5 
eyelid, papular lesions around 80.15 
malar erythematous photosensitive 
macular skin lesions 80.16 
chronic hyperplastic candidiasis see chronic 
plaque-like candidiasis 
chronic infantile neurological cutaneous and 
articular syndrome (CINCA) 45.5, 
45.6 
chronic inflammation, and skin ageing 2.45 
chronicity of disease 5.10 
chronic kidney disease (CKD), pruritus 
association 81.8-81.9 
chronic liver disease 
skin lesions 153.4 
vascular changes 153.8-153.9 
chronic (long) COVID-19 25.113 
chronic lymphocytic leukaemia (CLL) 
immunocompromised patients 147.1, 
147.3 
insect bite-like reactions 149.8-149.9 
skin infiltration as first sign 149.2 
see also non-Hodgkin lymphoma 
chronic metabolic disease, acquired 
ichthyosis association 85.1 
chronic mucocutaneous candidiasis (CMC) 
32.67-32.69, 80.17 
clinical features 32.68, 32.69 
management 32.69 
oral lesions 108.32 
pathophysiology 32.67-32.68 
chronic nodular candidiasis 32.62 
chronic non-scarring folliculitis 91.13-91.14 
chronic oedema 103.2, 103.3-103.5 
causes 103.4 
clinical features 103.4 
epidemiology 103.3 
investigations 103.4-103.5 
lymphoedema comparison 103.3 
management 103.5 
pathophysiology 103.3-103.4 
penis 109.19-109.21 
chronic oro-perineal candidiasis 80.7 
chronic otitis externa 106.16, 106.17, 
106.18-106.19 
chronic pain syndromes, male genitalia 
109.43-109.44 
chronic panniculitis _97.30-97.32 
chronic papillomatous dermatitis (CPD) 
112.8 
chronic physiological reactions 124.14 
chronic plaque-like candidiasis 32.62 
chronic plaque psoriasis see psoriasis 
vulgaris 


chronic pruritus (CP) 81.1-81.14 
atopiceczema 81.7-81.8 
clinical variants 81.7-81.12 
drug-induced pruritus 81.10-81.11 
epidemiology 81.1-81.2 
history taking 81.6 
inflamed skin/dermatoses 81.7 
investigations 81.13 
management 81.13-81.14 
presentation 81.6-81.7 
psoriasis vulgaris 81.8 
severity rating 81.12-81.13 
uncontrollable scratching 81.15 
chronic pseudomembranous candidiasis 
32.61 
chronic pulmonary histoplasmosis 32.83 
chronic radiation dermatitis 119.14 
chronic radiodermatitis 24.18-24.20 
chronic/recurrent self-healing eruptions, 
lymphomatoid papulosis 
139.26-139.28 
chronic red leg 103.16-103.17 
chronic sarcoidosis 96.6 
chronic scalp pain and dysaesthesia 82.12 
chronic selenium toxicity 121.7 
chronic spontaneous urticaria (CSU) 16.5 
chronic superficial dermatitis, discoid skin 
lesions 39.10 
chronic superficial scaly dermatitis see small 
plaque parapsoriasis 
chronic telogen effluvium 87.59-87.60 
chronic ulcerative stomatitis 108.79 
chronic ulcers, radiotherapy-associated 
119.15 
chronic urticaria 84.3 
Chronic Urticaria Quality of Life 
Questionnaire (CU-Q,oL) 16.9 
chronic venous disease (CVD), venous leg 
ulcers 102.1-102.4 
chronic venous insufficiency 
101.40-101.46 
categories 101.40-101.41 
causes 101.41 
clinical features 101.43 
investigations 101.45 
management 101.45-101.46 
pathogenesis 101.42 
risk factors 101.41 
treatment 101.45 
chronic wounds, elderly people 6.1 
chrysiasis 86.52, 121.4 
chrysoderma 86.52 
Chrysops (tabanid flies) 33.12 
see also loiasis 
Churg-Strauss syndrome see eosinophilic 
granulomatosis with polyangiitis 
chylous disease 103.32 
chymase 2.17 
CIA see chemotherapy-induced alopecia 
cicatricial alopecia 87.37, 87.38-87.53, 88.37 
central centrifugal 87.46-87.47, 87.68 
incontinentia pigmenti 68.11 
marginal 87.32 
non-specific 87.51 
secondary 87.52-87.53, 105.6-105.9 
cicatricial pemphigoid 50.51-50.52, 50.53, 
105.6 


diagnosis 50.24 
penile 109.25 
cicatrising conjunctivitis 107.24-107.34 
management 107.29-107.32 
ciclopirox olamine 18.12 
ciclosporin 19.10-19.12 
dermatological uses 19.10 
dose and regimens 19.12 
drug—drug interactions 19.11-19.12 
monitoring 19.12 
morphoea treatment 55.38 
pharmacological properties 19.10-19.11 
potential adverse effects 19.11 
pre-treatment screening 19.12 
psoriasis treatment 35.25 
Stevens-Johnson syndrome /toxic 
epidermal necrolysis 
118.11-118.12, 118.21 


topical therapies 18.23 
urticaria treatment 42.18 
CIC-rearranged sarcoma (CIC-DUX4 
sarcoma) 136.52 
CIE see congenital ichthyosiform 
erythroderma; International 
Commission on Illumination 
‘cigarette face’ 94.2 
cigarette-induced keratoses 108.33 
cigarette paper-like wrinkling 94.26 
cigarette smoking see smokin 
Cimicidae (including bed bugs) 34.25-34.29 
CIN see cervical intraepithelial neoplasia 
CINCA see chronic infantile neurological 
cutaneous and articular syndrome 
circumcision, male 109.7 
circumferential hyperkeratosis 63.64 
circumscribed alopecias 87.30 
circumscribed hyperhidrosis 92.6-92.7, 92.9 
circumscribed juvenile pityriasis rubra 
pilaris (typeIV) 36.4, 36.5 
circumscribed palmoplantar hypokeratosis 
63.78 
circumscribed plaque morphoea 55.17 
differential diagnosis 55.27 
cirrhosis 153.5, 153.8, 153.9 
hypermelanosis 86.22 
cirsoid aneurysm 136.27 
Civatte bodies 118.13 
CKD see chronic kidney disease 
CK syndrome 63.23 
CLA see cutaneous lymphocyte antigen 
Cladophialophora carrionii 32.77 
clam digger’s itch see cercarial dermatitis 
CLAPO syndrome 101.28 
‘clarinettist’s cheilitis’ 122.12 
Clarkson syndrome 43.4 
CLAs see complicated lymphatic anomalies 
clascoterone, acne vulgaris treatment 
88.49-88.50 
Class A drugs 120.3 
Class B drugs 120.3 
Class C drugs 120.3 
classic adult-onset pityriasis rubra pillaris 
(typeI) 36.2, 36.4, 36.6 
classical adult eosinophilic pustular 
folliculitis 91.4 
classical Ehlers—Danlos syndrome (cEDS) 
70.2, 70.3, 70.8 
classical eosinophilic pustular folliculitis 
93.7, 93.8 
classical epidermodysplasia verruciformis 
25.66, 25.69 
classical-like Ehlers—Danlos syndrome 
(cIEDS) 70.3, 70.9-70.10 
classical-like type 2 Ehlers—Danlos syndrome 
(cIEDS2) 70.3 
classic epidermolysis bullosa 
clinical subtypes 69.8-69.11 
genes/proteins implicated in 69.2-69.8 
molecular pathology 69.11-69.15 
classic juvenile-onset pityriasis rubra pilaris 
(type III) 36.4, 36.5 
classic Sweet syndrome (CSS) 49.8, 49.11 
Classification of Psoriatic Arthritis 
(CASPAR) criteria 35.41 
classification of skin diseases 1.4, 1.6 
claudication, peripheral vascular disease 
101.5 
claudin-1 junction, neonatal 
ichthyosis-sclerosing cholangitis 
63.41 
claudins 2.20 
gene mutations 2.21 
CLCTI see cumulative life course impairment 
CLD see centrifugal lipodystrophy 
cleansing of skin, neonates 114.2 
clearance, clinical pharmacology 13.2 
clear cell acanthoma (CCA) 132.6-132.7 
clear-cell hidradenoma see hidradenoma 
clear cell sarcoma 136.64 
cleavage resistant RIPK1-induced 
autoinflammatory syndrome 
45.17 
clEDS2 see classical-like type 2 
Ehlers—Danlos syndrome 


cIEDS see classical-like Ehlers—Danlos 
syndrome 
cleft lip/palate 108.83-108.85 
clinical features 108.84 
management 108.84—108.85 
pathophysiology 108.83-108.84 
predisposing factors 108.83-108.84 
syndromes associated with 108.84 
clenched fist injuries —130.6-130.7 
Clericuzio-type poikiloderma with 
neutropenia 149.14 
climate, and atopic eczema 41.6 
climate change, and skin health 7.3-7.4 
climatic bubo see lymphogranuloma 
venereum 
clindamycin 18.10 
clinical decision-making 16.6 
clinical end point studies, topical 
bioavailability /bioequivalence 
assessment 12.7 
clinically amyopathic dermatomyositis 
(CADM) _ 52.1, 52.7, 52.9, 52.11 
clinical margins, melanoma excision 
143.2-143.3 
clinical officer training, Cambodia 7.7-7.8 
clinical pharmacology 13.1-13.13 
absorption, distribution, metabolism and 
elimination of a drug 13.1-13.4 
adherence to treatment 13.9 
bioavailability 13.2-13.3, 13.2 
clearance 13.2 
drug actions, mechanisms underlying 
13.4, 13.5-13.6 
drug choice and medical decision making 
13.7 
drug development and licensing 
13.11-13.13 
drug interactions 13.9 
drug toxicity and adverse effects 13.6, 
13.9-13.11 
drug types 13.1 
ethics and drug trial reporting 13.13 
medication errors 13.9-13.11 
molecular mechanisms underlying drug 
actions 13.5-13.6 
novel methods of drug delivery 13.3 
oral drug administration 13.2, 13.3 
‘orphan’ status of drugs 13.13 
parenteral drug administration 13.2-13.3 
personalised medicine 8.1, 13.11 
pharmacists’ role 13.11 
pharmacodynamics 13.2, 13.4-13.6 
factors affecting 13.7-13.9 
pharmacogenomics 13.11 
pharmacokinetics 13.1-13.4 
polypharmacy 13.8 
prescription-writing, medication errors 
13.10, 13.11 
regulatory approval of drug applications 
13.13 
‘Swiss cheese model’, drug-related patient 
harm = 13.10 
terminology 13.1, 13.2 
therapeutic outcome, factors affecting 
13.7-13.11 
therapeutic window 13.2 
clinical questions, well-built questions in 
evidence based medicine 
17.3-17.4 
clinical research, evidence based medicine 
17.1-17.2 
clinical research papers 
adequate reporting 17.18-17.20 
data evaluation 17.18-17.25 
shortcut method for reading 17.24-17.25 
statistical methods 17.20-17.24 
clinical trials 
critical appraisal for evidence based 
medicine 17.12-17.15 
see also randomised controlled clinical 
trials 
clioquinol, patch testing 127.47 
clitoris, structure and function of 110.2, 
110.3 
CLL see chronic lymphocytic leukaemia 


Volume 1, pp. 1.1-34.58; Volume 2, pp. 35.1-85.32; Volume 3, pp. 86.1-116.12; Volume 4, pp. 117.1-161.10 


CLND see completion lymph node dissection 

clofazimine 86.26 

clostridia 26.48-26.49 

clostridial myonecrosis (gas gangrene) 
26.48-26.49 

Clostridium botulinum 120.7 

Clostridium histolyticum, myonecrosis 


26.48-26.49 
Clostridium novyi, myonecrosis 
26.48-26.49 
Clostridium perfringens, myonecrosis 
26.48-26.49 
Clostridium septicum, myonecrosis 
26.48-26.49 
Clostridium sodellii, myonecrosis 
26.48-26.49 
clothing 
allergens 127.64, 127.65-127.67 
callosities 122.8 
dermatitis 127.16-127.17 


photoprotection 10.12 
Clouston syndrome 63.68, 67.12, 78.13 
orallesions 108.28 
pachyonychia congenita 67.12 
CLOVES (congenital lipomatous 
overgrowth, vascular 
malformations, epidermal naevi 
and skeletal /spinal anomalies) 
syndrome 71.2, 71.9, 71.10, 72.9, 
72.11, 73.6-73.7, 101.28, 103.23 
clubbing of nails, internal malignancy links 
148.18 
clutton joints, congenital syphilis 
CM see cutaneous mastocytosis 
CMC see chronic mucocutaneous candidiasis 
CMDV see capillary malformation with 
dilated veins 
CMI see cell-mediated immunity 
CMN see congenital melanocytic naevi 
CMO see capillary malformation with 
overgrowth 
CMs see capillary malformations 
CMTC see capillary marmorata 
telangiectatica congenita 
CMV see cytomegalovirus 
CM-AVM see capillary 
malformation—arteriovenous 
malformation 
CN see chondrodermatitis nodularis; cyanide 
cnidarian stings 130.1-130.5 
CNS see central nervous system; 
Comél-Netherton syndrome 
coagulase negative Staphylococcus 26.3, 
26.9-26.10 
coagulase positive Staphylococcus 26.3, 26.8, 
93.2 


29.25 


coagulation defects, liver disease association 
153.9 
coagulopathies, HIV 31.12 
coaltar 18.36-18.37, 35.21-35.22 
cobalamin (vitamin B12) deficiency 
61.19-61.21 
cobalt allergy 127.38-127.39 
cobalt spot test 127.33-127.34 
cocaine 
death rates 120.1 
dermatoses induced by 120.2, 120.5 
pharmaceutical drug interactions 120.3 
prevalence of use 120.2 
soft-tissue infections 120.7 
cocamide diethanolamide 127.59 
coccidioidal granuloma see 
coccidioidomycosis 
Coccidioides 
C. immitis 32.86, 32.87 
C. posadasii 32.86, 32.87 
coccidioidin test 4.25 
coccidioidomycosis 32.86-32.88 
Cochrane, Archie 17.1, 17.6 
Cochrane Central Register of Controlled 
Trials (CENTRAL) 17.6, 17.7 
Cochrane Collaboration 17.2, 17.6-17.7 
risk of bias tool 17.9 
Cochrane Controlled Trials Registry (CCTR) 
17.9 


Cochrane Library 17.6-17.7 
Cochrane Skin Core Outcomes Initiative 
(CS-COUSIN) 17.14 
cockade naevus 131.30, 131.31 
Cockayne syndrome (CS) 75.6, 76.5, 
76.6-76.8, 77.2 
bird-like facial appearance 76.7 
clinical features 76.7-76.8 
clinical variants 76.8 
genes and protein products 76.7 
investigations 76.8 
management 76.8 
pathophysiology 76.7 
cockroaches (Dictyoptera) 34.32 
COCs see combined oral contraceptives 
coding systems, diagnostic 4.2 
coefficient of friction 122.6 
coeliac disease 
oral involvement 108.72 
psoriasis association 35.18 
skin manifestations 153.3 
coenzyme Q10 (CoQ10), cosmeceutical use 
of 157.2 
Coffin-Lowry syndrome 72.7 
COFS see cerebro-oculo-facio skeletal 
syndrome 
cognitive behavioural therapy (CBT) 84.47 
cognitive models, 
beliefs /emotions /behaviours 
15.1-15.3 
Cohen syndrome 72.6 
cohort studies, adverse events 17.17-17.18 
CO inhalation see carbon monoxide 
inhalation 
COL1A1-USP6 gene rearrangement 
colchicine 19.12-19.13 
dermatological uses 19.12 
pharmacological properties 19.12-19.13 
potential adverse effects 19.13 
safety precautions 19.13 
cold 
cutaneous reactions to 124,1-124.16 
diseases caused /aggravated by 
124.1-124.14 
cold abscesses 33.24, 33.33, 33.35 
cold agglutinins 124.13-124.14 
cryogelling /cryoagglutination disorders 
99.11-99.14 
cold contact urticaria 42.9, 42.10-42.11 
cold-induced sweating syndrome 92.7 
cold-induced vasoconstriction 124.1 
cold-induced vasodilation 83.5 
cold injury, neonatal 114.15, 114.18 
cold panniculitis 97.35-97.37, 114.14 
cold sores see herpes labialis 
Cole disease 63.61 
Coleoptera (beetles) 34.30-34.32 
collagen 2.2, 2.27-2.29 
basement membrane collagen 2.22-2.23 
biosynthesis 2.29-2.31, 2.30 
cross-linking 2.31 
degradation 2.31-2.32, 10.10-10.11 
elastin interdependence 122.5 
epidermolysis bullosa 69.5, 69.16, 
69.18-69.19, 69.21, 69.22, 69.27 
fibril fragmentation in ageing 
156.8-156.9 
gene expression 2.29-2.31 
genetic disorders 70.1-70.14 
Ehlers—Danlos syndromes 70.1-70.11 
osteogenesis imperfecta 70.12-70.14 
prolidase deficiency 70.11-70.12 
genetic heterogeneity 2.27 
hydroxylation reactions 2.29, 2.30 
light absorption/scattering by skin 23.4 
periodicity in collagen fibres 2.23 
scarring 11.8 
typeI 2.22, 2.23, 2.28, 2.32 
type III 2.28, 2.32 
typeIV 2.22-2.23, 2.28 
type V 2.28 
type VI 2.28 
type VII 2.26-2.27, 2.28, 2.32 
type XVII 2.28-2.29 
wound healing 11.7, 11.8 


136.6 


collagen bundles 
deep morphoea 97.13 
granuloma annulare 97.14 
collagen dermal filler 158.5-158.6, 
158.7-158.8 
collagenoma 94.43 
Cowden syndrome 78.11 
collagenosis nuchae see nuchal-type fibroma 
collagenous colitis 153.3 
collagenous fibroma see desmoplastic 
fibroblastoma 
collagenous marginal plaques of the hands 
94.4-94.5 
collagen peptide supplements 122.6 
collagen-stimulating dermal fillers 
158.6-158.7 
collarette scale 4.13 
collective teloptosis 87.53 
Colliers’ stripes 86.53 
collodion baby 63.8, 63.12-63.13, 
63.43-63.44, 114.19-114.21 
collodions, vehicle choice for topical 
therapies 18.2 
colloid body 3.40 
colloid degeneration 94.5-94.6 
penile 109.31 
colloid milium 94.5-94.6 
coloboma-heart defect-ichthyosiform 
dermatosis—mental retardation-ear 
anomalies (CHIME) syndrome 
63.38-63.39 
colon, gastrointestinal polyposis 78.11 
colophony 127.17-127.18, 127.45, 
127.74-127.78 
colostomy 112.3 
Crohn ulceration 112.13, 112.14 
inflammatory polyps 112.6 
irritant skin reaction 112.2 
leakage and faecal dermatitis 112.4, 112.5 
localised bullous pemphigoid 112.12 
colour dyes, specimen preparation 3.5-3.6 
colour of skin see skin of colour 
CoLQ see Course of Life Questionnaire 
combined dyslipidaemia 60.2 
type III hyperlipoproteinaemia 60.8-60.9 
combined immunodeficiencies 80.4, 
80.7-80.13 
associated /syndromic features 
80.11-80.13 
combined melanocytic naevi 131.24-131.26 
combined oral contraceptives (COCs) 
androgenic effect 88.13 
antibiotic interactions 88.49 
hair disorder treatment 87.89, 87.95, 87.96 
comedo extractor 88.58 
comedo naevus 73.7, 88.31, 88.32, 137.5 
comedonal acne 4.19, 88.1-88.2, 88.3, 88.14, 
88.26, 88.27, 88.28, 88.45 
in acne conglobata 88.65 
comedo extractor 88.58 
cutaneous nodular elastosis with 156.4 
management 88.45-88.47 
nodular elastosis 156.5 
prepubertal 88.69 
submarine comedones 88.28 
treatment algorithm 88.45 
see also chloracne 
Comél-Netherton syndrome (CNS) 
63.26-63.28, 80.4, 80.11 
commensal skin flora 26.2-26.5 
common acquired naevi 131.16, 
131.17-131.21 
common naevi, low melanoma risk 142.2 
common variable immunodeficiency (CVID) 
80.1, 80.5, 80.13, 147.2 
common warts (verruca vulgaris) 25.52, 
25.53, 25.54 
see also cutaneous warts 
communication, holistic management of skin 
disease 15.6, 15.7 
community-acquired MRSA (CA-MRSA) 
26.6-26.7 
community dermatology 7.7, 7.8, 7.11 
community diagnosis 5.2 


company-sponsored clinical trials 17.3 


comparative genomic hybridisation (CGH), 
melanoma diagnosis 142.21 
compensatory hyperhidrosis 92.7 
surgical treatment 92.10 
complaints and litigation 
body dysmorphic disorder 84.15 
delusional infestation 84.9-84.10 
factitious skin diseases by proxy 84.38 
complementary /alternative /traditional 
therapies 
acne vulgaris 88.57-88.58 
cosmeceuticals 157.7-157.10 
metal poisoning 121.1 
psychiatric problems 84.48 
topical 18.38 
wart treatments 
see also herbals 
complement diseases, inherited 
immunodeficiency 80.18-80.20 
complete circumferential peripheral and 
deep margin assessment 
(CCPDMA), basal cell carcinoma 
140.16 
completion lymph node dissection (CLND), 
melanoma 143.4, 143.5 
complex aphthosis, oral ulceration 
108.39-108.40 
complex regional pain syndrome (CRPS) 
83.20-83.23 
dermatological manifestations 83.22 
diagnostic criteria 83.21 
management 83.22-83.23 
treatment ladder 83.23 
triggers of 83.21 
complicated lymphatic anomalies (CLAs) 
71.1, 71.22-71.23 
Compositae (Asteraceae) allergy 127.11, 
127.16-127.17, 127.19-127.20, 
127.71-127.74 
composite haemangioendothelioma 
136.33-136.34 
compound allergy 127.29 
compound follicles 87.84 
compound naevi 
acquired melanocytic naevi 
131.21 
acral naevi 131.23 
conjunctival naevus 131.25 
definition 131.1 
dysplastic melanocytic naevi 
Spitz naevus 131.33 
comprehensive acne severity system (CASS) 
88.38, 88.39 
Comprehensive Care Programme with 
Persons with Albinism (CCPWA) 
7.10-7.11 
compression syndromes, BSL association 
98.15, 98.17 
compression therapy, venous leg ulcer 
102.5 
computed tomography (CT) scans 
foreign body reactions 122.18 
morphoea 55.31 
computer-aided diagnostic systems (CAD), 
melanoma diagnosis 142.10 
computer-aided image analysis, skin 
properties 16.5 
computer-based assessments (CBAs) 16.2 
computerised dermoscopy devices, 
melanoma diagnosis 142.9 
conception, drug pharmacokinetics and 
pharmacodynamics 13.8 
conditioners (hair), alopecia management 
87.98-87.99 
condoms, genital contact dermatitis 
condyloma acuminata, human 
papillomavirus infection 113.4 
condylomas, penis 109.39-109.40 
condylomata acuminata 25.61—25.64 
see also ano-genital warts 
condylomata lata, syphilis 29.5, 29.10, 
29.11, 29.17 
cones, blood supply 124.8 
confetti ichthyoses 63.16, 63.18 
confetti-like macular atrophy 94.25 


25.60 


131.19, 


131.42 


109.13 
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confidence intervals 
epidemiological studies 5.14 
statistical analysis of clinical studies 
17.22-17.23 
confluent hyperkeratosis 63.59 
confluent and reticulated papillomatosis 
(CARP) 85.6-85.8 
confocal microscopy, basal cell carcinoma 
140.10, 140.13 
congenital adrenal hyperplasia (CAH) 
87.90-87.91 
acne vulgaris association 88.5-88.7 
adrenal steroid genesis pathway 88.9 
clinical features 88.10 
dermatoendocrinology 150.17-150.18 
congenital alopecias 87.30 
congenital anomalies, oral involvement 
108.87-108.88 
congenital biliary tract hypoplasia with 
consecutive cholestasis, jaundice 
153.5 
congenital candidiasis 32.66-32.67, 114.28 
congenital cyanotic heart disease, associated 
finger clubbing 151.1, 151.3 
congenital cytomegalovirus infection 25.41 
congenital dermatosis with reticulate 
scarring 94.14 
congenital disorders 
and genetic syndromes, involving 
respiratory system and skin 152.5 
prenatal diagnosis 8.9-8.10 
congenital epidermal naevi (CEN) 
73.3-73.8 
Blaschko linear distribution 73.5 
classification 73.2 
clinical features 73.4—73.5 
clinical variants 73.5-73.7 
complications and co-morbidities 
73.7-73.8 
eccrine naevus 73.6 
epidermal thickening with hyperkeratosis 
and inflammatory reaction 73.4 
genetic basis of 73.3 
investigations 73.8 
management 73.8 
pathophysiology 73.3-73.4 
sebaceous naevus 73.5, 73.6, 73.7, 73.8 
verrucous epidermal naevus 73.4, 73.5 
congenital erosive and vesicular dermatosis, 
healing with reticulated supple 
scarring 114.9 
congenital erosive and vesicular dermatosis 
(CEVD), neonates 114.9 
congenital erythropoietic porphyria (CEP) 
58.9-58.11 
clinical features 58.9-58.10 
genetic counselling 58.11 
investigations 58.10 
scarring of skin with resorption of 
terminal phalanges 58.10 
treatment 58.10-58.11 
congenital generalised fibromatosis see 
infantile myofibromatosis 
congenital generalised hypertrichosis (CGH) 
87.85 
congenital generalised lipodystrophies 
(CGL) 72.2-72.3, 98.3 
congenital haemangiomas, infants 
116.7-116.9 
congenital haemolytic anaemias 
86.48-86.49 
congenital heart block (CHB) 51.39-51.42 
congenital hemidysplasia—ichthyosiform 
naevus-limb defect (CHILD) 
syndrome 63.23-63.24 
congenital hypertrichosis 87.85 
lanuginosa 87.85 
congenital ichthyoses 
management 63.41-63.46 
non-syndromic 63.7-63.13 
psychosocial aspects 63.46 
trichothiodystrophy 63.37 
congenital ichthyosiform erythroderma 
(CIE) 63.10-63.13, 63.12, 63.27 
congenital lax skin 94.21 
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congenital leptin deficiency 97.5 
congenital lesions, oral involvement 
108.28-108.31 
congenital lipodystrophy 72.1-72.3, 98.2 
congenital livedo reticularis 124.9 
congenital localised hypertrichosis 
87.85-87.86 
congenital melanocytic naevi (CMN) 
73.8-73.15, 131.15-131.17 
associated diseases 73.9 
benign proliferative nodule 73.11 
bland naevus cells 73.9, 73.10 
clinical features 73.11 
clinical presentation 131.16 
clinical variants 73.11-73.12 
complications and co-morbidities 
73.12-73.13 
dermoscopic presentation 131.16 
differential diagnosis 73.12 
environmental factors 73.11 
facial features characteristic of 73.13 
genetics 73.10-73.11 
laser therapies 23.16 
management 73.14-73.15 
melanoma development 
as melanoma precursors 
melanoma risk 73.13 
neurological abnormalities 73.12-73.13 
neurological investigation and patient 
follow-up 73.14 
pathology 131.16 
pathophysiology 73.9-73.10 
severity classification 73.12 
speckled lentiginous naevus 
131.15-131.17 
congenital midline hamartoma see 
rhabdomyomatous congenital 
hamartoma 
congenital muscle hamartoma 73.19 
congenital naevi 73.1-73.18 
blue naevus 73.15, 73.16 
classification 73.1-73.2 
congenital epidermal naevi 
73.3-73.8 
congenital melanocytic naevi 73.8-73.15 
congenital naevus spilus 73.15-73.16 
connective tissue naevi 73.2, 73.16-73.18 
fatnaevus 73.2, 73.16-73.18 
genetic classification 73.2 
histological classification 73.2 
inheritance of naevus mutations 73.3 


73.10 
142.2 


73.2, 


muscle ‘naevi’ 73.2 
naevus phenotypes 73.1 
pigment cell naevi 73.2 


Spitz naevi 73.15 
terminology 73.2 
congenital naevus spilus 73.15-73.16 
congenital-onset primary lymphoedema 
103.24 
congenital palmoplantar and periorificial 
keratoderma with corneal epithelial 
dysplasia (Olmsted syndrome) 
63.69-63.70, 108.30 
congenital pilar/smooth muscle naevus see 
smooth muscle hamartoma 
congenital poikiloderma 94.13 
congenital pseudo-ainhum 94.48 
congenital reticular ichthyosiform 
erythroderma (CRIE) 63.16, 63.18 
congenital rubella syndrome 25.92, 114.23 
congenital self-healing reticulohistiocytosis 
(CSHRH) 135.5, 135.6-135.7 
congenital Spitz naevi 73.15 
congenital superficial capillary 
malformations (port-wine stains) 
73.20 
eyelids 107.47 
laser therapies 23.8-23.9, 23.10, 23.11 
lobular capillary haemangioma/pyogenic 
granuloma within 136.26 
phakomatosis pigmentovascularis 73.22 
congenital syphilis (CS) 29.2, 29.22-29.29 
clinical features 29.23-29.26 
definition 29.22-29.23 
early manifestations 29.23-29.25, 29.27 


epidemiology 29.23 
investigations 29.26-29.27 
late manifestations 29.25-29.26, 29.27 
management 29.27—29.29 
neonatal 114.27-114.28 
pathophysiology 29.23 
congenital tuberculosis, neonates 114.28 
congenital vellus hamartoma, hair follicle 
naevus 137.7 
congestive heart failure, oedema 85.29 
conglobate acne see acne conglobata 


conidiobolomycosis 32.79-32.80 
Conidiobolus coronatus 32.79-32.80 
conjunctiva 


bulbar telangiectasia 80.11 
UV radiation-exposure damage 76.5 
conjunctival hyperaemia, mucous membrane 
pemphigoid 50.30 
conjunctival naevi 131.24, 131.25 
conjunctivitis, actinic prurigo 126.10 
connective tissue diseases (CTD) 3.44, 
53.1-53.3 
acquired ichthyosis 63.47 
autoimmune disorders affecting skin and 
respiratory system 152.2 
direct immunofluorescence findings 
dystrophic calcification 59.1 
investigations 53.3 
management 53.3 
mechanical injuries 122.2 
ocular features 107.41 
papular and nodular mucinosis 
57.13-57.14 
skin fragility 69.20 
systemic sclerosis 54.8-54.9 
connective tissue naevi 73.2, 73.16-73.18 
haematoxylin and eosin stain 3.8 
tuberous sclerosis complex 78.8 
connective tissues, malignancy and 
rheumatological disorders 
148.20-148.21 
connective tissue septa 97.3, 97.6 
connexin 26, Vohwinkel syndrome 63.64 
connexins, KID syndrome 63.33 
connexons, gap junction 2.20 
Conradi syndrome, follicular atrophoderma 
94.17 
Conradi-Hiinermann-Happle syndrome 
(CHHS)  63.22-63.23 
COnsensus-based Standards for the selection 
of health Measurement 
INstruments (COSMIN) checklist 
16.3 
Consolidated Standards of Reporting Trials 
(CONSORT) 17.14 
constitutive pigmentation 68.1, 86.8-86.9 
constitutive skin colour 86.1-86.2 
constricting bands of the extremities 
94.46-94.48 
constriction artefact, oedema induction 
84.33 
consultants, referral rates 5.13 
contact allergies 
musical instruments 122.12 
purpura 99.9 
topical therapy 18.5 
contact brucellosis 26.61 
contact cheilitis —108.60-108.61 
contact dermatitis 105.5, 127.1 
arsenic 121.2, 121.4 
cannabis-induced 120.4 
drug-induced eczema 117.3-117.5 
ear dermatoses 106.22 
ear piercing 106.11-106.12 
erythromelalgia 101.9 
eyelid 107.6 
irritants 128.1-128.13, 129.1-129.5 
lichen planus-like contact dermatitis 37.3 
patch testing technique 1.8 
perianal skin 111.12 
pseudolymphoma 134.1, 134.2 
vulval 110.14-110.15 
see also allergic contact dermatitis 
contact hypersensitivity, Langerhans cells 
2.14 


3.19 


contact immunotherapy, alopecia treatment 
87.27 
contact urticaria (CU) 42.13-42.14, 
127.82-127.86 
non-immune 128.8-128.9 
occupational hazards 129.8-129.11 
contagious pustular dermatitis see orf virus 
contingency tables, statistical analysis of 
clinical studies 17.22 
contour, principles of surgical design 
20.19-20.20 
contraception 
systemic lupus erythematosus 51.32 
see also combined oral contraceptives 
contrite reaction, olfactory reference 
syndrome 84.10 
contusion, external ear 106.8 
conubial dermatitis (ACD by-proxy 
dermatitis) 109.12 
Conus genus, stings from 130.4 
conventional photodynamic therapy, actinic 
keratosis 141.10 
cooling management, 
chemotherapy-induced alopecia 
87.72 
Copenhagen Psoriasis Severity Index 16.3 
copper allergy 127.41 
copper deficiency 2.34, 61.27-61.29 
CoQ10 see coenzyme Q10 
coral stings 130.1-130.3 
core outcome measures 16.3 
Core Outcome Set (COS), eczema outcome 
measures 16.3 
corkscrew hairs, vitamin C deficiency 
61.21, 61.22 
cornea 
brittle cornea syndrome _70.6—70.7, 70.10 
UV radiation-exposure damage 76.5 
vascularisation and scarring, herpes 
simplex virus 107.37 
corneal argyria, silver exposure 121.8 
corneal transplant, ocular rosacea 107.11 
corneocytes 2.1, 2.6 
corneodesmosin 69.6 
cornification 
exfoliative disorders 63.26-63.30 
inherited disorders 63.1-63.80 
cornoid lamella 85.20-85.21 
porokeratoses 63.75-63.76 
corns 122.7-122.9, 122.16 
corona phlebectatica paraplantaris (ankle 
flare), chronic venous insufficiency 
101.43, 101.44 
coronary artery disease 51.30, 151.5 
coronavirus see COVID-19 
cortex, hair fibres 87.6, 87.7 
cortical cells 2.9 
corticosteroid-induced rosacea-like facial 
dermatosis 89.17 
corticosteroid injection, localised lipoatrophy 
due to 98.11-98.12 
corticosteroid purpura 99.5 
corticosteroids 1.8, 12.3, 12.8 
acneform reaction 88.11-88.12 
acne treatment 88.57, 129.12 
allergic contact dermatitis 127.45, 127.47 
allergic reactions 127.4 
atopic eczema treatment 41.26-41.27 
atrophy due to 94.6-94.10 
bronchopneumonia treatment 
chemical structure 18.14 
cutaneous adverse effects 155.15 
drug reaction with eosinophilia and 
systemic symptoms 118.11-118.12 
eye, side effects on 107.40-107.43 
genital contact dermatitis 109.13 
indications 18.15, 18.17 
inflammatory peristomal skin diseases 
112.4 
intralesional injection 18.21-18.22 
local adverse effects 18.15, 18.17—18.19 
mastocytosis treatment 46.10 
mechanism of action 18.15 
morphoea treatment 55.36-55.37 
occlusion 18.21 


125.5 
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patch testing 127.47 
pemphigus treatment 50.8 
poststeroid panniculitis 97.58-97.59 
potency classification 18.14-18.15, 18.16 
in pregnancy 113.19, 113.22 
primary localised cutaneous amyloidosis 
treatment 56.13, 56.14 
psoriasis treatment 35.20, 35.21 
side effects 18.15, 18.17-18.20 
Stevens-Johnson syndrome/toxic 
epidermal necrolysis 118.21 
systemic adverse effects 18.19-18.20 
tinea (ringworm) infections 32.49-32.50 
topical therapies 18.14-18.22 
urticaria treatment 42.18 
corticosteroid-sparing agents, sarcoidosis 
management 96.15-96.16 
corticotrophin-releasing hormone (CRH), 
hair follicle 87.11 
Corynebacterium 
C. diphtheriae, diphtheria 26.38-26.39 
C. flavescens, trichomycosis axillaris 
26.41-26.42 
C. minutissimum, erythrasma 26.39 
C. propinquum, trichomycosis axillaris 
26.41-26.42 
C. pseudotuberculosis, diphtheria 26.38 
C. tenuis, trichomycosis axillaris 
26.41-26.42 
C. ulcerans, diphtheria 26.38 
pitted keratolysis 26.42-26.43 
Corynebacterium acnes see Cutibacterium 
Corynebacterium haemolyticum see 
Arcanobacterium haemolyticum 
Corynebacterium kroppenstedtii, rosacea 89.4 
Corynebacterium pyogenes see Trueperella 
pyogenes 
coryneform bacteria 26.37-26.43 
found on skin 26.4 
general description 26.37-26.38 
types 26.37 
COS see Core Outcome Set 
cosmeceuticals 157.1-157.13 
aloe 157.10-157.11 
alpha-lipoic acid 157.1-157.2 
anti-ageing 
rhytid reduction 157.4-157.7 
skin lightening 157.3-157.4 
anti-inflammatories 157.10-157.11 
antioxidants 157.1-157.3 
arbutin 157.3 
caffeine 157.11 
carnosine 157.7 
carrier peptides 157.6 
chamomile 157.11 
coenzyme Q10 157.2 
‘cosmeceutical’ term 157.1 
cysteamine 157.3 
efficacy of 157.1, 157.13 
glycine-glutamate-lysine-glycine 157.5 
glycosaminoglycans 157.4 
grape seed extract 157.7-157.9 
green tea (Camellia sinensis) 157.9 
herbals and phytochemicals —157.7-157.10 
hydroquinone 157.3-157.4 
hydroxy acids 157.4-157.5 
ingredients and potential uses, summary 
of 157.12-157.13 
kojic acid 157.4 
lycopene 157.9-157.10 
neurotransmitter-affecting peptides 
157.6 
origin of 157.1 
peptides 157.5-157.6 
mechanism of action 157.6 
polyunsaturated fatty acids 157.5 
pomegranate 157.10 
regulation of 157.1, 157.13 
retinaldehyde 157.7 
retinoids 157.6-157.7 
retinol 157.7 
retinylesters 157.7 
risks of using 157.13 
safety of 157.13 
signal peptides 157.5-157.6 


soya 157.10 
tranexamic acid 157.4 
vitamin A (retinoids) 157.6-157.7 
vitamin B 157.2 
vitamin C  157.2-157.3 
vitamin E 157.3 
see also cosmetic treatments 
cosmesis, alopecia treatment 87.18 
cosmetic allergens 127.4-127.5, 127.12, 
127.47-127.58, 127.59-127.60 
EU directives/regulations 127.35 
cosmetic dermatitis 128.4 
cosmetic exhaustion 128.4 
cosmetic fillers, factitious panniculitis 
97.48-97.49 
cosmetic products, seborrhoeic dermatitis 
effects 40.4 
cosmetics 
and acne 88.25, 129.12 
lead poisoning 121.5 
metal poisoning 121.1, 121.5 
photocontact facial melanosis 86.12 
cosmetic subunit junction lines, principles of 
surgical design 20.20 
cosmetic treatments 1.8, 1.9 
alopecia 87.69, 87.97-87.101 
APL management 98.6 
fathypertrophy 98.15 
laser resurfacing 161.1-161.6 
in pregnancy 113.21, 113.24 
skin photoageing 156.11 
skin tightening 161.6-161.8 
see also cosmeceuticals 
cosmetic vehicles/excipients 127.58-127.60 
COSMIN see COnsensus-based Standards for 
the selection of health Measurement 
INstruments checklist 
cost-benefit analysis, health economics 6.4 
cost of disease see economic burden of 
disease 
Costello syndrome 70.16, 78.9 
cost-minimisation studies, health economics 
6.4 
counselling, chemical peels 160.6-160.7 
Course of Life Questionnaire (CoLQ) 16.11 
covert injections, dermatitis artefacta 84.33 
COVID-19-induced perniosis, type I 
cryoglobulinaemia 149.14 
COVID-19/SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus 
2) 1.8, 1.9, 25.100-25.120 
altered dermatological healthcare during 
pandemic 25.120 
clinical features 25.102 
cutaneous manifestations 152.4 
epidemiology 25.100 
exacerbation of pre-existing 
mucocutaneous diseases 25.115 
infants 115.5 
investigations 25.102 
irritant contact dermatitis 129.2 
mucocutaneous manifestations of 
infection 25.103-25.115 
children 25.113-25.115 
clinical features 25.104—25.115 
clinical variants 25.105-25.107, 
25.108-25.113 
epidemiology 25.103-25.104, 25.113 
hair and nail disorders 25.113 
management 25.105-25.107 
pathophysiology 25.104 
relationship to disease severity 25.108 
timeline relative to systemic features 
25.108 
mucocutaneous manifestations of 
treatment 25.116 
mucocutaneous reactions to vaccines 
25.117 
occupational dermatoses 127.4 
outcomes in patients with pre-existing 
mucocutaneous diseases 25.115 
pathophysiology 25.100-25.101 
perniosis 124.5 
PPE-occupational dermatoses 25.119 
sexually transmitted infections, effect on 
29.2 


treatment, mucocutaneous manifestations 
25.116 
vaccination considerations 
virology 25.101 
vitamin D deficiency 61.10 
‘Covid toes/fingers’, chilblain-like 
lesions/pseudo-pernio associated 
with COVID-19 —25.108-25.109 
Cowden syndrome (PTEN hamartoma 
tumour syndrome) 71.2, 
71.13-71.14, 72.10, 78.11, 78.14, 
148.11-148.12 
oral involvement 108.85 
storiform collagenoma 136.3 
trichilemmoma 137.6 
cowpox virus 25.12-25.13 
vaccinia virus relationship 25.7 
coxsackieviruses 25.93-25.95 
vesicular exanthem 25.5 
see also eczema coxsackium 
CP see chronic pruritus 
CPD see chronic papillomatous dermatitis; 
cyclobutane pyrimidine dimer 
crab lice 34.24~34.25 
crack cocaine 120.1, 120.5 
cradlecap 40.5, 115.1, 115.2 
cranial dysraphism 87.86 
cranial nerves, anatomical positions 
20.2-20.4 
cranial neuropathies 82.6 
cranial (nodular) fasciitis 136.5 
cranio-facial hyperhidrosis 92.6 
craniosynostosis syndromes 70.17 
CRBSI see catheter-related bloodstream 
infections 
creams, topical drugs 12.3-12.4, 18.2 
creep 122.3 
creeping hair 122.22 
CRH see corticotrophin-releasing hormone 
CRI see catheter-related infection 
criduchat syndrome 74.3 
CRIE see congenital reticular ichthyosiform 
erythroderma 
crinkles 94.2, 94.26 
crisaborole, atopic eczema treatment 
41.27 
Crisponisyndrome 94.40 
Crohn disease (CD) 
cutaneous Crohn disease 95.13-95.16 
hidradenitis suppurativa association 
90.2, 90.6, 90.7 
ileostomy for 112.5, 112.9 
leukonychia 121.7 
mucocutaneous features of 111.27 
oral involvement 108.72 
perianal 95.14, 111.26-111.27 
peristomal 112.13-112.15 
psoriasisin 35.18 
pyoderma gangrenosum 112.15 
skin involvement 153.2-153.3 
ulcerative colitis distinction 153.1-153.2 
vulval 110.23-110.24 
cromoglicate 18.39 
Cronkhite-Canada syndrome 87.58 
Cross syndrome 68.9 
croton oil, chemical peels 160.10-160.11 
Crouzon syndrome 85.4, 106.7 
Crown vessels, sebaceous gland hyperplasia 
91.17 
crow’s feet (lateral periorbital lines), 
botulinum toxin injection 159.5, 
159.6, 159.7 
CRPS see complex regional pain syndrome 
crude petroleum, acne 129.12 
crust 3.40 
crustacean vectors of parasitic disease, 
Cyclops species and dracunculiasis 
33.13 
CrVI see chromium VI 
cryofibrinogenaemia, purpura 99.11-99.14 
cryoglobulinaemia 124.13 
purpura 99.11-99.14 
cryoglobulinaemic vasculitis 100.15-100.17, 
124.13 
serum protein electrophoresis 


25.117-25.119 


100.17 


cryoglobulins, 
cryogelling /cryoagglutination 
disorders 99.11-99.14 
cryolipolysis, fat contouring 161.8-161.9 
CryoModulation technology 161.6 
cryopyrin-associated periodic syndrome 
(CAPS) 45.8-45.9 
cryosurgery 20.46-20.47 
basal cell carcinoma treatment 140.11, 
140.14-140.16 
cryotherapy 
actinic keratosis 141.9 
Bowen disease 141.22-141.23 
cutaneous squamous cell carcinoma 
141.35 
cutaneous warts 25.58-25.59 
cryptococcosis 32.90-32.92 
oral involvement 108.57 
cryptococcus infection, HIV 31.28 
Cryptococcus neoformans 32.91, 32.92 
crystal globulin vasculopathy 99.15 
crystalloids, resuscitation use 125.3 
crystal meth 120.4-120.5 
crystal violet, tattoos 86.53 
CS see carcinoid syndrome; chondroitin 
sulphate; Cockayne syndrome; 
congenital syphilis 
cSCC see cutaneous squamous cell carcinoma 
CS-COUSIN see Cochrane Skin Core 
Outcomes Initiative 
CSHRH see congenital self-healing 
reticulohistiocytosis 
CSS see classic Sweet syndrome; cultured 
skin substitute 
CSU see chronic spontaneous urticaria 
CSVV see cutaneous small-vessel vasculitis 
CT see computed tomography 
CTCL see cutaneous T-cell lymphoma 
CTD see connective tissue diseases 
CTLs see cytotoxic T lymphocytes 
CTS see cervical trophic syndrome 
CU see contact urticaria 
Cubozoa (box jellyfish), stings 130.1 
‘cuff sign’, lipoedema 98.22 
cultured epithelial autografts (CEA) 125.6 
cultured skin substitute (CSS) 125.6 
culture-independent microbial studies, 
molecular genetic methods 26.2, 
26.3 
culturing samples 
quantitative bacterial studies 
skin flora 26.3 
cumulative life course impairment (CLCI) 
16.11 
impact of a long-term health condition 
over time 15.3 
cupping, discoid hyperpigmentation 
4.12 


26.4 


CU-Q,oL see Chronic Urticaria Quality of 
Life Questionnaire 
curettage 3.3-3.4 
Bowen disease treatment 
treating skin lesions 20.48 
unsuitable for basel cell carcinomas 
20.35, 20.37 
curettage and cautery (C&C) see curettage 
and electrodessication 
curettage and electrodessication 
actinic keratosis 141.9 
basal cell carcinoma 140.14 
cutaneous squamous cell carcinoma 
141.34-141.35 
Curie, Marie 1.9 
curlicue (storiform) pattern 3.40 
Curry-Jones syndrome 73.7, 78.12 
Cushing disease/syndrome 86.7, 86.18 
acne vulgaris association 88.7 
dermatoendocrinology 150.11, 150.13, 
150.17 
striae 94.10, 94.11 
cutaneo-mucosal venous malformation see 
venous mucocutaneous 
malformation 
cutaneous adnexal tumours see tumours of 
skin appendages 


141.23 


cutaneous adverse drug effects 
allopurinol 155.9-155.10, 155.15 
antimalarials 19.5-19.6, 155.15 
antirheumatic therapies 155.15-155.16 
NSAIDs 155.15 
cutaneous adverse events, reactions to 
COVID-19 vaccines 25.117 
cutaneous amyloidoses see amyloidoses 
cutaneous arteriovenous haemangioma see 
cirsoid aneurysm 
cutaneous arteritis 97.9-97.11, 
100.28-100.30 
cutaneous atrophy 
causes 94.6-94.21 
perineal and perianal 111.12 
vascular Ehlers—Danlos syndrome 70.8 
cutaneous B-cell lymphoma (CBCL) 
diffuse large B-cell lymphoma 139.37, 
139.41-139.43 
follicle centre cell 139.37, 139.40-139.41 
marginal zone lymphoma 
139.37-139.39 
primary 139.37-139.43 
secondary 139.43-139.45 
treatment algorithm 139.38 
cutaneous bleeding 
causes 99.5 
see also ecchymosis (bruises); purpura 
cutaneous burns, treatment 125.7-125.8 
cutaneous Crohn disease 95.13-95.16 
clinical features 95.16 
lip swelling due to oro-facial 
granulomatosis 95.14 
management 95.16 
metastatic Crohn disease, ‘knife-cut’ 
fissures 95.15, 95.16 
pathology 95.14-95.16 
peno-scrotal lymphoedema 95.15 
peri-anal skin tags 95.14 
perivascular dermal infiltrates 
vulval swelling 95.15 
cutaneous cylindroma, CYLD cutaneous 
syndrome 78.11 
cutaneous cysts see chloracne; comedonal 
acne; cysts; dermoid cysts; 
metabolising acquired 
dioxin-induced skin hamartoma; 
vellus hair cyst 
cutaneous effects of systemic therapies 
antimalarials 19.5-19.6, 155.15 
glucocorticoids 19.19 
hydroxycarbamide 19.21-19.22 
cutaneous endometriosis, vulva 110.33 
cutaneous epithelioid angiomatous nodule 
136.28-136.29 
cutaneous erythema see redness (erythema) 
cutaneous Ewing sarcoma 136.51—136.52 
cutaneous haemosiderosis 86.47-86.49 
cutaneous histiocytoses 135.1-135.32 
cutaneous histoplasmosis 32.82, 32.83 
cutaneous horn 141.12-141.13 
cutaneous hyperextensibility, classical 
Ehlers—Danlos syndrome 70.8 
cutaneous infections 
panniculitis 97.46 
SJS/TEN complications 118.20 
cutaneous juvenile xanthogramuloma 
135.17 
cutaneous keratocysts 133.6-133.7 
cutaneous larva migrans 4.16 
clinical features 33.19-33.20 
definition/nomenclature 33.18-33.19 
management 33.20 
nematodes of other animals 
pathophysiology 33.19 
perineal skin 111.16 
see also ancylostomiasis 
cutaneous laser therapy 23.1-23.24 
cutaneous leishmaniasis 33.43-33.51 
chronic 33.47-33.48 
clinical features 33.46-33.49 
clinical variants 33.45, 33.46-33.49 
diffuse 33.48-33.49 
epidemiology 33.43-33.45 
investigations 33.49-33.50 


95.15 


33.18-33.20 


cutaneous leishmaniasis (continued) 
management 33.50-33.51 
pathophysiology 33.45-33.46 
cutaneous lesions 96.13, 96.15 
juvenile xanthogramuloma 135.16 
liver disease association 153.9 
panniculitis 97.6 
progressive nodular histiocytosis 135.19 
cutaneous lupus = 126.32, 126.33 
cutaneous lymphadenoma see adamantinoid 
trichoblastoma 
cutaneous lymphangiectasia 103.31-103.32 
cutaneous lymphocyte antigen (CLA), 
primary cutaneous T-cell 
lymphomas 139.2 
cutaneous lymphoid hyperplasia see 
pseudolymphoma 
cutaneous lymphomas  139.1-139.50 
blastic plasmacytoid dendritic cell 
neoplasm 139.45-139.47 
classification 139.1, 139.2, 139.37 
leukaemia cutis 139.47-139.48 
post-transplant lymphoproliferative 
disorder 139.47 
primary B-cell lymphoma  139.37-139.43 
primary T-cell lymphomas 139.1-139.37 
radiotherapy 24.15-24.18 
secondary B-cell lymphoma 
139.43-139.45 
secondary T-cell lymphoma 139.45 
see also haematological malignancies 
cutaneous macroglobulinosis 149.13 
cutaneous markers of internal malignancy 
148.1-148.28 
cutaneous mastocytosis (CM) 
46.3-46.5 
musculoskeletal involvement 155.13 
cutaneous melanomas see malignant 
melanoma 
cutaneous meningioma see meningothelial 
heterotopias 
cutaneous metastases 148.4-148.6 
cutaneous miliary tuberculosis, acute 27.17 
cutaneous mucinosis 57.1-57.19 
classification 57.1, 57.2 
connective tissue diseases 57.13-57.14 
dermal mucinoses 57.2-57.15, 57.16 
detection for research 57.1 
digital myxoid cyst 57.15, 57.16 
facial 57.14-57.15 
focal 57.14-57.15 
follicular mucinoses _57.15-57.18 
of infancy 57.6, 57.7 
lichen myxoedematosus _57.1-57.8 
myxoedema in thyroid diseases 
57.11-57.14 
pinkus follicular mucinosis 57.16, 57.17 
primary mucinoses 57.2-57.18 
reticular erythematous mucinosis 
57.8-57.9 
scleroedema 57.9-57.11 
secondary mucinoses 57.1, 57.2, 57.18 
self-healing cutaneous mucinoses 57.14 
urticaria-like follicular mucinosis 
57.16-57.17 
cutaneous myoepithelioma 137.32-137.33 
cutaneous necrosis, intravenous drug 
administration 120.7 
cutaneous neoplasia, photodynamic therapy 
22.6-22.7, 22.8 
cutaneous neoplasms 3.21-3.29 
cytokeratin markers 3.21-3.22 
epithelial markers 3.21-3.23 
histiocytic markers 3.27 
keratin markers 3.21-3.23 
Langerhans cell markers 3.27, 3.28 
lymphoid markers 3.27-3.29 
melanocytic markers 3.23-3.25 
mesenchymal markers 3.25-3.26 
metastatic cutaneous tumours 3.26-3.27 
neuroendocrine markers 3.23 
cutaneous (neuro-) endocrine signalling 
mechanism, key components 
150.4 
cutaneous neurofibromas 


46.2, 


78.3 


cutaneous nodular elastosis with cysts and 
comedones, ageing of skin 156.4 
cutaneous photosensitivity diseases 
126.1-126.39 
cutaneous polyarteritis nodosa 97.9-97.11 
cutaneous porphyrias see porphyria 
cutaneous radiation recall reactions, 
chemotherapy 119.12 
cutaneous reactions 
cold and heat 124.1-124.16 
implanted metals 127.19 
surgical implants 151.5-151.6 
cutaneous rhabdomyosarcoma 
136.55-136.56 
cutaneous rosacea 89.3, 89.13 
cutaneous sarcoid-like reactions, tattoos 
122.22 
cutaneous sarcoidosis 
96.16 
rare forms 97.53-97.54 
treatment ladder 96.17 
cutaneous sarcoid reaction 96.17-96.18 
cutaneous schwannoma 106.35 
cutaneous small-vessel vasculitis (CSVV) 
100.5-100.8 
blisters 100.7 
causes 100.5 
leukocytoclastic vasculitis 100.6 
cutaneous squamous cell carcinoma (cSCC) 
106.27-106.28, 141.26-141.37 
associated diseases 141.1, 141.27 
causative organisms 141.30 
clinical features 141.30-141.34 
clinical variants 141.31 
definitions/nomenclature 141.26 
disease course and prognosis 
141.32-141.34 
epidemiology 141.26-141.27 
first line treatment 
high/very high-risk disease 141.35, 
141.37 
low-risk disease 141.34-141.35 
human papillomavirus association 25.65 
immunocompromised people 
clinicopathological features 
147.10-147.11 
management 147.16-147.18 
investigations 141.34 
asa keratinocyte cancer 141.1 
management 141.34-141.37 
multiple self-healing 78.13, 141.41-141.42 
pathology 141.29-141.30 
pathophysiology 141.27-141.30 
predisposing factors 141.29 
second line treatment 141.37 
severity classification/staging systems 
141.31-141.32 
signalling pathways /networks 
141.27-141.28, 141.29 
verrucous carcinoma of the 
foot/epithelioma cuniculatum 
141.31 
see also keratinocyte cancer 
cutaneous T-cell lymphoma (CTCL) 86.44 
acquired ichthyosis 63.48 
combination therapy 139.23-139.24 
extracorporeal photochemotherapy 
21.7 
management 139.20-139.25 
origin of term 139.1 
phototherapy 21.4, 21.7 
primary 139.1-139.25 
rare primary cutaneous variants (non-MF) 
139.29-139.37 
secondary 139.45 
systemic therapies 139.22-139.25 
topical therapies 139.21-139.22 
see also mycosis fungoides 
cutaneous tuberculosis see tuberculosis of the 
skin 
cutaneous tumours, WHO classification 
142.8 
cutaneous vascular malformations 
101.26-101.31 
disorders associated with 101.28 


96.3, 96.4, 96.6-96.7, 


see also vascular disorders 
cutaneous vasculitis see vasculitis, cutaneous 
cutaneous warts 
clinical features 25.53-25.57 
cryotherapy 25.58-25.59 
epidemiology 25.52 
human papillomavirus 25.52-25.61 
hyperthermic therapy 25.59 
investigations 25.57 
laser therapy 25.59 
management 25.57-25.61 
pathophysiology 25.52-25.53 
photodynamic therapy 25.59 
surgery 25.59 
topical pharmacology 25.57—25.58, 25.59 
cutibacteria 
in follicles and sebaceous glands 
infections 26.43 
Cutibacterium (previously Propionibacterium) 
C.acnes 26.43 
effect on human sebocytes 88.17 
necrotising lymphocytic folliculitis 
93.4 
sarcoidosis causation 96.4 
scalp folliculitis 93.5 
C.avidum 26.43 
C. granulosum 26.43 
cuticle, hair fibres 87.6 
cuticle defects, trichorrhexis nodosa 87.76 
cuticular cells 2.9 
cutis laxa 70.14~70.17, 77.5-77.7, 
94.21-94.23 
autosomal dominant cutis laxa 70.17, 
77.5-77.6 
autosomal recessive cutis laxa 77.6-77.7 
autosomal recessive type 1A cutis laxa 
70.17 
causative genes 77.6 
clinical features 70.15, 70.16 
craniosynostosis syndromes 70.17 
differential diagnosis 70.15 
elastin gene mutations 2.33-2.34 
glycosylation disorders 79.10 
investigations 70.15 
management 70.17, 77.7 
molecular defect 70.16 
pathophysiology 70.14—70.15, 77.5 
phenotypes 77.6 
related syndromes 70.16 
subtypes 77.6 
types of 70.16 
cutismarmorata 114.3, 124.9 
cutis marmorata telangiectatica congenita 
124.9 
cutis rhomboidalis nuchae, ageing of skin 
156.5 
cutis verticis gyrata (CVG) 98.25, 105.10 
dermatoendocrinology 150.10, 150.12 
CVD see chronic venous disease 
cvEDS see cardiac-valvular Ehlers—Danlos 
syndrome 
CVG see cutis verticis gyrata 
CVID see common variable 
immunodeficiency 
cyanide (CN), inhalation injury 125.4 
cyanoacrylates 127.70 
cyclin-dependent kinase 4 gene (CDK4), 
melanoma risk 142.4 
cyclin-dependent kinase inhibitor 2A gene 
(CDKN2A) 3.24 
melanoma risk 142.4, 142.7 
cyclobutane pyrimidine dimer (CPD), UV 
radiation exposure 10.6 
cyclodopa 86.5 
cyclophosphamide 
mucous membrane pemphigoid, 
management of 107.31 
pemphigus treatment 50.8 
systemic lupus erythematosus treatment 
51.38 
cyclo-phosphamide-induced alopecia 
119.5 
cyclophyllidea, infections 33.31-33.34 
CYLD cutaneous syndrome 78.11, 
78.12 


26.3 
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cylindroadenocarcinoma 137.35 
cylindroma 137.29-137.30 
familial 137.30, 137.35 
malignant 137.35 
spiradenoma relationship 137.31 
CYP1B1 variant 87.41 
cyproterone acetate 87.96 
cystatin A (CSTA), skin fragility disorders 
69.6 
cysteamine, cosmeceutical use of 157.3 
cysticercosis 33.32-33.34 
clinical features 33.32-33.33 
management 33.33-33.34 
pathophysiology 33.32 
cystic fibrosis 
sweat glands 92.3 
transient aquagenic keratoderma 63.62 


cysts 
acne conglobata 88.66 
biopsy 3.31 
classification of cutaneous cysts 133.1, 


133.2 
cutaneous 133.1-133.7 
cutaneous keratocysts 133.6-133.7 
cutaneous nodular elastosis with 156.4 
dermoid cysts, infants 115.12, 115.13 
epidermoid 78.11, 88.33-88.34, 
133.1-133.3 
with infundibular epithelial walls 
133.1-133.4 
with isthmic epithelial walls 133.4-133.6 
milia 133.4 
mucocele 57.15, 57.16, 108.12, 109.30, 
110.31 
nodular elastosis with 156.5 
pachyonychia congenita 63.52 
preauricular cysts, infants 115.12 
with sebaceous duct epithelial walls 
133.6-133.7 
trichilemmal cysts 105.11, 133.4-133.5, 
133.6, 137.5-137.6 
see also chloracne; comedonal acne; cysts; 
dermoid cysts; metabolising 
acquired dioxin-induced skin 
hamartoma; vellus hair cyst 
cytodiagnosis 3.29-3.30 
cytokeratin markers, cutaneous neoplasms 
3.21-3.22 
cytokine directed biologic therapies 
19.32-19.37 
cytokine mediators, Adamantiades—Behcet 
disease 48.3 
cytokine mutations, immunodeficiencies 
149.20 
cytokines 
antigen-presenting cells 127.7 
bullous pemphigoid 50.12 
hormone relationship 150.3 
macrophage secretion 97.5-97.6 
morphoea 55.10 
pruritus 81.3, 81.4-81.5 
radiation dermatitis 119.14 
wound healing 11.4, 11.5 
cytomegalovirus (CMV) 25.41-25.42 
HIV 31.24-31.25, 31.38 
infiltrating lipomatosis of the face 
association 98.19 
oral ulceration 108.51 
perianal skin 111.15 
cytophagic histiocytic panniculitis 
97.61-97.63 
cytoreductive treatment, for mastocytosis 
46.10 
cytotoxic agents 18.29-18.31 
cutaneous T-cell lymphoma therapy 
139.25 
factitious panniculitis 97.48 
hypermelanosis 86.26, 86.28 
intralesional treatment of cutaneous warts 
25.60 
cytotoxicity, UVA-1 phototherapy 21.2 
cytotoxic protein expression, primary 
cutaneous aggressive 
epidermotropic CD8+ T-cell 
lymphoma  139.31-139.32 


cytotoxic T lymphocytes (CTLs) 
adipocytes interaction 97.6-97.7 
drug-induced 118.12 
macrophages interaction 97.6-97.7 


D 
dabrafenib 141.38 
Dabska tumour see papillary intralymphatic 
angioendothelioma 
dactylitis, psoriatic arthritis 35.41 
DADA2 see deficiency of adenosine 
deaminase 2 
DALY see disability adjusted life year 
DALYs see disability adjusted life years 
danazol 97.32 
dandruff 40.1, 40.4 
Malassezia yeast 32.14 
dapsone 19.12-19.15 
acne vulgaris treatment 88.46-88.47 
adverse effects 19.14-19.15 
dermatological uses 19.13 
dose and regimens 19.15 
hypersensitivity syndrome 14.6, 19.15 
pharmacological properties 19.13-19.14 
safety precautions 19.15 
topical therapies 18.11 
daptomycin 19.47 
DARE (database of abstracts of systematic 
reviews) 17.7 
Darier disease 3.41, 69.23-69.24, 110.6 
biopsy 3.39 
male genitalia 109.25 
oral lesions 108.28 
Darier’s sign, mastocytosis 46.5 
dark-field microscopy, syphilis 29.18 
Darling disease see histoplasmosis 
database of abstracts of systematic reviews 
(DARE) 17.7 
databases of controlled clinical trials 
17.6-17.7 
data protection, computer-based 
assessments 16.2 
daylight photodynamic therapy 
22.11-22.12, 141.10-141.11 
DC see dissecting cellulitis; dyskeratosis 
congenita 
DCMO see diffuse capillary malformation 
with overgrowth 
DCOIT see dichloro-octylisothiazolinone 
DCPs see deep chemical peels 
DCs see dendritic cells 
deafness 
albinism with 68.9 
congenital syphilis 29.26 
mitochondrial keratoderma with 63.65 
otic syphilis 29.16 
palmoplantar keratodermas with 
63.63-63.65 
systemic lupus erythematosus 51.32 
Waardenburg syndrome 68.5 
debridement, pressure ulcers 123.10 
deceptive behaviour, factitious skin disease 
84.29-84.38 
decision making, holistic management of 
skin disease 15.6, 15.7 
decongestion therapy, lipoedema 
management 98.23 
decorin 2.38 
‘decubitus ulcers’ 123.1 
dEDS see dermatosparaxis Ehlers—Danlos 
syndrome 
deep (‘aggressive’) angiomyxoma 136.62 
deep burn wounds 125.6, 125.8 
deep chemical peels (DCPs) 160.5 
deep fibromatoses 94.33-94.34, 94.35 
deep folliculitis 91.8-91.15 
deep morphoea 97.12-97.14, 97.30 
lupus panniculitis contrast 97.39, 97.64 
deep partial-thickness burns 128.12 
deep penetrating naevus (DPN) 142.2 
deep perniosis 124.5 
deep subcutaneous fat 97.3 
deep-vein thrombosis (DVT) 101.31-101.34 
clinical features 101.32, 101.33 
investigations 101.32-101.33 


management 101.33-101.34 
neoplasia association 148.26 
risk factors 101.32 
treatment 101.34 
deer fly see Chrysops 
deerfly fever see tularaemia 
deficiency of adenosine deaminase 2 
(DADA2) 45.5, 45.7, 45.17 
deficiency of interleukin 1 receptor 
antagonist (DIRA) syndrome 45.5, 
45.6, 45.12 
deficiency of interleukin 36 receptor 
antagonist (DITRA) 45.12 
deficiency states, oral features 108.70 
degenerations 
dermal 3.40 
epidermal 3.40-3.41 
degos acanthoma see clear cell acanthoma 
Degos disease 99.21-99.22 
dehydroepiandrosterone A (DHEA) 
supplements, acneform reaction 
88.12 
De Lange syndrome, oral involvement 
108.85 
delayed inflammatory reactions (DIRs), to 
COVID-19 vaccines 25.118 
delayed pressure urticaria 42.9, 42.10 
delayed reaction time, use of term 127.7 
delayed tanning (DT), UV radiation 
exposure 10.8 
delayed-type bacterial antigen tests 4.25 
delayed-type stinging 128.10-128.11 
deliberate self-harm 84.38-84.39 
with suicidal ideation 84.38 
without suicidal intent 84.38-84.39 
deltanoids see vitamin D analogues 
delusional beliefs 
Morgellons syndrome 84.11-84.12 
olfactory delusions 84.10-84.11 
psychodermatology 84.5-84.12 
delusional disease by proxy, delusional 
infestation 84.5 
delusional infestation (DI) 84.5-84.10 
associated diseases 84.6, 84.7 
clinical features 84.6-84.7 
complaints and litigation 84.9-84.10 
epidemiology 84.5-84.6 
investigations 84.7-84.8 
management 84.8-84.9 
pathophysiology 84.6 
thrip infestation confusion 34.30 
demeclocycline, phototoxicity to 126.29 
Demodex 
eosinophilic pustular folliculitis 
folliculorum infestation 107.10 
rosacea 89.3, 89.4-89.5, 89.10 
dendrite surveillance extension and 
retraction cycling habitude 
(dSEARCH) 2.13 
dendritic cells (DCs) 
allergic contact dermatitis 
dermal 2.15 
histiocytoses 135.1, 135.3 
immune system 9.3, 9.4 
subtypes 9.4-9.5 
dendritic epidermal T cells (DETCs) 9.7 
dendritic keratitis, eyelid 107.37 
dendritic melanocytes, naevus of Ota 
131.14 
dendrocytes, immune system 9.5 
dengue, oral involvement 108.50 
dengue haemorrhagic fever 25.86-25.87 
denileukin diftitox (DAB389-IL-2 fusion 
toxin - Onzar/Ontak), cutaneous 
T-cell lymphoma 139.25 
Denmark, non-melanoma skin cancer, 
incidence of 6.1 
de novo post-transplant melanoma 147.13 
dental abscesses 108.9 
dental amalgam, oral lichen planus 37.3 
dental care, epidermolysis bullosa 69.25 
dental malformations, ectodermal dysplasias 
69.18 
dental plaque 108.5 
dental sinus, acne nodule distinction 88.38 


93.7 


9.10 


dental treatments, amalgam fillings 121.6, 
121.8 
dentition loss, Papillon—Léfévre syndrome 
63.69 
dentogingival junction, anatomy of 108.4 
denture-induced hyperplasia 108.10 
denture sore mouth/denture stomatitis 
32.62, 108.20-108.21 
depigmentation 86.8 
acquired hypomelanosis differentiation 
86.42 
allergic contact dermatitis 127.20-127.21 
melasma 86.45 
see also hypopigmentation 
depigmenting agents, topical therapies 
18.31-18.33 
depilatories 18.33 
deposition disorders, internal malignancy 
association 148.22-148.23 
depot technique, dermal filler injection 
158.2-158.3 
depressed plaques 
centrifugal lipodystrophy 98.13 
insulin injection 98.11 
depression 
acne vulgaris 88.39 
antidepressants 84.43-84.44, 84.44, 84.45, 
117.3 
assessment 84.41 
dermatological patients 84.40-84.42 
emotional effects of skin conditions 15.2 
isotretinoin acne treatment 84.42 
morphoea 55.29 
psoriasis 35.19 
types 84.40 
depth dose curves 
electron beam therapy 24.1-24.2 
proton beam therapy 24.2 
superficial X-ray therapy 24.1 
Dercum disease (adiposis dolorosa) 
98.16, 98.17-98.18 
benign symmetric lipomatosis contrast 
98.16 
obesity association 98.17-98.18, 98.28 
dermal artefact 84.33 
dermal atypical smooth muscle tumour 


72.10, 


(leiomyosarcoma) 136.54-136.55 
dermal burns 125.6 
dermal connective tissue, acquired disorders 
of 94.1-94.58 


dermal degenerations 3.40 
dermal deposition disorders, internal 
malignancy association 
148.22-148.23 
dermal deposits 3.30-3.31, 3.44 
dermal-epidermal basement membrane 
zone (BMZ)  2.21-2.22 
basement membrane collagen 2.22-2.23 
hemidesmosomes  2.25-2.26 
immunofluorescence staining 2.23 
laminins 2.23-2.25 
molecular components 2.21 
structural components 2.22 
transmission electron microscopy image 
2.22 
dermal erythropoiesis (blueberry muffin 
baby) 114.21 
dermal fillers 158.1-158.12 
adverse reactions and treatment for 
108.62, 158.8-158.12 
management plan for 158.9 
alginate filler 158.5 
antidotes 158.8 
arterial occlusion 158.10 
treatment for 158.11 
biodegradable fillers 158.3-158.7 
bovine collagen filler 158.5, 158.7-158.8 
calcium hydroxylapatite filler 158.5, 
158.6-158.7 
canula injection 158.1-158.2, 158.3, 
158.4 
collagen-stimulating fillers 158.6-158.7 
combination fillers 158.7-158.8 
depot technique 158.2-158.3 
and different skin types 158.11-158.12 


fanning technique 158.2-158.3 
filler products 158.3-158.8 
human collagen filler 158.6 
hyaluronic acid filler 158.9 
immune response after 158.11 
hydroxyethlmethacrylate and 
ethylmethacrylate microspheres 
suspended in hyaluronic acid 
158.8 
indications 158.1, 158.3 
inert fillers 158.3-158.6 
injection errors 158.8 
medical emergency following adverse 
reaction 158.10, 158.11 
multiple substance products 158.7-158.8 
needle injection 158.1-158.2, 158.3, 158.4 
non-biodegradable fillers 158.7-158.8 
non-hyaluronic acid-based fillers 
158.5-158.6 
immune response after 
polyacrylamides 158.7 
polyalkylamide 158.7 
polycaprolacton filler 158.6 
poly-L-lactic acid filler [replace capital L 
with small cap L**] 158.6 
polymethylmethacrylate and collagen 
158.7-158.8 
porcine collagen filler 158.5-158.6 
risk assessment/reduction 158.9 
silicones 158.7 
single substance products 158.7 
techniques 158.1-158.3 
injection errors 158.8 
types of 108.62 
dermal hyperneury 136.42-136.43 
dermal infiltrate 3.44-3.45 
dermal inflammatory infiltrate 126.3 
photothermal ablation 23.22 
dermal leishmanoid see post-kala-azar 
dermal leishmaniasis 
dermal mucin 94.44 
dermal mucinoses 57.2-57.15, 57.16 
dermal nerve sheath myxoma 
136.47-136.48 
dermal non-neural granular cell tumour 
136.60 
dermal papilla 87.5, 87.8, 87.11 
dermal pigmentation, laser therapies 
23.16-23.17 
dermal plaque, sarcoidosis 96.8 
dermal plaque-like fibromatosis see 
dermatomyofibroma 
dermal sheath, hair follicle 87.5 
dermal-subcutaneous interface 98.24, 
98.25-98.26 
dermal substitutes, burn treatment 125.6 
dermatan sulphate (DS) 2.39 
dermatitis 
chronic actinic 4.6 
financial cost of 7.2 
‘flaky paint’ dermatitis in kwashiorkor 
61.4 
herpetiformis 4.8 
Wilkinson’s triangle (chronic actinic 
dermatitis) 4.6 
see also allergic contact dermatitis; atopic 
eczema (dermatitis); contact 
dermatitis; eczema; hand eczema; 
irritant contact dermatitis; 
photoallergic contact dermatitis 
dermatitis artefacta 84.29-84.36 
by proxy (witchcraft syndrome) 84.33 
clinical features 84.31-84.35 
epidemiology 84.30 
male genitalia 109.9 
management 84.35-84.36 
pathophysiology 84.30-84.31 
skin picking disorder relationship 84.19 
Dermatitis Family Impact questionnaire 
(DFI) 16.8, 16.10 
dermatitis gangrenosa infantum 
26.88-26.89 
dermatitis herpetiformis (DH) 50.54-50.59 
associated diseases 50.56 
coeliac disease 153.3 


158.11 


dermatitis herpetiformis (DH) (continued) 


direct immunofluorescence microscopy 
3.18, 3.19, 50.58 
disease course and prognosis 
epidemiology 50.55-50.56 
genetics 50.56 
histopathology 50.58 
internal malignancy association 148.22 
investigations 50.58 
management 50.58-50.59 
oralinvolvement 108.81 
pathophysiology 50.56 
presentation 50.56 
treatment ladder 50.59 
dermatitis neglecta see dermatitis passivata 
dermatitis passivata 84.36 
dermatitis simulata 84.36 
dermatitis veineuse see venous eczema 
dermatochalasis 107.5 
dermatoendocrinology 150.1-150.22 
biological basis 150.2-150.10 
clinical practice 150.10-150.21 
complexity of intraepithelial endocrine 
and neuroendocrine signalling 
milieu 150.8 
endocrinological considerations in skin 
therapy 150.12-150.14 
future perspectives 150.21 
key components in cutaneous (neuro-) 
endocrine signalling mechanism 
150.4 
(neuro-)endocrine contributions to 
cutaneous pathogenesis 
150.5-150.8 
patient evaluation for (neuro-) endocrine 
disorders 150.10-150.15 
signs and symptoms 
general endocrine disease seen in skin 
150.7 
hormone-based skin disease 150.7 
indicative of endocrine disease 150.10, 
150.11 
skin and appendages as (neuro-) endocrine 
organs 150.3, 150.4, 150.5 
skin and appendages as research models 
for general neuroendocrinology 
150.9 
specific endocrine conditions 
150.15-150.21 
stress responses 150.8-150.9 
see also endocrine disorders; hormones 
dermatoepidemiology 5.1-5.2, 5.15-5.16 
see also epidemiology 
dermatofibroma 4.19, 136.19-136.21 
dermatofibrosarcoma protuberans (DFSP) 
3.25, 3.26, 24.15, 136.2, 136.14-136.15 
dermatological pathomimicry 84.36 
dermatology atlases 1.4 
dermatology history 1.1-1.10 
ancient medical texts 1.1-1.3 
dermatology as global speciality in 20th 
century 1.7-1.10 
rational medicine, growth of 1.2-1.4 
scientific dermatology 1.4-1.7 
Dermatology Index of Disease Severity 16.3 
Dermatology Life Quality Index 
(DLQI/Skindex) 6.4, 15.3, 
16.6-16.7, 35.17 
adolescents 16.10 
descriptive score bandings 
questions 16.7 
usage 16.3, 16.7, 16.8, 16.12 
Dermatology Quality of Life Scales 16.7 
dermatomycosis furfuracea see pityriasis 
versicolor 
dermatomyofibroma 136.8 
dermatomyositis-associated panniculitis 
97.39, 97.40 
dermatomyositis (DM) 52.1-52.13, 86.21, 
89.8 
cardiac involvement 151.4 
clinical features 52.3-52.8 
clinical variants 52.8-52.10 
definitions 52.1 
differential diagnosis 52.10 


50.57 


16.7 


dystrophic calcification 59.1-59.2 
epidemiology 52.1-52.2 
eye disease 107.35 
internal malignancy association 
148.20-148.21 
investigations 52.10-52.12 
management 52.12, 52.13 
myositis-specific antibodies 
52.6, 52.11 
oralinvolvement 108.67-108.68 
pathophysiology 52.2-52.3 
respiratory disease 152.2-152.3 
severity classification 52.10 
dermatopathia pigmentosa reticularis 68.12 
dermatopathology 
examinations /national societies for 3.1 
terminology 3.38-3.43 
dermato-pharmacokinetic (DPK) method 
12.8 
Dermatophilus congolensis, pitted keratolysis 
26.42-26.43 
dermatophyte infection 
perineal and perianal skin § 111.15 
in pregnancy 113.7 
dermatophytes 32.6-32.69 
anthropophilic 32.19 
asexual-sexual states 32.18 
classification 32.18, 32.19, 32.22-32.30 
collecting material 32.7-32.8 
geophilic 32.19 
identification 32.6-32.10 
non-dermatophyte hyphal fungi 
32.51-32.52 
Wood's light examination 32.6-32.7 
zoophilic 32.19 
dermatophytide reaction (allergic response) 
32.50 
dermatophytosis 39.34 
biology 32.20-32.21 
co-morbidities 32.22 
epidemiology 32.22 
HIV 31.26-31.27 
identification 32.22-32.30 
immunity 32.21 
management 32.30-32.34 
pathophysiology 32.21-32.22 
preventing spread 32.30-32.32 
therapeutic agents 32.32-32.34 
dermatophytosis (ringworm) 32.18-32.34 
dermatoporosis 94.1, 156.11 
dermatoscopy see dermoscopy 
dermatoses 
bullous dermatosis 4.8 
chronic superficial scaly dermatosis 4.17 
flexural sites 4.18 
malignancy association 148.19-148.20 
in occupational groups 4.4 
pruritus in inflamed skin 81.7 
sun-related 7.8 
dermatosis papulosa nigra (DPN) 
132.4-132.5, 156.3 
dermatosparaxis Ehlers—Danlos syndrome 
(dEDS) 70.5, 70.9 
dermis 2.2 
anatomy 9.1 
chronological ageing / photoageing 
collagen fibres 2.27 
embryonic development 2.3, 2.5 
immune cells 9.4-9.6 
immune surveillance 2.15, 2.16 
mechanical properties 122.5 
microvessels in 2.41 
dermographism, urticaria 42.9-42.10 
dermoid cysts 
infantile 115.12, 115.13 
mouth 108.12 
penis 109.31 
dermopathy, diabetic 62.2 
dermoscopy 4.20-4.21 
acquired and small congenital naevi 
145.2, 145.3, 145.4-145.6 
basal cell carcinoma 140.10, 140.11 
benign patterns of naevi 145.1-145.7 
facial skin/chronically sun-damaged skin 
melanoma 145.9, 145.11, 145.11 


52.2, 52.5, 


10.10 


intradermal naevi 145.6 
melanoma diagnosis 142.9, 145.1-145.16 
organised patterns in melanoma 
145.13-145.14, 145.15 
Spitz naevi 145.6 
volar skin of palms and soles (acral) 
melanoma 145.9, 145.11-145.13 
deroofing, lesions 90.10 
desert rheumatism see coccidioidomycosis 
designated patient irradiance (DPI) 21.3 
desmin 3.25 
desmocollin 3 (DSC3) 69.7 
desmoglein-1(DSG1) 69.6 
desmoglein 3 (DSG3) 69.7 
desmoglein (DSG) autoantibodies 
Desmons syndrome 63.35 
desmoplakin 69.7 
mutations, Carvajal-Huerta syndrome 
63.63 
desmoplasia 3.41 
desmoplastic basal cell carcinoma see 
morphoeic basal cell carcinoma 
desmoplastic fibroblastoma 136.11-136.12 
desmoplastic trichoepithelioma 73.7, 
137.10-137.11 
desmosines 2.33, 2.34, 2.35 
desmosomal disorders 69.20 
desmosomes  2.18-2.19, 2.19, 63.57-63.58 
desquamation, neonates 114.3-114.4 
desquamative gingivitis 108.23, 108.82 
destructive/pro-inflammatory topical 
treatments, molluscum 
contagiosum infection 25.18 
detached epidermis 118.14, 118.19 
Stevens-Johnson syndrome/toxic 
epidermal necrolysis 118.15 
DETCs see dendritic epidermal T cells 
detergent acne 88.25 
detergents 
alopecia management 87.98 
exposure regulations 127.2 
irritant properties 128.3 
developing countries see low and middle 
income countries 
developmental delay, atopic eczema 
association 41.21 
dew itch see ancylostomiasis 
dexpanthenol 127.59-127.60 
DFI see Dermatitis Family Impact 
questionnaire 
DFSP see dermatofibrosarcoma protuberans 
DGEBF novolac resins see diglycidyl ether of 
bisphenol F resins 
DH see dermatitis herpetiformis 
DHA see dihydroxyacetone 
DHEA see dehydroepiandrosterone A 
dhobie itch see tinea cruris 
DHT see dihydrotestosterone 
DI see diabetes insipidus 
diabetes 62.1-62.8 
acanthosis nigricans association 85.5 
acquired ichthyosis association 85.1-85.2 
acquired perforating dermatosis 94.53, 
94.54 
AGL association 98.2 
autoimmune disease 62.4 
bullae 62.7 
calluses 122.7 
cutaneous complications 150.11 
dermopathy 62.2 
disease associations 62.4, 62.5 
drug reaction with eosinophilia and 
systemic symptoms 118.9, 118.11 
eruptive xanthomas 62.3, 62.4 
erysipelas-like reaction 62.2 
foot ulcer 62.2-62.3 
genetic syndromes 62.4-62.5 
granulomatous disorders 62.5 
hyperlipidaemia 62.3, 62.4 
infections 62.3 
leg ulceration 62.1 
metabolic syndrome 62.4 
necrobiosis lipoidica 62.6, 95.12 
neurological damage 62.2-62.3 
obesity association 62.3, 98.28 


3.14, 3.21 
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perforating collagenosis (folliculitis)4 
62.5 
pressure ulcers 123.4 
pruritus 81.10 
psoriasis association 35.18 
retinopathy 62.5 
rubeosis 62.2 
secondary dyslipidaemia 60.11 
skin tags 62.3 
stiff skin and joints 62.5-62.6 
systemic allergic contact dermatitis 
treatment-related skin manifestations 
62.4 
types of 62.1 
vascular damage 62.1-62.2 
wet gangrene of the foot 62.2 
wound healing 11.9 
see also insulin resistance 
diabetes insipidus (DI), Langerhans cell 
histiocytosis 135.5, 135.8 
diabetes mellitus see diabetes 
diabetic bullae 62.7, 85.30 
diabetic dermopathy 62.2 
brown pseudoscars 94.14 
diabetic foot ulcer 62.2-62.3 
diabetic retinopathy 62.5 
diabetic scleroedema 57.9, 57.10, 62.5-62.6, 
62.7 
diabetic thick skin 94.45 
diacetylmorphine see heroin 
diagnosis 4.1-4.27 
apps 4.26,5.13 
artificial intelligence 4.26-4.27 
atopiceczema 5.4 
clinical investigations 4.19-4.20 
coding systems 4.2 
community diagnosis 5.2 
diascopy 4.19 
disease definition 4.1-4.2 
examination of skin 4.5 
fine-needle aspiration of lymph nodes 
4.22 
fundamentals 4.1 
history taking 4.2-4.5 
imaging examination 4.22—4.23 
imaging systems 4.20—-4.22 
lesions, description of 4.5-4.20 
microscopy 4.20-4.22 
mobile smartphone applications 
5.13 
palpation 4.17-4.18, 4.19 
photography 4.19 
preimplantation genetic diagnosis 
8.10-8.11 
prenatal diagnosis 8.9-8.11 
presenting complaint 4.2-4.5 
in primary and secondary care 5.13 
quality of life assessment 4.5 
radiological examination 4.22-4.23 
simple clinical examination 4.18 
skin testing 4.23-4.25 
smartphone apps 4.26, 5.13 
store-and-forward consultations 
4,254.26 
teledermatology 4.25-4.26 
Wood's light 4.19-4.20 
‘Diagnostic Handbook’, Mesopotamian 1.2 
diagnostic test studies, critical appraisal for 
evidence based medicine 
17.15-17.17 
diaper area see nappy /diaper/napkin area 
diascopy 4.19 
diazolidinyl urea 127.51 
DIC see disseminated intravascular 
coagulation 
dichloro-octylisothiazolinone (DCOIT) 
127.54 
diclofenac 18.30 
Dictyoptera (cockroaches) 34.32 
diet 
and acne 88.20-88.24, 88.26 
and atopiceczema 41.7 
diagnosis 4.4 
epidemiology 5.11 
and flushing 104.3 


117.4 


4.26, 


low pseudoallergen diet 42.6 
seborrhoeic dermatitis 40.4 
and urticaria 42.6, 42.8 
see also nutrition 
dietary management 
allergic contact dermatitis 127.35, 127.38 
epidermolysis bullosa 69.25 
lipoedema 98.23 
Refsum disease 63.32 
Sjogren—Larsson syndrome 63.33 
subcutaneous fat disorders 98.26 
trimethylaminuria 92.18 
DIF see direct immunofluorescence 
differentiated vulval intraepithelial 
neoplasia (VIN) 110.34, 110.35 
diffuse alopecia areata 87.23-87.24 
diffuse alopecias 87.28-87.35, 87.64 
diffuse arterial disease 124.9 
diffuse capillary malformation with 
overgrowth (DCMO) 101.28 
diffuse cutaneous mastocytosis 46.6 
diffuse /disseminated cutaneous 
leishmaniasis 33.48-33.49 
diffuse fibrosis, causes 94.33-94.48 
diffuse keratodermas 63.50-63.51 
ectodermal dysplasias 63.68, 63.69 
woolly hair 63.63 
diffuse large B-cell lymphoma (DLBCL) 
25.39 
diffuse lymphangiomatosis 136.39 
diffuse melanosis 86.20, 86.22 
diffuse neurofibroma 136.46-136.47 
diffuse pigmentation, arsenic exposure 
121.3 
diffuse reticular pattern naevi 
145.4 
diffuse telogen effluvium 87.54, 87.55 
diffusion enhancers, topical drug delivery 
12.6 
DiGeorge syndrome 80.4, 80.8 
digestive system disorders 153.1-153.9 
digital clubbing, pachydermoperiostosis 
155.14 
digital fibromyxoma see acral fibromyxoma 
digital ischaemia, internal malignancy 
association 148.24-148.25 
digital mucous cyst 136.60 
digital myxoid (mucous) cysts 57.15, 57.16 
digital necrosis, cannabis-induced 120.4 
digital papillary adenocarcinoma 
137.34-137.35 
digital papular calcific elastosis 63.60 
digital pathology 3.32 
digital technology 1.9,5.13 
digital vasculitis, rheumatoid arthritis 
155.6, 155.8 
digitate dermatitis see small plaque 
parapsoriasis 
digitate hyperkeratoses 
digitate lesions 4.17 
digits 
blistering distal dactylitis 
see also finger; toe 
diglycidyl ether of bisphenol F (DGEBF 
novolac) resins 127.68 
DIHS see drug-induced hypersensitivity 
syndrome 
5a-dihydrotestosterone (DHT) 87.10 
dihydroxyacetone (DHA) 18.39 
dilated pore lesions, expanded follicular 
infundibulum 137.3 
dimethylglyoxime test, nickel allergy 
127.33, 127.34 
dimethylol dimethyl (DMDM) hydantoin 
127.52 
dimethyl sulfoxide (DMSO), irritant 
responses 128.3 
dimeticone 18.14 
dimorphic fungi, morphology and diseases 
32.3 
dimples, commissural pit distinction 
108.86 
dinitrochlorobenzene (DNCB), allergic 
reactions 127.5-127.6 
dioxin intoxication / poisoning 


145.2, 145.3, 


63.77 


26.34 


acne 88.68 

acne vulgaris 88.15 

1,3-Diphenylguanidine (DPG) 127.63, 
127.64 

diphtheria 26.38-26.39 

diploid/triploid mosaicism 72.7 

Diplopoda (millipedes) 34.57 

Diptera 34.6-34.13 

classification 34.6-34.8 


clinical features of bites 34.8-34.9 
myiasis 34.9-34.13 
DIRA see deficiency of interleukin 1 receptor 
antagonist 
direct immunofluorescence (DIF) 3.11-3.12, 
3.17-3.19 


bullous pemphigoid 50.14 
connective tissue diseases 
dermatitis herpetiformis 
disease findings 3.17 
epidermolysis bullosa acquisita 3.18, 
3.19, 50.35 
lichen planus 3.18, 3.19, 37.15 
linear IgA bullous dermatosis 
linear IgA disease 50.35 
mucous membrane pemphigoid 107.28 
pemphigoid 3.17-3.18 
pemphigus 3.17, 3.18, 50.3, 50.7 
serration pattern analysis 3.17 
direct tissue deformation damage, pressure 
ulcers 123.2 
dirofilariasis 33.23-33.24 
DIRs see delayed inflammatory reactions 
disability, caused by skin disease 5.5-5.6 
disability adjusted life years (DALYs) 5.6, 
5.9, 6.3, 6.4, 7.2, 16.9 
acne vulgaris 88.5 
disappearing / vanishing / phantom bone 
disease 136.39 
see also Gorham syndrome; Gorham-Stout 
disease 
discoid lesions 4.12 
discoid lupus erythematosus (DLE) 
51.1-51.12, 87.43-87.44, 87.45, 89.10, 
97.38 
antimalarial treatment 51.11 
associated diseases 51.2 
atrophy of the epidermis 51.2 
basal layer degeneration 51.2, 51.3 
chilblain lupus 51.6-51.7, 51.9 
clinical features 51.3-51.6 
clinical variants 51.6-51.9 
differential diagnosis 51.9-51.10 
disease course and prognosis 51.10 
disseminated DLE 51.4-51.6 
emerging therapies 51.12 
epidemiology 51.1-51.2 
genetics 51.3 
gyrateerythema 51.8 
histology 51.2, 51.3, 51.3 
inflammatory infiltrate 51.2 
investigations 51.10 
lesion appearance 51.4, 51.5, 51.6, 51.24 
lichen planus 37.8, 37.16 
lip lesions 108.64 
localised disease 51.3-51.4 
lupus erythematosus profundus 
(panniculitis) 51.7-51.8, 51.9 
lymphocytic infiltration 51.3 
management 51.10-51.12 
oral agents in treatment of chronic DLE 
51.11 
oral involvement 108.78, 108.79 
pathology 51.2-51.3 
pathophysiology 51.2 
predisposing factors 51.2 
rosaceous pattern 51.5 
scarring 51.4, 51.5, 51.7, 51.8 
severity classification 51.10 
stem cells 51.3 
systemic lupus erythematosus 
relationship/comparison 51.6, 
51.9 
discoid skin lesions 
diagnosis of 39.10 
retinoid-induced 88.56 


3.19 
3.18, 3.19, 50.58 


3.18 


discrete papular lichen myxoedematosus 
57.6, 57.7 
discrimination, institutionalised 1.9 
disease, definition 5.4-5.5 
disease associations 5.14 
epidemiology 5.11-5.12 
disease burden, global 7.2 
disease frequency 5.7-5.11,5.14 
disease-modifying antirheumatic drugs 
(DMARDs), morphoea treatment 
55.38 
disease transmission, arthropods 34.2, 34.3 
disfigurement 4.3, 5.5 
disorders of sexual development (DSDs) 
110.5 
disperse dyes 127.65-127.66 
displaced persons camps (DPCs) 7.13 
skin diseases diagnosed in 7.14 
dissecting cellulitis (DC) 87.50 
localised swellings over the crown 105.7 
scalp 88.37, 105.7-105.8 
disseminated blastomycosis 32.85 
disseminated capillary malformation with 
overgrowth (DCMO) 71.7-71.8 
disseminated disease 
Mycobacterium tuberculosis complex 27.11, 
27.13, 27.17-27.18, 27.21, 27.32, 
27.33, 27.34, 27.35-27.36, 27.38, 
27.40, 27.44 
non-tuberculous mycobacteria 
27.32-27.36, 27.38, 27.40-27.45 
skin involvement 135.6 
disseminated gonococcal infection 30.2, 
30.4, 30.5-30.6 
disseminated infundibulofolliculitis 
91.14-91.15, 93.6-93.7 
disseminated intravascular coagulation 
(DIC) 
haemorrhage in patients with 99.17 
neonatal purpura fulminans 114.21 
disseminated palmoplantar porokeratosis 
85.20, 85.22 
disseminated superficial actinic 
porokeratosis (DSAP) 63.74-63.75, 
85.20-85.22, 141.15-141.18 
distal arthritis, in bowel-associated 
dermatitis—arthritis syndrome 
49.16 
distal and lateral subungual onychomycosis 
(DLSO) 32.47 
distal nose, actinic prurigo 126.11 
distal symmetrical polyneuropathy 83.9 
distichiasis, lymphoedema-—distichiasis 
syndrome 151.2 
dithiocarbamates 127.63, 127.64 
dithranol 18.39-18.41 
psoriasis treatment 35.21 
DITRA see deficiency of interleukin 36 
receptor antagonist 
DLBCL see diffuse large B-cell lymphoma 
DLE see discoid lupus erythematosus 
D-limonene 127.42-127.43 
DLQI see Dermatology Life Quality Index 
DLSO see distal and lateral subungual 
onychomycosis 
DM see dermatomyositis 
DMARDs see disease-modifying 
antirheumatic drugs 
DMDM hydantoin see dimethylol dimethy] 
hydantoin 
DM skin severity index (DSSI) 52.10 
DMSO see dimethy] sulfoxide 
DN see dysplastic naevi 
DNA 
human genome sequencing 8.8-8.9 
methylation machinery 8.6 
mutations and disease 8.5-8.7 
prenatal diagnosis 8.9-8.11 
DNA damage 
skin ageing 2.46 
tanning association 86.9 
DNA photodamage, repair of 10.5-10.6 
DNA repair disorders 76.1-76.12, 76.2 
ataxia telangiectasia 76.10-76.11 
Cockayne syndrome 76.6-76.8 


fanconia anaemia 76.11 
inherited immunodeficiency 80.4-80.5, 
80.11 
Muir—Torre syndrome 76.11 
trichothiodystrophy syndrome 
76.9-76.10 
xeroderma pigmentosum 76.1-76.6 
DNA sequencing, epidermolysis bullosa 
diagnosis 69.22-69.23 
DNA viruses 25.6-25.78 
hepatitis 25.73-25.77 
herpesviruses 25.19-25.46 
human papillomaviruses 25.49-25.73, 
25.50-25.51 
parvoviruses 25.77—-25.78 
pathogenesis 25.2, 25.5 
polyomaviruses 25.46-25.49 
poxviruses 25.6-25.19 
DNCB see dinitrochlorobenzene 
DNS see dysplastic naevus syndrome 
docetaxol treatment, palmoplantar 
erythrodysaesthesia 119.2 
DOCKS deficiency 80.9, 80.10 
documentation/record keeping 
biopsy information request form 3.4 
ethics and drug trial reporting 13.13 
histopathology skin report 3.38 
phototherapy 21.17 
dog bites 130.6 
‘dog ear’ repair 20.22, 20.23 
Doll, Sir Richard 5.1 
dominant dystrophic epidermolysis bullosa 
94.43 
donation of medicines 7.13 
donor transmitted melanoma 147.13-147.14 
donovanosis (granuloma inguinale), 
perineal skin 111.17 
dopaquinone 86.5 
Doppler ultrasound 4.22, 101.4, 101.4 
dorsal hands, neutrophilic dermatosis of 
49.12, 49,13 
dorsal nose, actinic prurigo 126.10, 126.12 
dosimetry, UV radiation measurement 10.2 
dots and globules dermoscopy patterns, 
melanoma 145.7 
double lip 108.85 
Dowling—Degos disease 68.13, 85.24 
vulval lesions 110.23 
Down syndrome (trisomy 21) 74.1-74.2, 
106.7 
elastosis perforans serpiginosa 94.55, 
94.56 
hair loss presentation 87.20 
hidradenitis suppurativa association 90.2 
oralinvolvement 108.85 
doxepin, urticaria treatment 42.19 
DPCs see displaced persons camps 
D-penicillamine, cutaneous adverse effects 
155.15 
DPG see 1,3-Diphenylguanidine 
DPI see designated patient irradiance 
DPK see dermato-pharmacokinetic method 
DPN see deep penetrating naevus; 
dermatosis papulosa nigra 
dracontiasis see dracunculiasis 
dracunculiasis 33.12-33.13 
clinical features 33.13 
management 33.13 
Dracunculus medinensis (dracunculiasis) 
33.12-33.13 
dragon worm see dracunculiasis 
draining lesions, Hurley stage III disease 
90.9 
draining tunnels, hidradenitis suppurativa 
90.5 
DRESS see drug reaction with eosinophilia 
and systemic symptoms 
dressings 
SJS/TEN treatment 118.19 
skin surgery 20.37-20.38, 20.41 
‘drip sign’, intentional damage by corrosive 
liquids 84.32, 84.34 
drug actions, mechanisms underlying 13.4, 
13.5-13.6 
extracellular mechanisms 13.5 


drug actions, mechanisms underlying 
(continued) 
intracellular mechanisms 13.5-13.6 
transmembrane mechanisms 13.5 
drug allergens 127.4, 127.45-127.47, 
127.54-127.58 
ano-genital region 127.16-127.17 
applied medicaments 127.45-127.47 
drug-associated NEH 92.14~-92.15 
drug choice, and medical decision making 
13.7 
drug concentrations, topical therapies 
18.1-18.2 
drug delivery 
clinical pharmacology 13.2-13.3 
see also topical drug delivery 
drug dependence, illicit drugs 120.1 
drug development 13.11-13.13 
ethics and trial reporting 13.13 
preclinical drug identification 
13.11-13.12 
drug—drug interactions 
antibiotics with combined oral 


contraceptives 88.49 
antihistamines 19.4 
antimalarial agents 19.6 


azathioprine 19.9 
ciclosporin 19.11-19.12 
glucocorticoids 19.20 
hydroxycarbamide 19.22 
methotrexate 19.27 
mycophenolate mofetil 19.29 
pharmaceutical drugs with recreational 
drug 120.3 
polypharmacy 13.8 
retinoids systemic therapy 19.44 
tumour necrosis factor antagonist 
systemic therapy 19.34 
drug hypersensitivity see immunological 
reactions to drugs 
drug-induced hypersensitivity syndrome 
(DIHS) 118.5 
drug injections, panniculitis 
drug metabolism 13.3 
drug reaction with eosinophilia and 
systemic symptoms (DRESS) 
14.3-14.4, 14.7, 117.2, 118.1, 
118.4-118.12 
musculoskeletal therapy effects 
155.15 
drug reactions 
acanthosis nigricans 85.5 
acne vulgaris 88.11-88.14, 88.16 
acrocyanosis 124.7 
anaphylaxis 117.5-117.7 
angioedema 117.5-117.7 
antiretroviral therapy 31.2, 31.8, 31.10, 
31.13, 31.19, 31.20 
benign cutaneous adverse reactions 
117.1-117.9 
cheilitis 108.61 
chronic oedema 103.12-103.13 
clinical pharmacology 13.9 
dermatomyositis 52.9-52.10 
dermatoses, illicit drugs 120.4-120.6 
ear dermatoses 106.22 
eczema 117.3-117.5 
erythema multiforme 47.3-47.4 
exanthems 117.1-117.2 
HIV 
antiretroviral therapy 31.2, 31.8, 31.10, 
31.13, 31.19, 31.20, 31.36 
non-antiretroviral therapy 31.18-31.20, 
31.36 
hypermelanosis 86.25-86.31, 86.53-86.54 
hyperpigmentation 
laser therapies 23.17 
oralinvolvement 108.17 
hypertrichosis 87.86-87.87 
lichen planus 37.3 
lupus erythematosus 117.7-117.9 
male genitalia 109.24-109.25 
morphoea 55.14-55.15 
neutrophilic eccrine hidradenitislsquo 
149.7 


97.50 


155.10, 


neutrophilic panniculitis 97.52, 97.53 
oedema 103.12-103.13 
oral ulcers 108.41 
pemphigus 50.4 
perineal and perianal skin 111.12-111.13 
pruritus 81.10-81.11, 117.2-117.3 
psoriasis vulgaris 35.3-35.4 
purpura 99.4 
scleroderma 94.45—-94.46 
seborrhoeic dermatitis 40.6—40.7 
severe cutaneous adverse reactions 
118.1-118.22 
subacute cutaneous lupus erythematosus 
51.13-51.14 
Sweet syndrome 49.8, 49.10-49.11, 149.6 
systemic lupus erythematosus 51.21, 
51.22 
systemic therapy 19.2 
telogen effluvium 87.56 
urticaria 42.5, 42.8, 117.5-117.7 
see also adverse effects; cutaneous adverse 
drug effects; drug-drug 
interactions; immunological 
reactions to drugs 
drug-related links between skin and liver 
153.9 
drugs 
eccrine glands and 92.15 
and flushing 104.3 
licensing procedures 13.11-13.13 
ocular complications of drug therapy 
107.40-107.44 
photosensitivity 126.1, 126.27-126.32 
secondary dyslipidaemia due to 60.12 
toxicity and adverse effects 13.6, 
13.9-13.11 
types of 13.1 
see also clinical pharmacology; narcotic 
drugs 
drug services, psychosocial diseases 120.8 
dry beriberi, vitamin B1 deficiency 61.14 
dry skin see xerosis cutis 
DS see dermatan sulphate 
DSAP see disseminated superficial actinic 
porokeratosis 
DSDs see disorders of sexual development 
dSEARCH see dendrite surveillance 
extension and retraction cycling 
habitude 
DSG see desmoglein autoantibodies 
DSH see dyschromatosis symmetrica 
hereditaria 
DSSI see DM skin severity index 
DT see delayed tanning 
Duane reaction syndrome 106.7 
Duckett Jones criteria, rheumatic fever 


diagnosis 47.11 
duckhunter’s itch, see also cutaneous larva 
migrans 


duck itch see cercarial dermatitis 
Ducreyi disease see chancroid 
DUH see dyschromatosis universalis 
hereditaria 
Duhring, Louis 1.7 
dumping syndrome flush 104.9 
Duncan disease see X-linked 
lymphoproliferative diseases 
Dunnigan-type familial partial 
lipodystrophy (FPLD2) 98.9 
dupilumab 
alopecia areata 87.35 
chronic actinic dermatitis 126.21 
systemic therapy 19.36 
Dupuytren contracture (Dupuytren disease) 
see palmar fibromatosis 
Durand-Nicholas-Favre disease see 
lymphogranuloma venereum 
dutasteride 87.69, 87.96 
DVT see deep-vein thrombosis 
dye allergens 127.60-127.61, 127.65-127.67 
see also hair dyes 
dyes 
antiseptic applications 18.38 
specimen preparation 3.5-3.6 
dynein 86.4 


dysaesthesia 83.7 
male genitalia 109.43-109.44 
neuropathic 83.5-83.6 

dysaesthetic syndromes 82.1 
with/without neurological deficit 82.1 
see also mucocutaneous pain syndromes 

dyschromatoses 68.1, 68.14-68.15 

dyschromatosis symmetrica hereditaria 
(DSH) 68.14-68.15 

dyschromatosis universalis hereditaria 
(DUH) 68.15 

‘dyshidrotic’ eczema 129.1 

dyskeratosis 3.41 

dyskeratosis congenita (DC) 67.12-67.15, 

68.12, 75.1-75.4, 78.12, 80.5, 80.12, 
148.14, 149.14 
causative genes and modes of inheritance 
75.2 
clinical features 75.2, 75.3-75.4 
co-morbidities 75.4 
cutaneous changes 
genetics 75.1-75.3 
investigations and diagnosis 75.4 
leukoplakia development 75.3 
management 75.4 
oral lesions 108.29 
skin cancer 147.2 
see also puritic and dyskeratotic 
dermatoses 
dyskeratotic follicular epithelium, 
necrotising lymphocytic folliculitis 
93.4 

dyslipidaemias 
cerebrotendinous xanthomatosis 60.10 
classification 60.1, 60.2 
combined dyslipidaemia 60.2, 60.8-60.9 
cutaneous features 60.2 
hypercholesterolaemia 60.2, 60.6-60.8 
hypertriglyceridaemias 60.2, 60.9-60.10 
primary dyslipidaemias 60.2, 60.6-60.10 
secondary dyslipidaemias 60.2, 

60.11-60.12 
sitosterolaemia 60.11 

dyslipidaemic plane (planar) xanthomas 

60.4-60.6 

dysmorphic disorders see body dysmorphic 

disorder 

dyspigmentation 
ageing of skin 156.2, 156.5 
chemotherapy-induced 119.8-119.11 
occupational 129.13-129.14 

dysplasia 3.41 
ocular features 107.41 
penis 109.38 

dysplastic melanocytic naevi 

131.42 


67.13 


131.41, 


histological criteria 131.43 
microscopic images 131.45 
dysplastic naevi (DN), as melanoma 
precursors 142.2-142.3 
dysplastic naevus syndrome (DNS) 
142.3-142.4, 142.7 
see also atypical/ dysplastic naevus 
syndrome 
dysproteinaemic purpura 99.6-99.7 
dysthymia 84.40 
dystonin epidermal isoform (BP230) (DST) 
69.4 
dystrophic anagen hairs 119.5 
dystrophic calcification 
secondary to inflammatory 
disease/infections 59.1-59.3 
secondary to trauma or injection/infusion 
of calcium-containing materials 
59.3 
secondary to tumours and genetic disease 
59.3-59.4 
dystrophic calcinosis, in systemic lupus 
erythematosus 51.28 
dystrophic epidermolysis bullosa 69.2, 
69.15-69.18 
cancer and 69.26-69.27 
connective tissue disorders 69.20 
diagnosis 69.21, 69.22 
management 69.25-69.26 
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molecular-based approaches 69.18-69.19 
systemic treatment 69.26 
type VII collagen 69.5 
dystrophy see fingernail dystrophy; nail 
dystrophy; toenail dystrophy 


E 
EAC see erythema annulare centrifugum; 
external auditory canal 
ear 106.1-106.35 
ageing changes 106.7-106.8 
allergic contact dermatitis 127.15-127.16 
anatomy 106.1-106.2, 106.3 
antiphospholipid antibody syndrome 
99.18 
arterial blood supply 106.2 
arteriovenous malformation 71.11 
auricle 
ageing changes 106.7-106.8 
anatomy 106.1, 106.3 
basal cell carcinoma 106.21-106.27 
developmental anatomy 106.3 
infections 106.19-106.21 
lumpy scalp syndrome 106.6 
melanoma of 106.31-106.33 
pre-auricular anomalies 106.6-106.7, 
106.8 
squamous cell carcinoma 
106.27-106.29 
terminal hair 106.3 
tumours of 106.21-106.35 
variations in shape of 106.5-106.6 
basal cell carcinoma of the auricle 
106.21-106.27 
benign lesions 106.33 
cerumen (wax) 106.2-106.3 
cholesteatoma 106.21 
cicatricial pemphigoid 50.52 
cryofibrinogenaemia 99.13 
developmental disorders 106.3-106.7 
low-set ears 106.5 
macrotia (large ears) 106.5 
microtia (smallears) 106.4, 106.5 
discoid lupus erythematosus 51.5, 51.7 
earlobe creases 106.8 
elastoticnodules 94.3 
external auditory canal 
microbiome 26.5 
tumour management 106.29-106.31 
granuloma annulare 95.7 
ichthyoses 63.45 
infections 106.15-106.21 
otitis externa 106.15-106.19 
of the pinna 106.19-106.21 
inflammatory chondopathy effects 
155.12 
involvement in skin disease and systemic 
disease 106.21, 106.22-106.23 
keratosis obturans 106.21 
low-set ears 106.5 
macrotia (large ears) 
microbiology 106.2 
microtia (smallears) 106.4, 106.5 
nerve supply 106.2 
otomycosis 32.17-32.18 
perforating disorders 106.23 
petrified ear 106.21 
physiology 106.1-106.2 
piercing 
keloids 106.14 
traumatic conditions 106.11-106.12 
premalignant lesions 106.33-106.34 
radiotherapy for skin cancer 24.11, 24.12, 
24.20 
rheumatoid nodules 53.6 
squamous cell carcinoma of the auricle 
106.27-106.29 
systemic lupus erythematosus 51.32 
traumatic conditions 106.8-106.15 
chondrodermatitis nodularis 
106.9-106.11 
contusion 106.8 
ear piercing 106.11-106.12 
haematoma 106.8 
keloids 106.14~106.15 


106.1-106.3 


106.5 


pseudocyst 106.8-106.9 
split earlobe 106.12-106.14 
tympanic membrane 106.2 
see also perioral area 
ear canal samples, superficial mycoses 
identification 32.8 
earlobe 
creases 106.8 
keloid 94.50 
piercing 106.11-106.12 
split earlobe 106.12-106.14 
repair techniques 106.13 
early adulthood, psychological and social 
factors 15.3 
early detection strategies, melanoma 
142.15-142.18 
EASI see Eczema Area and Severity Index 
eating disorders 84.26-84.27 
andacne 88.30 
cutaneous co-morbidities 84.27 
oral lesions 108.83 
EB see epidermolysis bullosa 
EBA see epidermolysis bullosa acquisita 
Ebers Papyrus 1.2 
EBM see evidence based medicine 
Ebola haemorrhagic fever 25.84—25.85 
EBP gene 
Conradi-Hiinermann—Happle syndrome 
63.22-63.23 
MEND syndrome 63.23 
EBS see epidermolysis bullosa simplex 
EBV see Epstein-Barr virus 
ECCA see Echelle d’évaluation Clinique des 
Cicatrice d’Acné 
ecchymosis (bruises) 
causes 99.2, 99.5 
diagnosis by lesion size 99.3 
primary ecchymotic haemorrhage 
syndromes 99.4~99.7 
scurvy 61.22 
trauma injury 99.6 
see also purpura 
ecchymotic lesions, Hermansky—Pudlak 
syndrome 68.8 
ECCL see encephalocraniocutaneous 
lipomatosis 
eccrine angiomatous hamartoma 137.23 
eccrine or apocrine/ follicular carcinomas 
137.35-137.40 
eccrine or apocrine gland /follicular tumours 
137.28-137.33 
eccrine carcinoma, eyelid 107.49 
eccrine dermal duct tumour 137.25 
eccrine duct-blocking agents, hyperhidrosis 
92.8-92.9 
eccrine duct epithelium tumours, 
hidroacanthoma simplex 
137.24-137.25 
eccrine gland ablation, hyperhidrosis 
treatment 92.10 
eccrine gland carcinomas 137.33-137.35 
eccrine gland hamartomas and tumours 
137.23-137.28 
eccrine glands 2.2, 2.8-2.9, 92.1-92.4 
disorders 92.4-92.15, 92.11 
drugsand 92.15 
duct 92.2, 92.16 
embryonic development 2.5 
peptide histidine methionine 
immunoreactive fibres 
in pregnancy 113.2-113.3 
tumours 137.2 
vasoactive intestinal peptide 
immunoreactive fibres 
eccrine hidrocystoma 137.24 
eccrine naevus 73.6 
eccrine poroma 4.13, 137.25-137.26 
see also hidroacanthoma simplex 
eccrine spiradenoma see spiradenoma 
eccrine sweating 
control of 92.3-92.4 
neonates 114.3 
eccrine syringofibroadenoma 137.26 
eccrine syringosquamous metaplasia 92.15 
ECD see Erdheim-Chester disease 


83.4 


83.4 


ECDS see en coup de sabre 
Echelle de Cotation des Lésions d’Acné 
(ECLA) 16.4 
Echelle d’évaluation Clinique des Cicatrice 
d’Acné (ECCA) 16.4 
echinocandin antifungals 19.48 
echinococcosis 33.31-33.32 
clinical features 33.32 
management 33.32 
pathophysiology 33.31-33.32 
Echinoidea, stings from 130.3 
echoviruses 25.93-25.94 
ECLA see Echelle de Cotation des Lésions 
d’Acné 
ECM see extracellular matrix 
economic burden of disease 5.6, 6.5-6.10 
definition 6.1 
skin cancer 6.5-6.8 
ECP see extracorporeal photopheresis 
ecstasy (MDMA) 120.2, 120.4 
‘ecstasy pimples’ 120.4 
ecthyma 
management 26.17—26.18 
pathophysiology 26.17 
role of Staphylococcus aureus and 
Streptococcus pyrogenes 26.17-26.18 
ecthyma contagiosum see orf virus 
ecthyma gangrenosum 
ano-genital region 109.26, 111.15 
neonates 114.27 
Pseudomonas aeruginosa 26.51, 26.52-26.53 
ectodermal dysplasias (ED), palmoplantar 
keratodermas in 63.65, 63.68-63.70 
ectodermal 
dysplasia—electrodactyly—macular 
dystrophy (EEM) syndrome 2.20 
ectomesenchymal chondromyxoid tumour 
see cutaneous myoepithelioma 
ectopic ACTH syndrome 148.17 
ectopic calcification and abnormal 
mineralisation 70.31—70.36 
fibrodysplasia ossificans progressiva 
70.35 
primary hypertrophic osteoarthropathy 
70.35-70.36 
pseudoxanthoma elasticum 70.31-70.35 
ectopic disease, hidradenitis suppurativa 
association 90.6 
ectopic glands 92.15 
ectopic lesions, penis 109.6 
ectopic plaque, axillae 90.7 
ectopic sebaceous glands 88.31 
ectothrix type tinea capitis 32.38-32.39 
eczema 39.1-39.7 
acrodermatitis enteropathica 79.16 
acute phase 39.2, 39.3, 39.4, 39.6 
age and sex 39.2 
allergic contact testing 1.8 
asteatotic 39.9-39.12, 85.27, 85.28, 85.29, 
85.30 
associated diseases 39.10 
clinical features and variants 39.11 
craquelé appearance 39.11 
ear dermatoses 106.22 
environmental factors 
management 39.11 
pathology 39.10-39.11 
predisposing factors 39.10 
treatment 39.11 
causative organisms 39.4 
chronic 39.2, 39.3, 39.6-39.7 
classification 39.1, 39.2 
clinical features 39.4-39.5 
complications and co-morbidities 39.5, 
127.22-127.23 
conditioned hyperirritability 39.5 
definition and nomenclature 39.1 
discoid 4.12 
drug-induced 117.3-117.5 
endogenous 39.2 
environmental factors 39.4, 39.11 
epidemiology 39.1-39.2 
exogenous 39.2 
genetics 39.4 
house dust mites 


39.11 


34.51 


investigations 39.5 
male genitalia 109.11-109.13 
management 39.6-39.7 
patch testing 39.5-39.6 
pathology 39.3-39.4 
pathophysiology 39.3 
psychological and social factors 15.4 
secondary dissemination 39.4-39.5 
severity classification 39.5 
subacute 39.3, 39.6 
therapeutic agents 
treatment 39.7 
unclassified 39.1 
Wiskott-Aldrich syndrome 80.9 
see also atopic eczema; hand eczema; 
pompholyx eczema 
Eczema Area and Severity Index (EAST) 
16.3-16.4 
eczema coxsackium 25.44, 25.94 
eczéma craquelé see eczema, asteatotic 
eczema herpeticum 25.43-25.46, 108.53 
and atopiceczema 41.10, 41.20 
clinical features 25.44~25.46 
management 25.46 
pathophysiology 25.44 
eczema marginatum see tinea cruris 
eczematous cheilitis 108.61 
eczematous dermatoses 
contact dermatitis distinction 129.6 
scrotum 109.11 
eczematous disorders 39.1-39.36 
aproneczema 39.14, 39.15 
assessment, investigation and 
management 39.1-39.24 
chronic acral dermatitis 39.14-39.15 
chronic superficial scaly dermatitis 39.27 
discoid skin lesions, diagnosis of 39.10 
erythroderma 39.31-39.35 
eyelid eczema 39.22-39.23 
fingertip eczema 39.15 
‘gut’ /slaughterhouse eczema 
39.15-39.16 
halo dermatitis 39.28 
hyperkeratotic palmar eczema 39.14 
infective dermatitis 39.24-39.26 


39.6 


juvenile plantar dermatosis 39.23-39.24 
lichenification 39.28-39.31 
lichenoid chronic dermatitis 39.8, 39.9 


lichen simplex 39.28-39.31 
lower leg eczema 39.19-39.22 
Murray Williams warts 39.28 
nummular dermatitis 39.7-39.9, 39.10 
patchy vesiculosquamous eczema 39.16 
pityriasis alba 39.26-39.27 
pompholyx eczema 39.14 
recurrent focal palmar peeling 39.16 
ring eczema 39.16 
see also atopic eczema; eczema; hand 
eczema 
eczematous skin diseases 
primary immunodeficiencies 
149.19-149.20 
xerosis cutis in 85.26 
eczema vaccinatum 25.44 
ED see ectodermal dysplasias 
EDC see epidermal differentiation complex 
EDS see Ehlers—Danlos syndromes 
education, see also patient education 
educational partnerships 7.1-7.2, 7.14 
see also training programmes /resources 
education of general public, early melanoma 
detection 142.18 
Edwards syndrome 74.2 
Edwards syndrome (trisomy 18) 74.2 
EECDRG see European Environmental and 
Contact Dermatitis Research Group 
EEC syndrome 106.7 
EED see erythema elevatum diutinum 
EEM see ectodermal 
dysplasia—electrodactyly—macular 
dystrophy syndrome 
EFAD see essential fatty acid deficiency 
EFFC see erythromelanosis follicularis faciei 
et colli 
efficacy, influences on topical therapies 18.2 


EGER see epidermal growth factor receptor 
EGPA see eosinophilic granulomatosis with 
polyangiitis 
Egypt, ancient medical texts 1.2 
eHFSCs see epithelial HF stem cells 
Ehlers—Danlos syndromes (EDS) _70.1-70.11 
arthrochalasia type 70.4, 70.9 
atrophic scars 94.13 
Beighton score 70.8 
brittle cornea syndrome _70.6—70.7, 70.10 
cardiac-valvular type 70.3, 70.9 
classical 70.2, 70.3, 70.8, 70.9-70.10 
clinical variants 70.2-70.10 
cutis laxa 94.22 
dermatosparaxis type 70.5, 70.9 
diagnostic clinical criteria 70.3-70.7 
differential diagnosis 70.10 
elastosis perforans serpiginosa 94.55, 
94.56 
epidemiology 70.1 
hypermobility type 70.2-70.8, 70.3 
inheritance mode 70.3-70.7 
investigations 70.10-70.11 
kyphoscoliotic type 70.4, 70.9 
lax skin 94.27 
management 
molecular defect 70.3-70.7 
molecular subtypes _70.3-70.7 
musculocontractural type 70.6, 70.9 
myopathic Ehlers—Danlos syndrome 
70.7, 70.10 
pathophysiology 70.2 
periodontal Ehlers—Danlos syndrome 
70.5, 70.10 
piezogenic pedal papules 122.26 
in pregnancy 70.11, 113.9 
spondylodysplastic type 70.5-70.6, 70.9 
ultrastructural findings 70.3-70.7 
vascular type 70.4, 70.8-70.9, 70.11 
Ehrlichia, tick-borne zoonotic infection 
26.66-26.67 
ehrlichiosis 26.66-26.67 
Ehrlich, Paul 1.7 
eighth nerve deafness (neurolabyrinthitis), 
congenital syphilis 29.26 
Ekbom disease see delusional infestation 
EKV see erythrokeratoderma variabilis 
elastic fibres 2.2, 2.32-2.33 
assembly and cross-linking 2.35 
degradation disorders 2.34-2.35, 
94.21-94.32 
genetic disorders 70.14-70.21 
cutis laxa  70.14-70.17 
Marfan syndrome 70.20-70.21 
Michelin tyre baby syndrome 70.19, 
73.17 
Williams—Beuren syndrome 
70.18-70.19 
transmission electron microscopy image 
2.34 
astic tissue deposition, acquired disorders 
94.32-94.33 
astin 2.33-2.35 
collagen interdependence 122.5 
gene mutations 2.33-2.34 
astin-associated microfibrils 2.35-2.36 
astin degradation, UV radiation exposure 
10.10-10.11 
astinopathies 70.14~70.19 
cutis laxa  70.14~70.17 
Michelin tyre baby syndrome 70.19 
Williams—Beuren syndrome 70.18-70.19 
astoderma 94.33 
astofibroma dorsi 
astogenesis 94.32 
astolytic conditions 94.27-94.30 
astolytic giant cell granuloma 94.27-94.29 
astorrhexis 94.31 
annular elastolytic giant cell granuloma 
94.29 
astosis perforans serpiginosa 4.11, 63.76, 
94.30, 94.55-94.57 
renal failure and dialysis complications 
154.3-154.4 
astotic degeneration 3.40 
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elastotic marginal plaques of the hands 
94.4-94.5 
elastotic nodules of the ear 
elbow 
atrophic scarring, classical Ehlers—Danlos 
syndrome 70.8 
dermatitis herpetiformis 4.8 
lichenification of 39.30 
mixed connective tissue disease 53.4 
rheumatoid nodules 53.5 
Rothmund-Thomson syndrome 75.5 
tufted angioma 116.11 
xanthoma excised from 60.3 
elderly people 
chronic wounds, incidence of 6.1 
microbial ecology of the skin 26.4 
pityriasis rubra pilaris 36.4 
psoriasis vulgaris 35.15 
psychological and social factors at older 
age 15.3 
systemic lupus erythematosus 51.32 
wound healing 11.10 
ectrocautery 20.42-20.43 
ectrochemotherapy (ECT) 20.48 
basal cell carcinoma 140.17 
melanoma 144.2 
ectrocoagulation 20.44 
ectrodesiccation 20.44 
ectrofulguration 20.44, 20.45 
ectromagnetic muscle stimulation (EMMS) 
161.8 
ectromagnetic spectrum 10.1 
ectron beam therapy 24.1-24.2 
see also total skin electron beam therapy 
ectronic health records 5.11-5.12 
ectronic records 
disease outcome measurements 16.2 
see also computer-based assessments 
ectron microscopy 3.30-3.31 
amyloidoses 56.5, 56.6 
biopsy 3.4 
epidermis image 2.6 
epidermolysis bullosa diagnosis 
69.21-69.22 
see also transmission electron microscopy 
electrosection 20.44~20.45 
electrosurgery 20.42-20.46 
characteristics 20.43 
effects 20.44-20.45 
equipment 20.43-20.44 
hazards and risks 20.45-20.46 
hidradenitis suppurativa treatment 90.11 
terminology 20.43 
Elejalde syndrome 68.9 
elephantiasis, ear dermatoses 106.22 
elephantiasis nostra verrucosa (ENV) 
elephantine psoriasis 35.14 
elicitation 127.6-127.7 
elimination of a drug, clinical pharmacology 
13.3-13.4 
ELISA see enzyme-linked immunosorbent 
assay 
elliptical surgical biopsy 3.3, 3.6 
principles 20.8-20.9 
technique 20.11-20.12 
ELOVL4 deficiency 63.35 
EM see erythema multiforme 
EMA see epithelial membrane antigen 
emapalumab 135.13-135.14 
EMBASE (Elsevier’s biomedical database) 
17.7 
embedding procedure, tissue processing 
3.7 
Emberger syndrome 103.25 
emboli, purpura 99.14-99.19 
embolic metastasis to digits 148.5, 148.6 
embryonic development of skin 2.3-2.5 
embryos, wound healing 11.2, 11.10 
emergency treatment, burn injuries 
125.1-125.2 
Emergomyces infections, rare endemic 
mycoses 32.90 
EMM see erythema multiforme major 
EMMS see electromagnetic muscle 
stimulation 
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emollients 12.3, 18.3-18.4, 18.8-18.9 
atopic eczema treatment 41.26, 41.27 
ichthyoses management 63.42, 63.43, 
63.44 
emotional disturbances, necrotising 


lymphocytic folliculitis 93.4 
emotional sweating 2.9 
emotions 
links to beliefs and behaviours 15.1-15.3 


psychological factors in patients 15.2 
EMPD see extramammary Paget disease 
emperipolesis, sinus histiocytosis with 

massive lymphadenopathy 135.27 
emulsifiers, topical medication vehicles 
18.5, 18.7 
emulsions, topical drugs 12.3-12.4 
EN see erythema nodosum 
encephalitis, herpes simplex virus 25.23 
encephalocraniocutaneous lipomatosis 
(ECCL) 72.10, 98.20-98.21, 98.25 
enchondromas, Maffucci syndrome 71.20 
ENCODE see Encyclopedia of DNA Elements 
en coup de sabre (ECDS) 87.52 
morphoea 55.23-55.24 
Encyclopedia of DNA Elements (ENCODE) 
Project 8.1-8.2 
endemic mycoses 
rare, systemic Emergomyces infections 
32.90 
rare systemic Emergomyces infections 
32.90 
endemic (non-venereal) treponematoses 
26.69-26.72 
endemic relapsing fever, Borrelia spp. 26.72 
endemic syphilis (bejel) 26.70 
endocrine disorders 150.1-150.22 

causes 150.2 

hirsutism 87.91 

hypermelanosis 86.17-86.19 

lipodystrophy 98.8 

oralinvolvement 108.83 

signs and symptoms of general endocrine 

disease seen in skin 150.7 
specific endocrine conditions 
150.15-150.21 

tuberous sclerosis complex 78.9 

see also dermatoendocrinology; hormones 
endocrine dysregulation, obesity 

98.27-98.28 
endocrine factors 

melanocyte regulation 86.7 

pigmentation regulation 86.5-86.7 
endocrine mucin-producing sweat gland 

carcinoma 137.39 
endocrine system 
drug reaction with eosinophilia and 
systemic symptoms 118.9 
nervous system relationship 150.2 
endocrine therapies, hair loss 87.73 
endocrinology 
principles 150.2-150.3 
role of skin and hair follicles 
signalling axes 150.2 
see also dermatoendocrinology 
endocrinopathy 
acquired ichthyosis association 85.1 
chronic mucocutaneous candidiasis 32.68 
endogenous eczema, contact dermatitis 
distinction 129.6 

endogenous non-melanin pigmentation 
86.47-86.51 

endogenous ochronosis 86.50-86.51 

endo-MT see endothelial-to-mesenchymal 
transition 

endonyx onychomycosis 32.48 

endophytic seborrhoeic keratosis see inverted 
follicular keratosis 

endoplasmic reticulum (ER) 63.21 

endothelial cells 2.40, 2.41, 2.42 

Adamantiades—Behcet disease 48.3-48.4 

microscopic examination of 3.37 

wound healing 11.6 
endothelial-to-mesenchymal transition 

(endo-MT), systemic sclerosis 
54.10 


150.3 


endothelin-1 86.10 
pruritus 81.3, 81.5 
endothelins 86.7 
endothrix infection, periodic acid—Schiff 
stain 3.8 
endotoxin exposure, and atopic eczema 
41.8 
endovascular lymphatic angioendothelioma 
see papillary intralymphatic 
angioendothelioma 
energy fluence of lasers, selective 
photothermolysis 23.5 
energy homeostasis, adipose tissue 97.4 
England, skin cancer, economic burden of 
6.5-6.6, 6.7 
enhancers, topical drug delivery 12.5-12.6 
ENKTCL-NT see extranodal NK/T-cell 
lymphoma, nasal type 
ENL see erythema nodosum leprosum 
The Enlightenment 1.3-1.4 
Entamoeba histolytica, amobiasis —33.36-33.38 
enterobiasis 33.14-33.15 
clinical presentation 33.15 
definition/nomenclature 33.14 
epidemiology 33.14 
management 33.15 
pathophysiology 33.14-33.15 
Enterobius vermicularis 33.14-33.15 
enteroviral vesicular stomatitis with 
exanthem see hand, foot and mouth 
disease; herpangina 
enterovirus infections 25.93-25.96 
oral involvement 108.50 
ENV see elephantiasis nostra verrucosa 
envenomation see venoms 
environmental acne see occupational acne 
environmental allergens 127.4 
environmental and drug-induced 
scleroderma 94.45-94.46 
environmental factors 
acne 88.18-88.26 
arthropod exposure 34.2-34.3 
atopiceczema 41.6-41.9 
congenital melanocytic naevi 
eczema 39.4, 39.11 
epidemiology of skin disease 5.10-5.11 
generalised pustular psoriasis 
35.32-35.33 
lichen planus —37.2-37.3 
melanoma 142.5-142.6 
neonatal lupus erythematosus 
nummular dermatitis 39.8 
palmoplantar pustulosis 35.37 
pemphigus 50.3-50.4 
psoriasis vulgaris 35.3-35.4 
pyoderma gangrenosum 49.4 
rural and urban environments 41.6—41.7, 
41.8 
scleroderma 94.45-94.46 
seborrhoeic dermatitis 40.4, 40.7 
Sweet syndrome 49.10-49.11 
systemic lupus erythematosus 
systemic sclerosis 54.14-54.15 
urticaria 42.7 
environmental mycobacteria see 
non-tuberculous mycobacteria 
enzymatic fat necrosis 97.8, 97.42 
enzyme-linked immunosorbent assay 
(ELISA) 3.16, 3.20-3.21 
EORTC see European Organization of 
Research and Treatment of Cancer 
EORTC QLQ-C30 see European Organisation 
for Research and Treatment of 
Cancer Core Questionnaire 
eosinophilia 
drug reaction 118.1, 118.4-118.12 
gold toxicity 121.4 
HIV primary infection 31.7-31.8 
eosinophiliamyalgia syndrome 94.30 
eosinophilic cellulitis (Wells syndrome) 
47.16 
eosinophilic fasciitis (Shulman syndrome) 
54.20, 55.2, 55.3, 55.4, 55.21-55.23, 
55.22, 55.27, 97.13 
eosinophilic folliculitis, HIV 31.17 


73.11 


51.40 


51.21 
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eosinophilic globules 3.42 
eosinophilic granulomatosis with 
polyangiitis (EGPA) 
100.25-100.28, 152.3-152.4 
eosinophilic pustular folliculitis 91.3-91.5, 
93.7-93.10, 115.12 
eosinophils 
lupus panniculitis 97.37-97.38 
microscopic examination of 3.35-3.36 
EPDS see erosive pustular dermatosis of the 
scalp 
ephelides 78.3, 86.2, 86.15-86.16, 
131.1-131.3 
epidermis of 131.2 
hyperpigmentation 131.2 
melanoma risk 142.3 
oculocutaneous albinism 68.8 
epidemic arthritic erythema see 
Streptobacillus moniliformis 
epidemic polyarthritis see Ross River virus 
epidemic typhus 
human body louse transmitted rickettsial 
infection 26.80-26.81 
rodent flea transmitted rickettsial infection 
(murine typhus) 26.81 
epidemiology of skin disease 5.1-5.17 
association and causation 5.7-5.10 
burden of skin disease 5.5, 5.6-5.7, 5.8, 
5.9 
causative agents of disease 5.8-5.10 
chronicity of disease 5.10 
clinical epidemiology 5.1 
community diagnosis and control 5.2 
comparisons and inferences 5.3 
continuum of disease 5.2-5.3 
definition 5.1 
dermatoepidemiology 5.1-5.2, 5.15-5.16 
diagnostic criteria 5.4 
dietary factors 5.11 
digital technologies 5.13 
disease associations 5.11-5.12, 5.14 
disease definition 5.4-5.5 
disease frequency 5.7-5.11, 5.14 
disease severity assessment 5.5 
early and later environment 5.10-5.11 
electronic health records 5.11-5.12 
epidemiological studies 5.15 
ethnicity 5.10 
genetic epidemiology 5.10 
Global Burden of Disease study 5.6-5.7, 
5.8, 5.9 
health services research 5.12-5.14 
impairment, disability and handicap 
caused by disease 5.5-5.6 
incidence of disease 5.10, 5.14 
interpretation of results 5.14-5.15 
leisure factors 5.11 
medical need/supply and demand 
relationship 5.13-5.14 
and migration 5.10 
natural history of skin diseases 
needs assessments 5.12 
occupational groups 5.11 
population approach 5.2-5.4,5.5 
prevalence of disease 5.10, 5.14 
prevention paradox 5.3-5.4 
public health approach 5.2, 5.4-5.7 
regional distribution of burden of disease 
5.9 
relevance to dermatology 5.1-5.2 
risk factors 5.7—-5.10, 5.14 
skin diseases as ‘entities’ in population 
5.2-5.3 
Snow’s epidemiological research 5.9-5.10 
socioeconomic factors 5.10-5.11 
terminology 5.14-5.15 
validity and repeatability 5.15 
epidermal cysts 
formation, foreign body reactions 122.17 
vulva 110.32 
epidermal degenerations 3.40-3.41 
epidermal detachment, in SJS/TEN 
118.20 
epidermal differentiation complex 
(EDC) 2.7 


5.11-5.12 


118.17, 


epidermal dysplasia, photothermal ablation 
23.21 

epidermal growth factor receptor (EGFR) 
87.73 

epidermal growth factor receptor (EGFR) 
inhibitors 119.3-119.5, 119.7-119.8 

acneform reaction 88.14, 88.16 

epidermal growth factor receptor (EGFR) 

signalling 2.4 

epidermal hyperplasia, calluses 122.7 

epidermal inclusion cysts see epidermoid 
cysts 

epidermal keratinisation, acquired disorders 
85.1-85.31 

epidermal keratins 63.13-63.18 

epidermal lesions 3.44 

epidermal melanin pigments 86.5 

epidermal melanin unit 86.2-86.3 

epidermal naevi 73.2, 73.3, 73.4 

see also congenital epidermal naevi 

epidermal necrosis 118.13-118.14 

epidermal neoplasia, photothermal ablation 

23.21 

epidermal pigmentation, Q-switched laser 

treatments 23.12—23.17, 23.18 

epidermal spongiosis, chronic actinic 

dermatitis 126.14, 126.15 

epidermal thickening, palmoplantar 

keratodermas 63.49 

epidermis 2.1, 2.2 
anatomy 9.1, 9.2 
chronological ageing / photoageing 

10.10 
cornified cell envelope 2.7 
dendritic epidermal T cells 9.7 
desmosomes 2.18-2.19 
differentiation 2.6, 2.7,2.8 
electron micrograph 2.6 
embryonic development 2.3 
granular layer 2.5-2.6 
hyperproliferation 2.8 
immune cells 9.3-9.4 
lipids 2.8 
Merkel cells 2.2, 2.11-2.12 
mesenchymal cells 2.4 
nailbed 2.11, 119.7 
stem cell proliferation 2.43, 2.44 
stratum basale 2.5 
stratum corneum 2.1, 2.6 
stratum lucidum 2.7 
structures of 2.5-2.7 
substance P immunoreactive nerve 

endings in 83.3 

epidermodysplasia verruciformis (EV) 

2.13, 25.65-25.66, 25.67, 25.69-25.71 
classical/non-classical types 25.66, 25.69 
clinical features 25.69, 25.70 
management 25.69-25.70 
pathophysiology 25.66, 25.69 
skin cancer 147.1-147.2 
see also acquired epidermodysplasia 

verruciformis 

epidermoid cysts 78.11, 88.33-88.34, 
133.1-133.3 
epidemiology 133.1 
management 133.2-133.3 
pachyonychia congenita 67.11 
pathophysiology /clinical features 
sebaceous duct epithelial walled 
cutaneous cysts 133.6-133.7 
surgical treatment 20.49 
epidermolysis 
with glycolic acid peel 
use of term 69.2 
epidermolysis bullosa (EB) 8.8, 8.10, 

69.1-69.28, 94.43, 110.5 
clinical subtypes 69.8-69.11 
diagnosis 69.20-69.23 
digestive system 153.6 
friction blisters 122.10 
genes implicated in 69.2-69.8 
genito-urinary involvement 154.6 
innovative therapies 69.27-69.28 
oralinvolvement 108.23 
proteins implicated in 69.2-69.8 


133.2 


160.9 


sweat glands 92.8 
treatment 69.24-69.28 
epidermolysis bullosa acquisita (EBA) 

50.42-50.48 

associated diseases 50.43 

in childhood 50.45, 50.46 

clinical features 50.44-50.46 

clinical variants 50.46 

diagnosis 50.24 

differential diagnosis 50.46 

direct immunofluorescence findings 
3.19, 50.35 

epidemiology 50.43 

IgA EBA 50.36 

inflammatory variant 50.45, 50.46 

internal malignancy association 148.22 

investigations and diagnosis 50.46-50.47 

management 50.47-50.48 

mechanobullous variant 50.44, 50.45 

oral involvement 108.81 

pathophysiology 50.43-50.44 

perioral crusts and erosions 50.46 

treatment ladder 50.48 

vulval 110.21 

epidermolysis bullosa simplex (EBS) 2.8, 

69.2, 69.8-69.11 

management 69.25 

molecular pathology 69.11-69.15 


3.18, 


epidermolytic hyperkeratosis 3.41, 
63.16-63.17 
epidermolytic ichthyosis 63.14-63.16 


epidermolytic palmoplantar keratoderma 
(EPPK) 63.50-63.51 

epidermophytide, dermatophytide reaction 
32.50 

Epidermophyton, dermatophytosis 32.18, 
32.19, 32.21, 32.30, 32.32 

Epidermophyton floccosum 32.19, 32.21, 32.30, 
32.32 

epigenomics 8.6 

epiluminescence microscopy see dermoscopy 

epinephrine, urticaria treatment 42.18 

episcleritis, BADAS-associated 49.17 

episodic angio-oedema with eosinophilia 
syndrome (Gleich syndrome) 
43.4-43.5 

Epistemonikos, finding systemic reviews 
17.7 

epithelial cysts see epidermoid cysts 

epithelial HF stem cells (eHFSCs) 87.4 

epithelial keratinocyte necrosis, 
drug-induced 118.12 

epithelial markers, cutaneous neoplasms 
3.21-3.23 

epithelial membrane antigen (EMA) 3.22 

epithelial necrolysis, acute SJS/TEN 118.17 

epithelial sheath neuroma 136.50 

epithelial stem cells 2.43 

inflammatory memory 9.9 

epithelioid angiosarcoma 136.37 

epithelioid (bacillary) angiomatosis, oral 
infection 108.55 

epithelioid haemangioendothelioma 
136.36-136.37 

epithelioid haemangioma 136.27-136.28 

epithelioid sarcoma 97.15, 136.63-136.64 

Epithelioid sarcoma-like 
haemangioendothelioma see 
composite haemangioendothelioma 

epithelioma adenoides cysticum see 
trichoepithelioma 

epithelioma cuniculatum (verrucous 
carcinoma of the foot) 141.31, 
141.32 

epithiloid fibrous histiocytoma 
136.20-136.21 

epoxy resin, allergic contact dermatitis 
127.14, 127.68-127.69 

EPP see erythropoietic protoporphyria 

EPPK see epidermolytic palmoplantar 
keratoderma 

Epstein-Barr virus (EBV) 14.4, 25.36-25.39, 
126.25, 135.11 

angioimmunoblastic T-cell lymphoma 

139.45 


CD30+ lymphoproliferative disorders 
139.26 
diffuse large B-cell lymphoma 25.39 
extranodal NK/T-cell lymphoma (nasal 
type) 139.36-139.37 
lymphomatoid granulomatosis 139.44 
lymphoproliferative disorders and 
malignancy 25.38-25.39 
oral involvement 108.32, 108.51 
post-transplant lymphoproliferative 
disorder 139.47 
Epstein pearls, neonates 114.4 
equestrian cold panniculitis 97.35, 97.36, 
97.37 
equestrian panniculitis 124.6 
equine disease, glanders 26.55 
Er:YAG, photothermal ablation 23.21 
Er:YAG lasers, skin resurfacing 
161.1-161.3, 161.5 
ER see endoplasmic reticulum 
erbium:yttrium-aluminium-garnet 
(Nd:YAG) lasers 
absorption spectra 23.4 
tattoo removal 23.15 
vascular lesions 23.7, 23.10 
Erdheim-—Chester disease (ECD) 
135.21-135.22 
BRAF V600E mutation 135.9 
erectile dysfunction, systemic sclerosis 
54.28 
erethism 121.6 
erisipeloid 26.46-26.48 
erlotinib, papulopustular eruptions 119.3, 
119.4 
erosions, oral ulceration 108.36 
erosive adenomatosis of the nipple see 
nipple, adenoma 
erosive pustular dermatosis of the scalp 
(EPDS) 105.13-105.14 
erosive skin fragility disorders 69.20 
erucism see caterpillar dermatitis 
eruption cyst, over a primary tooth 108.10 
eruptions 
diagnosis 4.3 
quinine-induced photo-lichenoid eruption 
47 
see also lesions 
eruptive inflammatory psoriasis see unstable 
psoriasis 
eruptive lentiginoses 86.17 
eruptive melanocytic naevi 147.14 
eruptive pseudoangiomatosis and eruptive 
hypomelanosis 25.123 
eruptive vellus hair cyst 137.8 
eruptive xanthomas 60.4 
diabetic patients 62.3, 62.4 
erysipelas 103.13-103.14, 106.19 
definition and relationship to cellulitis 
26.18 
eyelid 107.38 
sclerosing panniculitis differentiation 
97.32 
erysipelas-like changes in skin, carcinoma 
erysipeloides 148.2-148.3, 148.4 
erysipelas-like reaction, diabetes mellitus 
62.2 
Erysipelothrix rhusiopathiae 26.46-26.48 
erythema (redness) 
acne vulgaris 88.27, 88.29 
atopiceczema 41.15 
chemical peels, side effect of 
160.11-160.12 
chronic venous insufficiency 101.43 
dermatomyositis 52.3, 52.4, 52.5, 52.6 
differential diagnosis 89.7 
disease course 89.11 
drug/chemical photosensitivity 126.29 
epidermolysis bullosa acquista 50.45 
grading of in psoriasis vulgaris 35.17 
hereditary angio-oedema 43.4 
indicator of pressure ulcers 123.4 
irritant contact dermatitis 128.6 
laser therapies 23.9-23.11, 23.12, 23.13 
lichen planus 110.12 
linear IgA disease 50.37 


Index 27 


morphoea 55.18 
non-blanchable 123.4, 123.5, 123.8 
transient see flushing 
ultraviolet radiation 10.3, 10.4 
UVB phototherapy adverse effects 
21.11-21.12 
UVR exposure 10.7 
venous leg ulcer 102.5 
see also flushing; rosacea 
erythema abigne 4.16, 124.14-124.16 
erythema annulare centrifugum (EAC) 
4.11, 47.6-47.8 
associated diseases 47.7 
causes and associations 47.7 
differential diagnosis 47.8 
histology 47.8 
investigations 47.8 
lesion appearance 47.7 
pathology 47.8 
predisposing factors 47.7 
treatment 47.8 
erythema chronicum migrans (ECM) 47.9 
Lyme disease 26.69, 26.72, 26.73, 26.73, 
26.74 
erythema dyschromicum perstans 
86.32-86.33 
erythema elevatum diutinum (EED) 
100.8-100.10 
fibrosis 100.8 
inflammatory cell infiltrate 100.8 
erythema gyratum repens 47.11-47.12 
erythema induratum of Bazin 27.29-27.31, 
97.26-97.30 
clinical features 27.30 
epidemiology 27.29-27.30 
investigations 27.30-27.31 
management 27.31 
pathophysiology 27.30 
erythema infectiosum (fifth disease) 
25.77-25.78, 115.6, 155.2, 155.3 
erythema marginatum 47.9-47.11 
associated diseases 47.10 
clinical features 47.11 
complications and co-morbidities 47.11 
Duckett Jones criteria for diagnosis of 
rheumatic fever 47.11 
investigations 47.11 
pathology 47.10 
treatment 47.11 
erythema multiforme (EM) 47.1-47.6, 
127.19-127.20, 127.72 
classic target lesion 47.2 
clinical features 47.5-47.6 
differential diagnosis 47.6 
drug reactions 47.3-47.4 
with eosinophilia and systemic 
symptoms 118.6 
epidermal necrosis 47.5 
erythema multiforme minor 
eye involvement 47.3 
herpes simplex virus 25.23 
histopathology of a subepidermal blister 
47.5 


47.5 


immunology 47.2-47.3 
management 47.6 
mucosal lesions 47.2 
oral involvement 108.75 
pathology 47.5 
target lesions in 4.15 
topical agents triggering erythema 
multiforme-like reactions 
47 A-47.5 
triggering factors 47.3 
erythema multiforme-like lesions, COVID-19 
association 25.111 
erythema multiforme-like PLE 126.4, 126.5 
erythema multiforme major (EMM) 118.15 
erythema neonatorum 114.3 
erythema nodosum (EN) 27.31, 96.14, 
97.18-97.25 
aetiological factors 97.19-97.20, 97.21 
in pregnancy 113.12 
erythema nodosum leprosum (ENL) 28.3, 
28.4, 28.5, 28.11, 28.12, 28.15, 
97.25-97.26 
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erythema nodosum-like lesions _97.51-97.52 
erythematotelangiectatic rosacea 89.1 
microbiome 89.4 
erythematous candidiasis 
acute 32.61 
chronic 32.62 
oral lesions 32.62, 108.20-108.22 
erythematous rosacea, pathology 89.3 
erythem (redness) 4.13, 126.1 
erythrasma 26.39-26.41 
clinical features 26.39-26.41 
of groin 4.20 
investigations 26.41 
management 26.41 
pathophysiology 26.39 
erythrocyanosis 124.7-124.8 
erythrocytosis see polycythaemia vera; 
TEMPI syndrome 
erythroderma 39.31-39.35 
allergic contact dermatitis 39.35 
causes of and prevalence in adults 
chronic actinic dermatitis 126.18 
clinical features 39.32 
clinical variants 39.32-39.35 
complications and co-morbidities 
dermatophytosis 39.34 
disease course and prognosis 
drug reactions 39.33 
with eosinophilia and systemic 
symptoms 118.7, 118.8 
eczematous dermatoses 39.32 
epidemiology 39.31 
HIV 31.12 
ichthyosiform erythroderma 39.33 
internal malignancy association 148.23 
leukaemia 39.32-39.33 
lichen planus 39.34 
lymphoma 39.32-39.33 
management 39.35 
Norwegian scabies 39.34 
papuloerythroderma of Ofuji 
pathology 39.31-39.32 
pemphigus foliaceus 39.34 
pityriasis rubra pilaris 39.33-39.34 
predisposing factors 39.31 
psoriasis 39.32 
severe combined immunodeficiency 80.7 
Sézary syndrome 39.33 
treatment 39.35 
unknown origin 39.33 
erythrodermatous exfoliative 127.72 
erythrodermic psoriasis 35.14, 35.16 
erythrodermic sarcoidosis 96.13 
erythrogenic toxin, scarlet fever 26.35 
erythrokeratodermas 63.18-63.20 
erythrokeratoderma variabilis (EKV) 
63.18-63.19 
erythromelalgia 82.12-82.13, 101.6-101.9 
age of onset 101.7 
clinical features 101.8 
ear dermatoses 106.22 
epidemiology 101.7 
internal malignancy association 148.25 
investigations 101.9 
irritant contact dermatitis 
management 101.9 
pathophysiology 101.7-101.8 
primary erythromelalgia 101.7-101.8 
secondary erythromelalgia 101.8 
associated diseases in 101.7 
erythromelanosis follicularis of the face and 
neck 85.10, 86.14-86.15 
erythromelanosis follicularis faciei et colli 
(EFFC) 85.10, 86.14-86.15 
erythromycin 18.11, 19.47, 19.48 
erythroplakia, oral involvement 
108.24 
erythroplasia of Queyrat 
penis 109.31-109.34 
see also anal/perianal/ genital 
intraepithelial carcinomas 
erythropoietic protoporphyria (EPP) 58.4, 
58.14-58.17, 94.3, 99.24, 126.7, 
126.32-126.33 
acute reactions 58.15 


39.31 


39.35 


39.35 


39.34-39.35 


101.9 


108.23, 


bone health 58.16 
clinical features 58.14-58.15 
genetic counselling 58.16 
investigations 58.15 
liver disease in 58.16-58.17 
oralinvolvement 108.85 
osteoporosis 58.16 
pathophysiology 58.14 
photoprotection 58.15 
escharotomy, burn management 125.8 
essential fatty acid deficiency (EFAD) 
61.31-61.34 
clinical features 61.32-61.33 
epidemiology 61.32 
genetics 61.32 
investigations 61.33 
management 61.33-61.34 
pathophysiology 61.32-61.33 
essential thrombocythaemia (ET) 
thrombocytosis 99.10-99.11 
etanercept 
psoriasis treatment 35.28 
psoriatic arthritis treatment 35.45 
ethical issues 
drug trials, reporting of 13.13 
medical volunteer trips 7.15 
Ethiopia, medical schools 7.8 
ethnicity 
botulinum toxins, aesthetic uses of 159.6 
chemical peels 160.15 
cutaneous squamous cell carcinoma in 
white and non-white populations 
141.27 
dermatosis papulosa nigra 132.5 
diagnosis 4.4 
epidemiology 5.10 
mucocutaneous manifestations of 
COVID-19 infection 25.104 
neurobiological differences in pruritus 
81.2 
rosacea 89.2 
seborrhoeic keratosis 132.1 
ethylenediamine 127.19 
ethylhexylglycerin 127.56-127.57 
ethylmalonic encephalopathy 124.7 
EU directives/regulations 
allergens 127.35 
MCI/MI preservatives 127.54 
eumelanin 2.17, 2.18, 86.5 
Europe, skin cancer, economic burden of 
6.6-6.8 
European Environmental and Contact 
Dermatitis Research Group 
(EECDRG) 127.1-127.2 
European Hidradenitis Suppurativa 
Foundation (EHSF) 16.5 
European Organisation for Research and 
Treatment of Cancer Core 
Questionnaire (EORTC QLQ-C30) 
6.9 
European Organization of Research and 
Treatment of Cancer (EORTC), 
cutaneous lymphoma classifications 
39.1, 139.2, 139.6 
EV see epidermodysplasia verruciformis 
evidence based medicine (EBM) 17.1-17.25 
adverse events study evaluation 
7.17-17.18 
applying evidence to specific patients 
7.12, 17.16, 17.17 
clinical trial evaluation 17.12-17.15 
critically appraising evidence and 
applying it to individual patients 
7.8-17.18 
definition 17.1 
diagnostic test study evaluation 
7.15-17.17 
evaluating the data in clinical research 
papers 17.18-17.25 
experience-based decisions by physicians 
7.5-17.6 
finding best evidence 17.2, 17.6-17.8 
five steps of practising 17.2 
formulating questions and finding 
evidence 17.3-17.8 


hierarchy of evidence 17.4 
levels of evidence 17.5 
limitations 17.2-17.3 
meta analysis 17.4-17.5 
presentation of data and basic statistics in 
clinical research papers 
17.18-17.20 
shortcut method for appraising clinical 
research papers 17.24-17.25 
statistical methods in clinical research 
papers 17.20-17.24 
systematic review evaluation 17.8-17.12 
threats 17.3 
validity of research 17.8-17.10, 
17.12-17.16, 17.17 
see also randomised controlled clinical 
trials 
Ewing sarcoma, cutaneous 136.51-136.52 
EWSR1-SMAD3-rearranged fibroblastic 
tumour 136.4 
examination of skin 4.5 
exanthema subitum see roseola infantum 
exanthematous pustulosis 118.1-118.4 
exanthems (rashes) 
COVID-19 association 25.109 
diagnosis 4.2 
drug-induced 117.1-117.2 
drug reaction with eosinophilia and 
systemic symptoms 118.7 
HIV acute primary infection 31.6, 31.7 
Langerhans cell histiocytosis 135.4, 135.6 
secondary syphilis 29.7-29.10 
viral infections 25.4-25.5, 25.4 
excessive hair growth 87.84-87.91 
excessive washing 


obsessive-compulsive behaviour 84.26 
olfactory delusions 84.10 
excisional biopsy 3.2 
exclamation mark hairs 87.14-87.15, 87.23, 
87.24 
excoriated nodular prurigo see prurigo 
nodularis 
excoriée acné 84.20-84.22, 88.28-88.29, 
88.30 


exercise, lymphoedema therapy 103.58 
exercise-induced purpura 99.5, 99.9 
exercise-induced urticaria 42.12 
exfoliative cheilitis 108.61-108.62 
exfoliative dermatitis 
cutaneous manifestations of Hodgkin 
disease 139.49 
drug reaction with eosinophilia and 
systemic symptoms 118.7, 118.8 
internal malignancy association 148.23 
exfoliative disorders, cornification 
63.26-63.30 
exfoliative erythroderma, drug reaction with 
118.10 
exfoliative ichthyosis (EXI) 63.21-63.22 
exocytosis 3.41 
exogen 87.8 
exogenous agents, perforating disease due to 
94.55 
exogenous androgens 87.91 
exogenous drug- and chemical-induced 
photosensitivity 126.27-126.32 
exogenous ochronosis 86.50-86.51 
exogenous pigmentation 86.51-86.54 
Exophiala jeanselmei 32.78 
exophilin-5 deficiency, autosomal recessive 
EB simplex with 69.10-69.11 
exophilin-5 epidermolysis bullosa 69.4 
extensive dermal melanocytosis 73.21 
external auditory canal (EAC) 106.1-106.3 
microbiome 26.5 
tumour management 106.29-106.31 
external auditory meatus see external 
auditory canal 
external carotid artery, anatomy of head and 
neck 20.1-20.2 
external otitis, otomycosis 32.17-32.18 
external root sheath tumours 137.5-137.7 
see also trichilemmal cyst 
extracellular matrix (ECM) 2.27-2.28, 2.40 
wound healing 11.5 
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extracorporeal photochemotherapy see 
extracorporeal photopheresis 
extracorporeal photopheresis (ECP) 
administration 21.11 
adverse effects 21.15 
conditions treated 21.7 
cutaneous T-cell lymphoma 21.7, 
139.24-139.25 
graft-versus-host disease 21.7 
history 21.2 
principles 21.1 
extracts 
allergic contact dermatitis 127.49 
patch testing 127.33 
extracutaneous pyoderma gangrenosum 
49.5 
extracutaneous tumours, familial 
adenomatous polyposis 78.11 
extragenital lichen sclerosus 94.25 
extramammary Paget disease (EMPD) 
110.37-110.39, 137.42-137.43, 148.7 
classification 110.38 
immunocytochemical markers 110.38 
male genitalia 109.40-109.41 
perianal skin 111.24 
extramedullary haematopoiesis 149.5 
extranodal NK/T-cell lymphoma, nasal type 
(ENKTCL-NT) 108.70, 
139.36-139.37 
extrapulmonary sarcoidosis 96.5 
extravascular paraprotein deposition 
149.13 
extremities, constricting bands of 
94.46-94.48 
extremity escharotomies 
eye 107.1-107.50 
acquired immune deficiency syndrome 
107.35 
amyloidosis 107.35 
anatomy and physiology 107.1-107.2 
antibiotics, side effects 107.43 
antimalarials, side effects 19.6, 107.43 
atopic eye diseases 107.16-107.23 
biologic agents, side effects 107.44 
botulinum toxin, side effects 107.44 
cicatrising conjunctivitis 107.24-107.34 
conjunctival hyperaemia 50.30 
contact dermatitis 107.6 
corticosteroids, side effects 
dermatomyositis 107.35 
drug side effects 107.40-107.44 
epidermolysis bullosa 69.25-69.26 
episcleritis, BADAS-associated 49.17 
erythema multiforme 47.3 
extrapulmonary sarcoidosis 96.5 
filariasis (onchocerciasis) 107.40 
graft-versus-host disease 107.34 
granulomatosis with polyangiitis 107.35 
herpes infection 1.10 
histiocytoses 107.35 
hypopyon, Adamantiades—Behcet disease 
48.6 


125.8 


107.40-107.43 


ichthyoses 63.45 

inflammatory bowel disease 107.35 

inherited disorders 107.41-107.42 

juvenile xanthogramuloma 135.16, 135.17 

Kaposi sarcoma 107.49-107.50 

lacrimal apparatus 107.4 

lacrimal glands 107.3 

leprosy 28.13, 107.39 

lupus erythematosus 107.35 

Lyme disease 107.40 

malignant melanoma 107.49 

mucous membrane pemphigoid 50.30, 
107.24-107.32 

mycobacterial infections 107.39-107.40 

ocular complications of drug therapy 
19.6, 19.15-19.16, 19.19, 
107.40-107.44 

ocular syphilis 29.16, 107.39-107.40 

onchocerciasis 33.2, 33.5 

ophthalmological terms 107.5 

polyarteritis nodosa 107.35 

porphyria 107.35 

precorneal tear film 107.3 


protozoal infections 107.40 

pseudoxanthoma elasticum 70.33 

psoralens, side effects 107.43-107.44 

psoriasis 107.6 

reactive arthritis 107.35 

retinoids, side effects 107.43 

river blindness (onchocerciasis) 

sarcoidosis 107.35 

Sjogren syndrome 107.35 

Stevens-Johnson syndrome 
107.32-107.34 

syphilis 107.39-107.40 

systemic diseases 107.35 

systemic lupus erythematosus 51.32 

toxic epidermal necrolysis 107.32-107.34 

treponemal infections 107.39-107.40 

tuberculosis 107.39 

uveitis, Adamantiades—Behcet disease 
48.4, 48.6 

see also conjunctival entries; cornea; corneal 
entries; macular; ocular entries 

eye area, use of lead shielding in 

radiotherapy for skin cancer 

24.4, 24.10-24.11 

eyebrows 

anatomy and role 107.2 

disorders of 107.3-107.4 

hair density reduction 107.4 

hypertrichosis 107.4 

hypoplasia 107.4 

linear morphoea en coup de sabre 55.24 

synophrys 107.4 

syphilis of 105.12 

thinning of 107.4 

see also brows 

eye colour, melanoma risk 142.3 

eyelashes 

anatomy and physiology 107.2 

disorders of 107.4-107.5 

hordeolum 107.38, 107.39 

hypotrichosis 107.4 

madarosis 107.4—107.5 

Phthiriasis (lice) infestation 107.40 

trichomegaly 107.4 

eyelids 107.1-107.50 

abnormalities of —107.5-107.6 

anatomy and physiology 107.2-107.3 

angioedema 42.3 

atopiceczema 41.20-41.21 

bacterial infections 107.38-107.39 

basal cell carcinoma 107.47-107.48 

benign adnexal lesions 107.45 

benign cysts 107.45-107.47 

benign lesions 107.44-107.47 

blepharitis 107.7-107.15 

blepharoconjunctivitis 107.6 

chalazion 107.45-107.46 

chronic granulomatous disease 80.15 

dendritic keratitis 107.37 

dermatitis 107.6, 127.15, 127.37 

eccrine carcinoma 107.49 

eczema of 39.22-39.23 

erysipelas 107.38 

haemangioma 107.46-107.47, 116.6 

herpes simplex virus infection 
107.34-107.36, 107.37 

herpes zoster 107.36-107.38 

hordeolum 107.38, 107.39 

impetigo 107.38 

infantile haemangioma 116.6 

infections 107.34-107.40 

juvenile xanthogranuloma 107.45 

Kaposi sarcoma 107.49-107.50 

keratoacanthoma 107.47 

lipoid proteinosis 70.37 

malignant lesions 107.47—107.50 

malignant melanoma 107.49 

melanocytic naevi 107.46 

Merkel cell carcinoma 107.49 

microcystic adnexal carcinoma 107.49 

molluscum contagiosum 107.34, 107.36 

naevus of Ota 107.46 

necrotising fasciitis 107.39 

neonatal lupus erythematosus 51.40 

oedema 103.46, 103.47 


107.40 


24.3, 


ophthalmological terms 107.5 
papular lesions around 80.15 
parasitic infections 107.40 
periorbital oedema 107.6-107.7 
pigmentation changes 107.7 
port-wine stain 107.47 
psoriasis 107.6 
scarring, long-term SJS/TEN 118.17 
sebaceous carcinoma 107.49 
seborrhoeic keratosis 107.44 
skin cancer treatment 24.10, 24.11 
squamous cell carcinoma 107.47, 107.48 
swelling 
allergic contact dermatitis 129.6 
Stevens—Johnson syndrome/toxic 
epidermal necrolysis 118.14, 
118.16 
syringomas 4.8 
urticaria 42.3 
UV radiation-exposure damage 76.5 
viral infections 107.34-107.38 
warts 107.34, 107.36 
xanthelasma 107.44 
xanthelasma palpebrarum 60.4 


eye protection, phototherapy 21.3, 21.10, 


21.12, 21.15, 21.16 


eye therapy, SJS/TEN 118.19-118.20 


fabricated and induced illness, see also 


Miinchausen syndrome by proxy 


Fabry disease 79.6-79.8, 79.7, 79.8, 


151.2-151.3, 154.1 
fucosidosis 79.4 


face 


acne tarda 88.4 

acne vulgaris 88.3, 88.27, 88.28 

anti-p200 pemphigoid 50.41 

atopiceczema 41.15, 41.17 

blood vessels, position of 20.1-20.2 

bullous lupus erythematosus 51.28 

congenital adrenal hyperplasia 88.10 

discoid lupus erythematosus 51.5, 51.6 

eosinophilic pustular folliculitis 93.8 

granuloma faciale 100.12 

infantile acne 88.70 

infiltrating lipomatosis of the face 
98.19-98.20 

Kikuchi-Fujimoto disease 51.33 

lichen planus actinicus 37.7 

linear morphoea, Blaschkoid nature of 
55.23 

lupus erythematosus profundus 51.9 

motor nerves, position of 20.3-20.4 

neonatal acne 88.71 

neonatal lupus erythematosus 

oedema 103.46-103.49 

papular rashes, differential diagnosis 
88.37-88.38 

pityriasis alba 39.27 

pityriasis rubra pilaris 36.4 

prepubertal acne 88.69, 88.70, 88.71 

progressive hemifacial atrophy 55.23, 
55.24-55.25 

pyoderma faciale 88.36 

radiotherapy for skin cancer 
24.13, 24.14, 24.19 

rosacea 88.35 

sensory nerves, position of 20.2-20.3 

solid facial lymphoedema 88.41, 89.10, 
89.16, 89.17, 103.47, 103.48 

Sweet syndrome 49.12 

swelling 98.19, 103.46-103.49 

systemic lupus erythematosus 51.23, 
51.24 


114.13 


24.10-24.12, 


systemic sclerosis 54.4 


facial acne scar quality of life (FASQoL) 


16.4 


facial allergic contact dermatitis 


127.14-127.15, 127.48 


facial contact dermatitis 89.8 
facial deformity, congenital syphilis 


29.24, 
29.26, 29.27 


facial dermatoses, with uncertain nosological 


relationship to rosacea 89.15-89.17 


facial dysmorphic features, Waardenburg 
syndrome 68.5 
facial erythema, clinical features 89.5 
facial hair, androgen-stimulated 87.10 
facial hemiatrophy 94.20-94.21 
facial hirsutism 87.90 
facial hypertrichosis, porphyria cutanea 
tarda 87.87 
facial infiltrating lipomatosis 
facial lipoatrophy 98.7 
facial lipomatosis, infiltrating 98.19-98.20 
facial melanoses 86.9-86.15, 86.51 
facial muscles, botulinum toxin injection 
sites 159.3 
facial necrobiosis, atypical 95.12 
facial nerve (CN VII), anatomy of head and 
neck 20.3-20.4 
facial oedema 

drug reaction with eosinophilia and 
systemicsymptoms 118.8 

minor features 89.6-89.7 
facial painsyndromes 108.64—108.67 


72.11 


burning mouth syndrome 108.64—108.65 


persistent idiopathic facial pain 
108.65-108.66 
post-herpetic neuralgia 108.66 
trigeminal neuralgia 108.66—108.67 
trigeminal trophic syndrome 108.67 
facial palsy, zoster 25.34 
facial rejuvenation, laser resurfacing 
161.1-161.6 
facial sarcoidosis, photothermal ablation 
23.22 
facial skin 
ageing of skin 156.2, 156.3 
botulinum toxins, aesthetic uses of 
159.3-159.6 
infantile haemangioma 116.3, 116.4 
melanoma, dermoscopy 145.9, 145.11, 
145.11 
microscopic examination of 3.33 
pyogenic granuloma 116.11 
see also chemical peels 
facial surgery 20.1-20.52 
facial telangiectasia, Rothmund-Thomson 
syndrome 75.5 
facility-acquired pressure ulcers 123.1 
FACS see fluorescence activated cell sorting 
factitious disorders 84.29-84.38 
cheilitis 84.33, 108.61 
dermatitis artefacta 84.29-84.36 
dermatitis passivata 84.36 
dermatitis simulata 84.36 
dermatological pathomimicry 84.36 
malingering 84.36-84.37 
Miinchausen syndrome by proxy 
84.37-84.38 
Miinchausen syndrome and pseudologia 
fantastica 84.37 
nails 84.33 
panniculitis 97.48-97.50 
FACT-M see Functional Assessment of 
Cancer Therapy-Melanoma 
facultative anaerobic bacteria 26.10 
facultative (inducible) pigmentation 68.1, 
wed 


FAE see fumaric acid esters 


faecal dermatitis, colostomy leakage 112.4, 


112.5 

FALDH deficiency see fatty aldehyde 
dehydrogenase deficiency 

false negative reactions, patch testing 
127.28-127.29, 129.7 

false positive reactions, patch testing 
127.28, 129.7 

famciclovir 19.49 

familial acanthosis nigricans 85.4-85.5 

familial adenomatous polyposis (FAP) 
78.10-78.11 

familial atypical/dysplastic naevus 
syndrome 142.4 

familial body dysmorphic disorder 84.14 

familial cerebelloretinal angiomatosis (von 


Hippel-Lindau syndrome) 148.9, 


154.2 


familial cold autoinflammatory syndrome 
(FCAS) 45.5, 45.6, 45.9 
familial comedones 88.32 
familial dysautonomia, respiratory system 
involvement 152.5 
familial haemophagocytic 
lymphohistiocytosis (FHL) 
135.13 
familial hypercholanaemia 2.21 
familial hypercholesterolaemia (FH) 
60.6-60.8 
diagnosis of 60.7 
lipid concentrations in 60.7 
familial infantile myofibromatosis 
familial lipoedema 72.12 
familial mandibuloacral dysplasia 
70.28-70.29 
‘tree-frog’ appearance 70.29 
familial Mediterranean fever (FMF) 45.5, 
45.6, 45.9-45.10 
renal involvement 154.2 
Tel Hashomer criteria for diagnosis of 
45.10 
familial melanoma syndrome 142.3, 
148.8-148.9 
familial multiple KAs see multiple 
self-healing squamous epithelioma 
familial partial lipodystrophy (FPL) 72.3, 
72.4 
Dunnigan-type 98.9 
familial primary localised cutaneous 
amyloidosis 56.3, 56.9, 56.9 
familial progressive 
hyper-hypopigmentation 68.10 
familial progressive hyperpigmentation 
(FPH) 68.10 
familial reactive perforating collagenosis 
94.54-94.55 
familial sea-blue histiocytosis 
135.22-135.23 
familial trichoepitheliomas, photothermal 
ablation 23.21 
familial tumoral calcinosis 79.17-79.18 
family 
measuring impacts of skin disease 
16.10-16.11 
see also ‘the Greater Patient’ concept 
Family Dermatology Life Quality Index 
(FDLQI) 16.10 
family history, diagnosis 4.4 
FamilyPso questionnaire 16.10 
Family Reported Outcome Measure 
(FROM-16) 16.10 
Fanconi anaemia 68.12, 76.11, 80.5, 
80.12-80.13, 148.14 
FAP see familial adenomatous polyposis 
FAPD see fibrosing alopecia in a pattern 
distribution 
Farber disease 79.5-79.6 
farcy see glanders 
farm environments, and atopiceczema 41.8 
fascial fibromatoses 94.34-94.36 
Fas-Fas ligand, TEN interaction 118.21 
FASQoL see facial acne scar quality of life 
fat cell tumours 136.56-136.59 
fat contouring 161.8-161.9 
bulk cooling/cryolipolysis 161.8-161.9 
bulk heating/thermolipolysis 161.9 
fat homeostasis, lymphatic system 103.2 
fathypertrophy 98.13-98.15 
fatigue, cold agglutinins 124.13 
fatnaevus 73.2, 73.16-73.18 
fat necrosis, necrotic adipocytes 97.55 
fat organ, adipokines 97.5 
fat pads, glycosylation disorders 79.10 
FATP gene, ichthyosis—-prematurity 
syndrome 63.39 
fat, subcutaneous see subcutaneous fat 
fat tissue, composition 97.1-97.3 
fatty acids 
acne 129.12 
and alcohols, topical medication vehicles 
18.7 
energy homeostasis 97.4 
fatty aldehyde dehydrogenase (FALDH) 
deficiency 63.32 


135.11, 


60.2, 


136.40 


fauces, examination of 108.7 
Favre-Racouchot syndrome 88.31-88.32, 
94.3-94.4 
favus (favic type tinea capitis) 32.38, 32.39 
FCAS see familial cold autoinflammatory 
syndrome 
FCL see follicle centre cell lymphoma 
FD see Flegel disease 
FDEs see fixed drug eruptions 
FDLQI see Family Dermatology Life Quality 
Index 
febrile ulceronecrotic Mucha—Habermann 
disease (FUMHD) 134.3, 134.4 
feet see foot 
female androgenetic alopecia _87.68-87.70 
female androgen physiology 87.88 
female genital mutilation (FGM) 110.43 
female pattern hair loss (FPHL) 87.13, 
87.61, 87.62-87.66, 87.67 
Female Sexual Function Index (FSFI) 16.12 
Ferguson-Smith disease see multiple 
self-healing squamous epithelioma 
Ferriman-Gallwey scoring system, hirsutism 
87.88-87.89 
ferritin 87.59, 87.70-87.71 
fetal skin biopsy 8.10 
fetal varicellasyndrome 114.23 
fetus 
hydrops fetalis 103.23 
lymphatic-related hydrops fetalis 
feverfew (parthenolide) 157.8 
FFA see frontal fibrosing alopecia 
FGFR3 epidermal naevus syndrome 73.7 
FGERs see fibroblast growth factor receptors 
FGFs see fibroblast growth factors 
FGM see female genital mutilation 
FH see familial hypercholesterolaemia; 
fibrous histiocytoma 
FHL see familial haemophagocytic 
lymphohistiocytosis 
‘ibreglass dermatitis 122.21, 129.1 
‘ibrillinopathy 70.20-70.21 
ibrillins 2.35-2.36 
ibrinoid degeneration 3.40 
‘ibroadipose hyperplasia 72.9 
‘ibroblast growth factor receptors (FGFRs), 
acanthosis nigricans 85.4 
‘ibroblast growth factors (FGFs) 2.3, 2.4 
wound healing 11.6 
‘ibroblastic rheumatism (FR) 53.7-53.8, 
155.7 
multicentric reticulohistiocytosis 
differentiation 135.25 
‘ibroblastic tumours, EWSR1-SMAD3- 
rearrangement 136.4 
‘ibroblasts 2.3, 2.39-2.40, 2.45 
collagen fibril fragmentation 156.8-156.9 
gene expression 2.40 
hair follicles 2.40 
microscopic examination of 3.37 
morphoea 55.10-55.11 
palmar fascial fibromatosis 94.34 
reactive oxygen species 156.4 
transmission electron microscopy 2.40, 
156.9 
wound healing 11.6, 11.7-11.8 
ibrodysplasia ossificans progressiva 70.35 
‘ibroepithelial polyp see skin tags 
ibrofolliculoma 137.16 
Birt-Hogg—Dubé syndrome 78.15 
differential diagnosis 88.30-88.31 
ibrohistiocytic tumours 136.19-136.23 
diagnosis 3.25-3.26 
reclassification of angiomatoid malignant 
fibrous histiocytoma 136.17 
‘ibroma 
tendon sheath 136.11 
vulval 110.32 
‘ibroma-like epithelioid sarcoma see 
pseudomyogenic 
haemangioendothelioma 
‘ibromatoses 94.33-94.48 
keloids association 94.49 
‘ibromatous nodule, tuberous sclerosis 
complex 78.10 


103.23 


fibromyalgia, acne relationship 155.11 
fibromyxoid sarcoma, low grade 
136.18-136.19 
fibro-osseous pseudotumour of the digits 
136.6 
fibrosing alopecia in a pattern distribution 
(FAPD) 87.43 
fibrosis 
erythema elevatum diutinum 100.8 
mucous membrane pemphigoid 107.25, 
107.32 
oral tissues 108.68 
inphyma 89.3 
subcutaneous sarcoidosis 96.3, 97.54 
systemic sclerosis 54.11-54.13 
fibrous digital nodules 94.43 
fibrous hamartoma of infancy 136.6-136.7 
fibrous histiocytoma (FH) 4.19, 
136.19-136.21 
fibrous long-spacing collagen, CLD 
association 98.13 
fibrous and myofiblastic tumours 
136.1-136.19 
fibrous papules of the face 136.2-136.3 
fibrous papulosis of the neck 94.39-94.40 
fibroxanthoma, atypical 106.34 


fibulins 2.36 
fiddleback/violin spiders (Sicariidae) 
34.35-34.36 

‘fiddler’s neck’ 122.12 

fifth disease see erythema infectiosum 

‘fight bites’ 130.6-130.7 

filaggrin 2 
peeling skin syndromes 63.30 
skin fragility disorders 69.6 


filaggrin 2.6 
deficiency 85.2 
filaggrin mutations 
allergic contact dermatitis 127.10 
ichthyosis vulgaris 63.3-63.4 
occupational contact dermatitis 
129.6 
filarial elephantiasis see lymphatic filariasis 
filarial worms 33.7-33.10 
see also lymphatic filariasis 
filariasis (onchocerciasis) 107.40 
filiform keratosis 63.77 
filivirus infections, haemorrhagic fevers 
25.85-25.87 
fillers see dermal fillers 
filovirus infections, haemorrhagic fevers 
25.84-25.85 
financial costs of disease see economic 
burden of disease 
finasteride 87.69, 87.96-87.97 
fine-needle aspiration of lymph nodes 4.22 
finger 
acquired digital fibrokeratoma 136.4 
acral fibromyxoma 136.59 
allergic contact dermatitis 
Apert syndrome 88.11 
arthritis mutilans 35.42 
atopiceczema 41.18 
blistering distal dactylitis 26.34 
bluish discoloration of fingertip 54.3 
callosities 122.12 
digital mucous cyst 136.60 
digital ulceration 54.3, 54.17, 54.25 
discoid lupus erythematosus 51.4, 51.9 
fibroblastic rheumatism 53.8 
fibro-osseous pseudotumour of the digits 
136.6 
‘finger pebbles’, diabetes 62.5 


129.3, 


127.13, 127.14 


flexion contractures and calcinosis 54.3 
florid lichen planus 4.16 

fungal infection 80.12 

granulomatosis with polyangiitis 100.25 


hand, foot and mouth disease 115.6 

Kawasaki disease 115.10 

Orf-induced pemphigoid 50.55 

paroxysmal haematoma 94.19, 99.5-99.6, 
122.13-122.14 

pompholyx eczema 39.15 

spindling, in discoid lupus erythematosus 
51.9 


systemic sclerosis 54.3, 54.4, 54.5, 54.17, 
54.25 
ulceration and necrosis 
vesicular eczema 129.6 
see also digits; phalanges 
fingernail dystrophy 
nail-patella syndrome 67.15-67.16 
pachyonychia congenita 67.1, 67.11 
see also nails 
fingertip 
eczema 39.15 
topical therapy application measure 18.3, 
18.4 
Finn patch test chamber 127.24-127.25 
fire, hazards and risks of electrosurgery 
20.45-20.46 
FISH see fluorescence in situ hybridisation 
fish odour syndrome (trimethylaminuria) 
84.11, 92.17-92.18 
fish stings 130.4-130.5 
fish tank granuloma (Mycobacteria marinum) 
27.32-27.35 
fissured dermatitis 129.3 
fissures 
handeczema 128.4 
lip fissure 108.63-108.64 
fistulae, complications of 112.1-112.16 
Fitz-Hugh-Curtis syndrome 30.5 
Fitzpatrick classification, acute and 
carcinogenic effects of UV radiation 
exposure 10.7 
Fitzpatrick skin types I/II, cutaneous 
squamous cell carcinoma 141.30 
fixatives 
biopsy 3.4, 3.5, 3.32 
fragrances 127.42 
fixed drug eruptions (FDEs) 14.4, 86.28, 
86.29, 86.30-86.31 
fixed-effects models 17.10 
flagellate dermatitis 119.10 
flagellate hyperpigmentation 119.8-119.9, 
119.10 
‘flaky paint’ dermatitis, kwashiorkor 61.4 
flaps, surgical 20.22-20.29, 20.24—20.25 
flashlamps 
epidermal pigmentation 23.15 
selective photothermolysis 23.5 
therapeutic devices 23.3 
vascular lesion treatment 23.7, 23.10 
flatworms see trematodes 
flavouring agents, allergic contact dermatitis 
127.41-127.45 
flea-borne bacterial infections 
cat scratch disease 26.62-26.63 
murine typhus 26.81 
plague 26.59-26.60 
spotted fever 26.83, 26.84 
fleas 
classification 34.13 
clinical features /investigations of bites 
34.14 
epidemiology 34.13-34.14 
management of bites 34.14-34.15 
tungiasis 34.15 
see also Tunga penetrans (sand fleas) 
Flegel disease (FD) 63.77-63.78, 85.17-85.18 
flexibility (hypermobility), Beighton score 
70.8 
flexural Dowling—Degos disease 68.13 
flexural psoriasis (inverse psoriasis) 35.8, 
35.9, 35.16 
flexures, allergic contact dermatitis 127.22 
Florida horse leech see Pythium insidiosum 
infection 
florid cutaneous papillomatosis 
148.17 
AN association 85.3-85.4 
florid oral papillomatosis 108.45 
florid papillomatosis of the nipple ducts see 
nipple, adenoma 
flow cytometry, peripheral blood cell 
analysis 9.2 
flucytosine antifungals 19.48 
‘fluid creep’, resuscitation 125.3 
fluid homeostasis, lymphatic system 103.2 


54.3, 54.17, 54.25 


148.16, 
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fluid replacement, SJS/TEN treatment 
118.20 
flukes see trematodes 
fluocinolone acetonide gel 12.3 
fluorescence activated cell sorting (FACS) 
9.2 
fluorescence microlymphangiography 
103.56 
fluorescence in situ hybridisation (FISH), 
melanoma diagnosis 142.21 
fluorescent lamps, cutaneous 
photosensitivity diseases 126.34 
fluoroquinolones 19.47 
5-fluorouracil (5-FU) 
basal cell carcinoma topical treatment 
140.12 
Bowen disease topical treatment 141.23 
intralesional for keloids 94.52 
topical therapies 18.29, 140.12, 141.23 
flushing (transient erythema) 89.6, 
89.8-89.9, 89.12, 104.1-104.13 
associated disorders 104.4-104.9 
causes of 104.3 
characteristics of 104.4-104.9 
in children 104.10 
clinical presentation 104.10-104.11 
drug-induced 104.3 
epidemiology 104.1 
food-induced 104.3 
‘geographical’ pattern due to carcinoid 
tumour 150.12 
harlequin colour change 104.10 
ininfants 104.10, 104.10 
internal malignancy association 
148.25-148.26 
investigations 104.4-104.9, 104.11 
management 104.11-104.12 
pathogenesis 104.4—104.9 
pathophysiology 104.1-104.2 
physiology 104.1 
rosacea 89.1, 89.2, 89.6, 89.8-89.9, 89.12, 
89.14 
symptoms and signs 104.4-104.9 
treatment 89.14, 104.4-104.9 
flutamide 87.70, 87.96 
flux measurement, topical drug delivery 
12.3, 12.4, 12.5 
FMF see familial Mediterranean fever 
ocal acantholytic dyskeratoma see warty 
dyskeratoma 
‘ocal adhesions (focal contacts) 2.26 
ocal dermal elastosis, late-onset 94.32 
‘ocal epithelial hyperplasia, oral 
involvement 108.11 
‘ocal hyperhidrosis see gustatory 
hyperhidrosis 
‘ocal keratoderma, pachyonychia congenita 
63.52 
‘ocal mucinosis, oral involvement 
108.85-108.86 
‘ocal palmoplantar keratoderma 
63.56-63.58 
‘ocal palmoplantar and oral hyperkeratosis 
syndrome 108.29 
‘ocal plantar keratoderma 63.52 
‘oetal programming, maternal stress impacts 
150.8 
‘olate deficiency 61.18-61.19, 86.23-86.24 
‘olate supplementation 19.27 
olate synthesis inhibitors 19.47 
olds, dermal fillers, indication for 158.1, 
158.3 
oliaceus, in pregnancy 113.8-113.9 
oliate papillae, anatomy of 108.4 
oliate papillitis, oral involvement 108.11 
‘olic acid depletion, UVB phototherapy 
adverse effects 21.12 
ollicle centre cell lymphoma (FCL) 
139.37 
ollicle mites 34.55-34.57 
ollicular atrophoderma 94.16-94.17 
ollicular canal, eosinophilic pustular 
folliculitis 93.8 
ollicular eruptions, systemic medications 
91.2-91.3 


follicular hyperkeratoses 
keratosis circumscripta 85.13 
KP association 85.10 
pachyonychia congenita 67.12 
follicular hyperkeratosis 3.41-3.42 
follicular inflammation 93.7 
follicular infundibulum 
dilated pore lesions 137.3 
tumours 137.3-137.4 
follicular lichen planus 87.38-87.50 
follicular miniaturisation 87.64, 87.65 
follicular mucinosis 57.15-57.18, 87.47, 
105.8, 139.14-139.15 
follicular naevus 73.7 
follicular occlusion tetrad 90.2 
follicular papules 93.7 
follicular pattern, hidradenitis suppurativa 
90.6 
follicular psoriasis 35.7, 35.9 
follicular pustules 93.6 
follicular units 87.64 
folliculitis 26.22-26.23 
clinical features 26.22-26.23 
decalvans 87.48-87.50, 88.36-88.37 
deep 91.8-91.15 
diabetic patients 62.4, 62.5 
differential diagnosis 88.34-88.35 
HIV infection 87.35 
keloidalis 88.35-88.36, 88.37, 91.10-91.12, 
93.3-93.4 
lymphocytic 91.12-91.13 
Malassezia yeast 32.13 
management 26.23 
pathophysiology 26.22 
perineal and perianal skin 111.13-111.14 
scalp 91.13-91.14 
superficial 91.1-91.8 
folliculosebaceous cystic hamartoma 
106.35 
Fonsecaea pedrosoi 
food allergies 
atopiceczema 41.11-41.12, 41.20, 41.23 
contact urticaria 127.84 
Netherton syndrome 63.26, 63.28 
oral allergy syndrome 42.13, 108.12, 
127.84 
see also diet; nutrition 
foot 
acral naevi 131.24 
allergic contact dermatitis 127.17, 127.22 
annular erythema of infancy 47.10 
anti-p200 pemphigoid 50.41 
arteriovenous malformation 71.11 
atrophie blanche 99.21 
blue naevus 131.40 
callosities 122.8 
calluses 122.7-122.8 
carotenoderma 61.9 
chronic acral dermatitis 39.14-39.15 
congenital blue naevi 73.16 
cryofibrinogenaemia 99.13 
cutaneous small-vessel vasculitis 100.7 
deformities 122.7 
diabetic 62.2-62.3 
discoid eczema 4.12 
discoid lupus erythematosus 51.4 
erysipelas-like reaction, diabetic patients 
62.2 
erythromelalgia 82.12-82.13 
forefoot dermatitis 127.67 
freeze-induced damage 124.4 
glomuvenous malformation 71.18 
granuloma annulare 95.5 
granulomatosis with polyangiitis 100.25 
hair sinuses 122.22 
juvenile plantar dermatosis 39.23-39.24 
lichen planus pemphigoides 50.51 
lymphoedema 71.28 
mixed connective tissue disease 53.4 
neurofibroma, extensive plexiform 78.2 
neuropathic ulcer 83.13, 83.14, 83.15 
palisaded and neutrophilic granulomatous 
dermatitis 53.7 
pansclerotic morphoea 55.21 
podoconiosis 7.3, 103.36 


32.77 


pretibial myxoedema 103.42 
serpiginous lesions 4.16 
STING-associated vasculopathy with 
onset ininfancy 45.14 
wet gangrene in diabetes 62.2 
see also heel; sole; toe 
foot calluses 122.7 
foot and mouth disease 25.94 
foot ringworm see tinea peddis 
footwear 
allergies 127.67-127.68 
calluses caused by 122.7 
Footwork: the International Podoconiosis 
Initiative 7.9-7.10 
Fordyce, scrotal angiokeratoma of 109.6 
Fordyce spots 91.15-91.17, 93.10-93.12 
labia minora/majora 110.3, 110.4 
oral lesions 108.29 
forehead 
botulinum toxins, aesthetic uses of 
159.4-159.5 
comedonal acne 88.2, 88.27, 88.28 
haemangioma, infantile 116.3, 116.6 
scarring, classical Ehlers-Danlos 
syndrome 70.8 
sebaceous gland hyperplasia 88.32 
foreign bodies, hairas 91.10-91.11 
foreign bodies /deposits 
detection of 3.38 
male genitalia 109.8 
foreign body reactions 122.17-122.24 
cheilitis 108.62 
inflammatory 93.1-93.3 
foreskin see prepuce 
forest plots, meta-analysis of clinical trials 
17.11 
formaldehyde 
acetylacetone test method 127.34 
allergic contact dermatitis 127.49-127.51, 
127.66 
cosmetic allergies 127.49-127.50 
resins 127.70-127.71 
formaldehyde-releasing biocides 
127.51-127.52 
formaldehyde-releasing preservatives 
127.50, 127.51-127.52 
formalin, specimen preparation 3.5 
formication, drug-induced 120.5 
formulations, topical medication vehicles 
18.2-18.3, 18.5-18.8, 18.21 
fornix meter, ocular disease assessment 
50.30 
four humours theory, Galen 1.3 
Fournier gangrene 26.77, 26.78 
male genitalia 109.26-109.27 
Fox-Fordyce disease see axillary apocrine 
miliaria 
FPH see familial progressive 
hyperpigmentation 
FPHL see female pattern hair loss 
FPL see familial partial lipodystrophy 
FPLD2 see Dunnigan-type familial partial 
lipodystrophy 
fractional ablative lasers 
for acne scarring 161.4 
devicenames 161.5 
laser types 161.5 
for photodamaged skin 161.3 
resurfacing 23.24 
for rhytids 161.5 
wound care 161.4 
fractional non-ablative resurfacing 
23.23-23.24 
fractionated ablative lasers, skin resurfacing 
161.2-161.3, 161.5 
fragile X syndrome 72.7, 74.5, 106.7 
fragrances see perfumes 
framycetin 18.11 
France 
dermatology history 1.4-1.5 
skin cancer, economic burden of 6.6, 6.7 
Francisella tularensis, tularaemia 
26.57-26.58 
Franklin disease 108.70 
freckles see ephelides 


Fredrickson classification, dyslipidaemias 
60.1 
free margins, principles of surgical design 
20.19 
freeze-induced damage 124.2-124.4 
Frey syndrome see gustatory hyperhidrosis 
friction 
acne mechanica 122.15 
effects 122.6-122.7 
pressure ulcers 123.2, 123.3 
psoriasis 129.2 
sports injuries 122.16-122.17 
stratum corneum 122.4 
frictional hypermelanosis 86.11 
frictional trauma, mechanical stimuli 122.3 
friction blisters 122.6, 122.9-122.10 
FROM-16 see Family Reported Outcome 
Measure 
frontal fibrosing alopecia (FFA) 
87.41-87.43 
frostbite 97.37, 124.2-124.4 
frostnip 124.2 
FSFI see Female Sexual Function Index 
5-FU see 5-fluorouracil 
fucosidosis 
angiokeratoma corporis diffusum 79.4 
glycoproteinoses 79.3 
fugitive swellings see loiasis 
fulminant liver failure 118.11 
fumarates 19.15-19.17 
dermatological uses 19.16 
pharmacological properties 19.17 
potential adverse effects 19.17 
safety precautions 19.17-19.18 
fumaric acid esters (FAE) 
discoid lupus erythematosus treatment 
51.12 
psoriasis treatment 35.26 
FUMHD see febrile ulceronecrotic 
Mucha-Habermann disease 
Functional Assessment of Cancer 
Therapy-Melanoma (FACT-M) 
16.9 
fungal arthropathies 155.5 
fungal biology 32.2-32.3 
fungal cultures, superficial mycoses 
identification 32.8-32.9 
fungal dysbiosis, lichen planus 37.3 
fungal infections 3.44, 32.1-32.95 
burn injuries 125.10 
female genitalia 110.27-110.28 
hand dermatitis differentiation 128.5 
HIV coinfections 31.26-31.29, 31.35 
immunosuppressed renal allograft 
recipients 154.5-154.6 
inherited immunodeficiency 80.12 
male genitalia 109.28 
oral infections 108.56-108.57 
perineal and perianal skin 111.8, 111.15 
in pregnancy 113.7 
fungal nail disease see onychomycosis 
fungal panniculitis 97.47-97.48, 97.60-97.61 
fungi 
asexual reproduction 32.4, 32.5 
classification/taxonomy 32.3-32.4 
morphology and diseases 32.3 
reproduction 32.3 
sexual reproduction 32.4-32.5 
spore formation 32.4-32.5 
furocoumarins 86.29-86.30 
furuncles (boils/abscesses) 26.23-26.25 
clinical features 26.24—26.25 
definitions 26.23 
epidemiology 26.23-26.24 
investigations 26.25 
management 26.25 
pathophysiology 26.24 
furunculosis, perineal and perianal skin 
111.13-111.14 
Fusarium species 
skin lesions 32.93 
superficial onychomycosis 32.54-32.55 
fusidic acid 18.11 
Fusobacterium 26.67-26.68 
tropical ulcers 26.68 


G 
GA see glycolic acid; granuloma annulare 
gadolinium chelates 94.44 
GAGs see glycosaminoglycans 
gain-of-function STAT1 mutation, 
oro-pharyngeal mucocutaneous 
Candida infection 80.17 
Gaiter-like sclerosis 94.16 
galactosialidosis 79.5 
GALEF see Global Alliance to Eradicate 
Lymphatic Filariasis 
Galen 1.3, 1.5 
gallates 127.59 
gall bladder, cutaneous features of biliary 
tract disease 153.5 
Galli-Galli disease 68.13, 85.24 
Gamasida mites 34.54-34.55 
gamma heavy chain disease (Franklin 
disease) 108.70 
gamma-hydroxybuyrate (GHB) 120.3 
gangrene 
peripheral vascular disease 101.5 
peristomal skin 112.10 
see also gas gangrene; necrotising 
subcutaneous infections; pyoderma 
gangrenosum 
gap junctions 2.20 
Gardner syndrome 108.86 
GARFIELD acronym 80.2 
garlic allergy 127.71, 127.73 
gas gangrene 26.48-26.49 
gastrointestinal bleeding 153.6-153.7 
gastrointestinal cancer, syndromes linked 
with 78.14 
gastrointestinal diseases 
cutaneous features 153.1-153.4, 153.7 
oral involvement 108.72-108.74 
systemic lupus erythematosus 51.31 
systemic sclerosis 54.17, 54.23 
gastrointestinal hamartomas 68.13-68.14 
gastrointestinal involvement 
drug reaction with eosinophilia and 
systemicsymptoms 118.9 
long-term SJS/TEN 118.17 
gastrointestinal malabsorption 
associated skin conditions 
153.8 
causes 153.8 
gastrointestinal polyposis, familial 
adenomatous polyposis 78.11 
gastrointestinal symptoms, syndromic 
ichthyoses 63.39 
gastrointestinal toxicity 
antimalarials 19.6 
glucocorticoids 19.19 
methotrexate 19.26 
gastrointestinal tract, epidermolysis bullosa 
69.25 
gastrointestinal ulcers 149.8 
gastrointestinal venous malformations 
71.17 
gastro-oesophageal reflux disease 108.74 
gastrostomy (G-Tube), bullous pemphigoid 
50.19 
GATA2 deficiency 149.14 
Gaucher disease 79.5 
type II 63.30 
GBD see global burden of disease 
GBFDE see generalised bullous fixed drug 
eruption 
GC see glucocorticoids 
GCA see giant cell arteritis 
GCs see glucocorticoids 
GEH see generalised eruptive histiocytosis 
GEKG see glycine-glutamate-lysine-glycine 


153.6-153.7, 


gelnails 127.61 
gels 12.3, 18.2 
gender 


melanoma, trends in incidence and 
mortality 142.1 
women with HIV/AIDS 31.36 
gender effects, Merkel cell carcinoma risk 
146.1-146.2 
gene mutations 
arsenic toxicity 121.2 


gene mutations (continued) 
autosomal dominant lamellar ichthyoses 
63.20-63.21 
autosomal recessive PPK 63.54 
CHILD syndrome 63.23-63.24 
Cole disease 63.61 
congenital ichthyoses 63.7-63.13 
Conradi-Hiinermann—Happle syndrome 
63.22-63.23 
Desmons syndrome 63.35 
disease 8.5-8.7 
dyskeratosis congenita 67.13 
epidermolytic ichthyosis 63.15, 63.17 
epidermolytic palmoplantar keratoderma 
63.50 
exfoliative ichthyosis 63.21 
ichthyosis vulgaris 63.4 
ichthyosis-prematurity syndrome 63.39 
keratinopathic ichthyoses 63.13 
KID syndrome 63.33 
loricrin keratoderma 63.56 
Neu-Laxova syndrome 63.38 
pachyonychia congenita 63.51-63.52 
palmoplantar keratodermas 63.68 
recessive X-linked ichthyosis 63.5, 63.6 
Refsum disease 63.31 
see also genes; genetic disorders; 
genetics / genetic factors 
General Health Questionnaire (GHQ-12), 
psychological impacts assessment 
16.11 
generalised anhidrosis, acquired 92.12 
generalised bullous fixed drug eruption 
(GBFDE) 14.4 
generalised cutaneous atrophy 94.10 
generalised diffuse Dercum disease 98.18 
generalised Dowling—Degos disease 68.13 
generalised elastolysis 94.21 
generalised eruptive histiocytosis (GEH) 
135.18 
generalised eruptive keratoacanthoma 
141.43-141.44 
generalised essential telangiectasia 101.17, 
101.18-101.19 
branching with pressure 101.19 
in pigmented skin 101.19 
generalised hyperhidrosis 92.4-92.5 
generalised hypertrichosis 87.86-87.87 
generalised lentiginosis without associated 
systemic symptoms 68.10 
generalised lymphadenopathy, syphilis 
29.10 
generalised lymphatic anomaly (GLA) 
103.28-103.29 
generalised lymphatic dysplasia (GLD) 
103.22 
generalised nodular Dercum disease 98.18 
generalised pigmentation, systemic sclerosis 
86.21 
generalised plaque morphoea 55.3, 55.4, 
55.17-55.19 
generalised pruritus, neoplasia association 
148.27 
generalised pustular psoriasis (GPP) 
35.31-35.36 
acute generalised pustular psoriasis of von 
Zumbusch 35.33-35.34 
age of onset 35.32 
clinical features 35.33-35.34 
co-morbidities 35.35 
differential diagnosis 35.34 
disease course and prognosis 35.35 
environmental factors 35.32-35.33 
epidemiology 35.32 
genetic factors 35.32 
histology 35.34 
investigations 35.35 
management 35.35-35.36 
pathogenic mechanisms 35.33 
inpregnancy 113.10-113.11 
severity classification 35.34-35.35 
subacute annular generalised pustular 
psoriasis 35.34 
systemic therapy 35.36 
topical treatment 35.36 


generalised skin disease, linear 
manifestations of 73.22-73.23 
general practitioners (GPs) 5.12-5.13 
genes 8.3-8.4, 8.6 
autosomal 8.4 
features of typical human gene 8.6 
gene therapy, epidermolysis bullosa 69.27 
genetic counselling 8.9, 8.11 
genetic disorders /syndromes 
adermatoglyphia 70.36 
of adipose tissue 72.1-72.13 
familial lipoedema 72.12 
fibroadipose hyperplasia 72.9 
hereditary panniculitis 72.11 
lipomatoses 72.10 
PIK3CA-related overgrowth spectrum 
72.9-72.11 
basal cell carcinoma as an ancillary feature 
140.7 
Bazex—Dupré—Christol syndrome 
140.20-140.21 
blistering diseases 69.1-69.28 
BSL differential diagnosis 98.16 
chromosomal disorders 74.1-74.5 
autosomal chromosome defects 
74.1-74.3 
chromosomal mosaicism 74.5 
of collagen 70.1-70.14 
dystrophic calcification 59.3-59.4 
Ehlers—Danlos syndromes 70.1-70.11 
osteogenesis imperfecta 70.12-70.14 
prolidase deficiency 70.11-70.12 
congenital muscle hamartomas 73.19 
congenital naevi 73.1-73.18 
cornification 63.2 
DNA repair disorders with cutaneous 
features 76.1-76.12 
dystrophic calcification of skin and 
subcutaneous tissues 59.3-59.4 
of ectopic calcification and abnormal 
mineralisation 70.31-70.36 
fibrodysplasia ossificans progressiva 
70.35 
primary hypertrophic osteoarthropathy 
70.35-70.36 
pseudoxanthoma elasticum 
70.31-70.35 
of elastic fibres 70.14—70.21 
cutis laxa 70.14-70.17 
Marfan syndrome 70.20-70.21 
Michelin tyre baby syndrome 70.19, 
73.17 
Williams—Beuren syndrome 
70.18-70.19 
genetic disorders /syndromes, sex 
chromosome defects 74.3-74.5 
heterotrimeric G-protein mosaic disorders 
73.19-73.21 
immunodeficiency, inherited 80.1-80.20 
infantile stiff skin syndromes 70.21-70.24 
hyaline fibromatosis syndrome 
70.21-70.22 
restrictive dermopathy 70.24 
stiff skin syndrome 70.22-70.23 
Winchester syndrome 70.23-70.24 
inherited immunodeficiency 80.1-80.20 
inherited metabolic diseases 79.1-79.18 
inherited skin tumour syndromes 
78.1-78.15 
familial adenomatous polyposis 
78.10-78.11 
mosaic neurofibromatosis type 1 
78.4-78.7 
neurofibromatoses 78.1-78.7 
RASopathies 78.7, 78.8, 78.9 
tuberous sclerosis complex 78.7—78.10 
keratins 2.8 
lipoid proteinosis 70.36-70.37 
metabolic diseases, inherited 79.1-79.18 
midface toddler excoriation syndrome 
82.9 
miscellaneous dermal disorders 
70.36-70.38 
naevi, congenital 73.1-73.18 
Naevoid basal cell carcinoma syndrome 
140.3-140.4, 140.18 


nails/nail growth 67.1-67.17 
neutral lipid storage disease with 
ichthyosis 63.36 
pigmentation 68.1-68.15 
poikiloderma syndromes 75.1-75.8 
premature ageing syndromes 
70.25-70.31, 77.1-77.7 
acrogeria 70.26, 70.28 
familial mandibuloacral dysplasia 
70.28-70.29 
Mulvihill-Smith syndrome 
70.29-70.30 
neonatal progeroid syndrome 
70.30-70.31 
progeria 70.25-70.26, 70.26 
Werner syndrome 70.26-70.27, 70.26 
pterygium syndromes 70.37-70.38 
skinageing 2.46 
vascular disorders 71.1-71.28 
arteriovenous disorders 71.11-71.14 
capillary disorders 71.3-71.11 
lymphatic disorders 71.21-71.28 
venous disorders 71.14~71.21 
genetic epidemiology 5.10 
genetic mosaicism, lymphoedema 103.23 
genetic risk score see polygenic risk score 
genetics/genetic factors 1.9, 8.1-8.11 
adenoid cystic carcinoma 137.39 
angioma serpiginosum 101.16 
angiomatoid fibrous histiocytoma 136.63 
angiosarcoma 136.35 
apocrine carcinoma 137.23 
apocrine tubular adenoma 137.22 
arteriovenous malformations 101.23 
atypical lipomatous tumour 
136.58-136.59 
autosomal dominant inheritance 8.3 
autosomal recessive inheritance 8.3 
basal cell carcinoma 140.3-140.5, 140.18 
basaloid follicular hamartoma 137.13 
biomarkers, prenatal testing and diagnosis 
8.11 
Blaschko lines 8.7, 8.8 
BRAF mutations, lobular capillary 
haemangioma/pyogenic 
granuloma within port-wine stains 
136.26 
calcifying aponeurotic fibroma 136.7 
cellular angiofibroma 136.9 
chromosomal disorders 8.6 
chronic mucocutaneous candidiasis 
CiIC-rearranged sarcoma 136.52 
classical epidermodysplasia verruciformis 
25.66, 25.69 
clear cell sarcoma 136.64 
comedo naevus 137.5 
composite haemangioendothelioma 
136.34 
congenital disorders 8.2 
cutaneous Ewing sarcoma 136.52 
cutaneous myoepithelioma 137.33 
cutaneous squamous cell carcinoma 
141.27-141.28 
cylindroma 137.29, 137.30 
deep (‘aggressive’) angiomyxoma 136.62 
dermatofibrosarcoma protuberans 136.15 
desmoplastic fibroblastoma 136.12 
disseminated superficial actinic 
porokeratosis 141.15-141.17 
eccrine gland carcinomas 137.34 
eccrine poroma 137.25 
elastofibroma 136.10 
epithelioid angiosarcoma 136.37 
epithelioid haemangioendothelioma 
136.37 
epithelioid haemangioma 136.28 
epithelioid sarcoma 136.63 
erythromelalgia 101.8 
EWSR1-SMAD3-rearranged fibroblastic 
tumour 136.4 
extramammary Paget disease 137.43 
fibroma of tendon sheath 136.11 
fibro-osseous pseudotumour of the digits 
136.6 
fibrous hamartoma of infancy 
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gain-of-function mutations 8.6 
genetic heterogenity 8.5 
genetic linkage 8.9 
genetic markers 8.8-8.9, 8.11 
gene tracking 8.9 
genome sequencing 8.8-8.9 
genomic imprinting 8.5 
giant cell fibroblastoma 136.16 
glomus tumours 136.42 
granular cell tumours 136.49 
haemosiderotic fibrolipomatous tumour 
136.61 
hidradenocarcinoma 137.36 
hidradenoma 137.29 
hidradenoma papilliferum 137.21 
human genome 8.5 
Human Genome Project 8.1 
human leukocyte antigens 8.7 
inborn errors of immunity disposing to 
HPV 25.65, 25.66, 25.67—25.68, 
25.70-25.71 
infantile myofibromatosis/adult 
myofibroma 136.40 
inherited disorders 8.8-8.9 
Kaposi sarcoma 138.3 
keratoacanthoma 141.39-141.40 
Klippel-Trenaunay syndrome 
101.27-101.28 
leiomyoma 136.54 
lichen planus 110.11 
lipofibromatosis 136.14 
Lyonisation 8.7-8.8 
malignant peripheral nerve sheath tumour 
136.51 
melanoma risk 142.3-142.5 
familial atypical/dysplastic naevus 
syndrome 142.4 
identification of at risk population 
142.7 
intermediate penetrance susceptibility 
genes 142.5 
major/high penetrance susceptibility 
genes 142.4-142.5 
phenotypic traits 142.3-142.4 
microcystic adnexal carcinoma 137.37 
mitochondrial disorders 8.5 
mixed tumour of the skin 137.32 
mosaicism 8.7-8.8 
Muir—Torre syndrome 141.44 
multifactorial disorders 8.2 
multiple self-healing squamous 
epithelioma 141.41-141.42 
mutations and disease 8.5-8.7 
myoepithelial tumours 137.33 
myopericytoma 136.41 
nipple adenoma 137.22 
nodular fasciitis 136.5 
nosology 8.2-8.5 
Paget disease of the nipple 137.41 
Parkes Weber syndrome 101.30 
perivascular epithelioid cell tumour 
136.61 
preimplantation genetic diagnosis 
8.10-8.11 
preimplantation genetic haplotyping 8.11 
prenatal diagnosis 8.9-8.11 
principles of medical genetics 8.2-8.5 
pseudomyogenic haemangioendothelioma 
136.34 
reactive angioendotheliomatosis 
136.24-136.25 
rosacea risk 89.4-89.5 
schwannoma 136.45 
sebaceous adenomas and sebaceomas 
137.17 
secretory carcinoma 137.40 
single-cell genomics 8.2 
single-gene disorders 8.2, 8.3, 8.4 
spindle cell haemangioma 136.31 
spindle cell lipoma 136.58 
spiradenoma 137.31 
tenosynovial giant cell tumour 
trichodiscoma 137.15 
urticarial vasculitis 44.3 
varicose veins 101.38-101.39, 101.42 


136.19 


venous malformations 101.25 

X-linked dominant inheritance 8.4 

X-linked recessive inheritance 8.4 
genital area 


amicrobial pustulosis of the inguinal folds 


49.20 
lymphoedema 103.49-103.51, 103.52 
melanocytic naevi 131.22 
Stevens-Johnson syndrome/toxic 
epidermal necrolysis 118.17, 
118.18 
swollen genitalia and mons pubis 
103.49-103.51, 103.52 
genital chlamydia 30.8-30.14 
clinical features 30.10-30.11 
epidemiology 30.9-30.10 
gonorrhoea coinfection 30.7 
investigations 30.11-30.13 
management 30.13-30.14 
pathophysiology 30.10 
genital dermatology 1.8 
genital herpes 25.24—25.26, 109.28 
genitalia, female 110.1-110.48 
acne, vulval 110.45 
angiokeratomas 110.3, 110.4 
bacterial infections 110.25-110.27 
malakoplakia 110.26 
Mycobacterial infections 110.26 
Staphylococcal infections 110.25 
Streptococcal infections 110.25-110.26 
benign tumours 110.31-110.33 
atypical genital naevi 110.33 
Bartholin cysts 110.31 
cutaneous endometriosis 110.33 
mucinous cysts 110.31 


papillary hidradenoma 110.31-110.33, 


137.20-137.21 
bullous disease 110.20, 110.21 
clitoral variations 110.3 
congenital abnormalities 110.5 
Darier disease 110.6 
differentiated vulval intraepithelial 
neoplasia 110.34, 110.35 
disorders of sexual development 110.5 
epidermolysis bullosa 110.5 
female genital mutilation 110.43 
Fordyce spots 110.3, 110.4 
fungal infections 110.27-110.28 
Candidal vulvo-vaginitis 
110.27-110.28 
Tinea cruris 110.28 
Tinea incognito 110.28 
genital papular acantholytic dyskeratosis 
110.45 
genodermatoses 110.5-110.6 
graft-versus-host disease 110.43-110.44 
Hailey—Hailey disease 110.5-110.6 
high-grade squamous intraepithelial 
lesions 110.34-110.36 
history and examination 110.2 
immunobullous disease 110.20, 110.21 
inflammatory dermatoses of the vulva 
110.6-110.18 
allergic contact dermatitis 110.15 
allergic contact urticaria 110.16 
irritant eczema 110.14-110.15 
lichen planus 110.10-110.13 
lichen sclerosus 110.6-110.10 
lichen simplex 110.16-110.17 
psoriasis 110.17-110.18 
reactive arthritis 110.18 
seborrhoeic eczema 110.14 
zoon vulvitis 110.13-110.14 
investigations 110.2 
labial variations 110.3 
malignant neoplasms 110.36-110.40 
basal cell carcinoma 110.39 
extramammary Paget disease 
110.37-110.39 
Langerhans cell histiocytosis 
squamous cell carcinoma 
110.36-110.37 
verrucous carcinoma 110.37 
vulval melanoma _ 110.39-110.40 
necrolytic migratory erythema 
110.44-110.45 


110.40 


non-sexually transmitted infections 
110.24-110.31 
normal flora 110.3 
normal variants 110.3-110.4 
pain disorders 110.40-110.42 
classification of vulval pain 110.41 
papular acantholytic dyskeratosis 110.45 
pigmentary disorders 110.20-110.23 
acanthosis nigricans 110.22 
Dowling—Degos disease 110.23 
vitiligo 110.20-110.21 
vulval melanosis 110.21-110.22 
premalignant conditions 110.34-110.36 
structure and function 110.2-110.3 
traumatic lesions 110.42-110.43 
female genital mutilation 110.43 
mechanical hymenal fissures 
110.42-110.43 
ulcerative disorders 110.18-110.20 
aphthous ulcers 110.19 
Behcet disease 110.20 
causes of vulval ulcers 110.19 
non-sexually acquired genital ulcers 
110.19-110.20 
vaginal discharge, diagnosis of 
110.24-110.25 
varicosities 110.4 
vestibular papillomatosis 110.4 
viral infections 110.28-110.31 
herpes simplex virus infections 
110.29-110.30 
human papillomavirus infections 
110.30-110.31 
poxvirus infections 110.28-110.29 
vulval warts 110.30 
vulval acne 110.45 
vulval oedema 110.23-110.24 
vulvo-vaginal adenosis 110.44 
see also vagina; vulvo-vaginal 


genitalia, male 109.1-109.51 


acne 109.24 

acute scrotum 109.23 
allergic contact dermatitis 
amyloidosis 109.25 
anatomy 109.2-109.4 
angiokeratomas 109.6-109.7 
ano-genital warts 109.9 


109.12, 109.13 


artefactual conditions 109.8-109.9 
atopiceczema 109.12 
bacillary angiomatosis 109.28 


balanitis 109.4 

balanoposthitis 109.4-109.5 

basal cell carcinoma 109.42 

benign tumours 109.29-109.31 

body dysmorphic disorder 109.6, 109.44 

Bowen disease of the penis 109.31-109.34 

bowenoid papulosis —109.31-109.34 

Buschke-Léwenstein tumour /giant 
condyloma 109.39-109.40 

Candida infection 109.5, 109.11, 109.27 

carcinoma of the penis —109.35-109.39 

child abuse, signs of 109.9 

chronic pain syndromes 109.43-109.44 

cicatricial (mucous membrane) 
pemphigoid 109.25 

condylomas of penis 109.39-109.40 

congenital and developmental 
abnormalities 109.7-109.8 

cutaneous genital conditions 
109.42-109.44 

Darier disease 109.25 

dermatitis artefacta 109.9 

dermoid cysts 109.31 

drug reactions 109.24—109.25 

dysaesthesia 109.43-109.44 

ecthyma gangrenosum 109.26 

ectopic lesions on penile shaft 109.6 

eczema 109.11-109.13 

eczematous dermatoses 109.11 

erythroplasia of Queyrat 109.31-109.34 

extramammary Paget disease 
109.40-109.41 

foreign body 109.8 

Fournier gangrene —109.26-109.27 

fungal infection 109.28 


genital herpes simplex 109.28 

genital pruritus, causes of 109.2 

genito-crural intertrigo 109.3 

haematoma and rupture, penile 109.8 

history and examination 109.4-109.5 

HIV infection 109.29 

human papillomavirus infection 109.29 

hyperpigmentation 109.42 

hypopigmentation 109.28, 109.42, 109.43 

idiopathic lipogranuloma 109.43 

inflammatory dermatoses 109.9-109.26 

intraepithelial neoplasia, penile 
109.31-109.34 

investigations 109.5 

irritant contact dermatitis 109.11 

Kaposi sarcoma 109.42 

keloid 109.31 

koro syndrome 109.44 

leishmaniasis 109.28 

lichen planus 109.18-109.19 

lichen sclerosus 109.15-109.18 

lichen simplex 109.11 

lipogranuloma 109.8-109.9, 109.43 

malignant melanoma 109.41 

median raphe cysts 109.30 

melanocytic naevi 109.6 

melanosis, penile 109.42-109.43 

Melkersson—Rosenthal syndrome 109.25 

metastases to the penis 109.42 

molluscum contagiosum 109.29 

MRSA 109.28 

mucoid cysts 109.30 

mutilation 109.9 

mycosis fungoides 109.42 

naevi on the penis 109.6 

non-sexually transmitted infections 
109.26-109.28 

non-specific balanoposthitis 
109.21-109.22 

non-syphilitic spirochaetal ulcerative 
balanoposthitis 109.27 

normal variants 109.5-109.7 

oedema, chronic penile 109.19-109.21 

pearly penile papules 109.6 

pemphigus 109.25 

penile horn 109.35 

penile lymphoma 109.42 

penile necrosis 109.22-109.24 

penoscrotal swelling 109.20 

perianal cellulitis 109.26 

perineal streptococcal dermatitis 109.26 

Peyronie disease 109.24 

phimosis 109.4, 109.16-109.17 

phthiriasis 109.29 

pilonidal sinus 109.24 

pityriasis rosea 109.28 

porokeratosis of Mibelli 109.35 

porokeratosis ptychotropica 109.35 

pre-cancerous dermatoses and carcinoma 
in situ 109.31-109.35 

pseudoepitheliomatous micaceous and 
keratotic balanitis 109.35 

psoriasis 109.9-109.10 

psychiatric disorders 109.44 

pubichair 109.4, 109.27 

pyoderma gangrenosum 109.9, 109.23 

radiodermatitis 109.12 

sacral herpes zoster 109.28 

scabies 109.29, 109.30 

sclerosing lymphangitis 109.8 

scrotal calcinosis 109.30 

scrotal panniculitis 109.23 

sebaceous gland prominence 109.6 

seborrhoeic dermatitis 109.12, 109.13 

self-instrumentation of 109.8 

self-mutilation of 109.9 

sexually transmitted diseases 
109.28-109.29 

skin tags 109.5-109.6 

squamous carcinoma and malignant 
neoplasms 109.35-109.42 

squamous cell carcinoma, penile 
109.31-109.34 

squamous hyperplasia 109.34-109.35 

squamous intraepithelial lesions 
109.34-109.35 


staphylococcal cellulitis 109.26 
strangulation of the penis 109.8 
striae of Wickham 109.19 
structure and function 109.2-109.4 
syphilis 109.28 
tinea 109.27-109.28 
trauma 109.8-109.9 
trichomycosis pubis 109.27 
tuberculosis 109.27 
ulceration 109.5, 109.22-109.24, 109.28 
causes 109.22 
verruciform xanthoma 109.30-109.31 
viral warts 109.29 
warts 109.9, 109.29 
white patches and plaques, causes of 
109.34 
yaws 109.27 
zoon balanoposthitis 109.14-109.15 
see also penis; scrotum 
genital lentiginosis, laser therapies 23.15, 
23.16 
genital melanosis 131.10 
genital mucosa, lichen planus 37.6 
genital mucosal lesions, COVID-19 
association 25.113 
genital pain 
penoscrotodynia 82.11-82.12 
vulvodynia 82.9-82.11 
genital porokeratosis 85.21, 85.22 
genital psoriasis 35.10 
genital sarcoidosis 96.14-96.15 
genital skin, bowenoid papulosis 
141.20-141.21 
genital ulceration 30.18-30.19 
Adamantiades—Behcet disease 48.5 
Behcet-like syndrome associated with 
trisomy 8 myelodysplasia 149.8 
granuloma inguinale 30.21-30.23 
Lipschiitz ulcers 25.37, 25.41, 25.113 
see also chancroid 
genital warts see ano-genital warts 
genito-femoral area 
Hurley stageI disease 90.7 
Hurley stage II disease 90.8 
genitofemoral neuropathic pain/neuralgia 
83.7 
genito-urinary tract abnormalities 69.26 
genodermatoses 8.2, 8.3, 8.4, 149.14 
associated with internal malignancies 
148.7-148.13, 148.14 
blistering 69.1-69.28 
female genitalia 110.5-110.6 
with nail anomalies 67.2-67.3, 67.9 
genome-wide score see polygenic risk score 
genomic analysis of neoplasms, naevae as 
melanoma precursors 142.2 
genomic analysis of squames, melanoma 
diagnosis 142.10 
genomic imprinting 8.5 
genomic medicine 8.1 
genomics 
epigenomics 8.6 
immune system 9.2 
pharmacogenomics 13.11 
single-cell genomics 8.2 
skin ageing 2.46 
see also comparative genomic hybridisation 
genophotodermatoses 126.1 
genotype-phenotype correlations, 
congenital ichthyosiform 
erythroderma 63.7, 63.12 
gentamicin 18.11 
geographical factors, diagnosis 4.4 
geographic tongue 108.24 
geotrichosis, oral involvement 108.57 
Germany 
health economic evaluations 6.2 
psoriasis, economic burden of 6.8-6.9 
skin cancer, economic burden of 6.6, 6.7 
germ line mosaicism, keratinopathic 
ichthyoses 63.14 
gerodermia osteodysplastica 70.16 
GG-NER see global genome nucleotide 
excision repair 
GHB see gamma-hydroxybuyrate 


ghost adipocytes 
infective panniculitis 97.46 
pancreatic panniculitis 97.41, 97.43 


GHQ-12 see General Health Questionnaire 
Gianotti-—Crosti syndrome 25.121-25.123, 
25.221-25.223 
Epstien-Barr virus association 25.37 
hepatitis B association 25.74 
infants 115.11 
giant cell arteritis (GCA) 100.32-100.34 
oralinvolvement 108.69 
ultrasonographic image of superficial 
temporal artery 100.33 
vessel wall involvement by 
granulomatous reaction 100.32 
giant cell fibroblastoma 136.15-136.16 
giant cell granuloma 94.27-94.29 
giant cells 
microscopic examination of 3.36, 3.37 
multicentric reticulohistiocytosis 135.25 
giant juvenile xanthogramuloma 135.16 
giant porokeratoses 63.75 
Giemsa stain 3.8 
Gieson stain 3.8 
Gilchrist disease see blastomycosis 
gingiva 
anatomy 108.4 
homogeneous keratosis 108.33 
hypoplasminogenaemia 108.70 
melanotic macule 108.18 
oral lichen planus 108.77 
proliferative verrucous leukoplakia 
108.35 
gingival erythema 110.12 
gingival lichen planus 108.77 
gingival recession, lip/tongue piercing 
108.16 
gingival ulceration 108.55 
gingivitis 
acute necrotising (ulcerative) gingivitis 
and noma _ 108.54-108.55 
desquamative gingivitis 108.23, 108.82 
plasma cell gingivitis 108.25 
vitamin C deficiency 61.21-61.22 
gingivostomatitis, primary herpetic 
25.20-25.22 
Girimananda Sutra 1.2-1.3 
GJB2 gene 
associated disorders 63.34 
KID syndrome 63.33, 63.34 
GLA see generalised lymphatic anomaly 
glabella, botulinum toxins, aesthetic uses of 
159.4 
glabrous skin 2.43 
glanders, Burkholderia mallei 26.55 
glands of Tyson, Fordyce spots 93.11 
glandular cheilitis 108.62-108.63 
glandular fever see infectious mononucleosis 
GLD see generalised lymphatic dysplasia 
Gleich syndrome 43.4—43.5 
glial heterotopic nodules 136.50 
Global Alliance to Eradicate Lymphatic 
Filariasis (GALEF) 7.10 
global burden of disease (GBD) 5.6-5.7, 5.8, 
5.9,7.2 
global genome nucleotide excision repair 
(GG-NER) 76.2 
global health dermatology 7.1-7.15 
academic capacity building 7.12 
access to health care initiatives 7.8-7.11 
burden of disease 7.2 
capacity development 7.7-7.8 
climate change and skin health 7.3-7.4 
community dermatology 7.7 
concept of global health 7.1 
educational capacity building 7.11-7.12 
educational partnerships 7.1-7.2, 7.14 
history of global health 7.1 
impact of common skin diseases 7.3 
key stakeholders 7.4-7.6 
medical volunteerism 7.13, 7.15 
migrant health dermatology 7.13, 7.14 
needs assessments 7.12-7.13 
Sustainable Development Goals 7.1, 
7.6-7.7 


sustainable educational and health care 
partnerships 7.14 
teledermatology 7.8-7.9 
terminology 7.67.7 
volunteering opportunities 7.13, 7.15 
Global Programme to Eliminate Lymphatic 
Filariasis (GPELF) 103.35 
globular patterns 


dermoscopy 
melanomas 145.7, 145.8, 145.10 
naevi 145.2, 145.3, 145.4-145.5, 145.6 


GLODERM (International Alliance for 
Global Health Dermatology) 7.6 
glomangioma/glomangiomyoma see glomus 
tumour 
glomeruloid haemangioma 136.25 
glomovenous malformations, oral 
involvement 108.25 
glomus tumour 136.41-136.42 
diagnosis 3.25 
glomuvenous malformation (GVM) 71.2, 
71.18-71.19 
glossitis 108.24—-108.25 
atrophic glossitis 108.25 
median rhomboid glossitis 108.22 
glossodynia/glossopyrosis/glossalgia see 
burning mouth syndrome 
glove materials, chemical protection 128.8 
GLP-1 see glucagon-like peptide-1 
GLPLS see Graham-Little—Piccardi-Lassueur 
syndrome 
glucagon and glucagonoma, 
dermatoendocrinology 150.10, 
150.12, 150.19 
glucagon-like peptide-1 (GLP-1) 125.14 
glucagonoma syndrome, necrolytic 
migratory erythema 153.6 
glucocorticoids (GCs) 19.17-19.21 
cautions 19.19-19.20 
contraindications 19.18 
dermatological uses 19.17 
dose and regimens 19.20-19.21 
drug—drug interactions 19.20 
monitoring 19.21 
pharmacological properties 19.17-19.18 
potential adverse effects 19.18, 19.19 
pre-treatment screening 19.20 
sensitivity to, atopiceczema 41.19 
glucocorticosteroids 2.31 
glucose levels, burn injuries 125.14 
glucose monitors, allergic reactions to 
62.4 
glue sniffer’s rash 120.4 
glutamine supplementation, 
hypermetabolism treatment 
125.11-125.12 
glutamine synthesis defects 79.14-79.15 
glutathione-S-transferases (GSTs) 127.10 
gluteal region see buttock 
glyceryl trinitrate 18.41 
Raynaud phenomenon treatment 124.12 
glycine-glutamate-lysine-glycine (GEKG) 
157.5 


glycine substitutions, dystrophic 
epidermolysis bullosa 69.19 
glycolic acid (GA), chemical peels 160.2, 
160.8, 160.9-160.10 

glycopeptides 19.47 
glycoproteinoses 79.3-79.4, 79.4 
glycosaminoglycans (GAGs) 2.36-2.39 

cosmeceutical use 157.4 

gene location 2.39 

molecular structure 2.36, 2.37 

tissue distribution 2.39 
glycosaminoglycan synthesis 94.42 
glycosylation 

CHIME syndrome 63.38 

congenital disorders of 79.9-79.10 
glycyrrhetinic acid, topical therapies 18.41 
glyphic wrinkles 94.2 
glypicans 2.38 
Gy, gangliosidosis 79.5 
gnathostomiasis 33.21-33.23 

clinical features 33.22-33.23 

epidemiology 33.21 


management 33.23 
pathophysiology 33.21-33.22 
gold 
allergic contact dermatitis 127.40-127.41 
dermatological manifestations 
121.3-121.4 
Goldenhar syndrome 106.7 
golimumab, psoriatic arthritis treatment 
35.45 
gonadal mosaicism 8.7 
gonococcal conjunctivitis 30.3, 30.4, 30.8 
gonococcal ophthalmia neonatorum 30.3, 
30.4 
gonococcal vaccine 30.7 
gonorrhoea 30.1-30.8 
antimicrobial resistance 30.7 
clinical features 30.3-30.6 
disseminated disease 30.5-30.6 
epidemiology 30.1 
gonococcal vaccine 30.7 
investigations 30.6-30.7 
management 30.7-30.8 
oral involvement 108.55 
pathophysiology 30.1-30.2 
perianal skin 111.16 
gonosomal mosaicism 8.7 
Gordon syndrome 103.24 
Gorham syndrome 
diffuse lymphangiomatosis involving 
bone 136.39 
see also disappearing / vanishing /phantom 
bone disease 
Gorham-Stout disease (GSD) 71.2, 103.28 
diffuse lymphangiomatosis involving 
bone 136.39 
see also disappearing / vanishing /phantom 
bone disease 
Gorlin syndrome see naevoid basal cell 
carcinoma syndrome 
gout 106.22, 155.9-155.10 
gouty panniculitis 97.60, 97.61 
gouty tophi 106.24 
Gower panatrophy 94.19-94.20 
GPA see granulomatosis with polyangiitis 
GPCRs see G-protein-coupled receptors 
GPELF see Global Programme to Eliminate 
Lymphatic Filariasis 
GPP see generalised pustular psoriasis 
G-protein-coupled receptors (GPCRs), 
transmembrane drug mechanisms 
13.5 
GPs see general practitioners 
GR see granulomatous rosacea 
Grading of Recommendations, Assessment, 
Development and Evaluations 
(GRADE) working group 17.11 
grafts 
burn injuries 125.13 
skin surgery 20.29-20.30, 20.34, 20.35 
wound healing 11.11-11.12 
graft-versus-host disease (GvHD) 
38.1-38.12, 98.9, 107.34 
acute 38.2, 38.3-38.7 
versus chronic distinction 38.1 
chronic 38.2, 38.3, 38.7-38.11 
clinical features 38.3-38.5, 38.7-38.9 
epidemiology 38.1-38.2 
extracorporeal photochemotherapy 21.7 
female genitalia 110.43-110.44 
management 38.5-38.7, 38.9-38.11 
oral involvement 108.48-108.49, 108.70 
pathology 38.2-38.3 
predisposing factors 38.2 
severity classification 38.4, 38.5, 38.9, 
38.10 
skin cancer 
pathogenesis 147.9-147.10 
risks of chronic disease 147.4-147.5 
transfusion-associated 149.15 
Graham-Little-Piccardi-Lassueur syndrome 
(GLPLS) 87.43 
Gram-negative bacteria 26.49-26.67 
Gram-negative folliculitis 88.36 
Pseudomonas aeruginosa 26.51-26.53 
sports association 122.16 
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Gram-negative organisms 
burn wound infections 125.10 
Papillon—Léfevre syndrome 63.68 
Gram-positive bacteria 26.6-26.49 
Gram-positive organisms, burn wound 
infections 125.10 
Gram stain 3.9 
granular cell myoblastoma, vulva 110.32 
granular cell tumours 108.45 
neural cells 136.48-136.49 
granular fat 97.1-97.2 
granulating wounds, postoperative care 
20.37, 20.38-20.39 
granulation tissue, peristomal skin 112.6 
granulocytic (myeloid) sarcoma 
infiltration of skin with malignant 
granulocyte precursor cells 149.2 
oralinvolvement 108.70 
see also leukaemia cutis 
granuloma 3.41 
denture-induced granuloma 108.10 
erythema nodosum 97.22 
foreign body reactions 122.17, 122.21 
mercury 121.6 
peristomal skin 112.6 
sarcoidosis 96.2-96.3 
subcutaneous tissue 97.12, 97.54 
granuloma annulare (GA) 3.44, 4.10, 
95.1-95.8, 97.14-97.15 
associated diseases 95.1-95.2 


complications and co-morbidities 95.7 
diabetes association 62.5, 62.7 
differential diagnosis 95.7 

disease course and prognosis 95.7-95.8 


drug-induced 95.2 
ear dermatoses 106.22 
epidemiology 95.1 
generalised or disseminated 95.5, 95.6 
HIV 31.18 
incidence and prevalence 95.1 
internal malignancy association 148.23 
interstitial or diffuse pattern 95.3 
investigations 95.8 
localised 95.4-95.5 
management 95.8 
necrobiotic xanthogranuloma 97.18 
pathology 95.2-95.4 
pathophysiology 95.2 
perforating 95.3, 95.4, 95.6, 95.7 
presentation and clinical variants 
95.4-95.7 
sarcoidal pattern 95.3, 95.4 
subcutaneous 95.6-95.7 
sunlight exposure 95.2 
treatment ladder 95.8 
granuloma faciale 89.10, 100.11-100.12 
ear dermatoses 106.22 
inflammatory cell infiltrate 100.12 
photothermal ablation 23.22 
granuloma inguinale 30.21-30.23 
clinical features 30.22-30.23 
epidemiology 30.21 
investigations 30.23 
management 30.23 
pathophysiology 30.21-30.22 
perineal skin 111.17 
granuloma multiforme 94.29-94.30 
granuloma telangiectaticum see pyogenic 
granuloma 
granulomatosis, orofacial 103.48, 
108.72-108.74, 127.21 
granulomatosis with polyangiitis (GPA) 
100.22-100.25 
bilateral nodules 100.26 
collagen degeneration 100.24 
ear dermatoses 106.22 
eye disease 107.35 
inflammatory infiltrate 100.24 
involving respiratory system 152.3-152.4 
oralinvolvement 108.69 
ulcerated lesions of cutaneous small-vessel 
vasculitis 100.26 
granulomatous acne 88.30 
granulomatous disorders 95.1-95.16 
cutaneous Crohn disease 95.13-95.16 


diabetic patients 62.5 
granuloma annulare 95.1-95.8 
necrobiosis lipoidica 95.8-95.13 
orofacial granulomatosis 103.48, 
108.72-108.74, 127.21 
sarcoidosis 105.9 
scalp 105.9 
see also sarcoidosis 
granulomatous (or nodular) candidiasis of 
the napkin area 32.65 
granulomatous periorificial dermatoses, 
childhood 89.18-89.19 
granulomatous reactions 
allergens 127.21 
annular elastolytic giant cell granuloma 
94.29 
bacterial infection 26.76-26.77 
granulomatous rosacea (GR) 88.34, 89.7, 
89.8, 89.9 
granulomatous skin lesions 
necrotising skin 80.10 
severe combined immunodeficiency 80.8 
granulomatous slack skin disease 94.30, 
139.16 
granulomatous superficial pyoderma 
gangrenosum 49.5, 49.6 
granulosis rubra nasi 92.10-92.11 
grape seed extract (GSE) 157.7-157.9 
Graves disease 150.7, 150.10, 150.11, 150.14, 
150.20 
gravitational purpura 99.4 
‘the Greater Patient’ concept 
Greece 
ancient medical texts 1.2 
Hippocrates 1.3 
green tea (Camellia sinensis) 157.9 
green zone 3.41 
Grenz rays, kilovolt X-ray therapy 24.4, 
24.7 
grey lesions,melanoma 145.14 
Griscelli syndrome 80.14 
Griscelli-Pruniéras syndrome types I and II 
68.9 
griseofulvin antifungals 19.48 
see also aciclovir; famciclovir; penciclovir; 
valaciclovir 


16.10 


groin 
chancroid 30.18-30.21 
erythrasma 4.20 
hidradenitis suppurativa 88.38 
Langerhans cell histiocytosis 115.16 
linear IgA disease 115.11 
lymph drainage, obstruction of 103.8 
microbiome 26.4, 26.5 
necrolytic migratory erythema 47.14 
subcorneal pustular dermatosis 49.18 
groin rash, Langerhans cell histiocytosis 
135.4 
Grotton papules 52.5, 52.7 
Grotton syndrome 70.26, 70.28 
ground itch see ancylostomiasis; 
strongyloidiasis 
groundwater contamination, by arsenic 
141.13, 141.18 
Group A streptococcus see Streptococcus 
pyogenes 
Group B streptococci 26.12, 26.36-26.37 
Group C streptococci 26.12, 26.36-26.37 
Grover disease see transient acantholytic 
dermatosis 
growth delay, atopic eczema association 
41.21 
growth factors 
hair disorder treatment 87.95 
wound healing 11.4, 11.5, 11.5, 11.6, 11.11 
growth failure, ichthyoses 63.46 
growth hormone, central nervous system 
controlled endocrine signalling axis 
150.2 
growth hormone deficiency, Netherton 
syndrome 63.26 
growth hormone treatment, burn injuries 
125.13 
Grzybowski syndrome 141.43-141.44 
GSD see Gorham-Stout disease 


GSE see grape seed extract 

GSTs see glutathione-S-transferases 

G-Tube (gastrostomy), bullous pemphigoid 
50.19 

GUD (genital ulcer disease) see genital 
ulceration 

guinea pig maximisation test 127.8-127.9 

Guinea worm see dracunculiasis 

‘guitar nipple’ 122.12 

gummas, syphilis 108.56 

gummatous neurosyphilis 29.15 

gummatous syphilide 29.13, 29.14, 29.15 

gums see gingiva 

gustatory hyperhidrosis 83.24, 92.5-92.6, 
92.8 

flushing in children 104.10 
management 92.9 

gut microbiome, and atopiceczema 41.9 

‘gut’/slaughterhouse eczema 39.15-39.16 

guttate lichen planus 37.8, 37.9 

guttate morphoea 55.17 

guttate psoriasis 35.15, 35.16, 35.19 

GvHD see graft-versus-host disease 

GVM see glomuvenous malformation 

gynaecomastia 150.10, 150.12, 150.13, 
150.14, 150.16, 150.17, 150.18 


H 
H&E see haematoxylin and eosin stain 
HA20 see haploinsufficiency of A20 
HA see hyaluronic acid 
HAART see highly active antiretroviral 
therapy 
habit disorders 
A-B-C model 84.12 
onychotillomania and onychophagia 
84.25 
trichotillomania/trichotillosis 
84.22-84.25, 87.14, 87.24, 87.32-87.34 
see also obsessive-compulsive 
behaviour/ disorder 
habit reversal therapies, psychodermatology 
84.12, 84.15, 84.17, 84.18, 84.20, 
84.21, 84.25, 84.47 
HADS see Hospital Anxiety and Depression 
Scale 
HAE see hereditary angio-oedema 
haem 
biosynthesis of 58.2, 58.3, 58.4 
chemistry of 58.1-58.2 
molecular structure 58.2 
haemangiomas 136.25-136.32 
capillary, laser therapies 23.8 
eyelid 107.46-107.47 
infants 23.8, 116.1-116.9 
oral involvement 108.25-108.26 
haemangiosarcoma see angiosarcoma 
haematological abnormalities, dyskeratosis 
congenita 75.4 
haematological diseases 
necrobiotic xanthogranuloma association 
135.24 
oral involvement 108.69-108.72 
skin manifestations 149.1-149.16 
haematological malignancies 
eosinophilic pustular folliculitis 91.4 
graft-versus-host disease following 
allogenic haematopoietic stem cell 
transplantation 38.1-38.12 
human papillomavirus 25.71 
rare syndromes 149.14-149.15 
see also cutaneous lymphomas 
haematological neoplasms 
infiltration of skin with neoplastic cells 
149.2-149.5 
skin manifestations 149.1-149.15 
haematological syndromes, ocular features 
107.42 
haematoma 
externalear 106.8 
penile 109.8 
skin surgery 20.41—20.42 
haematopoiesis 149.5 
haematopoietic malignancies 148.2 
haematopoietic stem cell transplantation 
(HSCT) 98.8-98.9 


complications of 108.48 

graft-versus-host disease 38.1-38.12 

skin cancer risks 147.4-147.5 
haematoporphyrin, photodynamic therapy 


history 22.2 
haematoxylin and eosin (H&E) stain 3.7, 
3.8, 3.9 


haem disorders 79.2 
haemochromatosis 86.22, 86.23, 
86.48-86.49, 153.5 


haemodialysis 
arteriovenous shunt site complications 
154.5 
calciphylaxis 154.2 
cutaneous complications 154.4-154.5 
cutaneous signs 154.3-154.4 


haemoglobin 
light absorption by skin 23.3-23.4 
vascular lasers 23.6 
haemoglobinopathies 149.15-149.16 
haemolytic anaemia/methaemoglobinaemia, 
dapsone side effect 19.14 
haemophagocytic lymphohistiocytosis 
(HLH) = 135.11-135.14 
infectious mononucleosis complication 
25.37 
haemophilia, HIV/AIDS 31.37 
Haemophilus ducreyi, chancroid 30.18-30.21 
haemorrhagic bulla, primary systemic 
amyloidosis 56.13 
haemorrhagic crusting, hydroa vacciniforme 
126.25, 126.26 
haemorrhagic fevers 
Bunyavirus infections 25.83-25.84 
filivirus infections 25.85-25.87 
filovirus infections 25.84-25.85 
haemorrhagic lesions 4.12 
haemorrhagic onychomadesis, selenium 
exposure 121.7 
haemorrhagic polymorphic light eruption 
126.4, 126.5 
haemorrhagic proctitis, lymphogranuloma 
venereum 30.16 
haemorrhagic rashes, measles 
haemorrhoids  111.31-111.33 
origin of internal and external 
haemorrhoids 111.32 
perianal skin tags 111.32, 111.33 
positions of internal haemorrhoids 111.32 
prolapsed internal haemorrhoids 111.32 
severity classification 111.33 
haemosiderin 86.47, 86.48 
haemosiderosis 94.10 
haemosiderotic fibrolipomatous tumour 
136.60-136.61 
haemostasis 
open wounds 20.48 
wound healing 9.6 
Hailey—Hailey disease (HHD) 69.24, 
110.5-110.6 
ano-genital region 111.10 
perineal and perianal skin 111.10 
Haim—Munk syndrome 63.68 
hair 91.10-91.11, 122.22-122.24 
acquired disorders of 87.1-87.102 
anagen phase 87.8 
colour 86.5, 87.12-87.13, 87.73-87.74, 
87.88, 87.99-87.101, 127.60-127.61, 
142.3 
corkcrew hairs, vitamin C deficiency 
61.21, 61.22 
crab lice 34.24-34.25 
cyclical behaviour 87.9 
density on scalp 87.3 
external ear 106.3 
follicular psoriasis 35.7, 35.9 
foreign-body reactions 91.10-91.11, 
93.1-93.2, 122.22-122.24 
fragility of 87.75-87.90 
greying 87.91-87.93 
head lice 34.18-34.23 
inherited immunodeficiency 80.4—-80.6 
internal malignancy effects 148.17-148.18 
iron deficiency 61.3, 61.4, 61.24, 87.59, 
87.63, 87.70-87.71 


25.99 


keratins 2.10 

lichen planopilaris 37.5, 37.6, 37.11 

metal poisoning signs 121.1 

in pregnancy 113.1, 113.2 

psoriasis vulgaris 35.7, 35.9 

reddening of in protein-energy 
malnutrition 61.4 

regrowth, topical use of sensitising agents 
18.33-18.34 

sample collection in fungal infection 32.7 

systemic lupus erythematosus 


51.25-51.26 
transplantation 87.97 
types 87.2 


variants, explanation for 2.10 
see also arrector pili muscle; hirsutism; 
trichi... 
HAIR-AN syndrome 85.4-85.5 
acne vulgaris association 88.7-88.8, 88.11 
hair artefact, cutting /shaving to simulate 
disease 84.33 
hair balls see trichobezoar 
hair-bearing skin 2.43 
hair bulb 87.4-87.5, 87.8 
scarring alopecia 87.37 
hair changes 
associated with liver disease 153.9 
chemotherapy-induced 119.5-119.6 
hair colour 87.99-87.101, 127.60-127.61 
melanoma risk 142.3 
pigmentation 87.12-87.13, 87.88 
trichochromes 86.5 
tyrosine kinase inhibitors 
hair curl, classification 87.7 
hair cycle 87.7-87.9 
dynamics 87.63 
hair discs 2.12 
hair disorders 87.1-87.102 
assessment/management 87.13-87.18 
common treatments 87.94-87.101 
cosmetic approaches 87.69, 87.97-87.101 
COVID-19 association 25.113 
excessive hair growth 87.84-87.91 
HIV 31.33-31.34 
ichthyoses 63.45 
ocular features 107.41 
pigmentation disorders 
87.91-87.94 
structural defects 87.75-87.84 
syndromic ichthyoses 63.39, 63.40-63.46 
hair dyes, allergic reactions 127.5, 127.16, 
127.33, 127.60-127.61 
hair fall, increase in 87.53-87.71 
hair fibres 87.6-87.7 
hair-filled sinuses 122.23 
hair follicle pigmentary unit (HFPU) 
87.12-87.13 
hair follicles (HF) 2.43, 87.2 
androgen action mechanism 87.10-87.11 
cysts and tumours, dystrophic calcification 
59.3-59.4 
degeneration and regeneration 2.45 
density 87.3 
development/distribution 87.2-87.3 
embryonic development 2.3-2.5, 2.5 
fibroplasts 2.40 
growth phase 2.45 
as hormone-sensitive mini-organs 150.1, 
150.3 
innervation 87.7 
light absortption 23.5-23.6 
melanocytes 2.17 
Merkel cells 2.12 
mesenchyme lesions 137.15-137.16 
miniaturisation 87.64, 87.65 
naevi 137.7-137.8 
neuroendocrinology 87.11-87.13 
resting phase 2.45 
staphylococcal infections 26.22-26.27 
stem cells in 2.44-2.45 
suprabulbar region 87.4, 87.6 
tumours 137.2-137.5 
see also carbuncles; folliculitis; furuncles; 
sycosis 
hair germ tumours and cysts 137.7-137.13 


87.73-87.74 


68.6-68.7, 68.9, 


hair growth 87.9-87.11 
excessive 87.84-87.91 
phases of 2.10 
hair immune system 87.11 
hair loss 
assessment/management 87.13-87.18 
increased hair fall-associated 87.53-87.71 
infants 115.15 
infections 87.35-87.36 
presentations 87.18-87.74 
psychological and social factors 
scalp psoriasis 105.3 
see also alopecia 
hair matrix tumours 137.13-137.15 
hair presentation, Netherton syndrome 
63.26-63.27 
hair products 
allergic contact dermatitis 127.48 
effects on dandruff 40.4 
hair pulling disorders 
(trichotillomania/trichotillosis) 
84.22-84.25, 87.14, 87.24, 87.32-87.34 
hair pull test 87.54-87.55, 87.65 
hair reduction, laser treatment 23.5-23.6, 
23.17-23.20 
hair removal 
folliculitis keloidalis 93.4 
hidradenitis suppurativa treatment 90.11 
laser assisted 23.17-23.20, 93.4 
principles of light-assisted removal 
23.5-23.6 
pseudofolliculitis 91.10, 93.1-93.2 
hair shaft abnormalities, trichoscopy 87.74 
hair shaft (HS) 
disorders of 87.14-87.15, 87.74-87.84 
fungal infections 32.15-32.16 
suprabulbar region 87.4 
white piedra 32.16-32.17 
hair shedding, ininfancy 114.4 
hair sinus 122.22 
hair styling, alopecia 87.99 
hair systems 87.101 
hair-thread tourniquet syndrome 122.23 
foot involvement 122.22 
hairy leukoplakia, oral lesions 
108.32-108.33, 108.34 
half-and-half nails 154.3 
halitosis, olfactory delusions 84.10-84.11 
Hallermann-Streiff syndrome 77.2 
hallucinations, delusional infestation 84.6 
halo dermatitis 39.28 
halo eczema naevus see Myerson naevus 
halogen acne 129.12 
halogenated aromatic hydrocarbons 129.12 
halogenated salicylanilides _127.79-127.80 
halo naevi 86.40-86.42, 131.27-131.28, 
131.28, 131.29 
vitiligo association 86.34—-86.35, 86.41 
hamartoma of cutaneous adnexa and 
mesenchyme see rhabdomyomatous 
congenital hamartoma 
hamartoma of the pilosebaceous follicle 
137.8-137.9 
hamartomas 
basaloid follicular 137.12-137.13 
dermoid cyst, mouth 108.12 
sclerosing epithelial see desmoplastic 
trichoepithelioma 
hamartomatous polyps, PJT syndrome 
68.13 
Hamilton—Norwood scale, hair loss 87.65, 
87.66 


15.4 


hand 

atopiceczema 41.16-41.17, 41.19, 41.23 

bullous eczema 39.14 

bullous pemphigoid 50.16 

callosities 122.8 

cheiroarthropathy 62.7 

cicatricial pemphigoid 50.52 

collagenous and elastotic marginal 
plaques 94.4-94.5 

deformity, epidermolysis bullosa 
69.17-69.18, 69.26 

dermatomyositis 52.5, 52.7, 52.8 

discoid lesions, systemic lupus 
erythematosus 51.23 


discoid lupus erythematosus 51.8 
epidermolysis bullosa acquista 50.44 
erythema elevatum diutinum 100.9 
erythema multiforme 4.15, 47.2 
erytropoietic protoporphyria 99.24 
glomuvenous malformation 71.18 
granuloma annulare 95.2, 95.5 
Grotton papules in dermatomyositis 
52.5, 52.7 
IgA vasculitis 100.15 
infrared thermograms 54.22 
lichen planus 39.17 
lichen striatus 37.18 
Maffucci syndrome 71.20 
mixed connective tissue disease 53.4 
mucocutaneous venous malformation 
71.16 
mucous membrane pemphigoid 50.29 
Nékam disease 37.11 
neutrophilic dermatosis of dorsal hands 
49.12, 49.13 
oedema 103.21 
palisaded and neutrophilic granulomatous 
dermatitis 53.7 
pellagra, niacin deficiency 61.17 
psoriasis vulgaris 35.11 
Rothmund-Thomson syndrome 75.6 
spindle cell haemangiomas 71.20 
STING-associated vasculopathy with 
onset in infancy 45.14 
systemic lupus erythematosus 51.23, 
51.24 
tinea nigra palmaris 32.14-32.15 
tyrosinaemia type 2 79.12 
xanthomatosis 60.6 
see also palm 
hand eczema 39.12-39.19, 127.13-127.14, 
128.1-128.2, 128.3-128.4 
acute 39.19 
advice to patients 128.7 
aetiology 39.12 
aproneczema 39.14, 39.15 
associated diseases 39.13 
chronic 39.14-39.15, 39.18-39.19 
clinical features 39.14 
clinical variants 39.14-39.16 
complications and co-morbidities 39.17 
differential diagnosis 39.16-39.17, 127.22, 
128.5 
disease course and prognosis 39.17-39.18 
environmental factors 39.13-39.14 
epidemiology 39.12-39.13 
fingertip 39.15 
genetics 39.13 
‘gut’/slaughterhouse eczema 39.15-39.16 
hyperkeratotic 39.14 
inflammatory pathways 
investigations 39.18 
management 39.18-39.19 
morphological patterns 39.12 
nickel allergy 127.37-127.38 
occupational contact dermatitis 
129.6 
patchy vesiculosquamous eczema 39.16 
plant allergies 127.72 
pompholyx eczema 39.14 
population studies 127.3 
predisposing factors 39.13, 127.7 
preservatives 127.53-127.54 
prognosis 127.23 
recurrent focal palmar peeling 39.16 
ring eczema 39.16 
severity classification 39.17 
treatment 39.19 
Trichophyton infection 39.17 
hand, foot and mouth disease 25.94-25.95, 
108.50 
infants 115.6 
handicap, caused by skin disease 5.5-5.6 
hand-arm vibration syndrome (HAVS) 
122.24-122.26 
Hand-Schiiller-Christian syndrome 135.6 
Hansen, Gerhard 1.8 
Hansen’s disease /Hanseniasis see leprosy 
Hapalochlaena maculosa, stings from 130.4 


39.13: 


129:2, 


haploinsufficiency of A20 (HA20) 45.5, 
45.7, 45.15 
haplotypes, mal de Meleda 63.55 
Happle-Tinschert syndrome 73.7, 78.12 
haptenisation 118.5 
hapten/pro-hapten model, T-cell recognition 
of drugs 14.5-14.6 
haptens 127.8 
harlequin colour change 
flushing in children 104.10, 104.10 
neonates 114.3 
harlequin ichthyosis (HI) 63.7-63.8, 
63.9-63.10 
management of 63.43 
Harmonising Outcome Measures for Eczema 
(HOME) 16.3 
Hartnup disease 61.16, 79.14 
harvest mites 34.54 
Hashimoto-Pritzker disease 135.5, 135.7 
HAVS see hand-arm vibration syndrome 
Haxthausen disease 63.71-63.72 
HBV see hepatitis B virus 
HC see hereditary coproporphyria 
HCCVM see hyperkeratotic cutaneous 
capillary—venous malformations 
HCoVs see human coronaviruses 
HCV see hepatitis C virus 
HDM see house dust mite 
HD-OCT see high-definition optical 
coherence tomography 
head, allergic contact dermatitis of 127.14, 
127.21 
Headington’s anagen release 87.53 
head lice 34.18-34.23 
clinical features 34.20-34.21 
epidemiology 34.18-34.19 
investigations 34.21 
management 34.21-34.23 
on mummified body 1.2 
pathophysiology 34.20 
head and neck, anatomical considerations 
for skin surgery 20.1-20.4 
head oedema _ 103.46-103.49, 103.47 
Heaf test 4.24 
healing see wound healing 
health anxieties, irrational/ obsessional fears 
of skin problems 84.25-84.26 
health care partnerships 7.14 
health care settings 5.12-5.13 
health economics 6.1-6.11 
decision-making in dermatology practice 
6.10-6.11 
economic burden of disease 6.5-6.10 
atopiceczema 6.10 
definition 6.1 
psoriasis 6.8-6.10 
skin cancer 6.5-6.8 
studieson 6.10 
holistic perspective 6.2 
methods and approaches 6.1-6.5 
bottom-up/top-down approaches 6.3 
comparative /non-comparative studies 
6.3, 6.4-6.5 
cost-benefit analysis 6.4 
cost-effectiveness analysis 
cost-minimisation studies 
cost-utility analysis 6.4 
evaluation perspectives 6.2 
friction cost approach 6.3 
human capital approach 6.3 
implementation of health economic 
findings in decision-making 6.5 
indirect costs 6.3 
intangible costs 6.3 
physician perspective 6.2 
prioritisation 6.5 
productivity costs 6.3 
rationalisation 6.5 
scaling 6.5 
secondary research 6.2-6.3 
types of health economic evaluation 
6.2-6.5 
willingness to pay 6.4 
patient perspective 6.2 
psoriasis, economic burden of 6.8-6.10 


6.4 
6.4 
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skin cancer, economic burden of 6.5-6.8 
societal perspective 6.2 
third-party payer perspective 6.2 
health related quality of life (HRQoL) 6.2, 
16.5-16.6 
health services research 5.12-5.14 
Health Systems Evidence (HSE) database 
17.6, 17.7 
hearing impairment 
palmoplantar keratodermas and 
63.63-63.65 
see also deafness 
heart 
congenital heart block 51.39-51.42 
Libman-Sacks endocarditis 51.18 
sarcoidosis 96.6 
systemic lupus erythematosus 
see also cardio... entries 
heat 
cutaneous reactions to 124.1-124.16 
diseases caused by 124.14-124.16 
physiological reactions to 124.14 
heat-associated carcinomas 124.15 
heat contact urticaria 42.9, 42.10 
heat injuries = 125.1-125.15 
heat rash see miliaria 
heat shock proteins (HSP), 
Adamantiades—Behcet disease 
48.3 
heavy coal-tar distillates 129.12 
heavy metals, oral hyperpigmentation 
108.17 
Heberden nodes 155.8 
Hebra, Ferdinand Ritter von 1.6 
Heck’s disease 108.11 
hedgehog pathway inhibitors, hair loss 
87.74 


51.30 


hEDS see hypermobile Ehlers—Danlos 
syndromes 
heel 
black heel 99.6 
calcified cutaneous nodules of the heels 
115.15 
mechanical injuries 122.10-122.11 
pedal papules of infancy 115.15 
piezogenic pedal papules 122.26 
heel prick calcinosis 59.3 
HEH see neutrophilic eccrine hidradenitis 
Helicobacter pylori infection 153.1 
heliodermatitis 89.7-89.8 
heliotrope rash 52.3 
helminth infestations 
and atopiceczema 41.8 
perineal and perianal skin § 111.16 
see also cestodes; nematodes; trematodes 
HEMA see hydroxyethlmethacrylate 
2-HEMA see 2-hydroxyethylmethacrylate 
hematidrosis 92.18, 92.19 
hemidesmosomal inner plaques, keratins 
69.4 
hemidesmosomes  2.25-2.26 
hemihyperplasia—multiple lipomatosis 
syndrome 72.9, 72.11 
Hemiptera (bugs) 34.25-34.30 
henna 87.100 
Hennekam lymphangiectasia-lymphoedema 
syndrome 71.26 
heparan 2.37 
heparan sulphate (HS) 2.39 
heparan sulphate proteoglycans (HSPGs) 
2:25 
heparin 2.37 
heparin-induced thrombocytopenia (HIT) 
99.9-99.10 
heparin necrosis, purpura 99.9-99.10 
hepatic, see also liver disease 
hepatic gummata, syphilis 29.15 
hepatic haemangioma (HH), infants 
116.5 
hepatic sarcoidosis 96.5 
hepatitis 25.73-25.77 
and lichen planus 37.2 
oralinvolvement 108.74 
hepatitis A virus 25.96-25.97 
cutaneous features 153.4 


hepatitis B virus (HBV) 25.74-25.75 
arthropathies 155.3 
cryoglobulinaemia 124.13 
cutaneous features 153.4-153.5 
human bite transmission 130.7 
hepatitis C virus (HCV) 25.75-25.77 
cryoglobulinaemia 124.13 
cutaneous features 153.5 
human bite transmission 130.7 
polymorphic light eruption 126.2 
viral arthropathies 155.3 
hepatobiliary disease 153.4-153.5 
cholestatic pruritus 81.9-81.10 
and psoriasis 35.19 
hepatocellular carcinoma, PR association 
85.8 
hepatotoxicity, methotrexate 19.26 
herbals 
acne vulgaris 88.57-88.58 
cosmeceutical use of 157.7-157.10 
psychodermatological uses 84.48 
traditional topical therapies 18.38 
wart treatments 25.60 
see also complementary /alternative/ 
traditional therapies; plant extracts 
hereditary angio-oedema (HAE) 43.1-43.2, 
43.3-43.4 
clinical features 43.4 
reticulate prodromal erythema 43.4 
treatment 43.6 
hereditary anonychia 67.16-67.17 
hereditary autoinflammatory 
disorders /syndromes 
arthralgia/arthritis 155.10 
renal involvement 154.2 
hereditary benign intraepithelial 
dyskeratosis 108.29 
hereditary benign telangiectasia 101.17, 
101.20, 101.21 
aborising pattern 101.20 
hereditary coproporphyria (HC) 58.5, 58.7, 
58.9, 58.12, 58.17 
hereditary disorders /syndromes 
8.8-8.9 
acne plus musculoskeletal features 
155.11 
cardiac involvement 151.1, 151.2-151.4 
pachydermoperiostosis 155.14 
prenatal diagnosis 8.9-8.11 
skin and renal involvement 154.1-154.2 
hereditary fibrosing poikiloderma with 
tendon contractures, myopathy and 
pulmonary fibrosis 75.2, 75.7 
hereditary haemorrhagic telangiectasia 
(HHT) 71.2, 71.12-71.13, 78.14, 
153.7 
oralinvolvement 108.26 
hereditary leiomyomatosis and renal cell 
cancer (HLRCC/Reed syndrome) 
78.14, 78.15, 148.12, 154.2 
hereditary lymphoedema type 1A 
(LMPH1A)  71.24-71.25 
hereditary monogenic autoinflammatory 
syndromes 45.2-45.19, 155.10 
autoinflammatory diseases with 
granuloma 45.11-45.12 
Behcet disease-like or inflammatory bowel 
disease-like autoinflammatory 
syndromes 45.15-45.16 
clinical features 45.6-45.7 
dermatological signs and entities 
45.3-45.4 
epidemiology 45.2, 45.6-45.7 
hereditary periodic fevers 45.8—45.11 
miscellaneous monogenic 
autoinflammatory syndromes 
45.16-45.19 
pathophysiology 45.2-45.8 
related acquired sporadic or complex 
disorders 45.3-45.4 
skin and/or mucosal manifestation 
45.3-45.4 
terminology 45.5 
treatment 45.6—45.7 
type linterferonopathies 45.13-45.15 


8.2-8.5, 


hereditary mucoepithelial dysplasia (HMD) 
63.25-63.26 
hereditary neuropathies 83.11-83.24 
hereditary non-polyposis colorectal cancer 
see Muir—Torre syndrome 
hereditary obesity 72.3-72.9 
monogenic obesity with cutaneous 
features 72.4, 72.7 
monogenic obesity without cutaneous 
features 72.3, 72.6 
Prader-Willi syndrome 72.6-72.9 
pro-opiomelanocortin and prohormone 
convertase deficiency 72.4—72.6 
secondary skin complications of primary 
obesity 72.4 
hereditary panniculitis 72.11, 72.12 
hereditary papulotranslucent 
acrokeratoderma 63.62 
hereditary periodic fevers 45.8-45.11 
cryopyrin-associated periodic syndrome 
45.8-45.9 
familial Mediterranean fever 45.5, 45.6, 
45.9-45.10 
mevalonate kinase deficiency with 
recurrent fever and hyper-IgD 
syndrome 45.11 
pyrin-associated autoinflammation with 
neutrophilic dermatosis 
45.10-45.11 
tumour necrosis factor associated periodic 
syndrome 45.5, 45.6, 45.9 
hereditary progressive mucinous 
histiocytosis 135.23 
hereditary sensory and autonomic 
neuropathies (HSANs) 83.12 
hereditary syndromes see hereditary 
disorders /syndromes 
Hermansky—Pudlak syndrome 68.8, 78.13, 
80.5, 80.14 
hermaphroditism 63.67 
heroin 
addiction prevalence 120.2 
death rates 120.1 
dermatoses induced by 120.5-120.7 
herpangina 25.95-25.96, 108.50 
herpes-associated erythema multiforme 
25.23 
herpes B virus infection 25.43 
herpes genitalis 
primary 25.24-25.25 
recurrent 25.26 
herpes infection 
ofeye 1.10 
hairloss 87.35-87.36 
herpes labialis 
primary herpetic gingivostomatitis 
25.20-25.22 
recurrent oro-facial and cutaneous herpes 
25.22-25.24 
herpes simplex virus (HSV) 
25.19-25.28, 25.44 
antigenic types 25.19-25.20 
and atopiceczema 41.10 
cytology 3.29, 3.30 
eyelid 107.34—-107.36, 107.37 
female genitalia 110.29-110.30 
genetically engineered for oncolytic virus 
therapy 144.1 
gingivostomatitis 25.20-25.22, 
108.51-108.53 
guanosine analogue antivirals 
HIV 31.5, 31.23, 31.38 
lingual recurrence 108.71 
neonatal 114.22 
perineal and perianal skin 111.15, 111.16 
in pregnancy 113.4-113.5 
primary herpes genitalis 25.24—25.25 
primary herpetic gingivostomatitis 
25.20-25.22 
primary/recurrent infections 25.19-25.20 
reactivation, PUVA phototherapy adverse 
effects 21.12, 21.13 
recurrent genital herpes 25.26 
recurrent oro-facial and cutaneous herpes 
25.22-25.24 


4.8, 


19.49 


subclinical viral shedding 25.20 
herpes stromal keratitis (HSK), eyelid 
107.37 
herpesviruses 1 and 2, human bite 
transmission 130.7 
herpesviruses 6, 7 and 8, oral infection 
108.53 
herpesvirus infections 25.19-25.46, 25.20 
Kaposi sarcoma 25.42, 25.43, 31.30 
oral infection 108.50-108.54 
reactivation of 14.4 
see also cytomegalovirus; eczema 
herpeticum; Epstein-Barr virus; 
human herpesvirus 6 and 7; 
human herpesvirus 8; inoculation 
herpes simplex; varicella-zoster 
virus; zoster 
herpesvirus reactivation, drug reaction 
with eosinophilia and systemic 
symptoms 118.5-118.6 
herpes zoster 25.32-25.36 
acute herpetic neuralgia 82.4 
clinical features 25.33-25.34 
cutaneous manifestations of Hodgkin 
disease 139.49 
epidemiology 25.32 
eyelid 107.36-107.38 
hairloss 87.35-87.36 
investigations 25.34-25.35 
management 25.35 
neuralgia 108.66 
neurogenic bladder dysfunction 154.6 
neurological complications 25.32, 
25.33-25.34 
oral infection 108.53-108.54 
oticus 25.33-25.34 
pathophysiology 25.32 
postherpetic neuralgia 82.4-82.5 
reactivation after COVID-19 vaccination 
25.118 
reactivation in COVID-19 patients 25.111 
herpetic gingivostomatitis 25.21 
herpetic whitlow 25.28 
herpetiform ulceration 108.38, 108.39 
HES see hydroxyethyl] starch 
heterotopic sebaceous glands 91.15-91.17, 
93.10-93.12 
heterotrimeric G-protein mosaic disorders 
73.19-73.21 
McCune-Albright syndrome 73.19-73.20 
phakomatosis pigmentovascularis 
73.20-73.21 
Sturge-Weber syndrome 73.20 
hexachlorophene 18.10 
Hexathelidae (funnel web spider) 34.35 
HF see hair follicles; hydrops fetalis 
HFPU see hair follicle pigmentary unit 
HFTC see hyperphosphataemic familial 
tumoral calcinosis 
HGPS see Hutchinson-Gilford progeria 
syndrome 
HH see hepatic haemangioma 
HHD see Hailey—Hailey disease 
HHT see hereditary haemorrhagic 
telangiectasia 
HHV see human herpesvirus 
HI see harlequin ichthyosis 
hibernoma 136.57 
hidradenitis suppurativa (HS) 87.50, 88.37, 
88.38, 90.1-90.11, 111.10-111.12 
acne conglobata association 88.63 
assessment tools 16.4-16.5 
clinical features 111.11-111.12 
epidemiology 111.10-111.11 
facial 23.23 
Hurley staging system 111.11, 111.12 
inflammed nodules 90.5 
management 90.10, 111.12 
pathophysiology 111.11 
psychological factors 15.4 
quality of life assessment 16.8 
scarring 111.11, 111.12 
sexual function measures 16.12 
Hidradenitis Suppurativa, Patient-Reported 
Outcome Measures 16.8 
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Hidradenitis Suppurativa Burden of Disease 
(HSBOD) 16.8 
Hidradenitis Suppurativa Clinical Response 
(HiSCR) 16.4-16.5 
HIdradenitis SuppuraTiva cCORe outcomes 
set International Collaboration 
(HISTORIC) 16.3, 16.8 
Hidradenitis Suppurativa Impact 
Assessment (HSIA) 16.8 
hidradenitis suppurativa lesion, area and 
severity index (HS-LASI) 16.4 
Hidradenitis Suppurativa Physician’s Global 
Assessment (HS-PGA) 16.4 
Hidradenitis Suppurativa Quality of Life 
(HiSQOL) questionnaire 16.8 
Hidradenitis Suppurativa Quality of Life 
instrument (HS-QoL) 16.8 
Hidradenitis Suppurativa Symptom 
Assessment (HSSA) 16.8 
hidradenocarcinoma 137.35-137.40 
hidradenoma 137.28-137.29 
hidradenoma papilliferum (papillary 
hidradenoma) 110.31-110.33, 
137.20-137.21 
hidradénomes eruptifs see syringoma 
hidroacanthoma simplex 137.24-137.25 
hidrotic ectodermal dysplasia see Clouston 
syndrome 
HIDS (hyperimmunoglobulinaemia-D 
syndrome) see mevalonate kinase 
deficiency 
HID syndrome see hystrix-like ichthyosis 
and deafness 
HIFU see high intensity microfocused 
ultrasound 
high-definition optical coherence 
tomography (HD-OCT), basal cell 
carcinoma 140.10, 140.12 
high-grade squamous intraepithelial lesions 
(HSIL), female genitalia 
110.34-110.36 
high intensity microfocused ultrasound 
(HIFU) 161.7-161.8 
highly active antiretroviral therapy 
(HAART) 91.5 
fibrous histiocytoma 136.21 
HIV-associated lipodystrophy 98.6-98.8 
lobular capillary haemangioma 136.26 
high-molecular-weight kininogen (HMWK), 
bradykinin-induced angio-oedema 
43.3 
high-performance liquid chromatography 
(HPLC), porphyrias 58.8 
hindfoot anomaly 122.7 
Hippocrates 1.3 
Hirschsprung disease 68.5 
hirsutism 87.84, 87.87-87.90 
acne vulgaris 88.45 
depilatories 18.33 
disorders associated with 87.90-87.91 
laser-assisted hair removal 23.17, 23.19 
HiSCR see Hidradenitis Suppurativa Clinical 
Response 
HiSQOL see Hidradenitis Suppurativa 
Quality of Life 
histamine 4 (H4) receptor, atopic eczema 
treatment 41.30-41.32 
histamine 
release of inskin 14.1 
solar urticaria 126.21-126.23 
histamine-evoked ‘geographical’ pattern of 
flushing, carcinoid tumours 
150.12 
histamine receptors, pruritus 
histiocytes 
function 135.1-135.2 
microscopic examination of 3.36 
histiocytic disorders 149.16-149.17 
histiocytic lymphoma 135.30-135.31 
histiocytic markers, cutaneous neoplasms 
3.27 
histiocytic sarcoma (HS) 135.31-135.32 
histiocytoid haemangioma see epithelioid 
haemangioma 
histiocytoid Sweet syndrome 49.12, 49.14, 
97.22-97.23, 149.6 


81.3, 81.4 
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histiocytoma cutis see fibrous histiocytoma 
histiocytoses 135.1-135.32 
eye disease 107.35 
histochemistry, biopsy 3.7-3.10 
histone deacetylase inhibitor therapy 


139.25 
histopathology of skin 3.1-3.46 
artefacts 3.31-3.32 
biopsy 3.2-3.10 
cytodiagnosis 3.29-3.30 


descriptive terms 3.38-3.43 
digital pathology 3.32 
electron microscopy 3.30-3.31 
foreign body reactions 122.18-122.19 
graft versus host disease 38.2, 38.3 
histological sections with little or no 
abnormality 3.44-3.45 
immunogenotyping 3.31 
immunopathology 3.10-3.29 
microscopic examination of tissue sections 
3.32-3.45 
pseudoepitheliomatous hyperplasia 
mimicking squamous cell 
carcinoma 132.9-132.10 
reporting of 3.38 
Tzanck smears 3.29-3.30 
viral disease diagnosis 3.31 
see also biopsy of skin 
Histoplasma capsulatum 
histoplasmin test 4.25 
histoplasmosis 32.81-32.84 
clinical features 32.82-32.84 
epidemiology 32.81-32.82 
HIV 31.27 
management 32.84 
oral lesions 108.57 
pathophysiology 32.82 
HISTORIC see HIdradenitis SuppuraTiva 
cORe outcomes set International 
Collaboration 
history of dermatology see dermatology 
history 
history taking 4.2-4.5, 81.6 
HIT see heparin-induced thrombocytopenia 
hives see urticaria 
HIV infection 31.1-31.39 
acute primary infection 31.6-31.7 
ano-genital disorders 31.35-31.36 
aphthous-like ulceration 108.71 
arthropathies 155.3, 155.4 
associated infections 31.20-31.30 
atopiceczema 31.15 
bacterial infections 31.20-31.23 
candidiasis 31.6, 31.26, 31.34, 31.37, 32.58, 
108.21-108.22 
children 31.36-31.37 
clinical features 31.5-31.8 
coagulopathies 31.12 
coinfections 31.20-31.31 
complications and co-morbidities 
31.7-31.8, 31.20-31.31 
asacontinuum 31.6 
cryoglobulinaemia 124.13 
cryptococcus infection 31.28 
cytomegalovirus infection 31.24-31.25 
definition 31.1 
dermatological manifestations 
31.11-31.39 
acute primary infection 31.6-31.7 
coinfections 31.20-31.31 
common conditions 31.11 
neoplasms 31.30-31.33 
dermatophytosis 31.26-31.27 
diagnosis 31.7 
drug reaction with eosinophilia and 
systemic symptoms 118.5-118.6 
eosinophilic folliculitis 31.17, 93.7, 93.8, 
93.9 
eosinophilic pustular folliculitis 
91.4-91.5 
epidemiology 31.2 
erythroderma 31.12 
fungal infections 31.26-31.29 
granuloma annulare 31.18 
hair abnormalities —31.33-31.34 


32.81, 32.82, 32.84 


hairloss 87.35 
hairy leukoplakia, oral lesions 108.32, 
108.33 
herpes simplex infection 31.23 
histoplasmosis 31.27 
history 31.1 
HIV-associated lipodystrophy 98.2, 
98.6-98.8 
HIV-induced or exacerbated psoriasis 
35.15-35.16 
HIV-related pityriasis rubra pilaris 
(type VI) 36.4 
human bite transmission 130.7 
human papillomavirus infection 25.71, 
31.25-31.26 
immunology 31.3-31.5 
immunosuppression causing 
lymphoproliferative disorders 
139.47 
infection and course 31.1-31.10 
infection prevention 31.9 
inflammatory dermatoses 31.12-31.20 
initial diagnosis 31.7, 31.11 
investigations 31.8-31.9, 31.11-31.12 
Kaposi sarcoma 31.30-31.31, 31.35 
leprosy 28.10 
lip, warts on 108.14 
male genitalia 109.29 
management 31.9-31.10 
mollusca/molluscipoxvirus infection 
31.26 
mycobacterial infections 27.2-27.3, 27.9, 
27.10, 31.22 
nail abnormalities 31.33-31.34 
neonates 114.24 
neoplasms 31.30-31.33 
photodynamic therapy 22.7-22.8 
non-AIDS defining cancers 31.31 
normalisation of testing 31.2, 31.11 
oral hyperpigmentation 108.17 
oral lesions 108.54 
oro-pharyneal abnormalities 
31.36 
pathophysiology 31.2-31.5 
penicilliosis 31.28 
perineal and perianal skin 111.17 
pigmentary disorders 31.12 
porphyria cutanea tarda 31.18 
posinophilic folliculitis 31.17-31.18 
protozoal infections 31.29 
pruritic conditions 31.12 
psoriasis 31.15-31.17 
recurrent genital herpes risk 25.26 
scabies 31.29 
scalp infection 105.12 
seborrhoeic dermatitis 31.12, 31.15 
seroconversion symptoms 31.5, 
31.6-31.7, 31.11 
skin cancer risks 147.2-147.3 
skin manifestations of infection 149.20 
staphylococcal infections 31.20-31.21 
STI relationship 29.1, 29.3 
striae 94.10 
syphilis relationship 29.17, 29.21 
trichodysplasia spinulosa 85.15 
varicella-zoster infection 31.23-31.24 
viral coinfections 31.23-31.26 
viral warts, photodynamic therapy 
22.7-22.8 
virology 31.2-31.3, 31.4 
visceral leishmaniasis 33.52-33.53 
women 31.36 
see also people living with HIV 
HIV-negative MSM (men who have sex 
with men), Kaposi sarcoma 138.1, 
138.2, 138.4 
HLA see human leukocyte antigens 
HLA-B* genes, drug reactions 118.6, 118.7 
HLA-B27 haplotype 155.2, 155.3, 155.5 
HLA class II typing, cutaneous 
photosensitivity diseases 126.7 
HLA-DR& tissue type, actinic prurigo 
126.10 
HLH see haemophagocytic 
lymphohistiocytosis 


31.34-31.35, 


HLRCC see hereditary leiomyomatosis and 
renal cell cancer 

HLTS see hypotrichosis-lymphoedema— 
telangiectasia syndrome 

HMD see hereditary mucoepithelial 


dysplasia 
HMWK see high-molecular-weight 
kininogen 
hoarseness 
disorders with skin and systemic 
manifestations 152.7 


pachyonychia congenita 67.12 
hobnail endothelial cells 136.33 
hobnail haemangioendothelioma see retiform 
haemangioendothelioma 
hobnail haemangioma 136.29-136.30 
Hodgkin disease 
cutaneous lymphoproliferative disorder 
relationship 139.26, 139.27, 139.34, 
139.49 
cutaneous manifestations 139.48-139.49 
Epstein-Barr virus association 25.49 
infiltration of skin with malignant cells 
149.4 
sarcoidosis association 96.1 
Hoigne reactions, procaine penicillin 
29.22 
HOIL-1 deficiency 45.17-45.18 
holistic management of skin disease 
15.4-15.7 
effective communication 15.6 
key practical skills 15.6, 15.6, 15.7 
physical considerations 15.4-15.5 
psychological considerations 15.5 
social considerations 15.5 
spiritual considerations 15.5-15.6 
holoprosencephaly 106.7 
holster sign, erythema on hips/lateral thighs 
in dermatomyositis 52.5, 52.9 
Holy Bible, leprosy 1.3 
HOME see Harmonising Outcome Measures 
for Eczema 
homeostasis 2.43-2.45, 9.4, 9.6-9.7 
home phototherapy 21.3, 21.8, 21.15, 21.18 
homogeneous naevi 145.4, 145.5-145.6 
homogentisic acid 86.51 
honey, topical application 18.38 
honeycomb keratoderma 63.56 
Vohwinkel syndrome 63.63 
hooking thumb 122.17 
hookworm larvae 
ancylostomiasis 33.15-33.17 
see also cutaneous larva migrans 
L’H6pital St Louis, Paris 1.4-1.5 
hordeolum 107.38, 107.39 
hormones 
effects on allergic contact dermatitis 
127.6 
hidradenitis suppurativa 90.2 
lipoedema 98.21 
neuropeptide/neurotransmitter/ cytokine 
distinctions 150.2-150.3 
secondary mediator generation in skin 
150.7 
skin/appendage production 150.3, 150.4, 
150.5 


skin as target 150.3, 150.5-150.8 
treatment for acne vulgaris 88.49-88.52 
types of signalling 150.2 
see also dermatoendocrinology; endocrine 
disorders; endocrinology 
hormone therapy-induced alopecia (HTIA) 
87.73 
Horner syndrome 83.23-83.24, 94.20 
Hornstein—Knickenberg syndrome see 
Birt-Hogg—Dubé syndrome 
horse fly see Chrysops 
horseradish peroxidase 3.14, 3.15 
Hortaea werneckii, tinea nigra 32.14-32.15 
Hospital Anxiety and Depression Scale 
(HADS) 16.11 
host defence, skin as barrier to pathogens 
26.3 
host—parasite relationship shift, erythrasma 
26.38 
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house dust mite(HDM) 34.51 
atopic eczema association 41.23 
housework dermatitis 129.3 
housework-typeeczema 128.3 
Howel-Evans syndrome 63.66, 148.7 
Hoyeraal-Hreidarsson syndrome 67.15 
HPA axis see 
hypothalamic-pituitary—adrenal 
axis 
HPeV see human parechoviruses 
HPLC see high-performance liquid 
chromatography 
HPT axis see hypothalamic—pituitary-thyroid 
axis 
HPV see human papillomavirus 
HPyV see human polyomavirus 
HRAS/KRAS mosaicism _73.5-73.6 
see also Schimmelpenning—Feuerstein— 
Mims syndrome 
AR gene, atrichia with papular lesions 
87.29 
HRQoL see health related quality of life 
HS see hair shaft; heparan sulphate; 
hidradenitis suppurativa; 
histiocytic sarcoma 
HSANs see hereditary sensory and 
autonomic neuropathies 
HSBOD see Hidradenitis Suppurativa 
Burden of Disease 
HSCT see haematopoietic stem cell 
transplantation 
HSE see Health Systems Evidence database 
HSIA see Hidradenitis Suppurativa Impact 
Assessment 
HSIL see high-grade squamous 
intraepithelial lesions 
HSK see herpes stromal keratitis 
HS-LASI see hidradenitis suppurativa lesion, 
area and severity index 
HSP see heat shock proteins 
HS-PGA see Hidradenitis Suppurativa 
Physician’s Global Assessment 
HSPGs see heparan sulphate proteoglycans 
HS-QoL see Hidradenitis Suppurativa 
Quality of Life instrument 
HSSA see Hidradenitis Suppurativa 
Symptom Assessment 
HSV see herpes simplex virus 
HTIA see hormone therapy-induced alopecia 
HTLV see human T-cell lymphotropic virus 
Hughes syndrome see antiphospholipid 
antibody syndrome 
human bites 130.6-130.7 
human body louse (Pediculus humanus 
corporis) 26.62, 26.64, 26.72, 26.80 
see also louse-borne diseases 
Human Cell Atlas project 8.2 
human coronaviruses (HCoVs) 
25.100-25.120 
see also COVID-19/SARS-CoV-2 
human genome 8.5 
sequencing of 8.8-8.9 
Human Genome Project 8.1 
human herpesvirus 6 and 7 
(HHV-6/HHV-7) 25.39-25.40 
reactivation 25.40 
roseola infantum 25.39-25.40, 115.5-115.6 
human herpesvirus 8 (HHV-8) 25.42-25.43 
Kaposi sarcoma 138.1-138.3, 138.4, 138.5 
post-transplant lymphoproliferative 
disorder 139.47 
human immunodeficiency virus see HIV 
infection 
human leukocyte antigens (HLA) 8.7 
drug hypersensitivity reactions 
14.6-14.7, 14.6 
gold reactions 121.4 
rheumatoid nodules 97.15 
human monocytic/granulocytic ehrlichiosis 
see ehrlichiosis 
human papillomavirus (HPV) 2.13, 
25.49-25.73, 25.50-25.51 
acquired immunodeficiencies 
25.66, 25.71-25.73 
Bowen disease 141.19 


25.65, 


bowenoid papulosis 141.21 
cutaneous squamous cell carcinoma 
141.30, 141.31 
epidermodysplasia verruciformis 
25.65-25.66, 25.69-25.71 
female genitalia 110.30-110.31 
HIV  31.25-31.26, 31.31-31.32, 31.35-31.36 
inborn errors of immunity 25.65-25.71 
male genitalia 109.29 
neoplasia associations 25.64—25.65 
oral squamous cell carcinoma 108.46 
perineal and perianal skin 111.16, 
111.17-111.19 
in pregnancy 113.4 
see also ano-genital warts; cutaneous warts 
human parechoviruses (HPeV) 25.96 
human polyomavirus (HPyV), Merkel cell 
carcinoma 146.2, 146.3, 146.4 
human polyomavirus-6 and -7 (HPyV-6 and 
HPyV-7) 25.48-25.49 
human polyomavirus-8 (HPyV-8) see 
trichodysplasia spinulosa 
polyomavirus 
human polyomavirus-9 (HPyV-9) 25.49 
human polyomavirus-10 (HPyV-10) 25.49 
human retrovirus infections 25.78—25.80 
human T-cell lymphotropic virus 1 (HTLV-1) 
adult T-cell leukaemia-lymphoma 
association 139.3, 139.34-139.36 
haematological and neurological disease 
association 25.79 
infective dermatitis 25.79-25.80 
human T-cell lymphotropic viruses 2/3/4 
(HTLV-2-4) 25.79 


humectants 

allergies 127.59 

topical medication vehicles 18.5, 18.7 
hunter gatherer groups 1.1 
hunting reaction of Lewis 124.1 


Huriez syndrome 63.66, 63.67, 78.13 
Hurley stage I disease 
chronicity 90.8 
genito-femoral area 90.7 
Hurley stage II disease 
genito-femoral area 90.8 
inflammed nodules 90.5 
non-inflamed nodules 90.4 
Hurley stage III disease, lesions 
Hurley staging system 90.1, 90.6 
definition of stages 90.7 
hidradenitis suppurativa 16.4, 111.11, 
111.12 
Hutchinson lupus 124.6 
Hutchinson sign 145.13 
Hutchinson, Sir Jonathan 1.6-1.7 
Hutchinson triad, congenital syphilis 29.26 
Hutchinson-Gilford progeria syndrome 
(HGPS) 70.25-70.26, 72.5, 
77. 4-77.5 
HUV see hypocomplementaemic urticarial; 
hypocomplementaemic urticarial 
vasculitis 
HV see hydroa vacciniforme 
HVLL see hydroa vacciniforme-like 
lymphoma 
hyaline degeneration 3.40 
hyaline fibromatosis syndrome 
70.21-70.22, 94.42-94.43 
hyalinising fat necrosis 97.8 
hyaluronic acid (HA) 2.37, 2.39 
dermal filler 158.2, 158.3, 158.4-158.6, 
158.8 
adverse reaction 158.9, 158.11 
haematoxylin and eosin staining of 
158.10 
skin elasticity 122.5 
hydantoin, hypermelanosis 86.26-86.27 
hydatid disease see echinococcosis 
hydration 
irritant contact dermatitis 128.6 
mechanical injuries 122.6-122.7 
hydroarsenicism 121.2 
hydroa vacciniforme (HV) 126.24-126.27, 
126.33 
hydroa vacciniforme-like lymphoma (HVLL) 
139.36 


90.9 


hydrocarbon-based formulations, topical 
drugs 12.3 
hydrocortisone 
allergy 127.19 
topical therapies 
hydrogels 12.3 
hydrogen cyanide inhalation 125.4 
hydrogen peroxide, topical therapies 18.10 
hydropic degeneration 3.40 
hydrops fetalis (HF) 103.23 
hydroquinone 
cosmeceutical use of 157.3-157.4 
topical depigmenting agents 18.31-18.32 
hydrotherapy, ichthyoses management 
63.43 
hydroxy acids = 157.4-157.5 
hydroxybenzoates —127.54-127.58 
hydroxycarbamide 19.21-19.22 
dermatological uses 19.21 
drug-drug interactions 19.22 
potential adverse effects 19.21-19.22 
psoriasis treatment 35.26 
safety precautions 19.22 
hydroxychloroquine 
eye, side effects on 107.43 
morphoea treatment 55.38 
sarcoidosis management 96.16, 96.17 
hydroxyethlmethacrylate (HEMA) and 
ethylmethacrylate microspheres 
suspended in hyaluronic acid, 
dermal fillers 158.8 
hydroxyethyl acrylate 127.70 
2-hydroxyethylmethacrylate (2-HEMA) 
127.70 
hydroxyethyl starch (HES), pruritus 
induction 81.11, 117.3 


18.14 


hydroxylation reactions, collagens 2.29, 
2.30 
Hydrozoa, stings from 130.1 
hyfrecation treatment, acne vulgaris 88.57 
hygiene 
atopiceczema 5.14, 41.7-41.8 
COVID-19 considerations 20.6-20.7 


pressure ulcer prevention 123.9 
skin surgery 20.5-20.7 
hymenal fissures, mechanical 

hymenoptera 34.15-34.18 
classification 34.16 
clinical features 34.17 
management 34.17-34.18 
pathophysiology of venom reactions 
34.16-34.17 
systemic anaphylactic reactions 
34.17-34.18 
venom immunotherapy 34.18 
hyperacute dermatomyositis 52.5 
hyperaldosteronism 150.17 
hyperandrogenism 87.68, 87.88-87.89 
acne vulgaris 88.45 
dermatoendocrinology 150.18 
pseudofolliculitis 91.9 
hyperbaric oxygen (HBO), lymphoedema 
therapy 103.59-103.60 
hypercalcaemia 
cutaneous metastatic calcification 
59.5-59.6 
subcutaneous fat necrosis 97.57-97.58 
hypercholanaemia, familial 2.21 
hypercholesterolaemia 60.2, 60.6-60.8 
hypercoagulable states 
resulting in venous and arterial 
thrombosis 25.111 
superficial thrombophlebitis 97.9 
hypercortisolism see Cushing 
disease /syndrome 
hypereosinophilic syndrome, oral 
involvement 108.70 
hypergammaglobulinaemic purpura 
99.6-99.7 
hyperglycaemia, burn injuries 
hypergranulosis 3.41 
hyperhidrosis 92.4-92.10 
anhidrosis 92.11-92.12 
eccrine gland disorders 92.11 
epidermolysis bullosa simplex 69.8 


110.42-110.43 


125.14 


gustatory 83.24, 92.5-92.6, 92.8, 92.9, 
104.10 
internal malignancy links 
management 92.8-92.10 
pachyonychia congenita 67.12 
shoe allergy 127.68 
skin disorders 92.8 
surgical treatment 92.9-92.10 
therapeutic use of antiperspirants 
18.37-18.38 
hyper/hypothyroidism 150.7, 150.10, 
150.11, 150.19-150.20 
hyper-IgE syndrome due to STATS loss of 
function mutations 80.17 
hyperimmunoglobulinaemia-D syndrome 
(HIDS) see mevalonate kinase 
deficiency 
hyperinsulinaemia, obesity association 
98.28 
hyperkeratosis 3.41 
congenital epidermal naevi 
dermatomyositis 52.3, 52.8 
‘hystrix’ like 63.17-63.18, 63.19 
inichthyoses 63.2, 63.10, 63.20 
inverted follicular keratosis 137.2-137.3 
of the nipple 63.79 
hyperkeratosis lenticularis perstans see 
Flegel disease 
hyperkeratotic cutaneous capillary-venous 
malformations (HCCVM) 71.2 
hyperkeratotic disorders with skin fragility 
69.20 
hyperkeratotic lesions 
autoinflammatory diseases 80.19 
elastosis perforans serpiginosa 94.55 
human polyomavirus-9 infection in organ 
transplant recipients 25.49 
tyrosinaemia type 2 79.12 
hyperkeratotic palmar eczema 39.14 
hyperkeratotic papules 
keratosis circumscripta 85.14 
peristomal skin 112.7 
hyperkeratotic spicules, multiple minute 
digitate hyperkeratoses 63.77, 
85.19 


148.18-148.19 


73.4 


hyperlipidaemia 
diabetes association 62.3, 62.4 
granuloma annulare 95.1 
psoriasis association 35.18 
hyperlipoproteinaemias 
classification 60.1 
typeI 60.9 
type III 60.8-60.9 
typeIV_ 60.10 
type V_ 60.9-60.10 
hypermelanosis 86.8 
acquired disorders 86.9-86.33 
drug origin 86.25-86.31, 86.53-86.54 
endocrine disorders 86.17-86.19 
solid malignant tumours 86.19, 86.20 
systemic disorders 86.19-86.25 
vitamin A deficiency 86.23-86.24 
see also hyperpigmentation 
hypermetabolism, burn injuries 
125.11-125.14 
hypermobile Ehlers—Danlos syndromes 
(hEDS) 70.2-70.8, 70.3 
hypermobility (flexibility), Beighton score 
70.8 


hyperoestrogenism 150.18 
hyperparathyroidism 
dermatoendocrinology 150.20 
metastatic calcinosis cutis 59.5 
hyperphosphataemia, cutaneous metastatic 
calcification 59.6 
hyperphosphataemic familial tumoral 
calcinosis (HFTC) 79.10, 
79.17-79.18 
hyperpigmentation 
acanthosis nigricans 
acne 88.41 
atopiceczema 41.14, 41.17 
autoinflammatory diseases 
Bloom syndrome 80.11 
chemical peels, side effect of 
160.12-160.13, 160.14 


62.3 


80.19 


chemotherapy-induced 119.8-119.9 
chronic venous insufficiency 101.43, 
101.44 
compound naevus 131.21 
dermal fillers, adverse reaction to 
158.11-158.12 
disorders of 68.1, 68.10-68.14 
due tocupping 4.12 
dyskeratosis congenita 67.13, 80.12 
freckle 131.2 
from sun exposure in Whipple disease 
153.4 
HIV 31.12 
ink-spot lentigo 131.8 
lentigo simplex 131.4 
linear morphoea en coup de sabre 55.24 
male genitalia 109.42 
melasma 86.10 
laser therapy 161.5-161.6 
morphoea 55.18, 86.20-86.21 
mucosal melanosis 131.10 
Nelson syndrome 86.7 
neonates 114.4 
oral hyperpigmentation 108.14-108.19 
penile lentiginosis 131.10 
peristomal skin 112.5 
pigmentary mosaicism 115.13 
pityriasis versicolor 32.11 
rheumatic diseases 86.20 
simple lentigo 131.4 
systemic sclerosis 54.17 
vitamin B12 deficiency 61.20 
see also hypermelanosis 
hyperpituitarism 150.16-150.17 
hyperplasia 97.5 
denture-induced hyperplasia 108.10 
Merkel cells 2.12 
ocular features 107.41 
papillary hyperplasia 108.12, 
136.23-136.24 
pseudoepitheliomatous 132.9-132.10 
Raynaud phenomenon 124.11 
sebaceous glands 91.17-91.18 
squamous 109.34-109.35 
see also PIK3CA-related overgrowth 
spectrum 
hypersensitivity syndromes 
azathioprine 19.9 
dapsone 19.15 
hypersensitivity to drugs see immunological 
reactions to drugs 
hypertension 
nail-patella syndrome 67.16 
psoriasis association 35.18 
hypertensive ischaemic leg ulcers 
(HYTILUs) 102.10-102.13 
clinical features 102.11-102.12 
epidemiology 102.10 
investigations 102.12-102.13 
management 102.13 
pathophysiology 102.10-102.11 
hyperthermia, drug-induced 120.4 
hyperthermic therapy, cutaneous warts 
25.59 
hyperthyroidism 86.19 
flushing 104.5 
hypertrichosis 87.84-87.87 
alopecia areata 87.35 
chemotherapy-induced 119.6 
congenital melanocytic naevi 
eyebrows 107.4 
medical disorders 87.87 
paradoxical hypertrichosis following 
laser-assisted hair removal 23.20 
hypertriglyceridaemia 60.2, 60.9-60.10 
haemophagocytic lymphohistiocytosis 
135.12 


73.12 


management 98.3 

type [hyperlipoproteinaemia 60.9 

type IV hyperlipoproteinaemia 60.10 

type V hyperlipoproteinaemia 60.9-60.10 
hypertrophic photoageing 156.3 
hypertrophic scars 11.9, 94.48-94.53 

laser therapies 23.12, 161.5 
hypertrophy 97.5 
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hypoandrogenism 150.18 

hypocalcaemia, vitamin D deficiency 61.10 

hypocomplementaemic urticarial vasculitis 
(HUV) syndrome 44.1, 44.2, 
44.3-44.4, 44.5, 100.18-100.19 

hypoglycaemia, burn injuries 125.14 

hypoglycaemic drugs, allergic reactions 


hypohydrosis, ichthyoses 63.46 
hypomelanosis 86.8 
acquired 86.34-86.47 
idiopathic guttate hypomelanosis-like 
hypopigmented macules and 
lentigines 21.12 
hypomelanosis of Ito 68.9-68.10 
hyponychial pigmentation, melanoma 
involving nail unit 145.13 
hyponychium 2.11 
hypo-oestrogenism 150.18-150.19 
hypoparathyroidism —150.20-150.21 
hypopigmentation 
actinic prurigo 126.12 
chemical peels, side effect of 160.14 
chemotherapy-induced 119.10-119.11 
Cole disease 63.61 
disorders of 68.1, 68.3-68.10 
HIV 31.12 
infantile seborrhoeic dermatitis 115.2 
male genitalia 109.28, 109.42, 109.43 
onchocerciasis 33.4—33.5 
patch testing 127.31 
pityriasis versicolor 32.11, 32.12 
systemic lupus erythematosus 51.28 
hypopigmented sarcoidosis 96.12-96.13 
hypopituitarism 150.7, 150.10, 150.11, 
150.13, 150.15-150.16 
hypoplasia 
congenital pseudo-ainhum 94.48 
eyebrows 107.4 
hypoplasminogenaemia, oral involvement 
108.70 
hypopyon, iritis 48.6 
hyposensitisation, allergic contact dermatitis 
127.35 
hypostatic eczema see venous eczema 
hypostatic haemosiderosis 86.47-86.49 
hypothalamic—pituitary—adrenal (HPA) axis 
87.11, 150.2 
hypothalamic-—pituitary-thyroid (HPT) axis, 
hair follicle 87.11 
hypothalamopituitary—thyroid (HPT) axis 
150.2 


hypothenar hammer syndrome 122.13, 
122.24 
hypothyroidism 
acquired ichthyosis 85.2 
diffuse telogen effluvium 87.55 
granuloma annulare 95.1 
heat-associated carcinomas 
124.15-124.16 
hypotrichosis 
eyelashes 107.4 
ichthyosis with 63.40 
hypotrichosis-lymphoedema-telangiectasia 
syndrome (HLTS) 71.26, 103.23 
hypoxia, neonates 114.3 
hysteresis, stress-strain relationship 122.3 
hystrix-like hyperkeratosis 63.17-63.18, 
63.19 
hystrix-like ichthyosis and deafness (HID) 
syndrome 63.34-63.35 
HYTILUs see hypertensive ischaemic leg 
ulcers 


I 

iatrogenic calcinosis 59.3 

iatrogenic hypercarotenaemia 86.50 

iatrogenic immunosuppression 
human papillomavirus 25.71 
viral infections 149.20, 149.21 

IBD see inflammatory bowel disease 

ibuprofen, flux measurement 12.6 

ICAS see International Alliance for the 

Control of Scabies 
ICD see irritant contact dermatitis 


ice pack dermatosis 97.37 
ICH-GCP see International Conference on 
Harmonisation Good Clinical 
Practice 
ichthyoses 63.2-63.3 
acquired forms 63.47-63.49 
common forms 63.3-63.7 
congenital forms 63.41-63.79 
glycosylation disorders 79.10 
hypotrichosis 63.40 
keratinopathic forms 63.4, 63.13-63.18 
management 63.41-63.46 
neuro-ichthyotic syndromes 63.30-63.39 
non-syndromic 63.3, 63.20-63.22 
syndromic 63.3, 63.39-63.47, 63.39 
trichothiodystrophy 76.10 
ichthyosiform atrophy 139.49 
ichthyosiform erythroderma 39.33, 63.36 


ichthyosiform sarcoidosis 96.13 
ichthyosis 
acquired 63.47-63.50, 63.73, 85.1-85.3, 
148.17 


syndromic 63.3, 63.22-63.62 
ichthyosis Curth-Macklin (ICM) 
63.16-63.17 
ichthyosis follicularis—atrichia-photophobia 
(IFAP) syndrome 63.24—-63.25 
ichthyosis linearis circumflexa 63.27 
ichthyosis vulgaris 2.6, 63.3-63.5 
atopic eczema association 41.15 
KP association 85.9 
ichthyosis-follicular atrophoderma— 
hypotrichosis-hypohidrosis 
(IFAH) 63.40 
ichthyosis—prematurity syndrome (IPS) 
63.39-63.40 
ichthyotic disorders 3.44 
ichthyotic epidermal disorders 148.17 
ICI see immune checkpoint inhibitors 
ICM see ichthyosis Curth-Macklin 
ICU see immune contact urticaria 
IDEOM see International Dermatology 
Outcome Measures 
idiopathic acrocyanosis 124.7 
idiopathic AGL 98.3 
idiopathic circumscribed hyperhidrosis 
92.7, 92.9 
idiopathic cutaneous mucinoses 57.1, 
57.2-57.18 
idiopathic dermatitis 112.5 
idiopathic facial aseptic granuloma (IFAG) 
89.16 
idiopathic generalised anhidrosis 92.12 
idiopathic guttate hypomelanosis (IGH) 
86.45-86.47 
ageing of skin 156.5, 156.6 
idiopathic guttate hypomelanosis-like 
hypopigmented macules and 
lentigines 21.12 
idiopathic hirsutism 87.88, 87.90 
idiopathic inflammatory myopathies (IIMs) 
52.1-52.13 
idiopathic livedo reticularis 
124.9-124.10 
idiopathic lymphadenopathies 
149.16-149.18 
idiopathic mid-dermal elastolysis 94.25, 
94.26 
idiopathic photodermatoses 
126.2-126.27 
idiopathic thrombocytopenic purpura, oral 
involvement 108.70 
idiotrophic calcification 59.4-59.5 
IDN see intradermal naevi 
idoxuridine 18.13 
IDQOoL see Infants’ Dermatitis Quality of Life 
Index 
IEI (inborn errors of immunity) see inherited 
immunodeficiency 
IFAG see idiopathic facial aseptic granuloma 
IFAH see ichthyosis—follicular 
atrophoderma-hypotrichosis— 
hypohidrosis 
IFAP syndrome see ichthyosis follicularis— 
atrichia—photophobia syndrome 


124.8, 


126.1, 


IFD see International Foundation for 
Dermatology 
IFN-a2a see interferon 2a 
IFN-a2b see intralesional interferon «2b 
IFN « see interferon a 
IgA pemphigus 50.6-50.7 
IgA vasculitis 100.13-100.15 
fibrin deposition 100.14 
leukocytoclasis 100.14 
see also antineutrophil cytoplasmic 
antibody associated small vessel 
vasculitis 
IgE see immunoglobulin E 
IgE-related type 1 skin hypersensitivity 
9.9-9.10 
IgE test see immunoglobulin E test 
IGF-1 see insulin-like growth factor 
IgG4 disease, oral involvement 108.67 
IgG4-related skin disease, ear dermatoses 
106.22 
Iggo discs 2.12 
IGH see idiopathic guttate hypomelanosis 
IgM pemphigoid 50.53-50.54 
IGRAs see interferon y release assays 
IHS4 see International Hidradenitis 
Suppurativa Severity Score System 
IEF see International Index of Erectile 
Function 
IIF see indirect immunofluorescence 
IIMs see idiopathic inflammatory myopathies 
IL-1 antagonists, systemic therapy 19.37 
IL-4/IL-13 antagonists, systemic therapy 
19.36-19.37 
IL-4/IL-13 inhibitors, atopic eczema 
treatment 41.29-41.30 
IL-10 signalling disorders 45.16 
IL-12/IL-23 p40 inhibitor, psoriasis treatment 
35.29 
IL-17 antagonists, systemic therapy 19.34, 
19.35-19.36 
IL-17 inhibitors, psoriasis treatment 35.30 
IL-23 antagonists, systemic therapy 19.34, 
19.35 
IL-23/IL-17 antagonists, systemic therapy 
19.34-19.35 
IL-23p 19 inhibitors, psoriasis treatment 
35.30-35.31 
IL36RN gene, pustular psoriasis 
118.2, 118.3 
ILCs see innate lymphoid cells 
ILD see interstitial lung disease 
ILDS see International League of 
Dermatological Societies 
ILE see lipid injectable emulsion 
ileal metaplasia, urostomy 112.7 
ileostomy 112.3 
Candida infection 112.8, 112.9 
Crohn ulceration 112.13, 112.14 
granulation tissue with bowel metaplasia 
112.6 
‘granulomas’ beneath the stoma 112.6 
leakage and eroded dermatitis due to 
corrosive faecal contents 112.4 
leakage and hyperkeratotic papules 112.7 
length of 112.5 
nicorandil ulceration 112.12 
portal hypertension affecting peristomal 
skin 112.9 
postinflammatory hyperpigmentation 
112.5 


pyoderma gangrenosum 112.14, 112.15 
synergic gangrene 112.10 
see also stomas 
ILEP see International Federation of 
Anti-Leprosy Associations 
IL-F see infiltrating lipomatosis of the face 
ILFAD see intestinal failure-associated liver 
disease 
iliac horns, nail-patella syndrome 67.16 
iliohypogastric neuropathic pain/neuralgia 
83.7 
ilioinguinal neuropathic pain/neuralgia 
83.7 
illicit drugs 
ChemSex 120.2-120.3 


Volume 1, pp. 1.1-34.58; Volume 2, pp. 35.1-85.32; Volume 3, pp. 86.1-116.12; Volume 4, pp. 117.1-161.10 


dermatoses induced by 120.1-120.9 
legal aspects 120.3-120.4 
iloprost 124.12 
ILP see isolated limb perfusion 
IMACS see International Myositis 
Assessment and Clinical Studies 
images, digital 1.9 
imaging, melanoma diagnosis 142.9-142.10 
imaging examination 4.22—4.23 
imaging systems, diagnosis 4.20-4.22 
imatinib, Erdheim—Chester disease treatment 
135.22 
imidazoles 18.12, 19.48 
imidazolidinyl urea 127.51-127.52 
IMIDs see immune-mediated inflammatory 
diseases 
imiquimod 18.30 
basal cell carcinoma topical treatment 
140.12, 140.16 
5% imiquimod cream, Bowen disease 
141.23 
immediate pigment darkening (IPD) 86.9 
UV radiation exposure 10.7 
immediate-type reactions, contact urticaria 
128.8 
immediate-type stinging 128.10 
immediate-weal tests 4.24 
immobility, lymphoedema due to 103.40 
immune cells 9.2-9.6 
chemical staining of 9.2 
dermalimmune cells 9.4-9.6 
embryonic development of skin 2.3, 2.4 
epidermal immune cells 9.3-9.4 
lymphoid lineage cells 9.5 
mucosal associated invariant T (MAIT) 
cells 9.5 
myeloid lineage cells 9.4-9.5 
peripheral blood 9.6 
plasma cells 9.6 
skin draining lymph node 9.6 
Tcells 9.4, 9.5-9.7, 14.4, 14.5, 50.2, 127.9 
immune checkpoint inhibitors (ICI) 87.74 
cutaneous side effects of cancer 
immunotherapy 144.9-144.12 
cutaneous squamous cell carcinoma 
141.33-141.34 
melanoma systemic therapy 144.2, 144.3, 
144.4, 144.6, 144.8, 144.9 
immune complex small-vessel vasculitis 
152.4 
immune contact urticaria (ICU) 
127.83-127.84, 127.86 
immune dysregulation 80.13-80.15 
inherited immunodeficiency 80.2, 80.5 
immune ecosystem 2.12-2.13 
immune function 
hidradenitis suppurativa predisposition 
90.2-90.3 
and skin ageing 2.45 
immune mechanisms, allergic contact 


dermatitis 127.6 
immune-mediated inflammatory diseases 
(IMIDs) 


skin cancer risks 147.5 
systemic sclerosis 54.10-54.11 
immune-modulating treatments, molluscum 
contagiosum infection 25.18 
immune privilege, hair follicle 87.11, 87.22 
immune reconstitution-associated disease 
(IRAD), antiretroviral HIV therapy 
effects 31.8, 31.38 
immune response, wound healing 
11.2-11.3 
immune suppression, UV radiation in 
Merkel cell carcinoma 146.3 
immune surveillance 2.15, 2.16 
immune system. 
dermatophytosis 32.21 
human papillomavirus 25.52 
inpregnancy 113.3-113.4 
skin disorders 149.16-149.22 
skin microbiome 26.5, 26.6 
see also immunology 
immunoadsorption, pemphigus treatment 
50.9 


immunobullous disease 50.1-50.60 

anti-p200 pemphigoid 50.38-50.42 

bullous systemic lupus erythematous 
50.48-50.51 

cicatrising conjunctivitis association 
107.24-107.34 

dermatitis herpetiformis 50.54-50.59 

epidermolysis bullosa acquista 
50.42-50.48 

female genitalia 110.20, 110.21 

immunopathology 50.2 

linear IgA disease 50.33-50.38 

mucous membrane pemphigoid 


50.22-50.33 
oralinvolvement 108.80-108.82 
pemphigus 50.1-50.9 
rare pemphigoid disorders 50.51-50.54 
serological diagnosis 3.20 
subepidermal diseases 50.9-50.59 


immunocompromised patients 
antiviral agent prophylaxis 25.31, 25.42, 
25.75 
cutaneous squamous cell carcinomas 
147.10-147.11, 147.16-147.18 
cytomegalovirus infection 25.41 
haemophagocytic lymphohistiocytosis 
with infectious mononucleosis 
25.37 
HPyV9 infection and hyperkeratotic skin 
lesions in organ transplant 
recipients 25.49 
Kaposi sarcoma 138.1, 147.2, 147.3, 
147.14, 147.20-147.21, 147.23 
Kaposi sarcoma-associated herpesvirus 
25.42, 25.43 
keratinocyte cancers 147.10-147.11, 
147.16-147.21 
melanoma 147.13-147.14, 147.21, 147.23 
mpox infection 25.10 
non-tuberculous mycobacteria 
disseminated disease 27.32-27.36, 
27.38, 27.40-27.45 
reactivation of human herpesvirus 6 and 7 
25.39, 25.40 
reduced tumour immune surveillance, 
UV radiation related skin cancers 
147.5-147.6 
skin cancer 147.1-147.26 
clinicopathological features 
147.10-147.16 
management 147.16-147.24 
organisations 147.25 
pathogenesis 147.5-147.10 
primary and acquired 
immunodeficiencies 147.1-147.5 
risk of, drug effects on 147.5-147.8 
screening and surveillance 
147.24-147.25 
ultraviolet radiation effects 147.5-147.6 
vaccinia infection 25.7-25.8 
varicella infection 25.30-25.31 
immunodeficiency 
acquired see acquired immunodeficiency 
diseases 
neoplasia syndromes 148.13-148.14 
immunodeficiency-associated eosinophilic 
pustular folliculitis 91.5 
immunodeficiency, inherited see inherited 
immunodeficiency 
immunodysregulation polyendocrinopathy 
enteropathy X-linked syndrome 
(IPEX) 80.14 
immunoenzyme methods 3.14-3.16 
avidin-biotin coupling of antibody and 
enzyme 3.15-3.16 
chemical conjugation of peroxidase to 
antibody 3.14-3.16 
conjugates, use of 3.14-3.15 
controls 3.15 
enzyme-linked immunosorbent assay 
3.16 
fixed frozen sections, examination of 3.15 
immunofluorescence comparison 3.14 
paraffin sections 3.15 
technical limitations 3.14 


immunofluorescence methods 3.10-3.14 
calcium enhancement indirect technique 
3.14 
dermal-epidermal basement membrane 
zone 2.23 
direct immunofluorescence 3.11-3.12 
epidermolysis bullosa diagnosis 69.21, 
69.22 
and histopathology 3.11 
immunoenzyme methods comparison 
3.14 
indirect immunofluorescence 3.12-3.13 
photobleaching (fading) limitation 3.11 
specimen preparation 
DIF analysis 3.11-3.12 
IF analysis 3.13 
specimen processing 
DIF analysis 3.12 
split-skin indirect technique 3.13-3.14 
specimen selection, DIF analysis 3.11 
split-skin indirect technique 3.13-3.14 
types of 3.11 
immunogenotyping 3.31 
immunoglobulin E (IgE) 
atopiceczema 41.11 
IgE-mediated drug hypersensitivity 
14.1-14.2 
immunoglobulin E (IgE) test, contact 
dermatitis 129.7 
immunoglobulin E test, contact dermatitis 
129.7 
immunoglobulin G4-related disease 
149.17-149.18 
immunoglobulin variable domains, naming 
conventions 19.31, 19.32 
immunohistochemistry, Merkel cell 
carcinoma 146.3, 146.4, 146.5 
immunological abnormalities, chronic 
mucocutaneous candidiasis 
immunological dysregulation, obesity 
98.27-98.28 
immunological photodermatoses 
126.2-126.27 
immunological reactions to drugs 14.1-14.7 
clinical phenotype 14.6-14.7 
erythroderma 39.33 
hypersensitivity reaction, mechanisms and 
clinical correlations 14.2 
IgE-mediated drug hypersensitivity 
14.1-14.2 
pseudoallergic reactions 14.2-14.3 
T-cell-mediated drug hypersensitivity 
14.3-14.4 
T-cell recognition of drugs 14.4-14.6 
type 4 hypersensitivity reaction, 
mechanisms and clinical 
correlations 14.2 
immunological tolerance, allergic contact 
dermatitis 127.9 
immunology 9.2-9.8 
atopiceczema 41.9-41.10 
erythema multiforme 47.2-47.3 
HIV 31.3-31.5 
immune cells in human skin 9.2-9.6, 
103.14 
and lymphatic system 103.2 
skin immune network in humans and 
mice 9.7 
and skin microbiota 9.7-9.8, 103.2, 103.3 
systemic lupus erythematosus 
51.20-51.21 
tissue homeostasis 9.6-9.7 
see also immune system 
immunomodulation, UV radiation exposure 
10.8-10.9 
immunomodulators, in pregnancy 
113.22-113.23 
immunomodulatory therapy 1.8 
risk reduction 19.3 
systemic therapy 19.2-19.46 
terminology 19.2 
immunopathogenesis, sarcoidosis 
immunopathology 3.10-3.29 
applications of 3.16-3.29 
cutaneous neoplasms 


32.68 


126.1, 


96.3-96.4 


3.21-3.29 


direct immunofluorescence 3.17-3.19 
enzyme-linked immunosorbent assay 
3.20-3.21 
indirect immunofluorescence 3.19-3.20 
cell markers, immunocytochemistry 
panels 3.10 
immunocytochemistry panels of cell 
markers 3.10 
immunoenzyme methods 3.14-3.16 
immunofluorescence methods 3.10-3.14 


immunophenotyping, ichthyoses 63.45 
immunostaining, oral mucosal 
vesiculobullous disorders 108.81 


immunosuppression 
actinic keratoses 141.1, 141.3 
Bowen disease 141.18 
ciclosporin 19.10-19.12 
cutaneous squamous cell carcinoma 
141.3, 141.27, 141.29 
eosinophilic pustular folliculitis 
91.4-91.5, 93.7, 93.8-93.9 
infective panniculitis 97.46-97.47 
joint infections 155.4 
Merkel cell carcinoma 146.2, 146.9 
mucous membrane pemphigoid 107.31 
oral candidiasis 32.58, 32.61 
renal transplantation, dermatological 
consequences of 154.5-154.6 
squamous cell carcinoma 141.6, 141.27, 
141.29 
systemic amyloidoses treatment 56.14 
systemic lupus erythematosus treatment 
51.37-51.38 
trichodysplasia spinulosa _85.15-85.16 
versus immunomodulatory drugs 
19.2-19.3 
see also organ transplant recipients 
immunosuppressive therapy 
acneform reaction 88.12-88.13 
post-transplant lymphoproliferative 
disorder 139.47 
skin cancer risks 147.5-147.8, 
147.19-147.20 
immunotherapy 
checkpoint inhibitors for melanoma 
therapy 144.2, 144.3, 144.4, 144.6, 
144.8 
combination therapies for melanoma 
144.2-144.3 
cutaneous T-cell lymphoma 
139.22-139.23 
melanoma 144,2-144.4 
Merkel cell carcinoma 146.9 
systemic, cutaneous warts 25.60 
topical, cutaneous warts 25.59-25.60 
Impact of Chronic Skin Disease on Daily Life 
(ISDL) 16.7 
Impact of Psoriasis Questionnaire (IPSO) 
16.8 
impacts of skin disease, measurement 
16.5-16.13 
impairment, caused by skin disease 5.5-5.6 
impetigo 
clinical features 26.14-26.16 
epidemiology 26.13-26.14 
eyelid 107.38 
infants 115.7 
management 26.16 
oral infection 108.53 
pathophysiology 26.14 
Staphylococcus aureus and Streptococcus 
pyrogenes role 26.13-26.16 
see also bullous impetigo 
implantable defibrillators, cutaneous 
reactions 151.5-151.6 
implanted metals, cutaneous reactions 
127.19 
implants 
brachytherapy 24.3 
types of 108.62 
IMPSG see International Melanoma 
Pathology Study Group 
IMRT see intensity modulated radiotherapy 
inborn errors of immunity (IEI) see inherited 
immunodeficiency 


91.3, 


inborn errors of metabolism see inherited 
metabolic diseases 
incidence of disease 5.10, 5.14 
inclusional/exclusional elliptical biopsies 
20.8-20.9 
inclusion body (digital) fibromatosis 
136.10-136.11 
incontinentia pigmenti (IP) 4.19, 
68.10-68.11, 69.24 
indeterminate leprosy 28.4 
indeterminate lymphocytic lobular 
panniculitis 97.39 
index lesions, hidradenitis suppurativa 
90.3-90.5 
India, ancient medical texts 1.2-1.3 
Indiana vesiculovirus see vesicular stomatitis 
virus 
Indian skin phenotypes, photoageing 156.2 
indirect immunofluorescence (ITF) 
3.12-3.13, 3.19-3.20 
mucous membrane pemphigoid 107.28 
negative and positive controls 3.14 
serological diagnosis of immunobullous 
disorders 3.20 
substrates for 3.13 
indolent systemic mastocytosis (ISM) 
46.2-46.3, 46.10 
infantile acropustulosis 114.8, 115.4 
infantile digital fibromatosis 136.10-136.11 
see also inclusion body (digital) 
fibromatosis 
infantile eosinophilic pustular folliculitis 
91.3, 91.5-91.6, 93.7, 93.9-93.10 
differential diagnosis 93.10 
infantile gluteal granuloma 115.3 
infantile haemangiomas 116.1-116.7 
classification 116.2 
clinical variants 116.3-116.5 
complications and co-morbidities 
116.5-116.6 
deep infantile haemangioma involving 
lateral neck 116.3 
facial and neck plaque-type 
haemangiomas, evolution of 116.3 
haemangioma precursor 116.2 
hepatic haemangioma 116.5 
laser therapies 23.8 
management 116.6-116.7 
multifocal cutaneous infantile 
haemangioma 116.5 
pathophysiology 116.2 
presentation 116.2-116.3 
propranolol treatment, protocol for 116.8 
segmental infantile haemangioma 116.2, 
116.3-116.4 
treatment ladder for 116.7 
ulceration 116.5, 116.6 
vascular malformation comparison 116.1 
infantile haemangiopericytoma see infantile 
myofibromatosis 
infantile /juvenile fibromatosis variant 
(non-desmoid type) see 
lipofibromatosis 
infantile myofibromatosis 94.41-94.42, 
136.39-136.40 
infantile papular acrodermatitis see 
Gianotti-Crosti syndrome 
infantile perianal pyrimidal protusion 111.3 
infantile Refsum disease 63.31 
infantile sclerema neonatorum 97.60 
infantile seborrhoeic dermatitis (ISD) 40.5, 
41.22, 115.1-115.2 
infantile stiff skin syndromes 70.21-70.24 
hyaline fibromatosis syndrome 
70.21-70.22 
restrictive dermopathy 70.24 
stiff skin syndrome 70.22-70.23 
Winchester syndrome _70.23-70.24 
infants 115.1-115.17 
acne 88.68-88.74, 115.4-115.5 
acropustulosis 114.8, 115.4 
acute haemorrhagic oedema _ 115.9, 115.10 
acute scrotum 109.25-109.26 
Albright hereditary osteodystrophy 72.9 
animal bite injuries 115.14 


infants (continued) 

annular erythema of infancy 47.9, 47.10 

arteriovenous malformations 101.23 

atopiceczema 41.13, 41.14, 41.15, 41.26, 
115.2-115.3 

benign vascular tumours, vascular 
malformation distinction 116.1 

bite injuries 115.14 

blistering distal dactylitis 115.8 

bronze baby syndrome 86.49-86.50 

bullous pemphigoid 50.20 

calcified cutaneous nodules of the heels 
115.15 

Candida infection 115.8 

candidiasis of the napkin area 32.65 

capillary malformations 71.4 

chickenpox (varicella) 115.6-115.7 

chronic infantile neurological cutaneous 
and articular syndrome 45.5, 45.6 

circumcision, male 109.7 

CLOVES syndrome 71.9, 72.11 

cold panniculitis 97.36-97.37, 114.14 

collodion baby phenotype 79.5 

congenital candidiasis 32.66-32.67 

congenital haemangiomas 116.7-116.9 

congenital melanocytic naevi 73.12 

COVID-19/SARS-CoV-2 115.5 

cradle cap 115.1, 115.2 

cutis laxa 70.17 

definition of infancy 115.1 

dermoid cysts 115.12, 115.13 

developmental/ genetic conditions 
115.12-115.13 

discrete papular lichen myxoedematosus 
57.6 

Ehlers—Danlos syndromes 70.11 

eosinophilic pustular folliculitis 115.12 

epidermolysis bullosa 69.24—69.25 

eruption cyst, over a primary tooth 
108.10 

fibrous hamartoma of infancy 
136.6-136.7 

fifth disease/erythema infectiosum 115.6 

flushing in 104.10, 104.10 

Gaucher disease 79.5 

genetic conditions 115.12-115.13 

Gianotti-Crosti syndrome 115.11 

gluteal granuloma 115.3 

haemangiomas 116.1-116.9 

hairloss 114.4, 115.15 

hand, foot and mouth disease 115.6 

hepatic haemangioma 116.5 

hereditary lymphoedema type 1A 71.24 

human bite injuries 115.14 

hyaline fibromatosis syndrome 
70.21-70.22 

impetigo 115.7 

inclusion body (digital) fibromatosis 
136.10-136.11 

infective conditions 115.5-115.9 

inflammatory conditions 115.1-115.5 

iron deficiency 61.24, 61.25 

JAK3-deficient severe combined 
immunodeficiency 80.7 

juvenile xanthogranuloma 115.15 

Kaposiform haemangioendothelioma 
116.9-116.10 

Kasbach—Merritt phenomenon 
116.9-116.10 

Kawasaki disease 115.9-115.11 

koilonychia 115.14 

Langerhans cell histiocytosis 
115.15-115.16, 135.4, 135.5-135.7 

linear IgA disease 115.11 

linear morphoea_ 115.13 

lipofibromatosis 136.13-136.14 

lymphangioma 108.13 

lymphangioma circumscriptum 
103.25-103.28 

lymphatic malformations 71.22 

mastocytoma 46.5 

mastocytosis 115.16-115.17 

measles 115.7 

Menkes disease 79.17 

Michelin tyre baby syndrome 70.19, 73.17 


midface toddler excoriation syndrome 
82.9, 83.12-83.13 
milia 115.13-115.14 
molluscum contagiosum 115.9 
multifocal cutaneous infantile 
haemangioma 116.5 
napkin (diaper) dermatitis 115.3 
neonatal lupus erythematosus 
114.12-114.14 
noma neonatorum (oro-facial gangrene) 
114.27 
non-accidental injury 115.14 
non-malignant tumours 116.1-116.11 
Omenn syndrome  80.7-80.8 
papular urticaria 115.11—-115.12 
pedal papules of infancy 115.14, 115.15 
perianal pyrimidal protusion 111.3 
perianal streptococcal dermatitis 115.8 
perianal ulcers, leukocyte adhesion 
deficiency typeI 80.16 
perianal viral warts 111.18, 111.19 
pigmentary mosaicism 115.13 
pigmented neuroectodermal tumour 
136.50-136.51 
pityriasis alba 115.4 
preauricular cysts and sinuses 
psoriasis 115.3-115.4 
pyogenic granuloma 116.10-116.11 
raised linear bands of infancy 
114.18-114.19 
reactive conditions 115.9-115.12 
restrictive dermopathy 70.24 
roseola infantum 25.39-25.40, 115.5-115.6 
scabies 115.9 
seborrhoeic dermatitis 115.1-115.2 
segmental infantile haemangioma 116.2, 
116.3-116.4 
severe combined immunodeficiency 80.7 
staphylococcal scalded skin syndrome 
114.24-114.25, 115.7-115.8 
stiff skin syndrome 70.22-70.23 
STING-associated vasculopathy 45.5, 
45.6, 45.13-45.14, 80.18 
Sturge-Weber syndrome 71.4 
tinea capitis 115.8-115.9 
tinea corporis 115.8 
tinea faciei 115.8 
trichothiodystrophy syndrome 76.10 
tufted angioma 116.10, 116.11 
Turner syndrome 71.28 
urticaria 115.5 
varicella 115.6-115.7 
viralexanthems 115.5-115.7 
Winchester syndrome 70.23-70.24 
see also children; neonates 
Infants’ Dermatitis Quality of Life Index 
(IDQoL) 16.8, 16.10 
Infants and Toddlers Quality of Life 
instrument (InToDermQoL) 16.10 
infections 
acquired ichthyosis 63.47, 85.1 
burns 125.8-125.11, 125.10 
complications after skin surgery 20.41, 
20.42 
cutaneous lesions related to heart disease 
151.5 
dermatitis 39.25 
dystrophic calcification 59.1 
flexural sites 4.18 
hairloss and 87.35-87.36 
Helicobacter pylori associated with skin 
disorders 153.1 
hidradenitis suppurativa differential 
diagnosis 90.5 
HIV coinfections 31.7, 31.20-31.31 
immune reconstitution-associated disease 
31.8, 31.37-31.39 
immunosuppressed renal allograft 
recipients 154.5-154.6 
scalp 105.12 
human immunodeficiency virus 
syphilis 105.12 
sexually transmitted infection overview 
29.1-29.2 
skin associated effects of respiratory tract 
infections 152.4 


115.12 


105.12 


skin-related health anxieties 84.26 
syphilis 29.1-29.29 
Tropheryma whippelii/ Whipple disease 
97.47, 153.4, 155.5 
infections of soft tissues, intravenous drug 
administration 120.7 
infectious mononucleosis —25.36—25.37 
infectious NEH 92.14 
infective arthropathies 155.2-155.5 
infective cheilitis 108.63 
infective dermatitis 39.24-39.26 
clinical features and variants 39.26 
human T-cell lymphotropic virus 1 
25.79-25.80 
pathophysiology 39.25 
treatment 39.26 
infective eczematoid dermatitis 106.19 
infective endocarditis, cutaneous lesions 
151.5 
infective panniculitis 97.46-97.48 
infestations see myiasis; tungiasis 
infiltrating lipomatosis of the face (IL-F) 
98.19-98.20 
infiltrative basal cell carcinoma 140.3, 140.4 
inflamed nodules, hidradenitis suppurativa 
90.5 
inflamed phyma, treatment 89.13-89.14 
inflammation 9.8-9.9 
acne vulgaris 88.3, 88.14-88.15, 88.27, 
88.28 
allergic inflammation 9.9-9.10 
focal regression of melanoma 142.14 
hand eczema 39.13 
infants 115.1-115.5 
inflammatory memory 9.9 
pathological skin inflammation 9.8-9.9 
pyoderma gangrenosum 49.3 
viralexanthems 25.4~25.5 
wound healing 9.6 
see also delayed inflammatory reactions; 
multisystem inflammatory 
syndrome; pro-inflammatory 
topical treatments 
inflammatory arthritides, oral involvement 
108.68-108.69 
inflammatory arthropathies 
155.8, 155.9 
inflammatory bowel disease (IBD) 
arthropathies 155.5 
BADAS-associated 49.16 
erythema nodosum in 97.21 
eye disease 107.35 
neonatal onset 45.16 
psoriasis 112.10 
skin complications of stomas 153.7 
skin manifestations 153.1-153.3, 153.7 
see also Crohn disease; ulcerative colitis 
inflammatory chondopathies 155.11-155.13 
musculoskeletal features 155.11 
inflammatory cutaneous lesions, laser 
therapies 23.12 
inflammatory dermatoses 
flexural sites 4.18 
graft-versus-host disease 38.1-38.12 
HIV 31.12-31.20 
male genitalia 109.9-109.26 
perineal and perianal skin 111.8-111.12 
seborrhoeic dermatitis 40.1-40.10 
transient acantholytic dermatosis 
85.23-85.25 
urticarial vasculitis 44.1-44.6 
inflammatory diseases 1.8 
Dermatology Index of Disease Severity 
16.3 
dystrophic calcification of skin and 
subcutaneous tissues 59.1-59.3 
hidradenitis suppurativa association 
90.2, 90.5-90.6 
hypopigmentation 68.4 
subcutaneous fat 97.6 
inflammatory fibrosing conditions, internal 
malignancy association 148.21 
inflammatory lesions, mouth 108.20-108.25 
inflammatory myxohyaline tumour of the 
distal extremities with virocyte or 


155.5-155.7, 
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Reed-Sternberg-like cells see 
myxoinflammatory fibroblastic 
sarcoma 
inflammatory peeling skin syndromes 
63.28, 63.29 
inflammatory plaques 80.19 
inflammatory response 
allergen exposure 127.7 
melanoma 142.18 
wound healing 11.2-11.3 
inflammatory skin blistering, epidermolysis 
bullosa 69.16 
infliximab 
psoriasis treatment 35.27-35.28 
psoriatic arthritis treatment 35.45 
infraorbital lines, reduction of by botulinum 
toxin application 159.7 
infrared (IR) radiation 
disease causation 124.14-124.16 
physiological reactions to 124.14 
infudibulo-isthmicoma see pilar sheath 
acanthoma 
infundibular cyst see epidermoid cysts 
infundibular epithelial walled cutaneous 
cysts 133.1-133.4 
infundibulofolliculitis 91.14~-91.15, 
93.6-93.7 
infundibuloma, lesions /tumours of 
follicular infundibulum 
137.3-137.4 
infundibulomatosis, tumour of follicular 
infundibulum 137.3-137.4 
infundibulum  87.3-87.4 
ingenol mebutate 18.30-18.31 
inguinal buboes, lymphogranuloma 
venereum 30.14, 30.15, 30.16, 
30.17, 30.18 
inguinal hyperhidrosis 92.6 
inhalation injuries 125.4-125.5 
inhalent-induced dermatoses 120.2, 120.4 
inherited disorders 8.2-8.5, 8.8-8.9 
cornification 63.1-63.80 
of pigmentation 68.2-68.3 
prenatal diagnosis 8.9-8.11 
skin fragility 69.1-69.28 
see also congenital entries; genetic 
disorders/syndromes; hereditary 
entries; inherited 
immunodeficiency; inherited 
metabolic diseases 
inherited immunodeficiency 80.1-80.20 
10 warning signs 80.2 
antibody deficiencies 
autoinflammatory diseases 
classification 80.3-80.4 
clinical features 80.1-80.2 
combined immunodeficiencies 80.4, 
80.7-80.13 
complement diseases 80.6, 80.18-80.20 
autoimmunity defects 80.18-80.19 
complement activation regulation 
defects 80.20 
recurrent pyogenic infection 80.18 
diagnostic laboratory tests 80.3 
DNA repair defects 80.4—80.5 
epidermodysplasia verruciformis 
25.65-25.66, 25.69-25.71 
GARFIELD acronym 80.2 
human papillomavirus infection 
25.65-25.71 
immune dysregulation 80.2, 80.5, 
80.13-80.15 
infectious disease-related manifestations 
80.2 
innate immunity defects 80.6, 
80.16-80.18 
management 80.3 
neutrophil differentiation and adhesion 
defects 80.15-80.16 
non-infectious non-specific manifestations 
80.2-80.3 
phagocytic defects 80.5-80.6, 80.15 
severe combined immunodeficiency 
80.4, 80.7-80.9 
skin cancer 147.1-147.2 


80.5, 80.13 
80.19 


skin manifestations 80.4—80.6, 
149.18-149.20 
warning signs 80.2 
inherited metabolic diseases 79.1-79.18 
amino acid metabolism and transport 
disorders 79.10-79.15 
dermatological features 79.2 
glycosylation disorders 79.9-79.10 
lipid metabolism disorders 79.15 
lysosomal storage disorders 79.1-79.8 
mitochondrial respiratory chain disorders 
79.8-79.9 
vitamin and mineral disorders 
79.15-79.18 
inherited patterned lentiginosis 86.16 
oral hyperpigmentation 108.17 
inherited skin tumour syndromes 
78.1-78.15 
familial adenomatous polyposis 
78.10-78.11 
neurofibromatoses 78.1-78.7 
skin syndromes linked with cancers 
78.12-78.14 
tuberous sclerosis complex 78.7-78.10 
inherited syndromes, Alagille syndrome 


153.5 
injecting drug use 
HIV 31.37 


localised lipoatrophy due to 98.10 
in pregnancy 113.21 
injections 
calcium-containing materials, dystrophic 
calcification of skin and 
subcutaneous tissues 59.3 
corticosteroid, localised lipoatrophy due to 
98.11-98.12 
dermatitis artefacta 84.33 
insulin, fat hypertrophy due to 
98.13-98.15 
intralesional corticosteroids 18.21-18.22 
sterile furuncles (abscesses) 26.23 
injection techniques, local anaesthetics 
injury healing see wound healing 
ink-spot lentigo —131.8-131.9 
dermoscopicimage 131.9 
epidermis with lentiginous hyperplasia 
131.8 
hyperpigmentation 131.8 
innate immune cells, atopic eczema 41.11 
innate immunity defects 80.6, 80.16-80.18 
innate lymphoid cells (ILCs) 2.12-2.13 
immune system 9.5 
inner canthus, radiotherapy for skin cancer 
24.10-24.11 
inner root sheath (IRS) 2.9-2.10 
hair follicle 87.3-87.5 
inoculation herpes simplex 25.28 
insect bite-like reactions 
haematological malignancy association 
148.23 
paraneoplastic manifestations of 
lymphoproliferative neoplasms 
149.8-149.9 
insecticides 
fleamanagement 34.15 
head lice 34.21-34.22 
insects 34.6-34.34 
bugs (Hemiptera) 34.25-34.30 
Diptera 34.6-34.13 
fleas/Siphonaptera 34.13-34.15 
hymenoptera 34.15-34.18 
larval invasion of tissues/myiasis 
34.9-34.13 
lice (Phthiraptera) 34.18-34.25 
myiasis 34.7, 34.9-34.13 
tungiasis 34.15 
see also mosquitoes 
insensible sweating 2.9 
in situ carcinoma of the skin 141.18-141.26 
anal/vulval/penile and perianal 
intraepithelial carcinoma 141.24, 
141.26 
Bowen disease 141.18-141.24, 141.25 
male genitalia 109.31-109.35 
see also Bowen disease 


20.8 


34.7, 


in situ melanomas, surgery 143.3 
insulin 
allergic reactions to in diabetes 62.4 
lipodystrophy 62.4 
insulin-induced fat hypertrophy 98.13 
insulin-induced localised fat hypertrophy 
98.14-98.15 
insulin-induced localised lipoatrophy 98.10 
insulin-like growth factor (IGF-1), burn 
treatment 125.13 
insulin resistance (IR) 97.5 
acanthosis nigricans 85.3-85.6, 150.10, 
150.11, 150.13 
hirsutism association 87.90 
hypermetabolism 125.11 
secondary dyslipidaemia 60.11 
insulin secretion 97.5 
insulin sensitivity, adipocytes 
integrins 2.24, 2.25 
epidermolysis bullosa 69.4-69.5 
intense pulsed light (IPL), hidradenitis 
suppurativa treatment 90.11 
intensity modulated radiotherapy (IMRT) 
24.3 
intensive care treatment, and vitamin K 
deficiency 61.13 
intention-to-treat (ITT) analysis, randomised 
controlled trials 17.12, 17.14 
interdigital irritant contact dermatitis 128.4 
interface dermatitis 
lichenoid exanthema 37.19 
lichen planus 37.14 
interferon «2a (IFN-a2a), polymorphic light 
eruption 126.2 
interferon « (IFN-«) therapy, cutaneous T-cell 
lymphoma 139.15, 139.16, 
139.22-139.23, 139.25 
interferon y release assays (IGRAs), 
tuberculosis 27.4-27.5 
interferons, melanoma immunotherapy 
144.2 
interleukin-16 polymorphisms 127.10 
interleukins (2/4/13/31), pruritus 81.3, 
81.4-81.5 
intermediate dystrophic epidermolysis 
bullosa 69.15 
intermediate epidermolysis bullosa simplex 
69.8-69.11 
intermediate junctional epidermolysis 
bullosa, molecular pathology 
69.12-69.13, 69.14 
internal malignancy 
cutaneous markers 148.1-148.28 
PUVA phototherapy adverse effects 
21.14 
International Alliance for the Control of 
Scabies (ICAS) 7.9 
International Conference on Harmonisation 
Good Clinical Practice (ICH-GCP) 
guidelines 13.13 
International Criteria for Behcet Disease 
(ICBD) 108.40 
International Dermatology Outcome 
Measures (IDEOM) 16.3 
International dermatomyositis classification 
of severity 52.10 
International Federation of Anti-Leprosy 
Associations (ILEP) 7.10 
International Foundation for Dermatology 
(IFD) 7.6 
international health see global health 
dermatology 
International Hidradenitis Suppurativa 
Severity Score System (IHS4) 
International Index of Erectile Function 
(IEF) 16.12 
International League of Dermatological 
Societies (ILDS) 7.5-7.6 
International Melanoma Pathology Study 
Group (IMPSG) 142.3 
International Myositis Assessment and 
Clinical Studies (IMACS) group 
52.7, 52.10, 52.12 
International Society for 
Pharmacoeconomics and Outcomes 
Research (ISPOR) 16.2 


97.5 


16.5 


International Study of Asthma and Allergies 
in Childhood (ISAAC) 41.3 
internet phenomena, Morgellons syndrome 
84.11-84.12 
interpolation flaps 20.27 
interstitial collagenase 2.31 
interstitial granulomatous dermatitis 
musculoskeletal involvement 155.14 
rheumatoid arthritis involvement 53.6 
interstitial keratitis, congenital syphilis 
29.25 
interstitial lung disease (ILD) 
dermatomyositis 52.1, 52.2, 52.7, 
52.11-52.12 
junctional epidermolysis bullosa with 
69.15 
intertriginous eruption associated with 
chemotherapy 119.2 
intertrigo 109.3 
intestinal failure-associated liver disease 
(ILFAD) 61.32 
intestinal lymphangiectasia 103.32 
intestinal polyposis disorders 153.4 
intestinal worms, enterobiasis 33.14~33.15 
InToDermQoL see Infants and Toddlers 
Quality of Life instrument 
intracutaneous neurohormone metabolism 
150.7 
intradermal injection 4.23 
intradermal naevi (IDN), dermoscopic 
patterns 145.6 
intradermal tests, for detection of delayed 
sensitivity to antigens 4.24—4.25 
intraepidermal cleavage, epidermolysis 
bullosa diagnosis 69.22 
intraepidermal sweat unit 92.2 
intraepithelial carcinomas, 
anal/perianal/ genital areas 
141.24, 141.26 
intraepithelial neoplasia 
human papillomavirus association 25.64 
see also cervical intraepithelial neoplasia 
intrahepatic cholestasis of pregnancy 
113.13-113.14 
intra-individual comparative analysis of 
naevi 
dermoscopy 145.2 
melanoma diagnosis 142.9 
intralesional corticosteroids 20.47 
reactions to 122.19-122.21 
surgical indications 20.47 
intralesional cytotoxics, cutaneous warts 
25.60 
intralesional injection, corticosteroids 
18.21-18.22 
intralesional interferon «2b (IFN-a2b) 
140.13-140.14 
intralesional therapies 
hidradenitis suppurativa 90.9 
skin malignancies 20.47-20.48 
intralymphatic histiocytosis 155.14-155.15 
intranodal MR lymphography 103.56 
intravascular large B-cell lymphoma 
139.43-139.44 
intravascular papillary endothelial 
hyperplasia 136.23-136.24 
intravascular paraprotein deposition 
149.13-149.14 
intravascular thrombi, Raynaud 
phenomenon 124.11 
intravenous immunoglobulin (IVIG) 
19.40-19.41, 118.12, 118.21 
dose and regimen 19.41 
pemphigus 50.8 
pharmacological properties 19.40 
potential adverse effects 19.40-19.41 
pyoderma gangrenosum 49.7 
safety considerations 19.41 
systemic lupus erythematosus treatment 
51.38 
intravenous (IV) drug administration 
dermatoses induced by 120.6-120.8 
see also injecting drug use 
invasive carcinoma, human papillomavirus 
association 25.65 


19.31, 


invasive wound infection, burn injuries 
125.9-125.10 
inversa junctional epidermolysis bullosa 
69.14 
inversa recessive dystrophic epidermolysis 
bullosa 69.18 
invertebrate vectors of disease 
blackfly (Simulium species) and 
onchocerciasis 33.1, 33.2, 33.3 
Cyclops species and dracunculiasis 33.13 
leishmaniasis 33.43, 33.45 
mosquitoes 25.87—25.91, 33.36, 103.34 
sandflies and cutaneous leishmaniasis 
33.43, 33.45, 33.52 
tabanid flies and loiasis 33.12 
triatomidae bugs and American 
trypanosomiasis 33.39-33.40 
tsetse flies and African trypanosomiasis 
33.39, 33.41, 33.42 
inverted follicular keratosis 137.2-137.3 
inverted nipple, glycosylation disorders 
79.10 


in vitro tests 127.33 
involucrin 2.7 
involuting lichenoid plaque see lichenoid 
keratosis 
iodides, acneform reaction 88.13 
iodine, topical therapies 18.10 
iodism, potassium iodide (systemic therapy) 
19.30 
iodopropynyl butylcarbamate (IPBC) 
127.57 
ion channels, transmembrane drug 
mechanisms 13.5 
ionising radiation 
post-ionising radiation keratosis 
141.14-141.15 
see also radiotherapy 
iontophoresis, hyperhidrosis treatment 92.9 
IP see incontinentia pigmenti 
IPBC see iodopropyny] butylcarbamate 
IPD see immediate pigment darkening 
IPEX see immunodysregulation 
polyendocrinopathy enteropathy 
X-linked syndrome 
IPL see intense pulsed light 
IPPD see N-isopropyl-N-pheny]- 
p-phenylenediamine 
IPS see ichthyosis—prematurity syndrome 
IPSO see Impact of Psoriasis Questionnaire 
IR see insulin resistance 
IRAD see immune reconstitution-associated 
disease 
iris 
juvenile xanthogramuloma of 135.16 
Lisch nodules 78.2 
iritis, hypopyon 48.6 
iron, hair loss 87.59, 87.63, 87.70-87.71 
iron deficiency 61.3, 61.4, 61.24-61.25, 
87.59, 87.63, 87.70-87.71, 153.1 
iron salts, tattoos 86.53 
IR radiation see infrared radiation 
irritable bowel disease (IBD) see 
inflammatory bowel disease 
irritant contact dermatitis (ICD) 39.3, 
128.1-128.13 
cannabis-induced 120.4 
male genitalia 109.11 
occupational 129.1-129.5 
occupational skin disease 16.12 
perineal skin 111.9 
peristomal skin 112.2-112.7 
prevalence 127.3 
vulval 110.14-110.15 
irritant folliculitis 91.1 
irritant occupational hazards 129.8-129.11 
irritant reactions, topical therapy 18.4 
irritants 
arthropod effects 34.2 
common types 128.2 
mechanism of action 128.3 
IRS see inner root sheath 
ISAAC see International Study of Asthma 
and Allergies in Childhood 
ischaemic disorders, peripheral see 
peripheral vascular disease 
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ischaemic fasciitis 136.6 
ischaemic fat necrosis 97.8 
ischaemic heart disease 151.5 
ischaemic toes, thromboangiitis obliterans 
101.6 
ischaemic ulcers 101.44, 123.1 
hypertensive ischaemic leg ulcers 
102.10-102.13 
ISD see infantile seborrhoeic dermatitis 
ISDL see Impact of Chronic Skin Disease on 
Daily Life 
Islamic medicine 1.3 
island pedicle flaps, surgical reconstruction 
20.24, 20.25-20.26 
ISM see indolent systemic mastocytosis 
isobornyl acrylate 127.70 
isocyanates, in polyurethanes 127.71 
isolated dyskeratosis follicularis see warty 
dyskeratoma 
isolated limb perfusion (ILP), melanoma 
144.2 
isolated striate palmoplantar keratoderma 
63.56-63.57 
isomorphic phenomenon see Koebner 
(isomorphic) phenomenon 
isomorphic response, mechanical injuries 
122.2 
isoniazid, acneform reaction 88.13 
isopropyl myristate 12.3 
N-isopropyl-N-pheny]-p-phenylenediamine 
(IPPD) 127.63-127.64 
isothiazolinones 127.53, 127.54 
isotretinoin 
acne treatment 5.3, 88.51, 88.52-88.57 
adverse effects 88.54-88.57 
musculoskeletal adverse effects 155.11 
neuropsychological adverse effects 
84.42 
prescribing guidelines 88.53 
relative success of 88.53 
childhood acne treatment 88.73 
ichthyoses management 63.44-63.45 
prepubertal acne treatment 88.73 
topical therapies 18.25 
ISPOR see International Society for 
Pharmacoeconomics and Outcomes 
Research 
isthmic epithelial walled cutaneous cysts 
133.4-133.6 
isthmus region of hair root 87.4 
Italy 
psoriasis, economic burden of 6.8, 6.9 
Renaissance medicine 1.3 
itching 
antihistamines 41.27 
assessment tools 4.2, 16.5 
see also pruritus 
itching purpura 99.7, 99.8, 99.9 
ITGAG6, epidermolysis bullosa 69.4-69.5 
ITGB4, epidermolysis bullosa 69.4-69.5 
Ito, naevus of 68.9-68.10, 131.14-131.15 
itraconazole 32.32 
ITT see intention-to-treat 
IV see intravenous 
ivermectin 18.14 
IVIG see intravenous immunoglobulin 
ixekizumab 
psoriasis treatment 35.30 
psoriatic arthritis treatment 35.46 


Jackson—Lawler type, pachyonychia 
congenita 67.1 
Jacob disease, oral involvement 
Jadassohn—Lewandowsky type, 
pachyonychia congenita 67.1 
Jadassohn-Pellizzari-type anetoderma 
94.23 
JAK see janus kinases 
JAKi see Janus kinase inhibitors 
Janus kinase inhibitors (JAKi) 19.22-19.24, 
87.27 
atopic eczema treatment 41.27, 
41.30-41.33 
cautions 19.24 


108.86 


cutaneous adverse effects 155.15 
dermatological uses 19.22 
dose and regimens 19.24 
monitoring 19.24 
pharmacological properties 19.22-19.23 
potential adverse effects 19.23-19.24 
pre-treatment screening 19.24 
pyoderma gangrenosum treatment 49.7 
Janus kinases (JAK) 19.22-19.23 
transmembrane drug mechanisms 13.5 
Japanese-form eosinophilic pustular 
folliculitis 93.8 
Jarisch-Herxheimer reaction, penicillin 
29.22 
jaundice 86.49-86.50 
hepatitis A infection 25.97 


liver disorders 153.4, 153.5 
malaria 33.36 
yellow fever 25.85 


jaws 
examination 108.6 
Gardner syndrome 108.86 
Gorlin syndrome 108.86 
pseudofolliculitis 93.2 
JDM see juvenile dermatomyositis 
Jeffrey Modell Foundation, warning signs 
of inherited immunodeficiency 
80.2 
jellyfish stings 130.1-130.3 
Jessner’s lymphocytic infiltrate 89.10, 
134.10-134.11 
ear dermatoses 106.22 
Jessner solution (JS), chemical peels 
160.7, 160.8, 160.10 
Job syndrome see hyper-IgE syndrome due 
to STATS loss of function mutations 
Jod-Basedow phenomenon, potassium 
iodide systemic therapy 19.30 
jogger’s nipples 122.16 
jogger’s toe 122.16 
joint hypermobility (flexibility), Beighton 
score 70.8 
joint stiffness, in diabetes 62.5-62.6 
JPHT see juvenile polyposis / HHT syndrome 
JS see Jessner solution 
JSE see juvenile springtime eruption 
Jujin haemorrhagic fever (Argentinian 
haemorrhagic fever) 25.82-25.83 
junctional epidermolysis bullosa 69.2 
laminin-332 69.5 
management of 69.25 
molecular pathology 69.12-69.15 
with pyloric atresia 69.13-69.14 
junctional naevus 
acquired melanocytic naevi 
131.20 
definition 131.1 
JUP mutations, skin fragility disorders 
69.7 
juvenile chronic myeloid leukaemia 149.14 
juvenile dermatomyositis (JDM) 52.6, 
52.8-52.9, 52.11, 52.12 
juvenile fibromatosis 94.41-94.43 
juvenile hyaline fibromatosis 94.42-94.43 
juvenile plantar dermatosis 39.23-39.24 
juvenile polyposis/ HHT syndrome (JPHT) 
71.2 
juvenile springtime eruption (JSE) 
126.8-126.9 
externalear 106.25 
juvenile xanthogranuloma (JXG) 115.15, 
135.14-135.17, 135.20, 149.14 
eyelid 107.45 
juxta-articular Dercum disease 98.18 
JXG see juvenile xanthogranuloma 


160.3, 


131.18, 


K 

KA see keratoacanthoma 

Kabuki syndrome 106.7 

Kamino bodies 3.42 

compound naevus of Spitz 131.33 

kaposiform haemangioendothelioma (KHE), 
infants 116.9-116.10 

kaposiform lymphangiomatosis (KLA) 
71.2, 103.29 


Kaposi sarcoma-associated herpesvirus 
(KSHV/HHV-8) 25.42, 25.43, 
31.30 
Kaposi sarcoma (KS) 25.42, 138.1-138.6 
clinical features 138.3-138.5 
epidemiology 138.2 
eyelid 107.49-107.50 
HIV/AIDS = 25.42, 25.43, 31.30-31.31, 
31.35, 138.1, 138.2, 138.4, 138.5, 138.6 
immunocompromised patients 
clinicopathological features 
management 147.23 
non-Hodgkin lymphoma/chronic 
lymphocytic leukaemia patients 
147.3 
people living with HIV 147.2 
systemic chemoprevention 
147.20-147.21 
Wiskott-Aldrich syndrome 147.2 
male genitalia 109.42 
management 138.6 
oral involvement 108.26 
pathophysiology 138.1-138.3 
radiotherapy 24.15 
subtypes 138.1, 138.2, 138.4 
Kaposi varicelliform eruption see eczema 
herpeticum 
Kaposi-Stemmer sign 103.6 
kappa light chains, dermal deposition 56.6 
Karelian disease see Sindbis virus 
karyorrhexis 3.42 
Kasbach-Merritt phenomenon (KMP) 
116.9-116.10 
Kashin-Beck disease 61.29-61.30 
Kawasaki disease 100.30-100.32, 
155.3-155.4 
cardiac involvement 151.4-151.5 
clinical features 26.89-26.90 
epidemiology 26.89 
infants 115.9-115.11 
management 26.90 
oral ulceration 108.41-108.42 
pathophysiology 26.89 
perineal and perianal skin 111.16 
possible bacterial role 26.89 
Kaya and Saurat’s classification of cutaneous 
adnexal cysts 133.2 
Kazal-type-related inhibitor, skin fragility 
disorders 69.6 
KC see keratosis circumscripta 
KCMC see Kilimanjaro Christian Medical 
Centre 
KCs see keratinocyte carcinomas 
kEDS see kyphoscoliotic Ehlers—Danlos 
syndrome 
Kelch-like genes, epidermolysis bullosa 
69.3-69.4 
keloid 94.48-94.53 
penis 109.31 
radiotherapy 24.7-24.8 
keloidal blastomycosis see lobomycosis 
keloidalis, folliculitis 91.10-91.12 
keloidal/nodular morphoea _55.15-55.16 
keloidal papules 93.3 
keloid-like scars, folliculitis 91.11 
keloid reaction, tattoos 86.54 
keloid scarring 11.9 
external ear 106.14-106.15 
hidradenitis suppurativa 111.12 
Kenya, teledermatology 7.9 
Keppen-Lubinsky syndrome 72.5 
keratan sulphate (KS) 2.37, 2.38, 2.39 
keratin aggregates, ichthyoses 63.13 
keratin-associated proteins, hair follicle 
87.6 
keratin gene expression 2.7-2.8 
a-keratin intermediate filaments («-KIF) 
87.6 
keratinisation disorders 
ocular features 107.41 
keratinised tissues, dermatophytes 32.20 
keratin markers, cutaneous neoplasms 
3.21-3.23 
keratinocyte carcinomas (KCs) 
definition 141.1 


147.14 


63.73-63.76, 85.18 


Volume 1, pp. 1.1-34.58; Volume 2, pp. 35.1-85.32; Volume 3, pp. 86.1-116.12; Volume 4, pp. 117.1-161.10 


immunocompromised patients 
clinicopathological features 
147.10-147.11 
management 147.16-147.18 
prevention 147.18-147.21 
see also basal cell carcinoma; squamous cell 
carcinoma 
keratinocytes 2.1, 2.5, 2.7-2.8 
adherens junction 2.19 
Cole disease 63.61 
differentiation process 9.1 
elatin gene expression 2.33 
grafts 11.12 
keratin filament network 2.8 
mechanical stretching 122.1 
melanocyte interface 86.3 
melanosome transfer to 86.4 
porokeratosis 85.19-85.20 
wound healing 11.4—11.5, 11.12 
eratinocyte terminal differentiation, 
melanosomes 68.1 
eratinocytic acanthomas, benign 
proliferations 132.1-132.8 
eratinocytic disadhesion 
Carvajal-Huerta syndrome 63.63 
striate palmoplantar keratoderma 63.57, 
63.58 
eratinopathic ichthyoses (KPIs) 63.4, 
63.13-63.18 
skin fragility 69.20 
eratins 
epidermolysis bullosa 69.2-69.3, 69.7 
hair 2.10, 87.99 
hemidesmosomal inner plaques 69.4 
pachyonychia congenita 67.1 
keratitis—ichthyosis—deafness (KID) 
syndrome 63.33-63.35, 108.29 
keratoacanthoma (KA) 141.38-141.41 
associated conditions 141.38-141.45 
eyelid 107.47 
generalised eruptive keratoacanthoma 
141.43-141.44 
lip 108.44 
multiple self-healing squamous 
epithelioma 141.41-141.42 
visceral malignancy 148.12 
keratoderma blennorhagicum, reactive 
arthritis 155.1 
keratoderma climactericum (Haxthausen 
disease) 63.71-63.72 
keratodermas 
acquired forms 63.71-63.79 
NIPAL4 mutations 63.14 
pachyonychia congenita 67.12 
palmoplantar keratodermas 63.49-63.71 
syndromic forms 63.62-63.71 
eratoelastoidosis marginalis 63.60 
eratolysis exfoliativa 85.25-85.26 
eratolytics, ichthyoses management 
63.42-63.43, 63.43 
eratolytics (topical), seborrhoeic dermatitis 
40.8 
eratolytic winter erythema 63.73-63.74 
genes/proteins linked to 69.6 
eratomycosis nigricans palmaris see tinea 
nigra 
eratoses 
NLRP1-associated autoinflammation with 
arthritis and dyskeratosis 45.18 
oral lesions 108.33 
PUVA phototherapy adverse effects 
21.14 
seborrhoeic 132.1-132.4 
see also hyperkeratosis; seborrhoeic 
keratosis 
eratosis alba see stucco keratosis 
eratosis circumscripta (KC) 85.13-85.14, 
85.14 
eratosis follicularis spinulosa decalvans 
(KFSD) 63.24-63.25, 85.11, 87.48 
eratosis linearis—ichthyosis 
congenita—sclerosing keratoderma 
63.21 
eratosis obturans 106.21 
eratosis pilaris atrophicans 


85.10-85.11 


keratosis pilaris atrophicans faciei 85.10, 
85.11 

keratosis pilaris (KP) 85.9-85.12, 88.34, 
88.35 


keratosis pilaris rubra faciei 85.10 
keratotic lichenification, KID syndrome 
63.33 
keratotic papules 
Flegel disease 85.17, 85.18 
lichen spinulosus 85.12 
palmoplantar keratoderma punctata 
63.58, 63.59 
keratotic plug, phrynoderma 85.14-85.15 
kerion 
allergic reactions 32.50 
tinea capitis type 32.39 
kerotic spicules, trichodysplasia spinulosa 
85.16 
Keshan disease, selenium deficiency 61.29 
ketoprofen allergy 127.79 
KFD see Kikuchi-Fujimoto disease 
KFSD see keratosis follicularis spinulosa 
decalvans 
KHE see kaposiform 
haemangioendothelioma 
KID see keratitis—icthyosis—deafness 
syndrome 
kidneys see nephropathy; renal entries 
a-KIF see a-keratin intermediate filaments 
Kikuchi—Fujimoto disease (KFD) 51.33, 
149.16-149.17 
Kilimanjaro Christian Medical Centre 


(KCMC) 7.7 
kilovoltage X-ray therapy 24.1, 24.3, 24.4, 
24.7 


Kimura disease 136.27, 149.17 
Kindler epidermolysis bullosa (Kindler 
syndrome) 69.5, 69.19, 75.2, 75.6, 
108.86 
Kindlin-1 (KIND1/FERMT1) 69.5 
kinesin 86.4 
kissing bugs 34.29 
KIT gene 2.15 
KIT receptor mutations, mastocytosis 
46.2 
KLA see kaposiform lymphangiomatosis 
Klebsiella (Calymmatobacterium) granulomatis 
30.21-30.23 
Klebsiella pneumoniae subsp. rhinoscleromatis 
26.56-26.57 
Klein—-Waardenburg syndrome 68.5 
KLHL24, epidermolysis bullosa 69.3-69.4 
Kligman cream, topical depigmenting agents 
18.32 
Klinefelter syndrome 74.4 
Klippel-Trenaunay syndrome (KTS) 
101.27-101.30, 103.23 
spindle cell haemangioma 136.31 
Klippel-Trenaunay—Weber syndrome 71.2, 
71.8-71.9 
oralinvolvement 108.26 
KMP see Kasbach—-Merritt phenomenon 
knee 
atopiceczema 41.16 
calcinosis 79.18 
epidermolysis bullosa acquista 50.44 
erythema elevatum diutinum 100.9 
Gianotti-Crosti syndrome 115.11 
nail-patella syndrome 67.16 
necrotising granulomatous lesions 80.10 
sarcoidosis 96.7 
tuberous xanthomas 60.3 
knuckle pads (subcutaneous fibroma) 
94.37-94.38 
Bart-Pumphrey syndrome 63.64 
sports injuries 122.16 
knuckles, granuloma annulare 95.5 
Koebner (isomorphic) 
phenomenon/Koebnerisation 
86.36, 86.38, 119.14, 121.9, 128.5 
lichen planus induced by mechanical 
irritation 37.3 
linear lesions 4.7 
necrobiosis lipoidica 95.11, 95.12 
psoriasis vulgaris 35.8 


46.1, 


Koebner (isomorphic) response, mechanical 
injuries 122.2-122.3, 122.22 
Koenen tumours (periungual fibromas), 
tuberous sclerosis complex 78.8 
koganbyo see cercarial dermatitis 
Kogoj spongiform pustule 3.43 
koilonychia, infants 115.14 
kojic acid 
cosmeceutical use of 157.4 
topical depigmenting agents 18.32 
Koplik spots 
measles 25.98, 25.99 
oral lesions 108.33 
koro syndrome, male genitalia 109.44 
Kosaki overgrowth syndrome 72.5 
KP see keratosis pilaris 
KPIs see keratinopathic ichthyoses 
Kramer syndrome 68.9 
Krokodil 120.5-120.6 
KRT genes, epidermolysis bullosa 
69.2-69.3, 69.7 
KS see Kaposi sarcoma; keratan sulphate 
KSHV see Kaposi sarcoma-associated 
herpesvirus 
KTP see potassium titanyl phosphate lasers 
KTS see Klippel-Trenaunay syndrome 
Kiister, Wolfgang 63.43 
kwashiorkor 61.2, 61.3 
erythrodermic findings in 61.4 
peripheral oedema and ‘flaky paint’ 
dermatitis 61.4 
presentation 61.4 
kyphoscoliotic Ehlers—Danlos syndrome 
(kEDS) 70.4, 70.9 
Kyrle disease 63.76, 63.77, 94.53, 
154.3-154.4 
Kytococcus sedentarius, pitted keratolysis 
26.42-26.43 


L 
L see lichenoid keratosis 
LA see lactic acid 
labelling of tissue specimens 3.6 
labial melanotic macules (labial lentigo) 
131.11-131.12 
labial mucosa 108.3, 108.6-108.7 
labia majora 
angiokeratomas 110.3, 110.4 
Fordyce spots 110.3 
structure and function of 110.2 
labia minora 
Fordyce spots 110.3, 110.4 
structure and function of 110.2 
vestibular papillomatosis 110.4 
Lacazia loboi 32.78-32.79 
lacrimal glands 107.3 
lactate, eccrine sweating 92.3-92.4 
lactation 
drug pharmacokinetics and 
pharmacodynamics 13.8-13.9 
rosacea and 89.15 
safe treatments in pregnancy 
113.19-113.24 
transfer of toxic substances in 114.14 
lactic acid (LA), chemical peels 160.2 
lactiferous ducts of the nipple, nipple 
adenoma 137.21-137.22 
LAD see linear IgA disease 
LADD see laser-assisted drug delivery 
lake itch see cercarial dermatitis 
LAM see linear atrophoderma of Moulin; 
lymphangioleiomyomatosis 
lambda light chains, dermal deposition of 
56.6 
LAMB (lentigines, atrial myxoma, blue nevi) 
syndrome see Carney complex 
lamellar bodies, harlequin ichthyosis 63.8, 
63.10 
lamellar granules/bodies 2.6 
lamellar ichthyosis (LI) 63.10-63.13, 63.12 
lamellar scaling, trichothiodystrophy 
63.37 
laminin-332 (LAMA3), (LAMB3), (LAMC2) 
69.5, 69.14 
laminin 411, wound healing 11.6 


laminins 2.23-2.25 
chain composition 2.24 
isoforms and domain organisations 2.24 
laminin 332 2.25, 2.44 
lamotrigine, hypersensitivity reactions to 
14.6 
Langerhans cell histiocytoses (LCH) 2.15, 
135.1, 135.2-135.11 
female genitalia 110.40 
infants/children 115.15-115.16, 135.4, 
135.5-135.7, 135.9 
oral involvement 108.70-108.71 
Langerhans cell markers, cutaneous 
neoplasms 3.27, 3.28 
Langerhans cells (LCs) 2.1-2.2, 2.13-2.15 
antigen exchange 2.13, 2.15 
epidermal immune cells 9.4 
imaging of 2.13 
immune system 9.3 
skin ageing 2.45 
structure of 2.14, 2.16 
langerin 135.2 
lanolin, topical medication vehicles 
18.6-18.7 
lanolin alcohols 127.58 
lanolin allergy 127.58 
large B-cell lymphoma (LBCL) 139.37, 
139.41-139.44 
large-cell lymphomas 
primary cutaneous anaplastic large-cell 
lymphoma 139.28-139.29 
primary cutaneous diffuse large B-cell 
lymphoma 139.37, 139.41-139.43 
secondary intravascular large B-cell 
lymphoma 139.43-139.44 
large congenital melanocytic naevi, as 
melanoma precursors 142.2, 142.3 
large congenital naevi, melanoma detection 
142.11 
large plaque parapsoriasis (LPP) 134.6, 
134.7-134.8 
large-vessel vasculitis 100.32-100.35 
larimal duct scarring, in erosive lichen 
planus 110.12 
larva currens see strongyloidiasis 
larval taeniasis see cysticercosis 
larva migrans see ancylostomiasis; cutaneous 
larva migrans; visceral larva 
migrans 
laryngo-onycho-cutaneous syndrome 
69.14-69.15 
laser-assisted drug delivery (LADD) 161.5 
laser-assisted hair removal 23.17-23.20 
complications 23.19-23.20 
folliculitis keloidalis 93.4 
indications 23.19 
laser-assisted lipolysis 23.24 
Laser Doppler flowmetry (LDF) 128.6 
laser resurfacing 161.1-161.6 
ablative and non-ablative fractional 
devices 161.5 
for acne scarring 161.4 
adverse effects 161.6 
avoidance of bulk heating 161.4 
carbon dioxide lasers 161.1-161.3, 161.5 
device names 161.5 
Er:YAG lasers 161.1-161.3, 161.5 
fractionated ablative lasers 161.2-161.3, 
161.5 
management of patients 161.3-161.5 
non-ablative fractional resurfacing 161.2, 
161.5 
patient selection 161.3 
for photodamaged skin 161.3 
postoperative course 161.4-161.5 
preoperative management and anaesthesia 
161.3-161.4 
skin tightening 161.6 
wound care 161.4 
lasers 
history 23.1 
principles 23.1-23.3 
laser therapies 23.1-23.24 
basal cell carcinoma 140.16 
clinical applications 23.6-23.24 


cutaneous warts 25.59 
hair disorders 87.71, 87.95 
keloids/hypertrophic scars 94.52 
light-tissue interactions 23.4—23.5 
mechanical injuries 122.6 
selective photothermolysis 23.5-23.6 
theory 23.1-23.6 
tissue cooling to avoid epidermal heat 
damage 23.6 
tissue optics 23.3-23.4 
unrealistic expectations 23.6 
vascular lesions 23.6-23.12 
see also photothermal ablation 
Lassa fever 25.81-25.82 
latent syphilis 29.12 
latent transforming growth factor beta 
binding proteins (LTBPs) 2.36 
latent viral infections see reactivation of 
viruses; subclinical and latent viral 
infections 
late-onset chronic mucocutaneous 
candidiasis 32.68 
late-onset focal dermal elastosis 
late-onset ichthyosis 63.47-63.50 
late-onset junctional epidermolysis bullosa 
69.14 
late-onset primary lymphoedema 
103.24-103.25 
lateral canthal lines, reduction of by 
botulinum toxin application 159.5 
latex see natural rubber latex; rubber allergy 
latex-fruit syndrome 127.84 
Latino skin phenotypes, photoageing 
156.2-156.3 
Lattice System Global Assessment, psoriasis 
16.3 
Laugier-Hunziker syndrome, oral 
involvement 108.18 
lavender, cosmeceutical use of 157.8 
lax skin 94.21-94.23 
Ehlers—Danlos syndrome 94.27 
lazy leukocyte syndrome see periodic fever, 
immunodeficiency and 
thrombocytopenia 
LBCL see large B-cell lymphoma 
LCH see Langerhans cell histiocytoses 
LCs see Langerhans cells 
LDF see Laser Doppler flowmetry 
LDS see lipodermatosclerosis; Loeys-Dietz 
syndrome 
LE see lupus erythematosus 
lead, dermatological reactions 
121.4-121.5 
lead shielding mask, radiotherapy for skin 
cancer neareyes 24.3, 24.4, 
24.10-24.11 
leather 
chromium allergy 127.39-127.40 
shoe allergy 127.67-127.68 
ledderhose disease see plantar fibromatosis 
Leeds Acne Grading System 16.4 


94.32 


121.2, 


leg 

acquired cutaneous lymphangiectasia 
103.6 

acute haemorrhagic oedema in infancy 
115.10 

allergic contact dermatitis of 127.17, 
127.22 

amniotic bands and lymphoedema 
103.30 


annular erythema of infancy 47.10 

atopiceczema 41.14, 41.17, 115.3 

bandaging, lymphoedema therapy 
103.59 

chronic red leg 103.16-103.17 

chronic venous oedema 103.10 

congenital generalised lipodystrophies 


congenital haemangioma 116.9 
cutaneous polyarteritis nodosa 100.29 
cutaneous small-vessel vasculitis 100.7 
dermatitis herpetiformis 50.57 
eczema of the lower legs 39.19-39.22 
clinical features 39.20 
clinical variants 39.21 
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leg (continued) 
complications and co-morbidities 
39.21 
disease course and prognosis 39.21 
management 39.21-39.22 
pathology 39.20 
treatment for 39.22 
elephantiasis nostra verrucosa 103.6 
eosinophilic fasciitis 55.22 
eosinophilic granulomatosis with 
polyangiitis 100.27 
eruptive xanthomas 60.4 
granuloma annulare 95.6 
hyperglobulinaemic purpura in patient 
with Sjogren syndrome 53.11 
hypertrophic lichen planus 37.7 
keloidal morphoea 55.16 
laser therapies on veins 23.11 
lichen simplex 39.29 
linear IgA disease 50.37 
linear morphoea 55.26 
lipodermatosclerosis 103.17 
lipoedema 72.12, 98.21-98.23, 103.54 
livedo reticularis 4.11, 51.27, 53.3 
lymphangioma malformation 103.27 
lymphoedema-distichiasis syndrome 
71.25 
mixed connective tissue disease 53.3 
morphoea 55.18, 55.20 
necrolytic migratory erythema 47.15 
Nékam disease 37.11 
nummular dermatitis 39.8 
palisaded and neutrophilic granulomatous 
dermatitis 53.7 
pemphigus foliaceus 50.6 
plaque morphoea 55.18, 55.20 
podoconiosis (non-filarial lymphoedema) 
103.36 
psoriasis vulgaris 35.8, 35.13 
pyoderma gangrenosum 49.2 
rheumatoid arthritis-associated medium 
vessel vasculitis 53.8 
small-vessel vasculitis 100.2, 100.3 
STING-associated vasculopathy with 
onset ininfancy 45.14 
Sweet syndrome 49.12 
swelling 103.9-103.10 
ulcerated necrotic lesions 100.3 
varicose veins 101.39 
vasculitis 100.2, 100.3 
veins, laser therapies 23.11 
venous malformation 71.15 
see also ankle; knee; shin; thigh 
legal issues 
drug use 120.3-120.4 
litigation by psychologically disturbed 
patients 84.9-84.10, 84.15, 
84.36-84.38 
Legionella pneumophila (legionellosis) 26.76 
Legius syndrome 72.10, 78.9 
leg ulcers 1.3 
aetiologies 102.1, 102.2 
arterial leg ulcers 102.7-102.10 
diabetic patients 62.1 
hypertensive ischaemic leg ulcers 
102.10-102.13 
mixed leg ulcers 102.4-102.7 
rheumatoid arthritis-associated 53.7, 
155.6 
systemic lupus erythematosus 51.26 
venous leg ulcers 102.1-102.4 
leiomyoma 136.53-136.54 
oralinvolvement 108.13 
vulva 110.32 
leiomyomatosis see hereditary 
leiomyomatosis and renal cell 
cancer; lymphangioleiomyomatosis 
leiomyosarcoma /atypical smooth muscle 
tumour 136.54-136.55 
leishmaniasis 33.43-33.54 
blepharitis 107.12 
cutaneous 33.43-33.51 
ear dermatoses 106.23 
HIV  33.52-33.53 
male genitalia 109.28 


oralinvolvement 108.57 
parasitic organisms 33.45, 33.46-33.49, 
33.52 
vectors 33.43, 33.45, 33.52 
visceral 33.51-33.54 
see also cutaneous leishmaniasis; visceral 
leishmaniasis 
leishmaniasis cutis diffusa 
(diffuse / disseminated cutaneous 
leishmaniasis) 33.48-33.49 
leishmaniasis recidivans (chronic/lupoid 
cutaneous leishmaniasis) 
33.47-33.48 
leisure factors 
diagnosis 4.4 
epidemiology 5.11 
LEKTI see lymphoepithelial 
Kazal-type-related inhibitor 
lentigines 131.3-131.9 
agminated or segmental lentiginosis 
131.3 
familial lentiginosis syndromes 131.3 
ink-spot lentigo 131.8-131.9 
lentiginosis profusa 131.3 
photochemotherapy (PUVA) lentigo 
131.7-131.8 
PUVA phototherapy adverse effects 
21.14 
RASopathies 151.3 
simple lentigo 131.3-131.5 
solar (or actinic) lentigo 131.5-131.7 
xeroderma pigmentosum 76.4 
see also mucosal melanotic lesions 
lentiginoses 86.16-86.17, 131.3 
oralinvolvement 108.17-108.18 
lentiginosis profusa 131.3 
lentigo, definition 131.1 
lentigo maligna (LM) 
facial and chronically sun-damaged skin 
145.9, 145.11 
presentation 142.19 
radiotherapy 24.14-24.15 
lentigo maligna melanoma (LMM) 106.33 
melanoma classification 142.7, 142.8 
presentation 142.10, 142.13, 142.19 
radiotherapy 24.14-24.15 
surgery 143.3-143.4 
lentigo senilis (solar /actinic lentigo) 
131.5-131.7 
lentigo simplex 131.3-131.5 
dermoscopicimage 131.5 
hyperpigmentation 131.4 
Lenz—Majewski syndrome 70.16 
LEOPARD syndrome (Noonan with multiple 
lentigines) 131.3, 151.3 
Lepidoptera (butterflies and moths) 
34.32-34.34 
lepidopterism 
use of term 34.33 
see also caterpillar dermatitis 
lepromatous leprosy (LL) 28.2, 28.3-28.4, 
28.5, 28.7-28.8, 28.9, 97.26 
leprosy 28.1-28.17 
clinical features 28.6-28.13 
delayed diagnosis in non-endemic settings 


differential diagnosis of lesions 
28.10-28.11 

drug treatments 1.8 

ear dermatoses 106.23 

epidemiology 28.1 

erythema nodosum leprosum 28.3, 28.4, 
28.5, 28.11, 28.12, 28.15 

eye infection 107.39 

genetic factors 28.1-28.2 

granuloma multiforme resemblance 
94.30 

hair loss 87.36 

history 28.1 


HIV 28.10 
International Federation of Anti-Leprosy 
Associations 7.10 


investigations 28.13 
management 28.13-28.16 
oralinvolvement 108.55 


pathophysiology 28.1-28.6 
predisposing factors 28.1-28.2 
pregnancy 28.10 
in pregnancy 113.6 
prevention and control 28.16 
stigma 28.1, 28.16 
variants 28.2-28.3, 28.6-28.10 
leprosy reactions, erythema nodosum 
leprosum 97.25-97.26 
leptin, role of 97.4-97.5 
leptin deficiency 72.7 
leptin receptor syndrome 72.6 
leptospirosis/Leptospira spp. 26.74-26.75 
Leser—Trélat, sign of 148.16 
lesional blistering, UVB phototherapy 
adverse effects 21.12 
lesional erythema, versus persistent / diffuse 
erythema of rosacea 89.7 
lesions 
annular lesions 4.7, 4.15 
granuloma annulare 4.10 
keratotic lesions 63.75 
porokeratosis 4.10 
tinea corporis 4.10 
arcuate lesions 4.11 
autoinflammatory diseases 
Blashkoid lesions 4.16, 4.19 
cocaine-induced 120.5 
colour of skin 4.13-4.15 
dermatomal distribution 4.16 
deroofing 90.10 
description of 4.5-4.20 
anatomical factors 4.5-4.6 
border of lesion 4.15 
colour of lesion 4.15 
distribution pattern and arrangement 
4.6-4.12 
external factors 4.6 
nomenclature 4.10-4.15, 4.16, 4.17 
shape of lesion 4.6-4.7, 4.8-4.10, 4.12, 
4.15, 4.16, 4.17 
size of lesion 4.10 
digitate lesions 4.17 
discoid lesions 4.12 
distribution of 4.16, 4.17, 4.18, 4.19 
anatomical factors 4.16 
Blashkoid distribution 4.16, 4.19 
dermatomal distribution 4.16 
external factors 4.16 
duration 4.3 
erythema 4.13 
erythrokeratoderma variabilis 
63.19 
flexural sites 4.18 
haemorrhagic lesions 4.12 
hidradenitis suppurativa 90.3, 90.5 
history taking 4.2 
Hurley stage II disease 90.9 
linear lesions 4.15 
anatomical and causative factors 4.13 
Koebner/isomorphic phenomenon 
4.7 
livedoid lesions 4.11 
malar erythematous photosensitive 
macular skin lesions 80.16 
periodicity 4.3 
pityriasis rotunda 63.48 
polycyclic lesions 4.11 
reticulate lesions 4.16 
sarcoidosis 96.1, 96.6-96.7 
surface features 4.13 
target lesions 4.15 
tuberous sclerosis complex 78.8 
le tic des levres (factitious cheilitis) 84.33, 
108.61 
Letterer-Siwe disease 135.6 
leucocytoclastic vasculitis, urticarial 
vasculitis 44.1, 44.3 
leucomelanoderma, drug /chemical 
photosensitivity 126.30 
leukaemia cutis 139.47-139.48 
infiltration of skin with neoplastic cells 
149.2-149.4 
purpura 148.2 
see also myeloid sarcoma 


80.19 


63.18, 
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eukaemias 
erythroderma 39.32-39.33 
oral involvement 108.71 
eukocyte antigen markers 3.27-3.28 
eukocytoclasis, IgA vasculitis 100.14 
eukocytoclastic vasculitis 100.6, 100.8 
eukoderma 86.8 
hypomelanosis 86.45-86.47 
occupational 129.13-129.14 
eukoderma acquisitum centrifugum 86.40 
eukoedema, oral lesions 108.29, 108.30 
eukonychia 119.7, 121.7 
eukopenias, oral involvement 108.71 
eukoplakia, dyskeratosis congenita 67.14, 
75.3 
eukoplakia, oral lesions 108.33-108.35 
chronic hyperplastic candidiasis (candidal 
leukoplakia) 108.34 
hairy leukoplakia 108.34 
malignancy risk 108.35 
speckled leukoplakia 108.34 
sublingual keratosis 108.34 
syphilitic leukoplakia 108.34 
leukotriene C4 (LTC4), release of in skin 
14.1, 14.2 
leukotriene receptor antagonists, urticaria 
treatment 42.19 
leukotrienes, melanocyte regulation 86.7 
levamisole-induced vasculitis 120.5, 120.6 
Levulan® 
Kerastick®, Ameluz®, Alacare® 22.1 
see also 5-aminolaevulinic acid 
Lewandowski and Lutz dysplasia see 
epidermodysplasia verruciformis 
LF see lymphatic filariasis 
LGV see lymphogranuloma venereum 
LHS see lysyl hydroxylase 
LI see lamellar ichthyosis 
Libman-Sacks endocarditis 51.18 
lice (Phthiraptera) 34.18-34.25 
body/clothing lice 34.23-34.24 
classification 34.18 
crab lice 34.24-34.25, 34.25, 107.12, 107.40 
head lice 1.2, 34.18-34.23 
on mummified body 1.2 
see also louse-borne diseases 
lichen amyloidosus 56.3 
lichen aureus 3.9, 99.7, 99.8, 99.9 
lichen exanthematicus 37.4 
lichenification/lichenoid reactions 
39.28-39.31 
allergens 127.20 
atopiceczema 41.14, 41.16, 41.17, 41.19 
familial primary localised cutaneous 
amyloidosis 56.9 
inichthyoses 63.11 
irritant contact dermatitis 
nail changes 119.7 
pathogenesis 37.2 
tattoos 86.54 
ichenified onchodermatitis (LOD) 
33.3-33.4 
lichen myxoedematosus (LM) 57.1-57.8 
ichen nitidus 37.9-37.10 
ichenoid chronic dermatitis 
lichenoid exanthema 37.19 
ichenoid infiltrate, drug reaction with 
eosinophilia and systemic 
symptoms 118.6 
ichenoid keratosis (LK) 132.7-132.8 
lichenoid primary localised cutaneous 
amyloidosus 56.7 
ichenoid sarcoidosis 96.13 
lichen planopilaris (LPP) 37.5, 37.6, 37.11, 
87.38-87.42 
ichen planus-like drug eruptions 
117.7-117.9 
lichen planus-like keratosis see lichenoid 
keratosis 
lichen planus (LP) 37.1-37.17, 127.20, 
127.22 
actinic lichen planus 37.7, 37.17 
acute and subacute lichen planus with 
confluence of lesions 37.8 
amalgam fillings 127.41 


3.42, 


128.5 


39.8, 39.9 


annular lichen planus 37.8 

associated conditions 37.13 

associated with liver disease 153.4, 153.5, 
153.9 

bacterial or fungal dysbiosis 

betel chewing 37.3 

buccal mucosa 37.5, 37.6 

bullous lichen planus 37.8-37.9, 37.17 

classic eruption on wrist 37.3 

clinical features 37.3-37.5 

clinical variants 37.5-37.11, 37.16-37.17 

complications and co-morbidities 
37.11-37.12 

dentalamalgam 37.3 

dermoscopy image of 37.13 

direct immunofluorescence 37.15 

direct immunofluorescence findings 3.18, 
3.19 

disease course and prognosis 37.13 

drug causation 37.3 

ear dermatoses 106.23 

environmental factors 

epidemiology 37.1 

erythrodermic lichen planus 

florid 4.16 

genetics 37.2 

genital mucosa 37.6 

guttate lichen planus 37.8, 37.9 

hair 37.5, 37.6, 37.11 

hand 39.17 

hepatitis B association 25.75 

hepatitis C association 25.76 

hepatitis and other viruses 37.2 

histology 37.13 

hypertrophic lichen planus 

interface dermatitis 37.14 

internal malignancy association 148.23 

investigations 37.13-37.15 

keratoderma climactericum 63.72 

lichen exanthematicus 37.4 

lichen nitidus 37.9-37.10 

lichen planopilaris 37.5, 37.6 

lichen planus-like contact dermatitis 
373 

lichen planus pemphigoides 37.8-37.9, 
37.17 


37.3 


37.2-37.3 


39.34 


37.6-37.7 


lichen planus pigmentosus 37.7 
male genitalia 109.18-109.19 
management 37.15-37.17 
mechanical irritation (Koebner 
phenomenon) 37.3 
‘mixed’ lichen planus/discoid lupus 
erythematosus disease patterns 
37.8, 37.16 
mucous membranes 37.12 
nails 37.11-37.12 
Nékam disease 37.10-37.11, 37.16 
palm 37.5, 37.7 
pathology 37.1-37.2 
penis 37.4 
perianal skin 111.10 
photomicrograph of 37.15 
reticulate 4.16 
scalp 37.5, 37.6 
sole 37.7 
treatment 37.15-37.16 
vulva 110.10-110.13 
clinical features 110.11 
complications and co-morbidities 
110.12 
epidemiology 110.10 
glazederythema 110.12 
histology 110.10 
pathophysiology 110.10-110.11 
plaques 110.11 
vulvo-vaginal-gingival syndrome 
110.12 
Wickham striae 110.11 
Wickham striae 37.3, 37.13 
wrist 39.17 
see also oral lichen planus 
lichen planus pemphigoides 37.8-37.9, 
37.17, 50.51 
oralinvolvement 108.78 


lichen planus pigmentosus 37.7 


lichens, allergic contact dermatitis 127.73, 
127.74 
lichen sclerosus (LS) 55.7 
ano-genital region 111.9-111.10 
liquefaction degeneration 3.40 
male genitalia 109.15-109.18 
perineal and perianal skin 111.9-111.10 
peristomal skin 112.10, 112.11, 112.12 
vulva 110.6-110.10 
clinical features 110.7-110.9 
complications and co-morbidities 
110.8-110.9 
histology 110.7 
management of 110.9-110.10 
plaques 110.7 
scarring 110.9 
squamous cell carcinoma 110.9 
lichen sclerosus morphoea 55.4, 55.5, 55.6, 
55.7 
lichen scrofulosorum (tuberculosis cutis 
lichenoides) 27.25-27.27 
clinical features 27.26-27.27 
epidemiology 27.25 
investigations 27.27 
management 27.27 
pathophysiology 27.25-27.26 
lichen simplex 39.28-39.31 
male genitalia 109.11 
perineal and perianal skin 111.8 
vulva 110.16-110.17 
lichen simplex chronicus (LSC) 81.18-81.20, 
84.15, 105.5 
clinical features 81.20 
epidemiology 81.18 
management 81.19, 81.20 
pathophysiology 81.18-81.20 
lichen simplex-like eczema 127.16 
lichen spinulosus (LS) 85.12-85.13 
lichen striatus 4.9, 37.17-37.19, 86.44 
management 37.18-37.19 
presentation 37.17-37.18 
life course impairment assessment 16.11 
Life Quality Index Occupational 
Dermatoses (LIOD) 16.12 
lifestyle factors 
acne 88.18-88.26 
seborrhoeic dermatitis 40.4, 40.7 
lifting flaps 20.26-20.27 
LIG4 syndrome 80.4 
light 
absorption by skin 23.3-23.4 
amplification 23.2 
energy 23.4 
spontaneous and stimulated emission 
23.1-23.2 
transmission through skin 23.4 
see also lasers; ultraviolet 
light-assisted hair removal 23.5-23.6 
see also laser-assisted hair removal 
light exposure 
Bowen disease 141.18, 141.19 
mechanical injuries 122.5 
light therapy see laser therapies; 
phototherapy 
light-tissue interactions 
lilac, see also violaceous 
lilac erythema, upper eyelids in 
dermatomyositis 52.3, 52.5 
Liliaceae dermatitis 127.73 
limbs 
anatomical considerations for skin surgery 
20.4 
calciphylaxis 59.7 
dermatomyositis 52.5, 52.6, 52.9 
swelling 103.9-103.10, 103.16-103.17, 
103.44-103.46 
limonene 127.42-127.43, 127.44 
linalool 127.44 
lincosamides 19.47-19.48 
Lind, James 5.1 
linear atrophoderma of Moulin (LAM) 
55.25-55.27, 73.22, 94.17 
linear closure, skin surgery 20.21-20.22 
linear epidermal naevus, oral lesions 108.30 
linear furrows 94.2 


23.4-23.5 


linear IgA disease (LAD) 50.33-50.38, 
149.13 
associated diseases 50.34 
bullous dermatosis 3.18, 50.36 
in childhood 50.36, 108.81 
clinical features 50.36 
clinical variants 50.36 
‘cluster of jewels’ /‘string of pearls’ sign 
50.37 
diagnosis 50.24 
differential diagnosis 50.36 
direct immunofluorescence microscopy 
50.35 
epidemiology 50.33-50.34 
histopathology 50.35 
infants 115.11 
internal malignancy association 148.22 
investigations and diagnosis 50.36-50.38 
management 50.38 
mixed immunobullous disease 50.36 
oral involvement in adults 108.81—-108.82 
pathophysiology 50.34 
predisposing factors 50.34-50.35 
sub-lamina densa variant 50.36 
treatment ladder 50.38 
vesicle pattern along edge of lesion 50.37 
vulva 110.21 
linear IgA/IgG bullous dermatosis 
linear keloids 94.50 
linear lesions 4.7, 4.13, 4.15 
linear morphoea (‘en coup de sabre) 55.3, 
55.4, 55.23-55.27, 105.8-105.9 
linear naevus syndrome (naevus sebaceous 
of Jadassohn) 108.29-108.30 
linear porokeratosis 63.75, 85.20-85.21, 
85.22 
linear psoriasis 35.15 
linear and whorled naevoid hypermelanosis 
(LWNH) 68.12 
lines of Blaschko 8.7, 8.8 
lingual erythema migrans 
lingual thyroid 108.11 
lingual tonsil 108.11 
Linuche unguiculata stings 130.2 
LIOD see Life Quality Index Occupational 
Dermatoses 


50.36 


108.24 


lip 
actinic cheilitis (solar cheilosis) 108.58 
actinic prurigo 108.58-108.59 
acute/chronic enlargement of, differential 
diagnoses 108.74 

allergic contact dermatitis of 127.15 
anatomy of 108.3 
angioedema 108.10 
angular cheilitis 108.59-108.60 
basal cell carcinoma 108.43-108.44 
blisters 108.60 
calibre-persistent artery 108.63 
‘chapping’ of 108.60 
cheilitis 108.60-108.63 
cleft lip/palate 108.83-108.85 
commissural pits 108.86 
contact cheilitis 108.60-108.61 
dermal fillers 158.3, 158.4 

adverse reaction to 158.9, 158.10 
dermal fillers and implants 108.62 
discoid lupus erythematosus 108.64 
double lip 108.85 
drug-induced cheilitis 108.61 
enlargement of, acute/chronic 108.74 
examination of 108.6-108.7 
factitious cheilitis 84.33, 108.61 
fissures 108.63-108.64 
granulomatous cheilitis 108.73 
haemorrhagic crusting of 108.61 
herpes labialis 108.53 
herpetic stomatitis 108.52 
HIV infection 108.14 
impetigo 115.7 
Kawasaki disease 115.10 
keratocanthoma 108.44 
lesions 108.57-108.64 
lupus erythematosus 108.64 
mast cell mediator-induced angio-oedema 

43.2 


Index 47 


melanotic macule 108.18 
melanotic macules 131.11-131.12 
mucocutaneous venous malformation 
71.16 
multiple endocrine neoplasia 
108.13-108.14, 108.13, 148.10 
oedema 103.46, 103.48 
Orf-induced pemphigoid 50.55 
pits and sinuses 108.86 
radiotherapy for skin cancer 24.12, 24.13 
reactive perforating collagenosis 108.64 
reticulate lichen planus 4.16 
sarcoidosis 108.64 
Sturge-Weber syndrome 108.27 
swelling due to oro-facial granulomatosis 
95.14 
systemic amyloidosis with mucotaneous 
involvement 56.12 
tattooing of 108.15-108.16 
ulcerative lichen planus 108.77 
venous lake 4.14, 108.28 
vermilion 108.3 
vermilionectomy repair 20.22 
lipase, pancreatic panniculitis 97.41 
lipid injectable emulsion (ILE), parenteral 
nutrition 61.32, 61.33-61.34 
lipid metabolism disorders 60.1-60.12, 
79.15 
dyslipidaemias, classification 60.1, 60.2 
histiocytosis 135.22-135.23 
hypercholesterolaemia 60.6-60.8 
hyperlipoproteinaemias 60.1, 60.8-60.10 
primary dyslipidaemias 60.6-60.10 
xanthomas 60.2-60.6 
lipids 
atopiceczema 41.6 
barrier to prevent irritant contact 
dermatitis 128.3 
epidermal 2.8 
topical medication vehicles 18.5, 
18.6-18.7 
lipid vascules, neutral lipid storage disease 
with ichthyosis 63.36 
lip-lick cheilitis 41.22 
lipoatrophic panniculitis of the ankles in 
childhood 97.56-97.57 
lipoatrophy 62.4 
HAART regimes 98.7 
localised 98.9-98.13 
lipoblastoma and lipoblastomatosis 
136.57-136.58 
lipodermatosclerosis (LDS) 39.21, 
103.16-103.17 
champagne bottle leg appearance 103.17 
chronic venous insufficiency 101.43 
mixed leg ulcer 102.7 
lipodystrophies 72.1-72.3 
acquired 98.1-98.13 
localised 98.9-98.13 
total body irradiation association 
98.8-98.9 
lipoedema 98.21—98.25, 103.53-103.55 
clinical features 103.53-103.54 
differential diagnosis 98.22, 
103.54-103.55 
familial 72.12 
imaging characteristics 98.23 
investigations 103.55 
of the lower limbs 98.21-98.23 
lymphoedema in 98.23 
management 103.55 
pathophysiology 103.53 
of the scalp 98.24~98.25 
stages of 103.55 
lipoedematous alopecia 98.24-98.25, 
105.10-105.11 


lipofibromatosis 136.13-136.14 

lipofuscins secretion, chromhidrosis 92.18 

lipogenesis 97.4 

lipogranuloma, male genitalia _109.8-109.9, 
109.43 


lipohypertrophy 62.4 

lipoid proteinosis 70.36-70.37 
lipo-lymphoedema 98.23 
lipolysis, regulation 97.4 
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lipoma 136.56-136.57 
oralinvolvement 108.13 
pain 98.18 
surgical treatment 20.49 
vulva 110.32 
lipomatoses 
benign symmetrical 98.15-98.17 
of the face 98.19-98.20 
fat hypertrophy distinction 98.13 
hereditary 72.10 
lipomembranous fat necrosis 97.32 
lipomyelomeningocele 72.10 
lipophagic granulomas, sclerosing 
postirradiation panniculitis 97.63 
lipophagic granulomatous inflammation 
97.8 
lipophagic necrosis 97.7 
liposarcoma 136.59 
see also atypical lipomatous tumour; 
well-differentiated liposarcoma 
liposcution (suction lipectomy), 
lymphoedema 103.60-103.61 
liposomes, vehicle choice for topical 
therapies 18.3 
liposuction 
cellulite management 98.26 
fathypertrophy 98.15, 98.16 
subcutaneous tissue 97.3 
Lipschiitz ulcers 
COVID-19 association 25.113 
cytomegalovirus infections 25.41 
infectious mononucleosis complication 
25.37 
liquefaction degeneration 3.40 
liquefactive fat necrosis 97.8 
liquid nitrogen, cryosurgery 20.46 
liquiritin, topical depigmenting agents 
18.32 
Lisch nodules (pigmented iris hamartomas) 
78.2, 78.3 
Listeria monocytogenes 
listeriosis 26.46 
listeriosis, neonatal 114.26-114.27 
lithium-induced acne 88.13 
litigation see complaints and litigation; 
legal issues 
livedo, sarcoidosis 96.13 
livedoid lesions 4.11 
livedoid vasculopathy 124.10 
purpura 99.20-99.21 
livedo racemosa 45,17, 124.9 
COVID-19 association 25.111 
livedo reticularis 4.11, 124.8-124.10 
COVID-19 association 25.111 
in patient with mixed connective tissue 
disease 53.3 
in systemic lupus erythematosus 
51.26-51.27 
liver, see also hepatic entries 
liver disease 
arsenic 121.2 
cirrhosis 153.5, 153.8, 153.9 
cutaneous features 153.4-153.5, 
153.7-153.9 
drug-related issues 153.9 
in erythropoietic protoporphyria 
58.16-58.17 
in porphyria cutanea tarda 58.13 
systemic lupus erythematosus 51.31 
see also hepatic entries; hepatitis; intestinal 
failure-associated liver disease 
liver dysfunction 
drug reaction with eosinophilia and 
systemic symptoms 118.8-118.9 
juvenile xanthogramuloma 135.17 
sarcoidosis 96.5 
liver failure, drug reaction with eosinophilia 
and systemic symptoms 118.9, 
118.11 
liver spots see lentigines; pityriasis versicolor 
liver transplantation, alpha-1 antitrypsin 
97.45 
LL see lepromatous leprosy 
LLLT see low-level laser light therapy 
LM see lentigo maligna; lichen 
myxoedematosus 


26.46 


LMDF see lupus miliaris disseminatus faciei 
LMIC see low and middle income countries 
LMM see lentigo maligna melanoma 
LMPHIA see hereditary lymphoedema 
type 1A 
LMs see lymphatic malformations 
LMWH see low-molecular-weight heparin 
LMWK see low-molecular-weight kininogen 
LMX1B mutations, nail—patella syndrome 
67.15 
LN see lupus nephritis 
Loa loa filariasis see loiasis 
loath see endemic syphilis 
lobomycosis (lobo disease) 32.78-32.79 
lobular capillary haemangioma see pyogenic 
granuloma 
lobular panniculitis 97.8, 97.22, 97.50-97.53 
local anaesthetics 
allergic contact dermatitis 
biopsy 3.2 
injection techniques 20.8 
skin surgery 20.7-20.8 
toxic reactions 20.7-20.8 
local flaps, surgical reconstruction 
20.22-20.23 
localised anetoderma 94.23 
localised atrophy, steroid injections 94.9 
localised blistering, epidermolysis bullosa 
simplex 69.11 
localised bullous pemphigoid 50.17, 50.19 
peristomal skin 112.10, 112.12 
localised circumscribed hyperhidrosis 
92.6-92.7 
localised cutaneous amyloidoses 
associated diseases 56.8-56.9 
clinical features 56.9-56.10 
clinical variants 56.10 
complications and disease course 56.10 
differential diagnosis 56.10 
epidemiology 56.7 
ethnicity 56.7-56.8 
insulin injections 98.14 
pathophysiology 56.9 
types of amyloidosis 56.3 
localised dermatitis, plant allergies 127.72 
localised dystrophic epidermolysis bullosa, 
molecular pathology 69.15-69.16 
localised elastolysis 94.21 
localised epidermolysis bullosa 69.8 
localised epidermolysis bullosa simplex 
69.11 
localised hypertrichosis 87.85-87.87 
localised junctional epidermolysis bullosa, 
molecular pathology 69.14 
localised lichen myxoedematosus _57.6-57.8 
localised lipoatrophy 98.9-98.13 
due to injected corticosteroid 98.11-98.12 
due to injected drugs 98.10 
localised lipodystrophy 98.9-98.13 
localised nodular Dercum disease 98.18 
localised (pretibial) myxoedema, 
hyperthyroidism 57.11 
localised pruritus, neoplasia association 
148.27 
localised scleroderma cutaneous assessment 
tool (LOSCAT) 55.33-55.34 
locally injected agents, use during pregnancy 
113.21 
local wound care, pressure ulcers 
locusts (Orthoptera) 34.32 
LOD see Lichenified onchodermatitis 
Loeys-Dietz syndrome (LDS) 141.42 
Lofgren syndrome 97.21, 155.7 
sarcoidosis 96.1, 96.4, 96.5-96.6, 96.15 
loiasis 33.7-33.12 
clinical features 33.11 
definition/nomenclature 33.10 
epidemiology 33.10 
investigations 33.11 
management 33.11-33.12 
pathophysiology 33.10-33.11 
long-arm deletion syndrome, chromosome 
18 74.3 
long Covid (chronic COVID-19), 
mucocutaneous manifestations 
25.113 


127.45 


56.6-56.10 


123.10 


long-delayed (6-week) intradermal reactions 
4.25 
loose anagen syndrome 87.82-87.83, 87.83 
loricrin keratoderma 63.56 
LoSCAT see localised scleroderma cutaneous 
assessment tool 
loss-of-function mutations, results of 69.27 
lotions, vehicle choice for topical therapies 
18.2 
Louis—Bar syndrome see ataxia telangiectasia 
louse-borne diseases 
bacillary angiomatosis 26.64 
epidemic relapsing fever 26.72 
rickettsial epidemic typhus 26.80-26.81 
trench fever 26.62 
lower limbs see leg 
low-grade fibromyxoid sarcoma 
136.18-136.19 
low-level laser light therapy (LLLT) 87.71, 
87.95, 103.59-103.60 
low and middle income countries (LMIC) 
access to dermatological health services 
5.13-5.14, 7.3, 7.4 
scabies, incidence of 7.2 
low-molecular-weight heparin (LMWH), 
management of 
Klippel-Trenaunay—Weber 
syndrome 71.9 
low-molecular-weight kininogen (LMWK), 
bradykinin-induced angio-oedema 
43.3 
low power laser therapy 23.24 
LP see lichen planus 
LPP see large plaque parapsoriasis; lichen 
planopilaris 
LS see lichen sclerosus; lichen spinulosus 
LSC see lichen simplex chronicus 
LTBPs see latent transforming growth factor 
beta binding proteins 
LTC4 see leukotriene C4 
lubricants, genital contact dermatitis 
Lucio phenomenon 97.26 
Ludwig scale, hairloss 87.65, 87.67 
Lujo virus haemorrhagic fever 25.82 
lumbosacral area, Mongolian spot 131.12 
lumbo-sacral hypertrichosis 87.86 
lumpy scalp syndrome 106.6 
Lund and Browder chart, burn injuries 
125.2, 125.3 
lungs see interstitial lung disease; pulmonary 
entries 
lupus, dystrophic calcification 59.1, 59.2 
lupus anticoagulant syndrome 99.17-99.19 
lupus erythematosus (LE) 51.1-51.46, 86.21, 
87.55, 106.24, 106.25, 126.2 
antiphospholipid antibody syndrome 
51.42-51.45 
cardiac involvement 151.4 
discoid lupus erythematosus 
51.24 
drug-induced = 117.7-117.9 
ear dermatoses 106.23 
eye disease 107.35 
internal malignancy association 148.21 
keratoderma association 63.72 
lip lesions 108.64 
neonatal 114.12-114.14 
neonatal lupus erythematosus 
51.39-51.42 
papular and nodular cutaneous mucinosis 
57.13 
periodic acid-Schiff stain 3.8 
perniosis 124.5-124.6 
subacute cutaneous lupus erythematosus 
51.12-51.16 
systemic lupus erythematosus 
51.16-51.38 
UVA-1 phototherapy 21.6 
lupus erythematosus profundus (lupus 
panniculitis) 51.7-51.8, 51.9, 94.21, 
97.37-97.40 
lupus miliaris disseminatus faciei (LMDF) 
27.31, 89.7, 89.10, 89.19 
lupus nephritis (LN), classification 51.20 
lupus panniculitis see lupus erythematosus 
profundus 
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lupus pernio 89.10, 96.8-96.11, 96.15, 96.17 
lupus vulgaris 27.20-27.24 
clinical features 27.21-27.23 
epidemiology 27.21 
management 27.23-27.24 
pathophysiology 27.21 
sarcoidosis differential diagnosis 96.3 
LVA see lymphatico-venous anastomosis 
surgery 
LWNH see linear and whorled naevoid 
hypermelanosis 
lycopene, cosmeceutical use 157.9-157.10 
Lyell syndrome see toxic epidermal 
necrolysis 
Lyme disease (Lyme borreliosis) 
26.73-26.74 
acrodermatitis chronica atrophicans 
94.15-94.16 
Borrelia burgdorferi complex 26.72-26.73 
clinical features/variants 26.73-26.74 
cutaneous B-cell lymphoma 139.37 
definition/description 26.72-26.73 
epidemiology 26.73 
erythema chronicum migrans 26.69, 
26.72, 26.73, 26.73, 26.74 
eye involvement 107.40 
investigations 26.74 
management 26.74 
pathophysiology 26.73 
ymphadenitis (buboes) 103.15 
chancroid 30.18, 30.19, 30.20, 30.21 
lymphogranuloma venereum 30.14, 
30.15, 30.16, 30.17, 30.18 
ymphadenoma, see also adamantinoid 
trichoblastoma 
ymphadenopathy, syphilis 29.10 
ymphadenosis benigna cutis of Bafverstedt 
see lymphocytoma cutis /B-cell 
pseudolymphoma 
ymphangiectasia 103.30-103.33 
ymphangiogenesis 103.3 
ymphangioleiomyomatosis (LAM) 
103.28-103.29 
tuberous sclerosis complex 78.9 
ymphangioma 
acquired progressive 136.38 
oralinvolvement 108.13 
ymphangioma circumscriptum 
103.25-103.28 
atruncular lymphatic malformation 
without lymphoedema 103.27 
clinical features 103.26-103.27 
differential diagnosis 103.27 
fluid-filled vesicles (frogspawn 
resemblance) 103.26 
genetics 103.26 
investigations 103.27 
management 103.27—103.28 
pathophysiology 103.26 
truncular lymphatic malformation with 
lymphangiectasia and 
lymphoedema 103.27 
lymphangiomatosis 71.2, 103.28-103.29, 
136.39 
lymphangiomatous papules, benign 103.32 
lymphangiosarcoma 119.15 
lymphangitis 103.14-103.15 
lymphatic filariasis (LF) 7.10, 33.7-33.10, 
103.33-103.36 
causative organisms 103.34 
clinical features 33.9, 103.34-103.35 
definition/nomenclature 33.7 
differential diagnosis 103.35 
epidemiology 33.7-33.8, 103.33 
investigations 33.9-33.10, 103.35 
lifecycle of filarial nematodes in human 
and mosquito hosts 103.34 
management 33.10, 103.35-103.36 
pathophysiology 33.8-33.9, 103.33 
lymphatic-like vascular channels, atypical 
vascular proliferation after 
radiotherapy 136.38-136.39 
lymphatic malformations (LMs) 71.2, 
71.21-71.22, 103.25-103.30 
amniotic band constriction-induced 
lymphoedema 103.29-103.30 


lymphangioleiomyomatosis 
103.28-103.29 
non-malignant lymphatic tumours 
103.28-103.29 
lymphatic obstruction, neoplasia association 
148.27 
lymphatico-lymphatic anastomosis surgery 
103.61 
lymphatico-venous anastomosis (LVA) 
surgery 103.61 
lymphatic-related hydrops fetalis 
lymphatic system 
anatomy of head and neck 20.2 
fat homeostasis 103.2 
fluid homeostasis 103.2 
function and structure 103.1-103.2 
andimmunity 103.2 
lymphatic involvement in skin disease 
103.2-103.3 
lymphatic vessel 103.14 
lymph drainage routes 
nutrition 103.2 
oedema and 103.2 
peripheral fat 103.2 
lymphatic system disorders 
103.1-103.62 
abdominal wall lymphoedema 
103.51-103.52 
acute dermatolymphangioadenitis 
103.16 
arm swelling due to oedema 
103.44-103.46 
atypical vascular lesions 103.32 
breast lymphoedema 103.43-103.44 
cancer-related lymphoedema 
103.37-103.38 
cellulitis 103.13-103.17 
chronically swollen limb 103.9-103.10 
chronic oedema 103.2, 103.3-103.5 
chronic red leg 103.16-103.17 
chylous disease 103.32 
complicated lymphatic anomalies 71.1, 
71.22-71.23 
congenital-onset primary lymphoedema 
103.24 
cutaneous lymphangiectasia 
103.31-103.32 
drug induced oedema _ 103.12-103.13 
facialoedema 103.46-103.49 
fluorescence microlymphangiography 
103.56 
generalised lymphatic dysplasia 103.22 
genital lymphoedema 103.49-103.51, 
103.52 
hand oedema 103.21 
head oedema 103.46-103.49 
histopathology 103.57 
hypotrichosis-lymphoedema- 
telangiectasia syndrome 103.23 
imaging techniques 103.7, 103.8, 
103.55-103.57 
immobility-induced lymphoedema 
103.40 
intestinal lymphangiectasia 103.32 
intranodal MR lymphography 103.56 
late-onset primary lymphoedema 
103.24-103.25 
limb swelling 103.6, 103.9-103.10, 
103.16-103.17, 103.44-103.46 
lipodermatosclerosis 103.16-103.17 
lipoedema 103.53-103.55 
lymphadenitis 103.15 
lymphangiectasia 103.30-103.33 
lymphangioma circumscriptum 
103.25-103.28 
lymphangitis 103.14-103.15 
lymphatic filariasis 7.10, 33.7-33.10, 
103.33-103.36 
lymphatic involvement in skin disease 
103.2-103.3 
lymphatic malformations 71.2, 
71.21-71.22, 103.25-103.30 
lymph fistula 103.32, 103.33 
lymphoceles 103.32, 103.33 
lymphography 103.55, 103.56 


103.23 


103.8 


71.21-71.28, 


lymphoscintigraphy (isotope 
lymphography) 103.7, 103.8, 
103.55, 103.56, 103.56 
lymphovenous oedema 103.10-103.12 
magnetic resonance lymphangiography 
103.56, 103.57 
massive localised lymphoedema 
03.52-103.53 
mosaic lymphoedema associated with 
disturbed growth and/or 
cutaneous/vascular anomalies 
03.23-103.24 
multisegmental lymphatic dysplasia with 
systemic involvement 103.22 
near infrared lymphangiography (ICG 
lymphography) 103.56-103.57 
neck oedema _ 103.46-103.49 
obesity-related lymphoedema 
03.38-103.39 
phlebolymphoedema 103.10-103.12 
podoconiosis (non-filarial lymphoedema) 
03.36-103.37 
pretibial myxoedema 103.41-103.43 
recurrent cellulitis (erysipelas) 
03.13-103.14 
regional swelling 103.43-103.53 
Schimmelpenning—Feuerstein—Mims 
syndrome 71.23-71.24 
secondary lymphoedema 103.33-103.43 
seromas 103.32, 103.33 
swollen breast 103.43-103.44 
swollen limb 103.6, 103.9-103.10, 
103.16-103.17, 103.44-103.46 
syndromic lymphoedema _103.20-103.22 
trauma-induced lymphoedema 103.40 
venouos oedema 103.10-103.12 
WILD syndrome 103.22 
yellow-nail syndrome 103.21-103.22 
see also lymphoedema 
lymphatic tumours 136.37-136.39 
see also lymphangioma circumscriptum 
lymph drainage 
chronic oedema 103.4 
management 103.57-103.61 
lymph fistula 103.32, 103.33 
lymph node metastasis, squamous cell 
carcinoma of the auricle 
106.27-106.28 
lymph nodes 
antigen-presenting cell migration 127.7 
drainage areas of cervical lymph nodes 
108.6 
examination of 108.6 
fine-needle aspiration of 4.22 
immune system 9.6 
Kikuchi-Fujimoto disease 51.33 
lymphadenitis 103.15 
lymph nodes and lymphatic drainage basins, 
inneck 106.28 
lymph node transfer surgery 103.61 
lymphoceles 103.32, 103.33 
lymphocytes 
adipocytes interaction 97.6-97.7 
drug reaction with eosinophilia 
and systemic symptoms 
118.8 
microscopic examination of 3.34, 3.35 
wound healing 11.3 
lymphocytic alopecia 87.37, 87.38-87.50 
lymphocytic folliculitis, scalp margin 
91.12-91.13, 
lymphocytic infiltrates 134.1-134.11 
Jessner lymphocytic infiltrate 
134.10-134.11 
lymphocytoma cutis 
134.8-134.10 
parapsoriasis 134.6-134.8 
pityriasis lichenoides 134.3-134.5, 134.6 
pseudolymphoma 134.1-134.3 
lymphocytic lobular panniculitis 97.39 
lymphocytic panniculitis, in childhood 
97.56, 97.57 
lymphocytic perifollicular, necrotising 
lymphocytic folliculitis 93.4 
lymphocytic vasculitis 97.38 


118.5, 


134.1, 134.2, 


lymphocytoma cutis (B-cell 
pseudolymphoma) 89.10, 134.1, 
134.2, 134.8-134.10 
lymphoedema 103.5-103.9 
abdominal wall 103.51-103.52 
acquired cutaneous lymphangiectasia 
103.6 
and amniotic bands 103.29-103.30 
bacterial/fungal infection 103.6, 103.7 
bandaging 103.58, 103.59 
breast lymphoedema 103.43-103.44 
breathing exercises 103.59 
cancer-related lymphoedema 
103.37-103.38 
chronic oedema comparison 103.3 
chronic venous insufficiency 101.43 
chronic venous oedema association 
103.10 
clinical features 103.6 
complications and co-morbidities 
diagnosis of 103.3 
elephantiasis nostra verrucosa 103.6 
elevation and rest 103.59 
epidemiology 103.5 
excisional surgery 103.60 
exercise and movement 103.58 
external compression 103.58-103.59 
facial lymphoedema 103.46-103.49 
genital 109.19-109.21 
genitalia and mons pubis 
103.52 
hyperbaric oxygen therapy 103.59-103.60 
imaging characteristics 98.23 
immobility-induced lymphoedema 
103.40 
infection 103.6, 103.7 
prevention of 103.58 
intensive and maintenance treatment 
103.60 
investigations 103.7 
Kaposi-Stemmer sign 103.6 
limb swelling 103.6, 103.9-103.10, 
103.16-103.17, 103.44—103.46 
inlipoedema 98.23 
lipoedema differential diagnosis 98.22 
liposcution (suction lipectomy) 
103.60-103.61 
ow-level laser therapy 103.59-103.60 
ymphangiosarcoma 103.7 
ymphatico-lymphatic anastomosis 
surgery 103.61 
ymph node transfer surgery 103.61 
ymphovenous bypass 
(lymphatico-venous anastomosis) 
surgery 103.61 
macerated web-space skin 103.7 
malignancy 103.7 
management 103.7-103.9, 103.57-103.61 
massage (manual lymphatic drainage 
therapy) 103.59 
massive localised lymphoedema 
103.52-103.53 
medical assessment 103.58 
obesity 98.27 
obesity-related lymphoedema 
103.38-103.39 
palmoplantar keratodermas with 
63.72-63.73 
pathophysiology 103.5-103.6 
penoscrotal swelling 109.20 
pharmacological therapies 103.60 
physical therapies 103.58-103.60 
postural exercises 103.59 
psychosocial issues 103.7 
skin care and infection prevention 103.58 
skin changes 103.6 
surgery 103.60-103.61 
syndromes associates with 103.20 
systemic/visceral involvement 
103.22-103.23 
trauma-induced lymphoedema 103.40 
weight loss 103.59 
see also primary lymphoedema 
lymphoedema-distichiasis syndrome 
71.25-71.26, 103.25, 151.2 


103.6 


103.49-103.51, 
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lymphoepithelial Kazal-type-related 
inhibitor (LEKTI) 63.26-63.27, 69.6 
lymphoepithelioma-like carcinoma 
137.43-137.44 
lymphogranuloma inguinale see 
lymphogranuloma venereum 
lymphogranuloma venereum (LGV) 
30.14-30.18 
clinical features /stages 
epidemiology 30.15 
investigations 30.17 
management 30.18 
pathophysiology 30.15 
perineal and perianal skin 111.16 
lymphography, lymphatic system 103.55, 
103.56 


30.15-30.17 


lymphoid aggregates 
lupus panniculitis 97.37, 97.38 
necrobiotic xanthogranuloma 97.18 
lymphoid lineage cells, immune system 9.5 
lymphoid malignancies, skin manifestations 
of paraneoplastic syndromes 
149.8-149.9 
lymphoid markers, cutaneous neoplasms 
3.27-3.29 
lymphoma 
acquired ichthyosis 85.2 
B-cell lymphoma, external ear 
ear dermatoses 106.23 
erythroderma 39.32-39.33 
externalear 106.34 
follicular mucinosis, association with 
105.8 
HIV 31.32-31.33 
hypermelanosis in 86.19-86.20 
oralinvolvement 108.71 
panniculitis-like 97.61-97.63 
pseudolymphoma relationship 134.1, 
134.2 
see also cutaneous lymphomas 
lymphomatoid eruptions 127.20 
lymphomatoid granulomatosis 
respiratory involvement 152.6 
secondary cutaneous B-cell lymphoma 
139.44-139.45 
lymphomatoid papulosis 139.26-139.28, 
149.9 


106.34 


clinical features 139.27-139.28 
management 139.27 
pathophysiology 139.26-139.27 
lymphomatous skin infiltrates 149.4 
lymphoproliferative disorders 
Epstein-Barr virus association 
25.38-25.39 
necrobiotic xanthogranuloma association 
135.24 
post-transplant/immunodeficiency 
139.47 
sarcoidosis association 96.1 
lymphorrhoea 103.6 
lymphoscintigraphy (isotope 
lymphography), lymphatic system 
103.7, 103.8, 103.55, 103.56, 103.56 
lymphovenous bypass (lymphatico-venous 
anastomosis) surgery 103.61 
lymphovenous oedema 103.10-103.12 
lymph vessels, subcutaneous tissue 97.2 
lympthatic network 2.42 
Lynch syndrome 78.14, 148.12 
see also Muir—-Torre syndrome 
Lyonisation 8.7-8.8 
Lyralallergy 127.44 
lysosomal storage disorders 79.1-79.8 
Fabry disease 79.6-79.8 
glycoproteinoses 79.3-79.4 
mucolipidoses types Il and III 79.4-79.5 
mucopolysaccharidoses 79.1-79.3 
sphingolipidoses 79.5-79.6 
lysyl hydroxylase 3 (LH3) 69.7 
lysyl oxidases 2.34, 2.35 


M 

mAbs see monoclonal antibodies 

macacine herpesvirus 1 see herpes B virus 
infection 


McCune-Albright syndrome 72.7, 
73.19-73.20 
machine learning, melanoma diagnosis 
142.21 
Machupo (Bolivian) haemorrhagic fever 
25.82-25.83 
macrocephaly-capillary malformation 
syndrome (M-CM) 71.8 
macrocyclic chelating agents 94.44 
macroglossia 108.11-108.12 
inamyloidosis 56.12, 108.69 
macrolides 19.47 
macrophages 135.1-135.3 
cytotoxic T lymphocytes interaction 
97.6-97.7 
immune system 9.4, 9.5 
sarcoidosis 96.4 
secretion of cytokines 97.5-97.6 
tissue homeostasis 9.4, 9.7 
wound healing 11.3 
macrophage—monocyte lineage, 
histiocytoses 135.1 
macrotia (large ears) 106.5 
macular effects, pseudoxanthoma elasticum 
70.33 
macular lymphocytic arteritis 97.9 
macular primary localised cutaneous 
amyloidosis 56.3, 56.7, 56.9 
macular syphilide (roseolar rash) 29.8, 
29.9 
see also roseola infantum 
macules 
ash-leaf-shaped macules, tuberous 
sclerosis complex 78.8 
café-au-lait macules 78.3 
hypopigmented macules 76.4 
maculopapular rash 
autoinflammatory diseases 80.19 
complex and polygenic autoinflammatory 
diseases presenting with urticarial 
or maculopapular rash 
45.20-45.22 
COVID-19 association 25.109, 25.110 
drug-induced exanthems 117.2 
maculopapular sarcoidosis 96.7 
MADA see mandibulo-acral dysplasia with 
type A lipodystrophy 
madarosis 107.4-107.5 
MADB see mandibulo-acral dysplasia with 
type B lipodystrophy 
Madelung disease (multiple symmetrical 
lipomatosis) 72.10, 79.8, 98.15, 
103.46 
MADISH see metabolising acquired 
dioxin-induced skin hamartoma 
madura foot see mycetoma 
Madurella mycetomatis 32.75 
maduromycosis see mycetoma 
Maffucci syndrome 71.20-71.21, 101.24, 
101.25, 101.28, 103.29, 136.31 
MAGIC (mouth and genital ulcers with 
inflamed cartilage) syndrome 
108.41, 155.11, 155.13 
magnetic resonance imaging (MRI) 
4.23 
foreign body reactions 122.18 
morphoea 55.31, 55.32 
magnetic resonance lymphangiography 
(MRL), lymphatic system 103.56, 
103.57 
MAGBPs see microfibril-associated 
glycoproteins 
Majeed syndrome 45.18 
Majocchi disease see purpura annularis 
telangiectodes 
major depressive disorder 84.40 
major histocompatibility complex (MHC) 
class I deficiency 80.10 
class I-restricted drug presentation 


4.22, 


118.12 
drug-binding 118.5 
histiocytoses 135.2 


molecule 14.4, 14.5, 14.6 
Major Life Changing Decision Profile 
(MLCDP) 16.11 


MAL see methy] aminolevulinate 
malabsorption, acquired ichthyosis 63.47 
malabsorption syndromes, hypermelanosis 
86.23 
malakoplakia 135.23-135.24 
female genitalia 110.26 
perianal skin 111.15 
malaria 33.36 
clinical features 33.36 
epidemiology 33.36 
management 33.36 
see also antimalarial agents 
Malassezia yeast species 86.43 
confluent and reticulated papillomatosis 
85.6-85.7 
eosinophilic pustular folliculitis 93.7 
folliculitis 32.13, 88.35 
pustulosis in neonates 114.28-114.29 
scalp itch 105.15-105.16 
superficial mycoses 32.10-32.14 
malathion, topical therapies 18.14 
Malawi polyomavirus (human 
polyomavirus-10) 25.49 
mal de Meleda 63.54-63.56 
male angiomyofibroblastoma-like tumour 
136.9 
male EBP disorder with neurological defects 
(MEND syndrome) 63.23 
male fertility, safe treatments in pregnancy 
113.19-113.24 
male pattern hair loss (MPHL/male 
androgenetic alopecia) 
87.61-87.62, 87.64, 87.66, 87.68-87.70 
malignancies 
associated with dermatomyositis 2 
associated with seborrhoeic keratosis 
132.1-132.2 
basal cell carcinoma 140.1-140.21 
Epstein-Barr virus association 
25.38-25.39 
eyelid lesions 107.47-107.50 
human papillomaviruses 25.71 
immunosuppressants/ 
immunomodulatory drug risks 
19.2, 19.3, 19.8, 19.9, 19.11, 19.18, 
19.21-19.22, 19.24, 19.26, 19.29 
Kaposi sarcoma-associated herpesvirus 
25.42, 25.43, 
paraneoplastic pruritus 81.10 
radiotherapy indications for skin disorders 
24.8 
skin lesions with uncertain/unpredictable 
malignant potential 141.1-141.18 
zoster risks 25.34 
malignancy, acquired ichthyosis 63.73 
malignancy-associated generalised 
hypertrichosis 87.86 
malignant acrospiroma see 
hidradenocarcinoma 
malignant atrophic papulosis 99.21-99.22 
malignant blue naevus, melanomas 142.14, 
142.20, 142.21 
malignant cylindroma 137.35 
malignant eccrine poroma 137.33-137.34 
malignant fibrous histiocytoma see 
undifferentiated soft tissue sarcoma 
malignant haemangioendothelioma see 
angiosarcoma 
malignant hidradenoma see 
hidradenocarcinoma 
malignant histiocytosis (MH) 135.29-135.32 
malignant melanoma (MM) 
adjuvant systemic treatment 144.6 
ambiguous lesions 142.18-142.19 
ano-genital region 111.24 
atypical melanocytes in epidermis 3.24 
of the auricle 106.31-106.33 
basis for diagnosis 142.18-142.22 
biopsy 143.1 
blocking of transverse sections of 3.6 
BRAF inhibitors (vemurafenib and 
dabrafenib) treatment leading to 
keratoacanthoma 141.38 
classification 142.7-142.9 
clinical features 142.8-142.9 


clinicopathology 142.1-142.25 
colour of 4.14 
combination therapies with 
immunotherapy 144.2-144.3 
combination therapies with targeted 
therapy 144.5 
complete response after systemic therapy 
144.8-144.9 
completion lymph node dissection 143.4, 
143.5 
congenital melanocytic naevi 
73.13, 142.2 
cost-of-illness meta-analysis 6.7 
cutaneous side effects of systemic 
therapies 144.9-144.12 
cyclin-dependent kinase 4 gene 142.4 
definition 142.1 
dermoscopy 145.1-145.16 
benign naevus pattern comparison 
145.1-145.7 
facial and chronically sun-damaged skin 
145.9, 145.11, 145.12 
non-glabrous/non-facial skin 
145.7-145.9 
organised patterns 
145.15 
special locations 145.9-145.13 
volar skin of palms and soles 145.9, 
145.11-145.13 
detection 143.1 
diagnostic tools 142.9-142.10, 
142.18-142.21, 145.1-145.16 
disease process 5.3 
drug/chemical photosensitivity 126.30 
early detection strategies 142.8-142.9, 
142.15-142.18 
electrochemotherapy 144.2 
environmental factors 142.5-142.6 
epidemiological classification 142.8 
epidemiology 142.1-142.2 
eyelid 107.49 
follow-up 142.24-142.25 
genetics 142.3-142.5 
genomic link tonaevi 142.2 
histological subtypes 142.7 
histopathological diagnosis 
142.18-142.21 
HIV 31.31-31.32 
identification of at risk individuals 
142.6-142.7 
immunocompromised people 
clinicopathological features 
147.13-147.14 
management 147.21, 147.23 
immunotherapy 144.2-144.4 
in situ, surgery 143.3 
isolated limb perfusion 144.2 
local therapies 144.1-144.2 
macroscopic specimen of 3.6 
management after surgery 142.22-142.25 
metastatic disease systemic treatment 
144.6-144.7 
mole and cancer phobias 84.26 
molecular classification 142.9 
mortality rate 5.7 
mucosal system treatment 144.7 
neoadjuvant systemic treatment 144.6 
oculocutaneous albinism 68.7 
oncolytic virus therapy 144.1-144.2 
oral melanoma 108.18 
palmoplantar keratodermas 63.65 
pathological criteria of malignancy 
142.18-142.19 
penis 109.41 
phenotypic traits 142.3-142.4, 142.7 
PRAME (PReferentially expressed Antigen 
in Melanoma) 3.25 
precursors 142.2-142.3 
predisposing factors 142.2-142.3 
in pregnancy 113.9-113.10 
presentation 142.10-142.15 
prevention 142.6-142.7 
prognostic markers 142.21-142.22 
PUVA phototherapy adverse effects 
21.14 


73.10, 


145.13-145.14, 
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radiotherapy 24.14, 24.15, 144.2 
sentinel lymph node biopsy 143.4-143.6 
skin cancer, prevalence of 5.10 
special circumstances for systemic 
treatment 144.7-144.9 
staging 142.21-142.24 
surgery 143.1-143.6 
systemic treatment 144.1-144.12 
targeted therapies 144.4-144.5, 144.11, 
144.11, 144.12 
therapeutic approach for systemic 
management 144.5-144.12 
tissue sampling during surgery 144.1 
trends in incidence and mortality 142.1 
tumour kinetics and aggressiveness 
classification 142.8 
uveal, system treatment 144.7-144.8 
UVR exposure 10.9-10.10 
vulval melanoma 110.39-110.40 
wide local excision surgery 143.1-143.4 
malignant otitis externa 106.19 
malignant peripheral nerve sheath tumours 
(MPNSTs) 78.3, 136.51 
malignant schwannoma see malignant 
peripheral nerve sheath tumour 
malignant soft-tissue tumours 136.2, 
136.14-136.15, 136.17-136.18 
see also sarcomas 
malignant spiradenoma see 
spiradenocarcinoma 
malignant Spitz tumour/malignant spitzoiid 
neoplasm see Spitzoid melanoma 
malignant syringoma see microcystic adnexal 
carcinoma 
malignant tumours 
misdiagnosed benign tumours 136.2, 
136.5 
neurofibromatosis type 1 _78.3-78.4 
sebaceous carcinoma 137.18 
uncertain malignancy of keratoacanthoma 
141.38 
vascular 136.35-136.37 
malingering 
definition 84.36 
factitial disease distinction 84.29, 84.36 
falsifying dermatological symptoms 
84.36-84.37 
malnutrition 61.1-61.7 
adiponectin system 97.5 
assessment 61.2 
inchildren 61.2, 61.3, 61.4, 61.5-61.6 
classification 61.2, 61.5-61.6 
clinical features 61.3-61.4 
complications and co-morbidities 
diagnosis 61.5 
disease course and prognosis 
epidemiology 61.2 
ethnicity role 61.2-61.3 
incidence and prevalence 61.2 
investigations 61.6 
management 61.6-61.7 
predisposing factors 61.3 
protein-energy malnutrition 61.2, 61.3 
severity classification 61.5-61.6 
skin signs of nutritional disease 61.5 
MALT see mucosa associated lymphoid 
tissue 
Malta fever see brucellosis 
mammary glands 92.15 
mammary-like gland adenoma of the vulva 
see hidradenoma papilliferum 
mammary-like glands, tumours of 
ano-genital glands 137.40 
mammary-type secretory carcinoma of the 
skin see secretory carcinoma 
Manchester checklist, neurofibromatosis 
typel 78.4, 78.5-78.6 
mandibuloacral dysplasia 98.3 
mandibuloacral dysplasia with type A 
lipodystrophy (MADA) 72.5, 77.5 
mandibuloacral dysplasia with type B 
lipodystrophy (MADB) 72.5, 77.5 
manganese deficiency and excess 61.31 
mangrove fly see Chrysops 
MANIAC see melanocytic acral naevus with 
intraepidermal ascentof cells 


61.6 


61.6 


mansonelosis 33.6-33.7 
definition 33.6 
epidemiology 33.6 
management 33.7 
pathophysiology 33.6-33.7 
MAP kinase (MAPK) see mitogen-activated 
protein kinase 
marantic endocarditis 99.15 
marasmic kwashiorkor syndrome 61.2 
marasmus 61.2, 61.3, 61.4 
Marburg haemorrhagic fever, filovirus 
infection 25.84—25.85 
Marfan syndrome (MFS) 70.20-70.21, 94.11 
marginal papular keratoderma (MPK) 
63.60-63.61 
marginal zone lymphoma (MZL) 
primary cutaneous B-cell lymphoma type 
139.37 
see also primary cutaneous marginal zone 
lymphoma 
marijuana see cannabis 
marionette lines, dermal fillers 158.3 
Marshall syndrome 94.22 
MART-1 see Melan-A 
mascular amyloidosis 86.22, 86.23 
masking in clinical trials, evidence based 
medicine 17.12, 17.13 
Mas-related G-protein-coupled receptor 
agonists (Mrgpr family), pruritus 
81.3, 81.5 
Mas-related G protein-coupled receptor 
member X2 (MRGPRX2) 117.6 
massage, manual lymphatic drainage 
therapy 103.59 
massive localised lymphoedema 
103.52-103.53 
Masson ammoniacal silver nitrate technique 
3.8 
Masson pseudoangiosarcoma see 
intravascular papillary endothelial 
hyperplasia 
Masson vegetant intravascular 
haemangioendothelioma see 
intravascular papillary endothelial 
hyperplasia 
mast cell activation syndrome 46.7 
mast cell degranulating stimuli, 
mastocytosis 46.9 
mast cell disorders 3.45 
mast cell leukaemia (MCL) 46.1 
mast cell mediator-induced angio-oedema 
without weals 43.1, 43.2 
clinical features 43.4 
incidence and prevalence 43.2 
pathophysiology 43.3 
mast cells 2.15-2.17 
allergic-type response 9.9 
fibrosis 89.3 
granules 2.15, 2.17 
immune cells in homeostasis 9.4 
immune system 9.5 
immunity role 2.16-2.17 
microscopic examination of 3.37 
stabilising drugs 46.9 
staining technique 3.8-3.9 
urticaria 42.3-42.4 
mast cell sarcoma 46.2 
mastitis 
neonates 114.25 
tuberculous 27.31-27.32 
mastocytoma 46.3, 46.5-46.6 
mastocytosis 46.1—-46.10 
aeitiopathogenesis 46.2 
associated diseases 46.2-46.3 
children 46.4, 46.5, 46.9 
classification 46.1, 46.2 
clinical features 46.3-46.7 
co-morbidities 46.7 
diagnostic work-up 46.8 
disease course and prognosis 46.7 
epidemiology 46.2-46.3 
flushing 104.5, 148.26 
genetics 46.3 
histopatholgy of skin lesions 46.3 
infants 115.16-115.17 


investigations 46.7-46.8 
management 46.8-46.10 
mast cell degranulating stimuli 
musculoskeletal involvement 
pathophysiology 46.3 
maternal autoantibodies, transplacental 
transfer 114.11-114.12 
maternal malignant disease, transplacental 
transfer 114.14 
maternal milk see lactation 
maternal transfer, see also teratogenicity 
matrix metalloproteinases (MMPs) 2.31, 
2.32 
collagen and elastin degradation, UVR 
exposure 10.10-10.11 
skin ageing 2.46 
wound healing 11.4, 11.5, 11.8, 11.9 
mattress skin sutures 20.17-20.18 
Mayaro virus (MAYV), Mayaro/Uruma 
fever 25.91 
May-Gruenwald stain 135.22-135.23 
MBT see 2-mercaptobenzothiazole 
MC see mixed cryoglobulinaemia; 
molluscum contagiosum 
MCAP see megalencephaly-capillary 
malformation syndrome 
MCC see Merkel cell carcinoma 
mcEDS see musculocontractural 
Ehlers—Danlos syndrome 
MCI see methylchloroisothiazolinone 
MCI/MI see methylchloroisothiazolinone 
and methylisothiazolinone 
MCL see mast cell leukaemia 
MCLID see microcephaly with or without 
chorioretinopathy, lymphoedema 
or intellectual disability 
MCLMR see microcephaly with or without 
chorioretinopathy, lymphoedema 
and mental retardation 
M-CM see macrocephaly-capillary 
malformation syndrome 
MCPs see mucocutaneous pain syndromes 
MCPyV see Merkel cell polyomavirus 
MCTD see mixed connective tissue disease 
MCV see molluscipoxvirus 
MDA see Misuse of Drugs Act 1971 
MDBGN see methyldibromoglutaronitrile 
MDCPs see medium depth chemical peels 
MDMA (N-methy1-3,4- 
methylenedioxymetamphetamine) 
see ecstasy 
MDR see multidrug-resistant 
MDTs see multidisciplinary teams 
Meado Syndrome see Miinchausen 
syndrome by proxy 
measles 1.3, 25.97-25.98 
clinical features 25.98—-25.99 
epidemiology 25.98 
infants 115.7 
management 25.99 
pathophysiology 25.98 
measles /mumps/rubella vaccine see MMR 
measurement 16.1-16.13 
aspects of most concern to patients 
16.1-16.2 
challenges 16.1 
core outcome measures 16.3 
disease assessment tools 16.3-16.5 
disease impacts 16.5-16.13 
electronic delivery 16.2 
method validation 16.2-16.3 
objective measures of skin properties 
16.5 
objective tools 16.2 
psychological impacts 16.11-16.12 
quality of life measures 16.5-16.11 
role in decision making 16.1 
self-assessment 16.2 
sexual functioning 16.12 
skin disease severity 16.1-16.3 
work impacts 16.12-16.13 
mechanical acne 88.30 
mechanical boundary-related risk factors, 
pressure ulcers 123.3-123.4 
mechanical hymenal fissures 110.42-110.43 


46.9 
155.13 


mechanical injuries 122.1-122.29 
biomechanical considerations 
122.3-122.7 
foreign material effects 122.17 
reactions to 122.7-122.17 
vibration injuries 122.13, 122.24-122.26 
mechanical irritation 
contact dermatitis 
lichen planus 37.3 
psoriasiform contact dermatitis 128.4 
see also Koebner (isomorphic) phenomenon 
mechanical load, pressure ulcers 123.2 
mechanical properties of skin 122.4 
mechanical stimuli, use of 122.3 
mechanobullous diseases 69.2 
mechlorethamine, topical therapies 
MED see minimal erythema dose 
medallion-like dermal dendrocyte 
hamartoma, neonates 114.11 
median raphe cysts 109.30 
median rhomboid glossitis 32.63, 108.22 
medical devices, pressure ulcers 123.2 
medical texts, ancient cultures 1.1-1.3 
medical volunteerism 7.13, 7.15 
medicament contact dermatitis 127.11, 
127.12, 127.18-127.19 
medication, see also clinical pharmacology; 
drug entries 
medication adherence, behavioural effects of 
skin conditions 15.2 
medication errors, clinical pharmacology 
13.9-13.11 
medication history, diagnosis of drug 
eruptions 4.3-4.4 
medicines, donation of 7.13 
Medicines Act 1968 120.4 
Medina worm see dracunculiasis 
Mediterranean fever see brucellosis 
Mediterranean spotted fever see tick typhus 
medium depth chemical peels (MDCPs) 
160.4 
medium-vessel vasculitis 100.3, 
100.28-100.32 
MEDLINE (National Library of Medicine’s 
bibliographic database) 17.7 
MEDNIK syndrome see mental retardation— 
enteropathy—deafness—neuropathy— 
ichthyosis—keratodermia syndrome 
MeDOCs see Mendelian disorders of 
cornification 
mEDS see myopathic Ehlers—Danlos 
syndrome 
medulla, hair fibres 87.7 
medullary thyroid cancer (MTC), flushing 
104.7, 148.26 
medusa stings 130.1 
Mee’s lines 121.2, 121.3, 121.9 
megalencephaly-—capillary malformation 
syndrome (MCAP) 71.2 
megavoltage X-ray therapy 24.1, 24.3 
meibomian gland cyst (chalazion) 107.11 
meibomian gland dysfunction (MGD) 
107.7-107.15 
meibomian seborrhoea 107.8 
meibomitis 107.8, 107.11 
Meige disease 103.25 
Meirowsky phenomenon 86.9 
Meissner corpuscles, substance P fibres 
ending in 83.3 
MEK inhibitors see mitogen-activated protein 
kinase inhibitors 
Melan-A (MART-1) (melanocyte marker) 
3.23-3.24 
melanin 2.42, 86.1 
biological significance 86.7-86.8 
disorder classification 86.8 
light absorption 23.3-23.4, 23.12 
photoprotection 10.11 
pigmentation disorders 68.1, 68.6, 87.93 
synthesis of 2.17 
trichochromes synthesis 86.6 
melanoblasts, migration/ differentiation 
86.3-86.4 
melanocanthoma, oral melanocanthoma 
108.18 


129.1 


18.31 


melanocortin-4 receptor deficiency 72.6 
melanocortins, Addison disease 86.7 
melanocytes 2.1, 2.5, 2.11, 2.17-2.18, 68.1, 
86.1-86.9 
Cole disease 63.61 
culture 86.4-86.5 
differentiation 2.18 
distribution 86.3 
endocrine regulation 86.7 
hair pigmentation 87.12 
skin pigmentation 86.1-86.9 
UV radiation response 86.5-86.7 
melanocyte-stimulating hormone (MSH) 
86.4, 86.10 
melanocytic acral naevus with 
intraepidermal ascentof cells 
(MANIAC), use of term 142.19 
melanocytic lesions 131.12-131.15 
histological sectioning of 3.7 
see also Mongolian spot 
melanocytic markers, cutaneous neoplasms 
3.23-3.25 
melanocytic naevi 131.15-131.46 
acquired melanocytic naevi 
131.17-131.21 
acral naevi 131.23-131.24 
compound acral naevus 
on sole of foot 131.24 
atypical naevi 131.17, 131.40-131.46 
BAP1-inactivated naevus of the scalp 
131.34 
blue naevus 131.17, 131.38-131.40 
breast 131.22 
cancer phobias 84.26 
clinical presentation 131.16-131.17 
cockade naevus 131.30, 131.31 
combined melanocytic naevi 
131.24-131.26 
combined naevus 131.26 
common acquired naevi 
131.17-131.21 
compound naevus 131.1, 131.19, 131.21, 
131.25, 131.42 


131.23 


131.16, 


congenital melanocytic naevi 73.8-73.15, 
131.15-131.17 
conjunctival naevi 131.24, 131.25 
dermoscopic presentation 
131.16-131.17 
dysplastic melanocytic naevi 131.41, 


131.42, 131.45 
histological criteria of definition of 
131.43 
eyelid 107.46 
genital area 131.22 
halo naevus 131.27-131.28 
dermoscopicimage 131.29 
lymphocytic infiltrate with disruption of 
naevomelanocytic aggregates 
131.28 
intradermal/dermal naevus 131.1, 
131.21 
junctional naevus 131.1, 131.18, 131.20 
laser therapies 23.16-23.17 
male genitalia 109.6 
Myerson naevus 131.28-131.29, 131.30 
naevomelanocytic nests 131.1, 131.18, 
131.20 
naevus cell types 131.19, 131.20 
naevus of Ito 68.9-68.10, 131.14-131.15 
naevus of Ota 23.16, 23.17, 107.46, 
131.12-131.14 
oral melanocytic naevi, 
hyperpigmentation 108.19 
pathology 131.16-131.17 
recurrent melanocytic naevi 
131.26-131.27 
Reed naevus 131.34, 131.37 
scalp 131.22-131.23, 131.34 
Spitz naevus 131.16, 131.32-131.37 
subtypes 131.16-131.17 
targetoid haemosiderotic naevus 
131.30-131.32 
with unusual morphology 
131.24-131.32 
in unusual sites 131.16, 131.21-131.24 


131.16, 


melanocytic neoplasms 
diagnosis and classification 3.23-3.25 
terminology 131.1 
melanocytic tumours of uncertain malignant 
potential (MELTUMP), use of term 
142.19 
melanocytoma, melanoma precursor 
melanocytosis, dermal 73.21, 73.22 
melanogenesis 
biochemistry 86.5 
UVR exposure 10.8 
melanoma see malignant melanoma 
melanoma of soft parts see clear cell sarcoma 
melanoma-astrocytoma syndrome 148.9 
melanoses, facial 86.9-86.15, 86.51 
melanosomes 
keratinocyte terminal differentiation 68.1 
racial groups 86.8 
transport 86.4 
melanotic macule, oral involvement 108.18 
melanotic neuroectodermal tumour see 
pigmented neuroectodermal 
tumour of infancy 
melanotic progonoma see pigmented 
neuroectodermal tumour of infancy 
melasma 86.9-86.12 
depigmentation 86.45 
on the face, dermatoendocrinology 
150.10, 150.14, 150.18 
Jessner solution peel 160.7, 160.8 
laser therapies 23.17, 23.18, 161.5-161.6 
treatment 86.33 
melatonin, hair growth 87.9 
Meleney synergistic gangrene 26.77, 26.78 
melioidosis, Burkholderia pseudomallei 
26.53-26.54 
Melkersson-Rosenthal syndrome 109.25 
MELTUMP see melanocytic tumours of 
uncertain malignant potential 
membrane-bound transporters, drug 
pharmacokinetics 13.5 
membranes, burn treatment 125.6 
membranous fat necrosis 97.8, 97.12, 121.6 
MEN see multiple endocrine neoplasia 
Mendelian disorders of cornification 
(MeDOCs)  63.20-63.21, 63.45 
Mendelian randomisation 5.8 
MEND syndrome see male EBP disorder 
with neurological defects 
meningeal involvement, xanthoma 
disseminatum 135.20 
meningeal neurosyphilis 29.15 
meningism, primary genital herpes 
infection 25.25 
meningitis 
Acinetobacter 26.51 
anthrax 26.44 
listeriosis 26.46 
Neisseria meningitidis 
streptococci 26.12 
meningococcal infection 26.49-26.50 
meningothelial heterotopias 136.49-136.50 
meningovascular syphilis 29.15 
Menkes syndrome/disease 2.34, 61.28, 
61.29, 79.16, 79.17, 87.93 
menopause 
ageing of skin 156.6 
flushing 104.4 
menstrual cycle 
acne flares 88.25 
urticaria 42.8 
mental/emotional sweating 2.9 
mental health 1.9 
hairloss 87.21 
hidradenitis suppurativa association 
90.2, 90.11 
psychiatric side-effects of systemic 
therapies 19.7, 19.18, 19.19, 19.20, 
19.43, 19.45 
mentalis muscle ‘creases’, reduction of by 
botulinum toxin application 159.8 
mental neuropathy (numb chin syndrome), 
internal malignancy association 
148.23 
mental retardation—enteropathy—deafness— 


142.2 


150.6, 


26.49, 26.50 


neuropathy-ichthyosis—keratodermia 


(MEDNIK) syndrome 63.30, 63.35, 
79.17 
menthol, traditional topical therapy 18.38 
men who have sex with men (MSM) 
ChemSex 120.2-120.3 
Kaposi sarcoma in HIV-negative men 
138.1, 138.2, 138.4 
lymphogranuloma venereum 30.15 
ME-PPD see 2-methoxymethyl-p-phenylene- 
diamine 
meralgia paraesthetica 83.7 
2-mercaptobenzothiazole (MBT) 
127.63-127.64 
mercapto mix (sensitisers) 127.63 
Mercurialis (Geronimo Mercuriale) 1.3 
mercury 
allergic contact dermatitis 127.18, 127.41 
dermatological reactions 121.5-121.6 
pigmentation effects 86.52-86.53 
Merkel cell carcinoma (MCC) 2.12, 
146.1-146.10 
AEIOU diagnostic acronym 146.5, 146.7 
clinical features 146.5-146.8 
course and prognosis 146.5 
diagnosis of 3.22, 3.23 
epidemiology 146.1-146.2 
eyelid 107.49 
human polyomavirus-MCPyV 146.2, 
146.3 
immunocompromised people 
clinicopathological features 
147.14-147.15 
management 147.23-147.24 
non-Hodgkin lymphoma/chronic 
lymphocytic leukaemia patients 
147.3 
people living with HIV 147.2 
investigations 146.7-146.8 
management 146.8-146.10 
pathogenesis 146.2 
pathology 146.3-146.5 
polyomavirus infection 25.46-25.47 
predisposing factors 146.2 
radiotherapy 24.15 
staging 146.5, 146.7 
Merkel cell polyomavirus (MCPyV) 
25.46-25.47 
MCPyV-negative Merkel cell carcinoma 
146.2, 146.3, 146.4, 146.5, 146.9 
MCPyV-positive Merkel cell carcinoma 
25.46-25.47, 146.2, 146.3, 146.4 
Merkel cells 2.2, 2.11-2.12 
disputed origins of Merkel cell carcinoma 
146.2 
embryonic development 2.5 
hyperplasia 2.12 
Merkel cell-neurite complexes 2.12 
mesenchymal cells 2.4, 2.5 
mesenchymal markers 3.25-3.26 
mesenchyme, pre-adipocytes 97.1 
mesoderm 2.3 
Mesopotamia, ancient medical texts 1.2 
meta analysis 
evidence based medicine 17.4-17.5 
see also systematic reviews 
metabolic disorders 
acquired ichthyosis 63.47, 85.1 
AGL association 98.2 
blistering 69.24 
hair disorders 87.93 
ocular features 107.42 
primary dyslipidaemias 60.6-60.10 
xanthomas 60.2-60.6 
see also amino acid metabolism and 
transport disorders; inherited 
metabolic diseases; lipid metabism 
disorders 
metabolic syndrome 
diabetic patients 62.4 
hidradenitis suppurativa association 
90.2 
metabolising acquired dioxin-induced skin 
hamartoma (MADISH/chloracne) 
88.14, 88.15, 88.66-88.68, 129.7, 
129.12-129.13, 133.1, 133.2, 133.7 


metabolism 
androgen synthesis 87.10 
burn-induced changes 125.11 
hypermetabolic response to burn injuries 
125.11-125.14 
metabolism of drugs, clinical pharmacology 
13.3 
metabolism of prohormones to active 
metabolites 150.7 
metabolism of steroid hormones 150.3 
metabolism of vitamins 59.5, 79.15 
metaherpetic keratitis, eyelid 107.37 
metalloprotiens see ADAMTS 
metalloproteinase; matrix 
metalloproteinases; tissue inhibitors 
of metalloproteinases 
metals 
allergies 127.19, 127.36-127.41 
oral hyperpigmentation 108.17 
pigmentation effects 86.51-86.53 
toxicity 121.1-121.10 
metaplasia 3.42 
ileostomy 112.6 
metastases 
from primary epidermal tumours 
penis 109.42 
scalp metastases 105.11-105.12 
to the skin from internal cancer 24.15, 
148.4-148.6 
metastatic calcinosis cutis 59.5-59.6, 154.2 
see also metastatic cutaneous calcification 
metastatic carcinomas of skin 148.4 
metastatic cutaneous calcification 
97.33-97.34 
uraemic patients with combined 
hyperphosphataemia and 
hypercalcaemia 154.2 
metastatic cutaneous tumour diagnosis 
3.26-3.27 
metastatic melanoma, systemic therapy 
144.6-144.7 
metastatic Merkel cell carcinoma 146.7, 
146.9 
metastatic oral neoplasms 108.45 
metastatic pregnancy-associated melanoma 
(MPAM) 113.10 
metastatic regressive melanoma 142.14 
metastatic tuberculous abscess 27.17-27.19 
metatypical (basosquamous) basal cell 
carcinoma 140.3 
metformin 
acne vulgaris treatment 88.57 
hidradenitis suppurativa treatment 90.10 
methacrylate allergic contact dermatitis 
127.13, 127.14 
methacrylate nail systems 127.61-127.62 
(meth)acrylate-related contact allergy 
127.47 
methaemoglobinaemia, dapsone side effect 
19.14 
methamphetamine, dermatoses 120.4—120.5 
methicillin-resistant Staphylococcus aureus 
(MRSA) 26.8-26.9 
age effects 26.7 
community-acquired 26.6-26.7 
genetics 26.9 
HIV 31.21, 31.37 
male genitalia 109.28 
methicillin-sensitive Staphylococcus aureus 
(MSSA), age effects 26.7 
methotrexate (MTX) 19.24-19.28 
alopecia treatment 87.27 
atopic eczema treatment 41.29 
cautions 19.27 
contraindications 19.26 
dermatological uses 19.24—19.25 
dose and regimens 19.27 
drug—drug interactions 19.27 
folate supplementation 19.27 
monitoring 19.27-19.28 
morphoea treatment 55.37 
pemphigus treatment 50.9 
pharmacological properties 19.25-19.26 
potential adverse effects 19.26 
pre-treatment screening 19.27 


148.3 
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psoriasis treatment 35.23-35.25 
sarcoidosis treatment 96.16 
systemic lupus erythematosus treatment 
51.38 
2-methoxymethyl-p-phenylenediamine 
(ME-PPD) 127.61 
N-methyl-3,4- 
methylenedioxymetamphetamine 
(MDMA) see ecstasy 
methyl acrylate 127.70 
methyl aminolevulinate (MAL), use in 
photodynamic therapy 22.2-22.3, 
22.4, 22.5-22.7 
methylchloroisothiazolinone (MCI) 
127.53-127.54 
methylchloroisothiazolinone and 
methylisothiazolinone (MCI/MI) 
127.53-127.54 
methyldibromoglutaronitrile (MDBGN) 
127.55 
methylisothiazolinone (MI) 
methyl methacrylate (MMA) 127.70 
metronidazole, topical therapies 18.11 
Metvixia® see methyl aminolevulinate 
Metvix® see methyl aminolevulinate 
mevalonate kinase deficiency (MKD) 45.5, 
45.6, 45.11 
mevalonate kinase (MVK) genes 85.20 
mevalonic aciduria 63.74 
Mexico 
community dermatology 7.8 
teledermatology training 7.9 
MF see mycosis fungoides 
MFAPs see microfibril-associated proteins 
mFGS see modified Ferriman—Gallwey score 
MFS see Marfan syndrome 
MGD see meibomian gland dysfunction 
MGUS see monoclonal gammopathy of 
uncertain significance 
MH see malignant histiocytosis 
MEC see major histocompatibility complex 
MI see methylisothiazolinone 
Mibelli porokeratosis 63.74, 63.75, 85.20, 
85.21, 109.35 
Michelin tyre baby syndrome 70.19, 73.17 
Michel medium, biopsy 3.4-3.5, 3.12 
microabscesses 3.43 
microbial ecology of the skin 26.3-26.5 
age/sex/ethnic difference 26.4 
bacterial adherence 26.5 
modifying factors 26.4 
normal flora 26.3-26.5 
quantitative cultural studies 26.4 
role of normal flora 26.4-26.5 
sampling methods 26.3 
specialised areas 26.5 
temporary residents on skin 26.2, 26.3 
microbial exposure, atopic eczema 
41.7-41.8 
microbiome 
gut 26.4, 26.5 
oral 108.5 
see also skin microbiome 
microcephalic osteodysplastic primordial 
dwarfism type II 72.7 
microcephaly with or without 
chorioretinopathy, lymphoedema 
or intellectual disability (MCLID) 
103.24 
microcephaly with or without 
chorioretinopathy, lymphoedema 
and mental retardation (MCLMR) 
71.27 
microcephaly—capillary malformation 
syndrome (MIC-CAP) 71.7 
microchimerism, rheumatoid nodules 
microclimate 123.3 
Micrococcus spp., normal skin flora 26.3 
microcystic adnexal carcinoma 107.49, 
137.36-137.37 
microdialysis, topical 
bioavailability /bioequivalence 
assessment 12.8 
microfibril-associated glycoproteins 
(MAGPs) 2.36 


127.53-127.54 
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microfibril-associated proteins (MFAPs) 
2.36 
microneedling 
hair disorder treatment 
skin tightening 161.8 
micronodular basal cell carcinoma 140.3, 
140.4 
micronutrients, hypermetabolism treatment 
125.12 
microorganisms 
rosacea 89.4 
staining techniques 3.9-3.10 
micropapular polymorphic light eruption 
26.4, 126.5 
microscopic examination 
diagnosis 4.20-4.22 
superficial mycoses identification 32.8 
microscopic examination of tissue sections 
3.32-3.45 
areola 3.33 
axillary skin 3.33 
biopsy site and normal histological 
variation 3.33 
endothelial cells 3.37 
eosinophils 3.35-3.36 
examination of sections 
facial skin 3.33 
fibroblasts 3.37 
foreign bodies/deposits 3.38 
giant cells 3.36, 3.37 
high-magnification examination 3.34 
histiocytes 3.36 
histopathology skin reports 3.38 
low-magnification histological pattern 
diagnosis 3.34 
lymphocytes 3.34, 3.35 
mast cells 3.37 
monocytes 3.36 
mucous membranes 3.33 
myofibroblasts 3.37 
neutrophils 3.35 
palm and sole skin 3.33 
pericytes 3.37 
plasma cells 3.35 
preparing for microscopy 3.32-3.33 
rhabdomyocyte (striated muscle cell) 
3.37 
scalp skin 3.33 
Schwann cells 3.37 
scrotum skin 3.33 
smooth muscle cells 3.37 
tissue macrophages 3.36 
truncal skin 3.33-3.34 
microscopic polyangiitis (MPA) 
100.20-100.22, 152.4 
microsponges, vehicle choice for topical 
therapies 18.2-18.3 
microsporide see dermatophytide reaction 
Microsporum infections, Wood’s light 
examination 32.6 
Microsporum species 
dermatophytosis 32.18-32.20, 32.19, 
32.24-32.26 
M. audouinii 32.24-32.25 
M. canis 32.25 
M. gypseum 32.25-32.26 
microtia (smallears) 106.4, 106.5 
microvascular occlusion disorders, purpura 
99.9-99.24 
microvenular haemangioma 136.30 
MIC-CAP see microcephaly-capillary 
malformation syndrome 
mid-dermal elastolysis 94.25-94.26 
middle age, psychological and social factors 
15.3 
midface toddler excoriation syndrome 
(MiTES) 82.9, 83.12-83.13 
midges 34.7-34.8 
Miescher radial granulomas —97.22-97.23 
migrant health dermatology 7.13, 7.14 
migration, epidemiology 5.10 
migratory circinate redness, autosomal 
dominant epidermolysis bullosa 
simplex with 69.9-69.10 
migratory erythemas, internal malignancy 
association 148.19-148.20 


87.95 


3.33 


migratory thrombophlebitis 
adenocarcinoma of the pancreas 
neoplasia association 148.26 
milia 
chemical peel side effects 
cysts 133.4 
differential diagnosis 
infants 115.13-115.14 
neonates 114.4 
miliaria 92.12-92.14 
management 92.13-92.14 
neonates 114.6-114.7 
miliaria crystallina (sudamina) 92.12-92.13 
miliaria profunda 92.12-92.13, 92.14 
miliaria rubra (prickly heat) 92.12-92.13, 
92.14 


153.6 


160.12 


88.30, 88.31 


miliary calcinosis cutis 59.4, 59.5, 59.6 
miliary tuberculosis, acute cutaneous 27.17 
milk alkali syndrome, metastatic calcinosis 
cutis 59.5 
milker’s nodule 25.15 
milker’s sinuses 122.22-122.23 
milk thistle (silymarin), cosmeceutical use of 
157.8, 157.9 
millipedes (Diplopoda) 34.57 
Milroy disease 103.24 
Milroy-like lymphoedema 103.24 
mineral disorders 61.24-61.31, 79.2, 
79.15-79.18 
acrodermatitis enteropathica 79.15-79.16 
copper deficiency 2.34, 61.27-61.29 
familial tumoral calcinosis _79.17-79.18 
hairloss 59 
iron deficiency 61.3, 61.4, 61.24-61.25, 
87.59, 87.63, 87.70-87.71, 153.1 
manganese deficiency and excess 61.31 
MEDNIK syndrome 79.17 
Menkes disease 79.16, 79.17 
occipital horn syndrome 79.16 
selenium deficiency and excess 
61.29-61.31 
skin manifestations of impaired 
absorption 153.1 
Wilson disease 79.17 
zinc deficiency 61.25-61.27, 69.24, 108.20, 
153.9 
mineralisation, abnormal 70.31—70.36 
mineral oils/ greases, topical medication 
vehicles 18.6 
miner’s anaemia see ancylostomiasis 
‘miniature puberty’, neonates 114.4 
miniaturised follicles 87.64, 87.65 
minimal erythema dose (MED), 
phototherapy 21.7-21.8 
minimal phototoxic dose, PUVA 21.9 
minocycline, sarcoidosis management 
96.16 
minocycline-induced hyperpigmentation 
86.27-86.28 
minoxidil 87.69-87.70, 87.73, 87.94 
minoxidil acid, topical therapies 18.41 
MIS-A see multisystem inflammatory 
syndrome in adults 
MIS-C see multisystem inflammatory 
syndrome in children 
Misuse of Drugs Act 1971 (MDA) 
120.3-120.4 
MITES see midface toddler excoriation 
syndrome 
mites (Acari) 34.41-34.57 
animal diseases 34.50 
bird/rodent/reptile mites 34.54-34.55 
Cheyletiella mites 34.53, 34.54 
follicle mites 34.55-34.57 
harvest mites 34.54 
house dust mites 34.51 
plant mites 34.52 
Pyemotes mites 34.51-34.52 
rickettsial infection transmission 26.84 
scabies 34.41-34.50 
stored products 34.50-34.51 
mitochondrial disorders 8.5 
mitochondrial palmoplantar keratoderma 
63.64-63.65 
mitochondrial respiratory chain disorders 
79.2, 79.8-79.9 


mitochrondria, damage from UVR exposure 
10.11 
mitogen-activated protein kinase (MAPK) 
pathway, targeted therapy for 
melanoma 144.4 
mitogen-activated protein kinase (MEK) 
inhibitors 
chemotherapy cutaneous side-effects 
119.3, 119.7-119.8 
melanoma systemic therapy 144.4-144.5, 
144.11, 144.11, 144.12 
mitogen-activated protein (MAP) kinase 
87.73 
mitten hand deformity, epidermolysis 
bullosa 69.17, 69.26 
mixed connective tissue disease (MCTD) 
53.1-53.3 
acral lesions 53.4 
cardiac involvement 151.4 
clinical features 53.2 
diagnostic criteria 53.2 
investigations 53.3 
management 53.3 
pathophysiology 53.1-53.2 
and retiform purpura 53.4 
mixed cryoglobulinaemia (MC) 25.76, 
124.13 
mixed immunobullous disease 50.36 
mixed inflammatory infiltrate 87.50-87.52 
mixed leg ulcers (MLUs) 102.4-102.7 
clinical features 102.7 
disorders associated with 102.6 
epidemiology 102.5-102.6 
lipodermatosclerosis 102.7 
management of 102.8 
predisposing factors 102.6 
mixed tumour of the skin 137.32 
Mkar disease 94.30 
MKD see mevalonate kinase deficiency 
MLCDP see Major Life Changing Decision 
Profile 
MLDSI see multisegmental lymphatic 
dysplasia with systemic 
involvement 
MLUs see mixed leg ulcers 
MM see malignant melanoma 
MMA see methyl methacrylate 
MMDK see multiple minute digitate 
keratoses 
MME see mycophenolate mofetil 
MMP see mucous membrane pemphigoid 
MMPs see matrix metalloproteinases 
MMR (measles/mumps/rubella) vaccine 
intralesional immunotherapy for human 
papillomavirus infections 
25.59-25.60 
prophylaxis 25.92, 25.99 
uptake of 115.7 
MMER-V (measle/mumps/rubella/varicella) 
vaccine 25.92, 25.99 
MMS see Mohs micrographic surgery 
modified Ferriman—Gallwey score (mFGS), 
hirsutism 87.88-87.89 
modified hidradenitis suppurativa score 
16.4 
modified Parkland resuscitation formula 
125.2-125.3 
modified Rodnan skin score (MRSS), 
systemic sclerosis 54.17 
modified Sartorius Score (MSS) 16.4 
‘Mogul skier’s palm’ 122.17 
Mohs micrographic surgery (MMS) 
20.30-20.37, 90.11 
basal cell carcinoma 140.16 
Boden disease 141.21 
cutaneous squamous cell carcinoma 
141.33, 141.35, 141.37 
defect closure procedures 
20.26-20.29 
defect reconstruction 20.20-20.22, 
20.26-20.29, 20.30-20.37 
definition 20.30-20.31 
history 20.31-20.32 
practical aspects and indications 
20.35-20.37 


20.20-20.22, 


procedure 20.33-20.34, 20.36 
results 20.34-20.35 
skin cancer treatment comparisons 
20.32-20.33 
types of tumours 20.37 
moisture-associated skin damage 123.4 
moisturisers, ichthyoses management 63.42 
molecular amplification tests, syphilis 29.18 
molecular-based approaches 
classic epidermolysis bullosa simplex 
69.11-69.15 
classic junctional epidermolysis bullosa 
69.15 
dystrophic epidermolysis bullosa 
69.18-69.19 
pigmentation disorders 68.14 
molecular diagnosis, superficial mycoses 
identification 32.9 
molecular genetic methods, 
culture-independent microbial 
studies 26.2, 26.3 
moles see melanocytic naevi 
Moll, cyst of 107.45 
mollicutes, Mycoplasma genitalium infection 
30.23-30.25 
mollusca, stings 130.4 
molluscipoxviruses (MCV-1 to MCV-4), HIV 
31.26 
molluscum contagiosum (MC) 
clinical features 25.16-25.17 
eczematisation around lesions 
epidemiology 25.15-25.16 
eyelid 107.34, 107.36 
infants 115.9 
investigations 25.18 
management 25.18 
pathophysiology 25.16 
penis 109.29 
perianal skin 111.13, 111.15 
molluscum sebaceum see keratoacanthoma 
moluscipoxviruses 25.6, 25.15-25.18 
molybdenum, dermatological reactions 
121.9 
MOMES syndrome 72.7 
MOMO syndrome _ 72.6 
‘Mona Lisa smile’, dermatitis artefacta 
84.31, 84.32 
Mondor disease 101.36-101.37 
neoplasia association 148.26-148.27 
subtypes 101.38 
monetary costs of disease see economic 
burden of disease 
Mongolian spot 73.22, 79.3, 86.2, 131.12 
monilethrix 87.78 
monkey oesophagus substrate, indirect 
immunofluorescence 3.12, 
3.13-3.14, 3.19 
monkeypox virus (MPXV) see mpox 
monobenzyl ether of hydroquinone, topical 
depigmenting agents 18.32 
monochromator phototesting 126.5-126.6, 
126.12, 126.19, 126.20, 126.23, 
126.27, 126.31, 126.35 
monoclonal antibodies (mAbs) 
19.31-19.32 
cutaneous T-cell lymphoma therapy 
139.25 
WHO naming conventions 19.31, 19.32 
monoclonal gammopathy of clinical or 
cutaneous significance 149.10 
monoclonal gammopathy of uncertain 
significance (MGUS) 
disorders of paraprotein activity 
149.9-149.13, 
disorders of paraprotein deposition 
149.13, 149.14 
necrobiotic xanthogranuloma 135.24 
pyoderma gangrenosum 149.7 
skin disorders from cell infiltration 149.2, 
149.4-149.5 
monoclonal mast cell activation syndrome 
46.6 
monocytes 
immune system 9.5 
microscopic examination of 3.36 


25,15-25.19 


39.25 


monogenic autoinflammatory syndromes see 
hereditary monogenic 
autoinflammatory syndromes 
monogenic inherited pigmentation disorders 
68.2-68.3 
monogenic obesity with cutaneous features 
72.4, 72.7 
monogenic obesity without cutaneous 
features 72.3, 72.6 
monomorphic follicular papules, 
infundibulofolliculitis 93.7 
monomorphic follicular papules /pustules, 
actinic folliculitis 93.6 
monomorphic polymorphic light eruption 
126.4 
monosymptomatic delusional 
hypochondriasis 
delusional infestation 84.5-84.10 
olfactory reference syndrome 84.10-84.11 
mons pubis 
cutaneous Crohn disease 95.15 
lymphoedema 103.49-103.51, 103.52 
mood disorders 
dermatological patients 
types 84.40 
mood stabilisers 84.46-84.47 
Moraxella spp. 26.51 
Morbihan disease (solid facial 
lymphoedema) 88.41, 89.10, 89.16, 
89.17, 103.47, 103.48 
morbilliform eruption, drug reaction 118.7 
morbillivirus 25.97-25.99 
see also measles 
Morgellons syndrome 84.11-84.12 
MORM syndrome 72.6 
morphine 
death rates 120.1 
drug-induced pruritus 
topical therapies 18.41 
morphoea 55.1-55.42, 105.8 
age of onset 55.6-55.7 
associated diseases 55.7 
atrophoderma of Pasini-Pierini 55.17, 
55.19 
atrophodermas 94.18 
autoantibodies in relation to clinical 
features 55.9 
autoimmune diseases 55.7 
autoimmunity 55.8-55.9 
biologic therapies 55.38-55.42 
blood tests 55.30-55.31 
Borrelia antibodies 94.16 
cancer association 55.7 
causative organisms 55.12 
in childhood 55.39 
circumscribed plaque morphoea 55.17, 
55.27 
classification 55.2-55.3 
clinical assessment 55.31 
clinical features 55.9, 55.15-55.27 
complications and co-morbidities 
55.28-55.29 
CT scans 55.31 
cytokines and cellular signatures 
deep morphoea 55.3, 55.16-55.17 
differential diagnosis 55.27 
disease course and prognosis 55.29-55.30 
disease modifiers 55.4, 55.15-55.17 
drug reactions 55.14-55.15 
en coup de sabre 55.23-55.24 
environmental factors 55.13-55.15 
eosinophilic fasciitis 55.4, 55.21-55.23, 
55.27 
epidemiology 55.6-55.7 
epidermal-dermal interaction 55.9 
erythematous plaque with telangiectases 
55.6 


84.40-84.42 


81.11 


55.10 


extracutaneous manifestations 
55.28-55.29 

fibroblast activation and sclerosis 
55.10-55.11 

generalised plaque morphoea 55.3, 55.4, 
55.17-55.19 

genetics 55.12-55.13 

guttate morphoea 55.17 


histology 55.5 
histopathology 55.11-55.12 
hyperpigmentation 55.18, 86.20-86.21 
imaging modalities 55.31-55.32 
immunopathology 55.9-55.11 
incidence and prevalence 55.6 
investigations 55.30-55.35, 55.31 
keloidal/nodular morphoea 55.15-55.16 
lichen sclerosus morphoea 55.4, 55.5, 
55.6, 55.7 
limited morphoea 55.3, 55.4, 55.17 
linear morphoea 55.3, 55.4, 55.23-55.27 
differential diagnosis 55.27 
head/neck variant 55.23-55.24 
linear atrophoderma of Moulin 
55.25-55.27 
linear deep atrophic morphoea 55.27 
morphoea en coup de sabre 55.24 
progressive hemifacial atrophy 
55.24-55.25 
trunk/limb variant 55.25 
localised scleroderma cutaneous 
assessment tool 55.33-55.34 
management 55.35-55.42 
biologic therapies 55.38-55.42 
corticosteroids 55.36-55.37 
phototherapy 55.36 
therapeutic algorithm 55.41 
topical therapies 55.35-55.36 
treatments and levels of evidence 
55.40 
mixed type morphoea 55.4, 55.27 
MRI imaging 55.31, 55.32 
outcome measures 55.32-55.35 
paediatric morphoea 55.39 
pansclerotic morphoea 54.20, 55.4, 
55.19-55.21, 55.27 
pathophysiology 55.8-55.15 
patient reported outcomes 55.35 
plaque morphoea 55.3 
predisposing factors 55.8 
presentation 55.15 
pressure sites from clothing 55.5 
psychological manifestations 55.29 
radiation 55.14 
radiotherapy-associated 119.15 
redness (erythema) 55.18 
sclerosis, causes of 55.14 
severity assessment and classification 
55.27-55.28 
skin biopsy 55.31 
synonyms and inclusions 
terminology 55.1-55.2 
therapeutic algorithm 55.41 
topical therapies 55.35-55.36 
and trauma to skin 55.13-55.14 
and vaccination 55.13 
vascular activation and damage 55.9 
waxy plaques 55.5 
morphoeaform sarcoidosis 96.13 
morphoea profunda 97.12-97.13 
morphoeic basal cell carcinoma 140.3, 
140.6, 140.8, 140.9 
morphogenesis 87.2 
morpholines, topical therapies 18.12 
Morton neuroma/metatarsalgia 136.43 
mosaic acral keratosis 63.61 
mosaicism 8.7-8.8, 74.5 
mosaic lymphoedema associated with 
disturbed growth and/or 
cutaneous /vascular anomalies 
103.23-103.24 
mosaic neurofibromatosis type 1 78.4-78.7, 
78.7 
mosaic pattern, piebaldism 68.4 
mosaic RASopathies, lymphatic 
abnormalities 103.24 
mosquitoes 34.6-34.7, 34.8-34.9 
lymphatic filariasis 103.34 
malaria 33.36 
togavirus infections 25.87-25.91 
mossy foot see podoconiosis (non-filarial 
lymphoedema) 
moths (Lepidoptera) 34.32-34.34 
motor nerves, anatomy of head and neck 
20.3-20.4 


55.1 


mottled pigmentation, autosomal dominant 
epidermolysis bullosa simplex 
69.9 

mottling effect, livedo reticularis 
124.10 


124.9, 


moulds 
brachytherapy 24.3 
identification of isolates 32.10 
morphology and diseases 32.3 
Moulin, linear atrophoderma of 
55.25-55.27, 73.22, 94.17 
moult cycle, hair 87.2 
Moulting (‘Mauserung’) phenomenon, 
superficial epidermolytic ichthyosis 
63.18 
moult waves 87.9, 87.53 
mouse studies, immune system 9.3, 9.7 
mouth see oral cavity 
Mozart ear 106.5 
MPA see microscopic polyangiitis 
MPAM see metastatic pregnancy-associated 
melanoma; Mycoplasma 
pneumoniae-associated mucositis 
MPHL see male pattern hair loss 
MPK see marginal papular keratoderma 
M-plasty, skin surgery 20.21, 20.22 
MPNSTs see malignant peripheral nerve 
sheath tumours 
mpox (formerly monkeypox) 25.8—25.12 
2022 outbreak 25.9-25.10 
clinical features 25.9, 25.10 
complications and co-morbidities 25.10 
epidemiology 25.8-25.9 
investigations 25.10 
management 25.10-25.12 
pathology 25.10 
pathophysiology 25.9 
risk increased with waning smallpox 
immunity 25.6 
MPSs see mucopolysaccharidoses 
MPXV (monkeypox virus) see mpox 
Mregpr family see Mas-related 
G-protein-coupled receptor 
agonists 
MRGPRX2 see Mas-related G protein— 
coupled receptor member X2 
MRH see multicentric reticulohistiocytosis 
MRI see magnetic resonance imaging 
MRL see magnetic resonance 
lymphangiography 
MRSS see modified Rodnan skin score 
MSAs see myositis-specific antibodies 
MSH see melanocyte-stimulating hormone 
MS-LCH see multisystem Langerhans cell 
histiocytoses 
MSM see men who have sex with men 
MSS see modified Sartorius Score 
MSSE see multiple self-healing squamous 
epithelioma 
MTC see medullary thyroid cancer 
MTS see Muir—Torre syndrome 
MTX see methotrexate 
muccous membrane changes, dyskeratosis 
congenita 67.14 
Mucha-Haberman disease, oral ulceration 
108.41 
mucin 
skin deposition 57.1-57.19 
structure 57.1 
see also cutaneous mucinoses 
mucinosis 
systemic lupus erythematosus 
see also cutaneous mucinoses 
mucinous carcinoma 137.38 
mucin-producing sweat gland carcinoma see 
endocrine mucin-producing sweat 
gland carcinoma 


51.28 


Muckle—Wells syndrome (MWS) 45.5, 45.6, 
154.2 
mucocele (mucous cysts) 
digital myxoid cysts 57.15, 57.16 


male genitalia 109.30 

mouth 108.12 

vulva 110.31 

mucocutaneous candidiasis, primar 
immunodeficiencies 149.18-149.19 
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mucocutaneous leishmaniasis 
New-World 33.43, 33.44, 33.45, 33.46, 
33.49 
Old-World 33.47, 33.48 
mucocutaneous lymph node syndrome see 
Kawasaki disease 
mucocutaneous pain syndromes (MCPs) 
82.1-82.14 
atypical trigeminal trophic syndrome 
82.8, 82.9 
burning mouth syndrome 82.1-82.3 
cervical trophic syndrome 82.8-82.9 
chronic scalp pain and dysaesthesia 82.12 
erythromelalgia 82.12-82.13 
midface toddler excoriation syndrome 
82.9 
penoscrotodynia 82.11-82.12 
postherpetic neuralgia 82.4-82.5 
trigeminal neuropathic pain syndrome 
82.5-82.7 
trigeminal trophic syndrome 82.7-82.8 
trophic syndromes 82.7-82.9 
vulvodynia 82.9-82.11 
mucocutaneous venous malformation 
71.16-71.17 
mucoepithelial dysplasia 108.26-108.27 
mucolipidoses types Il and II] 79.4-79.5 
mucopolysaccharidoses (MPSs) 79.1-79.3 
mucormycosis (zygomycosis) 32.93, 109.28 
oralinvolvement 108.57 
panniculitis due to 97.60-97.61 
mucosa associated lymphoid tissue (MALT) 
lymphomas 139.37, 139.38 
mucosal advancement flap, vermilionectomy 
repair 20.22 
mucosal associated invariant T (MAIT) cells 
9.5 
mucosal lesions 
COVID-19 association 25.112-25.113 
psoriasis vulgaris 35.11-35.12 
systemic lupus erythematosus 
mucosal melanoma 
presentation 142.11, 142.16 
systemic treatment 144.7 
vaginal 145.12, 145.13 
mucosal melanotic lesions 131.9-131.12 
pigmented melanotic macules 
131.9-131.11 
see also lentigines 
mucositis (mucosal barrier injury), oral 
involvement 108.49-108.50 
mucous cysts see mucocele 
mucous membrane pemphigoid (MMP) 
3.17, 50.22-50.33, 105.6, 
107.24-107.32 
associated diseases 50.24 
biochip mosaic for detection of serum 
anti-laminin 332IgG 50.31 
classification of severity 107.26 
clinical features 50.26 
clinical features of ocular MMP 107.26 
clinical variants 50.26 
complications and co-morbidities 
conjunctival hyperaemia 50.30 
diagnosis 50.24, 50.32, 107.26 
diagnostic problems in ocular MMP 
107.26-107.28 
differential diagnosis 50.26 
direct immunofluorescence for 107.28 
epidemiology 50.24, 107.24-107.25 
European Consensus criteria for diagnosis 
of 107.28-107.29 
fibrosis prevention 107.32 
genital involvement 50.28 
histopathology 50.25 
immunosuppression in 107.31 
indirect immunofluorescence in 107.28 
investigations 107.26-107.28 
investigations and diagnosis 50.28-50.30, 
50.31 
lesions 50.29 
management 50.30-50.31, 107.29-107.32 
ocular disease in 50.30 
ocular pemphigoid 50.26 
classification 50.28 


51.29 


107.26 


ocular signs of 107.27-107.28 
oral involvement 108.82 
oral lesions 50.27 
pathology 107.25-107.26 
pathophysiology 50.24-50.25 
predisposing factors 107.25 
randomised controlled trials 50.30-50.31 
serum autoantibodies 50.25-50.26 
severity classification 50.26-50.28 
tissue-bound autoantibodies 50.25 
treatment guidelines 50.31 
treatment ladder 50.31-50.33 
vulva 110.21 
vulvar pemphigoid 50.26 
mucous membranes 
allergic contact dermatitis 127.18 
congenital syphilis 29.23 
lichen planus 37.12 
microscopic examination of 3.33 
samples for superficial mycoses 
identification 32.8 
syphilis 29.10, 29.14, 29.15 
mudi-chood, ear dermatoses 106.23 
Muir—Torre syndrome (MTS/Lynch II 
syndrome) 76.11, 78.14, 
141.44-141.45 
sebaceous adenomas and sebaceomas 
137.17 
sebaceous carcinoma 137.18 
multicentric reticulohistiocytosis (MRH) 
135.25-135.27, 155.14 
internal malignancy association 148.24 
oral involvement 108.71-108.72 
pleural effusion 152.6 
multidisciplinary teams (MDTs) 
psychodermatology 84.2, 84.7, 84.8, 84.9, 
84.12, 84.18, 84.35 
SJS/TEN treatment 118.19 
multidrug-resistant (MDR) tuberculosis 
27.10 
multifocal cutaneous infantile haemangioma 
116.5 
multifocal epithelial hyperplasia (focal 
epithelial hyperplasia), oral 
involvement 108.11 
multifocal venous malformation (MVM) 
71.2 
multiple cutaneous neuromas see dermal 
hyperneury 
multiple cutaneous and uterine leiomyomas 
syndrome see hereditary 
leiomyomatosis and renal cell 
cancer 
multiple endocrine neoplasia (MEN) 
108.13-108.14, 148.10-148.11 
multiple endocrine neoplasia type 1 (MEN1) 
148.10 
multiple endocrine neoplasia type 2A 
(MEN2A) 148.10 
multiple endocrine neoplasia type 2B 
(MEN2B) 108.13-108.14, 
148.10-148.11 
multiple glomangioma 136.42 
multiple haemorrhagic sarcoma see Kaposi 
sarcoma 
multiple hamartoma and neoplasia 
syndrome 
renal/urinary tract involvement 154.2 
trichilemmoma 137.6 
multiple minute digitate hyperkeratoses 
63.77 
multiple minute digitate keratoses (MMDK) 
85.18-85.19 
multiple mucosal neuroma syndrome 
108.13-108.14 
multiple organ failure, hypermelanosis 
86.21-86.22 
multiple pigment sarcoma see Kaposi 
sarcoma 
multiple primary hypersensitivities, patch 
testing 127.32 
multiple self-healing squamous epithelioma 
(MSSE) 78.13, 141.41-141.42 
multiple symmetrical lipomatosis see 
Madelung disease 


multipotent stem cell transplantation, see also 
haematopoietic stem cell 
transplantation 
multisegmental lymphatic dysplasia with 
systemic involvement (MLDSI) 
103.22 
multisystem inflammatory syndrome in 
adults (MIS-A), COVID-19 
association 25.112 
multisystem inflammatory syndrome in 
children (MIS-C), COVID-19 
association 25.114—25.115 
multisystem Langerhans cell histiocytoses 
(MS-LCH)  135.2-135.9 
multisystem sarcoidosis, acquired 
ichthyosis 63.48 
multisystem tumours, associated skin 
conditions 148.2 
multivoltage X-ray techniques 
‘bathing cap’ distribution 24.3, 24.5 
‘stocking’ distribution 24.3-24.4, 
24.6-24.7 
Mulvihill-Smith syndrome 70.29-70.30 
Miinchausen syndrome 84.37 
Miinchausen syndrome by proxy 
84.37-84.38 
Munro microabscess 3.43, 35.6 
mupirocin, topical therapies 18.11 
murine typhus 26.81 
Murray Williams warts 39.28 
muscle, see also dermatomyositis 
muscle cells, smooth 2.40-2.41 
muscle cell tumours 136.52-136.56 
skeletal muscle 136.55-136.56 
smooth muscle 136.52-136.55 
muscle definition, electromagnetic muscle 
stimulation 161.8 
muscle ‘naevi’ 73.2 
muscle signs, dermatomyositis 52.7 
muscular dystrophy, autosomal recessive 
epidermolysis bullosa simplex with 
69.11 
musculocontractural Ehlers—Danlos 
syndrome (mcEDS) 70.6, 70.9 
musculoskeletal system 155.1—-155.16 
epidermolysis bullosa 69.26 
history and examination 155.1-155.2 
ichthyoses 63.46 
sarcoidosis 96.5-96.6 
systemic sclerosis 54.18 
musical instruments, skin reactions 
122.11-122.13 
mutations see gene mutations; genetic 
disorders /syndromes 
mutilation, male genitalia 109.9 
MVK genes see MeValonate Kinase genes 
MVM see multifocal venous malformation 
MWS see Muckle—Wells syndrome 
Myanmar, skincare initiative 7.11 
mycetoma 32.72-32.75 
clinical features 32.73-32.74 
epidemiology 32.72-32.73 
investigations 32.74-32.75 
management 32.75 
pathophysiology 32.73 
mycobacterial infections 27.1-27.46 
eyelid 107.39-107.40 
female genitalia 110.26 
HIV coinfection 27.2-27.3, 27.10, 31.22 
non-tuberculous mycobacteria 27.3, 
27.32-27.45 
panniculitides 97.46 
sarcoidosis causation 96.4 
types/classification 27.1, 27.2 
see also tuberculosis 
Mycobacterium 
histology 28.3-28.4, 28.5 
M. abscessus group 27.2, 27.43-27.45 
M. avium complex 27.2, 27.3, 27.32, 
27.40-27.41 
M. balnei see M. marinum 
M. bovis 27.1, 27.2, 27.5, 27.6, 27.12 
see also bacillus Calmette—Guérin 
M. chelonae 27.2, 27.43-27.45, 97.47 
M. fortuitum group 27.2, 27.43-27.45 


M. goodii 27.2, 27.32 
M. gordonae 27.3 
M. haemophilum 27.41-27.42 
M. intracellulare 27.1, 27.2, 27.40 
M. kansasii 27.2, 27.3, 27.35-27.36 
M. leprae 27.1, 27.2, 28.1-28.6, 97.27 
histology 28.3-28.4, 28.5 
immunology 28.4-28.5 
serology 28.6 
see also leprosy 
M. malmoense 27.3 
M. marinum 27.2, 27.5, 27.20, 27.32-27.35 
sporotrichoid distribution 4.10 
M. mucogenicum 27.2, 27.42, 27.43 
M. platypoecilus see M. marinum 
M. scrofulaceum 27.42-27.43 
M. simiae 27.3 
M. smegmatis 27.2, 27.32, 27.43-27.45 
M. szulgai 27.43 
M. tuberculosis 27.1, 27.2 
complex 27.5-27.24 
complex tuberculids 27.24-27.32 
erythemainduratum 97.26, 97.29 
HIV combination 31.22 
nucleic acid amplification tests 
27.8-27.9 
protective immunity 27.3-27.4 
M. ulcerans 27.36-27.40 
clinical features 27.38 
epidemiology 27.37 
investigations 27.38-27.39 
management 27.39-27.40 
pathophysiology 27.37-27.38 
M. wolinskyi 27.2, 27.32 
M. xenopi 27.3 
rapid growing species 27.2, 27.43-27.45 
slow growing species 27.2, 27.5-27.43 
see also tuberculosis of the skin 
mycophenolate, morphoea treatment 
55.37-55.38 
mycophenolate mofetil (MMF) 19.28-19.30 
atopic eczema treatment 41.29 
dermatological uses 19.28 
dose and regimen 19.30 
drug—drug interactions 
monitoring 19.30 
pemphigus treatment 50.8 
pharmacological properties 19.28-19.29 
potential adverse effects 19.29 
safety precautions 19.29 
systemic lupus erythematosus treatment 
51.38 
Mycoplasma pneumoniae associated mucositis 
(MPAM) 118.16 
Mycoplasma spp. 26.78-26.79 
M. genitalium 30.23-30.25 
clinical features 30.24-30.25 
epidemiology 30.24 
investigations 30.25 
management 30.25 
pathophysiology 30.24 
M. pneumoniae, in SJS/TEN 118.20 
Stevens—Johnson syndrome 
118.15-118.16 
mycoses (fungal infections) 32.1-32.95 
fungal biology and reproduction 
32.2-32.5 
morphology of fungi 32.3 
nomenclature 32.5-32.6 
pinna infection 106.21 
subcutaneous 32.69-32.80 
superficial 32.6-32.69 
systemic 32.80-32.94 
mycosis fungoides 
discoid skin lesions 39.10 
extracorporeal photochemotherapy 21.7 
male genitalia 109.42 
oral involvement 108.72 
phototherapy indications 
radiotherapy 24.15-24.16 
UVA-1 phototherapy 21.7 
mycosis fungoides (MF) 139.2-139.25 
clinical features 139.8-139.12 
clinical variants /related conditions 
139.9, 139.14-139.19 


19.29 


21.4 


epidemiology 139.3 
investigations 139.12-139.14 
management 139.20-139.25 
molecular features 139.19-139.20 
parapsoriasis relationship 134.6 
pathophysiology 139.3-139.8 
predisposing factors 139.3-139.4 
prognosis 139.10-139.12, 139.13-139.14, 
139.13 
relationship to other lymphomas 139.1 
relationship to Sézary syndrome 139.2, 
139.19-139.20 
staging/classification 139.6, 139.7, 139.8, 
139.9-139.10 
T-cell receptor gene analysis 139.6-139.8 
typical 139.2-139.14 
mycotic otitis externa see otomycosis 
myelodysplasia 
oralinvolvement 108.72, 149.8 
VEXAS syndrome 45.19, 149.6, 149.7 
myeloid disorders, leukaemia cutis 
149.2-149.5 
myeloid lineage cells 9.4-9.5 
myeloid malignancies, skin manifestations of 
paraneoplastic syndromes 
149.5-149.8 
myeloid sarcoma (granulocytic sarcoma) 
infiltration of skin with malignant 
granulocyte precursor cells 149.2 
oralinvolvement 108.70 
see also leukaemia cutis 
myeloma, oral involvement 108.72 
myeloproliferative disorders, associated skin 
conditions 148.2 
myelosuppression/myelotoxicity 
antimalarials 19.5 
azathioprine 19.9, 19.10 
hydroxycarbamide 19.21, 19.22 
methotrexate 19.26 
Myerson naevus 131.28-131.29, 131.30 
MYH9-USP6 fusion gene, nodular fasciitis 
136.5 
myiasis, insect larvae 34.7, 34.9-34.13 
myoepithelial cells, eccrine glands 92.2 
myoepithelial tumours —137.32-137.33 
myofibroblasts 2.40 
microscopic examination of 3.37 
palmar fascial fibromatosis 94.34 
wound healing 11.7 
myofibroma (adult) 136.39-136.40 
myofibromatosis (infantile) 94.41-94.42, 
136.39-136.40 
myopathic Ehlers—Danlos syndrome (mEDS) 
70.7, 70.10 
myopericytoma 136.40-136.41 
myositis-specific antibodies (MSAs), 
dermatomyositis 52.2, 52.5, 52.6, 
52.11 
MYTIL deficiency 72.6 
myxoedema 
palmoplantar keratodermas with 
63.72-63.73 
in thyroid diseases 57.11-57.14 
myxofibrosarcoma 136.18 
myxoid degeneration 3.40 
myxoid liposarcoma, pleomorphic 
liposarcoma 136.59 
myxoid malignant fibrous histiocytoma see 
myxofibrosarcoma 
myxoid tumours, dermal nerve sheath 
myxoma 136.47-136.48 
myxoinflammatory fibroblastic sarcoma 
136.17 
myxoma, mouth 108.14 
Myxoma syndrome (Carney complex) 72.7, 
78.13, 108.16, 131.3, 131.4, 148.11, 
151.3-151.4 
MZL see marginal zone lymphoma 


N 

NAC see N-acetylcysteine 
N-acetylcysteine (NAC) 63.42-63.43 
N-acetyltransferases (NATs) 127.10 
NADCs see non-AIDS-defining cancers 
NAE see necrolytic acral erythema 


Naegeli—Franceschetti-Jadassohn syndrome 
68.12 
naevi 

acneform naevi 88.31 

Becker naevus 73.18 

blue naevus 3.44, 73.15, 73.16, 131.17, 
131.38-131.40 

cancer phobias 84.26 

classification 73.1-73.2 

common dermoscopic patterns 
145.3, 145.4-145.6 

congenital epidermal naevi 
73.3-73.8 

congenital naevi 73.8-73.16 

dermoscopy, benign patterns 145.1-145.7 

dynamic analysis for melanoma diagnosis 
142.9 

epidermal 4.9 

fat naevus 73.2, 73.16-73.18 

genetic classification 73.2 

hair follicles 137.7-137.8 

histological classification 73.2 

inheritance of naevus mutations 73.3 

intradermal, dermoscopic patterns 145.6 

intra-individual comparative analysis, 
melanoma diagnosis 142.9 

linear epidermal naevus, oral lesions 
108.30 

linear naevus syndrome (naevus 
sebaceous of Jadassohn), oral 
lesions 108.29-108.30 

melanoma precursors 142.2-142.3 

melanoma presentation 142.10 


145.2, 


73.2, 


muscle ‘naevi’ 73.2 
naevus phenotypes 73.1 
pigment cell naevi 73.2 


prophylactic surgical excision to prevent 
melanoma not recommended 
142.3 
reticular pattern naevi 
145.6 
Spitz naevi 73.15, 145.5, 145.6-145.7 
terminology 73.2 
white sponge naevus, oral lesions 108.31 
see also melanocytic naevi; naevus-like 
entities 
naevoid basal cell carcinoma syndrome 
(NBCCS/Gorlin syndrome) 22.2, 
22.7, 78.12, 140.3-140.4, 
140.18-140.20, 148.7 
clinical features 140.18-140.20 
diagnostic criteria 140.19, 140.20 
epidemiology 140.18 
genetics 140.3-140.4, 140.18 
management 140.20 
oralinvolvement 108.86 
naevoid congenital hypertrichosis 
87.85-87.86 
naevoid hyperkeratosis 63.79 
‘naevoid melanoma’, use of term 142.19 
naevus acneiformis unilateralis see comedo 
naevus 
naevus comedonicus 73.7, 88.31, 88.32, 
137.5 
naevus depigmentosus 86.38 
naevus flammeus 101.10 
naevus folliculoris keratosus see comedo 
naevus 
naevus of Ito 68.9-68.10, 131.14-131.15 
naevus-like entities 73.2, 73.21-73.23 
naevus lipomatosus 98.25 
naevus of Ota 131.12-131.14 
eyelid 107.46 
laser therapies 23.16, 23.17 
naevus phenotype (number and features of 
naevi), melanoma risk 142.3-142.4 
naevus sebaceous (organoid naevus) 73.5, 
73.6, 73.7, 73.8, 87.30, 88.32, 105.11, 
106.33, 137.19-137.20 
naevus spilus (speckled lentiginous naevus) 


145.2, 145.3, 145.4, 


4.8, 23.16, 73.15-73.16, 131.15-131.17 


naevus zoniforme see comedo naevus 

NAFR see non-ablative fractional resurfacing 
Nagashima PPK 63.54 

Nager syndrome 106.7 


NAI see non-accidental injury 
NAIAD see NLRP1-associated 
autoinflammation with arthritis 
and dyskeratosis 
Nail Assessment in Psoriasis and Psoriatic 
Arthritis (NAPPA) 16.3 
nail bed epithelium 2.11, 119.7 
nail biting (onychophagia) 84.25 
nail changes 
chemotherapy-induced 119.6-119.8 
COVID-19 25.113 
during pregnancy 113.1, 113.2 
HIV 31.33-31.34 
liver disease 153.9 
selenosis 121.7 
nail disease, alopecia areata 87.23, 87.25, 
87.28 
nail dysplasia 67.15 
nail-patella syndrome 67.15 
with triangular lunula 67.15, 67.16 
nail dystrophy 
dyskeratosis congenita 67.13, 67.14 
epidermolysis bullosa 69.11, 69.13, 69.15, 
69.16 
gold toxicity 121.4 
melanoma 145.13 
pachyonychia congenita 63.51, 67.11 
peeling skin syndromes 69.20 
pigmentation disorders 68.12 
primary systemic amyloidosis 56.13 
nail fold, mixed connective tissue disease 
53.2 
nail fold capillaroscopy 54.16 
nail fold infection, candidiasis 32.65-32.66 
nail fold necrosis, systemic lupus 
erythematosus 51.25 
nail growth, genetic defects of 67.1-67.17 
nail matrix epithelium 119.7 
nail-patella-like renal disease 67.15, 
154.1-154.2 
nail—patella syndrome (NPS) 
154.1-154.2 
nail picking (onychotillomania) 
nail plate fungal infections see 
onychomycosis 
Nail Psoriasis Severity Index (NAPSI) 16.3 
nails 2.10-2.11 
acrodermatitis continua of Hallopeau 
35.40 
allergic reactions 127.13, 127.15, 127.21, 
127.47, 127.48, 127.49, 127.61-127.62 
anatomy and structure 2.11 
atopiceczema 41.18 
basal keratinocyte layers 2.11 
blue nail discoloration due to antimalarial 
therapy 51.25 
chloroquine pigmentation, systemic lupus 
erythematosus 51.23 
clubbing, internal malignancy links 
148.18 
dermatomyositis 52.5, 52.9 
embryonic development 2.5 
factitious nail disease 84.33 
genetic defects of 67.1-67.17 
hyperpigmentation, vitamin B12 
deficiency 61.20 
inherited immunodeficiency 80.4—-80.6 
iron deficiency 61.24 
lichen planus —37.11-37.12 
lichen striatus 37.18 
melanoma 142.10-142.11, 142.15, 145.12, 
145.13 
metal poisoning signs 121.1 
mixed connective tissue disease 53.2 
nailbed 2.11, 119.7 
nail matrix 2.11, 119.7 
pigmentation effects of renal failure and 
dialysis 154.3 
pitting, psoriatic 35.12 
pityriasis rubra pilaris 36.3 
psoriasis vulgaris 35.10-35.11, 35,12 
psoriatic subungual hyperkeratosis with 
distal onycholysis 35.12 
rheumatoid arthritis 53.7 
role of 2.43 


67.15-67.16, 


84.25 


salmon patches (‘oil drops’), psoriasis 
vulgaris 35.12 
sarcoidosis 96.13 
selenium excess 61.30 
subungual hyperkeratosis and splinter 
haemorrhages 36.3 
syphilis 29.10 
systemic lupus erythematosus 51.23, 
51.25 
systemic sclerosis 54.16 
yellow-nail syndrome 103.21-103.22, 
152.6 
see also onychomycosis 
nail samples, superficial mycoses 
identification 32.7 
‘naked granuloma’ 96.2 
NAME (nevi, atrial myxoma, ephelides) see 
Carney complex 
Nannizia species (Microsporum) 32.19, 32.26 
nano-pulse stimulation (NPS) technology 
161.10 
NAPPA see Nail Assessment in Psoriasis and 
Psoriatic Arthritis 
nappy /diaper/napkin area 
dermatitis 40.5, 115.3, 128.5 
perianal candidiasis of infancy 32.65 
NAPSI see Nail Psoriasis Severity Index 
narcotic drugs, recreational use 120.1 
narrow-band UVB (NB-UVB/TL-01) 
phototherapy 
adverse effects/risks 21.11-21.13, 
21.15, 21.17 
combination therapy 21.10 
indications/efficacy 21.3-21.4, 21.5, 
21.7 
polymorphic light eruption 
126.7-126.8, 126.36 
principles 21.1, 21.2-21.3 
psoriasis treatment 35.22-35.23 
regimen 21.8 
nasal alar ulceration, trigeminal trophic 
syndrome 82.7, 82.8 
nasal glioma see glial heterotopic nodules 
nasal type extranodal NK/T-cell lymphoma 
139.36-139.37 
nasal vestibule 


carriage of Staphylococcus aureus 26.4, 
26.7-26.8 
microbiome 26.5 
naso-labial fold, dermal fillers 158.2 


nasopalpebral lipoma—coloboma syndrome 


nasopharyngeal carcinoma, Epstein-Barr 
virus association 25.49 
natal teeth, pachyonychia congenita 67.12 
National Cancer Registration and Analysis 
Service (NCRAS), basal cell 
carcinoma incidence 140.1 
national and international organisations, 
psychodermatology 84.2 
National Library of Medicine’s bibliographic 
database (MEDLINE) 17.7 
NATs see N-acetyltransferases 
natural gene therapy 8.8 
natural history of skin diseases 5.11-5.12 
natural killer (NK)/T cell extranodal 
lymphoma 139.36-139.37 
natural rubber latex (NRL) 
allergy testing 4.24, 129.7 
allergy to rubber gloves 39.14, 127.63 
contact urticaria 127.84-127.85 
genital contact dermatitis 109.13 
nausea, PUVA phototherapy adverse effects 
21.13 
Naxos syndrome 63.62-63.63, 69.7 
NBCCS see naevoid basal cell carcinoma 
syndrome 
NB-UVB see narrow-band UVB 


NCRAS see National Cancer Registration and 


Analysis Service 

Nd:YAG see erbium:yttrium-aluminium- 
garnet lasers 

near infrared lymphangiography (ICG 
lymphography), lymphatic system 
103.56-103.57 
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neat (insoluble) cutting oils 129.12 
Necator americanus, ancylostomiasis 
33.15-33.17 
neck 
ageing of skin 156.4-156.5 
allergic contact dermatitis of 127.14, 
127.16 
atopiceczema 41.18 
botulinum toxins, aesthetic uses of 159.6 
bullous lupus erythematosus 51.28 
‘dirty neck’, atopic 41.18 
dyskeratosis congenita 75.3 
folliculitis keloidalis 88.37, 93.3 
granuloma annulare 95.2 
infantile haemangioma 116.3 
Kaposiform haemangioendothelioma 
116.9 
lymph nodes and lymphatic drainage 
basins 106.28 
morphoea 55.23-55.24 
oedema 103.46-103.49 
perforating granuloma annulare 95.7 
plane xanthomatosis 60.5 
progressive hemifacial atrophy 55.25 
reticulate pigmentation, atopic eczema 
41.18 
systemic lupus erythematosus 51.23 
white fibrous papulosis of 94.39-94.40 
necrobiosis 3.42 
necrobiosis-lipoidica-like lesions 96.13 
necrobiosis lipoidica (NLD) 95.8-95.13, 
97.11-97.12, 97.15 
associated diseases 95.9 
atrophy 95.11, 95.13 
atypical facial necrobiosis 95.12 
clinical features 95.11 
diabetic patients 62.5, 62.6, 95.12 
differential diagnosis 95.11-95.12 
epidemiology 95.9 
incidence and prevalence 95.9 
management 95.12-95.13 
necrobiotic inflammation 95.10 
pathology 95.10, 95.11 
pathophysiology 95.9-95.10 
rheumatoid nodule differentiation 
97.16-97.17 
telangiectasia 95.11 
treatment ladder 95.13 
necrobiotic palisading granulomas 
95.2-95.3 
necrobiotic xanthogranuloma (NXG) 
97.17-97.18, 135.24-135.25, 149.11 
necrolysis 3.42 
necrolytic acral erythema (NAE), hepatitis C 
25.76, 153.5 
necrolytic migratory erythema (NME) 
47.12-47.16, 110.44-110.45, 153.6 
clinical features 47.13-47.14 
clinical variants 47.15 
dermatoendocrinology 
150.14, 150.19 
disease course and prognosis 
epidemiology 47.13 
histology 47.13 
investigations 47.14, 47.16 
pathology 47.13 
presentation 47.14 
treatment for 47.16 
necrosis 3.42 
chemical peels 160.4 
diabetic foot with neurotrophic ulceration 
and necrosis (‘mal perforans’) 62.2 
drug-induced 120.7 
penis 109.22-109.24 
necrotic adipocytes 97.7-97.8 
alpha-1 antitrypsin 97.44 
cold panniculitis 97.36 
fat necrosis 97.55 
necrotic keratinocytes, acute generalised 
exanthematous pustulosis 118.2 
necrotising fasciitis 26.77, 26.78, 111.15, 
130.7 
eyelid 107.39 
neonates 114.26 
necrotising granulomatous lesions 


150.10, 150.12, 


47.16 


80.10 


necrotising infundibular crystalline 
folliculitis 63.76 
necrotising lymphocytic folliculitis, scalp 
margin 91.12-91.13, 93.4-93.5 
necrotising otitis externa 106.19 
necrotising sarcoid granulomatosis, 
respiratory involvement 152.6 
necrotising sialometaplasia, oral ulceration 
108.42 
necrotising soft-tissue infections, perineal 
and perianal skin 111.15 
necrotising subcutaneous infections 
26.77-26.78 
needle biopsy 3.4 
needle injection, dermal fillers 158.1-158.2, 
158.3, 158.4 
needs assessments 
access to dermatological health services 
5.12 
global health dermatology 7.12-7.13 
NEFAs see non-esterified fatty acids 
negative network dermoscopy patterns 
melanomas 145.7, 145.8 
naevi 145.6 
Neglected Tropical Disease 
Non-Governmental Organisation 
Network (NNN) 7.6 
neglected tropical diseases (NTDs) 
7.7 
training guide for frontline health workers 
7.11-7.12 
NEH see neutrophilic eccrine hidradenitis 
Neisser, Albert 1.6, 1.8 
Neisseria gonorrhoeae 30.1-30.2, 30.8 
Neisseria meningitidis 26.49-26.50 
Nékam disease 37.10-37.11, 37.16 
Nelson syndrome 86.7, 86.18, 86.19 
Nematocera 34.6-34.7 
nematocysts, stings 130.1-130.2 
nematodes 
infection with human nematodes 
33.1-33.18 
infection with other animal nematodes 
33.18-33.26 
NEMO, pigmentation disorders 68.10 
neoadjuvant systemic treatment, melanoma 
144.6 
neoangiogenesis 101.1 
neomycin 
patch testing 127.47 
topical therapies 18.11 
neonatal acne 88.68-88.74 
neonatal candidiasis 114.28 
neonatal candidiasis see congenital 
candidiasis 
neonatal cold panniculitis 97.36-97.37 
neonatal erythroderma 63.40 
neonatal herpes, primary HSV infection in 
mother 25.27 
neonatal ichthyosis-sclerosing cholangitis 
(NISCH) 63.41 
neonatal lupus erythematosus (NLE) 
51.39-51.42 
associated diseases 51.39 
cardiac involvement 151.4 
cardiac problems 51.41 
clinical features 51.40-51.41 
disease course and prognosis 51.41 
environmental factors 51.40 
genetics 51.39-51.40 
haematological and hepatic problems 
51.41 
pathophysiology 51.39 
pregnancy 51.41-51.42 
in pregnancy 113.7-113.8 
‘racoon’ eyelid lesions 51.40 
neonatal onset of pancytopenia, 
autoinflammation, rash and 
episodes of hemophagocytic 
lymphohistiosis syndrome 
45.18-45.19 
neonatal progeria syndrome 77.2 
neonatal progeroid syndrome 70.30-70.31 
neonates 114.1-114.30 
acute pseudomembranous candidiasis 
108.31 
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ADAM17 deficiency 45.16 

adnexal polyp 114.19 

alopecia 114.4 

anetoderma of prematurity 114.9-114.10 

antenatal procedures, complications 
arising from 114.10 

atrophic lesions of 114.11 

bacterial infections 114.24-114.28 

‘blueberry muffin’ baby 114.21 

breast abscesses 114.25 

bullous impetigo 114.24 

cervico-facial oedema 71.28 

cleansing and moisturising of skin 114.2 

cold injury 114.15, 114.18 

cold panniculitis 114.14 

collodion baby 63.8, 63.12-63.13, 
63.43-63.44, 114.19-114.21 

congenital cytomegalovirus infection 
25.41 

congenital erosive and vesicular 
dermatosis 114.9 

congenital heart block 51.39-51.42 

congenital rubella 114.23 

congenital syphilis 114.27-114.28 

congenital tuberculosis 114.28 

cutis marmorata 114.3 

desquamation 114.3-114.4 

eccrine sweating 114.3 

ecthyma gangrenosum 114.27 

epidermolysis bullosa 69.23-69.25 

Epstein pearls 114.4 

erosions in, differential diagnosis 114.24 

erythema neonatorum 114.3 

fetal varicella syndrome 114.23 

fungal infections 114.28-114.29 

gonococcal ophthalmia neonatorum 30.3, 
30.4 

gonorrhoea 30.3, 30.4, 30.5 

harlequin colour change 114.3 

herpes simplex virus infection 25.21, 
25.27, 114.22 

human immunodeficiency virus infection 
114.24 

hyperpigmentary disorders 114.4 

hypoxia 114.3 

infantile acropustulosis 

infections 114.22-114.29 

lentiginosis profusa 131.3 

listeriosis 26.46, 114.26-114.27 

lupus erythematosus 51.39-51.42, 
114.12-114.14 

Malassezia pustulosis 114.28-114.29 

mastitis 114.25 

maternal autoantibodies, transplacental 
transfer of 114.11-114.12 

maternal malignant disease, transplacental 
transfer of 114.14 

maternal milk, transfer of toxic substances 
in 114.14 

medallion-like dermal dendrocyte 
hamartoma 114.11 

medical procedures, complications arising 
from 114.10 

Michelin tyre baby syndrome 70.19, 73.17 

microbial ecology of the skin 26.4, 26.5, 
26.7 

milia 114.4 

miliaria  114.6-114.7 

‘miniature puberty’ 114.4 

necrotising fasciitis 114.26 

noma neonatorum (cancrum 
oris/oro-facial gangrene) 114.27 

nomenclature 114.1 

Noonan syndrome 71.28 

occipital alopecia 114.4 

omphalitis 114.26 

oral findings 114.4 

orbital cellulitis 114.26 

pemphigoid gestationis, transplacental 

14.12 

pemphigus vulgaris 114.12 

percutaneous absorption, toxicity risk 

14.2 

peripheral cyanosis (acrocyanosis) 

14.3 


114.8 


114.25 
114.11 


periporitis staphylogenes 
phytotherapy-induced rashes 
pityriasis rubra pilaris 36.4 
postmature neonates 114.4 
prematurity, complications of 
114.9-114.10 
preorbital cellulitis 114.26 
purpura fulminans 114.21-114.22, 114.27 
pustular eruptions 114.8 
raised linear bands of infancy 
114.18-114.19 
sclerema neonatorum 97.59-97.60, 
114.17-114.18 
sebaceous gland hypertrophy 114.4 
sebaceous gland secretion 114.3 
sepsis risk 114.2 
skin appearance 114.3-114.4 
skin barrier function 114.1-114.3 
skin blistering 69.24 
skin disorders 114.5-114.9, 114.18-114.22 
small-for-dates 114.4 
staphylococcal cold abscesses of the large 
folds 114.25 
staphylococcal scalded skin syndrome 
114.24-114.25 
subcutaneous fat disorders 114.14-114.18 
subcutaneous fat necrosis 114.15-114.17, 
114.18 
subcutaneous fat necrosis of 97.57-97.58 
succulent gums 114.4 
suction blisters 114.4 
sweat gland abscesses 
sweating 114.3 
terminology 114.1 
toxic erythema of the newborn 
114.5-114.6 
transepidermal water loss 114.2 
transient myeloproliferative disorder 
114.8 
transient pustular melanosis 114.7-114.8 
transplacental transfer / maternal 
milk-induced disorders 
114.11-114.14 
umbilical cord care 114.2-114.3 
vernix caseosa 114.3, 114.4 
viral infections 114.22-114.24 
vitamin K deficiency 61.13 
see also infants 
neoplasia 86.19-86.20 
acquired ichthyosis association 85.1 
cutaneous metastases from 
gastrointestinal tract 153.1 
gastrointestinal and skin manifestations 
153.7 
infiltration of skin with neoplastic cells 
from haematological malignancies 
149.2-149.5 
Merkel cell carcinoma 146.1-146.10 
musculoskeletal therapy relationship to 
skin cancer 155.15-155.16 
renal tumours related to hereditary 
syndromes 154.2 
rosacea 89.10 
skin manifestations of haematological 
neoplasms 149.1-149.15 
skin tumours in immunosuppressed renal 
allograft recipients 154.6 
umbilical metastases 153.1 
neoplastic process, epithelioid sarcoma 
97.15 
neoprene allergy 127.64 
Neoscytalidium species, superficial mycoses 
32.51-32.52 
nephritic factors, APL pathology 98.4 
nephrocalcinosis 97.58 
nephrogenic pruritus 81.8-81.9 
nephrogenic systemic fibrosis 54.20, 
94.43-94.45 
differences from scleromyxoedema 57.5 
renal dysfunction 154.5 
nephropathic cystinosis, flushing in children 
104.10 
nephropathy, autosomal recessive 
epidermolysis bullosa simplex with 
69.11 


114.25 


Index 57 


nephrotic syndrome 
junctional epidermolysis bullosa with 
69.15 
secondary dyslipidaemia and 60.12 
zinc deficiency associated with 61.26 
nephrotoxicity 
ciclosporin 19.11 
methotrexate 19.26 
NEPPK see non-epidermolytic palmoplantar 
keratoderma 
NER see nucleotide excision repair 
nerve damage, skin surgery 20.42 
nerve endings 
hair follicle 87.7 
hyperplasia 2.12 
nerve entrapment syndromes 83.6-83.8 
nerve sheath myxoma 136.47-136.48 
nervous system 
anatomical considerations for skin surgery 
20.2-20.4 
anatomy of head and neck 20.2-20.4 
anatomy of limbs 20.4 
autonomic 2.2-2.3, 83.4-83.5 
cutaneous innervation 83.2-83.4 
endocrine system relationship 150.2 
sensory innervation 83.2-83.4 
see also neurological disorders 
NESS see Nottingham Eczema Severity Score 
Netherton syndrome 63.26-63.28, 78.14, 
87.79, 87.80 
pruritus in 63.46 
skin cancer 147.2 
SPINK5 69.6 
target therapy 63.45 
network naevi see reticular pattern naevi 
neuralgia 
genitofemoral neuropathic pain/neuralgia 
83.7 
iliohypogastric neuropathic 
pain/neuralgia 83.7 
ilioinguinal neuropathic pain/neuralgia 
83.7 
post-herpetic neuralgia 108.66 
pudendal neuropathic pain/neuralgia 
83.7, 83.8 
trigeminal neuralgia 108.66-108.67 
neural tissue tumours /neuromas see 
peripheral neuroectodermal 
tumours 
neurocutaneous syndromes, ocular features 
107.42 
neurodermatitis 127.15 
neurodermatitis circumscripta see lichen 
simplex chronicus 
neuroendocrine markers, cutaneous 
neoplasms 3.23 
neuroendocrine stress response in skin, 
brain-skin axis 150.8-150.9 
neuroendocrinology 
hair follicle 87.11-87.13 
(neuro-)endocrine contributions to 
cutaneous pathogenesis 
150.9-150.10 
skin and hair as research models 150.9 
neurofibromas 136.45-136.47 
cutaneous neurofibromas 78.3 
plexiform neurofibromas 78.3 
vulva 110.32 
neurofibromatoses 78.1-78.7 
mosaic neurofibromatosis type 1 
78.4-78.7 
RASopathies 78.7, 78.8, 78.9 
neurofibromatosis type 1 (NF1/von 
Recklinghausen disease) 
78.1-78.4, 78.9, 108.87, 148.9, 149.14 
clinical features 78.3 
diagnostic criteria 78.2 
investigations 78.4 
lung disease 152.5 
malignant tumours in 78.3-78.4 
management 78.4, 78.5-78.6 
Manchester checklist 78.4, 78.5-78.6 
neurological disease 78.3 
oralinvolvement 108.87 
pathophysiology 78.1-78.3 
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neurofibromatosis type 1 (NF1/von 
Recklinghausen disease) (continued) 
renal involvement 154.1 
skeletal abnormalities 78.3 
neurofibromatosis type 2 148.9 
neurofibromin, juvenile xanthogramuloma 
135.15 
neurofibrosarcoma see malignant peripheral 
nerve sheath tumour 
neurofilament, Merkel cell carcinoma 3.23 
neurogenic pathways, rosacea 89.3 
neuro-ichthyotic syndromes 63.30-63.39, 
63.31 
neurokinin 1 receptor (NK1R), pruritus 
81.4 
neurolabyrinthitis (eighth nerve deafness), 
congenital syphilis 29.26 
neurological abnormalities 
congenital melanocytic naevi 
73.12-73.13 
secondary syphilis 29.10, 29.12 
xeroderma pigmentosum 76.5 
neurological causes 
anhidrosis 92.11 
hyperhidrosis 92.11 
neurological complications 
varicella infection 25.30 
zoster infection 25.32, 25.33-25.34 
neurological disorders 83.1-83.25 
antibodies and targeted structures in skin 
biopsies 83.6 
autonomic nervous system 83.4-83.5 
brachioradial pruritus 83.6-83.7 
burning feet syndrome 83.10-83.11 
of childhood 83.2 
cold-induced vasodilation 83.5 
complex regional pain syndrome 
83.20-83.23 
cutaneous innervation 83.2-83.4 
diagnosis 83.5 
distal symmetrical polyneuropathy, causes 
83.9 
dysaesthesia 83.5-83.6, 83.7 
genetic neurocutaneous disorders 
83.1-83.6 
genitofemoral neuropathic pain/neuralgia 
83.7 
gustatory hyperhidrosis 83.24 
hereditary neuropathies 83.11-83.24 
hereditary sensory and autonomic 
neuropathies 83.12 
Horner syndrome 83.23-83.24 
iliohypogastric neuropathic 
pain/neuralgia 83.7 
ilioinguinal neuropathic pain/neuralgia 


mechanical injuries 122.1 

meralgia paraesthetica 83.7 

midface toddler excoriation syndrome due 
to pain insensitivity 83.12-83.13 

motor polyneuropathy 83.8 

nerve entrapment syndromes 83.6-83.8 

nervous system and the skin 83.1-83.6 

neuropathic pruritus 81.11-81.12 

neuropathic ulcer 83.13-83.19 

neurophysiological testing for skin 
innervation 83.5 

NF1-related tumours, secondary to 78.3 

notalgia paraesthetica 83.7 

oralinvolvement 108.83 

peripheral neuropathy 83.8-83.10 

pruritus 83.5-83.6 

pudendal neuropathic pain/neuralgia 
83.7, 83.8 

restless leg syndrome 83.10-83.11 

scalp pruritus 105.15 

sensory innervation 83.2-83.4 

sensory polyneuropathy 83.8 

skin biopsy 83.5, 83.6 

small fibre neuropathy 83.9 

spinal cord injury 83.19-83.20 

spinal dysraphism 83.17-83.19 

substance P immunoreactive nerve 
endings in the epidermis 83.3 

sympathetic nerve injury 83.20 


sympathetic skin response 83.5 
syringomyelia 83.16-83.17 
systemic lupus erythematosus 
51.31-51.32 
triple response of Lewis 83.5 
tuberous sclerosis complex 78.8-78.9 
neurological manifestations 
BSL association 98.15 
palmoplantar keratodermas 63.71 
neuromuscular blocking agents (NMBA) 
117.7 
neuromuscular hamartoma 136.42 
neuromuscular toxicity 
antimalarials 19.6 
glucocorticoids 19.19 
neuropathic changes, burning mouth 
syndrome 82.2 
neuropathic pain 123.10 
acute herpetic neuralgia 82.4 
IASP definition 82.5 
leprosy 28.16 
somatosensory system lesions/disease 
82.5-82.6 
trigeminal neuropathic pain syndrome 
82.5-82.7 
neuropathic ulcer 83.13-83.19 
Aircast Walker’s boot 83.16 
clinical features 83.13-83.14 
investigations 83.14 
management 83.14-83.16 
probing a neuropathic wound 83.15 
sensory loss assessment 83.15 
severity classification 83.14 
treatment ladder 83.16 
Wagner foot ulcer classification 83.14 
neuropathy, see also peripheral neuropathy 
neuropeptides 
pruritus 81.3, 81.4, 81.5, 81.8, 81.15, 81.20 
see also endothelin 1; substance P 
neuropeptides /neurotransmitters, hormone 
relationship 150.2-150.3 
neurosarcoidosis 96.5 
neurosyphilis 29.15-29.16, 29.21 
congenital 29.26 
neurothekeoma see cellular neurothekeoma; 
dermal nerve sheath myxoma 
neurotransmitter-affecting peptides, 
cosmeceutical use of 157.6 
neurotrophins, pruritus 81.3, 81.4 
neurovascular disorders 101.6-101.9 
neutral lipid storage disease with ichthyosis 
(NLSDI) 63.35-63.36 
neutral lipid storage disease with myopathy 
(NLSDM) 63.36 
neutropenia, haemophagocytic 
lymphohistiocytosis 135.12 
neutrophil adhesion defects, inherited 
immunodeficiency 80.15-80.16 
neutrophil differentiation defects, inherited 
immunodeficiency 80.15 
neutrophilic cicatricial alopecias 
87.48-87.50 
neutrophilic dermatoses 49.1-49.22 
amicrobial pustulosis of the skin folds 
49.20-49.21 
aseptic abscess syndrome 49.21 
bowel-associated dermatitis—arthritis 
syndrome 49.15-49.17 
internal malignancy association 
148.23-148.24 
involving respiratory system 152.5 
pyoderma gangrenosum 49.1-49.8 
pyodermatitis-pyostomatitis vegetans 
49.19-49.20 
subcorneal pustular dermatosis 
49.17-49.19 
see also Sweet syndrome 
neutrophilic dermatosis, rheumatoid 
arthritis 155.6, 155.8 
neutrophilic eccrine hidradenitis (NEH) 
92.14-92.15, 119.2, 149.7-149.8 
neutrophilic folliculitis 91.13 
neutrophilic genital ulceration, Behcet-like 
syndrome associated with trisomy 8 
myelodysplasia 149.8 


neutrophilic granulomatous dermatitis, in 
patient with rheumatoid arthritis 
53.7 
neutrophilic lobular panniculitis 
97.50-97.53 
neutrophils 2.32 
immune cells in homeostasis 9.4 
microscopic examination of 3.35 
wound healing 11.2-11.3 
neutrophil-macrophage colony-forming unit 
(NM-CFU) 135.1 
Neu-Laxova syndrome (NLS) 63.38 
nevoid basal cell carcinoma syndrome, 
basaloid follicular hamartoma 
137.13 
newborns see neonates 
Newton law, viscoelastic materials 
New-World cutaneous leishmaniasis 
33.45, 33.46, 33.49, 33.50-33.51 
next generation sequencing (NGS) 69.23 
NF1 see neurofibromatosis type 1 
NF-KB pathway-related primary 
immunodeficiencies 80.16 
NFTC see normophosphataemic familial 
tumoral calcinosis 
NGS see next generation sequencing 
niacinamide, topical depigmenting agents 
18.33 
niacin (vitamin B3) deficiency 61.15-61.17 
NICH see non-involuting congenital 
haemangioma 
nickel allergy 127.36-127.39 
dimethylglyoxime test 127.33, 127.34 
prevention strategies 127.2 
prognosis 127.23 
sites of 127.16 
social factors 127.4-127.5 
nicorandil ulceration, peristomal skin 
112.10, 112.12 
nicotinamide 88.57, 121.3 
nicotinamide-adenine dinucleotide (NAD), 
niacin deficiency 61.15, 61.16 
nicotinamide and nicotinic acid, topical 
therapies 18.41 
NICU see non-immune contact urticaria 
nidogens 2.25 
Niemann-Pick disease 79.5 
Nightcliff gardener’s disease see melioidosis 
Nijmegen breakage syndrome 80.4 
Nikolsky sign 118.14, 122.2-122.3 
nintedanib, systemic sclerosis treatment 
54.24 
NIPAL4 mutations 
congenital ichthyosiform erythroderma 
63.11, 63.12 
keratinopathic ichthyoses 63.14 
nipple 
adenoma 137.21-137.22 
‘guitar nipple’ 122.12 
hyperkeratosis of 63.79 
inverted, glycosylation disorders 
jogger’s nipples 122.16 
Paget disease 137.41 
NISCH see neonatal ichthyosis-sclerosing 
cholangitis 
nitrite and nitric oxide, topical therapies 
18.41 
‘nitritoid’ reaction, gold toxicity 121.4 
nivirapine, hypersensitivity reactions 14.6 
nivolumab, panniculitis induced by 97.53 
NKIR see neurokinin 1 receptor 
NK see natural killer 
NLD see necrobiosis lipoidica 
NLE see neonatal lupus erythematosus 
NLRC4-associated autoinflammatory disease 
(NLRC 4-AID) 45.5, 45.7, 45.16 
NLRP1-associated autoinflammation with 
arthritis and dyskeratosis (NAIAD) 
45.8, 45.18 
NLR SkinApp 7.12 
NLS see Neu-Laxova syndrome 
NLSDI see neutral lipid storage disease with 
ichthyosis 
NLSDM see neutral lipid storage disease 
with myopathy 


122.3 
33.44, 


79.10 
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NM see nodular melanoma 
NMBA see neuromuscular blocking agents 
NM-CFU see neutrophil-macrophage 
colony-forming unit 
NME see necrolytic migratory erythema 
N-methyl-3,4- 
methylenedioxymetamphetamine 
(MDMA) see ecstasy 
NMSC see non-melanoma skin cancer 
NNN see Neglected Tropical Disease 
Non-Governmental Organisation 
Network 
NNN Skin NTD CCG see Skin Related NTDs 
Cross Cutting Group 
NNTs see numbers needed to treat 
Nocardia spp., nocardiosis 26.86-26.87 
NOCARH see neonatal onset of 
pancytopenia, autoinflammation, 
rash and episodes of 
hemophagocytic lymphohistiosis 
syndrome 
nociceptive pain 123.10 
nodular actinic elastosis 94.3-94.4 
nodular basal cell carcinoma 140.3, 140.4, 
140.8, 140.11 
nodular fasciitis 94.43, 108.12, 136.5 
nodular or granulomatous candidiasis of the 
napkin area 32.65 
nodular histiocytosis 135.19 
nodular lesions, Langerhans cell histiocytosis 
135.6 
nodular lichen myxoedematosus 
nodular melanoma (NM) 
dermoscopic patterns 145.13, 145.14 
melanoma classification 142.7 
presentation 142.10, 142.12, 142.19 
nodular morphoea 55.15-55.16 
nodular prurigo see prurigo nodularis 
nodular sarcoidosis 96.7-96.8 
nodular (tubercular) syphilide 29.12-29.14 
nodular (tumefactive) primary localised 
cutaneous amyloidosis 56.3, 56.5, 
56.8 
nodular vasculitis 
asatuberculid 27.29, 27.31 
see also erythema induratum of Bazin 
nodular-cystic fat necrosis 97.55 
nodules 
hidradenitis suppurativa 90.6 
Merkel cell carcinoma 146.5, 146.6 
onchocerciasis 33.5 
sarcoidosis 96.8-96.9 
nodulocystic hidradenoma see hidradenoma 
noma neonatorum (cancrum oris/oro-facial 
gangrene) 114.27 
non-ablative fractional resurfacing (NAFR) 
161.2, 161.5 
non-ablative lasers, hidradenitis suppurativa 
treatment 90.11 
non-ablative resurfacing, laser therapy 
23.23-23.24 
non-accidental injury (NAI), infants 
115.14 
non-adherence to medical regimes 15.2 
non-AIDS-defining cancers (NADC), people 
living with HIV 147.2-147.3 
non-blanchable erythema 123.4, 123.5, 
123.8 
non-bullous impetigo 26.13, 26.14 
non-classical (atypical) epidermodysplasia 
verruciformis 25.66, 25.69 
non-draining lesions, Hurley stage II 
disease 90.9 
non-draining tunnel, hidradenitis 
suppurativa 90.4 
non-eczematous responses, allergens 
127.19-127.21 
non-epidermolytic palmoplantar 
keratoderma (NEPPK) 
63.53-63.56 
non-esterified fatty acids (NEFAs) 97.4 
non-follicular pustules, acute generalised 
exanthematous pustulosis 118.3 
non-formaldehyde-releasing preservatives 
127.52-127.53 


57.6, 57.7 


non-Hodgkin lymphoma (NHL) 
AIDS defining cancer 147.2 
immunocompromised patients 147.1, 
147.3 
infiltration of skin with neoplastic cells 
149.4 
oralinvolvement 108.71 
see also chronic lymphocytic leukaemia 
non-hyaluronic acid (non-HA) dermal fillers 
158.5-158.6, 158.11 
non-immune contact urticaria (NICU) 
127.83, 127.86, 128.8-128.9 
non-inflamed nodules, Hurley stage II 
disease 90.4 
non-inflamed phyma, treatment 89.14 
non-inflammatory disorders of 
subcutaneous fat 98.1-98.30 
non-involuting congenital haemangioma 
(NICH) 71.2 
non-Langerhans cell histiocytoses 
(non-LCHs) 135.14-135.21 
non-LSH lesions 135.6 
non-malignancy, generalised hypertrichosis 
association 87.86-87.87 
non-malignant tumours, infants 
116.1-116.11 
non-melanin pigmentation 86.47-86.54 
non-melanoma skin cancer (NMSC) 
arsenic exposure 121.3 
incidence of in Denmark/Slovakia 6.1 
PUVA phototherapy adverse effects 
21.14 
recurrence in 6.5 
rheumatoid patients 155.15 
non-scarring alopecia 87.28-87.35, 98.24 
non-segmental vitiligo 86.34, 86.38 
non-sexually acquired genital ulcers 
110.19-110.20 
non-sexually transmitted infections, male 
genitalia 109.26-109.28 
non-specific balanoposthitis 109.21-109.22 
non-specific cicatricial alopecia 87.51 
non-specific hyperreactivity, patch testing 
127.32 
non-steroidal anti-inflammatory drugs 
(NSAIDs) 
allergic contact dermatitis 127.45, 127.79 
cutaneous adverse effects 155.15 
frostbite 124.3 
photosensitivity 126.27, 126.29, 126.31 
urticaria 117.6 
non-syndromic autosomal recessive deafness 
63.63 
non-syndromic congenital ichthyoses 
63.7-63.13 
non-syndromic genodermatoses with nail 
anomalies 67.9 
non-syndromic ichthyoses 63.3, 63.20-63.22 
non-syndromic palmoplantar keratodermas 
63.50-63.62 
non-syphilitic bacterial sexually transmitted 
diseases 30.1-30.26 
non-syphilitic spirochaetal ulcerative 
balanoposthitis 109.27 
non-tuberculous mycobacteria (NTM) 
27.2, 27.3, 27.32-27.45 
classification 27.32 
disseminated disease 27.32-27.36, 27.38, 
27.40-27.45 
disseminated tuberculous disease 27.32, 
27.33, 27.34, 27.35-27.36, 27.38, 
27.40, 27.42, 27.43, 27.44, 27.45 
infection diagnosis 27.5 
Noonan with multiple lentigines syndrome 
(LEOPARD syndrome) 131.3, 
151.3 
Noonan syndrome 78.9, 103.21, 106.7 
granular cell tumours 136.49 
neonates 71.28 
oralinvolvement 108.86 
noradrenergic and specific serotonergic 
antidepressants (NaSSAs) 84.43, 
84.45 
norepinephrine reuptake inhibitors (SNRIs) 
84.43 


27.1, 


normocomplementaemic urticarial vasculitis 
(NUV) 44.1, 44.3, 44.4, 44.5 
normolipaemic plane xanthoma 97.18 
normolipaemic xanthoma, paraprotein 
activity 149.11 
normophosphataemic familial tumoral 
calcinosis (NFTC) 79.17 
North American blastomycosis 32.84, 32.86 
Norwegian scabies 39.34, 63.72 
nose 
fibrous papules 136.2-136.3 
granuloma faciale 100.12 
inflammatory chondopathy effects 
155.12 
primary localised cutaneous amyloidosis 
56.8 
radiotherapy for skin cancer 
24.20 
see also nasal entries; olfactory entries 
nosological relationship, to rosacea 
89.15-89.17 
nosology 8.2-8.5 
notalgia paraesthetica 83.7 
pruritus 81.12 
notch signalling, hidradenitis suppurativa 
genetics 90.3 
Nottingham Eczema Severity Score (NESS) 
16.4 
NPS see nail—-patella syndrome; nano-pulse 
stimulation technology 
NRL see natural rubber latex 
NRS-11 see Numeric Rating Scale 
NRITI see nucleoside reverse transcriptase 
inhibitor 
NSAIDs see non-steroidal anti-inflammatory 
drugs 
NSDHL mutations, CHILD syndrome 
63.23-63.24 
NTDs see neglected tropical diseases 
NTM see non-tuberculous mycobacteria 
nuchal-type fibroma 136.12 
nuclear factor kappa-light-chain enhancer of 
activated B cells-autoinflammatory 
disease 45.16 
nuclear hormone receptors 
hair growth 87.10 
intracellular drug mechanisms 13.5 
nucleic acid amplification tests, 
Mycobacterium tuberculosis 
27.8-27.9 
nucleoside reverse transcriptase inhibitor 
(NRTI), HAART regimes 98.6-98.7 
nucleotide excision repair (NER) 10.5-10.6, 
76.2 
numb chin syndrome (mental neuropathy), 
internal malignancy association 
148.23 
numbers needed to treat (NNTs), evidence 
based medicine 17.11, 17.12 
Numeric Rating Scale (NRS-11), peak itch 
over past 24hours 16.3 
nummular dermatitis 39.7-39.9 
associated diseases 39.7 
causative organisms 39.8 
clinical features 39.8, 39.9 
differential diagnosis 39.8-39.9 
discoid skin lesions 39.10 
environmental factors 39.8 
epidemiology 39.7 
infected dermatitis 
investigations 39.9 
management 39.9 
treatment for 39.9 
nutrition 
acne 88.20—-88.24, 88.26 
epidermolysis bullosa 69.25 
hair disorders 87.93 
hypermetabolism treatment 
125.11-125.12 
ichthyoses 63.46 
lymphatic system 103.2 
pressure ulcer prevention 123.9-123.10 
SJS/TEN management 118.20 
see also diet; dietary management; mineral 
disorders; vitamins 


24.11-24.12, 


39.25 


nutritional anaemias, skin signs 149.15 
nutritional disorders 61.1-61.35 
essential fatty acid deficiency 61.31-61.34 
malnutrition 61.1-61.7 
assessment 61.2 
inchildren 61.2, 61.3, 61.4 
classification 61.2, 61.5-61.6 
clinical features 61.3-61.4 
complications and co-morbidities 
diagnosis 61.5 
disease course and prognosis 
epidemiology 61.2 
ethnicity role 61.2-61.3 
incidence and prevalence 61.2 
investigations 61.6 
predisposing factors 61.3 
protein-energy malnutrition 61.2, 61.3 
severity classification 61.5-61.6 
skin signs of nutritional disease 61.5 
ocular features 107.41 
see also mineral disorders; vitamins 
NUV see normocomplementaemic urticarial 
vasculitis 
NXG see necrobiotic xanthogranuloma 


61.6 


61.6 


O 
OA see ocular albinism 
OAS see oral allergy syndrome 
obesity 
acne association 88.23-88.24 
adiposis dolorosa/Dercum disease 
98.17-98.18, 98.28 
and atopiceczema 41.7 
BSL differential diagnosis 98.16 
cutaneous consequences 98.27—-98.28 
diabetes patients 62.3 
hereditary obesity 72.3-72.9 
hidradenitis suppurativa association 
90.2, 90.10 
lipoedema differential diagnosis 98.22, 
98.23 
monogenic obesity with cutaneous 
features 72.4, 72.7 
monogenic obesity without cutaneous 
features 72.3, 72.6 
Prader-Willi syndrome 72.6-72.9 
pro-opiomelanocortin and prohormone 
convertase deficiency 72.4-72.6 
psoriasis association 35.18 
secondary skin complications of primary 
obesity 72.4 
skin effects 98.27-98.28 
subcutaneous tissue 97.3 
visceral adipose tissue 97.5 
obesity-related lymphoedema 
103.38-103.39 
obesity-related striae 94.11 
objective measures, skin properties 16.5 
Objective Severity Assessment Atopic 
Dermatitis (OSAAD) 16.4 
obsessive-compulsive behaviour/disorder 
(OCD) 
acné excoriée 84.20-84.22 
body dysmorphic disorder 
hairloss 87.32 
lichen simplex chronicus 84.15 
nodular prurigo 84.15-84.18 
olfactory delusions 84.10 
psychodermatology 84.12 
skin picking disorder 84.19-84.20 
skin-related health anxieties 84.25-84.26 
trichotillomania/trichotillosis 
84.22-84.25, 87.14, 87.24, 87.32-87.34 
obstetric risk, pseudoxanthoma elasticum 
70.33-70.34 
obstetric trauma, perineal skin 111.7, 111.8 
OCA see oculocutaneous albinism 
occipital alopecia, neonates 114.4 
occipital horn syndrome 2.34, 79.16 
occipital scalp, hair transplantation 87.97 
occludins 2.20 
occlusive patch testing 127.32 
occupational acne 88.66-88.68 
chloracne-inducing chemicals 88.66, 
129.12 


84.12-84.15 


contaminated oil ingestion 88.68 
differential diagnosis 88.67, 88.68 
dioxin accidents 88.68 
occupational allergic contact dermatitis 
129.5-129.7 
methylisothiazolinone 127.53 
occupational argyria 86.52 
occupational dermatology 129.1-129.17 
workplace visits 129.3-129.4 
occupational dermatoses 127.12 
cement-induced 127.40 
classification 1.4 
data collection 127.3 
population studies 127.4 
occupational dyspigmentation 
129.13-129.14 
occupational factors, epidemiology 5.11 
occupational groups 
dermatoses occurring in 4.4 
history taking 4.4 
occupational irritant contact dermatitis 
128.2, 128.6, 129.1-129.5 
occupational leukoderma 86.45, 
129.13-129.14 
occupationally-induced skin tumours 
129.14-129.15 
occupational skin disease, work impact 
measures 16.12 
occupational skin protection programme 
128.7 
occupational vitiligo 86.46 
ochronosis 86.50-86.51 
Ockelbo disease see Sindbis virus 
OCP see oral contraceptive pill 
OCT see optical confocal tomography; 
optimum cutting temperature 
octopus stings 130.4 
2-n-Octy]-4-isothiazolin-3-one (OIT) 127.53, 
127.54 
ocular albinism (OA) 68.6 
ocular anomalies, infiltrating lipomatosis of 
the face association 98.21 
ocular complications of drug therapy 19.6, 
19.15-19.16, 19.19, 107.40-107.44 
ocular dermatoses see eye 
ocular disorders 
Adamantiades—Behcet disease 48.4, 48.6, 
48.8 
ophthalmic zoster 25.33, 25.34 
ophthalmological terms 107.5 
tuberous sclerosis complex 78.9 
ocular effects 
congenital syphilis 
extrapulmonary sarcoidosis 
long-term SJS/TEN 118.17 
palmoplantar keratodermas 63.70-63.71 
PUVA phototherapy adverse effects 
21.14-21.15 
UVB phototherapy adverse effects 
21.12-21.13 
ocular juvenile xanthogramuloma 135.17 
ocular larva migrans 33.21 
ocular melanoma 142.11-142.12 
ocular pemphigoid 50.26, 50.28 
ocular rosacea 89.1, 89.8, 107.8, 
107.11-107.12 
clinical signs of 107.10 
co-morbidities 89.10-89.11 
complications 89.10-89.11 
major features 89.6 
pathology 89.4 
treatment 89.13, 89.14, 89.15 
ocular rosacea-like cutaneous rosacea 89.11 
ocular signs, phrynoderma 85.15 
ocular surface disorders 
atopiceczema 41.20-41.21 
cancers, xeroderma pigmentosum 76.5 
systemic lupus erythematosus 51.32 
ocular syphilis 29.16, 107.39-107.40 
oculocerebral syndrome with 
hypopigmentation 68.9 
oculocutaneous albinism (OCA) 68.5-68.8, 
78.13 
oculocutaneous tyrosinaemia (tyrosinaemia 
type II) 63.70-63.71 


29.25, 29.28 
96.5 
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oculomucocutaneous syndromes 108.41 
oculotoxicity 
antimalarials 19.6, 107.43 
dapsone 19.15-19.16 
glucocorticoids 19.19 
odds ratios (ORs), number needed to treat 
derivation 17.11,17.12 
Odland bodies 85.17, 85.19 
odonto-onycho-dermal dysplasia 63.68 
ODSS see oral disease severity score 
OE see otitis externa 
oedema 
arm swelling 103.44-103.46 
chronic oedema 103.2, 103.3-103.5, 
109.19-109.21 
chronic venous insufficiency 101.43 
congestive heart failure 85.29 
constriction artefact 84.33 
drug induced oedema _ 103.12-103.13 
drug reaction with eosinophilia and 
systemicsymptoms 118.8 
erythropoietic protoporphyria 58.14 
eyelids 103.46 
facial oedema 103.46-103.49 
hand oedema 103.21 
head oedema _ 103.46-103.49 
intravenous drug administration 120.7 
kwashiorkor 61.4 
lips 103.46, 103.48 
lymphatic-related hydrops fetalis 103.23 
lymphovenous oedema 103.10-103.12 
neck oedema 103.46-103.49 
penis 109.19-109.21 
venouos oedema 103.10-103.12 
venous leg ulcer 102.5 
vulval 110.23-110.24 
see also angioedema without weals; 
lymphoedema 
oedema blisters 85.28-85.30 
oedematous appearing striae 94.12 
oesophageal atresia, flushing in children 
104.10 
oesophageal cancer, tylosis with 63.66, 
63.67, 78.13 
oesophageal involvement, epidermolysis 
bullosa 69.17-69.18, 69.25 
oesophagus, gastro-oesophageal reflux 
disease 108.74 
oesophagus tissue, monkey oesophagus 
substrate used in indirect 
immunofluorescence 3.12, 
3.13-3.14, 3.19 
oestrogens 
acne vulgaris treatment 88.50-88.51 
pigmentation effects 86.7, 86.25 
OFD1 see oro-facial-digital syndrome type 1 
OFG see orofacial granulomatosis 
Ofuji disease 91.3, 93.7 
OHIP see Oral Health Impact Profile 
oil hyperkeratoses 129.15 
oils, contaminated, occupational acne 88.68 
ointments, vehicle choice for topical 
therapies 18.2 
OIT see 2-n-Octy]-4-isothiazolin-3-one 
old age spot see solar lentigo 
older people see elderly people 
Old-World cutaneous leishmaniasis 
33.43-33.51 
olfactory delusions 84.10-84.11 
olfactory reference syndrome (ORS) 
84.10-84.11 
Olmsted syndrome (congenital palmoplantar 
and periorificial keratoderma with 
corneal epithelial dysplasia) 
63.69-63.70, 108.30 
OLP see oral lichen planus 
omalizumab 
mastocytosis treatment 46.10 
systemic therapy 19.39 
Omenn syndrome 80.4, 80.7-80.8 
omphalitis, neonates 114.26 
Onchocerca volvulus 33.1-33.6 
onchocerciasis (river blindness) 
94.13, 107.40 
ano-genital consequences 109.28 


33.1-33.6, 


clinical features 33.2-33.5 
epidemiology 33.2 
investigations 33.5-33.6 
management 33.6 
pathophysiology 33.2 
oncogenic viruses, skin cancer risks in 
immunocompromised people 
147.8-147.9 
oncolytic virus therapy, melanoma 
144.1-144.2 
Ontak see denileukin diftitox 
onycholysis 127.21 
onychomadesis 119.7 
onychomycosis 
caused by Candida species 32.66 
caused by dermatophytes 32.47-32.49 
caused by miscellaneous moulds 32.55 
caused by Neoscytalidium species 32.51 
caused by non-dermatophyte moulds 
32.52-32.55 
caused by Onychocola canadensis 
caused by Scopulariopsis species 
32.53-32.55 
chronic mucocutaneous candidiasis 32.69 
identification of causative organism 
32.53 
patterns 32.47-32.48 
superficial 32.47-32.48, 32.54-32.55 
onychophagia (nail biting) 84.25 
onychotillomania (nail picking) 84.25 
O’Nyong-Nyong fever, togavirus infections 
25.89-25.90 
Onzar see denileukin diftitox 
open tests, allergic contact dermatitis 
127.33, 127.86 
ophthalmic zoster 25.33, 25.34 
ophthalmological effects see eye; ocular 
effects 
ophthalmological terms 
opiates 
pruritus 81.3, 81.4-81.5, 117.3 
psychodermatology 120.2 
opportunistic bacteria on skin 26.2, 26.4, 
26.17, 26.51, 26.55, 26.86 
opportunistic mycobacteria see 
non-tuberculous mycobacteria 
opportunistic systemic mycoses 32.93 
optical coherence tomography 
basal cell carcinoma 140.10, 140.12 
epidermal thickness measurement 
optical confocal tomography (OCT) 
high-definition for basal cell carcinoma 
140.10, 140.12 
melanoma diagnosis 142.9 
optimism, adjusting to long-term health 
conditions 15.3 
optimum cutting temperature (OCT) 
compound, biopsy for DIF 
examination 3.12 
oral allergy syndrome (OAS) 42.13, 108.12, 
127.84 
oral cancer 108.43-108.50 
basal cell carcinoma of the lip 
108.43-108.44 
complications of cancer treatment 
108.48-108.50 
florid oral papillomatosis 108.45 
granular cell tumours 108.45 
keratocanthoma of the lip 108.44 
metastatic oral neoplasms 108.45 
squamous cell carcinoma of the lip 
108.44-108.45 
verrucous carcinoma 108.48 
oral candidiasis 108.20-108.22, 
108.31-108.32, 108.57, 108.71 
acute pseudomembranous candidiasis 
32.61, 108.31, 108.32 
chronic candidiasis 108.31-108.32 
chronic hyperplastic candidiasis (candidal 
leukoplakia) 108.34 
chronic mucocutaneous candidiasis 
32.68, 108.32 
HIV 31.6, 31.26, 31.34, 31.37 
oral lesions 108.20-108.22, 108.31-108.32, 
108.34, 108.57, 108.71 


32.55 


107.5 


16.5 


types of 108.57 
oral cavity 108.1-108.88 

abscesses 108.9 

acanthosis nigricans 108.67 

acquired lesions 108.31—108.35 

acrodermatitis enteropathica 108.20 

actinic cheilitis (solar cheilosis) 108.58 

actinic prurigo 108.58-108.59 

acute candidiasis 108.20 

acute necrotising (ulcerative) gingivitis 
and noma _ 108.54-108.55 

acute pseudomembranous candidiasis 
108.31, 108.32 

agranulocytosis 108.71 

allergic reactions in 127.18 

amalgam tattoos 108.15 

amyloidosis 108.69-108.70 

anatomical variants 108.7 

anatomy of 108.3-108.5 

angina bullosa haemorrhagica 108.20 

angioedema 108.10 

angular cheilitis 108.20, 108.59-108.60 

ankyloglossia 108.87 

aphthous-like ulcers 108.38-108.39 

aspergillosis 108.56-108.57 

bacterial infections 108.54—108.56 

basal cell carcinoma of the lip 
108.43-108.44 

Behcet syndrome 108.40-108.41 

betel staining 108.15, 108.17 

biology of 108.3-108.5 

black hairy tongue 108.16, 108.17 

blastomycoses 108.57 

blisters, causes of 108.36 

body art 108.15-108.16 

bone marrow transplantation, oral 
complications of 108.48 

brown tongue 108.16 

buccal fat-pad herniation 108.10 

buccal mucosa, examination of 108.7 

bullous pemphigoid 108.81 

burning mouth syndrome 108.64~108.65 

burns, oral lesions 108.31 

calibre-persistent artery, lip lesions 
108.63 

cancer treatment, complications of 
108.48-108.50 

Carney complex 108.16 

cervical lymph nodes, drainage areas of 
108.6 

‘chapping’ of the lips 108.60 

cheek biting 108.32 

cheilitis 108.60-108.63, 108.73 

chemical burns, oral lesions 108.31 

chickenpox (varicella) 108.51 

chikungunya 108.50 

chronic bullous dermatosis of childhood 
108.81 

cleft lip/palate 108.83-108.85 

Clouston syndrome 108.28 

coated tongue 108.16 

coeliac disease 108.72 

complex aphthosis 108.39-108.40 

congenital anomalies 108.87—108.88 

congenital lesions 108.28-108.31 

contact urticaria 42.13 

Cowden syndrome 108.85 

Crohn disease 108.72 

cryptococcosis 108.57 

cytomegalovirus infection 108.51 

Darier disease 108.28 

deficiency states 108.70 

De Lange syndrome 108.85 

dengue 108.50 

dental abscesses 108.9 

dentogingival junction, anatomy of 108.4 

denture-induced hyperplasia 108.10 

denture-induced stomatitis 32.62, 
108.20-108.21 

dermatitis herpetiformis 108.81 

dermatological diseases 108.74-108.80 

dermatomyositis 108.67-108.68 

dermoid cyst 108.12 

desquamative gingivitis 108.23 

diagram of 108.4 
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double lip 108.85 

Down syndrome 108.85 

drug-induced hyperpigmentation 108.17 

dyskeratosis congenita 108.29 

endocrine disorders 108.83 

enteroviruses 108.50 

epidermolysis bullosa 69.25, 108.23 

epidermolysis bullosa acquista 50.45, 
108.81 

epithelioid (bacillary) angiomatosis 
108.55 

Epstein-Barr virus infections 108.51 

erosions 108.36 

eruption cyst 108.10 

erythema multiforme 47.2, 47.5, 108.75 

erythematous candidiasis 108.20-108.22 

erythroplakia 108.23, 108.24 

erythropoietic protoporphyria 108.85 

examination of 108.5-108.8 

examinations 118.20 

extranodal NK/T-cell lymphoma, nasal 
type 108.70 

acial pain syndromes 108.64—108.67 

‘auces, examination of 108.7 

‘ibrosis of oral tissues 108.68 

‘issured tongue 108.87-108.88 

floor of mouth, examination of 108.7 

florid oral papillomatosis 108.45 

ocal epithelial hyperplasia 108.11 

‘ocal mucinosis 108.85-108.86 

‘ocal palmoplantar and oral 
hyperkeratosis syndrome 108.29 

oliate papillae, anatomy of 108.4 

Oliate papillitis 108.11 

Fordyce spots 108.29 

ungal infections 108.56-108.57, 108.56 

gamma heavy chain disease (Franklin 
disease) 108.70 

Gardner syndrome 108.86 

gastrointestinal diseases 108.72-108.74 

gastro-oesophageal reflux disease 108.74 

geographic tongue (benign migratory 
glossitis/erythema migrans) 
108.24 

geotrichosis 108.57 

giant cell arteritis 108.69 

gingiva (gums), anatomy of 108.4 

gingival lichen planus 108.77 

gingival recession, lip/tongue piercing 
108.16 

gingivitis 

acute necrotising (ulcerative) gingivitis 
andnoma_  108.54-108.55 
desquamative gingivitis 108.23, 108.82 

glomovenous malformations 108.25 

glossitis 108.22, 108.24—-108.25 

gonorrhoea 108.55 

Gorlin syndrome 108.86 

graft-versus-host disease 108.48-108.49, 
108.70 

granular cell tumours 108.45 

granulocytic sarcoma (myeloid sarcoma) 
108.70 

granulomatosis with polyangiitis 108.69 

granulomatous cheilitis 108.73 

haemangioma 108.25-108.26 

haematological diseases 108.69-108.72 

haematopoietic stem cell transplantation, 
complications of 108.48 

hairy leukoplakia 108.32-108.33, 108.34 

hand, foot and mouth disease 108.50 

hard tissue benign tumours 108.14 

heavy metal induced hyperpigmentation 
108.17 

hepatitis 108.74 

hereditary benign intraepithelial 
dyskeratosis 108.29 

hereditary haemorrhagic telangiectasia 
(Osler-Rendu—Weber syndrome) 
108.26 

herpangina 108.50 

herpes simplex gingivostomatitis 
108.51-108.53 

herpes simplex infections 25.20-25.24 

herpesviruses 6,7 and 8 108.53 


herpesviruses 108.50-108.54 
herpes zoster 108.53-108.54 
herpetiform ulceration 108.38, 108.39 
histoplasmosis 108.57 
HIV-associated candidiasis 
108.21-108.22 
HIV infection 108.17, 108.54 
hypereosinophilic syndrome 108.70 
hyperpigmentation 108.14—108.19 
causes of 108.15 
drug, food, habits and heavy metal 
induced 108.16-108.17 
hypoplasminogenaemia 108.70 
idiopathic thrombocytopenic purpura 
108.70 
IgG4 disease 108.67 
immune defects 108.25 
immunity in 108.5 
immunobullous disorders 
108.81 
impetigo 108.53 
infections of 25.20-25.24, 108.50-108.57 
inflammatory arthritides 108.68-108.69 
inflammatory lesions 108.20-108.25 
inherited patterned lentiginosis 108.17 
intraoral examination 108.6-108.7 
Jacob disease 108.86 
jaws, examination of 108.6 
Kaposi sarcoma 108.26 
keratitis, icthyosis and deafness syndrome 
108.29 
keratocanthoma of the lip 108.44 
keratoses 108.33 
Kindler syndrome 108.86 
Klippel-Trenaunay—Weber syndrome 
108.26 
Koplik spots 108.33 
Langerhans cell histiocytosis 
108.70-108.71 
Laugier-Hunziker syndrome 108.18 
leiomyoma 108.13 
leishmaniasis 108.57 
lentiginoses 108.17-108.18 
leprosy 108.55 
lesions 78.3 
lesions presentation 108.5 
lesions that may cause lumps or swellings 
inthe mouth 108.9 
leukaemias 108.71 
leukoedema 108.29, 108.30 
leukopenias 108.71 
leukoplakia 75.3, 108.33-108.35 
linear epidermal naevus 108.30 
linear IgA disease of adults 108.82 
linear IgA disease of children 108.81 
linear naevus syndrome (naevus 
sebaceous of Jadassohn) 
108.29-108.30 
lingual thyroid 108.11 
lingual tonsil 108.11 
lipoma 108.13 
lumps and swellings 108.8-108.14 
lesion types 108.9 
plant allergies 127.72 
lupus erythematosus, lip lesions 108.64 
lymphangioma 108.13 
lymph nodes, examination of 108.6 
lymphomas 108.71 
macroglossia 108.11—-108.12 
MAGIC syndrome 108.41, 155.11, 155.13 
malignant neoplasms —108.43-108.50 
median rhomboid glossitis 108.22 
melanocanthoma 108.18 
melanoma 108.18 
melanotic macule 108.18 
metastatic oral neoplasms 108.45 
microbiome 108.5 
mixed connective tissue disease 53.3 
mucocele 108.12 
mucoepithelial dysplasia 108.26-108.27 
mucormycosis 108.57 
mucosal immune system 108.5 
mucosal melanomas 142.11, 142.16 
mucosal melanosis 131.10 
mucositis (mucosal barrier injury) 
108.49-108.50 


108.80—-108.82, 


mucous membrane pemphigoid 50.27, 
108.82 

multicentric reticulohistiocytosis 
108.71-108.72 

multiple endocrine neoplasia type 2B 
108.13, 148.10 

multiple mucosal neuroma syndrome 
108.13-108.14 

mycosis fungoides 108.72 

myelodysplastic syndromes 

myeloma 108.72 

myxoma 108.14 

neurological diseases 108.83 

nodular fasciitis 108.12 

non-Hodgkin lymphoma 108.71 

Noonan syndrome 108.86 

Olmsted syndrome 108.30 

orocutaneous syndromes 108.83-108.87 

orofacial granulomatosis 103.48, 
108.72-108.74, 127.21 

osteoma mucosae 108.14 

pachyonychia congenita 108.30 

papillary hyperplasia 108.12 

papilloma 108.14 

paraproteinaemias 108.72 

pemphigoid (subepithelial immune 
bullous diseases) 108.81-108.82 

pemphigus 108.80-108.81 

perioral region, examination of 
108.5-108.8 

persistent idiopathic facial pain 
108.65-108.66 

Peutz-Jeghers syndrome 108.19 

pigmentary incontinence 108.19 

pigmented lesions 108.14-108.19 

causes of 108.15 
drug, food, habits and heavy metal 

induced 108.16-108.17 

plasma cell gingivitis 108.25 

polyarteritis nodosa 108.69 

post-herpetic neuralgia 108.66 

premalignant lesions 108.42-108.43 

presentation of oral lesions 108.5 

protozoal infestations 108.57 

pseudolymphoma 108.72 

psoriasis 108.35 

psychiatric disorders 

purpura 108.27 

pyodermatitis-pyostomatitis vegetans 
49.19 


108.72, 149.8 


108.83 


pyostomatitis vegetans 108.74 

reactive arthritis (Reiter’s syndrome) 
108.68 

reactive perforating collagenosis 

recurrent labial HSV infection 
108.52-108.53 

red lesions 108.19-108.28 

renal diseases 108.83 

thabdomyoma 108.14 

rheumatoid arthritis 108.68 

rheumatological diseases 108.67-108.69 

salivary glands 

anatomy of 108.4 
examination of 108.6 

sarcoidosis 108.64, 108.67 

scarring of oral tissues 108.68 

scleroderma 108.68—-108.69 

scrotal tongue 108.87 

sebaceous adenoma 108.30 

soft tissue benign tumours 108.12-108.14 

soft tissue swelling 108.9-108.12 

squamous cell carcinoma of the lip 
108.44-108.45 

Stevens-Johnson syndrome 108.61, 
108.79, 118.20 

stomatitis 25.97, 32.62-32.63, 
108.20-108.21, 108.52, 108.59-108.60 

strawberry tongue 108.25 

Sturge-Weber syndrome 108.27 

Sweet syndrome 108.41 

swelling 108.8-108.14, 108.9, 127.72 

syphilis 108.56 

systemic diseases, oral manifestations 
108.67-108.83 

systemic lupus erythematosus 51.29 


108.64 


systemic sclerosis 54.4 
tattoos 
amalgam tattoos 108.15 
body art 108.15-108.16 
teeth, anatomy of 108.4 
telangiectasia 108.27 
hereditary haemorrhagic telangiectasia 
(Osler—Rendu—Weber syndrome) 
108.26 
tongue 
anatomy of 108.4 
examination of 108.7 
trigeminal neuralgia 108.66—108.67 
trigeminal trophic syndrome 108.67 
tuberculosis 108.56 
tuberous sclerosis 108.87 
tylosis 108.30 
Van der Woude syndrome 108.87 
varicosities 108.27 
vascular lesions 108.25-108.28 
vascular proliferative lesions 108.27 
vasculitides 108.69 
velocardiofacial syndrome (22q11 deletion 
syndrome) 108.87 
venous lake 108.28 
venous mucocutaneous malformation 
108.28 
verruciform xanthoma 108.14 
verrucous carcinoma 108.48 
viral infections 25.20-25.24, 
108.50-108.54 
von Recklinghausen neurofibromatosis 
108.87 
Waldenstrém macroglobulinaemia 
108.72 
warty dyskeratoma (focal acantholytic 
dyskeratosis) 108.30-108.31 
white lesions 108.28-108.35 
white sponge naevus 108.31 
Wiskott-Aldrich syndrome 108.28 
xeroderma pigmentosum 108.87 
see also lip; palate; perioral area; teeth; 
tongue 
oral commissures, lips 108.3 
oral contraceptive pill (OCP), hair disorder 
treatment 87.89, 87.95, 87.96 
oral disease severity score (ODSS) 108.8 
oral drug administration 13.2, 13.3 
oral dysaesthesia see burning mouth 
syndrome 
oral epithelium, anatomy 108.3 
oral hairy leukoplakia, reactivated 
Epstein-Barr virus 25.37—25.38 
Oral Health Impact Profile (OHIP) 108.8 
oral isotretinoin management, sebaceous 
gland hyperplasia 93.13 
oral leukokeratoses, pachyonychia congenita 
67.12 
oral leukoplakia, dyskeratosis congenita 
67.14 
oral lichen planus (OLP) 37.3, 37.5-37.6, 
108.76-108.79 
atrophic and ulcerative OLP 108.77 
betel chewing 37.3 
bullous OLP 108.78 
clinical features 108.76-108.78 
dental amalgam 37.3 
desquamative gingivitis 108.77 
differential diagnoses 108.78-108.79 
management of 108.78 
papular or plaque OLP 108.77 
pathophysiology 108.76 
postinflammatory hyperpigmentation 
108.19 
reticular OLP 108.76 
topical therapies 108.79 
oral melanocytic naevi 108.19 
oral microbiome 108.5 
oral minoxidil 87.70, 87.73, 87.94 
oral mucosa 
acquired pigmentary disorders 86.24 
anatomy of 108.4 
oral mucosal lesions 96.13 
COVID-19 association 25.113 
tylosis with oesophageal cancer 63.67 


oral pain, trigeminal neuropathic pain 
syndrome 82.5-82.7 
oral pyogenic granuloma 113.3 
oral scarring, long-term SJS/TEN 118.17 
oral squamous cell carcinoma (OSCC) 
108.45-108.48 
classification of severity 108.47 
disease course and prognosis 108.47 
epidemiology 108.45-108.46 
features suggestive of 108.47 
grades of carcinoma 108.47 
history 108.46 
investigations 108.47-108.48 
management 108.48 
potentially malignant disorders 108.47 
predisposing factors 108.46 
presentation 108.47 
TNM (tumour, node, metastases) 
classification 108.47, 108.48 
oral submucous fibrosis 108.42-108.43 
oral therapy see systemic therapy 
oral thrush see acute candidiasis 
oral ulcers 108.36-108.42 
Adamantiades—Behcet disease 48.2, 48.5, 
48.8 
agranulocytosis 108.71 
aphthous-like ulceration 108.71 
aphthous-like ulcers 108.38-108.39, 
108.71 
aspergillosis 108.56-108.57 
Behcet-like syndrome associated with 
trisomy 8 myelodysplasia 149.8 
Behcet syndrome 108.40-108.41 
causes of 108.36 
chronic ulcerative stomatitis 108.79 
complex aphthosis 108.39-108.40 
cryptococcosis 108.57 
drug-induced ulcers 108.41 
gingival ulceration 108.55 
immune defects 108.25 
leukaemias 108.71 
leukopenias 108.71 
MAGIC syndrome 108.41, 155.11, 155.13 
mucormycosis 108.57 
necrotising sialometaplasia 108.42 
oral lichen planus 108.77 
recurrent aphthous stomatitis 
108.37-108.38 
recurrent (episodic) ulceration 
108.37-108.42 
single episode of ulceration 
108.36-108.37 
superficial mucocoeles 
Sweet syndrome 108.41 
systemic disease association 
108.41-108.42 
tongue 108.52 
traumatic ulcerative granuloma with 
stromal eosinophilia 108.37 
treatment 48.8 
ulcerative colitis 108.74 
ulcers of local aetiology 108.36-108.37 
orange peel appearance (peau d’orange), 
infiltrative carcinoma skin 148.2, 
148.3 
ORAS see otulin-related autoinflammatory 
syndrome 
orbital cellulitis, neonates 
orcein—Giemsa stain 3.8 
Orf-induced pemphigoid 50.54, 50.55 
orf virus (ORFV) 25.13-25.14 
organoid naevus (naevus sebaceous) 73.5, 
73.6, 73.7, 73.8, 87.30, 88.32, 105.11, 
106.33, 137.19-137.20 
organ transplant recipients (OTRs) 
keratinocyte cancer risk factors 
melanoma 147.13-147.14 
pigmentation gene effects on skin cancer 
risks 147.4 
predisposition to cutaneous squamous cell 
carcinoma 141.3, 141.27, 141.29 
skin cancer 
management protocols 
radiotherapy 24.15 
risks 147.3-147.5 


108.42 


114.26 


147.10 


147.22, 147.23 


orificial tuberculosis 27.16-27.17 
orocutaneous syndromes 108.83-108.87 
oro-facial and cutaneous herpes, recurrent 
25.22-25.24 
orofacial granulomatosis (OFG) 103.48, 
108.72-108.74, 127.21 
oro-facial—digital syndrome type 1 (OFD1), 
abnormalities and renal 
involvement 154.2 
orofaciodigital syndrome 106.7 
oro-genital ulceration, MAGIC syndrome 
108.41, 155.11, 155.13 
oro-pharyngeal abnormalities, HIV 31.26, 
31.3435, 31.36 
oro-pharyngeal mucocutaneous Candida 
infection, gain-of-function STAT1 
mutation 80.17 
oropyrosis see burning mouth syndrome 
Oroya fever, Bartonella bacilliformis 
26.65-26.66 
‘orphan’ status of drugs, clinical 
pharmacology 13.13 
ORs see odds ratios 
ORS see outer root sheath 
orthopoxviruses 25.6-25.13, 25.6 
see also mpox; smallpox 
Orthoptera (locusts) 34.32 
OSAAD see Objective Severity Assessment 
Atopic Dermatitis 
OSCC see oral squamous cell carcinoma 
Osler-Rendu—Weber syndrome see 
hereditary haemorrhagic 
telangiectasia 
osteoarthritis 155.8 
osteogenesis imperfecta 70.12-70.14 
clinical variants 70.13 
differential diagnosis 70.13-70.14 
management 70.14 
osteoma cutis 88.41 
osteoma mucosae, oral mucosa 108.14 
osteoporosis 
erythropoietic protoporphyria 58.16 
systemic lupus erythematosus 51.30 
ostraceous psoriasis 35.14 
Ota, naevus of 23.16, 23.17, 107.46, 
131.12-131.14 
otic syphilis 29.16 
otitis externa (OE) 106.15-106.19 
acute diffuse OE 106.16-106.17, 106.18 
acute localised OE 106.19 
acuteOE 106.15 
causative organisms 106.16 
chronic OE 106.16, 106.17, 106.18-106.19 
clinical features 106.16-106.17 
complications and co-morbidities 
106.17-106.18 
investigations for 106.18 
necrotising OE 106.19 
pathophysiology 106.16 
otomycosis 32.17-32.18, 106.20-106.21 
otophyma, ear dermatoses 106.23 
OTRs see organ transplant recipients 
otulin-related autoinflammatory syndrome 
(ORAS) 45.19 
Oudtshoorn disease 63.73, 63.74 
outcomes 
core outcome measures 
digital recording 16.2 
see also measurement 
outer root sheath (ORS), hair follicle 2.10, 
2.44, 87.3-87.6 
outlier lesions, atypical naevi for that 
individual 145.2 
ovarian hyperthecosis 87.90 
ovarian tumours, hirsutism association 
87.91 
overgrowth syndromes, infiltrating 
lipomatosis of the face differential 
diagnosis 98.19 
overlap/coincident alopecias 87.51 
overlap syndromes, dermatomyositis 
OX40 deficiency 80.9-80.10 
oxalate ebmolus, purpura 99.15 
oxandrolone 97.32 
burn treatment 125.13-125.14 


16.3 


52.8 


oxazolidinones 19.48 
oxygenation factors, pressure ulcers 
123.4 
oxyhaemoglobin, erythema 128.6 
oxyuriasis see enterobiasis 
ozenoxacin, topical therapies 18.11 
P 
P4 (predictive, personalised, preventative, 
participatory) medicine 8.1 
P13K/AKT/mTOR pathway, gene 
abnormalities within, 
lymphoedema association 
103.23-103.24 
PA see pyruvic acid 
PAAND see pyrin-associated 
autoinflammation with neutrophilic 
dermatosis 
PAC see perennial allergic conjunctivitis 
PACD see photoallergic contact dermatitis 
pachydermatoglyphy (acanthosis palmaris) 
148.15-148.16 
pachydermodactyly 94.38-94.39 
pachydermoperiostosis 155.14 
pachyonychia congenita (PC) 63.51-63.52, 
67.1, 67.11-67.12 
friction blisters 122.10 
oral lesions 108.30 
skin fragility 69.20 
sweat glands 92.8 
PAD13 gene 87.46 
PAD (peripheral arterial disease) see 
peripheral vascular disease 
paediatric autoimmune neuropsychiatric 
disorders associated with 
streptococcal infections (PANDAS) 
26.11 
paediatric dermatology 1.9 
see also adolescents; childhood; children; 
infants; neonates 
paediatric inflammatory multisystem 
syndrome temporally associated 
with SARS-CoV-2 infection 
(PIM-TS) 25.114 
PAF see platelet-activating factor 
Paget disease 3.22, 137.40-137.42, 
148.6-148.7 
see also extramammary Paget disease 
pagetoid reticulosis 139.15-139.16 
pagetoid spread of melanoma 142.18 
pailloma 3.42 
ain 
adipose tissue 98.17 
chemical burns 128.11 
diagnosis 4.3 
ectodermal dysplasias 69.27 
lipomas 98.18 
pressure ulcers 123.10 
PUVA phototherapy adverse effects 
21.13 
stomas 112.6 
pain disorders, female genitalia 
110.40-110.42 
painful hereditary callosities 63.52-63.53 
painful plantar keratoderma, pachyonychia 
congenita 67.11 
painful post-traumatic trigeminal 
neuropathy see trigeminal neuralgia 
paints, vehicle choice for topical therapies 
18.2 
palaeodermatology 1.1 
palate (roof of mouth) 
cleft lip/palate 108.83-108.85 
examination of 108.7 
leiomyoma 108.13 
melanotic macule 108.18 
mixed connective tissue disease 53.3 
papillary hyperplasia 108.12 
systemic lupus erythematosus 51.29 
torus palatinus 108.7, 108.8 
pale acanthoma see clear cell acanthoma 
palisaded granulomatous dermatitis in 
patient with rheumatoid arthritis 
53.7 
palisading granulomas 


classification 97.16-97.17 
necrobiotic xanthogranuloma 97.18 
palisading necrobiotic granulomas 96.3 
palladium allergy 127.40 
palm 
acanthosis palmaris 148.15-148.16 
annular lesions of discoid lupus 
erythematosus 51.24 
anti-p200 pemphigoid 50.41 
black palm 99.6 
congenital generalised lipodystrophies 
72.2 
discoid lupus erythematosus 51.24 
eccrine poroma 137.25-137.26 
hyperkeratotic palmar eczema 39.14 
keratolytic winter erythema 63.73, 
63.74 
lichen planus of 37.5, 37.7 
microscopic examination of 3.33 
non-pustular palmoplantar psoriasis 
35.10, 35.11 
palmoplantar pustulosis 35.36-35.39 
pityriasis rubra pilaris 36.3, 36.5 
pompholyx eczema 39.14, 39.15 
recurrent focal palmar peeling 39.16 
xerosis cutis 85.26 
palmar creases 
ichthyosis vulgaris 63.4, 63.5 
punctate keratosis of 63.60 
palmar erythema 
internal malignancy association 148.25 
liver disease association 153.9 
palmar fascial fibromatosis 94.34-94.35 
palmar fibromatosis 93.34, 94.41-94.42, 
136.12-136.13 
palmar hyperhidrosis, surgical treatment 
92.10 
palmar keratoderma, pachyonychia 
congenita 67.12 
palmar and plantar fibromatosis, superficial 
fibromatoses 136.12-136.13 
palmar xanthomas 60.5-60.6 
palmoplantar erythrodysaesthesia 119.2 
palmoplantar hyperhidrosis 92.5, 92.6 
palmoplantar hyperkeratosis 63.49 
palmoplantar hyperlinearity, ALOXE3 
mutations 63.13 
palmoplantar keratoderma punctata (PPKP) 
63.58-63.59 
palmoplantar keratodermas (PPKs) 36.3, 
36.5, 63.49-63.62, 79.8-79.9 
cancer and 63.65-63.68 
cardiomyopathy and 63.62-63.63 
in ectodermal dysplasias 63.68-63.70 
hearing impairment and 63.63-63.65 
neurological manifestations 63.71 
opthalmic manifestations 63.70-63.71 
sex reversal and 63.67—-63.68 
palmoplantar lesions, Stevens-Johnson 
syndrome/toxic epidermal 
necrolysis 118.14 
palmoplantar phenotype, non-syndromic 
ichthyoses 63.20 
palmoplantar porokeratosis (of Mantoux) 
63.75 
palmoplantar pustulosis (PPP) 35.36-35.39, 
93.8 


acute palmoplantar pustulosis 35.38 

biologic therapy 35.39 

clinical features 35.37 

co-morbidities 35.38-35.39 

differential diagnosis 35.37 

environmental factors 35.37 

genetics 35.36-35.37 

histopathology 35.37 

management 35.39 

pathogenic mechanisms 35.37 

phototherapy 35.39 

pustulationin 35.38 

severity classification 35.37-35.38 

systemic therapy 35.39 

topical treatment 35.39 

palpation 4.1, 4.17-4.18, 4.19 

PAMS see paraneoplastic autoimmune 
multiorgan syndrome 
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PAN see polyarteritis nodosa 

Panama, scabies, prevalence of 5.2, 5.3 

panatrophy 94.19-94.20 

panatrophy of Gower 94.19-94.20 

pancreatic carcinoma 97.41-97.42 

pancreatic disease, cutaneous features 
153.5-153.6 

pancreatic enzymes, panniculitis 97.41 

pancreatic neuroendocrine tumours (PNET) 


104.8 
pancreatic panniculitis 97.41-97.43 
pancreatitis 97.41-97.42 


pancreatitis, panniculitis and polyarthritis 
(PPP) syndrome 97.42 
pangeria (Werner syndrome) 70.26-70.27, 
72.5, 75.6, 77.1-77.3, 78.12, 148.12, 
148.13 
panniculitis 97.1-97.64 
autoinflammatory diseases 
biopsy 3.2 
classification 97.7 
dermatomyositis 52.6 
hereditary 72.11, 72.12 
localised lipodystrophy secondary to 
98.12 
pancreatic disease 153.6 
radiotherapy-associated 119.15 
of scleroderma 97.30 
scrotal panniculitis 109.23 
see also lupus erythematosus profundus 
panscleroticmorphoea 54.20, 55.4, 
55.19-55.21, 55.27, 97.13 
panthenol see dexpanthenol 
Panton-Valentine leukocidin (PVL) virulence 
factor, Staphylococcal infections 
111.13-111.14 
PAP see peroxidase—antiperoxidase 
complexes 
PAPA see pyogenic sterile arthritis, 
pyoderma gangrenosum and acne 
syndrome 
papillary adenocarcinoma, aggressive digital 
137.34-137.35 
papillary dermis, anatomy 9.1 
papillary eccrine adenoma see tubular 
adenoma 
papillary endothelial hyperplasia, 
intravascular 136.23-136.24 
papillary haemangioma 136.25 
papillary hidradenoma (hidradenoma 
papilliferum) 110.31-110.33, 
137.20-137.21 
papillary hyperplasia, mouth 108.12 
papillary intralymphatic angioendothelioma 


80.19 


(PILA) 136.33 
papillary tip microabscesses 3.43 
papillomas 


milker’s nodule/paravaccinia 25.15 

oralinvolvement 108.14 

see also human papillomavirus 
papillomatosis 3.42 
Papillon—Léfévre syndrome 63.68, 63.69 
papular acrodermatitis see Gianotti—Crosti 
syndrome 
papular elastorrhexis 94.33 
papular facial rashes, differential diagnosis 
88.37-88.38 
papular keratoderma 63.60-63.61 
papular lesions 

atrichia with 87.28-87.29 

drug-induced exanthems 117.2 
papular (lichenoid) primary localised 
cutaneous amyloidosis 56.3 
papular mucinosis —57.6-57.7, 57.13-57.14 
papular polymorphic light eruption 126.4, 
126.5 
papular-pruritic gloves and socks syndrome, 
viral infections 25.120-25.121 
papular syphilide 29.9-29.10 
papular urticaria, infants 115.11-115.12 
papular xanthoma 135.18-135.19 
papules 

actinic prurigo 126.11 

conjunctival naevus 131.25 

eyelid 70.37 


rosacea 89.6, 89.7, 89.8, 89.12, 89.14-89.15 
sarcoidosis 96.7-96.8 
papuloerythroderma of Ofuji 39.34-39.35 
papulonecrotic tuberculid (tuberculosis 
papulonecrotica) 27.27-27.29 
papulopustular eruptions 119.3-119.5 
drug triggers 119.3 
severity grading 119.4 
papulopustular rosacea 89.1 
papulovesicular eruptions, COVID-19 
association 25.109 
papulovesicular polymorphic light eruption 
126.4, 126.5 
parabens 
cosmetic allergies —127.52-127.53 
medicament allergies | 127.54-127.58 
parabens paradox 127.52-127.53, 127.55 
parachlorometaxylenol (PCMX) 
127.55-127.56 
parachordoma see cutaneous 
myoepithelioma 
paracoccidioidal granuloma see 
paracoccidioidomycosis 
Paracoccidioides brasiliensis 32.89 
paracoccidioidomycosis 32.88-32.89, 109.28 
paracrine factors, pigmentation regulation 
86.5-86.7 
paradoxical hypertrichosis, following 
laser-assisted hair removal 23.20 
paraesthetica, hypermelanosis 86.31 
paraffinoma 97.48, 97.49, 122.19 
paraffin sections, immunoenzyme methods 
3.15 
paraffin wax, tissue processing 3.7 
paragonimiasis 33.30-33.31 
parakeratosis 3.42 
parakeratosis (‘shoulder parakeratosis’), 
pityriasis rubra pilaris 36.3 
parakeratosis variegata see large plaque 
parapsoriasis 
parakeratotic hyperkeratosis 63.75 
paramyxovirus infections 25.97—25.100 
paraneoplastic acanthosis nigricans 85.5 
paraneoplastic autoimmune multiorgan 
syndrome (PAMs) _ 50.6 
paraneoplastic dermatoses 148.14-148.15, 
148.19-148.20 
paraneoplastic hypertrichosis lanuginosa 
148.17-148.18 
paraneoplastic pemphigus 
148.21-148.22, 149.9 
oralinvolvement 108.81 
paraneoplastic pemphigus (PNP), 
respiratory involvement 
152.6-152.7 
paraneoplastic phenomena involving the 
skin 148.14—-148.20 
paraneoplastic pigmentation 148.17, 148.18 
paraneoplastic pruritus 81.10, 148.27, 149.9 
paraneoplastic syndromes 
lymphoid malignancies 149.8-149.9 
myeloid malignancies 149.5-149.8 
Sweet syndrome 149.6-149.7 
paranichia (nail fold infection), candidiasis 
32.65-32.66 
paraphimosis 109.4, 109.16-109.17 
parapoxviruses 25.6, 25.13-25.15 
paraproteinaemia 
granuloma annulare 97.18 
oralinvolvement 108.72 
paraprotein-associated vasculitis 149.14 
paraproteins 
plasma cell disorders 149.9-149.10 
skin manifestations/syndromes due to 
biological activity 149.10-149.13 
skin manifestations/syndromes due to 
paraprotein deposition 
149.13-149.14 
parapsoriasis 39.27, 134.6-134.8 
‘parasarcoidosis’ syndromes 96.6 
parasitic diseases 33.1-33.55 
cestodes 33.31-33.35 
nematodes - animal 33.18-33.26 
nematodes - human 33.1-33.18 
protozoa 33.35-33.55 


50.3, 50.6, 


trematodes 33.26-33.31 

parasitic infections, eyelid 107.40 

parasitophobia see delusional infestation 

parastomal pyoderma gangrenosum 49.4, 
49.5 

para-tert-butylphenolformaldehyde resin 
(PTBPFR) 127.67-127.68, 
127.70-127.71 

paravaccinia see milker’s nodule 

paraviral cutaneous eruptions 
25.120-25.127 

parechovirus infection 25.96 

parenchymal injury 125.5 

parenchymatous syphilis 29.15 

parenteral drug administration 13.2-13.3 

parenteral nutrition (PN), essential fatty acid 
deficiency 61.32, 61.33-61.34 

Parents’ Index of Quality of Life in Atopic 
Dermatitis (PIQ0L-AD) 16.8 

Parkes Weber syndrome 71.5, 71.7, 71.11, 
101.28, 101.30-101.31, 103.24 

Parkland resuscitation formula —125.2-125.3 

Parks classification of anal fistulae 111.30 

paronychia 119.7-119.8, 119.9 

paronychial herpes simplex see inoculation 
herpes simplex 

paroxysmal finger haematoma 94.19, 
99.5-99.6, 122.13-122.14 

Parry-Romberg syndrome see progressive 
hemifacial atrophy 

partial lipodystrophy, TBI/HSCT association 
98.8 


partial-thickness burns 125.6, 125.8 
particulate matter (air pollution) 
ageing of skin 156.8 
atopiceczema 41.7 
partitioning enhancers, topical drug delivery 
12.5 
parvovirus infections 
155.2-155.3 
PAS see periodic acid-Schiff stain; 
pre-auricular sinus 
PASH syndrome, acne conglobata 
association 88.63 
PASI see Psoriasis Area and Severity Index 
Pasini—Pierini, atrophoderma of 55.17, 
55.19, 94.18-94.19 
PASS syndrome, acne conglobata association 
88.63 
pastes, vehicle choice for topical therapies 
18.2 
Pasteurella multocida 26.59, 130.6 
Patau syndrome (trisomy 13) 74.2-74.3 
patch test artefacts, dermatitis artefacta 
84.33 
patch testing 127.1, 127.23-127.33 
age-related factors 127.5 
allergic contact eczema 1.8 
chronic actinic dermatitis 126.19, 126.21, 
126.34-126.35 
contact urticaria 127.86 
cosmetic allergens 127.49, 127.61 
drug impacts 127.6 
eczema 1.8, 39.5-39.6 
fragrance allergies 127.44-127.45 
medicament allergens 127.46-127.47 
metal allergies 127.41 
occupational contact dermatitis 
population studies 127.4 
sensitivity threshold 127.9 
stomas 112.9 
patchy alopecia 87.24, 87.26-87.27, 
87.28-87.35 
patchy reticular pattern naevi, dermoscopy 
145.2, 145.3, 145.4 
patchy vesiculosquamous eczema 39.16 
patellar involvement, nail—patella syndrome 
67.16 
pathergy/pathergy testing 4.25, 122.2 
Patient Benefit Index (PBI) 16.5 
patient-centred care, key practical skills 
15.6, 15.6, 15.7 
patient education 
leprosy 28.15 
phototherapy 21.16 


25.77-25.78, 


129.7 


systemic therapy 19.2 
patient follow-up, skin cancer surveillance 
after phototherapy 21.16 
Patient Generated Index 16.9 
patient involvement, measurement of 
disease state 16.1-16.2 
patient organisations, ichthyoses 63.46, 
63.47 
Patient-Oriented Eczema Measure (POEM) 
16.3, 16.4 
patient preparation for skin surgery 20.11 
Patient-Reported Outcome Measures 
(PROMs) 16.2, 16.8 
patient safety, phototherapy 21.16 
patient selection 
sentinel lymph node biopsy for melanoma 
143.5-143.6 
systemic therapy 19.1-19.2 
patient specific measures, quality of life 
assessment 16.9 
pattern hairloss 87.13-87.14, 87.60-87.71 
see also female pattern hair loss; male 
pattern hair loss 
pattern recognition, melanoma diagnosis 
142.9 
paucibacillary cutaneous tuberculosis, lupus 
vulgaris | 27.20-27.24 
Paul of Aegina 1.3 
Pautrier microabscesses 3.43 
PB see pseudopelade of Brocq 
PBI see Patient Benefit Index 
PCI deficiency 72.7 
PC see pachyonychia congenita 
PCAs see primary cicatricial alopecias 
PCBs see polychlorinated biphenyls 
PCD see protein contact dermatitis 
PCFCL see primary cutaneous follicle centre 
cell lymphoma 
pCIA see persistent chemotherapy-induced 
alopecia 
PCMxX see parachlorometaxylenol 
PCMZL see primary cutaneous marginal 
zone lymphoma 
PCOS see polycystic ovary syndrome 
PCPV (pseudocowpox) see milker’s nodule 
PCR see polymerase chain reaction 
PCT see porphyria cutanea tarda 
PD see periorificial facial dermatitis 
PDCD see programmed cell death 
PDD see puritic and dyskeratotic dermatoses 
PDGEF see platelet-derived growth factor 
PDI see Psoriasis Disability Index 
PDLs see pulsed dye lasers 
PD-PSV see pyodermatitis-pyostomatitis 
vegetans 
PDS see pleomorphic dermal sarcoma 
PDT see photodynamic therapy 
PEAG see pustulose exanthemique aigué 
generalisés 
peak itch over past 24 hours, NRS-11 16.3 
pearly penile papules 109.6 
peau d’orange (orange peel appearance), 
infiltrative carcinoma skin 148.2, 
148.3 
‘pebbling’ of skin, mucopolysaccharidoses 
79.3 
PECL see postinflammatory elastolysis and 
cutis laxa 
PEComa see perivascular epithelioid cell 
tumour 
pedal papules of infancy 115.14, 115.15 
Pediatric Symptom Checklist 16.10 
Pediculus capitis (head lice) 34.18-34.23 
Pediculus corporis (body /clothing lice) 
34.23-34.24 
pEDS see periodontal Ehlers—Danlos 
syndrome 
peeling skin, leukonychia, acral punctate 
keratoses, cheiliti and knuckle pads 
syndrome (PLACK) 94.37-94.38 
peeling skin syndromes (PSSs) 63.28-63.30, 
69.5-69.6, 69.19-69.20 
PeIN see penile intraepithelial dysplasia; 
penile intraepithelial neoplasia 
pellagra 5.1-5.2, 86.23-86.24 


Casal’s necklace 61.17 
niacin deficiency 61.16, 61.17 
pelvic floor, muscles of (female) 111.3 
pelvic inflammatory disease (PID) 
chlamydia 30.10, 30.11, 30.14 
gonorrhoea 30.5, 30.7 
PEM see pigmented epithelioid 
melanocytoma/pigment 
synthesising melanoma 
PEMKB see pseudoepitheliomatous 
micaceous and keratotic balanitis 
pemphigoid diseases 
autoantibodies 50.10 
direct immunofluorescence findings 
3.17-3.18 
oralinvolvement 108.81-108.82 
see also bullous pemphigoid 
pemphigoid gestationis (PG) 113.17-113.19 
blister formation 113.18 
transplacental 114.12 
urticated red plaques 
pemphigus 50.1-50.9 
acantholysis 50.3 
age of onset 50.2 
antibodies 50.2-50.3 
associated diseases 50.2 
bullous pemphigoid —50.10-50.22 
clinical features 50.4—50.5 
clinical variants —50.5-50.7 
diagnosis 50.10 
differential diagnosis 50.7 
direct immunofluorescence findings 3.17, 
3.18 
direct immunofluorescence microscopy 
50.3, 50.7 
disease course and prognosis 50.7 
division of 5.4 
drug-induced 50.4 
ELISA analysis 3.20, 3.21 
environmental factors 50.3-50.4 
epidemiology 50.1-50.2 
genetics 50.3 
histopathology 50.7 
IgA pemphigus 50.6-50.7 
internal malignancy association 148.22 
investigations 50.7-50.8 
lesions in skin folds 50.5 
management 50.8-50.9 
azathioprine 50.8 
corticosteroids 50.8 
cyclophosphamide 50.8 
immunoadsorption 50.9 
intravenous immunoglobulin therapy 
50.8 
methotrexate 50.9 
mycophenolate mofetil 50.8 
plasmapherisis 50.9 
rituximab 50.9 
topical therapy 50.8 
oralinvolvement 108.80-108.81 
paraneoplastic 50.3 
pathophysiology 50.2-50.3 
penis 109.25 
serological assays 50.7-50.8 
severity classification 50.7 
Tcellsin 50.2 
see also paraneoplastic pemphigus 
pemphigus foliaceus (PF) 39.34, 50.5, 50.6, 
50.7 
pemphigus herpetiformis 50.6 
pemphigus vegetans 50.5-50.6, 108.81 
pemphigus vulgaris (PV) 50.4-50.5 
differential diagnosis 50.7 
neonatal 114.12 
oralinvolvement 108.80-108.81 
in pregnancy 113.8-113.9 
vulva 110.21 
PEN see porokeratotic eccrine ostial duct 
naevus 
penciclovir, topical therapies 18.13 
penetration enhancers, topical medication 
vehicles 18.5, 18.7-18.8 
penetration injury, foreign bodies 
122.17-122.18 
D-penicillamine, cutaneous adverse effects 
155.15 


113.18 
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penicillamine, pseudoxanthoma elasticum 
94.30 
penicillin 1.8, 19.46 
cellulitis/erysipelas management 26.19, 
26.21-26.22 
congenital syphilis 29.23, 29.28, 29.29 
cutaneous adverse effects of 
D-penicillamine 155.15 
reactions and allergies 29.21-29.22, 29.29, 
117.7 
syphilis 29.20-29.22 
penicilliosis (Talaromyces marneffei infections) 
31.28, 32.89-32.90 
penile fibromatosis 94.36-94.37, 136.13 
penile horn 109.35 
penile intraepithelial dysplasia (PeIN) 
141.26 
penile intraepithelial neoplasia (PeIN) 
109.31-109.34 
penile lentiginosis 131.10 
penile psoriasis 35.10 
penile squamous cell carcinoma (PSCC) 
109.31-109.34 
penis 
acne 109.24 
amyloidosis 109.25 
anatomy 109.2-109.3 
balanitis 109.4, 109.5 
Bowen disease of the penis 109.31-109.34 
bowenoid papulosis —109.31-109.34 
Buruli ulcer 109.28 
candidiasis 109.27 
carcinoma of 109.35-109.39 
classification 109.37 
dysplasia and squamous carcinoma 
09.38 


risk factors 109.36 

cellulitis 109.26 

chronic oedema 109.19-109.21 

cicatricial (mucous membrane) 
pemphigoid 109.25 

colloid degeneration 109.31 

condylomas 109.39-109.40 

dermoid cysts 109.31 

drug reactions 109.24-109.25 

ecthyma gangrenosum 109.26 

ectopic lesions 109.6 

erythroplasia of Queyrat 109.31-109.34 

fixed drug eruption 109.24 

Fordyce spots 93.11, 93.12 

foreign body 109.8 

haematoma and rupture 109.8 

keloid 109.31 

lentiginosis 131.10 

lichen planus 37.4 

lichen sclerosus 109.16 

linear IgA disease 50.37 

lipogranuloma 109.8-109.9 

lymphoedema 103.49-103.51, 
109.19-109.21 

lymphoma 109.42 

malignant melanoma 109.41 

median raphe cysts 109.30 

melanosis 109.42-109.43 

Melkersson-Rosenthal syndrome 109.25 

metastases 109.42 

molluscum contagiosum 109.29 

mucous membrane pemphigoid 50.28 

naevion 109.6 

necrosis 109.22-109.24 

pearly papules 109.6 

pemphigus 109.25 

Peyronie disease 109.24 

pilonidal sinus 109.24 

porokeratosis of Mibelli 

psoriasis vulgaris 35.10 

sclerosing lymphangitis 109.8 

squamous hyperplasia 109.34-109.35 

squamous intraepithelial lesions 
109.34-109.35 

strangulation of 109.8 

striae of Wickham 109.19 

tinea 109.27-109.28 

tuberculosis 109.27 

ulceration 109.22-109.24, 109.28 


109.35 


peno-scrotal lymphoedema, cutaneous 
Crohn disease 95.15 
penoscrotodynia (PSD) 82.11-82.12 
PENS syndrome 73.7 
Pentatomidae (stink bugs) 34.30 
pentazocine panniculitis 97.48, 97.50 
pentazocine ulcers 122.19, 122.21 
Pentinnen syndrome 72.5 
people with albinism (PWA) 7.2, 7.10-7.11, 
7.12, 7.13 
people living with HIV (PLWH) 
global trends 31.2 
infections 31.20-31.30 
inflammatory dermatoses 
Kaposi sarcoma 147.2 
Merkel cell carcinoma 147.2 
neoplasms 31.30-31.33 
non-AIDS-defining cancers 147.2-147.3 
pruritic skin conditions 31.12 
skin cancer risks 147.2-147.3, 
147.12-147.16 
PEP see polymorphic eruption of pregnancy 
peptide repertoir model, T-cell recognition of 
drugs 14.6 
peptides, cosmeceutical use 157.5-157.6 
percentage concentrations of drugs, weight 
in weight or weight in volume 
18.1 
percutaneous absorption 
mechanisms of 12.1-12.2 
neonates 114.2 
perennial allergic conjunctivitis (PAC) 
107.16, 107.17, 107.18 
perforating collagenosis see perforating 
folliculitis 
perforating dermatoses 94.53-94.55 
perforating disease due to exogenous agents 
94.55 
perforating disorders, renal failure and 
dialysis complications 154.3-154.4 
perforating folliculitis (perforating 
collagenosis) 
diabetic patients 62.4, 62.5 
renal failure and dialysis complications 
154.3-154.4 
perforating keratotic disorders 63.76-63.77 
perforating pseudoxanthoma elasticum 
94.30 
perforin 135.11-135.12 
perfumes 
allergies 127.41-127.45, 127.48, 127.79 
genital contact dermatitis 109.13 
perfusion factors, pressure ulcers 123.4 
perianal abscess 111.27-111.28 
perianal candidiasis 32.64-32.65 
perianal candidiasis of infancy 32.65 
perianal carcinoma = 111.23 
perianal cellulitis 109.26 
perianal conditions, see also perineal and 
perianal skin 
perianal dermatitis 128.5 
perianal skin tags 111.32, 111.33 
perianal streptococcal cellulitis (dermatitis) 
26.33-26.34 
perianal streptococcal dermatitis, infants 
115.8 
perianal ulcers, leukocyte adhesion 
deficiency typeI 80.16 
peribuccal pigmentation of Brocq 86.15 
pericytes see perivascular myoid cells 
periderm 2.3 
perieccrine calcium deposition, calcific 
arteriolopathy 97.33 
perifollicular fibroma 137.15-137.16 
perifollicular inflammation, rosacea 89.3 
perifollicular papules, mid-dermal 
elastolysis 94.26 
perifollicular purpura, scurvy 61.22 
perineal and perianal skin 111.1-111.34 
amoebiasis 111.16 
anal abscess 111.27-111.28 
anal fissure 111.30-111.31 
anal fistula 111.28-111.30 
anal intraepithelial neoplasia 
111.19-111.21 


31.12-31.20 


anal and perianal malignancy 
111.21-111.24 
bacterial infections 111.13-111.15 
ano-genital cellulitis 111.14 
ecthyma gangrenosum 111.15 
folliculitis 111.13-111.14 
furunculosis 111.13-111.14 
necrotising soft-tissue infections 
perianal cellulitis 111.14 
perianal malakoplakia 111.15 
perianal tuberculosis 111.15 
Streptococcal dermatitis 111.14 
basal cell carcinoma 111.24 
Bowen disease 111.20-111.21 
carcinoma erysipeloides 111.24 
congenital and developmental 
abnormalities 111.3 
Crohn disease 95.14, 111.26-111.27 
drug reactions 111.12-111.13 
embryogenesis of ano-genital region 
111.3, 111.4 
extramammary Paget disease 111.24 
fungal infection 111.8 
fungal infections 111.15 
haemorrhoids — 111.31-111.33 
helminth infestations 111.16 
hidradenitis suppurativa 111.10-111.12 
history and examination 111.1 
human papillomavirus infection 111.16, 
111.17-111.19 
infantile perianal pyrimidal protusion 
111.3 
inflammatory dermatoses 111.8-111.12 
deep inflammatory dermatoses 
111.10-111.12 
superficial inflammatory dermatoses 
111.8-111.10 
investigations for 
melanoma 111.24 
obstetric trauma 1171.7, 111.8 
perianal carcinoma = 111.23 
perianal sensory disturbances 111.3-111.8 
perianal skin tags 111.32, 111.33 
perianal trauma 111.7-111.8 
perianal viral warts 111.18, 111.19 
perineal and perianal pain 111.6-111.7 
pilonidal sinus 111.25-111.26 
pressure sores 111.7-111.8 
pruritus ani 111.3-111.6 
scabies infection 111.16 
sexually transmitted diseases 
111.16-111.17 
squamous cell carcinoma 111.21-111.24 
structure and function of ano-genital 
region 111.1-111.3 
surgical management of conditions 
111.25-111.33 
ulceration 111.12-111.13, 111.30-111.31 
HIV infection 111.17 
viral infections 111.15-111.16 
cytomegalovirus infection 111.15 
herpes simplex virus infections 111.15 
Kawasaki disease 111.16 
molluscum contagiosum infection 
111.13, 111.15 
perineal streptococcal dermatitis 109.26 
perineum 111.1, 111.2 
formation of 111.4 
microbiome 26.3, 26.4, 26.5 
see also perineal and perianal skin 
perineural invasion (PNI), advanced basal 
cell carcinoma 140.9 
perineurioma 136.47 
periodic acid—Schiff (PAS) stain 3.7, 3.8 
periodic fever, immunodeficiency and 
thrombocytopenia (PFIT) 45.19 
periodicity of lesion/eruption, diagnosis 
43 
periodontal Ehlers—Danlos syndrome (pEDS) 
70.5, 70.10 
perioral area, allergic contact dermatitis 
127.15 
perioral dermatitis 88.34, 88.36, 89.10, 89.18 
perioral wrinkling, reduction of by 
botulinum toxin application 159.7 


111.15 


111.1 
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periorbital bleeding, primary systemic 
amyloidosis with cutaneous 
involvement 56.11 

periorbital dermatitis 41.20 

periorbital lines, reduction of by botulinum 
toxin application 159.5, 159.6, 
159.7 

periorbital oedema, eyelids 107.6-107.7 

periorbital syringomas, photothermal 
ablation 23.21, 23.22 

periorificial facial dermatitis (PD) 89.10, 
89.17-89.18 

periostin, keloids 94.50 

peripheral blood, immune system 9.6 

peripheral cyanosis (acrocyanosis), neonates 

3 


peripheral fat, lymphatic system 103.2 
peripheral globules, naevi 145.2, 145.3, 
145.4-145.5 
peripheral light brown structureless areas, 
melanoma 145.7 
peripheral network naevi with central hypo- 
or hyperpigmentation 145.2, 
145.3, 145.4 
peripheral neuroectodermal tumours 
136.42-136.52 
peripheral neuropathy 83.8-83.10 
dapsone 19.14 
leprosy 28.1, 28.2, 28.3-28.4, 28.6, 28.7, 
28.9-28.10, 28.11, 28.12, 28.13, 
28.15-28.16 
thallium poisoning 121.9 
peripheral primitive neuroectodermal 
tumour see cutaneous Ewing 
sarcoma 
peripheral streak patterns 
melanoma 145.7, 145.8 
Spitz naevi 145.6, 145.7 
peripheral tan structureless areas, melanoma 
145.9, 145.10 
peripheral vascular disease (PVD) 
101.2-101.3 
arterial leg ulcer 
clinical features 101.2 
investigations for 101.4 
ischaemic foot 101.3 
mixed leg ulcers 102.4-102.7 
platelet emboli 101.3 
radiological investigations 101.4 
treatment options 101.5 
trophic changes 101.3 
ulceration 101.3 
periporitis staphylogenes, neonates 114.25 
peristomal dermatitis 128.5 
peristomal pyoderma gangrenosum 49.4, 
49.5 


102.9 


peritonitis, acute scrotum 109.25 
periungual allergic contact dermatitis 
127.62 
periungual fibromas (Koenen tumours), 
tuberous sclerosis complex 78.8 
perivascular adipocytes 97.6 
perivascular cell tumours 136.39-136.42 
perivascular epithelioid cell tumour 
(PEComa) 136.61 
perivascular myoid cells (pericytes) 2.40 
microscopic examination of 3.37 
myopericytoma 136.40-136.41 
perléche see angular cheilitis 
perniosis see chilblain-like lesions; chilblains 
peroxidase—antiperoxidase (PAP) complexes 
3.14-3.16 
per protocol analysis, randomised controlled 
trials 17.14 
persistent chemotherapy-induced alopecia 
(pCIA) 87.72-87.74 
persistent dento-alveolar pain disorder see 
trigeminal neuralgia 
persistent erythema 
diagnostic features 
diffuse 89.7 
treatment 89.13 
persistent human papillomavirus infections, 
primary immunodeficiencies 
149.19 


89.5, 89.12 


persistent idiopathic facial pain (PIFP) 
108.65-108.66 
persistent light reaction 126.29, 
127.80-127.81 
persistent light reactors 126.13-126.14 
persistent pigment darkening (PPD) 86.9, 
87.100 
UVR exposure 10.8 
persistent superficial scaly dermatitis see 
small plaque parapsoriasis 
persistent viral infections 25.4 
Epstein-Barr virus 25.36, 25.38 
herpesviruses 25.19 
human herpesvirus 6 and 7 25.39, 25.40 
see also recurrent entries 
personal care products, genital contact 
dermatitis 109.13 
personalised medicine, clinical 
pharmacology 8.1, 13.11 
personality traits, 
beliefs /emotions/behaviours 
personal protective equipment (PPE) 
allergic reactions 127.4 
irritant contact dermatitis 129.4 
occupational dermatoses in COVID-19 
pandemic 25.119 
persons with albinism (PWA) _ 7.2, 7.10-7.11, 
7.12, 7.13 
perspiration, types of 2.9 
PEST see Psoriasis Epidemiology Screening 
tool 
petechiae 
COVID-19 association 25.109 
diagnosis by lesion size 99.3 
reactions to COVID-19 vaccines 
sports injuries 122.16 
petrified ear 106.21 
petrolatum, patch testing 127.25, 127.26 
pets 
arthropod infestation 34.4, 34.5, 34.6, 
34.13, 34.14 
atopiceczema 41.8 
Peutz-Jeghers syndrome 78.14, 131.3 
oral hyperpigmentation 108.19 
Peutz—Jeghers—Touraine (PJT) syndrome 
68.13-68.14 
Peyronie disease 94.37, 109.24 
PF see pemphigus foliaceus 
PFIT see periodic fever, immunodeficiency 
and thrombocytopenia 
PFR see phenol formaldehyde resin 
PFS see post-finasteride syndrome 
PG see pemphigoid gestationis; propylene 
glycol; pyoderma gangrenosum; 
pyogenic granuloma 
PGA see Physician’s Global Assessment 
PGD2 see prostaglandin D2 
PGD see preimplantation genetic diagnosis 
PGH see preimplantation genetic 
haplotyping 
PGs see proteoglycans 
PHA see progressive hemifacial atrophy 
PHACES syndrome (posterior fossa 
malformations, haemangiomas, 
arterial anomalies, cardiac 
anomalies, eye abnormalities, 
sternal pit and supraumbilical 
raphe) 116.3 
phaeochromocytoma 86.19-86.20 
dermatoendocrinology 150.19 
flushing 104.7 
pallor and rebound flushing 148.26 
phaeohyphomycosis 32.77-32.78 
phaeomelanin 2.17, 2.18, 86.5 
phaeomycotic subcutaneous cyst see 
phaeohyphomycosis 
phagedena/phagedenic ulcer, see also 
tropical ulcer 
phagocytes 135.1 
phagocytic defects, inherited 
immunodeficiency 80.5-80.6, 
80.15 
phagocytosis 135.2 
phakomatosis pigmentokeratotica 
73.5-73.6 


15.3 


25.118 


see also HRAS/KRAS mosaicism; 
Schimmelpenning—Feuerstein— 
Mims syndrome 
phakomatosis pigmentovascularis (PPV) 
73.20-73.21 


phenotypic subclassifications 73.21 
port-wine stain 73.22 
phalanges 
congenital erythropoietic porphyria 
58.10 


familial mandibuloacral dysplasia 70.29 
see also finger; toe 
phantom tooth pain (trigeminal neuropathic 
pain) 82.5-82.7 
phantosmia see olfactory delusions 
pharmacists, clinical pharmacology 13.11 


pharmacodynamics 13.2, 13.4-13.6 
age 13.7-13.8 
conception, pregnancy and lactation 
13.8-13.9 
pharmacogenomics, clinical pharmacology 
13.11 


pharmacokinetics (PK) 13.1-13.4 
age 13.7-13.8 
conception, pregnancy and lactation 
13.8-13.9 
topical bioavailability /bioequivalence 
assessment 12.8 
pharmacological interaction (p-i) model, 
T-cell recognition of drugs 14.5, 
14.6 
pharmacological modalities, burn injuries 
125.13-125.14 
pharmacotherapy (topical and systemic 
agents), phototherapy combination 
21.10 
pharmionics, clinical pharmacology 13.9 


pharyngitis, Streptococcus pyogenes 26.10 
phenol 

burns 128.11 

chemical peels 160.3 
phenol-croton oil peel 160.10-160.11 


phenol derivatives of hydroquinone, topical 
depigmenting agents 18.32 
phenol formaldehyde resin (PFR), allergy 
127.70-127.71 
‘phenoplastics’ 127.70 
phenothiazines, eczema 117.4 
phenotype 
rosacea 89.1 
sweat glands 92.8 
p-phenylenediamine (PPD) 127.60-127.61, 
127.63-127.64, 127.66 
p-phenylenediamine and 
toluene-2,5-diamine (PTD) 
127.60-127.61 
phenylketonuria (PKU) 79.10-79.11 
phenytoin, palmar fascial fibromatosis 
94.34 
Phialophora verrucosa 32.77 
philtrum 108.3 
phimosis 109.4, 109.16-109.17 
phleboliths, Maffucci syndrome 71.20 
phlebolymphoedema 103.10-103.12 
PHN see postherpetic neuralgia 
PHO see primary hypertrophic 
osteoarthropathy 
phobias 
moles/skin cancer 84.26 
topical corticosteroids 84.26 
see also delusional infestation 
pholcodeine hypothesis 117.7 
phosphatase and tensin homologue (PTEN) 
hamartomatous syndromes 131.3 
see also PTEN hamartoma tumour 
syndrome 
phosphomannomutase 2 deficiency 79.10 
photoablation, UV radiation 23.5 
photoactivation 127.79 
photoageing 2.45, 2.46 
atrophic photoageing 156.3, 156.4 
chemical peels 160.5 
collagen fibril fragmentation 156.8-156.9 
grading and measurement of 156.6-156.7 
hypertrophic photoageing 156.3 


implications of 156.10-156.11 
molecular mechanisms in 156.10 
and natural ageing 156.10 
PUVA phototherapy adverse effects 
21.13 
in skin of colour 156.1-156.3 
UVB phototherapy adverse effects 21.13 
UV irradiation damage/episodic exposure 
156.7-156.8, 156.10 
UVR exposure 10.10-10.11 
in white skin 156.1 
photoaggravated diseases 126.1, 126.32, 
126.33 
photoallergic contact dermatitis (PACD) 
127.78-127.82 
photoallergic reactions 
chemotherapy 119.11-119.12 
polymorphic light eruption 126.2 
systemic drug-induced photosensitivity 
126.28 
UV filters 127.62 
photobiology 10.1-10.14 
normal effects of UVR on skin 10.5-10.11 
personal and population exposure to UVR 
10.12-10.14 
photoprotection 10.11-10.12 
principles of 10.1-10.5 
photobleaching, immunofluorescence 3.11 
photochemical changes in skin 
laser therapies 23.4 
see also photodynamic therapy 
photochemotherapy (PUVA) 
adverse effects 21.13-21.15 
history 21.2 
lentigo 131.7-131.8 
light source units 21.3 
mastocytosis treatment 46.10 
minimal phototoxic dose 21.9 
photosensitivity management 
PLE management 126.7-126.8 
principles 21.1 
psoralen choice and regimen 21.9 
UVA delivery 21.10 
UVB phototherapy comparison 21.5-21.6 
see also extracorporeal photopheresis 
photocontact allergy 126.35, 127.11 
photocontact facial melanosis 86.12-86.15 
photodamage 
ablative fractional resurfacing therapy 
161.3 
dermal connective tissue 94.1-94.6 
photodermatoses 106.23 
acquired non-infective disorders 
91.6-91.8 
pilosebaceous unit disorders 93.6 
PUVA phototherapy adverse effects 
21.13 


126.37 


photodistributed erythema 89.9 
photo documentation, chemical peels 
photodynamic reactions, pigmentation 
86.28-86.30 
photodynamic therapy (PDT) 22.1-22.15 
acne vulgaris 88.58 
actinic keratosis 141.10-141.11 
acute adverse effects 22.12-22.14 
adverse effects 22.12 
ambulatory 22.11 
basal cell carcinoma 140.11, 
140.12-140.13 
Bowen disease 141.24 
chronic adverse effects 22.14 
clinical governance 22.15 
contraindications 22.8 
conventional methodology 22.9-22.11 
cutaneous squamous cell carcinoma 
141.35 
cutaneous warts 25.59 
daylight 22.11-22.12 
history 22.1-22.2 
indications 22.4-22.8 
light sources 22.3-22.4 
methodology 22.8-22.12 
patient selection 22.8-22.9 
photosensitisers 22.2-22.3 
principles 23.4 


160.8 


process 22.1 
see also phototherapy 
photoepilation 23.17 
see also laser-assisted hair removal 
photo-exposed skin, Jessner lymphocytic 
infiltrate 134.10 
photographic assessment methods 
acne 16.4 
challenges 16.5 
diagnosis 4.19 
psoriasis 16.3 
photography, development of dermatology 
19 


photomechanical interactions, laser therapies 
23.5 
photo-onycholysis 119.12 
photopatch testing 126.34-126.35, 127.31, 
127.78-127.79, 127.81-127.82 
chronic actinic dermatitis 126.19 
sunscreen chemicals 126.31 
photopheresis 
principles 21.1-21.2 
see also extracorporeal photopheresis 
photophoresis see extracorporeal 
photopheresis 
photoprotection 10.11-10.12 
cutaneous photosensitivity diseases 
126.36 
erythropoietic protoporphyria 58.15 
keratinocyte cancer prevention in 
immunocompromised people 
147.18 
photosensitisation 
mechanisms 127.79 
photodynamic therapy 22.2-22.3 
see also 5-aminolaevulinic acid; methyl 
aminolevulinate 
photosensitive eczema 126.13 
plant allergies 127.72 
photosensitive psoriasis 
photosensitivity 126.1 
allergic contact dermatitis 127.21 
chemotherapy-induced 119.11-119.12 
photosensitivity diseases 126.1-126.39 
clinical assessment/management 
126.32-126.37 
ocular features 107.42 
photostimulation/photobiomodulation, 
laser therapies 23.4 
phototesting, extracorporeal 
photochemotherapy 21.11 
phototherapy 1.8, 21.1-21.18 
acne vulgaris 88.58 
adverse effects 21.11-21.15 
PUVA 21.13-21.15 
UVA-1 21.15 
UVB 21.11-21.13 
alopecia treatment 87.27 
athome 21.3, 21.8, 21.15, 21.18 
atopiceczema 21.4 
atopic eczema treatment 41.28 
audits 21.17 
carcinogenesis risks 21.13, 21.14, 21.15 
clinical governance 21.17 
combination therapy 21.10 
conditions treated 21.3-21.5 
contraindications 21.6 
cutaneous photosensitivity diseases 
126.37 
cutaneous T-cell lymphoma 21.4 
delivery methods 21.8 
documentation/record keeping 21.17 
dosimetry 21.3, 21.4, 21.17 
equipment maintenance 21.17 
equipment types 21.2-21.3 
history 21.2 
indications 21.3-21.5 
mastocytosis treatment 46.10 
minimal erythema dose 21.7-21.8 
modality choices 21.5-21.7 
morphoea 55.36 
new developments 21.18 
palmoplantar pustulosis 35.39 
patient education 21.16 
patient follow-up /skin cancer surveillance 
21.16 


126.2 
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phototherapy (continued) 


patient selection/assessment 21.15-21.16 
polymorphic light eruption 21.5 
principles 21.1-21.18 
psoriasis 21.3-21.4 
regimen variables 21.8 
risk management 21.16, 21.17 
safety of patients and staff 21.16 
setting up a phototherapy unit 
21.17-21.18 
starting dose/increments/ frequency and 
number of exposures 21.8 
topical and systemic agents combination 
21.10 
types 21.1-21.2 
UVB versus PUVA 21.5-21.6 
UV calibration/dosimetry 21.3, 21.4 
vitiligo 21.4 
see also laser therapies; photodynamic 
therapy 
phototherapy and photochemotherapy, 
cutaneous T-cell lymphoma 
139.22 
photothermal ablation 
complications 23.23 
devices 23.20-23.21 
indications 23.21-23.23 
skin disorder treatments 23.20-23.23 
photothermal reactions, laser therapies 
23.4-23.5 
photothermolysis, selective 23.5-23.6 


phototoxic contact dermatitis 127.78, 
128.9-128.10 

phototoxic drugs, photosensitivity diseases 
126.28 


phototoxic reactions 
chemotherapy 119.11-119.12 
pigmentation 86.28-86.30 
porphyrias 58.1 
phototrichogram 87.14, 87.56 
phrynoderma 61.8, 85.14-85.15 
Phthiraptera (lice) 34.18-34.25 
Phthiriasis pubis (crab lice) 34.24-34.25 
blepharitis due to 107.12 
eyelashes 34.25, 107.40 
male genitalia 109.29 
PHTS see PTEN hamartoma tumour 
syndrome 
phycomycosis see mucormycosis 
phyma, fibrosis in 89.3 
phymatous rosacea 89.1 
diagnostic features 89.5-89.6, 89.12 
differential diagnosis 89.10 
treatment 89.13-89.14 
Physalia, stings 130.1-130.3 
physical dosimetry 10.2 
physicians, experience based decisions 
versus evidence based 17.5-17.6 
Physician’s Global Assessment (PGA), 
psoriasis 16.3 
physiological functions of skin 2.42-2.43 
physiological hypermelanosis 86.9 
physiological livedo reticularis 124.8, 124.9 
physiological reactions, heat/IR radiation 
124.14 
phytanicacid 63.31 
phytochemicals, cosmeceutical use of 
157.7-157.10 
phytophotodermatitis 86.28-86.30, 
126.29-126.30 
phytophotodermatosis 4.9 
phytotherapy, psoriasis treatment 
35.22-35.23 
phytotherapy-induced rashes, neonates 
114.11 
PI3KS deficiency 80.13 
PI3K-related overgrowth syndromes 71.7 
PI see protease inhibitor 
piano paronychia 122.12 
picker’s acne see acné excoriée 
picker’s nodules see lichen simplex chronicus 
PICO/PICOT acronyms of components for 
formulating well-built clinical 
questions 17.3, 17.4 
Picornavirus infections 25.93-25.97 


PID see pelvic inflammatory disease 
piebaldism 68.3-68.4 
Piedraia hortae, black piedra _32.15-32.16 
piezogenic pedal papules 122.26-122.27 
PIFP see persistent idiopathic facial pain 
pigmentary disorders 3.44, 86.1-86.56 
electron microscopy studies 3.30 
female genitalia 110.20-110.23 
genetic disorders 68.1-68.15 
glycosylation disorders 79.10 
haemochromatosis 153.5 
hair 87.12, 87.91-87.94 
HIV 31.12 
laser therapies 23.12-23.17, 23.18 
ocular features 107.42 
xeroderma pigmentosum 76.4-76.5 
see also hyperpigmentation; 
hypopigmentation 
pigmentary incontinence 3.43 
incontinentia pigmenti 4.16, 4.19, 4.22 
oral hyperpigmentation 108.19 
pigmentary mosaicism, infants 115.13 
pigmentation 
basal cell carcinoma 140.3, 140.4, 140.6, 
140.8, 140.9, 140.10, 140.18, 140.21 
changes in during pregnancy 113.1, 
113.2, 113.2 
chemical peels 160.5-160.6 
cutaneous manifestations of Hodgkin 
disease 139.49 
internal malignancy links 148.17, 148.18 
liver disease association 153.8 
Merkel cell carcinoma risk 146.2 
pancreatic disease 153.5-153.6 
renal failure and dialysis effects 154.3 
seborrhoeic dermatitis effects 40.4—40.5 
UV light exposure 10.7-10.8 
UV light regulation 86.5-86.7 
variationin 2.18 
see also melanocytes; skin colour 
pigmentation genes, skin cancer risks in 
immunocompromised people 
147.6 
pigmentation of hair 87.12-87.13, 87.88 
pigmentation of hair nodules, trichomycosis 
axillaris 26.41-26.42 
pigmentation of nails, renal failure and 
dialysis effects 154.3 
pigment cell naevi 73.2 
pigmented dermatitis 127.20 
pigmented epithelioid 
melanocytoma/pigment 
synthesising melanoma 
(PEM /animal-type melanoma) 
142.2, 142.20 
pigmented lesions 
surgical treatment 20.50 
see also malignant melanoma 
pigmented melanotic macules 131.9-131.11 
genital melanosis 131.10 
labial melanotic macules 131.11-131.12 
dermoscopicimage 131.11 
penile lentiginosis 131.10 
squamous epithelium of oral cavity 
131.10 
pigmented neuroectodermal tumour of 
infancy 136.50-136.51 
pigmented purpura see capillaritis 
pigmented purpuric dermatoses 99.7-99.9 
pigmented purpuric lichenoid dermatosis of 
Gougerot and Blum 99.7, 99.8, 99.9 
pigment lasers 
complications 23.17 
tattoo and pigmented lesion treatments 
23.12-23.17, 23.18 
PIK3CA-related overgrowth spectrum 
(PROS) 72.9-72.11, 98.19 
CLOVES syndrome 72.9 
facial infiltrating lipomatosis 
fibroadipose hyperplasia 72.9 
hemihyperplasia—multiple lipomatosis 
syndrome 72.9, 72.11 
PILA see papillary intralymphatic 
angioendothelioma 
pilar cysts see trichilemmal cysts 


72.11 


pilar leiomyoma tumour see 
leiomyosarcoma/atypical smooth 
muscle tumour 
pilar sheath acanthoma 137.4 
pilar tumour of the scalp see proliferating 
trichilemmal tumour 
piliannulati 87.80, 87.81 
pili multigemini 87.84 
pili torti 87.78-87.79 
pili trianguli et canaliculi 87.46 
pilomatrical carcinoma 137.14-137.15 
pilomatricoma 137.13-137.14 
dystrophic calcification 59.4 
familial pilomatrixoma 78.13 
pilomatrix carcinoma see pilomatrical 
carcinoma 
pilomatrixoma see pilomatricoma 
pilonidal sinus 87.50, 122.23 
penis 109.24 
perineal and perianal skin 111.25-111.26 
pilosebaceous apparatus, tumours of skin 
appendages 137.1 
pilosebaceous cysts, pachyonychia congenita 
67.12 
pilosebaceous naevoid disorders 
pilosebaceous unit 2.9-2.10 
acquired disorders 93.1-93.13 
acquired non-infective disorders 
91.1-91.20 
tumours of 105.11 
pimecrolimus, topical therapies 18.23 
p-i model see pharmacological interaction 
model 
pinkus follicular mucinosis 57.16, 57.17 
pinna (auricle) see ear, auricle 
pinta 26.71-26.72 
clinical features 26.71-26.72 
investigations 26.72 
pin worm see enterobiasis 
PIQoL-AD see Parents’ Index of Quality of 
Life in Atopic Dermatitis 
PiS allele 97.43-97.44 
pited lips 108.86 
pitted keratolysis 26.42-26.43 
pitted skin, prolidase deficiency 70.12, 
79.13 
pityriasis alba 39.26-39.27, 86.43-86.44 
atopiceczema 41.17 
discoid skin lesions 39.10 
infants 115.4 
treatment for 39.27 
pityriasis amiantacea 105.4 
pityriasis capitis (dandruff) 40.1, 40.4 
Malassezia yeast 32.14 
pityriasis circinata et maculata of Vidal see 
pityriasis rosea 
pityriasis folliculorum 89.10 
pityriasis lichenoides 134.3-134.5, 134.6 
pityriasis lichenoides chronica (PLC) 
134.3-134.5, 134.6 
pityriasis lichenoides et varioliformis acuta 
(PLEVA) 134.3-134.4, 134.5 
pityriasis nigra see tinea nigra 
pityriasis rosea 25.123-25.127 
clinical features 25.124-25.126 
discoid skin lesions 39.10 
epidemiology 25.123-25.124 
male genitalia 109.28 
management 25.126-25.127 
pathophysiology 25.124 
in pregnancy 113.6-113.7 
reactions to COVID-19 vaccines 25.119 
pityriasis rosea-like eruption, COVID-19 
association 25.111 
pityriasis rotunda 63.47-63.49, 85.8-85.9, 
148.17 
pityriasis rubra pilaris (PRP) 
39.33-39.34 
associated diseases 36.1 
atypical adult-onset PRP (type II) 
36.2-36.4 
atypical juvenile PRP (type V) 36.4 
circumscribed juvenile PRP (type IV) 
36.4, 36.5 
classic adult-onset PRP (type 1) 36.2, 
36.4, 36.6 
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36.1-36.6, 
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classic juvenile-onset PRP (type III) 36.4, 
36.5 
clinical features 
clinical variants 36.2-36.4 
differential diagnosis 36.4 
disease course and prognosis 
epidemiology 36.1 
erythroderma 39.33-39.34 
genetics 36.2 
HIV-related PRP (type VI) 36.4 
hyperkeratosis with follicular plugging 
and parakeratosis 36.3 
hyperkertotic follicular papules 36.3 
irregular psoriasiform acanthosis showing 
alternating ortho- and parakeratosis 
(‘checkerboard’ pattern) 36.3 
islands of sparing (areas of normal skin) 
36.3, 36.4, 36.6 
management 36.5-36.6 
palmoplantar keratoderma 36.3 
pathophysiology 36.1-36.2 
psoriasis comparison 36.2 
treatment ladder 36.6 
pityriasis versicolor (tinea versicolour) 
32.10-32.13, 86.43-86.44 
clinical features 32.12 
clinical investigations 32.12 
epidemiology 32.11 
management 32.12-32.13 
pathophysiology 32.11-32.12 
pityrosporal dermatitis see seborrhoeic 
dermatitis 
Pityrosporum see Malassezia 
pityrosporum folliculitis 88.37 
PiZ allele 97.43-97.44 
PJT syndrome see Peutz-Jeghers—Touraine 
syndrome 
PK see pharmacokinetics 
PKDL see post-kala-azar dermal 
leishmaniasis 
PKU see phenylketonuria 
PL see primary lymphoedema 
PLACK see peeling skin, leukonychia, acral 
punctate keratoses, cheiliti and 
knuckle pads syndrome 
placode 87.3 
plague, Yersinia pestis 26.59-26.60 
PLAID see PLCG2-associated antibody 
deficiency and immune 
dysregulation syndrome 
plain radiography, foreign body reactions 
122.18 
plakoglobin (JUP) 69.7 
plakoglobin loss, palmoplantar 
keratodermas 63.63 
plakophilin-1 (PKP1), skin fragility disorders 
69.7 
planar xanthomas 60.4-60.6 
plane warts (verruca plana) 25.52, 
25.53-25.54 
see also cutaneous warts 
plant allergies 127.13, 127.16-127.17, 
127.19-127.22, 127.43, 127.71-127.74 
plantar callosities 63.52 
plantar fascial fibromatosis 94.35-94.36 
plantar fibromatosis 136.12-136.13 
plantar hyperhidrosis 92.7 
plantar keratoderma 63.51 
pachyonychia congenita 67.11-67.12 
plantar pain, pachyonychia congenita 
63.51-63.52 
plantar phenotype, mal de Meleda 63.55 
plant contact 
allergic contact dermatitis 129.6 
irritants 128.2 
photosensitivity 126.29 
poison ivy dermatitis 127.5-127.6, 127.20, 
127.22, 127.71 
plant extracts 
allergic contact dermatitis 127.49 
cutaneous wart therapy 25.60 
see also herbals 
plant mites 34.52 
plaque, dental 108.5 
plaque-like CD34-positive dermal fibroma 
136.8 


36.2 


36.5 


plaque polymorphic light eruption 126.4, 
126.5 


plaque psoriasis see psoriasis vulgaris 
plaques 
actinic prurigo 126.11 
in periodontal Ehlers—Danlos syndrome 
70.10 
plaque sarcoidosis 96.7-96.8, 96.8-96.9 
plasma cell cheilitis 108.63 
plasma cell disorders, skin manifestations 
149.9-149.14 
plasma cell gingivitis 108.25 
plasma cell malignancies, infiltration of skin 
with neoplastic cells 149.4-149.5 
plasma cells 
immune system 9.6 
microscopic examination of 3.35 
plasmacytoid dendritic cells, blastic 
neoplasm 139.45-139.47 
plasmacytoma-associated systemic 
amyloidosis with cutaneous 
involvement 56.11 
plasmapherisis, pemphigus treatment 50.9 
plastics, allergy to 127.68-127.71 
plat dermatitis 127.11 
platelet-activating factor (PAF), disease 
pathogenesis role 14.1, 14.2 
platelet-derived growth factor (PDGF), 
wound healing 11.6 
platelet disorders, purpura due to 99.2-99.4 
platelet emboli, peripheral vascular disease 
101.3 
platelet plugging 
heparin necrosis 99.9-99.10 
thrombocytosis 99.10-99.11 
platelet-rich plasma (PRP), hair treatment 
87.27, 87.71, 87.95 
platelets, wound healing 11.2-11.3 
platinum, dermatological reactions 121.9 
PLC see pityriasis lichenoides chronica 
PLCA see primary localised cutaneous 
amyloidosis 
PLCG2-associated antibody deficiency and 
immune dysregulation (PLAID) 
syndrome 45.5, 45.7 
PLE see polymorphic light eruption 
plectin (PLEC), epidermolysis bullosa 69.4 
Plenck, Joseph Jacob 1.4 
pleomorphic dermal sarcoma (PDS) 
136.22-136.23 
pleomorphic fibroma 136.4 
pleomorphic lipoma 136.58 
pleomorphic liposarcoma 136.59 
pleomorphism 3.43 
pleuropneumonia-like organisms see 
Mycoplasma spp. 
PLEVA see pityriasis lichenoides et 
varioliformis acuta 
plexiform fibrohistiocytic tumour (plexiform 
fibrous histiocytoma) 136.22 
plexiform neurofibroma 78.3, 136.46 
PLLA see poly-L-lactic acid [replace capital L 
with small cap L**] 
plumber’s itch see cutaneous larva migrans 
Plumbe, Samuel 7.3 
Plummer-Vinson syndrome, iron deficiency 
61.24 
PLWH see people living with HIV 
plymers, isocyanates in polyurethanes 
127.71 
PMH see progressive macular hypomelanosis 
PMMA see polymethylmethacrylate 
PN see parenteral nutrition; prurigo 
nodularis 
PNET see pancreatic neuroendocrine 
tumours 
Pneumocystis jiroveci infections 32.93-32.94 
pneumonia 
inhalation injury 125.4-125.5 
skin features 26.79 
pneumonic plague see plague 
PNH see progressive nodular histiocytosis 
PNI see perineural invasion 
PNP see paraneoplastic pemphigus 
PNPLA2 gene, neutral lipid storage disease 
with ichthyosis 63.36 


podoconiosis 7.3 
Footwork initiative 7.9-7.10 
podoconiosis (non-filarial lymphoedema) 
103.36-103.37 
podophyllin/podophyllotoxin, topical 
therapies 18.13, 25.59, 25.64 
POEM see Patient-Oriented Eczema Measure 
POEMS syndrome (polyneuropathy, 
organomegaly, endocrinopathy, 
monoclonal protein and skin 
changes) 86.24—-86.25, 
149.11-149.12 
Pogosta disease see Sindbis virus 
poikiloderma of Civatte 86.13-86.14, 94.13 
poikiloderma syndromes 75.1-75.8, 94.13 
acrokeratotic poikiloderma of Weary 
75.2, 75.7 
dyskeratosis congenita 67.14, 67.15, 
75.1-75.4 
hereditary fibrosing poikiloderma with 
tendon contractures, myopathy and 
pulmonary fibrosis 75.2, 75.7 
Kindler epidermolysis bullosa 69.5, 
69.19, 75.2, 75.6, 108.86 
poikiloderma with neutropenia, Clericuzio 
type 75.2, 75.7 
Rothmund-Thomson syndrome 
75.4-75.6 
poikilodermatous mycosis fungoides 94.13 
poikilodermatous parapsoriasis see large 
plaque parapsoriasis 
poikilodermatous plaque-like haemangioma 
136.32 
point mutations 8.6 
poison ivy dermatitis 127.5-127.6, 127.20, 
127.22, 127.71 
poison/poisonous see toxic...; toxins 
‘polar bear rug’ cataract, atopic 
keratoconjunctivitis 107.19 
polar gel formulations, topical drugs 
polarisable foreign bodies 122.17 
poliosis 87.93 
pollen allergy 127.84 
pollen-fruit allergy syndrome see oral allergy 
syndrome 
polyalkylamide, dermal fillers 158.7 
polyangiitis, involving respiratory system 
152.3-152.4 
polyarteritis nodosa (PAN) 100.28-100.30 
eye disease 107.35 
hepatitis B 25.74 
hepatitis B virus infection 153.5 
oral involvement 108.69 
scrotal pain 109.26 
polyarthritis, viral infections 155.2-155.3 
polybrominated biphenyls 129.12 
polycaprolacton dermal filler 158.6 
polychlorinated biphenyls (PCBs), chloracne 
129.12 
polychondritis, relapsing /atrophic 
155.11-155.13 
polycyclic hydrocarbons, occupational skin 
cancer 129.15 
polycyclic lesions 4.11 
polycystic ovary syndrome (PCOS) 87.62, 
87.88 


123 


acne vulgaris association 88.4—88.5, 88.7, 
88.8, 88.9 
diagnosis criteria 88.7 
hidradenitis suppurativa association 90.2 
hirsutism association 87.90 
subtypes 88.7 
polycythaemia vera (PV) 
pruritus 81.10 
thrombocytosis 99.10-99.11 
polyendocrine disease 150.19 
see also autoimmune polyendocrinopathy 
polyene antifungals 19.48 
polyenes, topical therapies 18.12 
polygenic risk score (PRS) 8.1 
polyhydramion, Neu-Laxova syndrome 
63.38 
poly-L-lactic acid (PLLA), collagen- 
stimulating filler [replace capital L 
with small cap L**] 158.2, 158.6 


polymerase chain reaction (PCR) test 3.9 
polymers, allergic contact dermatitis 
127.68-127.71 
polymethylmethacrylate (PMMA) and 
bovine collagen, dermal fillers 
158.7-158.8 
polymicrobial flora, human bite wounds 
130.7 
polymorphic eruption of pregnancy (PEP) 
113.16-113.17 
polymorphic light eruption (PLE) 
126.2-126.8, 126.32-126.33, 126.36 
phototherapy 21.5, 21.12 
and psoriasis vulgaris 35.4 
polymorphisms 3.43, 8.6 
HIV-associated lipodystrophy 98.7 
interleukin-16 127.10 
skin cancer risks 147.6 
thiopurine methyl transferase 19.8-19.9, 
19.10 
polymyositis 
dermatomyositis relationship 52.1 
internal malignancy association 
148.20-148.21 
polymyxin B, topical therapies 
polyneuropathy, organomegaly, 
endocrinopathy, monoclonal 
protein and skin changes (POEMS) 
syndrome 86.24-86.25, 
149.11-149.12 
polyomaviruses (PyVs) 25.46-25.49, 25.47, 
85.15 


18.11 


Merkel cell polyomavirus-positive 
carcinoma 25.46-25.47, 146.2, 
146.3, 146.4 
trichodysplasia spinulosa polyomavirus 
25.48, 85.15-85.17, 87.36 
polypharmacy 13.8 
see also drug—drug interactions 
Polypodium leucotomos treatment 126.8 
polypoid lesions see skin tags 
polyposis disorders 153.4, 153.7 
familial adenomatous polyposis 
78.10-78.11 
gastrointestinal polyposis 78.11, 153.4 
polyps 
hamartomatous polyps in PJT syndrome 
68.13 
inflammatory intestinal polyps 
neonatal adnexal polyps 114.19 
see also skin tags 
polytrichia 87.49 
polyunsaturated fatty acids (PUFAs), 
cosmeceutical use of 157.5 
polyurethanes (PUs), isocyanates in 127.71 
pomade acne 88.25, 88.26 
POMC see pro-opiomelanocortin deficiency 
pomegranate, cosmeceutical use of 157.10 
pompholyx eczema 39.14 
POP see progesterone-only pill 
popsicle panniculitis 97.35 
population approach, epidemiology 
5.2-5.4, 5.5 
poradenitis inguinalis see lymphogranuloma 
venereum 
porcine collagen dermal filler 
porcine dermal matrices 125.6 
pore of Winer see dilated pore lesions 
pork tapeworm, cysticercosis 33.32-33.34 
porocarcinoma see malignant eccrine poroma 
porokeratosis 3.44, 4.10, 63.74-63.76, 
85.19-85.23 
autosomal dominant punctate 
porokeratosis 63.59 
discoid skin lesions 39.10 
disseminated palmoplantar porokeratosis 
85.20, 85.22 
disseminated superficial actinic 
porokeratosis 63.74-63.75, 
85.20-85.22, 141.15-141.18 
genital 85.21, 85.22, 109.35 
keratinocytes 85.19-85.20 
linear 63.75, 85.20-85.21, 85.22 
ptychotropic 63.75, 85.21, 85.22, 109.35 
punctate palmoplantar 85.20-85.21 


112.6 


158.5-158.6 
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porokeratosis of Mantoux (palmoplantar 
porokeratosis) 63.75, 85.20-85.21 
porokeratosis of Mibelli 63.74, 63.75, 85.20, 
85.21, 109.35 
porokeratotic eccrine ostial duct naevus 
(PEN) 63.33-63.34 
poromas 
eccrine 4.13 
eccrine versus apocrine 137.25 
porphyria 58.1-58.20 
acute attacks of 58.5-58.7 
precipitants of 58.6 
treatment 58.7 
bullous porphyrias, typical subepidermal 
bullain 58.6 
causing cutaneous disease and acute 
attacks 58.17-58.18 
causing cutaneous disease but not acute 
attacks 58.9-58.17 
chemistry of porphyrins 58.1-58.2 
classification 58.2-58.4 
ear dermatoses 106.23, 106.25 
enzyme deficiencies and 58.2 
eye disease 107.35 
haem 
biosynthesis of 58.2, 58.3, 58.4 
chemistry of 58.1-58.2 
molecular structure 58.2 
high-performance liquid chromatography 
analysis 58.8 
histopathology 58.4-58.5, 58.6 
individual porphyrias 58.9-58.19 
acute intermittent porphyria 58.5 
congenital erythropoietic porphyria 
58.9-58.11 
erythropoietic protoporphyria 58.4, 
58.14-58.17 
hereditary coproporphyria 58.5, 58.7, 
58.9, 58.12, 58.17 
porphyria cutanea tarda 58.11-58.14 
pseudoporphyria 58.18-58.19 
variegate porphyria 58.5, 58.7, 58.9, 
58.12, 58.17-58.18 
laboratory testing 58.7-58.9 
biochemical findings in cutaneous 
porphyrias 58.8 
interpretation of results 
porphyrin analysis 58.8 
sample analysis 58.7 
screening of relatives 58.9 
management of skin disease 58.5 
pathogenesis 58.5 
pathophysiology 58.4 
photochemistry of porphyrins 58.2 
phototoxicity of porphyrins 58.1 
and the skin 58.4 
theoretical basis for understanding 
58.1-58.2 
porphyria cutanea tarda (PCT) 
126.7, 127.22 
associated with liver disease 153.7, 153.9 
clinical features 58.11 
clinical variants 58.11-58.12 
epidemiology and pathophysiology 
58.11, 58.12 
erosions, blisters, pigmentary changes and 
scarring 58.12 
facial hypertrichosis 87.87 
genetic counselling 58.14 
hepatitis C 25.76 
HIV 31.18 
investigations 58.12 
liver disease in 58.13 
mortality in 58.14 
renal failure and dialysis complications 
154.4 
risk factors for 58.12-58.13 
scleroderma-like syndromes 94.46 
treatment 58.13-58.14 
see also pseudoporphyria 
porphyrin/protoporphyrin, photodynamic 
therapy 22.2, 22.3, 22.3, 22.4 
porphyrins 
chemistry of 58.1-58.2 
photochemistry of 58.2 
phototoxicity of 58.1 


58.8-58.9 


58.11-58.14, 
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port-wine stains (PWS) 73.20 
eyelid 107.47 
laser therapies 23.8-23.9, 23.10, 23.11 
lobular capillary haemangioma 136.26 
phakomatosis pigmentovascularis 73.22 
posinophilic folliculitis, HIV 31.17-31.18 
posterior fossa malformations see PHACES 
syndrome 
post-finasteride syndrome (PFS) 
87.96-87.97 
post-herpetic neuralgia (PHN) 82.4-82.5, 
108.66 
zoster 25.32, 25.34, 25.35 
posthitis 109.4, 109.16-109.17 
postinflammatory elastolysis and cutis laxa 
(PECL) 94.22, 94.23 
postinflammatory hypermelanosis 
86.30-86.31 
postinflammatory hyperpigmentation, laser 
therapies 23.17, 23.18 
postinflammatory hypomelanosis 
86.43-86.44 
post-ionising radiation keratosis 
141.14-141.15 
post-irradiation morphoea 119.15 
post-kala-azar dermal leishmaniasis (PKDL) 
33.51-33.52, 33.53-33.54, 155.5 
post-operative care, skin surgery 
20.37-20.40 
postpartum telogen effluvium 87.56 
post-radiotherapy alopecia 87.74 
poststeroid panniculitis 97.37, 97.58-97.59 
poststreptococcal glomerulonephritis 
(PSGN), scabies association 26.10 
postsurgical artefact, induced non-healing 
for psychological reasons 84.33, 
84.34 
postsurgical wounds, induced non-healing 
for practical gain 84.37 
post-thrombotic syndrome, venous leg ulcer 
102.6 
post-transfusion purpura 149.15 
post-transplant lymphoproliferative disorder 
(PTLD) 25.39, 139.47 
post-traumatic trigeminal neuropathy see 
trigeminal neuralgia 
postural exercises, lymphoedema 103.59 
potassium, thallium substitution 121.9 
potassium iodide (systemic therapy) 
19.30-19.31 
dermatological uses 19.30 
potential adverse effects 19.30 
safety issues 19.30-19.31 
potassium permanganate, topical therapies 
18.9 
potassium sorbate (PS) 127.58 
potassium titanyl phosphate (KTP) lasers 
absorption spectra 23.4 
tattoo removal 23.15 
vascular lesions 23.6, 23.7, 23.9, 23.12 
povidone panniculitis 97.48, 97.50 


powders, topical medication vehicles 18.2, 
18.8 

power of clinical trials, statistical analysis 
17.22-17.23 


poxvirus infections 25.6-25.19 
vulva 110.28-110.29 
PPD see persistent pigment darkening; 
(p-)phenylenediamine 
PPE see personal protective equipment 
PPKP see palmoplantar keratoderma 
punctata 
PPKs see palmoplantar keratodermas 
PPP see palmoplantar pustulosis 
PPP syndrome see pancreatitis, panniculitis 
and polyarthritis syndrome 
PPV see phakomatosis pigmentovascularis 
Prader-Willi syndrome (PWS) 72.6-72.9, 
72.7 
obesity association 98.28 
piezogenic pedal papules 122.26 
PRAME (PReferentially expressed Antigen 
in Melanoma) 3.25 
pravastatin-induced lichenoid drug eruption 
117.8 


pre-adipocytes 2.40, 97.1 
pre-auricular cysts and sinuses, infants 
115.12 
pre-auricular sinus (PAS) 106.6-106.7 
Preferred Reporting Items for Systematic 
Reviews and Meta-analyses 
(PRISMA), systemic review 
assessment 17.8 
pregnancy 113.1-113.25 
acne 88.26 
acne vulgaris 113.11-113.12 
antihistamines in 42.18 
apocrine gland activity 113.2-113.3 
atopic eruption of pregnancy 
113.15-113.16 
autoimmune skin diseases 113.7-113.9 
benign melanocytic naevi 113.9 
candidiasis 113.7 
cytomegalovirus infection 25.41 
dermatophyte infections 113.7 
drug pharmacokinetics and 
pharmacodynamics 13.8 
eccrine gland activity 113.2-113.3 
Ehlers—Danlos syndrome 70.11, 113.9 
eosinophilic pustular folliculitis 93.7 
erythema nodosum 113.12 
foliaceus 113.8-113.9 
fungal infections 113.7 
generalised pustular psoriasis 
113.10-113.11 
glandular function 113.2 
hair and nail changes in 113.1, 113.2 
herpes simplex virus infection 
113.4-113.5 
HIV 31.36 
human papillomavirus infection 113.4 
immune system changes in 113.3-113.4 
inflammatory skin diseases 113.10-113.12 
intrahepatic cholestasis of pregnancy 
113.13-113.14 
itching 113.13-113.24 
leprosy 28.10, 113.6 
malignant melanoma 113.9-113.10 
maternal smoking during, and atopic 
eczema 41.7 
melasma 86.10, 86.12 
metastatic pregnancy-associated 
melanoma 113.10 
neonatal lupus erythematosus 
51.41-51.42, 113.7-113.8 
obstetric trauma to perineal skin 111.7, 
111.8 
pemphigoid gestationis 113.17-113.19 
pemphigus vulgaris 113.8-113.9 
physiological skin changes in 113.1-113.4 
pigmentation changes in 113.1, 113.2, 
113.2 
pityriasis rosea 113.6-113.7 
polymorphic eruption of pregnancy 
113.16-113.17 
postpartum telogen effluvium 87.56 
pregnancy-specific dermatoses and itching 
113.13-113.24 
prenatal diagnoses 8.9-8.11 
pruritus 81.11, 113.13-113.14 
pseudoxanthoma elasticum 70.33-70.34 
psoriasis 35.19, 113.10-113.11 
rosacea 89.15, 89.16, 113.11-113.12 
rubella infection 25.92 
safe treatments in 113.19-113.24 
scabies 113.5-113.6 
sebaceous gland activity 113.2-113.3 
skin infections and infestations 
113.4-113.7 
skin tumours 113.9-113.10 
STIs 30.6, 30.11, 30.14 
striae 94.11 
striae distensae 113.2, 113.3 
syphilis 113.6 
syphilis management 29.21, 29.22 
systemic lupus erythematosus 51.32, 
113.7-113.8 
systemic therapies in 113.19-113.21, 
113.22-113.24 
topical therapies in 113.19, 113.20-113.21 


transplacental transfer of maternal 
autoantibodies 114.11-114.12 
transplacental transfer of maternal 
malignant disease 114.14 
urticaria 42.8, 42.18, 113.12 
varicella zoster virus infection 113.5 
vascular changes in 113.2, 113.3 
yeast infections 113.7 
see also congenital...; teratogenicity 
pre-haptens 127.8 
preimplantation genetic diagnosis (PGD) 
8.10-8.11 
preimplantation genetic haplotyping (PGH) 
8.11 


prejudice regarding skin diseases 1.9 
prelymphomatous eruption, discoid skin 
lesions 39.10 
premalignant lesions 
externalear 106.33-106.34 
oral cavity 108.42-108.43 
vulva 110.34-110.36 
premature ageing syndromes 
77.1-77.7 
acrogeria (Grotton syndrome) 70.26, 
70.28 
Bloom syndrome 77.2, 77.3-77.4 
clinical features of 70.26 
cutis laxa 77.5-77.7 
familial mandibuloacral dysplasia 
70.28-70.29 
Hutchinson-Gilford progeria syndrome 
70.25-70.26, 72.5, 77.4-77.5 
mandibulo-acral dysplasia with type A 
lipodystrophy 77.5 
mandibulo-acral dysplasia with type B 
lipodystrophy 77.5 
Mulvihill-Smith syndrome 70.29-70.30 
neonatal progeroid syndrome 
70.30-70.31 
pangeria (Werner syndrome) 
70.26-70.27, 70.26, 72.5, 75.6, 
77.1-77.3, 78.12, 148.12, 148.13 
progeroid laminopathies and related 
conditions 77.4 
premature greying of hair 87.92 
premature teloptosis 87.53 
prenatal diagnoses 8.9-8.11 
preoperative preparation, skin surgery 
20.11 


70.25-70.31, 


preorbital cellulitis, neonates 114.26 
prepubertal acne 88.68-88.74 
associated diseases 88.70 
clinical features 88.70-88.71 
complications and co-morbidities 88.72 
differential diagnosis 88.71 
disease course and prognosis 
epidemiology 88.69-88.70 
investigations 88.72 
isotretinoin treatment 88.73 
management 88.72-88.74 
pathophysiology 88.70 
prepubescent girls, streptococcal 
vulvovaginitis 26.33 


88.72 


prepuce 
anatomy 109.3 
balanoposthitis 109.4-109.5 
circumcision 109.7 
dorsal perforation 109.5 
dorsal perforation of 109.5 
paraphimosis 109.4, 109.16-109.17 
posthitis 109.4, 109.16-109.17 
structure and function 109.7 
prescribing, topical therapies 18.1-18.4 
prescription-writing, medication errors 
13.10, 13.11 
preservatives 
allergic contact dermatitis 
127.49-127.58 
genital contact dermatitis 109.13 
topical medication 18.8 
pressure-associated ulceration and necrosis, 
COVID-19 association 25.111 
pressure dressings, skin surgery 20.38, 
20.41 
pressure erythema, chronic venous 
insufficiency 101.43 


127.48, 
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pressure-induced alopecia 87.30-87.31 
pressure injuries 123.1-123.12 
pressure perception 2.12 
pressure sores 
ischaemic fasciitis 136.6 
perineal and perianal skin 111.7-111.8 
pressure ulcers 123.1-123.12 
classification systems 123.4-123.6 
COVID-19 association 25.111 
prevalence/incidence 123.1-123.2, 123.3 
preventative measures 123.6-123.10 
risk factors 123.3-123.4, 123.6 
pretibial myxoedema (PTM) 103.41-103.43 
clinical features 103.42-103.43 
hyperthyroidism 57.11 
investigations 103.43 
management 103.43 
pathophysiology 103.42 
pre-transplant skin cancers 147.13, 147.18 
prevalence of disease 5.10, 5.14 
prevention paradox 5.3-5.4 
prickly heat see miliaria rubra 
prick tests 4.23-4.24 
primary anetoderma 94.23-94.25 
primary biliary cirrhosis (PBC) 86.21-86.22, 
153.5 


primary care 5.12-5.13 
primary CD30+ lymphoproliferative 
disorders 139.25-139.29 
primary chronic telogen effluvium 
87.59-87.60 
primary cicatricial alopecias (PCAs) 87.37, 
87.38-87.50 
primary congenital hypertrichosis 
87.85-87.86 
primary cutaneous acral CD8+ T-cell 
lymphoma (provisional) 
139.33-139.34 
primary cutaneous adenocystic carcinoma 
see adenoid cystic carcinoma 
primary cutaneous aggressive 
epidermotropic CD8+ T-cell 
lymphoma  139.31-139.32 
CD8+ mycosis fungoides variant 
distinction 139.5 
primary cutaneous anaplastic (CD30+) 
large-cell lymphoma 
139.28-139.29 
primary cutaneous B-cell lymphomas 
139.37-139.43 
primary cutaneous blastomycosis 32.85 
primary cutaneous CD4+ small/medium 
pleomorphic T-cell 
lymphoproliferative disorder 
(provisional) 139.33 
primary cutaneous CD30+ 
lymphoproliferative disorders 
139.25-139.29 
primary cutaneous diffuse large B-cell 
lymphoma 139.37, 139.41-139.43 
primary cutaneous follicle centre cell 
lymphoma (PCFCL) 139.37, 
139.40-139.41 
primary cutaneous y8T-cell lymphoma 
139.32-139.33 
primary cutaneous histoplasmosis 32.82, 
32.83 
primary cutaneous lymphomas (PCLs), 
immunocompromised people 
147.15-147.16 
primary cutaneous mammary analogue 
secretory carcinoma see secretory 
carcinoma 
primary cutaneous marginal zone 
lymphoma (PCMZL) 
139.37-139.39 
clinical features/investigations 139.39 
definition 139.38 
management 139.39 
pathogenesis 139.37 
pathophysiology 139.37-139.38 
primary cutaneous mucinoses 57.1, 
57.2-57.18 
primary cutaneous T-cell lymphomas 
97.61, 97.62-97.63, 139.2-139.37 


see also cutaneous T-cell lymphoma; 
mycosis fungoides 
primary erythromelalgia 101.7-101.8 
primary haemophagocytic 
lymphohistiocytosis 135.11, 135.13 
primary herpetic gingivostomatitis 
25.20-25.24 
primary hypertrophic osteoarthropathy 
(PHO) 70.35-70.36 
primary (idiopathic) cutaneous mucinoses 
57.1, 57.2-57.18 
primary immunodeficiency diseases see 
inherited immunodeficiency 
primary localised cutaneous amyloidosis 
(PLCA) 56.2, 56.3 
onankle 56.7 
onchest 56.7 
management 56.13-56.14 
onnose 56.8 
staining of amyloid 56.5 
ontoes 56.8 
treatment 56.13-56.14 
primary lymphoedema (PL) 71.24~-71.28, 
103.17-103.20 
causative genes and phenotypes 103.19 
choanal atresia and lymphoedema 71.27 
clinical features 103.20 
congenital-onset primary lymphoedema 
103.24 
epidemiology 103.19 
Hennekam 
lymphangiectasia-lymphoedema 
syndrome 71.26 
hereditary lymphoedema type 1A 
71.24-71.25 
hypotrichosis-lymphoedema- 
telangiectasia syndrome 71.26 
late-onset primary lymphoedema 
103.24-103.25 
lymphoedema-distichiasis syndrome 
71.25-71.26 
microcephaly with or without 
chorioretinopathy, lymphoedema 
and mental retardation 71.27 
with myelodysplasia 71.27-71.28 
pathophysiology 103.19-103.20 
St George’s classification algorithm 
103.18 
terminology 103.18 
primary (naevoid) congenital hypertrichosis 
87.85-87.86 
primary neutrophilic cicatricial alopecias 
87.48-87.50 
primary Raynaud phenomenon 
124.10-124.12 
primary syphilis 29.6-29.7, 29.17 
primary systemic or amyloid light-chain 
amyloidosis (extravascular) 
149.13 
primary systemic amyloidosis 
haemorrhagic bulla 56.13 
macroglossia 56,12 
nail dystrophy 56.13 
periorbital bleeding 56.11 
primary telangiectasias 101.16, 101.17, 
101.18 
primary tumours, Merkel cell carcinoma 
146.6, 146.8 
primin allergy 127.71, 127.73 
primitive polypoid/non-neural granular cell 
tumour see dermal non-neural 
granular cell tumour 
Primula dermatitis 127.5, 127.14-127.15, 
127.20-127.22, 127.71, 127.72-127.73 
prioritisation, health economics 6.5 
PRISMA see Preferred Reporting Items for 
Systematic Reviews and 
Meta-analyses 
procollagen-lysine, 2-oxoglutarate 
5-dioxygenase 3 (PLOD3) 
69.7-69.8 
proctitis / proctocolitis syndrome, 
lymphogranuloma venereum 
30.15, 30.16, 30.17 
productivity costs, health economic 
evaluation 6.3 


proflavine, topical therapies 18.10 
progeroid laminopathies 77.4 
progeroid syndromes see premature ageing 
syndromes 
progesterone-only pill (POP) 87.95 
progestins 
acneform reaction 88.13 
acne vulgaris treatment 88.50-88.51 
programmed cell death (PDCD) 71.2 
progressive bacterial synergistic gangrene 
26.77, 26.78 
progressive hemifacial atrophy (PHA) 
55.23, 55.24-55.25 
progressive hyperpigmentation 68.10 
progressive macular hypomelanosis (PMH) 
86.44-86.45 
progressive mucinous histiocytosis 135.23 
progressive nodular histiocytosis (PNH) 
135.19 
progressive symmetrical 
erythrokeratoderma (PSEK) 
63.19-63.20 
pro-haptens 127.8 
prohormones, transformation into active 
metabolite 150.7 
pro-inflammatory cytokines, 
antigen-presenting cells 127.7 
pro-inflammatory topical treatments, 
molluscum contagiosum infection 
25.18 
prolactin 
central nervous system controlled 
endocrine signalling axis 
hair follicle 87.11-87.12 
prolidase deficiency 70.11-70.12, 72.7, 
79.12-79.13 
proliferating trichilemmal tumour 
137.5-137.6 
proline synthesis defects 79.14—-79.15 
PROMS see Patient-Reported Outcome 
Measures 
pro-opiomelanocortin deficiency (POMC) 
72.7 
C202T mutation 72.8 
gene structure and post-translational 
processing 72.8 
pro-opiomelanocortin and prohormone 
convertase deficiency 72.4-72.6 
prophylactic dressings, pressure ulcer 
prevention 123.9 
prophylactic phototherapy, PLE 
management 126.7-126.8 
prophylactic skin treatments, 
papulopustular eruptions 119.4 
prophylactic surgical excision of naevi, not 
recommended to prevent 
melanoma 142.3 
Propionibacterium see Cutibacterium 
propolis 127.59, 127.74-127.78 
propranolol 
burn treatment 125.14 
infantile haemangioma treatment 116.8 


150.2 


propylene glycol (PG) 12.3, 12.5, 127.59 
PROS see PIK3CA-related overgrowth 
spectrum 


Prospective Register of Systematic Reviews 
(PROSPERO) 17.8, 17.9 

prostaglandin D2 (PGD2), release in skin 
14.1 


prostaglandins 
hair disorders 87.94-87.95 
male hairloss 87.62 
prosthetic implants, cutaneous reactions 
127.19 
prosthetics, hair loss cover 87.69, 87.101 
protease inhibitor (PI), HAART regimes 
98.6-98.7 
proteases 
Mas-related G-protein-coupled receptor 
agonists, endothelin 81.1 
pruritus 81.3, 81.5 
protein contact dermatitis (PCD) 127.10, 
127.83, 127.85 
protein C/protein S-related disease, purpura 
99.15-99.17 


protein-energy malnutrition 61.2, 61.3 
hair reddening 61.4 
skin signs of nutritional disease 61.5 
protein fibre, types of 2.2 
proteins 
in epidermolysis bullosa 69.2-69.8 
skin fragility link 69.5-69.8 
proteinuria, nail—patella syndrome 67.16 
protein-hyaluronic acid complex 
normal component of the dermal 
extracellular matrix 57.1 
see also cutaneous mucinoses; mucin 
proteoglycans (PGs) 2.36-2.39 
functions of 2.38-2.39 
gene location 2.39 
molecular characteristics and tissue 
distribution 2.38, 2.39 
Proteus syndrome 71.10-71.11, 72.10, 73.6, 
101.28, 103.23-103.24 
proton beam therapy 24.2-24.3 
protothecosis 32.94 
protozoal infestations /infections 
33.35-33.55 
eye 107.40 
HIV coinfections 31.29 
oral involvement 108.57 
provocation testing, cutaneous 
photosensitivity diseases 
126.4-126.6, 126.12, 126.19, 126.34 
proximal subungual onychomycosis 32.48 
PRP see pityriasis rubra pilaris; platelet-rich 
plasma 
PRS see polygenic risk score 
pruriginosa dystrophic epidermolysis 
bullosa 69.16 
prurigo 
cutaneous manifestations of Hodgkin 
disease 139.49 
terminology 81.14 
prurigo-like morphology, chronic actinic 


dermatitis 126.17 
prurigo nodularis (PN) 81.14-81.18, 
84.15-84.18 


clinical features 81.16-81.17, 84.16-84.17 
epidemiology 81.14, 84.16 
investigations 81.17-81.18 
lichen simplex chronicus relationship 
84.15 
management 81.18, 84.17-84.18 
pathophysiology 81.15-81.16 
underlying diseases 81.17 
pruritic conditions (pruri- 
tus/xerosis /ichthyosis/prurigo) 
hepatitis C 25.76 
HIV 31.12 
pruritus 81.1-81.21 
acetylcholine 81.3, 81.4 
antihistamines 41.27 
atopiceczema 41.12, 81.7-81.8 
brachioradial 81.12, 83.6-83.7 
central transmission of itch 81.3 
chronic 81.1-81.14 
chronic kidney disease related 81.8-81.9 
clinical features 81.6-81.13 
cutaneous induction of itch 81.2-81.3 
cutaneous manifestations of Hodgkin 
disease 139.49 
definitions/nomenclature 81.1 
diabetes 81.10 
diabetic patients 62.6-62.7 
drug-induced 81.10-81.11, 117.2-117.3 
fibreglass dermatitis 122.21 
friction blisters 122.9 
genital pruritus 109.2 
gold toxicity 121.4 
hepatobiliary disease / cholestasis 
81.9-81.10 
histamine/histamine receptors 
inichthyoses 63.46, 63.47 
inflamed skin/dermatoses 81.7 
itching purpura 99.7, 99.8, 99.9 
lichen simplex 81.18-81.20 
lichen simplex chronicus 84.15 
liver disease association 153.8 
localised 81.12 


81.3, 81.4 
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malignancy manifestation 81.10 
mediators of itching in skin diseases 
81.3, 81.4-81.8 
methamphetamine-induced 120.5 
neoplasia association 148.27 
neurological aspects 81.2-81.4, 
81.11-81.12 
neuropathic 83.5-83.6 
neuropathic pruritus 81.11-81.12 
non-atopic causes 84.16 
notalgia paraesthetica 81.12 
opioid peptides 81.3, 81.4-81.5 
peripheral and central neuronal sensation 
81.4 
phototherapy adverse effects 21.12 
polycythaemia vera 81.10 
in pregnancy 81.11, 113.13-113.24, 113.20 
prurigo nodularis 81.14-81.18 
psoriasis vulgaris 81.8 
psychiatric and psychosomatic 
diseases / psychogenic pruritus 
81.12 
psychogenic 84.27-84.29 
PUVA phototherapy adverse effects 
21.13 
renal failure and dialysis complications 
154.3, 154.4 
scalp 105.14-105.17 
scratching 81.3-81.4 
senescence 81.11 
systemic diseases 81.8-81.10 
systemic sclerosis 54.16, 54.26 
tachykinins 81.3, 81.4 
thyrotoxicosis 81.10 
trophic syndromes 82.7-82.9 
see also itching 
pruritus ani 111.3-111.6 
clinical features 111.5-111.6 
epidemiology 111.5 
excoriations and lichenification, idiopathic 
pruritus 111.6 
management of 111.6 
medicament allergens 127.46 
pathophysiology 111.5 
secondary causes of 111.4-111.5 
PS see potassium sorbate 
PSCC see penile squamous cell carcinoma 
PSD see penoscrotodynia 
PSEK see progressive symmetrical 
erythrokeratoderma 
Pseudallescheria boydii see Scedosporium 
apiospermum 
pseudo-ainhum 63.55, 63.56, 63.64, 94.48 
pseudoallergic reactions 
drug hypersensitivity 14.2-14.3 
urticaria 42.5, 42.6, 42.8 
pseudochromohidrosis 92.18 
pseudocowpox (PCPV) see milker’s nodule 
pseudocyst, external ear 106.8-106.9 
pseudoedematous-appearing striae 94.12 
pseudoepitheliomatous hyperplasia 
132.9-132.10 
pseudoepitheliomatous micaceous and 
keratotic balanitis (PEMKB) 
109.35 
pseudofolliculitis 26.27, 91.8-91.10, 
93.1-93.2 
pseudofolliculitis barbae 91.8, 91.9, 122.23 
pseudohypoaldosteronism, miliaria 
association 92.13 
pseudo-Kaposi syndrome see 
acroangiodermatitis 
pseudologia fantastica 84.37 
pseudolymphoma 134.1-134.3 
B-cell/lymphocytoma cutis 134.1, 134.2, 
134.8-134.10 
externalear 106.34 
oralinvolvement 108.72 
pathophysiology 134.1-134.2 
T-cell origin 134.1-134.2 
pseudomembranous candidiasis 32.61 
Pseudomonas infections 26.51-26.53 
botryomycosis 26.76-26.77 
clinical features and variants 26.52-26.53 
colonisation of wounds, colour 4.14 


Pseudomonas infections (continued) 
epidemiology 26.51 
management 26.53 
P. aeruginosa/P. pyocyanea 26.51-26.53 
pathophysiology 26.51 
see also ecthyma gangrenosum; 
Stenotrophomonas maltophilia 
pseudomyogenic haemangioendothelioma 
136.34 
pseudopelade of Brocq (PB) 87.44-87.46 
pseudo-pernia see chilblain-like lesions 
pseudophotodermatitis 127.72 
Pseudophyllidea, infections 33.31, 
33.34-33.35 
pseudopods, melanomas 145.7, 145.8 
pseudoporphyria 58.18-58.19 
bullous eruption due to renal 
failure/dialysis 154.4, 154.5 
drug-induced 126.29 
pseudopyogenic granuloma see epithelioid 
haemangioma 
pseudosarcomatous 
fasciitis / pseudosarcomatous 
fibromatosis see nodular fasciitis 
pseudosarcomatous 
fibroblastic /myofibroblastic 
proliferations, ischaemic fasciitis 
136.6 
pseudoxanthoma elasticum (PXE) 
70.31-70.35, 94.30-94.31, 97.30 
associated diseases 70.31 
of axillary skin 70.32 
cardiovascular changes 70.33 
‘chicken skin’ appearance 70.32 
clinical variants 70.34 
diagnostic criteria 70.32 
differential diagnosis 70.34 
gastrointestinal changes 70.33 
investigations 70.34 
management of 70.34-70.35 
obstetric risk 70.33-70.34 
ocular changes 70.33 
pathophysiology 70.31-70.32 
skin changes 70.32-70.33 
PSI see Psoriasis Symptom Inventory 
psittacosis 26.79 
psoralen photosensitisers 
adverse effects 21.9, 107.43-107.44 
development of PUVA 21.2 
natural sunlight therapies 21.2 
oral and topical regimens 21.9 
photochemotherapy principles 21.1 
used in PUVA 21.9 
psoralen and ultraviolet A (PUVA) 86.17, 
126.6 
cutaneous T-cell lymphoma 139.21, 
139.22, 139.23 
development 21.2 
lentigines 86.17, 131.7-131.8 
mastocytosis treatment 46.10 
palmoplantar pustulosis 35.39 
psoriasis treatment 35.23 
UVB phototherapy comparison 21.5-21.6 
see also phototherapy 
psoriasiform dermatitis 85.14 
psoriasiform irritant contact dermatitis 
128.4 
psoriasiform palmar phenotype, 
Papillon—Léfévre syndrome 63.69 
psoriasiform plaques, zinc deficiency 61.26 
psoriasiform sarcoidosis 96.13 
psoriasis 35.1-35.48 
acute generalised exanthematous 
pustulosis distinction 118.4 
alcohol misuse relationship 84.40 
alopecia 87.34, 105.3 
ano-genital psoriasis 109.9-109.10 
assessment tools 16.3, 16.3 
atopic eczema cost comparison 6.10 
biologic therapies 9.8-9.9 
classification 35.2 
diagnosis 4.1 
disease associations 5.11 
ear dermatoses 106.23, 106.25 
economic burden of 6.8-6.10 
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erythrodermic psoriasis 39.32 
eyelid 107.6 
genetic factors 8.1 
global distribution 7.3 
gold reactions 121.4 
hand dermatitis differentiation 127.22, 
128.5 
HIV 31.15-31.17 
hypopigmentation 86.44 
infantile psoriasis 115.3-115.4 
inflammation mechanism 9.8 
irritant contact dermatitis 129.1, 129.2 
keratoderma climactericum 63.72 
male genitalia 109.9-109.10 
mechanical injuries 122.2 
oral lesions 108.35 
perineal and perianal skin 111.8 
peristomal skin 112.9, 112.10, 112.11 
phototherapy 21.3-21.4 
pityriasis rubra pilaris comparison 36.2 
polymorphic light eruption 126.2 
in pregnancy 113.10-113.11 
psychodermatology 84.3 
psychological and social factors 15.4 
PUVA-induced lentigines in patient with 
131.7 
quality of life assessment 16.7-16.8 
radiation dermatitis differentiation 
119.14 
recreational drug-related 120.3 
scalp 105.2-105.4 
susceptibility genes and pathways 35.3 
vitamin D analogue topical treatment 
18.27-18.28 
vulva 110.17-110.18 
see also psoriasis vulgaris (chronic plaque 
psoriasis); psoriatic arthritis; 
pustular psoriasis 
Psoriasis Area and Severity Index (PASI) 
16.3, 35.16-35.17, 35.27 
Psoriasis Disability Index (PDI) 16.8 
Psoriasis Epidemiology Screening tool 
(PEST) 16.3 
Psoriasis Family Impact 16.10 
psoriasis gyrata 1.5 
Psoriasis Symptom Inventory (PSI) 16.5 
psoriasis vulgaris (chronic plaque psoriasis) 
35.1-35.31 
acute guttate psoriasis §35.12-35.13 
age at onset 35.2 
alcohol misuse 35.4 
atypical forms of 35.14 
Auspitz sign 35.9 
biologic therapy 35.27-35.31 
adalimumab 35.28 
bimekizumab 35.30 
biosimilars 35.29 
brodalumab 35.30 
certolizumab pegol 35.28-35.29 
etanercept 35.28 


IL-12/IL-23 p40 inhibitor 35.29 
IL-17 inhibitors 35.30 
IL-23p 19 inhibitors 35.30-35.31 


infliximab 35.27-35.28 
ixekizumab 35.30 
registries 35.29 
secukinumab 35.30 
short-term efficacy in randomised trials 
35.27 
TNF-alpha inhibitors 35.27 
cancer association 35.18 
cardiovascular disease 35.19 
in childhood 35.15 
cigarette smoking 35.4 
clinical features 35.6-35.12 
clinical variants 35.12-35.14 
complications and co-morbidities 
35.17-35.19 
differential diagnosis 35.16 
disease course and prognosis 35.19 
drug reactions 35.3-35.4 
elephantine psoriasis 35.14 
environmental factors 35.3-35.4 
epidemiology 35.1-35.2 
epidermal hyperplasia with 
suprapapillary thinning 35.6 


erythema, scaling and induration, grading 
of 35.17 
erythrodermic psoriasis 35.14, 35.16 
flexural psoriasis (inverse psoriasis) 35.8, 
35.9, 35.16 
follicular psoriasis 35.7, 35.9 
genetics 35.2-35.3 
genital psoriasis 35.10 
guttate psoriasis 35.15, 35.16, 35.19 
hepatobiliary disease 35.19 
histopathology 35.5, 35.6 
history 35.6 
HIV-induced or exacerbated psoriasis 
35.15-35.16 
immune-mediated inflammatory disease 
association 35.18 
incidence and prevalence 35.1-35.2 
infection 35.3, 35.18 
intraepidermal spongiform pustule 35.5 
investigations 35.19-35.20 
linear psoriasis 35.15 
management 35.20-35.31 
metabolic syndrome association 35.18 
molecular genetics 35.2-35.3 
mucosal lesions 35.11-35.12 
Munro microabscess formation in lesional 
stratum corneum 35.6 
nail psoriasis 35.10-35.11, 35.12 
non-pustular palmoplantar psoriasis 
35.10, 35.11 
in older age groups 35.15 
ostraceous psoriasis 35.14 
pathogenic mechanisms 35.4~35.5 
physical trauma 35.4 
phytotherapy 35.22-35.23 
pityriasis rubra pilaris comparison 36.2 
plaques 
changes in fully developed plaques 
35.5 
encircled by clear peripheral zone (halo 
or ring of Woronoff) 35.7 
fiery red plaques of unstable psoriasis 
35.13 
with gross hyperkeratosis 
red scaly plaques 35.7 
silvery white scaling 35.8 
pregnancy outcomes 35.19 
presentation 35.6 
pruritus 81.8 
psychological distress 35.4 
psychological/psychiatric morbidity 
35.19 


35.14 


PUVA photochemotherapy 35.23 
remissions from 35.19 
scalp psoriasis 35.7, 35.9 
seborrhoeic psoriasis (sebopsoriasis) 
35.7-35.8 
segmental psoriasis 35.15 
severity classification 35.16-35.17 
sunlight exposure 35.4 
systemic therapy 35.23-35.27 
acitretin 35.25-35.26 
apremilast 35.26 
ciclosporin 35.25 
fumaric acid esters 35.26 
hydroxycarbamide (hydroxyurea) 
35.26 
methotrexate 35.23-35.25 
properties of 35.24 
tofacitinib 35.27 
tyrosine kinase 2 inhibitor 35.27 
topical treatment 35.20-35.22 
calcineurin inhibitors 35.22 
coaltar 35.21-35.22 
corticosteroids 35.20, 35.21 
dithranol 35.21 
novelagents 35.22 
vitamin D analogues 35.20-35.21 
unstable psoriasis 35.13, 35.14, 35.35 
vascular bleeding points 35.9 


psoriatic alopecia 87.34, 105.3 
psoriatic arthritis 


35.41-35.46 
age atonset 35.42 
assessment tools 16.3 
associated diseases 35.42 


117.1-161.10 


biologic treatment 35.45-35.46 
Classification of Psoriatic Arthritis 
(CASPAR) criteria 35.41 
clinical features 35.43 
distal interphalangeal involvement 35.42 
epidemiology 35.42 
genetics 35.42 
investigations 35.43 
management 35.44 
pathophysiology 35.42-35.43 
severity classification 35.43 
systemic therapy 35.44-35.45 
treatment 35.43-35.46 
PSS-AD see Psychosomatic Scale for Atopic 
Dermatitis 
PSSs see peeling skin syndromes 
psychiatric disorders 
male genitalia 109.44 
oral effects 108.83 
see also anxiety; body dysmorphic 
disorder; depression; stress 
psychiatric side-effects of systemic therapies 
19.7, 19.18, 19.19, 19.20, 19.43, 19.45 
psychiatric therapies 
alternative therapies 84.48 
combined somatic/psychological 
disorders 84.47-84.48 
drug therapies 84.43-84.47 
psychological therapies 84.47-84.48 
use in dermatology 84.42-84.43 
see also talk therapies 
psychoactive drugs see psychotropic drugs 
Psychoactive Substances Act 2016 120.4 
psychodermatolgy 
atopiceczema 41.19 
urticaria 42.8 
psychodermatology 1.81.9, 84.1-84.49 
“by proxy” disorders 84.5, 84.14, 84.26, 
84.29, 84.33, 84.37-84.38 
classification 84.2 
deliberate self-harm 84.38-84.39 
delusional beliefs 84.5-84.12 
eating disorders 84.26-84.27, 108.83 
factitious skin disease 84.29-84.38, 
97.48-97.50, 108.61 
‘golden rules’ 84.2-84.3 
illicit drug use 120.2 
models of service provision 84.2 
multidisciplinary teams 84.2 
national and international organisations 
84.2 
obsessive-compulsive behaviour 
84.12-84.26 
psoriasis 35.19 
psychoemotional stress role in skin disease 
150.8 
psychogenic itch 84.27-84.29 
psychogenic pruritus 81.12 
quality of life assessment 84.4-84.5 
skin-related health anxieties 84.25-84.26 
stigmatisation 1.9, 5.5, 16.8, 28.1, 28.16, 
84.3-84.4 
therapies for psychological disorders 
84.42-84.48 
treating skin condition concomitantly with 
psychological disease 84.2, 84.14 
see also suicidality 
psychoemotional stress, role in skin disease 
150.8 
psychogenic itch 84.27-84.29 
psychogenic pruritus 81.12, 105.15 
psychological care, stepped approach 15.5 
psychological distress 
acne 88.28-88.29 
morphoea 55.29 
psoriasis vulgaris 35.4 
psychological and emotional factors, 
exacerbating cutaneous disorders 
84.1, 84.2 
psychological factors, diagnosis 4.5 
psychological impacts, measurement 
16.11-16.12 
psychological methods, cutaneous wart 
therapy 25.60-25.61 
psychological and social factors 


atopiceczema 41.19-41.20 

beliefs/emotions/behaviours 15.1-15.3 

childhood and adolescence 15.3, 15.4 

co-morbities of recreational drug use 
120.8 

holistic management of skin disease 
15.5-15.7 

ichthyoses 63.46 

impacts of long-term conditions 
15.1-15.5 

lymphoedema 103.7 

specific conditions 15.3-15.4 

psychopharmacological treatments 


antidepressants 84.43-84.44, 84.44, 84.45, 
117.3 
antipsychotics 84.44-84.46 


anxiolytics 84.46 
body dysmorphic disorder 84.14 
mood stabilisers 84.46-84.47 
Psychosomatic Scale for Atopic Dermatitis 
(PSS-AD) 16.8 
psychotherapies see psychiatric therapies 


psychotropic drugs 
acneform reaction 88.13 
hypermelanosis 86.26-86.27 
recreational use 120.1 
PTBPFR see 
para-tert-butylphenolformaldehyde 
resin 


PTD see (p-)phenylenediamine and 
toluene-2,5-diamine 
PTEN see phosphatase and tensin homologue 
PTEN hamartoma tumour syndrome (PHTS) 
71.2, 71.13-71.14, 72.10, 78.11, 78.14, 
148.11-148.12 
oralinvolvement 108.85 
storiform collagenoma 136.3 
trichilemmoma 137.6 
pterygium syndromes 70.37-70.38 
PTLD see post-transplant 
lymphoproliferative disorder 
PTM see pretibial myxoedema 
ptosis 107.6 
ptychotropic porokeratosis 63.74, 85.21, 
85.22, 109.35 
pubertal growth striae 94.10, 94.11 
pubic hair 
androgen-stimulated growth 87.10 
male 109.4, 109.27 
trichomycosis 26.41-26.42, 109.27 


public health approach, epidemiology _ 5.2, 
5.4-5.7 

pudendal neuropathic pain/neuralgia 83.7, 
83.8 


PUFAs see polyunsaturated fatty acids 
puffy hand syndrome 120.7 
pulley sutures 20.18 
pulmonary blastomycosis 32.85 
pulmonary disorders 
fungal diseases 32.81-32.88 
interstitial lung disease 52.1, 52.2, 52.7, 
52.11-52.12, 69.15 
junctional epidermolysis bullosa with 
interstitial lung disease 69.15 
Mycobacterium kansasii 27.35 
tuberculosis 27.2, 27.5, 27.6 
tuberous sclerosis complex 78.9 
pulmonary involvement 
drug reaction with eosinophilia and 
systemic symptoms 118.9, 118.11 
Erdheim-Chester disease 135.22 
methotrexate toxicity 19.26 
microscopic polyangiitis 100.21-100.22 
systemic lupus erythematosus 51.31 
systemic sclerosis 54.18, 54.26 
pulmonary oedema, inhalation injury 
125.4-125.5 
pulmonary sarcoidosis 
pulpitis 128.5 
pulsed dye lasers (PDLs), vascular lesions 
23.6-23.12 
punch biopsies 3.3, 20.9-20.10 
punctate autosomal dominant porokeratosis 
63.59 
punctate keratosis of the palmar creases 
63.60 


96.5, 96.15-96.16 


punctate lesions, palmoplantar keratoderma 
punctata 63.59 
punctate palmoplantar porokeratosis 
85.20-85.21 
punctuate keratotic projections 63.59 
pure diffuse leprosy 28.8 
pure neural leprosy 28.10 
puritic and dyskeratotic dermatoses (PDD), 
human polyomavirus-6 and -7 
25.48-25.49 
purpura 99.1-99.25 
acroangiodermatitis 
actinic purpura 99.5 
annularis telangiectodes 99.7, 99.8, 99.9 
antiphospholipid antibody syndrome 
99.17-99.19 
associated diseases 100.4 
atrophie blanche 99.20-99.21 
bacterial infections 99.14 
blood vessels, abnormal or decreased 
support of 99.5-99.7 
calcific uraemic arteriolopathy 99.23 
cardiacembolus 99.15 
causes 99.2,99.5 
cholesterol embolus 99.14-99.15 
classification 99.1, 99.2 
coagulation disorders 99.2 
contact allergy 99.9 
corticosteroid purpura 99.5 
cryogelling /cryoagglutination disorders 
99.11-99.14 
cryoglobulinaemia 124.13 
Degos disease 99.21-99.22 
diagnosis by lesion size of macular 
non-retiform 
haemorrhage/petechiae 99.3 
drug-induced purpura 99.4 
dysproteinaemic purpura 99.6-99.7 
emboli 99.14-99.19 
exercise-induced purpura 99.5, 99.9 
fungal infections 99.14 
gravitational purpura 99.4 
heparin-induced thrombocytopenia 
99.9-99.10 
heparin necrosis 99.9-99.10 
hypergammaglobulinaemic purpura 
.6-99.7 


99.4 


infections 99.14 

with inflammation 99.2 

intravascular causes 99.2, 99.4-99.5 

itching purpura 99.7, 99.8, 99.9 

lichen aureus 99.7, 99.8, 99.9 

livedoid vasculopathy 99.20-99.21 

lupus anticoagulant syndrome 
99.17-99.19 

malignant atrophic papulosis 99.21-99.22 

mechanical vascular causes 99.2 

microvascular occlusion disorders 
99.9-99.24 

non-thrombocytopenic vascular causes 
99.4-99.7 

oralinvolvement 108.27 

oxalate ebmolus 99.15 

paroxysmal finger haematoma 99.5-99.6 

physical and artefactual bleeding 99.6 

pigmented purpuric dermatoses 
99.7-99.9 

pigmented purpuric lichenoid dermatosis 


of Gougerot and Blum 99.7, 99.8, 
99.9 

platelet disorders 99.2-99.4 

primary ecchymotic haemorrhage 
syndromes 99.4-99.7 

protein C/protein S-related disease 
99.15-99.17 


purpura fulminans 99.15-99.17 
retiform/stallate 25.111, 53.4, 99.16 
Schamberg disease 99.7, 99.8, 99.9 
scurvy 99.6 

in Sjogren syndrome —53.10-53.11 
Sneddon syndrome 99.19-99.20 
solar purpura 99.23-99.24 

systemic coagulopathies 99.15-99.19 
thrombocytopenia 99.2-99.4 
thrombocytosis 99.3-99.4, 99.10-99.11 


trauma injury 99.6 
vascular coagulopathies 99.19-99.24 
Waldenstrém hypergammaglobulinaemic 
purpura 99.6-99.7 
warfarin-induced necrosis 99.15-99.17 
purpura annularis telangiectodes (Majocchi 
disease) 99.7, 99.8, 99.9 
purpura artefact, induced bruising 84.33 
purpura fulminans, neonatal 114.21-114.22, 
114.27 
purpuric lesions, calciphylaxis 59.7 
purpuric macules, Stevens-Johnson 
syndrome/toxic epidermal 
necrolysis 118.14 
purpuric polymorphic light eruption 126.4, 
126.5 


purpuric reactions 
allergens 127.20 
COVID-19 infection 25.109, 25.111, 25.112 
COVID-19 vaccines 25.118 
purse string sutures 20.18 
PUs see polyurethanes 
pustular conditions of the scalp 
105.12-105.14 
diagnosis 105.13 
erosive pustular dermatosis of the scalp 
105.13-105.14 
pustular drug rash 118.1 
pustular folliculitis 91.3-91.5, 93.8 
pustular miliaria 92.13 
pustular patch test reactions 127.27 
pustular psoriasis 35.31-35.41, 118.4 
acrodermatitis continua of Hallopeau 
35.39-35.41 
diagnosis of 35.32 
generalised pustular psoriasis 
35.31-35.36 
IL36RN gene 118.2, 118.3 
palmoplantar pustulosis 35.36-35.39 
von Zumbusch variant 35.33-35.34, 118.4 
pustular pyoderma gangrenosum 49.4 
pustular ulcerative syphilide 29.10 
pustules 3.43 
chemical peels, side effect of 160.14 
rosacea 89.6, 89.7, 89.12, 89.14-89.15 
pustulose exanthemique aigué generalisés 
(PEAG) 
PUVA see psoralen and ultraviolet A 
PV see pemphigus vulgaris; polycythaemia 
vera 
P-values, incompatibility of data with a 
statistical model 17.20-17.21 
PVD see peripheral vascular disease 
PVL see Panton-Valentine leukocidin 
virulence factor 
PWA see persons with albinism 
PWS see port wine stains; Prader-Willi 
syndrome 
PXE see pseudoxanthoma elasticum 
Pyemotes mites 34.51-34.52 
pyknosis 3.43 
pyloric atresia 
junctional epidermolysis bullosa with 
69.13-69.14 
severe recessive epidermolysis bullosa 
simplex with 69.11 
pyoderma, global distribution 7.3 
pyoderma faciale, differential diagnosis 
88.34, 88.36 
pyoderma gangrenosum (PG) 49.1-49.8, 
53.6, 120.5 
acne conglobata association 88.63 
associated diseases 49.2 
associated with liver disease 153.9 
biologic therapy 49.7 
bullous pyoderma gangrenosum 
49.4-49.5 
causative organisms 
clinical features 49.4 
clinical variants 49.4-49.5 
complications and co-morbidities 49.6 
differential diagnosis 49.5-49.6 
environmental factors 49.4 
epidemiology 49.1-49.2 
extracutaneous pyoderma gangrenosum 
49.5 


49.4 
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genetics 49.3, 49.4 
granulomatous superficial pyoderma 
gangrenosum 49.5, 49.6 
haematological neoplasms 149.7 
healing ulcer and scarring 49.5 
immune system activation 49.3 
inflammatory pathways recruitment 49.3 
internal malignancy association 148.23, 
148.24 
intravenous immunoglobulin therapy 
49.7 
investigations 49.6 
lesion appearance 49.4, 49.5 
male genitalia 109.9, 109.23 
management 49.6-49.8 
Maverakis diagnostic criteria 49.2 
neutrophil activation 49.3 
parastomal pyoderma gangrenosum 
49.4, 49.5 
pathology 49.3 
pathomechanism of 49.3 
peristomal skin 112.10, 112.13-112.15 
predisposing factors 49.2 
pustular pyoderma gangrenosum 49.4 
sarcoidosis association 96.15 
severity classification 49.6 
tissue destruction 49.3-49.4 
treatment for 49.7 
vegetative pyoderma gangrenosum 49.5, 
49.6 
pyodermatitis-pyostomatitis vegetans 
(PD-PSV) 49.19-49.20 
pyoderma vegetans, possible bacterial /viral 
roles 26.88 
pyogenic arthritis-pyoderma 
gangrenosum-acne (PAPA) 
syndrome 45.5, 45.6, 45.13, 
88.8-88.10, 88.11, 88.63 
pyogenic granuloma (PG) (lobular capillary 
haemangioma) 71.2, 136.25-136.27 
inacne 88.41 
infants 116.10-116.11 
laser therapies 23.11 
oral 113.3 
within port-wine stains 
pyogenic infection 
externalear 106.19 
recurrent 80.18 
pyogenic sterile arthritis, pyoderma 
gangrenosum and acne syndrome 
see pyogenic arthritis-pyoderma 
gangrenosum-acne syndrome 
pyostomatitis vegetans, oral involvement 
108.74 
pyrethroids, topical therapies 18.14 
pyridoxine (vitamin B6) deficiency 
61.17-61.18 
pyrin-associated autoinflammation with 
neutrophilic dermatosis (PAAND) 
45.10-45.11 
pyruvic acid (PA), chemical peels 160.2 
Pythium insidiosum infection 32.94 
PyV see polyomaviruses 


136.26 


Q 
QALY see Quality-Adjusted Life Year 
QES see Questionnaire on Experience with 
Skin complaints 
Q fever 97.46 
QoL see quality of life 
Q-switched lasers, tattoo and pigmented 
lesion treatments 23.12-23.17 
Quality-Adjusted Life Year (QALY) 6.3, 6.4, 
16.9 
quality of life (QoL) assessment 4.5, 
16.5-16.11 
acne 88.38-88.39, 88.40 
adolescents 16.10 
children 16.9-16.10 
dermatology specific measures 16.6 


disease specific measures 16.7-16.9 
evaluation 6.3 

families 16.10-16.11 

general health measures 16.6 


Harmonising Outcome Measures for 
Eczema 16.3 


quality of life (QoL) assessment (continued) 
informing clinical decisions 16.6 
meaning 16.5-16.6 
measurement 6.4 
methods 16.6 
occupational skin disease 16.12 
practical use of measures 16.11 
psychodermatology 84.4-84.5 
purpose 16.6 
rosacea 89.5 
Quality of Reporting of Meta-analyses 
(QUOROM), systemic review 
assessment 17.8 
quaternium-15 127.51 
quenching effects, patch testing 127.29 
Questionnaire on Experience with Skin 
complaints (QES) 16.8 
quinine-induced photo-lichenoid eruption 
47 
quinines, allergic contact dermatitis 
quintana fever see trench fever 
QUOROM see Quality of Reporting of 
Meta-analyses 


127.80 


R 
RA see rheumatoid arthritis 
Rab GTPase Rab27B, epidermolysis bullosa 
69.4 
racial factors 
dermatomyositis 52.1 
facial melanoses 86.9 
see also skin of colour 
radial streak patterns see peripheral streak 
patterns; starburst patterns 
radiation dermatitis see radiodermatitis 
radiation-induced angiosarcoma, atypical 
vascular proliferation after 
radiotherapy comparison 
136.38-136.39 
radiation-induced carcinogenesis 24.4, 
24.21 
latent period 24.4, 24.21 
management 24.21 
rare tumours 24.21 
risk in treatment of benign conditions 
24.4, 24.21 
sarcomas 24.21 
tumour risks in immunocompromised 
people 147.9 
radiation reactions 
early/acute 24.18, 24.19 
late/chronic 24.18-24.20 
radiation recall phenomena 119.12-119.13 
radiculoneuropathy, primary ano-genital 
herpes infection 25.25 
radiodermatitis 105.5-105.6, 109.12, 
119.13-119.15 
radiofrequency (RF), skin tightening 161.6 
methods of delivery 161.7 
microneedling devices 161.8 
safety and adverse events 161.7 
radiological examination 4.22-4.23 
radiological investigations, peripheral 
vascular disease 101.4 
radio-responsiveness, radiotherapy 24.4 
radiotherapy 24.1-24.24 
associated skin side effects 119.13-119.15 
atypical vascular proliferation after 
radiotherapy 136.38-136.39 
basal cell carcinoma 140.16-140.17 
benign skin conditions 24.4, 24.7 
Bowen disease 141.24 
brachytherapy 24.3 
causing post-ionising radiation keratosis 
141.14-141.15 
compared to surgery for skin cancer 24.8, 
cutaneous side effects 119.1-119.15 
cutaneous squamous cell carcinoma 
141.35, 141.37 
cutaneous T-cell lymphoma 139.15, 
139.16, 139.21, 139.22 
dose fractionation and treatment regimens 
24.10 
early/acute reactions 24.18, 24.19 


electron beam therapy 24.1-24.2 
hypofractionated regimens for melanoma 
24.14 
indications 24.4, 24.7-24.10 
melanoma 144.2 
morphoea 55.14 
multivoltage X-ray techniques 24.3-24.4 
particular skin sites with basal cell or 
squamous cell carcinomas 24.9, 
24.10-24.12 
proton beam therapy 24.2-24.3 
radio-curability and radio-responsiveness 
24.4 
superficial techniques 24.33 
tumour recurrence 24.20-24.21 
tumours induction see radiation induced 
carcinogenesis 
types 24.1-24.3 
raised linear bands of infancy 114.18-114.19 
Rajka Langeland severity classification, 
atopiceczema 16.4 
RAK see reticulate acropigmentation of 
Kitamura 
Ramazzini, Bernadino 1.4 
random-effects models, systematic reviews 
17.10 
randomisation sequence assessment, 
evidence based medicine 17.12, 
17.13 
randomised controlled clinical trials (RCTs) 
bullous pemphigoid —50.20-50.21, 50.23 
mucous membrane pemphigoid 
50.30-50.31 
see also evidence based medicine 
rapid acoustic pulse (RAP) technology, 
cellulite treatment 161.9 
Rapunzel syndrome 84.24 
RAS see recurrent aphthous stomatitis 
RASA1 mutations see RASopathies 
rashes see exanthems 
Ras-MAPK signalling pathway 78.7, 78.8, 
78.9 
RASopathies 78.7, 78.8, 78.9 
cardiac and cutaneous malformations 
151.3 
lymphatic abnormalities 103.24 
neurofibromatoses 78.7, 78.8, 78.9 
Ras—mitogen activated protein kinase 
(Ras-MAPK) signal transduction 
pathway 78.7, 78.8 
genetic syndromes of 78.9 
rat-bite fevers 26.75-26.76, 130.5 
Spirillum minus 26.75 
Streptobacillus moniliformis 26.75-26.76 
rationalisation, health economics 6.5 
rational medicine 
growth of 1.2-1.4 
see also evidence based medicine 
rat transitional epithelium, antibody 
detection 3.20 
Raynaud phenomenon (RP) 53.1, 
124.10-124.13, 129.15-129.16 
acrocyanosis distinction 124.7 
cannabis-induced 120.4 
causes 54.19 
clinical features 54.19 
fingertip rewarming in patient with 54.22 
fish stings 130.4 
internal malignancy association 
148.24-148.25 
investigation and management 54.25 
in systemic lupus erythematosus 51.26 
systemic sclerosis 54.3, 54.15, 54.19 
vibration white finger 122.24 
al-Razi, Muhammad ibn Zakariya (’Rhazes’) 
13 
RCM see reflectance confocal microscopy 
RCTs see randomised controlled clinical trials 
RD see Refsum disease 
RDD see Rosai-Dorfman—Destombes disease 
RDTC see Regional Dermatology Training 
Centre, Moshi, Tanzania 
reactivation of viruses 25.4 
after COVID-19 vaccination 25.118 
in COVID-19 patients 25.111 


human herpesvirus 6 and 7 25.40 
immunomodulatory drug effects 19.3 
zoster 25.32-25.36 
reactive angioendotheliomatosis 
136.24-136.25 
reactive arthritis (Reiter’s syndrome) 
155.3 
eye disease 107.35 
oralinvolvement 108.68 
vulva 110.18 
reactive cutaneous lymphoid hyperplasia see 
lymphocytoma cutis /B-cell 
pseudolymphoma 
reactive diluents, resins 127.69 
reactive granulomatous dermatitis (RGD) 
53.5 
reactive inflammatory erythemas 
47.1-47.17 
annular erythema of infancy 47.9, 47.10 
erythema annulare centrifugum 
47.6-47.8 
erythema chronicum migrans 47.9 
erythema gyratum repens 47.11-47.12 
erythema marginatum 47.9-47.11 
erythema multiforme 47.1-47.6 
necrolytic migratory erythema 
47.12-47.16 
rheumatic fever, Duckett Jones criteria for 
diagnosis of 47.11 
reactive material, removal techniques 
122.19 
reactive oxygen intermediates (ROIs), 
erythema nodosum 97.21 
reactive oxygen species (ROS) 
ageing of skin 156.4, 156.6 
hair pigmentation 87.12-87.13 
reactive perforating collagenosis 
lip lesions 108.64 
renal failure and dialysis complications 
154.3-154.4 
reactive vascular lesions 136.23-136.25 
rebound phenomena, discontinuation of 
corticosteroids 18.21 
recalcitrant irritant dermatitis, excessive 
hand washing 84.26 
recall reaction dermatitis 119.12-119.13 
RECAP see Recap of Atopic Eczema 
Recap of Atopic Eczema (RECAP) 16.3 
ReCell 125.6 
receptor-effector system, drug action 
mechanisms 13.5 
receptor tyrosine kinases (RTKs), 
transmembrane drug mechanisms 
13.5 
recessive dystrophic epidermolysis bullosa 
69.5, 69.16-69.18, 69.16, 78.14 
cancer and 69.26-69.27 
combined with dominant 69.18 
management of 69.25-69.26 
recessive X-linked ichthyosis 63.5-63.7 
recombinant human growth hormone 
(rhGH), burn treatment 125.13 
recombinant protein therapy, ectodermal 
dysplasias 69.27 
record keeping, systemic therapy 19.2 
recreational drug use 120.1-120.9 
delusional infestation 84.5, 84.6, 84.7, 
84.8, 84.9 
olfactory delusions 84.10 
pharmaceutical drug interactions 
recto-vaginal fistula 111.7 
rectum 
ano-rectal abscess 111.27-111.28 
gastrointestinal polyposis 78.11 
recurrent angioedema without weals see 
angioedema without weals 
recurrent aphthous stomatitis (RAS) 
108.37-108.38 
recurrent cellulitis see erysipelas 
recurrent cutaneous necrotising eosinophilic 
vasculitis 100.10-100.11 
recurrent focal palmar peeling 39.16 
recurrent genital herpes 25.26 
recurrent infundibulofolliculitis 
91.14-91.15, 93.6-93.7 


155.2, 


63.76 


120.3 
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recurrent labial HSV infection (RHL) 
108.52-108.53 
recurrent lymphocytic meningitis, herpes 
simplex virus 25.23 
recurrent melanocytic naevi 131.26-131.27 
recurrent oro-facial and cutaneous herpes 
25.22-25.24 
recurrent toxin-mediated perineal erythema 
26.32, 26.33 
recurring digital fibrous tumour of 
childhood see inclusion body 
(digital) fibromatosis 
red ear syndrome 106.23 
redness (erythema) 4.13, 126.1 
acne vulgaris 88.27, 88.29 
atopiceczema 41.15 
chemical peels, side effect of 
160.11-160.12 
chronic venous insufficiency 101.43 
dermatomyositis 52.3, 52.4, 52.5, 52.6 
differential diagnosis 89.7 
disease course 89.11 
drug/chemical photosensitivity 126.29 
epidermolysis bullosa acquista 50.45 
grading of in psoriasis vulgaris 35.17 
hereditary angio-oedema 43.4 
indicator of pressure ulcers 123.4 
irritant contact dermatitis 128.6 
laser therapies 23.9-23.11, 23.12, 23.13 
lichen planus 110.12 
linear IgA disease 50.37 
morphoea 55.18 
non-blanchable 123.4, 123.5, 123.8 
ultraviolet radiation 10.3, 10.4 
UVB phototherapy adverse effects 
21.11-21.12 
UVR exposure 10.7 
venous leg ulcer 102.5 
see also erythema...; flushing; rosacea 
a5-reductase inhibitors 87.96 
Reduviidae (kissing bugs/assassin 
bugs/cone-nosed bugs) 34.29 
Reed naevi 131.34, 131.37, 145.5, 145.6 
Reed naevi see Spitz naevi 
Reed naevus 131.34, 131.37, 145.2, 145.5, 
145.6 
Reed syndrome (hereditary leiomyomatosis 
and renal cell cancer) 78.14, 78.15, 
148.12, 154.2 
reference listed drug (RLD), topical 
bioavailability /bioequivalence 
assessment 12.7, 12.8 
reflectance confocal microscopy (RCM) 
4.21, 4.22, 142.9 
Refsum disease (RD) 63.30-63.32 
refugee camps see displaced persons camps 
Regional Dermatology Training Centre, 
Moshi, Tanzania (RDTC) 7.7 
RegiSCAR drug reactions 118.9 
regression structures, melanoma 145.7, 
145.8 
regressive melanoma 142.14, 142.17, 142.20 
regulations, drug application approval 
13.13 


regulatory T cells (Tregs) 127.9 
Reiter’s syndrome see reactive arthritis 
RELA haploinsufficiency 45.15 
relapsing fever (epidemic), Borelia recurrentis 
26.72 
relapsing polychondritis 155.11-155.13 
ear dermatoses 106.23 
respiratory disease 152.2 
relaxed skin tension lines, principles of 
surgical design 20.20-20.21 
REM see reticular erythematous mucinosis 
Renaissance medicine 1.3 
renal abnormalities /dysfunction 
drug reaction with eosinophilia and 
systemicsymptoms 118.9, 118.11 
systemic lupus erythematosus 51.31 
renal cancer, syndromes linked with 78.14 
renal cell carcinoma, flushing 104.8 
renal cell carcinoma syndrome, hereditary 
cutaneous leiomyomatosis links 
154.2 


renal disorders 154.1-154.7 
calcific arteriolopathy 97.32-97.33 
calciphylaxis involving the penis 109.24 
chronic kidney disease 81.8-81.9 
nail-patella syndrome 67.15, 67.16 
oralinvolvement 108.83 
skin involvement 154.2, 154.3 
systemic lupus erythematosus 51.31 
systemic sclerosis 54.18, 54.24 
see also nephropathy 
renal failure, hypermelanosis 86.21-86.22 
renal failure and dialysis, cutaneous signs 
154.3-154.5 
renal failure and dialysis complications, 
Kyrle disease 154.3-154.4 
renal function, drug elimination 13.3 
renal transplantation 
dermatological consequences of 
immunosuppression 154.5-154.6 
see also organ transplant recipients 
repeat open application tests (ROATs), 
allergen testing 127.28, 127.33, 
127.49, 127.50 
reperfusion injury 123.2 
repetitive behaviour disorders 84.22-84.26 
repigmentation pattern, piebaldism 68.4 
repositioning interventions, pressure ulcers 
123.6-123.8, 123.10 
reproductive toxicity, methotrexate 19.26 
resin contact allergy 127.65-127.66 
resins, allergy to 127.68-127.71 
resin systems, allergy to 127.18 
respiratory fungal diseases 32.82-32.88 
respiratory support, SJS/TEN management 
118.20 
respiratory symptoms 
BSL management 98.15, 98.16 
dermatomyositis 52.7-52.8 
syndromic ichthyoses 63.39 
yellow nail syndrome 152.6 
respiratory syncytial virus (RSV) 
25.99-25.100 
respiratory system 152.1-152.7 
respiratory tract infections, skin features 
26.79 
restless leg syndrome (RLS) 83.10-83.11 
restrictive dermopathy 63.38, 70.24, 77.2 
resuscitation, burn shock 125.2-125.4 
resuscitation fluids 
inhalation injuries 125.5 
types 125.3-125.4 
resuscitation formulae —125.2-125.3 
resveratrol, topical depigmenting agents 
18.33 
retapamulin, topical therapies 18.11 
reticular degeneration 3.40-3.41 
reticular dermis, mechanical strength 
122.4-122.5 
reticular erythematous mucinosis (REM) 
57.8-57.9 
reticular hyperpigmentation, heat-associated 
carcinomas 124.15 
reticular pattern naevi 
dermoscopy 145.2, 145.3, 145.4 
Spitz naevi 145.6 
reticular variant, mid-dermal elastolysis 
94.26 
reticulate acropigmentation of Kitamura 
(RAK) 68.13, 68.14 
reticulate hyperpigmentation, 
drug /chemical photosensitivity 
126.30 
reticulate scarring, congenital erosive and 
vesicular dermatosis with 94.14 
reticuloendothelial system, sarcoidosis 96.5 
reticulohistiocytoma 135.22 
reticulohistiocytosis 135.25-135.27 
retiform haemangioendothelioma 
136.32-136.33 
retiform parapsoriasis see large plaque 
parapsoriasis 
retiform purpura 99.16 
COVID-19 association 25.111 
in patient with mixed connective tissue 
disease 53.4 


retina, pseudoxanthoma elasticum 70.33 
retinal anlage tumour see pigmented 
neuroectodermal tumour of infancy 
retinaldehyde, cosmeceutical use of 157.7 
retinoic acid (tretinoin) 18.23, 18.24 
chemical peels 160.2 
topical depigmenting agents 18.32 
topical therapies 18.25 
retinoids 
acne vulgaris treatment 
88.47 
chemical structure 18.24 
cosmeceutical use of —157.6-157.7 
dermatitis reactions 88.55 
eye, side effects on 107.43 
hidradenitis suppurativa treatment 
keratinocyte cancer chemoprevention 
147.20 
synthetic 19.41-19.42 
topical therapies 18.23-18.26 
use during pregnancy 63.44-63.45, 
113.22-113.23 
retinoids (systemic therapy) 19.42-19.44 
cautions 19.44 
contraindications 19.44 
cutaneous T-cell lymphoma 139.16, 
139.23 
dermatological uses 
drug—drug interactions 
monitoring 19.44 
pharmacological properties 19.42 
potential adverse effects 19.43-19.44, 
63.44-63.45 
pre-treatment screening 19.44 
retinol (vitamin A) 
cosmeceutical use of 157.7 
deficiency 61.7-61.8, 85.14-85.15, 
86.23-86.24 
excess 61.8-61.9 
metabolic production 18.23-18.24 
topical therapies 18.24 
retinyl esters, cosmeceutical use of 157.7 
retrovirus infections 25.78-25.80 
reverse smoking (bidi), keratoses 108.33 
revertant mosaicism 8.8 
Revesz syndrome 67.15 
rexinoid oral therapy, cutaneous T-cell 
lymphoma 139.15, 139.23 
RF see radiofrequency 
RGD see reactive granulomatous dermatitis 
rhabdomyocyte (striated muscle cell), 
microscopic examination of 3.37 
thabdomyoma 136.55 
oral involvement 108.14 
rhabdomyomatous congenital hamartoma 
136.55 
rhabdovirus infections 25.97 
rheumatic diseases 
calluses 122.7 
hyperpigmentation 86.20 
rheumatic fever 53.12, 155.3 
cutaneous lesions 151.5, 151.6 
Duckett Jones criteria for diagnosis of 
47.11 
rheumatoid arthritis (RA) 53.3-53.8, 
155.5-155.6, 155.7 
callosities 122.9 
clinical features 53.4, 53.5 
clinical variants 97.16 
epidemiology 53.4 
fibroblastic rheumatism 53.7-53.8 
gold treatment 121.3-121.4 
interstitial granulomatous dermatitis 
53.6 
investigations 
leg ulcers 53.7 
management 53.8 
medium vessel vasculitis 
oral involvement 108.68 
panniculitis 97.52 
pathophysiology 53.4 
pyoderma gangrenosum 53.6 
reactive granulomatous dermatitis 
rheumatoid neutrophilic dermatosis 
53.5-53.6 


88.45-88.46, 


90.10 


19.42 
19.44 


53.8 


53.8 


53.5 


rheumatoid nodules 53.5 
rheumatoid vasculitis 53.6-53.7 
skin manifestations 155.5-155.6, 155.7 
systemic lupus erythematosus comparison 
51.30 
vascular lesions associated with 53.6 
rheumatoid disease 155.1-155.16 
ear dermatoses 106.23 
oral involvement 108.67—108.69, 108.68 
rheumatoid neutrophilic dermatosis (RND) 
53.5-53.6, 155.6, 155.8 
rheumatoid nodules (RN) 53.5, 97.15-97.17, 
155.5-155.6, 155.7, 155.8 
rheumatoid vasculitis (RV) 53.6-53.7, 155.6 
thGH see recombinant human growth 
hormone 
thinoentomophthoromycosis 32.79-32.80 
rhinophyma 
disease course 89.11 
photothermal ablation 23.22 
sex prevalence 89.2 
treatment 89.13 
rhinoscelroma, Klebsiella pneumoniae subsp. 
rhinoscleromatis 26.56-26.57 
thinosporidiosis 32.79 
RHL see recurrent labial HSV infection 
RHSF see European Hidradenitis 
Suppurativa Foundation 
rhytids (wrinkles) 
ablative fractional resurfacing 161.5 
ageing of skin 156.2, 156.5 
cosmeceuticals 157.4-157.7 
dermal fillers, indication for 
glyphic wrinkles 94.2 
laser-assisted drug delivery 161.5 
mid-dermal elastolysis 94.26 
reduction of by botulinum toxin 
application 159.5, 159.6, 159.7 
smoker's skin 156.4 
riboflavin (vitamin B2) deficiency 
61.14-61.15 
rickets, hair disorders 87.29 
rickettsial infections 26.80-26.84 
scrub typhus group 26.84 
spotted fever group 26.81-26.83 
transitional group 26.83-26.84 
typhus group 26.80-26.81 
rickettsialpox 26.83-26.84 
Rickettsia prowazekii, epidemic typhus 
26.80-26.81 
rifamycins 19.47 
ring eczema 39.16, 128.3 
ringworm of the beard see tinea barbae 
ringworm of the body see tinea corporis 
ringworm of the face see tinea faciei 
ringworm of the foot see tinea peddis 
ringworm of the groin see tinea cruris 
ringworm of the hand see tinea manuum 
ringworm of the nails (onychomycosis 
caused by dermatophytes) 
32.47-32.49 
ringworm of the scalp see tinea capitis 
risk reduction for systemic therapy 
19.1-19.2, 19.3 
Ritter disease see staphylococcal scalded skin 
syndrome 
rituximab 135.29 
mucous membrane pemphigoid, 
management of 107.31-107.32 
pemphigus treatment 50.9 
systemic sclerosis treatment 54.24—54.25 
river blindness see onchocerciasis 
RLD see reference listed drug 
RLS see restless leg syndrome 
RN see rheumatoid nodules 
RNA editing, dyschromatoses 68.14-68.15 
RNA profiling, immune cell analysis 9.2 
RNA sequencing, melanoma diagnosis 
142.21 
RNA viruses 25.78-25.120 
human coronavirus 25.100-25.119 
human retroviruses 25.78-25.80 
paramyxoviruses 25.97—25.100 
pathogenesis 25.2, 25.5 
Picornaviruses/ enteroviruses 
25.93-25.97 


158.1, 158.3 
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thabdoviruses 25.97 
togaviruses 25.80, 25.87—25.92 
viral haemorrhagic fevers 25.80-25.87 
RND see rheumatoid neutrophilic dermatosis 
ROATs see repeat open application tests 
Robles disease see onchocerciasis 
Rocky Mountain spotted fever, rickettsial 
infection 26.82 
rodent bites 26.75-26.76, 130.5 
rodent borne viruses, haemorrhagic fevers 
25.81-25.83 
rodent flea disease transmission 
plague 26.59-26.60 
rickettsial infection/murine typhus 26.81 
roflumilast, psoriasis treatment 35.22 
ROls see reactive oxygen intermediates 
Roman Empire, rational medicine 1.3 
ROS see reactive oxygen species 
rosacea 89.1-89.20 
causative organisms 
classification 89.1 
clinical features 89.5 
definition 89.1 
diagnostic features 89.2, 89.5-89.6, 89.12 
differential diagnosis 88.34 
disease course 89.11 
epidemiology 89.2 
flushing 104.4 
laser therapies 23.9, 23.12 
major features 89.2, 89.6 
management 89.11-89.12 
on mid-face 88.35 
minor features 89.2, 89.6-89.7 
pathology 89.3-89.5 
pathophysiology 89.2-89.4 
in pregnancy 113.11-113.12 
prognosis 89.11 
sarcoidosis differential diagnosis 96.3 
treatment 89.13-89.14 
rosacea fulminans 89.16 
rosacea-like dermatoses due to medication 


89.4 


89.10 
rosacea-like erythema of the face, 
dermatomyositis 52.3, 52.5 


Rosai—Dorfman disease 3.23, 135.1 
Rosai-Dorfman—Destombes disease (RDD) 
135.27, 135.28, 149.17 
rose, cosmeceutical use of 157.8 
roseola infantum (sixth disease) 
25.39-25.40, 115.5-115.6 
roseolar rash (macular syphilide) 29.8, 29.9 
Ross River virus (RRV) 25.90 
Ross syndrome 92.7, 92.9, 92.12 
rotations flaps, surgical reconstruction 
20.24, 20.25 
Rothmann—Makai disease 97.8 
Rothmund-Thomson syndrome (RTS) 
75.4-75.6, 78.12, 148.12, 148.13 
clinical features 75.2, 75.5-75.6 
differential diagnosis 75.6 
genetics 75.5 
management 75.6 
round cell liposarcoma 136.59 
roundworms see nematodes 
Royal Society of Tropical Medicine and 
Hygiene (RSTMH) 7.6 
RP see Raynaud phenomenon 
RRV see Ross River virus 
RSPO4 gene, hereditary anonychia 67.16 
RSTMH see Royal Society of Tropical 
Medicine and Hygiene 
RSV see respiratory syncytial virus 
RTKs see receptor tyrosine kinases 
RTS see Rothmund-Thomson syndrome 
rubber allergy 127.17, 127.62-65, 127.68; 
127.84-127.85 
rubber gloves, allergies 39.14, 127.63 
rubber products, genital contact dermatitis 
109.13 
rubella 25.91-25.92 
clinical features 25.92 
congenital rubella 114.23 
epidemiology 25.91 
managements 25.92 
pathophysiology 25.91-25.92 


rubeosis, diabetic patients 62.2 

Rubinstein-Taybi syndrome 72.7 

rufous albinism 68.6 

Ruijs—Aalfs syndrome 72.5 

running intradermal suture 20.19 

rural versus urban environments, atopic 
eczema 41.6-41.7 

RV see rheumatoid vasculitis 


S 
S-100 protein (melanocyte marker) 3.23, 
3.25 
SA see salicylic acid; sorbic acid 
SABR see stereotactic ablative radiotherapy 
SAC see seasonal allergic conjunctivitis 
SACD see systemic allergic contact dermatitis 
sacral herpes zoster 109.28 
SADSS see Six Area Six Sign Atopic 
Dermatitis severity score 
safety issues 
electrosurgery 20.45-20.46 
phototherapy 21.16 
radiofrequency skin tightening 161.7 
skin surgery 20.6-20.7, 20.11 
treatments in pregnancy 113.19-113.24 
SAHA see seborrhoea, acne, hirsutism 
and/or androgenic alopecia 
syndrome 
lbutamol, topical therapies 
icylic acid (SA) 63.44 
acne vulgaris treatment 88.57 
chemical peels 160.3-160.4, 160.10 
salicylism, ichthyoses 63.42 
salivary glands 108.4, 108.6 
SALT see severity of alopecia tool 
saltpetre disease 94.31 
salt-split human skin substrate, subepithelial 
blistering disease diagnosis 3.20 
salvage therapy, haemophagocytic 
lymphohistiocytosis 
135.13-135.14 
sampling errors, epidemiological studies 
5.14 
SAM syndrome see severe 
dermatitis—multiple 
allergies—metabolic wasting 
syndrome 
sandflies 33.43, 33.45, 33.52, 34.3, 34.7 
sand worm eruption, see also cutaneous larva 
migrans 
Sanger sequencing 69.22-69.23 
San Joaquin valley fever see 
coccidioidomycosis 
SAPHO see synovitis, acne, pustulosis, 
hyperostosis and osteitis 
saprophytic moulds, superficial mycoses 
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sarcoidal granulomas, subcutaneous 
sarcoidosis 97.54 
sarcoidal granulomatous inflammation, 
tattoos 122.22 
sarcoid dactylitis 96.12, 155.7, 155.9 
sarcoidosis 89.10, 89.19, 96.1-96.18, 105.9 
arthropathies 155.7, 155.9 
cardiac involvement 151.4 
ear dermatoses 106.23 
erythema nodosum with 97.21-97.22 
eye disease 107.35 
facial, photothermal ablation 23.22 
foreign body reactions 122.17 
induced by drugs 96.4 
lip lesions 108.64 
metastatic calcinosis cutis 59.5 
neuroendocrinology 150.16 
oral lesions 108.67 
panniculitis 97.53-97.54 
pulmonary involvement 152.5 
systemic manifestations 96.5 
sarcomas 
clear cell 136.64 
fat cells 136.58-136.59 
low-grade fibromyxoid sarcoma 
136.18-136.19 
malignant vascular tumours 
136.34-136.37 


neural origins 136.51-136.52 
non Kaposi in immunocompromised 
people 147.16 
radiation-induced 24.21 
undifferentiated soft tissue sarcoma 
136.17-136.18 
see also dermatofibrosarcoma protuberans; 
Kaposi sarcomas; 
myxofibrosarcoma; 
myxoinflammatory fibroblastic 
sarcoma; pseudosarcomatous 
fibroblastic/myofibroblastic 
proliferations 
Sarcoptidae (mites) 
animal scabies 34.50 
human classical scabies 34.41-34.48 
human crusted scabies 34.48-34.50 
SARS-CoV-2 spike protein stains 
perniosis 124.5 
see also COVID-19/SARS-CoV-2 
SART3 see Squamous Cell Carcinoma 
Antigen Recognized by T-cells 
Sartorius Score, hidradenitis suppurativa 
16.4 
SASH see Severity and Area Score for 
Hidradenitis 
Sata, Sarachiro 1.7 
SAVI see STING-associated vasculopathy 
with onset in infancy 
sawah itch see cercarial dermatitis 
saw-toothing 3.43 
sBCC see superficial basal cell carcinoma; 
superficial basal cell carcinomas 
SC see stratum corneum 
scabies 34.41-34.50, 127.22 
animal scabies 34.50 
diagnosis 4.22 
global control measures 7.9 
global distribution 7.3 
HIV 31.29 
human classical scabies 34.41-34.48 
human crusted scabies 34.48-34.50 
incidence of 7.2 
infants 115.9 
male genitalia 109.29, 109.30 
in Panama _ 5.2,5.3 
perineal and perianal skin 111.16 
population approach to 5.2 
in pregnancy 113.5-113.6 
pseudolymphoma 134.1, 134.2 
secondary infections 26.10, 26.11 
treatment during pregnancy 113.20 
scabs, wound healing 11.10 
scalded mouth syndrome see burning mouth 
syndrome 
scaling 
acquired ichthyosis 63.47 
collarette scaling 4.13 
health economics 6.5 
ichthyosis vulgaris 63.4, 63.5 
recessive X-linked ichthyosis 
scalp disorders 105.1-105.6 
scalp 
cooling treatments for 
chemotherapy-induced alopecia 
119.6 
microscopic examination of skin 3.33 
scalp desquamation, ichthyoses 63.45 
scalp disorders 3.45, 105.1-105.18 
allergic contact dermatitis of 127.16 
BAP1-inactivated naevus 131.34 
Brunsting—Perry pemphigoid 50.53 
chronic non-scarring folliculitis 
91.13-91.14 
chronic pain/dysaesthesia/tenderness 
without obvious cause 82.12 
contact dermatitis 105.5 
cutis verticis gyrata 105.10 
dermatomyositis 52.3-52.4, 52.5 
discoid lupus erythematosus 51.4 
dissecting cellulitis 88.37 
follicular plugging, discoid lupus 
erythematosus 51.4 
folliculitis 88.35, 93.5-93.6 
folliculitis keloidalis 93.3 


63.5, 63.6 


human immunodeficiency virus infection 
105.12 
infections of the scalp 105.12 
lichen planopilaris 37.5, 37.6 
lichen simplex chronicus 105.5 
linear morphoea en coup de sabre 55.24 
lipoedema of 98.24-98.25 
melanocytic naevi 131.22-131.23, 131.34 
mucous membrane pemphigoid 50.29 
pityriasis amiantacea 105.4 
pityriasis amiantacea in psoriasis 
pruritus 105.14-105.17 
associated diseases 105.14-105.15 
causative organisms 105.15-105.16 
classification 105.16 
clinical features 105.16 
cutaneous sensory receptors and 
mediators 105.16 
epidemiology 105.14 
investigations 105.16 
management 105.16-105.17 
pathophysiology 105.15 
psoriasis 105.2-105.4 
psoriasis vulgaris 35.7, 35.9 
pustular conditions 105.12—105.14 
diagnosis 105.13 
erosive pustular dermatosis of the scalp 
105.13-105.14 
radiodermatitis 105.5-105.6 
scaling disorders 105.1-105.6 
contact dermatitis 105.5 
lichen simplex chronicus 105.5 
pityriasis amiantacea 105.4 
psoriasis 105.2-105.4 
radiodermatitis 105.5-105.6 
seborrhoeic dermatitis 105.1-105.2 
scalp dyaesthesia 105.17-105.18 
seborrhoeic dermatitis 105.1-105.2 
secondary cicatricial alopecia 
87.52-87.53, 105.6-105.9 
causes 105.6 
cicatricial (mucous membrane) 
pemphigoid 105.6 
dissecting cellulitis of scalp 
105.7-105.8 
follicular mucinosis 


35.9 


105.8 


granulomatous conditions 105.9 

sarcoidosis 105.9 

sclerosing conditions 105.8-105.9 
syphilis 105.12 


thickened scalp disorders 105.10-105.11 
cutis verticis gyrata 105.10 
lipoedematous alopecia 105.10-105.11 
tumours of the scalp 105.11-105.12 
pilosebaceous unit 105.11 
scalp metastases 105.11-105.12 
sebaceous naevus 105.11 
syringocystadenoma papilliferum 
105.11 
scalp hair 
anagen phase 87.8 
cyclical behaviour 
density 87.3 
scalp margin 
necrotising lymphocytic folliculitis 
91.12-91.13, 93.4 
varioliform scars 93.4 
SCARF syndrome 70.16 
scarlet fever 26.35-26.36 
clinical features 26.35-26.36 
epidemiology 26.35 
management 26.26 
pathophysiology 26.35 
scarring 
acne scars, chemical peels 160.5, 160.6 
acne vulgaris 88.3, 88.4, 88.29, 
88.39-88.41 
actinic prurigo 126.12 
chemical peels, side effect of 160.14 
chronic wounds 11.8-11.9 
discoid lupus erythematosus 
51.7, 51.8 
external ear 106.14-106.15 
formation of scar tissue 9.7 
hidradenitis suppurativa 90.4, 90.6, 90.8, 
111.11, 111.12 


87.9 


51.4, 51.5, 
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hypertrophic scars 11.9 
initiation of 11.7 
intermediate recessive epidermolysis 
bullosa 69.16 
intravenous drug administration 
120.6-120.7 
inversa recessive dystrophic 
epidermolysis bullosa 69.18 
keloid scars 11.9, 106.14-106.15 
larimal duct scarring, in erosive lichen 
planus 110.12 
lichen sclerosus 110.9 
mimics of acne scarring 88.38 
oral tissues 108.68 
skin folds 93.1 
trichloroacetic acid chemical 
reconstruction of skin scars 160.6 
unsatisfactory outcomes of skin surgery 
20.41, 20.42 
scarring alopecia 87.13-87.14, 87.36-87.38, 
96.13, 98.24 
folliculitis 91.11 
monitoring/assessment 87.19-87.20 
scarring psoriasis 87.34 
SCARS see self-assessment of clinical 
acne-related scars; severe cutaneous 
adverse reactions 
scar-sarcoidosis 96.11 
SCC see squamous cell carcinoma; squamous 
cell carcinomas 
Scedosporium apiospermum (Pseudallescheria 
boydii) 32.75 
SCF see stem cell factor 
SCEN see subcutaneous fat necrosis of the 
newborn 
Schamberg capillaritis 86.49 
Schamberg disease 99.7, 99.8, 99.9 
Schaumann bodies, sarcoidosis 96.3 
Schilder disease 86.21 
Schimmelpenning—Feuerstein—Mims 
syndrome (SFM) 71.23-71.24, 
73.5-73.6 
see also HRAS/KRAS mosaicism; 
phakomatosis pigmentokeratotica 
schistosomes, cercarial dermatitis 
33.29-33.30 
schistosomiasis (bilharziasis) 33.26-33.29, 
111.16 
clinical features 33.27-33.28 
management 33.28-33.29 
pathophysiology 33.26-33.27 
Schnitzler syndrome 45.20-45.21 
paraprotein activity 149.12-149.13 
Strasbourg diagnostic criteria 45.20 
Schépf-Schulz—Passarge syndrome 63.68, 
78.13 
Schwann cells, microscopic examination of 
3.37 
schwannoma 136.44-136.45 
Schweninger-Buzzi-type anetoderma 94.23 
SCI see Skin Cancer Index 
SCID see severe combined immunodeficiency 
SCLE see subacute cutaneous lupus 
erythematosus 
sclera, in osteogenesis imperfecta 70.13 
sclerema neonatorum 97.37, 97.59-97.60, 
114.17-114.18 
scleroderma 
meaning 55.1 
see also morphoea; systemic sclerosis 
scleroderma spectrum disorders 54.19, 55.1 
sclerodermatous processes, digestive system 
153.6 
sclerodermiform basal cell carcinoma see 
morphoeic basal cell carcinoma 
sclerodermiform reaction, vitamins K and 
B,, 122.19 
scleroedema 54.20, 57.9-57.11 
diabetic and non-diabetic types 57.9 
diabetic patients 57.9, 57.10, 62.5-62.6, 
62.7 
differences from scleromyxoedema 57.5 
neonates 97.60 
scleroedema of Buschke, paraprotein activity 
149.10-149.11 


scleroma see rhinoscelroma 
scleromyxoedema 54.20, 57.2-57.6 
lung disease 152.6 
paraprotein activity 149.10 
sclerosing angioma see fibrous histiocytoma 
sclerosing cholangitis 63.41 
sclerosing collagenoma, Cowden syndrome 
78.11 
sclerosing epithelial hamartoma see 
desmoplastic trichoepithelioma 
sclerosing lipogranuloma 97.49, 97.50 
sclerosing lymphangitis, penis 109.8 
sclerosing panniculitis 97.30-97.32 
sclerosing post-irradiation panniculitis 
97.63-97.64, 119.15 
sclerosing skin conditions, UVA-1 
phototherapy 21.6 
sclerosing /syringomatous sweat duct 
carcinoma see microcystic adnexal 
carcinoma 
sclerosis 
causes 55.14 
localised form see morphoea 
systemic see systemic sclerosis 
terminology 55.1 
sclerotic collagen bundles, deep morphoea 
97.13 
sclerotic panatrophy 94.19-94.20 
Scopulariopsis brevicaulis, onychomycoses 
32.53-32.55 
SCORing Atopic Dermatitis (6SCORAD) 
16.3, 16.4 
scorpions 34,36-34.37 
SCORTEN scoring system, SJS/TEN 118.18 
SCPs see superficial chemical peels 
scratching 
habit reversal therapy 84.37-84.38 
lichen simplex chronicus 81.18-81.20, 
84.15 
nodular prurigo 84.16 
prurigo nodularis 81.14~81.18 
pruritus 81.3-81.4 
see also chronic pruritus; pruritus 
scratch tests 4.24, 127.86 
screening, early melanoma detection 142.18 
scRNA-seq see single-cell RNA sequencing 
scrofuloderma (tuberculosis colliquativa 
cutis) 27.13-27.16 
scrotal calcinosis 59.4, 59.5, 109.30 
scrotal candidiasis 32.64-32.65 
scrotal lymphoedema, hidradenitis 
suppurativa 90.9 
scrotal squamous carcinoma 129.14 
scrotal tongue 108.87 
scrotum 
acute scrotum 109.23, 109.25-109.26 
calcinosis 109.30 
carcinoma of 109.39 
eczematous dermatoses 
examination of 109.4 
Fordyce spots 93.11 
inflammation 109.26 
microscopic examination of skin 3.33 
panniculitis 109.23 
polyarteritis nodosa 109.26 
porokeratosis of Mibelli 109.35 
psoriasis vulgaris 35.10 
scrotal angiokeratoma of Fordyce 109.6 
squamous cell carcinoma 109.39 
swelling, causes of 109.20 
tinea 109.27-109.28 
scrub typhus group (STG), Rickettsiae 
26.80, 26.84 


109.11 


scurvy 
purpura 99.6 
vitamin C deficiency 61.21, 61.22 
Scyphozoa, stings from 130.1 
SD see seborrhoeic dermatitis 
SDGs see Sustainable Development Goals 
SDRIFE see symmetrical drug-related 
intertriginous and flexural 
exanthema 
SDTI see suspected deep tissue injury 
sea anemone stings 130.1-130.3 
seabather’s eruption 130.2 


sea-blue histiocytosis 135.22-135.23 
sea mat stings 130.4 
seasonal allergic conjunctivitis (SAC) 
107.16, 107.17, 107.18 
seasonal hair shedding 87.9, 87.56 
seatworm see enterobiasis 
sea urchin injuries (SUIs) 130.3 
sebaceous adenomas 88.32-88.33 
oral lesions 108.30 
and sebaceomas 137.16-137.17 
sebaceous carcinomas 88.33, 137.18, 147.16 
eyelid 107.12, 107.49 
sebaceous cysts see epidermoid cysts 
sebaceous duct epithelial walled cutaneous 
cysts 133.6-133.7 
sebaceous gland disorders 91.15-91.18 
sebaceous gland hyperplasia 88.32, 
91.17-91.18, 93.12-93.13 
sebaceous gland hypertrophy, neonates 
114.4 
sebaceous glands 2.43 
changes in during pregnancy 113.2-113.3 
embryonic development 2.5 
eosinophilic pustular folliculitis 
male genitalia 109.6 
neuropeptide-cytokines /chemokine 
signalling 88.17 
sebaceous gland secretion, neonates 
sebaceous gland tumours 88.32 
carcinomas in immunocompromised 
people 147.16 
visceral malignancy 148.12 
sebaceous hyperplasia, photothermal 
ablation 23.21-23.22 
sebaceous naevus (organoid naevus) 73.5, 
73.6, 73.7, 73.8, 87.30, 88.32, 105.11, 
106.33, 137.19-137.20 
sebopsoriasis see seborrhoeic psoriasis 
seborrhoea 88.41 
in quadriplegic patients 83.19 
seborrhoea, acne, hirsutism and/or 
androgenic alopecia (SAHA) 
syndrome 88.11 
seborrhoeic blepharitis 107.8 
seborrhoeic dermatitis 127.21 
vulva 110.14 
seborrhoeic dermatitis (SD) 40.1-40.10, 
89.8, 105.1-105.2 
alcohol misuse relationship 84.40 
causative organisms 40.2-40.4 
clinical features 40.4—40.7 
clinical variants 40.5-40.6 
differential diagnosis 40.6 
drugs inducing or exacerbating condition 
40.6-40.7 
ear dermatoses 106.23 
environment and lifestyle factors 40.4, 
40.7 
epidemiology 40.1-40.2 
genetic factors 40.4 
HIV 31.12, 31.15 
HIV association 40.7 
infants 40.5, 41.22, 115.1-115.2 
Langerhans cell histiocytosis 135.6-135.7 
Malassezia yeast 32.14 
male genitalia 109.12, 109.13 
management 40.8-40.9 
pathophysiology 40.2-40.4 
perineal and perianal skin 111.8, 111.9 
in quadriplegic patients 83.19 
systemic treatments 40.9 
thickened yellow adherent scales 105.2 
topical antifungals 40.8 
topical keratolytics 40.8 
topical treatment agents 40.8-40.9 
see also infantile seborrhoeic dermatitis 
seborrhoeic eczema see seborrhoeic 
dermatitis 
seborrhoeic keratosis (SK) 132.1-132.4 
eyelid 107.44 
inverted follicular keratosis 137.2-137.3 
laser therapies 23.16 
malignancy association 132.1-132.2 
management 132.3-132.4 
pathophysiology 132.2-132.3 


93.7 


114.3 


seborrhoeic melanosis 40.5, 040.6 
seborrhoeic psoriasis (sebopsoriasis) 
35.7-35.8, 40.1, 40.6, 40.7 
seborrhoeic wart see seborrhoeic keratosis 
Sebutapes, sebum analysis 88.28, 88.43 
secondary anetoderma 94.23, 94.24-94.25 
secondary care 5.13 
secondary cicatricial alopecia 87.52-87.53, 
105.6-105.9 
causes 105.6 
dissecting cellulitis of scalp 105.7-105.8 
follicular mucinosis 105.8 
granulomatous conditions 105.9 
linear morphoea (‘en coup de sabre) 
105.8-105.9 
morphoea 105.8 
mucous membrane pemphigoid 105.6 
sarcoidosis 105.9 
sclerosing conditions 105.8-105.9 
secondary cutaneous B-cell lymphomas 
139.43-139.45 
intravascular large B-cell lymphoma 
139.43-139.44 
lymphomatoid granulomatosis 
139.44-139.45 
secondary cutaneous mucinoses 57.1, 57.2, 
57.18 
secondary cutaneous T-cell lymphoma 
139.45 
angioimmunoblastic lymphoma 139.45 
secondary erythromelalgia 101.7, 101.8 
secondary haemophagocytic 


lymphohistiocytosis 135.11, 135.14 
secondary infections, arthropod bites and 
stings 34.2 


secondary infections of skin lesions, nodular 
prurigo 84.15 
secondary intention healing, skin surgery 
20.21, 20.22 
secondary livedo reticularis 124.8 
secondary localised cutaneous amyloidosis 
(SLCA) 56.2, 56.3, 56.9 
secondary Raynaud phenomenon 
124.10-124.12 
secondary syphilis 29.7-29.12, 29.17-29.18 
nephrotic syndrome 154.6 
secondary to inflammatory 
disease/infections 59.1-59.3 
second-degree burns 125.6 
second primary cancers, increase risk in 
Merkel cell carcinoma 146.2 
secosteroids (vitamin D analogues), topical 
therapies 18.26-18.29 
Secretan’s syndrome 97.50 
secretory carcinoma 137.40 
secretory coil, eccrine glands 92.2, 92.16 
secukinumab 
psoriasis treatment 35.30 
psoriatic arthritis treatment 35.45-35.46 
sedge pool itch see cercarial dermatitis 
segmental infantile haemangioma 116.2, 
116.3-116.4 
segmental lentiginosis 86.16 
segmental odonto-maxillary dysplasia 
73.18 
segmental psoriasis 35.15 
segmental vitiligo 86.34, 86.36, 86.37, 
86.38-86.39, 86.40 
SEI see superficial epidermolytic ichthyosis 
selective photothermolysis, theory 
23.5-23.6 
selective serotonin reuptake inhibitors 
(SSRIs) 84.43, 84.44, 117.3 
selenium deficiency 61.29-61.30 
selenium excess (selenosis) 61.30-61.31, 
121.6-121.7 
Self-Administered Psoriasis Area and 
Severity Index 16.3 
self-assessment, see also Patient-Reported 
Outcome Measures 
self-assessment of clinical acne-related scars 
(SCARS) 16.4 
self-esteem 15.1 
self-examination, early melanoma detection 
142.18 
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self-healing collodion baby (SHCB) 63.8 
self-healing cutaneous mucinosis 57.14 
self-help 5.12 
self-improving congenital ichthyosis (SICI) 
63.7, 63.8, 63.11, 63.12 
self-improving dystrophic epidermolysis 
bullosa 69.16 
self-induced traumatic panniculitis 97.50 
self-mutilation, male genitalia 109.9 
self-mutilation of the skin 
deliberate self-harm 84.38-84.39 
delusional infestation 84.7 
factitious skin disease 84.29-84.36, 84.37 
malingering 84.36-84.37 
obsessive-compulsive behaviour 
84.15-84.22 
self-neglect, lack of skin cleaning 84.36 
semicircular lipoatrophy (SL) 97.55, 
98.9-98.10, 122.15 
semi-open tests, allergic contact dermatitis 
127.33 
senescence, pruritus 81.11 
senescent alopecia 87.67-87.68 
senile freckle see solar lentigo 
senile keratosis /senile wart see seborrhoeic 
keratosis 
senile purpura see actinic purpura 
sensitisation 127.6-127.9 
acanthosis facilitation 127.8 
patch testing 127.32 
potential of allergens 127.8-127.9 
risk 127.9 
sensitising agents 
antihistamines 18.37 
hair regrowth in alopecia 18.33-18.34 
occupational hazards 129.8-129.11 
reactions to topical therapy 18.5 
use in topical therapies 18.33-18.34 
see also allergic reactions 
sensitive skin 128.10-128.11 
sensory irritation 128.10-128.11 
sensory nerves, anatomy of head and neck 
20.2, 20.3 
sensory perception, and skin ageing 2.45 
sentinel lymph node biopsy (SLNB) 106.29, 
106.32-106.33, 143.4-143.6 
sentinel (lymph) node status, melanoma, 
prognostic markers 142.21, 142.22 
sepsis 
burn injuries 125.11 
drug reaction distinction 118.10 
risk for neonates 114.2 
SJS/TEN complications 118.20 
vasculitis 100.7 
septal panniculitis 97.11, 97.23 
septicaemia, acute SJS/TEN 118.17 
septic arthritis 155.4 
serine protease inhibitor Kazal-type 5 
(SPINK5) 69.6 
serine synthesis defects 79.14~79.15 
seroconversion, HIV 31.5, 31.6-31.7, 31.11 
serological diagnosis, of immunobullous 
disorders 3.20 
serological tests, viral infections 25.5-25.6 
seromas 103.32, 103.33 
seronegative arthritis 155.5 
serotoninergic syndromes, cocaine use 
120.3 
serpiginous lesions, on foot 4.16 
serpin B8 (SERPINBS), skin fragility 
disorders 69.6 
serration pattern analysis, direct 
immunofluorescence findings 
serum autoantibodies 
bullous pemphigoid 50.14-50.15 
mucous membrane pemphigoid 
50.25-50.26 
serum protein electrophoresis, 
cryoglobulinaemic vasculitis 
100.17 
serum sickness-like reaction (SSLR), hepatitis 
B 25.74 
Servelle—Martorelle syndrome 101.28 
sesquiterpene lactone mix (SLM) 127.73 
sesquiterpene lactones (STLs) 127.71 


3.17 


severe acute respiratory syndrome 
coronavirus-2 see 
COVID-19/SARS-CoV-2 
severe autosomal recessive epidermolysis 
bullosa simplex 69.10 
severe combined immunodeficiency (SCID) 
80.4, 80.7-80.9 
skin cancer 147.2 
severe cutaneous adverse reactions (SCARs) 
to COVID-19 vaccines 25.119 
todrugs 118.1-118.22 
severe dermatitis—multiple 
allergiesmetabolic wasting (SAM) 
syndrome 63.28, 63.63 
severe epidermolysis bullosa simplex 69.9 
severe erythroderma, Desmons syndrome 
63.35 
severe junctional epidermolysis bullosa 
management of 69.25 
molecular pathology 69.13 
severe recessive dystrophic epidermolysis 
bullosa 69.16-69.18 
management of 69.25-69.26 
severe recessive epidermolysis bullosa 
simplex, with pyloric atresia 69.11 
severity of alopecia tool (SALT) 87.24, 87.25 
Severity and Area Score for Hidradenitis 
(SASH) 16.5 
severity rating, types of scales 81.12-81.13 
sex chromosome defects 74.3-74.5 
fragile X syndrome 74.5 
Klinefelter syndrome 74.4 
Turner syndrome 74.3-74.4 
XXXXY syndrome 74.4-74.5 
XXYY syndrome 74.4 
XYY syndrome 74.4 
sex differences 
burning mouth syndrome 82.2 
dermatomyositis 52.2 
hormone responses in skin/appendages 
150.8 
urticarial vasculitis 44.2 
sex reversal, palmoplantar keratodermas and 
63.67-63.68 
sex steroids, and atopic eczema 41.19 
sexual abuse of children, ano-genital signs of 
109.9 
sexual behaviour, ChemSex/drugs with sex 
120.2-120.3 
sexual development, disorders of 110.5 
sexual hair growth 87.2 
sexually acquired reactive arthritis (SARA) 
genital chlamydia 30.9, 30.10, 30.11, 
30.12, 30.13, 30.14 
gonorrhoea 30.5-30.6 
sexually transmitted infections (STIs) 
ano-genital warts 25.61-25.64 
genital herpes 25.24-25.26 
global overview 29.1-29.2 
gonorrhoea 30.1-30.8 
illicit drug-related 120.3 
male genitalia 109.28-109.29 
non-syphilitic bacterial diseases 
30.1-30.26 
perineal and perianal skin 111.16-111.17 
recurrent genital herpes increasing risk of 
HIV and other STIs 25.26 
see also HIV; syphilis 
sexul functioning, impact measures 16.12 
Sézary syndrome (SS) 139.16-139.25 
clinical features 139.18-139.19 
definition 139.16 
erythroderma in 39.33 
management 139.20-139.25 
molecular features 139.19-139.20 
pathophysiology 139.16-139.18 
relationship to mycosis fungoides 139.2, 
139.19-139.20 
staging 139.8 
SFM see Schimmelpenning—Feuerstein—Mims 
syndrome 
SEN see small fibre neuropathy 
Shah-Waardenburg syndrome 68.5 
shame, emotional effects of skin conditions 
15.2 


shampoos 
allergic reactions 127.16, 127.50 
alopecia management 87.98 
shared decision making, holistic 
management of skin disease 15.6, 
15.7 
shared delusions, delusional infestation 
84.5 
shave biopsy 3.4 
epidermolysis bullosa diagnosis 69.21 
principles 20.10-20.11 
shave excisions 20.10-20.11, 20.45 
shaving practices, pseudofolliculitis 
91.9-91.11 
‘shawl-sign’, redness on back in 
dermatomyositis 52.4, 52.6 
SHCB see self-healing collodion baby 
shear force, pressure ulcers 123.2, 123.3 
shearing stresses 122.3 
SHH see sonic hedgehog 
SHHis see sonic hedgehog pathway 
inhibitors 
shin 
diabetic bullaon 62.7 
diabetic dermopathy 62.2 
granuloma annulare 95.7 
necrobiosis lipoidica 62.6, 95.9 
shingles see herpes zoster 
shiny white line dermoscopy patterns, 
melanoma 145.7, 145.14, 145.15 
SHML see sinus histiocytosis with massive 
lymphadenopathy 
shockwave therapy, skin tightening 161.6 
shoes 
allergic contact dermatitis 
127.67-127.68 
callosities 122.8 
short anagen syndrome 87.53, 87.83 
short-arm deletion syndrome, chromosome 4 
74.3 
short-arm deletion syndrome, chromosome 5 
74.3 
short stature/lipoedema syndrome 72.12 
SHORT syndrome 72.5 
shoulder 
granuloma annulare 95.2 
naevus of Ito 131.15 
subcutaneous fat necrosis of the newborn 
114.16 
SHP see Specific Health Problem 
Shulman syndrome (eosinophilic fasciitis) 
54.20, 55.2, 55.3, 55.4, 55.21-55.23, 
55.22, 55.27, 97.13 
sialidosis, glycoproteinoses 79.3 
Sicariidae (fiddleback/violin spiders) 
34.35-34.36 
SICI see self-improving congenital ichthyosis 
sideroblastic anaemia with B-cell 
immunodeficiency, periodic fevers 
and developmental delay (SIFD) 
45.19 
signalling disorders 
blistering 69.24 
IL-10 45.16 
signalling protein mutations, acquired 
immunodeficiency diseases 149.20 
signal peptides, cosmeceutical use of 
157.5-157.6 
signal transducer and activator of 
transcription (STAT) proteins 
STAT1 gain-of-function mutation, 
oro-pharyngeal Candida infection 
80.17 
STATS loss of function mutations, 
hyper-IgE syndrome 80.17 
STAT inhibitor medication for pyoderma 
gangrenosum treatment 49.7 
signal transduction pathway, drug action 
mechanisms 13.5 
sign of Leser-Trélat 148.16 
SIL see squamous intraepithelial lesions 
sildenafil 124.12 
silicone 
reactions to 122.21 
topical therapies 18.41 


127.17, 


silicone implants, factitious panniculitis 
97.48 
silicones, dermal fillers 158.7 
Silk Road 1.2 
silver, dermatological reactions 121.7-121.8 
silver nitrate 
caustic agent for skin surgery 20.47 
topical therapies 18.9 
silver sulfadiazine, topical therapies 
18.11-18.12 
SIM1 deficiency 72.6 
Simon Broome Register Group, familial 
hypercholesterolaemia diagnosis 
60.7 
simple interrupted skin sutures 20.14—20.17 
Simplified Psoriasis Index (SPI) 16.3, 16.8 
simulated skin disease (dermatitis simulata) 
84.36 
Simuliidae (blackflies) 34.7, 34.9 
Simulium species (blackfly), onchocerciasis 
vector 33.1, 33.2, 33.3 
Sinclair scale, hair grading 87.58, 87.65 
Sindbis virus (SINV) 25.88 
single-cell genomics 8.2 
single-cell RNA sequencing (scRNA-seq) 
9.2 
single-gene disorders 8.2, 8.3, 8.4 
single nuclei RNA sequencing (snRNA-seq) 
9.2 
single nucleotide polymorphisms (SNPs), 
skin cancer risks 147.6 
single-organ small-vessel vasculitis 
100.5-100.12 
single system Langerhans cell histiocytoses 
(SS-LCH) 135.2-135.8 
sinonasal melanoma 142.14-142.15 
sinuses, lips 108.86 
sinuses, preauricular, infants 115.12 
sinus histiocytosis with massive 
lymphadenopathy (SHML) 
135.27-135.29 
sinusoidal haemangioma 136.30-136.31 
SINV see Sindbis virus 
siphonaptera see fleas 
Siphonophora, stings from 130.1 
Sipple syndrome see multiple endocrine 
neoplasia type 2A 
sitosterolaemia 60.11 
Six Area Six Sign Atopic Dermatitis severity 
score (SASSAD) 16.4 
sixth disease see roseola infantum 
SJIA see systemic juvenile idiopathic arthritis 
Sjégren syndrome (SS) 53.9-53.11 
classification criteria 53.10 
clinical features 53.10 
eye disease 107.35 
investigations 53.11 
management 53.11 
mucocutaneous features of 53.10-53.11 
respiratory disease 152.3 
Sjégren—Larsson syndrome (SLS) 
63.32-63.33 
SJS see Stevens-Johnson syndrome 
SJS/TEN see Stevens—Johnson 
syndrome/toxic epidermal 
necrolysis 
SK see seborrhoeic keratosis 
skeletal abnormalities 78.3 
skeletal muscle tumours 136.55-136.56 
skeletal osteomas, familial adenomatous 
polyposis 78.11 
kin ageing see ageing of skin 
inanatomy 9.1, 9.2 
skin appendage tumours 137.1-137.49 
immunocompromised people 147.16 
skin barrier dysfunction, irritant contact 
dermatitis 128.2 
in biopsy see biopsy of skin 
kin cancer 1.8, 7.2 
acquired immunodeficiency diseases 
147.2-147.5 
clinicopathological features, 
immunocompromised people 
147.10-147.16 
direct, mortality and morbidity costs of 
melanoma 6.7 
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economic burden of 6.1, 6.5-6.8 
effects of altered healthcare during 
COVID-19 pandemic 25.120 
factors influencing treatment choice 24.8, 
24.10 
global distribution 7.3 
HIV/AIDS = 147.2-147.3 
host genetic predisposition, 
immunocompromised people 
147.6 
immunocompromised people 
147.1-147.26 
clinicopathological features 
147.10-147.16 
drug effects on cancer risk 147.6-147.8 
management 147.16-147.24 
organisations 147.25 
pathogenesis 147.5-147.10 
screening and surveillance 
147.24-147.25 
intralesional therapies 
management 
immunocompromised people 
147.16-147.24 
protocols for organ transplant recipients 
147.22, 147.23 
treatment comparisons —20.32-20.33 
see also Mohs micrographic surgery 
occupationally-induced 129.14-129.15 
oculocutaneous albinism 68.7 
pathogenesis, immunocompromised 
people 147.5-147.10 
persons with albinism 7.10-7.11, 7.12, 
7.13 
and photoageing 10.11 
prevalence of 5.10 
primary immunodeficiency 
diseases /inborn errors of immunity 
147.1-147.2 
psychological and social factors 
quality of life assessment 16.9 
resources used and persons affected by 
6.6 
screening and surveillance, 
immunocompromised people 
147.24-147.25 
solid-organ transplant recipients 
147.3-147.4, 147.22, 147.23 
surveillance after phototherapy 
21.16-21.17 
ultraviolet radiation effects in 
immunocompromised people 
147.5-147.6 
UVR exposure 10.9-10.10 
xeroderma pigmentosum 76.4, 76.5 
Skin Cancer Index (SCI) 16.9 
skincare creams, irritant contact dermatitis 
129.4 
skincare principles, occupational 
dermatology 129.4 
skin cleaning neglect 84.36 
skin cleansing, neonates 114.2 
skin colour 86.1-86.2 
changes as signs of cardiac disease 151.1 
lightening cosmeceuticals 157.3-157.4 
malaria 33.36 
melanoma risk in fair skin 142.3 
see also jaundice; pigmentation 
skin of colour (SOC) 4.13-4.15, 86.1-86.2 
acne vulgaris 88.45 
acne vulgaris treatment 88.43-88.44 
ageing in 156.1-156.3 
atopiceczema 41.16 
chemical peels 160.15 
discoid lupus erythematosus 51.7 
facial melanoses 86.9 
geographic distribution of pigmentation 
86.7-86.8 
inherited patterned lentiginosis 86.16 
matching principles in surgical design 
20.21 
mucocutaneous manifestations of 
COVID-19 infection 25.104 
photoageing scale 156.7 
sun exposure responses 


20.47-20.48 


15.4 


86.8 


Skindex (dermatology life quality index) 
6.4, 15.3, 16.3, 16.6-16.8, 16.12, 35.17 
Skindex-Teen 16.10 
skin extensibility 122.5 
skin folds 
amicrobial pustulosis 49.20-49.21 
scarring 93.1 
skin fragility disorders 
skin grafting 
ectodermal dysplasias 69.27 
full-thickness grafts 20.30, 20.35 
skin hydration 
effects on skin bacteria 26.4, 26.5 
pressure ulcers 123.3 
skin infections 1.7-1.8 
effects on urinary tract 154.6 
immunosuppressed renal allograft 
recipients 154.5-154.6 
skin injuries, mechanical 122.1-122.29 
skin lesions with uncertain/unpredictable 
malignant potential 141.1-141.18 
actinic keratoses 141.1-141.12 
arsenical keratosis 141.13-141.14 
cutaneous horn 141.12-141.13 
disseminated superficial actinic 
porokeratosis 141.15-141.18 
post-ionising radiation keratosis 
141.14-141.15 
skin lightening, cosmeceuticals —157.3-157.4 
skin microbiome 2.13, 2.14, 26.2-26.6 
atopiceczema 9.8, 41.9 
erythematotelangiectatic rosacea 89.4 
hair follicle 87.11 
immune system 9.7-9.8, 26.5, 26.6, 103.2, 
103.3 
Malassezia yeast species 
normal 26.3-26.5 
skin necrosis, calciphylaxis 154.2, 154.3 
skin-only Langerhans cell histiocytoses 
135.3-135.4, 135.9-135.10 
skin picking disorders 82.7-82.9, 


69.1-69.28 


32.10 


84.19-84.20 
see also acné excoriée; lichen simplex 
chronicus 
‘skin popping’ 120.6-120.7 
skin prick test, contact dermatitis 129.7 
skin properties, objective measures 16.5 


skin protection, pressure ulcer prevention 
123.9 
skin-related health anxieties 84.25-84.26 
Skin Related NTDs Cross Cutting Group 
(NNN Skin NTD CCG) 7.6 
skin samples, superficial mycoses 
identification 32.7 
skin, structure and function 2.1-2.47 
adherens junctions 2.19-2.20 
adnexal structures 2.5-2.7 
ageing of skin 2.45-2.46 
anchoring fibrils 2.26-2.27 
blood vessels 2.40-2.42 
cellular progression 2.1 
collagens 2.27-2.29 
basement membrane collagen 
2.22-2.23, 
biosynthesis 2.29-2.31, 2.30 
cross-linking 2.31 
degradation 2.31-2.32 
gene expression 2.29-2.31 
genetic heterogeneity 2.27 
hydroxylation reactions 2.29, 2.30 
periodicity in collagen fibres 2.23 
components of normal skin 2.1-2.3, 2.2 
dermal-epidermal basement membrane 
zone 2.21-2.22 
basement membrane collagen 
2.22-2.23 
hemidesmosomes  2.25-2.26 
laminins 2.23-2.25 
dermis 2.2 
collagen fibres 2.27 
embryonic development 2.5 
immune surveillance 2.15, 2.16 
microvessels in 2.41 
desmosomes 2.18-2.19 
development of skin 2.3-2.5 


elastic fibres 2.32-2.33, 2.34 
assembly and cross-linking 2.35 
degradation 2.34-2.35 
elastin 2.33-2.35 
elastin-associated microfibrils 2.35-2.36 
embryonic development of skin 2.3-2.5 
epidermis 2.1, 2.2 
cornified cell envelope 2.7 
desmosomes 2.18-2.19 
differentiation 2.6, 2.7,2.8 
embryonic development 2.3 
hyperproliferation 2.8 
Merkel cells 2.2, 2.11-2.12 
mesenchymal cells 2.4 
nailbed 2.11 
structures of 2.5-2.7 
extracellular matrix 2.27—2.28, 2.40 
fibroblasts 2.3, 2.39-2.40, 2.45 
focal adhesions 2.26 
gap junctions 2.20 
glabrous skin 2.43 
glycosaminoglycans 2.36-2.39 
hair-bearing skin 2.43 
hair follicles, embryonic development 
2.3-2.5, 2.5 
hemidesmosomes  2.25-2.26 
immune ecosystem 2.12-2.13 
immune surveillance 2.15, 2.16 
keratinocytes 2.1, 2.7-2.8 
laminins 2.23-2.25 
Langerhans cells | 2.1-2.2, 2.13-2.15 
skin ageing 2.45 
lympthatic network 2.42 
mast cells 2.15-2.17 
melanocytes 2.1, 2.17-2.18 
Merkel cells 2.2, 2.11-2.12 
embryonic development 2.5 
microbiome 2.13 
motor innervation 2.2-2.3 
nails 2.10-2.11 
physiological functions of skin 2.42-2.43 
pilosebaceous units 2.9-2.10 
proteoglycans 2.36-2.39 
skin homeostasis 2.43—2.45 
subcutaneous fat 2.42, 2.43 
sweat glands 2.2, 2.8-2.9 
tight junctions 2.20-2.21 
types of human skin 2.43 
skin substitutes, wound healing 11.12, 11.13 
skin surface electrical properties, stratum 
corneum hydration measurement 
16.5 
skin surgery 20.1-20.52 
anatomical considerations 
biopsies 20.8-20.11 
caustic agents 20.47, 20.50 
complications 20.33, 20.40-20.42, 20.41 
flaps 20.29, 20.33 
cryosurgery 20.46-20.47 
curettage 20.48 
dressings 20.37-20.38 
electrosurgery 20.42-20.46 
equipment, needles and suture materials 
20.12 
equipment requirements 20.4—20.5 
flaps 20.22-20.29, 20.24-20.25, 
20.30-20.33 
grafts 20.29-20.30, 20.34, 20.35 
haemostasis for open wounds 20.48 
hygiene and sterilisation 20.5-20.7 
local anaesthetics 20.7-20.8 
Mohs micrographic surgery 20.30-20.37 
pharmacological complications 20.40 
post-operative care 20.37—20.40 
preoperative preparation 20.11 
presurgical procedures and techniques 
20.4-20.11 
snip excision 20.48 
specific conditions 20.49-20.50 
suture removal 20.40 
suturing 20.12-20.19 
undermining levels and tissue planes 
20.4, 20.6 
unsatisfactory outcomes 20.42 
see also surgical treatment 


20.1-20.4 


skin tags 132.8-132.9 
diabetic patients 62.3 
male genitalia 109.5-109.6 
pre-auricular 106.8 
vulval 110.32 
skin testing 4.23-4.25 
delayed (4-8h) tests 4.24 
immediate-weal tests 4.24 
intradermal tests for detection of delayed 
sensitivity to antigens 4.24—4.25 
techniques 4.23-4.24 
skin thickening, lichen simplex chronicus 
84.15 
skin thickness, irritant contact dermatitis 
128.6 
skin tightening therapies 
skin tumours 
immunosuppressed renal allograft 
recipients 154.6 
occupationally-induced 129.14-129.15 
see also benign proliferations; skin cancer 
skin tunnels, hidradenitis suppurativa 90.4, 
90.6, 90.11 
skin-window technique 4.24 
SL see semicircular lipoatrophy 
slapped cheek syndrome see erythema 
infectiosum (fifth disease) 
slaughterhouse eczema 39.15-39.16 
SLBN see sentinel lymph node biopsy 
SLCA see secondary localised cutaneous 
amyloidosis 
SLE see systemic lupus erythematosus 
sleep deprivation, and acne 88.25 
sleeping sickness see African 
trypanosomiasis 
SLE-like vasculopathy 80.18 
sliding flaps, surgical reconstruction 20.23 
SLM see sesquiterpene lactone mix 
SLN see speckled lentiginous naevus 
SLNB see sentinel lymph node biopsy 
Slovakia, non-melanoma skin cancer, 
incidence of 6.1 
SLS see Sjgren—Larsson syndrome 
SM see steatocystoma multiplex; systemic 
mastocytosis 
small fibre neuropathy (SFN) 83.9 
small molecule therapy, epidermolysis 
bullosa 69.28 
small plaque parapsoriasis (SPP) 
134.6-134.7 
smallpox (variola virus) 1.3, 25.6-25.7 
small-vessel ANCA-associated vasculitis 
100.9, 100.13, 100.20-100.28, 
152.3-152.4 
small-vessel immune complex-associated 
vasculitis 100.13-100.20 
small-vessel vasculitis, involving respiratory 
system 152.3-152.4 
smartphone apps 5.13 
diagnosis 4.26 
disease outcome measurement and 
recording 16.2 
SMC see smooth muscle cell 
Smith-Lemli—Opitz syndrome 79.15 
smoke, hazards and risks of electrosurgery 
20.45-20.46 
smoker’s melanosis 
smoking 5.10 
acne 88.19 
ageing of skin 156.4 
dermal connective tissue damage 94.2 
hidradenitis suppurativa association 
90.2, 90.9 
keratoses 108.33 
oral hyperpigmentation 108.16-108.17 
oral squamous cell carcinoma 108.46 
penile carcinoma, risk factor for 109.36 
psoriasis association 120.3 
psoriasis vulgaris 35.4 
rosacea risk 89.3 
smooth muscle cells (SMCs) 2.40-2.41 
microscopic examination of 3.37 
venous malformations 71.14 
smooth muscle hamartoma 73.19, 
136.52-136.53 


161.6-161.8 


39.27, 


108.16-108.17 
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smooth muscle tumours 136.52-136.55 
SmPC see summary of product characteristics 
SMS see sodium metabisulphite 
snake bites 130.5-130.7 
Sneddon syndrome 99.19-99.20 
Sneddon—Wilkinson disease 118.4 
Snow, John 5.9-5.10 
snRNA-seq see single nuclei RNA 
sequencing 
snuff dipper’s keratosis 108.33 
SO see superficial onychomycosis 
SOC see skin of colour 
social factors 
diagnosis 4.5 
see also psychological and social factors 
social impacts of long-term conditions 
15.1-15.4 
social inclusion 15.1 
social medicine 1.8-1.9 
socioeconomic factors, epidemiology 
5.10-5.11 
sodium bicarbonate, ichthyoses management 
63.43 
sodium hypochlorite, topical therapies 
18.10 
sodium metabisulphite (SMS) 127.56 
sodium thiosulphate, calciphylaxis treatment 
59.8 
soft chancre see chancroid 
soft fibromas see skin tags 
soft-tissue augmentation see dermal fillers 
soft-tissue tumours 136.1-136.68 
fat cells 136.56-136.59 
fibrohistiocytic tumours 136.19-136.23 
fibrous/myofibroblastic 136.2-136.19 
lymphatic tumours 136.37-136.39 
muscle tumours 136.52-136.56 
peripheral neuroectodermal tumours 
136.42-136.52 
perivascular cells 136.39-136.42 
skeletal muscle cells 136.55-136.56 
smooth muscle cells 136.52-136.55 
uncertain histogenesis 136.59-136.64 
vascular tumours 136.23-136.37 
SofWave, ultrasound skin tightening 161.7 
SoJIA see systemic-onset juvenile idiopathic 
arthritis 
solar cheilitis /cheilosis see actinic cheilitis 
solar lentigo (actinic lentigo) 131.5-131.7, 
160.7 
solar purpura 99.23-99.24 
solar urticaria (SU) 42.9, 42.12, 
126.21-126.24, 126.32-126.33 
sole of foot 
acral naevi 131.24 
blue rubber bleb naevus syndrome 71.17 
congenital generalised lipodystrophies 
72.2 
eccrine poroma 137.25-137.26 
lichen planus of 37.7 
microscopic examination of skin 3.33 
non-pustular palmoplantar psoriasis 
35.10, 35.11 
pompholyx eczema 39.14 
recurrent focal palmar peeling 39.16 
solid facial (lymph)oedema (Morbihan 
disease) 88.41, 89.10, 89.16, 89.17, 
103.47, 103.48 
solid-organ transplant recipients (SOTRs) 
skin cancer risks 147.3-147.4 
see also organ transplant recipients 
solitary circumscribed neuroma 
136.43-136.44 
solitary lichen planus see lichenoid keratosis 
solitary neurofibroma 136.45-136.46 
solitary venous malformations 
101.24-101.25 
soluble oils 129.1 
irritant contact dermatitis 129.2 
solvent fumes, inhaling 120.4 
somatic mutation 8.5 
somatic RASopathies associated with 
lymphatic abnormalities 103.24 
somatosensory system lesions /disease, 
neuropathic pain definition 82.5 
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somatostatin analogue octreotide 97.43 
sonic hedgehog pathway inhibitors (SHHis), 
basal cell carcinoma treatment 
140.17-140.18 
sonic hedgehog (SHH) pathway, basal cell 
carcinoma pathogenesis 140.3, 
140.5, 140.17, 140.18 
sorbic acid (SA) 127.58 
sorbisan sesquioleate 127.44 
Sotos syndrome 72.12 
SOTRs see solid-organ transplant recipients 
South American blastomycosis see 
paracoccidioidomycosis 
SOX-10 (transcription factor) 3.24 
soya, cosmeceutical use of 157.10 
SP see substance P 
Spain, psoriasis, economic burden of 6.8, 
6.9 
Spanish fly see cantharidin 
sparganosis 33.34-33.35 
clinical features and variants 
pathophysiology 33.34-33.35 
sparganum proliferum 33.35 
spastic diplegia, KID syndrome 63.33 
spatial genomics technologies, immune 
system 9.2 
spatial transcriptomics, immune system 
9.2-9.3 
specialists see multidisciplinary teams 
Specific Health Problem (SHP) versions, 
work productivity assessment 
instruments 16.13 
‘specimen sign’, delusional infestation 
84.7-84.8 
speckled lentiginous naevus (SLN/naevus 
spilus) 4.8, 23.16, 73.15-73.16, 
131.15-131.17 
speckled leukoplakia, oral lesions 108.34 
spectacle-frame acanthoma 122.14-122.15 
spectrophotometric image analysis 4.21 
spEDS see spondylodysplastic Ehlers—Danlos 
syndrome 
‘speedballs’ 120.7 
SPF see sun protection factor 
sphincter, anal 111.2-111.3 
sphingolipidoses 79.5-79.6 
SPI see Simplified Psoriasis Index 
spice allergies 127.41-127.45 
spiders (Araneae) 34.34-34.36 
spider telangiectases 101.10-101.12, 101.17, 
153.8 
associated diseases 101.11 
clinical features 101.11 
investigations for 101.12 
laser therapies 23.9 
management of 101.12 
pathophysiology 101.11 
Spiegler’s tumour see cylindroma 
Spiegler—Fendt sarcoid see lymphocytoma 
cutis /B-cell pseudolymphoma 
spina bifida, tuft hair association 83.18 
spinal cord injury, dermatoses associated 
with 83.19-83.20 
spinal dysraphism 83.17-83.19 
localised hypertrichosis 87.86 
spindle cell haemangioma 
(haemangioendothelioma) 71.20, 
136.31 
spindle cell lipoma 136.58 
spindle cell naevi see Spitz naevi 
SPINKS, skin fragility disorders 69.6 
spinulosis of the face 85.13 
spiny keratoderma 63.59-63.60 
spiradenocarcinoma 137.36 
spiradenoma 137.31-137.32 
cylindroma relationship 137.30 
Spirillum minus (Spirillum minor), rat-bite 
fever 26.75 
spirochaetes 26.69-26.76 
Borrelia spp. 26.72-26.74 
Leptospira spp. 26.74-26.75 
non-syphilitic spirochaetal ulcerative 
balanoposthitis 109.27 
rat-bite fevers 26.75-26.76 
treponemes 26.69-26.72 


33.35 


spironolactone 87.70, 87.95-87.96 
acne vulgaris treatment 88.51 
spironolactone treatment, hidradenitis 
suppurativa 90.10 
Spitz naevi 3.36, 3.37, 131.16, 131.32-131.37 
atypical Spitz tumours 131.36, 131.36 
BAP1-inactivated naevus of the scalp 
131.34 
classic Spitz naevus 131.35, 131.36 
clinical features 131.33-131.34 


compound naevus 131.33 

congenital 73.15 

dermoscopic patterns 145.2, 145.5, 
145.6-145.7 


differential diagnosis 131.34 
disease course and prognosis 131.35 
genetics 131.33 
investigations 131.35-131.37 
management 131.37 
pathology 131.32-131.33 
pigmented Spitz naevus 131.35 
Reed naevus 131.34, 131.37, 145.2, 145.5, 
145.6 
Spitzoid melanoma (malignant Spitz 
tumour/malignant spitzoiid 
neoplasm) 142.8, 142.20, 142.21 
S-plasty, skin surgery 20.21-20.22, 20.23 
split-skin indirect technique, 
immunofluorescence 3.13-3.14 
split-thickness skin grafts 20.30, 20.34 
spondyloarthritis 155.2, 155.5, 155.7, 155.13 
spondylodysplastic Ehlers—Danlos 
syndrome (spEDS) 70.5-70.6, 70.9 
sponge stings 130.3 
spongiosis 3.43, 126.14, 126.15 
spontaneous atrophic scarring of cheeks 
94.14-94.15 
spontaneously regressing tumours, 
keratoacanthoma 141.38-141.41 
spontaneous urticaria 
acute 42.5, 42.15-42.16 
chronic 42.5, 42.6, 42.7, 42.16, 42.17 
sporadic MMDK 85.18, 85.19 
sporadic typhus (Brill—Zinsser disease) 


26.81 
Sporothrix schenckii 32.72 
sporotichosis 32.70-32.72 


clinical features 32.71-32.72 
epidemiology 32.70 
management 32.72 
pathophysiology 32.70-32.71 
systemic form 32.71 
sports, traumatic effects 122.16-122.17 
spotted fever group (SFG), Rickettsiae 
26.80, 26.81-26.83 
spot tests, allergic contact dermatitis 
127.33-127.34 
SPP see small plaque parapsoriasis 
SPPK see striate palmoplantar keratoderma 
SPTCL see subcutaneous panniculitis T-cell 
lymphomas 
squamoid eccrine ductal carcinoma 
137.34-137.35 
Squamous Cell Carcinoma Antigen 
Recognized by T-cells (SART3) 
85.20 
squamous cell carcinoma (SCC) 
141.1-141.46 
analcancer 111.21-111.24 
arsenic poisoning 121.2 
associated conditions 141.1-141.27 
biopsy 3.4 
definitions/nomenclature 141.26 
diagnosis of 3.21 
drug/chemical photosensitivity 126.30 
dyskeratosis congenita 67.14 
ear/auricle 106.27-106.29 
ectodermal dysplasias 69.18, 69.26-69.27 
eyelid 107.47, 107.48 
female genitalia 110.36-110.37 
heat-associated 124.15 
hidradenitis suppurativa co-morbidity 
90.7 
incidence compared to basal cell 
carcinoma 


as akeratinocyte cancer 141.1 
keratoacanthoma relationship 141.38 
KID syndrome 63.34 
lichen sclerosus 110.9 
lip 108.44-108.45 
male genitalia 109.35-109.42 
metastatic risk 141.26 
pilonidal sinus 122.23 
possible precursors 
actinic keratoses 141.1-141.12 
arsenical keratosis 141.13-141.14 
cutaneous horn 141.12-141.13 
disseminated superficial actinic 
porokeratosis 141.15-141.18 
post-ionising radiation keratosis 
141.14-141.15 
pseudoepitheliomatous hyperplasia 
mimicking 132.9-132.10 
radiotherapy 24.13-24.14 
radiotherapy indications 24.8-24.10 
well-differentiated /keratoacanthomatous 
type 141.38 
see also Bowen disease; cutaneous 
squamous cell carcinoma; in situ 
carcinoma of the skin; oral 
squamous cell carcinoma 
squamous cell epithelioma see cutaneous 
squamous cell carcinoma 
squamous hyperplasia, penis 109.34-109.35 
squamous intraepithelial lesions (SIL), 
anal/perianal/genital areas 
109.34-109.35, 110.34-110.36, 141.24, 
141.26 
SRs (systemic retinoids) see retinoids 
(systemic therapy) 
SS see Sézary syndrome; Sjégren syndrome 
SSc see systemic sclerosis 
SS-LCH see single system Langerhans cell 
histiocytoses 
SSLR see serum sickness-like reaction 
SSM see superficial spreading melanoma 
SSR see sympathetic skin response 
SSRIs see selective serotonin re-uptake 
inhibitors 
SSSS see staphylococcal scalded skin 
syndrome 
staining techniques 
artefacts 3.32 
avidin-biotin staining method 3.16 
biopsy 3.7-3.10 
standardisation of terminology 1.4, 1.5 
standing cutaneous deformity (‘cone’ or ‘dog 
ear’) repair 20.22, 20.23 
staphylococcal infections 26.8-26.10, 
26.12-26.32 
ano-genital cellulitis 109.26 
blepharitis 107.8, 107.9, 107.10 
cold abscesses of the large folds in 
neonates 114.25 
externalear 106.19 
female genitalia 110.25 
HIV 31.20-31.21 
non-bullous impetigo 26.13 
Panton-Valentine leukocidin virulence 
factor 111.13-111.14 
see also methicillin-resistant Staphylococcus 
aureus 
staphylococcal scalded skin syndrome (SSSS) 
2.19, 26.6, 26.27-26.30 
children 26.27, 26.28, 26.28 
clinical features 26.28-26.29 
infants 115.7-115.8 
management 26.29, 26.30 
neonates 114.24—114.25 
pathophysiology 26.28 
staphylococcal toxic shock syndrome 
26.30-26.32 
Staphylococcus spp. 
causing infections 26.8-26.10 
coagulase negative 26.9-26.10 
immune responses 9.7 
normal skin flora 26.3 
S. aureus 
antibiotic resistance, impetigo 
management 26.16 
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atopiceczema 41.10 


botryomycosis 26.76-26.77 
colonisation of skin 26.2, 26.3, 26.4, 
26.6 


co-pathogen in dermatophytosis 32.22 
discoid eczema colonisation 88.56 
EGFR inhibitors 119.3 
epidemiology 26.6-26.7 
follicular infections 26.22-26.27 
folliculitis decalvans 87.48-87.49 
folliculitis keloidalis 93.3 
genetics 26.9 
impetigo 26.14 
infections 26.6-26.9 
methicillin-resistant 26.8-26.9, 31.21, 
31.37, 109.28 
necrotising lymphocytic folliculitis 
93.4-93.5 
pathophysiology 26.7-26.9 
perianal cellulitis type dermatitis 
26.34 
recurrent toxin-mediated perineal 
erythema 26.32 
resident on skin 26.3 
scalp itch 105.16 
skin infections 26.12-26.13, 26.28-26.29 
toxic shock syndrome 26.30-26.32 
see also methicillin-resistant 
Staphylococcus aureus 
S. epidermidis 9.7, 26.9-26.10 
S. hominis 26.3, 26.9 
S. lugdunensis 26.9 
S. saccharolyticus 26.3 
S. saprophyticus 26.3, 26.9 
starburst pattern 
melanoma 145.13, 145.15 
Reed (Spitz) naevi 145.2, 145.5, 145.6 
‘starfish’ keratoses, Vohwinkel syndrome 
63.64 
starvation 
adiponectin system 97.5 
see also malnutrition 
stasis dermatitis /eczema see venous eczema 
STAT see signal transducer and activator of 
transcription 
static friction, laws of 122.6 
statin treatment, pachyonychia congenita 
63.52, 67.12 
statistical methods, clinical research papers 
17.20-17.24 
statistical summary presentation, clinical 
research papers 17.18-17.20 
Staurozoa, stings from 130.2 
steatocystoma multiplex (SM) 
133.6, 133.7 
stelae, hairloss 87.64 
stellate pseudoscars 94.13, 94.14 
stellate purpura see retiform purpura 
stem cell factor (SCF) 2.15 
KIT receptor mutations 46.1, 46.2 
stem cells 2.43-2.45 
burn treatment 125.8 
epidermal proliferation of 2.43, 2.44 
epithelial stem cells 2.43 
hair disorder treatment 87.95 
proliferative potential of 2.44 
wound healing therapy 11.11 
Stemmer’s sign, lipoedema differential 
diagnosis 98.22, 98.23 
Stenotrophomonas maltophilia 26.55-26.56 
stereotactic ablative radiotherapy (SABR), 
and stereotactic radiosurgery for 
melanoma 24.14 
sterile, see also amicrobial 
sterile furuncles (abscesses) 26.23 
sterile pustules 
eosinophilic pustular folliculitis 
93.10 
infantile eosinophilic pustular folliculitis 
91.7 
sterilisation, skin surgery 20.5-20.7 
steroid hormones 
metabolism and synthesis inskin 150.3 
signalling effects in skin 150.7 
steroid-modified tinea 32.49-32.50 


88.33-88.34, 


93.9, 


steroids 
colloid milium 94.6-94.9 
rosacea induction 89.17 
withdrawal syndrome 19.18 
see also corticosteroids 
Stevens-Johnson syndrome (SJS) 
acute conjunctivitis with mucus discharge 
107.33 
erythema multiforme 47.1-47.2 
haemorrhagic crusting of lips 108.61 
history 118.12 
management 107.33-107.34 
musculoskeletal therapy effects 
155.15 
ocular complications of _107.32-107.33 
oral involvement 108.61, 108.79, 118.20 
T-cell-mediated drug hypersensitivity 
14.3, 14.7 
toxic epidermal necrolysis relationship 
47.1-47.2, 118.12 
varicella infection/vaccination 25.30 
Stevens-Johnson syndrome/toxic epidermal 
necrolysis (SJS/TEN) 47.1-47.2, 
107.32-107.34, 108.79, 118.1-118.2, 
118.10, 118.12-118.22 
stiff skin syndrome 70.22-70.23 
stigma/sigmatization/stigmatisation 1.9, 
5.5 
assessment measures 
leprosy 28.1, 28.16 
psychodermatology 84.3-84.4 
see also Questionnaire on Experience with 
Skin complaints 
stigmata, congenital syphilis 29.26 
Still disease 45.21-45.22, 53.8-53.9, 100.29 
STING-associated vasculopathy with onset 
in infancy (SAVI) 45.5, 45.6, 
45.13-45.14 
stinging potential, sensory irritation 
128.10-128.11 
stingray stings 130.4 
stings 
hymenoptera 34.15-34.18 
marine/aquatic animals 130.1-130.5 
stippled calcification, 
Conradi-Hitinermann—Happle 
syndrome 63.23 
STIs see sexually transmitted infections 
StK see stucco keratosis 
STLs see sesquiterpene lactones 
‘stocking’ distribution, multivoltage X-ray 
techniques 24.3-24.4, 24.6-24.7 
stomas 112.1-112.16 
allergic contact dermatitis 112.7-112.8 
appliance types 112.1, 112.3 
assessment of patient 112.1 
corticosteroids for inflammatory 
peristomal skin diseases 112.4 
Crohn ulceration 112.13-112.15 
definition 112.1 
dermatological assessment 112.3 
dermatoses associated with underlying 
bowel disease 112.12-112.15 
infections 112.8-112.10 
irritant skin reactions 112.2-112.7 
lichen sclerosus 112.10 
localised bullous pemphigoid 112.10, 
112.12 
nicorandil ulceration 112.10, 112.12 
pain 112.6 
patch test series 112.9 
psoriasis 112.9, 112.10, 112.11 
pyoderma gangrenosum 112.10, 
112.13-112.15 
skin complications 153.7 
streptococcal cellulitis 112.10 
treatment for 112.1 
types of 112.1, 112.3 
ulceration 112.10, 112.12-112.15 
stomatitis 
angular 32.62-32.63, 108.20, 
108.59-108.60 
candidal see acute pseudomembranous 
candidiasis; chronic erythematous 
candidiasis 


155.10, 


16.8 


denture-induced 32.62, 108.20-108.21 
herpetic 108.52 
primary herpetic gingivostomatitis 
25.20-25.24 
vesicular stomatitis virus 25.97 
stomatodynia see burning mouth syndrome 
stored product mites 34.50-34.51 
storiform collagenoma 136.3-136.4 
storiform patterning 3.43 
storiform perineural fibroma see 
perineurioma 
stork bite see naevus flammeus 
Stormorken syndrome 63.30 
STP see superficial thrombophlebitis 
strain 122.3 
strangulation of the penis 109.8 
Strasbourg diagnostic criteria, Schnitzler 
syndrome 45.20 
stratum basale, epidermis 2.5 
stratum corneum (SC) 122.4 
black heel 122.11 
calluses 122.7 
epidermis 2.1, 2.6 
friction blisters 122.9 
function of 12.1, 12.8-12.9 
hydration measurement, surface electrical 
properties 16.5 
irritant contact dermatitis 128.2 
percutaneous absorption mechanisms 
12.1-12.2 
permeability coefficient of water across 
12.2 
sampling of by tape-stripping 12.8 
sensitising chemicals 127.6 
stratum granulosum, epidermis 
stratum lucidum, epidermis 2.7 
strawberry naevus, eyelid 107.46-107.47 
strawberry tongue 108.25 
streblodactyly 94.41 
Streptobacillus moniliformis 26.75-26.76 
streptocerciasis (Mansonella streptocerca 
infection) 33.6-33.7 
streptococcal cellulitis 
necrotising 26.78 
perianal 26.33-26.34, 111.14 
peristomal skin 112.10 
streptococcal impetigo, post-streptococcal 
glomerulonephritis 154.6 
Streptococcal infections of female genitalia 
26.33, 110.25-110.26 
streptococcal toxic shock-like syndrome 


2.0-2.6 


(STSLS) 26.30, 26.36-26.37 
Streptococcus 
groups 26.12 
infections 26.10-26.12 


S. agalactiae (group B) 
diseases 26.12 
toxic shock-like syndrome 26.36-26.37 
scarlet fever 26.35-26.36 
S. dysgalactiae (group C) 
diseases 26.12 
toxic shock-like syndrome 26.36-26.37 
skin infections 26.13 
S. pyogenes (group A) 26.10-26.12 
antibiotic resistance, impetigo 
management 26.16 
diseases 26.12 
epidemiology 26.10-26.11 
Mantigens 26.35 
pathophysiology 26.11—26.12 
recurrent toxin-mediated perineal 
erythema 26.32 
toxic shock-like syndrome 26.30, 
26.36-26.37 
vulvovaginitis 26.33, 110.25 
S. suis, toxic shock-like syndrome 
26.36-26.37 
toxin-mediated disease 26.32, 26.35-26.37 
transients on skin 26.3, 26.4 
stress 122.3 
andacne 88.25 
associated hormones 150.8-150.9 
emotional effects of skin conditions 
relaxation 122.3 
systemic lupus erythematosus 51.21 


15.2 


urticaria 42.8 
see also psychodermatology 
stretch marks see striae 
striae 4.9, 94.7, 94.8, 94.9-94,12 
striae distensae 94.32 
inpregnancy 113.2, 113.3 
sports injuries 122.17 
striae of Wickham, penis 109.19 
striated muscle hamartoma see 
rhabdomyomatous congenital 
hamartoma 
striate palmoplantar keratoderma (SPPK) 
63.56-63.58, 63.62-63.63, 69.7 
‘strimmer phytophotodermatosis 4.9 
Strongyloides stercoralis 
ancylostomiasis 33.15-33.17 
perineal and perianal skin 111.16 
strongyloidiasis 33.17-33.18 
clinical features 33.17-33.18 
management 33.18 
pathophysiology 33.17 
structure of skin see skin, structure and 
function 
strumous bubo see lymphogranuloma 
venereum 
stucco keratosis (StK) 132.4 
Sturge-Weber syndrome (SWS) 
73.20, 101.28, 108.27 
SU see solar urticaria 
subacute annular generalised pustular 
psoriasis 35.34 
subacute cutaneous lupus erythematosus 
(SCLE) 51.12-51.16 
associated diseases 51.12 
autoantibody status 51.13 
clinical features 51.14 
clinical variants 51.14 
complications and co-morbidities 51.15 
differential diagnosis 51.15 
drug-induced SCLE 51.13 
drugs associated with development of 
51.13-51.14 
epidemiology 51.12 
genetics 51.14 
investigations 51.15 
lesion appearance 51.15 
management 51.15-51.16 
pathology 51.14 
pathophysiology 51.12-51.13 
predisposing factors 51.13-51.14 
subacute nodular migratory panniculitis 
97.25 
subacute panniculitis-like T-cell lymphoma 
72.11 
subareolar duct papillomatosis see nipple, 
adenoma 
subcision, cellulite management 98.26 
subclinical and latent viral infections 
herpes simplex 25.19-25.20 
human papillomaviruses 25.51-25.52 
subcorneal haematoma, black heel 122.11 
subcorneal pustular dermatosis 
49.17-49.19, 118.4 
associated diseases 49.17 
histology 49.17 
management 49.18-49.19 
pathophysiology 49.17 
presentation 49.18 
pustule appearance 49.18 
subcorneal pustules 3.43 
subcutaneous atypical smooth muscle 
tumour (leiomyosarcoma) 
136.54-136.55 
subcutaneous calcification see calcification of 
skin and subcutaneous tissues 
subcutaneous drug administration, 
dermatoses induced by 
120.6-120.8 
subcutaneous fat 
anatomy 97.1-97.5 
necrosis and pancreatic disease 153.6 
physiology 97.1-97.5 
role of 2.43 
subcutaneous fat disorders 2.42 
arteries 97.7 


71.3-71.4, 
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fungal infections 97.47 
inflammatory diseases 97.6 
miscellaneous disorders 98.25-98.27 
neonates 97.37, 97.57-97.58, 
114.14-114.18, 114.18 
non-inflammatory disorders 98.1-98.30 
subcutaneous fat necrosis of the newborn 
(SCFN) 97.37, 97.57-97.58, 
114.15-114.17, 114.18 
subcutaneous y/6 T-cell lymphoma 
97.61-97.63 
subcutaneous glatiramer acetate injections 
97.48-97.49 
subcutaneous granuloma annulare 
97.14-97.15 
rheumatoid nodule differentiation 
97.16-97.17 
subcutaneous granulomas 97.12, 97.54 
subcutaneous lipomatosis 98.15-98.21 
subcutaneous mycoses 32.69-32.80 
Subcutaneous mycosis due to Basidiobolus 
and Conidiobolus 32.79-32.80 
subcutaneous necrobiosis lipoidica 97.11 
subcutaneous necrotising infections 
26.77-26.78 
subcutaneous nodules 
autoinflammatory diseases 80.19 
progressive nodular histiocytosis 135.19 
rheumatoid arthritis 155.5-155.6 
in systemic lupus erythematosus 
subcutaneous panniculitis-like T-cell 
lymphoma 97.61-97.63, 
139.29-139.31 
subcutaneous panniculitis T-cell lymphoma 
(SPTCL) 97.39-97.40, 97.46, 
97.61-97.63, 139.29-139.31 
subcutaneous phycomycosis 32.79-32.80 
subcutaneous sarcoidosis 96.3, 96.11-96.12, 
97.53-97.54 
subcutaneous Sweet syndrome 49.12, 97.51 
subcutaneous tissue 
anatomy 97.2-97.3 
cellular composition 97.1-97.2 
vascularisation 97.6 
subcutaneous tumours, juvenile hyaline 
fibromatosis 94.42 
subcutaneous zygomycosis 32.79-32.80 
subepidermal blistering 85.28 
heat-associated diseases 124.15, 124.16 
subepidermal nodular fibrosis see fibrous 
histiocytoma 
subjective sensory irritation 128.10-128.11 
sublamina densa blistering, antigen 
mapping 69.21 
submammary flexural psoriasis 35.9 
Sub-Saharan Africa, persons with albinism 
7.10-7.11, 7.12, 7.13 
substance P (SP), pruritus 81.3, 81.4 
subungual haematoma, sports injuries 
122.16 
subungual melanoma, presentation 
142.10-142.11, 142.15 
succulent gums, neonates 114.4 
suction blisters, neonates 114.4 
sudamina see miliaria crystallina 
sudoriparous angioma see eccrine 
angiomatous hamartoma 
suicidality 
acne patients 88.39 
body dysmorphic disorder 84.13 
delusional infestation 84.7, 84.8, 84.9 
dermatological patients 84.41-84.42 
eating disorders 84.27 
isotretinoin acne treatment 84.42 
psychodermatology 84.2, 84.41-84.42 
recalcitrant itch 84.28 
risk assessment 84.41-84.42 
risk factors 84.41 
self-harm 84.38 
SSRI antidepressants 84.43 
SUIs see sea urchin injuries 
sulfasalazine, cutaneous adverse effects 
155.15 
sulphites, allergic reactions 127.56 
sulphonamides, urticaria treatment 42.19 


51.28 
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sulphonylureas, eczema 117.4 
sulphur, acne vulgaris treatment 88.57 
summary of product characteristics (GmPC), 
systemic therapy 19.2, 19.3 
sunbed UVR exposure 10.13 
polymorphic light eruption 126.4 
sunburn 
melanoma risk 142.6 
xeroderma pigmentosum 76.4 
sun-damaged skin, melanomas 145.9, 
145.11, 145.11 
sunlight exposure 
children melanoma risk 142.6 
granuloma annulare 95.2 
infantile eosinophilic pustular folliculitis 
91.7 
mechanical injuries 122.5 
melanoma risk 142.5-142.6, 145.9 
Merkel cell carcinoma risk 146.2-146.3 
occupational skin cancer 129.14 
pigmentation response 86.8-86.9, 86.44, 
86.46 
psoriasis vulgaris 35.4 
solar purpura 99.23-99.24 
sun-related dermatoses 7.8 
suppressing immune responses and 
permitting progression of 
immunogenic tumours 146.3 
UVR exposure 10.12-10.13 
UVR path lengths 10.3 
see also ultraviolet radiation 
sun protection factor (SPF), sunscreens 
10.11-10.12 
sunscreens 18.34-18.36 
photoallergic reactions 127.62, 127.79 
photopatch testing 126.31 
photoprotection 10.11-10.12 
photosensitivity management 
126.36-126.37 
porphyria, management of 58.5 
superantigen toxins, recurrent perineal 
erythema 26.32 
superficial actinic porokeratosis 
85.22-85.23 
superficial angiomyxoma 136.59-136.60 
superficial basal cell carcinoma (sBCC) 
140.3, 140.4, 140.6, 140.8, 140.9, 
140.11 
mimicking Bowen disease 141.20 
photodynamic therapy 22.6-22.7 
photothermal ablation 23.21 
superficial burn wounds 125.6, 128.12 
superficial chemical peels (SCPs) 160.4 
superficial epidermolytic ichthyosis (SEI) 
63.15-63.16, 63.18 
superficial fibromatoses 94.33 
palmar and plantar fibromatosis 
136.12-136.13 
superficial folliculitis 91.1-91.8 
superficial haemosiderotic lymphovascular 
malformation see hobnail 
haemangioma 
superficial mucocoeles, oral ulceration 
108.42 
superficial mycoses see dermatophytes 
superficial onychomycosis (SO) 
caused by dermatophytes 32.47-32.48 
caused by non-dermatophyte moulds 
32.54-32.55 
superficial papillary adenomatosis see 
nipple, adenoma 
superficial radiotherapy, basal cell 
carcinoma/squamous cell 
carcinoma 24.8-24.10 
superficial spreading melanoma (SSM) 
melanoma classification 142.7, 142.8 
presentation 142.10, 142.11, 142.12, 142.20 
superficial subcutaneous fat 97.3 
superficial thrombophlebitis (STP) 
97.8-97.9, 97.10, 97.24 
superficial ulceration, striae 94.8 
superficial venous thrombosis 
101.34-101.35 
clinical features 101.35 
investigations for 101.35 


85.21, 


treatment 101.36 
see also thrombophlebitis migrans 
superficial X-ray therapy 
depth dose curves 24.1 
principles 24.1 
techniques and equipment 24.3 
superinfections 
ichthyoses 63.46 
mal de Meleda 63.55 
supernumerary ribs, Waardenburg 
syndrome 68.5 
support surfaces, pressure ulcer prevention 
123.8-123.9, 123.10 
suppressor T cells, sensitisation reaction 
127.9 
suprabasal keratins, gene expression 2.8 
suprabulbar region, hair follicles 87.4, 
87.6 
surfactants, allergies 127.59 
surgeons, preoperative preparation 20.11 
surgical complications 20.29, 20.33, 
20.40-20.42, 20.41 
surgical smoke, hazards and risks of 
electrosurgery 20.45-20.46 
surgical treatment 1.8 
auricle melanoma 106.32 
basal cell carcinoma 140.14-140.16 
body dysmorphic disorder 84.15 
burns 125.8 
compared to radiotherapy for basal cell or 
squamous cell carcinomas 24.8, 
24.10 
cutaneous squamous cell carcinoma 
141.35 
cutaneous tuberculosis 
cutaneous warts 25.59 
during pregnancy 113.24 
hidradenitis suppurativa 90.10-90.11 
hyperhidrosis —92.9-92.10 
induced non-healing of wounds 
84.34, 84.37 
lymphoedema 103.60-103.61 
melanoma 143.1-143.6 
perineal and perianal skin conditions 
111.25-111.33 
pressure ulcers 123.11-123.12 
reconstruction principles of design 
20.19-20.21 
tissue sampling for molecular genetic 
profiling of melanoma 144.1 
see also skin surgery 
suspected deep tissue injury (SDTI), pressure 
ulcers 123.6 
Sustainable Development Goals (SDGs) 
7.1, 7.6-7.7 
sutural alopecia 87.30 
sutures 
removal after skin surgery 20.40 
wound healing 11.10 
suturing for skin surgery 
knot tying 20.12-20.14 
needles and materials 20.12 
techniques 20.14~—20.19 
swamp cancer see Pythium insidiosum 
infection 
sweat duct carcinoma see adnexal carcinoma 
NOS 
sweat gland abscesses, neonates 114.25 
sweat gland carcinomas 137.33-137.40 
sweat gland cellular inclusions, disorders 
with 92.15 
sweat glands 2.2, 2.8-2.9, 2.43 
apoeccrine glands 2.9, 92.1 
disorders 92.1-92.22 
embryonic development 2.5 
inherited immunodeficiency 80.4—-80.6 
perspiration types 2.9 
tumours of skin appendages 137.1-137.2 
see also apocrine glands; eccrine glands 
sweating 
atopiceczema 41.18-41.19 
cholinergic urticaria 42.11-42.12 
mechanical injuries 122.1 
neonates 114.3 
obesity 98.27 


27,10 


84.33, 


thermal 2.9 
thermoregulation 92.3, 92.4 
see also hyperhidrosis 
Sweden 
health economics, holistic perspective 
6.2 
skin cancer, economic burden of 6.6, 6.7 
Sweet syndrome 49.8-49.15, 97.51 
associated diseases 49.8-49.10 
causative organisms 49.10 
classic Sweet syndrome 49.8, 49.11 
clinical features 49.11-49.12 
clinical variants 49.12 
dermal infiltrate in lesional skin 49.14 
diagnostic criteria 49.13 
differential diagnosis 49.13 
disease course and prognosis 49.14 
drug-induced Sweet syndrome 49.8, 
49.10-49.11 
drug reactions 49.8, 49.10-49.11, 149.6 
environmental factors 49.10-49.11 
epidemiology 49.8 
erythema nodosum with 97.21-97.23 
on face 49.12 
genetics 49.10 
histiocytoid Sweet syndrome 49.12, 
49.14, 97.22-97.23, 149.6 
histology 49.11 
investigations 49.14 
onleg 49.12 
malignancy association 148.23-148.24, 
149.6, 149.7 
management 49.14—49.15 
neutrophilic dermatosis of dorsal hands 
49.12, 49.13 
oral ulceration 108.41 
paraneoplastic forms 
pathology 49.10 
predisposing factors 49.10 
pseudovesicles within inflammatory 
plaques 49.11 
reactivation in COVID-19 patients 25.112 
sarcoidosis association 96.15 
severity classification 49.14 
subcutaneous Sweet syndrome 49.12 
treatment for 49.14-49.15 
see also VEXAS syndrome 
swelling 
eyelids 118.14, 118.16, 129.6 
face 98.19, 103.46-103.49 
limbs 103.9-103.10, 103.16-103.17, 
103.44-103.46 
mouth 95.14, 108.8-108.14, 108.9, 127.72 
penoscrotal 109.20 
vulva 95.15 
see also loiasis; oedema 
‘swimmer’s’ itch see cercarial dermatitis 
‘swimmer’s shoulder’ 122.17 
swimming pool granuloma (Mycobacteria 
marinum) 27.32-27.35 
‘Swiss cheese model’, drug-related patient 
harm 13.10 
Switzerland, psoriasis, economic burden of 
6.8 
SWS see Sturge-Weber syndrome 
sycosis 26.26-26.27 
symmetrical acrokeratoderma 63.20 
symmetrical drug-related intertriginous and 
flexural exanthema (SDRIFE) 
127.46 
symmetrical dyschromatoses 68.14—68.15 
sympathectomy, hyperhidrosis treatment 
92.9-92.10 
sympathetic nerve endings, sweat glands 
2.9 
sympathetic nerve injury 83.20 
sympathetic nerves, gustatory hyperhidrosis 
92.8 
sympathetic skin response (SSR), 
neurophysiological testing for skin 
innervation 83.5 
symplastic haemangioma 136.31-136.32 
symptoms, measurement tools 16.5 
synaptophysin 3.23 
syndecans 2.38 


149.6-149.7 
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syndromic congenital ichthyosis 
63.22-63.62 
syndromic genodermatoses with nail 
anomalies 67.2-67.3 
syndromic hidradenitis suppurativa 90.2 
syndromic ichthyosis 63.3, 63.22-63.62 
syndromic keratodermas 63.62-63.71 
syndromic lymphoedema 103.20-103.22 
syndromic palmoplantar keratoderma 
63.57 
synophrys 107.4 
synovitis, acne, pustulosis, hyperostosis and 
osteitis (SAPHO) syndrome 45.22, 
88.7, 88.63 
synthetic cannabinoid receptor agonists 
120.2 
synthetic coolants 129.1 
synthetic retinoids 19.41-19.42 
syphilis 29.1-29.29 
clinical features 29.5-29.20 
congenital 29.2, 29.22-29.29, 
114.27-114.28 
congenital neonatal 114.27-114.28 
definition and nomenclature 29.2 
differential diagnoses 29.17-29.18 
endemic syphilis (bejel) 26.70 
epidemiology 29.2-29.3 
of eyebrows 105.12 
eye involvement 107.39-107.40 
hairloss 29.10, 29.12, 87.35 
HIV coinfection 31.21-31.22 
HIV relationship 29.16, 29.17 
investigations and tests 29.18-29.20 
latent stage 29.12 
late skin forms 29.12-29.14 
male genitalia 109.28 
management 29.20-29.22 
nephrotic syndrome 154.6 
ocular syphilis 29.16, 107.39-107.40 
oralinvolvement 108.34, 108.56 
pathophysiology 29.3-29.5 
perianal skin 111.16 
in pregnancy 113.6 
primary stage 29.6-29.7, 29.17 
pustule ‘grape cluster’ 1.6 
rashes 29.7-29.10 
scalp infection 105.12 
secondary stage 29.7-29.12, 29.17-29.18 
sexual contact identification and treatment 
29.22 
stages and course 29.5-29.6 
systemic features 29.10, 29.12 
tertiary/late stage 29.12-29.17, 29.18 
treatment for 1.7-1.8 
syphilitic alopecia 29.10, 29.12, 87.35 
syphilitic leukoplakia 108.34 
syringocystadenoma 
papilliferum 105.11, 137.19-137.20 
in sebaceous naevus 73.8 
see also syringoma 
syringocystoma see syringoma 
syringoid eccrine carcinoma (adnexal 
carcinoma NOS) 137.37 
syringoma 4.8, 4.10, 137.27-137.28 
differential diagnosis 88.30 
malignant see microcystic adnexal 
carcinoma 
vulva 110.32 
syringomyelia 83.16-83.17 
systematic reviews, critical appraisal for 
evidence based medicine 
17.8-17.12 
systematised linear porokeratosis 85.22 
systemic absorption of topical therapies 
adverse effects 18.5 
application quantity 18.3 
corticosteroids 18.19-18.20 
systemic allergic contact dermatitis (SACD), 
drug-induced eczema 117.3-117.5 
systemically reactivated contact dermatitis 
127.18-127.19 
systemic amyloidoses with cutaneous 
involvement 56.3, 56.10-56.13 
macroglossia 56.12 
periorbital bleeding 56.11 


plasmacytoma-associated systemic 


amyloidosis 56.11 
treatment 56.14 
systemic antibiotics 19.46-19.48 


hidradenitis suppurativa treatment 
90.9-90.10 
systemic antihistamines 19.3-19.4 
systemic autoimmune diseases, skin and 
renal involvement 154.6 
systemic calcium homeostasis, cutaneous 
metastatic calcification 59.5-59.6 
systemic candidiasis 32.92-32.93 
systemic capillary leak syndrome (Clarkson 
syndrome) 43.4 
systemic chondromalacia, see also relapsing 
polychondritis 
systemic coagulopathies, purpura 
99.15-99.19 
systemic component, histiocytosis 
135.14-135.29 
systemic contact dermatitis, medicament 
allergens 127.46 
systemic disorders 
acquired ichthyosis 63.48 
cardiac involvement 151.4-151.5 
causing pruritus 81.8-81.10 
changes in microbial ecology of the skin 
26.4 
hypermelanosis 86.19-86.25 
involving respiratory system 152.5-152.6 
liver disease with cutaneous features 
153.7-153.8 
mechanical injuries 122.1-122.2 
systemic drug-induced photosensitivity 
126.27-126.28 
systemic drug reactions 118.1, 118.4-118.12 
systemic drug-related intertriginous and 
flexural exanthema (SDRIFE) 
117.5, 127.18 
systemic drug treatment 
antifungal therapy 19.48, 40.9 
follicular eruptions 91.2-91.3 
hyperhidrosis 92.9 
phototherapy combination 21.10 
sarcoidosis 96.17 
systemic features 
dermatomyositis 52.7-52.8 
sarcoidosis 96.5 
systemic immunotherapy, cutaneous warts 


25.60 

systemic juvenile idiopathic arthritis 
(SJIA/Still disease) 45.21-45.22, 
53.8, 53.9 


systemic juvenile xanthogramuloma 135.17 
systemic lupus erythematosus (SLE) 51.1, 

51.16-51.38, 87.55, 89.8 

age atonset 51.18 

antinuclear antibody (ANA) test 
51.34-51.36 

arthritis 51.30 

assessment of disease activity 51.36 

association with other diseases 
51.32-51.33 

autoantibodies 51.20-51.21 

bone changes 51.30 

bullous lesions 51.28-51.29 

cardiac involvement 151.4 

cardiovascular disease 51.30 

cellappearance 51.18 

‘chilblain’ lesions 51.9, 51.25 

inchildren 51.32 

classification 51.16 

clinical features 51.21-51.29 

complications and co-morbidities 
51.30-51.32 

in contraception 51.32 

coronary artery disease 51.30 

cutaneous features 51.23 

cutaneous vascular reactions 

Degos-like lesions 51.27 

diagnosis criteria 51.17 

differential diagnosis 51.29-51.30 

discoid lupus erythematosus 
relationship/comparison 51.6, 
51.9 
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disease course and prognosis 51.34 
drug-induced SLE 51.21, 51.22 
dystrophic calcinosis 51.28 
ear 51.32 
in elderly people 51.32 
environmental factors 51.21 
epidemiology 51.17-51.18 
eye 51.32 
gastrointestinal tract 51.31 
genetics 51.19-51.20 
hair changes 51.25-51.26 
hearing loss 51.32 
heart 51.30 
hepatic lesions 51.31 
hormonal factors 51.21 
and immune system 51.20-51.21 
immunohistology 51.19 
infections 51.21 
internal malignancy association 148.21 
internal organs 51.19 
investigations 51.34-51.36 
and Kikuchi-Fujimoto disease 51.33 
leg ulcers 51.26 
liver disease 51.31 
lungs 51.31 
‘lupus hair’ with diffuse alopecia 51.26 
lupus nephritis, classification 51.20 
lupus non-specific changes 51.25 
lupus-specific changes 51.23-51.25 
macroscopic/microscopic appearances 
51.18, 51.19 
management 51.36-51.38 
mucinosis 51.28 
mucous membrane lesions 51.29 
muscle changes 51.30 
nail changes 51.25 
neurological disease 51.31-51.32 
ocular changes 51.32 
oral involvement 108.78 
pathological features 51.18 
pathophysiology 51.18-51.19 
pigmentary changes 51.28 
in pregnancy 51.32, 113.7-113.8 
pulmonary system 51.31 
renal changes 51.31 
respiratory disease 152.2 
rheumatoid arthritis comparison 51.30 
skin features 51.19 
stress 51.21 
subcutaneous nodules 51.28 
susceptible genes and pathways 
thyroid disease 51.31 
treatment of non-renal SLE 51.37 
ultraviolet radiation 51.21 
urticarial lesions 51.27-51.28 
vasculitis 51.26 
vasculopathy 51.26-51.27 
systemic mastocytosis (SM) 46.2, 46.4, 46.6 
systemic mucormycosis 32.93 
systemic mycoses 32.80-32.94 
identification 32.80-32.81 
pathophysiology 32.80 
systemic neoplasia 
associated skin conditions 148.1-148.28 
see also internal malignancy 
systemic non-eczematous reactions to 


51.20 


allergens 127.21 

systemic-onset juvenile idiopathic arthritis 
(SoJIA/Still disease) 45.21-45.22, 
53.8, 53.9 


systemic photodynamic therapy 22.2 
systemic retinoid therapy see retinoids 
(systemic therapy) 
systemic sarcoidosis 96.7, 96.15-96.16 
systemic sclerosis (SSc) 3.44, 54.1-54.29, 
86.20-86.21, 94.45 
age of onset 54.7-54.8 
associated diseases 54.8-54.10 
autoantibodies 
and clinical associations 
type and frequency 54.9 
calcinosis 54.17, 54.26 
cancer risk 54.9-54.10 
cardiac involvement 54.17-54.18, 54.23, 
151.4 


54.5-54.6 


cardiopulmonary manifestations 
54.17-54.18 
cardiorespiratory pulmonary fibrosis 
54.23 
causative organisms 54.13 
cellular and molecular pathogenesis 
54,12 
chemotherapy 54.25-54.26 
classification 54.1-54.2, 54.7 
clinical features 54.2, 54.5-54.6, 
54,15-54.18 
clinical variants 54.18 
complications and co-morbidities 54.21 
connective tissue disease 54.8-54.9 
critical digital ischaemia/ulceration 
54.25 
cutaneous manifestations 
diagnosis 54.21-54.22 
differential diagnosis 54.18-54.20 
diffuse cutaneous 54.2 
digital ulceration 54.17, 54.25 
disease assessment 54.17 
disease course and prognosis 54.21 
disease modifying drugs, targets for 
54,27 
dyspigmentation 54.17 
dystrophic calcification 59.1, 59.2 
endothelial-to-mesenchymal transition 
54.10 
environmental and drug-induced 
94.45-94.46 
environmental factors 54.14-54.15 
epidemiology 54.7-54.8 
erectile dysfunction 54.28 
fibrosis 54.11-54.13 
gastrointestinal manifestations 54.17, 
54.23 
genetics 54.13-54.14 
histopathology 54.12 
history 54.15 
immune-mediated inflammation 
54,10-54.11 
incidence and prevalence 54.7 
internal malignancy association 148.21 
investigations 54.21, 54.22, 54.23-54.24, 
54.26 
limited cutaneous SSc 54.2 
localised scleroderma cutaneous 
assessment tool 55.33-55.34 
lung involvement 54.26 
malignancy risk 54.9-54.10 
management 54.22-54.29, 54.26, 54.28 
targets for disease modifying drugs 
54,27 
mechanical properties 122.5 
modified Rodnan skin score 54.17 
muscle involvement 54.18 
musculoskeletal manifestations 54.18 
oral involvement 108.68-108.69 
organ-based disease assessment 54.22 
pathogenesis 54.27 
pathophysiology 54.10-54.13 
predisposing factors 54.10 
presentation 54.15-54.18 
pruritus 54.16, 54.26 
pulmonary manifestations 54.18, 54.26 
Raynaud phenomenon 54.3, 54.15, 54.22 
causes and clinical features 54.19 
investigation and management 54.25 
renal manifestations 54.18, 54.24 
respiratory disease 152.2 
scleroderma spectrum disorders 
55.1 
scleromyxoedema comparison 57.5 
severity classification 54.20-54.21 
skin thickening 54.15-54.16 
synonyms and inclusions 54.1 
telangiectasia 54.16-54.17, 54.26 
tendon friction rubs 54.18 
terminology 55.1 
vasculopathy 54.10, 54.25 
see also morphoea; sclerosis 
systemic therapy 19.1-19.50 
anti-inflammatory and 
immunomodulatory drugs 
19.2-19.46 


54.15-54.17 


54.19, 
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drug interactions 19.2 

hidradenitis suppurativa 90.9-90.10 

ichthyoses 63.44-63.45 

melanoma 144.1-144.12 

patient education 19.2 

patient selection 19.1-19.2 

prescribing and monitoring practice 19.2 

recessive dystrophic epidermolysis bullosa 
69.26 

record keeping 19.2 

risk reduction 19.1-19.2, 19.3 

standards of care 19.1 

versus topical therapy 19.1 

vitiligo 86.39-86.40 


T 
TA see tufted angioma 
tabanid flies (Chrysops species) 
see also loiasis 
tabetic neurosyphilis 29.15-29.16 
tacalcitol, topical therapies 18.28 
tachykinins, pruritus 81.3, 81.4 
tachyphylaxis 
corticosteroids 18.20 
systemic glucocorticoid therapy 19.19 
tacrolimus 
topical therapies 18.22, 18.23 
wound healing 11.12 
TAD see transient acantholytic dermatosis 
Taenia solium, cysticercosis 33.32-33.34 
TAK see transient aquagenic keratoderma 
Takayasu arteritis 100.34-100.35 
Talaromyces marneffei (penicilliosis) 31.28, 
32.89-32.90 
Talimogene laherparepvec (T-vec), oncolytic 
virus therapy 144.1 
talk therapies 
body dysmorphic disorder 84.14 
cognitive behavioural therapy 84.47 
combined somatic/psychological 
disorders 84.47-84.48 
habit reversal therapies 84.12, 84.15, 
84.17, 84.18, 84.20, 84.21, 84.25, 84.47 
nodular prurigo 84.18 
skin related health anxieties 84.26 
tanapox virus (TANV) 25.19 
tanning 
ability variation/skin types 2.18, 86.9, 
142.3 
melanoma risk 142.3 
physiology of 68.1, 86.9 
sunbed use 10.13 
sun-reactive skin types 86.9 
UVR exposure 10.7-10.8 
TANV see tanapox virus 
Tanzania, Regional Dermatology Training 
Centre 7.7 
tapeworms see cestodes 
tapinarof, psoriasis treatment 35.22 
targeted oncology therapies 87.73, 
144.4-144.5, 144.11, 144.11, 144.12 
target lesions 4.15 
targetoid haemosiderotic haemangioma see 
hobnail haemangioma 
targetoid haemosiderotic naevus 
131.30-131.32 
tars, topical therapies 18.36-18.37 
tattoo granulomas, photothermal ablation 
23.23 
tattoos 
allergic granulomatous reactions 127.21 
amalgam tattoos, mouth 108.15 
body art, mouth 108.15-108.16 
foreign body reactions 122.21-122.22 
hair disorders 87.101 
hypermelanosis 86.53-86.54 
mercury allergy 127.41 
p-phenylenediamine allergy 127.60 
pseudoepitheliomatous hyperplasia 
132.9, 132.10 
removal by laser treatment 23.12-23.15 
tattoo sarcoidosis 96.11 
taxane, palmoplantar erythrodysaesthesia 
119.2 
tazarotene, topical therapies 


S12 


18.25-18.26 
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TBHQ see t-butylhydroquinone 
TBI see total body irradiation 
TBSA see total body surface area 
t-butylhydroquinone (TBHQ) 127.59 
TCA CROSS see trichloroacetic acid chemical 
reconstruction of skin scars 
TCDD see 2,3,7,8-Tetrachlorodibenzo- 
p-dioxin-p-dioxin 
T-cell leukaemia—lymphomas, cells of origin 
139.3 
T-cell lymphoma 
panniculitis-like 97.61-97.63 
positive staining of atypical cells 
radiotherapy 24.16, 24.18 
see also cutaneous T-cell lymphoma 
T-cell-mediated drug hypersensitivity 
14.3-14.4 
acute generalised exanthematous 
pustulosis 14.4 
drug reaction with eosinophilia and 
systemicsymptoms 14.3-14.4, 14.7 
Stevens-Johnson syndrome 14.3, 14.7 
toxic epidermal necrolysis 14.3, 14.7 
T-cell pseudolymphoma 134.1-134.2 
T-cell receptor gene analysis, mycosis 
fungoides 139.6-139.8 
T-cell recognition of drugs 14.4-14.6 
altered peptide repertoir model 14.6 
hapten/pro-hapten model 14.5-14.6 
MHC-peptide-TCR interaction 14.4, 14.5 
pharmacological interaction model 14.5, 
14.6 
Tcells 9.4, 9.5-9.7, 14.4, 14.5, 50.2, 127.9 
T-cells 
activation 2.12,14.4 
allergens binding to 127.7 
allergic contact dermatitis 9.10 


3.28 


dermis 2.15 
immune system 9.3-9.6, 103.3 
in pemphigus 50.2 


T-cell theory, drug-specific 118.5 
TCI see topical calcineurin inhibitors 
TDT see thermal damage time 
TE see telogen effluvium 
tear film, precorneal 107.3 
tea tree oil, allergy to 127.71 
TEC see toxic erythema of chemotherapy 
Technetium-99 bone scintigraphy 124.2, 
124.3 
Tedania ignis, stings from 130.3 
TEE see transepidermal elimination; 
transepithelial elimination 
Teenagers’ Quality of Life Index (T-QoL) 
16.10 
teenagers, see also adolescents 
teeth 
anatomy of 108.4 
betel staining 108.15 
congenital syphilis 29.26, 29.28 
dental plaque 108.5 
epidermolysis bullosa presentation 
69.17, 69.18 
eruption cyst 108.10 
eruption cyst over a primary tooth 108.10 
incontinentia pigmenti presentation 
68.11 
methamphetamine-induced tooth decay 
120.5 
pachyonychia congenita presentation 
67.12 
periodontal Ehlers—Danlos syndrome 
70.5, 70.10 
phantom tooth pain/trigeminal 
neuropathic pain 82.5-82.7 
tooth decay, methamphetamine-induced 
120.5 
teething, flushing in children 104.10 
telangiectases 101.10-101.22, 101.39, 101.44 
angiokeratomas 101.13-101.14, 101.17 
angioma serpiginosum 101.16, 101.17, 
101.18, 101.18 
causes of 101.10 
cherry angiomas 
facial 23.9-23.10 
generalised essential telangiectasia 
101.17, 101.18-101.19 


101.12-101.13, 101.17 


hereditary benign telangiectasia 101.17, 
101.20, 101.21 
histology 101.10 
laser therapies 23.6, 23.9-23.11, 23.12 
leg veins 23.11 
pathophysiology 101.10 
primary telangiectasias 
101.18 
spider telangiectases 
101.17 
unilateral naevoid telangiectasia 
syndrome 101.20-101.22 
venous lakes 101.14-101.16, 101.17 
telangiectasia 
atrophic stria with 94.8 
hereditary haemorrhagic telangiectasia 
71.12-71.13 
hereditary haemorrhagic telangiectasia 
(Osler-Rendu—Weber syndrome) 
108.26 
metastatic carcinoma 148.3-148.4 
necrobiosis lipoidica 95.11 
oralinvolvement 108.27 
Rothmund-Thomson syndrome 75.5 
skin lesions associated with 
gastrointestinal disorders 153.7 
systemic sclerosis 54.16-54.17, 54.26 
see also hereditary haemorrhagic 
telangiectasia; spider telangiectases 
telangiectasia, elevated erythropoietin and 
erythrocytosis, monoclonal 
gammopathy, perinephric fluid 
collections and intrapulmonary 
shunting (TEMPI) syndrome 
149.12 
telangiectasia macularis eruptiva perstans 
(TMEP) 46.1, 46.5 
telangiectatic metastatic carcinoma 
148.3-148.4 
telangiectatic rosacea 89.9 
major features 89.6, 89.7, 89.12 
pathology 89.3 
treatment 89.14 
teledermatology 1.9, 4.25-4.26, 5.13, 7.8-7.9 
Tel Hashomer criteria, familial 
Mediterranean fever diagnosis 
45.10 
telogen effluvium (TE) 87.13, 87.53-87.60 
COVID-19 association 25.113 
telogen (hair follicle resting phase) 
87.7-87.8, 87.21, 87.57 
telogen release, hair fall 87.53 
telomeres, dyskeratosis congenita 67.13 
telomere shortening, skin ageing 2.45-2.46 
‘telomeropathies’ 67.13 
temperature-dependent urticaria 42.9, 
42.10-42.11 
TEMPI (telangiectasia, elevated 
erythropoietin and erythrocytosis, 
monoclonal gammopathy, 
perinephric fluid collections and 
intrapulmonary shunting) 
syndrome 149.12 
temporal triangular alopecia (TTA) 87.28 
TEN see toxic epidermal necrolysis 
tendon friction rubs, systemic sclerosis 
54.18 
tendon xanthomas 
tennis toe 122.16 
tenosynovial fibroma 136.11 
tenosynovial giant cell tumour 136.19 
tensile strength, elastic tissue 94.21 
teratogenicity 
methotrexate 19.26 
mycophenolate 19.29 
retinoid therapy 19.43, 19.44 
thalidomide 19.45, 19.46 
terbinafine, dermatophytosis treatment 
32.32 
terminology 
commonly used dermatopathological 
terms 3.38-3.43 
standardisation of 1.4, 1.5 
terpenes, allergic contact dermatitis 
127.42-127.43 


101.16, 101.17, 


101.10-101.12, 


60.2-60.3 


terra firme forme see dermatitis passivata 
tertiary syphilis 29.12-29.17, 29.18 
‘tertiary teledermatology’ 4.26 
TERT telomerase gene, melanoma risk 
142.5 
testis, torsion of 109.25 
testosterone, hair growth stimulation 87.10 
tetanus immunisation, bites 130.6 
2,3,7,8-tetrachlorodibenzo-p-dioxin-p-dioxin 
(TCDD) 129.12 
tetracyclines 19.47, 19.48 
hypermelanosis 86.27-86.28 
topical therapies 18.12 
tetraethylthiuram disulphide, eczema 117.4 
tetraspanins, epidermolysis bullosa 69.4 
TEWL see transepidermal water loss 
Texier disease 97.50 
textile dermatitis 127.65-127.67 
textile dyes, genital contact dermatitis 
109.13 
texture of skin, matching principles in 
surgical design 20.21 
TFIIH see transcription/DNA repair factor 
TH 
TGF see transforming growth factor 
TGF-f binding proteins see latent 
transforming growth factor beta 
binding proteins 
TGM1 mutations, congenital ichthyosiform 
erythroderma 63.12 
TH2 activity, alopecia areata 87.22 
thalidomide 19.44-19.45 
dermatological uses 19.44 
pharmacological properties 19.44-19.45 
potential adverse effects 19.45 
safety considerations 19.45-19.46 
sarcoidosis treatment 96.17 
thallium, dermatological reactions 
121.8-121.9 
theque, definition 3.43 
therapeutic relationship between clinician 
and patient 84.47 
therapeutic window, clinical pharmacology 
13.2 
therapy 
assessing benefit to patients, Patient 
Benefit Index tool 16.5 
decisions, appraising clinical trials 
17.12-17.13 
principles of topical therapy 18.1-18.42 
Theridiidae (widow spiders) 34.34-34.35 
thermal damage time (TDT), light assisted 
hair removal 23.5-23.6 
thermal relaxation time (TRT), of skin 
chromophores 23.5 
thermal sweating 2.9 
thermokinetic selectivity, laser treatments 
23.6 
thermolipolysis, fat contouring 161.9 
thermoplastics, allergic contact dermatitis 
127.68 
thermoregulation 2.9, 2.42-2.43 
thermoregulatory sweating 92.3, 92.4 
THET see Tropical Health and Education 
Trust 
thiamine (vitamin B1) deficiency 
61.13-61.14 
thickening of skin, diabetic patients 
62.5-62.6 
thigh 
cicatricial pemphigoid 50.52 
cryopyrin-associated periodic syndrome 
45.9 
cutaneous small-vessel vasculitis 
erythema multiforme 47.2 
hemihyperplasia—multiple lipomatosis 
syndrome 72.11 
lichen striatus 37.18 
linear IgA disease 50.37 
massive localised lymphoedema 103.53 
microtrauma to 98.9 
urticaria pigmentosa 46.4 
thiomersal, allergic reactions 127.3-127.5 
thiopurine methyl transferase (TPMT), 
polymorphism affecting 


100.7 
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azathioprine metabolism 
19.8-19.9, 19.10 
thioureas 127.65 
thiuram mix (sensitisers) 127.63-127.64 
thiurams 127.64 
thorax, pulmonary haemorrhage, 
microscopic polyangiitis 100.21 
Thost-Unna keratoderma 63.53 
threadworm see enterobiasis 
Three Item Severity Score (TIS) 16.4 
thrips (Thysanoptera) 34.30 
thromboangiitis obliterans 101.3-101.6 
causative organisms 101.6 
clinical features 101.6 
epidemiology 101.4 
investigations for 101.6 
ischaemic toes 101.6 
management of 101.7 
pathophysiology 101.5-101.6 
vascular occlusion and corkscrew 
collaterals 101.7 
thrombocytopenia, purpura 31.12, 31.14, 
99.2-99.4 
thrombocytosis, purpura 99.3-99.4, 
99.10-99.11 
thrombophlebitis, neoplasia association 
148.26 
thrombophlebitis migrans 101.35-101.36 
thrombosis see venous thrombosis 
thrush see candidiasis 
thumbnail, lichen planus 37.12 
thymol, traditional topical therapy 18.38 
thyroid disease 
myxoedema 57.11-57.14 
systemic lupus erythematosus 51.31 
thyroid dysfunction, drug reaction with 
eosinophilia and systemic 
symptoms 118.9, 118.11 
thyroid dysfunction 
(hyper/hypothyroidism), 
dermatoendocrinology 150.7, 
150.10, 150.11, 150.19-150.20 
thyroiditis, granuloma annulare 95.1 
thyroid medullary cancer, flushing 104.7, 
148.26 
thyrotoxicosis, pruritus 81.10 
thyroxine, urticaria treatment 42.19 
Thysanoptera (thrips) 34.30 
ticks (Acari) 34.37-34.41 
anaphylactic reactions to bites 14.2 
carried diseases 26.66—26.67, 26.72, 
26.82-26.83, 34.39-34.41 
“tick typhus’, rickettsial infections 
26.82-26.83 
‘tiger-tail pattern’, trichothiodystrophy 
63.37 
tight junctions 2.20-2.21 
Time Trade-Off (TTO), quality of life 
assessment 16.9 
TIMPs see tissue inhibitors of 
metalloproteinases 
tinea 
allergic reactions 32.50 
granuloma annulare mistaken for 
O55 
penis/scrotum 109.27-109.28 
steroid-modified infections 32.50 
see also dermatophytosis 
tinea barbae 32.40-32.41 
tinea capitis 32.37-32.40, 87.24 
clinical features 32.38 
clinical variants 32.38-32.39 
epidemiology 32.37-32.38 
infants 115.8-115.9 
infection control 32.31-32.32, 32.40 
late sequelae of radio treatment 24.4, 
24.8, 24.21 
management 32.40 
pathophysiology 32.38 
tinea circinata see tinea corporis 
tinea corporis 4.10, 32.35-32.37 
clinical features 32.35-32.37 
corticosteroid effects 32.49-32.50 
discoid skin lesions 39.10 
infants 115.8 


management 32.37 
pathophysiology 32.35 
tinea cruris 32.45-32.46 
female genitalia 110.28 
tinea faciei 32.41-32.42, 89.10 
infants 115.8 
tinea incognito, female genitalia 110.28 
tineamanuum 32.44—32.45 
tinea nigra (pityriasis nigra) 1 
tinea nigra (tinea nigra palmaris/pityriasis 
nigra) 32.14~32.15 
tinea nodosa see black piedra 
tinea peddis 32.42-32.44 
clinical features 32.43-32.44 
epidemiology 32.42 
management 32.44 
pathophysiology 32.42-32.43 
sports association 122.16 
tinea tonsurans see tinea capitis 
tinea unguium (onychomycosis caused by 
dermatophytes) 32.47-32.49 
tinea versicolor/tinea flavea see pityriasis 
versicolor 
TIS see Three Item Severity Score 
tissue-bound autoantibodies 
bullous pemphigoid 50.13-50.14 
mucous membrane pemphigoid 50.25 
tissue cooling, avoiding epidermal heat 
damage during laser therapies 
23.6 
tissue engineering, wound healing 
11.11-11.13 
tissue inhibitors of metalloproteinases 
(TIMPs) 2.32 
wound healing 11.5 
tissue injury, alpha-1 antitrypsin 97.44 
tissue macrophages, microscopic 
examination of 3.36 
tissue optics, fate of incident light on skin 
23.3-23.4 
tissue-processing machine 3.7 
tissue tightening therapies 161.6-161.8 
tixocortol pivalate, allergic reactions 127.47 
TKIs see tyrosine kinase inhibitors 
TL-01 UVB see narrow-band UVB 
TLR-4 see Toll-like receptor 
TMD see transient myeloproliferative 
disorder 
TMEP see telangiectasia macularis eruptiva 
perstans 
TN see trichorrhexis nodosa; trigeminal 
neuralgia 
TNF-a, sarcoidosis 96.4 
TNF-a inhibitors 
cutaneous adverse effects 
psoriasis treatment 35.27 
sarcoidosis treatment 96.17 
TNF-inhibitor-associated alopecia 
87.34-87.35 
TNM (tumour, node, metastases) 
classification, oral squamous cell 
carcinoma 108.47, 108.48 
tobacco smoke exposure 
ageing of skin 156.4 
atopiceczema 41.7 
tobacco use 
keratoses 108.33 
oral hyperpigmentation 108.16-108.17 
oral squamous cell carcinoma 108.46 
types 108.33 
see also smoking 
tocilizumab 
morphoea treatment 55.39 
systemic sclerosis treatment 54.24 
tocopherol 127.59 
toe 
acquired digital fibrokeratoma 136.4 
acral fibromyxoma 136.59 
bandaging, lymphoedema therapy 
103.59 
‘chilblain’ lesions 51.9 
discoid lupus erythematosus 51.8 
epidermolysis bullosa acquista 50.45 
fibro-osseous pseudotumour of the digits 
136.6 


155,15 


frostbite 124.2, 124.3 
lymphoedema 103.6 
neuropathic ulcer 83.14, 83.15 
perniosis 124.6 
pretibial myxoedema 103.42 
primary localised cutaneous amyloidosis 
56.8 
psoriatic arthritis 
systemic sclerosis 
see also phalanges 
toe cleft intertrigo (athletes foot), see also 
tinea peddis 
toe clefts, microbiome 26.3, 26.5 
toenail dystrophy 63.51 
epidermolysis bullosa 69.17 
pachyonychia congenita 67.1, 67.11 
toenails 
lichen planus 37.12 
metal poisoning signs 121.1 
see also nails 
toe systolic BP, peripheral vascular disease 


35.41 
54.4 


tofacitinib, psoriasis treatment 35.27 
togaviruses 25.80, 25.87-25.93 
Toll-like receptor 4 (TLR-4) 127.7 
Toll-like receptors, transmembrane drug 
mechanisms 13.5 
Toll-like receptor signalling, skin defence 
against pathogens 26.5, 26.6 
tolnaftate, topical therapies 18.12-18.13 
toluene-2,5-diamine 127.60-127.61 
tombstone comedones, hidradenitis 
suppurativa 90.5 
tongue 
amyloidosis 108.69-108.70 
anatomy of 108.4 
angioedema 108.10 
ankyloglossia 108.87 
black hairy tongue 108.16, 108.17 
brown tongue 108.16 
candidiasis 108.32 
circumvallate papillae 108.7 
coated tongue 108.16 
dorsum, examination of 108.7 
examination of 108.7 
fissured tongue 108.87-108.88 
fungiform papillae 108.7 
furred tongue 108.52 
geographic tongue (benign migratory 
glossitis /erythema migrans) 
108.24 
in patient with psoriasis 35.13 
glossitis 108.22, 108.24—108.25 
herpes simplex lingual recurrence 108.71 
herpetic stomatitis 108.52 
Kawasaki disease 115.10 
leiomyoma 108.13 
leukoplakia 75.3 
linear IgA disease 50.37 
lingual erythema migrans 108.24 
lingual thyroid 108.11 
lingual tonsil 108.11 
macroglossia 108.11—108.12, 108.69 
primary systemic amyloidosis 56.12 
median rhomboid glossitis 108.22 
multiple endocrine neoplasia 
108.13-108.14, 108.13, 148.10 
oral lichen planus 108.77 
osteoma mucosae 108.14 
piercing of (body art) 108.16 
pigmented lesions 108.15 
polyarteritis nodosa 108.69 
scrotal tongue 108.87 
squamous cell carcinoma 108.46 
strawberry tongue 108.25 
strawberry tongue, Kawasaki disease 
115.10 
venous malformation 71.15 
ventrum, examination of 108.7 
tongue cancer patient, facial lymphoedema 
103.48 
tonofilament aggregates, pachyonychia 
congenita 63.52 
‘tonotubular’ PPK 63.50 
tophaceous gout 155.9, 155.10 


topical anaesthetics, biopsy 3.2-3.3 
topical calcineurin inhibitors (TCI), atopic 
eczema treatment 41.27 
topical dressings, burn management 125.8 
topical drug delivery 12.1-12.9 
absorbed dose 12.4 
advice/instructions for patients 18.4 
application quantity and frequency 
18.3-18.4 
bioavailability /bioequivalence assessment 
12.7-12.8 
in vitro methods 
in vivo methods 
creams 12.3-12.4 
drug concentration 18.1-18.2 
drug structure/properties and skin 
permeation 12.2-12.3 
efficacy influences 18.2 
efficiency of 12.4 
flux measurement 12.3, 12.4, 12.5 
formulation design and dosage choice 
12.5 
formulation ‘metamorphosis’ 
formulations 12.3-12.4 
hazards 18.4-18.5 
hydrocarbon-based formulations 12.3 
‘metamorphosis’ of formulation 
12.6-12.7 
non-volatile residual phase design 
12.6-12.7 
patient-centred optimisation 12.4-12.7 
percutaneous absorption mechanisms 
12.1-12.2 
polar gel formulations 12.3 
saturated solutions 
with partitioning and diffusion 
enhancers 12.6 
with partitioning enhancers 12.5-12.6 
simple solutions 12.5 
skin barrier function 12.1 
topical photosensitisation, photodynamic 
therapy 22.2 
topical therapies 
acne 129.12 
actinic keratosis 141.8-141.10 
acute herpetic neuralgia 82.4 
advice/instructions for patients 
antibiotics 18.10-18.12 
antifungal agents 18.12-18.13, 
32.33-32.34, 40.8 
anti-inflammatory agents 40.8-40.9 
antineoplastic agents 18.29-18.31 
antiparasitic agents 18.13-18.14 
antiseptics 18.9-18.10, 123.11 
antiviral agents 18.13, 25.23-25.24 
application frequency 18.3 
application quantity 18.3-18.4 
astringents 18.9 
atopiceczema 41.27 
basal cell carcinoma 140.11, 140.12 
Bowen disease 141.23, 141.24 
calcineurin inhibitors 18.22-18.26, 41.27 
corticosteroids / glucocorticoids 
18.14-18.22, 46.10, 129.12 
cutaneous T-cell lymphoma 
139.21-139.22 
cutaneous warts 25.59-25.60 
cytotoxic agents 18.29-18.31 
depigmenting agents 18.31-18.33 
drug concentration 18.1-18.2 
efficacy influences 18.2 
emollients 18.8-18.9 
erythema multiforme-like reactions to 
47.4-47.5 
formulations 18.5-18.8 
hazards 18.4-18.5 
herpes simplex infections 25.23-25.24 
hidradenitis suppurativa 90.9 
hyperhidrosis 92.8-92.9 
immunotherapy 25.59-25.60 
impetigo 26.16 
keratolytics 40.8 
lidocaine 82.4 
mastocytosis 46.10 
minoxidil 87.70, 87.73, 87.94 


12.7 
12.7-12.8 


12.6-12.7 


18.4 
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occlusion 18.21 
phototherapy combination 21.10 
potency classification of corticosteroids 
18.14-18.15, 18.16 
prescribing 18.1-18.4 
pressure ulcers 123.11 
primary localised cutaneous amyloidosis 
56.13-56.14 
principles 18.1-18.42 
prostaglandins 87.94-87.95 
retinoids 18.23-18.26 
seborrhoeic dermatitis 40.8 
systemic absorption and effects 18.3, 18.5 
traditional remedies 18.38 
vehicles 12.3-12.4, 18.2-18.3, 18.5-18.8 
vitamin D analogues 18.26-18.29 
TORCH syndrome, viral infections 25.221 
tori mandibularis 108.7, 108.8 
torso involvement, dermatomyositis 
52.4-52.5, 52.6 
torus palatinus 108.7, 108.8 
total body irradiation (TBI), lipodystrophy 
association 98.8-98.9 
total body surface area (TBSA), burn size 
125.1-125.2 
totally dystrophic onychomycosis 32.48 
total skin electron beam therapy (TSEBT) 
cutaneous T-cell lymphoma 
139.20-139.21, 139.22 
mycosis fungoides 24.16, 24.17 
touch domes 2.12 
touch perception 2.12 
Touton cells, juvenile xanthogramuloma 
135.15 
Touton giant cell 3.36 
Townes-Brocks syndrome 106.7 
toxic epidermal necrolysis (TEN) 
arsenic 121.2 
management 
ocular complications 
renal effects 154.6 
and Stevens—Johnson syndrome 
47.1-47.2, 107.32-107.34, 108.79, 
118.1-118.2, 118.10, 118.12-118.22 
T-cell-mediated drug hypersensitivity 
14.3, 14.7 
toxic erythema of chemotherapy (TEC) 
119.1-119.2 
toxic erythema of the newborn 114.5-114.6 
Toxicodendron species dermatitis 127.5, 
127.11, 127.71-127.72, 127.73-127.74 
toxic pustuloderma 118.1 
toxic reactions, local anaesthetics 20.7-20.8 
toxic shock syndrome (TSS) 26.30-26.32 
clinical features 26.30-26.31 
epidemiology 26.30 
management 26.32 
pathophysiology 26.30 
streptococcal 26.30, 26.36-26.37 
see also streptococcal toxic shock-like 
syndrome 


47.1-47.2 


107.33-107.34 
107.32-107.33 


toxins 
bacterial 26.32, 26.35-26.37, 26.38 
botulinum 26.43, 159.1-159.9 
cutaneous T-cell lymphoma therapy 
139.25 
metals 121.1-121.10 
see also cytotoxic agents 
Toxocara canis see visceral larva migrans 
Toxocara cati see visceral larva migrans 
Toxocara malayensis see visceral larva migrans 
toxocariasis (visceral larva migrans) 
33.20-33.21 
toxoplasmosis 33.54-33.55 
clinical features 33.54 
management 33.54-33.55 
pathophysiology 33.54 
TPMT see thiopurine methyl transferase 
T-QoL see Teenagers’ Quality of Life Index 
trace elements 
hypermetabolism treatment 
resuscitation use 125.4 
traction alopecia 87.31-87.32, 87.42 
traditional remedies see complemen- 
tary /alternative/traditional 
therapies; herbals 


125.12 


84 = Index 


training programmes/resources 
for dermatologists 7.8 
for dermatology 7.11-7.12 
health care workers 7.8 
teledermatology 7.9 
see also educational partnerships; patient 
education 
tralokinumab, systemic therapy 
19.36-19.37 
tranexamic acid 
cosmeceutical use of 157.4 
urticaria treatment 42.19 
transaldolase deficiency 70.16 
transaminitis, haemophagocytic 
lymphohistiocytosis 135.12 
transcription/DNA repair factor ITH 
(TFITH) 63.37 
transcriptomics 
immune system 9.2-9.3 
skin ageing 2.46 
transepidermal elimination (TEE) 
94.53-94.55 
transepidermal water loss (TEWL) 
128.2-128.3, 128.6 
atopiceczema 41.23 
irritant contact dermatitis 
neonates 114.2 
skin barrier function assessment 
xerosis cutis 85.26 
transepithelial elimination (TEE), 
pseudoxanthoma elasticum 94.30 
transforming growth factor (TGF) 71.2 
transfusion-associated graft-versus-host 
disease 149.15 
transfusion reactions, skin involvement 
149.15 
transgender patients, hairloss 87.71 
transglutaminase-1, congenital 
ichthyosiform erythroderma 63.11 
transglutaminase 1 deficient skin 63.15 
transglutaminase 5 (TGM5), skin fragility 
disorders 69.5 
transient acantholytic dermatosis 
(TAD/Grover disease) 
85.23-85.25, 148.17 
transient aquagenic keratoderma (TAK) 
63.61-63.62 
transient erythema see flushing 
transient myeloproliferative disorder (TMD), 
neonatal pustulosis of 114.8 
transient pustular melanosis, neonates 
114.7-114.8 
transmission electron microscopy 
dermal-epidermal basement membrane 
zone 2.22 
elastic fibres 2.34 
epidermolysis bullosa diagnosis 
69.21-69.22 
fibroblasts 2.40, 156.9 
transplants see graft versus host disease; 
organ transplant recipients 
transport media, biopsy 3.4-3.5, 3.5 
transposition flaps, surgical reconstruction 
20.24, 20.26 
TRAPS see tumour necrosis factor 
receptor-associated periodic 
syndrome 
trauma 
dystrophic calcification of skin and 
subcutaneous tissues 59.3 
male genitalia 109.8-109.9 
morphoea association 55.13-55.14 
scratching /manipulating skin, trigeminal 
trophic syndrome 82.7-82.8 
trauma-induced lymphoedema 103.40 
traumatic lesions, female genitalia 
110.42-110.43 
traumatic neuroma 136.43 
traumatic panniculitis 97.50, 97.54-97.56 
traumatic ulcerative granuloma with stromal 
eosinophilia (TUGSE), oral 
ulceration 108.37 
travel abroad, cutaneous leishmaniasis 
33.51 
Treacher Collins syndrome 106.5, 106.7 


12.1, 


129.5 


16.5 


treadmill test, peripheral vascular disease 
101.4 
tree balsams 127.42 
tree moss allergy 127.45, 127.73 
tregeminal neuralgia see trigeminal neuralgia 
Tregs (regulatory T cells) 127.9 
trematodes 33.26-33.31 
trench fever, Bartonella quintana 26.62 
trench foot 124.4-124.5 
trench mouth see acute necrotising 
(ulcerative) gingivitis and noma 
Treponema pallidum 
subsp. carateum, pinta 26.71-26.72 
subsp. endemicum, endemic syphilis 26.70 
subsp. pertenue, yaws 26.70-26.71 
Treponema pallidum subsp. pallidum 29.2, 
29.3-29.5 
treponematoses 
differential diagnosis 29.4, 29.12, 29.19 
endemic/non-venereal 26.69-26.72 
eye 107.39-107.40 
microbiology 29.5 
see also syphilis; yaws 
tretinoin, see also retinoic acid 
triangular lunula, nail dysplasia with 67.15, 
67.16 
triangular shape melanonychia, melanoma 
involving nail unit 145.13 
Triatominae (assassin bugs) 34.29 
triazole antifungals 19.48 
trichiasis 119.6 
trichilemmal carcinoma 137.7 
trichilemmal cysts (pilar cysts) 105.11, 
133.4-133.5, 133.6, 137.5-137.6 
trichilemmal tumour proliferating 
137.5-137.6 
trichilemmoma 137.6-137.7 
trichinelliasis see trichinosis 
trichinellosis see trichinosis 
trichiniasis see trichinosis 
trichinosis 33.24-33.26 
clinical features 33.25 
management 33.25-33.26 
pathophysiology 33.24-33.25 
trichloroacetic acid 
caustic agent for skin surgery 20.47 
chemical peels 160.2-160.3, 160.10 
trichloroacetic acid chemical reconstruction 
of skin scars (TCA CROSS) 160.6 
trichoadenoma 137.4-137.5 
trichobacteriosis see trichomycosis 
trichobezoar 84.24 
trichoblastic fibroma see trichoblastoma 
trichoblastoma 137.11-137.12 
trichoblastoma spectrum, trichoepithelioma 
137.9-137.10 
trichochrome B_ 86.7 
trichochromes 86.5, 86.6 
trichodiscomas 137.15 
histology of 78.15 
trichodynia 87.54 
COVID-19 association 25.113 
trichodysplasia spinulosa polyomavirus 
(TSPyV/TSV/HPyV-8) 25.48, 
85.15-85.17, 87.36 
trichoepithelioma 105.11, 137.9-137.10 
photothermal ablation 23.21 
trichofolliculoma 137.8-137.9 
trichogenic fibroma see trichoblastoma 
trichograms 87.14, 87.55 
trichokinesis 105.14 
tricholemmal cysts see trichilemmal cysts 
tricholemmoma see trichilemmoma 
trichomatricoma see pilomatricoma 
trichomegaly 107.4 
trichomoniasis 33.38-33.39 
clinical features 33.38 
epidemiology 33.38 
management 33.38-33.39 
trichomycosis axillaris 26.41-26.42 
trichomycosis nodularis (black piedra) 
32.15-32.16 
trichomycosis pubis 109.27 
trichophytide, dermatophytide reaction 
32.50 


trichophytin test 4.25 
Trichophyton spp. 
dermatophytosis 
32.26-32.30 
hand eczema 39.17 
T. rubrum 32.27-32.28, 32.29, 32.29 
trichoptilosis 87.75 
trichorrexis invaginata 63.27 
trichorrhexis invaginata 87.79, 87.80 
trichorrhexis nodosa (TN) 87.75-87.77, 
87.93-87.94 
argininosuccinic aciduria 79.13 
trichoscopy 4.21, 87.65-87.66, 87.74 
Trichosporon yeasts 32.66-32.67, 32.93 
trichosporosis nodosa see white piedra 
trichostasis spinulosa 87.83-87.84 
trichothiodystrophy (TTD) 63.36-63.38, 
76.5, 76.9-76.10, 77.2, 87.80 
trichotillomania (TTM)/trichotillosis 
84.22-84.25, 87.14, 87.24, 87.32-87.34 
trichrome stains 3.8 
trichrome vitiligo 86.36, 86.38 
triclosan 127.58 
triclosan/triclocarban, topical therapies 
18.10 
tricone (‘dog ear’) repair 20.22 
tricyclic antidepressants 84.44, 84.45 
trifarotene, topical therapies 18.26 
trigeminal cranial nerve (CN V), anatomy of 
head and neck = 20.2, 20.3 
trigeminal nerve, ophalmic zoster 25.33 
trigeminal neuralgia (TN) /trigeminal 
neuropathic pain syndrome 
82.5-82.7, 108.66-108.67 
trigeminal trophic syndrome (TTS) 
82.7-82.8, 108.67 
triglycerides 97.4 
trimethylaminuria (fish odour syndrome) 
84.11, 92.17-92.18 
tripe palms see acanthosis palmaris 
triple response of Lewis, testing for skin 
innervation 83.5 
trisomy 8 myelodysplasia, Behcet-like 
disease association 149.8 
trisomy 13 (Patau syndrome) 74.2-74.3 
trisomy 18 (Edwards syndrome) 74.2 
trisomy 21 see Down syndrome 
Triton tumour see neuromuscular hamartoma 
TrkB deficiency 72.6 
trophic syndromes, skin picking disorders 
82.8-82.9 
tropical bubo see lymphogranuloma 
venereum 
Tropical Dermatology: A Syndrome-Based 
Approach (online course) 7.12 
tropical disorders 
actinic lichen planus 37.7 
lymphatic filariasis 103.33-103.36 
neglected tropical diseases 7.2, 7.6, 7.7, 
7.11-7.12 
tropical elephantiasis see lymphatic filariasis 
Tropical Health and Education Trust (THET) 
7.14 
tropical ulcers 26.68-26.69 
tropoelastin 2.33 
Trousseau sign 97.9 
TRT see thermal relaxation time 
true histiocytic lymphoma 135.30-135.31 
Trueperella pyogenes, infection 26.43 
trunk 
atrophoderma of Pasini—Pierini 55.19 
bowel-associated dermatitis—arthritis 
syndrome 49.16 
bullous pemphigoid 50.18 
keratolytic winter erythema lesions 
63.73, 63.74 
linear IgA disease 50.36 
linear morphoea trunk/limb variant 
55.25 
lithium-induced acne 88.13 
microscopic examination of skin 
3.33-3.34 
morphoea 55.5, 55.20 
pansclerotic morphoea 55.21 
pityriasis rubra pilaris, typeI 36.4, 36.6 


32.18-32.20, 32.19, 
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plaque morphoea 55.20 
psoriasis vulgaris 35.7, 35.13 
pustules, bowel-associated 
dermatitis—arthritis syndrome 
49.16 
toxic erythema of the newborn 114.5 
trypanosomiasis 33.39-33.43 
clinical features 33.40-33.42 
epidemiology 33.39 
investigations 33.42-33.43 
management 33.43 
pathophysiology 33.39-33.40, 33.41 
see also African trypanosomiasis; American 
trypanosomiasis 
trypsin, pancreatic panniculitis 97.41 
TSC see tuberous sclerosis complex 
TSEBT see total skin electron beam therapy 
tsetse flies, trypanosomiasis 33.39-33.40, 
33.41, 33.42 
TSPyV see trichodysplasia spinulosa 
polyomavirus 
TST see tuberculosis skin test 
TSV see trichodysplasia spinulosa 
polyomavirus 
TTA see temporal triangular alopecia 
TTD see trichothiodystrophy 
t-test, statistical analysis of clinical studies 
17.21 
TIM see trichotillomania 
TTO see Time Trade-Off 
TTS see trigeminal trophic syndrome 
tubercles of Montgomery, Fordyce spots 
93.12 
tuberculids 27.24-27.32 
erythema induratum of Bazin 
27.29-27.31 
ichen scrofulosorum 27.25-27.27 
other nodular lesions —27.31-27.32 
papulonecrotic tuberculid —27.27-27.29 
tuberculin test 4.24 
tuberculoid/borderline tuberculoid leprosy 
28.1, 28.2-28.3, 28.4, 28.6, 28.7, 28.7, 
28.8, 28.9, 28.10 
tuberculoid granulomas 96.3 
tuberculoid leprosy 94.30 
tuberculosis 27.2-27.5 
acute cutaneous miliary 27.17 
BCG vaccination 5.3, 27.3-27.5, 
27.10-27.11, 27.20, 27.21, 27.25, 
27.27-27.29, 27.40, 80.8 
congenital tuberculosis 114.28 
cutaneous manifestations 152.4 
diagnostic tests 27.4-27.5, 27.8-27.9 
ear dermatoses 106.23 
epidemiology 27.2-27.4 
erythema induratum of Bazin 97.26, 
97.29 
erythema nodosum 97.25 
eye infection 107.39 
oral lesions 108.56 
penis 109.27 
perianal skin 111.15 
sarcoidosis causation 96.4 
see also mycobacterial infections; 
Mycobacterium tuberculosis; 
tuberculosis of the skin 
tuberculosis colliquativa cutis 
(scrofuloderma) 27.13-27.16 
tuberculosis cutis indurativa see erythema 
induratum of Bazin 
tuberculosis cutis lichenoides see lichen 
scrofulosorum 
tuberculosis cutis miliaris acuta generalisata 
see acute cutaneous miliary 
tuberculosis 
tuberculosis cutis miliaris disseminate see 
acute cutaneous miliary 
tuberculosis 
tuberculosis papulonecrotica (papulonecrotic 
tuberculid) 27.27-27.29 
tuberculosis of the skin (cutaneous 
tuberculosis) 27.5-27.24 
acute cutaneous miliary tuberculosis 
27.17 
classification 27.5-27.6 


diagnosis 27.7-27.9 
HIV 31.22 
lupus vulgaris 27.20-27.24 
metastatic tuberculous abscess 
27.17-27.19 
orificial tuberculosis 27.16-27.17 
pathophysiology 27.6-27.7 
primary inoculation 27.12-27.13 
scrofuloderma 27.13-27.16 
treatment 27.9-27.10 
warty tuberculosis 27.19-27.20 
tuberculosis skin test (TST) 27.4 
tuberculosis verrucosa cutis (warty 
tuberculosis) 27.19-27.20 
tuberculous mastitis 27.31-27.32 
tuberous sclerosis complex (TSC) 
78.7-78.10, 148.10 
cardiac rhabdomyomas 78.9 
clinical features 78.7-78.9 
diagnostic criteria 78.10 
endocrine disorders 78.9 
investigations 78.10 
management 78.10 
mosaic forms of 78.8 
neurological features 78.8-78.9 
ocular signs 78.9 
oral involvement 108.87 
pulmonary involvement 78.9, 152.5 
renalinvolvement 154.2 
tuberous xanthomas 60.3 
tubular adenoma 137.28 
tubular apocrine adenoma 137.28 
tufted angioma (TA), infants 116.10, 116.11 
tufted folliculitis 87.49, 87.84 
TUGSE see traumatic ulcerative granuloma 
with stromal eosinophilia 
tularaemia, Francisella tularensis 26.57-26.58 
tumefactive primary localised cutaneous 
amyloidosis 56.5 
tumour resemblance 56.8 
tumour classification, melanoma 142.8 
tumour necrosis factor, allergic contact 
dermatitis 127.10 
tumour necrosis factor antagonists (systemic 
therapy) 19.32-19.34 
cautions 19.33-19.34 
contraindications 19.33 
dermatological uses 19.32 
drug-drug interactions 19.34 
pharmacological properties 19.32-19.33 
potential adverse effects 19.33 
pre-treatment screening 19.34 
tumour necrosis factor inhibitor-associated 
alopecia 87.34-87.35 
tumour necrosis factor receptor-associated 
periodic syndrome (TRAPS) 45.5, 
45.6, 45.9 
tumour necrosis receptor associated periodic 
syndrome, renal involvement 
154.2 
tumours 
acanthosis nigricans association 85.3, 
85.4-85.5 
acquired ichthyosis association 85.2 
dystrophic calcification of skin and 
subcutaneous tissues 59.3-59.4 
spread to skin 148.2-148.7 
tumours of ano-genital mammary-like 
glands 137.40 
tumours of fat cells 136.56-136.59 
tumour spillage (direct contamination of 
wounds with tumour cells during a 
laparoscopy or surgical procedure) 
148.3-148.4 
tumours of the scalp 105.11-105.12 
pilosebaceous unit tumours 105.11 
scalp metastases 105.11-105.12 
sebaceous naevus 105.11 
syringocystadenoma papilliferum 105.11 
tumours of skin appendages 137.1-137.49 
apocrine gland tumours 137.18-137.23 
classification 137.2 
eccrine or apocrine gland/follicular 
tumours = 137.28-137.33 
eccrine gland hamartomas and tumours 
137.23-137.28 


external root sheath tumours —137.5-137.7 
from eccrine and apocrine glands 
137.1-137.2 
hair follicle mesenchyme lesions 
137.15-137.16 
hair follicle tumours —137.2-137.5 
hair matrix tumours 137.13-137.15 
hamartomas and hair germ tumours and 
cysts 137.7-137.13 
miscellaneous 137.40-137.44 
sebaceous gland tumours 137.16-137.18 
sweat gland carcinomas 137.33-137.40 
tumours of uncertain malignancy, 
keratoacanthoma 141.38 
Tunga penetrans (sand flea/jigger/chigoe) 
34.15 
tungiasis 34.15 
tunnel disease see ancylostomiasis 
turban tumour see cylindroma 
‘turf toe’ 122.16 
turmeric (curcuminoids), cosmeceutical use 
of 157.8, 157.9 
Turner, Daniel 1.3, 1.4 
Turner syndrome 74.3-74.4, 86.41, 103.20, 
106.7 
infant with 71.28 
turpentine allergy 127.74-127.78 
T-vec see Talimogene laherparepvec 
‘two-hit’ hypothesis of genetic disorders, 
disseminated superficial actinic 
porokeratosis 141.16 
tylosis, oral lesions 108.30 
tylosis with oesophageal cancer 
63.67, 78.13 
tympanic membrane 106.2 
type linterferonopathies 45.13-45.15 
Aicardi-Goutiéres syndrome (AGS) 45.5, 
45.6, 45.13 
chronic atypical neutrophilic dermatosis 
with lipodystrophy and elevated 
temperature 45.5, 45.6, 45.14-45.15 
STING-associated vasculopathy with 
onset ininfancy 45.5, 45.6, 
45.13-45.14 
type I cryoglobulinaemia (intravascular) and 
perniosis 149.13-149.14 
type III hypersensitivity reactions, urticarial 
vasculitis 44.2 
type VII collagen (COL17A1) 69.5, 69.16, 
69.18-69.19, 69.21, 69.22, 69.27 
type XVII collagen (COLI7A1) 69.5 
typhus group Rickettsiae 26.80-26.81 
typical (classical) epidermodysplasia 
verruciformis 25.66, 25.69 
tyrosinaemia type II 63.70-63.71, 
79.11-79.12 
tyrosine 68.1 
tyrosine kinase inhibitors (TKIs) 
hair pigmentation 87.73-87.74 
hypertrichoses 119.6 
mastocytosis treatment 46.10 
psoriasis treatment 35.27 
Tzanck smears 3.29-3.30 


63.66, 


U 
UAS see urticarial activity scores 
ubiquinone see coenzyme Q10 
UCT see urticaria control test 
UCTD see undifferentiated connective tissue 
disease 
‘ugly duckling’ sign see intra-individual 
comparative analysis of naevi 
UK see United Kingdom 
ulceration 102.1-102.13 
anal fissure 111.30-111.31 
arterial leg ulcers 102.7-102.10 
Behcet-like syndrome associated with 
trisomy 8 myelodysplasia 149.8 
calciphylaxis 59.7 
chemical burns 128.12 
dermatomyositis 52.5, 52.6, 52.8, 52.9, 
52.11 
diabetic patients 62.1, 62.2-62.3 
diphtheria 26.38-26.39 
female genitalia 110.18-110.20 


herpes simplex virus infection, neonatal 
114.22 
human immunodeficiency virus infection 
111.17 
hypertensive ischaemic ulcers 
102.10-102.13 
infantile haemangiomas 116.5, 116.6 
intravenous drug administration 
120.6-120.7 
ischaemic ulcer 101.44 
male genitalia 109.5, 109.22-109.24, 
109.28 
melanoma 142.7, 142.10, 142.11, 142.20, 
142.21, 142.22, 142.23, 145.14 
mixed leg ulcers 102.4—102.7 
Mycobacterium ulcerans infection 
27.36-27.40 
neuropathic ulcer 83.13-83.19 
perineal and perianal skin 111.12-111.13, 
111.30-111.31 
peripheral vascular disease 101.3 
peristomal skin 112.10, 112.12-112.15 
prolidase deficiency 79.13 
rheumatoid arthritis-associated 53.7, 
155.6 
striae 94.8 
tropical ulcers 26.68-26.69 
venous leg ulcers 102.1-102.4 
wound healing 11.2, 11.12 
see also granuloma inguinale; leg ulcers; 
oral ulcers 
ulcerative basal cell carcinoma 140.8-140.9 
ulcerative colitis (UC) 
Crohn disease distinction 153.1-153.2 
oral involvement 108.74 
psoriasis in 35.18 
skin involvement 153.2, 153.3 
ulcerative sarcoidosis 96.13 
ulcus molle see chancroid 
ulerythema ophryogenes 89.8 
ulnar-mammary syndrome 72.7 
ultrasound 4.22 
foreign body reactions 122.18 
peripheral vascular disease 101.4, 101.4 
psoriatic plaque thickness measurements 
16.5 
skin tightening 161.6-161.8 
superficial temporal artery, giant cell 
arteritis 100.33 
ultraviolet filters, allergies 127.62, 127.79, 
127.80, 127.82 
ultraviolet index (UV]T) 10.13 
ultraviolet light, Wood’s light examination 
for superficial mycosis 32.6-32.7 
ultraviolet radiation (UVR) 10.1-10.14 
absorption spectrum 10.4 
and acne 88.25-88.26 
action spectroscopy 10.4-10.5 
acute and carcinogenic effects of UVR 
exposure 10.7 
ageing of skin 10.10-10.11, 156.7-156.8, 
156.10 
allergic contact dermatitis 127.11 
artificial sources 10.2-10.3, 21.1, 
21.2-21.3, 142.6 
calibration/dosimetry 21.3, 21.4 
chronic effects of 10.9-10.11 
clinical effects of 10.7-10.11 
cutaneous squamous cell carcinoma 
141.27, 141.30 
damaging effects 86.8 
emission spectra 10.3 
erythema response 126.1 
Fitzpatrick classification of acute and 
carcinogenic effects 10.7 
Flegel disease 85.17 
genetic changes 147.5 
history of phototherapy 21.2 
interactions with skin 10.3-10.4 
measurement 10.2 
melanocyte number 2.18 
melanocytes response to 86.5-86.7 
melanoma risk 142.5-142.6 
Merkel cell carcinoma risk 146.2-146.3 
molecular and cellular effects 10.5-10.6 
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non-solar sources 10.13 
normal effects on skin 10.5-10.11 
occupational skin cancer 129.14 
oral squamous cell carcinoma 108.46 
path lengths for differing solar elevations 
10.3 
personal and population exposure to 
10.12-10.14 
photon absorption 10.4 
photoprotection 10.11-10.12 
phototherapy 1.8 
use during pregnancy 113.21-113.24 
physicochemical aspects 10.3-10.4 
pigmentation regulation 86.5-86.7 
PLE manifestation 126.3 
porokeratosis 85.22-85.23 
principles 21.2-21.3 
production and sources 10.1-10.2 
reduced tumour immune surveillance, 
skin cancer risks 147.5-147.6 
risks versus benefits of population UVR 
exposure 10.13-10.14 
rosacea risk 89.11 
skinageing 2.46 
skin cancer risks 
immunocompromised people 
147.5-147.6 
occupational 129.14 
solar urticaria 126.21-126.24 
subcategories 10.2 
suppressing immune responses and 
permitting progression of 
immunogenic tumours 146.3 
systemic lupus erythematosus 51.21 
tanning response 86.9 
terrestrial UVR 10.2 
transient acantholytic dermatosis 
UVA-1 phototherapy 126.7-126.8 
UVA/UVB wavelength ranges 21.1 
UV index 10.13 
xeroderma pigmentosum 76.3-76.5 
see also photoageing; photochemotherapy; 
phototherapy; sunlight 
ultraviolet recall reaction 119.11 
ultraviolet-sensitive syndrome (UVSS) 76.8 
umbilicus 
angiokeratoma corporis diffusum 79.7 
bacterial infections 26.5 
bullous pemphigoid 50.19 
flexural psoriasis 35.9 
neonatal care 114.2-114.3 
UN see United Nations 
uncinarial dermatitis see ancylostomiasis 
uncombable hair syndrome 87.46, 87.82, 
87.83 
undecenoic acid, topical therapies 
undernutrition see malnutrition 
undifferentiated connective tissue disease 
(UCTD) 53.1-53.3 
undifferentiated soft tissue sarcoma (USTS) 
136.17-136.18 
undulant fever see brucellosis 
Unicararia stenocephala see cutaneous larva 


85.23 


18.13 


migrans 
unifocal bone disease, Langerhans cell 
histiocytosis 135.8 


unilateral acanthosis nigricans 85.5 
unilateral lentiginosis 86.16 
unilateral naevoid telangiectasia syndrome 
101.20-101.22 
clinical features 101.21 
grouped lesions 101.21 
United Kingdom (UK) 
basal cell carcinoma incidence 6.1 
Biobank 8.1 
Ethiopia Residents Programme 7.8 
global health activities 7.14 
skin cancer, economic burden of 6.1 
United Nations (UN) 7.4-7.5 
United States 
dermatology history 1.7 
economic burden of disease 6.5 
psoriasis, economic burden of 6.8, 6.9 
skin cancer, economic burden of 6.5, 6.7 
unsatisfactory outcomes of skin surgery 
20.41, 20.42 
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unstable psoriasis 35.13, 35.14, 35.35 

upadacitinib, atopic eczema treatment 
41.30, 41.31 

upper dermal elastolysis 

upper dermal perivascular 
lymphohistiocytic infiltrate, chronic 
actinic dermatitis 126.14, 126.15 

uraemia, cutaneous signs 154.3 

uraemic pruritus 81.8-81.9 


and infection 42.3, 42.5, 42.6, 42.8 
infestation-related urticaria 42.6 
investigations 42.15-42.16 
malignancy association 42.3, 148.23 
management 42.16—42.19 

adverse effects of antihistamines 

42.17-42.18 
first line treatment 42.16-42.17 
second line treatment 42.18 


UV see ultraviolet radiation 

UVA-1 phototherapy 
administration 21.10-21.11 
adverse effects 21.15 
atopiceczema 21.4, 21.6 
conditions treated 21.6-21.7 
history 21.2 
lupus erythematosus 21.6 
mycosis fungoides 21.7 


varicella-zoster virus (VZV) 
87.35-87.36 
fetal varicellasyndrome 114.23 
HIV  31.23-31.24 
inpregnancy 113.5 
see also varicella; zoster 
varicose eczema 39.19-39.22 
varicose veins 101.38-101.39, 101.42 
on abdomen, associated with liver disease 


25.28-25.36, 


94.26 


urban versus rural environments, atopic third line treatment (targeted therapies) principles 21.1, 21.2 153.9 
eczema 41.6-41.7, 41.8 42.19 sclerosing skin conditions 21.6 clinical features 101.40 
urethral caruncle, vulva 110.32 mast cell role 42.3-42.4 UVA exposure management of 101.40 
urethral involvement, Stevens—-Johnson mechanical forces, reactions to 42.9-42.10 allergic contact dermatitis 127.11 pathogenesis 101.39 
syndrome/toxic epidermal and menstrual cycle 42.8 photopatch tests 127.81 varicosities 
necrolysis 118.17, 118.18 natural history of urticaria in hospital UVB exposure, allergic contact dermatitis labial veins 110.4 
urinary tract patients study 42.15 127.11 oralinvolvement 108.27 
effects of skin diseases 154.6 non-allergic urticaria 42.5, 42.13-42.14 UVB phototherapy variegate porphyria (VP) 58.5, 58.7, 58.9, 


see also renal disorders 

urinary tract abnormalities, epidermolysis 
bullosa 69.26 

uro-genital tract examination, SJS/TEN 
118.20 

urostomy 112.3 

chronic papillomatous dermatitis 112.8 
ileal metaplasia 112.7 

irritant skin reaction 112.2 

lichen sclerosus 112.11 


urticaria 42.1-42.20 


acute spontaneous urticaria 42.5, 
42.15-42.16 

aetiology 42.4-42.5, 42.13 

aggravating factors 42.7 

allergic 42.5, 127.82-127.86 

anaphylaxis 42.1 

ancient Chinese medical text 1.2 

anetoderma 94.25 

angioedema swellings 42.1, 42.3 

antihistamine treatment 42.17-42.18, 
42.19 

aquagenic urticaria 42.9, 42.12, 42.13 

assessment tools 16.5 

associated diseases 42.3 

atopic eczema association 41.22 

autoallergic reactions 42.5-42.6 

autoimmune disease association 42.3 

autoimmune urticaria 42.6 

autoinflammatory diseases 

biopsy 3.45 

burden on patient and society 42.14 

causes 42.4—42.5, 42.13 

cholinergic urticaria 42.9, 42.11-42.12 

chronic condition associated with genital 
herpes 25.26 

chronic spontaneous urticaria 42.5, 42.6, 
42.7, 42.16, 42.17 

classification 42.1, 42.8 

clinical features 42.7-42.14 

cold contact urticaria 42.9, 42.10-42.11 

complications and co-morbidities 42.14 

contact urticaria 42.13-42.14 

COVID-19 association 25.109, 25.111 

delayed pressure urticaria 42.9, 42.10 

dermal oedema 42.6 

dermographism 42.9-42.10 

and diet 42.6, 42.8 

dietary pseudoallergens 42.8 

differential diagnosis 42.1, 42.14 

disease course and prognosis 42.14-42.15 

drug-induced 42.5, 42.8, 117.5-117.7 

environmental factors 42.7 

epidemiology 42.2-42.3 

exercise-induced urticaria 42.12 

genetics 42.7 

heat contact urticaria 42.9, 42.10 

histology 42.6 

idiopathic urticaria 42.5 

immunological and non-immunological 
stimuli 42.3-42.4 

immunomodulatory and 
immunosuppressive treatments 
42.19 

inducible urticarias 42.8-42.14 

challenge procedures 42.9 
classification 42.8 
infants 115.5 
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non-pharmacological treatments 42.19 
oral allergy syndrome 42.13 
pathology 42.6-42.7 
pathophysiology 42.3-42.4 
pharmacological treatments 
predisposing factors 42.4 
pregnancy 42.8, 42.18, 113.12 
pseudoallergic reactions 42.5, 42.6, 42.8 
psychological factors 15.4, 42.8 
quality of life assessment 16.9 
reactions to COVID-19 (mRNA) vaccines 
25.117 
rescue medication 42.18 
severity classification 42.14 
solar urticaria 42.9, 42.12 
stress 42.8 
symptomatic dermographism 42.9-42.10 
in systemic lupus erythematosus 
51.27-51.28 
temperature-dependent urticaria 42.9, 
42.10-42.11 
terminology 42.1 
UVR exposure 126.21-126.24 
vibratory urticaria 42.9, 42.10, 45.19 
vulva 110.16 
weals/wealing 42.1, 42.2, 42.6, 42.7, 
42.11, 42.13, 94.25 
urticaria control test (UCT) 16.5 
urticarial activity scores 
(UAS/UAS7/UAS,,) 16.5 
urticaria-like follicular mucinosis 
57.16-57.17 
urticarial like rash, complex and polygenic 
autoinflammatory diseases 
presenting with urticarial or 
maculopapular rash 45.20-45.22 
urticarial vasculitis 44.1-44.6 
clinical features 44.3-44.4 
clinical variants 44.3-44.4 
drugs implicated in development 44.3 
epidemiology 44.1-44.2 
genetics 44.3 
histopathology 44.1, 44.5 
infections implicated in development 
44.3 
investigations 44.4-44.5 
leucocytoclastic vasculitis 
management 44.5-44.6 
pathology 44.2-44.3 
urticaria pigmentosa 
biopsy 3.2 
inchildren 46.4, 46.5 
Darier’s sign 46.5 
maculopapular cutaneous mastocytosis 
46.1 
mast cell infiltrates 46.3 
mastocytomas 46.3 
mastocytosis 46.3-46.5 
treatment 46.10 
wealing 46.5 
Uruma fever see Mayaro virus 
ustekinumab, systemic therapy 19.34-19.35 
USTS see undifferentiated soft tissue sarcoma 
uterine leiomyoma 154.2 
see also hereditary leiomyomatosis and 
renal cell cancer 
utility measures, quality of life assessment 
16.9 


42.19 


44.1, 44.3 


administration 21.7-21.9 
adverse effects 21.11-21.13 


polymorphic light eruption 126.7-126.8, 
126.36 


principles 21.1 
PUVA comparison 21.5-21.6 
vitiligo 86.39 
uveal melanoma 
genetic factors 142.4 
system treatment 144.7-144.8 
uveitis, Adamantiades—Behcet disease 
patients 48.4, 48.6 
UVI see ultraviolet index 
UV light see ultraviolet radiation 
UVR see ultraviolet radiation 
UVSS see ultraviolet-sensitive syndrome 


Vv 
vaccination 
and atopiceczema 41.8-41.9 
complications 25.8-25.9 
COVID-19  25.117-25.119 
development of vaccinia virus 25.7 
and morphoea 55.13 
mpox 25.12 
recombinant hepatitis B associated skin 
conditions 25.75 
smallpox 25.6, 25.7 
vaccinia virus (VAVC) 25.7-25.8 
cowpox virus relationship 25.7, 25.12 
Vagabonds’ disease 86.23-86.24 
vagina, recto-vaginal fistula 111.7 
vaginal adenosis 110.44 
vaginal candidiasis see vulvo-vaginal 
candidiasis 
vaginal discharge, diagnosis of 
110.24-110.25 
vaginal infections 
amoebiasis 33.37 
enterobiasis 33.15 
streptococcal 26.33, 110.25 
trichomoniasis 33.38-33.39 
valaciclovir, pharmacological properties 
19.49 
validation, measurement methods 
16.2-16.3 
validity of research 
evidence based medicine 17.8-17.10, 
17.12-17.16, 17.17 
strengthening validity of trials 
17.14-17.15 
valley fever see coccidioidomycosis 
vancomycin, hypersensitivity reactions to 
14.6 
Van der Woude syndrome 108.87 
VAP see ventilator-associated pneumonia 
variable-vessel vasculitis, involving 
respiratory system 152.4 
varicella infection 25.28-25.32 
clinical features 25.29-25.30 
complications and co-morbidities 
25.30-25.31 
epidemiology 25.29 
infants 115.6-115.7 
investigations 25.31 
management 25.31-25.32 
oral involvement 108.51 
pathophysiology 25.29 
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58.12, 58.17-58.18 
clinical features 58.17-58.18 
genetic counselling 58.18 
investigations 58.18 

variola virus (VARV; smallpox) 
varioliform atrophy 94.15-94.16 
varioliform scars 
hydroa vacciniforme 126.25, 126.26 
necrotising lymphocytic folliculitis 
scalp margin 93.4 
VARY see variola virus 
VAS see visual analogue scale 
vascular calcification, calcific arteriolopathy 
97.32-97.33 
vascular changes 
during pregnancy 113.2, 113.3 
liver disease association 153.8-153.9 
vascular coagulopathies, purpura 
99.19-99,24 
vascular disorders 71.1-71.28 
arteriovenous disorders 71.11-71.14 
capillary disorders 71.3-71.11 
classification of 71.1 
genetic mutations 71.1, 71.2 
internal malignancy association 
148.24-148.26 
lymphatic disorders 71.1, 71.21-71.28 
protein mutations in 71.2 
venous disorders 71.14—71.21 
see also peripheral vascular disease 
vascular Ehlers—Danlos syndrome (vEDS) 
70.4, 70.8-70.9, 70.11 
vascular endothelial growth factor receptor 
(VEGFR) 71.2 
vascular endothelial growth factor (VEGF) 

71.2 
loricrin keratoderma 63.56 
wound healing 11.6 

vascularised composite tissue allografts 
(VCAs), skin cancer risks 147.4 
vascular lasers 23.6-23.12 
complications 23.12 
devices 23.7 
indications 23.7 
light-tissue interactions 23.6 
tests and assessments 23.7-23.8 
vascular lesions 
atypical vascular proliferation after 
radiotherapy 136.38-136.39 
laser therapies 23.6-23.12 
mouth 108.25-108.28 
proliferative 108.27 
rheumatoid arthritis 53.6 
vascular malformations 
classification 116.1 
cutaneous 101.26-101.31 
infantile haemangioma comparison 116.1 
vascular syndromes, ocular features 107.42 
vascular tumours 136.23-136.37 
benign types 136.25-136.32 
intermediate malignancy types 
136.32-136.34 
malignant types 136.34-136.37 
reactive lesions 136.23-136.25 
vasculature 2.40-2.42 
vasculitides see vasculitis 
vasculitis 
autoinflammatory diseases 


25.6-25.7 


91.12 


80.19 


cardiac involvement 151.4 
drug-induced 120.5 
erythema induratum 97.28-97.29 
erythema nodosum 97.24 
gastrointestinal and skin manifestations 
153.7 
internal malignancy association 148.25 
lupus panniculitis 97.38 
nodular asa tuberculid 27.29, 27.31 
nomenclature and classification 154.6 
oral involvement 108.69 
panniculitis 97.6 
paraprotein-associated 149.14 
relapsing polychondritis 155.11, 155.12 
renal and skin involvement 154.6 
respiratory system involvement 
152.3-152.4 
rheumatoid arthritis 53.8, 155.6, 155.8 
rheumatoid nodules 97.16 
in Sjogren syndrome 53.10 
in systemic lupus erythematosus 
urticarial 44.1-44.6 
see also erythema induratum of Bazin; 
urticarial vasculitis 
vasculitis, cutaneous 100.1-100.37 
ANCA-associated vasculitis 100.9, 
100.13, 100.20-100.28, 152.3-152.4 
antiglomerular basement membrane 
vasculitis 100.19-100.20 
classification 100.2 
clinical features 100.1-100.3 
clinical variants 100.3-100.4 
cocaine-induced 120.5 
cryoglobulinaemic vasculitis 
100.15-100.17 
cutaneous arteritis _100.28-100.30 
cutaneous small-vessel vasculitis 
100.5-100.8 
due to infection 100.7 
due to sepsis 100.7 
eosinophilic granulomatosis with 
polyangiitis 100.25-100.28 
erythema elevatum diutinum 
100.8-100.10 
giant cell arteritis 100.32-100.34 
granuloma faciale 100.11-100.12 
granulomatosis with polyangiitis 
100.22-100.25 
history 100.1-100.2 
hypocomplementaemic urticarial 
vasculitis 100.18-100.19 
IgA vasculitis 100.13-100.15 
investigations 100.4 
Kawasaki disease 100.30-100.32 
large-vessel vasculitis 100.32-100.35 
leukocytoclastic 100.6, 100.8 
management 100.5 
medium-vessel vasculitis 
100.28-100.32 
microscopic polyangiitis 100.20-100.22 
physical signs 100.3 
polyarteritis nodosa 100.28-100.30 
presentation 100.2-100.3 
purpura pattern 100.4 
recurrent cutaneous necrotising 
eosinophilic vasculitis 
100.10-100.11 
single-organ small-vessel vasculitis 
100.5-100.12 
small-vessel ANCA-associated vasculitis 
100.9, 100.13, 100.20-100.28, 
152.3-152.4 
small-vessel immune complex-associated 
vasculitis 100.13-100.20 
systemic examination 100.3 
Takayasu arteritis 100.34-100.35 
ulcerated necrotic lesions 100.3 
urticarial 100.18-100.19 
vasculogenesis 101.1 
vasculopathic ulcers, dermatomyositis 
52.5, 52.6, 52.8, 52.9, 52.11 
vasculopathy 
autoinflammatory diseases 80.19 
calciphylaxis 59.6-59.9 
systemic lupus erythematosus 
51.26-51.27 


51.26 


100.3, 


systemic sclerosis 54.10, 54.25 
vasoactive intestinal peptide (VIP) 2.9 
vasoconstriction, cold-induced 124.1, 
124.12 

vasoconstriction assay, topical 
bioavailability /bioequivalence 
assessment 12.8 

vasoconstrictors, Raynaud phenomenon 
124.12 

vasodilatation, perniosis 124.5 

vasodilatory substances, Raynaud 
phenomenon 124.12 

vasomotor symptoms, hand-arm vibration 
syndrome 122.25 

vaso-occlusive disorders, COVID-19 
association 25.111 

VAT adipocytes see visceral adipose tissue 
adipocytes 

VAVC see vaccinia virus 

VCAs see vascularised composite tissue 
allografts 

VDDRiIla see vitamin D-dependent rickets 
type 2a 

Vedic writings 1.2 

vEDS see vascular Ehlers—Danlos syndrome 

vegetable oils, topical medication vehicles 
18.6 

vegetative pyoderma gangrenosum 49.5, 
49.6 

VEGF see vascular endothelial growth factor 

VEGER see vascular endothelial growth 
factor receptor 

vehicles for topical therapies 

choice and formulations 
18.5-18.8 
corticosteroids 

veins 

intravenous drug administration 120.7 

subcutaneous fat 97.7 

superficial thrombophlebitis 97.10 
veins in the periorbital and temple area, laser 

therapies 23.11, 23.14 
vellus hair cyst 137.8 
velocardiofacial syndrome (22q11 deletion 
syndrome) 108.87 
Velpeau, Aristide Auguste Stanislas 
vemurafenib (RAF inhibitor) 
causing keratoacanthoma 141.38, 141.41 
Langerhans cell histiocytoses therapy 
135.9 

radiation recall 119.13 

Venezuelan haemorrhagic fever 
25.82-25.83, 
venoms 

allergic reactions 34.9, 34.16-34.18 

antivenoms 130.3 

aquatic and marine animal stings 

130.1-130.5 

arachnids 34.34-34.37 

centipedes/millipedes 34.57 

cnidarian stings 130.2 

fish stings 130.4 

hymenoptera 34.2, 34.9, 34.16-34.18 

immunotherapy 34.18 

lepidoptera/caterpillars 

management 34.6 

pharmacologically active agents 34.2 

snake bites 130.5 
venouos oedema 103.10-103.12 
venous, venous thrombosis 101.31-101.38 
venous disorders 71.14~-71.21, 

101.31-101.46 

anatomy 101.31 

arteriovenous malformations 

101.22-101.24 

blue rubber bleb naevus syndrome 71.2, 

71.17-71.18 

cerebral cavernous 

malformation-associated cutaneous 
lesions 71.2, 71.19 

chronic venous insufficiency 

101.40-101.46 

cutaneo-mucosal venous malformation 

71.16-71.17 

cutaneous vascular malformations 

101.26-101.31 


18.2-18.3, 


18.21 


90.1 


34.33-34.34 


glomuvenous malformation 71.2, 
71.18-71.19 
haemangioma 101.26, 101.27 
Klippel-Trenaunay syndrome 
101.27-101.30 
Maffucci syndrome 71.20-71.21 
mixed leg ulcers 102.4-102.7 
Parkes Weber syndrome 101.28, 
101.30-101.31 
physiology 101.31 
telangiectases 101.10-101.22 
ulceration 101.44, 102.1-102.13 
varicose veins 101.38-101.39, 101.40 
varicosities, labial veins 110.4 
venous macrocirculation 101.31 
see also verrucous... 
venous eczema 
allergic contact dermatitis 127.45 
chronic venous insufficiency 101.43 
lower leg eczema 39.19-39.22 
venous hypertension 97.30 
venous lakes 101.14-101.16, 101.17 
larger venous lake 101.16 
laser therapies 23.11 
lip 4.14, 108.28 
small venous lake 101.15 
venous leg ulcers (VLUs) 102.1-102.4 
chronic venous disease 102.5, 102.6 
clinical features 102.3 
compression therapy 102.5 
disorders associated with 102.2 
epidemiology 102.2 
ethnicity 102.2 
histology 102.3, 102.4 
investigations for 102.3-102.4 
management of 102.4, 102.6 
pathophysiology 102.2-102.3 
post-thrombotic syndrome 102.6 
wound histology 102.4 
venous macrocirculation 101.31 
venous malformations (VMs) 71.14-71.16, 
101.24-101.25 
clinical features 101.25 
investigations for 101.25 
management of 101.25 
treatment options 101.26 
verrucous 71.19-71.20 
venous mucocutaneous malformation 
(VMCM)_ 71.16-71.17, 108.28 
venous obstruction, neoplasia association 
148.27 
venous system 101.31 
venous thromboembolism 102.6 
venous thrombosis 101.31-101.38 
deep-vein thrombosis 101.31-101.34 
Mondor disease 101.36-101.37 
neoplasia association 148.26-148.27 
superficial veins 97.8-97.9 
superficial venous thrombosis 
101.34-101.35 
thrombophlebitis migrans 101.35-101.36 
venous ulceration 39.21 
ventilator-associated pneumonia (VAP) 
125.10-125.11 
verapamil 94.52 
vermilionectomy, mucosal advancement flap 
repair 20.22 
vermilion (outer lip) 108.3 
vernal keratoconjunctivitis (VKC) 
107.17, 107.18, 107.22 
Verneuil’s disease 90.1 
vernix caseosa, neonates 114.3, 114.4 
verruca plana (plane warts) 25.52, 
25.53-25.54 
see also cutaneous warts 
verruca vulgaris (common warts) 25.52, 
25.53, 25.54 
see also cutaneous warts 
verruciform xanthoma 
ear dermatoses 106.23 
male genitalia 109.30-109.31 
oral 108.14 
vulva 110.32 
verrucous carcinoma 108.48 
female genitalia 110.37 


107.16, 
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verrucous carcinoma of the foot (epithelioma 
cuniculatum) 141.31 
verrucous dermatitis see 
chromoblastomycosis 
verrucous epidermal naevus 73.4, 73.5 
verrucous haemangioma 101.26, 101.27 
verrucous perforating collagenoma 94.55 
verrucous sarcoidosis 96.13 
verrucous-stage incontinentia pigmenti 
68.11 
verrucous venous malformation (VVM) 
71.19-71.20 
verruga peruana, Bartonella bacilliforntis 
26.65-26.66 
versican 2.38, 2.39 
vertebrate vectors of disease 
dog/cat bites 130.6 
leishmaniasis 33.43, 33.45 
nematode infection from non-human 
animals 33.18-33.26 
rat bites 26.75-26.76, 130.5 
vertex binding, pattern hair loss 87.61 
vesicating species of beetle 34.30-34.31 
vesicular dermatosis with reticulate scarring 
94.14 
vesicular eczema 
allergic contact dermatitis 127.13 
hand 127.38 
irritant contact dermatitis 129.6 
vesicular stomatitis virus 25.97 
vesiculobullous eruptions, COVID-19 
association 25.109 
vesiculobullous-stage incontinentia pigmenti 
68.11 
vestibular papillomatosis, labia minora 
110.4 
vestibule, structure and function of 
110.2-110.3 
VEXAS (vacuoles, El enzyme, X-linked, 
autoinflammatory, somatic) 
syndrome (Sweet syndrome) 
45.19, 149.6, 149.7 
VHFs see viral haemorrhagic fevers 
vibration, definition 122.24 
vibration white finger 122.24, 129.15-129.16 
vibratory angioedema 122.25 
vibratory urticaria 42.9, 42.10, 45.19 
Vibrio vulnificus infections 26.66 
villi 3.43 
vimentin 3.25 
VIN see vulval intraepithelial neoplasia 
Vincent's angina see acute necrotising 
(ulcerative) gingivitis and noma 
vinegar treatment, cnidarian stings 
130.2-130.3 
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water hardness, and atopic eczema 41.23 
wavelength of laser light, selective 
photothermolysis 23.5, 
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148.13 
wet beriberi, vitamin B1 deficiency 61.14 
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infection) 97.47, 153.4, 155.5 
whisker hair 87.81 
white adipose tissue (WAT) 72.1 
white dermographism, atopic eczema 
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16.12-16.13 
Work Productivity and Activity Impairment: 
General Health (WPAI:GH) 16.13 
World Health Organization (WHO) 7.5 
classification of cutaneous tumours 
lymphoma 139.1, 139.2, 139.6, 139.37 
melanoma 142.8 
Global Programme to Eliminate 
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